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Executive Summary

For many years, the walkie-talkie has been synonymous with the construction industry.
During jobsite pragct execubn, there are three variables which can either hinder ditefte
successful results, namely, quality, quantity, and timing rdbrination.  Wireless data
communications tdmology is capable of delivering just-in-time information within the "taige"
between the trailer and a desired location on the jobsite.

This study surveyed information needs at the jobsite, emerging wireless data
communications tdmology, and assessed the extent to which wirelets tétinology can fulffill
the information needs of the jobsite. Two examples are includtastoate how to match a set of
information needs with appropte wireless tdmology.

The study organized jobsite information needs into the following dategories: a)
Requests for Information; b) a&ferials Management; c) Equipment Management; d) Cost
Management; e) Schedule and Means & Methods; f) Jobsite Record Keeping; gitedsib)i
Safety; i) QC/QA; and k) Future Trends. Each catggwas analyzed in terms of its
approprateness to take advantage of wireleskrietogy. The four formats considered to transmit
information wirelessly were: a) live \a@; b) live video; c) batched data; and d) live data.

A representative inveaty of current wireless commuaation tetinology was developed
and classified into the following five classes: a) Circuit-Switched Wireless Data Systems; b)
Packet-Switched Wireless Data Systems—this class fudBer subdivided into Specialized
Mobile Radio Systems and into Cellular Digital Packet Data Systems; c) Wireless Local Area
Networks; d) Paging Systems; and ajellite-based Data Communications. A Prirfegrwireless
communications covering bottundamental and advanced comnmations concepts was also
developed to enable a bettenderstanding of the issues involved in making trade-offs while
configuring a wireless jobsite commuaation system.

The first example presented in this document shows how a contractor can define a subset
of information needs by choosing from those already aatiedl herein and determine if a given
wireless technology should even be considered as a viable wagedhgithe nformation needs
that such company has. The second example presents a more generic six-step methodology
allowing a company to articulate and analyze their ovilermation needs and toatth those with

current wireless hardware.
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The Construction Industry at-largeliwprofit from leveraging walkie-talkie wirelessice
communication with wirelesdata communicabn. Wirelesstechnology like Cellular Modems,
Wireless LANs, CDPD Modems, Pagers, ardeflites can do it now. For a given construction
firm, what is important is to understand that there is a trade-off betweesltheof information
and thecost of obtaining it. Whilevalue and cost are time dependent variables, the marginal
benefit of obtaining the information wirelessly musteed the marginal benefit obrventional

practice.
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1. Introduction

1.1 Problem Statement

For many years, the walkie-talkie has been synonymous with the construction industry. As
a result, wireless voice communication between members of the construction team at the jobsite is
a well-established technology. However, in the last few years, remarkable progress in wireless
data communications tenology has made possible the provision of new wireless information
services within the jobsite. The advent of digital technology supports services ranging from
messaging (e.g., queries to suppliers to check on the delivery of materials) to full video (e.qg.,
remote inspection of the construction site by the owner's representative).

During jobsite pragct execubn, there are three variables which can either hinder or
facilitate successful results, namely, quality, quantity, anohg of information. Current paper-
based jobsite construction processes are becoming obsolete as they are unable to deliver just-in-
time information. The paper-based pipeline of information is clogged, her=ding an
information deficit. A shift to an ettronic-based exchange of information can help allevihe
timely delivering and accessing of relevantoamts of information.

Wireless data communications beology is capable of enabling on-demaactcess to
relevant amounts of preg¢t nformation by all parties (e.g., the caattor, designer, construction
manager and owner) at any location (e.g., field, job trakeparateoffice).

Applications of wireless data communicationshtealogy include personal and portable
computing devices (PPCDs), capable of downloading, uploading, and displayiagt{smmgcific
information like CAD images of the pexgt drawings,hypertext-based pregt specifications,
product and vendaratalogs, digital 8t images, video images, and voice clips.

For the most part, the wireless portion of the comoations link wll serve as the "last
mile” from a network conection within the trailer to the desired location on the jobsite. Wired
telephone and/or Internet links wouldllstarry data traffic from the jobsite to desired off-site
locations.

Because of the nature of wireless PPCDs, thdly lewerage nformation-rich jobsite
construction processes by delivering just-in-time information anywhere, anytime, and to anyone

involved with a given prect.
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Because timely access taformation is what keeps relevant information from becoming
irrelevant, applications of wireless data communicationsnelogy have the potential of reaping
more productivity benefits than the ones achieved already bycapptis of wireless voice
communications témology, e.g., walkie-talkies.

All parties involved in a constated fadity are suppliers and consumers of information.
Hence, Owners, Designers, Cautors, Suppliers, and Construction Manageit benefit
substantially from having the means to deliver aodessriformation wherever they are whenever

they need to.

1.2 Purpose, Scope and Objectives

The purpose of this study was to assessirtiminent applicability spctrum of wireless
data communication tbaology at the jobsite.

This specific objectives of thisuely were to conduct:

1) a survey of information needs at the jobsite with a focus on type, amount, quality,
and timeliness;

2) a survey of emerging wirelesatd communications tanology; and

3) an assessment of the extent to which wireless datandlegy can fulfl the
information needs of the jobsite.

The study wadimited in scope in that it has conceated primarily on the jobsite
information needs of the Industrial Process construcBetos. To this efct, the lyondell/Citgo
Refinery (LCR) revamp/expansion mega pajin the Houston area was used as the primary
source of data. This jobsite is already pioneering wireless data communication to track percent
completion of major work packages as well as to perform basieral managemeinctions.

Other unique features of the Lyondell/Citgo Refinery expansioegtrajclude:

« $1.2 hllion dollar cost

e 100 Subcontctors

e 9 million work hours

« 2 general contractors (H.B. Zachry and S&B Engineer and Constructors)
* 4 engineering companies (Bechtel, Foster-Wheeler, Kellogg, Pritchart)

« 2 merging owners (Lyondell and Citgo)
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* 4 grass-roots pregts

e 2 revamp pra@cts

1.3 Methodology

The LCR revamp/expansion "mega" jcj in the Houston area was targefed visits
with the purpose of eliciting and articulating information needs as well as to assessatietiap
the typical construction environment may have on thecéffeness of the wireless data
communication teltnologies. These visits served to address the hua@oré associated with
using wireless applications by jobsite memsel. Key questions to be addressed were:

Q1. What is the potential of existing wireless technology to address the information
needs of today's construction jobsite?

Q2. What is the future potential of emerging wireless technologies to address the
information needs of tomorrow's construction jobsite?

After the data remnnaissance visit to the LCR peojs, a series of tables were developed
to articulate thenformation needs that were found to exist there. After these tables were
produced, they were distributed to the CII reseaeeimfor validation and revision. These tables
define specific parameterdaut the different types of information needs and are contained in
Chapter 3.

