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Abstract

Radio Frequency Identification (RFIEY an emerging technology that is beginning

to receive #ention in the constructionindustry From asset and progress
management, to the locating of underground andah utilities/objects, to the
integration of RFID with building information modeling (BIM), the potential
benefits of RFID to the construction industry will be a topic that receives more and
more attentiorin the future. RFID, in conjunction with BIM, shows great promise

in the promotion of lean construction techniques in the construction industry. As the
technology becomes more readily accessible and the cost of implementation
decreases, this will be wbseon more and more construction projects. Once
contractors start adventuring into the potential that RFID has, the greater the
construction industry will benefit.

Keywords: Radio Frequency ldentification, RFID, Building Information
Modeling, BIM, Lean @nstruction, Technology, Construction Technology.

1 Introduction

Profitability in the construction industry takes exceptional execution at every
stage of a construction project, from the initial planning and design phases, to the
closing out, and signgq of the final contracts. The unique complexities and
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unpredictable nature of projects in the construction industry make successful
management a very valuable asset, but an extremely difficult chore. According to
statistics in 2006, more than half of struction firms fail within their first four
years in busined4].

The importance of productivity improvements within the construction industry
has been generating a significant amount of intg&st Efficient management of
assets may be consideredaisus contributor to profit margins in almost every
form of business. Technological advancements have provided companies in many
different industries with more effective means for tracking and managing their
assets. One such technology is Radegbeng Identification (RFID). Among the
many possible uses, it can be used for identibobabnd data storage of objects,
animals, angbeople.

1.1 Radio Frequency ldentification (RFID)

Radio Frequency Identification (RFID) refers to an automatic ideatifin
technology which utilizes radio frequencies, or waves, to capture and transmit data
[3]. Data can be gathered and storedardingan array of agged itemsuch as
objects/components, people, and animdlsere is currently a vast range of uses for
the technology outside of construction including, but not limited to, product tracking
for retail chains, library usages, inventory and supply chain management, animal
tracking, health care, access and secusiygtems, postal environment, airport
baggage management, usages in automobile keys, axdltetition (EZPass).

RFID technologyuses a tag (also known as a transponder), and a reader
(sometimes referred to as an interrogator), to successfully comateiaicd transmit
data. The data gathered through tag and reader communication is transferred to a
host system, such as a per soneehterptisemput er ,
system. The tag iattached to, or embedded into the object for which da@ing
gathered. Tags are comprised of a midh@® and an antenna, which are
encapsulated in a protective covering. RFID tags can have many different shapes,
sizes and protective housings. Generally RFID transponders are considered either
passive, oractive. Active tags are those that have an internal power supply (a
battery). Passive tags, on the other hand, do not contain a pdlteSome general
characteristics of passive and active tags, as well as some pictures of each, are
shown in Figires1 and 2.

Since passive tags do not have an internal power supply, they can only
successfully transmit data when they absorb the power emitted by a reader. Since
active tags have an internal battery source, they can actively emit a signal to the
reader inorder to communicate and transmit data. Active tags, therefore, have
l onger reading ranges. Active tags can a
Awake upo at determined time i1increments (
etc.), in order to communicateith a reader.However, long term use of the active
tag is limited by the life of its battery, a problem that can limit its usefulness in
facilities management.



Passive Tag Characteristics:

No internal power supply

Mostly read only (dataannot be ravritten)
Unlimited life

Usually snaller/lighter than active tags
Generally cheaper thaactive tags

Limited read range

Less data storage capability than active tags.
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Figure 1 Examples and Characteristics of Passive RFID Tags

Active Tag Characteristics:

e Contains internal power supplyatbery)

e Typically read/write (dataan either be
fixed or changed)

e Limited life (can be up to about 10
years)

