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Abstract

Construction of the Union Station Parking Garageswabserved through the
documentation and analysis of the project management teatholls ¢ reduce the
construction cosivere performed by el@ating the impacts of a unieonly project labor
agreementandby conducting a cost estimate that analyzes @rdpares the use of a
union workforce opposed to a nonunion workforéeproposedalternative layout and
designwas developedising a casin-placereinforced concrete structuopposed to the
original precast concrete.



Acknowledgements

As we complete or work for our Major Qualifying Project, we realize that there are
various people that we would like to thank, and without their contributions we would not
have been able to complete this report.

We would like to start by thanking our project advisorsf@ssorGuillermo Salazgrand
Professor Jayachandran Paramasivlamtheir guidance as well as their continuous
comments and revisions through our work until the completion of the project.

We would like to extend our sincerest gratitudeAtbert E. Abddla, Jr. and Thomas J.
Place from Gilbane Building Co. who in spite of the their busy schedule still found time
to answer our questions concerning the construction of the Union Station Parking Garage,
and allowing us to attend the site meetings.

We wouldalso like to give thanks téeghan Hogan, intern for Gilbane Building Co.,

who was our main liaison within Gilbane and helped us obtain all the information we
required for the analysis and completion of our report.



Authorship

Equal contributions wereigen to the research for the backgrourg@e¢tion 2. The
majority of the labor cost estimatiorsé€ction 4 research was completed by Patrick
Sheehan and edited by Sandro Pani. The majority of project manag&ueetioif 3 and

the alternative desigrsécton 5 write-up and design was completed by Sandro Pani and
edited by Patrick Sheehan. Conclusions for both capstone design and construction project

management were completed equally.



Capstone Design Statement
Our capstone design experience consistedhadlgernative design for the Union

Station Parking Garage. The original design of the parking garage is a concrete precast
structure and is highly aesthetically pleasing. The owner required it to have a significant
aesthetic appeal as it was part of thgameeconstruction of the Worcester Union Station.
This requirement increased the overall cost of the structure. Therefore, our main objective
was to propose an alternative design, mainly focusing on using a substitute for the
concrete precast structure waell as developing the layout of parking and the type of
circulation system.

The alternate design that was prepared was broken down into two major sections:
The development of a new parking layout and selection of a circulation system, and the
structuraldesign of the new proposed layout using a different type of structure. The
original design consisted of a hdiélix, which provided vertical circulation, separate
from the main body of the structure. The new layout of the building features a single
threaded helix system with twavay traffic. The height of the structure is increased by
approximately 5 feet, it is important to note that this was due to the threaded helix system
that was choserT he selection was based on the fact that it would increaseittapad
decrease the cost of the structure

There are various considerations when designing the layout of a parking structure.
First, it is important that parking spaces are large enough to accommodate all vehicles.
Secondly, the widths of lanes, and tihgpss of floors are important both for convenience
and safety. As in any building construction accessibility is extremely important. Finally,
it is important that the design meets requirements for Americans with Disabilities Act
(ADA). All this was consideed in developing the alternative layout design for the
parking structure.

The second part of the design of the alternative structure was to determine the
type of structure to be used. Gastplace reinforced concrete was chosen opposed to the
precast cocrete structure. The original proposal detailed that the alternative design
would be steel framing with concrete slabs. This was changed due to the fact that the

spans necessary for the structure were to large and would require very large steel



members. Tiese steel members would be inefficient and too costly for the proposed
layout. Therefore, the alternative design is composed of reinforcethealsice concrete.

The design and analysis of the structure was completed by first determining the
required degn loads for the structure. This was done by referring to the ASCE design
requirements for parking structures as well as the Massachusetts Building Code. After
finding the appropriate design loads emay slabs were designed. The structure
consistedof4856 x 6006 bays, with beams running eve
girders for the bays were designed, the columns were designed. These were developed by
performing a structural analysis of the frame system. This was required since the beams
and gireers have fixed connections to the columns, and therefore it is necessary to check
for moments.A full description of the design process and final results can be found in

Section 5
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1. Introduction

The Union Station Parking Garage is an important component to the extensive
project of the Worcester Union Station renovation in Worcester, Massachusetts. Although
the development and construction of the project was delayed for almost a decade since
the beginning of the renovation of Union Station began (Sutner, June 26 2007). Union
Station is a very important part of nWorcest
and bus station. Theation offers bus service for Greyhound, Peter, Raml other local
and regional busesThe Massachusetts Bay Transportation AuthortMB(TA) operdes
10 roundtrip trains dailybetweenUnion Station and Boston, amntrak operatesiaily
service to Albany, Chicago, New York, and Washington, [3i@ce parking is limited in
downtown Worcester, a parking garage is necessary to serve commuters and visitors.

The parking garage is owned by the Worcester Redevelopment Authority (WRA),
designed by Maguire Group Inc. and the construction project manager in charge of
construction is Gilbane Building Company. The parking garage has been designed to
hold 500 parking spaces, and 10,000 square feet of retail space. The total cost of the
projectis estimated at $21.5 million dollars, approximately $40,000 dollars per parking
space. The actual design of the parking garage was an important factor in the
development of the project since it was required to go in conjunction with Union Station.

Space 6r development is limited in downtown Worcester and the site for the
parking garage is not very large (approximately 1 acre). In addition, the geometry of the
site also restricts the options for the layout of the structure. For these reasons-a single
helix ramp type of garage is being used instead of the more common ramp type garage.
The city also did not want a garage that was too tall since it would block the view of
Union Station, a historical landmark (Uni@tation, 2007).The proposed design does
increase the height of the building, but is still low enough as to not block the view of
Union Station. Therefore, from the beginning there were various constraints on the design
of the project.

Another important factor in the construction of the project wawas signed
under a uniofronly project labor agreement (PLA). In 2001, an Executive Order from the

President of the United States banned the use of PLAs on federally funded projects. Even



though the City of Worcester argues that the project is tied toUthien Station
renovation, which includes a PLA which was signed in 1997. This causes controversy
since the project is using federal funds. These funds provided by the Federal Transit
Authority (FTA) consist of $8.5 million dollars which is approximatel@%4 of the
projectdés budget (Sutner, June 26 2007).
oppose the use of a PLA, mostly since it is generally thought to raise the cost of
construction. In this project, a selective comparative cost analysis betwmgnunion

labor and nonunion labor was conducted. This was accomplished by taking different
work packages, which included activities that were both labor intensive and not labor
intensive. By concentrating on the cost of labor it is possible to appraxithat
percentage of labor cost for the project and compare these with wages for union and
nonunion workers.

