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is arena, scheduled a 0,000 . Wi .
5000 seats, several executive level suites and concession stands.
Press boxes and audio/video equipment rooms will allow for
broadcasting sporting events. The exterior of the new arena
consists of Terra cotta, metal panels, 12”7 & 6” C channel,
storefront glazing, curtain wall, a clear story, and split face

L Structure

Tiger Arena is built on foundation systems consisting of
retaining walls, spread and continuous footings, and grade
beams. CIP concrete walls, columns and beams, will be resting
on theses foundations systems and support the above slabs and
Project Overview structural steel. Precast Concrete Seat riser sections will be
support by steel risers and beams from below. To complete the

Building Function Sports Arena 4 L. )
structure is a Pratt truss system consisting of 11, three piece

Overall Project Cost  $56 Million trusses.
: Hee M/E/P Systems
Size (120,000 SE. Heating for this building will be provided by two 400hp, four
Number of Stories 4 pass, fire tube boiler/burner set ups. Two centrifugal Chillers

rated at 450 tons each will provide chilled water for the
building and two cooling towers rated at 450 tons each will
Contract Type GMP provide cooling water for the chillers, each cooling tower will
Proiect T be rated for 1125 GPM and 450 tons of cooling. Chilled and

oject 1cam heating water will be circulated through the building to various

Owner Towson University air handlers for temperature and humidity control within the
arena. Power to the existing center arena is supplied by 15kV
underground feeders. Switch gear for these 15kV lines will be
Architect Hord Coplan Macht, Inc. provided with the new construction and transformers will be
used to step down to 480/277V 3 Phase. Three 150kW
generators will be installed for emergency power and will be

Project Delivery Method CM at Risk

Construction Manager Gilbane Building Solutions

Civil Engineer Site Resources, Inc.

Structural Engineer Faisant, Inc. located near the boiler room outside the existing Towson
_ _ Center. Air handling units, pumps, fans and other specialties
MJE/P Engineer James Posey Associates will be furnished with variable frequency drives for motor

control where specified.
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Executive Summary

The following report is intended to provide a detailed overview of the analysis performed for
Towson Tiger Arena. These analysis topics include a fabric duct system, pre-fabricated terra
cotta panels, Production planning of the truss MEPF, and the integration of Cisco

StadiumVision.

Analysis one includes a mechanical breadth and the implementation of a fabric duct system
within the arena trusses. This is a very common system for sporting arena and large
recreational centers due to its high level of efficiency and flexibility. Applying this system at
Tiger Arena could greatly help improve the safety and quality of site logistics, as well as provide

potential cost and schedule savings.

Analysis two looks at the potential benefits of prefabricating Terra Cotta wall panels. Utilizing
prefabrication for a large part of the exterior of Tiger Arena will help greatly to increase site
logistics and safety. The current system requires a lot of staging and storage room onsite for the
terra cotta panels. With all the terra cotta being prefabricated offsite in a controlled
environment, it will relieve this demand for space and help to increase flow and productivity
around the site as well as increase the time it takes to close in the arena for interior work to

begin.

Analysis three explores LEAN construction and the how production planning can improve or
increase quality, schedule, and value to the customer. Production planning has many functions
such as utilization of resources, steady flow of production, provide better work environment,
ensure optimum inventory, and reduction in production costs. In particular, the Last Planner
System will be analyzed to help improve the overall production of the MEPF systems within the

trusses.

The final analysis includes an electrical breadth and involves the research of Cisco’s new
StadiumVision; an innovative application for sporting venues that helps promote fan
engagement and growth. Cisco has been an industry leader with technology and innovative
designs geared to provide a higher level of customer service and create a better business model.
The integration of a system like this to the already advanced and cutting edge arena would set
Towson University apart from the rest and continue to aid in the growth of the university and

basketball program.

Towson Tiger Arena 2
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Project Overview

Project Overview
Building Name Towson Tiger Arena
Location Towson. Maryland
Occupant Towson University
Occupancy Sports, Performance
Arena Size 120,000 5F
Mumber of Stories 4 levels
Schedule 18 Months
Overall Cost 556 Million
Delivery Method Design-Bid-Build, CM at Risk
Contract Type GMP

Table 1 Project Overview, created by Derek Stoecklein
Project Description

Towson Tiger Arena, scheduled at 120,000 (GSF), will house approx. 5,000 seats, several
executive level suites and concession stands. The 5,000 seats will consist of bolted sections to
precast and retractable floor seating. Press boxes and audio/video equipment rooms will allow
for broadcasting sporting events. The exterior of Tiger Arena consists of Terra Cotta, Zinc metal
panels, 12” & 6” C channel, storefront glazing, curtain wall, a clear story, and split face CMU’s.
The first floor contains two elevators, press room, chiller room, main electrical & tel/data room,
three mechanical rooms, offical lockers, and two connection stairwells to the existing Tiger
Center. The second floor is home to the main concourse level; with three concession stands,
three men’s bathrooms and four women’s bathrooms, ticketing areas, hall of fame room, and a
feature wall. The third level of the arena houses a presidents suite, a hospitality suite, donors
suite, multipurpose room, as well as communications and electronics rooms for broadcasting.
The fourth floor of the arena holds more precast seats, a camera platform for coverage of
games and events, and the catwalk. This will all be under a structural steel braced frame
structure sitting on a continues spread footing foundation, with a steel truss system supporting

a built-up roof.

Tiger Arenas utilities will be serviced by new connections to the existing campus loops,
entering into the arena through the first level. The new arena will have two chillers and a
cooling tower to provide chilled water for humidity and climate control throughout the Arena
and renovated areas of the building. Air will be supplied to the building via one of the 12

AHU’s located throughout and exhausted through six fans located on the roof.
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Client Information

“Towson University, founded in 1866, is known as one of the nation’s best regional public
Universities. TU offers more than 100 bachelors, masters, and doctoral degree programs in the
liberal arts and science, and applied professional tields.”

—~Towson.edu/aboutme

___________________________________________________________________________________
TU has over 21,000 students and is among the largest universities in Maryland. Towson is
located eight miles north of Baltimore and sits on 328-acres. TU has a strategic plan, 7U2016,
which evaluates the growth of the university and what they want to build on. Within 7U2016,
Towson has new 22 goals. Included in these goals is the addition of a new sports complex;

Tiger Arena.

Tiger Arena provides a large opportunity for the
university to expand their athletic programs, attract
performers, and connect with the community. When
o i 15 looking at the value added by the new arena, we

quickly see why this is built into 7U2016. The

s "
L i Hicdl-

WE'RE TOP RANKED

construction of Tiger Arena will play a role in the

= Towson is one of the nation’s
best public universities.

future recruitment of students and excitement of

Figure 1 Towson Image- Courtesy of Bing current students.

Quality, schedule, and safety are very important to TU and the University of Baltimore, UMB.
With the facility being built on an active college campuses and eventually being used by NCAA
sports programs; quality, schedule and safety play are significantly important. The NCAA has
very strict regulation for court sizing and slopes, lighting and broadcasting standards. In
addition to this, the arena must be completed by the 2013 home opener. Safety of college
students will be watched closely by TU and managed even closer by Gilbane to protect the
university and the students from any unforeseen incidents.

*Campus Map in APPENDIX A

Towson Tiger Arena 7



Derek Stoecklein

Construction Management

Building System Summary
Architecture.

Figure 2 Rendering of TA, courtesy of hcm

This arena, scheduled at 120,000 (GSF), will house approx. 5,000 seats, several executive level
suites and concession stands. The 5,000 seats will consist of bolted sections to the precast and
retractable floor seating. Press boxes and audio/video equipment rooms will allow for
broadcasting sporting events. The exterior of the new arena consists of Terra cotta, metal
panels, 12" & 6" C channel; storefront glazing, curtain wall, a clear story, and split face CMU's.
The first floor consist of two elevators, press room, chiller room, main electrical & tel/data
room, three mechanical rooms, official lockers, and two connection stairwells to the existing
center. On the second floor, there are three concession stands, three men’s bathrooms and four
women’s bathrooms, ticketing areas, a hall of fame room, and a feature wall. The third level of
the arena is home to a president’s suite, a hospitality suite, donor’s suite, and multipurpose
room, as well as communications and electronics rooms for broadcasting. The fourth floor of
the arena holds more seating, a camera platform for coverage of games and events, and the
catwalk. This will all be housed under a structural steel frame sitting on a continuous spread
footing foundation, with a steel truss system supporting a built-up roof and two custom
47,000CFM, air handling units.

Structural System.

Starting from the ground up, Tiger Arena is built on foundation systems consisting of retaining
walls, spread and continuous footings, and grade beams. The retaining walls are located along
the entire north and east exterior. This is due to the large change in elevation from the NW
corner to the SE. Grade beams are found interior, between the exterior footings and interior

footings for the bowl. The grade beams will support interior concrete columns and the one way

Towson Tiger Arena 8
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VIGERAREN

slab above. CIP concrete walls, columns and beams, will be resting on theses foundations
systems and support the above slabs and structural
steel. All CIP concrete will be 4000psi normal weight
concrete with grade 60 r-bar. A steel braced frame
system will tie into the CIP concrete columns at the
second floor. All building steel will be ASTM A992,
grade 50, with bolted connections. Precast concrete
seat riser sections will be support by steel risers and

beams from below. To complete the structure is a Pratt

truss system consisting of 11, three piece trusses.

Figure 3 Section of TA Structure, taken by Ryan
Simmons

Mechanical Systems:

Heating for this building will be
provided by two 400hp, four pass, fire
tube boiler/burner set ups. These
boilers will be set up to run parallel or
independently from each other.
Unlike the boilers they are replacing,
these units are both natural gas and
oil fired, because of this BGE will be
required to run natural gas lines to

the facility. Two centrifugal chillers

rated at 450 tons each will provide

Figure 4 Custom AHU for TA, taken by Derek Stoecklein

chilled water for the building, and
two cooling towers rated at 450 tons each will provide cooling water for the chillers. Each
cooling tower will be rated for 1125 GPM and 450 tons of cooling. Chilled and heated water
will be circulated through the building to various air handlers for temperature and humidity
control within the arena. Two custom air handling units made by Air Enterprises, rated at
47,000 CFM each will be used in the main portions of the arena for climate control, and will be
located on the roof. In addition to these custom units, eight smaller air handling units will
supply conditioned air to offices and suites throughout the building. An ERU or energy
recovery unit will be located on the roof of the arena to allow some of the air to be diverted
through the building. This ERU will be rated for 11,000 CFM.

Towson Tiger Arena 9
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Electrical Systems:.

Power to the existing center arena is supplied by 15kV underground feeders; these lines run
from the utility company to transformers located next to the arena, which have been moved for
construction. The feeder is now run through a duct bank that supplies power to the
construction trailers, and also the building via a different underground run. Moving this utility
was required due to the new stadium location. Switch gear for these 15kV lines will be
provided with the new construction and transformers will be used to step down to 480/277V 3
Phase. From there, the building electric is fed to transformers located in mechanical and
electrical rooms to step the power down to 208/120V. Equipment and motors throughout the
facility will use 480v or 277v electric unless otherwise noted in specs and drawings. Three
150kW generators will be installed for emergency power and will be located near the boiler
room outside the existing Towson Center. Air handling units, pumps, fans and other specialties

will be furnished with variable frequency drives for motor control where specified

Building Facade.

Towson Arena is made of several
unique facade systems that are used
to visually link the adjacent Unitas
Stadium and the existing Tiger
Center. These systems include
Terracotta, Zinc panels (Standing
Seam and Flat Lock), 12" and 6" C-
Channel, Split Face CMU, Ground e '
Face CMU, Curtain Wall, Glazing, , E— ’ ‘
and a Clear Story. The structure of B L 012708709 0]

e T e T

= - o et
the facade is made up of cast-in- R R 8 o

place concrete and 6", 16 GA. Figure 5 West Facade, taken by Derek Stoecklein

structural stud framing. Wrapping the structural studs is a 5/8" layer of moisture and mold
resistive glasrock. A layer of liquid applied air barrier is sprayed over the glasrock and all
exterior cast-in-place concrete. The North (Unitas facing) fagade is a used to draw the
spectators into the Arena with a long promenade walkway from Auburn drive and large span
glazing to allow for a view into the beyond space. Covering the promenade is a canopy roof
with zinc soffit that is returns from the facade above seamlessly. Also along this north facade is
a large splitface and groundface wall, terracotta panels, and a clear story above the canopy that

wraps the entire building,.
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Roofing;

The roofing system is a two-ply Styrene-butadiene-styrene (SBS); touch applied, white
granular membrane with an aluminum roof edge set in multi-purpose MB flashing cement.
Below the SBS cap sheet is a tapered, 4"min, ISO 95+ insulation, covered with 4" Densdeck and
sealed with a base sheet to create a water, vapor and air barrier. At the perimeter of the roof
there is wood blocking to support a perlite cant strip, and several layers of flashing to allow for
proper water from and drainage around the edges. To top the roof of, walk pads will be

installed to allow for access to the air handling units and ERU's.

Protection

Moisture protection on the roof will be completed with SBS modified bituminous membrane. This
membrane slopes north towards two sets of drains to provide adequate drainage. Moisture protection
below grade in the addition section of the
building will be bituminous damp proofing on
foundation walls, self-adhering sheet
waterproofing on foundation will be used on
walls with proximity to an occupied space, and
cold fluid applied plaza deck water proofing is to
be applied under concourse pavers. In the
elevator pits, modified cement waterproofing is to
be completed. The exterior has a liquid applied

waterproofing coving all glass rock.

Figure 6 West Air Vapor Barrier, taken by Derek Stoecklein

Sustainability Features.

Towson Tiger Arena's LEED Gold design encompasses many sustainable features including low
VOC content for all interior products, all wood material meet FSC, and all waste will be
recycled according. In addition to these features, Towson will utilized Energy Recovery units
(ERU's) to capture energy from the exhausted air, as well as a large clear story around the
entire truss level to introduce day lighting into the "bowl" of the arena. To improve the indoor
air quality within the arena, two centrifugal chillers will be installed to supply chilled water to
several Air Handling Units (AHU) throughout the building.

Towson Tiger Arena 11
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Tiger Arena was identified to obtain LEED Silver certification
based on LEED-NC, Version 2.2. USGBC LEED-NC Version 2.2
consists of Sustainable Sites (SS), Water Efficiency (WE), Energy &
Atmosphere (EA), Material & Resources (MR), Indoor

Environmental Quality (IEQ), and Innovation & Design Process

(ID). With a possible 69 points plus five ID bonus points, Tiger
:'f:;i :;::50" GOGreenlogo,  Arena is scheduled at a mandatory Silver certification between
33-38 points.
During the design and preconstruction phases, Gilbane and the architect (HCM) discussed with
Towson University (TU) the importance of each credit and there goals as a University. After
reviewing these credits with TU and completing the LEED NC, Version 2.2 checklist, a Gold
certification was estimated. With 42 “yes” credits and six “maybe” credits, a much more
sustainable building than originally planned could be obtained. Gilbane and HCM, upon
owner’s approval or given credits, organized each credit into Design and Construction
Submittals for tracking purposes. Currently, the project is still striving for this new Gold

certification. Gilbane and HCM are working closely with the owner on the “maybe” credits to

evaluate the feasibility and cost to achieve each and the potential value to TU.

18
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Table 2 Towson LEED Point Breakdown, created by Derek Stoecklein
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LEED is more than a rating system used by the government to promote green thinking and
techniques. LEED helps create high performance and efficient facilities for owners. This
generates a building that promotes thinking and an environment that people want to be in and
are comfortable. Additionally, this effort provides a return for the owner over the life of the
building. Tiger Arena has spent a lot of its time during design to create innovative approaches

for IEQ, WE, and EA.

Looking at Water Efficiency, a 49 percent modeled reduction of water compared to the 30
percent needed to achieve the credit. Additionally, a water efficient landscape has been
designed. These approaches have allowed for a possible four out of five points in Water

Efficiency.

Another huge effort put forth in design and enforced by Gilbane is Indoor Environmental
Quality during and after construction. Gilbane has created a detailed IEQ plan that ensures all
these measures are understood and met by each contractor prior to awarding their contracts.
IEQ equates to over 20 percent of the total possible credits offered in Version 2.2 of LEED-NC.
Of these 15 credits, 14 are listed as “yes” and some are mandatory according to TU. This large

effort will help a great deal in establishing a high

LEED Facts

for New Consfruction (v 2.2)

Gold 48
Sustainable Sites 11/14
Waier Efficiency 4/3
Ensrgy & Afmosphere 71T
Material & Resources 713
Indeor Envirenmental Qualify 14/15
Innovation & Design Process 3

Points possible = 69 points

performance building for TU, and a user-friendly

environment.

To further illustrate the attention to detail and
innovation in design, four possible credits can be
earned based on exemplary performance in
Sustainable Sites, Water Efficiency, and Contractor
Performance. Gilbane and HCM plan to follow the
submittal process closely and aggressively to insure
these credits are maintained, creating a building TU

will be able to use as a benchmark for future high

Table 3 Towson LEED Facts, created by Derek

Stoecklein performance building around campus.
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Project Delivery System

The project delivery used at Towson Tiger Arena was Design-Bid-Build. The major contracts
were a GMP with Gilbane Building Company (Construction Manager) and Fixed Fee with hord
| coplan | macht (Architect). Gilbane Building Company played a CM at Risk rule and
managed all the Subcontracts for Towson University. Figure 8 shows a complete organizational

chart of the TA project with all the contracts and lines of communication shown.

GMP:

Other Gilbane Help Contractors: AC Dellovade, Zephyr, Ben
Druck Door, MLP, GB Shades, Durex Coverings, Allstate
Floaring, Maste Care Flooring, Prospect Waterproofing,

Irwin Seating, Ruppert Landscaping, Daktronics, MBR, Ross,

Diamond Engineering

Figure 8 Tiger Arena Org Chart, created by Derek Stoecklein
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Project Team Staffing Plan

Gilbane’s project team consisted on five full time, on-site, personnel as well as an estimating
executive, purchasing agent, and project executive. Of the on-site team, there were two
superintendents, Steve Bond and Keith Beacom. Steve played the role of general super and over
saw then entire project. Keith was responsible for the MEP trades only and coordination
between them. The project manager on-site was Corey Sarver, and the two engineers were
Ryan Becker and Matt Karle. Ryan and Matt split the engineering responsibilities by trades.
Corey helped play the rule between the executive level and accounting responsibilities and the
field management. The schedule and cost of the project was constantly monitored and updated

by Corey and Steve. Figure 9 shows an organizational chart of the Gilbane project team.

Figure 9 Gilbane Organization Chart, created by Derek Stoecklein
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Construction Overview

Existing Conditions Site Plan Summary

Tiger Arena is built on an existing parking lot and grass field on the Far Southwest end of
Towson University, adjacent to Tiger Center and Unitas Stadium, Figurel. With Tiger Arena
being so close to the existing Unitas Stadium and Tiger Center, the utilities will be easily tied
into. During phase one, Ross contracting will be redirecting all the building utilities from
auburn drive to locations under the new arena. As seen in figure I, the sanitary and storm
drain line will extend from the main down Auburn drive to the North side of the building
below grade. Electric will be run from the existing 15kV line at the South end of the Tiger
Center. Also on the south side will be the new chilled
water lines and domestic water. Gilbane has chosen
to organize there site as shown below. The layout
was design by the Sr. Superintendent to optimize the
site as well as maintain proper pedestrian flow

around Unitas, Tiger Center and the maintenance

building located south the Gilbane trailer. Pedestrian

Figure 11 — Proposed site, taken by Ryan Simmons

flow will be impeded in one location due to the site
restraints, this being on the building side of Auburn
drive. The fence here will overtake the sidewalk

which will be demoed at an early stage for excavation

and utility purpose. Other things to note on the

existing site plan are the use of temporary electric. ‘

Figure 10 Corner of Auburn Drive and service road,

The existing 15kV transformer for Towson Center is .
taken by Ryan Simmons

located on the south side, allowing the electrical

contractor to run temporary electric to the trailer locations through a temporary ductbank.
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Site Layout Planning

Phase One

e Site Utility

e Site Electric
This was done by two contractors; MBR, handling all site electrical and Ross, responsible for
storm, water and sanitary lines. During phase one, site mobilization will also begin and

temporary fencing will be installed.

Phase Two

e Site work

e Concrete

e Structural steel
e Misc. Steel

e Precast

Phase two started with the demolition of existing curd and cutters, sidewalks and asphalt were
needed. Also in the early stage of phase two, the erosion and sediment plan began to eliminate
run off during excavation and other site activities that will begin to start. Along Auburn drive
are two storm drains that will have asphalt curbs installed to direct water to them and away
from the site. Wheel wash stations are also installed at both gates to eliminate tracking mud
onto the streets. Sitework is done in four phases, starting with the excavation of the loading
dock from the existing Towson center and grading along the service road. This work is done
first to allow to necessary flow of future work and current Towson employees. As mentioned
before, the maintenance building is located behind the proposed site and the only access is a
single lane service road. This road will be expanded to a two way road to allow for deliveries
during construction. The next phase of sitework involves the installation of wheel wash stations
and excavation of the building footprint. During the next phase, foundations will be excavated
and installed followed by furnishing a crane pad inside the building footprint. Also done
during phase three is the excavation of the North and East side of the building and installation
of a temporary access road to the north side of the site, of Auburn drive. Lastly will be the

excavation of the south side of the building.
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Phase Three

e MJ/E/P rough-in and completion

e Exterior Framing

e Roofing

e Facade

e Interior Finishes (Framing, Drywall, Flooring, Painting)

e Masonry

e Site Grading
Phase three involves the most coordination and planning to allow for proper flow and use of
the site. During this phase there will be an average of 200 workers on site, deliveries daily, and
a large assortment of motorized equipment. Safety will also be critical when laying out the site

plan for this phase due to the large increase in trades and equipment.

Phase Four

e Scoreboard
e Ribbon board
e Food Service Equipment
e Retractable Seating
e Casework
e Landscaping
The final phase of construction of Tiger Arena will consist of equipment install and

commissioning of systems. This means the cranes and larger equipment will be off site and all

final grading will be complete.

* Reference Sife Plan, APPENDIX B
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Local Conditions

The community of Towson has had a large impact on the construction and location of Tiger
Arena. From the very beginning the community has been supportive and informative of what
they would like to get out of the arena and during construction. Work hours are regulated
from 7.00 a.m. - 5.30 p.m., in order to respect the surrounding residences. In addition to these
work regulations, parking will also be regulated. The site is very small and only allows enough
space for foreman and Gilbane employee parking. This means that the contractors must park in
LOT 14, located on the north side of Unitas Stadium. This has proven to be a problem due to the
fact its pay-to-park and many employees disregard that and receive tickets. Parking permits
are available to purchase and are prorated through a given period. If a permit is not purchased,

daily passes can be bought at a kiosk in the lot.

