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ABSTRACT

The utilization of standardized work in manufaatgrhas achieved many benefits, thus
motivating researchers to apply them in the constya environment. The aim of this
research is to identify gaps that involve standadiwork applications inserted in the
construction environment.

We adopted a literature review approach focusingtadies in construction sector
that addressed standardized work applications. esuiesntly, comparative tables of
these publications were prepared and analyzed.llsingpportunities to apply the
standardized work elements, documents and todistime works were identified. The
article points out that there is a shortage in joakibns that address the application of
these elements and tools in construction. From cbstruction flow analysis, we
observed that almost all papers were applying ijgbflew. Standardized work elements
analysis pointed out that the three elements (tal¢, sequence and work in process)
should be applied in the same process. The anabfsstandardized work tools and
documents showed that some documents have notuigiged in construction, they
are: production capacity sheet, Standardized WikriGand verification process sheet.

We also realized a lack of a method to implememt $tandardized work in
construction. This paper contributes to standaddia@rk expansion in construction
environment by utilizing its elements, documentd &ols.
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INTRODUCTION

The construction industry is under pressure to awer production management
practices, due to some factors, such as: low ptodiyc social demands, high levels of
waste, and bad image when compared with other indss An alternative that can
change this scenario is Lean Thinking, as its immgletation results in lead time and
cost reduction and quality product improvement.rL&ainking is the generalization of
the Toyota Production System for other industrgtsrs (Womack and Jones 1996).

Since the pioneering proposition by Womack and qi896) regarding the five
principles of lean thinking, the flow principle hasen highlighted as a cornerstone of
this philosophy. An element widely utilized to patplace this principle is standardized
work (SW), which aims to keep the production asseldo the continuous flow as
possible (Liker 2004). SW reduces waste and woirotess, reduces workload and
risk of accidents, and increases productivity ampleyee satisfaction (Kishida et al.
2006).
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In the construction context, the application of $Aktill embryonic, arousing the
interest to be further studied. Some researchess alaeady made some applications of
SW elements, documents and tools in the constru¢eng and Ballard 2008; BulhGes
et al. 2005; Nakagawa and Shimizu 2004), but neaeh raised approached all
standardized work elements, documents and toolss,Ttihe aim of this study is to
identify opportunities for the application of SWeslents, documents and tools inserted
in the construction environment, and to assess pghtential benefits of these
applications.

RESEARCH METHOD

The methodological approach used consisted o&gatiire review (from 2001 to 2010)
addressing the production cell implementation ¢bnstruction environment. Figure 1
shows the steps followed in this research.

Firstly, we identified in the literature SW elenigndocuments and tools. After, 24
cases that implemented these elements, documéatgldools were identified.

Secondly, we identified the main focus of theseesaand the construction flows
applied (business, job site, design, supply chaml use and maintenance) by Picchi
(2001). In the third step we crossed the 24 casts S¥W elements, documents, and
tools, and we identified what of these elementsudtents, and tools were approached
in each one research. The next step was reporfitseeobtained using SW elements,
documents, and tools.

Finally, we found the main gaps in the consideratb previous mentioned aspects
taking into account time, space, and informatiotkdges. Results were analyzed in
detail and opportunities for broader applicatiohproduction cells in construction have
been offered.

STEP1 STEP 2 STEP 3
SW elements,
Standardized work documents and
elements, documents |— tools reported in
and tools
el Main gaps

identification of
SW elements,
documents and
24 cases reported in tools applications
literature Benefits identified
by researchers

Main focus and
construction flows

|

Figure 1: Steps followed in this research
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STANDARDIZED WORK

BACKGROUND

The Training Within Industry Service (TWI) was dstghed in 1940 during World War
Il to increase production output to support theiesll Forces war effort (Huntzinger
2005).

According to the same author, the "J programs'hef TWI developed and have a
major impact on the manufacturing industry in thated States during the war. The "J
programs" were: job instruction, job methods, jelations and program development.