e Usually larger/heavier than passive tags

e Generally nore expensive than passive
tags

e Longer reading range than passive

e Increased data storagapability

Figure 2 Examples and CharacteristicsAxdftive RFID Tags

Electronic reading devices are used to communicate with tagged objects and
acquire data regarding those items. RFID readers or scanners can be portable
(handheld) or stationary. The readers also contain an antenna for transmitting
sigrals to the desired tags he distance that a reader can read a tag will vary from
one system to another. Theading range depesdnore so on the reader than the
tag[5]. Some sample pictures of RFID readersstui@vnin Figure 3.
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The frequency level at which an RFID system operates is also a key contributor
to a systembébs characteristics and perfor ma
the systembébs reading range, as well as inc
from the tag to the reader and the host computer. On the other hand, lower
frequency levels will decrease the reading range, as well as the speed of data transfer
to the reader and rest of the systgBh The frequency bands in which RFID
systems operate et er mi ned by each countryds r espe
Radio Frequency (RF) section of the electromagnetic spectrum generally spans from
3Hz (Very Low Frequency) to 3004 (Extremely High FrequencyYablel).

Figure 3 Examples of RFID Readers

Generic Band Name | Frequency Range Comment

Low Frequency (LF) | 120- 135 kHz Short range inductiv
applications.

High Frequency (HF) | 13.56 MHz Worldwide common
frequency, smart cards al
labels.

Ultra High Frequency 433 MHz Active low power tags.

(UHF)

860- 960 MHz Band with major supply chai
development activity.

Microwave 2450 MHz Active tag technology give
range and fast data rates.

Table 1 RadioFrequency Identification Devidérequency Ranges

There are many different varieties of RFID readers and tags which have
different performance levels for certain criteria and purposes of use. This makes it
difficult to analyze costs and historical trends. However, Niemeyer, Pak, and
Ramaswamy6] analyzd and forecasted the downward trend in average RFID tags
and readers in a McKinsey Quarterly Report (Figure 4.) This downward trend
should help facilitate increased adoption in the future.
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EXHIEBIT

Prices will piummet

Forecast average cost of radio-frequency-identification (RFID) technology, S
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Figure 4. Average cost per RFID tag and readenneyer et b 2003

1.2 LeanConstruction

Lean construction results from the application of a new form of production
management to construction. Essential features of lean construction include a clear
set of objectives for the delivery process, aimed at maximgzeniprmance for the
customer at the project level, concurrent design of product and process, and the
application of production control throughout the life of the product from design to
delivery[7].

The highly competitive nature, combined with stringeémet and cost budgets
that are common in construction, require participants within the industry to
constantlyseekimprovements inproductivity[2]. Productivity can be measured in
many ways, but is often defined as a measurement of the quality and/or quantity of
output, in relation to the input required to produce that output. Among the many
aspects critical to achieving better productivity, sae mpany 6s abil ity
assets and resources successfully. The efficient allocation, supervision, and
motivation of onsite employees may be an important aspect of management for
construction companies that employ a large numbecraft workers Effective
management of building materials both throughout the supply chain, and while on
site, may be considered another important task for construction projects. The
knowledge regarding the whereabouts of important tools and equipment on large
scale pojectscanaffect productivity.

The demand for increasingoductivity and safety throughoptoject delivery
has stimulated the exploration of new technologies that may be implemented to
improve productivity of construction work. Many other industiese utilized
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RFID technology for multiple purposes, perhaps most often for the tracking of
products, and inventory systems managen|&ht Currently, the prospective
opportunities for RFID within construction are quite vastAreas of lean
management thacan potentially utilize RFID technology and implementation
include:
Tracking and tracing of components vehicles, parcels etc
Inventory Management
Product ID- using the right component and device
Maintenance of service systems
Track recording of componen
Incorporating RFID into design

The number of studies and experiments that have looked at different uses of the
technology has significantly increased recently. From asset and progress
management, to the locating ofdanground and hwall objectsand ilities, the
outlook for potential benefits in productivity throutiteimplementation of RFID in
the construction industry is starting to look posi{i9g

Organizations such as FIATECH, CICA, ERA Build, and the Construction
Industry Institute (CIl), ha e analyzed the technol ogyos
construction industry through various pilot studies, demo applications, journal
articles and papers, in an attempt to map out key processes and functions that could
possibly benefit from RFIDE R A B uFinal Bepat on RFID in Constructig8]
noted the following as the main drivers for the construction industry:

e Tracking and tracing of components, vehicles, parcels etc.

e Supply Chain Management and Logistiefficiency

e Product ID- using the rightomponent and device

e Maintenance of service systems

e Track recording of components

Although interest in RFID in the construction industry has increased
significantly over the past decade, the number of companies that have adopted the
technology for continu use within their operations remains somewhat stagnant.
According to the same ERA Build RepdB], some of the main preventers of
widespread constrtion industry adoption include:

e Immature application of advanced logistics systems and the absence
of information anddentification systems in the construction industry.
Lack of awareness of RFID's potential in the construction industry.