Towson University is governed under University of Maryland, Baltimore (UMB). This means
that all process from change orders to purchasing must be approved by TU and UMB prior to
Gilbane receiving the go ahead. This creates some challenges and coordination requirements to

maintain a good chain of communication up and down the parties.
Soils Classifications

The existing site is underlain by a thin surface layer of a man-made fill. The top of the residual
soil was encountered directly below this fill, and these residual soils extend to the top of
bedrock surface, which is located 6 to 38 feet below the ground surface. The lower portions of
the residual soils are defined as disintegrated rock, and consist of very dense soils with rock-

like properties,

*[nformation found in geotech report done by D. W. Kozera, INC.
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Project Schedule
Tiger Arena Schedule Summary

Phase Duration Start Finish

Design 653 Days 10/1/08 4/1/11

Preconstruction 458 Days 7/1/09 4/1/11
Owner NTP 0 Days 4/11/11 4/11/11
Construction 469 days 4/11/11 1/24/13
Sitework 357 Days 6/17/11 10/29/12
Structure 181 Days 9/19/11 5/28/12
Facade 168 Days 1/26/12 9/17/13
MEPF Systems 196 Days 2/16/12 11/15/12
Interior Finishes 236 Days 3/1/12 1/24/13

Closeout 103 Days 10/9/12 3/1/13

Substantial Completion 0 Days 3/1/13

Figure 12 Summary Schedule Durations, created by Derek Stoecklein

Overview

The project was initiated by Towson University and was especially driven by planned events
that the University requested the arena for, such as commencement services for the 2013
graduating class. Liquid damages were built into Gilbane’s contract, charging $10,000 a day
that they did not turn over the building. With this in mind, Gilbane knew they needed to create
a well-designed and manageable schedule to insure the important deadlines were met. During
preconstruction, all the subcontractors were brought in to perform a “card trick.” Essentially,
the “card trick” is a white board with all critical scheduled dates. Each contractor is assigned
their own color sticky note that they will create their schedule with. Through much
collaboration and discussion between Gilbane, Towson, and the contractors, the final schedule
was created. This schedule had a construction start date of 06/07/2011 and a substantial

completion on 03/01/2013, establishing overall construction duration of 469 days.
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Towson Tiger Arena Summary Schedule

Created by Derek Stoecklein

ID Task Name Duration Start Finish ‘ March
4/3 | 8/7 | 12/11 | 4/15 | 8/19 12/23
Construction 469 days Mon 4/11/11 Thu 1/24/13 ——y CoOnstruction
Sitework 357days Fri6/17/11 Mon 10/29/12 S —e——_—e_MMMa;sspppppm gy SiteWOTk
Sitework Stage 1 48 days Fri6/17/11 Tue 8/23/11 Sitework Stage 1
10 Sitework Stage 2 157 days Thu9/8/11  Fri4/13/12 Sitework Stage 2
23 Sitework Stage 3 141 days Mon 4/16/12 Mon 10/29/12 Sitework Stage 3
35 Structure 181days Mon9/19/11 Mon 5/28/12 — ———a— Structure
36 West 108 days Mon 9/19/11 Wed 2/15/12 West
55 South 78 days Mon 10/24/11Wed 2/8/12 South
70 East 99 days Wed 11/30/11Mon 4/16/12 East
82 North 108 days Thu 12/29/11 Mon 5/28/12 North
100 Roof 44 days Thu 3/15/12 Tue 5/15/12 Roof
107 Fagade 168 days Thu1/26/12 Mon9/17/12 e —y  FaGade
108 West 168 days Thu1/26/12 Mon9/17/12 West
121 East 85 days Fri2/24/12 Thu6/21/12 East
132 North 142 days Fri2/24/12 Mon 9/10/12 North
143 South 83 days Tue 4/10/12 Thu 8/2/12 South
152 Roof 75 days Tue 4/17/12 Mon 7/30/12 Roof
158 MEP Systems 196 days Thu2/16/12 Thu11/15/12 O ————y M EP Systems
159 1st Floor 168 days Thu2/16/12 Mon 10/8/12 1st Floor
173 Trusses 151 days Thu4/12/12 Thu11/8/12 Trusses
180 3rd Floor 155days  Fri4/13/12 Thu11/15/12 3rd Floor
190 2nd Floor 135days Thu4/19/12 Wed 10/24/12 2nd Floor
200 Interior Finishes 236days Thu3/1/12 Thu1/24/13 e —y  InteriOr Finishes
201 First Floor 236days Thu3/1/12 Thu1/24/13 First Floor
210 Second Floor 178 days Thu 4/12/12 Mon 12/17/12 Second Floor
218 Third Floor 193 days Tue4/24/12 Thu1/17/13 Third Floor
227 |Closeout 103 days Tue 10/9/12 Fri3/1/13 !'—i Closeout
Task N Project Summary P Inactive Milestone Manual Summary Rollup essssssssmm=== Deadline +
Split o External Tasks Inactive Summary U Manual Summary PNy Progress ——
Milestone L External Milestone ¢ Manual Task Start-only C
Summary PN  Inactive Task ( Duration-only Finish-only |

Page 1
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Sequencing and Milestones

The Owner NTP on 04/11/2011 allowed Gilbane to mobilize the site and begin to locate and
redirect existing utilities, as well as tie in temporary utilities. Construction started almost two
months later with site clearing and E&R control. Following this was the excavation of the
building foundation from west to east. The foundation and structure will begin to be
constructed following the foundation excavation. The structure will be constructed from west-
south-east-north-roof. This sequence was chosen due to the complexity and size of the CIP
foundation walls along the north and south side. The building top of milestone is set for
April18, 2012. The facade of the building begins as the north structure is underway, starting
on the west again. The facade is sequenced slightly differently than the structure with the east
following the west, then moving to the north and finishing on the south side. This sequence
was driven by the facade material and location on the building. In order the avoid congestion
on one side or another of the building, the contractors stared in different locations. The

building Dry-in date is set for September 17, 2012.

Start Construction I Finish
Site Mobilization Sitework I
Fri 6/17/11 - Mon 10/29/12 i
Structure 1 Closeout

Facade
MEP Systems :

|
Interior Finishes |
I

/_\ \\/ \> Thu 3/1/12 - Thu 172

Owner NTP Construction Start Topping Off Building Dry-in Substantizl Completion
Mon 4/11/11 Fri 6/17/11 Wed 4/18/12 Mon 8/17/12 Fri 3/1/13

Figure 13 Timeline of TA, created by Derek Stoecklein

AN

The buildings MEPF systems began on the first floor and moved to the truss level where they
would finish from top down. This was do the large amount of rough-in and equipment that
needed to be run through the trusses, prior to them getting painted and finished. Interior
finishes were sequenced bottom-up, and followed along with the completion of MEPF rough-in
work on each floor. Closeout will begin on October 9, 2012, with RCL/Punch list and system
commissioning from October to the end of January 2013. The substantial project completion

date is March 1, 2013.
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Analysis 1. Application of DuctSox System

Problem Identification
The truss area of Towson Tiger Arena has presented many problems during installation of the
building MEPF systems. Access to this area of the building is limited due to the 20’ spacing truss
to truss and the amount of usable floor
space. This limitation makes it hard for large
ductwork to be safely installed while other
trade contractors are working in the same
area. During duct install, the mechanical
contractor would hang chain pullies and set
the duct from man lifts, usually involving

two or three lifts and four crew members. In

addition to the issue of space in the trusses, ‘

Figure 14 photo of duct work on the bowl floor, taken by Derek
the bowl is limited to staging capacity. Some Stoecklein

pieces of duct work exceeded 10’ in width and took up hundreds of square feet in staging on
the bowl floor. Not only do these problems create a logistics nightmare but is a safety hazard to

the other trades working in the bowl.

Research Objectives

A clean and safe site is a large driver for productivity on a construction project. The current
sheet metal duct system requires the staging and install of oversized and dangerous pieces, not
only to the mechanical contractor but all trade contractors in the area. It is possible that the
implementation of a fabric system will greatly decrease this issue of safety and congestion on
site due to its compact size and flexibility. Not only will this help to improve the productivity of
the team members within the bowl, it will greatly increase the productivity of the mechanical
contractor’s installation. Eliminating the oversized, awkward sheet metal pieces and installing

very light fabric will require much less time to erect.

After analyzing a fabric duct alternative, it is expected that a large schedule savings will occur

as well as a substantial increase in install productivity and decreased manufacturing cost.
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Detailed analysis of site logistics will show a decrease in onsite congestion and the creation of a
cleaner and safer site. Lastly, through examining the current mechanical system a potential

decrease in the rooftop AHU’s.

Methodology

The following approach was taken to analyze the supplementation of a fabric duct system.

e Evaluate the current system within Tiger Arena

e Calculate the required service loads of the court and spectator seating areas

e Research various fabric duct systems and compare the advantages and disadvantages of
each type

e Contact several manufactures to receive design assist and added impute towards system
selection

e Design a new fabric duct system

e Analyze the cost and schedule saving potential of the fabric system

e Provide conclusions and recommendations

Current System Overview

The court and spectator area of Tiger Arena is service from two custom AIR ENTERPRISES
rooftop air handling units (AHUS). These units are designed as single-zone variable air volume
with a CO2 reset, as seen in Figure 16. The two rooftop VAV units will supply over 2,635,720
CF of volume and 43,340 SF of floor space. This space consists of the main court, councourse
level, and the upper deck seating. Air will be supplied to this space through large sheet metal
ductwork suspended between the trusses. To meet the demand of this space, the AHUs are

scheduled at 47,000 CFM (cubic feet per minute) each, with a total system load of 94,000 CFM.

Considering Tiger Arena is located in Towson, MD, the supply load for this system was
designed to meet the cooling demand. Ventilation and heating loads were also calculated and
incorporated into the design of the system but the largest demand of a venue in this climate
comes from the cooling demands. To help with ventilation and air curculation within this
larrge space, ten exhaust fans are placed on the roof to exhaust the preconditioned air. In

addition, the rooftop unit uses large return fans to provide pre conditioned air into the AHU
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were it will be combined with outside air (OA), passed through a preheat coil (P/C), cooling coil
(C/C) and finally through a reheat coil (R/C) before being supplied back into the space. Also in
this process the air will pass through several filters and across mulitple sensor to deterime the
humidity and COZ2. All these sensor will determine weather the air is heated or cooled as well

as how much OA to mix with the return air; Figure 16.
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ROOFTOP SINCLE-7ONE VARTABLE AIR WOLUME CUSTOM AIR HANDLING UNIT WITH CO2 RESET (MWEW ARENA)

(Ta—£HU-8, Ta—2HU-9)

Figure 16 TA AHU Diagram, TA Contract Documents

Like stated before, the current system is sheetmetal
duct suspended within the trusses. The duct ranges

in size from 62” Diameter to 14” Diameter. The duct I

over the court area supplys air through 2-40"x12”

Louvers, seen in Figure 15 . The duct above the

GALVANIZED ANOLE FOR
LOUVER ATTACHYENT

07424 DEEP AL 54
FLENUN

7o

seating areas uses large drum louvers to throw the N

air in a wide circlular fashion versus the direct 12°407 DRUM LOUVER

through of the court louvers. Figure 15 TA Duct Louver Detail, TA Contract

Documents

Load Calculations of the Designed Space (Mechanical Beadth)

Before I began to explore a new system for Tiger Arena, I wanted to verify that the size of the

custom rooftop units was accurate and necessary to supply this space with cooling, heating and
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ventilation. In doing this I believe I will discover that the units are oversized for engineering
purposes such as energy consumption factors of running a unit at max output for extended
periods of time. When calculation the necessary building loads for the given space I used
ASHRAE and TRACE700 along with the contract documents. Below you will find in detail the

calculations and procedures followed to complete these calculations.
Ventilation Load

Using the ASHRAE Standard 62.1-2010, I was able to calculate the minimum ventilation rates

of the space.

Table 4 ASHRAE 62.1-2010 Sport & Entertainment, created by Derek Stoecklein

Rp Ra
Occupancy Category
CFM/Person CFM/ft?
Sports Arena - .30
Spectator Areas 7.5 .06

R, (People Outdoor Air Rate, CEM/person) - 7.5 x 5000 people - 37,500 CFM
R, (Area Outdoor Air Rate, CFM/SF) =.30x26040=7,812 CFM
Total Ventilation Load- 45,312 CFM
Cooling/Heating Load

Using TRACE700, I was able to calculate the PEAK Heating and Cooling loads of the space. The

calculation of these loads consumed a lot more time and data to insure accuracy. The choice to
use TRACE700 to help in this calculation was made due to the simplicity and relative accuracy
of the program. TRACE700 works by taking the defined “space”, location, and applying your

created system to calculate the peak loads. The hardest challenge with this program is properly

defining your space and identifying the system you wish to use for your load calculation.
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VIGERHRENK,

When you open TRACE you will see the following navigator box, Figure 17 . From here you will
be able to enter project information, select weather information, create templates, create rooms,

create systems, assign rooms to systems, and several other features.

z; TRACE™ 700 - EM\Thesis\OFabric Duct Research\TRACETowson Exports\TRACETowson.trc
File Edit Actions View Options Libraries Templates Alternatives Setup Window Help

DNeEdE iR rEfdedl & Baqa B
Project Mavigator

Alternative 1

Enter Project Information

Select Weather Information | Baltimore, Marpland

e

Create Templates 5 Templates
Create Rooms 4 Roarms
1 Systems

Create Systems

Azgign Fooms to Spstems 4 Azsigned Rooms

Create Plants 2 Plants

Aizzign Spztems to Plants System Assigrments

Define Economics

Mo utility rates defined
0%

Calculate and View Results | 01/30/2013 - 0334 PM

| ] [IE ] ] o

Figure 17 Trace Project Navigator
I began my TRACE analysis by selecting my weather information or location selection, Figure
18.

Weather E=aEC]
L

Altermative 1

wsther Iocafion

Bialtimare, Maryland Ouerides... | Cancel
T e
Fisure 18 Weather Infarmation. TRACF
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Next, I began to create my “rooms”. Since my space is not a typical box and has different
elevations within it, I had to divide it up into separate rooms. The way TRACE recognizes a
space is through room creation. When creating typical rooms you would also create floor to
ceiling walls. This will change for my application, where I must create a 4 different room
volumes and assign different floor to ceiling heights and base level constraints to trick the
program into thinking I have created one single zone. I have created a SketchUp model to

illustrate these “rooms” and how it will ultimately create a single zone within TRACE, Figure 19.

Figure 19 SketchUp "Room" Massing, Derek Stoecklein

In order to do this, I needed to design 4 rooms in TRACE as seen above. Next, I needed to assign
all these dimensional parameters to each room within TRACE and create walls with building
properties. For the Court room, I only have walls around the first 18’ of the space. These are 8”
thick reinforced concrete walls with a U-factor of .1244 Btu/hft’F. These walls must be entered

as partition in TRACE due to adjacent building construction on the other side, Figure 20 (1).
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These adjacent spaces will be supplied by other AHU within TA but this must be recognized as
a partition not a wall. If entered as wall construction, it will assume expositor to outside air of

the other side which is not correct at this location.

[ Create Rooms - Partitions and Floors EI = @
Alkernative 1
Foom deszcription |D:|urt j
Templates... Partitian. .. 2
FRoaom |Default j Paitition - 1 Tag |F'artili-::n -2 Adjacent space temperature. . Hew Partition
Internal |Default j E:;E:E:gg 3 Length |18 1 Method | &djacent Roor + Copy Part
Airflowr [ D efaul =l Height [18 besliy | Delete Part
Tstat |Default ﬂ Cornstr |8" L' Cane: ﬂ Heating ’— Fo—
Constr | Defaul | U-factor 01244 Btushoit-F
2 Adj room |FIcu:|m - 003 ﬂ
Flaar...
Tag | External temperature... Mew Floor
" Exposed © Slab on grade Method l—_l |
Canstr | J Cooling |
Area IEI_ |J-factor IEI_ Heating l_ Q
Perim IIJ_ Loss coeff IEl_
Ad) n:n:uml J
Single Sheet Booms J Roafs I Walls J Int Loads I Ajrflows

Figure 20 TRACE Partitions Screenshot

With these wall modeled at only 18” high, TRACE will recognize the remaining space as not
having any walls. This will be import later when we assign the rooms to each other. After
creating these partition walls, I have to assign the respective room to the respective partition.
This allows the program to identify room 003 as the room attached to the west side of the court
room, Figure 20 (2). Lastly, I must assign a floor to floor height, or in this case, floor to roof

height or 68’.

Now that I have a template of my building within Trace, I could complete the same steps with
the remaining rooms. Since I have assigned them to the partition around the court, the
program identifies them at these locations and will generate a space like the one I have

modeled above, Figure 19.
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To complete the construction of the remaining three rooms, I need to complete their wall
properties. The exterior wall construction for these rooms is a metal frame system with 2” Ins,
and a U-factor of 0.13 Btu/hft“F. In addition, these exterior walls have a clear store around the
top. TRACE recognizes these windows as opening and an assigned U-factor. Using shop
drawings submitted by the glazing contractor, I found the U-factor of these windows to be
tested at 0.41 Btu/hft*F. The length and height of each window opening must be entered into

TRACE at each location, as seen in Figure 21.

DCreateRooms—Walls E\ = @
Alternative 1
Fioom description |Fh:n:|m-003 ﬂ
Templates... Wall...
Foom |Default j E Tag |S CnnstructhetaI, 2" Inz ﬂ \,H\feabl\r
Internal | Default | |w Length 280 I-factor |0.1300% BrushefeF e —
Airflow |Default j Height IED_ ft Tilk ’D_ deg E\%apl-lr
Tstat  |Default | E‘n[ﬂtcilpllgrled - Direction [180  deg ﬁ
Congtr |Default j Pt wall area to underfloor plenum l— 4 Tl
Openings...
Tag ’W & Wwindow O Door Mew
r [0 % Type [Gmm Dbl LoweE [52=04) Tint Grom & v | Opening
M Length [260 Height [12 f  Quantity 1 Dgggis:]g
Udactor [041  BtukieF  ShCost [035  LdwRa 0 %
Shading... DDpﬂﬁfﬁg
Internal | Hane j
External |Elverhang -None j
Single Sheet Rooms I Roofs Walls Int Loads Airflowes J Partn/Floors

Figure 21 Wall Creation Window in TRACE

After entering the construction of these remaining rooms, I had to offset them from the ground
elevation. If this step is not followed then the rooms would be assumed to be at O’ elevation and
directly on the other side of the court. Since the interior partitions are 18’ high and the exterior
rooms will begin at the concourse level, I assigned these rooms to 18 above grade, Figure 22.
Also in this window you can see where the geometry information is entered for each room;
Length, Width, Floor to Floor height, and Plenum space. This information was entered for each

room according to the dimensions shown in the model above.

Towson Tiger Arena 30



Derek Stoecklein

Construction Management

rl:! Create Rooms - Rooms E' =] @

Altemative 1
Roam description |F||:u:|m - 003 ﬂ Design.
Templates. .. Size... Coaling dry Bulb l.'r"E— °F
Faom |Default ﬂ Length 250 ft Heating dry bulb l-_"'U— F Mew Roam
Intemal |0 efaul | width 30 # Relative bumidity ~ [50 % Copy
Auirflaws |Default j Height... Thermastat...
Delete

Tstat | Default | Floor to floor |50 ft Codling driftpoint &1 °F
Constr |Default j Flenum 0 ft Heating driftpoint 54 °F

Above ground |18— ft Cooling schedule | Mone |
Duplicate...  Floor multiplier |1— Heating schedule |None ﬂ

Rooms per zone I'I— Senzor Locations. ..
FRoom massdavg time lag |Time delay bazed on actual ma:ﬂ Thermostat |F|00m j
Slab construction type |12" L Concrete ﬂ C02 senzor |None j

Foom type |E0nditioned ﬂ Humidity. ..
Acoustic celing rezigtance |1.786 hr-fEF /Bty Maisture capacitance |Medium ﬂ
Carpeted [ Humidistat location |H|:|Qm j
Single Sheet | Roofs Walls Int Loads J Birflows I Partn/Floors

Figure 22 Room Creation Window in TRACE

The last step in creating rooms is assigning internal loads. These loads will be used in the
calculation of the peak system loads later and include People, Lighting and Misc. Loads. For the
people load I used the building seating plan to calculate the number of people in the space at
max occupancy. For Lighting, I had to examine the building lighting systems and shop

drawings to determine the total W/SF within the space.

Fixture Schedule.
4CIRCUIT CFL HIGH-BAY FIXTURE WITH (3) 2LAMP - 0§
81 | SWITCHING BALLASTS AND (1) 2LAMF 12 DIMMING Fabrtlio GUTH S12-08-H1B12TB-ATE SPORTLITE 217 SUSPENDED L
BALLAST, TWINSFIXTURE CLUSTER MOUNTING BRACKET - 1o
CERAMIC METAL HALIDE OPENRATED PATHWAY 'COVENTRY' SERIES OVER SKYBOX &
52 PENDANT=MOUNTED FIXED SEATING CYLINDER CMHTOCUS42MEDIO GOTHAM CH:‘-?{:MHC-D&;::A_M??JL‘- LIGHTOL|ER 'CALCUL[TE' SERIES il SUSPENDED UPPER DECK
DOWMNLIGHT " OMEGA 'REVELATION SERIES SEATING
PATHWAY 'COVENTRY' SERIES OVER SKYBOX &
S2E SAME AS 52, EXCEPT WITH ARC MAINTENANCE DEVICE CMHTOCUS42MEDD GOTHAM CH&?CMHC‘;;‘.:H D-277-Ph LIGHTOLIER ‘CALCUL[TE' SERIES Pl SUSPENDED UPPER DECK
OMEGA REVELATION SERIES SEATING
AEZM=1000=MA0)
S4 | SHUTTERS, CATWALK MOUNTING BAAGIKET, SAFETY | VENTURE woeLte | e STERNER ar | SATWALK | ARENASEATNG
s G u ET. MHA000VED : MUSCO STANCHION PENDANTS
CABLE AMB-S
AEZSTY=CHL

Figure 23 Fixture Schedule as applied to calculated space, TA Contract Documents
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Total Lighting Load = 97.9KVA, thru Panel LP4.
97.9 kVA * 0.9 Power factor = 88.11 kW
88.11 KW / 43340 SF (SF of applied area) - 2.03 W/SF

The last internal load comes from the building scoreboard. The total load of the scoreboard and

ribbon display is 21.2 kVA, thru Panel PB4A.
21.2 kVA * 0.9 Power Factor = 19.08 kW

19.08 kW / 26040 SF (applied to court area only) - 0.73 W/SF

D Create Roormns - Single Worksheet E\ [=] @
Alternative 1
Room description |Cnurt j Cancel
VeTHaEs.. Length Width

Room |Defau|t ﬂ Floar.... 196 ft 140 ft Mew Room
Irternal | Defaul ~|  Recf. o (] ft Comy
Airflaw | Diefault - (% Equals floor
| J Delete
Tatat |Defau|t j
Wiall...
Carstr |Defau|t ﬂ

Description  Length [f]]  Height [ff]  Direction % Glazs or Oty Length [ft]  Height [ff]  window

| [ [0 [0 [ [0 o m rj

| o [10 o o o o o I~

| o [10 o o o o o ™ =]
Internal loads. . Airflows. .
Peaople |2DDD |Peop|e j Cooling went |IJ |cfm j
Lighting |2.03 |W.-"SC| ft ﬂ Heating went |E| |cfm j
Miscloads |73 |wisait  w| Codling V&Y min | |3 Clg diflows = |
Heating A% max | | % Cig iflow |
.,S,J"'Hle Booms J Foofz J vl allz ‘ Int Loads ‘ Airflos ‘ PBartn/Floors

Figure 24 Room Creation Overview Window with Internal Loads
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Now that all four rooms have been created I had to create a system within TRACE. Knowing
that the existing system is a Single Zone VAV system it was easy to complete. When you select
create a system from the TRACE project navigator, Figure 17, you are able to select a system

category (Variable Volume) and the system type (Singe Zone VAV), Figure 25. For the purpose

@

[

=2

D Create Systems - Selection

Alternative 1

System description Sypztem - 002 j Single Zone Y ariable Air Yolume

LCloze
System categorny

Yariable Yolume

Canstant Yalume - Mon-mixing
Caonztant Yolume - Mixing
Heating Only Copy
Induction
Underfloor Air Distribution Delete

Dizplacement YWentilation

Chilled Beams - ‘. [ ‘ ]
I Advanced...

System type — —p»—' - IJ

Bypass Wil - f

Bypaszz Wl with Reheat [30% Min Flow Default)

Changeover-Bypass Wik
Changeover-Bypazs Wil with Local Heat

et ol

m

Changeover-Bypazs WaY with Feheat

Diouble Duct wal'

Parallel Fan Powered YaY, Htg Coil on Mizing Box Outlet
Farallel Fan-Powerad wak

Parallel Fan-Powered ¥ay, Hig Coil on Plenum [nlet
Series Fan-Powered Yol
Single Zone Y ariable Air WYolume

Selection Optionz I Dedicated DA Temps/Hunmidity Fans Cails Schematic

Figure 25 System Creation Window in TRACE

of this calculation, I have left the VAV system as default, as advised, and have not changed any
of the other options you seen along the bottom of the system creation window, Figure 25. After
the system is created, I assigned all the rooms to the new system via the Assign Rooms to System

tab in the project navigator.

Lastly, I ran a report using the Calculate and View Results tab in the project navigator to
calculate my peak heating cooling loads. After running the report there are many options for
viewing the information such as zone checksums, room checksums, design airflow,
engineering checks, and many others. In the design airflow printout, Figure 26, you will see
that TRACE has calculated the spaces peak cooling load at 87,041 CFM and peak heating load
at 26,830 CFM.
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SYSTEM SUMMARY
DESIGN AIRFLOW QUANTITIES
By ACADEMIC
MAIN SYSTEM Auxiliary System  Room

Qutside Cooling Heating Return Exhaust Supply Exhaust

Airflow Airflow Airflow Airflow Airflow Airflow Airflow
System Description System Type. cfm cfm r cfm cf_m cfm. cfm cfm
Alternative 1
System - 002 | SingIEZnneVariabIEAirVulu_me D_ 87,041 o 26,832 ¥ B’Eﬂ y 0 ] 0
Totals 0 87,041 26,830 87,041 0 0 0

Note: Airflows onthis reportare notadditive because they are each taken atthe time of theirrespective peaks. Toview the balanced system design
airflows, see the appropriate Checksums report (Airflows section).

