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Abstract

The Swedish construction industry is a pillar of 8veedisheconomy, contributing to
roughly10% of the GDP. For years the cost of construction in Sweden has increased
faster than inflation making it more and more expensive to build. Earlier research has
pointed to the potential of the lean philosophy and itethods in constructiorio

make it mae efficient and overcome the uncertainty and complexity that categorize
the construction industry. Certain tools and methods have been conceptuatized
the field of Lean Construction, which lacks research based on quantitative data. It is
therefore thisY I & (i S NQgurpo§ekoSdevelap atool in how to identify and
measure waste, guide in how to prioritize eventual waste reduction activities and
facilitate estimations of potentiadconomicabndenvironmentalconsequences.

Through theory, interviewgjme studies and observations the authors gained insight
into activities and processes in construction and what parts of these that was waste.
It was shown thabnly 43% of work isralueaddingand givesvalue to the customer.
Considering the size of theonstruction industry there is much to gain from
increased efficiency; increased profitability for the company, improved work
environment for the workers and from a society perspective, decreased
environmental impact and lower prices of buildings.

Knowlealge of construction activities, processes and waste together with lean theory
gave way to dool that can be used within the construction industry as was aimed
for. Thetool is a first step to understanding waste in a construction project or
company togetler with an approach to prioritize where waste reduction activities are
most crucial.

KEYWORDSDpnstructionindustry, lean constructionyalue addingyalue stream mapping, waste
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1 Introduction
The introductory chapters will give the reader a description of the study's background along with the
purpose, prokem analysis, research questions and finallyttiesis'delimitations

1.1 Background

Regardless of how prices and costs have changed over time and how companies stand up in an
international context it has been noted that all the parties involved in construgiimcesses carry

out countlessactivities that add no value to the product. AccordingHmesand Rich(1997)these
non-value adding activitiege.g. waiting time, stacking intermediate products, double handling, etc.)
are pure waste andnvolve wnecessary actions thashould be eliminated completely. This is
substantiated byVrijhoef and Koskela(2000) who noted that operational waste (henceforth
denoted merely aswaste) inresourceflows in the construction industrys extensively preserdnd
persistent making the operationsnefficient. Thisefficiency isue in the construction industris
something that has been pointed out by many research@adde & Dubois, 2002; Stewart &
Spencer2006; Li, Lu, & Huang, 2Q@ankvalkt al., 2010Q.

In a study conducted by Josephsand Saukkoriip{2005)a group of workers were followed and
observed for 22 working days. It turned out that 33.4% ofuloekers' time was registered as waste,
including activities such as rework, waiting, idle time and disruptions. If better ways were found in
how to improve the construction processes and the resources utilization, economical benefits could
be gainedThis is concurme by Doloi (2008)who stated that one of the major causes of cost overruns
and running behind schedule is poor worker productiViitythe study it was estimated that if a third

of the construction workers' and thmechanics' time is wasted on nealue adding activities (staff
cost is close to 25 % of a construction projéstatistics Sweden, 2004}his would correspondo
approximately % of the projects production casThis ca be argued to be a relatively high cost for
construction companies since the Swedish construction industry is struggling with low profit margins,
approximately around two percerfOlsson, 2000; Andersson & Ohlsson, 200ig level of the profit
margin is also true in an international contékbrtune, 2008)

An intense industrial debate about construction costs in Sweden has been going on for several years
(Josephson & Saukkoriippi, 200B)gurel visualizes the Construction Cost Index (CCIl) compared to
the Consumer Price Index (CPI). The CCl meath@@sices of construction production factors such

as labor, materials, machine utilization, transport, energy and other cost. The CPI covers the changes
through time inthe prices paid by the public famonsumer goods and servicéStatistics Sweden,

2011) The graph shows thahe yearly percentage increase of the CCl is always more or less greater
than the CPI. This means that the cost for performing a construction préjege drift and VAT
excluded)is increasing fasterhan inflation; hence, it is getting more and more expensive to build.
This construction cost increaseen in the grapigoes in line with a report by the Swedish Agency for
Public Managemen{2009)where it is stated thathe cost for material and fuel has increased in
recent years and that the cost of building started to increase more thaBt / t L Ay (GKS
This view is shared in an international perspective as (etliti & Mochtar, 200). Therefore, it

could be assumed that these allegedly inefficient operat@amd cost increasesmight affect the end
customerin a negative way
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Figurel - Construction Cost Index and Consumer Pricdex (Statistics Sweden, 2011)

As a result of being criticized as inefficient the construction industry has propelled the debate on the
undeveloped construction operations in several nations around the world leading tougtarof
many national initiatives(Smyth, 201Q) The British improvement program called Constructing
Excellence is one sughoject and was initiated after a report on the scope for improving the quality
and efficiency of U.K construch (Department of Environment Transportation and the Regions,
1998) The report was followed up bythe report Accelerating ChangéStrategic Forum for
Construction, 2002and the organization Constructing Excellence is still active toflay.Swedish
Government is another example where several investigations within the subject matter have been
conducted during the latest years, e.g. the Construction Commission in 200Z aimenittee on
Construction in 2007 and Construction Process Investigation in @®8rnment Offices of Sweden,
2011) Thus it seems that different kinds of stakeholders in the constructidasiry are well aware

of the efficiency issue.

This view on inefficimcy in the construction industrys shared by the Swedish Construction
Federation(2007) whichemphasize that the Swedish business sector is facing tougher international
competition, a rapid restructuring process and tougher environmental standaiswart and
Spencer(2006) argue that in recent years, globalization and deregulation of markets has led to
increased foreign participation in domestic construction, placing further pressure on leading firms for
major reforms.This coincidewith a later report by Josephson and &koriipi (2009)who claim that
Swedish companies have to respond with more effective processes in order to colupetest
global competition However Josephsomnd Saukkoriip{2005)are concerned that the emphasis has
come to be on the cost issue and the potential scope to reduce costs and not on how to inform
people about all the numerous activities that are carried out without adding any value to the final
product.lt is the custorer who will have to pay fahese nonvalue adding activities.

The view there is too much of a cost focis shared by Modig2004) who alsostatedthat time is a
crucial performance variable and might sometimes rhere imperative than moneyDuring one
project where there was lack of spaddpdig (2004)found in her research thabne of the largest
construction firms in Sweden paid extra to the transport carrier fottiore service since it was
estimated that they saved money by having materials available at the right time. That way costly
standstills and delays could be avoided.

Due to the earlier describeefficiency issues concerning noalue adding activities (wasté)is fair
to assumehat construction companies thato not follow the development in the marketight face
predicaments in te future. Nevertheless, the &fiency issue is not unique for the construction
industry. Within the manufacturing industmyon-value adding activities and value adding activities
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have been studied andthe lean manufacturing approach has come to offer tools to reduce
operational cost thragh reduction of waste(Liker, 2004) Lean manufacturing is the idea of
producing goods by using less of everythingterms of resources and time. This is a process
management philosophy derived mostly from the Toyotadeiction System (TPS) as well as other
industrial best practice¢WWang, 2011)As a result of successfully improving businesses worldwide
lean has become renowned for its focus on reducing wastes in order to improve cuestdmer
satisfaction.

1.2 Problem Area

According to Jorgensen and Emrf#008)much of the lean construction literaturkas focused on
trying to definewhat lean construction actually is. This includes discussions ordhmlexity in
constructionand if this complexityvill make it difficult to adopt management techniquesginally
aimed at other industrie¢Gadde & Dubois, 2002)ccording to Paegt al. (2005)researchers and
practitioners within the field have looked at similarities and differences between the context of
construction and the context of manufacturing in order to develop a more suitable set of practices
aimed more at the construction indust

The areais & A Y Y | Ghazidhgto Eriksson2010)who further states thathe lean construction
literature havebeen criticized for lacking scrutiny based onbiased theoretical reasoning and
instead beerd | A SROYAIYK dza A+ a G A O | NH dzY S y(Gréen 5.y, 1999 GréeA S. Y Sy (i
2002; Green & May, 2005; Fearne & Fowler, 2006; Jérgensen & Emmit, 2008; Erikssanlt2010)
emphasis withirlean construction literaturéhas mainly been on concepts of lean construction and

less on practical examples and studies on how lean has been implemented within the construction
field. Jorgensen and Emm{2008) demand a larger focus on quantitative data and the use of
rigorous research methods for validating the descriptions of the practices reported is neeed to

show how leancan become as successful as it has in other industries. For exathpldean
philosophy and lean tools have been used successfully in various industries such as life insurance
(Swank, 2003)retail (Ferdows, MacHuca, & Lewis, 200d@althcare(Spear, 2005; Black & Miller,
2008) and customer relationgfWomack & Jones, 200%s well asin high variety, low volume
industries(Slomp, Bokhorst, & Germ2009) Allway and Corbetf2002)state how a lean approach

can be used to improve operations in various service industries, which is becoming increasingly
important asserviceindustries mature.

The reason whythe lean approach within this area is seen as immature is perhaps due to the
complexity of construction project@Ninch, 1987) Lean emphasizes flow, cooperation and seeing
the big picture(Like, 2004) which is relatively difficult in the construction industry because of the
fragmented industry and temporaryorganizations made up of several actofisoskela, 1992)
According toGadde &Dubois(2002)the industry is a loosely coupled system that may promote
innovation due to its ability to generate variation but where project organizations; a decentralized
organization and the lack of lorigrm relationshipsmake learning and innovations difficult. Another
reason why lean construction is lagging behind research in other field is the lack of diffusion of
construction innovations from university resear€hhe Swedish Agency for Public idgement,
2009) Furthermore, acording to theSwedish Agencipr PublicManagement(2009)it is difficult to

get a holistic view of construction research in Sweden thete has been noticed a tendency to
increasedfunding while companies interviewed by the agency stated that they thought there was
too little funding. The research undertaken however is more focused on materials, buildings etc. and
not on efficient proceses.

Lean was not applied to construction until 1992th Lauri Koskela stating the possibility of using the
new production philosophy in constructigiiKoskela, 1992)Sincethen the theoretical area of lean
construction has grown from a simple idea of using lean manufacturing principles into many
elements linked more specifically to constructidme Lean Construction Institu2007)defines lean
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is that Ban construction is the application of the lean production philosophy, with the current form
of production and project management focusing on activities while ignoring flow and g&hséela,
1992; Koskela & Huovila, 1997)

Eriksson(2010) attempted to investigate the core elements of lean construction by conducting a
literature review and dividing the various aspects of lean construction identified into six groups.
Thesesix elements were identified as (1) waste reduction, (2) processsforproduction planning

and control, (3) end customer focus, (4) continuous improvements, (5) cooperative relationships and
(6) sysems perspectiveDue to the complexity and size of the lean approach, the autbbrhis
master's thesiwill focus merelyon one small part of leaim construction, namely, waste reduction.
Waste is everywhere in construction and reduction of this waste will greatly affect process efficiency
in construction(Soward, 2008)The thesiwill however mention the other parts of lean construction
since they ultimately affect wast@ne such part isrpcess focusvhichmeans trying to achieve flow,

and together with other parts such ascustomer focuses, continuous improvements, relationship
and taking a holistic view are important parts of lean and even though focus is on waste reduction all
these aspects of lean and lean construction are intertwined.

Eight types of waste have ée identified andthese wastes adao value to thefinal product and
hold no value in the eyes of the customiiiker, 2004; Soward, 2008)efects, overproduction of
goods, unnecessary transportation, waiting, opeocessing, unnecessary movement, invegtand
unused employee creativitpn the other hand.are waste according to the lean philosophihat
waste can be found ononstruction sites iseconded by Koskeld992)who stakesthat waste in
construction is due to reark along with norvalue adding activiés such as waiting, moving,
inspecting etc. According taJosephsorand Saukkoriip{2005) a relatively large part of a workers
time is spent on material handling, preparation, waiting, rework and motion that add no value.

Leanmanufacturing and lean construction have the same goals according to é®asz(2009:
elimination of waste, cycle time reductiomnd variability reduction. Koskel@999) found that
manufacturing goals could be adapted to constructidm addition, in his paper, Erikss¢p010)
views waste reduction as the most important core element of lean construction while many also
emphasize flow as an important aspect in order to reduce wéstskela, 1992Paezet al., 2005)

The literature eamined by ErikssofR010)identified as dealing with waste reduction is centered on
housekeepingJustin-Time (1), IT tools and off site manufacturing. Housekeeping is comparable to
the lean manufacturing tool 58 terms of trying toorganize the work site and keeping it clean and
tidy. Furthermore, JIT deals with efficient transportation and stockholding with inventory regarded as
waste (Akintoye, 1995; Salemt al., 2006) The IT aspect has to do with using IT for error detection
and correction while also using it for enhancing integration. The fourth aspeditefinanufacturing
makes lean construction more similar to lean manufacturing, decreasing the work havingltmée

at the more complex construction si{&oskela, 1992)

One of the ways of reaching the goals of lean construction is flow according toePak£2005)
When trying to attain flav in construction one need to realize that there at#ferences between
manufacturing and construction, which may make it difficult to attain the same flow between
different processes, attainewvithin manufacturing(Koskela, 198). These differences are certain
construction peculiarities such as enéa-kind projects site production, temporary organization and
regulatory intervention, aspectsnore common with construction projectthan manufacturing
According to Koskelé1992)however, the same production principles applyd there isroom for
improvement when it comes to flow in the construction industigy working with the workflow,
waste, in the form of waiting between different wo procedures for example, can be decreased.
Thomas et al. (2003) identified workflow reliability and labor flowas key determinarg of
construction performance.



There is a connection between lean and increased economical performancedi8yng waste and
increasing flow it is possible to achieve better quality, lower cost and shorter delivery(ltikes,

2004) The effect of lan on environmental performance is not as clear. Gr€E909)arguesthat

there are dark sides such as congestion, pollution and human costs. Ballard and (#8@@)iefute

this, sa\ y 3 GKIF G DNBSYyQa | NBdzySydia R2 y2i Kz2fR G213
autonomy in decisiommaking and enriched jobs. Qui and Cl{g@09)and Gordon(2001)emphasize

that a company can be both lean and green and King and L&@X) state that improved
environmental performance is a good spillover of lean production. Even though there may be a
decrease in environmental p@rmance in some areas and increase in other areas, as a whole, there
is a positive effect of implementing lean according to Qui and G2e09) In their study, Qui and
Chen (2009) found that implementing lean in a production facility meant a reduction in the
environmental effect due to time reduction in the production process. This reduction comes from
decreased energy usage, material usage, transportation and waBtey showthat in their case
study, 15% of the environmental impact can be seen as anhessing they are not necessary to
complete the value added worlSuch a production process also exists in construction and shows that
there may be a possible to reduce the enviromtad effect of construction in the same way.

Within the industry there seems to be a few examples of leanstruction(Soward, 2008; Elfving,
2010)but there does not seem to betaol that the industrycan use when trying to become lean or

to make their operations more effective and efficieMeither is there any data concerning the
environmental impact of implementing lean in constructidm.developing such tool the ends are
known, a more efficienprocess at construction sites. According to Holmsteiral. (2009)the key is
meansend analysisnvolving problem solvingtrying to adap existing tools and practice inovel
ways.The existing tool(s) or practice(s) in this case are lean tools and lean thinking which need to be
adapted to the construction industry. As mentioned earlier, lean tools have previously been adapted
to other service industries. The end is trying to reduaeste and make resource flows more efficient

by combining theoretical and empirical knowledgtmlmstromet al. (2009)stressed the importance

of combing exploration with explanation. While exploration is importansatving the presented
problem, the explanatory phase is also important in that the identified artifact needs to be
understood in its context in order to be generalized and used in other contexts.

Due to the theoretical and practical gap it would be béciaf to use quantitative dattogether with
lean tools and methods tddentify and classify waste at construction sites apdint out
improvement areas where construction process efficiency can be increased. Hendg,sies a a
source of further resarch. The quantitative data will be attained lgentifying and measuring
waste; and is not in itself a part of the theoretical gapeant to be filled The information attained
from measuring will however, be important in analyzing the projected benefiten flean
construction and can be used to refine any proposed solution.

1.3 Purpose and Research Questions

By using lean thinking and lean tools and adapting them to the constructidasiny this master's
thesis purposésto develop aool to identify and measure waste, guide in which order waste should
be reduced and by this enabling estimations of potential consequethegésmight occur by
implementing a leampproachat a construction siteThis is of interest in order to bridge the reseh

gap between conceptual lean constructiondaresearch based on empiricstldies.

From the described background and the theoretical and practical problems highlighted in the section
1.2 Problem Aredfive research questions (RQs) have been structured in order to create a more
practical way to approach this master's thes@spose. These RQs have the intention to guide both
the reader and the researchers throughout thesearch process. In addition, eaBlQ is followed by

a brief description and motivation.



1.4

RQ1:What types of waste can be identified in construction operations?

The question aims to reveal what kind of different types of waste that might exist in
construction operations. This should be done in order to be aware of what kinds of
inefficiencies to look for wheexaminingconstruction operations.

RQ2 How can waste be identified?

The question aims to examine how waste can be detedigda systematic method. By
systematically looking for waststandardization and continuous improvement opportunities
of the waste identification process is facilitated.

R@3: How can the identified waste be measured?

The question aims to find ways in how to measure the magnitude of different kinds of waste to
understand the impact of these. To determine how different counteractions should be
properly prioritized it is desirable to be able to measure construction operations.

RQ: How is one to decide in what order to reduce waste at a construction site?
The questn aims to propose a framework for where to start the improvement work if waste
is identified since it is not possible to address all problem areas simultaneously.

R(®: What potential effects could a lean approach have on a constructioh site

The question aims to display what potential effects (e.g. economical, environmental, work
environment, etc.) that might occuf a waste elimination approach from a lean perspective is
used within the construction industry. This will be discussed from both a quawétand a
gualitative aspect.

Delimitations

The foas of this master thesis is on the internal resouflmev at construction sites and not on
external flows to and from construction sitesuch as material transports made with trucka
addition to this, die tothe complexity of the industry (many interrelated actors) ahd size of the
lean construction and lean literature this thesis wiktrelyfocus on waste reductian



2 Research Methodology
Theresearch methodology for this master's thesis is presented in this chapter. The first section will
describe what kind of researgbrocessthat has been used followed by a section on how data
collection has been made, covering the literature review andgiaiperspective on how interviews
have been executed. Finally, the master's thesis reliability, validity and objectivity will be discussed.
The aim of the research was to learn more about the subject under study and with an anticipation of
generating ingjht within the field of lean anthe construction industryThe chosen research design
was the study of construction projects in Gothenburg, Sweden.

2.1 Research Process

The researclprocessadopted for this thesis is exploratiglolnmstrom, Ketokivi, & Hameri, 2009)
trying to improve the understanding of waste in construction and trying to adapt lean thinking and
methods to the construction industryn order to fulfill the aim of this master's thesis a general
outline concerninghow to undetake the research was conducted, withet resarch followingsix
steps. Furthermore, inFigure2 the reader can see what kind of factors that came to etfféhis
master's thesis outcome.

1. PROBLEM FORMULATION
A brief literature review on the construction industry and the field of lean was conducted in
order to acquire basic knowledge. This was done in order to structure, shape, and define the
master's thes problem area, purpose, and research question that were presented in
Chapterl.

2. LITERATURE REVIEW
Literature assumed to be relevant for the subject under stwag reviewed and connections
between the field of lean and the construction industry were made. Since it is stated to be
appropriate to use pralefined keywords in order to structure the data collection and to
picture the reports essence for the read@jorklund & Paulsson, 2008)is was done. The
literature review covered key concepts within the fields of lean, construction, value stream
mapping,waste,and other relevant topicsThe results of the literature study are presed
in Chapter3 and in the end of this chapter the reader will find a literature summary that
clarifies and emphasizes the imperative parts from all the literatesources For a more
thorough literature review the reader is directed to the sectih@.1Literature Review

3. INTERVIEWS
Sets of interviews were conducted with different staketek participating. These
stakeholders aractors within the constructin business and people who poss&sswedge
and expertise in the lean aonstructionfield. The findings are presented for the reader in
Chapters.

4. OBSERVATIONS
Since observations are seen as a source of relatively objective inform@jorklund &
Paulsson, 2003jhe authors performed several field trips to construction sites. These
observations have complemented the collected data from the interviews and the literature
review. In addition, to gain lean experience within the construction industry the authors
looked into a 58project that was being implemented at a construction siteformation
gathered through observations is to be seerCimapters.

5. DEVELOPMENT ©BOL
Findings from the literature review, interviews and observagiarere combined and #ool
was developed in how tddentify and measure wastayuide in how to prioritize eventual



waste reduction activities and biis enabling estimatiorof potential consequencethat
might occur if lean is implemented@he result is presented iGhapter7.

6. VALIDATION
Thetool was discussed witthe construction industry in order to get their perspectiveibn
and find improvement areas. The Lean Construclionlwas late on tested and validated in
a test case. This esented inChapter?.

LITERATURE REVIEV

INTERVIEW QUESTIONE

INTERVIEW DATA

THE LEAN
CONSTRUCTIOI
TOOL

Figure2 - Factors Affecting the Design of the Master'aésis Lean Constructioif ool

Furthermore, i was the author's intention tgerform this study according to Paulssp@l999)
scientific processDuring the time of study the researchers will find themselves moving from
different levels of abstractions, the general level (academic theories) the concrete level
(empiric), shaping the path of study to the letter U (d&gure3). Paulssor{1999)statesthat it is
comman to start on a generdével and then gradually becomimngore concrete, e.g. whecollecting
data, to finally movéack to a general level in the end of the study. Furthermore, it is said that if the
researchers do not go up in level of abstraction at ¢imel of the project it will give the path of study
the shape of a hook (seeigure4), which is called the consultant's hook since thedgt will most
likely resemblea consultant's report. The reason behind the nameahat consultant reports are
more focused on solving individual clismproblems, without interest idiscussgthe more general
problem and the solution to thigPaulsson, 1999 The authors of this master's thesis were highly
motivated to follow through with the Wnodel in order to secure an academic product and not
merely a consultant's report.

Level of Level of
Abstraction Abstraction
A A
General General
Concrete
Concrete Level of Level of
» finalized » finalized
Start End report Start End report
Figure3 - The Umodel (Paulsson, 1999) Figure4 - The Consultant's HoolPaulsson, 1999)
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2.2 Data Collection

Both primary and secondary data has been collected. In line with Bjorklund and Pa(266@)
primary data is information that has been gathered explicitly for the study. In that sense the main
source for this master's thesis primary data are interviews, observations and information obtained
during the exrcution of the study. Data thatasbeen published or released earlier in sonveay is
defined as secondary dai@jorklund & Paulsson, 200&hd is various type of literature from the
literature review. For a complete list of literature used in this master's thesis the reader is referred to
the reference chapter.

In addition, tiangulation is a way to enhance a study's trustworthiness bygusaveral different
methods or sources of data in the study of the same phenome@®jarklund & Paulsson, 2003;
Bryman, 2004) By interviewing different people with different perspectives due to their unique
experienes of the construction business and the author's own observatibreugh several VSM
studies and other field tripg was assumed that triangulation was achieved.

Furthermore, all interviews and observations that have been a vital part of designirtgahkbave
been made with Swedish people and on the Swedish market. However, the intention is thabthe
could be used in other areas and markets as welthAsEgan Regrt (Department of Environment
Transportation and the Regien1998)and various reports by the Swedish Governméag. the
Committee on Construction in 2007 and Construction Process Investigation i) 806®, the
constructionindustries in these two countrigface similaproblems.

2.2.1 Literature Review

Thorough research can only be conducted in relation to existing knowl@€gtzabet al., 2005)
Thereforea literature reviewis anessential part of the research process. A plethora of different
types of literature and a numberf different types of soures havébeen used and the initial phase of
the data collection was to gather these. Both qualitative data and quantitative data were collected in
order to establish a webuilt foundation for the analysis sectioand the discussion chapter. The
outcome d the literature reviewcan be foundn Chapter3. Besides achieving an understanding for
the subject of study and obtaining data, the literature review was furtheed to design the
framework for primary data collection and supporting the analysis. In an attempt to deliver an
impartial report it has been the intention of the authors to value journal articles and literature of
scientific and unbiased nature overwspapes, webinformation, company internal information,
and so forth. The latter will only be used when acadditécature is not at the authaisposal.

What kinds of search termthat hasbeenused in the literature seah and in what databases the
literature has been downloaded from is being displayedTable 1. The databases used were:
Emerald Library (EL), Science Direct (SD), ProQuest (PQ), Informawqrath@&W$BCOhost (ESBCO).
In addition, a summary of all vital literature has been made and can be viewaAgpendix Ag
Literature SummaryThe Literature Summary shows the different articles and other literature
sources divided into the groups: lean literature, construction literature, lean construction literature
or other literature depending on from which type of literature the source origidatEhe summary
also shows how the different articles and other literature sources have contributed to this thesis.



Tablel - Lists of Search Terms and Databases used in the Literataxée/

Search Term Database

LeanConstruction EL, SD, PQ, IW, ESBCO

Lean Service EL, SD, PQ, IW, ESBCO

Lean Building EL, SD, PQ, IW, ESBCO

JIT Construction EL, SD, PQ, IW, ESBCO

Lean Healthcare EL, SD, PQ, IW, ESBCO

Lean Implementation Construction EL, SD, PQ, IW, ESBCO

Effective Construction EL, SD, PQ, IW, ESBCO
Efficient Construction EL, SD, PQV, ESBCO

Construction Waste EL, SD, PQ, IW, ESBCO

Construction Material Waste EL, SD, PQ, IW, ESBCO

Construction Time Waste EL, SD, PQ, IW, ESBCO

Construction Labor Waste EL, SD, PQ, IW, ESBCO

Constrution Supply Chain EL, SD, PQ, IW, ESBCO

Construction Logistics EL, SD, PQ, IW, ESBCO

Green Construction EL, SD, PQ, IW, ESBCO

Green Construction Logistics EL, SD, PQ, IW, ESBCO

2.2.2 Interviews

The people interviewed can be dividado three different categoriesnamely: Construction Industry
Practitioner, Lean Experts, and Construction Academias all the interviews conductkin this
master's thesis aréisted inTable2. For interest in how the interview questions were structured the
reader is asked to go to the sectidppendix B Case Study ProtocdFurthermore, an overview of
the interviews can be found iAppendix @ Overview Interviews

Table2 - Interviews Conducted in the Master'shesis

Name Company

Construction Industry Practitioner 1 Large Swedish Construction Company

Construction Industry Practitioner 2 Large Swedish Construction Company

Construction Industry Practitioner 3 Large Swedish Construction Company

Lean Expert 1 Lean Researcher atSwedistUniversity

Lean Expert 2 Lean Research atSwedisiUniversity and CEO ofcampany
that is a specialist in construction efficiency

Lean Expert 3 Lean Practitioner at a Swedish research organization

ConstructionAcademic 1 Professor in Building EconomicsaaSwedistuniversity

Construction Academic 2 Industry PhD at a large Swedish Construction Company

Construction Academic 3 Consultant abn analytics and technology compaaryd has a
PhD froma SwedistUniversity

The reason behindiierviewing different persons from different positions is that it is believed by the
authors that one single person cannot possibly possess all the necessmiyt for giving a good
reflection of the situation under study. However, by using respondents with different experience it is
assumed by the authors that a holistic view and understanding of the construction business and its
processes will be given. Tharposes with the interviews are explained below.

