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Vanguard Engineering is a multi-disciplinary firm that specializes in structural, mechanical, electrical, lighting, and 
acoustic design. Vanguard Engineering stays on the forefront of the building industry through discipline collabo-
ration and cutting-edge solutions that push the boundaries of innovation and sustainability.  

Vanguard Engineering is a diverse team focused on creating an innovative solution to the engineered design of 
the Jack H. Miller Center for Musical Arts. Vanguard consists of ten members with structural, mechanical, and 
electrical backgrounds. The team has implemented a sustainable design focused on used experience and inte-
gration.  

The Jack H. Miller Center for Musical Arts project is a part of Hope College’s campus located in Holland, Michigan. 
This facility serves both as an educational space and a community engagement space through the various con-
certs and recitals that will take place there. The large curtain wall design is described by the architect as a “front 
porch.” 

Innovation 

The integration of innovative solutions including DLT panels, hollow battened col-
umns, variable acoustics, underfloor air distribution, and heat rejection have en-
abled the Vanguard team to create a facility that pushes the boundaries of tech-
nology in building design.   

Sustainability 

Vanguard engineering extended the city’s vision for sustainability into the design 
of the Jack H. Miller Center for Musical Arts through implementation of rainwater 
harvesting systems, integration with the city’s plans for district utilities, and respon-
sible use of wood resources to reduce the carbon footprint.   

User Experience 

Enhancing the user experience is paramount to the success of a performance fa-
cility. Using wood integration, meticulous lighting and acoustic design, and acous-
tically sensitive mechanical solutions, Vanguard Engineering has produced an en-
vironment capable of hosting a wide variety of quality of musical performance.  

EXECUTIVE SUMMARY 

Lobby 

Innovative glulam columns used in the lobby 
space allow for concealment of mechanical 
piping used to treat the glass façade. Light-
ing coordinated with the structural team to 
help highlight the wood double girder system 
spanning the lobby. Warm color tempera-
tures are used to emphasize the character of 
the wood. Wood DLT acoustic squares are in-
tegrated within the structural timber to main-
tain the wood aesthetic developed in the 
lobby while providing necessary acoustic 
treatment.  

Performance Hall 

A flat composite slab with built up cold form risers and concrete topping are 
used to create a plenum user the performance hall seating. This system pro-
vides adequate means to implement an underfloor air distribution system for 
space cooling. Use of low velocity floor diffusers and sound attenuations en-
sure minimal acoustic impact of the mechanical systems on the space.   
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All governing national, state, and municipal 
laws will be met in Vanguard Engineering’s 
building design. The applicable codes and 
standards for each design discipline shall in-
clude: 

Structural 
2009 Michigan Building Code (2009 IBC plus 
amendments) 

ACI-318-08 Building Code Requirements for Re-
inforced Concrete 

AISC Manual of Steel Construction – 13th Edition 

Steel Joist Institute – Standard Specifications for 
K, LF and DLH Joists 

ASCE 7-05 Minimum Design Loads for Buildings 
and Other Structures  

2015 National Design Specification for Wood 
Construction 

StructureCraft’s Dowel Laminated Timber: The 
All Wood Panel Mass Timber Design Guide 

2008 Masonry Standards Joint Committee 

Mechanical 
Codes 

2009 Michigan Building Code (IBC 2009) 

2009 Michigan Mechanical Code (IMC 2009) 

2009 Michigan Plumbing Code (IPC 2009) 

Michigan Fire Prevention Code 

Michigan Uniform Energy Code – 2009 (Based 
on ASHRAE 90.1-2007) 

2004 ANSI a117.1/ADAAG 

Standards 

ASHRAE Standard 62.1-2007 Ventilation for Ac-
ceptable Indoor Air Quality 

ASHRAE Standard 55-2007 Thermal Environmen-
tal Conditions for Human Occupancy 

NFPA Standard 13 for the Installation of Sprinkler 
Systems 

NFPA Standard 20 for the Installation of Station-
ary Pumps for Fire Protection 

NFPA Standard 25 Standard for the Inspection, 
Testing, and Maintenance of Water-Based Fire 
Protection Systems 

NFPA Standard 90a for the Installation of Air-
Conditioning and Ventilating Systems 

WELL Building Standard 

LEED Building Standard 

Electrical 
Codes 

2017 National Electric Code (NFPA 70) 

2016 National Fire Alarm and Signaling Code 
(NFPA 72) 

2000 Life Safety Code (NFPA 101) 

International Fire Code (IFC) 

Michigan Uniform Energy Code – 2009 (Based 
on ASHRAE 90.1-2007) 

Standards 

Americans with Disabilities Act (ADA) Standards 
for Accessible Design 

Standard for Emergency and Standby Power 
Systems (NFPA 110) and Standard on Stored 
Electrical Energy emergency and Standby 
Power Systems (NFPA 111) 

WELL Building Standard 

LEED v4 Building Standard 
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1. THE PROJECT 
Located on the campus of Hope College in Hol-
land, Michigan, the Jack H. Miller Center for Mu-
sical Arts is designed to be a community and 
campus center. The new facility is location 
northeast of the campus and sits near the bor-
der of downtown Holland. Acting as both as ed-
ucational space and a community engage-
ment space the center will bring the two entities 
together through concerts and recitals. The 
main concert hall provides seating for 800 peo-
ple and has the ability to host musical perfor-
mances, lectures or public events like gradua-
tions. The accompanying recital hall accom-
modates for 125 people for more intimate per-
formances. In addition to these main spaces, 
faculty studios, classrooms, practice spaces will 
be a part of the facility. 

1.1 City of  Holland and Holland Board of  
Public Works Collaboration 
The city of Holland along with Hope College 
and the Holland Board of Public Works devel-
oped the Sustainability Institute. The Sustainabil-
ity Institute’s vision is, “a healthy and economi-
cally vibrant community that promotes environ-
mental stewardship and mutual respect for 
people and the planet.”  

Vanguard Engineering embraced this vision as 
it relates Vanguard’s guiding principles of de-
sign: Innovation, Sustainability, and User Experi-
ence. 

1.2 Innovation 
One of Vanguard Engineering’s guiding princi-
ples is to stay on the forefront of the building en-
gineering. The building industry is constantly 
adapting – as is Vanguard Engineering. We 
strive to create cutting edge designs that push 
the boundaries on what can be done to create 
designs that are efficient and set new standards 
for the industry.  

1.3 Sustainability 
The project location for the Jack H. Miller Center 
for Musical Arts is in Holland, Michigan. Holland, 
Michigan is a city that is constantly promoting 
sustainability. The city of Holland has even gone 
to the point to develop a long-term plan called 
the Holland Community Energy Efficiency and 
Conservation Strategy, also referred to as the 
Holland Community Energy Plan. In their execu-
tive summary, it is stated that the city of Holland 
recognizes that the world will be facing energy 
challenges in the future and is implementing 
new practices and technologies to meet these 
challenges. In their plan, they established a 
goal of reducing their greenhouse emissions per 
capita from 24 metric tons in 2010 to 10 metric 
tons in 2050. To reach this goal, there are many 
milestones and technologies that will be imple-
mented over time. This includes highly efficient 
central heating for the downtown district to re-
place old and inefficient systems, a 70 MW 
combined cycle gas turbine (CCGT) to replace 
their coal-fired energy plant and adding renew-
able energy generation between 2010 and 
2050. As of April 2016, the city had officially 
moved away from using energy from coal-fired 
energy plants and was operating under their 
new CCGT energy plant. 
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This shows how much emphasis the college and 
the city places on sustainability, environmental 
impact and the initiative to achieve their goals. 
Vanguard Engineering has made it a priority to 
deliver a solution that is sustainability-oriented in 
as many manners as possible. 

1.4 User Experience 
To further enhance the user experience, we are 
aiming to include all angle of the US Depart-
ment of Health and Human Services user expe-
rience honey comb into our design. We are fo-
cusing on the USEFUL, ACCESSIBLE, AND DESIRA-
BLE user experiences. This is because the audi-
ence and the people experiencing the space 
are the primary critique. Musical arts aim to cre-
ate an emotion within the user, and our engi-
neered building design aims to capture that 
emotion in a useful, accessible, and desirable 
way. Throughout the design process we keep 
the user in mind in order to provide the best ex-
periences. 

 

Figure N-1: The US Department of Health and Hu-
man Services User Experience Honey Comb 

2. THE TEAM 
Vanguard Engineering consists of 10 members. 
The team has three structural, two mechanical, 
and five electrical students. This diverse team al-
lows for different processes and idea develop-
ment to be used during the duration of the pro-
ject. This results in more factors being taken into 
consideration and an overall better design of 

the facility. Each member plays a vital role in 
bringing unique aspects and providing tech-
nical knowledge.  

When Vanguard Engineering was formed, the 
Gallup Strength Finder survey and a team-de-
veloped engineering skills surveys were used to 
assess individual member’s unique skill sets. 
These surveys were also used to identify the var-
ious team roles. A team organization flow chart 
is shown below.  

 
Figure N - 1: Team Organization Flow Chart 

3. TEAM COLLABORATION AND COM-
MUNICATION  
Vanguard Engineering holds collaboration and 
communication to the highest priority in all de-
sign aspects. Collaboration between all disci-
plines results in systems that work together to 
better meet the owner’s needs. This creates a 
whole building system concept rather than sys-
tems working independently of one another.  

3.1 Decision Making 
Vanguard Engineering has found that an inte-
grated project approach between all disci-
plines results in the best project outcome for all 
parties involved. Seamless integration between 
the systems was a main priority for this facility 
from the start. Decision matrices were used 
across all disciplines to facilitate this process. 
The team first identified main goals for the pro-
ject that should be weighted in all decisions, 

Team Leader 
(Memeber 1)

Structural Lead 
(Member 2)

Member 5

Member 6

Mechanical Lead 
(Member 3)

Member 1

Electrical Lead 
(Member 4)

Member 7

Member 8

Member 9

Member 10
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then discipline specific goals for the various sys-
tems. These goals were weighted on overall im-
portance for the Music center. The decision ma-
trices were used to make discipline specific 
choices that were then presented to the entire 
team to ensure system coordination.  Decisions 
were evaluated to provide solutions best fit for 
the use of the facility and Hope College as a 
whole.   

3.2 Intradisciplinary Collaboration 
To achieve collaboration across the disciplines, 
it must first be maintained within the disciplines. 
Constant communication was kept through 
email and many meeting times were sched-
uled. This helped stay on track to successfully 
complete both short- and long-term goals. Po-
tential designs were validated by keeping in 
contact with assigned industry professionals. 
The presence of an industry professional pro-
moted disciplines to stay up-to-data on designs, 
keep in contact with experience individuals, 
and facilitate collaboration. The presence of an 
industry professional helped understand the im-
portance of fundamental knowledge gained in 
school and real-life experience.  

3.3 Communications and Meetings 
Vanguard Engineering held one team meeting 
at the same time each week and often sched-
uled additional meetings that resulted in two to 
three collaborative sessions a week. Meeting 
agendas were created twenty-four hours in ad-
vance of all meetings to ensure pressing items 
were being addressed and the team remained 
focused on the topics. The meeting agenda 
was editable to all team members to ensure 
any and all questions were being addressed. 
Each meeting consisted of discipline updates, 
design topics, and integration items. Addition-
ally, one team member was designated as the 
recorder during these meetings to take discus-
sion notes and create to-do lists for the various 
disciplines. 

In addition to the general team meeting, disci-
pline specific meetings were held. These meet-
ings were held at least once a week to discuss 
discipline specific items. The structure of the dis-
cipline specific meetings was very similar to the 
general meeting – consisting of agendas and a 
meeting minutes recorder. Lastly, many smaller 
interdisciplinary meetings were held to discuss 
current design topics between the disciplines.  

The benefits of holding frequent team meetings 
are invaluable. Collaboration between and 
within disciplines is at its highest with frequent 
communication and discussions. Advantages 
and disadvantages of different designs were 
discussed, team members were kept up to date 
and knowledgeable on all design aspects. A 
cohesive understanding of the project allowed 
for the disciplines to influence each other on 
many design aspects, creating an integrative 
and innovative final product.  

Digital communication played a vital role in all 
aspects of the project. Several platforms were 
used to share information and stay in constant 
communication including GroupMe, Box, Blue-
beam Studio, and Google Calendar.  

GroupMe is an app that can be used on any 
mobile device or desktop. It was used to create 
a general team group as well as groups for the 
disciplines. The group messaging app was used 
for all informal communication including team 
updates, asking and answering questions, and 
gathering feedback for design aspects.  

Box is a file storage platform that was used to 
share and edit all files. Box allows for multiple 
people to live edit documents, allowing for eas-
ier document creation.  

Google Calendar was used to coordinate all 
important dates. The Vanguard Engineering 
google calendar consisted of all schedule team 
meetings and major deadlines. This was used in 
collaboration with a When2Meet poll that each 
member filled out to coordinate meetings 
around class and individual conflicts.  
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4. DESIGN CHALLENGES 
4.1 Acoustics 
The Jack H. Miller Center for Musical Arts is de-
signed as a state-of-the-art musical perfor-
mance facility, and as a musical performance 
facility, acoustics is one of the main considera-
tions for the building’s functionality. The acous-
tic considerations include both acoustics of the 
performance spaces and system-specific 
acoustics. Vanguard Engineering achieved the 
highest quality acoustics in the facility by focus-
ing on room acoustics with various design tech-
niques and calculations, ensured sound isola-
tion throughout with coordination of construc-
tions and spaces, and designed systems to 
complement all the features of the building. 
Specific techniques used to achieve this are 
outlined in section 8. 

4.2 Timber 
Hope College holds a high standard for sustain-
ability and wants to emphasize this by using 25% 
wood, timber, and engineered wood for the 
Jack H. Miller Center for Musical Arts. Vanguard 
Engineering surpassed this design condition by 
designing the facility to be approximately 40% 
timber construction. By doing so, other chal-
lenges were created for the team including 
sacrificing plenum space in the high volume 
lobby and educational spaces.  

4.3 Rooftop Amenity Space 
Implementing a rooftop amenity space creates 
an interesting and unique design feature, as 
well as establishes an opportunity for the client 
to gain a return on his/her investment. Van-
guard Engineering has designed this space to 
be taken advantage of year-round. The space 
contains an indoor seating area that is flexible 
to use such that receptions, dinners, events, and 
other social gatherings can be held there. The 
rooftop amenity space is designed for events 
hosted by both the community and the univer-
sity. The indoor space contains a permanent 

bar area and seating for up to 100 people. Dur-
ing warmer weather this space can be trans-
formed into an indoor/outdoor space. Van-
guard Engineering has coordinated the HVAC 
and structural components in order to imple-
ment a sliding glass wall system to blend the in-
door and outdoor environments. Other features 
that makes this space unique are discussed in 
section 5.4.   

5. INTEGRATION FOR BUILDING PER-
FORMANCE 
5.1 High Volume Lobby Design 
As the first impression of the building the func-
tion of the lobby is to invite and provide circula-
tion to the rest of the building. The lobby is also 
a representation of Hope College as concert 
goers attending professional events will also be 
introduced to the college through the perform-
ing arts center. Integrating the community and 
students of Hope College with the Jack H. Miller 
Center for Musical Arts the lobby provides a 
“front porch” for the university. 

5.1.1 Timber  

To highlight Hope College’s strive for sustainabil-
ity, the structural team will be framing the lobby 
space with engineered timber. The large vol-
ume space becomes a great location to show 
off the natural beauty and ability of the innova-
tive framing system. To provide the lobby with a 
sense of a soaring ceiling, DLT panels span from 
girder to girder, negating the necessity of infill 
beams or joists. With the use of a material that is 
used structurally and is also visually pleasing, our 
structural team worked closely with the lighting 
engineers for the framing to be highlighted, 
bringing out its full potential.  

5.1.2 Mechanical 

The curtain wall is an essential element of the 
lobby as it provides views, natural lighting, and 
a sense of openness to the occupants, but it 
also requires substantial mechanical treatment 
to accommodate the large associated thermal 
load.  Through interdisciplinary discussion, a 
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runtal radiant heating system is specified to help 
accommodate the heating load in the winter 
and prevent condensation on the glass while 
still retaining the aesthetic value of the curtain 
wall. Coordination with the structural team led 
to the mechanical advantage of a mid-height 
beam along the curtain wall, which provides 
means for mounting a radiant panel at mid 
height of the curtain wall in addition to the top 
and bottom. Hollow battened timber columns 
used for vertical support in the space will allow 
the hydronic hot water pipes serving the radiant 
panels to be housed within the column’s hollow 
chase. This can be described on supporting 
document B – Structural. 

5.1.3 Electrical 

The lobby acts as the main entrance and pas-
sage for students and the public of Holland, 
Michigan. Taking advantage of this opportunity, 
Vanguard utilized video display boards 
throughout to visually attract the attention of us-
ers. The goal is to inform the public of the col-
lege’s sustainable initiatives, and the many 
unique features of the building, such as the use 
of wood structure and rainwater harvesting. To 
optimize the lighting design, wall devices were 
coordinated to not disrupt the long planes cre-
ated by the wood construction. 

5.1.4 Lighting 

The natural beauty and innovativeness of the 
engineered timber structure in the lobby area is 
enhanced by an efficient and visually pleasing 
lighting system. Low-profile LED luminaires are 
utilized to minimize energy consumption and 
subtly enhance the architecture and structure. 
Warm color temperature (3000K) light is utilized 
to accentuate the natural colors and wood 
grain pattern in the DLT panels. A linear grazing 
fixture is utilized in combination with a textured 
wall feature to create a visually intriguing scene 
and draw campus visitors into the space from 
the outside.   

Daylighting control solutions will be imple-
mented on the large glass façade in the lobby 

in order to facilitate occupant visual comfort 
and reduce solar heat gain during unwanted 
times. 

5.2 Educational Spaces 
5.2.1 Space Acoustics 

To promote academic and extracurricular ex-
cellence, a high-quality acoustic design is be-
ing implemented in the classrooms, faculty stu-
dios, and practice rooms. Recommended 
changes to the architectural design were made 
and coordination was required between the 
various disciplines to ensure that the spaces will 
maintain a high level of acoustical integrity. 
These changes can be found later in this docu-
ment. 

When deciding which walls to splay, the struc-
tural team was consulted to coordinate and 
develop a wall layout suitable for all involved. It 
was decided to only make changes to interior 
walls, as the exterior walls consist of load-bear-
ing DLT paneling, requiring more coordination.  

5.2.2 Timber Design 

In the classroom, studio, and practice spaces, 
significant coordination with the acoustical ex-
pert was necessary. The team had originally in-
tended on using exposed CLT wall panels for all 
walls in that area, but after coordination efforts, 
it was determined that only load bearing walls 
would be DLT and the interior separation walls 
would be splayed and not be load bearing. In 
studio/classroom spaces, coordination efforts 
ended with allowing walls between rooms to be 
covered with gypsum board and walls adja-
cent to hallways remaining exposed DLT. This in-
tegration effort allows the aesthetic of the DLT 
for architectural consideration, the DLT load 
bearing walls for structural consideration, and 
the proper assemblies for acoustical considera-
tion. A lack of plenum space created the need 
for careful coordination to conceal the chilled 
beams while still exposing the above structural 
panel. 
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5.2.3 Mechanical 

The mechanical design for the classroom, stu-
dio, and practice spaces was developed 
through collaborative discussion of the space 
conditioning and acoustical needs. Chilled 
beams are specified for these spaces because 
they provide cooling at each individual unit 
and require only the minimum ventilation air-
flow. This low airflow generates significantly less 
noise than other alternatives like VAVs and pro-
vides adequate space conditioning with mini-
mal acoustic repercussions.  The minimal airflow 
also allows for smaller ducts to be used, which 
occupies less space in the ceiling plenum. This 
extra space will ease the coordination of me-
chanical, plumbing, electrical, and structural 
systems throughout the building’s design. 

5.2.4 Electrical 

By collaborating with all disciplines, the electri-
cal team developed an electrical design that 
integrates the structural timber in the space as 
well as maintaining acoustic integrity. The class-
rooms, studio offices, and practice spaces are 
areas where isolating sound is important. The 
user will be rehearsing, working, and recording 
in an area of the building where sound genera-
tion could be an issue. In order to maintain the 
STC rating of the walls between rooms, the me-
chanical and electrical team coordinated the 
locations of any devices penetrating the walls. 
A minimum of two feet between electrical de-
vices on opposite sides of a wall is set to main-
tain the acoustic integrity of the wall. This dis-
tance is the most conservative distance dis-
cussed in research and by recognized organi-
zations to maintain the STC rating of a wall. 

5.2.5 Lighting  

The lighting design of these spaces highlights 
the DLT panels with a warm color temperature 
of 3000K. This is chosen to bring out the natural 
pattern of the wood grain pattern and show-
case the colors in the structural system. By using 
a wall wash fixture along the DLT walls the fixture 
draws attention towards the structural system 

and away from the fixture itself. The mechanical 
team is using chilled beams in this area and the 
light layouts were coordinated with mechanical 
devices in the ceiling. 

5.3 Performance Space  
As a center for musical performances, maintain-
ing a high level of acoustical quality is a top pri-
ority. For the performance spaces, many acous-
tic factors were considered. To establish a solu-
tion, integration and coordination are a high 
priority. For variable acoustics, devices and mo-
tors will be powered in conjunction with the 
electrical team. The structural team also is intro-
ducing a 12-inch CMU wall construction, devel-
oping a large STC rating for exterior walls. A 
large amount of equipment is housed on the 
joists of the spaces, resulting in further coordina-
tion with the structural team on which locations 
are ideal for point loading. The mechanical 
team also provided an HVAC system where 
noise generation can be kept to a minimum. 

5.3.1 Structural 

In the performance spaces, consideration of 
acoustics in the structural design is critical. The 
structural team decided to use a 12-inch rein-
forced masonry wall assembly with two inches 
of rigid insulation, two inches of air gap, and a 
four-inch brick veneer. In addition to interior fin-
ishes, this helps develops an STC rating of 65. To 
further consider acoustics, a concrete topping 
was determined to be on the roof. To support 
the roof loading and account for the long 
spans, DLH open web steel joists are used in the 
main performance hall. Light rigging and hang-
ing acoustical panel loads as well as additional 
mechanical and electrical loads are called out 
on plan for the joist manufacturer. In the smaller 
performance spaces, K Series joists are utilized.  

5.3.2 Mechanical 

An underfloor air distribution (UFAD) system was 
designed for the performance spaces as a solu-
tion to provide space conditioning with minimal 
impact on the user experience. Because the 
UFAD system introduces air through the floor at 
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the level of the occupants, high velocities will 
not be needed to project the air down to the 
spectators. The low velocity air limits noise gen-
eration in the performance spaces and will min-
imize system audibility during sensitive perfor-
mances. 

Supplying air through the floor will require sub-
stantial coordination with structural founda-
tions, footings, and floors, but was decided in or-
der to minimize system visibility. This will not only 
provide more room for other building systems in 
the ceiling but will also give more flexibility for 
architectural and acoustic elements to be high-
lighted through lighting design, which is im-
portant for enhancing the user experience. 

5.3.3 Electrical 

With the introduction of variable acoustics, the 
electrical team is very involved in the imple-
mentation of these technologies. A large 
amount of integration is taking place to ensure 
that the product delivered by Vanguard Engi-
neering is of the highest quality. The electrical 
team also provided a solution for sound rein-
forcement. An array of speakers suspended 
from the roof is provided, as it offers quality 
sound coverage and is efficient with the num-
ber of speakers required. Items such as this, the 
operable reflectors, and other acoustic ameni-
ties are items that the electrical team, acoustic 
team, and structural team went to great lengths 
to coordinate and integrate successfully. 

5.3.4 Lighting 

The performance spaces are designed to facili-
tate and optimize the user experience. The 
lighting system works in coordination with the 
other building systems to make the perfor-
mance hall feel as though it is a work of art itself.  
The lighting systems in the performance spaces 
are designed to be flexible and facilitate the dif-
ferent a visually appealing environment for the 
audience and performers to become envel-
oped in. All lighting fixtures are hidden from the 
audience’s line of sight, which keeps emphasis 
on the performance. LED grazing luminaires are 

used to enhance the existing architecture in the 
space, particularly the structural and acoustical 
elements. Coordination between lighting, elec-
trical, structural, and acoustical team members 
was critical to successfully implementing the 
motorized acoustical panels with color chang-
ing LED luminaires. 

5.4 Rooftop Amenity Space 
Due to the dual nature of this design of serving 
as an academic and recreational space, a ca-
tering bar and indoor seating is designed to pro-
vide adequate space for a capacity of a mini-
mum of one hundred people. Another contribu-
tion to the layout to this design is the outdoor 
seating which will serve as a leisure location dur-
ing warmer seasons. To create a smooth transi-
tional area between the indoor and the out-
door spaces, a sliding glass door has been 
added to evoking feelings of an open space. 
Electrically, a placement of adaptively shading 
glass is implemented to control daylight and so-
lar heat gain. 

The roof top amenity space was chosen to be 
located on the south side of the building for its 
impressive view over Hope College’s campus. 
On the south side of the building is an existing 
elevator shaft and a staircase. By utilizing these 
existing vertical circulation elements, the roof-
top space was situated so these elements 
would provide circulation and egress to and 
from the location. After the team agreed on the 
proposed location of the rooftop space, an ad-
ditional code review was conducted to confirm 
multiple architectural changes. In adherence 
to the fire code with the target occupancy of 
over 100, two paths of egress are necessary to 
be implemented at the top. The team solved 
this challenge by extending the existing eleva-
tor shaft and the south east stair up to the roof 
level. In addition, to provide the second path of 
egress as required, a stair shaft was created 
near the catering and communication rooms 
on the first floor and extended to the roof. The 
rooms that the stair shaft replaced were shifted 



INTEGRATION 
 

AEI SDC – TEAM 5 - 2019            
8 

 

to the south and kept in their same relative po-
sition to accommodate the space in the origi-
nal plan. A restroom addition was necessary to 
be located at the roof level to serve the space. 
Keeping with the existing restroom locations on 
the first and second floor, the roof top restroom 
is located directly above the existing first and 
second restrooms. 

5.4.1 Architectural Changes 

The roof top integration brought the electrical, 
structural and mechanical disciplines together 
to create a synergistic roof top design.  After 
collaborating with other disciplines, the electri-
cal team surveyed the university campus to de-
termine the location of the roof top and the 
most desirable view. The priority for the project 
is to create a functional indoor/outdoor space 
that will accommodate a minimum of one hun-
dred people. Architectural adjustments were 
made to the building to ensure compliance for 
egress paths with the 2009 Michigan Building 
Code. One elevator and two staircases were 
brought up to the space to go down to first level 
to comply with code for the space's maximum 
occupancy of 200 people. 

5.4.2 Structural  

Due to the roof now being occupied, the live 
loading on the area is increased. With the roof 
top amenity space being located within the 
timber framing system, special consideration to 
vibration is necessary with designing the struc-
tural floor system. Composite DLT panels with a 
2” concrete topping is used to mitigate this is-
sue. A pedestal paver flooring system is used for 
this space to integrate with the mechanical ra-
diant floor heating and snowmelt system. Struc-
tural framing of the space is conventional steel. 
This includes wide flange beams and girders 
and HSS tube columns. The rooftop is composed 
of metal decking with an architectural mem-
brane. 

 

 

5.4.3 Mechanical 

Cooling and heating are the main mechanical 
system considerations for this space. Location 
played a large role in how decisions were made 
for what type of cooling or heating systems 
were necessary for the space. Holland, Michi-
gan is known for their mild summers, so the de-
cision was made to not include a cooling sys-
tem for the space but rather just a large fan for 
the indoor portion. As far as the winter season 
for Holland, Michigan, the low temperatures 
and abundance of snow were large factors in 
the heating system design. Vanguard Engineer-
ing is moving forward with a radiant floor heat-
ing system for the main area, a fan coil unit sys-
tem for the support spaces, and a snow melt 
system for the outdoor portion of the space.  

A mechanical load for the rooftop amenity 
space was done to calculate the heating nec-
essary for the two indoor systems. The radiant 
heating system requires a design capacity of 
115 MBH and the fan coil unit system requires a 
design capacity of 25 kBtu/hr. The rooftop snow-
melt system was sized at 150 Btu/hr/ft2; for the 
4000 ft2 of outdoor space, the snowmelt system 
requires a design capacity of 615 MBH. 

5.4.4 Plumbing 

The rooftop amity space will include support 
spaces. Table 403.1, from the 2009 Michigan 
Plumbing Code was used to calculate the fix-
ture requirements for this space.  

This space was classified as restaurants, ban-
quet halls, and food courts. The design for the 
restroom based on requirements for maximum 
200-person occupancy are as follows: 

Men’s Restroom – 1 urinal, 2 water closets, 1 lav-
atory 

Women’s Restroom – 3 water closets, 1 lavatory 

Restrooms will be sized at approximately 200 ft2 
each. 

 



INTEGRATION 

AEI SDC – TEAM 5 - 2019 
9 

5.4.5 Electrical 

After coordinating with other disciplines, the 
electrical team designed the electrical system 
for the rooftop amenity space. The space 
houses a 208/120V 125A panel board located in 
the storage closet.  Furthermore, the branch 
feeders from this panel board are used to sup-
ply power to standard receptacles and junction 
boxes for display boards and other power de-
vices.   

The rooftop amenity space is designed to be an 
environment where occupants will reflect and 
recount on their experiences within the building, 
and to create an inviting and relaxing experi-
ence for all users. An implementation of opera-
ble glazed curtain wall is used to provide ample 
and usable daylight to improve occupants’ 
mood. Discrete, indirect, and hidden light 
sources with dimming ability are adopted to 
provide ambient lighting that is appropriate 
and flexible for all hours of occupancy and any 
type of event.   

5.4.6 Cost 

Using RSMeans, each discipline estimated costs 
associated with the rooftop amenity space. 
Once these costs were calculated, a 20% de-
sign contingency was added to the cost to pro-
vide the most conservative estimate for the 
owner. By doing so, the team found the rooftop 
amenity space add alternate would require an 
additional $600,000 to the overall 
project budget. See Table N -1 for a 
breakdown of costs. 

Cost Estimate per Discipline 
Architecture 38% $190,000 
Structural 14% $71,000 
Mechanical 32% $160,000 
Electrical 16% $89,000 
Total (with 20% design contingency) $600,000 

Table N-1: Rooftop Amenity Space Cost per Disci-
pline 

The rooftop amenity space provides the owner 
with a new potential source of revenue for the 
facility. Based on research done for similar size 
spaces in Holland, MI, Vanguard was able to es-
timate what the owner could charge for events 
in the rooftop amenity space. See Table N - 2 
below for the calculation breakdown of 
revenue. By doing this and esti-mating the 
number of events that could be held during a 
month, an estimated revenue of $58,000 
per year was calculated. When consid-ering 
the $600,000 total space cost, this provides the 
owner with a 10.5-year payback period.  

Revenue Estimate 
5,000 sf $0.03/sf 
4 Hour Minimum $600 
People (estimated 100) $2/person 
Event Estimate 6/month 
Total Yearly Revenue $58,000 

Table N-2: Rooftop Amenity Space Yearly Revenue 
Estimate 

5.5 Building Support Spaces 
Though the support spaces require the least 
amount of consideration for direct user experi-
ence, collaboration between all disciplines is 
necessary in these areas to ensure that they fa-
cilitate the needs of the rest of the building. Lo-
cation of mechanical equipment initially re-
quired significant coordination with the acous-
tic discipline to ensure the acoustic quality of 
the performance spaces will not be compro-
mised by equipment-generated noise. Where 
possible, mechanical equipment will be in 
spaces that share neither vertical nor horizontal 
adjacencies with the performance spaces to 
minimize direct sound transfer. Where equip-
ment locations were restricted to be near 
acoustically sensitive rooms, the mechanical, 
acoustic and structural disciplines collaborated 
to discuss potential solutions like vibration 
dampers for mechanical equipment, sound at-
tenuation devices, and higher STC wall assem-
blies to help maintain the desired acoustical set-
tings within the more sensitive spaces. 
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The electrical and acoustical teams also collab-
orated to identify acoustically considerate solu-
tions like low noise transformers to further limit 
sound generation in the support spaces that 
could be transferred through wall assemblies. 

