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ABSTRACT

The purpose of this project is to propose a resigned structure to better suit the activities of
the Santa Clara University Multicultural Center. The renovation entails proposing a
preliminary structural design system that includes a new, light-weight PLN3 metal deck
roofing system provided by Verco Decking, Inc. Nine deep long span 56DLH truss joists

will be implemented to support the metal deck. Two large trusses comprised of member
sizes H539X9X% and LL3%X3%X%XZ will be used to support the nine truss joists. Four

concrete columns, 15 ft in height and 2 ft in diameter, will be erected to uphold each end of
the two steel trusses. Lastly, column footings of 4.5'x4.5’x3.0’ will be used to support each
concrete column. The architectural components of the renovation aim to include a
complete redesign of the existing common area of the original building as well as
implementing an extension to allow for more space. The architectural components include
a new general meeting area layout, four private study rooms, one conference room, a desk
reception and storage facility area, as well as an emergency exit extension and
multipurpose activity center. The total cost of renovation is estimated to be $864,341.00
with a cost per square foot of $156.58. The duration of this project is expected to last 11

weeks, starting from June 15 to August 28.
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1 Introduction

1.1 Project Goals

The purpose of this project is to propose a structure that will better suit and
accommodate the activities of Santa Clara University’s multicultural clubs for the
benefit of on-campus student life. The scope of this project entails providing a
renovation plan for the Bob Shapell Student Activities Hall, home to the Multicultural
Center on campus, that includes a preliminary schematic structural design of a new
steel-truss-supported roof system and a remodeled architectural interior layout. In
addition, this proposal will also delve into a construction management plan, including a
preliminary Work Breakdown Structure (WBS), cost estimate, construction schedule,

and site logistics plan to be used if and when this proposal is put into action.

1.2 Contributions

Given her interest in design as well as her experience in construction management,
Angela Non has acted as Lead Structural Engineer and Project Manager for this project,
and Isaac Raven, whose interest lies in architecture, will act as the Lead Architect and
Building Information Modeling Designer. This proposal provides the Santa Clara
community a new and renovated space for those that are involved in the Multicultural
Center and its club activities as well as those who are interested in using the building’s

attributes.

1.3 Current Conditions

The Bob Shapell Student Activities Hall, circled in red in Figure 1 below, is located in

Santa Clara University’s Benson Plaza. This plaza is located in a central portion of the

A-1



SCU campus and is a main hub of student traffic given its proximity to the University

Library, Graham Residence Hall, and Kenna Lecture Hall.

Stevens Stadium
Buck Shaw Field,

Figure 1. A campus map of Santa Clara University, indicating the location of the Bob
Shapell Student Activities Hall.

The building of focus is located on the right-hand side of the Robert F. Benson
Memorial Center and directly across the SCU Campus Bookstore, as illustrated in the

current live view of the plaza below:

Figure 2. A view of the Bob Shapell Student Activities Hall (right) in relation to the Robert
F. Benson Memorial Center (center) and SCU Campus Bookstore (left).



1.4 A Brief History of the Space

The Bob Shapell Student Activities Hall was added to the University as part of the 1983
proposal calling for the redesign of the Benson Memorial Center, which, in addition to
the Hall, included the construction of the Campus Bookstore. Completed in 1985, this
space was originally used as a recreational lounge for commuter students. In 2000, this
commuter lounge was converted into the permanent home of Santa Clara University’s
Multicultural Center, also known as the MCC. For consistency, this building of focus will
now be referred to as the MCC for the duration of this proposal. However, the history of
the space, although brief, clearly indicates that the original layout and functions of the
building were designed to meet outdated needs and no longer pertain to the current use

of the space.

1.5 Current Use of Space

The MCC is a multicultural programming body that represents the racial and ethnic
advocacy voice for the Santa Clara University community. This organization also

overlooks and supports ten cultural student clubs as follows:

e Asian Pacific-Islander Student Union (APSU)
e Barkada (Filipino)

e Chinese Student Association (CSA)

e Igwebuike (Black/Pan-African)

¢ Intandesh (South Asian)

e Japanese Student Association (JSA)

e Ka Mana'o O Hawai'i

e Korean Student Association (KSA)

e MEChA-EIl Frente (Latina/o)

e Vietnamese Student Association (VSA)



Collectively, these ten cultural clubs are comprised of over 600 student members, thus
accounting for roughly 11% of the total undergraduate student population that are

affected by the amenities provided by the MCC.

The current layout of the MCC is split into two rooms. Upon entering the space, the
larger room on the left-hand side provides a multi-purpose venue for the activities of
the ten clubs. Each week, this space is used to house a minimum of ten general club
meetings, with each meeting usually accommodating anywhere from 30 to 100
members in attendance. In addition, the MCC also holds educational seminars, panels,
and forums that elaborate on issues that relate to the preservation of an environment
conducive to the unique expression and appreciation of the various cultures of people
of color. Lastly, when not in use for scheduled meetings or events, the MCC also

provides a recreational and academic space for students to utilize.

The right-hand side of the MCC is a smaller subsection used as a combined Multicultural
Center office and conference space. The office is used as a dedicated workspace to
fulfill the administrative requirements of the MCC to maintain its status as a Registered
Student Organization (RSO) recognized by the University. The conference space is
needed to accommodate the eleven smaller executive board meetings held each week to
plan the future and success of each cultural club. In addition, storage closets are also
located along the back walls of this subsection to house the props and possessions of
the MCC. Although cramped in space, most students tend to flock to this area as an
unofficial academic workspace, which is only one of the many examples of how the MCC
provides a dysfunctional and obscure layout for its users, one of the main concerns

addressed in the proposed renovation.



1.6 Demonstration of Need

1.6.1 Dysfunctional Layout

As mentioned above, the dysfunctionality of the space is one of the main concerns that
led to the call of a renovation. The pictures below indicate the current state of both

rooms in the MCC, illustrating a cluttered, clustered, and disorganized layout.

Figure 3. A view of the general meeting space inside the MCC.

Figure 3 provides a look inside the general meeting area located on the left-hand side of
the MCC. It is apparent that the room is not only disorganized and unclear as to which
designated areas should be used for which functions, but the two concrete columns
located in the middle of the space also interfere with the functionality and general flow
of a space intended for large meetings. In short, the space intended for multi-purpose

activities is cluttered, unorganized, and dysfunctional.



Figure 4. Another view of the general meeting area, highlighting the lack of
storage, as shown through the cluttered material.

Figure 4 above demonstrates the need for more storage space to be incorporated in a
renovation of the MCC. Mmany props, materials, and cultural dance items are left in the

corners of the MCC as no other storage closets could be used to house them.

Figure 5. A view of the combined Multicultural Center office and
conference room.

The MCC subsection, shown in Figure 5, is a cramped space that does not provide a

sufficient enough area to allow its members to work productively.



1.6.2 Voices of the MCC

In order to further assess the need for a renovation to the space, a survey was
conducted on 100 randomly selected members of the MCC regarding the suitability of
the space. When asked if the amenities of the current MCC layout specifically catered to
the needs of their organization, an overwhelming 88% of the participants disagreed,
claiming that the features of the space no longer contributed to its current uses. From
the results, it can be concluded that the need for an updated layout of the space is a

popular opinion and should be addressed.

To better understand how to make the space more functional, the participants were
then prompted to provide feedback regarding what exact features the space was
lacking. They were given a list of five proposed features and asked to pick up to 3 that
they would like to see included in a renovation of the of the MCC. The five items were
as follows: more storage space, a redesign of the MCC office room/conference space, a
more functional layout, rehearsal space for cultural dances, and an addition of more
conference rooms/study space. The results of the survey indicated that a more
functional layout, a rehearsal space, and smaller conference rooms were the most
requested features, and thus, these elements were prioritized in the renovation plan of
the MCC. Summaries of the survey results are illustrated in the graphs and charts

below.

Survey: The amenities in the current MCC structure
specifically cater to the needs of my organization.

12%

H Agree
H Disagree

88%

Figure 7. A survey conducted on 100 randomly selected
students of the MCC regarding the usability of the MCC.



As illustrated from the graph above, a majority of the members of the MCC recognize
that the amenities of the MCC no longer pertain to the current needs of their
organization. The table below illustrates what features the MCC needs in a renovation

to make the space more relevant to its current uses.

Survey: What features would you like to see
included in a renovation of the MCC?

43

36 35
39 -
30 -
25 -
20 - 19
15
10 7
0 =
0 - ! ! ! !

More Storage Redesign of A More Rehearsal  Conference
Space the MCC  Functional Space Rooms

Office Layout
Figure 8. A summary of the features requested by members of the MCC to be included in the renovation
of the MCC.

Figure 8 above indicates that the most requested features to be implemented into a
renovation of the MCC includes a cultural dance rehearsal space for annual culture
shows, a more functional design indicating designated areas for specific activities, and
the presence of more conference rooms and study spaces. Thus, the renovation will
aim to incorporate the requests of the members of the MCC as presented in the survey

above.



2 Architectural Elements

2.1 Current Conditions

For the architectural design of our proposed project, the main objective was to address
the student needs as discussed earlier in the assessment of need of the project. The
current architectural layout does not foster an environment that is conducive to
learning and the various activities that take place in the space. The current building is
split into two large rooms. One room contains a general meeting space where culture
clubs and students hold their club meetings and activities. The second room contains a
front desk reception and conference table alongside storage units placed in a small
corner of the room. This space is especially tightly packed and is difficult to designate
which part of the room will be for what purpose. Overall, the project is specifically
designed to address the dysfunctionality and limited space of the current building and

provide a more fluid, dynamic, and functional layout.

2.2 Proposed Interior Layout

The elements of the project redesign consist of a renovation of the interior layout and
addition of an extension towards the north end of the building. The elements for the
interior renovation include redesigning the general meeting space and improving
additional lounge spaces, conference and study rooms, and an auxiliary space that
contains storage and a front desk reception. The extension will be used to house
multipurpose room and an emergency exit continuation. Figure 9 below is the
proposed interior layout floorplan that demonstrates the placement of these

architectural elements.



S
Simmmmis
O—f—t—-—-—-——- ; =
B i = :;i__$ [ Extension

s ' Q|$ B Auxiliary
{}l & [ Study
!a [] Conference
e b
il —$ B Lounge
‘ @ [ 1 General

Figure 9. Proposed interior layout floorplan

2.2.1 General Meeting Space

One of the most important factors for the redesign was to provide a more conducive
general meeting space. To complete this, an open atmosphere environment was the
best choice to implement in the architectural design. As a part of our new design, 20
benches were installed encompassed by a counter partition to create a section
specifically designed for general club and student organization meetings. Below are
images taken from the Revit 3D architectural modeling software as well as the floor

plan of this specific space.

General Meeting Space
A=1520 sq ft.

=——————

Figure 10. Proposed general meeting space in interior layout.
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The general meeting space includes a partially closed off area of 1520 square feet

towards the east end of the interior of the building.

2.2.2 Group Study Rooms and Conference Room

The next element as part of the redesign for the MCC was incorporating a private
conference room as well as individual study spaces for students to utilize. From the
student survey, the study/conference rooms were the third most requested feature
from the participants. The current MCC does not have individual spaces sectioned off
for studying; instead, it currently has scattered tables spread across the general
meeting area with no sense of cohesiveness. Often, when there are club meetings going
on in the general meeting space, those that are not involved are disturbed by the
surrounding noise from the other activities that are taking place in the same room. The
renovation aims to create spaces for students to study without being disturbed by
extraneous noise from other MCC activities. Thus, the proposed interior layout includes
four study rooms located on the east wing of the structure. These study spaces are each
9 ft by 11 ft and can house of to six students at the time. The conference room was
positioned in center of the eastern wall with two study rooms on either side. This space
is larger than the study rooms with a length of 19 feet and a width of 9 feet and can hold
up to 8 people. All 5 rooms were created with sound proof doors and walls to create an
environment that was suitable for important meetings or study groups that excluded
static noise from the outside. Below is a floor plan that demonstrates the placement of

the study and private conference areas.
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Figure 11. Proposed subsections of study rooms and private conference room in interior layout.

