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Abstract

The purpose of this project is to recommend a structurajmésyout for a proposed
mixed-use commercial building as part of the Gateway &grknsion. Usingl SC, ACI, and
MSBC provisions, two structural steel designs and two reinébcoacrete designs were
investigated with respect to the size of each bay. &ypincrete footing designs with
reinforcing steel were also developed. In addition, flagouts were established to meet
functional requirements, and alternative cladding andrgreofing systems were explored. The
final design was chosen based on cost, space limigatitfED specifications, and

constructability criteria.
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Capstone Design Statement

As part of the Major Qualifying Project (MQP) a capstdesign experience was
completed. The capstone design experience was bas&dl®previously learned in the
classroom, the application of appropriate engineerigugdstrds, and independent learning. It was
also incorporated the following seven realistic constsaEconomic, constructability, health and
safety, ethical, political, social, and sustainabilitile treatment of each constraint is outlined
below.

The first constraint is economics. In evaluatindedé@nt designs, cost had a major effect
on the selection process. We selected the most ftiocgt @ design by examining different
alternatives to construction, floor layouts, and materiA cost analysis was also done using
material quantities from our design with unit cost datd, square footage order of magnitude
estimate fronRS Means.

The second constraint is constructability. In thisgebgeveral floor layouts were
examined with different arrangements of beams and coluftmoaight went into defining the
different members sizes and footings sections in tleenaltive steel and reinforced concrete
designs so that the complexity of construction wasmiaed. Typical sizes were used
throughout construction as well as standard materialstder o assess constructability, the
welds and bolts of each design are graded to make adt@mimendation.

Health and Safety is also a major concern througinisiproject. Adjustments were
made to the floor layout to assure the safety of thentsn Special consideration was given when
designing the FPE Department’s floor plan and lab spacsstoesafety throughout the
building. The FPE labs will be dealing with, at timegdra@ous experiments, so by making sure

the hallways were wide and exits close, students andtyazan leave the building safely in the



event of an emergency. The bio labs on the upper fladd @so have potentially hazardous
experiments, making the need for easy egress a fac@bdilding structure followed the
provisions of theMassachusetts State Building Code, City of Worcester Zoning Ordinance, and
the Americans with Disabilities Act (ADA) Standards fsccessible Design.

Much knowledge was gained talking with Fred DiMauro and dderty members
about the construction of Gateway Park and other conahéuildings. When building any
structure there are always many ethical, social andgadltoncerns, especially in a city like
Worcester. As proposed, Gateway Park is expected tg iorimany jobs for people in the
surrounding areas and possibly provide jobs for graduating stualewwPl. Gateway 2 will
continue to enhance WPI's image in the local econongxpynding the school's involvement
in research and promoting commercial and high tech dewelopin the City of Worcester. It
will also provide a place to mold young minds by relocalifagss Academy High School. Being
exposed to standard architectural graphics and gaining insigharichitectural strategies,
allowed for the design of the floor layouts to asshe¢ WPI's image would be enhanced. Many
people might agree that Gateway 2 would be a positiveilbotiom but concerns could arise
when looking environmental inpact and the types of resdsgitly done within the Biotech
companies. There also could be concerns if the site iBmericans with Disabilities Act
(ADA) compliant considering in 2000, there were 38,068 peoplgancester, MA listed as
disabled (Worcester, Massachusetts Census Data).

Finally, sustainability constraints are dealt witlthrs project. This project follows
LEED specifications for Sustainable Sites Credit 7.2atHsgland Effect- Roof. The New York
Times' education blog “The Choice” mentions WorcesteytBohnic Institute (WPI) as one of

several schools that have improved in sustainabilforiefin continuing this effort this project



looks at different alternatives to roof designs by inocaing a green roof. Sustainability was

assessed as part of the grading system used to makeathediommendation.
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Chapter 1: Introduction

WPI is a growing community that strives to create anuey the latest science and
engineering knowledge in ways that would be most usefuldietyoq WPI Faculty, 1987). In
continuing to do this, WPI and the Worcester BusinesebBpment Corporation (WBDC)
worked together to develop Gateway Park in 2005. Gatewayiddekigned as a 12-acre
mixed-use destination that will provide a home for lifesces and biotech companies. The
Gateway Park is part of a larger 55-acre redevelopmejaicptbat will provide an environment
that fosters the exchange of ideas among scierg@tejars, students, and entrepreneurs
(Gateway Park, 2008).

Gateway Park, formally an industrial site, is now haméhe WPI Life Sciences and
Bioengineering Center. This site is also designed tofboldother life science buildings,

condominiums, and several retail establishments (seeeFigur
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Figure 1: Proposed Gateway Park Complex



This project will focus specifically on Lot 3, which wdtcommodate a four-story,
80,000 sq. ft. facility that will be referred to as GatewRédpr this report. Alfredo DiMauro,
Assistant VP for Facilities, stated that WPI walake the land to a private developer who plans
on beginning construction in the spring of 2011(DiMauro, 2010).s€heol then plans on
renting space within the building in order to accommodaetbhwing hands-on approach to
bio-manufacturing education and training and the Fire Prote&ingineering (FPE)
Department. The FPE Department currently is locat&ahlisbury and Higgins Labs, and the
move to Gateway Park would centralize and enable expaoibe program. WPI’s Bio-
manufacturing Education and Training Center plans on renti@®Q@&quare feet that will
provide hands-on bio-manufacturing training to support indusbnkforce development
(Gateway Park, 2008). The Massachusetts Academy of MdtBeence at WPI will relocate to
the building, as their lease is up at their currenttionaThe building will also house many bio-
tech companies. For example, Massachusetts Biomedigatives (MBI) will expand its
incubator resources by developing a new wet-lab coriyao help more companies launch,
grow and provide jobs (Dorsey, 2010). To assure that titgirpaccommodates all the tenants,
the building layout will need to include several classrsoaffices, and laboratories.

This project developed and evaluated several structural dassgrg steel and reinforced
concrete systems. The evaluation criteria were tomiagithe usable space within the building,
be environmentally friendly, and be cost efficient. Pheject goal was completed in several
ways. Interviews with the principal of Mass AcademyliH#chool, Head of the Bio-
manufacturing Department and FPE Department, and exaarratother floor layouts,
including the existing Life Sciences and Bio-engineeringt€erontributed to the creation of a

floor layout. For typical rooms, such as offices, batimns, and classrooms, standard



architectural designs were investigated from the liteeatBy using the standards and provisions
of the American I nstitute of Steel Construction (AISC) Manual 13" Edition and theAmerican
Concrete Institute (ACI) Concrete Code, and designing for the floor layout and design loads
using theMassachusetts State Building Code (MSBC), several structural frames were defined.
Foundation designs were also completed; each with relsptee structure above and the loads
that the structure conveys. The addition of a greenandfexterior enclosures were also
investigated to provide an environmentally friendly approactdéiermine if the structural
systems were cost efficient, a cost analysis wasmpeed using unit cost data from sources such
asRSMeans: Heavy Construction Cost Data 23" Annual Edition, RS Means CostWorks, and
standard production rates.

All of the aforementioned concepts are combined inina fecommendation. This
recommendation is based on criteria deemed importahis@ tompetent choice can be made.

Criteria such as: cost, layout, sustainability, and naseused were investigated and analyzed.



Chapter 2: Background

To understand the objectives of the aforementioned gdmigy of information ranging
from design criteria to performance of environmentallgrfdly materials was assembled and
reviewed. TheMSBC was investigated to assure the building was designed aagaadi
standards. Geotechnical data and zoning constraints werexalsiined to obtain a better
understanding of the site and consideration for its dpwadmt. In order to make Gateway 2 a
more environmentally friendly building, LEED design, eri, and specifications were
researched. Consideration to a green roof and extdadding were also given. Finally, cost
estimation was researched to provide a base for evauatarnative and making
recommendations.

2.1 Massachusetts State Building Code

Each state has a set of documents enacted as laggutate construction within its
borders. In the Commonwealth of Massachusett3yitB&C governs all types of construction,
imposing standards and limits that reflect the Commohive&dMassachusetts (780 CMR). The
MSBC states its mission is to “insure public safety, heaitth welfare insofar as they are
affected by building construction, through:

» Structural strength

» Adequate means of egress facilities
e Sanitary conditions

* Light and ventilation

» Energy conservation

» Fire safety

» Secure safety to life and property from all hazarddeelto a building.” (780 CMR)
-4 -



The code is separated into 35 main sections, of whiclptbjsct focuses on the following seven
sections: 6 (Types of Construction), 14 (Exterior Wall§) (Structural Design), 18 (Foundation
and Retaining Walls), 19 (Concrete), and 22 (Steel). Whidether sections are important, they
are not within the scope of this work. The sections moret! all provide the minimum
requirements for the design and construction of stektancrete structures in Massachusetts, as
well as the type of cladding used on them. More impostatiiese sections define the minimum
design loadings based on usage and local coefficienssiéw, wind, and earthquake loads.

2.2 City of Worcester Zoning Ordinance

The City of Worcester Zoning Ordinanc@QWZ) expands upon the basic requirements
set forth in theMiSBC. This document is explicit to the City of Worcestigtailing the specific
requirements of all types of construction within thg &mits. For the purpose of this project,
COWZ was examined and followed for the building of structuBegpending on where in the city
a building is to be placed, certain requirements artdaisns exist, often reserving certain
areas for a certain classification of structure. Lth@MBC, the COWZ defines its purpose in
the forward of its text; it is stated as follows:

* Create and maintain conditions under which people aidehvironment can fulfill the
social, economic, and other needs of present and futnezag®ns.

» Facilitate the adequate and economic provision of trateggmr, water supply, drainage,
sewerage, schools, parks, open space, light, and other pdicements.

» Encourage the creation and preservation of housing oftgpehsize, and cost suitable
for meeting the current and future needs of the city.

* Protect against: overcrowding of land; air and watewugoh; use of land incompatible

with nearby uses; undue intensity of noise; danger and sbogen travel and

-5-



transportation; and loss of life, health, or properyrfifire, flood, panic, or other
dangers.
* Protect natural resources as well as the scenic ariteiegjualities of the community.
* Promote the preservation of historically/architectyraignificant land uses. (City of
Worcester, 2007)
These six tenants expand upon M@BC tenants, but still leave room for interpretation and
ingenuity. They allow for the city to have more contyeér construction within its limits.
Gateway 2 specifically falls into the zoning distfabeled, BG-6.0. This zone is defined
by its maximum floor area ratio (FAR), which is 6:1. §hatio states that there cannot be more
than six square foot of building floor area per one sqiearteof land. While no specific height
limit is described, the FAR couples the building heid building footprint, implying that
taller buildings require smaller footprints. The sizeéhaf building is also limited by other
limitations within theCOWZ, such as a rear yard setback of ten linear feet t@ wen®. There
are also ways to gain more space past the 6:1 FAR. Bomxe, should an off-street parking
facility be provided within 1000 feet of the building, then 660ase feet per parking space can

be added to the building (City of Worcester, 2007).

2.3 Geotechnical Data

Geotechnical data for Lot 3 was obtained from a geoteclsticdy completed in
October of 2005 for the parking structure near the firse@ay building. This report, completed
by Maguire Group Inc., contains data from 25 borings domaitfirout the site. These borings,
while not on Lot 3 specifically, do give important insigtdghe soil conditions around Lot 3.
The results of the borings show that the soil peadil the parking structure, which is close to Lot

3, is consistently a medium to very dense sand; aeshalsle for foundations. It was assumed that

-6-



this soil profile also exists on Lot 3. Soil with this destion has a bearing capacity of about 3

tons per square foot.

2.4 LEED

The decision to design Gateway 2 to be a “green” mgldias pertinent, regardless of
WPI’s dedication to building LEED certified buildings. Blings consume more than 39% of
the energy and 74% of the electricity annually in the&dhttates (Green Building Design,
2009). Based on that information, green buildings can redlueminate the environmental
impacts through design, construction, high-performancénimexyy and operations.

The WPI Board of Trustees endorsed a policy in 2007 tatadsall future buildings on
campus are to be environmentally friendly and designecett hEED certification (“WPI's
East Hall,” 2009). Leadership in Energy and EnvironmentalgdediEED) is a green building
certification system that was developed by the U.Se&Building Council (USCGC). LEED
certifies that a building is designed to improve energinga, water efficiency, COemissions
reduction and indoor environmental quality. LEED is a ratysgesn used by the USCGC that
grants points based on certain met criteria withinralbver of prescribed categories. There are
four levels in the rating that a building can be giveartified (40-49); silver (50-59); gold (60-
79); and platinum (80- 110). The categories for evaluatingamstruction are: sustainable
sites, water efficiency, energy and atmosphere, m#end resource, indoor environmental
guality, innovation and design process, and regional priorédits. Figure 2 shows the

breakdown of categories with the corresponding maximumgdthat can be earned.



LEED@ for New Construction

e |
Total Possible Points**  110*

Sustainable Sites 26
Water Efficiency 10
Energy & AMtmosphere 35
© waterials & Resources 14
@ Indoor Environmental Quality 15

*Out of a possible 100 points + 10 bonus points

** Certifiedd 404+ poir + points,

Gold 60+ points, Platinum 80+ poinls
@ Innovation in Design 6
2] Regional Priority 4

Figure 2: LEED Breakdown

LEED strives for better environmental and sustailitg performance which in turn
provides many benefits. There are potential coséfits in constructing a LEED-certified
building. An upfront investment of about two percehconstruction costs typically yields life
cycle savings of over ten times the initial invesiin(Kats, 2003). A more detailed look at cost
savings shows that LEED buildings have lower enexspge; water disposal; water costs; lower
environmental and emissions costs; and savings ifnoreased productivity and health (“Green
Building Design and Construction”, 2009). FigureuBnmarizes a study done by Capital E
Analysis in California which concludes that theafntial benefits of green buildings are over ten
times the average investment required to desigrcanstruct a green building (“Summary of

government LEED incentives,” 2009).



Financial Eenefits of Green Buildings
Summary of Findings (per ft%)
Catagary 20-yaar NPV
Friergy Vil $579
Frones=ioms Walue &1 1R
Water Value 50.51
Wastc Value (construction only) - 7 year £0.02
Commissioning &M valus §3.47
Froductiity and Haalth Value (Cerntified and Silver| $35.39
Froductivaly @nd Heallh Valoe (Gold @nd Pldinurm) 555 3%
Less Green Cosl Premiurm (54,000
Tatal 20.year NPV (Certiflad and Sliver) 548 87
Total 20-year NPV (Gold and Platinum) 2673
Swwrce. Cupiicd £ Analvsis

Figure 3: Financial Benefits of Green Buildings.

There are a few key LEED highlights with the Gatg®adesign which will continue
WPI's recent tradition that all new buildings mbst LEED certified. First, the project site is
considered a brownfield site. A brownfield sitewrsabandoned or underused, industrial, or
commercial facility available for reuse. By buildiGateway Park on this brownfield, it saved
previously undeveloped or greenfield space, whicturn did not compromise any ecosystems
or create an environmental impact on these lander/¢onstructing buildings on brownfields,
there is more of an effort to remove all hazardmaserials from the soil and thus eliminate the
previous exposure to humans and wildlife.

The government offers many incentives to encouthgelesign and construction of
LEED certified facilities. These include: densityrius; expedited permitting; fee
reduction/waiver; tax break; grant; free consuliafpromotional services and low interest loans
(“Summary of Government”, 2009). Tax incentives @@ most popular and widely used

mechanisms because of the different level of taaks that can be given based on the level of



LEED accreditation granted to the project. The propegdesnd construction of a green roof is
one of the many ways that a project can earn a LE&.p

2.5 Green Roof

There is a larger upfront cost to the owner to buildeigroof; however, after
considering the tax incentives and the amount of meaegd in energy costs, a green roof is
essential to have on buildings, which will be installedtee roof of the Gateway 2 building, due
to its financial and environmental benefits. Most buildingse dark roofs that absorb a
significant amount of heat emitted by the sun when coedpaith roofs of lighter colors. This
absorbed heat radiates around the building as well @&jr=sausing increased temperatures
within the building and its surrounding neighborhood. Theatliresult from this is increased
energy consumption to then cool this building as weditasounding ones. Having a green roof
will significantly reduce the amount of energy useddooling and therefore reduce the amount
of pollution produced by energy power plants. According to fAa,Ereen roofs save residents
and building owners 20% to 70% in annual cooling energy cGsee( Building and Design,
2009). To determine if a vegetated roof meets LEED requireradotmula is used which takes

into consideration the vegetated area, roofing mateaats mechanical equipment area (REF):

0.75
0.5
78x SRI Value

A Low-Sl1 SRI Material 14 tated R A
( rea of Low—Slope ateria n egetated Roof rea) > (Total ROOf Area — Deducted Area).

