Radio Frequency
Identification Tagging:
Applications for the
Construction Industry

Construction Industry Institute
Implementation Resource 151-2

JAVAN


http://www.avadocuments.com/doc/cii-ir151-2-2001
http://www.avadocuments.com/doc/cii-ir151-2-2001

Cll Member Companies

3M

Abbott Laboratories

Air Products and Chemicals
Anheuser-Busch Companies
Aramco Services Company

BP Amoco Corporation

Bayer Corporation

The Boeing Company

CITGO Petroleum Corporation
Cargill

Celanese

Chevron Corporation

Conoco

Dofasco

The Dow Chemical Company
DuPont

Eastman Chemical Company
ExxonMobil Corporation

FPL Energy

General Motors Corporation
General Services Administration
GlaxoSmith Kline

Huntsman Corporation

Intel Corporation

Eli Lilly and Company

NASA

Naval Facilities Engineering Command
Ontario Power Generation
Phillips Petroleum Company
Praxair

The Procter & Gamble Company
Reliant Energy

Rohm and Haas Company

Shell Oil Company
Smithsonian Institution

Solutia

Tennessee Valley Authority
Texaco

U.S. Air Force Research Laboratory
U.S. Army Corps of Engineers
U.S. Department of Commerce/NIST
U.S. Department of Energy

U.S. Department of State

U.S. Steel

The University of Texas System
Weyerhaeuser Company

Full document details: Cll IR151-2 2001

ABB Lummus Global

ALSTOM Power

BE&K

BMW Constructors

Baker Concrete Construction
Bechtel Group

Black & Veatch

Burns & McDonnell

Burns and Roe Enterprises

Butler Construction Company
CDI Engineering Group

Chicago Bridge & Iron Company
Day & Zimmermann International
Dick Corporation

Dillingham Construction Holdings
Eichleay Engineers & Constructors
Fisher Controls International
Fluor Daniel, Inc.

Foster Wheeler USA Corporation
Graycor

Hilti Corporation

Honeywell

Integrated Electrical Services
Jacobs

Johnson Controls

Kellogg Brown & Root

Kiewit Construction Group
Kveerner

M. A. Mortenson Company
Murphy Company

PSEG Energy Technologies
Parsons Energy & Chemicals Group
Petrofac LLC

Primavera Systems

Rust Contractors

S&B Engineers and Constructors Ltd.
SAP America

SMS Demag

The Shaw Group

Siemens Westinghouse Power
Structural Group

Technip USA Corporation

VA TECH

Walbridge Aldinger Company
Washington Group International
Williams Group International

H. B. Zachry Company

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/cii-ir151-2-2001
http://www.avadocuments.com/doc/cii-ir151-2-2001

Radio Frequency Identification Tagging:

Applications for the Construction Industry

Prepared by the
Construction Industry Institute

Radio Frequency Tagging Research Team

Implementation Resource 151-2

August 2001

Documents

Document Sharing Hub

Full document details: Cll IR151-2 2001


http://www.avadocuments.com/doc/cii-ir151-2-2001
http://www.avadocuments.com/doc/cii-ir151-2-2001

© 2001 Construction Industry Institute™.
The University of Texas at Austin.

Cll members may reproduce and distribute this work internally in any medium at no cost to internal recipients. CII members are
permitted to revise and adapt this work for the internal use provided an informational copy is furnished to CII.

Available to non-members by purchase; however, no copies may be made or distributed and no modifications made without prior
written permission from CIl. Contact Cll at http://construction-institute.org/catalog.htm to purchase copies. Volume discounts
may be available.

All CIl members, current students, and faculty at a college or university are eligible to purchase Cll products at member prices.
Faculty and students at a college or university may reproduce and distribute this work without modification for educational use.

Printed in the United States of America.