Interdisciplinary coordination was also needed 
for the location of equipment for structural pur-
poses. Because of the high structural load of 
mechanical equipment, the orientation, spac-
ing, and material of structural members had to 
be considered to ensure the structural integrity 
of the building will be maintained. 

6. SUSTAINABLE DESIGN
6.1 Holland, Michigan Long-Term Sustaina-
bility Plan 
In April of 2016, Holland, Michigan had officially 
moved away from coal-fired energy produc-
tion by shutting down its last operating coal-
fired power plant. This opened the door for the 
Holland Energy Park to be fully utilized, which is 
a 145 MW power plant utilizing combined heat 
and power (CHP). The heat from the energy 
generation is captured and used mainly for dis-
trict heating for the city of Holland and a cen-
tralized snow melt system. Scale Project 3 of the 
Community Energy Plan is to systematically ren-
ovate existing buildings and for new construc-
tion to meet or exceed IECC efficiency values. 
Vanguard Engineering decided to push innova-
tion and be one of the first buildings on Hope 
College’s campus to integrate into this system. 

6.2 LEED 
When using applying our design goals to build-
ing certifications, Vanguard made the decision 
to pursue LEED certification for their building. 
LEED stands for Leadership in Energy and Envi-
ronmental Design, and the city of Holland, 
Hope College, and Vanguard Engineering all 
exhibit traits of leadership within energy and en-
vironmental design, making it an easy decision 
to pursue LEED certification for the Jack H. Miller 
Center for Musical Arts. 

Upon preliminary completion of the LEED v4 for 
BD+C: New Construction and Major Renovation 
Project Checklist, the decision was made to pur-
sue LEED Silver, with the preliminary checklist re-
porting 50+ points out of the 110 possible points. 
Points come from a variety of categories, such 
efficiency of the resources used (water and en-
ergy), indoor quality (thermal comfort, daylight, 
quality views), and the implementation of me-
tering and sustainable technologies. 

7. USER EXPERIENCE
7.1 WELL Building Standard
The WELL Building Standard is another building 
certification program like LEED v4. However, 
WELL focuses on the occupants inside of the 
building and their overall comfort. WELL consists 
of 10 categories in which points can be scored, 
which includes Air, Water, Nourishment, Light, 
Fitness, Comfort, Mind and Innovation.

Upon a preliminary analysis of the WELL Certifi-
cation goals, we found that we met the prereq-
uisites and also met 40% of the qualifications, 
leading our building to be WELL certified. 

8. ACOUSTICS
The Jack H. Miller Center for Musical Arts is de-
signed as a state-of-the-art musical perfor-
mance facility and as a musical performance 
facility, acoustics is one of the largest consider-
ations for the building’s functionality. The acous-
tic considerations include both the room acous-
tics of the performance spaces and system-spe-
cific acoustic considerations as well. The me-
chanical and electrical team members collab-
orated to take on the role of acoustic consult-
ant for the project.  This union between the two 
disciplines strengthens the dialogue within the 
team, facilitating the collaboration and integra-
tion processes. The acoustic team goal is to 
achieve the highest quality of acoustics in the 
facility by designing and verifying the acoustic 
qualities of spaces and taking the necessary 
measures to ensure the acoustically critical 
spaces remain undisturbed and isolated.  
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The AEI Acoustics Challenge is to create an en-
vironment that encompasses a superior design 
in acoustical quality throughout the building in-
cluding the main concert hall, recital hall, class-
rooms and practice spaces, rehearsal spaces, 
and other spaces. The main concert hall will 
feature a variety of uses and performances, so 
the generated design must accommodate and 
adapt to each performance type. HVAC, pro-
gramming and other factors should be taken 
into consideration and accounted for in some 
sense. 

The main purpose of the Jack H. Miller Center 
for Musical Arts is to be a building that will cater 
to many types of performances and educa-
tional purposes. This reinforces the importance 
of having a positive acoustic experience. The 
primary use of the concert hall is to host many 
difference types of performances including in-
dividual, choral, orchestral, and chamber mu-
sic. In addition to the primary use, it is essential 
that the performance hall accommodate for 
lectures, graduations, and public events.  

The various types of performances and events 
that are expected to take place in this building 
requires the use of adaptable acoustics. This re-
quires a knowledge of acoustical performance 
parameters and design ranges for acoustic 
characteristics and variables. The owner of the 
project also requires that electrical amplifica-
tion only be used in the main hall for events such 
as lectures and graduations; electrical amplifi-
cation should not be used for performances.  

To ensure the highest acoustical quality, the im-
pact of rooms, spaces, and building systems 
were investigated. Exploring and designing in-
novative solutions, appropriate architectural 
design and material selection is permitted with 
appropriate justification based on design stand-
ards. All acoustical solutions must consider all 
relevant disciplines including architecture, engi-
neering, construction, maintenance, and the 
audience. 

8.1 Peer Review 
Members from various both the acoustic team 
and the other disciplines within the team have 
contributed and are involved with the overall 
acoustic design development. All ideas, con-
cepts, and designs are reviewed and assessed 
by the other team members for possible con-
flicts and confirmation. Ideas and designs were 
then moved to industry mentors and specialty 
mentors for review. Mentors then provided 
feedback, advice, and design considerations 
for moving forward in the design. 

8.2 Code Analysis 
No enforceable codes exist for performance 
halls or learning spaces; however, standards 
and recommendations are available for the 
proper design of these spaces. ANSI/ASA S12.60 
– American National Standard Acoustical Per-
formance Criteria, Design Requirements, and
Guidelines for Schools is the standard for the
learning and teaching spaces, where recom-
mended values were gathered across texts and
references for performance-specific metrics. All
values for these spaces were compared to any
applicable LEED and WELL certification require-
ments.

8.3 Noise Criteria 
The amount sound generation from HVAC 
equipment based on system type played a 
large role in system selection. Systems were cho-
sen that would maintain the appropriate noise 
levels for the various spaces as stated in the 
ASHRAE HVAC Fundamentals Handbook. As 
typical with traditional buildings, noise-generat-
ing equipment was strategically located to pre-
vent interference in sensitive spaces. More infor-
mation regarding equipment selection and lo-
cations can be found in the mechanical narra-
tive. 
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The acoustic and mechanical team collabo-
rated to select several secondary systems for 
the design, including underfloor air distribution, 
an active chilled beam system, and a VAV sys-
tem with runtal heating. More information re-
garding primary and secondary mechanical 
systems can be found in the mechanical narra-
tive. 

8.4 Site Analysis 
Upon a review of the site, it was found that a set 
of railroad tracks passed within 250 feet of the 
site in addition to the typical traffic, as shown in 
Figure N - 3.  

The City of Holland and CSX Transportation 
were contacted to for data regarding traffic on 
the streets and rail. Using the day/night noise 
level (DNL) calculator provided by the U.S. De-
partment of Housing and Urban Development 
(HUD), a DNL was calculated. This information 
along with the traffic counts can be found in the 
Integration supporting documents. 

To combat the calculated DNL values, a few 
design options were investigated. The first was 
the implementation of a quiet zone established 
by the Federal Railroad Administration (FRA). 
This is where additional safety measures are 
taken to allow for the passing train to not be le-
gally required to sound its horn at a crossing. This 
is an attractive option; however, establishing 
this requires a large amount of coordination be-
tween the city, the operating rail, and the build-

ing owner with no guarantee that it will be es-
tablished. This in addition to the possible added 
costs led to Vanguard Engineering ruling this out 
as an option. 

The design option to mitigate exterior noise is to 
implement high STC construction types for both 
wall and roof construction. This option guaran-
tees that a low noise interference environment 
will be produced. 

8.5 Architectural Changes 
The architecture of certain spaces has been 
modified to increase the acoustic quality of 
those spaces.  The first is the development of 
splayed, or non-parallel, walls in practice rooms. 
The use of splayed walls prevents the develop-
ment of standing waves in the space, leading 
to an uneven distribution of sound. As DLT panel 
and timber construction is being used in this 
area, the structural team was involved in mak-
ing this change to architecture. Though possible 
to splay, it was decided that the DLT panel walls 
should be parallel with the structural grid and 
not splayed where possible. The walls splayed in 
the updated design are all non-load bearing 
walls, thus impacting the other systems as little 
as possible. ADA requirements for accessibility 
were considered and maintained after the de-
ployment of splayed walls. 

Figure N - 3: Example of Practice Room Splayed Walls 

Another architectural change influenced by 
acoustics is the development of moveable re-
flectors in the main concert hall. To keep the ar-
chitect’s vision as undisturbed as possible, the 
current acoustical paneling near the stage was 
modified so the top horizontal acoustic reflector 

Figure N - 2: Site plan highlighting building lo-
cation to train tracks 
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can be raised in lowered in order to change the 
direction and distance of reflections from the 
stage. This feature in conjunction with other op-
erable features of the concert hall will allow for 
the hall to adapt its acoustics to the wide array 
of performances it will house. 

8.6 Sound Isolation 
In addition to exterior sound isolation, design 
measures were taken to establish interior sound 
isolation. This is achieved through the imple-
mentation of composite walls, ceilings, and 
floors, all having adequate sound isolation 
properties. Details on typical construction can 
be found on Sheet I104. 

8.7 Calculations 
8.7.1 Reverberation Time 

To properly design the spaces, an Excel work-
book was developed for each acoustically im-
portant room type. This workbook determines 
the reverberation time based on the room ge-
ometry, the materials in the room, and other 
factors. It breaks down the absorption data and 
reverberation time by octave band, ranging 
from 63Hz to 4000 Hz. By doing this, recommen-
dations of amounts of absorption to add can be 
made. The workbook also accounts for the var-
ious conditions created with variable acoustics. 
In the concert hall and recital hall workbooks, 
there are two separate options to implement 
the inflatable baffles and to implement the mo-
torized curtain. 

Additionally, the workbook calculates the 
Schroeder frequency and room modes. This in-
forms the acoustics team of which frequencies 
are susceptible to creating stacking room 
modes and which frequencies to focus on with 
absorption and diffusion. 

8.7.2 Raytracing 

Two-dimensional raytracing was completed to 
provide a visual of how reflections will travel in 
the space and reach the audience. This step 
was completed in Rhinoceros 3D with the para-
metric plugin of Grasshopper. Grasshopper was 
used to develop an iterative process to help 
find an ideal position for the variable acoustics. 
The custom script allows for reflector height, re-
flector orientation, source position, and other 
factors to be changed and show those effects 
in real time. 

8.7.3 3D Modeling 

Figure 2 Odeon Model of Recital Hall 

Upon completion of reverberation time calcu-
lations, raytracing and evidence for a quality 
design, the concert hall and recital hall along 
with the lobby were taken into Odeon, a 3D 
acoustical modeling software. In this, the mate-
rials and geometry were established and the 
acoustics of the room were further analyzed 
and confirmed with the other results. 

Through confirmation in Odeon, Excel, and 
other calculation means, it was found that the 
hall was able to be varied greatly in reverbera-
tion times, helping the Hope College achieve 
their goal of variable acoustics. 
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8.8 Variable Acoustics 
To both establish superior acoustics and in-
crease use flexibility of the space, a variety of 
variable acoustic technologies are imple-
mented in both the concert and recital halls. An 
analysis of technologies to be used was com-
pleted in the schematic design phase of this de-
sign and was decided that the following would 
be used in the concert hall: motorized curtains, 
inflatable baffles, and adjustable reflectors, with 
only the concert hall utilizing the adjustable re-
flectors. The inputs and results of this decision-
making matrix can be found in the Integration 
supporting documents. 

These technologies are coordinated with all dis-
ciplines to ensure a high-quality design. The ad-
justable cloud was coordinated with the struc-
tural team to ensure that its placement and 
load on the structure was accounted for. The 
cloud was also coordinated with the electrical 
lighting team, as this requires power to physi-
cally change its elevation. The experience 
within the space relies on visual superiority in ad-
dition to acoustical superiority, so maintaining 
one, cohesive lighting design is integral to these 
spaces. The three acoustic wooden wraps 
above the performance stage in the concert 
hall were modified in order for the top/ceiling 
reflector to become adjustable. In addition to 
being coordinated with the structural team, the 
inflatable baffles and motorized curtains were 
coordinated with the electrical team. A large 
amount of this equipment is required to be pow-
ered to operate properly. Due to the integration 
and collaboration taking place within the team, 
this was not an issue and a high-performing 
acoustic design is delivered. 
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9. LESSONS LEARNED 
Vanguard Engineering worked to design the 
Jack H. Miller Center for Musical Arts as a facility 
that is centered on innovation, sustainability, 
and the user experience. During the design pro-
cess, the team learned: 

• Understanding the needs of the project 
end user is pertinent to a successful de-
sign that adheres to the building use 

• Peer reviewing each other’s work is nec-
essary and while it seems inefficient, it 
can save a lot of time to catch a mistake 
before it gets too far down the line. 

 
• Working in a collaborative studio envi-

ronment increases efficiency – creating 
a better final product 

• Designs across the disciplines can be im-
pacted by just one design change 

• Documentation of all work reduces the 
potential of future problems 

• One person’s solution is another person’s 
problem - adjustments are made to cre-
ate a final design 

 

  

INNOVATION SUSTAINABILITY USER 

EXPERIENCE 
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For the 2019, AEI student design competition, Vanguard Engineering worked collaboratively 
among the disciplines to provide the City of Holland and Hope College with a high-quality 
design. When designing the Jack H. Miller Center for Musical Arts, Vanguard Engineering’s struc-
tural team focused on integration as well as the team’s goals: innovation, sustainability, and 
overall user experience.   

STRUCTURAL 

CMU Shear Walls 
CMU shear walls were selected primarily for 
the sustainability aspect as well as the po-
tential for higher STC ratings. The high STC 
ratings help with sound isolation to ensure 
the sensitive spaces stay at the highest qual-
ity of acoustics.   

Steel Framing 
Steel framing was used in the 
lower traffic areas as well as 
the mechanical and storage 
areas. This was done be-
cause it has a smaller profile 
than the steel and could bet-
ter support the loading.  

Mass Timber 
Mass timber is a highly innovative material that 
is used both structurally and architecturally. It 
provides several benefits to the building occu-
pants. This material is used in the atrium and ed-
ucational spaces.  

Foundation System 
Due to the high soil bearing capacity and other geotechnical condi-
tions, shallow footings are used. Spread footings are placed under col-
umns and continuous footings are placed under loadbearing walls.  
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1. PROJECT INTRODUCTION 
Vanguard Engineering is a multi-disciplinary de-
sign firm that focuses on structural, mechanical, 
electrical, acoustical, and lighting design. Van-
guard holds values in innovative designs, sus-
tainability, and collaboration. These core values 
will aid in Vanguard Engineering’s design of the 
Jack H. Miller Center for Musical Arts.  
The following structural narrative outlines the 
Design Development and solutions that have 
been created for the Jack H. Miller Center for 
Musical Arts. Vanguard Engineering’s structural 
team focused primarily on the innovative de-
sign goal as well as enhancing the user experi-
ence and sustainability. The team is challenged 
with designing an efficient system that will allow 
for maximum design team integration and cli-
ent satisfaction. 

Members from various disciplines within the 
team have contributed and are involved with 
the overall structural design. All ideas, concepts, 
and designs were reviewed and assessed by 
the other team members for possible conflicts 
and . Ideas and designs were then moved to 
Leo A Daly mentors and specialty mentors for 
review. Mentors then provided feedback, ad-
vice, and design considerations for moving for-
ward in the design. 

 

2. CODES AND STANDARDS 
Structural systems for this building will be de-
signed in accordance with applicable codes as 
well as other industry recognized codes and 
standards and local amendments.  The appli-
cable codes and standards used are listed on 
page iii. 

3. PROJECT GOALS 
3.1 Innovation 
To remain innovative in the structural discipline, 
the team will be using a variety of materials.   It 
was determined that mass timber products 
would be used in roughly 40% of the building.  
DLT panels are used in the atrium and classroom 
spaces in wall and floor/roof applications.  DLT 
panels are laminated with timber dowels, mak-
ing them the first all-timber structural panel.  

Hollow battened timber columns are high-
lighted in the atrium to show off the team’s inte-
gration and forward thinking.  The battened col-
umns are composed of two glulam members 
connected with steel battens to allow the com-
ponents to act compositely.  With the hollow 
chase created by the battens, mechanical pip-
ing or electrical conduit can be located in the 
chase still allowing for ample access for mainte-
nance. 

3.2 Sustainability 
This project sources timber responsibly.  This 
means that as trees are removed for the use of 
building material, at least the same number of 
trees are replanted.  Responsibly sourced tim-
ber has less carbon dioxide emissions than con-
crete over the life cycle of the two materials.  
Timber is also a renewable resource that does 
not strip the earth of resources, and it takes less 
energy to create structural timber than it does 
to create any other building material. 
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3.3 User Experience 
Studies have shown that timber creates feelings 
of warmth and comfort.  Keeping this in mind, 
the design team is using mass timber in the 
lobby to welcome students and members of the 
community into the campus and building. 

In the educational spaces, mass timber prod-
ucts are continued to enhance the experience.  
In these areas, the partially exposed DLT 
wall/roof panels have been shown to reduce 
stress and anxiety as well as lowering blood 
pressure and heart rates.  Humidity can be mod-
erated naturally by the use of timber products.  
With musical instruments, even a slight decrease 
in humidity can prove beneficial for the user.   

4. DESIGN LOADS 
All loading and factors are based on Building 
Risk Category III as defined by ASCE 7-05.  

4.1 Gravity 
Provided in ASCE 7-05, loading was analyzed in 
applicable areas. Dead, live and snow loading 
magnitudes are provided.  

4.1.1 Dead Loads 

Superimposed dead loads fixed in magnitude 
and location and self-weight of structure. Cal-
culated values of dead loads are provided in 
Table S-1. 

Type Load 
Structural self-weight 5 psf 
MEP 10 psf 
Ponding 5 psf 
Roofing system ~ 30 psf 
Deck ~ 30 psf 

Table S - 1: Dead Loads 

4.1.2 Live Loads 

Live load magnitudes vary by occupancy type 
and location. Calculated values of applicable 
live loads are provided in Table S-2. 

 

 

Type Load 
Classrooms 40 psf 
Corridors, lobbies, fire es-
capes, stairs, assembly area 

100 psf 

Stage floors 150 psf 
Light storage 125 psf 
Mechanical boiler room 250 psf 
Fixed seats, restrooms 60 psf 
Corridors above first floor 80 psf 
Catwalks 40 psf 

Table S - 2: Live Loads 

4.1.3 Snow Loads 

Holland, Michigan falls in a case study zone ac-
cording to ASCE 7-05 when researching ground 
snow load. Ground snow load was provided by 
the city of Holland Amendments and is pro-
vided below in Table S-3. Additional snow load-
ing factors are also provided below. Due to the 
roof elevation differences between the concert 
hall roof and the surrounding roof, snow drifting 
loading and dimensions were also calculated. 
Drifting diagram and tables are provided. 

Ground snow load 50 psf 
Roof snow load 39 psf 
Ce 1.0 
Ct 1.0 
Importance factor 1.1 

Table S - 3: Snow Loads 

4.2 Lateral 
4.2.1 Wind 

Wind loading analysis was conducted accord-
ing to ASCE 7-05. Wind load factors are shown 
in Table S-4. 

Basic Wind Speed 90 
Exposure B 
Importance Factor  1.15 
Kd 0.85 
Kzt 1 
G 0.85 

Table S - 4: Basic Wind Speed 
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4.2.2 Seismic 

Seismic loading analysis was conducted ac-
cording to ASCE 7-05. Seismic load factors are 
shown in Table S-5. 

Seismic design category B 
Site classification D 
Importance Fact 1.25 
SS 0.094 
S1 0.044 
SDS 0.98 
SD1 0.07 

Table S - 5: Seismic Load Meetings 

5. STRUCTURAL SYSTEM 
5.1 High Volume Lobby 
5.1.1 Roof 

The roof structure will consist of 2”x12” structure 
craft Dowel Laminated Timber (DLT) panels with 
a 2” concrete topping. The DLT panels are de-
signed to negate the need for infill beams or 
joists. The panels will span to a dual glulam 
girder system that are spaced approximately 24 
feet on center. The glulam girders will be 36 
inches deep members, approximately 7 inches 
wide. The dual glulam girder system will bear on 
battened glulam columns, creating a “hollow 
column”. The columns will span from roof to the 
foundations, with 12-inch glulam wind girts, 16 
feet above finished floor spanning across the 

curtain wall length. The battened glulam col-
umns will be 18.5 inches wide and approxi-
mately 22” inches thick. The individual members 
are 6.75” x 24” glulam columns with a 6” gap, 
battened together by steel plates, as shown be-
low.  

 
Figure S - 1: Battened Column Construction 

5.1.2 Floor 

The mezzanine floor will be composite 2”x8” DLT 
panels with 2” concrete topping. The floor struc-
ture will span from the CMU wall to approxi-
mately 8-inch MC channels hung from the roof 
structure by steel rods. The floor in the lobby will 
be a 5” slab on grade system with welded wire 
fabric.  

5.1.3 Lateral 

The lateral system supporting the high-volume 
lobby will be made up of two different systems. 
In the North-South direction the concert hall, on 
the right side of the diaphragm, the concert hall 
masonry wall will be engaged as a shear wall. 
On the left side of the diaphragm, steel rod 
brace frames will be used and incorporated 
into the architectural design. The steel rod brac-
ing with by X-bracing in the top and bottom of 
the wind girt on the two bays next to the center 
bay. The steel rods will be approximately 1 1/2” 
in diameter and attach to the battened col-
umns with a pin and clevis connection with a 
gusset plate. In the East-West direction, due to 
the larger lateral loading, timber moment 
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Figure S - 6: Timber Concrete Composite Floor Slab 

In this area, there is also an elevator. A CMU el-
evator shaft with a hoist beam will be used to 
provide the vertical circulation.  

A concern that came up when we were talking 
about using DLT bearing walls was how we 
would connect the wall to the foundation sys-
tem. From the DLT Handbook, we were able to 
find various ways that this can be done. Upon 
discussion, we decided that the ideal method is 
to conceal the hardware within the panel to im-
prove aesthetics. This method also helps to 
achieve better fire ratings.  

 
Figure S - 7: DLT Wall Panel to Foundation Connection 

5.3 High Volume Concert, Rehearsal, and Re-
cital Hall 
5.3.1 Roof 

At the larger concert hall, the roof structure will 
consist of a concrete topped metal deck bear-
ing on long span approximately 56-inch DLH se-
ries steel open web joists. The concrete topping 
is to increase the STC rating of the roofing sys-
tem, and by taking advantage of composite 
action between the concrete and joists, joist 
depth can decrease.  The long span joists will 

bear on load bearing steel reinforced masonry 
walls. In the rehearsal and recital hall spaces, 
typical roof construction of a built-up mem-
brane on steel deck with approximately 26-inch 
K series joists will be utilized. 

5.3.2 Floor 

The balcony seating structure will consist of a 
flat, 3” deck with 3” concrete slab spanning 
from the CMU wall to a beam line and cantile-
vering out over the seating below. The levels of 
seating will then be built of by cold formed steel 
approximately 16” on-center, with a 3” rein-
forced composite slab poured to create the 
seating risers. The girders will be W-shape 
beams, with another W-shape beam bracing 
from column to column. Along the outer edge 
of the balcony, a channel will brace the end of 
the girder and provide a curb for the composite 
deck. An example section is shown below. 

 
Figure S - 8: Performance Hall Seating Structure 

The built up cold-formed seating allows for the 
mechanical engineers to utilize the under-floor 
space as an air distribution plenum for the oc-
cupants above. 

Columns placed in the seating below were laid 
out to disrupt the provided seating. The column 
line is located in the last row, and placed at seat 
locations, in order to not block view or egress. 

Similarly, the main concert hall floor seating will 
be constructed with built up risers. This again 
provides the mechanical engineers with the 
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frames were found to be not efficient. Instead, 
the glulam girders will be designed to act as col-
lectors and drag struts to drag the wind forces 
into the CMU walls of the practice space, con-
cert hall, and organ room. Girders along grids 6, 
8, 17, and 19 will be designed in this way.  

5.1.4 Vestibules 

The vestibules that are located to the north and 
south of the lobby are constructed with timber 
framing. The roof structure is composed of 2x8 
joists at 16 inches on center. The joists are sup-
ported by 6.75x18 glulam girders. 12.25 x 13.5 
columns transfer the load to the foundations. In 
order to resist the lateral loads, the foundations 
and columns will be designed to utilize cantile-
ver action.  

5.1.5 Cladding 

The exterior of the high-volume lobby is a floor 
to ceiling glass façade. The façade will bear on 
a continuous footing and attach at slip connec-
tions to the timber super structure.  

5.1.6 Material Selection Process 

In the high-volume lobby, the client wanted the 
space to act as a “Front Porch” to the campus. 
The decision to use mass timber in this space 
was a result of a whole team discussion. Timber 
is an aesthetically pleasing material and the 
structure would be able to be exposed. As it is 
Vanguard’s goal to be innovative, we wanted 
to use actual timber members here rather than 
steel structural members wrapped in architec-
tural timber. Collaboration with the team’s light-
ing designers made the decision final to use tim-
ber as natural daylighting can be considered to 
make the space welcoming. It was this in mind 
that lead us to the decision to use dual glulam 
girder system as shown in Figure S - 2.  

 
Figure S - 2: Glulam Girder System 

In order to adhere to acoustical considerations, 
structural DLT was used in place of CLT due to its 
increased acoustical performance compared 
to CLT.  

 
Figure S - 3: Timber knee brace detail 

5.2 Office & Classroom Wing 
5.2.1 Roof 

The roof structure will consist of 2”x12” structure 
craft DLT panels that will have 2 inches of con-
crete topping. The composite roof system is uti-
lized to support the large roof loading due to 
the roof top amenity space and the potential 
vibrations that could occur. The composite roof 
will bear on vertical 2”x6” DLT wall panels.  

5.2.2 Floor 

The floor structure will be 2”x10” structure craft 
DLT panels that will have 2 inches of concrete 
topping. The DLT floor panels will span to vertical 
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2”x6” DLT wall panels. The ground floor in the 
lobby will be a 5” slab on grade system with 
welded wire fabric.  

5.2.3 Lateral 

As the lateral load resisting system both North-
South and East-West systems will consist of rein-
forced masonry load bearing shear walls.  

5.2.4 Cladding 

The exterior cladding of offices and classrooms 
will consist of CMU wall with brick veneer. As 
shown below. 

5.2.5 Material Selection Process 

Vanguard engineering considered a few types 
of framing for the timber challenge. The struc-
tural team first discussed using traditional Sawn 
lumber/LVL timber beams and columns with a 
standard concrete over metal deck topping. In 
this type of construction, the structure would be 
able to be covered. We believed this would be 
beneficial with acoustical consideration and al-
low the mechanical team to put equipment in 
the ceiling, but not ideal for innovation and 
challenging ourselves to design with the newest 
technologies.  

Upon further discussion, we investigated using 
Glulam beams and columns and exposing the 
timber. We would still use a standard concrete 
over metal deck. This idea would not be as ideal 
for acoustical considerations but having ex-
posed timber would enhance the user experi-
ence and still allow the mechanical team to put 
equipment in the ceiling space. This is a goal 
Vanguard Engineering has, but we felt it was 
not innovative enough for our team. 

 
Figure S - 4: Glulam Girders and Columns 

We included the mechanical team in the struc-
tural discussion and proposed using Dowel Lam-
inated Timber (DLT) wall and floor panels and 
eliminating the need for beams and columns in 
that space. The concept of mass timber is highly 
innovative and is a beautiful material that 
would greatly enhance the user experience 
and draw people to the building. Through coor-
dination efforts, the mechanical equipment 
was able to be placed in a way that allowed 
DLT to work in the office/classroom spaces. 

 
Figure S - 5: DLT Wall and Floor Panels 

To really embrace the mass timber challenge, 
we decided to investigate using a purely DLT 
floor panel but found vibration challenges. We 
then decided to implement a timber-concrete 
composite floor system. This is a type of con-
struction that uses a DLT panel with roughly 2” of 
concrete topping. Reinforcing is still used in the 
concrete. The concrete topping reduces the vi-
bration as well as improves the acoustical qual-
ity of the space as well as the fire resistance. 
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ability to utilize underfloor air distribution to con-
dition the space. The cold formed riser seating 
will bear on a flat slab on grade system that is 
typical throughout the rest of the building. 

5.3.3 Lateral 

The lateral system of the concert, rehearsal, and 
recital hall will utilize reinforced masonry load 
bearing shear walls in the North-South and East-
West directions. 

5.3.4 Cladding 

The exterior cladding of the performance 
spaces will consist of CMU wall with brick ve-
neer. Walls sections will be built up in order to 
achieve required STC rating. 

5.3.5 Material Selection Process 

The open web steel joists were decided on to 
avoid the need for large section size girders. We 
found them to be the most effective material 
type in long span applications.   

5.4 Mechanical and Storage Spaces 
5.4.1 Roof 

The roof structure will consist of 1 ½” steel deck-
ing with typical built up roof membrane per ar-
chitecture spanning across approximately 16-
inch deep steel joists spaced at 5 feet on cen-
ter. The joists will bear on W16 steel and girders.  
The girders will span to approximately 8-inch 
square HSS steel tube columns. 

5.4.2 Floor 

The second level floor systems will utilize compo-
site W18 and W14 steel wide flange beams 
spaced at 7 feet with approximately 2-inch 
metal deck and 3-inch concrete topping fram-
ing to W24 and W21 girders.  The floor for the 
lower level will be concrete slab-on-grade with 
welded wire fabric. 

5.4.3 Lateral 

The lateral system of the mechanical and stor-
age spaces will utilize reinforced masonry load 

bearing shear walls in the North-South and East-
West directions. 

5.4.4 Cladding 

The exterior cladding of the storage and me-
chanical spaces will consist of CMU wall with 
brick veneer. Walls sections will be built up in or-
der to achieve required STC rating. 

5.4.5 Material Selection Process 

We decided to use steel in this area of the build-
ing after considering the additional loading 
from the mechanical units. Timber was originally 
considered to be used in this space. Consider-
ing that mass timber is a more expensive mate-
rial than conventional steel and the mechani-
cal and storage spaces would not be as open 
to the public, we decided that using steel would 
be the best option. 

When analyzing the steel typical bays, the di-
rection of the beams was considered. To re-
duce the length of each beam and to attempt 
to keep the beam depth and weight as cost ef-
fective as possible, we decided to span the 
beams in the short direction. 

6. GEOTECHNICAL DATA 
A geotechnical report for the future site was 
prepared on November 6th, 2012. The technical 
report included existing site surface conditions 
and subsurface information. The report pro-
vided design and construction recommenda-
tions. 