A significant aspect of the design of a green roof dettermine the percentages of the
roof that is to be covered by the vegetation and low-s&flematerial. There is no right or
wrong percentages as long as they comply with the aegliirements. The amount of each
percentage will vary regionally. Also, operations aralmenance must also be considered.
Materials with high reflectivity must be cleaned asteavery two years to maintain good
reflectance. Building operators will have to obtain mfation on how to maintain a vegetated
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roofing system. Green roof systems with low-growing [game generally easier to maintain
when compared to deeper soil and larger plants.

The type of high-reflectance material needs to alseleeted which differ based upon
their solar reflectance index (SRI) which is caltedafrom emissivity and solar reflectance
values. SRI performance varies by roofing material aaddbut there are multiple testing
methods available for measuring emissivity and solagctgthce. The green roof will be
designed and material will be selected based upon the \aiitesed by the Lawrence Berkeley
National Laboratory Cool Roofing Materials Databas#hl& 1 shows examples of SRI values

for typical roof surfaces.

Table 1- Solar Reflectance Index (SRI) for Typical Rofing Materials

SRI Values for Solar Infrared Temperature
Solar Reflectance ' Infrared Emittance _
Temperatures Rise

Gray EPDM 0.2 0.87 68°F 21
Gray Asphalt Shing 0.2z 0.91 67°F 22
Unpainted Cement Ti 0.2t 0.9C 65°F 25
Light Gravel on Built Up Roc 0.34 0.9C 57°F 37
Aluminum Coatiny 0.61 0.2t 48°F 50
White EPDN 0.6¢ 0.87 25°F 84
White Cement Til 0.7: 0.9C 21F a0
PVC White 0.8: 0.9z 11°F 104
White Coating, 2 Coats, 20 i 0.8t 0.91 9°F 107
Source: Lawrence Berkeley National Laboratory Cool RapMaterials Databa
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2.6 Cladding

A cladding system acts as the shell of a building.dtemts the interior of the building
and provides the building with weather and wind resistandd® exterior walls. Cladding
systems can be load bearing, where they provide strustuealyth, or non-load bearing where
they act as a veneer. Because cladding systems do motchprovide strength to the building
more systems are being designed thinner and utilize manyeodwologies for color, texture,
cost, moisture resistance thermal barrier and manin(Reid, page 30). For the structural steel
design, the cladding system must be able to clip to theefredlowever, in the reinforced
concrete design, the walls can remain concrete dhanoladding material can be clipped to the
beams and columns. The different types of cladding systleat are discussed in this chapter are
Masonry, Glass, Plywood, and Sheathing. These systengsinvestigated for each design
alternative, looking for how they connect to the frazhéhe building as well as the implications
of each the cladding system. Factors considered whestigagng and selecting cladding
systems include but are not limited to: additional weighthe frame, effect on the wind loads,
and the stability of the frame.
2.6.1 Masonry Cladding Systems

Several different types of material are used in mascadding. Historically, masonry
cladding walls carried the loads of the structure. Howesrece technology has advanced and
the installation of cladding systems has progressed,intpggistems are attached to the frame
and the loads are supported by the structure. Masonryirngpdds good thermal and moisture
resistance but much consideration must go into theemion of the masonry cladding because

it is possible for the veneer to pull away from therfeaexposing the interior of the wall.
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One of the earliest materials used is brick. Origyniaticks were used to hold the loads
of the beams that held up the roof but as new designqeacas established bricks started being
used as filler material between the columns. Bricknijza@omes in many different colors and can
be arranged in different ways depending on the bondrpaBecks are stacked on a base or sill
to carry the weight of the bricks above. Dependinghenheight of the building several sills
might need to be used.

Concrete blocks are also used as a cladding system. figheyade from aggregate and
cement and then poured into a mold to harden. Blocksmailarsto bricks but have large air
spaces which make for excellent thermal insulation maeddsistance. However, the concrete
itself is very porous and can let moisture and watér ilgga the wall. For this reason a veneer is
usually placed over the block wall. To increase the gtreof the blocks, steel rods are used for
reinforcement.

Similar to bricks and concrete blocks, stone is also aseth exterior enclosure.
Overtime, stone became less of a structural elementnane of an architectural appeal. The
thickness of the stone has been reduced minimizing riiegsh of the material. Compared to
bricks and blocks, stone is not as weather resistiéimbwt the presence of sheathing and
insulation placed under the stone. Because of its natppaal stone is also used as an interior
finish.

2.6.2 Glass Cladding Systems

Glass cladding has a very modern and attractive apgpkeals can either be opaque or
transparent allowing in light and revealing the inteabthe building. Glass cladding is usually
attached to a metal frame with clips and is sealed aglhgsives. Glass material can come in

many forms. Sheet, plate, and float glass are all uselddding. They can come in many
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different shapes, colors, and sizes depending on thesgaaéhold the glass in place. The
panels should be able to hold the glass in place aist véind pressure and strong enough that
structural movements are not transferred to the glaieesives and sealants have different
tensile strengths, thicknesses, and temperature ratingsdilggpemn the size of the glass and the
area of construction.

2.6.3 Plywood and Sheathed Cladding System

Plywood and Sheathed cladding systems are typicalioterggl buildings. There are
many forms of sheathing but the most common is afigidus board that is nailed to the
exterior of the wall. On top of the sheathing can besdJorms of finish that range in color,
texture, and cost. Vinyl and metal are two common nasetised as siding. Wood can also be
used but can be expensive and hard to maintain. Metal @aedlgically manufactured as
sandwich construction with a polystyrene insulationemat enclosed within two thin metal
skins. Metal panels are fire and thermal resistantaMmnels are used on warehouses and

industrial buildings.
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Chapter 3: Methodology

To complete a competent recommendation for the agigin of Gateway 2, the key
features of this project needed to unfold in a certain maQ®etain features, such as design of
structural steel and reinforced concrete elements, éameprior experiences, while material on
topics such as LEED components and cladding were newegoded research. All of these
elements factor into a self-made criteria which leathé recommendation at the conclusion of
this project.

The initial step was to complete a preliminary layouhefstructure. This defined the
limitations for the main and alternate bay sizehefdesign phase. A primary and secondary
design was completed based on the two bay sizes dewiseddh of the structural steel and
reinforced concrete mediums chosen. In-depth detail adamiit design is available in each
medium’s respective chapter. Each design was analyitkdhg aid of RISA to assess the effect
of lateral loading on the frames, and a typical coldooting was designed to support the
vertical loading.

In the interests of keeping with WPI's commitmenstistainable construction,
consideration was given to types of cladding that couldpbéeal to the structure and an
alternate green roof. Three types of cladding systems wweestigated: masonry, glass, and
plywood and sheathing. Research for the green roof certeneind different types of vegetative
systems and alternative materials for roofing. Each miexseincorporated into the designs,
investigating the effect of each on the already coragléames. Research was done to assess the
sustainability of if the choice of cladding and roofing wbabntribute to the structure.

A cost estimate of each design was completed irdifferent formats. In-depth

estimates of each structural design, based on quaakitydffs, were compared to a general

-15-



square foot estimate of a building of similar size an#an&@he costs come froRS Means data
for both the in-depth and square foot estimates. Theste gave perspective later on in the final
recommendation.

With the designs complete or mostly complete, carsiibn was given to forming a
design recommendation. The recommendation is intendexptess the most logical option
based on the design and discovered knowledge. This is ddhatso that others can use the
information within this project easily. Research intpdy of grading criteria and importance
scales led to the creation of specific criteria thate applicable to the desired outcome. These
criteria are: Layout and Space, Connections, Materahtnance, Environmental
Impact/LEED, and Cost. Each of the four designs, two trakcsteel and two reinforced
concrete, were evaluated based on the criteria claogka final recommendation was made in

the Conclusion chapter.
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Chapter 4: Layouts

The architectural layouts of the building needed eithéretobtained or designed before
any structural steel or reinforced concrete design cowgjohb&he floor layout for the
Massachusetts Academy of Math and Sciences and WRiaBiaofacturing were the only layouts
provided to the group by WPI. The layouts for the WPI Depant of Fire Protection and for
several BioTech Companies were then designed basedoomation obtained from field
studies, interviews, and reference standards. For all fyouts the reference book,
Architectural Graphic Sandards by the American Institute of Architects was utilizednaer to
determine standard sizes of various rooms throughout tlagnigu

The current WPI Department of Fire Protection was tbered in order to gain
knowledge of the sizes and quantity of their current fasli(i.e. laboratories, classrooms and
offices). An interview was conducted at the WPI Deparitnod Fire Protection which gave an
idea of the quantity of laboratories, classrooms afideo$pace that was wanted by the
department at the new Gateway 2 location. The floaugafor the BioTech companies was
designed by touring current and similar facilities ate@aty 1. A typical layout was created for
the BioTech companies with each company only utilizinglwaieof the floor space.

All floor layouts for both the small bay design andy&abay design were created with
AutoCAD 2010. Workable drawings were then obtained, formibgsas for the bay sizes for
each of the large and small designs. The designs fenh# and large bay have primarily the
same layout; however, a few minor changes in roomasidéor location were made in order to
ensure a column wasn'’t located in the middle of a@orror room. Elevator and stair locations

were provided on the first floor of the Massachusetad&my of Math and Sciences layout, and
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therefore these elements had to be properly accommoaladedkesigned for on the second and

third floors.

4.1 Massachusetts Academy of Math and Science

The proposed floor layout for the Massachusetts Acgddriviath and Science which
will be located on the first floor of the Gateway@ling can be seen in Figure 4. This floor
contains all the necessary rooms, labs and officeesfos the Massachusetts Academy of Math
and Science at WPI. There are two sets of stairshwhilt connect with the above floors as well

as an elevator.

Massachusetts Academy of Math and Science at WPI

[ ] [ ] a " H H
Office|| Office § Offlce | Office | Office Offlce | Offlce || Offlce || Offlce
Acthdty
Room
Sclence Lab
O O . -
flee fce Copy |Reception| Teachers Office | Office o !
2Con
M . . . . Lounge = = . |
ung I Roomy Sprinkler
Classroom Classroom
Lunch Stalrs Loading
Library Room WFI Tralning Center Dock

L ]
[ e |

" E——— =
Stalrs Elev. Mech.

Computer Lab Lobby - .
Classroom Classroom  [Slisls WP Tralning Center

Office

Figure 4- Floor layout for Massachusetts Academy of Math and Sanee
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4.2 Biomanufacturing Education and BioTech Companies

The floor layout for the WPI Biomanufacturing Educatand Training Center and
BioTech company which will be on the second floor ofé®aty 2 can be seen in Figure 6. The
WPI Biomanufacturing and Education center will be lodaie the left side of the layout with a
typical floor layout for the BioTech companies will be the right side of the layout. The fourth
floor will have two BioTech companies and can be sedfigure 5. On the second floor, each
half of the building is a separate, independent areadi other. The WPI Biomanufacturing and
Education center contains all the necessary roomsatabsffices for a college department to
operate and run very efficiently. The layout for a¢gbBioTech Company located on the
second and fourth floors of Gateway 2 will each be sepdrom other companies and will

contain multiple offices, two labs and other multi-usems essential for a business to operate.

BioTech Companies

- Office Office Offlce Offlce Offlce Offlce :
Storagq I Closet

Storage]
Storage
Lab Lab Lab Lab
n "

. H H .
I I | I I !
o —

Bath- [ Bath-

room room

Room
Conference - -
Bath= Room Lobby
room IEDaOL:
Offlce Offlce
= ¢ — — — b = ]
Offlce | Office | Ofilce | Office | oOfflce I EIBV"‘D"I om Offla
Room Stall _m— ce e
s Elev. Mech. Roem
 —r
Confarence
Offlce Office Room off
Offlce | Office | Offlce | Offlce | Office Office | Office | Offce | Office || Office | Office ce
= =
| | | |
5 a8 bl .

Figure 5- Floor layout of the BioTech Companie
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WPI Biomanufacturing Education and Training Center

z z
- D | Office Office Offlce - N
I I Closet
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= » —  — — e+ ——
I Elevaturl
Rece, . B —
o P Stairs Clov. Mech, Offlce Office Room
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Scale Medla Analytical
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n = v
i 1

Figure 6- Floor Layout of the WPI Biomanufacturing and Education Center

4.3 Department of Fire Protection Engineering

The floor layout for the WPI Department of Fire Preéitat which will be on the third
floor of Gateway 2 can be seen in Figure 7. The fire ptiote floor was designed for increased
room size for the fire modeling, fire science and combuodtiboratories. This is due to expected
growth in students for this department as well as esxiege deemed necessary for increased
learning space. Also, multiple offices, classrooms,andmputer lab were designed for in this

floor layout.
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WPI Department of Fire Protection Engineering

Room

Lecture Hall

Computer Lab

Offlce  Offlce  Office Offlce  Offlce
Office Office

Fire Modelng Lab Flre Sclence Lab

Offlce Offlce

Classroom Office
Classroom Bathroom

Stalrs

Common Room Office  Office  Offlkce  Offlce
Bath-
room

Elev.

St
alrs Elev. Mech.

Combustlon Lab

Classroom Classroom

Offlce Lobby

Figure 7- Floor layout for the WPI Department of Fire Protection

4.4 Alternative Bay Sizes

The layouts for the large and small bay designs ardasibnt not exact. Room

dimensions and locations in certain areas may haveddiggtly moved, increased or decreased
depending on the layout. This was done in order to insureothenns were properly located in

the walls and not in the middle of any rooms. Theggsthanges to the floor layout can be seen

in Appendix B.
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Chapter 5: Steel Design

The design of the structural steel frame encompassey steps in order to complete.

The steel beams and concrete slab are compositely ddsignch means the slabs and
supporting beams deflect the load together. Concrete mthdexking will be used in Gateway 2
and is the most common type of floor system. Thedmegs and filler beam spacing had to first
be determined. The loading conditions due to lateral andtgtiavial load were then considered.
Once a beam satisfied the conditions the numbewudtstas then designed. The columns could
then be designed for using RISA-2D software. Lateralgraditational loads were inputted into
the software, and the column load effects were thatyaed. The base plates and connections

were the final step in the steel design. All steadwations can be found in Appendix C.

5.1 Concrete Slab and Steel Decking Design

Steel decking with a concrete slab is the most contymanof floor system used today
for office buildings and apartment buildings (McCorm2@08). The advantage for using steel
decking is that once it is placed it acts as a worksintiace for construction. There are three
major types of metal decking: form decking, composite igcland cellular decking. In this
case a composite decking was chosen because it sen@sie reinforcement for the concrete
slab. Shear studs are welded through the decking to the sogmprder and beams below. The
number of studs used depends on the size of the beamrahd fmund in Appendix C. The
metal decking is corrugated which increases its stiffaedsspanning capabilities and therefore
the height of the metal decking depends on the lengtireadgan. The spans for the structural

layouts of Gateway 2 are between 4 and 8 feet and therafb.5” LOK floor metal deck was
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used (Shown in Figure 8). On top of the metal deck ldiise inch concrete slab. This allows

enough space for the 34" shear studs to be covered.

Figure 8: 1.5" LOK-floor decking with 3" concrete slab (Ching, 2008)

5.2 Beam and Girder Design

Two structural beam and girder designs were consideredatem@y 2: a small bay
design and a large bay design, with the correspondinglaatns found in Appendix C.1. The
loading conditions were the same for the large bay aiadl bay design. The dead loads can be
seen in Table 2. The concrete slab weight was detednfiom the three-inch slab which was
used as well as the 145 pounds per cubic feet weight of tentiree MEP/Ceiling and decking

design loads were obtained from Table C3-1 Minimum DeBiggd Loads frorASCE 7.

Table 2- Dead Loads for Steel Beam and Girder Design

Dead Loads
Concrete Slab 40 psf
Decking 3 psf
MEP and Ceiling 8 psf
Total 51 psf
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Table 3 shows the design live loads which were obtained Trable 4-1 Minimum
Uniformly Distributed Live Loads froMASCE 7. A value of 100 psf was used throughout the
entire structure because it is the maximum load giv@rable 4-1 for which Gateway 2’s
occupancy or use falls under. It also enables flexibletidee space within the occupancy

classification.

Table 3- Live Load for Steel beam and Girder Design

Live Loads
Occupancy | 100 psf

Figure 6-1 Basic Wind Speed froRSCE 7 displays the nominal 3-second gust wind
speeds at 33 feet above the ground. From this chart Wercle® is determined to be 100 miles

per hour.

Table 4- Wind Loads for Steel Beam and Girder Design

Wind Loads
Wind Speed | 100 mph

The snow load can be found in Figure 7-A8CE 7 which displays the ground snow

loads for the United States and Worcester, MA is datexd to be in the 50 psf region.

