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SUMMARY

Until recent developments, labor productivity heebn analyzed manually
requiring time-consuming work and the possibiliffnaman error. Past research has
shown the multitude of benefits obtained from inmpdating radio frequency
identification technology within various construtisites including asset tracking,
inventory management, and on-site security upgradeslitional construction
improvements can be identified in terms of produttianalysis of work crews, material
transport, and the overall approach to a projedetermine whether the construction
process is operating at maximum efficiency or caadjusted to improve its
effectiveness. This paper presents the resulteglementing radio-frequency
identification technology and provides a studyaidfdr productivity analysis for a
window replacement project on a high-rise constoncsite. This extensive study tracks
the efficiency of a buck hoist worker and matelifalsystem for transportation and
illustrates the applicability of the technology piés the presence of numerous signal
impeding obstacles located throughout the site.

These issues are resolved with an effective authrlacation and time tracking
system that work in both an indoor and outdoor emment simultaneously with a data
recording software and database. The in-housda@went of the database allows for
timely information retrieval of various items ot@nest in this study and requires less

The experimental results show that RFID technologgy the capacity to work and

produce useful data for labor productivity purposean ever-changing construction
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environment. The research further recognizes aglemformation regarding system

optimization and worker feedback for future use.
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CHAPTER 1: INTRODUCTION

1.1 Problem Statement and Resear ch Objectives

The construction industry relies heavily on mainitag the work schedule drawn
out during the planning phase of the project. Canngs aim to maximize the amount of
capital received for a project by minimizing excesests related to completing a project
behind schedule. Unavoidable factors such as wedtiays or equipment malfunctions
generally play a role in delaying progress and rbesbvercome through weekend labor
hours or larger work crews to make up for lost tinkast RFID research shows that
common reasons for labor delays include the tirseléxating missing materials on-site
and inefficiencies in material and worker transabon due to the layout of the site. The
task of manually locating and relaying informatr@garding a material, and transferring
it on-site loses valuable work time. This papéemuls to present additional factors
relating to productivity and the benefits of incorating radio frequency identification
(RFID) technology within a commercial high-rise stmiction site. Conclusions
regarding the productivity and overall effectivemes the construction process are drawn
from data gathered using RFID technology.

The goal of this research is to prove that RFiEhtelogy installed within a
construction site can draw important informatioratd in improving labor productivity
and help insure that time wasted during constradsaninimized. Past research has
shown that RFID is valuable in material and toatking as well as eliminating time
spent with manual data entry. In this paper, edt¢he workers, materials, and elevator

buck hoists on-site will be tagged with passiveREgs to analyze the efficiency of the



multiple buck hoist system installed on the exteoibthe building for worker and
material transport. This RFID technology linkedhwMicrosoft Visual Basic software
will record exact times for worker and material rament throughout the high-rise and
will illustrate the effectiveness of the buck hagstem rather than other means of

inventory transport in commercial construction.

1.2 Resear ch Approach

In order to improve the labor productivity of a higse construction project with
the use of an exterior material hoist, radio-freguyeidentification technology will be
implemented in specific locations within the si¥.orkers, lifts, material transport carts,
and windows will be tagged with unique passive REfs and tracked in real-time by
strategically placed RFID readers. Experimentsd@termine whether a high-rise
building can support and benefit from the implenaéinoh of the technology as well as the
decision to use a buck hoist system for materdaigport. The ability of the technology
in this work environment will be shown after implenting the necessary means for
acquiring sufficient data, conducting analysisha tlata, and identifying the problem or
areas with room for improvement. The site of theegiment in downtown Atlanta
serves as an excellent case study as it involv&ssdory structure composed of concrete
and metal located in a densely populated city. efirpents will show various factors
affecting the construction process and whether REtDnology has the capacity to

improve labor productivity analysis despite thesgrece of signal inhibiting materials.



1.3 Significance of Research

While tower cranes are viable options in high-geastruction projects due to
their capacity to transport heavy loads of matsyigsite layouts and safety concerns may
make them risky and inefficient for certain progectn this window replacement project
at the Westin Peachtree, the multiple buck hoistesy was chosen by Skanska for
worker and material transport throughout the 78ystaiilding. RFID technology will be
used to acquire data regarding the timestampseoivtitkers, each individual buck hoist,
transportation carts, and windows to determine drethis technology can be utilized
for labor productivity purposes. Placing passivdRtags on the windows and carts
during the construction process will show the lamabf the item with the exact time it
arrived to that location. Studying the time it takke complete various tasks that make up
an operation are important for revealing the acages and disadvantages of work
procedures and produce insight into productivast research by a team from the
Construction Industry Institute (ClI) led by Dr. dd Grau included a study to determine
whether technology really has an impact on constmdabor productivity and to what
extent. Their research concluded that projecth wiggher automation and integration of
information technology improved between 31% to 46%sroductivity. Furthermore, in
material tracking studies, the use of RFID allowadgbrers to locate materials with an
improvement ratio of 8 to 1 over manually trackir@verall, ClI's research found that
RFID implementation in an outdoor environment le@&t.2% increment in steel
erection productivity. By placing tags on eachlbhoist, time studies can be conducted
and data analyzed to determine the amount of tpeatswvaiting for lifts to arrive for

pick-up and delivery of workers and materials. Tke of RFID will exhibit the benefits



and drawbacks of the buck hoist material and peridift system in a high-rise

construction setting.

1.4 Site Overview

The Westin Peachtree Plaza is located in downtothants, Georgia creating a
confined layout of the site for construction purpgs The building consists of 73 stories
creating the need for a material and worker trarisgystem that extends from the street-
level to the 7% floor. However, due to an enlarged diameter eftthilding from the
street level to the 6floor, the building was divided into two main asefar research:
the 16" floor platform level and any sections of five ftesdocated above the platform
level. A lack of storage space at the base obthikeling makes it necessary to store

roughly 84 pieces of glass in the hallways of thsickd installation floor.

Figure 1.1: Aerial View of the Westin (Image frorkaska)



CHAPTER 2: BACKGROUND/LITERATURE REVIEW

Labor productivity of workers is an important ateanaintain for completing a project
on schedule. A large percentage of constructiatsomome from the quantity of labor
hours spent completing the desired tasks. Thumdimizing labor productivity,
companies can avoid additional costs from falliepibd schedule. Many factors
determine whether workers are able to complete thsks at the necessary pace such as
experience, age, skill, motivation and leaderslhifne workforce. Appropriate work
conditions such as job size and complexity, sitessibility, labor availability,
equipment use, and local climate each influencetitiee operation (Hendrickson 2008).
The Westin is having all 6,350 windows replacedkgnska USA Building along with
Arnold & Associates and Harmon Glass within 15 nhgntA lack of open space at the
base of the high-rise made the use of cranes wnebk as the outriggers would have
extended into the street blocking traffic. In arttemeet the needs for the glass
replacement, one set of buck hoists have beengpktdhe street elevation which then
rise to the 18 floor platform where a second set of additionatkbhoists are located.

This set of lifts is able to carry people and equépt to the 73 floor.

Figure 2.1: Elevator Lifts Used for Window Repla@rh
5



The four buck hoists employed on the exterior eftthilding are designed by the Alimak
Hek Group in order to provide the entire constiutiirocess with a means to transport
workers and materials throughout the high-riseesehhoists have a payload capacity of
over 4,000 pounds and transport large materials @atnplete accessibility to each floor
of the building. However, the height of a buildimgconstruction largely affects the
efficiency of lifting equipment installed on-siteus affecting the overall schedule of the
project (Lee et al. 2008). The Westin hotel cossist73 stories in height raises concern
over maintaining tight work schedules. Therefateaaced and efficient lifts must be

chosen for installation on the exterior of the tung.

