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Executive Summary

As the question of a finalized redevelopment master plan still remains for the former Michael
Reese Campus, the opportunity of providing a turning wheel to this Chicago neighborhood’s
economic revolution continues to be offered to the students in EnPRO359. Based on the initial
information provided to the group, our proposed plan would need to be unique, yet financially
viable. In addition, the group would be required to integrate this new anchor with the original
master plan that includes a highly-regarded continued care facility. Through careful
consideration, EnPRO359 felt that the relocation of the Chicago’s Children’s Museum to this

specific site would be that catalyst for Bronzeville’s thriving future.

Over the past few months, the group has conducted market research, assessed financial options
and consulted various professionals on this topic. Additionally, certain group members
performed building design calculations for the project in accordance with Capstone
requirements. During the progression of the semester, the choice of this specific building for this
site became even clearer. Due to extensive research, the presumed relationship between the
Children’s Museum and Bronzeville is believed to become mutually beneficial. Expansion
opportunities and specific venue independence guarantees larger crowds of visitors to the
museum and future surrounding developments. Revitalization and potential community
involvement with the Museum can produce a new image for the Bronzeville area. Ultimately,

this addition can help further define the direction of future anchors to the overall master plan.

Purpose and Objectives

At one time the Michael Reese Campus was a thriving mix of famous architecture and medical
centers. Recently planned to be the home of the 2016 Olympic Village, with the loss of the bid
the land has been abandoned. EnPRO 356 was tasked with the challenge of designing a plan to
redevelop the site. Building on previous work established by EnPRO’s 359 and 356, we used the
first winning anchor and master plan created for the site and developed a second anchor, the new
home of the Chicago Children’s Museum. This second anchor and updated master plan aims at

meeting the needs of the surrounding neighborhood while bringing life back to the area.

Objectives Set by the Team



= Review and confirm work established by previous EnPRO’s.

= Integrate the Chicago street grid into the site

= Improve any downfalls of the first anchor

= Gather any new information of the area surrounding the site

= Develop a idea for a second anchor that meets the needs of the
neighborhood

= Determine site location of the second anchor

= Design the structure and amenities of the second anchor

= (Create a business plan for the second anchor

= Skillfully present the revised master plan to city representatives and judges

Organization and Approach

There were very logical steps and tasks that the group took to complete the project. These tasks
are outlined below. The group believed that this plan would best maximize the efforts of the
members and other resources and would allow the best chance for completion.

= Review Previous IPRO Work

= Familiarize with the Project Scope
= Research Market Opportunities

= Assemble and Review Options for a Second Anchor
= Decide on Second Anchor

=  Form Initial Site Plan

= Design: Architectural Details

= Design: Structural System

= Design: Mechanical System

= Develop Site

= Cost Estimate Second Anchor

= Create Business Plan

= Complete Pro Forma

Evaluation of progress and quality took place throughout each stage of the project.
Adjustments, when needed, were made in the process through which the problem was
solved.

Team Structure

The group decided not to choose a team-leader. All members were motivated enough to
contribute to the discussion and were dedicated to putting in valuable work, a team leader
was not needed.

The first portion of the semester primarily involved research, so each individual with the
direction of each meetings’ discussions, took it upon themselves to share ideas and
collect information. By the second half of the semester, the team was ready to split into
separate groups to carry out the design and business objectives. The team breakdown was
as follows:



Architectural Engineering Team:
Fraser, Linnea V
Miller, Nathan

Architectural Design Team:
Ajose, Malik O.

Liu, Fangpeng

McNally, William T.

Structural Design Team:
Martinez, Jocsan E.
Masnaga, Masnaga
Medina, Omar J.
Steinys, Victoria J.
Strandquist, Brad

Business Team:
Nava, Fabian A.

Analysis and Findings

During our market research, the group discovered many informative points that influenced our
decision. Some of the key findings showed that concerns of safety and accessibility have
deterred redevelopment possibilities in recent years. Currently, break-ins at nearby apartment
complexes have become an issue and as a result, the retention rates of residents in these
buildings are down. To repair this problem, the group would have to redesign a well protected
neighborhood to attract visitors and potential residents. Research on the Indianapolis Children’s
Museum also proved to be very influential in our decision. From this research we were able to
show that the introduction of a well-renowned tourist attraction can impart a large financial

impact on the commercial sector of the surrounding area.

For the design teams, the program layout within the building would be crucial to the interaction
of the outside fagade work. During our visit to the existing Chicago Children’s Museum, we
discovered that the exhibit layout had been somewhat predetermined due to the limitations of the
pre-existing Navy Pier structure. With a more open floor plan, the visitor can be fully aware of
every amenity offered to them and security issues can potentially be reduced. Having the double-
skin fagade was not only an aesthetically pleasing option, but the low-e coated and colored

spandrel glass would minimize insulation problems common to curtain walls. Based on the



guidance of PCI representatives, the choice of precast prestressed concrete would save money in
the construction phase due to faster assembly and resistance to adverse climates. Also, the group
discovered numerous types of precast concrete forms to choose from including those of columns

and beams.

The choice to place the museum on the corner of 31% and Cottage Grove allowed easier
accessibility to nearby highways and other future transit stops. Currently, the South Lakefront
Transit Corridor Transit Study is seeking improvements in the connection between the
downtown area and southern Chicago neighborhoods. If all goes well, the Children’s Museum
would not only exist as a potential stop for a future rail-line, but would become a transition point
for the downtown museum campus and the Museum of Science and Industry. This would expand
the downtown appeal throughout the overall span of the lakefront. The reintroduction of the
street-grid would allow downtown visitors, currently the largest group of Children’s Museum
attendees, to instantly identify the museum due to the orientation of the main entrance to the
north. In accordance with the previous EnPRO’s suggestions, the green space between the
continued care facility and the museum would allow visitors and residents the perfect

opportunity for outside leisure activity.

The Project and Pro Forma were based on projected incomes primarily from contributions from major
corporations and third party donors; the majority of which came from contributed goods and services and
rentai revenues which wiii provide more than haif of our estabiished income. Additionaliy our initiai start
up costs is based on assumed grants and donated benefits, but also has included a given debt service
schedule for a 30 year lease minus our projected income for the first year. Based on the debt service

schedule of the loan, we can assume to break even and that the loan including interest would be paid off

repairs for possible further development of the Museum.

Conclusion and Recommendations

With certainty, the students in EnPRO359 consider the relocation of the Chicago Children’s
Museum as the best possible new anchor to the current master plan. The proposed design, with
its colorful and lively fagade, will be the perfect persuasion to draw in visitors. The chosen

location off of 317 Street is ideal for traffic from outside visitors and is currently part of the focus



for future Chicago transit development. Also, the location’s close proximity to other types of
venues such as McCormick Place, U.S. Cellular Field, and the future 31% Street Marina offers an
additional revenue source from the family demographic. The paradoxical relationship between
the current continued care anchor and the museum was resolved with the intention of possible
involvement of residents at this facility through intergenerational activities and volunteering.
Future expansion capabilities, lower costs, and less controversy give it a competitive edge over

the current alternatives.

If this proposal is accepted, the future main focus should be on creating an appropriate
environment to accommodate all types of visitors to the museum. This would include adding a
hotel at the site’s north end, a parking garage nearby, and suitable retail area that would
compliment the museum. Once a safe, child-friendly atmosphere is constructed, we believe that a
high demand for residential development nearby will follow. In regards to the design of the
building, the incorporation of LEED requirements will reduce the costs even more and

potentially gain additional popularity with prospective sponsors.

John Anderson President of Illinois Institute of Technology

Ray Hodges Managing Director at CB Richard Eliis

Julia Kirsch Associate at Jones Lang LaSalle

Marty MclIntyre Executive Director at PCI of Illinois and Wisconsin

Chuck Gilbert Regional Sales Manager at Spancrete Industries

Jon Black Consultant at The Structural Group

Brenda McGruder Coordinating Planner for the Chicago Department of Transportation

Our advisors,
Dr. Mark Snyder, Dr. Anatol Longinow, and Steve Beck
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Market Research

Before the team decided to focus solely on the design of the children’s museum as an
anchor, other anchors were heavily considered to the point of even being included as a joint
anchor with the museum. The economic impact of the museum has been made clear, but here is a
summary of the real-estate research that helped our decision.

Data was first obtained showing the vacancy trends of a few types of properties in South
Chicago. The vacancy rate for one type of property is the ratio of total vacant over the total space
in that market. A high or rising vacancy rate can indicate a low absorption or demand and vice

versa. Below is a vacancy graph of the industrial property market in South Chicago:

DELIVERIES, ABSORPTION & VACANCY Historical Analysis, Flex and Warehouse
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The current vacancy rate is around 10% while absorption is near zero. This means there is
a low probability of a selling an industrial property in South Chicago right now. The situation is

similar for the office market:



DELIVERIES, ABSORPTION & VACANCY Historical Analysis, All Classes
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Retail properties however seem to be fairing better (Top of next page). Notice the falling

vacancy and positive absorption. Out of industrial, office, and retail properties, retail has the

most likelihood of being sold.

DELIVERIES, ABSORPTION & VACANCY Historical Analysis, All Classes
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I different approach was used to look at residential properties. Below is data from a
consumer spending report showing population growth in the area surrounding the proposed

development site:
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Radius 1 Mile 3 Mile 5 Mile

Population
2015 Projection 32,228 212,384 £47 884
2010 Estimate 32,100 208,979 642 149
2000 Census 31.750 198,944 611,439
Growth 2010 - 2015 0.40% 1.10% 0.90%
Growth 2000 - 2010 1.10% 5.50% 5.00%

This cepynorited reasd cartains msaanch Leensed b Avegy Bans of Taxaes NA - 160040

Within three miles of our site, the difference between the 2015 Projection and the 2010
Estimate (212,384 — 209,979) equals to 2,405 people. Within three miles of the site, there will be
an estimated 2,405 more people. Next, below is list of recently finished and potential future
residential developments within three miles to help gauge what will be available to shelter future

residents:

Nearby Construction

20-3an-2011
Project Construction Cost Units Date Last Phase Distance (mi)
Updated
LEXINGTON PARK CONDOMINIUMS %$10,000,000 300 26-May-10 Completed 0.82
E 22nd St & S Indiana Ave, Chicago, IL 60616
WENTWORTH APARTMENT & RETAIL BUILDING $800,000 6 17-Dec-10 Post Bid 1.19
2136 5 Wentworth Ave, Chicago, IL 60616-1520
FRANKLIN POINT MIXED USE DEVELOPMENT $500,000,000 3,485 09-Nev-10 Pre-Planning 1.65
Polk St At The Chicago River 60605
LAKE PARK CRESCENT MIDRISE 41,000,000 81 i4-Jap-11 Budding 1.70
1060 E 41st St, Chicago, IL 60653
ONE MUSEUM PARK PLACE TOWER WEST $75,000,000 523 21-Apr-10 Completed 1.76
E Roosevelt Rd & S Indiana Ave, Chicago, IL 60605
LAKE PARK CRESCENT LOWRISE $2,300,000 16 14-Jan-11 Planning 1.81
E 42nd St, Chicage, IL 60653
THE ROOSEVELT COLLECTION MIXED USE $100,000,000 697 26-May-10 Completed 1.83
E Rooseveit Rd, Chicago, IL 60605
Lofts at Roosevelt Collection 549,074,055 342 28-Jun-10 Completed 1.93
150 W Rooseveit Rd, Chicago, IL 60605
900 SOUTH MICHIGAN CONDOMINIUMS $1,000,000 7 26-May-10 Completed 1.98
900 S Michigan Ave, Chicago, IL 60605-2201
THE CURVE MIXED USE DEVELOPMENT $5,574,500 600 20-0Oct-10 Pre-Planiing i
1000 S CLARK ST, CHICAGO, IL 60605
moorreat SRR Reod Uoistraehas Saty

Counting the units each of these properties will provide, it is apparent that there will be
many more residential units available than actual people to fill them. It is likely that some of

these will not ever be built, but the low population growth is coupled with vacancy rates of



existing residential developments. Below is some info on nearby high rise apartments Lake

Meadows and York Terrace:

York Terrace
2701 S Indiana Ave, Chicago, IL

Distance 0.43 mi
Buiit 1969
Subclass HighRise
Units 331

Lake Meadows

60616

Asking Rent/Unit
Effective Rent/Unit
Floors

Effective Rent/Sqgft

500 E 33rd St, Chicago, IL 60616

Distance .56 mi
Buiit 1952
Subclass HighRise
Units 1,869

Asking Rent/Unit
Effective Rent/Unit
Floors

Effective Rent/Sqft

$1,057 Status Stabilized
$867 Vacancy 12.3%
21 Concessions Reduced Rent
s1.21
41,005 Status Stahilized
$890 Vacancy 8.3%
22 Concessions Upfront Discount
s1.20

These properties are offering concessions to try and offset their vacancies. If this is in

indicator of the performance of other properties in the area, it becomes clear that at least for the

near future, there is an oversupply of residential units. However, the location of the proposed

development may become progressively desirable in the future which may give residential

development on the site an edge against other planned residential developments. As an anchor to

promote development of the area however, residential, manufacturing, and industrial space

would not be feasible.

A retail type property was the most

economically feasible choice from a real-estate

point of view and the adjacent map of nearby retail
properties clearly shows the need in the area, but it

was decided that a children’s museum would be

the better option (discussed in the children’s

museum impact study section of this report.)
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Research Summary: 31% Street Marina Impact

Once finished, the 31% Street Marina (760 slip), which is currently under construction, will

bring an extraordinary amount of vibrancy and attraction to the 31% street corridor. As the
marina is just a mere 2 blocks from the proposed museum site we expect this project to bring

many benefits to the development of Michael Reese Campus. These benefits include:

o Increased traffic throughout Bronzeville region

e Increased tourism throughout Bronzeville region

o Allows for safe, inviting outdoor space within walking distance of the museum
e Creates another attraction for families on day trips

e Introduces the possibility of boat owners and their families to use the museum

e Introduces the possibility of alternative museum programming at the marina



Lake Meadows Master Plan

Stretching from 31st to 35th Streets, between Lake Shore Drive and Martin Luther King
Drive, the Lake Meadows Master Plan will rejuvenate the south lakefront; helping to bridge the

gap between development in the South Loop, Bronzeville, Kenwood and Hyde Park.

The Vision

» Provide a wide range of quality residential alternatives, including market rate, affordable,

and senior housing options; rental and for-sale.
o Enhance retail and dining alternatives for the community.
o Provide employment opportunities for the community (Construction & Permanent).

» Provide well-integrated open spaces and improved connectivity to the Lakefront parks.



Maintaining A Vibrant Community

e Implement a well-designed, long-term plan (20+ years) that provides existing residents

the opportunity to stay within the Lake Meadows community.
o Add new residential options before any existing buildings are removed.

o Remove existing buildings slowly, over many years, so residents are given plenty of time

to choose an alternative residence.

o Build a wide range of residential properties; providing options for residents of varying

financial means, including market rate, affordable & senior housing.

» Provide a priority for existing residents who choose to rent or purchase a new home

within Lake Meadows.

» Provide new retail and dining options early and enhance the Town Center over time, as

the community grows.

Community Impact

e New ‘Town Center’ will become a premier retail, dining and residential district.

o Variety of housing options, including market and affordable, rental and for-sale and

senior housing will accommodate a wide-range of resident needs.

o Use of multiple architects will ensure diversity of architecture and improve aesthetic

appeal.

e Master Plan manages density and promotes vibrancy.



o Master Plan will improve traffic flow by reconnecting the street grid to the broader

community

o Additional households will spur retail and restaurant growth.

Parks & Amenities

e The new Lake Meadows Master Plan includes a variety of parks, strategically placed
within the community. There will be eight parks in total, including the new

14-acre lakefront park.

