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Abstract: We compare and contrast the current practice of the prefabricated housing
among three countries: the U.S, Japan and China, to illustrate the advantages and
challenges of this relatively new approach in the construction industry. We also
exemplify the operations management practice through real-world practice for the
prefabricated housing and point out the future trends.
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1 Definition

Design Engineering Site Preparation Construction

Fig. 1.1 Steps of Construction

In classicalconstruction processuppliers ship the raw materia{scluding cement,
bricks, reinforcing steel bar, sand, and wgddsconstruction sit Using these materials,
workers make customized housing components-site and assemble them to build the
house In classical constructiommost ofthe cost(e.g., 90%, Shang 2006¢curs o site

In contrast,fiPrefabricatech o u s referg to a construction procesterethe housing
components €.9., walls, floors, balcony, stairs, etc.) apeefabricatd in batchesin
factories, and then shiped to sites for assembly(see Figure 1.2 for @omparison)
Although the complexity of the pilabricated housing componentand offsite
procurementcost vary from project to project, from one country to tther, one
common feature of prefabricated housing off-site production plus onite
installation/assembly.

Fig. 1.2 Classical Construction vPrefabricate Housing Construction



fiPrefabricatedh o u s barrgws key ideas from
the manufacturing industryln the latter, products
are modulaezed and components are standardized
On-site kbor is replaced byoff-site machine R
Although scope is reduced, productivity, quality == ‘
and cost are improved by batch productionain
controlled environmentln some sectors othe
construction industry where the construction
process is sufficiently repetitiyehe concept of ==
prefabricated housingan be applied to achieve @
greater productivity, higher quality and lower cost

for construction projects.nl suchcase, housing
components such as extermalls, floors, doors,
windows, or even stairand batckroomscan be
made in factoriesOn-site workers only haveto
assemble thento build the houseWe refer to
Figure 1.2 for an illustration. Such a case applies,
for example in many large real estate companie
that construct thousands redential and/or
commercial buildings annually.

There are several phrases that aedated to @
fiprefabricatedh o u s i n g 0 , masufactuned a s A

housingo, Amodul ar hom--*= gttt o
Abuil ding i n dta $iManuaciured z

h ousirefegsoto a more specific typef
Aprefabr i c a(see delow)diuvahilan g
h o me sefer to an even higher level of
prefabrcation i the whole hase prefabrication
(Figure 1.3b where he whole house is
prefabricated in factoryand ddéivered to the site.
This approach has its own limitations and is no
widely used.

In the U.S, Amanuf act mearsa@
structure, transportable in one or more sections H
which, in the traveling mode, is eight body feet orl®  gar=
more in width or forty body f& or more in length, &
or, when erected on site, is three hundred twenty d
more square feet, and which is built on a
permanent chassis and designed to be used as
dwelling with or without a permanent foundation
when connected to the required utilities,dan
includes the plumbing, heating, -@onditioning,
and electrical systems contained therein; excef Fig. 1.3a On-Site Assembly
that such terms shall include any structure whict



meets all the requirements of his paragraph except the size requirements and with respect
to which the maufacturer voluntarily files a certification required by the Secretary and
complies with the standas established under this titlghe National Manufactured
Housing Construction and Safety Standards.Act)

Fig. 1.3b Modular Homes

In Japan, theil p r ecfaatbeed hhasuits iowmngsbandard buefers to the same
philosophy:batch production of housingpbmponentsn factoryand the orsite assembly

of components Specifically, abuilding is broken down to several components or
modules, such as walls, flogrdoors, stairs; the industrial standard is established for
these components and modulPsecisely préfabricatech o u s referg to houses for
which 2/3 or more construction processarefinished in factory and the main parts of
house, such as walls @rfloors, are prefabricated follong certain industry standard
(Chu 2008).