Several borings were conducted within the pro-
posed structures footprint. Analysis of the bor-
ings found that top soil is present from 4 to 15 
inches deep. Under the top soil brown to dark 
brown sand with trace silt with thickness of 
about 2 feet. Extending about 23 feet below the 
upper sand, loose to very loose sand is present. 
Ground water was encountered at depth rang-
ing from 9 to 12 feet below the surface.  
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6.1 Design Recommendations 
From subsurface investigations, a seismic site 
class of B is recommended.  With the presence 
of a predominantly loose sand soil, in order to 
minimize existing fill cut and replace, soil im-
provement is necessary. As recommended by 
the geotechnical engineer, vibro-compaction 
along continuous and spread footing locations.  
For this site and soil depths, 20-foot-deep shafts 
are recommended. As the device is raised, the 
vibration energy densifies the surrounding soil. 
Shafts are to be spaced at a maximum of 25 
feet and one shaft per spread footing. The den-
sification results in increased bearing capacity 
and decreased settlement from the structure. 
Under successful competition of the vibro-com-
paction, the continuous and spread footings 
can bear on the native soil. Under soil improve-
ment for the site, foundations can be designed 
for a new allowable bearing capacity of 4,500 
psf. A friction factor of 0.5 is recommended to 
be used for sliding resistances of concreate on 
soil. Architectural building elevations show the 
possibility of interior retaining wall on the north-
east corner of the building. Soil characteristics 
are presented in Table S – 6. 

Soil Density 115 pcf 
Ka (active) 0.3 
Ko (lateral) 0.5 
Kp (passive) 3.0 
Equivalent fluid pressure (active) 35 pcf 
Equivalent fluid pressure (at rest) 58 pcf 
Equivalent fluid earth and 
ground water (active) 

95 pcf 

Equivalent fluid earth and 
ground water (passive) 

120 pcf 

Table S - 6: Soil Characteristics 

6.2 Construction Recommendations 
Per the geotechnical report and amendments 
by the city of Holland, frost depth is 42 inches. 
All perimeter footings should bear at least to this 
depth to mitigate the influence of frost heave. 
Footings should also not widen at the top to 
avoid frost heave. Water was encountered at 
varying elevation from 9 to 12 feet. Proposed 

foundation bearing will be above the investi-
gated water table. The foundations for the pro-
posed structure will be cast-in-place shallow 
type foundations with spread footings at col-
umns and continuous footings at bearing walls. 
As recommended by the geotechnical report, 
due to the loose sand nature of the soil, trench 
formed foundations will be difficult to achieve. 
Instead, excavations at footing locations and 
placement of forms will be necessary.  

7. FOUNDATIONS 
Following the recommendations from the ge-
otechnical engineer and values provided, a 
shallow foundation system was found to be ad-
equate for the building. Continuous and spread 
footings were both utilized throughout the struc-
ture. With a frost of 42” all exterior footings will 
bear at a minimum this distance below the sur-
face.  

Continuous footings are to be located at all 
load bearing CMU walls, curtain walls, CLT walls, 
and stoops. Continuous footings will typically 
have a top elevation of 8 inches below floor.  
Based on an expected bearing pressure of 
4,500 psf as achieved by the vibro-compaction 
process. Typical continuous footings supporting 
8” CMU, curtain walls, and stoops at doors will 
be 1’-6” wide. Typical Continuous footings sup-
porting 12” CMU will 2’-6” wide. Typical exterior 
continuous footings supporting a built-up wall 
will be at a minimum 8” wider than the built-up 
wall. Typical exterior footings will be 34 inches 
thick. Typical interior footings will be 24 inches 
thick.  

Spread footings will be located under all col-
umns in the structure, with exterior footings bear-
ing 42 inches below the surface, and interior 
footings bearing 24 inches below the surface. 
Typical spread footings in the lobby are approx-
imately 3.5 feet square and 2 feet thick. Consid-
erations for under-floor mechanical and electri-
cal conduit turning up at the columns was con-
sidered and the top of the spread footings in the 
lobby are 2 feet below finished floor. Typical 
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spread footings for the mechanical spaces are 
approximately 6 feet square and 2 feet thick.  

8. FIRE PROTECTION 
From the IBC 2009, the fire resistance ratings of 
the structural frame, floor constructions, and 
roof constructions is 1 hour. For the interior and 
exterior bearing walls the fire resistance ratings 
were 1 hour. Moreover, there were not any fire 
resistance ratings for the interior and exterior 
nonbearing walls.   

9. CONSTRUCTABILITY 
With the unique design of this building involving 
four different structural systems, constructing this 
building will require coordination between all 
disciplines. The structural team has worked to 
provide connections and details that will aid the 
contractors in their erection of the building.  

9.1 CMU 
The high-volume performance spaces along 
with a majority of the exterior façade utilizes 
CMU block. These reinforced CMU walls will pro-
vide strong load bearing walls for the steel 
beams and joists that will bear on/in the walls 
with the help of embed plates. 

9.2 Steel 
Steel framing utilized in the less occupied me-
chanical and storage spaces will take ad-
vantage of the strength of the efficient section 
sizes and composite action with concrete. 
Shear tab connections between beams, gird-
ers, and columns provide ease of construction. 
Steel joists at roof framing also provide contrac-
tors with typical erection.  

Utilizing the steel batten plates at the columns in 
the lobby, the steel rod bracing can easily con-
nect to the columns through welded gusset 
plates. In the southwest of the building where 
the steel framing abuts to the timber framing, a 
special condition was required. In order to deal 
with the difference in framing and member 
depth, a second column line was introduced 
and a steel girder was placed to support the 

timber edge. This solution allows for the floor 
and roofing systems to have a similar top of slab 
elevation. 

9.3 Timber 
The DLT load bearing and shear wall construc-
tion selected for this project introduce a unique 
opportunity for the contractors, as construction 
can theoretically speed up. Pre-fabricated 
panels manufactured with integration from the 
mechanical and electrical engineers, allow for 
quick construction as the crew have to swing 
the panels into position.  

Lobby construction mimicking the battened 
column construction, will utilize steel gusset 
plates to connect the girders to the columns. 
Coordination between the structural engineers, 
DLT and glulam manufacturers will be necessary 
to complete successful connections  

9.4 Concrete 
Due to the investigation of the geotechnical re-
port and the use of the vibro-compaction, shal-
low foundations utilized can be trench formed 
continuous footings. The spread footing under 
the columns were all design to be square to pro-
vide ease of construction with typical rebar lay-
outs per spread footing sizes. 

10. VALUE ENGINEERING 
Structural value engineering decisions can be 
made in the building, however, important con-
siderations must be taken into account when 
changing the framing of the building, as it will 
impact lateral and foundation systems.  

The most significant VE decision could be made 
would be framing the building with steel instead 
of engineered timber. This involves significant re-
design and a deviation from the overall goal of 
sustainability that Vanguard shares with Hope 
College. 

Removal of the rooftop amenity space would 
provide member size decrease in systems sup-
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porting the space. Also, utilizing solid glulam col-
umns instead of hollow battened columns 
could decrease manufacturing cost 

11. COST ANALYSIS 
A preliminary cost analysis was conducted to 
ensure that the building structure is roughly 10% 
of the total project budget. It was determined 
that the structural budget could potentially be 
approaching 15% of the total budget due to 
the use of mass timber. 

With these cost estimates, we determined the 
amount of each material and calculated the 
total cost for each. The calculation in the ap-
pendix includes the factors taken into consider-
ation when determining this cost via RSMeans. 
This cost is estimated to be roughly $3.3 Million, 
which is roughly 13% of the overall project 
budget.  

12. LESSONS LEARNED & CONCLU-
SION 
The Vanguard structural team learned a signifi-
cant amount throughout this process. Early inte-
gration discussions are key to a well-working de-
sign team. Having open communication and 
holding everyone accountable allowed for trust 
throughout the group. 

The structural team understands the im-
portance of innovation, sustainability, and over-
all user experience and designed the structural 
systems with the team goals in mind. The timber 
framing is the primary driving factor in all three 
of these goals. 
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MECHANICAL 
For the 2019, AEI student design competition, Vanguard Engineering worked collaboratively among the 
disciplines to provide the City of Holland and Hope College with a high-performance educational fa-
cility. Using Vanguard’s three primary goals – innovation, sustainability, and use experience, the design 
team was able to create a learning environment, a hub of entertainment, and another step towards 
the city’s vision for sustainability.  

Rainwater Collection 

The installation of a 25,000-gallon below 
grade fiberglass storage tank located 
on the Southeast corner of the site allows 
for harvesting of rainwater and melted 
snow from the roof to serve the buildings 
non-potable water fixtures. The use of 
this recycled water lowers city water de-
mand as well as the impact of the facil-
ity on local storm runoff.  

District Utility Connections 

Though not yet available, the mechanical team 
elected to provide heat exchangers to allow for 
seamless connections to district cooling and heating 
that the city plans to provide in the near future. Con-
nection to the city’s combined heat and power sys-
tems will provide sustainable and economically 
friendly resources.  

Radiator Panels and Radiant Floor 

The use of radiator panels on the wind girts along 
the lobby glass façade help mitigate condensation 
on the glass and increase occupant comfort. Radi-
ant flooring is also used to provide heating at the 
occupant level and reduce waster energy from hot 
air supply that may rise above occupants during 
heating conditions.  

Chiller Heat recovery 

Heat rejected from the chiller is 
extracted through the heat re-
covery loop and used to serve 
reheat coils for dehumidification 
in the air handling units serving 
the chilled beam and under-
floor air distribution system. The 
chiller heat rejection increases in 
the summer as the need for de-
humidification increases.   

UFAD 

Underfloor air distribution in the performance and rehearsal spaces allows for pri-
mary air to be introduced at the occupant level and returned high above which 
creates a plug flow effect. This can help increase occupant comfort, perceived air 
quality, and outdoor air effectiveness. The low velocity of these systems is conducive 
to acoustically sensitive spaces due to lower sound generation from turbulence.  
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1. PROJECT INTRODUCTION
Vanguard Engineering is a multi-disciplinary de-
sign firm that focuses on structural, mechanical, 
electrical, acoustical, and lighting design. Van-
guard holds values in innovative designs, sus-
tainability, and collaboration. These core values 
will aid in Vanguard Engineering’s design of the 
Jack H. Miller Center for Musical Arts. 

The following mechanical narrative outlines the 
Schematic Design and early design solutions 
that have been created for the Jack H. Miller 
Center for Musical Arts. Vanguard Engineering’s 
overall design idea for this project is to enhance 
the user experience, mechanical systems play 
a large role in this. The mechanical team is chal-
lenged with designing an efficient system that 
will allow for high quality acoustics throughout 
the building and occupant comfort in all 
spaces. The following narrative outlines Van-
guard Engineering’s plan to achieve these 
goals.  

2. PROJECT GOALS
Vanguard Engineering’s design goals are inno-
vation, sustainability, and user experience. 
These goals help define the path for the me-
chanical system design. These goals align with 
both the owner’s need and Vanguard Engi-
neering’s standard of practice.  

2.1 Innovation 
Vanguard Engineering highlighted innovation 
as a main goal during concept design. This goal 
helped define what we prioritized in our deci-
sion matrices and mold our mechanical system 
design. The district heating and cooling plant is 
a large part of the city’s vision for sustainability. 
This vision includes incorporating buildings 
throughout downtown and Hope College to 
the system. Because this is not yet available, the 
mechanical team came up with a solution to 
design an innovative, low cost primary system 
that implemented future district heating and 
cooling connections. Adding Hope College 
campus to central plant gives an energy sav-
ings potential of 50% - meaning it is beneficial to 
have connections incorporate in the Jack H. 
Miller Center for Musical Arts design. This system 
innovation is discussed further in section 5.2.1. 

2.2 Sustainability 
To connect the Jack H. Miller Center for Musical 
Arts to the vision of the city, Vanguard Engineer-
ing put a lot of emphasis on designing sustaina-
ble solutions. Sustainability was weighted heav-
ily in the decision matrices. To ensure the sys-
tems were sustainable, a LEED score card and 
baseline studies were utilized. A major change 
that aides in this goal was the use of heat recov-
ery off the air-cooled chiller. The advantages for 
this process and how it is implemented is dis-
cussed in section 5.2.2. 

2.3 User Experience 
The mechanical team placed an emphasis on 
the user experience goal by designing systems 
that focused on the occupant and how they 
perceive and interact with the building. Target-
ing the acoustics and occupant comfort in the 
space helped achieve the goal. Acoustic integ-
rity of the building and occupant comfort was 
maintained by implementing low noise genera-
tion systems. An underfloor air distribution sys-
tem and active chilled beams system were 
used and discussed further in section 5.3.3 and 
5.3.4.  
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3. CODES AND STANDARDS
The Vanguard Engineering mechanical team 
followed the 2009 Michigan Mechanical Code, 
surpassed the energy guideline by designing to 
ASHRAE 189.1, and utilized several other codes 
and guidelines to develop the mechanical de-
sign. The full list of codes and standards followed 
by the mechanical team can be reviewed on 
page iii.  

Utilizing these resources guided our design on 
how to meet minimum requirements and make 
necessary changes, for example to the building 
envelope, to help meet and exceed design 
code and guide requirements.  

3.1 Climate Zone 
According to the Michigan Uniform Energy 
Code (MUCC), the Jack H. Miller Center for Mu-
sical Arts is in ASHRAE climate zone 5A.  

3.2 Design and Analysis software 
Industry standards and practices were used to 
calculate the facilities building loads and de-
sign the mechanical systems. These practices in-
clude the use of Trane TRACE 700 for load and 
energy analysis. This program was utilized to cre-
ate studies that analyzed the impact of building 
envelope and mechanical system optimization. 
Revit 2019 was utilized to model all HVAC, hy-
dronic piping, plumbing, and fire protection sys-
tems. A combination of Bluebeam, Excel, and 
AutoCAD were used to create supplemental 
design documents that helped describe the co-
hesive design.  

3.3 WELL Building Standard 
The WELL Building Standard is used by the me-
chanical design team for the design of the 
HVAC, plumbing, and acoustical systems in the 
facility. The WELL Building Standard focuses on 
the occupant and these requirements are com-
plied with by the design of each of the systems. 

3.4 LEED 
The goal for this building is to be LEED Silver cer-
tified. LEED refers to how the building operates. 
We will be seeking certification under LEED v4. 
This version of LEED investigates several catego-
ries to come up with a point total. The catego-
ries are: Location and Transportation, Sustaina-
ble sites, Water Efficiency, Energy and Atmos-
phere, Materials and Resources, Indoor Air 
Quality, and Innovation.  

4. BUILDING AND SITE ANALYSIS
Holland, Michigan experiences the four seasons 
to their full extent. This means cold-dry winters 
and mild-slightly humid summers are normal. This 
location is categorized as ASHRAE climate zone 
5A. Site and building studies were conducted to 
analyze the climate conditions and the perfor-
mance of the baseline building.  

4.1 Climate Analysis 
The outdoor design conditions based off 
ASHRAE Fundamentals – 2009 for Holland, MI are 
outline in Table M - 1. 

Environmental Design Conditions 
Cooling 
(ASHRAE 0.4%) 

Dry Bulb 88.3°F 
Wet Bulb 74.1°F 

Heating 
(ASHRAE 99.6%) 

Dry Bulb 7.4°F 

Dehumidification 
(ASHRAE 0.4%) 

Dry Bulb 81.2°F 
Humidity Ra-
tio 

126.9 

Dew Point 73.3°F 
Table M - 1: ASHRAE Fundamentals 2009 Design 
Conditions for Holland, MI. 

4.2 Building Analysis 
For design purposes, conditioned spaces will as-
sume set points of 72°F and 50% RH.  University 
standard temperature settings will be acquired 
and adhered to as design progresses. Lighting 
densities were estimated based on ASHRAE 
189.1. 
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4.2.1 Load Summary 
Jack H. Miller Center for Musical Arts Load Summary 
Location Area Cooling 

(Tons) 
Heating 
(MBH) 

Airflow 
(CFM) 

Education 40,000 35 781 10,200 
Performance 14,400 75 586 25,900 
High Volume 
Lobby 

4,500 40 330 20,000 

Total 58,900 150 1,697 56,100 
Table M - 2: Building Load Summary 

5. SYSTEM DESIGN
5.1 System Selection
Appropriate selection of primary equipment is 
crucial to the function of both building systems 
and building spaces. To ensure both needs will 
be met effectively, the mechanical design 
team created the following design goals to 
function as criteria for primary equipment selec-
tion:

5.1.1 Cost 

The project budget can be the most rigid and 
limiting criteria for design. The design team must 
thoroughly consider system costs so that finan-
cially feasible solutions can be presented to the 
owner. Lack of regard for the allocation of pro-
ject funds can lead to significant value engi-
neering, reduction of system performance, and 
reduction of available funds for other building 
needs.

5.1.2 Sustainability 

The City of Holland has made significant efforts 
to establish itself as a pioneer and leader of sus-
tainability through the Holland Community En-
ergy Efficiency and Conservation Strategy es-
tablished in 2011.  It is important to be consider-
ate of this city vision, and efforts will be made to 
extend the community’s desire to pursue sus-
tainability through efficient and resilient system 
design 

5.1.3 Acoustics 

Acoustic performance and sound generation 
of system equipment are critical design criteria 
for this musical arts facility.  Building systems will 

be designed to be as silent as possible, while still 
meeting the needs of other design criteria.

5.1.4 Building Integration 

To make sure design goals are met from all de-
sign disciplines, mechanical systems were se-
lected with consideration of their ability to inte-
grate with other building systems.  Factors like 
duct size, equipment needs, integration to pri-
mary equipment, and other system criteria were 
considered to maximize building function and 
performance.  Mechanical equipment was also 
selected with consideration for other discipline 
values to ensure cohesion between all building 
systems. 

5.1.5 Site Integration 

The physical site of the any new construction 
can be an extremely limiting factor for mechan-
ical systems. Consideration must be given to 
space availability for equipment, utility loca-
tions, and accessibility to equipment for proper 
service. The impact of equipment selections on 
the external appearance of the building and its 
relation to the campus will also be considered 
to help maintain the architect and owner’s vi-
sion for the building’s façade. 

Refer to supplemental document A - 
Mechanical for the primary system decision 
matrix.

5.2 Primary System 
Primary system selection was aided with a 
deci-sion matrix, which assigned varying 
weights to criteria like sustainability, cost, and 
site integra-tion based on the team design 
goals. Recalling our schematic design, our 
design team elected not to use any form of 
ground loop system in the mechanical design 
due to site limitations and serviceability 
concerns. Because the designed secondary 
systems are all hydronic based, VRF systems 
were also removed from consideration. High 
efficiency condensing boilers are specified to 
provide heating hot water service to the fa-
cility. The design team elected to specify an  
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air-cooled chiller as it does not require a 
cooling tower and can be located outside. This 
will help lower equipment generated noise 
within the building, which is important due to 
the acousti-cally sensitive nature of 
performance halls. Alt-hough air cooled chillers 
are often less efficient than water cooled 
chillers, they generally have a lower initial cost, 
which is important when con-sidering the 
second aspect of our primary sys-tem design, 
the central utility connections. 

5.2.1 Future Connections 

In 2011, the City of Holland published the Hol-
land Community Energy Efficiency and Conser-
vation Strategy. This 150-page document, com-
pleted by the Holland Board of Public Works 
and a team of engineering consultants, aimed 
to develop an executive plan for implement the 
city’s vision for sustainability. This plan includes a 
5-phase project to convert the downtown area 
to be served by district utilities, which includes 
the Hope College Campus in phase 3.  Accord-
ing to the studies conducted in the city’s docu-
ment, the transition to central utilities is ex-
pected to reduce energy consumption on 
campus by 30% in a span of 5 to 10 years. In or-
der to integrate the mechanical system design 
with the city’s vision for sustainability, two heat 
exchangers are specified to provide future con-
nections to the hot and chilled water central 
utilities upon their completion. Providing availa-
ble connections for the central utilities during 
the initial construction will allow for service tran-
sition without shutting building systems down, at 
which point the existing boiler and chiller system 
could be scrapped or sold.

Figure M - 1: City of Holland Project Phasing 

5.2.2 Heat Recovery 

Because chilled beams are one of the second-
ary systems used to serve the building, special 
attention must be given to dehumidification to 
prevent condensation from forming on the 
units.  The specified air-cooled chiller is 
equipped with a heat recovery loop to help aid 
with the dehumidification and regain otherwise 
wasted heat. Heat rejected from the chiller is 
extracted by the heat recovery loop and used 
to supply the reheat coil for dehumidification at 
the AHU serving the chilled beam system.  The 
summer months will require the most dehumidi-
fication which is also when the chiller will be re-
jecting the most heat. 

5.3 Secondary Systems 
5.3.1 Variable Air Volume (VAV): 

A VAV system with a dedicated air handling unit 
(AHU) will be used to serve the main lobby and 
some building support spaces like restrooms, 
and instrument storage.  To effectively treat the 
large volume and high load of the multistory 
lobby space, air will be distributed at multiple 
levels. Ductwork routed tight to structure will be 
used to provide treatment for the large glass 
curtain wall on the west side of the lobby. To 
help provide efficient space conditioning for 
occupants, a separate duct will be routed to 
distribute air at the first-floor ceiling height from 
the east wall out toward the lobby space. 

5.3.2 Radiant Heating: 

The west curtain wall of the lobby will require sig-
nificant conditioning, particularly in the winter, 
due to its large surface area and associated 
space load.  To provide radiant heating, the de-
sign team considered a custom curtain wall 
mullion system integral with hydronic heating. 
This system runs parallel heating water loops 
through the mullions to discretely provide heat-
ing to the joints of the curtain wall where ther-
mal resistance is the lowest. While this system is 
innovative and aesthetically beneficial, the de-
sign team has elected to assume the use of ra-
diator panels instead due to their lower initial 
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cost, constructability, and serviceability. The ra-
diant system will use radiant panels with heating 
water loops to treat the glass and prevent con-
densation. These systems can be specified in a 
variety of lengths and can be curved to fit the 
curtain wall profile. Hydronic piping serving the 
radiant panels will be coordinated with the 
structural team to be concealed using the glu-
lam beams and architectural wood paneling. 
This will maintain the desired prominence of the 
wood members in the space while minimizing 
visibility of the mechanical systems. A radiant 
floor system will also be used in the lobby to pro-
vide radiant heat at the level of the occupants 
and increase occupant comfort.

5.3.3 Underfloor Air Distribution (UFAD): 

Two AHUs, sized at 60% capacity each, will be 
used to supply an UFAD system in the perfor-
mance hall. An open cavity under the hall seat-
ing will serve as a plenum where air will be 
ducted to pressurize the cavity. The pressurized 
plenum will distribute air through floor diffusers 
under the seats in the performance hall, which 
will be sized to achieve a maximum velocity of 
500 fpm, or less if more stringent manufacturer 
recommendations are given, to help meet 
noise criteria. Air will be returned at the ceiling 
level of second floor through sidewall grilles to 
induce displacement ventilation, which will in-
crease ventilation efficiency, perceived air 
quality, and will provide energy savings for the 
building.  A separate AHU will supply separate 
UFAD systems in the recital hall and two re-
hearsal halls. These systems will use the same sys-
tem layout but will implement BlueDuct rather 
than using a plenum for distribution. While this 
will have a lower acoustic performance, it will 
provide some cost savings in spaces where 
acoustics are less critical.

5.3.4 Chilled Beams: 

Active chilled beams will be used to provide 
cooling to the studios, classrooms, and other 
auxiliary spaces.  Primary air supplied from the 
air handling unit will have a low dew point to 
prevent condensation on the chilled beams 

and to accommodate latent loads within the 
space. For perimeter zones, the outdoor air sup-
plied to the chilled beams will pass through a 
VAV with reheat first to provide space heating 
when needed. Higher temperature chilled wa-
ter is needed for the chilled beam loop to pre-
vent condensation on the units. The return main 
of the primary chilled water loop will be routed 
through a heat exchanger to create a decou-
pled loop to serve the chilled beam cassettes. 
Because the heat exchanger is in series on the 
return side of the primary loop, the chilled water 
temperature will be higher during periods of 
high demand from the AHU’s, which will still be 
adequate to accommodate the chilled beam 
loads.  A heat exchanger bypass with a 3-way 
bypass valve and a thermostatic flow control 
sensor is specified to ensure the chilled water 
temperature in the chilled beam loop does not 
drop below the dew point during periods of low 
demand from the AHU. Placing the heat ex-
changer on the return side of the primary loop 
will increase the system delta T, which will help 
to increase chiller efficiency.  

6. PLUMBING
Although the City of Holland has not identified 
any plumbing specific sustainability goals, the 
design team chose to extend the vision of sus-
tainability to the design of the plumbing systems 
to help reduce water consumption, minimize 
environmental impact, and to pursue LEED cer-
tification.  

6.1 Domestic Water System 
The domestic water demand was estimated us-
ing fixture counts and Table E103.3(2) of the 
2009 International Plumbing Code. The design 
team selected a maximum velocity of 5 fps as 
the sizing criteria to help minimize system sound 
generation within the space. Table M – 3 sum-
marizes the flow test used to size the water ser-
vice main.  
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Table M - 3: Flow test 

6.2 Water Heater 
Domestic hot water will be produced for the 
building through an indirect storage water 
heater. The storage tank is necessary to accom-
modate the large surges of hot water demand 
that can be expected during intermissions or im-
mediately after performances. The indirect 
heating component will use hydronic hot water 
as the heat source and an internal heat ex-
changer to create hot water. A bypass loop will 
provide temperature regulation by allowing 
water to bypass the heat exchanger when de-
sired water temperatures are exceeded. 

6.3 Rain Water Harvesting System 
A rainwater harvesting system will be used to 
collect water to be used for non-potable ser-
vice in the building. Water collected from the 
roof drains will be routed to a 25,000-gallon fi-
berglass storage tank located below grade on 
the southeast corner of the site where it can be 
distributed to toilets, urinals, and irrigation sys-
tems for the facility. In case of long durations of 
low rainfall, a city water backup connection will 
be provided to the non-potable water service 
and will be isolated with a backflow prevention 
device to meet code requirements. Based on 
water consumption data and annual rainfall in-
formation for the city of Holland, an estimated 
56% reduction in city water consumption can 
be achieved using the rainwater harvesting sys-
tem and low flow fixtures. This will not only help 

further promote the city’s vision for sustainability 
but will also help reduce strain on the city drain-
age infrastructure during peak rainfall. 

7. FIRE PROTECTION
The Jack H. Miller Center for Musical Arts will be 
equipped with a fire sprinkler system in order to 
meet the necessary fire rating requirements de-
signed according to NFPA standard 13 2010 edi-
tion. This facility is classified as a light hazard oc-
cupancy facility. The underground fire water 
main will be sized at 8” in diameter with the en-
trance located in the first level mechanical 
room on the East side of the building. The fire 
water main is fed to the 12” main located at the 
corner of 10th and Columbia street and will serve 
the two wet system risers.  

Figure M - 2: City Utility Locations 

Hydrostatic testing was done to find pressure 
and flow rates at the building location. The City 
of Holland provided a flow test taken at the cor-
ner of 9th and Columbia to find a static pressure 
of 60 PSI, and a flow of 1190 GPM. Two gridded 
wet system will be used with a fire pump to give 
the required pressures for the systems. A Class II 
wet standpipe system with a 1-½" hose connec-
tion will be used for the main concert hall, recital 
hall, and the large volume rehearsal spaces. 
Schedule 10 for grooved piping and schedule 
40 for threaded piping will be used for these sys-
tems. These schedules of pipe are used for their 
longevity that correlates well to the intended 
life of the building.  
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The fire department location will be located on 
the West side of the building near the main en-
trance which faces Colombia Avenue. These 
fire protection design requirements and consid-
erations are based of the Michigan Fire Protec-
tion Code and NFPA Standard 13. 

8. CHALLENGES
8.1 Acoustics
The Jack H. Miller Center for Musical Arts is de-
signed as a state-of-the-art musical perfor-
mance facility and as a musical performance 
facility, acoustics is one of the main considera-
tions for the building’s functionality. Considera-
tions include both the acoustics of the perfor-
mance spaces and the systems. The mechani-
cal and electrical team members have come 
together to take on the role of an acoustic con-
sultant for the project and will consider both ar-
chitectural acoustics and noise control.  This un-
ion between the two disciplines strengthens the 
dialogue within the team allowing for collabo-
ration and integration to take place more eas-
ily. The acoustic team goal is to achieve the 
highest quality of acoustics in the facility by 
maintaining the appropriate noise levels and 
acoustic characteristics of the spaces within the 
building.  

8.1.1 Indoor Noise Criteria 

When selecting the primary and secondary me-
chanical systems, noise generation by the sys-
tems had a huge role in determining the systems 
that will be implemented. Systems were chosen 
that would maintain the appropriate noise lev-
els for the various spaces. The ASHRAE Funda-
mentals Handbook specified the noise criteria 
(NC) levels that will be complied with for the 
Jack H. Miller Center for Musical Arts.  

The primary and secondary systems were cho-
sen to ensure the acoustical performance of 
the building would not be compromised. The 
decision matrix in Appendix M.02 shows that the 
top two primary system choices, central heating 
and cooling or an air-cooled chiller and boiler 
combination, are the best choices for noise 

control. The central heating and cooling system 
will not require large, noisy equipment in the 
building. This primary system option will consist of 
a heat exchanger, a relatively quiet piece of 
equipment and a pump, located away from 
any noise-sensitive spaces. The air-cooled chiller 
and boiler do have a negative effect on noise 
generation, but the location of the equipment 
and STC ratings used will create the necessary 
noise isolation throughout the building. 

The acoustic and mechanical team has chosen 
to use several secondary systems throughout 
the building. The main performance hall, recital 
hall, and two rehearsal spaces will use an under-
floor air distribution system. This system will pro-
vide the low velocity and air flow control neces-
sary to maintain noise control and comfort in 
the spaces. The classrooms, practice rooms, 
faculty studios, and main circulation areas will 
use an active chilled beam system. The chilled 
beam system is known for its extreme silence 
and controllability that will be well-suited for the 
spaces it will serve. The high-volume lobby will 
be served by a VAV system, a radiant heating 
system on the exterior glazing and a radiant 
floor. Although a VAV system is not known as an 
acoustically pleasing system, it will provide the 
cooling and heating necessary for the high-vol-
ume space and will be supplemented with 
sound attenuators and silencers, so the noise 
generation from the units will not affect the 
noise-sensitive spaces. With these systems in 
place, appropriate NC levels will meet or ex-
ceed expectations throughout the entire facil-
ity.   

Indoor Noise Control 

Mechanical equipment is placed throughout 
various areas of the building. The equipment on 
the first level of the building consists of pumps, 
heat exchangers, and boilers. These pieces of 
equipment are very noisy. The walls of the first-
floor mechanical room will have a targeted 
STC-60 rating to isolate noise from the sensitive 
areas. Most of the mechanical equipment is on 
the second floor consisting of air handling units 
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and an air-cooled chiller. Some of these equip-
ment locations are above noise sensitive 
spaces. To ensure sound isolation from these 
pieces of equipment a targeted STC-60 will be 
used for the floor and walls. All air handlings units 
will be placed on steel spring floor mounts with 
a neoprene base for vibration isolation. The 
walls of all equipment rooms will all be treated 
with additional absorptive material to reduce 
the noise in the room. To ensure maximum 
sound isolation an acoustical sealant will be 
used for all duct and piping penetrations to seal 
a potential open path for noise to travel.  

Airflow through ductwork throughout the build-
ing is another source of noise generation. To 
combat the noise generated from this distribu-
tion, long straight duct runs will be used as much 
as possible. Duct silencers will be used at each 
air handling and sound attenuators will be used 
on large ductwork areas near sensitive spaces. 
The ductwork will be sized to ensure low velocity 
of air of 1500 fpm or less throughout which will 
help reduce noise generation.  