Figure 26 Design Airflow TRACE Calculation, created by Derek Stoecklein

Comparing the TRACE cooling load of 87,041 CFM to the max system output of 94,000 CFM in
the current design, this further shows why I believe the system may have been over designed.
Like previously stated, I think there is several energy and engineering safety considerations that
may play into the over design. Thru further investigation I would be able to examine in more
detail how these numbers varied by more than 7,000 CFM, but for the intent of this report I
plan to evaluate an alternative system using the calculated load of 87,000 CFM. I addition, with
this new load of 87,000 CFM, the existing fans within the rooftop AHUs could be downsize
from a Twin City EPFN-490 to an EPFN-445. This new fan will still meet the require fan specs,

Figure X, as well as potentially save Towson some money.

E. HVAC equipment shall meet the energy performance requirements of ASHRAE 90.1.

F. Make fan selections to the right of the peak static pressure point and not on any flat portion of
the fan curve. Generally, fan selection shall be in the 50 percent to 80 percent range of wide
open volume.

1. Ifit should be necessary to provide fan wheels not described in the manufacturer's
standard catalog, factory test the air handling unit to determine the effect on capacities.

Figure 27 Fan Specification item, TA Contract Documents

* All reports can be viewed in full in APPENDIX C
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DuctSox Overview

Different than conventional metal duct, _ = =="
fabric duct products are engineered and f =_=_;:§

Fabric Air Dispersion Products

manufactured for each project. DuctSox
Figure 28DuctSox Logo, ductsox.com

designs can be simple, straight forward

systems or very intricate layouts which incorporate fittings such as radius elbows, T’s, and

transitions. Sections are zippered together to form extended lengths with diameters from 6 to

80 inches. Whether industrial, education, government, commercial, warehousing, food

processing, arenas, temporary or permanent, DuctSox offers a proven choice.

Fabric Duct vs. Sheet Metal Duct

In a traditional open ceiling building, metal duct systems would discharge air through metal
diffusers usually spaced 10 to 15 feet apart. This air is directed to specific zones resulting in
less efficient mixing of air in the space and causing drafting and hot or cold spots in most
occasions. With a DuctSox system, a more uniform air distribution along the entire length of
the fabric system allows for a consistent and uniform air distribution in the occupied space. A

more uniform air distribution equals a better air mixing.

Why Fabric Ductwork

DuctSox systems have many advantages and benefits, including;:

e Simplified Design/Uniform Air Dispersion
e Cost Savings/Minimal Labor Hours

e Lightweight/Easy to Ship

e Quiet

e Air Porous

e Easy to Maintain/Clean

e Portable

e TFlexible

e Colorful/Personalization

Sustainable Advantages (LEED)
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DuctSox Design

DuctSox System Selection

When selecting a DuctSox system, I followed the steps outlined below:
1. Selecting the Series of DuctSox

This is the process of defining the cross sectional shape of the duct; I have chosen the standard

round duct.
2. Selecting the Proper Model

DuctSox has three standard models that define how the air is delivered, Comfort-Flow (CF),
High-Throw (HT), and Low-Throw (LW). For the application within the high trusses of Tiger

Arena, the High-Throw model has been selected.
3. Selecting the Proper Fabric

Choosing from eight fabrics developed to satisfy application requirements in many different
space types, I choose TufTex to best fit an Arena application. TufTex is a heavyweight, premium
grade non-permeable polyester fabric. Construction features finished seams, a positive inlet
anchoring system with cover-up sleeve, zippered end caps, and a zippered inlet collar for a
DuctSox Final Filter or Adjustable Flow Device. TufTex offers a 15 year warranty and comes in

many color options.

High-Throw Air Dispersion
(Comfort-Flow also available)

Zippered
Endcap

Cover-Up Sleeve Concealing
DuctBelt and Anchors
Zippered Inlet Collar

Figure 29 TufTex Duct Details, DuctSox.com
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The suspension system selected for Towson Tiger Arena is a SkeleCore IHS system. This system

allows for the duct to assume an inflated appearance even when there is no air flow. The

SkeleCore system is a 1/8” cable installed every 5’ within the duct fabric and attaches to a cable

track that runs the length of the duct and is supported by roof deck mounted cable.

TUFTEX FABRIC

———____ INTERMEDIATE

CABRLE SUFPORT

T T——GUDE ATTACHMENT
T CABLE

Ao CABLE CLAMPS

255 T TURNBUCKLE

o

WITH INTERIGR
SKELECORE IH!

T EYEBOLT
AR DISTRIBUTION AS SHEECIFIED

)¢
J& INLET COLLARE, DUCTZELT, DUCTZUCKLE

AND ZIPPER FOHR EASY DETACHMENT

SUSFENSION DETAIL

1 ROW CABLE SUSPEMSION &T 12 C'CLOCK /SKELE CORE

00 0=

HOOPS PLACED 5' APART

CUT AWAY WIEW OF SKELECORE IHS

VIEW OF INTEXIOR OF DUCTS0X WITH SKELECORE HS HAMGING

Figure 30 TufTex SkeleCore IHS Details, DuctSox.com

5. Selecting Enhanced/Personalization Options

TufTex has the capabilities to personalized in many ways including color and screen printing.

If Towson would like, they could have their logo or school name printed along the sides of the

duct during fabrication. Additionally, they can select from a list of color dies that TufTex fabric

comes in. For this application, I have chosen the standard white design with no further

customization. The existing sheet metal duct system is painted white after installation, so I

decided not to chance that architectural selection.
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Using the DuctSox Engineering and Design Manual I was able to size the fabric and the

suspension system. This process also follows a step by step approach, listed below.

1. DustSox Series/Shape Selection (Standard Shape, previously chosen)

2. Design Layout

Using the CFM calculated for each “room” in TRACE and the existing duct layout, I was able to

design the fabric duct diameter, lengths, and sections.
From Engineering and Design Manual.

(2) 46” Dia. x 101’ L. - (2) Duct Sections Ea.

(4) 32" Dia. x 144’ L - (4) Duct Sections Ea.

(2) 32”7 Dia. x 118’ L. - (3) Duct Sections Ea.

(2) 32" Dia. x 24’ L, - (1) Duct Section Ea.

(1) 327 Dia. x 17’ L = (1) Duct Section Ea.

- (29) Total Fabric Duct Sections

* Max Length of 46” Dia. Duct - 35”; Max Length 32”
Dia. Duct = 40’

3. Fabric (Tuflex, previously selected)

Qty DuctSox Description

2 46" Dia % 101" - SkeleCore - Tuf-Tex - Internal Hoop
System - Round Standard Color - D1 - Starts with 1 Inlet -
Covered - Ends with 1 Zipper- 1 elbow(s) - 0 transition(s) -
1tee(s) - 0 cross(s) - 0 Filter(s) - 0 AFD(s) - 14355 CFM -
5" Inlet Static - High Throw - - Built for HS Galy Cable - 5
drops - Glider

4 32" Dja » 144" - SkeleCore - Tuf-Tex - Intemal Hoop
System - Round Standard Color - D2 - Starts with 1 Zipper
- Ends with 1 Endcap - Zipped - 7 zip(s) - 0 elbow(s) - 0
transition(s) - 0 tee(s) - 0 cross(s)- 0 Filter(s) - 2 AFD(s) -
7404 CFM - 5" Inlet Static - High Throw - - Built for [HS
Galy Cable - 5" drops - Glider

2 32" Diax 24 - - Tuf-Tex - Internal Hoop System
- Round Standard Color - D3 - Starts with 1 Inlet - Covered
- Ends with 1 Zipper- 1 zip(s) - 1 elbow(s) - 0 transition(s)
- 0 tee(s) - 0 cross(s) - 0 Filter(s) - 0 AFD({s) - 0 CFM - 5"
Inlet Static - High Throw - - Built for IHS Galy Cable - 5
drops - Glider

1 32" Diax 17" - Tuf-Tex - Intemal Hoop System
- Round Standard Color - D4 - Starts with 1 Zipper - Ends
with 1 Endcap - Zipped - 0 elbow(s) - 0 transition(s) - 1
tee(s) - 0 cross(s)- 0 Filter(s) - 0 AFD(s) - 0 CFM - .5" Inlet
Static - High Throw - - Built for IHS Galy Cable - 5' drops -
Glider

2 32" Dia x 118" - SkeleCore - Tuf-Tex - Intemal Hoop
System - Round Standard Color - D5 - Starts with 1 Zipper
- Ends with 1 Endcap - Zipped - 5 zip(s) - 0 elbow(s) - 0
transition(s) - 0 tee(s) - 0 cross(s) - 0 Filter(s) - 2 AFDis) -
0 CFM - .5" Inlet Static - High Throw - - Built for IHS Galy,
Cable - 5" drops - Glider

Figure 31 Complete DuctSox Description,
Created by DuctSox Representative

Combination of guality fabrics with durable
and aesthetic construction.

= Inlet Cover Sleeve

» Zippered Inlet Connection

Sedona-Xm

6.8 oz/yd? Antimicrobial Treated Woven
Polyester, UL Classified, NFPA 90-A, ICC/AC1ET
Colors: Blue, Matural White, Red, Green, Tan,

High-Throw

@ =%
& o
s N

» Interior Seams/Construction Gray, Black -

= Zippered Endcap 55% recycled content

= 10 Year Warranty Comifort-Flow High-Thirow
- Standard AFDs TufTex
« Launderable 8.2 oz/yd? Coated Polyester, UL Classified, 4

NFPA 904, ICC/ACIET

Black

Figure 32 Premium Fabric Selections, DuctSox.com

Colors: Red, Green, White, Blue, Taupe, Silver,

-
Non-Porous “"ﬁ“'
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4. Air Dispersion (Airflow)

High-Throw Airflow is desirable for the distance the air 2 &(
must be displaced over. In addition to selecting the Airflow

Type, I had to design the Airflow Direction. To assume a et of DuctSor
uniform distribution throughout the arena, I chose 5&7 &

O’clock for my inlet orientations, Figure 33. +

Figure 33 DuctSox Inlet Orientation,
DuctSox.com

5. Suspension (SkeleCORE IHS, Previously Selected)

Gty Hardware Description

2 20" - IHS Galv Cable - D1 - Access: 0Kit | Type - 0 Kit Il
Type - 0 - 5" Midsupports - 1 Cable Stops

4 164" - IHS Galy Cable - D2 - Access: 1 Kitl Type - 1 Kitll
Type - 13 - 5" Midsupports -4 Cable Stops

2 44" - IH5 Galy Cable - D3 - Access: 1Kit | Type - 0 Kitll
Type - 4 - 3 Midsupports - 2 Cable Stops

1 37 -IHS Galy Cable - D4 - Access: 1Kit | Type - 0 Kitll
Type - 3 - ' Midsupports - 1 Cable Stops

2 138" - IHS Galy Cable - D5 - Access: 1 Kitl Type - 1 Kit |l

Type - 13 - 5" Midsupports - 2 Cable Stops

Figure 34 Complete Hardware Description, Created by DuctSox Representative
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Schedule and Logistic Impacts
Using the Installation Estimator and the newly design DuctSox system; I was able to calculate a
complete installation time, Tables 5, 6 and 8. Table 5 breaks down the installation time for the

SkeleCORE IHS Galvanized Cable support system. The installation time is calculated using the

Designed DuctSox System
Hardware (HIS Galv Cable)

Iltem Length (ft) Unit Hour Total Hour Adjusted
32" Dia 821 2 hours for each straight section 34.4 41.6
46" Dia 276 +.5 hours per 25" of length 9.5 12.6
Total Hours 43.9 54.2
Total Days (rounded up) 6 7

*Add 10 % for 25" to 40" Dia
*Add 20 % for 41" to 60" Dia
*2 man crew
*Add 10%, > 30’ Ceiling Height

Table 5 DuctSox Hardware Installation Estimate, created by Derek Stoecklein

length of the system as well as the type. [ have two types (I and II) of SkeleCORE IHS supports in
TA, one for the 32” Dia. and the other for the larger 46” Dia. duct. Using the recommendation
in the installation manual of 2 hours per section + .5 hours per 25’ length, I came to 44 hours
of install time, or 6 days. These durations needed adjusted to accommodate the larger diameter

duct as well as the higher ceiling height. The adjusted durations comes out to 7 day duration.

Table 6 is a detailed breakdown of the installation time for each piece of duct fabric. Each unit
hour is calculated using the diameter of the duct as well as the lengths of the sections.
Assuming a two man crew, and an adjusted value for the increased ceiling height and tight

spaces, it takes roughly 7 days to hang the DuctSox itself.
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Designed DuctSox System
DuctSox
Item Qty Unit Hour Total Hour Adjusted
46" Diax 101'L 2 3.6 7.2 7.9
32" Diax 144'L q 5.5 22.0 2432
32" Diax 118'L 2 3.58 7.2 7.9
32" Diax24'L 1 2.75 2.8 3.0
32" Diax17'L 2 4,95 9.9 10.9
Total Hours 49.0 53.9
Total Days (rounded up) 7 7
*2 man crew
*Add 10%, > 30' Ceiling Height

Table 6 DuctSox Installation Estimate, created by Derek Stoecklein

Comparing the DuctSox install times to that of the sheet metal, I found a large increase in
productivity and weeks of schedule savings. Table 8 outlines the savings found from

fabrication, installation, and painting. The standard

Lead Time for Fabrication

Standard 4 weeks -
and deliver each piece where the DuctSox only takes Expidited 3 Weeks + 10%

sheet metal duct took roughly 8 weeks to fabricate

4 weeks from approved shop drawing to on-site Expidited 2 weeks +20%

delivery. This provided a 4 week savings in lead time Table 7 DuctSox Lead Times

for the DuctSox.

The installation of the Sheet metal duct was very time consuming and laborious. The process
includes installing all the support struts from throw the roof decking, insulating the interior of
each duct section, as well as erecting each piece one by one. With the tight spaces between the
trusses, this was challenging to erect the heavy sheet metal pieces from man lifts using the
pulley chains and typically 2 man lifts. The Ductsox system comes complete with the
SkeleCORE liner. All the installing team needs to do is hang the support hardware and cables,
then connect the duct to the cable with a simple clip. The installation of the fabric duct system

require a lot less labor and work in the field prior to actually erecting. The duct arrives in its
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own respective labeled box and Schedule Comparision

is basically ready to erect from Standard Fabrication & Deliver

the box. As for the durations of DuctSox 4 Weeks Savings

these activities, the traditional Sheet Metal Duct 8 Weeks 4 Weaks
sheet metal complete install Complete Ductwork Installation

took 70 days. The DuctSox DuctSox 14 Days Savings

estimated complete installation | Sheet Metal Duct 70 Days 56 Days

time is 14 days, a schedule Paintin

savings of 56 days. That is DuctSox mi.rs Savings

nearly a 3 month schedule Sheet Metal Duct 30 Days 30 Days

savings just on installation. Also

seen in Table 8 is the duration *Sheet Metal Complete Installation includes rough-

of painting the sheet metal in and insulation

*Nurations Based on PM Baseline Schedule

duct. Since the DuctSox comes ) :
Table 8 DuctSox vs. Sheet Metal Duration Comparison, created by Derek

prefinished in the color of your ~ Stoecklein

choice, there is not time needed to paint. The schedule savings for not painting the DuctSox is

30 days.
Total Time Savings
Description Days
Fabrication 20
Installation 56
Others 30
Days 106
TOTAL Weeks 21.2
Months 5.3
*86 Days on-site labor

Table 9 DuctSox Total Schedule Savings, created by Derek Stoecklein
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Comprehensive Cost Comparison

Working with a representative from Kogok, the provider/installer of the sheet metal duct at
Tiger Arena, I was able to assemble an accurate cost comparison between the two systems. I
broke the comparison into material cost and labor cost. When looking into the cost associated
with the sheet metal duct, I had to think more global than just the duct itself. In addition to the
actual fabrication and delivery of the sheet metal duct, I had looked into the insulation and the
final painting of the duct. Each are component that would greatly impact my cost comparison
due to that fact the fabric duct will not need either of them. For material cost, I found the sheet
metal duct fab and delivery cost to be $375,000, insulation. $50,000, and paint to be $30,000.
The total bill of materials is $455,000. As for the DuctSox materials, I found the newly designed
system to only cost $37,310. This presents a cost savings of $4 17,690 just for materials; Table
11.

When looking at the labor cost of the sheet metal duct, I analyzed the same three areas;
ductwork= $265,000, insulation- $50,000, and painting- $60,000. The total labor cost for the
complete sheet metal duct system is $375,000. This is drastically more expensive then the
estimated labor cost of the DuctSox system, at $28,568. A large contributor to these numbers is
the fact it takes 86 more days to install the standard sheet metal ductwork and paint then it
does hanging the DuctSox system. This savings equals $346,430, nearly 92 percent cheaper to

install the DuctSox than sheet metal.

Tiger Arena Mechanical Labor Rates
Description Regular Time Premium Time
Superintendent S82.00 $5115.00
Foreman 579.00 5110.00
Sheet Metal Mechanic S67.00 S97.00
Laborer $35.00 S50.00

Table 10 TA Labor Rates, created by Derek Stoecklein
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Price Comparision

Material Cost

DuctSox $37,310.00 Savings
Metal Duct Total S455,000.00| S 417,690.00

Sheet Metal Duct $375,000.00

Sheet Metal Insulation $50,000.00

Paint Metal Duct $30,000.00
Labor Cost

DuctSox Total S 28,568.00 Savings
Metal Duct Total S 375,000.00 | S 346,432.00

Sheet Metal Duct $265,000.00
Sheet Metal Insulation 550,000.00
Paint Metal Duct $60,000.00

*DuctSox Labor cost includeds (2) Sheet Metal Mechanic, (1)
Superintendent, and (1) 80" Manlift w/ Jib (2,188/Week)

*8 Hour Work Days

*DuctSox price is guoted from Kogok, the same supplier
for the existing sheetmetal system

Table 11 DuctSox vs. Sheet Metal Price Comparison, created by Derek Stoecklein
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New Warranty

DuctSox products designed within their performance criteria are covered by a 1-year Design

and Performance Warranty. To ensure the product performs consistently through an entire

heating and cooling cycle in the first year of operation. The DuctSox Product Warranty is for

replacement or repair credit based on the amount of the warranty period remaining. The
warranty covers materials, fabrications, and performance of the fabric portion of the DusctSox
system only. Warranty coverage begins at the time of shipment. This is important because most
warranty periods begin after substantial completion of the project. Both the Design and
Performance Warranty and the Product Warranty exclude damage to the fabric from improper
installation, poor maintenance, abuse, abrasion, caustic chemicals, exposure to high
temperatures (over 180 deg. F), fabric discoloration and shrinkage, or any unauthorized
modifications to the DuctSox system. Warranty does not cover labor, equipment rental, or
freight charges incurred as a result of executing the warranty. Figure X shows the Warranty

Period for the TufTex, SkeleCore HIS system I used for Towson Tiger Arena.

Warranty Period {in years]*
SkeleCore SkeleCore 1,2, 0r3 Surface
FTS IHS Hangers Row Mount
Sedona-Xm, 20 15 15
TufTex 10 10
(pro-rated 11-20) {pro-rated 11-15) (pro-rated 11-15)

Figure 35 DuctSox Warranty Period, Ductsox.com
Conclusions and Recommendations
Not only does DuctSox have financial and schedule saving benefits, it presents many logistical
benefits. The benefits include a cleaner site by eliminating the large sheet metal pieces, safer
installation process, and less man power and equipment. With the over welling savings
presented in the cost comparison and schedule comparison, I believe a DuctSox solution is a
logical and economical choice for any owner, Saving nearly 86 days of on-site labor will
generate accelerated schedules of all the surrounding trades as well as lead general conditions

savings for Towson.
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“Fapric duct is 24.5% more efficient than conventional sheet metal duct and diftuser systems” -

lowa State University Mechanical Fngineering Dept., Research

|
Looking at the system as a whole, we also see that the DuctSox system is more efficient and
created a decrease in service load on the main rooftop AHUS. This savings could lead to life
cycle savings for Towson. The options presented by the DuctSox system greatly out way those
of the standard sheet metal duct and I believe the system should be explored by all owners, in
all applications, to evaluate the impacts of this system for their use. DuctSox is a very versatile
system and has many applications for almost all situations. The data presented in my analysis
proves that the system would have been a great VE solution for Towson Tiger Arena, and

should be considered more often in other applications.
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Analysis 2. Designing Prefabricating Terra Cotta Wall Panels

Problem Identification

Terra Cotta is a very specialized and somewhat new building material in the United States.
With this being said, many logistical problems regarding Terra Cotta have not been realized by
construction managers. The largest logistical nightmare of Terra Cotta is material storage and
staging. If you are working on a tight site like Gilbane was on Tiger Arena (TA), you run into
the problem of where do I put it? If you were working on a job in a downtown location were
material storage is not possible then this would be extremely problematic considering the
shipment comes from Europe and arrives on large, un-stackable pallets. Lastly, due to the
existing site conditions of TA, some safety concerns has arose during the installation of the

panels in the East and West facade.

Research Objectives

A clean and safe site is a large driver for productivity on a construction project. With the above
problems, I believe Value Engineering a unitized or prefabricated Terra Cotta Wall System
could help alleviate many of the problems faced by Gilbane at Tiger Arena and many other
contractors using this new building material. In addition, this new system will help improve

the time it takes to enclose the arena for interior work to begin earlier.

After researching and designing a prefabricated Terra Cotta wall system for Tiger Arena, I
believe there will be many benefits for the Trade Contractor, Gilbane, and Towson U. The
installer of the system will have a much easier field install with simple connections and final
detailing. Most of the contractors work will be completed in a factory with a controlled
environment. Gilbane will see benefits of a decrease in installation time, safer install, less on-
site labor to manage, as well as improved site logistics. Towson should expect to receive a cost
savings for this new system as well as potential for increased quality of the final product.
Although Towson may have to pay more money for an upgraded terra cotta tile to construct the

systems, but the overall process may produce a cost savings.
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Methodology

The following approach was taken to analyze the supplementation of a prefabricated wall

system:

e Research Terra Cotta Rainscreen systems

e Review the current terra cotta system

e Research various prefabricated wall systems and compare the advantages and
disadvantages of each type.

e Contact contractors that have used the systems to gather information.

e Design a prefabricated wall panel system for Towson Tiger Arena

e Analyze the current system to the proposed system

e Analyze the cost and schedule saving potential

Terra Cotta Rainscreen Overview
Rainscreen is an exterior make-up consisting of an outer Terra Cotta wall panel, ventilated
cavity, and an inner skin. The joints of a rainscreen system are open, allowing pressure

equalization in rain conditions to be

instantaneous. This condition allows Alr | Vapor Barries
fOI' the pressure 1n81de the CaVIty Insulation Backing wall
wall to be equal to the pressure eav s T S ‘
. C e N &V = e bAY AA
outside, thus precipitation has no AT B
3 v 4 AV b o
. . . . . . \ ~ N e
inclination to be driven into cavity. N S S ba
. TR . s 4" S
The majority of the precipitation is \ Sy L T AN
Rainscreen @ Air gap QVQ >,y 5 4
b bA V b f
deflected off the terra cotta face; any panel 1§ VA " & Ve B
] 4 v bA VvV
\ N a a
penetrating water is disposed of < “ va L S S
; S Ty & v |
. < Paw. %
through drainage. i~’ g ko x D EAY
N s 2 Ng by
v 9 ppvw PN
. . Vq Py =2
The first use of terracotta rainscreen N Teav LB T
N e ot e o a
was 20 years ago by a famous Italian

Architect — Renzo Piano. Terracotta
Figure 36 Typical composition of Terra Cotta Rainscreen, terreal.com

has many long term benefits

Towson Tiger Arena 48



Derek Stoecklein

Construction Management

including improved structure life expectancy, energy

savings, and low maintenance cost; Figure 37. Some of the
""'_'“"hat is a ways terracotta improves wall structure life expectancy are
rainscreen ?
. ] ’ through addressing failures in conventional sealed systems,

( protects the wall from direct weather conditions thank to an
Improves Structure

Life Expectancy

4

Energy Savings

4

Low Maintenance
Costs

additional skin layer, prevents water penetrations with

L.

better ventilation, and equalized pressure leads to lower

capillary/water absorption. The energy savings properties

of rainscreen stems from its thermal compositions, airspace

P

£
@
E
k2
&
S

reduces heat transfer and prevents condensation, and

decreases “greenhouse gas effect”. Surprisingly terracotta

. ‘ panels are very high impact resistant and do not break

) easily, creating a lower maintenance product from
Ease of Installation

4

Versatility

damages. If tiles are broken they can easily be replaced

without removing the entire system. Terracotta panels are

also unique in the fact that they will not fade over time and

Project Benefits

.

no painting is required.
Figure 37 Rainscreen Benefits,

Terreal.com Some of the project benefits of a terracotta system include

ease of installation and versatility. The system is very simple and can be installed by many
different trades including the exterior framing or glazing trade contractor. Panels can be
installed in any weather condition due to no mortar requirements. Lightweight individual
panels can be installed from man-lifts preventing the need of scaffolding. Also, the lightweight
panels can be installed much quicker than the traditional heavier systems such as brick, stone,

granite, and marble.