For the residential sector of the US and Jagmdabricated housingomponents are
usedalmosteverywhere ven i f the buil dings are nnot | abe
almostall suchprojects,raw construction materials (such as sand, lumber, bricks, etc.)

are nearly eliminatedromons i t e oper ati ons. Ot -falericatec ount r i €
housingo is widely used are Denmar k, Hong Ko

2 History and Current Status

iPr ef abri cat eidMamad saicrt g& e ddrivénoby the siggiftcantwgaps
between demand and supply in residential housing sedtditional housing
constructiorfocuses on ossite operations ancesults in long cycléime and high cosof
construction.Such a supply process cannot satisfy the huge demand generated by
industrial evolution. This is evident by Figure 2.1 which shtne people sleep in a
night-club in Londonin 184Q This scenario did not onllyappen in UK, but alsm Ja@an

after the WWIl,in US, andn many Asian countries, currently @hina



Fig. 2.1 Night Club inLondon in1840

2.1 United States

In United Statesfimanufactured housing waiginated in 1950slt starts with the
mobile house(Figure 2.3. It is the rudment stage in the development of manufactured
housing.

Fig. 2.2 Mobile House

In 1976, Congress passed the National Manufactured Housing Construction and Safety
Act. At the same year, HUD (Department of Housing and Urban Development) started to
establisithe industrial standard for manufactured housing.



According to the data from MHI (Bhufactured Housing Institutg¢) Cost and Size
Comparisons of Manufactured Homes & Site Built Homg9902008, the
manufactured housing takes 12% percent of all resaldmimesn 2008(Table 2.1).

Housing Starts & MH Shipments
(thousands of units)

Year 2004 2005 2006 2007 2008
New Single Family Housing Starts 1,611 1,716 1,465 1,046 622
Percent of Total 92% 92% 93% 92% 88%
Manufactured Homes Shipments 131 147 117 % 82
Shipped
Percent of Total 8% 8% 7% 8% 12%
Total 1,742 1,863 1,582 1,142 704

Table 2.1 Manufactured Homes. Site Built Homes

Table 2.1only shows the market share ofh e A manuf act uresidehtialh ousi ng
homes In commercial real estate, mastthe buildingsare made by the prefabricated

modules. Moreover, in USpearly 100% housing construction (either residential or
commercial) us@refabricated materigl whichimpliesthat every house igrefabricated

to a certain degree ew if it does nb satisfy the criteria ofimanufactured housiiig

Although the complexity of the prefabricated housing components varies among projects,

the procurement cogfor materials)accounts fora significant percentagef the total

housing budgetOn averagecos shares of material and labor in th@nstruction of new

residential houseare approximately & and 35%Somerville1999.

2.2 Japan

The manufactured housing in Japan starts around 1960s. Due to WWII, lots of houses
were destroyed. After the baby boom, tleenand for residential house is urgent. In order

to construct more housesgithout sacrificing on quality, Japanese companised the
Aprefabri cat ed Sdme ofshe Iragling campaniesoaee ddisei Corporation
(Figure 2.3), Sekisui House, Daiwkuse, Misawa House.

Japan has its own industrial standard for prefabricated housing, which is different from
the US. It is said that a house nsade byprefabricated housing if the 2/3 or md@hu
20083) construction process is finished in factory ahd main parts of house, such as
walls and floors,are premade following certain industry standasdIn this sense,
20%~25% of newresidential houses are prefabricated housmgear 2002 If we
include houses that uséle prefabricated modulethen thepercentage goes taearly

85% and moréor year2002(Chu 2008).
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Fig. 2.3PrefabricatedHousing Projecby Taisei Corporation

2.3 China

In Hong Kong, thénousingindustrializationbegan at 195&hen a big fire occurred and a
lot of houses were burrdown Nearly 53000 people became homeless. By the end of
2002, the prefabricated matesatike up to 17% of the totatonstructionmaterialsin
respect otubic meters of cemerithis percentage increased to 65% in 200RU 2009.

