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Abstract

This Major Qualifying Project consists of the design 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 foundation from 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, and 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 structure was 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 WPI New Residence Hall.

In this project according to the cost estimation analysis, steel structure was chosen
over the concrete structure because it has lower cost. Based on the cost analysis for a 23’
x 18’ bay in the first floor, the cost of material, labor and equipment for the specified bay
was determined. On the other hand, based on the concrete needs (cubic yard) for the
specified bay, the cost for the concrete structure was calculated and it was compared with
the cost of steel structure. At the end, the costs of both steel and concrete structures of the
specified bay were applied to the whole building then it was found that the steel structure
was cheaper than the concrete structure by $650,000. After it was considered that the
steel was the logical material to be used, time & scheduling activities were done for only

steel structure.

Throughout the design of the steel structure, there were different bays on each
floor that were chosen based on the column locations. The number of beams that would
support the interior part of each bay was selected based on the size of the bay and the
tributary area that each beam should support and in this project it was tried to keep the

limit of each beams tributary area less than 10 ft°.

There are two possible methods to design the girders and columns, tributary area
method (based on the tributary area that each girder or column would support regardless

of any concentrated loads acting on them) and concentrated load method (based on the



concentrated load acting on girders due to the beams or acting columns due to the girders
and cantilevers ). In this project the concentrated load method was chosen because it is

more accurate.

In this project in order to design the floor slab, a composite floor system was
chosen. Basically in composite system there is a specified thickness of concrete slab
which would be poured on top of the metal decking. Similar to reinforced concrete slab,
in composite metal decking, concrete is used because it is strong in compression, and the
metal decking is used because it is strong in tension. 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 capacity than the flat top decking and it would make a better bounding with
concrete so it would have a better shear resistance. The metal decking and the concrete
slab are connected to each other by shear studs which provide more 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 reduces and delays storm water runoffs.
2. Reduces the level of Carbone Dioxide in the air.
3. Provides insulation for the roof. Therefore, the usage of heat and air

conditioning decreases.



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

5. Assists the owner to achieve a LEED certification.

In this project the elevator shaft is located between two beams and the distance
between the beams (tributary area of the beam in that bay) is 7°8”. The width of the
elevator cart was chosen to be 6’8” so it would fit in between the beams and it would

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 delivery system.

In foundation design, a spread footing foundation was chosen because the total
spread footing area was calculated to be less than the area of the foot-print of the
building. In that case, the price of spread footing would be cheaper than the Mat or other

foundations.
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Executive Summary

Worcester Polytechnic 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 upperclassmen. Apartments will contain 4-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 Management and Structural 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 structure was calculated and it was found that it would cost more to for
a concrete structure. As the result the cost of the steel structure was estimated to be $5,950,568

and concrete structure was estimated to be $6,596,166.

Time is other factor that should be considered 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
estimated that 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 departments of the

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 over the concrete
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 designed. There were different sizes of
beams, girders and columns designed for each bay. As a result, for bay 4, beam F-3.2 to G-3.2 is
the biggest member size (33x118) that was designed for this project. For convenience of
calculation for the right beam, girder and column sizes, excel spread sheets were used. Also for

the slab of each floor, a 4.5” concrete slab with corrugated metal decking was designed.

In order to design the foundation, a soil profile was provided based on the standard
penetration test for three 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, three different sizes (6’ thick with 14’x14°, 3” thick with
11°’x11°, 2’ thick with 10°x10’) of foundation for different columns of the building were

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 (due to the elevator 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 lbs and an insider car area of 31.7 square feet (6’8 wide x 4’9 deep).

In this project, detail calculations and explanations of structural design and construction project

management were indicated in the next chapters.



1.0 Introduction

Worcester Polytechnic Institute (WPI) has launched a new project that consists of a new
residence hall between Boynton and Dean St. According to the WPI website, the new residence
hall is a 103610 sq. ft and five story building that will house approximately 232 students (WPI

NewResHall Facts and Figures, 2007). The building will consist of 4 person apartments with

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

recreation and fitness spaces. Figure 1 is futuristic image of the finished building.
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Figure 1. Futuristic image of the WPI New Residence Hall.
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2.0 Background

The new residence hall is specifically designed for upperclassmen students, juniors, and
seniors. According to Janet Richardson, the Vice President of Student Affairs and Campus Life
at WPI, the building is designed to suit the student’s needs and expectations and to provide a
friendly environment which will push the upperclassmen students to remain on campus and

participate in campus life.

As stated on the WPI website (WPI, NewResHall-Facts and Figures, 2007), this building

is considered to be a “green” building; therefore, it was designed under the leadership in Energy
and Environmental Design (LEED) program where approximately 95% of the materials used

were recyclable.

Moreover, the construction of the parking garage is going to solve some of the parking
issues. Some advantages of new parking place are less traffic during morning rush hours, more

parking spots for the visitors etc.

2.1 Objective

The main purpose of this project was to come up with the most efficient structural design
that can be used to suit the needs of WPI. Therefore, different schemes were evaluated in order
to provide the most economical design. This project includes a cost estimation analysis of both
steel structure and reinforced concrete structure in order to decide from a management

perspective which structure is more cost effective.
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This project covered both structural and management aspects. For the structural part, it
covered the steel structure design of the building and the foundation design according to the
Massachusetts Sate Building Code. The project management aspects took into account the cost

estimation and the construction schedule of the building.

2.1.1 The Massachusetts State Building Code

The Massachusetts State Building Code (6™ edition) was used as a reference for all

aspects of design.

The Massachusetts State Building Code is published by the Commonwealth of

Massachusetts (Mass, 2007) 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 National Building Code published by the Building Officials

and Code Administrators, International (BOCA, 2007).

2.1.2 Leadership in Energy and Environmental design (LEED)

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

environmentally sustainable construction. (USGBC, 2007).

LEED was created to accomplish the following issues:

1. Define "green building™ by establishing a common standard of measurement
2. Promote integrated, whole-building design practices

3. Recognize environmental leadership in the building industry
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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 LEED structure by following
the LEED Structure guide in order to make environmental friendly building. This approach of
using the LEED Standards to construct new buildings identifies WPI as an environmentally

friendly campus.

2.1.3 Green Roof System

Green roof systems assist a building owner to achieve a LEED certification. A green roof
is a roof of a building that is covered with plants over a waterproofing membrane, root barrier
membrane, drainage and irrigation systems.

When implementing a green roof, structural and load bearing capacity, plant selection, as
well as, waterproofing and drainage system should be considered. Figure 2 provides a typical

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

Green Roof PMR’

Planting Layer

/— Filter Fabric

Drrainage Layer
(shown: preformed

E = Landscaping Curb  ——,
P - Ballast a
|-~ - drainage sheet)

LRI

e .= *WW
St L e \ N '=_\\ _'_-." . .“\ e
e e e [ RAYRMRATE i —L

4 .
\,\ i\ Y —— STYROFOAM™ Extrudad
\ Voo Polystyrene Insulation

\ Vb Root Barrier Membrane

Y A Fully Adherad
Waterproofing Membrane

Structural Concrete Deck

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

Extensive Green Roofs: lighter than intensive green roofs. Soil depth is 1-6 inches and
weight load 15 — 50 psf. The plants used are usually low to the ground like grass and short

flowers.

Intensive Green Roofs: heavier than extensive green roofs. Soil depth is typically 6-24
inches (or more) and weight load is 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 the advantages provided

by green roofs:

6. Green roofs reduce and delay storm water runoffs.

7. Reduce the level of Carbone Dioxide in the air.

8. Provide insulation for the roof. Therefore, less usage of heat and air conditioning.
9. Increase life expectancy of rooftop waterproofing due to protection from

ultraviolet rays and mechanical impacts. (Dow, 2005)

2.1.4 Foundation design

Foundation is one of the most important parts of the design of a structure, because it has
the responsibility to transfer the structure loads from the columns to the soil. In that case, the
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 Shallow Foundation

14



The Shallow foundation is a type of foundation which transfers the loads from the
structure to the top layers of the ground. The most popular types of shallow foundation are Mat-

slab foundation and Spread footing.

1. Mat Foundation

Mat foundation is a type of foundation which is used when the soil has poor and irregular
conditions, and when the building loads are so extensive. For mat foundations there would be a
specific thickness of concrete slab under the whole area of the building, and there would be

reinforcements within the concrete slab. (Suite101, 2007).

2. Spread Footings

A spread footing or pad footing is used to support a single point of contact, such
as under a pier, column or a post and it is made with reinforced concrete (3000 - 5000 psi
compression). The shape of 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.

2.1.6 Deep Foundation

Deep foundations are distinguished from 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, steel, reinforced concrete and pre-tensioned concrete. Deep foundations can be
installed by either driving them into the ground or drilling a shaft and filling it with concrete,

mass or reinforcements.
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2.1.7 Choosing the foundation 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 which effects the soil properties of that
place. Usually deep foundation is used when the top layers of soil 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 bearing capacity for the structure, then shallow foundation could be considered
for the project.

As it was described before there are different types of shallow foundations. Two of the
ones that will be considered in this project are mat foundation and spread footings. In order to

select one of these two types, 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 other hand for spread 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 of the soil. If the total area of the spread footings covers more than
half the building foot-print, 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 the labor. And if
the area of the spread footings cover less than half of the building foot-print, then the spread
footing would be more desirable since mat foundation would be more expensive than the spread

footings because of usage of more materials.
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Soil Profile

Geotechnical soil reports (soil profiles) are also called Soil reports are determined by
civil engineers who have experience in geotechnical engineering. The soil reports help to
understand the soil properties of the layers of the earth. The soil reports should be provided
before the construction starts and they help to design the foundation of the building. There are
many methods to determine the soil profile such as; test pits, drilling core samples and driving
steel rods into the soil. In this project, standard penetration test is used to determine the soil

conditions.

Standard Penetration Test

Standard Penetration Test (SPT) is mainly used to provide information like strength,
stiffness, density and depth of different soil layers. Normally before any construction, the
geotechnical engineers would choose different spots (boreholes) on the ground where the
foundation of the building will be located and they apply the SPT. At each borehole they would
drive a steel tube with specified dimensions vertically in to the ground by hitting the steel tube
with a specified force and mean while they would count the number of blows (hits) per foot and
they would record it. At a depth that the number of blows per foot is greater, the density of soil is

higher and that results 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 the particular project. 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: Initiating, Planning, Executing, Controlling and Closing.

(NCSU.EDU, 2007)

Project Management activities are important to control the project and meet the
requirements that are specified by the architect and the structural engineer. There 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 projects 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 improvement via collaboration

9. Implementing project communications and oversight (FIN, 2007)

2.2.1 Life Cycle Cost

The main concern in the construction business is the finance and how adequate money
flows in the project. While predicting the project cost, project manager must use some forecast to
balance the actual money and the expenses. If the forecast is not accurate enough and doesn’t
meet the requirements then there will be a big problem for both contractors and owner;
furthermore, project 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
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system for mutually exclusive alternatives which can be used to promote the desirable and

eliminate the undesirable in a financial environment. (Bull, 1992)

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

information about the project 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:

e Simple payback: defined as the time taken for the return on an investment to repay
the investment.

e Net present value: defined as the sum of money that needs to be invested today to
meet all future financial requirements as they arise throughout the life of the
investment.

e Internal rate of return: defined as the percentage earned on the amount of capital
invested in each year of the life of the project after allowing for the repayment of the

sum originally invested. (Hundal, 2001)

2.2.2 Time & Scheduling

A project, in general, is defined as a one-time job that 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 planning of the project is based on cost analysis and the cost analysis is based on

time & schedule.
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2.2.3 Permits

According to Cape Cod Commission (2002) “Building permit means an official document of
certification issued by the building 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
existing 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 permits which are equivalent to the
county permits, regardless of the names by which they are called within a municipality” (Exhibit

1, Model Impact Fee Bylaw).

In this case, Worcester County permit regulations are applied to the WPI new 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
executive inspectors at the laboratories and in case of any failure, permits will not be approved.

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

sample permits and their definitions are explained in permit section of this project.
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3.0 Project Management 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 management profile. In addition, 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 understanding of the 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 managing resources 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 one-time endeavor undertaken to create a

unique product or service, which brings about beneficial change or added value. This property of
being a temporary and one-time undertaking contrasts with processes, or operations, which are
permanent or semi-permanent 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, 2007).

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

project, designer, contractor team CM (Lester, 1991). AIll participants have unique

responsibilities in order to execute the projects. CM 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 between the development of a building and the
construction management. Scheduling, packaging of contracts and life cycle cost, excluding the
development of the building itself, are the instruments that are used by the CM. Construction
Project Management and General Contractor terms are slightly different. Construction 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 Contractor operates sub-project such as

electrical, mechanical, in its own behalf (Clough, CPM, 1979). Provided below, Figure 3 show

the CM hierarchy and the participants in the project process and Figure 4 show the GC hierarchy

and the participants in the project process.
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Figure 3. Construction management hierarchy and the participants in the project process.
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Contractor Contractor Contractor Contractor

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

Additionally, it is important to mention that the CM firms are not responsible for the

design but they help in the design period. While the design process is running, CM supplies the
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designer and project owner with the most efficient economical usage of the material (such as
steel, concrete, wood etc.) and method. Moreover, the firm also points out potential accessibility

to material, labor force etc.

Furthermore, coordination and communication of the project is responsible for CM. CM
firm should organize the relationship between the project owner, designer, construction team,
material and equipment vendors, and external parties governmental regulatory agencies. (Clough
.1979). If there is any leak (secret information) in the organization then the construction project

might fail and the project may not be completed.

Every construction business contains its own uncertainties. Knowledge, experience and
teamwork lead to the professional job in the project management and the completion of every
step effectively, reducing uncertainties as well as risks. Some of the uncertainties in the

construction business arise due to:

1 Extreme fragmentation of the industry, 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 management skills, and inherent inefficiencies in the
industry caused by complex laws and regulations, multi-unions, and the seasonal
nature of the industry in places where construction can be affected by weather.

4 The sharp escalation in construction costs, which places 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 roles. (Stanley Goldhaber, 1977)

Another important concern is the factors that affect the project’s success. In today’s world
technology, economical and financial planning are major concerns for the project success.
Moreover, inflation, construction speed and size of the project are important keys that support

the major elements needed for the success of the project.

Technology has been involved in the construction projects since the 1970s and modern
building ideas lead to the usage of the technological advances. Nowadays, many software and
computer models analysis are used more commonly in the design process giving more choices to
the designer and the project manager in order to see more detailed analysis of materials

subsystems, and methods, etc.

Construction Project Management is an important issue in the construction business and
every year, CM becomes more challenging to finalize adequate construction projects (Foxhall W.

B., 1996).

2.2 Significant Construction Projects at WPI

In recent years, WPI1 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 Park, in order to better understand the necessity of the new

WPI Residence Hall.
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3.2.1 WPI Campus Center

The construction of WPI Campus Center began in the fall of 1999 and was completed in
the beginning of 2001. Gilbane Construction Company was the CM firm on behalf of WPI as the
owner’s representative in the project. Campus Center was built in a site bordered by Olin Hall,
Higgins Laboratories, Alumni Gym and Higgins House.

The cost of the project was $17 million where 35 different subcontractors were involved
in the construction process. Campus Center Project was successfully completed in the specified

time and budget (WPI NEWS, 2007).

3.2.2 WPI New Admission Building: Bartlett Center

Bartlett Center is the first WPI building to be 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 using 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

a M w0 NP

Making better work environments for employees (WPI, 2007)

The Bartlett Center is a two story building, expanded over 16,589-square-foot, and located at
east end of the WPI Quadrangle. Gilbane Construction Company was the CM firm of the Bartlett

Center. The picture of the new admission building, Bartlett Center is shown in Figure 5.
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Figure 5. Bartlett Center.

3.2.3 Gateway Park

Gateway Park is a joint venture of Worcester Polytechnic Institute (WPI) and the
Worcester Business Development Corporation (WBDC). Located in Worcester, near the
intersection of 1-190 and 1-290, Gateway Park is designed as an 11 acre, mixed-use destination
for life sciences and biotech companies and the people who work for them. The picture of WPI

Gateway Park is shown in Figure 6.

Figure 6. WPI Gateway Park.
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The project includes: five life sciences buildings totaling 500,000 square 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 and Federal and state funding (EPA, EDA, Infrastructure and Research

Funds) invested in the projects equal more than $15 million. (WPI, 2007)

2.3 Gilbane Construction Company

Gilbane Construction Company is a family-owned nationwide construction 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 times of the Great Depression. In the 1930s, his sons Thomas and William
joined the company and made Gilbane’s reputation as a pioneer in construction management —
first with major defense projects during World War I, and then with the Smithsonian’s National

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 Company (GILBANE CONSTRUCTION INC., 2007). WPI has been

accomplished many projects with Gilbane Construction Company since 1990s.

Gilbane Construction Company has a wide-ranging CM service which gives construction

management, program management, design-build, general contracting services 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 10" largest building constructor in United States

according to the ENR (Foxhall W. B., 1996).

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

financial institutions.

Finally, the following list shows Gilbane Construction Company’s feature projects in

New England region:

1. Keene State College Science Building

2. Fidelity Investments, 245 Summer Street

3. Jordan Hospital 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 Campus - Utility Delivery Systems (GILBANE

PROJECTS, 2007).

29



2.4 Construction Management at Risk

Construction Management at risk (CM at risk) is a project delivery system that refers to
production of construction relationship 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)

(CSCQS, 2007).

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, hiring CM as early as possible may increase the strength of the

project and has a great influence to understand both sides, owner-CM, during the project.

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

Investments 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. Outgoings (Norman, 1993)

Forecasting is another factor that must be considered to reduce risk in the project 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 projects, 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.

the Figure 7, the forecasting processes is shown (BTF, 2007).

* Knowledge

+ Skill/Judgment/experience
+ Intuition

*Bias

* Scope; Insights, Data,
Assumptions

*Forecasts

Figure 7. The forecasting process.

At

In manufacturing and construction industry; risk is defined as widespread to all aspects of the

investment decision. The investor needs some knowledge in any emergency cases (such as

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

economic conditions), so risk position can be determined.

Typical risks on a construction project include:

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

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 the project
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4. Exceptionally inclement weather delaying the project

o

Strike by the labor force

Sk

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 occurring in 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

11. Failure to complete the project within the client’s budget allowance (Norman, 1993)

WPI New Resident Hall project is well defined and logical choice for WPI’s long term
development. Every year, unknown incoming freshmen need more accommodation. In this case,
WPI hired Gilbane Construction Company which has done many construction 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.

2.5 Permits

Permits are the rules that define the minimum acceptable level of safety for construction
projects and they allow the enforcement of codes which are provided by the state or country.
When someone wants to invest in a building project, the building has to be built according to the
building codes and the permits, therefore the building permits should be provided before the
construction starts. The purpose of the building permits are safety and protection of public

health.
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Before any construction or remodeling work begins, the zoning permits 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
building applications are: “Where the work will be done”, “What work will be done”, and “How
the work will be done”. The drawings, sketches and other plans of the building should be
submitted for review. If the building is in agreement with the zoning code, building application
and other applicable laws, then the application is accepted. If not, 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 by the Code 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
responsible 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 township. Table 1 provides a list of the permits that are required
for residential construction with a brief definition of each one; however Appendix F includes a

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

Permit name

Brief definition

Massachusetts State Building Code

This code was established by governing the
construction work in the Commonwealth and
Commonwealth of Massachusetts. This code

depends on the National Building Code published
by Building Officials and Code Administrators
(BOCA).

Massachusetts Electrical Code

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

addition, replacement, or change in the design of

an electrical system

Massachusetts Plumping Code

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

Mechanical permit

for installation, addition, replacement, or change
in the design of a heating or air conditioning
system

Lexington Zoning By-Law

This code is depended on the unique to each
town. Basically, this code by-law is mostly to
specify which uses are allowed to use for the
town where these uses are allowed and controls
are put on the these uses; building heights,
parking requirements, setbacks. The each town
accept own by-lays which govern uses of
property which does not include the method of
construction, that being under the scope of the
above listed codes

Zoning Permit

Governs conformity to property zoning
classification and setback requirements.

Gas piping permit

does not also have a heating or plumbing license.

For installation, addition, replacement, or change
in design of a gas piping system. This permit is
typically issued to a gas piping contractor who

Any gas piping done by a heating or plumbing
contractor may be included under their
mechanical or plumbing permit

Sewer Service Approval

Application for new sewer service or additions to

existing sewer systems (new fixtures) should be
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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Water Service Approval

Applications for new water service should be
made directly to the Asheville Buncombe Water
Authority. The Building Safety Development
Services Center can provide assistance

Driveway Access Permit

for a driveway connection to a city street

2.6 Fast 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 project. The process of fast track is shown 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 Residence Hall project. The construction method is

chosen as Fast Track in the WPl New Residence Hall because this method decreases the time

from concept to completion notably and allows developing the 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 commenced. To perform

all of these functions will take a certain amount of time (DCD, 2006).

3.7 Project Management of WPI New Residence Hall

Today, construction is a project-oriented 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 complexity as
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, many specialist 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 completion. If 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 completed by modern 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 that places a 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 of increased 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
reliable estimates to substantiate the management’s ability to execute and control the operations

economically (Van Kempen, 1993).

Time & Scheduling process of the WPI New Residence Hall is estimated and calculated
by computer software called “primavera” and all management activities are organized and placed

according to the CSI index system in a logical way as shown in Figure 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. CSI index system.

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

process which is widely described in Construction Cost Estimate book (Tumblin, 1990) and all
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variables are shown 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 WPl New Residence Hall

The purpose of time scheduling progress planning of the WPI New Residence Hall is to
build a model that allows predicting 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 and how it is organized for specific project.

Time & Scheduling strategies may be implemented to ensure that activities and resources
are managed properly, thus ensuring that the project will be delivered both “on time” and “within

budget”.

WPI New Residence Hall project planning aims to:

= Optimize time

= Evaluate different methods

= Optimize the use of resources

= Provide an early warning of potential problems

= Enable you to take proactive and not reactive action
= |dentify risks

= Set priorities (Harris, 2005)

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

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

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

= Loss of your client’s revenue

= Contractual disputes and associated resolution costs
= The loss of reputation of those involved in a project

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

Specific Project Planning Metrics of the WPI New Residence Hall:

There are three main components (Figure 10) that may be measured and controlled using
planning and scheduling software:
. Time

. Cost
. Effort (resources) (Harris, 2005)

Time

Resources

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

scheduling software but may have components reflected in the schedule includes:

= Document management and control,
= Quality Management,

= Contract Management,

= Issue Management,

= Risk Management

Understanding the WPI New Residence Hall Project:

Before the process of creating a project plan starts, it is important to have an understanding
of the WPI New Residence Hall project and how it will be executed. On large, complex projects,
this information is usually available from the following types of documents:

= Project scope

= Functional specification

= Requirements baseline

= Contract documentation

= Plans and drawings

= Project execution plan

= Contracting and purchasing plan

= Equipment lists

= Installation plan

= Testing plan (PRIMAVERA, 2007)

It is important to gain a good understanding of the project process before starting to plan the

WPI New Residence Hall project. 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 three processes required to create or maintain a plan of the project at each of the
four levels:

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

= Distributing the plan, reviewing and revising it. (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 projects like WPI New Residence Hall,
it may be necessary to write policies and procedures to ensure accurate collection of data from

the various people, departments, stakeholders/companies, and sites (Harris, 2005).

3.9 Cost Estimating Process of WPI New Residence Hall

Estimating of construction work defines the 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 estimated cost with the 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, 1992).

3.9.1 Kinds 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 includes the quantities and cost of everything that a
contractor is required to provide and do for the satisfactory completion of the work

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

3. Total-Quantity Method: The total quantities of each kind or class of material and labor
needed are first found, then these quantities are multiplied by their individual costs 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. Architect’s or Engineer’s Estimate: This is made by the architect or engineer usually for
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 to be made to the
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 been used (B.1.D&I.S., 2006).

3.9.2 Preliminary 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 may usually be divided into five essential subdivisions as follows:
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1. Material: The preparation of a list of materials is known as the take-off. The estimator
takes off the various materials from the plans and specifications and tabulates on quantity
sheets all these 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 item of work,
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, machinery and 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
insurance, workmen’s compensation insurance, special security tax, office equipment and

stationery, taxes. Legal expenses of plans and specifications etc (Atkinson, 1994 ).

In brief, the main concerns in project management are keeping each activity on budget, time
and satisfy 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 the next chapter.
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4.0 Design

This project covers the design of steel structure for the New WPI Residence Hall which
includes design of beams, girders, floor plates, and staircase and elevator shaft. Also foundation
was another aspect of the design in this project; 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 mentioned before, this building has five floors. The architectural drawing of the
first floor is shown in the Figure 11 and the architectural drawing of the second to the fourth
floor is shown in Figure 12. Each floor was divided into small bays according to the distribution
of the columns. The bays for one part of the floor are shown in Figure 13. The other parts of the
floor are symmetric of shown part. For each bay, beams girders, columns, 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 13. Bays location in Left side and Middle side.

4.1 Steel Design

As indicated above the steel structure included the design of beams, girders, columns,
floor plates and sometimes elevator or staircase. For sample calculation bay 1 which is 20.5°x23’
was chosen to be designed. Figure 14 is a sketch of bay 1 and the location of this bay is shown in
Figure 13. As it is shown in Figure 12, this bay covers a kitchen so there would not be any

elevator or staircase. All the variables, equations are taken from Structural steel design book,

2006.
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Figure 14. Sketch of bay 1.