Terra Cotta panels are made by shaping and firing clay- dirt. The clay consists of water, silica,
aluminum, magnesium and other natural elements. The clay is harvested and brought to the
plant were it is blended, ground, and screened for impurities. The moisture is removed in
dryers, panels are then extruded under pressure, color or surface treatments added, and finally

fired at very high temperatures to complete the panel.
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Towson Arena Terra Cotta Analysis
Towson Arena was designed with multiple facade materials, ranging from curtain wall, metal
panels, c-channel, split-face CMU’s, and terra cotta. The majority of the Terra Cotta exists on
the East and West elevations, with a small area on the North. The terra cotta located on the east
and west is located between each glazing unit and is a typical dimension of 5’ L x 1’ H. The
existing terra cotta panels are by Avenere Cladding, LLC; NeaCera Terra Cotta Rainscreen,
Figure 38. This panel is a tongue and grove system
that is supported by a vertical support system
attached to the exterior sheathing; reference cut
sheet in APPENDIX D. The make-up of the existing
terra cotta wall system includes 16 Ga. metal
framing, glass rock sheathing, z-bar girts, 2’ ridged

insulation, vertical support rails, air space, and the

NeaCera Panel. The system extends 6 72" from the

glass rock surface. Figure 38 NeaCera Terra Cotta, avenerecladding.com

When examining the terra cotta installation process and the existing site conditions I found
several complications. The first and most important is the demand for onsite storage of the terra
cotta panels, rails, and insulation. Next is the restrictions of the site on the west and east
elevations. The west elevation is adjacent to the only road on and off site; this means there
cannot be any blockages of this road at any time. In addition to the road usage issue, this road is
steeply sloped and causes issues with man lifts when trying to extend out over the road. The
lifts require level ground to extend past defined points, and the road has restricted the lifts
from extending to full boom. In order to meet these demands, the trade contractor needed to
order ultra-boom lifts for the installation of the west terra cotta. The same issue is realized on
the East elevation with traffic congestion and unstable ground for the lifts. The poor weather
and muddy conditions along the east elevation caused many issues with lifts becoming
immobilized. In addition, the mortar mixing station for the mason is located near the east

elevation of TA and this conflict caused issues with congestion and material movement.
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Lastly, the issue of safety is compromised through this method of installation. As seen in Figure
39, on the west facade all the lifts had to boom out over the load. This causes an issue with
larger vehicles coming onto sight; caution tape had to be hung from the lifts to alert incoming
traffic of the overhead obstacle. The
congestion cased on the east during
this phase of construction was greatly
impacted by the amount of labor in
one area at one time. The terra cotta
was installed while the zinc panels
were being installed and the mason

was making mortar runs all day long.

If a prefabricated system was

implemented at these locations, a large -
Figure 39 West Elevation, taken by Derek Stoecklein

risk could be eliminated as well as

clearing up the site logistics.

Prefabricated Terra Cotta Rainscreen Systems

In order to prefabricate panels for Towson Tiger Arena, new panels needed to be selected. The
existing panels were not rated for prefabrication do to the support system used. A Piterak XS 18
Rainscreen by Terreal North America, LLC has been selected as the new terra cotta panel.
chose this panel due to its clip support system and its use on other prefabricated terra cotta

wall panels.

Piterak XS 18™ (17;7,_}

Figure 40 Piterak XS 18, terreal.com
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The new panels will have a similar make-up with the same overall thick of 6 2" to maintain
the same architechtural look. Each panel will be shop finished and contain the metal studs,
king span insulation panel system, vertical support system, clips, and the terra cotta panels. The
original terra cotta panels were supported by a tongue and grove support rail. With this
support system, the weight of the top panel was the only thing holding the panel from moving
upwords. This is the reason why the original panel would not work for prefabrication, due to
transportation requirments. The new Piterak system is supported by a clip attached to a vertical
support rail, Figure 41. The clip will help support the terra cotta panels from moving around

more than the tongue and groove support.

Regular Support Profile Piterak XS 18™
Regular Clip

Figure 41 Support System for terra cotta panels,Terreal.com

The use of a Kingspan Optimo Smooth insulated metal panel system will allow for a simple
backup construction of the prefabricated panels. This system provides high R-value and
minimizes the amount of materials needed. . Removing the
layer of Glassroc and air vapor barrier typically used will save
in fabrication time. The Optimo Smooth panel uses a tongue
and groove joint, creating an air tight thermal layer. The
panels come in lengths from 6’ to 20°, widths from 2’ to 3 2’
and thicknesses from 2” to 4”. The panels are constructed with
a foam rigid insulation core and wrapped with galvanized

steel. They will be attached to the metal stub framing and

have the support profile rails attached to the front face.

Figure 42 Optimo Smooth Insulated
Metal Panel joint, kinspanpanels.us
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R-Value Comparison ft*-°F-h/Btu

Description R-Value Thickness Subtotals
Existing System
FOAMULAR 250 Rigid Foam Insulation 5 perinch 3" 15
GlassRoc Exterior Sheating .51 per SF 5/8" 0.51

TDtElIl 15.51
Prefabricated System
Optimo Smooth Insulated Metal Panel 7.5 perinch 3 5/8" 27.19

TDtElll 27.19

The prefabricated panels will be attached to

the structure using a 4” x 10” bent plate,

' DENSCLASS

bolted to the top of the slab or a clip and

f I~

It

I

‘ K SEE DETAIL [453/45.03
STAINLESS CLP 2 FOR CONNECTION
& SCREW — o @
BY TERREAL ‘ ¥ é;'“.TﬁEgg LaTe

L1 o1

\ HILTI KWIK BOLT
| /
‘ .
\
\
‘ .
\
\
1

angle supported under the steel beams. The

12" PITERAK XS 18
TERRACOTTA PANELS

Sodordy dodosoa

connection will depend on the location. For

VERTICAL
SUPPORT RAIL

the West elevation there will be a clip and KINGSPAN, INSU ATED

CONCRETE
BY OTHERS

=

angle connection at level one and three, as

— - - - - . - - _—_— =

Edosgy dodopoodan
4

well as a bolted bent plate at the second

POUR_STOPS
BY OTHERS

level. A typical slab connection detail can be Y
I 2\ TYPICAL HARD COMNECTION DETAN
Seen l.n Flgure 43. L SCALE: 3"=1'-0" DRAWING: TYPICAL HARD CONNECTION

) . Figure 43 Typical Connection for Prefabricated Terra Cotta Wall
* Detail provided by Wyatt Inc. Panels, provided by Wyatt Inc.

Lastly, when I examined the existing terra cotta, I identified the sections that could be
prefabricated and the ones that would not benefit from prefabrication. I found two wall
sections that a prefabricated panel would not be feasible due to the canopy roof. These sections
are located along the promenade walk way, at the main entrance, and near the east entry way.
Of the roughly 6,000 SF of terra cotta, these two areas only take 720 SF. These sections will

have to be field installed as the traditional system is installed.
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Panal | Width  Height SF # of TC Panels
1 11'-0" 37 413 P!
2 5'-8" 37 210 37
3 5'-8" 37 210 37
4 5'-g" 37 210 37
3 5'-8" 37 210 37
5] 5'-g" 37 210 37
7 5'-8" 37 210 37
a8 5'-g" 37 210 37
9 5'-8" 37 210 37
10 5'-g" 37 210 37
11 11'-0" 37 413 P!
12 11'-0" 37 413 FLi!
13 5-8" 20' 113 20
14 5-8" 20' 113 20
15 5-8" 20' 113 20
16 5-8" 20" 113 20
17 5-8" 20' 113 20
18 11 20' 220 a0
19 11 20' 220 a0
20 11 20' 220 a0
21 - - 193 a0
22 11 a' 88 16
23 11 30" 333 60
24 11 30" 333 60

Total 301 051
* Terra Cotta Dimensions: 5'Wx 1'H

Table 12 Designed Panel Sizes, created by Derek Stoecklein
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Delivery of Panels

The delivery and installation process for the panels will be based on the numbered table above.
Starting with panel 1 and finishing with panel 24, all panels will be erected with the on-site
crane. These picks will be coordinated with Gilbane and the crane operator to insure
availability when the panels arrive on-site. The crane used for Towson Tiger Arena is a
Manitowoc 999, rated at 200 TON. The extra-long boom and jib attachment will allow for easy

panel erection around each side of the building without moving the crane.

Just in time delivery will be utilized to eliminate extra panels and backed up truckloads. The
panels will come complete from the factory with support angles and clips at the pre-
determined locations. Once on-site, the crane will pick the panels from the truck to final
location on the building. Prior to the detaching the crane, the panel must be supported at the
top and bottom location and verified for alignment and placement. Complete installation of a
panel is assumed to take one day. Complete installation includes picking, counter clashing top

and bottom, verifying install location and levelness, and all support connections.

Schedule and Cost Comparison

Comparing the schedule & cost of the existing system with the prefabricated system was
challenging due to the amount of work and different trades required for the standard stick
built system. The areas analyzed in the standard system are layout, framing, sheathing, air
barrier, and terra cotta. That equates to three different trades all involved in the installation of
the complete terra cotta system. After completing a take-off of the given tasks on the 6015 SF of
existing terra cotta, I found the cost to be $628,397 with duration from layout to completing

the terra cotta of 211 days. That’s 10.5 months and roughly $65.60 SF for material and labor.

To compare these numbers to a prefabricated system, I was able to research two case study
applications of prefabricated terra cotta. I was able to receive cost data of $65SF to $90SF for
material and labor. These numbers are largely different due to the applications of each and the
level of difficulty. Since the panels I design for TA are relatively uniform and rectangular
shapes, I assumed an average price of 70$ a SF for material and labor. As stated before, there

are two sections of the building that will not benefit from the prefabrication process due to the
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conflicting canopy roof. Considering this, I needed to add a line item in my prefabricated price
and schedule for the stick built sections. The estimated cost of a prefabricated terra cotta system

for TA is $674,510, with an overall duration of 119 days.

Tiger Arena Terra Cotta Cost
Task Duration Cost
WEST
Layout 6 57,500
Framing 20 545,075
Sheathing 10 521,200
Air Barrier 16 559,756
Terra Cotta 20 $33,750
Sub Total 72 $167,281
EAST
Layout 6 57,200
Framing 20 534,800
Sheathing 7 520,300
Air Barrier 16 533,344
Terra Cotta 15 $22,500
Sub Total 64 $118,144
NORTH
Layout 5 58,300
Framing 7 526,150
Sheathing 7 $11,300
Air Barrier 6 521,771
Terra Cotta 10 518,750
Sub Total 35 586,271
Misc Cost
Terra Cotta Fab and Del 40 $250,000
Punchlist / Closeout - $6,700.00
Sub Total 40 $256,700
Complete
Total 211 $628,397

Table 13 Tiger Arena Terra Cotta Estimate, created by Derek Stoecklein
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Prefabricated Panels
Task Duration Cost
Terra Cotta Fab and Del 40 5250,000
Prefab and Del Panels 35 $211,800
Installation of Panels 24 $158,850
Punchlist / Closeout - 56,700

Stick Built Sections 20 547,160
Total 119 $674,510

*Prefab and Del Panels & Installation = 705 SF, assumed

405 for material and 305 for labor

Table 14Prefabricated Panel Estimate, created by Derek Stoecklein

The cost of the two systems does not vary drastically. I believe this is due to the cost of
delivering the panels to the site, as well as the cost of the upgraded terra cotta panels. I do not
find this surprising, considering I never expected a cost savings. When I began my analysis of
this system, I was expecting to see the largest savings in on-site construction, as well as
increased safety and quality. The schedule comparison in Table 14 displays the on-site
construction savings of 92 days. With this schedule savings, Gilbane can concentrate their
efforts of completing the remaining facade constructions on the North and South to provide a

closed in building earlier.

Schedule Comperision

Existing System 211
Fab and Del Terra Cotta 40 Days
Complete Installation 171 Days
Prefabricated System 119
Fab and Del Terra Cotta 40 Days
Shop Fabrication 35 Days

Installation
Savings of 92

Days

Installation 24 Days
Stick Built Section 20 Days

Table 15 Schedule Comparison, created by Derek Stoecklein
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Conclusions and Recommendations

In Italy, terra cotta means “Baked Earth”. Terra Cotta is made the same as brick and clay roof
tiles that have performed excellent and lasted 100’s of years. Designed with a new modern look
but the same “peace of mind” of centuries of successful performance from the most natural
building products. Rainscreen systems allow for an equalized pressure, giving any precipitation
inclination to drive into the cavity. Terra Cotta is a 100 percent natural and recyclable, giving
it valuable points with a LEAN and Green owner. Terra Cotta seems to be becoming a very
popular building material, rightly so with the advantages covered in this report. Although
Terra Cotta maybe initially more expensive than other materials, it will save the owner through

its long life cycle.

“A wall panel made of dirf that will remain color permanent, tully tunctional, and
beautitul for more than 100 years.” — Terreal North America, LLC

Through my analysis of supplementing a prefabricated terra cotta panel system on Towson
Tiger Arena, I have found several advantages as well as disadvantages. The main advantages of
the system are schedule, safety, quality, and logistics. Using a prefabricated system will increase
the safety on-site in two major ways; less labor and material on-site at a given time and no
longer will the West facade need to be built with Ultra Boom lifts over the main site access
road. These items will also improve the logistics of the site. Removing additional labor and the
staging required for all the terra cotta panels will eliminate site congestion and confusion.
Quality should also see a significant increase. When constructing any facade in the field you
always face the elements. These elements will almost always impact the finish quality of the
final product. Another quality issue faced is the access to work and materials which was very
poor on TA due to current site constrains and conditions. Prefabricating these panels in a
controlled factory condition will help eliminate these safety, quality and logistic issues. The
major disadvantage I found with this system is the access to some of the facade locations,

limiting any logical prefabrication at those locations. Another disadvantage I found for the
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implementation of a prefabbed system at TA was the panels needed to be upgraded to a more

expensive terracotta, leading to in overall increase in the cost of the system..

My recommendations for implementing prefabricated wall panels at Towson Tiger Arena
would be to identify a prefabricated system as desirable or logical early in and introduce a
design assist approach for the major bid packages. This design assist approach would help
provide constructability and design recommendations to the design team. If the system was
more standard in dimensions across all the building materials, the entire facade of Towson
Tiger Arena could have benefited from prefabrication. The prefabricated system designed in
this analysis is feasible and constructible but the global impacts to a stick-built facade around it
may over way the advantages listed. In conclusion, I believe the entire facade would need to be
prefabricated to see the benefits of all the responsible parties. The terra cotta seemed the most
logical to try and prefab due to its simplistic design and configurations. In the end, I think I
would need to be a complete prefabbed faced for the real advantages of prefabrication to be

realized by the team.
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Analysis 3. Production Planning of the Truss MEPF

Problem Identification

The MEPF work within the trusses of Tiger Arena is very intense and involves a large amount of
coordination between all the responsible parties. Issues began when the electrician, plumber,
and sheet metal crews and the sprinkler contractor were all fighting for space that wasn’t
there. Tiger Arena is an open concourse arena with very little useable area to access the truss
work other than from the bowl floor. With less than 10,000 SF of usable space for staging,
hoisting, and equipment, there isn’t much room for work to flow. Essentially the contractors
were scheduled to complete all their work within the scoped time and no further guidance for

sequencing or coordination of space.

Collaborative work planning is a term to describe the process used to improve work flow
within a given space or project through advanced planning and problem identification early
on. Collaborative work planning uses several tools to identify parameters and propose solutions
such as last planner, quality circles, house of quality, space planning, design structure matrix,
SIPS, production sequence planning, labor tracking, and a long list of others. For Tiger Arena, a
more detailed approach to collaborative work planning would help greatly in improving the

work flow and production of all the trade contractors within the trusses.

Methodology

The following approach was taken to analyze collaborative work planning of the truss MEPF.

e Evaluate the baseline schedule and the actual schedule.

e Research collaborative planning tools and how they will improve the production during
this phase of construction.

e Implement and analyze the collaborative planning method selected.

e Compare the new sequencing and planning methods to the actual.
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Research Objectives

Through the implementation of production planning, the productivity of the MEPF systems will
be improved and decrease the congestion of the bowl floor. The work will be re-sequenced into
an organized and manageable process that best fits all the needs of the contractors. Increased
planning will eliminate the contractors from working over top of each other in the same spaces
to try and install there system according to the baseline schedule. Additionally, the coordination
between each foreman and weekly look a heads to identify what each trade will be doing will
help eliminate safety hazards and confusion between what the contractor is responsible for at a
given time. In conclusion, collaborative work planning should help improve the schedule, site
congestion, cost savings to Towson, and overall value added by identify and meeting the

owners wants.

Towson Arena Schedule Examination

The MEPF phase of Towson Tiger Arena includes the following activities.

e Sprinkler

e Strom

e Communication Conduit
e HVAC Pipe

e Duct work

e Lighting

e Electrical Conduit

e Painting

e TFire Alarm

e Electrical Devices
Baseline Schedule

This is a large amount of work that needs to be coordinated and scheduled to allow for the
work to flow without delays and increased cost. As seen in Table 16, the baseline schedule, this
phase is scheduled to begin on April 12, 2012 with storm water rough in (RI). This makes the

most since due to the concerns of slope requirements of this system. In order for this phase to
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begin, the rough decking must be installed for support of the MEPF systems. The steel decking is
erected from the NE corner of TA towards the SW corner, following the steel truss erection.
Following the storm RI is the comm conduit and elect conduit, duct RI, sprinkler RI, duct
insulation, painting, and finish work. According to the baseline schedule, all this work will be

completed by November 15, 2012.

Baseline Schedule
Task Duration Baseline Start Baseline Finish

Sprinkler Rl @ Trusses 44 7/5/2012 9/4/2012

Storm Rough In Truss Lvl 30 4/12/2012 5/23/2012
Comm Conduit/Cable tray 20 472472012 5/21/2012
HVAC Pipe Rl @ Trusses 30 5/30/2012 7/11/2012
Conduit/wire Truss Lvl 45 4/24/2012 6/25/2012

Duct Rough In 50 5/30/2012 8/8/2012

Duct Insulation @ Trusses 20 7/26/2012 8/22/2012
Paint @ Trusses/Deck 50 8/9/2012 10/17/2012

Lighting @ Truss Level 20 10/5/2012 11/1/2012
Fire Alarm Devices and Test Truss Level 20 10/19/2012 11/15/2012
Electrical Devices @ Truss Level 15 10/19/2012 11/8/2012

Table 16 Baseline Schedule, created by Derek Stoecklein

atr 1, 2012 Qtr2, 2012 Qir 3, 201 Qtr 4, 2012
Dec Jan | Feb | Mar Apr | May lun Iul Aug | Sep Oct | Nov Dec
Kinsley { Steel @ =]

———— Step| Decking Sequence Quration
@@ Erect Catwdlk

DenverElek - Mechanical @ -
s Sform Rough In Truss L

HVAQPipe Rl @ Trusses
Duct Rough In
Duct Insulation @ Trusses

BK Truland - Electrical g W

@ Cdmm Conduit/Cable tripy
s Conduit/Wjre Truss Lvl
s Lighting @ Truss Ley
@ Electrical Devices
@ Fire Alarm Devi
NFPE Sprinkler p——— ey

Sprinkler Rl @ Trusses
NLP - Painting =]
— Paint @ Trusses/Deck

Schedule 1 Baseline, created by Derek Stoecklein (Seen if full in APPENDIX F)
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When looking at this sequence choosing, we most also consider the erection of catwalk. This is
important because for the Comm. conduit, electrical conduit and sprinkler system are all
supported by the catwalk in designed locations. This erection is schedule for April 25 thru May
23, 2012. As you can see in the attached baseline schedule, Schedule 1, during June and into
July four different contracts are fighting to complete work in the same space. With the

confined space requirements listed before this will become a problem.
Actual Schedule

Knowing how the project was scheduled from the beginning I was anxious to compare this to
the actual construction duration. Table 17, 18 and 19 help to illustrate the difference between
the baseline and actual construction schedules. In Table 17, the red dates identify the activities
that are “Late Starts” and the blue dates identify “Actual Starts”. As you can see in the Delta
column, the majority of the activities did not start on-time. Table 18 shows this comparison

with the start and finish dates of the truss MEPF.

- [ActualStartDates

Task Actual Duration Baseline Start Actual Start Delta

Sprinkler Rl @ Trusses 39 7/5/2012 45

Storm Rough In Truss Lvl 25 36

HWAC Pipe Rl @ Trusses 32 7

Actual Starts (Comm Conduit/Cable tray 36 29

vs. Baseline |conduit/wire Truss Lvl 114 16

Analysis  |Duct Rough In 33 a3

Duct Insulation @ Trusses 15 35

Paint @ Trusses/Deck 63 6

Lighting @ Truss Level 20 10

Fire Alarm Devices and Test Truss Level 21 6

Electrical Devices @ Truss Level 47 10/19/2012 19

- [|ActualFinishDates

Task Actual Duration Baseline Finish Early Finish July Delta

Sprinkler Rl @ Trusses 39 9/af2012 50

Storm Rough In Truss Lyl 25 31

HVAC Pipe RI @ Trusses 32 8

Actual Starts Comm Conduit/Cable tray 36 45

vs. Baseline |Conduit/Wire Truss Lvl 114 85

Analysis  |Duct Rough In 33 25

Duct Insulation @ Trusses 15 19

Paint @ Trusses/Deck 63 19

Lighting @ Truss Level 20 10

Fire Alarm Devices and Test Truss Level 21 6

Electrical Devices @ Truss Level a7 13

Table 17 Actual vs. Baseline Comparison
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Some of the important activates to note in these tables are Electrical conduit, Comm conduit
and Sprinkler RI. As noted before, all of these activates need the catwalk to be erected in order

to complete them. The catwalk took 38 days to erect, that’s a difference of 33 extra work days.

Qtr 1, 2012 Qkr 2, 2012 Qtr 3, 2012 Qtr 4, 2012
lan | Feb | Mar Ar | May | Jun Jul Aug | Sep Oct | Nov | Dec

teel

Steel Decking Sequpnce Duration
Erect Catwalk

DenverElek - Mechanical

Storm Roggh In Truss Lyl

e HPACPipe RI @ Trusses
Duct Rough In

G Duct Insulation @ Trusses

BE Truland - Electrical

s C4mm Conduit/Cable tray
S Conduit/Wire
G Lighting @ Truss Ley
Electrical Devi

s |Fire Alarm Devi

rLiss Lvl

NLP - Pajnting gy
— Pain{ @ Trusses/Dec

NFP - Sprinkler
':_'_'wmm}m

Schedule 2 Actual Durations, created by Derek Stoecklein

The large reason for this decrease in productivity was the lack of material ordering for the
catwalk steel. This had a large impact in the entire productivity of the truss MEPF because is
caused the work to be pushed closer together and created more congestion within the small

space.

