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ABSTRACT

The aim of this paper is to provide a discussionimprovement in construction
supply chain management. The study is based oteratlire review regarding the
evolution of supply chain management theory wittia construction environment
and a review of the current findings of supply chananagement in industrial
engineering.

The paper presents five managerial practices tstbéied and implemented in
construction supply chain management. Such maragaactices are traditionally
adopted by manufacturing companies and they reflest practices for improvement
in a multi-organizational environment. Even thoutfis paper has a theoretical
approach, it also aims to bring a contribution tactitioners by providing directions
for improving construction supply chain management.
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INTRODUCTION

Supply Chain Management (SCM) has been widely dset in the literature,
especially in operations management. Such disaussifocused on quantitative and
qualitative approaches. On the one hand, quangtathodeling is applied to
inventory management, demand forecasting and @uwptimization. These studies
are highly related to data analysis from case studi manufacturing processes. On
the other hand, qualitative, managerial or sofeatpof SCM are usually related to
the definition of frameworks, which are applied hiit industry and after that are
validated through empirical research. Such fram&soare usually applied in
performance measurement, strategic planning andergamce in SCM. Both
guantitative and qualitative approaches have bedtighed in a variety of journals
related to operations management.

However, the discussion of SCM in construction basn developed in isolation
from industrial engineering based on two reasoinst,FEonstruction management has
unique characteristics related to its nature sushara intermittent flow and non-
repeated projects. Continuous flow it is an impartprocess feature to reduce
inventory of finished goods or work-in-process. &l also influences on demand
forecasting, which consequently impacts on stogklfe Non-repeated projects take
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along difficulties to production standardizatiordamodularization, not contributing
to obtain gains of scale in production systems.sThquantitative and modelling
studies are not easily applied within construcgowironment due to its complexity.
Second, construction management presents a lagktexfration between suppliers,
contractors and developers. Integrated effortkayeaspects to improve performance,
not only to deliver better projects to the finaktamers, but also to reduce waste and
to promote cost reduction throughout the supplhyirc&C). Nevertheless, industrial
engineering has experienced significant developsmansupply chain management
and they might bring a contribution to constructiodustry. Such contribution can be
directed implemented or adapted from the practdesupply chain management in
industrial engineering.

The purpose of this paper is to propose a set ofagerial practices to improve
construction supply chain management. Such prdposis based on a literature
review of SCM, considering mainstream journals obnstruction/industrial
engineering and the proceedings of the last nineteaferences of the International
Group for Lean Construction (IGLC). The literatuexiew discusses the evolution of
the lean SCM theory in the construction industrgrothe last years and introduces
research findings from traditional manufacturing @assible approaches for the
improvement of construction supply chain management

This paper has four further sections. The secondtlaa third sections review the
literature of supply chain management and its fater with construction and
industrial engineering. The fourth section presentdiscussion of improvement in
construction supply chain management. Finally, achkaling section includes
research limitations and a brief description otifatwork.

REVIEW OF SUPPLY CHAIN MANAGEMENT IN CONSTRUCTION

In this section, the literature of construction glypchain management is reviewed
throughout the time. The mainstream journals, baokd the proceeding of the last
nineteen IGLC conferences were revisited in ordedrawn an evolutionary line of
the research in supply chain management. Initi@iBrien (1995) highlighted the
trade-offs between transportation, inventory anddpction costs, discussing the
importance of integrated frameworks and models tmage supply chain. Such
integration was pointed as a key aspect for caktat®on in construction. Egbet al.
(1996) developed a study regarding project managenier refurbishment,
establishing a comparison between constructionshiqping industries, that, among
other issues, discussed procurement systems. fererqd1997) conducted a study
discussing governance in construction supply chaMso, a review conducted by
Alarconet al. (1999) proposed a framework to evaluate and ingthe procurement
process in construction projects. Such studies titotexi the embryo for an
understanding of supply chain issues in constrogtianagement.

