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Renovating Alumni Gymnasium for Academic Purpose

Abstract

Objective of this project was to develop alternative plans for Alumni Gymnasium
such as classroom space to contribute to the WPI curriculum environment. This entailed
design of additions to the existing wood and steel frame, calculations to ensure strength
of the existing structure, and updates to the fire protection system to meet current
requirements of the Massachusetts State Building Code. Along with the reconstruction
and design of the gymnasium, an estimated budget was determined for remodeling and

upgrading the building.

By: David Laramee and Ben Mies i
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Authorship

For this project group members, David Laramee and Ben Mies have agreed that
all work was divided evenly between them. For all sections of this project it should be
known that it was a combined group effort. However, David focused on the fire
protection and cost issues, while Ben focused on structural issues and code
interpretations. In addition all members were present for all walk-throughs of Alumni
Gymnasium, interviews, and provided input to the interview questions. All final

corrections where review by both members and agreed upon.

David C. Laramee

By: David Laramee and Ben Mies
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Nomenclature

NFPA — National Fire Protection Association
IBC — International Building Code

L.T Labs — A small type of conference room where there is computer hardware and

projection capabilities. Elements include a plasma TV screen and computer
network access to accommodate multiple users.

MSBC — Massachusetts State Building Code

S.L 104 — This is a lecture hall in Salisbury Labs designed to hold sixty to seventy

students with stadium-type seating. The room has pull down screens and rolling
chalk boards in the wall. The pull down screen is connected to the computer
network so the instructor can use network facilities as a teaching tool.

psi — Pounds per square inch

psf - Pounds per square foot

plf — Pounds per linear foot

WPI — Worcester Polytechnic Institute

By: David Laramee and Ben Mies
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Executive Summary

This project stemmed from the idea to explore the renovation of older, historical
buildings for a new and modern use. There are many parts to the re-design of a building;
this report is focused on what it would take to alter the current use of a building to suit
different needs.

Alumni Gymnasium is an important part of WPI’s history and should be
preserved for future generations of students. Alumni Gymnasium, as of now, is being
used, in part, by the wrestling team. Wrestling has been hosting meets on the gym floor
since the sport has been a part of the Institute. Two other varsity sports also use the gym
as a training facility, the crew team, and the swim team. Furthermore, members of the
ROTC program can often be seen using the indoor track. In addition, there are some
offices located in the first and second floors.

Student population for the last couple of years has been slowly increasing. This
trend of population growth has put a strain on the already limited number of classrooms
available on the WPI campus. Since the space on campus is limited, renovating an
existing, soon to be unused, building on campus makes sense. WPI is planning to
construct a new field house sometime in the next ten years, and this project will free up
the Alumni Gymnasium.

This practice of using old historical building is done often; it can be seen with the
new gateway Project that WPI, Worcester Polytechnic Institute, is developing. The goal
of the Gateway Project is to renovate and upgrade the systems in an old historical
warehouse and connect a new structure. Keeping this idea in mind, this project will take

an older, existing gymnasium and detail a renovation with an academic use as the

By: David Laramee and Ben Mies X
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ultimate goal.

With a building chosen for our redesign, the design process began by taking a
close look at what exists already. Examination of Alumni Gymnasium started with
analyzing the existing structure and its load paths. Research for the old building plans
along with research into how buildings were constructed in the early 1900s was
performed in order to learn as much as possible about our building.

Historical building plans have a tendency to be crude and can sometimes be
missing important information. The drawings that WPI had on file did not include
structural plans; the Institute only had the elevation and floor plans of Alumni
Gymnasium. In efforts to fill in this missing information, old building codes were
examined. For example, building codes from 1911 made it possible to confirm
measurements for the thickness of masonry walls on the outside of the building for
example. Even with the help of the building codes and plans, information gathered on
the structure in question was still not sufficient to prove its adequacy under potential
loads. On a number of occasions, we found ourselves walking through the gym with a
tape measure in order to get dimensions on girders, beams, columns, and other structural
elements throughout the structure. During these walk-throughs, relatively careful
measurements were taken of the exposed structural members. Such measurements were
later used in strength analyses of the existing structure.

Combining all the information that had been collected on the Alumni
Gymnasium, it was possible to ascertain how the applied loads flow through the
structure. Knowing the load and how it flows through the gymnasium, coupled with

assumed material properties and dimensions of members, made it possible to determine if
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the existing structure is safe. After basic analyses of the existing structure it was
determined that the structure is most likely safe for continued use and may be used for
renovation. Once it was established that the existing materials in the structure were
useable for new construction, redesign of the building began.

Updated spatial designs and functional layouts of Alumni Gymnasium were done
using AutoCAD 2007. Two-dimensional drawings were created with the help of this
computer aided drafting program. These drawings made it possible to see how and where
rooms could be placed within the scope of the space provided by the existing load
bearings walls and other structural members of Alumni Gymnasium. With the help of the
drawings, the building codes were then studied to determine what modifications are
necessary for safe occupancy of the building. Spatial layouts and floor-plans were
iterated accordingly.

The Massachusetts State Building Code (MSBC), elements of the International

Building Code (IBC), and codes and standards established by the National Fire Protection

Association (NFPA) provided guidance for the analyses. These code organizations help
designers, architects, engineers and contractors check their designs and make the building
safe for its occupants. The MSBC, and IBC when necessary, were used to check safety
and durability as a structure. The NFPA codes were used to insure that the building will
be safe during an emergency. Once the codes were checked, the final, proposed designs
for the building were compiled.

A construction cost estimate was prepared following the completion of our
design. General construction cost data was used to determine unit costs taking into

account labor and materials only. Together, the cost estimate and the proposed benefits of
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the new design, the report provides a basis for WPI to take a closer look at the possible
renovation and reuse of Alumni Gymnasium.

There are some recommendations for pre-construction activities. The firm in
charge of the buildings renovation would need to investigate thoroughly the adequacy of
the existing structure. Completion of this project required assumptions about the
materials in the building, so there is potential for a significant variance in strength from
the calculations found here. Along with the assumptions about materials, the locations of
columns and other structural members were also interpreted from the original drawings
and the limited information that could be seen in the walk-through. Demolition or minor
removal of cosmetic coverings can prove or disprove assumptions concerning the
locations and sizes of structural elements. Following these investigations and the new
calculations based on any differences that might be seen, if the structure still proves to be
sufficient, and then the firm could continue with the design and construction of the

renovated Alumni Gymnasium.
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1 Introduction
In 2015, on its 150™ anniversary, Worcester Polytechnic Institute plans on having

a new athletic facility built for its growing athletic community. The current facilities are
not up to date, and there is a need for more space available. With the introduction of the
newer athletic building, the Alumni Gymnasium will be left open [13].

This open space could be used to fill a number of the University’s needs; it could
be turned into classrooms, offices, or even as another center for student life. As such a
large, soon to be unused structure, the space available should not go to waste. According
to the thoughts of some on campus, WPI would like to see the space be used as
classrooms to reduce the demand on the current classroom space [12]. These extra
classrooms would lessen conflicts with scheduling. Furthermore, extra offices, a
computer lab, and a project lab would ease demands on other areas of the campus
especially with the addition of two new majors and no new academic buildings.

This project details our proposed plan for the structure and examines the
feasibility of further examination into the idea of altering Alumni Gymnasium for
academic use. Areas included in the report are structural, fire, construction, and cost
analyses. There have been a number of difficulties encountered in this project, and such
struggles are common to endeavors of this nature. Realistic constraints, a lack of
information regarding the original structure, and both the advantages and disadvantages
in interpretation of building codes are just a few of the issues encountered throughout this

realistic project.
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2 Background

Worcester Polytechnic Institute (WPI) has a long athletic history in the New
England area, but development of the program really began with the construction of one
of the oldest and now one of the busiest buildings on campus. Nearly every student, at
some point in his or her academic career, has stepped into this center for physical
education and athletics. This building is known to the WPI community as the Alumni

Gymnasium.

2.1 The gym

Alumni Gymnasium opened in 1915. It was the first gym to be built for the WPI
community. The facility was built at the same time as Alumni Field, and was erected to
provide for the growing need for physical training. It was placed near what is now the
center of campus and, at the time of its construction, was a top of the line facility. The
five-story gymnasium supported all the needs of the growing WPI student community.
Three of the five stories are above ground; with the other two stories, including a pool,
underground.

There was a wide range of amenities designed into the Alumni Gymnasium. On
the top floor of the gym, the third floor, resides the indoor track. This track overlooks the
floor below, where the basketball court is located. This second floor also has two
racquetball courts, one on each side of the main stairwells. Below, on the first floor, is

the main entrance as well as the locker rooms and administrative offices for the physical
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education department. The basement floor has the school’s fitness center and weight
room as well as a balcony overlooking the pool on the sub-basement floor.

Since the completion of the Alumni Gymnasium, the WPI community has kept this
facility in the forefront of WPI’s physical training program. In 1965, after fifty years of
using Alumni, the community decided that it needed to update the athletic facilities again.
The school started and constructed Harrington Auditorium, which was connected to the
older Alumni Gymnasium. When Harrington was connected to Alumni there were many

renovations performed within the older gym [13].

2.2 Building codes

Building codes set the minimum standards for new construction and any
renovation done to a building. There are many organizations that provide the standards
for how to design and construct a building; however, we have chosen to use those from
the MSBC, the NFPA, and the IBC. These codes provide a series of guidelines and
parameters for engineering a building. The codes are not only used as an aid to design of
the building but they also act as legal documents for accepted standards. This means the
courts may ask a designer if the building was safe, and the designer can say it was
designed to code and therefore was believed to be safe. Over the last hundred years the
codes have changed drastically. There are two types of codes, performance-based and
prescriptive. A performance-based code describes a level of acceptable performance to
which a designer must conform. A prescriptive code specifies in detail exactly what
materials must be used and where. There is little to no room for freedom in construction,
and it is difficult to adapt to new materials. A performance-based code is made to design

more on the idea of calculating the loads and member sizes, whereas a prescriptive code
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builds on the idea of what has worked in the past.

2.2.1 1911 Building Codes

The design and construction of the Alumni Gymnasium was done under the

guidelines of the 1911 Laws and Ordinances of the City of Worcester. During this era,

design and construction was performed by a “rule of thumb”: building codes were a
collection of good practices. They guided the designer as to what material and member
proportions to use for a certain situation. For example, buildings three stories tall, like
Alumni Gymnasium, would be required to have brick walls 16 inches thick for the
basement (and sub-basement) and 12 inches thick for the first through third floors. This
prescriptive method is found throughout the code. The floors were the only areas on our
building that may have been designed in an engineering sense based on load values. In
Section 31, lines twenty-eight through thirty, the regulations state that when designing for
a public assembly, the floor must support not less than 100 pounds per square foot [10].
This lack of a performance-based approach with reliance on engineering
calculations and judgment to determine the maximum loads for a building may have
caused many buildings to be over built. This is seen in the Alumni Gymnasium
framework. Depending on how one interprets the provisions of these regulations, the-first
floor walls of the five-story (total) building with three floors above ground, should have a
wall thickness of between 16 and 24 inches. From visual inspection of the walls for
Alumni Gymnasium it was determined that they have a thickness of well over 24 inches;

the true dimensions of the walls are about thirty inches [10].
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2.2.2 Modern Building Codes

Modern building codes are less prescriptive in terms of structural provisions and
rely primarily on the designer to follow a performance-based approach that makes use of
analytical methods and industry standards in the building design. There are many
equations, load variations, and factors for the designer to follow. The International

Building Code (IBC) 2006 Edition, Massachusetts State Building Code (MSBC), and the

codes and standards published by the National Fire Protection Association (NFPA),

which were all followed in this design, allow the designer to interpret and perform the
required calculations for structural engineering. The designer must calculate the size of
structural elements depending on the loads applied to the structure and the engineering
properties of available materials, rather than simply following a guideline based on the

building’s use and overall dimensions.

2.3 WPI Needs

As the years progressed, there became an increasing need for WPI to create a
larger, more up to date athletic facility, and the WPI Administration has recently
responded to this need. WPI has plans for the construction of a new, modern athletic
recreational center to compliment Harrington Auditorium. Once this new athletic center
is in place, there will be no need for the old Alumni Gymnasium. In fact, there are no
plans for the subsequent use of this space.

The WPI academic community and campus has a problem with classroom space.
Charles J. Kornik, the Administrator of Academic Programs, is in control of the

scheduling for all of the classrooms on WPI’s campus. Mr. Kornik would like to see
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more classrooms on the campus; however, with the commitment of existing open space to
the new athletic building, there is very little space available on campus for the
construction of a new building. He would like to see the renovation of the old Alumni
Gymnasium include a number of much needed classrooms. The classrooms as of now are
over-filled with students, and there are often issues of overbooked space. More
classroom space would certainly help to alleviate these problems [12].

Mr. Kornik has kept detailed records of which classrooms are most used and
which classrooms are the most desirable for use by professors, organizations, and
meetings. With this information (reference in appendix), it was determined that
classroom sizes most used and most desirable range from sixty to eighty students.
Furthermore, he stated that another classroom similar to Salisbury Labs Room 104 would
be a great addition to the campus. SL104 holds 76 students and is equipped with fixed
tables, movable chairs, and has tiered levels for better viewing of the instructor and
teaching materials at the front of the classroom [12].

In addition, personal experience has shown that there is a need for lab areas and
offices for professors, teaching assistants, and student organizations. Many laboratories,
especially those used for Major Qualifying Projects, are simply over crowded. An
addition to the amount of space available to support these required projects could provide
better overall results as frustrations over lab space can become overwhelming.
Furthermore, with the addition of the new Robotics Engineering program, the addition of
a significant number of new offices, lab space, and computer labs, all within a few steps
of the Mechanical Engineering Department, would certainly prove to be beneficial.

With this information, the scope of the project was defined: a proposal to
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transform Alumni Gymnasium into much needed classroom, office, and lab space.
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3 Existing Structure
Beginning a project like this one, it is imperative that the original structure be

understood. How could one effectively change the use and design of a large structure
without first understanding how this structure supports itself and the loads it must carry?
Well, one might be able to, but it would almost certainly not take full advantage of the
existing materials and thus would probably not be as cost effective as a more integrated
solution. So, before creating a new plan, preparing calculations to support the plan, or

detailing the proposed changes, the original structure must be understood.

3.1 Construction and Load Path

From the outside, looking at Alumni Gym is visually impressive in a simple but
large sense. The robust, boxy structure is a prominent piece of the campus. Upon
entering the building one gets an immediate sense of its character as an important part of
the WPI history and community. Upon pulling open the heavy wooden doors of its front
entrance, an informed observer can get a sense of the structural workings of the building
itself.

From the peak of the roof down, the load paths within the building are visible and
relatively simple. The roof load is supported by a grid of steel trusses, which span
between the thick brick masonry exterior walls. The entire ninety-foot roof span is
supported by the one hundred and thirty-foot front and rear exterior walls. This system
leaves the upper two floors without columns. This column-free space is required for the
second-floor open gym-floor and will suit the application of large classroom spaces.

Immediately below the roof lies the building’s third floor which currently has a track
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partially supported from the roof trusses and thus nearly its entire load is ultimately
supported by the exterior walls. A portion is supported by the load bearing main stairway
walls. A section of the third floor also is supported by a standard girder and beam
system. There do not appear to be any columns in this area, and it was assumed that the
load-bearing exterior walls and staircase walls support the beams and girders.

As previously mentioned, an open gym floor occupies a great majority of the
second-floor area. This floor is supported by timber beams, transferring their load to the
exterior walls as well as four interior steel girders running lengthwise in the structure.
The girders are supported by a grid of steel columns, many of which extend all the way to
the foundation level and are supported by footings. The framing schemes for the first-
floor, the basement, and the sub-basement, are all constructed in a similar manner with
girders, beams, and columns.

As well as materials and geometry can be determined, the exterior walls are brick
construction and are roughly 30” thick at the first floor level. The 1911 Laws and

Ordinances of the City of Worcester allow the wall thickness to decrease on the second

and third floors; however, it appears that this thickness remains roughly constant [10].
From our measurements, the timber floor beams are about 12” by 12”. Southern Yellow
Pine was the assumed species based on materials calculations outlined later in the text.
The steel girders are of an I shape, roughly 24” tall, 12” wide, and 1” thick throughout
both the flange and web. The only exposed columns available for examination are 9” in
diameter and appear to be made of steel. An assumption was made for the wall thickness
of this column to be '4” for no other reason than it seemed reasonable given experience

with structural materials. Notes on the walk-throughs can be seen in 11.4 Walk-Through.
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3.2 Materials Assumptions

There are inherent issues with analyzing an old structure for re-use. In our case,
there are significant issues as the building in question is nearly one hundred years old.
This has presented a number of problems. First, there are no structural plans available.
Several resources have been contacted to no avail. Furthermore, building codes from the
early 1900s are severely limited in their depth. Codes of this era, and for the city of
Worcester, were based on a prescriptive description of a structure, meaning, very little is
said about specific materials and their engineering properties. In addition, the building is
currently in use, so no destructive sample collection was performed. No testing of the
materials used can be made, and no removal of aesthetic coverings was permitted.

With all of this in mind, beyond the visible structure, basic dimensions achieved
through measurements, and the very limited building code provisions, assumptions were
necessary to define the structural materials that are in use. For the steel beams and
columns, dimensions of exposed members were taken and assumed to be consistent
throughout. As the quality of structural steel and steel members have advanced
tremendously over the past century, and research into material properties of that era did
not return any definitive data, an envelope for the properties and dimensions of our steel
members was assumed. For instance, the yield strength was assumed to be within a range
of 24 to 36 kips per square inch. Through our initial calculations of the proposed loads
and this range of strength values, the existing members were shown to be acceptable with
the worst case scenario of unsupported beam length and column placement.

Timber floor beams are exposed underneath the gym floor looking up from the

first. These beams run between the steel girders at a span of 17.1 feet. They are spaced
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roughly 6 feet on center at the widest point, and the cross section of the smallest of these
are approximately 12” by 12” square. However, without taking a sample of the material,
the selection of a species and grade of wood to use for design calculations required
making assumptions. An interesting method can be used to assume an envelope of

possible woods used and will be illustrated in the following section.

3.2.1 Timber Species

An accurate reverse engineering process for the required material strength through
assumptions of the original design dead loads and live loads would likely give workable
results. However, the addition of new loads, given the building’s intended new use, may
prove these assumed material properties unacceptable, and the result would be to look at
a table of properties for potential materials and iterate the calculations accordingly. By
starting at the beginning of the material choice process and limiting our result to the
possible materials present, an accurate envelope of materials used can be developed.

If we are to use as much of the existing structure as possible, the assumed
geometry of this structure offers constraints as to the likely material possibilities. For
example, by beginning with the objective of the structural member, stiffness and strength
equations for a given cross section can be expressed as a series of material indexes. As
for strength limitations, a timber floor beam must perform in two major ways. It must not
buckle under compressive stresses from the girders that support it, but it also cannot fail
under the bending load applied from the floor above. Furthermore, the member must
satisfy stiffness limitations. Deflection of the member under both compression and
bending must be kept below a maximum value given the initial design. In addition to

these compression and bending loads, a certain amount of torsion is applied to the
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member through the angular deflection of its wall and girder connections, treated as pin
connections, as they deform differently under load. However, the coupled material index
for this applied torsion was seen to have a minimal effect on the ultimate range of
materials in question. Furthermore, weight and cost are always a consideration in
structural design; as such, these parameters were included in the indexes listed in Tables

1 and 2 below that are to be maximized in the materials choice.

Table 1 Strength Indexes

Bending (Yield Strength)””/Density/Price
Buckling (Yield Strength)/Density/Price
(from lateral loads)

Table 2 Stiffness Indexes

Bending (Young’s Modulus)/Density/Price
Buckling (Young’s Modulus)"*/Density/Price
(from lateral loads)

This method is proven applicable through a powerful computer program. The
Granta Material Intelligence program is based on the Cambridge Engineering Selector
technology or CES [15]. The program offers an up to date and in-depth materials library
with the availability to select a range of suitable materials through a series of limit stages.
This includes the ability to graph materials based on a wide variety of materials indices.
Using the program, the first step was to limit the material choices to types of
commercially available wood. Both longitudinal and transverse properties were

examined. Low-grade steel was left as an option for comparison reasons only. Figure 1
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“Strength Materials Indeces” shows the initial graph of all available materials given the
strength indexes. Labeled in the graph are both a type of wood and steel to show how
well suited these two materials are to their common application in building structures.
This graph shows nearly every available material from polymers and concretes to
magnesium alloys and all but unavailable composites. Materials in the upper right hand
corner are best suited to “beam type” applications as they maximize both the buckling

and bending indices in Table 1 Strength Indexes and Table 2 Stiffness Indexes.
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Figure 2 “Stiffness vs. Price” and Figure 3 “Strength vs. Price” are the variety of strength

and stiffness properties available in the array of wood types. For example, in Figure 2,

the most effective species of wood considering price, and used in the longitudinal

direction, for limiting deflection under a bending moment would be those found above a

sloped line derived from the indices listed in Table 2, row 1.
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To further narrow down the material choices, three more iterations of these
limiting graph stages were made to reduce the set of all available wood species to a
suitable envelope of plausible wood species. Birch, Douglas Fir, Maple, Pine, and
Spruce were chosen as likely options given their performance throughout the limiting

stages of material selection. Calculations were then made for the ultimate strength of

members, given our measured dimensions of the beams in use,

realistic strengths for the existing beams. Of course, a safety factor must be applied to

this envelope to account for various factors, such as the probabil

grades outside the allowance of the measured properties, and

material range, coupled with the safety factors, allowed us to pursue design calculations
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for assessing the impact imposed by the alteration of the loads on the structure.