Concurrent to the articulation of information needs, a survey of wirtdebsology that is
available off-the-shelf was conched. This survey examined several different formats of wireless
communicationfrom several different mana€turers. A series of tables were produced that
articulate feature and germance parastersfor eachproduct. These tables form the basis of
Chapter 5.

Once the information needs at a construction jobsite and the wireless products that are
currently available were identified, a methodology fetesimining an pproprate wirelesgproduct
for a given set of information needs was developed. There are two hypothetical case studies that
are included to illusate the use of the nieidology. This methodology and the hypothetical

examples are the basis of Chapter 6.
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1.4 Survey of the Document

This document contains seven chapters. Chapter 2 examines some of the information
needs in industries other than construction and discusses the four formats of wireless
communication considered. Chapter 3 reviews the datanmaissance visit to the LCR in
Houston, Texas. The chapter then ardites, in ten categories, th@drmation needs that were
found at the LCR prect. These two chapterdgldress the first obgtive of this sidy, i.e., to
perform a survey of the information needs at a jobsite.

Chapter 4 is a Primer on wireless communicatiomretogy. It introduces fundamental
and advanced wireless communication concepts. Chapter 5 contamead different wireless
communicatiorproducts that are available on the market today. These two chapters address the
second olgctive of this sidy, i.e., to perform a survey of wireless comroations tebnology.

Chapter 6 presents a methodology for using the information in Chapters 2 through 5. Such
methodology can beilized by a company to help ietermine if a wireless communication system
can meet its owmformation needs. This chapter addresses the thiettdlg of this sidy, i.e.,
to assess how well wireless communication systems caill faé information needs of the

construction jobsite.

1.5 ReadMe.First

This section sould be read before the rest of the document. This documelninhtasons
and it is the intent of the authors to make tHséationsknown up front.

First, the purpose of this document is to develop rudimentary "in-house" (i.e aatontr
owner, etc.) expertise in wireless technology. This document provides enough information to
allow one to become knowledgeable enough to inwestigvireless communications. It is not
intended to make someone a wireless communications expert.

Second, this document is a "first step” in deploying wireless congatiionis at the jobsite.

In spite of reading and understanding this document, it mkybatnecessary for a company
considering wireless technology to consult with an expert in the wireless coratims field.

Third, it is recommended that this document be read cover to coveredionsin this

document should be taken out of the context of the rest of the document. However, the reader
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desiring just an introduction as to how wireless systems could benefit their company and how they
can be used in the industry should concastitheir attention on chaptet®,3, and 7; and the
reader who is interested in actually implementing a wireless sykmmdgocus on all chapters.

Fourth, this document represents a framework that can be used to iaterpmeless
communication tenology into the jobsite. It does not represent a "canned” solution that can be
used by any construction firm on any construction site.

Finally, the technical solutions and products that are identified in Chaptér kleeome
dated as new developments areradticed into the market ggde. However, the framework
presented in Chapter 3 and the methodology discussed in Chapilerednain applicablefor at
least the short to medium term.

1.6 The CIll Research Team

ClI's Research Team #136 included the following individuals:

« Alan Waldbusser, Research Team Chairman, TPA, Inc.

« Mikkel Hansen, Texaco Inc.

» Joseph St. Julien, H. B. Zachry, Co.

« John Benstt, H. B. Zabry, Co.

e Dr. Wiliam Stone, NIST
There were two Virginia Tech faculty members on the research team, Dr. Jesus M. de la Garza,
Assocate Rofessor in the Construction Engineering and Management Division of the Civil
Engineering Department and Dr. Ivan Howitt, Visiting Professor in the Mobile and Portable Radio
Group (MPRG) of the [Eltrical Engineering Department. Jason @agwas a Virginia Tech
Graduate Student i@onstruction Engineering and Management who also worked on thécproj
Mr Gagnon wrote his Master’s of Civil Engineering Thesis in conjunction with this research

project.
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2. Articulation of Information Needs

2.1 Introduction

This chapter has three primary goals, namely, to discuss cost/benefit issues, to examine
other industries’ information flow models, and to examine and define ways in wdiialcdn be

transmitted wirelessly.

2.2 Cost Versus Benefit of Wireless Technology

It is important to consider the trade-off between the “value” of transmitting the information
wirelessly on demand against the “cost” of transmitting it. Wireless communication is not an
inexpensive technology. There are initial equipment expenses, expenseatedssith service
fees and maintenance, and indirect expenses that need to be considered.

Some of the costs of investing in wireless technology that need to be considered are:

« The purchase of hardware and software, a one-time cost.

« The maintenance and upgrading of hardware, an on-going cost.

« The upgrading and licensing of software, an on-going cost.

« The fees of wireless service providers, an on-going cost.

» The salaries of in-hougechnical support personnel, an on-going cost.

« The training of the users, an on-going cost.

» The fees to a specialized wireless consultant, an on-going cost.

Figure 1 is a graph that shows the value and cost of information versus the time of day that
the information is sent. In this example, a foreman has information that he needs to send to the
trailer at 8:00 AM. The value of this information at 8:00 AM is V1. If the foremarslcadss to a
wireless information system, he coutdmedately download thatnformation to the trailer at a
cost of C1. If he did not hawaccess to wirelesaformation, he might have to wait until the end
of his shift to bring the information to the trailer. The value of the information has decreased as
depicted by V2, because of the nimeur time delay. The cost of delivering the information has
also decreased, as shown by C2. The company must decide if the additional cost of transmitting

the information is worth the added value of the information. This example examines the cost-
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benefit comparison by looking at the decrease of the value of the information over time. The
guestion is: is ValueAddedl > ValueAdded2?

A A
Value of- ValueAdded Cost of
Information Transmitting
V2 Information
C1
ValueAdde@ ¢
Cc2
8:00 AM 5:00 PM

Time of Day

Figure 1 Cost-Benefit Example 1

The next example examines the productivity that is lost if the foreman needs to leave the
field to deliver information to the trailer. Figure 2 is set up the same way as Figure 1. However, in
this example, the information that the foreman needed to bring to the trailer could not wait until
the end of the day. If the foreman hactess to wireless communication he could download the
information at 8:00 AM, at a cost of C1. If the foreman did not have wireless cooahani
capabilities, he would have to leave the field and bringrif@mation to the trailer at 8:30 AM.