Project Summary

e Residential: 7,845 Units
o Rental: +/- 2,000 units
o Home Ownership: +/- 5,845 units (Single Family, Townhomes, Condominium)
e Town Center Retail: +/- 500,000 SF
o Parks
o 8 Parks
o 15 acres (on-site)
o 14 acres (Burnham Park connection)
e Job Creation

o Construction +/- 9,200



o Permanent (Retail) +/- 1,040



South Lakefront Corridor Transit Study

Upon looking at the proposed location of the Chicago Children's Museum, the group felt the
lack of adjacent transit stops to the area could be problematic. Fortunately, after some research, we
were able to locate a general consensus amongst the Chicago public hoping for necessary
improvements of the South Lakefront area. Searching Chicago-based websites, we came across a
proposed group of professionals designated to seek prospective CTA improvements for this
disconnected portion of the city. The study would consist of market analysis of the area, seeking
potential building redevelopment possibilities, and pinpointing the existing transit services and land use
as a reference for further transportation development. On April 13" 2011, this group organized an open
house for the public to voice their opinions and provide feedback to the initial research results. The
overall theme that comprised the feedback portion of the meeting appeared to be over finding a long-
term solution. Considering the extent to which people became involved in this concern, there is
definitely a large possibility that the plans for redevelopment will be approved by a majority of the
taxpayers in the area. Most likely, we can also assume that these new improvements will be beneficial
to our own site plans. If these future plans involved connecting certain south side areas of the city to the
downtown area, the Michael Reese campus could exist as the transition between the downtown
museum campus and the isolated Museum of Science and Industry. Overall, this transit study
reinforced the prospective changes in accessibility to the area of focus that could impact

visitor/customer counts.
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Why The Chicago Children’s Museum?

Relocating the Chicago Children’s Museum (CCM) from Navy Pier to the current
Michael Reese Hospital site allows for the CCM to tremendously expand its footprint. With the
relocation and expansion of exhibit space, the CCM will be able to make a greater positive

impact on the economy of the surrounding area and state and be a key leader in the revitalization
of Bronzeville.
The table below is from the Chicago Office of Tourism 2009 Statistical Information

report. As shown, Museums and Art Exhibits rank sixth out of eleven activities enjoyed in

Chicago. This beats Concert, Play, and Dance by almost double the amount of responses.

N ining 3 1%

Shopping 30%
Entertainment 29%
Sightseeing 21%

' mmseum, Art Exhibit 17%
Night Life o 14%

Watch Sports 11%
Concert, Play, Dance 9%
Visit Historic Site 4%
Festival, Craft Fair 3%

Source: D.K. Shiffiet & Associates, Ltd., 2010

Statistics of the World’s Children’s Museums

e 30 million children and families visit children’s museums annually

e Children’s museums can be found in 22 countries



e Sixty-five percent of children’s museums are located in urban areas

e  Thirty-five percent of children’s museums are flagships in downtown revitalization

projects

e Approximately 38 children’s museums existed in 1975; 80 more were created between
1976 - 1990; 125 were opened since 1990; finally, 78 children’s museums are in the

planning phase

e Forty-nine percent run after-school programs

The data in this section is provided by the Association of Children’s Museums. www.childrensmuseums.org

The Impact

e FEconomics

A museum contributes economically to a region in various ways. It acts as a consumer of
local goods and services including purchases for the daily operation of the museum (including
office supplies, repairs, utilities, landscaping, food, etc.). A museum also serves as an attraction
to tourists. Visitors from outside the region will spend money beyond the museum at hotels,
restaurants, and local stores. A museum is also a source of new jobs for local residents. New jobs
provide a direct benefit to the region, as does the added local spending from these workers.
Lastly, a museum can be an incentive for new businesses and individuals searching for new
locations by increasing the quality of life in the region. (Information provided from the

Cincinnati Children’s Museum.)



Types of economic impacts made from a children’s museum are clearly explained in 7he
Economic Impact of Omaha Children's Museum on the City of Omaha, 2006 — 2009. These

impacts are identical for the Chicago Children’s Museum. Below are the report’s findings:
Direct Economic Impacts

Spending by OCM visitors has direct economic effects on their local economies by
making expenditures for goods and services and by paying employee salaries. The most
obvious direct expenditures are payment of wages to workers employed by OCM. In
addition, expenditures by business visitors to OCM produce direct impacts on the region,
affecting primarily the wholesale and retail trade industries. Direct economic impacts are

color coded blue in Figure B.1.
Indirect Economic Impacts

OCM also produces indirect economic effects on the area economy. OCM generates
indirect effects by increasing: (a) the number of firms drawn to a community, (b) the volume
of deposits in local financial institutions and, (¢) economic development. Examples of

indirect economic impacts are color coded yellow on Figure B.1.
Induced Economic Impacts

Induced impacts in the region occur as the initial spending feeds back to industries in the
region when workers in the area purchase additional output from local firms in a second
round of spending. That is, OCM increases overall income and population, which produces
another round of increased spending adding to sales, earnings and jobs for the area. Examples

of induced economic impacts are color coded pink in Figure B.1.



On a national scale, museums are economic engines:

e Museums employ 400,000 Americans according to American Association Museums

e U.S. museums contribute $21 billion to the American economy each year (2008
estimate), encouraging economic growth in their communities.

e Museums rank among the top three family vacation destinations.

e Trps including cultural & heritage activities comprise one of the most popular and
significant segments of the travel industry, accounting for 23% of all domestic trips.

e Visitors to historic sites and cultural attractions, including museums, stay 53% longer and
spend 36% more money than other kinds of tourists.

e Quality of life issues contribute significantly to decisions businesses make in choosing to
relocate, including access to cultural resources that includes a dynamic museum

community.

http://www.museum4kids.net/Economic_Impact Statement-Children's-Museum Utica-NY.pdf

¢ Relocating the CCM to our site will significantly increase the quality of life

in the neighborhood.
When responding to a series of statements about local museums derived from the literature
review there was strong agreement that local museums:

o develop pride in local traditions and customs

o play an important role in tourism

o should have exhibitions relevant to the local area

o help people feel a sense of belonging and involvement

o involve people in local projects



o promote contact and cooperation across different cultures
o develop community and social networks

o develop contact across different age groups.

e A new and improved CCM can increase tourism to Chicago.

"The Children's Museum plays a significant role in attracting visitors to Central Indiana.
When out-of-town tourists visit family and friends, they may also visit The Children's
Museum. That visit to the museum increases their local spending and can extend the length
of their stay in the region. In addition, the museum's presence also assists in keeping local
residents from going elsewhere for a trip. The retention of their spending generates real
economic development for Central Indiana," said Jeffrey H. Patchen, president and CEO of

The Children's Museum of Indianapolis.

_ Suinnial'j A Children’s M‘uﬂ'_s‘_gumpact

Economic ' Community Attractiveness a
Direct involvement Wages paid to employees Increases sense of collective identity;
Builds social capital; Learning
opportunities
Audience participation Tourists spend money at local venues Builds community pride; Personal
interaction of diverse individuals
Philanthropic and government Brings new dollars to the community | Matching funds provide a multiple of |
support from area non-professional users of the initial gift or grant

the facility




Why the Michael Reese Site for Relocation?

In 2006, the Chicago Children’s Museum began their battle to relocate to Grant Park in
downtown Chicago. Once word got out, many strong opposing views surfaced. These views

include many valid reasons as to why the CCM should not relocate to Grant Park.
e Restrictions of Grant Park

Fourteen learning and play experiences make up the museum galleries, which are placed
along a spiraling series of ramps and level floor areas.

http://www.archdaily.com/113130/chicago-children%E2%80%99s-museum-krueck-sexton-

architects/

e Future expansion

“The CCM currently ranks 31 out of the top 50 children’s museums in the U.S. With more space to

expand their exhibits they will be able to increase their ranking.”

http.//www.parents.com/fun/vacation/us-destinations/the-10-best-childrens-museums/?

The current location at Navy Pier and planned location at Grant Park both limit the amount of
expansion of the CCM in future years. The location at Navy Pier is limited by establishments
that directly surround it and by the actually width of the pier. At Grant Park, the proposed
building is planned to be constructed underground in an existing portion of a parking garage.
This leaves little room to expand considering their only option for increasing size is

horizontally underground.

e Bronzeville currently needs more economic improvement than Grant Park



Children’s Museum’s mission is to create a community where play and learning connect. The
museum’s primary audiences are children up through fifth grade including their families,
along with school and community groups that support and influence children’s growth and
development. In its current location at Navy Pier, the Museum lacks meaningful connections
to the outdoors and is challenged with the heavily commercial environment of what has

become Illinois” most popular tourist attraction. http://www.archdaily.com/113130/chicago-

children%E2%80%99s-museum-krueck-sexton-architects/

Possible Relocation Sites:

Here are the alternative sites Ald. Brendan Reilly (42nd) suggested for a new Children's

Museum: http://forum.skyscraperpage.com/showthread.php?t=149735

e Northerly Island

e Logan Square

o Garfield Park Conservatory

o Pritzker Park

e Bronzeville

e Calumet Park

e State and Van Buren

e Chicago Riverwalk (South Bank at Lake Michigan)
e Michigan and Roosevelt (South Loop)

e Notebaert Nature Museum (Lincoln Park)
e Lincoln Park Zoo (adjacent to zoo)

e Old U.S. Post Office
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BUILDING FUNCTIONALITY

The building comprises of programs that are currently existing in the Chicago Children Museum located
at Navy Pier. We have, however, increased the square footage of each program by at least thrice the
current Chicago Children Museum while also adding other programs that currently doesn't exist in the
current one at Navy Pier. The first floor of the museum serves as an intermediate zone between the
parking lot in the basement and the second to fourth floors of the museum spaces. The front half of the
museum'’s first floor comprises of the museum store, Kraft gallery, and a double floor height open lobby
with an aquarium and a welcoming lobby. Once tickets are purchased at the ticket booth, visitors have
the option to either check-in their coats or simply become immersed by the exciting activities of the mu-
seum. The second half of the first floor has a cafe/ restaurant area for the museum visitors. The cafe/
restaurant space is located on the first floor in order to have easy access to service cores, and drop off
zones. Lastly, the Great Hall and performance space is also located on the first floor in order to have
easy access to service core for the assemblage and disassemblage of performing equipment and stage
sets. The Great Hall is scheduled to have hourly performances that cheer up children and their parents.

The second and third floor of the Children Museum consist of fun activity spaces such as the Skyline
Workshop where children and their parents participate in building the tallest miniature skyscraper while
learning how structural members function in unity. The Dinosaur Expedition explores the re-creation
of the real Saharan expedition where Chicago paleontologist Paul Sereno discovered a NEW type
of dinosaur. Children see a life-size skeleton of suchomimus (sue-co-MY-muss), dig for bones in the
excavation pit, compare skulls, teeth, and claws with a T-Rex, and learn what it would be like to be
part of Paul's expedition team. Some of the other fun activities in the Children Museum include the fol-
lowings: Play it Safe, Kovler Family Schooner, Science Lab, [nventing Lab, Big Backyard, Rain Forest
Trail, Water Ways, Early Learning Exhibits. The activities within the Children Museum were planned
out in a fluid manner due to the flexibility that the core system affords in the design. The museum has a
core system that consists of escalators, elevators, classroom, restrooms and mechanical and electrical
service space. Hence, having all the service oriented programs in a compacted core free up spaces
in the museum for the maximization of potential children activities. The core arrangement also allows
selected views to the surrounding cityscape of the museum.

Lastly, the fourth floor consist of a general indoor playground which directly flows into the gorgeously
planted roof garden. The roof garden is an attempt to connect the children with the nature that rarely
exists in an urban context like the city of Chicago.
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Jocsan Martinez, Masnaga Masnaga, Omar Medina

Introduction

The structural group was assigned the task of developing a structural system that would be cost
effective and suitable for a Children’s Museum. To do so, the group first investigated the types
of systems currently used in construction and chose the most appropriate system based on subject
matter expert advice. Through a combination of hand-calculations and computer applications like
SAP 2000 and AutoCAD, the structural group was able to create an overall structural layout that
best fits this type of building.

Clogmy s iy yzem | Ox
Structural System

The system chosen was appropriated based on subject matter expert advice. Representatives
from the Precast/Prestressed Concrete Institute (PCI) advised the group on the reduction in costs
that come with designing a building using precast/prestressed members and its applicability to
the building use. Some of the benefits with using precast/prestressed concrete are: a reduction in
project time by one third as compared with regular, reinforced concrete which attributes to about
1 month of construction time saved based on the museum building size; monetary savings of
about one third as compared with regular, reinforced concrete since precast/prestressed concrete
can be assembled in any weather, quality control is guaranteed by the precaster, and connections
are simple and fast to affix. Furthermore, the use of precast/prestressed members for the museum
is superior to using steel since steel requires additional fire-proofing costs and is not cost
effective for the elevated spans required by the building type. Refer to Appendix S-2 for a list of

Subject Matter Experts and their contact information.

IPRO359 Spring 2011



Using a precast/prestressed handbook provided by the PCI representatives, the structural group
designated the member types and sizes for the museum. Additionally a space frame was made to
provide a visual/conceptual view of the structural system. Refer to Appendix S-1 for space frame

details and S-3 for Precast/prestressed concrete member calculations.

Shear Wall

In order to simplify the design of the space frame for the museum, it was decided that shear walls
would be required to handle all lateral loads induced by the wind. The wind load on the building
was based on the American Society of Civil Engineers (ASCE-7) design standards. Refer to
Appendix S-5 for details of the wind load calculation. As a preliminary design, two shear walls
were appropriated for the building and found adequate to handle all induced lateral loads. Refer
to Appendix S-4 for a detail design of the Shear Walls.

55 —_— 5
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Traditionally, roof design gravity loads are significantly lower than the loads applied on all
building floors. However, for the purposes of the museum it was decided that the building roof
would be a designated green roof and accessible to the museum patrons. Thus, the roof was
designed with the same elevated gravity loads acting on all floor spaces. Refer to Appendix S-5

for details on roof design loads standards.

Footings/Retaining wails

The footings for the building were designed using regular, reinforced concrete. The use of
precast/prestressed concrete is not applicable to footings since they are susceptible to corrosion
caused by direct contact to soil/water. Refer to Appendix S-6 for details on the footings design
calculations. Similarly the retaining walls were also designed using regular, reinforced concrete,

Refer to Appendix S-7 for details on the retaining wall design calculations.
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Serviceability
The serviceability requirements for the museum were deemed adequate based on calculations

from the PCI and ACI Design Standards. Refer to Appendix S-8 for the American Concrete
Institute (ACI) maximum deflection standards and Serviceability design calculations.

Transportation/Parking Layout

The location of the parking for the museum was decided based upon knowledge from the
previous IPRO projects. Based on the master plan for the site, a need for a high density, urban
feel is required. Thus the parking for the facility must not take additional land use than the
appropriated square footage for the museum. In order to make certain of this, the parking was
designed beneath the building. Based on the Chicago Municipal code, a required amount of
parking spaces was determined and satisfied by the parking layout. For structural purposes, the
column grid was designed to fit the parking layout which would enable the use of appropriate
clear spans as dictated by the architectural group. Refer to Appendix S-9 for details on the

parking layout design.

| | vy s ri
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For purposes of aesthetics and interior climate control, the Architecture group developed a
design for a double skin fagade sorrounding the North, West, and South portions of the buiiding.
It was then the task of the structural group to develop the supports of the fagade using steel

composite members. Refer to appendix S-10 for details on the facade support calculations.

