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Abstract

This Major Qualifying Project consists ofettdesign of the new upperclassman
residence hall for Worcester Polytechnic Institute (WPI). The project covers several
aspects of the design of the structural system and the management process; such as the
design of the members and the design of the faiorddrom a structural perspective,

Time & Schedule, and cost estimation from a project management side. A steel structure
was designed and excel spreadsheets were developed to calculate the size of the members
needed. Foundation design was also covered, spread footing foundation was
proposed. Primavera was the main computer software used for management and cost
estimation purposes. The cost estimation of the building was computed for both steel and
reinforced concrete structures even though the steigtas designed using steel as the

main construction material.
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Capstone Design Experience

Our capstone design investigated the structural design and the project

management activities of the WPl New Residence Hall.

In this projectaccording to the cost estimation analysis, steel structure was chosen

over the concrete structure because it has lower Based on the cost analysis foR 8 6

x 1806 b iasyfloar, the cosh & mdterial, labor and equipment for the specified bay
was determinedOn the other handyased on the concrete needsbic yard) for the
specified baythe cost for the concrete structuvas calculated anitl wascompaed with

the cost of steel structurAt the end, the cosof both steel and concretesttures of the
specified bay werapplied to the whole building thenvitas founcthat the steel structure
was cheaper than the concrete structwe$b650,000. After it was considerddat the

steel was the logical materi@ be used, time & schedulingtaties were dondor only

steel structure.

Throughout the design of the steel structure, there difezent bays on each
floor that were chsenbased on the column locat®rlhe number of beams that would
support he interior part of each bay waslected based on treze of the bay and the
tributary area that each beam should supgdtin thisproject it was tried to keep the

limit of each beams tributary area less than 40 ft

There are two possible methods to design the giatetscolumnstributary area
method (based on the tributary area that each gmdeslumnwould support regardless

of any concentrated loadicting on thepnand concentrated load method (based on the



concentrated loadcting on girderslue to the bean@ acting columns daito the girders
and cantilever$. In this project the concentrated load method was chosen because it is

more accurate

In this project in order to design thedr slabh a composite floor system was
chosenBasically in composite systethere is a spedéd thickness of concrete slab
which would be poured on top of the metal decking. Similar to reinforced concrete slab
in composite metal deckingoncrete is used because it is strong in compresamhthe
metal decking is used because it is strongimsion. The advantage of this system over
reinforced concrete slab is that it is easier to install and the overall cost is cheaper than

reinforced concrete.

In this project the metal decking is chosen to be corrugated because it has more
bending capacityhan the flat top decking and it would make a better bounding with
concrete so it would hawebetter shear resistance. The metal decking and the concrete
slabare connected to each other by ststads which providenore shear resistance and
it would allow the concrete and the metal decking to work together as one stronger

system.

In this project green roof system was chosen and there are some advantages of

that:

1. Green roof educs and delag storm water runoffs.
2. Reducsthe level of Carbone Dioxide inghair.
3. Provides insulation for theroof. Therefore,the usage of heat and air

conditioningdecreases



4. Increasslife expectancy of rooftop waterproofing due to protection from
ultraviolet rays and mechanical impacts.

5. Assists the owner to achieve a LEEDtifmation.

In this project the elevator shaft is located between two beams and the distance
bet ween the beams (tributary area of the bea
el evator cart was chosen to be &w@d so it wo

have one foot of space for mechanical purposes.

For the method of scheduling, fast track method was chosen because it decreases
the time from concept to completion notably and it allows developing the investment

much quicker than a usual delivegstem.

In foundation design, a spread footing foundation was chosen because the total
spread footing area was calculated to be less than the area of tpdaribof the
building. In that case, the price of spread footing would be cheaper than theditatror

foundations.
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Executive Summary

WorcesterPolytechne Institute (WPI)has launched a new project which will help to

accommodate incoming students for the following academic years.

The WPI New Residence Hall will be located between Boynton and Dean Streets and
will be an apartment style for upperclassmepasments will contaid-person apartments with

full kitchen, living room, compartmentalized bathroom and either single or double bedrooms

The goal of this MQP is designing the structure and managing the project by using

Construction Project ManagememiaStructural Engineering skills.

Cost is one of the most important factors that should be considered in every project. By
using the cost estimating skills, the cost of the New WPI Residence Hall with a steel structure
and also with a concrete structureswzlculated and it was found that it would cost more to for
a concrete structure. As the result the cost of the steel structure was estimat&8,850668

and concrete structure was estimated t§%896,166

Time is other factor that should be safered in all the projects. The project manager
should make sure that the project would finish on time based on a given deadline. Primavera was
software that was used to schedule the predicted time for the different steps of the project. It was
estimatedhat it would take 399 work days in order to complete the WPI New Residence Hall

project.

In order to start a safe construction project, permits need to be taken from the

government. For this project the permits were provided by different departmentse of t

8



Commonwealth of Massachusetts and City of Worcester. For example, Massachusetts Uniform

Application for Permit to do Plumbing is a permit that is needed for plumbing reasons.

Based on the cost estimation analysis, steel structure was chosen evanthete
structure because it has lower cost. In order to design the steel structure, each floor of the
building was divided into bays with different sizes and based on the live and dead loads of
different bays, the beams, girders and columns were dagkigrhere were different sizes of
beams, girders and columns designed for each bay. As a result, for bay 4,-B&ata 63.2 is
the biggest member size (33x118) that was designed for this project. For convenience of
calculation for the right beam, gindand column sizes, excel spread sheets were used. Also for

the sl ab of each floor, a 4.50 concrete sl ab

In order to design the foundation, a soil profile was provided based on the standard
penetration test fahree boreholes. Based on the soil profile, the foundation of this building was

designed to be spread footings. After calculations and using different spread sheets such as the

Terzaghi and Vesic spread sheet, 3tohrtelei cki fwie:
116x11606, 20 thick with 1006x1006) of foundat i c
designed.