In MainlandChing thehousing industrializationbegan in1998. Inthis year the Chinese
government implemented the commercial residential buildéfigrm. In about ten years
(from 1998 to 2008 there is asignificant growth in demand inthe housing market.
Different fromthe US, (hinesepeopleusually lives in apartmeriuildings with many
floors because of the huge populatiand limited landHow to build more housdaster
andwith higher quality is an important problem for Chinese real estate companies.

Vanke s the leadingresidential developein Chinawith RMB 41 Billion sales 2.34%
market share5,570,000square meters sold 2008 {/anke annual report 20D8Vanke
started theprefabricatechousing research in 199 2006 and 2007, Vanke has finished
two prefabricatedousing project (Figure 2.4xb).
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Fig. 2.4a Vanke Xinlicheng Residential Housing Project in 2007

For the Xinlicheng project, Vanke used the method of precestrete (PC)37% of the
construction process is finished in factory. For the structure of the building, they use
precast concrete with steel beans. Except certain connection poineqiieg orsite

cast of concreteall other partareprecastedn factory. For the building structure, 90% of
construction process is done in fact(sge
http://gumingwang.blog.163.com/blog/static/60604324200982342542495/

Overall, he manufacturegrefabricatechousing in Chinahas just startedThe average
prefabricated level is less than 10A6terms of construction procesSvenfor Vanke,
prefabricated level iabout20%on averag€Yang2008.


http://gumingwang.blog.163.com/blog/static/60604324200982342542495/

Fig. 2.4 Vanke HolidayView ResdentialHousing Projecin 2006

3 Advantages of Prefabricated Housing

Faniran andCaban (1998) mentioned thathe five most significant sources of
construction waste were design changes, leftover material scraps, wastes from packaging
and nornreclaimable cosumables, design/detailing errors, and poor weather. The
prefabricatechousing approach coultditigatesome of these problems.

Cycle
N

Manufactured
Housing

Cost\ ,Quality

Fig. 3.1 Advantage of Manufactur@défabricated Housing



The advantage of manufactufeefabricatechousing usuallyies in dorterconstruction
cycle time, betterquality, lower costand better environmental protectioie shall use
recent examples of Vanke for illustration.

3.1 Construction Cycle Time

In the approach of prefabricatedanufactured housindjousing components sucs
exterior wall, floors, stairs and balcony amanufacturedn batchesan factory. Onsite

labor is replaced by ofite machinery, angroduction cycle time is compressed.
Moreover,factory production can better utilize paehlproduction. Br instanceexterior

walls at different floors can be made simultaneously rather than sequentially when done
onsite.

In prefabricated housinggersonnekcan be better managed and utilized than in classical
construction. In the former, personnel only needs todieed on one task while the latter,
personnel has to be trained to do multiple tasks.

Once designed and steel modeniade the prefabricated housing components cannot be
changed without significant cost. Thus, it is less likely to incur changes under
prefabricated housing.

As an example, for the Vanke Xinlicheng Project, Shanghaiprefabricatechousing
approach precast concreteeduced lte construction cycléme by about 1/3relative to
the classical construction procéssn-site cast of concte (Yang 2009.

3.2 Quality

In prefabricatedhousing, the modulesare made in factories under a controlled
environment and thus do not subject to weather conditions. Because they are produced by
machines, they have much better and more consistent qualityhibss made osite by

labor. For examplejn the classicalapproachif onebuilds a walwith cement, sand, and
bricks, tie worker first miesthe cement with sand and water, thenstutst join bricks.

This proceduradepend on weatherand the skills bthe worker In the prefabricated
housing approach, the modydeoductionis less sensitivity tdabor errors anédverse
weather conditions.

As an example, for the Vanke Xinlicheng Project, Shanghai, the prefabricated housing
approach has increased tifedycle of the exterior walio 70 yearsrom 20 yeargmade

by the classical construction proces#) addition, the concrete surface flat rate is
controlled withn 0.1% (Yang 2009).