PURPOSE OF INTERVIEWING CONSTRUCTION RRAGTRMONERS

The interviews with these people were conducted to give the authors insight into what the
construction industry looks like and what kinds ofecgtions that could be anticipated at building
sites. Interviewing people who perform construction operations on a daily basis is of great
importance in order to cover the practical kndwow perspective. Furthermore, another purpose
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with these interviews \as to get an understanding for how change averse the people of the industry
might be and how attitudes are towards improvement work.

PURPOSE OF INTERVIEWING LEAN EXPERTS

The purpose of interviewing these people was to gain knowledge in the field of tehtoaget a
profound understanding of lean implementation in a construction context. It could be argued that
such knowledge could only be gained through practical experience. Therefore, it is the authors' belief
that lean experts that both have academic mi& and real life experience of lean implementation
projects (not necessarily within construction projects) are highly valuable as objects for data
collection. In addition, the aim with these interviews was to get a perspective of the lean
construction ceering: what can be done, what should be done, how should it be done, and why
should it be done?

PURPOSE OF INTERVIEWNGNSTRUCTIGSADEMIE

The aim of these interviews was to get the perspective of academics within the construction field.
This is ofnterest to contrast how people with more practical experience are different in their view of
change and improvement possibilities in relation to how people with academic experience look at it.
Furthermore, these interview objects will serve as a soufdenowledge guiding the authors in what
kind of data to look for in the making of the master's thesis.

2.2.3 Interview Process

Theinterviews were designed according to the sestriictured approachwhich refers to a context

in which the interviewer has a ses@f questions that are in the general form of an interview guide
but is able to vary the sequence of questiqik®tzabet al,, 2005) By using this method it gave the
authors the ability and flexibility to ask further questions in response to what wesn s
interesting replies simultaneously as it gave the respondent enough freedom to elaborate on specific
topics chosen by the researchers.

In line with Trost'y1997) recommendations the interviews weyéf possible,conducted with the
presence of both authors since it is argued that this approach results in greater amount of
information obtained and a better understanding for the subject. Furthermore, only one person was
interviewed at the time to avoid theisk of group behavior since it is argued by Tid®97)that a
group interview can easily lead to comments and behaviors that really none of the individual
respondents sympathize with.

In order to facilitate the iterviews for possible execution by other researchers the authors had
structured the interview process into five steps makinecreation easy. The following process was
used for the interviews and it resulted in the empirical data.

1. PREPARATION
The authorgnade sure to have suitable knowledge about the interview theme to be able to
ask appropriate questions and control the interview in a good way. K\&86)argues
about the importance to have a structured interviewide with clear, simple, easy, and short
questions.In addition Yin's(2003) case study protocol was used as a framework for this
master's thesis interview guidé-he questions were formulated in a structured way that
aimed to help to answer the research questions of this master's thesis. Therefore, the
interview guide was structured in five sections of questions, each one corresponding to every
one of the research questions of the stuftg view this master's thesisase study protocol
seeAppendix B- Case Study ProtogoFurthermore, before the interviews were conducted
the execution process was discussed in advanced making sure that it was clear about who is
doing what during the interview.
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2. EXECUTION
When the interviews were held the case study protocol (s&éppendix B- Case Study
Protoco) was thoroughly followed in order to facilitate comparison of answers between
different interview objects afterwards. During the dialog with the interviewee both of the
authors took notes since it was assumed that this would reduce the risk of missing any crucial
information. However, those interviews when the respondent agreed taHe dialog be
recorded only one of the authors took notes while the other one focused on leading the
conversation. This was made for all the intervidwsone.

3. PROCESS DATA
After the interviews the authors transcribed their own notes and then compé#nedesults
with each other. Data was structured and updated resulting in a new transcript. In this stage
no data was discarded since the authors wanted to validate if the data had been interpreted
in an accurate way by sending the transcript to the iaiewee. In other words, this was an
intentional act for risk avoidance since data might have been interpreted in a wrong way and
therefore assumed to be irrelevant even though this was not the case.

4. VALIDATION & APPROVAL OF TRANSCIPTION
The transcriptvas sent to seven outfmine of the interviewee to maksure that the authors
interpretations were correct and in line with what the respondent had meant to explain.
Clarifications and/or corrections could be made in the validation process. The imervie
object had also to approve the transcripts and was given the opportunity to remove sensitive
information. For those interviewees that had the possibility to make corrections or remove
data this wagracticallynever done. Therefore it was the authors'rpeption that the risk of
possessing false data from the two interviews where validation was missed was assumed to
be minimal.

5. COMPLETION
Finally, all information was sorted in a systematic \aagthe data was checked against the
purpose and the mastés thesis' RQs to avoid the reduction of important data or the keeping
of unnecessary data. Data that came to be seen as irrelevant was later discarded and a final
transcript was made.

2.2.4 Observation

All the data and information that were gathered during timerviews was complemented with the
author<bwn observations. The reason for this is that according tq2d@A3)observational evidence

is often useful in providing additional information and adds new dimensiangriderstanding either

the context or the phenomenon being studied. To increase the reliability of obsenahidata it was

0 KS | datefti@nNdha@ve more than one observer making the observations since this is in line
with Yin's(2003)recommendation. Observations will be made different construction processes by
following different kinds of construction workers such as plumbeaspenters electricians, etc

Observations can be conducted in a passive forra participated approach where the latter one is
an approach where the observer may assume a variety of roles watlsitudy situation and could
participate in the events being studie@¥in, 2003) Kotzabet al. (2005) further explain that a
participated approach will let the researcher attend social settings for an extended period of time,
observing behavior, listen to conversations, interact by asking questions and intenyigfiormants.

There are though both positive and negative consequences of using a participating observation
approach as being listed able3. The authors of tlsi master's thesis had, however, the perception
that the benefits of using the participated approach instead of being a passive observer overrun the
negative aspectsSince the participated approach is chosen the authors will take into account that
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the Hawhorne effect could possibly affect the results. The Hawthorne effect is the psychological
aspect of participating within research and explains how a participant's knowledge about taking part
in an experiment affects the outcom@&ayp, 2006) It was further argued by Saf@006)that the
outcome might be affected in four different ways:

1. Demand Characteristigsresearchers can cause participants to produce the desired outcome
of a study

2. Evaluation Apprehensiogthe anxiety of participating in a study affe¢the outcome

3. Social Desirabilitg Participants might want to please an experimenter and produce socially
desirable results

4. Placebo Effectg Changes in participants' behavior dueeixpectation effects

For the authors to minimize the Hawthorne effect they tried to distance themselves from the
construction workers while they were working and only enghgesmall talk before and after the
workday. Furthermore, the workers were told &h the result was of less importance and that the
authors merely wanted to experience what a day at a construction site might look like. It is the
authors' perception that this might have reduced the risk of social desirability and placebo effects.

Table3 - The Pros and Cons of Participa@bservation(Yin, 2003)

Positive Aspects Negative Aspects

1. The ability to gain access to events or grot 1. Less ability to work as aexternal observer
that are otherwise inaccessible to scientil and may, at times, have to assume positid
investigation contrary to the interest of good scientifi

practice

2. The ability to perceive reality from thi
viewpoint of someone "inside" the cas 2. Become a supporter of the group
study rather than external to it organization being studied, thus losiy

objectivity

3. The ability to manipulate minor events
such as summoning a meeting of a group 3. The participant role may require too mud
persons in the case study attention relative to the observer role

4. If the organization or social group bei
studied is physically dispersed it can
difficult for the researcher to be at the righ
place at the right time.

Furthermore, the authors performed value stream mapping (VSM) of construction processes in order
to collect primary data. When performing the VSMs a specific android mobile phone application
called StarBiilder was used (se&igureb). It was the authors' intention to only use one technical
device when collecting data in order to standardize this process. Hence, variances in measuring due
to different measuring techniges could therefore be avoided.

It should be noted that the collection of data through value stream mapping activities has been made
at one construction site only. If the construction processes at this site would be outside what is
assumed normal for thandustry the authors generalization of the result would needed to be revised.
However, no reason for believing so has been encountered which gives the authors the possibility to
generalize the findings at the construction site and make estimations fowtiwde industry.

Earlier VSMs have been conducted with a simple watch or a stopwatch and it was the authors'

experience that the StarBuilder is superior to the other due to its user friendliness and simplicity. By
pushing the button which best match thetavity of the construction worker the data is registered
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and later when the study is over all data is sent over to a Google Document. When downloading the
document all data is structured in a good way, easy to overview, and ready for andlgsis.
explanaton concerning what circumstances the different buttons were pressed is given below.

il & 12:36 Am — - Bl @ 1236 AM|

|StarBuilder IStarBuilder"

CTARRIIII DEDR

J

s
Construct Material handling

ih A

Discussion Walk

Login | Continue

Figure5 - The StarBuilder Applicatiofwww.sternbergconsulting.com/Starbuilder)

CONSTRUCT

When a construction worker perforsran activity that isvalue addinge.g.welding a gate or putting

up a drywall the construct button was pressed. This was also the case for those activities when
material was processed in order to be used for the building process, e.g. shaping of nettiny

pipes to appropriate length.

MATERIAL HANDLING

Whenever material needed to be transported or moved in some way at the construction site it was
registered as material handlindools vere more or less also moved along with material thus tool
handling came to be registered as material handling as well. Furthermore, sorting of scrap material
and cleaning up a site were also seen as material handling.

DISCUSSION

Every time a conversation was started the discussion button was pushed. Howevesgorthef
discussion varied mainly between two types; (1) problem solving and (2) small talk. One can see the
first one as necessary waste since the discussion is needed to be able to precede the construction in
a correct way whereas the small talk is pur@aste given that it has nothing to do with the
construction work. If discussion and walk happened simultaneously the discussion button was used
in order to avoid missing out on problem solving conversations.

WALK

The walk button was pressed every time tb@nstruction worker walks at the site. The activity can
be initiated by the need to pick up material, go looking for tools or that the worker is needed to work
at another place at the site. If discussion and walk happened simultaneously the discussan but
was used in order to avoid missing out on problem solving conversations.

BREAK

If the construction worker had to make a break from the work tasks this was registered by using this
button. Activities that triggered this button could be coffeend smole breaks. It was also used to
indicate lunch break and when the work day had come to an end.
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ADMIN/OTHER

The sixth button was used for administrative handlings and all the activities that did not match with
the former described buttons. Other activitiesuld for example bedouble checkingand redoing
earlier work.

PREPARATION

This button was used for those occasions when material or tools needed to be prepared in some way
before the construction worker could use them. Work tasks that had to be doriacibtate value
adding activities such as unpacking material, measuring, marking, etc. were registered as
preparation.

WAIT

The last button was pushed every time the construction worker had to wait on something. This could
be wdting on a machine to heaup, waiting on a colleague to come and help, waiting on other
workers to finish their work, etc.

2.3 Reliability, Validity and Objectivity
The followingthree sectiors will discuss the master's thesis reliability, validity and objectivity. These
are measuresised to define a research's credibil{Bjérklund & Paulsson, 2003)

2.3.1 Reliability

The reliability of a research instrument concerns the level of consistency of the measuring of the
concept(Bryman, 2004)put in other words, to what extent does the instruments deliver the same
results on repeated trials minimizing the room for errors and biases in the qBjdyklund &
Paulsson, 2003)Triangulation which &s been mentioned before isceording to Bjérklund and
Paulssor{2003) agoodmethod to improve a study's reliability.

In line with Bjorklund and Paulssar§2003) recommendatias this master's thesis designed a
standardized interview process to ensure high reliability. The interviews were well prepared and
thoroughly explained to the interviewees before the questioning started. Furthermore, the
interviewees were given sufficietime to ponder their answers without any stress factors affecting

the results. Every dialogue held was written down (or recorded if approved by the interviewee) by

both authors. This facilitated an oppNJi dzy' A G & (2 O2 Notds ayBinste&cl bet inlzi K 2 N& Q
order to see if data wasnterpreted in the same way. In those situations whetke authors

interpreted data in different ways the source of data was controlled.

2.3.2 Validity

According to Brymar{2004) validity is a concern with the integrity of the conclusions that are
generated from a piece of research and relates to the question of whether a measure is measuring
what is supposed to be measured. In addition, validity can be divided into internal validity and
external validity. Brymar§2004) explains internal validity to be the concern with the question of
whether a conclusion that holds a casual relationship betws®o or more variables isonsistent.

When it comes to exrnal validity it is about questioning whether a result of a study can be
generalized beyond the specific research context.

In order to ensure internal validity for this master's thesis thorough descriptions were given in how
the theory and collected da was linked to the analysis and the RQs. To deal with external validity,
Bjorklund and Paulssof2003)suggestions such dadangulation and unbiased interview questions
with no room for misconceptions were considdre
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2.3.3 Objectivity

Objectivity represents an impartial approach of the study where the extent to which values influence
the study is considere@Bjorklund & Paulsson, 2003)he ideal research should not be affected by
values, however, according to Paulsgd899)it is practically impossible to achieve full objectivity,
and some researchers believe also that it is not desirable to amthfs. Nevertheless Paulsson
(1999)further statesthat one should always try to disclose and account for them.

The authors of this master's thesis made an effort to clarify and justify the choices made indige stu
in order to give the reader the opportunity to consider the study's results. Hence, this will enhance
the study's objectivityBjérklund & Paulsson, 2003) is also argued by Paulssd®99 that by using
observation as a data collection method it will give a high level of objectivity but also a high level of
reliability and validity. Nevertheless, this method is used sparingly since it is rather resource
intensive compared to interviesvand surveys. Thus, a study's level of its reliability, validity and
objectivity must be weighed against its resource consumpt{Paulsson, 1999and this was
considered for this master's thesis' study.

Finally, the initiato of a study may want to affect the report's design and have views on how to
execute different research processes e.g. how to collect data. However, Pa(188®%)emphasize

the importance that all decisions should lhaken by the researchers to keep a high level of
objectivity. The authors of this master's thesiere gratefully open to advigesuggestions and
comments from the originatoof the studybut stayed independent and kept in mind that all
decisions concerng the study were solely their responsibility.
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3 Frame of Reference
This chapter will give the reader an understanding of different concepts and tools that can be used in
order to achieve improvements of procesasswell as insight into the construction industrgan,
lean construction as well as the application and adaption of lean tools and methods will also be
reviewed All information gathered in this chapter is thesult of theLiterature Review

Lean
(waste, flow)

U

Construction

Lean Lean
Industry . Constructi
(Industry context, Construction OT:s;:c(t:s .

present situation, Tool technique,s)

KPI’s, observations)

i

Application of

Lean tools
(Adaption, VSM,
Pareto diagram,
TPPSP, Ishikawa)

Figure6 - Frame of Reference Guide

Figure6 shows through the thickarrows how the different subchapters in this chaptaffect each

other and how they ultimatelyshapell KS RS @St 2 LJySy i 2 7F (0 K Srool elgii K2 NA Q
Lean theory is adapted to the construction industry context before being incorporated into the Lean
ConstructionTool The thinner arrowshow what parts of the literature help answer the different
research questions.

3.1 Construction Industry

Many actors in theindustry oractorscomected to the industry agree that the building costs can be
decreased but disagree on which costs should be priorit{dedephson & Saukkoriippi, 2008)pth
Koskela(1992) and Josephson an8aukkoriipi(2005)argue that there has been too little focus on
construction processes and trying to make them more efficient by reducing wimstbeir study
Josephson and Saukkorif@005) show that waste is evident in construction operations and that
these affect the industryl-or exampldLove and L{2000)mention that poor quality in construction
activities reqlire costly rework sometimes up to 10% of project cost. To avoidttigsmportant to
understand how these processes relate to the construction industry in a larger context, including
their importance for the industry, the environmem which they aren and the actors within that
environment.

3.1.1 Present Situation in the Construction Industry

The Swedish construction industry is seeing an increase in competition from international
competition, which rose during the latest economic highhe Swedish Agency for Public
Management, 2009along with an increase in building costs greater than the increase in consumer
price index(Statistics Sweden, 2011According to the industrfPEAB, 2011)there is also dack of
qualified personnel as the Swedish economy is doing well and companies have to turn down work
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due to not having enough staffhis is a problem, which may not become less severe in the future
with a large group of th population, those born in the 1940s, retiringupcoming years.

In their analysis of the current situation as of 1998, the Swedish Agency for Public Management
(2009) mentions a decrease in market concentration during the economic high prior to 1998. A
similar situation is likely to occuoday with larger companies having to turn down job, opening up

for smaller business. In their analysis, the agency also mentions increasegtives to build
environmentally friendly and energy efficient. However, at the same time the incentives to improve
efficiency; increase competence and for development are low in construction companies regardless
of the economic situation. At the samiernte, the Swedish Agency for Public Managen(@0609)also

says that construction companies are aware of the industries need for rejuvenation.

3.1.2 Construction Industry Context

There are certain peculiarities that set theonstruction industry apart from traditional
manufacturing. Theséndustry specific factoramay be used as reasons for not implementing well
established production philosophies in constructigtoskela, 1992hey arehoweer, important in
order to understand the industry.

Koskela1992)identified four construction peculiarities; collected from Warszaw@@90)and Nam
and Tatum(1988)

1. Oneof-a-kind nature of projects

2. Site production

3. Temporary multiorganization

4. Regulatory intervention

In addition, Koskela(1992) identifies otherfactors unique for the construction industrguch as
durability, costliness, complexity and uncertaingoskela did not considehe first two of these
factorsrelevant in he contextand the second two are not seen as primary peculiarities but rather as
resultant process features. Paezt al. (2005) take a different viewin their paper considering
complexity in the form of a temporary organization and regulatory intervention, together with
uncertainty asspecific faabrs of construction The authors agree with Koskela, seeing complexity as
a result of other peculiarities. Below, the factors identified by Koskela will be discussed.

Typical of construction production is that the final product is built at the site itlatgr stand, site

production. Each site with surroundings has its own characteristics meaning that site production

leads to oneof-a-kind product (Paezet al, 2005) This oneof-a-kind aspect is also affected by

different need and priorities by clientand different views of designers and architects on design
solutions (Warszawski, 1990)At the same time, the material, components and skills needed to

realize the project are often the same. From a contractors or a desigo@nsgf view the processes

INB Ylye GAYSa (GKS alrySsy (kKSe aSS O2yidAiydziide Ay
not see when only looking at a snapshot of the construction indy#togkela, 1992)

A third peculiarity in construction is due to the fragmented construction industry made up of many
different contractors, subcontractors, designers and architects, organizations with different practices
(Koskela, 1992)The tempoary organization working on a construction project is made up of these
different companiesand people and there is a good chance that they have not worked together
before. They may also be tied to the project through different contractual arrangements. Thi
temporary organization also extends to the workforce where some may only be employed for a
particular project and not permanently. This is often due to subassemblies in a construction project,
made up of overlapping and interacting activities undertak®n different contractors making it
difficult to keep to a set timetabl@aez, Salem, Solomon, & Genaidy, 200%3 also affected by the
practice of using lowest price as criteria for purchasing services for subasse(fagsla, 1992)
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Hatmoko and Scotf2010)on the other hand, state that there are many benefits to subcontracting;
e.g. risksharing together with more specialized, efficient and esfétctive subcontractors

The last peculiarity identified by Koskelél992) is intervention of regulatory authorities. In
construction, due to the complexity of the projects and the risks involved, the site and progct ar
subject to checking and approval. This checking and approval is carried out both by the main
contractors but mainly by regulatory authorities to make sure the buildings meet codes and
standards.

3.1.3 Logistics in Temporary Organizations

Logistics in temporargrganizations at constantly new sites (e.g. construction sites) vary a great deal
from that of permanent organizationdlodig, 2004) The organization has the objective to fulfill a
need and then leave a proje¢Nicholas, 2001)This need will in most cases mean different site
conditions, which the shotterm organization will need to adjust to. These constant adjustments put
strain on the organizations logistics but the logistics may however, become more effective and
efficientduring the duration of the project due to the learning effé¢btodig, 2004)

These temporary logistics solutions manage different flows of goods in praégiie environments
instead of continuous flows managed in mg@ermanent organizationéModig, 2004) This demands
a great deal of planning and foresight. Mod&p04)denotes planning within a temporary logistics
solution as activities that encgpass the inclusion and exclusion of possible transportatomn on
site activities as well asequencing of those activities

Some characteristics of logistics in a temporary organization are that it is affected by personal
preferences and earlier experices of people involved in the project, are titiitical meaning that
goods need to be available at the right time, in the right sequence and where the site locations
heavily influences the site desighbig).

Furthermore, other characteristics of theseganizations and their logistics are that test events are
often run in order to decrease uncertaintffemporary organizations and their logistics solutions are
also greatly affected by their parent organization. If there is no parent organization theoramy
organization has a better chance of adapting to a prejegtue situation(ibid).

3.1.4 Customer and Value

! fINBS LINI 2F (GKS Sy LKAf2a2LKe Aa OSydaSNB
Odza 12 YSNJ ¢ yi FuhlieYs dafifed Gt for INPirGehal duktémer, e.g. the next step

in the process, as well as the external custoifhgker, 2004)

Who to consider the customer masometimes be difficult though. A contractor working at a
construction site may see the main contractor running the site as the customer because that is who
gave the contractor his/her job while the reality is a bit more complicated. Another customeeto th
contractor is also the next contractor, and internal customer, who will be completing the next step in
a long process of different smaller jobs. Taking a more holistic view, the customer is the client who is
paying for the build. But even that does natnaplete the picture because in the end the client may

not be the one using the building. All in all it is tricky deciding whom you should focus on when
focusing on what the customer wants.

When it comes tdnternal value and logistics, value is created in the logistics systems through the

T w Q dogisicE(Modig, 2004p ¢ KS TtwQa YSIkya GKS NAIKG Odzaid2YSN
time and at the right price If the gods for example arrive too early they may be in the way of

another crew who needs the space while if they are too late then the worker will not have the goods
needed to complete the task at hand.
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The construction process is made up of two processesgdemid constructioncharacterized by
cost, duration and value according to Koskdlg92) Cost and duration depend on how efficient the
value adding activities are and how many n@iue adding activities are preseMalue on the other
hand is made up of two components. The first of these deals with customer requirements,
predetermined specifications that the end product must conform to. The other component is
product performance. According to Koskél®92) value is generated by giving the customer what

they want, meeting their requirements, Yy Ry 20 daly AYyKSNBYyd YSNRG 2F O:

3.1.5 Construction Key Performance Indicators

There have been attempts ateating Key Performance Indicas (KPIs) for the construction industry
such as the UK best practice progrdiagioglou & Cooper, 200but these indicators give little
insight into the performance of the individual companies or projectscofding to Stewart and
Spencer(2006)the industry has few structured frameworks on which to base process improvement
initiatives. Therefore, due to this lack aflear guidelines, improvements are often isolated and
benefits cannot be coordinated or repeated.

In order to improve the industry a systematic approach could be useful. The purpose a$ KPls
enable measurement of project andrganiational performance throughout the construction
industry (Department of the Environment, Transport and the Regions, 200@® information given

by KPIxan be usedor benchmarking purposes, and wik fa key component of any organizatisn'

move towardsachieving best practiceand continuousimprovement However, the concept of
project success has remained vaguely defined among construction professionals since project success
means different things to different peopi&€han & Chan, 2004 herefore, man project managers

still pursuesuccess in a spontaneous and ad hoc fashion as they attempt to manage and allocate
resources across various project aréeeeman & Beale, 1992)

To avoid an unplamed approach, KPIs are meanshelp commnies to identify their strengths and
weaknesses, and in addition, it is a way to facilitate comparative assessment of performances against
competitors within the industry. Nevertheless, the U.K. Department of the Environment, Transport
and the Region§2000)are concerned that while individual orgaaiions have been measuring their
performance for many years, there hheen little consistency in the data, and the way it has been
published.This might complicate to give an accurate and reliable assessment of a certain project
under study. In a study conducted by Lai and (a610)the order of importance of performance
criteria in construction projectsra: (1) time, (2) profit, (3) environment, (4) quality, (5) safety, (6)
effectiveness, (7) no claims or contractual disputes, (8) job satisfaction, and (9) generation of
innovative ideas. It was also showed that in the study all of the performance critedierperform.

However, according to Chan and ChHa004)the basic factors to analyze project success are time,
cost and quality and these criteria have been more or less identified and discussed in almost every
article on project success. However, beside this "iron triangle" coinethkigisan (1999) measures

for project success should also include "soft" measures such as psychosocial outcomes which refer to
the satisfaction ofinterpersonal relation with project team member@into & Pinto, 1991)
Nevertheless, only a limited, manageable number of KPIs is maintainable for regular use since having
too many and/or too complex KPIs can be rather tigre resource consumin@han & Chan, 2004)
Furthermore, the systematic use of KPIs is essential as the value of these measures is mostly derived
from their consistent use over a number of projects.

