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ABSTRACT

This research addresses wastes in constructioerastion processes in power plant
projects. The main paper objectives are identificatind assessment of the wastes,
mainly in power plant projects. Accordingly, sevemin groups of wastes are
introduced and subdivided to 42 common wastesbaséd on an opinion survey the
most important and common wastes in power plantsttoction projects are
identified and assessed. Moreover, importance dcftegain common and valuable
compounded work packages and activities in constru@nd erection processes are
investigated. Finally, some recommendations foucety critical wastes in valuable
work package are presented. The findings of thegarch could be used in power
plant projects or any other construction projectsiflentification, assessment, and
reduction of the wastes in construction processes.
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INTRODUCTION

Nowadays with regard to limited large companiestarms of available financial
funds and technical capabilities, finding solutiottss an optimal application of
existing funds is an important issue. Construcpoger plants is among the projects
which face such problems in different countriese Tifcreasing demand for building
power plants in order to supply required power dack of public and private
resources call for a new approach which can mattageroject with the minimum
resources to achieve the maximum efficiency. Thigopse could only be achieved
by determining the overall values in continuousdpiciions from beginning to end of
the project and identifying the flow to eliminatastes which are defined as activities
that consume time, resource and/or space but dadubvalue (Ohno 1988).

Over the past two decades, by entering lean maragemto the construction
industry to reduce wastes in each process, maulestinave been conducted on this
issue. Many innovative techniques developed byedifiit individuals can be used for
lean production in such a way that identifies wastied tries to eliminate or minimize
them.
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To use principles of lean production in constructithere are a lot of limitations
that are entirely due to the differences betweem tategories; Salem et al (2006)
pointed to the most important differences as foll¢t) The final appearance: the
final output of production is mobile and has thdigbto move, but in construction
we deal with a huge product that is not transferalf) On-site production:
construction processes are not performed in fixedtions; in fact they are carried
out in different places depending on the site locatOn the contrary, production
occupies a specific place and ultimately the fpraduct is transferred. (3) One of a
kind production: in production, we usually deallwgertain types of products and we
can create some standard units in which custoroizdias no major roles, but in
construction, depending on customer requests, ve¢ wéh unique and various
products which are difficult to achieve a schedaled stable management. (4)
Complexity: construction projects are inherentlymgbex, unigue, and dynamic
systems that must rely on an initial design thabives a number of subassemblies
with variable specifications (Bertelsen 2003). Birt manufacturing, many
components from different subassemblies can bdyeasinaged because suppliers
are selected early in the design phase. Accordinthe mentioned differences, in
order to apply the developed principles of leandpation to construction more
practically, at first these differences must béyfuhderstood.

This paper aims to present a framework to find ih@st important wastes in
construction processes of power plant projectsraernto use minimum funds to
reduce maximum waste of resources.

LEAN CONCEPTS

Lean thinking wave expanded greatly in 1996 witblhing a book by Womak and
Jones called “Lean thinking”. It was about thetbig of lean thinking and the work
performed at Toyota. The stages and principlesanf khinking and lean management
framework can be summarized as follows: (1) Spe¢djues: values can be defined
only by the ultimate customer; (2) Identify the MalStream: the Value Stream is all
the actions needed to bring a product to the custoi3) Flow: make the value-
creating steps flow; (4) Pull: let the customerl ghe product from you (Sell one;
Make one); (5) Pursue Perfection: there is no enthé process of reducing time,
space, cost and mistakes.