2.2.3 Auxiliary Space

The auxiliary space of the redesign contains storage facilities and a front desk reception
area. Again, by addressing the needs of the students, part of the redesign was to include
more storage per square foot for the entire building to encourage an organized layout
and to provide an area for culture clubs and other students to place their general items.
The front desk will be adjacent to the main entrance of the building to initiate a more
welcoming presence for students who walk into the building. The front desk is
indicated by a counter partition with a width of 3.5’ and a total length of 16’-1” that

wraps around in a 90 degree angle, as pictured in Figure 12.

3 Storage
o 10'- 0"
74
N /
% i \
C’ Front Desk '

Figure 12. Proposed auxiliary space in interior layout. Includes front desk reception and storage
facilities.
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2.3 Extension

The second part of the architectural renovation for the MCC in our design project was to
include an extension that housed both a multipurpose activity room and an emergency

exit continuation. The location of this extension is shown in Figure 13 below.

Figure 13. Proposed floor plan extension of MCC with respect to surrounding existing buildings.

The extension is made of nonstructural walls and the metal deck extends over this
section, giving the entire proposed building a length of 80 feet and a continued width of
69 feet. This expansion will extend into what is currently used as a small, unused patio
area. More often than not, this area on campus is neglected and usually empty. The
current patio contains some seating and tables, as well as a counter partition that
contains the emergency exit stairwell from the basement (Drahmann Center), as

illustrated in Figure 14 below.
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Figure 14. Current use of space between MCC and Benson Memorial Center

As illustrated above, the patio is hardly ever occupied by students and can be used for a
more functional purpose. Therefore, in order to enhance the usability of this space, it
can easily be converted into an extension of the building that will address the needs of
the MCC by converting this space into a dual multipurpose activity room as well as an

emergency exit continuation.

2.3.1 Multipurpose Activity Room

According to the survey taken from the MCC students, one of the highest requested
features to be included in a renovation of the MCC was an addition of a multipurpose
room designated specifically for a dance rehearsal space for the 5 annual cultural
showcases the MCC holds throughout the year. The extension space will thus be

converted into a dance studio for students to utilize.

The Multipurpose room is connected with the original doors of the MCC to the center of
the room, and has a connection to the emergency exit continuation to allow those to be

able to leave the room in case of emergency situations. The dimensions of this room are
15’ x 45’ for a total area of 671 feet squared. Below is a 3D isometric model of the entire

proposed extension of the design project.
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Figure 15. Proposed plans for multipurpose activity room,
one element that pertains to the extension.

2.3.2 Emergency Exit Continuation

The emergency exit continuation was a critical feature of the original structure that
needed to be preserved throughout the renovation, as it is used to provide an alternate
exit for the Drahmann Tutoring Center in the basement below. Thus, in order to
conform to codes requiring the presence of multiple exits, the emergency exit located in

the current patio area will be maintained throughout the renovation.

Figure 16. Emergency Exit continuation 3D model view for proposed extension.

The emergency exit continuation room has two doors, with one leading to the outside of
the north face of the building and one the other connecting to the multipurpose room.
This allows both the residents of the multipurpose room and Drahmann Center to exit
the building safely. The emergency exit continuation is 15’ x 24.25’ for a total area of

364 square feet.
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3 Structural Design

3.1 Original Constraints

As presented through drawings and plans provided by the Facilities Department of
Santa Clara University, the current MCC is located in the top floor of a two-story cast-in-
place concrete building, with the SCU Drahmann Tutoring Center on the first floor
located underground. In addition, positioned in the center of building are four concrete
columns that create the four corners of a square. These columns span the full height of
the building through both stories and are used to hold up the cast-in-place floor of the
top level as well as the cast-in-place concrete roof. Although we aim to renovate the top
story of the building, it should be noted that the basement will be excluded from the
renovation and that all necessary actions should be done in order to eliminate any
disturbance to the bottom floor. A comparison of both the top live view of the Benson

plaza and the framing elevation plans of the plaza can be found in Figure 17 below:

_—
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Figure 17. A comparison of the Benson Plaza with its framing elevation view.
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As shown in the framing elevation view above, the MCC is located in the top right corner
of the plaza, with the SCU Drahmann Tutoring Center located directly underneath. The
basement, however, stretches across the entire plaza, and thus, the foundation supports

needed for the renovation of the MCC must not interfere with the pre-existing structure.

The current dimensions of the top floor of the building, taken from the Santa Clara
University’s filed Benson Center architectural drawings, are as follows: 69 ft long x 65 ft
wide x 15 high, with a total area of 4420 square ft. The perimeter of the building is
comprised of 1-ft-thick structural concrete walls that, in addition to the columns,

support the concrete roof.

3.2 Proposed Structural Design Plan

Given the constraints of the original space, a preliminary structural design plan was
created to address the needs of the MCC while not disturbing the bottom story. Thus a

new roof design will be put in place, inspired by Santa Clara University’s Leavey Center.

The Leavey Center, formerly known as the Harold ]. Taso Pavilion, was originally built
in 1975 and boasted an air-supported fabric roof. This roof was in place for 25 years
and was then deflated in 2000. The renovation of the Pavilion into the Leavey Center,
included a new truss-joist-supported roof which was then supported by four large

trusses held up by 8 columns placed along the exterior of the building.

The redesign of the MCC will closely follow the structural design of the Leavey Center.
The first step of the MCC's structural redesign plan entails demolishing the cast-in-place
concrete roof and top floor interior columns. The roof will then be replaced by a metal
deck supported by prefabricated steel truss joists. Two large steel trusses spanning the
entire length of the building will be placed along the top of the MCC to support the steel
joists. Four concrete columns will be erected along the exterior of the building to

support the steel trusses.
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Benson Center

Figure 18. An illustration indicating that the MCC will be extended into the patio area in between the
current MCC and the Robert F. Benson Memorial Center.

As thoroughly discussed in Chapter 2, it should be noted that the dimensions of the MCC
will be expanded, as this will prove critical in the structural design of the renovation.
The dimensions of the building prior to and proceeding the renovation are illustrated in

the table below:

Table 1. A summary of the dimensions of the MCC before and after renovation.

Current Space | Proposed Space
Length (ft) 65 80
Width (ft) 69 69
Height (ft) 15 15
Area (ft?) 4485 5520
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Using BIM Revit 2014, a 3D model incorporating all the elements of the proposed
renovation of the MCC was created. Figure 19 below illustrates the proposed redesign

of the MCC.

Figure 19. A 3D representation of the proposed renovation of the MCC created using BIM Revit 2014.

It should be noted that the proposed structural design plan below is a preliminary
design and only includes a rudimentary overview of the necessary calculations and
elements of the structure. Thus, this project only focuses on the selection of rough
member sizes and does not delve into connection detailing. In addition, the existing
building is assumed to be structurally sound without the heavy concrete roof in place.
Thus, a seismic design plan pertaining to this renovation has also been omitted in this

proposal.

3.3 Demolition

The first element of the MCC'’s preliminary structural redesign entails demolishing the
cast-in-place concrete roof and the four interior concrete columns on the top floor. The

original concrete roof consisted of a concrete waffle slab, as illustrated in the figure
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below taken from the original drawings for the Benson Center as provided by the SCU’s

Department of Planning and Projects.

Figure 20. An elevation view of the Benson Plaza highlighting the waffle slab concrete roof of the MCC.

This waffle slab roof design adds a vast weight onto the structure, and thus needs to be
supported by four interior concrete columns in addition to the structural concrete
walls. However, because the main objective of the renovation aims to provide a more
functional and open layout for the members of the MCC, the four interior columns on
the top floor must be removed. With the removal of the columns, the heavy concrete
weight will also need to be modified into a lighter roof design plan, which is described

in the process below.

3.4 Metal Deck

The first element of the MCC'’s preliminary structural redesign following the demolition
of the top-floor concrete columns and cast-in-place concrete roof involves designing the

metal deck highlighted in blue in Figure 21 below.
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Figure 21. A 3D capture of the renovated MCC, highlighting the metal deck roof.

3.4.1 Distributed Loads

The first step in the metal deck design was establishing expected distributed loads
applied to the roof. Based on the standard values outlined by the California Building
Code (CBC) Sec. 1607.1, the design live load was determined to be 20 psf. The expected
total dead load was roughly estimated to be around 24.4 psf. A breakdown summary of

the distributed loads is presented in the table below.

Table 2. A summary of the expected distributed loads on the MCC roof.

Distributed Load Load (psf)
LIVE, LL 20
DEAD, DL

- Mechanical/Electrical 8

- Fireproofing 2

- 5-ply Gravel 6.5

- Suspended Ceiling 2

- Insulation 2
DEAD total 20.5
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A metal deck that would span the area of the roof was then selected based on its ability
to support the sum of these initial loads. The total factored load was then calculated

using the equation

P,=1.2DL +1.6LL (CBC 1606.1)

where DL stands for total dead load and LL denotes total live loads. Thus, given
Equation CBC 1606.1, the factored load applied to the metal deck was calculated to be
56.6 psf. This value was then compared to the allowable un-factored loads applicable to

metal deck products supplied by Verco Decking, Inc.

3.4.2 Metal Deck Selection

A product catalogue provided by Verco Decking, Inc. was used as a reference for the

metal deck selection, resulting in the selected use of the PLN3 deck, illustrated below.

PLN3®

Figure 22. The metal roof deck PLN3 provided by Verco
Decking, Inc. to
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Material properties of the deck are listed in the Appendix, but a brief summary is

presented below:

Table 3. A summary of the selected PLN3 metal deck provided by Verco Decking, Inc.

Metal Deck PLN3
Deck Gage 20
Steel Type ASTM A992
Span (ft) 10
Allowable Load(psf) 90
Weight (psf) 2.9

Thus, from the properties provided by the Verco Decking, Inc. product catalog, it was
established that the Metal Deck PLN3 is suitable to uphold the applied uniform load of
the roof of 56.6 psf, as the PLN3 has a greater allowable load of 90 psf.

Given this selection, the dead loads and uniform load of the roof were then updated to
include the weight provided by the PLN3 metal deck. Table 4 below indicates the final
distributed loads expected on the roof that will then applied to the prefabricated steel

truss joists used to support the metal deck.

Table 4. A summary of the distributed loads to be applied on to the steel truss joists used to support the

metal deck.

Distributed Load Load (psf)
LIVE, LL 20
DEAD, DL

- Mechanical/Electrical 8

- Fireproofing 2

- 5-ply Gravel 6.5

- Suspended Ceiling 2

- Insulation 2

- Metal Deck 2.9
DEAD total 22.9
Factored Load, P, (P, = 1.2DL +
1.6LL) 59.5
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3.4.3 Steel Truss Joists

Truss joists were then selected as the next components of the roof as illustrated in blue

in Figure 23 below.

W, =595 psf

Figure 23. A 3D capture of the renovated MCC, highlighting the steel truss joists.

As mentioned previously, the expected roof loads will apply a factored load of 59.5 psf
that will then be translated onto the steel truss joists. Itis critical that the selected
prefabricated steel truss joist can sustain this applied load. However, before a selection
can take place, a summary of the truss joist dimensions, placements, and characteristics

must first be established.

As illustrated in the final design, nine steel truss joists will be used to support the metal
deck. Each 60-ft truss joist will be spaced 10 feet apart from one another and will thus
be evenly distributed across the 80-ft length of the MCC, which includes the extension
previously mentioned. Given this even distribution, the width of load affecting each
truss joist, also referred to as the tributary width, t,,, was then determined for both
interior truss joists and exterior truss joists. Because the interior truss joists were

exactly 10 feet apart from one another, each interior joist had a t,, of 10 ft, whereas
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each exterior truss joist only needed to support half the width of the interior, thus

resultingina t,, of 5 ft.

These tributary widths were then multiplied by the applied factored roof load, P,, of
59.5 psfin order to determine the load applied along the length of each joist. Table 5
below summarizes the load per linear foot onto both the interior and exterior truss

joist.

Table 5. A summary of linear loads applied on to the steel truss joists.