The British Quality Foundati (2010) recommends that the most effective tool for analyzing all
aspects of an organization's operations and enable comparisons with other firms and industries is the
EFQM Excellence Model. However, this modelneillbe further elaborated since the authors of this
master's thesis find themselves inexperienced assessors and users of the model. According to Li and
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Yang(2003) this is something that has been proven to be a common reason for large scoring
variations. Additionally, due to resource constraints there is no time for obtaining the necessary
knowledge and skills in order to execute the EFQM model in a successfulmanne

Nevertheless, Chan and Ch@®04)proposed that the calculation methods of KPIs are divided into
two groups (seerigure?). The first group containing KPIs such as time, cost, value, safety, and
environmental performance uses mathematical formulae to calculate the respective values. The
second group that includes KPIs such as quality, functionality of building and the Ieaéktsction

of various stakeholders uses subjective opinions and personal judgment. With this set of KPIs both
guantitative and qualitative measures are used. The Department of the Envirgnifi&nsport and

the Regiong2000)exemplifies a few KPIs and different levels of these KPIs. These are presented in
Appendix F KPI

Key Performance
Indicators

/Obiective Measures\ /Subiective Measureﬁ

e Construction Time e  Quality
e Speed of Construction e Functionality
e TimeVariation
e Unit Cost e  End-user's Satisfaction
e Percentage Net
Yariation over Final e Client's Satisfaction
Cost
Met Present Value e DesignTeam's
Accident Rate Satisfaction
e Environment Impact
Assessment (El4) Construction Team's

L
\ Scores / \ Satisfaction /

Figure7 - Quantitative and Qualitative KPIEChan & Chan, 2004)

3.2 Lean

The concept lean, originating from the Japanese car manufacture Toyota's production system and
often called Lean Production is constantly under development. Simedean concept was first
introduce to the producing industry and the success was significant it has now evolved to other fields
than car manufactures. Due to the dynamic business environment the original lean has transformed
and is today merely one pasff the whole lean concept. This section attempts to present the essence
of the lean concept for the reader and this is of importance since it is this philosophy that the authors
aim to introduce in the construction industry.

3.2.1 History and Definition

The Learphilosophy was born within the production environment of physical goods and is based on
an industrial concept developed in Japan during the 1900s. The automaker Toyota is often ascribed
as being the founder of Lean Production through its Toyota Produ&yastem (TP$Ehingo, 1989)

In the early 1960s a number of principles had been developed that later become known as the
foundation of Lean ProductiofWomack, Jones, & Roos, 199Bjowever, it wa not until in the

1980s that Toyota first caught the world's attentiondgsigning cars faster, with more reliability and

yet at a competitive cost congped to other car manufacturegliker, 2004) The term Lean
Production was coined by the International Motor Vehicle PrograsearcherKrafcik(1988)and

21



was made popular bWWomack Jones & Ro0gL990)in the critically acclaimed bookhe Machine

That Changed the WorldAccording toWomack Jones & Ro00£§1990) Lean Production is best
described as a method which combines the advantages of craft production and mass production, e.g.
avoiding the high costsf craft production and avoiding the rigidity of mass production.

After World War |, Henry Ford (Ford) and Alfred Sloan (General Motors) changed the conventional
manufacturing from centuries of craft production (led by European companies) intagbef mass
production(Womack, Jones, & Roos, 1990his largely resulted in a global economically domination

by the United States. In the poestar period of World War Il, Eiji Toyoda and Taiichi Ohno at the
Toyota Motor Comany in Japan established the concept of Lean Production. The rise of Japan's
economic power quickly followed as other Japanese industries copied Toyota's sgibtdm
Nevertheless, the development of TPS was facilitated through much research Afriagcan mass
production industry and the Japanese industry came to borrow and later develop several concepts.
The Toyoda family did two long visits and thorough benchmarking of Henry Ford's manufacturing
plants in 1929 and in 195bid).

Up to relativey recently Lean Production has traditionally been implemented in businesses with
production in high volumes, few product variants, low degree of customer interaction and low
fluctuation in demandHines, Holwe, & Rich, 2004owever, the lean perception is shifting and lean
has been successfully implemented in new settings beyond the traditional manufacturing
perspective.

Due to the fact that the term Lean Production is created as an attempt to describe a complete
manuacturing philosophy derived from the TPS, there issimgle accepted definition. Liké2004)

says that a lean enterprise is the result of applying the TR# treas of a business aWdomack,
Jones & Ro0§1990)talk about afive-step process: (1) define customer value, (2) defime value
stream, (3)make it flow, pull from the customer, and (5) strif@ excellenceOriginally, he TPS
founderOhno(1988)explained Lean Production as:

"All we are doing is looking at the time line from the moment the customer gives us an
order to the point when we collect the case. And we are reducing that time line by
removingthe nonvalue added waste"

Lean as a concept has evolved beyond Lean Production and it continues to develop. Therefore, the
development of lean has led to confusion with regards to what constitutes lean and what does not.
Hines Holwe & Ricl{2004)have proposed a modéBeeFigure8) covering the wholdean concept
where two levelsare distinguished: the strategic (Lean Thinking) and the operational (Lean
Production). The customerentered strategic thinking is applicablto every organization that
provides customer value, but the shop floor tools are not. The distinctiothese two levels is
crucial forunderstanding lean as a whole in order to apply the riglads and strategies to provide
customer value. HoweveHines, Holwe & Ricf2004)state that much of the academic discussions
concernng lean thinking still focusesn the shopfloor which demonstrates a rather limited
understanding of what contemporary lean approaches aeut. This lack of a holistic view might
result in organizations missing the strategic aspect and assuming that qealsty,and delivery is
equal to customer value. This is a common mistake by organizations implementind.ileam 2004)

since if only a cost perspective is addressed and the custpereeived value is overlookadight in

the end lead tesub-optimization in the value chaifHines, Holwe, & Rich, 2004) other words, lean

is aboutboth increasing customer value and reducing waste, and the essence is to understand that
these two are not the same. It is possible to increase customer value without reducing waste
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Figure8 - The Lean Concept and the Levels of L¢kiines, Holwe, & Rich, 2004)

When Liker(2004)did his research of the TPS he found 14 key principles that drive the techniques
and tools of the system and the management of Toyota in general. These principles were divided into
four sectiong(1) Philosophy, (2) Process, (3) People and Partners, aftddlem Solving and came

to be called the four P's of the TPS. The philosophy aspect is about making management decisions in
a longterm perspective even at expenses of shiatm financial goals. The Process section is what

the authors have come to emplize on in this master's thesis since it deals with the elimination of
waste and creating process flow. The two last sections concern personal and organizational
development by applying team work thinking and put effort in continuous improvements and
leaming.

3.2.2 Waste

Toyota identifiedseven major types of waste in manufacturing and business processes and Liker
(2004)later came to include an additional form of waste, namehused employee creativityrhe

eight formsof waste, ormudaas it is called in Japanese is being displaydeignre9 and a brief
description is giving ifable4. It might appear that a little waste does not matter but if all these
kinds of waste are added up, in the long run, the inefficiency is apparent and could be substantial. It
is usially the buzzword waste omuda that people identifylean with, however, it should be
emphasized that only focusing on eliminating waste could hurt the productivity of people and the
production system. Likef2004) says that two other factors, namelynuri and mura are also
necessary to included in the lean woMuri can be translated as the unevenness or lack of balance
in the work flow for the workforce e.g. either having too much work or not enofgthtig, 2005)

Quite often, unevenness results from internal problems that are identified as the reason for creating
muda(Liker, 2004)Mura, in contrast, is overburdening people and/or equipment, creapingential
situations for safety or quality failures as people and/or machines are pushed beyond their limits
(Lichtig, 2005)
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Figure9 - The Eight Types of Was{tiker, 2004)

Table4 - The Eight Types of Wasteiker, 2004)

Type of Waste Description

1 | Overproduction | Producing items for which there are no orderghich generates such waste as overstaffing 4

storage and transportation costs because of excess inventory

2 Waiting Workers merely serving to watch an automated machine or having to stand around waiti
the next processing step, tool, supply, paes:., or just plain having no work because of st(

outs, lot processing delays, equipment downtime, and capacity bottlenecks

Unnecessary
transport

Carrying work in process (WIP) long distances, creating inefficient transport, or m
materials,parts, or finished goods into or out of storage or between processes

Over processing
or incorrect
processing

Taking unneeded steps to process the parts. Inefficiently processing due to poor toc
product design, causing unnecessary motion and produdiefects. Waste is generated wh
providing highemquality products than is necessary

Excess inventory)

Excess raw material, WIP, or finished goods causing longer lead times, obsolescence, d

goods, transportation and storage costs, and delayo Adtra inventory hides problems suc
as production imbalances, late deliveries from suppliers, defects, equipment downtime|
long setup times.

6 Unnecessary | Any wasted motion employees have to perform during the course of their work, suc

movement looking for, reaching for, or stacking parts, tools, etc. Also, walking is waste
7 Defects Production of defective parts or correction. Repair or rework, scrap, replacement produ
and inspection mean wasteful handling, time, and effort
8 Unused Losing time, ideas, skills, improvements, and learning opportunities by not engaging or lig
employee to your employees
creativity

In addition, when examining a process with the aim to detect waste and eliminate these, activities
need to be classified in some way. Mond@®93)identified three different types of operations in an
internalmanufacturing context. The activities could be:

1. Value Adding (VA)
2. Nonvalue Adding (NVA)
3. Necessary Waste (NW)

In an article by Hines and Rig997)these three classifications were explained where VA operations
involve the conversion of processing of raw materials or semshed products through the use of
manual labor, e.g. suassembly of parts, forging raw materials and painting. The second one is
clarified as pure waste and involves unnecessary actions thatléhe eliminated completely, e.g.

the eight types of waste such as waiting time and excess inventory. Thirdly and last is the NW
category, which is activities that may be wasteful, but necessary to perform in the operation
procedure. In other words, thewre necessary but newalue adding activities, e.g. unpacking
deliveries.
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3.2.3 Flow

Within lean, flow means shortening the elapsed time from raw material to finished goods and that
this will lead to the best quality, lowest cost, and shortest delivery tjmker, 2004) This is true in

the sense that improved flow lowers the "water line" hence exposing problems. In order to create
flow these problems, or wastes, need to be removed. Here it is common to touch prooess
mapping, which is used to identify what is and is not waste (this will be discussed later on in this
chapter). In addition, the importance of flow according to Polat and A{@@05)is that materials
account for a signifeant proportion of the total cost and duration of a project; hence proper
management of these flows may therefore have potential benefits for contractors.

As Liker(2004)points out, continuous flow is not always sildle to achieve but it is something to

aim for. This goal can be reached or the process can be greatly improved by using small lots, trying to
keep processes close together and keeping material moving uninterrupted through the process
production. Furtherrore, through onepieceflow, decreasing inventory, increasing takt time and
getting rid of waste flow can be achieved. However, two mistakes often made by companies are: (1)
they perceive they implement flow but in reality they set up fake flows and (@rifething goes

wrong the attempt to implement flow is quickly abandon and they go back to how things used to be
done(Liker, 2004)

In his article from 1992 on the new production philosophy, Koske¥82)goes through what he
identified as principles for flow process design and improvement. These steps, eleven in totad outli
how decreasing or eliminatingaste and making conversion as efficient as possible chieee flow.

They include waste reduction, customer focus, reduced variability, reduced cycle time, increased
flexibility, simplification, increased process transparency and continuous improvements. The final
step and an important step, is benchmarkirigy combining your strengths with those of the best
external organizations you can gain superiof@amp, 1989)Benchmarking can, however, also be to

set up goals and milestones for the organization to re@aiksson, 2010)

A good way to measure flow is to use tphercentageplan completedPPC)jt is used to see how
much of the work is completed on time, that the proportion of completed activities with respect
to planned activities, hence measures the workflow reliabilggllard & Howell, 1998)This is in a
sense a measure of flow since a work that has not been completeth whshould have been is a
disruption of flow and can therefore be used as a benchmark in order to move forward and improve.

3.3 Application and Adaption of Lean T ools

As mentionedearlierthe concept of lean can be implemented in almost every industry inaddgn
Swank(2003) mentions how the life insurance company Jefferson Pilot Financial (Today Lincoln
CAYLFYOALFf DNRdzZLI0 FRIFLIISR €Sty LINAYOALX Sa (G2 &idNE
insurance claimaes through the processes in the company, gaining value at each step and the aim is
to minimize the parts of the processes that do not add value, much like the assembly line in a factory.
Lean can also be applied to healthcare whitrean beused to imprae operations. Black and Miller
(2008)state that the same improvement methods used for other products or services can be used in
healthcare, saying that providing healthcare does not differ from building cars. In their book, lean
principles were applied and adapted at Virginia Mason MedieateZ with very good results. Spear
(2005)is another author who says that hospitals that have tried to work like Toyota have gotten
impressive results.

A few of the tools and methods mentioned by Black and M{B808)are Value Stream Mapping
(VSM), standardized work, Andon, 5S, Heijunka and Kaizen. 8bthese tools are also mentioned
by other authors such a&raban(2008)who talks alout 5S and Kanban where@endelet al. (2004)
mention VSM and 5S. According to Grab&008) visual management can also be used in
healthcare, as a simple way of spreading inform@tamong employees in a hospital. Sobek and
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Jimmerson2004)mention the A3 reporting system as a way of incorporating prokdefing in the
lean approach. The A3 was also developed at Toyota and involves tools s¢SWamnd root cause
analysigChakravorty, 2009)

Aspects of lean can also be seen in the retail industry where industry giant Inditex with stores such as
Y%l Nl dza S & 4 | dptinlize M&rproduction@akiRyd débiel Br surrounding processes

to adapt to the production procesd-erdows, MacHuca, & Lewis, 200Burthermore, Slompet al.
(2009)show how certain aspects of lean can be applieg¢banother type of production. In their

case it was a dual constrained "matteorder” job shop.

Allway and Corbetf2002)mention how lean can be used for all types of services giving new types of
KPIs that Healthea, Finance & Insurance and Food Service/Hospitality sectors can use. A form of
VSM is also described in the article along with the impacts of going lean. These impacts where not
only economical but going lean also affected productivity and capacity.

The above mentioned examples point towards how lean can be applied and adapted to different
settings and different industries. The underlying philosophy of putting focus on the customer and
cutting out operations that do not add value can be applied to thetext of any service or product
(Allway & Corbett, 2002)

3.3.1 Value Stream Mapping in Construction

VSMI G ¢2e2dF OFffSR ¢ al (S NRothér & Shodk22N0gWas dedelbpe t 2 &
to give manufacturing companies lasting improvements and help them identify veaste¢he root

cause of waste. In addition, Winch and Ga000)state that a process mapping tool is recognized as

an important managemertool for understanding how value is delivered for customers. Since it is a
functional tool for the manufacturing industry and Swa(®003) mention the possibilities of
streamlining a service company by adding valueach step it can be assumed that it is plausible to
streamline the construction industry as well. Therefore should the VSM tool be of interest for
construction companies which yearning for being leaner.

Viewed as a suitable tool for redesigning protion systems, VSM is a way to focus attention on
flow and to see the big picturfLasa, Laburu, & de Casto Vila, 2008)order to implement lasting
improvements incorporating the entire system, one needs to see the flow raten thinking of
production as discrete production processes. By doing so lean systems are impdmagher than
isolated process improvements. Furthermore, by defining the value stream with helpafcass
mappingtool an understanding of what add&lue in the process and what waste can be removed
will be given.

According toHinesand Rich(1997)there are seven different VSM tools, each with its own strengths
and weaknesses. These tools are part of a bigger jigsaw, each incorporating different parts of the
value stream and can be applied independently or in combinafibffierent tools will deamore or

less efficiently with certain types of wastes or structures and which one to use should depend on
where the focus is put.

The method of removing waste is aimed more at productivity rather than quality, but improved
productivity exposes more wastnd quality problem in the system leading to further possibilities of
improvements. The systematic attack on waste is at the same time an assault on many of the factors
that lead to poor quality and other management proble(Bschero, 1991)

VSM is a simple visualization tool, to be used with paper and pemicédre one registers if the
studied activity can be classified as value adding;valne adding or necessary waste (description of
these classifications were made in tkarlier section3.22 Wastée. By following theresourceand
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information o the floor, on its way through the value stream, insight of the flowesourceand
information is gained. VSM is a visual representation of this flow and is the blueprint from which the
ideal future state is createdUnless current processes are fullgderstood, than it is difficult to
create a route map from where one is to where one might want to be in the fuffimch & Carr,
2000) From the currenstate you try to create a future, improved state as can be sedtigarelO.

The arrows in the figure indicate that the development of the curreantd futurestate maps
overlap.

The goal when implementing VSM should to implement VSM through different plants and
facilities (if theresourcegake such a route), however, it is best to start at just one facility, so called
door-to-door. In order to fully understand the different value streams a company works in, it is
necessary to map both intesompany and intracompany valueadding processes in the long run
(Rother & Shook, 2003)n a construction industry context this could be to not only focusing on the
focal company but to involvexternal actorsand the whole supply chain.

Product Famlily drawing

Figurel0- Initial Value-Stream Mapping &ps. (Rother & Shook, 2003)

In addition,if looking at materiala VSM should be undertaken for a product family, not all products.
Drawing a VSM for all products would, in most cases, be too complicated and clutter the map.
Following one product family may be complicated enough, often crossing organizational boundaries
in the company. It is therefore advised to have a Value Stream Mar{Rpdher & Shook, 2003)
someone who is responsible for the valsigeam perspective. Further advised with this is the need
for this manager to be inharge of the whole VSM and not to divide the pieces among area
managers and then try to tape the pieces back together into a complete VSM.

3.3.2 Toyota Practical Problem -Solving Process

When it comes to solving problems (the ones found in the VSM studies)ht begather confusing

and difficult to know if it is the actual problem that is being solved. Maybe it is just a perceived
problem (not enough material ordered) resulting in countermeasures for just a symptom of the real
problem (bad handling of materiaésulting in too much scrap). Therefore, it is suitable to have a
structured process when examining problems to avoid costly counteractions. This is in line with
Rother's(2010)thoughts; that further states that it is common to think that good problem solving
means applying countermeasures.

The 5Why analysis is a renowned method to pursue the deeper causes of a problem to find
correspondingly deeper countermeasuréisker, 2004p LG Qa | aeadSYlFrGaAO jdsSa
where the question "why?" is askdtve times (generally sufficient to identify the root cause of a

specific problem but the depth of layers of questions and answers is not set in sttieeley is to

continue asking and answering the new layer of questions that arise from previous answer until a
question is very difficult to answer and this is often where the root cause is found.
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However, at Toyota, the-B/hy tool is oftenused as part ba severstep process they come to call
practical problem solvingThe emphasis of the Toyota practical probtsaiving process (TPPSP) is
not to quickly implement countermeasure but first of all to understand the current situation so
deeply that the coutermeasures become obvioRother, 2010)Liker(2004)substantiates this and
points out that practical problem solving requires that the problem be clarified and that the situation
is fully grasped before recommending any solutions. The reason for this, according to R0t@y

is that if countermeasures are introduced before understanding the situation, more variables are
created, which intefleres with identifying root causes and the risk of using the wrong counteractions
resulting in suboptimization is high.

The TPPSP can be depicted as a funnel tagpere 11) where at the beginning the problem
perception is rather vague and unstructured but when examine according to the method the root
cause can be found. The following seven stépker, 2004)are phases of the problem solving
process and can be used as guidelines in how to encounter problem in a practical way resulting in,
hopefully, the right countermeasures.

1. Describe what thénitial problem perceptionis.

2. Clarify the problem This is allgedly the most difficult part to learn and it starts with
observing the situation with an open mind and comparing the actual situation to the
standard.

3. Locate Area/Point of Cause (PO@)there are many problems these should be prioritized
with for exampe a Pareto analysis. The Pareto diagram use bar graphs to sort problems
according to severity, frequency, nature, or source and displays them in order of size to show
which problems are the most important. At this point set targets for improvement.

4. Investigation of Root CausePerform a 5Why analysis to find the actual cause behind the

problem.

CountermeasureMatchthe necessary countermeasures to the discovered root cause

Evaluate.The results of using the particular countermeasure should be evaluated

7. Sandardize.If the countermeasure is effective it should become part of a new standardized
approach to facilitate further improvements

oo
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1. Initial Problem Perception

2. Clarify the Problem

\
The "Real" Problep
v

3. Locate Area/
Point of Cause

Grasp the Situation

Cause L
4. Investigation of Root

Cause, BNhy?

Root Cause

5. Countermeasure

6. Evaluate

v

7. Standardize

Figurell- Toyota's Practical ProblersolvingProcesgLiker, 2004)

3.3.3 Ishikawa Diagram

The Ishikawa diagram, also known as caaisgeffect diagram or Fishbone diagram, is a problem
solving tool that is acclaimed to be an efficient tool due to its simplicity and practi¢@lityy &
Wandersee, 2010)The diagramvas originally developed for use in the area of quality management
but organizations have found it useful in problerolving and decision makirfglannagan, 2008t
first it was used in a manufacturing and production context over time it has shown to be equally
valuable in service industrig€apper, 1998Chakravorty, 2009)The principles behind the tool are
alleged to be universal since organizations consist of a web of compléomstaps(Capper, 1998)
and the Ishikawa diagram provides a framework to identify causes and their relatioishipsagan,
2008) Furthermore, the tool gives a focused analysis of key factorgibatihg to the problem and
a clear overview which enables prioritizing and seeking solufidaanagan, 2008)

In short, the Ishikawa diagram displays casual relationships by stating a quality characteristic or effect
at the head of the diagram and then listing possible causes along branch af@apper, 1998)
These effects or causes are commonly divided into seven different categoried ¢8ks5) that
Bergman and Klefsj2004)denoted as the seven M's of quality issues in the production industry.

Table5 - The Seven M's of the IshikamDiagram(Bergman & Klefsjo, 2004)

Man Do the employees have enough knowledge to do the job?
Materials Is the material used for the production processes correct?
Machine Is the machine used in the operations correct?

Method Is the method of conducting the job correct?

Measurement Are the quality assurance test measures correct?

Management Does themanagement provide sufficient support and information?
Milieu Are there any external factors that cause problems?
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Capper (1998) recommended a stefpy-step approach when using the Ishikawa diagram. This
approach is being displayed below and a general picture in how the diagram could look like is
showed inFigurel2.

1. Define the quality characteristic or effect that is wished to be analyzed and write it in the
head of the diagram. This might be in the form of a desired state or a problem.

2. Decide uponhe headings for the branch arrows. The suggested headings are commonly the
seven M's of the Ishikawa diagram. Although these may not be appropriate in every
situation.

3. Taking each branch arrow in turn, list possible causes or factors and place them against the
appropriate branch arrow. Related causes or factors should be grouped together to form
sub-arrows.

4. Make sure to exhaust all ideas under each branch arrow befagng on to the next M in
line.

5. Tidy up the diagram and look for any missing factors and gaps.

6. The diagram is finished and following steps might be to identify specific areas for further
study, collect data about individual factors or to allocate speaiftons to people.

‘ Method ‘

‘ Machine ‘ ‘ Materials

Primary Cause

Secondary
Cause
»[ EFFECT

[ Milieu

Management ‘ ‘ Measurements ‘

Figurel2 - Thelshikawa DiagranfBergman & Klefsjd, 2004)

3.3.4 Pareto Diagram z Waste prioritization

When different types of waste have been detected addntified, for example with help of the
earlier mentioned tools, it is necessary to prioritize in what order to solve thmedicaments.
According to Shim and Sieg&B99)along with Bergman and Klevgj2004) one can expect to find a

few vital sources that primarily contribute to costad errorsrather than the many trivighbroblems

that in truth contribute much less to the large cosisd errors Perhaps breallowns of constrution

tools cause more cost and delays than bad handling of matéfiavever, #most without exception,

only a few of the sources account for the bulk of the costs. Hence, it is of interest to find out the
largest cost factors and reduce or eliminate tbdst.

When an organization is facing different problems it can be difficult to decide which problems to
tackle first. Apractical guideline on how to prioritize problens given by Liker and Mei€2005)
where evey problem can be evaluated from three criteria:
1. Importance ¢ in relation to customer satisfaction and/or company goals. Safety issues
automatically receive high importance.
2. Urgencyg in order to, for example, meet a deadline.
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3. Tendencyc is the problem geihg worse? A problem that is getting worse receives higher
priority.

Anotherway to compare problem and to rank them is to use afeto diagram.By conducting a
Pareto analysis, it is said by Gaugg®05)that one can focusn the vital problems instead of
working on many minor projects with an insignificant return on investment. Shim and {1€§s)
explain that during the Pareto analysis a bar chart is construttedRareto Diagram, an example of

the diagram is displayed irigure13) with bar height representing frequency as a percentage and
these bars are later arranged inskending order by weight (importance). By looking at the bars it is
possible to deduce that the largest bar with the greater frequency is the problem area where process
improvements should begin. The Pareto diagram is valuable in the sense that it prohveles
following aspect¢Gaupta, 2005)

1. Analyze a problem with a new perspective
2. Focus attention on problems in priority order
3. Compare data changes during a different time period

4 100,00% e N
—
o 80,00% — o
(@)
£ 60,00% ;
o /
o % -
5 40,00%
a
20,00% - mmm Percent of Total
0,00% - —¢=Cumulative Percent

Causes
NG J

Figurel3- Example of a Pareto Diagram

3.4 Lean Construction

Eriksson(2010)summed up much of what lean construction is in his article, including the six groups
in which he classified the aspects of lean construction. In Reateal. (2005) article they do not
summarize the literature available on what lean construction is but rather focus on specific
techniques that can be applied in order to reach the goals of lean construction.

