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LEAN AND BIM BASED WASTE MANAGEMENT

ABSTRACT

In recent years, increasing competitiveness in construction sector leads stakeholders
to focus on customer-oriented and competitive-based projecting, construction and
operation. Lean Production Principles and Building Information Modelling (BIM)
are two different methods that are used for developing different phases of projects in
order to achieve customer expectations.

Lean Philosophy is a kind of value engineering tool that eliminates all product wastes
to maximize customer expectations. These systematic thinking approach emerge in
Auto Industry and become an inspiration source for other sectors including
Construction Industry. After successfully implementation in manufacturing industry,
lean concepts have become a domination issue in construction fields for many years.
All stakeholders have aimed reducing waste and increasing productivity to provide
client’s requirements of construction. According to Lean Philosophy, every
unnecessary and irrelevant activities in project is a kind of waste and all these over
operations should be eliminated from the production flow process.

Building Information Modelling is an innovative tool as a three dimentional

modeling tool in construction industry but recent years, cost, time, sustainability and
facility arguments have been integrated with this tool for providing well-coordinated
project model that could be used for design, feasibility, scheduling, bidding, building
analyzing, construction and facility management phases. BIM concept aims
improving workflow visulation of project step by step and stakeholders could be able
to specify project’s clash detections, mistakes and wastes before the execution phase.
Therefore, BIM and Lean Construction Methods aim at the same goal in terms of
being well-coordinated and well-collaborated projects which result in customer
satisfaction.

This study aims to analyze the integration of Lean Construction Methods with BIM
by identifying and classifying wastes in construction industry in relation to Lean
Production Waste Types. Interviewshave been conducted with 5 construction firms
in order to clarify the construction waste types and their frequency of occurrence
inTurkish Construction Industry. The data obtained are analyzed and interpreted to
develop solutions to reduce wastes in Turkish Construction Industry by suggesting
the use of Lean Construction methods and BIM.






YALIN VE BIM TABANLI iSRAF YONETIMIi

OZET

Son yillarda, insaat sektoriindeki artan rekabetcilik, paydaslarin miisteri odakl
rekabete dayanan projelendirme, insaat ve isletme siire¢lerine yonelmelerine sebep
olmaktadir. Insaat endiistrisine yon veren bu durum, miisteri beklentilerini
maksimize edecek farkli yoneyim araglarinin kullanilmasina yonelik ¢aligmalara hiz
kazandirmistir. Yalin Uretim Prensipleri ve Yap: Bilgi Modellemesi (BIM) bu
araglardan ikisidir.

Yalin Felsefe, gerekli olan tiim istaflar1 ortadan kaldiran bir ¢esit deger miihendisligi
metodudur. Bu sistematik diisiinme yaklasimi Otomotiv Endiistrisinde ortaya ¢ikmis
olmasina ragmen Insaat Sektorii de dahil olmak iizere diger endiistriler igin de ilham
kaynagi olmustur. Imalat sanayinde basarili olan uygulamalardan sonra, Yalin
Uretim Prensipleri insaat alanlarinda dahakim bir konu haline gelmistir. Hem miisteri
beklentisini karsilamak hem de liretim verimliliginin arttirmak i¢in proje , ingaat ve
isletme siirecindeki atiklarin bertaraf edilmesi ya da minimum seviyede tutulmasi
hedeflenmistir. Yalin Prensibikapsaminda, miisteri istekleri ve beklentileri haricinde
olusan, ayrica zaman ve maddi kayba olanak taniyan her etkinlik bir tiir atiktir ve
tiretim siireci sonunda ortaya ¢ikan iirlin sadece miisterinin son iiriin tanimina ve
beklentisine cevap verdigi l¢iide basarilidir.

Yap1 Bilgi Modellemesi (BIM), insaat endiistrisinin tasarim, projelendirme, fizibilite,
planlama, ihale dokiimanlar {iretimi, bina enerji analizleri, ingaat ve tesis yonetimi
gibi asamalarindakullanilabilecek yenilik¢i yazilimlar biitiiniidiir. BIM, biitiin iiretim
asamalarmin hepsini asama asama acia c¢ikaran, hepsine miidahale edebilmeyi
saglayarak diger paydaslar ile koordineli akis1 miimkiin kilan ve proje siireclerindeki
tiim hatalarin fark edilerek diizeltilmesine imkan veren bir yontem olarak son yillarda
insaar sektoriinde 6nemini arttirmistir.

Bu ¢alismanin ilk asamasinda, baslica liretim teorileri ve bu teorilerin israf tiirleri ile
deger iiretimi tanimlarma yer verilmistir. Ayrica, benzer tarihi ve kiiltiirel 6zelliklere
sahip gelismekte olan 3 iilke icin yapilan Yalin insaat Methodlar1 konulu ¢alismalar
incelenip agiklanmistir.

Ikinci asamada, Yalm Uretim Prensiplerinin ortaya c¢ikis siirecine, prensiplerin
aciklamalarina ve insaat sektoriindeki yansimasi olan Yalin Insaat konseptine yer
verilmistir.

Uciincii  asamada, Tiirkiye Insaat Endiistrisindeki meydana gelen kayiplarin
sebeplerinin tespit edilebilmesi i¢in sektordeki 2 mimari ofis ve 3 insaat yapim
sirketi olmak iizere 5 firmanin proje sorumlulari ile ylizylize yapilan goriismelere yer
verilmistir. Yalin liretim prensiplerinde Taiichi Ohno tarafindan belirlenen baglica 7
israf kayna@i dikkate alinarak yapilan goriismelerde Tiirk Insaat Sektdriinde
karsilasilan israflar analiz edilmistir.



Calismanin dordiincli asamasinda, Tiirk ingaat sektoriinde tespit edilen kayiplarin
azaltilmas1 ve giderilmesi i¢in basvurulmas: gereken Yalin insaat Metodlar1 ve Yapi
Bilgi Modellemesi kavramlarinin arasindaki kavramsal etkilesimler, ortaya
cikabilecek pozitif fonksiyonlar ele alinmistir ve gelistirilen proje yonetim sisteminin
gerekliligi agiklanmistir.

Bu calisma, Tiirk insaat sektoriindeki firmalar ile yapilan goriismeler sonucunda
belirlenen ve Yalin Uretim Prensiplerine gére smiflandirilan israflari minimum
seviyeye diisiirmeyi saglayacak Yalin Yapim Yontemlerinin gerekliligini ve BIM ile
entegrasyonunu analiz etmeyi amaglamaktadir. Yalin insaat Metodlar1 ve BIM
entegrasyonu sayesinde, Tiirk Insaat Sektoriindeki atiklarmn azaltilmasi igin
kullanilacakproje yonetim modeli Onerilmistir.



1. INTRODUCTION

1.1 Background

The construction industry possesses several hurdles such as tight schedule,
inadequate skilled manpower, inadequate budget, and other leftover main capacities,

which seem to be the basis for unsuccessful execution of the project.

Over the past years, several development have been introduced to improve the
efficiency of project phases by decreasing wastage in AEC. The one major concept
spread rapidly in AEC is Lean Construction Principles that are based on Japanese
automobile industry company’s lean manufacturing principles and that company is
Toyota (Womack, et al., 1990). The another major development is the use of
computer based design tools that evolved the information technology in the form of
CAD systems to design projects and this technology is known as Building
Informatiom Modelling (BIM) (Eastman, et al., 2011).

Womack et al. (2007) define the basic idea of lean production that is eliminating all
kinds of waste for realizing client’s expectations with a better way. Koskela (1992)
pointed out waste as "any inefficiency that results in the use of equipment, materials,
manpower or capital in larger quantities than those considered as necessary in the
production of a building". Taiichi Ohno (1988) who was a Japanese industrial
engineer and founder of Toyota Production System identifies 7 basic type of waste in

production. Seven basic types of waste are classified as follows:

1. defects that must be corrected (Correction Waste) ,
overproduction (producing more or doing more than is needed),
inventory,

unnecessary processing steps, (Over processing Waste)

transportation of materials with no purpose,

A

motion of employees with no purpose,



7. waiting by employees for process equipment to finish its work or for an
upstream activity to complete, (Waiting Waste).

After first applications of Lean Principles in construction industry, Last Planner

System was develop to test lean approaches and to prove waste reducing of

implementations.

Construction movement to Lean Principles started in 1993 and professionals
established a research group that International Group for Lean Construction (IGLC)
that gave a start for practicing, educating, and researching on lean construction to
solve the wastages in construction industries. IGLC played a pozitive role for the

renewal of constrcution phases (International Group for Lean Construction, 2008).

In 1997, The Lean Construction Institute (LCI) was founded in the USA to achieve
knowledge project management in the design, engineering, and construction of
capital facilities by maximizing the value engineering while the waste is reduced.

Until 2000, conventional lean construction method seperated designers and
constructors as an individual actor. This seperation caused disagreements between
key stakeholders of the project. Incompetent designing and documentation, time and
cost overruns and frequent recurrences of rework (poor quality) occurred in the
project. Ballard (2000) formulated the Lean Project Delivery System to prevent
conflicts between project actors and fix wastages as much as possible for

maximizing value of project components.

Although the AEC industry suggests several techniques for minimizing the waste,
ensuring on schedule delivery of the project and limiting the price range. The
construction industry is viewing success up to a certain extent through the BIM and
the Lean Construction techniques, even though generally the industry is challenged
by various problems. Implementing Lean tools in the industry is the suggestion given

by few researchers such as Koskela and Sacks(Sacks et al. 2010).

The emergence of BIM concept became in the 1970s as a solution for
incompetences and conflicts in the AEC industry. The coherence in the other
industries was role model the advent of BIM concept. Graphisoft's ArchiCAD was
the pioneer software that is the first recorded practical implementation of the BIM in

1987. This software begun an innovative of trend that was followed by other

10



software companies like Autodesk, Bentley systems etc. In 1992, Van Nederveen
was the first author to term the virtual building concept as Building Information
Modeling (BIM) and the term has been embraced by the AEC Industry ever since. In
the mid-2000s, the peakin the implementation of this technique was at its peak

(Azhar, et al., 2012).

BIM contains 3D intelligent and parametric construction objects that could be
modified according to the client’s requirement to avoid wastes, BIM represent an
enclusive model which is not only used for design project, but also used for
construction and facility management.As the detail level of the model increase, the
coherence of project actors is getting more to provide a clear understanding of the

project.

The BIM is a project system software which also serves the purpose of data
management software that plans and organizes the final product to achieve a
complete hierarchy to form the project through connecting small conceivable and
manageable chunks. It can be said that the BIM has open doors to production and
management of a parametric version of constructing. However, the AEC is not as

technologically advanced as other comparative industries.

Implementing of Lean Principles serve for the same purpose with BIM that finds best
solution to fit well what is required by client. These principles which are formulated
by Toyota that created the Toyota Production System (TPS), aim to decrease
wastages, reach clients’ expected value and guide to permanent and

sustainabledevelopment in the assignments in projects (Sacks, et al, 2010).

As Sacks (2010) says that, there are ten substantial synergies between the Lean
Construction and Building Information Modelling (BIM) from the design phase to
the execution and facility management phases of the project.Sacks (2010) suggests
three main interaction between lean concept and BIM in design phase of project
provides Lean Construction Principles. The first of these is that different project team
actors can edit and modify to different design alternatives to create satisfaied project
model which shows the functionality of BIM in the rapid generation of design
alternatives and from lean principles it shows how the design of the production

system and flow of value is made (Eastman, et al., 2008).

11



The second interaction of the Sacks (2010) study is about collaboration and
communication between project stakeholders to work in parallel with the same model
which means that the workload is shared according to the expertise of different
teams. Thus, it is possible to have a high quality since each piece, for example, while
structural and architectural designs can be carried out with reference to one another,

they ensure that the two plans fit together and therefore do not just design aesthetics.

The third interaction is that BIM provides visualization of the project and the
projection flow, the construction of the construction site, and simulation to identify
the potential resource conflicts and clashes in the day to day production. With Lean
Construction having an objective to create flow of the tasks, this is complimented by
that while using BIM, resources can be allocated in a way that is planned for a flow

to keep going without resources being over or under used (Sacks, 2010).

1.2 Aim of The Study

The aim of this studyis to lead to the research question; what effectiveness of waste
causes are in Turkish construction industry and how a Lean Principles and Building
Information Modelling (BIM) based project management approach can be used to
increase efficiency of project processes from desing phase to facility phase of a

Project.

1.3 Research Methodology

The research methods to achieve the main aim of the research are as follows:

1. Literature search on Construction Waste Management.

2. Literature search on Lean Production Principles

3. Interview with construction firms in order to define main waste causes in
Turkish Construction Industry.

4. Integration of Lean Principles and BIM to see how they can be used to
increase efficiency in construction waste.

5. Proposal of a Lean & BIM based waste management approach for

construction industry.

12



2. WASTE MANAGEMENT METHODS IN CONSTRUCTION

2.1 Value And Waste Definitions In Construction Industry

The construction industry is becoming technologically advanced but it is still based
on human power, facing lots of restrictions such as weather, design changes,
procurement, construction methods etc., furthermore the uncertainty regarding the
uniqueness of the Project. Risks are developed with uncertainty, thus affecting the
application of the Project, thus building a chain reaction which may further reduce

the efficiency of construction by converting into wastes, which are categorized into
related process, technology and policy limitations. Figure 2.1 shows waste time in
construction industry. According to Construction Industry Institute (2004),
occurancy of wastes related with process limitations and optimal use of resources

have been affected due to the method followed or order of work.

43% 57% 579% Productive Time

Waste Time

Figure 2.1 : Waste Time In Construction Industry (Constrcution Industry
Institute, 2004).

The used input and gained output are balanced by the flow order of work activities
and the flow is stopped or continued to manage and control the process. Production
flow can be sustainable under commercial conditions in a capitalist system that
means produced value and waste in work flow equal price and unneeded costs. Value

is a desired output but waste refers to used resources more than needed.

Value means profitable, functional and helpful gains to answer project needs.
According to Koskela (2000), value is the fulfillment of customer expectations. On
the other hand, Womack and Jones (2003) describe waste that has no value for

project profits. In 2000, Koskela argues that ” A product with a wonderful value may
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be produced in a most wasteful process. On the other hand, a product with a clearly

deficient value may be produced in a most waste-free process.”

2.2 Waste Perspectives For Theories Of Production

In construction and production industry, there are four main Production Theories that
has become effective for these industries for years. Main production theories are;

1. Transformation Production Theory,

2. Flow Production Theory,

3. Value Production Theory,

4. Lean Production Theory.

Each production theory has different waste definitions that are explained below.

2.2.1 Waste equals material loss in Transformation Production Theory

Koskela (2000) states that the transformation process is a linear process and it is
deducible with an analysis of production in larger units, whereas operation process
can be deducible with the analysis of production in small units. Therefore, the
processes and operations are considered a linear operation lying on the same axis;
improvements in the total process will be achieved when the small unit operation
improves. Transformation is the use of resources to alter the state of something input
to produce the outputs needed. The production process is referred to this
transformation from one set of resources to a second set (Koskela, 2000). The
transformation process can be disintegrated into subprocesses that are also
transformation processes; the cost of the total process can be reduced by decreasing
the cost of each sub-process. Building systems for industrialized construction can be
explained as the collected understanding and information on how to comprehend a

construction project;therefore it can be standardized as
Input — Production — Output.

In the Transformation Production Theory, raw material transformation means
productions and use of machinery, energy and labor are products, so that waste is
defined as used production resources more than needed in production flow. In
transformation production theory, there are three types of waste; material waste, non-

optimal use of material and non-optimal use of machinery, energy or labor.
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Consumed material is not included in the final product determines material waste in
production. Optimal use of resources bases on current level of knowledge and
technology in industry, necessary use of products will be considered as waste at a

later point.

2.2.2 Waste equals time loss in Flow Production Theory

Koskela (2000) explains that flow plays a role in eliminating the waste from flow
processes by reducing lead time and minimizing variability, Koskela (2000) refers to
waste types of Taiichi Ohno (1988) who identified the following seven wastes

regarding material flow as listed below:

1. Waiting waste or delay: The time during which the system remained
inactive is waiting waste, which happens if a preceding task wasn’t
delivered on time or completed entirely. The cycle time is increased by

waiting as no value added activity is performed.