Also an elevator shaft and a stair case were designed for this project. The elevator shaft is
required to support a load of 13 kips (duehe élevator cart and the counterweight) and load of
the elevator mechanical room which is 125 psf. The elevator cart was chosen to have a load

capacity of 3000 | bs and an insider car area

In this project, d&il calculations and explanations of structural design and construction project

management were indicated in the next chapters.



1.0Introduction

WorcesterPolytechnic ihstitute (WPI)has launched a new project that consists éwa
residence hall betvem Boynton and Dean Siccording to the WPI websitehé¢ new residence
hall is a 103610 sqg. ft and five story building that will house approximately 232 sti{uéRts

NewResHallFacts and Figures, 2007The buildingwill consist of 4 person apartments with

full kitchens, living rooms, bathrooms and either single or double bedrooms. It will also include

recreation and fithess spacEgure 1lis futuristic image of the finished building.
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Figure 1. Futuristic i mage of theWPI| New Residence Hall
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2.0Background

The new residence hall is specifically designed for upperclassmen sfydaedrs, and
seniors. Accading to Janet Richardsothe Vice Resident ofStudent Affairs and Campusfé
at WPI , the building is deasxpectatosland to pravideiat t he
friendly environment which will push the upperclassmen students to remain on campus and

participate in camys life.

As stated on th&#VPI website(WPI, NewResHalFacts and Figures, 200)%his building

is consi der ed t qthdieforeat wasigsigeed ander theuleadesin BEngrgy
and Environmental Bsign(LEED) programwhere approximatel 95% of the materials used

wererecyclable

Moreover, the construction of the parking garéggoing to solve some of the parking
issues.Some advantages of new parking place are less traffic during morning rush hongs, m

parking spots for the visitors etc.

2.1 Objective

Themain purpose of this project was to come up with the nféstemt structuraldesign
that can be used to suit the needs of WiRkrefore, different semes were evaluated in order
to providethe most economical design. This project includesost estimation analysis of both
steel structure andeinforced concrete structure in order to decide from a management

perspective which structure is more cost effective.

11



This project covered both structuahd management aspects. For the structural part, it
covered thesteel structuralesign of the building and the foundation desagpeording to the
Massachusetts Sate Building Cod€heprojectmanagemenaspectsook into account the cost

estimation andhe construction schedule of the building.

2.1.1 The Massachusetts State Building Code

The Massachusetts State Building Cq68 edition) was used as a reference for all

aspects of design.

The Massachusetts State Building Coide published by the Commuwealth of

Massachusett§Mass, 200y and It is considered to be the reference for any design and

construction work in the state. It includes all the regulations and laws which apply to
construction and it is based on the Na#ibBuilding Code published by the Building Officials

and Code Administrators, InternatiofBOCA, 2007.

2.1.2 Leadership in Energy and Environmental design (LEED)

The Leadership in Energy and Environmental Design (LEED) GBeelding Rating
System, developed by the U.S. Green Building Council, provides a suite of standards for

environmentally sustainable constructigdSGBC, 200Y.

LEED was created to accomplish the followiagues

1. Define "grea building" by establishing a common standard of measurement
2. Promote integrated, wholauilding design practices
3. Recognize environmental leadership in the building industry

12



4. Stimulate green competition
5. Raise consumer awareness of green building benefits

6. Transform the building market

In recent years, WPI decided to build new structures as a Ldffbtureby following
the LEED Structure guide in order to makevieonmental friendly buildingThis approach of
using the LEED Standards to construct new dings identifies WPI as anenvironmentally

friendly campus.

2.1.3 Green Roof System

Green roofkystens assista building owner to achieve a LEED certification. A green roof
is a roof of a building that is covered wittantsover a waterproofing membranmot barrier
membranedrainage and irrigation systems

When implementing a green roof, structural and load bearing capacity, plant selection, as
well as, waterproofing and drainage system should be considéoeale 2provides atypical

green roof layout with a list of the materials that are included when designing a green roof.

Green Roof PMR’

Planting Layer

/— Filter Fabric

Landscaping Curb Drraima
", age Layer
= (shown: preformed

Ballast I, J drainage sheet)
T T Tt T T T T T iﬂ@

L N N S nEEEE
% \‘ \ )
RV —

Y%\ STYROFOAM™ Extruded
\ Polystyrene Insulation
‘\ A Root Barrier Membrane
\

Fully Adherad
Waterproofing Membrane

W Structural Concrete Deck

Figure 2. Green Roof layout.
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A typical green roof could be built in different ways which are outlinelow:

Extensive Green Rofs: lighter than intensive green roofSoil depthis 1-6 inches and
weight load15 7 50 psf. The plants used are usually low to the grolikd grass and short

flowers

Intensive GreenRoofs heavier than extensive green radoil depthis typically 624
inches (or more) andeight loadis 80-150 psf. The plants used can be of any kind even trees

could also be used.

Green Roofs have lots of advantages, below is a list of some of thetagls provided

by green roofs:

6. Greenroofs reduce and delay storm water runoffs.

7. Reduce the level of Carbone Dioxithethe air.

8. Provide insulation for theoof. Therefore,dss usage of heat and air conditioning

9. Increase life expectancy of rooftop waterproofing due to protection from

ultraviolet rays and mechanical impaat®ow, 2005

2.1.4Foundation design

Foundation is one of the most important parts of the design of a structure, because it has
theresponsibilityto transferthe structure loads from the columpsgtiie soil. In that caséhe
designer should make sure to use a right type of foundation. Generally there are two different

types of foundations, Shallow Foundations and Deep Foundations.