Another thing to note from Schedule 2 is the increase in some of the durations that is directly
related to poor production, site congestion and access to material. The Comm conduit saw in
increase in duration of 16 days and the electrical conduit increased 69 days. Lastly, I noticed a
large move in the start date of the sprinkler system of almost two months. In the comparison
schedule that I have attached, you can see the baseline schedule and the actual schedule
superimposed over each other to help illustrate the increase indurations and the changes that

had to be made.
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Actual Start vs Baseline Start
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Table 19 Actual vs. Baseline Start Plot, created by Derek Stoecklein
Actual Finish vs Baseline Finish
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Table 18 Actual vs. Baseline Finish Plot, created by Derek Stoecklein
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Name Duration: Duration: |Duration: |Jan'12 [Feb 'l | Mar '12 Apr '12 'May '1 lJun '12 ' |Aug'l [Sep '12 |Oct'12 'Nov '12 I
Current  |Previous Diff 1]8/1522/29/ 5/12]/19]26/ 4 [11]18/25 1] 8[15/22]29] 6 [13/20/27] 3 [10]17]24] 1 | 8 [15/22]29] 5 [12]19]26] 2 | 9 [16/23[30] 7 [14]21 28] 4 [11]18]25]
1/Kinsley - Steel 109 days 84days 25d
2| Steel Decking Sequence Duration 109 days 84 days 25d
3| Erect Catwalk 38 days 5 days 33d
4DenverElek - Mechanical 78days 95days -17d v
5/ Storm Rough In Truss Lvl 25days 30days -5d
6 HVAC Pipe Rl @ Trusses 32 days 31 days 1d
7/ Duct Rough In 33 days 51 days -18d
8/ Duct Insulation @ Trusses 15 days 20 days -5d
9/BK Truland - Electrical 140 days 148 days -8d
10| Comm Conduit/Cable tray 36 days 20 days 16d
11|  Conduit/Wire Truss Lvl 114 days 45days  69d
12| Lighting @ Truss Level 20 days 20 days od
13| Electrical Devices @ Truss Level 47 days 15days 32d
14|  Fire Alarm Devices and Test Truss Level 21 days 20 days 1d
15|NFP - Sprinkler 39days 44days -5d v v
16| Sprinkler Rl @ Trusses 39 days 44 days -5d
17/NLP - Painting 63days 50days 13d
18| Paint @ Trusses/Deck 63 days 50 days 13d
Task: Baseline Summary: Actual ===l Placeholder Finish: Previous a1 Inactive Milestone: Current @

Task: Actual
Project: Towson Tiger Arena MEP

Placeholder Duration: Previous Placeholder Finish: Current

Inactive Summary: Previous

Milestone: Previous L 2 Placeholder Duration: Current Inactive Task: Previous Inactive Summary: Current
Date: Thu 3/21/13 ¥
Milestone: Current ® Placeholder Start: Previous C Inactive Task: Current
Summary: Baseline Placeholder Start: Current Inactive Milestone: Previous <
Page 1

66



Derek Stoecklein

Construction Management

Construction Productivity

Time and cost overruns in large scale construction projects are very common. Studies show
that between 70 percent and 90 percent of projects exceed the original planned cost and that
the overrun commonly varies between 50 percent and 100 percent of budget. The causes of

construction overruns have been investigated and the most common causes are listed below:

e Poor or incomplete design and documentation

e Client scope change during construction

e Mistakes during construction

e Delays in decision making or instructions

e Poor communication and information dissemination
e Poor planning and scheduling

e Weather

e Labor skills, availability or disputes

e Incorrect material types or quantity

Introduction of Last Planner

Large scale construction projects suffer from cost and time overruns that are typically a
symptom of productivity problems and directly affect overall industry profitability. As a result,
methodologies have been developed to reduce the risk of overruns and improve project
outcomes. A number of these methods are based upon Lean production principles that focus on
identifying value, eliminating waste and creating a smooth flow of materials, information and
work. The application of Lean to construction is based upon treating the construction site as a

temporary production line and is referred to as Lean Construction.

The Last Planner System (also known as Collaborative Planning, Lean Planning, Pull Planning,
and Short-term planning) is a method of controlling and providing certainty around materials,
resources and dependencies at the work face by using a collaborative approach for pull

scheduling.

The key practices of the Last Planner System (LPS) include:
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e Minimizing work variability between tasks as a way of improving the labor
utilization.

e Creating look-aheadplans that are based upon work tasks that can be completed

without interruption, rework, or remobilization.

e Planning work on weekly basis through coordination meetings involving planners
and supervisors.

e Measuring progress by monitoring the actual completion of work and using weekly

learning to improve work practices.

Last Planner System

Master Schedule \ Set milestones
and key dates
Sl Phase Schedule \ Specify handoffs
Do between trades
[ Can
o Look-Ahead Plan
Will

Progress Tracking & Done

Make ready and
initiate re-planning
as required

Weekly Work Plan

o

Improving

Measure progress and remedy issues

Figure 44 Last Planner Process Map, Agile and Lean Applied to Construction

The Last Planner
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The LPS has four levels of planning. The degree of detail in plans is refined and uncertainty is
reduced through each level by careful consideration of what SHOULD and CAN be done,
Figure 44. Planning this way keeps objectives firmly in front of the project team and helps
identify and remove obstacles to their achievement. The resulting predictable flow of work
from one crew to the next reduces waste, simplifies further planning and finally is the key to

delivering value to the clients.

Dresign Criterla

Master CPM
Work Structure schedule
Tearn Input Phase Schedulin .
eam Inpu ase I e
Selecting,
Status and Sequencing, and Status and
Forecasts sizing work WE Forecasts
THIMEK CAN be done
¥ ¥
Lelecting,
Information r:::i::nrr H.-E::;}‘ Workable Sequencing and Weekly Waork Chart PPC &
Bull ng Backlog Sizing Work We Plan Reasons
ME KNOW CAN be done
Requirements Production Complete

k
Figure 45 The Planning Process, created by Derek Stoecklein e

The planning system in Figure 45 illustrates the process taken for Last Planner on a more
detailed level than Figure 44. A master CPM schedule is created to demonstrated the feasibility
of completing the work in the available time, develop and display execution strategies,
determine when long lead items are needed, and identify milestones important to the client. At
the next level, a more detailed phase schedule will be created to support the completion of the

master schedule milestones.
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Phase schedules developed to achieve the milestones should be prepared closer to action but
early enough to make work ready and assure coordination. Phase schedules should be prepared
at least six weeks prior to the start of their first activity or even sooner if longer lead times have
been identified. The best practice is to gather the work management team, review the master
schedule and appropriate milestones and then working back from that milestone to identify the
work needed to complete the phase. In the case of TA, this phase is the MEPF in the trusses and
will involve the mechanical, electrical, plumbing, sprinkler, steel, and painting contractor. This
back-to-front process identifies the conditions required for work to be released from one
activity to the next and the coordination necessary to allow multiple activities to proceed
concurrently. In conclusion, master schedule activities are magnified in phase scheduling.
Each phase includes activates that in turn must be further magnified and screened in the

lookahead plan that typically includes work for the next six weeks.

In schedule X, you can see the re-sequencing of the MEPF truss work that I choose based of the
parameters of the last planner system. With this collaborative work planning system in place, it
allows the work to be sequenced concurrently with small five day lags between start dates. This
phase schedule would need to be completed in conjunction with the responsible parties by the

middle of March to insure all the materials are available and work is properly coordinated.

Qtr1, 2012 [otr 2, 2012 [atr 3, 2012 [otr 4, 2012 [qer 1, 2013
Jan | Feb | Mar [ Apr May [ Jun | dul Aug Sep Ot | Now Dec | lan
Steel Decking Sequence Duration
I S [Erdct Catwalk
¥ Storm Roughlln Truss Lvl

ipe Rl @ Trusses
Sprinkler Rl @ Trusses
L=—Cm:uw-£n. duit/Cable tray

. Conduit/Wire Truss Lvl

=]

Paint @ Trusses/Deck
Lighting @ Truss Level

Ductsox

Electrical Devices @ Truss Level

Fire Alarm Devices and Test Truss Level

Schedule 3 Re-Sequenced Schedule, created by Derek Stoecklein

The next step in the process is lookahead planning. The process is straightforward; activities
fall into the lookahead schedule, typically six weeks before the work is supposed to start. As

time passes, the level of detail is magnified as specific tasks within the larger activity are
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identified. Each task is screened to assure requirements are identified and pulled into readiness

to maintain a backlog of work available to the last planner.

This lookahead period is used to:

e Shape workflow sequence rate.

e Match workflow to the amount of labor and equipment available.

e Prepare and maintain a backlog of ready work to assure continues work when rates of

production vary from planned.

e Develop detailed plans for how work is to be done considering safety, environmental,

and quality issues.

Thus lookahead planning assures the flow of work through the production system.

How LPS Works

Project
Objectives

Planning the Work

CPM Scheduled Milestones

e

The Last Planner

WILL

Figure 46 Input of Last Planner, created by Derek Stoecklein

Production
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Telling people what should be done is not enough. The planning system must assure they have
what it takes to do the job. Discovering what can be done only after the crew arrives will not

assure reliable workflow between crews.

A reliable assignment, one that gets done at the required time, determines a “WILL” be done,
after considering both what “SHOULD” from the Master CPM Schedule and what “CAN” be
done based on the situation at hand. The Last Planner’s Weekly Work Plan is a committed plan
of only work that CAN be done. Increased plan reliability improves performance of the crew
and simplifies coordination with others because they will be better able to organize their work
and plan the methods to be applied. Thus the certainty of workflow from one crew to the next

is a key to improving project performance.

Re-Sequencing of MEPF Work Overview

Task Name Duration Start Finish
Steel Decking Sequence Duration 84 days Mon 1/23/12 | Thu 5/17/12
Erect Catwalk 5 days Thu 4/19/12 Wed 4/25/12
Storm Rough In Truss Lvl 30 days Fri4/20/12 |Thu5/31/12
HVAC Pipe Rl @ Trusses 31 days Fri4/27/12 Fri6/8/12
Sprinkler Rl @ Trusses 44 days Fri5/4/12 Wed 7/4/12
Comm Conduit/Cable tray 20 days Fri5/11/12 Thue/7/12
Conduit/Wire Truss Lvl 45 days Fri5/11/12 |Thu7/12/12
Paint @ Trusses/Deck 50 days Fri7/6/12 Thu9/13/12
Lighting @ Truss Level 20 days Frig/31/12 | Thu9/27/12
DuctSox 14 days Frig/7/12 Wed 9/26/12
Electrical Devices (@ Truss Level 15 days Fri9/14/12 Thu 10/4/12
Fire Alarm Devices and Test Truss Level 20 days Fri9g/14/12 Thu 10/11/12

Table 20 Re-Sequenced Schedule Durations, created by Derek Stoecklein

Re-Sequencing Considerations

e Catwalk must be done for sprinkler to finish and Comm conduit on catwalk.
e Storm RI first to meet designed slopes.
e NE to SW corner erection phases to stay out of the way of the steel and catwalk

erection.
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e Storm, HVAC pipe, Sprinkler, Conduit must be in before painting.

e DuctSox not painted anymore and finish electrical work not painted.

e 5 day lag on start for Storm, HVAC pipe, Sprinkler, Conduit to allow the prior trade to
move on.

e Comm conduit and Elect conduit will be installed by the same trade so they will start
together.

e Same with electrical and fire devices.

*Re-Sequenced schedule seen in full in APPENDIX F

South-West North-East

Plumbing and Mech RI

Electrical RI

DuctSox and
Finish Electrical

Figure 47 Re-Sequenced Work Flow, created by Derek Stoecklein
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Name Duration: |Duration: |Duration Qtr 1, 2012 Qtr 2, 2012 Qtr 3, 2012 Qtr 4, 2012 Qtr1, 2013
Current Previous Diff Jan ‘ Feb ‘ Mar Apr May Jun Jul ‘ Aug Sep Oct Nov Dec Jan

| 1Kinsley - Steel 84days 109days -25d
| 2| Steel Decking Sequence Duration 84 days 109 days -25d
| 3| Erect Catwalk 15 days 38 days -23d
| 4/DenverElek - Mechanical 114 days 78days 36d
|5/ Storm Rough In Truss Lvl 30 days 25days 5d
| 6/ HVACPipe Rl @ Trusses 31 days 32 days -1d
|7 Duct Rough In 33 days
| 8 Duct Insulation @ Trusses 15 days
9/ DuctSox 14 days
| 10/BK Truland - Electrical 110 days 140days -30d
| 11} Comm Conduit/Cable tray 20 days 36 days -16d
| 12| Conduit/Wire Truss Lvl 45 days 114 days -69d
| 13| Lighting @ Truss Level 20 days 20days 0Od
| 14/ Electrical Devices @ Truss Level 15 days 47 days -32d
| 15/ Fire Alarm Devices and Test Truss Level 20 days 21 days -1d
| 16|NFP - Sprinkler 44days 39days 5d
| 17| Sprinkler Rl @ Trusses 44 days 39days 5d
| 18)NLP - Painting 50days 63 days -13d

19| Paint @ Trusses/Deck 50 days 63 days -13d

Project: Re-Sequenced vs. Actual
Date: Fri 3/22/13

Task: Actual
Task: Re-Seq

Milestone: Previous
Milestone: Current

Summary: Actual

Summary: Re-Seq v @ Placeholder Finish: Previous |

Placeholder Duration: Previous
Placeholder Duration: Current
Placeholder Start: Previous C

Placeholder Start: Current

Placeholder Finish: Current

Inactive Task: Previous

Inactive Task: Current

Inactive Milestone: Previous <

Inactive Milestone: Current
Inactive Summary: Previous

Inactive Summary: Current
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General Conditions Impact

After comparing the Actual schedule to the re-sequenced schedule created using last planner, I
found a savings of 33 days at the end of the MEPF phase. Two large components for this
schedule decrease is the implementation of a DuctSox system, as well as concurrent activity
scheduling. The new finish date for this phase is 10/11/12, instead of the actual finish date of
11/27/12. This means that all the finish work on the court can begin earlier as well as the
scoreboard and ribbon display. I believe that the decrease in schedule of 33 days will carry
over the remaining phases and allow for early substantial completion. The implementation of

last planner will also aid in this success.

From the analysis of the fabric duct, I calculated the general conditions (GC) for TA at
$214,927 a month or $§10,747 a day. If Gilbane is able to maintain this schedule decrease for
the duration of the project through the last planner system and tracking the work that CAN be
done, Towson should see a GC savings of roughly $354,629.

Conclusions and Recommendations

Gilbane experienced several complications when it came to the MEPF work within the trusses
that impacted the overall schedule. Through overtime and Saturday work, they were able to get
back on track in the end, but not without costing the owner more money than expected.
Planning what should happen and what CAN happen was an issue. When the baseline
schedule was created, all the trades agreed on their milestones and durations, but with many of
the productivity issues I listed above, they could not meet these dates in all occasions. That is
where the Last Planner System comes in. Gilbane made an effort to organize two week
lookahead schedules and discuss with trade contractors during daily foreman meeting but the
lack of advanced planning was missing. The problem is they were using the baseline schedule
to determine what should come up next. By the time the two week schedule were made and
discussed with the foremen, it was too late for them to organize and order material and labor.
The Last Planner System would solve this issue by planning six weeks ahead of schedule and
tracking the progress of organizing and ordering up to the start date. With the baseline
schedule durations and milestone pre coordinated with each trade and phase, Gilbane has a

great platform to pull the LPS from. If they would have implemented a system like this into
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their production planning from the beginning, they would have hit the original substantial
completion date of 1/31/13. Once the work began to fall behind, it is hard to implement this

practice.

In conclusion, the LPS is a Lean construction tool that requires the entire team’s cooperation
and input. Not only is LPS a production planning tool, it can also be seen to have impacts on the
safety and quality of a project. These impacts can be seen due to the advanced planning and
coordination of the trades. Giving them greater direction on what they should be doing each
day and who will be following them up in a given area. I believe TA could have seen a great
benefit from last planner and the industry could also use this tool to improve productivity on

almost any job type.
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Analysis 4. Cisco StadiumVision

Problem Identification

Towson has created a poor reputation for itself within the basketball community through many
losing seasons. To change this reputation, Towson made a bold move to rebuild their program
from the ground up, with the plan to clear this reputation and create a winning one. A huge
challenge for sports organizations, especially Towson with their previous reputation, is getting
fans to come. The options presented to home spectators has greatly increased and become more
interactive with HDTV, DVR’s and PCs. This forces sports and entertainment venues to place
increased focus on upgrading the sporting experience for their fans.

“State of the Art Technology throughout...A Basketball fan’s dream”
“The Best Basketball facility in the Mid-Atlantic” — Towson’s

University

Not only is this possible, it is right in front of them. With amenities including a hospitality
room, hall of fame room, multipurpose room, and several high end donor/president suites,
innovative technologies would be a perfect fit. The ultimate fan experience is what Towson
wants, and through creating a technologically wired building from head to toe they will excel

in creating the ultimate experience.

Research Objectives

The solution is simple; create the ultimate experience with Cisco StadiumVision, an innovative,
end to end video and digital content distribution solution that transform the look and feel of a
venue. Designed to easily and cost effectively deliver live game video and programming, target
advertising and promotions, and customized content to any display, on a per event basis, the
“total package” for Towson .With near limitless capabilities for promoting themselves and
creating an interactive environment within the arena, Cisco StadiumVision can help meet

Towson’s vision.
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The implementation of a technology such as this will create a unique, compelling experience
that keeps fans coming back to Tiger Arena again and again. Also, allowing Towson to generate
exciting new business opportunities through the many powerful applications of this system.
Through this research, I will find the advantages of Cisco StadiumVision to the spectator and
the venue owner as well as analysis the system demands of adding all this technology to Tiger
Arena. A detailed analysis will be completed on the power support of Cisco’s system and

insuring that Tiger Arena can handle this additional load.

Methodology

The following approach was taken to analyze Cisco StadiumVision.

e Determine Towson’s exact wants/needs out of Tiger Arena

e Explore case studies and how current owner/users feel about the system

e Evaluate the current system within Tiger Arena

e Research Cisco StadiumVision through online examination, cisco.com

e Analyze the potential benefits to Towson and the fans

e Design a Cisco StadiumVision solution for Tiger Arena

e Evaluate the electrical demands of an upgraded system

e Determine if Tiger Arena’s current system can handle the new electrical demands

e Provide conclusion and recommendations

ol l el l I
CISCO.
StadiumVision

Inte Media

> Team

Promotions

Figure 48 Cisco SV Content Service Framework, Cisco.com
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Preliminary Research
Tiger Arena is currently designed SCASEUNITRTAR A

with some unique audio visual and
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rooms, one on the first floor and the
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a large IT room located on the first

floor. Housed in the large IT room
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are three IT server racks that will be

moved from Unitas Stadium — ° 1§
(Towson’s lacrosse and football field)
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............ VRITREAD

like to use TA for all their production
of events in TA as well as Unitas

stadium. This would involve running
the existing systems in Unitas into TA —— e -
through a sizable ductbank. The

connections would be made directly

to the three servers in the IT room
Figure 49 Existing racks from Unitas, TA Contract Documents
productions rooms, truck pads, and

camera platforms. In addition to them moving the IT equipment to Tiger Arena, new equipment

would need to be installed to handle the new systems as well as the original in Unitas.
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Figure 50 Tiger Arena and Unitas Fiber Connections, TA Contract Documents

The production rooms in Tiger Arena will house the event staff and all the venue controls for
the scoreboard, video switching, camera feeds, and others. TA has previsions in place for future
expansion of systems and technology, but they unfortunately didn’t explore opportunities to

implement these technologies in the current design. The building has Wi-Fi hotspots located
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throughout for access by fans and personnel, as well as AV support and connections within the
private boxes and multipurpose areas. Towson had the idea in mind that there would be a need
and want for a connection with the spectators though technology medians, they just weren’t

sure what this system would be.

When I first researched Cisco Connected Stadium and their StadiumVision solution, I found
that it to be a unique application for sports and entertainment venues that was somewhat
overseen. When most people think of Cisco, they think of a “network” and a “service or
connectivity,” not enhancing a fan experience or generating extra revenue for a venue. That is
actually exactly what StadiumVision and Cisco are proposing. In Cisco Connected Stadium, it is
evident how it links four major operations of a venue together into one end-to-end network,
figure 51. Cisco has created an advanced solution for these venues, and I plan to explore
deeper into how StadiumVision works with the current systems of Tiger Arena and what it can

offer Towson and the fans.

Entertainment

Access Secure ticketing and POS systems;
new and interactive customer-facing
solutions that deliver targeted HD
video, advertisements, relevant
event information, and new business
services

Wired and wireless connectivity for
staff, vendors, fans, and press and
media across all event types

Operations

Centralized management and

support; integrated safety and

security offerings and building
management systems

Figure 51 The Cisco Solution, Cisco.com

Towson Tiger Arena 81



Derek Stoecklein

Construction Management

The Ultimate Experience

“Fans go fo a live event fo be part of a tribal experience: fo connect fo the action, fo connect with
their favorite stars, fo connect with other fans, and fo be part of something bigger than

themselves.” — Cisco

If you go into a venue today you will see that today’s fans refuse to be just spectators. Fans are
demanding more engagement with the game and players. The large price to attend many sports
and entertainment events today is creating a larger demand of a more immures and interactive

environment at a venue.

“With the growth of social media today, 49% of spectators share their events experience via

social media, and 73% bring their mobile devices to events.” - Cisco

Cisco StadiumVision is the solution to this demand of spectators, creating the “ultimate
experience.” StadiumVision has a laundry list of features that a spectator would find exiting

and becoming more engaged in the event.

e Become Connect with Big Board
e Wi-Fi Connectivity
e Exclusive Features in Private Boxes
e Video feeds on phone
o Playback Video

o Different Camera Angles

o Other Events
e Ordering Concessions
e Ordering Tickets and Promotions
e Directions to Seats and Nearest Amenities

e Player Stats
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Some of the exclusive features that will be offered to the private box quests include; HD video
in several locations around the suite, touch panels for AV control, and Cisco Unified IP Phones.
With all these devices in the suites you will be able to order concessions with the touch of a
finger, watch out of town games of your choice, digital TV access, and ticketing and
promotional ordering. All of these features can be accessed from the IP Phone or the touch
panels located around the suite. Fans will feel immersed in video and a figure tip away from
anything they could need.

Video Luxury Suite “TV's” Commerce
Services Services

IP Phones

Figure 52 Luxury Suites Services of Cisco SV, Cisco.com

The spectators located around the arena will have many of the same features that can be
accessed on their mobile devices. All the content will be feed through a Wi-Fi connection to the
quests mobile device. These features include video feeds, trivia and player stat information,
ticket and promotion ordering, arena directory and directions to amenities and seat locations,
and interactive connection with the big board. Not only will these spectators have mobile
interaction, video displays will be strategically placed around the concourse to digitally

immerse them in the event and provide them even more interactive digital content.

“Meeting the demands of a new
generation of fans”
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Revenue Generation for Towson

Cisco has designed StadiumVision with both the end users and the venue owners in mind. SV

has the potential to increase earning in many areas for owners including promotions,

advertisements, concessions, point of sale, merchandise and others. There SV, the venue can

insert Ads into any feed they choose and at
any location they choice. This flexibility
allows them to spotlight given

advertisements and promotions for the
s A': 7 - particular audience. With the ability to
S | S advertise anywhere in the venue unlike

~_ /N Hos
Yoz PENGUINS <o =i the standard still advertisements you

Staal practices Wednesday for the first time since Game 1 injury

traditionally see, they can sell ads to

Figure 53 Cisco SV @ CONSOL Energy Center, Google images

advertisers in a whole new way. Allowing
them to choose times and areas they wish to advertise, helping them target their own audience.
With a tradition advertisement board, venues have a hard time selling particular areas such as
concourse location because of the visibility and attention they may or may not receive. With
the technology of ad insertion anywhere in the venue, Towson can sell ads to advertisement

companies and digitally rotate them around different locations on demand.

In addition to outside advertisements, Towson can use this system to digitally advertise their
own advertisements and promotions such as campus events, and future venue events. This will
allot them to communicate anything they want to their spectators and fine tune the selections
of these ads with the current audience. Concessions and merchandise will also see benefit of
this system through point of sale advertisement. With digital displays around the venue and at
the point of sale, Towson can advertise sales and promotions along with the game feed or other

feeds they choose.

The possibilities are near endless with the ways Towson can use Cisco’s StadiumVision to
generate revenue, and with the application of this system I believe they will see these increases
in revenue immediately. Towson will have a platform for Towson to promote their University

as well as convey the ads they find most fitting to the audience at the flip of a dime.
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StadiumVision Network

Cisco Stadium Vision (SV) is a proven, end-to-end, IP solution, providing advanced video
delivery and content management. StadiumVision enables the automated delivery and
integration of dynamic and customized content to different areas of the arena through a
centrally-managed, distribution and video processing solution. Cisco SV has been built for
entertainment and sports venues that have extensive video systems deployed throughout. SV is
designed to enhance the viewing of live events and provide in-house advertising. In addition, it
uses video systems in clubs, luxury suites, and restaurants to allow fans to view both external

network channels and in-house programming.
Cisco StadiumVision comprises four major components, as shown in figure 54.

e Video acquisition (or video headend)
e Converged voice, video, and data high-speed IP network
e Video delivery (and digital signage playback)

e Centralized management and operations

Video Video, Voice, Data Video
Acquisition Distribution Delivery

CARTSON |
BJ @mot COX _ ConvergedCisco Z
e . IPNetwork
alnaln k AN

CISCO

i

StadiumVision ™ Managementand Operations

Figure 54 StadiumVision Major Components, from SV_Headend_DIG_3.0.pdf
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The Cisco SV headend is the central location of all the systems components and video feeds,

designed to acquire, process, and encode the video content. Figure 55 provides a simplified

view of the video headend design, incorporating multiple types of video sources and how it is

distributed over IP Multicast to the Connected Stadium Network.
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Figure 55 Headend Functional Elements, course SV_Headend_DIG_3.0.pdf

In the headend, the video feed is:

e Provided by multiple video sources (In-house, digital, cable, content providers).

e Acquired and processes through the appropriate receivers and decrypters.

e Encoded using the appropriate SD or HD, MPEG-2 or MPEG-4 encoders.

e Groomed and aggregated using the digital content manager, DCM (Video ads are also

inserted at this stage where desired).

e Sent via multicast to the IP network.

