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Capstone Design Statement

All Design Team members are Architectural Engineering (AREN) majors with structural
concentrations. We performed extensive structural analyses on two different buildings. For one of the
buildings, we used the existing applied loads on and strength of the structure to design a rooftop art
gallery with special consideration for large sculptures with specific guidelines as to how heavy the
sculptures are allowed to be. We also considered other areas within our major besides structural
engineering. We considered fire protection engineering when we created means of egress from the
rooftop, and building envelope engineering when we designed a new waterproofing roof system for the
rooftop. The sculpture garden was designed to fit within the existing Fine Art Center (FAC) and our
concept. The art garden’s function is to display art, models, and sculptures made by students who study
in the FAC. We designed the means of egress and elevator to be integrated nicely with the exposed
concrete facade of the FAC, as well as improve circulation around the FAC. At the same time, we aimed
to avoid blocking any views from inside the FAC. We all acted as designers on this project. The various
disciplines were intertwined on this project and were split up in such a way that we had to communicate
with each other to understand each other’s results and utilize them in various parts of the project. For
instance, for Building B, the results of the roofing design were included in the structural design because
the structure has to support the new roofing system. The main computer-based technologies we used
for this project were Autodesk’s AutoCAD, Revit, and RISA. We used AutoCAD to transfer the original
hand drawings to computer drawings and draw details. We used Revit to model the FAC and the new
design in 3D, and RISA to aid in our structural analysis. We referenced multiple building codes as part of
this project, including the 2012 International Building Code (IBC) and the American Society of Civil
Engineers (ASCE) 7-10. We considered the FAC’s energy performance when we designed the new
roofing system. We considered sustainability by working with an existing building and making as few

changes to it as possible, therefore minimizing materials.



Abstract

The objective of this project was to design a rooftop art gallery with special considerations for
large sculptures for the University of Massachusetts at Amherst’s Fine Arts Center (FAC). The FAC s an
exposed concrete, Brutalist building completed in 1973 that was designed by Kevin Roche, John
Dinkeloo, and Associates. It is composed of a series of interconnected buildings. We conducted a visual
inspection of the FAC by visiting the site of interest, performed a structural analysis for two of the
interconnected buildings, and designed a rooftop art gallery for Building B. While designing the art
gallery, we analyzed the structure under the new loads, designed a new waterproofing roof system, and

incorporated new means of egress and an elevator that would allow access to the roof.



Executive Summary

In this project, we designed a rooftop art gallery for the University of Massachusetts at
Amherst’s Fine Arts Center (FAC). The FAC is an exposed concrete, Brutalist building that was completed
in 1973 designed by Kevin Roche, John Dinkeloo, and Associates. It consists of a series of
interconnected buildings separated by department or purpose. It houses the Art and Music
departments and includes several auditorium spaces as well as classrooms, art studios, and offices. We
primarily focused on two of these buildings, the Art Studio Building and the Art Building (Building B). We
designed a rooftop art gallery only for Building B with special consideration for large sculptures. Case
studies of similar buildings in Massachusetts and the architecture of the FAC itself inspired our project.
We conducted a visual inspection of the FAC during a site visit, primarily focusing on the Art Studio
Building. Using the original drawing set, we performed structural analyses for both of these buildings,
considering both gravity and lateral loads. We also created a separate load combination for the new
design’s applied loads for Building B. We used this structural analysis to determine the allowable weight
of the sculptures on the roof. As part of our new design, we chose new roofing materials, including
insulation, waterproofing, and raised pavers to allow water to drain. We also considered fire protection

codes, accessibility, and the architectural design of the FAC to design new staircases and a new elevator.
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Introduction

When Simpson, Gumpertz & Heger (SGH) was assigned to be our sponsor, they suggested
multiple proposals for what our MQP project, starting from projects that they were working on at the
time. All suggested projects involved historic preservation and had significant structural components.
The proposal that we initially chose was to design a rooftop terrace for the Smith Campus Center at
Harvard University. We were interested in creating an occupied green roof, or some other sort of
gathering space, that would be inviting to Harvard’s visitors and the public. We ended up basing our
project on the Fine Arts Center (FAC) at UMass Amherst instead, and using the Smith Campus Center as
a case study and source of inspiration. If we had chosen to work on the Smith Campus Center, we would
likely have focused most of our efforts on the roofing of the structure. Working with the FAC, allowed
us to focus most of our efforts on the structural aspects, which was beneficial because we all have

concentrations in Structural Engineering. The layout of the FAC is shown in the following figure.

-
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Figure 1: FAC layout.

Kevin Roche John Dinkeloo and Associates 1970, drawing SO1.

We discussed where we could put this green roof or gathering space, and what kind of purpose
it would serve. Initially, we investigated the Art Studio Building by performing a visual inspection and

structural analysis, but later decided against altering it in our new design. We decided to create an art
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gallery that would display sculptures and other art pieces created by UMass Amherst students on top of
the building that houses the Art department (Building B). The desired function of this space was to act as
an extension of the building and make it easily accessible by both the UMass Amherst community and
public. In order to design this space, we performed a structural analysis of Building B, both under the
existing load case and under the load case after the new design would be implemented. We also
designed a new waterproofing roof system for the building to improve the energy performance of the
building and protect the roof from water infiltration and ponding. We included two staircases and a
freight elevator in our design to improve circulation, provide means of egress, allow handicap access,
and provide a means of transporting the sculptures to the roof. We used structural analysis of the
existing structure with the new roofing system to determine the weight and placement of the

sculptures.
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Background

This section first discusses Modern architecture around the time that the FAC was built. It
covers the preservation of these buildings, as well as more information about Brutalism, which is the
style of the FAC. Next, we discuss several case studies. Most of the case studies are concrete buildings
that were built in the same time period as the FAC, except one newer building that has an example of a

green roof. Lastly, we study the FAC itself.

Modern Architecture in the 1960s and 1970s

Modern architecture in the 1960s and 1970s mainly focused on function and space compared to
decoration. Typically, buildings are designed in pure geometric forms with planar surfaces. There are no
ornaments or special decorations on the frames, doorways, or other exterior areas. There is a
straightforwardness to the style with a clean and bare look. Industrial material and products are

generally used such as reinforced concrete.!

Preservation of Exposed Concrete Buildings

Many exposed concrete buildings built in the 1960s and 1970s have significant maintenance and
preservation issues because the structure is often left exposed to the elements. During the Modernist
movement, buildings were not designed to last, and designers often used experimental materials and
construction techniques. Only now are some of these concrete buildings being considered historic and
worth saving. To maintain the character, historic preservation societies expect minimal change to be
made of historic buildings, so preserving their authenticity becomes a major challenge when attempting
to renovate or rehabilitate them. The majority of what makes modern architecture unique is

deteriorating and/or no longer suitable for today's needs. Additionally, most of these buildings are not

! Carrie Ann Pukerson, "Historic Preservation of the Recent Past," (master's thesis, University of Florida, 2007).
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energy-efficient or watertight. Comprehensive repair campaigns for these buildings are, therefore,

multidisciplinary in nature.?

Brutalism

Brutalism uses uncoated, exposed concrete facades. The structure is visible and the means of
construction are evident and architecturally significant. Brutalist buildings have a feeling of weight,
solidity, and massiveness. They are monumental buildings, often both dwarfing and standing out visually
compared to the buildings around them. Windows cut into the mass of the building, and mechanical,
electrical, and plumbing (MEP) systems are often left visible. A rough texture is sometimes added to the
concrete before it cures. Generally, Brutalist facades are entirely concrete but can include other
materials, such as brick.® The Brutalist style emerged in Britain post-World War Il in response to the
countries wartime experience. When the style came to America, its original meaning changed and
Brutalist buildings became more monumental. The tragic post-war feeling of Britain changed to a feeling
of power from the young and strong United States*. Paul Rudolph was one of the foremost developers
of Brutalism. His Art & Architecture (A&A) Building at Yale University (now called Rudolph Hall) is one of
his most famous buildings. It features a material Rudolph called "corrugated concrete" because of its
resemblance to cardboard packing material. Vertical ridges in the concrete were hammered to expose
the aggregate.®

Brutalism is a fairly divisive architectural style. Those who dislike it say it stands out and does
not integrate well with the surrounding buildings, the Smith Campus Center of Harvard University being

one example. Additional problems with the style include various aesthetic issues with exposed surfaces,

2 1bid., 9-10, 38, 52.

3 Marcus Whiffen, American Architecture Since 1780: A Guide to the Styles (Cambridge, MA: The MIT Press, 1969),
275, 279.

* Pukerson 2007.

5 Timothy M. Rohan, The Architecture of Paul Rudolph (New Haven, CT: Yale University Press, 2014), 248-249, 93,
244,
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such as efflorescence staining concrete structures over time. The following case studies represent the

different aspects of Brutalist Architecture of the Northeast.

Case Studies

The case studies we chose are the Carpenter Center, the Goddard Library, the Smith Campus
Center, the Gordon Library, and East Hall. All of these buildings are academic buildings located in
Massachusetts. East Hall is a case study of a green roof, which is featured in our new architectural
design. All other case studies are either Modern or Brutalist buildings that were built in the 1960s or
1970s. We studied how buildings of this age have deteriorated over time, types of renovations
necessary to extend the lifespan of these buildings, and types of renovations completed to alter their

uses. We used these case studies as inspiration for how to make the Fine Arts Center more inviting.

Carpenter Center

The Carpenter Center located at Harvard University in Cambridge, MA is a prime example of
modern architecture deteriorating overtime in the Northeast. Completed in 1963, the Carpenter Center
is the only building in the United States designed by Le Corbusier. Le Corbusier is one of the leading
architects in the modernist movement who found a new way to shape space. The Carpenter Center is
well over fifty years old and has been exposed to the rain, wind, and snow common throughout the
Northeast. Heavy staining is visible on the exposed concrete of the building and some areas are even
stained black. A curved concrete ramp, as seen in Figure 2, connects the public walkways to the
building’s entrance. The ramp’s incline, however, is too steep to be adequately handicap-accessible and

creates daunting shadows below. The building also stands out in comparison to the surrounding
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buildings that follow a classic Georgian Revival architectural style.® The true beauty of the building, as

with many modern architecture, is not obvious.

Figure 2: An image of the Carpenter Center in 1963 from the Harvard Archives Collection.

Campbell, 2013. Photo by Stephanie Mitchell.

The purpose of the Carpenter Center is to act as a combination of art; where students can
combine architecture with painting, sculpture, photography, and film. Natural light is used to illuminate
the interior. The classrooms are placed inside to create a feeling that the students are floating above the
Harvard yard. The use of space and light throughout the interior of the building is meant to create a
comfortable place for students to unlock their creativity. Unfortunately, the exterior masks the true
purpose and beauty of the building. The dark entrance, the sharp edges of the building, and the clash of

architectural style with the surrounding buildings are all popular complaints about the Carpenter Center.

6 Bradley Campbell, “The Ugliest Building on Harvard’s Campus just might be its most Beautiful,” PRI’s The World,
September 29, 2013. https://www.pri.org/stories/2013-09-29/ugliest-building-harvards-campus-just-might-be-its-
most-beautiful.
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With time the community has gotten use to seeing the large concrete Carpenter Center’. However, time
has not soften the sharp edges or lighten the dark edges, instead the deterioration of time has only
added to the unappealing aesthetics of the building.

Goddard Library

The Goddard Library is a piece of architecture located on the Clark University campus in
Worcester, MA. Designed by John M. Johansen of Perry Dean Rogers Partners Architects, the Goddard
Library was constructed in 1969. Four decades later, the building was renovated by Consigli
Construction. The main purpose of the renovation was to update the HVAC systems. These systems had
poor air ventilation, air quality, climate control, and energy performance. Additionally, the building
serves as a hub for campus utilities, therefore utility upgrades needed to be coordinated to account for
this. Aside from updating the mechanical systems, new program areas were designed to encourage new
opportunities at the university, such as computer labs, study areas, and a café.® A wind tunnel originated
outside of this building, but had to be closed in order to allow for the myriad of renovations to be
completed.

The goal of these renovations was to introduce new technological, programmatic, and space
requirements to a historic structure without drastically changing the exterior appearance or tarnishing
the building's original character. Rather than adding glaring additions to the building, the renovated
design proposed the use of existing space in and outside of the building. Committing to this idea, an
under-used exterior plaza transitioned into a new space outside of the library that houses a 24-hour

information commons, media center, and a quiet study space with a café.’

7 Campbell 2013.
Timothy M. Rohan, The Architecture of Paul Rudolph (New Haven, CT: Yale University Press, 2014), 24
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B http://brutalism:online

Figure 3: Exterior photograph of Goddard Library.

Brutalism Online.

Another part of these major renovations includes immense focus on concrete repairs. A severe amount
of concrete cracking and deterioration required focus on these portions of the building in order to
maintain safety. An entire concrete parapet was removed to eliminate the possibility of the parapet
separating from the building and falling onto passersby. Using this information, we gathered evidence of
other buildings fixing concrete-related problems, which is useful in the event that the Fine Arts Center
needs such measures to ensure safety for occupants and others passing by.
Smith Campus Center

The Smith Campus Center, originally named the Holyoke Center, is another Brutalist structure
located in Harvard Square as part of Harvard University's campus in Cambridge, MA. Finishing
construction in 1966, the campus center was primarily designed by the Dean of the Harvard Graduate
School of Design. After the original completion of the construction project, a local joke stated that "the

only nice feature about the Holyoke Center is that it's the one place in Cambridge from which you can't
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see the Holyoke Center."?® No big renovations were started on the building despite general
deterioration over the years.!

Knowing that the building has not experienced any true renovations in decades, Hopkins
Architects was hired to begin construction on the building on April 4, 2016 with the hope that the
building would contribute to a wider "Common Spaces" university initiative.'? In this initiative, the
university is hoping to foster an improved intellectual, cultural, and social life. These renovations are
slowly transitioning the predominately concrete building into a rich combination of concrete and new
architecture. Hopkins Architects is looking to bring light to the interior, more visually pleasing views, and
planted walls. The structural build of the campus center is also being improved through the removal of
entire concrete parapets to prevent collapse onto the ground below, eliminating the possibility of
endangering passersby. To date, Hopkins Architects is continuing to focus concrete repairs and aesthetic

improvements with the goal to complete all renovations in 2018.13

10 Amdriw T. Wxsl, “Dcan Sert’s Buildings,” (sic) The Harvard Crimson, October 8, 1963,
http://www.thecrimson.com/article/1963/10/8/dcan-serts-buildings-pover-the-past/.

11 Hopkins Architects, “Harvard University: Richard A and Susan F Smith Campus Center,” Hopkins Architects,
accessed March 23, 2018. http://www.hopkins.co.uk/projects/2/204/.

12 “Richard A. and Susan F. Smith Campus Center at Harvard University,” Architect Magazine, April 4, 2016,
http://www.architectmagazine.com/project-gallery/richard-a-and-susan-f-smith-campus-center-at-harvard-
university_o.

13 Hopkins Architects.
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Figure 4: The Smith Campus Center.

Bruner/Cott Architects. Rendering courtesy of Hopkins Architects.

Gordon Library

WPI's George C. Gordon Library was designed by O.E. Nault & Sons and completed in 1967.%* It
is a reinforced concrete, monumental Brutalist building with both concrete and brick used in the fagade.
We chose this as a case study because of this exposed concrete on the facade. The structure was also
built around the same time as the Fine Art Center, indicating possible similarities between the two. The
Library Vision Committee discussed the need to renovate the space in 2002. The building and MEP
systems were 35 years old at the time. The MEP systems had nearly outlived their useful lives, and the
interior spaces were unattractive and uninviting. They decided that the way the library was set up when
it was built no longer suited the university's needs due to the increase in group projects. They
recommended the replacement of the HVAC, lighting, and electrical systems, as well as the roof and the
windows. They wanted to update the group study spaces and the interior furnishings. They also

recommended installing an automatic sprinkler system and creating quiet spaces, a café, and a space for

14 WPI, "Gordon Library @ 40," WPI, accessed September 26, 2017,
https://wpiarchives.omeka.net/exhibits/show/gordon40/timeline.
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archives and special collections.'® A series of renovations began in 2006 and recently finished. The
second floor "underwent a major renovation that included redesign of [the] reference and circulation
desk, creation of new staff offices, creation of new Tech Suites and expanded study space, and creation
of the George Gladwin Art Gallery."® Additional renovations to the library were recently finished. These
included a new café, an area with computer workstations designed for collaboration, an IT helpdesk, and
a printing area.' The roof!® and HVAC systems were replaced and the bathrooms were updated and

expanded.?®

‘“n\-. -
Figure 5: The front of the Gordon Library.

WPI, “George C. Gordon Library.”

15 H.M. Shuster, et. al., "Report of the Library Vision Committee," (committee report, WPI, 2002), 1-2, 5-7.

16 WPI, "Gordon Library @ 40."

17 Christine Drew, "Pardon Our Dust this Summer as the Library Renovation Project Continues," WPI, accessed
September 26, 2017, http://wp.wpi.edu/library/2010/04/30/pardon-our-dust-this-summer-as-the-library-
renovation-project-continues/.

18 WPI, "Gordon Library @ 40."

9 Barry Hamlette, "Library Renewal," WP, accessed September 26, 2017, https://www.wpi.edu/news/library-
renewal.
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East Hall

East Hall, a LEED-certified residence hall at WPl completed in 2008, features Worcester's first
green roof. East Hall is a Modernist building and is a useful study for this project because it is an
example of a roofing system that serves multiple purposes. In this case study, an unoccupied green roof
is featured in the new design of this project. “This layered system provides a high degree of insulation,
lowering both heating and cooling loads, while also providing improved sound attenuation for the
building residents."? The plants are in 2-foot by 2-foot planters in a grid layout (See Figure 6). The plants
are low maintenance and drought resistant. The roof as a whole is used for storm water research. "In a
storm event, the green roof can actually help reduce flooding by retaining water on the roof within the
modules. This process not only reduces the rate and volume of storm water leaving the roof, but it also
filters pollutants from the water before releasing it slowly into the city's drainage system."?! Green
roofs also create habitats for birds and other species. The combination of the green roof and the white
color of the roof reduces the heat island effect.?? The Environmental Health & Safety Department at WPI

recently installed a guardrail system so that the WPl community can have easier access to the roof.

Figure 6: Grid layout of planters on East Hall's green roof.

20 WPI, “WPI Installs Worcester’s First ‘Living Green Roof’ Atop New Residence Hall,” WPI, accessed September 28,
2017, https://www.wpi.edu/news/greennews.

21 |bid.

22 |bid.
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The Fine Arts Center

We chose the Fine Arts Center (FAC) because we were interested in the historic preservation of
Brutalist buildings. We were also interested in designing some sort of occupied green roof or rooftop
lounge space for an academic building. The FAC was a good candidate due to its close proximity to WPI
and because UMass Amherst allowed us to receive access to the original drawing set. Having access to
the original drawing set meant that our structural design, roofing design, and analyses would be more
accurate. It also has multiple flat roofs that we could use to create occupied spaces that interact with
the surrounding campus area. We wanted to give this building a new purpose and make it more inviting
to students and the public.

The FAC, designed by Kevin Roche, John Dinkeloo, and Associates, was completed in 1974. It is
part of the University of Massachusetts at Amherst (UMass Amherst) campus in Amherst, MA, which is
in Western Massachusetts. It is a site-cast, exposed concrete building. It was designed to connect the
two sides of campus, and its lobby addition built in 1999 serves as a gateway into the campus. Figure 7
shows the location of the Fine Arts Center on the UMass Amherst campus map. The following figures

show the overall layout of the FAC (Figure 8) and a sample floor plan (Figure 9).
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Figure 7: UMass Amherst campus map. The FAC in located in region 4C, just south of the campus pond.

UMass Amherst, “Campus Maps.”
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Figure 8: FAC building layout.
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Kevin Roche John Dinkeloo and Associates 1970.

> <

Figure 9: FAC First Floor Plan.

UMass Amherst 2014.

The FAC is composed of nine different exposed concrete buildings. These buildings house the

Art and Music departments, which contain studio spaces, offices, and several auditorium spaces.? Itis a

2 Special Collections & University Archives, "Fine Arts Center," UMass Amherst, last modified June 5, 2015,
http://scua.library.umass.edu/youmass/doku.php?id=f:fine_arts_center.
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dynamic, Brutalist building with complex geometries. It essentially acts as a sculpture that plays with
light and shadows.?* UMass Amherst has been criticized for its monumental, concrete buildings that
have become weathered and stained over time. These buildings were designed with the goal of
separating the university’s visual appeal from the typical look of private schools because they wanted to
attract the "common man." Instead of mimicking the exclusive private schools that had long trained
New England elites, UMass would proclaim its distinctive belief in excellence combined with broad
educational access for the masses by embracing the architecture of the day."?* The Gl Bill allowed
veterans returning from World War Il to get higher education virtually for free, and UMass Amherst built
over 10 million square feet of space during the 1960s and 1970s. Many issues with these buildings can
be traced to the lack of maintenance after this building boom.?®

The Fine Arts Center consists of nine connected concrete buildings. Our project focuses on two
of the nine buildings: Building B and Building C (See Figure 8). Building B is the art building, and we
decided it would be the best place to design an outdoor terrace space that interacts with the
surrounding areas. Building C is the Art Studio Building and we decided to include this building in our
structural analysis due to its unique geometry and transfer of loads. We also designed a green roof for

Building J, the Music Building.

24 Kevin Roche John Dinkeloo and Associates, "Fine Arts Center University of Massachusetts," Kevin Roche John
Dinkeloo and Associates, accessed January 10, 2018, http://www.krjda.com/Sites/UMassInfol.html.

25 Max Page, "The Ideals behind UMass Amherst's Stained Concrete," The Boston Globe, published March 24, 2013,
https://www.bostonglobe.com/ideas/2013/03/23/the-ideals-behind-umass-amherst-stained-
concrete/DsPhAdcV2FSTEVOLpsGUcP/story.html.

26 |bid.
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Figure 10: Fine Art Center, East elevation, showing Art Studio Building (left), and Building B (right).

Kevin Roche John Dinkeloo and Associates, "Fine Arts Center University of Massachusetts."

The Art Studio Building has a unique triangular-shaped roof. The triangle opens to the north and
consists of large windows to help natural light enter the art studio spaces below. See Figure 11 for the

interior layout of the space.

Acana, "JP

Figure 11: Section through the bridge showing the North wall and the hallway on the left, and the studio and South wall on
the right.

Kevin Roche John Dinkeloo and Associates 1970, Drawing A13.

The building has a poured-in-place concrete structure. The bridge is 42 feet wide and 646 feet

in length. There are two limited area sprinkler systems in the building, but there are no fire protection
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systems installed on the bridge. There are four means of egress from the bridge. The original windows

are single-paned glass, but some were replaced with double-pane, insulated glass.?’