3.4.1 Lean Construction Aspects

Lean construction is the application of lean manufacturing principles in the context of the
construction industryWhile the definition of lean manufacturing is quite clear, there is deladieut

what lean construction is. Many say they haweb lean for a long time, e.g. using JIT delivery, long
before the term Lean or Lean Construction wasewary ones tongue. Many also associate lean more
with partnering than the principles of lean manufacturifigreen & May, 2005)nhis article Koskela
(1992) concluded that there was, both in construction and manufacturing, too little focus on
processes and value. His work has become the foundation of lean construction and in 1993 the 1
International Workshop ohean Construction was held. Jargensen and En{g0@8)also identify a

few common elements between lean manufacturing and lean construction.
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Focus on the elimination and reduction of wast

End customer focus in order to determine what value is and what waste is.
Pull approach from a customer perspective

Focus on processes and flows of processes

System perspective

= =4 -8 -8 -9

In order to further try to explain how construction can become lean, a santy Koskel#2008)is

used. If construction is decomposed into tasks and each task is to be completed within a certain
timeframe and budget two decision rulese given If each task keeps its start and end datel if

each task is kept within budget then the entire project is completed on schedule and within the set
budget. Why is this then so difficult? That is becasdity is almost never like #geems on pagr. As

with lean manufacturingflow is the goal irorder to have the same average output each week or
day. In a real project however there are always problems, which will mean large fluctuations in the
output each day or period.

Koskda (2008)tries through statistics to explain the problem further. If a task needsrateguisites

in order to start,if it has seven prerequisites and tipeobability of a task being completed is 95%
during one week there is only a 70% chance of having no d@vsafrom the schedule during a
week. Trying to be lean within construction is to try to smoothen out the output and increase the
chance of completing tasks with as little complication as possible and there are margovidww

to come about these result®One way to overcome this fluctuation mentiondoly Jgrgensen and
Emmitt (2008) is to use aflexible workforce Here wealso touch upon a difference in country
context. The level of unionization and other workforceatetl issues between different countries
could affect the ability to implement lean and lean techniques in different countries and industries.

Eriksson(2010)goes on by discussing the different aspects of lean construction, which he divides into
six coreelements (see Figure 14). The six core elements are waste reductipnocess focus in
production planning and control, end customer focus, continuous improvements, cooperative
relationships and systems perspective.

Process focus in production
planning and control

Waste Reduction End Customer Focus

uHousekeeping, clean and tidy ol astPlannerTMSystem uEarly involvement of
contractors with integration
wIIFdelivery «Self control of design and construction

oLimited bid invitation with
trustworthy and competent
contractors

uSSoft parameter bid evaluatior]

winformation Technology oProject Milestones

wDff-site Manufacturing

Continuous Improvements Cooperative Relationships Systems perspective
ulongterm perspective oHarmonization between main wAvoid suboptimization
ulongterm contracts contractors and
uMeasuring performance subcontractors uReliable workflow more

against preset targets critical than individual activity
oEncourage employee problem | wGood communication,

solving and innovation integration and coordination uRearrangement of contractua|
uKnowledge sharing and Joint boundaries

learning oShare pain and gain
aQuality circles ulargescope contracts
uY'raining

Figurel4- The Six Core Elements of Le@onstruction(Eriksson, 2010)
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The first of the six core elements is waste reduction where housekeeping, keeping the construction
site nice and tidy, is an essential aspect. Other aspects of waste reduction mentioned by Eriksson
(2010)are JlTdelivery, information technology and finally, efite fabrication of components and
units. JIT means contractors get the material they need when they actually need it, decreasing
stockholding and doublhandling of material. Hools can be used to better synchronize the actors in

the supply chain in order to make things flow better. The fourth aspect of waste reductiesifeoff
fabrication, will minimize the work at the actual building site increasiogstruction flow and
decreasing waste material.

Process focus is the second core element and deals with aspects such as last planners. Last planer is a
concept where a last planner is responsible for the completion of individual tasks; each week
preparng work plans for the task. If the task is not completed on time, the last planner must then

find the root cause in order to prevent the problem from occurring in the future. According to Dolio
(2008) research suggesthat pre-planning and programming are the most critical factors in trying to
increase labor productivity at construction sites suggesting that last planner can be an important
tool. Another aspect of process focus is empowerment; contractors perforncaadifol on their

work, making project participants feel more involved in their work.

Customer focus is a large part of lean. Understanding what the customers want helps to determine
what adds value. ErikssqB010)mentions the need for contractors to understand the needs of the
end customer and not what they ask for. The UK Construction Task Force wrote that in their
experience the industry tends to focus more on the next contractor rather than the client or
customer,the industry has no processes to better understand what the actuatused actually
wants (Department of Environment Transportation and the Regions, 198f8ksson(2010) also
mentionsearly involvement of contractors as well as the integration of design and constnuicti
concurrent engineering as being important in lean construction. Soft parameters should also be used
when selecting contractors in order to find contractors that catis§y customeneeds.

Continuous improvement is as important in lean construction as it is in lean manufacturing and the
TPSaccording to Erikssofibid). The important aspects of continuous improvement are Hargn
contracts to promote lasting improveamts and take focus away from cost reduction, worker
participation in problerssolving and measuring performance against-pe¢ targets. Erikssofibid)

also mentions quality circles as a method of furthering the improvement process.

Erikssonibid) also identifies cooperative relationships asimuportant part of lean construction. The

main aspect of this core element is harmonization between contractors and subcontractors and also

the need for all parties involved to benefit from the improved penfiance. This will increase the will

for all parties involved to commit tthe improvement measures. Packhahal (2003)write about

LI NIYSNAY3I FNRBY | adzo02y NI OG2NRa OJA ddwiththeR (G KS @
subcontractors gradually decreasing their will to undertake any such initiatives to increase
performance.

The last core element described by Eriks@010)is to have a systems perspective. In ordervoid
sub-optimization a holistic view needs to be taken. This demands cooperation between the parties
involved and is simplified by large scope contracts instead of dividing the project into small pieces.

A weakness of the frame of reference developedHriksson(2010)is mentioned by the author
himself and that is that the different aspects are not exclusively linked to one single core element.
The case study in the article pointed to how an aspect such astéomgcontracts help both
continuous improvements as well as customer focus but according to Erikd8b@)the frame of
reference can serve as an illustration of different aspects of lean construction.
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Erikssonibid) dso describes three stages of lean construction, taken from Green and(208%)

The first stage is mostly focused on operational aspects using housekeeping, JIT and sharing pain and
gain. The second stage goes moreinglationships, focusing on enhancing cooperation between

LI NI ASa Ay@d2f SR ¢KS (GKANR adr3aS Aa RSaAONAROSR
aspects such as information technology, faérication, last planner, empowerment, rethinkin

design and construction, training, loterm contracts and systems perspective among others. The

first stage is seen simply as aspects of an efficient construction project while stage two is viewed
more as partnering, which will be discussed later oag8tthree is closest to what can be viewed as

true lean construction and where the maximum benefits can be achieved.

There are those however, who see the limitations of simply moving the frame of what is lean from
manufacturing and placing it on the consttion industry. Even though there are similarities in the
industries they are of course also vastly different. According to Kogk@ls)there are two views on

if TPS can be applied in construction. One is that there are no hindrances in transferring TPS, its
methods and practices from manufacturing to construction. The Egan Répepartment of
Environment Transptation and the Regions, 1998 an example of tki view. The Egan report
states thatLean thinking describes the core principles underlying this system that can also be applied
to every otherbusiness activityThe other view is that constructide fundamentally different and

that the methods and practices need to be reinterpreted to fit the construction industry. The
construction peculiarities mentioned by Koské®&08)are oneof-a-kind production, site prodction

and temporary project organization. Two alternatives for tackling these obstacles is either to
eliminate them by standardizing products, using-sifé production and londgerm alliances or to
accept them and develop new methods to overcome themofdiag to Koskel§2008)the ends for

lean construction are the elimination of makig and lead time reduction. The means for getting
there is using the Last Planner system of production control and using practidemethods from

lean production and lean product development when applicable.

3.4.2 Lean Construction Techniques
In their study, Paeet al. (2005)presented seven techniques within lean construction used to create
flow and reach lean construction goals:

1 Concurrent EngineeringThe execution of parallel development tasks in mdisciplinary
teams in order to obtain an optimal product keeping functionality, quality and productivity in
mind.

9 Last Plannerintroduced by Ballard2000)as a planning technique to deal with project
variability in construction.

9 Daily Huddle MeetingsLast Planner manages operations while Daily Huddle Meetings is a
way to followup the highly variable events that affect assignments.

1 Kanban system Used to organize the flow of certain materials (consumables, personal
protective equipment, hand tools, power tools, and consumables for power tools. This was
shown to work by Arbulu, Ballashd Harpeir(2003)

1 Plan Condition and Work Environment in the Construction Industry (PCMHATS proposed
by Saurinet al. (2002)as way of introduing health and safety into the pject execution.
Here safety practices are integrated into shtetm planning.

1 Quality Management ToolsIntegration of quality tools into lean construction. Marosszeky
et al. (2002)propose a shift from conformandeased quality to quality at the source. This
means a checklist, which is to be enforced by the workforce.

9 Visual Inspection Increased speed of operation and reduction of the risk of choosing the
wrong material through easy material identification. Schedul®#iestones, or progress
charts to enforce commitmentto assignment completion. Increased communication
between decision makers and executers.
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3.5 Literature Summary

The traditional lean literature helps us understand the basics of the lean concept such as the
importance of flow, continuous improvement and waste reduction and elimination. It also helps us
grasp the tools of lean that can be used. This literature together with other literature concerning lean
construction and lean in other industries will helpetauthors find the pieces of lean that can be
used in &ool for the construction industry.

In lean construction literature, a large part focuses on flow, waste or aspects that affect flow and
waste. The literature may not specifically state that flowthe goal but characteristics that affect
flow and waste often have their root in the peculiarities of the construction industry which the
provided solutions in lean construction are trying to solve. These peculiarities need to be overcome
or handled in oder to obtain better flow and decrease waste.

Other aspects that can be important when implementing lean in construction in order to get better
flow is to see how lean has been implemented in other industries. From the identified literature that
concernslean in other industries VSM was one of the tools identified as important in lean
implementation along with the standardized work and the A3 probkaiving method. The A3
problemsolving method ineldes tools such as VSM and rastuse analysis such asWhy,
techniguesdentified as important for constructing laan toolfor the construction industry in order

to understand the situation and to treat the problem and not the symptoms.

The TPPSP and Ishikawa diagrams were also discussed in the litefarge.are other tools which

can be used to find the root cause of the problem. A Pareto diagram can then be used to help
prioritize what needs to be done. Everything will be done however, if there is anything that the lean
philosophy teaches us it is comtious improvement, to continually strive to become a little bit
better.

The ability to measure before and after when making changes is also an important aspect not only in
lean but also in running a business as a whole. Therefore KPIs are seen as daningaot of
implementing lean and working with continuous improvements. The need for these KPIs to be used
consistently over several projects in order to be usable was also identified.
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4 PEAB

In this chapter a company presentation will be given in ordethie reader to understand what kind
of company that has been studied. The company structure, concept and environmental policy will be
briefly explained. PEAB's purpose of participating in this master's thesis is also described.

PEABs a Swedisleonstruction and civil engineeringmpany that was founded in 1959 and has its
headquarter in Forslov, SwedeWlVith its main marketin SwedenPEABhas also businessabroad
through itssubsidiaries in Norway and Finland. They emplpgroximately 14000 people within

their three business areas (1) construction, (2) civil engineering, and (3) indarstinpave a net sale
above 38 billion SEKPEAB, 2010)Table 6 displaysPEAB's net sales divided among the ditor
countries for the years 2018nd 2005 wherea&igurel5is showing how much each business area
generates in annual turnover compared to each other. Needless to say, the construction business in
Sweden is PEAB's largest business segment.

Table6 ¢ Operative Net Sales per Geographioea (PEAB, 2011JPEAB,
2010)

2010 2005

Sweden 85 % 86 %
== Ciwvil

Norway 8% 7% Engineering
L\ 24%
b=

Finland 7% 7%

Figurel5- Operative Net Sales 2010 p
Business fea (PEAB, 2010)

The business area "Construction" works with all aspects of house building and development,
construction maintenance and project development. Furthermore, lhisiness area is divided into

five existing construction divisions, namely (1) Seuth (2) Western, (3) Housing, (4) Stockholm
Commercialand (5) North Easter(PEAB, 2009)This master's thesis was performed at Western
Division in Gothenburg.

PEAB's business concept states that the guiding principle for the enterprise is to incorporate total
quality at all stages of the construction process and that the aim is to trartsfeclients' interest to

their own, hence facilitating willingness, responsibility and a sustainable approach to build at all
times for the future. The PEAB group accommodates the whole chain of production resources
required to manage the construction press(PEAB, 2011§.g. the industry business sector provides
access to raw material and services for the construction and civil engineering business.

PEAB's environmental policy is an important part of the company policy afidfies the
requirements of 1ISO 14001:20GREAB, 2009)n order to work for sustainable development and
environmental friendly procgses PEAB are taking responsibligyusing several different methods

and techniquegPEAB, 2011 heaim with environmental objectives established by management in
the business plan is to achieve a reduction of the company's negative impact on the environment and
to fulfill their business concept; building for thature.

It is PEAB's intention to strengthen their understanding in how to generate more value for

customers improve their operations from an economiperspectiveand how to improve their
environmental approachyy initiating his master's thesis
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PEM's proceses at a construction site loakfferent depending on the role PEARS. At Clarion
Hotel Post, the projet followed by the authors, PEARs more of an administrative role meaning
that PEABstaff makes up roughly-50% of the total staff. Dumng other projects, PEABay have an
all-in contract which means they take care of almost 100% of the wdw.tyipe of contract or role
PEABhas during a project affects the number of workers and types of processes that#es P
compared to the number of workers arngbes of processes undertaken sybcontractors.

Thecontract for the project followed by the authors, Clarion Hotel Post, is worth 600 million SEK. It
consists of a conversion and extension of the historidi@eRost Office at Drottningtorgeh central
Gothenburg. Work has begun and completion is expected in January PEA&B is the main
contractor accounting for planning, site management and overall management of the project.
Different subcontractors handle tHauilding itself.
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5 Empirical Study

In this section the reader will firall the information gathered during several interviews and visits at
construction sites. The qinical data is presented in seveectionsand the first five sections
corresponding taeach of the five RQ3he sixthsection presents the authors' observatiarfsa 5S
project at a construction site whereas the seventh section presents the authors' observations that
were made during the VSM studieBhe interviewees are divided into threlfferent groups;
Construction Industry PractitionefBractitioner) Lean ExpertéExpert),and Construction Academics
(Academic).

Lean
(Interviews)

I

Construction Lean Lean
Industr . _
(Intervie\:s Construction Construction

’ -
observations) [e¢] (Interviews)

I

Application of

Lean tools
(Interviews)

Figurel6 - Empirical Study Guide

In Figure16 the reader can see how the observations and interviews have affected the different
subjects; lean, lean construction, construction industry and application of lean tools as well as how
these subjects affect the Lean Constructidimol The figure also shows how the interviews and
observations affecting each subject hé@answering the different research questions.

5.1 Waste in Construction

Thissection will summarize all the answers that were given by the nine interviewees concerning
what potential waste that can be found at construction sites (RQ1). In the end of the section the
reader will findTable7 which summarizes andacilitates easy comparison of the answers between
the three different interview groups

All the Practitionersaagree that many timed is quite easy to see what operations are wastefud).
searching for materials and toolggo much material being orderednaterial not arriving on time

extra material handlingagnd material being ruined due to improper protectiamd/or handling In
addition, Expert 2 says that the costs for damagessdesand theft can be quite substantial.
Academic 2 adds that it may be easy to find waste but it is not common to go and look for them in an
active or preactive way.

In contrast, according to Academic 3 there is also waste which is much more difficcdet The

different ways to work and the fact that some workers are on pi@oek contracts makes the
associated waste difficult to see. However, as mentioned by Expert 1 it is not always easy to know
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what is value adding. Transportation is one of thospegts where it is not always easy to see if it is
value adding or not, some form of transportation isvays needed. Expert 2 and 3 ghgt it is all in

the eye of the beholder, for a trained person it is easy to point out wasteful activities but not for
others. This was exemplified by Expert 2 by saying that a person who works amidst construction
processes might not see inventories awaste if the goods are intact but if the goods are defects or
damaged in some way they are seen as waste.

Furthermore, Practitioner 2 and 3 talked about the protection of material and the waste that can be
traced back to weather, stressing the imparte to protect material and workers. Academic 2 said
that downtime and too much inventory are waste as well but it was also said that in many situations
waste is accepted in order to move the project forward. This was seconded by Expérb 3aid

that the perimeter of the construction site should be intentionally shrunk in order to force the
projects to work more efficiently.

There is also a great deal of focus on price within the industry according to Academic 1, a view
shared by all of the Practitioner It is said to be very easy to forget the cost of logistics hence the
total costs is rarely addressed. As Academic 1 pointed out, the cost of dealing with the material on
site may be just as great as the cost of the goods itself. Expert 3 therefore sinptha cost focus
instead of a price focus. A waste here, according to Academic 1 are the large purchasing
organizations that have been built up in many companies focusing solely on purchasing costs.
According to Practitioner 1 there are coordination plerns as well as logistics problems in terms of
time and economic waste due to not considering the logistics.

The Practitioners together with Academic 2 and 3 emphasize coordination as a vital factor in
construction projects. A great deal of waste accogdio Academic 3 occurs due to the lack of
coordination. When deliveries of material occur there is not always someone around who knows
who has ordered the material, who it is for and where to put it. The material therefore may get
placed in the wrong placall while the person who ordered the material does not know that it has
arrived.

Another issue raised by Practitioner 1 is the lack of trust in other companies/subcontractors in the
industry and the risks associated with each part of the build not deiompleted on time. It is
customary toalways ask for a fixed price since there is a risk, often high, that the subcontractor will
not complete the task on time. A great deal of waste in a construction project comes from a
subcontractor having to wait fanother to finish with another task. According to Practitioner 1 this
lack of trust also has to do with only using fixed price and premek contracts due to the impression
that that contractor will not otherwise get the job done.

For the Practitionersand for Academic 2 and 3, the end user of the product is in their view, the
customer whom they are building for. Nevertheless, they also state that this may not be the case for
everyone since many subcontractors see only the one who commissioned tlaes jthie customer.
According to Practitioner 1, when the project is a partnering project the focus is not always on cost
but focused more on what is best for the project. Academic 3 said that in many cases there is also
seltinterest from the builder's sidayhich may or may not coincide with the interest of the client.
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Table7 ¢ Types of Waste in Construction Operations

Construction Industry Lean Experts Construction Academics
Practitioners
Unnecessary Transports - Unnecessaryransports
Searching for tools and materi - Searching for tools and

materials. (Downtime due to
changing tools)

Too much material Too much inventory Too much inventory

Damages, losses and defects | Damages, losses, defects and| Damages, losses anéfects
theft

Waiting on material Waiting on material -

- Material Waste Redo work duel Material Waste
to incorrect processing

- Unnecessary handling of Unnecessary handling of
material due to coordination material due to coordination
problems problems

5.2 ldentifying Waste

This section will summarize all the answers that were given by the nine interviewees concerning how
potential waste can be identified at construction sites (RQ2). In the end of the section the reader will
find Table8 which summarizes andacilitates easy comparison of the answers between ttnee
different interview groups

The interviewees share different views on how to identify potential wasteesource flows at
construction sites. Specific tools such as Material Flow Mapping, Value Stream Mapping, Spaghetti
Diagrams and War Sampling are mentioned, hendége focus is on analyzing flows. However, the
focus differs between the tools where Expdrtemphasizes that Material Flow Mapping analyzes
what is between valu@dding activities and on a more specific level than the Value Stream Mapping
technique. Practitioner 1 states that another tool that could help in avoiding wasteful activities by
identifying critical areas is IT planning tools in 3D, 4D (3D + time) or 5D (4D + material/cost).-3D is up
and-coming and a relatively new tool today whereas 4D and 5D is a desirable future IT support.
However, these tools' primary function is not to identifyaste but to facilitate efficient planning,
which in the end leads to waste avoidance. Academic 3 said that while these tools may be useful in
the planning stage of the building process they are not useful for the actual builders on site who for
the most pat of their workday never see a computer.

Academic 3 also stated that using time studies and comparing costs between different alternatives
are ways to identify possible waste or wasteful behavior. Comparing costs may be difficult in some
situations because different projects declare their logstiosts differently, sometimes the costs will

be baked in with other cost items such as purchasing, external transportation cost, building costs etc.
However, according to Expert 2 total cost analysis which analyzes direct costs and overhead costs is a
good way to get a profound understanding about how the costs occur and where waste might exist.

Besides the earlier mentioned tools for waste identification, the Academic 1 and 2 highlighted
different methodologies that are suitable for the pursuit of waseduction. Visual Planning is one

such method, argued by Practitioner 1 quiet similar to the Last Planner method but according to
Academic 2 there is a difference. The Last Planner is good at coordination says Academic 1 and
Practitioner 1 adds that themethod is functional for highly complex projects where all the
information needed is not always at hand. When it comes to the Visual Planning tool it is argued by
Academic 2 that it is more functional at visualizing a process than coordinating it. Howadiver,
interviewees who have mentioned Visual Planning say that over the last years it has gained a lot of
attention due to positive feedback from practical cases.
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All of the Practitioners and Academic 2 state that when it comes to identifying waste tlistha
needed is common sense and rather simple methods and tools. The Practitioners also emphasize that
a prerequisite to see waste is that the construction crew structures the construction site and keeps it
clean and tidy by using 5S. In addition, Pramtgr 1 says that educating employees in how to
identify waste and avoid unnecessary operations is one way to improve the efficiency at the
construction sites. Expert 1 complements this view by arguing that having quality circles with small
groups are impeative for developing a thinking organization that has the possibility to identify
waste, a practice used by Practitioner 2 and 3 at their construction site. In line with earlier
arguments, Expert 2 states that there is a lot to gain if waste can be reduwddy starting up
discussions about waste and total cost people will notice the problems and a need for solutions will
appear. Furthermore, according to Practitioneit3s important not to trust too much in different
tools and IT solutions. There areany great technical aids but it is important to remember that the
simplest methods are sometimes the best, for example to identify waste just go out and really look
for them.

Finally, Expert 2 is troubled that the industry always looks forward and Hewkrback at earlier
experiences and failures. This was explained with a metaphor that a doctor would never give drugs to
a patient before finding out what kind of drugs the patient has had before. The problem is that the
construction industry does not hava "medical journal”. Another aspect that needs to be considered
according to Expert 2 and 3 is that in order to identify waste and become a lean organization it is not
enough with employing one lean expert, in contrast, at Toyota they have 314.000 eraplimoking

for waste every day. Therefore, it is vital to educate the people working with the construction
processes in what waste is and how to detect it. People use to say that this is not an easy task but
Expert 2 has the perception that many have swén tried. This was exemplified by following quote:
"0.K, so you are not a world champion in high jumping, but wieathell you have not even tried"

Table8 - Tools and Methods todentify Waste

Construction Industry Lean Experts Construction Academics
Practitioners

Process Mapping (Spaghetti | Process Mapping (VSM, Process Mapping (VSM,

Diagrams) Material Flow Mapping) Frequency AnalysisWork
Sampling)

Planning Methods (Visual - Planning Methods (Visual

Planning, Last Planner, IT Planning, Last Planner, Linear

support such as 3D, 4dhd 5D) Planning)

Meetings (Team/Planning - Meetings (Team/Planning

meetings, quality circles, meetings, quality circles,

education and teaching) education and teaching)

Common Sense - CommonSense

Structure and clean up the - -
construction site
Be out on the construction - -
site and see for yourself
Check lists - -

- Look at past experience and -
especially past failures
- Total Cost Analysis, look at -
direct costs and overhead cost
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5.3 Measuring Waste

This section will summarize all the answers that were given by the nine interviewees concerning how
potential waste that has been found at construction sites can be measured (RQ3). In the end of the
section the reader will find'able9 which summarizes anéhcilitates easy comparison of the answers
between thethree different interview groups

All the Practitioners and Academic 2 say ttrare are little or no KPIs of waste or performance at a
typical construction site other than some economical key figures and time data. The construction
sites visited measured delivery accuracy, waste management (garbage/recycling) and PPC. In recent
years the use of KPIs concerning material waste, environmental wast¢ &8@waste management
(recycling) has risen according to Academic 1. In contrast, Expert 2, Academic 1, and Academic 3 say
that the construction companies measures a lot but how thisadatused after it has been collected

is the critical part. They say that it is common to collect data but not to make use of it. Expert 2 adds
that economical measures are common but measuring of logistics and resource flows is more or less
absent. Accorithg to Academic 2 it is difficult to find a universal metric to use at every single
construction site since the projects always differ in their context. Expert 2 partly substantiated this
view by arguing that it is necessary to have standardized procdesbe able to measure and
compare data. To achieve standardizations in this industry is rather difficult and therefore they do
not exist to a large extent.

Furthermore, Academic 3 says that waste can be measured in costs or rather by comparing costs for
different logistics alternatives. By seeing the difference in resources used for different alternatives
the amount of waste before and after can be identified and measured. Academic 3 also said that the
industry needs more KPIs but at the right level. ideo for the KPIs to be understood they need to

be used high up in the project organization. The workers on the ground, e.g. carpenters or
electricians do not have the need for the KPIs, their interest lies in doing a good job within their field.

In line with the cost perspective, Expert 2 says one way to find waste and measure it could be by
doing a Total Cost Analysis. In this way direct costs (e.g. purchase cost) and overhead costs (e.g.
administration, handling of material) are compared and segmente&thvimake it easier to locate

waste and measure it and have it thoroughly analyzed.

Beside cost items, Expert 2 argues that time is worth measuring and that this could be done with
VSM since it is a rather general tool and could therefore handle many lohdesource flows.
Additionally, it is said that the company should start by measuring common resources and analyze
past and present states of these. According to Expert 1, delivery accuracy may be an important
measure to look into due to the interdepeadcies in construction. Practitioner 2 also states that
unnecessary transports and the number of express transports would be possible to measure. What
Academic 2 would like to see is figures displaying costs for moving around material at construction
sites compared to the delivery cost or inventory turnover rates at the construction sites.
Nevertheless, Academic 2 also said that what is measured, if anything at all, depends greatly on the
site manager. Inventory turnover rate was something that Expert@wémnted to measure, seeing it

as a way measure how effectively they are using their resources.