Conclusion and Cost Estimate

The group began designing portions of the system to develop a cost estimate through R.S. Means
and with the assistance of a PCI representative. The final cost for the structural estimate came
out to be $22 million. While this value is high, the estimation required some approximation due
to limitations of the program. For more details and the final cost estimate spreadsheet, refer to
Appendix S-11.
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introaucuion

The architectural engineering group was assigned the task of finding a cost effective and efficient
HVAC system for the Children's Museum. Due to strict requirements by ASHRAE for this type
of building, the group had to be careful not to undervalue the effect of this system on occupants
overall health and well-being. Through two different resources, the group felt they would be able
to provide a reasonable estimate for the largest and most energy consuming mechanical units in

the proposed Children’s Museum.

y - PO T T Y
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For some of the initial calculations, the architectural engineering group employed the help of
HVAC Load Explorer offered in the Wiley Student Companion Site of McQuiston’s 6™ edition
of Heating, Ventilating, Air Conditioning Analysis and Design. This program allows the user to
input data for various sources and convective mediums of heat to receive a total cooling and
heating load output for the overall building through the heat balance method. Once the architects
and structural engineers provided the group with details on the building, the group researched the
recommended values in the ASHRAE’s 2009 Handbook of Fundamentals. The values were
compared the Chicago Building Code to gather the most restrictive data for this particular

building.

the program, each zone is comprised of the entire floor area for each story of the building.

=

Typically, the floor would be broken up into various zones and rooms, but considering the
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The heat sources that were considered included the lighting, the occupants, the radiation and

adi B 4

conveciive heat transfer from the exterior walls and the floors and roof. Ventiiation and
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infiltration rates were also taken into account for the loads. Based on ASHRAE Standard 62.1-
2007 values for a children’s museum, we were able to provide default occupancies per floor to
be 40 people/1000 sq. ft. with an expected outdoor ventilation rate of 7.5 cfm/person. While the
exterior wall of the building was divided based on directional orientation, three of the four walls
contained the same wall construction, a spandrel glass curtain wall with 2 in. insulation. The
shear wall on the east end was comprised of a 12 in. precast concrete slab. The roof was assumed
to be a concrete slab with insulation and each floor was a metal decking and raised floor. The
properties of these wall constructions were found in ASHRAE’s 2009 Handbook of
Fundamentals and in the 6™ edition of Principles of Heating, Ventilation, and Air Conditioning
tables found in Appendix H-2. The final loads and air supply rate were found and are provided in

Appendix H-3.
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The heating and cooling requirements of the museum were calculated with the help of a Radiant
Time Series spreadsheet included with Principals of Heating, Ventilation, and Air Conditioning,
6" edition, based on the 2009 ASHRAE Handbook-Fundamentals. Each major factor of internal
heat gains and building transmission is represented by separate sheets with tabs named
accordingly. Since the layout of the building was constantly changing, calculations were made
for the entire building with heat transmission calculations being made for the entire building

shell.

Heat transmission through the floor was calculated manually and added to the final
tabulation. The entire floor was assumed to have an R value of 15 which was derived from
Energy Star’s Recommended R-Values. The specific details on values found to use in the
spreadsheet are provided in Appendix H-1. With more opportunities to provide relevant

details from the building design, the architectural group feit that the RTS spreadsheet

displayed a more realistic capacity for the HVAC equipment.
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The chiller, boiler, and air handling unit were chosen in accordance to the cooling or heating load
requirements of museum. The basic calculations are provided in Appendix H-4. A table of
recommended fan speeds in fpm based on air rates in cfm was used to assign the main duct fan
speed. The main duct air rate was divided by the fan speed to obtain the face area of the main
duct. The terminal branch duct face areas were also obtained based on recommended values. A
table of average weight per length of aluminum ductwork was used to obtain the weight per
length of ductwork based on the average face area of the main duct and terminal branch ducts.
Looking at the plans of the museum, a rough network of ductwork was drawn with consideration
for all rooms and program areas. The total length of ductwork was measured and multiplied by
the previously obtained weight/length ratio of ductwork to obtain the total weight of ductwork.
The weight of aluminum could then be directly counted in R. S. Means Costworks. Costworks
includes the cost of fittings, joints, supports, and allowance for flexible connections with the
weight of ductwork. The insulation cost was based on the surface area of the ductwork and taken
from the average face area of the duct assuming a square dimension. The amount of supply and

return grilles was taken from average air throw distance based on supply air rates.
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Through careful consideration and project comparisons the architectural engineering group was
able to calculate out some of the larger units of this mechanical system and even some of the
duct work within relation to the units. The calculations were computer generated due to
extensive methods that required numerous values from the ASHRAE Handbook based on this
specific project design. Detailed research was conducted to generate the best possible units that
would work efficiently and require little maintenance over a large period of time. The units and
ductwork were added to the cost estimate in Costworks to give a final cost estimate of about $4

million. A detailed item report of the cost estimation is provided in Appendix H-5.
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Nathan Miller and Linnea Fraser

Cost Summary

A square foot estimate was found using the data in R.S. Means Costworks by proportionally
adding the different components to their respective building type. While this method is
unconventional in the construction field, the limitations on building types in the program made it
impractical to generalize this particular building. The unique square footage and building
requirements applied to multiple building types including a restaurant, elementary school,
community center, an auditorium and a retail store. A seventy-five percent increase in the
median unit cost was applied to account for multiple story construction. The percentage of area
per building type was determined by a schematic layout provided by the architects in addition to
subjective decisions by the architectural engineering group. The overall final project cost came
out to be $59,408,869.32 with the included cost of an underground enclosed parking garage
square foot estimate of $8,479,500. While this value is considerable close to similar estimates of
Children’s Museums, the actual value will vary due to the addition of internal costs. Please see

Appendix C for more details.
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Structural Appendix Outline

S-1:  Space Frame

S-2:  Subject Matter Expert Contact Info

S-3: Prestressed/Precast Concrete Member Calculations
S-4:  Shear Wall Design Calculation

S-5:  Wind Load Design Calculation

S-6: Footing Design

S-7:  Retaining Wall Design

S-8:  ACI 318-08 (Serviceability)

S-9: Parking Layout from AutoCAD

S-10: R.S. Means cost estimate spreadsheet
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H-1: ASHRAE tables

H-2: RTS Spreadsheet

H-3: HVAC Load Explorer Calculations
H-5: HVAC Equipment Calculations

H-6: R.S. Means cost estimate spreadsheet
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C-1: Underground Parking Garage Cost
C-2: Overall Building Cost Spreadsheet

IPRO359 Spring 2011



APPENDIX: STRUCTURAL (S-1)

Space Frame
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APPENDIX: STRUCTURAL (S-2)

SUBJECT MATTER EXPERT CONTACT
INFORMATION
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APPENDIX: STRUCTURAL (S-3)

PRESTRESSED /PRECAST CONCRETE
MEMBER CALCULATIONS

IPRO359 Spring 2011



i

A
IANMEPAD

s

|
|

Mﬁsﬁa{%a\ TIrRO 559 ?%pr,{; !?} 201D

Prz ctresced  Concrede

Al members  are designed  based on  building code req uiremant
for strvclural ceriCrete CACT 244 "03)) C’Mf%c!‘ /8.

Genera)

The cede :ffc{f}sz{; strength  Cnel serviceob
oll concrete  mambere ;:)r;_v;—,f.ree;sz:d or Nonpre
S%ma—zs '”wnl ma be critical c‘fur"ﬂ@ Fie 0
bé’{ifz?f}{n{«’ oy i “”:z ‘.'."fmnSfo“ 0; ‘H’x‘, ;»’!'.".3'"55"2251-!}? ":’[‘9:’“(2- +0 Fie
Mmember .

Jit reg yire ments 7(0'”

7 ;
frecse d. /}” }DG!CI
e o4 +he strycHure,

Thf;‘e oy e c2yerel S.eruc-}urnf S}Dec,'-fr(_ 1854 g "r;':o:‘fi' huet b,e
considersd (N decion’

ACT 316-08 *

18,0, 3 __ _Strese concentration

g1’ . r«e%w'rgmen%g For P@_S'F — Fensioned anchprag2s
Compa+ihiiity ol delorniah on with adgenig
Consirpedion

}% 2. . Seckion Proferfic-: .

_Desr'cjn ﬁssz)m?hons ‘

|
|
!

1~ LL= 12y ped

|- Pl . §s CC;)fu}oihzc} baced on ’H}?W@EC}L\'} of SHrvedural membeys
' and qu%i%ion; ( asSumed D.S"j)ﬁC)

- DL= oo pst )

'~ WLl 20 5 psf( HSce 7))

[ R - it i y
4 - B P = e J
| - ‘For ¢ ompuiatipn o gé””ﬁ”‘ ( 8.3, m! I PRERL.. ST :PT:B[;'
i Givep dor Nanpre stressed  wembers in 10,2 o FF by ) Ecepd that
1873 . 4q o (}3‘—"5 -'Z:';'\; T L?i’?}:r’pf_:‘rei—‘:ed ;’.{:':‘y‘-e,i‘efi"f_e}?'?-{ri'f‘.
V G £y ’ r ;. - y . wof
- The ¢lastic +heory ( l'e-}-?f(‘uw} to the fingor varia fron &f

’;1';[.;;:3 with sStrain) s vsed .

| Y2 -in - Jdiameler Tenu lar steand < (J:Fm S 7eoce F’Si) Gre

j vsed ’Egr all Members”

- fse is assumed  tp he 170 k< -




Mﬁsta, I Dovble Tee Chr)

TAAAEAD
i

Pre limi Nary decich i
|

20" X5¢! span ;7 try Dovble Jec 121D TZ2 Netopping
L
#n

|
\
Cervice load | 12¢€ 139- < <trand pattern l

]
S P , !
’ I 7¢ > Seoopsi '
i ’ ’ i ~ e
— 2 —— & e g - TPU} A /C’)GOOF.‘j .
74 M ta- | {
[ 'r r | I /2 ~in - diameder ;“9;(/_/(")'“ ctrand |
\ ! \ / ’ A= 0,153 in? ‘
\J :"‘""
—t |
47"

M :.: ?, :P nNon Ce?aifgfggi}{ f",é'f_"‘".r!'Of\

doz - v B2-1p=
QC"UJ’V}.& ‘f‘rlg = /’?O ;‘.Si
Cince “[2»'6 7 0,;{,,“

ﬂ’P; Fu d )
CW pu < C _JD {i? ?({ i _er;— { Las — s :))

| ACT Top- of ma /e usad

W= w———*—u’%i o w0 |

|

) . |

Fpy Tpu  _ R 7s4y) C27e) - 484 |

Cup= € 2ot T M Totenres, © % OM ‘
P hdp#h U Cye &)

From elx_'sign r-‘t‘fd,‘

'7[?5: 268 he

T ’ = & 63 -
A.e,:fg,»{ﬁs{;: R.7za - 1,2 in

c S . m
Cds tep 0.35¢ 59 (e

mﬂ = pf?‘b ‘[fg (JF = 0/23 7(—»'[?5 “;?iid} ({"fz
= (2.95) (2¢9) (22~ "D
= 157709 k.in T V314 L H

¢ myz 6.9 (3= 1igs A




FAnrran”

Fasnago.
Chec'l § |
T .
€: Fr e 7 b =

- C > L B85 -5 -
ez 0.005(S ) = oopy (2252LE ) = 0059 > 0005
O%

‘}—QﬂSI'Qr’) contre l ( ¢ 0,49 \)

Reg yired  strength

L= (2¢ pst

D) = T %) (56 Crso PR ] Jewnses = P18 pof o st
Partition < 2<esf 7-

fotal pL= 100 psf

7 | b
Ty = 1250023+ Joo (123 = 2760 414

6 ) > ] b4+ o
2900 (507 - yyogge, WS J0S84 A 1Y L om

€
CK
¥ ilj 1
AR TR | IS S
FiE
-L--._ . ; o RO iIQr; r
\ / L 37
‘ o m ]
\ | i
£ e |
A | =% 4
-
434’:1

)2 LDT 45 No 7‘0{.’?[1)6}
B - s

B4, ) 7 R |
Thepe is 9 Hhicl slal fhat aeed febe addsd  on top of£ fhe dovble-tre,
A b,‘ﬁgqr Size C(GUB"Q log iwnfeded . |




Y
wr
Try 12 X32" fes Ceeopsi Yom in ~digmeter
g fenvlar  “Hrond.
208 -0, Mo Top/ng + pu = AF0C00ps,
o 9]0’1’) R |
20 Shrande |
] ~ i
Reg vired  Stresgth |
[ |
[L=127 ped 1
Dl- 95k /er ;> o pcd i
Fr{{[%ig}n : WL PE‘I': ki i
c Ty = 128CID+ voliad = €2 "HF |
e D0 £56)% _ ) |
R e T U N
ﬁy;: 20 (0,453 = 2, 0¢ [px
(i - /f&’c%} Prectiested <feel Nen compes:) #¢ seeFon
A = 0 I4 ( Fex / /i

- Aeeume feo ~ 120ks, |

Srnce, 1(§,_£_.3 7 L o
& &

- il 25 4 ".‘7-"\
. L
féb?t-\ 55 C'{P He
¢ 7,000 222D
— ] L R e — . 0.05—[7/@
SN TERACHL -2 A

From u’oeagn Ara

%33 4L ke * N
Ff; ’!:; -4 .:.‘ 5y _ -"::. £} i} E

]z gofle b - . { o7y (4 b

‘FJ&*U!‘Q i ] | . |
Mp = pr';?s fqg (d? o A f, Lod- b,
~ (3 o) L) {2135 =~ 1;23/13

~

s 1702 ko Hf
Ohy = 1932 kST

Check 6

-’ 123 -y, 5y

—— -~ -
{ s ~ —

Fy 08




Mﬂsﬂaqw

2

naran”

£

£r = 0.003£2=2C)

> 305 ~ 154 0. 06 7 o005
= b.063 (o7~ )e o
C Wp = 0.9 C 1702 =183 k. £+ 7 lios b £+
}
f——-——-—-———' g } A
= 12 ” ;
e— EW ( = e — S A I 2
)
RS TR Ok
‘ [[ g"ci’nmfcr \
1 | &
— —
4% u%"
Ve 12! X327 dovkic dee 4 2" hok < lab
20‘57 D1 e }f‘fapnm

¥ C = Jﬂ?&of.,r
f]) | = 2300005

(}D ‘.}0 ’%’.}amﬁ 1o

;
FOor

Seryicga bi )=_+‘y

o, 9

4 -

(’ C’J #’i )




inverded T CIT)

Y

A

MEPAD

p
V4

';mn

Masmgﬂx }

0 .
\rfi.lfﬂﬁnﬁr\!] de 5;3)/\_
4
/L= 5t x Vocs 7poo 2/t Try 281749
52 Strand
~ 4
26 1  span Joe = 4,06
R | _
' ) Fe = cove ps i
J 7[17(,13 270 Ooo)a:;'
h’l 49" %72” J{@me_ier ~—p A= O, 13 jn?
[ h[ Aps = 22 (0530 = 3,344 2
o
- .
/ F 7 h‘/h: M.Z //A
29 Az 8352 in

-~ }}S"O —)  Nep Compoci+ @ seCtion.
A ;

de 487 -vs T 49 - 4557 45.45

assvme Js€ < 170 hsi

[ ~ - e e X N i ey
Since Ise b 0.5 {,v v = 05 (2%W0ec): |35 opp P
hes S }

G pu < [},d}, F &LF; [W—-w’))

. A—S‘;\/ I5 ; g b
o ~ Ul Since Jfs = O
HE T =0
oy g sl P |y REAROIAAY e Bid B
j S bdp Fe © 1Y ) (43,u5d (9D

sz 254 ks;

i

Bes fos (3,344 € 234)
0351eh ~ Toas(5) (S

16.7¢

Y
r

of

4?; 7%)3 C»jf, e ﬁf:&
= (3,340) (4245 - “7%4 D) Casay
= 249.¢0 k.