Table 5- Snow Loads for Steel Beam and Girder Design

Snow Loads
Snow Loads | 50 psf

Composite action is provided in the design which allowsHe loads to be supported by
only the steel beams before the concrete is suftigidnardened. This also means that unshored
construction was used. There were many advantages fmsdeconstruction. Composite

floors make use of concrete’s high compressive strenggutbtiyng a large part of the slab in
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compression. Less steel tonnage was then requiredd®eadarger percentage of the steel was
kept in tension. The only disadvantage for compositetaaei®on was the cost of furnishing and
installing the shear connectors (McCormac, 2008). The bkam spacing was determined
based upon bay size with the concrete slab and metdahdageight. The spacing in early
design was changed frequently in order to select light and @igtieobeam sizes for the bay.

Typical bays for both the large and small structuelstiesign can be seen in Figures 9,
10, and 11. Figure 9 shows a typical small bay design, 3bye2 feet, which consists of W21
x 50 girders and W14 x 34 beams. The beams have lengthdest3&ith a tributary width of

5.5 feet.

_ W21X50 _
2 = = = <
I~ = [ = =
I &= & &= &=
0 > > > >
B L W L i
£ E=s =N s

- W21X50 -

Figure 9- 35x22 Bay Design (typica

Figure 10 shows a typical large bay design, 40 feet bye@3uidich consists of W24 x
76 girders and W18 x 60 beams. The beams have a tributaryoféié feet which span a

length of 40 feet.
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Figure 10- 40x33 Bay Design (typical)
Figure 11 shows a typical bay, 40 feet by 22 feet, whichbeilised on the sides of
Gateway 2 for both the large and small bay designs. ayheises a W21 x 44 girder and W18 x

46 beams which have a tributary width of 7.3 feet.
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Figure 11- 40x22 Bay Design (typical)
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5.3 Column Design

Columns that are within a rigid steel building framma@sdt always resist sizable bending
moments. The columns supports at the base of the sewtifixed which allows them to resist
lateral force, vertical force and moment. The strictuas designed as a rigid frame as part of a
lateral load resisting system to resist dead, live, w&imdisnow load. Seismic loads were
considered; however, the loads were determined to hawaleseffect on the building which is
why the wind loads were considered in the load combinatidsing RISA-2D, the axial,
moment and shear forces in the columns were able detbemined. Two load combinations
were considered usil§SCE 7: U = 1.2D + 1.6(Lr or Sor R) + (0.5LL or 0.8W) and U 2D.+
1.6W + 0.5L + 0.5S. For each combination the story stiffnesthod was used to determine the
second-order strength values. B1 and B2 amplifiers weredaotsidered to account for second-
order effects caused by displacement between braces plmtdractions equations were then
used to determine if the columns are acceptable for wdotzil combinations. Both the exterior
and interior columns were analyzed to verify the adeqgaétlye combined bending and axial
compression forces in accordance with AISC equations.

Figure 12 shows a typical large bay column design. Theefignetudes the side bay for

Gateway 2 and then a typical bay that will be repettedighout the middle of the building.
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Figure 12- Large Bay Column Desigi

Figure 13 shows a typical small bay column design.fiioee includes the side bay for

Gateway 2 and then a typical bay that will be repetedighout the middle of the building.
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Figure 13- Typical Small Bay Column Design
Both small bay and large bay column designs havereolangths of 13 feet on every

story. This story height will allow for a clear heigift10 feet between the ceiling height and the

floor.

5.4 Green Roof Design

A green roof properly designed and constructed to meet tB®LtEquirements stated in
Sustainable Sites Credit 7.2- Heat Island Effect- Robfearn 1 point. Gateway 2 has a 23,936
square foot, low-slope roof and is designed to have both higfigctive roofing materials and a
vegetated roof system. The vegetated roof area will be B&wyhite EPDM roofing with be
60%, and the mechanical equipment will be 5% of the totdlarea. LEED provides no
guidelines for the percentages that each roofing type raust i order to earn a LEED point.

The percentages are to be designed by the engineer angieappyathe contractor and owner.
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The Gateway 2 green roof was designed to balance roofwgfemaintenance and economy.

Table 6 summarizes the roofing types and areas they raprese

Table 6: Total Green Roof Areas by Type

Roofing Type Area (SF)
Vegetated roof area 8377.6
White EPDM roof area (SRI-85), low slope 14361.6
Mechanical Equipment 1196.8
Total Roof Area 23,936

In order to determine if the areas of qualifying and vegdtaiofing are adequate to

meet the LEED credit requirements the following equatiostrbe met.

0.75 0.5

(Area of Low — Slope SRI Material 4 Vegetated Roof Area
SRIValue

) > (Total Roof Area — Deducted Area)
78 *

14361.6  8377.6

075" o5
g7

> (23936 — 1196)
78 *

The aforementioned percentages of vegetated roofing combittethe white EPDM
roofing meets the requirement of LEED Sustainable SiteditC7.2 and will earn 1 point.

The white EPDM roofing material due to its high reflectivitust be cleaned at least
every two years to maintain its heat island reduction ptieggGreen Building Design and
Construction, 2009). The building operator will obtain nemgsmformation to maintain the

vegetated roofing system.
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5.5 Base Plate Design

Base plates are essential when designing for reinfamectete or masonry footings
because they spread the column load over a largercangaimize the bearing stress in the
footing. Base plates can either be welded or boltede@olumn. Anchor bolts will be used to
attach the base plates to the footing. The anchor fadts through the lug angles which are
welded to the columns. This arrangement can be seeiguréf.4). Following OSHA
regulations, four anchor bolts are used at each co{@8HA, 1926.754 b2).

Colunr
Ve

Base Plate
I/ Footing

Figure 14: Column Base Plate Connection Metha

A36 steel was used for each base plate and the desigis detia calculated following
procedures fronstructural Steel Design (McCormac, 2008). These calculations can be found in
Appendix C.1. The typical base plate design was establiséiag the maximum column load

for the W27x102 and W30x108 columns. The dimension of eaehdéate can be found in

Table 7.

Table 7: Column Base Plate Dimensions

Column Length (in) Width (in) Thickness (in)
27 X 102 27 10 1.03
30 x 108 30 11 1.16
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5.6 Connections

Two types of connection designs were prepared for thetgtalsteel systems: beam-to-
girder and girder-to-column. A simple single-angle catioae was designed for all beam-to-
girder connections. A double-angle connection was desigmead| girder-to-column
connections. Bolts and fillet welds were designed tefatite connections. A fillet weld was
selected because it is the most economical and tlesettsmake well by welders of lesser skill.

It is expected that the welds will be placed in thepslamd the bolts will be installed in the field.

5.6.1 Simple Connections
The design process can be found in Appendix C.
A 3 Y% x 3 %2 x ¥4 inch single angle connection (typiésfened from the filler beam to the web

of the girder is designed. The single angle dimensasrghown in Figure 15.

,
— || o
y
— || o
,

|

[

27 1.5”
Figure 15- Typical Single Connection

The single angle connection from the beam to the gisd&nown in Figure 16. The bolt pattern

for the beam and girder are shown in Figure 17 and 18 resggct
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W21 x 50 (typ.)
| |

W14 x 34 (typ.)

| |

Figure 16- Single Angle Connection from Beam to Girder

o
o

W14 x 34

Figure 17- Single Angle Connection Bolt Pattern for th Beam

° W21 X 50
o

Figure 18- Single Angle Connection Bolt Pattern for te Girder
The single angle was shop-welded to the web of the gamidfield-bolted to the beam. The

weld length, size and position are shown in Figure 19.

3/16” E 3.5”

Figure 19- Single Angle Weld Length, Size and Position
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5.6.2 Double Angle Connections

The design process can be found in Appendix C. A 3 ¥2 x¥4inch double angle
connection was designed to fasten the girder to thgdlaf the column. Dimensions of the

double-angle connection are shown in Figure 20.

O O O O O

| | |
A 1y
Figure 20- Double Angle Connection
The double angle was connected to the flange of the caisnshown in Figure 21. The bolt

pattern for the girder is shown Figure 22. The numbéot$ per angle leg and their location

connecting the girder to the column is shown in Figure 23.

W21 x 50

Figure 21- Double Angle Connection Girder to Column
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W21 x 50

L= I s 4]

Figure 22- Double Angle Connection Bolt Pattern

5 bholts 5 bolts

5 bolts FT =

Figure 23- Double Angle Connection Bolts per Angle Leg ahLocation

The double angle is field-bolted to the girder web and shedged with a fillet weld to the

flange of the column. The weld length, size and posdm@nshown in Figure 24.

1/8"
T
d_|_
316" — |
316" L qn

Figure 24-Double Angle Connection Weld Length, Size anddition
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Chapter 6: Reinforced Concrete Design

Reinforced concrete, as the secondary design, was edoaelclose to the structural steel
design as possible. The original plan was to keep therdissigut similar so that the comparison
of the designs would be based on providing the same funcspaees and footing locations. By
assuming all of the same design loadings except for td Idad, consistency could be
maintained. However, during the investigation of a reirgdrconcrete system, several problems

arose for each of the methods attempted.

6.1: Beam Girder Method

The design of the concrete system initially follovgesimilar path as the steel system. To
keep the design similar to the steel system for congalaer, a beam-and-slab system was first
used, assuming the same number of beams and layoutsodddlye structural steel approach.
Dead and live loads were acquired from: an assumed damd®&EP & Celiling loads, self-
weight of the beams, and from thESBC. Using equations and information fradnilding Code
Requirements for Sructural Concrete (ACI Code) andReinforced Concrete Design 7" Edition
by Wang et al.(2007), a system was created to design a tmhbegem and its required
reinforcement. This method, using LRFD design factorsmaxed the required moment based
on the dead and live loads in comparison with the aoeffi of resistance, which is based on an
assumed reinforcement ratio of steel to concrete. @rmsam size was established, calculations
defining the tension and compression within the membes wsed to determine the required
area of tension and compression steel. Assumptionikiopart of the design are that the

reinforcement ratio is .0011 and the strength of the evacs 4000 psi. The reinforcement ratio
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came from recommendation from tA€I Code presented in Wang et al.’s text, while the
concrete strength was chosen as a mid-strength concrete

This method, while yielding results, produced large beamsiawieldy girders. The
calculations show that the girders needed to support a dehdlioast ten times that of the

beams, which made the girders massive in size.

Table 8: Member Sizes for Beam Girder Method

Bay Size(FT Beam Size(IN Girder Size(IN
35x2z 12x2z 16x3¢
40x22 14x2¢ 18x3t
40x3: 12x2¢ 25x5(

Table 8 depicts the size of the beams and girders farlegcsize. From a strength and stiffness
point of view these sections work; however, from astauttability and spatial layout point of
view, these solutions do not work. All of the girderstharee feet or more in depth. With a story
height of 13 feet, these girder depths significantly it the clear ceiling height after MEP, fire
protection, and tiles are installed. A full detail of team and girder method can be seen in
Appendix D. Figures 25, 26, and 27 detail the layout of eaclotidne beam and girder method,

because this system did not produce effective resulisywasystem was designed.

12in X 22in
g -
o . . o
g 12in X 22in =5
ba »d
= 2
V=) taa
— E.

12in X 22in

Figure 25: Concrete Beam Girder 35'x22' Bay

-38 -



14in X 26in

18in X 35in
UIgE X LI

14in X 26in

Figure 26: Concrete Beam Girder 40'x22' Bay

12in X 26in

12in X 26in
R= [
= (]
s o
R= Ln
a 12in X 26in =

12in X 26in

Figure 27: Concrete Beam Girder 40'x33' Bay

6.2: One-Way Slab System

After concluding that the beam and girder method wasinetffective strategy, a one-
way slab system was implemented. One-way slab sgatéihze load transference from slab to
T-beam to girder. For each bay size, slabs and T-be@nmesdesigned first, followed by a girder.
Chapter 8 in Wang et al.’s text details this procedurgpamddes charts for moment
calculations of the slab and T-beam section. Thistaildd in the full work of the one-way slab

in Appendix E. As with the beam girder method, ceremsumptions were made during the
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design process based on recommendations from Wangsdeat. Some of the assumptions
were values for the reinforcement ratio, concrengtih, and performance of the T-beams. T-
beams were designed with a depth of compression block whithinflange, so that they would
behave similar to a simple rectangular beam. Sincerigaal plan of not changing the layout
of beams was disrupted by the more frequent placemenbeéiins, beams were designed in a
manner perpendicular to their orientation in the previmam and girder design. This provided
better data for the one-way slab system.

After completing the design of the floor systemimailar problem as the beam and girder
method arose. The girders were once again large and dgwiable 9 presents a summary of

the design, while Figures 28, 29, and 30 show the bay spacing.

Table 9: Member Sizes for One-Way Slab system

Bay Size(FT T Beam Size(IN Girder Size(IN T-Beam Spacing(F
35x2: 12x¢ 15x31 8.7¢
40x2:2 12x10.t 15x3z 8
40x3: 12x10¢ 19x4: 8

12in X 8in

12in X 8in
= =
— LA
B b
= 02
- 12in X 8in 5

12in X 8in

Figure 28: One-Way Bay 35'x22'
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12in X 10.5in

12in X 10.5in

12in X 10.5in

15in X 32in
ugE X WIST

12in X 10.5in

12in X 10.5in

Figure 29: One-Way Bay 40'x22'

12in X 10.5in

12in X 10.5in

12in X 10.5in

19in X 42in
Uig X Ulg [

12in X 10.5in

12in X 10.5in

Figure 30: One-Way Bay 40'x33'

Even with considerably smaller beams, the one-waly system produced girders of a
similar size to those of the beam and girder methbd.ohly way for the girders to decrease in
size was for the bay size to decrease, which would tepered the layout of the whole building
to change. Since the objective was to find a system tmsuggrtain desired bay sizes, a
reinforced concrete one-way slab design was not on tatie@pproach.

With more time, a joist system could have been ingastd and tested. Joist systems are
defined by the beam spacing, which cannot exceed 30 incheslyEquahffle slab, or two way
slab system could be used, further reducing the effetke ofertical loads on the beams and
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girders. Most importantly, if a reinforced concretetegsis to be used then it must be
compatible with the building’s spatial layout. Reinforaeehcrete beams and girders do not have
the strength-to-weight ratio of structural steel merapand therefore cannot cover longer spans

without requiring large member sizes.

- 42 -



Chapter 7: Foundation Design

The loads from the building structure are supported bjotinadation which is in direct
contact with the soil. The function of the foundatisro transmit safely the high concentrated
column and/or wall reactions to the ground without caugnggfe differential settlement of the
supported structural system or soil failure (Nawy, 2008). &pfeotings were designed for
Gateway 2 which will act to transfer the loads dinefitbm columns to the soil. The assumed

strength of the concrete was 3000 pounds per square inch.

7.1 Soil Bearing Capacity

The soil boring results showed medium to very deasd svhich provides a stable base

for a foundation. The soil bearing capacity for that typsoil is 3 tons/ft(Nawy, 2009).

7.2 Spread Footing Design

Spread footings are located under individual columns and aignee to prevent
excessive settlement or rotation, to minimize difféedisettlement, and to provide adequate
safety against sliding and overturning (Wang, 2007). The de$s@isquare footing requires
determining the size and depth of the footing and the anadyantmary reinforcement in order
to meet the necessary requirements. The footing waightequired area, 8.75 feet x 8.75 feet,
were determined and compared to the permissible soilyreegsensure it was not exceeded
under the combined effects of column service load, footigight and weight of overburden.
The depth of the footing was determined next, and créeetions for shear, one-way and two-

way, were investigated. The critical sections for matnaad development of reinforcement
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occur at the face of column. The critical sectiondne-way action as a beam can be seen in
Figure 31, and the critical section for the two-wayatts a slab can be seen in Figure 32

(Wang, 2007).

="

{a) One-way action

Figure 31: Square Footing One-Way Action (Wang, 2007)

- S - Critical
.___...r_r —'/ section

le+d o L -

'

e B —
"
[
rl
|
—_—t
L

s

{b} Two-way action

Figure 32: Square Footing Two-Way Action (Wang, 2007)

The transfer of load at the base column (ACI-15.8) tvas checked by determining the
compressive design strength based on the nominal ultlveaténg stress in the column. The

development of reinforcement was then determined usingfédt@iula 12-1. The design sketch
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for the spread footing for the small bay can be seé&mgure 33, and the design sketch for the

spread footing for the large bay can be seen in Figure 34.
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(spacing =13"z)
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Figure 33: Design sketch for small bay spread footing (Wan@007)
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Figure 34: Design sketch for large bay spread footing (WangPR7)
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Chapter 8: Proposed Cladding System

After exploring all topics and investigating the diffier@arameter characteristics of each
cladding system, an exterior enclosure was chosehdoGateway 2 Building. Table 10 was
adapted fronArchitectural Graphic Standards, Eleventh Edition. The table presents the different
parameters that were investigated. For both the staghdmsd concrete design a brick veneer

was chosen with a partial glass cladding system imicesiteas. These two types of exteriors are

similar in architectural aesthetics to the surroundingdingk, preserving the integrity and

character of WPI.