In fact, the findings through this short material selection study proved the use of
materials similar to those that exist in tables for the design of wood structures. However,
the process gone through here is extraordinarily simple and time effective compared to
the process that developed those tables that we use as a benchmark for structural wood
design. Furthermore, this is very unlike the process that was probably used for the
selection of material for the timber beams that we are analyzing. With a lack of
availability of measured materials property values for design, the girders were likely
chosen based on experience alone. The choice made was probably one of the types that

have been chosen here.
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Figures 4, 5, and 6 display the species of wood chosen for comparison in our
calculations found later in the text. A mild-steel is also included as a reference to how
well wood performs given the constraints imposed by the indices. In these graphs, the

best performing material is located in the upper right hand corner of the table with the

maximum X and y value.
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3.2.2 Masonry Strength

Alumni Gymnasium has brick and mortar exterior walls. There is a wide range
of accepted strengths for brick masonry as a number of different factors are involved.
Through research into old texts from around 1900, a range of possible strengths and
acceptable factors of safety was developed.

The weakest part of brick masonry construction is the mortar. Mortars have
different material properties and can be placed in different qualities and thicknesses; both
of these parameters affect the overall strength. The purpose of mortar is two fold. It
forms an adhesive bond between the bricks to hold them together. But, the thin layers of
mortar also provide a cushion and an even surface to help distribute load uniformly
amongst the bricks in the wall. As mortar is weaker than brick in most cases, the strength
of the wall is dependant on the strength of the mortar.

Further challenges in determining the strength of masonry walls are the condition
of the materials in question and the purity of these materials. Even in lab testing, with
near perfect conditions, the results can vary a great deal due to the purity of the materials
used. With all of this, the most reasonable method that we could determine, without
taking samples of the actual mortar from the walls, was to create a broad range of values
and impose a significant safety factor. The practice of using brick masonry in the early
1900s was very conservative with recommended safety factors above 10. This is evident
in our building with the thirty-inch thick exterior walls. A base compressive strength of
530 psi and a maximum compressive strength of 3410 psi were taken from Baker’s book

A Treatise on Masonry Construction and used in conjunction with a large safety factor.

These calculations and results can be seen in section 6.4 of this text [2].
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3.3 Constraints and Plans

Through initial examination of the existing structure, a number of constraints as
well as advantages are evident if the goal is to make minimal changes to the load-bearing
elements of the building. For example, removal of the track on the top floor will be
advantageous as the roof structure will then support less load. Below, at the gym floor
level, the open area is extremely conducive to providing large classroom spaces. On
subsequent floors, the columns that are in place outline potential functional spaces quite
well and thus none are recommended for removal. Of course, all of this is on the basis
that these structural elements are in adequate condition for the loads we intend to
propose.

Following our series of assumptions, preliminary calculations were made as to the
adequacy of the worst-case scenario members of the structure. In fact, it was found that
the columns are well within the acceptance range under strictly compressive load given
our proposed loading cases on the overlying floors. The steel beams are also adequate for
bending, given a maximum unsupported length of 32.5 feet and an assumed minimum
yield strength of 30ksi. In addition, the timber beams are adequate for bending for all
materials in question and a proposed safety factor of 1.6 given possible damage to these
members. Further, more detailed calculations are included following a discussion of the
MSBC regulations in section 5.3.

In short, the constraints as to what can be done with the structure are welcome and
relatively non-detrimental to the successful application of a new use for this building. Of
course, some modifications will need to be made to accommodate proper classroom

space; however, these modifications could be limited to these options with the lower
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overall cost while still providing adequate space for the intended new use. With this, a
series of plans were prepared indicating our proposed use for the structure and the

suggested structural modifications.

3.4 Fire Protection of Existing Building

When a building is being designed, a designer takes into consideration that the
building must meet the previsions defined by the governing fire codes. The designer will
create a building so that it is functional and safe for the occupants. Architects can design
the building, but when it comes to the fire safety, a specialist is used. One type of
specialist that would be used is a Fire Protection Engineer may become involved later to
address compliance issues and part of the substructure for system design and installation.
Another job of the fire protection engineer is to provide a safe means of egress from the
building during a fire. The fire protection system will include fire barrier walls and egress
from the building. In the renovations of Alumni Gymnasium the building code provisions
for fire safety will need to be consulted. If need be, the facility maybe upgraded to meet
present day criteria. The Fire Protection code systems that an Engineer used are the local

codes, which based on one of the two national fire codes systems. The National Fire

Protection Association (NFPA) and the other is the International Building Codes (IBC) is

two types of the national fire protection codes that are used. This report will forces on the

guide lines of the NFPA codes for the analysis of Alumni Gymnasium.

3.4.1 Pre-Renovation
Alumni Gymnasium is used as offices and as an athletic building. When Worcester

Polytechnic Institute (WPI) constructs the new recreational center on the campus, the
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older, Alumni Gym will no longer be used for college athletics. The egress of the
building and the fire barrier need to be investigating to see what exists in the building. As
the building is now it is connected to Harrington Gym.

In order for an occupant to evacuate safely from the building in the time of a fire,
a safe means of egress must be provided. The means of egress consists of the exits,
corridors, stairways, and the fire barriers. When these elements act together and comply
with the building code provisions, it is assumed that the building has a safe means of
egress [6].

There are five exits from the first floor, and each floor has more than two exits.
NFPA 5000 prescribes a standard for the number of exists that must be provide for the
building occupancy load. Alumni Gym has occupancy load of 300, for that load two
doors must be provided according to the provision of the NFPA 5000. The exits from the
building are essential but not sufficient; the exits from each room are also important. For
the small office-type rooms there only need to be one exit. Larger assembly-type rooms
such as, the pool and the weight room must have at least two exits. The gym floor must
have more than two exits due to its high occupant load [6].

Alumni Gym is a historical building according to the National Historical Building
department, which means that its outer shell can’t be changed, per section 780 CMR
3409.0 of the MSBC [16]. Since the building has five different exits the occupancy load
of the proposed redesign can’t exceed the capacity of the current number of doors.
According to 7/1.4.1.2, the five exits with the current width of doors for the main floor
allows for more than one thousand occupants to be considered.

Firer barriers are structural objects that are in place, to slow down the progress of
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fire in the building. Fire barriers are made up of the walls and the fire rating of the walls,
doors, windows, ceiling, and floors. Alumni’s outer shall is constructed from brick which
was typical of that type of building during 1915. The inner construction material ranges
from steel to wood. The steel and wood structural supports don’t have any fire protection
or insulation applied to them. The interior walls in the building have gypsum board on
both sides, which provides the necessary two hours fire resistant rating needed. This style
of construction is consistent with the type two construction of the building. Each wall has
a door which is a D-bar failure in the walls fire rating. A D-bar failure is a whole in the
fire barrier that is over 400 in® in size. When the door has a fire rating of one and half
hours that’s allows the wall it is part of to keep the two hour necessary fire rating; which

only counts when the fire rated door is closed in the presents of the fire [3].

3.4.2 Conclusion

Now that the existing condition and the main constraints of the building are
defined, there is a base for conceiving and developing the floor plan for the renovation of
Alumni Gymnasium. The exterior masonry walls and their exit doors are significant
constraints they can’t be changed or modified due to historical reason. There are also
columns throughout the building that must be considered in the space planning for the

renovation.
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4 Facility Planning

4.1 General
Once the designer knows the type of building for which they are designing, in

terms of spaces attributed to occupant function, circulation, and building services. The
floor plan is the design of each floor. The proposed redesign and conversion Alumni
Gymnasium to classrooms would involve no change in occupancy classification, because
WPI is a privately held business and of all its academic and administration buildings have
a business classification. Alumni Gym is a five-story building that has two stories
underground and the remaining three-stories above the ground. It has a total available
space of 39,103 square feet that the designer can use; this square footage is the available
space in the outer walls. When we were designing this building there were a couple of
problems that made it hard to design each floor of the building.

The first problem the limited records and overall lack of good records for the
existing structure. John Miller, Director of Physical Plant, did have a basic drawing of
what was in the building at the time for space [13]. The crude CAD drawings be all that
was found for the building; some assumptions were made, these CAD drawings can be
seen in 11.2.2.1 Existing Floor Plan. If you look at these drawings one can see that there
is an addition to the main structure to the left of the drawings. This addition is known as
the connector piece to Harrington Auditorium. Once the renovation of Alumni Gym
starts, the plan is to disconnect this building from Harrington Auditorium and have
Alumni Gym stand on its own. The CAD drawing provided a scale on with it, which

made it possible to make a good estimate of what the length and width of the building
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and where the immovable objects in the building are located. An immovable object
would be the brick walls, columns, and stairwells that are located in the building.

It was noticed that the drawings seem to be incomplete and were missing some
immovable objects like columns. With the help of many walk-throughs of the structure
and the application of some engineering reasoning a more in-depth layout of the floor
plan were developed. An example of when this had to be done was with column B-3 on
the first floor, which can be seen in Figure 7 Missing Column. This column was not
recorded on the existing floor plans but identified during a walk through. Another
assumption that was made from the existing drawings concerns the layout of the given
infrastructure of the building. The columns and beams did not line up or coincide from
floor to floor. It was assumed by us to align all the columns and have the beam lines
coincide above each other. This is a reasonable assumption because structural practice
would have fought to maintain the columns in stacks and to use a repetitive beam and

girder layout.
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Figure 7 Missing Column

Not all the design challenges associated with the proposed renovation of this
building were due to structural mistakes on the existing drawings. The building itself
proved to be a challenging for integrating a new floor plan. The Gymnasium status as an
historical building prevents any alteration to the outer shell. Consequently the designer
not only needs to plan around interior elements like columns but the conversion of the
interior space must also work with the location of the existing doors and windows. Before
a redesign of the Gymnasium is possible the architect need to know what the owner
wants to put into the building. When talking Charles J. Kornik, Administrator Academic
Programs, he was able to lead what would be a wish list of what the WPI would want in
the building. The list asked for more classroom space and more offices, and this data can
be found in 11.2.1.1 Classroom Charts [12]. With the data that Mr. Kornik provided the

project and knowing which types of classrooms room are the most in demand, the
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following functional spaces were targeted. Once all this was done a designer can than go
ahead and design each floor of the building with knowledge of the existing condition and

the foals for the future of the building.

4.2 Elevator

The elevator is a fixed component of the building that spans vertically through
four of the five floors. The floors that will have stops on the elevator are the sub-
basement through the second floor of the building. The gymnasium does not currently
have an elevator located in the floor plan; this would be a new addition to the building.
Installation of the elevator will allow for the building to be handicap accessible. With the
location of the elevator being near the center of each floor it will allow for easy access
and could be widely used by all occupants. The elevator will also allow for lab material

to be easily moved out of the sub-basement.
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Figure 8 Sub-Basement Floor plan
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Our floor plans for the redesign of Alumni Gymnasium to classrooms and office
precede this paragraph as seen in figures 8 through figure 12. The drawings are showed
with a scale of one inch is equals to twenty feet. Subsections 4.3.1 through 4.3.5 of this

chapter provide a detailed description of the floor plan layout for each level.

4.3.1 Sub-Basement

Table 3 Sub-Basement Floor Summary

Sub-Basement Summary

Room Number of Rooms

Classrooms 0

Conference/I.T Lab 0

Labs 2

Offices 0

Restrooms 2

Closets 1

This floor is the bottom most floor of the existing Alumni Gymnasium. The
existing use of this floor is the WPI’s Athletic pool. This pool is a small pool according to
intercollegiate standards. As a result it is mostly used for practices and not for
competitions. The existing layout of the sub-basement allows for the redesign of 5,072.25
square footage of space. Two laboratories, which can be seen in Figure 8 Sub-Basement
Floor plan, will be located in the current area of the pool. The pool is found between
dimension lines one through three. Construction of the lab space will require filling in the
existing pool and topping it off with a four inch reinforced concrete slab to create a floor.

Along with two labs there are also two restrooms planned. The sub-basement only has
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two stairways that are used as the means of egress. These stairs are existing stairs that

only need to be enclosed properly to meet code.

4.3.2 Basement

Table 4 Basement Floor Summary

Basement Summary

Room Number of Rooms

Classrooms 1
Conference/I.T Lab
Labs

Offices

Restrooms

Closets

— N OO |

The basement floor was the most complicated floor to convert from the existing
athletic function to classrooms or laboratories. The open balcony overlooking the pool
floor was the first issue; this involved was 2,270 square feet of unused space. Redesign
proposes the construction of a steel frame and concrete floor slab to allow for one
continuous floor with a total area of 10,730.25 square feet. With the floor in place the
newly created spaces will allow for a large computer lab to be located there, which can be
seen in Figure 9 Basement Floor Plan. The addition of closing off the balcony with a
solid floor will increase the total floor space for Alumni Gym to 41,373 square feet. The
floor also has two bathrooms and one closet designed into the layout.

Dead end corridor, which are limited by the fire safety provision of the building
code were another problem for the redesign. More in-depth understanding is found in

section 7.3.2 Dead Ends. The affect area is found between dimension lines four through
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six in Figure 9 Basement Floor Plan. As of now that area is used as workout room with
weight lifting equipment. The proposed reuse of this area is redesign for conference
rooms and L.T. labs. These usages were selected because their spaces do not need to have
a window on it and so it is easy to place these types of rooms in the basement where

window spaces are limited.

4.3.3 First

Table 5 First Floor Summary

First Floor Summary

Room Number of Rooms
Classrooms 2
Conference/I.T Lab 1
Labs 0
Offices 5
Restrooms 2
Lodge 2
Closets 2

The first floor has the most rooms designed into the limited square footages of
10,730.25. This floor is the main floor the occupants will enter, so there is a large range
of rooms located on this floor. Currently the floor only houses office spaces for a number
of the sports teams. The redesign will still have offices but two classrooms will also be
incorporated into the floor plan as seen in Figure 10 First Floor - Floor Plan. In addition
the floor has one conference room, two restrooms, and also two closets designed into the
floor plan.

The one issue that caused a small problem in the redesign of the floor plan was

column B-3. The location of this column caused a problem because the first plan was to

By: David Laramee and Ben Mies 50



Renovating Alumni Gymnasium for Academic Purpose

remove it column and have a large classroom, with 3189.75 square feet. However, initial
cost estimates for the structural framing needed to replace the column suggested that the
cost to remove column B-3 would not be cost effective for the redesign. The second
option was to place the column with in a wall that will create two closets for that floor.
One closet will be used for the floor, and the other closet will be used for the classroom
only. Placement of these two closets will reduce the area of the classroom to 1,916.25
square feet, which is sufficient to accommodate the desired capacity of eighty occupants

seen in Figure 13 Room 101 Alterations.
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Figure 13 Room 101 Alterations
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4.3.4 Second

Table 6 Second Floor Summary

Second Floor Summary
Room Number of Rooms
Classrooms 2
Conference/I.T Lab 0
Labs 0
Offices 10
Restrooms
Closets

The second floor of Alumni Gymnasium is a basketball court, with a square
footage of 10,730.25. The proposed redesign for this floor would contain two large
lecture halls and ten different offices. Figure 11 Second Floor- Floor Plan shows the
proposed layout of this second floor. The lecture halls are rooms 201 and 202, which will
hold eighty occupants with a stadium style seating arrangement. Each lecture hall also
has it own closet for storage of class materials so instructors can leave class experiments
and other supplies. The front wall of the gymnasium, between dimension lines A through
C, is where the offices are designed. These would be large office to support various
facilities of the school with an average square footage of 150. The expected use of these

offices would be for instructors and teaching assistant offices.
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4.3.5 Third

Table 7 Third Floor Summary

Third Floor Summary
Room Number of Rooms

Classrooms 0
Conference/I.T Lab 0
Labs 0
Offices 10
Restrooms 0

Closets

The third floor of Alumni Gymnasium was the easiest floor for the redesign
efforts. This is because there were not a lot of options to investigate because an available
space is limited. The main purpose of the area now is to gain access to the indoor track.
This track, which is supported by the roof for the most part, would be removed for the
redesign of the floor. The redesign also calls for a wall to extend all the way to the ceiling
truss system just in front of dimension line C toward dimension line B. The third floor
has a square footage around 6,110; but the new design will be for a square footage of
4,110. There will also be a wall that splits the floor in half which is a cause from the
second floor lecture halls constructed between dimension lines 3 and 4; this can be seen
in Figure 12 Third Floor - Floor Plan. The floor will still have offices in the design just
like the second floor has the offices in the front of the building.

This wall has a unique role in the role of the third floor as well as for the second
floor. Since the second floor has no windows in it and the third floor has windows in all

four walls, an open third floor area would be a good way to get natural sun light into the
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classrooms below. Thus walls 1, F, and 6 have their windows open to the second floor
classrooms below. This dividing wall also provides sound reduction to classrooms 201
and 202. This wall isn’t all for cosmetic reason, since it extends all the way to the roof,
which is the ceiling to the classrooms, also will keep the two hour fire rating for the

barriers as it is called for in the code.

4.4 Conclusion

The redesign of Alumni Gymnasium required the preparation of five different
floor plans. The redesign will add 2,270 square feet to the basement floor plan, by
extending and enclosing the existing balcony. Overall the new design only gains a total of
370 square feet for the entire building because there will be a lost in space when the
indoor track is removed. The overall square footage of the proposed redesign for the
Alumni Gymnasium is for 41,373, as seen in Table 8 Square Footage of Alumni
Gymnasium. The proposal adds twenty-five new offices and five classrooms, two of
which are lecture halls. The design also will allow for two labs in the sub-basement, six
new LT laboratories, and two conference rooms. These renovations to the Gymnasium
will meet the needs that was suggested by Mr. Kornik and observed from the emergency
of new academic programs, the increase enrollments, and the new technologies that are

available to support learning and collaboration for the institute.
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Table 8 Square Footage of Alumni Gymnasium

TOTAL SQARE
FLOOR FOOTAGE TOTAL PERIMETER
SUB BASEMENT 5,072.25 1,037.34
BASEMENT 10,730.25 2,230.09
FIRST 10,730.25 2,226.14
SECOND 10,730.25 2,164.42
THIRD 4,110.00 1,233.08
ALL FLOORS | 41,373.00 8,891.07
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S Building Codes Provisions for the Redesign

As the proposed modifications to this building were substantial, compliance with

the Massachusetts State Building Code (MSBC) was essential [10]. These codes ensure

the safety of a building’s occupants. Furthermore, they offer both prescriptive and
performance-based provisions for a designer to follow. In application to a new building,
the MSBC provides a framework for the design of each system within the building. In
this case, the procedure began with Chapter 34, Repair, Alteration, Addition, and Change
of Use of Existing Buildings. From this section, the necessary areas of compliance with

the remainder of the code were determined.

5.1 General Requirements

780 CMR 3400.0 SCOPE

3400.1 General: The provisions of 780 CMR 34 are
intended to maintain or increase public safety,
health, and general welfare in existing buildings by
permitting repair, alteration, addition, and/or change
of use without requiring full compliance with the
code for new construction except where otherwise
specitied in 780 CMR 34.

Figure 14 General Requirements

Alumni Gymnasium, along with other buildings on campus, was added to the
National Register of Historic Places in 1979 (district - #79003913). As such, the gym is
legally designated as a historic building, and, therefore, the provisions of 780 CMR
3409.0 govern alterations to the building. In this section buildings are further classified

as either partially preserved buildings or totally preserved buildings. Since the building is
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listed on the National Register of Historic Places and its principal use is not as an exhibit
of the structure itself, it falls under the partially preserved category [16]. With this
classification, section 3409.3 Partially Preserved Buildings governs all further
requirements for code compliance. As the use and occupancy of the building will not
change from its current status as a business use group, section 3409.3.4 adds that “the
provisions of 780 CMR 3409.2 shall be required for Historic buildings accessible to the
public on more than 50 days per year”. So, the building must comply with section 3409.2
Totally Preserved Buildings. While not a totally preserved building according to the
definition outlined in the MSBC, the condition in 3409.3.4, referring compliance to the
requirements of 3409.2, proves helpful in later code interpretations.

The implications of these sections refer primarily to the replacement of building
materials such that the historic character of the building is not lost. The proposed
changes would not alter the exterior of the building and are intended to preserve as much
of the building’s internal character as possible. For example, the large classrooms on the
2™ floor will be left open above to the existing roof truss system and will have natural
lighting from the existing windows at the ends of the building.

Going back to section 3400.3 Applicability, the changes to the building allow the
continuation of the same use group and do not change the hazard index as determined by
section 3403 and therefore alterations shall comply with section 3404.0. Furthermore, as
this is a partially preserved historic building, it need not comply with the seismic load
requirements of section 3408. In addition, it can be argued that the building does not
need to comply with wind load requirements of 3408 as, per section 3409.3.4, the

building must comply with these requirements for a totally preserved building. These
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assumptions in the interpretation of MSBC should be reviewed with an official prior to
further progress in the event that the interpretation is incorrect.

Figure 15 Hazard Index, below, is an excerpt from 7able 3403 and identifies the
hazard index of each use group. The concept of use groups and hazard ratings were not
present in early building regulations. It has been assumed that as WPI is a business, its
academic and administrative buildings are classified under the business use group, and
therefore the current use classification of Alumni Gym has been deemed business. As the
building will be classified as a business use group with this refurbish, the hazard index

would remain the same.
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Table 3403
HAZARD INDEX

USE 1 DESCRIPTION HAZARD
GROUP INDEX
NO.[E}
A-l Theater with stage 6
A2 Night Club 7
A-3 Theater without stage 5
A-3 F.estaurant 5
A3 Lecture halls, recreations centers, 4
museums, libranes. simlar
assembly buildings

A4 Churches 4
B Business 2
E Educational (K through 12) 4
F Factory and industrial 3
H High hazard 8
I-1, I-3  |Institutional restrammed 5
-2 Institutional incapacitated 4
| Mercantile 3
R-1 Hotels, motels 2
E-2 Ivulti-family 2
R-3 Omne and two family 2
5-1 Storage, moderate hazard 3
5-2 Storage, low hazard 1

Figure 15 Hazard Index

Section 3404 of the code outlines the requirements for a continuation of the same
use group or change to a use group resulting in a change in hazard index of one or less.
The proposed changes fall under this category. 3404.3 New building systems states that

any new system, including structural, “shall conform to 780 CMR for new construction to
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the fullest extent practical”. For example, this means that the one area of structural
changes over the existing pool must comply with the requirements for new construction.
The section 3404.4 Alterations and repairs allows materials to be replaced or repaired
with like materials unless otherwise stated in section 3408. Likewise, the number of
means of egress must comply with section 3400.4 and the capacity of the exits must meet

the requirements in section /009.0.
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5.2 Structural Requirements
There are requirements listed in the code for every system of a building; however,

in the interest of this project, the focus is primarily on the structural requirements for the
design and alteration of an existing building. Section 3408 focuses on the structural
requirements for existing buildings. Provisions under this section govern over the
building code provisions that were in place at the time the building was built. Thus, the
Worcester building code of 1911 holds no weight against compliance with this modern
code and, therefore, is only used as a reference to help ascertain assumptions of existing

building materials and design attributes.