\? i”“'?:q . 2249 2& #+




‘ |
ﬂj:’:{gf?ﬂ@{?‘s _ ‘

7/

™

j-i‘;‘ﬂ APAD

Checlk’d

T o Wil . -
£ = ;'j S e - 26 9

" LY — 205 _ > ;|
iz 0. 603 (-sj—g’“\):“ G’O°3< S0, A¢ >”0‘ 00 = & |

¢~“ 0.48 4 §3 (o.contdDz 0. 79
PMy= 0.7 (249.6) = 1943 k. 4

B@_” UJ'FQ,J Sj\l’_r@"si}%!’\ i

Zif }ng);i x &6 : 7 000 E
DL= lJoopst X 56 =  Zégos ;‘b//{;

Vs - '{-’.;"/4
= )2D dE L = 1 28600 & L yooo) = 17620 Hf*

]

|

; § g5 540 2 3?‘ ’ b g7 L e o
ﬂl,i {}w..g___i_;{___q__ w0 A L it 4' @ Hrp - 1Y 51,\.7&;’“
g TT‘,’ 0 oL+ rhorm Sarc

Of  (omposite Section

My, = 6Mp= 2589 - 1943 = 64¢ k.Ft
Gl 8 = e Z:'f}’( e D

. 16,2
Vit ig Jh o ESEHE T D)
;ﬂ's = 3, 4% -_D Try 44 4 berg = & g™
f
fles Tpy of . ‘
) ] rg ‘(’_‘ g
CWPM P C_ é‘»LP ?.:E_ ! -j;a { ;,{f Lis }

Bedy _ 4(ied = d )
al - _,- " —— b " ? n &
W Bd fc O1RICUO 00 ) M 0

(s.3¢L) (276) | 4y C0087)
Cu/?u = 1.o¢ 12Uz, us)y (o T 4zus
= 0. 25

frs® at2 ks

— 17 G2 41492k,



g
M %510 i

IXMPAD

4

N #ps fpg'f ﬂs*.rk/ . (3134[63( 2?6227+ (a7 ( ¢o)
T egsfEe b oas (5] (130
= 22"

poz b e Cdy = %>+ bRy (I T
= (334f) mwo (4345 - 5 )+ U (o) (de= ZVa)

= 2312 4+ Zoe < 01 A, +4
Checl 8
o - 22
g~ = I8
£r = p.003 [ ’CL%_{: > aof C.ooz ( f’i—é’;;:%‘ig" ) = 0.002062 <2ox

D=0.tm  83( 6.00202) = 0.65

Try A0 1T 44

Jo F A h = 48 Ul Skrand-

2/
%%}2 | BRL

@ prg: yu(e 150 = 6.732 0%

e
40

. i ; I
{ H‘; = D —D FI"C’H C&yry POd e zection

dp =43 — 497 = 433"

: . i
£o5Yme kel K&

Q:'I'\-“—Q. ‘k!& 7 0.5 ‘[{ru = 15 OJO{,, ¢
sabd TE ,_L 5 P |
JJT b dp +e

[
C> ).og fer Kovopsi  Concpefo |



o

FAnran”

W:‘k@ f_;u{: O

(. V2R L0720
= OC, - e S =
P 2 I I

/

(C.322) (asu) _ 1 7é’

My] < AP& JFg, ( C{P - ({/Jeh\
= 932) (259X 4205 — BPLD = 4 asa A4

C — 7
C = %«- - QO.@gl

- L — 20§
t+ = 0,003 (“(‘JE’E) S L ad B

:?096’?';_
@ -~ 0,49 ¥383( 0002 = 0,78

M, = 078 (qas2> = 3862 L#7 2599 4, £L ok




Masnagn. colomn  design

| Ib/

(o
L‘\

TARADA

MXM ) M u, doid FIA Cire cw-mf\?,?qci CO/]SC{‘V"}‘FI’\/E}\‘; },.\/, acsum ma) 71/,51—?
Fie :JuiJ;ﬂoJ are not ¢ howed ,“ T + reans +he colvmps dre %ﬂ:w’:—ed

/ .
! " i : §({ 5 T s I
36 2q i;cf‘f&'kf iy ¥ direction omdd v Ko ua g b vy difectiol
v

1’4117%: 4 v giace precfressed  pmel pre rast membtrs are yled. |

W‘\V U < 0 /
”'?4 a3 k!/}-':‘ {24 Tff'-.iL b éO’ q 2 g Z: ‘-fg:“
Pu= 4x bor2%s Q437 T

(riderion !

I, Concrede fc+ 5000'}?5{ : norma | weisht

s Rﬁiti'f&({w;e;;'f' ?L‘]': boton v _ 7

2 Curve chown -fcr' Hull (_({VQ!C’J'Q?’HE"}'!‘ C‘—; f»;"fa-jc’?ft:«e_;};znf

4 HUﬁZon%r-] }Qﬂr‘}'!'h}' C“»,f (Ve 1S the wietyimum ;fffl’-‘z“ Fed Colymns
= peas " ’

S M chands assumed Y diameter 7[}?0, = D Fpde;

0 fn O\:PDI?

| Pu(h) | 7 a0 g Coad
s £ GIBE SIEY
3904 B p oo 0.2C i
thod Q9o | Tloo 0.29 |
3o | 2 410 Jetoo 0.57 |
zaml b }3?‘('6‘ 172p ]. 3& '
j;:‘u- 740 | 2370 3,94
e _ - R ! 20 Ce E_u
2t 2 gacku, Pr5.05%
el [3aads *
ow o & i
| \ | 5 | 32

Peco I e ~ 9
Wes | 11 I .;?_Q_.Q‘._Q_._E"_.j E
1203 2 e o s e

0D~ N N I 4
oo T
tee -
"—Ino%
200 i‘

P
2 + PR RN D— S

YT g S0 12 fece | 2Gta . gMan 'H')
L]

" R _
Use. 32" 432" with ros 11 bars  fer (olumns




APPENDIX: STRUCTURAL (S-4)

SHEAR WALL DESIGN CALCULATIONS

IPRO359 Spring 2011



Proj: svean vaan besen Page: / Date: ¥/uhor  numors msrirurc W

OF TECHNOLOGY

Cals by:j;c mn Marhne= Checked by o 1 et s e

Fierf  Meed o corpute He Shear @ eodls call  Llea loadecl b,j wind  [ond
in both  (MNor = Sod\N &5 (Gurt-wert)  dieection

!

Lo W ol Galeolabir > pe 3o U
Wﬁu o lea = A'xd = 44 4

}

& P‘S—NMFH"”"\" e = Per dictornn with gor rhughueal aduiror 4 U"f} oall dg
déﬂ‘ﬁwtp! M‘i’L -!»i.e ‘.a“mn-j SLﬁW‘ ,_,;\“ lo e Baar "!5 ouc,ru“ ';‘.ma.fé,
w Lomr vally will Lz artied & o 12 ins Hhicle
T 7 = Areiemphion il derfn = florm © mof
4 v belave o n‘ﬁ.‘a
{ N I m[ ﬁ d.:‘;l{)krbujmr
2pe '33|+}2’4 !
r 132’ y - Nale ° ArNH(JMW\V el L.o\ﬂ&tj on @ Prf,\n'mlmwé
' l/ ’j devan of  Llds, AorHec aml}m‘r of
L ; 9 3 :.
/ll————- 700’ ,_____7{’ I'&f-m&l Mﬂ'rh‘/\g (‘y{ﬁu\n will &f'dquftﬁ'

= "3 formaced

béﬂ‘-‘-\n ‘-:;F Ca\{—b’sk[ Lﬂo‘cl in N::PHMA/A f\‘,‘re,c{'\'m

= bedurmiatio of Shear @ Cach LUl w= ph = 305(8Y)
389 ; T W= 1,95 P/
, |
) ! { “Noke: for dicdablobton of
ke ‘ ' Neck Qeor, Hoseuol
': { "’ /—‘gmftr__qc Sﬁ‘m\afr‘ M{t Le
i Z '{{__{_A ‘* n'afclf"{é ﬂeﬂlw ((OAWM
5 - 7%. A SRR NE S RN AN * e 1o | i/ ] _um_/.,( Appr\va.ct"\.
| | E
( P
Is0 [ if{
:' Iz
' }fj
fi——— y5p! —--——-—-”;"“"'_“"" /50 —_—,7'/

Toha Latern! Load = (O (wolllenth) = a5 (300') 7 SES rips




Proj: <Hear whce besisn

NSTl'rUTEv'
OF TECHNOLOGY
o

3 Spntiog

Page: 7 Date: //z/200 unos,
Calsby: ... Muhez Checked by:

b P 1o e it

bﬂkﬁrmf‘n ?r\a &n-‘-cr ap ﬂ:’ﬂfdi "\3 3
Ll 1 72'(132) ,
X * Bolie) | 300 b Lo ktt 5. w5 12Ede bbb

toceoral Moreat = <25 (eccentaciy) = s9c{150’) = 43750

leip Of
Preei deatu Eam—?n‘cr‘hé = pos (oo = |50 H
mﬂ&(ﬁfﬂbem'rnr_) = /S—(S—‘Z‘S> = 2?—?5 Lr’p-ﬂ-L
Metwhly = @350 + €3y = FS2S e -4
be(ﬂmenina Ho  polar worment of Shlfhere of He Sear waall group
IP 7 I;.,—x o Ij:}
ok | Ten =040 ﬁél of  eart —uert calls
= 32(22%) = 3ugdy H°
T‘jné = S Lx"  of Nerth- Soutl oally
= ap0 (15D - Wwe)* = 350,000 o>
T’P e 2Y8YY + 435 Do = 632Y¥YY #3
V, 4 M, % o5 | 96525 (190
5\\&r o MNordh — Sootl Lamllsy = —i—r +: TIP = -—3_&3- b £ 9Ygyy

Shaae in N-S LIl * 1225, 2 Kkips

IRVER /S Ad6lCal
Shese tn Enct - (Wert Wl ¢ “%" = 67998 4%
Slesr w E-03 LMY 22,8 p'ﬂg

b(’.ﬁ:}« ﬁor L&'FU'\( Cood in Cartiowd Neechion

-~ PNelerminnbion ot Shesr @  Eacla
w= PH T uas €/

Tohl latal (oad = 1 75(700)=




Proj: SHere waw besien  Page: Y/

g Lives mvenrng it

/ Date: ‘7//29/10” ILLINGIS INSTITUTE W
Calsby: ... /7h#nee Checked by:

OF TECHNOLOGY

Folure wenslitode

Ex‘,\f&( oN "e'ba'rhh‘nc.{,{ S\f\eﬂff, Tl'uf/ a\pf(\apnbw dimennonrs 'a'c "Hv\(,
Ceor Wollyr ge ar followr,

I

l77"__\4444i a2 ¥

Al
K= P —k /
i
/
/)
ol
gh

Ti\e Lgrj‘n’rr o@ Lt Shear ‘4)9\”\' {kaJ pmﬂ» ‘H\g %\MJQJHDA b He Iro( ol

J‘[ne POUJ"!I'L -C{a-“*f of e  moreomi Ther  Hyor ln(),ejl—.*—‘u 64+
Huu[na 5 poken B n)éjf.’cl' rtor expect r&jozdfza e aﬂ;!;fd Slkear on
e wally j +L-a dirennvonr o WOPAQ‘H '{;, +Lﬁ/- Le, g(e,\(-ur\lneop -\'L\-L J-Le weally

would Ssfke Al lafeal (oad n::fuiwﬁr gn’(‘la ook forcernand. M{J
necerrw‘g bor  Hural  expannion,

menlere f ek

Forllecrore

THir eperfert do node Hak fhe Sheas olls yee dfﬂ'j"(—f ar ~onload LW"E

becore  trple fo JM‘G)'\.

soce Hee wolle il e omartmcked  of p/acw-l'/pf&d‘?‘tﬂ’td' corcrete

b v recerne Yo divde eacdls wsll iAo prechar

'i‘mnr/)orlqhbn of Moo allr ufadle Ls e 7{nem..l con heochor A plaalsad
lplodc n'%-g -y

rtcomem£nd o d G 12 & X Yo bt




ANALYSIS AND DESIGN OF PRECAST/PRESTRESSED CONCRETE STRUCTURES

CHAPTER 4

EXAMPLE 4.5.7.1

Design of Unsymmetrical Shear Walls
Given:
The structure shown below. All walls are 8 ft high and 8 in. thick.
200 ¥
130.9' E 69.1' hom
i 75' 65' !__ 40" 20"
i )
SF6 i 35' | 45
Ol
TR | N ;
\ B | 100
e 0| Na 30 s 40 s—w~ﬁ~w-~—-——"—x
N C
\ ! VW | N
‘ E : :
\_ 50
Centelrlof 3 35' : Center of !
lateral loa . igidi
era ly rigidity r ‘
-—-«! 30.9' eccentricity i
A 100" 100’ i
w = 0.2 kip/ft i
Problem:

For the load shown in the Y direction, determine the shear in each wall, assuming the floors and roof are rigid
i diaphragms. Walls D and E are not connected to wall B.

Solution:
Maximum height-to-length ratio of north-south walls = 8/30 < 0.3. Thus, for distribution of the direct wind shear,
neglect flexural stiffness. Since walls are the same thickness and material, distribute in proportion to length.

Total lateral load, V, = 0.20 x 200 = 40 kip
Determine center of rigidity:

_ 40(75)+30(140) + 40 (180)
B 40+30+40

Y = center of building, since walls D and E are placed symmetrically about the center of the building
in the north-south direction.

Torsional moment, M, = 40(30.9) = 1236 kip-ft

Section 12.8.4.2 of ASCE 7-05 requires that for diaphragms that are not flexible (therefore rigid), an acciden-
tal torsion be added to this. The eccentricity to be used for the accidental torsion is 5% of the building dimen-
sion perpendicular to the direction of the applied forces.

Then:

e = 130.9 ft from left ‘

Accidental eccentricity = (0.05)(200) = 10 ft |
MTar:rJdenta.' = (1 0)(40) =400 klp_ﬂ:
= 1236 + 400 = 1636 kip-ft

MT total

¥8 PCl DESIGN HANDBOOK/SEVENTH EDITION ~ First Printing/CD-ROM Edition 4-27



CHAPTER 4 ANALYSIS AND DESIGN OF PRECAST/PRESTRESSED CONCRETE STRUCTURES

EXAMPLE 4.5.7.1
Design of Unsymmetrical Shear Walls (cont.)

Determine the polar moment of stiffness of the shear wall group about the center of rigidity:
Since the height-to-length ratios for the east-west walls are greater than 0.3, the polar moment of iner-
tia should more correctly consider the flexural stiffness of the east-west walls. This is negligible in this

example and has been omitted.
L =l,+1,

vy
I, =6750 + 223,909 = 230,659 ft*

o

Ve M.xe
Shear in north-south walls = TL;WL—;{(——
payd P

40(40) | 1636(130.9~75)(40)

I, = Zty* of east-west walls = 2(15)(15)? = 6750 ft®
[, = 3¢x? of north-south walls = 40(130.9 — 75)2 + 30(140 — 130.9)2 + 40(180 — 130.9)? = 223,909 ff*

WallA = =145+15.9 =304kip

110 230,659

(130.9-

WallB = 40(30) = 1636(130.9-140)(30) -109-19 =9.0kp

110 230,659

{

walc =000, 1638(130.9-180){40) _ 4 :5_439 -0 kip

110 230,659
Shear in east-west walls = i = ws_) =1.21 kip

l, 230,659
V,K, eV, ( x) K, For most single-story buildings subjected to wind loads, a

F= Eq. 4-47
SR TSRz = Rl

Force in the X direction is distributed to a given
wall at a given level due to an applied force in the
Y direction at that level:

V.
B bl (Eq. 4-48)
LK, (#)+EK. (%)
where:
L = lateral force at the level being considered
K. K, =rigidity in the X and Y directions, respec-

tively, of the wall under consideration
2K, ZK, = summation of rigidities of all walls at the
level in the X and Y directions, respec-

tively

X = distance of the wall from the center of
stiffness in the X direction

y = distance of the wall from the center of

stiffness in the Y direction

= distance between the center of the load in
the Y direction and the center of stiffness
measured in the X direction

4-28

simplified, approximate analysis is commonly used to deter-
mine torsion in asymmetrically located shear walls. This type
of analysis assumes a unit thickness for all shear walls, as
described in Example 4.5.7.1.

4.5.8 Coupled Shear Walls

Two individual shear walls separated by large openings
may be connected with structural components that can resist
axial and/or flexural loads. The combined stiffness of the two
coupled shear walls is greater than the sum of their uncou-
pled stiffnesses. Coupling shear walls can reduce the lateral
deflection (drift) in a building and reduce the magnitude of
the moments for which a shear wall must be designed.