As the station was constructed, it was not only important to look at the cost, but
also how the project was managed to keep construction movingrdrand the cost
below budget. Analysis was done by observing the actual construction progress and
comparing it to the proposed schedule. Analysis was also done by attending site meetings
and observing management practices in terms of the organizatiatipmehips between
the concerned parties and document handling.

Finally, to fulfill the Capstone Design Experience requirement an alternative
design was developed. The original design consists of a precast concrete design. The
main objective of preparingiaalternative design was to choose a different type of system
for the structure as well as redesigning the original parking layout. The original layout
called for a haHhelix ramp at one end of the building as to avoid sloped floors. The
alternative desig consists of a singlthreaded helix system with twway traffic, as to
increase capacity and decrease cost of the structure. Although the system is not as
aesthetically pleasing as the original design, the purpose of the alternative is to propose a
subsitute structure that would decrease costs by maximizing capacity. Therefore; a cast

in-place reinforced concrete structure was used for the new design.



2. Background

2.1 Union Station Parking Garage

The focus for this project was the Union Station Parking Gapagject. Union
Station at Worcester, MA was in great need of adequate parking space since its
renovation and reopening in July of 2000. Ur
transportation hub serving train and bus stations, but also has reteé spcluding
Union StationThe RestaurantAs this area of downtown Worcester starts to redevelop, a
parking garage to serve the area becomes a necessity. The Union Station Parking Garage
is therefore an important part in the completion of the revitidimeof the Union Station
area. The parking garage was designed by Maguire Group Inc. It will provide 500
parking spaces and 10,000 square feet of retail space, and the rehabilitation of a tunnel
going under the railroads, connecting directly to Union i&tat An architectural

rendering of the parking garage can be observé&ayuare 1.

Figure 1 - Architectural rendering of the Union Station Parking Garage

The owner, being the City of Worcester, is represented by Worcester
Redeelopment Authority (WRA), who is in charge of overseeing the construction of the
project. The WRA hired Maguire Group Inc. to develop the design of the project. Both
the owner and the designer worked closely together to develop a design that fitted the

3



owner 6s needs. After the design was compl eted
system. It was agreed to have Construction Management at Risk delivery system to
perform the construction. The project was bid out and Gilbane Building Co. was awarded
the project and hired under a Guaranteed Maximum Price (GMP) contract of $17 million
dollars. Gilbane performed an extensive value engineering and constructability review,
before construction began.
The Union Station Parking Garage began construction in M&y7 2dhd its
scheduled completion is in June of 2008. The total cost of the project including design

and construction is estimated at $21.5 million dollars.

2.2 Construction Management at Risk

Project Management as Ober | edatienceof 2000)
coordinating people, equipment, materials, money, and schedules to complete a specified
project on time and within approved cost. o
three principal contracting parties in construction projects, thesegpare: the owner,
the designer, and the contractor. There are various types of contractual agreements that
exist for managing and delivering construction projects. Some of the major contractual
agreements include: Design/Bid/Build, Design/Build, Corgiolm Management (CM),
or Owner/Agent.

The Construction Management contract is a foarty agreement between the
owner, the designer, the CM firm, and the salntractorsThe basis of a CM contract is
that the owner hires a CM firm to manage and cootdiea a | | aspects of t
constructionCM at Risk is a variation of CM where the CM bears the financial risk of
the project. For a public agency, such as the Worcester Redevelopment Authority (WRA)

there are various benefits for the use of CM akRis

Some of these benefits include:
1 The ability to prequalify and select a CM on the basis of its reputation and

record in controlling costs, meeting deadlines, and satisfying customers.



T The CMés ownership of the contsatingucti on
leading to a Guaranteed Maximum PriGMP) for the work.

T The abil ittryactk® ffthaststart of constructi
contracts which the CM will ultimately incorporate into the final GMP.

1 The right and responsibility to monitona audit the construction costs of the
project to ensure the city pays only the costs of work plus the agreed fee to the
CM.

1 A spirit of cooperation between the owner, architect, CM and trade contractors
due to a defined allocation of project responsibiéds and CMG6s i nter

obtaining strong references for future work. (DCAM/IG, 2005).

In the Commonwealth of Massachusetts, the CM at risk practice has just recently
become legal for use in public projects. In 200An Act Further Regulating Public
Congruction in the Commonwealthwent into effect, stating that for public projects
totaling over $5 million dollars the CM at risk practice could be used pending approval of
an application by the Inspector General (Massachusetts Office of the InspectoalGener
2006).

The concept of using a CM for the Union Station Parking Garage was not
discussed until the design was completed and ready for a conventional Chapter 149 Bid.
Chapter 149 is part of the Massachusetts General Law; the specific chapter includes
scetions specifically focused on AFair Compet
Public Workso. Due to the | ogistics of the i
precast concrete, Paul Moosey, who is Assistant Commissioner to the City oé3téor
and the ownerdéds representative, beli eved t ha
delivery system. The City of Worcester also wanted to try using a CM on this project as it
believed that there would be potential benefits in terms of scheddecester is one of
the first communities to receive approval from the State to use this method. For this
reason, the City also wanted to try this method on a smaller project and not a large one
such as a new school.

The agreement for the Union Station Ifag Garage is a CM at Risk contract

with a Guaranteed Maximum Price (GMP). The GMP is a fixed amount, meaning the CM

5



guarantees this cost as the total cost of the project, and any additional cost is covered by
the CM. The Worcester Redevelopment Authohigs contracted Gilbane Building Co.
as a CM at Risk for a GMP of $17 million dollaisgure 2 in Section 3.1details the

internal organization for the construction of the Union Station Parking Garage.

2.3 Gilbane Building Company

The Gilbane Building Compgy has been family owned and operated since it was
founded in 1873. Gilbane is a national reatate development and construction
company, and continues to be so to this day. Originally known as William Gilbane and
Brother, the current incarnation of tlbane Building Company began in 1970, after a
major expansion. Today, Gilbane generates over $3 billion dollars in revenue annually
and has 25 offices around the United States with over 1800 empldyi#lesnge: About
Us, n.d.).

Forbes ranked the GilbarBuilding Company as the 18argest privately held
company in the world. Engineering News Record ranked Gilbane Building Co. as the 5th
| ar gest construction manager in the- United
imposed core values include integritough mindedness and loyalty. Gilbane Building
Co. has experience in a variety of building projects in both the private and public sector.
Some notable projects include: the President
Air and Space Museum, ankt Vietham War MemorialGilbane: About Usn.d.).