2. Motion waste: No value is added to the product or service and time is
consumed when steps are taken in excess by people to accommodate a
process layout that didn’t perform efficiently due to  defects,

reprocessing, overproduction or excess inventory.

3. Over processing waste: During operations, the unnecessary steps
performed that added no value to the product or service. When coming
across defects, overproduction or excess inventory, over-processing

might arise.

4. Over production waste: Excess production, before time manufacturing
and if the task is completed prior to its need can be the root cause to
this. As a result, the product is in excess, production has been done

early and costs of carrying excess inventory are found.

5. Transformation waste: This is the movement of products or materials
that is not required, that aren’t involved in immediate production. The
movement during which no value-added activity is being performed and

the material can easily be damaged should be minimized .
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6. Inventory waste: This refers to excess materials being supplied, other
than what is needed to build the current phase of the project. The money
will be tied up this way and the inventory will keep on increasing which

may require extra handling and space.

7. Correction waste: This refers to Products, materials or services that are
not what is required or are not in accordance to specification.
Corrections and defects refers to work done incorrectly initially that

needs to be fixed, sorted, remade or re-done, or scrapped due to defects.

2.2.3 Waste equals value loss in Value Production Theory

The focus of the value generation concept is dependent on the relation between
customer demands and the supplier value production. The benefit that a customer
acquires from a product or service in comparison with its cost is the customer value.
A customer’s perception of value is dependent on quality of the product, service
quality, price, and image. In a supplier—customer relationship, the dimensions of the
supplier's value creation could be classified according to efficiency, effectiveness and
network functions. These are interconnected functions, but conceptually they are

different.

The process of value creation could be explained as a spectrum ranging from core
value, to added value, to future value (Moller and Pekka, 2003). The output that
fulfils the requirements, wishes and needs of the customer is more important than the
transformation of the product itself. Koskela et al. (2010) identfy 4 main reason of

value loss;

1. Lack of quality (incl. defective product)
2. Lack of intended use Related to by-products
3. Harmful emissions

4. Injuries and work related sickness.
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Table 2.1 represents waste classification of Transformation, Flow and Value

Production Theories.

Table 2.1: Taxonomy of the wastes of production in construction (Koskela, et al.

2014)

Transformation  Flow Value
Production Materials, machinery, Time Value
Resource energy and labour
Type of Waste Material loss Time loss Value loss
Waste 1. Material waste In the work flow Main product

2. Non-optimal use of 1. Unnecessary movement 1. Lack of quality

material (of people) 2. Lack of intended

3. Non-optimal use of 2. Unnecessary work use By-product

machinery, energy or 3. Inefficient work 3. Harmful

labour 4. Waiting emissions 4.

In the product flow Injuries and work

5. Space not being worked in related sickness
6. Materials not being

processed

7. Unnecessary transportation

(of material)

2.2.4 Waste equals material, time and value loss in Lean Production Theory

Taiichi Ohno (1988) is defined waste as any activity that does not add value to the
customer expected product or that the customer is not willing to pay for. According
to Ohno, waste occurs in every process and in organisation and no matter how
effective or efficient a process may be, some level of waste is always present. The
waste issue was the main hindrance in the way of worker productivity. The larger
production led to faults in the cars which were handed over to receivers by the
American engineers, whereas, Toyota worked on achieving non-waste (Baines et al.,
2006). Other aspect is that failures occur as the consequences of halting a production
line. The test proved to be beneficial for the company. For instance, decentralization
of decision making was found beneficial. Other point proved was that labored people
had a better understanding of the targets of production and decisions made by them
are also imperative to stimulate the production. Additionally, this would give

empowerment to the workers (Baines et al., 2006). Figure 2.2 shows Ohno’s waste
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definition as an diagram by seperating activities as value-adding or non-value adding

activities.

Value-Adding
Customer needs activity » Necessary
Non-value
Adding
Activity (NVA) .| Unnecessary

(Waste)

Figure 2.2 : Value Adding Activities (VAA) and Non-Value Adding
Activities (NVA) (Alazmi et al., 2013)

Ohno (1988) categorized wastes in seven forms that exist in production process that
should be continual and perfect for lean production (Ohno, 1988). Table 2.2 explains

seven waste categories and their meanings in lean production.

Table 2.2: Taiichi Ohno’ s waste classification and definitions (Ohno, 1988)

Waste Categories Definition

Transportation Moving products that do not need to be moved

Inventory Work and finished work not being processed

Motion Equipment or people moving more than necessary

Waiting Time lost in between steps in production

Over-Processing Poor use of tools and in the production of the goods that the

customers do not need

Overproduction Production moves ahead of demand

Defects Extra effort involved in fixing problems

2.3 Construction Waste Analysis of Developing Countries

United Arab Emirates, Saudi Arabia and Turkey are the developing countries that
have growing economies with construction based strategies and their historical
backround, similar culture and demographic structure present comperative conditions

to analyse each construction wastes.
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2.3.1 Construction waste analysis of Abu Dhabi ( United Arab Emirates)

Research analysis of Raid (2012) exposed 27 waste causes in Abu Dhabi
construction industry. As shown in Figure 2.3, late work delivery and long approval
have the highest occurrence frequency in construction wastes. Raid states that the top
10 wastes range from work interruptions to late work delivery and represent 46.5%

of construction wastes.
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Figure 2.3 : Analysis Of Waste Causes at Abu Dhabi Construction
Industry (Raid, 2012)

In research, identified 27 waste causes were categorized into the typical 7 waste
categories of lean production (defects/errors/correction, delay, over-production, over-
processing, excessive inventory, excessive conveyance, and excessive motions).

Figure 2.4 shows the categories of identified construction wastes.
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Correction Over- Delay Inventory | Conveyance | Over- Motion
processing production

Repair Long Approval | Late Work Damaged Transport Idle Labor

Work Process Delivery Material Time periods Moves

Equipment Clarification Activity Start | Excess Material Excessive

Breakdown MNeeds Delays Materials Handling Space

Work Excessive Work Pilferage

Defects Safety Interruptions

Rewark/ Excessive Ineffective

Re-run Training Time | WWork

Design Excessive

Errors Supervision

Execution Excessive use

Errors of Equipment

Retest Overqualified

Work Resources

Uncompleted

Work

Figure 2.4 : Types of Construction Waste in Abu Dhabi Construction
Industry (Raid, 2012)

After categorization of waste types, occurrence frequency of each 7 waste types
represented as shown in Figure 2.5. As seen from Figure 2.5, correction of errors and
defects is on the top of waste categories followed by over-processing and delay. The
three represent 72.5% of all construction wastes. This percentage represents the
cumulative relative frequencies of the first 3 waste categories. This clarifies the
status of current wastes in AD construction industry and provides guidance of the

improvement process.
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Figure 2.5 : Analysis of Waste Types at Abu Dhabi Construction
Industry (Raid, 2012)
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2.3.2 Construction waste analysis of Saudi Arabia

In the Saudi Arabia, as shown in Figure 2.6, “Waiting” waste has the highest mean
value of 3.58 and is ranked first (Sarhan et al., 2017). The second ranked waste type

is “Making do” with a mean value of 3.43. The lowest mean value score is for “over

production”with an overall mean of 2.96.

Types of Waste | Overall| 5.D. Small and Lamge ANOVA
Mean Medium companies
companies p-value

Waiting 1568 1.14 3.49 3.56 0.076
Making do J43 19 2 344 2 3.45 . 0.670
Corrections J.38 1.13 4 3.30 4 3.37 3 0.0%6
Iransportation 338 1.09 & 3.42 3 3.34 b 0.852
Motion 328 116 5 3.23 5 3.35 4 0.661
Over 325 114 6 3.4 b 3.21 & 0.002*
processing

Inventory 3.04 1.15 7 3.23 b 288 7 0.046
Dver 296 117 B .14 6 2.76 H 0.027*
Production

Note: 1= Strongly Disagroe to 5= Strongly Agree

Figure 2.6 : Analysis of Waste Types at Saudi Arabia Construction
Industry (Sarhan et al., 2017)

According to research of Sarhan et al. (2017) research, the P-values of “Over
processing” and “Over production” (calculated probability) are 0.002 and 0.027.
Smaller companies has much more risk than large companies because of their limited

resources.

2.3.3 Construction waste analysis of Turkey

In many construction industries around the world, wastes are the most critical project
delivery problems that cause exceeding budget and schedule delay

with the waste of resources.

Polat and Ballard (2004) analyzed waste in Turkish Construction Industry to prove

necessity of lean construction tecniques and they got reference waste causes
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classification of Bossink and Brouwers (1996) to define wastage in construction

industry. Bossink and Brouwers (1996) sorted the main waste causes in 6 sources as;

1) Design 2) Procurement 3) Materials Handling 4) Operation 5) Residual 6) Other.

Polat and Ballard (2004) designed a survey for data collection to identfy the material
and time waste causes in Turkish Constrcution Industry by asking closed questions
for predictable answers and open-ended questions in order not to limit or guide the
thinking of the repondents. Table 2.3 shows the distribution of material waste causes
according to answer frequency of the practitioners and Table 2.4 presents

respondents’ answers to identfy main time waste causes .

Table 2.3: Main Causes of Material Waste, Polat and Ballard(2004).

Source Cause of Material Waste Frequency(%)
Lack of information about types and sizes of materials on design 13
documents
Design changes and revisions 12

Design Error in information about types and sizes of materials on 10
design documents
Determination of types and dimensions of materials 3
without considering waste
Ordering of materials that do not fulfill project 36
requirements defined on design documents

Procurement Overordering or underordering due to mistakes in quantity 3
surveys
Overordering or underordering due to lack of coordination 4
between warehouse and construction crew
Material Damage of materials due to deficient stockpiling and 16
Handling handling of materials
Imperfect planning of construction 61
Operation Workers' mistakes 32
Damage caused by subsequent trades 3
Residual Conversion waste from cutting uneconomical shapes 22
Lack of on site materials control 23
Other
Lack of waste management plans 10

Table 2.4: Main Causes of Delay, Polat and Ballard(2004).

Source Cause of Time Waste Frequenc(%)
Interaction between various specialists 19
Rework due to design changes and revisions 13
Lack of information about types and sizes of materials 10
Design on design documents
Error in information about types and sizes of materials 6
on design document
Contradictions in design documents 3
Delay in approval of drawings 3
Procurement  Delay in material supply 72
Receiving materials that do not fulfill project 53
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requirements defined on design documents, and waiting for

replacement
Delay m transportation and/or installation of equipment 6
Scarcity of crews 29
Unrealistic master schedule 23
Rework due to workers' mistakes 16
Scarcity of equipment 13
Operation Waiting for design documents and drawings 9
Lack of coordination among crews 8
Choice of wrong construction method 5
Accidents due to lack of safety 4
Irregular cash flow 39
Severe weather conditions 35
Other Bureaucracy and red tape 6
Unpredictable local conditions 6
Acts of God 5

Polat and Ballard (2004) findings display main material and time waste roots in
Turkey. This reseach results in proving the obligation to use Lean Principles but,
construction industry turns into software based project coordination and

collaboration on a worldwide scale.

Waste management is the key factor of the project management for implementation
of lean principles. The kind of waste that should be identified to apply Lean Project
Delivery System (LPDS) that helps creating good communication skills and
cooperation between stakeholders for succussful completion of construction with
minimal wastage and maximized value.Production or prevention of new wastes
depends on determination of main waste causes for every unique construction

industry.
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3. LEAN PRINCIPLES AND THEORIES IN CONSTRUCTION

3.1 What Is Lean Philosophy?

Before Engineer Taiichi Ohno from Toyota Company invented the new concept of
lean philosophy, a different system was followed. The Ford and General Motors
were two American companies that were considered as the leaders by employing the
most advance car manufacturing system. Many American industries followed the
mechanization plan of Henry Ford. While on a site visit, Ohno and Japanese
engineers realized that the companies were just accustomed to the system by Ford
Company. According to Ohno, "the waste of over production" was carried out by the
American engineers. The vital point of production for the company should be
efficiency. Due to unhandled pressure in the production line, defects were likely to
arise. Additional pressure is then given to each unit of production thus resulting in
over production. On the contrary, Ohno in each part, concentrated mainly on the
waste (Baines et al., 2006). Ohno was of the opinion that by focusing on the whole
production line, higher productivity can be achieved and the production would be
more efficient (Baines et al., 2006). Subsequently, the Japanese engineers decided to
employ the technique of production followed by Ford Company. The basic purpose
was to have an onsite experience to be transferred. Toyota considered the worker

productivity to be the basic subject.

Toyota concluded that minimum waste should be in the production line. Likewise,
the process was also inspected by Ohno to gather maximum advantages. Taichi Ohno

identified seven forms of waste that exist in a process:
1. Waiting Time — time spent waiting between activities,
2. Transport — movement between activities,

3. Component design — effectiveness of the tool in meeting its intended
purpose,

4. Inventory — number of items of work at each activity step,
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5. Over Production — any effort or output that exceeds the customer

expectation,
6. Motion — movement within each activity,
7. Defective goods — outputs that do not meet the customer expectation.

The continuous identification and removal of waste are at the centre of continual

development and operational perfection (Ohno, 1988).

Primary advantage here was that the time period to conclude the design process has
been minimized. This was the result of the research and minimizing the time loss due

to competition in the industry.

Secondary advantage was that design and production groups should work in
collaboration as the process for production is better understood by the design team.
Various conditions may have an effect on the lean production, but the basic policies
and principles would remain strong and unchanged (Baines et al., 2006). Main

principles of lean production are;

1. The products with good ratings by the customers should be used for Lean

production.

2. During the production process, all the steps should be included and the order

of the steps should not be altered.

3. Manufacturing should follow the best available technique in the production
line with confidentiality, decision making should be decentralized and all the

departments must have complete information.
4. Representation to the customers should be made.

It is seen that the design and production have been given new intellect through lean
production. As Baines et al (2006) say that lean production delivers various
potentials for mass production and supplies with diversity in methods during the

production level, design level and supply chain.

Since the last 30 years, the auto industry has been following the lean trend which is
also the basis for fast growth pace of the construction productivity. Lean technique
has been very effective for the auto industry. A survey conducted in 2016 by OICA

(the International Organization of Motor Vehicle Manufacturers), revealed that since
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2009, global car (74% automobiles) production has been growing. According to
statistics, in 2016, the number of cars increased to 74 million. The car production

stands on 15th position in the production activity.
During the last century the auto industry utilized three production types:

1. Craft production: Before industrialization, craft production system was widely
used in Europe. Handmade products were represented by Craft production. The

products developed were aimed at being incomparable and competent.

2. Mass production: In the 20th century, Ford and General Motors built units for
"mass production", which was a new production system. Mass production is to
manufacture the same items on a larger scale following certain mechanization and

standardization.

3. Lean production: Taiichi Ohno and his coworker Toyoda from Toyota Motor
Company in Japan came up with the notion of "lean production" in the post-Second
World War reconstruction period. The main focus of the production method is that
wastes get eliminated and workers are strengthened. The auto industry has risen
above the level due to the application of Lean production, which brought

improvisation in other industries as well.

3.2 Production Transitions and Lean for Production in Auto Industry

3.2.1 Craft production in auto industry

In 1885, The Velozipede was developed, the first four wheeled petrol engine. Benz
and Daimler, for the first time, created the automobile this year. Subsequently, auto
producers proposed to create several automobile masterpieces. However, an
automobile needs to be manufactured through appropriate process and organization.
It was vital that the pieces be standardized. A limited numbers of automobiles were
manufactured due to experienced craftsmen who were capable of mechanical design
and production and fine work. Hardly few hundred cars were built (Womack et al.,

2007).
Womack et al (2007) say that craft production comprises of the following features:

1. Craftsmen should be well-skilled in design and mechanic, machine operation

and fitting,
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2. Collection of material for automobile construction, all the parts are bought from

various shops,

3. Communication amongst owner, customers, workers and suppliers should be

decent,
4. Long time period for manufacture of goods was required,

5. The prices of the products were high.

3.2.2 Mass production in auto industry

Henry Ford, in 1908, produced the T Model design. T model was a simple smooth
and inexpensive way to manufacture cars in big magnitude which are affordable as
well. The task cycle, with complete fitting process, on average took 514
minutes. Few parts were left after the major part of the process was accomplished by
the fitters. The first step was to gather the pieces, and then followed by placing the
pieces accordingly and finally fitting them. The workers from Ford strived hard and
found the parts that could be substituted. The task cycle was now reduced to 2.3
minutes (Womack & Jones, 2003). Time was further reduced to 1.9 minutes in 1913.
Finally, massive productivity was achieved. During the 20s, each year 2 million cars
were produced by Henry Ford. This was a massive volume of cars being produced.
Ford automobiles then expanded itself. The cars were now supplied to 36 towns in
USA and 19 countries. By setting the rules of mass production, it dominated the
industry. Two main accomplishments were achieved, first by manufacturing an

affordable car and then the transitioning from craft production to mass production.