Due to considerable success of lean productiorcipies, many attempts have
been made to use it in other areas including cectsbn industry. It was concluded
that the lean principles acted as a catalyst apdifgpd a range of projects (such as
construction, commercial, industrial, etc.) andoatke project characteristics (for
example project definition, design, equipment, addg, etc) and covered them by
using the concept of lean management (Koskela 1992)

One important criterion of lean management is achgethe customer’s needs,
which makes sense in lean production, but in caostn, especially in massive
construction, it cannot easily be achieved becawsestruction does not deal with
specific deliverables required by lean productidy considering the project
deliverables in four interdependent groups: projdefinition, lean design, lean
equipment, lean assembly (Ballard et al 1998), we think of a series of
deliverables during construction processes andrdegkeliverable recipients as
customers and try to meet their needs.
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A lot of research on applications of lean manageénmermonstruction has been
carried out. Among this research, we can poinh&studies by Sacks and Goldin in
2006 and 2007. After studying various areas amtypies of lean management in the
construction sector, they were able to achievenduessary changes in the value flow
of construction projects, which could cause changgegshe schedule from the
perspective of normal class on lean managementredce rework, wastes, and
unfinished projects. They could also increase itte'$ cash flow.

WASTESIN POWER PLANT CONSTRUCTION PROJECTS

By considering the process of production or coms$ion as a process adding value to
both information and material, existing activiti@sd processes can be divided into
add-value and not-add value. The processes andtiastiwhich consume time, cost,
materials, equipments, etc., that do not add aeveduwonstruction or production are
said to be not-add-values or wastes (Koskela 1992).

For the first time in 1988 Ohno classified majorstes in lean management into
seven main categories: Over Production, Defect&ntory, Transportation, Waiting,
Motion, and Over Processing. These wastes founde ndereloped concepts over
time. Womak in 1996 added another category to thestes and explained it in this
way: Goods and services that do not meet the cestomeeds. After that other types
of wastes by other researchers were added, ingudmderutilization of people,

Wastes Description

Product that is more than required.

Production much earlier than the time required (do something before it is

actually needed).

Manufacturing items for which there are no orders.

Changes in the needs of the next delivery recipients (design changes).

Errors in the execution of required process that cause wastes in time,
Defect, materials, etc., more than usual.

Correction | Failure in machine tools and equipment due to incorrect use of them.

& Rework | Correcting incorrect and unnecessary processes.
Reworks due to work interferences.
A large number of under way processes in the construction or incomplete
endeavor (or completed deliverables but not yet delivered).
Possession of large and unnecessary quantities of raw materials that the
capital still holds.
Transportat | Any mobility of materials that do not add to production values.

ion Multiple transfers of data and information for final approval.
Time wasted in the activities of employees and machines work due to
bottlenecks and interferences, and capacity bottlenecks.

Over
Production

Inventory

Waiting Waiting for the information needs and customer requests or final approvals.
Delays associated with stock-outs, lot processing delays, equipment.
Movement Any physical movement or walking workers that keeps them from the work

or causing delays in their work.
Additional steps in the production that is not required.
Over Product with a number of features and quality over what the customer
Processing | expected of the product.
Unnecessary inspection.

Table 1: Description of seven main groups of wastes
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complexity, etc. Ron Crabtree in 2011 named fiyeesyof hidden wastes: internal
communication breakdowns, poor personal produgtighd time management,
ineffective meetings, knowledge disconnection, &uk of organizational focus on
“add-value”. But they can be classified under th@irmseven categories by
developing and completing their definitions. Tallgrovides definitions of seven
main types of wastes.

According to definitions presented by Womak and ©®hend also more
comprehensive definitions by Sarker in 2008, we fedlg understand different types
of wastes. Various researchers could partially wamkypes of wastes and bring out
instances related to their research topic from thlmong these studies, we can point
to G. Ballard et al in 2005, R. Sacks et al in 2G0W L. Ek. Anayake et al in 2000.

According to the aforementioned research and imey with working
professionals in power plant projects, and reviéwhe common procedures used in
power plant construction projects, at first 115tanses of wastes under the seven
major categories were collected. After initial istigations and several meetings with
experts, only 42 common wastes in power plant coosbn projects, with focus on
construction and erection processes, were seléxtedTable 2).

CASE StuDyY

Here, a typical two-unit combined cycle power planstudied as a case study. The
main work packages and activities in constructiod arection processes along with
weight percents based on their estimated costshemen in Table 3. For instance, in
the Table, only one of the sub-islands in the @to{@BS is extended.