Once on the network, the video is picked up by a digital media player, DMP, located at all the

TV locations. These DMP’s are tuned to receive a specific IP multicast address and the video is

displayed on the corresponding TV.
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Off-Air . |
Recelver Card on DCM

Stadium Headend

Figure 56 Standard Reference Architecture from the US, source SV_Headend_DIG_3.0.pdf

In Figure 56 , you will see the standard architecture that is recommended for Cisco Stadium
Vision deployment. The standard architecture goes a step beyond the baseline architecture and
incorporates a layer of redundancy to the system for support for additional features and high-
availability. At the heart of the headend lie the Core Digital Content Managers (DCMs) and the
Video Distribution Switches (VDSs). While some of the other components of the headend may
vary depending on the required feeds, these components remain constant. The DCM receives
the video feeds from all the different sources and sends them to the VDS. The VDS is the link

between the headend and the Converged Cisco IP network in the stadium.

In-House Video Feed

Generally, a venue would have its own in-house channels to broadcast live video to all the
video endpoint in the venue. A typical venue may have multiple in-house channels depending
on their requirements. These in-house channels are controlled by the staff in the stadium
production room, where they pick the channel line-up and provide the feeds to encoders in the
Cisco SV headend. These Encoder will then send the content to the DCM, through the VDS and
then feed through the Cisco IP network to the DMPs, figure 57.
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Figure 57 In-House Video Feed, source SV_Headend_DIG_3.0.pdf

Satallite TV Feeds

With DirectTV (recommended satellite provider), HD channels can be provided as MPEG-4
over IP Network. Typically, a separate receiver is required for each channel; depending on the
number of channels you want this could consume your entire AV rack. To reduce space
required and cost, the Thompson/DirectTV COMZ200 chasses and COM24 receivers will be
used. Each COM24 card can hold 2 different channels and each COMZ200 chasses can hold up
to 12 COM24 cards, allowing for 24 channels per COM200 unit. The DirectTV feed connects

to the COM receivers via RF and send through individual IP multicast to a demarcation switch

(Catalyst 3560).

COM120
Multisat SW

Ch1-24

om

Satellite Receiver
TV Feed Sl DCM-1
IO Primary Connected
o Stadium
z.J’ DCM-2

Com100/200
Recelver
Core2

1P Z
Mumcastm S
MPEG4 GE

—  10GE

— A Sl

COM120
Multisat SW RF

Figure 58 DirectTV Feed, source SV_Headend_DIG_3.0.pdf
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IGERARENG,

Ad Insertion

There are two approaches for inserting ads. First would be inserting it into the uncompressed
stream and the other would be the compressed MPEG stream. The typical ad insertion would
include an SDI router and control panel along with the ad server, highlighted in figure 59. The
above architecture will allows for 2-4 unique ad channels over any in-house feed. For more

freedom and zone control, more router locations must be added.

In-Mouse
Feog

i =
8

-

g

e
lill—

Broadcast
Truck

Figure 59 Ad Insertion Architecture with Cisco StadiumVision, source SV_Headend_DIG_3.0.pdf

Video Delivery
Each TV location requires a Cisco Digital Media Player (DMP), figure 60, that is individually
addressable for targeted ads and content. The DMP is an IP-based hardware endpoint for video
decoding and playback of digital media content, including HD broadcasting, on-demand video,
text tickers, and other web content. The Cisco DMPs can be
attached to virtually any digital TV at any location across
the venue such as back office, club, suites, and concourse.

These DMPs are controlled centrally by the SV Director or

via remotes and touch panels at given locations.

Figure 60 Cisco DMP, Google
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Figure 62 DMP Video Delivery, source SV_Headend_DIG_3.0.pdf
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Figure 62 Stadium Vision Major Components, source SV_Headend_DIG_3.0.pdf
StadiumVision Mobile Streamer and Reporter
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Cisco StadiumVision Mobile (SVM) Streamer is an essential part of the SVM solution, allowing
delivery of live and playback video to thousands of mobile devices in a venue. This video
content is sent via multicast across the venues Wi-Fi network. Not only does the streamer
deliver video content, it can deliver non-video content, such as game statistics, still graphics,
text-based promotions, tickers, and much more. The Cisco StadiumVision Reporter is used to
measure and report on the quality of the fan experience. This allows the staff to analysis what

StadiumVision StadiumVision
Mobile Streamer Mobile Reporter

Live Encoder

Connected Stadium
Wi-Fi

Application using
the StadiumVsiion,
Mobile SDK

Broadcast

Figure 63 StadiumVision Mobile application, source cisco.com

the fans are watching most and are most interested in, and create future business opportunities
accordingly. Both the Streamer and the Reporter software are packaged within the Cisco UCS
C220 M3 Rack Server.

System Component Analysis

For the design of Towson Tiger Arena’s Cisco Stadium Vision, the Basic Architecture was used,
no redundancy. SV is a completely customizable system depending on what demands you have
for your venue and the required feeds. Figure 64 below shows the rack design for TA that will
be placed next to the existing AV racks in the 1* floor production room. From this room, the
Cisco Connected Network will run throughout Tiger Arena to all the required locations via IP
connections to the DMPs. These locations include suites, concourse level, concessions, Hall of

Fame room, multipurpose room, and ticketing.
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STARCASE ULTRASTAR
Fony| HT FP-31
21 | 41114 Cisco 9094 Encoder
adl hudil Cisco 9900 DCM
25 | 4334 1560
24| 42 Cisco D9858 Transcoder
23 | 40 114
22 | 38112
21 | 3634 Thom pson/DirectTV COM200
20 35
19 | 8314
18 | 3112
.......... Cisco StadiumVision Server, ADE 2140 _|
T | 2034
16 28
15 | 26 114
ETRETX: Thompson/DirectTV COM200 _|
EIEED —
12 21
| 1914 ~—{-# Cisco 9887 Receiver
10 | 1712
Cisco StadiumVision Reporter, UCEC220 M3
9 | 1534 ~
8 14 Cisco Catalvst 3560 V2 Series
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——————— Cisco StadiumVision Streamer, UCS C220 M3 —
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Figure 64 Tiger Arena Designed Cisco StadiumVision Rack, created by Derek Stoecklein; images source cisco.com

Required Rack Equipmentv. 3.0 Rack Slot Amount | Max Power (W) | Power Req. (W)
Cisco 9094 Encoders 1 1 60 60
Cisco D9858 Transcoder 1 1 110 110
Cisco 9887 Receiver 1 1 200 200
Cisco 9900 DCM (Digital Content Manager) 2 1 350 350
Catalyst 3560/3750 Ethernet Switches 1 1 130 130
Catalyst 6504 Switch (Video Distributution System) 5 1 113 113
Thomson/DirecTV COM200 5 2 320 640
Cisco StadiumVision Server, ADE 2140 2 1 600 600
Cisco StadiumVision Reporter 1 1 650 650
Cisco StadiumVision Streamer 1 1 650 650
Rack Total 20 11 - 3503

Table 21 Tiger Arena SV Rack Power Demand, created by Derek Stoecklein
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Tiger Arena Cisco StadiumVision Component List

Cisco 9094 Encoder (1)
o Encodes in-house feeds to appropriate SD or HD, MPEG-2 or MPEG-4
o 60 W Max Power
Cisco D9858 Transcoder (1)
o Transcodes satellite feeds to appropriate SD or HD, MPEG-2 or MPEG-4
o 110 W Max Power
Cisco D9887 Receiver (1)
o HDTV Receiver
o 200 W Max Power
Cisco 9900 Digital Content Manager (1)
o Creates IP Multicast for distribution
o 350 W Max Power
Catalyst 3560 Ethernet Switch (1)
o DirectTV Distribution Switch
o 150 W Max Power
Catalyst 6504 Switch (1)
o Video Distribution Switch
o 113 W Max Power
Thompson/DirectTV COMZ200 (2)
o DirectTV Satellite TV Receivers
o 320 W Max Power
Cisco ADE 2140 (1)
o StadiumVision Server
o 600 W Max Power
Cisco UCS C220 M3 Rack Server (2)
o StadiumVision Mobile Reporter and Streamer Unit
o 650 W Max Power ea.
Cisco Digital Media Player 4400G (X)
o Digital receiver at all TV locations that converts the IP Multicast in Video
o 10"x8"x 2”@ 4.5lbs

o Low power consumption

Total Power Required of Rack - 3503 W / 0.95 (Assumed Power Factor) - 3,687 VA @ 120V
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This rack will require a max power output of 3,892 VA. This power demand will come from
PB1C located in Security 122. Within the server rack will be a mounted power strip that
handles 120V input and output of 208V. This means that the receptacle for this rack will need
to be connected to a 2-phase, 20 A breaker. To insure the total power of these components will

be handled by one rack power strip, I calculated its max capacity (VA).

120V (Circuit Voltage) x 32A (Circuit Max Capacity) - 3,840 VA

WIRING SCHEDULE: PANEL RP1C
120/ 208 VOLTS 3 PHASE 4 WIRE 100 AMP MAINS SURFACE MOUNTED
ClR= |POLE DESCRIPTION WIRES BREAKER KVA B ICI - [POLE DESCRIFTION WIREY BREAKER
cult COoMOUIT | POLE [ Ase Al BE %] cult COMOUIT | POLE | AMP
1 1 |CUH=TA=1 [VESTIELLE 124) #12:304°C 1 20 03 14 2 2 |HAND DRYER MEN'S 131 L e 1 20
3 3 |REC FAN ASSIST 134,135,137 #A34'C 1 20 1.0 14 4 4 |HAND DRYER MEN'S 131 #BdC 1 20
5 5 |REC EVENT MGMT 133, 134 #A304°C 1 20 08 08 8 & |REC MEN'S 131 #8004°C 1 20
T REC WOMEN'S 132 #A34C 1 20 o8| o8 8 & |REC RECEPTION 125, CORR #10=204°C 1 b}
9 & [HAND DRYER WOMEN'S 132 W4T 1 20 14 | 048 10 10 [REG PRESS RM 127 #12-34°G 1 )
11 11 [HAMD DRYER WOMEN'S 132 WE-34°C 1 20 14 08 12 12 |REC PRESS RM 127 M I-34°C 1 20
13 13 |REC PRESS ROOM 127 ®12-34°C 1 20 0.8 1.0 14 14 |REC AVR PRESS RM 127 #2-34°C 1 20
15 15 |REC PRESS ROOM 127 1 2304°C 1 20 0.8 0.5 16 1€ |REC METAL DETECTOR 125 230470 1 20
17 17 |REC EVENT STAFF 121 #12:304°C 1 20 08 05 18 18 |REC METAL DETECTOR 125 234G 1 20
19 18 [REC EVEMT STAFF 121, CORR 114 #12:24°C 1 20 D& | 05 20 20 |REC EWC 126 #12=304°C 1 20
Fal 21 |REC BECURITY 122, CORR #12-204°C 1 20 08 ] 08 22 22 |REC AVR SECURITY 122 £12-304°C 1 20
1 | 23 |REC PRODUCTION 128 H 40 i 20 o8 | os | 24 | 24 [REC PRODUCTION 129 810347 i 0
5 25 |REC PRODUCTION 128 #0340 1 20 o8 | o8 26 26 [REC PRODUGTION 123 #10-34°G 1 )
n 27 |REC PRODUCTION 129 w10-34°C 1 20 0.8 1.0 28 28 |REC FRODUCTION 122 M 0+M0G- p 20
29 26 |REC FRODUCTION 128 ®10-34°C 1 20 o8 1.0 - an uc
Eal 31 [REC FRODUCTION 128 2010+#10G= 2 20 1.0 1.0 az iz |REC PRODUCTION 123 2N 0+H10G= z 20
- a3 3a°c 1.0 1.0 - 34 34"C
35 35 |REC PRODUCTION 129 2810+210G= 2 20 1.0 08 36 36 _|REC PRODUCTION 129 £10304°C 1 20
- ar 4 C 1.04) 0.4 38 38 |REC TV PRESS ROOM 127 #2-04C 1 20
35 |sPARE 1 20 i AR T
41 %t 1 20 42 |SFARE 1 )
65 | 59 | 58 | &5 | 54 | &5
COMMECTED LOAD = 328 HvA | e | s [ aa
MAIN BREAKER 100 AMPS
DEMAND LOAD = 232 KWVA NOTE: FROVIDE SEPARATE HEUTRAL FOR EACH CIRCUIT
MIM AIC RATIMG = 10,000 ANMPS SYMMETRICAL LOCATION SECURITY 122
Figure 65 Panel RP1C, TA Contract Documents
This 3,840 means the rack will have no problem
supporting the loads of the SV components. The server
power strip will connect to a NEMA L14-20R (2 phase
L14-20P

wires, neutral and ground) receptacle, Figure 66 Since
this receptacle requires two phases on PB1C, the
addition of this circuit will fill the panel near capacity
520R L515R  L5-20R L5-30R
and eliminate the opportunity to expand any electrical
o a
system through this panel board. This should not be an 2 —

620R L6-15R L6-20R L6-30R L14-30R

issue though due to the fact panel board RP1B is located n :
Figure 66 NEMA L14-20R Diagram, google.com

in Maintenance 118, only two rooms over and has
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plenty of spares. Calculations have also been done to insure the panel can hold the additional
load and no main breaker upsizing are needed. The demand load current increased from 64.4
Amps to 75.2. With 100 Amp Mains and a 100 Amp breaker, the panel does NOT need altered
to provide for this added load.

WIRING SCHEDULE: PANEL RP1C
120/208 VOLTS 3PHASE 4 WIRE 100 AMP MAINS SURFACE MOUNTED
CIRC-[POLE DESCRIFTION WIRE/ | BREAKER KVA/D [circ] roLe DESCRIFTION WIRE/ | BREAKER
uir CONDUIT | POLE] AME 50 uir conpuit [poLe[ ame
1 | 1 |CUH-TA-L [VESTIBULE 124) s12-3/4°C| 1 | 20 2 | 2 |HAND DRYER MEN'S 131 #83/¢°C | 1 | 20
3 | 3 |RECFAN ASSIST 134,135,137 #83/4'C| 1 | 20 4 | 4 |HAND DRYER MEN'S 131 #83/¢'C | 1 | 20
5 | 5 |RECEVENT MGMT 133,134 s83/a'c| 1 | 20 6 | 6 |RECMEN'S 131 s83/e'c | 1 | 20
7 | 7 |rEcwomen's 132 ws3/ac | 1 | 20 8 | 8 |RECRECEPTION 125 CORR w103/a°c| 1 | 20
3 | s |HAND DRYER WOMEN'S 132 wg3/ac| 1 | 20 10 | 10 |RECPRESS RM 127 w123/a°c| 1 | 20
11 | 11 |HAND DRYER WOMEN'S 132 ws3/4c| 1 | 20 12 | 12 |RECPRESS RM 127 w12-3/a°c| 1 | 20
13 | 13 |RECPRESS RODM 127 s12-3/4°c| 1 | 20 1¢ | 14 |RECAVR PRESSRM 127 a12-3/a°c| 1 | 20
15 | 15 |RECPRESS ROOM 127 s12-3/4'c| 1 | 20 16 | 16 |REC METAL DETECTOR 125 a12-3/a°c| 1 | 20
17 | 17 |RECEVENT STAFF 121 s12-3/a'c| 1 | 20 18 | 18 |REC METAL DETECTOR 125 a12-3/a°c| 1 | 20
19 | 19 |RECEVENT STAFF 121, CORR114 |#12-3/4c| 1 | 20 20 | 20 |RECEWC 125 a12-3/a°c| 1 | 20
21 | 21 |RECSECURITY 122, CORR w12-3/a'c| 1 | 20 22 | 22 |RECAVR SECURITY 122 wia-3/ac| 1 | 20
23 | 23 |REC PRODUCTION 129 #10-3/4°c| 1 | 20 2¢ | 24 |RECPRODUCTION 129 #103/a"c| 1 | 20
25 | 25 |REC PRODUCTION 129 s10-3/4°c| 1 | 20 26 | 26 |RECPRODUCTION 129 a103/a°c| 1 | 20
27 | 27 |REC PRODUCTION 129 s10-3/4'c| 1 | 20 28 | 28 |RECPRODUCTION 129 2410410 | 2 | 20
29 | 29 |REC PRODUCTION 129 s10-3/4'c| 1 | 20 ER G-3/4"C
31 | 31 [REC PRODUCTION 129 2#104106-| 2 | 20 32 | 32 |RECPRODUCTION 129 2410410 | 2 | 20
33 sja'c 34 G-3/4"C
35 | 35 |REC PRODUCTION 129 104106 2 | 20 36 | 36 |RECPRODUCTION 129 #103/a"c| 1 | 20
NE s/ac 38 | 38 |RECTVPRESS ROOM 127 a12-3/a°c| 1 | 20
39 | 39 [CISCO STADIUM VISION RACK 3#10+10G-| 2 | 20 40 |SPARE 1| 20
- | m 3/a"c 42 |SPARE 1| 20
55|73] a7
CONNECTED LOAD = 366 KVA 114 | 132 | 120
MAIN BREAKER 100 AMPS
DEMAND LOAD = 271 KvA NOTE: PROVIDE SEPARATE NEUTRAL FOR EACH CIRCUIT
MIN AIC RATING = 10,000 AMPS SYMMETRICAL LOCATION _ SECURITY 122

Figure 67 Panel RP1C with Cisco SV Breaker, created by Derek Stoecklein

The wire for circuit 39 was sized by calculating the current that will be drawn by this load and
using table 350.16 from 2011 NEC, Figure 68. Because the circuit run was less than 100 ft., the
voltage drop on the load is nearly negligible. The ground wire was calculated by using table
250.122, Figure 69. Conduit was sized via table Appendix C in NEC 2011 using number of

conductors and their respective size Figure 70.
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Size Temperature Rating of Conductor. [See Tablke 340.10444).] Size
[Zag TEC oG GOFC JEC a0ec
H4FF) | {ETF) ({04°F) H4xFy | HETF (134°F)
Types T
Types TEE-.E"'. 515, Types TBS, ﬁ Sl5,
e G TR || T
G or \ , -2, \ -2,
kemil | PP T Thw, THHN, ppes | THw, | THWN-2,RHH, | orkemi
THWM, | THHW, THW-2, ' THWHM, |RHW-2, LISE-2,
HHHW, | THWH-2, USE- HHHW, HHH, XHHW,
LSE, ZW |2, XHH, XHHW USE YHHW-2,
EHHW-2, ZW2 ZW-2
Copper Alurninum or Copper-Clad Aluminum
18 — — 14 — — — —
16 — — 18 — — — —
14 15 20 25 — — — —
12 20 25 an 15 20 25 12
| 1o 20 35 40 | 25 20 a5 1o
2 40 =11 EE =1 40 45 a

Figure 68 Table 350.16, NEC 2011

Tahle 250.122 Minimum Size Equipment Grounding
Conductors for Grounding Raceway and Equipment

Rating or Setting of Size (AWG or kemil)

Automatic Overcurrent

Device in Circuit Ahead of Aluminum or

Equipment, Conduit, etc., CDppgr—Clad
Not Exceeding (Amperes) Aluminum*
15 14 12
20 12 10
60 10 8
100 8 6

Figure 69 Table 250.122, NEC 2011

14 12 10 &8 6 4 3 2 1 1/0:2/0:3/0:4/0:250 300 350 400 500:600: 700750
EMIS12 9 5 3 2 11111
IMCE14 10 6 3 2 11 1411 A
GRE=13 9 6 3 2 11 111
EMT 22 16 106 4 211111 1 1
ME 24 17 11 6 4 32111 1 11
GRC 22 16 106 4 21111 1 11

Figure 70 Appendix C, NEC 2011
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Conclusions and Recommendations

My conclusion of Cisco Stadium Vision is that it is a cost effective, extremely beneficial system
for any venue. The simplicity of the system is amazing and the connectivity to an existing
system is perfect. StadiumVision can easily be installed in Towson Arena and distributed across
and IP network to all the TV locations that already exist as well as new locations around the
concourse and other areas. Through many case studies of venues using StadiumVision
currently, the management teams have seen great returns on their investments immediately.
CONSOL Energy Center (Pittsburgh, PA) saw a 200 percent increase in the number of
advertisers, 300 percent increase in concourse advertising and sponsorship revenues, and
created a more memorable and impactful brand experience with 80 percent of fans retaining

the digital content they viewed.

“The value that we are receiving from Cisco Stadium Vision far outweighs just a financial
investment. We can easily justify it financially, but the value fo our brand is immeasurable.
We can demonstrate fo sponsors and tans that they gain a far better experience, and there is
not a more effective way to do it.” — David Peart, Senior Vice President of Sales and Service,

CONSOL Energy Center

In another case study, Staples Center (Los Angeles, CA) saw a 9 percent increase in revenue
from concessions in a trial month in March and a 400 percent increase in revenue from select
pilot promotions offered. Other applications of Cisco can be found in Dallas Cowboys Stadium,

Toronto Blue Jays Ball Park, and Metlife Stadium.

“Cisco solutions are helping us use our new home fto deliver the biggest and best experience
in the world of sports and entertainment.” - Jerry Jones .Owner and General Manager, Dallas

Cowboys
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It is evident through the above select case studies and comments from owners, general
managers, and other users of Cisco that Stadium Vision has been a great financial investment
for them, and more importantly, their fans. They look forward to working closely with Cisco in
the future to continually advance the technology and its capabilities. Cisco StadiumVision
should be a staple in any sports and entertainment venue, and I believe Tiger Arena and

Towson would greatly benefit from the addition of this system and all it can offer them.
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Resources

General

Towson Tiger Arena Contract Documents (8-14-12)

Analysis 1. DuctSox
ASHRAE standards 62.1. (2010). Retrieved from
http.//openpub.realread.com/rrserver/browser?title</ASHRAE_1/ashraec_62 1 2010 1024

"Commercial and Industrial Fabric HVAC Ductwork Leader | DuctSox." Ductsox. N.p., n.d. Web. 16
Mar. 2013.