Table 10: Design considerations for exterior enclosure

_ ) ) Recommended Heat, Air,
Exterior Wall | Weight | Vertical Span ) )
Climate and and Maintenance
Assembly (PSF) Range (FT) S )
Precipitation Zones Moisture
Brick Veneer All climates, extreme Washing, repointing
54 Up to 15 o Excellent o
on Metal Stud precipitation joints
Washing, stear
Insulated Depends on All except extremely Low to _ o
6 L cleaning, painting, and
Metal Panels Manufacturer | cold, low precipitation Average o
joint sealers
Concrete an Up to 13 All climates, moderat Washing, repointin
) 112 ] o Average o ]
Brick Veneer (reinforced 17) precipitation joints, sandblasting
CMU and All climates, extrem Washing, repointin
) 100 Up to 20 o Excellent o )
brick veneer precipitation joints, sandblasting

The steel design and concrete design will use twdasimmethods for attaching the

cladding systems to the structure. A brick veneer willhwdd any structural loads but it will

support the weight of each brick as they are stackedpafteach other. Steel angles and metal

wall ties will be used to support the bricks as wellttach them to the frame. Figure 35 shows
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an example of a brick veneer attached by metal tidsnagles. Steel framing will be used to

help support the metal angles which will reduce the haptite ceiling.

« ldasonny venser e ———

~ Straciural sted frame

Vo o

« Maseniny Ties scremed b metal shuds —_

¢ Mletal stud framing ———————

~= Gitesl framing Lo support 2032

= Bottor of masonry and stud
Framming s suparid Yy a steal angle

Figure 35: Brick veneer attached to metal frame(Ching, 2008

The concrete design will also use metal angles arndlnies but because they cannot be
simply screwed or bolted to the reinforced concretmetds, wedge insert boxes and dovetail

slots will be used for fastening. Figure 36 shows an exadgéal for a brick veneer attached to

a concrete structure.

. Hﬂmw_ﬂir —— e —

« [overtall shotd wi wire tie anchors

- Hf = Felnforced conctete StascTurs
610° (405) o vertically ——— 1 e B

+ Stesl shelfangle
Bolted So wedga knserts ————

e Wedge insert bawgs 8 247 (B10) o

Figure 36: Brick veneer attached to reinforced concretstructure (Ching, 2008)
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The glass cladding system will be attached to the frasimg panels and wet glazing.
Wet glazing allows the glass unit to float in its openinthaut any direct contact between the
glass and the frame. An adhesive liquid of synthetibeulwill be inserted into the joint between

the glass and the frame to form a water and air tiggdt &igure 37 shows an example of a glass

veneer with wet glazing.

Cap bead or sealant. is an adhesive

liguiel of symchetic rublesr injected

into the joint bebwesn a glass pane
¢~ it and a window frame, curlng

16 form & wasertignt seal.

Figure 37: Glass veneer with wet glazing (Ching, 2008)
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Chapter 9: Cost Estimate

Perhaps the most important and relevant part of theidlecenatrix used to make a final
recommendation is the cost of the structure itsedfséch a cost estimate was performed,
investigating not only the cost of the parts createdalsot a benchmark cost for a building of
similar size and function. Two different methods ofreating were explored: Uniformat Il, and
Construction Specifications Institute (CSI) MasterFdrr&ach piece of the cost played a key
role in making the final decision. Because the reinfd@ancrete design did not produce a
viable option, it was not priced.

The estimates were done with the aidR8Means CostWorks, which catalogs all of their
price data and puts it into a pick and choose spreadshekefestimator to make quick clean
estimates (RS Mean$}SMeans CostWorks is a subscription based program that companies can
pay a yearly fee to use. Merritt Construction Servitrgs, was gracious enough to allow the use
of this program to aid this project. Figure 38 shows a basi @f the program while
completing the long bay estimate. The tabs along fhaltow the user to either track the project
currently in operation, browse tRS Means cost catalog, perform a square foot estimate, or

perform account maintenance.
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Figure 38: Screenshot oCostWorks

Initially the Uniformat Il system was used to assesspitice of the structures. Uniformat
Il is an assembly cost, focusing on sections of a streicsuich as a floor, and pricing them as a
whole. However, as the pricing progressed, the Unifothtatned out to be less than adequate.
Because it makes a lot of assumptions as to whatigimesach section, floor, walls, etc..., the
Uniformat 1l was not able to handle the designed membé&es Uniformat Il would be better
suited for a more standardized building that does notneegpéecific bay sizes.

Instead the CSI MasterFormat 1995 (MF) was used to pecstthcture. The MF
involves a unit cost approach, divided into 16 different categolt prices each individual

material on a quantitative scale, thus allowing moredioen in the estimate. This gave the most
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accurate cost possible, because the individual steabers, which comprised the majority of
the structural cost, could be defined and priced direatksus the Uniformat Il, where a relative
bay size would have had to been chosen.

For this project, the cost of the designed structurethesnly feasible cost to consider.
While there is much more to a building, interior finislhesl fixtures were assumed to be
consistent between both bay sizes. Thus, the struefteenatives could be studied as marginal

costs. Table 11 shows the cost of the structure famtbelesigns considered.

Table 11: Cost of Structure

Desigr Cos Cost per Square Fc
Short Bay (40x22 $1,077,08 $44.3°
Long Bay (40x3% $981,95. $37.3:
Difference $95,10: $7

The difference in cost between the two is about tecegpe of the cost of the Long Bay. The
almost $100,000 difference translated to a $7 per square fooeddéein cost, a significant
amount of money for the structure. That amount is maake significant when compared next to
the square foot estimate of a building of similar size fnction.

CostWorks has a function that allows a square foot estimate toalctulated, based on
design criteria, specifically area, stories, storgheiand perimeter. For this estimate, an office
building represented the closest function to that aé®ay 2. The cost for this building was
$6,415,000, with a square foot cost of $264.04. However, the minstamnrequirement was
five, while Gateway 2 will only be four stories. By dividi the cost of the building by the
number of floors a price per floor of $1,282,000 was foundreffoee, the projected cost for

Gateway 2 is $5,128,000, or around $211 a square foot.
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Cost of Long Bay vs. Cost

$1,077,081,
21%

M Structure

m Other Costs

$4,050,919,
79%

Figure 39: Cost of Long Bay vs. Cost

Cost of Short Bay vs. Cost

$981,951,
19%

| Structure

m Other Costs

$4,146,049,
81%

Figure 40: Cost of Short Bay vs. Cost

When one compares the price of the structure tootdhite total building, as in Figures 39
and 40 above, the structure only consists of aboetfifth of the cost. This shows that while the
structure plays a big part in the cost of a projiees not the dominant factor. Other construction
such as the interior, will consume most of the £ést this project.

This estimate was done within the available acoyraowever, there are still several
inconsistencies in the cost. In terms of the ctistsare accountable, there was not data for
certain sizes of steel members. Because of thegpibe of a larger member was taken, because
a smaller member would be unacceptable by the wle§hys inconsistency is not a major cost,

as the difference in price between the two membersoff by a couple of dollars at most, and
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the fluctuation caused by this was not considerable. Thar nmgpnsistency is the total cost,
based off of the square foot estimate. Bec&ustNorks is assuming a typical building, and not
the one designed, the costs vary considerably fronmtéeded design and quality of
construction. This is further exacerbated by WPI's commeant to LEED certified buildings.
LEED items tend to cost more than the average pracesthe estimated six million dollars may
turn out to be something more on the order of severgbt miillion, depending on what options
WPI chooses. Nevertheless, the square foot estimaw@ps a widely used reference for

presenting and evaluating cost estimates.
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Chapter 10: Alternative Evaluation and Selection

In determining which design is most suitable for the ®ate2 building, the project team
applied techniques derived from a system developed by the@@aiDepartment of
Transportation (Caltrans) Value Analysis Program. pédormance measurement system
requires that performance criteria and measuremenigdggated throughout the entire study to
become jointed with cost factors (Hunter, 2002). The pedmce measurement system is
designed to compare an original design with alternatitgiens. The two steel designs that are
established in this report for the construction of thee@ay 2 building are compared to one
another in contrast to an original design presenteceipaper by Hunter (2002). For this reason
the performance measurement system was modifieddawvdluation of each design. Instead of
determining a value index (an arithmetic division of tp&fformance by cost), cost was
included as one of the decision criteria.

A list of five criteria was first established to meassthie overall success and performance
of each design: Space and Layout, Welds/Bolts, Matiia@htenance, Sustainability/LEED, and
Cost. Space and layout is essential to the design leetaletermines the number of rooms each
floor can have. It also determines the overall condbthe tenants. The amount of welds and
bolts is a measure of constructability. It can deterrtiieecomplexity of the design. This
essentially can increase the cost and constructimnaf the building. Material maintenance was
determined to evaluate the long term life of the buildihgw often the different materials need
to be maintained can increase the cost as well agehad the building. The Sustainability and
LEED certification of the building is a major concenrthe construction of the Gateway 2
building. Implementing a green roof or using recycled nedtean change the appeal of the

building. The same green roof was used on both designelleas the same grade and
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percentage of recycled structural steel. The cost iontés related to the short term, construction
cost of each design. It reflects the weight, siné, geometry of the frame.

After the list of criteria was established, each dotewas weighted on a scale from zero
to one, one having the most concern in the construofitiee Gateway 2 building. Once each
criterion was weighted, the different designs wer@weated on a scale from one to ten based on
the description given to each criterion. Table 12 showdighof criteria with their weights and
the rating for each alternative.

Table 12: Performance Matrix

STEEL DESIGN
CRITERIA PERFORMANCE Short Bay | Large Bay
Rating (1-10) 4 7
Layout and Space Weight 0.9 0.9
Contribution 3.6 6.3
Rating (1-10) 8 5
Welds/Bolts Weight 0.4 0.4
Contribution 3.2 2
Rating (1-10) 6 6
Material Maintenance Weight 0.6 0.6
Contribution 3.6 3.6
Rating (1-10) 10 10
Sustainability/LEED Weight 1 1
Contribution 10 10
Rating (1-10) 5 8
Cost Weight 1 1
Contribution 5 8
Total Performance 254 29.9

Each member of the project team evaluated the weaglotsatings for the list of criteria.
Once each member gave a value for the weights (0-1hamatings (1-10), the average was
determined rounding to the nearest decimal place. THeptfarmance is a summation of each
criterion’s rating multiplied by the weight. From tlabte above, the large steel bay design has

the largest value of 29.9 making it the most suitable desig
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Chapter 11: Conclusion

In conclusion, this project team recommends the ndalasign of a long bay structural
steel system verses a small bay system. Overafeitsothe best package, including layout and
cost. While the short span scored higher in the welt¥/lsektion because it utilizes more of the
same size bay, the long span allows for the desiredifdag be untouched and uses less
structural steel, thus lowering the cost of the fraAssumptions were made about other parts of
the structure that fit with WPI's current ideology aagpearance. LEED standards, which WPI
has committed to, were considered with the additica grfeen roof. Also a brick veneer and
curtain wall finish was chosen to adorn Gateway 2, gl help it fit in with WPI’s existing
structures.

This project has left plenty of questions unanswereddaltimé constraints and need to
focus the result of the project. Within the time a#idta suitable reinforced concrete design
could not be found to support the desired layout. Further invastigato two-way slab
systems, joist systems, and reconfiguration of theulagould yield a design that is functional.
In addition, further investigation into LEED requiremecsild assess if there is any significant
structural aspect within today’s consideration of greemgde&xploring this question could
possibly lead to more efficient designs that are envirotaligisustainable.

Plans are already moving forward to create the Gatévimyiding. As of February"8of
2011, WPI has entered into an agreement with the O’Cobee&tlopment Group to produce a
new structure on the Gateway property (Cohen, 2011).dragreement WPI and O’Connell
agree to design and build a “four-story, 92,000 square-fodityatesigned to achieve LEED
certification, with laboratory, educational and offggeaces for a range of academic and

corporate uses” (Cohen, 2011). The two estimate thaptbjsct will cost around $30 million
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dollars, with WPI already holding half of the leaseifer‘new Biomanufacturing Education and
Training Center (BETC); an expanded Fire Protection Engimp®epartment and research
laboratory; and the graduate division of WPI's School of BasingCohen, 2010). The article
mentions that Massachusetts Biomedical Initiatives Blue Sky Biotech will be some of the
companies taking space in the new building, but there merdion of Mass Academy (Cohen,
2010). This building is far larger than the one designed snpttwject and while the square foot
cost will change, it should not fluctuate more than tligiraal $264 projected biRS Means
CostWorks. The project team hopes that some of the informditam this project will make its

way into the decision making process, helping to makegalsting effect on WPI as a whole.
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Abstract

The purpose of this project is to plan several structusajddayouts for a proposed
mixed-use commercial building as part of the Gateway €gvknsion. Two structural steel
designs and two reinforced concrete designs are goinginvdsigated with respect to the size
of each bay. A basic foundation design is also goirgetmvestigated to support the structure.
The final design will be chosen by a criteria basedaheduling, cost, space, and LEED
specifications. In addition, an alternative roofing sysis going to be investigated using a

sustainable and environmental friendly approach.
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Introduction
Worcester Polytechnic Institute (WPI) is a growing commyuthiat strives to create and

convey the latest science and engineering knowledgeyis thiat would be most useful to
society (WPI Faculty, 1987). In continuing to do this, VdRtl the Worcester Business
Development Corporation (WBDC) worked together to dev@8apeway Park in 2005. Gateway
Park is designed as a 12-acre mixed-use destination tharevilde a home for life sciences and
biotech companies. The Gateway Park is part of a largac&bredevelopment project that will
provide an environment that fosters the exchange of ideasgscientists, scholars, students,
and entrepreneurs (Gateway Park, 2008).
Gateway Park, formally an industrial site, is now hdaméhe WPI Life Sciences and
Bioengineering Center. This site is also designed tofboldother life science buildings,

condominiums, and several retail establishments (seegFigur

cooaenuel

Figure 41: Proposed Gateway Park Complex
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This project will focus specifically on Lot 3, which wdtcommodate a four-story,
80,000 sq. ft. facility that will be referred to as Gate®dfroughout this report. Alfredo
DiMauro, Assistant VP for Facilities, informed us théPI will lease the land to a private
developer who plans on beginning construction in the spfie@1l. The school then plans on
renting space within the building in order to accommodaetbwing biomanufacturing and
Fire Protection Engineering (FPE) Department. The FBEaRment currently is located in
Salisbury and Higgins Labs, and the move to Gateway Pauldveentralize and expand the
program. WPI’'s Biomanufacturing Education and Training Gepltns on renting 10,000
square feet that will provide hands-on biomanufacturing trgito support industry workforce
development (Gateway Park, 2008). The Massachusetts Acadéviath and Science at WPI
will relocate to the building, as their lease is uphatrtcurrent previous location. The building
will also house many bio-tech companies. For exampésdsichusetts Biomedical Initiatives
(MBI) will expand its incubator resources by developingea wet-lab core facility to help more
companies launch, grow and provide jobs (“Gateway Park’gsBore that the building
accommodates all the tenants, the building will remckral classrooms, offices, and
laboratories.

The purpose of this Major Qualifying Project is to evalisseeral structural designs
against criteria that will maximize the usable space withe building, be environmentally
friendly, and be cost efficient. There are sever@ysvthat the project team plans on achieving
this goal. First, the team will provide a floor layolét meets the needs of all tenants. This will
be accomplished by interviewing the principal of Mass Acadeigh School, interviewing the

Head of Biomanufacturing and Fire Protection Engineeringaienent and examining other
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floor layouts, including the existing Life Sciences andeBigineering Center. Standard
architectural designs for offices, bathrooms, and cdasss will also be investigated.
Another task that will aid in achieving our goal will bedigsign several structural frames
using steel and reinforced concrete systems. We will figags the relationships between
structural systems, useable space and constructionTtastvill be done by defining beams,
columns, and girders using the provisions ofAherican Institute of Seel Construction (AISC)
Manual 13" Edition and theAmerican Concrete Institute (ACI) Concrete Code while taking into
account the floor layout and design loads. A foundatimdewill also be investigated to
withstand all loads of the structure. Finally, a gresof will be investigated to provide an
environmentally friendly approach. Choosing the most efiisient design will be done by
using cost data obtained from sources sudRSadeans: Heavy Construction Cost Data 23"

Annual Edition, RSMeans CostWorks and standard production rates.
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Background
At the start of this project there was much resedacte to develop understanding of our

objectives and their deliverables. TMassachusetts State Building Code will be investigated to
assure the building is built according to standards. Geotmdlddata and zoning restraints were
also examined to get a better understanding of the &feDLspecifications were researched to
get a better understanding on how to make Gateway 2 @eneironmentally friendly building.
Finally, cost estimation was researched to provide afoasvaluating alternative and making

recommendations. Our research data is explained imlb&ing sections.