The low prices from the model laid the foundation of the virtuous cycle of the US-
American design of mass production. The continuity of the cycle can be achieved

with the following critical factors:
1. The process follows the basic principles of mass production,

2. The work should be divided in such a way that each worker requires

performing fewer tasks,

3. .The experts such as industrial engineers hold the sole responsibility for

process improvement and process innovation,
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4. Hire-and-fire strategy is followed by the human resource management and

on-the-job training is conducted for acquiring the required skills,

5. “Distrust and antagonism” is found in labor while the management holds

tightly the "right to manage".

3.2.3 Lean production in auto industry

People from Toyota visited Ford Company and General Motors (GM). Their aim was
to examine the USA assembly lines and employ their rules. Consequently, few

vehicles were manufactured by Toyota Company to compete in the market. (Liker,

2004)

The leaders from Toyota ,after getting disappointing result in small truck
manufacturing and struggling to keep up with the market, went for a visit to Ford and
General Motors to better understand the USA assembly lines and pledged to
implement the Henry Ford’s book Today and Tomorrow (Liker, 2004). Following
the World War II, Japan was in a state of devastation in the 50s, the automobile
industry along with other industries was ruined, and the suppliers and consumers
were left without finances. Eiji Toyoda and his managers (also among them was
Taiichi Ohno), made a three months trip to USA to tour the auto industry, planning to
learn the manufacturing process. They were astonished to know that no changes
were made since the 30s in the production system. Many faults and flaws were
obvious in the system, especially the fact that the system remained overcrowded with
equipment, inventory, and stored materials making it difficult for the workers to
perform efficiently. Toyoda and Ohnoalso identified that the system was crippled
due to uneven flow, overproduction, and tiny defects which are critical were found in
production batches. Once back home, Ohno was dedicated towards changing the
rules of the production and employed the fundamentals of a one-piece flow system.
Toyoda, Ohno and their team worked for decades on the shop floor to finally build
the Toyota Production System (TPS). Other name for this system is “Lean
Production”. Lean production brought a new revolution in the industry and during
the last two decades, almost all industries are striving to follow the philosophy and

methods of Toyota’s manufacturing and supply chain (Liker, 2004).

Lean production technique has given them the winning edge as they now are the

biggest automaker in the world by dominating sales and market shares in almost all
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markets around the world. Even after its factories were damaged from an earthquake
and reputation was badly ripped, it soon regained its title of being the top automaker
in the world. Other manufacturing industries are inquisitive of the lean thinking
following continuous accomplishments by the company. Figure 3.1 indicate waste
time percentage in manufacturing industry which implement lean production

principles successfully (Constrcution Industry Institute, 2004).

Productive Time

88% 12% 12% Waste Time

Figure 3.1 : Waste Time In Manufacturing Industry (Construction
Industry Institute, 2004).

3.3 Lean Principles and Tools: 14 Principles Of Toyota Way

Fujio Cho, President of Toyota Motor Company, wrote about the key to success of
Toyota in the book ‘The Toyota Way’ as Toyota stands out not because of any of the
individual elements but rather working as a system is more important keeping all the
elements intact (Liker, 2004). As Liker (2004) says that his practice must be carried
out every day consistently. In order to progress in work, the Toyota Way is a system
designed particularly to provide tools for 20 individuals. They are not just mere
techniques for improvement and efficiency but rather it’s a way to reduce inventory,
and identify hidden problems, as well as, fix them with the help of workers. The 14
principles that constitute the Toyota Way are as follows (Liker, 2004):

1. Management decisions should be based on long-term goals even if
small financial goals are not fulfilled: All the functions in the
company should be evaluated taking into consideration its capability
to generate value for the customers, employees, the company, society,

and the economy.
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2. Bring forward the issues through a continuous process flow: The
material and information should rapidly be moved through a
continuous flow, and link processes and people together for the
problems to be visible immediately. A true, continuous improvement
process and developing people can be brought about with the help of

flow.

3. Overproduction can be avoided using “Pull” systems: During the
production process, the customer should be delivered their
requirements, at the right time, and in the right amount. Large
inventory should not be stocked; small amounts of stock should be
stored of those products that your customers really demand, this is the

basic principle of Just-in-time.

4. Workload should be divided: A continuous flow can really be created
by having constant workload, to eradicate unevenness in the
production schedule, and by abandoning putting extra burden on
people and equipment. The workload of the manufacturing and
service processes should be equally divided, in place of the stop/start
approach of working on projects in batches that is very commonly

practiced in companies.

5. Fix the problems concurrently to achieve the right thing in the first go:
To get right quality in the first attempt, it is imperative that the
company philosophy be determined by halting or slowing down
production in need. Eventually this will enhance the productivity of
the company. Machines that have intelligence of human and are able

to detect problems form the basis for creating quality.

6. Continuous improvement and employee empowerment can be
achieved through standardized tasks: By gathering the information of
the process ,the best practice can be standardized. Improvements
should be made to the standard practice, incorporating it into the new

standard in order to bring improvements continuously.

7. Visual control should be used so that all problems are visible: Simple

visual systems supporting the flow and pull phenomenon should be
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10.

11.

12.

13.

14.

designed. This way a person can instantly determine if any deviation

is found or the standard is being followed.

Thoroughly tested and reliable technology should be used that fulfils
the demands of your people and processes: Technologies that conflict
with culture or that might disrupt stability, reliability, and
predictability should be rejected or modified. A practical test should

be carried out before employing a new technology.

Leaders should be made who understand the work well, live the
philosophy, and teach it to others: Organization should create leaders
from within who know the work inside out. They should be a role

model and follow company’s philosophy and business attributes.

Exceptional people and teams who follow company’s philosophy
should be formed: Individuals should be explained ways to work
together in teams to attain exceptional results, all the way following

the company values and beliefs.

Give respect to your partners and suppliers by challenging them and
assisting them to progress: Your success is related to the success of
your suppliers and partners, so support them to reach higher and better

quality, and eventually achieve success.

Thoroughly understand the situation by going and looking for
yourself: To understand the complete situation, high level managers
and executives should practice going and inspecting things for

themselves rather than laying ears on what others’reports portray.

Decision making must be slow through consensus after considering all
options and the implementation of decisions should be quick: First
investigate the issue and all the potential solutions with those who are
affected and collect all the data and the ideas to give opinion to form a

final decision.

Through relentless reflections and continuous improvement, make it a
learning experience: Principles that are right for your organization

should be instilled and in order to achieve high performance, that
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continues to add value to your customers, they should be standardized

and practiced.

Fourteen principles of Toyota represented by a structure of a pyramid. The pyramid
is based on the long term philosophy principle (principle 1), i.e. no quick fix or short
term financial gains. the continuous process flow to eliminate waste, establish pull
system, level workload, fix problems, and standardize tasks, visual control, and
reliable technology (principles 2 through 8) are laid on the second level. People;
grow leaders, exceptional people, and respect suppliers & partners (principles 9 to
11) are included in the third level of the pyramid. Leadership is at the top of the
pyramid: go see for yourself, decision making, and learning organization (principles
12 to 14). These principles are built upon each other, and to complete the pyramid
1.e. “4 P Model”, Philosophy, Process, People, and Problem Solving should be
accomplished. Many companies emphasize on the process or tool level while

adopting lean construction, thus the long-term success with lean cannot be achieved.

Womack and Jones (2003) introduces five principles of lean thinking which depends
on ideas to add value in any manufacturing company or service while minimizing
waste all the way. Womack and Jones (2003) schematize Lean Thinking Principles

as shown in Figure 3.2.

Perfection Vel
Stream
Lean
Thinking

Figure 3.2 : The Five Lean Principles(Womack and Jones, 2003).
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. Value:The crucial point that lays foundation of the lean thinking is a
value which is identified by the customers according to their

requirements; thus the basis of this principle is on identifying value.

. Value stream:This is the step that is mostly ignored by the companies,
but nonetheless it has produced a large amount of waste (Liker, 2004).
To achieve a specific product, the following three critical management

tasks are required:

e Problem Solving Task: moving from concept through detail

design to production launch.

e Information Management Task: moving from order taking

through detailed scheduling till delivery.

e Physical Transformation Task: moving from raw materials to a

ready product in the customers’ hand.

. Flow:Flow comes after the value stream for a specific product has been
stated completely and then mapped by the lean enterprise, and waste
causing steps are removed. Flow is the movement of the product through
one value by adding steps to the next value and keeping the product in

one constant piece flow.

. Pull:The capability of designing, scheduling and creating according to
the desires of the customers, at the scheduled time by allowing the
customers pull the required product from the manufacturer instead of

pushing unwanted products (inventory).

. Perfection:The last principle of lean thinking is constant improvement
until perfection is achieved. In this process the efforts, time, space, cost,
and mistakes are reduced and a product that the customer specifically
desires, is offered. Transparency, where every aspect of the system can
be visible to everyone, is a vital element in perfection. The five lean
principles follow the foundation and philosophy of Lean Production as
they emphasize on requirements of the customer by adding value, value
stream of production to minimize waste and maximize value, keeping the

production as one piece flow to reach perfection.
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3.4 Lean Project Delivery System

The lean principle is not just limited to auto industry, instead it has been vastly
adopted by other industries worldwide. Successful deployment of lean means
strategic and operational benefits such as improvement in manufacturing

performance, increased customer responsiveness, and financial gains.

In the high-tech industry, the probability to have had a Lean initiative in place for
more than five years is 81% more when compared to others. Lean Manufacturing
(LM) is considered to be an improved version of mass production. The
improvements in LM are getting the product manufactured accurately in the first
attempt, making improvement efforts continuously, pursuing quality in products and
processes, flexible production, and waste minimizing. It is an effective tool by which
the manufacturer achieves the main goal i.e. profit (Motwani, 2003). The
construction industry along with any other can also employ lean thinking. The costs
and program cycle times was reduced by 50% when Lockheed Martin Missile and
Space Corporation employed lean practices into all their satellite production
programs. When TRW Automotive Electronics Group employed lean production,
labor working days were reduced by 81%, time to move raw materials was
minimized by 61%, production inventory was increased by 28%, and capital
expenditure decreased by 70% (Motwani, 2003). Lean principles and its applications
have been adopted by several world class companies such as Boeing (largest global
aerospace business), Tesco (third largest global retailer), and the U.K. Red Meat
Industry at their corporate level (Simons and Zokaei, 2005).

A research was conducted by the Syme Department of Management of Monash
University in collaboration with Smorgon ARC Group in Australia to explore the
prospects of Australian manufacturing companies that implemented “lean
production”. Sohal and Egglestone (1994) researched with fifty-one companies that
were in: metal processing industry (20 %), food, beverage and tobacco industries (29
%), chemical industries (12%), automotive and transportation industries (10%) and
building products industries (10%). The conclusion acquired from the study indicated
that 74% of the companies that implemented lean gained a strategic advantage with
the improvement curtailing from positioning in the competitive market, better

customer relationships, and waste elimination and improved quality constraints.
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The advantages of implementing a lean production system are increased company
flexibility to fulfill the requirements of customer, the lowering of lead times, better
sense of changes in the market, higher level of production, focus on performance,
improved bonding with supplier and changing the management style from reactive

to proactive (Sohal andEgglestone1994).

3.5 Main Production Problems In Construction Industry

Construction productivity is not as proficient as that of manufacturing, and the
quality of construction is not up to the standards and safety conditions are quite grim

(Teicholz, 2004). Few construction problems faced currently are:

eCost overruns:Alternatively known as cost increase or budget overrun. It arises
when the actual cost at the time of budgeting was underestimated, and consequently
an unexpected cost is included in addition to the budgeted amount. Nine out of ten
construction projects were found to have underestimated costs. Overruns usually
ranged from 50% to 100%. All of the 20 countries and five continents covered in the
study had cost underestimation; moreover the previously available data indicates that

cost underestimation has not improved in the last 70 years (Flyvbjerg et al., 2002).

eSchedule delay: The factors causing the project delay are lack of coordination
amongst engineers, lack of communication among the owner and architect, and

postponed payment to general contractor and others.

ePoor quality: The reason given by the owners are quality of work, rework and
management techniques used in the project which produced unwanted and poor

results.

eDisputes and litigations: The cause of most issues during the projects are disputes
among owners and main contractors or among the main-contractor and sub-

contractors regarding claim, variation order, quality and delay of schedule.

eLow productivity: The Bureau of Labor Statistics recorded that the productivity of
construction worker has declined by 25%, whereas other industries productivity
increased up to 250 % since 1964. It was indicated in another investigation of
construction industry productivity that the efficiency of average construction worker

is about 40%. The main cause for lost productivity is due to the delays caused while
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waiting for equipment and supplies, inefficient company processes, work rules, and

overcrowded work areas.

ePoor safety: The sites of construction have always been hazardous. Heavy
equipment and machinery are present at all the sites and if the safety precautions are

inadequate, there may be accidents.

There are various problem solving methods in construction industry, such as
Building Information Modelling (BIM) that prefabrication, modularization and
computer integrated solutions were provided. In the construction industry,
prefabrication and modularization are the processes that are several centuries old, but
introduction of Building Information Modeling (BIM) and the impact of new
technology have improved the project productivity because of better design and
construction processes (Bernstein and Deamer, 2011). In terms of minimizing
fragmentation, not much improvement was recorded, although the solutions were
presented (Koskela, 2000). Koskela (2000) emphasized on the importance of

theoretical foundation whose absence is a barrier to construction progress.

3.6 Theories of Production in Construction Industry

Construction Movement to Lean in 1993, a network of professionals and researchers
in architecture, engineering, and construction (AEC) formed the International Group
for Lean Construction (IGLC) that initiated practicing, educating, and researching on
lean construction to solve the issues. The group emphasized on theory which wasn’t
a common practice. They believed that as explicit theory of construction was not
practiced, it is the major holdup for the progress in the AEC field. They also believed
that the explanation of the theoretical foundation of construction, along with
principles and methods originating from the new foundation, would play a positive
role for the renewal of the AEC industry. The IGLC aims at building a new Lean
Construction methodology and alongside it, conducting annual conferences around

the world to discuss the concerns that surround the construction industry.

The Lean Construction Institute (LCI) was formed in the USA in1997 for the
research and to gain knowledge regarding project based production management in
the design, engineering, and construction of capital facilities by maximizing the

value delivered to the customer while the waste is decreased (Ballard and Howell,

36



2003).The definition of Lean construction given by LCI is production management
based project delivery system that is based on delivering reliable and rapid customer
value while not believing in the common concept that there is always a relation

between time, cost and quality (Ballard and Howell, 2003).

Three major concepts of production (Transformation, Flow and Value generation)
have never been used simultaneously in the 20th century; as a result, several issues

were not addressed in other models (Koskela and Bertelsen, 2002).

3.6.1 Transformation-Flow-Value theory of production

Koskela and Bertelsen(2002) explained after studying the three theories of
production that separate use of the three production concepts have been carried out
and a balanced combination have not been followed, thus a good production theory
wasn’t achieved. Koskela created the Transformation-Flow-Value Theory of
Production “TFV” by integrating the three concepts. The main focus of the TFV
theory of production is on modeling, designing, controlling and improving
production in all the three probable views (Koskela, 2000). Although work is being
done on finding a solution but the construction problems remained intact. The

solution for the construction problems can be found in the TFV theory of production.