One problem highlighted by Expert 1 and Academic 1 is that construction companies often measures
what is easy to measure, which may not always be what isaetede measure. In that sense there is
always the risk of subptimization. According to Expert 1, soptimizations can be avoided by using
assessment tools which pinpoints what needs to be done at a company. One of these tools is Lean
Navigator where 38lifferent areas are plotted. In addition, Expert 2 argues that technology can also
help out to measure resource flows. For example, Radio Frequency Identification (RFID) can help to
keep track on arriving deliveries or how resources flow at the constmsiie.
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It was also mentioned by Practitioner 2 that there is not always an understanding of what waste is,
and this was experienced during the time when the Practitioner 2 wrote a thesis within the field.
During the thesis it was experienced that workelid not think going back for nails was waste
because the worker needed the nails and did not refteatr the waste compared to remembering

the nails the first time.

Table9 ¢ Different Waysin how to Measure Identified Viéste

Construction Industry Lean Experts Construction Academics
Practitioners
Measure Time (Measure Measure Time (VSM) Measure Time
delivery rate)
KPIs (delivery accuracy) KPIs (for example delivery KPIs (Measure economic,
precision, quality, etc.) environmental or waste
metrics)
- Measuring Cost (Total Cost Measuring Cost (compare cos
Analysis) between different logistic
alternatives)

Measurecoordination and flow| Measure coordination and flony Measure coordination and flow
(keep count on unnecessary | (do an situation analysis and
transports and express compare this to the new
deliveries) situation after changes have
been implemented)

= Technical Tools (Lean -
Navigator, RFID)
- - Percentage of planned
activities completed (PC)

- - What to measure differ
between projects (depends
often on the site manageno
universal metrig

5.4 \Waste Prioritization

This section will summarize all the answers that were given by the nine interviewees concerning how
oneisto decide in what order to reduceasteat construction sites (RQ4). In the end of the section
the reader will findTable 10 which summarizes andacilitates easy coparison of the answers
between thethree different interview groups

Academic 1 said it is important to think about the root cause when prioritizing waste reduction
activities. In order to do this Expert 1 aAdademic 2 said that a Paretaaysis can be used to deal

with the most troublesome waste in a sufficient way and Expert 1 also mentioned the Ishikawa
diagram. Furthermore, both Expert 1 and Expert 2 also pointed out that many lean projects often
start with something simple such as %% order to get a first success since this tool is rather -user
friendly and displays results relatively direct. Expert 2 also said that by using a VSM the construction
companies will more easily see what to prioritize and with help of a Paliaggram itis possible to
structure this task.

The Practitionerssaid that to prioritize what waste to deal with first one have to look at the most
important materials and the parts of the construction project. Hractitioner2, 3 and Academic 2

also said that a @pd way to decide how to structure waste elimination could be to sit down
together, blue and white collars, and discuss what can be done better and how to do it since the
LIS2LX S 6K2 62N] 6AGK Ad RIFEAf& KI @S Ydsahatth®ELISNA S
construction company should begin with those areas that they have most control and power over.
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Another aspect considered by Academic 3 is that the construction companies should look at costs
and work environment. But the organization shouildtflearn how to eliminate waste in small scale
before taking on large change projects; hence the simple problems should be prioritized in the
beginning. Important to keep in mind is that the project leader is important in prioritizing what to do,
their focus on where to reduce waste or even to reduce waste is what goes. Instead of the project
leader Academic 2 said that it is up to the site manager to decide what to prioritize. Some site
managers often prioritize money while some prioritize time. Whatrigcal to each build is said to
differ from project to project. However, according to Academic 1 the industry is getting better and
better at dealing with these kinds of probleni$everthelessit was further said that new technology

and ways to work areometimes implemented a bit too fast without thinking about the big picture,
hence it could cause more waste than reducing it. The importance of thinking about the whole
picture, the flow and total cost is substantiated by Expert 1 and Academic 3.

Acadenic 2 believes there is a high risk of syftimization when waste is eliminated since the
problems solved are presumably not the root cause but merely a symptom. The mindset at
construction sites towards problem solving is that small problems are not probaly large
problems are thoroughly analyzed in order to solve the root cause. Academic 3 also said that it is
important to try to consider all the variables and eventual consequences, but it is difficult to see
everything and something that may look gbon paper does not always work in practice. Expert 2
agrees with Academic 3 by stating that to avoid-splimization it is necessary to consider all actors
Ay@2ft SR So3Id AdzLILX ASNEP® CdzNIKSNY¥Y2NBSX chsly g1 a
initiative from the beginning but in the long run it will pay back generously.

Table10- Methods and Tools in how to Prioritize what Waste t®fuce

Construction Industry Lean Experts Construction Academics
Practitioners
Prioritize what is most critical - Prioritize what is most critical
at the moment (types of at the moment (time, money)
material) varies between projects
Discuss (discuss in small - Discuss (Listen to constructio
mixed groups how to workers,they have a lot of
prioritize) experience)
- Identify the root cause Identify the root cause

(Ishikawa Diagram)
- Tools (VSM, Pareto Analysis) -
- Take on easy problems first to -
show success stories
- Have a holistic perspective Have a holistic perspective
(look at the total cost (look at the total cost

- Start with processes where on -

have the most control and
power over

- - Larger problems are analyzed
whereas small problems are
not
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5.5 Potential Effects of a Lean Approach

This section wilsummarize all the answers that were given by the nine intervieweesearaing
what potential effectsa lean approach would have on construction sites (RQ5). In the end of the
section the reader will findTable 11 which summarizes and facilitates easy comparison of the
answers between the three different interview groups.

Everyone agrees that there would be economic benefits from reducing waste dRraastioner2

pointed out, there is little regard for the amount of waste as long as the project are on or below
0dzZRISGd® LYy ! OFRSYAO o4a ¢2N] i 2yS 2F {6SRSyQa
it was possible to decrease cost with alternative logissesiips and that the monetary gain could be

five to ten percent mainly in city projects and where there is a lack of space. Furthermore, Expert 2
declares that by reducing waste, process uncertainties are eliminated which leads to stability and
possibilites for more accurate forecasts. With these improved forecasts fewer problems will occur
resulting in shorter lead times and less tied up capital.

According toPractitioner2 and 3 along withthe Academics, waste reduction may also lead to
improvementsm the work environment through a decrease in psychological and physical stress. This
decrease in stress is facilitated by getting rid of unnecessary hassles and frustration which stem from
having to redo work or wait for material. Expert 1 and 3 stated tha positive effects would be
better flow, improved coordination and handling which are factors that can influence the production
rate, something thaPractitionerl along with Academic 3 assumed to be a possible effect of waste
reduction. The possible¢rease in production rate may also bring about an increase in salary for the
construction workers working on pieagork contracts.

Another point of view is that Academic 2 thinks that the environmental effects would be marginal,
that there would not be @ig difference in the amount of material used. Howeuepert 2 believes

that the environmental impact will be affected in a positive way but it is difficult to say how much.
Furthermore, Academic 3 also contradicted Academic 2 by saying that therenai®remental
effects both in terms of decreased vehicle emissions made possible through transshipment outside
the cities (if external logistics are considered) and even reducing material spill. Academic 2 also
pointed out that there might be an increase guiality. Practitioner2 and 3 mentioned this as well,
saying that the workers learn that it is better to do the work properly the first time.

Practitioner 2, Practitioner 3 and Academic 3 said that they think that the lean philosophy is
applicable for tle industry. However, thdPractitioner 3 does not think that every lean tool or
methodology is suitable or will necessarily work in a construction context. Accordi@guttitionerl

and Academic 1 it is important to motivate the changes being made hetol workers see the
benefits in order to help people understand the importance of working with these issues. Another
important consequence mentioned by Academic 3 is the possibility to get ahead of the competition
and becoming the industry leader.

But n order to do well, Expert 1 argues that when implementing lean or waste reduction initiatives it
is important to realize that there may be resistance if not implemented correctly. It is also extremely
important to have support from management. Expert Zesmg with this statement and adds that
without a committed top management it will be difficult to permeate the lean approach throughout
the whole organizations. It was emphasized several times that this is the most vital factor in order to
succeed.
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Tablel1 ¢ Potential Effects of a Lean Approach at ConstructiciteS

Construction Industry
Practitioners

Lean Experts

Construction Academics

Improved work environment
(decreased psychological and
physical stress)

Improved work emironment
(safer construction site)

Improved work situation (less
hassle and frustration)

Improved efficiency and
effectiveness (increased
production rate, more money
to the construction workers)

Improved efficiency and
effectiveness (increased
productionrate, better flow,
coordination, handling of

Improved efficiency and
effectiveness

material)
Increased commitment (if -
successful)

Increased commitment
(positive attitude and
understanding for change
projects)

- Economical savings Economical savindsheaper
product or increased profit)
Environmental savings
(decreased emission, less
material waste and energy
consumption)

- Process stability (reduction of -

risks and uncertainties which

leads to improved forecasts)

- Environmental savings

Improved quality

5.6 Observation of a 5S Project at a Construction Site

When conductinghe interviews with thePractitioners, visits were made at different construction
sites. From these visits many observations were made, for example the authors got the unique
possibility to experience a staup lean construction program where the lean tool 5S was in the
processof being implemented. As can be seenhigure 17 and Figure 18 the differences are
significant and the construction workers at the construction siteravvery positive towards this
start-up.

When talking to people at the construction site the positive comments were many even though they
had been rather skeptic towards the idea from the beginning. In their point of view it was the result
of an enthusiaic and inspiring speaker from a nearby university who made them decide to give the
lean approach a chance. Although their lean program has not been active for a very long time they
said that they have noticed some significant changes. To start with, tir& environment had
improved and workers did not get frustrated when looking for tools as much as before. This had
contributed to a lower level of stress at the construction site. In addition to this less time was spent
on nonvalue adding activities suds finding the right kinds of screws, tools, etc. It was argued by
the people on site that in the long run this might reduce the lead time of certain activities, processes
and thus the whole construction project. The authors could easily see a correlatitmeen
structure and tidiness. In the tool shed where the 5S was under process of being implemented the
tools were cleaned and placed in position in a way that they could not fall to the ground or be broken
by stepping on them. In the tool shed that hadtrbeen exposed for the 5S it was rather easy to
accidentally step on and break a tool or material. The people on site confirmed this observation. This
was not only a matter of increased costs for the project but a safety issue as well.

It was apparent that the 5S implementation had resulted in a willingness to improve and develop the
work conditions at the construction site and the people at this particular site were keen on learning
more about lean.
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Figurel8- Tool Shed duringnhplementation of 5S

5.7 Observations made during VSM Studies

In addition, other site visits have been made where VSMs have been conducted resulting in a number
of observations. Several differenbrstruction workers have been followed during a whole day or a
half day. In totalthirteen VSMS havéeen conducted. The construction workers that have been
followed have been working with plumbing (three VSMs were made: Pipel, Pipe2 and Pipe3),
ventilation (one VSM was made: Ventl), drywalls (three VSMs were made: Walll, Wall2 and Wall3),
plastering of pillars (two VSMs were made: Brickl and Brick2), welding (three VSMs were made:
Weldl, Weld2 and Weld3), and electricity (one VSM was made: Elecl). Téun redly some
construction processes where followed more than others was due to the construction workers
willingness and/or ability to let the authors join them for a whole or a half days work. The VSMs were
conducted by using the android mobile phone apgiion StarBuilder.

The major observations that were made during these VSMs are being displayell&i2 and the
reader can seé what kind of caistruction process these findings were observed.

47



Table12- Observations made during VSMuslies

No.

Observations

It was rather common that when a construction worker needed a specific tool it was nowhere
found, especially not where it was suppose to be such as in the tool shed or where the constr|
worker left it. In that sense the worker had no idea of where the tool might be or who might have
it. This resulted in a lot of unnecessary walking arounthatconstruction site searching for the too|
and starting up conversations with random colleagues which lead to time being wasted on sm4g
(Pipel, Pipe2, Pipe3)

It happened from time to time that when a construction worker needed material thas wot at hand
the worker had to walk relatively long distances to pick it up. It was common that the worker had t
this walk to the same place several times during the same day. Furthermore, it happened that m
was not where it was suppose t@Isince it was processed by a colleagues at another location at the
forcing the worker to start looking for the colleague. All of this resulted in a lot of unnecessary wall
the construction site and sometimes conversations with random colleagare initiated which lead tq
time being wasted on small talk. (Pipel, Pipe2,)

Some material could not be processed at the place where it was later needed due to the size
material, safety circumstances, etc. Therefore this material was forcedet@rocessed at anothe
location. The consequences of this were unnecessary walking at the construction and start
conversations with random colleagues which lead to time being wasted on small talk. Furtherm
material was not shaped perfectliré workers had to go back for tools in order to correct their mistal
At many times the moving of material at the construction site was time consuming and difficult. (
Pipe2, Weld2, Weld3)

The authors observed how construction workers sometirhad to stop performing their activities i
order to help out colleagues in looking for material, tools or solving a problem. At other times wq
had to wait on colleagues to finish their work first before the worker could carry on with the activity
was under process. It was in those cases common for the waiting construction worker to take g
and sit down, looking at the colleagues and waiting for them to finish. This resulted in time being
on nothing at all. (Weld2, Weld3)

If mistakeshad been made in earlier construction processes this was not identified until much later,
the project. This could sabotage a whole working day and lead to a lot more extra processing of m
use of machines and time. Furthermore, sometimes nkiskawee tried to be solved with muscl
strength (e.qg. lifting heavy materials) which increased the risk of injuries. (Pipel, Ventl, Weld1)

Some processes are less complicated than others and do not require the same level of problem
as other preesses do. More ad hoc problem solving is more time consuming. Additionally,

processes take more time than others resulting in that other construction workers have to w4
others. It was also observed that the faster construction processes coufkgaoblems for the slowe
ones i.e. if a wall was set up before pipes had been installed. (Pipel, Pipe2, Ventl)

In line with the earlier described Hawthorn effect it is the authors' belief that their presence al
construction site might have sligh affected the outcome of the individual VSMs. Some workers W
keener on socializing during their work tasks than others resulting in more sessions with small
these occasions. However, the authors have the perception that they might have eldssmmstruction
workers who tried to work faster and more efficient than usual. This gives higher value on VA and
value on NVA for some VSMs but the opposite on other VSMs. (Vent1, Walll, Wall2, Wall3)

For a few construction processes material smdeployed by external worker who ensures that
needed material was in place for the construction worker when they arrived in the morning. The re
this is that time was mostly spent on value adding activities since there was no need for wadking

at the site to pick up material in different locations or looking for lost material. With everything in

the workers could achieve a good work pace. (Walll, Wall2, Wall3)

For those construction workers who kept good track of their tools amadenml they hardly had to goin
around looking for these. It was the authors' perception that these workers also took better care o
tools. (Walll, Wall2, Wall3, Brickl, Brick2, Elecl)

10

It was obvious that good communication and focus on probgeiving instead of long sessions of sn
talk resulted in fast moving construction processes with a good work pace and with few interrug
(Wall1, Wall2, Wall3, Brickl, Brick2, Elecl)
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In addition, the data collected during the VSMs has been exhgwaluable to estimate the general
efficiency rate at a construction site. Once all the VSMs had been made the results could be
aggregated and a value of the projects efficiency was given. An example of a filled in data protocol is
seen inTalde 13. All activities that were observed during the VSMs have been classified by the
authors according to Monde(i1993)grouping of operations, namely: Value Adding activities (VA),
NonValue Adding activities (NVA) and Necessary Waste.(NWg)data collection process was made

for all VSMs and the data from this is for the reader to be foundppendix H¢ Value Stream
Mapping Data CollectiorHowever, the results of the VSMs are presentetiablel4 andthe results

differ quiet a lot between the different construction processes. The percentage of value adding
activities was anywhere between 23% and 67% whereasvatre adding activities have been
between 17% and 61% and necessary waste wameddo be between 7% and 35%.

TaHde 13- Example of VSM &ta

Company: Construction Ltd Date: 201 XXX%XX

Construction Site: Project Alfa Observer: Last Name, First Name

Value Flow: Construction Worker A PagesX

Activity Description Classification | Start End Duration
8 X X X X X
Break Waiting on colleague NVA 10:14:57 | 10:18:35 | 00:03:38
Construct | Processing material VA 10:18:35 | 10:21:53 | 00:03:18
Material Handling tools NW 10:21:53 | 10:28:21 | 00:06:28
Discussion | Small talk NVA 10:28:21 | 10:30:05 | 00:01:44
Walk Walking away with tools NVA 10:30:05 | 10:34:44 | 00:04:39
Material Looking for material NVA 10:34:44 | 10:39:00 | 00:04:16
Discussion | Problem solving NW 10:39:00 | 10:43:28 | 00:04:28
Break Waiting on colleague NVA 10:43:28 | 10:45:20 | 00:01:52
Construct | Assembling material parts VA 10:45:20 | 10:48:31 | 00:03:11
Discussion | Problem solving NW 10:48:31 | 10:50:04 | 00:01:33
Walk Going for tools NVA 10:50:04 | 10:53:11 | 00:03:07
Material Picking up tools NW 10:53:11 | 10:54:45 | 00:01:34
Walk Going back with tools NVA 10:54:45 | 10:58:04 | 00:03:19
Discussion | Problem solving NW 10:58:04 | 11:04:52 | 00:06:48
Construct | Processing material VA 11:04:52 | 11:09:41 | 00:04:49
Discussion | Small talk NVA 11:09:41 | 11:12:22 | 00:02:41
Construct Screwing VA 11:12:22 | 11:15:14 | 00:02:52
Material Handling material NW 11:15:14 | 11:17:00 | 00:01:46
Discussion | Problem solving NW 11:17:00 | 11:18:57 | 00:01:57
8 X X X X X




Tablel14- Data gathered from the VSM

VA NVA NW TOTAL
Time % Time % Time % Time %
¥% Day | Pipel | 01:04:36 30,91%| 01:41:00 48,33%]| 00:43:24 20,77%| 03:29:00 100%
Ventl | 00:18:59 23,45%]| 00:49:42 61,40%]| 00:12:16 15,15%| 01:20:57 100%
Brickl | 00:58:47 52,52%| 00:19:17 17,23%] 00:33:51 30,25%]| 01:51:55 100%
Walll | 01:26:59 54,46%| 00:43:27 27,20%| 00:29:17 18,33%| 02:39:43 100%
1 Day | Pipe2 | 01:38:18 28,22%| 02:15:16 38,84%]| 01:54:43 32,94%]| 05:48:17 100%
Pipe3 | 02:50:01 47,88%| 02:06:16 35,56%| 00:58:50 16,57%| 05:55:07 100%
Brick2 | 02:57:13 52,62%| 01:28:51 26,38%] 01:10:45 21,01%]| 05:36:49 100%
Wall2 | 02:23:25 49,37%| 01:35:10 32,76%]| 00:51:54 17,87%| 04:50:29 100%
Wall3 | 03:00:10 60,17%] 01:23:40 27,94%]| 00:35:37 11,89%| 04:59:27 100%
Weldl | 00:47:15 24,27%| 01:17:21 39,73%| 01:10:04 35,99%| 03:14:40 100%
Weld2 | 01:24:03 29,90%| 02:41:40 57,51%]| 00:35:24 12,59%| 04:41:07 100%
Weld3 | 01:17:16 27,19%| 02:04:49 43,92%| 01:22:06 28,89%| 04:44:11 100%
Elecl | 04:09:26 67,54%| 01:33:58 25,44%]| 00:25:54 7,01% | 06:09:18 100%
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6 Analysis

The analysis is structured and divided into six sections, of which the first five correspond to the five
RQsAdditionally, in the firssectioncovering the RQ&very single VSM that were mageanalyzed

and a number of interesting findingiave been pipointed In the same sectiothe aggregated result

is displayedanalyzedand, inally, estimations of financial implicationsere evaluated in order to

state if the construction industry is in need of improving process efficiency. This result is vital for
stating if there is a need of a Leaonr@tructionTool The sixth and last section analyzes how the
environmental impact of a cotrsiction project might be affected if a lean approach is implemented

at a construction site.

6.1 RQ1-Waste in Construction

According to the theory there are eight types of waste, seven originating from Toyota and the last
one originatingfrom Liker(2004) These eight types of waste from lean theory help categorize waste
identified in the interviews and observations. Later on in this subchapter wastehavilever be
categorized after constructiomnvaste rather than beingcategorized after waste categories from
manufacturing.

During theobservations the three most observed types of waste where over processing, waiting and
unnecessary movement. Over processing was identified in interviews as material waste; a great deal
of material is thrown away during production because material needs to be adapted to the building
itself. Due to this, it is difficult to get rid of this type of waste (especially when renovating old
constructions) but through creative planning and designapdohg the design to the material
available this spill can be decreased (especially for new constructions). During the observations it was
seen how the complexity of the building greatly affected the amount of work, something ttiat wi
become clear when irsg the Lean Constructiomool where finding the roetause is a partln
addition, it was observed quiet often th#tte workers disregard for the little things like screw, nuts

and bolts. During a build a great deal of these items are dropped at a cofistrisite and rarely
picked up. Even though the economic cost of this material is not great there is the matter of how this
material affects other parts of the building. Screws and nails can damage soft parts of the building
like insulation and get lodgeith many different places where they should not be, creating future
costly predicaments. The workers need to be made aware of waste in construction and how their
actions affect their work environment, cost, time and ultimately, customer satisfaction.

Waiting and unnecessary movements weaisoidentified both in the interview and observations.
Waiting could be for material bufor tools and colleagues as well. Unnecessary movement was a
type of waste that was very visible during the observations. A greal af time was spent searching

for tools, material, colleagues or walking back and forth for different reasons. Often the material
needed for a job was located in one place while the job was performed in another part of the
O2y ai NHzOGA2Y &lkilathg hotv 2ntich BMNdiiQd wa¥ heded and having to go back
accounted for some of the unnecessary movement too. It was the authors' feeling that people with
less care for structure and control were those causing mostvadne adding activities in forraf
unnecessary movement.

Unused employee creativity and unnecessary transport are types of waste identified in theory and
interviews but not in observations. Unnecessary transports where not seen in the observations due
to observations being focused on vkers and not specifically on material movement. Unnecessary
transports where however identified in the interviews and mainly transports to and from the
construction site.Thesetransports can possibly be decreased through transshipment and by not
ordering more material than necessary for the build¥hen categorizewaste "unnecessary
transports' have been omitted since focus was on internal resource flows at construction sites.
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Excess inventory is the last waste identified. Interviewees stated that oftere rmaterial than
needed is ordered simply to be on the safe side and during the observation stage there was a lot of
material on site. It is believed that better planning would make it possible to decrease the amount of
material brought to the constructio sites. Having a lot of material on site leaves it more susceptible
to damage and loss because often the material is not kept orderly or stored correctly but
haphazardly kept in cardboard boxes stuffed in a corner or stacked on top of each other, aisg mak
material more difficult to find. This waalsotrue for the storing of tools, where improper storage
might cause breakdowns at a too early stage of the tool's lifetime.

It must be said that many of the workers worked very well keeping a good padé Wwas evident
everywhere that there was a great deal of waste during the observations. This corroborated the
theory and interviews.

Theory gives us a base to stand on when it comes to waste, complemented by examples of waste
identified both in the interiews and observations. The waste from theory is categorized based on
waste in manufacturing but these categories are also applicable in other industries like construction.
As can be seen iRigurel9, there are many different types of waste at a construction site affecting

all aspects of work and all of them need to be identified in order to get the full picture of a
construction site and the processes that take plabere. These identified examples of waste in
construction help futue users of the Lean Constructidmolto get an idea of what types can be
expected in construction and makes it easier to identify waste by knowing what to look for.

However, he authorscollected quantitative data by making VSM studies during a two weeks period
at a construction site. In total thirteen VSM were conducted and the result varied quiet substantial
between different types of construction workers. By following a mixture of exwkthe authors
assumed that it would give a relatively general and fair picture of the efficiency level at a
construction site when aggregating the result from all the VSM studies.

From the VSMs and the interviews the authors have tried to group the omwstnon wastes that a
construction worker might encounter on a day at work. The authors have come to refer to these as
construction site wastes. These classifications and examples of activities are being dispkgackin

19. This grouping is focused more on trying to classify waste after what happens at a construction
site rather than tryingo group the waste in construction into the predetermined categories that a
based on the manufacturing industiiker, 2004)"Unnecessary transportss an example of a
waste category taken from Liké2004)that the authors have chosen to leave out aféht was not

seen in the empirical study since only internal resource flows at construction sites have been
analyzed. On the contrary "Breaks" isaegory that has been added because it was one of the types
of waste that stood out and that needddghlighting. This new classification will make it easier to see
where much of the construction waste can be found. Three categories have also been left out of the
constiuction waste model since theyase not reported in the empirical study. That is notstay they

do not exist but it could not be substantiate@ne of these wastes howevemnecessary transports,

was reported by Modig2004)in her researclas well as by Josephson aSdukkoriippi(2005)but

lies outside the scope of this thesis.

The construction waste identified @@nsistent with many types of waste identified by Josephson and
Saukkoriippi(2005) In their report they identify both pnearation and waiting as substantial waste

the two types of waste that have been added d¢onstruction waste from manufacturing waste

Other types of waste identified by Josephson and Saukkor{@pd5)that corrobaate it KA & (G KSaA a
findings are defects, unnecessampvement, unnecessary transports, material spill, problem solving,

over processing and problem solvingnnecessary movement due to hoonsidering logistics was
alsomentioned by Vrijhoef and Koskgl2000)
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RQ1 SUMMARY

A few of the categories stay the same, albeit some of the waste in that category may be a bit
different compared to the manufacturing industry. The three types of wastes that stood out during
the observatims were "Breaks", "Waiting" and "Unnecessary movement". As construction workers
are freer to plan their own work and time compared to workers on a production line, it gives them a
greater chance for small talk and smaller breaks compared to productionmimkers. They also
have a greater opportunity to plan their work to avoid unnecessary movement, an opportunity not
often taken. Another identified category is "Preparation”; work done preparing for the actual
construction. An example is when brea and dryvall need tobe measured priorto being cut to fit

the building. This can be avoided by building according to the height of the drywall or beams, a kind
of standard. This is however, difficult when renovating a building where everything has to be adapted
to the building, something that can be made easier in the future if building according to a standard.