Massachusetts Sate Building Code
Each state has a set of documents enacted as laggutate construction within its

borders. In the Commonwealth of Massachusettdyimsachusetts State Building Code
(MSBC) governs all types of construction, imposing standarddiaitg that reflect the area of
Massachusetts (780 CMR). TRESBC states its mission to “insure public safety, healith an
welfare insofar as they are affected by building caiesion, through:

» Structural strength

» Adequate means of egress facilities

» Sanitary conditions

* Light and ventilation

» Energy conservation

» Fire safety

» Secure safety to life and property from all hazarddeelto a building.” (780 CMR)
The code is separated into 35 main sections, of whiclgtbig will be focusing on sections: 6

(Types of Construction), 14 (Exterior Walls), 16 (Strudtrasign), 18 (Foundation and
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Retaining Walls), 19 (Concrete), 22 (Steel), and 32 (Rigktay). While the other sections are
important, they are not within the scope of this projébe sections mentioned all provide the
minimum requirements for the design and constructicstex| and concrete structures in
Massachusetts, as well as the type of cladding usecean More importantly, these sections
define the minimum design loadings based on usage ancctoeféitients for snow, wind, and

earthquake loads.

City of Worcester Zoning Ordinance
The City of Worcester Zoning Ordinanc@QWZ) expands upon the basic requirements

set forth in theMiSBC. This document is explicit to the City of Worcestiatailing the specific
requirements of all types of construction within thg &mits. For the purpose of this project
COWZ will be examined and followed for the building of sturets. Depending on where in the
city a building is to be placed, certain requirementkrastrictions exist, often reserving certain
areas for a certain classification of structure. Lthk@MIBC, the COWZ defines its purpose in

the forward of its text; it is stated as follows:

Create and maintain conditions under which people aidehvironment can fulfill the

social, economic, and other needs of present and futnezag®ns.

» Facilitate the adequate and economic provision of trateggmr, water supply, drainage,
sewerage, schools, parks, open space, light, and other pduicements.

» Encourage the creation and preservation of housing oftgpehsize, and cost suitable
for meeting the current and future needs of the city.

* Protect against: overcrowding of land; air and watewpol; use of land incompatible

with nearby uses; undue intensity of noise; danger and sbogen travel and
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transportation; and loss of life, health, or properyrfifire, flood, panic, or other
dangers.
* Protect natural resources as well as the scenic ariteiegjualities of the community.
* Promote the preservation of historically/architectyraignificant land uses. (City of
Worcester, 2007)
These six tenants expand upon M@BC tenants, but still leave room for interpretation and
ingenuity. They allow for the city to have more contyeér construction within its limits.
Gateway 2 specifically falls into the zoning distfabeled, BG-6.0. This zone is defined
by its maximum floor area ratio (FAR), which is 6:1. §hatio states that there cannot be more
than six square foot of building floor area per one sqiearteof land. While no specific height
limit is described, the FAR couples the building hegid building footprint, implying that
taller buildings require smaller footprints. The sizeéhaf building is also limited by other
limitations within theCOWZ, such as a rear yard setback of ten linear feet t@ wen®. There
are also ways to gain more space past the 6:1 FAR. Bomxe, should an off-street parking
facility be provided within 1000 feet of the building, then 660ase feet per parking space can

be added to the building (City of Worcester, 2007).

Geotechnical Data
The most recent geotechnical data about Lot 3 comesdm@otechnical Study

completed in October of 2005 for the parking structure resafinst Gateway building. This
report, completed by Maguire Group Inc., contains data #6Mnorings done throughout the
site. These borings, while not on Lot 3 specificallygde@ important insights to the soil within

and around Lot 3. The results of the borings showth®asoil profile of the parking structure
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close to Lot 3 is consistently a medium to very desaswl; a stable base for foundations. It is to

be assumed that this soil also exist on Lot 3.

Cost Estimation
This project will complete a cost estimation of thaterials and labor needed to construct

the structural frame and foundation. Equally a gradingraiteill be created to examine and
compare up-front and life-cycle costs to recommend adieaision, as to which design will be
the most cost effective. The RS Means cost datnjunction with the online RS Means
estimation package, will be used to determine the cdseqgbroject. A total rough order of
magnitude estimate based off of the square footage ofrtiatse will be completed to make a
final comparison of the structures and decision. Forsteat covered in this project, square foot
values will be accepted from RS Means. These include reuta limited to, heating,
ventilation, and air conditioning (HVAC); mechanicdkctrical, and plumbing (MEP); and
interior walls, and finishes. All costs will be categed and distributed using the 2004 CSI
Masterformat. Any anomalies will be dealt with asytheise during the project through further

research.

LEED
The decision to design Gateway 2 to be a “green” buildiag immediate once the

project was underway. Buildings consume more than 39%eoénergy and 74% of the
electricity annually in the United States (Green Builddegign, 2009). With that said, green
buildings can reduce or eliminate the environmental imghotsigh design, construction, high-

performance machinery and operations.
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The WPI Board of Trustees endorsed a policy in 2087 stated all future buildings on
campus are to be environmentally friendly and desigto meet LEED certification (“WPI's
East Hall,” 2009). Leadership in Energy and Envimental Design (LEED) is a green building
certification system that was developed by the (Gi&®en Building Council (USCGC). LEED
certifies that a building is designed to improvemrgy savings, water efficiency, G@missions
reduction and improved indoor environmental qualiiyED is a rating system used by the
USCGC that grants points based on certain metriecitEhere are four levels in the rating that a
building can be given: certified (40-49); silveO(59); gold (60-79); and platinum (80- 110).
The categories for evaluating new construction suistainable sites, water efficiency, energy
and atmosphere, materials and resource, indooroemaental quality, innovation and design
process, and regional priority credits. Figure @whthe breakdown of categories with the

corresponding maximum points earned.

I.EED‘D for New Construction

e —
Total Possible Points**  110*

Sustainable Sites 26

Water Efficiency 10
Energy & Atmosphere 35
© waterials & Resources 14
@ Indoor Environmental Quality 15

© innovation in Design &

2 Regional Priority 4

Figure 42: LEED Breakdown. www.usbgc.org/LEED

LEED strives for better environmental and sustalitglperformance which in turn

provides many benefits. There are potential coséfits in constructing a LEED-certified
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building. An upfront investment of about two percehconstruction costs typically yields life
cycle savings of over ten times the initial invesiin(Kats, 2003). A more detailed look at cost
savings shows that LEED buildings have lower eneigpge; water disposal; water costs; lower
environmental and emissions costs; and savings imoreased productivity and health (“Green
Building Design and Construction”, 2009). Figurst®ws a study done by Capital E Analysis in
California which concludes that the financial batsedf green buildings are over ten times the

average investment required to design and consirgoten building.

Financial Eenefite of Green Buildings
Surmmary of Findings (per ft%)
Category 20-year NPV
[Crergy value $5.70 |
Emissions Value £1.18
Water vValue 051
Waste Value (construction only] - 7 year £0.03
Cownrmissicing Th&M Wi £347
Froductivaly @nd Heallh Valoe (Ceriled and Siker) 53539
Mroductity and [l=alth Value (Gold and Platinum) 55533
Less Green Gost remium (54.00)
Total 20-year NPV (Certified and Silver) 5438.57
Total 20-year NPV [Geld and Platinum) £67.3
Source: Capiial E Analvsis

Figure 43: Financial Benefits of Green Buildings.

There are a few key LEED highlights with the Gatg®adesign which will continue
WPI’s recent tradition that all new buildings mbst LEED certified. The site on which this
building was built is considered a brownfield siebrownfield site is an abandoned or
underused industrial and commercial facility avalgafor reuse. By building Gateway Park on
this brownfield, it saved previously undevelopedyoeenfield space, which in turn didn’t

compromise any ecosystems or create an environimegact on these lands. When
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constructing buildings on brownfields, there is moramgffort to remove all hazardous
materials from the soil and thus eliminate the previop®sure to humans and wildlife.
Another green option is a vegetated roof which will leated on the roof of this
building. Most buildings have dark roofs that absorb ais@ant amount of heat emitted by the
sun when compared with roofs of lighter colors. Thioatsd heat radiates around the building
as well as inside, causing increased temperature. The aisedt from this is increased energy
consumption to then cool this building as well as surrowgndnes. Having a green roof will
significantly reduce the amount energy used and thereddreee the amount pollution produced
by energy power plants. According to the EPA, greersreate residents and building owners
20% to 70% in annual cooling energy costs (Green Buildidglasign, 2009). To determine if
a vegetated roof meets LEED requirement, a formulagid which takes into consideration the

vegetated area, roofing materials, and mechanical equigarem

Area of Low—Slope SRI Material Area of Steep—Slope SRI Material
( R + —or 075 = (Total Roof Area — Deducted Area).
* *

SRIValue SRIVaiue
The government offers many incentives to encourage thgndssd construction of
LEED credited facilities. These include: density bonus; eéixeée permitting; fee
reduction/waiver; tax break; grant; free consultaticovipstional services and low interest loans
(“Summary of Government”, 2009). Tax incentives aremiost popular and widely used
mechanisms because of the different level of taaks¢hat can be given based on the level of
LEED accreditation granted to the project. Thereléger upfront cost to the owner to build a
green roof; however, after considering the tax incentawvekthe amount of money saved in

energy costs, a green roof is essential to have odigsl due to its financial and environmental

benefits.
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Cladding
The cladding will provide the building with weather and wiadistance on the exterior

walls. Without having to provide strength, cladding systaresdesigned thinner and utilize
many new technologies for color, texture, cost, moastasistance thermal barrier and
maintenance (Reid, page 30). For the structural steelrjebgycladding system must be able to
clip to the frame. However, in the reinforced concrsign, the walls can remain concrete or
another cladding material can be clipped to the beamsa@unohns. There are six main types of
cladding systems: precast concrete; glass-reinforcedgtetyglass-fiber-reinforced cement;
formed metal including profiled metal; sheet metal, contpasetal panels, and rain screens;
and curtain walling-glazing systems. These systems wilhbestigated as to how they connect
to the frame of the building, in conjunction with theplioations of attaching the cladding
system. Factors to be considered will include but notbiéeldl to: additional weight on the

frame, effect on the wind loads, and stabilization effthme.
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Methodology
This project will take many steps and activities to cotepils scope, and this section

details how it will be developed while also providing ai®&s the schedule.

Once it was decided that Gateway 2 was the buildingotinagroup will be redesigning,
the building location and floor plans are the firsingeto be investigated. Understanding the
location is necessary because it's part of determimadype of soil that the building will be
built on. The borings taken from the soil will alse éxamined to determine appropriate levels
for the foundations of each design. The floor planseauweial in order to determine the usage
and the loads associated with each floor, types of r@tains, offices, classrooms etc.), and
permissible column locations for building functional®nly the preliminary plans for the
Massachusetts Academy of Math and Science and the WRiaBufacturing Education and
Training on the first two floors have been provided. Cqusatly, we will have to design the
layouts for the top two floors of the building. This wilkve to be done after speaking with many
people involved in the project. Fred DiMauro, Vice PresidenEacilities at WPI, will provide
our group with background information as well as the cotdra and proposed tenants for the
building.

In order to finalize a layout design for the top twafle, a mix of research methods will
be used to determine the intended use for the space needwdtbygants. Touring current
facilities will contribute to understanding the sizes anchbers of labs, equipment, classrooms,
and offices. Interviews will also be used to further dabee the specific needs and wants of the
proposed tenants. Also, reference books su&ramstectural Graphic Standards by the
American Institute of Architects will provide a base $teindard sizes of various rooms. The
COWZ andMSBC will need to be addressed to ensure the building is in kamnge with the

code. This research will be important for the desigaei@rmine room sizes and locations
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throughout the floors. Finally, the floor layouts wak drawn on AutoCAD so our group will
have a working set of plans. From these electronic idgsypotential layouts can then be
readily explored for columns may be moved to creatgetaor smaller bay size design.

The structural design for Gateway 2 will consider bodlelsind reinforced concrete
frame systems. For both the steel and concrete detigme,will be two designs: smaller bay
and a larger bay design. This will be done to comparedsis of each as well as the different
layouts that might arise due different locations déioms, girders and beams. The loadings:
snow, live, earthquake, and wind, for the building willdetermined based upon thBC.

The steel design will be done according to the Load asisRnce Factor Design
(LRFD) method. Three sources of information will beduseassist in the structural steel design:
Sructural Steel Design 4" Edition by Jack C. McCormagi SC Seel Construction Manual 13"
Edition and class notes from Professor Albano’s CE30G6gDef Steel Structures. The RISA
software package will be used to analyze the buildingstsire.

The concrete design will be completed using three sswfcaformation:Building Code
Requirements for Sructural Concrete (ACI Code);Reinforced Concrete Design 7" Edition by
Wang, Salmon, and Pincheira; and class notes from$3mfdayachandran’s CE3008
Reinforced Concrete Design.

For both reinforced concrete and structural steel @tmes, the frames will be designed
to resist the gravity and lateral loads. The beam-sisties will be designed including filler
beams and concrete slab. The girders can then gnddsiFollowing this, the columns will be
designed using the story-stiffness method. Connectionthandootings can be designed for.

Options for cladding system of the building will alsorbsearched and investigated. For

this activity, books from the WPI Gordon Library, aslMas research from online and
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experienced sources will be sought. There are many ayeand disadvantages to certain
cladding types. For Gateway 2, the cladding system chodldrevevaluated based upon
consideration of the following factors: cost; weight pguare foot; wants and needs of the
tenants; and advantages and disadvantages of each.

The green roof for Gateway 2 will be designed and chbased upon the best financial
and environmental option. The roofing material will haventet the minimum area requirement
and solar reflectance index value. The solar refleetamdex is a measure of the constructed
surfaces ability to reflect heat, as shown by a staaiperature rise (Green Building Design and
Construction, 2009). Also, the amount of vegetated roofamdanechanical equipment area
will have to meet the requirements specified by LEED. giteen roof will meet the Sustainable
Sites Credit 7.2 and will receive one point towardseit@ of 110 possible points that a building
can receive.

The cost estimation will include a quantity takeoff a&dlas parametric cost data. The
guantity takeoff will include but not limited to the quamstiof: structural steel, concrete,
connections, reinforcing steel, cladding, earthwork, etadf and plumbing. Parametric cost
data will address those aspects of the building that merevithin the design scope. The
resulting estimate will be compared to similar buildiatready constructed.

There is a collective responsibility on all secsiari the MQP by all group members and
to ensure everything is done correctly and in agreemena it be weekly group meetings
amongst the members. However, different group memberbaviesponsible for completing
various sections or parts of the MQP project. HarolddBewill be responsible for the design of

the large and small bay structural steel design. Ben fitebe responsible for the design of the
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large and small bay reinforced concrete design. Stepseosio will be responsible for the cost

estimation and foundation designs.
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Schedule
This Major Qualifying Project will be accomplished inB,,and C term of the 2010 and

2011 WPI academic year. Work will begin late August andHiearly March. The following

table provides a breakdown of each term with our deliverainld©bjectives.

Week Date Objectives
A Term
Define Scope, Objective and Goals
1 8/30/2010 - 9/5/2010
Begin Research
Meet with Adviso
2 9/6/2010 - 9/12/2010
Finalize Scope
Begin Project Schedt
3 9/13/2010 — 9/19/2010 Meet with Fire Protection Dept. and
other Tenants
Begin Floor Layou
4 9/20/2010 — 9/26/2010 Start Introduction, Methodology,
Background and Capstone Design
Finalize Floor Layout and Colun
5 9/27/2010 — 10/3/2010 Locations
Submittal: First Draft Proposal
Revisions to Propos
6 10/4/2010 — 10/10/2010
Begin Calculations
Submittal: Current state of the M(
7 10/11/2010 — 10/14/2010 Report including final proposal
B Term
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Begin Calcs for Steel Desi

8 10/26/2010 — 10/31/2010 Begin Calcs for Concrete Design
Continue Research
Start Design Calcs w/ Claddit
Green Roof Desgin w/ LEED
9 11/1/2010 — 11/7/2010
components
Update Papt
10 11/8/2010 — 11/14/2010
Complete Any Research Remaining
Create Criteria for Recommendat
11 11/15/2010 — 11/21/2010
Update Paper
Finish Calcs for Round 1 Desi¢
12 11/29/2010 — 12/5/2010
Begin Alternate Designs
13 12/6/2010 — 12/12/2010 Update Paper
14 12/13/2010 — 12/16/2010 Turn in Deliverables for B Term
C Term
15 1/17/2011 - 1/23/2011 Finish Secondary Designs
16 1/24/2011 — 1/30/2011 Perform Cost Analysis
Continue Cost Analys
17 1/31/2011 - 2/6/2011
Update Paper
Finish Cost Analys
18 2/7/2011 - 2/13/2011 Form Recommendation
Compile Paper
19 2/14/2011 - 2/20/2011 Turn in Draft Paper
20 2/21/2011 - 2/27/2011 Edit Paper
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21

2/28/2011 - 3/4/2011

Complete Project
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Conclusions
At the end of this project, this group aims to have ifledtthe most cost effective

design alternatives. Cost efficiency is influenced byesswariables, of which this project will
investigate material, labor cost, and order of magnitude.fdur designs to be completed during
the design phase will allow for a healthy comparisatt) the time provided.

