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Abstract

The Gordon Library Reimagination project at Worcester Polytechnic Institute (WPI)
involved a comprehensive analysis of the current state of the WPI library and its site location.
The project team proposed multiple remodeling concepts aimed at aligning the library with the
contemporary needs of the WPI campus while preserving its rich academic history and distinctive
personality. The architectural design concepts were coupled with an in-depth examination of the
structural system and building energy analysis to formulate plans that are both innovative and
economically feasible. The proposed solution advocates for key features such as the
incorporation of an atrium, abundant natural lighting, and versatile open spaces, with the
overarching goal of creating a conducive and enriching educational environment. This endeavor
reflects a commitment to balancing modern functionality with the timeless essence of academic

tradition in the revitalization of the Gordon Library.
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Professional Licensure Statement

Professional licensure is a formal recognition granted by a regulatory body or authority,
affirming an individual's competence and qualification to practice within a specific profession.
Licensure ensures that practitioners meet predetermined standards of education, experience,
and ethical conduct, thereby safeguarding the interests of the public and upholding the integrity

of the profession.

Professional licensure is a formal recognition granted by a regulatory body or authority,
affirming an individual's competence and qualification to practice within a specific profession.
Licensure ensures that practitioners meet predetermined standards of education, experience,
and ethical conduct, thereby safeguarding the interests of the public and upholding the integrity

of the profession.

For aspiring engineers seeking licensure as a Professional Engineer (PE), the journey
typically begins with the successful completion of the Fundamentals of Engineering (FE) exam.
This foundational step is followed by acquiring relevant work experience under the supervision
of a licensed professional engineer. Subsequently, candidates must pass the Principles and
Practice of Engineering (PE) exam, demonstrating their comprehensive understanding of

engineering principles and their ability to apply them competently.

To maintain licensure, engineers are often required to fulfill continuing education
requirements, staying abreast of technological advancements, evolving regulations, and best
practices within their respective fields. Additionally, adherence to a strict code of ethics and
professional conduct is paramount for maintaining licensure, ensuring accountability, and

fostering trust within the profession and among the public.

The importance of obtaining and holding this licensure can be related to three different
stakeholders. The profession in which the licensure is obtained, the individual obtaining the
licensure, and the public. The benefits each of these groups experience from an individual who

pursues and later obtains their licensure are discussed further.

Professional licensure serves as a hallmark of excellence within the engineering
profession, distinguishing licensed engineers as individuals who have met rigorous standards of

education, experience, and proficiency. By upholding these standards, licensure elevates the
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credibility and reputation of the engineering profession, instilling confidence in clients,

employers, and stakeholders regarding the competence and reliability of licensed practitioners.

For individual engineers, licensure opens doors to diverse career opportunities,
enhances professional credibility, and facilitates mobility across jurisdictions and industries.
Licensure empowers engineers to take on greater responsibilities, pursue leadership roles, and

contribute meaningfully to projects of significant public interest and societal impact.

Perhaps most importantly, licensure serves the interests of the public by ensuring the
safety, health, and welfare of communities. Licensed engineers are held to stringent standards
of ethical conduct and professional accountability, mitigating risks associated with engineering
projects and safeguarding against potential harm. Through licensure, the public can trust that
engineering endeavors are executed with integrity, expertise, and a steadfast commitment to

public safety and well-being.

In conclusion, licensure is a cornerstone of the engineering profession, embodying the
values of competence, integrity, and accountability. It serves as a testament to the commitment
of engineers to uphold the highest standards of practice, thereby advancing innovation,
safeguarding public welfare, and fostering trust in the transformative potential of engineering

solutions.
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Capstone Design Statement

This Major Qualifying Project (MQP) endeavors to enhance the user experience of the
Gordon Library by implementing designs that focus on creating open spaces, reorganizing floor
plans to foster interaction, and maximizing natural light. Central to the project is the creation of
an atrium intended to facilitate connectivity between floors, allowing sunlight to permeate
throughout the upper levels. Complementing the atrium is a rooftop addition designed to cultivate
collaborative spaces while offering panoramic views encompassing the WPI Campus Center and
the city of Worcester. Leveraging knowledge gained from architectural and structural
coursework, the team aims to satisfy the requirements of the capstone design. In alignment with
the project's objectives, considerations are given to systems and processes from various
architectural engineering disciplines, ensuring a comprehensive approach that addresses

structural integrity, environmental sustainability, and user functionality.

The project integrates within the broader architectural design of the Gordon Library,
harmonizing new elements with existing structures while enhancing the overall aesthetic and
functional coherence of the space. Effective communication and collaboration with other design
and construction team members are prioritized throughout the project lifecycle, fostering
interdisciplinary cooperation, and ensuring the seamless integration of diverse expertise.
Utilization of CAD was integral to the design process, facilitating visualization, simulation, and
analysis to optimize spatial arrangements, structural integrity, and environmental performance.
Furthermore, compliance with relevant codes and standards is diligently observed to ensure the
safety, legality, and regulatory adherence of the project. Building performance and sustainability
are rigorously considered throughout the design process, with a focus on maximizing energy
efficiency, minimizing environmental impact, and promoting occupant well-being for the Gordon

Library.

Through the application of knowledge gleaned from architectural and structural
coursework, the team endeavors to meet the rigorous requirements of the capstone design,
ensuring a holistic approach that addresses structural integrity, sustainability, and user-centric

design principles.



Executive Summary

This project addresses the current challenges and drawbacks of the current WPI Gordon
Library and creates new opportunities and solutions for improvement. Within the project scope
the following objectives were achieved:

1.) Conducted a thorough analysis of applicable building, fire, and life safety codes to

ensure compliance and guarantee the safety of all occupants within the library.

2.) Engaged in contemporary research to explore the configurations and functionalities
of existing libraries, informing our design decisions and strategies.

3.) Performed a comprehensive structural engineering assessment to evaluate the
feasibility and structural integrity of proposed additions, such as the rooftop addition
and atrium.

4.) Enhanced the library's exterior connectivity with the surrounding site and campus to
foster a sense of cohesion and belonging within the community.

5.) Created physical models that vividly depict the proposed design, providing

stakeholders with a tangible representation of the envisioned changes.

By analyzing the current building, the group argues the possibility of adding a rooftop, a
multistory atrium, a new floorplan layout, and the possibility for better energy-efficient
construction. With the current configuration of the building, and our group’s proposal to further
reduce bookstacks, the building is ultimately overdesigned, allowing for such alterations to take

place.

It was imperative to conduct such exploration to more closely align the library with the
present and future requirements of the WPI community. By tackling these challenges and
seizing opportunities for enhancement, our goal is to guarantee that the Gordon Library remains

an indispensable asset and center of knowledge for generations to follow.
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1.0: Introduction

Libraries, once revered as bastions of printed knowledge, have experienced a profound
transformation in recent decades. Traditionally, they served as havens for reading, community
connection, and housing countless books to nourish the mind's thirst for knowledge and growth.
However, the modern library has transcended its conventional role, evolving into a multifaceted

institution that reflects the dynamic needs of society.

As we navigate the digital age, this evolution becomes both intriguing and crucial to
study. Influenced by advances in technology, evolving user needs, and shifting educational
values, contemporary libraries have become vibrant hubs of intellectual exploration, group
collaboration, and innovation. They no longer merely store information; instead, they serve as
dynamic spaces where individuals converge to engage in a myriad of activities, from research

and study to creative endeavors and community events.

This metamorphosis underscores the resilience and adaptability of libraries in the face of
societal change. By embracing innovation and catering to the diverse needs of their patrons,
modern libraries stand as beacons of knowledge, creativity, and connection in an ever-evolving

world.

1.1: Problem Statement

As the landscape of quality education continues to evolve, academic buildings must
adapt to meet the changing needs, working patterns, and preferences of university communities.
In this context, libraries play a pivotal role as dynamic hubs of knowledge and collaboration.
Therefore, the design considerations for libraries must encompass updated mechanical,
electrical, and plumbing systems, as well as structural and HVAC upgrades, to ensure they

remain relevant and functional in today's context.

The Gordon Library, constructed in a bygone era, stands as a testament to the evolution
of construction and information technology over time. Our research has uncovered significant
transformations since its inception in 1967. These alterations, occurring over various intervals,

necessitate a thorough exploration of alternative layouts, structural systems, and building



designs. Such exploration is essential to better align the library with the current and future
needs of the WPI community. By addressing these challenges and opportunities for
improvement, we aim to ensure that the Gordon Library continues to serve as a vital resource

and hub of learning for generations to come.

1.2: Scope of Work

The project scope was diligently focused on various critical components of the Gordon
Library, aiming to bring about a comprehensive transformation marked by innovative elements

and enhancements. The scope of the ambitious endeavor includes:

1.) Conduct a thorough analysis of applicable building, fire, and life safety codes to
ensure compliance and guarantee the safety of all occupants within the library.

2.) Engaging in contemporary research to explore the configurations and functionalities
of existing libraries, informing our design decisions and strategies.

3.) Performing a comprehensive structural engineering assessment to evaluate the
feasibility and structural integrity of proposed additions, such as the rooftop addition
and atrium.

4.) Enhancing the library's exterior connectivity with the surrounding site and campus
to foster a sense of cohesion and belonging within the community.

5.) Creating physical models that vividly depict the proposed design, providing

stakeholders with a tangible representation of the envisioned changes.

Our team has conducted a thorough analysis of applicable building, fire, and life safety
codes to ensure compliance and guarantee the safety of all occupants within the library.
Additionally, we have engaged in contemporary research to explore the configurations and
functionalities of existing libraries, informing our design decisions and strategies. Furthermore,
we have performed a comprehensive structural engineering assessment to evaluate the
feasibility and structural integrity of proposed additions, such as the rooftop addition and
atrium. Additionally, we have enhanced the library's exterior connectivity with the surrounding
site and campus to foster a sense of cohesion and belonging within the community. Lastly, we
have created physical models that vividly depict our team's proposed design, providing

stakeholders with a tangible representation of the envisioned changes.



Our vision for the Gordon Library is rooted in the integration of functionality,
aesthetics, and safety. By undertaking these critical assessments and enhancements, our team
aims to rejuvenate this cherished institution, ensuring it remains a beacon of knowledge and
inspiration for generations to come. The suggested alteration aims to increase visual
transparency, enhance the flow, improve student productivity, and create an inviting space for

the community to come together and grow.

2.0: Background

This chapter offers a detailed exploration of the fascinating history and development of
the Gordon Library at WPI. We will delve into the library's journey from its inception, tracing
its evolution over time and its adaptation to the ever-changing landscape of education and
technology. By examining the library's origins, we will uncover the societal and architectural
influences that have shaped its current form and functionality. Furthermore, we will conduct a
thorough analysis of the dynamic shifts in library design across different periods, providing
valuable insights into the need for modernizing the Gordon Library to better serve the diverse

and evolving needs of students at WPI.

Through this comprehensive examination, we aim to provide readers with a deeper
understanding of the library's significance and the rationale behind proposed updates and
enhancements. By aligning the library's infrastructure and resources with contemporary
educational requirements and technological advancements, we endeavor to create a dynamic
and inclusive learning environment that fosters academic excellence and innovation for

generations to come.

2.1: History of the WPI Library

Worcester Polytechnic Institute (WPI) has a distinguished history of growth and
achievement in the fields of science and engineering (George C. Gordon Library | Worcester
Polytechnic Institute, n.d.). A surge in enrollment during the early 1960s, fueled by a national
emphasis on enhancing science and engineering education in the United States (Trends in
United States Higher Education from Massification to Post Massification, 1997), led to a

remarkable 44 percent increase over the preceding seven years. At the time, WPI recognized a

3



critical challenge in delivering high-quality education: the absence of a university library
capable of housing all its archival sources and providing a functional space to serve its diverse
student body and academic programs. Boynton Hall served as a small general library with a
broad collection of literature, economics, history, and art volumes. Other academic resources
were scattered across various departments, each maintaining its own library To address this
challenge and fulfill its objectives of expanding its book collection, centralizing resources,
creating a conducive study environment, and embracing emerging audio-visual and microfilm
technologies, WPI initiated the design and construction of a new library facility located on the
east side of the campus near Boynton Street seen in Figure 1 (George C. Gordon Library |

Worcester Polytechnic Institute, n.d.).

This ambitious project required a substantial capital investment from George C.
Gordon, a distinguished WPI alumnus for a donation of $5 million (George C. Gordon Library
| Worcester Polytechnic Institute, n.d.). This significant donation enabled the university to
embark on the design and construction of a state-of-the-art library seen in Figure 2 capable of
accommodating 600 students and housing an impressive collection of 200,000 volumes
(George C. Gordon Library | Worcester Polytechnic Institute, n.d.). The library's design
included various amenities such as individual reading tables, group study rooms, smoking

areas, music rooms, and lounges on each floor, enhancing the overall student experience.

Figure 1: Aerial image of the Gordon Library taken in the mid-1970s (Library Archives).



Figure 2: Proposed rendering of the Gordon Library in 1963 from O.E. Nault & Sons (Library Archives).

Architecturally, the Gordon Library stands as a four-story, reinforced concrete structure
adorned with a brick and precast concrete panel facade (George C. Gordon Library | Worcester
Polytechnic Institute, n.d.). O.E. Nault & Sons, based in Worcester, Massachusetts, were the
architects behind the design, while Harvey and Tracey Consulting Engineers handled the
structural engineering aspects. The structural design of the building was based on a voided slab
system that allowed for a two-way dispersion of forces down to the columns. This system is
commonly known as a waffle slab system for each floor and is used in reinforced concrete
designs to efficiently distribute the expected loads of the building. Figure 3 depicts the library's
structural concrete during the installation of precast concrete fins, providing a visual insight

into its construction process.

Figure 3: Construction photo of the Gordon Library showing the precast concrete fins being installed (Library
Archives).



Over time, the library's interior layout has transformed to accommodate the evolving
use of technology and collaborative workspaces. However, aesthetic concerns have arisen, with
some perceiving the Gordon Library as resembling a bunker rather than a welcoming and
inviting space. The library's primary entrance from the campus is located on the "Second" floor,
boasting an expansive open area tailored for computer use and group collaboration,
complemented by conference rooms equipped with computers and flat-screen TVs, known as
"tech suites." Additionally, a café caters to the needs of both students and faculty. Progressing
to the third floor, one encounters additional flexible tables for group work, individual cubbies,
and administrative offices. The first floor primarily comprises quiet study areas, tech suites,
handbook stacks, and a computer lab. Finally, the ground floor houses compact book shelving,
tables for group work, and the recently renovated university archives and special collections
department. Presently, WPI's library boasts an extensive collection comprising over 270,000
books, more than 4,000 archival materials, and rare books, and provides students with access to
over 70,000 electronic journals, books, and databases, enriching their academic pursuits (Jones,

2015).

Nevertheless, the WPI environment today markedly differs from the time of the library's
construction, with undergraduate enrollment having surged to approximately 6,500 students. A
common challenge students face is the difficulty in finding adequate working areas for group
and individual work, prompting multiple small renovations over the years to ensure that the

library continues to meet the evolving needs of its users.

2.2: 60’s Architecture

During the 1960s, architecture experienced a dynamic period marked by various
influential movements and styles. Among the notable trends were Brutalism, Modernism, and
Counter-culturalism, each championed by prominent architects such as Le Corbusier, Paul

Rudolph, and Oscar Niemeyer (Smith, 1965; Brown, 1968).

Modernism, characterized by clean lines, functional design, and minimal
ornamentation, continued to dominate architectural discourse. Concurrently, Brutalism
emerged as a significant movement, often featuring untreated concrete and bold geometric

configurations. Counter-cultural architecture also gained traction, advocating for experimental



and unconventional designs that challenged traditional norms (Jones, 1970).

The architecture of the WPI Gordon Library predominantly reflects the Brutalist
movement prevalent during the era. Elements such as the raw concrete aesthetic, geometric
forms, and monumental scale are indicative of this stylistic expression. The library's prominent
use of exposed concrete, particularly evident in its fagades adjacent to the windows spanning
multiple floors, underscores its Brutalist influence. Moreover, the mixture of sharp angles and
curves, rugged edges, and a sense of monumentality seen further characterize the Brutalist
design ethos, as seen throughout the library's exterior form. The New York TWA Terminal
included a brutalist-designed building as seen in Figure 4. The building incorporated sharp

curves while allowing for abundant natural lighting (architect-staff, 2010).

Figure 4: The New York TWA Terminal, a concrete brutalist building in the 1960s showing the primary use of
concrete to create large intimidating buildings (architect-staff, 2010).

Despite being a significant example of Brutalist design from the 1960s, the Gordon
Library stands as a potential canvas for future renovations. Brutalism was renowned for its
structural expression and spatial innovations, which integrated structure and function
seamlessly. However, the current library conceals its structural system under column covers
and a drop ceiling, obscuring the intricate waffle-slab system above and diminishing the sense
of scale within the building. Thus, future renovations present an opportunity to enhance the
building's architectural integrity by revealing and celebrating its structural elements (Brown,

1972).



2.3: Contemporary Library Models for the 21% Century

Although the WPI Gordon Library has been a campus landmark since its construction, the
usage and design of the space have evolved to meet the changing needs and requirements of a
modern university library (Smith, 2019). Today, libraries are more than just repositories for
books; they have transformed into dynamic learning hubs that prioritize flexibility, technology

integration, and community engagement (Pierce, n.d.).

There has been a noticeable shift towards creating open, flexible layouts that can easily
adapt to accommodate various activities and events (Universal Design: A Guide For Architects
and Designers, n.d.). This includes the incorporation of movable furniture, modular shelving, and
multipurpose rooms, allowing libraries to serve diverse functions ranging from collaborative

workspaces to quiet reading areas (Designing Libraries for the 21* Century, 2022).

At WPI, spaces that encourage collaboration and interdisciplinary learning are
particularly emphasized, featuring comfortable seating, writable surfaces, and multimedia
resources to facilitate teamwork and creativity. While the typical seating arrangement
accommodates groups of 4-6 people, individual workspaces can also be booked as needed
(George C. Gordon Library | Worcester Polytechnic Institute, n.d.). Furthermore, libraries have
embraced advancements in technology, offering access to e-books, online databases, and virtual

reality experiences alongside traditional print resources (Prepare, 2023).

In line with the broader trend of sustainable construction, many 21st-century library
designs prioritize sustainability and aim for a Net Zero carbon footprint (Designing Libraries for
the 21% Century, 2022). Incorporating energy-efficient lighting, recycled materials, and eco-
friendly construction methods not only reduces environmental impact but also lowers operating

costs in due time (Nail, 2023).

By integrating these modern features and sustainable practices, libraries like the WPI
Gordon Library continue to evolve to meet the ever-changing needs of their users while also

contributing to a greener future.



2.4: Past Major Qualifying Projects

Despite the ongoing renovations and adaptations, it's imperative to acknowledge the
invaluable contributions of previous student projects aimed at enhancing the Gordon Library.
Over the years, numerous Major Qualifying Projects (MQPs) have explored various facets of the
library's functionality and design, offering insights and recommendations that can significantly

benefit our current project.

One notable MQP, completed in 2015, centered on investigating the lighting system of
the Gordon Library. This endeavor focused on evaluating the energy efficiency of the library's
lighting systems and proposing measures to enhance sustainability and user comfort
(Varrichione, Jarvis, 2015). Through meticulous measurements and analysis, the team identified
areas ripe for improvement, suggesting solutions ranging from the adoption of more efficient

light bulbs to initiatives promoting energy conservation awareness among students.

Similarly, a significant MQP titled "The Academic Library Design: A Case Study of the
George C. Gordon Library," undertaken in 2016 examined the library's architecture within the
framework of contemporary design standards (Attalla, Connors, 2016). This study shed light on
the evolving role of libraries in the digital era, where traditional functions have evolved to
accommodate emerging services and technologies. The project proposed structural renovations,
including the incorporation of an atrium to augment natural lighting and foster a more

welcoming ambiance throughout the building.

Integrating insights gleaned from these past MQPs into our current project is paramount
as we endeavor to build upon existing knowledge and leverage innovative ideas to further
enhance the Gordon Library. By tapping into the expertise and research findings of previous
student initiatives, we can develop comprehensive solutions that address the evolving needs of

our university community and contribute to the continued evolution of the library.

2.5: Case Study/Past Renovation

In the summer of 2000, Worcester Polytechnic Institute (WPI) engaged Shepley
Bulfinch Richardson and Abbot (SBRA) to develop a master plan defining the Gordon



Library’s role in the future of the Institute. The team that developed this plan reviewed WPI’s
strategic vision at the time, assessed existing facilities, and identified needs that were not
currently provided. This background research allowed the team to develop a summary program
detailing the amount of space required for the ideal facility, which was then further developed
into a diagrammatic floor plan identifying the allocation of space throughout the building. In
conjunction with the development of the space, SBRA, along with a team of consulting
engineers, assessed the existing building envelope (Master Planning Study for Gordon Library,

2000).

The study under the master plan resulted in the identification of three distinct work
components. These work components included a base scheme for renovating the existing
building and two other design options for additions to the library. The Base scheme involved
the full renovation of the existing building including the mechanical systems. Option 1
involved the infill of the current entrance on the second and third floors to create a common
entry space to provide the building with an inviting feel and updating the west facade to a glass
curtain wall to increase transparency and draw people to the facility's interior spaces. Option 2
involved the addition to the south side of the building on every floor, providing the library with

an additional 12,250 sq. ft. of space for the addition of new spaces and student seating.

Other significant renovations to the library include the addition of the Café and
expansion of the Service Desk in 2009, and a Mechanical/Plumbing Renovation in 2016
focused on the Ground floor and archive services. The 2009 renovation was focused on the 2nd
floor of the building adding a Café where students could gather and take a break from studying
and socialize. In addition, the service desk and IT services were expanded to be able to serve
the increasing demand of the library and the campus's digital needs better. The mechanical/
plumbing renovation in 2016 provided the ground floor and archive services with an updated
HVAC system designed specifically for the archive. As part of this renovation, the ground floor
was also provided with sprinkler system protection. Most recently the entrance to the first floor
shown in Figure 5 was removed and converted into an interview room to accommodate the

construction and site work necessary for Unity Hall.
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Figure 5: South side first-floor entrance before its removal for the construction of Unity Hall (Library Archives)

2.6: Existing Library Layout

The existing Gordon Library was constructed in 1967 as a Type II-A protected, non-
combustible construction building with its primary use being group A-3 Assembly (2021, IBC).
The building also contains support spaces associated with the operation of libraries including
offices for library staff, IT and circulation desks, and student study spaces. The building is not

currently equipped with an automatic sprinkler system throughout.

The current library has four floors that are accessible to the student population, and the
idea is that the lower floors in the building are quieter and the less collaborative the spaces
become. This is done to create an environment where a user can study in the library and have
the option to have discussions and speak freely amongst a project group or to sit at a table or

cubicle and work independently.

The sub-ground level of the basement shown in Figure 6 is designated facilities access
only and the only rooms on this floor include the electrical, mechanical, and elevator control

rooms as well as a large storage space.
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Figure 6: Existing Ground-level floorplan of the library containing the mechanical room on the left and the
electrical and storage spaces on the right.

The Ground level of the library shown in Figure 7 is home to the archives, stack space,

and student seating. There is also currently a temporary classroom on this level sectioned off
on the west wall to accommodate the decrease of classroom space due to the ongoing Stratton

Hall renovation.

Figure 7: Existing Ground Level floorplan of the library containing the moveable stack space on the left and the
dedicated archive space on the right.

12



The first floor of the library shown in Figure 8 is where the majority of the library’s tech
suites are located, as well as most of the remaining bookstacks, and individual working cubbies
along the east wall.
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Figure 8: Existing First Floor floorplan of the library which contains the majority of the stack space on the left of
the building and tech suites on the bottom.

The second floor shown in Figure 9 serves as the main entrance to the building and has

a cafe, help desks for IT and Library services, staff offices, and student working spaces.