3.3 Costand Environmental Issues

The cost ofconstruction projestincludes labor wages, material cogquipment rentals,
delay penalties, inventory holding cpstysite utility consumptionsand recycling costs
Thesecostscan beclassifiedinto off-site and orsite costs

Off -site cost is mainly material cost anogistics cost. This cost will ris@s one moves
from classical construction to prefabricatiaamore complex housing components are
produced offsite and need to be warehoused and shippedites. Essentially, orsite
labor cost is replaced by manufacturing agtch demonstrates economies of s¢alg.,
the cost ofmaking the steel module/mode and totds be regarded asfized cost) In
addition, he shipping and storage costs for prefabricated housing compon#ints
increase due to geographic distatetween factories and sites atfte high value of
premadehousing componentOn the other handprefabrication can reduce material
usage and waste relative to the classical construction where all production oesiies on
On-site cost is mainly labor costg@pment costs, utility (energy, watesage) cost,
delay penalty and recycling cost. Prefabrication can significantly retheseon-site
costs.The net cost depends on the tradie between labor and manufacturing césts
logistics/supply chain costs.

As an example, for the Vanke Xinlicheng Project, Shanghai, the prefabricated housing
approach (37% PC) has reduced energy usage by id@¥anaterials usage by 50%,
construction waste by 40%, -@ite labor by at least 50% (Yang 2009). Additional benefit
includes fewer safety issues and lower noises. The neto€dkis projectis however
higherthan classical construction. In fatie construction cost raiséy 40% due tooff-

site premade housig componentsSina Real Estat2008. This istrue mainly becaise

of the small manufacturing scasd extremely low labor cost in China.i$ expected

that the net construction cost will decreateraheeconomies o$calein production are
achieved(Yang 2007). Because of the high labor camtd relative low maufacturing

cost the net cost of such a project would have been most likely lower under
prefabrication in the US and Japan.

4 Challenges

The challenges come from two aspectgchndogy and managementin terms of
technology, prefalication requires breakindiousesinto modules anddesigning a
universal imlustry standard for each modut® that components made by different
suppliers can match. While the US and Japan have developed such standards i past 40
50 years, such standards are still under developme@hina. These standards are
typically designed by government. Following modularization and standardization, it is the
development of value chainh suppliers, manufacturers, and distributors. This clearly
relies on the industrwide effort. While standaritation is essential to prefabricated
housing, it does reduce the variations and the degree of customindtmumses



In terms of management, prefabrication requires project managemenidive aativities

and supply chain management for edite activties (production, transportation,
warehousing, etg.)as well as managing the interface between projects and material
supplies As more and more cost and timeeshifting from onsite operationso off-site,

supply chains and logistics become more imguadrand harder to manage for residential
housing construction companies. Clearly, project management, supply chain management
and their interface determines the operational efficiency (cost competitiveness) of
individual construction companies.

One of he man challengesis the coordination between supply chain and project
operations. Thisis unique for prefabricated housingut negligible in classical
construction becaude classicalconstruction processtresses on early delivery of all
construction marials onsite. Because of the low value of raw materials, the supply
chairs of such materials are often ignored as comparedeprojectoperations because
they takemost of the budget andetermine theproject durationAs a result,project
managemerdnd supply chain management (of raw materials) are often decoupled.

In contrastthe prefabricatetiousing procesgequires jusin-time delivery of high value
and long leadime housing components tmnstruction site The time and money spent
on off-site activities are comparable to those spammbn-site. For these higher value
largersize components (than raw materiais)s no longer suitable to holshventoryon-
site. As a resultmanagenent should coordinatethe delivery scheduleof prefabricated
materials with o-site project scheduleln conclusion, the supply chain and project
management are highlgoupled It is importantto considerthese two problempintly
rather than separately.