~

Figure 12: Fine Art Center, North elevation. The windows of the Art Studio are in the back of the center.

Kevin Roche John Dinkeloo and Associates, "Fine Arts Center University of Massachusetts."

27 Dietz & Company Architects, Inc., "The Fine Arts Center Bridge," (Classroom Conversion Study, Springfield, MA,
2011),1, 4.
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Methodology

The methodology section is broken up into multiple subsections. The first one discusses the
review of the existing drawings and files provided by UMass Amherst. This follows by discussion of a site
visit to the FAC, and the investigation of fire code requirements for the rooftop art gallery. The next two
sections cover the structural analyses of the Art Studio Building and Building B. Lastly, we discuss the

new design of the sculpture garden, including the new roofing design as well as other design aspects.

Documents Review — Existing Drawings and Files

UMass Amherst provided us with several resources that we utilized when drafting and modeling
the FAC:
e Scanned copies of the original (hand-drawn) drawing set
e Recent digital floor plans in AutoCAD format

e Partial 3D model of the Fine Art Center in Revit

We primarily used the original structural drawings to evaluate the structure. The relevant original

drawings and schedules are given in Appendix A, Appendix B, and Appendix C.

Site Visit

On October 1, 2017, the design team visited the site to review and visually assess the existing
condition of the Fine Arts Center. The survey included a recorded inspection of the four elevations of the
Art Studio Building (See Appendix D), and a visual inspection of the interior. The purpose of this survey
was to assess whether the structure was at full capacity so we could assess whether we could safely add
more loads to it without altering the structure. We focused our observations on the Art Studio Building
and assumed that the rest of the FAC would be in a similar condition. The following conditions recorded

when assessing The Fine Arts Center include:
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e Cracks in the concrete

e General deterioration

e Spalls defined as concrete pieces that are no longer attached to the underlying reinforcement of
concrete element

e Efflorescence defined as white tracks of crystalline deposit left behind by water that has
migrated to the surface of the concrete

e Dark staining

e Past repairs

Our observations are discussed in the Results section.

Fire Code Requirements

One of the many focuses of this project was fire code requirements for the new design. The
space currently has no general public access. There was originally no need for strict adherence to code
requirements on means of egress due to the lack of occupants accessing the space. The addition of a
rooftop terrace and art garden meant providing means of traveling in and out of the space, resulting in

the need for complying with codes to ensure safety for occupants in the event of a hazard.

A lot of thought went into designing the points of egress for Building B. Fire safety requirements
and how to unite multiple spaces both had to be considered. The space is considered an “Assembly:
Unconcentrated Seating” function. Using Table 1004.1.1 of the International Building Code (IBC), we
were able to calculate a maximum occupancy load of 335 occupants. A minimum of two means of egress
in and out of the space was found by using Table 1019.1 and the maximum occupancy. The locations of
these exits were placed according to the minimum distance of 66 feet allowed between each exit, which
was calculated using Section 1007.1.1. Table 1016.1 was then examined to determine the maximum

travel distance to any given exit from the space, which we found to be no more than 200 feet. An egress
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width of 8.343 feet was calculated based on Table 1005.1 of the IBC and the maximum occupancy load.
Lastly, using the average height of 7” for stairs in the United States, we determined that 54 steps are
needed to stretch the staircases from the plaza to the design space. Table 7.2.2.2.1.1(b) of the Life
Safety Code, NFPA 101, provided us with the requirement of incorporating two landings into the stair

case to comply with the codes.

Structural Analysis - Art Studio Building

We first analyzed the structure of the Art Studio Building. We did not make any changes to the
building in our new design. The Art Studio Building has a unique geometric shape. The studio classes
within the art studio bridge are raised four stories off that ground supported by arrowhead shaped
concrete columns. Ribs on the underside of the bridge support the floor slab. Column panel walls
support the triangle shaped roof. Figure 13Error! Reference source not found. shows a section of the
Art Studio Building with the structural members as described above labeled. The analysis of the Art
Studio Building we split into two parts. The first part considers the horizontal loads such as gravity. The

second part considers the lateral loads such as wind and seismic loads.
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transfer and with applying the distributed loads to the triangle roof. To create a better picture of how

Triangle shaped
roof
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Figure 13: Art Studio Building East elevation.

Adapted from Kevin Roche John Dinkeloo and Associates 1970, Drawing A12.

Loads
The unique shape of the building created a unique challenge when considering how the loads
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the members work together, we created a load transfer diagram (Figure 14Error! Reference source not

found.).
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Figure 14: Load transfer of the Art Studio Building structural members.
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The shaded area represents the triangle wall member that exists every 30 feet. The other members are

continuous along the 646-foot bridge. The structural analysis calculates the loads located at the periodic

triangle wall members. The structural members in the diagram above are separated to allow space for

the reaction arrows. The reaction arrows represent the load that is being transferred from one member

to the other.

We retrieved the design live loads from drawing sheet SO1 Typical Details and General Notes,

those comply with the current ASCE-10 requirements (See Appendix A, Figure 53).

Area Design Live Load (LL)
Wind 20 psf
Roof (Snow) 40 psf
Public Area, Corridors 100 psf

The distributed live load (LL) applied to the Art Studio roof is 60 psf and the dead load (DL) is the self-
weight. We used RISA-2D to model the structure and determine the end reactions. The load
combination used throughout our calculations is equation 16-2 of Utah’s 2015 Building Code, which

conforms to the 2015 IBC:
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Equation 1:%8 U=1.2DL+1.6LL

Due to the unique geometry, we had to simplify the analysis by splitting the roof into two parts. Part one

models the triangle area of the roof as outlined by the yellow box in Figure 15Error! Reference source

not found..
FLOOR SLAB WEIGHT & STUDIO LIVE LOAD
v ! + v v + ' v
U ]|
v
Figure 15: Triangle roof area.
Roof

The first part of the roof should be modeled as a right triangle with the distributed dead load
applied along the hypotenuse. The slant of the hypotenuse complicates the problem as the applied
loads would not be uniform across the entire roof. To simplify the problem we modeled the triangle roof
as a flat 22-foot long continuous beam with two pin supports at each end. A load combination of
1.2DL+1.6LL calculated a maximum moment of -96.1 K-ft (See Figure 16Error! Reference source not

found.), and a maximum shear of 17.5 K (See Figure 17).

28 Utah Uniform Building Code Commission, Building Code 2015 of Utah, (Utah Uniform Building Code Commission:
Utah, 2015), https://up.codes/viewer/utah/ibc-2015/chapter/16/structural-design#1605.
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- 168K

-96.1

Figure 16: Art Studio triangle roof area moment diagram.

-168Kks 17.5

-17.5

Figure 17: Art Studio triangle roof area shear diagram.

We then used the maximum shear value of 17.5 K, which represents the reaction at the pinned
end, as a point load on the overall roof member analysis to represent the load from the triangle area.
Following the same approach to calculate the effects of the live loads, we applied the same design live
load of 60 psf to the flat areas on the left and right of the triangle. Again, we applied the load
combination 1.2DL+1.6LL to calculate the results. We found a maximum moment of -349.1 K-ft (See
Figure 18Error! Reference source not found.) and a maximum 34.7 K shear value (See Figure 19Error!
Reference source not found.).

-21k -21k

-.096kA -096
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=01
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Figure 18: Art Studio roof moment diagram.
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21k 21k
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Figure 19: Art Studio roof shear diagram.

The combination of the loading (DL+LL) produces a maximum moment value of 349.1 Kips-ft.
Therefore, for the Art Studio, 349.1 Kip-ft is the minimum moment capacity value for the roof structure.
Column Wall Panels

We then evaluated and considered the Art Studio column panel walls. The column panels are
the walls on the Art Studio Bridge which carry the majority of the Building’s transverse loads. According
to Elevation North Wall/Beam — West Half on Drawing Sheet S19, thirteen #11 sized steel rebar work in
tension and four #11 sized steel rebar work in compression for the Column Panels (See Figure 20Error!

Reference source not found.).
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Adapted from Kevin Roche John Dinkeloo and Associates 1970, Drawing S19.

We considered the column panel walls to be a doubly reinforced rectangular beam and used the
following formula to calculate the design moment capacity (denoted M,). The compression strength of

the concrete is 3,000 psi.

Equation 2:2°
8y g
oM, = ¢ [At, (d 5)+Adfud - n"}]

The design moment capacity of the column panel is 15,368 kip-ft. For the full calculation, see Appendix

We modeled the column panel walls in RISA. The art studio bridge is 646 ft long and the RISA
program has a maximum length of 500 ft. For this reason, the two middle support columns were not
included in the RISA analysis. The RISA model includes the reactions from both the Art Studio triangle
roof (34.7 kip-ft) and from the floor ribs (8.3 kips-ft). The floor ribs occur every three feet and are
represented by the smaller arrows, the roof triangle loads occur less often and are represented by the

larger arrows (See Figure 22Figure-22Error! Reference source not found.).
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Figure 21: Colum wall panel overall moment diagram.

29 Structural Steel Design, (McCormac &Brown), 9t ed., 129.
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Figure 22: Column wall panel moment diagram of the East end.

The applied load on the column panel is 1518.2 kips-ft. This is acceptable because it is less than
the design moment capacity of 15,363 kip-ft.

Floor Rib

Based on Section C1-11 on Drawing Sheet S17 we were able to calculate the moment capacity of
the floor ribs. Two #8 sized steel rebar work in compression. Both two #8 sized steel rebar and two #5

sized rebar work in tension (See Figure 23Error! Reference source not found.).
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Figure 23: Section C1-11 of the Art Studio rib.

Adapted from Kevin Roche John Dinkeloo and Associates 1970, Drawing S17.
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We considered the floor rib to be a doubly reinforced rectangular beam and used Error!
Reference source not found., as shown below, to calculate the actual moment capacity (denoted M,,).

The compression strength of the concrete is 3,000psi.
a .
oM, = o [Af, (0 - ) + Atid - o]

The design capacity of the floor ribs calculated out to 139 kip-ft. For the full calculation, see Appendix E.
The calculated value is more than enough as it is larger than the moment caused by the applied
load. We modeled the Art Studio Floor Rib in RISA. The dead load included the weight of the 3-inch floor
slap and 2-inch insulation. We used 100 psf as the design live load and the 1.2DL+1.6LL load
combination. The applied load of the 34-foot long rip is 70.8 kip-ft (See Figure 24Error! Reference

source not found.). The applied load is less than the design capacity, which is the desired result.

- 296kt

-70.8

Figure 24: Rib moment design capacity diagram.

Lateral Loads
To calculate the wind load on the Art Studio Building we split the building into three separate
parts, the triangle roof, the column wall panels, and the support columns (See Figure 25Error! Reference

source not found.) to be analyzed separately.
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Figure 25: Art Studio split into three parts for wind load analysis.

Adapted from Kevin Roche John Dinkeloo and Associates 1970, Drawing A12.

To calculate each part we determined the height of the section, the width of the area, and the given

wind live load. For the full calculations, see Appendix F.
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When considering the seismic load on the Art Studio Building we made some simplifications. The

first was we considered the fourth floor area to be the bulk of the weight and area affected. The support

columns were assumed to be massless. To see the full Seismic calculation refer to Appendix G.

Vertical and Lateral Loads

Support Columns

To evaluate the applied loads on the support columns we considered both the lateral loads and

the vertical loads. The vertical load was taken from RISA model of the column wall panels. The lateral

load was taken from the wind load calculations. The wind load calculated was larger than the seismic

load, therefore it controlled the design.
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Figure 26: Outline of the Art Studio support columns.

Adapted from Kevin Roche John Dinkeloo and Associates 1970, Drawing S16.

A single support column is shaped as an arrow. Two support columns look like two arrow heads facing
each other (See Figure 26Figure26). For this reason we split the support columns into four sections and
only analyzed one of the sections as highlighted by the yellow box in Figure 26Figure-26. For the final

applied load we used the following formula to add the vertical load and lateral load together;

Equation 3:

Vertical Load +  Sum of (Wind Load)(Height/2)
4 28

The vertical load is divided by four to represent the fourth of the support column being
analyzed. The second part of the equation represents the lateral loads. The wind load is the lateral
loads, the height/2 represents the location of the load, and the 28 is the distance in feet from one side
of the support column to the middle of the opposite support column. The green line in Figure 26Figure
26 illustrates the 28-foot distance. The value for the applied load on the support column calculated out

to be 20,392 kips. For the full calculations see Appendix E.
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When calculating the design capacity of the support columns the original structural drawings
provided very little information about the reinforcement used in the columns. For this reason, we
assumed 2% of the gross area to be reinforcing steel. We used the following formula to calculate the
design capacity;

Equation 4:

P = fod. + fods

In Equation 4Equation4, P represents the nominal axial load of the column.?° The nominal axial
load is the largest calculated load the column can support and the capacity we are looking for. A, is the
area of the concrete and A, is the area of the steel reinforcement that we had to assume. The variable fc
is the compressive stress and is based off of the concrete design compressive stress, f'c, of 3,000 psi. The
variable fs is the stress in the steel reinforcement. The nominal axial load for the support column
calculated out to be 25,390 kips. This is acceptable because it is larger than the applied load. To see the
full calculations see Appendix E.

Footings

When calculating the footings for the support columns, the footing was separated into two
sections to reflect the two different reinforcement used throughout the footing supports (See Figure
27Error! Reference source not found.). The applied load on the footing was based on the shear in kips
calculated from RISA and the dead weight of the support column. The design capacity was based on the
reinforcement listed on Structural Drawing 16. The wall footing (outlined by the yellow box in Figure 27)
includes 5 #4 steel reinforcement bars. The Buttress footing (outlined by the green box) includes #7

steel rebar every 6 inches. For the full calculations, see Appendix E.

30 The University of Memphis, “Axially Loaded Members,” (PDF, Memphis, TN), 41.
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Figure 27: Footing reinforcement of the support columns.

Adapted from Kevin Roche John Dinkeloo and Associates 1970, Drawing S16.

Structural Analysis - Building B
We analyzed the structural capacity of Building B. There are seven levels in this building, listed

from top to bottom as follows:

e Roof

e Third floor

e Second floor

e First floor

o Library level

e Storage level
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e Ground floor
e Foundation
The purpose of the structural analysis was to determine the maximum weight of sculptures that
we could put on top of the roof without altering the existing structure. There are six floors in the
building in addition to a roof and foundation. Figure 28 below shows a section view of the building and

the floors that it consists of.
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Library Floor 3

Storage Floor

Ground Floor/
Foundation

Figure 28: Section view of Building B with floor breakdown.

Adapted from Kevin Roche John Dinkeloo and Associates 1970, Drawing A13.

In Building B, there are load-bearing walls, columns, beams, footings, slabs, and slab-on-grade
foundation, all of which are labeled in the framing plans (Figure 67 to Figure 73, Appendix H). We
analyzed all of the structural components except for the floor slabs, slab-on-grade foundation, and most
of the walls deemed as load-bearing components in the building. There were a few walls on the East
and West sides of third and second floors that we did not analyze because they are at an angle to the
main mass of the building (Figure 67 to Figure 69, Appendix H). We assumed that they are sufficient to

carry the loads in the building, and that they simply transfer the loads to the walls below them. In
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reality, they probably act more like columns, where the size of the column is determined by the cross
section of the wall that transfers the load. We found the applied loads on the components, both for the
current load case and the new load case, as well as the strength of these components. The current load
case is the self-weight, or dead load, of the structure and the live loads given in the original drawing set
(Figure 53, Appendix A). The new load case is the current load case with the addition of more live load
and new roofing materials to the structure after the implementation of the design. We increased the
roof live load from 40 psf to 100 psf to account for occupants regularly accessing the roof. The addition
of new waterproofing details on the roof raised the dead load on this level by 27 psf. Then, we
compared this new load case against the strength of the structural components to determine the
maximum weight of the sculptures that could be placed on the roof. We also performed wind and
seismic analyses on the walls. The calculations, including assumptions, are included in Appendix H.
Columns

To determine the loads transferring through the columns, we had to utilize the tributary areas of
each column to find the amount of load each is holding from the slab. Determining these load
combinations resulted in two different sets of calculations, the first set using the original roof live load of
0.04 ksf and the second set using the new roof live load of 0.1 ksf. Using typical load combination
equations, we were able to determine the amount of load being transferred from the roof through the
first set of columns on the third floor of the building. These calculations continued to the next set of
columns on the second floor, the difference being that these columns are receiving point loads from the
third floor columns, as well as their self-weight. In addition to completing load calculations in the same
manner, the new dead load also includes the physical weight of the above columns and the load
combinations being applied to them. This process continues down the building until the loads travel

down to the entry floor of Building B. Instead of having another set of columns to continue transferring
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the applied loads, there is a set of six beams that endures all loads from the columns above and

transfers it to the east and west walls of the building.

LL of Occupants + DL of Slab
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Figure 29: Example drawing displaying load transfers through columns to the first floor beams.

Adapted from Kevin Roche John Dinkeloo and Associates 1970, Drawing A13.

This means that the columns that appear on the library floor, the floor directly underneath the
first floor, mark the beginning of the process again, as the only loads being applied to these components
are the dead load from the slab and the live load of 0.1 ksf. The load combination equation of
1.2DL+1.6LL is used again to determine the loads being applied to these columns. This process continues
through the rest of the building to the foundation level. Loads from various columns are either
transferring to columns directly underneath on lower floors, to beams that may transfer loads to
adjacent walls, or to the column footings. Eventually all loads, whether transferred from columns
directly or from the columns to the walls, will be transferred to the various footings found on the
foundation level. See Appendix H for a spreadsheet of load combination calculations of the columns.

After determining the applied loads, we had to ensure that the columns were capable of

enduring these loads. Given that the lateral loads are carried by the walls, the columns are only carrying
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axial load. Therefore, the axial load capacity of each column was calculated and compared against the
applied load.

We assumed that each column was a spiral column with reinforcement details taken from the
column schedule on drawing sheet S20. For a full list of calculations that show the axial column
capacities with references, see Appendix H, Tables 21 and 23. After comparing the column capacities to
the applied axial loads of the columns, we were able to determine that each column is capable of
holding the current load as well as the new design load from the rooftop terrace concept.

Beams

To calculate the strength of the beams, we first had to determine the loads applied to each
beam. All beams were analyzed in Risa-2D to determine the moment in the beams resulted from the
applied loads. This was calculated after marking the points along the beam where a load was being
applied. Point loads were added to beams where columns on the floor above were transferring loads,
while a distributed load was applied along the entirety of the beams to represent the loads from the
slab. Beams were assumed to be simply supported, with some beams also being supported by columns
from the floor below. Simply supported beams consisted of one member and pins on each end, while
the presence of columns were also represented with pins, to symbolize end reactions that would
transfer to the columns and walls below. Each beam scenario was modeled in RISA-2D and provided a

moment diagram that identified the applied moments on the beam.
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Figure 30: Applied moment of beam BB-13 modeled in Risa-2D.

After determining the applied moments of the beams, we then calculated the moment capacity
of each member. We assumed that all beams were doubly-reinforced rectangular beams, therefore,
using the appropriate equation based on ACI318-14, we calculated the moment capacity of each beam.

A complete spreadsheet of calculations can be found in Appendix H, Tables 22 and 24 . By
comparing the moment capacities to the applied moments on each beam, we were able to assume that
the beams are currently structurally sound, and will also be able to accommodate for a change in load
occurring from the new design concept.

Walls

For the walls, we studied the framing plans to determine how they transfer loads to the wall
footings. The loads on the wall include the self-weight of the wall, the loads transferred from the slab
(within its tributary area), and any transfer loads from the structural component(s) directly above. For
the diagonal walls on the third and second floors (Figure 68 and Figure 69, Appendix H), we assumed
that any loads placed on them would simply transfer down to the walls below. Next, we found the axial,
moment, and shear capacities based on the wall reinforcement listed in the original drawing set (Table
16, Appendix A). The equations we used are as follows:

Axial strength
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Equation 5:3!

P, = (0.55f/4,) [1 - ('le;z)z]

Bending strength

Equation 6:32
a
My = Asf, (d=3)

Shear strength

Equation 7:33

o=Vt
Where V. and V; are defined as:
Equation 8:3¢
V. =2A{/f hd
Equation 9:3°
VS — Avf—ytd
s

Lateral Loads Analysis

Next, we performed the lateral load analyses. For the wind load analysis, we applied the wind
load given in the original drawing set (20 psf) to the surface area of the walls on the floors that were
above ground. The wind load then gets transferred to any walls perpendicular to that wall as a shear
load. We compared that shear load against the shear strength of the walls. We also calculated the

bending stresses caused by the shear loads and compared them against the bending capacity of each

31 ACI Committee 318, Building Code Requirements for Structural Concrete (ACI 318-14) and Commentary (ACI
318R-14), (Farmington Hills, MI: American Concrete Institute, 2014).

32 Arthur H. Nilson, et. al., Design of Concrete Structures, (Boston: McrGraw Hill Higher Education, 2010), 14" ed.,
86.

33 ACl Committee 318, 2014.

34 |bid.

35 |bid.
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wall. If the wind loads are acting on Wall 1 and being transferred to Wall 2, the wind load acts along the
height of Wall 2. If Wall 1 transfers the load to only one Wall, Wall 2’s tributary width is the length of
Wall 1. If the loads on Wall 1 transfer to two walls, the tributary width of each wall is half the length of

Wall 1. The moment at the bottom of the wall caused by the load is given by the following equation:

Equation 10:

M = (0.02 ksf)*(tributary width)*(height of Wall 2)*(height of Wall 2)/2
For the seismic load analysis, we referred to S.K. Ghosh Associates’ CodeMaster for the 2012 IBC and

ASCE 7-10. The equations are given in Appendix H.

Footings

For the wall footings, we found the loads on each footing in k/ft. The loads include the self-
weight of the footing, the weight of the wall below the slab-on-grade foundation, and any transfer loads
from the ground floor walls. We then found the bending and shear strengths, as well as the maximum
point load that the footing could support in addition to the distributed load already applied. The

reinforcement schedule is given in Table 17, Appendix A. The bending strength is given by Equation

GEgatien-t:
a
M, = Af, (d - E)
Equation 11:
a= i%
0.85f,b

The shear strength, assuming there is no shear reinforcement, is given by
Equation 12:37

Vo =V, = 24/f/b

36 Nijlson, et. al. 2010, 86.
37 |bid., 564.
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Next, we had to find the maximum point load (P) the wall footing could support. When
analyzing a wall footing, we can assume that the part of the footing that is directly under the wall has
the same bending strength as the wall itself since they have the same width. Therefore, the parts of the
footing that we are concerned about are the parts that cantilever off the edge of the wall. Looking to
one side of the footing, we can treat it as a cantilevered beam that is fixed to the part of the wall footing
that is directly under the wall. Taking a 1’ slice of the footing, we treated this as a cantilevered beam
with the point load, P, located at its free end. Locating P at its free end gives the greatest moment that
could be caused by a point load acting vertically on the beam. The resulting moments on the beam are
caused by a distributed load (w) and the point load P. To solve for the maximum allowable value of P,
we set the sum of the resulting moments equal to the bending capacity of the beam, which gives the

following equation:

Equation 13:

2

wlL
¢M,, = PL +T

Rearranging this equation to solve for P gives the maximum allowable point load. ®M,is the bending

capacity for the entire footing divided by its length. L is calculated using the following equation:

Equation 14:

L = (width of footing — width of wall)/2

For the column footings, we first analyzed the applied loads on each footing. The applied loads
include the self-weight of the footing, the weight of the column below the floor slab, and any transfer
loads from the ground floor columns. Next, we analyzed the one-way and two-way shear strengths as
well as the flexural strength of each footing. We assumed there was no shear reinforcement in the

footings. The one-way shear is calculated using the following equation:
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Equation 15:38

== zmbw

The two-way shear is given by

Equation 16:3°

Vo =V, = 44/f/ by

Finally, the flexural strength is calculated using the same equations that we used to find the

bending strength of the wall footings.