Low RFID-knowledge and awareness in the construction sector
Lack of robust RFIBinitiatives in the constructiomdustry

Lack of successful RFHImplementation cases that thoroughly
shows its potentials

e The traditionally less industrialized construction industry and its

relatively negativattitudesoward new innovations and technology

A National Institute of Stadards and Technology (NIST) white paper entitled
Smart Chips in Construction, noted recommendations for further research that is
needed before advances are to be made in implementing RFID in the construction
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project life cycle. Among other requirementse paper calls for increases in RFID

pilot studies within constructionFor increased promotion of RFID solutions in the
construction industr[§stEBRAdBuhbdoé&thenalbin
for exchange of knowledge and project RFID sanplio increase contractor and

owner awar eness o fltwilllecomp mdreasingly imdortast ovi ngs . 0
continueto evaluate different reasons for RFID adoption, and the implementation

processes that are undertaken by those companies whicé thitdizechnology

2 Background

Literature on RFID and its potential within the construction industry has mainly
arisen within the last decade or so. The Construction Industry Institute (CII)
conducted a workshop regarding RFID and possible implementations in construction
in 1998 [3]. The workshop divided into four groups consisting of material
management, engineering/design, maintenance, and field operations. Each group
identified many potential RFID applications within their delegated areas of
concentration. A lengthy report was wem in 2006 regarding RFID and
construction[8]. Contents of that report include: a brief introduction into RFID
technology; the uses and benefits found in other industries; Applications to the
construction industry, as well as a list of cases and pilaties that have been
performed globally; and the driving forces for RFID, and challenges faced that may
deter or delay industrwide acceptance. There have also been a number of brief
articles written recently whi ch thexpr ess
construction industry. The prospects for improved productivity through its
implementation, and some problems that have hindered its adoption into
construction are also addressed in those artj8les0]. The positives and potential
negatives of R uses for supply chain management are assessed in altycles
Wang[11] andSantosH12], which explore new management processes, as well as
the legal aspects and concerns for confidentiality of supply chain processes
information, resulting from uses ofHD.

Actual data producing research and experimental testing of RFID utilizations
for improved efficiency in construction processes have been performed
predominantly over the last few years. One significant study has been done through
a collaborative reearch method performed jointly by Samsung Corporation,
Sungkyunkwan University, and Doalltech Corporafip8]. The study concentrated
on RFID and 4D CAD (Computer Aided Design) technologies for improved
progress management of structural steel work ai+hse buildings in Seoul,
Korea. RFID was implemented from the beginning steel manufacturing phase, and
tracked throughout the delivery and receiving of materials phases. Invoicing
practices and osite management of the steel inventory, from receigimgj storing,
to the actual erection of the pieces, were tracked and analyzed for three projects.
Two of the three projects implemented the new technologies, whereas the other
followed current methods and practices for managing the supply chain and
constuction processes of structural steemponents. Although there wepéenty
of positives resulting from the study, some apparent signs of the immaturity of the

7



technology were reported. A lack of confidence in the technology was expressed by

those who wee unfamiliar with RFID. Manufacturers of the steel were the most

reluctant to adopt the process because of the added work of attaching the RFID tags

and a lack of benefits on their end. On the positive side, increases were reported in
productivity for tme spent inputting data, unloading steel, time spent in stockyards

of factory and construction site, and the
reports. An overall process time with the new technologies was shown to have 17%

more time efficieng than the conventional process for supplying and erecting the
steel[13].