A series of common and valuable compounded workages and activities with
their weights, as well as their portion in the kqigoject cost, are presented in Table
4. We assume that the value flow is followed in kvpackages and activities with
more portions in the total project cost.

SURVEY CONDUCTION

An opinion survey, using a structured interviewswesed to explore most important
and common wastes in power plant construction ptejm Iran. Survey participants
included experts with experience in power plantstaction projects.

The survey was divided into three parts. The firatt comprised background
guestions about the respondents’ personal infoamaffhe second part dealt with
frequency and importance of each of the 42 commastes in power plant
construction projects. In this part, respondentstevasked to rate the frequency and
importance of wastes. The third part investigateddency of 7 main types of wastes
in 11 common and valuable compounded work packagédsactivities in power plant
construction projects, according to the respondatitect experience (see Table 4).

40 interviews based on the developed questionrigireework were conducted
with executive agents of main contractor, subcabdra consultant and project
management firms. The final data was considerefitmirft for descriptive analysis.

SURVEY RESULTS

The Relative Importance Index (RIl) (Sambasivan &ubn, 2007) method was
applied to determine relative importance of frequyeand importance of each waste.
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5 |Additional maps (non-essential,impractical and excessively detailed) 101
§ § Construction surplus to planned requirements (added amount,ahead of schedule,higher quality than expected) |102
o 'g Installation of equipment surplus to planned requirements (added amount,ahead of schedule, higher quality than 103

0 Jexpected)

Errors in design and maps due to non-compliance with technical specifications,standards and codes;lack of 201
adequate knowledge of customer requirements
Errors in design and maps due to lack of adequate knowledge of customer requirements 202
Correction & rework in design and maps due to changes in specifications and customer needs 203
Mismatch between building plans and electrical-mechanical utilities;Not making necessary arrangements 204
between maps

% Correction & rework due to mismatch and lack of necessary arrangements between building plans and electrical- 205

ES mechanical utilities

&’ Mismatch between construction and technical specifications,standards,codes or needs of the subsequent 206

o3 |costomer

_5 Incorrect methods of construction due to lack of knowledge,experience and required skills 207

g Correction and rework in construction due to non-compliance with design 208

g correction & rework in construction due to design changes 209

‘:__J, Mismatch between installation of equipment and technical specifications,standards,codes or needs of the 210

$  |subsequent costomer

E’ Incorrect methods of installation of equipment due to lack of knowledge,experience and required skills 211
Correction and rework in installation of equipment due to errors in construction 212
Correction and rework in installation of equipment due to non-compliance with design 213
Correction and rework in installation of equipment due to changes in design 214
Fatal accidents and unsafe workplace due to nhon-compliance with HSE regulations in construction and 215
Planning errors(correction and rework) 216
Monitoring and controlling errors 217

Supplying building materials surplus to planned requirements (added amount,ahead of schedule,higher quality 301

> [than expected)
.g Work in progress during construction more than scheduled tasks 302
< Not delivered construction or undergoing delivery process 303
£ Work in progress during installation of equipment more than scheduled tasks 304
Not delivered equipment projects or undergoing delivery process 305
_E Unnecessary transportation to obtain technical approvals 401
@ Unnecessary transportation to supply materials(administrative cycle to obtain documents out of/within the 402
Bl site,unneccessary transportation due to errors in site positioning)
g Unnecessary transportation to implement construction operations within the site due to errors in site positioning | 403
= Unnecessary transportation to implement installation operations within the site due to errors in site positioning 404
Waiting and delay in maps delivery 501
Waiting and delay in maps approvals 502
Waiting and delay in construction activities(efficiency of workers and equipment) due to work bottlencks within 503
the site
2  |Waiting and delay in supplying construction materials 504
3‘; Waiting and delay in installation activities (efficiency of workers and equipment) due to work bottlencks within 505
S  [thesite
Waiting and delay in supplying equipment 506
Waiting and delay in planning and decision making 507
Waiting and delay in monitoring and controlling for work delivery 508
Waiting and delay in funding 509
- Unnecessary movement and relocation of human resource and equipment associated with construction 601
e operations within the site
§ Unnecessary movement and relocation of human resource and equipment associated with installation 602
operations within the site
= -g Additional processes in construction and installation that cause excessive use of raw materials,equipment,etc. 701
o
3 § Additional monitoring and controlling(checklists and excessive inspections in design stages,equipment 702
a |supply,etc)