8.1.2 Outdoor Noise Criteria 

The combination of the mechanical systems 
and the train located less than 250-ft away from 
the building creates unwanted outdoor noise. 
Depending on the primary system chosen, out-
door mechanical system noise will be kept to a 
minimum. An advantage of the air-cooled 
chiller is that there is no need for a cooling 
tower. The outdoor air louvers will create some 
noise generation, but it is not at a level that af-
fects building acoustics. 

8.1.3 Sound Isolation 

Being an acoustically sensitive building, the ap-
propriate measures were taken for the Jack H. 
Miller Center for Musical Arts to ensure noise-
producing spaces are not affecting adjacent 
areas. Sound isolation through the implementa-
tion of high STC walls, ceilings, and floors is im-
portant for the performance spaces, practice 
spaces, faculty studios, mechanical rooms, and 

other related spaces. These spaces are produc-
ing the most noise and must not be penetrated 
by adjacent room sounds or influence the adja-
cent rooms. 

8.2 Timber, Wood, and Engineered Wood 
The use of timber as an exposed structural com-
ponent throughout the building provides both 
challenges and design opportunities.  Space 
humidity and water collection has potential to 
have a negative impact on the wood if uncon-
trolled. Although the structural integrity of the 
wood is not likely to be compromised by humid-
ity, the finish and appearance could be. Wood 
in this facility serves as both a structural member 
and an aesthetic element, so maintaining the 
desired appearance is important. Because a 
large portion of the building uses chilled beams, 
humidity levels will be tightly regulated to pre-
vent condensation from forming on the chilled 
beams and will inherently help to maintain 
wood finishes.  

One design opportunity comes with the coordi-
nation efforts that are required with the radiant 
heating system and the glulam columns. The 
runtal system in the lobby will require hydronic 
piping to be routed vertically up the curtain wall 
to connect to the radiant panels. Because the 
lobby is intended to be a place of congrega-
tion, maintaining a visually appealing environ-
ment is important for the user experience.  In or-
der to minimize system visibility, the glulam col-
umns will be designed to integrate and conceal 
the hydronic piping. 

The use of CLT panels also provides opportuni-
ties for construction coordination. In order to 
maximize the cost effectiveness of the prefabri-
cated CLT panels, the design team advocates 
early contractor involvement in order to coordi-
nate mechanical system penetrations and min-
imize potential for field changes. 
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8.3 Rooftop Amenity Space 
A rooftop amenity space is included in the Jack 
H. Miller Center for Musical Arts as an add - al-
ternate design.  This space will accommodate
for performance gatherings, receptions, and
various social events. The specific requirements
for this space are:

• Maximum 200 people capacity
• Community and university event access
• Weather-responsive space
• Year-round use of the space
• Flexibility of the space to host many func-

tions and events
• Safety and security concerns

These requirements pose some additional chal-
lenges to the mechanical team.    For this space 
to be flexible and used year-round, the me-
chanical and plumbing systems of the space 
must be able to accommodate for this usage. 
The whole design of the rooftop amenity space 
can be found in Vanguard Engineering’s Inte-
gration narrative.  

8.3.1 Mechanical System 

Cooling and heating are the main mechanical 
system considerations for this space. Location 
played a large role in how decisions were made 
for what type of cooling or heating systems 
were necessary for the space. Holland, Michi-
gan is known for their mild summers, so the de-
cision was made to not include a cooling sys-
tem for the space but rather just a large fan for 
the indoor portion. As far as the winter season 
for Holland, Michigan, the low temperatures 
and abundance of snow were large factors in 
the heating system design. Vanguard Engineer-
ing is moving forward with a radiant floor heat-
ing system for the main area, a fan coil unit sys-
tem for the support spaces, and a snow melt 
system for the outdoor portion of the space. Be-
cause the snow melt and radiant floor systems 
require a lower temperature, a heat exchanger 
on the return side of the primary hot water loop 
will be used to provide a decoupled hot water 
loop at a lower temperature. Placing the heat 

exchanger on the return side of the loop will in-
crease the system delta T and will help increase 
boiler efficiency. A hydronic system schematic 
can be found on Sheet M302. 

A mechanical load for the rooftop amenity 
space was done to calculate the heating nec-
essary for the two indoor systems. The radiant 
heating system requires a design capacity of 
115 MBH and the fan coil unit system requires a 
design capacity of 25 MBH. The rooftop snow-
melt system was sized at 150 Btu/hr/ft2; for the 
4000 ft2 of outdoor space, the snowmelt system 
requires a design capacity of 615 MBH. 

8.3.2 Plumbing System 

The rooftop amity space will include support 
spaces. Table 403.1, from the 2009 Michigan 
Plumbing Code was used to calculate the fix-
ture requirements for this space.  

This space was classified as restaurants, ban-
quet halls, and food courts. The design for the 
restroom based on requirements for 100-person 
occupancy are as follows: 

Men’s Restroom – 1 urinal, 2 water closets, 1 lav-
atory 

Women’s Restroom – 3 water closets, 1 lavatory 

8.3.3 Cost 

A cost estimate was done to calculate the im-
pact the HVAC and plumbing systems for the 
rooftop space have on the budget. This esti-
mate considered the larger size boiler needed 
for heating the space, the radiant floor and 
snow melt system, the fan coil units serving the 
support spaces, and the plumbing system. This 
system adds approximately $200,000 to the 
overall mechanical project budget, bringing 
the grand total to $5.4 million. An opinion of 
probable cost spreadsheet that was utilized for 
the estimate that considers equipment and la-
bor cost trends over the last several years and 
serves as an adequate starting point for the me-
chanical cost estimation. 
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9. LEED AND WELL
Vanguard Engineering used LEED and WELL cer-
tifications to help track how well self-defined 
goals were being met.  

9.1 LEED Certification 
A large part of LEED certification is energy sav-
ings. To achieve energy savings, the mechani-
cal systems are adjusted for higher efficiency 
and low energy consumption. The mechanical 
team first did load calculations in Trane TRACE 
700 according to ASHRAE 90.1 for a baseline 
building. The baseline building was modeled 
with the same systems but did not include some 
of the energy saving measures we imple-
mented. Another model was then created in 
Trane TRACE 700 using the systems designed by 
the mechanical team according to ASHRAE 
189.1. This standard adjusted the building enve-
lope values, such as walls, roofs, and any open-
ings, and improved the lighting densities used 
for the various spaces. Using the proposed solu-
tions in the mechanical design estimates an en-
ergy savings of 22%.  

9.2 WELL Building Standard 
The building design was guided by occupant 
comfort and well-being.  Many of the require-
ments needed to get LEED points also apply to 
the WELL standard, so the design team was able 
to acquire points from both standards for many 
design decisions. 

10. COST
A preliminary cost estimate was done to ensure 
the proposed systems are within a reasonable 
range for the mechanical portion of the overall 
budget. It was found that the HVAC, plumbing, 
and fire suppression systems estimate is approx-
imately $5.2 million and takes up roughly 21% of 
the overall budget. This is within the 30% of the 
budget that has been set aside for mechanical. 
An opinion of probable cost spreadsheet that 
was utilized for the estimate that considers 
equipment and labor cost trends over the last 

several years and serves as an adequate start-
ing point for the mechanical cost estimation.  

10.1 Value Engineering 
While the proposed mechanical system design 
falls within the owner’s budget, the potential for 
unanticipated project changes merits the iden-
tification of potential VE options to help further 
reduce the system cost if needed.  The two heat 
exchangers for the future district utility connec-
tions are one simple way to reduce the cost of 
the mechanical system.  Although they add 
value to the design by allowing seamless transi-
tion to the district service without shutdown, 
they are not imperative to the initial function of 
the building and can be removed from the de-
sign to lower cost. Removing these from the cur-
rent design will require them to be added in the 
future when the transition to the central utilities 
is made. 

10.2 Life Cycle Cost 
A high-level life cycle cost analysis was done in 
the beginning stages of the design process. 
When selecting the primary and secondary sys-
tems, cost was taken into special consideration 
in the decision matrices. The integrated primary 
system that was selected provides the owner 
with low upfront costs and an option to tie into 
district utility in the future to decrease energy 
costs for the systems.  

11. LESSONS LEARNED
Many lessons were learned throughout the pro-
ject duration. The mechanical team learned 
how knowledge, experience, and mistakes play 
vital roles in the design process. The mechanical 
team gained an understanding of new systems 
they had not previously investigated. Many 
ideas were formulated during the project. The 
mechanical team learned how although some 
ideas may be great on paper, they are not al-
ways best in practice.   
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12. CONCLUSION
Vanguard Engineering designed mechanical 
systems that met expectations of innovation, 
sustainability, and user experience. The use of 
the air-cooled chiller and boiler system saves 
money for upfront costs while the future con-
nections provide a potential for savings on en-
ergy consumption.  The secondary systems 
were designed with the use of the various build-
ing spaces in mind.  The high-volume perfor-
mance spaces are served with an underfloor air 
distribution system. The low-velocity nature of 
the system allows for little noise generation and 
minimal compromising of acoustics. The educa-
tional spaces are served using a chilled beam 
system; this system reduces the amount of duct-
work and keeps acoustic integrity high. The 
high-volume lobby uses a VAV with reheat sys-
tem in combination with mid-span radiant pan-
els and radiant floor heating near the large ex-
terior façade. The mechanical systems de-
signed helped play a role in the building target-
ing LEED Silver certification and achieving Van-
guard Engineering’s three main project goals. 
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Rooftop Amenity 
Through lighting design and proper electrical 
amenities, another inviting and intriguing space 
on the roof was designed for students, faculty, 
and guests. It also provides a grand view of 
Hope College and the City of Holland strength-
ening the school’s pride in its community.  

Daylighting and Lighting Design 
The use of varying VLTs of curtain walls on the lobby was 
used in conjunction with the lighting design. Both the lighting 
design and daylighting control were designed to draw peo-
ple into the space and to highlight the DLT construction.   

ELECTRICAL 
Vanguard’s three primary goals for the Jack H. Miller Center for Musical Arts – innovation, sustainability, 
and user experience, are a driving factor for the designs summarized in this document. The electrical 
section describes the goals and objectives the Vanguard Engineering team focused on. This document 
also describes how the decisions were finalized and the design implemented in order to create an in-
tegrated learning environment as well as a place for the downtown culture to merge with the Hope 
College fine arts.  

Acoustic Superiority 
Through coordination and integration within 
the team, the electrical team was able to de-
sign a system capable of providing superior 
sound quality and variable acoustics through-
out the performance spaces.   

Facilitate Learning 
An active acoustics system is 
provided in each faculty stu-
dio and practice room. This is 
a powerful tool for the stu-
dents to excel in their future 
careers in music.   
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1. PROJECT INTRODUCTION
The following electrical narrative outlines the 
sustainable and innovative design solutions the 
Vanguard Engineering electrical team has de-
veloped for the Jack H. Miller Center for Musical 
Arts. 

The Jack H. Miller Center for Musical Arts is lo-
cated in Holland, Michigan. It is located on 
Hope College campus and separates the 
downtown district from the college campus. This 
building merges the two cultures and the elec-
trical team recognizes this. Our design focuses 
on three main goals and objectives explained 
below. 

2. PROJECT GOALS
Vanguard holds high values in innovative de-
signs, sustainability, and user experience. These 
core principles aided in Vanguard Engineer-
ing’s design of the Jack H. Miller Center for Mu-
sical Arts.  

The electrical team’s primary design objective is 
to enhance the user experience. This is done by 
implementing systems such as the active 
acous-tic system discussed in section 6.5 or 
motors to control the movement of the 
acoustic reflectors in the main concert hall 
discussed in section 5.2.3. 

By integrating with other disciplines, as well as 
the college and city’s vision for sustainability we 
were able to design a fully integrated building 
design. 

The team coordinated heavily in the timber ar-
eas in order to provide an innovative solution to 
running conduit and other systems through the 
sustainable timber design. 

Figure E3 Conduit and timber design 

3. CODES AND STANDARDS
The codes and standards used for the electrical 
design are documented in the codes and 
standard section of this narrative document. 
Specific sections may be referenced through-
out the electrical section 

3.1 LEED 
The electrical and lighting portion of meeting 
LEED certification focuses on sustainability and 
renewable sources. Multiple renewable energy 
sources available in the location of the building 
site were analyzed and Vanguard was able to 
achieve a LEED Silver. 

In the electrical design the use of downlights or 
minimal up lighting in the rooftop space and ex-
terior of the building provided points for the light 
pollution reduction category. Vanguard’s elec-
trical design also gains points in the interior light-
ing and daylight categories. The use of LED fix-
tures and photosensors to dim fixtures provides 
energy savings. By implementing these technol-
ogies, Vanguard meets requirements set by 
ASHRAE 90.1 and gains points in the Indoor Envi-
ronmental Quality section of LEED. 



ELECTRICAL 

AEI SDC – TEAM 5 - 2019 
41 

3.2 WELL Building Standard 
The building design was guided by occupant 
comfort and well-being.  Many of the require-
ments needed to get LEED points also apply to 
the WELL standard, so the design team was able 
to acquire points from both standards for many 
design decisions. Through this process, a WELL 
certified building design was produced. 

4. SITE ANALYSIS
4.1 Electrical Utilities
The design features a 12.47 kV utility service to 
the site provided by the Holland Board of Public 
Works (HBPW). Based on the calculated de-
mand, the design for the Jack H. Miller Center 
for Musical Arts uses a 1000kVA service trans-
former with a 5% impedance located on an ex-
terior pad on the east end of the site. This utility 
enters through the main electrical room lo-
cated on the east end of the first floor and ad-
jacent to the service transformer. A meter is 
connected to the service entrance and lo-
cated outside of the building to remain acces-
sible to the utility company. 

To align with the Holland Community Energy 
Plan, HBPW provides its customers with energy 
from many types of renewable sources. Some of 
these sources include: wind energy, biomass, 
and landfill gas and a combined-cycle natural 
gas power plant. The HBPW energy charge for 
commercial and industrial customers with a bill-
ing demand less than 1000kw is $0.0506 per 
kWh. 

4.2 Geographic Analysis for Renewable Power 
Source Systems 
In order to produce a sustainable, efficient de-
sign, analyses of multiple renewable power 
sources were conducted to determine their vi-
ability of supporting the building’s electrical de-
sign and meeting Vanguard’s design goals.  
A summary of the systems is described below. 

4.2.1 Solar 

Using the National Renewable Energy Lab’s PV 
Watts Calculator, the use of a PV array in Hol-
land Michigan was ruled out due to a payback 
period of about 50 years. The array was de-
signed to be placed on the roof of the main hall 
occupying a 70 x 140 ft space. Refer to 
supporting Document B - Electrical for the 
calculations. 

4.2.2 Wind 

In Holland, Michigan the land based 
wind speed is around 6-7 meters/second. 
These speeds are based around the wind 
turbine be-ing 80m tall. Due to the height 
necessary to achieve wind energy 
generation, the Van-guard Electrical Team 
did not implement any wind energy 
generation techniques. 

4.2.3 Rain Water Harvesting 

A harvesting system for rain water and snow 
melt from the roof and using it as a renewable 
gray water source is being implemented 
within this building (refer to sheet M300). This 
led the electrical team to consider the 
implementation of a microturbine to further 
compliment this sys-tem. Due to the lack of 
elevation and pressure, the payback period 
for this system was calcu-lated to be about 75 
years, therefore this tech-nology was also 
disregarded.  

4.2.4 Local Utility 

One unique factor taken into consideration is 
the source of the utility’s energy. As previously 
stated, electricity from HBPW is more cleanly 
produced compared to traditional power 
plants, with 26% of the energy coming from re-
newable sources. HBPW has the access to this 
energy on a large scale, making it more effi-
cient in energy generation than any system 
that could be integrated to a single building. 
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5. POWER SYSTEMS DESIGN
5.1 Load Estimation
The load calculations used to size the utility ser-
vice entrance can be referenced in the sup-
porting document A – Electrical. By esti-
mating the HVAC, power, and lighting loads per 
square foot, a 1200 A service entrance was se-
lected. 

5.2 Power Distribution System 
5.2.1 Voltage Selection 

The service transformer provided by the utility 
will be a 12.47 kV delta primary and 480V, 3 
phase, 4 wire, 60 Hz secondary. The secondary 
consists of four sets of four 500 kcmil THHW con-
ductors feeding the buildings main switchboard 
(MSB). 

5.2.2 Location and Sizing of Panel Boards, Transform-
ers, and Distribution Equipment 

The main switchboard was sized based on the 
initial and continually updated demand of the 
building and is sized for 1200A. This feeds various 
electrical panels, motors, and other equipment. 
The majority of distributed electrical rooms fea-
ture a 480/277V panel, 480V-208V 3 phase trans-
former, and 208/120V panel. This allows for 
fewer conductors at a higher voltage to feed 
the electrical rooms, helping reduce the 
amount of cabling and conductor upsizing due 
to voltage drop. 

480/277V 208/120V 
Motors Receptacles 
Equipment Appliances 
Lighting Performance Amenities 

Table E3: Typical Load Voltage Selection 

For panel and transformer location, the building 
was divided into three sections for the first floor 
and two sections for the second floor. This en-
sured enough circuits were available and 
helped reduce the length of branch circuits. 

Each section was designed with fixtures and 
equipment, and with that information, an esti-

mated number of circuits per space was de-
vised, allowing for a required number of circuits 
and available power to be estimated. This led 
the current design of the selected equipment. 

5.2.3 Concert Hall 

The 800-seat concert hall features a variety of 
controls, lighting, and performance-specific 
equipment, meaning a larger density of circuits 
is required. Therefore, a 480V electrical panel, 
480V-208V transformer, and 208V panel are pro-
vided to exclusively serve the concert hall. The 
208/120V panel is a 400A panel, as a majority of 
the loads in the concert hall exist at this voltage. 

To achieve variable acoustics in the concert 
hall, a variety of equipment throughout the hall 
requires power, whether for physical move-
ment or activation. A large variety of this 
acoustic variability is achieved through motor-
ized equipment, all of which is powered by the 
equipment exclusive to the hall, both at 
480/277V and 208/120V. Voltage drop calcula-
tions were conducted for this equipment to en-
sure the proper operation of this equipment. 
No piece of equipment is to experience a volt-
age drop of less than 3%, and the full calcula-
tions can be found in the electrical supporting 
documents. 

Figure E4 Dimmer Room Layout 
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Figure E - 5: Motorized Cable Reels 

Through coordination with acoustics, the solu-
tion of flying, or suspending, equipment and 
possessing the ability to adjust reflectors over 
the stage was developed. To do this, compact 
motor driven reels were provided on the three 
operable reflectors above the concert hall 
stage. Four reels with structural cabling are pro-
vided to change the orientation and height of 
a single panel, and one additional cable reel is 
provided for power to the lighting integrated 
within the reflector. Refer to detail 7 on sheet 
E501 for fixture mounting. 

5.2.4 Company Switch 

A company switch is located in the back of 
house area behind the stage. This switch allows 
for a connection of electrical equipment often 
used by “touring” or traveling performances. 
The company switch is essentially a specialized 
distribution panel containing a disconnect de-
vice and connections for a power supply. 

Figure E - 6: Wall Mounted Company Switch 

5.2.5 Pipe Organ Requirements 

Hope College features a rich curriculum and his-
tory involving pipe organs, and certain spaces 
are acoustically designed around them. In the 
Jack H. Miller Center for Musical Arts, there are 
two pipe organs, both which require specific 
electrical requirements for the blower motor to 
provide the wind for the pipes. After research 
through the Associated Pipe Organ Builders of 
America and collaborating with the acoustics 
team, the solution of locating blowers and 
blower motors outside of these spaces was de-
veloped. In each of these spaces, motor con-
nections and conduit are provided using a basis 
of design from similar pipe organ sizes and con-
figurations, but are subject to change as more 
information on the organs become available. 

5.3 Emergency Power Systems 
Focusing on a sustainable system, Vanguard 
used decision matrices like the one shown in 
Figure E7 below in order to select an emer-
gency power system. A natural gas generator 
was selected due to its benefits and efficiency. 

Emergency/Standby Power Source Matrix 
Power 
Source 

Cost Resource 
Availability 

Environmental 
Impact 

Resilience 

Diesel 
Generator 

50 72 38 65 

Natural 
Gas 
Generator 

75 74 46 65 

Battery 
Backup 

46 70 42 50 

Diesel Generator: 255 
Natural Gas Generator: 260 
Battery Backup: 208 

Table E - 4: Emergency Power Systems Decision Ma-
trix 

As the decision matrix shown in Figure , the 
Vanguard team weighed prices and other fea-
tures of the systems.  

Cost Comparison of Generator Systems 
Fuel Source kVA Cost 
Diesel Generator 35 $18,500 
Natural Gas 
Generator 

35 $16,000 

Table E - 5: Cost Comparison of Generator Systems 
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It is one of the most cost effective and environ-
mentally friendly fuel sources available, aligning 
well with Hope College’s mission of reducing its 
carbon footprint and environmental impact. 
Additionally, there are benefits over a typical 
diesel generator when looking at the mainte-
nance and testing of diesel fuel and with stor-
age requirements. With the current design, the 
natural gas generator is connected to the utility 
in place of a fuel storage tank. The Michigan Bu-
reau of Fire Services (BFS) was contacted to 
confirm that a reliable connection to utility is an 
allowable exception by local AHJs. 

To comply with Article 700.3(F) of the NEC as our 
design relies on a single alternate source of 
power, a remote generator connection is pro-
vided. This allows for a portable generator to be 
connected to the electrical system through 
camlocks and a kirk-key interlock. This system 
ensures a safe disconnect of the permanent 
generator and connection of the portable gen-
erator simultaneously and can also serve as a 
load bank for the permanent generator. 

Figure E - 7: Dual-Purpose Generator Docking Sta-
tion 

5.4 One-Line Diagram 
Refer to sheet E401 full one-line diagram. 

6. SPECIAL SYSTEMS DESIGN
6.1 Fire Alarm
The Michigan Building Code classifies the Jack 
H. Miller Center for Musical Arts as an AII Building
Type with A1, A3, B, and S2 occupancies. There-
fore, strobing will be used for visible notification,
and voice annunciation will be used for audible
notification. Many of the spaces throughout the
building can become loud environments, and
using voice annunciation increases clarity and
adds a layer safety for the occupants. The fire
alarm system has the ability to communicate
with a visual notification system which provides
a message of fire throughout digital clocks and
message boards when the system is active.

The design features both photoelectric and ion-
ization detectors for smoke detection. For large 
spaces requiring its use, beam type smoke de-
tectors be implemented and coordinated with 
any objects capable of crossing tis path. The fire 
alarm control panel (FACP) will be in the north-
east corner of the building near the entrance. 
The fire alarm annunciator panel (FAA) is lo-
cated in the northern area of the lobby.  The de-
sign is in accordance with the International Fire 
Code (IFC), NFPA 72, the Michigan Building 
Code, and other applicable codes. 

6.2 Voice, Data, and Video Communication 
System 
Rough-ins, cable trays, sleeves, conduit, and 
the other necessary components will be pro-
vided as a part of the communication system. 
A typical rough-in will be a single-gang flush box 
provided with 1” conduit to above ceiling, un-
less noted otherwise. Cabling for the communi-
cations systems will be Cat 6, and cable will be 
provided for equipment and wireless access 
points. 

When designating locations for power and tele-
communication equipment, equipment for 
power systems was located in separate spaces 
from telecommunication equipment to miti-
gate the risk of electromagnetic interference 
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(EMI). This required slight programming changes 
which were made early in schematic design in 
order to reduce their impact on other disci-
plines. 

6.3 Access Control 
Access control is provided where shown on the 
drawings. Access control will be provided in the 
form of RF proximity card readers. These card 
readers will be compatible with student IDs and 
will tie into the existing security system, making 
the designation of access centralized and effi-
cient. 

Hope College campus buildings automatically 
lock after 10 P.M., and the card reader system 
allows access to authorized persons. 

6.4 Video Surveillance 
Video surveillance is provided in high traffic ar-
eas, areas common to public, and spaces well-
traversed. Every path into the building under 
active surveillance coverage, increasing the se-
curity and occupant safety. Cameras are pow-
ered through Power over Ethernet (PoE) and will 
connect to the corresponding switching in the 
various telecommunication rooms. 

6.5 Active Acoustics Technology 
In practice spaces and faculty studios, an ac-
tive acoustic system is implemented. This sys-
tem provides active electronic feedback to 
the space through recording and sound pro-
cessing, and artificially emulates a selected 
acoustic environment. 

Figure E - 8: VAE by Wenger Control Panel 

An important facet of a musician’s learning pro-
cess is the training of a musician’s ear to re-
spond to different environments. The sound 
generated varies greatly depending on the en-
vironment, and this technology allows for a user 
to be able to train in many different environ-
ments in which they may perform. The active 
acoustic system used for the basis of design is 
the Variable Acoustic Environments (VAE) Tech-
nology by Wenger. The system will consist of a 
wall-mounted control panel, microphones, au-
dio processor and amplifier, and speaker(s). The 
microphone and speakers will be ceiling 
mounted, and the audio processor and ampli-
fier will be housed in a drop ceiling access 
panel or on wall-mounted casework, depend-
ing on the room finish. The system provides the 
option of providing nine different acoustic envi-
ronments and can be integrated into speakers 
for other systems.  

6.6 Sound Reinforcement System 
The main performance hall and recital hall fea-
ture sound reinforcement systems to increase 
their flexibility for college-sponsored events. The 
speakers for the performance hall and recital 
hall are configured as J array systems. The slight 
curve in a J array system provides the most effi-
cient and effective coverage throughout the 
spaces. 

Figure E - 9: Example of J Array Configuration 
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In these spaces, speaker systems are only used 
for non-performance events. Both hall stages 
are provided with locations for monitor and mi-
crophone connections in situations for on-stage 
support. All sound reinforcement system design 
supports and accounts for the necessary ampli-
fiers, audio mixers, balanced audio inputs, mi-
crophone inputs and various pathways to inter-
act with one another. The system is best suited 
for public address (PA) and has the option to be 
used for music from an electronic source and 
other common inputs. As a part of the company 
switch, there is the capability for traveling per-
formers to bring in extra equipment to 
strengthen the sound system, giving the space 
more flexibility and uses. The sound reinforce-
ment systems can be overridden by the fire 
alarm system to override them during alarm 
sounding, and project the voice annunciated 
fire alarm message through the sound system. 

6.7 Digital Signage 
Digital signage is used for both promoting sus-
tainability and for general wayfinding and 
scheduling. The lobby features digital signage 
showcasing the sustainable efforts of the col-
lege and features of the building. The goal is to 
be interactive and engaging with the occu-
pants and to promote the awareness of sustain-
ability and carbon footprint reduction. 

Digital signage assists with wayfinding for the 
public who may be unfamiliar with the space. 
Also, signage is used for room and performance 
schedules, easily informing others of room avail-
ability. It also promotes performance and event 
dates and times, encouraging higher attend-
ance.

7. LIGHTING DESIGN
7.1 Crescendo Design Concept
The Jack H. Miller Performing Arts Center will 
serve as both an educational facility and a 
community engagement center. People come 
to Hope College from all over to learn and grow 
as students of music through educational 

courses and/or to experience powerful and 
moving musical performances. The team’s goal 
with the lighting design is to create an environ-
ment that supports the use of the space in an 
intuitive, unique, and pleasing fashion.  

Crescendo is a musical term that indicates the 
gradual increase in intensity of audible sound. 
When a group of skilled musicians executes a 
crescendo together while playing a piece of 
music it can be an empowering and moving ex-
perience for every person in the audience. The 
audience may feel enveloped in the music as 
the sound grows and the artist’s intent is real-
ized. This empowering and moving experience 
is exactly why people come to the Jack H. Miller 
Center. Both students and concert-goers come 
for the growing experience whether it’s through 
years of education or a night at a musical per-
formance. Thus, the lighting solutions were de-
signed to achieve the same effect. 

The combined efforts of many different engi-
neering and architectural elements, particularly 
the lighting fixtures, into one working system 
leaves occupants feeling like they are envel-
oped in a larger work of art. Enhancing the ar-
chitectural form of the building in a skillful man-
ner and creating a visually pleasing environ-
ment for all occupants will facilitate the growth 
of knowledge for students and enhance the 
positive experience that guests are seeking.  

7.2 Design Considerations 
Lighting design is a delicate balance of suc-
cessfully satisfying the needs of human occu-
pancy, aesthetically enhancing the architec-
ture, and providing economically and environ-
mentally responsible solutions for buildings. In or-
der to achieve a successful lighting solution for 
this building, luminaires were evaluated and se-
lected based on their ability to enhance the ar-
chitecture and facilitate the safety and func-
tionality of the spaces that they serve. Energy 
and cost considerations also impact the evalu-
ation and selection processes. 
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Luminaires selected for this project will create 
solutions consisting of layered light. Ambient 
light, task light, and accent lighting will work to-
gether harmoniously to create a visually pleas-
ing and energy efficient environment.  

LED luminaires will be utilized to maximize en-
ergy savings and maintenance costs. For edu-
cational, administrative, faculty, and circulation 
spaces the LED luminaires will meet the follow-
ing requirements: CCT-3500K, CRI>80, L70 at 
50,000 hours, 0-10V dimmable, instant on. Spe-
cial exceptions regarding accent considera-
tions may be introduced and supersede these 
criteria. In areas with exposed timber, a color 
temperature of 3000K will be used to bring out 
the natural beauty of the wood. 

7.3 Design Requirements 
7.3.1 Illuminating Engineering Society Recommenda-
tions 

The lighting design of this facility shall generally 
adhere to the recommendations found in the Il-
luminating Engineering Society’s (IES) Lighting 
Handbook (10th Edition). The recommendations 
found in this handbook may be superseded by 
the judgment of the lighting designers and pro-
ject engineers for the benefit of the user experi-
ence with the client’s approval.  

7.3.2 Energy Codes 

The facility shall be designed to meet building 
energy requirements. The facility will be de-
signed to meet specifications detailed in 
ASHRAE 90.1 - 2007. Some of the highlights 
found in the code are listed here: 

• Automatic lighting shutoff of luminaires in
all spaces due to lack of occupancy or
scheduled building hours (except where
automatic shutoff could endanger build-
ing occupants, such as food prep and
service areas)

• Each space has at least one control sta-
tion

• Luminaires in daylight zones are dimmed
automatically with a photosensor, sepa-
rate of the corresponding lighting.

• Exterior lighting is designed to be con-
trolled by astronomical time switch
and/or photosensor

7.3.3 Egress Lighting 

Egress lighting will be provided as defined in 
NFPA 101, including all paths of egress, and 
rooms with assembly occupancy to ensure safe 
levels of illumination in emergency situations. 
Emergency illumination levels will meet an aver-
age of 1 foot-candle (fc) at floor level, a mini-
mum of 0.1 fc, and not exceed a maximum-to-
minimum illuminance ratio of 40:1. Power for 
emergency lighting will be provided by a 
backup generator source. 

7.3.4 Controls 

A digital lighting control management system 
shall be provided to automatically control the 
lighting in all areas of the facility. A separate 
control room will be additionally provided and 
utilized for the performance hall. An energy 
manager and gateways will be laid out per 
manufacturer recommendations and provide 
for communication between the lighting con-
trol system and the lighting equipment. Contin-
uous dimming will be used throughout the facil-
ity to allow for energy savings and occupant 
comfort. The lighting control management sys-
tem shall be compatible with occupancy, va-
cancy, and photocell sensor equipment in co-
ordination with all specified luminaires.  