DuctSox Sales and Marketing Associates
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APPENDIX A. Project Overview
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Figure 71 Proposed Site Location, google maps
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APPENDIX B: Construction Overview
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Figure 73 Tiger Arena Site Map, created by Derek Stoecklein
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APPENDIX C. Fabric Duct Analysis

Towson Tiger Arena 105



SUBWINJ0( 19B4IUO0) Y1 ‘S9ssNJ] ul wdlsAS [edtueydadin Sunsixipy/ a4nsi4

0N | =t (O
WU 5 (1) e

M OWAH e | L
THATT SSMHL * YL

e = r,.lel T

Construction Management

1.1

Ll (1
La-ls
o
%

N
0
3
R
s
A
B
~
)
Q

| == ==

B
R

¥ |

[ ]

2
%wﬁﬂ, —

At

e

o A3
. | 1 . watti

by

HirmOL

el

¥ kK

UOLLDY BUBIY JAIUG] UBSMO]
I

]
=
1= |

Ll

T

i E El

T Y MO

" = L%
satovme A
'

o a RETM ]

| R e e

CVEVE | - o @b d
T — .,,m_ww._._.w:.ir : AL

—— T ar T T

106

Towson Tiger Arena




uIaPPa03S Na4ag Aq palessd ‘swnsyosy) 31no) JIVYHL SZ 94nSi4

Construction Management

N
3
3
S
3
X
3
N
O
Q

10| afed poday swnsyaayn WSAS | -SAnBLIR) Y APUOSMO | TIVH] BWER eseRg
ELOTI0E/LD U0 WD FEE0 18 P21BIND[BD §7Z°8A Q0L 8307 4L BuaryJaflp uosmol  awepnjoalolg
106 Eoy [0} i} 4] 100 3
a0 o0 0 00 wapaMg | 0 0 0 1124
a0 oo 0 00 Jpluny (g 0 009 jooy 2'0.6 608 oy
0 11423
a0 oo 0 00 jeayalg 0 Jooq )| 00 o0 00 00 o0 00 0 00 00 00 juapdo
a0 o0 0 o0 B1H xny| SELLE Hed 0’0 aq. 00 00 00 00 0 Q0 00 Q90 Blo xny
€8L 004 0228 406 B34 urep 0FD'8Z 0014 295 ¥E90F5 99 488 081 cElzE 209. 20.8 608 Bl wew
4. 4. W uan (%) =Y i 4. 4. qui 4. 4. wp uaw uan ua]
BA7 w3 mouy jledduoede) SSB|D |B10 ] 88010 HH/SM 30 aaea] HH/GM/ 30 19Ju3 Moy oD ‘dep sues Auoede) |ejoL
NOILD3T3S 7102 ONILVY3IH SYIuY | *I r ¥ NOIL23T3S 7102 DONIT00D
0002 adoad "oN || 00°001L £ZL06- £2L 08 <== [E]0j puers 0000l 0LL08L 00001  LLL048 0 0LL0.8 <== [B]0] puery
e 8ZiE M-1y/nig ;
g2'1ze uoyA | 000 0 abeyea ny Addng 0 0 0 abeyea]ny Addng
29+t uoy/wgd || 00 0 dnyd 14 dng Juapun 0 0 dnyd 14 dng Juapun
8E0 gzl Awga || 000 0 13l wnuald waisfs 0 0 a dnyg 1eay 10nQ
o0 00 Yo % || 200 0 jeayay [euoippy 0 0 0 1eay ued 18y
Buneay Buyoon 000 0 “Haieayaid vy 0 0 1eay ued “dng
000 4] “HIQ eyRid YO H [i] a JeaH 1sneyx3y
SMD DNIM3I3ANIDNI 000 0 JeaH Jsneyx3 Q i0 0 0 Buizi§ Jpuniao
000 0 0 Buizis 1punag 0 0 Buizis AQ ‘Prwnyaq
0 0 0 jeay suel] Iy [py 0 0 Hu 0 0 jeay suel] iy Ipy
i 0 sdn abexea1|| goo fi o peoT uoneIuap 0 [i] i 0 Q i pEOT UCIIB[IIUSA
0 0 umQ abeyea’ || goo 0 0 peo Guely; 0 0 0 0 0 0 peo Buial
0 0 Keixny ]
i o yx3 wiy (| 000 0 1] === 8]0 QN i g§ 16T LEL g6 6T 126 0 [T i === [2]0} qng
[i] 0 Eneyx3 || 0070 0 0 I P EL L1E MOL al LLE DL 0 LLE DL 250
ace's TELZE wingay || 200 0 1] ajdoag 85 000'05F 89 000 099 0 000 099 aydoad
ace's 0ce's yyrdoisu || 000 0 1] Fubn LZ F4E'EG1 9l FL6651 0 FL665) Fubn
0 0 13 £peoT |ewaju) EpeoT ey
0 0 JUBA MHY
0 0 Juap WoN || poool £2L06 £zl'06- === [B]0 qng L 6.t 6F G GiF'6F 0 6iF 6F === [ga} qng
0 0 ueg3ag || 000 0 0 uogenyul g 0 0 0 0 uoge iU
aze's £8L'TE uey wey || 000 0 0 Joojdjuadelpy 0 0 0 0 0 0 Jooid juaselpy
aze's ££1'TE leuimua g || 000 0 0 10014 0 0 0 0 0 Joo4
0ze's ££1'28 wsnq || 926 SFES- SFEe- Jooguoliped I SFE'R 3 SFE'S SFE'S Jooguoliped
Bupesy Buloos 00'g 0 [1] puodEp (0 0 0 [1] 0 Q PUOT [BAL
) : 000 0 1] puodJongsselg 0 1] 4] 1] 0 a PUDD I000/SSED
SMOTJHIV w0 0 EOSSsEDL 0 0 0 0 0 0 Tgj03 SSB|D
1| o808 sieE8- 2/878 PUST 400 5 FEL LT T FEL LF 0 FEL LE pUCT 00y
| 000 0 (1] VLG R D (1] 0 0 0 1] PuUC BHIANS
00 00 wujugfloog 0 0 EBlosan1f4s 0 0 o} 0 0 [i}
00 00 almgud speoT adojaaug speo adojasug
00 a0 asm ug (%) ymg umg () ymg 2] umg umig umig
0oL 05t w032 || IFI0Li0suss 10 suag aoeds  [B101 10 ||qisuag ;1830130 =30l I8 +'SUSS '1BT + "SUSS
0oL [1R=7] winiay || Juaiad Head 1o3 Head aoeds uauag aoeds {juadiad 12N wnud aoeds
0oL [iE=7] wnua|d ey
£l 0'+5 aavs £l @avo i 48 °'30v0 H Q0L ¥4I L8 HHEMWEAYO A apising
Bupesy Bunood ubisag Bugeay JHOW ©gLIL UHon : gL 4L AHW Bl je payead
SFHNLVYHEIdINTL M¥3d 7102 ONILYIH M¥3d 30Vds 210 Mv3d 702 DONIT00D

unogo
DIWIaVOV Ag
swnsyoayo auoz

107

Towson Tiger Arena




uIdP}2303S ¥343@ Ag pareasd ‘winsyaay) 00 Wooy VY1 9/ 2nSi4

108

Towson Tiger Arena

S B
T &
= &
SR
) W
NS N
S Qo t 1o zabed podey SWNsYaaYD WaSAS | -2AljEUIR)Y ApUOSMO1TOVEL  BWERN JsEEg
.m TLOZOTIL0 Yo W PEE0 18 PRIRIND[ED §72790 00L @307 L Euary 1301 uosmoL awen palolg
Q 5
F ‘& 2002 m=of o] 0 0 Jeod 3l
e < 00 00 0 00 JuaA Q) 52 008t 00551 1B
ﬂw o0 oo 0 o0 aplwuny (0 o 005'L Jooy 2'Ell 298 Erof
0 SELE]

D 00 00 0 00 jeayald 0 J0003u] 00 00 00 00 00 00 O 00 00 00 juapdo
00 00 0 00 B1H xny| 8FEE Hed 00 0a 00 00 00 00 0 00 00 00 B1D xny
€16 00L L2F'2 L00Z- B1H urep 005'L 1004 £2'65; S5 695 1’68 _48€9 0%5L, 62727 2288 2'Ell 298 Bl uew
ER ER Ly uaw (o) =4 qud 4. 4. e (101} = ER w2 uaw uaw uoy
Bal juz  mopay odfyoede] sSE|D |e30 L 85019 HH/GM/EQ ArEa] HH/GMGa 12Ul mojury 1o de) suas  Auoede] eloL

NOILJ23T3S 7102 ONILVYIH Sy3uvy ) 7! A r NOILD3T3S 7102 ONIT00D
000’1 ajdoad "oN || 00°00) LZL00E- LEL'002 <== [e]OL pURID QO'00L 8.l'885 00001 6B.LLIEL8 o 24L°EL9 <== [B]0] puel
9.9g- ¥8'68 M-1yrnig H
259°EEL uoy || 0070 0 abeyea iy Addng 0 0 0 abeyea 1y Addng
ZHE0S uoywyd (1 000 0 dmid 14 dng nuapupn 0 0 dmid 14 dng juapun
£l LLE Aywiga | a0 a J1B3H Wnua|d waishs [i] 0 i) dnyg 3eay 1ong
00 0 vou /|00 0 1eaUsy [BUORIPRY o 0 0 1ESH UES 15Y
Bunesy Bunoos 000 0 a 1esyald vy [1] 0 jeay ued ‘dng
000 0 Ha eayald vo [i] 4] 0 JEaY ISNEYX]
SHI ONIMIINIONT 000 0 jeay isneyx3: 0 0 0 0 i Buizig JpunaQ
000 0 0 Buizig 1puniAQ 0 0 Buizig AD "plunyaq
[ 0 0 leay suel] v lpy O 0 0 [ 0 Jeay sued) ny [py
i 0 sdp abexea || g0 0 o 0 0 0 0 0 0 PEOT UolE|UAA
0 0 umqQ aBexea|| aoo 0 i] ;0 0 0 0 0 0 peo Buipan
0 0 faeyxny :
0 0 yx3 wy || 000 0 0 ===[Ejal qns  : 2f 900 LEE 95 9i09.E 0 9098 === [B]0] gnZ
0 o isneyx3 || 000 0 o B D o 0 0 0 0 5
18F 8 G8c 8t uwinyay | 00°a 0 0 a|doag ar oo_u“mww (g 000 0EE 0 000 0£E ajdoad
18F'8 18¥ 8 ydrdoisuy (| 000 0 i} SuEn 8 SL0°9F L 9.0 9% 0 9409F SUEN
0 0 I speO0 [ewWaly| speo [Bwaly|
o 0 JuBp NHY
0 0 JuUSp WoN (| goool L2002 LeL 00 <== [B]04 QNS 5 £0L 462 Ly €04 162 0 £0L 162 === (20 g5
0 0 ueq4 335 || 000 0 0 UoqEI3 U] 0 0 0 [ 0 uogesu|
lop'n 60707 uey uey || 0070 0 0 Joo|d uaoelpy 0 1] 0 0 0 0 Joo|d juagelpy
ioF'n §0Z'9F [euwuua] || 0070 0 0 Jool4 0 0 0 0 0 Joo|4
18k’ Go7'0F wsnyq || ¢ 0052~ 0052~ Jooguoniped (i d 005'T 0 005 Q05'T 10D (JUCIHIHES
Bupesy Buyoos || £z etrLsoe- 2198~ PUOTIEAL G SEL'9g £l SEL'28 0 SE1'98 pUOD [BAN
: : 0LEF FIl08 Fel L8 puojJoogisse|o c Il i cl2 L i} ZigLL pUO3Jon0/sse|D
SMO TV e o 4 0 EOS SSE|D L BE Sl 161 8z Siv'LEL 0 9L¥ 161 |0g SSE|D
| S8k SCLEE 9 LET- pUaT ooy L 186 3 186'S 0 186'S puo ooy
- | 000 0 0 R ) IR 0 0 0 0 0 i puaD SNIAAS
a0 1} U4 ug | 000 i} 0 B0 31| A4S 0 0 O 0 0 a |05 aNAYS
00 00 atpigud speo adojaaug speo’ adojasuz
00 00 QL ug | fee) umig umig (%) mig o) ymig ymg ymg
Q0L oG VOaey | P10 LIOsues 10 sUas5 sords  [B10 L 10 3|qisuas (BI040 1oL JE7 + "SUIS CIET + "SUuaS
i oG wingay || juaasad wead 1103 yead soeds jusosag aoeds juaniad 19N wnuadjg aoeds
0oL 1371 wnuaid By
€18 695 ‘aavs €L gavo 89070 647897 v8 ‘WHEMWIAYO A 2PIsInG
Bunesy Bulood uBlsag GuneaH JHoN 5176 JHoW §1/6 dHoW AWl e payead
SIUNLYHIdINTL M¥3d 710D ONILY3IH MY3d 32vds ©10 MY3d 70D ONITO00D
€00 -wooy
DIN3aVOY A
SWINSY23yo auoz




Derek Stoecklein

Construction Management

tiogabed poday SWNSYISUD WRISAS | -2AllBLIS)Y
CLOTIENL0 U0 Wd PE'ED 12 PRIBINJ(ED §'2°9A 004 @3 DWHL

uIdP(2203S Y343 Aq paieasd ‘winsyaay) y00 wooy JIVYL £ 34nSi4

AFUOSMO]TOVHL  BWEeR EseE]
BURN 1201 uosMo ] awep 1elolg

948 (=TT
00 00 00 juap 3dgy
00 00 00 apluny
00 00 00 JEETIETI
00 00 0 00 By xny
F88 00 v0'¥ 948 By uieg
P A ] uawi foa)

NOILJ3T73S 7102 ONILY3H

lg8 adoad "oN || 00°00L 655°.8-
L2 e A-1ymg
£8°0g1 uoy:4 (| 000
SLStF uolua || 000
£8'0 LT Auga || 00°0
00 00 Y0 % |[ 000
Buneay Bunoon 000
000
SMD ONIMIINIONT 000

000

0
sdn aBexea1|| poo
umq aBeyea|| oo
faexny
yx3 wy || 000
isneyxy || 000
winyay || 000
yyidoisuiw (| 00°0
13u]
BN NHY
Uap WON (| 0000l 855°L8-
ueqaag || 000
uey ueyy || 0070

[SR=N=Ry=] DD O OO0 OO0 o0

[N R S i R B o

pi0'F Las'gl |
Fi0'F Leg'gl [euluua] || 000
Fi0'Y L85'EL BEnIg wm.mw
B B
uieay Bunoos v.m.._u.m
SMOTJHIV 000
1| ozl

S| 000
00 U4 uy | 000
00 aipigud
00 aLawug | B ymig

0SL WOasy || P10 J0Suas 30

13- 7 wnuald ey
¥'55 aavs
Bunpeay Buyoon

STUNLVHIJNIL

osL wnay || usasag yead oo

H

BaT u3  mony edfuoeded SSE|D

€l
ubisag Buneay JHOW

0 1000143

000 'L

006 ¥

a

0 10
025°¢

006 ¥

|E3O | E8OUG)

SYIHV

695 L8-

e
ooy
114%3
oqu | (00 Q0 00 00
ved [loo a0 o0 00
w004 EU5 FES PSS £69
qHeE 4. 4. gl
W:E__Emo anea
1

<== [PJOLPULID 0000l G.5'G6T

abeyeaq ny fddng
dnyd 34 dng spapun
Jeay Wwnusjd wayshs

ooo 8 o0 0o

655 /8-
0
0
0

1]

0
1]

ymg
suas 2ouds
yeaq soeds

gavo

1E2Yay [EUCIIPRY
W0 Je2Yald VY
"0 383Y21d VO
1E2H 18neyxy
Buizig 1punjag
jeay suel] g lpy 0
peo’ uone|uap 0
. 0

2.1 08l

0
5.0081
£04 08
£pEOT [EUIAIU|

=== 20/ QIS5 LBE'SLL
uoges|yu|
Jooj4 Jusde(py
100|4
Jooguoniped
PUDT [1BAA
pUD J00{/S5E|S
j0S s5E |5
pUoS ooy
puog 2|45
B|0S 21145

speoT adojaaug

ymig
1e01 10 2qIsuag
Juanag soeds

18 ‘aavo
QL rddHmnen

00 00 O 00
0000 0 00
§29 0%5L . 185€1 9562
- e W yan

HH/EMW 90 120U Moy 1o ded suag

NOILD3T3S 1102 ONIT00D

9'58E g0t mof

00 00 uapdo
00 00 B3 xny
9'59€ 508 B2 urew
=} uo}

fyoede] je3oL

00001 O0l999E 0

===
[ oy I e e Y e e e e e e

€LZ05Z
0
QLL0ce
€008

Zt LBEGLL
0
0
0

0

0

0

L

€l 1465t
4] cre'|
Ll

L

0 0
Q 0

(%) umg ymg
;BI040 Bj0L 187 + "SUag
uaaag 18N wnuald

Q0L 2LV 18 WHEWEOYO
QL L Hon

019'53€ <== [El0] pueIg

abeyeaq ny fddng

dnyd 34 dng spapun

dny¥d 3eaH 3ang

jeay ued 19y

jeay uey "dng

1E2H ISNEYX3

Buizis 1punno

Buizis AQ plunyaq

0 ey suel) iy [py
0 peoT uone|uap
0 peo Buied

£1Z'052 «== [2j0J qns
0 asIp
oLL'ozz s|doag
£01'08 Sy
SPEOT |BLI23U|

LBE'SLE === [B]0} qng

uogesjyu)

Jood jusselpy

1004

Jooguoiiyed

PUOT (2 AL

QUGS J00/SSE|D)

0% 5585

puad ooy

puod aUIAYS

|05 3UIAYS
speo adojasulg

1B+ "sUag
aoeds

g apISING
2w e payeag

109

Towson Tiger Arena

MY3d 7102 DONILYIH MY3d 30vds D72 MY3d 702 ONITO0D

#00 - wooy
DOINIAYOY Ag
sSwINsy2ayn auoz




uI3}2303S }243@ Ag pareasnd ‘winsyaay) 500 Wooy VY1 87 2.nsi4

+ 10 F2bed poday swnsyoayn wWalshs | -aalews]y
SHOTAEILD U0 Wd FEED 1B P21BINDIED 672784 Q0L E30%HL

AFUOSMO ]IV L
BUAIY 1961 UDSAMO]

BLWER J85E1EQ
awep 122loig

10

1

N
0
3
S
s
A
S
~
O
Q

Construction Management

Towson Tiger Arena

g8 mog | o 0 0 lo0Q1x3
00 00 O 00 wapdg | gl 0zl 0002 IERA
00 00 O 00 Jpluny (o 0 006'% jooy 2'58¢E T'ZE o
0 n4x3
00 00 O 00 jeayaid 0 Jeoqiul (o0 00 00 00 00 00 O 00 00 00 apdo
00 00 O 00 B3H xny| 0Z5'T ved |logo o0 00 00 0000 O 00 00 00 B1o xny
L2 00L 05F'F g B34 urep 006'F 0014 585 LES 855 £'98 &9 08L ER'vl 2GLE 2'G2E TZE 8120 uew
I N 1} uan (oa) < gqui 4. 4. que 4. 4w yanl =1 uo}
Ba7 3 mojuy rodfyoede) SSE|D Ie10L 88049 HH/SM/EQ aneaT] HH/EM 90 120U Moy 1o) ~de) suas  Apoede] |elo)
NOILD3T13S 1102 DNILVY3IH - sY3uy ) _V A F NOILD313S 1102 DONIT002D
198 adoad "‘oN || 00°001 655.8- 6958~ <= PlOLPUEID 0000 LGLGIE 00001 9ze'get 0 oze'get <== [E]0] pueis
PR WA Y] A-ymg .
0F'Z51 uol:M || 000 O abeyea iy Alddng i0 0 0 afbeyea iy Alddng
0g'18t uoywyo || 000 0 dnyd 34 dng 5papun i0 0 dnyd 34 dng suapun
16°0 £0E Aywgo || 000 0 1eal wnuald wajshs o 0 0 dnyd 3eay 3anQ
00 Q0 ¥O % || 000 0 1Eayay |[euOIppY 0 [i] [i] 1E3H UB4 19y
Bunesay Buyoon wo 0 "1a 1eayald vy 0 0 1eajy ued "dng
wo 0 "W 1eayald YO 0 0 0 1BaH Jsneyx3
SMO ONIM3aNIONT wWo 0 1eay 1sneyxy: 0 0 0 0 0 Buizig JpunjaQ
wo 0 0 Buizis 1punaQ | 0 0 Buizig AQ "plunyag
0 0 0 1eay suel) 0y [py o 0 0 0 0 1eay suel] 1y [py
0 0 sdn abeyea || gog 0 o peoT uoneuap 0 0 0 0 0 0
0 0 umq 2Bexea || goo 0 o peo Bupad, 0 0 0 0 0 0
0 0 Rexny
0 0 ygwyl|000 0o 0 === [E)oL g1s . | /5 2.1'081 59 £LZ'05T 0 £LZ'052 === [0 qng
0 0 Jsneyx3 || 000 0 0 B/ 0 0 0 0 0 0 28I
05ty ZER'VL wmay (| 000 0 0 aidoagd oy 5.0'081 15 oLL'0zz 0 oLL'ozz a|doag
05ty 0sk'y yyidolguy || 000 0 0 qubin o £0L0E 2 £0L'0E 0 £01'08 Sy
4] 4] | SpPEOT [EUIAJU] SPEOT BN
0 0 USA NHY
4] 4] Jusp WoN || 0000l BSSL8- §95'18- <== [B]0] qng i E19'5EL SE £L95EL 0 ELESEL === [0 QN3
0 0 ue428s|| 000 0 0 UoRESUL| 0 0 0 0 0 UoREIuL|
0st't TEO'pL uey ueyy || 000 0 1] Joold juadelpy 1] 0 0 1] 1] 0 Joold juzoelpy
05t v IEo'wlL [eunuaa] || 000 0 0 Jo0l4 0 0 0 0 0 Jooi4
05t 78l menyg || SLE (B30 Lea'l- looguoniped | L [B:3: 00 0 [B:3: 00 [£:3: 0 Jooguoped
Bugesy Buyood 126 LIEEE b9 'Ef puolEAt | EL £.8'95 gl £18'95 0 £48'95 puoD |[EAL
: : FEDE 999 8E- 995'9e- puoD IoOO/SSED g 0sl'g Z 05l'g 0 osl'g pUDD I000/SSE|D
SMOT1dHIV 0wo 0 0 S SSE|D L 02 69672 al 696'28 0 536'29 Tejos SS9
1| oLl 10§51 L0551~ pusgjooy g oFl'L z vl 0 vl puod Jooy
—(e00 @ o0 0 puada)fyg 0 0 0 0 0 0 puoD aHIANS
00 00 wuqud || 000 0 1] Elosayfys 0 0 o] 0 0 a 18|05 BHIANS
00 00 aipiguy spe0T adojasug speo adojaaul
o0 o0 alopwug ) ymig ymnig (2:) Lnig (o) g umig mig
0oL 0’5 Y09y || B0 10 8ues 101 suag aoedg 1B101 10 S|qIsuag :1E101 40 2101 1B +SUIS JET + “EUIS
oL 0’54 uinyay Juadlad Head 10D HEad uﬂ_wnm i Juadlagd .ua.wnm iluadlad 19N wnuajd uﬂ_uﬂm
0oL 0'5L wnuald By
418 8'55 2avs €L '8avo 18 90v0 0L/ vl L8 HHEMWEOYO Ay apIsIng
Buneay Bulool ublsag Guneay Hop 8142 JHOW 811 L UHow BlWIL e payead
SIHNLYHIdWIL MVY3d 110D SNILVIH MVY3d 30vdS D110 MY3d 110D DNIT00D

§00-wooy
JIM3avoY Ag
SWwnsy2ayo auoz




N
0
3
S
s
A
S
~
O
Q

Construction Management

L Jo | 2bed poday saijueny moldry ubisag
ELOTIOESL0 U0 WA FEE0 18 PIRIND[ED §72°8A 00L @3DVHL

uIdPI201s ya43q Aq paleasd ‘Arewwing walsAs IDvY1 62 24nSi4

AfuosMo ] JIvH] SIWeN RseEEg
BUEY 1201 UDSMo | awep) oalolq

“(uonaes smolHIy) Hodal swnsyaayo seudoidde ayy ass ‘smojuie
uBisap waishs paouejegayi mala ol syead aansadsalliayl joswn ayiie usyel yaea ale fayi asnesaq sAIppeou aleyodal SIYIUO SMOJUIY SI0N

0 0 0 Wo'ls 0ce'az Wo'zs 0
0 0 Q 048 0ga'az L0, a
wyo wiga Wiy Wy i B wyo wiid
Moy Moy Moy Moy Moy Moy Moy
1ENEYx3 fddng I\sNeyYxy winiay Buneay Bunoon apsINg
ooy wayshg fexny IW3LSAS NIYWW

DJINIAVIY AQ
S3IILILNYND MOTJHIY NDIS3A

ASGVINNNS W3LSAS

s|ejol

BWA|OA IS QELBASUOZ 3 BUIS | F Z00 - WalsAS
L sAEW S}

2df)] wsis uonduossaq walshs

11

Towson Tiger Arena



Derek Stoecklein

Construction Management

445 EPFN (9-Blade, Arr. 1 and 4) Wheel Diameter: 44.50"  Fan Efficiency Grade = FEG85

RPM BHP | RPM BHP RPM BHP | RPM BHP RPM BHP | RPM BHP | RPM BHP

12000 | 403 247

13600 | 420 284
15600 | 440 325 560 €40

17400 | 461 368 514 747
21000 | s07 469 B10 870 700 1297
24600 | 558 592 652 1042 735 1524 | 812 20.30| 886 25.69
17.69
23.49

28200 | 612 737 807 1237 775 846 2324 914 2007 | 978 3498

35400 | 727 1120 798 17.20| 865 929 30.06| 989 36.68 |1046 4392 | 1101 5113|1154 58441205 65.81)1256 7355
42600 | 848 1657 | 907 2331 ] 966 30.73 | 1022 3828 | 1077 46.14 | 1120 5412 | 1172 6236 1226 70.57 | 1273 7918|1318

40800 | @72 2371 | 1024 3137 | 1074 30.50 | 1124 4816 | 1173 57.08 | 1220 65.99 | 1266 7514 | 1311 84.56 | 1354 04.06 | 1306 102.78

=

57000 1144 41,50 | 1188 50.39 | 1233 60.00 [ 1276 69.79 | 1319 79.90 | 1361 90.00 [ 1402 100.39 | 1443 111.03 | 1482 121.61
64200 1267 5406 | 1307 63.90 | 1346 74.08 | 1386 84.95 | 1424 9587 | 1463 107.31 [ 1500 118.56 | 1537 130.03
MAXIMUM RPM: CLASS | = 944 CLASSII = 1202  CLASS Il = 1545 Outlet Area = 15.38 ft? Max. BHP = 38.36 x (RPM / 1000)®
Class | = First white section Performance certified is for installation Type A; Free inlet, Free outlet.
Class I = Blue shaded section Power rating (BHP) does not include transmission losses.

Performance ratings do not include the effects of appurtenances (accessories).
Performance based on a shaft height of 31.09" above the base on fan size 445.