2.1 Methods of Lifting and Hoisting in High-Rise Construction

The tower crane is a commonly used mechanismdhatailable to the
construction industry for high rise constructiorthe tower crane. With roots tracing
back to the Roman Empire, cranes are easily idedtdn a construction site. In
developing countries like China and the United AlEsbirates, tower cranes appear to
compose the skyline and are commonly used on Ergle vertical construction.
Anchored by bolts to large concrete pads, thisstaaling massive piece of equipment
can safely reach a height of around 260 feet, @urat 22 stories. However, when
securely attached to the side or top of a structutewer crane can be used on practically
any building of any height. As with any other cwastion process, pre-planning of the
location, functionality, and cost of the tower aatetermines whether it is a viable
option for vertical and horizontal material hoigfion a jobsite. Multiple variables must

be considered when exploring whether to instadiveer crane including space



limitations. The tower crane structure has thamistadvantage of taking up a relatively
small amount of space on the ground with respettteédieight that it can reach. The
horizontal arm of the tower crane, or jib, mustbasidered when dealing with space
restrictions. While it is not affected in largeempareas, horizontal planning does need to
take place in densely constructed cities whererdéinge structures must be avoided by
the swinging of the jib. Also, the contractor shibplan on devoting a large portion of
the surrounding area to being designated as restrazeas for safety as well as laydown
areas for materials. Another issue to considenis.tThe time that it takes to swing the
Jjib to the pick location, attach the rigging to thigiect being lifted by the crane, safely lift
and maneuver the material to the appropriate fleerdown the item, unhook rigging,
and then repeat the cycle depends highly on th@exfty and experience of the crane
operator and specifications of the machinery. Wh#jor time losses equaling a loss in
money, it is very important to plan the operatiahgad of time and take actions to
mitigate problems during the daily operations & ¢hane in order to avoid time lost and
additional incurred costs. Overall, a tower craman essential asset to large scale vertical
construction project. However, it can prove costith time delays and maintenance
throughout all phases of construction as well ggattical due to space requirements.
Thousands of tower cranes are currently employedral the world and are
generally regarded as a major item of equipmeritigh-rise building sites. While tower
cranes possess large lifting capacities, operdtina#iciencies exist causing time delays
and miscommunication results in scheduling andigadsues. Efficient planning and
preparation is vital to maximizing productivity sieigle lifting cycle times can surpass

twenty minutes in a building consisting of 40 ststi Lee et al. (2006) developed a tower



crane operating system which uses wireless vidatr@aand RFID technology to

provide real-time visual images, details of matsneaiting to be lifted, and the locations
for installation. Based on a case study usinghdwe operating system, benefits including
increases in work speed, greater communicationjraptbved safety were realized.

The robotic tower crane is a new technology deweddpy Lee et al. (2009) is
expected to produce advantages in constructiordsdihg, labor and material costs, and
improvement in safety. By using a series of lakafices, GPS, an encoder, an
accelerometer, and other devices, researcherstexpelootic tower crane to improve
productivity between 10%-50%. However, poor weatmaditions such as rain or snow
make this type of crane technology inoperable &nd trrelevant in many regions of the

world.

2.2 Current Labor Productivity Practices

Gathering data for on-site productivity studies odluence the planning and
execution of a project in terms of schedule, neargdabor crew size, and material
deliveries. Before the use automated trackingesystsuch as RFID, manual data
collection was used for productivity purposes vatstopwatch being incorporated for
recorded time studies. Khoury (2009) discussestinent need for site engineers,
inspectors, and other site personnel to spend sxsasunts of time to manually search
through and organize data, documents, and drawingscess task-related information.
According to Oglesby, several limitations of thigttmod exist including the decision-
making of the observer to decide instantly the pmiime to start and stop time cycles.

This is an issue in construction as many activitiesur irregularly and cycles are not



clearly defined. Another concern is that data wey significantly in studies with larger
work forces or great amounts of materials.

Past research has been conducted on potentikingatechnologies with the
intent of showing a person or material’s positiod & an indoor environment. Khoury
et. al (2009) conducted experiments and comparetehefits of Wireless Local Area
Networks (WLAN), Ultra-Wide Band (UWB), and IndoGPS. Khoury explains that
WLAN-based tracking systems prove to be economitill a simple equipment
deployment task of placing access points in a ddsirea. However, calibration is
necessary by taking sample points at a varietgpadtions which can be a strenuous task
for relatively poor accuracy in terms of identifgithe location of an object. Meanwhile,
UWB and Indoor GPS provide high precision locatibos possess several drawbacks as
well. UWB and Indoor GPS both as requiring linesajht between the receiver and
transmitter or reference tag, respectively, andiregconsiderable time for deployment.
Although these technologies can locate and trackstin an indoor setting, none are able

to record the timestamps which is vital for proaitt analysis purposes.

2.3 Safety and its Impact on Productivity

Safety has become an increasingly important fogusdnstruction companies as
they strive for avoiding jobsite accidents. Theo#ional toll placed on family, friends,
and co-workers along with the costs associateddanjuries and negative effects on
labor productivity have made zero-tolerance a compuicy for companies. Many sites
expose workers to high elevations in which falldras become an important issue. One

common hazard involves the use of lifts and craodsansport workers or materials to



various floors of a building. The Center to ProMtorkers’ Rights (CPWR) performed a
study using data from 1992-1998 of fatal falls amstruction and found that 152 deaths
were related to elevator use. In terms of maténaaisport, tower cranes are often used
for large construction projects. The 2009 CPWPRregdisplays statistics that the
average number of deaths involving cranes was #tat?/ear, an increase from the
average of 22 deaths found in 2008. Statistiosrdsx by the U.S. Bureau of Labor
Statistics show that from 1992-1999, 100 out of 888ths occurred from tip-over or
collapses of personnel lifts such as cranes anchisagported lifts. While there was an
overall decline in construction deaths in 2008,thmber of total crane-related fatalities
increased by 37% and as well as a 42% increasane cleaths located on a construction
site (Ichniowski 2009). According to OSHA, craradety failures include side loading of
the boom, impact loading of the boom, inadequatelileg of the crane, and recoil.
OSHA states that 33% of crane accidents are retatederator error, 31% due to
support failure, and 22% to the lack of proper iggkrs. Furthermore, CPWR noted that
cranes pose a danger to the surrounding publithelicase of the Westin jobsite, the
placement of a crane for material movement woutthody pose a hazard to the nearby
public below. Although the productivity of a cramay surpass that of a hoist system
with its ability to greater loads at one time, Hemefit of choosing a buck hoist system
for transport is the decrease in physical stra@cgd on workers. With cranes, workers
are needed to load and unload the heavy materiaketbook of the crane causing them to
apply excess strain on their bodies. Perttuld €¢2@06) concluded that vertical
transportation of materials by elevator decreabgsipal loading while also improving

upon accident risk when compared to the other noketAde decrease in physical
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attrition also maintains a worker’s normal produityi level as little time is needed to
recover throughout the long day. The use of afoaittorizontal transport further
improves upon the health of the worker. Oglesi®88) states the evidence is strong that
attention to worker fatigue and overall health oaprove worker productivity while also
reducing the potential for injury. Human errodecreased as well with the use of an
elevator as certified buck hoist operators areguet® carry out the task of employing

the lift system. Meanwhile, crane operators avemgithe difficult task of transporting
large loads with precision despite the existenagamigerous factors such as wind. While
a buck hoist may restrict the pace of transpomiagerials, its use in a high-rise
construction setting enables workers to maintagir goroductivity by allowing them to

avoid the constant physical toil spent when usicgaae.

2.4 RFID Technology Background

Radio frequency identification (RFID) systems, slsd as active or passive, are
an emerging technology composed of a transpondaktransceiver coupled with an
antenna which gathers and transmits informatiohaut the need of a direct line-of-sight
to the items. This wireless technology uses therara to emit radio signals through the
transceiver which begins communication betweendtthe transponder. The unique
data from the tag is then received and transfdvaet to the transceiver in order to attain
the data and a computer system then processaddinmation for use. While bar code
systems are limited due to line-of-sight, durapiland read-range constraints, RFID
technology provides significantly greater read-esgnd works under rugged outdoor

and indoor conditions including in temperaturesrfr@0°C to 200°C. Ross et al. (2007)
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tested passive ultrahigh frequency tags for dutglaf RFID tags in various harsh
conditions and found the tags were durable enooglotk despite the existence of
extreme moisture, pH, temperature, and pressumraddition, RFID tags are able to read
multiple tags simultaneously and uniquely recogfadity items, store information
regarding maintenance history of these items, antirmuously update the information in
real-time (Ergen 2007).

Passive RFID systems, or read-only tags, accour iess expensive technology
related to RFID. The benefits of these tags ddrime a reduced cost as passive tags
receive their power from the transceiver elimingtine need for an onboard battery.
Thus passive tags are exceptionally small in sigkhave an infinite operational life as

long as the reader is powered to send radio wavigettag (Ross 2009).

Figure 2.2: Passive RFID tag

The cost is inexpensive at roughly $0.20 apiedb@sags possess small data storage
capacities of roughly 128 to 256 bytes which camyggerlinked to other information but
are unable to be updated and have no self-reparéipgbility. The read ranges of
passive tags currently reaches nearly 4 m (Goo@Q®6). However, performance is
reduced in close proximity to any metal surfacéhasmetal causes signal attenuation
(Tajima 2007).