In the past three years Gilbane has worked on several projects in Worcester,
including the new Worcester Court House, the Gateway Park project, and buildings at the
Worcester Polytechnic Institute (WPI) mpaus such as the Bartlett Center and a new
residence hall currently under construction. As far as experience in parking garages, in
the New England region, Gilbane has worked on parking garages for Cambridge
Hospital, the modernization of the Central PagkGarage at Logan International Airport,
the construction of a 65@ehicle parking garage for the Lawrence Transportation Center,
as well as the parking garage for the Gateway Park proj&ibicester Gilbane: About
Us nd).The Gi |l bane @esmenq tea] f& the¢ UnimrmJiasion Parking Garage

has al so worked on parking structureds i n Wc



Abdella was also PM for the construction of a 1500 parking structure for Allmerica

Financial, as well as being PM for t@ateway Park parking structure.

2.4 The Union Factor

There are many reasons why a company like Gilbane might choose to work with a
unionized group as opposed to a fusnon group. The main reason that a company might
choose to use union workers is becausensiclaim to have superior craftsmanship and
better quality of skills than neanionized workers. There is a great amount of debate on
whether this is correct or not, but unions tend to support this opinion. Another reason
might be to benefit the workeia a certain area. Many public projects are located in
areas where large percentages (>50%) of all workers are unionized. Therefore by
awarding contracts to the union, the company is providing jobs locally (Mishel &
Walters, 2003).

A secondary reason teegotiate with a unionized labor force could also be to
preemptively guard against strikes. It
striked and fAino |l ockouto cl auses. Wh a t
any reason sowohg as the employer agrees not to lockout the workers. This essentially
guarantees constant work throughout the duration of the project. This is a huge point for
projects that are working on a tight deadline (Industrial Workers of the World (IWW),
n.d.).

There are many benefits to joining a union as a worker. First and foremost is the
wage benefit. Union laborers typically make $5 per hour more than their nonunion
counterparts. This gap is shrinking, however, due to the EBag®n act, which
guarantees lal prevailing wages to all public project workers. Working under a union
contract also serves to set the definitions for overtime, seniority, and worker breaks
during the day. There are also options for healthcare, dental care, as well as life

insurance.
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2.5 Project Labor Agreement (PLA)

Project Labor Agreement (PLA), as defined in the General Services
Admi ni strati on Acqui sition Manu al (GSAM) ,
contractor, subcontractors, and the union(s) representing workers. Under a PLA, the
contractor and subcontractors on a project and the union(s) agree on terms and conditions
of employment for the project, establishing a framework for labanagement
cooperation to advance the Governmentds pro
quai ty. o (U.S. GSA & OAP, 2004).

Since the establishment of PLAs there has been great opposition towards this type
of agreement. The main controversy is that a PLA requires all contractors, whether they
belong to union or not, to subject themselves to unmledive bargaining agreements
(CBAs) to be able to work on governmdanhded construction projects. Collective
bargaining as defined by the U.S. Department of Labor is the

AMet hod whereby representatives of empl oy

the conditions of employment, normally resulting in a written contract setting

forth the wages, hours, and other conditions to be observed for a stipulated period

(e.g., 3 years). The term also applies to ummanagement dealings during the
termoftheageement . 0 (BLS, 2007)

For the above reason nonunion contractors are dissuaded from bidding on PLA
based projects. Although the use of PLAs for federally funded projects was stopped with
an Executive Order from the President of the United States in 2001)riion Station
Parking Garage is still under a PLA.

In Worcester, Massachusetts, 80% of contractors do not belong to unions,
therefore having a PLA project with federal funding has caused major controversy within
the Worcester population. (Cogliano, Juh2007) Not only is there controversy because
of the selectiveness of a PLA, but also there are many examples where having a PLA
increased the cost of construction. One case is the Beacon Hill Institute that reports that
PLAs increase the cost of schoanstruction by as much as 20% (Cogliano, June 4
2007).

A large part of the cost associated with a PLA comes from the Bagen Act

of 1931. This act states that for government contracts of $2000 or higher, the workers
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must be paid the prevailing local ges. It also includes fringe benefits into its

calculation of fair wage. There was much opposition to the act mainly by minorities
stating that it originally started as a Jim
any of the laws that enforcedraci segregationéo(Jim Crow | aw,
believed that it intended to keep African Americans out of civil projects, the law now

ensures that all workers receive fair pay for their work. The act has been suspended and
reinstated by multiple sidents; most recently reinstated by George W. Bush in the

areas affected by hurricane Katrina by de

emergencyo.

2.6 Preliminary Cost Estimating

Preliminary cost estimation is done before any detailed specificatioasgpfaject
are known. What this means is most of the estimation is rough, (#26% accuracy)
and it is important to know that future estimations will be based on preliminary
estimations;therefore they should still be performed with careful analysisa Assult,
early estimates will tend to have a range of accuracy assigned in percentages. As the
more information on a project is developed the estimate can be made more and more
accurate lowering the percent error.

Although there is a general process &stimating, all cost estimates are done
differently, depending on the project and who is performing the estimation. For this
reason, to understand how the given estimate was calculated it is important to always
define what process was followed. As mentwngefore, there are various ways to
perform preliminary cost estimates; some examples include: comparing the current
project to similar projects, calculating costs by square foot, calculating indirect/direct
costs, and many others (Oberlender, 2000).

For this project cost estimation was performed following a similar process to that
for preliminary cost estimation. The difference is that the total estimated cost is already
known, as well as the percent of total cost for each of the work packages. Thehefore,
best way to generate an accurate preliminary estimate is to use the largest sections of the

project that are unlikely to change along the way, such as the structure. The cost



estimation completed was mainly performmdliookingat the difference in cés between

union labor and nonunion labor. Since the project is already under construction and the
specifications are already defined, it was not important to give an exact estivinaels
important is to determine the difference between union labonandnion labor in terms

of costs.
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3. Project Management & Communication
The Union Station Parking Garage is a small project compared to other projects

that have been developing in the Worcester area in the past five years, such as the
Worcester Trial Courtbuse, and the WPI Gateway complex. However, this does not
reduce the importance of having a good project management team. The relationship and
communication between the three major parties, the owner, the designer and construction
manager, is critical to ampleting the project on schedule and within the budget.
Throughout the construction of the parking garage, the relationship between the parties
was observed. This was done in an attempt to gather information on how the
responsibilities are divided, howdlparties work together, and how conflicts and change

orders are resolved.