Of the minimum four designs to be completed, two willdreg beam spans and two will
be shorter beam spans. Equally, both types of spansandésigned using structural steel
construction and reinforced concrete construction. Tesgns will be evaluated for the cost of
the material and labor needed to create the structetading the foundation on which the
structure will stand. Lastly, the external cladding ané&gm@of will be examined based on how
it connects to the frame, and what that will cost.

Having no prior knowledge in cladding, and little knowledgeH®ED, the costs of those
sections are hard to predict. However, having prior égpee with both steel and concrete
design, this group has formed a hypothesis as to thevéndict of this project. This group
believes that a steel frame, with longer but feaspkns, will be the best basic choice in lifetime
cost because structural steel is a longer lasting rmhtexquiring less up keep and maintenance
than concrete structures. However, the concrete stejavith longer spans, will be a better cost

up front because concrete costs less than steel.
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Capstone Design
As part of the Major Qualifying Project (MQP) a capstdaesign experience will be

accomplished. The capstone design experience will bel loasskills previously learned in the
classroom and the application of appropriate engineetamglards. The capstone design
experience will also incorporate the following readistonstraints: economic, constructability,
health and safety, ethical, political, social, environtakand sustainability. The treatment of
each constraint is outlined below.

The first constraint is economics. In evaluatindgedént designs, cost will have a major
effect on the selection process. We will be seledtiegmost cost efficient design by examining
different alternatives to construction, floor layowtsd materials. A cost analysis will be done
using material quantities from our design with unit cosh,datd square footage order of
magnitude estimate from RS Means.

The second constraint is constructability. In thisgobgeveral floor layouts will be
examined with different arrangements of beams and colufmaight will go into defining the
different size members in the alternative steel amdareed concrete designs so that there is a
typical size used throughout construction. There wslbdle much consideration when choosing
the different floor layouts to maximize the space a$ ageeeting all tenants’ needs.

Health and Safety is also a major concern througimisiproject. Adjustments will be
made to the floor layout to assure the safety of thentsn Special consideration will be given
when designing the FPE Department’s floor plan and laledpaassure safety throughout the
building. The building will also be built following Massausetts Building Code, COWZ, and
the Americans with Disabilities Act (ADA) Standards fsccessible Design.

When building any structure there are always many étisiceial and political concerns,

especially in a city like Worcester. A project like &aty Park would bring in many jobs for
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people in the surrounding areas and possibly provide jolggdduating students at WPI.
Gateway 2 would continue to provide a better image for WRpwanding the school’'s
involvement in research and promoting commercial and tieigfihdevelopment in the City of
Worcester. It would also provide a place to mold young simdrelocating Mass Academy

High School. Many people might agree that Gateway @ldvbe a positive contribution but
concerns could arise when looking at the effects it coalet on the environment and the types
of research being done within the Biotech companies. Tdisoecould be concerns if the site is
Americans with Disabilities Act (ADA) compliant codgiring in 2000, there were 38,068 people
in Worcester, MA listed as disabled (Disabled)

Finally, environmental and sustainability are constrahds will be dealt with in this
project. This project will follow LEED specification§he New York Times' education blog
“The Choice” mentions Worcester Polytechnic Institageone of several schools that have
improved in sustainability effort. In continuing this efftinis project plans on looking at

different alternatives to roof designs by incorporatimggeen roof.
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Appendix B: Layouts

B.1 Small Bay Design

Massachusetts Academy of Math and Science at WPI
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WPI Biomanufacturing Education and Training Center
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WPI Department of Fire Protection Engineering
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B.2 Large Bay Design

Massachusetts Academy of Math and Science at WPI
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WPI Biomanufacturing Education and Training Center
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Appendix C: Steel Calculations

Appendix C.1 Beam and Girder Design

Large Beam Design #1
Bay Size 35' x 22'
3 Filler Beams Spanning 35'

Beam Length
Tributary width
Slab thickness

Dead Loads

Concrete Slab (3", 145pcf)
Decking (3 psf)
MEP and Ceiling (8 psf)
Total

Loading Combinations
Factored
Wu=1.4D
Wu=1.2D+1.6L

Critical Moment Mu
Mu = (Wu*L2?)/8

Effective Flange Width (AIS(
13.1)

be
be

Select W section
Ycon
Y2 (assume a=2in)

Try 14 X
Area
IX
d
tw

Qn (kips)

35

50

PLF

219.31

16.50

44.00

PLF

ft-kips

E
ft fy
ft f'c
in fu
Live Loads
Occupancy
(100psf)
Total
Governs

34
10
340
14
0.285

-903-

29000

50

65

PLF

550

k/in"4
ksi
ksi
ksi



a (i)
Y2

$bb*Mn (AISC thl 3-19)
Y2=3.5 393
Y2=3

Ok <
45

375
bb*Mn (ft-kips) 392.46
With weight of Beam

Design of Studs
fc 3024.21
Asc 0.44

Qn (kips)
Qn (kips)

Number of Studs -

Use 59 - (3/4") studs

Investigate strength of wet conc.

Dead Loads PLF
Beam wt

Tota T

Loading Combinations

Factored PLF
Wu=1.4D
Wu=1.2D+1.6L
Critical Moment Mu ft-kips

Mu = (Wu*L2)/8

Check for deflection during

const.
w
A (in)

Check Beam Shear (AISC table

3-6)
Wu
Vu

bVn (table 3-6) kips

ksi

Governs

Governs

lbs/ft
ok < 1in

k/ft
kips
>\Vu
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Live Loads
Wet Concrete
Slab

Total

PLF

110

219.31




OK

Large Beam Design #1
Bay Size 40" x 33'
4 Filler Beams Spanning 35'

E 29000 | k/in"4
Beam Length 40 ft fy 50 ksi
Tributary width 6.6 ft fc 3 ksi
Slab thickness 3 in fu 65 ksi
Dead Loads PLF Live Loads PLF
Occupancy 660
Concrete Slab (3", 145pcf) 263.18 (100psf)
Decking (3 psf) 19.80
MEP and Ceiling (8 psf) 52.80
Total 33578 Total 660
Loading Combinations
Factored PLF
Wu=1.4D -
Wu=1.2D+1.6L Governs
Critical Moment Mu ft-kips
Mu = (Wu*L2?)/8
Effective Flange Width (AISC 13.1)
be
be Governs

Select W section

Ycon in
Y2 (assume a=2in) in

Try 18 X | 60
Area 17.6 in"2
Ix 984 in"4
d 18.2 in
tw 0.415 | in
Qn (kips)
Ok <
a (in) 4.5

-95-



Y2

db*Mn (AISC tbl 3-19)

Y2=2 735
Y2=2.5 768
db*Mn (ft-kips) 725.1

With weight of Beam

Design of Studs

fc ksi
Asc
Qn (kips)
Qn (kips) Governs

Number of Studs -

Use 103 - (3/4") studs

Investigate strength of wet conc.
Dead Loads PLF Live Loads PLF

Beam wt - Wet Concrete
Slab
Total | 60] Total

Loading Combinations

Factored PLF
Wu=1.4D
Wu=1.2D+1.6L Governs
Critical Moment Mu ft-kips

Mu = (Wu*L2)/8

Check for deflection during

const.
w Ibs/ft
A (in) ok < lin

Check Beam Shear (AISC table

3-6)
Wu k/ft
Vu kips

>Vu
¢Vn (table 3-6) kips 248 | OK
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Large Girder Design #1
Bay Size 35' x 22'
3 Filler Beams Spanning 35'

Beam Length
Tributary width
Slab thickness

Dead Loads

Concrete Slab (3", 145pcf)
Decking (3 psf)
MEP and Ceiling (8 psf)
Beam Weight (4EA 35Ibs/ft)
Total

Loading Combinations
Factored
Wu=1.4D
Wu=1.2D+1.6L

Critical Moment Mu
Mu = (Wu*L2?)/8

22

35

PLF

1395.63

105.00

280.00

162.27

PLF

ft-kips

Effective Flange Width (AISC 13.1)

be
be

Select W section
Ycon
Y2 (assume a=2in)

Try 21 X
Area
IX
d
tw

Qn (kips)

a (i)

50
14.7
984
20.8
0.38

in

Governs

Ok <
45
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E
fy
f'c
fu

Live Loads
Occupancy
(100psf)

Total

29000

50

65

PLF

3500

k/in"4
ksi
ksi
ksi



Y2

db*Mn (AISC tbl 3-19)

Y2=2 685
Y2=2.5 712
bb*Mn (ft-kips) 685.81

With weight of Beam

Design of Studs

fc ksi
Asc
Qn (kips)
Qn (kips) Governs
| 85.32]

Number of Studs
Use 86 - (3/4") studs

Investigate strength of wet conc.
Dead Loads PLF Live Loads PLF

Beam wt - Wet Concrete
Slab
Total | s0] Total

Loading Combinations

Factored PLF
Wu=1.4D
Wu=1.2D+1.6L Governs
Critical Moment Mu ft-kips

Mu = (Wu*L2)/8

Check for deflection during

const.
w Ibs/ft
A (in) ok < lin

Check Beam Shear (AISC table

3-6)
Wu k/ft
Vu kips

>Vu
¢Vn (table 3-6) kips 252 | OK
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Large Girder Design #1
Bay Size 40" x 33'
4 Filler Beams Spanning 35'

E
Beam Length 33 ft fy
Tributary width 40 ft fc
Slab thickness 3 in fu
Dead Loads PLF Live Loads
Occupancy
Concrete Slab (3", 145pcf) 1595.00 (100psf)
Decking (3 psf) 120.00
MEP and Ceiling (8 psf) 320.00
Beam Weight (4EA 35Ibs/ft) 290.91
Total - Total
Loading Combinations
Factored PLF
Wu=1.4D -
Wu=1.2D+1.6L Governs
Critical Moment Mu ft-kips

Mu = (Wu*L?)/8
Effective Flange Width (AISC 13.1)
be Governs

be

Select W section

Ycon in
Y2 (assume a=2in) in

Try24 X | 76
Area 22.4 in"2
Ix 2100 | in™4
d 23.9 in
tw 0.44 in
Qn (kips)
Ok <
a (in) 4.5
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29000

50

65

PLF

4000

k/in"4
ksi
ksi
ksi



Y2

db*Mn (AISC tbl 3-19)
Y2=2
Y2=2.5
db*Mn (ft-kips)
With weight of Beam

Design of Studs
fc
Asc
Qn (kips)
Qn (kips)

Number of Studs
Use 131 - (3/4") studs

Investigate strength of wet conc.

Dead Loads
Beam wt

Total

Loading Combinations
Factored
Wu=1.4D
Wu=1.2D+1.6L

Critical Moment Mu
Mu = (Wu*L?)/8

Check for deflection during
const.

w
A (in)
Check Beam Shear (AISC table
3-6)
Wu
Vu

¢Vn (table 3-6) kips

1250
1300
1251.5

3024.21] ksi
0.44

Governs
| 130.01]

PLF Live Loads PLF
- Wet Concrete
Slab

78] Tota

PLF

ft-kips

Ibs/ft
ok < 1in

k/ft
kips

>WVu
375 | OK

- 100 -



Short Beam Design #2
Bay Size 40" x 22'

2 Filler Beams Spanning 40'

Beam Length
Tributary width
Slab thickness

Dead Loads

Concrete Slab (3", 145pcf)
Decking (3 psf)
MEP and Ceiling (8 psf)
Total

Loading Combinations
Factored
Wu=1.4D
Wu=1.2D+1.6L

Critical Moment Mu
Mu = (Wu*L2?)/8

7.3

PLF

291.09

21.90

58.40

PLF

ft-kips

Effective Flange Width (AISC 13.1)

be
be

Select W section
Ycon
Y2 (assume a=2in)

Try18 X

Area
IX
d
tw

Qn (kips)

a (i)
Y2

46

13.5

712

18.1

0.36

=

Governs

Governs

Ok <
45
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E

fy
f'c
fu

Live Loads
Occupancy
(100psf)

Total

29000

50

65

PLF

730

k/in"4
ksi
ksi
ksi



db*Mn (AISC tbl 3-19)
Y2=3
Y2=3.5
db*Mn (ft-kips)
With weight of Beam

Design of Studs
fc
Asc
Qn (kips)
Qn (kips)

Number of Studs
Use 79 - (3/4") studs

Investigate strength of wet conc.

Dead Loads
Beam wt

Total

Loading Combinations
Factored
Wu=1.4D
Wu=1.2D+1.6L

Critical Moment Mu
Mu = (Wu*L2?)/8

Check for deflection during
const.

w
A (in)
Check Beam Shear (AISC table
3-6)
Wu
Vu

¢Vn (table 3-6) kips

585
611

585.78

ksi

Governs

PLF Live Loads PLF

- Wet Concrete

Slab

46 Tota

PLF

ft-kips

lbs/ft
ok < 1in

k/ft
kips

>WVu
120 | OK

- 102 -



Short Girder Design #2
Bay Size 40' x 22'
2 Filler Beams Spanning40'

Beam Length 22 ft
Tributary width 40 ft
Slab thickness 3 in
Dead Loads PLF

Concrete Slab (3", 145pcf)
Decking (3 psf)
MEP and Ceiling (8 psf)
Beam Weight (5EA 50Ibs/ft)
Total

Loading Combinations
Factored PLF

Wu=1.4D
Wu=1.2D+1.6L Governs

Critical Moment Mu ft-kips
Mu = (Wu*L2)/8

Effective Flange Width (AISC 13.1)

be Governs

be

Select W section

Ycon in
Y2 (assume a=2in) in

Try21 X | 44
Area 13 in"2
Ix 843 in"4
d 20.7 in
tw 0.35 in
Qn (kips)
Ok <
a (in) 4.5
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E
fy
f'c
fu

Live Loads
Occupancy
(100psf)

Total

29000

50

3

65

PLF

k/in"4
ksi
ksi
ksi



Y2

db*Mn (AISC tbl 3-19)
Y2=2.5
Y2=3
db*Mn (ft-kips)
With weight of Beam

Design of Studs
fc
Asc
Qn (kips)
Qn (kips)

Number of Studs
Use 76 - (3/4") studs

Investigate strength of wet conc.