Figure 9: Existing Second Floor floorplan of the library containing the library services desk to the left of the main
entrance and the café and IT-related spaces to the right of the building.
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The third floor shown in Figure 10 features open student working space furnished with
larger tables for group work and some individual cubbies, as well as a few staff offices on this

floor.

Figure 10: Existing Third Floor floorplan of the library contains mainly open space used for group work by
students, and some library administrative offices.

3.0: Methodology

This project required a significant amount of information and data-gathering aimed at
obtaining all available plans of the Gordon Library, and the campus communities needs and
wants from the library. This endeavor involved close collaboration with the facilities
department and library staff at WPI, navigating paperwork procedures, coordinating efforts to
retrieve the necessary documents, and planning meetings to discuss different design options.
Along with various analyses outlined below the group will propose renovations to the existing

Gordon Library.

3.1: Collecting and Reviewing Plans

Within the initial weeks of the project term, we successfully obtained a diverse array of
plans, spanning from the library's original construction in 1967 to subsequent renovations,
including the 1996 chiller replacement, the 2009 Café/Service Desk renovation, and the 2016

mechanical/plumbing overhaul. This meticulous organization of files by discipline and
14



renovation phase served as a foundational step, ensuring that we had a robust reference point
for the subsequent design process. Additionally, gaining access to mechanical rooms and
rooftop spaces allowed us to glean insights into equipment layout and spatial considerations

essential for our analysis and recommendations.

3.2: Gathering Information on Campus Input

Throughout the project, regular meetings were held with Librarian Anna Gold to gather
input on our design and to understand the staff's priorities for library improvements. Engaging
with the library staff was crucial, as they are significant stakeholders in the project and have
valuable insights into the space's functionality and needs. These meetings served as
opportunities to receive Anna's feedback on our evolving concepts and models. Topics
discussed during these sessions included, among others, the potential removal of the drop
ceiling to reveal the raw concrete waffle slab and the possibility of dividing the computer lab

on the first floor, which is sometimes utilized as a meeting room.

3.3: REVIT Modeling

Revit stands out as a powerful Building Information Modeling (BIM) software, developed
by Autodesk, tailored specifically for the architecture, engineering, and construction (AEC)
industry. This comprehensive toolset facilitates building design, documentation, and
collaboration with unparalleled efficiency. One of its key features is the ability to model existing
building structures and floor plans accurately. Through Revit, structural elements, site layouts,
building designs, and floorplans can be intricately detailed, providing a holistic view of the

project.

Parametric software applications like Revit offer significant advantages to firms, notably
in streamlining the process of making changes and coordinating with various disciplines. By
storing computable graphic and data attributes, Revit enables swift adjustments while minimizing

errors and ensuring seamless collaboration across teams.

Moreover, Revit fosters collaboration and coordination by centralizing crucial project
information within a single model. This includes key dimensions, load paths, and other essential

data points. Beyond its collaborative capabilities, Revit boasts an intuitive interface that enhances
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user experience and accessibility. Additionally, its extensive object libraries, curated by Autodesk

and end-users alike, offer a vast array of resources to support diverse project needs.

A notable strength of Revit lies in its bidirectional drawing support, facilitating seamless
information updates and management across drawing and model views, including schedules
(Wang, 2012). This feature further enhances efficiency and accuracy in project execution,
making Revit an indispensable tool for modern AEC professionals. The team used Revit to

develop a model showcasing the current state of the building as shown in Figure 11.

Figure 11: REVIT model of the existing library from the northeast side of the building looking up from ground
level.

3.4: Structural Analysis

This section elucidates the structural design methodology employed in this MQP report,
offering insights into the meticulous process undertaken to analyze and evaluate the structural
integrity of the library.

To conduct a comprehensive structural analysis of the library, it was imperative to
establish a thorough understanding of the load distribution across its structural elements. This
served as a foundational step in evaluating the feasibility and implications of proposed design
alterations compared to existing conditions. To achieve this goal, tributary areas were
meticulously delineated for each column, and corresponding loads were calculated or estimated
following state building codes.

These loads encompassed both dead loads and live loads, representing the permanent and
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temporary forces acting upon the structure, respectively. The live loads do not include wind,
snow, and seismic loads. These loads are separately identified as seen in the LRFD equations
used from the Massachusetts State Building Code. Through a meticulous load and resistance
factor (LRFD) analysis, the team delved into the intricate dynamics of load-bearing elements,
shedding light on the distribution of forces and their transmission through the building's
foundation.

It's worth emphasizing that while the library was initially designed using allowable stress
design principles, adopting an LRFD approach offered a conservative perspective on the
structural integrity of the building. This method, widely acknowledged and accepted within the
engineering community, provided a pragmatic framework for assessing the library's capacity to
withstand various loads and stresses.

The following LRFD equations were used from the Massachusetts State Building Code to
determine loads from each floor (780 CMR Ninth Edition, Chapter 16, 2018).

o 1.4(D+F) Equation 16-1
e [.2(D+F)+ 1.6(L+H) + 0.5(L: or S or R) Equation 16-2
e 12(D+F)+ 1.6(L:;or S or R) + 1.6(H) + (fiL or 0.5W) Equation 16-3
o 12(D+F)+1.0(W)+fiL+1.6H+ 0.5(L; or S or R) Equation 16-4
o [2(D+F)+1.0(E) + fiL + 1.6H + f2S Equation 16-5
e 09D+1.0W+1.6H Equation 16-6
e 0.9(D+F)+ 1.0E + 1.6H Equation 16-7

An Excel sheet was developed to automate the calculation of these equations accompanied by

various hand-calculations to verify the results from the spreadsheet.

To determine the structural capability of the library, the loads must be calculated, and the
load path must be determined for each column. Figure 12 illustrates an example of a 2 x 2 bay in
the library and the floor slabs connected to it. The loads being distributed vertically down
through the columns, and the tributary area of each column must be found and then the loads on
the floor must be calculated. By comprehensively understanding and quantitatively analyzing the
loads carried throughout the building, insights to propose alterations to the facility can be
revealed. These alterations may involve additions or removals of walls and floor systems;

however, it is imperative to first grasp the existing structural conditions before implementing any
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modifications to the building.

Roof Slab

Third Floor Slab

Second Floor Slab

First Floor Slab

Ground Floor Slab

Figure 12: Column diagram representing the unknown load path.

In addition to assessing the loads carried throughout the column, it was important to
analyze the bending moments and shear forces acting upon the waffle slab system. This was
achieved through the Rankine-Grashoff method, which achieves an approximation based on
calculating deflection in either direction at the junctions of ribs (Halkude & Mahamuni, 2014). In
order to conduct a more thorough analysis of a partial removal from a waffle slab system, a finite
element modeling program or deep dive into the theory of plates and shells is required. These

various approaches are further discussed in Section 6.3: Waffle Slab Analysis.

3.5: Energy Analysis

Conducting an energy analysis of the Gordon Library is essential for pinpointing areas
where enhancements can be made to the building's envelope and mechanical systems. This
analysis will be carried out using a blend of Design Builder software and manual calculations
to validate the R-values and U-factors of the walls. Design Builder facilitates the simulation of
the building environment over a defined period, producing comprehensive results in the form of

tables and graphs. These results depict various metrics such as total site energy, energy
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consumption by end-use, as well as comfort and set point data. Preliminary hand calculations
were also performed to understand the R-values and U-factors of the windows, concrete panels,

and brick wall that make up the facade.

3.6: Code Review

As an integral part of our project, we will conduct a thorough code review, commencing
once our design concepts are finalized. This review is crucial to understanding the necessary
modifications to the building and the implications introduced by current building codes
compared to those in place at the time of construction. Presently, Massachusetts adopts the 9th
edition of 780 CMR, which amends the 2015 International Building Code (IBC). However, it is
anticipated that by 2024, the 10th edition will be adopted, amending from the 2021 IBC.
Following the adoption, there will be a 6-month concurrency period during which buildings
designed to meet the standards of the 9th edition code will still be acceptable. Given the
timeline for a project of this magnitude, our team will adhere to the 10th edition of 780 CMR,
as we do not anticipate the project being permitted within the concurrency period of the 9th

edition.

In addition to the 780 CMR, other codes integral to our review includes the 521 CMR
Massachusetts Accessibility Code, the 2021 International Existing Building Code (IEBC),
NFPA 1 (Fire Code), and NFPA 101 (Life Safety Code). To conduct the code review
effectively, we first identified the key elements undergoing changes in each design concept. We
then delved into the codes to ascertain the specific requirements for each element. It's worth
noting that certain code sections may reference more specific applications where certain
requirements are no longer necessary. Exceptions also play a role in determining whether a

requirement is needed under specific circumstances.

One of the significant implications uncovered during our review is that the building is
not fully sprinkler protected throughout, raising concerns regarding the current accessibility of
the building. This is a critical consideration, as the building code mandates that if the cost of
renovations exceeds 30% of the full and fair cash value of the building, the entire building must
be brought up to the current accessibility code. Such an undertaking would pose significant

challenges for the university and must be carefully evaluated in our design proposals.
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4.0: Architectural Design Proposals

To improve the functionality of the Gordon Library to meet today’s standards of what is
expected for a college library and what is needed by its students, we decided upon multiple
design changes for a better environment. Some of these are a more significant undertaking than
others, but all are designed to improve the library environment and give users more space. Our
proposal includes:

1. The removal of a section of the 3rd floor waffle slab and roof slab to form an
atrium.

2. A new lightweight addition to the library rooftop.

3. The relocation of stack book storage spaces and removal of select non-structural
walls allows for more usable space for students.

4. Removals of the drop ceiling throughout.

These alterations will increase visual transparency, enhance the flow, improve student

productivity, and create an inviting space for the community to come together and grow.

4.1: Atrium Design Space

The group's design recommendations entail the removal of a section of the 3rd-floor
waffle slab and the roof of the library, facilitating a connection to the second floor of the
existing library and the proposed rooftop addition. This innovative approach introduces an
atrium into the space, enhancing the library's modernity and allowing natural light to penetrate
deeper into the building's core.

Figure 13 illustrates how the introduction of an atrium could significantly augment the
influx of natural light into the library's core, while also showcasing the connectivity facilitated
by the inclusion of a staircase. To ensure the atrium aligns with the library's existing function,
careful consideration was given to noise levels on different floors. It was imperative to
introduce the atrium between two floors with comparable noise levels to minimize disruptions
to students.

In the original library design, the main staircase was offset to the north side of the
floorplans, leaving the south side open for working space. This spatial arrangement provides
ample room to introduce the atrium without compromising floor area. Additionally, the atrium

will feature an open stair to serve the 3rd floor and rooftop addition, improving accessibility

20



and flow within the building. Introducing another staircase in a more central location with

increased natural light aims to enhance the functionality and aesthetics of the library's core.

Figure 13: Example atrium in a library being used as a study space bringing natural light further into the building
and connecting the spaces (Neilson Library Giving, n.d.).

The proposed atrium will be 20’ by 25’ on both floors corresponding to the size of the
bays of the waffle slab. The structural analysis and the group's recommendations for the
removal of this section of waffle slab can be found in 6.3: Waffle Slab Analysis. As shown in
Figure 14, the atriums are offset in the N-S direction with the intention of allowing more

sunlight from the rooftop and adding large windows to reach further into the building.
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Figure 14: 3rd Floorplan showing the proposed atriums between column lines 5-6 on the 2nd- 3rd floor and shifting
to 6 and 7 between the 3 floor and rooftop addition.
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Figure 15 depicts a similar view of the example atrium looking at the new staircase
from the second floor to the third floor in the main entrance of the library. The staircase leading
to the third floor is oriented so that when you reach the top you are faced with the view of the
city, and the staircase to the addition has a landing and makes a turn so that the view at the top
is a direct sightline through campus. The space under the stairs will be filled with bookcases to
make up for the stack space that is being removed from the first floor, and will also serve a
purpose by restricting peoples access to an area with low headroom per 521 CMR which is

discussed later in Section 5.2: Code Implications of Atrium Design.

Figure 15: Second Floor Looking South up at atriums to the large southern facing windows, showing the
orientation of the staircases leading to the third floor and rooftop addition.

4.2: Rooftop Addition

Preliminary research for the new roof addition revealed changes in the prescribed live
loads for sections of the library compared to its original design. Initially, most of the library was
designated for stack storage, with a prescribed live load of 150 psf. However, over time, the
library's usage has evolved to accommodate more student workspace, resulting in some areas
now being classified as assembly areas with a reduced prescribed live load of only 80 psf. This
shift in live load suggests that the building may be over-engineered for its current use, with
calculations indicating a 15% decrease in the building load compared to its initial design. Further

details and explanations of these calculations will be provided in
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6.0: Structural Analysis.

This surplus load capacity presents an opportunity for a new lightweight addition to the
top of the library, aiming to increase the usable space for WPI students and take advantage of the
opportunity to expand the campus view of the city. While the building's structural capacity
appears sufficient to accommodate the expected added loads of a rooftop addition, several
structures on the roof pose limitations to these proposed design changes. Notably, the roof houses

multiple HVAC units and ductwork essential for the building's heating and cooling, along with

the elevator headhouse, as illustrated in Figure 16 and Figure 17.

Figure 17: Picture taken from Washburn 3rd floor of Gordon Library Roof showing the current view people have
of the library roof.
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While these units occupy most of the roof area, it would be necessary for the relocation
of mechanical equipment towards the northern side of the building to leave space on the
southern side for the proposed addition. This relocation appears feasible as there is unused

space within the existing mechanical penthouse as shown in Figure 18.

Figure 18: Interior of the mechanical penthouse screen wall showing unused space left over after the 2016
renovation.

4.2.1: Design Process

During the initial phases of the design process, the proposed addition was envisioned to
occupy half of the existing rooftop footprint, totaling 8000 sq. ft., featuring architecture distinct
from the existing Brutalist style. This space was intended to serve as a versatile area,
combining table space and lounge areas, complemented by a deck for outdoor use during
warmer months. Beyond providing functional workspace, the deck would offer panoramic

views of the surrounding campus and cityscape, enhancing the overall experience for students.

However, upon further design exploration, it became evident that the original concept,
depicted in Figure 19 with its corresponding floor plan in Figure 20, failed to present a
compelling and visually appealing view when observed from ground level. Moreover,
additional challenges emerged regarding the accessibility of the space, particularly due to the

absence of an elevator. While the possibility of installing an accessibility lift through the atrium
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was considered, this solution was deemed impractical as it would introduce visual disruptions
for occupants and obstruct sightlines from various parts of both the third floor and the proposed

design addition.
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Figure 19: Arial view of the original design of the rooftop addition from the southeast corner of the building.
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Figure 20: Original design of the smaller interior floorplan for the rooftop addition and a larger exterior deck
space.

The design process necessitated a reevaluation, requiring a return to the initial form
stage. The revised design aimed to harmonize with the existing Brutalist structure while

enhancing the distinctive geometry of the current library. The new rooftop design sought to
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incorporate interior space exclusively, while offering access to three primary sightlines,

enriching the experience of occupants with the surrounding vistas. These sightlines include:

1. Western view, oriented towards the school and campus walkway.
2. Southern view, overlooking Unity and downtown Worcester.

3. Eastern view, facing Boynton Street with slight angles towards the park.

Figure 21 provides an example of the exceptional views achievable with this new
addition, fostering a connection between students and the city of Worcester while offering
breathtaking scenery for all to enjoy. Furthermore, as illustrated in Figure 22, the walkway
linking the Gordon Library to the rest of the campus can be observed from above, facilitating a

sightline encompassing Washburn, Salisbury, the CDC, and the Campus center.

Figure 21: Eastern view from library roof highlighting views of Institute Park and Downtown Worcester in the
distance.
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Figure 22: Western view from the library roof highlighting tilé r_nain walkway to the library from the center of
campus that could be seen from the windows of the addition.
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After committing to pursue the concept of the three-sightline design and incorporating
Brutalist design elements into our new design, we proceeded to develop three distinct models
for testing. These models were meticulously crafted, and 3D printed, as depicted in Figure 23,

to facilitate a thorough comparison. Following extensive deliberation and analysis, Form 1

emerged as the clear choice to advance, primarily owing to its striking exterior curves.

Figure 23: Three 3D printed experimental forms of rooftop addition from left to right Form 1, Form 2, and Form 3.
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4.2.2: Final Design

The ultimate design selected successfully incorporates the three primary sightlines
available from the rooftop, facing east, south, and west directions. These facets will feature
expansive curtain walls, maximizing the entry of natural sunlight. Embracing a curved
geometric design, reminiscent of 1960s architecture and harmonious with the existing
building's curves, the structure's shape exudes a sense of continuity. As illustrated in Figure 24,
the prominent curtain wall is prominently displayed to observers from Boynton Street,

epitomizing a modern identity reflective of the interior's functional enhancements.

Figure 24: View of the library from Kaven parking lot highlighting the proposed addition curtain wall on the east
facade.

From the hilltop perspective, onlookers can better understand and clearly see the broad
curvature of the building, with its sweeping edge going from the bottom of the southern wall to

the top of the western wall shown in Figure 25.

28



Figure 25: View highlighting the broad curvature and vast windows of the proposed addition seen from campus in-
front of Unity Hall.

The floor plan of the addition features expansive open areas designated for tables and
cozy lounges, fostering an environment conducive to group work and collaborative endeavors.
This layout encourages students to engage in discussions and exchange ideas more fluidly,
promoting an active style of learning. Such a space has the potential to cultivate a keen sense of
community and serve as a hallmark of the university's contemporary identity. Figure 26
showcases the envisioned floorplan design, accentuated by the integrated atrium system

facilitating access to the third floor.
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Figure 26: Proposed addition floor plan with atrium and connectivity to the existing elevator shaft.

The new total floor plan encompasses an area of approximately 7,770 square feet. In
addition to facilitating collaboration through its open layout, the design offers exceptional
adaptability and flexibility for the space. Various furnishing arrangements can be employed to
accommodate different learning activities, allowing users to customize the environment to meet
their specific needs. This promotes a dynamic and responsive atmosphere conducive to
creativity and productivity. Figure 27 presents an initial rendering of the addition, highlighting

its expansive vertical scale and inviting ambiance.

Figure 27: Interior render to showcase column placement with interior trusses of space frame covered.
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To ensure accessibility for all occupants, modifications must be made to the existing
elevator system. The elevator shaft needs to be extended upwards to reach the proposed
addition, while the elevator itself must be altered to incorporate a dual door system opening to
the southern direction. Currently, the elevator opens only to the western side, but due to space
constraints caused by rooftop HVAC units, a new configuration is necessary to provide access

to the addition.

4.3: Removal and Redesign of First Floor Stack Space and Floor Plan
In addition to an atrium, the team proposes the removal and relocation of stack space
and the removal of non-structural in-fill walls throughout the building but primarily focused on

the first floor. The existing arrangement of stacks on the first floor can be seen in Figure 28:

Current st Floor Stack Arrangement which takes up the majority of the floor and significantly decreases the flow

within the space..
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Figure 28: Current 1st Floor Stack Arrangement which takes up the majority of the floor and significantly
decreases the flow within the space.

The intent of this proposal is to provide the students and staff using the library with a
more open collaborative working space that flows through the building as well as the addition

of more tech suites. As seen in Figure 29 we are proposing that the first-floor book stacks be
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removed and relocated to create space for more tables and individual cubbies. We understand

the first floor is an active quiet space, so we are also proposing the addition of new tech suites

on the Western wall to allow for engaged conversations for group work.
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Figure 29: Proposed 1st floor plan showing rearranged stacks creating a designated working space as well as

relocating some of the computers into their own room on the right (southern) wall, and new tech suites along the
bottom (west) wall.

4.4: Removal of The Drop Ceiling

In addition to the new layout for the first floor, we have decided to take out the old drop
ceiling panels and lighting to add to the openness of the space. The old drop ceiling currently
sits 10° off the floor, however the height from floor to bottom of the slab is 13’ 4”, meaning
that there is around 3’ 4” available above the drop ceiling that can be utilized to give the space
a more open feel. In Figure 30 you can see a render of the existing drop ceiling with the new

Ist floor design.
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Figure 30: Proposed 1st floor render with current drop ceiling which represents the current finish of the existing
Library ceiling.

By opening the existing space, the building can utilize the large vertical space at its
disposal and increase the sense of openness and allow the rooms to feel larger and grander,
enhancing the overall visual experience. The taller ceilings also allow for better distribution of
natural light throughout the room. This can reduce the levels of artificial lighting during the
day, leading to energy savings and a more pleasant atmosphere. In Figure 31, the drop ceiling is
removed, and the room is open to the bottom of the slab adding more than 3’ giving the space a

much grander and open feeling.

Figure 31: Proposed 1st floor render with the drop ceiling removed to expose the raw concrete of the waffle slab
form. The removal of the drop ceiling would add close to 3’ to the height and give the space a much larger feel.
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Since a key component of the building is its intricate waffle slab design, by removing
the drop ceiling the library is able to showcase its unique structural features and add to the
charm of the space. On top of visual and spatial benefits, increasing the ceiling height may
allow for a more comfortable experience when it comes to auditory and HVAC performance.
The raised ceilings can contribute to better air circulation and ventilation. The increased
volume of air in the room allows for a more efficient exchange of fresh air, creating a healthier
indoor environment. In addition to air circulation, taller ceilings allow for better temperature
regulation as heat tends to rise. Overall, the psychological impact of higher ceilings can
contribute to a positive atmosphere. People often associate lofty spaces with freedom,

creativity, and a sense of liberation, leading to a more uplifting and inspiring environment.

5.0: Code Review

This section will begin by introducing the applicable codes to the existing building and
then move into the code implications of each design proposal. This section aims to ensure the
design proposals meet all code requirements and, where applicable, propose methods to achieve
design goals. This section will also address the work-level classification of each design
proposal using the Work Area Method in Chapter 6 of the International Existing Building Code
(IEBC). This breaks projects up into Levels 1, 2, and 3 alterations and change of occupancy,
which only occurs when the occupancy type of a space is changed as part of the renovation, and

the requirements of each are detailed in the succeeding sections.

5.1: Existing Building Code Analysis

The existing Gordon Library was constructed in 1967, and from original construction
documents, it can be estimated to be a Type IB under the current code, protected non-
combustible construction with its primary use being group A-3 Assembly. The construction
type was previously stated to be Type 2A in previous studies of the library, like the 2000
masterplan; however, code updates have resulted in different “definitions” of each type. This
can be seen in Figure 32, which shows that under the BOCA National Building Code, a Type 2A
construction is now considered a Type IB construction. Further, the similarities can be seen in

the code when looking at the required fire-resistance rating of the building elements.
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Evolution of Construction Types
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Figure 32 in building types have varied by code.
The current building is four (4) stories above grade with a basement (a service floor for

access only to facilities) and is 50’ tall (measured from the grade plane, which can be seen as

the red line at an elevation of 533°-8” in Figure 33).
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Figure 33: Section view of library showing grade plane (red).

When determining a building’s height limitations, the IBC defines building height in
Chapter 2 as “the vertical distance from grade plane to the average height of the highest roof

surface.” The grade plane is defined in chapter 2 of the IBC as “a reference plane representing
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the average of finished ground level adjoining the building at exterior walls.” In the case of the

library, this imaginary plane is the average between the second floor and the floor of the sub

ground basement.

Table 1: Reproduction of Table 504.3 from 2021 International Building Code.

TYPE OF CONSTRUCTION

OCCUPANCY CLASSIFICATION Type | Type Il Type Il Type IV Type V
See Footnotes
A B A B A B B (= HT A B
NSP uL 160 65 55 65 55 65 65 65 65 50 40
A,B,E.FM, S U
s uL 180 85 75 85 75 270 180 85 85 70 60
Table 2: Reproduction of Table 504.4 from 2021 International Building Code.
TYPE OF CONSTRUCTION
OCCUPANCY CLASSIFICATION Type | Type Il Type Il Type IV Type V
See Footnotes
A B A B A B A B C HT A B
NS UL 8 3 2 3 2 3 3 3 3 2 1
A-1
s UL 6 4 3 4 3 9 6 - 4 3 2
NS uL 1" 3 2 3 2 3 3 3 3 2 1
A-2
S UL 12 4 3 4 3 18 12 6 4 3 2
A3 NS UL 1 3 2 3 2 3 3 3 3 2 1
S UL 12 4 3 4 3 18 12 6 4 3 2

Table 1 shows Table 504.3 from the 2021 IBC depicting a building of our type (Type

IB, Non-sprinklered, Type-A Occupancy) can be 180’ tall, and Table 2 shows Table 504.4,

which says a building of our type can be up to 11 stories.