3.1 Project Organization

The Union Station Parking Garage is owned by the City of Worcester, yet the
Worcester Redevelopment Authority (WRA) is in charge of overseeing the project. The
WRA is one of the boards & commissions of the City of Worcester and its main goal, as
stated on their website, is to identify and implement Urban Renewal Area Plans and
corresponding amendments i n Worcester. The V
plaming, land acquisition, business relocation, demolition of obsolete structures, site
testing/preparation, and public improvements. (WRA, 2008)

Throughout the design process, the WRA was intimately involved in the
development of the final design. As obsehl®y Paul Moosey, Assistant Commissioner
to the City of Worcester and in charge of overseeing the construction of the parking
structure, the WRA wanted a design that would compliment the work that took place to
renovate the Worcester Union Station. Fos tféason, it was requested that the parking
layout not include sloped floors or be higher than the station. This determined the shape
of the structure as well as the need to use a section of the street. The final architectural
treatment was selected by MARA after several options were presented by and reviewed
with Maguire Group Inc. As mentioned earlier, Gilbane Building Co. was the

Construction Manager at Risk. Although Gilbane Building Co. was not involved during
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the design of the project they did prde an extensive value engineerieffort and
constructability review, and assisted with the bidding procAsBroject Organization

Chart can be found iRigure 2.

Owner: City of Worcester
-Paul J. Moosey
-George Ciccone

A/E: Maguire Group Inc.
Harold Morsilli

Lead Designer

[CM: Gilbane Building CO.]

William Kearney |
Project Executive |

| 1
Albert E. Abdella Thomas J. Place
Project Manager Senior Project Bg.

s JL v JL 8 JL s |

*A list of subcontractors can be found in Appen@ix

Figure 2 - Project Organization Chart for the Union Station Parking Garage

From this it is possible to observe that the three parties were deeply involved and
committed to the project. An interesting point is how Gilbane works with the
subcontractors, the owner, and the designer. Therevanieus examples that help
understand how Gilbane works and its commitment to the project. One example is that
Gilbane even before having finalized and signed a contract with the WRA, they were
already placing an order with the precast subcontractor, 8kdkdrestress Inc., who
would be manufacturing the precast and erectingnitthe past 45 years, Blakeslee
Prestress has worked on the design and construction of over 200 parking garages
(Parking Structures, n.d.Ysilbane has worked with Blakeslee prewsly on various
projects including the recently completedt&way Parking Garage, ihe expansion and
modernizing of the Central Parking Garage at Logan Air@ortdcurrently Blakeslee is

also a subcontractoof the new WPI Residence Halbr which Gilbane is a PM
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Nevertheless placing the order before finalizing an agreement with the owser
extremely interesting since the precast is the major lead item in the project and accounts
for approximately 40% of the GMP. By doing this Gilbane was takingidereble risk

by entering in a $7 million dollar contract with the subcontractor without having a signed
contract with the ownern spite of thatthis proved to be a gain for Gilbane since it

allowed for an early finish of the precast erection.

3.2 Schedule maintenance

Maintaining and following a predetermined construction schedule is crucial
throughout the project. All constructions have two main constraints that can determine
the completion of the project and these are cost and date of completion. Bo#ndos
date of completion are correlated and a change in one can cause a dramatic change in the
other. Therefore, maintaining a schedule is extremely important. For this reason, Gilbane
had the responsibility to maintain a schedule and make sure it wag folowed. If
changes did occur the concerned parties were notified, and that proper actions were taken
to make sure the project was completed on time.

Gilbane kept a day to day schedule that was updated as construction progressed.
Therefore, it was poddie to easily report accurate estimated dates of completion of tasks
as well as when other tasks were to begin. By doing this not only was Gilbane able to
better manage the project, Gilbane was also able to report to the owner and the designer
any delays pearly completions. Although Gilbane does update their schedule on a day to
day basis, they also have arbonthly review of the full schedul@ppendix B). This
means that Gilbane has a scheduler come on to the project site who will review
constructionjts current progress and develop a more complete schedule. This is done not
only to maintain the project on time, but also it helps the Gilbane as a construction

company review and keep track of its current projects.

3.3 Communication
Communication between eéhconcerned parties was crucial for the completion of

the project. As a result, Gilbane followed a specific communication procedure as to keep
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in touch with all the parties, as well as convey the necessary information in the
appropriate manner. Throughotlte project biweekly meetings were held at the site.
These for mal meetings were held to update
current progress. The owner and designer also posed concerns and present any
information concerning the project. &lpurpose and general procedure throughout the
site meetings is further explained$ection 3.4

Although the parties attended-Wweekly meetings, more frequent communication
was necessary. For this reason all three parties were in constant contaetcéllsowere
standard practice and daily calls were made between Gilbane, the WRA, and Maguire
Group. This type of communication is informal, and contracts require formal documents,
to keep track of costs and changes to the project scope. These typesimedtation
include: Requests for Information (RFIs), Change Orders, and Cash Elmvegtruction

Submittals and Meeting Minutes

3.3.1 RFIs & Change Orders
RFIs are submitted by Gilbane to either the designer or the owner, requesting

information pertaining tohe scope of the project or the design. These are submitted on a
regular basis as construction progresses and inquiries are made. Change Orders are
submitted by Gilbane when changes are made to the scope of the project or to the original
design. These chaag may be due to circumstances that could not be predicted until
construction had begun or when Gilbane suggested a change in the design to save money,
for alternate materials to be wused, among
important to nat that these changes are frequent especially when the design is not 100%
complete before construction begins.

Change Orders many times contain various items. An example of a Change Order
can be seen iM\ppendix A. The reason for it to contain many itemsthat Change
Orders usually can take a long time to be approved, especially when on a public project.
This is due to the fact that it has to go through various levels of approval. Therefore,
Gilbane would request verbal approval of the changes by the amdetlesigner as they

came up, and would then compile the items at the end of the month or as needed by the
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owner. This way construction could continue without needing a formal written approval
of the change order.

A simple example for an item in a changeder is the following. The parking
garage includes retail space for 3 different establishments. The retail space, which is
located on the ground floor, was to have the concrete slab placed with the rest of the
ground floor, taking place in October, 20@ilbane proposed to establish a credit for the
owner with the subcontractor for the section of slab for the retail space. This meant that
the owner would pay the subcontractor for the concrete slabbing, but the subcontractor
would perform the work at a kt date. It was proposed by Gilbane to have this section of
concrete slabbing done in the spring of 2008 near the completion of the project because
the owner had yet to find tenants. Each tenant might have certain needs for utilities. If the
concrete slalwere to be placed, the most probable outcome would be that the tenants
would request the owner to remove portions of the slab to relocate the utilities as required
by the tenant. Therefore, the owner would save time by postponing the concrete slabbing
of this specific area to a later date as well as the hassle of having to schedule the
relocating of utilities,and having Gilbane do the work twicén Figure 3, it can be
observed how a section of the site did not have the concrete slab placed. Allowing to
have the slab placed at a later date also helped with logistics concerning the placement of
the crane that was erecting the precast structure. By not placing the slab the crane could
move back and forth on that section of the site allowing the possibilégyve space for

arrival of precast sections and storage of other materials.
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Figure 3 - Photo of construction site depicting retail space to be slabbed.