Childerhousest al. (2000) and London and Kenley (2000) debated muetsiral
concepts regarding SCM in construction. The autihorestigated the links between
strategies and operations frameworks to manage lysugmin in construction.
Childerhouseet al. (2000) discussed four different strategies for deotuilding
supply chains. After that, such strategies wereitipoed in a matrix with three
dimensions, namely customer lead time requiremetggree of customization and
relative logistical costs. Thus, each strategy waiémcated in accordance to the so-

Proceedings for the 20th Annual Conference of the International Group for Lean Construction



On Improvement in Construction Supply Chain Management

called dimensions, enabling a smoother decisionimgakegarding SCM strategy
selection. London and Kenley (2000) proposed a atetbr analysing and describing
SCM in construction. Such method incorporated azbatal and a vertical structure
to manage supply chain issues. Horizontally, tHéewint tiers of suppliers were
grouped upstream and downstream as primary conssiitgprime contractors,
subcontractors, sub consultants, and service/mateuppliers. Vertically was
established the degree of competition among sugpliethe same tier. At this point,
the paper highlighted issues related to market etitigm and differentiation between
suppliers. Such issues might be analysed by pediocen measurement techniques in
order to select, certify, assess and provide feddfma suppliers.

As an evolution regarding the views of constructioeory, Vrijhoef and Koskela
(2000) defined four roles of SCM in constructionicB roles are concerned about (i)
the interface between the supply chain and thetami®n site, (ii) the supply chain
itself, (i) the transference of activities fromrstruction site to the supply chain and
(iv) the management integration of the constructda and the supply chain. The
definition of such specific roles complements siggt selection and positioning
proposed by London and Kenley (2000). In this setie=understanding of each role
of SCM in construction provides basis for strategfinition with suppliers and
contractors. In addition, Vrijhoef and Koskela (2p@liscussed the importance of
applying lean techniques throughout the supply rchaiven that most of the
problems spread across the many tiers of suppiyp.cha

O'Brien et al. (2002) presented a comprehensive literature reviegarding
supply chain in construction. Such development iodexy basis for a robust
understanding of the intrinsic issues of constarctn a multi-organizational process.
As a result, the paper delivers a synthesis of fesearch directions, namely sourcing
and make-versus-buy decisions, supply chain strestuncentives for improvement
throughout the many tiers of supply chain, and bighaal actions for suppliers from
a normative perspective. Isatto and Formoso (2@@6yented a set of relevant
research findings in SCM theory in constructione Btudy discussed the joint use of
three conjectural methodologies in order to ingzd8 multi-organizational
management in construction SCM. O'Brieh al. (2009) presented a handbook
discussing a wide set of key-issues related to r&€onstruction. Such publication
covered operational and organizational aspects ugplg chain management.
Roehrich and Lewis (2010) discussed the relevahgev®rnance models in complex
inter-organizational systems. Schoenvétal. (2012) discussed the matters of mass
customization, presenting a framework to implemsmth initiative, which is an
emergent research topic in construction.

The majority of such publications were developed thg lean construction
academic community based on case studies, andcinesgred a large number of
supply chain management topics. These studies echérgm an operational point of
view to a more structured perception, in which discussion become more focused
on organizational issues such as planning, govemamarket, among others. It is
clear that research in construction supply chainagament has evolved throughout
the time, but there is still a lack of discussiegarding supply chain management as
a process.
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TENDENCIES FROM SUPPLY CHAIN MANAGEMENT IN INDUSTRI AL
ENGINEERING

With the purpose of organizing the aspects of S@, further discussion will be

divided in three categories, namely design, opematind improvement of supply

chain, as shown in Figure 1. Such categorizatian bleen adopted by mainstream
books and journals in industrial engineering.

—> Operation —> | Improvement
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Figure 1: Supply Chain Management process

The design process provides basis for the operatiocess, which is determinant for
the improvement. Nevertheless, operation deliveegdlback for design and
improvement offer feedback both for operation amddesign. Such configuration is
essential in order to promote continuous improvanmersCM. Also, this approach
reinforces the view of SCM as a managerial process.

DESIGN

Strategic issues in SCM were early discussed iriméin and Cordon (1998) by
building successful customer-supplier allianceds Btudy brought a contribution to
knowledge related to the view of supply chain agrt@al organization composed by
many companies. Lambert and Cooper (2000) delivarednceptual framework of
supply chain management. This paper clearly desgnietwork structure linkages to
represent interactions in different supply chaiesst not only for material flow but
also for information flow.