Roof Slab

For the roof slab, we picked a random section of the roof, took a 1’ slice out of it, and treated
that slice as a simply supported beam. The section we chose is between the gridlines C and D, and 2 and
3 (see Figure X, Appendix H). We then used the geometry of the roof pavers we chose and the pedestals
that support them to find the maximum allowable point load that could be placed on the beam. The
pavers sit on small pedestals, which sit on top of additional roofing materials. The pavers are 20”
square, with one pedestal at each corner. We can model these four pedestals as acting at two points in
the center of the beam. So, we placed two point loads 20” apart in the center of the beam. The

following figure shows the point loads (P) on the beam and the reaction forces (R).

«X> P p
A4 ¥
R I I R
= ]

38 “Eootings Example 1,” (PDF).
39 |bid.
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We used the minimum slab reinforcement in Table 16, Appendix A to determine the
reinforcement of the beam. To find the bending strength of the beam, we used the following equations:

Equation 17: 40

$M, = dppf,bd> <1 —0.59p j{—y>

Equation 18:%*

We then calculated the applied moments due to the distributed load on the beam (w,) as well

as the two point loads, P/2 and P/2:

Equation 19:

=5 () @

Where variable a is the distance from one end of the beam to one of the point loads.*? To find

the maximum allowable point load, we equated ®M, and M, and rearranged the equation to solve for

New Design

Once we finished the structural analysis of Building B and the waterproofing roof design, we had
to determine what the allowable weight of the sculptures on the roof could be without altering the

structure any further. We compared the allowable additional point loads of the following components:

e Concrete roofing pavers

40 Nilson, et. al. 2010, 87.
41 |bid.
42 American Wood Council, Beam Formulas with Shear and Moment Diagrams, (Washington, DC: American Wood

Council, 2007), http://www.awc.org/pdf/codes-standards/publications/design-aids/AWC-DA6-
BeamFormulas-0710.pdf.
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e The rubber pedestals the pavers rest on
e Theroof slab

e Any structural components that were included in the load transfers from the roof slab

Comparing the strength of the roofing pavers, pedestals, and roof slab gives the maximum allowable
weight of any one sculpture. Comparing the strength of the roof slab and any structural components
included in the load path gives the maximum allowable weight multiple sculptures in each zone on the
roof. The loads in each zone transfer to a different structural member. After determining the maximum

allowable weight in each zone, we combined some of the zones in order to simplify the final design.

Besides determining what would be on the roof of Building B, we had to determine how people
would get on and off the roof. To provide egress from the sculpture garden, we used the fire code
requirements to determine how many means of egress would be needed. We also investigated the
handicap accessibility of Building B and compared them with the current ADA requirements. In addition
to the fire code and ADA requirements, we also wanted to create a way to transport the sculptures to

the roof.
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Analysis and Results

The results section is organized similarly to the Methodology section. We first discuss the site
visit to the FAC, then the structural analyses of the Art Studio Building and Building B. Lastly, we discuss
the new design of the sculpture garden, including the new roofing design as well as other design
aspects.

Site Visit

Overall, the concrete of the building is in good condition with a few localized exceptions. The
following summarizes our key observations of the four elevations. The North and South facade extend
646 ft while the West and East fagade illustrate the triangular shaped roof, see Figure 32. Reference
Figure 32 when elevations are referred to throughout the observations.

NORTH ELEVATION

8 O 5 B B W 5 5 5 5 N N W W o

SOUTH ELEVATION

L | B

EAST ELEVATION WEST E_LEVATION

Figure 32: Art Studio elevations.

Adapted from Kevin Roche John Dinkeloo and Associates 1970, Drawing A11 and Drawing A12.



We noted multiple cracks on all four elevations of the Art Studio Building and on the concrete
ribs running on the underside of the bridge. The cracks observed incorporated hairline cracks, larger
cracks, vertical cracks, and horizontal cracks. See Appendix D for the location of all observed exterior

cracking.

Table 1: Cracks Observed

Cracks

Observation Photo

A long horizontal exterior
crack running North to
South along the ribs on
the underside of the
Bridge outlined with a
yellow box.

A long horizontal interior
crack running North to
South along the hallway
floor slab of the Bridge.
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A vertical long crack,
outlined by the yellow
box, running top to
bottom located on the
West Elevation of the
Bridge

A large crack and
potential spall running
North to South near an
expansion joint on the
underside of the Bridge.

We observed 18 horizontal cracks running North to South along the underside of the art studio
bridge and along the interior of the art studio (Table 1Error! Reference source not found.). The
horizontal cracks observed on the interior and exterior are not the same crack due to the following
reasons. First, we observed 5-10 interior cracks per art studio room as well as multiple long interior
cracks running along the hallway as shown in Table 1.2. We observed and recorded 22 exterior cracks as
shown in Appendix D. The exterior cracks were much more spread out along the 646 ft Art Studio Bridge
and did not extend as long. Overall, we observed more interior cracks than exterior cracks. Second,

according to the drawings, there is a layer of insulation between the exterior concrete ribs and the
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interior concrete floor slab, meaning that the interior concrete and exterior concrete are two separate

pours (Figure 33Error! Reference source not found.).

— 3 CONCRETE FILL Wi A - FIN. FL.EL 690"
| -2 INSULATION BoArD / - TOF OF STRUCTURAL SLAS

Figure 33: Cross-Section C1-1 showing the exterior (below the green line) and interior (above the green line) layers of the Art
Studio floor.

Adapted from Kevin Roche John Dinkeloo and Associates 1970, Drawing S16.

The Cross-Section show that there are two different concrete members separated by the green
line that represents the top of the exterior concrete slab. The horizontal cracks on the exterior and
interior do not match up. This is an important observation because it illustrates that the exterior rib
cracks do not extend through the entire width of the concrete and does not indicate a localized

structural failure.

Table 2: Spalls and General Deterioration

Spalls and General Deterioration

Observation

Concrete beginning to
spall underneath the
Ramp leading to the Side
door on the East Elevation
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A second area of concrete
beginning to spall
underneath the Ramp
leading to the Side door
on the East Elevation

We observed signs of possible general deterioration in various areas on the building. Certain
patches of the bridge and the walls of the rest of the building appeared rougher and slightly eroded with
more sand and aggregate being visible. This may be due to a combination of the freeze-thaw cycle that
New England experiences often and heavy exposure to the weather such as wind and rain. Overtime,
the top layer of the concrete cement paste diminishes and the thickness of the concrete covering over
the underlying reinforcement decreases.

One area of concentrated deterioration and a developing spall we found was located on the East
Entrance Ramp leading up to Building B, outlined in a red box on Figure 34.
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Figure 34: East elevation entrance ramp outlined by the red box.

Adapted from Kevin Roche John Dinkeloo and Associates 1970, Drawing A12.
Spalls are pieces of a building that have become detached from the concrete element and underlying

reinforcement making spalls potential falling hazards. Possible causes of spalls pictured in Table 2 could

include stress from the constantly changing live loads of people entering and leaving Building B. The
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dark staining in the pictures indicate water leakage and the rust staining indicates underlying corroded
steel. A second possible cause for the spalled concrete is that there is little to no concrete cover over the
underlying reinforcement. We were unable to access the underside of the ramp to confirm one cause
over the other. An excessive amount of spalling if not maintained could prove disastrous for the

entrance ramp in the future; as this is a major egress route used by U-Mass Amherst faculty and

students.

Table 3: Exposed Rebar and Past Repairs

Observation

Exposed rebar and
deterioration of the
concrete on the East
Elevation Wall

Evidence of previous
spall repairs on South
Elevation near
entrance stairs.

Evidence of previous
spall repairs on the
triangle supports
under the Bridge.
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According to the Field Reports issued during February 1971 through January 1972, many issues
were found concerning concrete construction work (A period Examination... pg.152). For example,
entries from June 3 and June 10 require the formwork to be tighter to reduce stone pockets and loss of
matrix. August 26 and September 9 entries refer to concrete formwork not being cleaned or repaired
prior to placing columns. An important entry from the old field reports is from June 3, 1971 point 4-j
which states, “A minimum of 1” cover for slab reinforcing steel is still not being maintained due to
incorrectly sized slab bolsters.”* This is one potential cause for the exposed reinforcement observed on
the site visit, shown in Table 3. The past repairs shown in Table 3 are evidence of previous spalls or large

cracks.

Table 4: Heavy Staining and Efflorescence

Observation

Efflorescence
(indicated with yellow
arrows) located on
the North Elevation
of the Bridge.

43 L Carl Fiocchi, Jr., "A Period Examination Through Contemporary Energy Analysis of Kevin Roche’s Fine Arts
Center at University of Massachusetts-Amherst" (doctoral dissertation, UMass Amherst, 2016), 828.
http://scholarworks.umass.edu/dissertations_2/828
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Dark Staining on
South Elevation
under copper flashing

Dark Staining on the
interior ceiling of Art
Studio 435

The Fine Arts Center has an abundance of efflorescence on all sides of the building. The white
streaks are numerous, especially on the bridge. Efflorescence is caused by excess water soaking into the
concrete structure. The water migrates to the surface collecting salt along the way. When the water
evaporates, the crystalline salt brought to the surface stains the concrete white. Efflorescence itself is
not a structural issue, but the excess water that causes it can also cause internal rebar and structural
damage that does not always show on the exterior of the building. Noticing efflorescence in multiple
places all along the wall is an aesthetic issue that creates an unclean visual. Beyond that, the walls
showed generally staining with no signs of damage in those areas.

We also observed efflorescence during the visual interior inspection of the art studio spaces as

shown in Table 4. The interior consists of a long hallway expanding from one end of the bridge to the
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other with art studio spaces on the South side. Staircases, restrooms, and offices branch off the main

hallway as shown in the 2011 Floor Plan.** (Figure 35).
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Figure 35: Art Studio Building fourth floor plan.

Dietz & Company Architects, Inc. 2011.

Many of the mechanical systems are exposed, and the floor is polished concrete. The North
wall of the building is painted concrete with small windows, and it borders the hallway. The wall that
separates the hallway and the studios is also painted concrete, and the walls separating the studios are
drywall. The South wall is concrete covered in panels used as pin boards. Looking up, the ceiling above
the hallway is flat exposed concrete. In the studios, the ceiling slopes up to large North-facing windows
and small South-facing windows. We observed that the ceiling and glazing in the studios are supported
by beams perpendicular to the exterior walls, but do not appear to have any supports other than those.
The ceiling is exposed concrete and has acoustic panels attached to it (See Figure 36Error! Reference

source not found.). The ceiling and floor show cracking and staining.

44 Dietz & Company Architects, Inc.
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Figure 36: North-facing window and acoustic panels inside one of the studios.

In conclusion, there are no major cracks, spalls, or deteriorations that suggest the structure is
not at full capacity. However, we recommend that the facade of the Fine Arts Center be frequently
surveyed for potential safety hazards such as spalls and loose materials. Spot repairs and treating the
underlying steel to reduce the rate of steel section loss will continue to be a common repair. To reduce
the rate of deterioration of concrete and expectantly decrease the number of future repairs, corrosion

inhibiting products and clear-water repellent sealers can be used.

Structural Analysis — Art Studio Building

In conclusion, the following table represents all the calculated applied loads and design
capacities for each member. All the applied loads are less than the design capacities, which means the

structure can support the loads it carries.
Table 5: Art Studio Structural Analysis Results

Vertical Loads

Current applied loads Current load capacity
Kip-ft Kip-ft

Item
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Roof 349
Column Wall Panel 5,974 15,368
Column Wall Panel 1,518 2,626
Floor Rib 71 139
Ttem Current applied loads Current axial capacity
Kips Kips
Support Column 20,932 25,390
Wall Footing 256 343
Buttress Footing 5,593 27,620

The calculated results for the wind loads are represented in Figure 37Error! Reference source not

found.Error! Reference source not found.. Error! Reference source not found.

W1 = 2932 Kips
M1 = 25,000 Kip-ft

)
W2 = 5280 Kips > e ./ ;
M2 = 42,500 Kip-ft Vil
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M3= 56,000 Kip-ft b e e
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Figure 37: Wind load combination results.

Adapted from Kevin Roche John Dinkeloo and Associates 1970, drawing A12.

Structural Analysis — Building B

After analyzing all columns within Building B, we concluded that these columns are not in
danger of cracking due to the current axial loads applied to them. Additionally, despite applying a larger
live load and waterproofing details to the roof through this new design, the columns would continue to

support the axial loads. In the table below, these numbers represent the current and new applied loads
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on the columns, as well as the load capacity of the columns. Each column’s load capacity is larger than
both applied loads, confirming the structural feasibility of this design. Example calculations that show

the process of finding these results can be found in Appendix H.

Table 6: Applied Loads and Load Capacities for Columns in Building B

Current Applied Loads New Design Appled Loads Current Load Capacity
Cuurent P, (k) New P, (k) @OF, (K
Column BC-14 (3F-1) 39.62 101.00
Column BC-13 (3F-2) 5910 10021
Column BC-12 (3F-3) 3774 97.90
Column BC-11 (3F-4) 5716 96.92
Column BC-10 (3F-5) 57.65 9775
Column BC-9 (3F-6) 5591 94.81
Column BC-14 (2F-1) 162.09 20336
Column BC-13 (ZE-2) 160,71 201.81
Column BC-12 (2F-3) 157.06 19723
Column BC-11 (2F-4) 155.50 19526
Column BC-10 (2F-5) 156.82 196.92
Column BC-2 [2F-6) 13217 191.06
Column BC-6' (LF-1) 50536 50536
Column BC-6 (LF-2) 3024 3024
Column BC-5' [LF-3) 63.04 63.04
Column BC-5 (LF-4) 04.88 04.88
Column BC-4 (SF-3) 12386 123 86
Column BC-3 (SF-4) a87.34 a87.34
Column BC-2 (5F-5) 59.74 59.74
Column BC-1 (5F-6) 9013 9013
Column BC-6 (SF-1) 119.80 119.80
Column BC-3 (5F-2) 127.50 127.50
Colomn BC-6 (Fd-1) 188.00 188.00
Column BC-3 (Fd-2 186.62 186.62
Colunn BC-4 (Fd-3) 20462 20462
Colomn BC-3 (Fd-4) 166.04 166.04
Colomn BC-2 (Fd-3) 171.08 171.08
Cohimn BC-1 (Fd-6) 167.63 167.63

After analyzing the applied moments and moment capacities of all beams in Building B, we were
able to determine that they are all capable of withstanding the axial loads applied along the span of
each member. Each moment capacity calculated was greater than the applied moments, meaning that

the amount of bending each member endures is not enough to cause structural failure even with the
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addition of new loads through our new design concept. Example calculations that show the process of

finding these results can be found in Appendix H.

Table 7: Applied Moments and Moment Capacities for Beams in Building B

Ttem Current Applied Moments MNew Desipn Applied Moments MMoment Capacity
Current My (&-ft) New Mo (k-fi) DMn (k-

Beam BB-13 40,839 40,839
Beam BE-5 2386.534 2813.7a8
Beam BEE-3 2802391 3503.860
Beam BE-4 2740325 3232 407
Beam BE-3 271115 3198.21
EBeam BE-2 2736157 32275062
EBeam BEE-1 2654615 3131.017
Beam BEB-12 40,839 40,839
Beam BEB-14 T3.68 T3.68
Beam BB-15 54248 54248
Beam BEB-16 30764 30764
Beam BEB-17 36.936 36.936
Beam BEB-18 33205 33205
Beam BE-19 38.944 38.944
Beam BEB-20 38.693 38.693
EBeam BEB-21 G4.162 64162
Beam BE-8 274.008 274.008
Beam BE-10 0 0
Beam BEE-2 325.033 325.053
Beamn BB-11 0 0
Beam BB-22 145931 145931
Beam BE-7 15608 15.608

We found that the walls are far stronger than they need to be to meet the applied gravity and
lateral loads. A summary showing the applied axial loads as well as the axial, shear, and bending

strengths of the walls is in Table 25, Appendix H. The following table gives a summary of the wind loads:

Table 8: Summary of Wind Loads

Applied Shear M from
Wall Wind Load Capacity wind (ft-k) DM, (ft-k)
Wall 3A 7.86 k 13,300 k 47.16 k 6,056 k
Wall 3B 4.78 k 5,570 k 28.68 k 1,342 k
Wall 3C 4.78 k 4,647 k 28.68 k 793 k




Wall 3D 1.66 k 4,535 k 9.96 k 710 k
Wall 3F 372k 6,288 k 18.70 k 1,431 k
Wall 3G 6.58 k 4619 k 35.86 k 788 k
Wall 3H 332k 13,300 k 19.92 k 6,056 k
Wall 3K 326 k 4,619 k 19.56 k 788 k
Wall 2A 721k 13,090 k 39.63 k 6,056 k
Wall 2B 438k 5481 k 2410 k 1,342k
Wall 2C 438k 4573k 24.10 k 793 k
Wall 2D 152k 4,464 k 837k 710 k
Wall 2F 341k 6,189 k 1571k 1,431 k
Wall 2G 6.03 k 4,546 k 30.13 k 788 k
Wall 2H 3.04 k 13,090 k 16.74 k 6,056 k
Wall 2K 2.99 k 4,546 k 16.44 k 788 k
Wall 1A 111k 6,803 k 445k 1,892 k
Wall 1B 2.00 k 3,672k 8.00 k 705 k
Wall 1C 354k 4279 k 14.16 k 793 k
Wall 1D 152k 4,464 k 837k 710 k
Wall 1F 1.89 k 6,189 k 1571 k 1,431 k
Wall 1G 6.03 k 4546 k 30.13 k 788 k
Wall 1H 3.04k 13,090 k 16.74 k 6,056 k
Wall 11 31.22 k 12,249 k 124.88 k 6,056 k
Wall 1] 1.08 k 3,844 k 432k 594 k
Wall 1K 2.99 k 4546 k 16.44 k 788 k
Wall 11 1.74 k 1,102k 526 k 51k
Wall 1M 1.86 k 3,950 k 526 k 671k
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The seismic analysis results showed that the structure meets today’s codes.

Table 9: Seismic Analysis Summary

Ground Floor and Storage Floor | Library Floor and all Floors Above
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Required Load 31k 230 k

Shear Strength 350,208 k 410,183 k

Comparing the wind and seismic loads, the total wind loads on the structure sum to 124 kips, and the
seismic loads sum to 261 k. The wind loads govern in the design of most structures, but this building
only has three levels that are completely above ground and exposed to the weather. Also, we used the

wind load given in the original 1970 drawing set, today’s requirements may be more conservative.

The results for the column footings are included in the following table. The wall footing results

are included in Table 37, Appendix H.

Footing | Py (current) | Pu (new) DV, DV, DOM,
BF-1 174 k 174 k 1,973 k 259 k 1,372 ft-k
BF-2 177k 177k 1,973 k 259 k 1,372 ft-k
BF-3 172k 172k 1,973 k 259 k 1,372 ft-k
BF-4 211k 211k 1,973 k 259 k 1,372 ft-k
BF-5 196 k 196 k 3,127k 476 k 1,978 ft-k
BF-6 203 k 203 k 3,909 k 476 k 2,311 ft-k

For the roof slab analysis, we modeled a random 1 ft slice of the roof slab and treated it as a
beam in order to find the capacity. The moment on the beam due to the distributed load on it is 10 ft-k,

and the beam’s moment capacity is 73.5 ft-k. These give a maximum allowable point load of 13.5 k.

Next, we had to determine how much additional weight each zone could support. We
calculated how applying a point load will affect the members in the load path, comparing the effect to
the capacity of each affected member, we can calculate the maximum load to be applied. The following
diagram and table show the zones on the roof, and what the limiting members and loads are for each

zone. The zones are determined by the tributary areas of the walls and columns that support the roof



slab. Each zone transfers to a different structural member, which is shaded in the same color as the

zone it is associated with.
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BUILDING B/ART BUILDING
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Figure 38: Roof framing plan showing zones.
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Table 11: Maximum Allowable Axial Loads in Each Zone

Zone Limiting Member Max. P
A Footing FA 1,417 k
B Footing FB 1,213 k
C Footing FC 1,553 k
D Footing FD 1,555 k
E Wall GE 1,777k
F Footing FD 1,555 k
G Wall 1G 2,093 k
H Footing FH 1,601 k
1 Footing FI 1,842 k
] Column BC-9 314k
K Footing FK 1,344 k
L Column BC-10 309 k
M Column BC-11 310k
N Column BC-12 309 k
P Footing FK 1,344 k
Q Footing FG 2,163 k
R Column BC-13 304 k
S Column BC-14 302 k

Some of the walls and footings were part of the load path of more than one zone, as shown in the

following table.

Table 12: Members in More Than One Load Path

Member Zones Max. P
Wall 1P B,J,L,M,N,P,R, S 16,122 k
Wall LP B,J,LLM,N,P,R,S 13,921 k
Wall GP B,J,L, M,N,P,R,S 7,558 k
Wall SR J,L,M,N,P,R,S 6,389 k
Wall GR J,L,LM,N,P,R,S 6,018 k
Footing FK J, K, LM, N, P, R, S 2,006 k
Wall 1Q J, LM, N, Q,R, S 16,189 k
Wall .QQ J, LM, N, Q,R,S 13,994 k
Wall GQ LLLM,N,Q,R,S 7,608 k
Wall SS J, LM, N, Q,R, S 6,469 k
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Wall GS LLMN,QRS | 6097k
Footing FG | J,LM,N,Q,R,S 4,666 k
Footing FS J,L,M,N, Q,R, S 4,760 k

So, we revised the zones in order to reflect the strengths of these shared members. The revision also
combined some zones that have independent load paths for the sake of simplicity. This allowed us to
split the roof into five zones for the final design. The following table and diagram show these revised

zones and the total allowable weight that can be added to each zone.