4.1.1 Beam Design

Floor Beam Design

Dead load and live load were obtained and calculated according to the Massachusetts

Building Code (MSBC 6™ edition, 2007), using Appendix G of MSBC for dead load and chapter

16 of MSBC for structural live loads and Snow loads. Table 10 and Table 13 in Appendix A

show the dead, live and the snow loads for each floor.
The computed dead load included the weight of the concrete slab, floor finish, MEP,
cement tiles, interior and exterior walls. However the live load included the load provided for a

hotel building since no load specifications were given for residence halls. The values of the live
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load changed according to the designed bay. For instance, the assigned live load for bedrooms is
40 psf , however it is 100 psf for living rooms. Appendix A includes a list of the loads used. The
weight of the beam was ignored in the beginning and then added to the total weight after the
beam size was selected.

Different schemes were considered in order to come up with the most economical design.
The method provided below was used to analyze each of the trial schemes. A sample calculation
of two different schemes is provided in Appendix B.
The factored design load of each of the schemes was calculated using the following equation

W=12DL+16LL

The calculated weight was used to calculate the maximum design moment —using the

following equation
M, = 1/8 WL?

In order to use table 3-19 of the AISC Manual, 2006 to find an appropriate beam size, Y2

was calculated assuming that the concrete stress block “a” is equal to 1.0 and the moment
provided in the table was compared with the value of M, obtained to select the beam size
The values obtained for each of the schemes were used to satisfy the ¢ My> M, inequality for
both full and partial composite.
My = (As) (Fy) (d/2 +t +a/2)
®=0.90
Noting that the M,, Value is given in the AISC Manual section 3-19
Once the beam size was determined the actual value for Y2 and the actual depth of the

concrete compression zone “a” were calculated
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a=> Qn

0.85 fcbe

Where F’. is equal to 3.0 ksi and E equal to 29000 ksi for steel.

For each option the number of % in diameter studs, the Y. Q, required along the beam
span was calculated using the tabulated horizontal shear force given in table 3-19 of the steel
manual.

The number of shear studs for each alternative was calculated using the following equation
N=V,/Q,
Where Q, is equal to 0.5 AscV (f¢* Ec)
The deflection of the composite section during service was calculated for each alternative

using the following equation

Dead load deflection: Dg=5Wyx L*
384 EI
Live load deflection: DL=5W,x L*x 0.5
384 EI

Where |1 =AsYs x AcsYc Also, I value is provided in the steel manual section 3-20.
As + Acs

And the live load deflection was limited to L/360 or 1in max.
The strength, and deflection of the structural steel beam used in unshored construction
were calculated for each alternative using the following equation:

Dc=5W, L’
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384 Ely
Where W, is the factored live load, and I is obtained from table 1-1 of the steel manual
And the unshored deflection was limited to 1.5in max.
Partial composite:

Table 3-19 of the steel manual was used to choose a M, value that is bigger than the Mu
value calculated, in order to select the TFL value.

Once the TFL was chosen the same calculation used for the full composite action were
repeated and a reduced amount of studs was calculated. And in order to finalize our decision the
spacing of the studs, as well as the deflection of the composite section during service and in
unshored construction were checked.

Table 3-20 of the steel manual was used to obtain the Lower Bound Moment of Inertia

needed to calculate the deflection of the composite section during service for each alternative.

Roof Beam Design

The design of the roof beams differed from the floor beam design only by the selection of
the loads acting on the roof. The dead loads acting on the roof consisted of roof decking, MEP,
suspended ceiling, cement tiles and exterior walls when applicable. The main live loads acting on
the roof are the snow load and roof live load. According to the Massachusetts State Building
Code, the roof live load is equal to 20 psf, and the snow load is equal to 35 psf.

The following load combinations were used in order to determine the most critical axial
force P,

1.2 DL + 0.5(L; or S)

52



1.2DL+16(L;orS)
Where L, is the abbreviation for roof live load and S for snow load. In this project the snow load
was used because the snow load is bigger than the roof live load in the Worcester zone.

The middle part of the building consists of a green roof. Therefore, the dead load of the
roof for this section should also include the loads applied on the building because of the green
roof. This load is determined according to the type of green roof installed. The type of green roof
installed is usually selected by the customer (owner of the building). However, in this case,

Extensive green roofs were used for this building with an assumed weight load of 30 psf.

4.1.2 Girder Design

Girders could be designed using two different techniques. These two techniques mainly

differ by the method applied to calculate the max Moment.

1. Girders could be treated as beams therefore the beam design process would also be
applied to design girders. However the span and length of the girders are different and
usually bigger than the beams therefore the tributary area and width would be different.

2. The superposition law will be used to compute the max moment. The distributed loads on
the beams will be converted into concentrated load on them and since girders support the
beams, the reactions on the girder due to the beams will be calculated. Sometimes other
than the concentrated loads due to the beams, there are distributed loads that the girder
would have to support. The girders are supported by the columns and based on the loads
that were acting on the girders; the support reaction provided by the columns will be

calculated. After calculating the support reactions which support the girders and the loads
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on the girders, by using the superposition law and the moment diagram, the maximum

moment will be calculated.

The first technique was used to compute the girders in the same direction as the beams.
However, the second method will be considered to calculate the rest of the girders since finding
the reactions at the girder’s supports will facilitate further calculation.

Girders are taken as simply supported beams with concentrated loads. The applied concentrated
loads include loads from both bays that the girder is supporting. The shear and moment diagram
were drawn in order to find the maximum moment. The steel manual was used to select the
appropriate girder size.
The moment caused by the weight of the girder was calculated using the following formula

M, = 1/8 WL?

Since the weight of the girder was treated as a distributed load. Both moments were
added together, using the superposition law, in order to find the maximum moment.

As done in the beam design, both full and partial composite were considered in order to
come up with the most sufficient structure.

Deflection was checked using the following formula

ML* SWL* L(in)

= ormax 1"
Clx 384E] 360

Deflection is calculated using unfactored loads. And the value C1 is a constant that

depends on the loading condition. In this case, C1 is equal to 158 at center.

4.1.3 Cantilever Beam Design

Cantilever beams were also considered in our design since the columns were neither in

perfect shape nor at the corners.
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As well as the girder design, the superposition law was also considered in designing the
cantilever beams. However, in this case the cantilever beam has to also support some tributary
area. Therefore the computed max moment included the moment from the tributary area that the
beam is suppose to cover as well as the moment caused by the weight of the beam and the load
from the girder.

To select the appropriate cantilever beam size the steel manual was used. Then the
deflection was checked using the following formula.

PL* wL* - L(in)
3EI S EI 360

or amaxof 1"

W includes the weight of the beam and the weight from the tributary area. Unfactored weight is
used in both cases. The value of 1 is obtained from the steel manual table 1, and E is equal to

29000 KSI.

4.1.4 Column Design

The column design for the first two floors is based on the column size needed for the first
floor to resist the load from the above four floors and the roof. The column design for the third,
forth, and fifth floor is based on the column size needed for the third floor to resist the loads from
the fourth and the fifth floor, as well as, the load from the roof. Columns support the loads
coming from the girders and cantilever beams. The loads acting on the columns were added
together, and the sum of all these loads was used to select trial size columns from AISC manual

of steel construction.

When selecting the appropriate size, the width of the flange of the girder as well as the

thickness of the web and the width of the flange of the column selected were taken into
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consideration in order to choose a size that fits with the size of the girder selected. In general,

W12 and W14 are the most preferred steel column sizes.

Finally the capacity of each of the trials was evaluated using the interaction equation. The

interaction equation was simplified to the following since no bending effect was considered.

Pu

oPn

Where Pu is equal to the sum of the loads acting on the column and Pn was calculated

using the following formula.
Pn= @ fcr Ay

To apply the appropriate formula to calculate Fcr, it was necessary to identify if the columns
used were short and intermediate or long. To do so, the column action was calculated in both X

and Y direction, using the following formula.
(K(x, y)*L(x, y))/R(x, y)

For each column, the highest value obtained governed. And this value was used to identify if the

column is short or long using the following formula.

An= 4.71 /E
Fy

/ E ) .
If value obtained < 4.71 F_ then the column should be treated as a short or intermediate
y

column.
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: / E
If value obtained > 4.71 = then the column should be treated as a long column.
y

For short and intermediate frame,

Fcr = (0.658 Fy/Fe) * Fy

T+ E
Fe = -
cre)
Ry
For long frame,
Fcr=0.877 Fe

Columns in the staircases and elevators were designed using the same technique as the
rest of the columns in the building. However columns in the stair cases and elevator have to
support different loads than the rest of the columns. Loads acting on a stair case and elevator

were obtained from the Massachusetts State Building Code, chapter 16.

4.1.5 Floor Plate Design

Since steel decking was considered in our design, the shear studs used in the composite
system provides the reinforcement needed. Shear studs are designed to convert the concrete

pored and the steel decking into one stronger system that work together to carry the floor load.

Figure 15, Figure 16 and Figure 17 provide a list of typical composite floor deck profile and

properties. This information is obtained from the Steel Deck Institute website (SDI, 2005)
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Figure 15. Typical composite floor deck profile.
; Nominal ]
Composite Floor Name Thicknass | Weight Comments
Deck Praofiles Range Range
| 36”OR 24" COVERAGE = 1w 12 Embeossment patterns will vary
| 27X 03" 2 psf from manufacturer to manufacturer.
312 to to Side laps are flat adjustable
17 Composite 06" 4 psf ar button punchable.
o 24-1/2" COVERAGE
03" 2 psf
"KE" to to
k_ 9| Composite 06" 4 psf
a1,
L 36"0R 30" COVERAGE N
Embeossment patterns will vary
1w\ X6" 03" 2 psf from manufacturer to manufacturer.
. Composite to to Side laps are flat adjustable
4 08" 4 psf or button punchable.
. Embossment patterns will va
ke 247 COVERAGE ™ from marurl'ac':wer to mmularimmc
| | E ey 03 2 psf Side laps are flat adjustable
L{ U U L Composite to to or button punchable.This profile
" 06" 4 psf is not generally suitable for use

with shear studs.

Figure 16. Properties of composite floor decks.
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In order to decide which steel decking to use it was necessary to refer to the tables

provided by the United Steel Deck (INC) website. (USD, 2007).

To select the appropriate steel decking, the highest Live Load applied on the building
(125 psf) was needed as well as the depth of the slab (4.5in).

To support the load of 125 psf and to satisfy the thickness requirements (4.5 in), the B-
Lock composite decking was used. This type of decking includes shear studs and it is made of

1.5 inches corrugated decking, 60.c.

B-LOK

By v
W f:"" Zop Slal Depth
1% I
B

30" cover shown (36" preferred)

Figure 17. Sketch of a B-LOK composite deck.

Table 2, provided by the United Steel Deck website, includes different kind of composite
steel decks that could be used for the design, according to the requirements of the structure being
built. As stated on the website: “The Uniform Live Loads provided in the table are based on the
LRFD equation oM, = ((I.6L + 1.2D)*L?)/ 8.Although there are other load combinations that
may require investigation, this will control most of the time. The equation assumes there is no
negative bending reinforcement over the beams and therefore each composite slab is a single

span.” (USDI, 2007).
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Table 2
Composite steel deck capacities based on slab thickness and length.

L, Uniform Live Loads, psf*

3

650 7.00 750 8.00 850 9.00 950 10.00 10.50 11.00

I 400 400 400 350 2% 255 190
@ [ 450 4478 400 400 400 400 345 300 260 225 195 175 155 135 120
9 500 5137 400 400 400 400 400 s 205 260 225 200 175 156 140
550 5796 400 400 400 400 400 385 335 280 255 25 200 178 155
o 600 6455 400 400 400 400 400 400 a5 325 285 250 220 195 175
ﬁ 650 7115 400 400 400 400 400 400 400 360 315 275 245 215 185
675 7444 400 400 400 400 400 400 400 s 330 290 255 225 200
100 7r74 400 400 400 400 400 400 400 390 345 305 270 240 210
400 4545 400 400 400 400 355 305 265 235 205 180 160 145 125
O a5 s a0 400 400 400 400 360 315 215 240 215 190 170 150
500 6144 400 400 400 400 400 400 360 A5 280 245 220 195 175
550 6943 400 400 400 400 400 400 400 360 s 280 245 220 195
600 7743 400 400 400 400 400 400 400 400 350 30 275 245 220
S | 650 8542 40 400 400 400 400 400 400 400 390 M5 305 270 240
N | e 8040 40 400 400 400 400 400 400 400 400 360 320 285 255
I 400 400 400 400 375 335 0 200 RO
400 5241 400 400 400 400 400 360 30 275 240 215 190 170 150
O |45 6181 40 400 400 400 400 400 arn 320 285 250 225 200 180
9 500 T20 400 400 400 400 400 400 400 3r 330 280 260 230 205
o 550 8060 400 400 400 400 400 400 400 400 370 330 2% 260 235
600 9000 400 400 400 400 400 400 400 400 400 370 325 295 260
) | 650 9939 400 400 400 400 400 400 400 400 400 400 360 425 290
= 675 10409 400 400 400 400 400 400 400 400 400 400 380 0 305
700 10879 400 400 400 400 400 400 400 400 400 400 3% 355 320
400 5842 400 400 400 400 400 400 350 305 27 240 215 185 160
O 45 60 0 400 400 400 400 400 400 365 320 285 255 225 205
500 TeT3 400 400 400 400 400 400 400 400 30 330 2% 265 235
550 9039 400 400 400 400 400 400 400 400 400 375 336 300 2
600 101.05 400 400 400 400 400 400 400 400 400 400 75 336 300
Q0 | 650 1111 400 400 400 400 400 400 400 400 400 400 400 an 330
= | 675 117.04 400 400 400 400 400 400 400 400 400 400 400 390 350
700 12237 400 400 400 400 400 400 400 400 400 400 400 400 365
400 5842 400 400 400 400 400 400 350 305 270 240 215 185 160
3 450 6907 400 400 400 400 400 400 400 365 320 285 256 225 205
500 7973 400 400 400 400 400 400 400 400 370 30 295 265 235
g‘ 550 9039 400 400 400 400 400 400 400 400 400 375 el 300 270
6.00 10105 400 400 400 400 400 400 400 400 400 400 375 35 300
O | 650 117 400 400 400 400 400 400 400 400 400 400 400 i) 330
= | 675 117.04 400 400 400 400 400 400 400 400 400 400 400 390 350
700 12237 400 400 400 400 400 400 400 400 400 400 400 400 365

4.1.6 Stair Case Design

The design of the stair case includes the design of two different landings and the design
of the columns. There are two different types of landings (in terms of beams and girders being
used) in this design; Type | which includes the entrance to the floors and Type Il which is
located in between the two floors. Drawings of the stair case and all the beams with their name

for reference are provided in Figures 18 and Figure 19.
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Figure 18. Top and section view of the stair case.
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Figure 19. 3D view of the stair case.
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1. Type I landing:

-Beam I: 4 feet long with a tributary width of 4.5 feet. It is located in the middle of the landing
and it supports the live and dead load of the landing. This beam is supported by two other beams:
Exterior beam and Beam I1.
-Beam I1: 9 feet long and it supports the Stair way as well as the Beam I. This beam is supported
by two long girders at the side of the stair case bay.
-Exterior Beam I: 9 feet long and it supports the Beam I. This beam is supported by two
columns.
-Exterior Beam II: 9 feet long and it supports the Beam in Bottom bay. This beam is supported
by the columns.
-Girders: 18 feet long with a tributary width of (4.5/2 + 7.6667/2) which is 6.08 feet. This girder
supports some load of the floor and the landing as well as Beam Il. This girder is supported by
the columns of the stair case bay.

2. Type Il landing:
This landing includes five small beams and the only difference with Type I is that, instead of two
girders it has two cantilever beams.
-Beam | which has the same application, location and size of the one in Type I landing.
-Beam 11 which also has the same application of the one in Type Il landing, but this beam is not
supported by two girders and instead it is supported by two cantilever beams.
-Cantilever beams: 4 feet long and supports a tributary width of (4.5/2) which is 2.25 due to the
live and dead load of the landing. These cantilevers are supported by the columns of the stair

case bay.
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-Exterior beam: It has the same application as the one in Type I landing.

4.1.7 Elevator Design

The concept of the elevator consists of a rectangular empty space from the highest floor
(roof) to the lowest floor (Basement). This rectangular area provides space for the elevator room
(elevator car) to move up and down. Drawings of the elevator and all the beams with their name

for reference are shown in Figure 20.

I | /
Pl
/ : iher  Floor
/'l / /Iy/ Efe viofor Boy
/A

Figure 20. Layout of the elevator case.
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In this project the elevator space is located in a bay called the elevator bay. This bay is
23°x23’ and it has 2 beams in the middle to support the loads on it. The tributary width of the

beams is 7.67° (7° 8”) so the rectangular open space for the elevator is designed in a way so it

would fit in between the beams.

Based on a table from an elevator design book (Straksoch, 1998) as shown in Figure 21,

recommended elevator room properties for the dormitories and residence halls are listed as:
Maximum Load capacity: 2500-3000 Ibs.
Door Type and Size: 3’ 6” center opening.

Table 11.1. Residential buildings

Recommended Maximum

Type of Building Population Criteria 5-Min Capacity Interval

Hotel 1.5-1.9 persons/room 10-15 per cent 40-60 sec
Motel 1.5-1.9 persons/room 10-12 per cent  40-60 sec
Apartments

Downtown 1.5-1.75 persons/bedroom 5-7 per cent 50-70 sec

Development 1.75-2 persons/bedroom 6—7 per cent 50-90 sec
Dormitories
Cafeteria feeding 200 ft2 net/person
Dining room feeding 200 ft2 net/person
Residence Halls Same as dormitories
Senior Citizen Housing}

Housing for Elderly

50-70 sec
50-70 sec

10 per cent
15 per cent

1.25-1.5 persons/bedroom 6 per cent 50-90 sec

Recommended Elevator Size

Type of Building

Passenger Elevators

Size; Door Type and Size

Service Elevators

Size; Door Type and Size

Hotel
Motel

Apartments

g< Dormitories }

Residence halls
Senior Citizen Housing,
Housing for Elderly

3000-3500 1b 3’6’"" center-
opening

2500-3000 1b 3’6’ center-
opening

2000-2500 1b 3’0’ single
slide

2500-3000 1b 3’6" center-

opening

2000 1b 3’0" single slide

35004000 1b 4’0" center-
opening

3500 1b 470’ center-open-
ing

2500 1b 3’6" 2 speed

Use passenger elevators at
off peak times.

Arrange 1 passenger car
2500 1b 3’67 2 speed
doors.

Recommended Elevator Speed (in fpm)

Apartments Dormitories

and and

Building Housing for Residence

Height Hotels-Motels Elderly Halls
2-6 floors 200 100 200
6-12 floors 250 200 250
12-20 floors 350-500 250-350 250-500
20-25 floors 500 350-500 350-500 For buildings of
25-30 floors 700 500 500-700 height, local ant
30-40 floors 800-1000 500-700 700-1000 express it
40-50 floors 1000-1200 1000-1200 1000-1200 should

sidered.

Figure 21. Recommended elevator room properties for residential buildings.

65



According to one of the tables of the same elevator design book (Straksoch, 1998), as it is

shown in Figure 22, for the Capacity of 3000 the following information was given:

Inside car Area: 31.7 sq. ft
Inside car Size: 6’ 8 wide x 4°9” deep

Number of persons could fit: 16

Table 2.1
Capacity ~ Inside Car Area Average Loading
(pounds) (square feet) Inside Car Size Persons
2000 23.2 60" wide X 3'8'' deep 10
2500 28.3 6'8" wide X 4'3"" deep 12
Mo &~ 3000 31.7 6'8"" wide X 4’9" deep 16
3500 37.5 719! wide X 4’9" deep 19

now make access to the door difficult and generally require someone
to step out of the car to let others out. These complications add a time
delay to each elevator stop, which accumulates during the total trip
and seriously reduces efficiency. The deep, narrow arrangement also leads
to loss In passenger capacity—15 passengers Versus the 16 passengers
shown in Figure 2.1. Part of this loss is from the extra space required
for doors, but most is from platform shape.

Study of the two illustrations suggests the conclusion that the most
efficient elevator car is only one person deep! This is true but not practi-
cal because efficient door arrangement must also be considered.

ANNNNN

® @
@

e

.

49"

L ¢

Figure 2.1

Figure 22. Interior elevator size for different load capacities.
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Based on one of the figures of Straksoch elevator design book, Figure 22 in this MQP,
the actual size of the elevator room is 7° x 5°6”. As it was mentioned before the beams tributary
width is 7° 8” so there would be enough space to use the elevator with given information.

The maximum capacity of the elevator room is 3000 Ibs. Typically in an elevator system
there is a counter weight, the counterweight adds accelerating force when the elevator car is
ascending and provides a retarding effort when the car is descending so that less motor
horsepower is required. The weight of a counter weight is usually about 40%-50% of the

Maximum capacity of the elevator cart plus the weight of the elevator cart itself.

Based on an article about elevator renovation which was published by HKA Elevator

Consulting, 2007, it is shown that the elevator car weighs around 4000 Ibs. Also it is shown that

the elevator system is designed based on the weight of the cab interior finishes at the time of the
original installation. The elevator code permits cab renovations to exceed this initial weight by
no more than 5% of the Total Load.

The Total load on the elevator is summarized here:

-Maximum Capacity of the elevator car = 3,000 Ibs.

-Weight of the elevator cart itself = 4,000 Ibs.

-Weight of the counterweight = 4,000 + 0.5(3,000) = 5,500 Ibs.

- 5% Allowable Weight = 0.05(12,500) = 625 Ibs.

Total Weight = 13,125 Ibs = 13.125 K.
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Load Support:

1. Elevator Bay on Roof Floor:

Basically there is a cable to transfer the load 13.125 K to the pulley which is on top of the
rectangular space (roof). The pulley is supported by beam A in the middle of the rectangular
opening on top. The length of the beam is 7.67” and is supported by beam B and girder C in the

Elevator Bay as it is shown in Figure 20.

The two beams (B and F) and two girders (C and D) in the Elevator Bay support the load
of the elevator mechanical room (live 125 psf and regular dead load for the roof) located on the

roof, as well as the roof itself as shown in Figure 20.

2. Elevator Bay on other Floors:

The Beams and Girders in the Elevator Bay located on the other floors, as shown in Figure 20,
support a live load of 125 psf (due to the Trash/Recycle Room and Support Area) and a dead

load of 124.3 psf (regular floor dead load).

4.1.8 Excel Spreadsheet Explanation

The excel spreadsheets were provided to assist in calculation and selection of the

appropriate members. The spreadsheets conducted for the design of bay 1 are provided in

Appendix C.

68



The information highlighted in yellow and sometimes in green are the inputs needed to
be inserted into the program and the other information are the output automatically calculated

according to the programmed equations.

As it is shown in the excel spread sheets in Appendix C, the information highlighted in
yellow consist of the loads acting on the member, the size of the member and its properties such
as area, depth, moment of inertia and moment capacity were obtained from the AISC steel

manual.

In order to decide whether a member is adequate or not, it was very critical to check for
deflections: dead load, live load, and construction live load deflection in case of beam and girder
design. To arrive to this final decision, equations were entered to first calculate the factored
weight acting on the designed members and the moment needed. Once the member size was
chosen accordingly, the appropriate moment was found using the interpolation method and then
deflection was checked. This method was used for both full and partial composite. The
spreadsheet also included the calculation of the number of shear studs needed for both full and

partial composite.
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4.2 Foundation Design
In this project the top soil layers properties which are summarized in the soil profile are
strong and they have a high enough bearing capacity to support the structure, so shallow

foundation could be considered for this project.

4.2.1 Standard Penetration Test (SPT) for WPI Residence Hall

In this project there were three places chosen to do the boreholes for SPT. The whole

building was divided into three blocks and each SPT was taken place at middle of each block as

it is shown in the Figure 23.
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Figure 23. Borehole locations.
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The data (assumed) and the graphs for each of these three tests are shown in Figures 24,

Figure 25 and Figure 26.

As it is shown, the total number of blows to get to a stable enough soil for borehole #1 is
higher than the other two and for borehole #2 is higher than borehole #3.

At the point that the difference of #of blows per foot of two different depth is high, it is
known that the rod have entered a new and stronger layer of soil. For example in borehole #3 at
the depth of 20 feet under the ground elevation the layer of soil changed. At this point the # of
blows to go down one foot (21 foot under the ground) was 22 blows, comparing that to the
previous blows per foot, there is a greater difference. This point is shown with “Top of Bedrock”

in the diagram.
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Figure 24. Borehole # 3 data and graph.
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Figure 25. Borehole #2 data and graph.
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Bore #1
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Figure 26. Borehole #1 data and graph.
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Based on the Diagrams and considering the different depth of bedrock for each borehole

a cross sectional sketch of the boreholes and the soil under the structure is shown in figure 27.
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Figure 27. Cross sectional profile of boreholes.
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The Ngo value (SPT N value corrected for field procedures) for the standard penetration

test that was done in this project is calculated as:

Nso = (Em*CB*Cs*CR*N) / (06)

Where Er, is the hammer efficiency which is assumed to be in US, donut hammer with 2 turns on

cathead and it is equal to 0.45 (Table 3).
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Cg s the borehole diameter correction factor which is assumed to be 65-115 mm (2.5-4.5 in) and

it is equal to 1.00 (Table 4).