Dead Loads
Beam wt

Total

Loading Combinations
Factored
Wu=1.4D
Wu=1.2D+1.6L

Critical Moment Mu
Mu = (Wu*L?)/8

Check for deflection during
const.

w
A (in)
Check Beam Shear (AISC table
3-6)
Wu
Vu

¢Vn (table 3-6) kips

625
649
625.72

3024.21] ksi
0.44

Governs
| 7545

PLF Live Loads PLF
- Wet Concrete
Slab

L a4 Tota

PLF

ft-kips

Ibs/ft
ok < 1in

k/ft
kips

>WVu
375 | OK
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Appendix C.2 Column Design

C.2.1 Large Bay Design- Load Combination 1

Column Design

U=1.2D + 1.6(Lror S or R) + (0.5LL or
Load Comb.| 0.8W)
Column Load Effects from Analysis

Exterior Interior
Pt 152 | kips 484| kips
Pt 18| kips 14| kips
Mt 251 ft-k 512 ft-k
M 179] ft-k 182 | ft-k

Amplifier B,

Exterior Interior
> Pe; 29206.77| kips 29206.77 Kips
> P 1216| kips 3872| kips

B, 1.04 1.15

Amplifier B;

Exterior Interior
M1 0| ft-k 0| ft-k
M> 251 ft-k 512 ft-k

Curvature: Single Single

Cnm 0.6 0.6
P 171 kips 501/ kips
> Pes 52572.19 ft-k 52572.19 ft-k
B1 0.60|<1.0 0.61|<1.0
Use| 1.0 Use| 1.0

Required Second-Order Strength Values

Exterior Interior
P 171.20] kips 500.60 kips
M; 437.78| ft-k 721.82| ft-k
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Interaction Equations

Pr/Pc 0.18| <0.2 0.38| >0.2

Use Inter. Eq. H1-
Use Inter. Eq. H1-1b la

h/tw 49.6 <90.5 ok | 49.6 <90.5| ok

bf/2tf 6.89 <9.2 ok | 6.89<9.2 ok

Lp 8.9 <13 ok | 8.9<13 ok

®dMn 1106.65| ft-k 1106.65] ft-k

Interaction

Eq. 0.48]| <1.0 0.983/<1.0

w30x108 is acceptable for both interior and exterior columns
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C.2.2 Large Bay Design- Load Combination 2

Column Design

U=12D+1.6W+0.5L +

Load Comb.| 0.5S
Column Load Effects from Analysis
Exterior Interior
Pnt 202 | kips 564/ kips
Pi 9 | kips 7| Kips
Mt 291 ft-k 599 ft-k
Mt 89.5| ft-k 91 | ft-k
Amplifier B,
Exterior Interior
> Pe; 29206.77| Kips 29206.77 kips
> Pt 1616| kips 4512| Kkips
B, 1.06 1.18
Amplifier B;
Exterior Interior
M, 0| ft-k 0| ft-k
M, 291 ft-k 599 ft-k
Curvature: Single Single
Cnm 0.6 0.6
P 212 | kips 572| kips
> Pes 52572| ft-k 52572| ft-k
B 0.60| <1.0 0.61|<1.0
Use| 1.0 Use| 1.0
Required Second-Order Strength Values
Exterior Interior
P 212 | kips 572] kips
M, 386 | ft-k 707 | ft-k
Interaction Equations
Pr/Pc 0.27 0.2 0.35] >0.2
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Use Inter. Eq. H1-
Use Inter. Eq. H1-1b la

h/tw 49.6 <90.5 ok | 49.6<90.5| ok
bf/2tf 6.89 <9.2 ok | 6.89<9.2 ok
Lp 8.9 <13 ok | 8.9<13 ok
®Mn 1106.65| ft-k 1106.65| ft-k
Interaction
Eq. 0.53 <1.0 0.92| <1.0

w30x108 is acceptable for both interior and exterior columns
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C.2.3 Small Bay Design- Load Combination 1

Column Design

U=1.2D + 1.6(Lror S or R) + (0.5LL or

Load Comb.| 0.8W)
Column Load Effects from Analysis
Exterior Interior
Pt 171 kips 382| kips
Pit 4| kips 2| kips
Mt 179 ft-k 171 ft-k
Mt 94 | ft-k 85 | ft-k
Amplifier B,
Exterior Interior
> Pe; 23652.91 kips 23652.91 Kips
> Pht 1366 kips 3052| kips
B, 1.06 1.15
Amplifier B;
Exterior Interior
M, 0| ft-k 0| ft-k
M, 179 ft-k 512 ft-k
Curvature: Single Single
Cnm 0.6 0.6
P 175/ kips 383| kips
> Pes 42575.24 ft-k 42575.24 ft-k
B 0.60| <1.0 0.61|<1.0
Use| 1.0 Use| 1.0
Required Second-Order Strength Values
Exterior Interior
P 175.36| kips 383.22 kips
M;, 278.15] ft-k 268.76| ft-k
Interaction Equations
Pr/Pc 0.19] <0.2| 0.42| >0.2
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Use Inter. Eq. H1-
Use Inter. Eq. H1-1b la

h/tw 49.6 <90.5 ok | 49.6 <90.5| ok
bf/2tf 6.89 <9.2 ok | 6.89<9.2 ok
Lp 8.9 <13 ok | 8.9<13 ok
®Mn 424.56| ft-k 424.56| ft-k
Interaction
Eq. 0.75| <1.0 0.98/<1.0

w27x102 is acceptable for both interior and exterior columns
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C.2.4 Small Bay Design- Load Combination 2

Column Design

U=12D+1.6W +0.5L +
Load Comb.| 0.5S
Column Load Effects from Analysis
Exterior Interior
Pnt 171] kips 382| kips
Pi 8 | kips 4| kips
Mt 179] ft-k 171 ft-k
M 188 ft-k 170 ft-k
Amplifier B,
Exterior Interior
> Pe; 23652.91 Kips 23652.91 Kips
> Pht 1368| kips 3056 Kips
B, 1.06 1.15
Amplifier B;
Exterior Interior
M, 0| ft-k 0| ft-k
M, 179] ft-k 171 ft-k
Curvature: Single Single
Cnm 0.6 0.6
P 179/ kips 387| kips
> Pes 42575| ft-k 42575| ft-k
B 0.60| <1.0 0.61|<1.0
Use| 1.0 Use| 1.0
Required Second-Order Strength Values
Exterior Interior
P 179/ kips 387| kips
M;, 379| ft-k 366 | ft-k
Interaction Equations
Pr/Pc 0.24 >0.2| 0.42] >0.2
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Use Inter. Eq. H1-
Use Inter. Eq. H1-1a la

h/tw 49.6 <90.5 ok | 49.6<90.5| ok
bf/2tf 6.89 <9.2 ok | 6.89<9.2 ok
Lp 8.9 <13 ok | 8.9<13 ok
®Mn 424.56) ft-k 424.56| ft-k
Interaction
Eq. 0.89 <1.0 0.97|<1.0

w27x102 is acceptable for both interior and exterior columns
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Appendix C.3 Concrete Slab and Steel Decking Design
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Appendix C.4 Green Roof Design
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Appendix C.5 Base Plate Design

Small Bay Design
27 x
Column 102
Area 30| in"2
bf 10| in
d 27.1] in
bf*d 271|in"2 | Base plate area
Pu 382| kips | cannot be less then
X=sqrt(A1/A2) 2 bf*d
fc 3 | ksi
i) 0.6
Fy 50| Ksi
Al=Pu/(p*.85*'c*X) 124.84
Use Al= 271
sqrt(Al) 16.46
A 8.87
N 25.33
B 10.70
oPp =¢.85*'c*A1*X 829.26 | >Pu
m= (N-.95*d)/2 -0.21
n = (B - .8bf)/2 1.35
n' = sqgrt(d*bf)/4 4.12
| (largest m,n,n") 4.1}
t = I*sqrt((2*Pu)/(.9Fy*B*N)) 1.03| in
Large Bay Design
30 x
Column 108
Area 31.7] in"2
bf 10.5] in
d 29.8| in
bf*d 312.9| in"2 Base plate area
Pu 484| Kips | cannot be less then
X=sqrt(A1/A2) 2 bf*d
fc 3 | ksi
) 0.6
Fy 50| Ksi
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Al1=Pu/(p*.85*f'c*X) 158.17
Use Al= 312.9
sqrt(Al) 17.69

A 9.96

N 27.64

B 11.32
oPp =¢.85*f'c*A1*X 957.474 | >Pu
m= (N-.95*d)/2 -0.33

n = (B - .8bf)/2 1.46

n' = sqrt(d*bf)/4 4.42

| (largest m,n,n") 4.42

t = I*sqrt((2*Pu)/(.9Fy*B*N)) 1.16| in
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Appendix C.6 Connections

C.6.1 Single Angle Connections

Single Angle Connection

Investigate Design Load
Live Load 455| Ib/ft
Dead Load 560 Ib/ft
Total 1015] Ib/ft
Load Combinations
1.2D+16L 140Q Ib/ft
Mu 190.58| ft-k
Vu 23.10| kips
®Vn 167 | kips | >Vu = 23.10 kips| oK
Establish Number of Bolts
®Rn 15.9 kips/bolt in single shear
n (#bolts) 1.45 bolts

2 | bolts

Establish Connection Geometry

Dist. between bolts

Binches

Dist. between edge and bolt

nches

Establish Angle Thickness

Lc 1.56| inches
®RnN 1.404| t

®Rn 1.35| t

Total Bearing Capacity 0.125 < t

Angle Shear Rupture
®Rn 0.146] < t
Angle Shear Yield
®Rn 0.176] < t
Check Bearing on Girder Web
®Rn | 61.857 kips | >Vu = 23.10 kips| oK

-1
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C.6.2 Double Angle Connections

Double Angle Connection

Investigate Design Load

Live Load 3300 Ib/ft
Dead Load 2724 Iblft
Total 6024 Ib/ft
Load Combinations
1.2D+16L 8548.8 Ib/ft
Mu 1163.71] ft-k
Vu 141.06] kips
®Vn 167 | kips | >Vu = 141.06 kips| ok
Check Girder Shear Capacity
for w24 x 84
h/tw 49.6] < 53.95| ok
dVn 339.81| kips | >Vu =141.06 kips| ok
Establish Number of Bolts
®Rn 31.809 kips/bolt in double shear
n (#bolts) 4.4 bolts
5| bolts
Establish Connection Geometry
Dist. between bolts Binches
Dist. between edge and bolt 1.fnches

Establish Angle Thickness

Lc 2.563| inches
®RnN 2.306| t

®Rn 1.35| t

Total Bearing Capacity 0.300 < t

Angle Shear Rupture

®RnN 0.3045 < t
Angle Shear Yield
®RnN 0.363] < t

- 118 -



Check Bearing on Girder Web

ORnN

173.31 kips | > Vu = 141.06 kips| ok
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C.6.3 Fillet Welds

Fillet Weld

Yield on Gross Area

Tu

< 97.2

kips

Target Capac

ity of weld

141.06
kips

Weld Size

(table AISC J2.

4)

Minimum

1/8 | inches

Minimum

3/16| inches

Fillet Weld Capacity

Rn

0.13

Weld Metal
Strength

Use E70 electrods

fw

5.57 | K/in.

Base Metal Strength

Shear Yield

Rn 5.4| k/in.

Shear Rupture

Rn 8.7| k/in.

Design Strength

®Rn 4.05| k/in.
Required Weld Length

Lw ‘ 17.4‘ inches‘
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Appendix D: Concrete Calculations: Beam & Girder Method
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Appendix E: Concrete Calculations: One-Way Slab System

Beam Design
Bay Size 35'x 22
3 Filler Beams Spanning 35'
Beam Length 22 ft fy 60 ksi
Tributary width 8.75 ft fc 4 ksi
ACI-Table 9.5a min h T24 4.38 n
min h T/28 375 n
Slab thickness (1) 4.5 in
b 12 in
Dead Loads PSF Live Loads PSF
Concrete Slab (4.5", 150pcf) 56.25 Occupancy 100
MEP and Ceiling (8 psf) 8.00
Total _ Total _
Loading Combinations Clear Span
Factored Span: T-1{t _ ft
Wu=14D ;
Wu=12D+1.6L | Governs
Bending Moment Check
Mu max = ((Wu)(Span)*2)/10 1.42 fi-kaps/ft
Use p=.010 and Rn = 530 ps1
req d = sqrt{Mu*12000/(.9*Rn*b)) 1.73 in
Assume .75 in cover and db = .625
req h= 2.79 in
Use original t
d=1-75-31 3.44 in
Shear w/o stirrups 2
Ve=75%(2 *sqﬂ(fc)])J*b*d Ll et
Max Vu = 1.15¥Wu(Span)/2 1.06 kip/ft
Stirrups Needed? NO
Reinforcment of One-Way Slab
Line Number S1 S2/83
Support | Middle Support Support | Middle | Support Unit
1 ACTmoment coeff. - 124 1/14 - 1/10 - /11 /16 | - 1/11
2 Mu = 1*¥*Wu*(Span )2 -0.59 1.02 -1.42 -1.29 0.89 -1.29 | ft-kips/ft
3 req Rn = (2*12000)/(.9*¥b*d"2) 56 96 134 122 84 122 psi
4 req p=3/51456 0.0011 0.0019 0.0026 0.0024 0.0016 0.0024
5| reqAs=4*b*d (minreqAs=0.12) 0.12 0.12 0.12 0.12 0.12 0.12 sq in/ft
6 Provided As #4@lost | #4@l6st | #4@lost | #4@l6st | #4@l6st | #4(@16st
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T Beam (Exterior Design)
1 be=b-+L/12 34 Use
2 be=b-+ 06t 39
3 be="b+ Span/2 105
Determine h froma =t
C=.85*fc*be*a 520.20 kips
As=Cly 8.67 sqin
Because a i1s within the flange, beam
operates like a rectangular beam
Use p=.011 and Rn = 596 psi
Mu= 14.34 ft-kips
Mn =Mu/.9 15.94 ft-kips
bd"2 = Mn/Rn 320.91 in”3
reqd= 5.17 sq in
For As use 7 #10 8.89 sq in
Ad= 129 n
h min = 7.94 n
use h= 8.00 in
2
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Girder Design

Bay Size 35'x 22!

3 Filler Beams Spanning 35'

Beam Length 22 ft fy 60 ksi
Tributary width 8.75 ft fc 4 ksi
Slab thickness (t) 4.5 in
b 12 in
Dead Loads PSE PLF Live Loads PSF PLF
Concrete Slab (t, 150pcf) 56.25 1968.75 | Occupancy 100 3500
MEP and Ceiling (8 pst) 8.00 280.00
T Beams (12in*8in, 150pcf) 400.00
Total : 75|

Loading Combinations

Factored KLF
Wu=1.4D
Wu=1.2D+1.6L Governs
Interior Girder Design
Mu= 531 ft-kips
Mn=Muw/.9 590 ft-kips
Use p=.011 and Rn = 596 psi
bd*2 = Mn/Rn 11,881.41 in"3
d= about 2b b d
11.00 32.87
13.00 3023
15.00 28.14 Use
h=d+2.5 G
Use 15inx 31in
d=3in
Steel Cales
X(c@etmin= .4286(d) 12.06 in
a= .8*(x(@etmin) 9.65 in

Ce=(.85)(fc)(a)(b)

492.15 kips

req Mn= Mn/.82 719.65 fi-kips
Mnn=(Cc(d-a/2))/12 956.38 fi-kips
AMn= 236.74 fi-kips
Cs=(AMn)(12)/(d-d) 112.98 kips
As'=(ty-.85fc)/Cs 0.50 in"2
T=CctCs 605.14 Kips
As=T/Fy 10.09 n"2
3
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Short Beam Design

Bay Size 40'x 22!

4 Filler Beams Spanning 22

Beam Length 22 ft fy 60 ksi
Tributary width 3 ft fc 4 ksi
ACI-Table 9.5a min h T24 4.00 n
min h T/28 343 n
Slab thickness (t) 4 in
b 12 in
Dead Loads PSE Live Loads PSF
Concrete Slab (t, 150pcf) 50.00 Occupancy 100
MEP and Ceiling (8 psf) 8.00
Total m Total “
Loading Combinations Clear Span
Factored KSF Span: T-1ft m ft
Wu=14D
Wu=1.2D+1.6L | Governs
Bending Moment Check
Mu max = ((Wu)(Span)*2)/10 1.13 ft-kips/ft
Use p=.010 and Rn = 530 psi
req d = sqrt(Mu*12000/(.9*Rn*Db)) 1.54 in
Assume .75 in cover and db = .625
reqh= 2.60 n
Use original t
d=1-75-31 2.94 n
Shear w/o stirrups ;
Ve=75%2 *sqrt(f‘c)];*b*d 3 kip/ft
Max Vu= 1.15¥Wu(Span)/2 0.92 kip/ft
Stirrups Needed? NO
Reinforcment of One-Way Slab
Line Number Sl S2/83
Support | Middle Support Support | Middle | Support Unit
1 ACI moment coeff. - 124 1/14 - 1/10 - /11 /16 | - 1/11
2 Mu = 1*Wu*(Span)"2 -0.47 0.80 -1.13 -1.02 0.70 -1.02 | ft-kips/ft
3 req Rn = (2*¥12000)/(.9¥b*d"2) 60 103 145 131 90 131 psi
4 req p=3/51456 0.0012 | 0.0020 0.0028 0.0026 | 0.0018 | 0.0026
5| req As=4%b*d (minreq As=0.12) 0.12 0.12 0.12 0.12 0.12 0.12 sq in/ft
6 Provided As #@lost | #d@lost | #@lost | #d@16st | #d@16st | #4(@16st
4
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T Beam (Exterior Design)
be=b+L/12 34
be=b+ 6t 36 Use
be=b+ Span/2 96
Determine h froma=t
C = .85*f'c*be*a 489.60 kips
As=City 8.16 sqin
Because a is within the flange, beam
operates like a rectangular beam
Use p=.011 and Rn = 596 psi
Mu= 13.89 ft-kips
Mn=Muw.9 15.43 ft-kips
bd"2 = Mn/Rn 310.76 in"3
reqd= 5.09 sqin
For As use 7 #10 8.89 sq in
Ad= 1.27 n
h min = 7.86 n
useh= 10.50 in
5
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Short Girder Design

Bay Size 40'x 22'