Old Zones New Zone Total Allowable Load
D,E. F, G H 1 1,550,000 1b
Q 2 2,00,000 1b
J,LLM,N,R,S 3 300,000 1b
B,K,P 4 1,150,000 1b
A C 1 5 1,400,000 1b
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Figure 39: Roof plan showing revised zones.



New Design

To determine the maximum allowable weight of a single sculpture, we had to compare the
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maximum allowable point loads for the roof pavers, the pedestals that support them, and the roof slab.

The results are in the following table.

Component Maximum Allowable Point Load
Paver 42,000 k
Pedestal 2k
Roof slab 13.5k

In conclusion, the pedestals that support the pavers limit the weight of a single sculpture.

Dividing a sculpture’s weight by 2,000 Ib will give the minimum number of pavers that the sculpture’s

base must rest on. This number does not include the live load on the paver.

Concept

Our new design for the roof top terrace of Building B creates a space for UMass Amherst

students to display their artwork especially sculptures that interacts with the surrounding outdoor

areas. This would incorporate several parts of the Fine Art Center as outlined by a red box in Figure 40,

including the Art building roof (Building B), Library building roof (Building G), which makes up the plaza

area, Music building roof (Building J), and the grass area on the East side of the building.
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Figure 40: Aerial view of the Fine Arts Center.

Adapted from Google Maps.

Building B is the intended space where people will gather to view artwork created by students of
the university. We wanted to create an experience and sense of peace for the occupants on the Building
B rooftop terrace four stories above ground. To accomplish this task, we incorporated nearby roofs and
surfaces with Building B’s rooftop, ensuring connectivity between the Fine Arts Center’s various
structures and the surrounding U-Mass Amherst Campus. Additional green spaces along the east side of
Building B and on the lake to the north were also incorporated into the design. As a part of this concept,
the Music building's roof (Building J) will be a "green" or "living" roof featuring plantings. It will not be

accessible to the public and, therefore, does not require any additional means of egress. The rest of the
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space will be accessible to the public and will feature a rotating display of sculptures and art by UMass

Amherst students.

One of the main goals of this design was to successfully combine safety components with egress
requirements to create a code compliant space that was not only visually appealing, but also provided
safe travel in and out of the space. Using research from the International Building Code (IBC) and the

Life Safety Code (NFPA 101), this goal was achieved.

The space of interest is considered an Assembly occupancy with un-concentrated seating. This
information was the base for all of our calculations. Using safety factors required for this type of
occupancy, we were able to determine that the space can incorporate 335 occupants. Due to the
number of occupants, two means of egress were necessary to make the building code compliant. These
means of egress had to spaced at least 66 feet away from one another, and had to be accessed from a
distance of no more than 200 feet away for safety in the event of a fire or other hazard. These means of
egress must have a width of at least 8.343 feet to safely evacuate the maximum number of occupants
from the space. The last component of the means of egress was the number of stairs and landings. To be
code compliant, 54 steps are needed to extend from the plaza to Building B’s rooftop, and two landings
must be incorporated to prevent structural instability. By following these guidelines, we were able to

create safe means of egress that will allow occupants to access this new addition to the building.

The final design concept indicates three main points of egress. A spiral staircase on top of a
redesigned entrance platform on the eastern side of the building. A staircase system on the north side of
the building meant to provide a connection between the parking lot, the plaza level, and the top of
Building B. Lastly, a freight elevator on the northern side connected to the plaza by a path attached to

Building B's north wall.
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Figure 41: Site plan of Building B highlighting its three means of egress and elevator.

The freight elevator was due to a design challenge of how to make the space accessible to all.
This means following ADA requirements and providing an elevator or ramp as a point of egress. During
our site visit, we realized that the current ramp-elevator system for people with disabilities is a hassle.
The only accessible entrance to the second highest level of the Art building is by an exterior ramp. So, if
one wants to go to the top floor of the Art building from the floor below it, one must exit the building,
travel down the ramp to the ground, go around to the other side of the Fine Art Center, take the
elevator up to the top floor, and travel down the Art Studio building's long hallway to get back to the

other side. Whether or not this is code compliant, it is simply unfair to those with disabilities.
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The freight elevator located on the North side of Building B that will have access to the plaza
level, the Art building's roof, and several levels within the Art building. The freight elevator will have two
purposes, first to provide handicap accessible circulation and second, to aid in moving the art structures
to the display areas. Another reason for including this elevator in design, is to include more levels in the
Art building is to improve the handicap accessibility in the building for those with disabilities, those who

are temporarily injured, and even for those who are pushing strollers or other rolling equipment.

The three points of egress integrate the rooftop space with the surrounding areas by offering
access from multiple locations and levels. Providing safe means of egress to the rooftop will bring
occupants up to the terrace to explore a sculpture garden and art pieces that students have spent
countless hours working on. Providing a space for students to showcase their work in front of countless
others is important for these creative thinkers, and designing a space for them to do this will definitely
benefit those with a keen eye for art, as well as those who are looking for a quiet place to simply admire

these works.

Figure 42: General rendering of Art Studio Building and Building B with new design.



Figure 43: Closer view of access points on North wall.

Figure 44: Closer view of means of egress on East wall.
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Figure 45: Closer view of a rooftop design layout example.

Circulation

We created a new design with additional means of egress to allow occupants to travel safely in
and out of the roof space. To aid in describing how occupants could possible use each egress
component, we designed three different scenarios that identify a variety of possibilities for accessing the

rooftop.

The first method to accessing the rooftop is from the north (Figure 46Figure-46). Occupants
could either utilize the freight elevator if handicapped, or the various staircases now provided to allow

quick and easy access to the terrace.
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Figure 46: Circulation plan of the Northern stairs and elevator.

The next method to accessing the rooftop is via the east staircase (Figure 47) The spiral staircase
on the East side of the building adds a permanent sculptural and architectural element to the design and
improves circulation for students coming from the East. Occupants walking along the public access ways
and sidewalks can converge at the ramp that leads up to an entrance inside Building B. The platform
where this entrance is located is now extended and occupants can utilize the spiral staircase added to

walk up to the rooftop terrace.
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Figure 47: Circulation plan of the Eastern spiral staircase.

The last travel scenario involves those walking underneath the Art Studio Building (Figure 48). If
occupants are coming from this direction, they may diverge in two different directions. Some may walk
north up the stairs to the plaza and up the staircase to the roof, while others may walk east to walk up
the ramp that holds the spiral staircase. Occupants would walk up this staircase and arrive at the roof as

well.
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Figure 48: Circulation plan of occupants underneath Art Studio Building.
Evacuation Plan
To ensure that the means of egress would safely evacuate occupants while still complying with
the codes, an evacuation scenario was created. The maximum distance allowed for travel to any given
exit based on the codes is 200 feet. Figure 49 shows two locations where an occupant may be standing
in the event of a hazard requiring evacuation. The distance from the closest exit is less than 200 feet in

both cases, and this figure shows how we envision occupants to exit the space when necessary.
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Waterproofing Roof System

Figure 49: Two example scenarios for occupant evacuation in the event of a fire or other hazard

Along with redesigning the purpose of Building B’s roof we redesigned the roof system into a

rooftop waterproofing system. We looked into Kemper System Waterproofing and decided to reference

their recommended Terrace Waterproofing Assembly with insulation and overburden to determine the

layers as seen in Figure 50. One challenge in the new design of the roofing system was how to achieve

the required Massachusetts minimum R-value. According to the Massachusetts building code 780 CMR

Chapter 13, the minimum insulation R-value requirement is R-30.
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Figure 50: The layers of the new waterproofing roof system.

The product data for each layer is in Appendix J. The rubber pedestal and the pavers are from
the Tile Tech Pavers. The pavers are a grey color from the Cool Roof Series and help reflect heat and
light. The height of the rubber pedestals can be adjusted to account for the required 2% slope. The roof
will slope down from the edge of the roof towards the two existing drains located in the middle of the
roof as shown on the site plan in Appendix J. The achieve the 2% slope the insulation will be tapered
going from a minimum of 5 inches near the drains to achieve the MA required minimum R-30 value to a
maximum of 11 inches at the edge. The average R-value of the roof deck is higher than R-30 because in
our design we tapered our insulation so the roof would slope towards the drain. Therefor the insulation
at the drain is the thinnest and the insulation at the edge of the roof is the thickest. We made sure that

the thinnest area of insulation met the required R-30 value.

One challenge in waterproofing a roof is figuring out how to end the membrane. Building B
already has an existing 1'7” concrete parapet. For safety reasons an aluminum metal railing will be

added on top of the existing parapet to reach the required height of 42 inches. The waterproofing



membrane will go up the existing parapet and end under the added metal cap and railing as show in

Figure 51.
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Figure 51: Detail showing how the waterproofing system terminates at the edge parapet.
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It is important to know the specific layers of the new roofing system for more than just
waterproofing reasons. The new layers, especially the concrete pavers, will add weight to the roof and
increase the overall dead load. The existing structure needs to be able to support the new dead load.
The product data sheets for the membrane layers were used to calculate the weight of the new roof.
The new weight of the roof is 27lbs/sq. ft and was added to the overall dead weight of the building. For

the full calculation of the weight of the new roof see Appendix K.

New Deck Layers Total unit weight per Roof Area
Ibs/ft"2
Pavers 21
Pedestals 1.20
Drainage Mat 0.19
Kemperol Waterproofing 0.73
Kempertec AC Primer 0.09
Coverboard 0.38
Urethane Adhesive 0.03
Rigid Insulation
3.54
Total 27
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Conclusions and Recommendations

Our project demonstrates that you can add usable space and bring new life to a historic building
while making minimal alterations to the existing structure. Our design of a rooftop sculpture garden
creates a new space for the Art department without creating a new building or adding on more stories
to the existing building. The elevator that we designed improves the accessibility of Building B while
staircases provide means of egress from the roof. The spiral staircase also adds even more architectural

interest to the building and functions as a sort of sculpture itself.

For anyone looking to do a similar project, having accurate drawings of the existing conditions is
essential. Because we were adding so much additional weight to the structure due to the occupants,
roofing, and sculptures, we had to know the strength of the structure in order to get the most use out of
the space. We also believe that it’s important to preserve the architectural style of the building, even if
it’s not very popular among the public. The style and original intent of the design is part of its history
and should be recognized. New additions or alterations should match the architectural style or at least

not compete with it.
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Appendix A — Typical Structural Details, Notes, and Schedules
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SPEECH A _—BLDG. REF, BLDG. REF. _~BLDG. REF.
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Figure 52: Key for structural drawings.

Kevin Roche John Dinkeloo and Associates, 1970, drawing SO1.
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GENERAL NOTES -

AND IK SPECIFICATIONS. )

{INSTRUCTONS ARD_ (UFORMATION OF GENERAL BATURE; FURTHER DETAILS WILL BE FOUND CLSEWWERE OW ﬁ"MHI‘Hﬁl

FONOATIONG
1. FOOTINGS ARE DESIGNED FOE A S00L BEARING CAPACITY OF FOUR (&) TONS/S]. F
2. CEATERS OF GRAVITY OF FOOTINGS AND SUPPORTED ELEMENTS SHALL BE IIIHEEA‘FHG UNLESS SHOWN OTHERWSE)

5. FOUNDATION DRAIE PIPES AND DIRECTION OF FLOK ARE INDICATED ON PLAN m:rs ----- N
CONGRETE ) ) "
I. COFCAETE STRENGTRS (P51 AT 28 DAYS AGE) SHALL BE AS FOLLOWS:
CLASS 1) ALL CONCRETE ENCEPT AS [N CLASS £2) . . . - . . . . . . 2000
CLASS 21 NORIZONTAL AND SLOPIRS SGPPORTED )
SLABS FYPOSED TO WEATHER . . . . 3000
2. PLaUYHEYT OF COWCRITE SLARS AWD wALLS SKALL BE MADE IN CHECKESBOARD AMD MWTERMITTENT FASHIOW,

RESPECTTWELY, BETWEEN CONSTRUCTION JOINTS. AuD 28 mQUAS [IRIEWT) SHALL ELAPSE BETWEER PLACE-
MENTS OF ADJACENT SEGIIONS. :

REINFORE NG STEEL - J__#L

L. MINIWUN YIELD STRENGTHS (P30) OF REINFORCING STEEL SHALL BE A5 FOLLOWS: . L
-~ (Al STIRRUPS AMD TPES . . e e #U Ml.','l
(B}  COLUMN SPIRALS, WELDED WIRE mel: :l'fﬂ JI.L ﬂ‘”l'fl'! RFI.IFU.H'I.‘TJA‘E

2. MINIMDH COFER OF CONCRETE OWER REINFORCING SHALL CONFORM TO ACI RIS-63, MFIG‘.E 808, E Jh
w J

MINIMUN WRERE FORMED SURFACES ARE TO BE EXPOSED TO WEATHER OR SUIL AND IV MIRTMUN WA
LXPOSED,

3. REINFORCING STEEL SWALL BE PRONIDED /¥ ALL CONCRETE; WHERE WOT SHOWN OR EEHILEE SEE AFFLTE&L‘E

SCHEDOLES OF MININUN RETNFORCING, TYPICAL AND/OR 5IMILAR GONDITIONS, WHERE RESPECTIVLLY
APPLICABLE . v

|

4. WHERE CONTINUOUS B4RS .MF GALLED FOR, TWEY SHALL BE RUN COWTIWUODSLY ARDUNG CCIRJEE‘S L.I.P'Pfﬁ -

36 BAR DIAMETERS AT NECESSARY SPLICES OB WOOKED AT DISCONTINUOUS ENDS; L& BEAM TOP BARS AT
MID-5PAN AND BEAM BOTTOM BARS AT SWPPORTS.

AUCTY TEEL
1. ALL WELOED CONNECTIONS SMALL BE SMOP-WELDED EXCEPT WHERE FiELD-WELDED CONNECTIONS ARE SHOWN 0N
THE DRAWINGE OR APPROYED,

£, ALL MELDS SHALL BE FULL PENETRATION WELDS I'AD.EI:ILI'.IFE T0 DEFELOP FD‘LL STRENGTH OF WEAKER MEMBER
CONNECTED) ONLESS OTHERMISE SHOWN.

3. ML BOLTS SHALL BE HIGH-STRENGTH ASTM A325, 2" DIAMETER MINIMYM SIZE UNLESS SHOWN GTMERWISE,

BEARING TYPE CONNECTIONS. ANCHOR BOLTS INTO COVCRETE SWALL BE 4307 OR 4325 AS SHOWN; USE 4325 -1

MRERE KT SHOWN.

4. SIMPLE BEAW COWNECTIONS SHALL BE DESIGNED AWD DETAILED IN ACCORDANCE WITH THE SPEiﬂFF;GJfI{JIS
USING TWO BOLTS MINIMOM IN EACK CONNECTION UNLESS SHOWE OTHEEW!SE ON THE DRAWINGS, 1

DESIGN L (VE {Qans _ [
(LES./5Q. FT., N ADDITION TO DEAD LOAD OF STRUCTURE AND MISCELLAWEOUS)

I, PEBLIG AREAS, CORRIDORS, ETC.
2, ASSEMBLY AREAS: NO FIXED SEATS |

FINED SEATS. I
BALCONIES . . . e N
3. TYPICAL FLOORS, OFFICE AREAS, STUOIOS, £TC. . . . . . . . .. .. s )
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Figure 53: General notes on the FAC.

Kevin Roche John Dinkeloo and Associates, 1970, drawing SO1.
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MINIMUM RELN_.F'URCING SCHEDUL E
THICKNESS SLABS ! . WALLS
OF WALL- [k, MiwIMoH SLA® OR TEMP. REINF. © _
OR SLA8 (SEE WOTE 1.) HORIZONTAL VERTICAL
4 #3 8 15" g
s #3 & 12" 8
g #3@ 10" B i #4 @ 127 HD." §3 @ 12" H1D.
7 #4016 8 #4912 HID. #3 @ 12% MID.
g 440 14 8 JH2@ 11" EF. #3 @ 18" E.F.
g 458 18" B . #3 @ 10" £.F. 43 @ 160 £.F.
10" 458 16" B . #3@ 9" E.F. 3@ 15" £.F.
1Iv-gen £ E 140 B #0810 ELF. 38 12V ELF,

RS TURTUE Ho 6 g HS B 16" L.F. HE 816" EF.
174-20" 479 14 8 6@ 17" ET 458 17" £.F.
21240 #7 @ 14" § #6 8 15" [£.F. 5 @ 15" EF.

NOTES: 1. TEMP. REINF. TO BE PLACED PERPENDICULAR NOTES: 1. W CONCRETE AREAS WHERE NO REINF. 1S CALLED FOR 08 SHOWY
T0 MAIN BEINF. BOTTON, OR BOTH WAYS BOT- USE KIN. WALL REINF. AS CALLED FOR 1N THIS SCHEDULT.
70 WHERE HO REINF. 1S CALLED FOR. : _

i

Table 16: Minimum reinforcement schedule for walls and slabs.

Kevin Roche John Dinkeloo and Associates, 1970, drawing SO01.



WALL FOOTING SCHEDULE

WIDTH ON PLAN DEPTH Rg égﬁgﬁ;ﬁrc
21-0" FTG. pegr | SO
20 FiGs. 1-3" B conr

31-0" FIC. 11-3m | o

41-0" FT6 11-3 5’§j couT.
H41-0" FTG. 1r-gm e

41-9" FTG. 115" o

5'-6" FTG. C1-g” 5-@;' 3‘,}’1‘5&

e | e | RO

Table 17: Wall footing schedule.

Kevin Roche John Dinkeloo and Associates, 1970, drawing S08.
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Figure 54: Typical wall footing detail.

Kevin Roche John Dinkeloo and Associates, 1970, drawing S08.
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Appendix B — Original Art Studio Drawings
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Kevin Roche John Dinkeloo and Associates, 1970, drawing S16.
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Kevin Roche John Dinkeloo and Associates, 1970, drawing S16.
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Appendix C — Original Building B Drawings and Schedules

A v

.
/ ]115_:3-*?..;

e _E=

F | i
i j L s ter e
' cxpl 1T
s | . i
i I I
T - __| Ill.'|l

it ) —8

; .
-
K

-

iren b 1
R

Figure 59: Original roof framing plan.

Kevin Roche John Dinkeloo and Associates, 1970, drawing S13.
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Figure 63: Original library level framing plan.

Kevin Roche John Dinkeloo and Associates, 1970, drawing S12.
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Figure 64: Original storage level framing plan.

Kevin Roche John Dinkeloo and Associates, 1970, drawing S09.
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Kevin Roche John Dinkeloo and Associates, 1970, drawing S08.
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Kevin Roche John Dinkeloo and Associates, 1970, drawing S20.
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Table 19: Beam schedule.

Kevin Roche John Dinkeloo and Associates, 1970, drawing S20.

KARK : ﬂu%gm;ua 7 : . snegups
—SUPPORT— SI2E
s O g Y € sHapt
R SPACING
oo 291.300LH}, | 4RI Uity PRE BRI 1 mes cut Y]
- _ o L’_—'—{—ﬁii'//aw QM/QG’ :
Y224 - &’WIIW 20 loweyicae /éed e@m|.
epe’ " # T R ] ﬁ sroa’ . |3C/scr |
: = st | 2ALC/a
= {223 4’//;50%1.-; Bl Eo L aEs
..g_gs i o -'gg[rle’gl
BE£ ‘ = 5 /0" 5@/~
BES % v/ el o2 - e 541[-@/&'
I AP = ot ] L
g L= om o ¢-'7; FCG??_.: :
poc |- N e L 17
. R £ A N R PR
R T e > VIR 2247 =l ot |
S BBT NS _‘_‘;57-.'5 ‘.vzc'e.,,_q 30 VaeweEs-".
5ol 7 - - (it MUEIJ‘\ 4
oA qﬁ/au
C BBG. w@eie.E
3 L' ;‘- 606'26'
; ruzo,r'
- BBIO o :
BB// A Py ! ST i 3
4 - =3 R
59 L7 e L *3&!/ 27
B85 R T . -T : 4e5e ?
as/3 L———""’J N v, A il es s,
SO -tk 4 Rl b.85d - 24l 0/4
B8 )# —Z2 % | iy
88/ ERECZ TN ’é?',,i :
es/s | e | |eéaes .
-8820 275 BAL.QIE"
e i i ¥ 2 y
285 e =272 1 - 45
B817 ¢ aoid 14 15 ERG FE
el 4 fefve 2as.Qre"
A g
SRl 2737 1] 321 .
agee 3@/ -
e THEOUGHCUT
N

109



FOOTING SCHEDULE

TYPE SIZE S0TTOM REINF.
8F 1 THRU 41-6" x 416" x 1'-6" | 6-#5 £.W.
BF 4 INCL.
BF 5 5'-0" x 5'-0" x 2'-0" | 6-H5 ..
8F 6 67-3" x 6:-3" x 2:-0" | 7-#5 E.W. /
i _ /.

Kevin Roche John Dinkeloo and Associates, 1970, drawing S08.

va

Table 20: Column footing schedule.
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Appendix D — Site Visit Observations

Key:
- = Efflorescence . = Repairs = Cracks - = Staining
- = Deterioration - = Spalls - = Rebar Showing
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Observations of the North and South elevations of the Art Studio

Kevin Roche John Dinkeloo and Associates, 1970, drawing A11.
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Appendix E — Art Studio Design Capacity Calculations

Column Wall Panel Calculations
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Floor Rib Calculations

AR CAPACITY
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Support Columns

Applied Load
P 627.7
W1 2932.053161
d1 223
W2 5280.48
d2 96.5
Cy = (W1*d1+W2+*d2)/28 41551
Load Combination 20932




Design Capacity

fc' =
3000psi
fy = 60000psi
Art Studio

Support Column One leg of the arrow

Length
(in) Width Ag Steel As Ac fc Pn
(in) (in”2) Rebar (in"2) (in"2) (psi) Ec(psi) Es (psi) Pn (Ibs) (kips)
286 24 06,864 0.02 137.28 6,726.72 2,550 3,122,019 29,000,000 25,389,936 25,390
Footings
1. APPLIED LOADS
Support Column Wall Footing - Cantilevers out 1.5"
Quantity Length (ft) Width (ft)  Height (ft) Volume (CF) Weight (k)
Self-weight 1 1 14.5 1.25 1.50 27.19 4.08
Column 1 14.50 1 36 522.00 78.30
Total DL (k): 82.38
Current Py (k): 157
Total: Current Py (k): 256
Current w, (k/ft): 18
Support Column Buttress Footing - Cantilevers out 34"
Quantity Length (ft) Width (ft)  Height (ft) Volume (CF) Weight (k)
Self-weight 1 1 9.33 06.67 2.00 124.44 4,480
Column 1 9.33 1 36 336.00 50
Total DL (k): 4,530

Current Py (k): 157




Total:

Current Py (k):
Current w, (k/ft):

2. DESIGN CAPACITY

Given values:

fo=
f,=f, =
G =

3,000 psi =
60,000 psi =
4 tons/sf =

See SO01 for wall reinforcement.