The value of the information has not changed much between V1 and V2. However, when the
foreman leaves the field, his crew’s productivityll wecrease and the cost of transmitting the
information increases from C1 to C2. This is another way that a company might want to approach

their analysis of wireless communiaati The question again is: is ValueAdded1 > ValueAdded2?
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A V1 V2 A

Value Value
Value of Added. & Added Cost of
Information Transmitting
c2 Information
C1l

8:00 AM 8:30 AM Time of Day

Figure 2 Cost-Benefit Example 2

Wireless communication is a field that is making advances every day. The construction
industry can benefit gatly by inorporating wireless commugation on to its jobsites. However,
a contractor should not assume that wireless conuatioin tetinology is the best answer for his
information needs at a jobsite. He should invastigirst to see if he can derive greater benefits
from wireless dta communications thoology than without it. &tion6.3 of this report provides
a hypothetical example which includes one-time 1996-based hardware expenses. Keep in mind,

however, that on-going costs likely outweigh initial one-time costs.

2.3 Other Industries' Information Models

There are a few industries that have already incatpdrcommunication systems into their
respective wrk places. This section examines examples of tHiermation models in the
manufacturing, trucking, and package delivering industries. The construction indastey f
different challenges from those that aeedd by these and otherdustries. However, generic
information concepts can be learned by studying them.

The manufacturing industry isnglar to the constructionndustry in that they both start
with raw material. Thenhtough the use of equipment and labor, a finished product is made.
Therefore, much of the types of information thataatéry foreman requires at his woratgon
might be similar to the types afformation that a construction foreman requires while working in
the field.

1 Documents

Document Sharing Hub

Full document details: Cll RR136-11 1997


http://www.avadocuments.com/doc/cii-rr136-11-1997
http://www.avadocuments.com/doc/cii-rr136-11-1997

The industries that ship goods from onacal to another aranglar to the construction
industry in their dynamic nature--they both move from one job to the next. The package and
document shipping industries have made tremendous strides using vie#elessogy over the last
few years.

In summary, the construction industry can benefit from studying what has worked to
improve the flow of information in otherestors and by modifying and applying these ideas to

itself.

2.3.1 The Volvo / General Motors Example

Volvo and General Motors (GM) operate ailiicthat manufactures large tractor trucks in
Dublin, Virginia. The plant is a large operation that assembles the trucks. All of the components,
including the bodies and the engines are mactufed elsewhere and shipped to the Dublin plant
for assembly. The plant presently ogess oneproduction line and is in the process of
constructing another. On this production line, the truck moves from one assdailay $o
another. Each station is psssible for instéing the same @ces on each truck. When the line is
operating at full speed, the factory can produce over ninety trucks in one hour. The plant has over
2,000 employees.

All of the trucks that are built at the Volvo / GM plant are ordered by customecsliyliror
by dealers. Therefore, all of the vehicles that are produced are custom made. Volvo / GM offers a
few basic body designs with many different variations, but all of the trucks that they produce start
with the same chassis. When a new truck is started on the line, there are a set of paper
specifications and drawings that are attached to it and that travel viitbughout the line. This
set of specifications show what variations to the basic design need to be madfarefian at
each station checks the section of the specifications that are relevant to his own station and
instructs his crew accordingly. The crew then installs #eessary parts. The truck stays at each
work gation goproximately six minutes.

Volvo / GM maintains a design team in the samedigctadlity. The designeam takes a
given customer’s order and produces tleeassary drawings and specifications which are sent to
the plant floor for assembly. There are many different systems in a given truck that can be

modified to meet individual customer’s needs. These include the engine size, cab type, the color
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of the cab, type of radio, etc. Once a customer placewdar, it goes to a CAlDeam that
produces a compte CAD modefor each truck. The model is the bafas the paper drawings
that travel with the truck while it is on the production line.

Volvo / GM is planning to install computer terminals at each of the stations on the assembly
line. Since, these terminals will be hardwired into the plant’'s computer systeforéh@an of
each crew vil be able to ok at the CAD model or portions of it for any given truck. Thishe
in addition to and eventually in place of the papepycof the drawings and spec#itions that
currently travel with the truck. This means that the given foremlirbevable toaccess the
information that his crew needs faster and more efficiently than with the current paper-based
system. The foremen on the flooillvhave “real-only” capaltities to view the drawings.
However, there are plans for the foreman to be able to record any changes;atimasfi or
concerns about a given vehicle while it is on the line. These changescatamif or concerns
will be addressed after the vehicle has left the line. This is to prevent the production line from
having to stop.

The construction industry hagrélar processes and information needs at the jobsite. A
crew foreman at a construction site is usually given paper copies of the drawings and sometimes
the specificationfor the tasks that his crew are to perform. A construction foreman would benefit
in the same way that a truck assembly foreman would if the information were presented in an
electronic format. They would be able to quickly look at different views of the drawing, and they
would not have the clutter of paper. Also, a construdtoeman could record as-built changes to
the plans in the same way that the truck assembly foreman would record hisatiod#i or
changes to the truck. Additionally, a company could impose the same “read-only” requirement.

There are other forms of commaation that are already in place at the Volvo / GM plant.
Just about everytation has a tefghone that is wired for commuaition within the plant. If a
foreman needs to inform someone of a problem or other situation thatatesetdsn, they do not
leave their statin. If an emergency needs to be reported, it can be done rapidly. This means that
the crews are constantly supervised. This is important to insure that each dawgall of
their tasks in the allotted six minutesfdre the truck moves on to the next crew.

The Volvo / GM truck plant in Dublin provides a few information comroation ideas
that might be incorpated into the constructiomdustry. The means of commaation will
necessarily be different in the construction industry than in a truck plant. Wireless coatioani
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will play an inportant role in making possible this type of communication at a construction site.
However, it is important to remember that although the means of cogationiwil be different

in the construction industry than in a truck plant, the type of information may be the same.

2.3.2 Federal Express (FedEx) and United Parcel Service (UPS)

Federal Express and United Parcel Service represent two of the largest companies in the
shipping business. They both offer overnight delivery of packages as well as longer shipping
options. UPS claims to deliver over eleven million itezagh business day [UPSWWW] while
FedEx claims to deliver over two million packagesch business day [FEDWWW]. There is a
tremendous amount of planning and logistics issues that both of these companies address in order
to insure the quality of their service. Both of these companies realize that they must maintain a
commitment to customer service. Most people who ship an item do not care buuthtlze
process involved inggting the itenfrom point A to point B. They are more concerned that it gets
from point A to point B in the time promised. Consequently, both of these companies make a
major effort in ensuring prompt ardcurate delivery of the packages.

One field of technology that both companies are using is cetietdmology. When a
package is picked up, the driver records the information about the package and records its tracking
number in a hand-held device. This information is sent to the company’s computer via a cellular
data transmission systednom the truck. From this point forward, both the customer and company
can track the package. Every time the package enters a new location its pogjimetesl in the
tracking computer. When the package reaches its final destindie driver records the name of
the person who received it and the time that it was sidoed Again, the driver sends this
information using a cellularada transfer system back to the compa computer as he/she drives
to the next pickup/delivery @ation.

UPS uses its own satellite for information comngation. They have a global information
network of which the a&ellite is an important part. This information system tracks the
international shipping that UPS does. This satellite communication system is another example of
how wireless technology is being used teainthe mformation needs in the shipping industry.