Figure 4.5.4 shows two examples of coupled shear walls.
The effect of coupling is to increase the stiffness by transfer
of shear and moment through the coupling beam. The wall
curvatures are altered from that of a cantilever because of the
frame action that is developed. Figure 4.5.5 shows how the
deflected shapes differ in response to lateral loads.

Several approaches may be used to analyze the response
of coupled shear walls. A simple approach is to ignore the
coupling effect by considering the walls as independent can-
tilevers. This method results in a conservative wall design.

First Printing/CD-ROM Edition  #8 PCI DESIGN HANDBOOK/SEVENTH EDITION
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APPENDIX: STRUCTURAL (S-9)

PARKING LAYOUT FROM CAD FILE
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Type And Number Of Chillers Ashare 90.1

Table G3.1.3.7 of ASHRAE 90.1-2004 says that for a building with conditioned area equal to more than 240,000 square
feet, “2 centrifugal chillers minimum with chiliers added so that no chiller is larger than 800 tons, all sized equally”
should be the size and number of chillers.

1) ASHRAE 90.1-2004, Appendix G, G3.1.2.2: Equipment Capacities, Page 178;

G3.1.3.7 Type and Number of Chillers (Systems 7 and 8). Electric chillers shall be used in the baseline building design regardless of
the cooling energy source, e.g., direct fired absorption, absorption from purchased steam, or purchased chilled water. The baseline
building design’s chiller plant shall be modeled with chillers having the number and type as indicated in Table G3.1.3.7 as a function
of building conditioned floor area.

Table G3.1.3.7 Type and number of chillers

Building Conditioned floor area Number and type of chillers
<= 120,000sq ft 1 screw chiller
> 120,000 sq ft, <240,000 sqg ft 2 screw chillers sized equally
>=240,000 sq ft 2 centrifugal chillers minimum with chillers added so
that no chiller is larger than 800 tons, all sized equally.

2) ASHRAE 90.1-2004 User Manual Appendix G ,Type and Number of Chillers {§ G3.1.3.7), G-30:

For baseline building systems 7 and 8, which have chilled water plants, electric chiliers shall be used for the baseline building no
matter what the cooling energy source in the proposed building. Even though the proposed building may have gas engine driven
chillers o+ absorption chillers, the baseline building shall be modeled with electric chillers.

The type of chillers that are placed in the baseline building depends on the conditioned floor area of the baseline building, which is the
same as the proposed building. if the building has an area of 120,000 ft? or less, then a single screw chiller is modeled. Fer floor areas
greater than 120,000 ft* but less than 240,000 fi?, then two equally sized screw chillers are modeled in the baseline building. For
buildings that are 240,000 % or larger, the baseline building is modeled with two or more centrifugal chillers, In this case at least two
equally sized centrifugal chillers are always modsled, but additional equally sized chillers are added as necessary so that all chillers
are 800 tons are smaller.

Explanation

Understanding/Interpreting/Caiculating the number of chillers and chiller size:
in the table above, when the conditioned area of the building is more than or equal to 240,000 sq ft, it is specified that
“2 centrifugal chillers minimum with chillers added se that no chitler is larger than 800 tons, all equally sized”, in this
specification the standard is not clear in specifying the minimum size of chiller which is to be used.
It specifies the minimum number as two and maximum tonnage as 800 tons, which may lead to a confusion as in the
follewing example:
Suppose a non residential building more than 6 floers with & conditioned area greater than 3, 00,000 sq fi, following
ASHRAE 90.1 Appendix G. ASHRAE 90.1-2004 Table G3.1.3.7 (Type and number of chillers) says that it should be "2
centrifugal chillers minimum with chiller added so that no chiller is larger than 800 tons, all sized equally.”

After a slzing run of the model, the tonnage came out to be approximately 1000 tons. | can divide this into 2 x 500
tons chiller or into 4 x 250 tons chillers. In each case the COP of the chiller is different as per Table 6.8.1C.

This is te be understood such that, depending on the teotal tonnage there are 2 minimum of two (but not less than two)
chillers equally sized with a maximum of 800 tons each and over that for the remaining tonnage the chillers are
further added which are not greater than 800 tons in size, such that all the chiller tonnages are adjusted to be equally
sized.
This specifies that the number of chilier is the base case should be as low as possible but not less than two and none of
it more than 800tons, all equally sized.
There is & building with total tonnage T. The number of chiller is first known by dividing the total tonnage by maximum
tonnage allowable, which is T/800 (say X). Round off this X on to its higher side which is Y. This tells that there are Y
numbers of chillers which are equally sized. Size of each chiller S, now is total tonnage T divided by Y, (S=T/Y).
If Total tonnage T: 2700 tons, than
First step;

X= T/800= 3.75 (round it on higher side)

Y=4

Number of Chillers= 4

Size of each Chiller = T/4
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Table 5 Emissivities and Absorptivities of Some Surfaces
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TABLE 505.5.2
INTERIOR LIGHTING POWER ALLOWANCES

Building Area Type ” {W/ft2)
Auvtomotive Facility 0.9
Canvention Center 1.2
Caurt Houss 1.3
Dining: Bar Lounge/Leisure 1.3
Dining: CafeteriafFast Foad 1.4
Dining: Family 16
Dormitary 1.0
Exercise Center 1.0
Gytranasium 13
Hezlthcare-Clinic 1.0
Haspital 1.2
Hotel 1.0
Library 1.3
Manufactureng Facility 1.3
hiotel 1.0
Mation Picture Theater 1.2
Wiulti-Family 0.7
Iuseum 1.1
Offiee 1.0
Parking Garage 0.3
Penitertiary 1.0
Performing Arts Theater 1.6
Police/Fire Station 1.0
Post Office 11

Religsous Building 13
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APPENDIX: HVAC (H-2)

RTS SPREADSHEET

IPRO359 Spring 2011



| RTS Method Sporeadsheet

Cooling Btu/h
July, 3pm Sensible Latent
Internal Heat Gain
People 1,750,000]| 1,554,000
Lighting 670,870
Transmission
South Wall 243,983
West Waii 233,634
North Wall 201,085
East Wall 24,098
oot 100,32
{Green Roof 51,837
Floor 177,000
Roof Window 273,957
Total 3,726,793 1,554,000}
Heating Btu/h
January, 7pm Sensible Latent
Transmission
South Wall -169,675
West Wall -150,309
North Wall -168,544
East Wali -16,221
Roof -67,435
Green Roof -49,022
Floor -408,000
Roof Window -44,630
Total -1,073,836
Total Cooling cfm 114,847
Total Heating cfm 67,793




#REF! 24 ~Apr-11
ou !§!DE AIR PROFILES - PEAK DRY BULB AND MEAN COINCIDENT WET BULB Hours Standard
USA -IL - CHICAGO MIDWAY AP-0.4% Latitude Longitude Elsvationft +~UTC TimeZone Meridian

Index = 1389 41.79 -87.75 617 £ Central -90

USA - IL - CHICAGO MIDWAY AP - 0.4% _—_|
Inside Heating Design Temperature, F = Design OA heating: Inside Cooling Design Conditions:

Outside Heating Design Temp, F (39.6%) = - 78.76 Btuh/cim DB F DBR PWS PW w
Outside Heating Design Temp, F (99%) = 4.3 72.27 Btuh/cfm I I | 52767 03392147 0.1696073 0.007262
Month = 1 2 3 4 5 6 7 8 9 10 11 12
Maonthly Design DB = 55.6 60.6 746 842 88.7 93.4 97.5 94.6 20.6 825 70 62.9
Mean Coincident WB = 51.1 513 61.1 65.3 70.6 747 78.4 774 72 66.3 58.1 59.3
Daily Range, DB = 15.9 184 234 24.9 2286 20.5 19.1 18.3 19.8 222 18.4 16.6)
Daily Range, WB = 13.5 141 15.7 14.6 1.9 95 86 83 9.4 12.7 14.6 14.3
SOLAR TAU-B 0.305 0349 0.397 042 0.446 0.464 0.457 0.457 04186 0.368 0.339 0.311
SOLAR TAU-D 2.344 2423 2.004 1.886 1.97 1.882 2043 2.03 213 2.248 225 2.363
WBR = 510.77 510.97 520.77 524 97 530.27 534.37 538.07 536.77 531.67 525.97 517.77 518.97
PWS = 0.185531 0.186910 0.266564 0.3089429 0.370781 0.425784 0.481405 0461180 0.388819 0.319870 0.239501 0.250022
WST = 0.007953 0.008013 0.011480 0.013356 0.016092 0.018558 0.021065 0.020151 0.016903 0.013839 0.010304 0.010765
W = 0.006925 0.005893 0.008383 0.008992 0.011886 0.014178 0.016563 0.016033 0.012565 0.010080 0.007574 0.009935

Peak Design OA cooling load,

sensible, Btuh/cfm = -13.64 -8.14 726 17.82 2277 27.94 32.45 29.26 24.86 15.95 220 -5.61
latent, Btuh/cim = -1.863 -6.63 543 8.37 22.38 33.47 45.01 42.45 25.67 13.68 1.51 12.94
Total, Biuh/cim = -15.27 -14.77 12.89 26.19 45.15 81.41 77.48 7171 50.53 29.63 3.71 7.33




LING LOAD MPONENT
COOLING LOAD COMPONENTS PEOPLE
24-Apr-11
[COOLING LOAD - PER PERSON
__ | |
iNPUT DATA: 300 - People Load 4
250 Btuh/person sensible 250 - R e RN
; [ pmesssiid 1
62% [% Convective - | pm | .
38% |% Radiant - s 3 -
3 150 i i |
250 |Btuh/person latent o / ; |
100 i E | ]
" / L I
MW no Carpet 90% glass By —t.’r T\‘L':"'j"}_{:l B
12 RTS Zone Type 1 3 5 7 9 11 13 15 17 19 21 23 |
MW no e .
Carpet —+—Heat Gain —m—Sensible Cooling Load ]
90% glass
Non-Solar Total Latent
Input Heat Gain RTS Radiant| Sensible| Cooling
Usage Convective % | Radiant % | Zone Type Cooling] Cooling Load
Hour Profile| Heat Gain 62% 38% 12 Load Load Btuh/
Btuh/person Btuh/pers person
1 0% - - - 35% 17 17 -
2 0% - - - 15% 15 15 -
3 0% - - - 10% 14 14 -
4 0% - - - 7% 13 13 -
5 0% - - - 5% 11 11 -
6 0% - - - 4% 10 10 -
7 100% 250 155 95 3% 42 197 250
8 100% 250 155 95 3% 55 210 250
9 100% 250 155 g5 2% 64 219 250
10 100% 250 155 95 2% 69 224 250
i 100% 250 155 95 2% 73 228 250
12 100% 250 155 95 2% 76 231 250
13 100% 250 155 95 1% 78 233 250
14 100% 250 155 95 1% 80 235 250
15 100% 250 155 95 1% 81 236 250
16 100% 250 155 a5 1% 82 237 250
17 100% 250 155 95 1% 84 239 250
18 100% 250 155 95 1% 86 241 250
19 0% - - - 1% 53 53 -
20 0% - - - 1% 40 40 -
21 0% - - - 1% 31 31 -
22 0% - - - 1% 26 26 -
23 0% - - - 0% 22 22 -
24 0% - - - 0% 19 19 -
3,000 1,860 1,140 100% 1,140 3,000




LING LOAD MPONENT
o e LIGHTING
24-Apr-11
|COOLING LOAD - LIGHTING
| o |
INPUT DATA: 800000 - Lighting Load
212000 jwait peak lighting 700000 i {-HZ;-“;} = _E_f"{{ |
722,920 |btu/h sensible peak gain 600000 — { ||
500000 [ 1‘ ]
52%  ]% Convective "S00000 f ' |
48% __|% Radiant Boms {# {'t\ |
200000 ! ' H
MW no Carpet 90% glass 100000 f T\D\” ma— ||
12 RTS Zone Type 0 e akdkh e e ]
W 1o i1 3 5 7 ¢ 11 13 15 17 19 21 23 25
Carpet Hour |
90% glass ) )
—a—Heat Gain —m—Sensible Cooling Load B
Non-Solar Total
Input Heat Gain RTS Radiant| Sensible
Usage Convective % | Radiant % | Zone Type Cooling| Cooling
Hour Profile| Heat Gain| 52% 48% 12 Load Load
Btuh/lighting watt
1 0% - - - 35% 62,460 62,460
2 0% - - - 15% 55,520 55,520
3 0% . - - 10% 52,050 52,050
4 0% - - - 7%, 48,580 48,580
5 0% - - - 5% 41,640 41,640
) 0% - - - 4% 34,700 34,700
7 100% 722,920 375,918 347,002 3%| 152,681 528,599
8 100% 722920 | 375,918 347,002 3%| 201,261 577,179
9 100% 722,920 375,918 347,002 2%| 232,491 608,409
10 100% 722,920 375,918 347,002 2%| 253,311 629,230
11 100% 722,920 | 375,918 347,002 2%, 267,191 643,110
12 100% 722,920 | 375,918 347,002 2%| 277,601 653,520
13 100%f 722920 | 375,918 | 347,002 1%| 284541 | 660,460
14 100% 722,920 375,918 347,002 1%| 291,481 667,400
15 100% 722,920 | 375,918 347,002 1%| 294,951 670,870
16 100% 722,920 375,918 347,002 1%| 298,421 674,340
17 100%) 722,920 | 375,918 | 347,002 1%| 305,361 | 681,280
18 100% 722920 | 375,918 347,002 1%| 312,301 688,220
19 0% - - - 1%| 194,321 194,321
20 0% - - - 1%| 145,741 145,741
21 0% - - - 1%| 114,511 114,511
22 0% - - - 1% 93,690 93,690
23 0% - - - 0% 79,810 79,810
24 0% - - - 0%| 69,400 69,400
| 8,675,040 | i #HEHEHT 11 i




L.IN

#REF!