# bars rounded up in As and A, equations

Support Column Wall Footing

diam. (in)
0.5

wall t (in)
12

a (in)
15.6863

Abr (in2)
02

b (in)
15

DM, (ft-k)
4,973

Support Column Buttress Footing

diam. (in)
0.875

wall t (in)
12

a (in)
4.1522

Abar (in2)
0.6

b (in)
34

DM, (fe-k)
79,861

3 ksi
60 ksi
288  ksi

# bars

d (in)

14.75

DV, (k)
57

# bars
9.33

d (in)
2056

DV, (k)
1,816

5,593
599

Reinf: 5 #4s
As (in?)

A (in?)
2,610

Max. P (k)
4972

Reinf:
#HT1@6"

As (in?)

A (in?)

8,960

Max. P (k)
27,620

0.75 shear

Max. P (k/ft)
343

Max. P (k/ft)
2,959



Appendix F — Art Studio Wind Combination Calculation

Given Values: Unit

W 20 psi

L 1368 in

L3 360 in

h1 204 in

h2 193 in

h3 432 in
angle 45 degrees

cos(45) 0.525322

TRIANGLE Column Panel Walls Support Columns

W1 = wcos(45)(h1)(L) W2 = w(h2)(L) W3 = w(h3)(L3)

Wtotal 2932.053 Kips Wtotal 5280.48 kips Wtotal 3110.4 kips
M1 = W1*Arm M2 = W2*Arm M3 = W3*Arm

M1 24922.45 Kkip-ft M2 42463.86 kip-ft M3 55987.2 Kkip-ft




Appendix G— Art Studio Seismic Calculations

STEP 1
Valne
Ss (accelerations at short period) = 0.20g
Ss = 0.2
S1 (Acceleration at 1-second period) = 0.06g
S1= 0.06
STEP 2
Doesn't qualify for an exception
STEP 3
1. Soil classification Site Class D
2. Sds = (2/3)*Fa*Ss
Fa = 1.6
Sds = 0.21
Sd1 = (2/3)*Fv*S1
Fv= 2.4
Sd1 = 0.10
3. Risk Category Category 111
4. SDS (Seismic Design Category)
Sds B
Sd1 B
STEP 4
1. Fundamental period, Ta = (Ct)(hn)"x
Ct= 0.016
hn (structural height) = 52.08
X = 0.9
Ta = 0.75
2. T limit = Cu(Ta)
Cu= 1.7
T= 1.275
3.'Ts = Sd1/Sds
Ts = 0.45

4. Vertical irregularity Type 5a

Reference
Figure 22-1 ASCE-7 (g.159)

Figure 22-2 ASCE-7 (g.161)

2012 IBC section 1613.3.2

Tabel 11.4-1 ASCE-7

Table 11.4-2 ASCE-7

Considered a school

Table 11.6-1 ASCE-7
Table 11.6-2 ASCE-7

Table 12.8-2 ASCE-7 Concrete moment-resisting frames
In feet defined by ASCE-7 Section 11.2 "Structural
height"

Table 12.8-2 ASCE-7 Concrete moment-resisting frames

Table 12.8-1 ASCE-7

Table 12.3-2 ASCE-7



STEP 5

R-value = 5.5
STEP 6
Seismic Importance factor Ie = 1.25
STEP 7
1. V=CsW
CS=S8d1/R/Ie) = 0.021818182
weight of structure
10pst of floor area
W = 5956375
V= 129957.2727
2. TL 6
STEP 8
Fx=Cvx(V)
Cvx = Wx(hx)"k / sum of Wi(hi)"k
k= 2
Assume one story
Cvx = 1
Fx = 129957.2727
STEP 9
Redundancy Factor (p) 1
STEP 10
1. E = P(Qe)+0.2(Sds)D
Qe=Fx= 129957.27
P(Qe)= 129957.27
D=W= 5956375.00
0.2(Sds)D = 254138.67
E = P(Qe)+0.2(Sds)D 384095.94
2. Basic Load Combination
(1.2+0.28ds)*D + p(Qe) + L. + 0.2S
(1.2+0.2Sds)*D = 7401788.667
P(Qe)= 129957.27
L= 60
0.28 = 0
(1.2+0.28ds)*D + p(Qe) + L. + 0.2S 7531806

Table 12.2-1 E.8 ASCE-7

Section 12.8.1.1 Equation 12.8-2

pounds
pounds
Figures 22-12 through 22-16 ASCE-7

Given in Step 8

pounds

Given in Step 9

psi ASCE-712.4.2.1
psi
psi

psi

12.4.2.3 Equation 5 ASCE-7

psi
Snow load included in L according to SO1

psi



3. Em = Emh + Ev

Emh = Q(Qe)

Q=

Emh =
Ev = 0.2(Sds)(D)

Ev =
Em =

7532  ksi

2.5 Table 12.2.1 ASCE-7
324893.18

254138.67
579031.85

Table A: Seismic Weight of Structure

Length
weight

Height
thickness

width

thickness

Roof Beams
Height
thickness
Length
Number of roof beams

Roof Triangle
height
thickness

Total Weight

646
150

16

10336

42

0.583333
15827

42
34
7140

17
0.583333
6406.167

ft
lb/ft 3

ft

ft
ft

ft
ft
ft

ft
ft

1550400

2374050

1071000

960925

5956375 pounds



Appendix H — Building B Structural Analysis

Key
=0 bject above floor slab (or stacked objects)
== =0bject below floor slab
WALL 3A Walls to be analyzed
COWalls below slab
B VY alls above slab
I all: above and below slab (stacked walls)
BB-1 Beams to be analyzed
[JBeam below slab
BC-1 Columns to be analyzed
O Columns below slab
@ Columns above slab
Columns above and below slab (stacked columns)
FTG. FA Wall footings
BF-1 Column footings
Footings
Taobutary areas
Eolxn area, or window

(B——Grid lines

Notes:

There is one framing plan for each floor level. Each
framing plan includes the strictural members above
and below that level's floor slab and information
about the floor slab(s) on that level.

The structural members are labeled on the level
which they support, i.e. the second floor wall 2A is
labeled on the third floor framing plan. The tbutary
area for wall 2A is also shown on the third floor

framing plan.

If an open floor area is not labeled as in the key, it
can be assumed that the area extends to the nearest
walls, beams and other object lines (not including
tributary area lines.)

Figure 66: Key and notes for the following framing plans.
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Column and Beam Applied Load Calculations

Columns
Example Column Applied Load Calculation Set - Current (Column BC-14, 3F-1)

Step #1 — Determining Dead Load of Slab on Column

Tributary Area of Slab on Column: 322.96 ft?
Slab Thickness: .67 ft
Weight of Concrete: .15 k/ft3
DLsiab = Weight * Tributary Area * Thickness = .15 * 322.96 * .67 = 32.46 k

Step #2 — Determining Dead Load of Above Columns/Beams on Column

Weight of Concrete: .15 k/ft3
Volume of Above Column/Beam: N/A
Load Transferred from Above Column/Beam: 0 k
DLcomponents = (Volume * Weight) + Load Transferred = (N/A * .15) + 0=0k

Step #3 — Determining Total Dead Load on Column

DLsiab = 32.46 k
DLComponents =0k
DLvotal = DLsiab + DLcomponents = 32.46 + 0 = 32.46 k

Step #4 — Determining Live Load on Column

Tributary Area of Slab on Column: 322.96 ft?
Current Live Load: .04 ksf
LLyota = Tributary Area * Current LL=322.96 * .04 =12.92 k

Step #5 — Determining Applied Load Combination on Column

DLTota| = 32.46 k
LLrotar = 12.92 k

Total Load = (1.2 * Dlyotal) + (1.6 * LLtoal) = (1.2 * 32.46) + (1.6 * 12.92) = 59.62 k

Example Column Applied Load Calculation Set - New (Column BC-14, 3F-1)
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Step #1 — Determining Dead Load of Slab on Column

Tributary Area of Slab on Column: 322.96 ft?
Slab Thickness: .67 ft
Weight of Concrete: .15 k/ft3
New Roof Composition: .027 ksf
DLsiap = (Weight * Tributary Area * Thickness) + (Tributary Area * New Roof Composition)
= (.15 * 322.96 * .67) + (322.96*.027) = 41.18 k

Step #2 — Determining Dead Load of Above Columns/Beams on Column

Weight of Concrete: .15 k/ft3
Volume of Above Column/Beam: N/A
Load Transferred from Above Column/Beam: 0 k
DLcomponents = (Volume * Weight) + Load Transferred = (N/A * .15)+0=0k

Step #3 — Determining Total Dead Load on Column

DLsiab = 41.18 k
DLComponents =0k
DLTota| = DLS|ab + DLComponents = 41.18 + O = 41.18 k

Step #4 — Determining Live Load on Column

Tributary Area of Slab on Column: 322.96 ft?
Current Live Load: .1 ksf
LLrotal = Tributary Area * Current LL =322.96 * .1 =32.30 k

Step #5 — Determining Applied Load Combination on Column

DLrotal = 41.18 k
LLTota| = 32.30 k

Total Load = (1.2 * Dlrotal) + (1.6 * LLtota)) = (1.2 * 41.18) + (1.6 * 32.30) = 101.09 k

Summarized Table of Current and New Design Applied Loads on all Columns



19

Table 21: Summary of Current and New Design Applied Loads on all Columns

Current Applied Loads ~ New Design Applied Loads

Ttemn
Current Py (&) New Py (&)
Colunn BC-14 (3F-1) 39.62 101.09
Colun BC-13 (3F-2) 59.10 10021
Colunn BC-12 (3F-3) 57.74 97.90
Cokumn BC-11 (3F-4) 57.16 96.92
Colurnn BC-10 (3F-3) 57.65 97.75
Colamn BC-9 (3F-6) 55.91 94,81
Colurnn BC-14 (2F-1) 162.09 20356
Colusn BC-13 (2F-2) 160.71 20181
Column BC-12 (2F-3) 157.06 197.23
Colurnn BC-11 (2F-4) 155.50 195.26
Colurnn BC-10 (2F-5) 136.82 196.92
Cobaznn BC-9 (2F-6) 15217 191.06
Column BC-6' (LF-1) 50.36 5036
Column BC-6 (LF-2) 50.24 5024
Column BC-5' (LF-3) 65.04 65.04
Colamn BC-5 (LF-4) 64.85 6458
Colann BC4 (SF-3) 123.86 12386
Coksmn BC-3 (SF-4) §7.34 8734
Colasnn BC-2 (SF-3) 89.74 89.74
Colsmnn BC-1 (SF-6) 90.15 90.15
Colasnn BC-6 (SF-1) 119.80 119.80
Coksnn BC-5 (SF-2) 127.50 12750
Colurnn BC-6 (Fd-1) 188.66 188.66
Coluon BC-5 (Fd-2) 186.62 186,62
Colsonn BC4 (Fd-3) 20462 20462
Coluenn BC-3 (Fd-4) 166.04 166.04
Colunn BC-2 (Fd-5) 171.08 171.08
Colusnn BC-1 (Fd-6) 167.63 167.63

Beams

Applied moments on beams were determined by modeling all beams in RISA-3D with accurate loads
applied to estimated locations to simulate the beams in real-time. The applied moments were based on

the results that the software provided from these simulations.

Summarized Table of Current and New Design Applied Moments on all Beams



Table 22: Summary of Current and New Design Applied Moments on all Beams

- Current Applied Moments New Design Applied Moments
Current Mo (k-f) New Mu (k-f)

Bezm BB-13 40859 40,859
Beam BB-6 2386.554 2815.769
Beam BB-5 2802391 3305.866
Beam BB-4 2740325 3232407
Beam BB-3 271115 319821
Beam BB-2 2736137 3227362
Beam BB-1 2654615 3131.017
Bezm BB-12 40859 40,859
Bezm BB-14 73.68 7368
Beam BB-15 84.248 84.248
Bezm BB-16 50764 50.764
Beam BB-17 56.956 56.956
Bezm BB-18 53205 53.205
Beam BB-19 58944 58.944
Bezm BB-20 58.693 58.693
Bezm BB-21 64.162 64.162
Beam BB-8 274.008 274008
Bezm BB-10 0 0
Beam BB-9 325053 325033
Bezm BB-11 0 0
Bezm BB-22 145931 145,931
Beam BB-7 13.606 13.606

Example Column Capacity Calculation (Column BC-14, 3F-1)

Step #1: Identify Necessary Values

Column Diameter: 14 in

Ag = pi*r? = 3.14159*72 = 153.94 in2

s=1in

Acore = pi*(r-s)? = 3.14159*62 = 113.10 in?

As = ASTM Section Area * # of Studs =.31*6 = 1.86 in?
F'c = 3 ksi

F, = 60 ksi
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Fys = 60 ksi
Asp = .11

Step #2: Determine if Column Satisfies Minimum Spiral Reinforcement Requirements

ps= (4*Asp)/((Diameter — 2*s)*s) = (4 * .11) / ((14 — 2*1)*1) = .0367
ACI Required, ps = ((.45*F'c)/Fy)*((Ag/Acore) - 1) = ((.45 * 3) / 60) * ((153.94 / 113.10) - 1) = .0081
ps >ACI Required, ps --->.0367 > .0081
We can state that this column satisfies minimum spiral reinforcement requirements

Step #3: Determine the Column Load Capacity

Pn = (As*Fy) + .85*F'*(Ag-As) = (1.86 * 60) + .85 * 3 * (153.94 - 1.86) = 499.3987 k

Summarizing Table of Load Capacities for All Columns*
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Table 23: Summary of Load Capacities for All Columns

Current Load Capacity
DPy (k)

Ttermn

Column BC-14 (3F-1)
Coluenn BC-13 (3F-2)
Column BC-12 (3F-3)
Coluenn BC-11 (3F-4)
Column BC-10 (3F-3)
Column BC-9 (3F-6)
Column BC-14 (2F-1)
Coluenn BC-13 (2F-2)
Column BC-12 (2F-3)
Coluenn BC-11 (2F-4)
Column BC-10 (2F-3)
Column BC-9 (2F-6)
Column BC-6' (LF-1)
Column BC-6 (LF-2)
Column BC-5' (LE-3)
Column BC-5 (LF-4)
Column BC4 (SF-3)
Columnn BC-3 (SF4)
Column BC-2 (SF-5)
Columnn BC-1 (SF-6)
Column BC-6 (SF-1)
Columnn BC-5 (SE-2)
Colsmn BC-6 (Fd-1)
Cohsenn BC-5 (Fd-2)
Colsmn BC-4 (Fd-3)
Colsenn BC-3 (Fd-4)
Colsmn BC-2 (Fd-3)
Colsenn BC-1 (Fd-6)

*Green indicates Capacity > Both Applied Loads
Yellow indicates Capacity > One out of Two Applied Loads

Red indicates Capacity < Both Applied Loads

Beam Capacity Calculations

Example Beam Capacity Calculation (Beam BB-13)



Step #1: Identify Necessary Values

F'c = 3 ksi

F, = 60 ksi

Beam Height "h" =12 in

Beam Width "b" =10 in

Nominal Diameter - Top (ASTM Standard) =.75

Nominal Diameter - Bottom (ASTM Standard) = 1.128

d'top = 1.5 + (.5 * Nominal Diameter) = 1.5 + (.5 * .75) = 1.875 in
d'sottom = 1.5 + (.5 * Nominal Diameter) = 1.5 + (.5 * 1.128) = 2.064 in
d =h —d'sottom = 12 = 2.064 = 9.936 in

A, = # of Bars * Section Area (Bottom) =2 * 1 =2 in?

A' = # of Bars * Section Area (Top) = 2 * .44 = .88 in?

Step #2: Calculate "c" and "a"

¢ = ((As—As")*Fy)/(.85*F'*B1*b) = ((2 - .88) * 60) / (.85 * 3 * .85 * 10) = 3.1003 in
a=B1*c=.85*3.1003 = 2.6353 in

Step #3: Verify Assumption that the Beam is Yielding

€'s = ((c-d'rop)/c)*.003 = ((3.1003 - 1.875) / 3.1003) * .003 = .001186
€, = 60 ksi / 29000 ksi = .002069
€'s< € --->.001186 < .002069
We can state that the beam is yielding

Step #4: Compute Strains, Stresses, and Steel Areas

F's=€'s * Es =.001186 * 29000 = 34.38491 ksi
A, = (AS*F's)/F, = (.88 * 34.38491) / 60 = .504312 in?

A =As— A =2 -.504312 = 1.495688 in?
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€ = ((d-c)/c)*.003 = ((9.936 - 3.1003) / 3.1003) * .003 = .02681
€ >.005 --->.02681 > .005 > =.9

Step #5: Determine Desigh Moment Strength

©Mn = @* (A *Fy*(d-(a/2)) + As"™*F's*(d-d'))
=.9*(1.496 * 60 * (9.936 - (2.6353/2)) + .88 * 34.385 * (9.936 - 1.875)) = 915.6038 k-ft

Summarizing Table of Moment Capacities of All Beams*

Table 24: Summary of Moment Capacities of All Beams

DhIn (et

Ttemn

Beam BE-13
Beam EB-6
Beam BB-5
Beam BB-4
Beam BB-3
Beam EB-2
Beam BBE-1
Beam BE-12
Beam BE-14
Beam BE-13
Beam BE-16
Beam BE-17
Beam BE-15
Beam BE-19
Beam BE-20
Beam BE-21
Beam BB-8
Beam BE-10
Beam BB-9
Beam BE-11
Beam BE-22
Beam BEB-7

*Green indicates Capacity > Both Applied Moments
Yellow indicates Capacity > One out of Two Applied Moments

Red indicates Capacity < Both Applied Moments



Wall Applied Load and Wall Strength Calculations

Assumptions and Notes

P is the load combination 1.2DL + 1.6LL

Unit weight of concrete = 150 pcf (normal weight)

Current roof LL = 40 psf

New roof LL = 100 psf

LL for all other levels = 100 psf (does not change in new design)

New DL = 9.03 psf (due to new roofing materials)

See Appendix A for wall reinforcement.
f'e = 3,000 psi = 3 ksi

k=0.8

f, = fy: = 60,000 psi = 60 ksi

® =0.9 or 0.75 for shear

gn = 4 tons/sf = 288 ksi

y =0.85

A=1

The number of bars rounded up in As and A, equations.

Table 25: Building B Wall Applied Loads and Strengths

Item Current P, New P, P, OM, DV,
Wall 3A 119k 149 k 6,178 k 6,056 ft-k | 13,300 k
Wall 3B 84 k 120 k 2,537 k 1,342 ft-k | 5,570k
Wall 3C 41 k 50 k 2,159 k 793 ft-k | 4,647 k
Wall 3D 43 k 54 k 2,107 k 710 ft-k | 4,535k
Wall 3E 33k 40 k 1,883 k 576 ft-k | 4,053 k
Wall 3F 61k 78 k 2,921 k 1,431 ft-k | 6,288 k
Wall 3G 36 k 42 k 2,146 k 788 ft-k | 4,619k
Wall 3H 163 k 227 k 6,178 k 6,056 ft-k | 13,300 k
Wall 31 64 k 90 k 2,301 k 845 ft-k | 4,053 k
Wall 3K 37k 42 k 2,146 k 788 ft-k | 4,619k
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Wall 2A 263 k 293 k 6,325k | 6,056 fr-k | 13,090 k
Wall 2B 198 k 234 k 2614k | 1342 fek | 5481k
Wall 2C 86 k 96 k 2210 k 793 fek | 4573k
Wall 2D 91 k 102 k 2,157 k 710 fek | 4,464 k
Wall 2E 63k 69 k 1,928 k 576 fek | 3,989 k
Wall 2F 113 k 73k 2991k | 1431 fek | 6,189k
Wall 2G 66 k 73k 2,197 k 788 frk | 4,546 k
Wall 2H 358 k 422k 6,325k | 6,056 fr-k | 13,090 k
Wall 21 147 k 173 k 2,355 k 845 fek | 4,874k
Wall 2K 71k 76 k 2,197 k 788 frk | 4,546 k
Wall 1A 217 k 235 k 3716k | 1,892 frk | 6,803 k
Wall 1B 167 k 193 k 2,011 k 705 fek | 3,672k
Wall 1C 110 k 120 k 2,337 k 793 fek | 4279 k
Wall 1D 134 k 145 k 2,157 k 710 fek | 4,464 k
Wall 1E 92 k 99 k 1,928 k 576 fek | 3,989 k
Wall 1F 165 k 182 k 2991k | 1431 fck| 6,189k
Wall 1G 97 k 103 k 2,197 k 788 frk | 4,546 k
Wall 1H 548 k 612 k 6,325k | 6,056 fr-k | 13,090 k
Wall 11 329 k 355 k 6,680k | 6,056 fr-k | 12,249 k
Wall 1] 133 k 145 k 2,099 k 594 fek | 3,844 k
Wall 1K 106 k 110 k 2,197 k 788 frk | 4,546 k
Wall 11 28 k 28 k 602 k 51fck | 1,102k
Wall 1M 29 k 29 k 2,157 k 671 fek | 3,950 k
Wall 1P 2,244 k 2499k | 18,621k | 39,220 fr-k | 32,374 k
Wall 1Q 2,184 k 2432k | 18,621k | 39,220 ft-k | 32,374 k
Wall LA 263 k 282 k 3345k | 1,635 frk | 6334k
Wall LB 203 k 229 k 3111k | 1,431 fek | 5,891k
Wall LC 143 k 153k 3111k | 1,431 fek | 5,891k
Wall LD 172 k 184 k 2,220 k 710 fek | 4,320 k
Wall LE 119 k 126 k 1,984 k 576 fek | 3,861 k
Wall LF 212 k 230 k 3079k | 1,431 fek | 5990 k
Wall LG 125 k 131k 2,261 k 788 frk | 4,400 k
Wall LH 724 k 788 k 8,029k | 7,569 fr-k | 15,746 k
Wall LI 488 k 515 k 6,581k | 6,056 fr-k | 12,459 k
Wall 1] 174 k 186 k 2,010 k 578 fek | 3,805 k
Wall LK 137 k 142 k 2,261 k 788 fek | 4,400 k
Wall LL 45 k 45k 592 k 51 fek | 1,121k
Wall LM 55 k 55 k 2122 k 671 fr-k | 4,018 k
Wall LP 2,661 k 2916k | 16,838k | 39,710 fr-k | 31,877 k
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Wall LQ 2,596 k 2844k | 16,838k | 39,710 fr-k | 31,877 k
Wall SA 579 k 609 k 7475k | 7,569 fe-k | 15,937 k
Wall SB 270 k 295 k 3534k | 1,699 frk | 7,535k
Wall SC 190 k 200 k 2764k | 1431 fek | 6,587 k
Wall SD 505 k 534 k 6,459k | 6,056 fr-k | 12,880 k
Wall SE 142 k 149 k 1,968 k 576 fek | 3,925k
Wall SG 163 k 169 k 2,773 k 920 ft-k | 5,136 k
Wall SH 857 k 921 k 5324k | 4211 frk | 10,616 k
Wall SI 549 k 575 k 3143k | 1,831 fek | 7,490 k
Wall S 51k 51k 1,908 k 679 frk | 4,547k
Wall SK 174 k 178 k 2,773 k 920 ft-k | 5,136 k
Wall SL 89 k 89 k 7986k | 7,569 ft-k | 14,790 k
Wall SM 326 k 326 k 6162k | 5,597 fr-k | 12,287 k
Wall SR 1,150 k 1,246 k 7,635k | 7,056 fr-k | 15,054 k
Wall SS 1,073 k 1,166 k 7635k | 7,056 fr-k | 14,140 k
Wall GA 680 k 710 k 3582k | 1,517 fek | 6,591k
Wall GB 324 k 350 k 3800k | 1,699 fr-k | 6,993 k
Wall GC 229 k 238 k 3800k | 1,699 ftk | 6,993k
Wall GD 624 k 653 k 7931k | 7,569 ft-k | 15,077 k
Wall GE 165 k 171 k 1,948 k 576 fek | 3,925k
Wall GG 197 k 203 k 2,754 k 920 ft-k | 5236k
Wall GH 1,005 k 1,069 k 7931k | 7,569 frk | 15077 k
Wall GI 607 k 634 k 2845k | 1,155 ftk | 5526k
Wall GJ 102 k 102 k 2,128 k 679 ftk | 4,135k
Wall GK 211 k 216 k 2,754 k 920 ft-k | 5236k
Wall GL 261 k 261 k 7931k | 7,569 ft-k | 15,077 k
Wall GM 448 k 448 k 3459k | 1,485 ftk | 6,576k
Wall GN 33k 33k 2,128 k 679 fr-k | 4,135k
Wall GP 2,036 k 2,196 k 9,754 k | 17,056 fe-k | 26,524 k
Wall GQ 1,990 k 2,146 k 9,754 k | 17,056 fe-k | 26,524 k
Wall GR 1,254 k 1,349 k 7367k | 6,504 fr-k | 14,004 k
Wall GS 1,177k 1,270 k 7367k | 6,504 fr-k | 14,004 k
Wall GT 55k 55k 2985k | 1,612 ftk | 6071k
Wall GU 11k 11k 730 k 69 frk | 1,388k

Lateral Load Calculations

Applied wind load is 20 psf (drawing S01).
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The third, second, and first floors are entirely above ground and exposed to the weather. The levels
below that are at least partially underground.