In conclusion, Federal Express and the United Parcel Service are both incorporating

wireless technology into their worlgade to meet theinformation flow needs of the “lastile”.
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2.3.3 The Trucking Industry

There is a move in the trucking industry to incogierthe Global Positioning System
(GPS) and communication shites. The trucking industry is very dynamic--most of its resources
are in motion at any given point in time.

Trucking companies have experimented with using cellular telephones as a means of
keeping contact with their trucks while they were on the road. They ran into spray@ms
using cellular telephones. First, there ailkrainy areas in theauntry that do not have cellular
service provided. Second, a dispher is si dependent on the driver calling in tgpdate his
location. If the driver only checked in every eight hours a good distance could be covered
between check-ins. Finally, service fees for cellular phones can become expensive. If a driver left
his service provider’'s area, any call that he would make would becsed)jto roaming charges
that in some areas are very expensive [WHI96].

Trucking companies are considering GPS and other satellte dependent communication
systems to improve their commaation. There are two primary information needs in the trucking
industry. First, they need to know thecddion of their trucks so that they capdate their
customer’s on delivery times. Second, they need to be able to send the driwes wdcany
problems or situations that arise during his trip. It is important ééame necessafgr a truck to
change its route or destination.

One trucking company that has already incaapen GPS and sdiiee communication into
its fleet is Day & Night Tran®ortation Services, based in Nobldéisy IN. They have outfied
about half of their trucking délet with GPS and sdliie communication capalities. Using GPS,
dispatchers at Day & Night's hdquarters can tate where their trucks are at any point in time,
anywhere in the United States. This allows management moréilitigxibscheduling andouting
their trucks [WHI95]. For example, if a truck breaks down, atishers might be able to locate
another truck close by that had just unloaded a trailer.

Satellite communications also play a part in the Day & Night’s system. Each truck is
outfitted with a data terminal that has gyBeard and an LCD display screen. The driveeadh
truck can send and receive text-based messages that are sentlit@ sBiey & Night uses two
different communication netwks to accomplish this. First, they use thendabased ARDIS

network where it is available. ARDIS is a form of packet-switched specialized mobile radio. If the
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truck is in an area where ARDIS is not available, the message is relayed to the driver through the
American Mobile Satellite Corporation’s geosynchronaislite. This solves the problem of how
to get in touch with the driver.

The system that Day & Night is using also ties to their accounting and logistics programs.
Once a driver delivers a load, he can update the computers at tluagars without having to
contact a dispatcher. He can aost delivery of his goods and the company’s computérbe
updated to reflect this.

This is another example of how an industry is finding solutions to its information flow
challenges through wirelesschnology. Day & Night articated what nformation needs that it
had and then went out to look for solutions. It first tried cellular phones as a possible solution but
then discovered some of its short comings. It then turneatsadlite communications and has

found a system that caremt most of itsnformation needs.

2.4 Information Needs Introduction

The tables with the actuaiformation needs based on the LC&alreonnaissance visit
are presented in Chapter 3. This sectidhexplain the headings utilized in such tables. Table 1
is an example.

Table 1 Information Needs Charts Headings

Information | Explanation | Formats of Info. | Type Delay | Importance | Simp./ Dup| Data Rate
Subcategory Transfer (mins) (kbps)

¢ Information Subcategory - This identifies specific types of information that are needed at the
jobsite.

¢ Explanation - This gives a brief definition of what eaatfarmation subate@ry involves.

¢ Formats of Information Transfer - This column identifies the format in which the information
could be transmitted wirelessly. There &yer formats that vit be considered. The first two,
voice and video, are "live" transfers of information. This means that thereasemay in the
data transfer. The thifdrmat is atched data. Thiurth format is “live @ta.”
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¢ Type - This column further defines the format column. The different typesdohformat

are as follows:

» Voice is defined by quality of service (QOS) as low, medium or high.
» Video is defined by quality of service (QOS) as low, medium or high.
« Batched Data Files are divided by file size as follows:

1. Small - (< 5 kilobytes) - Included are e-mail, short text messages, and
simple line drawings.

2. Medium - (> 5 kilobytes, < 100 kilobytes) - Included are medium
resolution graphics, large text documents and medium resolution digital
pictures.

3. Large - (> 100 kilobytes, < 1 Megabyte) - Included are high resolution
compressed graphics or pictures, moderate to high resolution video,

CAD files and multimedia applications.

¢ Delay - The delay column defines how much of a delay in information transfer is allowable for

a given format. The delay scale is as follows:

5 - Data can be transmitted with@il minutes (Nd.atency)

4 - Data can be transmitted within .1 minutes (Minimal Latency)
3 - Data can be transmitted within 1 minute

2 - Data can be transmitted within 10 minutes

NF - Time is not adctor
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¢ Importance - This column gives a rating of how useful information transferred using a given
format would be. This scale is based primarily on the information gathered during the LCR site
visit.
5 - Very Important
4 - Somewhat Important
3 - As Important as Unimportant
2 - Not Very Important

1 - Unimportant

¢ Simplex / Duplex - This column defines whether one-way or two-way communication is
necessary for a given apgdtion. If an apptation is simplex then the tableilwdefine
whether the origin point of the information is the field or the trailer. (SF - Simplex originating

in the field, ST Simplex originating in the trailer, D - Duplex).

¢ Data Rate - For each subcategy, a transmissionada rate W be determined. It Wl be
based on the amount of information to be trattshiand the allowable delay. The following

formula was used toadermine transmission data rates of batched files:

Data Rate = (Max. File Size (in Kilobytes)) (1024 bytes / kilobyte) (8 bits / byte) (1 kilobit / 1000 bits)
(kbps)

Time (In Seconds)

Equation 1 Determining Data Rate Based on File Size

Example: If a file size of 5 kilobytes needs to be transmitted in 1 minute, then the transmission

data rate would be:

Data Rate = (5 kilobytes) (1024 bytes / kilobyte) (8 bits / byte) (1 kilobit / 1000 bits)
60 seconds.
Data Rate = 0.683 kbps (Kilobits per Second)

Table 2 shows all of the data rateskiops for the three different file sizes and for the four

different delay ratings.
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Table 2 Data Rates (kbps) Based on File Size and Delay Ratings

Delay Rating
File Size File Sizein| <10 mins.| <1 min] <.1min. <.01 min.
kilobytes
Small <5 .0683 .683 6.83 68.3
Medium >5, <100 1.365 13.65 136.5 1365
Large >100, <100d 13.65 136.5 1365 13650

2.5 Formats of Wireless Communication

The following are the four formats of wireless comneation that have been considered
and will be discussed:
» Live Voice
e Live Video
« Batched Data Files

» Live Data Transfer, or “Redlime” Data (Future Trends catay only)

2.5.1 Live Voice Communication

Live voice communication allows a party in the field to be able to talk with a party in the
trailer, or somewhere else, without having to leave the field. The walkie-talkie is an example of a
live voice wireless communication device.