2.1.5 Shallowroundation
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The Shallow foundation is a type of fadation which transfers the loadsom the
structure to théop layers of the ground’he most popular types of shallow foundatese Mat

slab foundatiorand Spread footing.

1. Mat Foundation

Mat foundation is a type of foundation which is used whersdiidas poor and irregular
conditions,and whenthe building loads are so extensi¥®r matfoundatiors there would be a
specific thickness of concrete slab under the whole area of the building, and there would be

reinforcements within the concrete slé@®uite101, 200)/

2. Spread Footings

A spread footingr pad footing is used to support a single point of @insach
as under a pier, column or a pasd it is made with reinforced concrete (36000 psi
compression). The shemf a spread footing could be square, rectangle or circular and
they would have different size and thickness according to the applied column load and

the soil conditions that they are located on.

2.1.6Deep Foundation

Deep foundations are distinguishearh shallow foundations by the depth they are
embedded into the ground. There are different terms used to describe different types of deep
foundations including piles, drilled shafts, caissons, and piers. Deep foundations can be made out
of timber, steelreinforced concrete and ptensioned concrete. Deep foundations can be
installed by either driving them into the ground or drilling a shaft and filling it with concrete,

mass or reinforaaents.
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2.1.7Choosing the fouration Type

The type of foundation that should be chosen for a project depends on many variables;
use of the structure, size of project, location of project whibtdctsthe soil properties of that
place Usually deep foundation is used when the top lagérsoil under the structure are not
strong enough to hold the structure, in that case they use deep foundation to have supports from
the lower layers of soil which are stronger and have higher bearing capacity. If the top soil layers
have big enough beag capacity for the structure, then shallow foundation could be considered
for the project.

As it was described beforbdre are different types of shallow foundatiomg/o of the
ones that will be considered in this project av& foundation andpreadfootings In order to

select one of these tvigpes, the cost is a big factor that should be considered.

For mat foundation a lot of concrete and reinforcements need to be used because concrete
covers the whole base area of the building. On the othet toarspread footing, the concrete
and reinforcements only cover where the columns would be located and they transfer the load
from the column to the soil. The size of a spread footing is dependent on the magnitude of the
load and the bearing capacity bétsoil. If the total area of the spread footings covers more than
half the building foofprint, then a mat foundation is more economical since the savings in labor
cost will offset the increased material cost and it would be more convenient for theAlatof
the area of the spread footings cover less than half of the buildingriagtthen the spread
footing would be more desirable since mat foundationldvbe more expensive than the spread

footings because of usage of more materials.
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Soil Profile

Geotechnical soil repor{soil profiles) are also called Soil repsere determined by
civil enginees who have experiencie geotechnical engineeg. The soil repodghelpto
understand theoil propertiesf the layers of the eartfihe soil report should beprovided
before the conatiction starts andhey helpto desigrthe foundatian of the building There are
many methods to determitige soil profile such as; test pits, dnty core samples and driving
steel rods into the doln this poject,standard penetration test is used to determine the soil

conditions.

Standard Penetration Test
Standard Penetration Test (SPT) is mairded to provide informatidike strength,
stiffness, density andepth of differensoil layers Normally kefore any onstruction, the

geotechnical engineers would choose different sfpmteholes) on the groundhere the

foundation of the building will be locatexhd they apply the SPT. At each borehole they would

drive a steel tube witbpecified dimensions verticalig to the groundby hitting the steel tube

with a specified force and mean whileey would count the number of blo{ists) per footand

they would record itAt a depth that the number of blows per foot is greater, the density of soil is

higher and thatesults in higher bearing capacity for the soil at that depth.

2.2 Project Management Activities

Project management is the application of knowledge, skills, tools and techniques to a

broad range of activities in order to meet the requirements of theutartproject. A project is a

temporary endeavor undertaken to achieve a particular aim. Project management knowledge and

practices are best described in terms of their component processes. These processes can be
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placed into five Process Groups: InitiginPlanning, Executg, Controlling and Closing.

(NCSU.EDU, 200y

Project Management activities are important to control the project and meet the
requirements that are specified by the architect and the structuiakengThere are many
issues that will be reflected by the project manager but the most important topics include life

cycle cost, time, scheduling, and permits.

1. The objectives of any project management program are briefly listed below:
2. Making sure that pfects are delivered within certain budget

3. Making sure that projects are delivered within certain schedule

4. Attention on the quality solutions

5. Reduced errors

6. Improve effectiveness

7. Appropriate risk management and internal controls

8. Continuous process improventevia collaboration

9. Implementing project communications and overs{ttl, 2007

2.2.1Life Cycle Cost

The main concern in the construction business is the finance and how adequate money
flows in the project. While predictingéhproject cost, project manager must use some forecast to
bal ance the actual money and the expenses.
meet the requirements then there will be a big problem for both contractors and owner;
furthermore, pragct may not be completed at all.

Life cycle cost is a mathematical method used to form or support a decision and it is

usually employed when deliberating on a selection of options. It is an auditable financial ranking

18



system for mutually exclusive alternegs which can be used to promote the desirable and

eliminate the undesirable in a financial environméail, 1992

In order to make adequate financial balance, project manager must receive detailed

information about theroject on time and without any mistakes.

There are three common methods that are used to check the life cycle cost and to

determine whether the investment is logical or not:

1 Simple payback: defined as the time taken for the return on an investmepeyo
the investment.

1 Net present value: defined as the sum of money that needs to be inwekgdo
meet all future financial requirements as they arise throughoutiftheof the
investment.