The training method utilized today by Toyota iseglica of the developed material
by the United States in the 1940s. Toyota made somer additions and now utilizes
the material to train thousands of workers (Liked aMeier 2007). The standardized
work is a product of the program of job instructi@miginating in the TWI (Feng and
Ballard 2008).

ELEMENTS
SW means establishing precise procedures for epehator's work, based on three
elements (LEAN ENTERPRISE INSTITUTE 2003):

« takt time: takt time is how frequently a product must be ptated to meet
customer expectations. It is calculated using enstodemand and available
time. Takt time sets the rhythm for standard w@Rother and Harris 2002);

* sequencesequence is the specific order an operator pegfdhe manual steps
of the process. The work sequence may be diffédrent the process sequence.
Focusing on the sequence identifies waste andligebthe process (Mondem
1998);

» work-in-process (WIP): work in process is the minimum amount of inventor
on the line that will allow the operator to flowopiuct efficiently (Ohno 1997).

KEY DOCUMENTS

Documents are very important for implementing SWit Iby utilizing only one
document the results will be limited, as no docunu=als with all the elements of SW,
thus it is necessary their combined utilizatiom¢hieve meaningful results (Marksberry
et al. 2011). According to LEAN ENTERPRISE INSTITUTE (28)Q three basic
documents are commonly utilized in the creatio®\df, they are:

a) Production Capacity Sheet: this is used to caleula capacity of each machine
in a set of process to confirm true capacity andidentify and eliminate
bottlenecks (Mondem 1998);

b) Standardized Work Combination Table: this tableictspthe combination of
manual work time, walk time, and machine procestimg for each operator in
a sequence (LEAN ENTERPRISE INSTITUTE 2003);

c) Standardized Work Chart: this shows operator mowraad material location
in relation to the machine and overall processuaybiker and Meier 2007).

ADDITIONAL DOCUMENTS AND TOOLS

Liker and Meier (2007) report that even in Toyataaddition to the key documents of
SW, additional documents and tools are neededet®&W application and management,
they are:
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a) Visual controls: they are utilized to facilitate ethtransfer of important

information as quickly as possible. They are, intlegays to transfer just-in-
time visual information in the factory (Suzaki 1987

b) Policies and procedures: a support structure iviged by the company to
support SW through its policies and proceduresdtdnd Meier 2007).

c) Sample Models: they are tangible examples of thsirel® quality levels
provided by the quality industry (Liker and Meie€d(?).

d) Verification process spreadsheet: it is utilizedamditing SW. It has simple
guestions to help the employee develop a bettek (Laker and Meier 2007).

e) Job instruction: workers are trained and instrudigdheir supervisors through
defined methods to develop the knowledge and thleagkthe worker (Mondem
1998).

f) Operator Balance Chart (OBC): it is a chart thagcdbes the distribution of
work between the operators in relation to takt tilmesed on actual data that is
observed and recorded (Rother and Harris 2002).

The additional documents and tools referred arated|to the need of basic stability,
one important pre-requisite for flow and standadizwork. is basic stability,
emphasized by Rother and Harris (2002), and defawdtability on materials, men,
methods and machines. Koskela (2000) refers tonséeevs (information, material,
previous work, following work, crew, equipment asyhce), that could be considered as
conditions in the same direction.

RESULTS AND DISCUSSIONS

L ITERATURE STUDIED ON THE APPLICATION OF THE SW ELEMENTS, DOCUMENTS AND
TOOLS IN THE CONSTRUCTION

Table 1 shows the literature studied that contaipglications of the SW elements,
documents and tools in the construction contexthia table there are references to
authors, objectives and application flows of thesearches.