There are some drawbacks to voice only commumwigati Voice commuiation is
effectivefor a small amount of uncompéited nformation. “Historically, it has been claimed that
man alone has the dubious distinction of being able to talk himself consistently into problems”
[MEL79, p. 230]. By describing a problem situation verbally, the person describing the problem
might make it harder to understand for the person he is describing it to. A person in the field might
not be able to communicate complicated situations effectivetyugh the use of a voice only
communication system. In otheovds, a company that might invest only in voice comcation
might still find itsforeman, or other personnel, needing to leave the field to coroatanwvith the

personnel in the trailer.
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2.5.2 Live Video Communication

Live video communication brings the jobsite to the trailer. The crew at the jobsite would
need a video camera and an operator for the camera when using this method of catiamuni
Once the signal is received at the trailer, it can be relayed to any location in the world using
wireline communication témology or atellite-based technology.

The live video method of commuation would be very effective if it were used in
conjunction with a live voice method of commeetion. Alternatives for live video include a
mobile camera that is operated by a person or a camera thatinsed in a fixed position on the
jobsite. Live video should only need to orgjiafrom the field. It should not beecessary for a

video signal to be sent from the trailer or an off-sitatmn to the field.

2.5.3 Batched File Communication

The previous two sectiongldressed commuration that was live in nature. This means
that there was no latency between the time thi@rmation was sent from one source until the
time that it was received at the other. This section examines batched file communication.

Practically any computer application such as text, spreadsheets, databases, graphics,
pictures, three dimensional CAD models, and movies, to hame only a few, may be batched and
sent via wireless means. The size of the file that is being sent and the speed of the wireless
communication tetnology being used are thestdrmining factors in how long itilvtake to
transfer a file. SectioB.4 defined file sizes. It should be understood that the divisions of small,
medium and large were chosen in the context of wireless technology. Figure 3 is a log-log graph
which examines how much time is required to transfer files of different sizes given different
transmission data rates of wireless communication sysiades ideal conditions.

Batched file transfer also includes direct access to the camtsacomputer network from
the field. Payroll, costing, and scheduling applications are ideal candidatesatched wireless
approach. Two of the biggest advantages to giving a foreman or superint@cgess to
applications on the netwk are that they prevent dugdition of work and provide more up-to-date

information.
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Figure 3 Comparison of Different Rates of Data Transfer Using Equation 1
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2.5.4 Live Data Feeds

In the course of research for this g there were not manpformation needs that
could be found that needed a livatal feed. A live data feed is a comntus stream of
information that would flow between a trangie and a receiver. There ardormation needs
that are discussed in the caiggabout Future Trends that might require a live streanataf th
be transmitted. This type of transfer requires that both transmitter and receiver be capable of

handling significant amounts of information with no or extremely miniatekicy.
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3. The Lyondell-Citgo Data Reconnaissance Visit

3.1 Introduction

A data reonnaissance visit to the LCR peoj bok phace in March1996 to distribute a
guestionnaire and to conduct interviews with field personnel. This chapter examines the
processes and methodologies that were used during the gathering élatiodistf information
from this progct. The core of this chapter consists of jobgsitermation needs organized into
the following ten categories: a) Reque$ts Information; b) Mterials Management; c)
Equipment Management; d) Cost Management; e) Schedule and Means & Methods; f) Jobsite
Record Keeping; g) Subttals; h) Safety; i) QC/QA; and k) Future Trends. Each cayegas
analyzed in terms of its appropténess to take advantage of wirelesfineogy. The four
formats considered to transmit information wirelessly were: a) liveeydp) live video; c)
batched data; and d) live data.

3.2 The Lyondell-Citgo Refinery Project Visit

The LCR progct was chosen by th€ll Research Team as the primary source of
information for this study. The LCR pegjt is both a meovation and expansion to a crude oil
refinery in the Houston area. The research team chose thisrsiveral reasons. First, H. B.
Zachry was a prime corictor at the LCR and is a member of Cll with two repredem®s on
this Cll Research Team. Both of these repriegams were also assigned to the LERject.
Additionally, H. B. Zachry was already using wireless comication tetinology on the preict.

Second, the LCR was chosen for its complexities as a constructiogctprojThe
construction was taking place within thendéines of an operating refinery. Many information
needs would be revealed at this patjbecause of its size and complexity.

Finally, since the construction was taking place within iafines of a refinery, some of
the challenges for wirelesschnology would be revealed as well. The different construction sites
were spread out over several miles. Most of the sites had lage siructures and pipelines
throughout them. For these reasons, the LCR site would be a goodtanddf some of the

conditions that might a#fct the pgormance of wirelesgechnology.
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3.2.1 The LCR - Overview

The LCR progct nvolved the construction of several newiliges in the onfines of an
existing and operating crude adfinery. This pra@ct was estimated to have a priceld Lllion
dollars. Citgo, the prert owner, used several negotiated “Cost - Plus” contracts with several
design, management and construction contractors to build thescprojrhere were five main
units (areas of new and revamp construction) that were divided between two prinaetcositr
(H. B. Zachry and S&B). Additionally, both of the prime cawtiors maintained significant off-
site operations to support their efforts on-site.

LCR maintained a Project Management Team (PMT) that was on site. The new and
revamped facilities were primarily designed by Bechtel, who also played a major role on the
PMT in the administration of the construction. Most of the rest of the PMT, thag¢dhe met,
were employees of Citgo.

The team spent time at all three of the H. B.ifgaunits as well as their off-site office.

The team spent time at the S &oB-site office Iacationfor the study. The other two S & B sites
were on twenty-four hour shifts and time could not be spared by the personnel at these sites to

participate in the sdy.

3.2.2 The LCR Questionnaires

There were essentially three categories of questions contained in theoreests are as

follows:

1.) Background and &egorization Questions: These questions were used to determine
the nature of the respondent’s background, their role in the curreattpanid their
overall background in the construction industry. They were also designed to
ascertain any previous exposure that the respondents had had with wireless
technology and applations. These questions were designed to help qualify the

answers to subsequent questions.
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2.) Data Elicitation: There were three sections of the questire for dta elicitation.
The first was used to determine areas that could peoirad by a btter flow of
information. The second was used &taefmine what data needs could be met by
different methods of wirelessth transmisen. The third was used to find out what
methods of dta transmission the @sndents would be most comfortable using for

different tasks.

3.) Open Response: The final type of question was open ended so that the respondents
could make any comments or suggestions not covered specifically in the other

guestions.