Sometimes the wind loads are transferred to a wall at an angle that is neither perpendicular nor parallel
to the surface of the wall. This resultant force is split into its components, one of which acts as an
additional lateral force that gets transferred to the wall(s) perpendicular to the original wall, and the
other acts as a shear force.

Bending Moment
Item Wind Load | Transfers to | Transfer Load (ft-k)
Wall 3A 9.56 k | Wall 3B 478 k 28.08 ft-k
Wall 3C 4.78 k 28.68 ft-k
Wall 3B 4.52 k | Wall 3A 4.52 k 27.12 fe-k
Wall 3C 3.34 k | Wall 3A 3.34k 20.04 ft-k
Wall 3D 3.26 k | Wall 3K 326k 19.56 ft-k
Wall 3E 291k
Wall 3G 2.06 k 8.74 fr-k
Wall 3F 2.06 k 8.74 ft-k
Wall 3F 452k | Wall 3G 4.52 k 2712 fr-k
Wall 3G 3.32 k | Wall 3F 1.66 k 9.96 ft-k
Wall 3H 1.66 k 9.96 ft-k
Wall 3K 3.32k | Wall 3D 1.66 k 9.96 ft-k
Wall 3H 1.66k 9.96 ft-k
Wall 2A 8.76 k | Wall 2B 4.38 k 24.10 fr-k
Wall 2C 4.38 k 24.10 ft-k
Wall 2B 414 k | Wall 2A 414k 22.79 fr-k
Wall 2C 3.06 k | Wall 2A 3.06 k 16.84 fr-k
Wall 2D 299 k | Wall 2K 299k 16.44 ft-k
Wall 2K 2.67k
Wall 2G 1.89 k 7.34 fr-k
Wall 2F 1.89 k 7.34 fr-k
Wall 2F 4.14 k | Wall 2G 414k 22.79 fr-k
Wall 2G 3.04 k | Wall 2F 152k 8.37 fr-k
Wall 2H 1.52k 8.37 fr-k
Wall 2K 3.04 k | Wall 2D 152k 8.37 fr-k
Wall 2H 1.52 k 8.37 fr-k
Wall 1A 3.54k | Wall 1C 3.54 k 14.16 fe-k
Wall 1B 216k | Wall 11 1.08 k 4.32 ft-k
Wall 1] 1.08 k 4.32 fr-k
Wall 1C 223k | Wall 1A 1.11k 4.45 fr-k




Wall 11 111k 4.45 ft-k
Wall 1D 299 k | Wall 1K 2.99 k 16.44 ft-k
Wall 1E 2.67 k

Wall 1G 1.89 k 7.34 ft-k

Wall 1F 1.89 k 7.34 ft-k
Wall 1F 414k | Wall 1G 4.14 k 22.79 ft-k
Wall 1G 3.04 k | Wall 1F 1.52k 8.37 ft-k

Wall 1H 1.52 k 8.37 ft-k
Wall 1] 2.00 k | Wall 1B 2.00 k 8.00 ft-k
Wall 1K 3.04 k | Wall 1D 1.52 k 8.37 ft-k

Wall 1H 1.52k 8.37 ft-k
Wall 1L 0.57 k

Wall 1L 0.29 k 1.15 ft-k

Wall 1M 0.41 k 1.15 ft-k
Wall 1M 2.06 k

Wall 1M 145k 4.11 ft-k

Wall 1L 145k 411 fr-k
Wall 1P 14.51 k | Wall 11 14.51 k 58.05 ft-k
Wall 1Q 14.51 k | Wall 11 14.51 k 58.05 ft-k

Seismic Analysis

STEP 1

Ss=0.2g=0.2 Figure 22-1 ASCE-7 (g.159)

S1=0.6g =0.06 Figure 22-2 ASCE-7 (g.161)

STEP 2

Doesn't qualify for an exception

STEP 3

1. Soil classification

Site Class D

2. Sds = (2/3)FaSs

Fa=1.6

2012 IBC section 1613.3.2

Table 11.4-1 ASCE-7
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Sus = 0.2133

Sd1 = (2/3)FVS1

Fv=2.4

Sq1=0.096

3. Risk Category

Category Il

Table 11.4-2 ASCE-7

(Considered a school)

4. SDS (Seismic Design Category)

Ses: B Table 11.6-1 ASCE-7

Sd1: B Table 11.6-2 ASCE-7

STEP 4

1. Fundamental period, T, = (Ct)(hn¥)

C:=0.02 Table 12.8-2 ASCE-7 Other structural systems

hn = 64.5 ft Defined by ASCE-7 Section 11.2 "Structural height"
x=0.75 Table 12.8-2 ASCE-7 Other structural systems
T.=0.4552

2. Tiimit = CuTa

Cu=17 Table 12.8-1 ASCE-7

T=1.275

3.Ts= Sdl/sds
Ts=0.45

4. Irregularities

Horizontal irregularity type 5 Table 12.3-1 ASCE-7
No vertical irregularities Table 12.3-2 ASCE-7
STEP 5

R=5.5 Table 12.2-1 E.8 ASCE-7
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STEP 6

Seismic Importance Factor

e=1.25
STEP 7
1. V=C,W
Cs=S41/(R/le) = 0.0218 Section 12.8.1.1 Equation 12.8-2
Level Slab Weight
Roof 531 k
Third 541 k
Second 335 k
First 427 k
Library 157k
Storage 395 k
Ground 296 k
W =2,682k
V =59k
2.T.=6 Figures 22-12 through 22-16 ASCE-7
STEP 8

Cuwx = Wi, / 2 (wihi¥)

k=2 GiveninStep 8

Model structure as two levels:

Level 1 - storage floor, ground floor, and footings, 12" thick walls

Level 2 - all floors above storage floor, 8" thick walls
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Table 28: Seismic Analysis, Step 8

Level 1 Level 2
Wi 692 k 1,991 k
hy 9.5 ft 54 ft
Cux 0.011 0.99
Fy 1k 58 k
STEP 10

1. E=pPQe+0.254D

Table 29: Seismic Analysis, Step 10, Part 1

Level 1 Level 2
Q. 1k 58 k
PQ. 1k 58 k
D 692 k 1,991 k
0.2S4D 30 k 85 k
E 30 k 143 k

2. Basic Load Combination

(1.2+0.2S4s)*D + PQe + L+ 0.2S

12.4.2.3 Equation 5 ASCE-7

Snow load included in L according to SO1

Table 30: Seismic Analysis, Step 10, Part 2

Level 1 Level 2

(1.240.284)*D 859k | 2474k
PQ. 1k 58 k
L 2,055 k 858 k
0.2S 0k 0k
(1.240.2849*D + PQ. + L + 0.2S 2915k 3,390 k

3. Em = Emh + EV

Emh = QQe

EV = O.ZSdsD

Q=25 Table 12.2.1 ASCE-7
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Table 31: Seismic Analysis, Step 10, Part 3

Table 32: Seismic Analysis, Conclusion

Level 1 Level 2
Emn = 2k 145 k
E, = 30 k 85k
En = 31k 230 k

CONCLUSION

Level 1 Level 2
En = 31k 230 k
DV, (k) 350,208 k 410,183 k
OK? OK OK
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Note: We did not analyze the diagonal walls on the second and third floors. They are included in the
weight of the structure, but not the shear capacity.

Column Footing Applied Load Calculations

Column loads transfer straight to the column footings.

Dead load on column footings is the column below T.0.S. EL. of floor slab.

Table 33: Column Footing Applied Loads

Transfer Transfer
Load Load Total Load Total Load
Self- Dead Combination | Combination | Combination | Combination
Footing | Volume | weight load (current) (new) (current) (new)
BF-1 30.38CF | 456k | 0.4009 k 167.63 k 167.63 k 173.58 k 173.58 k
BF-2 30.38CF | 456k | 0.4009 k 171.08 k 171.08 k 177.03 k 177.03 k
BF-3 30.38 CF | 456k | 0.4009 k 166.04 k 166.04 k 171.99 k 171.99 k
BF-4 30.38 CF | 456k | 0.4009 k 204.62 k 204.62 k 210.57 k 210.57 k
BF-5 50.00 CF 750k | 0.2094 k 186.62 k 186.62 k 195.88 k 195.88 k
BF-6 7813 CF | 11.72k | 0.2094 k 188.66 k 188.66 k 202.97 k 202.97 k

Column Footing Capacity Calculations



See footing Schedule (Appendix A) for reinforcement.

f'c = 3 ksi,

f, = 60 ksi

A =1 (normal weight concrete)

os = 40 (interior column)

@ =0.75 (shear), 0.9 (moment)

Vs, vs = 0 (no shear reinforcement)

B=1

Table 34: Strength Calculations, Footings BF-1 through BF-4

by d DV,
547 14.0625” 1,973 k
c bo ve Eq. 1 ve Eq. 2 vc Eq. 3 DOV,
147 112.25” 219 psi 329 psi 384 psi 259 k
AS b a q)Mn
1.86 in? 547 0.810457516 1,372 ft-k
Table 35: Strength Calculations, Footing BF-5
by
d DV,
60” 20.0625” 3,127 k
C bo ve Eq. 1 ve Eq. 2 ve Eq. 3 DV,
16” 144.25” 219 psi 329 psi 414 psi 476 k
As b a (DMn
1.86 in2 60” 0.729411765 1,978 ft-k
Table 36: Strength Calculations, Footing BF-6
by d DV,
757 20.0625” 3,909 k
C bo vc Eq. 1 vc Eq. 2 ve Eq. 3 DV,
167 144.25” 219 psi 329 psi 414 psi 476 k
As b a (DMn
2.17 in? 757 0.680784314” 2,311 ft-k
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Wall Footing Calculations

For assumptions and notes, see wall assumptions.

Table 37: Wall Footing Applied Loads and Capacities

Ttem Current wy, | New wy DM, DV, Max. P
Footing FA 489 k/ft | 50.9 k/ft 31,016 ft-k 1,465 k 1,417 k
Footing FB 36.4 k/ft | 39.1k/ft | 158,207 ft-k 2,175k 1,213 k
Footing FC 304 k/ft | 32.3 k/ft 83,059 ft-k 2,175k 1,533 k
Footing FD 158 k/ft | 16.5 k/ft 65,237 ft-k 1,099 k 1,555 k
Footing FE 153 k/ft | 159 k/ft 15,724 ft-k 546 k 2,411k
Footing FF 8.2 k/ft 8.4 k/ft 50,705 ft-k 1,099 k 1,792 k
Footing FG 39.1 k/ft | 41.4k/ft 96,885 ft-k 2,508 k 2,163 k
Footing FH 293 k/ft | 31.1k/ft 59,531 ft-k 1,099 k 1,601 k
Footing FI 37.0 k/ft | 38.6 k/ft 33,937 ft-k 1,099 k 1,842 k
Footing FJ 9.0 k/ft 9.0 k/ft 26,044 ft-k 1,099 k 1,882 k
Footing FK 298 k/ft | 31.7k/ft | 133,632 ft-k 2,175k 1,344 k
Footing FL 9.5 k/ft 9.5 k/ft 54,462 ft-k 1,099 k 1,756 k
Footing FM 24.7 k/ft | 24.7 k/ft 22,676 ft-k 546 k 2,426 k
Footing FN 3.4 k/ft 3.4 k/ft 27,407 ft-k 1,099 k 1,957 k
Footing FQ 51.5k/ft | 55.5k/ft 83,059 ft-k 2,175k 1,531 k
Footing FS 36.4 k/ft | 39.3 k/ft 93,420 ft-k 2,508 k 2,195 k
Footing FT 3.0 k/ft 3.0 k/ft 25,094 ft-k 546 k 1,679 k
Footing FU 2.1 k/ft 2.1 k/ft 11,188 ft-k 546 k 3,274 k

Roof Slab Calculations

35

Picked a random section of the roof slab, took a 1’ slice of it, and treated it as a simply supported beam.

Beam dimensions:

Length = 20.42 ft

Height = 0.67 ft

Width =1 ft

Reinforcement:

#4 @ 14", 1" from the bottom of the beam



Applied loads:
DL = 0.027 k/ft
LL = 0.1 k/ft

wy = 0.1924 k/ft

M, = 10.025 ft-k *distributed load only

Moment capacity:
fc' = 3 ksi

f, = 60 ksi

®©=0.9

b=12in

h=8in

d=7in
As=0.2in?

p =0.00238

OM, = 73.476 ft-k

Max. point load:

P=13.54k

Load Transfers from Roof

Zone A
Max. P
Wall 3A 6,030 k
Wall 2A 6,032 k
Wall 1A 3481k Wall 1]
Wall LA 3,064 k Wall L]

Wall SA 6,866 k

Max. P

1,954 k
1,824 k
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Wall GA
Footing FA

Limiting P:

Zone B

Wall 3B

Wall 2B
Wall 1B
Wall LB

Wall SB
Wall GB
Footing FB

Limiting P:

Zone C

Wall 3C
Wall 2C

Wall 1C
Wall LC
Wall SC

Wall GC
Footing FC

Limiting P:

Zone D

Wall 3D
Wall 2D
Wall 1D
Wall LD
Wall SD
Wall GD
Footing FD

Limiting P:

2,872k
1,417 k

1,417 k

Max. P
2417 k
2,380 k
1,818 k
2,883 k
3,239 k
3451k
1,213 k

1213k

Max. P
2,108 k
2114 k
2217 k
2,959 k
2,564 k
3,562 k
1,553 k

1,553 k

Max. P

2,053 k
2,055 k
2,012 k
2,037 k
5,926 k
7,278 k
1,555 k

1,555k

Footing FA

Footing FB

Footing FC

Footing FD

Wall 1P
Wall LP

Wall GP
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Max. P

16,122 k
13,921 k

7,558 k



Zone E

Wall 3E

Wall 2E
Wall 1E

Wall LE
Wall SE

Wall GE
Footing FE

Limiting P:
Zone F

Wall 3F

Wall 2F
Wall 1F

Wall LF
Wall SD
Wall GD

Footing FD

Limiting P:

Zone G

Wall 3G

Wall 2G
Wall 1G
Wall LG

Wall SG
Wall GG
Footing FG

Limiting P:

Zone H

Wall 3H
Wall 2H

Max. P
1,843 k
1,858 k
1,828 k
1,858 k
1,820 k

1,777 k
2411 k

1,777 k

Max. P
2,843 k

2918 k
2,809 k

2,849 k
5,926 k
7278 k

1,555k

1,555 k

Max. P
2,104 k

2,124 k
2,093 k
2,130 k

2,604 k
2,551 k
2163 k

2,093 k

Max. P
5,951 k

5,903 k

Wall GE

Footing FD

Wall 1G
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Wall 1TH
Wall LH
Wall SH

Wall GH
Footing FH

Limiting P:

Zone I

Wall 31
Wall 21
Wall 11
Wall LI
Wall ST

Wall GI
Footing FI

Limiting P:

Zone ]

Column BC-9
Column BC-9
Beam BB-1

Wall 1P

Wall LP

Wall GP
Wall SR

Wall GR

Footing FK

Limiting P:

5713 k
7,241 k

4,404 k

6,862 k
1,601 k

1,601 k

Max. P
2,210 k

2,182 k
6,334 k
6,066 k
2,568 k

2211 k
1,842 k

1,842 k

Max. P

411 k

314 k
1,906 k

Max. P
16,122 k

13,921 k

7,558 k
6,389 k

6,018 k

1,344 k

Footing FH

Footing FI

suppotts roof
supports 3rd floor

transfers column loads

Wall 1Q

Wall LQ

Wall GQ
Wall SS

Wall GS

Footing FG
Footing FS

Max. P
16,189 k

13,994 k

7,608 k
6,469 k

6,097 k

2,163 k
2,195 k

314k Column BC-9 (supports 3td floor)

half to 1P, half to 1Q

1P to LP, 1Q to LQ

LP to GP & SR
LQ to GQ & SS

SR to GR, SS to GS

GR to FK, GS to FG & FS
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Limiting max. P for 1P down: 1,344k Footing FK
Limiting max. P for 1Q down: 2,163k Footing FG
Limiting max. P for 1P or 1Q down: 1,344 k  Footing FK
Zone K
Max. P
Wall 3K 2,104 k
Wall 2K 2,121k
Wall 1K 2,086 k
Wall LK 2,119k
Wall SK 2,595 k
Wall GK 2,538 k
Footing FK 1,344 k
Limiting P: 1,344 k  Footing FK
Zone L
Max. P
Column BC-10 408 k  supports roof
Column BC-10 309 k  supports 3rd floor
Beam BB-2 1,896 k  transfers column loads

Same load transfer as for Zone |

Limiting P: 309 k  Column BC-10 (supports 3td floor)
Zone M
Max. P
Column BC-11 409 k  supportts roof
Column BC-11 310k supportts 3rd floor
Beam BB-3 1,899 k  transfers column loads

Same load transfer as for Zone |

Limiting P: 310 k  Column BC-11 (supports 3rd floor)
Zone N
Max. P
Column BC-12 408 k  supportts roof

Column BC-12 309 k  supports 3rd floor
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Beam BB-4 1,896 k transfers column loads

Same load transfer as for Zone |

Limiting P: 309 k  Column BC-12 (supports 3rd floor)

Zone P
Same load transfer as for Zone J (starting at 1P)

Limiting P: 1,344 k  Footing FK

Zone Q
Same load transfer as for Zone ] (starting at 1Q))

Limiting P: 2,163 k Footing FG
Zone R
Max. P
Column BC-13 406 k  supports roof
Column BC-13 304 k  supports 3rd floor
Beam BB-5 1,888 k transfers column loads

Same load transfer as for Zone |

Limiting P: 304k Column BC-13 (supports 3rd floor)
Zone S
Max. P
Column BC-14 405k  supports roof
Column BC-14 302k supportts 3rd floor
Beam BB-6 708 k  transfers column loads

Same load transfer as for Zone |
Limiting P: 302k Column BC-14 (supports 3rd floor)
The strongest zones have independent load paths:
Zone A can support 1,417,152 |b
Zone C can support 1,552,536 |b
Zone D can support 1,555,494 |b
Zone E can support 1,777,235 |b

Zone F can support 1,555,494 |b
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Zone G can support 2,093,253 |Ib
Zone H can support 1,600,940 Ib

Zone | can support 1,842,463 Ib

If all zones are at full capacity,

Loads on 1P to foundation: 4,825,828 |b

Capacity of 1P to foundation load path: 1,344,226 Ib NG
Loads on 1Q to foundation: 3,087,103 |b

Capacity of 1Q to foundation load path: 2,163,103 |Ib NG
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Appendix | — Building B Waterproofing Details

Roof plan with details in light gray called out

S

MEW STAIRCASE

LATFORM TO
ELEWATOR
/ ——FREIGHT ELEWATOR

=
=

ROOF

DRAIM
-:Ii:l—"

FAN ™,

BUILDING B
ART BUILDING

S
=10

K—E}{TEND RAMP
I}
% -—t—5PIRAL STAIRCASE

A BUILDING B ROOF PLAN

[;I.-_:]
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Detail 1 — Kemper waterproofing system

DRAINAGE MAT
KEMPEROL WATERPROOFING MEMBRANE
KEMPERTEC AC PRIMER

3" COVERBOARD ADHERED TO INSULATION
URETHANE ADHESIVE

SPACER TAB
TILE' TECH PEDESTAL SELF—LEVELING CAP AT 2% SLOPE
COOL—ROOF PAVER
PEDESTAL ADJUSTABLE BASE
FROM 3" TO 24" HIGH

S AN

TYPICAL WATERPROOFING
SYSTEM

A NNAR E AR NARS AR 2% SLOPED RIGID INSULATION

PR T (E) CONCRETE DECK

TERRACE WATERPROOFING ASSEMBLY

/\\ WITH INSULATION AND OVERBURDEN — SECTION

u/‘



Detail 2 — Drain Detail

(E) DRAIN BOWL
PAVER

RUBBER PEDESTAL—\

c 4
< 9 a

TYPICAL WATERPROOFING

SYSTEM AT

PAVED AREA;

SEE DETAIL 1

(E) CONCRETE DECK/

EXTEND WATERPROOFING MEMBRANE INTO

N

(2)

DRAIN BOWL

=

DRAIN BOWL WATERPROOFING — SECTION

PLUMBING WORK

)



Detail 3 — Parapet edge detail

|'/ -

\

[

r

C
C
/|
40"
O

RAILING

LING WELDED TO METAL CAP

ETAL CAP ANCHORED TO (E)
CONCRETE PARAPET

LASTIC BLOCKING

ETAL CAP EXTENDING 27 MIN OVER
THE SIDE

WATERPROGFING MEMERANE
TERMINATES

PERIMETER GAF §" MAX

REMOVE EXTRA SPACER TAE ON
LAST TWO PERIMETER PEDESTAL

A
MAX 11" TAPERED

27 MIN INSERT REMOVABLE TAB AND
/ ADHERE WITH SILICONE

TYPICAL WATERPROCFING
SYSTEM AT PAVED AREA,

INSATION WITH A SEE DETAIL 1
2% SLOPE
RV
g .
4 , - Ny
4 A : “[™~—{E) CONCRETE DECK
"\ CONCRETE WALL FLASHING — SECTION
J et




Detail 4 — Stair Connection Detail

[O l
40" 1 I
| o
UT DOWN (E) CONCRETE PARAPET
| ‘ AND PUT EDGE PAVER ON TOP
\ REMOVE EXTRA SPACER TAB ON
| ‘ LAST TWO PERIMETER PEDESTAL
TOP STAR DECK INSERT REMOVABLE TAE AND
ADHERE WITH SILICONE
9 a < -9 & R P R 5 =
: ===
A T
TYPICAL WATERPROOFING
. SYSTEM AT PAVED AREA;
_MA¥ 11" TAPERED SEE DETAIL 1
INSULATION” WITH A
2% SLOPE -
- . )
4 4 . 4 ? ;
3 g f 4, i
: : a4 . _— E) CONCRETE DECK
< = o ‘ va)

//Z_\, STAIR PLATFORM TO CONCRETE WALL CONNECTION - SECTION



Appendix J — Building B Waterproofing Product Data Sheets

New Deck Layers
Product Name Manufacturer
1. Pavers Cool-Roof Paver Series Tile Tech Pavers
2. Pedestals Stadard Adjustable Pedestals Tile Tech Pavers

3. Drainage Mat

ArmorDrain 110 Protection/Drainage Mat

Marflex

4. Kemperol Waterproofing

Kemperol 2K-Pur

Kemper Systems

5. Kempertec AC Primer

Kempertec AC primer

Kemper Systems

6. Coverboard Isogard HD Cover Board Firestone
7. Urethane Adhesive 1.5.0 Twin pack Adhesive Firestone
8. Rigid Insulation Tapered ISO 95+ Firestone
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&
- Tile Techr

‘ Paving America one slep at a time!