Table 1: Objectives and application flows in therkture studied on applications of the
SW elements, documents and tools in the constructio

References Objectives Application
Flows
Feng and Ballard | To utilize TWI techniques to train and instruct employees within a concrete division Desi
esign
(2008) of a company.
Lima et al. (2010) To map the value flow of_the executive architecture design in a public agency and Design
evaluate the results obtained.
Bulrzgggec;t al. To implement the continuous flow in the process of prefabricated assembly. Job site
Bulrzgg(s);t al. To analyze possible implementation of continuous flow in civil construction. Job site
. To develop an implementation method of production cells, in the construction .
Carneiro (2007) environment. Job site
Carrz;acl]rgg?t al. To highlight the benefits of a successful production strategy. Job site
Ferraz et al. To describe a model of construction planning and management based on the Job site
(2005) Toyota Production System and the Theory of constraints.
Formoso (2002) | To facilitate the understanding of the principles of lean construction. Job site
Francelino et al. | To present results obtained with the various improvements made in vertical works, Job site
(2006) based on the application of the lean philosophy.
Horman and To identify if the optimum levels of inventory buffers interfere with the results of job .
Job site
Thomas (2005) | performance.
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Table 1: Objectives and application flows in therature studied on applications of
the SW elements, documents and tools in the carigiru(CONTINUATION)

References Objectives Application
Flows
To introduce the key elements of the principles of Lean Construction, in a .
Kurek (2005) construction company. Job site
Miranda et al. To structure the representation model of the Lean Construction through the Job site
(2003) establishment of the components that form the STP structure.

To apply the visual tools and the documents ofdstesh operating procedures to implemegnt

Nakagawa (2005) the Lean Construction. Job site
Nakagawa and | To reduce waste in the construction of buildingstigh the application of documents of .
o - Job site
Shimizu (2004) | standard operating procedures.
Patussi and To describe the main results of the application of the concepts of cell production Job site

Heineck (2009) | and the principles of lean production in a small construction.

To discuss the need for companies to balance the lack of standardization of

Polesi et al. activities and processes, also considering the desire for freedom of construction Job site
(2009) : PR -
managers to find value and motivation in their work.
Sarg;%sog)t al. Manufacturing cells concept application in a dry-wall service Job site
Souza et al. To report on developments from the completion of the first INOVACON module, Job site
(2005) which addresses the Lean Construction Philosophy
Tezel et al. To understand how transparency in the processes is applied in the construction .
Job site
(2010) phase .
Nakagawa and | To reduce waste in the construction of buildingstigh the application of documents of .
o - Job site
Shimizu (2004) | standard operating procedures.
From the Value Stream Mapping, to create a steady flow of production to .
Yuetal. (2009) implement the lean Thiking in the building of houses. Job site
Yu et al. (2007) | To reduce and manage the high variability in the construction process. Job site
Benetti et al. To identify deficiencies in the production process of precast artifacts that hinder the Supply
(2007) fulfillment of daily demand. Chain
Gallardo et al. o . . ) Supply
(2006) To stabilize and standardize the production of precast tile. Chain
Use and

Salermo (2005) | Lean thinking concepts and tools applied to hospital buildings maintenance .
maintenance

Overall, the papers discuss the applications ocrgg®ons of Lean Thinking concepts
and tools in the construction context, but in &ltreem it is presented SW applications
of elements, documents and tools.

The research strategy most utilized was case stuitly,only two exceptions that
employed action research (Gallardo et al. 2006h8es et al. 2006). For the flows of
application, we adopted the division proposed bgcli (2001) that divides the
construction into five major flows: business, jote sdesign, supply chain, and use and
maintenance. Thus, it can be seen by examiningeThlthat most of the researches are
in the construction flow. The other flows have agations of the SW elements,
documents and tools, except the business flow.

STANDARDIZED WORK ELEMENTS , DOCUMENTS AND TOOLS APPLIED IN THE
CONSTRUCTION CONTEXT

In this item we identified which SW elements, doemts and tools were utilized in the
studied literature, as shown in Table 2.