Active RFID systems are read-write tags that pasaagnternal battery providing

it with considerably greater read ranges of up0 th in free air (Wang 2008). Another
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benefit of active tags includes their ability tgport large data storage capacities of 32 to
128 kilobytes that can be constantly changed oatgatand allows it to accumulate
history with the ability of self-reporting. Althgh active tags prove to have many
benefits, they are limited by operational life loé tbattery found to last up to 10 years and
are considerably larger in size than passive taggeh 2007). Currently the cost of

active tags may reach as much as $20 apiece; howbeerice is estimated to decrease

over time (Tajima 2007).

B ——

Figure 2.3: Active RFID tag with Battery
Despite the higher cost, Goodrum et al. (2006) kmled that active RFID has the
potential as an asset tracking technology to imgttowl inventory and allocation on
construction sites as well.

RFID technology can be further classified into ldwgh, ultrahigh, or microwave
frequency tags depending on the intensity of theravaves used to transfer information.
Tajima (2007) compared the different types of taigd found that low frequency tags are
passive with a relatively high cost but are the bsice when working near metals or
wet surfaces. High frequency tags have a lowertbas low frequency tags and work
well when reading near metals or wet surfaces.etrg al. (2007) tested active UHF

tags and found that tags located underneath thegand moderately surrounded by
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metal produced a reading range half of the originstince. A tag surrounded by high
amounts of metal and partially blocked by a wall areading distance 20-25% of the
original distance. Ultra high and microwave fregeyetags are found both as active and
passive tags and have a faster data transfetatddw and high frequency tags.
However, ultra high tags are inferior in their &pito read near metal and wet surfaces
but are the cheapest type of tag. Meanwhile, miax@ tags are the least effective when
reading near metals and wet surfaces and are teeaxpensive.

In terms of labor productivity benefits, Goodrumaét(2005) has shown that
RFID has the capacity to ensure that the necessgply of tools is available to crews
throughout the jobsite or facility. Thus, time spsearching for missing tools can be
saved while through manual tracking, the locatibthe cart would be unknown until
discovered by a worker. The time lost in thisamse would lead to a delay in the overall
replacement schedule of the windows. Furthernterau et al. (2006) performed field
tests which found that the labor time spent orkirageach unique component in a lay
down yard decreased by a ratio of 8 to 1 whilenilm@ber of items not immediately
located reduced by a proportion of 18 to 1. Addiéil benefits of RFID implementation
is its potential to reduce the size of work crewd averall project schedule days, reduce
the number of work schedule interruptions, improxeker safety and productivity by
ensuring proper maintenance of equipment, and imgcash flow through Just in Time
Inventory Management techniques. Based on thasitsat is evident that RFID can

significantly improve the pace of the constructpyocess.
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2.5 Shortcomings of Past RFID Research

Past research has shown various benefits of impigngeradio frequency
technology in an outdoor construction setting. IRRas been used to track materials
within an outdoor job site, locate buried assetsifaintenance purposes, and reduce
project activity times. However, research hastggirove that the application of RFID
can successfully work within an indoor setting gstisg of wide-ranging elevations. In
terms of material hoist productivity, the authorswanable to find research regarding the
analysis of material lift systems regarding produist or material movement within the

Journal of ASCE or Automation in Construction, amather notable journals.

CHAPTER 3: METHODOLOGY

3.1 Data Collection Process

The automated tracking of assets on a construglosite can be implemented by using
radio frequency based technology. This form of nebbgy involves the utilization of
passive radio frequency identification tags andvadiroadcasting radio antennas. The
RFID tags use induction to produce unique ideratfans that can be attributed to
individual assets on site.

The first step in implementing the RFID trackirygt®m on the Skanska job site
was to issue each worker, loading cart, window, launck hoist a unique RFID tag. Each
construction worker was issued two unique RFID .t&gse RFID tag is placed on the
front of their construction safety helmet while thtber tag is placed on the inside of the

safety helmet. Each tag is given a different ID bemin order to help maximize
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detection, allow data collection to record whethey tag was unable to be read, and to
compare the signal strength between the two taagitwts for future project

considerations.

Figure 3.1 Passive Tag Placement on Worker Hardhats

Each RFID tag contains sixteen bits of informatioat is used to differentiate each asset;
for example: workers will have tag IDs in the follmg format: - 2700000000000000XiYi
where X and Y are variables that are placehold®rsdch unique tag.

Additionally, each buck hoist has eight RFID tagfsched to its entry doors. Four
tags are placed on each of the front and backrergsato maximize detection in a metal
platform environment. These tags occupy each cahire hoist door facing the
incoming radio frequency signals from the antenrfakss that is destined for
replacement on the Westin arrives at the constmdite in large wood-framed batches,
and is separated into groups of six. Each battdgged with a single RFID tag, and all
the batches have the same tag ID number, but &jeeaito the floor at which they will

be installed.
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Furthermore, the setup of the tracking technolomysists of strategically placing
six of the radio frequency readers, and two mdbj¢op computers. The actual glass
replacement process and work zone consists oflbees at a time. Actual work takes
place on the middle three floors while the outev fleors are used primarily as buffer

zones to control construction noise that may affeetsts staying at the Westin.

Day 254 - 262

Level 17 - Buffer
Levels 16 Construction
Level 15 - Buffer

Day 109-118
Level 65 - Buffer
Levels 62, 63, 64 Construction
Level 61 - Buffer

Day 100-108

Level 68 - Buffer

Levels 65, 66, 67 Construction
Level 64 - Buffer

Day 91-99

Level 71 -Buffer

Levels 68, 69, 70 Construction
Level 67 - Buffer

Day 1-90
Sundial Levels to Roof Construction
Level 70 - Buffer

Figure 3.2 Tower Work Sequence and Buffer Zones
One reader is placed on each of the three workdland faces the entrance of the buck
hoist. Each antenna reader has a particular IReaslthat is used for identification and

allows the database to display locations. Therer@@eaders are connected wirelessly
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via a Wireless Local Area Network (WLAN) through amsite router, then to the laptop
computer that is used to store the collected dake wireless routers on site have
enough signal strength to penetrate between foggdl The same connection
methodology is implemented on the sixteenth fldahe hotel. The primary reason for
deploying two separate systems is because it iessiple for a single router to broadcast
a signal from the sixteenth floor to the top flgossth a maximum separation of fifty
floors. There are two readers located on theguatfof the sixteenth floor with auxiliary
add-on antenna extensions. These add-ons ardaisenlease the range and visibility of
each of the readers that they are connected te.eXtended add-ons also allow the
antenna readers to have a field of vision of 1afrekes, rather than the limited 60 degree
scope of a single reader.

The third step was to successfully connect therara readers with the laptop
computers. Each laptop computer has installed soétwhat was developed in the
RAPIDS laboratory at Georgia Institute of Techngloghe software allows the
acquisition of data that consists of:

- RFID tag ID

- Read frequencies

- Time of read

- Signal strength and Link Quality Indicator

- Antenna Reader I.P.
The wireless router will be powered on first satthaould be allowed to broadcast
DHCP wireless network. Next, each antenna readeéb&powered on. The antenna
readers are preprogrammed to recognize the braadcsignal of the specific router that

is responsible for the wireless network. Howewvei iarger network or if multiple

wireless networks are present within the constouacsite, each reader can be
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reprogrammed to only connect with a particular iese router. After the readers are
powered on, they will go through a boot sequened,iithey are successful in
connecting to the wireless router, a green lightterg diode on the bottom of the
antenna readers will light up. If there is no silgor if the latency of the signal is too
high, a red light will come on instead; indicatiadailure to connect, and the signal of the
wireless router must either be enhanced, or thetitme of the router must be changed.
Once the antenna readers are connected, the lemtaputer will attempt to connect to
each reader individually through the router anditis¢alled software. There is no limit to
the number of readers that can be connected sinedltssly to the laptop in the wireless
network.

The fourth and final step is to begin the datdection. For the purpose of this
research, data collected over a two week period) ffebruary 22 — March 5 is used.
Despite the relatively short collection period, Hanple data is sufficient for analysis as
it covers multiple floors of construction in a pgof with repeat, routine procedures being
performed on each floor. Recorded data will beest@s either an undesignated file type
or text file format. Readings from the antenna egaavill occur at variable intervals that
can be changed by the user to fit the type of theta desire. The default read rate of the

readers is set to 100Hz.