Lee (2004) discussed three main features for modepply chains, namely
agility, adaptability and alignment (triple-A). Ay was defined as a response to
short-term changes in demand or supply quickly,dhag external disruptions
smoothly. Adaptability was demarcated as an adjestrim supply chain’s design to
meet structural shifts in markets, modifying supplgtwork to newer strategies,
products and technologies. Alignment was concejze@l as the creation of
incentives to achieve better performance througbopply chain. Simchi-Levi (2010)
also presented the concept of flexibility as thgamaupply chain strategy in modern
companies.

In this sense, flexibility in SCM must be one oéthuidelines when defining a
supply chain strategy, and consequently its govemaA supply chain strategy
based on flexibility will incorporate in its opei@t the changes in demand patterns,
the climate influences and its impacts in the wstinacture, the fluctuations of
inventories, and the natural inefficiencies of fhecess. Flexible SCM strategies
must be tailored for each company, and sometinoeg&ch single product or product
line within the same company, referring also to dbevementioned alignment. The
main output of SCM flexible strategies must be #amination of disruptions
throughout the supply chain. As a consequenceffalits developed by the different
companies within the same supply chain must follbessame direction, based on a
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so-called governance model. Such governance magfeied the strategic policies
and guidelines from the focal (major) company pecsipe, and these guidelines and
policies should be followed by all the companiethii the supply chain.

OPERATION

Supply chain operation has been widely investightedesearchers and practitioners.
Such developments were mainly related to inventompnagement, demand
forecasting and routing optimization. Neverthelsssne managerial aspects were not
investigated in depth such as management framewamkisthe influence of lean
concepts in SCM.

Management frameworks

Supply chain operations reference (SCOR) modelpsesented by Stewart (1997) as
the first cross-industry framework for integrateabgly chain management. Such
study discussed SCM as a set of processes, nataely qource, make and deliver.
After that, other approaches were developed basesiGM as a process. Zhetal.
(2011) discussed the relevance of integration dmed applicability of the SCOR
model. Also, this study developed the first empirieffort in validating the SCOR
model by using data from 125 North America manufany companies.

Whitten et al. (2012) performed an investigation with 132 SCMfessionals in
order to clarify which dimensions within triple-Aigply chains must be defined and
developed. This study recalled to the abovementdomeblication of Lee (2004)
which was discussed under the section of stratedygavernance in this paper. At
this section of the paper are presented the opesdtiimplications of agility,
flexibility and alignment from the framework promasby Lee (2004). Firstly, agility
was adopted by successful companies through symicimg flow of real-time
information throughout the many tiers of supply iohadeveloping long-term
relationships with suppliers, designing productporacess to facilitate postponement,
building inventory buffers of inexpensive key compats, developing a dependable
logistics system and drawing up contingency plarsdeveloping crisis management
teams. Likewise, Whittelt al. (2012) stated that agility incorporates the apidit
supply chain partners to work together in respagdinchanges in customer demand.
Secondly, flexibility (adaptability) was fosteredy lcompanies over monitoring
economies to identify new supply bases and markstag intermediaries to develop
fresh suppliers and logistics infrastructure, eatihg the needs of the immediate and
the ultimate customers, creating flexible produdéesign and determining where
products stands in terms of technology and prolifigctycles. Such initiatives must
be operationalized in SCM procedures. Thirdly, ratignt was nurtured by
companies by exchanging information with suppleensl customers, laying out roles
and responsibilities for suppliers and customanrd, sharing risks, costs, and gains of
improvement (Whittert al., 2012).

Lean concepts and SCM

Hines et al. (2004) discussed the contemporary aspects of gam thinking by

differentiating lean thinking from lean productioRirst, the study associated lean
thinking to the understanding of value. Second,dfuely related lean production to
the elimination of waste. Pires and Neto (2008)estigated supply chain
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configuration in automotive industry. Such studyfooned that supply chain design
is a determinant element for industry and its siepgl Also, the study highlighted the
importance of the industrial condominiufria order to reduce waste in SCM. A
study promoted by Souza & Pires (2010) broughtlial sontribution to SCM theory
based on lean philosophy. The study discussed rijgadt of the Theory of
Constraints (TOC) in dealing with the traditionedde-offs between logistics costs
and stock-out levels.