Truss Joist Type Uniform Linear Load, Wu
Wu =twx Pu

Interior 595 Ib/ft

Exterior 297.51b/ft

The figure below indicates how the roof uniform load, pw,,, will be distributed on to one

interior truss joist.

Wu = 595 Ib/ft

b £0.00°

Figure 24. An interior steel truss joist with an applied uniform load of 595 lb/ft.

Once the uniform allowable loads applied onto each joist were established, a
prefabricated steel truss joist type was then selected from the New Millennium Building
Systems Product Catalog. [Note: also check if the joist catalog uses factored or
“allowable” loads] Given a maximum applied linear load of 595 plf, it was determined
that a deep long-span truss joist type 56 DLH11 was the most ideal joist, as it could

withstand a maximum applied load of 613 plf, which is greater than Wu. In order to
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remain consistent, the 56DLH11 will be used for both the interior and exterior truss

joist.

Based on the product catalog, the 56DLH11 has an approximate weight of 26 plf. Thus,
when multiplied by its length of 60 ft, each individual truss joist will have a self-weight
of 1560 Ib. Given its self-weight and Wu, the reaction was then determined to be 18.63
kips for each interior truss joist and 9.32 kips for each exterior truss joist. A more
detailed calculation regarding the truss joist shear force can be found in the Appendix.

These reactions will then be applied onto the steel trusses.

3.4.4 Angled Roof Ends

The two gaps between the large trusses and the existing concrete walls on the north
and south sides of the building will be framed with small beams that will support an

angled steel deck roof, highlighted in blue in Figure 25 below.

Figure 25. A 3D model of the MCC, highlighting the beams and girder used to support the angled roof
ends.
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3.4.5 Angled Beam and Girder Selection

In order to select the proper beam needed to support the angled roof ends of the
structure, the uniform roof loads were first determined. Identical to the uniform loads
applied onto the steel truss joists, each angled beam will experience a uniform load of
595 Ib/ft. Calculations were then done to calculate the moment demand, deflection
limits, moment capacity and shear capacity for each beam. Then using the American
Institute Steel Construction Code (AISC), it was determined that a W8x10 would be
most ideal to support the loads of the roof. The girder selected will be placed on top of

the existing concrete wall as support. This is picture below in Figure 26.
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Figure 26. A free body diagram of the girder supporting the angled roof ends

The girder is a necessary component for this project with respects to the extension. We
have recognized that a girder would not be needed for the angled beams to rest on, and
that the original concrete walls would provide spots for load distribution. However, the
extension does not have a concrete wall for the angled beams to rest on, so a cantilever

girder will be placed for the angled beams on the extension part of the project.
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3.4.6 Steel Trusses

In order to support the reactions from the steel truss joists, two steel trusses were then
designed to be placed directly underneath the joists and angled beams. However,
unlike the Leavey Center whose steel trusses are placed along the outside perimeter of
the building, the two steel trusses in the MCC renovation will be placed on top of the
structure offset by five feet towards the interior of the building as illustrated in Figure

27 below.

Figure 27. A 3D capture of the renovated MCC, highlighting the steel trusses.

This was done in order to allow the columns foots supporting the columns that
ultimately hold up each steel truss to be placed in soil that would not directly impact
the basement underground. More information regarding this can be found under the

Column Footings section.

The finalized steel truss design consisted of two steel trusses each with a depth of 5 ft
and a length of 90 ft. Each truss will then experience 9 point loads applied by the ends
of each truss joist. The reaction from each interior truss joist will be 9.32 kips and each
exterior reaction will be 4.66 kips. The reaction from each angled beam will be 2.53 kips

for each interior beam and 1.26 kips for each exterior beam. Combining the two loads
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gives a total interior point load of 11.85 kips and a total exterior point load of 5.92 Kkips,

as illustrated in Figure 28 below.
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Figure 28. Total point loads applied onto each steel truss.

Once these point loads were established, computer program SAP 2000 was used to
analyze the truss under loading. From there, ENERCALC was used to verify maximum
axial and bending stress ratios as well as allowable moment based on various member
sizes. By using LFRD design, many iterations were done between these two programs
to find ideal steel truss member sizes Two steel member sizes were selected to provide
for the most cost effective solution and lightest truss design with respects to the load

demands on the truss. The top and bottom of each truss will be made of hollow

structural steel member HSS9X9X% and each angled interior member of the truss will be

a double-angled LL3%X3%X%X§ member, as shown in the image below.

HERA & HESONY il
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Figure 29. A SAP 2000 illustration of the steel truss and its selected steel members.

The self-weight of each steel truss member as well as the applied point loads yields a
reaction force at each end of the truss of 36.25 Kkips, as illustrated below. Both factored

loads and self-weight were used in our calculations.
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Figure 30. A SAP 2000 illustration of the steel truss and its reaction forces.

This reaction force will then be applied to the concrete columns placed along the

exterior of the structure.

3.4.7 Exterior Columns

In order to hold up the steel trusses, four concrete columns will be erected along the
perimeter of the structure directly underneath each steel truss end shown in Figure 31

below.

Figure 31. A 3D capture of the renovated MCC, highlighting the exterior concrete columns.

As mentioned previously, each concrete column will be offset five feet from the length
and width of the structure towards the interior in order to accommodate the basement
underneath. Design of the concrete columns was not included in the project scope, since
it would be governed by seismic design (not part of this project). A rough estimate of

24” diameter column was used for the foundation design and cost estimate. Therefore,
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with a height of 15 ft, a diameter of 2 ft, and a concrete density of 150 pcf, each column
will yield of weight of 7070 Ib that will then be applied onto a column footing.

3.4.8 Column Footings

Figure 32. The underground column footing used to support the concrete column.

Directly underneath the MCC is the SCU Drahmann Tutoring Center, with surrounding
hallways connecting this space to the basement of the Robert F. Benson Memorial
Center. Thus, the footings needed to support the concrete columns needed to be placed
in an area that would not disturb the Benson Basement and will consequently be placed

5 feet from the length of the building towards the interior.

For the preliminary footing size, the applied dead and live loads were used. The
reaction forces of the truss provided a load of 36.25 kips. The self-weight of the column
provided a force of approximately 7.07 kips onto the footing. These two loads provided
a total load of 43.32 kips onto each footing.

The geotechnical report of the Benson Plaza was used as a reference to determine the
allowable bearing pressure of the soil in which the footing will be placed. According to

the report, the allowable soil bearing pressure due to both dead and live loads was
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stated to be 2500 psf. This pressure and along with an applied total load of 43.32 kips
will thus call for a minimum footing size of 18.1 ft2, and rounded to the nearest half-foot
yields a footing size of 4.5 ft x 4.5 ft. For the cost estimate, an estimated footing depth of

3 ft was used. Figure 33 below illustrates the final column footing size below.

43.32 kips
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Figure 33. Concrete column footing size.
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4 Construction Management

4.1 Work Breakdown Structures (WBS)

A Work Breakdown Structures (WBS) was generated to highlight project deliverables
needed in order to fulfill the requirements of the renovation. The MCC redesign
contains three main subcategories for construction. These elements include the
demolition processes, the structural implementation, and the architectural design. All
three components are dependent on each other, with respect to the order of certain
construction elements. Below is an example showing the 3 major components of the
redesign, as well as an example of how the structural components are broken down in a

sequential order.

Figure 34. An example of a work breakdown structures that includes the main elements of the proposal
pertaining to the entire redesign.
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Figure 35. An image showing the structural elements organized in a work breakdown structure.

The image above takes a closer look at how the structural elements of the project were
implemented in a sequential order. The two primary categories of the structural
elements were the placement of the exterior columns and the roof systems. In order to
implement the column footings, for an example, construction calls for excavation,
formwork placement, pouring of concrete and backfill. These four items consist of
developing the column footings. On top of the column footings there will be the actual
concrete columns, which consist of formwork placement and concrete pouring. These
elements combined together satisfy the exterior column prerequisites under the
structural work breakdown tab. The other category, as mentioned, is the roof and its
specific components. The roof system will be supported by both the steel trusses and
the steel truss joists. The actual rooftop itself is the installation of the metal deck, which
will go on last after the exterior columns and the trusses have been placed. This is just
an example of one of the work breakdown structure tabs out of the three. The

demolition and architecture work breakdown structures are pictured in the Appendix I.
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4.2 Cost and Duration Estimation

The purpose of creating a WBS was to determine which action items were needed to

complete the renovation. From there, given the action items established, a cost and

duration estimate was then created in order to determine expected costs for the

renovation and duration of individual activities.

Once each action item in the WBS was established, an activity list was then inputted

into a Cost Estimate Excel spreadsheet template. The template assisted in breaking

down the cost of each activity given the renovation’s required quantity. Average values

taken from the RSMeans Building Construction Cost Data 2014 and RSMeans Square

Foots Costs 2015 were inputted into the template to estimated costs for each activity.

The Cost Estimate template was broken down into two main sections. Section 1 dealt

with highlighting the material costs, labor costs, and equipment costs for each activity,

whereas Section 2 incorporated the proper adjustment factors such as waste, tax rates,

and city indexes for each line item. Snippets from Sections 1 and 2 of the Cost Estimate

breakdown are presented below.

ID [Activity Quantity unit Daily Duration Material WTC Material | Crew | Labor | Laber | Labor |Equip |Equip| Equip Total Means ltem | Page
Quiput days $/Unit Cost $/Unit] FC Cost |$unit| € Cost Cost
1 [Metal Decking (Roof)
5520 SF. 4300 128 147 1041 |5 8445] E4 | 037 | 1400 |5 2360 003 | 1077 | § 78| § 11483 (053123502700 139

2 |[Steel Truss Joists

(installation and material} 621 LF 2000 0.31 41 1.003 $27823| ET 1.95 1400 | 5 1695| 087 | 1077 ) & 582 | § 20,100 0521 13.50 3260 136
3 [Demolish Non-Structural Walls

(Drywall) 23 Ea 24 0.96 1477 1Clas| 117 | 1303 351 1002 | § 351 |024119.16 6100] 32
4 [Steel Trusses Material 11.26 ton 2137 0.957 $23,028 $ 23028
5 |Steel Strusses Installation 1.00 E7 130000| 5 5643 643
& [Demolish Structural Columns 240 CF. 11300 002 1273 B-3 018 | 121000 5 48| 02 121 [ % 58 105 |02 41 16.13 0600) 30
7_|Demolish Roof 7415 CF. 11300 0.66 0.000 83 | 016 [121000] 5 1447| 02 | 121 1,809 3,256 |02 41 16.13 0600f 30
8 [Mobilize - Crane, up to 75 ton 1 Ea. 72 014 0.000 1Eghv] 53 [141830) % 7o) B2 | 1091 % 68 143 |01 54 36.50 2000) 21
9_|Mabilize - Forklift 05 Ea 72 0.07 0.000 1Egnv] 53 | 1418305 38| 62 | 10915 34 71|02 54 36.50 2000 21
10 |Mabilize - Hydraulic Pump 1 Ea 72 0.14 0.000 1Eghv] 53 | 1418305 75| 62 | 10913 68 48 |02 54 36.50 2000 21

Demobilize - Crane, up to

11| 75ton 1 Ea 72 0.14 0.000 1Eghv] 53 | 1418305 75| 62 | 10913 68 143 |01 54 36.50 2000 21
12 |Demobilize - Forklift 1 Ea. 72 014 0.000 1Eghv] 53 |141830) % 3] 62 | 1091 % 34 71[02 54 36.50 2000) 21
13 |Demobilize - Hydraulic Pump 1 Ea 72 0.14 0.000 1Eghv] 53 |141830(s 25| 62 | 10915 68 48 |02 54 36.50 2000 21
14 |Structural Wall Reshoring 4020 SF. 1400 287 0.5 1266 2544)12Carp| 04 |171210( 5 2753 1317 ] % 5297 |03 15 05.70 1500] 62
15 |Calumn Foundation Excavation 13 BCY 150 0.09 B11C| 436 [130260| 5  74] 223 [ 1317 |5 34 108 |3123 16.13 0050f 577
18 |Column Formwaork 480 SF.CA 218 222 141 1.268 5 8%8] G 705 | 192270 5 6506 10911 % 7,365 )03 1113.25 6500] 54
17_|Concrete Columns 7 cY. 5185 0.14 257 1354 |5 2437|ca4a| 171 [173030| 5 2.071)|1435] 1331 | 5 134|§ 4642 |033053.40 1400] 72