Cs is the sampler correction factor which is assumed to be standard sampler and it is equal to

1.00 (Table 4).

Cr is the rod length correction factor which is assumed to be 3-4 m (10-13 ft) and it is equal to

0.75 (Table 4)

N is the SPT blow count recorded in field and for borehole #1 (Figure 26) and #3 (Figure 24) it is
22 blows/foot and for borehole #2 (Figure 25) it is 24 blows/foot. The 22 blows/foot is going to

be used for the N value in the calculations.

The Ngg value is

Ngo = (0.45*1.00*1.00%0.75*22)/ (0.60)

Neo = 12.38 blows/foot
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Table 3
SPT hammer efficiencies.

TABLE 4.3 SPT HAMMER EFFICIENCIES (Adapted from Clayton, 1990).

Hammer Type Hammer
Country (per Figure 4.10) Hammer Release Mechanism Efficiency E,,
Argentina Donut : Cathead 045
Brazil Pin weight Hand dropped 0.72
China  Automatic Trp. " 0.60
~ Donut Hand dropped 0.55
~ Donut ‘Cathead 0.50
Colombia Donut Cathead 0.50
Japan Donut Tombi tﬁ'gger 0.78-0.85
Donut Cathead 2 turns + special release 0.65-0.67
UK Automatic Trip 0.73
us Safety : 2 turns on cathead 0.55-0.60
Donut 2 turns on cathead 045
Venezuela Donut Cathead 043

Table 4

Correction factors for borehole, sampler and rod.

TABLE 44 BOREHOLE, SAMPLER, AND ROD CORREC-

TION FACTORS (Adapted from Skempton, 1986)

_Facmr . Equipment Variables Value
Ezzl:n]; diameter 65-115 mm (2.5-4.5 in) 1.00
e 150 mm (6 in) ' 1.05
200 mm (8 in) . 1.15
Sampling method St |
o andard sampler 1.00
Sampler without liner 1.20
_{nc:nt recommended) 1
Rod length factor, C,, 3-4 m (10-13 ft) . 0.75:
4-6m (1 3-20 ft) ; 0.85
6-10 m (20-30 fi) 0.95
2 =10 m (=30 fi) 1.00
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Based on the SPT sample in Figure 28 which was taken from Foundation Design book by

0-21
Donald P. Coduto, 2006 it is shown that for blow counts for Ngo values between

i 12.38
(blows/foot), the soil is classified as Silty Sand. In this MQP the Ngy was calculated to be

which it lays within the Ngo range for Silty Sand soil (0-21 blows/foot).

Date Drilled: 6/17/96 Water Depth:

Drilled By: Geo Sec Date Measured:
Drilling Method: HSA 6* Reference Elevation:  783.0
Logged By: Mike Laney Datum:

SOIL DESCRIPTION
AND

CLASSIFICATION

Additional
Tests

Blow Counts
(blows/foot)

I3 TY SM): b, y
Soarse s P brown

| medium dense

moist, fine sand, trace

SAND (SP): brown, moist, medium dense, fine to

medium

olive-brown, dense, fine to coarse sand, some fine gravel

GP): gray, moist dense, fine
coarse sand, fine to (Oogr)seggrzvel 10 3 inchea o o

SP): olive-b, R ist, v
fine to coarse sagldl,))ﬁne to mmwnggej o3
GrouEeminaled at 21.0 feet
roundwater not encoun
Hole backfilled and tamped using soil from cuttings

m KLEINFELDER

PROJECT NO. LOG OF BORING B-39

Figure 4.4 A boring log. Samples 2 and 4 were obtained using a heavy-wall sampler, and the corresponding blow counts
are the number of hammer blows required to drive the sampler. Samples I, 3, and 5 are standard penetration tests, and the
corresponding blow counts are the N, values, as discussed later in this chapter. If the groundwater table had been encoun-
tered, it would have been shown on the log (Kleinfelder, Inc. ).

Figure 28. SPT sample from KLEINFELDER, Inc.




B -
ased on Table 5, it is shown that the range of soil density (unit weight) for the Silty

Sand soil is 80- 3 is proj i
soil is 80-135 Ibs/ft*. In this project the soil density is assumed to be 120 Ibs/ft®.

Table 5
Typical unit weights.

TABLE 3.2 TYPICAL UNIT WEIGHTS

Typical Unit Weight, y

Above Below
Soil Type and Unified Groundwater Table Groundwater Table
Soil Classification — &
(See Figure 3.3) (Ib/fth) (KN/m*) (Ib/ft%) (KN/m’)
GP—Poorly-graded gravel sl 10-130 17.5-20.5 125-140 19.5-220
GW——Well—gradéd gravel ~ 110-140 17.5-22.0 125-150 19.5-2335
GM—Silty gravel 100-130 16.0-20.5 125-140 19.5-22.0
GC—Clayey gravel . 100-130 - - 16.0-20.5 125-140 19.5-220
SP—Poorly-graded sand 95-125 15.0-19.5 120-135 19.0-21.0
SW—Well-graded sand 95-135 15.0-21.0 120-145 19.0-23.0
SM—Silty sand 80-135 12.5-21.0 110-140 17.5-22.0
SC—Clayey sand 85-130 13.5-20.5 110-135 17.5-210
ML—Low plasticity silt 75-110 ! 11.5-17.5 30-130 12.5-203
MH-—High plasticity silt 75-110 11.5-17.5 75-130 © 11.5-203 |
CL—Low plasticity clay 80-110 12.5-17.5 75-130 11.5-203
CH—High plasticity clay 80-110 12.5-17.5 70-125 11.0-195
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Based on Figure 29, the friction angle of the soil can be determined by using the vertical
effective stress value o’;, and SPT Ngo value. In this project the vertical effective stress is

calculated as:
o’;= 6;— U, Where o is the vertical total stress and u is the pore water pressure.
¥, = XyH, where vy is the unit weight of soil stratum and H is the thickness of soil stratum.

In this project, y is equal to 120 Ibs/ft> and H for borehole #3 is 21 ft (Figure 24), for
borehole #2 is 27 ft (Figure 25) and for borehole # 1 is 34 ft (Figure 26). So the vertical total

stress o, for these boreholes would be:
Borehole #3

o, = 120 (Ibs/ft®)* 21 (ft)

= 2520 Ibs.

Borehole #2

o, = 120 (Ibs/ft’)* 27 (ft)

= 3240 Ibs.

Borehole #1

o, = 120 (Ibs/ft’)* 34 (ft)
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= 4080 Ibs.

Since in 6°; = 6, — U the water level is assumed to be low (35 feet below the ground level), the

pore water pressure is zero, therefore: ¢’;= o,

Based on Figure 29, the friction angle of the soil for all the boreholes is determined to be

30° because the calculated vertical effective stresses of the boreholes and the calculated SPT Ngg

value (12.38 blows/foot) lay in the 30° curve.

50
1000

100
2000 o

3000 150

4000

Vertical Effective Stress, o’ (Ib/ft)
Vertical Effective Stress, o', (kPa)

200

5000 250

. 0 10 20 30 40 50 60 70 80

SPT N Value

! for uncs e s (Adapted
Figure 4.11 Empirical correlation between Ny and ¢’ for uncemented sands (Adaptes
from DeMello, 1971).

Figure 29. The friction angle of the soil determined by using the vertical effective stress value ¢°,, and SPT Ngo
value.
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4.2.2 Choosing the Shallow foundation

As it was mentioned before, choosing the type of foundation for a structure depends on
different variables. Since the deep foundation was not necessary and the top layers of the soil
have exeptable bearing capacity and other soil conditions, a shallow foundation was chosen to be

used for this project.

In order to choose the type of the shallow foundation, if the total area of the spread
footings covers more than half of the building foot-print, then a mat foundation is more suitable.
And if the area of the spread footings cover less than half of the building foot-print, then the

spread footing would be more desirable.

In this project, in order to determine the required area for the Spread Footings, Terzaghi

and Vesic excel file (Donald P. Coduto, 2006) was used. In this excel file the unit of

measurement (English or metric), the factor of safety, size (B for base, D for thickness or depth,
L for length) and shape (square or rectangular or circular) of the footing and some of the
properties of the soil such as soil density y (gamma), water table Uy (Dw), the angle of friction ®
(phi) and effective cohesion © were entered.

As a result the excel file would calculate the allowable load, allowable bearing capacity
and the ultimate bearing capacity. It was necessary to check that the applied load of each column
is smaller than the calculated allowable load.

In this building there are 81 columns that carry the loads of the building to the

foundation. The average load of these columns was calculated and by using the Terzaghi and
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Vesic excel file one spread footing size was determined. The calculation of the average column

load is shown in Figure 30.

Average Loads
left side

46.14
110.49

214.62
470.67
202.01
438.96

217.86
28.72
46.14

214.62

381.16
28.72

217.86

total = A057.27
15 columns in the left side
4 Parts

15x4=60
total columns=60

total Load 1=4057.21x4= 16229.08

middle side

Total =

total load of middle = (2629*2)+ 1360.78=

columns in the middle

220.72
464.26
245.66
446.71
135.53
182.05
239.13
434.37
260.28

(9*2=18 columns) + 3 columns =21 columns in the middle

Total Columns
60+21=81

Total Load = 16229.08 + 6618.8 =

216.38
517.1

total = 1360.78

2629.01

6618.8

2284788

Figure 30. Average column load calculation spread sheet.

As it is shown, the average column load is calculated to be 282.07 kips. Then by using

the Terzaghi and Vesic Excel file, a size for a footing is determined that could support an

allowable Load which is not less than 282.07 Kips. This procedure is shown in Figure 31.
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BEARING CAPACITY OF SHALLOW FOUNDATIONS Unit conve 1000

Terzaghi and Vesic Methods

Gamma w 624
Date December 23, 2007 phi (radiar  0.5236
|dentification  Example 6.4

Terzaghi Computations

Input Results atheta=  3.3508
Units of Measurement Terzaghi Vesic Me = 3716
E SlorE Bearing Capacity Mg = 2246
quit=" 14,079 Ib/ft"2 14,671 Ib/fte2 Mgamma 2012
Foundation Infarmation qga= 4,693 b2 4,890 Ib/t2 garmma’ = 120
Shape SQ 8Q, Cl, CO, or RE coefficient 1.3
B= 9 ft Allowable Column Load coeflicient 04
L= it e 380 k 396 k sigma zD' 240

D= 21
Soil Information Vesic Computation
c= 0 Ib/ftr2 Mc = 30.14
phi = 30 deg sC = 1.61
gamma = 120 Ib/ftr3 dc = 1.09
Dw = 35 ft Mg = 1840
50 = 1.58
Factor of Safety dg= 1.06
F= 3 Mgamma  22.40
s gamma 0.60
Copyright 2000 by Donald P. Coduto d gamma 1.00
BiL= 1
k= 0.22222
Wsubf 0

Figure 31. Terzaghi and Vesic excel file to determine a footing size for applied average load.

As it is shown in Figure 31, by Using the Terzaghi and Vesic excel file, for a footing base
of 9’ and depth of 2’°, Both methods provide an allowable column load capacity greater than the

applied load of 282.07 k (380 k for Terzaghi and 396 k for Vesic).

Assuming that all the columns are going to have a same size square shape footings which

are 9° x 9° with a thickness of 2°. The area of each footing would be 81 ft 2.
There are 81 columns so, 81 columns x 81 ft >= 6,561 ft °.

The area of the base of the building is 22,620 ft > and half of this area would be 11,310

fth%,

11,310 ft >> 6,561 ft %
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So using a mat foundation is and Spread footing design would be considered for this

project.

4.2.3 Spread Footing Design

The loads of all the columns are shown in the average forces excel file provided above.
As it can be seen, the loads varies from 28.72 kips to 1058.14 kips. In order to avoid having
many different sizes of footings and also in order to be economical, only three range of column
loads were chosen to be used in the design;
0 kips — 381.16 kips
381.16 kips — 627.1 kips

627.1 kips — 1058.14 kips.

These loads are shown with a green highlight in the average forces excel file provided
above. The sample calculation for the load 1058.14 kips is shown because it is the greatest load
and also the column which support this load also supports moments coming from a cantilever

beam. For the other two ranges of loads the calculation is summarized in excel spread sheets.

Calculation of Loads and Moments

The load that is applied to the footing is sum of all the loads of columns on top of the
footing. There are five floors (five columns on top of the footing) which four of them have the
same loading on their columns and the fifth floor has different loading because it supports the
roof. So the load of one of the first floors is multiplied by four and then the load of fifth floor is

added to it. This concept also applies to the applied moment.
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As it is shown in our sample calculation the Factored load is 1058.14 kips and the un-
factored load is 777.94 kips. Based on the Excel spread sheet for Bay 4 column F-3.2, the
moment coming from the cantilever beam for one floor is 1556.86 kft and it would be multiplied
by 4 and added to the moment due to the cantilever for the roof which would give 7000.24
ft.kips.

In brief, these calculations are described with a picture of all the floors in the Figure 32.

Figure 32. Calculation of total floor loads and moments on the spread footing.
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Estimating the size of the footing:

gn = ga — (weight of the footing, soil and the floor) — pressure of the moment.

Where, gn is the allowable net soil pressure which would let us know how much pressure
is allowed to be exerted other than the pressure of weight of the footing, soil and the floor and
pressure of the moment.

Qa is the allowable bearing capacity.

As it is shown in the calculation the allowable net soil pressure for the load is 4.3 ksf so
that means that only 4.3 ksf is allowed to be applied by the vertical column load which is
1058.14 kips factored and 777.94 Kips.

In this case we could estimate the width of the footing by dividing the load by the
allowable net soil pressure. The estimated width was 14’ x 14°. The thickness of the footing was

assumed to be 6°.

Checking the size for 2-way shear:

In this part the shear on the critical part of the footing is under consideration and it should
be smaller than the allowable shear for 2-way shear.

The critical parameter is calculated by d = T — 3 in — db, where T is the thickness of the
footing and there is 3 in of cover and db is the diameter of the reinforcement bar which in this
case is assumed to be 1 in.

The shear on the critical part is:

Vuc = ((Pu/d) + (Mul(c +d))) (B2 — (c + d) ~2)/B"2
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Where Pu is the load applied, Mu is the Moment applied, B is the width of the footing and c is

the width of the base plate.

This shear should be checked with the nominal two-way shear capacity which is:
Vnc =4 (b0) d (f'c” (1/2))

Where b0 = ¢ + d, where c is the width of the base plate which is 14” in this case.
At the end it should be satisfied that:

® Vnc > Vuc, where @ is 0.85.

Check for one-way shear:

Vuc = ((B — ¢ — 2d)/(B)) (((Pu + 6Mu/B)"2) + Vu"2)(1/2)

Where Vu = 0, because there is no shear force exerted to the footing.
Nominal one-way shear capacity:

Vnc=2bwd (f'c) " (1/2)

Where bw = 2B.

The following should be satisfied:

® Vnc > Vuc, where @ is 0.85.

Design of Flexural reinforcement:

Muc = (Pu L"2)/(2B) + (2Mu L/B), where L for steel column is: L = (2B — (c + cp))/4 where cp

in here is the base plate width and c is the column width. C =12".
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Required Area:

As = (fc b/ (1.176fy)) (d — ((d*2) — (2.353Muc/ ®f’c b)) * (1/2))
Where @ is 0.9 and f’c is 3000 psi and fy is 60000 psi.

Min Area Required:

As = pBT, where p is the steel ratio and because of using Grade 60 bars (# 8 bars) it is 0.0018.
Between these two As, the greater one is chosen.

Then the bar type should be chosen (in this project all the bars were chosen to be #8 bars with
cross sectional area of 0.79 in”2 and diameter of 1.00 in).

# of bars needed = As/Cross sectional area of bar

Clear spacing between bars:

Based on ACI section 7.6.5, the max spacing is 18”.

Spacing = (B / (# of bars +1)) — 1.

Check for development length:

(Ld) supplied=L -3 in

(C + Ktr)/db, where Kitr is 0 for spread footings and C is the smaller of the spacing or cover
dimension.

Ld/db = (3/40) (fy/ (£c) » (1/2)) (o By M ((c + Ktr)/db))

Where a is the reinforcement location factor, B is the coating factor, y is the reinforcement factor
and A is the lightweight concrete factor. (Coduto., pp. 319, 320)

All of these factors are 1 in this case.

The following should be satisfied:

(Ld) supplied > Ld.
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Bearing Pressure:

e = Mu/ (Pu + W), where e is the eccentricity of bearing pressure and the Wf is the weight of the
foundation. If e < B/6 then the bearing pressure distribution is trapezoidal. So there would be
minimum and maximum bearing pressure acting under the footing. Then:

Omin = (((Pu + Wg)/A) — Ug) (1 — 6e/B)

Omax = (((Pu + Wi)/A) — Ug) (1 + 6e/B)

Where A is the base area of the footing and Ud = 0 because the water table is very low (35°).

Qa > gmax should be satisfied.

Checking for the Settlement (9):

For the settlement it is necessary to check that ¢ < da.

In order to calculate the settlement it is necessary to calculate different variables;

Induced stress:

Aoz = (1 — (1/ (1+ (B/2Zf) ~2)) ~ (1.76)) (q — 6’zd), where o’zd is the vertical effective stress at
a depth D below the ground surface. And Zf is the considering depth for settlement purposes, in
this case it was taken to be 2’.

>’zd = yD — Ud, where v is the soil density which in this project is 120 Ibs/cf.
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Effective Stress:

0’zf = 6’z0 + Aoz, where 6°z0 is the initial vertical effective stress at midpoint of soil layer. £°z0
=vyH — Ud, where H is the Thickness of the soil layer, so in this project based on the boreholes
and the cross sectional profile, the depth of the layer (silty sand) changes in each borehole. So it
IS necessary to calculate the settlement for each of the 3 ranges of load 3 times because of

different value of H.

Settlement:
dc =6 = (r Cc/(1+e0)) H Log(c’zf/ 6°z0), where r is the rigidity factor which is taken from the

table 7.1, (Coduto., 2006). In this case r = 0.85.

Cc is the compression index; e0 is the initial void ratio.

The values of Cc/ (1+e0) could be determined based on the table 3.5 and table 3.7 (Coduto.

2006)
In this project it is taken to be 0.006 for Fine sand with little fine to coarse silt (SM) with relative
density of Dr = 80%.
At the end it should be satisfied that:
0 < da, where 0da in this project is taken to be 1 in.
Based on the calculation there were 3 different footings considered for 3 different loading ranges
of columns in this project;
0 kips — 381.16 kips. 10’ x 10’ and a thickness of 2°.
381.16 kips — 627.1 kips. 11° x 11” and a thickness of 3.
627.1 kips — 1058.14 kips. 14’ x 14’ and a thickness of 6°.

These footings are shown in the sample calculation in Appendix B.
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The calculation and the spread sheets are provided in Appendices B and C.

As shown in Appendix B, each footing has different settlement based on which borehole
area it is located. For example Footing 3, has a settlement of 0.501 in when it is located on the
area of Block #3 (borehole #3). It has a settlement of 0.547 in, when it is located on the area of
the Block #2 (borehole #2). It has a settlement of 0.586 in, when it is located on the area of the
Block #1 (borehole #1). Refer to Figure 23 to check where each area is located.

As it was mentioned before the reason for these different settlements is that for each

block the Value of H (Depth of the layer of soil) is different.

Terzaghi and Vesic Method

The designed size for the spread footing should be checked by the Terzaghi and Vesic

method which is provided in an excel file. The results are shown in Figure 33, Figure 34 and

Figure 35:
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BEARING CAPACITY OF SHALLOW FOUNDATIONS
Terzaghi and Vesic Methods

Date December 24, 2007
|dentification  Example 6.4
Input Results
Units of Measurement Terzaghi Vesic
ESlarE Bearing Capacity
qult=" 29,686 Ib/ftn2 34,774 |b/ftr2
Foundation Information qa= 9895 /2 11,591 Ib/ft"2
Shape 5Q 8Q, CI, CO, orRE
B= 14 ft Allowable Column Load
L= ft P= 1938k 2212 k
D= 6 ft
Sail Information
c= 0 Ib/ft*2
phi = 30 deg
gamma = 120 1b/ft*3
Dw = 35t
Factor of Safety
F= 3

Copyright 2000 by Donald P. Coduto

Figure 33. The Terzaghi and Vesic method for the first column with the load of 1058.14 Kips.

BEARING CAPACITY OF SHALLOW FOUNDATIONS
Terzaghi and Vesic Methods

Date December 24, 2007
Identification Example 6.4
Input Results
Units of Measurement Terzaghi Vesic
E SlarE Bearing Capacity
qult= 18705 Ib/ftr2 20,143 Ib/iftr2
Foundation Information qga= 6,235 |b/ft"2 6,714 |b/ftr2
Shape 5Q 5Q, Cl, CO, or RE
B= 1 ft Allowable Column Load
L= ft p= 754 k 812 k
D= Ift
Soil Infarmation
c= 0 Ibfft"2
phi = 30 deg
gamma = 120 Ib/ftr3
Dw = I

Factor of Safety
F= 3

Copyright 2000 by Donald P. Coduto

Unit conve 1000

Gamma w 62.4
phi (radiar  0.5238

Terzaghi Computations
atheta=  3.3508

M = 3716
Mg = 22.46
Mgamma 2012
gamma’ = 120
coefficient 1.3
coefficient 04
sigma zD' 720

Vesic Computation

M = 3014
sC = 1.61
dc = 117
Mg = 18.40
5q = 1.58
dg = 112
Mgamma 2240
5 gamma 0.60
d gamma 1.00
BiL= 1
k= 0.42857
W sub f 0

Unit conve 1000

Gamma w 62.4
phi (radiar  0.5236

Terzaghi Computatior
atheta=  3.3508

Ne = 37.16
Ng = 2246
N gamma  20.12
gamma’ = 120
coefficien 1.3
coefficient 0.4

sigma zD' 360

Vesic Computation

MNc = 3014
sC = 1.61
dec = 11
Mg = 18.40
sq = 1.58
dg = 1.08
Ngamma 2240
5 gamma 0.60
d gamma 1.00
B/L = 1
k= 0.27273
W sub f 0

Figure 34. The Terzaghi and Vesic method are used for the second column with the load of 627.1 Kips.
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BEARING CAPACITY OF SHALLOW FOUNDATIONS
Terzaghi and Vesic Methods

Date December 24, 2007
Identification Example 6.4
Input Results
Units of Measurement
E SlorE Bearing Capacity
qult=
Foundation Information qa=
Shape SQ SaQ, Cl, CO, or RE
B= 10 ft Allowable Column Load
L= ft P =
D= 2f
Soil Information
c= 0 Ib/ifr2
phi = 30 deg
gamma = 120 Ib/ftn3
Dw = 35 f

Factor of Safety
F= 3

Copyright 2000 by Donald P. Coduto

Figure 35. The Terzaghi and Vesic method for the third column with the load of 381.16 Kips.

Unit conve 1000

Gamma w 62.4
phi (radiar ~ 0.5236

Terzaghi Computations
atheta=  3.3508

Ne = 37.16
Ng = 22.46
Ngamma  20.12
gamma’ = 120
coefficient 1.3
coefficient 0.4

sigma zD' 240

Vesic Computation

MNc = 3014
sC = 1.61
dec = 1.08
Mg = 18.40
sq = 1.58
dg= 1.06
Ngamma 2240
s gamma 0.60
d gamma 1.00
BiL = 1
k= 0.2
W osub f 0

As it is shown in Figure 33, Figure 34 and Figure 35, for the selected sizes of the spread

footings, all of the column loads are smaller than the Allowable column loads and also the

bearing pressure of them are smaller than the Allowable bearing capacity. So these sizes satisfy

the requirements for Terzaghi and Vesic method.

4.3 Cost Estimation

In this project, the “Unit-Quantity Method” was used. The detailed estimation may be an

issue but since our team has limited time, we consider preparing a cost analysis of concrete and

steel structure (itself) of the building.
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After finishing the last phase of the design of a 23°x18’ bay, the first floor part, our team
was able to determine and examine the cost of this specific bay then apply the results obtained to
the whole building.

In modern construction industry, there are many ways to build the structure but two
construction materials are commonly used which are concrete and steel; furthermore in this

project, comparison of the cost analysis of steel and concrete structure were studied.

5.0 Discussion

This section includes the results obtained from the computed calculation when following
the procedures set out in the methodology section.

Appendix D includes detailed tables (Table 14, Table 15, Table 16 and Table 17) that

include the actual designed member sizes of all the beams and girders that were analyzed. The
tables in the Appendix D also include the Moment Capacity given by the AISC Steel Manual for
each selected size. The final member sizes that were selected were obtained according to the
moment capacity, where the designed members’ sizes were categorized, having the members
with approximately same moment capacity in the same category. Table 6 shows the final beams

and girders sizes obtained for the section that was designed; however Table 7 shows the amount

of members needed for the whole structure.
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Table 6

Beams needed for the designed section.

Member size Number needed Amount needed for the
For the left side section middle section based on
based on Figure 13 Figure 13
W10x12 31 27
W12x16 9 4
W12x26 9 6
W18x35 6 8
W24x55 3 5
W33x118 1 -
W27x48 1 -

Table 7

Beams needed for the entire building.