Low-voltage multi-zone controls with scene-se-
lection options will be provided in applicable 
spaces. These low-voltage control stations will 
provide the user with options to control space 
lighting by toggling between different lighting 
“scenes”. The different lighting scenes will be 
made up of three distinct layers of lighting, in-
cluding ambient lighting, task lighting, and ac-
cent lighting. Public spaces and open congre-
gation areas will be automatically controlled 
through the lighting control system and will have 
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day and night scene options. Private spaces 
and class rooms will have scene options that en-
hance occupant comfort and task flexibility. Ar-
eas with natural daylighting through windows 
will have luminaires controlled separately in 
“daylighting zones” for improved energy effi-
ciency. 

7.3.5 Daylighting 

A daylighting study was performed on the vari-
ous facades of the building to identify issues 
and potential glare situations. The largest issue 
identified is the evening sun, as the lobby is ex-
posed for large parts of the day with little solar 
protection. Potential daylighting solutions were 
investigated using Rhinoceros 3D, Grasshopper, 
and HoneyBee. These possible solutions were 
designed to enhance the architecture and not 
overpower it. The design selected for daylight 
controls uses a progressive set of increasing visi-
ble light transmissions (VLTs) as the curtain pan-
els near the occupant level. This helps control 
negative daylight, but still maintain adequate 
views from the main level. The three VLTs used in 
the design are 15%, 30%, and 50%, and more 
re-sults and renderings can be found in the   
electrical supporting documents. 

7.4 Interior Applications 
7.4.1 Lobby 

Recessed LED downlights will provide general 
lighting. Linear LED grazing luminaires will pro-
vide accent lighting for the timber ceiling pan-
els and columns to enhance the beauty of the 
wood grain finishes. Wall washing luminaires will 
highlight textured surfaces on interior walls of 
the lobby for visual intrigue.  

7.4.2 Recital Hall 

Suspended LED cylinder luminaires will be hid-
den above suspended acoustic panels, outside 
of the line of sight, in the recital hall and will pro-
vide ambient lighting within the space. Surface 
mount amiable LED luminaires will be mounted 
above eye level and aimed at suspended 

acoustic panels to highlight these features. Lin-
ear wall grazing LED luminaires will be utilized to 
enhance textured walls at the audience level. 
Linear wall grazing LED luminaires will be utilized 
to add layers of light behind wall mounted 
acoustic panels for visual intrigue and occu-
pant comfort. 

7.4.3 Performance Hall 

Suspended LED cylinder luminaires will be hid-
den above suspended acoustic panels in the 
performance hall and will provide ambient 
lighting within the space as “house lighting” Lin-
ear wall grazing LED luminaires will be utilized to 
enhance textured walls at the audience level. 
Linear wall grazing LED luminaires will be utilized 
to add layers of light behind wall mounted 
acoustic panels for visual intrigue. DMX con-
trolled, color changing, linear grazing LED lumi-
naires will provide adjustable, and/or dynamic 
lighting depending on use of space (i.e. lectures 
or performances).  

Basic stage lighting will be provided through use 
of theatrical grade LED luminaires mounted on 
the overhead stage rigging at appropriate an-
gles, as detailed in the IES RP 20-09 design guide 
for stage lighting, theater, and auditorium plan-
ning. Show-specific lighting design is out of 
scope for this project and shall be the responsi-
bility of the University and/or members of spe-
cific performances.  

7.4.4 Rehearsal/Recital Spaces 

Strategies like those used in the recital hall will 
be applied to these spaces to promote a visu-
ally consistent practice and performance envi-
ronment for students. 

7.4.5 Recording Faculty Control 

Indirect lighting will be provided via linear LED 
luminaries placed in coves. Downlights will pro-
vide additional ambient lighting. Wall washing 
LED luminaires will provide relieving accent light 
for occupants of recording facility.  
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7.4.6 Green Room 

Miniature pinhole LED downlights will provide 
discrete ambient lighting. Linear wall grazing 
LED luminaires will provide visually refreshing ac-
cent lighting and will be controlled and ad-
justed to optimize comfort and productivity by 
the user of the space.  

7.4.7 Faculty Studio 

Suspended LED cylinder downlights will provide 
ambient and task lighting. Recessed LED wash-
ing luminaires mounted in the suspended ACT 
ceiling cloud will provide visual relief from task 
lighting and will be controlled separately to pro-
vide vertical illuminance on the shelving walls 
within these spaces.  Operable shading devices 
on window will provide additional adjustability 
for optimal comfort in space.  

7.4.8 Conference Work Room 

Indirect linear LED luminaires will provide ambi-
ent lighting in this space to promote interactivity 
and minimize harsh shadows.  

7.4.9 Classrooms 

Indirect linear LED luminaires will provide ambi-
ent lighting in this space to promote interactivity 
and minimize harsh shadows. Wall washing lumi-
naires will provide highlight on white/black 
board writing surfaces and are to be used and 
adjusted as necessary for optimal comfort dur-
ing class time. 

7.4.10 Catering 

Recessed 2x2 LED panels and under cabinet lu-
minaires will provide high ambient and task 
lighting levels for food preparation. 

7.4.11 Organ Faculty Studio 

Recessed LED downlights will provide ambient 
and task lighting. Linear wall washing luminaires 
will provide visual relief from task lighting and will 
be controlled and adjusted to optimize comfort 
and productivity by the user of the space. 

 

7.4.12 Practice Spaces 

Recessed LED downlights will provide ambient 
and task lighting. Linear wall washing luminaires 
will provide visual relief from task lighting and will 
be controlled and adjusted to optimize comfort 
and productivity by the user of the space. 

7.4.13 Score Library 

Recessed wall washing LED luminaires will pro-
vide high vertical illuminance on shelves of li-
brary for user convenience. Recessed LED 
downlights will provide ambient lighting.  

7.4.14 Bathrooms 

Recessed LED downlights, wall washing, and 
cove luminaires will provide layered light to pro-
vide a pleasing and relaxing environment.  

7.4.15 Back of House/Equipment/Storage 

Industrial grade LED strip lights will be mounted 
as needed to meet lighting requirements and 
ensure safety.  

8. DESIGN CHALLENGES 
8.1 Acoustics 
8.1.1 Power Design 

In order to reduce noise caused by electrical 
equipment, the Vanguard electrical team im-
plemented low noise transformers and specific 
mounting equipment in and near areas of high 
acoustic significance. Commercially available 
low-noise transformers can reduce the sound 
level by up to 8dB compared to the allowed 
sound levels per NEMA ST-20. 

A large amount of coordination was taken to 
create variable acoustics in the performance 
spaces. Both the recital and concert halls fea-
ture inflatable acoustics and operable curtains, 
helping change the acoustic environment. 

8.1.2 Special Systems Design 

The active acoustics system brings adjustable 
acoustics in spaces previously not possible. As 
this building is designed to foster learning, it 
serves as a great learning tool for years to 
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come. More on this system can be found in Ac-
tive Acoustics Technology portion of the electri-
cal narrative on page 45. 

8.1.3 Lighting Design 

Through interdisciplinary collaboration, the part 
of the intent of this design is to mitigate un-
wanted sound transmission across separate 
spaces. This process manifests itself in lighting 
design by using fixture types and equipment 
without integral sound generation. For this rea-
son, among others, fluorescent light fixtures will 
not be utilized anywhere in this facility as the 
ballasts and lamps are known to generate a 
buzz or humming sound. LED will be the primary 
luminaire type utilized in this facility. 

Acoustical panels are utilized as architectural 
elements in many areas in the facility, including 
the performance and rehearsal rooms. To en-
hance these architectural/acoustical elements 
and bring out the natural beauty of the wooden 
acoustical panels, these elements will be ac-
cented by appropriate LED luminaires, as ap-
proved by the facility owner. By highlighting 
and accenting these architectural/acoustical 
panels, the facility will provide a visually en-
hanced, and acoustically pleasing environ-
ment for the occupants. 

8.2 Wood, Timber, Engineered Wood Chal-
lenge 
8.2.1 Power and Special Systems Design 

With wood and timber systems, the challenge of 
how to run conduit for both power and special 
systems arise. A fair amount of coordination be-
tween all disciplines was taken to develop a so-
lution that meet the needs of all. Composite 
wall types with available cavities are in place. 
Additionally, the use of DLT allows for the precise 
CNC routing of the timber, creating pathways 
and space for conduit. 

8.2.2 Lighting Design 

In areas where wood, timber, and engineered 
wood is used, the electrical and structural 

teams will coordinate the routing and mounting 
of conduit. Integrating the structural system with 
the lighting design is also a priority in the electri-
cal design. In order to maintain the Crescendo 
concept, the lighting design will highlight the 
structural systems with innovative lighting solu-
tions. Warmer temperature color (3000K) will be 
utilized in areas with exposed structural ele-
ments to bring out the natural colors and tex-
tures of the timber. 

8.3 Rooftop Amenity Space 
8.3.1 Power Design 

In the rooftop amenity space, the electrical 
team coordinated with all disciplines in order to 
design a proper electrical system. The space 
features a 208/120V 125A panel board located 
in the storage closet. The branch feeders from 
this panel board will be used to supply power to 
standard receptacles and junction boxes for 
display boards and other power devices and 
amenities. 

8.3.2 Special Systems Design 

The special systems design in the rooftop amen-
ity space will include infrastructure for wireless 
network access. There are also other amenities 
to increase the flexibility of the space, such as a 
projector and basic distributed sound system.  

8.3.3 Lighting Design 

The rooftop amenity space is meant to facilitate 
an inviting and relaxing experience for the oc-
cupants. The roof top amenity space shall be an 
environment where one can reflect and re-
count on their experiences within the building. 
Movable glazed curtain walls in the rooftop 
amenity space provide ample healthy daylight-
ing during the day. Daylighting which promotes 
relaxation and improves occupant mood. Dis-
crete, indirect, and hidden light sources with 
dimming ability will provide ambient lighting 
that is appropriate and flexible for all hours of 
occupancy and any type of event.
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Water Efficiency

Energy and Atmosphere

9/11

15/16

12/1613/33

3/10
Sustainable Sites

Vanguard Engineering is
implementing the use of a rain water
collection system to serve all
non-potable water sources for the
building. This helps earn sustainable
site LEED points.

Indoor Environmental Quality
The Indoor and Environmental Quality LEED
points are being achieved by introducing
daylight into the building with appropriate
strategies, using lighting densities that
surpasses AHSRAE 189.1, using solutions to
achieve high acoustic quality, and using
MERV 10 and MERV 12 in the air handling
units.

To earn LEED points in Energy and
Atmosphere, Vanguard Engineering
implemented heat recovery off of the
chiller and an energy recovery wheel.
These additions reduced energy
consumption by 22%

The building achieves most of the Location
and Transportation points by being
located in a LEED Neighborhood. The
proximity to public transit, addition of
bicycle facilties, and reduced parking
footprint allows for the potential of more
points being earned.

The use of low flow fixtures, rain
water harvesting, and water
metering for the building help to
achieve LEED points for water
efficiency.

Location and Transportation
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VANGUARD COLLABORATION

BUDGET AND COLLABORATION

The overall project budget is $25M. Vanguard decided to
aim to give 40% to architecture, 25% to mechanical, 15%
to electrical, 10-15% to structural, and 10% to acoustics.

After utilizing RSMeans to determine the cost for each
system, the design team was near the target budget per
discipline.
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Table I.1 - Exterior Noise in Holland, MI

Given (AEI) ANSI S12.60 LEED v4 WELL Text, Etc.

Office

Executive or private office 0.6

Conference Room 0.6 0.6

School

Classroom (Typ) 0.6

Learning Space < 10,000 ft2 0.3-0.6 0.6

Learning Space > 10,000 ft2 & <20,000 ft2 0.3-0.7 0.7

Learning Space > 20,000 ft2 N/A

Performing Arts Space

Drama theater, concert and recital halls 0.3-1.5 "Varies" 1.5-2

Chamber Music 1.4-1.7

Baroque Music 1.5-1.7

Classical Music 1.6-1.9

Romantic Music 1.8-2.2

Pipe Organ Performance 2.0-3.0

Recommended Reverberation Time (T60) by Standard/Publication (sec)

Space Type

Organization

Table I.3 - Reverberation Time Matrix
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Schroeder Frequency 53.6 Hz l m n        f(lmn)  

Width (l) 39.3 ft 0 1 0 11.4 Hz

Length (m) 49.2 ft 1 0 0 14.3 Hz

Height (n) 31 ft 0 0 1 18.2 Hz

Speed of Sound (c) 1135 ft/s 0 2 0 22.9 Hz

2 0 0 28.6 Hz

0 3 0 34.3 Hz

0 0 2 36.3 Hz

3 0 0 43.0 Hz

0 4 0 45.7 Hz

0 0 3 54.5 Hz

Modal Analysis of 130 Orchestra Rehearsal

Table I.7 - Example Modal Analysis

63 125 250 500 1000 2000 4000

Absorption (ft-sabins) 2030.7 2541.3 2265.4 2326.2 2275.4 2460.7 2945.0

T60 Goal (sec) 1.44 1.20 1.20 1.20 1.20 1.20 1.08

T60 Sabine (sec) 1.45 1.16 1.30 1.27 1.29 1.20 1.00

T60 Norris-Eyring (sec) 1.29 0.99 1.14 1.10 1.13 1.03 0.83

T60 Average Goal (sec) 1.20

T60 Average Calculated (sec) 1.22

Schoeder Frequency (Hz) 54.01      

Bass Ratio 0.95        

Octave Band Center Frequency (Hz)

Table I.5 - Reverberation Time Calculation Results

Date 

Project JHM CMA Room Name 130 - Orchestral Rehearsal

Volume (ft3) 60,056  

Area (ft) 1937

Height (ft) 31 Width (ft) 35.6

Perimeter (ft) 179 Length (ft) 49.2

Wall Area (ft2) 5534

Surface Area (ft2) 9408

Description Area (ft2) 63 125 250 500 1000 2000 4000

Floor Surfaces

Floor Hard Floor 1937 38.7 58.1 58.1 58.1 77.5 96.9 96.9

Ceiling Surfaces

Ceiling Wenger Wall/Ceiling Absorber, 3" (A) 500 100.0 325.0 550.0 655.0 615.0 600.0 545.0

Absorption Wenger Wall/Ceiling Absorber, 4" (A) 300 153.0 252.0 351.0 402.0 396.0 375.0 360.0

Exposed Exposed, Steel Deck 1137 56.9 56.9 56.9 56.9 56.9 34.1 34.1

Wall Surfaces

Door Typical Wooden Door 126 8.8 12.6 8.8 6.3 5.0 5.0 5.0

Windows Typical Single Pane Window 213 21.3 38.3 12.8 8.5 12.8 4.3 4.3

Wall 5/8" Gyp. Wall 4545 1363.4 1272.5 454.5 227.2 181.8 318.1 409.0

Absorption Wenger Wall/Ceiling Absorber, 3" (A) 150 30.0 97.5 165.0 196.5 184.5 180.0 163.5

Absorption Wenger Wall/Ceiling Absorber, 4" (A) 500 255.0 420.0 585.0 670.0 660.0 625.0 600.0

Air Air Attenuation 60 3.6 8.4 23.4 45.7 85.9 222.4 727.2

Reverb. Time (T60) Worksheet
1/7/2019

Octave Band Center Frequency (Hz)

Absorption (Sabines)

Room Information

Table I.4 - Reverberation Time Calculation Excel Workbook

Project: JHM CMA Location: Holland, MI Date: 12/18/2018

Street/Rail Distance (ft)

Average Speed 

(MPH)

Average Daily 

Trips

Night Fraction of 

ADT (%) Vehicle DNL

9th Street 30 20 2200 15 50.4

Columbia Ave 70 20 2900 15 46.1

E 10th Street 70 20 2400 15 45.2

CSX Rail 350 20 30 15 69.6

Notes  1.  Vehicle DNL calculated by use of HUD Online DNL Calculator.

 2.  CSX Transportation and City of Holland contacted to obtain daily trips.

Exterior Noise Sources by HUD

Perservation of 

Architecture

Ease of 

Implementation

Absorption 

Impact

Reflection 

Impact
Cost Total

Movable Wall 1 1 1 7 1 11

Inflatable Baffles 9 7 10 2 6 34

Operable Banners/Curtains 7 7 6 1 3 24

Adjustable Clouds (New) 1 5 0 9 3 18

Adjustable Clouds (Exist.) 9 6 0 8 4 27

Adjustable Absorption Panels 6 5 5 0 6 22

          Notes:   All categories weighted equally and scores are based on entire team's input and values.

 VARIABLE ACOUSTIC TECHNOLOGY IMPLEMENTATION 

Table I.2 - Variable Acoustic Decision Matrix

In Tables I.1, I.2, and I.3, the research conducted
and information gathered before any extensive
designs is displayed. This includes
recommendations, site conditions, and an
acoustic decision matrix.

An Excel workbook utilizing both the Sabine and
Norris-Eyring equations for calculating
reverberation time at different octave bands was
developed. Examples of this workbook and its
results can be found in Tables I.4 and I.5 and Figure
I.1. The final reverberation times of the calculated

rooms are shown in Table
I.6. This workbook also
performed a modal
analysis to help identify any
stacking modes in the
space, shown in Table I.7,
allowing for the team to
confront these modes
accordingly.

Room Type T60 (sec)

Choir Rehearsal 1.05

Classroom 0.57

Jazz Practice 0.41

Faculty Studio 0.57

Orchestra Rehearsal 1.07

Organ Studio 0.85

Percussion Faculty Studio 0.46

Recital, Treatment Deployed 1.14

Recital, No Treatment Deployed 1.63

Concert, Treatment Deployed 1.30

Concert, No Treatment Deployed 2.14

Calculated Reverb. Time (T60) by Space

Table I.6 - Excel Calculation Results
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RECITAL HALL RAYTRACING PROCESS

ACOUSTIC PARAMETRIC RAYTRACING AND ODEON MODELING

To elevate the acoustic design, a
raytracing analysis was performed
on both the concert and recital
halls. This process was completed
using a custom script built in
Grasshopper, a parametric plug-in
for Rhinoceros 3D.

Both multiple ray and single ray
analyses were conducted on both
the recital hall and concert hall.
Shown is the recital hall raytracings
in the figures to the left. The
multiple ray analysis displays
reflector coverage, where the
single ray analysis identifies the first
and higher order reflections that
could become problematic.

Through the use of slides in
Grasshopper, the panel orientation,
source position, and other
conditions can be changed, and
the calculated results (distance
difference, average ITDG, etc.)
can be seen instantly in the
Grasshopper custom interface
shown below.

* The term "Deployment"
refers to the use of the
operable curtains and the
aQtube inflatable baffles in
the space to increase
absorption.

Recital Hall - Single Line Raytracing

Recital Hall - Multiple Line Raytracing

Grasshopper Custom Interface for Recital Hall

C(50) (dB)
@ 1000 Hz

4.5

3.0

1.5

0

-1.5

Clarity (C50)) in Concert Hall, Full Deployment*

SPL (dB)
63 to 8k Hz

72

68

64

59

Sound Pressure Level (SPL) in Concert Hall, No Deployment*

Articulation Loss of Consonants (ALcons) in Lobby

ALcons

1.5%

+6%

3.0%

4.5%

In the 3D acoustic modeling software Odeon, models of the lobby, recital hall, and
concert hall were created to ensure a quality acoustical environment. The different
acoustic environments in the halls were also modeled to ensure accuracy and an
effective design. In the three figures below, a few of the many Odeon calculations are
shown.
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DLT ACOUSTIC SOLUTIONS GLULAM DOUBLE GIRDER SYSTEM INTEGRATION

BATTENED COLUMN SYSTEM INTEGRATION

This innovative structural column
assembly provides adequate
capacity for the applied loads while
allowing mechanical piping and
electrical conduit to be placed in a
hollow chase without compromising
the structural integrity of the column
and frame assembly. The piping
remains accessible between the
battens after the column is erected.

This double girder system
with an architectural
bulkhead provides
adequate capacity for
the applied loads while
encouraging integration
with all disciplines.
Lighting equipment can
be mounted between the
girders to the DLT roof
panel as well as to the
architectural wood
paneling. The
mechanical ductwork
remains concealed,
allowing the natural
beauty of the timber to
remain uninterrupted.

By prefabricating acoustic squares with wood fiber fill and the felt inserts
into the DLT panels, acoustic requirements can be met while keeping
the structural system exposed and maintaining a clean appearance.
This prefabricated technology minimizes on-site construction time and
eliminates the need for architectural acoustic paneling on the ceiling.

STRUCTURAL DOWEL

LAMINATED BOARD 
ASSEMBLY (TYP)

ACOUSTIC SQUARE W/ 
WOOD FIBER FILL (TYP)

FELT INSERT (TYP)

DLT Acoustic Square with Felt Insert

Photo of DLT Acoustic Square
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INNOVATIVE SOLUTION TO INTEGRATION CHALLENGES

Allows for mechanical piping and electrical conduit to be
placed in a hollow chase without compromising the
structural integrity of the column and frame assembly.

HOW IT WORKS

Two individual glulam columns joined by steel battens to
create composite behavior. 

Cap plate distributes the loads evenly to the glulam members. 

Variable "m" can be adjusted per mechanical/electrical
requirements. 

Due to its composite behavior, gluam components are sized
similarily to conventional glulam columns. 

BATTEN DESIGN REQUIREMENTS

Two when plates are used, the end battens
must have an effective depth at least that of
the perpendicular distance between
centroids of the main members. 

Intermediate battens must have an effective
depth at least that of three quarters of the
distance between centroids of the main
members. 

The effective depth of the batten is the
distance between outermost bolts, rivets, or
welds. Batten thickness must be at least 1/15
that of the distance between the innermost
connecting lines of rivets, bots, or welds
(variable "c").

The center to center spacing of battens
(variable "h") should be so the slenderness ratio
of any component is not greater than 50 or 0.7
times the slenderness ratio of the member as
a whole. 

CONNECTIONS - REFERENCE S201 AND S302

Roof level girders bear directly on the battened column and
attached with the top batten continuing to the bottom of the roof
panel. 

Steel rod bracing is attached to the battened columns through
steel gusset plates.

Column is attached to a base plate on a concrete pedestal tied
into the spread footing. Steel rod bracing is attached to the
battens and base plate through a steel gusset plate.
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TYPICAL STEEL FRAMING

TYPICAL FOUNDATION

TIMBER - GLULAM FRAMING

TIMBER - PANELS 

NOTE: DLT wall panels can be designated as shear
walls by providing adequate sheathing and
attachment per manufacturer.

NOTE: Glulam column vastly over
designed due to aesthetic purposes.

Use 2x6
Wall Panels

Use 2x12 Floor/Roof Panels

NOTE: Worst Case loading in all panel design
to reduce number of panel types and
simplify connections due to varying sizes.

GRAVITY SYSTEMS CALCULATIONS

NOTE: Typical interior spread
footing condition shown

NOTE: Typical interior 12" CMU wall
continuous footing condition shown
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16'

16'

24'

CMU SHEAR WALLS STEEL ROD BRACING

LATERAL SYSTEMS CALCULATIONS

NOTE: Rod Braces over designed
for aesthetic purposes

L=28.9'

L

L

L

θ = 33.7 deg

θ

NOTE: In-depth connection
details can be found on S302
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The Vanguard Structural Team utilized various structural softwares
in the design of the Jack H. Miller Center for Musical Arts while
Revit was home to the central model for all disciplines.

INNOVATION
By utilizing exposed mass timber
elements as roughly 40% of the
building's structural system as well
as a proprietary battened glulam
column design, the Vanguard
Structural Team takes pride in
providing the client with an
innovative structural design.

SUSTAINABILITY
Utilizing timber, the design team is
able to take advantage of a
renewable structural material. Using
locally sourced timber, the design
team is also able to encourage the
reduction of harmful emissions
related to transport of materials.

USER EXPERIENCE
With the Jack H. Miller Center for Musical
Arts considered to be the front porch of the
campus, one of the client's goals was to
create an inviting space for members of
the community. Utilizing timber in the main
lobby and the educational spaces creates
a warm and inviting image and evokes
feelings of happiness and calmness.
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Chilled Beam Distribution

PRIMARY AND SECONDARY SYSTEM SUPPORTING MATERIAL

PLENUM SOUND ATTENUATOR

FLOOR SUPPLY

CEILING WALL RETURN

UFAD Distribution Schematic

Central District Heating 
and Cooling
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The Vanguard Mechanical Team utilized various mechanical softwares
in the design of the Jack H. Miller Center for Musical Arts. Trane Trace
700 was used to analyze the building load, AutoCAD was used to
create mechanical schematics, details, and schedules, Excel was used
to create calculation spreadsheets for ventilation and cost. Revit was
used to model all work for the disciplines.

PRIMARY AND SECONDARY SYSTEM SUPPORTING MATERIAL



SUPPORTING DOCUMENT - - MECHANICALC PRIMARY AND SECONDARY SYSTEM SUPPORTING MATERIAL

Mechanical Systems Cost Estimate
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ENCLOSED
AMENITY
SPACE OUTDOOR

AMENITY
SPACE

Corridor

Elevator
Lobby

SNOW
MELT
SYSTEM

FAN COIL
UNIT

SYSTEM

RADIANT FLOOR
HEATING SYSTEM

ROOFTOP AMENITY SPACE

Rooftop Amenity Space Mechanical Systems Cost Estimate
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CALCULATION EXCEL FILE CALCULATION SUMMARY
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ELECTRICAL SYSTEMS COST ESTIMATE
created using RSMeans

COST AND POWER CALCUATIONS
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Rainwater Energy Availability Map

Annual Average Wind Speed at 80m Map

Photovoltaic Array on top of the Main Performance Hall

RENEWABLE ENERGY SOURCE OPTIONS

POWER CALCUATIONS AND RESEARCH STUDIES
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High Volume Lobby Daylight Study

No Treatment

Exterior Vertical Fins

VLT Treatment

South and East Facing Offices and Practice Rooms Daylight Study

Scene Control & 
Daylight

Theatre DMX
Control

Always on & 
Vacancy Dim

Scene Control

On/Off Control

Scene Control & 
Daylight & Always 
On

*All spaces include 
occupancy control

Diagram of Lighting Control Scheme

DAYLIGHT STUDIES AND LIGHTING CONTROL SCHEME
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Main Performance Hall lighting flexibility - a collection of preshow scenes

The three acoustic reflectors displayed in the renders below display flexibilty in the space in order to provide great user experience without sacrificing 
the lighting design. The structural, electrical, and mechanical/acoustic team members worked together to engineer the best solution for the space.

Vanguard’s lighting concept of crescendo inspired the lighting team to use graze and 
wash many of the surfaces. The gradual intensity of light along the large DLT columns 
in the high volume lobby are grazed to draw the eye towards the structural team’s 
column design and pull people into the building.

The high volume lobby’s lighting provides adequate light levels to be used as a pre-
function space as well as a transition space for students.

High Volume Lobby serving as a “front porch” for the community and college

Rectial Halls for smaller performances and rehersals

LIGHTING RENDERS
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These renders are demonstrating the flexibility offered by the lighting control system to provide the user with multiple scenes 
to optimize comfort and control. All renderings shown showcase physically accurate lighting simulation.

Educational Spaces - typical faculty studio offices, classrooms, and corridors honoring famous Hope College alumni

Rooftop Amenity Space (design challenge and add-alternate
providing an indoor/outdoor space for gatherings and catered events year round

Rehersal Space Illuminance ValuesMain Performance Hall
Illuminance Values

Faculty Studio Office
Illuminance Values

Corridor Illuminance Values

Classroom Illuminance Values

Rooftop Amenity Space 
Illuminance Values

ILLUMINANCE
CALCULATIONS
BASED OFF OF IES
RECOMMENDED 
LIGHT LEVELS

LIGHTING RENDERS AND ILLUMINANCE CALCULATIONS

)
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SCALE: 1/8" = 1'-0"1 ROOFTOP AMENITY SPACE STRUCTURAL FRAMING PLAN

FRAMING PLAN NOTES:
1. TOP OF STEEL ELEVATION IS 144'-8" UNLESS NOTED OTHERWISE.
2. SEE STRUCTURAL SHEET S301 FOR TYPICAL FRAMING DETAILS.
3. STEEL FABRICATOR TO COPE BEAMS AS REQUIRED.

SCALE: 3/4" = 1'-0"2.3 ELEVATOR SECTION

SCALE: 1/8" = 1'-0"1.1 STEEL CROSS BRACING ELEVATION 1
SCALE: 1/8" = 1'-0"1.2 STEEL CROSS BRACING ELEVATION 2

SCALE: 3/4" = 1'-0"2.1 STEEL BRACED FRAME CONNECTION DETAIL
SCALE: 1 1/2" = 1'-0"2.2 TYPICAL COLUMN TO DLT WALL CONNECTION
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SCALE: 1/8" = 1'-0"1 ELEC ROOF AND CONCERT HALL MEZZANINE LEVEL

KEYNOTE LEGEND
KEY DESCRIPTION

P5 PROVIDE JUNCTION BOX FOR AUTOMATIC FLUSH VALVE IN RESTROOMS.
P6 PROVIDE TV JUNCTION BOX FOR DISPLAY BOARD.
P9 SWITCH IS FOR PROJECTION SCREEN WITH THE ABILITY TO RAISE, LOWER AND STOP

SCREEN, WITH ALL CONTROLS LABELED.
P16 MOTOR CONNECTION FOR PROJECTION SCREEN. SCREEN IS TO BE CONTROLED VIA

PROJECTION SCREEN SWITCH LOCATED IN THE CORRESPONDING ROOM.
S13 MOUNT AND CONNECT J-ARRAY SPEAKER SYSTEM TO HOUSE SOUND EQUIPMENT.

PROVIDE CONNECTION TO HOUSE SOUND.
S14 USE FIRE ALARM DEVICE SUITABLE FOR EXTERIOR USE.
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STRUCTURAL NOTES

CODE:

MICHIGAN BUILDING CODE, 2009 WHICH REFERENCES:
1. THE INTERNATIONAL BUILDING CODE (IBC), 2009 WITH CITY OF HOLLAND 

AMENDMENTS
2. ASCE 7-05
3. NATIONAL DESIGN SPECIFICATION FOR WOOD CONSTRUCTION (NDS) 2015
4. ACI 318-08
5. AISC MANUAL OF STEEL CONSTRUCTION 13TH EDITION
6. 2008 MASONRY STANDARDS JOINT COMMITTEE
7. STEEL JOIST INSTITUTE STANDARD SPECIFICATIONS FOR K, LH, AND DLH 

JOISTS

GENERAL NOTES:

DESIGN DEAD LOADS:
ROOF (TYPICAL): 25 PSF (UNLESS NOTED 
OTHERWISE)
ROOF (CONCERT HALL): 50 PSF 
FLOOR (3" DECK WITH 3" TOPPING): 75 PSF
FLOOR (2" DECK WITH 3" TOPPING): 35 PSF
FLOOR (12" DLT WITH 2" TOPPING): 50 PSF

DESIGN LIVE LOADS:
ROOF: 25 PSF
ROOF: SNOW LOADS IN ACCORD WITH IBC SECTION 1608,

INCLUDING DRIFT LOADS.
Pf = 0.7 x Ce x Ct x I x Pg Ce = 1.0 Ct = 1.0 I = 1.10 Pg = 50 PSF
Pf = 39 PSF

DRIFTING SNOW LOADS: SEE PLANS AND DETAILS FOR MAGNITUDES AND 
LOCATIONS

FLOORS: 40 PSF (CLASSROOMS)
100 PSF (CORRIDORS)
100 PSF (BALCONIES)
100 PSF (ROOFS USED FOR ASSEMBLIES)
60 PSF (AUDITORIUM FIXED SEATS)
125 PSF (LIGHT STORAGE ROOMS)
250 PSF (MECHANICAL/ HEAVY STORAGE)
40 PSF (CATWALKS)

15 PSF PARTITION LIVE LOAD FOR FLOORS WITH LIVE LOAD < 80 PSF

SEE PLANS FOR MECHANICAL UNIT WEIGHTS

WIND LOAD:
MWFRS:
BASIC WIND SPEED, V = 90 MPH
EXPOSURE "B" RISK CATEGORY = III
Iw = 1.15
Kd = .85 Kzt = 1.00 G = 0.85

COMPONENTS AND CLADDING:
ROOF ZONE 1: POSITIVE: 28.5 PSF

NEGATIVE: -70.5 PSF
ROOF ZONE 2: POSITIVE: 28.5 PSF

NEGATIVE: -117.852 PSF
ROOF ZONE 3: POSITIVE: 28.5 PSF

NEGATIVE: -177.7 PSF
WALL ZONE 4: POSITIVE: 70.5 PSF

NEGATIVE: -76.3 PSF
WALL ZONE 5: POSITIVE: 70.5 PSF

NEGATIVE: -94.2 PSF

SEISMIC LOAD:
IN ACCORDANCE WITH IBC,
RISK CATEGORY = III
I = 1.25
SITE CLASS = D
S1 = 0.044 
SS = 0.094
SDS = 0.98
SD1 = 0.07
DESIGN CATEGORY: B
R = 2.0 Ωo = 2.5 Cd = 1.75 ORDINARY REINFORCED MASONRY SHEAR 
WALLS
R = 1.5 Ωo = 1.5 Cd = 1.50 CANTILEVERED TIMBER COLUMNS
ANALYSIS PROCEDURE: EQUIVALENT LATERAL LOAD PROCEDURE

LATERAL LOAD RESISTANCE SYSTEMS:

LATERAL LOAD SYSTEM CONSISTS OF DIAPHRAGMS TRANSFERING LATERAL
LOADS TO MASONRY SHEAR WALLS AND STEEL ROD BRACING. 