UNNECESSAR)YY
BREAKS PREPARATION WAITING e DEFECTS
wlaking a break oProblem solving WNaiting on wWWalking to job site uBreakdown of tool
wGoing to the uPreparation of colleague wWalking to another «Redo work
bathroom material wW\aiting on maching job location wDamaged material
wTaking a smoke uPreparation of tools to finish wWalking to find ol oss or careless
wraking a coffee wMeasuring & WNaiting on others tools handling of
break marking to finish their work wWalking to find material
wSmall talk with wCleaning tools material wTheft
colleagues wCleaning work place wWalking to find
«Private cell phone «Double check colleague
conversation measurements uForgetting
wGoing early to lunch | (Unpacking material material/tools and
wComing back late going back for it
from lunch «Moving material
«Moving tools
wJUnloading material
from truck
INCORRECT UNUSED EMPLOYEE UNNECESARY
PROCESSING EXCESS INVENTORY| ™" cReaTIVITY OVERPRODUCTION | TR ANSPORTS
wrhrowing away wlroo much material oot reported in the oot reported in the uNot applicalbe. Not
scrap due to wTloo many tools empirical study. empirical study. reported in the
incorrect shaping of empirical study
material

Figurel9- Construction Site Waste

6.1.1 Results of Individual VSM Studies

The aim with the VSMs was to structure what kind of problems that might occur on a construction
site and show that waste exists to a great extent within construction activities. Data was collected
during a two week period resulting in four "half dastudies and nine "whole daystudies. The
result (seeFigure20) is relatively scattered between the different construction processes and it was
found that one type of costruction worker could perform value adding activities around 20% of their
time whereas another type of constructor delivered value close to 70% of their time. These
differences depend both on system issues as well as the individual workers.
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52,629

49,37%60,17% 24,27% 29,90% 27,19% 67,549

- )

"Half Day"-Studies

Figure20- VSM Results

—
"Whole Day"Studies

The observations made during théSMs that were earlier presented in chap@are being analyzed

for the reader inTablel5. The idea is to try to explain why these situationsupeed and how they
might have affected the outcome of the VSMs. However, when the construction workers that had
been studied were asked if it had been a typical day at work they all said it to be a normal workday.
Nevertheless, Ventl and Weldl uttered thiiere had been slightly more trouble than usual but
situations like these happened from time to time according to them. In that sense the data from

Ventl and Weld1 are valuable for this study to give a fair picture of the construction industry.

Tablel5- Analysis of VSM Bservations

No.

Observations

Analysis

1

It was rather common that when a constructid
worker needed a specific tool it was nowhere
be found, especially not where it was suppose
be such as in the tool sdeor where the
construction worker left it. In that sense th
worker had no idea of where the tool might be
who might have taken it. This resulted in a lot
unnecessary walking around at the constructi
site searching for the tools and starting |
conversations with random colleagues which le
to time being wasted on small talk. (Pipel, Pip
Pipe3)

For some workers there seem to be no willingné
to keep track of tools or keep the tool shed tid
Since this do not goes for all workers it can
assumed to be an individual issue such as lacki
structural mind. However, since it was main
plumbers who had these problems it could be I
of training or structural thinking within the firnf
performing the plumbing activities. Nevertheles
looking for tools turned out to be rather time
consuming thus costly.

It happened from time to time that when
construction worker needed material that was n

at hand the worker had to walk relatively lor

The authors got the impresm that planning off
the next day's activities was rather uncommd
Often it was planned that something was suppd
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distances to pick it up. It was common that t
worker had to take this walk to the same pla
several times during the same day. Furthermore
happened that material was not where it w4
suppose to be since it was processed by
colleagues at another location at the site, forci
the worker to start lookig for the colleague. All 0
this resulted in a lot of unnecessary walking at 1
construction site and sometimes conversatio
with random colleagues were initiated which le
to time being wasted on small talk. (Pipel, Pipe?

to be done but not what kind of materials th4
were needed or how much of it. This point towar
the lack of structuring a work day or a jalem.
That material cannot be found due to othd
workers processing it on another location shq
that the communication between workers shou
be improved. The lack of communication can a
explain the problems with planning ahead sin
these often correlge. Nevertheless, the materig
issue resulted in a lot of time being spent
walking around at the construction site.

Some material could not be processed at the pl3
where it was later needed due to the size of
material, safety circumstances,etTherefore this
material was forced to be processed at anoth
location. The consequences of this we
unnecessary walking at the construction a
starting up conversations with random colleagu
which lead to time being wasted on small ta
Furthermore if material was not shaped perfect
the workers had to go back for tools in order
correct their mistakes. At many times the movi
of material at the construction site was tim
consuming and difficult. (Pipel, Pipe2, Wel
Weld3)

That some materiak unwieldy to handle is difficu
to change but to go back and forth will result
long lead times of the construction process. Firs{
all, the material should be located as close to f{
place where it is needed since this reduces
distance to walklt can also be argued that throud
more thorough measuring the workers will n
have to go back with the material and process
again or go back for the tools. The aim should b¢
do it right on the first try. Rather time consumirf
and several workersasd: "it is a lot of walking ir
my job". However, this should not be the case.

The authors observed how construction worke
sometimes had to stop performing their activitig
in order to help out colleagues in looking f
material, tools or solving arpblem. At other
times workers had to wait on colleagues to fini
their work first before the worker could carry o
with the activity that was under process. It was
those cases common for the waiting constructi
worker to take a break and sit downgdking at the
colleagues and waiting for them to finish. T}
resulted in time being spent on nothing at g
(Weld2, Weld3)

In this case it was obvious to be a planning mist
by the manager who had assigned too m3
workers for the job. However, it isaptly the
workers fault as well due to their unwillingness
inform the manager of the over capacity. Sor
people prefer to find ways to work as little 4
possible where others have a better work eth
Another explanation to the scenario could be th
specific tools which requires special license wg
needed for the work task and perhaps only a f
people possess these. This could therefore jus
the over capacity of human resources.

If mistakes had been made in earlier construct
processes this was not identified until much laf
on in the project. This could sabotage a wh
working day and lead to a lot more ext
processing of material, use of machines and tin
Furthermore, somgmes mistakes were tried td
be solved withmusclestrength (e.g. lifting heavy
materials) which increased the risk of injurig
(Pipel, Ventl1, Weld1)

The underlying factor to this problem might I
poor communication between different kinds
constructionworkers (e.g. the plumber do not tal
to the carpenter). Therefore it could be argued th
all the actors within a construction project have
be better at team work and help each other. It
also problematic to not have any systema
procedure to makédollow ups if quality is deficient
This results in that more mistakes will be made|
the future without any possibility to avoid them (
find the source of the problem.

Some processes are less complicated than oth
and do not require the same levelf problem
solving as other processes do. More ad |
problem solving is more time consumin
Additionally, some processes take more time th
others resulting in that other construction worke
have to wait on others. It was also observed th
the faster construction processes could cau

The more complicated construction procesq
requires better planning, however, the ext
planning was not prgent. From time to time the
work day was all about ad hoc problem solvi
which could be rather time consuming. With bett
planning the lead time could be reduced a
reducing the time that worker is waiting on othg
workers. The issue with the finishedalland the
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problems for the slower ones i.e. if a wall was
up before pipes had been installed. (Pipel, Pip
Ventl)

not yet installed pipes shows the lack
communication between construction workers ai
managers.

In line with the earlier described Hawtharreffect
it is the authors' belief that their presence at th
construction site might have slightly affected tf
outcome of the individual VSMs. Some works
were keener on socializing during their work tas
than others resulting in more sessions with sk
talk at these occasions. However, the authors h
the perception that they might have observe
construction workers who tried to work faster ar
more efficient than usual. This gives higher val
on VA and lower value on NVA for some VSMs
the opposie on other VSMs. (Ventl, Walll, Wal
Wall3)

The authors are well aware that they might hal
affected the outcome of some of the VSMs by th
presence and their participative observatiq
approach. However, since some studies may h
given a higher leal of VA activities and other lowd
level of VA activities the authors have made t
assumption that it will level out. Therefore, th
aggregated result should be valid.

For a few construction processes material W
deployed by external worker whensures that the
needed material was in place for the constructi
worker when they arrived in the morning. TH
result of this is that time was mostly spent
value adding activities since there was no need
walking around at the site to pick up maigk in
different locations or looking for lost materig
With everything in place the workers cou
achieve a good work pace. (Walll, Wall2, Wall3

What is common for the VSMs conducted
workers handling drywalls is that they had amo
the highest effigtncy level. Sometimes double
triple the VA activities than other worker
Therefore it could be argued that having mater
at hand when it is needed give substantial bene
in terms of good work pace and shorter lead tim
The management should cadsr paying the extrg
money to have the material transported arn
placed on the right spot for more constructig
processes. There might be some serious mo
and time to be saved.

For those construction workers who kept go
track of their tools and matgal they hardly had to
going around looking for these. It was the authg
perception that these workers also took betts
care of their tools. (Walll, Wall2, Wall3, Bricl
Brick2, Elecl)

By keeping track of all tools/material and taki
care of these ira systematic way they facilitated
high work pace with very few interruptions. Sin
some construction firms where better at this thg
others it is plausible that the management of the
firms are taking more responsibility and informir
the workers aboti the importance of good
structure and tidiness.

10

It was obvious that good communication and fog
on problem solving instead of long sessions
small talk resulted in fast moving constructi
processes with a good work pace and with f
interruptions. (Wall1, Wall2, Wall3, Brick1, Brick
Elecl)

The reason that some workers focused more
doing a great job than finding ways to take a bre
is a matter of the individuals' work ethic. This
something that managers can affect and change
teaching tke importance of problem solvin
communication, work ethic and how more efficie
work can improve the workers own financi
situation.

6.1.2 The Aggregated Result of the VSMs

If all the VSM studies are summarized an aggregated result will be given. This result is shown in
Appendix Hg Value Stream Mapping Data Collectiand Figure21 shows that roughly 44% of the
workers' time at the construction site is spent on value adding activities that need to be optimized
while 36%o0f the time is nonvalue addirg activities which needo be eliminated. There is also
necessary waste accounting for 20#hich needs to be minimized. These results may vary compared

to other studies. Josephson and Saukko(@@ti05)did their own stug which gave results that were

fairly similar in terms of nowalue adding activitieddowever, in their study, 17.5% was recognized

as value adding, roughly 45% as necessary waste and approximately 33%-esueoadding
activities. The discrepancy insudts concerning necessary waste and value adding activities stems
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from different views on what actually is vakaglding and what is necessary. What is identified as
value adding differed between interviewees and as the results show the authors took awigdeof
what is value adding when making observations.

However, the 36% that is pure waste makes it fair to say that the construction industry is struggling
with efficiency problems. There is a great deal that can be done, not only to eliminate theahen
adding activities and minimize the necessary waste but also to optimize the value adding. During the
observations it was observed that clever building design has the possibility of greatly affecting the
amount of work needed for completion. By takitige problems and difficulties faced by the different
construction workers on a daily basis into account when designing a lot of extra work can be avoided.

The Aggregated Resul

100%
% 80%
£ 60% -
S a0%
£ 20%
0%
TOT.
= NW 20,00%
NVA 36,15%
mVA 43,86%

Figure21 ¢ TheAggregated VSM Results

6.1.3 Financial Implications

The construction industry (construction of new buildings and maintenance) in Sweden has steadily
contributed roughly 10% to the GDP between 1967 and 1991 except for a few (aaks&

Gabrielsson, 2002)f one includes operationsand management the contribution jumps to nearly
20%(Lutz & Gabrielsson,2068) Ly AG&d agARSad aSyasSeé GKS O2y i NR
the UK, with the construction industry in its contributing 10% to the GDPeamaloying 1.4 million

people and construction is the third largest contributor to the GDP in Br{bepartment of
Environment Transportation and the Regions, 1998; Sumardi & Anaman, .20084) actual
LISNODSyGF3aS 2N gKFG Aa AyOfdzRSR Ay (KEonfdering y A G A 2
how much time is spent on nevalue adding activities the data showsw important the

construction industry is for many countries and thatea a few percent increase in efficieneyel

can result in tremendous savings.

If 40% of he construction workers time iadding value for the customer(s) a total of 6@8mnot

giving anything to the end product. However, it is not possible to say GB&b of the cost of a
construction project can be eliminated. The material that is needed for moving the construction
process forward is a large part of this cost. Furthermore, the authors have been following
construction workers and through time studies dea several VSM which emphasize that
approximately 60% of thetime is wasted on other things that do not add value for the customer.
Therefore, in order to analyze potential savings that can be made by making employees work more

57



efficient and smarter; ondnas to contrast the cost of labor and the total cost. Hence, net sale of
construction projects minus the profit margin will give the total cost to construct the building. As
mentioned earlier in this report the profit margin for projects within this kiofl industry is
approximately around two percenfOlsson, 2000; Andersson & Ohlsson, 20B¥)wever, in the
latest annual report from PEABO10)the profit margin was four percerthus this will beused in the
estimations.

In Tablel16 the total cost of all construction projects that were under process in Sweden during the
period 2006¢ 2009 is presented. Moreover, as were mentioned by Statistic SwERdd)close to

25% of a construction project's cost is linked to cost of labors. In addition, as the VSMs have pointed
out, 60% of the time does not add value for the customer. This would mean that:

¢ b € 00N i~é7ﬁﬁ5§md(baxféé‘li 0 _
pPRENET QRQH@EW O "QUEEDEEDE O QWO A'QEFMw o i 0 £ a Qi
pPEIM I ¢ BREGAN £ ¢ DRQAE I 0'QQ

This would mean that ammimense amount of money is being spent on nothing at all in the
construction industry every year (sdeble16). Radio Sweden made an interview with Sweden's
minister d finance Anders Borgtho stated that the Swedish GCfor the year 2002009 was around
3100 billion SEKRadio Sweden, 2010y his would mean that the wasted money within the Swedish
construction industry stath for approximatdy 2% of the GP.

Tablel16 ¢ Total Cost and Wasted bhey (SEK million Swedish ConstructionmBjects from year 200&;, 2009 (Statistics
Sweden, 2010)

2006 2007 2008 2009

Building Contractors 149071 | 175 424 185 931| 191 074
Construction Contractors 21692 | 24666 | 26 732 | 30 699
Specialized Building and Construction Contractq 187 733| 216 069 238 640| 231 225
Total Net Sale 358496 416 159 451 303 452 998
Total Cost (Total net sale minus 4% prafiargin) | 344 156 399 513 433 251 434 878
Wasted money {15% of Total Cost) 51623 59927 64988 65232
Wasted money in % of the Swedish GDP 209% 2.10%

To clarify: If a construction project net sale is 800 million SEK and the value adding aatieiiast
for 40% of the construction workers' time it is possible to estimate the money being wasted due to
inefficiencies as follows.

PmaQa aVNZEVE WP qlb o ppdQa AVTEE
ppOdQO AVNZEUE P TTd QO AVTEVE W @ pTht p b

However, if the people around the construction project can improve the construction processes by
optimizing value adding activities, eliminating reaue adding activities and minimizing necessary
waste the savings can be quiet substantial. For examfptgrivalue adding activities and necessary
waste are cut down to 55% instead of the earlier 60% the construction project will save
approximately 10 million SEK, or 1.25% of the construction cost. This saving might have a potential
effect on the profit magin and lead time. Idppendix I¢ Potential Savingthe reader can see how

much the construction company PEAB (in 2010 in Sweden) as well as the entire Swedish
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congruction industry (in 2009) might have been able to reduce its construction cost Haloe
adding activities had been eliminated and necessary waste minimized to a certain extent.

In that sense, there is a lot to gain by working with increasingefffieiency at construction sites.
Therefore it would be valuable for construction companies to start looking for improvement areas
and understand the whole cmept of lean. A usefriendly Lean @GnstructionToolthat helps these
companies to manage the wasissue has therefore been developed and can be found in ch@pter

6.2 RQ2-Identifying Waste

Theorypoints towards VSM as a good procesapping tool for identifing wasteand studying the
flow, which the reader might have already noticed in the previous seatitben the RQ1l was
analyzed. The reason why this is covered in both sections is that the RQ1 and RQ2 are interrelated.

However,both Toyota(Liker, 20045as well as companies in other industri@diway & Corbett, 2002;
Condel, Sharbaugh, & Raab, 2004; Black & Miller, 2088 used VSM to identify waste their
processes. The tool focuses on the value stream, helping companies understand the delivery of value
to customers. Bydentifying a current state and constructing a future state there is a game plan for
change. The interviews corroborated the vi¢hat VSM is a qualified tool for identifying waste in
construction as well. Finally VSM was used when conducting observations at construction sites,
mapping the value adding activities, the nealue adding work and the necessary waste. VS wa
also chose as a part of the Lean Constructidnolbecause it was recommended both in the theory

and interviews as well as being a simple, paper and pencil tool.

When looking at the parts of lean constructiatentified by Eriksso2010)there were other tools

and methods that can be used to identify waste, where some were identified in the interviews while
some where not. Planning tools, meeting and education were identified in both, yet with slight
variations. Planning toslcan be used to optimize planning and identifying waste by finding a better
way to complete a task or project. Meetings are tools for identifying waste by utilizing the workers
intimate knowledge of their work. Together with meetings, education and legrfrom past
experiences were identified as facilitators of waste identification by giving workers the tools and
knowledge to identifying waste and making the meetings more efficient. Theseawitdrchosen to

be part of the Lean Constructiohool but hold a central place if lean is to be fully implemented
within a construction company.

Keeping the work place organized was seen as important in th@adker, 2004Eriksson, 2010)
interviews and observation®uring the observations a great deal of the workers time was spent
looking for material pointing to the need to be organized and planrigaring the interviews it was

said that the easiest way to find waste was to go and see for yourself; something w/hictital part

of lean according to LikéR004) Going and seeing for yourself was chosen as adart @i K S | dzii K2 N.
Lean ConstructionTool because as the authors themselves found out, it is the best way to
understandthe problems facedy construction workers on a daily basis and the waste than can be
found. Other ways of identifying waste that were found are total cost analysis and checklists
Maroszekyet al. (2002) Checklists cabhe used to identify waste by using it for planning and seeing
waste by comparing to how work use to be done and using it as a way to focus on the process.
Theory alsomentioned benchmarkingCamp, 1989Chan & Chan, 20048y benchmarking with the

best in your industry as well as other industries it is possible to see where improvegsantse

made and need to be made. If lean is to be implemented and the industry is serious about becoming
more efficient all of these ays of identifying waste should be considered.
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RQ2 SUMMARY

Theory identifies many tools from lean manufacturing that can also be used in construction. The
interviews and observations state possible tools that can be used to identify setd ablel17).

¢tKS (22t OK2aSy o0& (KS |dziK2NRQ Ay GKSANI 20aSND
out and looks at the process being studied. The VSM is complechenith interviews and
observations at the construction site under study in order to gain further in depth knowledge of the

waste. The data from the VSM together with information from interview and pla®ns shape the

base of the Lean Constructidimol Understanding the processes is necessary when trying to change

the processes.

Tablel7- Summary of Identifying Waste

Theory Interviews Observations

Process mapping tools (VSM) | Process mapping/SM, Material | Process mpping (/SMs by using
Flow MappingFrequency Analysis StarBuildey
spaghetti diagram)

Planningmethods(Last Planner, | Planning methods (Visual plannin -

IT-tools) Last Planner, LineatdPning,
3D/4D/5D
Meetings (Quality Circles) Meetings (Teanf?lanning -

meetings, quality circles,
education and teaching)

Education (Training, knowledge Education (Look atgst -
sharing, encourage employees| experiencesand especially past
failures)
Structure bS, clean and tidy work Structure(clean up the Structure Missing material and
place, go and see for yourgel construction site, common sense tools are not noticed due to
go out and see for yourself unstructured workers or to
disorder in tool shed/bok
Checklists Checklists -

Benchmarking - -

- TotalCost Analysis -

6.3 RQ3-Measuring Waste

How to measure waste is important when trying to calculate the economical, environmental and
time implications of lean initiatives as well as when trying to priorifizge most common measure

of waste is time anaost. This is because time and cost are the most critical performance factors in
construction(Lai & Lam, 2010A client and the contractor as well, wahe project to be completed
ontime and on budget.

The above ways of nasuring waste were together with other KPIs identified in the theooy A list

of nine KPIs where identified in order to measprecess efficienc{Lai & Lam, 2010A few of them

are quantitative while others are qualitadv Time, profit and perhaps quality are those mainly used

to measure waste in the processes while the others can be used for example to measure waste in
areas that affect the workplace. One dlfiese aspects was the environmentnwronmental
performance wa identified in the interviews as an important measure of waBigure22, which is
merelya suggestion from the authors, shows a number of differens KiRked to different types of
waste that affect the KPs. It is the auhors' belief that his may be helpful in designing a
measurement system and deciding on what types of KPIs are interesting and important to measure.
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Waste KPI Waste

| Functionality J=

Construction Time

Defects

Speed of Construction

| Overproduction

Time variation
PPC
75 Employee Satisfaction | Unnecessary
Waiting - movement
Unit Cost
Percentage net variation over final cost
Net Present Value
[ Unnecessary Accident rate Unused creativity |
transport

| Number of suggestions from employees

Environmental impact - electricity used, fuel consumption

End-user satisfaction

Preparation l

QOver or incorrect
processing

Client satisfaction

Design team's satisfaction

Construction Team's satisfaction

Breaks Excess inventory I

Number of remarks at inspection

Insurance cost

Percentage of on time deliveries

Figure22 ¢ Suggested Schematic Connection @iStruction KPIsand Waste

As the interviewees have pointed to, the camtpect, or rather price, is often the way waste is
measured. As one interviewee pointed out, cost and not price should be used in order to measure
waste. Here total cost alternatives or comparing different logistics alternatives can be used to
measuring wate. The interviewslso pointed to the use of time and situation analysis to analyze
waste. Time is an extremely crucial factor in the construction process in order to keep the timetable;
hence this makes time an important way of measuring waste. Situati@lysis means comparing

the current state to a possible future state to see how the operations can be improved. Hdev to
this in a good way has been discussed during this master's thesis and theory and interviews have
emphasized some sort of process pping as a functional tool to do thi¥'SMis mentioned several
times and argued to be a rather simple tool to handle. This was the authors' percegtiwerliwhen
collecting data by using the application StarBuilder.

Both theory and interviews identdd an interesting metric which was PHERallard & Howell, 1998)

It is of interestm sense it deals with time since a planned activity not completed on time needs to be
completed later on, behind scheduli.is used as a part of the last planner and the authors see it as
a very interesting metric to use.

How technical solutions can help to measure waste was not mentioned in the academic literature
but it was only during the interviews that this was pinmpied. In theliterature methods where
discussed, e.g. VSM, but if these can gmformed with technical aids were never stated. By
possessing the application StarBuilder the authors had the possibility to try euehey a VSM can

be conducted.

RQ3 SUMMRY

As can be seen ihablel8, theory, interviews and observations together identified several ways to
measure waste. The most common and easily used measuremestsoanmon metrics including
time, cost, quality etc. What is most important when choosing how to measure waste is to choose
simple measurement that can be applied to different projects and different types of projects in order
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to facilitate comparison and Imehmarking. It is atsimportant to think about the Leano@struction

Tool when choosing metrics because theol is to be used over and over again in order to
continuously improve. Therefore the way waste is measured needs to be made able to follow and
measured over time.

Table18- Summary of Measuring Waste

Theory Interviews Observations
Measure Time (process mapping Measure Timegdrocess mapping, Measure Time (VSM by using
VSM, delivery rate) StarBuilder)
KPlIs (time, profitenvironment, KPIs (for example delivery -

quality, safety, effectiveness, no| precision, quality, economic,

claims or contractual disputes, jo]  environmental or waste, etc.)

satisfaction, generation of
innovative ideas

Measuring Cost Measuring Cost (Total Cost -
Analysiscompare costs between
different logistic alternatives)

Measure coordination and flow | Measure coordination and flow -
(do an Situation Analysis) (do an situation analysis and
compare this to the new situation
after charges have been
implemented)

Percentage of planned activities] Percentage of planned activities] Percentage of planned activities

completed (PPC) completed (PPC) completed (PPC)
- Technical Tools (Lean Navigato Technical Tools (StarBuilder)
RFID)

- Whatto measure differ between =
projects (depends often on the sit]
manager); no universal metric

6.4 RQ4-Waste Prioritization

Theorypointed to how prioritization can be madday using the criteriafl) Importance, (2) Urgency
and (3) TendencfLiker & Meier, 2005)Time and cost have been identified as important aspects for
construction, and theory also points to certaimdustry specific peculiarities mentioned Bypskela
(1992)as wdl as issues and aspects that amgportant for the success of the project whidtelp in
deciding how to prioritiz€Lai & Lam, 2010he industry specific peculiarities lead to a great deal of
complexity and uncertaiy within projects according to Koskeld992) A way to prioritize could be

to mitigate the effects of these peculiarities.

Time and cost are two aspects important for the success of a project and are the most imiporta
factors when prioritizing. When the VSMs have been conducted and the waste has been categorized
Al A& LkRaaroftsS G2 dzasS GKS | dzi K2 NE(Rgu@2p3dsea (1 A 2 y &
whether the waste affects time or cost more. Information from the intervielso pointed to time

and cost, which one often being decided by the project leader. The criteria mentiarted theory

can help to separate the two; if one of the factors is getting worse faster than the other then that

one can be prioritized. When focusing on cost it was important to take a holistic view, thinking about

total cost. It wasalsonoticed by tle authors during their time spent at a construction site that re
prioritizing of work tasks and start with other more time sensitive activities happened from time to

time. Below, other aspects will be discussed but in the end most of them affect thesasperts.
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Moreover, heory focuses arounflow and valugKoskela, 1992; Liker, 2004jalue should focus on

the customer meaning that what is most importdior the customer is where to prioritize. That can

be either time or cost but can be other factors like environmental issgeslity or end-user
satisfaction as wellFlow focuses more on time, putting more effort into planning and doing things
right the first time. Interviewees said to prioritize the ntognportant or crucial material first with

one interviewee mentioning cement, used for the frame of a building, as crucial both from a time as
well as a cost perspective. This Water observed by the authors when more workers were assigned
to process flating cement when it arrived to the construction site and the workers gave up the
activities they had at their hands at the moment. If flow is prioritized it is likely to have positive
implications both on cost and time.