5 Operations Management Examples for Prefabricated Housing

We presentexamples from various countries showcasehe current practice of project
and supply chain managemant prefabricated housingn residential commercial or
industrial sector)

Pulte Homes

Pulte homes is the largest US homebuilder in 2009 gV2009) As observed by

Kerwin (2005), n the first half of 2005, Pulte receives 25,650 new orders for residential
constructonMot i vated by Toyotads manufacturing
plans from 2200 to about 600 to remove complexityiamgtove operational efficiency.

Pulte also makes upscale features standard to get economies of scale. Pulte also utilize its
scale to build a more efficient supply chain by buying directly from material suppliers in
bulk (for quantity discounts) and usinggional distribution centers to deliver materials

upon needs.

sy



Standardization of components gnéfabricatiorare utilized also in other US
homebuilders, e.g., KB Home is standardizing housing components such as window
frames using some of the leararufacturing techniquegoll Brothers and Centex Corp
(now part of Pulte) are manufacturing some housing componerdgetb boost
efficiency.

Quadrant Homes

Brown et al. (2004)provides detailed informationon the managemenfractice by
Quadrant Homesa subsidiary of Weyerhaeuser Corporafioa Fortune 500 company.
In 2003, Quadrant is a 1{f&rson company that sold over 1000 housasly in Seattle
areawith revenue over $250 million. Quadrant is essentialpra@ectdriven company
Starting from 196, it buildshousego order by giving customer choices but controlling
their nature and extent teduce complexity, cost and cycle time

Design element Lean benefits

Design footprints are limited in number Creates opportunities for standardization,
for example, foundations

Simplifies operations

Designs do not include basements Designs are applicable to multiple building
sites and terrains

Multiple designs within each footprint Can prepour foundations without severely

category and exterior design allow multiple limiting options

room arrangements
Can provide several room arrangement
choices within a footprint template by
rearranging non-load-bearing walls

Part commonality across designs and across Suppliers can offer volume discounts

price points(for example, limited window

options, roof pitches, and column types) Standardized, simplified construction
methods save time and money

Seeks supplier feedback to continuously Reduces flow time
improve designs and constructability
Reduces cost

Improve conformance qualify

Table5. 1 Quadrant 6s Design Principles

Quadrant uses standardized processes to construct houses. The tasks performed in each of
the 54 days of throughput time are the same for every house. The first five days at
construction site looks likellows:

Day 1: Deliver lumber; install firsloor joists.
Day 2: Conduct undeffoor inspection; frame garage walls.
Day 3: Start firstfloor walls.




Day 4: Finish firstfloor walls.
Day 5: Install secondloor joists.

The success of this standardizedqess requires the support ofaluechain.With only
170 personnel, Quadrant relies on outside subcontractors for labor and materials.

Subcontracts are wel [|valiercha®e gnd are endstlyisoldyo

sourced suppliers under long temontracts.Suppliers provide jush-time delivery of
housing components to match material delivery saleedith installation rate

Enabled byclosecollaboration, suppliers now try to prefabricate housing components to
reduce construction cycle timeos and improve qualityUnder the old business model
(onsite construction), Quadrant bought all wood products on site on the first day of
construction. It then hired a framing crew to build the houssiten often standing in the
rain. Quality varied andvood waste was high. In the new model, a single supplier,
Woodinville Lumber (WL) supplies both labor and materials for framing. It prefabsicate
components, e.g., wall panels, sas, floor panels andjdists with a lead time of 10
days to marry them onite. In addition, WL also prefabricate stair systems and front
porch posts. The result is better quality, less wasteslaoder cycle time (seable5.2).

1996-Before lean transformation

2003-After lean transformation

Houses built per year

150-200

1,500

Construction
throughput time

135 days with wide variation

54 days with little variation

Work in process

75 houses

324 houses

Typical finished goods
inventory

20-25 houses

0 houses

Demand backlog for
houses not yet started

0 customers waiting

550 customers waiting

Average cost per
square foot

$60

$30

Table5.2Quadr ant 6s

Typical Residential Developers

operational performance

Large residential developers, such as PulteQumdrant, sometimes build multiple

houses in a certagrea;see an example in Figure 5.1, whdrere are 55 housd3ue to

the labor limitation, the houses aret constructegimultaneoushbut sequentially
Constructor usally divides them into groupand use a method similartQu adsant 6
procedure to astructeach house.