Figure 36. A snippet of Section 1 of the Cost Estimate breakdown.
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ADJUSTMENT Waste Tax Mat. City Material Labor Inst. City Labor | Equip.
FACTORS Index WTC Overhead Index FC C

Concrete Column 1.06 1.0875 1.175 1.354 1.3 1.331 1.7303 | 1.331
Metal Decking (Roof) 1 1.0875 0.957 1.041 1.300 1.077 1.400 1.077
Steel Truss Joists 1.06 1.0875 0.957 1.093 1.300 1.077 1.400 1.077
Demolish Non-Structural Walls 1 1.0875 1.358 1.477 1.300 1.002 1.303 1.002
Steel Trusses Material 1.0875 0.957 0.957 1.300 1.077 1.400 1.077

Demalish Structural Co

lums

1.0875

1.273

1.3

1.21

1.21

1.21

Demalish Roof

1.0875

1.273

1.3

1.21

1.21

1.21

4.2.1 Line Items Example

In order to demonstrate the effectiveness of the Cost Estimate template, the process

Figure 37. A snippet of Section 2 of the Cost Estimate breakdown.

done in order to estimate the cost of Line Item 17, which is the implementation of the

four exterior concrete columns, is summarized below:

CostEstimating Spreadsheet (RSMeans Building Construction Cost Data 2012)

@ Activity Cluantity

Unit

Daity

Duration
Days

Iatenal
SiUnit

wrc

Matenal
Cost

Crew

Labor
SiUnit

Labor
FC

Laber | Equip.
Cost | SUnit

Equip. | Equip.
C Cost

Total
Cost

eans ltem

Page

17]Concrate Columns 7

CY.

51.85

D.14

257

$.38

243571

G144

171

EANE]

AT1189] 5438

123 | 132698

34541 58] 03 20 52.40 1400

The RSMeans Building Construction Cost Data 2014 provided an estimate for the

Figure 38. Cost estimate breakdown of the concrete column installation.

concrete columns formation and installation per cubic yard of concrete. Given a column

height of 15 ft and diameter of 2 ft, an approximate total of 7 cubic yards of concrete

will be needed to erect four concrete columns. The RSMeans then provided an average

daily output of 51.85 cubic yards of concrete columns that are expected to be

constructed per work day. Thus, a duration length for each activity can be determined

by dividing the quantity by the daily output, which will prove useful later on upon the

creation of a construction schedule for the project. The material cost, labor cost, and

equipment cost for this line item were values taken directly from the RSMeans.

However, adjustment factors were also taken into account in order to include waste,

tax, labor overhead, material city indexes and installation city indexes, as shown in

Section 2 of the Cost Estimate below:
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ADJUSTMENT Waste Tax Mat. City Material Labor Inst. City Labor | Equip.
FACTORS Index WTC Overhead Index FC C

Concrete Column 1.06 1.0875 1175 1.354 1.3 1.331 1.7303 | 1.331

Figure 39. Adjustment factors used to estimate the price of the concrete column installation

With an estimated 6% concrete batch waste, a San Jose tax of 8.75%, an estimated labor
overhead of 30%, and material and installation city indexes provided by the RSMeans,
adjustment factors were found for material, labor, and equipment that were then linked
to Section 1 of the Cost Estimate breakdown, thus leading to total cost of $4,642 for the

concrete column installation.

4.2.2 Final Cost Estimate

Once a complete list of nearly 60 line items were tabulated, which can be found in
Appendix |, a total cost estimate was generated. The table below shows a breakdown of
cost into the three main categories highlighted in the WBS: demolition systems,
structural systems, and architectural systems. With the inclusion of overhead and
profit, the total price of the renovation is expected to cost $864,341.00, and given a
square footage of 5520 ft?, the renovation will be expected to cost $156.58/square foot.

A table summarizing the cost estimate breakdown is presented below.

Table 6. A preliminary cost breakdown for the proposed MCC renovation.

Demolition $22,938.00
Structural $115,884.00
Architectural $547,163.00
Overhead & Profit $178,356.00
Price $864,341.00
Cost/Square Foot $156.58
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4.3 Scheduling

Along with the cost estimate and work break down schedules, the Multicultural Center
Redesign includes an estimated construction schedule for the renovation. One of the
more important aspects of the project redesign was to recognize that the construction
would take place in the middle of campus, where student foot-traffic is heavy. With this
in mind, we decided to implement a construction schedule designed specifically to
minimize its impact with the student environment around the project location. The
overall construction of the project is planned to take place during the summer quarter
(June 15 - September 21) with a total construction time of eleven weeks. The
construction would start the Monday, June 15, immediately following the 2015
undergraduate student commencement on Saturday. With the use of Microsoft project,
we were able to organize a schedule that ensures each activity shall be completed
within the summer months. The construction process for the entire building aims for a
total of eleven weeks (ending August 28), which gives a 3 week contingency for any
delays or unexpected challenges that require the construction schedule to extend. A
small example of the scheduling is displayed in Figure 40 below, highlighting the

expected start, end and duration times for each line item

Task Name . |Duration , start . Finish . [un1a°15  Twn21,15  [un28,15  [wls,'1s [w112,'15 [ur18,"15
T sIm[wlr[s[T]T[s[mMw[F]s[T[TIs[m[w[F[sTT[T]
Mobilization 1day Mon 6/15/15 Mon 6/15/15
Modify Existing Remaining Ramp 1day Mon 6/15/15  Mon 6/15/15 =]
Structural Wall Temporary Shoring 3days Tue 6/16/15  Thu 6/18/15
Modify Remaining ADA Ramp 3days Fri6/19/15  Tue6/23/15 —
Demolition of Roof 1day Fri6/19/15  Fri6/19/15 5—
Demolition of Interior Columns & Non-Structural Walls 2 days Mon 6/22/15 Tue 6/23/15 =]
Demolition of ADA Ramp 1day Wed 6/24/15 Wed 6/24/15
Column Foundation Excavation lday Thu 6/25/15  Thu 6/25/15
Column Foundation Formwark 2days Fri6/26/15  Mon 6/29/15
Column Foundation Installation 1day Tue 6/30/15  Tue6/30/15
Column Formwork 3days Wed 7/1/15  Fri7/3/15
Column Installation lday Mon7/6/15  Mon 7/6/15
Steel Truss Installation 1day Tue 7/7/15  Tue7/7/15
Steel Truss Joist Installaion 1day Wed 7/8/15  Wed 7/8/15
Installation of Expansion Exterior Walls 5 days Thu7/9/15  Wed 7/15/15
Expansion Exterior Walls Insulation 1day? Thu7/16/15  Thu7/16/15
Installation of W24x84 Girders onto Exterior Wall 0.5 days Fri7/17/15  Fri7/17/15
Installation of W8x10 Beams for Angled Roof 0.5 days Fri7/17/15  Fri7/17/15
Roof Metal Deck Installation 2days Maon 7/20/15 Tue7/21/15
Roof Deck Insulation Installation 3days Wed 7/22/15  Fri 7/24/15 QE
Roof Fireproofing 2days Wed 7/22/15 Thu7/23/15
Top Expansion Exterior Walls 1day? Mon 7/27/15  Mon 7/27/15
Install Suspended Ceiling system 5days Tue7/28/15  Mon 8/3/15
HVAC Rough Ends 5 days Tue 8/4/15  Mon 8/10/15
Electrical Rough Ends 4days Wed 8/5/15  Mon 8/10/15
Suspended Ceiling Tiles 3days Tue8/11/15  Thu8/13/15
Installation of Interior Non-Structural Walls 3days Frig/14/15  Tue8/18/15

Figure 40. The proposed schedule of the project developed on Microsoft project.
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4.4 Site Logistics

The site logistics that were addressed in the project included site access for the
construction duration and proper temporary fencing for staging. The project site will
be accessed from the corner of Alameda and Market Street along one of the pre-existing
sidewalks located in front of the campus bookstore. Highlighted in yellow in Figure 41

below is the path to be taken in order to access the project site.

Figure 41. A plan view of how the project site will be access, via
the intersection of Alameda and Market streets.

The second element of the site logistics plan includes implementing a proper fencing for
the project proposal. The fencing will have a minimum of 12 feet clearance from the
exterior of the building and will extend into a part of the Benson Mall lawn towards the
north end of the building to allow space for project staging. Since the construction of
the project will take place on a functioning center below (Drahmann Center), it was
important to acknowledge and preserve the emergency exit path for the students that
use the center below for emergency situations. The image on the left of Figure 42
shows Phase I of the fencing parameters. During Phase I, the extension of the building
has not been constructed, which allows users of the Drahmann Center downstairs to
access the stairwell to exit safely away from the building. The problem we recognized

with the implementation of the extension is that the emergency exit will be covered and
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blocked off by the construction. The fencing will need to be adjusted to encompass the
project with respects to the boundary of the building and the emergency exit to ensure
the safety and availability of the inhabitants downstairs. For this, we suggested
implementing a temporary path and access point as pictured in the right image of
Figure 42. The fencing is mapped in two stages according to the progress of the project

and its construction.

Figure 42. Map‘ping of phase one fencing (left) and phase two fencing (right) with repsect to emergency
exit access for the downstairs Drahman Center and the implementation of the extension for the project
proposal.
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5 Ethical Concerns

5.1 Social Justice

Social Justice is our primary ethical issue of concern. The argument against the
proposed project is that the University may not want to prioritize the issues according
or relating to the MCC in lieu of other needs that the campus desires. The redesigning of
the MCC will only be affecting a fraction of the student body that actually use this space
for their own benefit. However, we argue that Santa Clara University, according to its
ethical standards, must equally represent all academia, extracurriculars, and other
forms of campus recreation alongside with representing all forms of culture and
ethnical backgrounds to contribute to the University’s standard of inclusive excellence.
Thus, it is important to uphold social justice for all students on campus, regardless if
they choose or not to choose to be utilizing certain spaces on campus, particularly the

MCC.

Equal representation for all parties at SCU results in equal opportunity and
representation of on-campus structures that house activities of particular usage
according to the needs of the University and its student body. The MCC ensures an
equitable distribution of benefits for those that are involved deeply in their own culture,
and it is important to preserve the notion of this idea. Currently, the MCC needs
improvement to better suit this important cultural necessity. The impact of this project
on the overall character of the affected community will greatly improve representation
of the student body who value their cultural standards and traditions, thus supporting
social justice and improving Santa Clara University’s idea of perspectives and

inclusivity.
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6 Relevant Non-Technical Issues

6.1 Political

Because our project consists of redesigning a building to be placed on Santa Clara
University’s campus, we must keep in mind certain local independent groups that
endorse and support the construction of buildings on campus. Since the University is
indeed private, most of the buildings on campus are built from donation-based efforts
and funds from previous alumni and/or larger known alumnus families and
organizations. Also, in order to build or reconstruct facilities on campus, the University
board must approve all changes done to the campus regarding construction or
maintenance on buildings. University approval is needed. Of course, there will be
specific permitting requirements to be addressed through the University and the

selected firm to construct the new building.

6.2 Environmental

With the construction of this environment, we do not see any problems with it affecting
the surrounding environment or foundation. Since there is already a building located
on the project site, there will be no need for further University excavation standards to
be passed. General construction emissions will be taken into considerations and
limitations will be provided, as with all construction-based projects. Regarding the
social environment of the University, the project will benefit a specific (cultural)
demographic at Santa Clara and will also benefit the student body as a whole, thus

collectively improving the academic environment at the University.