A materials tracking field test that was sponsored by the Construction Industry
Institute was performed by professors and graduate students from The University of
Texas at AustinUniversity of Kentucky, and University of Waterloo, along with the
collaborative help of local industry partne@nd RFID solutions vendors The
studies were done on two projects:$&50 million power plant in Rockdale, TX,
constructed by Bechtegnd a 550 megawatt Portlands Energy Center in Toronto,
Canada contracted by SN€avalin Constructors Inc.Both of these studies also
produced positive data and worker feedback regarding RFID implemenf@tion
Through comparing the time it took to &ie materials with the old method, to the
automated method with RFID/GPS technology, the study found that the average
time to locate materials with the manual method was 36.8 minutes, and the time it
took with the automated method was 4.6 minutes. InNiR Brticle, Paul Murray,
the site manager on the Canadi-perhoypr oj ect
pipefitter go out and look for [a component], we had a-f#d@hour student intern
I D it, and then t hel[9]. Muoaylalso cgnmoentel writheand ge't
performance of the technology and i mpl emen
boil erséOnce we saw the use of it we werel
[9].

Research on the use of RFID the concrete curing processesshalso
developed over the padifteen years In 1995, an article in the Journal of
Construction Engineering and Management proposed three potential uses for the
technology within the construction industfy]. The concepts developed in that
article pertained t@oncreting operations; cost coding for labor and equipment; and
material control. The article mentiet the potential ability of RFID to take
incremental temperatures, but for the most part concentrated on proposed systems
for tags to be externally apptieto concrete trucks and concrete test cylinders in
order to locate and identify them. Another article discieseernal applications of
RFID to concrete was recently written in the past two yéd4$. The article
analyzes the tracking of engineetteeorder components such as precast concrete
members throughout the supply chain with RFID. The article harps on the
automated data collection that RFID provides which workers try to avoid, as well as
the durability of the technological equipment, but stilly mentions external
attachment to objects, as the cheaper passive tags better suited their budget.

A study regarding the implementation of RFID tags inside concretenspesi
was performed by Wang et §11]. One goal of the study was to develop dwe
based quality inspection and management system for improving the availability and
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communication of inspection data results to those involved in the construction

process. The quality management system that developed was designed to quickly

gather data imaterial test lab areas and relay that data, via the internet, to other

parties of interest such as the owner, consultant firm, customers, suppliers and
contractors. Another important goal ofetstudy was to determine through field

tests, whether the sertion of an RFID tag inside concrete would influence the

strength of a specimen. Proper placement within a specimen was also discussed.
Concl usions regarding t he we b based syst

construction quality inspection and managemt perfor mance i néw
efficiency, reduction of operation cost, customer satisfaction enhancement, and time
saving in inspection operla]t iThenstudg alsb manage

found that the placement of RFID tags inside concrete specimgmodinfluence

the strength of those specimens. An important note to add is that the research
expressed the importance of the insertion position of the tags within the concrete
because if the tag were too deep, it would be unreafiejle

The MichiganDepartment of Transportation (MDOT) performed another study
and Dr. Andrew J. DeFinis wrote a white p
Maturity Testing i n Mi[thh iThedestavas performede br uar y
because the MDOT wanted to devela provision that would allow contractors in
Michigan to use maturity testing to approximate the strength deveidpofe
concrete pavements. The maturiggncept estimates the strength development of
concrete by taking into account the combined effetteraperature, and the tinze
specimenwas poured. Data on time and temperature, gathered through RFID
wireless tags located within the concrete, was entered into an equation known as the
NurseSaul equation. The Nurs®aul equation is used to estimate strength of
concrete in pounds per square inch. Standard concrete cylinders were also tested
and the compressive strength was compared to the maturity estimates. The study
concluded that the Concrete Maturity Monitoring System measurement results were
within 4-11% of the concrete cylinders. Differences in results were expected to be
reduced if adjustments could be made to the method of curing the concrete
cylinders. Every RFID tag placed on the project worked.

Currentlya study isunderway which willutilize RFID tags for concrete curing
information on the construction of the Freedom Tower in Manhattan, which is being
erected on the location where the World Trade Center toovesstood [16]. The
tags are being utilizedn almost everymajor concret pour including footings, core
walls, elevator shafts, stairs wells, and all mechanical spaces. ldentec Solutions AG
Lustenau,Austria is providing the tags, and the article reports that approximately
20,000 active RFID tags will be used throughout 1h&76foot tall tower and its
surrounding structures.