5.3 Evaluation of the Existing Structure

5.3.1 Acquiring Information about the Structure
Section 3408 begins with defining the requirements for the evaluation of existing

buildings. Prior to proceeding with the structural design of the alterations to a building, a
“structural engineer should make a structural evaluation of the existing building to
determine the adequacy of all structural systems that are effected by alteration, addition,
change in use, or damage to be repaired” as per section 3408.2. A field investigation
should be performed to determine the location, size, details, and conditions of existing
structural elements. This was done to a degree in our case.

After acquiring drawings of the building’s floor plan, we performed a walk-
through noting sizes and locations of visible structural members to determine weather
they were consistent with the drawings and to update these drawings as necessary. Sizes,
materials, and styles of design similar to those visible in the walk-though were assumed

to be in place throughout the building for the purpose of proceeding with a structural
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analysis. This is a step that we were unable to perform to a satisfactory level. We were
unable to remove cosmetic coverings of structural members or do any tests on those
exposed to viewing. In fact, there are few areas where structural materials are actually
visible in most buildings. This includes Alumni Gymnasium. The importance of this
process cannot be downplayed. Any calculations of existing materials in this report are

based on assumptions made from a visual inspection of the existing structure.

5.3.2 Analysis of the Structure in Place
A structural analysis of all structural systems affected by the alterations was

performed per section 3408.2.2. For example, a structural analysis of the visible
materials in the existing first floor hallway supporting the gym floor was performed using
the modern calculations outlined elsewhere in the code. The heaviest possible distributed
floor loads proposed for the building, through examination of the code-specified design
loads were applied through the calculations to the existing structure to ensure its
performance against the new alterations. These preliminary calculations must be updated
once cosmetic coverings are removed to uncover connections and other specific data on
the existing construction.

The structural engineer should make periodic visits to the construction site during
demolition as well as structural construction to ensure that prior calculations are valid as
more of the building is uncovered. Section 3408.2.3 expands upon this point. To comply
with these provisions, assumed conditions, materials, and design of the existing structure
must be verified, and, if they differ, the building official must be notified of any required
changes in design.

As previously stated, all new structural members and systems must comply with
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code requirements for new construction as specified in 780 CMR 3408.0. The strength of
existing structural elements, systems, and connections must be determined using current,
accepted engineering practices and using the actual strength and physical properties of
the materials. This does permit use of the design codes from the time of original
construction can if they prove to be acceptable with public safety. We chose to disregard
the older building codes and check the existing structure against modern regulations as
the older codes seemed unacceptable against modern standards. According to section
3408.3.2.1, “the strength of existing materials shall be determined by tests or from
generally accepted historical records”. As such tests could not be performed nor could
acceptable historic records be found, we relied on library research as a basis for
reasonable assumptions in order to proceed with calculations. Section 3408.3.2 permits
the continued use of existing structural elements if analysis demonstrates adequate
capacity to support the loads required by 3408.0 and they are in sound structural
condition.

The sections of the code regarding wind loads (3408.4.2) were not taken into
account given our interpretation of section 3404.0. Furthermore, the proposed design
would not alter those members and elements contributing to lateral load resistance. It has
been assumed through examination of the building’s construction that the masonry
exterior walls are sufficient to support lateral loads on the building. Even though seismic
and wind load analyzes are not required to comply with the MSBC given our
interpretation, it is advised that calculations, beyond the simplified calculations included
for stresses due to gravity load, should be made to prove this assumption based on proper

testing of the mortar and brick materials used in the exterior walls.
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The loads used in calculations proving adequacy of structural members in the
alteration of Alumni Gymnasium are from section 3408.5 Alterations, Repairs and
Changes of Use. From this section, it has been determined that the load capacity of all
floors affected by alterations must be adequate to support the design loads defined in
sections 7605.0 through 1608.0, 1613.0, and 1614.0. These loads are to be combined in
accordance with section /676.0. Furthermore, live loads may be reduced as specified in

section /608.0.

5.4 Loads and Load Combinations
Section 7605.1 states that the actual weights of materials should be considered in

estimating dead loads; however, these values must not be less than those listed in
Appendix G of the MSBC. Fixed service equipment must also be included in estimating
dead loads in accordance with section /605.2. Without proper weights of the actual
materials, our dead load values were estimated using the unit dead loads listed in
Appendix G. Table 1606.1 of the code lists minimum uniformly distributed live loads to
be used for those occupancies listed. Furthermore, according to 7/605.3 office areas with
partitions assume an additional 20lbs per square foot (psf) of floor area unless the live
load is 80psf or above. Table 9 Loads summarizes the design values for dead and live

loads gathered from Appendix G and Table 1606.1.
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Table 9 Loads
Dead Loads
Material (psf) (peh)
hardwood flooring per Inch of depth 4
2x8 wood joist floors (12inch spacing) 6
southern pine (short leaf) 39
slate (3/16" thick) 10
suspended metal and gypsum ceiling 10
medium absorption clay brick about 9 psf per inch thick
Live Loads
Type (psf)
fixed seat assembly 60
corridors 100
offices 50
lobbies 100
classrooms 50

Section /607.Istipulates that “the live loads used in the design of buildings and
structures shall be the greatest load produced by the intended occupancy, but not less than
the minimum uniformly distributed unit loads required in 780 CMR 1606.0 for specific
use groups”. Therefore, the live loads used in this design are those from the Table 9
Loads. Furthermore, live loads may be reduced according to the provisions of section
1608.2 Design live loads of 100 psf or less. These provisions are included in Figure 16
Live Load Reduction. Live loads used in the design of new structural members, as well
as the strength verification of existing structural members, were reduced according to

section /608.2.
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N = the largest of the following:
1. 1-0.0008 (At - Az)
2. 0.75-0.20 (D,/L,)
3. 0.50 tor members supporting load from
more than one floor, or 0.60 for members
supporting load from one floor only, in which:
L = reduced design live load for the member

L, = basic design live load
D, = dcad load on the member

A =loaded arca tributary to the member, square
feet
Ag = basic tributary area, square feet, defined as
follows:
Ag = 100 square fect for members supporting
load from more than one floor
Agp = 250 square feet for members supporting
load from one floor only

Figure 16 Live Load Reduction
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Loads are to be combined in accordance with section /6/6 as per section 3408.5.
According to this section of the MSBC the structural designer may use either the
allowable stress or strength design methods: both of which can be seen below in Figure
17 Load Combinations. The result of the most unfavorable effect of the combinations is

to be used in design. However, there is an exception listed in section

16162 Load Combinations Using Allowable 1616.3 Load Comblinations Using Strength Design
Stress Design
1616.3.1 Basic Combinations. All /oads listed

1616.2.1 Basic Combinations. All /oads listed
herein shall be considered to act in the following
combinations, whichever produces the most
unfavorable effect in the building, foundation or
structural member being considered. The most
unfavorable effect may occur when one or mors
of the contributing loads is not acting.

herein shall be considered to act in the following
fzctored load combinations, whichever produces
the most unfavorable effect in the building,
foundation or structural member being
considered. The mest unfavorable effect may
occur when one or more of the contributing loads
is not acting.

1. Dead 1. 1.4 Dead
2. Dead + floor .ive + roof live (or snow) 2. 1.3 Dead + 1.6 floor live + 0.5 roof live (or
3. Dead + floor live = 0.5 roof live (or 0.5 0.5 snow)

snow) — wind 3. 1.3 Nead + 0.5 floor live + 1.6 roof live (or
4. Dead + floor live + roof live (or snow) + 0.3 1.6 snow)

wind 4. 1.3 Dead + 0.5 floor live + 0.5 roof live (or
5. 0.67 Dead - wind 0.5 snow) + 1.3 wind
6. 0.67 Dead - 0.8 seismic 5. 1.3 Desd + 1.6 rocf live (or 1 6 snow) + 0.8
7. Dead + 09 floor live + 0.6 snow + 0.8 wind

seismic 6. 0.9 Dead - 1.3 wind

Figure 17 Load Combinations

1616.1.1; the use of load combinations from acceptable design standards listed in
Appendix A can be used in the absence of wind or snow loads. As the roof of the Alumni
Gymnasium is supported entirely by the exterior walls and it has been assumed that these
walls also support the wind load, structural members in the interior of the building are
designed and verified in accordance with load combinations found in design standards
listed in Appendix A. Thus, the loads and load combinations gathered by examination of
the code have been used to determine the adequacy of structural members in Alumni

Gymnasium.
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5.5 Application of Updated Loads on Existing Structural Members

5.5.1 Steel Girders
The adequacy of the existing steel girders was assessed based on the worst-case

scenario. As stated previously, the size and assumed material properties of the visible
structural members were assumed to be applicable to other areas of the building. Given
the new loads, the worst-case for the existing steel girders was determined to be
underneath classroom 201 on the second floor between columns D2 and D3. The results

are shown below n
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Table 10 Steel Girders.
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Table 10 Steel Girders

Dead Load
Weight of Girder 157.0 | plf according to steel girder size and density of steel
Materials Weight 10.0 | psf 2x8 wood joist floors 12" spacing / hardwood flooring
Wood Beam 33.7 | plf according to wood beam size and density of Pine
Live Load
Partition 20.0 | psf assumed for worst case loading
Assembly(fixed seats) 60.0 | psf intent of classroom space
Tributary Width 17.3 | feet 1/2 of distance between girders
Span of Girder 33.8 | feet from column center to column center
Reduced Live Load
Live Load 1381.3 | plf At= 5828 Ni= 0.7
N factor 0.7338 Do= 3239.1 N2= 03
Reduced Live Load 1013.6 | plf Lo= 13813 N3= 0.6
Ab= 250.0 N= 0.7
Load Cases
1.4(DL) 4534.7 | plf
1.2(DL) + 1.6(LL) 5508.7 | plf Governs
M, 784.3 | ft-k
Required Zx vs Zx of Girder
Z, for 36 ksi 2614 | in’ acceptable 261.4<397
Z, for 30 ksi 348.6 | in’ acceptable 348.6<397
Z, for 24 ksi 4357 | in’ not acceptable 435.7>397

The results show that, given the proposed loads and assumptions in geometry, a
girder of this size, and a steel yield strength of 30ksi grade of steel or higher, will perform
safely under the proposed loads with proper connections to the columns and beams. The
plastic moment capacity of the girder was the critical design criteria. The type of steel
used in the girder should be determined with adequate testing. Furthermore, connections
to columns, beams, and load bearing walls must be examined for proper resistance to

shear and moment forces as fixed end conditions were assumed. However, as this is the
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worst-case loading scenario in the building, there is great potential for the use of these

structural elements under the proposed load cases.

5.5.2 Wood Beams
Similar to the steel girders, only approximate dimensions of the timber beams

spanning between the girders could be gathered. Earlier in this text, an effort to ascertain
the likely properties and species of the beam’s material was discussed. These findings,
coupled with the loading cases taken from the building code, were used to determine the
flexural performance of these wooden members under the proposed load cases. Again,
the worst-case scenario of the building was evaluated. The results are shown below in

Table 11 Timber Beams.
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Table 11 Timber Beams

Geometry
Birch Douglas Fir | Maple Pine Spruce
Length(in) 214.0 214.0 214.0 214.0 214.0
Side(in) (square) 12.0 12.0 12.0 12.0 12.0
Cross Section Area (in”2) 144.0 144.0 144.0 144.0 144.0
Volume Of Girder (in*3) | 30816.0 30816.0 30816.0 | 30816.0 | 30816.0
Tributary Width (in) 72.0 72.0 72.0 72.0 72.0
Tributary Area (in"2) | 15408.0 15408.0 15408.0 | 15408.0 | 15408.0
Moment I (in"4) 1728.0 1728.0 1728.0 | 1728.0 | 1728.0
Moment K (in*4) | 2903.0 2903.0 2903.0 | 2903.0 | 2903.0
Moment Z (in"4) 288.0 288.0 288.0 288.0 288.0
Dead Loads
weight of girder (plf) 47.5 36.8 48.7 33.7 35.0
materials weight (psf) 10.0 10.0 10.0 10.0 10.0
Live Loads
Partition (psf) 20.0 20.0 20.0 20.0 20.0
Assembly(fixed seats)(psf) 60.0 60.0 60.0 60.0 60.0
Reduced Live Loads
Live Load (plf) 1426.7 At= 1284.0 Nl1=
N factor 0.7 Do= 2258 N2=
Reduced Live Load (plf) 1024.8 Lo= 1426.7 N3=
Ab=  250.0 N=
Load Cases
1.4 DL 316.1 301.2 317.8 296.9 298.6
1.2DL + 1.6 LL 1910.7 1897.9 19122 | 1894.2 | 1895.7
Mu 76.0 75.4 76.0 753 75.4
Required Zx Value for the Beam to be Sufficient
required Zx 107.1 119.4 102.9 137.5 119.4
required Zx with a 1.6 safety factor 171.4 191.0 164.7 220.1 191.1
ok ok ok ok ok
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The results show that, given the proposed loads and assumptions in geometry, a
timber beam, made of one of the five species listed above, and in proper condition, will
perform safely under the proposed loads with proper connections to the columns and
beams. An arbitrary “safety factor” of 1.6 was added to show that the design capacity is
much greater than the load applied. The design capacity to load ratio, in this case shown
as a “safety factor” is greater than 1.6. The species of wood should be determined with
adequate testing. Furthermore, connections to girders and load bearing walls must be
examined for proper resistance to shear and moment forces as fixed end conditions were
assumed. However, as this is the worst-case loading scenario in the building, there is

great potential for the use of these structural elements under the proposed load cases.

5.5.3 Columns
Compressive strength of the columns in the building was investigated to ensure

their performance under the design loads due to the proposed renovation. Here,
significant assumptions were required to proceed with calculations. The diameter of
these cylindrical columns and the basic material type were the only properties that could
be determined through visual inspection. It was assumed that each column is a hollow
cylinder with a wall thickness of a ' of an inch for no other reason than it seemed

reasonable. The results of our calculations can be found below in Table 12 Columns.
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Table 12 Columns

Loads Floors
At 571.20 2
steel beam 4821.47 2
wood beams 3137.47 2
live loads 45696.00 2
dead loads 5712.00 2
Total Load 107309.88 | Ibs
t 0.25
L, 102.00
fy 36000.00
E 29000000.00
I 71.53
P 1965912.34 | lbs
1,970,000 lbs > 107,3091bs
tributary area | length of steel | length of wood
571.92 30.71 18.6235
1 girder 5 beams

The worst-case scenario column was found to be under classroom 201, supporting
the load of two floors. The design capacity-to-load ratio for the assumed column is over
18, which is more than sufficient to support the compressive loads. As with the other
structural members, the connections to the column, dimensions, material, condition, and

footings should all be checked prior to construction and final design.

5.5.4 Masonry Load Bearing Walls
The exterior masonry walls support tremendous loads. These walls support the

entire roof structure, as well as a portion of each floor. Without knowledge of the actual

brick, mortar, or possible internal reinforcement used in these walls, efforts to assess its
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strength were limited by assumptions. Beginning with the roof structure, where a number
of different element sizes were used to construct four major steel truss systems connected
with steel beams, the total weight was estimated by way of approximate dimensions
obtained from our walk-through of the building. Without access to the actual roof,
assumptions of roofing materials were made with guidance from the MSBC.

Following calculations of the material weight of the roof, a worst-case scenario
was established regarding the supported tributary area of each floor that the wall
supports. Design values for dead and live loads used defined in Table 9 Loads were used
to calculate the floor loads that the wall may support. Furthermore, the weight of wall
material above the bottom most brick was found using a materials weight calculated from

the MSBC. These values and the results can be found in Table 13 Masonry Walls below.
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Table 13 Masonry Walls

Compressive Strength Assumptions

material fc (psi) source
lime mortar 1000-2000 Webb
cement 1500-3000 Webb
varied 1508-2375 Baker
varied 530-3410 Baker
Loads
type load source
masonry 108 pef MSBC
dead load 10 psf MSBC
live load 80 psf MSBC
wood beam 33.7 plf calculations
steel 495 pcf calculations
Load from Floors Supported
trib area weight (Ibs) number
1310.4 sqft 122,317 4
Roof Load -steel
steel length (ft) weight (Ibs)
I beam 1950 377051
Large Angle 1552 552173
Small Angle 1392 100485
Roof Load - Other Materials
slate 10psf
wood 6pst
area (sqft) weight (Ibs)
13520 216320
Wall Load -Masonry
height thickness weight
40 ft 30 in 1,404,000 lbs
Compressive Stress
total load area stress
2,516,268 lbs 46,800 sqin 53.77 psi
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The result of these calculations is that the one hundred and thirty foot walls
support a load on the order of 2.5 million pounds. With its thickness of 30 inches, the
compressive stress at the bottom of the wall is about 54 pounds per square inch.
According to references found from the time period of the building’s original
construction, mortar construction can support between 530 and 3410 pounds per square
inch in compression. This wide variance in allowable compressive stress is due to the
dependency on the types of mortar and brick as well as the abilities of the bricklayer [2
and 9]. However, the design capacity-to-load ratio of even the worst case allowable
stress, 530psi, is about ten; therefore, the calculated stress is consistent with the suggested

safety factor of the time, ten.
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6 New Structural Elements and Modifications

The analyses in the previous chapter indicate that our proposed plans for
alteration require very few modifications to the structural system of the building. In an
effort to keep cost and time spent during construction to a minimum, the classroom,
office, lab, and other functional spaces were designed to use as much of the original
structure as possible. Beginning with the exterior of the structure, the necessary

modifications are outlined in the following sections.

6.1 Roof

The roof of the building will only be upgraded as necessary for maintenance. The
supporting structure of the roof has held for almost a century and appears to still be in
satisfactory condition. There are no signs of damage to the steel truss system, wood
supporting structure, or roof covering. However, all roof coverings and its secondary

supporting structure should be checked thoroughly as it could need maintenance.

6.2 Exterior Walls

This is a historic building, and, as such, the exterior walls should not be modified.
In terms of this new use for the building, no modification is necessary. Re-pointing and
cleaning of the masonry is advised and included in the cost estimate. All means of egress
leading through these exterior walls to outside the building have proven sufficient in size,

and, thus, no modification to the structure would be necessary to enlarge or add doors.

6.3 3" Floor

The modifications to the third floor entail the removal of the existing track. This

track is supported in part from tension members connected to the truss system supporting
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the roof. Removal of the track will decrease the design values for the dead and live loads
on the roof. As the existing columns and walls are capable of supporting the proposed
design loads, the 3,167 square feet of office space will pose no problems to the existing

structural members. There are no new load-bearing structural members added here.

6.4 2" Floor

The gym floor is supported from underneath by a substantial structural system.
The second floor is supported with beams from the exterior walls and the load-bearing
wells of the stairwell; there are no columns. The proposed renovation would not add or
remove any load-bearing structural members in this area. However, a tall, partitioning
wall would be constructed between the two, large classroom spaces. This wall must be
sufficient in strength to support its own weight. Furthermore, the supporting floor below
could need attention given the uncommon load of this supporting wall as it would likely

impose more load than the design loads account for.

6.5 1" Floor

A potential structural modification was explored on the first floor. Classroom
101, as seen in Figure 18 Potential Girder, could be larger with removal of the column at
the corner of classroom 101 and closets 103 and 104. There is currently a 24-inch tall
girder spanning between these two columns and the load bearing walls. In order to
support the loads from above, a new steel beam section would need to be added as the

current section would be insufficient.
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Figure 18 Potential Girder
Table 14 Potential Girder
Loads
Dead
Weight of Girder | 162.0 | plf
Materials Weight | 10.0 | psf
Weight of Beam | 33.7 | plf
Live
Partition | 20.0 | psf
Assembly(fixed seats) | 60.0 | psf
Trib Width | 17.1 | feet
Span of beam | 41.3 | feet Non-Reduced
Load Cases Live Loads
1.4(DL) 6012.8
1.2(DL) + 1.6(LL) 7342.6 | Governs
M, 1735.3 | ft-k
Zx for 50ksi 462.7 | in®
W24x146 Steel Girder
7x 468.0 | in3
Mp 1760.0 | ft-k
Weight (Ibs) 6022.5 | difficult to manage
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To keep structural alterations to a minimum, and to facilitate construction, it was
decided that the proposed girder for this section should be the same depth as the existing
member. The resultant calculations, summarized in Table 14 Potential Girder, show that
a W24x146 beam [1] would be required to accommodate the removal of that column. At
a cost of 145.2 dollars per linear foot of beam, this modification would cost about six
thousand dollars in materials and basic construction costs alone. In addition, provisions
would have to be made to erect a 41-foot, 6000 pound beam into an enclosed structure.
The existing girder would have to be removed and the dependent structure temporarily
supported. Only about 240 square feet would be added to the room; however, the
resultant cost and safety concerns seem unnecessary for such a relatively small gain in
floor area. Therefore, it is recommended that the column and girder remain in place and
that the floor plan be designed to fit. The proposed plan shown in Figure 18 Potential

Girder would use the space effectively.

6.6 Basement
The basement area would require significant structural modifications in order to

use the potential floor space above the pool. Currently, there is an opening looking down
on the sub-basement pool from the balcony on the basement floor. The dimensions of
this opening, its perimeter created by structural columns, would suit an open lab space.
However, a support structure to support the floor loads of this lab must be built within the
existing structure.