6.3 Economic

We have realized the most cost-effective plan for the project is to leave the current
building as it is and make smaller renovations inside the interior of the
building. However, the chosen project seems applicable to the University’s needs. The

University also seems to be in good standing regarding its economic status in regards to
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on-campus construction, considering they have recently built a new residence hall in
such a small time period to satisfy the needs of the growing population of student
enrollment. This growing population of student enrollment can also entice the thought

of the expansion of student resource centers, such as the MCC.

6.4 Safety

There will be construction related issues regarding our project in the time of the project
and how it will affect the surrounding environment. Since the construction of this
project will take place on campus, we have recognized that it would be best to keep
construction timing in the summer, as opposed to the school year to decrease the
chance of student foot traffic through the construction phases of the project. Also,
general construction safety (OSHA requirements) will be implemented and the project
must meet ADA requirements for access. Fencing and space limitations will be required
around the project site proposal. Noise pollution will also be monitored around the site
for students and the general public that access the university during the summer

quarter.

6.5 Aesthetics

The project must correspond with the University’s architectural standards and code.
The building design must fit and be similar to the aesthetics of the surrounding
buildings to keep the “mission style” theme of the University (ex: adobe wall colorings,
tiled roofing, window outlet designs). The aesthetics of the building will not have an
effect on the interest of the student users but rather if it can be passed by University
standards. The aesthetics of the inside of the building, however, must appeal to student
users to help promote the fluidity and adaptability of the building alongside its
functionality. The internal design of the building is one of our main design focuses to

create a more welcoming and useful environment for student users.
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7 Conclusions

The Santa Clara University Multicultural Center Redesign project’s main goal is to
acknowledge the student growth on campus for future years to come and to design a
new Multicultural Center that can accommodate the population on campus that utilize
the Multicultural Center for its many uses. The implementation of this project
contributes to the University’s goal of inclusive excellence, as it is one of the University’s
standard to uphold multicultural and student diversity within the campus. The Santa
Clara University Multicultural Center Redesign plans to renovate the current building
both architecturally and structurally and to implement an extension to contribute to
expansion for the facilities that are utilized there. The redesign includes a new metal
deck roofing system supported by steel truss joists, large steel trusses, and exterior
concrete columns. The building’s pre-existing cast in place concrete shell will be
relieved of its original roof load to help increase the building’s stability against seismic
activity. We hope that the redesign of the building not only accommodates the student
growth on campus but also fosters an environment that is both safe, with respects to
structural stability, and conducive to its purposes for the students that use the building
with respect to club activities, general meetings and student study environments and

learning.

Figur:é 43. Final exterior model of the redesign of the MCC.
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Appendix A

The architectural drawings of the original Bob Shapell Student Activities Hall, as
provided by the Santa Clara Facilities Department
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Appendix B

The structural drawings of the original Bob Shapell Student Activities Hall, as provided
by the Santa Clara Facilities Department
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Appendix C

The Benson Memorial Center Geotechnical Report as provided by the Santa Clara Facilities

Department

la JohnV. Lowney & Associate:

Foundation/ Soil / Geological Engineers

145 Addison Avenue, Palo Alto, California 94301 415/328-6920
April 5, 1983
401-2, PA 11108

Mr. Edmond D. Leys RE: GEOTECHNICAL INVESTIGATION
Department of Architecture c ADDITION TO BENSON CENTER
and Construction UNIVERSITY OF SANTA CLARA
University of Santa Clara SANTA CLARA, CALIFORNIA

Santa Clara, California 95053
Attention: Mr. Donald C. Akerland
Gentlemen:

In accordance with your request, we have per-
formed a geotechnical investigation for the
above project. The accompanying report pre-
sents the results of our field investigation werk,
laboratory tests, and engineering analyses. The
soll and foundation conditions are discussed and
recommendations for the soil and foundation
engineering aspects of the project are pre-
sented,

Our report features the following: 1) A geotech-
nical cross section through the site showing per-
tinent geotechnical data to permit you to vi-
sualize the subsurface conditions in profile. 2)
A geologic hazards study done to reconnais-
sance level by our certified engineering geolo-
gist to provide evaluation of certain hazards
such as faulting, liquefaction, and seismic dif-
ferential compaction. 3) An executive summary
on the following page to enable you to quickly
obtain the principal findings, conclusions, and
recommendations of the investigation,

We refer you to the text of the report for
detailed recommendations. If you have any
questions concerning our findings please call,

Very truly yours,

JOHN ¥. LOWNEY & ASSOCIATES

| | .. UNIVERSITY gF SANTA ¢LARA
| <:Io V. Lowney APR i 1983

IVL:DWB:lcp ARCHITECTURE & CONSTRUGTgy

Copies:  Addressee (4)
Morton 5. Curtis, AIA & Associates (2)
Attention: Mr. Norton S. Curtis
Siegfried and Carlson (1)
Attention: Mr. Richard H, Carlenn
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To
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GEOTECHNICAL INVESTIGATION
ADDITION TO BENSOM CENTER
UNIVERSITY OF SANTA CLARA

SANTA CLARA, CALIFORNIA

INTRODUCTION

In this report, we present the results of our Eeo-
technical investigation for the proposed addition to
Benson Center to be located fronting on the Alameda
between Market Street and Santa Clara Street in San
Jose, California, The purpose of this investigation was
to evaluate the subsurface materials and conditions
and provide recommendations concerning the soil and
foundation engineering aspects of the project,

Project The proposed addition to the Benson Center will be a
Description one-story concrete building, approximately 255 by 65
feet in plan with a full basement and will be designed
for a future second floor. A bookstore, offices, and
lobby with connecting corridor are planned for the
basement; a campus store, student lounge and more
office space are planned for the first floor, Ultimate
structural loads are expected to range up to 319 kips
dead load plus live loads for interior columns, 10.1 to
L4.1 kips per lineal foot for exterior wall loads and
13.6 kips per lineal foot for interior wall loads. A grid
system of interconnected continuous footings is pro-

posed,

SCOPE

The scope of work performed in this investigation
included site reconnaissance, subsurface exploration,

laboratory testing, engineering analysis of the field

and laboratory data, and the preparation of this

John W Lowney & Associates
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report, The data obtained and the analyses performed
were for the purpose of providing design criteria for
site  earthwork, building foundations, slab-on-grade
floor, and basement walls. The scope of work was
presented in detail in our agreement with you dated
MNovember 16, 1982,

This report has been prepared for the use of University
of Santa Clara for application to the design of the
proposed addition to Benson Center in accordance with
generally accepted geotechnical engineering

practices. Mo warranty is expressed or implied.

The investigation was conducted vnder the direction
and review of John V. Lowney, Civil Engineer. Super-
vision of the subsurface exploration, laboratory
testing, pgeotechnical engineering and the recon-
naissance level geologic evaluation were performed by
David W. Buckley, Engineering Geologist, Civil Engi-

neer,

SITE INVESTIGATION

Exploration A subsurface exploration and surface reconnaissance
Program were performed on December 13, 1982 using a truck-
mounted, continuous flight auger to explore and
sample the subsurface soils. Four exploratory borings
were drilled to depths ranging from 25 to 30 feet at
the locations shown on the Site Plan, Figure 1. Logs of
our borings and details regarding our field
investigation are included in Appendix A; the results of
our laboratory tests are discussed in Appendix B. A
geotechnical cross section through the length of the
building site, summarizing pertinent geotechnical data
and permitting visualization of the subsurface

conditions in profile is presented as Figure 2.

John V. Lowney & Assoclates
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Surface

Subsurface
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At the time of drilling, the surface was cccupied by a
parking lot pavement consisting of 2 to 3 inches of
asphaltic concrete over 3 inches of aggregate base,

The soils encountered can be roughly grouped in the
following three strata:

Stratum A: Dark gray, very stiff, silty clay (CL)
from two to three feet thick, Penetration
resistance values in this layer ranged from 26

to 43 blows per foot,

Stratum B: Light brown to gray-brown, firm to
very stiff silty sandy clay (CL) with lenses of
loose clayey sand (SC) and medium dense firm
to medium grained sand with trace silt (M)
approximately 9 to 12 feet thick. Penetration
resistance values ranged from & to 38 blows
per foot.  Torvane shear strength wvalues
ranged from 700 to 1800 pounds per square

foot.

Stratum C: Blue-gray, firm to wvery stiff, silty
clay {CL) with occasional lenses of sand with
trace silt (SM) to the maximum depth explored
of 30 feet, Penetration resistance values
ranged from 13 to 30 blows per foot, Torvane
shear strength values ranged from 800 to 2500
pounds per square foot.

dohnV. Lowney & Associntas
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Groundwater Free groundwater was not encountered in the borings
at the time of drilling. It should be pointed out,
however, that none of the borings were left open for
more than 15 minutes which may not have been suf-
ficient time to permit groundwater to enter the
borings in the relatively impermeable clays. Ground-
water was alse not encountered in the more permeable
sand stratum found in Boring EB-1 to approximately
elevation +56 feet, |In addition, please note that
fluctuations in the level of the groundwater may occur
due to variations in rainfall and other factors at the
time measurements were made. As a precautionary
measure however, we recommend that a subdrain
system be placed beneath the basement slab.

Seismicity The San Francisco Bay Area is recognized by geolo-
gists and seismologists as one of the most active
regions in the United States, The significant
earthquakes which occur in the Bay Area are generally
associated with crustal movement along well-defined,
active fault zones. These zones include the San
Andreas, Hayward and Calaveras Faults, located
approximately 10.5 miles southwest and 7.5 and 10,0
miles northeast of the site, respectively,

Although research on earthquake prediction has
greatly increased in recent years, seismologists cannot
predict when and where an earthquake will occur,
Mevertheless, on the basis of current technology, it is
reasonable to assume that the proposed development
will be subjected to at least one moderate to severe
earthquake during the 50-year period following con-
struction, During such an earthquake, the danger from
fault offset on the site is slight, but strong shaking of
the site is likely to occour.

JohnV Lowney & Assoclates
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Geologic A brief qualitative evaluation of certain geologic

Hazards

hazards was made during this investigation resulting in

the comments presented below:

l.

i,

Fault Rupture - Mo known active faults are
believed to exist within the site, and no fault
rupture is therefore anticipated,

Ground Shaking - During moderate to severe
earthquakes occurring in the general region,
strong ground shaking is expected to occur at the
site as is typical for such sites in the San
Francisco Bay Area.

Liquefaction - Seoil liquefaction results from loss
of strength during cyelic loading, such as imposed
by earthquakes. Soils that are most susceptible to
liquefaction are clean, loose, saturated, uniformly
graded, fine-grained sands. The soll encountered
below the proposed basement level, 13 feet below
the surface, Stratum C, consisted of firm to very
stiff silty clay with occasional lenses of fine to
medium-grained sand with a trace of silt. Free
groundwater was not encountlered, Consegquently,
in our epinion, the probability of liquefaction of
the soil immediately underlying the building

basement area is low,

Differential Compaction - The subsurface soils at

the site described In Stratum C vary in composi-
tion both vertically and laterally over the site,
During a major earthquake, differential compac-
tion of this alluvial soil is possible. In our opinion,
however, and based upon judgment, the probability
of ground movement due to differential compac-
tion at the site will probably be low in general
during major earthquake shaking.

John V., Lr:rwney & Assoclates
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DESIGHN RECOMMENDATIONS

Conclusions From a geotechnical engineering standpoint, it is our
opinien that the site is suitable for the proposed
development provided the recommendations presented
in this report are incorporated in the design and con-
struction of the project. The primary geotechnical
feature of concern is the compressible silty clay en-
countered beneath the basement footing level. An es-
timate of the total post-construction settlement under
the presently planned foundation scheme is contained
in a later section of the report.

Since subsurface conditions may vary considerably
from those expected on the basis of relatively small
diameter borings, and to assure that our report recom-
mendations have been properly implemented, we rec-
ommend that we be retained to: 1} review the final
construction plans and specifications, and 2) observe
the earthwork and foundation installations.