Class Il = Bolded section after blue section
Underlined figures indicate Maximum Static Efficiency

Figure 80 Twin City 445 EPFN Fan specs, twincity.com

490 EPFN (9-Blade, Arr. 1 and 4) Wheel Diameter: 49.00"  Fan Efficiency Grade = FEG85

| rep | 2ep | 3sp | asp | s | esp | 7sp [ e | o | s | w2ve
RPM BHP |[RPM BHP [RPM BHP[RPM BHP [RPM BHP |RPM BHP |RPM BHP [RPM BHP [RPM BHP|RPM BHP |RPM BHP

16000 | 376  3.29
18000 | 302 374
20000 | 409  420] 514 825

24000 | 446 526| 542 0.480| 627 1489
28000 | 487 653 576 11.75| 654 173 2
32000 | 531 8.02| 612 1277 885 1901

36000 | 577 977 | 651 16.09| V20 2278 7&

1~
[=2]
]
o2
o

,_‘,
Fo
=]
=]
oo
=5
(o]
o>
=]
=]

1~

955 5238
1007 6342 | 1056 7253 | 1101 81.67 | 11 91.03

|
LN o]
-1 [
SE|
[0 (=]
=
{]
==
1
=
=

44000 | 673 14.24 | 736 21.62| 797 2053 | 854 1146 91.08

52000 | 774 2034 | 828 28.62| B81 3763 | 932 46.20 56.35 | 1028 66.06 | 1073 76.03 | 1116 8613 | 1158 96.48 | 1200 107.26
60000 | 878 28.34 | 825 G753 | 971 47.38 | 1017 57.90 | 1061 6B.50 | 1104 79.29 | 1147 90.58 | 1187 101.71 | 1226 113.14 | 1264 124.79

w0

8|8
5
Bl
®
[==]
=
o

68000 1025 4861|1066 50.34 |1107 70.79 | 1147 8260 (1186 94.57 | 1225 106.87 | 1263 119.30 | 1300 131.89 | 1336 144.66

76000 1127 6200 | 1164 73.77 | 1201 86.08 | 1237 98.70 [ 1273 111.90 | 1300 12558 | 1343 138.87 | 1378 152.77
MAXIMUM RPM: CLASS | = 857 CLASS Il = 1091 CLASS Il = 1403 Outlet Area = 18.64 fi? Max. BHP = 62.10 x (RPM / 1000)
Class | = First white section Performance certified is for installation Type A; Free inlet, Free outlet.
Class I = Blue shaded section Power rating (BHP) does not include transmission losses.

Performance ratings do not include the effects of appurtenances (accessories).

Class Il = Bolded section after blue section Performance based on a shaft height of 34.23" above the base on fan size 490.

Underlined figures indicate Maximum Static Efficiency

Figure 81 Twin City 490 EPFN Fan specs, twincity.com

Towson Tiger Arena 112



N
S
3
R
Y
NS
A
B
~
O
Q

Construction Management

sjeaywiqgns Ay uim] ‘4ey) aduewaoyad ueq Ay) uimj gg a4nsi4

| 4o | afed
LVOZFATIZ L

SHEdh g -0 24P W
9 fEL TTTTTTTT 2]
fit= IV = A i
geJeERB "ttt g
g6l Tt g
¥ S BB TTTTTTTT ¥
a5/ S6 "TTTTTTTE
LapfeaL Tttt Z
ESBE TTTTTTTT I
gy "7 BARLO)

[aAST 484D PUNOS

43MOdISHOH INVF 48

(=000

Ul w40
oF i3

i
i
'
'
'

¥

JUYNSS3IYd D211V LS

(Ban- Uyl

il

SL00 U7 Apsuaq m
— ?m |||||||||||||||| Jassssssssssasssdassssansssassssdasssasssssansansas dassassssassssssadsssssssasansnaas dasasssssssssass
WM T ARR0EA BING
- e — AAEND ADNVWHO4dId dIMOT8 ANV HV4 ALID HIML

#5709 ‘dHa

£66  TTTTTTT dy 00947155 (£94) Py 'samedwog ued Ao U] Ag pajuasaiday
favuzg "7 ods 2z0F I Hop
000'2F 7T OWAD 79 45 Be) ued WA ABWOEENT

13

1

Towson Tiger Arena



Derek Stoecklein

Construction Management

Step 1: Estimate the time required to connact the DuctSox System to the inlet.

Inlet Diameter Man Hours
g"-24" .5 Hours
25" - 40" .75 Hours
41" - 0" 1 Howurs

Step 2: Estimate the time required to install the suspension system and fo aftach the DuctSox System. This

includes connecting zippered sections and fittings together. It is important that your estimate is based on
straight sections of DuctSox in the same horizontal plang.

Suspension System Man Hours
SkelaCore FTS 2 Howrs for each straight section + 3.5 Hrs. per 427 of length
SkeleCore [HS Cable 2 Howrs for each straight section + 0.5 Hr. per 25" of length
SkelaCore IHS Track 2 Howrs for each straight section + 0.5 Hr. per 25" of length

Cable 2 Howrs for each straight section + 0.5 Hr. per 25" of length

Flush Mount U-Track 2 Hours for each straight section + 1.0 Hr. per 25" of length
Hanging L-Track 2 Hours for each straight section + 1.5 Hrs. par 25" of length
S5 Track™ 2 Hours for each straight section + 1.5 Hrs. per 257 of length

Timeas are basad on 1-row cable or track. For 2-row systems, multiply time by 2.
Add 10% for diameters that are 257 to 407,
Add 205% for diameters that are 417 1o 607,

For D-Shape and Quarter-Round use Flush Mount Track (multiply x 2 for 2-row)
*Food Processing Stainless Steel Track

Special Notes:

All estimatad times are in man hours and achigving estimatad times will reguirg minimum two man craws.
Cable installations based on wall to wall installation and does not includs timas to manufacture and install knes
braces as every job is different in complexity.

For applications where floor and ceilling elevations change. please consult DuctSox.

Estimates based on cailing heights less than 307 Additional labor required when working at edtended heights.
Estimates based on easy access, without ceiling obstructions.

Estimated times are conservative for experienced DuctSox installers.

Figure 83 DuctSox Labor Estimate Data, Ductsox.com
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APPENDIX D. Terra Cotta Analysis
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Figure 84 NeaCera Product Data, neacera.com
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NeaCERA®
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Getting Started

Crestad: C8 13 2000
A "-‘, Reviied: C9 24 2000

N k Terra Cotta Cladding

TERREAL S-S EoESE B EeE

NORTH AMERICA

Designing A Framing System:

Terreal creatad the first terra cotta rainscreen system 20 years
ago. Terreal’s vast terra cotta rainscreen knowledge and
experience can help design and detail an efficient system for your
project. For technical assistance on the structural framing, wall
system design, and project specific details involve Terreal at the
start of the design process.

_.-‘_";. - A——— i
Terresl has the details needed for your wall design - please contact us, Terra cota framing systems

Budget Pricing:

Terreal and assistance from our installers can provide accurate budgat pricing prior to your project going out to bid. To
provide accurate budget numbers, panel size, panel celor, panel thickness, and structural framing system design for
attachment to the primary structural wall must be provided.

For Single Skin Terra Cotta Panels: Panel System ranges from 59 - $15 / SF (terra cotta panel and support framing)

For Single Skin Terra Cotta Panels: Panel System ranges from $25- 540 / SF (terra cotta and support framing installed)
For Double Skin Terra Cotta Panels: Panel System ranges from $13 - $23 / SF (terra cotta panel and support framing)
For Double Skin Terra Cotta Panels: Panel System ranges from $35 - $60 / SF (terra cotta and support framing installed)
For Factory Panelized Wall Systems (in lieu of field stick built): Panel Systems range from 560 - $80 / SF (installed)

** labor (union vs. non-union), building height, jobsite conditions, jobsite location & panelized vs. “stick build” in field all
can influence the budget numbers shown above

** budget numbers above include estimatad freight from Europe, excludes all applicable sales tax

** budget numbers above are for standard products, standard colors, and standard textures

Installers:

Terra cotta rainscreen systems can be and have
been installed by many different construction
trades. Terreal and its family of natural building
product manufacturers can help locate qualified
installers for your project. Please contact us for
assistance on finding the right installation partner
for your project.

Field Cutting Terrz Cotta ls

Figure 85 Terreal Cost Data, terreal.com
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ID |Task Name Duration Start Finish Predecessors L Qtr1, 2012 Qtr 2, 2012 Qtr 3, 2012 Qtr 4, 2012
Nov | Dec Jan | Feb | Mar Apr | May | Jun | Aug Sep Oct Nov Dec

| 1 [Kinsley - Steel 84days  Mon 1/23/12 Thu5/17/12 Kinsley | Steel e — ey
| 2 | Steel Decking Sequence Duration 84 days Mon 1/23/12 Thu 5/17/12 —— Steel Decking Sequence Duration
| 3 | Erect Catwalk 5 days Thu 4/19/12 Wed 4/25/12 @ Erect Catwalk
| 4 |DenverElek - Mechanical 95 days Thu 4/12/12 Wed 8/22/12 DenverElek - Mechanical p———eeeeeeeeeee——
| 5 | Storm Rough In Truss Lvl 30 days Thu4/12/12 Wed 5/23/12 s Storm Rough In Truss Lvl
| 6 | HVAC Pipe RI @ Trusses 31 days Wed 5/30/12 Wed 7/11/12 @ HVAC Pipe Rl @ Trusses
| 7 | Duct RoughIn 51 days Wed 5/30/12 Wed 8/8/12 Gsssssssssmmm—— Duct Rough In
| 8 | Duct Insulation @ Trusses 20 days Thu7/26/12 Wed 8/22/12 @ Duct Insulation @ Trusses
| 9 [BK Truland - Electrical 148 days  Tue 4/24/12 Thu11/15/12 BK Truland - Electrical o e —l )
110/ Comm Conduit/Cable tray 20 days Tue 4/24/12 Mon 5/21/12 @ Comm Conduit/Cable tray
11| Conduit/Wire Truss Lvl 45 days Tue 4/24/12 Mon 6/25/12 s  Conduit/Wire Truss Lvl
12| Lighting @ Truss Level 20 days Fri10/5/12  Thu 11/1/12 s Lighting @ Truss Ley,
| 13| Electrical Devices @ Truss Level 15 days Fri 10/19/12 Thu 11/8/12 @ Electrical Devices
14| Fire Alarm Devices and Test Truss Level 20 days Fri 10/19/12 Thu11/15/12 @ Fire Alarm Devi
| 15 NFP - Sprinkler 44 days Thu7/5/12 Tue 9/4/12 NFP - Sprinkler g ————————y
116 Sprinkler Rl @ Trusses 44 days Thu7/5/12  Tue 9/4/12 s  Sprinkler RI @ Trusses
| 17 INLP - Painting 50 days Thu8/9/12 Wed 10/17/12 NLP - Painting e ———————y

18| Paint @ Trusses/Deck 50 days Thu 8/9/12  Wed 10/17/12 s Paint @ Trusses/Deck

Task S Project Summary PR Inactive Milestone @ Manual Summary Rollup Deadline A4
Project: Combined Baseline Sched| SPlit v External Tasks G Inactive Summary % Manual Summary P—————————=9 Progress
Date: Fri 3/22/13 Milestone * External Milestone ¢ Manual Task G Start-only C
Summary PIIII==W Inactive Task ( | Duration-only Finish-only |

Page 1
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ID |Task Name Duration Start Finish Qtr 1, 2012 Qtr 2, 2012 Qtr 3, 2012 Qtr4, 2012
Dec Jan Feb | Mar Apr May Jun Jul Aug Sep Oct Nov Dec

|1 Kinsley - Steel 109 days Mon 1/16/12 Thu 6/14/12 Kinsley - Steel @ — ey
| 2 | Steel Decking Sequence Duration 109 days  Mon 1/16/12 Thu 6/14/12 —— Stee] Decking Sequence Duration
| 3 | Erect Catwalk 38 days Wed 4/11/12 Fri6/1/12 I  Erect Catwalk
| 4 |DenverElek - Mechanical 78 days Fri6/1/12 Tue 9/18/12 DenverElek - Mechanical p———eeeeeeeeeeeee——
| 5 | Storm Rough In Truss Lvl 25 days Fri 6/1/12 Thu 7/5/12 s Storm Rough In Truss Lvl
| 6 | HVACPipe Rl @ Trusses 32 days Fri6/8/12 Mon 7/23/12 G  HVAC Pipe Rl @ Trusses
| 7 | Duct RoughIn 33 days Mon 7/30/12 Wed 9/12/12 sy Duct Rough In
| 8 | Duct Insulation @ Trusses 15 days Wed 8/29/12 Tue 9/18/12 @ Duct Insulation @ Trusses
| 9 BK Truland - Electrical 140days Wed 5/16/12 Tue 11/27/12 BK Truland - Electrical
110 Comm Conduit/Cable tray 36 days Mon 6/4/12 Mon 7/23/12 s Comm Conduit/Cable tray
11| Conduit/Wire Truss Lvl 114 days  Wed 5/16/12 Mon 10/22/12 s Conduit/Wire Truss Lvl
12| Lighting @ Truss Level 20 days Fri 10/19/12 Thu 11/15/12 G Lighting @ Truss Ley
| 13| Electrical Devices @ Truss Level 47 days Mon 9/24/12 Tue 11/27/12 Electrical Devig
14| Fire Alarm Devices and Test Truss Level 21 days Mon 10/29/12 Sun 11/25/12 @ (Fire Alarm Devi
|15 INFP - Sprinkler 39 days Thu5/3/12 Tue 6/26/12 NFP - Sprinkler e ——————
116 Sprinkler Rl @ Trusses 39 days Thu5/3/12 Tue 6/26/12 s Sprinkler Rl @ Trusses
| 17 INLP - Painting 63 days Fri8/17/12 Tue11/13/12 NLP - Painting p———

18| Paint @ Trusses/Deck 63 days Fri8/17/12  Tue 11/13/12 s Painl @ Trusses/Dec

Task S Project Summary PR Inactive Milestone @ Manual Summary Rollup Deadline A4
Project: Combined Actual Schedu | SPlit v External Tasks G Inactive Summary % Manual Summary P—————————=9 Progress
Date: Fri 3/22/13 Milestone * External Milestone ¢ Manual Task G Start-only C
Summary PIIII==W Inactive Task ( Duration-only Finish-only |

Page 1
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ID Task Name Duration Start Finish Qtr 1, 2012 Qtr 2, 2012 Qtr 3, 2012 Qtr 4, 2012 Qtr1, 2013
Jan Feb Mar Apr ‘ May ‘ Jun Jul ‘ Aug Sep Oct Nov Dec Jan
1 | Steel Decking Sequence Duration 84 days Mon 1/23/12 Thu5/17/12 Steel Decking Sequence Duration
2 | Erect Catwalk 5 days Thu 4/19/12 Wed 4/25/12
3 | Storm Rough In Truss Lvl 30 days Fri4/20/12 Thu5/31/12 h.In Truss Lvl
4 | HVAC Pipe Rl @ Trusses 31 days Fri4/27/12  Fri6/8/12 e RI @ Trusses
10 | Sprinkler RI @ Trusses 44 days Fri 5/4/12 Wed 7/4/12 Sprinkler RI @ Trusses
5 | Comm Conduit/Cable tray 20 days Fri5/11/12 Thu6/7/12 duit/Cable tray
6 | Conduit/Wire Truss Lvl 45 days Fri5/11/12  Thu7/12/12 s Conduit/Wire Truss Lvl
11 | Paint @ Trusses/Deck 50 days Fri7/6/12 Thu 9/13/12 usses/Deck
7 | Lighting @ Truss Level 20 days Fri8/31/12 Thu9/27/12 i Llighting @ Truss Level
12 | DuctSox 14 days Fri9/7/12 Wed 9/26/12 i DuctSox
8 | Electrical Devices @ Truss Level 15 days Fri9/14/12  Thu 10/4/12 Electrical Devices @ Truss Level
9 | Fire Alarm Devices and Test Truss Level 20 days Fri9/14/12  Thu 10/11/12 Fire Alarm Devices and Test Truss Level
Task S Project Summary PR Inactive Milestone @ Manual Summary Rollup Deadline A4
Project: Re-Sequenced MEPF Split v External Tasks G Inactive Summary 1 Manual Summary P—————————=9 Progress
Date: Fri 3/22/13 Milestone L 2 External Milestone ¢ Manual Task Bl Start-only C
Summary PIIII==W Inactive Task ( | Duration-only Finish-only |

Page 1
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APPENDIX F. CISCO StadiumVision Analysis
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WIRING SCHEDULE: PANEL RP1C

Derek Stoecklein

Construction Management

120/ 208 VOLTS

3 PHASE 4 WIRE

100 AMP MAINS

SURFACE MOUNTED

TIF= [FOLE DESCRIETION WIRET | BREAKER [ TlRe [FOLE DESCRIFTION WIRE] | BREARER
cult coMoUlT_[POLE [ AP | AG 50 To__|oult coNoulT_[FOLE [ AMP
T | 1 |CUHTA=1 (VESTIBULE 124) Wzaas | 1 | 20 |03 4 2 | 2z |HANDDRVER WENS 131 el ERE
3 | 3 |REC FAN ASSIST 134135137 gadc | 1 | @ 10| 14 2 | 4 |HANDDRYER WENS 131 #834°C 1| =
5 | 5 |REC EVENT MGMT 133, 134 gaaT | 1 | @ o8 |oe| & | & |RECMENS I} #8004 1| =
7| 7 [rEc womens 132 saac | 1 | 20 | os | o 8 | & |RecREcERTION 125, CORR sipasc | 1 |
9 | & |HAMDDRYER WOMEN'S 132 paac | 1 | @ 14 | 08 w | 10 |REC PRESS RM 127 #zaec | 1 | @
1" 11 |HAHD DRYER WOMEMN'S 132 WE-304°C 1 20 1.4 0.8 12 12 |REC PRESS RM 127 W23 1 20
13 | 13 |REC PRESS ROOM 127 #za4C | 1 | 20 |0& | 1.0 14 | 14 |REC AVR PRESS RM 127 #zadc | 1 | @
15 | 15 |REC PRESS ROOM 127 mzaas | 1 | 20 aa | o5 1 | 16 |REC METAL DETECTOR 125 wzadc | 1 | @
7 | 17 |RECEVENT STAFF 121 wzyec | 1 | 20 26 | 05 | 58 | 18 |RECMETAL DETECTOR 125 szaac | 1 | =
9 | 18 |REC EVENT STAFF 121, CORR 114 #124C | 1 | 20 |08 a5 20 | 20 |RECEWC 128 sizec | 1 | =
21 | 21 |REC SECURITY 122, CORR #gaec | 1 | 2 08 | o2 23 | 22 |REC AVR SECURITY 122 #zec | 1 |
21 | 23 [REC PRODUCTICN 129 sevec | 1| 20 o8 | o | 24 | 2¢ |REC PRODUCTION 129 soadc | 1 | w0
% | 25 |REC FRODUCTION 128 1 | 20 |oa|oa 26 | 26 |REC PRODUCTION 129 oAt | 1 | @
Z | 27 |REC FRODUGTION 128 1| @ 08 | 10 28 | 28 |REC PRODUCTION 129 0G| 2 | 2

20 | 28 |REC PRODUCTION 128 soasc | 1| 20 ve | 10| - | a0 3ac
31 | =1 |REC FRODUCTION 128 o | 2z | 20 | 10| 10 3z | 3z |Rec PRODUCTION 129 NG | 2 | =
- | = 10 | 10 BN e
35 | 55 |REC PRODUCTION 128 BEI0+810G | 2 | 20 10 | op | 58 | 35 |REC FRODUCTION 129 #naec | 1| o0
N e 100] 0.4 38 | 38 |REC TV PRESS ROOM 127 gzamc | 1 |
38 |SPARE R = T0|SRRRE T
41 |SPARE N 42 |SPARE 1| 20
54 | 4t
CONMECTED LOAD = 308 KVA [X
MANBREAKER 100 AMPS
DEMAND LOAD = 282 KvA MOTE! PROVIDE SEPARATE MEUTRAL FOR EACH CIRCUIT
MIN AIC RATING = 10000 AMPS SYMMETRICAL LOGATION  SECURITY 122

Figure 93 Panel RP1C, TA Contract Documents

WIRING SCHEDULE: PANEL RP1B

120/ 208 VOLTS

3 PHASE 4 WIRE

100 AMP MAINS

SURFACE MOUNTED

ClF- [POLE DESCRIPTION WIRE/ BREAKER KVA B ClA- [FOLE DESCRIPTION WIRES EREAXER
cult coMpulT [PoLE [ Ave A B2 5] cult coNDUIT_[FoLE] AMP
1 1 [REC MAINT SHOP 11E #12314°C 1 20 | o8 | oa 2 2 [REC MAINT SHOP 118 #13304°C 1 20
3 3 |REC MAINT SHOP t18 #1234°C 1 20 aa | oa 4 4 [REC MAINT SHOR 18 #2304 1 20
5 5 |REC MAINT SHOP 118 #12304°C 1 20 I EEE B [RECMAINT SHOR 18 #1204 1 20
7 7 |REC LOADIMG #1204 T 1 20 | o6 | o5 a 8 [WINCH COMTROL PANEL #2304 1 20
g | % |RECLOADING #13e304°C 1 20 06 10 |sParE 1 70
11 |SPARE 1 20 12 |SPARE 1 0
13 |sParE 1 20 14 |sPaRE 1 20
15 |SPARE 1 20 16 |SPARE 1 20
17 |SPARE 1 20 18 |SPARE 1 20
18 |SPARE 1 20 20 |SPARE 1 20
21 |SPARE i 20 22 |aPaRE 1 20
23 |sPaRE 1 20 24 |sPaRE 1 20
25 |sPARE 1 20 26 |SPARE 1 E
27 |sPARE 1 20 28 |&PARE 1 £
ERERS 1 20 30 |sPare 1 20

14 |13 |14 | oa|oa ] os
COMMECTED LOAD - 6.5 KA 27 2.2 1.6
TAIN BREAKER 100 AMPE
DEMAND LOAD = 6,4 Kk HOTE; PROVIDE SERARATE HEUTRAL FOR EACH CIRCUIT
KM AIC RATING = 10,000 AMPS SYMMETRICAL

LOCATION  MAINT SHOP 118

Figure 92 Panel RP1B, TA Contract Documents

Towson Tiger Arena

129



Derek Stoecklein

Construction Management

Device Power Requirements

Cisco D29200 DCM 350 W (max); 110 to 240V AC

Cisco D2094 Encoder 60 W (max) ; 100 V AC

Cisco D9887 Receiver 200 W (max); 95 to 135/ 180 10 265 V AC

Cisco D9858 Transcoder 110 W (max); 110 to 240V AC

Cisco Spectra QAM Demod 8 W, 48V AC

3" Party Set-top Box Varies — 15-20 W; 110 to 240V AC

DirecTV COM200 320 W (max with redundant PSU); 110 to 240V AC

Catalyst Switches PoE is not required. Power supplies for switches should be sized accordingly.

Figure 95 Cisco SV Power Requirements, Cisco.com
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Figure 94 TA Panel RP1C and RP1B Locations, TA Contract Documents
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Specifications for 40 Amp Units 208V-120V

AC Voltage Input: 200 to 230V
AC Voltage Output: 100 to 115V
Frequency: 60 Hz

Load Capacity: UL Rated 32Amps max - (2) 16 Amp circuits
Circuit Breaker:  (2) 20 Amp UL489 Listed circult breakers
Output Receptacle:  NEMA 5-20R
Product Warranty: 2 years

Power Cable - AWG Length & Plug Type:
With Local Ammeter Readout:
With Remote Ammeter Readout:

12/4 8JT Type, L14-20P, 124t [3.6m]
0-20 Amp 4-digit display +/- 0.2A LCD with backlighting
0-30A 3-digit display +/- 0.2A Remote LCD with backiighting

40A Power Commander Power Distribution its

Catalog No. 4B44B2-2
Twenty-four (24) 20A
simplex outlets in two
banks of 12. Black housing.

Catalog No. 4B86B2-2
Thirty-six (36) 20A simplex
outlets in two banks of 18,
Black housing.

Catalog No. 4B53B2-2-AM
Eighteen (18) 20A simplex
outlets in two banks of 9.
Two lighted LCD digital

Catalog No. 4B43B2-2-RAM
Eighteen (18) 20A simplex
outlets in two banks of 9.
Two lighted remote LCD

ammeters. Black housing.
Length: 54"  [1.4m]
Width: 1 1/2" [38mm)]
Depth: 2 7/8" [73mm]

ammeters. Black housing.
Length: 48"  [1.2m]
Width: 1 1/2" [38mm)]
Depth: 2 7/8" [73mm]

Length: 48" [1.2m]
Width: 1 1/2" [38mm)]
Depth: 2 7/8" [73mm]|

Length: 70"  [1.8m]
Width: 1 1/2" [3Bmm]
Depth: 2 7/8" [73mm]

Figure 96 Server power strip, starcase.com
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