1 Internal rate of return: defined as the percentage earnetieoaniount ofcapital
invested in each year of the life of the project after allowing forghayment of the

sum originally investedHundal, 200)

2.2.2Time & Scheduling

A project, in general, is defined as a dimee jobthat has a starting point, ending point,
scope and budget. Scheduling is a very important tool to understand the time and cost. The main
idea behind the time & schedule concern is fitting the project in order and building it within an
agenda. Overall plainmg of the project is based on cost analysis and the cost analysis is based on

time & schedule.
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2.2.3Permits

According toCape Cod Commission (2008)Bu i | d i nmgangam roffitialt document of
certification issued by theouilding official which authorizes the construction, alteration,
enlargement, conversion, reconstruction, remodeling, rehabilitation, erection, demolition,
moving or repair of a building or structure. In the case of a change in use or occupancy of an
exiging building or structure, the term shall specifically include Certificates of Occupancy and
Occupancy Permits, as those terms are defined by county bylaw. The terms building permit and
certificate of occupancy permit also mean those municipal permitshvane equivalent to the
county permits, regardl ess of the na(Bxbdibit by wh

1, Model Impact Fee Bylaw)

In this case, Worcester County permit regulations are applied WRieew residence
hall project In order to get permit for specific building, criteria must meet the requirements.
Furthermore, there are many design and condition aspects that are usually inspected by the city
executiveinspectors at the laboratories and in case of any failure, permiteotvbe approved.

There are many types of permits according to gheposeof the building. Required

sample permits and their definitions are explained in permit section of this project.
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3.0Project Maragement activities for the WPI Residence Hall

The background chapter included a brief definition about the management activities that
usually occur when a new project is taking place. However, this section consists of a detailed
explanation that shows the importance of a good project managemeld. pno&iddition, it was
necessary to conduct research on some of the project achieved on campus that have similar
structure and format, in order to develop management criteria for this new residence hall. It was
also important to get a better understandaithe company that is responsible of accomplishing
this current project; therefore, a profile about Gilbane Construction Company was also included

in this section.

3.1 Project Management

Project Management is the discipline of organizing and managsayunees in such a
way that the project is completed within defined scope, quality, time and cost constraints

(Foxhall W. B.,1996. A project is a temporary and ctime endeavor undertaken to create a

unique product or servicgvhich brings about beneficial change or added value. This property of
being a temporary and otiene undertaking contrasts with processes, or operations, which are
permanent or seagermanent ongoing functional work to create the same product or service
over and over again. The management of these two systems is often very different and requires
varying technical skills and philosophy, hence requiring the development of project management

(NCSu.EDU, 200y.

In the pofessional life, the contracting process has three main participants; owner of the

project, designer, contractor team CKLester, 1991). All participants have unique

responsibilities in order to execute the prage€@M or GC (General Contractor) counsels rest of
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the participant from the beginning of design and project management process till completing the

project.

In addition, there are some differences betwiéedevelopmenof a building andthe
construction mnagement. Sclaling, packaging of contracts afifé cycle cost excluding the
development of the building itselére the instruments that are usedtly CM. Construction
Project Management and General Contrattomsare sightly different. @nstrucion project
management is responsible for coordinating and communicating in the entire project process,
minimizing the project and cost, maintaining the project quality. On the other hand, General
Contractor is an independent contractor. The General @totraperates suproject such as

electrical, mechanical, in its own behélough, CPM, 197p Providedbelow, Figure 3show

the CM hierarchy and the participantstie project procesandFigure4 showthe GC hierarchy

and the participants ithhe project process.
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Project
Owner

Construction
Manager

Designer [

Contractor

Contractor

Contractor Contractor

Figure 3. Construction managementhierarchy and the participants in the project process

Project
Owner

Designer EEE
g Contractor
1 1 I 1 1
Sub- Sub- Sub- Sub-
Contractor Contractor Contractor Contractor

Figure 4. General mntractor hierarchy and the participants in the project process

Additionally, it is important to mention thétte CM firms arenot responsibléor the

design buthey helpin the design period. While the design prodessnning,CM supplies t
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designer angroject owner with thenost efficient economical usage of the material (such as
steel,concrete, wood etc.) and method. fdaver,the firm alsgpoints out potential accessibility

to material, labor force etc.

Furthermorecoordination and@mmunicatiorof the project isesponsible foCM. CM
firm should organiz¢herelationship betweethe project owner, designer, construction team,
material and equipment vendoasidexternal parties govemental regulatory agencig€lough
. 1979. If there isany leak (secret information) the organization thetine construction project

might fail andthe project may not be completed.

Every construction business contains its own uncertainties. Knowledge, experience and
teamwork lead to the professional job in the project managemertharmbmpletion okvery
step effectively, reducinguncertainties as well as risks. Some of the uncertainties in the

construction business arise due to:

1 Extreme fragmentation of the indost which comprises over 100,000 general
contractors, many of whom are small, undercapitalize, and financially unstable.

2 The prevalence of subcontracting, whereby specialized trades per from as much as
90% of the work.

3 The unsophisticated or poor managemskills, and inherent inefficiencies in the
industry caused by complex laws and regulations, rouitbns, and the seasonal
nature of the industry in places where construction can be affected by weather.

4 The sharp escalation in construction costs, whiahgs a premium on shortening the

construction time.
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5 The inability of architects and contractors to provide effective schedule and cost
control methods and to deliver the project on the time and within the budget, because

of their conventional role§¢Stanley Goldhaber, 19Y7

Anot her important concern is the fsawotldrs th
technology, economical and financial planning amajor concers for the project success.
Moreover, inflation, construction speed and siaethe project are important keys that support

the major elementseededor thesuccess of the project.