EARTHWORK

Clearing The site should be cleared of all surface and subsur-
E_nd Site . tace deleterious materials including buried utility lines
reparation
and pavements. Any resulting excavations that extend
below the planned finish site grades should be cleaned
and backiilled with suitable material compacted to the
requirements given below under the section captioned
"Compaction,”

Subgrade After the site has been properly cleared and the ne-
Preparation cessary excavations made, the exposed surface solls in
those areas to recelve structural fill, slabs-on-grade or
pavements should be scarified to a depth of 6 inches,
moisture conditioned te slightly abeve optimum mois-
ture content, and compacted in accordance with the
requirements for structural fill given below under the

ection captioned "Compaction.”
£ P pa John V. Lowney & Assoclales
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Material Al on-site soils having an organic content of less than
for Fill 3 percent by volume are suitable for use as fill at the
site,  In general, fill material should not contain rocks
or lumps larger than 6 inches in greatest dimension
with ne more than 15 percent larger than 2.5 inches.
Imported fill material should be predominantly granu-
lar with a sand equivalent of 10 or more (ASTM D 24-

19, latest edition),

Compaction All structural fill placed at the site and scarified
surface soils in those areas to receive structural fill or
slabs-on-grade should be compacted by mechanical
means to at least 90 percent relative compaction as
determined by ASTM Test Designation D 1557, latest
edition. Fill should be placed in lifts not exceeding
8 inches in uncompacted thickness. The upper 6 inches
of subgrade in pavement areas should be compacted 1o
at least 95 percent relative compaction (ASTM [ 1557,

latest edition),

Trench Pipeline trenches should be backfilled with compacted

Backfill structural fill, If on-site soil is used, the material
should be placed in lifts not exceeding & inches in
uncompacted thickness and compacted to at least 85
percent relative compaction (ASTM D 1557, latest edi-
tien) by mechanical means only. Imported sand may
also be used for backfilling trenches provided the sand
is compacted to at least 90 percent relative compac-
tion. In all pavernent and building pad areas, the upper
3 feet of trench backfill should be compacted to at
least 90 percent relative compaction for on-site soils,
and to at least 95 percent where imported sand back-
fill is used, In addition, the upper & inches of all
trench backfill in pavement areas should be compacted
to at least 95 percent relative compaction,

John ¥, Lowney & Asssciates
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Temparary Temporary slopes will be necessary during the excava-
Slopes tion for the basement. We recommend that unshored
temporary excavations be sloped at an inclination no
steeper than l:l (horizontal to vertical). Additenally,
we recommend that the tops of these slopes be located
at least 5 feet away from adjacent buildings, Because
of the varlable nature of the underlying soils, field
meodifications of temporary cut slopes will be required
during construction if adverse conditions are exposed,
Construction equipment and material stockpiles should
be located more than 5 feet behind temporary con-

struction slopes to avoid overstressing the temporary

slope,
Surface Positive surface gradients should be provided adjacent
Drainage to the building to direct surface water away from the

foundations and slabs toward suitable discharge facili-
ties. Ponding of surface water should not be allowed
adjacent to the structure or on the pavements.

Construction All grading and earthwork should be performed under
Observation the observation of our representative to see that
proper site preparation, selection of satisfactory fill
materials, as well as placement and compaction ef the
fills has been performed, Sufficient notification to us
prior to earthwork is essential. All earthwork should
be performed in accordance with the Guide Specifica-
tions - Site Earthwork presented in Appendix C,
However, the guide specifications are only general in
nature and the actual project specifications should
incorporate all requirements contained in the text of

this report,

dohn V. Lowney & Associates
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Variations In soil conditions are possible and may be
encountered during construction. In order to permit
correlation between the soil data obtained during our
tield and laboratory investigations and the actual sub-
surface conditions encountered during construction and
to observe conformance with the plans and specifica-
tions as originally contemplated, it is essential that we
be retained to perform the required continuous or
intermittent review during construction or the earth-

work, excavation, and foundation phases,
FOUMDATIONS

Footings We recommend that the proposed building be :.-‘upported
on conventional continuous spread footings bearing on
either undisturbed natural solls or compacted fills,
Any building foundations adjacent to utility trenches
should have their bottorn depths located below an
imaginary 1.5:1 (horizontal to vertical) plane projected
upward from the edge of the trench. Located at these
depths, the footings may be designed for an allowable
bearing pressure of 2000 pounds per square foot due to
dead loads, and 2500 pounds per square foot due to
dead plus live loads with a one-third increase for all
loads including wind or seismic. All footings should
have a minimum width of 12 inches, These allowable
bearing pressures are net values; the weight of the
footing can be neglected for design purposes. All
footings located adjacent to utility trenches should
have their bearing surfaces below an imaginary 1.5:1
(horizontal to vertical) plane projected upward from
the bottom edge of the trench,

All continuous footings should be designed with ade-
quate top and bottom reinforcement to provide struc-
tural continuity and to permit spanning of local
irregularities. It is essential that we Inspect the

footing excavations prior to placing reinforcing steel.

John V. Lowney & Associales
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Post-construction total settlements under the proposed
static loading conditions and foundation scheme are
expected to range from approximately 1 inch at the
building center to 1 3/4 inches at the building corners
over the 30-year period following construction,

Slabs-On-Grade Prier to final construction of the slab, the subgrade
surface should be proof-rolled to provide a smooth,
firm surface for slab support.

As a precautionary measure, we recommend a subdrain
drainage system consisting of 4-inch diameter per-
forated drain-pipe and l4-inches of 1/Z-inch crushed
rock beneath the basement slab. A plan view of the
recommended subdrain layout and a profile view of the
recommended subdrain system are shown in Figure 3.
The subdrains are also shown in the Site Plan, Figure 1.

Ta minimize vapor transmission we recommend that an
impermeable vapor barrier be placed over the 1/2-inch
crushed rock described above. The vapor barrier
should be covered with a 2-inch sand buffer to protect
it during construction, The sand should he lightly
moistened just prior to placing the conerete,

Duc te the moderate expansion potential of the Clayey
native subgrade, we recommend that the contractor
take special measures to protect the subgrade from
any Inflow of water during construction, especially
after the basement floor slab has been cast. Areas to
receive special attention include slab joints and areas
where building columns pass through the floor siab,

JohnV Lownoy & Associales
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Basement Walls The proposed basement walls should be designed to
resist lateral earth presswre from adjoining natural
materials andfor backfill as well as any surcharpe
loads, We recommend that these walls, which are
restrained from movement at the top, be designed to
resist an equivalent fluld pressure of 35 pounds per
cubic foot plus a uniform pressure of #H pounds per
square foot, where H is the distance in feet between
the top of the footing and the top of the wall., Such
walls should also be designed to resist an additional
uniform pressure equivalent to one-half of any sur-
charge loads applied at the surface. The preceeding
pressures assume sufficient drainage behind the walls
to prevent the build-up of hydrostatic pressures from
surface water infiltration and/or a rise in the ground-

water level,

Adequate drainage may be provided by a subdrain sys-
tem.pasltloned behind the walls, This system should
consist of a 4-inch minimum diameter perforated pipe
placed near the base of the wall (perforations placed
down) and below the adjacent slab elevation, The pipe
should be embedded in 12 inches of Class 2 Permeable
Material (California Department of Transportation
Standard Specifications, latest revision)y the remaining
backfill behind the wall should consist of 1f2-inch
crushed rock or 3/8-inch pea gravel extending at least
2 feet out from the wall and within 2 feet of the level
of the outside finish grade. The upper 2 feet should
consist of compacted on-site soil. The subdrain outlet
should be connected to a free-draining outlet or sump.
Walls should be damp-procfed,

Retaining walls should be supported on spread footing
foundations designed in accordance with the recom-
mendations presented previously under "Footings."

JohnV, Lowney & Assoclates
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Lateral load resistance for the walls can be developed
in accordance with the recommendations presented

immediately below under "Lateral Loads,"

Cantilever The proposed unrestrained retaining walls in land-
Retaining Walls scaped areas should be designed to resist an equivalent
fluid pressure of 35 pounds per cubic foot if the on-site
clayey material is used for backflll and 30 pounds per

cubic foot if granular imported fill material Is used.

The preceeding pressures assume sufficient drainage
behind the walls to prevent the build up of hydrostatic
pressures from surface water infiltration andfor a rise
in the groundwater level. Adequate drainage may be
provided by weep holes with permeable material
installed behind the walls or by means of a system of
subdrains,

Lateral Loads Lateral loads may be resisted by friction between the
footings and the supporting subgrade, A friction resis-
tance against sliding equal to 300 pounds per square
foot plus (0,20 % actual dead load pressure) can be
assumed to act over any footing base surface. In addi-
tion to the above, lateral resistance may be provided
by passive pressures acting against foundations poured
neat in the firm un-formed footing excavations. We
recommend that an allowable uniform passive pressure

of 800 pounds per square foot be used in design.

John ¥, Lowney & Associates
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EXECUTIVE SUMMARY

John V. Lowney & Associates has been retained by the University of Santa
Clara to perform a geotechnical investigation for the proposed addition to
the Benson Center to be located in Santa Clara, California. The purpose of
the investigation has been to assess the subsurface conditions in the project
area and to provide recommendations concerning the geotechnical engineer-
ing aspects of the project. Principal results, conclusions, and
recormmendations from the investigation are the following, Please note that
this summary is not intended to be used for design purposes, as it is simply a
synopsis of the major points of our report. Please see the text of the report
for complete design recommendations,

1. The soils below the basement footing level consist primarily of firm to
very stiff silty, sandy clay with lenses of loose, clayey sand; see the
Geotechnical Cross Section, Figure 2. In our opinion, this soil will
provide adequate bearing for shallow spread footing foundations,

2. Groundwater was not encountered during the drilling operations to the
maximum depth explored of 30 feet. However, none of the borings were
left open for meore than 15 minutes, which may not have been sufficient
time to permit groundwater to enter the borings in the relatively imper-
meable clays.

a.  As a precautionary measure, we therefore recommend a subdrain
drainage system consisting of 4-inch diameter perforated drain-
pipe and l&4-inches of 1/2-inch crushed rock beneath the basement
slab. A plan view of the recommended subdrain layout and a
profile view of the recommended subdrain system are shown in
Figure 3, The subdrains are also shown in the Site Plan, Figure 1,

b.  To minimize vapor transmission we recommend that an imper-
meable vapor barrier be placed over the 1/Z-inch crushed rock
described above, The vapor barrier should be covered with a 2-
inch sand buffer to protect it during construction. The sand should
be lightly moistened just prior to placing the concrete,

3. The site is likely to experience strong seismic shaking during a moderate
to severe earthquake which is expected to affect the San Francisco Bay
Area during the 50-year period following construction, The probability
of damage to the building from other geologic hazards, namely fault
rupture, liquefaction, and differential compaction, is low,

i,  The buildings may be supported on conventional, continuous, andfor iso-
lated spread footings bearing on native soll or compacted structural
fill,  All footings can be designed for 2000 pounds per square foot dead
loads, and 2500 pounds per square foot dead plus live loads, with a one-
third increase for all loads including wind or seismic,

a. Post-construction total settlements under the proposed static
loading conditions are expected to range from approximately 1

inch at the building center to 1 3/4 inches at the building corners
over the 30-year period following construction,

Jehn V. Lowney & Associatos
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Appendix D

Hand calculations for the structural design system
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CalurMN DEsigM
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Appendix E

Information regarding member sizes selected for the proposed structural design system

o @ &

el bl ]
VW N

mJ\J\J\JL

Note: @ indicates location of arc spot weld, power actuated fastener, or screw as indicated in the load lables
B indicates locaton of arc seam weld, power actuated fastener, or screw as indicated in the lnad tables

3215

13T

o0 T_o T_m
e

1. Gtress = Allowable uniform load based on maximum alowable lexural stress in deck
2. Lf3s0, L240 or LM180 = Unform load which produces selected deflection in deck.
3. The symbol «++ indicates aliowable uniform koad based on deflection excesds allowable uniform load besed

on siress.
4. Marminal uniform loads governed by stress may be determined by mulnplg-gng the: allowable values in the table by Oy, = 167,

LRFD loads may be detarmined by mulbiplying nominal loads by @y, =0

www.vercodeck.com
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3" Deep Roof Deck