The building has a current occupancy capacity of 55 people in the basement, 210 on the

first floor, 125 on the second (Main) floor, and 245 on the third floor for a total of 635 people

which is noted on its certificate of occupancy. These values were calculated by multiplying the

square footage of the floor by the occupant load factor designated in the building code for the

respective use of each space.

When evaluating the building for means of egress, Sections 1005.3.1 and 1005.3.2 of

the 2021 IBC shown in Figure 34 are used to determine the capacity factors for stairs and other

egress components (doors) respectively.
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1005.3.1 Stairways.
The capacity, in inches, of means of egress stairways shall be calculated by multiplying the occupant load served by such stairways by a means of egress
capacity factor of 0.3 inch (7.6 mm) per occupant. Where stairways serve more than one story, only the occupant load of each story considered individually
shall be used in calculating the required capacity of the stairways serving that story.

Exceptions:

1. For other than Group H and I-2 occupancies, the capacity, in inches, of means of egress stairways shall be calculated by multiplying the
occupant load served by such stairways by a means of egress capacity factor of 0.2 inch (5.1 mm) per occupant in buildings equipped
throughout with an automatic sprinkler system installed in accordance with Section 903.3.1.1 or 903.3.1.2 and an emergency voice/alarm
communication system in accordance with Section 907.5.2.2.

2. Facilities with smoke-protected assembly seating shall be permitted to use the capacity factors in Table 1030.6.2 indicated for stepped aisles for
exit access or exit stairways where the entire path for means of egress from the seating to the exit discharge is provided with a smoke control
system complying with Section 909.

3. Facilities with open-air assembly seating shall be permitted to the capacity factors in Section 1030.6.3 indicated for stepped aisies for exit
access or exit stairvays where the entire path for means of egress from the seating to the exit discharge is open to the outdoors.

1005.3.2 Other egress components.

The capacity, in inches, of means of egress components other than stairways shall be calculated by multiplying the occupant load served by such
component by a means of egress capacity factor of 0.2 inch (5.1 mm) per occupant.

Exceptions:

1. For other than Group H and I-2 occupancies, the capacity, in inches, of means of egress components other than stairways shall be calculated by
multiplying the occupant load served by such component by a means of egress capacity factor of 0.15 inch (3.8 mm) per occupant in buildings
equipped throughout with an automatic sprinkler system installed in accordance with Section 903.3.1.1 or 903.3.1.2 and an emergency
voicefalarm communication system in accordance with Section 907.5.2.2.

2. Facilities with smoke-protected assembly seating shall be permitted to use the capacity factors in Table 1030.6.2 indicated for level or ramped
aisles for means of egress components other than stairways where the entire path for means of egress from the seating to the exit discharge is
provided with a smoke control system complying with Section 909.

3. Facilities with open-air assembly seating shall be permitted to the capacity factors in Section 1030.6.3 indicated for level or ramped aisles for
means of egress components other than stairways where the entire path for means of egress from the seating to the exit discharge is open to
the outdoors.

Figure 34: Image showing a reproduction of IBC 2021 Sections 1005.3.1 and 1005.3.2 2021 detailing the capacity
factors used in calculating the egress of stairs and doors.

The stair exit capacity factor for a building without automatic sprinkler protection is .3”
per occupant, and for other egress components is .2” per occupant. When measuring the
building elements, we measured the stairs from the inside of one riser to the inside of the other,
and the door itself was measured, from which we subtracted 3” to account for hardware. It is
essential to consider that when egress components are in series (ex: a door into a stairwell),
they are limited by the most restrictive factor. The building has one (1) main central staircase
and two (2) stairs used for egress, which are only located in the back corners of the building.
The main central stair has a consistent stair width of 60 and a door width of 39" on each floor.
When divided by their respective exit capacity factors, the stairs are limited to 200 people, and
the door is limited to 195, limiting the stairwell to 195 people. Both egress stairs located in the
back corners of the building have consistent stair widths of 54 and door widths of 33”. This
results in the stairs being limited to 180 people and the door being limited to 165, limiting the
stairwell to 165 people. The main central staircase and the two stairs used for egress are sized

so 525 people can egress from each floor. The front entrance to the library also must be sized
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accordingly, which has 2 sets of 33" double doors, allowing a maximum of 330 people to pass

through each set of entrance and exit doors.

Since the building has occupiable floors above and below the main entrance, the idea of
egress convergence in section 1005.6 shown in Figure 35 also applies to this project. Egress
convergence is the idea that when people exit a building from above and below an intermediate
exit floor the egress components along the exit route must accommodate the number of both
floors. In this case, the convergent floors are the third and first floors since the exit is on the
second Floor. From our earlier calculation, we determined that 525 people can exit each floor
using all the staircases, and the occupant loads of the first and third floors are 210 and 245
respectively. 455 is less than the 525 that is permitted based on the calculations, which
confirms the sizing of egress components in the library is adequate.

1005.6 Egress convergence.

Where the means of egress from stories above and below converge at an intermediate level, the capacity of the means of egress from the point of
convergence shall be not less than the largest minimum width or the sum of the required capacities for the stairways or ramps serving the two adjacent
stories, whichever is larger.

Figure 35: Image showing a reproduction of IBC 2021 Section 1005.6 detailing the concept of egress convergence.

5.2: Code Implications of Atrium Design

Among the structural implications of introducing an atrium, discussed later in the paper,
various code considerations must also be addressed during the project's design to accommodate
the addition of an atrium in the space. The first would be to provide the building with a
sprinkler system throughout the building. This would be a significant undertaking; however, it
offers various benefits, including adding to the number of updated buildings on campus.
Section 404 of the IBC is dedicated to atriums, and section 404.3 shown in Figure 36 explicitly
requires the building to be equipped with a fully automatic sprinkler system.

[F] 404.3 Automatic sprinkler protection.

An approved automatic sprinkler system shall be installed throughout the entire building.
Exceptions:

1. That area of a building adjacent to or above the atrium need not be sprinklered provided that portion of the building is separated from the atrium
portion by not less than 2-hour fire barriers constructed in accordance with Section 707 or horizontal assemblies constructed in accordance with
Section 711, or both.

2. Where the ceiling of the atrium is more than 55 feet (16 764 mm) above the floor, sprinkler protection at the ceiling of the atrium is not required.

Figure 36: Image showing a reproduction of IBC 2021 Section 404.3 detailing where an automatic sprinkler
system shall be installed.
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The current design for the atrium space involves opening the second floor to the third
floor by removing a section of the floor slab resulting in the connection of only 2 stories. Per
section 404.5 in Figure 37, exception 1 excludes our project from needing to install a smoke

control system to have an atrium.

404.5 Smoke control.

A smoke control system shall be installed in accordance with Section 909.
Exceptions:

1. In other than Group -2, and Group I-1, Condition 2, smoke control is not required for atriums that connect only two stories.
2. A smoke control system is not required for atriums connecting more than two storfes when all of the following are met:
2.1. Only the two lowest stories shall be permitted to be open to the atrium .
2.2. All stories above the lowest two stories shall be separated from the atrium in accordance with the provisions for a shaft in Section 713.4.

Figure 37: Image capturing Section 404.5 of 521 CMR (Code of Massachusetts Regulations) describing smoke
control system requirements.

The current design of the atrium includes open stairs that are open to the floor below.
Section 20.7 of 521 CMR shown in Figure 38 requires that hallways, passageways, aisles, or
other circulation spaces must have a minimum of 80” of clear headroom, where 80 of
headroom is not achieved a cane detection area is required. A cane detection area is a raised
surface which warns blind or visibly impaired people of the reduced headroom. By filling in
the bottom of the stairs with bookcases it is no longer considered a circulation space and does

not have to be marked.
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20.7 HEADROOM
Walks, halls, corridors, passageways, aisles, or other circulation spaces shall have a minimum of 80
inches (80" = 2032mm) clear headroom. See Fig. 20d. If vertical clearance ofan area adjoining an
accessible route is reduced to less than 80 inches (80" = 2032mm), a barrier shall be provided to
warn blind or visually-impaired persons of the reduced headroom. See Fig. 20g.

Protect shaded area P —

" Cane Detection -

27"
686

J
- "’“‘—fy
Minumum Clear Headroom

Figure 20g

Figure 38: Image capturing Section 20.7 of 521 CMR (Code of Massachusetts Regulations), providing a visual
reference of where a cane detection area is required.

5.3: Code Implications of Rooftop Addition

As previously mentioned in the above section regarding the code implications of the
atrium design, a smoke control system would need to be installed in the building if the atrium
were to extend up into the new rooftop edition and exceed the 2-story maximum for no smoke
control system. In addition, the extensions of the existing shafts and through floor penetrations
must be protected from the third floor to the roof addition in accordance with the codes shown
in Figure 39. Per section 713.4 the shafts shall have a fire resistance rating of 2 hours as they
connect more than four stories. Section 713.5 expands upon the standard set in 713.4 to ensure
that the wall fire resistance ratings are consistent from wall to ceiling to prevent fire from

traveling over the walls where applicable.
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713.4 Fire-resistance rating.

Shaft enclosures shall have a fire-resistance rating of not less than 2 hours where connecting four stories or more, and not less than 1 hour where
connecting less than four stories. The number of stories connected by the shaft enclosure shall include any basements but not any mezzanines. Shaft
enclosures shall have a fire-resistance rating not less than the floor assembly penetrated, but need not exceed 2 hours. Shaft enclosures shall meet the
requirements of Section 703.2.1.1.

713.5 Continuity.

Shaft enclosures shall be constructed as fire barriers in accordance with Section 707 or horizontal assemblies constructed in accordance with Section 711,
or both, and shall have continuity in accordance with Section 707.5 for fire barriers or Section 711.2.2 for horizontal assemblies, as applicable.

Figure 39: Image capturing Section 713.4 and 713.5 of 521 CMR (Code of Massachusetts Regulations), providing
requirements pertaining to the Fire resistance ratings of shafts.

Another code implication that will have to be taken into consideration is convergence.
Earlier, we looked at the 3rd and 1st floors; now we are considering a level 2 floor above the

exit, and we must compare it to the level 2 floors below the exit (basement).

5.4: Code Implications of Removal and Redesign of First Floor Stack
Space and Floor Plan

With the removal of non-structural infill walls, and rearrangement of the stack space,
the most influential code implications include the spacing and accessibility of the stacks and
ensuring that a clear path of travel is maintained between working tables. Figure 40 shows that
the minimum distance between stacks must be 36” however 42” is preferred with no limitation

on the height of the stacks.

12.2.6 Stacks: Aisles between stacks shall have a minimum c/ear width of 36 inches (36" = 914mm) and

preferably 42 nches (42" = 1067mm), where possible, as shown m Fig. 12¢. Shelf height in stack
areas is unrestricted.

42" preferred
1067

Stacks
Figure 12c

Figure 40: Image capturing Section 12.2.6 of 521 CMR (Code of Massachusetts Regulations), providing a visual
reference to the required spacing of book stacks.
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Similarly to between the bookstacks the tables and chairs must also be spaced to allow
for unobstructed passage through the space. Figure 41 details the major requirements for
spacing of elements in libraries. Section 12.2.2 is important as it addresses the percentage of
each component within the library that must be accessible, this percentage is set at 5%.
However, if 5% of the elements results in a number less than 1 there shall be at least 1
accessible component.

12.2 LIBRARIES
Shall comply with the following and Figure 12a.

12.2.1 General: All public areas of a library, including but not limited to, reading and study areas, stacks,
reference rooms, reserve areas, and special facilities or collections, shall comply with 521 CMR
12.00.

12.2:2 Reading Areas, Study Areas and Computer Workstations: Where tables, study carrels, computer
workstations, or fixed seating are provided, at least 5% with a minimum of one of each element shall
be accessible, be on an accessible route, and comply with the following:

a. Access aisles: A 36 inch (36" = 914mm) access aisle shall be provided between tables and
between study carrels. No seatng shall overlap the access aisle. See Fig. 12a.

b. Clear floor space as defined in 521 CMR 5.00: DEFINITIONS shall be provided at each
seating space. Such clear floor space shall not overlap knee space by more than 19 inches (19"
=483 mm). See Fig. 12a.

c. Knee Clearances: If seating for disabled persons is provided at tables or counters, kneespaces at
least 27 inches (27" = 686mm) high, 30 inches (30" = 762mm) wide, and 19 inches (19" =
483mm) deep shall be provided. See Fig. 12a.

d. Height of Tables or Counters: The tops of accessible tables and counters shall be from 28 inches
to 34 mches (28" to 34" = 71 1mm to 864mm) above the finished floor or ground.

Figure 41: Image showing a reproduction of Section 12.2 of 521 CMR detailing the major requirements for
spacing of elements in libraries.

5.5: Code Implications of Removal of The Drop Ceiling and Updated
Lighting System

For the removal of the drop ceiling and updating the lighting systems, there aren’t as
many code requirements compared to the other design proposals. Changes to the drop ceiling
and lighting systems are more “cosmetic” and changes to them will have minimal impact on the
safety of the building. Code considerations for this renovation include the interior finish

materials, emergency lighting, as well as the total cost of the project.

Chapter 8 of the 2021 International Building Code governs the use of materials used for
interior finishes. These materials are denoted by Class A, Class B, and Class C which are the
most flammable and likely to contribute to a fire. This chapter references various other
standards that are responsible for the classification of materials like NFPA 286. NFPA 286

describes methods for determining the contribution of interior finish materials to room fire
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growth during specified fire exposure conditions. Section 802.1 seen in Figure 42 refers you to

Table 803.13 shown in Table 3 which details the finish requirement by occupancy.

802.1 Interior wall and ceiling finish.

The provisions of Section 803 shall limit the allowable fire performance and smoke development of interior wall and ceiling finish materials based on
occupancy classification.

Figure 42: Image showing a reproduction of IBC 2021 Section 802.1 which describes how the fire rating of
finishes are determined within a building.

Table 3: Reproduction of table 803.13 2021 IBC detailing interior wall and ceiling finish requirements by
occupancy.

TABLE 803.13 INTERIOR WALL AND CEILING FINISH REQUIREMENTS BY OCCUPANCYX

SPRINKLERED' NONSPRINKLERED
GROUP Interior exit stairways and Corridors and enclosure Rooms and Interior exit stairways and Corridors and enclosure Rooms and
ramps and exit for exit access stairways enclosed ramps and exit for exit access stairways enclosed
passageways® P and ramps spaces® passageways® P and ramps spaces®
A1 & A2 B B C A Ad Be
A-3 A-a,
e B B c A Ad c
B.E. M,
RA B cm c A B c
R-4 B C Cc A B B
E c C Cc B (o4 C
H B B ce A A B
I-1 B c C A B B
I-2 B B Bh! A A B
-3 A A C A A B
-4 B B ghi A A B
R-2 c ] c B B c
R-3 (o] (o] C C C (o]
= C (=] C B B C
u No restrictions No restrictions

For S 1 inch = 254 mm, 1 square foot = 0.0929 m?

a Class C interior finish materials shall be permitted for wainscotting or paneling of not more than 1,000 square feet of applied surface area in the grade lobby where applied directly to a noncombustible base or over furring
strips applied to a noncombustible base and fireblocked as required by Section 803.15.1

In other than Group |-3 occupancies in buildings less than three stories above grade plane, Class B interior finish for nonsprinklered buildings and Class C interior finish for sprinklered buildings shall be permitted in interior
exit stairways and ramps.

Requirements for rooms and enclosed spaces shall be based on spaces enclosed by partiions. Where a fire-resistance rating is required for structural elements, the enclosing partitions shall extend from the floor to the
ceiling. Partitions thal do not comply with this shall be considered to be enclosing spaces and the rooms or spaces on both sides shall be considered to be one room or space. In determining the applicable requirements for
rooms and enclosed spaces, the specific occupancy thereof shall be the governing factor regardiess of the group classification of the building or structure

d. Lobby areas in Group A-1, A-2 and A-3 occupancies shall be not less than Class B malerials

@ Class C interior finish materials shall ba permitted in places of assembly with an occupant ioad of 300 persons of less

f For places of religious worship, wood used for ornamental purposes, trusses, paneling of chancel furnishing shall be permitted
g Class B material is required where the building exceeds two stories

Class C interior finish materials shall be permitted in administrative spaces
Class C interior finish materials shall be permitted in rooms with a capacity of four persons or less

Class B materials shall be permitted as wainscotting extending not more than 48 inches above the finished floor in corridors and exit access stairways and ramps.

=

Finish materials as provided for in other sections of this code.
I Applies when protected by an automatic sprinkler systam installed in accordance with Section 90331 1 or 6033 1.2
m. Cormdors in ambulatory care facilities shall be provided with Class A or B materials

The library is classified as use group A-3, and no exceptions apply to the Gordon
Library. From the table, the building is not protected by a sprinkler system under Section
903.3.1.1 or 903.3.1.2 therefore we reference to the rightmost half of the table. Interior exit
stairways and ramps and exit passageways are required to be finished with class A materials,
corridors and enclosures for exit access stairways and ramps are required to be finished with
class A materials, however, exception d specifies lobby areas in group A-1, A-2, and A-3
spaces shall not be less than class B materials which is less restrictive than what the table

denotes. Rooms and enclosed spaces are to be constructed with class C materials.
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The lighting requirements shown in Figure 43 describe the minimum amount of light (in
footcandles) that must be in a space, and stairways for it to be adequately lit for egress. Section
1008.2.1 specifically addresses the lighting under normal power which states that the lighting
must be at least 1 footcandle at the walking surface inside the building, and 10 footcandles in
exit stairways and landings. The stairways must provide sufficient illumination in the event of
an emergency, the occupants will be using these stairs in unknown conditions so it is important

to ensure the lighting does not impair their egress.

1008.2 lllumination required.

The means of egress serving a room or space shall be illuminated at all times that the room or space is occupied.
Exceptions:

1. Occupancies in Group U.

2. Aisle accessways in Group A.

3. Dwelling units and sleeping units in Groups R-1, R-2 and R-3.
4. Sleeping units of Group | occupancies.

1008.2.1 lllumination level under normal power.

The means of egress illumination level shall be not less than 1 footcandle (11 lux) at the walking surface. Along exit access stairways, exit stairways and at
their required landings, the illumination level shall not be less than 10 footcandles (108 lux) at the walking surface when the stairway is in use

Exception: For auditoriums, theaters, concert or opera halls and similar assembly occupancies, the illumination at the walking surface is permitted to be
reduced during performances by one of the following methods provided that the required illumination is automatically restored upon activation of a
premises’ fire alarm system:

1. Externally illuminated walking surfaces shall be permitted to be illuminated to not less than 0.2 footcandle (2.15 lux).
2. Steps, landings and the sides of ramps shall be permitted to be marked with self-luminous materials in accordance with Sections 1025.2.1,
1025.2.2 and 1025.2.4 by systems /isted in accordance with UL 1994.

Figure 43: Image showing a reproduction of IBC 2021 Sections 1008.2 and 1008.2.1 providing the requirements
associated with egress lighting under normal power.

Another implication of removing the drop ceiling is the potential for the presence of
asbestos. Asbestos was used in a lot in construction as a form of insulation and fire retardant
between the 1940’s and 1977 when it was banned from being used as it was found to be a
carcinogen and prolonged exposure could lead to lung cancer. If during any point in a
construction project asbestos is found or disturbed it must be removed from the building. This
is a long process that could delay the construction as well as significantly drive the cost of the

project up.
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6.0: Structural Analysis

To be able to comply with the required code sections, the waffle slab and the columns
must undergo structural analysis to be able to withstand the rooftop addition and the removal of
the grid of waffle slabs. In this project, a grid can be defined as a 20’ by 25 area. To
accomplish this, the group analyzed original design conditions, current conditions, then

compared them to the proposed library changes.

6.1: Explanation of Gordon Library Building Plans

The Gordon Library is a complete reinforced concrete design that contains a concrete
column grid system leading the load down to the footings into the soil. The grids for the
building run from grid Line A to Line E from east to west and from grid Line 1 to Line 8 from

north to south shown in Figure 44.
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Columns are located on the intersections of these grid lines and are continuous across
all the floors shown in Figure 45. In addition to the columns, the building contains 3 concrete
cores that also carry their tributary areas down to footings. These concrete cores are used for
both the staircases and the elevator shaft. In addition to carrying the loads, these cores help

stabilize the building with their resistance to lateral forces.
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Figure 45: Section of the building showing the Column Layout and Sizing from floor to floor.

Figure 46 shows a zoomed in portion of the third floor depicting the sizes of the third-
floor columns. The dimensions of these columns increase as they move down the building to

accommodate the additional load each floor adds.
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Figure 46: Example of third floor column layout and sizing

The structural system for the building was designed for a building of entirely stack
space with a live load of 150 psf across every floor. This live load is applied to the waffle slabs
and then transferred to the nearest column based off of the tributary area and then brought
down to the base of the building onto the building footings. The multiple levels of the building
create additional loads that lead to columns below receiving a higher load than the columns
above due to the additional weight of the floor slab of the floor above. This requires that the
strength of the columns be able to withstand the additional demand of the live load and dead
load. For most of the column paths, the size of the column below increases to have the capacity

to withstand the additional load.

6.2: Foundation and Soil Analysis

In reference to the Master Planning Study for the Gordon Library and original
construction drawings, the Gordon Library is supported on isolated footings that transfer loads
from columns and shear walls to the earth. The footings, which distribute the building loads to
the underlying soil or bedrock, are a key element in the structural system. Engineers examine

the existing foundation to ensure it can accommodate the increased loads resulting from rooftop
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additions. Soil testing and analysis are crucial to understand the soil's bearing capacity and its

response to additional loads.

In accordance with Massachusetts building codes, the load of each column was
determined using a load and resistance factor design method. It is important to note that the
original design employed an allowable stress design approach. The method used utilizes
various combinations of equations, but ultimately designed to a conservative approach.
Through calculations as seen in the Appendix, it was found various bearing pressures on each
isolated footing. In addition, the typical stress on footings is approximately 8,622 psf. This is
consistent with the Gordon Library structural report that references “footings were

proportioned for an allowable bearing pressure of approximately 8,000 psf.” (Shepley, 2000)

In addition to the structural report, the Massachusetts State Building Code (780 CMR)
provides presumptive load-bearing values based on soil classification. As shown in Table 4 and
compared to the existing soil conditions of not as strong as bedrock and not as weak as
sedimentary and foiled rock, the bearing pressure should fall somewhere in between 4,000 psf
and 12,000 psf. This analysis serves as an additional verification that calculations made are
within acceptable range. For a more detailed analysis, a geotechnical report would have to be
requested from WPI facilities.

Table 4: Reproduction of Table 1806.2 from 2021 International Building Code
TABLE 1806.2 PRESUMPTIVE LOAD-BEARING VALUES

LATERAL SLIDING
VERTICAL FOUNDATION LATERAL BEARING PRESSURE RESISTANCE
CLASS OF MATERIALS
PRESSURE (psf) (psf/ft below natural grade) Coefficient | Cohesion
of friction? (psf)®
1. Crystalline bedrock 12,000 1,200 0.70 =
2. Sedimentary and foliated rock 4,000 400 0.35 -
3. Sandy gravel and gravel (GW and GP) 3,000 200 0.35 -
4. Sand, silty sand, clayey sand, silty gravel and claye
-~ il Hhgiey o=y 2,000 150 0.25 -
gravel (SW, SP, SM, SC, GM and GC)
5. Clay, sandy clay, silty clay, clayey silt, silt and sand
45 QY SAnGy S, ST SR CRYSY S 4 1,500 100 » 130
silt (CL, ML, MH and CH)

For SI: 1 pound per square foot = 0.0479kPa, 1 pound per square foot per foot = 0.157 kPa/m

a. Coefficient to be multiplied by the dead load
b. Cohesion value to be multiplied by the contact area, as limited by Section 1806.3.2.