FOUNDATIONS:

FOUNDATIONS FOR PROJECT NO. 1210511.3A WERE DESIGNED BASED ON 
GEOTECHNICAL REPORT PROVIDED BY DRIESENGA & ASSOCIATES, INC. ON NOVEMBER 
6, 2012.
FROM THE REPORT WE HAVE ASSUMED:

MINIMUM FROST DEPTH = 3'6"
ALLOWABLE SOIL BEARING PRESSURE = 4,500 PSF
SOIL DENSITY = 115 PCF
Ka = 0.3
Ko = 0.5
Kp = 3.0

ALLOWABLE SOIL BEARING PRESSURE IS TO BE ACHIEVED MY MECHANICAL 
VIBROCOMPACTION ALONG CONTINUOUS FOOTINGS AND AT SPREAD FOOTING
LOCATIONS

CONCRETE MASONRY UNITS (CMU):

MASONRY STRENGTH: 1500 PSI
CONCRETE UNITS: ASTM C90, NORMAL WEIGHT
UNIT COMPRESSIVE STRENGTH: 1900 PSI
MORTAR TYPE: ASTM C270 TYPE S
GROUT TYPTE: ASTM C476, 3/8" MAX. AGGREGATE 

SIZE
MORTAR STRENGTH: 1800 PSI
GROUT STRENGTH: 2000 PSI
TYPICAL VERTICAL REINFORCING:

8" BLOCK: 1 - #5 @ 2'-8" OC
12" BLOCK: 2 - #6 @ 0'-8" OC

CAST IN PLACE CONCRETE (CIP):
DESIGN COMPRESSIVE STRENGTH (f'c): 3000 PSI
REINFORCEMENT GRADE: ASTM A615 GRADE 60
HEADED CONCRETE ANCHORS: ASTM A108 GRADES C1010 THRU 

C1020
TYPICAL CONCRETE COVER: 3" BOTTOM

3" SIDES
2" TOP

CONTROL JOINT SPACING: 15' MAX.
PROVIDE CONCRETE CLOSURE 
POURS AT ALL COLUMN BASES.

STRUCTURAL STEEL:
STEEL MATERIAL GRADE (WIDE FLANGES): ASTM A992, GRADE 50
STEEL MATERIAL GRADE (ALL OTHERS): ASTM A36
STEEL MATERIAL GRADE (PIPE): ASTM A53, GRADE B
STEEL MATERIAL GRADE (STRUCTURAL TUBE): ASTM A500, GRADE B
ANCHOR RODS: ASTM F1554, GRADE 36
BOLTED CONNECTIONS: ASTM A325N
WELDED CONNECTIONS: E70XX ELECTRODES
METAL DECKING: ASTM A611 OR ASTM A653-94
STEEL JOISTS: SJI CRITERIA

WOOD:

DOUGLAS FIR-LARCH, NO. 2 OR BETTER, 2-4" THICK
Fb = 900 PSI
Fv = 180 PSI
Fc,perp = 625 PSI
Fc,par = 1350 PSI
Ft = 575 PSI
E = 1600 KSI
E,min = 580 KSI

GLULAM BEAMS: DOUGLAS FIR GRADE 20F - E3
Fb = 2000 PSI
Fv = 265 PSI
Fc,perp = 560 PSI
Fc,par = 1600 PSI
Ft = 1050 PSI
E = 1700 KSI
E,min = 900 KSI

GLULAM COLUMNS: 
Fb = 2000 PSI
Fv = 265 PSI
Fc,perp = 560 PSI
Fc,par = 1600 PSI
Ft = 1050 PSI
E,x-x = 1700 KSI
E,min x-x = 900 KSI
E,y-y = 1600 KSI
E,min y-y = 850 KSI

DOWEL LAMINATED TIMBER PANELS TO BE USED FOR DESIGNATED FLOOR AND ROOF 
PANELS. SEE PLAN AND SCHEDULE FOR CALLOUTS. DLT PANELS TO BE DESIGNED BY 
STRUCTURECRAFT MANUFACTURER.

ABBREVIATIONS:

BOL BOTTOM OF LINTEL
TOF TOP OF FOOTING
TOM TOP OF MASONRY
TOS TOP OF STEEL
TOT TOP OF TIMBER
UNO UNLESS NOTED OTHERWISE

FOUNDATION NOTES:

1. FINISH FLOOR ELEVATION 100'-0"

2. FOOTING WIDTH SHOWN X'-X"

3. CONTINUOUS FOOTINGS ARE AT A MINIMUM 8" WIDER THAN WALL ABOVE

4. MINIMUM FOOTING WIDTH = 1'-4"

5. TOP OF FOOTING ELEVATION = 99'-4" UNO

6. INDICATES FOOTING TYPE, REFER TO FOOTING SCHEDULE ON SHEET S201

FRAMING NOTES:

1. TOP OF STEEL ELEVATION SHOWN AS (TOS X'-X") ON PLAN

2. JOIST BEARING ELEVATION SHOWN AS (X'-X") ON PLAN

3. BOTTOM OF LINTEL ELEVATION SHOWN AS (BOL X'-X")

FX.X

NO. DESCRIPTION DATE



B

D

C E F G H I J K L M N O P Q R S T U V

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

CCC

DDD

F4.0

GB2-6

GB2-6

GB2-6

GB2-6

CF2-0

F4.0

F4.0F4.0

F4.0

F4.0

F4.0

F4.0

F4.0

F4.0

F4.0

F4.0

F4.0

F4.0

F5.0A F5.0A F5.0A

F5.0A

F5.0A

F5.0A

F5.0A

F6.5 F6.5

F6.5 F6.5

F6.5 F6.5

CF2-0

CF2-0

CF2-0

CF2-0

CF2-0

CF2-0CF2-0

CF2-0

GB2-6

GB2-6

GB2-6

GB2-6

GB2-6

GB2-6

GB2-6

GB2-6

CF2-0

CF2-0

CF2-0

CF2-0

GB2-6

GB2-6

GB2-6

GB2-6

GB2-6
GB2-6

CF2-0

CF2-0CF2-0

CF2-6

CF2-6

CF2-6

CF2-6

CF2-0CF2-0CF2-0CF2-0

CF2-0

CF2-0

CF2-0 CF2-0 CF2-0 CF2-0

CF2-0

CF2-0 CF2-0 CF2-0CF2-0CF2-0 CF2-0

GB2-6

GB2-6

GB2-6

CF2-0

F5.0B

HSS8X8X5/16 HSS8X8X5/16 HSS8X8X5/16 HSS8X8X5/16

HSS8X8X5/16

HSS8X8X5/16

HSS8X8X5/16

HSS8X8X5/16 HSS8X8X5/16

HSS8X8X3/8 HSS8X8X3/8

HSS8X8X3/8HSS8X8X3/8

HSS8X8X3/8 HSS8X8X3/8

HSS8X8X3/8HSS8X8X3/8

12.25X13.5

12.25X13.5 12.25X13.5

12.25X13.5

12.25X13.5 12.25X13.5

12.25X13.512.25X13.5

F6.5

F6.5

F6.5

HSS8X8X3/8

HSS8X8X3/8

HSS8X8X3/8

F6.0F6.0
HSS8X8X3/8 HSS8X8X3/8

F6.0
HSS8X8X3/8

F6.0F6.0
HSS8X8X3/8 HSS8X8X3/8

F6.0
HSS8X8X3/8

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )
F4.0

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )
(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

F4.0
(T.O.F. = 98'-0" )

NOTE:
1. T.O.F. = 99'-4" U.N.O.A

B

B

B

B

CF2-0

29

BBBBB

HH

FF

DD

CC

GG

EE

AAA

F.8

II

AA

F6.0

F6.0

F6.0

F6.0

F6.0

F6.0

HSS8X8X3/8

HSS8X8X3/8

HSS8X8X3/8

HSS8X8X3/8

HSS8X8X3/8

HSS8X8X3/8

HSS8X8X3/8

19.2

30"X30" CONC. PIER

18.
58°

10
.64

°

10
.64

°
12

.45
°

12.48°
10.64°

10.64°
18.58°

F5.0A

CF2-0 CF2-0

STOOP

STOOP

STOOP

STOOP

STOOP

ST
OO

P

9 1
/2"

5" CONCRETE SLAB W/ 6X6 W5.5XW5.5 
W.W.F. ON GRADE OVER 15 MIL VAPOR 
BARRIER OVER 4" GRANULAR FILL - TYPICAL
T.O.SLAB = 100'-0"

30"X30" CONC. PIER

30"X30" CONC. PIER

30"X30" CONC. PIER

30"X30" CONC. PIER

30"X30" CONC. PIER

30"X30" CONC. PIER

30"X30" CONC. PIER

9'-
0"

11
'-0

"
3'-

5"
10

'-7
"

16
'-8

"
10

'-0
"

11
'-5

 1/
2"

5'-
1 1

/2"
15

'-0
"

4'-
0 1

/4"
1'-

10
 3/

4"
15

'-5
"

4'-
11

"
1'-

10
 3/

4"
19

'-0
 1/

4"
16

'-7
"

10
'-0

"
5'-

0 1
/2"

11
'-7

 1/
2"

5'-
8"

8'-
4"

2'-
0"

11
'-0

"

20
9'-

8"

6'-1" 10'-3" 15'-9" 2'-8" 15'-6" 2'-6" 4'-4" 1'-0" 18'-2" 4'-11" 15'-3" 3'-10" 24'-0" 12'-10" 10'-8" 18'-0" 14'-11 3/4" 17'-11 1/4" 4'-1" 2'-3"

205'-0"

16.9 HSS8X8X3/8HSS8X8X3/8

F8.0 F8.0

ST
OO

P

FLOOR SLOPES PER ARCH.

(T.O.F. = 98'-0" )(T.O.F. = 98'-0" )
(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" )

(T.O.F. = 98'-0" ) (T.O.F. = 98'-0" )
(T.O.F. = 98'-0" ) (T.O.F. = 98'-0" )

STAGE AT FFE = 100'-0

1.1
S201

1.1
S201

2.2
S201

2.2
S201

3.1
S201

3.1
S201

3.1
S201

3.2
S201

2.4
S201

2.4
S201

KEY PLAN

REVISIONS

FILE LOG

ACTIVITY

Draw

Design

Manager

Check

Project No.

BY

221 COLUMBIA AVENUE
HOLLAND, MI 49423

HOPE COLLEGE

FOUNDATION PLAN

S100

JACK H. MILLER
CENTER FOR
MUSICAL ARTS

073731.001
2/18/2019

Checker

Designer

PRELIMINARY
DRAWINGS -

NOT FOR
CONSTRUCTION

141 EAST 12TH STREET
HOLLAND, MI 49422

PR
EL

IM
IN

AR
Y 

DR
AW

IN
GS

 -
NO

T 
FO

R 
CO

NS
TR

UC
TI

ON

SCALE: 1/8" = 1'-0"1 FOUNDATION PLAN

NO. DESCRIPTION DATE

NTRUE
NORTH



UP

UP

UP

UP

DN
UP

UP

29'-2 3/4"

B

D

C E F G H I J K L M N O P Q R S T U V

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

CCC

DDD

W18X35
(2)

W
18

X3
5

W16X77W16X77

W16X77
W16X77

W
18

X4
0

(1
6)

W
18

X4
0

(1
6)

W
18

X4
0

(1
6)

W
18

X4
0

(1
6)

W
18

X4
0

(1
6)

W
18

X4
0

(1
6)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

(6) (6)
W24X76

(16)
W21X44

(2)
W21X44

(8)

(6) (6) W24X76
(16)

W21X44
(2)

W21X44
(8)

(6) (6)
W21X44

(2)
W21X44

(8)
W24X55

(16)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
18

X4
0

(1
6)

W
18

X4
0

(1
6)

W
18

X4
0

(1
6)

W
14

X2
2

(1
0)

0"

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W14x22
(8)

W
14

x2
2

(1
0)

W
14

x2
2

(1
0)

W
14

x2
2

(1
0)

W
14

x2
2

(1
0)

W
14

x2
2

(1
0)

W
14

x2
2

(1
0)

W
14

x2
2

(1
0)

W
14

x2
2

(1
0)

W
14

x2
2

(1
0)

0"

1/4"

W
10

X1
2

(8
)

W
10

X1
2

(8
)

W
10

X1
2

(8
)

W
10

X1
2

(8
)

W
10

X1
2

(8
)

W
10

X1
2

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W
10

X1
5

(8
)

W18X46
(26)

W18X35
(13)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W
14

X2
2

(1
0)

W10X15
(9) W

12
X2

2
(4

)

W
10

X1
5

(6
)

W
10

X1
5

(6
)

W
10

X1
5

(6
)

(5) (5)

W18X40
(20)

W18X40
(18)

W18X40
(18)

W18X40
(18)

W18X40
(18)

W18X40
(18)

2X12 STRUCTURECRAFT DLT TIMBER-
CONCRETE COMPOSITE FLOOR PANEL W/ 2" 
CONCRETE TOPPING. MAX SPAN=28'-0"
TOP OF SLAB = 116'-0"

BBB

32'-6" 
RADIUS

BB

HH

FF

DD

CC

GG

EE

AAA

F.8

II

AA

18.
58°

10
.64

°
10

.64
°

24
.94

°

10.64°10.64°
18.58°

W27
X8

4

W27X84

C1
0X

15
.3

C10X15.3

C10X15.3

C10X15.3

C10X15.3

C1
0X

15
.3

C1
0X

15
.3

C10X
15.

3

C10X15.3

C10X15.3

W
10X15

W27X84

W27X84

W
10

X1
5

W27X84

W
10

X1
5

W27X84

W
10

X1
5

W27X84

W27X84

W
10

X1
5

W10X15

W27X84

W10X15

W
10X15

17.8

22.8

19.2

M.1 M.6 P.1 Q.8F.1

MECH  UNIT
6000#

MECH  UNIT
6500#

MECH  UNIT
6500#

MECH  UNIT
6500#

MECH UNIT
13500#

MECH 
UNIT
6600#

4'-
5"

4'-
5"

4'-
5"

4'-
5"

4'-
5"

4'-
5"

4'-
5"

2X8 STRUCTURECRAFT DLT TIMBER-
CONCRETE COMPOSITE FLOOR PANEL 
W/ 2" CONCRETE TOPPING. 
TOP OF SLAB = 116'-0"

W16X26

W16X26

W16X26

W16X26

W16X26

W16X26

1.1
S302

2X8 STRUCTURECRAFT DLT 
TIMBER CONCRETE 
COMPOSITE FLOOR PANEL  
W/ 2" CONCRETE TOPPING 
TOP OF SLAB = 116'-0"

MC
10

X2
2

MC10X22

MC
10

X2
2

MC10X22

MC
10

X2
2

MC
10

X2
2

MC
10

X2
2

MC
10

X2
2

3" CONCRETE W/ 6X6 W2.9XW2.9 
W.W.F. OVER 2VLI 18 GAUGE METAL 
DECK, TYP. @ STEEL FRAMING

2X12 STRUCTURECRAFT DLT TIMBER-
CONCRETE COMPOSITE FLOOR PANEL W/ 2" 
CONCRETE TOPPING. SPAN E/W DIRECTION IN 
THIS BAY ONLY. MAX SPAN=28'-0"
TOP OF SLAB = 116'-0"

3" CONCRETE W/ 6X6 
W2.9XW2.9 W.W.F. OVER 2VLI 
18 GAUGE METAL DECK

16.9

2" STEEL ROD
HANGER COLUMN

2" STEEL ROD
HANGER COLUMN

2" STEEL ROD
HANGER COLUMN

2" STEEL ROD
HANGER COLUMN

W10X15
(TOS 114'-10 1/2")

W14X22
(TOS 114'-10 1/2")

W21X44
(TOS 114'-10 1/2")

W21X44
(12)

W21X44
(2)

W21X44
(16)(6) (6)

6.75x18
GLULAM BEAM

TOT = 116'-0
TYP @ LOBBY GIRTS

6.7
5x

18

6.7
5x

18

6.7
5x

18
6.7

5x
18

6.75x18
6.75x18

6.75x18

1'-
0"

1'-
0"

2x8 JOISTS
16" OC
TOT = 116'-0"

1'-
0"

1'-
0"

2x8 JOISTS
16" OC
TOT = 116'-0"

6.75x18
GLULAM BEAM

TOT = 116'-0
TYP @ VESTIBULE

GLULAM BEAM
TOT = 116'-0

TYP @ VESTIBULE

6.75x18

TO
S 

= 
11

6'-
0"

TO
S 

= 
11

6'-
0"

TO
S 

= 
11

6'-
0"

TO
S 

= 
11

6'-
0"

TOS = 116'-0"TO
S 

= 
11

6'-
0"

TO
S 

= 
11

6'-
0"

7'-
0"

TOS = 116'-0"

W
12

X2
2

3" CONCRETE W/ 6X6 W2.9XW2.9 
W.W.F. OVER 3VLI 18 GAUGE METAL 
DECK, TYP. @ STEEL FRAMING
TOS BALCONY FRAMING = 114- '0" 
UNO

TOS = 112'-10" TOS = 112'-10"

5'-0" 5'-0" 5'-0" 5'-0"
C10X15.3 C10X15.3

C10
X1

5.3

TOS 112'-10" TOS 112'-10"

C10X15.3 C10X15.3

C10X15.3

TYP BALCONY DECK

TYP BALCONY DECK

5'-0" 5'-0 1/4" 5'-0" 5'-0"6.75x18

9'-
0"

11
'-0

"
3'-

5"
10

'-7
"

16
'-8

"
10

'-0
"

11
'-5

 1/
2"

5'-
1 1

/2"
15

'-0
"

4'-
0 1

/4"
1'-

10
 3/

4"
15

'-5
"

4'-
11

"
1'-

10
 3/

4"
19

'-0
 1/

4"
16

'-7
"

10
'-0

"
5'-

0 1
/2"

11
'-7

 1/
2"

5'-
8"

8'-
4"

2'-
0"

11
'-0

"

20
9'-

8"

6'-1" 10'-3" 15'-6" 2'-6" 4'-4" 1'-0" 18'-2" 4'-11" 15'-3" 3'-10" 24'-0" 12'-10" 10'-8" 18'-0" 14'-11 3/4" 17'-11 1/4" 4'-1" 2'-3"

205'-0"

3.2
S301

3.3
S301

3.3
S301

3.3
S301

4.5
S301

4.5
S301

2.1
S302

KEY PLAN

REVISIONS

FILE LOG

ACTIVITY

Draw

Design

Manager

Check

Project No.

BY

221 COLUMBIA AVENUE
HOLLAND, MI 49423

HOPE COLLEGE

LEVEL TWO FRAMING

S101

JACK H. MILLER
CENTER FOR
MUSICAL ARTS

073731.001
2/18/2019

Checker

Designer

PRELIMINARY
DRAWINGS -

NOT FOR
CONSTRUCTION

141 EAST 12TH STREET
HOLLAND, MI 49422

PR
EL

IM
IN

AR
Y 

DR
AW

IN
GS

 -
NO

T 
FO

R 
CO

NS
TR

UC
TI

ON

SCALE: 1/8" = 1'-0"1 LEVEL 2 FRAMING

FRAMING PLAN NOTES
1. T.O.S. = 115'-7" U.N.O.

NO. DESCRIPTION DATE

NTRUE
NORTH



DN
DN

B

D

C E F G H I J K L M N O P Q R S T U V

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

24
K5

24
K5

24
K5

24
K5

24
K5

24
K5

W16X45

6.75X36

6.75X36

6.75X36

6.75X36

6.75X36

6.75X36

6.75X36

28K7

28K7

28K7

28K7

28K7

28K7

28K7

28K7

28K7

28K7

28K7

28K7

30K7

30K7

30K7

30K7

30K7

30K7

30K7

30K7

30
K7

30
K9

30
K9

30
K9

30
K9

30
K9

30
K9

30
K9

30
K9

30
K7

W
14

X2
2

W16X26

W16X26

W16X26 W16X26

W
16

X2
6

W
16

X2
6

W16X26

W
21

X4
8

W
21

X4
8

W16X26 W16X26

W16X26
(TOS 130'-10 1/2")

W16X26
(TOS 130'-10 1/2")

W16X26
(TOS 130'-10 1/2")

W16X26W16X26

24
K 

SP
24

K 
SP

24
K 

SP

24
K 

SP

24
K5

24
K5

24
K5

24
K5

24
K5

24
K5

24
K5

24
K5

24
K5

24
K5

30
K 

SP

30
K 

SP

30
K 

SP

W
16

X3
6

W
16

X2
6

24
K5

24
K5

24
K5

24
K5

24
K5

24
K5

W
10

X1
5

30
K 

SP

30
K 

SP

30
K 

SP

30
K 

SP

30
K 

SP

W16X26 W16X26 W16X26 W16X26W16X36

W
10

X1
5

W
10

X1
5

W
10

X1
5

W
10

X1
5

W
10

X1
5

W
10

X1
5

W
10

X1
5

W
10

X1
5

W
10

X1
5

W
10

X1
5

W
10

X1
5

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

12
K 

SP

F.8

17.8

22.8

19.2

M.1 M.6 P.1 Q.8F.1

2X12 STRUCTURECRAFT DLT 
TIMBER-CONCRETE COMPOSITE 
ROOF PANEL W/ 2" CONCRETE 
TOPPING. MAX SPAN=28'-0"
TOP OF SLAB = 132'-0"

I202
1.1

I202
1.2

1.5VLI 18 GAUGE METAL DECK WTIH 
ARCHITECTURAL MEMBRANE TYP. 
OVER STEEL ROOF FRAMING

1.5VLI 18 GAUGE METAL DECK WTIH 
ARCHITECTURAL MEMBRANE TYP. 
OVER STEEL ROOF FRAMING

2X12 STRUCTURECRAFT DLT 
TIMBER-CONCRETE COMPOSITE 
ROOF PANEL W/ 2" CONCRETE 
TOPPING. MAX SPAN=28'-0"
TOP OF SLAB = 132'-0"

16.9

6.75X36

6.75X36

6.75X36

6.75X36

6.75X36

6.75X36

6.75X36

W16X26 W16X26 W16X26

GLULAM BEAM
TOT = 130'-10 1/2"

TYP @ LOBBY 
GIDERS

(130'-6") (130'-6")

TOS = 130'-9" TOS = 130'-9" TOS = 130'-9" TOS = 130'-9" TOS = 130'-9" TOS = 130'-9"

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

SL
OP

IN
G

TOS = 131'-6" TOS = 131'-6" TOS = 131'-6"

TOS = 131'-0" TOS = 131'-0" TOS = 131'-0"

4"
 B

RG
 

SH
OE

W
16

X3
6

SL
OP

IN
G

W16X36 W16X26

TOS = 131'-0" TOS = 131'-0"(131'-0")

(131'-8") (131'-8")

(132'-0") (132'-0")

(131'-0") (131'-0")

(131'-0") (131'-0")

(131'-4")

3"
 B

RG
 

SH
OE

TOS = 130'-6" TOS = 130'-6" TOS = 130'-6"

(130'-8") (130'-8")

4"
 B

RG
 

SH
OE

(1
32

'-0
")

(1
32

'-0
")

(1
31

'-0
")

(1
31

'-0
")

(1
32

'-0
")

(1
32

'-0
")

(1
31

'-0
")

(1
31

'-0
")

9'-
0"

11
'-0

"
3'-

5"
10

'-7
"

16
'-8

"
10

'-0
"

11
'-5

 1/
2"

5'-
1 1

/2"
15

'-0
"

4'-
0 1

/4"
1'-

10
 3/

4"
15

'-5
"

4'-
11

"
1'-

10
 3/

4"
19

'-0
 1/

4"
16

'-7
"

10
'-0

"
5'-

0 1
/2"

11
'-7

 1/
2"

5'-
8"

8'-
4"

2'-
0"

11
'-0

"

20
9'-

8"

6'-1" 10'-3" 15'-9" 2'-8" 15'-6" 2'-6" 4'-4" 1'-0" 18'-2" 4'-11" 15'-3" 3'-10" 24'-0" 12'-10" 10'-8" 18'-0" 14'-11 3/4" 17'-11 1/4" 4'-1" 2'-3"

205'-0"

1.2
S302

1.2
S302

2.2
S302

KEY PLAN

REVISIONS

FILE LOG

ACTIVITY

Draw

Design

Manager

Check

Project No.

BY

221 COLUMBIA AVENUE
HOLLAND, MI 49423

HOPE COLLEGE

LOW ROOF FRAMING
PLAN

S102

JACK H. MILLER
CENTER FOR
MUSICAL ARTS

073731.001
2/18/2019

Checker

Designer

PRELIMINARY
DRAWINGS -

NOT FOR
CONSTRUCTION

141 EAST 12TH STREET
HOLLAND, MI 49422

PR
EL

IM
IN

AR
Y 

DR
AW

IN
GS

 -
NO

T 
FO

R 
CO

NS
TR

UC
TI

ON

SCALE: 1/8" = 1'-0"1 LOW ROOF FRAMING PLAN

FRAMING PLAN NOTES
1. T.O.S. = 132'-0" U.N.O.
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SCALE: 1/8" = 1'-0"1 HIGH ROOF FRAMING PLAN

FRAMING PLAN NOTES
1. TOP OF STEEL @ ROOFTOP 

AMENITY FRAMING = 144'-8".
2. SLOPE ROOF MEMBRANE PER 

ARCH.

NO. DESCRIPTION DATE

NTRUE
NORTH



CONCRETE FOOTING - SEE PLAN & 
SCHED. FOR SIZE & REINF.

ANCHOR BOLTS

TIGHT FIT DOWELS

3/4" STEEL PLATE

CLT WALL PANEL - SEE PLAN & SCHED.

STEEL COLUMN - SEE PLAN

CONCRETE FOOTING - SEE PLAN & 
SCHED. FOR SIZE & REINF.

STEEL BASE PLATE & ANCHOR BOLTS 
OVER NON-SHRINK GROUT - SEE TYP. 
DETAIL ON S201

CONCRETE CLOSURE POUR - SEE 
TYP. DETAIL ON S201

CONCRETE SLAB ON GRADE - SEE PLAN 

CENTERLINE OF COLUMN = 
CENTERLINE OF FOOTING

1/2" EXPANSION JOINT

CENTERLINE OF COLUMN4'-0" MAX.

2'-0"  MIN.

1/2 EXPANSION JOINT W/ COMPRESSIBLE 
FILLER

CONCRETE CONTROL JOINT (C.J.) 
WHERE SHOWN ON PLAN

NOTE: 
1. SEE TYP. DETAIL FOR CONTROL JOINT REQUIREMENTS.
2. COLUMN NOT SHOWN FOR CLARITY.
3. FOR SPECIFIC CLOSURE POUR CONFIGURATIONS, SEE PLAN.

*

*

* 1-1/2" MIN.

STEEL COLUMN - SEE PLAN

3/4" BASE PLATE UNLESS NOTED 
OTHERWISE

TOP OF CONCRETE

1-1/2" NON-SHRINK GROUT

3/4" DIAMETER ANCHOR ROD U.N.O. -
SEE TYPICAL ANCHOR ROD DETAIL 
ON S201

1'-
0"

 T
YP

.

1'-0" TYP.
T/

4

1/4"

SAWCUT JOINT AND SEAL

T
T/

3 SEE PLAN AND NOTES FOR SLAB 
REINFORCEMENT

NOTES:
1. ALL FLOOR SLABS SHALL BE PLACED IN PAVING LANE 

PATTERN. A MAXIMUM JOINT SPACING OF 3X THE SLAB 
DEPTH IN FEET (MAX. 15"-0") U.N.O. AND A MAXIMUM SLAB 
PANEL ASPECT RATIO (LENGTH/WIDTH) OF 1.5 SHALL BE 
OBSERVED.

2. ALL JOINTS TERMINATING A POUR SHALL BE KEYED 
CONSTRUCTION JOINTS.

3. TIME SAW CUTTING OPERATION TO PRECLUDE 
SHRINKAGE, CRACKING, AND DISLODGING OF 
AGGREGATE.

1"
 S

LO
PECONCRETE SLAB - SEE PLAN

CONCRETE FOUNDATION - SEE 
PLAN AND SCHED.

SEE PLAN

1/2" EXPANSION JOINT

EXTERIOR PAVING BY CIVIL

1/2" EXPANSION JOINT

LEAN CONCRETE FILL

SEE PLAN & SCHED. FOR 
TYPICAL FOOTING SIZE 
AND REINFORCING

TYPICAL
40 BAR DIAMETER

4'-0"

1'-
6"

 M
AX

.

CONC. SLAB ON GRADE - SEE PLAN

1/2" EXPANSION JOINT

CMU WALL - SEE PLAN & SCHED. BRICK VENEER - SEE ARCH.

INSULATION - SEE ARCH.

FINISHED GRADE PER CIVIL

CONC. 
FOOTING - SEE 
PLAN & SCHED.

PROVIDE DOWEL 
TO MATCH AND 
LAP VERT. WALL 
REINF

1/4
BATTEN TO

BASE PLATE

BATTENED COLUMN

CONC. SLAB ON GRADE - SEE PLAN

CONC. FOOTING - SEE PLAN & 
SCHED. FOR SIZE & REINF.

30"X30" CONC. PIER

5/8" STEEL GUSSET PLATE

1/4

GUSSET PLATE
TO BATTEN AND
BASE PLATE

CL

TYP ROD, PIN AND 
CLEVIS 

COLUMN BASEPLATE

CONC. SLAB ON GRADE - SEE PLAN

1/2" EXPANSION JOINT CURTAIN WALL PER ARCH.

FINISHED GRADE PER CIVIL

CONC. 
FOOTING - SEE 
PLAN & SCHED.