The project management methods are usually not employed in an effective way. The
TFV theory of production was intelligently developed for providing a better
understanding of the construction industry and the probable solutions for
improvement and also forming a new paradigm for major changes in performance.
New tools and methods are needed in the construction industry to understand the
need for employing the TFV production concept. Communicating the theory is
important; the parties involved in the construction industry should share the
experiences of the success factors, along with other issues. The main principles of
TFV explained are conceptualization productions, main principles, methods and
practice, practical contributions, and practical application and how each principle
looks at the three different views. For instance, in practical the Transformation view
focuses on the traditional work breakdown structure (WBS), while the Flow view
focuses on continuous improvement and “pull” production, and Value view focuses

on quality function developments (Koskela, 2000).
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3.6.2 Integrated project delivery system (IPD)

Integrated Project Delivery system is an enterprising process that is especially
designed to utilize all participants’ experiences and talents involved in the project to
maximize productivity. This is achieved by amalgamating people, business
structures, systems and practices into an efficient free flowing process. The involved
parties, stakeholders and owners by and large, demand the same project outcome as
high quality for lowest possible cost and a timely completion of the project. Figure
3.3 shows Integrated Project Delivery System in which owner, engineers, architects,
supliers and contractors are all co-operate and they have an equal responsibility for
the success of the project, where the contractual aggrement is based on common

goals and shared profit from project savings (AIA 2007).

Engineer

Figure >°

[ N I O =

d Project Delivery System Organized Around A System, AIA 2007).

IPD aims at creating a qualified team from the inception of the project by providing
guidelines, creating a trusting working environment amongst the involved parties like
owners, architects, engineers, general contractor, main subcontractors, suppliers and

fabricators. It provides a transparent working system which leads to efficient
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decision making and makes use of state of the art technologies to achieve ascertained

project success.

IPD system administers lean principles throughout the process of construction from
planning to designing and constructing and helps the involved parties to achieve an
increased quality and low cost value, minimize waste and optimize efficiency. It can
help the owners solve many problems and hurdles in the construction process by

carefully choosing a project delivery system.

Integrated Project Delivery system was developed recently in the lean construction
movement, as a result of addressing the faults and disjunctions of the conventional
project delivery processes, such as Design-Bid-Build and Design-Build (Kenig, et al.
2010). Application of Integrated Project Delivery is seen to optimize productivity in
construction projects especially healthcare as it employs lean principles of
construction. By focusing on these principles, Integrated Project Delivery involves
knowledge and expertise of all the team members predominantly throughout the

project, increasing the value they impart with the assistance of latest technologies.

3.6.3 Lean construction concept

Lean construction focuses on an environment friendly construction process by
managing production until the time of delivery. It has altered the construction
process for the better by extending through the basic principle of lean production
system- maximum value and minimum waste- by employing specific techniques and

technologies in a new project delivery process.

Selfish attitudes of some stakeholders for their own highlighted performance, affects
the team negatively and weakens the project execution process on the whole. Lean
construction concepts eliminate the requirement of individual performance and
devise a process that flows best with team effort. It partners alliances with trade
contractors with lean thinking, making the application of this concept possible. The
specialty trade and supply contractors working on the field of the project come
together with effective communication, collaboration and eagerness to expand and

carry out the project with the least possible friction.

Lean construction concepts raise an efficient team by development of these
attributes. The lean concept aims at planning management and control and results in

a reliable workflow. This is achieved by (Aziz and Hafez, 2013) :
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Planning: To devise a project specific formula for successful outcomes and planning

strategies for attaining certain milestones along the way.

Control: Creating events along the course of construction to ensure that everything
goes according to plan and improving and learning as they go onwards. It prepares
the team for fluctuations in supply and engages production planning to make the

transfer of responsibilities more predictable.
The lean construction process targets the following:
e Create a friendly environment for the team with responsive communication.
e Rectification of hurdles that appear in the advancement of the project.
e Optimization of performance reliability.
e Safeguarding the field team from accidents and injuries.

e Checking the durability as the project advances, leading to negligible rework

and Request For Information questions.
e Reduce the need for punch lists.

e Substantial success is achieved in the project by creating accountability to
understand the progress. Lean construction goals are the key to maximizing

project productivity.

3.6.3.1 Lean project delivery system for construction (LPDS)

Conventional project delivery systems view designers and constructors as separate
entities and reserve individual roles to them. This causes conflicts among the key
stakeholders of the project. It has shown to affect the project negatively with
incompetent designing and documentation, time and cost overruns and frequent

recurrences of rework (poor quality).

Ballard, in 2000 designed the Lean Project Delivery System to tame these
adversities. The LPDS model views designers and constructors as a system and
entails them to collaboratively work for the delivery of project on lean principles for

maximum value and minimum wastage.

The central idea of the LPDS and the analytical criteria are adopted from the “Five

Big Ideas” concept which was introduced by Forbes and Ahmed in 2010. These key

40



concepts revolve around a free flowing system and communication between

consequent stages of the LPDS model.

To modernize the conventional project delivery model, the LPDS emphasizes on the
imperative fusion of this model and “Last Planner System” (LPS). Last Planner
System works around the project work packages which the production team provides
and micromanages it over a short term. It is comprised of three vital planning
techniques which are master pull schedule, the look ahead schedule and weekly work

plan.

The value-add mechanisms of the LPS, which are detrimental in the flow of work
packages, along with the worth that “ Five Big Ideas” (lean principles) impart to the
LPDS will be evident in the planning techniques through the fusions in progress and

how they hold an integral significance in the planning.

3.6.3.2 Application of lean principles delivery system model in construction

industry

Ballard (2000) defined LPDS to ensure timely delivery and to generate maximum
value, LPDS model employs lean principles in various phases. Figure 3.4 explain
Ballard’s model that addresses five key phases in project development system. These

phases are: project definition, lean design, lean supply, lean assembly, lean use.

The ambition of this system is to optimize communication and alliances at all phases
of the delivery system. This helps create neutral grounds for the parties involved
creating improved relationships and a cooperative environment and effective delivery

of construction projects with minimal wastage and maximized value.

Project definition : Similar to conventional project delivery systems, the project
definition phase in LPDS behaves like a typical establishment phase. The LPDS
cornerstones the consumers end by prioritizing the demands that the consumer
expects from the project designers. It is an all-inclusive stage which stresses upon the
underlying requirements and values of the project by early design management and
extensive surveys and analysis. It is innovative with the extent of focus it has on the
scope of the project. Scope helps us understand the services that the project will

impart based on the consumer's requirements. This discernment lays groundwork for
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the fundamental project services. This phase is composed of the following(Forbes

and Ahmed, 2010) :
e An in-depth comprehension of the services and values of the project.
e The guidelines for establishing a key design.

e (Generating a prototype.

Design Product Fabrication L Alteration
—  Purposes Lo " i Comissioning Dectmtsioni
Concept Design Logistics ecomissioning
Design Process Detailed . Operation
. . W Installation ;
Criteria Design Engineering Maintanence
Project Definition = Lean Design Lean Supply Lean Assembly Lean Use
Production Control
Work Structuring
Learning Loop %

Figure 3.4 : Lean Project Delivery System (Ballard, 2000).

Early realization of scope and thorough analysis of the design in the definition phase
helps eliminate any future discourses caused by delayed scope shifting and strife
amongst contractors. It creates a smooth system which passes the jobs efficiently
amongst the project team. This makes the process of definition a vital part in the

timely success of the project.

Lean design : LPDS is an all-inclusive system which involves the contractors,
suppliers, architects and engineers in an interactive relationship at the
commencement stage. This helps eradicate any negativity that is otherwise expected.
In the conventional systems, the designing phase is one dimensional in which the
architect drafts a design and the engineer executes the parameters (i.e. structural

components). This gives rise to communication gaps in corresponding procedures.
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Architects may disregard the constructors’ risks in their designs. This gives rise to a
dissonance in the designing for the product with no harmony to the process. This
results in friction as the project progresses and naturally creates delays in the delivery
of each milestone. LPDS particularly acknowledges this communication barrier. It
instead represents these characteristics as interlocking triangles which eradicates the
communication gap creating a rational model. This way, the purpose is not only
problem solving, but to avoid it altogether by creating harmonious decision making
strategy.

Lean supply : Lean supply phase addresses the relation between supply and its
effect on the execution of the model design. Using the LPDS system, a
comprehensive analysis of the product and process is carried out which helps in
determining the supply of material and the manner in which it affects the project
advancement. It entails an interactive relationship with the suppliers and includes
them in the project earlier on so that the inclination of the supplier is towards the
project. In other case, the supplier's disregard the master schedule and how it affects
the project and delivery times. More often than not, the storage facilities of the
material are not up to the mark, which is key reason of wastage and pilferage. LPDS
brings into effect three main solutions to these problems: improving workflow
reliability, creating a transparent system using web based management software
across the value streams and relating production workflow with material supply
(Forbes and Ahmed, 2010).

Lean assembly : Lean assembly is the part of lads where all the theoretical
measurements are applied practically. This is the phase which overcomes the most
turbulent circumstances in the establishment of the rigorous designing, planning and
scheduling which is carried out in an extensive period. The lean principles applied in
this phase are dominant in the execution of prefabrication Construction Techniques.
The assembly phase involves the principles of LPDS through logistics to fabricators
and through physical installation and commissioning. Therefore, this phase has the
most resilient work schedules and production control for a coherent assembly

system.

The ‘last Planner System' is a major asset at this point in production. One can hugely
benefit from it for assuming flow and control over the project affairs. The planner

helps in creating strict control on performance and material supply which gives a
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resilient control on the performance for timely delivery and makes way for
improvements in the commissioning phase. Keeping customer satisfaction in mind
during the commissioning phase assures of the quality and deadlines. This helps in
creating a positive ambience till the completion of the project and makes timely

deliveries possible (Forbes and Ahmed, 2010).

Lean Use : The building is tested for its effective provision of services it is meant to
yield to the customer. To check whether or not the building satisfies the customer’s
briefing, the Post Occupation Evaluations (POE) are carried out. POEs provide a
scoring method for various aspects, providing an assessable data which gives an
overview of the structure’s quality. This data can be used to address the problem sites
and enhance environment quality. These steps are termed as ‘learning loops' which
play an important role in understanding the execution of the project construction and
decision making. This helps us understand whether the client is satisfied with the
results and helps us evaluate the extent of success of the project (Forbes and Ahmed,

2010).

The “Last Planner System” bridges the communication to workflow in a “lean
project delivery system”. It serves the LPDS through all the 5 stages of the LPS. The
conventional delivery systems are less practical as they focus on intervals and
urgency of tasks rather than viewing the hindrances that may occur in carrying them
out. This untimely realization of hurdles results in delays and reworks. Ballard
(2000) redefined this concept and involved the subsidiary parties (e.g. foremen,
subcontractor etc.) in a manner that allows them to make decisions regarding
execution of the project. This enables them to stay around materials and resources
which they consider best and suitable for the execution of the project. With the help
of LPS the decision making body is the one performing the task (Forbes and Ahmed,
2010).

In a nutshell, LPS functions on a ground of collaboration, teamwork, communication,
empowerment and ownership which creates modern standards for scheduling

(Mossman, 2009).To make the LPS successful, the following tools are engaged:

The Master Pull schedule: a list of agendas which are to be achieved as per a time

table. It holds future plans and ensures that the project is going according to the plan.
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The look ahead schedule: it can be considered a subdivision of Master full schedule
as it divides the task across a span of 6-8 weeks. It is vital to assigning tasks and

prioritizing the workflow.

The work plan: which is further divided into Weekly Work Plan (WWP) and Daily
Work Plans (DWP). These are short term work plans which are to be executed over

the period of a week or a day.

These schedules play a vital role in each project’s requirements and it is not a ‘one
size fits all’. All the involved parties should be allowed their due participation in the

sequencing of the schedules.

3.7 Summary of Lean Construction

Lean construction modeling has emerged from the hindrances of conventional
modeling concepts. It is a set of state-of-the-art managing systems and sequencing
tools and techniques which are foundation for the metamorphosis of the commonly
practiced modeling techniques. “Lean project Delivery system” along with the “last
Planer System” provides basic groundwork for the application of lean construction
models in the construction industry. The “Five Big Ideas” concept which are lean
thinking principles; value, value stream, flow, pull and perfection definitions (Forbes
and Ahmed, 2010) provide anchorage to the principles for the practical application of
LPDS and LPS and opens new corridors for innovative techniques. As a result of
implementing lean principles in manufacturing industry, waste time rate decrease
12% in production process according to the report of Construction Industry Institute
(2004) but, waste time rate in construction process without implementing lean

principles is stated as 57% for construction industry in the same report.

Lean thinking principles identify value of customer expectations to product needed
or wanted production to avoid wastes; feasibility and applicability of tasks to detail
production stream; maps of production steps to keep the product in one constant
piece flow;capability of designing, scheduling and creating according to the desires
of the customers at scheduled time; the efforts, time, space, cost and mistakes to
reduce them for producing the customer’s specifially desired product. However,
construction productivity is not as sufficient as that of manufacturing, and quality of

construction is not up to the standards. Construction industry still face to few
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problems that are exceeded by manufacturing industry, such as cost overruns,
schedule delay, poor quality, disputes and litigations, low productivity and poor

safety.

Lean construction concept focuses on maximum value and minimum waste by
extending through the basic five principles of lean production system until the
delivery time of project. The lean constrcution consept aims at management plan,

control and results in a reliable workflow to eliminate waste of project resources.
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4. MAIN WASTE TYPES IN TURKISH CONSTRUCTION INDUSTRY

For identifying main waste types in Turkish Construction Industry, interviews were
organized with 5 construction companies in order to analyze the waste causes in
Turkish Construction Industry, interviews are carried out in relation with the main
waste causes discussed in second chapter. During the interviews, Questions given in
Appendix A are asked to the respondents. Further, identified waste causes provided
by the respondents are classified and matched in accordence with Taiichi Ohno’s
seven waste classification to provide compatible results with lean construction

principles.

4.1 Interviews for Identification of Main Waste Types in Turkish Construction

Industry

Within the scope of Lean Construction Techniques, waste resources that cause delay
and material loss in the construction industry are covered under 7 headings as
transformation waste, inventory waste, motion waste, over-processing waste, over-

production waste and correction waste.

Depending on their experiences, the waste causes are asked to Respondents (1 = Not
Effective, 2 = Unstable, 3 = Slightly Effective, 4 = Effective, 5 = Absolutely
Effective) to determine the effectiveness of the waste causes. Tables 4.1 shows the
profiles of the respondents and the classification of companies associated with their

responses.

st company (1C) works with a multidisciplinary team in international projects and it
is well-experienced in mix-used projects. 2nd company (2C) is an national contractor
and well-experinced for mass-housing and residential construction projects. 3rd
company (3C) is an international consultant firm for superstructures. 4th company
(4C) 1s a large architectural firm and it works as consultant and construction

supervisor. Sth company is a small subcontractor firm in national residential projects.
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Table 4.1: Information Of Respondents

Roles Company Type Experience Knowledge For Knowledge
Year Lean Construction For BIM

Site Manager International 8 X v
Contractor (1C)

Site Architect National 6 x v
Contractor (2C)

Project Manager International 12 X X
Contractor (3C)

Consultant Architect International 10 v v
Consultant (4C)

Site Engineer National 3 v X

Contractor (5C)

According to the views of participants, Figure 4.1 shows the effectiveness of the
waste causes of Turkish construction industry in seven distinct waste causes
according to lean principles.The correction waste causesare the most effective one
with 3.57 over 5, while the transformation waste causes is 3,02. The second effective
waste cause is waiting waste with 3.55 while motion waste is 3,49. Over-production
and over-processing wastes are with 3,45 and 3,40 scores. Overall it is clear that
inventory and transformation waste causes are the slightly effective ones with 3,20
and 3,02 amount in 5 for Turkish construction industry. It is seen that transformation

and inventory waste causes have the least effect in Turkish Construction Industry.

Rating Waste Types In Turkish Construction Industry - Ohno
Classification
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Figure 4.1 : Waste Types Distribution In Turkish Construction Industry
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4.2 Analysis of Construction Waste Causes In Turkey

4.2.1 Transformation waste causes

Transformation waste causes have the lowest effect among construction wastes in
Turkey. As shown in Table 4.2, inefficient planning and programming of the project
and repetition of work due to design changes and revisions have great efficiency with
4,4 and 4,0 among all other transformation waste causes. These two causes can be

reduced by using lean principles and alternative ways.