A simple steel girder and beam structural system could be used here. Steel
girders would span between the existing columns. These columns are currently covered

in what appears to be a cosmetic plaster. It was assumed that these columns, supporting
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the load of the first floor and sub-basement, are the same size as the other columns in the
building and thus are sufficient in strength to support the added loads. However, as a
dimension or shape cannot be determined, connections to the columns cannot be
designed. The span between the columns is approximately 34 feet as seen below in

Figure 19 Basement Lab.

6.6.1 Girders
The four new girders spanning

between columns B2 and B3, C2 and C3, D2

” and D3, and E2 and E3 would all be of the

B 04 same size and shape to simplify design and

construction. The worst-case scenario for

design of these girders is between columns C2
and C3 with a tributary area of 578 square

feet. These girders must support the weight of

the beams between them, the deadweight of

the flooring above, and the live loads from the

lab above. Live load reduction was not used

in the calculations; however, it is allowed in

I

the code. A summary of these calculations

and results can be seen below in Table 15 New

Girder.

—12'-6~ 4¥-9

Figure 19 Basement Lab
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Table 15 New Girder

Loads
Dead
Weight of Girder | 68.0 | plf
Materials Weight | 23.0 | psf
Weight of Beam | 15.0 | plf

Live

Partition | 20.0 | psf
Classroom | 50.0 | psf
Corridor | 80.0 | psf
Span of beam | 17.1 | feet

: Non-Reduced
Span of girders | 33.8 | feet

Live Load
Load Cases
1.4(DL) 2080.3
1.2(DL) + 1.6(LL) 4516.4 | Governs
M, 643.1 | ft-k
Zx for 50ksi 1715 |in’
W24x68 Steel Girder
7x 177.0 | in3
Mp 664.0 | ft-k
Weight (Ibs) 2295.0 | relatively easy to handle

A W24x68 steel girder was suggested for use [1]. With an unsupported length of
33.8 feet and a laterally unbraced length of 6.75 feet, the maximum design moment
capacity of the section is 664 foot kips, which is sufficient for the design moment of 643
foot kips. Furthermore, at 2300 pounds in weight, while long, the beam can be handled
in construction. Constructability was a concern in the design of new structural elements
for the building, as it will be difficult to get a large, heavy beam into the enclosed
structure. This girder could be transported into the building through a window or

doorway using rollers and a lift from outside. The structural member could then be
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lowered into place using the roof truss system as support with only minor removal of

flooring necessary. The four new girders would be manageable.

6.6.2 Beams
Beams must be connected between the four girders to gather and transfer the floor

loads as well as provide adequate lateral support against buckling. Four beams shall be
placed at 6.75 feet on center between each set of new girders as well as the span between
the new girders and the existing structure at the shorter ends of the existing opening to
below. The four beams at each end will be shorter than the others and carry less load;
however, they will be assumed to be the same size as the others calculated through the
worst-case scenario. Again, this is for ease of design, construction, and ultimate cost.

The beams will support the material weight from the floor above in the form of
dead load and the live loads due to the lab above. As in the girder calculations, live loads
were not reduced in the beam design. A worst-case scenario was found using the longest
span between girders, 17.8 feet. A tributary width of 6.75 feet is used. Dead and live
loads are taken from the MSBC. As the wooden floor above shall offer lateral buckling
support to the beam, the maximum moment that the beam can handle is above the design

moment. Table 16 New Beam below summarizes the calculations and results.
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Table 16 New Beam

Loads
Dead
Weight of Beam | 15.0 | plf
Materials Weight | 23.0 | psf
Live
Partition | 20.0 | psf
Classroom | 50.0 | psf
Corridor | 80.0 | psf
Trib Width | 6.8 | feet
Span of Beam | 17.8 | feet Non-Reduced Live
Load Cases Load
1.4(DL) 238.4
1.2(DL) + 1.6(LL) | 1284.3 | Governs
M, 51.1 | ft-k
Zx for 50ksi 13.6 | in’
W10x15 Steel Beam
7x 16.0 | in3
Mp 60.0 | ft-k
Weight (Ibs) 267.5 | relatively easy to handle

The W10x15 steel beam used here is lightweight at 15 pounds per foot [1]. An
18-foot beam would only weigh 270 pounds, and this is the longest of the beams used.
Handling this beam during construction would be easy and cost effective. The beam
could be brought in by hand, through the front door. This size of beam would be a good

choice in the new structural system for supporting this lab on the basement level.
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6.7 Sub Basement

The bottom floor of the building, the sub basement level, will only require one
major modification. The pool that is in place now must be filled and covered in an
adequate floor material to facilitate the lab spaces above. A four-inch concrete floor
could work here. The existing columns, supporting the new beams and girders above,
offer good boundaries for lab space. Furthermore, as the floor in this area is likely heavy

concrete, heavier loads imposed by lab equipment should be supported well.

6.8 Foundation
With no access to the foundation of Alumni Gymnasium, it is difficult to

determine whether any modifications to the foundation should be considered. If the
foundation is still in adequate condition according to a detailed structural examination of
the building, then it most likely could be left alone. There would be little additional
compressive stress imposed on the pillars from the existing columns, and the exterior
wall foundations would support less load than current conditions with the removal of the
track. The addition of an elevator would require additional foundation work underneath
the shaft. As always, the condition of the foundation should be thoroughly reviewed

prior to any level of construction.
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6.9 Summary and Additional Comments

Table 17 Structural Summary

Material Use Number Length Where
Elevator Required Structure 2nd floor and Below
Partitioning Walls and
As Necessary for the Type of Room All Floors
Flooring
W24x68 Steel Girder 4 33'-9" Basement
W10x15 Steel Beam 4 8' Basement
W10x15 Steel Beam 4 17-10" Basement
W10x15 Steel Beam 4 16'4" Basement
W10x15 Steel Beam 4 17-1" Basement
W10x15 Steel Beam 4 8' Basement
Connections As Necessary Given Existing Mtrls. Basement
4" Concrete Slab Over Pool Sub-Basement
Fill Fill in Pool Sub-Basement

The known structural modifications necessary for the proposed modifications to
Alumni Gymnasium are summarized above in Table 17 Structural Summary. These are
the modifications that must be made to meet the proposed floor plan and intended use if
the remainder of the structure is deemed adequate for carrying the altered loads.
Structural changes and the sizes of new structural members have been limited in order to
keep costs as low as possible and construction time reasonable. With the planned
completion of the new athletic facilities in 2015, it seems as though, a swift
implementation of a re-use plan for Alumni Gymnasium would be important to avoid the
presence of an unused building on campus.

Construction of the proposed structure seems relatively straightforward. The roof

is supported entirely by the exterior walls allowing the internal structure to be altered
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piece by piece with fairly minimal temporary supports necessary. Following the
demolition phase, large structural members, such as the proposed girders for the
basement floor, can be brought in with relative ease because the building already has an
open space in this area. The process of filling the pool may prove difficult as earth and
concrete would need to be brought in from above. Perhaps a system of smaller girders,
beams, and short columns could be employed instead to ease the construction process.
The historical nature of the building has also been kept in mind. In terms of
constraints, by not altering the exterior of the building, these masonry walls can be used
to support an entirely new use for the interior of the building with minimal structural
changes. In addition, by retaining features such as the large windows, the substantial
main stairwell, and the roof truss system, a definite historic nature can be kept throughout

the building.
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7 Fire Protection of the New Design

After completing the floor plans, an architect may engage a Fire Protection
Engineer (FPE) to ensure that the building is safe for the occupants to exit the building
during a fire. The plans are viewed by the FPE to make sure that the means of egress
comply with the local building code requirements. Along with ensuring that the codes
provisions are met, the FPE should assess the risk that may be inherent to because it is
possible to design a building that complies with the governing code but poses a danger to
the occupants. As earlier stated the codes that are being used to analysis the newly
designed building will be NFPA [6]. One critical assumption is that the building will be
fully sprinklered. When a building is fully sprinklered there are some code easements for
the designer to take into consideration. To assume that the building will be fully
sprinklered is justified per NFPA 5000 Code 15.10.4.12 for automatic sprinkler system in
a historical building, which Alumni Gym must conform to the new codes for fire

sprinkler system.

7.1 Elements of a Means of Egress

There are three main parts to a means of egress system: Exit Access, Exits and
Exit Discharge. The components that combine to form these individual sub-systems all
need to be analyzed for code compliance as part of the regulatory approach to ensuring
safe egress from a building in a fire emergency. According to provision 3.3.391, well-
designed egress system needs to include multiple exit locations, adequate capacity for
building occupants, easily accessible exit locations, barriers or enclosures to protect

occupants from products of fire, as well as marking of the exit route [6].
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7.2 Occupant Load

Occupant loads within a building depend on the uses of each room, as long as
there is the proper two-hour fire rating for the barrier. More specifically, occupant loads
are separated by floor and calculated according to use in relation to an occupant load
factor. Table 18 Occupant Load Factors is a summary of the type of factors used to
determine the occupant load fact, from the 2006 edition of NFPA 5000 and look at Table

11.3.1.2.

Table 18 Occupant Load Factors

Occupancy Classification Occupancy factor
Business 100 Gross Sq. Ft. per person
Classrooms (Assembly) 15 Net Sq. Ft. per person
Shops and Lab Areas 50 Net Sq. Ft. per person
Accessory Storage and Mech. Room | 300 Gross Sq. Ft. per person

It should be noted for the analysis net square feet is the area of the room minus
the area of any obstruction in the room; and the gross square footage in just the area of
the room plus any obstruction. Once the appropriate square footage for each space was
calculated it was then divided by the occupancy load factor, as shown in Equation 1 Door
Width. The quotient was rounded up to the next whole number to the highest possible
occupant load. Table 19 Summary of Calculated Occupant Design Loads per Floor
displays a detailed summary of the breakdown of space per floor and the corresponding
occupant loads. Table 19 square footage doesn’t match the square footage of Table 8
Square Footage of Alumni Gymnasium, because it doesn’t include the walls unlike Table
8 which is all the usable space in Alumni Gymnasium. The egress and fire protection

systems are designed with the worst case in mind for safety reasons, but there are some
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areas where there is a smaller number than what a space could actually hold, which is

seen in 11.5 Floor and Fire Summary Charts.

Table 19 Summary of Calculated Occupant Design Loads per Floor

Floor Use Square Footage (f’) | Number of Persons
Accessory Storage/Mech. Room 18.00 1
Shops and Labs 2,290.50 46
Sub-Basement | Business 2,009.86 21
Restrooms 430.50 10
TOTAL 4,748.86 78
Business 5,375.60 49
Accessory Storage/Mech. Room 56.70 1
Basement Shops and Labs 1,345.00 36
Classrooms 2,039.00 184
Restrooms 718.30 16
TOTAL 9,534.60 286
Business 6,052.45 92
Accessory Storage/Mech. Room 236.75 2
First Classrooms 3,216.25 224
Restrooms 45591 10
TOTAL 9,961.36 328
Business 4,751.75 53
Accessory Storage/Mech. Room 647.30 4
Second Classrooms 4,249.80 284
Restrooms 419.25 10
TOTAL 10,068.10 351
Business 3,088.80 38
Third Accessory Storage/Mech. Room 78.00 1
TOTAL 3,166.80 39
Building Total Occupancy 37,479.72 1082
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7.3 Egress

7.3.1 Number of Exits
The required number of exits are in accordance with //7.4.1.2. This code provision

requires story to have at least two exits as long as its occupant load is less than 500. If the
occupant loads is between 500 and a 1000, the requirement is three exits; and no less than
four exits are required for more than a 1000, breakdown of number of exits per floor can
be seen in Table 20 Compliance in the Number of Exits. Any room in the building with
occupancy of less than one hundred people and is fully sprinklered than on door may be
allowed according to 28.2.4.3. For safety reason it is best to have at lest two exit in high
by used rooms like classrooms. The building code requires that each door exiting from a
room must have a UL Fire Resistance Rating of one and one-half hours a summary of the

number of doors used throughout the renovation can be seen in Table 21 Total Fire Doors

for Redesign.
Table 20 Compliance in the Number of Exits
Floor Need for floor | Have for floor | Compliance
Sub-Basement | 2 2 In Compliance
Basement 2 5 In Compliance
First 4 5 In Compliance
Second 2 3 In Compliance
Third 2 2 In Compliance
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Table 21 Total Fire Doors for Redesign

DOORS
INTERIOR EXTERIOR
FLOOR
SINGLE 36" | DOUBLE 60" | SINGLE 36" | DOUBLE 60"
SUBBASEMENT 5 5 0 0
BASEMENT 13 3 2 2
FIRST 15 5 3 3
SECOND 21 3 0 0
THIRD 13 1 0 0
TOTAL 67 17 5 5

7.3.2 Dead Ends
A dead end is a corridor that leads to a wall and provides no other means of egress

assuming that the new Alumni Gymnasium is fully sprinklered allows for the maximum
dead end length per 28.2.5.2 to be fifty feet. If a corridor is to long an occupant may use
the corridor when trying to egress the building may get lost and worst hurt.

The basement is the only floor level for which there is a dead end; the four other
floors don’t have any dead ends. Basement provided difficulty to design that was a dead
end; this can be seen in Figure 20 Dead end Design Issue. The original design of the
basement had a dead end corridor with a length of seventy feet and three inches, which is
shown with the green ellipse. That length is too long for code compliance. In response,
corridor was redesigned to have a dead end length of forty seven feet and six inches; new

design may be seen in with the red ellipse.
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Figure 20 Dead end Design Issue

7.3.3 Travel Distance
The proposed design for Alumni Gymnasium in which classroom and offices are

placed throughout the floor space, a designer has to be aware of the travel distance of the
occupant. The travel distance is the total travel length from the furthest point from any
occupied point to the entrance to an exit, as see in Figure 21 Travel Length. Paragraph
28.2.6.1 specifies the maximum travel distance for a fully sprinklered design is to be no
more than 300 feet. In figured 21, if a fire, represented by the red circle, took place on the
third floor in room 301, an occupant of room 301 would have the greatest travel distance,

represented by the green line, of ninety three feet, which is an acceptable distance.
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Figure 21 Travel Length

7.4 Capacity
The capacity of a building depends on the size of the building by square footage

and type of building it is classified as. Using the square footage the designer can
determine the occupancy load, which has an impact on the building design. The capacity

of the building will affect the size of the doors and corridors width.

7.4.1 Exit Access Doors
Door width requirements were calculated using the inches per occupant factors

given in Table 11.3.3.1. All egress components are required to have a total width of
either 0.3 inches per person for stairways and 0.2 inches per person for corridor. For

NFPA it doesn’t matter if the building has sprinkler system or not when calculating the
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width but in the IBC an easement in width is allowed for the buildings with automatic
sprinklers [4]. Based on the occupancy load calculations, each exit access doorway has
two satisfy the more stringent of two criteria: one is to meet the needed width, and the

second is to be at least 32 inches wide.

Equation 1 Door Width
TotalExitAccessDoorWidth = OccupantLoadFloor(.2) > 32inches

Equation 1 yields the total door width necessary for a floor. The total number of
doors provided depends on the required door width and the required number of exits. For
example, a floor that requires both 60 inches of total exit access door width and two exits
could have two 32-inch doors; or, it could be over-designed with two, 36-inch doors. It is
also important to note that these calculations must be completed for classrooms and other
areas within all floors of the buildings.

Chapter 11 of the NFPA 5000 indicates that stairwells are required to have a total
width of 0.3 inches per occupant, with the minimum width for each set of stairs to be no

less than 44-inches.

Equation 2 Stairwell width
TotalStairwellWidth = FloorOccupancyLoad * (.3) > 44inches
Equation 2 expresses the total required width for the stairwells, and it is similar to
Equation 1. For example, a floor that requires 2 exits based on occupancy and 100 inches
of stairwell width could have 2 stairwells that are 50 inches wide, or, 3 stairwells that are
44 inches wide. For the redesigned Alumni Gymnasium, the total existing stairwell
width is often substantially greater than that which is required for the anticipated

occupancy loads. Specifically, it should be recognized that the stairwells are sized for the
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maximum amount of occupants seen on any floor, because the stairs are not allowed to
decrease in the direction of egress. Additionally, it has been assumed on the plans, for
illustrative purposes, that all exits are used equally in an emergency. Although this is not

likely, it allows visualization of the conservative values seen throughout the building.

7.4.2 Corridor Width
Corridors are required to have a total width of 0.2 inches per occupant, and for

occupancy loads of more than fifty are required to have a clear width of at least 44 inches
as stated in 28.2.3.2.  The calculations follow a similar process to those shown is
Equation 1 and 2. The corridors of the redesigned Alumni Gymnasium are generous in
size relative to these criteria. In most cases they accommodate allowing for an occupant
load equal to that of the entire load of the floor. It would be safe to say that from an
egress point of view the corridors are grossly over-designed. However, there are many
reasons to design wide corridors. Fire protection is certainly not the driving factor in
very wide corridor widths, but for moving furniture and lab equipment is easier with the

wider corridors.

7.4.3 Exit Discharge
The exit discharge must flow directly out of the building according to paragraph

11.7, which calls for the exit discharge to flow into a public area. For Alumni
Gymnasium, there are five separate existing exit discharges which discharge in a public
area for safety from the building and the fire. The building is well above the required

amount of discharges.

7.5 Structural Fire Protection
The fire protection of a building doesn’t stop with the active for suppression
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systems such as sprinklers. The fire suppression of a building depends also on the passive
fire protection system such as the walls of the building to have so type of protection. The
structure of a building needs to have a fire protection provided through two types: one
type is fire barriers and the other is fire retardant materials. With these in place and

working properly the fire is slowed down from progressing to adjacent rooms.

7.5.1 Fire Barriers
Fire Barriers are important part of the design of the fire protection system of a

building. A fire barrier is a system that is in place to slow down or even stop the
progression of a fire and the products of a fire from room to room. Fire barriers are
defined as passive fire defense systems; it is not an active fire defense system like
sprinkler systems. A passive fire defense system is a system that is in place and doesn’t
change its operation or mode after a fire has happen. Stairwells and walls are examples of
two different types of fire barriers. A fire barrier only needs to resist the fire for a two-
hour period, so that the occupants can escape the building safely. Gypsum board on both
sides of a wall is a cost effective strategy for providing the required fire barrier and fire

resistance [3].

7.5.2 Fire Retardant Materials
Even though there will be Gypsum board covering up ninety percent of the steel

structure. For that percent not covered by the Gypsum board other fire protection is need,
such as a spray coating the steel with fire retardant materials. During the construction of
the building all of the existing steel structure will be exposed, and at this time it would be
a good idea to further the protection of the building and its occupants by applying a fire

retardant material to the steel and wood structure. A typical fire retardant is a concrete
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based spray covers up the steel or wood and when it comes in contact with the air it binds
to the objects providing a fire resistant that is need for the object. This material is one of
inexpensive materials to work with but it is not an aesthetic solution. It would be best to
limit the use of this material to those areas of the structure that will be covered by finish
work [6].

In the redesign of Alumni Gymnasium the steel truss system that supports the roof
decking remain exposed when construction is finished. This would make the truss part of
the architect’s design for the floor. Even though it contributes to the interior aesthetics of
the building, the truss still needs to have a fire retardant material in place. A cement-
based, spray applied insulate would be bulky and would not have a nice look that the
designer is trying to accomplish in their design. Intumescent spray material was
developed to have the two hour fire rating that the steel requires but it is as thin as paint.
This material would retain the overall look and aesthetic feature of the truss, and one

would not notice the fire retardant material since it will look just like a painted material

[6].

7.6 Conclusion
The redesign of Alumni Gymnasium follows the fire provisions defined in NFPA

5000. The width of corridors, stairwells, and doors were all determined by the occupancy
load. In fact, the existing structure and our proposed design provides more than what is
required by codes for any of the widths. During the double checking to see if the new
design complied with this document, one trouble spot came up. This was the dead end
corridor in the basement. A minor adjustment to the floor plan was needed for code

compliance. After fixing the dead end problem the rest of the design was complaint with
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the codes. According to the building code philosophy, the proposed design to be a safe

design from a fire protection perspective, as seen in Table 22 Compliance Width.
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8 Cost

Once the scope of the design is done, the firm may come up with the cost for the
project. The report has focused on the cost of the project in the area of materials and
labor. Determining the cost for the materials and labor is known as the bare cost of the
project. Since the goal of this project is to see if it is a realistic choice to turn the existing
Alumni Gymnasium into classroom and office space, a rough bare cost was need to
complete the requirements. Cost for demolition, fire protection coating of steel, and
construction of classrooms and offices most be examined.

Determination of an estimate for the project was made easier with the use of the
RS Means Building Construction Cost Data book [8]. The 2005 edition of this book was
used and adjusted to represent current cost by assuming an annual with a three percent. In
addition to this book, some of WPI administrators’ advice was also used in the cost
estimate of the project.

Chris Salter, Associate Director of Plant Services, provided some insight on
developing a cost estimate for college classroom spaces. He was able to provide cost
estimates that WPI has been using for its remodeling projects for the last couple of years.
The cost numbers were expressed in dollars per square footage for a couple types of
rooms. According to data provided by Salter, state-of-the-art lecture hall is usually 200
dollars per square foot, and the smaller classrooms cost about 100 dollars per square foot.
Offices are usually figured to cost 75 dollars per square foot while bath rooms are 150
dollars per square footage, and lab space would be 150 dollars per square foot [14].

Director of Academic Technology Center, Mary Beth Harrity, provided cost data

for installing computer technologies with in academic building. For instance, an I.T Lab
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(Tech Suite) has a price tag of about 15, 000 dollars per room. The cost of a computer lab
is based on an assumption of about 1,500 dollars per computer plus construction of the
room. For a complete break down of what the rooms included in the cost estimate figures
looked at section Breakdown. With the data gathered for each source it can be determined

what a project of this scope could cost the Institute [11].

8.1 Breakdown of Fit-out Needs by Room Type

Preparation of a construction cost estimate for the proposed redesign of Alumni
Gymnasium requires a space plan and an inventory of the furnishings for each of the

different rooms. The list below outlines the furnishings anticipated for each room.