48



6.3: Waftle Slab Analysis

There are various two-way slabs that can be constructed within reinforced concrete -
flat plate, waffle slab, flat slab, and two-way slab with beams depicted in Figure 47. Apartments
and similar buildings that carry relatively light loads frequently utilize flat plates as they are
most economical for spans from 15 to 20 ft. “For longer spans, the thickness required for the
shear transfer of vertical loads to the columns exceeds that required for flexural strength. As a
result, the concrete at the middle of the panel is not used efficiently.” (Wight, 2012) In order to
combat the high bending moments and heavy concrete slab, pans are set in place before the
pouring of concrete in order to create a waftle slab system. Typically waffle slab systems are
utilized for spans that span from 25 to 40 ft (Wight, 2012). Flat slab systems are used in which
heavy loads that exceed 100 psf are across spans from 20 to 30 ft. In this system ‘“the shear
transfer to the column is accomplished by thickening the slab near the column with drop panels
or by flaring the top of the column to form a column capital (Wight, 2012).” Lastly in a two-
way slab with beams, each beam is connected to the columns in both directions forming a

square shape.

(&) Flat plate.

{ . Drop pane!
D= Sapital

{c} Flat slab. id) Two-way slab with beams

{b) Waifle slab,

Figure 47: Various two-way slab systems schematic. (Wight, 2012)
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To analyze the current existing configuration, the Direct Design Method (DDM) was
utilized. In order to use this method, seven various checks must be made for such analysis to be

viable (Wight, 2012). The following include the seven limitations:

1. There must be a minimum of three continuous spans in each direction. Thus, a
nine-panel structure (3 by 3) is the smallest that can be considered. If there are
fewer than three panels, the interior negative moments from the direct-design
method tend to be too small.

2. Rectangular panels must have a long-span/short-span ratio that is not greater
than 2. One-way action predominates as the span ratio reaches and exceeds 2.

3. Successive span lengths in each direction shall not differ by more than one-third
of the longer span. This limit is imposed so that certain standard reinforcement
cut-off details can be used.

4. Columns may be offset from the basic rectangular grid of the building by up to
0.1 times the span parallel to the offset. In a building laid out in this way, the
actual column locations are used in determining the spans of the slab to be used
in calculating the design moments.

5. All loads must be due to gravity only and uniformly distributed over an entire
panel. The direct-design method cannot be used for unbraced, laterally loaded
frames, foundation mats, or prestressed slabs.

6. The service (unfactored) live load shall not exceed two times the service dead
load. Strip or checkerboard loadings with large ratios of live load to dead load
may lead to moments larger than those assumed in this method of analysis.

7. For a panel with beams between supports on all sides, the relative stiffness of
the beams in the two perpendicular directions given by shall not be less than 0.2
or greater than 5. The term was defined in the prior section, and are the spans in

the two directions.

Once these checks are made, bending moment calculations are made in which “for interior
spans, 65 percent of M, is assigned to the negative-moment region and 35 percent to the

positive-moment regions.” (Wight, 2012) This approach was abandoned as bending moment
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calculations were based under a simply supported beam. This would not allow for a

comprehensive analysis of the waftle slab and its surrounding effects on partial removals.

6.3.1: Rankine-Grashoff Analysis

In conducting research on the structural analysis of two-way waffle slabs, the group
discovered the Rankine-Grashoff Method. The International Journal of Engineering Science
Invention describes this method as an approximate method based on equating deflections in
either direction at the junctions of ribs, suitable for small span grids with the spacing of ribs not
exceeding 1.50 m (4.92”) (Halkude & Mahamuni, 2014). It was shortly determined that this
method would give us a rudimentary understanding of the moment and shear force per unit
width of the slab. The spacing of the ribs in the library is 2’ 0” on center and 1° 7” within the
cavity, both of which are less than 4.92°. This method indicated a suitable analysis for

calculating the moment and shear force of structural members.

The Rankine-Grashoff method includes the following pivotal formulas, where a =

width, b = length, a; / b1 = spacing of ribs in x/y direction, and q = load per unit area.

Using load intensity given in (1), the design bending moments and shears are calculated
as follows:

. S L b*
Load intensity in the x-direction. (q1) =q X i

. o . . a*
Load intensity in the x-direction. (qz) = q % v

Moment Calculations

. . . . xbyxa?
Moment in beams running in the x-direction. (M,) = qlTl

q1Xa,xb?

Moment in beams running in the y-direction. (M,,) = >

Shear Force Calculations

. . . . . g1 Xaxb
Shear force in beams running in x-direction. Q, = %

. . . . . q1xXbxa
Shear force in beams running in y-direction. Q, = %
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By following this method for original design conditions, the moment in the x and y
direction was found to be 26.19 kip-ft and 16.75 kip-ft respectively. The shear forces in the x
and y direction were found to be 5.238 kips and 2.681 kips respectively. The calculations of
bending moments and shear forces can be seen in Appendix E: Rankine-Grashoff Method
Calculation. Although this provided insight into a 20’ x 25’ area, it did not reflect how

conditions in other areas would be affected.

6.3.2: Removal of Waffle Slab

To encapsulate the complex geometry and understand the relationship amongst various
grids when a puncture is made, the use of a finite element model (FEM) was made to accurately
model the structure. “In a finite element model, the structures with complex geometry are
divided into a finite number of elements, which in turn are simple in their geometry. The
elements are reconnected at nodes and the results are calculated in each node using
mathematical interpolation. The results are presented as a set of simultaneous algebraic
equations.” (Vedenoja, n.d.). Autodesk Robot Structural Analysis was chosen as a tool to
analyze the floor system due to its built implementation of designing a waffle slab system, and
its free availability to students. In order to model existing conditions, a work in progress 3x3
grid that is supported by columns on fixed supports was created. Beams measuring 5x14 inches
were linked between adjacent columns, and then later copied and moved at an interval of 2° 0.
Once beams were placed in both the x and y direction, modifications were made within each
property setting to convert a 5x14 inch beam to a T-beam that matches the existing slab
conditions. Figure 48 shows a 3D view of the model, it is important to note that shear
reinforcement is not modeled, and reinforcement within ribs is automatically provided by the
program through default settings. Figure 49 shows the 3D view of the model with the proposed
bay opening in the middle.
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Figure 49: 3D visual of 60° x 75° section of waffle slab showing how the creation of the atrium removes one bay
of the slab.

To better understand the building’s structural components, preliminary simulations were
conducted. This included an iteration of what the building was originally designed to carry -
150 psf throughout all floors; and a secondary iteration of reducing the live load to 80 psf to
floors that no longer support heavy bookstacks. Once simulations were completed the program
was able to offer pivotal information such as moment diagrams, shear diagrams, deflection
within members, etc. Despite the efforts made to depict the system, connections, and loads, it
was decided that the model was not in the best of our interest to move forward with. It was

recognized and understood that this model is only as effective as the input parameters given.
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Therefore, any results resulting from the model would not have been with high confidence

which is why those outputs have been omitted from this report.

Although the model was unable to quantify whether the removal of a small portion of
the waffle slab would still provide sufficient strength, it is still argued that it is structurally
feasible. The building was originally designed to 150 psf and has undergone multiple
renovations that include removal of bookstacks and creation of more open spaces, ultimately
reducing the stress on footings ranging from 15 to 20%. The current configuration of the
building is overdesigned allowing for such punctures to be possible. In addition, relative to the
entirety of the library spanning 4 stories above grade, with a typical 92° x 172’ floor area, a 20’
x 25’ puncture on a single floor with sufficient reinforcement is feasible as long as it is entirely

within a column bay.

6.3.3: Dead Load Calculation
To calculate the dead load of the existing building’s waffle slab, the geometry and
volume of the current waffle slab shown in Figure 50. A density of 150 pcf was used to

calculate the weight of the slab.
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Figure 50: Detail of waffle slab grid.
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The waffle slab is made up of shells separated by 2’ 0” O.C. with 5” thick webs with a
separation of 1’ 7” on the interior. The volume of the 10 high 2° x 2’ unit square that
contained both the webs and the voided gap was calculated to be 3.333 cubic feet.
Subsequently the volume of the 1’ 7 x 1° 7 gap was 2.089 cubic feet. The void space
subtracted from the unit square volume resulted in a web volume of 1.244 cubic feet. The
volume of the 4” high continuous concrete on top of the waffle system by multiplying it by the

unit square and then adding it to the web volume (1.244) for a total volume of 2.578 cubic feet.

Multiplying this volume by the assumed concrete density of 150 pcf provided the
weight across the 2 x 2 unit square. To determine the weight per square foot, the weight was
divided by 4 square feet to receive a final dead load of 96.66 psf. Although this value does not
consider the shear reinforcement, this value was used for every floor’s dead load due to the

inconsistent shear reinforcement across each floor.

To calculate the dead load for the roof waffle slab, the previous calculation was utilized
but replaced the 10” + 4 with new dimensions of 10” + 3”. The calculations for the 10” + 3”

slab resulted in a dead load of 84.15 psf.

6.4: Tributary Area

To evaluate the structural integrity of the building, the loads on each column had to be
analyzed based on the tributary area that is attributed to it. To calculate this, the midpoints
between columns had to be found to form rectangles that would be used to calculate the
tributary area of the column. The loads that apply to the floor slab will go down each respective
column that is nearest within its tributary area. Figure 51 shows an example of the mapping

done on for the third-floor columns.
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Figure 51: Plan view of 3™ floor tributary area.

6.5: Column Analysis

To be able to accurately evaluate if any rooftop additions could be structurally possible,
we must analyze the loads that are carried by the columns down into the library's footings.
Engineers need to identify and quantify the various loads exerted on the building, including
dead loads (permanent and fixed), live loads (temporary and variable), and environmental loads
(such as wind and seismic forces). This involves calculating the weight of the building itself, as
well as any occupants, furniture, and equipment. Since columns play a critical role in
supporting the building's weight and distributing it to the footings, engineers must assess the
load-bearing capacity of the columns by considering factors. These factors include material
strength, dimensions, and the structural configuration of each column. This helps determine
how much additional load the columns can support without compromising structural integrity.
If the initial analysis reveals that the existing structure may be insufficient to support rooftop
additions, structural modifications may be considered. This could involve reinforcing columns,
upgrading footings, or introducing additional structural elements to enhance the overall load-

carrying capacity. To walk through the process used, the case of column C6 will be used.
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6.5.1: Allowable Load

To analyze the maximum load axial load that any column can withstand in pure
compression and assuming that there is no moment being applied to the column by the
following equation:

PFomax = 0.8¢[0.85f (A5 — As) + Asfy]

Some notable constants in the equation are f.' being the compressive strength of concrete, f,
being the yielding strength of steel, A4 being the total area of the column, A; being the area of
rebar within the column and using ¢ = 0.65 since the shear reinforcements are tied and not
spiraled. The geometry of the concrete column is what completely controls the allowable load
that it can withstand. P, is the symbol for the maximum load and by multiplying the maximum

by the safety factor of ¢ reveals the allowable maximum compression for the column.

Looking at the column C6, it is known that the f. or the compressive strength of the
concrete used in the library is determined or assumed to be 3500 psi or 3.5 ksi. Since the
concrete is much older than 28 days now and could be anywhere from 10-15% larger in
strength, the £, was assumed to be 60 ksi. The C6 column on the third floor has a geometry that
1s 177 x 17”. Assuming a 1.5” cover and using 8 #9 steel bars for internal reinforcement, an

assumed cross section is given as seen in Figure 52.
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Figure 52: Cross section of column C6 showing geometric and reinforcement details.
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Using the equation:
PPy max = 0.8¢0[0.85f/(Ag — As) + Asfy]

and substituting in the known variables, the resulting equation becomes:
DLy max = 0.8 % 0.65 * [0.85 * 3 * (289 — 2.45) + 2.45 * 60]
OPy max = 456 kips

This equation is looking strictly at the compressive strength of the column and does not include
any applied moments to the equation. As the moment of the column increases, the maximum
load that the column can hold decreases. Due to the complexity of the waftle slab building, the
scope of the project did not include analyzing the column to slab moment connection. Thus, the
assumption that the column will withstand another safety factor of 70% due to the moment
connection. This means that the allowable load will become 0.7¢F, ;,,4, resulting in the third
floor C6 column to be able to withstand ¢PF, ;4 = 320 kips. The calculations can be repeated
for each column on each floor by inserting the corresponding column geometry into the
equation. The spreadsheets showing the structural calculations can be found in Appendix B:
Allowable Load Structural Spreadsheets. The final allowable compression values for the C6

column are depicted in Table 5:

Table 5: Allowable load per floor for column C6.

Level Allowable Load
Third Floor 319.6 kips
Second Floor 591.6 kips
First Floor 696.3 kips
Ground Floor 739.9 kips

The total allowable load on base of the C6 column was projected to be 740 kips.
Looking at the 1965 structural blueprints of the building, a column chart was included to
describe the rebar, the dimensions, and the calculated load for the time. The column chart can
be seen in Table 6 and by finding column C6, the load was expected to be 720 kips for the
entire column section. This 720 kip is only 20 kips less than the 740 kip calculation and the
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1965 design load could have been a conservative number and the actual allowable load is

assumed to have been a larger value.

Table 6: Original construction column schedule.
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6.5.2: Original Design Load

To determine the actual load that each column experiences for each floor, the tributary
area on the slab must be multiplied by the load factors that it is subjected to and then be added
to the column as the total load experienced. The process can be shown by continuing the
assessment of column C6. The tributary area that the third-floor column C6 experiences is 500
sq ft as found by the process explained in 6.4: Tributary Area. The column carries the tributary
area of the floor above thus for the roof loads are the loads that attribute to the third floor. The
controlling LFRD equation for the roof ends up being 1.2D + 1.6S + 0.5L,.. The dead load of
the roof slab is 84.15 psf as calculated from Section 6.3.3: Dead Load Calculation, the roof live
load is 20 psf, and the snow load for the Worcester area is 50 psf. Combing these together:

W, =1.2%84.15+ 1.6 * 50 + 0.5 x 20
W,, = 191.0 psf

Multiplying the load by the tributary area of 500 sf, the total load becomes 95.5 kips for
the third floor C7 column. The process is repeated for each subsequent floor. The controlling

LFRD equation for the ground floor up to the second floor ends up becoming 1.2D + 1.6L. The
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dead load of the floor slabs become 96.66 psf as calculated from Section 6.3.3: Dead Load
Calculation. The original design was engineered for a live load of 150 psf for every floor, no

matter the occupancy type. The loads become:

W, =1.2%96.66 + 1.6 * 150
W,, = 356.0 psf

Multiplying the load by the tributary area of 500 sf, the load of the third floor slab
becomes 178.0 kips. In addition to the load from the third floor column, the weight of the
column itself must be added into the calculation. To calculate this the density of the concrete
must be multiplied by the height and cross section of the column. For the C6 column on the
third floor, the column has a cross section of 17” x 17” and a height of 13’ 6” from base to

bottom of slab. The assumed density of concrete was 150 pcf. Multiplying these resulted in:

12 12
L = 4.06 kips

17 17
L =150 (— * —) * (13.5)

Because the column is a dead load it must be multiplied by the 1.2 load factor resulting

in a load of 4.872 kips. The total load expired by the second floor C6 column is the combined

load from the third floor column, the weight of the third floor column, and the load experienced

by the second floor slab. The total load is calculated to be:

W =955+ 178.0 + 4.9
W = 278.4 kips

The calculation process for the first floor and ground floor are the same, however the

geometry of the columns differed as they got closer to the grade seen in Table 7.

Table 7: Original total load on C6 column.

Column Floor Marginal Load Total Load
Third 95.5 kips 95.5 kips
Second 182.9 kips 278.4 kips
First 186.9 kips 465.3 kips
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Ground 186.9 kips 652.2 kips

6.5.3: Current Design Load

As mentioned earlier, the usage of the library has changed since its original design
intentions. Most of the space on the upper floors are now used as workspaces and collaboration
areas. This new usage opens the library and allows for more capacity for potential load. The
original live load for the entire building was 150 psf, however a more practical live load of 80
psf was decided for the second and third floors due to the new usage of the library with
abundant table spaces and limited book stacks. Following the same process used in Section
6.5.2: Original Design Load, the current design load can be calculated using the 80 psf live load
for the C6 columns. The C6 column on the ground floor had a portion of the tributary area of
the first floor being used for book stacks. This required that the original 150 psf live load had to
be kept. The total calculated load can be found in Table 8.

Table 8: Current total load on C6 column.

Column Floor Marginal Load Total Load
Third 95.5 kips 95.4 kips
Second 126.9 kips 222.4 kips
First 130.9 kips 353.3 kips
Ground 186.9 kips 540.2 kips

There is a clear decrease in the total load after changing the occupancy of the floors to better fit
its usage today and can be compared as such in Table 9. The third-floor columns experience no
change due to the fact that they are supporting only the roof slab and there has been no change

in roof loads.
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Table 9: Load change on C6 column.

Column Floor Original Total Current Total % Change
Load Load
Third 95.5 kips 95.5 kips 0%
Second 278.4 kips 222.4 kips -20.1%
First 465.3 kips 353.3 kips -24.1%
Ground 652.2 kips 540.2 kips -17.2%

6.5.4: Allowable Additional Load

To calculate the allowable additional load that can be added to the building requires knowing

the load capacity and the actual load for each column. Continuing with the case study of

column C6, Section 6.5.1: Allowable Load tells us the column load capacity based on the

geometry of the column. Because the load capacity is the maximum load that can be allowed,

the total load must be subtracted from the capacity to calculate the allowable additional load

per column.

Allowable Additional Load = Load Capacity — Total Load

Without changing the usage of the building and keeping the live load at a value of 150

psf, the allowable additional load looks as such in Table 10:

Table 10: Original allowable additional load on C6 column.

Column Floor Load Capacity Original Total Allowable
Load Additional Load

Third 319.6 kips 95.5 kips 224.1 kips

Second 591.6 kips 278.4 kips 313.2 kips

First 696.3 kips 465.3 kips 231.0 kips
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Ground 739.9 kips 652.2 kips 87.7 kips

Although there are multiple floors that can withstand over 200 kips of additional load to their
columns, the minimum allowable value is the governing allowable load that can be added. If
100 kips of loaded is added to C6, the column will fail due to the ground column since it can

only withstand 87.7 additional kips.

However, after altering the occupancy and live loads to match the building usage as it

currently stands, there is more allowance on the allowable additional loads shown in Table 11.

Table 11: Current allowable additional load on C6 column.

Column Floor Load Capacity Current Total Allowable
Load Additional Load

Third 319.6 kips 95.5 kips 224.1 kips

Second 591.6 kips 222.4 kips 369.2 kips

First 696.3 kips 353.3 kips 343.0 kips

Ground 739.9 kips 540.2 kips 199.7 kips

The C6 column has increased the allowable load of its governing value from 87.7 kips

to 199.7 kips. The additional value is not constant throughout every column on each floor, but

the pattern does continue.

Through the created spreadsheets, entire calculations can be automatically created to

show the allowable load differences for each scenario. Using the original design loads intended

with 150 psf as the live load, a complete analysis for every column has been completed as seen

in Table 12. The governing additional load has been highlighted in orange for each column.

Table 12: Calculation results for original design allowable additional load.

Column

Original Design Allowable Additional L.oad (Kips)

Ground Floor

First Floor

Second Floor

Third Floor
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A3 63.01 22.20 215.31 106.91
AS 12.51 178.06 193.49 234.73
A6 53.64 206.58 403.14 241.50
N
B1 405.93 460.23 364.42 386.80
C8 405.93 460.23 364.42 386.80
Dl 405.93 460.23 364.42 386.80
B8 409.39 269.95 364.42 386.80
D8 409.39 269.95 364.42 386.80
Cl 408.38 462.68 366.86 252.21
El 515.71 538.68 605.28 269.02
E8 515.71 538.68 605.28 269.02
B2 138.09 267.15 439.83 346.69
C7 138.09 267.15 439.83 346.69
E2 278.08 368.25 502.04 232.97
C2 187.11 316.17 252.00 212.10
B7 138.09 267.15 439.83 346.69
A2 319.27 142.39 262.53 237.82
A7 319.27 142.39 262.53 237.82
D2 144.00 273.06 252.00 212.10
D7 141.55 270.61 249.55 346.69
E7 282.55 178.98 309.31 367.56
B5 130.85 274.15 417.96 339.05
B6 376.82 274.15 417.96 339.05
Co6 87.74 231.03 313.25 224.09
C5 87.74 231.03 313.25 224.09
A4 18.42 -9.78 91.23 77.56
D3 N/A N/A N/A N/A
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D6 N/A N/A N/A N/A
D4 N/A N/A N/A N/A
D5 N/A N/A N/A N/A
E3 N/A N/A N/A N/A
E4 N/A N/A N/A N/A
E6 N/A N/A N/A N/A
E5 N/A N/A N/A N/A
N O
C3 50.38 238.10 346.49 169.56
C4 50.38 238.10 346.49 169.56
B3 167.16 309.59 223.37 260.27
B4 167.16 309.59 223.37 260.27
B3.3 236.13 332.42 291.74 152.75
A3.3 0.00 0.00 0.00 0.00
AS.S 0.00 0.00 0.00 0.00

The allowable loads for Columns D3 through to E5 could not accurately be determined

within the scope. The columns in question are composite columns which is a steel column with
a concrete column cast around it. The equations used throughout the rest of the structure and

the methods of allowable load analysis could not be used for these columns.

Additionally, there may be some columns with the additional load value being skewed
to a lesser amount than in practicality. This is due to the complications in determining the
tributary area for columns that are nearby other load carrying elements such as concrete cores
like the stairwells and elevator. We took the building loads to be carried by only the concrete
columns to their isolated footings and ignored the concrete cores and its wall footing for

simplicity.

A new table outlining the additional allowable loads using the new current design

standards outlined by Section 6.5.3: Current Design Load can be seen in Table 13.

Table 13: Calculation results for current design allowable additional load.

Current Design Allowable Additional L.oad (kips)
First Floor Third Floor

Column| Ground Floor Second Floor
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N/A

N/A

N/A

A3 240.10 140.27 274.34 106.91
AS 201.51 304.06 256.49 234.73
A6 230.74 324.64 462.18 241.50
I R I
Bl 489.93 516.23 392.42 386.80
C8 461.93 516.23 392.42 386.80
D1 461.93 516.23 392.42 386.80
B8 493.39 325.95 392.42 386.80
D8 465.39 325.95 392.42 386.80
Cl 464.38 518.68 394.86 252.21
El 552.00 574.97 623.42 269.02
E8 552.00 574.97 623.42 269.02
| |
B2 292.65 370.19 491.35 346.69
C7 241.13 370.19 491.35 346.69
E2 356.65 446.82 541.32 232.97
C2 290.15 419.21 303.52 212.10
B7 292.65 370.19 491.35 346.69
I N ) I
A2 428.59 215.27 298.97 237.82
A7 428.59 215.27 298.97 237.82
D2 247.04 376.10 303.52 212.10
D7 244.59 373.65 301.07 346.69
E7 361.12 257.55 348.59 367.56
I ) I
B5 298.85 386.15 473.96 339.05
B6 544.82 386.15 473.96 339.05
I ) IO
Cé6 199.74 343.03 369.25 224.09
C5 199.74 343.03 369.25 224.09
A4 207.42 116.22 154.23 77.56

N/A
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D6 N/A N/A N/A N/A

D4 N/A N/A N/A N/A

D5 N/A N/A N/A N/A

E3 N/A N/A N/A N/A

E4 N/A N/A N/A N/A

E6 N/A N/A N/A N/A

E5 N/A N/A N/A N/A
| |

C3 162.38 350.10 402.49 169.56

C4 162.38 350.10 402.49 169.56

B3 293.16 393.59 265.37 260.27

B4 293.16 393.59 265.37 260.27
- |

B3.3 320.13 388.42 319.74 152.75

A33 0.00 0.00 0.00 0.00

AS5.5 0.00 0.00 0.00 0.00

Table 14 shows the comparison in the increase of the allowable load from the original design to

the current design.