Member size Number needed Amount needed for | Amount needed
for the left side based the middle side for the whole
on Figure 13 based on Figure 13 building
W10x12 496 216 712
W12x16 144 32 176
W12x26 144 48 192
W18x35 96 64 160
W24x55 48 40 88
W33x118 16 - 16
W27x48 16 - 16
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Therefore 1360 steel beams are required to construct the New WPI Residence Hall. Two
main column sizes were selected to be used; W 12x58 for the third through the fifth floor and
W12x65 for the first and second floor. Column F-3.2 in bay 4 required a different column size,
because the two sizes selected are not adequate for one of the girders acting on the designed
column; where by of the girder is bigger than bt of the column(10 in and 12 in). Therefore,

W12x96 was used for the five floors with b; equal t012.2 in.

For the design of the floor plate, B-Lock composite decking 22-Gage was used. The

properties of this gage provided in Table 8, were obtained from the United Steel Deck website.

Table 8
Deck engineering properties.

DECK PROPERTIES

I En

! ! 0470 0.165 0.195
2 0.0358 1.9 0.570 0.212 0.247 0.260 1880 3170 052

19 0.0418 23 0.670 0.260 0.252 0.304 2500 3680 0.61
18 0.0474 26 0.760 0.308 0.337 0.349 3200 4160 0.69
16 0.0558 3.3 0.960 0.400 0.434 0439 4750 5210 0.87

Calculation of the concrete is based on cubic yard method and labor, equipment, material
for making and placing the concrete is added to the concrete cost in order to find the exact cost

of specific bay. Detail calculation can be found in Appendix B.

Because of the huge variation among the loads acting on the columns, ranging between
28.72 kips and 1058.14 kips. As it was explained in the methodology of the foundation, there
were 3 different footings considered for 3 different loading ranges of columns in this project;

0 kips — 381.16 kips. 10’ x 10’ and a thickness of 2°.
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381.16 kips — 627.1 kips. 11° x 11” and a thickness of 3.

627.1 kips — 1058.14 kips. 14’ x 14’ and a thickness of 6’.

The results for the footing sizes are shown in Table 9.

Table 9
Footing sizes.

Column location

Applied load (K)

Foundation size.

J-2 46.14 10’ x 10°, 2’ Thick
J-3 110.48 10’ x 10°, 2’ Thick
H-1 214.62 10’ x 10°, 2’ Thick
G-1.2 381.16 10’ x 10°, 2’ Thick
E.3-1.2 470.67 11’ x 11°, 3 Thick
G-4.9 202.01 10’ x 10°, 2’ Thick
F-4.9 438.96 11’ x 11°, 3 Thick
F-3.2 1058.14 14’ x 14°, 6’ Thick
H.1-2.7 217.86 10’ x 10°, 2* Thick
G.1-2.7 28.72 10’ x 10°, 2’ Thick
C.5-6 220.72 10’ x 10°, 2° Thick
E-6 464.26 11’ x 11°, 3* Thick
C.5-7 245.66 10’ x 10°, 2* Thick
E-7 446.71 11’ x 11°, 3* Thick
F.5-6 135.53 10’ x 10°, 2* Thick
F.5-7 182.05 10’ x 10°, 2’ Thick
C.5-8 239.13 10’ x 10°, 2* Thick
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E-8 434.37 11’ x 11°, 3* Thick
F.5-8 260.58 10’ x 10°, 2* Thick
C.5-9 517.1 11’ x 11°, 3* Thick

E-9 627.1 11’ x 11°, 3* Thick
F.5-9 216.58 10’ x 10°, 2* Thick

Here are some important facts about the concrete structure cost analysis:

1. Labor is limited to the following workers for the specific bay; two Carpenter

($23.7/h), three Helper ($22.1/h), one Foreman ($21.45/h).

2. 23°x18’ bay has; four columns, three beams and 4.5” thickness and needs 8 hours

to finish whole bay.

3. Additional materials are limited as follows: Lumber ($0.86/unit), Nails

($1.29/unit), Form Oil ($17.65/gallon), Shores ($8.25/unit)

4. Concrete price is $200 per ton
5. Total cost of 23’x18’ bay, itself, is $50,552.00

6. Total cost of the concrete building, itself, is $6,596,166

If the building will be a steel structure then different approach needs to be done in order

to estimate the cost of the building.
The cost analysis of the steel is made similar as concrete cost analysis with different
variables. As mentioned before, 23°x 18’ bay design is taken based on the steel cost analysis.

Here are some facts of steel structure cost analysis of the WPI New Residence Hall:

1. Major steel sizes are; W 10 x 12 for beams, W8 x 31 for columns, W 24 x 55 for girders
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2. Cost of steel is $2000 per ton

3. Labor force is limited as follows; Foreman ($ 25.10/h), Crane Operator ($ 22.0/h),
Ironworker ($17.35/h)

4. Butt-weld joints are used with 3/16”

5. Girders, H columns used as fabricated

6. Shop paint costs are: Beams ( $85.00), Girders ($58.72), Columns ($93.00)

7. Total cost of the 23’x18’ bay, itself, is $23,777

8. Total cost of whole building, itself, is $5,950,568

Below is a list of some facts about the Time and Scheduling process of the WPI-New

Residence Hall project:

1. Project started on February 7" 2007 and will be finished on August 22" 2008,which
includes approximately 399 work days
2. There are 10 milestones that need to be accomplishing in order to finish the building:

e Project Starts

e Design Kick of Meeting

e Design Completed

e Demolition the existing building
e Foundation Completed

e Flush Building

e Substantial Completion

e Final Inspection & Approval

e Building Enclosed

e Project Ends

3. Project Management started on May 8" 2007 and will be done on august, 1% 2008

4. Building design started on April 7", 2007 and will be done on December 13", 2007
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10.

11.

12.

13.

14.

15.

16.

17.

Site work and Excavation started on February 7", 2007 and will be done on September
4" 2007

Concrete Work started on June 29", 2007 and will be done on August 13™,2007
Precast Concrete work started on July 2",2007 and will be done August-2",2007
Masonry work started on July 18", 2007 and will be done on January 24™, 2008
Metals work started on August 16", 2007 and will be done on April 28",2008
Carpentry work started on March 10™,2008 and will be done on May 7™, 2008

Roof & Moisture Protection started on February 6™,2008 and will be done on June
5™,2008

Door & Windows installments started on November 7,2007 and will be done on June
10™,2007

Specialties started on May 7™, 2008 and will be done on July 22" 2008

Elevator work started on May 26™, 2008 and will be done on June 24™ 2008
Mechanical work started on December 17™,2007 and will be done by March 20,2008
Electrical work started on April 2™ 2008 and will be done on July 11™,2008

Finishes started on December 5™ 2007 and will be done on August 9",2008
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6.0 Conclusion

Every year, WPl expects more incoming students and it is obvious that current
accommodation is not satisfying the number of incoming students. WPI decision makers thought
that there would be a need for a new residence hall for a long term prospective. So they decided

to come up with idea of WPI New Residence Hall.

In this Major Qualifying Project, the goal was to come up with an adequate building
process which includes structural design and project management activities that would help to

understand the civil engineering aspects of the WPI New Residence Hall.

After receiving the architectural design of the residence hall a structural design was
developed which includes steel and foundation design of the building and it was combined with
project management topics such as cost estimation, time and scheduling, in order to come up

with an efficient understanding of the building process.

In the designing of the steel structure beams, girders, floor plates were analyzed and there
were some challenges such as designing of staircase structure and elevator shaft because of their
complex structure. In addition, for the foundation design, choosing and designing the right type

of the foundation were the main concerns.

Furthermore, in project management, cost estimation of steel and concrete structure and
comparison of the cost of two methods are the main challenges in this project. In addition

permits and time & scheduling were other important issues that were brainstormed.

As a result of this unique project, it was decided to use steel structure other than concrete

structure based on lower cost, flexible scheduling and more convenient way to built.
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We believe that this Major Qualifying Project will give an extraordinary understanding of

civil engineering vision for the WPI New Residence Hall Project to all readers.
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Appendix A: Loads Used

(Loads were obtained from the Commonwealth of Massachusetts, State Building Code- sixth Edition)

1. Floor Dead Load

Table 10
Floor dead load.

Dead load Pounds per square foot (psf)
Concrete slab (4.5 in) 12
Steel decking 2
Floor Finish (0.5in) 4
Cement tiles 16
Interior walls 33
Exterior walls 66
MEP and suspended ceiling 6

All dead loads used were multiplied by a safety factor of 1.1.

2. Roof Dead Load

Table 11
Roof dead load.

Dead Load Pounds per square foot (psf)
Roof decking 40
Structural steel 18
MEP and suspended ceiling 6
Exterior wall when applicable 66
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3. Stairs Landing Dead Load

Table 12
Stairs landing dead load.
Dead load Weight psf
Concrete slab 2” 12
Steel plate 6
Finish floor 2.5
Steel beam for stairway 12

4. Floor Live Load

Table 13
Floor live load.

Occupancy Live Loads in pounds per square foot(psf)

bedrooms 40
Kitchen/ Living rooms 100
HVAC 125
Electrical room 125
Corridor 80
Lounge 100
Stairs 100
Elevators
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5. Roof Live Load
Loads acting on the roof can either be caused by snow 35psf for the Worcester zone or by
the roof live load 20psf for the designed building. Since the snow load is the most critical, it will

be considered as the main load acting on the roof.
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Appendix B: Sample Calculation

Design Sample Calculation

The design sample calculations were conducted on Bay 1 of the side part of the building.
The sample calculation provided shows the method used to design typical beams, girders,

cantilever beams, and columns. A sketch of bay 1 that includes all the members is provided in

Figure 36.
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Figure 36. Bay 1 (Left Side) layout.
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Cantilever Beam Design
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Column Design for Third Floor
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Foundation Sample Calculation
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Cost Estimation Sample Calculation

Concrete Structure

If the building will be a concrete structure the following items and quantities must be

considered:

COST OF 23’x18’ Bay

20 Columns; 12
height, and a
size of 16”x 16”

Contact area (ft2)

Total Area of
column forms
(fr2)

Area of forms
fabricated (ft2)

Cost of 20
Columns

Lumber

64

1280

256

Quantity and

Unit Price

1280*1.8=2304

@%$0.48/5 uses

Costin $

$353.21
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Nails

Form Oil

Power Saws

Column Claps

Carpenter
Making

Carpenter
Erecting

Helper Making

Helper Erecting

Foreman (Based
on5)

2304*15-
per1,000=34.56Ib
@$0.90

1280/400=3.2qal
@$13.65

2304/400ft2/h=5.
76h@$3.75

20*8=160@$0.8
5

256ft2*3h/100ft2
=7.5h@23.7

1280ft2*6h/100ft
2=74h@16.70

256ft2*1h/100ft2
=2.56@$22.10

1280ft2*4.5h/10
0ft2=55.5h@12.1
0

(7.5h+74h)/5=16.
7@18.30

$21.15

$67.32

$25.27

$273.36

$158.45

$1,964.92

$56.58

$671.55

$342.38
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mailto:256ft2*1h/100ft2=2.56@$22.10
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4Colums = $786

3 Concrete
Beams; 16"

deep, 23 feet
long

The area of the
beams ft2

Lumber

Nails

Form Qil

Power Saw

Carpenters

20 Columns
Total

Quantity and

Unit Price

219

219ft2*3.5fbm/ft
2=766.5
fom@$%$0.8

766.5fbm*151b/1
000fbm=11.51b@

$0.95

219ft2/400fbm/h
=0.550al@%13.6
5

3000/400=7.5h@
5.16

219ft2*10h/100ft
2=21.9@23.70

$3,934.18

Cost in $

$613.20

$11.00

$7.51

38.7

519.03
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Helpers

Foreman

Concrete Floors

Lumber for Slab

Nails

Form Qil

Shores

Carpenter

Helpers

Foreman

23’x 18’ Total

219ft2*5.75/100f
12=12.6@22.10

21.9/6=3.65@21.
45

4141t2x2.3fbm/ft
2=952.2@0.98

414ft2x12Ib/100
0=5Ib@1.34

4141t2/400ft2/qal
=1.035gal*@13.
65

414ft2/24ft2/shor
e=17.25@5.25

414ft2x5h/100ft2

=20.7@23.70
414ft2x3h/100ft2

=12.42h@22.10

20.7/5@21.45

$2,234.75

278.46

78.2925

Cost in $

1171.206

6.7

14.12775

90.5625

490.59

274.482

88.803
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WHOLE CONCRETE BUILDING

FLOOR
Section A
Width Length  Depth Clea[‘
(Feet) (Feet) (Inches)
38.66 1376 | 5
‘ 8.21cy
Approx. cubic yards required:
Width Length Depth Clear
(Feet) (Feet) (Inches)
61.3 2088 | 5
| 19.75cy

Approx. cubic yards required:

Total 27.96¢cy
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Section B

Width Length Depth

Clear ‘
(Feet) (Feet) (Inches)
56.5 | 28 5
| 24.41cy
Approx. cubic yards required:
Width Length  Depth Clea[‘
(Feet) (Feet) (Inches)
58.5 14 5
| 12.64cy
Approx. cubic yards required:
Width Length  Depth Clea[‘
(Feet) (Feet) (Inches)
56.5 1 5
‘ 9.59 cy

Approx. cubic yards required:

Total 46.64cy
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Section C

Width Length Depth Clear
(Feet) (Feet) (Inches)
56.5 11 5
| 9.50cy
Width Length Depth Clear
(Feet) (Feet) (Inches)
58.5 21 5
‘ 18.96cy

Approx. cubic yards required:

Width Length Depth Clear
(Feet) (Feet) (Inches)
38 | 14 5
‘ 8.21cy

Approx. cubic yards required:

Total 36.76¢cy
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Section D

Width Length Depth Clear
(Feet) (Feet) (Inches)
53 | 10 5
‘ 8.18cy
Approx. cubic yards required:
Width Length Depth Clear
(Feet) (Feet) (Inches)
69 | 18 5
| 19.17cy
Approx. cubic yards required:
Width Length Depth Clear
(Feet) (Feet) (Inches)
73.4 | 14 |5
| 15.86cy
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Width Length Depth

Clear ‘
(Feet) (Feet) (Inches)
69 18 5
| 19.17cy
Total 62.38cy Cost $
TOTAL FLOOR

CONCRETE 347.48 $69,496

Concrete FLOOR LABOR + Equipment + Transportation $169,632

Total Floor Cost in $ $239,128
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WALLS

Section A-B-C

Width Length Depth Clear
(Feet) (Feet) (Inches)
|12 | 1288 | .67

0.32*3

Approx. cubic yards required: 0.96cy

Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 12 | 67
0.3*3*2
Approx. cubic yards required: 1.8cy
Width Length Depth Clear
(Feet) (Feet) (Inches)
| 2088 |12 | .67
0.52*6

Approx. cubic yards required: 3.12cy
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Width Length Depth Clear

(Feet) (Feet) (Inches)

| 1064 |12 | 67

0.26*5
Approx. cubic yards required: 1.3cy
Width Length Depth Clear
(Feet) (Feet) (Inches)
|12 128 | 67
0.69

Approx. cubic yards required:

Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 20 | 67

05

Approx. cubic yards required:
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Width Length Depth Clear

(Feet) (Feet) (Inches)
|12 12 | 67
0.3*3
Approx. cubic yards required: 09cy

Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 14 | 67
0.35

Approx. cubic yards required:

Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 116 | 67
0.4*4
Approx. cubic yards required: 1.6 cy
Width Length Depth Clear
(Feet) (Feet) (Inches)
|12 |19 | 67
0.47
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Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 18 | 67
0.45

Approx. cubic yards required:

Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 |24 | 67

06

Approx. cubic yards required:

Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 26 | 67
0.65

Approx. cubic yards required:
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Width Length Depth Clear

(Feet) (Feet) (Inches)
|12 ‘14 | 67
0.35*2
Approx. cubic yards required: 0.7cy

Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 24 | 67
0.6*2
Approx. cubic yards required: 1.2 cy

Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 11 | 67

0.27*7

Approx. cubic yards required: 1.89cy
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Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 127 | 67
0.32

Approx. cubic yards required:

Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 24 | 67

0.6

Approx. cubic yards required:

Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 11 | 67

0.27*4

Approx. cubic yards required: 1.08cy
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Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 21 | 67
0.52*5
Approx. cubic yards required: 2.6 ¢y
Width Length Depth Clear
(Feet) (Feet) (Inches)
|12 | 495 | 67
1.23

Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 | 267 | 67

0.66*2

Approx. cubic yards required: 1.32cy

Width Length Depth Clear

(Feet) (Feet) (Inches)
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Approx. cubic yards required:

Width Length Depth Clear

(Feet) (Feet) (Inches)

|12 12 | 67

Approx. cubic yards required:

Section D

Width  Length Depth Clear

(Feet) (Feet) (Inches)

12 |10 | 67

0.25*3

Approx. cubic yards required: 0.75cy

Width  Length Depth Clear

(Feet) (Feet) (Inches)
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1.32

Approx. cubic yards required:

Clear

Width  Length  Depth

(Feet) (Feet) (Inches)

12 |18 | .67
0.45*8

Approx. cubic yards required: 3.6cy

Width  Length  Depth Clear

(Feet) (Feet) (Inches)

12 |8 | 67

0.2*3

Approx. cubic yards required: 0.6 cy

Width  Length Depth Clear

(Feet) (Feet) (Inches)

12 |28 | 67

0.69*2

Approx. cubic yards required: 1.38 cy
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Width  Length Depth Clear

(Feet) (Feet) (Inches)

12 |20 | 67
0.5*2
Approx. cubic yards required: lcy

Width  Length Depth Clear

(Feet) (Feet) (Inches)

12 |18 | 67
0.45*19
Approx. cubic yards required: 8.55¢cy

TOTAL  17.2cy

Concrete FLOOR LABOR + Equipment +
Transportation $169,632

TOTAL COST= Cost of Concrete + Labor + Transportation +
Equipment
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BEAMS

Floor

Wall

Columns

Reinforced
Steel

TOTAL

TOTAL
COST

$1,076,016

$2,391,280

$422,870

$1,906,000

$800,000

$6,596,166
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Steel Structure.

Major Steel

Sizes for 23°x18’

bay

W 10x12-->
Beams

W8x31-->
Columns

W24x55-->
Girders

Cost Analysis

Steel Size

W10x12

W8x31

W24x55

Total Weight
(Ibs)

Weight
(Ibs)

432

1488

2530

1980

6430

Cost $

10095.1
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Representative Size extra charges over vase price for Steel

Costin

W10 2.1 per 100 9.072
w8 2.1 per Ibs 31.248
W24 3.6 per Ibs 91.08

Costin $
Total
weight=64301bs 1607.5

Costin $
Shop Drawings 880

Equipment
Labor Cost in $ Cost$

Punching butt-weld Joints
3/16" 55.5 31.6366

Cost $ Transportation$
Punching and framing beams and channels with end
Connectors 456.48 1268
Cost $ Labor + Equipmentin$  $ Trans.
Framing Beams with Plates and
Channels 1109.5 11.412 1141.2

Material + Labor Cost
$ 1085.04
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Fabricating Built and Girders

Total 1386.44

2471.48
Cost $ Transportation Cost in $
fabricating H Columns (including bases+ Splices+
Milling) 363.072 468
Cost $
Cost of Applying a shop coat of Paint Paint Beams  Total
Labor 70 15 85
Girders 45 13.72 58.72
Columns 55 38 93
Cost $
50hours
Labor Force Foreman 1250
Crane 1100
Crane oiler 750
Iron Works 350
Total Cost ($) of Steel for
23'x18' $23,777

TOTAL COST= 103610 sqf; (23°*18°)>$23,777=$ 5,950,568
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Appendix C: Sample Excel Spreadsheet

Member Design spreadsheets

Bay 1 left side shown in Figure 37 - Third Floor

Figure 37. Bay 1 (Left Side).
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Infill Beams

‘ Scheme 1

20.5X23
Tributiry
width Length Live Load Dead Load Wu Required Mu
7.67 20.50 767.00 953.38 2371.26 124.57
Be Be be Value
92.04 61.50 61.50
Estimated a Ts Y2
1.00 4.50 4.00
1.00 4.50 4.00
beam size > Qn Whbeam W final req Mu
W12X14 208.00 14.00 2388.06 125.45
Beam Mn
155.00 a Y2
1.33 3.84
Depth As Ys IX
11.90 4.16 5.95 88.60
Interpolation
Y2 Mu
3.50 147.00
4.00 155.00
3.84 152.39
Vn Qn N N needed
208.00 21.04 9.89 10.00
20.00
spacing Min Spacing Max Spacing
12.30 4.50 36.00
Deflection
Yc ACS Y bar I
15.74 4.16 10.84 287.83
WL WD
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0.77 0.97
DL Deflection LL Deflection | Const. Deflection deflection limit
0.46 0.18 0.59 0.68
# of Shear
Partially > Qn a Y2 studs N nedded
TFL6 85.20 0.54 4.23 4.05 5.00
10.00
Y2 Mn
4.00 115.00 Spacing Min Spacing Max Spacing
4.50 119.00 24.60 4.50 36.00
4.23 116.83
DL Deflection Y2 |
0.62 4.00 208.00
LL Deflection 4.50 221.00
0.25 4.23 213.94
Constr.
Deflection
0.59 Cost

Full-Beams(Cost/SF)

2.66

Partial-
Beams(Cost/SF)

2.47
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Small Beam G- 2.7 to G.1- 2.7

‘ Scheme 1

‘ 20.5X23

Tributiry width Length dead load live load
8.34 2.50 124.30 100.00
DL-Weight LL-weight T. unfactored weight Total Factored weight T. factored weight
1036.04 833.50 1869.54 2576.85 2591.25
Mu due to weight of
beam Mu due to distributed load
0.011 2.01
beam size Beam Mn W beam W final Total Mu
W10X12 118.00 12.00 14.40 2.02
Depth As IX
9.87 3.54 53.80
Total Mu check
2.02 | ok total Unfactored weight
1881.541
DL deflection Deflection limit Check
0.0006 0.08 | OK
LL deflection
0.000234767
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Top cantilever G-1to G-1.2

Mu due to concentrated

Scheme 1 Tributiry width Unfactrored Load load Length | load
20.5X23 11.07 14.71 1.50 22.07
beam size Beam Mn W beam W final Depth | As Ys
W10X12 118.00 12.00 14.40 9.87 3.54 4.94
Total Mu check Mu due to weight of beam
22.08 | ok 0.016
IX
53.80
Deflection Deflection limit Check
0.0011 0.05 | OK
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Left Girder G-1 to H-1

‘ Scheme 1

‘ 20.5X23

Tributiry
width Length Live Load Dead Load Wu Required Mu
3.83 18.50 383.00 801.94 1575.13 67.39
Be Be be Value
46.00 55.50 46.00
Estimated a Ts Y2
1.00 4.50 4.00
1.00 4.50 4.00
beam size > Qn Wbeam W final req Mu
W10X12 177.00 12.00 1589.53 68.00
Beam Mn
118.00 a Y2
1.51 3.75
Depth As Ys Ix
9.87 3.54 4.94 53.80
Interpolation
Y2 Mu
3.50 112.00
4.00 118.00
3.75 114.95
Vn Qn N N needed
177.00 21.04 8.41 9.00
18.00
spacing Min Spacing Max Spacing
12.33 4.50 36.00
Deflection
Yc ACS Y bar
13.62 3.54 9.28 187.17
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WL WD
0.38 0.81
LL Constr.
DL Deflection Deflection Deflection deflection limit Check
0.40 0.09 0.32 0.62 | OK
Partially > Qn a Y2 Nb of Shear studs N nedded
TFL6 68.90 0.59 4.21 3.27 4.00
8.00
Y2 Mn Spacing Min Spacing Max Spacing
4.00 84.20 27.75 4.50 36.00
4.50 86.80
4.21 85.27
DL Deflection Y2 |
0.51 4.00 142.00
LL Deflection 4.50 152.00
0.12 4.21 146.13
Constr.
Deflection check
0.32 | Ok
Cost

Full-Beams(Cost/SF)

4.67

Partial-

Beams(Cost/SF)

4.25
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Bottom Cantilever H-1 to H.1-1

Mu due to concentrated

Scheme 1 Unfactrored Load | load Length load
20.5X23 24.19 32.60 2.00 65.20
beam size Beam Mn W beam W final Depth As Ys
W10X12 118.00 12.00 14.40 9.87 3.54 4.94
Total Mu check Mu due to weight of beam
65.23 | ok 0.029
IX
53.80
Deflection Deflection limit Check
0.0060 0.07 | OK
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Top Girder G-1to G-3.0

Girders: 24X30
Rul F Ru2 F Ru3 F Ru4 F Ru5 F
24.48 25.90 24.48 42.28 3.23
Ru2
Tributary width Rul Dist Dist Ru3 Dist Ru4 Dist Ru5 Dist
22.50 6.17 10.00 13.84 20.00 23.00
By Ay
55.63 64.75 Girder Length Required Mu
30.00 608.92
Be Be be Value
Estimated a Ts Y2 270.00 90.00 90.00
1.00 4.50 4.00
1.00 4.50 4.00
Byu Ayu Moment unfactored
40.26 47.21 442.83
ufi uf 2 Uf 3 ufa Uf5
17.84 19.20 17.84 30.24 2.35
beam size > Qn Wbeam | Wfinal req Mu unfactored W
W24X55 810.00 55.00 0.07 616.35 0.06
Beam Mn
959.00 a Y2
3.53 2.74
Beam weight
Moment Final Moment
7.43 616.35 | Depth As Ys IX
23.60 16.20 11.80 1350.00
Interpolation
Y2 Mu Y2 |
2.50 868.00 2.50 3000
3.00 898.00 3.00 3120.00
2.74 882.12 2.74 3056.47
Vn Qn N N needed
810.00 20.95 38.66 39.00
78.00
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Partially
TFL4