Table 2: Common construction and erection procedases in power plant
construction projects

The six point scale ranged from unimportant (O)yview (1), to very high (5)
importance was adopted to calculate the relativ@omance index, using the
following equation:
>w
RIl = &= — (1)

AxN
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Where, W is the weight given to each factor byréspondents and ranges from 0
to 5, A is the highest weight which is considerelebe, and N is the total number of
respondents.

Civil
ftem | Unit| Island | Sub Island Activity Total Item Phase Sub Phase Total Weight
Weight | E T0.00%
Civil Works 100% |l Engincering 10.00%
2 P 26.00%
0 General 5.75% ||21 Tendering 2.80%
0.1 General 5.76% ||22 Supply / Manufacturing 22.40%
0.1.1 Site Mobilization s98% || e 220
0.1.2 Landscaping, Roads & Finishing 0.81% |1 civil 25.00%
1 Unit#1 43.29% g; Ezen:lr:ﬁ!s\oninn 3.‘)2000(!’2]
1.1 Steam Turbine, Generator & Power House 12.23% I‘
111 Steam Turbine & Generator 242% || Sanandaj WBS Total 100.00%
112 Power House 9.81% Tracton
1121 PWH - Excavation & Grading 050% || 1tom | unit| Island | SubIsland Activity Total
1122 PWH - Building Foundation 1.48% WEiﬁL
1123 PWH - Steel Structure Supp!y &Trans] 330% Erection 100%
1124 PWH - Steel Strucrture Erection 0.16% 1 Unit# 1 98.95%
1125 PWH - Stag?s Civil Works 0.21% 1.1 Steam Turbine, Generator & Power House 8.61%
1128 PWH - Roofing 050% 1.1.1 Steam Turbine & Generator 0.69%
1127 PWH - Concrete Floor Slab & Trench 063% 1442 Steam Turbine 4.36%
1128 PWH - Masonry 1.04% .13 Generator 2.61%
1129 PWH - Wall Sheeting 1.18% 114 Power House 0.95%
11210 PWH - Architectural & Finishing 081% ||1.2 Distribution Control System 2.91%
1.2 Heat Recovery Steam Generator 3.65% ||1.3 Heat Recovery Steam Generator 15.67%
1.3 Water & Steam Cycle 0.41% ||1.4 Water & Steam Cycle 2.73%
1.4 Cooling System 23.73% ||1.5 Cooling System 10.26%
1.5 Transformers 0.51% ||1.6 Transformers 0.65%
16 Power Supply (Electrical) 275% ||1.7 Power Supply (Electrical) 4.11%
2 Unit # 2 43.29% ||2 Unit # 2 44.95%
3 Common 7.66% ||3 Common 10.10%
31 Water Supply 2.39% |[[31 |Water Supply 5.40%
3.2 Balance of Plant (B.O.P) 527% ||3-2 |Balance of Plant (B.0.P) 4.70%

Table 3: The main work packages and activitiesomistruction and erection
processes of a typical two-unit combined cycle poplent

Weights
(Portion In The
Code Common And Valuable Compounded Work Packages And Activities Total Project

Cost)(%)
1 |Excavation & Grading 3.76
2 |Building main Foundations & equipment Foundations 5.01
3 |Steel Structure Erection 3.23
4 |Erection of heavy equipment Such as Steam Turbine, Generator, Transformers and etc 6.52
5 |Reinforcement , Formatting and Concrete Works 6.34
6 |Wall Sheeting , Masonry,Architectural & Finishing 3.31
7 |Install and Dismantle of climbing Forms 0.59
8 |Install crane for cooling & install Overhead Crane for powerhouse 0.74
9 |Roofing 0.81
10 |X-Legs & delta construction & Positioning 3.44
11 |Landscaping, Roads & Finishing 1.28
Total 35.01