Table 14: Allowable load increase.

Original Current | Allowable Load

Column| Allowable | Allowable Increase

A3 22.20 106.91 84.70

A5 12.51 201.51 189.00

A6 53.64 230.74 177.10
|

B1 364.42 386.80 22.38

C8 364.42 386.80 22.38

D1 364.42 386.80 22.38

B8 269.95 325.95 56.00

D8 269.95 325.95 56.00

C1 252.21 252.21 0.00

E1 269.02 269.02 0.00
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E8 269.02 269.02 0.00
I N

B2 138.09 292.65 154.56

C7 138.09 241.13 103.04

E2 232.97 232.97 0.00

C2 187.11 212.10 24.99

B7 138.09 292.65 154.56
I N B

A2 142.39 215.27 72.88

A7 142.39 215.27 72.88

D2 144.00 212.10 68.10

D7 141.55 244.59 103.04

E7 178.98 257.55 78.57
I I N I

BS 130.85 298.85 168.00

B6 27415 339.05 64.91
|

C6 87.74 199.74 112.00

C5 87.74 199.74 112.00

A4 -9.78 77.56 87.34
|

D3 N/A N/A N/A

D6 N/A N/A N/A

D4 N/A N/A N/A

D5 N/A N/A N/A

E3 N/A N/A N/A

E4 N/A N/A N/A

E6 N/A N/A N/A

ES N/A N/A N/A
I N Y

C3 50.38 162.38 112.00

C4 50.38 162.38 112.00

B3 167.16 260.27 93.10
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B4 167.16 260.27 93.10

B3.3 152.75 152.75 0.00
A3.3 0.00 0.00 0.00
A5.5 0.00 0.00 0.00

For the columns that carry loads on the floors that have changed occupancy use have a
clear noticeable additional load capacity for their column. These values jump from a range of
22 kips to almost 170 kips. In total, most of the columns have a capacity for over 200 kips

which can withstand a new lightweight structure onto the roof.

6.6: Addition Structural Analysis

After calculating the additional allowable load for the columns throughout the building,
the structural analysis for a rooftop addition could begin. The design of the new rooftop slab,
space frame, interior column placement, updated tributary area, and load analysis shall be seen
throughout the section. The challenge of this rooftop addition was to be able to structurally
design a space to carry the loads down properly to the footings with a unique curved wall
design as seen in Figure 53. The design required that no columns be placed beneath the curved

wall area and thus the number of usable column gridlines were numbered.
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Figure 53: Plan view of rooftop addition with the projected red lines representing the curvature of the wall.

6.6.1: Voided Concrete Slab Design

Because the proposed rooftop addition floor sits 3 feet above the existing roof slab, as
seen in Figure 54, there must be an additional floor slab to properly carry the expected loads of
the addition. The best option in this case to do so would be to design a voided concrete slab
system to be set cast in place over the roof. The existing building columns can be extended

upwards using more cast in place concrete and reinforced steel to meet the new slab system.

70



Proposed Addition

Figure 54: Elevation of proposed addition floor in comparison showing the space between the existing roof slab

and the proposed addition floor.

Voided concrete slabs are structurally slabs that are designed with empty gaps and

Roof
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Proposed Addition

. Floor G
585' - 8"

Top of Roof Slab @
582'- 8"

spaces in the cross-section to allow for a relatively lighter and more efficient design compared

to solid slabs (Voided Concrete Slab System, 2020). There are different types of shapes for the

voids that can be used, and each may serve a different purpose in the design. The existing

walffle slab system of the library is an example of one of the types of voided slab systems with

its deep grid system of ribs and the voided air gaps between.

For this proposal, the bubble deck voided slab system was the preferred design. An

example of the bubble-deck slab system precast can be seen in Figure 55. The design of the slab

system allows for a more flexible design enabling architects and engineers to create the desired

addition without compromising any structural integrity.
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Figure 55: Diagram of a voided slab system (Voided Concrete Slab System, 2020)

The voided slab carries similar strength to that of the waffle slabs on the floors below.
Because of this, the assumed dead load for the new voided slab was to be the exact same value
as the waffle slab as the floors below with a value of 96.66 psf. This will allow for a light
structure to be placed on top without exceeding the maximum allowable load for columns as

mentioned previously.

6.6.2: Space Frame Design

For the design of the rooftop on the new lightweight addition, a space frame design was
proposed and ultimately chosen for the design to be based upon. Space frame roofs are
structurally designed roofs often used throughout architectural projects to create large open
spans with minimal roof materials and reduced number of columns. These roofs are made of a
grid system with lattice framework using rigid components such as steel or aluminum struts.
Combined, these elements create a 3-D structure that can support and distribute loads
effectively across the frame. These spaceframes can be constructed with lightweight designs

that have the strength and structural capacity to support the necessary loads. Figure 56 shows
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the proposed spaceframe grid for the roof with the major and minor axis highlighted in red and
blue respectively. The green highlighted lines are to represent the curve of the sloped wall. The

sloped wall itself is not meant to fully rely on the space frame to carry its loads.
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Figure 56: Major (red) and minor (blue) axi;;f proposed space frame showing the largest spans in each direction.

The weight of space frames tended to range based on the size of the span required and
the design of the truss layout. These values can range from 40 psf to 150 psf based on the size
of the span (“Space Frames - Space Frames Design & Fabrication”, 2023).To ensure the
columns could carry the loads of the space frame, we decided to estimate the dead load of the
space frame to be 65 psf since there is only a 40 ft maximum gap between columns. A
preliminary two-dimensional analysis which includes calculated design forces of each member
can be seen in Appendix E. Further analysis of trusses should include spans in both major and

minor axes to determine appropriate member sizes.

6.6.3: Addition Column Placement

To carry the roof loads efficiently down to the footing, the rooftop columns would be
placed on top of the existing column grid. However, to accomplish having an open floorplan on

the addition floor while proving the necessary columns to carry the roof loads, we used a
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spacing guide of a maximum of 40’ for our space frame design. Figure 57 shows the proposed

roof addition layout with the new column spacing that are within the 40° maximum.

Figure 57: Roof addition column layout showing where the roof will be curved due to the shave of the addition.

These interior columns are only designed to carry the loads of the rooftop space frame
and are not expected to carry any large load bearing elements. The tributary area of the rooftops

loads that are carried by these interior columns can be seen within Figure 58.
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Figure 58: Addition interior columns tributary area on rooftop.
6.6.4: Updated Tributary Area

Once the new rooftop addition is added there will be a change of usage for portions of
the existing roof slab. On the exterior of the new addition, some columns will have mixed
rooftop usage since one part of the roof is still exposed and another part is covered by the
addition. Looking at the case for Column A5 can help describe and explain how an area is
broken down. Column A5 is circled in Figure 59. Area 1 with 186 sf'is still under the roof
usage and thus must apply LRFD load equation 1.2D + 1.6S + 0.5L,.. Area 2 of the roof slab
with 383 square feet can apply the LRFD equation 1.4D since the slab will be underneath the

new addition and become inaccessible.
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Figure 59: Updated roof slab tributary area.

In addition to column A5, columns A4, A6, A7, BS, D8, D7, E6, E5, E4, D4, C4, and
B4 all experience factored tributary loads. Additionally, the new atriums will take away from
the tributary area of their respective columns they are nearest to. For the third floor atrium that
connects into the new rooftop addition, the affected columns are B6, B7, C6, and C7. The
tributary area for columns B7 and C7 go from 460 sq. ft. to 335 sq. ft and columns B6 and C6
go from 500 sq ft to 375 sq ft.

6.6.5: Addition Load Analysis

The expected roof load for the addition can be calculated using the column placement
from Section 6.6.3: Addition Column Placement and the load calculation method as used in
Section 6.5: Column Analysis. The controlling LRFD equation for the roof remains being
1.2D + 1.6S + 0.5L,. The dead of the space frame system was set to be 65 psf as stated in
Section 6.6.2: Space Frame Design. The snow load and roof live load was set to 50 psf and 20
psf respectively. After plugging in the values to the excel calculation sheet, the expected roof

load was determined for each interior column through Table 16.
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Table 15: Simplified table representing roof load on the interior columns.

Column | Tributary Area (sf) | Roof Load (kips)
C8 305.00 51.24
B8 206.00 34.61
C7 482.00 80.98
B7 398.00 66.86
B5 921.00 154.73
B6 508.00 85.34
C6 562.00 94.42
A4 179.00 30.07
D4 388.00 65.18
D5 604.00 101.47
E4 168.00 28.22
B4 388.00 65.18

Next, the floor loads of the addition floor had to be calculated for the extension of the

columns underneath to carry the loads down to the footings. The controlling LRFD equation for

the floors was 1.2D + 1.6L with the dead load of the floor set to 96.66 psf and the expected live

load of 80 psf. The resulting loads can be seen in Table 16.

Table 16: Roof addition floor loads

Column |Load Above (Roof Load) | Tributary Area (sf) |Floor Load (1.2D + 1.6L) (k) | Total Load
A3 N/A N/A N/A
A5 N/A 383.00 93.45 93.45
A6 N/A 383.00 93.45 93.45
. | |
B1 N/A N/A N/A N/A
C8 51.24 239.00 58.31 109.55
D1 N/A N/A N/A N/A
B8 34.61 224.00 54.65 89.26
D8 N/A 101.00 24.64 24.64
C1 N/A N/A N/A N/A
E1 N/A N/A N/A N/A
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E8 N/A N/A N/A N/A
B2 N/A N/A N/A N/A
Cc7 80.98 335.00 81.74 162.71
E2 N/A N/A N/A N/A
C2 N/A N/A N/A N/A
B7 66.86 335.00 81.74 148.60

BS

154.73

500.00

122.00

A2 N/A N/A N/A N/A
A7 N/A 274.00 66.85 66.85
D2 N/A N/A N/A N/A
D7 N/A 326.00 79.54 79.54
E7 N/A N/A N/A N/A

276.72

B6

85.34

375.00

91.50

176.84

C6 94.42 375.00 91.50 185.91
C5 N/A 500.00 122.00 122.00
A4 30.07 192.00 46.85 76.92

D3 N/A N/A N/A N/A

D6 N/A 500.00 122.00 122.00
D4 65.18 247.00 60.27 125.45
D5 101.47 500.00 122.00 223.47
E3 N/A N/A N/A N/A

E4 28.22 221.00 53.92 82.15
E6 N/A 255.00 62.22 62.22
E5 N/A 442.00 107.84 107.84

C3 N/A N/A N/A N/A
C4 N/A 250.00 61.00 61.00
B3 N/A N/A N/A N/A
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B4

65.18

250.00

61.00

126.18

B3.3 N/A N/A N/A N/A
A3.3 N/A N/A N/A N/A
A5.5 N/A N/A N/A N/A

After the calculation of the new voided slab floor and its floors loads were complete, the

new loads for the existing roof slab had to be updated. The existing roof slab loads had changed

from the previous use of the building due to the new rooftop addition. As previously stated in

Section 6.6.4: Updated Tributary Area, the new loads must be factored based on the tributary

area of the existing roof and the covered roof. The calculations can be seen in Table 17 for the

factored loads for the effected columns of A4, A6, A7, B8, D8, D7, E6, E5, E4, D4, C4, and

B4.
Table 17: Factored loads for effected edge columns.
Covered
Load | Covered | Roof |Slab LFRD Roof LFRD Factored | Total
Above (Slab Area| Area | 1.4(D+F) | 1.2D+1.6S+0.5LLR |Slab L.oad | Load
Column | (kips) (sf) (sf) (kips) (kips) (Kkips) (kips)
AS 85.89 | 383.00 |186.00 45.12 35.52 80.64 166.53
A6 85.89 | 383.00 |141.00 45.12 26.93 72.05 157.93
D8 10.49 82.00 |[117.00 9.66 22.34 32.01 42.50
A7 48.55 | 277.00 |210.00 32.63 40.11 72.74 121.29
D7 69.29 | 344.00 |[156.00 40.53 29.79 70.32 139.61
A4 72.53 192.00 |238.00 22.62 4545 68.07 140.60
D4 125.45 | 250.00 |250.00 29.45 47.75 77.20 202.65
E4 80.68 | 221.00 |288.00 26.04 55.00 81.04 161.72
E6 45.87 | 255.00 |211.00 30.04 40.30 70.34 116.21
ES 106.14 | 442.00 | 67.00 52.07 12.80 64.87 171.00
C4 60.27 | 250.00 [250.00 29.45 47.75 77.20 137.46
B4 125.45 | 125.00 |250.00 14.73 47.75 62.47 187.92

Using the new loads calculated, the total load experienced on the third-floor columns by

the new rooftop addition can be seen in Table 18. The table shows the maximum allowable

load with the 0.7¢Po (k), the total load experienced (k), and the expected load difference (k).
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Table 18: Third floor column loads experienced with new rooftop addition.

Column |0.7¢Po (k) | Total Load (k) | Difference

A3 207.57 100.66 106.91
A5 342.16 174.09 168.07
A6 342.16 165.50 176.66

B1 434.54 47.75 386.80
Cc8 434.54 139.01 295.54
D1 434.54 47.75 386.80
B8 434.54 114.38 320.17
D8 434.54 56.65 377.90
C1 299.95 47.75 252.21
E1 299.95 30.94 269.02
E8 299.95 30.94 269.02

B2 434.54 87.85 346.69
c7 434.54 202.18 232.36
E2 299.95 66.99 232.97
C2 299.95 87.85 21210
B7 434.54 188.07 246.48

A2 299.95 62.14 237.82
A7 299.95 139.59 160.36
D2 299.95 87.85 212.10
D7 434.54 149.86 284.68
E7 434.54 66.99 367.56

B5 434.54 320.90 113.64

B6 434.54 221.02 213.52

C6 319.58 230.09 89.48
C5 319.58 166.17 153.40
Ad 184.99 144.99 39.99




D3 N/A N/A N/A
D6 N/A N/A N/A
D4 N/A N/A N/A
D5 N/A N/A N/A
E3 N/A N/A N/A
E4 N/A N/A N/A
E6 N/A N/A N/A
E5 N/A N/A N/A

C3 265.05 95.49 169.56
C4 265.05 174.09 90.96
B3 331.88 71.62 260.27
B4 331.88 188.65 143.23

B3.3 200.49 47.75 152.75
A3.3 0.00 0.00 0.00
A5.5 0.00 0.00 0.00

Table 18 however is not enough to show whether the rooftop addition is structurally

feasible. To prove this, we must once again use the governing addition load throughout the rest

of the building as used in Section 6.5: Column Analysis. The resulting additional loads
throughout the rest of the building can be seen in Table 19 after subtracting the actual load
from the maximum load to end with the remaining load for the column. The smallest of the
values for each column shall be the governing remaining allowable load for the column. The

highlighted value within the column row shall designate the governing value.

Table 19: Remaining additional load after addition.

Remaining Additional Load After Addition (kips)

Column |Ground Floor |First Floor |Second Floor | Third Floor
A3 198.46 101.76 235.83 92.70
A5 100.77 203.90 158.88 159.62
A6 131.83 226.32 363.85 168.22
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B1 448.29 475.18 353.91 355.28
Cs8 340.26 395.15 273.88 275.25
D1 420.29 475.18 353.91 3565.28
B8 393.48 229.17 295.63 297.00
D8 429.00 292.69 359.16 360.52
C1 422.74 477.62 356.36 222.49
E1 510.36 533.91 582.37 239.30
E8 510.36 533.91 582.37 239.30

B2 251.01 329.13 450.30 315.17
Cc7 70.98 200.62 321.78 158.49
E2 315.01 405.76 500.27 203.25
C2 241.27 370.91 265.01 182.38
B7 135.15 213.27 334.43 171.13

85.55

173.43

268.48

A2 386.95 177.60 261.31 208.10
A7 327.79 118.45 202.15 148.94
D2 205.40 335.04 265.01 182.38
D7 151.19 280.83 210.80 263.41
E7 319.48 219.04 310.09 336.04

85.18

397.61

242.82

337.87

154.56

C6 53.99 197.87 241.68 49.83
C5 148.41 292.29 336.09 144.25
Ad 132.60 44.54 100.14 33.98

D3 N/A N/A N/A N/A
D6 N/A N/A N/A N/A
D4 N/A N/A N/A N/A
D5 N/A N/A N/A N/A
E3 N/A N/A N/A N/A
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E4 N/A N/A N/A N/A
E6 N/A N/A N/A N/A
ES5 N/A N/A N/A N/A

C3 127.29 315.01 373.85 145.71
C4 85.32 273.03 331.88 74.67
B3 258.66 359.08 239.27 235.51
B4 142.35 242.78 122.97 119.21

B3.3 286.83 355.12 293.65 150.06
A3.3 0.00 0.00 0.00 0.00
A5.5 0.00 0.00 0.00 0.00

All of the governing values have a positive number meaning that there is still some
remaining load that can be added to each column. The magnitude of the load will vary
depending on which column is analyzed but the proposition for a rooftop addition would be

feasible based off the load analysis for each individual column line due to the expected loads.
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7.0: Energy Analysis

When the library was constructed in 1963 the codes and construction standards were
drastically different. Throughout the years understanding of building envelopes and
construction standards have increased. Recently there has been a shift in the construction
industry focusing on the efficiency and sustainability of buildings. The library has not had any
major renovations to its exterior envelope since its construction in 1963 making it outdated and

not up to the current codes.

7.1: Energy Baseline

To fully understand the current energy usage of the Gordon Library we first had to
establish a baseline to compare to. We used the building performance database provided by
Lawrence Berkeley National Laboratory. The Lawrence Berkeley National Laboratory is the
most extensive publicly available collection of measured energy performance data for buildings
in the United States. The website allows the user to select filters that refine the data generated
to create histograms shown in Figure 60 and Figure 61, showing the average Source and Site
Energy Use Intensity (EUI) of buildings similar to the Gordon Library. Filters for libraries in
Climate Zone 5A were applied to the search, using these filters resulted in an average Source
EUI of 164 kBtu/sf per year and a site EUI of 89. These parameters must be set as the climate a

building is in directly affects its efficiency and output.

100 200 300 400 500 600 700 800 900

Figure 60: Histogram showing the average source EUI of libraries in the same climate zone (5-A).
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Figure 61: Histogram showing average site EUI of libraries in the same climate zone (5-A).

7.2: Design Builder Model Set-up

After understanding the EUI of libraries in the surrounding area the next step was to
develop a model of the library within Design Builder. First a weather file must be selected
which is available in Design Builder or can be downloaded to better reflect the location of the
building, weather data from Worcester Regional Airport was used for these simulations.
Worcester Regional Airport (ORH) is 4.8 miles away from Gordon library which is a
reasonable distance as the weather doesn't drastically change over that distance. The building
geometry is created next by modeling building blocks. These building blocks and their surface
can be modified to reflect the shape of the building further. Using component blocks, the next
step is to model the concrete mullions on the facade of the building. It is important to use
component blocks rather than building blocks because they are treated differently when it
comes time to simulate. Once the mullions were set, the surface of the building block was
modified to correctly represent whether that section was a concrete panel or a single pane
window in the alternating pattern. This was done on all four building facades, with the front
entrance-oriented east as does the library. The orientation and surroundings of the building are
also factored into the simulation, so it is important to model the slope of the site as well as any
surrounding buildings. The east to west slope of the library was modeled using component
blocks set to the ground type. Unity Hall, Boynton Hall, and Salisbury Hall were modeled
using component blocks to account for sun shading. Once the exterior and site of the building is
modeled, zones can be created using partition walls to separate the interior spaces. We

obtained the zoning map of each floor of the library from the WPI facilities department, which
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can be seen in figures 62 - 66. These zoning maps were taken from the Facilities department’s
Building Information Modeling System (BIM) which provides them with real time information

regarding each system's status within the library.

General
Supplies

Figure 62: Service floor zoning layout from facilities Figure 63: Ground floor zoning layout from facilities
Building information monitoring system. Building information monitoring system.

Figure 64: 1st floor zoning layout from facilities Figure 65: 2nd floor zoning layout from facilities
Building information monitoring system. Building information monitoring system.
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Figure 66: 3rd floor zoning layout from facilities Building information monitoring system.

Once all the zones were determined using partition walls, the HVAC system must be set
in the simulation to resemble the system currently in use. For this, the system most
representative of that in the library was selected using the spec sheets and plans from the 2016
update of the mechanical systems. Each HVAC system then has to be assigned zones in order
to run the simulation. For this the zones in the archives were split from the rest of the building
to represent the different systems currently in place in the library. Design builder also allows
the user to edit different aspects of the construction of the building, like the wall construction

and type of window, the lighting systems can also be altered.

7.3: Design Builder Simulations and Results
The total U-factor of the wall/window system was calculated to be 0.56 Btu/h-ft*-F.
This is larger than the current code requirement of 0.45 Btu/h-ft>-F for an operable window that

is currently required by the 2021 IECC (International Energy Conservation Code).

Four simulations were carried out to represent different renovation options. The first
simulation represents the existing construction of the library. The Second simulation maintains
the existing walls of the library and improves the windows. The Third maintains the existing

windows of the library and improves the wall construction by adding insulation to the concrete
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panels between windows. The final simulation represents improvements to both the windows

and the concrete panels between the windows.

The first simulation represents the existing conditions of the library. The exterior walls
were constructed with standard brick backed with continuous flashing and then 12” of concrete.
The concrete panels between the windows are 6 and the windows are single pane. For this
simulation the R-value of the wall construction was 3.79 ft> °F h/BTU, and the U-factor of the
single pane window was 1.038 BTU/ft> °F h. This simulation resulted in a source EUI of
183.88 kBtu/ft? and a site EUI of 103.18 kBtu/ft>. These values are around what we expected to
see compared to the data from Lawrence Berkeley National Laboratory considering the age and

construction of the library.

The second simulation represents the existing walls of the library and improves the
windows. The windows were improved from single pane to double pane with a U-Factor of
.345 BTU/ft? °F h, and the R-value of the wall stayed the same without any alterations at 3.79
ft? °F h/BTU. This simulation resulted in a source EUI of 178 kBtu/ft*> and a site EUI of 99
kBtu/ft?>. Compared to the existing condition simulation, updating the windows to double pane
improves the source and site EUI by 2.82% and 3.66% respectively. This small decrease in EUI
makes sense when considering the window to wall ratio, since there is more wall area than

window it is expected to see a smaller decrease by changing the window type.

The third simulation represents the existing windows of the library and improves the
wall construction. For this improvement insulation was added to the interior of the concrete
panels between the windows and then covered with an interior finish. The U-factor of the
windows was the same as simulation 1 at 1.038 BTU/ft °F h, and the R-value of the walls was
improved to be 16.2 ft* °F h/BTU. This simulation resulted in a source EUI of 120 kBtu/ft* and
a site EUI of 57 kBtu/ft>. Compared to the existing condition simulation, adding insulation to
the interior of the concrete panels improves the source and site EUI by 34.38% and 44.69%
respectively. As previously mentioned, the wall to window ratio has a large effect on why this

improvement has a much larger effect on the total EUI of the building.

The fourth simulation combines simulations two and three and represents the

improvement of both the windows and the wall construction of the library. The windows were
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changed from single pane to double pane with a U-Factor of .345 BTU/ft* °F h, and the R-value
of the wall was improved to be 16.2 ft? °F h/BTU by adding insulation to the interior of the
concrete panels between the windows and then covered with an interior finish. This simulation
resulted in a source EUI of 114 kBtu/ft> and a site EUI of 52 kBtu/ft>. Compared to the existing
condition simulation, adding insulation to the interior of the concrete panels improves the
source and site EUI by 38% and 49% respectively. Combining simulations two and three result

in the lowest calculated EUI and represent the most efficient design of the building.

7.4: Design Builder Results

Upon completing the simulations outlined above the following charts were developed in
order to effectively visualize the effects the changes made have on the building. Figure 67
shows resulting source and site EUI of the respective simulations. Looking at the chart from
left to right it is evident that the proposed changes decrease the EUI of the building, however
some changes have a larger effect on the EUI. This can be seen in Figure 68 which shows the
percent change in EUI compared to the first simulation which represents the existing conditions

of the building.