8.1.1 Lecture Halls (2 Rooms in Proposed design)

Stadium Seating

Stud wood walls, drywall, paint, and wood molding

Desks and chairs

Audio and video equipment to teach with, multiple pull down screens
Computer network

In wall rolling choke boards

8.1.2 Small Classrooms (2 rooms)
e Moveable desks
e  White board on the wall
e Stud wood walls, drywall, paint
e Computer network with pull down screen

8.1.3 Restrooms (8 restrooms)
e Sink
e Toilets
e Stud wood walls, drywall, paint

8.1.4 Office/ Conference Rooms (25 offices and 2 conferences rooms)

e Stud wood walls, drywall, paint
e Desk plus chair
e Computer
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8.1.5 Research Labs ( 2 labs)

e Stud wood walls, drywall, paint
e Lab equipment

8.1.6 LT Labs (6 Rooms)

Plasma Screen TV

Computer with multiple network hook ups
Desk plus chairs

Phone

8.1.7 Computer Labs (1 computer room)

e Multiple computers
e Teaching computer complete with A.V
e Desk plus chairs

8.2 Cost Breakdown

This section provides a complete break down of what the project would cost if the

redesign of our plan had been followed. The cost for this project can be seen in Table 23

Cost Break Down of Project. This table gives a detail look at what goes into a project of

this size and magnitude of cost in 2005. There was a twenty percent increase in the final

cost for a factor of error. This increase will cover any of the things that may have been

missed or forgotten, plus it also covers for the factor of the area the project is being

constructed in, Massachusetts. Figure 22 Bar Graph of the Cost of the Project in 2005

shows that the majority of the cost is due the cost of the rooms. This cost estimate doesn’t

include the cost of the utilities [7].

Table 23 Cost Break Down of Project

Bare Cost Analysis of Redesign for 2005

Categor total
o1y Area Price | Quantity | unit | cost source
Demolition | pool concrete floor 1.22 2,000.00 | sq-ft 2,440.00 | RS Means Value
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floors woods 0.84 7,210.00 | sq-ft 6,056.40 | RS Means Value
0.52 7,210.00 | sq-ft 3,749.20 | RS Means Value
tile 0.68 | 28,946.00 | sq-ft 19,683.28 | RS Means Value
wood with studs +
walls . 2.53 | 8,830.00 | sq-ft 22,339.90 | RS Means Value
drywall on both side
ceiling drywall ceiling 0.83 | 24,022.25 | sq-ft 19,938.47 | RS Means Value

il pool _heavysoil 1940 60000 11,640.00 | RS Means Value

Concrete

Masonary

Steel

Fire

Protection

floor over
existing 4" slab of concrete 1.65 2,000.00 | sqg-ft 3,300.00 | RS Means Value
pool

reinforcing 78.50 2,000.00 | C.S.F | 157,000.00 | RS Means Value

Brick

repointing (soft old)

3.21

15,080.00

sq-ft

48,406.80

RS Means Value

I-Beams

power washing

W 24 x 68

1.35

69.47

15,080.00

135.20

sq-ft

20,358.00

9,392.34

RS Means Value

RS Means Value

W10x 15

20.11

268.00

5,389.48

RS Means Value

Beams fire proofing spray 1.24 3,106.21 | sq-ft 3,851.69 | RS Means Value
intumescent

Truss spraying 0.37 1,177.60 | sq-ft 435.71 | RS Means Value

columns fire proofing spray 1.57 2,374.00 | sq-ft 3,727.18 | RS Means Value

Flooring | Tile 8" x 8" 5.00 | 41,373.00 | sq-ft | 206,865.00 | RS Means Value
N
Roorms Lecture ‘

Hall 200.00 4,250.00 | sq-ft | 850,000.00 | Chris Salter
classroom 100.00 6,128.25 | sq-ft | 612,825.00 | Chris Salter

LT lab 15,000.00 6.00 | e.a 90,000.00 | Mary Beth Harrity

Computer | computer cost 1,500.00 48.00 | e.a 72,000.00 | Mary Beth Harrity

lab teach computer 20,000.00 1.00 | e.a 20,000.00 | Mary Beth Harrity
offices 75.00 4,779.10 | sq-ft | 358,432.50 | Chris Salter
bathroom 125.00 1,993.46 | sq-ft | 249,182.50 | Chris Salter
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labs

150.00

2,290.50

sq-ft

343,575.00

Chris Salter

Elevator 5000 Ibs caiacii 5,625.00 4.00 | e.a 22,500.00 | RS Means Value

3'x7 250.00 72.00 | e.a 18,000.00 | RS Means Value
Doors 5'x 7' 480.50 22.00 | e.a 10,571.00 | RS Means Value
handicap equipment 350.00 2.00 | ea 700.00 | RS Means Value
panic touch bar 450.50 94.00 | e.a 42,347.00 | RS Means Value
2005
total cost of project 3,191,659.46
20% increase to total cost 3,829,991.35 Dollars
cost per square foot 92.57
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BAR GRAPH OF THE COST OF THE PROJECT IN 2005
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Figure 22 Bar Graph of the Cost of the Project in 2005

The project in 2005 would have cost in the range of $3.83 million which is a cost
of $92.57 per square foot. Table 24 Cost of Construction for Different Years shows what
the project will cost for future dates, by using a three percent increase per year for
inflation [7]. If the Alumni Gymnasium was to be renovated this year it would cost the
Institute around $4.1 million which is a cost of about $98.21 square foot. When talking to
John Miller, he said that there are plans to build the new recreational center by the year
2015. That is most likely when the redesign of Alumni Gymnasium will be considered,

and the associated future cost will be about $5.2 million, or $124.41 per square foot.
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Table 24 Cost of Construction for Different Years

Cost of Construction for years other than 2005
2006
total cost of project 3,287,409.24
20% increase to total cost 3,944,891.09 | Dollars
cost per square foot 95.35
2007
total cost of project 3,386,031.52
20% increase to total cost 4,063,237.82 | Dollars
cost per square foot 98.21
2010
total cost of project 3,700,008.06
20% increase to total cost 4,440,009.68 | Dollars
cost per square foot 107.32
2015
total cost of project 4,289,323.42
20% increase to total cost 5,147,188.11 | Dollars
cost per square foot 124.41

The cost of some of the utilities can significantly increase the cost of the project
cost up. Examples include the sprinkler system, HVAC system, telephone, and electric.
This being a 2005 book cost estimate the same three percent needs to calculate into the
estimate, as seen in Table 25 Utilities Cost [8]. The cost of the utilities may cost in 2007
around $1.3 million with a square foot cost of $31.25. These costs are just rough
estimates. Some design development and industry are needed for more accurate costs.
This gives an idea of what kinds of cost it will take to build the new design for Alumni
Gymnasium. Combining the cost of labor and materials with the rough estimate for

utilities it will cost $5, 614,617.91 which is $135.71 a square foot.
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Table 25 Utilities Cost

Utility Cost According to 2005

Category Price | Quantity | Unit | Cost
Heating 5.03 | 41,373.00 | sq-ft | § 208,106.19
Air Cooling 7.2 | 41,373.00 | sq-ft | § 297,885.60
Sprinklers 326 | 41,373.00 | sq-ft | § 134,875.98
Electrical
4.8 1107,904.00 | C.L.F | $ 517,939.20
Wire 600V
Telephone 6.65 8,992.00 | L.F $ 59,796.80
Total Cost $1,218,603.77
Total Cost For 2006 $1,255,161.88
Total Cost For 2007 $1,292.816.74

Cost Per Square Foot

$ 31.25
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Table 26 Total Cost Project with Utilities for Years other than 2005

Cost of Construction for years other than 2005
2006
Material and Labor cost of project 3,287,409.24
Utilities cost 1,255,161.88
Dollars
20% increase to total cost 5,451,085.35
cost per square foot 131.75
2007
Material and Labor cost of project 3,386,031.52
Utilities cost 1,292,816.74
Dollars
20% increase to total cost 5,614,617.91
cost per square foot 135.71
2010
Material and Labor cost of project 3,700,008.06
Utilities cost 1,412,695.75
Dollars
20% increase to total cost 6,135,244.58
cost per square foot 148.29
2015
Material and Labor cost of project | 4,289,323.42
Utilities cost 1,637,701.56
Dollars
20% increase to total cost 7,112,429.98
cost per square foot 171.91

8.3 Cost Conclusion

Renovating the existing Alumni Gymnasium will cost WPI around $4.1 million,
which is $98.21 square foot; not including the utilities and services that need to go into
the building. The cost of utilities with the material and labor is $5.62 million, which bring
the total cost and $135.7 square foot. The final cost doesn’t include the overhead cost for

design, engineering fees, plumbing, and construction bonds. When these costs are
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included the project could exceed six million dollars. For the alteration of Alumni
Gymnasium for academic proposes it can be estimated to cost between five and ten
million dollars from start to finish of the renovation. This big variation in cost of the
project is because there may be unexpected cost for the project. For example, the cost of a
project management and the utilities are rough estimates. When a HVAC firm goes the
construction the cost could be more for an old build and there are unexpected

implications for the installation.

9 Conclusion

As we all know, projects evolve, ideas bend, and plans change as time passes and
new perspectives are gained and new information is uncovered. This is rarely a bad
thing, and in most cases, the changes are simply necessary, or more reasonable, or more
in-line with the end goal. Our changes brought to light interesting problems, benefits,
and challenges. This project was begun with some expectations that were simply not
met: plans changed accordingly. First, to execute the project, we initially thought that old
structural drawings, itemized lists of materials, or any reference material in some level of
detail on Alumni Gym existed. Nearly nothing was found beyond some simple and
incorrect floor plans. Second, to define the project, we thought it would be interesting,
and in the interest of the student body, to offer a plan that would convert the gym to a
multi-use social center, study lounge, and student activities office area. Further insight
into the needs of the school exposed the demand on classrooms, labs, and offices, those
unexciting but very necessary requirements of an academic institution. So, with some of

the drive and excitement towards the initial project dropped down a notch, very little
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reference as to how the building was built, and next to no information that could be
interpolated from older building codes, we set out to offer a reasonable proposal for the
alteration and restoration of Alumni Gymnasium into classrooms, offices, and lab space.
A thorough proposal should include an examination of every anticipated aspect of
the design and construction schemes for the renovation. It should be evident through the
pages of text, figures, and tables presented herein that we tried to touch on every
perceivable aspect of this building upgrade. The result is a series of proposed areas,
structural dimensions, cost estimates, and all of the respective calculations. But this is
also a report that leads the reader through the process of first identifying the goals of a
project then defining the constraints via a set of codes and an existing structure. It goes
on to give an idea of many things that get in the way of such goals. This includes safety.
It is important to note that not all things that get in the way are bad. Placing
safety as the highest concern is important and should be welcomed as one of these things
that causes iteration after iteration of a design. Provisions are set in place to protect the
well being of everyone involved: from the occupants to the engineer. The discussion
proceeds with calculations and a resultant plan. Without a projective cost, this plan
means little to those considering it. As a proposal, having a reasonable cost estimate is
essential for giving a sound impression of the depth of the project. Cost of materials and
labor are important considerations, but these numbers could be estimated based on
construction of a new building, where, in comparison to the renovation of an existing
building, the potential to optimize construction is fairly unlimited as there are fewer
initial conditions to consider. With renovation and alteration, construction difficulties

can prove very costly, as time is money. For example, placing large structural members
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within a structure can prove difficult with existing walls and roof structure. An effort
was made to limit potential difficulties in construction. The result of this entire process is
a relatively cost effective, reasonable to construct structure, which would lessen the

demands on current academic spaces as well as provide substantial room for growth.

9.1 Project Outline and Results

The renovation of Alumni Gymnasium would begin with demolition of the
existing, non load bearing, and interior walls. The track on the 3" floor would then be
removed as the space is now open for removal of the larger debris from this structure.
The pool area should then be filled and temporary supporting members included for
installation of the new beams and girders above. As the building is relatively free of
walls at this point, the new structural members would be brought in and installed on the
basement level. The elevator should be installed at this time. Interior masonry cleaning
and fire proofing of steel members should then be performed. Following this step, new
flooring and partitioning walls can be added from the bottom floor up. Finishing work
can then be completed, and new equipment and furniture brought in.

The renovation would provide a great deal of added academic space to the
campus. This proposal would provide two classrooms with seating for 80 students each,
two lecture halls with stadium seating for 80 students each, twenty five offices, six tech
rooms, two conference rooms, two research labs, and two computer labs. The building
would cost approximately 5.6 million dollars to renovate at about 136 dollars per square
foot of floor space. The addition of this space would improve the quality of the WPI

campus as a whole while retaining the historic nature of the building itself.
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9.2 Capstone Design

Well-developed cities, where land use is limited, but existing structures are
plentiful, provide plenty of opportunity for building reclamation. This can be seen as a
common trend in modern construction. One such example is the WPI project at Gateway
Park where an older building was salvaged in order to save money and keep the feel of
the surrounding community. The development of a plan for an alternative use of Alumni
Gym follows this trend as a realistic project with many practical constraints. Ethics,
safety, construction, practicality, politics, and cost are all parameters common to the
workplace of a civil engineer.

Efforts to uphold the engineer’s code of ethics have been taken by strictly
conforming to the most stringent of codes while making the building as safe as is
feasible. Widely accepted codes have been followed, and in many cases exceeded in an
effort to ensure a safe structure. Furthermore, a deep emphasis on fire safety in the
means of egress has been a significant portion of our design. By following the provisions
of the IBC, NFPA, and local regulations for the building’s structure, the proposed
structure should remain standing for many years to come. Additionally, the construction
process of the building has been emphasized to ensure feasibility.

Practicality of the design itself is not the only concern with a project like this.
The proposed structure must also appeal to both those funding the project and the people
who use it. With this in mind, the project has included significant interaction with
members of the WPI faculty and staff regarding the most efficient use of the space.
Politically, the ideas expressed in the project must appeal to the governing body, WPI.

Finally, cost is always a substantial concern, and therefore efforts to estimate the cost of
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rehabilitating Alumni Gym have been taken. These cost estimates seem reasonable and

are in line with those of other WPI projects.

9.3 Final Thoughts

This MQP experience offered a unique look into a “real world” project. We
encountered difficulties in gathering information from a number of source types. Text
resources were used to find information on modern materials used. Information on
building materials from the early 1900s, currently in use in Alumni Gym, were found in
the literature or estimated reasonably. Up to date, regulating codes were followed with
the safety of the building’s occupants in mind. Construction and cost were concerns from
the beginning of the project. The resultant use of space and proposed alterations will
offer a great deal to the quality of the academic environment on the WPI campus by
providing additional classroom, office, and lab space to the student body and faculty. In
the end, we have learned a great deal about the struggles and rewards present in the
development of a successful building alteration project.

This project has certainly given us a unique look into the civil engineering field.
Other major qualifying projects, similar to this one, could provide students with valuable
experience in areas which they will likely encounter as a civil engineer. Gathering
information, interpreting provisions of accepted building codes, calculating the potential
strength of existing structures, creating a layout which will provide the proper means of
egress, and estimating a reasonable cost for construction: these are all important practices
that students don’t often get the chance to perform together in the classroom. Worcester
is full of buildings that have great potential but need renovation. Furthermore, the WPI

student body is a good resource for providing the city with proposals for these buildings.
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More MQPs like this one, in conjunction with the city, would provide students with the
necessary practice in engineering while giving back to the city and assisting to create a

better environment for the WPI community.
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11 Appendix

11.1 Proposal

Proposal:

Renovating Alumni Gymnasium 2006

[y

Lravid Laramos

Ben Mies

LS L Er

Frof. Lecoard D Albano
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1. Introduction

Worpester Polytechnic Instilute’s first athletic building, the A lumni Cymnoasium
was finished in 1915 but will snon be replaced by n proposed |arger sed more suitable
Tocility, lis location bordaring the quadrangle, near the conter of campas. as well as the
sizfune of the stnaciure meke it cow: of the more promizent buildings a1 the Insgiuie. bost
all of the freshman class and o grest magority of the student body walk by this building
wachday, To many, this anzs 13 thi: beart of the WF] campees. The trmsformation from s
gyvminasium io cless rooms would allow the buildieg wo susimin many more genamions of
enthusasi students.

Thaz Alumni Fighl s Giymmasiom were bailt o sisfy the demands af a growing
physical raining end athletic condidoming program i ‘WP, The Alumai Assocsiimn
succesded in completing The Tacilities just in tEne for the 507 anniversary of the Instilute
i\ 905 Fust over fifly v later, Hamington Audiorium wes completed and connected
to the existing Alumni Gymnasiume Today, Alumnd Gy s used peisnanly Toe dub
spors with only ane warsity peam using i as its home Geility. Faculty aad studomts use
the gym &8 & place 1o nilicve stress outside the classnoom through physical activizy,

Coming up on the Jﬂ*'.imnimm}' of the schaol, W plam o v again
introduce o pew fisld hause as the primary sile for both competitive sporing evenis and
arhketic conditioning. With thas, Alumni Gymaasium beoomes obsoleis as o imining
cenier. Une of the primary concems on camgns s a lack of elasseoom space. Witk this
classroom shoraps and the upcoming mvailabifity of Alumni Gympasiune, creating o

variely ol classrooms, sbudenl meeting space, and affices thromgh reclameion of the

Dravid Larames and Ben Mics Z
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sirucrare will likely be considered, This peojeet will be an exploragion into the repevation

af the existing Alumni Oymnaziwm mio g mix of chesrgom, office, and other areaz 1o

support WPI's growih.

2. Objectives

This MOF affers us experience in real=world reclamation of an existing strocre.

The aregs where we expedt 0 expand our knowladge snd understanding are g follows;

history of corstractos and W

strucrural design

renovations

coat anolysis

fire proteciion systems

baildieg codes such as MFPA, IRC, local and staie
client commeandcation

technical mispan wriling

rranapersent of our progect

3. Scope

Ey nekisrg on this project, we plan o develop an approach for iransforming

Alumen Gyrreasien inle an amea thal embodies the interests af both the sudeng and

faculiy populons, Secondary io thess seeds, our geal &= 1o neiain e hissory and

smosphen: al the hastoric strechare. Alamni Gympasium was foanded on dbe principles

ol the sudent's livelihood aad this idea should be kapt alive in o reclaansd sinecnee. In

Diarvid Laramee and Ben Mies 3

By: David Laramee and Ben Mies 122



Renovating Alumni Gymnasium for Academic Purpose

developing a tactic for renooaling the stodent’s hisiorical pym for new uses, we will
woenplide thess tasks;

#  Ciather historiesl Infonmatkon on Alumnd Ciym
a 1915 Wareesier building codes
o imdent of we and actual use
o msjor modifications
* addiems
®  mcideniz
[nvestipalion of Curmenl LUse
g EEPUCTUrl SIACHS
= load paths
®  |oad resisling sysiems
o ditailed struciaml drawings
0 DREUPARCY
o imterview with John Mille
o vwalk-throegh to investigale strocture personzlly
o cumes fne prolisciion syaliom
s Foture Plans
o Chomsing allomativog uses
" gu own Ideas
= WFIs needs
= bllending idems inbo ome that serves the purpose
®  anabyring and defiming an appropriate solution
#  Developing Ohr Flans
o cresting an overlaying Soor plen of alterations to the siructore
o nuw floor plang and structaral drvwings in accendande with building codes
»  research into current buibding codes and poverning codes
»  using Katiomal Fire Protection Association (KFPA) codes
»  using Infernational Building Codes 2006 Edition
o using hal and stak: bikling codes

Diavid Larsene: and Bea Mies 4
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#  choosing the governing specifleations
®  siroctursl aliematives sad anslysis
o upgrading curred fim proeciion sysiems (o =i our peeds and sslialy
beskling code regummemenle
o estirmated cosi of renovation
& post of labar

w  deimel il and coRslieciion

= posi maierialks

4. Capstone Design

Well developed cities, where land use is lmited but existng strocoares e
plentiful, providi plesdy ol spgoriumity Ffor building reclamation. This cam be seen oz a
common iread in modem constiruction. Developing o plan for on shemme e of the
Alumni Gym folbows this trend as o realistic project with many pracical consrame,
Thess: pasnmeters an: commaon Lo the workplace for a civil engineer. For example, the
WPl project at Omoway Park involves salveging an odder hullding in ander 10 sove momey
and keep the feel of the surmundieg commnmiry,

Efforts 10 uphold the engineer’s code of ethics will be taken by stricsly
eonfarming lor the must stringent of codes while making the bublding o sl @ i
feasible. Furthermore, a deep emphesis on fire sty in the means of egress aad
seppression systems will be a sigaificant portion of our final report. By following the
pravissors af 1B, KFPA, and local building regalations, our deshgs ahauld b gafie fior
the occupesits. Additicsally, detailed structural drawings of connections will be &

conflrmation thar Banlding (manufadunng) the snacture & femible,

David Loramee and Ben Migs 5
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Peacticality of the design itself is not the ealy concern with a propect bike thrs,
The proposed structere must also appeal o bodh those fimding the project and the people
that use . With this in mind. the scope of the praject imclsdes inperaction wish bath
studenits ad faculty reganding most efficient use of the space. Politically, the ideas
expressed im the project must appeal to the goversing body, '"WPL In sddition, cost is
alwmys of concern, ed therefore effons o estimate the cost of rehabilintng Alumnl

Ciymn will be weken,

5, Schedule

This MOP praject will fallow & schedule closely in accordamcs with the danes
listed hadom

& % Tem
2 Propasal = 92772006
o Meeting With Joan Miller- $292004
o Mecting with Charles Romik — 100042006
= Dhefimed what the new e for the buikling will be
o Walk through
o Investigake buakling codes and the discrepancies of 1413
@ ResErch hasiore-WT achiewves
¢ B Torm
o Continue
= Histery research
*  Building ecde imviestigation and existing complimmce
& Chios: an appropriabe aliemative use - heing of B wrm
& Develop and gatber sinschural drawings of exisiing siraciure — mid of

JERTS

Pui dhe dravwings inin & digitl Farmat, simple drawings

a  Delermime:

" Spaco available

David Larnmes and Ben Mica i
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®  haw does the structure work
" fire safety evalualson
#  Tem
o Continue sodying building codes
o Develop foor plas for new ides- firs vk
v Owerluy this new plass on the simple compuier drewings
®  While beeping in mine tee hord unnesovable features (doors,
o Develop structural drarwings of the allemative use — mofine lemm
v Smislying Building coden and complying with standands
#  [efine whai cam sy from the old buikding ssd whai nesds o
he added &0 the strucnane.
o Building code compliance
o Uosl cstimation — &4 i wi are devcloping the: siruciure:
v Figuse om oot of labos
#  Figure ol cosd of materinls
o Finalize Report
# [ Tem
= Prepare far presengabion and finalizing report as requined

. References

Taylor, Hartert Foster. Sevency Fears of che Norcester Polyprechais
InSriruCe. WOrORSLEE, Mags:- WPI, 193T.