T

Uni-Just™ & Stak-Cap™ Pedestal System

.
-
&>

® Single Mode! Design @ PYCPipe Adjustable @ Saew Adjustable @ Seif-Leveling @ Stackable

HYBRID PEDESTAL SYSTEM - TECHNICAL DETAILS




Tile Tech

Asscas’ Dipnfuson Tl
Toil Frea - B85-80 2275 Fax 51338055

¢~ ™\ TILE TECH PEDESTAL SYSTEM

=]
ey e vt e iiew ol i e’

13005500

U COMMLETE PRODUCT LINE & COMPOMENTS LIST

PRODGCT LIKE MICEL MU MEER

DESTRIFTION

SPACERS 1/8° & 19

&EH

ALLDWY FOR 18" SPACING QAP BETWEEN PAVERS. FOR
DRBIRAGE. TaES & PERFORATED FOR EASY REMIOVEL.

LANI-SHIM™ - 1/8° R 1/16°

&>

LEED FOR FINE TuhllG OF INDIVIDUAL PAVERS. CAN
BE USED On TGP Ot BOTTOM OF PECESTALS. CAN BE
STACKED & EROKEN [H TO QUARTERS OF HALWES

STaK-CAP'™

&

LSED OF LOW HEMHT REQUIREMENTS. ROTATE AND
STACK CAFS FOR SLOPE & HEIGHT ADIPSTHMENT. Cal
ALSO BE USED WITH PWC FIFE TO REACH £° MAX.

LR

SEHFAEVELING & ADIUSTABLE IN ANY OLRECTION
FleOE P TO 4% SLOPE. ALDGH & LOCE TO WUML-
[HSERT™.

LRI-IRSERT™ 75 [3/47)

>
e

LEED FOR SCREW HEIGHT ADIUSTAEILITY OF PEDES
TAL SCREWS 1N TO UML-COLLAR™. PROVIDES ALDI
TiOkAL Za® OF HEIGHT ADMETHENT [N ADOITION
TS L FIPE.

<=»

URI-IRSERT™ <258 {1152

LEED FOR SCREW HEIGHT ADIUSTAEILITY OF PEDES
ThL SOREWS 1IN TO UHL-COLLAR™. PROVIGES &GO
TEOWAL 1-1)2° OF HEIGHT ADJUSTHENT [N ADDITION
T PC FIPE.

LSED FOR SCREW HEIGHT aDIUSTAEILITY OF FEDES
THL SYSTEH. COMPRESSION FITS O TO TOF EMD OF

LSED AS BASE OF PEDESTAL SySTEM. COMPRESSION
URI-BASE™ FITS OM T EMD OF PC PLPE. CAN ALSD BE USED

WITH Ukl IHSERT™ FOR LOW HEIGHT APPLICATIONS.
LARGE SURFACE ARES MUOOVIDE ADGED STAEILITY

&
=
-

BASE SLOPE PLATE [BEP)

LEED Ao SLOPE COMPENSATION AT BASE OF PEDESTALS
EACH PLATE OO PERSATES FOR. L™ PER FOOT (%) SLOPE
Al &00S 38" TO THE OVERALL HEIGHT OF PEDESTRL
MARIHUM OF FOUEL PLATES FAY BE STACKED FOR OOMPER
SATION OF LP TO 1 PER FOOT [0-6%) SUOPE.

BUFFER PAD

PROYIGES MUOTECTION TO WATERMUOOFING MEH
BRAKE FROM WEAR AND PROYWIDES SLDP RESISTAMCE
T PEDESTAL. ATTACHES T BOTTOM OF BASE. ALIGH
PERIHETER MNOTOHES WITH CHALK LINES.

CEMERSL NOTES: APFLY TO ALL OF THE ABDVE FRODUCTS

L [MSTRLLATION MLST BE COMPLETED 1IN ACDORDARCE WITH TILE TECH INC FRODLCT SPECFICATIONS.

L DRTRG HOT TOSCALE.
1 U=E OF BUFFER PRDS 1S FaDATORY.

d. COMTRACTORS FOTE: FOR PRODUCT AWl OOPany’ INFORMATION WISTT s TILETECHPERS conv




==iTile Tech .

Finions' Crpinbuscs T
Tl Fomsn: SSS-2BL-5579 Fas

e e o e

29)-580-2280
J93-0-25E

J/rh\,, STAK-CAP™ PEDESTAL S5YSTEM

COMPMIKENT ASSEHBELY IRSTRUCTIONS.
HEIGHT ADDUSTHMENT FuDH 173° TO 2-w" & SLOPE ADIUSTHENT

FROM 0% TO &

ROTATE

PROOUCT CHARACT ERESTICS:

EACH CAP WILL DOMPERSATE FOR P TO 18" PER FOOT SLOPE [1%) & ADD 358 T
THE CRERALL HERGHT OF & PEDESTAL. MC MPE SHOLLD NOT BE USED. ROTATE OME
Ol FELATIVE TO ANGTHER By ALIGRING THE ALPHABETS. TO CHANGE SU0PE. A& A
WTLL RESTH EaXTHUM SLOPE AND & E E WILL CARCEL SLORE. & MaXDHUM OF 5 Japs
Ol BE STRONED WITH TOTAL SLOPE OF SE&° PER FOOT (5% & WITH TOTEL HEIGHT
OF T-%" INCLUDING  THE USE OF BLUFFER AR,

OOMFISURATION CHART:

1 CAF = §59° HIGH LE" B ADOT
2 CHPS - 1" HIGH 194" PER FOOT
J0APS = 138 HIGH 54" PER AOOT
o CAPS = LT HIGH 172" PER AOOT
5CAPS = 30 HIGH 59" PER FOOT

P POPE -
P S00E -

A & S0RPE

L% P

T MAT (BaR)

3o MAX (Bedsd)

A5 MAY (Bedsded])
Efi MY (Bsfelefed]

VARLAE F HEIGHT (0M% MAK
WARTAR F HETGHT 1'% M
VARIAE F HEIGHT 2% MAK
VARIAE F HEIGHT % MAK

GEMERAL MOTES: APPLY TO ALL OF THE ABOVE PRODUCTS
1. IRSTALLATION HUST BE ODEPLETED [N ADCCRCEHTE WITH TILE TECH NG PRODUCT SPECIFICATIORS

2 DEANING BOT TO SCALE
I USE OF BUFFER PADS 1S MARDHTONY
&, DOHTRACTORS HOTE: FOR PRODUCT AND COMPANY [INFORMATION VISIT s, TILETECHPRVERS. 255




: ,r/*\\, UNI-JUST™ PEDESTAL SYSTEM

Tile Tech .
ity bl i i B o B! COMPOMENT ASSEMELY INSTRUCTIONS
HEMIHT ADMISTHENT FROM 2-1/4° TO 24° & SLOPE ADMISTHENT
FROE 0% TO 4%
Aisscan Dionisee Tm 133805500

Toil Frea: BB8-580- 2573 Fax  13-383-2584

UNE-INSERT™ - 3/&" & 1-1/1°
STREW ADIUSTMENT FROM 34"
T 103 0F ADDHTHONL HEIGHT

LRl [RSERT

SLIP RESISTARCE, WODSE DéMPEHING
& MEMBRARE PROTECTION

PRODUCT CHARACTERTSTECS:

AN ETRELE HEMGHT FROM 314" T 2a™ 'WITH USE OF 4" SONRGS PeC PIPE.
SELF-LEVELING AP ALUTOHATICALLY ADUST SLOPE FRdM i TO 4%.

SREW ADIUSTABLE WHILE PECESTALS ARE LOADELD FOR FIMAL HEIGHT ADTISTMENT OF 1-17T°

RESISTANT & IMPERVIOUS TO FREETE THAW, WATER, MOLD, ACID & LLUTRAIOLET DETERIGRATION.
RESISTANT T TEMPERATLRES BETWEEN -21°F AND & 150°F.

LARCE ROOT PRINT SRE S WEIGHT (WER ROOFING MEMBRANE AHD SUBSTRATE

EUFFER PAlS PROMVIDE FNOISE DAHPEMING, SUP RESISTANCE AND PROTECTION TO ROOFIMG MEMBRENE ARD
SECTRETE.

PRRIHUM DESICN CaParTy OF 1,000 LBS PMER PEDESTAL.

CEMERSL ROTES: APPLY TO ALL OF THE ABONVE PRODUCTS

L [ASTRLLATION MUST BE COMPMLETED I ADCORDARCE WITH TILE TECH INC PRODLCT SPECIFICATIONS.
2 DRubinTiG BOT TOSCAE.

1 USE OF BUAFER PADS 1S FANDATORY

A OONTRACTOS FOTE: DR PROCUCT AND CObPraiy IRORMATION WISIT mwe TILETECHPAGERS fonh

PSS A EE P PSS e AP EETEROET. -



s Tile Tech [ 717, CORNER PEDESTAL APPLICATION
P At dd -l e

i e’ Il\‘Ej EMLARGED PLAN VIEW & SECTION DETAILS

Finions’ Crainbugcn Tad  I1)-3E0-2ZED
Tl Fomes BSE5-200-3373 Fax:  31)-IEE0-22E81

ENLARGED PLAN VIEW

@ TILE TECH ISWERS

}
o

REMCWE EXTHA TRES ORl

TO SLPPORT PeWER EDGES

PERIMETER G
178" HaX

CORNER PEDESTAL APPLICATION - SECTION DETAILS
RE-INSERT REMOVED TABS

PERIMETER GAP & ADHE RE WITH SLICOHE
LB M - REMOVE EXTRA SMCER ThE
(e PERIMETER PEDESTALS

UR-RIST™ PEDESTALS
ADRSTARLE 12" T 34" HIGH

f—TIII.ETECHI"h'EE
i T T

TO# OF PER DECK 4
Tk OF PEDESTEL -
T OF WaTERPO0FNG ¥

.IEI-E?IEE[I':'.EEHTN'I.'E?IE_'/.‘

T PEDESTAL TOP —
CELF. LEVELING CAP ="
WITH SILICONE ADHESIVE L5 ST |

e

CEMERSL FOTES: AFFLY TO ALL OF THE ABONE PRODUCTS

L [NSTALLATTION MUST BE COMPLETED IH ACDORDARCE WITH TILE TECH INC PRODUCT SPECIFICATIONS.
L DREWING HOT TOSCALE,

31 USE OF BUFFER PADS IS FANDATORY.

A, DOMTAACTORS ROTE: FOR PRODUCT AND DOMPARNY INFORMATTON WISTT v TILETECHPAERS corm




%’j&- Tech ..~

SCRtw

UNT-INSERT™ - 3/4" & 1-1/2°
ADIUSTMENT FROM 34° 1 &k M
1O 1 1 I0F ADOITIONAL HEYRHT \'ﬁ"-_m s
——-—" I R

ROOF PAVER SYSTEM

N
rl._.é%; ) 3
UNL-COLLAR {[ [l%==]|
SWAPS, ON TO END OF 4°9 SDRS n | o [ S
T P e ' .
B — -
—=) B R e — g
USER SUPPLIED & CUT :
TO REQUERFD MEIGHT ’
UNZ-BASE™
SNAMS ON 1O 880 OF 4% SRS - =

Formula for Calculating Pedestals

Example No.1
Materials used:
20" x 20" Tike Tech Paver (2.78 SF per paver)
Square Feet Coverage

1.000 SF (20 x 50)

Formulas:

1.000 SF/2.78 SF = 380 Podestal & Pavers neoded
Calcufation of Perimeter (Linead foel)

20 x 50" area = 140 Inedl foot perimeter
140-feet x 12-inch = 1.6804nch

16807 ! 207 flengh of paver) = B4 pedestals

Total: 350 + 34 = 444 pedestals needed

Example No2

Marerials used:

16" x 16" Tike Tech Paver (1.73 SF per paver)
Square Feet Coverage

£00 SF (20 x &0)

Formelas:

00 SFM.73 EF = 463 Pedestad & Pavers needed
Calculation of Porimeter (Lineal foet)

20" x 40" area = 120 Enead foot permoler
120-feet x 12-inch = 1, &440-inch

14407 7 16" Qlength of paver) = 99 pedestals

Caiculation of parimeter should include inner spaces such as planters!

Total: 463 + 90 = 553 padestals necded . |

10



3.

Fov Heowy Duty Vertical Drainoge Applicotions

ArmarDrain 110 in & Bght duby imperseshis pobymenc sheet
that whis wreder hast ard presurs & formes] nto 8 dimpiss]

drsinages corm.

Tha core i Hhan bonded o & single layer of on-woven Al
Fabric. Tha fiier tebric reisine el and s parbiciess an wel
m freshily placsd corereis or grout, slcosing weksr fo pass inko
e dreinsgs come.

ArmarDrain 110 i anginesrsd o provids smpls strength b
probect meisproofing mamsbranes sgainet besk Al osoll s
sedimert amd o provids ecellent dSrainege  cepabidibies
prorviding hpdrosteic ralisl.

Al 11D i idesl for Basmeni foundsbcom. rebsining wels,
plarrisr or bridge shutrmanis.

Lieeds Data
ArmarCrain 100 Core o conmidersd & GREFN procict snd can
ba maed bywers LEFTS builSing oredia

Prep) Application
Alter the weisrprooing Eembrers han been applisd, stert st 8
corrar are inskall e 110 horoorially sgeinet the sorfses with
e rar-wsven i kar labric sidas fecing oot-ward.

Eximnd tha red Fom e op of e focier o finisked gresis.
‘When b0 sdges e Dpetter Ffom o spersis el
gweriap The dimpls bz cresis & conlinuoos coversge of Ha
wall.

For good sdherenos, apply uniiorm premurs hroughos He
mrisor e, ot just the sdges and comeme Hor

Drainage Mat

WATERPROOFING &
BUILDING PRODLICTS

COMMERCIAL

Technical Data

=H=

FRODUCT

mmurs ol o e wall uming powder scthusbes mechaniosl
Fautmrary Imesl b feaisners within ta mp 47 | 101 mmk

Nt roll cverlap the masbrars cree you hawe reschad the

grie ira, 8 Uity knife or pimider tool cen b e o ot He
relin iz tha cormect height.

Backfilling / Drainage

Eackfilirg should bagin o senar then 24 hours after the
iraialistion ol the boerd, but mast be beckdi e within 19 deyvs.

T e I el sl ek
sl e

Product ema rmorDrain 118 Maihod
LT Bimck
— :--.-.u.-n...-—-lr—-
CORE
Dormmim Herd ghd AT | DL 18emmi) ASTM DO TFT
T T Y B el (T ASTM 01821
remas L e 18 gi'min# -2 frmin - ASTH D418
. e
Braragre Lare rmmasi 1.5 J e fa s SR B ASTH D428
i o8
SR i SR WD ASTM OTAB4-
[ LT T BoaM iZda
D arage iwve viren 504 hre i L5 i (P SALETS GD
Lmihrey reviasr TS B D Tl i OOL-HELE
Driwdkie maier Bow i 180 gakmin T ASTH D445l
|5 T0E Liminfmad
Sl madiie grab ferede 100 s [ A45kA]) ASTH D=S331
Arviesiin ok gatimn 0% ASTH D=5333
L e e R e e ASTH D333
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4. Kemperol Waterproofing
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_~S KEMPER
Product Information SYSTEM

KEMPEROL® 2K-PUR

Work pack includes:
Component A: Cream Formulation, Component B: Dark Brown Formulation

Product Description KEMPEROL® 2K-PUR is a two-component, Uv-stable, “odor-free,” solent free, Low VOC, high
perfermance cold iquid-applied waterproofing and reafing resin

KEMPEROL® 2K-PUR remfroced membwane system can be surfaced with traffic coatings, reflec-
tive coatings, agaregate surfacing coatings and other granular matenals to achieve a dasired
function and appearance.

Composition & Materials A monolithe membrane i created in the field by combining the KEMPEROL® 2K-PUR two-part,
cold iquid-apphed reactive-cure polyurethane resn with KEMPEROL® polyester reinforang fleece.
Membrane may be applied using standard fleece available n 4, B, 10, 13, 20, 27, ard 41-inch
nomnal widths.

Use KEMPEROL® 2K-PUR membrane & sultable for a wide range of intenor and exterion apphcations in-
dudng roofs, plazas, plamers, foundations, mechancal rooms and other waterproofing applications

Interor or exterior applications of KEMPEROL® 2K-PUR membrane exposed to UV-hght may ye-
lowe or discokor. Use of a coating or agoregate surfacng systems ane recommended where color-
fast applications are reguired.

KEMPEROL® ZK-PUR may be applied when the ambient temperature s 41 °F (5 °C) and nsing,
and the substrate temperature is a minimum of 5 degrees abave the dew pont. The maximum
apphcation temperature & approximately 90 °F (32 °C).

Nore: Viscosity increases with faling femperature. For temperatures below 50 °F (10 °Cl, KEM-
PEROL® A 2K-PUR Accelerator showld be added 1o component A 10 reduce sét lime.

Limitations

Yield Using 165 Fleece: 38 ft* (3.53 m’) per 12.5 kg work pack.
Using 120 Fleace: 45 #12 (4.20 m?) per 12.5 kg workpack.

Note: Al ylelds are appradimate and may vary depending upon smoathness and absorbency
of substrate.

Storage Abways store n cool and dry location. Do ot store direct sunight or in températures below 35
°F (1.7 °C) or above BO °F (27 °C). Approximate shedf kfe 12 months with proper storage.

For best use, 24 hours before apphcation, the matenal & 1o be acdimated at temperatures be-
tween 65-70 °F (18-21 °C).

Precautions Review Safety Data Sheets before handling, available online at kempersystem.net.

Surface Preparation AR surfaces must be free from gross regulanties, loose, unsound or foreign material such as din,
108, SHow, water, grease, o, release agents, lacquers, or any other condtion that would be det-
rimental to adhesion of the primer and membrane. This requires careful preparation of existing
horizontal and vertical substrates; cracks are filled, expansion joints are prepared, flashings are
removed o maodified, and termination points are determined. Substrates and penstratons are
prepared 1o rigorous industry standards, and may require scanfying, sandblasting or grinding in
some cases 1o achieve a sultable substrate.




Mixing of Resin

Application
{165 Fleace)

surfacing

Disposal
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Membrane Properties
Physical Property Test Walue
| [EXT] Method
[Beatrain, Wy, LA, L olor “rallee- Girary
Pysical Stane s 30 Sodad
Aleway praer bo cure completely priar o Thickiraiis {165 Flissoa) 80 i
apphcation of the KEMPEROL® membrans, VDL Contont A
Puak Load & 73 F, avg CEEH =70 It
INolE: FriF BD apening the containars of KEM- | Elengasion, D5147 bin 3076
PEROL® 2K-PUR Rasin, wear appropriate safity Stnn DEnaz B0 It
PuifeOiuit fiGcladin D502 55 ks,
flasses s profec! hands and wiishs by weanng | Teremona gabity FIF o.15%
DALHIE-[iEe PoOnrens di s, Wiatar absorpiion =70 ST
Step 1: Mix resin Comgonent & {cream formuly. RSt Ressied — e
tion) with & spiral agitator untsd the liquid is 2 'Lmd “graming T =
urdarm cream color. Shart-tarm sempuiatire re- 250 N iEED F
Step 2: If the ambient temperature & belos S0F o L 30 minwies
[10°C), AZK-PUR Acceberaton, a oold weatles Weaa fednilan ol 2 hiears
addrive, should be mmed o the Companent A ?:fh‘:;::nﬂ;lﬂ_ i;m
The accederatar shaukd Be mixed with the spiral - ——
agitater for 2 minutes ar untl bath bauids ane SEEN Cosnngfurtacing 1A e
thareuatily Biended. [Epply cesrbuirman amr 35 ey
Compietaly handenes™ 3daps

Step 3: Add hardener Compenent B (dark brown
fornulation) te Component & and i with

a spiral agiater far 2 minuies or wntil beth -
wids are thomughly blendisd.

* vilsa abosred of ST 50% sanbwe homaity, may
;m-hh;md‘rfmdmm

NOTE: DO NOT break down workpacks into smaller guantities — mix the sntive workpack.