3.3.2 Cash Flow
All construction projects have one main concern and thebss Therefore, it is

very important that throughout the construction of a project all parties understand
perfectly, what is being constructed, how much it costs and who has to pay for it. All
three major parties were concerned in costs, and therefane #teemeeting made one of

the last items to be reviewed was the overall budget and cash flow.

At each site meeting would hand out a Change Log, where construction items
would be listed with their costs. If any new items were added those would be addresse
there, as well as any changes in costs that had occurred in the last two weeks. This was an
easy way to view any changes and discuss them. Gilbane would give the reasons for
changes in the log, and the owner and the designer would either approve pradisap
Although this was not an official statement of costs, it was an important document to
better follow construction costs.

Cash Flow is the document that Gilbane submitted to the owner as a bill for costs
of constructioncompletedin the past month. Ti& document was originally required for
submission every two weeks. Gilbane requested permission to submit every month

instead of every two weeks. This was due to the fact that preparing and reviewing the
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cash flow is a timely task, since Gilbane requided¢umentation from the subcontractors
as well. Therefore, it proved to be more efficient to keep up a monthly cash flow than a

bi-weekly one.

3.3.3 Construction Submittals

Construction submittals are a very important aspect of a construction project.
Constructon submittals are documents that are transmitted from the contractor to the
owner or the designer for their review and/or approval (Oberlender, 200@hd=0dnion
Station Parking Garage, Gilban@as in charge of managing the submittals and making
sure tley were reviewed on timé&n example of pending Submittals can be found in
Appendix A.

As it can be observed in the example at that moment there were three outstanding
submittals that had been submitted with the designer, Maguire Group, for approval. It
also shows the date the submittal was sent and when itis due. The log that can be
observedn the Appendixwas handed out during a site meeting and served as a reminder
for the designer, as well as notifying the owner on where submittals stand and Wwkat is t
next step for constructio®eceiving the submittals on time is extremely important for
the subcontractor, since various preparations need to be made and design considerations

need to be taken.

3.34 Meeting Minutes

Minutes of the meeting, also known as MegtMinutes, record items discussed,
decisions made, and actions to be taken. For site meetings, which are formal meetings
with the owner and the designer, Gilbane followed a different path. Gilbane would hand
out a detailed outline of the topics to beadissed that day, this memo were the Meeting
Minutes(Appendix A). Each member took notes, and all the items were discussed yet
there wasndét a for mal record of what was
no formal minutes were kept and thetelasent to the owner and the designer. Therefore,
it can be understood that ttteee parties understood their responsibilities, and what had

to be done so the project could be completed without any major conflict between the
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owner, the designer and thMPAs can be seen in Appendix A the Meeting Minutes,
usually also included an RFI Log, a Submittal Log, and any other document that may be

necessary such as a copy of the most recent Change Order.

3.4 Site Meeting Dynamics

Throughout the project the biweekdite meetings were held. It was required that
all three main parties be represented by at least one person. Usually this included two
representatives from the City of Worcester (Paul Moosey and George Ciccone), the
architect from Maguire Group (Harold Mdig, and representatives from Gilbane: the
project executive (William Kearney), the project manager (Albert Abdella), and the
senior project engineer (Thomas Place). These meetings were held to discuss progress of
the construction, any changes or conflichat may need addressing, current costs,
schedule updates, Requests For Information (RFIs), Change Orders, and any other
information concerning the project. It is important to understand, that although these were
official meetings, required by the coatt, all three parties were in constant contact in
between meetings, and were well aware of construction progress.

The dynamics of the site meetings was very interesting since it was clear that it
was a team that was working together, each having tbgponsibilities and concerns.
The meeting followed a set of Meeting Minutes (MM) that was provided by Gilbane. An
example of these can be found Appendix A. As can be observed in the MM, the
project manager, Albert Abdella, would starit the meeting byaddressing different
items that had come up in the past 2 weeks. Questions were addressed to the items, and
both the architect and the owner brought up points, and answered any questions Gilbane
may have. If there were any major items that required fudiseussion they were left to
the end of the meeting as to better address them. After addressing these items the project
manager would go around the table asking those present if there were any questions or
items they wished to discuss.

The end of the neding usually was followed by walk through the site, where the
owners and the architects would observe progress, and address any questions they had of

the current work. At times while walking through the construction site, the architect or
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the owner woulddentify details concerning the work being completed that may seem to
be incongruent with the plans. A simple example of this was during a-thwakgh
through the corridor (which connects the garage to the station) that is being remodeled, it
was observedby the owner that the sprinklers seemed not to be aligned correctly. Shop
drawings were reviewed on the spot, and it was observed that they had been installed
incorrectly. Although this is not a major item, and it was easy to address, it demonstrated
that although each party has their own priorities thederstand and are cooperative

throughout the project as to successfully complete the project.
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4. Labor Cost Estimation
To perform effective labor cost estimation it is important to take various aspects

of the project into consideration. The cost estimation done as part of this project
concentrated exclusively on labor costs, with the final goal to compare union labor costs
with nonunion labor costs. To accomplish this, the list of work packages provided by
Gilbane Building Co. was used, as well as the percent of total cost for each of the
packagesThe reason percentages are used here instead of actual monetary values is
because of a confidentiality policy imposed by Gilbane preventing usdrgptayingthe
necessary data. They were, however, able to provide us with useful approximate
percentages pertaining to each work package.

Having the total estimated cost of the project and the percentages for each of the
work packages it was then possible to revaaeulate a rough price for each work
package. Next, the work packages with the highest cost were chosen, focusing on major
items such as site construction (which accounts for 5.2% of the total cost), concrete
(39.7%), and masonry (4.20%).

To determine laborcosts for the project it was necessary to first determine
mat eri al costs. This was done by wusing R.
Data (R.S. Means, 2006). Having a material cost percentage, and assuming a 25% in
contractor fees, a percentage labor costs for each work package was established. Since
the project is a uniconly PLA, it was assumed that these prices reflected labor costs for
union workers.

To establish labor costs and create a comparison between union labor and
nonunion labora table was created to determine the necessary work crews needed to
complete the tasks. The table also included the number of shifts needed for each crew to
complete its task. By doing this it was possible to determine the productivity of each
crew. The cew composition and shifts were determined by using the PLA for the Union
Station Parking Garage project, as well as cost estimating references such as R.S. Means
Building Cost Data.

Using the table anBquation 1, where quantity of work is the total worleeded
to be completed and productivity is how fast the crew can complete the work, it is

possible to determine the labor hours it will take to complete the item.