Quadi
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Fig. 5.1 Common Appartment Construction

Construction companies follow standard procedtodsiild residential houses. Below
we showeasea gandard gantthart for residential housing undaefabricaion in the US
Procedures are fmoiA Sample Residential Construction Schedtite a 6,000 square
foot custom honte(B4UBUILD.com); costs are fromiConstruction Costs for Single
Family Unib, NAHB, National Association of Home Builders

Name Duration | Start End Cost Details
(day)
Site work 7 Mon Tue 1.7% Building Permit Fees
7/28/08 8/5/08 1.4% Impact Fee
1.6% Water and Sewer Inspection
Foundation 24 Wed Mon 7.0% Excavation, Foundation, and
8/6/08 9/8/08 Backfill
Rough 44 Tue Fri 0.8% Steel
carpentry 9/9/08 11/7/08
Concrete slabs | 8 Thu Mon
9/18/08 9/29/08
HVAC 17 Fri Mon 3.9% HVAC
10/10/08 | 11/3/08
Plumbing, 47 . 5.49 Plumbin
electric, ° l;gl 10/08 \ﬁedz 6/08 3.9‘2 ElectricafiI Wiring
specialty rough- /10/ /26/ 1.0% Lighting Fixtures
in
Roofing 68 Fri Tue 3.2% Roof Shingles
10/17/08 | 1/20/09 | 5.7% Siding




0.8% Stairs
15.8% Framing and Trusses
Insulation c Fri Thu 1.6% Insulation
11/28/08 | 12/4/08 | 0.4% Gutters and Downspouts
Drywall 26 Fri Fri 5.1% Drywall
12/5/08 1/9/09
Floor 76 0.9% Exterior Doors
Tue Tue 1.5% Interior Doors and Hardware
1/13/09 4/28/09 | 2.9% Windows
1.6% Sheathing
Paint 59 Wed Mon 3.4% Painting
1/7/09 3/30/09
Trim 85 3.1% Trim Material
Tue Wed 5.7% Cabinets and Countertops
1/13/09 4/8/09 1.7% Appliances
5.0% Tiles and Carpet
Final Punch-out | 9 2.8% Landscaping and Sodding
Wed Mon 0.7% Wood Deck or Patio
4/1/09 4/13/09 | 1.4% Asphalt Driveway
9.7% Other
Cleaning 14 Fri Wed
3/27/09 4/15/09

Table 5.3Standard Proceduf@amplefor Constructing Residential Houses

Vanke

The operations management practice \dnke is evolving and so far not well
documented. By Yang (2009), Vanke targetsGi%indoor decoration in 2009. As Pulte,
it attempts to buy directly from material manufacturers to achéee@omies of scale in
materialprocurement.

Commercial and Industrial Examples

Zhao (2009) providedetailed informatiorior a New Jersey based construction company

ICC, who does regular work for the milita(gbout 56 construction projects year with
possible multiple buildings at e aaslon si t e) .
average account for 65% of the total project cost, while labor accounts for 15% and
equipment accounts for 20% of the cost. Structural sgekfabricateéndis one of the

mo st expensive items requir etypicaly wddlin | CC6 s
the foundation of the building or in making certain columns of the building and thus
needed early in the projects. Thereds no pr

shoul d be del i vleor aladnilitdry howssingconstructioni pnogdis, the
company follows a standard construction process with total duration ranging from 29
weeks to 32 weeks. The delivery of structural steel is required at the beginning Bf the 5
week (after a project is inaugurated). However stinectural steel supply chain is consist



of two production stages and requires a lead time-6fweeks. Upon delay of this
material, ICC typically expedites construction work later on to catch up the schedule.