Table 4: Common and valuable compounded work paskagd activities
The waste value factor (WVF) is finally calculatbg the product of relative
frequency and important factors of each waste.
WVF = Relative Frequency Factor x Relative Impocafactor (2)

Table 5 illustrates the frequencies and importaoicevastes, as well as waste
factors. In this Table the normalized values ofreaaste factor (WF) are computed
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by following equation (only the wastes with norraeli value equal or greater than
0.4 are considered as critical wastes):

WVF—min(WVF)
max WV E) —min{ WVE) (3)

Normalized WVF =

o Relative Relative Waste 5 Relative Relative Waste 5
- Value Normalized 3 Value Normalized
S | Frequency |Importance Rank| B | Frequency |Importance Rank
o Factor WVF o Factor WVF
Factor Factor Factor Factor
(WVF) (WVF)
101 0.30 0.49 0.15 0.00 42 |401 0.46 0.65 0.29 0.29 28
102 0.40 0.60 0.24 0.18 1 0.11] 39 |402 0.46 0.59 0.27 0.24 0.23 36
103 0.31 0.72 0.22 0.14 41 |403 0.43 0.61 0.26 0.23 | 37
201 0.52 0.77 0.40 0.51 14 1404 0.37 0.63 0.23 0.16 40
202 0.44 0.82 0.36 0.41 18 |501 0.57 0.86 0.49 0.68 4
203 0.53 0.74 0.39 0.48 16 |502 0.72 0.84 0.61 0.91 2
204 0.59 0.83 0.49 0.68 5 |]503 0.58 0.74 0.43 0.56 9
205 0.55 0.81 0.44 0.59 7 |504 0.65 0.84 0.55 0.79 3
206 0.35 0.81 0.28 0.27 33 | 505 0.56 0.78 0.44 0.57 |0.67] 8
207 0.41 0.79 0.33 0.35 22 | 506 0.53 0.77 0.41 0.52 13
208 0.44 0.76 0.33 0.37 21 |507 0.53 0.81 0.43 0.55 10
209 0.46 0.76 0.35 0.39 ] 0.42| 19 |508 0.51 0.75 0.38 0.46 17
210 0.30 0.81 0.24 0.18 38 |509 0.72 0.91 0.65 1.00 1
211 0.36 0.82 0.30 0.29 26 |601 0.45 0.65 0.30 0.29 0.29 27
212 0.40 0.72 0.29 0.28 31 |602 0.44 0.66 0.29 028 | 30
213 0.41 0.71 0.29 0.28 29 701 0.41 0.69 0.28 0.26 0.26 35
214 0.39 0.76 0.30 0.30 25 1702 0.44 0.64 0.28 027 | 34
25003 e 031032 21 Reliability Statistics
216 0.49 0.79 0.39 0.49 15
217 0.52 0.86 0.45 0.60 6 Cronbach's Alpha
Cronbach's
301 0.43 0.66 0.28 0.27 32 Alpha Based on Standardized N of ltems
302 0.43 0.73 0.31 0.33 23 Items
303 0.59 0.71 0.42 0.54 |0.41] 11
304 0.47 0.72 0.34 0.38 20 0.889 0.885 42
305 0.57 0.73 0.41 0.53 12

Table 5: The frequencies and importance of waatesell as waste factors

As shown in Table 5, 18 critical wastes are hiditlgl. Respondents mentioned
waiting and defect (correction and rework) as thtcal groups of wastes in power
plant construction processes.

The results of the third part of the interview whimvestigated frequency of
seven main types of wastes in eleven common andabl compounded work
packages and activities in power plant construgtiajects are depicted in Table 6.