3.2 Data Analysis Tool
In order to store and tabulate data recorded bR#I® readers, an interface
consisting of information from a database withircMsoft Access in combination with

Microsoft Visual was created. The purpose of depilg a database is to make the
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information that has been tracked by the RFID resadasily accessible to a Project
Manager. The manager can simply choose speci§icetbdata and retrieve results with
any relevant information. For this research, tambase was created to store information
regarding the movement of workers, lifts or hoista{s, and glass. These four categories
were given separate tables storing useful informmatiFor example, Figure 3.3 shows a
portion of the table that was created for the wighevolved in the Westin window

replacement project.

K Microsoft Access - [Worker : Table] EJ@
i | Fle Edit Miew Insert Format  Records  Tools  Window  Help Type aqueshionforhelp = o @ X
SN ie TS L W N P N T e R A WL »-«l;j,—f’-jlv\-t;a:ng
| workedD | F Mame | L Name | TasklD | Task | Company Experience | Age | TagLocation | Expected Hrs [5 A

b+ 1 Gamble Chip 4| Manager Skanska 33 50 Ingide a0
]+ 2/ Gamble Chip 4 Manager Skanska 33 50! Ingide a0
| [=] 3 Williams | Greg | 1/Buckhoist Oper Skanska 15 | 36| Inside/Outside | a0
1 4 Williams | Greg | 1/Buckhoist Oper Skanska 15 | 35| Inside/Outside | S0
I 5 Leidenheirmer | Rick | 2 Glazer |Harmaon 131 | 52| Inside/Outside | 45
[+ b Leidenheimer  Rick 2 Glazer Harman 31 52! Inside/Outside 45
| [=] 7 Bird Isaac | 2 Glazer | Harman 4 | 28| Inside/Outside | 45
10 8 Bird |Isaac | 2 Glazer | Harman 4 | 2B/ Inside/Outside | 45
|| 9 Genella | Tony | 2| Glazer | Harman |7 | 28 Inside/Outside | 45
2] & 10/ Genella Tony 2 Glazer Harman 7 28 Inside/Cutside 45
| [=] 11 Martinez \Jose | 2 Glazer |Harmaon 10 | 33| Inside/Outside | 45
| 12 Martinez Jase 2 Glazer Harman 10 33 Inside/Outside 45
|+ 13 Milan lgnana | B Carpenter | Skangka &) | 27 Inside/Outside | 45
| = 14, Milan Ignano B Carpenter Skanska ) 27 Inside/Outside 45
| [=] 15 Yanz | Miguel | 2 Glazer ' Harman 10 | 31| Inside/Outside | 45
| = 16 Yanz | Miguel | 2 Glazer | Harmaon 10 | | Inside/Outside | 45
I 17 Kassin (Torn | 2 Glazer |Harrmaon 13 | 34| Inside/Outside | 45
[ =+ 18 Kassin Tam 2 Glazer Harmaon 13 34 Inside/Outside 45
| [=] 19 Modest Roman | 2 Glazer | Harman 10 | 32| Inside/Outside | 45

+ 0 hadact Raman 7 laver Harman 1n A7 IncidaiMitcida asEl ™
Record: [E 1—1 E] of &6
Datashest View LI

Figure 3.3 Table Storing Worker-Related Information
Depending on the desired information, supervisors@anagers can conveniently edit this
table to store additional information. Other inaoit information such as weather can be
linked to queries by date to assess if weatheritiond factored into the results obtained
by the readers. Also, each reader has been praggdrto record timestamps for the
exact moment in which the tag was read. In thiggot, the data that was collected by
the RFID technology was saved in text format bydatd therefore saved into tables by

date as shown in Figure 3.4.
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Tag D ' Timestamp ' Signal Strength

| [1200000000000022914 -01:00:01 70 192.168.1.55 #3
| 10000000000000045 afk 01:00:02 79 192.168.1.55 43
| |10000000000000032a1c :01:00:02 76 192.166.1.55 #3
| |120000000000000814d1 01:00:02 g0 192.168.1.55 #3
| |1200000000000022912 01:00:03 76 192.168.1.55 #3
| [1200000000000021219a 01:00:03 BB 192.168.1.55 #3
| |10000000000000045 afk :01:00:04 77 192.168.1.55 #3
| |10000000000000032a1c 01:00:04 174 192.168.1.55 #3
| |1200000000000021a19a '01:00:04 B8 192.166.1.55 #3
| |1200000000000022912 01;00:04 71 192.168.1.55 #3
| [12000000000000081441 :01:00:04 85 192.168.1.55 #3
| [12000000000000081441 01:00:05 B0 192.168.1.2 #1
| |1200000000000050cfc :01:00:06 97 192.166.1.52 #2
| |10000000000000302c2c 01:00:05 ga 192.168.1.52 #2
| |1000000000000011186f 101:00:05 75 192.168.1.2 #1
| [1200000000000022514 01:00:05 71 192.168.1 .55 #3
| |1200000000000021219 4 01:00:06 70 192.168.1.55 #3
| |10000000000000045afh 01:00:07 80 192.168.1.55 #3
| |10000000000000302c2c :01:00:07 85 192.166.1.52 #2

120000000000000514d1 01;00:07 g1 192.168.1.55 #3

Record: [14] 4 [T 1 [ J[»1]3] of 14995

Figure 3.4 Table Showing Data for February 22, 2010
By creating relationships between the various tglidae can retrieve specific
information about a worker or cart rather than dynyiewing Tag ID’s. A form was
created with the database to provide users witlopitien of viewing certain data sets.
Figure 3.5 displays the database menu which altovesto search specific information
related to the tracking of carts, glass, lifts, ammdkers by their specific Tag ID’s or by

date.
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B Westin Menu : Form

SKANSKA Georgialhsiituie
|| efTechnelegy RAPIDS Laboratory WESTIN
School of Civil and Enviranmental Engineering saarch for i ks HOTELS & RESORTS

Select which option you would like to analyze:

Track Cart Movernent: Track Lift Maverment

Track Two or More Movernents

Track Glass Moverment ‘ Track Worker Moverment

Created by: Arya Sedehi

Special Thanks to Chip Gamble, Wilie Joe, Greg and the other personnel st the Westin Atlanta Curtain Wall Replacement job who were helpful in the collection of data day after day

Record: (4] ¢ T b [M]rek of 1

Figure 3.5 Westin Menu for the Database
For example, by choosing the “Track Worker Moverhéntton, one is taken to new
screen where data can be found by date, by indaidu with both sets of information as
seen in Figure 3.6. Pressing “Run Query” with amlyate chosen will display all worker
related information for that specific date whiléesting a worker along with a specific
date will produce a table of relevant informatiorthiat particular day. The results of
selecting the date “2010-02-25" along with “WillignGreg” for worker produces the

results displayed in Figure 3.7.
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Select a Worker to analyze: Select a Worker to analyze:

Diate: # e %
2010-02-15 ~
2010-02-18 '
2010-02-17 iorker i
\Warker:12010-02-19 Gamble, Chip *
2010-02-22 Willams, Greg
2010-02-24 Genella, Tony
Wilan, lgnanag
2010-02-26 v ‘fanz, Miguel

Modest, Foman
Washington, Babhy
Davis Jr, Huey v

Run Query

Figure 3.6 Date and Worker Options for Analysis

E Microsoft Access - [WorkerlJse_ WestinMenu_2-25 Williams : Select Query]

__Ic'j File Edit M¥iew Insert Formak  Becords  Tools  Window  Help
T T A R )
WokedD | L MName | F_Mame | Tag ID | Timestarmp |  ReaderlD | Description | Signal Strength|
o 4 Greg Williams 10000000000000046 afh 02:04:18 19216815240  Floor 64 70
| 4/ Greg Williams 10000000000000045 afb 02:07:00 192.168.1.57 #2 Lt 1 Platform 85
- 3 Greg Williams 10000000000000032a1c  02:07:01 192.168.1.57 #2  |Lift 1 Platfarm &7
| 3 Greg Williams 110000000000000032a1c | 02:07:01 192168157 #2 Lt 1 Platfarm 77
o 4 Greg Williams 10000000000000046 afh 02:07:05 192.168.1.57 #2  Lift 1 Platfarm 73
| 4/ Greg Williams 10000000000000045 afb 02:07:.05 192.168.1.57 # Lt 1 Platform 78
| 3 Greg Williams 10000000000000032a1c 02:07:05 1592.168.1.57 #2  |Lift 1 Platfarm 72
- 3\ Greg Williams 110000000000000052a1c 02:07:06 192168167 #2 Lt 1 Platform &0
o 4 Greg Williams 10000000000000046 afh 02:07:13 192.168.1.57 #2 Lift 1 Platfarm |71
| 3 Greg Williams 10000000000000052a1c 02:07:13 192.168.1.57 # Lt 1 Platform 75
_ 4/ Greg Williams 10000000000000045 afh 02:41:10 192.168.1.50 #0 | 16th Floor Indoor |71
- 3| Greg Williams 110000000000000032a1c |02:41:11 192.1658.1.50 #0  |16th Floor Indoor 72
o 3 Greg Williams 10000000000000032a1c 02:41:13 (192.168.1.50 #0  16th Floor Indaor |74
| 3 Greg Williarns 10000000000000032a1c 02:41:13 192.168.1.50 #0 16th Floor Indoor 83
- 4/ Greg Williams 10000000000000045 afh 02:41:13 192.168.1.50 #0 | 16th Floor Indoar |73
4| Greg Williams 110000000000000045 afh 02:41:15 192.1658.1.50 #0 [16th Floor Indoor | B9