PROVIDE DOWEL 
TO MATCH AND 
LAP VERT. WALL 
REINF

8" CONCRETE PIER

8"
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SPREAD FOOTING SCHEDULE
MARK LENGTH WIDTH THICKNESS REINFORCING
F4.0 4'-0" 4'-0" 2'-0" (5) #6 EA. WAY, BOTTOM

F5.0A 5'-0" 5'-0" 2'-0" (6) #6 EA. WAY, BOTTOM
F5.0B 5'-0" 5'-0" 3'-6" (6) #6 EA. WAY, TOP & BOTTOM
F6.0 6'-0" 6'-0" 2'-0" (8) #6 EA. WAY, BOTTOM
F6.5 6'-6" 6'-6" 2'-0" (8) #6 EA. WAY, BOTTOM
F8.0 8'-0" 6'-6" 2'-0" (10) #6 EA. WAY, BOTTOM

SCALE: 3/4" = 1'-0"1.1 TYPICAL DLT WALL TO FOUNDATION DETAIL

SCALE: 3/4" = 1'-0"2.2 TYPICAL STEEL COLUMN AT SPREAD FOOTING

SCALE: 3/4" = 1'-0"1.3 TYPICAL COLUMN CLOSURE POUR @ CONCRETE SLAB ON GRADE
SCALE: 3/4" = 1'-0"1.4 TYPICAL COLUMN BASE PLATE

SCALE: 3/4" = 1'-0"2.1 TYPICAL CONTROL JOINT DETAIL

SCALE: 3/4" = 1'-0"1.2 TYPICAL STRUCTURAL CONCRETE STOOP

INTERIOR WALL FOOTING SCHEDULE
MARK WIDTH THICKNESS REINFORCING
CF2-0 2'-0" 2'-0" #5 @ 12" O.C. LONG.
CF2-6 2'-6" 2'-0" #8 @ 12" O.C. LONG.

SCALE: 3/4" = 1'-0"2.3 TYPICAL FOUNDATION STEP DETAIL

SCALE: 3/4" = 1'-0"3.1 CMU W/ BRICK VENEER AT CONT. FOOTING

EXTERIOR WALL FOOTING SCHEDULE
MARK WIDTH THICKNESS REINFORCING
GB2-6 2'-6" 3'-6" #8 @ 12" O.C. LONG.

SCALE: 3/4" = 1'-0"3.2 BATTENED COLUMN AT SPREAD FOOTING

SCALE: 3/4" = 1'-0"2.4 CURTAIN WALL AT CONT. FOOTING

NO. DESCRIPTION DATE



STEEL JOIST - SEE PLAN

CONC. OVER METAL DECK -
SEE PLAN & SCHED.

WATERPROOFING & 
INSULATION - SEE ARCH.

1/2" GYP. - SEE ARCH.

CMU WALL - SEE PLAN

STEEL PLATE W/ EPOXY ANCHORS

BRICK VENEER - SEE ARCH.

PARAPET CAP - SEE ARCH.

AIR GAP - SEE ARCH.

RIGID INSULATION - SEE ARCH.

CONT. L4X4X1/4 EDGE ANGLE W/ 
EPOXY ANCHORS @ 18" O.C.

VERTICAL REINF. TO MATCH AND LAP 
VERTICAL WALL REINF.

REINF. PER SCHEDULE

GROUT FULL DEPTH OF LINTEL. USE 
OPEN END UNITS

TYPICAL CMU LINTEL TYPICAL STEEL LINTEL NOT EXPOSED TO VIEW

3-3/8" TYP.

#4 X 24" DBA @ 2'-0" O.C.

BOND BEAM W/ (2) #4 CONT.

CONT. 5/16" PLATE REQUIRED WHERE 
CMU EXTENDS BEYOND BEAM FLANGE 
BY MORE THAN 3/4" ON EITHER SIDE

STEEL BEAM PER SCHEDULE

DOUBLE ANGLE FRAMED BEAM CONECTIONS
(BEARING-TYPE OR ALTERNATE WELDED CONNECTIONS)

BOLT MATERIAL: ASTM A325
BOLT DIAMETER: 3/4" 
BOLT TYPE: N (X: THREADS EXCLUDED. N" THREADS INCLUDED)
MEMBER STEEL: A572, GR. 50
ANGLE STEEL: A36
HOLE TYPE: STANDARD OR SHORT SLOTTED/PERPENDICULAR TO FORCE

MEMBER GROUP

W8 X 10-15

W8 X 18-35

W10 X 12-26

W12 X 14-30

W14 X 22-30

W16 X 26-36

W18 X 35-40

W21 X 44-62

W24 X 55-62

W27 X 84-161

THICKNESS LENGTH

CONNECTING ANGLES

IN. IN.

NO. BOLT ROWS WELD A WELD B

IN. IN.

2

2

2

2

3

4

4

4

5

7

6

6

6

6

9

12

1/4

12

12

15

21

5/16

5/16

5/16

5/16

5/16

5/16

5/16

5/16

5/16

3/16

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

2 X WELD SIZE

8".

SUPPORTING MEMBER

COPE AS REQUIRED

LONG SLOTTED HOLES (AS INDICATED)

1 1
/2"

3"
 O

. C
.

SP
AC

ED
 @

1 1
/2"

CUT MASONRY AS 
REQUIRED

3/4" NON-SHRINK GROUT

(2) 3/4" DIAMETER X 12" 
ANCHOR BOLTS

1/4" STIFFENER PLATE EA. 
SIDE FOR W16 AND 
DEEPER BEAMS

ELEVATION

EQ EQ

*
*

*
*

* 1-1/2" MIN.

1/4"

PLAN - BEAM PERPENDICULAR PLAN - BEAM PARALLEL

1/2
"

1/2
"

4"

1" MIN.
7"

(2) 3/4" DIAMETER ANCHOR BOLTS AT 
CENTERLINE OF STEEL PLATE

BEAM SIZE

W8 

W10

W12

W14

W16

W18

W21

W24

W27

NO. BOLTS WELD LENGTH, IN. WELD SIZE, IN.

2 6

6

9

9

12

12

15

21

23-1/2

1/4

1/4

3/8

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

2

3

3

4

4

5

7

8

PLATE THICKNESS, IN.

3/8

3/8

3/8

3/8

3/8

3/8

L

PLATE - t X 4" X L

STEEL BEAM

COLUMN FLANGE OR WEB

3/4" DIAMETER A325N 
BOLTS - TYP.

STEEL JOIST

STEEL BEAM

METAL DECK

CL STEEL BEAM AND
JOIST REACTION POINT

1/8 2

JST BRG EL
EL = SEE PLAN

MAX
 1/2"

DECK BRG
EL = SEE PLAN

GROUT CELLS MINIMUM OF 6"
AROUND EXPANSION BOLTS

METAL DECK

L3x3x1/4 CONTINUOUS

3/4" DIA EXPANSION BOLTS
WITH 5" MINIMUM EMBEDMENT
@ 2'-0" OC

BOND BEAM

CMU WALL - SEE PLAN & SCHED.

5/8

SPACE AS
REQD FOR
DIAPHRAGM
OR 1'-0 OC
MAX

STEEL JOIST - SEE PLAN

STEEL BEAM - SEE PLAN

METAL DECK

CL STEEL BEAM AND
JOIST REACTION POINT

1/8 2

EXTEND JOISTS 1" MINIMUM BEYOND
CL WHEN JOIST ARE ON ONE SIDE
OR WHEN THEY ARE NOT
BUTTED DIRECTLY ACROSS

BOND BEAM
ANCHOR BOLTS

WALL REINFORCING
SEE PLANS

STEEL BEAM
STEEL BEAM
CAP PLATE
STEEL COLUMN

3" CONCRETE ON 
0.6C DECK

BRACING

COLD-FORMED 
METAL FRAMING DLT ROOF PANEL - SEE PLAN & SCHED. 

DLT WALL PANEL - SEE PLAN & SCHED.

FOAM GASKET OR SIMILAR

CLOSED CELL FOAM GASKET SANDWICHED 
BETWEEN BOARDS TO CREATE AIRTIGHT 
BUILDING ENVELOPE TRANSITIONS

INCLINED SCREW CONNECTION TO 
TRANSFER SHEAR LOADS

PLYWOOD OR OSB SHEATHING

DLT ROOF PANEL - SEE PLAN & SCHED. 

GLULAM BEAM - SEE PLAN

INFILL STRIP OF SHEATHING NAILED ON 
SITE

SHOP INSTALLED SHEATHING

TIMBER SCREWS TO CREATE SHEAR CONNECTION TO BEAMS

DLT ROOF PANEL - SEE PLAN & SCHED. 

DLT WALL PANEL - SEE PLAN & SCHED.

ACOUSTIC MAT

2" CONCRETE TOPPING

CONT. STEEL ANGLE 

SCREWS FROM BELOW

2" STEEL ROD
#XX CLEVIS
1 1/2" DIA. PIN
5/8" GUSSET PLATE
MC 10x22
COMPOSITE DLT 
PANEL, SEE PLANS
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SCALE: 3/4" = 1'-0"4.1 TYPICAL STEEL JOIST BEARING ON CMU WALL AT PARAPET

SCALE: 3/4" = 1'-0"1.2 TYPICAL MASONRY AND STEEL LINTELS
SCALE: 3/4" = 1'-0"1.1 TYPICAL BEAM TO BEAM CONNECTION

SCALE: 3/4" = 1'-0"3.1 TYPICAL BEAM BEARING ON CMU WALL

SCALE: 3/4" = 1'-0"2.1 TYPICAL BEAM TO COLUMN CONNECTION

SCALE: 3/4" = 1'-0"4.4 TYPICAL JOIST BEARING DETAIL (BOTH SIDES)
SCALE: 3/4" = 1'-0"4.2 TYPICAL DECK TO CMU DETAIL

SCALE: 3/4" = 1'-0"4.3 TYPICAL JOIST BEARING DETAIL (ONE SIDE)

NOTES:
1. ALL CMU IS TYPE 'A' UNLESS OTHERWISE NOTED
2. PROVIDE TYPE S PCL MORTAR, COARSE GROUT

A

B

MARK WIDTH
VERTICAL HORIZONTAL

REINFORCING

CMU WALL SCHEDULE

8"

12"

#5 @ 32" O.C. MAX. LADDER TYPE - 2 - W1.7 WIRES @ 16" O.C.

L-1

MARK BEARING REINFORCING

LINTEL SCHEDULE

8"

8"L-2

16" BOND BEAM W/ (2) #5 CONT. @ BOT.

NOTE:
REFERENCE TYPICAL DETAIL ON S301 FOR TYPICAL LINTEL CONSTRUCTION.

LOCATION DEPTH
(IN.)

METAL DECKING SCHEDULE

GAUGE MIN. I MIN. S FINISH CONNECTION TO SUPPORTING MEMBERS
(5/8" DIA. PUDDLE WELD)

SIDE LAPS
(#10 SCREWS) REMARKS

TYPICAL ROOF 1 1/2" 18 36/4 PATTERN (2) SIDE LAP FASTENERS #10 TEK 
SCREWS - EA. JOIST SPACE TYPE 'B'GALVANIZED0.155 0.186

ELEVATOR LID 1 1/2" 18 36/4 PATTERN (1) SIDE LAP FASTENERS #10 TEK 
SCREWS - EA. JOIST SPACE TYPE 'VL'GALVANIZED0.186 0.224

TYPICAL FLOOR 1 1/2" 36/4 PATTERN (2) SIDE LAP FASTENERS #10 TEK 
SCREWS - EA. JOIST SPACEGALVANIZED

C

MARK LAMINATION SIZE NOTES

DOWEL LAMINATED TIMBER WALL SCHEDULE

2X6 DOWELS TO BE DESIGNED BY STRUCTURECRAFT MANUFACTURER

NOTE:
ALL DLT WALLS TO BE TYPE 'C' UNLESS NOTED OTHERWISE

(2) #6 @ 8" O.C. MAX. LADDER TYPE - 2 - W1.7 WIRES @ 16" O.C.

GROUT

PARTIAL GROUT

GROUT SOLID

W16X26

SCALE: 1/4" = 1'-0"3.2 TYP BUILT-UP BALCONY SEATING DETAIL
SCALE: 3/4" = 1'-0"3.4 TYPICAL DLT ROOF PANEL TO MASS TIMBER WALL

SCALE: 3/4" = 1'-0"2.2 TYPICAL DLT ROOF PANEL TO GLULAM BEAM

SCALE: 3/4" = 1'-0"3.3 CONCRETE OVER DLT PANEL AT MASS TIMBER WALL

SCALE: 1 1/2" = 1'-0"4.5 TYP MEZZANINE CONNECTON

18 TYPE 'VL'0.186 0.224
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STEEL BEAM - SEE PLAN
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SEE PLANS
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SEE PLANS
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1'-6"
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CONCRETE OVER DLT ROOF PANEL - SEE PLANMETAL ROOF DECK - SEE PLAN
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1. SEE CHILLED BEAM SCHEDULE ON SHEET M500 FOR DUCT RUNOUT SIZE. 
2. SEE LEVEL 1 DASHED DETAIL LINES FOR UNDERFLOOR HVAC.
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Chilled Beam Schedule

Type
Manufact

urer Model Description
Beam
Length

Beam
Width

Air Inlet
Size

Primary Air
Temperature

(°F)

Chilled
Water
Flow

(GPM)

Water Supply
Temperature

(°F)

CB-1 Titus CBAL Linear diffuser, chilled beam, face based 2'-0" 24" 6" DIAM 55 0.5 57
CB-2 Titus CBAL Linear diffuser, chilled beam, face based 4'-0" 24" 6" DIAM 55 0.5 57
CB-3 Titus CBAL Linear diffuser, chilled beam, face based 4'-0" 24" 8" DIAM 55 0.5 57
CB-4 Titus CBAL Linear diffuser, chilled beam, face based 6'-0" 24" 6" DIAM 55 0.5 57
CB-5 Titus CBAL Linear diffuser, chilled beam, face based 6'-0" 24" 8" DIAM 55 0.5 57

Airflow Static Pressure Speed Horsepower Airflow Static Pressure Speed Horsepower Capacity Face Area Number of... Flow (GPM) Pressure Drop Entering Air (°F) Capacity Flow (GPM) Entering Air...
Supply Fan Data Return/Exhaust Fan Data Cooling Coil Data Heating Coil Data

Air Handling Unit Schedule

Mark Level
Manufact

urer Model

Air
Volume
(cfm)

External
(inWc)

Total
(inWc) Operating Maximum

B.H.P./M
otor H.P.

Air
Volume

cfm
External

inWc
Total
inWc Operating. Maximum.

BHP/Mot
or HP

Sensible
(MBH)

Total
(MBH)

Face
Area
(SF)

Number
of Rows

Flow
(GPM)

Pressure
Drop
(ftHd) DB (°F) WB (°F)

Capacity
(MBH)

Water
GPM

Entering
DB (°F)

AHU-1 LEVEL 2 Daikin CAH021GDCC 8800 2.00 3.33 2140 rpm 2600 rpm 3.38/6.3 8800 1.50 1.61 1737 rpm 2600 rpm 1.68/3.5 245 366 20.13 4 72.40 18.80 79.7 67.3 428 42.40 45.9
AHU-2 LEVEL 2 Daikin CAH021GDCC 10200 2.00 3.42 2290 rpm 2600 rpm 3.42/6.3 10200 1.50 1.66 1932 rpm 2600 rpm 2.18/3.5 270 388 20.13 6 76.70 10.80 78.6 66.3 420 42 52.3
AHU-3 LEVEL 2 Daikin CAH021GDCC 10200 2.00 3.42 2290 rpm 2600 rpm 3.42/6.3 10200 1.50 1.66 1932 rpm 2600 rpm 2.18/3.5 270 388 20.13 6 76.70 10.80 78.6 66.3 420 42 52.3
AHU-4 LEVEL 2 Daikin CAH050GDCC 22000 2.00 2.97 1933 rpm 2600 rpm 2.51/6.3 22000 1.50 1.65 2969 rpm 3230 rpm 1.82/3.3 553 773 49.04 10 153.20 17.60 77.7 65.5 824 80.60 56.5
AHU-5 LEVEL 2 Daikin CAH058GDCM 28300 2.00 4.94 2491 rpm 2600 rpm 5.37/6.3 28300 1.00 3.16 2355 rpm 2600 rpm 4.26/6.3 766 1125 54.75 10 223.60 15.70 79.2 66.8 777 76.90 50.1

Connection Flow (GPM)
Unit

Evaporator
Heat Recovery Electrical

Chiller Schedule

Mark Location Manufacturer Model Capacity (ton) Connection Size (in) Min Std Max Connection Size (in.) Fluid Flow (GPM) Capacity (MBH) Voltage (V/Hz/Phase) Starter Type MCA Size

CH-1 225 Chiller Daikin AGZ120E 126.2 3.0 118.8 301.6 494.9 2.0 60 355 460/60/3 Across the Line 260.5 3/0-500

Boiler Schedule

Mark Location Manufacturer Model
Max input rate

(MBH)
Min input

rate (MBH)
Turndown

Ratio
Gas Connection

(NPT)
Water

Connection
Vent/Air Inlet
Connections

Max Operating
Temperature (°F)

Total Heating
Surface Area (SF)

Electrical
Requirement

B-1 151 Mechanical Room Riello AR 3000 3000 100 30:1 2" 4" 8"/8" 194 258 230/3/60

VAV Schedule

Mark
Inlet Size

(in)
Airflow
(CFM)

Flow
(GPM)

Pressure
Drop (in.

WC) NC

VAV-1 6 Ø 340 1.5 .18 27
VAV-2 6 Ø 270 1.5 .18 27
VAV-3 6 Ø 330 1.5 .18 27
VAV-4 6 Ø 355 1.5 .18 27
VAV-5 6 Ø 2400 7.5 .18 27
VAV-6 14 Ø 2400 7.5 .14 36
VAV-7 14 Ø 4400 13 .14 36
VAV-8 16x14 235 1.5 .20 30
VAV-9 6 Ø 270 1.5 .18 27
VAV-10 6 Ø 215 1.5 .18 27
VAV-11 6 Ø 270 1.5 .18 27
VAV-12 6 Ø 275 1.5 .18 27
VAV-13 6 Ø 355 1.5 .18 27
VAV-14 14 Ø 2000 6 .14 36
VAV-15 14 Ø 2000 6 .14 36
VAV-16 14 Ø 2000 6 .14 36
VAV-17 14 Ø 2800 8.5 .14 36
VAV-18 16 Ø 2800 8.5 .20 30
VAV-19 16 Ø 2800 8.5 .20 30
VAV-20 16 Ø 2800 8.5 .20 30
VAV-21 16 Ø 2800 8.5 .20 30
VAV-22 16 Ø 2800 8.5 .20 30
VAV-23
VAV-25
VAV-26
VAV-27

Diffuser, Register, and Grille Schedule
Type Description. Manufacturer

D-1 24"x24" Ceiling Mount SA Diffuser PRICE
D-2 Access Floor Short Throw High Induction Supply

Diffuser
Titus

D-3 FL-15 Flowbar Continuous Slot Diffuser With Plenum Titus
D-4 FL-15 Curved Flowbar Continuous Slot Diffuser With

Plenum
Titus

R-1 24"x12" RA Wall Grille PRICE
R-2 16"x08" RA Wall Grille PRICE
R-3 08"x06" RA Wall Grille PRICE

IN PROGRESS

Pump Schedule
Mark Service Manufacturer BHP Flow (GPM)

P-1 Hot Water Pump
P-2 Hot Water Pump
P-3 Swing Pump
P-4 Chilled Water

Pump
P-5 Chilled Water

Pump
P-6 Chilled Beam

Pump
P-7 Chilled Water

Pump
P-8 Gray Water

Pump
P-9 Snow

Melt/Radiant
Floor Pump

P-10 Snow
Melt/Radiant
Floor Pump

Heat Exchanger Schedule
Mark Serves TEXT 1 TEXT 2 TEXT 3

HX-1 Future Central CW Utility
HX-2 Future Central HW Utility
HX-3 Chilled Beam Loop
HX-4 Snow Melt/Radiant Floor IN PROGRESS

Heat Exchanger Schedule
Mark Serves TEXT 1 TEXT 2 TEXT 3

HX-1 Future Central CW Utility
HX-2 Future Central HW Utility
HX-3 Chilled Beam Loop
HX-4 Snow Melt/Radiant Floor IN PROGRESS
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LIGHTING

WALL MOUNTED LUMINAIRE

TRACK LUMINAIRE

STRIP LUMINAIRE

WALL MOUNTED LUMINAIRE

LUMINAIRE

WALL OR END MOUNTED EXIT LIGHT WITH DIRECTIONAL ARROW

LUMINAIRE CONNECTED TO EMERGENCY CIRCUIT OR BATTERY

POLE MOUNTED LUMINAIRE
BOLLARD LUMINAIRE

CEILING MOUNTED EXIT LIGHT WITH DIRECTIONAL ARROW

WALL BOX DIMMER SWITCH
CEILING MOUNTED MOTION SENSOR/SWITCH
WALL MOUNTED MOTION SENSOR/SWITCH

3

4

SINGLE POLE SWITCH
3 - WAY SWITCH
4 - WAY SWITCH

LUMINAIRE

EMERGENCY BATTERY PACK

LOW VOLTAGE LIGHTING CONTROL SWITCH
NUMBER OR LETTER
DENOTES TYPE, SEE
CORRESPONDING MARK
IN LUMINAIRE SCHEDULE PHOTOCELLP

S
S
S

FF

F

FIRE ALARM

WALL FIRE ALARM SPEAKER & STROBE COMBINATION

FIRE ALARM MAGNETIC DOOR HOLDER

FIRE ALARM CONTROL PANEL
FIRE ALARM ANNUNCIATOR PANEL

WALL FIRE ALARM STROBE

CEILING FIRE ALARM SPEAKER & STROBE COMBINATION

CEILING FIRE ALARM STROBE
FIRE ALARM MINI-HORN & STROBE COMBINATION

FIRE ALARM MANUAL PULL STATION

FIRE ALARM HEAT DETECTOR
FIRE ALARM SMOKE DETECTOR

DUCT MOUNTED SMOKE DETECTOR

FIRE ALARM HORN & STROBE COMBINATION

FIRE SPRINKLER VALVE TAMPER SWITCH
FIRE SPRINKLER FLOW SWITCH

F

F

F

F

F

FACP

FAA

F

F

F

WALL FIRE ALARM SPEAKER
CEILING FIRE ALARM SPEAKER

S

S

F

F

CEILING FIRE ALARM HORN & STROBE COMBINATIONF

PULL STATION

FIRE ALARM RECEIVER SMOKE DETECTOR

FIRE ALARM WALL MOUNTED SMOKE DETECTOR
FIRE ALARM SENDER SMOKE DETECTOR
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DS

S1

J

G, WP
AC, G M

PS44"

H

D

A

ELECTRICAL SYMBOLS
SYMBOLSYMBOL DESCRIPTION DESCRIPTION

COMMUNICATION

GENERAL

SECURITY

POWER

WALL CLOCK

WALL PHONE OUTLET

TELEVISION/VIDEO OUTLETTV

WALL COMMUNICATIONS DATA OUTLET

VOLUME CONTROL
CEILING MICROPHONE OUTLET
WALL MICROPHONE OUTLET
WALL SPEAKER
CEILING SPEAKER

CALL-IN DEVICE

M

V

C

S

S

M

CEILING COMMUNICATIONS DATA OUTLET

CONDUIT SLEEVE (1" UNLESS NOTED OTHERWISE ON PLANS)
CEILING MOUNTED PROJECTOR

B

BELL

BUZZER
PUSH BUTTONTHERMOSTATT

CIRCUIT UP
CIRCUIT DOWN
CONDUIT SEAL

HOMERUN TO PANEL (QUANTITY OF ARROWS INDICATES QUANTITY OF CIRCUITS)
BRANCH CIRCUIT CONCEALED IN FLOOR
BRANCH CIRCUIT CONCEALED IN CEILING OR WALL
BRANCH CIRCUIT - EXPOSED

SPECIAL PURPOSE HOMERUN AS INDICATED

CONDUIT STUB-OUT
CIRCUIT BREAK

J

J

DISTRIBUTION PANEL SWITCHBOARD OR MOTOR CONTROL CENTER
LIGHTING PANEL WALL MOUNTED JUNCTION BOX

JUNCTION BOX

PEDESTAL MOUNTED
SUBSCRIPT "PD" ADDED TO ANY FLOOR OUTLET INDICATES

PD

P SUBSCRIPT "P" ADDED TO ANY SYMBOL INDICATES PILOT LIGHT
K

E

WP

EP SUBSCRIPT "K" ADDED TO ANY SYMBOL INDICATES KEY OPERATED

SUBSCRIPT "E" ADDED TO ANY SYMBOL INDICATES EXISTING
NEMA TYPE 3R OR EQUIVALENT
SUBSCRIPT "WP" APPLIED TO ANY SYMBOL INDICATES WEATHERPROOF

CLASS, GROUP & DIVISION AS NOTED
SUBSCRIPT "EP" APPLIED TO ANY SYMBOL INDICATES EXPLOSION PROOF

DL SUBSCRIPT "DL" ADDED TO ANY SYMBOL INDICATES DAMP LOCATION

R SUBSCRIPT "R" ADDED TO ANY SYMBOL INDICATES RELOCATED
WHERE (TYP) IS USED ON PLANS INDICATES A TYPICAL NOTE OR CONDITION(TYP)

RT SUBSCRIPT "RT" APPLIED TO ANY SYMBOL INDICATES RAINTIGHT
NEMA 3 OR EQUIVALENT

CABINET, ENCLOSURE, OR CONTROL PANEL, TYPE INDICATED ON PLANS

KEYNOTE

CEILING MOUNTED DUAL SIDED CLOCK

INTERCOM STATION

#
WALL MOUNTED SECURITY MOTION DETECTOR
CEILING MOUNTED SECURITY MOTION DETECTOR

DOOR POSITION SWITCH

VIDEO SURVEILLANCE CAMERA (# INDICATES TYPE)
CR SECURITY CARD READER

IC

WALL MOUNTED REQUEST TO EXIT MOTION SENSORRTE ES ELECTRIC STRIKE
LR ELECTRONIC LATCH RETRACTION
KP INTRUSION KEYPADMAGNETIC LOCK
WG WANDER GUARD

COMBINATION USB WITH DUPLEX RECEPTACLE WALL MOUNTED DEVICE

TR "TR" DENOTES TAMPER RESISTANT TYPE

FLOOR BOX - COMBINATION POWER & DATA
G "G" DENOTES GFCI TYPE

"   " DENOTES ISOLATED GROUND TYPE

CEILING MOUNTED DUPLEX RECEPTACLE
HORIZONTAL MOUNTED DUPLEX RECEPTACLE

MULTI-OUTLET ASSEMBLY - LENGTH AS INDICATED

SPECIAL PURPOSE RECEPTACLE (NEMA CONFIG. AS NOTED)

POKE-THRU FLOOR BOX

SINGLE RECEPTACLE
DOUBLE DUPLEX RECEPTACLE

DUPLEX RECEPTACLE

SWITCH & FUSE

COMBINATION MAGNETIC STARTER/DISCONNECT
MAGNETIC MOTOR STARTER

MOTOR CONTROL PUSHBUTTON STATION

THERMAL ELEMENT SWITCH
DISCONNECT SWITCH
MOTOR ("#" DENOTES HORSEPOWER RATING)

TE

M
#

SWITCH & FUSTAT

R RELAY

"H" DENOTES HOSPITAL GRADE TYPEH

U "U" DENOTES UNIVERSAL SERIAL BUS (USB) TYPE

MWALL MOUNTED GFCI, WEATHER PROOF DUPLEX
WALL MOUNTED JUNCTION BOX

44" DENOTES MOUNTING HEIGHT AFF
WALL MOUNTED ABOVE COUNTER, GFCI DUPLEX

MOTOR WITH CONTROL SWITCH
MOTOR CONTROL SWITCH

ADA PUSH BUTTON

PROJECTION SCREEN CONTROL SWITCH
WALL MOUNTED HAND DRYER

ACTIVE ACOUSTICS CONTROL BOX

S

1. APPLICABLE EDITIONS OF THE NATIONAL ELECTRICAL CODE, THE STATE 
BUILDING CODE, AND ANY OTHER LOCAL, STATE, OR FEDERAL CODES, 
ORDINANCES, OR AUTORITATIVE INTERPRETATIONS THAT MAY APPLY 
SHALL BE STRICTLY FOLLOWED THROUGHOUT DESIGN AND INSTALL 
PROCESS.

2. VERIFY LOCATIONS OF LIGHTING FIXTURES WITH ARCHITECTURAL 
REFLECTED CEILING PLANS AND COORDINATE WITH PLANS OF ALL 
OTHER TRADES INVOLVED IN DESIGN PROCESS.

3. SEPERATE NEUTRALS FOR ALL 20A/1P CIRCUIT BREAKERS SHALL BE 
PROVIDED BY THE CONTRACTOR DURING INSTALL.

4. CONDUCTORS SHALL BE IDENTIFIED WITH VINYL SELF-ADHESIVE TAGS 
INDICATING PANEL AND CIRCUIT NUMBER OR OTHER APPROPRIATE 
INFORMATION. EACH CONDUCTOR SHALL BE IDENTIFIED AT EVERY 
JUNCTION BOX, OUTLET BOX, CABINET, PULL BOX, ETC.

5. ELECTRICAL EQUIPMENT SHALL BE SECURELY FASTENED TO PREVENT 
MOVEMENT AND MAINTAIN CONNECTIONS AND ALIGNMENT.

6. IN FIRE OR SMOKE RATED CONSTRUCTION, ALL PENETRATIONS SHALL 
BE SEALED WITH FIRESTOPPING MATERIALS APPROVED AND LISTED 
FOR THE RATING OF THE CONSTRUCTION TO BE PENETRATED.

7. PENETRATIONS OF ROOFS, EXTERIOR WALLS, FOUNDATIONS, CURTAIN 
WALLS, OR OTHER AREAS WHERE MOISTURE CONTROL IS NEEDED 
SHALL BE SEALED WITH APPROPRIATE SEALING FITTINGS OR SEALED 
CONSTRUCTION TO PREVENT THE INTRUSION OF MOISTURE INTO THE 
BUILDING.

8. EMPTY RACEWAYS SHALL BE LABELED AT BOTH ENDS AND CONTAIN A 
PULL STRING FOR FUTURE USE.

9. MOUNT DEVICES FLUSH IN WALL UNLESS OTHERWISE NOTED.
10. DEVICES MOUNTED TO FEATURE WALLS SHALL HAVE FACEPLATE WITH 

SIMILAR COLOR AS THE WALL MATERIAL.
11. WALL-MOUNTED DEVICES ON OPPOSITE SIDES OF A WALL TO HAVE 

MINIMUM 2'-0" OF SPACING. SEE WALL DEVICE SPACING DETAIL. FIELD 
VERIFY.