6 Trends in Construction Management

Peopletypically view projects as unique kinds of operations that require unique blueprint,
operational planning and scheduling. However, prejesay not be entirely unique
(Brown, et al. 2004and do not have to i@ ommelein, et al. 2003Bchmitt and Faaland
(2004) demonstrated the applicability of assenllg concepts to recurrent construction
problems taking place in making airplanes, houses and slmpghe construction
management communitythere is a trend to integratupply chain managemei
constrution i construction supply chain management whstdrs in middle 1990s. The

key idea is to consider the continuity of projects and plan them jointly rather than
independentlyTommelein, et al(2003 provides an excellent comparison between the
classicéprojectbasednanagement arthe recensupplybasednanagement.

Project -based Supply-based

Plan each project separately Plan for the need of multiple projects over
time

Uniquely engineered facilities and Assembly of unique facilities from

components standardized modules/components

Competitive bidding Emphasis on long-term working
relationships

Information hoarding Information visibility

Long and uncertain lead times with Short and reliable cycle times from raw

extensive use of expediting materials to site installation

Early delivery of all materials to the site Phased delivery of materials to the site to
match installation rates

Table 6.1Projectbased vs Supply-based management

The recent endruction management literature provdenany case stues and
conceptualframework to illustrate this trend. In what follows, we summarize a few
representative studies.

Walsh, et al. (2004) provides a case study for a food manufacturer who does repetitive
expansion of its production facilities. Facing longl axtremely fluctuated lead time for

a prefabricated componentstainless steel pipes and fittings (used in every expansion
project), the company used to experience costly delay penalty or extensive expediting.
Utilized the supplybased management prinldp the company has come up with an
innovative solution which positions a certain amount of raw steel inventory in the
stainless steel supply chain. Doing so has reduced the lead time by 75% and allowed
projects to stay on schedule without expensive exipgdi



OO0 Br, ieteal (2002), noted tworesearch streamsf construction supply chain
management(1) industrial organization economics to better understand market structure
and forces antheir effect on firm and supply chain behavior and (2) Analytic@hag

of supply chaingo improve supply chain performance along metrics such as speed, cost,
reliability, quality, etc. Both industrial organization and analytic modeling provide useful
but ultimately incomplete perspectives and prescriptions for cartgirusupply chain
management. As suche proposes development of an interdisciplinary reseagenda

that draws from both fields. Towards that agenda, a review of resegoobsented to
introduce the main ideas, relevant literature, and theory antbd®in eaclof the two
areas. From these independent reviews, applications that could benefit dmmmbimed
perspective are identified and used as a basis for developmentiateehisciplinary
research agenda.

Wong (1999) has delineated the supplyichaanagement issues in total quality for
construction projects. Through the use of adepth case study on the TQM system of a
leading construction company in Hong Kong, the strategy, structure and tasks for
managing supplier/subcontractor relationshaps examined. The study concludes with
identification of some supply chain management issues in the construction industry.

Dainty, et al. (2001)focus on the integration of small and medigize enterprises
(SMESs) in the subcontractor and material suppdgtors.It presents the findings of
research that focused on the role of these SMEs-engeeered construction supply
chains. It was found that significant barriers exist to supplier integration within the
construction sector, which stem from SME skapin over the motives behind supply
chain management practices. It is suggested that the industry must make greater efforts to
extol the mutual benefits of supplier integration to SMEs if significant performance
improvement is to be achieved.

Briscoe, etal. (2001),examines the skills requirements necessary for effective supply
chain partnerships in the UK construction industry. Current SME skills are explored in
terms of their relevance to developing more efficient supply networks. A range of SME
companes are interviewed in order to determine if their current knowledge, skills and
attitudes are appropriate for achieving better supply chain integration. The implications of
current skills and attitudinal deficiencies are assessed in terms of whethectthgy a

barriers to effective supply chain partnering in the future.
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