Other interviewees mentioned focirgy on the larger problems, which will have the greatest effect
on overall project performance whereas another recommended starting with small and easy
problemsfirst to showon successtories. Another wanted to focus on areas where the company had
control or power to make changes to start with. A third reminded us to take a holistic view which is
similar to taking a total cost perspective or listening to the customer; what is best for the project.
authors' point of view in the subject matter is thatwould probably be best to take on small and
easy problems first to get a hold of the improvement process and in time take on more complex
issues.

Something that has been stated boththreory (Liker, 2004and byinterviews is that the root cause
behind waste is of great importance to understaadd find. In order to do this it was argued by
interviewees that by using an Ishikaw&dram a problem can be broken down and the real reason
behind the problem is foundFurthermore, using a VSMombined with a Pareto analysis was
another idea mentioned several times by different interviewees. The Pareto diagram was said to be a
good way of visualizing the most frequently problems and structure the prioritizing processe Th
tools are simple and powerful and have therefdtreen incorporated in the Lean Constructidoolin

order to facilitate prioritization.

RQ4 SUMMARY

Waste affects the construction work in many different ways, some having a greater impact than
others. he theory gave a practical guideline on how to prioritize while the theory, interviews and
observations together gave input on which aspects and factors affecting construction that are
important. As can be seen Trablel9, the theory gave a few ideas on what to prioritize when trying

to reduce waste. The interviewees also had their own, often different, opinions on what can and
should be prioritized. There is no right wrong in choosing which aspect to prioritize, it may depend
on what project leader or the client thinks is most important; the important thing is that waste is
being reduced and that the process are continually being improved. However, it has beebathid

in theory and interviews, that in order to first gain acceptance for working with lean a noticeable
change is useful to achieve. By using the 5S tool the workers can easily see what a difference it makes
when tools and material are where they areppsed to be and easy to find.
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Table19- Summary of Waste Prioritization

Theory Interviews Observations
Prioritize what is most critical at Prioritize what is mostritical at Prioritize what is most critical at
the moment (mitigate effects of the moment (types of material, the moment(Preparation of
construction peculiarities money, time) concrete floor Reprioritizing of

work tasks to get started with
other time sensitive activities)

Time Time -
Cost Cost (Have a holistperspective, -
look at the Total Cost)
Identify the root cause Identify the root cause (Ishikawa -
Diagram)

Tools (5S etc. Noticeable changd Tools (VSM and Pareto Analysig -

Customer Value - -

Flow - -

- Discuss (Listen to workers, they -
have aot of experience, discuss i
small mixed groups)

- Start with processes where one -
have the most contrépower over

- Take on easy problems first to -
show success stories

- Larger problems are analyzed -
whereas small problems are not

6.5 RQ5- Potential E ffects of a Lean Approach

As with the answers to many of the other R@me ard money play a pivotal role the possible
consequences of waste reduati. Both theory(Allway & Corbett, 2002pear, 2005; Black & Miller,
2008)and interview corroborate the monary gain and the shorter lead timewith theory as well
mentioning increased productivity and capadilway & Corbett, 2002ime and cost are the two
main issues affecting construction processes and a great deal of effort is put in to minimize these.

After these twoaspects comes qualitywhich both theory(Liker, 2004)nd interviews point at as
possible consequences too. Stable processes and as an interviewee said, that workers learn to do
right the first time, may help improve build quality. Increased process stability was actually another
consequence mentioned by both theory, by Like004)and interviews. Increased process stability

or less muri as lean theory states comes from a more even production, which ultimately leads to
better flow and brings other problems and issues to the surface. Thedasequence mentioned by

both theory and interview is improved work environment. Lik€004) specifies it as not
overburdening workers or equipment and in the interviewsvéis mentioned that a reducing waste
could decrease thephysical and psychological stress in the work pld¢®ere may also be negative
aspects oflean; Green(1999)mentionsthe possibility of increased transports as well as increased
strain on workers. There are also many difficulties in implementing lean such as overcoming the
construction peculiarities, knowledge transfer, industry mindset, etc that can be it difficatthi@ve

the possible positive consequences mentioned.

A closely related consequent®the improved work environmentientioned in the interviews is the
possible positive environmental effects. It was mentiortedt by handling transportation more
efficiently, decreasing the amount of unused or damaged material and by transshipping the total
amount of transports could be decreased. This would medesaemissions as well as decredse
complexity at the work site. Furthermore, it can be argued that by ebtimg waste less material
will be scrapped since better planning will lowketinventory levels which amxposed to the risk of
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being damaged. In addition, keeping track and taking care of material and tools by implementing a 5S
program may reduce unnessary break down of tools and loss of material, giving the possibility to
improve the project's environmental impact. It couldsobe stated that through efficient planning

and coordination less use of machines will be necessary; hence energy consucaptiba reduced.

Increased customer value is another consequence identified ithiaery (Liker, 2004)It is actually a
consequence of delivering a building at lower cost, faster and with incregsady to the custorer

but a consequence nonetheless. Other consequences, identified through the interview, were
resistance,sub-optimization and getting ahead of the competition. Resistance was identified
implementation was not done properly (hence the importance of swaiit with small success
projects). A key issue mentioned here was top management support, absolutely necessary for the
success of implementing lean. Without mentioning them, there are however other aspect that affect
implementation, since in the end it isot top management but the workers themselves that must
make the transition to lean (remember how 314.000 employees at Toyota looking for waste every
day). Another possible negative consequence isaatimizationwhich can happen if a holistic view,

as ha been mentioned earlier in the report, is not tak@tines, Holwe, & Rich, 2004)

Getting ahead of the competition is a consequence that takes time. By showing possible clients and
other stakeholders that the constructiamompany can deliver a project with reduced cost, increased
guality, increased customer value, better work environment, faster than any competitor then that
company will be in a extremely good position.

RQ5 SUMMARY

The potential effect of a lean approach and the affects of getting rid of certain types of waste are
important both in order to prioritize but also to justify the effort put into reducing waste. The effort

of reducing waste and trying to become lean muiid/ a positive net effect. Aable20 shows,

there are effects on time, cost, and process stability as well as positive effect on the environment. As
mentioned in the empirical study the environmental improvements are synergy effects of becoming
lean. By reducing waste it is possible to reduce material waste, energy for machines, heating and
lighting and extra transports ultimately having a positive environmentalceffEhere will also be a
positive effect on the work environment since less time will be spent trying to find tools and getting
stressed about not finishing on time.

Table20- Summary ofPotential Effects of a Lean Approach onrStruction Stes

Theory Interviews Observations
Improved work environment (lesg Improved work environment -
mura) (decreased psychological and
physical stress, improved safety)
Increased efficiencg Increased efficienc§ effectiveness -
effectivenesshietter flow, shorter (better flow, coordinatiorand
lead timesjncreased productivity| materialhandling, hence reduced
and capacity) lead times and increased productio

rate)

Economical savingse@uced Economical savings (cheaper prodt -
costy or increased profit)

Environmental savings Environmental savings (decrease -
emission, less material waste and
energy consumption)

Process stability (less muri) Process stability (Reduction of risk -
and uncertainties which leads to
improved forecasts)

Improvedquality (improved Improvedquality -
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reliability and customer value)

- Increased commitment (positive -
attitude for change projects)

6.5.1 Environmental Effects

Every operation at a construction site entails a certain amount of environmental impact. If goods are
being damaged more material has to be order which increases production emissions and since the
new order has to be delivered the transport emissions iasee In this way it is easy to see that
wasteful activities at construction sites could cause negative contribution to the environmental
impact. However, if one can increase the negative impact there should be ways to reduce it as well.

By reducing waste not only can money be saved, but it is also possible to get a synergy effect out of it
since the construction companies' environmental impact is reduced. Operations that areahen
adding are pure waste and they should therefore benglated and the same goes for the negative
environmental impact of these operations. However, the impact from the value adding activities
should be reduced if it is possible but sometimes the goal is not to since they might be seen as
necessary environmeat damages. The logic behind this is that a holistic perspective is needed to
reduce the environmental consequences since single efforts may result iopsubization, hence
increasing the environmental damages even more.

During the interviews a numbesf wastes were identified and these can be found in secbdh
Waste in Constructianin addition, several environmental consequences could be linked to these
wastes were extra transports, damaged material and extra work to fix defects, to mention a few, all
contribute to increased emissions and energy use.

During the intervdws and observations operational waste was identified and observed. Together
with information concerning the environmental pact from the operations a figuref the
environmental impact from the different types of waste was compiled, showrigare23. The figure
showsthe different environmental impacts from different types of construction waste.

Environmental Impact Construction Waste
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Figure23- Schematic Picture dfiow Construction Waste is Linked to Environmental Impacts
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7 Results

In this chaper the authors will present a Lean Constructiaol Thistool has been designed along
the findings in literature, academic theories, interviews and the authors' own observdliat have
been made during this master's thesis project. Td@ is designed to answer the five research
guestions and it aims to be as user friendly as possible for future practitioners lehithéool The
chapter is oncluded by a validation case test the tool, conducted on a painting process at a
construction site.

7.1 The Lean Construction Tool

The lean tool that has been constructed, seen Kigure24, is built upon many different aspects
collected from the theory, interviews and observations gathered during the master's thesis. The
different stepsof the lean toolare presented below.

STEP ONE

Through lean theory it has been taught that a situation analysis is a prerequisite and needs to be
done, a snap shot of the current situations in order to understand the situation at hand. Through
theory, interviews and the authors' own experiendéSM was identified as an important tool for this
task. Others tools were also identified as possible candidates for the task but since the VSM tool is
seen as a rather general and simple tool to use that can handle many different resource flows and
situations it was decided to reject the other process mapping tools. When it comes to practicing
VSMs the important thing is not to focus too narrow or too wide but have a holistic view of the
situation without increasing the complexity too much. In other worttgre is a need to find a
functional balance. It is also important to decide where the situation analysis should be focused,
should it be on cost, time or other factors. If the focus is on time the authors highly recommend the
mobile phone application Sthuilder. In addition to what just have been mentioned the
practitioners' own observations are valuable for the research. This together with interviewing people
working with the construction processes will give a strong foundation for evaluation of thagisit.

This is highlighted several times in theory, for example, lean literature from Toyota points to the
importance of going and seeing for yourself, only then eaatruly understand how the system or
processbeing studiedvorks.

STEP TWO

After the situation is understood it needs to be studied and analyzed. Using TPPSP and Ishikawa
diagrams the root cause of the problem can be found. It is important not to treat the symptoms but
find what is actually causing the problem. A problem may indicateitisthe workers fault but may

in fact be due to poor design of the building and/or poor planning by the main contractor.

STEP THREE

The third step is to prioritize which problems to deal with first, which are most important. Duréng t
interviews diffeent areas vere identified by different people. It was said that often it is up to the
project leader, whether he/she is more focused on cost or ti@¢er interviewees said that one
should focus on the problems that had the most effect or the materiads were most important for

the projects. It is also important to keep sobtimization in mind so that fixing one problem does

not cause even more problems somewhere else. Both theory and interviews emphasized that Pareto
diagrams and/or together with KP¢&in be used to prioritize what is most crucial. By understanding
which factors are most important for a certain project or a company the right prioritizations can be
made. KPIs can be used to see progress over time or project where improvements arened®ss
company can also benchmark, compare value on their KPIs with other companies to see where
improvement is needed in order to keep up with or exceed the competition.
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STEP FOUR

The fourth step in this Lean Constructidimol aims to close the loop of this master's thesis.
Everything that has been done in the earlier steps is how evaluated and one should ask questions like
"what is the improvement potential in making certain changes?" and "how will our ecohandfor
envirormental performance be affected?" For example, in this master's thesis it has been showed
that by working with construction efficiency rather large costs can be avoided Appendix Ig
Potential Savingsand in additionimproved work environment anénvironmental savings might
occur.

THE LAST STEPS

However, just stating that waste exists within the construction industry and what kind of money that
can be saved willat automatically decrease these costs. For that reason the authors have added the
two last steps in the Lean Constructiofool even though these fall outside the master's thesis'
purpose and scope. However, these two steps deal with taking action basdideoimformation
gathered and assessed during the previous four steps. When proposing specific solutions in step five
tools, techniques and methods are put forth in order to reduce waste and later on in step six these
are implemented and the reaction is duated. It is the authors' intention to hand over this master's
thesis' project to soraone who can complete the Lean Constructibools last two steps. This is
discussed further in chapt&Discussion, Recommendations, and Continued Research

Finally, once the last step has been processed it is possible for the operatorlafah€onstruction
Toolto startall over again and find new improvement areas. In this way continimpsovements of
the construction industry can be secured.

( 1 Situation Analysis \

| »”

1

! L VSM Observatiorslnterviewﬂ
1

Implementation 1 2 Study

I
| @ Toyota PPSP  |shikawa
/

T _‘ _____ ‘

--------- - RQ5

4 Improvement Potential

Economic Environment

Figure24 - TheLean Construction Tool
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7.2 Validation Case

To validate thdean toolthat has just been presented it was tried out on a construction process at a
large size construction company based in Swedea.fifbt four steps of the Leano@structionTool

were carried out after the authors had followed a construction worker performing a painting process.
The findings from this validation case are presented in the following sections.

7.2.1 Situation A nalysis

A VSM was conducted with the mobile phone applicati®tarBuilder and the result is being
presented inTable 21. A dialogue was held with the construction worker about the different
activities to give the authors bettemalerstanding about the construction process. The data that was
collected showed that approximately 69% of the activities were value adding, 17% wesaluen
adding and 14% were necessary waste. This is being displayaiie25.

Table21-VSM Data from the Validation&3e

Company: Malericentralen Date: 201105-24
Construction Site: Clarion Hotel Post Observer: Arleroth & Kristensson
Value Flow: Construction WorkePainter Pages2
Activity Description Classification Start End Duration
Walk Picking up material NVA 09:35:12 | 09:43:21 | 00:08:09
Material Handling material NVA 09:45:45| 09:46:55 | 00:01:10
Construct Filling the wall VA 09:46:55 | 09:48:30 | 00:01:35
Other Moving the lift NW 09:48:30 | 09:48:59 | 00:00:29
Construct Filling the wall VA 09:48:59 | 09:52:03 | 00:03:04
Other Moving the lift NW 09:52:03 | 09:54:05 | 00:02:02
Construct Filling the wall VA 09:54:05 | 09:58:50 | 00:04:45
Other Moving the lift NW 09:58:50 | 09:59:13 | 00:00:23
Material Moving buckets filled with putty NVA 09:59:13 | 09:59:47 | 00:00:34
Construct Filling the wall VA 09:59:47| 10:03:40 | 00:03:53
Other Moving the lift NW 10:03:40 | 10:04:08 | 00:00:28
Construct Filling thewall VA 10:04:08 | 10:07:27 | 00:03:19
Break Taking of a sweater NVA 10:07:27 | 10:07:50 | 00:00:23
Preparation | Mask the door molding with tape NW 10:07:50 | 10:08:34 | 00:00:44
Construct Filling the wall VA 10:08:34 | 10:09:17 | 00:00:43
Other Moving the lift NW 10:09:17 | 10:09:42| 00:00:25
Discussion Problem solving NW 10:09:42 | 10:10:44 | 00:01:02
Walk Looking for buckets NVA 10:10:44 | 10:12:40| 00:01:56
Calling boss cause the buckets cann
Discussion be found NVA 10:12:40 | 10:13:28 | 00:00:48
Walk Going back withwo buckets NVA 10:13:28 | 10:16:17| 00:02:49
Other Transporting the lift to a new room | NW 10:16:17 | 10:19:39 | 00:03:22
Construct Filling the wall VA 10:19:39| 10:38:18| 00:18:39
Other Moving the lift NW 10:38:18 | 10:40:03 | 00:01:45
Construct Filling the wall VA 10:40:03 | 10:45:11| 00:05:08
Other Moving the lift NW 10:45:11 | 10:46:19 | 00:01:08
Construct Filling the wall VA 10:46:19 | 10:56:46 | 00:10:27
Other Moving the lift NW 10:56:46 | 10:57:46 | 00:01:00
Construct Filling the wall VA 10:57:46 | 11:01:05| 00:03:19
Other Moving the lift NW 11:01:05( 11:01:49 | 00:00:44
Construct Filling the wall VA 11:01:49| 11:03:21| 00:01:32
Discussion Small talk NVA 11:03:21 | 11:04:40| 00:01:19
Construct Filling the wall VA 11:04:40 | 11:09:17 | 00:04:37
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Other Moving the lift NW 11:09:17 ( 11:10:05| 00:00:48
Construct Filling the wall VA 11:10:05( 11:16:21| 00:06:16
Preparation | Scrape off excess material on the wg NVA 11:16:21 | 11:16:56 | 00:00:35
Construct Filling the wall VA 11:16:56 | 11:19:13| 00:02:17
Other Moving the lift NW 11:19:13 | 11:20:25| 00:01:12
Construct Filling the wall VA 11:20:25| 11:24:44] 00:04:19
Material Unpacking material NW 11:24:44 | 11:25:18 | 00:00:34
Construct Filling the wall VA 11:25:18 | 11:27:21| 00:02:03
Preparation | Scrape off excess material on the wg NVA 11:27:21 | 11:28:22| 00:01:01
Construct Filling the wall VA 11:28:22 | 11:36:36 | 00:08:14
Preparation | Moving material NW 11:36:36 | 11:36:58 | 00:00:22
Construct Filling the wall VA 11:36:58 | 11:43:53 | 00:06:55
Other Moving the lift NW 11:43:53 | 11:46:00 | 00:02:07
Walk Going for more material NVA 11:46:00 | 11:46:58 | 00:00:58
Other Moving the lift NW 11:46:58 | 11:49:21 | 00:02:23
Construct Filling the wall VA 11:49:21( 11:58:32 | 00:09:11
Other Moving the lift NW 11:58:32 | 11:59:57 | 00:01:25
Construct Filling the wall VA 11:59:57 | 12:03:26 | 00:03:29
Discussion Problem solving NW 12:03:26 | 12:04:01 | 00:00:35
Construct Filling the wall VA 12:04:01| 12:14:35| 00:10:34
Other Moving the lift NW 12:14:35( 12:16:17 | 00:01:42
Construct Filling the wall VA 12:16:17 | 12:22:58 | 00:06:41
Other Moving the lift NW 12:22:58 | 12:23:45| 00:00:47
Construct Filling the wall VA 12:23:45| 12:26:17| 00:02:32
Material Gathering material and tools NVA 12:26:17 | 12:28:15| 00:01:58
Discuss Small talk NVA 12:28:15| 12:33:01 | 00:04:46
Walk Going on lunch NVA 12:33:01 | 12:33:59 | 00:00:58
Wait Waiting on elevator NVA 12:33:59 | 12:34:06 | 00:00:07
Walk Going on lunch NVA 12:34:06 | 12:37:54 | 00:03:48
TOTAL 3:00:18
Validation Case
m VA
NVA
mNW

Figure25 - Result of Validation &se
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To finalize the first step of the Lean Construcfimolthe different forms of waste that have been
identified in theVSMare grouped according to the earlier mentioned construction site wastes. This
can be seen ifigure26.

UNNECESSAR)Y
BREAKS PREPARATION WAITING MOVEMENT DEFECTS
oSmall talk before wlUnpacking material wW\aiting on elevator wWalking to find Q..
lunch «Mask the door material
uoProblem solving molding with tape aMoving buckets
«Calling boss «$Stir the putty filled with putty
because he cannot wGoing on lunch
find material «Moving the lift
ataking of a sweater
UNUSED EMPLOYEE INCORRECT UNNECESARY
OVERPRODUCTION | EXCESSINVENTORY| =" cpeativiTy PROCESSING TRANSPORTS
Q.. .. Q.. uScrape off excess ..
material on the wall

Figure26 - Identification of NVA and NW in ValidationaSe

7.2.2 Study

The NVA and NW from the validation case should be analyzed in order to fully understand the
situation; this is the second step of the Lean Construcfionl The authors will exemplify this by
doing a TPPSP for one of the identified problems fRigure26 just to validate the functionality of

the Lean Constructiomool

8. Initial problem perception
a. The construction worker cannot find the needed material
9. Clarify the prdolem

a. The construction worker need more buckets filled with putty to precede his work.
The manager informs the worker that the all buckets are located on another floor in
a specific room and the worker goes to the right floor but cannot find the right room.
The problem might be the manager's bad explanation, the workers inability to listen
at instructions or that he is unfamiliar to the construction site. However, the real
problem is that material is not located where it is needed.

10. Locate Area/Point of Cawes(POC)
a. Materialis not located where it is needed
11. Investigation of Root Cause.

a. Why are the buckets not located where they are neededPhey are; one pallet of
buckets is located on every floor.

b. Whywhere there no buckets left on the floor they were tking on?¢ They were all
used; it appears that too few had been ordered.

c. Why had too few buckets been ordered?The same amount of buckets per room
had been ordered as usual.

d. Why was this amount of buckets not enough? More putty than usual had been
used.

e. Whyhad they used more of the putty?Because they had been forced to redo some
of their work since other construction workers had not communicated that they were
not finished in some of the rooms causing damages on the already processed walls.
(In this sense it is "defects" that are causing the unnecessary walking around and
moving material.
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12. Countermeasure.

a. Suggestion: Improve the information sharing and communication between different
types of construction workers, i.e. with morning meetingsecahlists saying which
rooms that are completely finished by other workers, etc.

13. Evaluate.

a. This step has not been carried out for this situatgince the countermeasure has

not been implemented.
14, Standardize.

a. This step has not beecarried out for this situation since the countermeasure has

not been implemented.

7.2.3 Prioritize

In order to prioritize, information about what factors affecting the projékae most should be
attained. In the validation case time was chosen as the most ingmrfactor since the customer is
keen on having the project finished for the inauguration. A Pareto diagram was made to visualize
which types of waste that have the greatest affect on time sensitive KPI§i@ee27). The types of
waste identified were breaks, preparation, waiting, unnecessary movement and incorrect processing
and these wastes all affects time in some way, making them all possible candidateguraedn

then be checked to see how the different types of waste affect KPIs other than those based on time,
which may help in choosing.

After understanding how the different types of waste affect different KPIs it is recommended to
analyze other factorshat may affect the possible decision. How easy or difficult the waste is to
reduce may influence, which depends on the root cause of the problem or how much value can be
gained by making the change (value in this case being time). Breaks, waiting amckssary
movement stood out since they are easier to remedy than preparation and incorrect processing
which are more complex and dependent on the material and processes. Because the workers have
not done any waste reduction previously it was assumed tli@cking the three former types of
waste would show greater effect compared to the effort put into reducing them.

In order to choose between the three remaining waste types two separate Pareto diagrams where
constructed (sed-igure27 and Figure28)They show that unnecessary movement is the waste that
stands out, both in terms ofime and frequency. Tackling unnecessary movement is therefore
recommended as the number one waste to prioritize.

Pareto Diagram
Time spent on waste

100,00%
80,00%
60,00%
40,00%

20,00% mmmm Percent of Total
0,00% -

Percentage

" Cumulative Percent
Unnecessary Breaks Waiting

Movement

Waste

Figure27 - ParetoDiagram Validation Caseifhe)

72



Pareto Diagram
Frequency of waste types
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Figure28 - Pareto Diagram Validation&e (frequency)

7.2.4 Improvement P otential

By considering the information that has been collected and processed through VSM, TPPSP, KPIs and
Pareto diagrams qualified estimations and assuomd regarding the financial, the work
environment andthe environmentd implications of an eventual waste reduction can be made. The
estimations for this validation case are being presentetiahle22.

Since mnecessary movement staador 23 mintes of the norvalue added time andybredudng
this waste by 25%, B5 minutes is saved. This time i2% of the total time of work whictvas 180
minutes, meaning that 2% ofthe total time and therefore 2% of the dbor cost can be saved.
While 575 minutes may not seem like a great deal ofdisaved, 2% of the total project time can
mean days or weeks.

Since the root cause of large part of this unnecessary movement was due to defects as was
discovered in the TPPSP analysis. Thosectefeeed to be reduced in order to decrease the
unnecessary movement. This underlines the need to get to the root cause of the problem so that the
right problem can be remedied. However, when focusing on unnecessamgpiorts the possible
economic andnvironmenteffects are shown iffable22.

Table22 - Economic and Bvironment Effects in the Validation &se

Economic Environment
Time (PPC)z reducing Increased energy consumptior
unnecessary movement by from lift. Increases wear of lift
25% saves 5,75 minutes battery
Costz Reducing unnecessary Increased commitment
movement by 25%(5,75 min) (positive attitude and
would decrease the cost of understanding for change
labor by 3,2% projects)
Customer Satisfaction Improved work environment
(less muradecreased
psychological and physical
stress, improved safe}y

73



7.2.5 Key Learning from the V alidation Case

The validation case showed that the Lean Constructioalworked very well and could detect and
visualize different kinds of waste within a construction process. The tools and methods that are
incorporated in the Lean Constructidiool have therefore, atr this validation case, been assumed

to be highly functional for the purpose of the Lean Constructioal

All of the tools and methods in the Lean Construcflmolare not used during this validation case. It

is not necessary for the user of theanConstruction Toolo use all of the methods or tools either,

but to use those that allow the user to obtain the information necessary to move to the next step
and make necessary decisions. In the validation case the Ishikawa diagram was not used because it
was assumed by the authors that the necessary information was obtained without using the method.
With this opportunity to choose the most appropriate tool or method depending on the specific
situation make the Lean Constructidioolrather flexible and usr friendly.

Getting to the root cause was also found to be of great importance since one type of waste easily

causes other problem. As in this validation case where the root cause of most parts of the
unnecessary movement turned out to have been causgddfects.
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8 Discussion, Recommendations, and Continued Research
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research within the subject.

8.1 Discussion

It has been the authors' intention to keep the Lean Constructioal which is the final result of this
thesis, as simple and understandable as possible in order to make it easier to useolt®uld in
addition be seen as a first step in trying todia suitable way for the implementation of lean
construction and the lean philosophy in the construction industry.