Certainly lean concepts can influence SCM pos#yiveased on two reasons. First,
lean philosophy is directed to waste eliminationpmeduction. Considering supply
chain as a system, the same principle is suitablerder to improve such system.
Nevertheless, the complexity and the multi-orgaimracharacteristic of this system
must be considered. Second, lean management prenmggration and multi-
tasking within the processes. Such initiativesadse appropriate for SCM given that
a variety of companies with different maturity lé&vere spread within the same
supply chain. Thus, knowledge transfer throughgratgon it is vital in order to
achieve zero defect or reduced inventory levels, tvain aspirations of lean thinking.
In practical terms, effective supply chain managemell only be achieved based on
lean philosophy.

|MPROVEMENT

There is a lack of academic discussion in termisnpfovement of supply chain as a
process. In fact, many publications were develapedrder to propose metrics and
frameworks to evaluate and measure supply chaih,tley failed to study the
integrated performance of the many tiers that casepa supply chain. Nevertheless,
some publications provided basis for future develepts.

Beamon (1999) presented one of the first studikged to SCM metrics. Such
study brings a large contribution for the acadehyareviewing the early literature
about the topic and depicting research directiandurther studies. Gunasekarein
al. (2004) presented a framework that links supplyircheocesses and its levels. The
paper brought a contribution to knowledge by ratathe formal processes of supply
chain, namely plan, source, make/assemble, angedelSuch processes are then
evaluated under different time perspectives, frdme bperational, tactical and
strategic level. Vachomet al. (2009) developed a study by revisiting the topic o
competitive priorities and the deployment of metricom them. The study proved to
be robust based on the positive response fronppBcation in industry. Garciet al.
(2012) delivered a framework for measuring logsstigerformance in the wine
industry by applying a multi-criteria method basedcompetitive priorities.

The application of performance measures in suppdinchas demonstrated to be
an emerging topic. Such matter requires the dewatop of frameworks that provide
efficient and accurate measures. In terms of impbos, these frameworks should be
developed under an easy-to-implement perspectivthi$ sense not only academics
but also practitioners will be capable of implemehem within the industry
environment. Performance measurement is the keyeis¥ decision making,

¥ A set of small industrial plants located withimetsame ground. Such small factories supply a

major plant, which is physically located also ir ttame site. The condominium approach, also
known as a special case of supplier parks, is higbéd by the automaker industry.
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especially in a dynamic atmosphere involving ddéfar suppliers, numerous
customers and many conflicting requirements. Afserformance measurement is a
means to establish a continuous improvement sirateg

A DISCUSSION OF IMPROVEMENT IN CONSTRUCTION SUPPLY CHAIN
MANAGEMENT

Design and operations have been widely discussdieiditerature of supply chain
management, especially in industrial engineeringvéxtheless, the view of supply
chain as a management process requires furthestigagon regarding improvement.
In addition, the development of a set of propos#idor improving construction
supply chain management would be helpful to devedbpuctured approaches
between the construction companies and their cctioirs resulting in better results
for the entire supply chain.

The definition of the following five managerial pteces for improving
construction supply chain management is relatedlter and newer topics in
construction and industrial engineering, respebtive-irst, a discussion concerning
suppliers’ development and benchmarking is preserecond, a debate regarding
performance measurement, knowledge managementwaste identification and
elimination is pointed. The managerial practicesleted in the following topics.

The proposition of these managerial practices temotes a different discussion
in terms of supply chain improvement in constructid-irst, these practices are
focused on the strategic level, in which there lack of research. Second, the shift
from an operational to a strategic view places Bumhain improvement as a
corporate matter that should be taken in consimerébr strategic planning purposes.