Conc. Deflection

0.83
Distr. Weight Deflection spacing Min Spacing Max Spacing
0.0113 4.62 4.50 36.00
Total Deflection
0.84
deflection limit check
1.00 | OK
> Qn a Y2 # of Shear studs N nedded
545.00 2.37 3.31 25.90 26.00
52.00
Spacing Min Spacing Max Spacing
6.92 4.50 36.00
Y2 Mn
3.00 835.00 Y2 I
3.50 855.00 3.00 2770.00
3.31 847.51 3.50 2870.00
3.31 2832.53
Conc.
Deflection Distr. Deflection Total Deflection
Full-Girder(Cost/SF) 0.890529608 0.012202762 0.90273237

3.40

Partial-Girder(Cost/SF)

3.29
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Bottom Girder

Rul F Ru2 F Ru3 F Ru4d F
Girders: 24.48 4.87 24.48 9.23
Tributary
Scheme 1 width Rul Dist Ru2 Dist Ru3 Dist Ru4 Dist
18x13 16.75 6.17 10.00 13.84 19.00
By Ay
31.04 32.02
Be Be be Value
Girder
Length Required Mu 201.00 69.00 69.00
23.00 236.70
Estimated a Ts Y2
1.00 4.50 4.00
1.00 4.50 4.00 | Byu Ayu Moment unfactored
23.53 23.73 176.21
Uf1l Uf 2 uf3 ufa Uf5
17.84 3.97 17.84 7.61 0.00
beam size > Qn Wbeam Wfinal req Mu unfactored W
W14x38 558.00 38.00 0.05 239.72 0.04
Beam Mn
463.00 | a Y2
3.17 291
Depth As Ys IX
14.10 11.20 7.05 385.00
Interpolation
Y2 Mu Y2 [
2.50 400.00 2.50 894
3.00 421.00 3.00 949.00
291 417.40 291 939.58
Vn Qn N N needed
558.00 20.95 26.63 27.00
54.00
Beam weight M | Final Moment spacing Min Spacing Max Spacing
3.02 239.72 5.11 4.50 36.00
Concent. Dist Weight
Deflection Defl. T. Deflection deflection check
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Partially
TFL4

0.63 0.0088 0.64 0.77
Number of Shear
2 Qn A Y2 studs N needed
297.00 1.69 3.66 14.12 15.00
18.00
Spacing Min Spacing Max Spacing
15.33 4.50 36.00
Y2 Mn
3.50 369.00 Y2 I
4.00 380.00 3.50 817.00
3.66 372.43 4.00 858.00
3.66 829.79
Concentrated Distr.
Deflection Deflection T. Deflection Check
0.710983388 0.009942825 0.720926213 | Ok

Full-Girder(Cost/SF)

3.26

Partial-
Girder(Cost/SF)

2.98
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Roof

Infill Beam
‘ Scheme 1 ‘ 20.5X23
Tributary
width Length Live Load Dead Load Wu Required Mu
7.67 20.50 268.45 539.97 1077.48 56.60
Be Be be Value
92.04 61.50 61.50
Estimated a Ts Y2
1.00 4.50 4.00
1.00 4.50 4.00
beam size > Qn Wbeam W final required Mu
W10X12 177.00 12.00 1091.88 57.36
Beam Mn
118.00
a Y2
1.13 3.94
Depth As Ys IX
Interpolation 9.87 3.54 4.94 53.80
Y2 Mu
3.50 112.00
4.00 118.00
3.94 117.23
Vn Qn N N needed
177.00 21.04 8.41 9.00
18.00
spacing Min Spacing Max Spacing
13.67 4.50 36.00
Deflection
Yc ACS Y bar | WL WD
13.81 3.54 9.37 193.08 0.27 0.55

DL Deflection

LL Deflection

Constr. Deflection

deflection limit

0.39

0.10

0.34

0.68
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Partially > Qn A Y2 Nb of Shear studs N needed
TFL7 44.20 0.28 4.36 2.10 3.00
6.00
Y2 Mn
4.00 73.20 | Spacing Min Spacing Max Spacing
4.50 74.80 41.00 4.50 36.00
4.36 74.35
DL Deflection Y2 |
0.62 4.00 117.00
LL Deflection 4.50 124.00
0.15 4.36 122.03
Constr.
Deflection
0.34
Cost

Full-Beams(Cost/SF)

2.30

Partial-
Beams(Cost/SF)

2.07
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Small Beam G- 2.7t0 G.1- 2.7

‘ Scheme 1

20.5X23
Tributary width Length
8.34 2.50
dead load live load DL-Weight LL-weight total weight
124.35 35.00 1036.46 291.73 1328.18
Total Factored weight TW Mu due to distributed load
1710.51 1724.91 1.34
beam size Beam Mn W beam W final Total Mu
W10X12 118.00 12.00 14.40 1.35
Depth As IX
9.87 3.54 53.80
Total Mu check
1.35 | ok Mu due to weight of beam
0.011
total Un-factored weight
DL deflection Deflection limit Check 1340.182
0.0006 0.08 | OK
LL deflection
8.21686E-05
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Top cantilever G-1 to G-1.2

Tributary Mu due to concentrated
Scheme 1 width Unfactrored Load load Length load
20.5X23 6.42 8.20 1.50 12.30
beam size Beam Mn W beam W final Depth As Ys
W10X12 118.00 12.00 14.40 9.87 3.54 4.94
Total Mu check Mu due to weight of beam
12.32 | ok 0.016
IX
53.80
Deflection Deflection limit Check
0.0007 0.05 | OK
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Left Girder G-1 to H-1

‘ Scheme 1

‘ 20.5X23

Tributary
width Length Live Load Dead Load Wu Required Mu
3.83 18.50 134.05 547.69 871.71 37.29
Be Be be Value
46.00 55.50 46.00
Estimated a Ts Y2
1.00 4.50 4.00
1.00 4.50 4.00
beam size > Qn Wbeam W final required Mu
W10X12 177.00 12.00 886.11 37.91
Beam Mn
118.00 | a Y2
1.51 3.75
Depth As Ys IX
9.87 3.54 4.94 53.80
Interpolation
Y2 Mu
3.50 112.00
4.00 118.00
3.75 114.95
Vn Qn N N needed
177.00 21.04 8.41 9.00
18.00
spacing Min Spacing Max Spacing
12.33 4.50 36.00
Deflection
Yc ACS Y bar | WL WD
13.62 3.54 9.28 187.17 0.13 0.56

DL Deflection

LL Deflection

Constr. Deflection

Deflection limit

0.27

0.03

0.11

0.62
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Partially > Qn Y2 of Shear studs | N needed
TFL7 44.20 0.38 4.31 2.10 3.00
6.00
Y2 Mn Spacing Min Spacing Max Spacing
4.00 73.20 37.00 4.50 36.00
4.50 74.80
4.31 74.20
DL Deflection Y2 [
0.44 4.00 110.00
LL Deflection 4.50 117.00
0.05 4.31 114.36
Constr. Deflection
0.11
Cost

Full-Beams(Cost/SF)

4.67

Partial-
Beams(Cost/SF)

4.17
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Bottom Cantilever H-1 to H.1-1

Mu due to concentrated

Scheme 1 Unfactrored Load load Length load
20.5X23 13.11 17.04 2.00 34.08
beam size Beam Mn W beam W final Depth As Ys
W10X12 118.00 12.00 14.40 9.87 3.54 | 494
Total Mu check Mu due to weight of beam
34.11 | ok 0.029
IX
53.80
Deflection Deflection limit Check
0.0032 0.07 | OK
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Top Girder G-1to G-3.0

Girders: RulF Ru2 F Ru3 F Rud F Ru5 F Girder Length
Scheme 1 11.19 17.06 11.19 17.06 1.48 30.00
Tributary
width Rul Dist Ru2 Dist | Ru3 Dist Ru4 Dist Ru5 Dist Required Mu
22.25 6.17 10.00 13.84 20.00 23.00 290.52
By Ay
25.66 32.32 Be Be be Value
267.00 90.00 90.00
Estimated a Ts Y2
1.00 4.50 4.00
Moment
1.00 4.50 4.00 Byu Ayu unfactored
19.30 24.31 222.64
Uf1 Uf 2 Uf 3 ufa Uf5
8.41 12.84 8.41 12.84 1.11
beam size > Qn Whbeam Wrfinal req Mu unfactored W
W18X35 515.00 35.00 0.04 295.25 0.04
Beam Mn
496.00 a Y2
2.24 3.38
Depth As Ys IX
17.70 10.30 8.85 510.00
Interpolation
Y2 Mu Y2 [
3.00 457.00 3.00 1230
3.50 477.00 3.50 1300.00
3.38 472.12 3.38 1282.92
Vn Qn N N needed spacing Min Spacing Max Spacing
515.00 20.95 24.58 25.00 7.20 4.50 36.00
50.00
Beam weight
Moment Final Moment
4.73 295.25
Conc. T.
Deflection Distr. Weight Deflection | deflection Deflection limit
0.99 0.0171 1.01 1.00
partially [ NCHABIER
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Bottom Girder

Girder
Girders: Rul F Ru2 F Ru3 F Ru4d F Ru5 F Length
Scheme 1 11.19 17.06 11.19 17.06 1.48 30.00
Tributiry
width Rul Dist Ru2 Dist | Ru3 Dist Ru4 Dist Ru5 Dist Required Mu
22.25 6.17 10.00 13.84 20.00 23.00 290.52
By Ay
25.66 32.32 Be Be be Value
267.00 90.00 90.00
Estimated a Ts Y2
1.00 4.50 4.00
1.00 4.50 4.00
Moment
Byu Ayu unfactored
19.30 24.31 222.64
Uf1 Uf 2 Uf 3 ufa Uf5
8.41 12.84 8.41 12.84 1.11
beam size > Qn Whbeam Wrfinal req Mu unfactored W
W18X35 515.00 35.00 0.04 295.25 0.04
Beam Mn
496.00 | a Y2
2.24 3.38
Depth As Ys IX
17.70 10.30 8.85 510.00
Interpolation
Y2 Mu Y2 I
3.00 457.00 3.00 1230
3.50 477.00 3.50 1300.00
3.38 472.12 3.38 1282.92
Vn Qn N N needed
515.00 20.95 24.58 25.00
50.00
spacing Min Spacing Max Spacing
7.20 4.50 36.00
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Beam weight
Moment

Final Moment

4.73

295.25

Conc. T.

Deflection Distr. Weight Deflection | deflection Deflection limit
0.99 0.0171 1.01 1.00

partially [ NCHARSIRER
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Column G1.2

Bay 1
20.5X23
Length K KL
10 0.65 6.5
Floor rxn 1 floor rxn 2 floor rxn 3 floor load Total all floors load
65.8 17.77 0.03631 83.60631 167.21262
roof rxn 1 roof rxn 2 roof rxn 3 total roof load
32.85 13.86 0.0298 46.7398
Total load acting on columns
213.95242
column size Pn Rx Ry Ag
W12x58 714.5 5.28 2.51 17
KL/Rx KL/Ry short/long
14.77272727 31.07569721 | short
Fe Fer Pn Pu/Pn check
296.0844038 46.58795763 | 712.7957517 | 0.300159505 | OK

only Bf is adequate, therefore column should be adjusted to fit the top girder W24x55
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Column H1

Bay 1
20.5X23
Length K KL
10 0.65 6.5
Floor rxn 1 floor rxn 2 floor rxn 3 floor load Total all floors load
14.71 32.63 0 47.34 94.68
roof rxn 1 roof rxn 2 roof rxn 3 total roof load
8.19 17.07 25.26
Total load acting on columns
119.94
column size Pn Rx Ry Ag
W12x58 714.5 5.28 2.51 17
KL/Rx KL/Ry short/long
14.77272727 31.07569721 | short
Fe Fer Pn Pu/Pn check
296.0844038 46.58795763 712.7957517 | 0.168266996 | OK
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First Floor Column G1.2

Bay 1
20.5X23
length K KL
12 0.65 7.8
Floor rxn 1 floor rxn 2 floor rxn 3 floor load Total all floors load
65.8 17.77 0.03631 83.60631 334.42524
roof rxn 1 roof rxn 2 roof rxn 3 total roof load
32.85 13.86 0.0298 46.7398
Total load acting on columns
381.16504
column size Pn Rx Ry Ag
W12x58 800.6 5.28 3.02 19.1
KL/Rx KL/Ry short/long
17.72727273 30.99337748 | short
Fe Fer Pn Pu/Pn check
297.6593181 46.6053835 | 801.1465423 0.475774431 | OK

only Bf is adequate, therefore column should be adjusted to fit the bottom girder W24x55
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First Floor Column H1

length K KL
12 0.65 7.8
Floor rxn 1 floor rxn 2 floor rxn 3 floor load Total all floors load
14.71 32.63 0 47.34 189.36
roof rxn 1 roof rxn 2 roof rxn 3 total roof load
8.19 17.07 25.26
Total load acting on columns
214.62
column size Pn Rx Ry Ag
W12x65 800.6 5.28 3.02 19.1
KL/Rx KL/Ry short/long
17.72727273 30.99337748 | short
Fe Fer Pn Pu/Pn check
297.6593181 46.6053835 801.1465423 0.267891064 | OK

only Bf is adequate, therefore column should be adjusted to fit the bottom girder W14x38
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Foundation Spreadsheets

The same format used for the design of the members was also used for the design of the

foundation. Where, the highlighted items needs to be inputted into the excel sheet.

Factored Load Unfactored Load Moment T (Tickness) B (width)
1058.14 777.94 7000.24 6 16
ga gn
8 4.301435547
Required Width Final B (Width) |db d cp (base plate widht) c(columns Width)
13.44826757 14 1 68 14 12
OK
Two Way Shear One Way Shear
b0 0] bw ¢
WVuc 82 0.85|Vuc 25 0.85
951.8523649 434.8117347
¢ Vnc OK ¢ Vnc OK
1038.394333 2127.442049
Flexural Reinforcement p (steel ratio)
0.0018
Muc L #8 Bar # of Bars Required
8034.508079 77.3|Bar Diameter Bar Cross section Area 34.20288017 33
As Required min As Required 1 0.79
27.02027533 21.7728|
35 #8 bars
As Governs
27.02027533 Clear Spacing
3.666666667 Less than 18"
OK
Development Length C+Ktr/db C C
2.333333333 4.666666667 2.333333333
Ld supplied 2.5 Final C
74.5 Final 2.333333333
Ld 2.333333333
35.21073584 Bearing pressure g min (including moment)
6.29
Ld Supplied > Ld OK wif q ga g max({including moment)
191.1 6.373673469 8| 6.46
OK
Settlement
Zf a'zd Aoz
2 0.78 5.619848233
Effective Stress
o'zf o'z0 H
9.5795848233 3.96 33
Settlement
r cc/(1+e0)
0.85 0.006
& Ga
0.774846689 1in
oK
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Footing 1, Load (1058.14), Borehole #1.

Factored Load Unfactored Load Moment T (Tickness) B (Width)
1058.14 777.94 7000.24 6 16
ga an
8 4.301435547

Required Width Final B (Width) |db d cp (base plate widht} c(columns Width)

13.44826757 14 1 68 14 12

OK
Two Way Shear One Way Shear
bo [} bw ¢

Yuc 82 0.85|Vuc 28 0.85

981.8823649 434.8117347
® Vnc OK ®Vnc OK

1038.394333 2127.442049
Flexural Reinforcement p (steel ratio)

0.0018

Muc L #8 Bar # of Bars Required

8034.808079 77.5|Bar Diameter Bar Cross section Area 34.20288017 35
As Required min As Required 1 0.79

27.02027533 21.7728

35 #8 bars

As Governs
27.02027533

Clear Spacing
3.666666667 Less than 18"

OK
Development Length C+Ktr/db c C
2.333333333 4.666666667 2.333333333
Ld supplied 2.5 Final C
74.5 Final 2.333333333

Ld 2.333333333

35.21073584 Bearing pressure g min {including moment)

6.29
Ld Supplied > Ld OK Wi q ga g max({including moment)
151.1 6.373673469 8| 6.46
OK
Settlement
Zf o'zd Aoz
2 0.78 5.619848233

Effective Stress
o'zf o'zl H

8.739848233 3.12 26
Settlement
r ccf(1+e0)

0.85 0.006

& LE]

0.711822202 1in
0K
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Footing 1, Load (1058.14), Borehole #2

Factored Load Unfactored Load Moment T (Tickness) B (width)
1058.14 777.94 7000.24 6 16
ga gn
8 4,301435547
Required Width Final B (Width) |db d cp (base plate widht) c(columns Width)
13.44826757 14 1 68 14 12
OK
Two Way Shear One Way Shear
bo [l bw ¢
Vuc 82 0.85|Vuc 28 0.85
981.8823649 434.8117347
¢ Vnc OK ¢ Vnec OK
1038.394333 2127.442049
Flexural Reinforcement p (steel ratio)
0.0018
Muc L #8 Bar # of Bars Reguired
8034.808079 77.5|Bar Diameter Bar Cross section Area 3420288017 35
As Required min As Reguired 1 0.79
27.02027533 21.7728]
35 #8 bars
As Governs
27.02027533 Clear Spacing
3.666666667 Less than 18"
QK
Development Length C+Ktr/db C C
2.333333333 4.666666667 2.333333333
Ld supplied 2.5 Final C
74.5 Final 2.333333333
Ld 2.333333333
35.21073584 Bearing pressure g min {including moment)
6.29
Ld Supplied = Ld OK Wi q ga g max(including moment})
191.1 6.373673469 8 6.46
OK
Settlement
Zf o'zd hoz
2 0.78 5.619848233
Effective Stress
o'zf o'zl H
8.019848233 2.4 20
Settlement
r ccf(1+e0)
0.85 0.006
& 8a
0.641320808 1in
OK
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Footing 1, Load (1058.14), Borehole #3

Factored Load Unfactored Load Moment T (Tickness) B (width)
627.1 450 0 3 11
gqa qn
G 5.315
Required Width Final B (Width) |db d cp (base plate widht) ¢ (columns Width)
9.201415082 11 1 32 14 12
OK
Two Way Shear One Way Shear
b0 ¢ bw ¢
Vuc 46 0.85|Vuc 22 0.85
137.7359791 256.5409091
¢ Vnc OK b Vnc oK
274,1241856 786.6172282
Flexural Reinforcement p (steel ratio)
0.0018
Muc L #8Bar # of Bars Required
700.7862295 59.5|Bar Diameter Bar Cross section Area 10.82734177 11|
As Required min As Required 1 0.79
4.936485357 8.5536
11 #8 bars
As Governs
8.5536 Clear Spacing
10 Less than 18"
OK
Development Length C+Ktr/db IC C
5.5 11 5.5
Ld supplied 25 Final C
536.5 Final 5.5
Ld 2.5
32.86335345 Bearing pressure
Ld Supplied > Ld OK wi q ga
63.525 5707644628 6
Settlement 0K
zf o'zd hoz
2 0.42 5.166895159
Effective Stress
o'zf o'z0 H
9.126895159 3.96 33
Settlement
r cc/f(1+20)
0.85 0.006
8 Ga
0.732363258 1in
oK
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Footing 2, Load (627.1), Borehole #1

Factored Load Unfactored Load Moment T (Tickness) B (Width)
627.1 450 0 3 11
qa an
6 3.315
Required Width Final B (Width) |db d cp (base plate widht) c (columns Width)
9.201415082 11 1 32 14 12
0K
Two Way Shear Cne Way Shear
b0 (i) bw ¢
WVuc 46 0.85]Vuc 22 0.85
137.7359791 256.5409091
$Vnc oK ¢ Vnc oK
2741241856 786.6172282
Flexural Reinforcement p (steel ratic)
0.0018
Muc L #8 Bar # of Bars Reguired
700.7862295 59.5|Bar Diameter Bar Cross section Area 10.82734177 11
As Required min As Required 1 0.79
4936485357 8.5330
11 #8 bars
As Governs
8.5536 Clear Spacing
10 Less than 18"
OK
Development Length C+Ktr/db |C C
5.5 11 5.5
Ld supplied 2.5 Final C
56.5 Final 5.5
Ld 2.3
32.86335345 Bearing pressure
Ld Supplied = Ld OK Wi q ga
63.525 5.707644628 6
QK
Settlement
Fai o'zd Aoz
2 0.42 5.166835159
Effective Stress
a'zf o'z0 H
8.286895159 3.12 26
Settlement
r ce/(1+e0)
0.85 0.006
8 8a
0.675046313 1in
OK
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Footing 2, Load (627.1), Borehole #2

Factored Load Unfactored Load Moment T (Tickness) B (Width)
627.1 450 ] 3 11
Qa qn
6 5.315
Required Width Final B (Width) [db d cp (base plate widht) c (columns Width)
9.201415082 11 1 32 14 12
OK
Two Way Shear One Way Shear
b0 (o} bw ¢
Vuc 46 0.85]Vuc 22 0.85
137.7359791 256.5409091
& Vnc QK & Vnc oK
274.1241856 786.6172282
Flexural Reinforcement p (steel ratio)
0.0018
Muc L #8 Bar # of Bars Required
700.7862295 59.5|Bar Diameter Bar Cross section Area 10.82734177 11|
As Required min As Regquired 1 0.79
4936485357 8.5330]
11 #8 bars
As Governs
8.5536 Clear Spacing
10 Less than 18"
OK
Development Length C+Ktr/db |C c
5.5 11 5.5
Ld supplied 2.5 Final C
56.5 Final 5.5
Ld 2.5
32.86335345 Bearing pressure
Ld Supplied = Ld QK Wi q ga
63.5253 5.707644628 0|
OK
Settlement
zf o'zd Aoz
2 0.42 5.166895159

Effective Stress
o'zf o'zl H
7.566895159 2.4 20

Settlement
r ccf(1+e0)

0.85 0.006

& ba
0.610416725 1in

OK
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Footing 2, Load (627.1), Borehole #3

Factored Load Unfactored Load Moment T (Tickness) B (Width)
331.16 280.23 0 2 10
qa an
3 4,485
Required Width Final B (Width) |db d cp (base plate widht) c (columns Width)
7.922214221 10 1 20 14 12
0K
Two Way Shear Cne Way Shear
b0 (i) bw ¢
WVuc 34 0.85]Vuc 20 0.85
87.64033056 209.638
$Vnc oK ¢ Vnc oK
126.6334553 446.9416069
Flexural Reinforcement p (steel ratic)
0.0018
Muc L #8 Bar # of Bars Reguired
378.8108368 53.5|Bar Diameter Bar Cross section Area 6.562025316 7
As Required min As Required 1 0.79
4.301461438 3,184
7 #8 bars
As Governs
5.184 Clear Spacing
14 Less than 18"
OK
Development Length C+Ktr/db |C C
7.5 15 7.5
Ld supplied 2.5 Final C
50.5 Final 7.5
Ld 2.3
32.86335345 Bearing pressure
Ld Supplied = Ld OK Wi q ga
37.5 4.1866 3
QK
Settlement
Fai o'zd Aoz
2 0.3 3.767647122
Effective Stress
a'zf o'z0 H
7.727647122 3.96 33
Settlement
r ce/(1+e0)
0.85 0.006
8 8a
0.586395093 1in
OK

197



Footing 3, Load (381.16), Borehole #1

Factored Load Unfactored Load Moment T (Tickness) B (Width)
381.16 280.23 0 2 10
ga qn
5 4.465
Required Width Final B (Width) |db d cp (base plate widht) c (columns Width)
7.922214221 10 1 20 14 12
OK
Two Way Shear One Way Shear
b0 i) bw ¢
Vuc 34 0.83|Vuc 200 0.85
87.64033056 209.638
b Vnc OK b Vnc OK
126.6334553 446.9416069
Flexural Reinforcement p (steel ratio)
0.0018
Muc L #8 Bar # of Bars Required
378.8108368 53.5|Bar Diameter Bar Cross section Area 6.562025316 7
As Required min As Required 1 0.79
4.301461438 5.184
7 #8 bars
As Governs
5.184 Clear Spacing
14 Less than 18"
OK
Development Length C+Ktr/db |C C
7.5 15 7.5
Ld supplied 2.5 Final C
50.5 Final 7.5
Ld 2.5
32.86335345 Bearing pressure
Ld Supplied > Ld OK Wit q ga
37.5 4,1866 5
OK
Settlement
Zf o'zd hoz
2 0.3 3.767647122

Effective Stress

o'zf o'z0 H
6.887047122 3.12 26
Settlement
r cc/{1+e0)
0.85 0.006
& Ga

0.5472359608 1in

OK
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Footing 3, Load (381.16), Borehole #2

Factored Load Unfactored Load Moment T (Tickness) B (Width)
331.16 280.23 0 2 10
qa an
3 4,485
Required Width Final B (Width) |db d cp (base plate widht) c (columns Width)
7.922214221 10 1 20 14 12
0K
Two Way Shear Cne Way Shear
b0 (i) bw ¢
WVuc 34 0.85]Vuc 20 0.85
87.64033056 209.638
$Vnc oK ¢ Vnc oK
126.6334553 446.9416069
Flexural Reinforcement p (steel ratic)
0.0018
Muc L #8 Bar # of Bars Reguired
378.8108368 53.5|Bar Diameter Bar Cross section Area 6.562025316 7
As Required min As Required 1 0.79
4.301461438 3,184
7 #8 bars
As Governs
5.184 Clear Spacing
14 Less than 18"
OK
Development Length C+Ktr/db |C C
7.5 15 7.5
Ld supplied 2.5 Final C
50.5 Final 7.5
Ld 2.3
32.86335345 Bearing pressure
Ld Supplied = Ld OK Wi q ga
37.5 4.1866 3
QK
Settlement
Fai o'zd Aoz
2 0.3 3.767647122
Effective Stress
a'zf o'z0 H
6.167647122 24 20
Settlement
r ce/(1+e0)
0.85 0.006
8 8a
0.30172773 1in
OK
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Footing 3, Load (381.16), Borehole #3

This appendix consists of detailed information about the beams and girders designed. A
sketch of the designed section is provided in Figure 38 showing the location and the name of
each designed member. It includes the actual member sizes computed, the final member sizes

suggested to be used, and the moment capacity for each size; since the final member sizes were

Appendix D: Beams and Girders Properties.

selected and categorized according to their moment capacity.