Primer Painted or Galvanized

PLN3 Deck used with PunchlLok Il System
HSN3 Deck used with TSWs, BPs or Screws

{17 \J U\

|

32"
L
PLM3 or HSN3 HEN3-55 HEN3-NS
Standard Interlocking Screw Fastened Mested
Sidelap Sidelap Sidelap
Iy for Allovwabile Reactions per 1L of Width (1)
Weight Deflection [ One Flange Loading Twa Flangs Loading
Gage Single  Mutti End Beari Interior Brari End Bearing IMasior
Galv Painted “28F goop  *Sen S "Langth Length Lengih Langth
ipaf)  (psh (i (ntd) el i 0 o ¥ af & v r T & - g

2 20 19 07X 0TAS D353 0408 E1E T TES 1240 1447 578 G4E  TOB 1448 1708
20 24 23 0BBa 0853 0452 0509 ETD T 1105 17ag 2054 arm am 1056 2056 257
18 =R an 1229 1273 0671 0722 1481 1687 1860 841 682 1634 ATHT 1843 3574 AE4B
16 i 38 1571 1587 0883 09a2 a0 JE1&  2TBA 4430  E407 2611 2873 3054 5458 GEAT

Notes:

1. Section propertes are based on F, = 50,000 psi

2.1 is for deflection due lo uniform koads,

3. Bgg [+ or <) is the effective section modulus.

4 Multiply tabulabed deck valses listed above by the following adjustment factors to obtain acoustical deck section properties

Is for pt Mlowabile Reactions per L of Width (i)
ek Type Doflection s for Ome Flange Leading (k)
i M
55,:2.": sp".'g *Ber S End Bearing Interior Boaring
N1 - Acoustical 083 0.94 0.8 [1RF 1,00 0.85

5. Alowable (ASD) reactions are based on web crippling, per AlS| 5100 Secion C3.4, where U.L" 1,70 for end bearing and 1.75 for
interior bearing. Mominal reactions may be determined by multiplying the table values by (1, LRFD reactions may be determined
by multiplying nominal reactions by @, = 090 for end reactions and 0.85 for imenor reachions.

BOD VR www. vercodeck.com
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Type PLN3™ or HSN3™

Allowable Uniform Loads (psf)

DECK SPAN (f-in.}
_BHILI'.I' GAGE ‘.':FII‘I'EHI! 4-0' 549" F40" TE" 897 949" 1000" 1107 1207 1307 140 150" 18707 170" 18007 190" 20°0"

Sress 300 282 196 144 190 &7 ™1 58 48 42 3 00M 2 2 &2 W 8
Li3E0 = 252 146 82 62 43 32 24 18 14 12 a B -} 5 5 4
22 Li240 L2 T T T T &5 47 1] 27 22 17 14 12 10 a T [
LMen #H b b #ee e BT B3 4T 37 1™ 23 19 15 13 0 9 8
Slress Jod 300 51 184 141 M2 *"u_g"' 75 B3 53 46 40 a5 31 28 &5 23
w 2“ Li3gn = e 180 113 TE 53 kﬁ 2% ! 18 14 12 10 a T ] §
| Li240 s+ e 170 174 BD 58 ad ] a7 21 17 14 12 10 ] ¥
m L1Ba [ T T T T T T N T T [ L 45 35 28 2 18 18 13 " 10
z Sireas o0 300 o T4 210 166 13 111 83 -] 68 &0 52 44 a1 a7 34
— Li3gn ## ¢ 240 157 108 T4 B4 40 3 24 20 18 13 b A B -]
m 1B L2240 wEE bdd kek 735 188 111 B1 61 47 kT 28 ™ a0 16 14 12
Li1B0O e ke # a T4E 108 B 62 49 38 2 26 22 18 18
Sirpss o0 3nd 3OO M0 2ME 1B 1TT 146 123 14 80 A 1] &1 55 49
Lf3ED # e e J00 134 94 (=] a2 40 A 25 20 L 14 12 10 9
1 E Li240 . dE ke e 201 141 103 TR ] a7 38 31 25 21 18 15 13
LHEa e s e e 088 189 138 103 B0 B3 B0 4 M 2 AN W T
Siress 300 300 295 186 1247 100 B1 67 56 48 41 36 32 28 25 a2 20
[Wk!=] T R Y T T T T T T R TN ] 48 anm an 25 0 17 14 12 10
22 Lf240 BEE BEE kbR BRE BEE BEE BEE BEE bbb BER BEE BEE k1] 28 3 | 18 18
LMea HEE O BEE R BRE BER AR BRE BEE BEE BRE BBE BEE BRE BEE B EEE e
Siress 00 300 283 208 159 126 102 B4 ™ i) 52 45 40 35 ] 28 25
(1] Lrasa w B dee b ek e 100 TS GB 46 3T 3 2 20 1T 1§ 13
i | zu Li24a wEE BEE R B BER A8 BRE R eeE aeb el 45 3T 3 ® 2 19
m L ED EEE BEE R BEE BEE R BRR REE BEE R BRE BRE BEE Bk ded ek 25
s Slreas 30 300 300 205 2ZM 178 144 119 100 8BS T4 a4 -] 50 a5 44 3
c L/asn U =T R T T I T I T T b T )] TR B1 48 &0 33 27 23 20 17
[} 1 B L/Z40 whE BER BB BRE BEE AR @R B ke @me T3 B0 48 41 3 28 25
LH&d L I T T T T T T T T T T I T U T T LT T T - )
Siraas e 30 300 N0 21 0 186 184 128 110 88 &3 ] =2 o8 52 47
Lr3gn #HE HE M MM B 220 16T 13 97 T 61 80 &1 3 28 M A
1 'E L2480 I T L N R T T " T T T T R b T4 B1 51 43 ar an
LM ED T T T TN TN T T TN Y TN T TN T T T T T T T T 57 49 42
T Giress 300 300 =281 207 158 125 101 B4 70 B0 52 45 40 35 31 28 26
LAasn wer w0 wbe 185 136 RS B5 49 ar m 24 18 16 13 " a 8
22 Lr240 e B e e sl e O7 T3 BB 44 35 3 M 20 1T 14 12
LM wHE BEE AR BRE BER dd #ed eed eed B0 4T 38 32 26 22 19 18
Slreds 300 300 300 260 199 157 1EZT 105 BB k-] 1] &7 1] 44 38 35 32
Lf3E0 #F  HF M 220 154 108 T 58 &5 35 29 23 19 16 13 11 10
E zu Li240 T T T T T T T T T (1] B 43 35 28 24 20 17 15
o LHea #E HEE R BE BEE e #ee e eee T2 BT 4T 38 32 2T 2 20
— Siress 30 300 300 30 M2 223 181 148 1256 107 82 &0 | -F 56 L] 45
E Liasn ek EbE Wb aee 208 44 108 T &1 48 ae b | 28 21 1B 15 13
= 1 B L/240 w4k aee ke wee eee 216 15T 118 @ T2 AT 47 | = ar = 20
L& B BEE M B BHE wed #ek e 122 B 7T G2 B1 43 36 M 28
Stross 300 300 300 300 300 28 233 484 &2 138 198 104 @ &l Tz &5 58
L3&0 SRk BER W46 #8256 180 131 ] TE B 48 i az 27 22 18 16
1 E Liz40 w46 s dee ees s 260 106 148 114 B9 T 58 48 40 M 3 28
L&D 4 HE MR M #HE e #1510 118 85 T8 B4 a3 a5 8 az
Eae loolnoles on page 81,
wwnw vercodeck.com VERCO DECKING, INC VR4 = 83
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General Notes

1. WSGC2Z = Verco Sidelap Conneclion 2; BP = Butten Punch; TSW = Top Seam Weld, #10 = #10 Generic Screw. Sidelap connections
are not requined at support locations.

2. The dimension from the first and last sidelap connection within each span is to be no more than ona-half of specified spacing.

3. R is the ratio of verical span (L) of the deck (o the length (Lg) of the deck sheet R =L, /Ls.

4, Interpotation of diaphragm shear strength between adjacent spans or sidelap spacings s permissible. For nterpotation of the
diaphragm fexibility factor bebween adjacent spans, use the flexiblity factor for the diosest adjacent span length.

5, Diaphragm shear values for side Seam fasteners placed at spacings other than those in the table should be determined basad
on the number of fasleners in sach span.

B. For web perforated acoustical deck profiles. modify tabulated q and F values using the following adjustment factors:
Dechk Type Ry Re
M3 - Acoustical 0.93 1.07

Mote: Adjustment Factor, Ry must be appled only to allowable diaphragm shear strengths governed by panel buckling which are
shown in the shaded areas of the diaphragm tables.

Motes Specific to Tables using Welds to Supports

1. The allowable diaphragm shear values in the Eble utilize a factor of safety, (2 = 3.0 (limited by connections) with the excaption
of the: gray shaded values, which utilize a factor of safety of (0 = 2.0 {limited by panal buckling).

2 081" x 38" efective arc seam weld is required all supports adjacent 1o sidelap and a 172" effective diameter arc spot welds are
required at suppons in interior Nutes

MNotes Specific to Tables using Hilti or Pneutek Fasteners 1o Suppors

1. X-EDMK22 = Hilti EDMK22 THQ12 fastener, X-ENP-13 = Hilti X-ENP-19 L15 fastener; K65 = Pneutek KEBS052 or KBEOTS
tasteners; K64 = Pneutek KS4052 fastener, SDKE3 = Pneutek SDKE3OTS, SDKS1 = Pneutek SDKS107S

2 The allowable agm shear values in the table utilize a factor of safety, (= 2.5 (limited by connections) with the exception
of the shaded table values, which utilize a facior of safety of {1 = 2.0 (limited by pamel buckding)

Hotes Specific to Tables using Screws to Supports

1. The allowable M?'H shear valuas in the table utilize a factor of safety, (0 = 2.5 (imited by connections) with the exception
of the shaded table values, which utiize a facior of safety of {1 = 2.0 {limited by pamel buckding).

2. Deck is atiached with minimum #12 Screws (seff drilling, seff tapping) to supports. Select appropriate screw based on acthual
substrate thickness. This table is provided as a guide, proper sslechon should be verified based on the specific fasteners used

Support Thickness Fastener Designation

X3 mil (003467 1o 316" @3 Drill Poind
178" b 14" B4 Drill Poind
187k 12" #5 Dyill Point

3. Al tabulated diaphragm values shown in thes secton are for 8 minimum 0.0385 in. thick support with S01 recognized screws
produced by Bulldex, Elco, Hili or Simpson Strong-Tie. If the minimwm support thickness can not be met or a screw that is
Eﬂl nized _SDIti'l‘a used, modify tebulated g and F values basad on aciual substrate and thickness using Adjustment

actors listed in this table.

Substrate Thickness and Strength

Deck g 20 ga 18 ga 16 ga 14 ga z1iga )
Gape 33 @il (0.02450n) 43I mil (00451 In} B4 mil (00585 in) 6B mil (0.0T13In) 2 87 mil (01097 in)
: I3ksi  S0ksl  33ksl  S0ksi  33ksi  SOksi ksl S0ksi  3dksi B0 ksi

Aq 044 81 0.67 0.78 07e 078 0.78 0.7 078 0.74

2 Re 128 138 147 1.00 1.00 1.00 100 1.00 100 1.00

R, 034 045 0.54 .74 074 .78 0.78 a8 078 0.78

- Re 1.3 1.3 1.24 1.18 1.15 1.00 1.00 1.00 1.00 1.00

Ry 0.26 037 038 0.55 0.5 038 078 a7 0.7 0.78

- Re 1.34 138 1.30 1.3 1.26 1.18 118 1.00 1.00 1.00

Ry 0.20 .30 030 .44 .43 085 081 0.7a 0.7 0.78

i R 143 166 1.3 1.54 1.3 1.34 128 1.00 1.00 1.00

4. Adjustment fachors ane based on D:H'II'IB-EliDﬂ ﬂmngﬁ dnbﬂﬂ'l'rmf-.i in at:mrﬂantt.wiﬂ.': Section E4 of AISI $100.
These salf dnlling, self tapping screws must ba compliant with ASTM C1315 Py =

5. Allowable Diaphragm Strength = q + Ry, Flexibility Factor = F « Re

& These adjustment factors are based on the maxmum adustment for the tabulated span lengths and fastener patterns.
To calculate a specific condition, use design equabons listed at the and of Evaluation Report ER-0217.