HTI Tuch Bibla. Fab T, J00E. Worcsetsr Polytechnls Inetlcuce, Ssp 34,
2008 <hiTpn/ M, wpl.sdofhosdenics/Library hzchivea/ TuchBible e
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11.2 Interviews

11.2.1 Academic Programs: Charles J. Kornik

Interview with Academic Programs:
Charles J. Kornik

Administrator
Interview conducted on Wednesday, 10-04-2006

David Laramee
Ben Mies
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WPI only has 34 classrooms
WPI does need more classrooms, would like to see Alumni Gym become
classrooms.
He would like to see...as many as possible
o 50 to 60 seats like it is SL105
o maybe 60 to 80 asitisin KH 116
o or Higgins 222 which holds less than 40 seats
suggested us to talk with the Academic Technology Center at WPI
o  Mary Beth Harrity to know about the technology that goes into each type
of academic room on campus
sent us some good data on the operation of classrooms, has charts on what

classrooms are used and how often they are used, as seen in 11.2.1.1 Classroom

Charts
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11.2.1.1 Classroom Charts
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Scheduled Use of Classrooms - B-termiFall 2005
(day only; mo Wed.)
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Scheduled Use of Classrooms - C-term/Spring 2006
(day only - no WEDNESDAYS)
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Seheduled Use of Clidsrcams - A-lammiFall 2004
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Heheduled Uks ol Classnsoms - CAeEmespring 1008
iday anly - ne WEDNESDAYS)

L L
f ] 1 ] ]

MEDIUM CLASSROOMS

Scheduled Use of Classroama - CtemaSpring H106
(day cnly - no WEDHESDAYE) 5:7

MR

TRELID WOEET B0 J9FFIYRI

1§t

By: David Laramee and Ben Mies 135



Renovating Alumni Gymnasium for Academic Purpose
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11.2.2 Plant Services: John E. Miller

Interview with Plant Services:
John E. Miller
Director of Physical Plant

Interview conducted on Friday, 09-29-2006

David Laramee
Ben Mies
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Told us there is no set plans for the gym or design for Alumni Gymnasium
Most likely that the gym will be renovated into class rooms
just that Alumni Gymnasium will be given back to the school for academic
proposes; once the completion of the new Recreational Center is constructed

o Expected data for the Recreational Center to be built by 2015 for the 150

anniversary of WPI

Also told us that there are CAD drawings of the existing floor plan of Alumni
Gym and he will find them for us, as seen in 11.2.2.1 Existing Floor Plans.
Renovations have been made on Alumni Gymnasium, this was when Harrington
Auditorium was connected to the Existing Gym

Suggested to talk to Charles Kornik
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Existing Floor Plan
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11.2.3 Plant Services: Chris Salter

Interview with Plant Services:
Chris Salter
Associate Director

Manager of Technical Trades
Interview conducted on Thursday, 02-22-2007

David Laramee
Ben Mies
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Told how there once was a plan to turn the Alumni Gymnasium into the
Campus Center back when they were building the new campus center. This idea
did not happen and another site was chosen.
o Gym was not chosen due to cost of Renovation, money at the time was not
there for it
o HVAC is what ran the cost up.
Gave the cost of rooms on campus in dollars per square foot:
o state-of-the-art lecture hall - $200
= like SL 104
o smaller classrooms - $100
= like Higgins 222
o Offices - $75
o Restrooms - $150
o Research Labs - $150
o All these numbers include the equipment and the walls and finishing of
that type of room

o Suggested to talk with Mary Beth Harrity
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11.2.4 Academic Technology Center: Mary Beth Harrity

Interview with Academic Technology Center:
Mary Beth Harrity
Director

Interview conducted on Thursday, 02-22-2007

David Laramee
Ben Mies

By: David Laramee and Ben Mies
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e Talked about the cost of the technology that goes into two types of rooms not
included by Chris Salter calculations
o LT Labs or Tech Suites — about $15,000 per room
o Computer labs cost about:
* $1,500 per computer
=  Plus 20,000 for all of the technology that makes the room an
interactive room, where the instructor can show what they are
doing on the computer with the help of a digital projector and

screen.
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11.3 1911 Building Codes

e R L

LR

o TETRON T L

H418VHO

BLLARNHIVSHYE “HALET AN

L16]
HALSTDNOMA 40 ALID
STONVNIAHO ANY SAVT

By: David Laramee and Ben Mies
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CI TR W AN OIS

CHAPTER IIT
BUILDINGS DEPARTHMERT
Dafimtlions

SgcTios 1, Lo thi shapler thes T.;.__u_.___w_._n Eerms
ghall have the mesnings _..E__.%.n,_.m.__,u“_q.b..nuﬂui._ ”_.._._n_H"

A Laration’' mesns ooy change or addizion,

S papmpnt” ghall be taken to mean that partian
of o bulbding the foor of which la below thee marks
Lewvnl at the sentoe of the front of Lhe building wot
rmvare bham thres-lourtks of the height of paid por-

tinm, mensuring from the fleor to the ecifing.
sHlock granite’ mesns that &ll stones are Inid

ol CA e Wb

with &ld of desrick and each atone full thirkmess of 10
11

wall

sqtnilding of the fiest cises’ meacs a buikding of 12
fire-preod eonstrustion throughaut. 13
- afgllding of the seeond cless”’ mesns a0y Tagild- 14
img oot of the et olmes, the walla of whick are of 15
briek, stons, ipen, or other eqanlby gubstaniiol amd 18

nim-eomibustible materinl. ) 17
spuilding of the third class’ means any build- 15
ing not af the first or peconil elnss. 14

ielinr™ ahall be talen to mean the lowest par- an
tion of o ballding the Goor of whisk i belew the 21
crerhs lovwel ni the centrs of the front of th building 22
mears than thres-guarters of the huight of exid por- 23
thon, measuring from the floor b the peillng- 24
s Tegbernal woll'™ menne every ouler wall oF ver- 20
tlonl evebosure of 4 bailding other than n party wall, 25
e irst cisss Tubbla’” means rubble bxid with aid 27
of derrick. a8
wFirst atory™ 2 the oext story sbove the hase= 39
wgnt. i

CETY OF WIBIESTRR

31 v Rounidation”™ mmesna that portlon of & wall b=
=9 |ew thelovel of the strest or surh, and when the wall
58 s potb oo street, That portion of thet wall below the
34 lewel of the highese grougd next to che wally but if
%5 under party or parbition walls, may be comstruad
%6 by the inspeclor o meso that portion belew the
47 eclinr foor.

95  “Hard rubble'” menns rubbie labd by hond withe=
0 oat the use of derrick.

A “'Helght of s bullding”’ mesos e perpendisalar
il distomps of the highei polst of the mod above the
42 mveragn geade of the princips] froot-

43 “THepght of 4 wall” reans the heipght from the
44 menn grade of the sidewnlk or adjoinkng ground da
45 ihe highesi paint of the wll.

46 “Inspector” means the inspector of buildings of
4T the City of Wisreester.

48 “'Laodgisng houase'" mesns o building in whizh per-
43 sona sre aceomepidated with slesplng npariments,
50 snd inohsles hotels sod aporiment bouses whers
51 pooking is mow dons in the several apartments.

52 “Pgrijtion wall” means any interior wall of me-
53 sonry in a bailding.

Bt “Party wall” means every wall used or bullt in
55 order to ke wused as & seporation of iwo or mors
6 Bigldings

57 “'Repaiss' mesns the reocomstoaction of rernov il
58 af any existing part of o building or of ite fizntures
50 or pppurienances, by whish the fire rak is nod
0 affected or modified, and noé mada o the opinion of
6l the inspestor, for the purpose of aoovertiag the
62 hullding in whole or in part bo & BEw one,

83  "figbble™ mesns stones of irregulsr slze acad
0l shunpee.

85 “Tenement house'™ mesns s building which, or
i any portion of which, is ocoupied, or inteesded to be
AT oceupied, ss & dwelling by thres or more families
&8 living Independently of one onoiher, or by more
60 thnn two families sbove the sscond foor so living-

47
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OEFINALNCER

whickness of a wall' mesns the minimum 70
thickoess of sueh wall. 71

Superindendent &f Public Buildings

Gporeos 2. The saperictendent of public Lukld-
lmgs shall have ohargs of the construction pod
im=prectinn of balldings- i shall bo an experiessd
arehitect, balkler or ivil engineer, and shall mniot e
engnged in sny otber busipass, or I fnterestod In
any conirsct for buailding or dor furnishimg meste-
rinls.

B R

Seeriam 3. The supesintendent of publie buidd-
ings shall puperintend the copstraction of sl build-
imgs erested by the City, ancd all repairs wp=on oll B
ity huildings, axcepd those of the City Hoepital,
Fros Pablic Libracy, the Worsester Homs Farm,
Hope Cemebery and ihe Independest Tndusieisl
Sehools, an<d see that the pomditins of coniracts ool
plans and specifsations, if any, are falthiully carried
oigt.  He ahall haye the eare ansd custody of all the
buildings belonging to the Cley, exoepl as othorwise 10
provided; shall keep himself asquainted with the 11
rondidion of such buildings; shall empley suitsbla 1z
mechanics o make slierstions and repoiss, and 13
ghall render such servics in restion o sueh buikd- 14
inga s propesly belongs o thes efflec. Hae shall 15
have the power and respoesibility af Initinting 16
all ordinory repairs upon school baildipgs, and 17
ghall be tha sole judge of b nooessily andl ex- 15
pedisncy of making such repsics, and shall bave 18
{hee entire charge and eontrol thereof, amd =hall 20
alone be respocsbble thessfor, npd ghall purchsde 21
all fuel and janitors" supplies for such buikdings, 2
He slsll kesp sin aceurnis record of all buildisgs 23
bolomging o the City which are Inhis departeent, 24
amd lands nppurtenant §o smch buildings, and he 25
ghall submit & Teport to the City Counel]l ammu- 210G

Sl A - R e

Ty OF WOnOEsSTER

27 ally showing their condition snd the nature and
29 mmont of expenditures thad leswe hieen mpds UHn
o plpm boe Wb duering the year next premading. He
= sholl prepare for meetines Lhe sooms desigrsntod
a1 for ward rosms, and sball kave them clepsvwal and in
32 good order after any meeting Lwseln.

General Provisions

| Smcriol 4. Mo person shell consiruct, alter,
3 pembote or repair, =aise or move any boilding or
5 strucbers of any kind, except in conformity with the
4 proviskons of this chopter, excopt huildings built
5 wr altered by the United States of Americs or the
o Commanwealth of Msssarhusetbe

1 2eermes 6. Al budldings or parts of buydldings
9 pprealier erected and nod Iereinafter speeifically
# describecl, sholl be of soumd msterinl, nbndantly
4 strong for the purpase intended, and the sizes of
5 meaterin] used thersin shall be sieh as howve been
i determbined by the bhest suthorities and domonstra-
7 ted fobe proper for siruglaral purposes, and i eub-
§ jeeied to tramsverss strains sholl be logded to not
O e than cne-fourth their wliimaie strength; if
10 subjected 40 shearing oF tensile sirpirs 4o mol more
11 thsn nme-fifth thele ultimobe streegih; and the piers
12 pmd eslumies of Lesa than five dinmeters in beight,
1% ko mod more than cne-sixth their erushing strengih
14 Colummns of phers of mam than fve dismeters ame 0
15 e imcressed acoording to the formula of the best
14 authority,

i  SEgpcriew 4. Any alerptions noor sdditions bo

2 any building already srected or begeafter Lo be

2 erected excepl neccssary repadms mol sffeeting the

4 ponetrection of the externol walls, roof, chimmeys,

hoor stairwnys, ehall to the extent of such work bo

& subject oe the regalations of this chapter. ™0
4
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permn

r———l

L AT

forth im sach plans, specificstions snd stotement, 14
pnd ol such matters psd thicgs coniected with L&
suelh work shall be done in stries sumplinnes with 17
thin chapter.  LE 1L appears froon said stotemest, 18
plans asd spociflentices that tha tailding %o he 19
erected, aliered ar repaiced will eomiorme to tha 20
provisiona of this chapler, =a [sr as ppplleable there- 21
to, them tho inspestor ghall imsas o permoli. Mo 22
person ghail repale, sonetnect, or mnteHnlly alter 23
any baoibding withoat gach permit, Mo persan ahnll 24
Intk, plaster or otherwise coser or coneeal the E5
spaoea botwean sbmks, jodsts or frame-work aof oy 26
building or part thereol withoue first wotifying 37
the superintendest of public baildings that sweh 25
part oF pRris are pewdly to cover or conoeal, andd Lhe 28
superintendent when so nodiified shall irspest, or 30
cpuse bo b inspested, such buillding or pars there- &1
of, and if wpon inspestion it @ fouwnd thnot meitabls 52
fire-atops sro in plase prul the building properly 33
framed pmd braced, thes, sosl not till then, snall 34
he Qe n SOppleentary permit. ollowing tha &5
wirk to procesd, and od peTAOE shnll lath, plaster 36
ar obtherwise cover ar poneeal the spaces aboyve a7
enmeraied antil such supplementony perimit ks X8
been duly gramtoed. B

Spemios 12 All exenvolions ghall b= properly
poarded nedl protested in such mssnner as may be
approvid by the snperintendent of pablie fxilad-
imps, by the porsan Eausisg the excsyations bo b=
made, soas to prevent L samib from bescoming dao-
geraua to Kk or limbs, anrd ghall be gheet pilad when-
ever the superintendent of pubilbe baildings shall so
direct, to prevent She ndizining earch froa Enving
k.

1o B =

L

ol ®

hummmq_ﬂ

Zpecrmos 13 Where the noturs af thie groand re-
gukees i, &1l bgildings shall b= sapported oo founmdn-

W =

TRl

orTy OF WoRCERTEN

tian piles not mors Lhae thres fiet apeart, on cenlies
in the dissction of the wall, and the number, iineme-
ter, Al bearings of suclh piles aball be puffimient 0
spport the supersiructure. Propesed buildings
over sawenty et high shall mest, whers the noture
of the grounid requines, wpom Gt lepst thrpe rowa af
piles oF an equivalent member of plies srranged im
Jes=s than three rows, and oot below thi lowest
woter level.  All plles =hall be sappad with hinck
grapioe levelors, ench leveler having n fren henring
an the plle ar piles it covers, The ifspestor miy
requiiee any applicant for a peerimit b neeertaing, by
Loring or citherwi=ig, the nptane of the pround apan
whieh hp proposes to build.

Foumdations

Srormm 14, Ewvery hailding, except buillings :

erected upon solid rock, shall have foundations of
brick, stome, ifom, stee] or conorels, laid mot less
than Four feet below the surrounding surfses of the
earth exposed to fross om the solid ground or level
aarfuee of Lhi rock, or ap=on piles or ranging tinbers
when #cdid enrth or roek is not found. Foundntion
wealla of hand Fobble =hall Bot be wied in baildings
aver Eorty fest in helght, wxcent third-cless Thioeri el -
inga cutside the fire limits.  Whers Fabble in usad,
ewra-thireds of the bulk of the wall ghall be hxlt of
throgh stone thoreaghly bomdel. Mo round or
Tezulder stomes shall be used.  If the foundstion i
om pilea the lower HOLTSS akall be of block stone ok
ander sixiess ipckhes high. Foundstions of hasd
rubbile ghall be twenty-Gve por cent, thicker cthan is
roguired for first-clnss rubble granite foumdaticons.
Foundations of Brat-closs rubble shall be sight
inehes thicker than brick walls mext abowe. Founsda-
tioms of block grasite shaoll be 4t least fosr inches
ihicher thon the walls next above them, @0 o depth

HH
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of vwelve feet below the strect graids, and for every 32
additional tem fest or part thereal deoper, they 23
shall e inareased foar invhes in thickness, Founida- 24
tions of bhriek shall be at lenst twelve inehiss thick 20
amil 6t less=t four inohes thicker than the wals mext -]
ahove them to & deptls af twelve fool below the 2T
strest grade, and for every additionsl ten feet or 18
part themeod deeger, they shall b= inerensel in Z0
thickress, 1o resist sy Iniess]l pressare, and the Al
imepector may onder on increoss fer that purpese. 31
The foating shall be of stooe oF Gonenske, oF Lavih, e B2
of ponerete snd stepped-up hrick-work of poficient 35
thicknmss to =afely bear the welght to be imypaaed &
preoi, and to properly distribiate susl weight 35
e b swrises an whish it pesis. I§ of stoms they 95
ghull b mot bess than twelve inchis thick, ol at 57
losat twelvn inches wider than the bBottom widih 35
of the foundstlon walls, and nt the least twelva an
inches wider on all sides than the baitom whith H
of nmy pier, esiumn or podl pesting apon them. 4l
a1l feoting stome shall 1= well bedded and labd 42
rcmswine, cige to edge.  1F stepped-up brick e
umel In place of slone above the eomerete, the 44
ptops of offsets, if Lsid in single courses, shall 45
ot sweeed ane pnd ane-bali inehes, or if buid o L]
doighbe orurses, Lsen wively shsll not exeerd three 47
jiseties. 1.1

2meroe 15, Al beick werke shall b of market- 1
abide, well-shaped briclk, well Inid and boedded with 2
polnts wall Glled with mariar, ns required berein- 3
after, and well Fushed np at ewvery oourse withh 4
geartar, Im the moniha of April to September in- =2
clusmive, brivks, when laid, sholl be wet, and in the &
resnaining months of the yeor they shall, when loid, 7
he dryijunbess atherwise direeted by the inspector. 8
A1l walls of hrick oe stone, or siher mimilsr mate- 4
Finl. ghall ba wall built, properly bonded and tiwl, 10
and lail with mortor, a8 hepelnnfter deseribed, 11

CcITY BF WNECESTEH

{7 The ieside four inches of aoy wall may, wpon &
18 =peeial permit fasned by the imepestor, b built of
14 hard-borsed  hollow oy brcks of guality and
15 dimesmions  sotisfnctory Lo they imemgrestor  and
18 tnoroughly tied aod borded isto the wall. Ewery
17 seventh oowrse, al least, of a hrick wall shall be &
15 heoder courses, pscop whire walls are faced with
15 faos birick, in which case every mighth course shall
20 e bopded with Flomish hienders, o by cutting the
21 porners of the lace brick pnd putiing in disgoosl
90 pgevilers befilnd the same, of oo approved wall e

1 Sgcrwon 18,  The thickness of &l briek walls of
a gl husinsss, manulsciuring and publio baildings
m..._n_..___....:__h.w..._,s._r_.n.__.t u._._.___.._._._.u.“_m.__:_ﬁ.r:.__:.f_.

4 in the followieg talles:

Gumicke, Pariy and IHimon Walla

R, 1 2 # 4 B 8 7V 4H @ 1 i1 12
Binries
1 1 5
g 18 12 12
& 1| 12 13 12
k afp L8 14 12 12
5 & 2 16 16 12 12
& ay w0 o2 16 16 16 LE
T a4 B0 B0 20 16 16 16 L2
! om0 DO 0 DO DG 18 16 12
o ag o4 =4 20 0 20 NG 10 16 12
11l am ooy 24 a4 20 0 20 146 18 B8 12
Ll x2 of 24 Bk 24 20 20 20 16 1L 6 12
12 32 =H 08 24 T 24 30 I0 id 16 18 12

5 PBuildings hoviag the Hrst slory or hasement
8 designed for busicess JICEFOREE, nmid the apper
T stares for dwellings, shall bewa the walla of

& brick-work of the thickmess a8 follown, Lo wit:

T e el
prel wads
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e
ORI AR CES CITY OF WIRCESTER ET
(Putside, (atem. W alls 15i The above shall apply 0 all walls sixty feet and
Prarly, cnd Do 17 under in lesgth; when over sixty feet in lengih auch
® 1 % 3 a4 B 8 7 8 9101112 18 wall shall not be sllowed to have mors thon two
Stories 10 apper =tories relve inehes thick.
a i& 12 S 20  The height of stocies for all given thicknesses of
n 18 12 12 &5 21 walls ghall ned g
4 2 16 1% 12 12 LEE SIS v vnmr e mm e e e oo s spventeon [eel
s w1zl 2 seory. oLl T Bdeenn frot,
G = f 7 e
M 24 20 20 16 16 12 12 12 Ad mncd upper alaries. ..o Lo thirteen fest,
"y a2y w4 20 20 18 16 12 12 12 2% and for any atory excecding the foregoing beighita,
o o P4 My B0 20 16 18 12 1z 12 23 the walls of noyy swch story .u._._.q_ all walla blow that
ie] op =4 B4 30 30 20 16 D6 12 12 1Z 24 story aball be increased four inches ie thickness,
i1 wx o4 =4 24 20 F0 18 16 16 1T 12 12 25  The beight of o story shall be the perpondizalar
= w3 omg 24 P4 24 0 20 16 18 16 12 1% 12 f distonos from the top of the finished foor in ope
2T atry Lo the top of the Gnished fleor im the nexi
The nbove shall spply to all wolls sicty feet and @ 2H story.
unider im lemgth | walls pxoseding sixly fect in length 10 20 All party or divison walls of o less thickness than
ahall not be allowed B0 have mese than two apper 11 Al twelve imches abinll be corkselbizl, nal less tham three
staories Lwelve inches thick, Le 81 inches of sides, o reosdve the Boor Joists.
The fgures in the fellowing table ghall be the 14 a2 Zaid eorbelling shall net be done in a leea height
thirkress of brick wolls for all walla af dwelling 14 3 thnn six coarses of hriek, which shall ke well Bonded
e 16 3 M into the wall.