Technology has been involvad the constructionprojects since the1l970s and modern
building ide® lead tothe usage fothe technological advanse Nowadays, many software and
computer models angis are used more commonly in the design process giving more ctwices
the designer andhe project manager in order to see more dethénalysis of materials

subsystemsandmethodsetc.

Construction Project Management is an important issue in the construction business and
every year, CM becomes matballengingto finalize adequate construction proje(Esxhall W.

B. 1998.

2.2Significant Canstruction Projects at WPI

In recent years, WPI was expanding significantly according to its needs. It is important to
analyze previous construction projects such as WPI Campus Center, WPl New Admission
Building: Bartlett Center, Gateway Rariin order tobetterunderstandhe necessity of the new

WPI Residence Hall.
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3.2.1 WPI Campus Center

The construction of WPI Qapus Center began in the fall B899 andvas completed in
the beginning 02001. Gilbane Construction Company was the CM firm on behaifPif asthe
owner 6s representat i ve washuiltinh site lpprdergd dycQlin HalC a mp u s
Higgins LaboratoriesAlumni Gym and Higgins House.
The ost ofthe project was $17 million wheB5 different subcontractossere involved
in the onstruction processCampus Center Projeatas successfully completed in the specified

time and budggtWPI NEWS, 200Y.

3.2.2 WPI New Admission Building: Bartlett Center

Bartlett Center is the first WPI building toe registered with the U.S. Green Building
Council (USGB), a national organization that certifies buildings that are green, are sustainable,
and protect the environment. The architects, CBT /Childs, Bertman Tseckares Inc., Boston,

designed the building irgy the following USGB guidelines:

Using local building materials

Using renewable building materials

Increasing recycling of construction materials

Reducing energy costs over the scores of years it will operate

o~ 0 dp e

Making better work environments for erogeegWPI, 2007

The Bartlett Center is a two story building, expandeer 16,589squarefoot, and locatedit
east end of the WPI Quadrangle. Gilbane Construction Company was the CM firm of the Bartlett

Center. Thepicture of the new admission building, Bartlett Center is shovigare 5
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Figure 5. Bartlett Center.

3.2.3 Gateway Park

Gateway Park is a joint venture of WorcesRuolytechnic Institute (WPI) and the
Worcester Business Development Corporation (WBDC). Located in Worcester, near the
intersection of 4190 and 4290, Gateway Park is designed as an 11 acre, ruigedlestination
for life sciences and biotech companies #ral people who work for thenthe picture of WPI

Gateway Park is shown Figure 6

Figure 6. WPI Gateway Park.
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The project includes: five life sciences buildings totaling 500 $fuare feet of flexible,
adaptable lab space designed to meet the needs of research organizations, 241,000 sq. ft. of
market rate, loft condominiums as well as several planned retail establishments. Project cost is
estimated $55 million an&ederal andtate funding (EPA, EDA, Infrastructure and Research

Funds) invested in the projects equal more than $15 mi(NgRJ, 2007

2.3Gilbane Construction Company

Gilbane Construction Company is a famidwned nationwide construcho and
development company. Gilbane Company was founded in 1873 by William Gilbane and his
brothers as a general contractor in Providence, Rhode Island.

In the early 1900s, William H. Gilbane took control of the company and steered it
through the lean ithes of the Great Depression. In the 1930s, his sons Thomas and William
joined the company and made Gil banebds deputat
first with major defense projects during Wor|l

Air and Space Museum, which opened on time and budget in Washington, D.C. on July 4, 1976.

In 1970 Gilbane expanded its services and formed the development unit now known as

Gilbane Development Compar(GILBANE CONSTRUCTION NC., 200%. WPI has been

accomplished many projects with Gilbane Construction Company since 1990s.

Gilbane Construction Company has a widaging CM service which gives construction

management, program management, deBigll, general contracting secés to its clients.

It has 25 different offices all around the nation and profiting annual $2.5 billion. Over the

years, Gilbane Construction Company has been increased its reputation due to the successful
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projects, furthermore, company ranked™1@rges building constructor in United States

according to the ENRFoxhall W. B., 199k

In addition, Gilbane Construction Company has considerable experience on higher
education buildings, hospitals. Transportation, federal/publiddings, sport facilities and

financial institutions.

Finally, the following 1|ist shows Gil bane

New England region:

1. Keene State College Science Building

2. Fidelity Investments, 245 Summer Street

3. Jordan Hospal Pavilion

4. Worcester Trial Court

5. Concord Hospital East & North Wings

6. Connecticut Convention Center

7. St. Vincent's Medical Center Master Plan Phase |
8. Fenway Park Renovations

9. GTECH Center

10. Providence Schools Master Plan

11.Harvard University Allston Qapus - Utility Delivery Systems(GILBANE

PROJECTS, 2007
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2.4Construction Management at Risk

Construction Management at risk (CM at risk) is a ptoggdivery system that refets
production of construction relamship between construction contractor, owner and the designer.
Construction Management at risk is usually one of the delivery methods that involve liability of
construction manager to complete the project within Guaranteed Maximum Price (GMP)

(CSCOS, 200y

The construction industry has more uncertainty and complex risk formation than other type
of business. Additionally, many external factors must be considered in order to reduce risk at the
construction. Furthermore,irmg CM as early as possible may increase the strength of the

project and has a great influence to understand both sides,-6Wheaturing the project.

In order to maintain sufficient CM at risk, investor needs to consider every detail properly.