Table 4.2: Transformation Waste Causes In Turkish Construction Industry

Transformation Waste In Turkish Constrcution Industry

No Waste Causes IC 2C 3C 4C sc Average
Value
1 Inefficient planning and programming of the project 5 4 5 4 4 44
2 Repetition of work due to design changes and revisions 3 5 5 2 5 4
3 Losses in loading / unloading / stacking operations 2 4 4 3 3 3,2
4 Not having workforce for required work 1 4 3 3 4 3
5 Damage of materials during moving in site 2 3 3 3 3 2,8
6 Damage of material during transportion to the worksite 2 3 3 3 3 2.8
7 Unnecessary displacement of material on site 2 4 3 3 2 2.8
8 Reaching concrete from far away to the construction site 1 4 4 2 2 2,6
9 Unnecessary length of way to material source 1 4 3 2 2 2.4
10 Transportation due to insufficient transportation system 1 4 2 1 3 2,2

4.2.2 Inventory waste causes

Inventory srategies causes remarkable waste in construction fields all around the
world, as well as in the Turkish construction industry. Results of the interviews
illustrates that inventory waste reasons are slightly effectivecompared to others.
AsTable 4.3 shows lack of experience of teams, material requirement program not
being performed properly and material stock made without paying attention to the
work schedule are the waste causes that should be taken in to consideration with lean

construction.
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Table 4.3: Inventory Waste Causes In Turkish Construction Industry

Inventory Waste In Turkish Construction Industry

No Waste Causes IC 2C 3C 4Cc s5C Averase
Value
Lack of experience of teams 3 4 5 3 4 3.8
2 Material requirement program not being performed 4 4 5 2 3 3,6
properly
3 Material stock made without paying attention to the 3 4 5 2 4 3,6
work schedule
4  Insufficient level of supervision 3 3 5 3 3 3.4
5 Insufficient space for storage of materials 3 4 5 2 3 3,4
6 Delay in delivery of materials 3 4 4 2 3 32
7  Excessive material intake and storage 2 4 4 2 4 3,2
8 Finding poor quality materials that will not be used in 3 4 3 2 4 32
production
9  Excess inventory because of making the production 4 3 3 2 3 3
inappropriately for the schedule
10 Lack of weekly project evaluation meetings 3 4 3 2 2 2.8
11 No material in operation site 1 4 3 3 3 2,8
12 Possession of materials not approved by the 2 4 2 2 2 2.4

administration

4.2.3 Motion waste causes

Unnecessary work actions create time and cost wastes for stakeholders and this kind
of wastes has the amount of effectiveness with 3,49 (Figure 4.1). As seen in Table
4.4,eleven motion waste causes are asked to the construction or project managers.
Only spent time on employee needs among them has a value less than 3.0 that means
its position is unstable for constrcution industry, on the other hand, other ten causes
have serious negative effects on waste management of construction industry in
Turkey. Waste causes of inadequate and faulty project coordination has the highest
score when compared to others. Unrealistic work plan, frequent revisions in drawings
or designand incorrect selection of construction methodare the other causes of
motion wastes that have an average value of 4 over 5. Precautions shoul be taken for

them.
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Table 4.4: Motion Waste Causes In Turkish Construction Industry

Motion Waste In Turkish Constrcution Industry

No Waste Causes IC 2C 3C 4C s5c Averase
Value
1 Inadequate and faulty project coordination 4 5 5 3 4 42
2 Frequent revisions in drawings or design 3 5 5 4 3 4
3 Incorrect selection of construction method 2 5 5 4 4 4
4 Unrealistic work plan 4 5 5 3 3 4
5 Lack of communication between site teams 3 5 4 2 3 3,4
6 Lost time due to subcontractor (labor transport, 3 5 5 2 2 34
material handling, etc.)
7  Loss of time for employees to access equipment 2 4 3 3 4 3,2
8 Loss of time for employees to reach the workplace 3 4 3 3 3 3,2
Time lost for transportation in site 2 4 4 2 4 32
10 Notools and equipment for required work 2 5 4 2 2 3
11 Spent time on employee needs (dining hall, WC, 2 5 2 2 3 2.8

smoking, etc.)

4.2.4 Waiting waste causes

Delay in construction are generally reason of waiting time for actions. Waiting for
work conditions is the most effective reason of wastes with 3,55 amount of
effectiveness on construction waste after correction waste types. These waste types
are directly related with project schedule and managers’ work plans and all kind of
stakeholders could be responsible for waiting wastes that are the unavoidable for
every construction industry because every ordinary or extraordinary changes in work
influence the project’s implementation plans. Table 4.5 includes twenty-seven causes
of waiting for the evaluation of how waiting causes effects construction in Turkey.
There are four waste causes with 4 over 5 and these causes covers all project
stakeholders. Disputes that cause client/consultants to stop work, construction faults
made by site teams, frequent revisions in drawings or design and construction
difficulty due to design are four main waste causes that are planned by
client/consultants, subcontractors, project offices and contractors. Twenty-four
waiting causes have an average value of more than 3. That means their effectiveness
is serious and proves lack of communcation and coordination between stakeholders

in Turkish construction industry.
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Table 4.5: Waiting Waste Causes In Turkish Construction Industry

Waiting Waste In Turkish Constrcution Industry

No Waste Causes IC 2C¢ 3C 4C sc Average
Value
1  Construction difficulty due to design 4 5 5 3 3 4
2 Construction faults made by site teams 4 5 4 2 5 4
3 Disputes that cause client / consultants to stop work 4 5 5 3 3 4
4 Frequent revisions in drawings or design 3 5 5 4 3 4
5 Delay of material supply 3 5 4 3 4 3,8
6 Insufficient level of supervision 4 5 5 2 3 3,8
7 Irregular cash flow 2 5 5 3 4 3,8
8 Lack of craftmen quality 3 5 5 2 4 3,8
9 Lack of experience of teams 3 5 4 2 5 3,8
10 Lack of money incentive 2 5 5 3 4 3,8
11 The slow progress of the decision-making process 2 5 5 %) 4 3,8
12 No periodic meetings between management, 4 5 5 3 2 3,8
contractors and site staff
13 Unrealistic work plan 3 5 5 3 3 3,8
14 Inadequate and faulty project coordination 3 5 5 2 3 3,6
15 Inadequate instructions provided by the supervisor 3 4 4 4 3 3,6
16 Slow progress of the maintenance process in case of 3 4 5 3 3 3,6
failure
17 Waiting for replacing materials that do not meet the 2 5 5 3 3 3,6
project requirements specified in the design files
18 Communication problem between teams and 3 5 4 2 3 34
supervisor
19 Delay in equipment transportation or installation 2 5 3 3 4 3.4
20 Lack of communication between site teams 3 5 4 3 2 3.4
21 Process slowdown due to differences in drawings 2 5 3 4 3 3,4
22 Weather conditions that prevent work 5 4 3 3 2 34
23 Bureaucratic procedures 2 5 4 3 2 3,2
24  Absence of teams 2 5 3 1 4 3
25 Ignore craftmen's suggestions / ideas 2 5 2 2 3 2.8
26 Job accidents that prevent work 2 4 3 2 2 2,6
27 Job walkout 1 4 2 3 3 2,6

4.2.5 Over-processing waste causes

Over-processing waste occurs where inappropriate construction techniques and

equipments are used. Also, worked with too tight quality tolerances, and inessential

construction operations required by the customer. Causes of over-processing waste

has average effectiveness of 3,40. These causes happen as a result of experience

weakness of construction stakeholders as seen in Table 4.6.
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Table 4.6: Over-production Waste Causes In Turkish Construction Industry

Over-processing Waste In Turkish Constrcution Industry

N Waste Causes Ic 2¢ 3C 4c sc Ay
1 Lack of weekly project evaluation meetings 3 5 4 3 4 3,8
2 No periodic meetings between management, 3 5 4 3 3 3,6
contractors and site staff

3 Unrealistic work plan 3 5 5 2 3 3,6
4 Inadequate instructions provided by the supervisor 3 5 5 1 3 3,4
5 Incorrect selection of construction method 2 5 4 3 3 3,4
6 Insufficient level of supervision 3 5 5 2 2 34
7 Lack of experience of teams 3 5 5 2 2 34
8 Job accidents that prevent work 3 4 2 3 3 3
9 Lack of team spirit in and between teams 4 4 2 2 3 3

4.2.6 Over-production waste causes

Over-production is the most serious waste type in manufacturing industry due to
beginning of mass production. However this waste type is in the fourth rank with
3,45. According to Table 4.7, as a result of interviews, main reason of over

production waste causes is unrealistic work plan with average value of 4.2.

Table 4.7: Over-production Waste Causes In Turkish Construction Industry

Over-production Waste In Turkish Constrcution Industry

Averag
No Waste Causes 1C 2C 3C 4C 5C e
Value
1  Unrealistic work plan 3 5 5 5 3 42
2 Construction faults made by site teams 3 5 3 3 4 3,6
3 Inadequate and faulty project coordination 3 5 5 1 4 3,6
4  No periodic meetings between management, contractors 4 4 4 3 3 3,6
and site staff
5 Site area congestion 4 4 4 3 3 3,6
6 Insufficient level of supervision 3 4 5 2 3 3.4
7  Lack of experience of teams 4 4 4 3 2 3,4
8 Lack of weekly project evaluation meetings 3 4 4 3 3 3.4
9 Inadequate instructions provided by the supervisor 3 4 3 2 4 3,2
10 Incorrect selection of construction method 2 5 4 2 3 32
11 Lack of team spirit in and between teams 3 4 2 3 4 32
12 Insufficient space for storage of materials 4 4 4 1 2 3
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4.2.7 Correction waste causes

Quality expectations of clients or revisions and additions to project drawings are the
main reasons of correction wastes. As a result of interviews, correction wastes has

the highest value of 3,57, when compared with others.

Table 4.8: Correction Waste Causes In Turkish Construction Industry

Correction Waste In Turkish Constrcution Industry

No Waste Causes 1IC 2C 3C 4C sc Averase
Value
1 Frequent revisions to drawings or designs cause 4 5 5 3 4 42
additional work or rework
2 Inadequate payments or no payment 5 5 4 3 4 42
Project faults 4 5 4 3 5 42
4  Waiting for replacing materials that do not meet 4 5 5 3 4 4,2
the project requirements specified in the design
files
5 Communication problem between teams and 4 5 8 3 4 3,8
supervisor
6 Construction faults made by site teams 3 5 4 3 3 3,6
7 Inadequate and faulty project coordination 3 5 5 2 3 3,6
8 Insufficient level of supervision 3 5 5 2 3 3,6
9 Lack of experience of teams 3 5 4 2 4 3,6
10 Process slowdown due to differences in drawings 4 5 4 2 3 3,6
11 The slow progress of the decision-making process 5 5 3 2 3 3,6
12 Unrealistic work plan 3 5 5 2 3 3,6
13 Construction difficulty due to design 2 5 5 1 4 34
14 Disputes that cause client / consultants to stop 4 5 3 3 2 3.4
work
15 Ignore craftmen's suggestions / ideas 4 5 3 2 3 3.4
16 Inadequate instructions provided by the supervisor 3 4 3 3 4 34
17 Incorrect selection of construction method 3 5 4 3 2 3.4
18 Lack of money incentive 3 5 4 2 3 3,4
19 Poor quality of materials 4 4 3 2 4 3.4
20 Lack of communication between site teams 3 5 3 2 3 3,2
21 No periodic meetings between management, 3 5 3 3 2 3,2
contractors and site staff
22 No tools and equipment for required work 3 5 3 2 32
23 Absence of teams 2 5 3 2 3 3

It is seen in Table 4.8, absence of teams in correction waste causes has the lowest
average value of 3 while the highest values of waste causes are waiting for replacing
materials that do not meet the project requirements specified in the design files,

frequent revisions to drawings or designs cause additional work or rework, project
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faults and inadequate payments or no payment with 4.2. That means expectations of

customers are not properly satisfied in these manners

4.2.8 Assessment of findings

In this section, the results of interviews carried out to analyze waste types in Turkish
Construction Industry. The results reveal that there is a lack of project delivery and
organization skills. Contrary to the development of manufacturing industry,
conventional project management methods still have been used more than innovative
choices for construction project management and important construction companies
are managed based on personal experience. According to respondents, main waste
causes have average value of 3.5 ove 5 are presented in Table 4.9. The wast causes
occur due to design, operation and procurement problems.The most common waste

cause is insufficient planning and programming of the project..

Table 4.9: Main Waste Causes In Turkish Construction Industry

Sources No Main Waste Causes IC 2C 3C 4C s5c Averase
Value

Operation 1 Inefficient planning and programming of the 5 4 5 4 4 4.4
project

Design 2 Frequent revisions to drawings or designs cause 4 5 5 3 4 42
additional work or rework

Design 3 Inadequate and faulty project coordination 4 5 5 3 4 42

Others 4 Inadequate payments or no payment 5 5 4 3 4 42

Design 5 Project faults 4 5 4 3 5 4,2

Design 6  Construction difficulty due to design 4 5 5 3 3 4

Others 7 Disputes that cause client / consultants to stop 4 5 5 3 3 4
work

Design 8 Frequent revisions in drawings or design 3 5 5 4 3 4

Operation 9 Incorrect selection of construction method 2 5 5 4 4

Design 10 Repetition of work due to design changes and 3 5 5 2 5 4
revisions

Operation 11  Unrealistic work plan 4 5 5 3 3 4

Operation 12 Construction faults made by site teams 4 5 4 2 5 4

Operation 13 Communication problem between teams and 4 5 3 3 4 3,8
supervisor

Procurement 14 Delay of material supply 3 5 4 3 4 3,8

Operation 15 Insufficient level of supervision 4 5 5 2 3 3,8

Others 16 Irregular cash flow 2 5 5 3 4 3,8

Others 17 Lack of craftmen quality 3 5 5 2 4 3,8

Operation 18 Lack of experience of teams 3 4 5 3 4 3,8

Others 19 Lack of money incentive 2 5 5 3 4 3,8

Operation 20 Lack of weekly project evaluation meetings 3 5 4 3 4 3,8

Operation 21 No periodic meetings between management, 4 5 5 3 2 3,8

contractors and site staff
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Operation 22 The slow progress of the decision-making 2 5 5 3 4 3,8

process

Operation 23 Inadequate instructions provided by the 3 4 4 4 3 3,6
supervisor

Procurement 24 Material requirement program not being 4 4 5 2 3 3,6
performed properly

Procurement 25 Material stock made without paying attention 3 4 5 2 4 3,6
to the work schedule

Operation 26 No periodic meetings between management, 3 5 4 3 3 3,6
contractors and site staff

Design 27 Process slowdown due to differences in 4 5 4 2 3 3,6
drawings

Operation 28 Slow progress of the maintenance process in 3 4 5 3 3 3,6
case of failure

Procurement 29 Waiting for replacing materials that do not meet 2 5 5 3 3 3,6
the project requirements specified in the design
files

All design, procurement and operational problem causes can be prevented by
implementing proper Lean Principles and BIM. Lean Construction Techniques
includes early warning and feedback systems for reducing wastes to provide more
profit and customer expectations. On the other hand, Turkish construction companies
prefer to increase profit percentage for recycling of money loss rather than using
effective project management methods or software. As another solution for
decreasing losses, they share risk of projects or they upload all risk to contractors and

sub-contractors.

In addition, making unrealistic work plan and projection is the other key and
common factor that causes waste in Turkish construction industry. In Turkish
construction market, conventional project planning methods are generally used for
forming experience based project schedules that contain construction phases step by
step with two-dimensional ways. However, integrated project delivery system and
softwares are developed for simulating a real-time model of project and construction

process that entire system and program approaches are known as BIM.

Eliminating and/or reducing waste causes will increase the satisfaction of all parties.

An attempt to integration of lean principles with BIM may be heplful in this manner.
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5. AN APPROACH TO LEAN & BIM BASED WASTE MANAGEMENT

Research of Forbes and Ahmed (2010) reveals that implementing Lean Construction
Methods increases the quality and productivity of constrcution projects about 77%.
In addition, researches of Alwi (2003) showed that implementation of Lean
Construction Methods improves working conditions at the construction sites by

decreasing physical and psychological stress.