20



Equation 1 - Labor hours

Quality of Work (Square Feet)
e |
{5 guare F eet)
Hour

Labor Hours = .
Productivity

Having determined the labor hour&ethourly rate was established. This was
accomplished by comparing basic rates, the local prevailing wages, and theBBewis
act wages. Then by usiigquation 2, wherecost is the labor cost for the particular work

item, it was possible to determine tlabor costs for each of the items

Equation 2 - Labor Cost

Cost = Labor Hours = Hourly Rate

This whole process was done for both nonunion labor and union labor. By
following this procedure it was possible not only to compare union and nonunion labor
by the hourly rates, but also it was possible to include an important variable in
construction work: productivity.The calculations and data used, can be found in
Appendix E & F

4.1 Cost Comparison

41.1 Introduction
There are many benefits and drawbacks to using unibar lfor any given

construction project. The attribute most thought of when union labor is involved is
quality of work. Most unions are well known for the quality of their work, their
thoroughness, thoughtfulness and experience. While this is certairhgset on any
project, it comes with some cost. The cost is the increased price associated with union
labor. There are numerous other pros and cons to using union labor, but we will focus on
the cost aspect associated with them. Therefore, we willsksthe total cost of three of

the work packages that are a part of the construction process on the Union Station

parking garage. Those packages are concrete, site construction, and masonry.

21



41.2

and their

directly. Mr. Abdella was able to provide is with a percentage based representation of all

of the existingwork packages. He was unable to provide is with hard numbers due to a

confidentiality issue.

percentages given.

7.6% of the total cst of the project, or approximately $1.6 million dollars. Compared to

the nonunion labor, this is a lower number. However, this is the exception and not the

rule.

4.1.3 Results

The results mostly speak for themselves. The union labor has a higher cost in two

monetary

val ue

wa s

Information Gathering and Development of Results
The primary wayin which we gathered data pertaining to both the work packages

by

aski

ng

However, we were able to get approximate numbers from the

Gi

For example, the concrete work package represents approximate

of the three cases that we evaluated. The only exception is in the concrete work package,

in which the cost for a neanion contract would be higher.

The prices inTable 1reflect the estimated cost for each work package for a non

union contract.

Work Package Cost
Concrete $2,100,000
Site Construction $551,500
Masonry $11,500
Total Cost $2,663,000

Table 11 Cost, nonunion

Comparatively, the union prices, reflectedTiable 2 are approximately 28%

higher than their nominion counterparts overall.

Work Package Cost
Concrete $1,634,000
Site Construction $1,118,000
Masonry $946,000
Total Cost $3,698,000

Table 21 Cost, union

As you can clearly see, the cost of union labor for these threepackages adds

up to a little over one million dollars in costs. This is only a thin slice representation of

the total cost of the project, though one can see the immediate increase in total cost.
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full table with actual labor costs and percentages optbgct can be found iAppendix
E. The full table of estimated namion labor costs can be foundAppendix F.

As can be observed iRigure 4 below, the distribution of cost is much skewed
toward the prestressed concrete production work packa@gemll it accounts for almost
40% of the cost of the project, according to Gilbdrigure 5 shows the total number of
man hours beg used by each work packa@oncrete work and precast concrete work
again represent the overwhelming majordfy the total. kally, Figure 6 shows the
approximate percentage of the total cost of each work package that is represented by
labor. This essentially shows that J.L. Marshall and $Stms concrete subcontractor for
the project,has a very labor intensive work packagehese graphs are representations
based solely on the data provided by Gilbane, and do not represent the estimate according
to a nonunion contract.

Top 10 Subcontractors by Cost
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5. Alternative Design of Parking Structure

The design of a building is a lengthy process in which the input obwreer,
architect and engineers is essential for the completion of the design. The final design of
the building is therefore determined by the input of these parties and any constraints that
may exist. To fulfill the capstone design requirement, an altemdesign for the Union
Station Parking Garage was developed. To do this it was necessary to understand the
constraints that existed on the project such as use, site layout, owner need and
requirements, and design constraints. The design was develope&d separate parts.

The first part of the design was dedicated to developing a new functional design for the
parking structure this required creating a new layout for the parking spaces as well as
redesigning the main structure of the building. The segamt of the alternative design

was the structural analysis of the parking garage, which was designed to be reinforced

castin-place concrete opposed to the original precast concrete structure.

5.1 Alternative Layout Design

Our main objective was to propose alternative design, mainly focusing on
using a substitute for the precast structure that was originally designed, as well as using a
different type of circulation system. The original design called for ahleik separate
from the main body of the buildg, this was used because of owner originally preferred
not to have sloped floors. After researching and considering different circulation systems
a single threaded helix system with tway traffic (Figure 7) was chosen for the
alternative design. Althah sloped floors tend not to be the most aesthetically appealing
for parking structures, it would increase capacity and decrease the cost of the structure. In
addition, this design allowed the retail space, which is an important aspect of the design,

to remain without any major changes.
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Figure 7 - Single Threaded Helix (Tweway traffic) (National Parking Association, 2000)

Throughout the process of choosing a circulation system the drawings of the
original design were reviewednd it was observed for changes could be made and how
to better use the space provided by the site. By doing this a new structure could be
developed to fit the site as well as the new functional design.

In addition, to complete the design of the altenmatit was necessary to
understand the different design requirements for a parking structure. These include: size
of parking spaces, maximum grades for ramps, clearance requirements, as well as
complying with the Americans with Disability Act (ADA) requirents. The final
structure could not be completed without addressing these points. For example it was
necessary to verify that the height between floors to ensure that all standard vehicles
including handicap vans could access the parking garage. The umnivertical
cl earance required to comply with ADA requi |
this reason the floors are 10680 high.