Figure 3.7 February 25th Data Results for Gregigiis
The value of producing a database is evident flogrability to select specific data from
a variety of options for data analysis. The beatfice for creating a tool for analysis is
to give a consultant or staff member adequate tonimd valuable productivity data and

prepare the necessary steps to implement changesdmvement.
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Automating the analysis of recorded data savesfgignt time when examining
labor productivity. In a high-rise constructiorits®y consisting of workers, manually
performing time studies is an inefficient and léngtask. Thus the need for an
automated data analysis tool is necessary to peodalaable time study results in a

timely manner.

B Microsoft Access - [WorkerUse_WestinMenu_2-25_Williams : Select Query]

5::-§] File Edit Wiew Insert Format Records Tools  Window Help Type & question For help oo @ X
Mo HBIGR T s an e s v s e ol

WiorkedD | L Name | F_MName | Tag ID | Timestamp | ReaderlD | Description | Signal Strength|#
| 4 Greg Williarns 10000000000000045afh 02:04:18 (192.166.1.52 #0  Floor B4 |70
- 4 Greg Williarms 100000000000000453fh 02:07:00 192.168.1.57 #  [Litt 1 Platform 85

Figure 3.8 Results of Worker Travel Times betweendtions
Data can be filtered to extract data such as theuatof time it takes a worker to reach
various locations from different starting pointsigure 3.8 displays two consecutive tag
readings for Greg Williams where he left thd"@or at 2:04:18 pm and arrived at the
16" Floor Platform at 2:07:00 pm. These two timestairgn be used to find the travel
time for this distance which is calculated to baiButes 42 seconds in this instance.
Since tags are continuously being recorded whetose proximity to a reader, it is
possible to use this analysis tool to find addiianformation such as the time lost when

a worker is waiting for a lift to arrive.
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i Microsoft Access - [WorkerUse WestinMenu_ 2-25 Williams : Select Query]

: Ej Ele  Edit Eiéw Insert  Format  Records  Tools  Window  Help Type aquestion for help =L @ X
Mo GRZlg s s salva sl saale]
WarkerlD | L Mame | F_Mame | Tag ID | Timestarnp |  ReaderlD | Description | Signal Strength| &
id 3 Greg Williarns 10000000000000032a1c O01:47:32 (192168150 #0  16th Floar Indoar 74
= 4 Greg Williarms 10000000000000045af 01:57:43 1921681574 Lift 1 Platfarm 5]
| 3 Greg Williarns 10000000000000032a1c O01:47:45 (192188157 #2  Lift 1 Platform 213 7
| 3 Greg Williams 10000000000000052a1c - 015753 192.188.1.57 #  Lift 1 Platfarm 7B
L 4 Greg Williarns 10000000000000045afk 01:57:54 (192163167 #2  Lift 1 Platform i
L 4 Grag Williarms 10000000000000045afk 01:57:57 192.168.1.57 #  Lift 1 Platfarm i
| 3 Greg Wyilliarms 10000000000000032a1c O1:47:57 (192188167 #2  Lift 1 Platform 70
- 3 Greg Williarns 10000000000000032a1c - 01:68:07 192.168.1.57 # Lift 1 Platfarm 71
- 4 Greg Williams 10000000000000045af 01:58:08 192.188.1.87 #2  Lift 1 Platform it
- 3 Greg Williarms 10000000000000032a1c - 015812 192168157 #  Lift 1 Platfarm i
| 4 Greg Williarns 10000000000000045afk 01:58:12 192168167 #2  Lift 1 Platfarm 78
- 3 Greg Williarns 10000000000000032a1c - 016519 192168167 £ Lift 1 Platform 74
| 4 Greg Williarns 10000000000000045afk 01:58:19 192168157 #2  Lift 1 Platform i
- 3 Greg Williams 10000000000000052a1c - 015822 192.188.1.57 # Lt 1 Platfarm i3
| 4 Greg Williarms 10000000000000045afk 01:56:22 (192188157 #2  Lift 1 Platform 74
- 4 Greg Williarns 10000000000000045 5k 01:58:22 192.168.1.57 #  Lift 1 Platfarm i
L 3 Greg Williarns 10000000000000032a1c - O01:65:40 (192188167 #2  Lift 1 Platform it
- 3 Greg Williarms 10000000000000032a1c - 01:55:49 192.168.1.57 2  Lift 1 Platfarm i
| 3 Greg Williams 1000000000000003251c 01.58:59 (192.188.1.87 #2  Lift 1 Platform 59
- 4| Greg Williarns 10000000000000045afk 01:59:00 192168157 #  Lift 1 Platfarm 76
- 4 Greg Williarns 10000000000000045afk 02:04:00 (192163162 #0  Floor 58 72 v
Record: [E]EI—Sé? [B[E b of 4250
Diatashest View LM

Figure 3.9 Worker Wait Time Analysis of RFID Colled Data
Figure 3.9 depicts the scenario utilized by thdymmatool for productivity
measurements. In this case, the worker walkedfilie 18" Entry Room at 1:57:32 pm
and waited on the platform for 1 min 17 secondeigeleaving the platform at 1:59:00.
The worker then arrives at his desired locationpFb8, at 2:04:00 which calculates that
this particular occasion took the worker 7 minutésseconds to reach his desired
location from the time he entered the lift platforifhis tool allows productivity analysis
to be conducted without the need for positionindtiple people throughout the site to

record timestamps of specific workers or issuesteel to manual data entry errors.
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CHAPTER 4: EXPERIMENTS & RESULTS

4.1 Technology Used

The data collection system that was employed uassiye RFID technology and
includes a reader, an antenna, and a passive REIDTthe readers, which are elevated
close to the ceiling, send out a signal from thermma and then identify the tags that are
placed on the hard hats of the workers or on naseand lifts. The signal strength
diminishes as the tags distance to the readerasescor is hampered by concrete or
metal interference. In order to run three readarseparate floors, a router was
incorporated to improve the signal reception ofréeders and antennas and provide a
wireless network connection for the computer sofewaA laptop computer was set-up
both on the platform on floor 16 as well as onupeer floors for data collection and
reader connection. Figure 4.1 shows the readering@e outdoor platform environment
which has been attached within a plastic tub tégutat from weather elements such as
rain, snow, or wind while Figure 4.2 shows a readet antenna placed in an indoor

environment.
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Figure 4.1 Outdoor Reader for Platform with PratecPlastic Cover

Figure 4.2 Indoor Reader and Antenna Set-up

The two readers shown above are connected in ty@grhance the performance and
minimize the amount of error in the data collectiwacess while recording data under a
shared reader identification to display the corfledr location information during data
analysis. Figure 4.3 shows a passive tag withsidaé®n one side enabling it to be

placed on any object. Due to signal interfereheg dccurs from the tag’s location on a
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metal surface, a buffer of foam was needed to &etteen the RFID tag and the metal

surface.

Figure 4.3 Passive Tag Placed on Lift Cage
Due to the lift's placement on the exterior of thelding, the tags were laminated in
order to protect them from poor weather conditismsh as rain or snow. The laminate
was chosen as it does not interfere with the riadiguency technology.