Rrick Wallz for Dhellings
F.uu.u.umm.__.x..u“_._“__._.__m

Cemorefe Block Bwildieses

—— ] sSecermw 17. A Hollow conerete building :l..._.!._..!le
r 1% 8 2 Blocks may be used Tor _.:.u_..-mq-_ﬂp. frar aborss ar lesa ".H.nr._.
m s 12 = I in height where safd use B sapproved by the super-

3 w1k 12 A 4 interwlent of public baiklings, provided, however,
. 16 16 12 12 12 & that suck blocks shall be eomposed of st lenst ane
5 on 16 16 12 1% 12 & port stacddard Portland cement, seed nof 4o exesed
- F0 16 16 16 12 12 12 T "_u_._.-...._u_a.:.t of clean, conrse, shorp sand or grovel, or
7 24 20 16 16 16 12 12 1o 5 a mixture of at lenst one part of Portlansd _K__..En__"
B a4 020 16 16 16 12 12 12 HM to Bve #H._n.::. af orasked rock or other suitahle

1% 12 12 AEETCEnle.

-“ .w.m H .m.“ M __n_w ““ __M 18 12 12 12 11 .u..._.n.....-__._.u.._. Turihes, that this .-..u:.."_._..v....n_._.E_ ok per-
11 o 24 34 30 0 2016 16 18 12 13 12 12 mit the use of hollow blocks in party walls; salkl
12 a3 0g 24 94 20 20 20 20 16 16 12 12 12 18 party walls must be bulle salid.
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CR DTN CER

B, Al matecial shell be of guch finuness aa to 14
pass & ane-inch Fng and shall be propecly emixed 15
and manipulated, sed the bollow space LI il 18
blocks shall nos cxeesd the pereenings given in the 17
follawing table for differant hsight wolls: is8

Stogies, 15t 2d Sd dth
land 2 =3 a4k
q il d 25 = A H4

In o ease ghall the wralls ar wihe of each _uf..n__p..i 19
o= im Ehickeess than one-fourtl of the height of mm

gaid blosk.

[, Thes thickpess of walls for aor haiklings 2E
where hallow conerete hiocke are el shnll ot be 25
flese than isreguirsd by this chopler for brick walls. 24

all hdlow sonesete butlding Llacks, belore beimp 25
ased in the construotion of asy buiklieg, or part of 26
s hailding, shall bave atianed th: age of ot lesst 27
ghped wealks, mndd shall be properly oured by heing =5
kepl meoist and sheded from the sum's mays durnng 2B
thak time. o k{1

I, Wherswver garders of Jomsts rest wpean walls s 51 .
thatihen: isa popeenbrated lopl an the Elock .n__...”..._“ﬁu. Az
taro Lens, the block supporting the girder or jomb 33
shall ke mnade solid; whre such eoncetirated lond 54
pxrenids fve wons, the bilocks for nt least bano Gourse h ]
bedow anid Tor a distance pxtending &t least cightean 56
snokies eaeh side of sahd girdes sholl b= madn aolid, 27

Wherever whallke are decresaed in thickness, Lhe 1=
jop course of the thickar wnll shall be made solid. B

Comerete lintels sod sills shall b re—snforeed by 40
iron or =tesl Tods in B EGLOEE satinfsctory So the 41
superintendent of public bulkdings, and any liniela 4%
apsnning pver folr fept, aix inchea in the elear phall 43
st of solid eonersis blocke. ) . A4

E. A brand or mork of sdentifieation mwuet be 45
impressed in, or otherwise permanenily stisched to 4fi

enoh block for the purpese of Ldentificatiom, 47

COITY OF WINRCESTER

45 The mamsiscturer and user {sither or both) of
40 oy sush hollow conerete blocks a8 are mentioned
50 In this regulation shell, pt any and all times, bave
Gl mass such tesis of the sement used in makiag such
52 hlocks, or sach further teste of the completed blosk
5% ar of esch of these, st their own expense, under the
=i .u.r..—..._n.-.-..mhm.u.u._ iof the Buildings Pepsrfment, ns the
55 superintepslent of public bulldings mey reqeiee.
hi Ma ponercte bloske shall be used in the construc-
57 tlom of pny buiblding, or pact thereol, within the City
35 of Wopeester, until they have been inspecied, and
5o severape spmples of the lot fested, approved ancd
1 poospted by the superintendont of publie buildings.

Ashiar
Zgperiow 18, Tn reckoning the thiskness of wslis

alght inohes or more thick, io which case bl = pea
cnver foar inches sholl be reckoned part of the thick-
niEs of the wall,  Ashler shall be si beast four
inches thick and properly hebd by meiol clnmps o
by hacking, or praperly bopded to the =ame,

) S g ds T3 LS =

fron or Siad Eslernal Walis

irom or sbeel, and when scbuailt mey beof s thick-
nees than is ahove required for external walls, pro-
vided sueh walls maet the meqguiremenls se Lo
whrengih, and provided thst all sonstruetionnl
parts are wholly pratected from beat by brick or
term-oobis, oF by plasiering thres quarters of om
imeh thick, with irom furdng and wiring.

(S0 L b=

Puorty ond Bearing Walls af Srick Bualdinga

Sreoriow 200 In first and seeond-class buildings
all party aml bearing periition walls sbove the

163
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] AFRTER AR CES

fommdation shall he of beick, amed oo such parky of 3

partition walls shall ke furred with wersoedl, witbrout
plastering flush Letweon furrings, but all migeh walis
shnll be plastercd on masnnry or metal _F.__.__.._”_H.
Ho wall of any speondd-clamsm Dailding shall b i~
ereaned in height unless the eotics buikiing = Lo b
plterpd su as to conform to ihe recquiremenis of

Lliks chnpier. 1

] b bl Zxcrwon 21, Im buildiegs herenfter beailt, ail
Loty party walls nmd the pariition wolka requaired by
ihis chapter shall be buailt through o at bennt. two
feot aboyve oF distant fnom the poof boarding st the
presrest proimt; shall ba entirely sovered with stens
or meial secarcly {astencd and corbellad to the
aigter sdgs of all projections, provided that o gatter
stone of saitabie dimessions vl properly Lalnmesd
sy b inserted im pliee of ihe sorballing, and piro=
wide] further that in baildings not ower farty-five
Juul in beaght the dstance that ooy wall ks onrrEad
sbve the ool nesl ook pxneed twelve inches

Revesses in Walle

cperins 2.  Hepesses and apenings mByY he
made in externol wolls, provided the thickeess £
the books of sweh recesses Do oal loss Lhan eight
fnckes. Mo reccsss shall be nearer to ench other
thin cight feet, apd o sonliBuetl verlical rotess
for muope thin foar inekess o depth shall be q_i.mr” i
sny twelve-inch wall, anid mo recesa of any ki
ghall e macds in sey eight-imeh wall,

Pariition Walls 38 Becomi-clars Juiltings
e gpeminy 28, Second-class buildings hemafter

sl bult shall e divided by brick ar terrn-cotbn pars
_.__.mwnn wnlle. Walls, if of brick, shall b= aof the

thinkmnioss preseribed for besnng portition walls and )

fwn ool sbove the posaf

4
5
s
[
8

o

1
1
[ ]

;I:-I-Ii_T-i:ln'—'-‘\-'b\-'"'

15
14
17
(&
[ 11]
2l

ERTE =T o

(S

CITY OF WIKHUESTEHR

Except as bereinafisr provided ne spoce inskle
sqih huildings shall excesd in ares sighit thnieasnd
pquare [eed, unless sach space = equipped to the

1} smtisfaction of the superintendest of publis bild-

imgs with automotio sprinkler heads ko the umber
of nat less than ene for every hundred squaore feet
of flacr area: and if so equippsed no such space shall
excewsd twelve thousand squere fest in orea, In
[actory baiklings of mill eonstraction, no epace shall
sxpeen bwelve thouwsand squore feel if aren anjess
pguipped with astomatic sprinkler heads as abaove
provided.

Mo existing wall in ooy eecend-clsss building
shall be remaved so aa bo ave on ares groater than
in nbarve provided.

Haollw Wall:

ApcTion 2. Hollow walls for dwsellings may ha
ikt with the approval of the inspector, and shall
hove o base of not less thon sigteen inebes, sodd
brick withes of clght inches in thiekness agnisst all
door nnd window frames and for the support of sll
flogr besms or trusees, snd be properly teed Lo sat-
side eourses ln the most approved manner.  The e
mninder of the walls shall be tied to outer walle a8
aftem as onee in every LhiFty-two inebe with brick
thoreughly bonded to outer and inner walls, or ap-
proved tis irons thoroughly ecated with pasl Lar or
other approved coating.  Hollow walks for other
buildings mey b= bailt, provided the same sadans
of brick B used as if the walls were solid, and are
propeely tisd and bosded to outer and inner walls.

Tragars, Loltomnna and [ rireliea
SepoTron 25, First omd second-class  builiing

bereafter buklt sholl hae finor hearing =upporis not
ower thirty feei apart. These sappoerts moey be

0l
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SITY OF WORCESTER
O L B T

&3 :
il wal, s o by ond gicders w3 g AL oo el bill o P
hrick walls may be four iruekyes lesm in _"_.“.__.r“__" i n_zn_.w B fi other ncombnsseible material, and the walls shall
is requared by this chapter q....._“. __nma.w.ﬂ__.“-...n_._”nn._u. with T 7 b enrried up _.,_....._.___u_.:.ihn_:_..wun_m thie roof, snd l.._".__u_.__m__u_
wyalls of thessame brghl, provics o strength of 8 & the sorsles projeets abows the roof, masonry =
the provisions of this .ur._in._.;.m_.r.-..ﬂ.: ._.ﬁ_. _...__”n. Inchea O @ e earried up to the Ep of the cormlee and coveres]
mpberals, but in no cass les=s P._.__._._"-..... alls upon 10 10 with metal as required for parnpet walls, Al mirtal
- %nn«+aﬁaﬂnﬁ.nﬂﬂﬂ?ﬁn~:”¥ thicker 11 11 rarnices shall be sapparted an metal lookowsts
which they roest B

phan s etherwise regquired for ewsry n.n__._.m-._.__”_h_.__._.._.._._q "m
toembyv-five feet or part {hereof to the _."..u_m_.._.- ' ] ._|.-
truss pwer thirty feet.

Calwmar

Srcr 2. Every omolumn shall rest upon a
sap or plote sufficient to properdy distribute the
load. Colwmns st one obove snother =hell have

Wails, How Aschored

[ E-T R0 R

" [ i ATl E i af eolumns
- . AN walls of firsl or sseond-class proper connections, ATl bering parts
F._._m.._._.ﬂnm_.____.u.z..._._m_.mu.__n at an anghe snd built ab separoie = or plates ghall ba true surfnees.  The inspector may

i ___..ﬂ.__ b united gvery tin fest of their length 3 require columns to be drilled for ipspectban.

nsr.n."u_m.u.usﬂ roms, made at least two inches by half .m

._ imch o .-.-.lﬂ_-__l._n—.__. Iroim, viﬁﬁﬂﬂ_“'. wild ko Lhe . Friers

“”."_..q of partition walls not bess than Ehries 13n“.wnuﬂp =

T
inte the front aed rear wolls at |t ome F 1 w I Emcraow 0. Plars and walls hall haye aaps ar
thickness of such wall. 2 plates. where pesded, sufficient to properly distrib-
E i in party | 3 wbe the loacd, snd shall be built of good bard-buarm-

ipalng I= BeoTmon 2. ._“..._.._”...."_._":.__.uﬂ"._..1 _.__qtﬁ__ﬁ_”..._wm.hun_..uu.. P mw... @ 4 e brick of uniform size, Inikl in cement andl 2and
N or B walls oc il partstion was ﬂ__.-.n. comhined nrea of 3 5 morter, and of sufficient size Lo carry safely the load
. numbar Tor e Hoor, _.___: t hall ot cxeesd oo 4 6 for whish they are intended; jointe mob to exomsd

such opemings o cach ._.u.u_u.n.-: imps may bo In- 5 7 threcripghtbs of an inch. Ome whole oourse over

hundred squars feed,  Arss 02 Op ﬂ.u.._.._.?. aprink- & 8 ihe surfaes of the plershall be Inid and joints slashed

pramacaid _.u_q_."_...._.u_ﬂﬂ _.u...."_..un..__..: 16 OB _._-.”HF..F_.... u..ﬂﬁ....w.._.u:._. T A full of mortnr befors _”_H.. nuxk S ahell b=

lers nre _.u.ﬁ......__.__..ﬁ. -...p_n._.._x“.“_..ﬂ:n““un_u,..__n__ﬂ maparnted by 8 laid, The top of the pier when Anished shall be

q pots of watal- ’ e
“u_.wr._._._._..“...__.n..ru..._r...._. of the wall, and haps to rabbeted @

lewel for the copstone, plale or olher covaring.
Every interior brick pier sixteen by twenty inches,
or meore than thres hupkdred pedd twenfsy square
Inohes in area, ahall have cne of maore Binders buoile
thersn of stone not less thom =ix inches thick, ned
such binders shsll be tha foll siee of the pler
The di=ztance betwesn nzey two binders, or be-
B twoen sither of them and the capetone ar bssoof the

from fremes or o iroo hinges im brick-work or
irom. rnkib=ts.

o
i

i T

i hed with a 1
Groyios 25, When a wall is finis i
u_"nn_.a..l...n.uq_._..._i". the grestest weight of material ._u_m w
mizeh cornlee ghall be on thes inside af the face of the
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TV e

1%
T il be nixt mone than four et Erick plers
shnl] ﬂrh. [ e than wight times higher than the w_w_
wrhidth ol the hass.

Flogrs

- Taall
jox 31, Thead lomds in el buildings =
..nMH of ihe nctwsal weight of lu.._.“.n. .m_“._hﬂ,. ronfs,
itiogss, ancd all rinsnent conslsuctean. .
n..__.mw.“,_._unn—..wf a.:&-.Eq-..EE..n.: ghall consist of all lTeads
deml londs.
.u._"w_._m._._a.q..u_n.ﬂ:mn:””r.-_._. be of ssfirient stresgth 0 brear
snfely the weight to b imposesdd theresn Ln addition
L the weighi of the mnaterials of which the flocr 1s
_,..._u_._._“__m"_n__..._,.._w...n_._._...__.r el im oA drwealling house, apartmant 1
brousi, apariment hotel, tenement hoasse, ra.rn.d o HM
___.:wm.mh“n. hionss, each Hoor abhnll he of sulfcéent __“_.
strengih in all ite poris Lo bear safely upom #VELY .“._.
pruare foot of its surface niod less than sixty pounidsa. .
If o be used for office purposes, not Je=s _"_u.n._” _._qm..
seveniy-live pounids wpon eviry srpeare foot of i o
aurfaoe above the (irst door, mnsl _.b”n_._.ra._.p._ ter Boor .Fm.
handred nnd twesty-five pounds.
nﬂm.._. tin he used in sehocd or place of Instnsstiog, 1 £3]

D A RS

not less than one huerlres pounds apon SVEFY ...M.r._“__.-

font. ) :
i__w".m_.n..... ﬁaﬁunn_. fow atable pnd carriage house pur- =2
peoeees, ek Less than seveniy-fe poacds oo SVEry Ww

i . .

!.__.m"_:_."....u_m_“... umed Tor stores, lEght manuine Lo aedl .v“w.
lighi storsge, not le=s than one bundred and -
twenty-Hve pounds Wpon every ST ferin b .h._.m.
If tiv b used in a place of pubdio :..ﬁn_.n.._.z v, ol =
lega tham one hiwndrel pounids upoen Every ] R -
foit, . it B
uses] i a store whers besvy materin ]
w.._.h_. u_m”m._.wh ar  stoped, warchouss, factary, or for H

otker maguincbaring oF pommeronl purposes, DL

CITY OF WDRCESTENR

a4 less: than two bundreed poumds wpon every squaabe
a6 doot,

a3  The strength of fsctory flocrs intended fo onecry
37 rumnimg maskiscry shall b= inereased sbove the
1% meinimum given in 1his section in proportion to the
F0 degres of vibratory impulse linhile fo b fraes-
40 mirted to the floor, as may be eegquired by the
41 maperintendeni of public buildings.

L For sdlewnlks betwsn the eurh ad buildisg
43 Hnes, the live lomd shall be taken st mod le=s than
44 three hundred pounds upan every aquans [ook.

45 Every colamn, post or oiher wverticol suppord
44 shall b of sufficient strength to besc aafoly che
17 woight of the portdon of each and avery floor de-
48 pending upon it for support, io addition do the
£ welght required, pe baloare stated, io be supported
6y safely upon aald portions of seid foors. For the
31 purpsse of determining $he carrying cspecity of
52 eclummn= in dwellings, office buildings, siores,
5% atakbles snd poblie baildings, when over live stories
54 im height. s mduction of live losds chall be per-
A5 moiesible as follows: )

i Far the roof and top floor, the full live loads shnll
57 be npad, For each saecesding lower Hoor, it ehall
Gf b permissible to redisee the live losd by fve per
59 eent., until fty per cent. of the live lopds fxed by
£l

this seetion is resciudd, when such meduced Joads
A1 shall ke used for all reminining foors.

oty and Floor Nisebers

Brormr 3% The ends of all woodan Aoaer o
ol Bikies in secompd-olaess baildings shall enter
the wall 40 a depih of st keast four isches, wnbess
the wsll ia properly corbelled, so ns 1o give a brar
ing of at lep=st four mches, ancd e end of all such
baame shall b so arranged thet in case of fire they
misy fall without injury te the wall, Eash lsar

shigll have 15 biams so tied to the walls with an-
i
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O RN AT CORS
il -

ida of jnlsts ar girders parmed
ahﬂfmtﬂ: “.“u._.”ﬁ ..q...._q.u..__.m.“u...._nh._.m._..uﬁ_._ﬂ.u.._.._.. .u_._...n_..ﬂ,....m._..__ wronght 10
m.:._n_ strape or aBehoss, ot ...E._“_.._"_..._......Tnpn_n_.._E of an ﬂu_w
nich thicl by oo sl cne=hall _.-.__.._.__..-u....,....__u_.ﬁ. B w0 -
foem & conlinaes tin noroes the building, :ﬁ_ﬂ:nﬂﬂ »
than ten foet apart. Wolls Tunsing parsies, _._.- !
nenrly parmilel, weith Morar bhesme shadl hae paopEerly L
sz 0 epes b S feet b the Loor besies by irom “_".._.._..:n.n. .
or amohors of Lhe wipe mbeoye spealbed. _.a._...m_.m.m H
wonden header or trimgner neore ihan _...u_.:..._.”- e
Inpeg, TATTYinE B s lood of more thnm seventy h.._
ponmiks e SUATE __n..u“_.. shnkl n.._._..u....__ _...nﬁ.m_._.-#.....__...,.._..u __ﬂ__..-.ﬂ. .
1 & ke humg im Stirru :
“....___-_..":“_.ur”"u..ﬂ.-_._......um”.__..u.”r__ Lakl ._u_a._...-.___.m.u ami _u.._:....m._.u.q. hepmms od .M.m.
.q......_.._n.:_._. sinall i fremed or haog im sRErrip Lrons. All o
i beama shall have stosdand conneokions, 2

19 dueting material, lld between the uniler and upper
13 fAoore, or between the space between che timbaors
14 Leval with fop of lleor timbers; provicesl, that all
15 secomi-¢lass rildings bereslfier orected of forty-
16 five fest orF mors in height, whieh are used above the
17 first fAoor fior siores, storage, warnhogEes, 0F mona-
18 f=ciuring, shall have a tight splieed or tongued and
if greoved undsr fleor of plank st least two inches
2y thick, with upper floor oo imeh thick, matohed
#] apd bresking joinis, and in sach baildings fire-
23 stops need not be ussd. Io all second-elass boild-
=% inga of the charpoter last deseribed, oll glalrways
a4 snd elevator shafts forty-five feet or mone in height
25 shall b enclosed in walls of nop-inflasneahle
2ii materinl, and all openings in exid walls shall be
97 provided with metal-covessd doors bung to rab-
2% heted iron frames with irom thresholds. The [oot

[ ]

. ) ) . or other pur- 1 2% of epch partition pnd of each ther of studding or fup- W=
coog e Smroort 83, Cubing (805 e the atrength 2 30 ring shall be Glled solld between the upcights to the
i e s E i sy A fall idt e, 1 & i kg i

_..u_q ihe swpperting pacs below that moguired bF the . mll Wil . neal  to the helghe of six

- i this ehapter. Mo part of anw foor 42 inehes nbove the loor with thesnme pon-combust-
oy BELCIE o J

hnll be within oo snd one-bali jeches of O . 33 ible materisl ns above desoribed for fire-stops, or

simiber # e x ithin @ 34 somne combination thereof.  The het L Spares feees
. I I g o TarTisg mhall Tz Wikl - o Fpooes Dot =
- ....._.._.._..: ___...._“__q.”.su.l..___n.._"___“..u._w_“.um Aletal strips shall b= 7 35 %qm?_....m __._.: Joksts which 3_;_. upon partitkon heads =

ome insh Ry N . . = 4 shn » flled with garinl sbsowvn i y

laid im the joints of alll chimneys herealter baailt, or t maLEr eequired.  The

87 apaoce hobwesn stFingers of atairosars nodl Jotsia ot
B8 lendimg, unless uneeiled, shall b a0 stopped with

I anires od the pon-cembostibles above inentboned
¥ st three places ot lenst in every lighi of stairs soose
b prrevent the paeaape of &ir. All buildings ehall
bave suitahle firc-stops nt the outaide and parckiion
wall, ot sach floor, 48 may he approved by Lhee
supserintie Bdemnt.

sequred bo e jorEts surrounding such chimneys =3 i
‘as o horm om afEectinnl fipe-siop al pmoh floor.

i cvpry setond-claes bullding, e=-
T s .m_nu.h___..“.q,___q_.“m..-.r_m.._“_..m_ _E.;.....w_._._..._.. shall have s eaffivient

,_."“.qﬂ.z_.:.... .r_ epich Pnr, eovering th whoke floor ._......q
anch story.  Every air duct, except Lhrnse ...u._._n.ﬁi.__
eanotioned, shall be pfectnally stopped ab nun._.h
story. Such fire-slop shall coesist ..._m..q.._n...nn.u._._ﬂun
paleite, or its eguivalent, o & “q_.._!._ EH-_:_m. k _.._u.u.. -
ive layer, ob lessb ong inoh thick, of _"__.ﬁ._ ___. i
ppErn-totka, Or ke EGrp-prool matensl, B uu__umu _m_ﬂ_m..
pement, sincdars ar aahes, OF B _.._._H..E_..n.._._ﬂ.. of & .|
eareee o of eoually pon-infomrmabls, coo-hent-com

f8 =) o En e G

Chsmmmeps

Smormm @6, Al chimneys shall be baill af
brick or ociher non-combigstible materinl.  Brick
chimneys may have terrn-cotta flue linings, ples-

- -
- =
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t upos the eatede belowr the rocd, bt if built 4
_._nq_...“_u_u“..:..w. without terra-cotta lining, shinll be not &
o= than sight nekes thick, plostered apon the cud- 4
gide, with strock joints om Lhe imaide. ”..p.__. boilar

chimneye shall be b lenst #ight Inckes thick, mnd =

14 shall be supporied by proper iron bara or briek oc
15 stone arches.