Investmets are concerned with:

1. Annual Yield

2. Capital Value

3. Growth in capital values over both the short and the long term
4. Total return

5. Outgoingg(Norman 1993

Forecasting is reother factor that must be considered to reduce rnisthé projet from
investor Also, forecasting is not mathematical evolution of trends but regression analysis with
certain techniques or dynamic programming. It is the key element to understand benefits of the

project for investors. In the successful pag, most efficient way is the looking at the past
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experiences that owner faced up and predict forecast about the future by gained information.

theFigure 7 the forecasting processes is shq®mF, 2007).

* Knowledge

+ Skill/Judgment/experience
+ Intuition

*Bias

* Scope; Insights, Data,
Assumptions

*Forecasts

Figure 7. The forecasting pocess

In manufacturing and construction industrgk is defined as widespread to all aspects of the

investment decision. The investor needs some knowledgany emergency cases (such as

economical uncertainty, unpredictability financial market, and possibility of downturn in the

economic conditions}o lisk positioncan be determined

Typical risks on a construction project include:

1. Failure to complete wiih the stipulated design and construction time

At

2. Failure to obtain the expected outline planning, detailed planning or building code/

regulation approvals within the time allowed in the design program me

3. Unforeseen adverse ground conditions delaying thegtroj
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4. Exceptionally inclement weather delaying the project

5. Strike by the labor force

6. Unexpected price rises for labor and materials

7. Failure to let to a tenant upon completion

8. An accident to an operative on site causing physical injury

9. Latent defects occurmnin the structure trough poor workmanship

10.A claim from the contractor for loss and expense caused by the late production of
design details by the design team

11l.Fai lure to complete the projMeanl1®3t hi n t h

WP | New Resident Hal/l project i1s wel/l def i
development. Every year, unknown incoming freshmen need more accommodation. In this case,
WPI hired Gilbane Construction Company which has done mangtruction projects for WPI
before If there will be no unexpected phenomenon such as unexpected delays or surprises, WPI

New Residence Hall will be completed in stated budged and time.

2.5Permits

Permits are the rules that define the minimacoeptabldéevel of safety for construction
projectsand tey allow the enforcement of codes which are provided by the state or country.
When somepe wants to invest infauilding project the building has to beuidt according to the
building cdesand the permitshereforethe building permits should be provided beftire
construction startsThe purpose of the building peitmare safety angrotection of public

health.

32



Before any construction or remodeling work begins ztin@ngpermits have to be
provided The Zoning Enforcement Officer can illuminate codes requirements. The building
permits application should be taken for construction work. The typical questions answered for
buil ding applications are: HfAWher e tahned wioHokw wi
the work wild.l be donedo. The drawings, sketche
submitted for review. If the building is in agreement with the zoning code, building application
and other applicable laws, then the application is accejptect, the application is denied.
When results are refused, the application must be corrected again and submitted for a second

review.

The owner of the building must post the permit notice card on the construction site. Any
changes should be noticed ImetCode Official. Changes are reviewed and approved by the
Code Official. Each major part of the construction has to be inspected by the Code Official to
make sure the codes are correctly used. Each inspection must be requested by the person who is
responible for the construction. The certificate of occupancy is issued by the inspector when the
code compliance is determined. This certificate gives permission to complete the construction
with the safety standard of the townshipble1 provides a list of the permits that are required
for residential construction with a brief definition of each one; howapeendix Fincludes a

copy of each of these permits applications.
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Table 1
Permits for residential onstruction

Permit name

Brief definition

Massachusetts State Building Code

This code was established by governing the
construction work in the Commonwealth ang
Commonwealth of Massachusefis code
depends on the National Building Code publist
by Building Officials and Code Administrators
(BOCA).

Massachusetts Electrical Code

This code is determined by the Commonwealtl
order to all electrical work activities done.
Basically these astates are; Installation,

addition, replacement, or change in the desigr

an electrical system

Massachusetts Plumping Code

This code is also considered by the
Commonwealth in order all plumping work dor
in the Commonwealth.

Mechanical permit

for instdlation, addition, replacement, or chang
in the design of a heating or air conditioning
system

Lexington Zoning ByLaw

This code is depended on the unique to eac
town. Basically, this code biaw is mostly to
specify which uses are allowed to use fa th
town where these uses are allowed and contr
are put on the these uses; building heights
parking requirements, setbacks. The each to
accept own byays which govern uses of
property which does not include the method
construction, that being undére scope of the
above listed codes

Zoning Permit

Governs conformity to property zoning
classification and setback requirements.

Gas piping permit

For installation, addition, replacement, or char
in design of a gas piping system. This permit
typicdly issued to a gas piping contractor wh

does not also have a heating or plumbing licer,
Any gas piping done by a heating or plumbin

contractor may be included under their
mechanical or plumbing permit

Sewer Service Approval

Application for new seweservice or additions tc

existing sewer systems (new fixtures) should
made directly to the Metropolitan Sewerage
District (MSD). The Building Safety
Development Services Center can provide
assistance

Grading Permit

for disturbing areas of land
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WaterService Approval

Applications for new water service should be

made directly to the Asheville Buncombe Wat

Authority. The Building Safety Development
Services Center can provide assistance

Driveway Access Permit

for a driveway connection to a city stte

2.6Fast Track

Fast Track is a method of scheduling approach in which the sequencing of construction

activities enables some portions of the project to begin before the design is completed on other

portions of the projeciThe process of fast track is@vn in Figure 8 The normal process of

construction scheduling involves the performance of a series of discrete functions, one after the

other, in a predetermined sequential order.