Microsoft Visual Basic 2005 was incorporated to thie source code created to
collect the data recorded by the readers. Thevaodtwas linked to the readers and
recorded important information such as the tagigwmidentification, the time that the
signal was received, the signal strength betweenat and the reader, and the reader

identification into a text file.
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Tag 1D Timestamp | Signal Strength Reader D
| |20000000000000063 c65 01:00:05 74 192.168.1.67 #1
| |12000000000000229149 01:00:05 2] 192.168.1.67 #1
| |10000000000000032a1 ¢ 01:00:06 53 192.168.1.57 #1
| |10000000000000045 afh 01:00:06 7a 192.168.1.57 #1
| |1200000000000021a19a 01:00:05 2] 192.168.1.67 #1
| |9000000000000022e3de 01:00:05 75 192.168.1.67 #1
| |120000000000002291 01:00:06 a1 192.168.1.57 #1
| |10000000000000045 afh 01:00:21 71 192.168.1.57 #1
| |20000000000000063 c65 01:00:21 74 192.168.1.67 #1
| |9000000000000022e3de 01:00:21 a1 192.168.1.67 #1
| |10000000000000032a1 ¢ 01:00:22 &7 192.168.1.57 #1
| |1200000000000021a194 01:00:22 70 192.168.1.57 #1
| |1200000000000022519 01:00:22 71 192.168.1.67 #1
|| 10000000000000045 afh 01:00:24 7B 192.168.1.67 #1
| |20000000000000063 cbs 01:00:22 70 192.168.1.57 #1

Figure 4.4 Data Recorded by Visual Basic 2005

4.2 Installation of RFID Technology

Based on the site’s layout within a high-rise binidg the data collection was
focused on two main areas. Thé"¥®or needed one system of readers, antennas, a
router, and laptop while another system was neéatatiree floors undergoing window
replacement tasks on upper floors of the buildibging a combination of screws, wood,
twist ties, and power tools, the objects were gafetalled in the necessary locations. A
reader, antenna, and laptop were placed in theoptaentry room as seen in Figure 4.3.
In order to overcome the signal interference framhighly dense metallic hoist
platform, a reader and an antenna were needednndf both sets of lifts as displayed in

Figure 4.5.
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Figure 4.5 Reader and Antenna Placed on Buck Hagtorm

The readers needed to be elevated to a height winald not interfere with workers or
materials; therefore, they were connected to abaotal 2x4 which was secured to the
scaffolding. Plastic tubs were placed around daglers to protect them from water
damage with an additional plastic cover wrappedidahe entire system to ensure
protection. The readers and tubs were angled dedkees facing downward to increase
the read in order to maximize the likelihood ofaetng tag data.

The installation of the readers in the three ufloers posed less problems as
metal was not present to hinder the RFID technoldhye readers were connected to a
small piece of 2x4 using an L-bracket while anothdaracket would connect these
pieces to the wall. These readers were specifipddiced across from the buck hoist

entry doors to ensure that the tags on the liftld/twe read.
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Figure 4.6 Reader Installed Across from Materiaistion Floor 63
Figures 4.7 and 4.8 show the placement of the readéhin the platform and upper floor

layouts, respectively.
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Figure 4.7 Reader Locations on thé"Esoor Platform
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Figure 4.8 Reader Placement on the Upper Floors
Based on these pre-planned locations, any workatenml, cart, or lift would be tracked
from the moment the unique tag reached the desieztion. Also, these areas were
determined to be the most commonly accessed aseasriers commonly use the lifts to

access different floors of the high-rise building.

4.3 Results of Labor Productivity Analysis

4.3.1 Manual Calculation of Blind Spots

The labor productivity of this project was greatifiluenced by the confined
layout of the site as the rate at which glass eatrdnsferred from the delivery truck to
the desired floor depends on the availability @f loists. As mentioned previously, there
are only two lifts that reach from the street lewélere the glass is removed from the
delivery truck to the platform on the "Loor where the additional two hoists are located

to transport the glass to the desired floor. Witly two hoist operators available on-site,
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only one batch of glass can be transported fronstiteet to the platform where it can
then be placed onto the other hoist to travel émeaining height of the building. In

terms of productivity, this process appears slowaik only progresses when Lift 1 and
3 return from the higher elevations. While a baitglass is being taken up to its desired
location, the next batch of glass is removed frbmttuck using a gantry system that is

only able to move one batch at a time.

Figure 4.9 Glass Removal from Delivery Truck

Multiple workers are needed to safely place ea¢bhbaf glass onto the hoist deck for
transport preparation as seen in Figure 4.10. tDgpace limitations, workers are able to
move only one batch onto the deck at a time asrnest wait for the buck hoist to
transport a batch and return before the next bzdolbe placed onto the loading deck.
The shortest duration of time for removing a sirggéfrom the truck and placing it on
the deck took nine minutes. Additional time istlas at least 2 workers are needed to
safely remove the glass from the protective woach® and place it onto a cart for

transfer.
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Figure 4.10 Glass from Delivery Truck Placed onsot@or Transport

Although the delivery of glass only occurs evemethor four days, the entire process of
moving each batch of glass from the street toesidation takes roughly three hours to
accomplish. On average, each shipment of glassearat 10 am and does not reach the
upper floors until 1 pm causing delays throughbetwork schedule. This is a time-
extensive process as each delivery consists offches of glass. Since two of the hoists
are occupied for the glass transfer, workers aendbrced to use the service elevators
within the interior of the Westin to move throughthe building as two of the lifts are
occupied. Workdays excluding the need to trargiess show an increase in
productivity as lifts were often available for ugaon a worker’s arrival at the lift. Two
days of data regarding the total use of the buigttiavere recorded and averaged into
the graphs shown in Figures 4.11 and 4.12. Figurg gives an hourly break down the
number of times each lift was operated to showatheunt of activity over the course of

a workday. ltis clear that the peak times ofudgte occurs from 8:00 am to 10:00 am and
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again from 1:00 to 2:00 pm. This type of inforneatican be utilized to plan work tasks
during less active lift operations to avoid unnseeg wait delays. The results of the lift
operations are somewhat misguiding as a totalxééen of the operations were put into
effect by the hoist operator traveling unaccompaubie additional workers. The cause of
unaccompanied lift operations was the need foogezators to search manually for
workers needing pick-up since only a select fewk&s were given radios for

communication.

Buckhoist Operation Breakdown
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Figure 4.11: Hourly Hoist Operation Analysis
Figure 4.12 shows that Lifts 1 and 2 were used roftsh possibly due to the need for
workers to reach the street level; the entry lacato the site with a small amount of

space set aside for two large trash dumpstersrwlglass, wood, and other trash.
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Percentage of Total Lift Operations

O Lift 1
M Lift 2
O Lift 3
O Lift 4

Figure 4.12: Break down of Total Lift Use
It is important to note that Skanska employs twokioist operators while two of
Harmon’s employees are licensed to operate theshasswell. It was clear from
observing operations and speaking to the emplayeed.ifts 2 and 4 are often reserved
for use by Harmon employees while Lifts 1 and 3agerated by Skanska whenever
needed. This explains the greater use of Liftad &in comparison to their respective
areas. The average number of workers that trausleday of the lifts throughout the
days is shown as well. This information can bdulse terms of making lifts more
available during certain hours of the workday. Heatthan limiting Skanska'’s use of Lift
2 and 4 throughout the day, it can be seen fronatiadysis that Lift 4 may be utilized by

any certified operator after 12 pm as it was inlugenly one individual after 12 pm.
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Worker Movement on Buckhoists
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Figure 4.13: Hourly Worker Movement on Lifts

Percentage of Total Worker Movement

O Lift1
W Lift 2
O Lift 3
O Lift4

Figure 4.14: Percentage of Lift Use by Workers

It is evident from Figure 4.14 that Lift 1 was opeed by the most workers throughout

the day at 38% of total lift use. The data shdved Skanska used the lifts far more than

Harmon employees throughout the day. This caxplamed by the nature of work

conducted by Harmon employees. For example, bedhedatest shipment of glass
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already reached the installation floor on the dayrnved, Harmon employees were able
to remain in one location to install the glass.u3khe need for employing their lifts was
no longer necessary. Meanwhile, Skanska emplay@&muously travel throughout the
site moving materials, clearing trash, and perfagrother necessary tasks. Several
observations were made including seeing multipt¢ainces when both Lifts 3 and 4
would be located on one of the upper floors oftithiding when a worker would arrive
to the platform on the f6floor in need of a ride. It would take nearlyeminutes for
the lift to return to the platform to pick up th@sker and then another three minutes for
it to travel back to the desired level more thattysstories high. In order to improve this
inefficiency, a number of Skanska workers were igitveo-way radios to alert the lift
operators of need for transport. However, mosaimses included a worker without the
aid of a radio causing him to wait for extendedgus of time for the hoist operator to
return.