Step 1: After the Resn = mixed, using 8 Kempenol roller nap of brash apply 23 of the resan bberally and
everly onio the surface in even strake. Covering one working area &t a tirme, between 10 - 15 fi5

Step 2: Roll the Kerrgeral Fleece directly o the Redn, making sume the SMOOTH SIDE IS FACING UP
{natwral unraling proced ), swoiding folds and wrinkles. Use the roller or brush 1o work the r=in ina the
fleece, saturatang from the botiom up. The appearance of the feece should be light opague yellcwegray
wath Powhite spolts. White spols ane mdicatons of ursaturated fleece of lack of adhesion. | is mportant
te cornect these aneas before proceeding.

Step 2: Roll the Kerrgeral Fleece directly o the Redn, making sume the SMOOTH SIDE IS FACING UP
{natwral unraling proced ), svoiding folds and winkles. Use the raller or brush 1o werk the rin ina the
fleece, saturatsng from the Botiom up. White spots ane indications of unsaturated fleece or lack of adhe-
sioin. It is irpartant b correc these aneas before procesding.

KEMPEROLE 2E-PUR Membrane sccepts a wade vanety of KEMPERDUR® topeoats and agaregate surfac-
imgs for aesthetic or medhanical weas. The KEMPEROL® 2K-PUR rembrane must be sufaced within 16-38
Prsiars. of Fresribrane application 10 ensure proper bond batesen the membrane and surfacing. After the 48
our windew the membrans will regquine surface abrasson.

Cured ZK-PUR resin may be disposed of in standard landfills. This is aceomplished by theroughiy
miang al components. Nole: Uncured 2K-PUR resen € consdered & hazardouws matesial and must be
Pandisd a5 such, n accondance wath iocal, state and federal requlatnns. Do not throw urounsd resin awey.
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5. Kempertec AC Primer

X KEMPER

Product Information

SYSTEM

KEMPERTEC® AC Primer

Work pack includes:

Component A: Base Resin, Component B: Catalyst Powder

Product Description

Composition & Materials

Use

Limitations

Yield

Storage

Precaitions

KEMPERTEC®™ AC PRIMER is a quick-curing, high bonding Polymethyl Methacrylate (PRMMA)
prmer used between acceptable prepared substrates and KEMPEROL® cold ligud-apgphed rem-
forced membrane and coating systems.

KEMPERTEC™ AC Prirmer 15 a 2-part, cold liquid-applied Polymethyl Methacrylate resin consisting of
Component A (resin), and Component B {catalyst poveder).

KEMPERTEC™ AC Prirmer is used to prime a vanety of substrates. Please check the current Substrate
Frirmer Selection Table for a complete hst of approved substrates,

Kemperol AC Primer may be applied when the ambient temperature is between 35°F (2°C) and
rising. The substrate ternperature must be a minimurn of 5 degrees above the dew point.
Kemperol membrane must be applied to primer within 48 hours of primer application. Primer
exposed for more than 48 hours must be re-primed.

Provide and maintain positive airflow over freshily applied KEMPEROL® AC materials during entire
curing period to fadilitate complete cure. Natural airflow & typically sufficient for extenor applica-
tions, but locations such as beneath large mechanical units, at inside cormers, at the base of high
walls, and other similar areas where stagnant air may occur should be provided with powered
fans.

125 ft* {11.6 m*) per 5 kg work pack.

Note: All yelds are approximate and may vary depending upon smoothness and absorbency of
substrate.

Always store in cool and dry kocation. Do not stare in direct sunlight or in temperatures below
35°F (1.7°C) or above BO°F (27°C). Approximate shelf life 12 months wath proper storage. Cata-
Iyst Poweder must be stored seperatehy.

For best use, 24 hours before application, the material is to be acclimated at temperatures be-
teeen B5-70°F (1B-21°C).

Review Safety Data Sheets before handling, available online at kempersystem.net.



Application

Disposal
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Step 2: Add the Catalyst Powder, Component B, to Component A and mix wath the same agttator for 2
minutes or until the powder is completely mixed throughout the liquid resin. The amount of Catalyst Pow-
der must be adjusted according to the ambient temperature (see table).

NOTE: Kempertec® AC Primer is extremely fast curing. Excessive mixing time reduces the avail-
able working time for the Primer.
Catalyst Powder Requirements

Material Kemperol Catalyst %
Temperature °F | Powder (100g/bag) Pot Life (min) Completely Cured

35°F - 50°F 2 bags 20 45
SOF - 65_=F 2 bags 20 30
65°F - BS°F 1 bag 15 30
>85°F 1/2 bag 10 15
Primer Properties
Physical Property Value
Sustainability Information Color Tanspaent
Rapidly Renewable Resource 0% Physical State Cures fo soiid
Recyded Comtent % (post/ pre)  [0/70 VOC Contents 61_9'1
Manufacture Locaton ttaly / Germary | Usage Time* 1S minutes |
Water Resistant After* 30 minutes
Cures After* 30 minutes
Apoly Membrane/Coating After® 30 minutes

* values obtavod af 73°F 50% rolathe humidlty W
dOpanding Upon ar fov, humidty and A

After mixing, apply the primer with a roller or brush evenly onto the surface in a cross directional method,
or utilizing the pour and spread method to fully cover the substrate. Porous substrates may require an ad-
justment to the primer application rate or multiple coats to achieve proper pore saturation.

Note: Kemperol membrane may be applied when the primer s completely dry and without tack. Do not
apply Kemperol membrane to tacky or wet primer.

Cured KEMPERTEC® AC Primer may be disposed of in standard landfills. This is accomplished by thoroughly
mixing all components. Note: Uncured KEMPERTEC® AC Primer resin and hardener are considered hazard-
ous materials and must be handled as such, in accordance wath local, state and federal regulations. Do not
throw uncured resin or hardener away.



6. Coverboard

ISOGARD™ HD Cover Board

Home = Roofing Systems » Roofing Insulation » Cover Boards » [SOGARD™ HD Cover Board

ISOGARD™ HD Cover Board

The Best Added Measure of Protection for Any Roof
Firestone Building Products ISOGARD™ HD Cover

Board is the next generation in high density cover board
that combines impact resistance, energy savings and

ease of installation in a single durable product.

Features and Benefits

Extramely lightweight.
12 fasteners per 4'x8" sheet.
2.5 R-Value per ¥2" of thickness.

At only 12 Ibs. per 4'x8' sheet, this product can offer savings from reduced
transportation costs, labor and material during application.

When comparad to competitors’ standard HD board, our product saves 15-25%
in fastener costs.

Application
* Commercial Roofing

16



AN ADDED MEASURE OF PROTECTION

Cover boards can add strength and protection to a roofing
system, enhancing the system's long-term performance.
Firestone ISOGARD HD Cover Board Is a high compressive
strength, ultra-ghtweight, easy to install polylsocyanurate board
that provides superior Impact resistance and durability, whie
boosting the energy-saving value of the roofing system.

FEATURES & BENEFITS

T H, LIGHTWEIGHT CONTENDER

1/2" thickness, with high-density core
Closed-cell polytsocyanurate (pofyisa) core made
with ISOGARD ™ foam technology

Supenior wind-uplift performance (see below)
Manufactured with a coated fiberglass facer

Incorporates blowing agent that contains no
hydrochiorofiurocarbons {zem ozone depledion
potentia))

Mold-resistant material per ASTM D3273

Provides an industry leading R-value of 2.5 for
valuable energy savings

Easy 1o cut and lightweight, reducing instaliation
time and labor costs

Firestone requires 1-90 wind-upift performance
at 12 fasteners per board where our compettion
requires 16 fasteners per board

Approved for a Severe Hall Rating by Factory
Mutual (FM) Global

Contains recycled content

Excelient wind uplift performance means Firestone
ISOGARD HD Cover Board requires fewer

fasteners than other comparable cover boards.

Famsener Demiy b 100 Rating
:
<
i
2

D s T w 1 e

NS0 Fospen  usl P T

Lo s e P

R-Vake per Thichrass

=
¥
x ]
[ @ Firestone ISOGARD HD Cover Board Is
&
: other leading cover boards.

7.

In terms of energy efficiency, easy
handling and other important advantages,

the clear winner when matched against

Urethane Adhesive
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TECHNICAL INFORMATION SHEET

1.S.0. Twin Pack™ Adhesive

Packaging

|
E

Firestone
BUILDING PRODUCTS

Kit Conbens:

5.0 Twin Pack Insulalion Adhesive i packaged as a kil consisting of one 750 ml Part
A cartridge fastenad logether with one 750 ml Part B cartridge.

Each Case Contains:

4 Part A - Part B Kits, 4 Static Mixers, Instruction Shest

‘Weight of Case:

20 Ik {8 kg

Humber per Pallel

48

NOTE: Coverage rales of each 1.5.0. Twin Pack kit, when properly mixed, dispenses 150° (45.7 m) of mixed adbesive in a bead
" [12.7 mm) wide. This bead will fise %" - 1° (19.0 mm - 25.4 mm). This equales o a coverage area of 800 P (5574
m) per carlon when installed in beads 12° (304.8 mm) on cenler {Lypical spacing).

NOTE: Coverage rale may be reduced due fo imegulaiSes in subsirales.

Beads Despensed at - Coverage per Carton

4% a.c. {102 mm)

200 R (27 87 m)

6" a.c. {152 mm)

300 f* (18.58 m7)

ALGD "F (16 "C) e 90 "F (32 "C):

Typical Set Up Times

58 minubes

ALZD F [-7 "C) 4o 80 °F (16 "C}: B-15 minates

Typical Properties

Property Minimum Performance
Calar: Parl & Amber

Colar: Parl B Off=-Whibe
Composition Parl A Isocyanale pre-palymer
Composilion Parl B Palyal

Mix Rasio of AXB 1:1 by volume
Specific Gravily Parl & 118 + 0.08
Specific Gravily Parl B 1.02 + 0.05

- . 3,000-24,000 cps, #52 spandle at 5 RPW,
Wizcosily Parl A'Part B 77 °F (25 °C)
W.0.C. Cantent: 0 FL (D Rvigal)

18



TECHNICAL INFORMATION SHEET

Firestone
BUILDING PRODUCTS

I.5.0. Twin Pack™ Adhesive

Acceptable Substrates

Property Holes
Structural Concrale (Mew) Meaw poured decks miss! have a minimum 28 day cure ime
Structural Concrele (Existing) Posifive adhesion les! required
Sieal Meaw sieel decks may require cleaning Lo remove processing oils
Gypsum Decks Posifive adbesion == required
Cemenfious Woodiber
Modified Blumen Rools
Plywood and DSB
SBS Base Shesls
WeFarce Membrane Posifive adhesion lesl requined
Lightweighl Concrete Acx ble Lig ght concrede suk include callular or air-erirained concrede.
Existing Asphall and Modified Bilumen Exisling subsirates containing residual asphall must be cleaned and scraped smooth
Roofs {mineral or Smoath Surfaced) a5 possible.
Coal Tar Pilch Posifive adhesion lesi required. Primer may be required.
Insulation
IS085+™ GL HD, RESISTA™,
FiberTap™ Waodfiber, Dens-Dedid MNan-Firesione brand insulations require a positive adhesion iesl
Product, Expanded Polystyrens,
Exiruded Polystyrens
NOT ACCEPTABLE : Single Ply membrane, Fiberglass insulabion, Periie insulation
NOTE: Dens-Deck is a registered Tradermnark of Georgia-Pacific.

MNecessary Equipment:
The following equipment s necessary to dispense 1.5.0. Twin Pack Insulation Adhesive:

Static Mixer: o with 5.0, Twin Packs. Static mixer tubes are bolied onto the plegged end of kit after
plugs removed. As Part A and B are simultaneously extruded throwgh the tube, the static mixer propery and
mrnuthy mixes Part A and Part B. The :lg at the end of the static mixer (opposite bolt end) dispenses mixed
1.5.0. Twin Pack Insulation Adhesive in a %" (12.7 mm) wide bead.

1.5.0. Twin Pack 4 Bead (Firestone ltem No. W5ERACINT4) and 13 Bead MBA+ Multl Bead Dispenser (sold
separately): Cart and wheel mounted, hand maneuverable, with batiery driven plungers, these dispensers mix
and dispense multiple beads of 1.5.0. Twin Pack Insulation Adhesive simultanecusly from 12° (3048 mm) on
canter all the way wp to full coverage on open, unobstructed roof areas. Pre-marked cariridge slots provide
consistent application for desired bead spacing of the 1.5.0. Twin Pack.

1.5.0. Twin Pack Single Bead Hand Dispenser (Firestone lterm No. WSERACINTG); Battery Powered Single
Bead Applicator and Pneumatic Single Bead Applicator (sold separately):

Mixes and dispenses one bead of 1.5.0. Twin Pack Insulation Adhesive and are necessary for dispensing 1.5.0.
Twin Pack Insulation Adhesive on roof areas where Mull Bead Dispensers cannot be maneuverad.

8. Rigid Insulation
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The POWER of POLY1S0

High performance — cost efficient polyiso delivers
the highest R-value per inch in cold
temperatures making it the smartest investment
you can make when insulating your building. At low
temperatures competing polyiso boards require
additional thickness to achieve the same R-value of
Firestones polyiso.

Product Benefits

Highest R-value per inch in cold temperatures.
- Thermal resistance outperforms industry standard by up to 18%.
- AL500,000 square-foot roof can get a cost savings of up to 40k

Requires less embodied energy to manufacture than mineral wool

- From raw material to product and transportation, polyiso requiras 85%
less energy to manufacture than mineral wool.

- Mineral wool requires twice as many boards as polyiso and is 4.5 times
heaviar.

- Polyizo can alzo be recycled and reused on roofing applications, where
mineral wool cannot.

Does not require thermal barrier because it acts as one (per IECC 2012
ASHRAE 90.1).

Excellent compressive strength allows polyiso to stand up to foot traffic from
routine maintenance.

20
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Firestone

TECHNICAL INFORMATION SHEET BUILDING PRODUCTS
e ———————————————

ISO 95+™ GL Insulation

e Descrption
Flat and Tapered Polylso Boards Cellulasic Glass
Reinforced Facer
Flat Boards: 4w d” (1.22 mx 122 m)

4" %8 (1.22 m x 2.44 m)
Tapered Boards: 4" 3 4°{1.22 m x 122 m)
Slope ramye: 116" per foot (5% to V" per foot (4%)
Thickness renge:  0.5" (12.7 mm}j to 4.5% (114.3 mim)

Meets or exceads pe
Product Information

irerments of ASTM C 1285, Type

Description:

Firestome 150 95+ GL flat and tapered roof insulation conaists of & closed-cell polyiso foam core laminated to & black glass
reinforced mat facer on both mejer swfsces. Flat and tepered IS0 85+ GL insulabon provides outstanding thermnsal
performance on commercial roofing applications, while providing positive rooftop drainage 1o help eliminate ponding watar
when tapered |S0 95+ GL insulation = used.

All Firestone polysocyanurste insulstions use EFA accepted blowing agents. Firestone 150 95+ GL incorporates a HOFC-
free blowing sgent that does not contribute to the depletion of the ozone layer (ODP-free).

Method of Application:

1. Insulation shall be neatly fited to all roof penetrations, projections and nallers.
2. Mo more insulation shall be installed than can be coverad with membrane and completed before the end of each day's
work o before the onset of inclement weather.
3. Firestons IS0 85+ GL board may be installed using:
= Firestone fasteners and plates
NOTE: For baliested systems, the top kayer of Firestone insulation may not be mechanically attached.
= Hot asphalt (requires & cover board)
= Firestone approved insulation sdheses
s .50, Twin Pack™
s 5.0 Stick™
s |L5.0. Spray™ R
s LE.O. FIX™ ]I

Acceptable Immediate Substrates:

= 3,000 ped Structural concrete (must be clean, dry, and propery cured)

+ Sieel deck (min 22 ga)

+ Plywood and OSE (min 157)

= Lightwaight concrets

= Gypsum deck (min 27

NOTE: Plzase consult the Design Guides and QuickSpecs onling at waw firestonebpoo.com o review specific
information regarding the assembly.

Storage:

= Keep inaulation dry st all imes
» Elevate insulation above the deck or ground
= Cover insulaton with waterproof tarps



Firestone
TECHNICAL INFORMATION SHEET BUILDING PRODUCTS

150 95+™ GL Insulation

Precautions:

= Polyiso foam will burn if exposed to a flame of sufficient heat and intenaity. Keep away from heat, sparks.
and open flames.

= Protect against dust that may be generated during installation.
= Refer o Safety Data Sheet (SDE) for addiional informaton.
= Take care when tranaporting and handling Firestone insulation to evold physical damages.

Specification Compliance:
P P o=l Pl ; .
ASTM C1288, Type I, Class 1 ityMark
UL Classified-LIL1256 APPROVED [H us * Do .
FM Class 1 Approved

Manufactured in an 150 8001 Registered Facility

CAN/ULC-ST04, Type 1, Class 3 TERIC TEEN-L
LEEDE Information:
Sea Recycled Content in table below.
Manufacturing Locations: Flarence, KY Corsicana, TX Brisiol, Ct
De Forest, Wi Salt Lake City, UT Youngwood, FA

Jacksomville, FL
MOTE: Miami Dade Clasaified podyiso is andy produced in the Jacksonville, FL and Youngwood, FA facilites.

Typical Properties (Meets ASTM C 1289, Type Il Class 1)

Proparty ASTM Test Method Firestone Typical Performance
Grade 2: 20 pai (138 kPa)

Compressive Stranghh: mex Grede 3: 25 pal (172 kPa) *
Denisity: D1622 2 pof (32 kgim™)
Dimensional Stability: D126 <2

Moisture Vapor Transmission Ef6 =1 perm {=57.5 ng/{ Pa-s-m*}}
‘Water Abmorphon: C208 =1% by volume
Service Temperature: ---- -100 to 250 *F (-T3 to 121 *C)
Flame Spread: Ed4 Index 50

Smoke Development Ed4 Index 160 - 180

"25 pal (172 kPa) avalahle upon reques
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Firestone
TECHNICAL INFORMATION SHEET BUILDING PRODUCTS

I1SO 95+™ GL Insulation

Product Information

Thickness* {R-Value) | Max Flute Span Approx. Recycled Comtent
Inches (il - Inches | mm Post Consumer | Post Industrial Total
0.5 12.70 24 1.50 38.10 52% 16% 8%
1.0 2540 5.7 282 B6.67 IT% 15% 5%
1.1 2784 8.3 282 .67 0% 15% 51%
1. 30,48 .5 262 B6.67 % 16% 40%
1.3 33.02 7.4 3.87 93,34 2% 16% 4T%
1.4 a5 68 a0 367 93.54 30% 16% 45%
1.6 38,10 B.6 4.37 11112 28% 15% 44%
1.6 40,64 8.1 437 111.12 7% 15% A%
1.7 43,18 a.7 4 .37 111.12 2% 16% 41%
1.75 44 .45 10.0 4.37 111.12 26% 15% 41%
1.8 45.72 10.3 .37 111.12 25% 15% 0%
1.8 458 28 108 4.37 111.12 24% 16% A%
2.0 B0.BD 11.4 4.37 111.12 24% 16% 3%
21 53.34 12.0 437 111.12 2% 16% 7%
2.2 B5.88 12.6 4.37 111.12 21% 15% 36%
225 B7.15 12.8 4.37 111.12 21% 15% 36%
2.3 58.42 13.2 437 111.12 21% 16% 6%
2.4 80,88 138 4.37 111.12 20% 15% 35%
26 83.560 14.4 437 111.12 2% 16% 5%
2.6 BiE.04 15.0 4.37 111.12 19% 16% 3%
2.7 B&.68 15.6 4.37 111.12 18% 15% 33%
275 B9 B5 158 437 111.12 18% 16% 33%
28 7112 18.2 4.37 111.12 18% 15% 3%
2.9 T3.68 18.8 4.37 111.12 17% 15% 3%
3.0 TE.20 17.4 437 111.12 17% 16% 3%
3.1 TE.74 18.0 4.37 111.12 168% 15% 3%
3.2 128 18.6 437 111.12 16% 16% %
325 B2 65 18.9 4.37 111.12 16% 16% 1%
3.3 B3.82 189.2 4.37 111.12 16% 15% 31%
3.4 BE 38 198 437 111.12 15% 16% e
3.5 B&.80 208 4.37 111.12 15% 15% 3%
16 01.44 211 437 111.12 14% 16% 200
3.7 05.08 2.7 4.37 111.12 14% 16% 20%
375 B5.25 20 4.37 111.12 14% 15% 20%
18 86 52 223 437 111.12 14% 16% 20%
3.8 80.046 23.0 4.37 111.12 14% 16% 20%
4.0 101,60 3.6 450 11430 14%. 15% 20%
4.1 104.14 242 4 50 11430 13% 16% 28%
4.2 1.6.68 249 4.50 114.30 13% 16% 28%
425 107.95 252 4 .50 114.30 13% 16% 28%
4.3 109,22 25.56 4.50 114.30 13% 16% 28%
4.4 111.78 281 450 114.30 13% 15% 28%
4.5 114.3 28 4 50 114.30 13% 16% 28%

“Other Micknesses Favable Hpon regest
"F= values provide @ 1 5pear ime-weighied average in acoondance with CANLLC. 5770



Appendix K — Building B Weight of New Roof Calculation
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New Deck Layers Area of Roof Given Information Area per unit | Total Amount for roof area
ftn2 ftr2
20"x20" sized pavers at
Pavers 5040 21lb/ft"2 2.78 1814.4 | pavers
Pedestals 5040 2013.6* | pedestals
Drainage Mat 5040 38lbs per 4'x50' roll 200 25.2 rolls
Kemperol 12.5kg (27.561bs) per
Waterproofing 5040 38ft"2 38 132.6 work packs
5 kg (11.023Ibs) per
Kempertec AC Primer 5040 125ft”2 125 40.32 work packs
Coverboard 5040 12lbs per 4'by8' sheet 32 157.5 sheets
600ft~2 per case and
Urethane Adhesive 5040 20 Ib per case 600 8.4 cases
Rigid Insulation 1.77Ib/ft"2 (Two 2.5"
5040 board sized 16ft"2) 16 630 boards

*(Roof Area/Paver area) + (Perimeter of roof/Length of paver) was used to estimate the amount of
pedestals needed as given in the product data sheets for the tile tech pavers in Appendix J.

New Deck Layers Weight per unit Total Weight Total unit weight per Roof Area
Ibs Ibs Ibs/ft"2
Pavers 58 105840
Pedestals 3 6040.80 1.20
Drainage Mat 38 957.60 0.19
Kemperol
Waterproofing 27.55778 3655.03 0.73
Kempertec AC Primer 11.0231 444.45 0.09
Coverboard 12 1890.00 0.38
Urethane Adhesive 20 168.00 0.03
Rigid Insulation
28.32 17841.60 3.54
Total 136837