The data collection team distributed the questaires to the respondents personally for
the most part. The team gave a briefaduction of who they were and what the survey was
about. Thaeam stated that the questhaire was to assess information needs between the field
and the job trailer. The data collection team answered any specific questions that the
respondents had, but did not give any further information. liftited information approach was
used in an effort to mimize any biases that the pemdents might have gen from the data
reconnaissanceam. Overall, the reaction to the questiaire was positive.

While the team was at the LCR sites, they distribufgat@imately forty questionnaires
in the course of two and a half days. Whentdan left on the third day they had received 16
completed quesinnaires. There were two points of tawt establishetbr collection and return

of any questionnaires that were coatpl after the team had left.
3.2.3 The LCR Interviews

There were a series of interviews that were cotetli after the rg@ndents had an
opportunity to look at or comple the questnnaire. The interviews were very informal. The
data collection team wanted to generate as much open and interactive dialogue as possible. The
interviews ranged in participation from one person to six people. Generaltgattmestarted the

interviews by putting a few of the wireless technology appibns on the tabléor discussion.
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The team tried to faldate conversation as much as possible without taking the lead. It was the
intent of the team to have most of the discussion in the interviewsfoomehe interviewees.

Most of the interviews ranged from thirty to ninety minutes in duration. The amount of
time spent was usually in direptoportion to the number of people being interviewed. Often
times, respondents wanted to tell team everything that wasrang with information flow at
the site. The team tried tmnit this type @nversation, but several beneficial ideas came from
some of these digressions.

During the last half-day that theam was at the LCR sites, some of the interviews had to
be condated conarrent with the distribution of the questionnaire. Team believed that more
beneficial information was coming from the interviews than from the questionnaires. The
reactions of all those interviewed were primarily positive. No one, that was intervieauaght
that the study, or the apgédition of wireless tdmology to the jobsite was a waste of time. The
main area of disagreement came from the discussions of what level of wieelesslogy would
be appropate in a construction setting.

It seemed all participants interviewed recognized the need to inatepdretter
communication on the jobsite. Most were eager to help because many of the ideas that were
discussed in the interviews would have a fair amount oa@hpn most the tasks that they
performed.

In conclusion, the interviews were an extremely importane@spf the data gathering.

The data collection team gained insight into communication challenges that a large construction
site faces. The participation and enthusiasm of the interviewees showed interest at all levels for

better communicatn, through wireless commuaition tetinology or other means.

3.3 Jobsite Information Needs Categories

Upon completion of the site visit to the LCR m@dis, the nformation gathered was
compiled and classified into eight informatiarategories. This number was subsequently
expanded to ten. The information was further divided inteaiggories. Every catexy had at
least two subcategories, most had more. Tabjgo®ides a general classifition of jobsite

information needs with the top row providing links to moet¢adled tables.
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Table 3 Classification of Jobsiteformation Needs

Request for Materials Equipment | Cost Schedule Jobsite Submittals| Safety QC/ QA Future
Information Management| Management Management and Means | Record Trends
& Methods | Keeping
Table 4 Table 5 Table 6 Table 7 Table 8 Table 9 Table 10 | Table 11 | Table 12 | Table 13
Design Intent | Access to Equipment | Budget Schedule | Recording| Test Accident | Initiate Positioning
and Material Location Updates Time Results Reporting| Inspections| Data
Clarification Management Sheets
Subcontractor | Material Fuel Material Delay Progress | Revisions | Reporting| Report Sensory
Information Location Monitoring | Cost Recording | Reporting | to Violations | QC/QA Data
Accounting Submittals Problems
Contract Material Equipment | As - Built Exception Report
Specifications | Order Status Cost Records Reporting Inspection
Accounting Results
Contract Request Productivity | Visitor's
Drawings Materials to Information | Log
Site
Work Package| Place
Information Material
Orders
Means and
Methods
Implementatio
n Problems
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Summary of Request for InformatiofReferring to the summary section of Table 4, it can be
seen that for all of the sobtegories live voice was considered arpamiant format of
information transfer. Alterately, live video was not consideredpantant. Small batched files

were considered somewhat important and also required a low delay rating. The maximum data

rate requiredor any of the lhtched transfers 3.65 kbps.

Summary of Materials ManagemenReferring to the summary section of Table 5, it can be
seen that for most of the stdiegories live voice was considered a somewhportant format

of information transfer. Altemtely, live video was not consideredpiartant. Small batched

files were considered somewhat important and required a low delay rating. Medium and large
files were considered to be not very important or unimportant. The maximum data rate required

for any of the htched transfers E3.65 kbps.

Summary of Equipment Managememeferring to Table 6, it can be seen that for both of the
subcategories live voice was considered a vergomant format of information transfer.
Alternately, live video was considered upiontant. Small batched files were considered
somewhat important and required a low delay rating. Medium and large files were considered to
be not very important or unimportant. The maximum data rate redorethy of the htched

transfers is 1.37 kbps, which is relatively low.

Summary of Cost ManagemerReferring to the summary section of Table 7, it can be seen that
live voice was seen with mixed reactions a®m@mnat of information transfer. Live video was
considered unimportant. Small batched files were considered a somepbaiamh format of
information transfer and required a low delay rating. Medium and large files were considered to
be unimportant. The maximum defined data fateany of the small dtched transfers is .68

kbps, which is low. For medium and largetd¢hed files, time is not a factor.
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Table 4 Information @tegry: Requests For Information

Information

Explanation

Formats of Info.

Type Delay | Importance| Simp. / Dup.| Data Rate
Subcategory Transfer (mins) (in kbps)
1.) Design and Intent Consultation with engineers / Voice < |01 5 D 8-%2
Clarification designers for questions regard- Video < .p1 1 SF 128 - 1p,000
ing design and intent. Batched Data Smal <l 4 D 0.6
Medium <1 4 D 13.65
Large <10 3 D 13.65
2.) Subcontractor Inform- Access to any information that the Voice < |01 3 D 8- B2
ation prime contractor has about any of Video <.p1 1 SF 128 - 1p,000
their subcontractor's. Also, Batched Data Small <L 3 D 0.64
information about a sub-contractor's Mediym NHR 1 D >1
activities at any given time. Large NF 1 D >1
3.) Contract SpecificatigAccess to specifications or informatfon Voice < .0 5 D 8 - 3]
regarding specifications. Video <.01 1 SF 128 - 10J000
Batched Data Small <1 3 D 0.68
Medium <1 2 D 13.65
Large NF 1 D >1
4.) Contract Drawings | Access to contract or shop drawings Voice <|.01 B O 8 -132
and if necessary personnel that can Video < .pl 1 SH 128 - 10,000
answer questions regarding the drgw- Batched Data SmAll K K D 0.48
ings. Medium <1 4 D 13.65
Large <10 4 D 13.65
5.) Work Package Inforficcess to work package informatior]  Voice < .0 5 D 8 - 3]
ation Including scope of work, materials]¥ideo <.01 1 SF 128 - 10,040
equipment required, etc. Batched Data Small <L 5 D 0.6§
Medium| <10 3 D 1.37
Large NF 1 D >1
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Table 4 Information @tegry: Requests For Information (Cont’d)