Documents

Document Sharing Hub

Full document details: Cll IR151-2 2001


http://construction-institute.org/catalog.htm
http://www.avadocuments.com/doc/cii-ir151-2-2001
http://www.avadocuments.com/doc/cii-ir151-2-2001

Contents

Chapter Page
1. Introduction 1
2. Implementation Procedure 3
3. Frequently Asked Questions 9
4. Lessons Learned from Pilot Tests 15
Contractor Pilots Related to Material Receiving 15
Owner Application: Tracking Smart Instruments 17
Owner Application: Pressure Relief Valve Maintenance 18
Operator Rounds and Mechanical Integrity Inspections 20
NIST Steel Component Tracking Application 20
5. Summary 23
References 25
List of RFID Suppliers 27
List of Trade and Standards Organizations 35
Documents

DocumelnltI Sharing Hub

Full document details: Cll IR151-2 2001


http://www.avadocuments.com/doc/cii-ir151-2-2001
http://www.avadocuments.com/doc/cii-ir151-2-2001

Documents

Document Sharing Hub

Full document details: Cll IR151-2 2001


http://www.avadocuments.com/doc/cii-ir151-2-2001
http://www.avadocuments.com/doc/cii-ir151-2-2001

1

Introduction

Thisimplementation guide provides construction industry owners and contractors
with practical information related to implementing radio frequency identification
(RFID) technology. It includes a list of commonly asked questions and answers
regarding the technology, lessons learned from pilot tests conducted, and a flow
diagram that can help owners and contractors decide what type of RFID system to
implement. The guide is intended to help owners and contractors better understand

RFID technology and to assist them during the implementation process.
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2

Implementation Procedure

Readers should be generally familiar with the technology described in this guide
and also should be fairly certain that RFID is the appropriate technology to use for a

particular application. (If not, read Chapter 3 and then return here to continue.)

Asthe implementation flow diagram in Figure 1 shows, the first step in implementing

RFID technology involves identifying the potential RFID application ([1] in Figure 1).

Since there are both read-only and read-write RFID systems, it is important to
decide whether you need the capability to alter the contents on the tag after it has been
initially programmed ([2] in Figure 1). If you decide that it is not necessary to change
the tag contents, then consider a read-only RFID system [3]. These typically are low-
end systems that provide a unique serial number. The advantages of this RFID system
are its low cost and low power consumption, which make it suitable for identification
of pallets, containers, and gas bottles. These systems typically operate in the 135-KHz

to 2.45-GHz frequency range.

The next consideration is the amount of data to be stored on the tag [4]. Many
read-only applications require smaller amounts of data storage capability (< 2 kbytes),

but RFID suppliers can supply greater storage capabilities if necessary.

Another important consideration is how the data will be formatted on the tag and
shared with other users ([5] in Figure 1). Two formatting approaches can be used. One
involves storing all of the data on the tag, which requires a header or definition file
to map data contents on the tag. The reader needs to know the format protocol to
decipher the contents of the tag [6]. The second approach involves programming a

unique identification code that then goes to a database for all relevant information [7].

Data security may also be an important consideration for the read-only system ([8]
in Figure 1). Note that most of the low-end, read-only systems do not include
cryptological functions for enhancing data security [9]. If data security is important,

however, it is possible to add data encryption functions to the read-only system [10].
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Figure 1. RFID Implementation Flow Diagram
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Figure 1. RFID Implementation Flow Diagram (continued)

Should altering the tag contents be required, then it is imperative to select a read-
write system ([11] in Figure 1). You will need to determine the amount of data storage
capability required, realizing that these tags usually hold from a few bytes of data to
approximately 16 kbytes. Assuming that each byte represents a letter or anumber and
there are 8 bytes per character and 8 characters per word on average, then you can

expect to store the equivalent of up to 2,000 words on a tag [12].
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Figure 1. RFID Implementation Flow Diagram (continued)
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As with the read-only system, another important consideration is how the data
will be formatted on the read-write tag and shared with other users ([13] in Figure 1).
Two formatting approaches can be used. One involves storing all of the data on the
tag, which requires a header or definition file to map data contents on the tag. The
reader needs to know the format protocol to be able to decipher the contents of the
tag [14]. The second approach involves programming each tag with a unique

identification code that then goes to a database for all relevant information [15].

If data security is important for your read-write application, then you should use
a high-end system with cryptological functions ([18] in Figure 1). This provides source
authentication and data stream encryption. These high-end systems operate at 13.56
MHz, and asaresultare more costly. If data security is notimportant, then a midrange
system [17] is recommended. These systems can store a similar amount of data and
operate at a variety of frequencies (135 KHz, 13.56 MHz, 27.125 MHz, and 2.45
GHz2).