When considering which changes to apply to the library multiple factors must be
considered including the cost of the project, as well as the scope of the project. Replacing all
the windows in the library would be a large undertaking for a relatively small improvement on
the building’s performance, while adding insulation to the interior of the walls has a much
larger effect on the EUI of the building and can be done relatively easily without having to
demo any of the existing exterior envelope. Completing both improvements makes sense if
there are any other plans at the time to change or update the exterior envelope and the scope of
the project already includes the exterior walls. It is recommended the insulation is added to the

interior of the walls to improve the buildings’ performance.
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Building Source EUI and Site EUI for Different Building Compositions

B Source EUI [l Site EUI
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Figure 67: Comparison of simulations Energy Use Intensity (EUI).

% Change in EUl Compared to Simulation 1 (Baseline)
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Figure 68: Percent change in Energy Use Intensity (EUI) compared to simulation 1 (baseline).
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8.0: Conclusion

Due to the new usage of libraries in today’s age and the growing need for more group
space on the WPI campus, there is a clear need for a change with the WPI library. The plans

proposed can be recalled:

1.) The removal of the drop ceiling within the library

2.) The removal and redesign of the first floor bookstacks for more table space
3.) The addition of multiple tech suites on the north-west side of the first floor
4.) The possible addition of a rooftop addition with the movement of roof HVAC

equipment.

The drop ceiling only caused a more cramped feeling in the library floors and by its
removal, students will be able to experience the true scale of the library and connect to the
structure for an iconic environment. The first floor bookstacks should not stay within the
library as it takes away potential working space for the ever-growing number of WPI students.
There is a clear need for more table space made for group and individual work for all students

to benefit from.

After much work on the structural loads experienced by the building, it does seem
plausible that a rooftop addition can be constructed on top the existing roof of the current
library. The original library design was overdesigned and because of the new projected usage
of the building, there is an excess amount of additional load that the structural columns can
withstand. After going through the calculations of a proposed addition, there was only one
column that had less than 50 addition kips of allowance after the addition with that column
being A4. The governing remaining additional load value for the columns ranged from 100 kips
all the way up to 300 kips depending on the column. Moving forward, the study of the footings
and the soil should be built upon to further defend the claim that the existing building can
withstand the additional load proposed upon it. Although there was much difficulty with going
about the structural analysis of cutting a hole through the waffle slab, it should theoretically
only decrease the load of the affected columns. To further develop the structural capacity of
this idea, a 3D structural system of the entire library should be made to ensure that the removal

of any slab does not affect different part of the library in such a way that it degrades the
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structurally integrity of the building. Another focus of this should be the effect on the columns
below the hole to analyze the system and ensure that the column does not suffer from any

buckling failure due to the offset load that is now upon the column.

The energy analysis done also shows that the building envelope is outdated when
compared to newer buildings of the same size and usage. Upgrading just the windows alone
leads to a decrease of the EUI by about 5 (2.82% decrease). Although this would be a costly
endeavor, it can lead to better heat and cooling insulation resulting in a more efficient and cost-

effective HVAC system.

Overall, to move forward in the upcoming years and to allow WPI to continue its
growth and status among other notable universities, the Gordon Library must undergo changes.
These changes must put the students first by ensuring that their academic needs are met, and
that the library's infrastructure supports their learning and collaboration effectively. This
includes not only structural improvements such as the removal of the drop ceiling and potential
rooftop additions but also energy-efficient upgrades to modernize the building's envelope. By
prioritizing these enhancements, the Gordon Library can better serve the evolving needs of the
WPI community, fostering a dynamic and innovative environment for academic excellence to

thrive.
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Appendices

A: Existing Structural Spreadsheets

Existing Penthouse Sheet

Penthouse — . m;;—:;-—:-;_ﬁ:—u
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c3 312 312
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1025 Beam 25 20 5 2.5
10x21 Beam 21 20 5 21 2
14x48 Beam 48 25 2 2.4
1430 Beam 30 25 2 1.5 25 2 1.5
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12431 Beam k| 25 1 0775
12x27 Beam 27 25 2 1.35
MEP 4 2
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Weight 2.8 Weight i) Weight 6.385
(psf)
Roof Dead 2415
Roof Live 20
Snow Load 5
Fluid Load 1]
Wind Load 1
lateral Eath
Load ?
Seismic Load 0.24
Siab Dead
Load 95.85
Live Load 150
Current LL 150
pef
Conerete
Weight 150
k=i
fo 3
fy 80
i
Columin Haight 13.5

98



| G0 |
A |zx1z s27.08
W [1TxiT 55250
B |irxir 57708
B1 [ITxiT| 288 | 26000 g r
G |iTxiT| 268 | 25000 .00 000 5 | 7 e550 4 245 328 B[ 4735
D1 [irxiT| 88 | 25000 000 [ T | 78 550
B8 [1rx1r| e | 25000 .00 000 g | 7es 2550
D8 |ITxIT| 289 | 26000 (] 00 T | 788 0550
€1 |1Zx1Z | 1a4 | 26000 000 0.00 [ 705 850z
E1_|1Zwiz | 184 | 18200 500 .00 T | 78 8502
B2 |izxz | 18 162,00 [ 000 T | 78 802
B2 [T | @ | se000 [T [T o | 788 o560
C7_ |17 x1T| 280 | 46000 D00 [0 T | 1w 0550
B2 |iZx1Z| 18 | 36078 [ 00 T | 78 802
€2 |iZxiz| 14 | 000 000 [0 g | 78 o802
BT | 1TxiT| e | eo000 0.00 0.0 g | 78 0580
B |iFxiz| 14 | 3 [ 00 T ] 7 8502
A |1Zxiz| 14 | % [ [T g | 78 6502
D2 [1Z1Z| 18 | 48000 D00 0.0 g | e o0z
D7 |tTxiT| e | 4e000 [ 000 T | 788 @50
Bl |iTx1T| e | 3m0s 000 00 T | T8 050

B5 [1Tx17T| 28® 500.00 [1] [ 795 0550
B8 [1Tx17| 289 500.00 000 [ 795 8550

1Tx17 | 288 500.00 0.00 5 245 024 8548
1TxIT | 26 500.00 000 5 245 To24
Af |1Zx1Z| 184 | 50250 | 000 | 000 | &5 | 245 2068
03w x1@ | a4 500.00 [ 000 0.00
D8 |w@xig| a4 50000 [ 0.00 0.00
Di_|1Zxig| s 50000 000 0.00 6.00
D5 |t&xi8| 324 500.00 0.00 0.00 000
E3 [1Zxi2| 14 5875 000 000 000
Ed [1Zx12| 184 51667 000 0.00 0.00
B0 |iZxi2| 18 0575 FI 0.00 000
5 o 000 0.00
t3 [iZxiz] 14 500.00 000 8 82 5825
Ce [Tz 1M 500.00 000 g 822 5825
B3 [1Zxig| 218 376.00 000 8 528 204
i [iTxiE| 2% 37500 [ 8 2] 7204
B33 |iZx@] 21 | 2000 | ooo | 000 | ] 000 4408
4 | | [ | o | oog | | om oo
A55_| | | [ oo | ooo | | 600 80
izsl)
Foof Dead 82715
RoofLive | 20
SnowLoai 50
Fudload 0
\ind Load 11
Sermic
Load oz

Existing Third Floor Column Sheet

99



s3 | tEw1E | 324 52708 262 11122 [XE] 18007 =073
AE | e e | 34 55250 z BE2 11122 18ma4 ETE 255,
A6 |23 ki | =27 48 mE2 15504 7768 [EE =31E
=1 |EatE | 224 250.00 408 4775 I mE2 1122 BT 357 [
EREEEED 250,00 306 7T ] mE2 1122 ETE EEE HET
o1 |t e | 33 EeT] 405 a7 0 BR2 1122 E7aT a1E7 [rEg
AT e | 32a 2= 408 4775 0 mE2 1122 EEa 317 14182
oe  |tewiEr | a3 35100 408 &S 0 262 11122 e 5337 WHEE
ci |sEwie | 324 2s0.m zma a7 w0 BE2 11122 BAT 8143 12817
£t |axxzr | =m 1E2.0m z03 ErE) @ BE2 15302 =570 B110 Es
EF  |23azz | =m =00 z03 3054 0 2k2 15304 =70 &0 o
g2 [awwaa-| s 2E0.00 .08 e 0 mE2 1,6304 15578 tEAES 2aiE
ElEEE D 25100 a8 = 0 2k2 16304 [E=5] TEAES FhaR
== |awazr | s 3E0.Th Z03 e I BE2 15304 1728 ) JEIIE
Gz |EaiE | 22a 250,00 FXE] ErEs i mE2 1122 15283 A 25400
& 3wz | =m 25000 [ AT W BR2 15304 15578 TRE A2 Ty
A2 | tEater| e 32535 zia =213 I 262 5735 1000 e 15035
AT | s iE | 268 325,35 i3 214 ] mE2 735 iR 00 1525 15038
OF |t xiE" | 324 350,00 Zi3 BT a5 ] BE2 11122 15283 15615 oy
CT | tEade | 32 25000 408 HTE ] 2k2 11122 15578 TEEES 2R
El D 3575 408 e 10 BE2 1122 B 12074 1=ETE
[ en [aawzr ] =0 | sooan | 46 | 6ads | W | mer 15304 [ eesa | wmesr | avess |
| =6 |awxz]| aen | monon | ams | osas | w0 | mae:2 15304 | temmx | wmzar | mmae |
na
ce |arxer | =m sonam 405 548 T 4B 1,303 1E8 88 tB2ET e
cs |agwar | = E00.00 408 an48 7 481 13003 1EEHS 18zAT aTaiE
RS ED EE250 FEE] HIT A3 T 481 BHZ 1 18638 EE O
I R E00.00 4% |_onam ) TERES B35 TEE
CE | tEsda | 332 =000 158 ar 28 &M [ TRIAE e
D4 |2aszr | s =00.00 458 95 48 L 16553 1BIAE rass
OE | te wiEt | 22e E00.00 4.5 n48 moa 185,53 1HLLE Zrans
5 |1Eaie | 324 4EE.TT zi3 a5 e 15578 16830 ey
E¢ |texiE | a3a BiRET z03 BRET o 7143 HE oy
EE | tEwte | 224 368,75 zia s am 15578 16030 o
EE |t ke | 324 S16E7 a0 .00 em caez 1B353 fEa6a
c3 ez | e =0a.00 03 af 28 [ BI28 13673 [T A0S e
c4_|zrazr | = =00.00 203 548 [ B8 13673 15258 A3 arnee
B3 |reoxiE | a2a 37500 102 7162 | 628 857 12662 371 TR
g |wewie | 3 =75 202 FLER ] el a8 1ze62 714 XETE
SR ED 25000 B 775 | 628 0857 ESE ErE) [EET
EED o = o 04 oot [ - o
REE 00 a0 ©on 88 oo [ Do
Ity
Aot Dassd 8416
Rooflva | 20
Srowloay
Fudlssal 0
Winaioas 11
[
Eart
Lo i)
S
Loas o34
San
Doad
Lo 6.6
Lwatnad | 160
Cumani Ll 50 |
ot
‘Concrata
Wk 1850
i
e 3
v
n
Cawmn
Heght | 158

Existing Second Floor Column Sheet

100



s ]
53 E) [
w5 528 S0 51 4% 255 ] L=
e 528 SIT.OE T4 = m a5
Bl 28 5000 45 14182 w0 52
=] 528 FE0.00 e 181 ] EE-]
o1 528 2500 L5E 14167 m sz
] [T | ==con 1me | aies © aze
[ T =] L5 [Fir=] [ EE=)
=1 528 =T a5 13T ] nEz
E1 528 16100 Tar | ma m am
EE 528 16200 T4 10 w =3
B2 528 2EC.O0 7. === ] EE]
T 538 26000 T34 = ] naz
= =] TS 742 158 38 ) azy
=3 nzm 45000 s =aoe i T.EE
BT 528 46000 a4 =1 ] sz
82 | warE | @ =1 2ED 120 3 " =3
AT | A e | 356 =1 3EC 1503 O] L
oz |zusr | s 26000 £5E FA0E ] am
o7 | Zaax | = 2ER00 = = ] LT
ElEEE ED FELTE = TEET3 w o
| & |zwmr| =6 | som 743 mex | n_ | we
| e |zmftazz| e | scon TAL =36 | o | meEs
o6 | #war | 5 50000 722 | FR3E ] L=
ot | oy | E2 50000 TAL o ] s
A | E e | 33 552 51 = G W [ =33
[=E] 520 50000 e TrEss a0
o a4 0000 4z HE m
o4 3] 50000 742 | 77mss ans
[ ] SR 00 L5 TEG am
E3 2ERTE 4% = ona
= S1EET &5 =03 L]
S 2ERTH = = am
B EIEET e 12333 ans
cy | aewas | 5T 50000 T34 HE=m ] TEE
o4 | sewde | w78 e 743 | mmm= El 785
EREEE E 37500 =S METE E] 785
B | Zady | ms I7EO0 L5 XETE = TEs
aratr | am = = a0 m ] b
0.00 [T ans
i 080 000 L]
Ipsf)
Roof Doad | 8215
RoofLiva | 200
Snaw Load] 50
Fuigload| 0
wirdload| 1
Latmral
Earth
e[ 3
SRS
Load n34
Skt Deant
Lart B
Live Lnae | #50
Cumatll| 160

1EX4
15304
1504
LHED
1rz2
LEES
15304
154

LEIE
1504
1E3A
LEEd
15304

1505
L1585
taass
Less

[N}
eef

i) Lamilsl Totalboad

=40

T

1DE5E

a7

SLaT

SaaT

2L

el

AT

] EEEEE|E-EE U

He

Elﬂ

b A R S Al

a7

] 4] ]

oo

e §|=i15 Bl el

Existing First Floor Column Sheet

101




MM 40533
30 4n5a3
F30.55 41825
33055 40039
FILOE A0HEE
33423 S5
2Ea23 BiET
E01.85 13802
EO1ES 1IE0S
45185 ITROE
SEG04 1874

o

B [HelEela e i

’

0

& |mru2e| = 27 08 455 4H3E3
a5 |Meuge| &TB 56250 744 HEFS
% |avrsue| =7 527.08 Tas 1g8.74
B |Mrx3ec| &TE 35000 7.44 F36.0%
cE | x| STE 25000 722 3605
0 |mupe| stE 25000 742 3603
BE |2 wmen| STE 25000 45 T36.05
DE |24 <3¢| =B 250.00 458 23605
Ol | a2e| S5tE 25000 T.a8 FEEET]
El |2 xze| sE V2L 745 107 54
B2 (2 x| 5 VEZOO 7.4 T 5
B |mmxdr| &E L6000 T8 42847
o7 |2#x2f| & 25000 742 3917
Ef |2 u2r| STE 3075 728 32807
0 |#wde| &6 £60.00 T2z 42336
BT &2 | =B £ETLO0 Taa 43917
AF |aexe| =7 32535 360 300.53
7 |aear| = EFiED) T 30053
02 [asze| &TE 45100 T.a8 42326
oF_ |asur| STE 260.00 T8 125,71
ET_ |mxaer| = AT AnE TOE
[ [zrsae] == 50000 722 4EL3S
[ 6 [=rxar| & 50000 T 46672
cf |2 x2e| 5B SO0 7.8 46629
Co |2ex2e| ST .00 Va8 4EG2D
st |2rsar| oE 55250 45 ET
D3 |=rwir| == 50000 748 FTrIT)
[T AED 500.00 4nE 4624
D |2vaay| m= 50000 Taa 465 &5
of - [2rx2r | sm 500.00 744 46242
=] 2EATE 000 43116
EL GRS ann 47243
EE ZEETE 000 43118
ED SIEST 000 37333
ci |zrazt| sE B00.00 240 4ERE4
c: Jaraa| 5w HI0OD a1 4ETE4
Bl |2 wir| Sem 37600 T.a4 WTTZ
B4 |2¥xiy| o9 37500 748 38772
Lopan | 2erwier| 43z 25000 Enn 348
a3z oon B0
ALE an i)
psly
FRoat Dead B4 18
Roollve | 20
SnowLoa| 50
Fucload ©
Wind Load 11
Latara!
Eartn
Latad Ed
Sasntin
Laas 024
EE
Do
Loas 36 56
LivnLacs| 150
Cument Ll 150
act
Cancrebe
10
L
re 3
I E0
i
Cafumey
Hegrt | 135

Sk

Existing Ground Floor Column Sheet

102




[x] 1 .82
a5 | 3ememar| nrs =TT ) 73743 10 083
I EREAN 53708 551 BB 30 1 0.8z
Bl 5,51 EETE n.on
=] 551 3301 .00
o1 =51 33461 .08
BE EET] 33055 0.00
] 338 33055 .00
=] 551 33155, n.on
E1 551 FETF=] .08
EE 551 PR n.00
Bz 551 [T .00
[ EE1 i1 55 n.00
EZ 551 6156 oo
[=] 551 555 54 .00
a7 X7 [ .o
AZ 267 L2068 .00
AT 257 L2058 n.on
o2 551 53554 fn.on
oF 561 [ETED] n.on
=] 33 45725 n.on
| |  =ooon 551 | BEEE | 11 | 1A
0000 551 B2 [T} 188
=] 551 56221 n.on
[ 551 66221 n.00
A4 338 TIES .00
[=] EE1 [ET] 0.00
=] 338 (L] o.0n
o 551 (1 .o
[ 551 [ET] .08
E3 oo BHEEY .00
=4 oo EGR .36 n.on
EE .00 59863 n.on
ES 000 56725 n.0n
araar | Bt o] E.00 BG5S El 7.85
24%a Mt | GTR 00,00 [ 56055 0 705
Wazr | Bal TR 551 280,15 3 785
24" x 34" | 5TE ITEM 551 RES 1 7.8
ERia 250,00 450 EETRT E]
EAED E2.33 .00 .00 E]
at [ 28 FEr] ool (] q
1pef]
Rnof Dead| RA1E
Anctiive | 20
Brow Load 50
Flud Loac| 1
Windioag] 11
Latorai
Earni
Loz ki
Saismic
Lasc [
Sab
Diaad
Loz 6.5
Livelood | #50
Curentil] 150
=]
Cancrata
Waigrk 450
=
e E]
y il
f
Column
Hopght | 1nn
[

1,408 £5

BESE

53883

1,067 .05

03429

12277

1,408.85

BELEN

780

o0

124 61

83682

12 et

B3E.82

oo

1362.73

S1c.a8

100134

16500

1.362.73

N

1.001.34

T8

oo

5420

B0

EABE

E10.45

51868

100 BE

E10.45

518.58

Existing Sub-Ground Floor Column Sheet

103




Max
s ] o e B2 (B a9 x 241V F1.09 £d1 11288
AS 240w 5 576 |9E wBE w25 (V) B0L25 2.50 474 G349 981 67 108773
MG s g ¥ 821 |BaTx241°{IV) B1.00 41 410 BA0.56 | 921.55 narra
51 F g 6 |TaTx 18160 48,00 181 187 MOEE | 3608 TA2E.
i} i 6 |TaTx 1916 4200 1B 187 34082 JELA 72526
Dt o a2 56 |TxTx18100) 40,00 181 ey 30 58 B0 T.3526.
[z i 578 TR = 1.910) 4200 1B 167 33480 35425 I8 F
0] o w Al 56 | T x T =19t 46,00 181 ey 353480 | 3R425 T2AT
1 P e S |TaTx 181 4800 1Bl 187 3B | 35TED 26
E1 Fo 576 | Bot Foatrg? ol ZHLES | 230055 IV
£d P 576 | Bot Fooiing? 00 EX.BE5 - | 2M085 WO
B g o 506 | 10°w 0 x 266 (V) 0000 2E6 569 BOA46 | 66432 B3
c7 i By a76 |0 x 3w 2EE (WY H00.00 LEG 559 BOAAE | -BELED BE41Z
E2 g vy 56 [ 10°x W x 266 (V) 0000 2E6 569 d6R4E | 53454 G234
-2 247 2Lt S76 |10 x 0 EE VY] 00 66 559 BI2.56 BEEA2 E584.2
Br P o S8 | 100w 0 x 2266 (V) HOOLOE ZER 569 EDR4E | BE4ED EBE32
A2 Fila 76 | xS x241"(V) A1.00 241 410 4Z10E | 464.87 7181
AT 247w I 6 (eI x24IV} B1.00 241 410 42386 AE4.8T E.735.1
o2 Pl 76 |0 x 90 x 266" (V) 10000 LEG 569 BO2.56. | 65642 E504.2
o7 o o G |0 0w 268 [V} 0000 LEG 5649 ED5.00 | &E0uBE E.506.6
E7 Pl O76 |10 x 1 x 268" (V) 100006 LEG 859 45144 | 517:3 E.173.0.
B5 P ey B4 |0 x 3 x 268" (V) 10000 LEG 559 B3E.R2 | BEGGR BA2R.A
B oy Ha |0 R0 x 2EE (WY A00.00 266 fit] E3.AZ | AckAR BOlEE
Ch L ey S8 |10 w80 x 268 (VY) 100.00 LG 559 B38.02 | 7TH468 TA466
ci 247 24 S8 |0 x 10 k266 (V) A0 266 554 E58.52 7468 T4EE
it i oy S8 |9 w8E xS V) 8025 230 qra T25.56° | Tr2oR BSE4.6
0] Fag rAg 528 1B x5 B0 33 23 E55.86 - | - B8RE25 104280
Dd 18 =18 Rq |ESxRExZIT(HL| 7225 i} 3ot B49.50 | [ GBE2S 84348
D2 2 528 B« 233 M B0 233 323 ES.41 ae1.7 104804
D5 2 EY i I i LR e s A ] G600 b x | 123 B55.55 BEE2S TEAZ80
E Bt Foatimg? o ESA.03 | 5803 O
E4 Bof Fooing? il ] 5836 | (656035 OO
E& Bot Foatimg? il ] ESAC3 | -5BE03 OO
ES Bof Fooing ? 1] B&S7 36 56725 T
L | ot g BB xS x 241 (V) B1.00 Zd1 410 B35.76 | BT6TS 10EZAD
L= w24 6 |7 aTx 181y 4800 1B 8.7 E35.75 A56.40 TTAST2
B3 e 851 [T T a1ty 40,00 181 167 E30.26 | A4091 132835
=23 U SE | TaT =191 4] 1.8 6T E33.326 a4591 TL28LE
B33 248w 15 212 | TaT =191 4 181 BT 42554 24515 QOASE
@ﬁf 1 2d" B |35x3XE = 1.3 () 1225 113 id 10LEE 1020 BS1A0
A5S 12 w2 288 |35 x3E x 137 1225 LI L4 100.86 1028 BS13.0
= =]