LAJAL WIFWJINEN |

(WALL - COOLING 1L.OAD PER SQUARE FOOT

Azimuth = 0
Tilt = 90

Location and design weather %:
USA -IL - CHICAGO MIDWAY AP - 0.4%

Latitude = 41.79

Longitude =  84.43

Time Zong = -6

Central

Local Standard Meridian = 75

Month
Hour =

CONDOAWN o

Ground Reflectivity
Room Temperature

WALL UNIT COOLING LOADS - Biuh/st of wall
1 2 3 4
-10.28 -8.84 -4.21 -0.48
-10.74 -9.35 -4.84 -1.12
-11.10 -5.76 -5.34 -1.66
-11.39 -10.10 -5.75 -2.09
-11.64 -10.37 -6.10 -2.46
-11.79 -10.56 -6.34 -2.64
-11.78 -10.46 -6.11 -2.26
-11.07 -9.43 -4.67 -1.02
-8.51 -6.74 -1.97 1.44
-5.12 -3.48 1.25 4.43
-2.01 -0.42 4.33 7.31
0.38 2.05 6.87 9.70
1.90 3.66 8.58 11.31
251 4.40 2.40 12.09
2.15 4.18 9.31 12.02
0.69 297 8.24 11.07
-1.84 0.81 6.34 9.39
-4.44 2 4.07 7.53
-5.89 -3.65 2.03 5.91
-6.95 -4.98 0.48 4.38
-7.79 -5.98 -0.72 3.15
-8.52 -6.82 -1.73 2.10
-9.18 -7.57 -2.65 1.156
-9.78 -8.25 -3.49 0.29

#BEF!

| Douin wail

24-Apr-11

WALL DESCRIPTION

Spandrel Glass Wall

Area, square feet = 14400
Input U={ 0.45 [Btu/hr/sfF
CTS TYPE:
Spandrel Glass, R-10 Bd, Gyp Bd E‘
CTS Wall ID: 1
CTS Desc: Spandrel Glass, R-10 Insulation Board, Gyp Board
Quiside Surface Absorptance 0.45
Qutside Surface h = 5
Qutside Surface Emittance 0.91
QOutside surface delta R 0

MW no Carpet 90% glass

ATS ZONE TYPE
RTS Zone ID:
RTS Desc:
% Convective
% Radiant:
5 6 7
2.24 502 733
1.64 4.48 6.82
1.16 4.03 B.41
0 3.67 6.09
0.48 342 5.83
0.43 3.41 5.78
0.79 3.75 6.09
1.73 456 6.90
3.68 6.14 854
6.23 B8.41 10.81
8.75 10.72 13.10
10.85 12.68 15.05
12.26 13.99 16.35
12.95 14.64 17.00
12.87 14.60 16.94
12.02 13.83 16.16
10.64 12.63 14.88
835 11.54 13.63
8.06 10.39 12.44
6.66 9.11 11.20
5.51 8.01 10.16
4.56 13 9.32
3.68 6.34 858
290 562 791

12
MW no Carpet 90% glass
54% |
46%

8 9 10
6.36 414 -0.28
5.86 3.60 -0.87
547 347 -1.35
514 282 -1.75
487 252 -2.08
4.74 2.35 -2.30
5.06 2.71 -2.02
6.06 4.21 -0.31
8.11 6.72 271
10.61 962 6.03
13.04 12.31 9.02
15.04 14.44 11.34
16.36 15.80 12.76
16.96 16.34 13.28
16.81 16.05 12.85
15.89 14.91 11.43
14.36 13.07 9.16
12.87 11.05 5.84
11.30 9.38 5.36
10.05 8.11 4.07
9.09 7.09 3.00
8.30 6.24 2.06
7.58 5.45 1.19
6.92 475 0.40

11
-4.69
-5.19
-5.59
-5.92
-6.18
-6.36
-6.28
-5.22
-2.24

1.16
415
6.39
7.70
8.08
7.45
5.68
3.11

1222
0.03
=1.02
-1.93
-2.72
-3.45
-4.12

12
-7.28
-7.74
-8.12
-8.42
-8.67
-8.83
-8.81
-8.07
-5.47
-2.02

1.08
3.42
4.82
5.28
4.71
292
0.23
-1.74
-2.93
-3.92
-4.75
-5.48
-6.15
-6.76




' 1N LAJAL IWIFLIINEN | | YyWesLvvai

| #REE! #BEE! 24-Apr-11
WALL - COQLING LOAD PER SOIIARE FOOT WALL DESCRIPTION{Spandrel Glass Wall
Area, square feet = 12600
Azimuth = 70 input U=l 0.45 IBtu/hr/sf F
5 Tilt=] 90 CTS TYPE:
|Spandrel Glass, R-10 Bd, Gyp Bd EI
Location and design weather %: CTS Wall ID: 1
I USA -IL - CHICAGO MIDWAY AP - 0.4% CTS Desc: Spandrel Glass, R-10 Insulation Board, Gyp Board
Latitude = 41.79 Qutside Surface Absorptance 0.45
Longitude =  84.43 Qutside Surface h = 5
Time Zone = -6 Qutside Surface Emittance 0.91
Central Outside surface delta R 0
Local Standard Meridian = 75 RTS ZONE TYPE MW 5 Carpet 009t gl
RTS Zone ID: 12
Ground Reflectivity RTS Desc: MW no Carpet 90% glass
% Convective] 54% |
_ Room Temperaiure % Radiant: 46%
I WALL UNIT COOLING LOADS - Btuh/sf of wall
Month = 1 2 3 4 5 B8 7 8 9 10 11 12
Hour =1 -10.45 -8.95 -4.21 -0.30 249 5.30 7.59 6.51 415 -0.38 -4.84 -7.45
2 -10.89 -9.45 -4.85 -0.99 1.85 472 7.04 599 3.60 -0.97 -5.33 -7.90
3 -1i.24 -9.86 -5.36 -1.55 1.34 424 6.60 5.57 3.i6 -1.48 -5.73 -8.27
4  -11.54 -10.21 -5.79 -2.01 0.92 3.85 6.25 5.22 2.79 -1.86 -6.06 -8.58
5 -11.80 -10.49 -6.16 2.41 0.60 3.56 5.96 492 247 -2.21 -6.33 -8.83
6 -11.95 -10.69 -6.41 -2.61 0.52 352 587 477 2.28 -2.43 -6.51 -8.98
7 -11.93 -10.63 -6.30 -2.32 0.85 3.83 B6.16 5.03 2.45 -2.34 -6.46 -8.95
8 -11.56 -10.11 -5.52 -1.47 1.63 456 6.86 5.71 313 -1.67 -5.98 -8.57
9 -10.83 -8.99 -4.09 0.03 3.00 581 8.05 6.88 434 -0.37 -4.91 -7.62
10 -9.43 -7.60 -2.39 1.80 462 730 9.45 8.24 5.80 1.21 -3.58 -6.41
11 -8.15 -6.21 -0.70 3.57 6.22 8.78 10.83 9.59 7.30 2.96 -2.04 -5.02
12 -6.49 -4.57 1.19 5.51 796 10.33 12.29 1113 9.15 529 0.14 -3.09
13 -4.13 -2.09 3.87 8.14 10.27 12.34 14.24 13.28 11.71 8.03 2.62 -0.73
14 -1.77 0.50 6.64 10.80 12.77 14.66 16.54 15.69 14.25 10.55 4.83 1.46
15 -0.04 2.52 8.85 13.11 14.83 16.64 18.54 17.69 16.18 12.24 6.14 2.82
16 0.32 3.37 9.92 14.25 15.95 17.78 19.74 18.77 16.96 12.46 5.70 2.49
17 -1.46 2.30 9.31 13.94 15.82 17.80 19.82 18.60 16.08 10.50 3.27 0.14
18 -4.53 -0.71 6.69 11.96 14.37 16.64 18.69 16.94 13.41 7.20 1.05 -2.02
19 -6.18 -3.43 2.99 8.54 11.56 14.23 16.24 13.97 10.25 531 -0.25 -3.27
20 -7.27 -5.07 0.76 5.47 8.25 1117 13.07 11.16 8.38 3.92 -1.31 -4.25
21 -8.08 6.13 -0.64 3.66 6.27 8.97 11.05 9.60 719 2.84 -2.19 -5.05
22 -8.78 -6.97 -1.70 242 5.04 7.7 9.84 8.80 6.28 1.91 -2.56 -5.75
23 -9.41 -7.71 -2.65 1.38 4.05 B.75 8.96 7.80 5.46 1.05 -3.65 -6.38
24 -9.97 -8.38 -3.49 0.47 3.20 5.96 8.21 7.10 4.76 0.28 -4.29 -6.95




Month
Hour =

C@ONOMAWN

Location and design weather %:
USA - IL - CHICAGO MIDWAY AP - 0.4%

Ground

Room Temperature

WALL UNIT COOLING LOADS - Btuh/sf of wall

1
-10.73
-11.13
-11.45
-11.72
-11.95
-12.10
-12.07
-11.70
-10.78
-9.57
-8.39
-7.36
-6.57
-5.99
-5.67
-5.68
-6.06
-6.62
-7.22
-7.94
-8.60
-9.20
9.77
-10.29

Local Standard Meridian =

Latitude = 41.79
Longitude =  84.43
Time Zone = -6

Central
75
Reflectivity 20%

2
-9.28
9.74

-10.11
-10.42
-10.68
-10.86
-10.79
-10.27
-9.15
-7.76
-6.40
-5.19
-4.27
-3.59
-3.21
-3.21
-3.63
-4.31
-5.12
-6.01
-6.80
-7.50
-8.16
-8.76

3
-4.59
-5.18
-5.85
-6.03
-6.37
-6.60
-6.48
-5.69
-4.27
-2.57
-0.89
0.60

1.75
2.59
3.09
3.13
2.67
1.85
0.75
-0.41
-1.42
-2.31
-3.15
-3.92

L1101V LA\JAL WiFWUNE
#BEF!
WALL - COOILING | 0AD PER SQUARE FOOT
Azimuth = 180
Tilt = a0

4
-0.71
-1.34
-1.86
-2.28
-2.64
274
-2.25
-1.49
-0.08
1.65
3.39
4.894
614
7.03
7.56
7.61
7.18
644
5.38
3.91
272
1.73
0.83
0.00

#REF!

| NOTLn vvall

24-Apr-11

WALL DESCRIPTION{Spandrel Glass Wall

Area, square feet =
Input U =

14400

0.45

Btu/hr/sf F

CTS TYPE:

| spandrel Glass, R-10 Bd, Gyp Bd |~ |

CTS Wall ID:
CTS Desc:

1

Qutside Surface Absorptance

0.45

Quiside Surface h =

5

Qutside Surface Emittance

0.91

Qutside surface delta R

0

RTS ZONE TYPE

MW no Carpet 90% glass

RTS Zone ID:

RTS Desc: MW no Can

% Convective

% HRadiant:
5 6 7
2.12 496 7.22
1.54 443 6.73
i.06 3588 6.33
0.68 3.63 6.01
0.48 3.50 5.81
0.82 402 6.09
1.49 477 6.81
2.08 5.32 7.39
3.14 6.12 8.23
461 7.39 9.46
6.13 8.76 10.76
7.52 10.01 11.95
8.60 10.98 12.87
840 11.71 13.55
987 12.16 13.96
994 12.24 14.02
9.66 12.05 13.79
834 11,80 13.54
8.42 11.16 12.84
6.70 954 11.36
5.38 8.09 10.10
4.40 7.05 9,19
3.54 6.28 8.44
2.77 5.56 7.79

12

54%
46%

8
6.12
5.65
528
497
470
4.65
5.09
5.69
6.78
8.10
9.43

10.61
11.51
12.17
12.55
12.56
12.19
11.58
10.79
9.61
8.69
7.94
2T
6.65

?et 90% glass

9
3.79
3.29
2.88
255
227
2.10
2.28
2.96
417
5.62
7.05
8.29
925
9.95

10.34
10.34
992
9.20
8.28
7.31
6.46
5.70
4.99
4.35

10
-0.68
-1.23
-1.68
-2.05
-2.37
-2.58
-2.50
-1.83
-0.53

1.05
2.60
3.97
5.01
5.78
6.22
6.23
577
5.04
4.21
3.20
2.28
i.45
0.66
-0.06

11
-5.08
-5.54
-5.91
-6.21
-6.47
-6.64
-6.59
-6.11
-5.04
-3.72
-2.41
-1.25
-0.38

0.25
0.60
0.57
0.17
-0.38
-1.04
-1.87
-2.63
-3.32
-3.97
-4.56

Spandrel Glass, R-10 Insulation Board, Gyp Board

12
-7.68
-8.10
-8.45
-8.72
-8.96
-9.11
-9.08
-8.69
-7.75
-6.53
-5.33
-4.27
-3.47
-2.88
-2.56
-2.58
-2.95
-3.45
-4.05
-4.79
-5.48
-6.10
-6.69
-7.22




LN LJ/AL WIFLWINECIN §
#BEF!
WALL - COOLING LOAD PER SQUARE FOOT
Azimuth = -70
Tilt = 90
Location and design weather %:
USA - IL - CHICAGO MIDWAY AP - 0.4%
Latifude = 41.79
Longitude =  84.43
Time Zone = -6
Central
Local Standard Meridian = 75
Ground Reflectivity
Room Temperature
WALl UNIT COOLING LOADS - Biuh/sf of wall
Month = 1 2 3 4
Hour = 1 -1.00 -0.67 0.19 0.83
2 -1.05 -0.73 0.12 0.76
3 -1.10 -0.79 0.05 0.69
4 -1.15 -0.85 -0.03 0.61
5 -1.20 -0.91 -0.09 0.54
6 -1.25 -0.96 -0.16 0.47
7 -1.29 -1.01 -0.22 0.40
8 -1.33 -1.06 -0.28 0.34
9 -1.37 -1.10 -0.33 032
10 -1.39 -1.11 -0.32 0.34
11 -1.36 -1.08 -0.28 0.40
12 -1.30 -1.00 -0.19 0.50
13 -1.22 -0.90 -0.08 0.60
14 -1.12 -0.80 0.03 0.70
15 -1.04 -0.71 012 0.79
16 -0.97 -0.64 0.20 0.86
17 -0.93 -0.59 0.26 0.82
18 -0.89 -0.55 0.31 0.97
19 -0.88 -0.53 0.34 1.00
20 -0.87 -0.52 0.36 1.02
21 -0.87 -0.52 0.35 1.01
22 -0.89 -0.54 0.33 0.5
23 -0.92 -0.58 029 0.95
24 -0.96 -0.62 0.25 0.90

#REF!

| =astvvall

24-Apr-11

WALL DESCRIPTION{Concrete Wall

Area, square feet = 12600

Input U =l 0.068 !Btufhr/sf F

CTS TYPE:

8" LW Concrete. R-11 Batt, Gyp BdEI

CTS wall ID: 31

CTS Desc: 8" LW Concrete. R-11 Batt Insulation, Gyp Board

Qutside Surface Absorpiance 0.6
Qutside Surface h = 5

Qutside Surface Emittance 0.91
Qutside surface delta R 0

RTS ZONE TYPE

MW no Carpet 90% glass

RTS Zone ID: 12

RTS Desc: MW no Carpet 80% glass

% Gonvectivel 54%

% Radiant: 46%
S 6 7 8

1.21 1.58 180 1.71
1.14 1.52 1.84 1.65
1.07 1.46 177 1.58
1.00 1.39 1.71 1.52
0.93 132 1.65 1.47
0.86 126 1.59 141
0.80 121 1.53 1.35
0.76 1.17 1.50 1.31
0.75 1.17 149 1.30
0.78 1.20 1.52 132
0.85 1.26 1.58 1.38
0.94 1.34 1.67 147
1.03 1.43 1.76 1.57
1.12 151 1.84 1.66
1.19 1.58 1.91 1.73
1.26 1.64 1.97 1.79
1.31 1.6 2.01 1.83
135 1.72 2.05 1.88
1.38 145 2.07 1.88
1.39 1.76 2.08 1.89
1.39 1.76 2.07 1.88
1.36 .73 2.05 i85
1.32 1.70 2.01 1.81
1.27 1.64 1.96 1.77

9
135
1.29
1.23
1.16
1.1
1.05
0.99
0.94
0.92
0.93
0.99
1.07
1.17
1.27
1.34
140
1.45
149
1.51
1.52
1ol
1.49
1.45
1.40

10
0.67
0.61
0.55
0.49
0.42
0.37
0.31
0.25
0.21
0.21
0.26
0.34
0.43
0.53
0.61
0.68
0.73
0.77
0.80
0.82
0.81
0.80
0.76
0.72

11
-0.12
-0.17
-0.23
-0.28
-0.33
-0.38
-0.43
-0.47
-0.51
-0.53
-0.50
-0.44
-0.35
-0.26
-0.19
-0.13
-0.08
-0.04
-0.02
-0.01
-0.01
-0.02
-0.05
-0.08

12
-0.56
-0.861
-0.66
-0.71
-0.76
-0.80
-0.84
-0.89
-0.93
-0.94
-0.93
-0.87
-0.79
-0.70
-0.62
-0.56
-0.52
-0.48
-0.46
-0.45
-0.45
-0.47
-0.49
-0.52
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APPENDIX: HVAC (H-3)

HVAC LOAD EXPLORER CALCULATIONS

IPRO359 Spring 2011



Program Cooling Loads.txt

summary Report(Peak Loads)

Name Of Building: Chicago cChildren's Museum
Building Location Details

Building City: Chicago Ohare International Airport
Building state: I1linois

Latitude: 42.0

BUILDING SUMMER CONDITIONS
Dry Bulb Temperature: 88.0 F
Daily Range: 19.6 F
wet Bulb Temperature: 73.0 F
Clearness: 1.0000
Ground Reflectivity: 0.2
Atm. Pressure: 14.6 PSI
wind Direction: 270.0 degrees clockwise from North
wind Speed: 17.6 mph