SUPPLIERS’ DEVELOPMENT

The interaction between construction companiesthagt contractors is continuous
over time during a project. In this sense, theqgrerance delivered by the contractors
influences the overall performance of the projediajor companies related to
manufacturing have developed initiatives concerabdut suppliers’ development.
Such initiatives comprise structured programs basedclasses, consulting, and
feedback provided to the suppliers. In generalsghgrograms are led by the focal
(major) company within the supply chain, which isveapital to support these
programs in order to obtain better results in teohgost, quality, dependability,
among others, from its suppliers. Usually, suchatives are cyclical, taking 18 to 24
months to develop each cycle. After this period, shppliers are ranked and some of
them are conducted to a higher level of developrimeatnew cycle.

PERFORMANCE MEASUREMENT

Measure the performance of the processes is anirapgballenge for companies
from all sectors. Research regarding performancesorement is recent and
provided frameworks that provide guidelines for gers in implementing
performance measurement. Usually, the difficulties first concentrated in defining
the metrics and second in using the informatiorvipled by them for improvement.
Nevertheless, the use of performance measuremstensy proves to be crucial in
order to face the current market competition. Tlse of standardized metrics to
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assess the performance of suppliers and providébée& for them is a powerful
approach for supply chain management improvemaunth &pproach refers to the
traditional view of PDCA cycle (Plan, Do, Check, tidn), in which “Check” is
totally related to performance measurement and directions to correct the course
of action.

BENCHMARKING

The development of benchmarking is still incipiemtsupply chain management.
Benchmarking is based on best-practices exchantygeebr companies in order to
obtain improvement in their processes. Also, beratking can also be directed to
compare the performance of metrics in order tobfista goals to be reached in a
determined period of time. In this sense, it wouddly helpful for the construction
companies to promote benchmarking in their sectmmsidering the best practices for
management and identifying the gap between theernal practices and the
benchmarks. Nevertheless, the implementation ofeachimarking program is a
complex initiative, requiring efforts to align exgtations and develop trust within the
entire supply chain.

K NOWLEDGE MANAGEMENT

In a typical supply chain, the suppliers developwledge not only about their
products and services but also about supply chanagement. Even though there
are many suppliers in a single supply chain, itare to observe a focal (major)
company that gather knowledge from its supplierghis sense, clearly is established
an opportunity for implementing knowledge managemien supply chain. The
establishment of an integrated platform for knowke@haring can deliver substantial
results for supply chain improvement, especiallycamstruction companies that are
used to have internal knowledge management practice

WASTE IDENTIFICATION AND ELIMINATION

Research about waste identification and eliminatsostill incipient. However, the
adoption of practices aiming at identifying nonueladded activities or processes
and eliminate them can improve supply chain managénAn investigation of the
processes in a detailed way can produce a totakiga of their flows and lead to
optimized processes. Also, at the operations Iéweichasing, stocking, handling,
etc.) some efforts could be done in order to idgmédundant activities and eliminate
them. The application of this philosophy throughthg many tiers of supply chain
can deliver great results from a systemic poinwiefv, given that the interaction
between the companies is constant and their ingiVidesults influence the overall
performance of supply chain.

CONCLUSIONS

The discussion of improvement in construction symiain management proves to
be necessary in order to orient research develogmerthis topic. This study was
motivated by providing new directions for upcomisigydies that were not explored
by academics or practitioners. The need for CSAMiss was also driven by recent
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market competitiveness, which is demanding bet&sults from construction
companies.

The paper concludes that there is a lack of disougs terms of improvement in
construction supply chain management. Previousldpreents were focused on the
design and operation of the supply chain managemetess, but they have not
investigated in depth improvement in such environimén this sense, the paper
provides a discussion of improvement in CSCM basedet of managerial practices.
Such practices are well developed in industrial imegying and they are
recommended to be implemented in construction nemagt. Even though a
differentiation must be placed for SCM in constimet the recommended practices
are generalist and they can be further investigatedSCM. The paper also argues
that qualitative research regarding managerialessof SCM should be deeply
developed in the construction industry in termsaft social and conceptual research.
Thus, this paper brings contributions for acadenaicd practitioners, respectively.
First, the paper proposes a set of managerial ipegcof improvement in CSCM.
Second, the paper promotes a better understantlipgctical directions to improve
supply chain within the construction environment.
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