Focd Dead Corerete

Lrerd 8415 ‘Wmighl 180°

Fioesf Lives 20| -

Snw Lised 1) h=i

Fluitd Load a Mz 3

Wind Lot 1 i &

Lostewsd Earth

Liesd T

Sotsmc Loadi 0.2 fi

St Desad Cokurrn

L et 95.66 Height 135

Liwer Loesd 150

Current LL 13k

Existing Footing Sheet

104



B: Allowable Load Structural Spreadsheets

A3 | 12an2 | 14 27,08 0.0 0.00 ] 253 £562
A5 | Txir | e B850 | oo | opoo | & | as TE20
AE 17T | 28n E2F0B | 000 | 080 | & | 453 7620
B1 | 1rair | 288 | 2a000 a0 660 a 785 EE
8 1717 288 25008 .08 £L00 k] 785 9580
D1 | irair | ess | zsnop am [ E) 25 9650
BB 1T 285 _Zdﬂ!DD 0.00 0.oo 9 795 9880
08| irair | aes | 25000 0.0 [0 3 755 9530
C1 | 1air | 4 | g5eo0 a0l [ a 185 [
£1 Az | i 162.00 0.0 (3] 3 755 Gsa2
BB | 12wz | 44 16200 000 [T 3 795 B8az
B2 | 17ar | oam 48000 [T 000 ] 785 At
C7 17 17 288 AB0.00 0.0% £L00 k] 785 9550
B2 | 1Zat | w4 3075 o .00 B 785 8832
cz 12 %12 44 48000 0.00 [LP_CI 9 785 8592
BT | iratr | es | danoo am 000 E) 25 9650
A2 | araaz | e 22535 [ [T 3 755 G582
A | a2 | 535 [ [ a 785 (5
D2 | 1Zaz | 1 45000 am 000 ) 785 asa g
07| irair | @@ 48000 a0 [T ] 795 ass0
EF | irair | e 38075 [ [ B 78 9650
[Bs [ arair | zes | sooop | oon | coo | 8 | 788 9860
| B8 [ 7w | =8 | s0000 | ood | oo | 9 | e a5l
[[28 [ rair | 286 | cmoe | 6o | oos | & | 245 7024
€5 | \rair | 280 S0000 | ool | epoo | s | 248 724
M ez | B6Z50 | a0 | 000 | 5 | 245 a6
5] am 000 060
08 ] [ 060
[ . [0 060
05 a0 [T i1
E3 [ [ 060
4 am 000 oo
E& 0.00 000 o000
53 am (5] oo
T air | 44 540,00 [ (5] a am 825
1Zaiz | 184 3000 0.0 000 a a2 SE2E
B3 | 1Zad0 | 216 37500 am [ a 2] 7rad
B 1T x5 218 37500 a.00 oo a 828 THa
1FaaE | 216 | 25000 | aed | 680 | | oo 408
| e | soo | | oo oo
| | | am [ eo | | oo [i7]
i) | et ]
| Cancrnte
RoofDesd | 5415 [\msm I 150 I
Real Live 2
Snow Load | 50 [ [ = ]
Fluic Load [ [ e | 1|
Windlosd | 11 T | = |
Lol Exth
Lo 2
Saiemic
024 nt
‘Sab Dead Caurm
Lowd .56 Height 115
Live Load &
Coent L | 450 085 |

Changed Occupancy Third Floor Column Sheet

105



Changed Occupancy Second Floor Column Sheet

AL |
A5 |EatE | 34 S0 1
EREEI S 55708 10
R .00 408 S 10
CE |iEwtE | =A 0.0 [ & 10
FEEEED 25000 108 s 10
Bl | axtE | 34 50,00 40 .78 0
D& 16" % 18 X224 250.00 408 4775 e
C1_[d8c | ma | os0on ) O 10
Ei |2vazy | 528 162.00 2m 3084 16
EB- 207 x ZX 528 162,00 2m .68 1w
B2 |2razr | a8 45000 408 87,85 10
7 |[Zaor | w0 460,00 108 W85 | 10
ElEEERED 35015 H] e e
16" % 187 I24 460.00 2m 765 1
| B7 |zwaor | e 480,00 108 wEs | 0
[ n2 [t 25 2585 2 &4 it
AT |wEaie | 28 S Zm R 16
oz 18" x 18T 24 450,00 pdix) 8785 1w
o |EwiE | o 480,00 108 #7E5 [
TR 35015 [ EE it
[[Bs [#Fazr| a8 | soam d0E_ | esam i
[ Be [z | s | =000 406 | 9549 0
CE |avaer | w8 500.00 408 2543 7
Cs 2372y 29 500.00 408 9549 7
A |tEwar | 34 6250 Zm 107.43 7
08 |iEaaE | 24 =00.04 i 2543
D6 | B x| 32 500.00 45 9543
D4 |awwer | mm S00.00 45 3543
D6 |WE x| = 00,00 =] 9543
Bl |iEaaE | w4 48375 Zm S
E4 1B % 1 24 EIG.B;’ 20 98.67
EE |WEwE | w4 48375 Zm 2
E5 |Eata | 34 51867 o0l 10028
s |avaer | =@ S00.00 2 9543 3
4 I xET 20 500.00 20 2549 A
Bl |EwiE | 4 7500 304 T1E2 3
| B |Eaw | =4 37500 I Tz 3
TR [ ar | 24 .00 I &7.7a [
000 o0
fo | Ao
[ el
Cerrete
Pl Dead] 8445 Weighs 150
RocfLive | 20
Snow load 50 ki
Fié L] 0 e i
Wind Load] 11 fr ]
Lt
Cartn
Lo 7
Seizmic
] 024 i
S
| Desxd
Lo 1
| Lrwer Lovsci 80
Cormni L] 150

8.5
oo
a.pd

T2z

1122
15304

12z
1122
122
11122
11122
11122
15304
15304

150

106




TAL 0e 58
74| Da%e
74| =00
=
EEE
R
180 385
258 | o
455 e
R
AT =
| 7.4 22036
R
744 | 22298
R
258 | zoes
e
Tar D8
258 | oS
458 i g
258 | @7
456 | e
it | maw
FaL 1982 L]
T ERE]
4568 | toaTe B
[ 3
258 | m2ae
1) aog
000 000
pcf
Conoee
Wesight 150
=
50 mi
a fo ]
1 Ty 60
#
Cofurr
Hegh | 13s

£l BEs

18251

15%e
15308
LI

EEE

gﬂ‘

S5.4T

66.47

BHae jemsl

B 2

il

12118

1316

By e

.5

N7

Ll

B [ ]| [E[f[S] 5B E(E

g

e o

Changed Occupancy First Floor Column Sheet

&
b

!

B
g

i

&
C




A3 B
A5 TR
AB 578
81 578
Ci TR
o 578
[ T8
o6 576
=] =76
E1 576
[ B
[ T
cF 578
[51 578
[ 578
BT 8
Az Jarxar| mm @535 60 | Zoss | 0
AT 2@ w2 | @ w53 iE | e 10
D2 |24 x24"| &m 460.00 T F | W
07 |eaxzd| &g 2800 744 22T 16
7 |28 x24| am 0TS 456 26845 | 10
B5  |20x 578 | S0000 744 | 3s0 | m
t BE [20°a20° | B4) | o000 74 | sasa | 1
C6 |26 x2d4"| 58 S00.00 74 =330 | 10
€5 _|24x24"| &7 53000 744 359 0
M |2Fy24"| 51 SEZEN 156 | A 10
08 |arazy | &8 S00.00 [ZT] S04z
D6 |1 xie | aed Sa0.00 456 | as042
M |23a2y | & H00.00 T4 A
06 |erazy | &= 53000 T4 35042
E3 66.75 000 | &6
E4 STBET 00 | 357
b 45R 75 .00 X636
E5 STRET 00 | ST
FEETED S00.00 THET E}
Ci |28 | B8 S00.00 X 3R 2
Bl |2va2% | 4 WEM 744 26372 B
BY |z¥ a2y | 5e9 ] 744 | mam =
2 aE | ae Z50.00 £.08 17EES =
.00 oo
Lis
=] =]
Cancreis
Foaf DeadB4.15 Wimigh 150
RoafLwe | 20
Snow Loai B0 [
Fudioad D Tc 3
Windicad 11 ty &0
Letewal
Earih
Lt 2
Seimnic
Lot 24 R
St
Dead Colurm
Loacd WEER Hesgtn 15
Live Load | B0
Corent L] 150 4 | oes |

18
1188

a2

1

g

g

oo
&

am

TEs

TS
T8

a3
&0

'IE

| sbinatn ok

B (BIE(E [R5 |RB(RISE

rd
®

il

i
-]

# |ele
Bl ele

L]
&k

¢ SRR e g

;

-

e e A R e

L LIS

=is ) BT
[ ) [T 006
o6 (1) [T [T

Changed Occupancy Ground Floor Column Sheet

108
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Latersl
=)
Load 7
Sermic
Load 024 &
Slab
Dt (==
Land E o 00
Liwe: Load B3
{CureniLl 150 I [} oas I
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“ o 3 =
A3 2 B | e x 241 (V) 11,2208 2,106.43 | 0% s | mazse | 1r7ap | 1ask
A5 I 576 |05 k05 %2T V) 7as20 | yeaer | BBAA TRATTY | ATEL1 |20941E| 183% GE1.67 | 7927 | 18600 | 19.3%
AB 79" 2 841 [Fxdx2ar v E1.00 241 | ato | 7ozes | 7edas | mamT 1.771 | 91907 [2.18642] 182% o21a5 | reass | -trrap | 1mem
B 24" A" ETE |7 a7 %107 i) 15m Te a7 | 25682 [ 2rezn | semad 7528 | 56383 |1,71428] 209% 16028 | 76208 | -BA00 | -Zadm
i 24wk 576 |T =7 x %87 [y 49.00 1.01 197 | zaesz | doas | eaoar 79528 | 6.2007 | 1,14288] -16.6% 38028 | 0426 | GO0 | -15.6%
[l 247w 24 576 |7 arat9% () 450 181 1.7 | 20482 | Goae | Bepar 73528 | 62097 | 1,142.88| 15.6% 36028 | 20428 | 56.00 | 155%
[ 24 x 247 576 |TxTx1arm 49.00 1.81 197 | 25080 | 27025 | B.5164 72287 | 55154 |-1,71423] 237% 15425 | #7035 | BADD | -29.7%
[ O ETE [T a7 =107 ) 45.00 1.8 197 | 27680 | 25025 | B.ABAR 72367 | GOBEA | 1,04288 15.4% 35425 | 0825 | BA.00 | 154w
c1 2 BTB |7 =7 %187 ) 45.00 1.91 197 | 28246 | 3018 | 598 7028 | 61588 | 134288 154% sa763 | wias | sam [ 15e%
E1 247 24 576 | Bal Foaling? o0 19456 | 18458 | WO WONHD | BDIVIDL | BDAAD) | eDRGD 73085 | 19456 | 38.29 | 157
E8 24" 24 576 | Bat Foaling? 0.0 19456 | oasa [ woraD HDIVO! | BDIVIOL | WDIWIOL | #DHID 25085 | 19456 | 36.29 | 15.7%
5] 24" 34 576 [1Wrx 10 x2EEW | 0000 | Tes | s5a | asseo | s7e | 60676 66832 | 50076 |1,54560] 239% B84 | E0BTE | 15458 |-203%
c7 24" 24 576 |Wx AT x2BE (W) | 000G | 288 | 550 | 60543 | 56138 | EEi2B 86432 | 58128 |-1,000.40) -15.6% 88432 | BB128 | -10304 | E5%
E2 4o 676 |Waxirazeeh | wapd [ 2es | S50 | ssoen | aeswd [ daerT 52634 | 44577 | vesea | 160% s2d | das77 | a5y | -is0%
c2 24« 24 GTE |WxiTaZBEQW) | 0000 | 266 | 540 | 4oes2 | ssaoa | 6seal 65042 | 55538 | 1,00040) -15A8% 650.42 | 55508 | 10004 | 158%
B7 29% 29 STE |WrairaZEE(W) | w000 | 268 | S50 | 45390 | sceve | BoaTE 86832 | 50078 |-1,58560] 253% Badm | s0a7e | -154.56 | 23
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85 2 B4 [10x 9T x266 (V) | 0000 | 2.6 550 | &ERAZ | 7R4ER | TGS 89634 | 7208 | 171681 192% poa.a | 72488 | 17nEe | 19.2%
BE R 841 |WairxZEE() | waDd | 268 | S50 | semAr | Teded | 7.8 | aasnd | 72468 | 170400 180% B35.08 | To4EA | 704D | -191::1@.1
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cs. 2470 24 576 |10 xi0 268 4VI) | 0000 | 286 | 559 | B6A2 | 60zEd | 60288 70834 | G026 | 1,156.63] 1B.1% 71034 | 60268 | 11588 | -16.1%
Al T GIE |85 xBE k25 (W) 80,25 250 | 474 | s3es6 | 5eime | BATOS 85648 | BAT0S | 2,09418] 24.5% 77256 | 58396 | -189.00 | -24.5%
7] R ET 520 [ExiTx23T N | EE 231 | m3 | sez0s [ srees | mraio 104280 | a7ano [reesar] 16a% €88.25 | s7e2s | 11200 [ 16a%
] R 320 |BExBS 233 ()| 72.25 233 | e | saren | sTaza | veeA7 94849 | 79347 | 1,550.17| 16.3% B85.28 | G7328 | 11200 | -18.3%
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5 e 538 |E a7 k23T 0A1 | 68 2331 | =3 | 54345 | 57825 | B73i0 104380 | A7110 |-1,596.97| -169% 68125 | G76.25 | -112.00 | -16,%%
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E4 Bol Fosling? 00 | sezde | saiE2 | OO soivial | wpnial | #Dnaol | eonen B58.36 | G428 | 11573 | 17.8%
[ Bl Foating?, 00 | 4a303 | sedca [ momaoe uphwal | eoivior | woeean | epiie! 50001 | 49303 | -10soe [A7en
ES Bal Foaling? 00 | 54178 | 54173 | WOWR WDIVAL | WDIVIOL | HDIVTO | ADRVID! 55725 | B4178 | 1547 | 26%
] 20" 2 841 [FxTx2aT (V) 100 241 | 410 | 7eavs [ vea7a | mddia 108825 | 94413 |142117] 98i1% B79.868 | 78474 | 11512 | 13.1%
c4 24" o4 576 [T aFataym) 49,00 1.1 197 | 72376 | 7ai40 [ 18a7L8 17565 | 161715 |2a7500] 13.5% 78 | 7eaen | 1183s | 1asw )
B3 i 81 [T =T x1a1 W) 49.00 181 197 | so426 | saamr | 1oeami 133271 | 1eages | 2535.00] qea% B53 | E239 | -temiz | 19w
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SRRy 208 432 |7 aTx 397 W) 49,00 1.91 a7 | sa1s4 | 3mas | rana 90858 | 70713 |-1,714.28] 18.9% 44519 | w118 | sapa [ Een
RER| T SRS |3FRDSx1IN() |t 1.33 34 wose | foszs | AEa0 85130 | 86130 | 000 | 00% 10428 | 10428 | oo | oo%
BEE | e 285 [35x08x13%]) | 1225 1.33 34 10046 | 10428 | B5TD0 85130 | 45130 | 006 | 00N 10428 | 10426 | DOD | 0%
Izsf) pef
Roof Dead Concrets m
Losad 8415 Wiigh! 150
Roof Live 20 86832 | 56128 |-1,00020] -15.5%
Sraw Load 50 ki
Flud Lonsd L] fr 3 _m 5
Wird Laad 1 Ty [ 86432 | 56128 | -w0302 | 155%
Lalerad Earih
Loadt ?
Beamic Lond | 024 [
Slab Dead Column
Load 8660 Height | 135
Livee Loend a0
et LL 150
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Current Design Allowable additional Load (kips) Govemning
Column | Ground Floor| First Floor | Second Floor | Third Floor (Min Valuel
A 24010 14027 27434 106.91 106.91
AS 201.51 304.08 255.49 23473 201.51
AR 23074 324 64 462 18 241.50 230.74
Bi 43993 516.23 392 42 38680 336.80
Ca 461.93 516.23 392.42 386.80 386.80
D1 451.93 516.23 352.42 386.50 386.80
B3 453.39 325.95 382 42 386.80 325.95
(Bl 465.39 325.95 392 42 386.50 325.95
C1 454 38 515.65 394 86 25221 25221
E1 55200 57487 623.42 269.02 269.02
ES& 552.00 574 97 623 42 269.02 269.02
B2 29265 37019 491.35 346569 209265
c7 241.13 370.19 4591.35 346 69 24113
E2 356.65 445,82 541.32 232.97 23297
2 230.15 419.21 303.52 21210 21210
BT 292 85 370.19 491,35 34669 292 85
I
A2 425359 29527 208 97 237.82 21527
AT 42559 21527 208.97 237.82 215.27
D2 24704 376.10 303.52 21210 212:10
o7 24459 37385 301.07 34589 24459
ET 361.12 257.55 343.59 36756 257.55
BS 298.85 386.15 473 96 339.05 20585
B& 544 82 336.15 ! 473 96 339.05 339.05
|
ca 198.74 343.03 369.25 22409 199.74
C5 199.74 343.03 369.25 22409 199.74
A4 207.42 116.22 154.23 T7.58 T7.56
|
03 A A HiA A
(B A A A TES
04 A A A MiA
05 KA A /A MiA
E3 R FiA MIA MiA
E4 HIA A MIA iA
EG B R R A
ES BiA A MiA MiA
L. |
3 162338 35010 402 45 169.56 162 35
c4 162 35 350.10 402 45 169 56 162 .35
B2 293.16 393.59 265,37 260.27 260.27
B4 293.16 393.59 265.37 26027 260.27
|
B33 320,13 385.42 319.74 152.75 152.75
A33 0.00 0.00 0.00 0.00 000
ASS5 0.00 0.00 0.0 0.00 000

Column Original Current Increase
AT 2220 106.91 3470
AT 12.51 201.51 189.00
AB 53.64 23074 177.10

B1 364.42 386.80 22.38
Ca 364.42 38680 22 56
D1 364.42 38680 22.35
B3 269.95 32595 56.00
D& 269.95 325.95 56.00
C1 25221 252.21 0.00
E1 269.02 2g89.02 0.00
E& 268.02 289.02 0.00
B2 135.09 259265 134.36
CT 135.09 24113 103.04
= 23297 232897 0.00
c2 18711 21210 24.99
BT 138.09 25285 15456
I
AZ 142.38 21527 7288
AT 142.39 21527 7266
D2 144.00 212:10 65.10
o7 141.55 244 59 103.04
E7 178.98 257.55 7857
——
B5 130.65 288.85 165.00
B6 27415 338.05 54.91
|
Ca 67.74 199.74 112.00
C5 57.74 199.74 112.00
A4 -9.78 77.56 87.34
S —
D3 MfA MIA M7A
D& Ml HIA M
D4 A HIA i
D5 hfA, A M7,
E3 A MiA NiA
E4 A HIA i
EG hfA MIA MIA
ES R HiA i,
e —————————
C3 50.38 162.35 112.00
C4 50.38 162.35 112.00
B3 167.16 26027 93.10
E4 167.16 26027 33.10
I
B33 152.75 152.75 0.00
A33 0.00 0.00 0.00
A55 0.00 0.00 0.00

Changed Occupancy Allowable Load Difference Sheet
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C: Proposed Load Structural Spreadsheets

HNew Addition Columns

Proposed Addition Interior Columns Sheet

ib Area §
Column mﬂ&lmﬂ 1400 (kips) | Ikips) {kips) Column . isfl Roof Load (kips)
AT CE 305.00 51.24
A5 B2 208.00 3461
AG C7 482.00 50.98
BY 398.00 63.86
E1 B3 021.00 154.73
3 305.00 27.76 33.85 51.24 =l 508.00 2334
D1 CiE 582.00 2447
BE 208.00 18.75 2286 2481 A4 178.00 20.07
jul] O 328.00 53,18
C D5 604 00 T101.47
E1l E4 168.00 2822
EE =3 385.00 6518
B2 {psfl kplm*2 50.00
c 433.00 4386 53.02 8083 space frame dead 85.00 Ibfit 10.24
EZ
c2 (ps} fpehl
Concrete
ET 39800 3g.22 4378 §6.26 Roof Dead 2415 Weight 150
Roof Live 20
A2 Snow Load 50 {ks}
AT Fhad Load 1] fo 3
02 Wind Load 1 Ty &0
oy Lateral Earth Load T
7 Seismic Load 024 (ft}
Slab Dead Load 95.88 Column Height 13.5
=] 821.00 83.81 101.31 154.73 Live Load 80
=] 508.00 48.23 5588 £3.34 Current LL 150 ] .85
ca 562.00 1.1 G1.82 0242
a4 179.00 16.20 1080 3007
D3
fuli]
D= 388.00 35.31 4288 §3.18
D5 604.00 54 06 2544 10147
E3
E4 168.00 15.20 1848 2822
E6
ES
o2
B3
B4 388.00 3531 4288 55.138
B33
ALE
A5 S
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D | 1 x 24 247.00 0o
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[
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Proposed Addition Under Slab Column Sheet

245
245
245

a0a
Q.00
000
000
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000
000
000
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&z
&z

000
0ga
.00
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[ Tributary o
| Load Above (1.20 +
14(0=F) (k) Total Load (k] Column | (Roofload) | Arss=f) Total Load
5163 5181 TS 5345 o W|I0 | 5345 9045
5183 SiE 5145 5345 A W00 | 8145 4145
B1 |
2w #3580 8831 10655 & | 5134 23300 58.31 10855
ot
30.9% 6492 5465 B BE S48 224.00 E4ES 8528
1387 1387 2484 2454 D& 101.00 2464 24.64
{22
E1
EE
B2
4533 12631 174 2T (2 S GRS 18271
=]
o2
4533 11220 B17d4 148 E0 B B BE 335.00 81,74 126 &0
37.08 aroa 6685 8885
4492 44.12 7954 T35
66 | 2man | @i 76T
5075 | 13608 | &i50 | (7664

ESE1
17200 | 12208

| 6788 |

#e | S6O6 | 4EAE | jae |

6766 12200 22100

3667 6027 12545

18813 1200 ZESAT
2 513 B236
151 .51 6222
5951 5641 0784
3383 3283 6100 £1.00
3383 2802 E100 12638

fal:
i
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nz [ewie | 100.55
A5 |d8"ate | 304 17408
nE |3 ezr | s 5,50
B [weratE | 34 750,00 406 27,75
EEEEEED 250.00 406 1300t
Ol |teate | 34 35000 10e 2775
38 | tewtE | 34 25000 406 1432
DE |8 ate | 3os 250.00 106 50,55
c1 [ wte | 3z TH.00 z03 a7.75
Bl EEES 16200 03 3084
EE |2err | s 1EZ00 203 84
B [zvezy | ne 46060 406 57 G
C7_ |zezy | 59 4E0.00 406 202.18
2 |ars2y | 5@ 26075 03 5690
Cz  [1Eute | 304 4E200 202 87,85
B EEFEES 4E0.00 106 1BBAT
na [waE | == 3734 03 6212
a7 [weaie| e 22535 2o 13850
[ S 4E0.00 202 BTG
o7 | xtE | iz 460.00 408 148,86
E7 | 1B xfe | 3g4 6075 408 6,80
[ [a3reczr [ = 406 | manmn
| B 406 | 22t
22y | 529 406 230.08
cos  |Zre2y | 52 406 16617
R ET Z03 1es.88
Ol A 500 00 1% 1548
A 500,00 4% 18050
I 500 60 45 22565
o5 |t e | 3z 500.00 45 28237
Ell A 16875 03 .52
ENEEED SIRET 02 1631 B
EE |aetate | 3za 4EETE 203 13256
EE | i | 324 S16.6T oo 1TeT1
N ETEE S 50050 202 15,48
4 |zrazr | s 500.00 03 13820
83 |8 ufE | 324 17E00 e Tia2
31 |wEwte | 34 ITELO 304 1BBES
THAE | B aiF | 34 250.00 Ern £7.75
: = 008 u.00
000 n.on
insf| pet
Cancratn
Roof Diad] 2415 Waight 150
Foef Live | 20
Snow Load 50
Fuid Loaa]  © re 3
Wind Laad 11 W 50
Lataral
Eann
Load z
Sasmo
Load 024 n
Sab
Deas Column
Laad 2655 Haighi 135
Uveload | &0
CurmrtLL] 150 . 065