Another aspect of designing the layout for the parking garage was determining the
number of handicap parking space®Arequirements state that for a parking structure
with 501 to 1000 space&% of the total number of spaces are required to be accessible
stalls. The proposed design is comprised of 509 typical parking stalls with an additional
11 accessible stalls, thaemplying with ADA requirements. Of the 11 accessible stalls 2
of them are vaiaccessible stalls, since ADA also requires that for every 9 to 16

accessible stalls 2 of them to be aagtessible (Chrest et al, 1996).
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and access ai sl eacadsibladtallsithe acsess alslé musth® at leagta8 n
ft. wi de. Al ot her t-6/ X c Bidure .p dapikts ADA st al | s

minimum requirements for accessible kiag stalls.
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Figure 81 ADA Minimum Dimensions for Accessible Parking Stalls

After estimating the number of spaces it was important to determine where the
accessible spaces could be placed. This is important since there ates spects that
need to be considered when placing accessible spaces. They require accessible routes,
from the parking stall to elevators and exits. For this reason the accessible stalls were not
placed on the ramps, but rather on the horizontal slabsesteto the elevators. In
addition, by placing the accessible stalls on the horizontal slabs, the slope of the ramps
did not become a concern for the design and could be allowed to be as sloped as
necessary. It is important though to note that the slofgleeofamps is only 6.2%, which
allows it to be pedestrian friendly, and make it comfortable to reach the stairs or elevators
from any point on the ramp. By distributing the parking spaces and arriving to final
dimensions for the parking structure the lalydasign of the structure is complekenal
general layout plans for the alternative design were developed using Aut@0AD

software figures of these can be foundppendix H.
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5.2 Alternative Structural Design

To complete the design of the proposed aléwe, it was necessary to design a
structural frame capable of serving our proposed layout. To accomplish this, research was
performed to determine the appropriate structural system. After researching references
dedicated to the design of parking struesi(i.e.Parking Structures: Planning, Design,
Construction, Maintenance, and Repay A.P. Chresand The Dimensions of Parking
by the National Parking Associatipit was decided that a steel frame with dasplace
posttension concrete floor wouldelbgppropriate.

After deciding on what structural frame to use, a proposal detailing our alternative
layout and how we planned to perfothe structural design and analysis was developed.
(Appendix G). The proposal was submitted to Professor Jayachandram®&sivamour
co-advisor. The proposal was then discussed with Prof. Paramasivam, who approved of

the layout and the process for the design began.

-— B ———= = yo. Column

&0

120

194’

Figure 9 - Structural Layout

The first step in the design was to determine shee of the structural bays,
including locations for girders and columns, and estimated number of biédrase was

that it was decided that only the section including the ramps would be used to determine
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the designThis was decided since a great majoof the parking spaces are located on
the ramps these carry most of the loddgure 9 shows the general structural layout of a
typical floor.

Next the design of the slab was begun. preposediesign called for composite
beams and a onsay slab.As the design for the slab began concerns over how to analyze
the loads since the slabs would be sloped. After researching in various design guides for
reinforced concrete, no specifics were found for sloping slabs. For this reason, Prof.
Paramasivam was coriged. After discussing the options with him, it was concluded that
the slab could be designed as a regular horizontal slab. And that the slope was only
important when doing a frame analysis of the girders and columns.

The design of the slabs continued, gabther problem arose when the design for
the beams and girders began. This included how the layout of sloping steel girders and
beams woul d be. As wel | as the concern that
for the girders. For this reason thesig was once again discussed, and it was decided
that the whole structure would be design as a reinforced concrete structure. This way the
slabs would have a simpler design, being -oiag slabs with imbedded continuous
beams.Thetwo maindesign aids thatvere used throughoulhe process werguides for
reinforced concrete J . Macgregor 6s Reinforced Concret
used mainly for the design of the slab and continuous beams, whilkKCha Wa ng 6 s

Reinforced Concrete Design was used Ifar design of girders and columns.
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Figure 10- Crosssection of Reinforced Concrete Slab

The slab was designed to beia 6lab with reinforcement for flexure being No. 4
reinforcement bars at 1 2 peratwire ceinforeemedht beiigt h s hr
provided by No Calotlatibna cas bedound iyipendixol . The beams
were placed every 12.125 ft, giving 3 beams per baly.e beams camrei h4ox8ed
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concrete beas with the stem extending83 b el ocabandiwkads36 506. 4 (four)
No. 11 steel reinforcement bars will be used fa hegativanoment region, and @our)
No. 10 bars will be used for positive momdéAppendix I). Figures 10and 11 show

detailed crossections for the concrete slabs aedins.

™S4 No. 10
A
Figure 11 - Crosssection of Typical Continuous Beam
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After designing the slabs and beams, the girders and columns were deSigmed.
girders were designed by first determining a web size, which resultadlirB 0 x M2 0 st e
web. After doing this it was possible to analyze the girder as a continuous frame, this was
done to calculate fixeendmoments. Following this it was possible to determine the
longitudinal reinforcement for the girder at different sectiofgure 12 shows the

resulting detail reinforcement, and calculations can be fouAgpendix I.
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Figure 12 - Reinforcement Detall at Girder Sections
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After reaching a girder size the columns for the structure could be desigmed.

designfor the columns followed the process of Design for Ultimate Streingrbgion II,

Regi on 1 meaning that compression contr ol

designed, with 8 No.9 bar s, Figaenld depigtstthe

section of aypical column, calculations for the design can be foun8igpendix I.
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Figure 13- Crosssection of Typical Column
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Figure 14 - Frame Section used in RISA 2D
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Finally a frame analysis was performeutbe structure to verify the structure for
end moments and deflections. The analysis was done on two bays using RISA 2D
software to simplify the analysiBigure 14 shows the typical two baysonsisting in a
total of 25 different membersshich were usedhrough out the analysis. Four different
loading cases (LC) were used as well, these were dividediGtd: Dead Loads only
LC 271 Live Loads onlyLC 371 Dead Loads and partial LLLC 47 full Live and Dead
Loads Appendix J contains figures showingll four loading cases, as well as the
moment and shear force diagrams for each loading Aapendix K contains tables

showing actual values for deflections and forces in all directions.
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6. Conclusions

As with any project, there are a number of concéhas emerge throughout the
design and building phases. Of course, there are specific problems related to this project.
Being owned by the Worcester Redevelopment Authority, managed by Gilbane, and
designed by the Maguire Group, there are many decisi@isnust run through all three
parties before taking any effect on the project.

Another concern is of course the cost of the project. Having calculated the cost of

three work packages of the project, a good portion of the project is represented here.

6.1 Project Management

Having the opportunity to observe the project management team throughout major
construction of the Union Station Parking Garage, was a unique experience that gave a
clear idea of how project management should be handled on site. Diectpr
management team did an exceptional job at coordinating the construction, as well as all
of those involved. The project manager was always up to speed and was well aware of
what was occurring at the site. The project manager not only was lookingaatmak
occurring currently ossite but was planning well ahead what had to be done in the next
couple of weeks.

A perfect example of this was coordinating with the subcontractor in charge of the
masonry weeks before the subcontractor was due on site.iBy this the subcontractor
could look at the layout of the site, and coordinate the work with the project manager and
other subcontractors, as well as plan where the materials could be stored for easy access
and without disturbing other construction. Tlgsalways important especially on sites,
such as this one, where space is limited, and coordination between the subcontractors is
crucial.