Research regarding the monitoring of labor inputs, and uses of new technologies
to compose redime assessments and make necessary adjustments to labor force
allocations, has become an increasiragtyactive topic in constructigid7]. Studies
performed by Navon and Goldschmidt in 2002 explored possible technologies that
could be used for automated location measurement. RFID played a significant role
in their design of a performance measuremestesy, which proposed to determine
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wor ker6s | ocations at <certain time interve
compl eted at those | ocations, or Awork sta
[17]. In 2003, Navon and Goldschmidt put their parfance measurement system
through a series of smaller, preliminary field experiments, in order to analyze the
systems accuracy in measuring worker efficiency. The results determined that the
Aprototype successfully meangtheireadkswithe t i me
an accuracy level of plus or minus-200 %18]. The study alsonentioned the uses
of RFID technology for detemining employee locations aftesccidents have
occurredon a site

The amount of literature pertaining to RFID and the employments to the
construction industry has significantly increased since the year 2000. There are
numerous reports that explain the current uses in other industries, and antieipate
possible appliations withinconstructionwill increasen the future. A handful of
data producing experiments have been performed for asset tracking and
management, particularly for materials, equipment labor and concrete curing, with
hopes of determining potential imgvements in the project delivery process.

3 CaseStudy

This specificcase study pertaining to RFID applications within the construction
industry was performed on a power plant expansion prdjeihg constructed by
Bechtel Corporatiomn the Northern Wited States.The expansion project consists
of two coalfired stearaturbine generating units, as well as supporting facilities, and
related civil work. The contractoros scope of wor k
procurement, construction, and start uphe project will cost an estimated $2.15
billion dollars with constructionscheduled from 2005 to 2010. Of the two units,
one isscheduledo begin operation in 2009, and the secondciseduledo begin
operation in 2010.

3.1 Site Layout andMaterial Lay-Down Yard

The original project sé utilization plarfor the pojectdelineated one large area
of the site to act as the lapwn yard for construction materiaés they were
brought omo thesite A substantial amount of site work was necessary inrdale
prepare the land for construction of the new expansion facilities. The earth removed
from the shoreline areahere the new expansi@roject was to be constructes
placedonthe poposed materials lagown area.Afterwards, it wagound that thes
were issues with the underpinning soils and the majority of the land would not
suffice for material storageApproximately60 acres of land intended for material
storagewas determined to be unusable

As the original material laydown yard was uwuitable the constructon
managementeam was forced to reorganizand utilize alternative land for the
necessarynaterial storagéor the project Through arrangements with landholders
to the south of the construction site, additional land was acqtmrednaterial
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storageneeddor the duration of the projeciThe yardsow stretctedfrom North to
South andhe distance between the twatfeest most yardeasapproximately three
miles

3.2 Materials Management Processvithout RFID

The materials mamgment process for étprojectis comprisel of a series of
activities or processes that ultimately lead to the installation ofrgponent into the
facility. A majority of the steel and piping for the projezisreceivedon site via
truck. Somecomponents for the project were shipjgdboat.

As materials are delivered to trsite, they cme wih a packing list, which
detailed the contents of the shlpmermcludlng where it came from, contact
information, date ofshipment,etc. .

Each component of materiebmes
with its own specific material
identification code for the project

The material ID codes anaritten |;
on the surface of the component$,=
and arecomprised of a seriesf O

numbers and letters (Figure 5).

The entire receipprocessand the
entry of items into the materials
management database was

performed with a paper based
manual methodThe materialsare
accounted for and manually entered into the materials management database system
so thatconstrution activities couldbe coordinated depending on the availability of
materials
The componentsre then taken to the lagown yards and placedithin a
specific grid. Caldas etalf19ref er t o t hi s stage aae ASortin
grouped within gds according to characteristics améterial identification code.
Different groups of materialare assigned a coloscheme Specific colors and
twisted combinations of colored flagare attached to the respective groupk
materialsfor futureidentification and locating purposes.
Materialsare stored in thday-down yard until needed for installatioWhen a
construction crew or trade prepared to construct a certain sectiortheffacility,
the necessary materiafeve to be retrievedirom the laydown yard. For this, a
superintendentoordinatedwith a field enginee and communicatethe plans for
assembling a certaiarea of the facility The field eginee would generate a
material withdrawal request (MWRWhich listedall of the necessary materials that
thesuper i nt e nd eedin order to complete rthe spdcified scope of work.
The MWR is sent to the Materials Management stafferethey develop dipick
ticketd. The pickticket liststhe materials needed, alp with the respectivéay-

Figure5. Material ID code
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down yard andyrid location of thecomponent. The Materials Managemé&dam
then gives the pick ticket the respctive staff so that they céocate the materials.