Construction is a traditional industry and during the time studies and observations there were some
negative comments towards the overafFéF 2 NIi (2 GNB G2 YIS GKS 62N} S
YFGSNRAFE R2Sa y2i0 Y20S AdaStTeéd {2YS 2F (KS O2Y
as much if not more to be done in the offices as there was out on site. That is true and wh#én and

lean is implemented focus should be on the entire company not just the carpenters, electricians etc.
Getting everyone aboard and having everyone approve of the implementation of lean will be a
difficult task. During the time studies however, focus wasthe workers who added direct value to

the building.

When conducting time studies at a construction site there is the possibility of a discrepancy between
the different researchers view on what is value adding, necessary waste eratog@ adding. Durmn

the time studies questions arose concerning which category an action performed by a workers
belonged to. This was however discussed prior to, during and after the times studies in order to
ensure a unified view and minimize discrepancies and faultsand#ita between researchers. The
same could be said for the researchers view compared to other researchers who have done time
studies at construction sites. In comparison with another researcher who made a more
comprehensive study, the amount nemlue addng activity was very similar but there was a
difference in value adding and necessary waste with the authors study showing much more value
adding compared to the other survey. This shows that there may be more potential for increased
efficiency than showim this thesis.

When potential savings where shown, focus was on the cost of worker salary excluding material and
machines. When and if workers jobs are done more efficiently there is a possibility that this may lead
to an increase in the efficient use ofaterial and machines too. This means that there may be, yet
again, more potential for savings. For example, less material and less unnecessary use of machines
will give environmental savings and if tools and machines could be handle with more careeldss b
downs would occur which otherwise causing costly delays of the work. There are however
difficulties in achieving these savings. Overcoming, or mitigating the effects of the construction
peculiarities can be difficult. The industries ability to tramdénowledge, to change its mindset along

with its willingness to change will greatly affect lean implementation and potential saving of such an
implementation.

However, a more thorough validation and testing of the develofmed would perhaps improveral
refine the tool further. If it had not been for resource constraints the authors would like to have
tested thetool together with construction practitioners and managers at PEAB. Nevertheless, the
tool has been explained and presented to this mastdrssis supervisor at PEAB and her colleagues
in order for them to communicate and pass it on within the organization.

Whether or not lean is suitable is something that has been discussed both in literature, among the

authors themselves and during the imtgews. The unanimous answer is yes, there is potential for
savings and increased efficiency through the implementation of lean. There were however, both in
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the literature as well as in the interviews, different views on what parts of lean can be udad wit
construction as well as literature discussing a few negative aspects of lean such as increased
transports, frustrated workers and increased strain on workers.

8.2 Recommendations

The construction companies should open their eyes to the possibility fongsavand increased
efficiency in their operations. Companywide initiatives to introduce the lean perspective should be
taken; it is not enough to send a few managers or crews to lean seminars. It needs to be a philosophy
and way of working that eventuallyepmeates the entire company. Otherwise the old way of
working will continue to dominate and workers at sites will continue to put out fires rather than
concentrating on planning and efficiently executing what they were all put there to do. The lean
perspetive alsoneeds to affect company suppliers and subcontractors. A start is to stop focusing
solely on price and start focusing on the total cost of different alternatives and working with different
suppliers/subcontractors.

Additionally, the construction industry should realize the possibilities with logistics. Even though
studies have mentioned potential monetary savings and that the construction companies themselves
have noticed positive effects of having logistic managérsonstruction sites this is unusual to find.
This is for the most of the time true unless the project is one of the largest and prestigious
construction projects for the company. Therefore it would be recommended to start pondering if
logistic managersheould be used at smaller projects as well and not @lyne largest ones.

Another recommendation is to start working more closely with subcontractors and suppliers in order
to redefine and refine processes. This can only be done if one works with e sapplier again

and again and again. If the same people work in a group, on a number of projects together, they will
eventually get better and continuously improve their team work. A better dialogue and team work
should also be held between different K& of construction workers and firms in order to avoid
situations such as tearing down walls because pipes have not yet been installed.

It is highly recommended that all actors involved in construction projects put extra effort in keeping
track of tools and material. Structure the tool shed, clean up the inventory and sustain a clean and
tidy work place since this will reduce the time bgiapent on walking around searching for things
and initiating unnecessary small talk with colleagues. In addition, the management should consider
paying the extra money for having material put in place for the construction workers so thegtdo
have to tansport and movehe material themselves. The return on this investment would probably
be much greater than the money spent from the beginning since the likelihood of keeping the time
schedule would increase and perhaps a reduction of lead time mighttbevaac.

The proposed Lean Constructidimolis supposed to act as an eye opener and a first step towards
more efficient processes and continuous improvements. It is about getting a medepih
understanding of the processes and interactions betweers¢hprocesses that cause the complexity
and uncertainty that plague the construction industry. Ultimately this could lead to increased
profitability, quality and environmental performance both in terms of emissions and work
environment. In that sense it iIfcommended that construction workers should be informed about
the costly construction site wastes that were earlier described. If the people at the sites start to
realize that a lot of their time is wasted on walking and searching for tools/materialégplies they
might come with suggestions on how to avoid wasting time on these kinds of things. Let the
construction workers take part of the improvement work.

Furthermore, it is recommended that KPIs of some sort are developed in order to facilitate
performance evaluation and to visualize performance affects of changes to the work processes. What
these KPIs should measure is something that the organizations themselves need to find out by

76



examines what is most important for them to improve in terms of customalue. If a construction
company wants to profile themselves as an environmental friendly company they should probably
put in extra effort on KPIs measuring just their environmental impact. Measuring is a key aspect in
lean and continuous improvementta@ting off, these KPIs can be used for internal benchmarking but
eventually they can be used for benchmarking with external organizations too.

When the lean transformation is under way knowledge management becomes increasingly
important. A system to calcand utilize best practice and the good ideas developed at different
construction sites is necessary to continue improvidgetings between different actors from the
whole industry (involving both management and workers) to share experience, ideas anttége

is a great way to make people aware of the existence of waste. It is first when problems are exposed
as the need for countermeasures will come thus improvement can be made. Therefore, what the
authors would like to see in a not too distant future a willingness to change and attempts to
permeate the lean thinking in the whole organization and industry. Start with small steps and it will
suddenly be apparent that with many small steps a long distance can be overcome.

8.3 Future Research

The developedool is not complete; two steps still need to be developed in order to close the loop,
which then needs to be validated as a whole. More research is needed to understand the effects of
the by literature proposed lean construction aspects on the industryifititey need to be adapted

to the Swedish construction industry. There copkthapsbe other parts of lean manufacturing and

the lean philosophy that may be able help the industry develop as well.

A more indepth VSM of the processes at a constructiote as well as in other parts of the
organization could shed even more light on the mechanism behind the inefficient construction
industry. Furthermore, other resource flows but construction workers can be followed, for example
material such as pipes oryvalls.

Further research isalso needed to specify what types of KPIs can be effective to use in the
construction industry as well as how treeKPIs can best be used. This needse pondered upon if

the industry would like to continuously improve andwlop. Without KPIs as guidelines it will be
difficult for a company to head for the right direction and know what to expect of the future.
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9 Conclusion

The industry struggles with inefficient processleaving much to be desirech drder to meet this
challenge the construction industry must become more efficient by using fewer resources. Small
changes in the operational costs by reducing waste, which improves the efficiency, can make
substantially changes in profit.

Previousresearcherdhaveidentified the problems of how the industry works today and pointed to
possible solutions by using the lean philosophy and tools along with solutions that are part of what is
known as lean construction. There has however, been relatively little researctage studies,
research based on quantitative data or research making categorization of the types of waste that
exist in construction.In order to help bridge this caphis thesis' academic contribution is to
categorize waste in construction according dtassifications more adapted to the construction
industry rather than the generic waste categories originally developed from manufactiitiegaew
categorization of waste is called construction wastehere two new categories of waste,

Gt NBLI N 6 ARBE] a4 R o6SNB | RRSR® Ly GKS +{a &aiddzRAS
great deal to norvalue adding work and necessary wasthis new ctegorization helps understand

the main drivers of waste in the construction industry.

In addition, this thesipractical contribution aimed to bdyy posing five research questiorns,design

a Lean Constructiomool by using a lean thinking approach and applying and adapting lean tools to
the construction industry. This Lean Constructitool explains how to iderity and measuravaste
through the use of a value stream mapping tool, interviews and observations. To fully understand the
reason behind the waste, th&ool recommend that Toyota's Practical Proble®olving Procss
and/or an Ishikawa diagram issed to stdy the waste. Furthermore, the Lean Constructibool

aims to guide in what order waste should be reduced by suggesting the use of a Pareto Analysis
and/or looking into appropriate KP¥ghichare useful in measuring the waste as well. By performing
thesejust mentioned activities, estimations of economical and environmental consequences can be
made. This will give the construction companies the possibility to work out countermeasures for the
wastes in the form of an action proposal plan that will lateiraplemented.

By using this Lean Constructidbnola company can gain a better understanding of the kinds of waste
that exist in their construction processes. Furthermore, tib@ can help companies to decide where
change needs to begin by getting toethoot cause of the problem thus facilitating prioritization of
problem and avoiding subptimization. This could lead to improved efficiency of construction
activities resulting in lower operational costs, increased profit margin and reducedoemental
damages.

A part of the Lean Construction Tool is to conduct VSM studies which was done by the authors and
proved tobe a simple and powerful tool to use in the construction industry. These VSMs showed the
inefficiency in the industry where valteedlded work was approximately 44% of the workers time
This has financial implications not only for the each individual projettalso for the industry as a
whole and the entire national economy. If 40% of the work at a construction site is labeled as value
adding this translated to 15% of the projects costs is wasted. It also affects the GDP as well since the
construction industy in countries like Sweden and the UK stand for 10% of the GDP. This would
mean that roughly 2% of the Swedish GDP is waste from the construction industry. Even though all of
that waste cannot be eliminated it shows that there is potential in trying tklg®aconstruction
waste.Increasing the valuadding work from 40% to 45% will save 1.25% on the project cost. It may
not sound like a great deal but monetary terms it is and 1.25% for the entire industry would be a
large improvement.
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The Lean Construon Toolwas validated in a test case and it turned out that the tool worked well.
In the validation case the Lean Construction Tonotled how to perform a situation analysis, finding
underlying reason behind waste, make prioritization afatilitated esimations of potential
consequences of wastereductions This indicates that tools and methods from lean
production/manufacturing can be successfully applied and adopted to the construction industry.

The authors have filled a part of the identified gag there are still parts that neethore research in

order to fully remove the gapMore quantitative data is needed as well as metrics to facilitate
continuous improvements and benchmarking within the industry.
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Appendix B - Case Study Protocol

Interview ¢ Company Lead Interview:
Respondent: Taking Notes:
Position: Date:
Introduction:

- Inform the respondent about what the interviewers are studying
- Objectives with the interview: See Appendix A.3
- Explain how the interview is going to be executed

QUESTIONAIRE

Background Information:
- Whatis your field of expertise?
- What kind of earlier work or academically experiences do you possess?
- Have you carried out any projects in the construction industry?
- Have you any experience on construction sites?

RQ1¢ What type of waste can be identified in construction operations?
- Is it generally difficult to see if an activity is vahgding or not for a project?
- What would valueadding activities look like from a customer perspective?
- What different forms of waste can you agine that exist on a building site?

RQ2¢ How can waste be identified?
- Have you any experience of improvement work?
- What tools and methods can be useful for identifying waste in an organization
- What kind of tools and methods can be appropriate speclfidal the construction
industry?
- How can these tools and methods be standardized and applied within the construction
industry?

RQ3¢ How can the identified waste be measured?
- How have you worked with the measurability of results of previous projects?
- Howwere the metrics chosen and what was the result?
- How is the result visualized?
- What metrics can be appropriate to measure waste?
- What kind of KPIs can be useful for analyzing a construction site?

RQ4¢ How is one to decide in what order to reduce waste?
- Who determines in what order the waste reduction is prioritized?
- How do you detemine what problem to deal withrit?
- Is there a way to determinkow difficult a problem is to solve?
- Do you use a method to assure that local optimization is avoided?

RQ5- What potential effects could a lean approach have on a construction3ite

- What kind of consequences might waste reduction result in?
- Would the benefits of a waste elimination approach overrun the efforts needed?
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Appendix C z Overview Interviews

approachoverrun the efforts needed?

— N ™
dla|a|a|a|o|la]lale
18|85 |5|5|elels
slB8|l8lalala| E|E|E
sle|2|a|la|a|3|elg
ZlE|12|s|5|5(8(23|2
S1818181818151clg
1.1 Is it generally difficult to see if an activity isvalugg X | X | X [ X | X | X [ X | X | X
adding or not in a project?
6‘ 1.2 | What would valueadding activities look like from{ X | X X X X[ X]| X[ X
04 customer perspective?
1.3 | What different forms of waste canyouimagine | X [ X | X | X [ X [ X | X [ X | X
that exist on a building site?
2.1 | Have you any experience of improvementwork? X [ X | X | X X | X | X
2.2 | What tools and methods can be useful for X X[ X] X| X] X| X]| X[ X
identifying waste in an organization?
& | 2.3 | What kind of tools and methods can be X X X X[ X[ X[ X[X
o appropriate specifically for the construction
industry?
2.4 | How can thes¢ools and methods be standardize{ X | X | X | X [ X | X X | X
and applied within the construction industry?
3.1 How have you worked with the measurabilityof | X | X [ X | X X X | X
results of previous projects?
3.2 How were the metrics chosen and what was the X | X X | X[ X
o result?
g 3.3 How is the result visualized? X X1 X | X X
3.4 | What metrics can be appropriate to measure X| X | X[ X| X] X X | X
waste?
3.5 | What kind of KPIs can be useful for analyzinga | X | X | X [ X [ X | X | X | X | X
construction site?
4.1 | Whodetermines in what order the waste X | X | X X X | X
reduction is prioritized?
4.2 | How do you determine what problemtodealwity X | X | X | X | X | X | X | X | X
8, first?
@ | 4.3 | Isthere away to determine on what level to solv] X X | X X
the problem or how deep into the causesdo?
4.4 | Do you use a method to assure that local X X X X[ X] X[ X] X]| X
optimization is avoided?
5.1 | What kind of consequences mightwastereducti¢ X | X | X | X | X | X | X | X | X
3 result in?
X | 5.2 | Would the benefits of a waste elimination X X X X[ X] X[ X] X]| X

[x] = Responded
[o] = Not able to respond
[ 1= Question not asked
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Appendix D z Interviews

In this section drief description of thenine intervieweeswill be given, including information about
their academicallypackgroundand working experience. This is of importamec®rderto increase the
understanding fowhat they have based their answers when answeringhe interview questions.

Appendix D .1 z Interviews Construction Industry Practitioners

Appendix D .1.1 z Interview Construction Practitioner 1
Date of interview2011-03-23

Lead interviewerArleroth, Jens

Taking notesKristensson, Henrik

Description:

The person has worked earlier within the hotel market and tourism but changed field fedt:
studying a two year long K&ducation within "Purchasing" and "Supply Chain". Afteindernship at

one of the largest construction companies in Sweden the person was hired by the same company.
The person is now the logistic manager at one of thmgany's, for the moment, largest projects.

Objectives with the interview:

The overall objective of the interview was to get the Construction Industry Practitioner's perspective
of waste in internal construction operations. The gathered data was latenpared to the data
collected during the theoretical study in order to pin point similarities, differences and if there exist
knowledge gaps in any of the different groups. Furthermore, another objective behind the interview
was to hear how the Construotn Practitioner depicts their own industry in terms of efficiency and
change averse and later compare their perspective with the perspective ofcostruction
practitioners. The collected data from the interview is a part of the whole set of data, wiilichin

the end, answer the five RQs in this master's thesis.
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Appendix D .1.2 z Interview Construction Practitioner 2
Date of interview2011-03-25

Lead interviewerArleroth, Jens

Taking notesKristensson, Henrik

Description:

The person study thregears ata Swedish Universitand has a bachelor degree in Construction
Engineering. The person thesis concerned unnecessary work operations at construction sites. This
person is today employed as a Construction Foreman for a lean construction projee af largest
construction companies in Sweden.

Objectives with the interview:

The overall objective of the interview was to get the Construction Industry Practitioner's perspective
of waste in internal construction operations. The gathered data laéex compared to the data
collected during the theoretical study in order to pin point similarities, differences and if there exist
knowledge gaps in any of the different groups. Furthermore, another objective behind the interview
was to hear how the Cotrsiction Practitioner depicts their own industry in terms of efficiency and
change averse and later compare their perspective with the perspective ofcoostruction
practitioners. The collected data from the interview is a part of the whole set of ddtach will, in

the end, answer the five RQs in this master's thesis.
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Appendix D .1.3 z Interview Construction Practitioner 3
Date of interview2011-03-25

Lead interviewerArleroth, Jens

Taking notesKristensson, Henrik

Description:

The person has laackground as a carpenter but has since 1987 worked as a Site Manager for one of
the largest construction companies in Sweden. With many years experience of the construction field
the person is now involved in his first project where all the construatiorkers have participated in

lean courses.

Objectives with the interview:

The overall objective of the interview was to get the Construction Industry Practitioner's perspective
of waste in internal construction operations. The gathered data was laterpaosd to the data
collected during the theoretical study in order to pin point similarities, differences and if there exist
knowledge gaps in any of the different groups. Furthermore, another objective behind the interview
was to hear how the ConstructidPractitioner depicts their own industry in terms of efficiency and
change averse and later compare their perspective with the perspective ofcoostruction
practitioners. The collected data from the interview is a part of the whole set of data, whichnwil

the end, answer the five RQs in this master's thesis.
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Appendix D .2 z Interviews Lean Experts

Appendix D .2.1 7 Interview Lean Expert 1
Date of interview2011-03-23

Lead interviewerArleroth, Jens

Taking notesKristensson, Henrik

Description:

Is a senior lecturer and researcher the division of Logistics and Transportation, Department of
Technology Management and Economicadwedish UniversityThis person's research is focused

on manufacturing planning and control, materials supply systamd lean production. Much focus

has been on lean since 2001 when cooperation with Japanese researchers started which has resulted
in several visits of the Japanese industry. The person has acted as a coach for different industries
within the field of theperson's expertise.

Objectives with the interview:

The overall objective of the interview was to get the Lean Expert's perspective of waste in internal
construction operations. The gathered data was later compared to the data collected during the
theoretical study in order to pin point similarities, differences and if there exist knowledge gaps in
any of the different groups. Furthermore, another objective behind the interview was to hear how a
person standing outside the construction industry with dhetical and practical experience in lean
depicts and views the construction industry in terms of efficiency and change averseness. This
perspective was later compared with the perspective of other-nonstruction practitioners and
construction practitioers. The collected data from the interview is a part of the whole set of data,
which will, in the end, answer the five RQs in this master's thesis.
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Appendix D .2.2 7 Interview Lean Expert 2
Date of interview2011-04-04 and 201104-08
Lead interviewerKristensson, Henrik
Taking notesArleroth, Jens

Description:

This person is a Swedish entrepreneund researcher in the Build Environment. The research has
been conducted ah Swedisluniversity with a focus on efficiency issues in the construction industry.
The person is today the CEO of a company that is a specialist in business development for community
building and has also been a columnist for the construction industry newsp&yggindustri for

some years.

Objectives with the interview:

The overall objective of the interview was to get the Lean Expert's perspective of waste in internal
construction operations. The gathered data was later compared to the data collected dhéng
theoretical study in order to pin point similarities, differences and if there exist knowledge gaps in
any of the different groups. Furthermore, another objective behind the interview was to hear how a
person standing outside the construction industith theoretical and practical experience in lean
depicts and views the construction industry in terms of efficiency and change averseness. This
perspective was later compared with the perspective of other-nonstruction practitioners and
construction pactitioners. The collected data from the interview is a part of the whole set of data,
which will, in the end, answer the five RQs in this master's thesis.
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Appendix D.2.3 z Interview Lean Expert 3
Date of interview2011-04-21

Lead interviewerKristensson, Henrik
Taking notesKristensson, Henrik

Description:

Lean Expert 3 has a history as portfolio director at a large company in the automotive industry. As of
Hann KS KIFa 0SSy g2NJAy3a 6A0GK Wt NRRdzthé yearg af & T i S
gained a great deal of experience in lean and effective construction and through several visits to
Japan has seen the possibilities of lean construction.

Objectives with the interview:

The overall objective of the interview was to get the L&xpert's perspective of waste in internal
construction operations. The gathered data was later compared to the data collected during the
theoretical study in order to pin point similarities, differences and if there exist knowledge gaps in
any of the diffeent groups. Furthermore, another objective behind the interview was to hear how a
person standing outside the construction industry with theoretical and practical experience in lean
depicts and views the construction industry in terms of efficiency arehgh averseness. This
perspective was later compared with the perspective of other-nonstruction practitioners and
construction practitioners. The collected data from the interview is a part of the whole set of data,
which will, in the end, answer thé&/& RQs in this master's thesis.
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Appendix D .3 z Interviews Construction Academics

Appendix D .3.1 z Interview Construction Academic 1
Date of interview2011-03-24

Lead interviewerKristensson, Henrik

Taking notesArleroth, Jens

Description:

The person is a professor in Building Economicthatdivision of Construction Management at
SwedishUniversity and has current studies within the fields of: waste in building projects, learning
capability in building projects, performance measuremernf a customer perspective, project
leadership and coaching, and measuring poor quality costs in construction companies.

Objectives with the interview:

The overall objective of the interview was to get the Construction Academic's perspective of waste in
internal construction operations. The gathered data was later compared to the data collected during
the theoretical study in order to pin point similarities, differences and if there exist knowledge gaps
in any of the different groups. Furthermore, anothabjective behind the interview was to hear how

a person with more advanced academic credentials depicts and views the construction industry in
terms of efficiency and change averseness. This perspective was later compared with the perspective
of other nm-construction practitioners and construction practitioners. The collected data from the
interview is a part of the whole set of data, which will, in the end, answer the five RQs in this
master's thesis.
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Appendix D .3.2 z Interview Construction Academic 2
Date of interview2011-03-28

Lead interviewerKristensson, Henrik

Taking notesArleroth, Jens

Description:
The interview subject studied a SwedisiUniversity for five years taking a masters degree in Civil
O9YIAYSSNAYyId ¢KS LISNE2YyQa GKSaAira ¢la || OFasS adidz

stage. This person is today as an industry PhD studdheatame Swedisbniversityand employed
08 2yS 2F {6SRSyQa fINBSald O2yaiNHzOiGAz2y O2YLI} yAS

Objectives with the interview:

The overall objective of the interview was to get the Construction Academic's perspective of waste in
internal construction operations. The gathered data was later conp&ehe data collected during

the theoretical study in order to pin point similarities, differences and if there exist knowledge gaps
in any of the different groups. Furthermore, another objective behind the interview was to hear how

a person with more achnced academic credentials depicts and views the construction industry in
terms of efficiency and change averseness. This perspective was later compared with the perspective
of other nonconstruction practitioners and construction practitioners. The abdd data from the
interview is a part of the whole set of data, which will, in the end, answer the five RQs in this
master's thesis.
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Appendix D .3.3 z Interview Construction Academic 3
Date of interview2011-03-30

Lead interviewerArleroth, Jens

Takirg notes:Kristensson, Henrik

Description:

The person igoday a consultant atan analytic and technology company that provides consulting
services for sustainable development in oases & industry, transport & infrastructure and
environment &energy. The person hashastory both in construction and as a PhD student. This
person has a doctorate frona SwedishUniversity. This person worked abne of the largest
construction companies in Swedateveloping alternative logistics solutions for tlgenstruction
industry as well as project development.

Objectives with the interview:

The overall objective of the interview was to get the Construction Academic's perspective of waste in
internal construction operations. The gathered data was later garad to the data collected during

the theoretical study in order to pin point similarities, differences and if there exist knowledge gaps
in any of the different groups. Furthermore, another objective behind the interview was to hear how

a person with mog advanced academic credentials depicts and views the construction industry in
terms of efficiency and change averseness. This perspective was later compared with the perspective
of other nonconstruction practitioners and construction practitioners. Tlodlected data from the
interview is a part of the whole set of data, which will, in the end, answer the five RQs in this
master's thesis.
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Appendix Ez Six Lean Principles
Leanrelated aspects implemented in the pilptoject by Eriksso(2010)

Core Elements Aspects Lean Stages
Waste Reduction Housekeeping Stage 1
Just in Time Deliveriés Stage 1
Joint IT Toofs Stage 3
Prefabricatiof] Stage 3
Process focus Last plannet Stage 8
Self control Stage 8
Milestone$ Stage 1
End customer focus Concurrent engineerirfg Stage 3
Limited bid invitatioA Stages 2+3
Soft parameters in bid Stages 2+3
evaluatiorf
Continuous improvements Longterm contractg Stages 2+3
Performance indicatofs Stage 1
Special interest groufs Stage 8
Training Stage 8
Suggestions from workets Stage3
Cooperative Relationships Broad partnering tearh Stage 2
Collaborative toofs Stage 2
Share gain/paif Stage 1
System perspective Coherent procurement Stage 3
decision8
Largescope contracfs Stage 3

Properly balanced objectives  Stage 3

Notes: *Aspects that were explicitly used to a large extéaspects that were implicitly used to a
large extentaspects that were explicitly used to some extélaispects that were implicitly used to
some extent; andaspects that were not used at alll

G¢KS F2dzNJ FaLISOGa NBEFGSR G2 {G4Fr3S m 6SNB dziAf A
and the gain share/ pain share arrangement were explicit stjig&e whereas housekeeping and just

in-time deliveries were used more implicitly. This finding is in line with the earlier argument that Lean

Stage 1 is the default that is performed in many efficient construction projects, although they do not
involve exficit lean thinking. Also the aspects related to Stage 2 were explicitly utilized to a large

extent in order to establish cooperative relationships among the supply chain actors, which was the
explicit aim of the pilot project. The aspects related to Stageere used to a lower extent, for which

reason there is still a long way to go in orderto obtainfalf SRISR € Sy O2yad NHzOGA 2
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Appendix F - KPI

Appendix F.1 z Construction KPIs

The KPlevelsand their associated indicate are shown in the tableelow (Department of the
Environment, Transport and the Regions, 200®edefinitions forthe different levels argiven in
sectionAppendix C.2.
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