5.1 Lean Construction Methods (LCM)

There are twenty one main lean construction methods have been implemented in

projects partly or totally in construction industries . These main methods are;

The Last Planner System (LPS) :LPS was a strategy that structures work process
and manages project variability (Ballard and Howell, 1994).To accomplish lean
objectives of decreasing waste, rising efficiency, and reducingunpredictability, for
the most part through a social procedure, by trying to make arranging a common
attempt and by rising the reliabilityof the dedication of team members. Figure 5.1

shows phases of Last Planner System.

Figure 5.1 : Last Planner System

Value Stream Mapping (VSM) :VSM sets up the present condition of the
development procedure or inventory network to recognize the wastes. The future

tat
“@°  Last Planner System

Master Schedule \ Set milestones
and key dates
‘ MELL  Phase Schedule \ Specify handoffs
Do between trades
Can Make ready and
Do Look-Ahead Plan initiate re-planning
as required
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Feedback Do
& Learning ) Doing
« { Progress Tracking & Done

creates change and develop techniques (Arleroth and Kristensson, 2011).

Improving
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Standardized Work :Adaptable regimentation lean construction tool including the
improvement of a typical path for performing particular construction processes in

light of the accessible confirmation (Toussaint and Berry, 2013).

The 5S Process :The 5Ss are arranging, fixing, sparkling, institutionalizing, and
maintaining the facilities and processes utilized as a part of construction. The 5S
processrises the efficiency of the task since it lessens the time spent looking for
provisions, instruments, and equipment etc. As shown in Figure 5.2, the 5S Process

cycle includes sort, set in order, shine, standardize and sustain phaseses.
Figure 5.2 : 5S Methodology

Kaizen :To accomplish lean objectives of diminishing waste, increasing profitability,

and diminishing unpredictability. By endeavoring to make arranging a shared attempt

5S Methodology
- Establish orderly flow
- Eliminate Waste

- Organize the workplace

SUSTAIN
Ongoing application of
knowledge, skills, and
abilities gained from the 55
process in order to improve
organizational wide
effectiveness,

Two Phases
1. Getrid of all the Junk!
2. Create a system so there is
a place for everything and
everything is in its place.

and by rising the dependability of the responsibility of team members. LPS was a
technique that structures work process and manages project variability (Ballard and

Howell, 1994).

Total Quality Management :The majority of the significant tools used to address

construction execution issues depend on the idea of plan-do-act. Functions include



identification and assessment of the issue, creating, and executing solutions, and

assessing and estimating the outcomes(Marosszeky, 2002).

Increased visualization :Conveying key data successfully to the workforce through
posting different signs and labels around the building site; specialists can remember
components, for example, work process, execution targets, and particular required
activities in the event that they over and over observe them (Conte and Gransberg,

2001).

Fail Safe for Quality and Safety :That is a lean construction tool that guarantees no

damage or least is maintained in case of particular disappointments(Ogunbiyi, 2014).

Daily Huddle Meetings : Two-way communication ways are the most important
tool to obtain full motivation of employees and the key factor is the daily huddle
meeting process (Ogunbiyi, 2014).

First run studies :First-run studies are used to redesign vital assignments. Activities
are investigated altogether, and ideas and proposals are raised to investigate elective
methods for doing the task. The PDCA (design, do, check, and act) cycle is utilized
to develop the first-run study(Ogunbiyi, 2014).

The Five Why’s :The Five Why’s is the lean development iterativequestion-asking
procedure that explains "cause-andeffect" components related with an issue. Figure
5.3 explain that each Why? For problem and symptom provide to solve identified
problem step by step (Aziz and Hafez, 2013).

Why? Why? Why? Why?

Problem Symptom Symptom Symptom Root Cause

How? How? How? How?

Figure 5.3 : The Five Why’s Template

Just in Time (JIT) :Demand is the base factor of continuos- flow in lean
construction and JIT guarantees reducing waiting and reponse times between work

flow (Ogunbiyi, 2014).
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Plan of Conditions and Work Environment in the Construction Industry : This
is a lean constructiontool that guarantees occupation safety and health management.
It oversees security necessities through the risk management cycle comprising of

nonstop identification of risk, evaluation, and control (Ogunbiyi, 2014).

Concurrent Engineering:This is an improved design process characterized by
rigorous upfront requirements analysis, incorporating the constraints of subsequent
phases into the conceptual phase, and tightening of change control towards the end of

the design process (Ballard and Howell, 2003; Koskela, 1992).

Pull ‘kanban’ system :The Productivity Press Development Team (2002) stated that
the Japanese word “Kanban” means ‘card’ or ‘sign’ and is the name given to the
inventory control card used in a pull system(Arbulu, Ballard and Harper, 2003). As
shown in Figure 5.4, a task process is divided its work flow to progress step by step

by completing each sequence.

Stories In progress

Figure 5.4 : Pull (Kanban) System
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Error Proofing (Pokayoke) :Poka-yoke is a Japanese word which can be defined as
“errorproofing” (Conner, 2009).Figure 5.5 explain Poke-Yoke’ objectives, this
method prevents possible mistakes that could be transform a defect in project

(Conner, 2009).

Prevention

Poka-Yoke that focuses
here works on mistake

prevention or on making
mistakes impossible.

Y

Process Mistakes

Detection

Poka-Yoke that focuses
here works on mistake
detection or on making
sure mistakes do not
turn into defects.

Figure 5.5 : Poka-Yoke System

Target value design (TVD) :TVD considers the customers’/ clients’ and
stakeholders’ vision to develop in This approach applies methods for the design to
be developed incompliance with the constraints, especially cost.(Miron, Kaushik and

Koskela, 2015)

Partnering : A potential radical change in management decision needs to be leaded
with collaborative organisational structures that must open exchange of information

between teams(Barlow, 1996).

Total Productive maintenance (TPM) :TPM focuses on operational time of
equipment to provide proactive and preventative maintenance and encourages

operators to help maintain their equipment (Al-Aomar, 2012).
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Computer Aided Design (CAD) :CAD based project management creates models,
tests construction feasibility, simulates constrcution process and try operational
process of project. This tool helps coordination of project resources directly and
macinery, equipments and site team can be managed easily in construction site

(Khanzode, Fischer and Reed, 2005).

Six Sigma :Six Sigma methodology shown in Figure 5.6 is a staticstical method that
provides definition of process, measure of outcomes, analysis of defects,
improvement methods and control mechanism to make reduction in the customer

defined defect rates(Linderman et al., 2003).

Define

What is the process improvement oppartunity?
What is the scope of the problem?

Wha's involved/affected?

Measure

What does the process look like?

How is the process performing foday?
What are the primary causes of failure?

Analyse
Where and when do defects oocur?

How can we optimisa?

Control
What controls can be put in place to
sustain gain?
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Figure 5.6 : Six-sigma’s structured methodology — DMAIC (adopted
from Brue, 2002)
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5.2 BIM : As A Tool For Implementation Of LCM

Due to the development of technology and competitiveness in the construction
sector,a new era in waste management emerged in the recent period, because
interaction between sectors has increased and access to information has become
easier. The BIM concept that emerged with the developing technology and Lean
Production Principles that prove its success in the automotive sector, are the

becoming the new waste management tools of construction industry.

The waste can be reduced by integrating the BIM and lean concepts, where visual
monitoring and control can be improved on the site with the BIM, as the whole
layout of the site will be available for the project team to be viewed in order to
determine the area for storage and the material transportation on site, additionally a
visualized detailed schedule of the material handling system is given to the project
team. Whereas, employing lean concepts minimizes the storage space and double
handling, furthermore instead of using the Push concept, it uses the Pull concept that

assists in using the buffer properly while helping with material delivery system.

BIM contributes to control all of the interventions, conflicts and collisions with
visual technology for reducing conflicts. This capability allows BIM to act as a
consultant for designers and engineers. Models can be meticulously analyzed,
simulations can be performed quickly, and performance can be compared, so that
project can be completed with minimal changes in a reasonable time and estimated

budget.

The BIM is a 3D model through which element dimensions can be properly
calculated with better visualization, additionally it is vastly used for shop drawing
and is a solution to the issue created due to inaccurate dimensions. The BIM also
schedules and manages the prefabrication elements efficiently. BIM can be used as
an effective schedule software for ordering construction material, fabrication process
and transformation of all components. Clear construction scheduling with BIM
reduces the potential damage by ensuring timely delivery of materials and

equipment.

The possible problems are noticed and solved in the early stages of design, and there
will be less disputes and fewer problems in the progress of construction. All design

changes of model are automatically updated, so there will be no errors or omissions
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due to correction. During the construction project, the change order has been a great
concern, and the construction waste due to change orders constituted for 33% of the
total. Lack of communication led to rivalries among various disciplines during the
project (Architects, Engineers and the MEP). The amount of change orders were
reduced once BIM was implemented in the construction project. Williams claimed
that 47% of the waste caused by the change orders in the MEP was reduced by the
employment of the BIM design (Williams, 2011).

If 3D design model and construction model are linked correctly, BIM model shows
how the building and the construction site would be seen at the any planned time.
The procurement and planning problems can be ceased with the help of the latest
construction software through their fresh Project management skills. Real time and
state of art Project environment and conditions can be examined through the BIM
and Location-Based-Management creating a model of the entire construction site,
furthermore technical and visual features are available to draw and construct all the
components of construction into a real 3D Project model. These models and location
based systems simulate the real construction, thus waste of material and time can be
avoided when generating just-in-time procurement schedule by simulating each step
in the Project. This kind of BIM model is known as 4D BIM which provides ability
to reduce the number of additional handling, unnecessary moving and the loss of

material lost.

Another area of concern for waste production in the construction industry is double
material handling and inappropriate materials, however, several studies were

conducted to resolve the issue of double material handling ( Lu and Yuan, 2010).

In addition, BIM model provides exact quantity take-off for building components
and thanks to this technology, project managers can take an accurate cost estimation
and order correct amount of material. BIM works with ‘Five Big Ideas’ of Lean
Thinking to make minimum waste in production line to satisfy maximum customer

expectation.
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5.2.1 Main benefits of BIM for waste assessment findings

Waste assesment findings reveal that sources of the waste causes can be defined at 5
headings as;
1. Planning and programming of project process,
Project design and drawing defects,
Coordination between design and construction,

Communication and collaboration between stakeholders,

w»ok »wN

Construction planning and coordination.

Benefits of BIM implementation are explained againts these 5 source of waste

Ccausces.

5.2.1.1 Bim benefits for planning and programming of project process

Project schedules are represented by using Gantt chart. Thorough information of the
project is needed to be able to evaluate whether the schedule is possible as it is a
representation without clear visualization. Visualization of the sequential
construction phases is allowed by BIM as it enables schedulers to create 4D models
linked to 3D geometry. Because of this, activities can be visually planned in context
of space and time and other project team members can be communicated with,
through 4D schedule simulations, by schedulers. BIM tools for project scheduling
also make possible resource utilization attribution. Improved communication
between team-members and stakeholders and the enhancement of site logistics,
through which incentives are provided for a better project coordination and to avoid

bottlenecks, are the key advantages (Kymmell, 2008).

The BIM can be used in a multiple of ways depending on the level of maturity of the
project. With electronic data exchange, the BIM is used in 2D as unmanaged CAD.

It can be modeled to function as 2D and 3D formats with managed CAD which
assists in interlocking data information for a uniform system through all phases of
construction. In this case finance strategies and cost management packages are used

to control commercial data.

As shown in Figure 5.7, the BIM tools along with the provided data create a

controlled 3D environment. This is achieved by utilizing enterprise resource planning
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software which is brought together by a dominant middleware for managing

commercial data. It is likely that this level uses 4D construction sequencing and/or

5D cost information.At its paramount, the BIM encompasses every aspect of

construction that includes web services. This level of the BIM meets the IFC

standards (Industry Foundation Class). At this point, the BIM facilitates with 4D

construction sequencing, 5D cost information and 6D project life cycle management

information.

The BIM is the unconventional solution to construction problems. If used in a

suitable manner, the BIM ensures timely completions of the project and is capable of

making remarkable positive impacts on the project (Eastman et al. 2008).

Azhar's research work of BIM (2008), and CRC (Construction Innovation, 2008)

mentioned about the following benefits:
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Figure 5.7 : Dimensions of BIM
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A well-organized System: since information is through and readily available.

Coherent design: The BIM opens pathways for designers and managers to

collaboratively choose the most efficient design in terms of profitability and time

management.

Pre-planning for the entire life cycle of the building: It takes into account the

principles of design and creates achievable milestones for the project.
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Refined quality productions: resilience in documentation and employment of

technology.

Mechanized assembly: manufacturing in building industry is achieving new

benchmarks.

Improved customer relations: the customer has a realization of their ideas with the

help of imaging data.

Effective Facility Management: The BIM serves as a reserve for information of
construction and design implementation and facility managers have an ease of access

to the data relieving them from the trouble of recollection of data.

The parties influenced most by any project are the owners and the project managers.
They are the decision making bodies overall and decide whether or not to employ the
BIM. The BIM is being embraced far and wide for the facilities it imparts to all the
parties involved and is rapidly gaining popularity. The BIM is proven fruitful to the
owners and withstood the test of time with diminished operational costs and

organized data handling.

Better assesment of project design and option analysis : The BIM is capable of
presenting the decision bodies with options for them to decide the one that suits their
requirements best. These options can cater to time, materials and costs etc.

The requirements of a project undergo several changes throughout the execution
period. The options of possibilities are usually presented in the form of diagrams or
representations provided by the design team. Going through every attribute is an
exhaustive process.

Since the BIM is an integrated program, its visual simulations are expansive and help
communicate relevant information to all the stakeholders while adjusting to
fluctuations in the project requirements effortlessly. The feasibility reports are far
sighted. This is another detrimental factor for effective decision making (Azhar et al,

2012).

Increased collboration and mitigating litigations : When it comes to contractual
conduct and accountability, the BIM abides by the law requirements. The BIM is

thorough in transferring responsibilities and in acquiring due accountability from the
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team which is required to perform a specific task. This improves collaboration
between teams and requires teams to co-operate with each other for a smooth running

project (Conover et al., 2009).

Estimation of budget : Cost overrun is an expected and unavoidable complication
which running projects encounter according to the study of FMI/CMAA (2005;
2006). According to this study 2/3 of projects suffer from cost overrun. Eastman et al
state that reliable cost estimation makes the BIM a lean process and profitable system

especially in the beginning of the project when materials are purchased.

Control costs during project lifecycle : Feasibility of a project is detrimental in its
effectiveness and creating cost reliability. The manner in which the BIM influences
the cost reliability is a positive driving force towards adoption of this system. It
benefits the project by predicting estimations that are more reliable along with the
information that pertains to it. Secondly, the cost estimation can be done sooner
which helps the owner take better decisions in the future. However, the BIM does not
make provisions for sudden unexpected changes in cost and unskilled cost

accountants who have little knowledge of managing costs. (Conover, et al., 2009)

Increased data coordination : The passing down of stages in the project execution
creates loss of data in the subsequent stages and creates delays and reworks for
assuming that data again. This increases cost for the owner and loss of data integrity.

In traditional models, the data collected is sometimes irrelevant. A study made in the
USA by NIST and Fiatech (2006), shows that capital facility industry suffers because
of this. This study shows a net loss of $16 billion in 2002 due to inoperability since
the data inherited was of no use. 2/3 of this loss was suffered by the owners. The
BIM shares linked statistical data which everyone can benefit from consistently.
Eastman et al (2011) gave an elaborate representation of data loss which led to

provisions to avoid it all together in the BIM adding value to data.

Reduced time to market : The dangers linked with the market fluctuations can be
decreased and the profitability can be increased by gaining revenues from a facility
faster because of the reduction in the time taken to finalize and bringing a

construction project to the market.
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The time to market of a facility can be reduced in many ways by BIM technology.
Firstly, the design process can be automated partly and the duration of design
changes can be decreased through the utilization of parametric modeling. The second
is that productivity can be increased and project durations can be decreased with
prefabrication and design elements can be rapidly explored to prefabrication sites and
this process can be coordinated using BIM. Thirdly, 4D model capabilities, like time
scheduling tools through which better monitoring of activities and better planning

capabilities are provided, are present in BIM.

A tool for facility management : When exploiting a project, a building model can
also perform the role of a facility asset management tool. The condition of the
facility can be looked upon, maintenance can be managed and planned or the effects
of retrofit work can be assessed, by the owner (Eastman, et al., 2011).