Left Side
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Side
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Figure 38. Location of the designed members.
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Beam and Girder Design for Second to Fifth Floor

Left Side

Table 14

Beams and girders properties (Left side- second to fifth floor .

Bay Member Actual Member Moment Final member

location size capacity size
Bottom Bay Infill beam W10x12 118 W10x12
J3toH.1-3 Wi0x12 118 Wi0x12
J-2to H.1-2 Wi0x12 118 Wi0x12
J-2toJ-3 Wi0x12 118 Wi0x12
H12toH.13 Wi14x38 463 W18x35
Bay1 Infill beams Wllx14 155 W1lx16
G-27toG.1-27 Wi10x12 118 Wi10x12
G-1to G-12 W 10x12 118 Wil0x12
G-1toH-1 Wil0x12 118 Wil0x12
H-1toH.1-1 Wil0x12 118 Wil0x12
Bay 2 Infill beam for Wi12x22 247 Wi12x26

bedroom
Infill beam for Wi12x26 290 Wi12x26
HVAC
E3-12to G-1.2 Wilxl6e 177 Wilxl6e
Gl1.2to G-3 W24x 55 875 W24x 55
Bay 3 Infill beams Willx14 155 Wilxle
E-3.2toF-312 W18x35 496 W18x35
E49toF49 Wilx14 155 Wilxle
Bav 4 Infill beams Wi1lx19 211 Willx26
F32toF49 Wil6x31 409 W18x35
F49t0 G409 Wilx14 155 Wilxle
G3toG-49 W18x35 496 W18x35
F32toG32 W33x118 2090 W33x118
Bay 5 Infill beams W10x22 221 W1lx26
D4-12 to E3- Wi10x12 118 Wi10x12
1.2
E3-12t0E3 W24x 55 873 W24x 55
32

Bay 7 Infill beams (1) Wi1lx16 177 Wi1lx16
D-5toD-6 Wil0x12 118 Wil0x12
Bav § Infill beams (1) Wil0x12 118 Wil0x12
F-5toF-6 Wi10x12 118 Wi10x12
E-5toF-6 Wi10x26 262 Wi12x26
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Middle Side of the Building

Table 15

Beams and girders properties (Middle side-second to fifth floor).

Member Actual Member | Moment Final Member
location Size Capacity Size
Bay 1 Infill beam for W10x12 118 W10x12
bedroom
Infill beam for W12x14 155 W12x16
Storage
C.5-7Tto E-7 W18x50 613 W24x55
C.5-6to C.5-7 W10x12 118 W10x12
E-6 to E-7 W10x17 170 W12x16
C.5-6to E-6 W18x60 696 W24x55
Bay 2 Infill beam for W10x12 118 W10x12
bedroom
Infill beam for W10x15 149 W12x16
storage
E-6 to F.5-6 W16x31 409 W18x35
E-7 to F.5-7 W16x26 341 W18x35
F.5-6 to F.5-7 W10x12 118 W10x12
Bay 3 Infill beam (1) W10x12 118 W10x12
C.5-7t0 C.5-8 W10x12 118 W10x12
Bay 4 Infill beam(1) W10x26 262 W12x26
F.5-7 to F.5-8 W10x12 118 W10x12
E-7 to E-8 W10X22 221 W12x26
Bay 5 Infill beam W10x12 118 W10x12
bedroom
Infill beam W10x12 118 W10x12
kitchen
E-8 to E-9 W10x12 118 W10x12
C.5-8to C.5-9 W12x14 155 W12x16
C.5-8to E-8 W16x26 341 W18x35
C.5-9to E-9 W18x35 415 W18x35
Bay 6 Infill beam for W10x12 118 W10x12
bedrooms
Infill beam for W10x22 221 W12x26
toilet
E-8 to F.5-9 W18x50 613 W24x55
E-8 to E-9 W10x12 118 W10x12
E-9 to F.5-9 W18x60 868 W24x55
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Beam and Girder Design for the Roof for the Left Side

Table 16

Beams and girders properties (Left side- roof).

Member Actual Member | Moment Final member
location size capacity size
Bottom Bay Infill beam W10x12 118 W10x12
J-3to H.1-3 W10x12 118 W10x12
J-2to H.1-2 W10x12 118 W10x12
J-210J-3 W10x12 118 W10x12
H.1-2 to H.1-3 W10x26 262 W12x26
Bay 1 Infill beams W10x12 118 W10x12
G-2.7t0 G.1-2.7 | W10x12 118 W10x12
G-1t0 G-1.2 W 10x12 118 W10x12
G-1to H-1 W10x12 118 W10x12
H-1to H.1-1 W10x12 118 W10x12
Bay 2 Infill beam W12x14 155 W12x16
Infill beam for W12x26 290 W12x26
HVAC
E.3-1.2t0 G-1.2 | W12x14 155 W12x16
G1.2t0 G-3 W18x35 496
Bay 3 Infill beams W10x12 118 W10x12
E-3.2t0 F-3.2 W18x35 496 W18x35
E-4.9to F-4.9 W10x12 118 W10x12
Bay 4 Infill beams W12x14 155 W12x16
F-3.2to F-4.9 W12x22 247 W12x26
F-4.9to G-4.9 W10x12 118 W10x12
G-3t0 G-4.9 W14x22 265 W12x26
F-3.2to0 G-3.2 W27x48 1340 W27x48
Bay 5 Infill beams W10x12 118 W10x12
D.4-1.2 toE.3- | W10x12 118 W10x12
1.2
E.3-1.2t0 E.3 W18x46 661 W24x55
3.2
Bay 7 Infill beams (1) | W10x12 118 W10x12
D-5 to D-6 W10x12 118 W10x12
Bay 8 Infill beams (1) | W10x12 118 W10x12
F-5to F-6 W10x12 118 W10x12
E-5to F-6 W10x12 118 W10x12
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Middle Side

Table 17

Beams and girders properties(Middle side- roof).

Member Actual Member | Moment Final Member
location Size Capacity Size
Bay 1 Infill beam W10x12 118 W10x12
C.5-7t0 E-7 W18x35 415 W18x35
C.5-6to C.5-7 W10x12 118 W10x12
E-6 to E-7 W10x12 118 W10x12
C.5-6t0 E-6 W18x35 415 W18x35
Bay 2 Infill beam s W10x12 118 W10x12
E-6 to F.5-6 W12x26 290 W12x26
E-7 to F.5-7 W12x26 290 W12x26
F.5-6 to F.5-7 W10x12 118 W10x12
Bay 3 Infill beam (1) W10x12 118 W10x12
C.5-7to C.5-8 W10x12 118 W10x12
Bay 4 Infill beam(1) W10x12 118 W10x12
F.5-7 to F.5-8 W10x12 118 W10x12
E-7 to E-8 W10X12 118 W10x12
Bay 5 Infill beams W10x12 118 W10x12
E-8 to E-9 W10x12 118 W10x12
C.5-81t0 C.5-9 W10x12 118 W10x12
C.5-8 to E-8 W14x22 265 W12x26
C.5-9to E-9 W16x26 341 W18x35
Bay 6 Infill beams W10x12 118 W10x12
E-8 to F.5-8 W16x36 473 W18x35
E-8to E-9 W10x12 118 W10x12
E-9 to F.5-9 W16x45 600 W24x55
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Appendix E: Primavera
This appendix consists of the primavera work computed for the WPI-New Residence
Hall. This section includes two parts of the Time and Scheduling process which are date
calculation of activities based on CSI index and schema of activity relationships with each other.
Basically, date calculation of activities shows how many days each activity needs in order to be
completed. However, the activity relationship shows how to properly follow the activity

processes.
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lwm New Hall

Classlc WBS Layout |

18-Dec-07 14:03

13-Jun-07

19-Jun-07

Develop Work Plan

.. | 28-Jun-07 | Foundation Completed 23-May-07 | 29-Jun-07

A2450 11-Apr-0 Project Starts 01 11-Apr-07

A2460 11-Apr-07 Design Kick-off Meeting 0| 11-Apr-07
A2470 11-Apr-07 | 22-Jun-07 | Design Completed 53| 11-Apr-07 | 22-Jun-07
A2430 18-Aug-08 | Buikling Enclosed 0 18-Aug-08
A2500 23-Jut-08 | 04-Aug-08 |Final Inspection & Approval 91 23-Jul-08 {04-Aug-08
A2510 10-Jul08 | Substantial Completion 0 10-Jul-08
A2520 24-Jun-08 | 10-Jul-08 | Flush Building 13| 24-Jun-08*}| 10-Jul-08
A2530 22-Aug-08 | Project Ends 0 { 22-Aug-08
13-Apr-07 | 23-May-07 29513-Apr-0? 23-May-07

13-Jun-07*] 18-Jun-07

A1100 12-Jun-07 | 21-Jun-07 | Forming of Project Team 8| 12-Jun-07*| 21-Jun-07
A1110 14-Jun-07 | 26-Jun-07 | Building Permits 11| 14-Jun-07*| 28-Jun-07
A1120 11=-Jul07 | 18-Jul07 |Moveln 71 11=Jul-07* | 19-Jul07
A1130 08-May-... | 01-Jun-07 | Procure Contractor's Bids 19} 08-May-... |01-Jun-07
A1140 24-Jul-08 | M-Aug-08 | Handover 7124-Jul-08* | 01-Aug-08
A1150 20-Jun-08 | 26-Jun-08 | Punch List & Move 5 20-Jun-08*| 26-Jun-08
A1380 11-Juk08 |16-Jul08 | ErectFence 4{11-Jul-08* | 16-Jul-08
Ald4d 11-Juk08 [17-Jul-08 |Erosion Control 5| 11-Jul-08* | 17-Jul-08

pr-0¢

i i i

1May— 13-Jun-07 Storm-WaerDes»gn 14-May-0 13-Jun-07

17-Apr-07 ; 30-Apr-07 | Sanitary Sewer Design 10| 17-Apr-07 | 30-Apr-07
A1190 18-Apr-07 | 31-May-07 | Architectural Design 32{18-Apr-07 | 31-May-07
A1200 09-May-... | 21-Jun-07 | On-Site Utilities Design 32| 09-May-07 | 21-Jun-07
A1210 08-May-... | 22-Jun-07 | Mechanical Systems Design 34/ 08-May-07 | 22-Jun-07
A1220 18-May-... | 06-Jun-07 | Electrical Systems Design 16| 16-May-07 | 06-Jun-07

:07-Nov

31-Juk07

13-Dec-

07-Aug-07

Structural Design

Backfll/Restore Grade

113-Dac-07

E==5 Remaining Work ¢

& Milestone

B Actual Wok BN Critical Remaining Work WSSy Symmary

Page 1of6 ITASK filter: All Activities

© Primavera Systems, Inc.
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T New Hall Classic WBS Layout 18-Dec-07 14:03

i e 7 T

A1240 22-Jun-07 | 29-Jun-07 |Excavate Basement 6{22-Jun-07 | 28-Jun-07
A1250 19-Juk07 |01-Aug-07 |Install Sewer Line 10119-Juk07 | 01-Aug-07
A1260 31-Jul-07 | 08-Aug-07 | Backfill Interior Foundation Walls & U/G Duct 5{31-Jul07 | 06-Aug-07
A1270 18-Jul-07 |27-Juk07 | Install Water Line/Tap 8118-Jul07 |27-Juk07
A1280 25-Jun-07 | 28-Jun-07 | Excavate for U/G Plumbing 5|25-Jun-07 | 28-Jun-07
A1200 20-Jul-07 | 01-Aug-07 | BackfillRgh Grade Foundation & Site 9]20-Julk07 | 01-Aug-07
A1310 03-Aug-07| 13-AUg-07 | Backill/Prep Landing 7(03-Aug-07 | 13-Aug-07
A1320 13-Aug-07 | 24-Aug-07 | Final Paving 10| 13-Aug-07 | 24-Aug-07
A1330 22-Aug-07| 04-Sep-07 | Landscaping & Brick Paving 10| 22-Aug-07 | 04-Sep-07
A1400 30-Apr-07 | 24-May-07 | Demolifion of Existing Building 19| 30-Apr-07 | 24-May-07
A1480 24-May-... | 22-Jun-07 | Glearing site for New Construction 22| 24-May-07 | 22-Jun-07
A1490 07-Feb-07 | 14-Feb-07 | Prep side forsteel 6| 07-Feb-07 | 14-Feb-07
e . et 1 chontes .
A1340 03-Juk07 {17-Jul07 | Form/Place/Strip Balance of Footings 11{03-Jul-07 | 17-Jula7
A1350 10-Jul-07 |20-Jul-07 | Ferm/Place/Strip Basement Walls 8{10-Jul-07* | 20-Jul-07
A1360 29-Jun-07 | 05-Juk07 | Prep/Place Basement Slab On Grade 5|28-Jun-07 |05-Jul07
A1370 17-Jul-07 |26-Jul-07 | Prep/Place Main §lab on Grade 8{17-Jul07 |26-Jul07
A1380 12-Jul-07 |{18-Jul-07 | Prep/pour First Floor Slab On Deck 6]12-Juk07 | 19-Juk07
A1410 03-Aug-07 | 13-Aug-07 | Site Concrete- all Sides 7103-Aug-07 | 13-Aug-07
A1420 30-Jul07 | 08-Aug-07 | Place Exterior Slab 630-Jul-07 | 0B-Aug-07
A1600 16-Jul07 |25-Jul-07 | Prep/pour SecondFloor Slab On Deck 8| 16-Jul-07 | 25-JulO7
A1630 17-Juk07 | 26-Jul-07 | Prep/pour Third Floor Slab On Deck 81 17-Jul-07* | 26-JukQ7
A1870 18-Jul-07 |20-Jul-07 | Prep/pour Fourth Floor Slab On Deck 3118-Juk07 | 20-Juk07
A2440 18-Jul-07 | 24-Jul-07 | Prepfpour First FifthSlab On Deck 4119-Juk07 | 24-Jul07
A1430 02-Jul-07 | 20-Juk07 | Fab & Del Precast 15 02-JukQ7 | 20-Juk-Q7
Al440 25-Jul-07 | 02-Aug-07 |Entrance Precast 7{25-Jul07 | 02-Aug-07

i = i
A1450 18-Jul-07 | 31-Jul07  |Fab & Del Brick 10{18-Jul07 | 31-Jul07
A1480 14-Aug-07 | 03-Sep-07 | Install 1st & 2nd Floor Brick 15] 14-Aug-07 | 03-Sep-07
A2480 26-Jul-07 |01-Aug-07 |Install 1st & 2nd Floor Precast-East 5|26-Jul07 | 01-Aug-07
A2540 23-Juk07 | 26-Jul07 | Install Gable Precast-East 4123-Jul-07 | 26-Jul-07
A2560 02-Aug-07| 07-Aug-07 | Install 1st & 2nd Floor Precast-West 402-Aug-07 | 07-Aug-07
BN Actual Wok  WEENE Critical Remaining Work W=y Sy mary Page 20f6 [TASK filier: All Activities
[EEEE Remaining Work 4 & Milestone © Primavera Systems, Inc.
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| New Hall Classic WBS Layout 18-Dec-07 14:03

[Blann

o

i -[ I} 4 H Hh .
06-Aug-07| 09-Aug-07 | Install 1st & 2nd Floor Precast-North 4} 08-Aug-07 | 09-Aug-07
09-Aug-07| 13-Aug-07 | Install 15t & 2nd Floor Precast-South ! 3{09-Aug-07 | 13-Aug-07
08-Jan-08 | 24-Jan-08 | Install End Brick & Precast 12} 09-Jan-08*| 24-Jan-08
10-Oct-07 | 18-Oct-07 7110-Oct-07 | 18-Oct-07

19007 | 24-00t-07 © 4/ 16-00:07 |24-0tt07

[25-0ct-07 Unstall 3r , 4125-0ct-07" _
02-Nov-... | 08-Nov<07 /| Install 3rd & 4t 5]02:Nove... | 08-Nov
12-Sep-07| 20-Sep-07 Install 3rd & 7112-Sep-07 | 20-Sep-07
21-Sep-07| 27-Sep-07 | Install 3rd & 4th Floor Precast-North 5]21-Sep-07 | 27-Sep-07
28-5ep-07| 02-0ct-07 | Install 3rd & 4th Floor Precast-South 3| 28-Sep-07 | 02-0ct-07
03-Oct-07 | 09-Oct-07 5{03-0ct-07 | 09-Oct-07

120-Nov-.. | 28-Nov-07 7| 20-Nov-. | 28-Nov-07 .
o Ly i

" 12-Nov-07 L1n

& ‘G& i i ik s =

A1520 23-Aug-07| 14-Sep-07 |Fab & Del Deck 171 23-Aug-07 | 14-Sep-07
A1530 16-Aug-07 | 20-Sep-07 | Fabricate & Deliver Building Stair 26 16-Aug-07 | 20-Sep-07
A1540 10-Oct-07 | 19-Oct-07 | Survey Anchor Bolts 8{10-Oct-07 | 19-Oct-07
A1550 20-5ep-07| 09-0ct-07 | Erect Steel Frame 14| 20-Sep-07 | 09-Oct-07
A1560 26-Mar-08| 18-Apr-08 | Erect Roof Steel 18| 26-Mar-... | 18-Apr-08
A1570 08-Oct-07 | 16-0ct-07 | Install Deck/Studs 7} 08-Oct-07 | 16-Oct-07
A1580 21-Apr-08 | 28-Apr-08 | Install Roof & Attic Decking 6} 21-Apr-08" | 28-Apr-08
A1590 30-Aug-07| 17-Sep-07 | Install Precast Supports & Adjust 13} 30-Aug-07 | 17-Sep-07
A1610 16-Jan-08 | 21-Feb-08 | Fab & Del Steel 27} 16-Jan-08*| 21-Feb-08
A1640 22-Aug-07|28-Sep-07 |Fab & Del & Install Ladder & Handrail / Attic 28| 22-Aug-07 | 28-Sep-07
A1650 16-Jan-08 | 06-Feb-08 | Install Stair Rails 18| 16-Jan-08*| 06-Feb-08
AZ680 11-Dec-07| 21-Dec-07 | Install Stairs - 15t Floor 9! 11-Dec-... | 21-Dec-07
A2690 17-Jan-08 | 01-Feb-08 | Install Stairs - 2nd Floor 12| 17-Jan-08"| 01-Feb-08
A2700 05-Feb-08 | 15-Feb-08 | Install Stairs- 3rd Floor 9| 05-Feb-... |15-Feb-08
A2T10 26-Feb-08|20-Mar-08 | Install Stairs - 4th Floor 18| 26-Feb-...

5 e tﬁ‘ S e ; e T Hat, 1w

i
A1660 10-Mar-08 | 27-Mar-08 | Fab & Del Milwark 14| 10-Mar-... | 27-Mar-08
A1670 08-Apr-08 | 29-Apr-08 | Install Millwork 16 | 08-Apr-08* | 28-Apr-08
A1680 28-Apr-08 | 07-May-08 | Install Wood Paneling 8| 28-Apr-08* | O7-May-08

B Aciual Wok BN Critical Remaining Work 'Y=y Symmary Page 3 of 6 TASK filter: All Activities

E===8 Remaining Work 4 # Milestone

© Primavera Systems, Inc.
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WPl New Hall

12-Mar-08 | 25-Mar-08

Classic WBS Layout

|Fab & Del Slate Roofing

12-Mar-... |25-Mar-08

18-Dec-07 14:03

02-Apr-08 | 11-Apr-08

Fab & Del EPDM Roofing

02-Apr-08* | 11-Apr-08

A2850 13-Feb-08| 22-Feb-08 gFab&De! Slate Infills 8|13-Feb-... |22-Feb-08
AZBE0 21-May-... { 05-Jun-08 | Dampproof & Insulate Foundation 12| 21-May-... | 05-Jun-08
A2870 14-Apr-08 | 22-Apr-08 | Install Roof Sheathing 7| 14-Apr-08* | 22-Apr-08
A2880 23-Apr-08 | 28-Apr-08 | Install Slate Shingles 5| 23-Apr-08* | 28-Apr-08
A2850 08-Feb-08 14-Feb-08 | Terminate Rocfing Enfrance 7|08-Feb-... | 14-Feb-08
A2200 21-Feb-08| 26-Mar-08 | Prep/Del Green Roof Material 25| 21-Feb-... | 26-Mar-08

1 Fab & Del Curtainwall

16-May-

" 'Fab & Del Windows

.. 14-Dec-07

Fab & Del Waod Doors & Hardwal

3

OQ-May-Oé "I'nstall Wood"bonrs J“I-[ardmre 10{ 28-Apr-08* | 09-May-08
22-Jan-08 |Install Curtainwall 4117-Jan-08*| 22-Jan-08
24-Apr-08 | Install Alum Exterior Entrance Doors 71{16-Apr-08* | 24-Apr-08

. | 28-May-08 | Install Alum to Building 171 07-May-... | 29-May-08
-1 21-May-08 | Install Windows 11 07-May-... | 21-May-08
. | 15-May-08 |Install Plastic in Windows - 1st Floor 6{08-May-... | 15-May-08
16-Apr-08 | Install Glass Handrail - 1st Floor 4111-Apr-08* | 16-Apr-08

.. | 23-May-08 |Install Glass Handrall - 3rd Floor 5{19-May-... | 23-May-08
.. | 22-May-08 | Install Glass Handrail - 4th Floor 8{15-May-... | 22-May-08
.. | 21-May-08 |Install Plastic in Windows - 2nd Floor 4| 16-May-... | 21-May-08
.-|29-May-08 |Install Plastic in Windows - 3rd Floor 7121-May-... | 28-May-08
.| 03-Jun-08 |Install Plastic in Windows - 4th Floor 4 28-May-... | 03-Jun-08
.| 14-May-08 | Install Glass Handrail - 2nd Floor 4109-May-... | 14-May-08
.. | 28-May-08 | Install Glass Handrail-5th fioor 5]23-May-... | 29-May-08
05-Jun-08 | 10-Jun-08 |Install Plastic in Windows- 5th Floor 4| 05-Jun-08*| 10-Jun-08

5

22-Jul-08

Final Paint

17-Jul-08* | 22-Jul-08

08-May-... | 22-May-08

Fab & Del Folding Parition Wall & Rail

11]06-May-... | 22-May-08

| M Actual Work W Critical Remaining Work V=== Symmary Page 4 of 6

Remaining Work 4

& Milestone

ITASK filter: All Activities

© Primavera Systems, Inc.
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Pl New Hall

Classic WBS Layout

18-Dec-07 14:03

18-Jun-08

24-Jun-08

Install & Densdeck - Attic

07-May-... | 15-May-08 | Install Folding Partition Support Wall & Rail 7 . | 15-May-08
A2160 14-May-... | 22-May-08 |Fab & Del Signage 7| 14-May-... | 22-May-08
A2170 11-Jun-08 | 19-Jun-08 | Install Signage in Building 7| 11-Jun-08*| 19-Jun-08
29-May-... | 05-Jun-08 | Overhead Plumbing & Sprinkler & Heat Pipe 6 . | 05-Jun-08

24-Jun-08

26-May-... | 11-Jun-08 | Fab & Del Elevator 13| 26-May-... | 11-Jun-08
A2180 12-Jun-08 | 19-Jun-08 | Install Elevator 6 12-Jun-08"| 18-Jun-08
A2200 08-Jun-08 | 20-Jun-08 | Elevator Machine Room Rough- (at Base 11 06-Jun-08*| 20-Jun-08

21-May-08 | Heat Rough-in Mech / Elect room

08-Jan-08 | 18-Jan-08 | MEP Slab on Grade Prep 9 18-Jan-08
18-Jan-08 | 23-Jan-08 | MEP Floor Slab On Deck Prep 4 23-Jan-08
13-Feb-08] 21-Feb-08 | Install Roof Drains & Vents 7 21-Feb-08
17-Dec-07}21-Dec-07 | Fab & Del Duct 5 . | 21-Dec-07
06-Feb-08| 14-Feb-08 | Overhead Ductwork 7 14-Feb-08
21-Feb-08| 28-Feb-08 | Plumbing & Mechanical Rough-in Mech & ... 6 28-Feb-08
20-Feb-08} 26-Feb-08 | Plumbing in-Wall Rough 5 26-Feb-08
25-Feb-08| 28-Feb-08 | Mechanical & Plumbing Rough-in Attic 4 28-Feb-08
28-Feb-08| 12-Mar-08 | Sprinkler Rough-in Mech/Elect Rms 10 12-Mar-08
12-Mar-08 | 20-Mar-08 | Mechanical & Plumbing Finish 7 20-Mar-08
26-Feb-08|04-Mar-08 | Install Sprinkler Heads 6 04-Mar-08

R
s i

TR Remaining Work 4

# Milestone

09-Apr-08 | 16-Apr-08 | Electric Relocation Work 6] 09-Apr-08*
02-Apr-08 | 10-Apr-08 | Overhead Electric 7102-Apr-08*
07-May-... | 16-May-08 |Electrical In-Wall 8{07-May-...
21-May-... | 29-May-08 | Control In-Wall 71 21-May-...
04-Jun-08 | 12-Jun-08 | Fire Alarm 7] 04-Jun-08*
26-May-... | 30-May-08 | Electrical Rough-in - Aftic 5| 26-May-...
02-Juk08 | 11-Ju08 | Electrical Finish 8| 02-Jul-08* | 11-Jul-08
03-Jun-08 | 09-Jun-08 | Del Main Transformer 5| 03-Jun-08*| 09-Jun-08
11-Jun-08 | 18-Jun-08 |R. Lights Entrance 7{11-Jun-08*| 18-Jun-08
26-Jun-08!02-Jul08  |Electrical Coondination 5{26-Jun-08*| 02-Jul-08
BN ActuaWok  EEEEEN Critical Remaining Work Wy Symmary Page 5 of6 TASK filter: All Activities

© Primavera Systems, inc.
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Pl New Hall

Classic WBS Layout

18-Dec-07 14.03

Aoty I
07-May-...| 15-May-08 | Instal Foiding Partition Support Wall & Rail 7 15-May-08
22160 T4May-..| 22-May-08 |Fab & Del Signage 7[14-May-... | 22-May-08
A2170 T1-un-08 | 16-Jan-08 | Install Signage In Buiking 7| Ti-un-08"| 19-Jun-08
Overhead Plumbing & Sprinkier & Heat Pipe 5 06-Jun-08

29-Ma

18-Jun-08

05-Jun-08

24-Jun-08

Install & Densdeck - Altic

18-Jun-08*| 24-Jun-08

26-May-...