Workerswould take the pick ticket to the lagown yardsand vsually locate the
materials thatwere needed for installation. Once located, the conembswere
flagged, organized, and stageal that the piclup process of those materialsuld
be easier and more efficient.The materialswould beloadedand taken tathe
constructionareawhere theywereturned over to the constructideam. Once the
materials hadoeenturned over to the construction teathe receiving foremen
would sign off on the materials to assure that they have received them.

The sequence dlctivities in the materials magement process for this project
wassimilar to the one described in the pilot test performed by Caldas[&éBglin
which the impacts of utilizing Global Positioning Systems (GPS) for the locating of
materials was measutéFigures6 and?).

,r T Receiving Recalling Picking Up ===
| Shipping - — — § —»| & # Sorting # Storing > & - & | e _;-; Installing |
o Unloading Flagging Loading | i

al

Project
Management
System

Figure6. Material ManagemerRrocesg2].
3.2.1 Problems Presented With the Manual System

The 1ssues presented for materi al s
expansion revolve around the ability of personnel to locate and flag specific material
items (Flagging), so they may be organized for convenientypcind transporting.
When materia required for installation are not ready at the time they are needed,
installation crews may become idle and nonproductive, which can increase craft
labor hours up to 288%/[20].

The sheer volume of materials required on the construction site preseated
materials management team with several problems. The $2.15 billion-ptamér
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Superintendent

Materials are loaded uReady to construct
up, taken to site, and
workers sign off

- Communicates to
on receipt

Field Engneer

Trade Workers

oY ake ticket and locate,
flag, and organize/stage
materials for pickup

o Sends MWR to
Sends pickicket %aterials Mgmt.
respective trade staft, . staff
Materials '
Management

ubevelops pick ticket

Field Engineer

uDevelops MWR (list of
needed materials)

Figure 7 Responsibilities and Paperwork for Qe Material Management Process

project is comprised of an incredibly largemberof intricate componentsf stee)
piping, and other structurahd functionatomponents Individual piping pieces can
become very difficult to identify when they are closely stadkegttherin areas of
what can be thousands of squaretersper laydown grid. Additionally, there is a
limited number of colors that flagging comies and itcan become difficult for the
picking crew to decipher which materials are for their specific load if there are
multiple loadsmarked withthe same colored flaggirnigure §.
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The arrangemenbf the material yardss also a factor whichan contribute to
decreased efficiencin the flagging processas well asthe rest of the matil
management procesd he farthest laydown yardwas almost three mes from the
construction site. Therefore,minimal time spent at the storage yawds desired
since it tooka significant amount dfaveltime to get there and back.

Another factoraffecing the material management process was the weather
conditions. Extremely cold temperatures, coméd with rain and snowfallvere
the main areas of concern regarding severe weather dbht affect construction
productivity. The flagging processvas made much more difficult after heavy
snowfallfor the obvious reason that the matenatsild get covered in snow and the
material ID codes must be uncovered, with shovels or by hand, in ordesperly
identify. Snowfall could complicate and delay the delivery of materials to the
construction site further i significant amount of snowas receved after the
flagging crew had alreadgcated and flagged the necessary materiéhe flagging
process must essentially be repeated by either the flaggiwgor by the picking
team when they come to lo#ite items fotransporationto the constructionite.