SjUuLWnNo0g

29

6.) Means and Methods| Should field personnel need to velfify ~ Voice <|01 D 8-3p
Questions - or consult about the planned meanp Video <|.01 Sk 128 - 19,000
and methods. Batched Data Small <1 5 D 0.68
Medium <1 4 13.65
Large <10 3 13.65
7.) Implementation For consultation when field personiel  Voice <.p1 D 8 - 32
Problems discover that an item cannot be Video < p1l SF 128 - 10J000
installed according to the owner's plans Batched Dafa Sma|l 41 D 0.68
or contractor's methods. | Mediun) <1 3 13.65
Large | <10 3 13.65
Average Defining
(in Mins) | Average Value (kbps)
SUMMARY FOR CATEGORY Voice <.01 4.43 8-32
Video <.01 1.00 128 - 10,000
Batched Data Small <1 3.86 0.68
Medium <25 3.00 13.65
Large <10 2.29 13.65
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Table 5 Information @tegry: Materials Management

Information Explanation Formats of Info. Type Delay |Importance| Simp. / Dup.| Data Rate
Subcategory Transfer (mins) (in kbps)

1.) Access to Company's To allow for access to a company's Voice <|.01 4 D 8} 32
Material Management automated materials management Video <|.01 1 SF 1281 10,000
Information information by field personnel. Batched Data Smal <1 5 D 0.68

Medium <1 3 D 13.65
Large NF 1 D >1
2.) Material Location To allow field personnel to find the Voice <.0L 4 D 8-32
location of any given piece of materia] Video <.0] 1 SF 128 - 14,000
that is required. Batched Data Small <1 5 D 0.68,
Medium <1 3 D 13.65
Large NF 1 D >1
3.) Order Status To allows personnel to find out what  Voice <.01 5 D 8-B2
the status is of an item that has been Video <.01 1 SH 128 - 10,000
ordered. Batched Data Small <1 4 D 0.68
Medium <10 2 D 1.37
Large NF 1 D >1
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Table 5 Information @tegry: Materials Managemen€ont’d)

SjUuLWnNo0g

Information Explanation Formats of Info.| Type Delay [ImportanceSimp./Dup| Data Rate
Subcategory Transfer (mins) (in kbps)
4.) Request Materials When material is needed for Voice <]o1 f 1) 8-3%
to be Brought to the| installation, site personnel can order Video q.01 1 5F 128 - 10,000
Site from the field. Batched Data Small <1 1 D 0.68
Medium <10 1 D 1.37
Large NF 1 D >1
5.) Place Material Ordefy To order materials that need to arrive Voice q4.01 5 D 8-3F
to Offsite Location. | just in time, usually from local suppliers Video <.pl 1 Sk 128 - 10]000
(e.g. concrete or asphalt). The information] Batched Daja Small S a D 0.64
will be relayed through the trailer to the Medigm <1 1 D 13.65
supplier. Large NF 1 D >1
Average Defining
(in Mins) | Average Value (kbps)
SUMMARY FOR CATEGORY Voice <.01 4.60 8-32
Video <.01 1.00 128 - 10,000
Batched Data | Small <1 3.80 0.68
Medium| <4.6 2.00 13.65
Large NF 1.00 >1
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Table 6 Information @tegry: Equipment Management

Information Explanation Formats of Info. Type Delay [Importancgsimp./Dupg Data Rate
Subcategory Transfer (mins) (in kbps)
1.) Equipment To find the location of a given piece of Voice <.]1 5 D 8 - 32
Location equipment at any point in time. Video <.0p 1 Sk 128 - 10J000
Batched Data Small <1 4 D 0.68
Medium <10 3 D 1.37
Large NF 1 D >1
2.)Fuel Monitoring] To monitor fuel status and facilitate the Voice <.01 5 O 8 - 32
and Refueling | routing of the fuel and oil trucks. Video <.q1 1 SF 128 - 10J000
Batched Data Small <1 4 D 0.68
Medium <10 2 D 1.37
Large NF 1 D >1
Average Defining
(in Mins) |Average Value (kbps)
SUMMARY FOR CATEGORY Voice <.01 5.00 8-32
Video <.01 1.00 128 - 10,000
Batched Data Small <1 4.00 0.68
Medium <10 2.50 1.37
Large NF 1.00 >1
Documents
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Table 7 Information @tegry: Cost Management

Information Explanation Formats of Info.| Type Delay | Importance Bimp. / Dup| Data Rate
Subcategory Transfer (mins) (in kbps)
1.) Budget Access to estimated budget for time, Voice <.01 3 O 8-32
materials and equipment. Video <.01 1 SF 128 - 10)000
Batched Data Small <1 3 D 0.68
Medium NF 1 D >1
Large NF 1 D >1
2.) Material Accounting| To record when, where and how much  Voice < .p1 3 D 8 - B2
and Cost Accounting or how many of a given material is Video <.p1 1 qF 128 - 10,000
installed. Batched Data Small <1 4 D 0.68
Medium NF 1 D >1
Large NF 1 D >1
3.) Cost Accounting for| To record the cost code information Voice <.p1 2 [ 8-32
Equipment for equipment that is being used. Video <.01 1 SF 128 - 10,000
Batched Data Small <1 5 D 0.68
Medium NF 1 D >1
Large NF 1 D >1
Average Defining
(in Mins) | Average Value (kbps)
SUMMARY FOR CATEGORY Voice <.01 2.67 8-32
Video <.01 1.00 128 - 10,00p
Batched Data Small <1 4.00 0.68
Medium NF 1.00 >1
Large NF 1.00 >1
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Summary of Schedule and Means and Meth&isferring to the summary section of Table 8, it

can be seen that live voice was considered a somewhat important format of information transfer.
Live video was considered unimportant. Small batched files were considered a pertaim

type and required a low delay rating. Medium and large files were considered to be unimportant.

The maximum data rate requirkt any of the htched transfers 53.65 kbps.

Summary of Jobsite Record Keepingeferring to the summary section of Table 9, it can be
seen that for all of the soategories live voice was considered a not vengontant format of
information transfer. Live video was considered an unimportant format. Satelida files

were considered to be a somewhat important type and required a low delay rating. Medium and
large files were considered to be unimportant. The maximum data rate refquieaty of the
batched transfers 3.65 kbps.