11-Jun-08

Fab & Del Elevator

26-May-... | 11-Jun-08

12-Jun-08

18-Jun-08

Install Elevator

6/ 12-Jun-08"| 19-Jun-08

oa-an-oa

08-Jun-08 | 20-Jun-08
s

18-Jan-08

Elevator Machine Room Rough- (at Base...

20-Jun-08

|16-4an-08

MEP Slab on Grade Prep 9
18-Jan-08 | 23-Jan-08 | MEP Floor Slab On Deck Prep 4118-Jan-08*| 23-Jan-08
13-Feb-08| 21-Feb-08 | Install Roof Drains & Vents 7{13-Feb-.. |21-Feb-08
17-Dec-07}21-Dec-07 | Fab & Del Duct 5| 17-Dec-... | 21-Dec-07
06-Feb-08| 14-Feb-08 | Overhead Ductwork 7|06-Fab-... |14-Feb-08
21-Feb-08 28-Feb-08 | Plumbing & Mechanical Rough-in Mech & .., 6{21-Feb-... |28-Feb-08
20-Feb-08{ 26-Feb-08 | Plumbing in-Wall Rough §|20-Feb-... |26-Feb-08
25-Feb-08|26-Feb-08 | Mechanical & Plumbing Rough-in Attic 4|25-Feb-... |28-Feb-08
28-Feb-08}12-Mar-08 | Sprinkler Rough-in Mech/Elect Rms 10} 28-Feb-... |12-Mar-08
12-Mar-08| 20-Mar-08 | Mechanical & Plumbing Finish 7{12-Mar-... |20-Mar-08

26-Feb-08

04-Mar-08

21-May-08

Install Sprinkler Heads

Heat Reugh-in Mech / Elect raom

. |21-May-08

16-Apr-08 | Electric Relocation Work 61 09-Apr-08* | 16-Apr-08
02-Apr-08 | 10-Apr-08 | Overhead Electric 7} 02-Apr-08"| 10-Apr-08
07-May-... | 16-May-08 | Electrical In-Wall 8} 07-May-... | 16-May-08
21-May-... | 29-May-08 | Control In-Wall 7121-May-... | 29-May-08
04-Jun-08 | 12-Jun-08 | Fire Alarm 7104-Jun-08"} 12-Jun-08
26-May-... | 30-May-08 |Electrical Rough-in - Altic 5| 26-May-... | 30-May-08
02-Juk08 | 11-Jul-08 | Electrical Finish 8| 02-Juk08* | 11-Jul08
03-Jun-08 | 09-Jun-08 | Del Main Transformer 5| 03-Jun-08* 09-Jun-08
11-Jun-08 { 18-Jun-08 |R.I Lights Entrance 7{11-Jun-08"} 19-Jun-08
26-Jun-08 | 02-Jul-08 | Electrical Coordination 5| 26-Jun-08*| 02-Juh08

I Actual Work

B Remaining Work 4

I Critical Remaining Work WSS Summary

# Milestone

Page 50f 6

TASK filter: All Activities

© Primavera Systems, Inc.
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Classic WBS Layout

18-Dec-07 14:03

16-Apr-08 | 24-Apr-08 | Fab & Del Drs/Frames/Hardwa 7{16-Apr-08" | 24-Apr-08
[05Deci07 1 Decis7 | FabaDelnwal g, | 1308607,
09-Apr-08 | 24-Apr-08 | Fab & Del Painting 12| 09-Apr-08* | 24-Apr-08
16-Apr-08 | 22-Apr-08 | Fab & Del Act Ceil Grid 5| 16-Apr-08" | 22-Apr-08
16-Jun-08 | 20-Jun-08 | Fab & Del Viynil Tile, FEC 5! 16-Jun-08*| 20-Jun-08
21-Apr-08 | 24-Apr-08 | Fab & Del Custom Campet 4| 21-Apr-08* | 24-Apr-08
13-Jun-08 | 17-Jun-08 | Install Exterior Studs/ Sheath 3{13-Jun-08*| 17-Jun-08
09-Jun-08 | 13-Jun-08 | Install Interior Studs and Frames 51 08-Jun-08*; 13-Jun-08
17-Jul-08 | 23-Jul-08 | Sheetrock Chases 5{17-Jul-08* | 23-Jul-08
02-Jun-08 | 08-Jun-08 | Build Elevator Shaft §102-Jun-08*| 08-Jun-08
25-Jun-08 | 02-Jul08 | Insulate/Hang Drywall 6} 25-Jun-08*| 02-Jul-08
24-Jul-08 |30-Jul-08 Finish Drywal 5 24-Jul-08* | 30-Jul-08
24-Jul-08 | 31-Jul-08 Prime Paint 6 24-Jul-08" | 31-Jul-08
03-Jun-08 | 20-Jun-08 | Install Ceiling Grid 14} 03-Jun-08*| 20-Jun-08
03-Jun-08 | 12-Jun-08 | Install Sheetrock & Tape Ceiling 8| 03-Jun-08*| 12-Jun-08
14-Aug-08| 19-Aug-08 | Final Paint 4114-Aug-... | 19-Aug-08
15-Jul-08 |21-Jul08 | Ceramic Tile Toilet 5| 15-Jul-08* | 21-Jul-08
25-Jun-08 | 03-Jul-08 | Install Slate Flooring fo Building 7|25-Jun-08*| 03-Jul-08
27-Jun-08 | 08-Jul-08 Flood Ceiling Tile 9} 27-Jun-08*} 09-Jul-08

I Actual Work
s Remaining Work 4

& Milestone

B Critical Remaining Work W=y S, mary

Page 6 of 6

ITASK filter: All Activities

® Primavera Sysfems, Inc.
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18-Dec-07 14:05

Classic WBS Layout

Page 1 of 1
(¢) Primavera Systems, Inc.
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Pl New Hall

\Project: WPl New Hall

Classic WBS Layout

18-Dec-07 1407

Page 10f 20

(c) Primavera Systems, Inc.
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IWP| New Hall Classic WBS Layout 18-Dec-07 14:07

Page 2 0f 20
(c) Primavera Systems, Inc.
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Pl New Hall Classic WBS Layout 18-Dec-07 14:07

Project: WPI New Hall
WE = i AN

Page 3 of 20
(c) Primavera Systems, Inc.
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WP New Hall Classic WBS Layout 18-Dec-07 14:07

Project: WPI New Hall
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(¢} Primavera Systems, Inc.
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18-Dec-07 14:07

Project: WPI New Hall

Page 5 of 20
{c) Primavera Systems, Inc.
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Classic WBS Layout 18-Dec-07 14:07
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(¢} Primavera Systems, Inc.
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W New Hall

Classic W8S Layout

18-Dec-07 14.07

Fage 7 o120

{c) Primavera Systems, Inc.
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Classic WBS Layout

18-Dec-07 14:.07

Fage7of20

(&) Primavera Systems, Inc.
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| New Hall | Classic WBS Layout | 18-Dec-07 14.07

Page 8 of 20
(c) Primavera Systems, Inc.
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W New Hall

Classic WBS Layout

18-Dec-07 14:07

/

Page 8 of 20

(¢) Primavera Systems, Inc.
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W New Hall Classic WBS Layout 18-Dec-07 14:07

Page 10 0f 20
(¢) Primavera Systems, Inc.

224



Pi New Hall

Classic WBS Layout

18-Dec-07 14:07

Rage 11 of 20

(c) Primavera Systems, Inc.
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WP New Hall

Classic WBS Layout

18-Dec-07 14:.07

Page 120120

(¢) Primavera Systems, Inc.

226



WP New Hall

Classic WBS Layout

18-Dec-07 14.07

e
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Page 130120

(c) Primavera Systems, Inc.

227



WP New Hall

Classic WBS Layout

18-Dec-07 14:.07
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VWPI New Hall Classic WBS Layout 18-Dec-07 14:07

.s = %uv ] i e RN P

e o E i

Page 16 of 20
(c) Primavera Systems, Inc

229



WFI New Hall

Classic WBS Layout

18-Dac-07 14:.07

Page 17 of 20

(c) Primavera Systems, Inc.
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WPI New Hall

Classic WBS Layout

18-Dec-07 14:07

Page 18 of 20

(c) Primavera Systems, Inc.

231



WUPT New Hall Classic WBS Layout 18-Dec-07 14:07
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New Hall

Classic WBS Layout

18-Dec-07 14:07
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Appendix F: Permits

This appendix includes sample permits that are usually needed for residential construction.

Application to construct repair renovate change the use or occupancy of any building other than
a one or two family dwelling

The Commonwealth of Massachuzetts City of Holvoke
State Board of Building Rezulation: and Department of Codes and Inspections
Standards 10 Eorean Veterans: Plaza, room 300
Massachusetts Sfate Building Code Holyole, Massachusets 01040
T80 CME Telephone: (413)-534-2193

AFPPLICATION TO CONSTRUCT REPAIR RENOVATE CHANGE THE UES OR OCCUPANCY OF
ANY EUVILDING OTHER THAN A ONE ORE TWO FAMILY DWELLING

This Section For Official Use Ouly

Building Permit Namber: Drate Issaed:
Sizmafure:
E'uild'u],E Commissioner | Inspactor Diate
SECTION 1-- SITE DNFORMATION
1.1 Propemy Address: 1.2 Aszzascor's Map, Block, apd Lot Mumber:
Map Elock Lot
1.3 Zoning Informarton 1.4 Property dimensions: Corner Lot C
Zoning District Proposed Use Lot Area (s} Frontaze (fi)
1.& Building Setbacks (ft)
Fronot Yards Side Yards Flear Vard
Fequirad Erowided Fequirad Provided Fequired Provided
1.7 Water Supply (MGL ¢ 40 § 54 1.5 Flood Zone Information: 1.& Sewage disposal systam:
Tuklic O " DrovateD Zane Ourside Flood Zone T | Mundcipal T On site disposal
sysiem J

SECTION 2-- PEOPERTY OWHEESHIP | AUTHORIZED AGEWNT
2.1 Owmer of Facord:

Mame (Print) Address:

Siznamure Telephone
12 Authorized Aganr

IWame (Print) Address:

Signature Telephone
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SECTION 3-- COMNSTRUCTION SERVICES FOR PROJECTS LESS
THAN 35000 CUUBIC FEET OF ENCLOSED SEACE

3.1 Licensed Construction Supervisor: Mot Applicable O

Licenzad Construciion Supervizor

Licensze Mhunber

Addrazs

Expiraticn Diate
Siznature Telephone
3.2 Begisterad Hoane Improvement confracior: Mot Applicable O

Company Mame

License Munber

Address
Expiration Date
Siznature Ia'.EE':u:lna

SECTION 4-- WORKEERS COMPENSATION INSURANMCE AFFIDAVIT (MWML.GL. C 152 & 25C(6)

Warkers Compensation Insurance affidavit nmst be completed and submimed with this application. Faihare to
provide this affidawit will result o the dendal of the 1ssuance of the building peroir.
Signed Affidavit amacked Yes T Mo O

SECTION 5-- FROFESSIONAL DESIGH AQND CONSTREUCTICH SERVICES FOR BUILDINGS AND
STREUCTURES SUBITECT TO OONSTRUCTION CONTEOL PURSTANT TO T80 CME. 116
(COMTAINING MORE THAN 35, 00N C_F. OF ENCLOSED 5PACE)

2.1 Begisterad Architects

Mot Applicable J

IWame (Fegisrant):

Fegizration Murnber

Address
Expiration Dhats
_EJE:Laru.TE : — Ia.EE:u:lna
5.2 Begisterad Professional Engineans):
Iame Area of Besponstibiliny

Fegizration Murnber

Address

Expiration Dhats

Sizmature Talephons
I
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IName Area of Rasponstbility

Fegizraton Mumber

Addrass
Expiration Diata
Signzmure Talephons
IName Araa of Fesponstbility
Fegizmanon Funber
Addrass
Expiration Dats
Signamre Talephons
Iame Araa of Fesponstbility
Flegizmanon Funber
Addrazs
Expiration Drats
Siznamre Talephons
I

3.3 Geperal Confracior

ot Applicable O

Company Mame

Fesponsible in Charge of Constucdon

Addrezs

Signzmure Talephons

SECTION 6-- DESCEIPTION OF PROPOSED WORE (check all applicahle)
Mew Consoucton Z Exisong Building I Fepams O Aleraoons C | Addrno

Accessory Building T Demolinon  Z Oiher O Specify

-_____________________________________________________________
Brief Descripton of Proposed Work
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SECTION 7-- USE GROUR AMND COMSTRIICTION

USE CGROUFP (Checl: all that apply) CONSTRULTION TYFPE

A Assembly O A-1 O A-2 O A-3 O 1A u|

A-4 T A-5 O 1E u|
B. Business 0 2A |
E. Educarional J 2 B u|
F. Factory 0 F-1 C F2 O 2C n|
H. High Hazard § O 3A u|
I Instirutional | O -1 O I-2 O I3 O iB u|
M. Mercantle J O 4 u
F. Fesidendal J O B-1 [ E-2 O E-3 O JA 1
5. Storage 0 5-1 O 5-1 O 5-3 O 5B u|
U. Unility 0 Specify
WL Mixed Uze 2 Spect
5 Gpectal Use O Speci

Existing Use Group: Proposed Usa Gronp:

Existing Hazard Index 780 CMIE. 34: Proposed Hazard Index T80 CIE. 34

SECTION §-- BUILDING HEIGHT AWND AREA

BUILDING AFREA EXISTING if applicable) FROPOSED
Fhunber of floors or stones mclnde
Basement levels
Floor Area per floor (s5)
Total Area (sD)
Total Height ()

SECTION 9-- STRUCTURAL PEER REVIEW (780 CME 110.11

Independent Smucmral Enmineering Smacmral Peer Beview Feguired Yes ... O No._.....00

SECTION 10A-- OWHER AUTHORIZATION TO BE COMPLETED WHEN OWHNERS AGENT OR
COMTRACTOR APPLIES FOR BUILDING PERMIT

as Chwner of the subjact propeny

beraby anthorize 1 ACT o0 oy

behalf in all marers relatve o work antiorized by this building permit application.

Signature of Owoer Diafa
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SECTION 10B—- OWNER / AUTHORIZED AGENT DECLARATION

I 25 Chwper (Anthorized Azent
Herely declare that the statements 2pd informuanon on the foregoing application are tue and acoarate w the best off
my knowledze and belief. Sizued wnder the paivs snd penalties of perjury.

Erint Mame

Sigmature of Owoer / Agent Diate

SECTION 11 ESTIMATED COMNSTEUCTION COSTS

Item Estimatad Cost (Dollars) to be Official TUse Only
completed by pennit applicant
1. Building (2 Buildinz Permt Fae
Multiplier
1. Elecimical (b Bwlding Area
from section § shove
3. Flamibing Building Perrnit Fee
4. Mechanical (HEVAL)
5. Fira Protaction
6. Total =({1+2+3+4+5) Chack Mumber
Tax Collector Affidavit

Thes is to certify that, m accordance with Chapter 74 of the Actz of 1996, the persens and propertiss
named hersm have ne wmeollectad taxes, fines, faes or other charges owing to the City o Holyvoke that
would prevent the issuance of pernuits.

Holyoke Tax Collector or lus desiznee Date

Checl: List for Controlled Construction Building Permits

Completed Constuction Control Affidavie (T80 CME 114.1)

Cormpleted Building Pemur Application with siznanire of owner or owner's agens (T80 CRE 110.1)

Three (3 sats of plans (780 CIE. 110.87) with ariginal stavep avd siznstore of a Massackmsens registered

professional enginaer or archifect on each page (750 CRE 110.3)

4. Ths cover page of the plans shall mdicats the Edinon of the code under which the pernut i3 to be isznad, Use
Group, Constmmiction Type, Fire Grading Maxinnon Live Load, and Ocoupsvcy Load of the soacmire

3. Three (3) sats of sprinkler plans avd caloulatons sigped and stamped m orginal by a Massachnsens registerad
Profassional enginesr gualified to design sprinkler systems (780 CRIE 11000, 115.0, 903.1)

6. Fire protection consmuction documents lsted in (780 CME 903.1.1 (5" ed))

Payment of sewsar entrance fess for new construction or new sewer sarvice for repovations requinng such

Connections.

. Payment of hulding permit fees in accordance with the Helyoke Code of Ordmances section 18-71 1o 18-91

£, Crry Tax Collector Affidavit pursnant to Chaptar 74 of the Acrs of 1906

Lid 3 e
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The Commonwealih of Massachisstis
Deparmment of Industrial Accidents
Ciffice of [nvestizations
S00 Washington Srest
Boston, Maszs. 02111
Worker's compensation Insurance Affidavit
Application Information

Hame

Location

City Fhops
C I am a homeowner performing all work nyself

Z [ am a sols proprietor and have oo ops werkinE in any capacity.

C I am an employer providing worker's compensation for oy employes: working oo this job

Company Mama

Address
City Phans
Insurance Company Phione

- ____________________________________________________________________________________________ |
O Iamasals propristor, general contractor, or homeowner (circle one) and kave hired the contactors listed
balow who have the followine worker's compensation:

Company Mama

Address
City Phops
Insurance Company Paolicy Mumiber

Company Mama

Address

City Phans

Insurance O n}:LEam Policy Number
]
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Attach Additional Sheet if Neces
Failure to secure coverage as required nnder Section 25A of MGL 152 can lead to the
imposition of criminal penalties of a fine up to % 1,500.00 and /or one vear's imprizon

-ment a: well as civil penalfies in the form of a STROP WORK OBRDER and a fine
of 3100.00 a dav against me. I understand that a copy of this statement may be for
-ward to the Office of Investizations of the DIA for coverage verification

I do hereby cortify under the pains and penaities aof periury that the iformation previded above 15
irue and correct

Sipmamre Date

Print Mame Phone
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Code Enforcement Zoning Approval Form

Code Enforcement Zoning Approval Form
APPLICATION INFORMATION

ADDEESS

PROPOSED USE:

| EXISTING USE L NEWUSE CHANGEINTUSE

STAMPED PLOT PLAN ATTACHED |/ YES  NO
DATE OF PLANNING BOARD APPROVAL

APPROVAL FORM ATTACHED? YES NO | N/A
DATE OF ZONING BOARD AFPROVAL

EECORDED APPROVAL FOEM ATTACHED | YES _/NO I N/A

COPY OF PARKING LOT LICENSE PROVIDED | YES L NO __ N/A

PROPOSED OCCUPANCY RATING PERSONS
SUBMITTED BY [Properry Owmer or Legal Representanve)
OFFICE USE ONLY

LZONE

USE COMPLIANCE ©YES SPECIAL PERMIT © PRE-EXISTING
SETBACK COMPLIANCE ' YES O VARIANCE

PARKING COMPLIANCE © YES | VARIANCE © SPECTIAL PEEMIT
APPROVED OCCUPANCY PERSONS

HISTORIC DEMOLITION COMPLIANCE | YES T NO D N/A
FLOOD PLATN COMPLIANCE O YES O N/A

APPROVED BY DATE
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The Commonwealth of Alazsachuasetis - Cit“‘i' of Worcester
£ - . AN,
= 'l' State Beard of Building Regulado=: i ’ff" B, e . .
o s 8 and Seandards i . . .| Application for a
e Massachuseers State Building Code \ 1‘5} . / .y q= '
730 CME vo2% / Building Permit
Address
Applicatics Enterad By Application Dats:
Plan Reviewsd By Diata:
Signesurs Date Iisued:
seaagn b Livkbeten, Lisacioe Code
Lone: Proposed Use: Census Tract:
Lot Area:— souare fas: Frontage: Zomzmg Raviaw:
Front yard set bacl—_ faet Eoreag Clfiees
Bear vard et bacl— feet  Site Plan Approval:
Side vard set bacl: feet  Parking Approval:
Side vard set bacl: feer ZBA Approval:
Public Water: Flood Zone: Sewer:
Orwvper of Eecord: Phone Number:
Address: Cell Nomber:
Signature:
Engineer: Phone #: Cell #:
Architect: Licemse Number:
Address:
Signature:
Liremsed Construocdon Seperviver: Phone #: Cells:
Licemse Number-
Addrezs:
=
Signature:
Heme Impravement Concracior: Phone #: Cells:
Licemse Number:
Addrezs:
_ —
Signature:
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City of Waorcester

Fage Two Enilding Permit Application

Worler’:s Compensation Insurance Affidavit Submitted:

Drescription of PEOPOSED Worl:-

Consfruction Type: Floor Area: —__ square feef
Number of Stories: Use Group:

Office Use ONLY:

New Comstroction: ———— Erisfing Budlding:—— Altreragoni—— Addidon:

Eeprir:: Acceszory Bldg- Demolition- Orther:

Building Permit Fee: By Office Permanent Record Feremton Fee: By Offce Sprinkler Fee: By Office
Orcher Fee: By Office

Ezfimated Construction Cost: 5 0 Total Fee: 3¥——Fse Beceived-
Eeceived By:

Chiner duthorizadon:

L . as owner of the subject property hereby authorize

. to act on my behalf in all matters relative to work

authorized by this building permit.
[—

Signarure of Owmer Dace

Ovwner/duthorized Agent Declaranon:

I, as Owner / Authorized Agent hereby declare that
the statements and information on the foregoing application are true and accurate, to

the best of my knowledge and belief.

Signed under the pains and penalties of perjury.

Pring Name
-
F !
Signamure of Ovwner / Awthorized Agent Date
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Building Permit MNumber

Street Addres::

Do you intend to do interior work only? Teu: No:
If Yes, you do not nesd 10 answer any of the questions below.

If Mo, please answer questions below,
gl ooy o oo ol o o o ool o o o e o ool ool o o e o ol e e e o o ool ool o ol o o ol e e e o o LA L LR Y

If work mclndes exterior building acovity andior site work, please answer all the following questions.

1 Wil amy acovity take place within 100 feer of 2 pond, lake brook, swearn, marsh or swanp?

TES: WO
2 Dipes this property fill wp with water after a rinstonn and bold it for a whila?
TES: W
i Wil amy actvity take place within 100 faer of a stonn drzin compowent ( catch basing etc)?
YES: i[85
4. Is the property within a flocd plam desiznated under the Manonal Floed Insurance Program?
TES: WO
5. Is thus property steeply sloped? TES: fiiL 5
{owver 159 slope - pre or post consmactom)
a If oo, will actvity alter at least 10,000 square feat of land?
TES: b [0 3
L. Ifves, will actwity alter art least 5,000 square feet of land”
TES: b [0 3
Signamrs
Print Mame Telephone Mhorobsar

IF YOU ANSWEFED YES T AWNY OF THE ABOVE QUESTIONS, YOU MAY NEED
AFPROVAL FROM THE WORCESTER. PLANNING BOARD OR. COMNSERWVATION
CONMBISSION BEFORE YOU START WORE

This s not 2 legal detenmination. If you kave any douwbts or questions, it is your respousibility 1o votify
the office of Divizion of Land Use.