3.3 Experience with Automated Systems,Lean Construction, Six
Sigma,and Decision to Implement

Due to the problems associated with the manual tracking systendetision
was made by managementingplement a full scale RFIYPS based system for the
entire onsite materials management proces&RA Build [8] noted that long
implementation time and difficulty in obtaining the skills and knowledge on the
technology can be key operational and technical barriers that face cosmpanie
adopting the technologyT hi s was t he ¢ o mppalicayiansefthki r st f u
technology. The big decision to invest and employ the technology on a large scale
was made less difficyi n | arge part, due to the compa
and involvemenin pilot tess. Bechtel hosted arcademic study pertaining to RFID
technologyon one of its construction sites2005

B e ¢ h fietdIteGtavagperformed over approximately three months on a-twin
boiler project in Rockdale, Texas. Chief sponsors of the pilot were the Construction
Industry Institute (CIl) and FIATECH, and the research team eeesprisedof
about two dozen individuals representingversities,construction firmsjnstitutes,
andtechnoloy vendorg[9]. The field tests ampared the times of the typical paper
basedmanual methodf locating steel itemsto the RFID/GPS based automated
method for tracking down components in thedayvn yards.The trial results found
that the average time taken to locate a specific compoevidnthe manual process
was 36.8 minutes. The average time taken to locate materials with tmeated
method was 4.6 minutesAlso, when using the manual thed, 9.52% of material
component s Awer e not I mmedi ately found, O
automated method. he research team regarded the success rate of the automated
system to be quite significant considering the fact that the failure to loctalcri
itemscan lead to costly slowdowns, and sometimes ewv@naguremenio].
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3.3.1 Six Sigma Management Strategies

Bechtel utilizes Six Sigma management strategies throughout their business
processes and construction projects. Six Sigma is aybaked business strategy
which aims to decrease the amount of defects, or errors, or failures that a company
might encounter throughout its business processes. Defects are known as anything
that may lead to customer dissatisfaction. Six Sigma aimsuelap quantifiable
business improvements via statistical analysis of dalee process can lzescribe
as : ASi x Sigma methodol ogy of probl em
(culture change, customer focus, belt system infrastructure, etc.) awods®ro
elements (process management, statistical analysis of process data, measurement
system analysis, etc.) of improvement. o

The experience gained through the field study proved to be valuable for
Bechte] in regards taleveloping future applicationdNot only did the field studies
producevaluable datéor statistical analysedut the relationshighat was gained
with the technology vendaduring the fieldtests was able to becontinued and
developed into a business relationship foirthél scaleimplementation.

3.3.2 TechnologicalSpecifications Tags and Readers

The tags utilized in this full scale implementation were ad®#D tags. These
active tags continually Afwake wupo and
configured intervalgi.e. every 1 second, every 2 seconds, every 10 seconds, etc.
The active tags are Ultra High Fregicy (UHF), and they operate orQa5MHz
frequency level The lifespan of the tags generally fiveyears. Thephysical
dimensionof the tags measure abouk 3 x .85 inchesnd weigh about 50 grams
Tags with these characteristics and reading raoggspproximately $25(USgach.

Thereading units utilized in this applicatiovere a combination of RFID reader
and Global Positioing System (GPS) receiver. The readers were mobile, handheld
computers or personal digital assistants (PDA)itablefor field readings. The

s ol

S

readersodo operate wiAppioximielg sixhandhield readérsn d o ws .

were utilized on the entire profeawsually a team (i.e. ireworkers) would have its
own reader which was designated for them each dyID/GPS readers such as
those utilized in this study currently cost approximat&y$o(Us)

The automatedmaterials management process also usedobarscannerfor
association purposes The scanners wermobile, handhelddevices that utilize
Bluetooth technology The scannersperate on High Frequency (HF) radio waves
at a 13.56 MHz frequency level. The scanners are rechargeable. The physical
dimension ofthe barcodescanner isabout 4.8 x2 x 1.3 inches and weighl32
grams (about 0.3 pounds) These barcode scannersurrenty cost around $450
$500(US) (Figure9).

Server software is also required for the system and it can cost approximately
$35,000- $50,00QUS) depending on the software and the vendor.
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Figure 9 System Hardware

3.4 Implementing the RFID/GPS BasedSystem

The RFID/GPS based materials management process was not implemented
from the beginning of the project. It was only after the problems mentioned above
arose, that the decision to implement the automated trackirensysis made. At
that time, around65-75% of the materials for construction had already been
delivered to the site. Having the majority of the materials on site meant that the
materials management processuld have to be retrbtted with the technology.
Roughly 610 employees were assigned the task of attaching tags to materials in the
lay down yards, and associating those tags to the specific material piece in the
management systenThis project tagged 20,000+ unique material components with
RFID. Approximately 12,000 tags were utilized for this project, as tags are
reusable.