4 Filler Beams Spanning 22'

Beam Length 22 ft fy 60 ksi
Tributary width 8 ft fic 4 ksi
Slab thickness (t) 4 in

b 12 n
Dead Loads PSF PLF Live Loads PSF PLF
Concrete Slab (t, 150pct) 50.00 1750.00 Occupancy 100] 4000
MEP and Ceiling (8 pst) 8.00 280.00
T Beams (12in*10.51n, 150pcf) 525.00
Total | 2555.00 Total
Loading Combinations
Factored KLF
Wu=14D
Wu=1.2D+1.6L Governs
Interior Girder Design
Mu= 573 ft-kips
Mn=Mu/.9 636 ft-kips
Use p=.011 and Rn = 596 psi
bd"2 = Mn/Rn 12,811.92 in"3
d= about 2b b d
13.00 31.39
15.00 29.23 Use
17.00 27.45
b=d12.5 N
Use 15inx 31in
d=3in
Steel Cales
X(@etmin=.4286(d) 12.53 n
a= .8*(x(@etmin) 10.02 n
Cc=(.85)(f'c)(a)(b) 511.06 kips

req Mn=Mn/.82

776.01 ft-kips

Mnn=(Cc(d-a/2))/12

1.031.28 | ftkips

AMn=

255.28 ft-kips

Cs=(AMn)(12)/(d-d") 116.81 kips
As=(fy-.85f'¢)/Cs 048 n"2
T=Cct+Cs 627.87 Kips
As—T/Fy 1046 in"2

6
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Long Beam Design

Bay Size 40'x 33'

4 Filler Beams Spanning 33'

Beam Length 33 fi fy 60 ksi
Tributary width 8 ft fic 4 ksi
ACI-Table 9.5a min h T24 4.00 in
min h T28 343 n
Slab thickness (t) 4 in
b 12 in
Dead Loads PSF Live Loads PSF
Concrete Slab (t, 150pcf) 50.00 Occupancy 100
MEP and Ceiling (8 psf) 8.00
Total Total
Loading Combinations Clear Span
Factored KSF Span: T-1ft “ ft
Wu=14D ,
Wu=1.2D+1.6L | Governs
Bending Moment Check
Mu max = ((Wu)(Span)*2)/10 1.13 ft-kips/ft
Use p=.010 and Rn = 530 psi
req d = sqrt(Mu*12000/(.9*Rn*b)) 1.54 in
Assume .75 in cover and db = .625
reqh= 2.60 n
Use original t
d=1-75-31 2.94 n
Shear w/o stirrups ’
Ve=75%2 *sqrt(f‘c)];*b*d 548 kip/
Max Vu= 1.15¥Wu(Span)/2 092 kip/ft
Stirrups Needed? NO
Reinforcment of One-Way Slab
Line Number S1 S2/83
Support | Middle Support Support | Middle | Support Unit
1 ACT moment coeff. - 1724 1/14 - 1/10 - /11 /16 | - 1/11
2 Mu = 1*Wu*(Span)"2 -047 0.80 -1.13 -1.02 0.70 -1.02 | fi-kips/ft
3 req Rn = (2*12000)/(.9*b*d"2) 60 103 145 131 90 131 psi
4 req p=3/51456 0.0012 0.0020 0.0028 0.0026 | 0.0018 | 0.0026
5| req As= 4*b*d (min req As=0.12) 0.12 0.12 0.12 0.12 0.12 0.12 sq in/ft
6 Provided As #i@lost | #d@lost | #d@lost | #@lost | #d@l6st | #4(@16st
7
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T Beam (Exterior Design)
1 be=b+L/12 45
2 be=b+ 6t 36 Use
3 be=b+ Span/2 96
Determine h froma =t
C = .85*f'c*be*a 489.60 kips
As=City 8.16 sqin
Because a is within the flange, beam
operates like a rectangular beam
Use p=.011 and Rn = 596 psi
Mu= 31.25 ft-kips
Mn=Muw.9 34.73 ft-kips
bd"2 = Mn/Rn 699.20 in"3
reqd= 7.63 sq in
For As use 7 #10 8.89 sq in
Ad= 1.27 n
h min = 10.40 n
useh= 10.50 in
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Long Girder Design

Bay Size 40'x 33'

4 Filler Beams Spanning 35'

Beam Length 33 ft fy 60 ksi
Tributary width 8 ft fic 4 ksi
Slab thickness (t) 4 in

b 12 n
Dead Loads PSF PLF Live Loads PSF PLF
Concrete Slab (t, 150pct) 50.00 1750.00 Occupancy 100] 4000
MEP and Ceiling (8 pst) 8.00 280.00
T Beams (12in*10.51n, 150pcf) 525.00
Total | 2555.00 Total
Loading Combinations
Factored KLF
Wu=14D
Wu=1.2D+1.6L Governs
Interior Girder Design
Mu= 1289 ft-kips
Mn=Mu/.9 1432 ft-kips
Use p=.011 and Rn = 596 psi
bd"2 = Mn/Rn 28,826.83 in"3
d= about 2b b d
17.00 41.18
19.00 38.95 Use
21.00 37.05
b=d12.5 N o«
Use 15inx 31in
d=3in
Steel Cales
X(@etmin=.4286(d) 16.69 n
a= .8*(x(@etmin) 13.36 n
Cc=(.85)(f'c)(a)(b) 862.77 kips

req Mn=Mn/.82

1.746.02 | ftkips

Mnn=(Cc(d-a/2))/12

232039 | fi-kips

AMn=

574.37 ft-kips

Cs=(AMn)(12)/(d-d") 191.72 kips
As=(fy-.85f'¢)/Cs 0.30 n"2
T=Cc+Cs 1,054.49 Kips
As=T/Fy 17.57 in"2

9

-135-




Appendix F: Foundation Design
F.1 Small Bay Spread Footing Design

Footing Design Small Bay

fc 3000| psi
Column 27 X 102
Column Area 1.88| ft"2
Net Soil Pressure 5.2ksf
Pu 382 | kips
Reg A 73.46 ft"2
sqr(A) 8.57
One side 8.75| ft
8.75ft x 8.75ft 76.5625% ft"2
Pnet 4.99 ksf
Two-way Action
Avgd 201 in
Four sided critical
section
Vu 372.62| kips
Bo 188
Bo/d 9.4 < 20 ok
(e 823.77| kips
bVc 617.831| kips | >Vu ok
One-way action
Vu 68.98| kips
Ve 230.04| kips
bVc 172.53| kips | >Vu ok
Bending momen
strength
ft-
Mu 230.56] kips
d 25.50
Req Rn 45.03 psi
Req p 0.000909
Req As 2.43 in"2
pg 0.002
min As 5.25| in"2
provided As 6.37 in"2
Use 8 - #8 bars
Ld 36.5]in
Actual embedment 3y >L.d ok
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Pn 690.34 kips
Pu 382| kips
¢Pn 448.7184 kips | >Pu ok
Req As 1.3536 in"2
Req As per bar 0.3384in"2
Ldc 18.25742 in
< slab thicl
Ldc 15| in ok
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F.2 Large Bay Spread Footing Design

Footing Design Large Bay

fc 3000| psi
Column 30 X 108
Column Area 2.17| ftr2
Net Soil Pressure 5.2ksf
Pu 484 | kips
Req A 93.08 ft"2
sqr(A) 9.65
One side 9.75] ft
9.75ft x 9.75ft 95.0625 ft"2
Pnet 5.09 ksf
Two-way Action
Avgd 20| in
Four sided critical
section
Vu 472.95| kips
Bo 200
Bo/d 10 < 20 ok
Ve 876.36| kips
bVc 657.2671] kips | >Vu ok
One-way action
Vu 97.30| kips
(e 256.33| Kkips
bVc 192.25| kips | >Vu ok
Bending momen
strength
ft-
Mu 327.06| kips
d 31.50
Req Rn 37.56 psi
Req p 0.000757
Req As 2.79 in"2
pg 0.002
min As 5.85| in"2
provided As 6.32 in"2
Use 8 - #8 bars
Ld 36.5| in
Actual embedment 3 >Ld ok
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Pn 796.82 kips
Pu 484 kips
¢Pn 517.9356 kips | >Pu ok
Req As 1.5624 in"2
Req As per bar 0.3906in"2
Ldc 18.25742 in
< slab thicl
Ldc 15| in ok
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Appendix G:

Estimate Name:

Building Type:
Location:

Stories Count (L.F.):
Stories Height

Floor Area (SF.):
LaborType

Basement Included:
Data Release:

Cost Per Square Foot
Total Building Cost

A Substructure

A1010

A1030

A2010

A2020

B Shell
B1010

B1020

B2010

B2020

Square Foot Estimate

Square Foot Cost Estimate Report

MQP Square Foot

Office, 5-10 Story with Face Brick with Concrete Block Back-up / Steel Frame
WORCESTER, MA

5.00
13.00
24,276.00
Union
NO
Year 2011
$264.04 Costs are derived from a building model with basic components. Scope
$6,410,000 differences and market conditions can cause costs to vary significantly.
% of Cost Per
Total SF Cost
35% 7.00 $170,000
Standard Foundations 2.76 $67,000
Strip footing, concrete, reinforced, load 11.1 KLF, soil bearing capacity 6 KSF, 12" deep x 24" wide
Spread footings, 3000 PSI concrete, load 600K, soil bearing capacity 6§ KSF, 10' - 6" square x 33" deep
Slab on Grade 1.13 $27,500
Slab on grade, 4" thick, non industrial, reinforced
Basement Excavation 0.06 $1,500
Excavate and fill, 10,000 SF, 4' deep, sand gravel, or common earth, on site storage
Basement Walls 3.05 $74,000
Foundation wall, CIP, 4' wall height, direct chute, 148 CY/LF, 7.2 PLF, 12" thick
46.8% 93.18 $2,262,000
Floor Construction 18.76 $455,500
Steel column, W5, 25 K, 16' unsupported length, 16 PLF
Steel column, W8, 125 KIP S, 16' unsupported height, 40 PLF
Steel column, W10, 150 KIP S, 16' unsupported height, 45 PLF
Steel column, W12, 300 KIPS, 16' unsupported height, 72 PLF
Steel column, W12, 400 KIP S, 16' unsupported height, 87 PLF
Steel column, TS14, 500 KIP S, 16' unsupported height, 109 PLF
Floor, composite metal deck, shear connectors, 5.5 slab, 20'%25' bay, 21.5" total depth, 75 PSF superimposed load,
Fireproofing, sprayed fiber, 1.5" thick, 8" steel column, 2 hour rating, 6.3 PLF
Fireproofing, sprayed fiber, 1.5" thick, 10" steel column, 2 hour rating, 7.9 PLF
Fireproofing, sprayed fiber, 1.5" thick, 14" steel column, 2 hour rating,10.8 PLF
Roof Construction 1.26 $30,500
Floor, steel joists, beams, 1.5" 22 ga metal deck, on columns, 20'x25' bay, 20" deep, 40 P SF superimposed load, 60
Exterior Walls 55.96 $1,358,500
Brick wall, composite double wythe, standard face/CMU back-up, 8" thick, perlite core fill
Exterior Windows 15.01 $364,500

Windows, aluminum, sliding, insulated glass, 5' x 3'
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B2030

B3010

C Interiors

c1010

€1020

€1030

c2010

€3010

€3020

€3030

D Services
D1010

D2010

D2020

D2040

D3050

D4010

D4020

Exterior Doors

Door, aluminum & glass, with transom, narrow stile, double door, hardware, 6-0" x 10-0" opening

Door, steel 18 gauge, hollow metal, 1 door with frame, no label, 3-0" x 7-0" opening

Roof Coverings

Roofing, asphalt flood coat, gravel, base sheet, 3 plies 15# asphalt felt, mopped

Insulation, rigid, roof deck, composite with 2" EP S, 1" perlite
Roof edges, aluminum, duranodic, .050" thick, 6° face

Flashing, aluminum, no backing sides, .019"

Partitions

Metal partition, 5/8" water resistant gypsum board face, no base layer, 3-5/8" @ 24" OC framing ,5ame Opposite face

1/2" fire ratedgypsum board, taped & finished, painted on metal furring

Interior Doors

Door, single leaf, kd steel frame, hollow metal, commercial quality, flush, 3-0" x 7-0" x 1-3/8"

Fittings

Toilet partitions, cubicles, ceiling hung, plastic laminate

Stair Construction

Stairs, steel, cement filled metal pan & picket rail, 16 risers, with landing

Wall Finishes

Painting, interior on plaster and drywall, walls & ceilings, roller work, primer & 2 coats

Vinyl wall covering, fabric back, medium weight
Floor Finishes

Carpet, tufted, nylon, roll goods, 12" wide, 36 oz
Carpet, padding, add to above, minimum

Vinyl, composition tile, maximum

Tile, ceramic natural clay

Ceiling Finishes

Acoustic ceilings, 3/4"mineral fiber, 12" x 12" tile, concealed 2" bar & channel grid, suspended support

Elevators and Lifts

Traction, geared passenger, 3500 Ib, 8 floors, 12° story height, 2 car group, 200 FPM

Plumbing Fixtures

Water closet, vitreous china, bowl only with flush valve, wall hung
Urinal, vitreous china, wall hung

Lavatory witrim, vanity top, PE on CI, 20" x 18"

Service sink w/trim, PE on Clwall hung w/rim guard, 24" x 20"
Water cooler, electric, wall hung, 8.2 GPH

Water cooler, electric, wall hung, wheelchair type, 7.5 GPH
Domestic Water Distribution

Gas fired water heater, commercial, 100< F rise, 200 MBH input, 192 GPH
Rain Water Drainage

Roof drain, CI, soil single hub, 5" diam, 10' high

Roof drain, Cl, sail single hub, 5" diam, for each additional foot add
Terminal & Package Units

Rooftop, multizone, air conditioner, offices, 25,000 SF, 79,16 ton
Sprinklers

Wet pipe sprinkler systems, steel, light hazard, 1 floor, 10,000 SF

Wet pipe sprinkler systems, steel, light hazard, each additional floor, 10,000 SF

Standard High Rise Accessory Package 8 story

Standpipes
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% of Cost Per

Total SF Cost
0.29 $7,000
1.89 $46,000

16.7% 33.30 $808,500
9.04 $219,500
2.86 $69,500
0.80 $19,500
286 $69,500
1.13 $27.,500
8.63 $209,500
797 $193,500

33.0% 65.79 $1,597,000
14.93 $362,500
2.51 $61,000
1.71 $41,500
0.29 $7,000
17.16 $416,500
3.0 $73,000
1.92 $46,500



% of Cost Per
Total SF Cost
Wet standpipe risers, class lll, steel, black, sch 40, 4" diam pipe, 1 floor
Wet standpipe risers, class lll, steel, black, sch 40, 4" diam pipe, additional floors
Fire pump, electric, with controller, 5" pump, 100 HP, 1000 GPM
Fire pump, electric, for jockey pump system, add
D5010 Electrical Service/Distribution 6.41 $155,500
Service installation, includes breakers, metering, 20' conduit & wire, 3 phase, 4 wire, 120/208 V, 1600 A
Feeder installation 600 V, including RG S conduit and XHHW wire, 60 A
Feeder installation 600 V, including RGS conduit and XHHW wire, 200 A
Feeder installation 600 V, including RGS conduit and XHHW wire, 1600 A
Switchgear installation, incl switchboard, panels & circuit breaker, 1600 A
D5020 Lighting and Branch Wiring 12.25 $297,500
Receptacles incl plate, box, conduit, wire, 16.5 per 1000 SF, 2.0 W per SF, with transformer
Miscellaneous power, 1.2 watts
Central air conditioning power, 4 watts
Motor installation, three phase, 460 V, 15 HP motor size
Motor feeder systems, three phase, feed t0 200V 5 HP, 230 V 7.5 HP, 460 V 15 HP, 575 V 20 HP
Motor connections, three phase, 200/230/460/575 V, up to 5 HP
Motor connections, three phase, 200/230/460/575 V, up to 100 HP
Fluorescent fixtures recess mounted in ceiling, 1.6 watt per SF, 40 FC, 10 fixtures @32watt per 1000 SF
D5030 Communications and Security 4.49 $109,000
Telephone wiring for offices & laboratories, 8 jacks/M SF
Communication and alarm systems, fire detection, addressable, 100 detectors, includes outlets, boxes, conduit and
Fire alarm command center, addressable with voice, excl. wire & conduit
Internet wiring, B data/voice outlets per 1000 S.F.
D5090 Other Electrical Systems 1.11 $27,000
Generator sets, w/battery, charger, muffler and transfer switch, diesel engine with fuel tank, 100 kW
Uninterruptible power supply with standard battery pack, 15 kVA/12.75 kW
E Equipment & Furnishings 0.0% 0.00 $0
E1090 Other Equipment 0.00 50
F Special Construction 0.0% 0.00 $0
G Building Sitework 0.0% 0.00 $0
Sub Total 100% $199.27 $4,837,500
Contractor's Overhead & Profit 25.0% $49.82 $1,209,500
Architectural Fees 6.0% $14.95 $363,000
User Fees 0.0% $0.00 $0
Total Building Cost $264.04 $6,410,000
3
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