BUILDING WINTER CONDITIONS
Dry Bulb Temperature: -1.0 F
Daily Range: 32.0
wet Bulb Temperature: -6.0 F
Clearness: 0.0000
Ground Reflectivity: 0.2
Atm. Pressure: 14.6 PSI
wind Direction: 270.0 degrees clockwise from North
wind Speed: 14.6 mph

##Cooling Load Calculations##

Coil Loads
| Load [Hour | Total CLg |Sensible CLg | Latent CLg | Air Flow
| | | coil Load | coil Load | Coil Load |
| { | (BTU/Hr) | (BTU/Hr) | (BTU/Hr) | (CFM)
First Floor 17 3054866.3 2027135.4 1027730.9 195841.9
Second Floor 16 2715114.0 1687469.4 1027644.6 161176.6
Third Floor 16 2715114.0 1687469.4 1027644.6 161176.6
Fourth Floor 17 1160321.6 784946.3 375375.3 75647.6
sum 9645415.9 6187020.5 3458395.4 503842.8

Page 1



Program Heating Loads.txt

summary Report(Peak Loads)

Name Of Building: Chicago Children's Museum
Building Location Details

Building city: Chicago Ohare International Airport
Building state: Illinois

Latitude: 42.0

BUILDING SUMMER CONDITIONS
Dry Bulb Temperature: 88.0 F
Daily Range: 19.6 F
wet Bulb Temperature: 73.0 F
Clearness: 1.0000
Ground Reflectivity: 0.2
Atm. Pressure: 14.6 PSI
wind Direction: 270.0 degrees clockwise from North
wind Speed: 12.0 mph

BUILDING WINTER CONDITIONS
Dry Bulb Temperature: -1.0 F
Daily Range: 0.0
wet Bulb Temperature: -6.0 F
Clearness: 0.0000
Ground Reflectivity: 0.2
Atm. Pressure: 14.6 PSI
wind Direction: 270.0 degrees clockwise from North
wind Speed: 10.0 mph

##Heating Load Calculations##

Coil Loads

| Load |Hour | Total Htg |Sensible Htg | Latent Htg | Air Flow
| | Coil Load | coil Load Coil Load |

| | (BTU/HIr) | (BTU/Hr) (BTU/Hr) | (CFM)

First Floor 1 486503.4 310528.2 175975.2 4747.0

second Floor 1 486503.4 310528.2 175975.2 4747.0
Third Floor 1 486503 .4 310528.2 175975.2 4747.0

Fourth Floor 1 199684.1 127455.5 72228.6 1948.4
sum 1659194.4 1059040.0 600154.1 16189.4

Page 1



APPENDIX: HVAC (H-4)

HVAC EQUIPMENT CALCULATIONS

IPRO359 Spring 2011



HVAC Equipment Sizing

Based on our final cooling loads, heating loads, and air flow supply rates from HVAC Load
explorer, we were able to size the larger HVAC units for the building,.

For our chiller, the capacity was based on our total cooling load for the building:
(Total Cooling Load) 5,238,673.01Btw/h x 1 ton/12,000 Btu/h = 436 ton

We used one 450 ton centrifugal chiller for the museum.

For our cooling tower, the capacity was also based on our total cooling load, but at a 80%
efficiency:

(Total Cooling Load) 5,238,673.01Btu/h x 1 ton/15,000 Btu/h = 349 ton

We used one

For our boiler, the capacity was based on our total heating load for the building:
(Total Heating Load) 1,126,987Btu/h x 1 MBH/1000 Btu/h = 1127 MBH

We used a 1000 MBH gas-fired boiler.

For our air handling unit, the supply flow rate was based on the largest flow rate of the building:

(Total air supply flow rate) = 113,549 CFM

We divided this flow rate into a 15,000 CFM air handlers to supply the fourth floor, one 20,000
CFM unit on the second and third floors, and two 30,000 CFM air handler on the first floor.



ederal Energy Management Program: Energy Cost Calculator for Water...

U.S. Department of Energy - Energy Efficiency and Renewable Energy
Federal Energy Management Program

Energy Cost Calculator for Water-Cooled Electric
Chillers

Vary equipment size, energy cost, hours of operation, and /or efficiency level.

INPUT SECTION
Input the following data (if any parameter is missing,
calculator will set it to the default value). Beipl
Chiller Project Type New Installation New
Existing Efficiency *
Full Load KNi/Eon: -
Existing Capacity * tons —
New Chiller Type (by . .
compressor type) Centrifugal Centrifugal
New Capacity 800 tons 500 tons
New Efficiency Full Load 0.56 kW/ton 0. 56 kWyton
Energy Cost $ .15 per kWh $0.06 per kWh
Quantity of Chillers to be . ,
Purciassd 2 unit(s) 1 unit
Annaal Hauvs of 1900 hours 2000 hours

Operation**

* Existing values should only be entered when Project Type is a replacement.
** Value entered should be equivalent full load hours (e.g., 1000 hours @ 50% load
equals 500 hours.)

Calculate Reset
OUTPUT SECTION

Watg;;ﬁ:l?led Your Existing Base RecoannT: - Best
Parformancs New Chiller Chiller Model Lével Available
5 0.56
Efficiency KW/ton 068 0.56 0.47
Annual Energy 851200
Use wWh 1033600 851200 714400
Annual Energy $ $ $
Cost $ 127680 155040 $ 127680 107160
Lifetime Energy $ $ $
Cost $ 2019898 2452733 32019898 46507
Lifetime Energy $ $ $
Cost Savings $ 432835 0 $ 432835 757462
Lifetime Energy
Cost
Sa"‘::-" for 4 865670 : 0 ’ $ 865670 1514224
2
Chiller(s)

of 2
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Your selection of a 800 ton centrifugal chiller unit will have a

$ 432835 energy cost savings per chiller (over its estimated 23 year life
expectancy compared to the base model).

Assumptions

e "Base model" has an efficiency that just meets ASHRAE Standard 90.1.

e Calculator assumes user is entering efficiency ratings based on ARI's 1998
Standard 550/590.

» Lifetime energy cost is the sum of the discounted value of the annual energy
cost based on assumed chiller life of 23 years.

e Future electricity price trends and a discount rate of 3.2% are based on Federal
guidelines.

e $0.06 for electricity is the Federal average price in the U.S5.

Disclaimer

This cost calculator is a screening tool that estimates a product's lifetime energy cost
savings at various efficlency levels. Maintenance and installation costs do not vary
significantly among the same product having different efficiencies; so, these costs
are not included in this calculator tool. For a detailed life-cycle cost analysis, FEMP
has developed a tool called Building Life-Cycle Cost {(BLCC). This downloadable tool
allows the user to vary interest rates, installation costs, maintenance costs, salvage
values, and life expectancy for a product or an entire energy project.

Contacts | Web Site Policies | U.S. Department of Energy | USA.gov
Content Last Updated: 11/03/2010
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U.S. Department of Energy - Energy Efficiency and Renewable Energy
Federal Energy Management Program

Energy Cost Calculator for Commercial Boilers (Closed
Loop, Space Heating Applications Only)

Vary equipment size, energy cost, hours of operation, and /or efficiency level.

INPUT SECTION
Input the following data (if any parameter is missing,
calculator will set to default value). Befaylts
Project Type New Installation New Installation
Deliverable Fluid Water Water
Fuel Used Gas Gas
Existing Capacity * MBtu/h -
Existing Thermal Efficiency * % Et —
. 1875
New Capac 5000 MBtu/h
pacity MBtu/h 4
New Thermal Efficiency 80 % Et 80% Et
0.86 er
Energy Cost $ P $0.60 per therm
therms
Q“a“t'tguﬁf:::;l:; s10 be 1 unit(s) 1 unit
Annuai Honre ot 1800 hours 1500 hours

Operation*®**
* Existing values should only be entered when Project Type is a replacement.
** 1 MBtu/h = 1000 Btu/h; 1 Therm = 100,000 Btu; 1.4 Therms = 140,000 Btu
*** Value entered should be equivalent full load hours (e.g., 1000 hours @ 50% load
equais 500 hours),

Caiculate Reset

OUTPUT SECTION
Performance per Your Existing Base Recol::Mp aed Best
Boiler Choice Boiler Model | mended  available
evel
Thermal
Efficiency 80 £ 75 80 86.7
Annual Energy 42187
Use therms 42187 45000 8 38927
Annual Energy $ $ $ ; $
Costs 36280 38700 $ 36280 33477
Lifetime Energy $ $ $ $
Costs 625104 666801 $625104 576808
Lifetime Energy $ $ $ $
Cost Savings 41697 0 $41697 89993
Lifetime Energy $ $ $ $
Cost Savings f
vings Tor 41697 0 $41697 89993

1 Boiler(s)

of 2 4/24/2011 3:06 PM
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.of 2

Your selection of a 1875 MBtu/h water boiler will have an energy cost savings
of $ 41697 over an estimated life of 25 years as compared to the base model.
Assumptions

o $0.06/kWh is the Federal average electricity price in the U.S.

e $0.60/therm is the Federal average gas price in the U.S.

e $0.66/gallon is the Federal average fuel oil price in the U.S,

e Future electricity price trends and a discount rate of 3.2% are based on Federal
guidelines.

o Lifetime energy cost is the sum of the discounted value of annual energy costs
based on assumed boiler life of 25 years.

e The average heating value for No. 2 oil is 140,000 Btu/gallon.

Disclaimer

This cost calculator is a screening tool that estimates a product's lifetime energy cost
savings at various efficiency levels. Maintenance and installation costs do not vary
significantly among the same product having different efficiencies; so, these costs
are not included in this calculator tool. For a detailed life-cycle cost analysis, FEMP
has developed a tool called Building Life-Cycle Cost (BLCC). This downloadable tool
allows the user to vary interest rates, installation costs, maintenance costs, salvage
values, and life expectancy for a product or an entire energy project.

Contacts | Web Site Policies | U.S. Department of Energy | USA.gov
Content Last Updated: 11/03/2010

4/24/2011 3:06 PM



System solutions from McQuay

Extended-Size Vision™ Indoor Air Handlers
Up to 160 sq.ft. coil face area and 100,000 cfm

What alternative do I have to specifying multiple air
handlers or purchasing an expensive custom unit when the
air handling requirements surpass the maximum sizes
available from most marufacturers?

McQuay now offers Vision indoor air handlers in capacities
up to 100,000 cfim with coil face areas up to 160 square
feet. These are not only the largest indoor air handling units
available in a standard platform, but also the largest units
that are AHRI certified. Best of all, they offer the same
features, benefits, options and accessories that have made
Vision such a popular air handler platform.

Features

* Standard units in sizes up to 100,000 cfm and 160 square
feet of coil face area. AHRI certification provides added
assurance that these units will perform as designed.

+ Custom-size units of up to 122 inches in height and 228
inches in width. Our Variable Dimensioning™ feature
allows cabinet sizing in increments of 4 inches in width
and 2 inches in height up to these maximums. A
short-and-wide unit can be configured that is ideal for
low-height ceilings and high-air-volume projects.

» Heavy-duty, patent-pending base rail to handle heavier
component loads.

* Refractable lifting lugs provide a balanced, even load for
easy rigging. Together with our patented splice collars,
they make installation and assembly of unit sections fast
and easy.

« DWDI fans up to 49 inches in diameter, Class III.

* Plenum fans up to 66 inches in diameter, Class III .

Air Conditioning

Engineered for flexibility and performance™



¢ 100, 125 and 150 horsepower motors.

» Center-split coils option to minimize fluid pressure drop
and coil pull length.

Benefits

» An economical alterative to installing multiple air
handlers or a custom system for high-cfm applications.

» A patented product platform that gives you the flexibility
to build the exact air handling system to meet your
project’s demands for operating efficiency, indoor air
quality, quiet operation and low cost installation and
maintenance.

« The Vision air handler’s unique, custom-modular
platform and Variable Dimensioning™ feature provide
tremendous component and sizing flexibility, allowing

Technical Specifications

you to configure the optimal air handling system for your
client’s environment.

* Choose from a wide variety of unit sizes, fan assemblies
and motors, plus many options to custom-build the best
Vision air handler for your application. See our Vision
Customized Indoor Air Handlers brochure for details on
all of the options available.

» User-friendly McQuay SelectTools™ selection software
makes it easy to design your customized unit, and it
generates drawings and specifications in minutes.

For more information

For more information on Vision Extended Size air handlers
for your next project, contact your local McQuay
representative. To locate your representative, visit
www.mcquay.com or call (800) 432-1342.

Description Unit Size

107 124 141 160 169
Airflow range, ¢fm 29,000 -77,500 33,600 -89, 500 40,300 -107,400 45600- 121,800 48,400 - 129,000
cfm @ 500 ft/min through large face area coil 48,400 55,900 67,100 76,200 80,600
Height % width (iny* 108 x 168 108 x 192 122 %192 122 x 218 122 x 228
Cooling coil face area, sq f, large 109.79 126.79 134.25 152.25 161.25
Cooling coil face area, sq ft, medium 771.5 89.5 96..96 109.86 116.46

* Note: Vision air handler units are available in 2-inch increments of height and 4-inch increments of width to fit the exact space requirements..

a member of DANKIN group

©2008 McQuay International « (800) 432-1342 - www.mcguay.com

A/SP 31-251 (10/08)



Bryan “Flexible Water Tube”

900,000 to 3,000,000 BTUH
Atmospheric gas fired

Form No. 1800-2
(Rev. 3/01)
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In a range of sizes from 900,000 to 3,000,000 BTUH
input, Bryan CL series flexible tube hot water boilers
are ideal for many commergcial, institutional and
industrial applications. These include healthcare fa-
cilities; schools; apartments; churches; office build-
ings; correctional facilities; airports; sewage treat-
ment plants; golf, tennis and fitness clubs.

All Bryan boilers are built in accordance with the
requirements of the ASME Boiler and Pressure Ves-
sel Code.

Efficient “Flexible Water Tube” design
The Bryan bent water tube provides rapid internal

circulation — for maximum heat transfer and oper-
ating efficiency.

Easily replaceable tubes

Tubes are easily removable and replaceable with-
out welding orrolling. Requires little service space.

No “Thermal Shock”

The flexibility of the bent water tube design elimi-
nates all possible damage from “Thermal Shock”
and from stresses caused by poor or unegual
internal circulation. This is particularly important
with forced hot water heating systems designed
for higher temperatures and greater temperature
drops.

Bryan CL Series Water
Boiler Specifications

Featuring
Bryan's
exclusive
“Flexible
Water Tube”
design

Natural internal circulation

The water tube design and the large downcomer
legs provide adequate internal circulation without
concern over exterior pumping conditions. Low
pressure drop through boiler.

Compact — minimum floor space

Requires less floor space than most boilers—mini-
mum boiler room size.

Shipped completely assembled and wired. Units
can also be shipped “Knocked Down” for on-site
assembly.

Tubes are easily removable and replaceable,
requiring little service space.

B ovu

Boiler | Input Nominal Output Net Load Recom. (EDR)__| Approx.
u“f.{ﬁ MBH MiBH Bﬂ'.:r MBH mﬂrﬁmn s'v}'ei"ﬁ?f'
CL-80 900 720 2 626 4,180 1,425
CL120 1,200 980 2 835 5,560 1,550
CL-150 1,500 1,200 3% 1,042 6870 1875
CL-180 1,800 1,440 43 1,250 8,350 2075
CL-210 2,100 1,680 50 1,460 9,760 2475
CL-240 2400 1,920 57 1670 11,120 2,800
CL270 2,700 2160 & 1,880 12,500 3,000
CL-300 3,000 2400 72 2087 13920 3825

Bryan Boilers are designed and built
to the requirements ofthe appropriate
A.S.M.E. Boiler code. Not approved
for instaflation on combustible floor,



A. Heavy steel boiler frame, built and stamped in accor-
dance with the ASME Boiler Code. Constructed as stan-
dard for hot water operating pressures to 60 psi. Also
available for higher pressures.