By examining Table 2, one can see that the mosredi tool reported in the
literature was visual control, as several of theeaeches raised utilized the kanban,
andon, 5-S program, visual pictures and other titas facilitated the information flow
through visual mechanisms. In second place, weiftshthe work-in-process element,
as most of the works that utilized this elementdusgpermarkets in order to ensure that
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production would not stop. The takt time and seqeeappear tied for third place in
number of utilizations in the studied literature.

On the other hand, the following documents andstaaére rarely utilized: OBC,
sample models, job instruction, and standard pnaeedand policies, which may
explain the failure of some of these applicatioaspecially those waiting for the
implementation of the continuous flow of productitrecause, according to Liker and
Meier (2007), standard policies and proceduresjamdnstruction are the basis for the
SW establishment.

By analyzing Table 2, one can still see the nolization of three documents that
could be adapted to the construction context, they production capacity sheet,
verification of the processes spreadsheet and &tdizéd Work Chart. Although the
production capacity sheet is related to equipméntthe construction it could be
utilized, for example: concrete mixer, winch antestequipment. The verification of
the processes spreadsheet can be utilized in aptatida of the audit of the
standardized work in the construction context; Stendardized Work Chart could be
utilized as a layout, in which it would show thedt and work sequence on the floor,
aiming to assist the implementation of various ises; such as: masonry, plastering,
laying of ceramic tiles, etc.

Table 2: Standardized work elements, documentdaois applied in construction

SW Elements SW documentg: Additional SW gocuments and tools
[©) © ()
= x~ 5 5 0 o
< §) ® Q@
81283 | = |2 |2|8 |28, 5 |8
ol 9 |G s o K] <) 8|l s |2l 2 a
el 2 e8| B¢ = Sc |Ela| 2|25 8 |5
References =) ¢ | 2| 8| NS 5 .3 | 3| o sd| & | o
g2l 2| £|¢° T © ] S ||| 28w @ =
< o) : c @ .S N T O o} @ S |5 Q0 c c
Flw | 2|8 | B8 i) = 2| ol E|loal o |3
S|B| §E & 3 29| 8 En o | g
= |5 o] ° 5 S5 |v|5 S 15
B| ?° 3 S >
a 0 o
Feng and Ballard (2008) X 1
Lima et al. (2010) X 1
Bulhdeset al. (2006) X 2
Bulhdeset al. (2005) X X X X X 6
Carneiro (200y X X X 3
Carneiroet al.(2009 X X X 3
Ferrazet al. (2005) X X X 3
Formoso (2002) X X 2
Francelincet al. (2006)* | x | X X X X X 6
Horman and Thomas 1
Kurek (2005) X X X 3
Mirandaet al.(2003) X 2
Nakagawa (2005) X 1
Nakagawa and Shimizu . X . 3
(2004)

Patussi and Heineck (200 X 1
Polesiet al.(2009) 1
Santoset al.(2002) X X 2
Souzeet al. (2005)* X X 3
Tezelet al.(2010) X X 2

Yu et al.(2009) X X 2

Yu et al. 007) 1

Benettiet al.(2007) X | x X X 4

Gallardoet al. (2009 X X 5

Salermo (200p X 2
Qty of elements or tools | 8 | 8 11| 0 5 0 4 14 | 4 | 3 0 3
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Note*: These works refer to the Operator BalancarCand Standardized Work Combination Table as
man-machine diagram and sequence diagram, resglkgctiv

The articles that have greater amount of applinatibthese elements, documents and
tools are: Bulhdest al. (2005) and Francelinet al. (2006) who also appear with the
same elements, documents and tools. These twdearti@re the only that mention all
SW elements, but they were not applied in the sseneice, for example: in the article
by Francelincet al., (2006), takt time and sequence were utilized irraise of dosage
and transport of mortar; the work-in-process wa&atl in ceramic bricks through the
utilization of supermarkets. Thus, in none of tegiewed works a full application of
SW has been noticed, for all elements should béemht the same service for its full
application.