Table 4.1 Lift Travel Times

Lift Travel Times Sample
Start End Tlme(giunr)atlon
Street 16th Floor Platform 0:41
16th Floor Platform Floor 64 2:56
16th Floor Platform Floor 63 2:53
16th Floor Platform Floor 62 2:50
16th Floor Platform Floor 61 2:46
16th Floor Platform Floor 60 2:42
Street Floor 64 3:47+
Street Floor 63 3:44+
Street Floor 62 3:41+
Street Floor 61 3:38+
Street Floor 60 3:34+

Table 4.1 shows the travel times for lifts from thee it leaves the street or platform to

the time it reaches its destination. Due to thenesof work tasks occurring within sets
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of five floors at a time, the duration of traveh@s is consistent as there is no need for the
lift operator to make multiple stops unless mowiregn one upper floor such as the'68
floor to the 67 floor. However, the travel time from the streebhe of the upper floors
relies on the availability of Lifts 3 and 4 upomvarker’s arrival to the platform. This
information is denoted with a “+” following the tesd time. For example, it would take a
worker at least 3 minutes 34 seconds to travel fitverstreet level to the B4loor but, as
often is the case, there is additional time speitimg on the 18 floor platform for an
available lift to reach the top. This wait timgpdads on the availability and efficiency

of the hoist operators.

The glass replacement schedule created by highel inanagement from
Skanska and Harmon calls for the opening of a naéffebzone every 3 to 5 days with
the expectation of replacing seventy-eight windawa 3 day period. This necessitates
roughly twenty-five to twenty-seven windows beimglaced per day. Table 4.2 shown
above lists the early operation date and finisk fiat each floor during the two week
period of data collection. In addition, the exgectlate for glass arrival for each floor is

shown along with the date the glass actually adrive
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Table 4.2 Floor Operations and Glass Arrival Schedu

Early Total Glass Actual
Operation | Early Finish | Work Arrival Glass
Floor Number Description Date Date Days Schedule | Arrival
63 Buffer 2/3/2010 2/5/2010 3
63 Operation 2/8/2010 2/18/2010 11 2/9/2010  2/1D320
63 Buffer 2/19/2010 2/23/2010 5
62 Buffer 2/8/2010 2/10/2010 3
62 Operation 2/11/2010 2/23/2010 13 2/12/2010 2070
62 Buffer 2/24/2010 2/26/2010 3
61 Buffer 2/11/2010 2/15/201pD 5
61 Operation 2/16/2010 2/26/2010 11 2/17/2010 2010
61 Buffer 3/1/2010 3/3/2010 3
60 Buffer 2/16/2010Q 2/18/201pD 3
60 Operation 2/19/2010 3/3/2010 13 2/22/2010 22002
60 Buffer 3/4/2010 3/8/2010 5
59 Buffer 2/19/2010Q 2/23/201D 5
59 Operation 2/24/2010 3/8/2010 13 3/3/2010 3/2201
59 Buffer 3/9/2010 3/11/2010 3

This sample data consisting of work for five diffat floor levels shows that two of the
shipments of glass arrived one day late. Undemabcircumstances work progress
would be delayed as workers would have no mateigalse to complete their tasks.
However, through sufficient pre-planning, Skanskd Blarmon have created a plan in
which the windows are simply stored on the dedii@at level for several days before
the actual installation takes place. As seenertdble, the expected glass arrival date is
always planned for one day after early operatiom aew floor. This is due to the need
for workers to prepare each floor for constructiyrmoving furniture and other items
away from obstruction and laying protective covgsiover walls and carpet. Thus any

delay in the shipment of glass fails to affect lapductivity.
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4.3.2 Automated Analysis of Productivity

While visually observing productivity can produasults regarding the number
of lift operations on a normal workday, having amamnatic filter for data serves a
greater purpose. The benefit of employing RFIProaductivity analysis is its ability to
track all data related to materials, workers, aftd simultaneously. This data can be
sorted and placed into a filter to determine im@otrproductivity information including
the average time needed for people or materiateaoh their destination along with the
amount of time spent waiting for the lift to arriveThis data is difficult to record
manually unless multiple people are available &xkrtime-specific data for each item
which increases costs as additional personnebjisined for such a task. Table 4.3 shows
time data for one individual worker over the coun$®ne day. The buck hoist operator
was chosen for analysis here to determine whetteetift is sufficiently available over
the course of the day for workers to use. By tiragland analyzing the operator, the data
can be viewed to determine how much time he spaiting in certain locations before a

different worker arrived to be transported.
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Table 4.3 RFID Time Analysis

Data for Greg Williams 7:00 AM to 4:00 PM on Felmpd5th

Trade: Buckhoist Operator for Lift 3

Platform to 60 Time

Platform to 61 Time

Platform to 62 Time

16th Floor Wait Time

Top Floors Wait Time

0:02:37 0:03:38 0:03:32 0:03:29 0:00:20
0:03:16 0:03:41 0:04:10 0:11:49 0:19:21
0:02:36 0:03:51 0:02:55 0:58:48 0:00:20
0:03:21 0:03:21 0:04:13 0:06:05 0:24:00
0:02:26 0:02:33 0:03:20 0:00:07 0:07:24
0:03:23 0:03:54 0:03:31 0:02:54 0:00:17
0:02:39 0:03:33 0:03:56 0:03:31 0:02:26
0:02:58 0:02:39 0:03:35 0:00:39 0:04:03
0:02:48 0:03:32 0:02:59 0:01:08 0:00:22
0:03:03 0:03:28 0:03:21 0:01:06 0:00:28
0:03:34 0:03:56 0:01:14 0:00:38
0:03:49 0:03:05 0:00:22
0:03:47 0:00:00 0:00:22
0:03:42 0:00:53 0:00:35
0:03:45 0:10:35 0:01:47
0:02:32 0:19:49 0:01:31
0:02:57 0:02:38 0:02:01
0:02:55 0:00:00 0:00:55
0:03:50 0:03:51 0:00:32
0:03:39 0:00:00 0:00:40
0:03:13 0:00:00 0:05:40
0:03:44 0:00:00 0:00:23
0:03:51 0:00:00 0:00:22
0:03:38 0:00:00 0:01:12
0:03:51 0:00:11 0:00:17
0:03:54 0:07:02 0:06:23
0:03:51 0:00:27
0:03:22 0:03:26
0:03:39 0:00:25
0:00:00
0:05:53
0:00:55
0:01:17
0:00:23
0:00:13
0:01:53
0:01:54
0:00:31
0:00:06
0:01:45
0:00:13
Average Time Totals:
0:03:20 0:03:25 0:03:35 0:05:21 0:02:29
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February 25th Travel & Wait Times
0:05:02
0:04:41
0:04:19 -
0:03:36 - 0:03:22
@ Platform to 60 Time
© 0:02:53 m Platform to 61 Time
E O Platform to 62 Time
. 0:02:10 0:01:53 0 16th Floor Wait Time
B Top Floors Wait Time
0:01:26
0:00:43
0:00:00
1

Figure 4.15 Average Travel and Wait Time Comparison

Based on the data shown in the table above, onsamthat the average lift travel times
to floors 60, 61, and 62 were longer than the miyvacorded travel times. This most
likely can be attributed to the operator slowing poductivity for socializing or personal
purposes before activating the lift. For examglaple 4.2 shows that the manually
recorded travel time from the platform to the"6foor takes 2 minutes 42 seconds.
However, the average time showed for the samemnistan Table 4.3 is 3 minutes and 20
seconds. This time is calculated from the last ewinthe operator’s tag was read on the
platform, the moment he closes the safety doohédlift, to the first moment he opened
the door to the lift at the &0floor. Although the time difference of 38 secorpears
small, this wasted time accumulates over the cooirige work schedule and impacts the

labor productivity of other workers attempting tach their specific work locations.
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Table 4.3 also shows the average amount of timepleeator remained in one location
before utilizing the lift again. At the platforihe average wait time was calculated to be
5 minutes and 21 seconds showing that lift avditgbwhen stationed at the platform is
more than adequate. Thus the need to employ aiticexddl operator is excessive and
would add unnecessary additional costs. Furthexptbe average wait time of the lift
when stationed at the upper floors is 2 minutes 28&dseconds proving that the lift
system for transportation purposes is adequate. thodi the addition of RFID
technology, it would have appeared as though werlsare losing valuable time while
waiting for the lifts which is incorrect and attwited to the difficulty of tracking
productivity data manually.

More extensive RFID implementation throughoutghe would have increased
productivity results as the glass replacement m®eeuld be tracked and updated in
real-time. Currently, each piece of glass is giadyar code which must be scanned
manually to record the installation of the windolowever, the use of a portable RFID
reader would allow a worker to simply walk intocamm with the reader to obtain the tags
of the windows already installed in order to det@arwhether all of the tasks have been
completed or more work is needed. RFID would sauetless labor hours as the
current bar code system forces a worker to check maividual room and piece of glass

within the seventy-three floors of the project.