It has been assumed that the service providers who establish the models are assuring
them sufficient scope, level of detail and providing the required information for the

aforementioned enumerated uses of building models.

5.2.1.2 Bim benefits for design and drawing of project

Design alternatives to select most suitable design : Visual Design and
Construction models were described by Kunz & Fischer (2011) as the utilization of
integrated multi-disciplinary performance models of design construction projects to
support specific and public business purposes. According to the Center for Integrated
Facility Engineering (CIFE) the flow of information among the stakeholders of a
project can be modeled and represented via computer in the form of symbolic
representations of Products, Organizations, and Processes (P-O-P) (Khanzode et al.,

2006).

Increased collaboration required for decision-making, more effort in developing the
set of construction documents and assembling the information and the investment
required to change the work method to BIM are included in these costs. The
additional costs should be justified by the following paragraphs as they present some
of the advantages given to the design process by BIM.
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More of the design effort is required when conducting the initial parts of a project by
the BIM process of design. During this, the design can be altered with less cost.

Graphical representation will be the most suitable for this situation.

Clash detection and analysis tool : Feasibility for the design is ensured by BIM
technology as it enables inconsistencies in the design check to be checked by clash
detection software. There is much significance of these features in the adoption of
BIM due to their direct costs reduction capabilities and these features also add value

directly to the quality of the design process.

The time taken to perform analysis for structural, energy, safety or simulation tools
will be reduced because of the possibility to use the model for analyzing these. When
the construction of the model is according to the requirements of the analysis tool,
both as geometry and as exchange format, this feature is increasingly advantageous.

Precise bills of quantity output, costs estimations tools and scheduling applications
are supported using the building model. These tools can assist in tuning the design to
fit the designated construction costs instead of estimating and amputating it at the

end, therefore, they are really beneficial for the design process.

Automatic and consistent drawings : BIM represents each object instance not more
than once. The shape of objects, the properties and its location within the model are
included in this. Extraction of all drawings, reports and datasets is possible in a non-

redundant and thus consistent mode because of this feature.

A significant cause of errors typical to 2D drawing designing where new drawing,
which sometimes are not consistent with the old versions because of human errors or
omissions, are used to represent the changes and edits, is solved by this property of

building models itself.

There is a decrease in the cost of drafting each 2D drawing individually and the
possibility of inconsistencies concerning it as outputting automated drawings of
different 2D or 3D views from the model is allowed by BIM. Furthermore, direct
fabrication drawings can be exported to fabricators and installers through specific

BIM software (Leicht, et al., 2011).
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Synchronization allowing for unique model : Becoming locations for storing,
exchanging and updating, with project synchronization, the models is the objective of
BIM servers. Due to project synchronization meaning that all the project files worked
on from various users are brought together consistent with one another for

constituting a non-redundant model, there is great significance of it for BIM.

Complete automation of the synchronization has not yet been done at this
development point for BIM technology because of the design decisions necessary for
making revisions for consistency. Henceforth, a part of the synchronization process
is still represented by human management and fully automatic synchronization is not
possible currently. For individual identification, timestamps (information regarding
by whom and when was the object last updated) and global unique IDs (GUIDS) are
carried by the objects. Metadata is the term used to refer to this information and it
assists to achieve the automatization of synchronization and clash detection and

manage the changes done to objects in time (Leicht, et al., 2011).

Forwarding know-how : Software firms, which produce the BIM software, and
other concerned software firms, which work collectively alongside industry groups
and experts for expanding the library of object classes, develop the parametric object.
Users can develop their own object class and personalize the software according to
their requirements through some BIM software. Firms which frequently perform the
same type of specialized work and which desire to introduce their earned work
experience into their parametric design capacity can make great use of this.
Therefore, knowledge can be embedded and fine-tuned on time according to past
efforts on design, production, assembly and maintenance based on what works and

what doesn’t, by the companies.

Evaluation for energy consumption and sustainability : As per the perspective of
the facility management, the significance of sustainability and energy consumption
for buildings is elevating. A large portion of a facility’s costs is represented by
operational costs throughout its lifecycle and it can be maximum 80%. Energy use of
a building can be assessed by many BIM tools. At the time of selecting design
substitutes which enhance energy consumption and maximize energy utilization,

great advantages are provided by this (Conover, et al., 2009).
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5.2.1.3 Bim benefits for coordination between design and construction

During the construction project, the change order has been a great concern, and the
construction waste due to change orders constituted for 33% of the total. Lack of
communication led to rivalries among various disciplines during the project
(Architects, engineers and the MEP). The amount of change orders were reduced
once BIM was implemented in the construction project. Williams claimed that 47%
of the waste caused by the change orders in the MEP was reduced by the
employment of the BIM design (Williams, 2011).

Several root causes can be observed for the changing order in this industry. One root
cause is that the client is unable to clearly express his vision from the starting of the
project, to solve the issue there’s the architect who should completely visualize the
picture demanded by the client, and take assistance from the visualizations software
to derive the client’s idea efficiently. Another root cause is very common,
particularly if the designer is unacquainted with the construction market that when
the construction material is not available in the market, the solution to this problem
exists in the DB contract or appointing a construction manager for the design phase
of the project. If the design stakeholders and the execution team are not on the same
ground due to communication and collaboration issues, disputes will arise either in
the form of clashes or some specifications remained unfulfilled at present due to a

restriction in the project.

Integration of design and construction processes : Both benefit from the better
integration of the design and construction processes. Earlier involvement of the
contractor and its subcontractors and fabricators in the project when the BIM model
is constituted is the basis for it. They are able to transfer more of their knowledge to
the project earlier when design changes are more simplistic because of this. As this
allows the complete integration of modifications into design, the procurement period
is shortened and the value of the design is elevated. In addition, coordination errors
at the time of construction are reduced through review and project tracking based on
the model, the fabrication detailing is fastened, inconsistencies from fabrication
manufactories are avoided, identification of construction limitations is facilitated and
insight is allowed from the contractor and fabricators for increasing constructability

and reflecting best practices, because of it. The best utilization of BIM is as a
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collaborative tool at the initial stages as it was implied by IPD (Integrated Project
Delivery) that the designer, architect and main contractor work collectively from the

starting of a project in a joint contract.

Avoid design errors with clash detection : Design errors can be precisely
identified using automatic clash detection tools, without which a prone to error
manual process would have to be used. When sufficient access, safety measures,
insulation or maintenance for example is not present for objects, “hard clashes” can
be identified with clash detection. The BIM wuser has to insert component
classification and conditions and thus develop a detailed and well defined building
model so that soft clashes could be identified by a clash tool. For this, the team
members have to further collaborate so that design errors could me found and

managed and the information that relates to their responsibilities could be introduced.

Cost estimation tools : Interim cost estimations are facilitated by BIM tools for
quantity takeoffs and cost estimating. The laborious task of quantity take-offs and up
to date cost estimations are facilitated and that is the advantage. Time required for
the generation of cost estimates is reduced by 80% through BIM, as per the Stanford
University Center for Integrated Facilities Engineering (CIFE) having statistic result
from 32 projects using BIM (Gilligan and Kunz, 2007). Through this, problems can
be found sooner and alternative solutions can be considered when changes could be

made for meeting the cost restrains.

Offsite fabrication use : Labor costs and onsite installation risks are typically
reduced by offsite fabrication. Having details regarding geometry, materials
specifications, finishing requirements and delivery sequence, the contractors can
communicate BIM component details directly to fabricators through BIM tools.
Because of the precise BIM information, the reduced times related to verification and

validation of the orders results in the advantages (Kymmell, 2008).

Direct benefits have been suggested by results from an analysis conducted by the
Stanford University on the basis of 32 important projects using BIM. The advantages
are up to 7% reduction in project time, savings up to 10% of the contract value

through clash detection, up to 80% decrease in time required for the generation of a
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cost estimate, cost estimation accuracy within 3% and up to 40% elimination of

unbudgeted costs (Gilligan and Kunz, 2007).

In conclusion, providing a “file to factory” parts fabrication system, allowing
connection to analysis and simulation software, enhancing cooperation between
partners, achieving higher accuracy and flexibility, avoiding design mistakes,
accelerating construction and increasing design speed are the foremost benefits of

BIM (Welman and Bonjour, 2012).

5.2.1.4 Bim benefits forcommunication and collaboration

Poor communication is found in several levels during the project, firstly when the
stakeholders communicate poorly, which was quite commonly found in several
construction projects and is the most existent communication problem. But when
moving ahead, a poor communication and passive participation amongst project

stakeholders have aggravated the issue of project waste management.

BIM technology has made it easier by creating a link between stakeholders and
project representatives to work together for creating an effective and competent
designs and proficient execution of projects. With the use of such advanced
technology, the end results are also worth the wait. Innovative design and
development of a project results in an increase in the value for internal and external
users of that resource, valuable construction techniques and considerable decrease in

waste.

In order to facilitate the optimized use of BIM, it is important to share the data
among team members at various life cycle stages of a facility. At this point, the issue
of interoperability arises as the lack of interoperability affects the BIM process
workflow, which influences the project’s budget (Young Jr. et al., 2007). In 2007,
McGraw-Hill stated that by manually re-entering data from application to application
was the prime cost associated with interoperability because by re-entering data from
BIM into another application results in unproductive and costly duplication of effort.
Other costs include more time spent in processing requests for information, time used
up using duplicate software and time wasted to document version checking.

Therefore, the lack of interoperability hinders that exchange which leads to
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unnecessary work and extra time invested and money spent in substandard solutions

that raise project costs (Young Jr. et al., 2009).

In 2011, The Institute for BIM in Canada agreed to the fact that with BIM adoption
there has been a considerable decrease in various types of paper documents. They
further stated that for an efficient utilization of BIM, the quality of communication
between stakeholders is very important. Usually all objects with their attributes are
exported from the designer models by the design team, which results in a massive

amount of data collection.

Overloading of data could be overwhelming and at times useless (Jellings, 2012).
The data standards are very essential for the development of key performance
indicators (KPI) and creating a scale. To avoid the complexity of data it is vital to
stick to the standard so that it simplifies the process. According to The National
Institute of Building Sciences (2007), the sending party needs to add information and
create a model before the receiving party checks it. For smoother flow of
information, the team should agree on the type of information and the time when it
will be included in the model. Each party can plan its work accordingly, as to which
information should be provided and at what time period and what to be expected
through the model. This process planning is beneficial in avoiding duplication,

enabling efficiencies, and gaining advantages from BIM adoption.

5.2.1.5 Bim benefits for construction planning

Procurement and work scheduling :Procurement is associated with managing the
materials for construction, which may badly affect the cost and schedule of the
Project, in case the managers improperly arranged the quantities documented and
work activities scheduled. Depending on the construction technique, the outgoings
flow is determined by the procurement sequences of material. The amount of waste
is determined by the sequence of tasks and calculation of productivity from the
starting of the Project, even though the managers add margins for quantities of
materials and delay time for delivery of resources. The manager can predict the

waste in each step by giving a proactive plan list of the Project.
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The procurement and planning problem that was a concern can be ceased with the
help of the latest construction software through their fresh Project management
skills. Real time and state of art Project environment and conditions can be examined
through the BIM and Location-Based-Management creating a model of the entire
construction site, furthermore technical and visual features are available to draw and
construct all the components of construction into a real 3D Project model. These
models and location based systems simulate the real construction, thus waste of
material and time can be avoided when generating just-in-time procurement schedule

by simulating each step in the Project.

Inadequate construction waste management : Thatconsists of inadequate tracking
of movement of construction waste, improper planning of space for construction
waste, improper planning for storage of material, and late on-site waste sorting.
Implementation of the BIM or any other theory won’t be of any assistance here
unless a culture for tracking of waste is developed during the project from the project

managers till the lowest level of the project hierarchy.

5.3 A Proposed Waste Management Approach For Turkish Construction
Industry

As a result of interviews and surveys, 29 main waste causes have been identfied for
Turkish construction industry in relation with their frequency of occurrences. Each
waste cause reduced by using one of the lean tools. Table 5.1 presents Lean Tools

against each waste type. Waste causes can be encountered at 7 work phases as;

Planning and programming of the project
Project design

Project drawing

Project coordination

Project contructor selection

Begining of construction

Execution of construction phases.

Nk wbh =

The solutions to wastes at 7 phases will provide minimazing of construction wastes
in Turkish Construction Industry.
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Table 5.1: Use of Lean Tools Against Main Waste Causes

No Possible Lean Tools For Waste Causes Main Waste Causes A\‘;le‘sge
1 The Last Planner Justin Time (JIT)  Inefficient planning and programming of the project 4.4
System (LPS)
2 Computer Aided Target Value Frequent revisions to drawings or designs cause 4,2
Design (CAD) Design (TVD) additional work or rework
3 Computer Aided Concurrent Inadequate and faulty project coordination 4,2
Design (CAD) Engineering
4 The Last Planner Value Stream Inadequate payments or no payment 4,2
System (LPS) Mapping (VSM)
5 Computer Aided Daily Huddle Project faults 4,2
Design (CAD) Meetings
6 Computer Aided Concurrent Construction difficulty due to design 4
Design (CAD) Engineering
7  Value Stream Just in Time Disputes that cause client / consultants to stop 4
Mapping (VSM) (JIT) work
8 Computer Aided Concurrent Frequent revisions in drawings or design 4
Design (CAD) Engineering
9 Concurrent The Five Why's Incorrect selection of construction method 4
Engineering
10 Computer Aided Standardized Repetition of work due to design changes and 4
Design (CAD) Work revisions
11 The Last Planner First run Unrealistic work plan 4
System (LPS) studies
12 Daily Huddle Increased Construction faults made by site teams 4
Meetings visualization
13 Partnering Increased Communication problem between teams and 3,8
visualization supervisor
14 Kaizen Pull system Delay of material supply 3,8
15 Concurrent Daily Huddle Insufficient level of supervision 3,8
Engineering Meetings
16 The Last Planner Value Stream Irregular cash flow 3,8
System (LPS) Mapping (VSM)
17 Firstrun Increased Lack of craftmen quality 3,8
studies visualization
18 Firstrun Increased Lack of experience of teams 3,8
studies visualization
19 The Last Planner Value Stream Lack of money incentive 3,8
System (LPS) Mapping (VSM)
20 The Last Planner Concurrent Lack of weekly project evaluation meetings 3,8
System (LPS) Engineering
21 The Last Planner Concurrent No periodic meetings between management, 3.8
System (LPS) Engineering contractors and site staff
22 JustinTime First run The slow progress of the decision-making process 3,8
(1) studies
23  Computer Aided Total Quality Inadequate instructions provided by the supervisor 3,6
Design (CAD) Management
24  Computer Aided Pull system Material requirement program not being performed 3,6
Design (CAD) properly
25  Pull system Computer Aided Material stock made without paying attention to 3,6
Design (CAD) the work schedule
26 Total Quality Target Value No periodic meetings between management, 3,6
Management Design (TVD) contractors and site staff
27 Computer Aided Daily Huddle Process slowdown due to differences in drawings 3,6
Design (CAD) Meetings
28 Justin Time Total Quality Slow progress of the maintenance process in case of 3,6
(31T Management failure
29  Pull system Computer Aided  Waiting for replacing materials that do not meet the 3,6

Design (CAD)

project requirements specified in the design files
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Figure 5.8 shows a proposed Lean & BIM Based Waste Management Approach. In

the approach, there are two kinds of tools; coordination tools and control tools.
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Figure 5.8 : Lean & BIM Based Waste Management Approach
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BIM is defined as a coordination tool in a project and the level of BIM should be
developed according to implementation phase. On the other hand Lean Construction
Methods are defined as main control tools including pull system, total quality
management, target value design, daily huddle meetings, The Five Why’s, increased
visulation, first run studies and Kaizen from beginning to end of the project. Main
control tools provide quantity and quality determination between stakeholders.In
addition, submission tools for each stakeholders are identified for providing

coordination and control between related stakeholderof executed work.

As a waste cause in Turkish Construction Industry, Inefficient Planning and
Programming of Project has the highest average value of 4.4 amount. The Last
Planner System should use to define detailed work flow in master schedule and
possible problem in master schedule must be identified by project stakeholders
before begining of the project. Possible problem causes must be evaluated with
Value Stream Mapping and different optional work flows should be design for crises
in project process. Value Stream Mapping must be implemented until completion of

construction.