Another important consideration for both read-only and read-write systems
relates to interrogation range ([19] in Figure 1). You need to decide if the range will
be subcentimeter, submeter, or greater than one meter range. This determinesifaclose
coupling, remote inductive coupling, or long-range system is required. If the range is
between 0 to 1 centimeter, then a close coupling system can be used with frequencies
up to 30 MHz [20]. Suitable applications for a close coupling system include door
locking systems and contactless smart cards that do not rely upon the radiation of
electromagnetic waves. If the interrogation range is between 0 and 1 meter, then a
remote inductive coupling system is suitable [21]. Applications include contactless
smart cards, material tracking, animal identification, and timekeeping. These systems
are classified as passive since the tag is energized by the electromagnetic field
emanating from the reader antenna. For greater interrogation ranges (> 1 meter) a
long-range active system is used [22]. Active systems include a battery and therefore

do not need energy from the reader. These systems are ideal for applications such as
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toll and fee collection and meter reading. With an active system, it is necessary to
implement a battery management program since batteries wear out every three to 10

years, depending on usage.

Tag construction also needs to be considered ([23] in Figure 1). You need to
determine the most suitable design because enclosures come in all shapes, sizes, and
material types. Will the tag be mounted on metal? [24]. If so, the tag needs to be
mounted approximately 1 centimeter from the metal surface to avoid interference and
possibly include a metal backplane [26]. If the tag is mounted away from metal, then

there is no need to consider metallic interference [25].

Reader portability is another consideration ([27] in Figure 1). If portability is not
needed as in the case of employees passing through a turnstile to enter the jobsite, then
a fixed antenna or portal may be appropriate [29]. If, however, as in the case of
material management, it is necessary for the inventory specialist to scan tags on pieces
of equipment in a laydown area, it is best to use a portable, hand-held device to scan
tag data [28]. Other considerations relate to tags being spaced closely together ([30]
in Figure 1). If this is the case, then anti-collision procedures should be programmed

into the system [32].

Another consideration is the effect of stray electromagnetic energy from other
sources on the RFID interrogation operation ([33] in Figure 1). Will other sources of
electromagnetic energy affect RFID operation? This could include high power motors
and antenna operating under a frequency similar to that of the RFID system. When
selecting the transmitting frequency, special considerations should be made to avoid
other electromagnetic interference [35]. If there is no possible source of interference,

then you can select the most expedient frequency for your specific application [34].

It is important to have the RFID system compatible with the overall company
information system ([36] in Figure 1). As you develop this application, you will want
to work closely with your firm’s information technology group. Finally, itisimportant

to test the application and make necessary modifications [37].
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3
Frequently Asked Questions

Question: What is RFID?

Answer: RFID is a technology that involves the use of tags, or transponders, that can
collect and manage data in a portable, changeable database. It is a sister technology
to bar codes, but RFID uses radio waves instead of light waves to scan atag. In a sense,

RFID can be viewed as a high-tech bar code with added benefits.

Question: When was RF technology developed?

Answer: In 1979 the technology was first marketed as a usable product. Since then,

companies have been developing feasible applications.

Question: What are some of the current RFID applications?

Answer: Sample applications include livestock/animal control for animal identification,
vehicle access for gate and parking lot control, personnel identification, tolls and fees,
asset tracking (e.g., vehicles, tools, compressed gas cylinders, and other equipment),
and airport baggage identification. Applications are currently being developed for

groceries and postage stamps.

Question: What are its primary components?

Answer: The primary components of an RFID system comprise tags, or transponders,
and a reader. The tag, or transponder, includes a small integrated circuit chip and
antenna encapsulated in a protective shell. The reader contains, at a minimum, a

scanner and antenna.

Question: What are some tag characteristics?

Answer: Manufactured tags range in size from that of an aspirin to approximately the
size of a brick. Tags can be durable and are protected against shock, fluids, dust,
chemicals, and flames. Such characteristics make it easy to select the appropriate tag

for your specific application.
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