It was also interesting to observe how conscientious the project management team
was concerning safety. The team ajwanade sure that all laborers and visitors had
proper safety gear (i.e. safety goggles and hard hats). Providing a safe work environment

is important not only because it keeps workers, visitors, and people passing by from
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incurring injuries, but also sharthe commitment the team has for the well being of the
workers. Other examples of safety on the site were making sure welders were using their
face shields when welding, or just the simple task of insuring that the site was clean of
garbage or constructiodebris.

Also as the project began, it was believed that at some point the project
management team might confront a major problem during construction. One of the
reasons for this was that as construction began the project was criticized for having a
union-only Project Labor Agreement. However, the project management team worked
very well and no major set backs occurred, and construction was allowed to progress
smoothly. On the contrary to having setbacks, the project gained a very important
achievement witch was completing the erection of the precast structure approximately a
week ahead of schedul@ppendix B). This was achieved by both the work done by the
project management team and the subcontractor in charge of its erection. Taigneas
gain, sine it allowedthe necessary caulkingp be done so that utility and elevator
subcontractors could work inside the building during the winter morithe. speed in
which the erection was completed can be observed the photographs Bejare (15),

which weretaken two weeks apart.

Figure 15- Erection of Precast Structure: Oct. 10th, 2007 (left) & Oct 23rd, 2007 (right)
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6.2 Cost Estimating

While going over the cost of individual work packages for the project, we found
some large diffeences in final cost when looking at a union vs.-naron contract. In
the case of both the site construction and the masonry work packages, the cost of the
project was greatly increased by using a union labor force. However, for the concrete
work packag, the cost of nomnion labor was significantly higher. This could be for
any number of reasons, but in the end it was not enough to save the union contract a
significant amount. In the end, the union contract was almost a million dollars more

expensivgTable 3).

Non-union contract $2,663,000

Union contract $3,698,000

Table 3 - Total cost of work packages

However, his data is not 100% accurate. As stated previously, Gilbane was only
able to provide us with a percentage tbé final cost of the project for each work
package. This was of course inherently less accurate than simply using a final cost
generated by each work package. Also, theunaon contract cost was calculated using
R.S. Means, and was based on the totahber of hours predicted for the given tasks.
This number of hours will obviously differ from the number of hours estimated by the

union, and therefore a large difference will crop up in the final calculations.

6.3 Alternative Design

The final design of thproposed alternative consists of two major parts, one is the
layout of the parking spaces and the other is the structural design of the parking garage.
The final design is comprised of a singleeaded helix reinforced concrete structure,
with 5 floors,and a total count of 520 parking stalls. The main difference between the
proposed alternative and the original design is the circulation system. The original design
is composed of a halfelix compared to the singtbreaded helix. This change in the

design takes better advantage of the site, meaning more of the site area is used for the
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building. Also there is an increase in the number of parking stalls, although not a
dramatic increase. The proposed layout adds only approximately 20 parking stalls. Also
the use of the proposed circulation system raises the final height oftringture
approximately 5 feet.

Although the proposethyout may contribute in providing more parking stalls,
there are some shortcomings to the proposed design. The first onethedimgnerally
sloped floors are not aesthetically pleasing. The owner of the parking garage requested
that the structure be aesthetically pleasing since it was being design as part of the
redevelopment of the Worcester Union Statidherefore once, thedbh structures are
compare it is noticeable that the proposed deargh the original design suite different
needs. The proposed design would be advant ac
obtain the highest number of parking stalls possible, howtheiowner also required
certain aesthetic requirements out of the design, that were not considered for the
alternative.lt was concluded that the original designj t s t he owner s neec¢
aesthetically but also in function. Since the proposed designincreases the capacity
of the parking structure by approximately 4%, and does not provide all af the e r 6 s
aestheticequirements

The structural design of the proposed laybad been proposed with a steel
frame, as the design for the structurgdog it was made clear that the steel design could
not be economically feasible. This is due to the fact that since the beams would be
spanning 6006 the size required would make th
heights would have to be incissd and total height of the building would increase
dramatically. Therefore, it was settle upon to use a reinforced concrete design for the
proposed structure. Although there were some concerns as to the difficulty of designing
sloped floors, the slope fahe ramps was not very high; approximately 6%, (as a
reference5% is the maximum slope for ADA requirements) and thus the slabs could be
designed without any extra design requirements.

The main difference between our proposed structure and the origisignd in
terms of structural design, is that the original design is prestressed concrete. The
proposed design is cast-place. This is a significant design difference in terms of

construction, and scheduling. Precast sections can be designed for atndcoeehsvhile
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site construction is still underway. For this reason if the structural design is completed in
time, the owner may save a lot of timmad therefore money duringpnstruction. Other
benefits to precast concrete are that when constructingdbisflit is not necessary to
wait for the concrete to set to remove the forms and begin construction on the next floor.
It is however, very important that the precast subcontractor have an effeoent
knowledgeable erecting crew, as well as having a-argihnized system in delivering the
precast sections. If sections do not arrive on time, erection will be delayed. In addition,
many times sites do not have a lot of room to store large precast sections, therefore, if
erection is delayed, sections may laeked up and cause problems in terms of where to
store them. At the same time ca@tsiplace depends on the punctual arrival of concrete to
have it placed and set in time for construction to flow.
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Glossary

cash flow- Cash flow is cash receipts minushalisbursements from a given operation
or asset for a given period. A cash flow statement shows all sources and uses of cash
reflected in the balance sheet cash account from one period to the next.

fringe benefitsi anemployment benefit (as a pensionagpaid holiday) granted by an
employer that has a monetary value but does not affect basic wage rates

Jim Crow law - in U.S. history, any of the laws that enforced racial segregation in the
South between the end of the formal Reconstruction period in 48d the beginning
of a strong civil rights movement in the 1950s.

LRFD 7 Load and Resistance Factor Design

precast- being concrete that is cast in the form of a structural element (as a panel or
beam) before being placed in final position

prevailing wagesi the rate paid to a majority of people engaged in a particular craft,
classification, or type of work within a geographic artahere is no single rate paid
to a majority of the workers, then it is the common rate being paid to the greatest
numker of workers.

Project Labor Agreement (PLA) T an agreement between the contractor,
subcontractors, and the union(s) representing workers. Under a PLA, the contractor and
subcontractors on a project and the union(s) agree on terms and conditions of
employment for the project, establishing a framework for laimamagement
cooperation to advance the Governmentds
quality

subcontractor i a specialty contractor who enters into an agreement with a general
contracte. The subcontractor has no contractual agreement with the owner.

labor unioni an organization of workers formed for the purpose of advancing its
members' interests in respect to wages, benefits, and working conditions

value engineering (VE) an organied, creative approach which has for its purpose the

effective identification of unnecessary costs, i.e., costs which provide neither quality
nor use nor life nor appearance nor customer features
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