Summary of Subttals. Referring to the summary section of Takl@ it can be seen that the

live voice format was considered to be as important as unimportant. Sawetd files were
considered to be somewhat important to very important, and it required a low delay rating.
Medium files were considered to be somewhat important. Large files were not considered to be

important. The maximum data rate requifedany of the htched transfers 53.65 kbps.
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Table 8 Information @tegry: Schedule and Means and Methods

Information Explanation Formats of Info. | Type Delay |ImportanceSimp./Dup| Data Rate
Subcategory Transfer (min) (in kbps)
1.) Schedule Updatgs For field personnel to access Voice <]o1 4 D 8-32
schedules and update them based on Video <.pl | qF 128 - 10,000
the work that has been completed Batched Datd Sma|l <[1 b D 0.68
Medium NF 1 D >1
Large NF 1 D >1
2.) Delay Recording| Recording delaying event information Voice <.01 4 O 8 - 37
and the impact that it has on the project Video <.01 1 Sk 128 - 10J000
Batched Data Small <1 5 D 0.68
Medium <1 3 D 13.65
Large NF 1 D > 1
3.) As Built Records| To record as-built schedules. Voice <.01 4 O 8 - 37
of Construction Video <.01 1 SF 128 - 10,040
Batched Data Small <1 5 D 0.68
Medium NF 1 D >1
Large NF 1 D >1
4.) Productivity To record pertinent data that pertain to Voice <.01 4 O 8 - 3
Information productivity and personnel Video < .01 1 SH 128 - 10,900
management. Batched Data Small <1 5 D 0.68
Medium NF 1 D >1
Large NF 1 D >1
Average Defining
(in Mins) | Average Value (kbps)
SUMMARY FOR CATEGORY \oice <.01 4.00 8-32
Video <.01 1.00 128 - 10,000
Batched Data Small <1 5.00 0.68
Medium <1 1.25 13.65
Large NF 1.00 >1
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Table 9 Information @tegry: Jobsite Record Keeping

36

Information Explanation Formats of Info| Type Delay [Importancgimp./Dupg Data Rate
Subcategory Transfer (mins) (in kbps)
1.) Recording Foremen would be able to perform dajly Voice <.n1 2 1) 8 - 37
Timesheets timesheet recording from the field. Video <.p1 qF 128 - 10,000
Batched Data | Small <1 5 D 0.68
Medium NF 1 D >1
Large NF 1 D >1
2.) Progress Field personnel would be able to subfnit  Voice < |01 D D 8-3p
Reporting progress reports from the field. Video <.q1 1 SF 128 - 10J000
Batched Data | Small <1 4 D 0.68
Medium <1 2 D 13.65
Large NF 1 D >1
mxception / To be able to report work that was no| Voice <.p1 2 1) 8 - 32
Incident Reporting installed according to plan. Video <.01 1 Sk 128 - 10J000
Batched Data | Small <1 5 D 0.68
Medium <10 2 D 1.37
Large NF 1 D >1
4.) Visitor's Log To record visits to site by owner, Voice < .0L 3 D 8-32
engineer, safety inspector, contractors Video <.q1 1 SF 128 - 10J000
representative or other persons. Batched Dgta  Small q1 a D 0.68
Medium NF 1 D > 1
Large NF 1 D >1
Average Defining
(in Mins) |Average Value (kbps)
SUMMARY FOR CATEGORY Voice < .01 2.25 | 8- 32
Video <.01 1.00 128 - 10,000
Batched Data | Small <1 4.33 0.68
Medium <55 1.67 13.65
Large NF 1.00 >1
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Table 10 Information &egry: Submitals

Information Explanation Formats of Info.| Type Delay |ImportanceSimp. / Dup| Data Rate
Subcategory Transfer (mins) (in kbps)
1.) Test Results To submit results of owner's, engineer's Voice <|01 3 D 8-32
or contractor's tests on site. Video <.0] 1 SF 128 - 10,000
Batched Data Small <1 4 D 0.68
Medium <10 3 D 1.37
Large NF 1 D > 1
2.) Revisions to To send any changes to any previous Voice <|01 3 D 8-32
Previous Submittals| submittals that might have been changef Video q.01 1 SF 128 - 10,000
in the field during progress. Batched Datal Small <1 5 D 0.68
Medium <10 4 D 1.37
Large <10 2 D 13.65
Average Defining
(in Mins) | Average Value (kbps)
SUMMARY FOR CATEGORY Voice <.01 3.00 8-32
Video <.01 1.00 128 - 10,00(
Batched Data Small <1 4.50 0.68
Medium <10 3.50 1.37
Large <10 1.50 13.65
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Summary of SafetyReferring to the summary section of Tallk it can be seen that for all of

the subcategories live voice was considered a verporiant format of information transfer.

Live video was not considered important in any of the information needs. Small and medium
batched files were considered not verpartant. Large files were considered to be unimportant.

The maximum data rate required any of the htched transfers 3.65 kbps.

Summary of QualitControl / Qudity Assurance. Referring to the summary section of Table

12, it can be seen that live voice was considered a very important format of information transfer.
Live video was considered unimportant for all of the information needs. Smheliddl files were
considered as important as unimportant. Medium files was considered as not very important and
large files were considered unimportant. The medium batched files required the maximum data
rate of13.65 kbps.

Summary of Future TrendsThe importance ratings for théimtegry were not taken from the

LCR study. They were assigned based on how important the given format would be to make the
technology work efctively at a construction site assuming that thértelogy was available.

By referring to Table 13 it can be seen that voice transfers were still consideathim. Live

video was not considered important, althoughteanology in these areas progress, it may
become more important. Live data applications were consideqgaitant and require a high

data rate. For some applications, the live data stream could needpdadied up td00 times

per second.
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Table 11 Information &eg@ry: Safety

Information Explanation Formats of Info. | Type Delay [Importancgimp. /Dup Data Rate
Subcategory Transfer (mins) (in kbps)
1.) Safety Accident To allow any crew member to report Voice < .p1 f 1) 8 - 3]
Reporting an accident as soon after it occurs as Video <|.01 1 SF 128 - 10,000
possible. Also, to aid in coordinating Batched Datal Small <l 2 O 6.83
emergency team response. Mediufn <1 2 D 13.65
Large | NE 1 D >1
2.) Report Possible To allow any personnel to report the Voice < |01 b D 8- 3p
Safety Violations possibility of safety violations in the field.  Video <.q1 1 SF 128 - 10,000
Batched Data Small <1 2 D 6.83
Medium <1 2 D 13.65
Large NF 1 D >1
Average Defining
(in Mins) |Average Value (kbps)
SUMMARY FOR CATEGORY Voice <.01 5.00 8-32
Video <.01 1.00 128 - 10,000
Batched Data Small <.1 2.00 6.83
Medium <1 2.00 13.65
Large NF 1.00 >1
Documents

39
Document Sharing Hub

Full document details: Cll RR136-11 1997


http://www.avadocuments.com/doc/cii-rr136-11-1997
http://www.avadocuments.com/doc/cii-rr136-11-1997