B. Waterleg downcomerstoinsure rapid internal circula-
tionand temperatureequalization.

C. Bryanflexible water tubes, easily replaceable, requiring
no welding or rolling.

D. Access panels, interior of boiler easily accessible for
service and inspection. Entire bumer assembly com-
pletelyaccessible.

E. Boiler tube access panel bolted tightly and sealed to
boilerframe. Constructed of high temperatureinsulationin
steel framework. Tubes installed from one side.
F.Boilerframe insulated with 1¥2" thick insulating refrac-
tory.

G. Boiler jacket, heavy gauge, zinc-coated, rustresistant
with attractive enamel and fiberglasinsulation.

H. Draft diverter.

J. Gas bumer—atmospheric. Quiet electric ignition and
operation. Nomoving parts or complicated adjustments.

K. All controls installed and wired.

Extra Value
20 year warranty

Because ofthe proven effectiveness of the flexible water
tube design in eliminating thermal shock damage, every
Bryan Flexible Water tube Boileris warranted for 20 years,
non-prorated, against pressure vessel damage due to
thermal shock.

Compact design requires minimum floor space

Duetotheflexible watertube design, floorspacerequire-
ments areminimized, while heating surfacearea perboiler
HP is exceptionally high. The CL Series requires only 24"
clearance for servicing the water tubes, only on one side
ofthe boiler. Dramatically reduced spacerequirementsin
a boiler room mean considerable savings in building
costs.

Bryan CL Series Boilers Standard and Optional Equipment

STANDARD EQUIPMENT FURNISHED

Combination thermometer and altitude
gauge, ASME Code rated boiler relief valve,
water temperature control (240°F Max. Std.),
high limit control, probe LWCO, electronic
combustion safety control, automatic oper-
ating gas valve, safety gas valve, pilot sole-
noid valve, electric ignition assembly, main
manual gas shut-off valve, pilot cock, pilot
and main gas pressure regulators, draft
diverter, all controls mounted and wired.

OPTIONAL EQUIPMENT, EXTRA COST
[1] Manual reset high limit control, installed
[2] Manual reset low water cutoff
[3] Auxiliary low water cutoff
[4] Combination low water cutoff and feeder
[6] Barometric damper
[6] Alarm bells or homs
[71 UL, FM, IRI, GSD-1 or other insurance
approved control systems

[8] Indicating lights, as desired

[9] Low fire start, Hi-Lo or modulation fire
control

[10] Heat exchanger coils for domestic water

[11] Lead-lag systems for two or more boil-
ers with or without outdoor reset control

OPTIONAL CONSTRUCTION,
HIGH TEMPERATURE HOT WATER

Optional construction to ASME Power Boiler
Code requirements for temperatures exceed-
ing 250°F and/or pressure exceeding 150 psi
to maximum of 300°F and 250 psi, high
temperature gauge and operating controls
inciuded.

When ordering, please specify:

[1] Baoiler size

[2] Supply and return temperatures required

[3] Boiler relief vaive setting

4] Type of fuel: natural, LP or other gas

[5] Gas type, BTU content, specific gravity
and pressure available

[6] Electric power voltage, phase and
frequency

[71 Optional extra equipment or construction

[8] Special approvalsrequired (FM, IRl or other)
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Boiler bength | o B | overall | 22 | suoly | Ret Width | Min.Tube | Height | Helght | Height | Floorto
Model of | I Size Train Noxzl Noz Quiside | Removal Over To Over Flow
Number Jacket Length Conn. Jacket | Clearance | Diverter | Barometric | Jacket | Nozzde
CL-90-W 41/ 20%/s 14 551/2 1/ | 3" NPT | 3" NPT 34'/2 24 9134 65'/2 55/ 59/
i (106.41) | (52.71) ((35.56) | (140.9) |(3.18) | (7.62) (7.62) (87.63) (60.96) |(231.99)| (166.37) ((140.97) (161.1)
CL-120-W 50%s 25%/s 16 64 1/ | 3" NPT | 3" NPT 34Y/2 24 947/, 67 55'/a 59'f
(128.91) | (64.45) |(40.84) | (164.5) |{3.18) | (7.62) (7.62) (87.63) | (60.96) |(239.80)| (170.18) [{(140.97) (151.1)
CL-150-W 58% 297/s 18 73 1. | 3" NPT [ 3" NPT 342 24 96/ 672 B51/2 59
TP (161.77) | (75.88) |(45.72) | (187.3) |(3.81) | (7.62) (7.62) (87.63) | (60.96) |(244.48)| (171.45) ((140.97) (151.1)
CL-180-W 69 34'/2 20 83 2 3" NPT | 3" NPT 34> 24 98%/4 68 55/2 59/
SRR 1(175.26) | (B7.63) |(50.80) | (210.82) | (5.08) | (7.82) (7.62) (87.83) | (60.98) |(249.56)| (172.72) {(140.97)} [151.1)
CL-210-W 784 39/s 20 924 2 3" NPT [ 3" NPT 342 24 984 68'/2 65'/2 59'/2
"IV 1(198.76) | (99.38) ((50.80) | {234.3) |(5.08) | (7.62) (7.62) (87.63) | (60.96) |(249.56)| (173.99) |(140.97) (151.1)
CL-240-W 87/ 43s 22 1012 2 3" NPT | 3" NPT 341/ 24 1014 69 55'/2 58/
TeSUTYY 1(222.25) [(111.18) ((55.88) | (257.8) |{5.08) | (7.62) (7.62) (87.63) (60.96) |(257.18)| (175.28) |[(140.97) (151.1)
CL-270-W 96%/4 48%/s 22 110% 2 3" NPT | 3" NPT 342 24 101Ys 69/ 55'/2 69/
TeTETYY 1(245.75) | (122.87) |(55.88) | (281.3) |(5.08) | (7.62) (7.62) (87.63) (60.96) |(257.18)| (176.53) |{140.97) (161.1)
CL-300-W 106 53 22 120 22 | 3" NPT | 3" NPT 342 24 1014 70 55/, 59/
(269.24) | (154.62) |(55.88) | (304.80) [ (6.35) | (7.62) (7.62) (87.63) (60.96) |(257.18)| (177.80) |{140.97) (151.1)
Dimensions and specifications are subject to change without notice. Consult factory for certified dimensions.
=
Bryan Steam LLC — Leaders Since 1916
783 N. Chili Ave., Peru, Indiana 46970 U.S.A,
Phone: 765-473-6651 ¢ Intemet: www.bryanboiters.com
Fax: 765-473-3074 + E-mail: bryanboiers@iquest.net
Form No, 1800-2 ©@129¢ Bryan Steam Printed in USA

31-3343



APPENDIX: HVAC (H-5)

R.S. MEANS COST ESTIMATE
SPREADSHEET

IPRO359 Spring 2011
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Development Inputs
Development/ Renovation Costs

Loan/Debt Inputs

Loan to Value

Developer Contribution %

Debt Rate

Length of Loan (up to 30 years)

Revenue/Expense Inputs

Venue Annual Rent (Assuming a 30 yr lease)
Revenue Inflation
Expense Inflation

Developer Return Requirements
Developer Annual Return Requirement (IRR)

Cap Rate Used for Disposition After 30 yrs

Reversion Cap Rate on Developer Sale

Adjustable Inputs

$30,000,000
70.00%
7.50%

30

$2,000,000
3.00%
3.00%

18.00%

10.00%

Non-Adjustable
Inputs

30.00%



JLL CUICAR Financial Analysis

IPRO 359 Proforma

Parking per
KEY MODEL INPUTS Space
1 2
Children's Parking
Component: Museum
Estimated Stabilized Occupancy Rate 65% 75%
Assumed Annual Lease Expiration 5.00% N/A
Revenues:
Lease Rate $20.00 $900.00
Unit/Duration Per RSF/Yr Per Space/Yr
Revenue Assumptions
Concessions N/A N/A
Other Income N/A N/A
Vacancy/Credit Loss (% of Rental Revenue) 3.00% 3.00%
Expenses:
Stabilized Operating Expenses $3.00 $300.00
N/A N/A
Stabilized Real Estate Taxes $0.00 $0.00
structural improvements $0.00 N/A
Capital Reserve $0.00 $0.00
Development Costs:
Development/ Renovation Costs
Hard Costs
Base Building (per Gross Square Foot) $212.00 $5,000.00
Escalation Contingency (% of Base Bldg Cost) 3.00% 3.00%
Construction Contingency (% of Base Bldg + Escalation Conting) 5.00% 5.00%
($/RSF) $20.00 N/A
Site Work $15.00 $500.00
Owner/Design Contingency (% of Total Hard Costs above) 3.00% 3.00%
Soft Costs ($/sf) $25.00 $1,000.00
Development Fee % of Total Project Costs) 0.00% 0.00%
Square Feet developed/Parking Spaces 278,045 243
Specifications Adjustable Inputs non
Debt Rate 7.50%
Length of Loan (years) 30
Revenue Inflation 3.00%
Expense Inflation 3.00%
Financing Fees (% of Total Development Loan) 1.00%
Loan to Value 70.00%
Private Developer Contribution % (where applic.) 30%
Reversion Cap Rate on Developer Sale 10.00%
Discount Rate (the rate of return that could be earned on an
investment in the financial markets with similar risk) 18.00%
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APPENDIX: SQUARE FOOT COST (C-1)

UNDERGROUND PARKING GARAGE COST

IPRO358 Spring 2011



Estimate Name:

Building Type:
Location:

Story Count:

Story Height (L.F.):
Floor Area (S.F.):
Labor Type:

Basement Included:

Data Release:
Cost Per Square
Foot:

Building Cost:

B1020

B2010

Square Foot Cost Estimate Report
IPRO 358 Parking Garage
S Cottage Grove Ave & E 31st St , Chicago
, lllinois , 60616
Garage, Underground Parking with
Reinforced Concrete / R/Conc. Frame

CHICAGO, IL
1
10
86933
Union
No
Year 2011 Costs are denved from a building mode! with basic corsonatls
$97.54 Scope differences and market condilions can cause costs to vary significantly
$8,479,500
% of Cost Per
Total S.F. Cost
Standard Foundations $6.19 $538,500

Strip footing, concrete, reinforced, load 11.1 KLF, soil bearing
capacity 6 KSF, 12" deep x 24" wide

Spread footings, 3000 PSI concrete, load 200K, soil bearing
capacity 3 KSF, 8'-6" square x 20" deep

Spread footings, 3000 PSI concrete, load 300K, soil bearing
capacity 3 KSF, 10' - 6" square x 25" deep

Foundation dampproofing, asphait with fibers, 1/8" thick, 8' high

Slab on Grade $4.07  $354,000
Slab on grade, 5" thick, light industrial, reinforced
Basement Excavation ‘ ) $6.09 $529,500

earth, off site storage

Floor Construction $16.17 $1,405,500

Cast-in-place concrete column, 28", square, tied, minimum
reinforcing, 1000K load, 10'-14' story height, 740 |bs/LF, 4000PSI|
Cast-in-place concrete beam and slab, 9" slab, one way, 26"
column, 35'x35' bay, 200 PSF superimposed load, 355 PSF total
load

Floor, metal deck, 18 ga, 2" deep, concrete slab, 10' span, 4" deep,

125 PSF superimposed load, 165 PSF total load

Roof Construction $14.89 $1,294,500
Floor, concrete, beam and slab, 35'x35' bay, 40 PSF superimposed

load, 26" deep beam, 9" slab, 209 PSF total load

Exterior Walls $5.89  $512,000
Concrete wall, reinforced, 8' high, 8" thick, plain finish, 4000 PSI|



B2030

B3010

C Interiors
C1010

c1020

C2010
C3010
D Services

D1010

D2010

D2020

D2040

D3050

D4010

D4020

Exterior Doors $0.19 $16,500
Door, aluminum & glass, with transom, black finish, 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 $2.70  $234,500
Vinyl and neoprene membrane traffic deck

Partitions $1.20  $104,000
Concrere block (CMU) partition, light weight, hollow, 8" thick, no

finish

8" concrete block partition

Interior Doors $0.11 $9,500

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

Stair Construction $0.41 $35,500
Stairs, CIP concrete, w/tanding, 16 risers, with nosing
Wall Finishes $0.15 $13,000

Painting, masonry or concrete, latex, brushwork, primer & 2 coats

Elevators and Lifts $3.10  $269,500
2 - Hydraulic, passenger elevator, 1500 Ib, 2 floors, 100 FPM

Hydraulic passenger elevator, 2500 Ib., 2 floor, 125 FPM

Plumbing Fixtures $0.06 $5,500

Water closet, vitreous china, bowl only with flush valve, floor mount
Lavatory w/trim, wall hung, PE on CI, 19" x 17"

Domestic Water Distribution $0.10 $8,500
Electric water heater, commercial, 100< F rise, 50 gallon tank, 9

KW 37 GPH

Rain Water Drainage $1.46  $127,000

Roof drain, steel galv sch 40 threaded, 3" diam piping, 10' high
Roof drain, steel galv sch 40 threaded, 3" diam piping, for each
additional foot add

Terminal & Package Units $0.16 $14,000
16000 CFM, 5 HP vane axial fan

Sprinklers $4.51  $392,000
Dry pipe sprinkler systems, steel, ordinary hazard, 1 floor, 50,000

SF

Dry pipe sprinkler systems, steel, ordinary hazard, each additional
floor, 50,000 SF
Standpipes $0.16 $14,000

Dry standpipe risers, class lll, steel, black, sch 40, 4" diam pipe, 1
floor

Dry standpipe risers, class lll, steel, black, sch 40, 4" diam pipe,
additional floors



D5010

D5020

D5030

D5090

Electrical Service/Distribution $0.14 $12,500
Service installation, includes breakers, metering, 20' conduit & wire,
3 phase, 4 wire, 120/208 V, 200 A

Feeder installation 600 V, including RGS conduit and XHHW wire,

200 A

Switchgear instailation, incl switchboard, panels & circuit breaker,

400 A

Lighting and Branch Wiring $3.85  $334,500
Receptacles incl plate, box, conduit, wire, 2.5 per 1000 SF, .3 watts

per SF

Miscellaneous power, to .5 watts

Fluorescent fixtures recess mounted in ceiling, 0.8 watt per SF, 20

FC, 5 fixtures @32 watt per 1000 SF

Communications and Security $0.19 $16,500
Communication and alarm systems, fire detection, addressable, 12

detectors, includes outlets, boxes, conduit and wire

Fire alarm command center, addressable without voice, excl. wire

& conduit

Other Electrical Systems $0.06 $5,500
Generator sets, w/battery, charger, muffler and transfer switch,

gas/gasoline operated, 3 phase, 4 wire, 277/480 V, 11.5 kW

E Equipment & Furnishings , ~ 0.60% $0.40|  $34,500

E1030

E1090
F Special Co

Vehicular Equipment $0.40 $34,500
Architectural equipment, parking equipment, automatic gates, 8 FT

arm, 1 way

Architectural equipment, parking equipment, booth for attendant,

economy

Architectural equipment, parking equipment, ticket

printer/dispenser, rate computing

Other Equipment $0.00 $0

struction : 0.00% $0.000 30|

G Building Siteworke . - ias st e e e 0005 $0.00

SubTotal 100% $72.25 $6,281,000
Contractor Fees (General Conditions,Overhead,Profit) 25.00% $18.07 $1,570,500
Architectural Fees 8.00% $7.22  $628,000
User Fees

Total Building

£ 0.00% $0.00 $0

__$97.54]_$8.479.500




APPENDIX: SQUARE FOOT COST (C-2)

OVERALL BUILDING COST SPREADSHEET

IPRO359 Spring 2011
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Light Energy Cost Estimate Source
Lighting Area sf 270,000
Watts/area Wsf 1.1 2009 IECC Lighting Provisions
Total Watts W 297000
Useage h/day 12
Daily Watts w 3564000
KWh 3564
Chicago Rate | $/kWh $0.15 U.S. Bureau of Labor Statistics
Cost/day $531.04
Cost/month $16,462.12
Costlyear $197,545.39
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