For addittonal information regarding Local Wetlands Protecton Ordinance and the Massachusatts
Wetlands Protection act contact:

Deparmmant of Pualblic Works
Enminearing Dhvision
20 East Waorcester Siraet
Worcester, MA 01604
(508) 790-1454
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City of Worcester
Dreparmient of Hzalth and Human Services

Code Enforcement Divizion

Jamoes . Gesdines, Actng Commissiomss Toseph B Mikialinz,
Hialt: a=d Human Sscmcas Director, Cods Exforcemerd
Bulding Permut # 20 wall be 1ssued subject to compliance with

the requirements of the Commonwealth of Massachusetts State Bullding
Code and the City of Worcester Zomng Ordinance.

Secfion 114.9 Posting of Permits:

A copy of the bwlding pernut provided by the Code Enforcement
Division shall be kept m view and protected from the weather on the site of
operations, open to public mspection dunng the entire time of prosecution of
the work and intl the cerificate of cocupancy shall have been 1ssued. The
building permut shall serve as an mspecton record card to allow the bulding
official convemently to make enmmes thereon regarding mspection of the
work.

Section 114.10 Motice of Start:
At lease twenfy-four (24) hours notice of start of work imder a
building permut shall be given to the bulding official.

READ BEF ORE SIGNING

Signanre:

Erinr Mame:

Address & Zip Code:

Talephone:

213 Meads Strset, Worosster, MA 01610-2715 Phompec (FIE) T28-B534 Fax: (502) 79%-8544 codeamici worcestsr.maus
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oy of Worcester
Drepartment of Health and Human Services
Code Enforcement Divizion

Jamags . Gardines, Acting Commizsiomer Tosaph . Mikialian
Healrh 2zd Homan Services Dimactor, Coda Exforcsmeat

AFFIDAVIT

In accordance with Article 1 Section 111.5 of the Massachusetts
State Building Code. I certify that all debris resulting from work
associated with Building Permit #
at property
Will be properly disposed of at:

A licensed sclid waste disposal facility as defined by MGL C lfl

& 150 A
Diate Signamre of Pemuat Applicant
Prine Mame of Applicant

Fimm Marme (if auy)

Address

The Code Enforcemment Division acting under Chapter &, Arficle 7 of the 1908 Worcestar
Fevized Ordinances requires proof of disposal of debris geverated as a result of this
pernut. The proof shall be 3 dated and sizned receipt from the licensed disposal facility
containing the following informaten:

A descniption of the debris, the weight and vehuwe of the debns and the locaton of the
disposal facilify. The receipt must also bave a sisnanoe of the owner/operator of the
disposal facility.

Failure to comply with requirements of this ordinance will result in enforcsmsnt acton
by the Ciry of Worcester,

23 Meade Streat, Weroesten, MA 01610-2715 Phome: {J0E) 799-E334 Fax: (508) 79%-8344 codeidiciwormestenmaus
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COMASTRUCTION CONTROL

PROJECT WUMEEE:

PROJECT TTTLE:

PROJECT LOCATION:

WAME OF BUTLDING:

WATURE OF FROJECT

In accordawce with secton 116.0 of the Massachnsens State Building Code, I
Ragistradoa Mo,

Hemg a Begistared Professional Enginesr’ Architect hareby cermify that I have prepared or directly supervisad
the preparation of all design plans, computations and specification conceming:

___ENTIREPROJECT  _ ARCHITECTURAL  _ STRUCTURAL
__ MECHANICAL FIRE PROTECTION _ ELECTRICAL
__ OTHER. (SPECIFY)

For the above named project and that to the best of moy knowledze, such plans, computations and
specifications meet the provisions of the Massachnsems Stare Building Code, all acceptabls enginsering
praciices and all applicable laws and crdizances for the proposed wse and oooupancy. I Husher cemify that 1
shall perform the necessary professions] services and be present on the constmaction sife on 2 regalar periodic
biasis to deternune that the work is procesding n accordance with the doonments approved for the bailding
permit and shall be responsible for the following specified in Section 780 CME 116.0, 6" edition of the
Massachusafts State Building Cods

SEAL

SIGHATURE

tna

Subscribed and swormn to before me this day of

Dotary public

Ay Commmizzion expires

Print Fainm
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Application for Mechanical Permit

TOWN OF LEXINGTON
APPLICATION FOR MECHANICAL PERMIT

1823 Massachuzems Averme, Lexingron, A 02220
P TB1-86240300 %-211 Fax 751-B61-2780

Dale Recehed Type of Sooupancy: FemE#E:

Bulding Location:

Cragner's Name:
Instaling Compainy Mame: =horne:
Company Sirest Acdress: TownCity T

Indicate total mamber of units im the applicable box below

AHEEIME TEEHEFINE
AHEEEE HHEEEE
E ‘-l-— E'u ?‘J :‘5 ﬁ T_ 5“ %.l l:li

Air Handling Units Pool Heater

Baseboard Heat Process Pioing

Bolers/Furnaces/Gas/Qil Pumps

Central Ar Conditioners Radiant Heat

Ciirect Went Fireplace Radiators

Craft Inducers Range Hoods

Cuct Coils Refrigeration Units

Ewaporative Coolers Roof Top Units

Fire Suppression Sprinkler Conn,

Generators Sprinkler Heads

Heat Pumps Sprinkler Hese Conn.

Heating Zonss Steam Generstors

Hydro Air Systems Steam Hetlles

Incinerators WVentilation Fans

Kickspace Heaters

Kitchen Eguipment

Mo Vent Heaters

Deosoribe Project *“Mole: f any equipmenrt 13 being plaoed outskde of the foolorict of the bullding, irdicate sefbacks to property Ire. & lanc
Eursey may be reguined. Roof 100 wnks may regquine 8 Srucluml Enginssrs revisw. Equipment that s viskis from a pubilc ey and whnin a
Historic Disirict wfll reguire prior approval of e Historic Districls Commizsion. &l eguipment |5 subject o Leainglon's Molse By-Las:

e werk [ Resasement (] Renwation ] Pans Suseias: [

czrl®y that | iave T authorty by make the foregoing aoplication ard that all of the Imonmabion | hase submitted {or enderesd) In The abowe
appicagon Is inze and accurale to the best of my Enowisdpe, Infommation and belief, and that sl meckankcal work ard iesiailations periormed
wrder the pemel issued for tis apolicaiion wfll be In complance with al perinent provisions of the Aassachusetts Stais Sulding Code, the 22
fdechanical Code, and ol awsbyiawsiregulaions of the Toam of Ledngion:

Slgrature: Frim Name: Type of Licensze: Lo E:

o Offlos Llees Canily
Irssurance on Flle: WAl Faor Pemmi Feec & Reoeiot & Date Issusd
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Application for Revision of Building Permit

City of Worcester
Deparmment of Health and Haman Services
Code Enforcement Division

Tames & Gardings, Acting Cozomissiomar Jossph B Mikilmn
Ezalt: and Fumem Saricas Dimwctor, Cods Enforcemes:

APPLICATION FOR REVISION OF BUILDING PERMIT

Address of work location:

Cramer of Property:

Revision made by cwner:

Contractor:

Enginesrfarchitect:

Date of revised material received:

Written scope of work attached: ves Or B

Mumber of drawings sheets submitted:

Walue of revised/additional work:

Additional fee paid:
Planed revision:

1

Record of review of revision to permit

Zonimg Officer

{Signature)
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Application for Permit to Do Plumbing

MASSACHUSETTS UMIFORM AFPLICATION FOR FERMIT TS DO PLUMEING

{¥int Br Trgad

_________ Woroester 0 pfass. Dare______ 20 Femmirs
Enilding Locarion Dwrer's Hame
Owper Talx Type of Docepancy
Mew O Bexavaiem O Replacemen: O Flap Sabhmatted: Yes O MNe O
FIXTURES
r]
HE ;
B # A E . E [ if!
5 a 1 F y B 3 - >,
Slalel 2B L EE ] |5 AR HEHE
=j,k?ﬁ;fi;”g*'ﬁ_ﬁ:iiéif.w:f;ﬂgﬁﬁ
AEETEL G E (SN =1 0 Rl R e e
HHEEHHH AR EEHHE L
G| E[E|E[E|E 5 E[EE (eS8 E ]2 E]E
SUE-EIMT
| SLASERANIET
1" rronk
2™ JLoDE
M rLoo
M FLODE
23 FronE
B rLook
™ ILonE
L JLODE
Drstalling Compary Hame Check ome: Cerdbicate
Address O Corporacion
O Paztrership
Ensiness Telephone £ O Firm:/'Ce., e

Mame of Licensed Flumber

TRSTRARCE COVERALIL:

T s u cuswent Bahiclisy Danris pekor o o anlistocsa] squivelat which poasts B egusem ety of ROL O, 142
Ta O s O

Irren huve checked tpp Jleass tulenis B (rge covenigs Iy clasioag e SERTEREAE TEx

A lwiddy unesce 3 ekky O Crtar e efinden iy O Haad O

D' RS TRITH
Cimaaral Lemn usd

Sy}

ATVEIC Dam pmnaoe that the oeues geug uet yve S canniace cevenpe mqused T Chagoer 142 ef the M
ripuatare 4 Hin gasnit aggEeeien waieey thiy sequisnent.

Check sne:
T=az 1T Apgent O

Siplnrl 42 Derma ar Omma’s Agent

T ek certify that all of the deails and Dfeen rsan I Reve 1uim e Car paierel o ahas o gisesan aoe s aad ascases iw e et af oy ramivdge
et all plun king wreri and Dty garierm d vl the Jasnt imned Sao 9@ applicatiss wll ke in oen e el ol gerseens grevidans ef

the Namazbamesty S Jun oo Cads aad Cllruﬁ"l\; Cleneral L
B
S.i.panrr-rd::!-'.l-d Flanfies
Tade, -
X Trye o Lizewe: Mot O Tenmayman O
Cup Tems

ARIREOVID (OFFICY TIY DHLY Laeaas Hamiag
Print Ferm
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Application for Sunrooms

! CONSUMER INFOEMATION FOERL - “SUNEOOME"

AN ‘-fl' Maszachuzetts State Building Code (730 CME, Appendix J, Section J1.1.2.3.1)

The Maszachusetts Starz Builins Coda (780 CMR) ncludas provisions to epsure that houses and
house addttons meet epergy efficiency standards. This supplemsntal COMSUMER INFORMATION
FORM 15 to be filed as pant of the bulding perout application when a buildsr/conimacior or homeowmer,
cansmcting mstallmg a bovse additton with very larze percentaze of gZlass o opaque wall, seeks toutilize a
special eperEy comservation exempton option fior "smroom” addidoms to an existing house {730 CME
Appendix I, Section J1.1.23.00. This FORM iz mot misnded to prevent a homeowner from selectig a
“sumreom” of any size, coofigaraten, orentation. form of constmaction of percent glaxing, ut mther is caly
imterded to 2ssist homegamners m becoming aware of soms of the impomant ensTEy conssrvation and year-
Tound comfon considerarons imralved m selecting and urlizing 2 “amreom” addition
The compection of “sumreom™ stuciures to residemtal buildines may create comiont apd emerpy
consumpiion isses due to uncontrelled solar gain or vocontrolled radiaticn coolmg of the maim bowse. In
the selection and copsmurtenimstallaton of “sunreoms”, incladed balow is a non-reguired, open-endad list
of product and desizn copsideraitons that a2 homeownsr may wish i consider before acmually
constmcting mstallmg a “saoroom”. It i3 recommended that comsamers carefidly review these options with
thedr desigoer, builder, or confactor, in onder to minimize potential eperzy consumption andor house
discomfort tssues. In addition, the gualifications and reputation of the company or individuals to be hired
are important considerations.

3 N CON \ STy =
«  Solar Orientation and Natoral Shading
» Type of Glazing
+ Insnlating value
+  Splar heat gain
+  Frame materials
+ Glazing to frame sealing and gaskefing materialy’ seal durability andor
weather tightness of the sunroom
Adequate ventilation - Operable windows and fans
Applied Shading Systems
Inzulation level in floors, walls, and ceilings
Possible Sunroom isolation from the main honse via 3 wall and'or door or slider
Heating and Cocling Methods: Efficiency, Zoning and Controls

% w5 W

Homerwner Aclmonledsment

The Massaclsetis State Building Code, Section I1.1.2.3.1, requires that the aciual properiy onmer (ot the
OWDET '3 AZE0T 07 TRpressntaiive) acknowledze recerpt of this COWSTUMER. INFORMATION FORM prior to
izsuance of a Buildmz Permatt for a project that imclodes “supropme™ additions 1o an existmz residemsal
building. In accerdamce with this requiremesns, the vndersizned hereby acknowledzes thar she'he has r=ad
i information m this deoument conceTning sumreom comdbort and energy conservation.

Siznanme of Acmal Buldicg Comer Dharte:

Print Mame Adidress of Penmrtrad Project

Crwmar Address (0f different than project location) Cramar's tzlephone oumber
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Driveway Opening Procedure

DRIVEWAY OPENING PROCEDURES

Mame: Phone I
DATE: _

ADDRESS:

=4% [g diveway opening on & State Highway? Y o N

I so, applicant must file application with Mazs Highoay Department.
*+%  The maximum widih of driveway openmgs shall be 20 feet in reaidential districts
and 30 fest in all other districs.

1.  Contact the Building Department for approval, located at City Flall on the
first floor.

APPROVED [ ] DEWIED ]
BY:

Building Commissionés

Contzct the Traffic Commizsion for appeoval, the Traffic Commizsion
Chadrperson is Chief Sacen, located at the Police Station on Main Street,

APPROVED [ ] DEMIED[ ]

BY:

Traffic Commisgsioner Chainperzon

If approved, contaet one of the suggested contractors listed below for
cempeltive prices.

1. Obtain permit from Enginesring Department, loceted at City Hall, Room
100, NOTE: A &5 000 bond must be posted efther by the Contractor or the

owner at the time of applying for the permit.

4. Sidewalk and driveway apron musl be put back to prior condition or bettar
ie 6" cement concrete removed, cement concrete put back,

Fad

TORS 8
Mystic Paving Inc, 1A, DePrimen, Ir. Co.
(781} 395-5275 (TE1} 64G6-9563
Cooper Brothers Paving 1. Donlon & Sons
Meledford Winchester
(781) 393-9733 {T81) T20-B286

PLEASE REMIT THIS SIGNED COPY TO THE ENGINEERTNG OFFICE TO RECEMNVE PERMITS
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Application for a Permit to Perform Electrical Work

Commonwesalth of Wassachusetts CHFieinl Use Culy
Parmiz Wa

Department of Fire Services
Oocape=cy 2=d Fes Checked

EOARD OF FIRE PREVENTION REGULATIONS  [Bew 1199] 0 s
APPLICATION FOR PERMIT TO PERFORM ELECTRICAL WORK

All wrrk o be peisecd wilk Gz Elertnaed Code{MELC]), 527 CME 1208
(PLEASE FRINT IN INE OF TYPE ALY INFORAMATTION) Diate:
City or Town of: \Worcesier Ta the Inspecior gf Wires.

Eiy this applicaticn the w=darsigned gmves notics of s ar bes teetion to perform the elecrical work described balor.
Locatizn (Séreet & Number)

Owrmer or Tenant Telephome No.
Oemer’s Address

I: this permit in cenjunctica with a budlding permit? CH |:| Na |:| {Check Appropriate Box)

Farpose of Building Unlity Antlsorizston No.
Exstimp Service Amps I Velez Owerhead D Undgrd I:‘ No. of Meters
New Service Amps I Vel Owerhend |:| Undgrd |:| No. of Meters

Number of Feeder: and Ampscity
Location and Natere of Proposed Electrical Wrlc:

il ot off i Fallossirig falde wicsd B v b thet lsipaicionr af Wivis

Mo. of Reecessed Fiztures Mo, of Ceil -Suzp. (Paddle) Fans T tormers by
o. of Lightimg Outlers Na. of Hot Tobs Generators EVA

. e — AE I=- o of Emergency Laghii=g |
o. of Lighting Fizrures Swimuming Poal E&ud-w O . O :ul:n ?;TM" shn=g
Mo of Receptacle Outlets No. of Oil Burners FIFE ALAFAS |No. of Tomes

. - - [ of Detec nd
Ma. of Swirches Na. of Gz Bormers - Iudl:i;dnfd'l'u]:lu:\.'i.m
Ma. of Ranges N of Air Cond %::u:] [Wo. of Alerfing Devices

- . — Feat TREber [Tom: e of sel-Lonimeed
Mo, of Waste Dizpocers Total: | Ii]-:tr-cnnu. Alernng Devices
Mo of Dizhwsshers Specelirea Headng KW ocal [ "'m“"%?m O Orcher
- i S it 2 - 'E-rrnn.rr Systems:
. of Dryens Heating Appliazce: KW . of Devices or Equivalent
. of Water . RENE N, of Data Wirime:

Heaters EW Signs Ballast 2o of Devices or Equivalens
. R - Te]ﬁnmm.u.u.l.l:il:mn: mns;
Mo. Hydromassage Bathiubs Nao of Morors Toral HP Ho. of Devices or Equiviient

OTHERE.:

Anark asdiianel deay’ |f daired or ar required &y e Sampecror off B iner
INSURANCE COVERAGE: Uszles: waived by the ow=ar, no peemit foo the parformance of alectzical wook mary issue unless
the licsnsee provides pooaf of ltakdi rarancy i=cludi=g “complated oparaticn” covemags or its substantial equivele=t. Ths
undarstgoed cartifies tRat wach covrags i = force, a=d Eag exhibdted prood of sams to the persxt tauing offics.
CHECH ONE- INSURANCE [0 300D O OTEER [ (Specisy)

(Bagealion Date)

Estimated Valos of Elecmical Waek: {When required by municipal policy:)

Waork to Stazt Inspectzozs 1o be requested in accoodance witk MEC Euls 10, and upen completice.
T ceriffl, umder the paing snd penaidies gf perfury, Bat the informedon sm tkiv applicadion i frue and compleie.
FIELL MAMIE: LIC. M0.:
Licensee: EEMNHE" LIC. 0.

I applivalle, daier “eodmpl™ b tha loiine midaber fne ! Buz Tel Mo
Addrezs: Alt. Tel No.

OWNER'S DNSURANCE WAIVER: Iam awems that the Licezsee doer nor hove the Hebdlity lnsurencs oovarzge n:u-_w:_w
roquired by lawr. By noy sipmanome balow, T haraby waiva this reguirament T am the {check eos) [] oamer  [] ownes's 2zant

rmer Acen Telephane Na. PERMIT FEE: §
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Fire Extinguishing Equipment New System Description Sheet

Jamss . Gardinar, Acting Commissiozer
Huzltk 22d Hupaz Sarvicas

Ciry of Worcester

Code Enforcement Divizsion

Fire Extinguishing Equipment
Wew System Description Sheet

New Sprinkler Systems:

Depamuent of Health and Humsn Services

Total munber of Sprinkler Heads xi200= 3
+ 512500
Total Sprinkler Fee = 5
New Standpipes:
Lizst each srandpips individuzlly
Standpipe Number of Srories Total
Wumber
1 -A= u 350000 + EB12300=
2 -A= u 350000 + E12300=
3 -i= x 350000 + E12500=
4 -A= u 350000 + E12300=
5 -i= x 350000 + E12500=
] -A= u 350000 + E12300=
7 -A= u 350000 + E12300=
] -A= u 350000 + E12300=
o -A= u 350000 + E12300=
10 -A= ® 35000 + E12300=

Total Standpips Fes

Sprinkler Toml 3
Standpipe Total §

Tatal §

Joseph F. Mikioliaz
Director, Code Exforcament
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Alteration of Existing Systems (Fire Extinguishing Equipment System Description Sheet)

City of Worcester
Dieparmuent of Health apd Human Services
Code Enforcement Division

Tamses &. Gardinar, Acting Comanissiozer Taseph R Mikialiam
Hualtk 2zd Humaz Sarvicas Dhracter, Code Exforcement

Alteration of Existing Systems
Fire Extinguishing Equipment
System Description Sheet

New Sprinkler Systems:

Tzl muwber of Sprinkler Haads z3100= 3§
+ 57500

Total Sprinkler Fee = 3
New Standpipes:
List each sandpipe individually
Standpipe HNumber Fhrnber of Stores Taortal
1 -3i= x 5200+ 575.00=
2 -3i= x 5200+ 5375.00=
3 -3= x52.00+375.00=
4 -3i= x 5200+ 5375.00=
5 -3i= x 5200+ 5375.00=
i -3i= x 5200+ 375.00=
7 -3i= x 5200+ 575.00=
3 -3= x 5200+ 375.00=
a -3i= x 5200+ 5375.00=
10 -3i= x 5200+ 5375.00=

Total Standpipe Fee

Spnukler Toml 3
Srandpipe Toral 3
Total Fire Extinzuushing Fee 3

Prink Form
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Massachusetts Uniform Application for Permit to Do Gas Fitting

MASSACHUSETTS UNIFORM APPLICATION FOR PERMIT TC DO GASFITTING

(Fmxt g Trged

arzester Masz. Date 0 Permi: &
Building Lecaizen Owner’s Name
Omrer Teld Type of Decapancy
Hew = Herovation = Replacement = PFlaw Sehmitted: Tes = Mo =
FIXTURES
g
« |8 |E
=¥ |
- g MEIEIREE
2 A i
f Bl= ] HEIE ¥
HEREEEEREEEAHEE :
ﬁc g MEEIEIr ﬁ ﬁ ; ElElE|lrm]l=]e|=]2
[ JlE=]l=]E bl = B o S e £ e |a
selelzlelElzz18|2|2|E 2|2 2B 8|58
He|lg|s|e(e|Ela|a |5 2|2 |E|F|2]|R E|E
Instaling Company Mame Chack one CenMcate
Addnazs o Corporation
= Parinershig
Buglness Telaphone # o FirmiCa

Wame af Licensad Flumber or Gas Fltber

INSURANTE COVERAGE:

| Fawe & carent labity Insuranoe polcy or s substantal squbalent which mests the requinements of MOL Cno 142,
fes o =]

H'poen hanee cheched pas pleass Indcade the type coverage by checking ne approoriale: o,

& lanility Insurance palcy = Other ype of ndemnity o Bord O

CHMNES"S: INSURANCE WAlVER: | am awans at the licarses does not fewe 168 nsurancs coverags raquined by Crapier 542 of the
Wiazs. Cemneral Lawes, and that my signature on ihis permii apolication wakess this reouinement.

— Chect ane:
Cwnzr o Ageni o
Sigrarture of Cownar of CRmar's Agent

| remrey cariify trat all of the getalis anc informnation | haee submitisd {or sni=red]) in aoowe applcaion ars e and accurabe do e best ol my
rnosecge and that all phamzing work and Installatons: periommed under the permit issued %o this appdication wil be In complance &ith 2l
periinent dskons of the Massachuseds Stale Gas Code and Chapher 143 T%ﬂ L.

By Trpe of Licensa:

" Flumber Signature of Uoenssd Flumber or Gas Fiaer
TH= " s fifer

« “Masier Licmrme Kumber.
by Toonan, " wJONITEFTNEN

APPRONED (OFFICE LEE ONLY)
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Impervious Surface Square Footage
HEW Tre Tolliraing square faokages must 350 be provised on the plans

Roof surface: SF : Livable: SF
Driveway: SF Garage (1) (20 3] SF
Side wa'ks: SF Covered porchi

patiosidecks: SF
Decks/Patios: SF Unecovered Wood Decks: SF
New Dwelling Basement: SF
TOTAL: SF
For additions only: Remodels: SF

Additional sguare fest to
Impervious: SF Miscelaneous: 5F

Grading Guestionnaire

Do any of the following conditons apply to your site? Please check the appropriate response. (cut and fill nside

the buidding foot print is not counted).

Yes HNo
m O 1. Wil there be fill greater than 50 cubic yards on any one lot {about 4 %2 - 10 wheeler loads]?

O O 2. Wil you be placing fill or creating a cut-slope near your progerty line (i.e. leveing lot)?

m O 3. Will you be filling areas of your project outside the building footprintffoundation with mporied fill
rmaterial or existng material from excavations for basements, lower floors, foundations,
refaining walls or other structures authonzed by a wald building permit.

O O 4. Wil there be fill supporting a structure (must be engineerad pricr o commencing work]?

O O 3. Wil the placement of £ on your property cbstruct or changs the flow of an eosting man-made
or natural drainage course or divert runoff onto neighboring property?

A YES” responss o amy question may require a grading permit, and must be shown on the sie plans (sxistng
contour lines and new proposad). Sections may be required. Please provide two (2) sets of the folowing:

- Shade the area to be cut andlor filled.

- Typical cross section for area to be cut andior filled
Indicate gquantites of cut cyds; fill cyds. Estimate valus of grading 5

Plans for any retalning walls (If retaining greater than 48" or hag & surchargs from & etructura or parking area, the
plang muet ba prepared by a professional snginesr and stamped). Speclal Ingpection 12 required: yes ! no

DEPOSIT SCHEDULE:

Project estmated value: 0-34000 5 0.00 deposit 3§ 25-548 2360 . 317500 deposit
E-508BB .5 50.00cdeposit 5 E0-3800858 330000 deposit
0-%

24900 . § B5.00 deposit $100 ,000 & over.... 5 450.00 deposit
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Appendix F: Stair Case and Elevator Drawings

Stair Case Drawings
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Elevator Design Drawings
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Appendix G: Building Drawings for Management Purposes
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