4.4 Factors Affecting Labor Productivity
In a project with multiple floors requiring the sawork requirements, various

factors are unable to be accounted for despiteusdegplanning. The data acquired in
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this research began after workers were able torbe@rcustomed to the routine of the

work from the four floors completed prior to datdlection. Therefore, a level of

comfort had been established in which untimelyassihat had the potential to slow

progress were handled and avoided later. The faetar that contributed to a loss of

productivity in this research was the extreme weatlonditions that existed during the

data collection period. Mohamed (2005) identitiest severe weather including heavy

rain or snow causes work progress to slow or et@m sAlso, the thermal environment

variations from air temperature, humidity, and wusdocity affect work efficiency and

reduce productivity. In terms of this researcle, lttcation of the buck hoist system on

the exterior of the building made it susceptiblé¢h® thermal environment. It was

determined by upper management that any wind iessxof 25 miles per hour would

stop all use of the material lifts and halt glasgslacement.

Table 4.4 Daily Weather Conditions during Constiarct

Date Day Overview | Condition | Temperature | Precipitation | Humidity Wind
2/22/2010 Monday Cloudy Wet 55 60% 91% 3 mph
2/23/2010 Tuesday Cloudy Dry 45 45% 70% 10 mph
2/24/2010| Wednesday Cloudy Dry 38 40% 75% 11 mph
2/25/2010 Thursday Sunny Dry 35 0% 43% 26 mph
2/26/2010 Friday Sunny Dry 40 0% 55% 17 mph
2/27/2010 Saturday Sunny Dry 50 20% 50% 12 mph
2/28/2010 Sunday
3/1/2010 Monday Sunny Dry 48 20% 65% 5 mph
3/2/2010 Tuesday Snow Wet 34 100% 92% 20 mph
3/3/2010 Wednesday Sunny Dry 43 20% 66% 25 mph
3/4/2010 Thursday Sunny Dry 50 10% 40% 15 mph
3/5/2010 Friday Sunny Dry 49 0% 31% 27 mph
3/6/2010 Saturday Sunny Dry 55 10% 20% 10 mph

Based on Table 4.4, one can observe that Febrg&nMarch 3, and March 8

experienced high winds causing the shut-down dball lifts. In this instance, workers

that are able to continue performing indoor taslchsas laying carpet and wall

45



protection are forced to make use of the two serglevators located in the interior of the
Westin. The service elevators prove especiallfficient as 15 sample wait times were
recorded at the IBfloor and showed an average wait of 3 minutese2ésds. Even

with the arrival of an elevator, more time is lastWestin employees continuously use
the elevators to reach their desired destinations.

Another weather issue that results in less pradticts rain. Rainy weather is
listed in the table as “wet” within the Conditioalemn and usually ends the workday or
forces workers to stop until conditions improveheTsite superintendant checks weather
conditions for potential rain or high winds eachrmog and then every 30 minutes after
the day begins to prepare for poor weather conditioLost workdays during the week
are salvaged by opening the site for constructioSaturdays.

Other environmental aspects such as temperatdrawanidity play a role in labor
productivity as well. Humans work most effectiveiien temperatures fall within the
range of 50 and 70 degrees Fahrenheit and hunsditgtween 30 to 80 percent
(Oglesby 1988). Table 4.3 shows that 8 of 12 dali@ction days had temperature
outside of the optimal range while humidity wasetér during two of those days. Due
to the timing of the experiment taking place in fesloy, the cold temperatures caused
workers to take frequent breaks to warm their hdadequipment-related tasks. The
excessive winds at the upper floors of the Wesiiensified the effects of the low
temperatures. Although each worker is equippet thitck gloves to provide some

comfort, these sometimes hamper productivity wientésk requires meticulous work.
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Producing a weather table within the database sgwting a relationship to the data
gathered from the RFID allows employees to getaesef why work on a particular day

progressed at a faster or slower rate.

4.5 Worker Evaluation

An evaluation of the worker’s reaction to the tealogy was performed during the initial
stage of RFID deployment and throughout data cidlec Interviews were conducted
with each worker who was given an RFID tag to diecahe benefits and concerns of
tracking labor productivity in a construction prcje In addition, it enabled workers to
voice there opinions and possible ideas on theotisadio-frequency technology on-site
in terms of productivity. Receiving worker feedkde®lps find strengths and weaknesses
associated to the use of RFID technology and gessersaggestions for improvements in
the system. The interviews made clear the amoticbmfort the workers have with
being tracked, how much monitoring they are comafad with, and how they feel about
the proposed technology’s future in the industr¥he interviews will determine if
workers think pro-active-real-time personnel wagngystem will make a difference, and
if they think the PPU is a comfortable, good styig@rotection device. At the conclusion
of the project, an impact analysis of the technplog productivity and safety will be
evaluated along with a cost-benefit analysis. WHiilis difficult to specify the value of
individual workers, insurance costs, time lost twavork inefficiencies, and safety costs
will be taken into consideration against the cdsthiplementing a RFID system to track

various component of a construction project.
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4.6 Sources of Error in Data Collection

There are several sources of error related toatdkaction. In this particular
construction project, workers were unaware of tbee @f RFID technology when they
signed their work contracts. Therefore, workersenable to reject being given unique
passive tags and avoid contributing to the reseeffont. One Harmon employee
explained a fear that “the tags may cause cangarooluce headaches” whiles another
member of Skanska was simply uncomfortable witindpéiacked at all times. Along
with not receiving data from every worker locatedsite, several workers who accepted
the tags initially where found to have removedtdus from their helmets. Another
occasional interruption in data collection occunwdten a worker disabled the data
collection system on several instances by unplugthe power to the readers, router, and
laptop. The system was reconnected each eveninggia collecting additional data the
following morning. Despite these unfortunate ocences, the technology was able to

gather sufficient data for productivity analysis.
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CHAPTER 5: FURTHER DEVELOPMENT

Future research should focus on automating theetdatsfer process from the
jobsite to a database for analysis. This automatiould allow workers to simply spend
time ensuring that the technology is continuouslyning rather having to transfer and
import data stored from text files into tables witthe database. Although a slight
majority of workers complied to requests of not peming with the passive tags, future
research should be conducted to prove that RFI®aathbedded within the hard hat can
still be read while also preventing workers frormoving or damaging tags. In addition,
research is needed to determine methods to incveager involvement in analysis
studies such as instructing foremen to supportaavdcate the use of the technology to
workers. Researchers should seek to increaségia sransmission range of the readers
or simply test multiple RFID to find the most appriate for material tracking purposes

over longer distances.
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CHAPTER 6: CONCLUSION

RFID technology has been proven through past rese¢arbenefit the
construction industry in various outdoor environmserPreliminary results shown in this
paper prove that this technology can be succegsfuplemented and used to record
important data within an indoor construction enmirent despite the vast height of the
structure and the presence of concrete and metddinents for the purpose of labor
productivity analysis. Furthermore, signal stitbngdata shows that passive RFID tags
can be read by readers whether placed on the @xterinterior of a hard hat. Itis
suggested for future use that passive tags sheudioedded in the interior of the hard
hat to reduce tampering by workers. In the pastlysis of labor productivity through
manual data collection has required substantialusmtscof human labor hours and is
prone to human error while other automated positiaocking technologies are limited by
various drawbacks and thus insufficient for produtgt analysis purposes. However, the
implementation of RFID can greatly improve the aacy of productivity analysis with
the use of a database while also saving staff mesmexeessive amounts of time filing
through manually recorded data. In fact, the d$RFID can reduce a construction
company’s costs related to productivity analysis@y by negating the need for multiple
workers to collect and record data. The analysimlacted in this research shows that the
buck hoist system, while less time efficient in eratl transfer than the commonly used
tower crane in high-rise settings, is a sufficier@ans of transportation for larger work
crews of fifty or more people. Unless a team oftiple people was employed for data

recording, manual analysis through visual obseowatwould have incorrectly shown
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that workers were losing valuable time while wagtor the lift to arrive. However, data
produced from RFID technology shows that lift aability is more than adequate at the

Westin high-rise construction site.
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APPENDIX A: SKANSKA USA BLDG INC. CONSTRUCTION SCHEDULE

Skanska and Harmon met together with the interdfgrroducing a work
schedule since the tasks of each company relylgm@atach other’s rate of progress.
This schedule is updated whenever it appears agthprogress is ahead or behind the
original schedule. Figures A.1-4 correspond tosttigedule that was updated on January
27, 2010 which is four pages in length. Figure shdws the weekly work schedule that

was created on January'28
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Figure A.2: Skanska Construction Target (Page 4 of
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Figure A.5: Skanska Weekly Schedule from Januatly 28
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