Project faults, frequent revisions in design and drawings, design cause additional
work or rework, construction diffuculty due to design are project based waste causes
in construction, for this reason Project Design, Project Drawing and Project
Coordination defined as phases to solve waste causes bacuse of design and
construction projects. To reduce waste causes, BIM should use by each project
design teams to provide full-coordination and Target Value Design teqnique should
be implemented to apply project values. In addition, Total Quality Management is
not a tool only used in construction execution phase, but also it should use in project
process with the idea of plan-do-act for preventing construction diffuculty due to

design.

Lack of coordination between project and consruction teams causes important wastes
during the construction. The Five Why’s of Lean Principles, coordination and control
tools should be explained to selected contructor(s) before beginning of construction.
Contructors should make their master construction work sechedule, material and

equipment requirement programs, material stock organization, qualified craftmen
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and team member organizaion, cash flow schedule by using BIM to provide
coordination. In addition, implemantation of Just In Time and Concurrent
Engineering with daily meetings will prevent delay of work steps. BIM and pull

system must be implemented from begining to end of project phases.

In Turkish Construction Industry, the major problems occurs because of the lack of
coordination and communication. The effective use of BIM between stakeholders
and use pull system with daily huddle meetings helps implementation of master
schedule and identification of possible problem before it happens. For coordination
of site teams and preventing lack of qualified manpower, increased visulation and

first run studies are effective tools to reduce waste in construction execution.
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6. CONCLUSION AND SUGGESTIONS

The construction industry plays a vital role in improving the economy as its one of
the largest contributors of massive scale projects in the market. It includes highly
specialized processes and representatives who are working as a team to achieve high
quality, profitable facilities and structural resources on time. However, inappropriate
planning of projects from the beginning to the end causes many problems such as
delays, waste, cost, quality etc. There some tools and techniques that can be used to

solve problems encountered and to improve the satisfaction of the project.

Lean production system and Building Information Model (BIM) are two of these
tools and techniques. Lean Production System is used to eliminate construction
wastes, improve working conditions and maximize customer expectations. BIM
provides a visual control and monitoring approach so that all sort of conflicts can be

reduced.

In this study, causes of waste and their effects to construction industry are analyzed
and Lean and BIM based waste management approach is proposed to minimize the
effects of waste causes. Interviews are carried out with five Construction Firms in
order to know what sort of waste causes occurs in Turkish Construction Industry.
Questions for interviews are prepared in the frame of Taiichi Ohno’s waste approach.
Respondents asked to answer the questions regarding their experience. Results of the
interviews show that main waste cause is “inefficient planning and programming”
which leads to the lack of project delivery and organization skills in construction.

Waste causes occur mainly at design, operation and procurement stages of a project.

Waste causes can be prevented by using one of Lean and BIM tools such as Last
Planner System, Computer Aided Design, Value Stream Mapping, Partnering and so
on. In this study, as a proposal, each waste cause is matched with one of these tools
so that waste cause can be perevented to enhance the satisfaction of the project for all

parties involved.
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Proposed Integrated Lean Principles and BIM Based Waste Management Approach
provides two kinds of tools as coordination and control whic can be served at
feasibilit, desigmn and construction phases. In addition while coordination tool

enable the use BIM, control tool is for the use of Lean Principles.

Waste Management Approach proposed in the study can be a useful to reduce wastes
in Turkish Construction Industry. Lean Principles should be chosen according to
unique conditions of project and stakeholders in early stages of project to increase
efficinecy of project resources. For BIM, qulified workers must be employed for
each stakeholder to provide full-communication and coordination between projects
and teams. The use of Lean Construction Methods, as an waste management model
can be helpful and BIM can be used as a tool for implementing that model properly

to minimize wastes in Turkish Construction Industry,
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APPENDIX A

YALIN iINSAAT UYGULAMALARINDA iSRAFLARIN TESPITI
( Soru ve Cevaplar akademik arastirma amaghdir.)

Bu arastirma, Mimar Sinan Giizel Sanatlar Universitesi Fen Bilimleri Enstitiisii Yapi Mihendisligi
Anabilim Dali Yapim ve Proje Yonetimi Yiksek Lisans Programi dahilinde, yiritilmekte olan “Yapi Bilgi
Modelleme Tabanli Yalin Proje Yonetimi” konulu yiksek lisans tezi icin yapilmaktadir. Kimlik bilgileriniz
ile verdiginiz bilgilerin hichir surette baska bir amacla kullanilmayacagi ve 3. sahislara verilmeyecegi
teminatimiz altindadir. Sizden ricamiz anket sorularini eksiksiz ve gorislerinize uygun olarak doldurup,
anket sonundaki sorulara size en uygun cevaplari vermenizdir. Katkilariniz icin tesekkiir ederiz.

Goékhan DEDE Prof. Dr. Sema ERGONUL
Yiiksek Lisans Ogrencisi Tez Yoneticisi

(Liitfen bogluklari doldurunuz ya da (X) koyarak isaretleyiniz.)

1. Projetiirii:

6. lisveren tiirii:

e ()Miusteri ( )Ana-Yuklenici () Alt-YUklenici () Danisman
e ()Proje Miellifi () Uglincii Sahis Kurumlar

7. insaat proje yonetiminin hangi kapsamlarinda aktif rol aldiniz ?

e ()Tasarim ( )RiskYonetimi () Sozlesme Yonetimi & Dokiiman Yonetimi
e () Slreg Yonetimi ( ) Maliyet Yonetimi ( ) Kalite Yonetimi

8. Yaliningaat uygulamalari hakkinda bilgi sahibi misiniz?
() Evet ( ) Hayir

9. Yapi bilgi modellemesi hakkinda bilgi sahibi misiniz?
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() Evet ( ) Hayir

Anket sorulari ile ingaat sektériindeki israf sebeplerinin belirlenmesi ve derecelendirilmesi
amaglanmigtir.

Yalin insaat Teknikleri kapsaminda insaat endiistrisinde gecikmelere ve maddi kayiplara sebep
olan israf kaynaklari 7 bashk altinda ele alinmistir.

No ISRAF KAYNAKLARI 1 2 3 4 5

Malzeme ve Ekipmanin Gereksiz Nakliyati

Depolama ve Stok

is Giicliniin Gereksiz Yer Degisikligi

Gecikmeler

Fazla islem

Fazla Uretim

N b w(iN |k

Uriin/Suireg hatalar

Her bashk altindaki israf sebebi maddelerinin insaat sektorindeki etkisinin belirlenmesi igin
deneyiminize bagl olarak asagida belirtilen israf sebeplerine katilma dizeyinizi ( 1 = Etkili Degil, 2 =
Kararsizim, 3 = Az Etkili, 4 = Etkili, 5 = Kesinlikle Etkili ) 1-5 arasinda olacak sekilde seceneklerden
yalnizca bir tanesine (X) koyarak isaretleyiniz. Eger var ise, diger israf sebeplerini yaziniz.

1. MALZEME VE EKiPMANIN GEREKSIiZ NAKLIYATI

No israf Sebepleri 1| 2| 3| 4| 5
1 |Yetersiz nakliye sistemi nedeni ile olusan tasimalar

2 |Malzemenin santiyede gereksiz yer degistirmesi

3 [Malzeme ocagina giden yolun gereksiz uzunlugu

4  Betonun g¢ok uzak yerden santiyeye ulasmasi

5 |Yiikleme / Bosaltma / istif islerinde yasanan kayiplar

6 [Projenin etkisiz planlanmasi ve programlanmasi

7 (Galisma sahasinda gerekli isglicinin bulunmamasi

8 |Malzemelerin santiyeye tasinma esnasinda zarar gérmesi

9 |Malzemelerin santiyede tasinma esnasinda zarar gérmesi

Tasarimda degisiklik ve revizyonlar sebebiyle isin
10 ekrarlanmasi
DIGER: ..ottt
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2. DEPOLAMA VE STOK

No israf Sebepleri 1

1 |[is programina dikkat etmeden yapilan ihzarat

Malzemelerin depolanmasi igin yeterli alan olmamasi

3 |Calisma sahasinda malzeme bulunamamasi

4  |Malzeme tesliminde gecikme olmasi

5 |Asirt malzeme alimi ve stoklanmasi

6 [idarenin onaylamadigi ihzarat in bulundurulmasi

7 |imalatta kullaniimayacak kalitede malzemenin stokta
bulunmasi

8 |Malzeme ihtiyag¢ programinin diizglin yapilmamasi

9 |imalatin planlamaya uygun yapilmamasindan kaynakl fazla
stok

10 [Haftalik proje degerlendirme toplantilarinin eksikligi

1 Denetimin yeterli diizeyde yapilmamasi

12 [Ekiplerin deneyim eksikligi

DIGER: oeteeeeeeteesceesete sttt ese s ettt s e s ettt ne et
3. IS GUCUNUN GEREKSIZ YER DEGISIKLiGi
No israf Sebepleri 1
1 |Gergekgi olmayan is plani
2 (Gahsanlarin isyerine ulagimindaki zaman kayiplari
3 |Cahisanlarin ekipmanlara ulasimindaki zaman kayiplari
4  Cahsanlarin ihtiyaglariicin harcanan zaman (yemekhane, WC,
sigara vb)
5 |Alt-yiklenici firmadan kaynaklanan kayip zaman (isci
ulastirma, malzeme tasima vb)
6 [Santiye ici ulasimda yasanan zaman kayiplari
7 |Yetersiz ve hatali proje koordinasyonu
8 [Santiye ekipleri arasinda iletisim eksikligi
9 [Calisma sahasinda gerekli araglarin ve ekipmanlarin
bulunmamasi
10 |[Cizimlerde veya tasarimda siklikla revizyon yapilmasi
11 |Yapim yonteminin yanlis segilmis olmasi

DHGER: ettt ettt et et et et et et et et ee et eae et et ete et et ee et eee et eteeteteae et eeeaenteneanenen
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4. GECIKMELER

No israf Sebepleri 1

Gergekgi olmayan is plani

Yetersiz ve hatali proje koordinasyonu

3 |Danismanlarin / mal sahibinin isi durdurmasina neden olan
anlasmazliklar

4  |Malzeme tedariginin gecikmesi

5 [Santiye ekipleri arasinda iletisim eksikligi

6 [Ekipler ve denetgiler arasinda iletisim sorunu

7 |Karar verme slirecinin yavas ilerlemesi

8 |Yonetim, saha personeli ve yiikleniciler arasinda periyodik
toplanti olmamasi

Denetimin yeterli diizeyde yapilmamasi

10 |Danisman tarafindan saglanan yetersiz talimatlar

11 [Ekiplerin deneyim eksikligi

12 [Ekipler tarafindan yapilan imalat hatalari

13 [Ekiplerin devamsizhgi

14 [Ekipman naklinin veya kurulumunun gecikmesi

15 [Cizimlerden kaynaklanan farklilik nedeniyle siirecin
yavaslamasi

16 |Gizimlerde veya tasarimda siklikla revizyon yapilmasi

17 [Tasarimdaki imalat zorlugu

18 |Ariza durumunda bakin-onarim siirecinin yavas ilerlemesi

19 [Calismaya engel olan is kazalari

20 |Calismaya engel olan hava kosullari

21 |is grevleri

22 |Dlzensiz nakit akisl

23 |Parasal tesviklerin eksikligi

24 |Iscilik kalitesinin eksikligi

25 [isci dnerilerini / fikirlerini gbz ardi etme

26 |Blrokratik islemler

27 [Tasarim dosyalarinda belirtilen proje gereksinimlerini
karsilamayan malzemelerin ulagsmasi ve yenisiyle
degismesinin beklenmesi

DG ER: ettt e e e e e e e e et e et eeae e e e ete e et eeeeaeeaeeaeeeeae e eaeeeeeeeaeeeens
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5. FAZLA ISLEM

No israf Sebepleri 1

Gergekgi olmayan is plani

Haftalik proje degerlendirme toplantilarinin eksikligi

3 |Yonetim, saha personeli ve ylkleniciler arasinda periyodik
toplanti olmamasi

4  |Denetimin yeterli diizeyde yapilmamasi

5 |Danisman tarafindan saglanan yetersiz talimatlar

6 [Ekiplerin deneyim eksikligi

7 |Calismaya engel olan is kazalari

8 [Ekipler icinde ve arasinda takim ruhu eksikligi

9 |Yapim yonteminin yanlis se¢ilmis olmasi

DIGER: ccovvreer V... ... O
6. FAZLA URETIM
No israf Sebepleri 1
1 |Gergekgi olmayan is plani
2 |Yetersiz ve hatali proje koordinasyonu
3 |Malzemelerin depolanmasi igin yeterli alan olmamasi
4 Santiye alani sikisiklig

5 |Haftalik proje degerlendirme toplantilarinin eksikligi

6 |YOnetim, saha personeli ve yukleniciler arasinda periyodik
toplanti olmamasi

7 |Denetimin yeterli diizeyde yapilmamasi

8 |Danisman tarafindan saglanan yetersiz talimatlar

9 [Ekiplerin deneyim eksikligi

10 [Ekipler icinde ve arasinda takim ruhu eksikligi

11 [Ekipler tarafindan yapilan imalat hatalari

12 Yapim yonteminin yanlis segilmis olmasi

DHGER: ettt ettt et et et et et et et et et e et eae et et et et e e ee et eae et eteeeetene et eaeene et eneerenen
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7. URUN/SUREC HATALARI

No israf Sebepleri

Gergekgi olmayan is plani

Yetersiz ve hatali proje koordinasyonu

3 [Tasarim dosyalarinda belirtilen proje gereksinimlerini
karsilamayan malzemelerin ulagsmasi ve yenisiyle
degismesinin beklenmesi

4 |Danismanlarin / mal sahibinin isi durdurmasina neden olan
anlasmazliklar

5 [Santiye ekipleri arasinda iletisim eksikligi

6 [Ekipler ve denetgiler arasinda iletisim sorunu

7 |Karar verme slirecinin yavas ilerlemesi

8 |Yonetim, saha personeli ve ylkleniciler arasinda periyodik
toplanti olmamasi

9 |Denetimin yeterli diizeyde yapilmamasi

10 |Danisman tarafindan saglanan yetersiz talimatlar

11 [Ekiplerin deneyim eksikligi

12 [Ekipler tarafindan yapilan imalat hatalari

13
Ekiplerin devamsizlig

14 |Galisma sahasinda gerekli araglarin ve ekipmanlarin
bulunmamasi

15 |Gizimlerden kaynaklanan farkhlik nedeniyle siirecin
yavaslamasi

16 |Cizimlerde veya tasarimda siklikla revizyon yapilmasinin ek
islere ya da yeniden yapmaya sebep olmasi

17 [Tasarimdaki imalat zorlugu

18 |Malzemelerin kalitesizligi

19 |Proje hatalari

20 |Yetersiz 6demeler ya da hi¢ 6deme yapilmamasi

21 |Parasal tesviklerin eksikligi

22 [isci dnerilerini / fikirlerini gdz ardi etme

23 Yapim yonteminin yanlis secilmis olmasi

DIGER: ettt ettt et e et et e et et ee et eaeee et eae e et ete e eae et eneeaeeeeneens

97




OZGECMIS

Ad-Soyad : Gokhan Dede
Dogum Tarihi ve Yeri : 14.03.1990 Giingoren / istanbul

E-posta : gokhan _dede@hotmail.com

OGRENIM DURUMU:

s Lisans : 2014, Izmir Yiiksek Teknoloji Enstitiisii, Mimarlik Fakiiltesi, Mimarlik

Bolumu
MESLEKIi DENEYIM:

» Temmuz 2014 - Subat 2015 tarihleri arasinda Bulvar Istanbul Projesi yiiklenici

firmas1 Oziilke-Ozkar Ortak Girisimde saha mimari olarak ¢alist1.

* Subat 2015 — Kasim 2017 tarihleri arasinda Emaar Square Projesinde, projenin
mimari miiellif firmas1 Iki Design Group mimarlik ofisinde teknik ofis mimar1 olarak

calist1.

* Aralik 2017 — Mayis 2018 tarihleri arasinda Istanbul Aydin Universitesi Yapi Isleri

ve Teknik Daire Baskanliginda proje mimari olarak ¢alist1.
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