34.1 Attaching and Associating RFID Tags toM aterials

RFID tags were attached to the material components with piagtiees. The
holes present on the RFID tags makis a simple process and the tags can attach to
materials through anchor bolts in the materials by simplywrapping two ties
around the materials and pulling tightly (Figu®)1

Once the tagareattached, they must be associated with the respective material
to which theyare attachedfor future tracking purposesSome materials arrived on
site with a barcode | abel t h ®thersididot c at ed
have barcodes attaaheand their material ID would be written on the exterior of the
component.

If the material component Haebeen delivered with &darcodelabel, then the
association process becomes very simple and almost inSthatbarcode labebn
the material compomeis simply scanned along withe barcode label on the RFID
tag attached to it.The barcode scannes able toinstantlytransmit thematerialID
and RFI D ttoa thed RFIDIreBding devicewirelessly via Bluetooth
technology. Once the material Icatag ID had been input into the RFID reader,
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the worker ouldh i assodiaté o n t he tBhitial2 cammanitagion with

the tag vinile next toit, and that s pewouldfther bdifrkBdtdthet agds | [
material compoent on which itwas attadied. Once the tagvas associated, the

wor ker s woul d hit t he Al ocateo button o]
component 6s | at iststorddein thenrdadet.Ttnen tgg hadbeea

associated to the specific material component and now gpetific material

componentwas ready tde tracked. When items arrived with barcode labels, the

association process, after the tag had been attached, was very simple, and
completely automated. The associawocessakes approximately 10 seconds.

When material has barcode ID When material doesn’t have barcode ID

Manually enter
material ID

Hit “Associate”

Barcode Reader RFID/GPS Reader Barcode Reader RFID/GPS Reader

Figure D. Associating materials with and without barcodes ID

When material components didot have an attachedarcode label,the
association process was changed slightlyork&rswould still scan the barcode on
the tag to input the tag ID into the RFreader, but had toypei n t he mat er i al
unique material IDwhich was stamped owritten on the exteriorof the item, into
the RFID reader.The workerhits fiassociate on t he RFI Bothateadi ng d
the material component would now be linked teettag(Figure D). Again, the
workerwould hith | ocat ed to assign the materi al a |
When employees typethe material ID into the handheld devices manuéihe
elemens of human errobemme possible. Problemssuch as entering the material
product IDincorrectlyweremore prone to happen this case

34.2 GPS Mapping and RFID Tag Locations

Before the system was implementeke tay-down yards throughout thsite
were geecoded mapped and entered intogaographic information system (GJS)
which divides theyardsinto their respectivecoordinatedgrids. As Torrent and
Caldag[20] explaned, GPS receivers can be setransform collected systems into
a coordinate systemrl he defaultlatitudeand longitule degrees for a global system
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can be transfor med into a fAl ocal project
implementation of the localization mechanisms by providing coordinates in
fundamental units of length, such as mefé@®. An image of the digitalay down

yard on an office desktogasily identifies the materiand its location in the lay

down yard(Figure 11).

Figure 1. Digital map of lay down yardsith grids
3.4.3 Tag Item Location with RFID/GPS System

Because of costs arather issues,te@chingindividual GPS receivers teach
piece of material, when there are mass amountwaterial itemshas been deemed
an infeasible option for the purposes of locating construction matd2als
Therefore, he project in this studyutilized six RFID reading devices that were
equipped with GPS receiverand the material components were tagged with RFID
tags The GPS receivers are able to determine ttveir location at any given time.
The active RFID portiorof the reader could &m be utilized withlocalization
methods which are algorithmic based location projections based on strength of
signal and reader locatipas described by Torrent and Calfag, for the prgected
locationsof the RFID tagged componentisat werewithin readingrange of the
reader. Periodic updates are made in order to update the projected locations of
materials. To perform a periodic update on a lay down yard, an employee would
either walk ordrive around the perimeter of they downyards with an RFD/GPS
handheld verglowly, in order to allow the reader to pick up all tags within the yard.
Once the updates are complete, the RFID readers are brought back to the materials
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