As shown in Table 6, results are obtained aftetyapgp cost values of each part
on the main waste frequency in major activitiegha power plant projects. It also
represents important or critical parts of commaocpsses for further investigations.
To provide a normalized degree of importance faheaaste in each main activity,
all numbers are divided by the maximum number cheaain waste in all activities.

According to the respondents’ opinions and weigfitsrork packages, the most
valuable work packages are Concrete works, Buildmgin foundations and
Excavation (see Table 6).

Finally, to achieve the most important wastes irst@luable work streams, the
following equation has been suggested which ie#panded form of Equation 2.

Activity's WVF = Normalized (PRF *= Activity' s weight) = WVF  (4)
According to Equation 4, it can be concluded thahe wastes that were not

listed among the critical wastes including wastdated to “over production or over
processing”, should be considered in high-value mmumded work packages such as

Applications in practice
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“concrete” or “excavation and grading” work. On thibder hand, some critical wastes
may not be considered in some activities due tar tlosv-values. For example,
activity's WVF related to “errors in design”, in iorete works is equal to 0.41 and
ranks 18, while this value for “waiting for materials”, isteel structure erection, is
equal to 0.40 and ranks’3Hence “errors in design” in concrete works is enor
important than “waiting for material” in steel stture erection.

value Percent Of relativle Frequency (PRF) Normalized (PRF x Value)
5 Q o S c [
woghs| & A HE A 7

= c = c
] Common and valuable compounded work bl 0 T A - - I I - T  —
° o (%) o P4 = o & 3 o 0 w =5 9] & 3 o
o packages and activities s8¢ % g s8] S| 8 g s| e
= c c ) . c c .
g I 3 I g
[¢) r N <} F o
1 |Excavation & Grading 3.76 21.37|10.23| 9.80 ] 9.56 | 9.64 |13.30{15.57) 1.00 | 0.52 | 0.52 | 0.42 | 0.49 | 0.68 | 0.70
2 (Building main Foundations & ... 5.01 ]9.71]9.77|9.80] 7.65| 9.64 |10.98/12.29] 0.61 | 0.66 | 0.70 | 0.45 | 0.65 | 0.75 | 0.74
3 |Steel Structure Erection 3.23 |11.66{12.09|10.46/11.47]11.67(13.30{13.11 0.47 | 0.53 | 0.48 | 0.44 | 0.51 | 0.59 | 0.51
4 |Erection of heavy equipment Such as ... 6.52 |291]4.65|4.58|4.46(7.11(5.20(3.28]10.24]0.41]0.42|0.34] 0.63| 0.46 | 0.26
5 |Reinforcement ,Form working & Concrete Works 6.34 |12.63]11.63[11.11{13.38(11.6711.56|13.11} 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
6 |Wall Sheeting, Masonry,Architectural &... 3.31 |9.71{12.09/10.46/11.47]10.66( 9.83 [13.11] 0.40 | 0.54 | 0.49 | 0.45 | 0.48 | 0.44 | 0.52
7 |Install and Dismantle of climbing Forms 0.59 |5.83(884(7.19(7.65]5.58]5.20]5.74]0.04]0.07| 0.06 | 0.05 [ 0.04 | 0.04 | 0.04
8 |Install crane for cooling & install ... 0.74 |291]6.05|7.84]6.377.11|6.94] 1.64] 0.03] 0.06 [ 0.08 | 0.06 [ 0.07 | 0.07 | 0.01
9 |Roofing 0.81 |583(791]9.80]8.92]9.14(7.52|4.10]0.06]0.09(0.110.09] 0.10 | 0.08 | 0.04
10 [X-Legs & delta construction & Positioning 3.44 |6.80]5.12]654]6.37]6.60|520]6.56]0.29]0.24(0.32]0.26 { 0.31| 0.24 | 0.27
11 |Landscaping, Roads & Finishing 1.28 |10.68|11.63|12.42{12.74]11.17|10.98|11.47} 0.17 | 0.20] 0.23 | 0.19| 0.19| 0.19 | 0.18
Total 35.01 | 100 | 100 | 100 | 100 | 100 | 100 | 100 030 < valuable < 050