Time is a key element in the WPl New Residencdl Heject. The castruction method is

chosen asast Track in the WPI New Residence Hall because this method decreases the time

from concept tacompletion notablyandallows developingthe investment much quicker than a

usual delivery system.
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FAST TRACK PROJECT EXECUTION & CONTROL

Process

PM and Team Refine
Execute the Plan
PM and Team
Document Progress * Status Reports
and Status L
PM and Team * Test Results
Document Test Results
f ’

1 &

CS Project
Review Team
Approves
Test Results

', YES

Fast Track Project

Closing

Figure 8. Fast Track process

This is shown on the first line of the accompanying diagram (Normal Construction
Schedule). Each activity is virtually completed before the next may be commenageekfdron

all of these functions will take a certain amount of t(R€D, 2009.

3.7 Project Management of WPI New Residence Hall

Today, construction is a projectiented industry. Most work is carried out as a project,
which means that facilities to be constructed or objectives to be achieved are designed and that

an effort is then made to achieve these within certain time and cost parameters.

One characteristic of projects is their continuous growth in size and catypés
technology advances. Complexity generates the necessity for specialization and since each
specialist has his own jargon, specialization may lead to breakdown of communications. For

example, in a project for the construction of a certain plant, repegialist such as; mechanical,
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electrical, heating and ventilating, system engineers, civil engineers, may be involve to the

project(Ahuja, 1994.

Another characteristic of projects is the increasing importance of timely ebomplIf a
company is trying to develop a certain product before a competitor can introduce a similar
product into a market, the company must meet its own schedule or it may lose even its present
market share. Today engineering design can be completeddsrn computers must faster than
before. Therefore, more organizations can quickly place more designs on the market, reducing

the life of a design and increasing the necessity to plan and schedule

The cost of capital is another important factor thatgda high emphasis on establishing
a schedule and working to achieve its targets. No one can afford to lose interest on the
investment in a project while it is unproductive. An effort has to make the investment productive
as early as possible. Because méreased outlay, technical complexity, price escalation and
longer spans, the element of risk in construction projects has increase. Financiers of large
projects demand not only technical feasibility reports but also documented schedulers and
reliableesmat es to substantiate the managementos

economically(Van Kempen, 1993

Time & Scheduling process of the WPI New Residence Hall is estimated and calculated
byco mput er software called Aprimaverao and al

according to the CSl index systéma logical wayas shown irkigure 9
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General Conditions |, Project Mesting , Submittaiz , Quality Contrel, Constr. Faciltiss & Temp
Constr, ...

Subsurface Investigation , Demolition , Site Preparation | Earthwork | Piles and Caizzons | ...

C2 Chooser

Concrete Formwork | Concrete Reinforcement | Concrete Material & Placing , Concrete
Finighing , Pre-Cast Concrete , ...

Mortar & Masonry Grout , Magenry Accessories , Unit Masonry , Stone , Masonry Resteration
and Cleaning

Metal Fastening , Structural Metal Framing , Metal Bar Joistz , Metal Decking , Cold Formed
Metal Framing , ...

Fasteners and Adhesives , Rough Carpentry , Heavy Timber Construction |, Woed and Metal
Syetem , Prefabricated Structural Weed | ..

WWaterproofing , Ingulation , Exterior Ingulation & Finigh Syatem , Fireproofing , Firestopping , ...

Metal Decrs and Frames | Weod and Plastic Deorg , Door Opening Azsemblies , Special
Doors , Entrances and Storefronts |, ..

Metal Support Systems | Lath and Plazter , Gypsum Board | Tile |, Terrazzo |, ..

Vizual Dizplay Boards | Compartmentz and Cubicles | Louvers and Vents | Grillez and
Screens |, Service Wall Systems | ...

Maintenance Equipment , Security and Wault Equipment , Teller and Service Equipment |
Eccleziastical Equipment | Likrary Equipment , ...

Fabrica , Artwork , Manufactured Cazewerk , VWindow Treatment , Furniture and
Acceszories |

Air Supported Structures | Integrated Assembliez | Special Purpoze Rooms | Sound,
Vibration, & Seizmic Control , Radiation Pritection | ...

Dumbwaiters | Elevators | Liftz |, Material Handling Sy=stems |, Hoistz and Cranesz | ...

Mechanical , Mechanical Ingulation , Fire Pretection |, Plumbing , HWVAC | ..

Basic Electrical Materiale , Power Generation , Medium Voltage Distribution | Service and
Diztribution , Lighting , ...

Figure 9. CSl index system

Life cycle cost of the WPI New Residence Hall is done by the construction estimating

processwhich is widely described in Construction Cost Estimtadek (Tumblin, 1990 and all
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variables areshown in the spread sheets. Furthermore, detail observations and knowledge of

process are shown in the next chapters of the project.

3.8 Time & Scheduling Process of WPI New Residence Hall

The purpose ofime scheduling progregdganningof the WPI New Rsidence Halis to
build a model that allowgredicting which activities and resources are critical to the timely
completion of the project.