Mot Ar and Smoke Hipes

shall hipvwe m addibion & perra-oettn Bue Bning or &k a 1 deerpon X8, Mo smoke pipe ahall projeet Ses beihowa
additionnl bowr imches of beick. [n no caose sholl 10 2 ¢hrough any external wall or wirdow. No ameke ——
any metal be driven into the masonry af any Bue- 11 3 pipe shall pass through any wooden partitios with-
Mo amoke flwe ghall be bailt of & lesa sres thaoo 12 4 ot o ring of seme hard non-combustible material
eight inches by eight inches, sl o chimney shall 13 5 of the thicksess of the partition and extending foar
have & los= area than the sombined aroas of the 14 & imvhes from the pipe, or & denble wetal collar of
whimbles entering if. iS5 7 the thickness of the partition, with s ventilntod alr
4 space of not Jes Lan foer inches arcund the pipe,
rhdmbie Srcvion 86, All chimney thimbles shall be of 1 f ped shall mot be placed within sight inches of any
fire=oliy, nriifeinl stons, or snapetone, not lpsa X 1 woosd unless the =ame la protected with o metal
than twn imebes thick nronod thete pipee hinde, or of 3 11 shiekl two inctws distont from the wood, in which
cast or wromght lpon not Jesd thnn ome-foarth of 4 12 cnse the smeks pape shall pot be less thao sis inches
an imeh thick, with an imeh air space arpund the 5 1% fronn the wood, The tops of all hesting furnnecs: i
aateide, and S0 ponstructed thal no arcrodwearic % 14 set in brick shall be coverad with brick sapgoested _..H..nor_! =

Chail be sllowed within four inches al the pips 15 by iren bors and so constructed as o be perfectly

hele.  All shall be ihomaghly ikt into the chim- & i tight: snid covering to be in addition o and ool
mey andahball heof such length seta fnish fusghwith  © - 17 le=s than six inches from the cedinary eovering of
the plnstering of iy sEEISE. 1 18 the hot-nir chamiber-

Heartha and A rehes 1  Zpermow 3% The tops of all heating furnpees jeeies
F mob aet in brick shall be st leost eight inohes bilow Semesms mos e
e bas. asd g 37. Al hearths shall be supported by 3 the nearest wooden heams or oeiling, with a shield o b
i irimumer arches of brick or ather fire-prood mate- 4
Finl. or of sngle stoonis buailt at least alxinohes Inla 5
ihe chimney and supported by mMAsaOry ar ol hers ii
wism FEAL WpOD pon-combustible  support. T
heek jamba of every Rreplaee, range oF prate
opening shall be st least sght inches Hu..__m. ::..._p.._._n__._
thee beoks of Fuch openings shall be at lesst eight
imphes thiok. ALl heasth and trimner ".p._”_..._.n: shail
be at lemst iwelve inches longer an pilher side 10
tkan the width of sach epenings, wnd ni. lenst _.._.u
gighteen Inches wide in fromt af the glimomy hreast. 12
Erink-work over fireplaces Al Erods openings 13

.m.:mj_ plate made tight, saegended mot lessthan twe

inekes bebow such beams or oeiling, and axterading
i o fosal beyond ihe top of L TiFnase on all edes.
All bot-air register boxes herendter placed in floors
or partitions of baildings =hall b= eet in sonpstone
or cqually non-combuastible borders, ot Jess than
twa inohes in wiilth, and shall be mesde of tin plote
and have dowble pipes and boxes propecly Gited to
2 soapatone, Hol-ale pipes ood mgister hoxes shall

be st bemss o inch from sy woeodwork, and regis—
ter bomes fifteen inches by fwenty-five inehes, or
larger, and thelr connecting pipss shall be dwa

PR
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Faimin

Horw e o

ORNENANCES

i m &y wondwark,  The requlrements =1} ._.._W
_m_n.m”.ﬂ_“.”_.w_.u__ Hnb___.”_. e modified or Lm:_..n_._.:..:_..__...._._._“.u._..m.. “M
ghe inapsctor in first-clas ._u__.:_....J__._.__.ﬂ_. No w :m -
work shall e placed within o inch of &ny _..__M”.u.u. 4
pipe o b used to popves hioated alr or aleam an m_.
guch plpe i protected by = gonpeione or earther 2
ring, weial tuba or metpl easing. In all fret or mw
wenmi-class mercantile o manufzrturing bukldings =4
hereal ter bailt over thirty feelin beight, or _.Hn:..._nh.m o
ahowe  that  height, outside openings in pEOY s
wulle ar im nny pear oF side wall within tweniy —
fept of an oppoesite wall or building, shokl ._._n_..._.. .w.
metal fromes nad sashes ardl shall ke glazed with .!m.
wirp glass or shall he protecied by -u.___._:nﬂ”. w__“_
fuch shutiers shall be poveped tath sides wi -+
gin or =hall b male of ather _.....__u_ﬂnur._..ﬂl..:.:.- Hw
proof materisl and hung on the outside, either !
upan  independent metal [romes oT E[Een _._..:._.p.-___. w..“_.
hinges atinokdd o the masanry, ansd u.._._n___......_ @ -
mniki to b handlbed from btk imebde podd cug=ide. S5

Hepting Boiters, Fufraisd, Eie,

Sgperaod 40, Mo bedler 4o be used for ..__.._.._...__.._.
heat or mskive power, prud o Furnsae oF haol-w :._.Mq
heater, shall e ploced om Aoy fleor sbsove Lhe
pellar floeor, pisleas the s 18 -._.._". Eil1] _._.._-..n...n._.ﬁ-
Teastilahe heams and arches, and in o sa2a with-
gmb & permit from the inspeetor.

P g 0 b

HEL . 41. Ewery ateam boiler in o Luildimg
m.Uu._.”_...”__upn.n__,.._ for offles, mepenntile ...:..._._._..u.___..__n_n_._..._._._ﬂ
purposes, or in o tugilding n=e=d or intended to De
use<l as p lodging hougs or hete] with ten or mabs
pernme alove the secnnd sbory, shall == epckoEed in
& fire—proal rooin 1o brick, irom, or other _.._u._._-q_“_.m...m_.
bustible materinl, with openlngs closed  with
metal-poverisd doors bung o 1ron froames or _nn_m
hinges im brick. This shall ot apply to Bre-peoo
budldings.

T L

=]
=1 =i

CITY 0OF TONCESTER

Roofa

1 Seermmom 42 Al pew oF renewed roofs having
2 g pitoh of leas than twenty degrees shall b= peopar-
3 tioned in bear safely Gy pounds upon every
4 square fost of their surfsce, in addition to the
8 weight of the materisls composng the same.  If
# the piteh be wsore than twenty degrees. the live
7 lond shall b= assumed ot thirty pounds opon
& swvery squore oot measiaeed on & borizontal plane
9 with additienal sllownmes for o horisonisl wind
1M pressure of thirty poumds per superficiol sganre
11 foot. All thin glass skylights upon roofz shall be
1T eovored with wirs nettimg.  The sool of cevery
1% seecond-class biailding hereaiter buile shall be cov-
14 ered with tin, iron, slonte, grovel, enmpesitlon or like
16 substontinl rood material sot readily nflnmemable.
16 All Luildisgs over forty-five feet high shall have
17 suitabie woter-tight, metallic leaders, amd  all
18 buildings hall have lesders sufficient ta carry all
19 water to the strees, guiter or sewer in sueh manner
M ps nod b Bow upen the sidewalk or o cause dsimp-
2L nese im oany woll. Al baildings over twenty
2 fect high, rwoept dwelling hoases, sholl  hove
2E permanent mesns of noeess to the roof from the in-
24 side; the opening shall Bot b =2 than eaghtesn by

0 thirtw imiha=a.

Freme Fuiidisps

1 Becruew 43 (hitside the fre [Imdts buillding= of
2 frames of wood mey be erected, bat po Frame bubld-
A Ing to be seeupied or ueed a5 o workshop or mana-
4 [nctory shall b bailt mors than fwo =stories cr Lwen-
3 iy-Ave feet in height. No wooden tower or spire
& ghall b hgilt or rebuile o a greater height than
T gty feet without n Beesnes hirsi nhiiakned feom the
B licenss Isoard: nor without & |ieemse froan sabd
B bemrd shall amy Buailding o b= used & a barn or

A arwrnided by
R
rm—
m, LEE|
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- COTT OF WONCESTER T
P A O
Smermos 4. Ballon frame buildings may be 1 D T e v aas sl irs iietet shall bo
il mytslde the fire .:...:..nh. n:.._n.;.._.h_nn_. 150 F.s_n. _._.....u.qu w % ""."Hnru.u :KM““"H_ .._.“ﬂ.u._ licemee therefor first ._..uu._...n.._.u__._nn_”
cughly bailt, framed nto n_:.__-."n_u__.. '”ﬁm u”“._m.m_“”_...uﬂ 1 4 from the License board, who sy priscribe guch
cormer poets of pot Jess t _.n_b_!u&.. - s 5 terme, oonditions, limitations nod restriclions as
studding, noil six imehes wids, ._..._"_.r_. :E..”._.._.n..wﬂm._ . B §i it dems wise. Helore amy such liconss is gramied
cughly beseed, snd wﬂnaﬂ.w.n.__auﬁ.wh?rﬂ_iuh_ M__nan i 7 a ootivs of the application therefar shnll be .w.._._._.._,..w
tition a8 near & puElRie, W § 4 Fshed thres daye successively in soma one dai
Julsts nodehed inte ledger Ent.n._n.maw_..ab__p"_.n _.u_._r..q_uﬂ_.._._ﬂw..___..u .“_ 9 pewspaper pEnted n bhe Lty _.._. Waoreester, Sach
spiked to stsds. Al stud pari _“F ! 10 10 womden addition shall he mode in pocardsnes with
save anl solan with the position ss oL FEREL 1 1Y e medreenones o hic shmptar
W OWer @ .
u_.___”._ms hending stud pariitions ahnll ....n..ﬂ.ﬂg....u .“_Ht “w. | Bmcrmom 48. Mo wooden busilding sholl be
than T.:._..,L_._.n_u.c_.:h_au_ﬂﬂ.“ the oxp shnl . Frﬂ”m L= id ¥ ol Teom one lod o asother in the fire dsrFEet,
u._u__._m.n..._._.q_w.ln. __.__E_._..m.___._”_.n_ *ﬁ“ﬂ.n_uﬂ.“___ wonden butldings 15 % e Trom without 2abd district imte the same.
mh mvl surtpbde .
- . I Sreriox 40, Nowooden baildingshall be moved
_......i_.,._n.q.u.hx..ﬁ._._ud.um“....n_.n. 1 2 frogn plae 1o ploce om the same livt wrathin Chee
Commracien BemorTiaH L.a._.m & Jﬂl;uﬂﬁtﬂ..ﬁﬂuﬂﬂﬂhﬂﬂ_ﬁ ._.l:..“”__ﬂ y 3 fire distriet ._q_.m.____._..:_._. ".p._nﬁ:“n.m_:_ _.-_n_n__..n:"..”_.:n.:.ﬂ firs: ob-
e resierial i = cJR ] THE ] w = ' ' B
ﬂﬁkqhuﬂ—_huuﬂﬁ._ﬂ om or nboel, baams, Alled fs % 4 taip=l therofor feom the licenass Boar
betwessn with terre-cotia oF ather arches, oxeept .M 1  Emeral &0, MNo bay windoew or other stouc-
fhat wosol _Enu..r_u_m_.. used for :Hmaq u.r"_”._.m _.“j_.,“”::.uu_.ﬂﬁ : 2 fure shall e placed upon any bdlding so &2 14 pro-
i thes,  donts, a i b Y Ses
H.ﬂ”dﬁdni.nﬁm_:ﬂnﬂnﬁb.ﬁ“ﬂ”n. ecnssaTy dozpers T # ject over nny publle woy or aguare
bedded In conerste, and for isalated [uering tdreles .”__. Emerss 51. For the parpose of securing the ye veia
hedded im the plasier. hicre #hall be B0 J....[ _u_ prevenliosn of fre in the Uity of Woreestier n hine .“...-n“,..”“.l.i.._,..-
spnce batween the top of amy Boor prehes and the 1 distriet i3 hereby establish thersin, the boupds ppeees

+ hoonrding and ne sir-spaes hehind oy woomd- 11
mn__.“.r. E..._..._M. haibding hereaftor erested over 1z
seventy feei high ahall be a Arei-class ._:...__..n__._._ﬂ. 13
apl this provisicn shall FH.__.H._._M. o all rﬁ_.rr_._:,._uﬁ __.”
hereslfter increased im height  to o over rEndy
fopt. Every building herealter wreeted or enlanged. 18
sz n botel comtaining mors  thao fifty elesping- 1V
i, ghall be o first-olnss Dudlding. 18

ario= of whish shall b= as folkws, o wit; Begin- = ™"
ning at o point on the northensterly side af Main
atrest, cme handred fifty fesl soothwesterly  of
Gardner street; thenee  running  scuthesaterly
parnllel o and ome bundred fifty  fest southe-
wisterly of Gordmer atrect to o poEnt one  fhun-
0 dred fifty feet southessterly of the ssutheast side
11 of BMain street; thenee maening northeasterly
19 parnllel 40 and cne bhundred Gfty feet sontbesat-
13 erly of Main strest toos poind coe umdred fifty feat
14 muthwesterly of Lagrange street; themoe ropnkng

[--F- - E-- R e LR

- Sgereos 48, Mo bailding, except _.._m the _...._..n._. or 1
Hﬂ”ﬁl aniond class, shall herenfies bee gpieted within the 2
frm e fire distrles sstablished by ordinance. A
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11.4 Walk-through

11.4.1 Classroom Measurements
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11.4.2 Alumni Gymnasium Elevation of Existing Framework

Elevation of First Floor supporting Gym

|_|4

Elevation Showing Column, Beam, Wood Beam, Floor Boards, and Gym Flooring

By: David Laramee and Ben Mies
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11.4.3 Floor Data
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11.4.4 Truss System
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Truss System of Alumni Gymnasium Roof
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11.5 Floor and Fire Summary Charts

NUMBER OF PEOPLE
SQUARE OCCUPANCY ALLOWED BY WORST CASE BY
CODE TYPE INTENED
FOOTAGE FACTOR CODE CODE
SB 01 LAB 1,14525 | ¢ 50.00 22.905 23 2.
SB 02 LAB 1,14525 | ¢ 50.00 22.905 23 2
SB 03 MEN'S BATHROOM 170.10 | ft* 50.00 3.402 4
SB 04 WOMEN'S BATHROOM 260.40 | ft* 50.00 5.208 6 |
SB 05 CLOSET 18.00 | f* 300.00 0.06 1
SB STAIRS 01 90.00 | f* 100.00 0.9 1
SB STAIRS 02 92.00 | f® 100.00 0.92 1
SB HALLS 1,827.86 | 100.00 18.2786 19 1
78
B 01 COMPUTER LAB 2,039.00 | 15.00 135.9333333 136 4
B 02 CONFERENCE 667.00 | ft* 15.00 44.46666667 45 3
B 03 MEN'S BATHROOM 366.00 | ft* 50.00 7.32 8
B 04 WOMEN'S BATHROOM 35230 | ¢ 50.00 7.046 8
B 05 CLOSET 56.70 | 300.00 0.189 1
B 06 I.T LAB 269.00 | ft* 50.00 5.38 6 |
B 07 IL.T LAB 269.00 | ft* 50.00 5.38 6 |
B 08 I.T LAB 269.00 | ft* 50.00 5.38 6 |
B 09 I.T LAB 269.00 | ft* 50.00 5.38 6 |
B 10 I.T LAB 269.00 | ft* 50.00 5.38 6 |
Bl LT LAB 269.00 | ft* 50.00 5.38 6 |
B STAIRS 01 192.00 | ft? 100.00 1.92 2
B STAIRS 02 276.50 | ft* 100.00 2.765 3
B STAIRS 04 62225 | ft 100.00 6.2225 7
B HALLS 3,617.85 | 100.00 36.1785 37 3
283

101 CLASS ROOM 1,300.00 | ft* 15.00 86.66666667 87 8
102 CLASSROOM 1,916.25 | ft* 15.00 127.75 128 8

By: David Laramee and Ben Mies
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103 OFFICE 806.50 | f® 100.00 8.065 9 '
104 CONFERENCE 206.50 | ft* 15.00 13.76666667 14 1
105 STUDENT LOUNGE 301.30 | ¢ 100.00 3.013 4
106 WOMEN'S BATHROOM 268.41 | ft* 50.00 5.3682 6 |
107 MEN'S BATHROOM 187.50 | ft? 50.00 3.75 4
108 OFFICE 109.60 | ft* 100.00 1.096 2
109 OFFICE 109.60 | ft* 100.00 1.096 2
110 OFFICE 109.60 | ft* 100.00 1.096 2
111 OFFICE 109.60 | ft* 100.00 1.096 2
112 FACILITY LOUNGE 274.50 | f¢* 100.00 2.745 3
113 CLOSET 122.75 | ft? 300.00 0.409166667 1
114 CLOSET 114.00 | ft? 300.00 0.38 1
1 STAIRS 01 367.50 | ¢ 100.00 3.675 4
1 STAIRS 02 32834 | ¢ 100.00 3.2834 4
1 STAIRS 03 253.00 | ¢ 100.00 2.53 3
1 STAIRS 04 672.50 | ¢ 100.00 6.725 7
1 HALLS 440391 | f 100.00 44.0391 45 4
328
201 CLASS ROOM 2,124.90 | ¢ 15.00 141.66 142 8
202 CLASSROOM 2,124.90 | ¢ 15.00 141.66 142 8
203 CLOSET 24750 | f¢* 300.00 0.825 1
204 CLOSET 243.80 | f¢* 300.00 0.812666667 1
205 WOMEN'S BATHROOM 25425 | ¢ 50.00 5.085 6 |
206 MEN'S BATHROOM 165.00 | ft? 50.00 3.3 4
207 OFFICE 126.00 | ft* 100.00 1.26 2
208 OFFICE 126.00 | ft* 100.00 1.26 2
209 OFFICE 144.00 | ft? 100.00 1.44 2
210 OFFICE 144.00 | ft* 100.00 1.44 2
211 OFFICE 144.00 | ft* 100.00 1.44 2
212 CLOSET 78.00 | f* 300.00 0.26 1
213 CLOSET 78.00 | f* 300.00 0.26 1
214 OFFICE 153.00 | ft* 100.00 1.53 2
215 OFFICE 153.00 | ft* 100.00 1.53 2
216 OFFICE 144.00 | ft* 100.00 1.44 2
217 OFFICE 144.00 | ft* 100.00 1.44 2

By: David Laramee and Ben Mies
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218 OFFICE 144.00 | ft? 100.00 1.44 2
2 STAIRS 01 262.50 | 100.00 2.625 3
2 STAIRS 03 26625 | 100.00 2.6625 3
2 STAIRS 04 446.00 | ft? 100.00 4.46 5
2 STAIRS 05 200.00 | ft* 100.00 2 2
2 HALLS 2,155.00 | 110.00 19.59090909 20 21
351
301 OFFICE 207.40 | f¢* 100.00 2.074 3
302 OFFICE 126.00 | ft* 100.00 1.26 2
303 OFFICE 144.00 | ft* 100.00 1.44 2
304 OFFICE 144.00 | ft* 100.00 1.44 2
305 OFFICE 144.00 | ft? 100.00 1.44 2
306 CLOSET 78.00 | 300.00 0.26 1
307 OFFICE 153.00 | ft? 100.00 1.53 2
308 OFFICE 186.50 | ft* 100.00 1.865 2
309 OFFICE 144.00 | ft* 100.00 1.44 2
310 OFFICE 144.00 | ft* 100.00 1.44 2
311 OFFICE 144.00 | ft* 100.00 1.44 2
3 STAIRS 04 446.00 | ft* 100.00 4.46 5
S STAIRS 05 215.10 | ¢ 100.00 2.151 3
3 HALLS 890.80 | ft* 100.00 8.908 9 '
39
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11.6.2 Webb

93 BIASDNIEY ANDF RENNFORCED CONCRETE
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11.7 Sample Calculation
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