BENEFITS OF THE APPLICATIONS OF SW ELEMENTS, DOCUMENTS AND TOOLS
IDENTIFIED IN THE RESEARCHES RAISED

After identifying SW elements, documents and tanlshe studied literature, Table 3
was devised. Table 3 depicts the benefits, idextiliy authors from the applications of
the SW elements, documents and tools. It is notiéwydhat the publications raised for
this research showed other benefits, but we todaghlight only the benefits from SW
elements, documents and tools. Furthermore, someslts, documents and tools
showed more than one benefit, for example: thelartty Feng and Ballard (2008)
utilized only one document (job instruction), batcording to these authors, through
the utilization of this document, two benefits wadhieved: increased productivity and
employee training.

Table 3: Benefits of the applications of SW elersgdbcuments and tools

Benefits

Standardized Work
elements, documents
and tools

Cost reduction
Waste reduction
information flown
production flov
Partnership with

suppliers

Pull production

Others

Increased productivity
Assistance in continuo

Reduction in variability
Reduction of manpower
Reduction of deadlines
Improvement in the
Employee training
Reduction of stock
Assistance in identifyin
and solving problems
Leveling of workload

Takt time

=
w
=

[EEN
[
[EEN

Sequenc

[EEN
a1
(e3}
-
w
N
-

Work-in-proces

v |5 |~ | | Number of citations

Production capacity sheet

Standardized work
combination table 8

Standardized Work Chart

=

Visual control: 10 1 5

N[~
'—\
==

Policies and procedur 1

Sample mode 1 1 1 3

Verification process
spreadshet

Job instruction 1 1 2 1 5

N
=
(2
ol

Operator Balance Chart

Number of benefits 7 -112 | 4| -| 3/13|11| 2 3135| 10| 3|3
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For a more detailed analysis of Table 3, we decideativide it:

a) Takt time: the two benefits that stood out in thi&zation of this element were:
assistance in the continuous flow of production pnlidi production;

b) Sequence: this element obtained five benefits, raddction in variability was
obtained twice;

c) Work-in-process: the two benefits that stood ouhim utilization of this element
were: assistance in the continuous flow of produrctiand reduction in
variability;

d) Standardized Work Combination Table: this docunreathed seven different
benefits, and the assistance in identifying andisgl problems was obtained
twice;

e) Operator Balance Chart: it reached four differeanddits, and the increased
productivity was obtained twice;

f) Visual controls: the two benefits that stood outtlie utilization of this tool
were: improvement in the information flow and asise in identifying and
solving problems;

g) Policies and procedures: it showed four benefitd, reduction in variability was
obtained twice;

h) Sample models: it showed three different benefits;

i) Job instruction: it showed four benefits, and eryeé training was obtained
twice;

The benefits that are correlated with more SW elgmedocuments and tools are:
increased productivity and reduction in variabjlityoth appear in six of the SW
elements, documents and tools.

CONCLUSIONS

This work shows that there are opportunities toaexp the applications of SW
elements, documents and tools for other flows, sash design, supply, use and
maintenance and, especially, business. Furthermesearches in the construction flow
are necessary to replicate the results obtaine@lsondo achieve new results.

In relation to the applications of SW elements,neéiced a lack of more integrated
applications, i.e., there are applications of tlements dispersed in various services,
but we did not find the application of all elememtsa single service. For a more
integrated application, it could be tested the i@ppibn of documents such as: OBC and
Standardized Work Combination Table combined witHagout of materials and
equipment, and a diagram of standardized work.

With respect to documents and tools, it is cleat #ome documents have not yet
been adapted to the construction context, such pasduction capacity sheet,
Standardized Work Chart and verification of thevi®s spreadsheet. Thus, this work
has shown that they can be further exploited ircthestruction context.

The benefits that appear in more SW elements, dentsrand tools were: increased
productivity and reduction in variability. We alswticed a lack of utilization of a
method for application of the standardized worlotigh the integrated utilization of its
tools.
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