050 < veryvaluable < 0.70
070 < critical

Table 6: Frequency of seven main types of wastetewen common and valuable
compounded work package and activities
As an example, the result for waiting waste grospllustrated in Figure 1.
According to Figure 1, the Waiting group is the miagportant group in seven groups
of wastes and also the most valuable and comman Jais group of waste in the
“reinforcement, form working and concrete work” lhiig affects the final cost.

wating
Excavation & Grading
1
Landscaping, Roads & 5 Building main Foundations
Finishing &..
B Over production
X-Legs & delta construction
 Defect 8 patigg Steel Structure Erection
& Positioning
3 Inventory
W Transportation
® Waiting
’ g Erection of heav
Motion Roofing y ; y
equipment
Over Processing
Install crane for cooling & Reinforcement ,Form
install ... working & Concrete Works
Install and Dismantle of Wall Sheeting ,
climbing Forms Masonry,Architectural & ...

Figure 1: Normalized WVF of waste groups (left)dafaiting waste WVF in
common and valuable compounded work packages amitias (right)

LEAN STRATEGIESTO REDUCE WASTES

As observed, waiting for financing, materials pn@oent, implementation of
activities, etc. are the most critical wastes. Ehgioblems are mostly due to lack of
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proper activity planning according to financial gastees and cash flow during the
project, which can be somehow improved by correctire planning procedure. The
last-planner method (Ballard 2000 and 2004) is ohé¢he planning improvement
strategies. The last-planner is a person or groop i& responsible for planning and
organizing the implementation of work in order taprove the work stream and
control the construction units. In such an impletagan method, the reverse-plan-
schedule, six-week-look-ahead, weekly-work-plan #éimel percent-plan-completed,
limitations analysis and variance analysis createeéiective framework in pull
scheduling program (Ballard 2004).

One of the main problems which most of the critwalstes result from includes
lack of communication and coordination among exgstworking groups in power
plant projects. They cause problems such as misingtenaps, difficulties in getting
approvals, failure to meet the needs of custoneeswhich could be solved with the
help of people with good experience in the consimacof power plants (according to
first-run-studies by Salem et al 2005). This teqbei has been designed based on the
“Plan, Do, Check, Act” cycle which in fact includes method depending on the
experience of group members and matching it with specific projects aiming to
increase productivity and reduce common problemiso,Athe huddle meeting
technique will greatly help resolve the wastes bidimg regular 10 minute meetings
between supervisors and foremen at the beginnirgerfy day (Salem et al 2006).

One useful technique for reducing errors in cordrad supervision includes using
fail-safe-for-quality method. This technique is édson potential diagnosis and
declaring the failure instead of inspection andligguaontrol after doing the work to
prevent errors and inconsistency (Salem et al 2006yiously this method is less
costly than conventional methods, as well as beagable of resolving common
errors in control and supervision. This technigsebased on familiar and popular
concept of poka-yoke in lean production and itsppse is to make the process
unerring.

CONCLUSION

The objective of this research was to identify thain wastes in power plant
construction projects, try to analyze them and saggome identified lean strategies
to reduce them. Primarily a literature review wasducted to explain how to put
forward lean philosophy and apply it to constructin the next stage, based on lean
principles in power plant construction projects,main groups of wastes were
introduced and subdivided to 42 common wastes mstcoction and erection phases.
Based on an opinion survey, using 40 structureehwgws, the most important and
common wastes in power plant construction projeetse identified. As a result,
“waiting and delay in funding”, “waiting and delay maps approval’, and “waiting
and delay in supplying construction materials” wire top three ranks of identified
wastes. Moreover, importance of wastes in commahvartuable compounded work
packages and activities were investigated. Finatyne recommendations for
reducing critical wastes in valuable work packageeipresented.

The presented method in this study is a simplepmadtical method for assessing
important and waste points of construction projdots greater emphasis on their
investigation and it has the ability to be generadito all construction or installation
projects.

Applications in practice
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