82 VR4 | www.vercodeck.com



PLB™or B FORMLOK™

» 3% in. TOTAL SLAB DEPTH

= Normal Weight Concrete (145 pcf)
30.6 psf

« Galvanized or Phosphatized/Painted

Deck Weight and Section Properties

Weight (psh lg for Deflection Mament Allewable Reactions per ft of Width (Ib)
Single  Multiple End Baari Interior Bearing
s Es-:: thg Span  Gpene o o) :;Ea'f?t} . : ~ . .. .
{in. 41t {in 4#t) Tk 2 3 4 ¥ 4
22 18 18 0477 0.82 0178 0188 835 1076 1183 1558 1671
20 23 22 0.219 0231 0.230 0.237 1301 1482 1608 2190 2340
18 29 28 0,302 0.308 0,314 0,331 21E1 2484 2667 3714 3050
16 as 34 0.381 0381 0.399 0.410 3265 3650 I555 5807 G038
Allowable Superimposed Loads (psf)
Max. Span (M-in.)
Gage Spans yost gy 8 T TE 60 86 G0 g6 00 104 100
s | T R T T y = - T -
22 2 r-a* 281 228 202 180 130 115 10 90 an ™ B4
3 T 261 8 202 180 130 115 10 a0 a0 T &4
o 1 e 274 240 212 188 138 122 108 28 85 B L]
20 2 g.1" 274 240 212 189 170 153 140 -] a5 TE &8
3 au3 274 240 212 189 170 153 140 286 ] T6 63
1 E400 287 260 230 206 164 166 | 18 106 95 13 76
18 2 LS - T 280 230 205 164 166 151 138 127 17 | 76
3 1" 207 260 230 205 184 166 151 138 127 M7 108
1 g6 297 260 230 205 184 166 151 138 | o4 B4 75
16 2 11M0* 27 260 230 205 184 188 154 138 127 17 108

3 1.7 257 260 230 205 164 168 151 138 127 17 108

"1 Max, UCS » Maximum Unshared Clsar Soan (-] | snoang required in shaded aras to right of heavy line.

Allowahble Diaphragm Shear Values, q (plf) and Flexibility Factors, F (in./Ib x 108)
Span (ft-in_)
60" 66" T TE BT FE g g8" 100 10Et 11T
g4 182 1787 1754 1728 1701 1679 1659 1642 1626 1612 1580
F4 045 Q.46 0.47 0.48 0.48 0.49 0.50 0.50 0,51 0.51 0.52

Gage Welds

= q7 2035 1981 18934 1893 1858 1827 17889 1774 1752 1Ta2 173
FT 041 042 0.43 044 044 045 0OA4E 0.48 047 0.48 048
qé 1893 1847  1B0B 1773 1743 1717 1694 1673 1654 1637 1@2d

20 F4 0.40 041 042 D42 043 0.44 0.4 045 0.45 0.46 048
qr 2145 2078 2023 1475 1932 1895 1861 16832 1806 1780 1TEE
F7 0.35 0.36 0.ar 0,38 [ 0.40 040 041 0.42 0.42 043
q4 2046 1985 1932 1887 1847 1812 1781 1763 1728 1705 1684
Fa 032 033 034 035 035 038 037 037 038 038 0.3

18 q7 2381 2294 2219 2155 2096 2048 2004 1864 1829 1806 1867
FT 0.27 0.28 0. 0.30 o3 0.32 0.33 0.33 0.34 0.34 0.35
94 2216 2138 2073 2018 1966 1322 1883 1848 1816 1788 1762

- F4 026 027 028 029 03 030 031 032 032 033 01
qr 2634 2525 2432 2351 2280 218 2162 2113 2068 2027 1991
F7 0.22 0.23 0.24 0.25 0.26 0.26 0.27 0.28 n.2a 029 0.28

www, vercodeck.com VERCOD DECKING, INC VF4 = 37

E-5

se g



LRFD

ETARDAND LOAD TABLE FOM GPEN WEB STEEL JOISTS, DLH-SERIES

Joist LRFD Load Tables - DLH-Series
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Appendix F

SAP 2000 and ENERCALC iterations used to determine steel truss member sizes
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SAP2000

SAP2000 v15.1.0 - File; Truss_Design5 - Joint Loads (DEAD) (As Defined) - Kip, ft. F Units

F-3



__271512:01:21

SAP2000
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Deesscaripriaon : ~Hong--

Galculations per AISC 360-10, IBC 2012, CBC 2013, ASCE 7-10 |
Load Combinations Lsad - ASCE 7.05

General Information

Sheel Section Name : LL SxBx5/xiB

Aralysis Mefod Load Resistance Factor

Steel Siress Grade

Fy - Steel Yield 36.0 ksi

E - Elastic Bending Modulus 28,000.0 ksi

Laad Combinaton ASCE 7405

Applied Loads
Column saf weighl included : 650.0 los * Dead Load Facior

il Load al 9000, D = -438,638, LR = 1380k

BENDIMG LOADS

Ioment aching about ¥-X anis, D = B.OSD k-ft
Moment acting about X-X axis, 0 = 8053 k-4

Bending & Shear Check Results B

 FesanatasdengDeskiopSEPRE-PTHIGK-HEDE |
EMERCALL, INC. 1903204, Bl 614615, VerG 14615

Crmrall Columin Height
Top & Botiom Fooky

Brace condibon for

XX (wicih) awis -

Fully braced against berking along X-X Aes

vy :
I'-u[m':m brckiing skeng ¥ A

Sarvica nads amared. Load Factors wil be applisd for caloubstions.

100 R
Top & Botham Pinned
dedleclion (bucklng) along columng |

PASS Max. Asial+Bending Siress Ratio = 08770 ;1 Maximum SERVICE Load Reactions . .
Load Combisabon +1.400 Top alang ¥-X 0.0k
Loeation of ma: above base 10.0 # Bomom along X-X 0ok
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Architectural drawings of the interior layout, as created through Autodesk AutoCAD 2014
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Appendix H

Additional 3D models of the proposed redesign, as provided through Revit 2014.
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Figure G-1. Labeled plan view of extension and original structure
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Appendix I

Additional work breakdown structures for demolition and architectural systems

Figure I-1. Completed WBS for Demolition

Figure I-2. Completed WBS for Architectural System




Appendix ]

Complete Cost Estimate Breakdown
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Mleans 2013 Means 13 Means 2013
Fi. 718 Fg. 735
ADJUSTMEMT Waste Tau lat. City Mlaterial Labar In=t. City Labar | Equip.
FACTORS Indes WTC Chwerhead Indey FC [
Mletal Decking (Foof] 1 10375 0.957 1.04 1300 1077 1400 1.077
Steel Truss Joists 1.05 10875 0.957 1.09:3 1300 1077 1.400 1077
Demalish Mon-Structural Walls 1 1.0875 1358 1477 1300 100z 1.303 1002
Steel Trusses Material 1 1.0875 0.957 0.957 1300 1077 1.400 1077
Steel Trusses Installation
Dlemalish Structural Calums 1 10875 1171 1273 13 1.21 1.21 1.21
Diemalish Foof 1 10875 1171 1273 1.3 1.21 1.21 1.21
Flobilize - Crane, up to 7S ton 1 10875 0.000 13 1091 141330 1.091
Mlobilize - Farklift 1 10375 0.000 13 1091 141330 1.091
Iobilize - Hyraulic Pump 1 1.0875 0.000 1.3 1.0 141830 | 109
Resharing 1.0 1.0875 1093 1.266 1.3 137 171210 L7
Column Foundation Excavation 1 10875 1.358 1.000 13 1.002 130260 | 1002
Calumn Farmwork, 1.06 10375 1.1 1268 13 1478 19227 1478
Caongcrete Calumn 1.0 10275 1176 1364 1.3 133 17303 1.3
Cioncrete - footings 1.06 10875 1098 1266 1.3 137 17121 137
Calumn Foundation Farmw ork 106 10875 1.1 1265 13 1473 19227 | 1478
Interiar 'walls 103 1.0875 0.975 1092121875 1.3 1545 2037 | 1549
Erpanzion \w'ood Flooring 103 1.0875 1014 113580675 1.3 1.268 16484 | 1268
Interior Carpet 1.0 10275 1.014 11635285 1.3 1.268 16424 1.268
Conference Room Door 1 105875 1065 11581575 13 1535 19955 | 1535
Expansion Exit Door 1 10875 0.957 1.0407375 1.3 1077 1.4001 1077
Erpanzion Exterior Walls 1.0 1.0875 0.975 11239325 1.3 1543 2037 | 1549
Expansion \Windows 1 10875 1.0E5 11621875 1.3 1535 1.9955 1536
Expansion Insulation 1.06 10875 1.012 11BERS3 1.3 1367 1777 1367
Artendant Desk 1.06 10375 1.0E5 122TETETE 1.3 1538 1.9955 1536
Meeting Space Benches 1 1.0875 1065 11581875 1.3 1535 19955 | 1635
Roof Deck Inzulation 1.0 1.0875 1Mz 1IEESE3 1.3 1367 17771 1367
Boof Fireproofing 1.0 10275 1.001 115390275 1.3 1467 1.9071 1467
Boof 5-ply Gravel 1 10875 1032 11223 1.3 1351 17663 1351
Suzpended Ceiling 1.0 1.0875 1026 11827218 1.3 1545 2037 | 1549
Counter Partition 1.0 1.0875 1327 162363925 1.3 1328 17264 | 1328
Shelving 1 10875 0.957 1.0407375 1.3 1077 1.4001 1.077
Desk Beception 1 10875 1327 14431125 1.3 1328 17264 1328
Interior wWalls Paint 1.06 1075 1.047 120632925 1.3 1415 18395 1.415
Cost Estimate For Interior Elements (Square Foot Costs 2015)
Element Unit Unit CostLost per 5_F.F. of buildin] Est. Cost
HvALC S.F. Flowar $29.89 F29.89 BEZ0) 16499280
Electrical Service/Distribution S.F. Floar F3.54 F3.54 BEz0)  $19.540.80
Lighting and Branch 'Wiring S.F. Flowar $8.56 1866 AE20)]  $47.26120
Communications and Security 5.F. Flowar #1948 .92 AE20)] 1092960
Other Electrical Systems S.F. Flowar $0.22 $0.22 AE21 $1.214.40
Sprinkles S.F. Floor $5.92 $5.92 9020 $E2ETEAD
Standpipes SF.Floor $1.72 $1.72 BE20 $9.434.40
Total F286,100.60
Direct Cost $685, 985 40
Indirect Cost $137.197.08
Total Cost 5623 162 48
Markup [ 54115912
Price $864.341.60
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Appendix K

Cost Estimate quantity hand calculations

FEtimate
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Actinitg &' DermpoaliSh Struciuvral Calursins
Urdt., CF

Hetgrd of | cotumn = IS’
L = 2 ft
™ & 2 Fb
CF of | cotumn = IS'x2" x2* - Goft?®

#ef columns = y

Total C.F. of colurmn = 24o ft

Activity 7' Demelish PecF
Urng ¢ = S F,
Length of reof - S5 f+
WIdTh of reefP = (9 Fr
Cepttr of roofF » & in

Nolume of roofF + S+, g’ =« '5,'-';’?,, s T4vs ft?

Actiyity Iy, Gtrdcrural pgall F‘-cshnr”jg.

Idnd Tl B.F
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H = s £t
L+ A b+
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Activity le'. Column Form work
Urdf! SFcA

Height of colummn = IS Ft
Diameter of colump & Zf
WZFt) - 6.28 F+
#of roturmnps = 4

perimefoy

SFcA = IS' x 2’ x10.28 =\
Syay Fe F

Activity 17 capcrete Columps
Urar © CY
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Construction Schedule Trial 1, with an end date past the summer deadline.
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