Proposed Second Floor Column Sheet
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Galurn |
Al | 1E w1 | 3 52708 45 | 270 | 10 BE2
As_[arxar | Gm 562,50 £56 | 31621 10 B2
A6 foaorw2y | B2 527.08 Ty | 2em | w BE2
BT oo w2y | 6oo 250,00 % | ez | w 562
8 |2rx2V | EX 250,00 456 | 248 | 10 a2
0 fanwaw | e 250,00 &5 | 138z | w a2
BE | 1E w18 | 33 250,00 456 | 1a0zs | W a2
06 | 1Ex1E | am 250,00 e56 | 1225 | w r)
€1 |2rw2r | B 250,00 &5 | Wi 10 a2
Et_t23 w2y | B9 162:00 T4 7280 [ r)
[ B jorssr| mo 182,00 T4 7250 10 22
BZ |27 %Y | 68 480,00 Tl | 4g6 | 0 B
7 |ors2y | B2 250.00 744 | 3tem | 10 262
E2 [27x2¥ | 6@ 35078 744 | 18600 | 10 s
cz 2wy | 5 450.00 R EE R
B7 |23 x2¥ | 629 480,00 7Al | %618 | 10 am
A2 [ieste | 256 2535 360 | 1dams | 1w BE2
AT_| 16 xig | 386 32535 360 | 22141 10 282
D2 529 480,00 456 | aze2 | 10 862
o7 =] 460,00 456 | 26667 | 10 @Az
E7 32 350TE £5 | 1a7as | 10 (L
[ 85 Jarwar' [ s [ 500 [ 740 [e7m [ 1 | +teé
| 86 farwes | Bes | soooo | 7ad | a7as | 11 | tied
C6 |23 x2¥ | 59 500,00 Tal_ | :647 [ W0 w62
C5 jarx2r | 6@ 500,00 7Ad | 2255 | w0 a2
M Jiwwte | 3w 58250 456 | om1er [ 1w a2
D8 |20x2F | B 00,00 i86 | ziea 000
06 | 1810 | 3w 500.00 45 | 3038 000
4 f2ry23 | 6 00,00 ral | 301 000
06 [2w2y | 62X 500,00 455 | anmas o0
E3 26676 556 | 2632 000
Ed E16.67 £56 | 2918 o0
E& 46676 456 | 24836 000
E5 S16.ET L5 | #n L)
3| 2Fa2d | M6 00,00 T4 | 2B g 785
Ci_|2fx28 | B 500,00 74| %aze2 ] Tes
B3 |20 w2y | G 37500 &5 | 1an7a [l 785
B4 [2rw20 | B 37500 456 | 28360 2 -]
2071 | ase 250,00 456 | 11200 4 785
[ 0.00 L)
% [T [ ]
[ =) el
Conarete
Roof Dend| 8415 | Weight 150
Bodlwe | 20
Snowiosd| 50 ks
Pk Loed | O fe 3
WindLead| 11 v 60
Lateral
e
==
Load 024 1
Siab Dead Calurm
L | Heght ] 155
v Lot | B0
Curers LL| 160 [ T s |

Proposed First Floor Column Sheet

15304

1122

18381
16251

15304
15804
14122

1.5405
1.5405
14446
14448

12466
an
2.0

13407 IBETT
4271 L5651
43651
BaAT tmE |
ERAT 27135
AT A0S
AT a7
BaAT 1ARSS
E5AT 171754
4845 12135
4345 12135
2118 61T
12116 a0
ol 51 24850
770 anpe
12118 [
=5 ZATES
B0 305,11
197.70 302D
11770 FT)
91.05 4B
1082 | aaEm |
0087 | ddEE
13083 25738
13032 AT
W27 £373R
12746 JE04D
12748 43681
1o0E2 56103
12748 53730
1284 2618
13158 [y
11884 B2
[ ()
10032 35084
janae TS
e 26072
3R 3B0TA
T T
0.0a &0a
0.00 o
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B4 S1EaT Q| aan a0 mw
E8 LERTE 000 38820 D0 63.83
E5 SiEAT nm | oex 200 | T
o3 24T 38 576 50000 &0 5088 s 785 15435 o0
T4 |a4uze| &6 000 AW | mas 0 788 1545 70
B |zvazr | we WG T4 | mam ) 18 14088 B8
EE TGS a0 T4k | wem 0 785 14858 BE
; Zraie| m ZHooo G | wem ] 785 1248
[ [T a0 [
(1] [T a0 ag
= o
Carcre=
Fncf Dead_B4.15 |vieeert 150
Fud Lva| 20
Enow Lo B0 =
Fiuid i T 1
Viind 1 7 &0
Lot
Earth
Lot ?
[—
Lemd «24 ]
(e
Dieact
Lot 668

Proposed Ground Floor Column Sheet
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AT 267 % 29 241 527.08 aza 45984 10 ES153
A5 | arwae| 5T 5E2.50 551 605,10 [ EIL6
ERETFEED [FEET] S51 STApd 1o TEEZS
B1 551 25001 TEERD
CE 551 09 3T ETRES
D1 551 L 45T
s
B2 332 I I
[+ ) 22345 FETED
=] 551 ITAES IR
E1l a5l 187895 18458
EE 551 [EES 19458
Bz 551 44725 45350
=3 ] CIERT “EIBTE |
E2 551 ) ]
=] 551 45790 AESET
a7 551 54751 . SEAMZ
Az ZET 3t136 3456
AT 267 2ERE 2
[ 551 45290 45957
o7 551 5T 36 3 ST
ET 338 3TEET (3E2ET
| Bs Jarxar| ee | soopn | ss:1 | ez | om | mar |
| Bs |arwarr| &0 | sonpa 551 | se= [ w0 | 1ees 17581 TRIE | esdsy | 1mded | gezEs |
cE 551 BT oo 7.1 [RED £61 BB
S
5 551 32039 oo 7.7t E=ET 551 SsET.o
A4 33 5T0.09 oao [EE] ETARZ 405 ET44
=53 551 e onn e
[+ EES E19.39 (=101} B3334
=] 551 64756 oo EBANT
05 551 T2 oo ‘T2024
E3 (1] 43303 onn A5E0
E4 0.00 EO7.14 oan BT
EE () 53607 (=11} 53507
ES oo 61423 g G14TE
c3 |awaar| B4 50000 00 53855 ] TH5 15Le2 TILTE
o4 |argar| s 520.00 600 52136 ] 780 12052 TEEAE
B2 | amraar | en 7500 551 3415 El 7a5 1ELE 2 e
B4 | 2, ads | GIE TG0 551 48112 5 7a5 12052 B
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D: Architectural Design

Proposed Addition
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Proposed Addition
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E: Rankine-Grashoff Method Calculation
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F: 2D Truss Analysis of Proposed Addition
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G: Energy Simulation Results

Simulation 1: Existing Building Baseline

Site and Source Energy

Total Energy [kBtu] Energy Per Total Building Area [kBtu/ft2] Energy Per Conditioned Building Area [kBtu/ft2]
. - . 103.18
103.18
183.88
183.88

Total Site Energy
Met Site Energ',r.
Total Source Energy.
Met Source Energy.

End Uses

Electricity [kBtu] Matural Gas [kBtu] Gasoline [kBtu] Diesel [kBtu] Coal [kBtu] Fuel Oi No 1 [kBtu

7308169.83

7308169.83 -
13024038.23-
13024038.23 -

286.65 4858826.52 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 ¢ 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 00

0.00 0.00 0.00

0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 .00 0.00
0.00 0.00 0.00 0.00 0.00
Total End Uses 2440343.32 4858826.52 0.00 0.00 0.00

Note: Natural gas appears to be the prncpal heatng source based on energy usage.

fnd Usess By Subcategory

Subeategory Electricity [kBtu] Natural Gas [kBtu] Gasoline [kBtu] Diesel [kBtu] Coal

0.00

Heating 0.00 .00

4B5826.52

Generators Genera 0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Comfort and Setpoint Not Met Summary

Time Setpoint Mot Met During Occupied Heating

] Fuel Ol No 2 [kBtu] Propane [kBtu] Other Fuel 1 [kBtu] Other Fuel 2 [kBtu] District Cooling [kBtu] District Heating [kBtu] Water [gal]

0.00
0.00
0.00
0.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.00

.00
0.00
9.00

0.00

.00
0.00
0.00
0.00

0.00

0.00
0.00
2.00
0.00

.00

.00

0.00

103.18

103.18.
183.88.
18‘3.88.

0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

Facility [Hours]
2957.33

Time Setpoint Mot Met During Occupied Cooling

Time Mot Comfortable Based on Simple ASHRAE 55-2004

0.oo

9453.67

00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0
0.00
0.00
0.00

0.00

0.00

0.00
0.00

.00
.00
0.00
0.00

[
[
0.00
0
0.

0.00
0.00
0.00
0.00

[kBtu] Fuel O No 1 [kBtu] Fuel 0il o 2 [kBtu] Propane [kBtu] Other Fuel 1 [kBtu] Other Fuel 2 [kBtu] District Cooling [kBtu] District Heating [kBtu] Water [gal]

0.00
0.00
0.00
0.00

0.00

0.00
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EnergyPlus Output 1 Jan - 31 Dec, Daily Educational
i w— Room Electricity ¢« 1 Lighting wesssss System Fans messsss System Pumps s Auxiiary Energy wssssss Heating (Gas) wsssss Cooling (Electricity) mmmmms HeatRejection
7 20000 -
£ 10000 -
0
.— Ar Temperature s Radiant Temperature s Operative Temperature  mmm Outside Dry-Bulb Temperature
80
2 80
g 40 |
£
E 20
mm— External infilration s ééneraanqﬁuhg e Miscellaneous === éccupancy ——— Solar Gains Exterior Windows wemssm Zone Sensible Heafing  mummm Zone’S’enswbie'Cncw;g
- 20000
L
=
% 0
&
£ 20000 -
20000 | Sensible Cooling mmmmmm AHU Heating mmmmmm Total Cooliny s Zone Heating msssss Chiller Load
8
5 0 LAV TN e e
5
E
£ -20000 -
@
mmm— Nech Vent + Nat Vient + infiltration
£ 145
g
£
2 140
ISE Sun, 7 Apr 2002- Start 0ST Mon, 28 Oct 2002- End DST
2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Jan 2002 Day

Simulation 2: Existing Walls, Updated Windows

Site and Source Energy

lTutaIEiuél‘gr[kBl:u}lMMTMWWWMIMMWWWMIM].

Total Site Energy 7040703.58 9940 99.40
MNet Site Energy 7040703.58 90,40 99.40 |
| Total Source Energy 12656351.07 178.69 178.69
Met Source Energy 12656351.07 178.69 178.69
End Uses

Hlectricity [kBtu] Natural Gas [kiitu] Gasoline [kiitu] Diesel (kBtu] Coal [kitu] Fuel O No 1 [kBtu] Fuel Ol No 2 [kitu] Propane [kiitu] Other fuel 1 [kBtu] Other Fusel 2 [kBtu] District Cooling [kBtu] District Neating [kitu] Water [gal]

Heatng 286.69 4628608.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Coolng 397357.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
Intenior Lightng 027647.39 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00 0.00 0.00
Extesior Lighting 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00
Interior Equipment 440544.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00
Exterior Equpment 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
Fans 534800.07 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pumps 20142.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o 0.00 0.00 0.00
Heat Rejection 91228.01 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 454629.12|
Humidfication 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Heat Recovery 0.00 0.00 .00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Water Systems 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Refrigeration 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Generators 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total End Uses 2412015.55 4620688.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 454629.12
Note: Natural gas 30peas to be the pincpsl heatng source based on snegy usage.
End lises By Subcategory
¥ [kBtu] Coal [kBtu] Fuel O No 1 [kBtu] Fuel Ofl Ho 2 [kBtu] Propane [kBtu] Other Fuel 1 [kBtu] Other Fuel 2 [kBtu] District Cooling [kBtu] District Heating [kiitu] Water [gal]
Heatng 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0.60 0.0a 0.60
Boker 0.00 4626688.03 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0,00
Bodier Parastic 286.69 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00
Coolng General 397357.71 0.00 0.00 0.00 0.00 0.00 o.00 0.00 0.00 o.00 0.0
Internr Lhtng General 92764739 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Extenor Lghtng General 0.00 0.00 0.00 0.00 0.00 0.00 .00 | 0.00 0.00 0.00 0.00
Intaror Equpment Ganersl 430544.12 .00 0.00 0.00 0.00 0.00 0.00] 0.00 0.00 0.00 0.00
Extarior Equpment Genera 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0,00 0.00 0.00
Fans General 534809.07 0.00 0.00 0.00 0.00 0,00 0.00 .00 0.00 0.00 0.00
Pumos General 20142.54 0.00 .00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Heat Rejection General 0.00 0.00 0.00 0.00 £.00 0.00 0.00 .00 0.00 A34629.12
Humigfcaton Generd .00 0.00 0.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00 0.00
Heat Recovery General 0.00 0.00 0.00 0.00 0.00 0.00 0, Ul‘. 0,00 0.00 0.00 0.00
Water Systams Ganeral 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Refrgeraton General .00 0,00 0,00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
Generators General 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00
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Comfort and Setpoint Not Met Summary

.Falit'f[i-lﬂl.ﬂ's]

Time Setpoint Mot Met During Occupied Heating 200917
Time Setpoint Mot Met During Occupied Cooling 0.00
Time Mot Comfortable Based on Simple ASHRAE 55-2004 5447.67
I Temperatures, Heat Gains and Energy Consumption - GORDON_LIBRARY_MQP, Gordon Library
EnergyPlus Output 1 Jan - 31 Dec, Daily Educational

Fuel (kEtu)

Terperature (F)

Heat Balance (kBtu)

oads (kBtu)

System L

Total fresh air (ac/h)

30000

20000

10000

0

mmmm Room Electricty ——— Lighting mmmmmm System Fans mmmmmm System Pumps mmmmmm Auxilary Energy wmmmms Heafing (Gas) wmmmmm Cooling (Electricity) mmmmmm Heat Rejection

80
60
40
20

mmmmm Air Temperature mmmmmm Radiant Temperature smmmmm Operative Temperature wmmmmm Outside Dry-Bulb Temperature

mmmmmm External Infiltration msmm General Lighting e s O 1 Solar Gains Exterior Windows wmmsssm Zone Sensible Heatng wmmmmm Zone Sensible Cooling

20000

s Sensible Cooling wmmmmm AHU Heating mmmmmm Total Cooling mmmmsmm Zone Heating mmssmm Chiller Load

NWW\J\—\_AMWWV“‘N\A/\M _.;,\A/\./\f\/v"’m’ AAAL

-20000

145

1.40 -

e Mech Vent + Nat Vent + Infiltration

Mon, 28 Oct 2002- End DST

Sun, 7 Apr 2002- Start DST

2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan 2002

Day

Simulation 3: Updated Walls, Existing Windows

Site and Source Energy

lTotaI Eruu'gylllcﬂtu] | Energy Per Total Bl.ﬂl:ﬁngn:m[kﬁtufﬂ!]  Energy Per Conditioned Building Area [chtu[ﬂi*_]l

Total Site Energy 4ﬁ42201.98 57.07 57.07
MNet Site Energ‘}fl 4042201.9‘9.. 57.07 l 57.07
Total Source Energ:.f. B547293.77 . 120.67 . 120.67
Met Source Energy. B547293.77 . 120.67 . 120.67

Comfort and Setpoint Not Met Summary

Time Setpoint Mot Met During Occupied Heating 2536.50
Time Setpoint Mot Met During Occupied Cooling 0.00
Time Mot Comfortable Based on Simple ASHRAE 55-2004 4867.00 |

130



End Uses

Heating
Cooling
Interior Lighting
Exterior Lighting

Interior
Equipmant

Exterior
Equipment

Fans

Pumps

Heat Rejection
Humidification
Heat Recovery
Water Systems
Refrigeration
Generators

Total End Uses

AR
[kBtu]
177.90

217183.59

927647.39

0.00

440544.12

0.00

351199.31
10753.50
52276.63

0.00
0.00
0.00
0.00
0.00

1999782.44

Natural

Gas

[kBtu]

204241

204241

9.54
0.00
0.00
0.00

0.00

0.00

0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00

9.54

Gasoline
[kBtu]
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

Diesel
[kBtu]
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

Note: Natural gas appears to be the principal heating source based on energy usage.

End Uses By Subcategory

Heating

Subcategory
General
Boiler

Bailer Parasitic

Cooling General

Interior Lighting General

Exterior Lighting General

Equlwg'lfﬁ:r?tr General

quﬁ:&?{ General

Fans General

Pumps General

Heat Rejection General

Humidification General

Heat Recovery General

Water Systems General

Refrigeration General

Generators General
EnergyPlus Output

System Loads (4Btu) Heat Balance (kBtu) Temperature (*F) Fuel tkBtu)

Total fresh air (acih)

=z
[kBtu;

0.00

0.00
177.80
217183.59
927647.39
0.00

440544.12

0.00

351199.31
10753.50
52276.63

0.00
0.00
0.00
0.00
0.00

HNatural Gas
[katu]

0.00
2042419.54
0.00
0.00
0.00
0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00

Gasoline
TkBtu]

0.00
0.00
0.00
0.00
U.UU.
EI.[I[I.

0.00

0.00

0.00
U.UU.
EI.[I[I.
0.00
0.00
0.00
0.00
U.UU.

Coal

[kBtu]

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00
0.00

0.00

0.00

Diesel
[kBtu]
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

FuelOil o 1 Fuel Oil o 2 Propane  OtherFuel1  OtherFuel2  District Cooling  District Heating
[kBtu] [kBtu] TkBiu] [kBtu] [kBtu] [kBtu] [kBtu]

0.00 0.00 0.00| 0.00| 0.00 0.00| 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 000 000 0.00 00| 0.00

0.00 0.00 0.00 | n.00 | 0.00 0.00 | 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00| 0.00| 0.00 0.00| 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 000 00| 0.00 00| 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 n.00| 0.0 0.00 0.0 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00| 0.00| 0.00 0.00| 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

Coal FuelOillo 1  Fuel Oil No 2 Propane Other Fuel 1  Other Fuel 2 District Cooling District Heating
[kBtu] [kBtu] kBtu] [kBtu] [kBtu] [kBtu] [kBtu] [kBtu]
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00
000 000 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
000 000 0.00 0.00 0.00 0.00 0.00 0.00
00| 00| 0.00 0.00 0.00| 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
000 000 0.00 0.00 0.00| 0.00 0.00 0.00

Temperatures, Heat Gains and Energy Consumption - GORDON_LIBRARY_MQP, Gordon Library
1 Jan - 31 Dec, Daily

Water
[gal]

0.00
0.00
0.00
0.00

0.00

0.00

0.00
0.00
270236.62
0.00
0.00
0.00
0.00
0.00

270236.62

Water
[gall

0,00/
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00
0.00
ZFDZEE.EZ.
0.00
0.00
0.00
0.00
U.UU.

Educational

m—— Room Electricity

—— Lighting me—

ystem Fans

= System Pumps

m Auxiliary Energy

e Heating (Gas)

m— Cooling (Electricit

) === Heat Rejection

m— Air Temperature

mm—~ Radiant Temperatur

m— Operative Temperature

B [ e =

mm_ Outside Dry-Bulb Temperature

Y WW‘WAVV\WT/M

e

10000 === Extemal Infillration

5000

=]

n

=}

=}

=]
|

mm Gereral Lighting s Miscellaneous

== QOccupancy

=—= Solar Gains Exterior Windows

= Zone Sensible Heating

e Zore Sensible Cooling

10000

s Scnisible Cooling == AHU Heating sssmmm Total Cooling emmmm Zone Heating

Wm
AN NSNS T~ A

s Chiller Load

-10000 |

-20000

0.69 -

e ech Vent + Nat Vent + Infiltration

.7 Apr 2002- Stal

on, 23 Oct 2002- End DST

2002
Jan 2002

Feb

Apr

May

Jul
Day

Aug

Oct

Nov

Dec
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Simulation 4: Updated Walls, Updated Windows

Site and Source Energy

Total Site Energy

MNet Site Energy

Total Source Energy

et Source Energy

End Uses

Heating
Cooling

Interior Lighting

Exterior Lighting

Interior
Equipment

Exterior
Equipment

Fans

Pumps

Heat Rejection

Humidification

Heat Recovery
Water Systems
Refrigeration

Generators

Totzl End Uses

[kBtu]
166.53
207115.31
027647.39
0.00

440544.12

0.00

337469.10
10128.76
49956.67

0.00
0.00
0.00
0.00
0.00

1973027.88

3720575.15
3720575.15
8142920.54
8142920.54
HNatural Gas Gasoline
[kBtu] [kBtu]
1747547.27 o.oo
0.00 0.00

0.00 0.0

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.0

0.00 0.00

0.00 0.0o

0.00 0.00

0.00 000

0.00 0.00

0.00 0.00

0.00 0.00 |
1747547.27 0.00

Diesel
[kBtu]
0.00
0.00
0.00
0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

Note: Natural gas appears to be the princpal heating source based on energy usage.
End Uses By Subcategory

Heating

Cooling
Interior Lighting
Exterior Lighting

Interior
Egquipment

Exterior
Eguipment

Fans

Pumps

Heat Rejection
Humidification |

Heat Recovery
Water Systems |

Refrigeration

Generators

Comfort and Setpoint Mot Met Summary

Subcategory

General

Boiler

Boiler Parasitic
General
General

General

General

General

General
General
General
General
General
General
General

General

==
[kBtu]
0.00

0.00
166.53
207115.31
927647.39
g.o0

440544.12

0.00

337469.10
10128.76
40956.67

0.00
0.00
0.00
0.00
o.00

Matural Gas
TkBtu]

0.00
1747547.27
D.ﬂﬂ.
.00
0.00
U.UU.

0.00

0.00

.00
U.UU.
0.00
[I.I][I.
0.00
[I.[I[I.
0.00
D.Dﬂ.

Gasoline
[kBtul

0.00
0.00
0.00
0.o0
0.00
0.00

g.oo

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Coal
[kBtu]

ooo
0.00
o.oo

0.00

000

0.00

()

0.00

0.0
0.00
000
0.00

0.00

Diesel
[kBtu]
0.00
g.00
0.00
o.oo
o.00
0.00

a.00

0.00

o.00
0.00
0.00
0.00
0.00
6.00
0.o0
0.00

Fuel Oil No 1

Coal
Ikatu]

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

[kBtu]
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00

Fuel Ol No 2

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00
0.00
0.00

Time Setpoint Mot Met During Occupied Heating

lkBtu]
0.00
0.00
0.00
0.00

0.0o
0.00
g.00
0.00
0.00
0.00
a.oo
0.00

0.00

52.53

52.53
114.96

114.96

Propane

Fuel Ol No 1 Fuel Oil No 2
[kBtu]

[kBtu]
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

[kBtu]
0.00

0.00

.o

0.00

oo

0.00

0.0

0.00

0.0

0.00

.00

0.00

0.00

Other Fuel 1

[kBtu]

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Other Fuel 2 District Cooling
[kBtu] [kBtu]
o.oo 0.00
0.00 0.00
.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
.00 0.00
0.00 0.00
0.0 0.00
0.00 0.00
0.0 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

Total Energy [kBtu] Energy Per Total Building Area [kBtu/ft2] Energy Per Conditioned Building Area [kBtu/ft2]

52.53
52.53
114.96
114.96
District Heating  Water
[kBtu] [gal]
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 25972739
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 259727.39

Propane Other Fuel1 Other Fuel 2 District Cooling District Heating
[kBtul

0.00
g.00
0.00
0.oo
o.00
0.00

g.o0

0.00

o.00
g.00
0.00
0.00
0.00
G.00
g.00
0.00

[kBtu]

Facility [Hours]
1415.17
0.00

Time Setpoint Mot Met During Occupied Cooling
Time Mot Comfortable Based on Simple ASHRAE 55-2004

4570.67

o.00
0.00
0.00
0.0o
g.00
0.00

0.00

0.00

g.00
0.00
0.00
g.00
0.00
0.00
g.00
0.00

Tkatu]

0.00

0.00

0.00
.00

0.00

0.00

0.0a

0.00

0.00

0.00

0.00

0.00

0.00

0.00

.00

a.o0

Tkatu]

0.00

0.00

0.00
0.oo

0.00

0.00

0.oa

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

o.o0

[kBtu]

0.00
.00

0.00
.00

0.00

0.00

0.00

0.00

.00

0.00
0.00
0.00

0.00

0.00

0.00

0.00

Water
[gal]

0.00
0.00
0.00
0.00
0.00
000

0.00

0.00

0.00
0.00

259727.39
[ 0.00
0.00
0.00
0.00
0.00
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EnergyPlus Output

1Jan - 31 Dec, Daily

Educational
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