In order to understand Time & Scheduling process, it is important to identify procedure

of Time & Scheduling antow it is organizedor specific project

Time & Scheduling strategies may be implemented to ensure that activities and resources
are managed properly, thus ensuon ntg mcithdtw t h e

budget o

WPI New ResidenceHall project planning aims to:

A Optimize time

A Evaluate different methods

A Optimize the use of resources

A Provide an early warning of potential problems

A Enable you to take proactive and not reactive action
A ldentify risks

A Set prioritiegHarris, 200%

A

Planning helps to avoid the delayed or untimely completion of a project and thus prevent:

A Increased project costs or reduction in scope and/or quality

A Additional change over and/or operation costs
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A Extensions of time claims

A Lossof your <clientds revenue
A Contractual disputes and associated resolution costs

A The loss of reputation of those involved in a project

A Loss of a facility or asset in the event of a total project failure

Specific Project Planning Metrics of the WPI New Rsidence Hall:

There are three main componeffgure 10 that may be measured and controlled using

planning and schedulingpftware

A Time
A Cost
A Effort (resourcesfHarris, 200%

Time

Resources

Figure 10. Project planning components.
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Other project managemefunctions that are not traditionally managed with planning and

scheduling software but may have components reflected in the sehecubes:

A Document management and control,
A Quality Management,

A Contract Management,

A Issue Management,

A Risk Management

Understanding the WPI New Residence Hall Project:

Before the procgs of creating a project plan startsisiimportant to have annderstanding
of theWPI New Residence Hatliroject and how it will be executed. On large, complex projects,
this information is usually available from the following types of documents:

A Project scope

A Functional specification

A Requirements baseline

A Contract documentation

A Plans and drawings

A Project execution plan

A Contracting and purchasing plan

A Equipment lists

A Installation plan

A Testing planPRIMAVERA, 2007

It is important to gain a good understanding of the projemtgss before starting to pléme

WPI New Residence Halproject. You should also understand what level of reporting is
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required. Providing too little or too much detail will often lead to the schedule being discarded or

not being used.

There are threerpcesses required to create or maintain a @lahe projecit each of the
four levels:

A Collecting the relevant project data.
A Entering and manipulating the data in software.

A Distributing the plan, reviewing and revising(PRIMAVERA, 2007)

The ability of the scheduler to collect the data is as important as the ability to enter and
manipulate the information using the software. On larger prdjket$VPI New Residence Hall
it may be necessary to write policies and pdures to ensure accurate collection of data from

the various people, departments, stakeholders/companies, ar{giaitgs 200%.

3.9 Cost Estimating Process of WPl New Residence Hall

Estimatingof construction worklefinesthe process of calculating the quantities and
costs of the various items entering into the work.

As the estimate is made before the work is done, the estimated cost is only the probable
cost and is never the actual cost. The agreement of the estimateudthake actual cost will
depend upon the skill and judgment of the estimator. Skill implies the accurate use of good
estimating methods, and judgment implies the correct visualization of the work as it will be done

(Ostwald, 199p

3.9.1Kinds of Estimates

An estimate of the cost of a construction job is the probable cost of that job as computed

from the plans and specifications. There are several kinds of estimates as flows;
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1. A Detailed Estimate: which ingtles the quantities and cost of everything that a
contractor is required to provide and do for the satisfactory completion of the work

2. Unit i Quality Method: All the costs of a unit quantity of the item considered are found
and summarized. Then the totaktéor the item is found by multiplying the cost per unit
guantity by the number of unit.

3. TotalQuantity Method: The total quantities of each kind or class of material and labor
needed are first found, then these quantities are multiplied by their inaliziolsts and
the results summed up.

4. Complete Estimate: This is one that includes all costs relating to the work in addition to
those included in the main contract and subcontracts.

5. Architectdés or Engineero6s Esti enasuadyforThi s i
the purposes of financing the work and for checking bids made by contractors.

6. Progress Estimates: This estimate is made by the engineer at periodic intervals during the
progress of the work determining the amounts of partial payments tadetothe
contractor.

7. Final Estimate: This is made by the engineer at the completion of the contract. The
purpose of this estimate is to determine the amount of final payment due the contractor

and also to determine the exact quantities that have be&(BusB&I.S., 2009.

3.9.2Preliminary Investigations of Cost Estimating

Before preparing an estimate, the estimator should visit the site and make a study of the
conditions there.

The work of estimating maysually be divided into five essential subdivisions as follows:
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1. Material: The preparation of a list of materials is known as thedékdhe estimator
takes off the various materials from the plans and specifications and tabulates on quantity
sheets allliese different materials as to kind number, size, weight, volume or other units
used.

2. Labor: When preparing labor estimates, due allowances must be made for variations in
wages, for vacations in the length of time (hours) required to do a certain iteorlgf w
for variations in working conditions, and for variations n the classes of labor required for
different kinds of work

3. Plant: A complete construction plant or equipment for any construction job will include
all temporary building and structures, maciynand tools necessary for the work.

4. Overhead: Overhead costs include such general office and other labor costs as are not
considered as direct productive labor on the job overhead cost includes rents, general
i nsurance, wor kme n 0 spemabsecprigyria, affice equipmentad r an ¢

stationery, taxes. Legal expenses of plans and specificatioffstlgtcson, 1994).

In brief, the main concerns in project management are keeping each activity on budget, time
and séisfy of owners need. In order to apply these objectives to the building process of the WPI
New Residence Hall advance methods must be used. These methods such as cost estimation,

time & scheduling, steel design and foundation design explained in thehagxter.
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4.0 Design

This project covers the design of steglicturefor the New WPI Residence Hall which
includesdesignof beams, girders, floor platesnd staircasand elevator shaffAlso foundation
was another aspect of the design in fimgject; as a result of that a spread footing foundation
was chosen for the building. Additionally, this project also covers the project management
activities of the designed building which includes scheduling, cost estimation and permitting.

As it was mationed before, this building has five floors. The architectural drawing of the
first floor is shown in theigure 11and the architectural drawing of the second to the fourth
floor is shown inFigure 12 Each floor was divided into small bays according to the distribution
of the columns. The bays for one part of the floor are showigimre 13. The other parts of the
floor are symmetric of shown part. For each bay, beams girdeltsnes, floor plates and
sometimes elevator or staircase were considered. The methodology also covered the foundation

design and the cost estimating analysis.
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Figure 11. First floor Plan.
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