12. CEILING MOUNTED AND/OR WALL MOUNTED ACOUSTIC PANELING CAN 
BE FIELD CUT TO PROPERLY INSTALL DEVICES.

13. USE OF THE WORD "THEATER" IN NOTES, EQUIPMENT NAMING, AND 
OTHER USES REFERS TO THE CONCERT HALL.

ELECTRICAL GENERAL NOTES

MOUNTING HEIGHT SCHEDULE
SWITCH 42 INCHES

OCCUPANCY SENSOR SWITCH 42 INCHES

RECEPTACLE 18 INCHES

EXTERIOR RECEPTACLE 24 INCHES

DOOR PUSHBUTTON 42 INCHES

DOOR BUZZER/CHIME 84 INCHES

DISCONNECT SWITCH 54 INCHES

WALL MOUNTED EMERGENCY LIGHTING RELAY 90 INCHES

120 INCHES

PANELBOARD 72 INCHES TO TOP

PULL STATION 46 INCHES

FIRE HORN WITH VISUAL WARNING 90 INCHES

VISUAL WARNING LIGHT 90 INCHES

FIRE SPEAKER WITH VISUAL WARNING 90 INCHES

FIRE SPEAKER HORN, WALL MOUNT 90 INCHES

WALL MOUNTED OCCUPANCY SENSOR

FIRE ALARM ANNUNCIATOR PANEL 60 INCHES TO TOP

SNAC POWER SUPPLY 72 INCHES TO TOP

DOOR HOLD 74 INCHES

REMOTE TEST SWITCH, WALL MOUNT 60 INCHES

FIRE ALARM CONTROL PANEL 72 INCHES TO TOP

TV OUTLET 74 INCHES

TV RECEPTACLE MATCH ADJACENT TV OUTLET

COMMUNICATIONS OUTLET 18 INCHES

WALL PHONE 48 INCHES

MICROPHONE OUTLET 18 INCHES

INTERCOM TIMER OFF SWITCH 42 INCHES

WALL MOUNTED SPEAKERS 94 INCHES OR 12 INCHES BC

EXTERIOR SPEAKERS 138 INCHES

CARD READER 42 INCHES

VOLUME CONTROL 42 INCHES

WALL MOUNT CAMERA 108 INCHES

DOOR SECURITY RELEASE PUSH BUTTON 42 INCHES

SECURITY KEYPAD 48 INCHES

AUDIO‐VIDEO CONTROLLER 48 INCHES

AUDIO‐VIDEO OUTLET 18 INCHES

WALL MOUNTED CLOCK 94 INCHES OR 12 INCHES BC

ROOM CONTROL SEQUENCE SCHEDULE

ROOM: FACULTY STUDIOS

SCENE: CONTROL DESCRIPTION

SCENE 1: ALL LIGHTS ON 90% OUTPUT

SCENE 2: ALL LIGHTS ON 50% OUTPUT

SCENE 3: D4 PENDANTS + C2 TAPE ON 90% OUTPUT

SCENE 4: D4 PENDANTS ONLY

NOTES: MANUAL ON / AUTO OFF, 15 MIN TIMEOUT

ALL SCENES DIMMING ENABLED

ROOM CONTROL SEQUENCE SCHEDULE

ROOM: STUDENT PRACTICE ROOMS

SCENE: CONTROL DESCRIPTION

SCENE 1: ALL LIGHTS ON 90% OUTPUT

SCENE 2: ALL LIGHTS ON 50% OUTPUT

SCENE 3: D3 DOWNLIGHTS ONLY, 90% OUTPUT

SCENE 4: C3 COVE ONLY, 90% OUTPUT

NOTES: MANUAL ON / AUTO OFF, 15 MIN TIMEOUT

ALL SCENES DIMMING ENABLED

ROOM CONTROL SEQUENCE SCHEDULE

ROOM: CLASSROOMS

SCENE: CONTROL DESCRIPTION

SCENE 1: ALL LIGHTS ON 90% OUTPUT

SCENE 2: ALL LIGHTS ON 50% OUTPUT

SCENE 3: L2 PENDANTS ON ONLY 50% OUTPUT

SCENE 4: L2 PENDANTS ON 50% DSW2 ON 90% OUTPUT

NOTES: MANUAL ON / AUTO OFF, 15 MIN TIMEOUT

ALL SCENES DIMMING ENABLED

ROOM CONTROL SEQUENCE SCHEDULE

ROOM CONTROL SEQUENCE SCHEDULE

ROOM: ORCHESTRA/CHORAL REHEARSAL ROOM

ROOM: RECITAL ROOM

SCENE: CONTROL DESCRIPTION

SCENE: CONTROL DESCRIPTION

SCENE 1: ALL LIGHTS ON 90% OUTPUT

SCENE 1: ALL LIGHTS ON 90% OUTPUT

SCENE 2: ALL LIGHTS ON 50% OUTPUT

SCENE 2: ALL LIGHTS ON 50% OUTPUT

SCENE 3: D2 PENDANTS ON ONLY 90% OUTPUT

SCENE 3: D2 PENDANTS ON ONLY 90% OUTPUT

SCENE 4: LW1 ON 50% OUTPUT,  D2 ON 90% OUTPUT

SCENE 4: LW1 ON 50% OUTPUT,  D2 ON 90% OUTPUT

NOTES: MANUAL ON / AUTO OFF, 15 MIN TIMEOUT

NOTES: MANUAL ON / AUTO OFF, 15 MIN TIMEOUT

ALL SCENES DIMMING ENABLED

ALL SCENES DIMMING ENABLED

ROOM CONTROL SEQUENCE SCHEDULE

ROOM: BATHROOMS

SCENE: CONTROL DESCRIPTION

DAY ALWAYS ON

NIGHT ALWAYS ON / AUTO DIM TO 20%, 15 MIN TIMEOUT

ROOM CONTROL SEQUENCE SCHEDULE

ROOM: CORRIDORS

SCENE: CONTROL DESCRIPTION

DAY ALWAYS ON

NIGHT ALWAYS ON / AUTO DIM TO 20%, 15 MIN TIMEOUT

ROOM CONTROL SEQUENCE SCHEDULE

ROOM: MECH / ELEC / TELECOM / JANITOR / CATERING

SCENE: CONTROL DESCRIPTION

MANUAL ON / MANUAL OFF, AUTO TIMEOUT 15 MIN

ROOM CONTROL SCHEDULE

LIGHTING LUMINAIRE SCHEDULE
LABEL MANUFACTURER CATALOG NUMBER DESCRIPTION MOUNTING LUMENS VOLTAGE WATTS LAMP CCT CRI SDCM LIFE NOTES

C1 KELVIX SW3 ‐ (##) ‐ RGBW‐ VR ‐ SL ‐ S ‐ IP67 LINEAR LED TAPE LIGHT. COLOR CHANGING. DMX CONTROLLED. SURFACE MOUNTING SURFACE 162 / ft 277 4.6 / ft LED N/A 80+ CONCERT ‐ TAPE LIGHT

C2 (##) QTRAN SW24/1.5 ‐ DRY ‐ 30 ‐ BW ‐ BW ‐ MATCH LINEAR LED TAPE LIGHT. SURFACE MOUNTING SURFACE 153 / ft 277 1.5/ ft LED 3000K 94 L70 ‐ 50,000 hrs STUDIOS / OFFICES TAPE LIGHT

C3(##) FOCAL POINT FWSL ‐ FL ‐ 30K ‐ 1C ‐ UNV ‐ LD1 ‐ U ‐ WH ‐ (##)
9.01"W X 6.2" H X (##)'L. LINEAR ARCHITECURAL COVE WALL WASH LED LUMINAIRE. SEMI‐SPECULAR ALUMINUM REFLECTOR.
POLYESTER POWDER COAT FINISH. COVE STUDIOS / OFFICES

C4H AXIS CCL ‐ SL ‐ 500 ‐ 80 ‐ 35 ‐ CL ‐ W ‐ UNV ‐DP ‐ 1 ‐ C
3 ‐9/16" W X 1‐5/8"H X (##)'L. LINEAR COVE‐MOUNT LED LUMINAIRE. EXTRUDED ALUMINUM CONSTRUCTION. DIE CAST
ALUMINUM END CAPS WITH COLD ROLLED SHEET STEEL TOP COVERS. COVE 500 / ft 120/277 5.4 / ft LED 3500 K 80+ 3 L70 ‐ 50,000 hrs LOBBY CEILING LINEARS

D1 LUMENPULSE
LACYM ‐ A ‐ PMD ‐ MBK ‐ ACC250 ‐ D ‐ 277 ‐ 13 ‐ dL20 ‐ DTWP ‐ CR80 ‐ W ‐ PDA1 ‐ NA ‐
MBK

13"H X 6" DIAMETER. PENDANT MOUNTED CYLINDER LED LUMINAIRE. ALUMINUM CONSTRUCTION. CLEAR POLYCARBONATE
TIR OPTIC LENS WITH ALUMINUM REFLECTOR. SUSPENDED 2000 120/277 20 LED 3500 K 80+ 2 L70 ‐ 100,000 hrs CONCERT ‐ HOUSE LIGHTS

D2 LUMENPULSE LADM ‐ A ‐ 277 ‐ L30 ‐ 30K ‐ CR80 ‐ W ‐ RD ‐ WH ‐ DA1 ‐ NC ‐
5‐5/16" RADIUS X 6"H. RECESSED LED DOWNLIGHT. ALUMINUM CONSTRUCTION. CLEAR POLYCARBONATE TIR OPTIC LENS.
ALUMINUM REFLECTOR. WHITE FINISH. RECESSED 2000 120/277 20 LED 3000K 80+ 2 L70 ‐ 100,000 hrs LOBBY CEILING DOWN LIGHTS

D2L LUMENPULSE LADM ‐ A ‐ 277 ‐ L20 ‐ 30K ‐ CR80 ‐ W ‐ RD ‐ WH ‐ DA1 ‐ NC ‐
5‐5/16" RADIUS X 6"H. RECESSED LED DOWNLIGHT. ALUMINUM CONSTRUCTION. CLEAR POLYCARBONATE TIR OPTIC LENS.
ALUMINUM REFLECTOR. WHITE FINISH. RECESSED 2000 120/277 20 LED 3000K 80+ 2 L70 ‐ 100,000 hrs LOBBY CEILING DOWN LIGHTS

D2H LUMENPULSE LADM ‐ A ‐ 277 ‐ L20 ‐ 30K ‐ CR80 ‐ W ‐ RD ‐ WH ‐ DA1 ‐ NC ‐
5‐5/16" RADIUS X 6"H. RECESSED LED DOWNLIGHT. ALUMINUM CONSTRUCTION. CLEAR POLYCARBONATE TIR OPTIC LENS.
ALUMINUM REFLECTOR. WHITE FINISH. RECESSED 2000 120/277 20 LED 3000K 80+ 2 L70 ‐ 100,000 hrs LOBBY CEILING DOWN LIGHTS

D3 LUMENPULSE LACM ‐ A ‐ 277 ‐ L13 ‐ 30K ‐ CR80 ‐ W ‐ RD ‐ WH ‐ DA1 ‐ NC
4‐3/16" RADIUS X 5‐7/16" H. RECESSED LED DOWNLIGHT. ALUMINUM CONSTRUCTION. CLEAR POLYCARBONATE TIR OPTIC LENS.
ALUMINUM REFLECOR. RECESSED 1475 120/277 LED 3000 K 80+ 2 L70 ‐ 100,000 hrs LOBBY VESTIBULE

D4 LUMENPULSE LACYN ‐ A ‐ PMD ‐ MBK ‐ ACC250 ‐ D ‐ 277 ‐ 13 ‐ dL13 ‐ DTWP ‐ CR80 ‐ W ‐ PDA1 ‐ NA ‐ MBK
13"H X 2" DIAMETER. PENDANT MOUNTED CYLINDER LED LUMINAIRE. ALUMINUM CONSTRUCTION. CLEAR POLYCARBONATE
TIR OPTIC LENS WITH ALUMINUM REFLECTOR SUSPENDED 1475 120/277 20 LED 3000 K 80+ 2 L70 ‐ 100,000 hrs CONCERT ‐ HOUSE LIGHTS

DWS2 ERCO 88447.023 4‐3/4" W X 1‐3/8"H X 6‐1/2"L. RECESSED LED WALLWASH LUMINAIRE. ALUMINUM CONSTRUCTION. RECESSED 825 120/277 8.2 LED 3000 K 80+ 1.5 L90 ‐ 50,000 hrs CLASSROOMS

LW1 PRUDENTIAL P23 ‐ FLSH ‐ LED35 ‐ MO ‐ MWW ‐ D1W 3‐1/8"W X 4‐1/4"H X (##)'L. 20 GA. STEEL CONSTRUCTION. ACRYLIC LENS. EXTRUDED ALUMINUM TRIM. RECESSED 600  / ft 277 18 LED 4000K 90 L70 ‐ 100,000 hrs LOBBY FEATURE WALL LINEARS

K22 LITHONIA EPANL ‐ 22 ‐ 34L ‐ 35K 23.7"W X 23.7"L X 2.19"H. RECESSED LED 2X2 LUMINAIRE. ALUMINUM FRAME CONSTRUCTION. SATIN WHITE LENS. RECESSED 3285 120/277 31.3 LED 3500K 80+ L70 ‐ 60,000 hrs CATERING

K22H LITHONIA EPANL ‐ 22 ‐ 34L ‐ 35K 23.7"W X 23.7"L X 2.19"H. RECESSED LED 2X2 LUMINAIRE. ALUMINUM FRAME CONSTRUCTION. SATIN WHITE LENS. RECESSED 3357 120/277 26 LED 3500K 80+ L70 ‐ 60,000 hrs CATERING

L2 PRUDENTIAL P40 ‐ LED35 ‐ MO ‐ R__ ‐ TMW ‐ SAL ‐ CW ‐ SC ‐ UNV ‐ CA48 ‐ X1 ‐ DM01 4"W X 4"H X (##)L'. SUSPENDED LED LINEAR LUMINAIRE. 20 GA. STEEL CONSTRUCTION. ACRYLIC LENS. SUSPENDED 1651 277 19 LED 3500K 84 L70 ‐ 100,000 hrs CLASSROOMS / CONFERENCE

T1 ERCO 34012‐023 ‐ EN ‐ US ‐ SPEC
3‐11/16"W X 4‐3/4"D X 16‐7/16"L. LINEAR IN‐GROUND LED LUMINAIRE. BLACK POLYMER CONSTRUCTION WITH STAINLESS STEEL
FRAME. 3/8" SAFETY GLASS. OPTICAL POLYMER LENS. SUITABLE FOR WET LOCATIONS. IN‐GROUND 1058 120/277 31 LED 3000 K 90+ 2 L90 ‐ 50,000 hrs LOBBY COLUMN TEST

T2 LUMENPULSE LOGN ‐ 4W ‐ 48V ‐ 24 ‐ 35K ‐ 8x8 HFR ‐ XX ‐ SI

1‐13/16"W X 24‐3/4"L X 2‐1/16"H. LINEAR IN‐GROUND LED LUMINAIRE. LOW COPPER CONTENT EXTRUDED ALUMINUM
CONSTRUCTION. CLEAR TEMPERED GLASS LENS. STAINLESS STEEL HARDWARE. ELECTROSTATICALLY APPLIED POLYESTER
POWDER COAT FINISH. IN‐GROUND 1767 120/277 4 / ft LED 3000 K 80+ 3 L70 ‐ 90,000 hrs CONCERT BACK WALL

S1 ERCO 34013.023
8‐5/8" W X 5‐7/8" DIAMETER. SURFACE MOUNT LED SPOT PROJECTOR. CAST ALUMINUM CONSTRUCTION. 360 DEGREE
ROTATABLE HEAD. SURFACE 994 120/277 15 LED 3000 K 92 1.5 L90 ‐ 100,000 hrs ORCHESTRA REHEARSAL CHOIR

Z1 LITHONIA Z1LN ‐ L48 ‐ SMR ‐ 5000LM ‐ FST ‐ MVOLT ‐ 40K ‐ 80CRI ‐ WH 46"L X 2‐1/8"H X 2‐1/8"W. LED LINEAR INDUSTRIAL STRIP LIGHT. SUSPENDED 3000 277 LED 3000K 80+ L70 ‐ 60,000 hrs SUPPORT SPACES

Z2 PHILIPS SUSPENDED 180 277 3 / ft LED 2700K 90+ ROOF TOP

Z3 ERCO SUSPENDED 656 120/277 11 / ft LED 3000K 80+ 2 L80 ‐ 50,000 hrs ROOF TOP

Z4 LUMINIS SUSPENDED 120/277 45 LED 4000K 80+ L70 ‐ 125 hrs ROOF TOP

GENERAL FIXTURE SCHEDULE NOTES:

1. ALL CEILING MOUNTED LUMINAIRES SHOULD BE COORDINATED WITH CEILING HEIGHT

2. COORDINATE LUMINAIRE VOLTAGE WITH LUMINAIRE CIRCUITING

3. CONTRACTOR SHALL PROVIDE THE OWNER WITH INITIAL LED EQUIPMENT AND DRIVERS AND A REPLACEMENT STOCK

4. REFER TO LIGHTING PLANS FOR REQUIRED LENGTHS

5. LINEAR PERIMETER LUMINAIRES SHALL RUN WALL TO WALL OR FOR THE FULL LENGTH SHOWN ON DRAWINGS

6. PROVIDE POWER SUPPLIES, DRIVERS, FEEDS, END‐TO‐END CONNECTORS, LEADER CABLES, ETC, FOR A COMPLETE AND OPERABLE LUMINAIRE SYSTEM

E1 LITHONIA LE ‐ S ‐ W ‐ 2 ‐ R ‐ _ ‐ _ ‐ _ 11‐3/8"L X 6"H X 1‐3/4"W. LED CEILING MOUNTED EXIT SIGN. SURFACE NA 120/277 LED NA NA 100,000 hrs EGRESS1

E2 LITHONIA LE ‐ S ‐ W ‐ 1 ‐ R ‐ _ ‐ _ ‐ _ 11‐3/8"L X 6"H X 1‐3/4"W. LED WALL REAR MOUNTED EXIT SIGN. SURFACE NA 120/277 LED NA NA 100,000 hrs EGRESS1

E3 LITHONIA LE ‐ S ‐ W ‐ 1 ‐ R ‐ _ ‐ _ ‐ _ 11‐3/8"L X 6"H X 1‐3/4"W. LED WALL SIDE MOUNTED EXIT SIGN. SURFACE NA 120/277 LED NA NA 100,000 hrs EGRESS1
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KEYNOTE LEGEND
KEY DESCRIPTION

L1 LUMINAIRE ARRANGMENT TYPICAL IN REHERSAL SPACES. (3) S1 FIXTURES AND 1
LW1(4). REFER TO E501 - DETAIL 8.
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SCALE: 1/8" = 1'-0"1 LIGHTING PLAN - LEVEL 2
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SCALE: 1/8" = 1'-0"1 POWER PLAN - LEVEL 1

KEYNOTE LEGEND
KEY DESCRIPTION

P1 PROVIDE GFCI BREAKER FOR GARBAGE DISPOSAL.
P5 PROVIDE JUNCTION BOX FOR AUTOMATIC FLUSH VALVE IN RESTROOMS.
P9 SWITCH IS FOR PROJECTION SCREEN WITH THE ABILITY TO RAISE, LOWER AND STOP

SCREEN, WITH ALL CONTROLS LABELED.
P10 PROVIDE EMERGENCY SHUTDOWN PUSHBOTTON FOR BOILER SHUTDOWN.

COORDINATE WITH MECHANICAL CONTRACTOR.
P11 PROVIDE JUNCTION BOX FOR AUTOMATIC FLUSH VALVE IN RESTROOMS. TYPICAL OF

6.
P12 PROVIDE JUNCTION BOX FOR AUTOMATIC FLUSH VALVE IN RESTROOMS. TYPICAL OF

5.
P15 PROIVDE POKE THRU LOCATED BENEATH SEATING. SEATS ARE TO BE REMOVABLE

IN ORDER TO LOCATE AUDIO CONTROL.
P16 MOTOR CONNECTION FOR PROJECTION SCREEN. SCREEN IS TO BE CONTROLED VIA

PROJECTION SCREEN SWITCH LOCATED IN THE CORRESPONDING ROOM.
P17 PROVIDE FLOOR POKE THRU SYSTEM FOR COMPANY SWITCH PANEL CABLE PASS.

PROVIDE PULL THROUGH SYSTEM WITHIN CONDUIT. REFER TO DETAIL XXX.
P18 PROVIDE 200A 208/120V 3PHASE, 4W COMPANY SWITCH. SURFACE MOUNT WITH

SAFETY CAM RECEPTACLES. UNION CONNECTOR #CSC-2010-SC
P19 MOTORS/PUMPS CONNECTED VIA VFD CONTROLLERS FOR INDIVIDUAL UNITS, DO

NOT INSTALL DISCONNECTING MEANS SHOWN IN PLAN.

SCALE: 1/4" = 1'-0"3 ELEC 122 - ENLARGED POWER PLAN

SCALE: 1/4" = 1'-0"2 ELEC 129 - ENLARGED POWER PLAN
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SCALE: 1/8" = 1'-0"1 POWER PLAN - LEVEL 2

KEYNOTE LEGEND
KEY DESCRIPTION

P8 MOTOR CONNECTION BASIS OF DESIGN IS 15HP, 480V 3PH MOTOR FOR PIPE ORGAN
BLOWER MOTOR AND SUBJECT TO CHANGE AS SPECIFICATIONS OF UNIT ARE
CONFIRMED. CIRCUIT TO DPH-2-1 ACCORDING TO ONELINE.

P11 PROVIDE JUNCTION BOX FOR AUTOMATIC FLUSH VALVE IN RESTROOMS. TYPICAL OF
6.

P12 PROVIDE JUNCTION BOX FOR AUTOMATIC FLUSH VALVE IN RESTROOMS. TYPICAL OF
5.

P20 MOTOR FOR OPERABLE CURTAIN SET TO BE OPERATED FROM CONTROL BOOTH.

SCALE: 1/4" = 1'-0"2 DIMMER ROOM 223 - ENLARGED POWER PLAN

SCALE: 1/4" = 1'-0"3 ELEC/COMM 254 - ENLARGED POWER PLAN

NO. DESCRIPTION DATE



UP

CR

CR

CR

CR

CR

CR

CR

CRCR

CR

CR
CR

CRCRCRCRCRCRCRCRCR

CR

CR

CR

CR

CR

CR

CR

CR

F

F

F

F

S

S S

S S

S S

P

F

CR
CR

P

P P

DS

DS

DS

DS

F

30

F

15

F
15

F
15

F
15

F
15F

15

F

60

F

15

F

15 F
15

F

15

F
15

F

15

F
15

F

15

F

15

F
15

F
15

F
15

F
15

F
15

F

75

F

75

F

15

F
15

F

15

F
15F

15

F
75

F

75

F
15

F
15

F
15

F

60

F
60

F

30

F
30

F
30

S S

S S

S S

S S

S S

S S

F

75

F
75

F
15

F
60

F
60

F
15

F

15
F

15

F
30

F
11

0
F

11
0

F

F

F

F

60

F
60

A

F

15

F

15

F
15

S F

15
S F

15
F

15
S F

15
S F

15
S F

15
S F

15
F

15
S

AAAA A A A A

A
A

F

15

F
15

F

15
F

15F

15

F

15

F
30

F

15F
15

F

15

F
15

F

15F
15

F
15

F
30

F

15

F
15

DS

DS
DS

DS

F
15

F

30

F
15

F
75

F

15

F
15

F

15

F
15

F

75
F

75

F

75
F

75

F

115

F
115

F

185

F
185

F 30

F

3 0

F
30

F
15

F
15

F
15

F

15

LRLR PTPT

PTPT LRLR

F

S S S S S S S S

S

S

S

S

S

S

SS

S

S

SS

S S

S

S

S S S S S

S

S

S

S S

S

SS

S

S

SS

S

S

SSSSSSS

S

S

S S
S

S

S

S CR CR

ES
ES

ES ES ES ES ES ES ES ES ES

ES

ES

ES

ES

ES

ES

ES

ES

ES

ES ES ESES ES ES ES

ES
ES

ES

ES

ES
ES

ES

ES
ES

ES

CR

CR

PTPT LRLR

PT
LR

F

115
F

185

F
15

A B CD E

F G

H I J K L M N O P Q R S T U V

1

2

3

4

5

6

7

8

9

10

12
11

13

14
15

16

17

18

19

20

21

22
23

24

3128

26

30

27

25

CORRIDOR
C-114

JANITOR
184

TELECOM
183

CATERING
182

FACULTY STUDIO
175

FACULTY STUDIO
174

FACULTY STUDIO
173

FACULTY STUDIO
172

FACULTY STUDIO
171

FACULTY STUDIO
170

VESTIBULE
C-112A

FACULTY STUDIO
166

FACULTY STUDIO
165

FACULTY STUDIO
164

WOMENS RESTROOM
191

MENS RESTROOM
190 CLASSROOM-1 MUSIC EDUCATION

192

CLASSROOM-2 KEYBOARD LAB
193

CLASSROOM-3 GENERAL MUSIC
194

STAIR-2
ST-102

CORRIDOR
C-111 DEPT. OFFICE RECEPTION

163

FACULTY STUDIO
162

FACULTY STUDIO
161

DEPT. OFFICE CONFERENCE WORKROOM
160

CORRIDOR
C-109CORRIDOR

C-108

CORRIDOR
C-107

ELEVATOR EQUIPMENT ROOM
181

ELEVATOR
EL-101

ORGAN FACULTY STUDIO
180

VESTIBULE
100A

LOBBY
100

STAIR-1
ST-101

VESTIBULE
100B

SLL
120A

BOX OFFICE
121

ELECTRICAL ROOM
122

JANITOR
132

CORRIDOR
C-101

SLL
120B

RECITAL
120

WOMENS RESTROOM
123

MENS RESTROOM
124

INSTRUMENT STORAGE
126

SLL
130A

UNISEX RESTROOM
125

AV RACK
131

SLL
130B

ORCHESTRAL REHEARSAL
130

RECORDING FACULTY CONTROL
134

PRACTICE ROOM JAZZ
133

VESTIBULE
C-104

SLL
140A

TELECOM
141

SLL
140B

CORRIDOR
C-103

CHORAL REHEARSAL
140

STAIR-4
ST-104

PLATFORM
102

BACK OF HOUSE
110

SLL
111

CORRIDOR
112

SIDE GALLERY
105

ORCHESTRA LEVEL
101

CROSSOVER
113

PARTERRE
103

CONTROL ROOM
108

LOBBY STORAGE
107

SLL
106

SIDE GALLERY
104

LIFT-1
ST-103

SLL
109

STAIR 9
ST-109

FACULTY STUDIO
156

VESTIBULE
C-110

SLL
155A

FACULTY STUDIO PERCUSSION REHEARSAL
155

RESTROOM
154A

GREEN ROOM
154

VESTIBULE
C-106

EMERGENCY
153

ELECTRICAL ROOM
152

MECHANICAL ROOM
151

MECHANICAL ROOM
151B

DOMESTIC WATER ENTRANCE
151A

CORRIDOR
C-105

FACP

FSE

WSE
WH

BOILER

CWP SWP HWP
RFP/SMP

CBP

HX-1 HX-2
HX-3 HX-4

HWPCWP

CBP

RFP/SMP

42"

E301
5

E301
4

E301
6

FAA

S8

S11

data?   LD

S12

S12

E301
2

S

6

7

5'-0"

F

24

44"

3'-
0"

78"

78"

F

24

1. APPLICABLE EDITIONS OF THE NATIONAL ELECTRICAL CODE, THE STATE 
BUILDING CODE, AND ANY OTHER LOCAL, STATE, OR FEDERAL CODES, 
ORDINANCES, OR AUTORITATIVE INTERPRETATIONS THAT MAY APPLY 
SHALL BE STRICTLY FOLLOWED THROUGHOUT DESIGN AND INSTALL 
PROCESS.

2. VERIFY LOCATIONS OF LIGHTING FIXTURES WITH ARCHITECTURAL 
REFLECTED CEILING PLANS AND COORDINATE WITH PLANS OF ALL 
OTHER TRADES INVOLVED IN DESIGN PROCESS.

3. SEPERATE NEUTRALS FOR ALL 20A/1P CIRCUIT BREAKERS SHALL BE 
PROVIDED BY THE CONTRACTOR DURING INSTALL.

4. CONDUCTORS SHALL BE IDENTIFIED WITH VINYL SELF-ADHESIVE TAGS 
INDICATING PANEL AND CIRCUIT NUMBER OR OTHER APPROPRIATE 
INFORMATION. EACH CONDUCTOR SHALL BE IDENTIFIED AT EVERY 
JUNCTION BOX, OUTLET BOX, CABINET, PULL BOX, ETC.

5. ELECTRICAL EQUIPMENT SHALL BE SECURELY FASTENED TO PREVENT 
MOVEMENT AND MAINTAIN CONNECTIONS AND ALIGNMENT.

6. IN FIRE OR SMOKE RATED CONSTRUCTION, ALL PENETRATIONS SHALL 
BE SEALED WITH FIRESTOPPING MATERIALS APPROVED AND LISTED 
FOR THE RATING OF THE CONSTRUCTION TO BE PENETRATED.

7. PENETRATIONS OF ROOFS, EXTERIOR WALLS, FOUNDATIONS, CURTAIN 
WALLS, OR OTHER AREAS WHERE MOISTURE CONTROL IS NEEDED 
SHALL BE SEALED WITH APPROPRIATE SEALING FITTINGS OR SEALED 
CONSTRUCTION TO PREVENT THE INTRUSION OF MOISTURE INTO THE 
BUILDING.

8. EMPTY RACEWAYS SHALL BE LABELED AT BOTH ENDS AND CONTAIN A 
PULL STRING FOR FUTURE USE.

9. MOUNT DEVICES FLUSH IN WALL UNLESS OTHERWISE NOTED.
10. DEVICES MOUNTED TO FEATURE WALLS SHALL HAVE FACEPLATE WITH 

SIMILAR COLOR AS THE WALL MATERIAL.
11. WALL-MOUNTED DEVICES ON OPPOSITE SIDES OF A WALL TO HAVE 

MINIMUM 2'-0" OF SPACING. SEE WALL DEVICE SPACING DETAIL. FIELD 
VERIFY.

12. CEILING MOUNTED AND/OR WALL MOUNTED ACOUSTIC PANELING CAN 
BE FIELD CUT TO PROPERLY INSTALL DEVICES.

13. USE OF THE WORD "THEATER" IN NOTES, EQUIPMENT NAMING, AND 
OTHER USES REFERS TO THE CONCERT HALL.

ELECTRICAL GENERAL NOTES
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SCALE: 1/8" = 1'-0"1 SPECIAL SYSTEMS PLAN - LEVEL 1

KEYNOTE LEGEND
KEY DESCRIPTION

S8 FACP LOCATED IN EMERGENCY 153. SEE ENLARGED PLAN ON SHEET E701.
S11 WITH ACTIVE ACOUSTICS SYSTEM, INSTALL MICROPHONE IN CEILING SYSTEM.

TYPICAL OF ALL ACTIVE ACOUSTIC SYSTEMS.
S12 MOUNT WIRELESS ACCESS POINT ON LOWER BULKHEAD ALONG EDGE OF ROOM.

TYPICAL OF 2 IN SPACE.

SCALE: 1/4" = 1'-0"4 TELECOM 141 - CABLE TRAY LAYOUT

SCALE: 1/4" = 1'-0"5 TELECOM 183 - POWER/SYSTEMS ENLARGED

SCALE: 1/4" = 1'-0"6 TELECOM 183 - CABLE TRAY LAYOUT

SCALE: 1/4" = 1'-0"2 TELECOM 141 - POWER/SYSTEMS ENLARGED
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SCALE: 1/8" = 1'-0"1 SPECIAL SYSTEMS PLAN - LEVEL 2

KEYNOTE LEGEND
KEY DESCRIPTION

S5 BEAM TYPE DETECTORS SERVE CONCERT HALL AND ARE MOUNTED ABOVE OTHER
ROOMS, WALLS AND OTHER POSSIBLE OBSTRUCTIONS. MOUNT BEAM TYPE SMOKE
DETECTOR DEVICE 10'-0" BELOW ROOF STRUCTURE.

S6 MOUNT CEILING SMOKE DETECTOR IN SUSPENDED ACOUSTIC PANELS. TYPICAL OF
4.

S7 MOUNT BEAM TYPE SMOKE DETECTOR DEVICE ON WALL ABOVE CURTAIN WALL
ASSEMBLY AT 29'-4" AFF.

S9 SUSPEND SPEAKER AT 24'-8" AFF. TYPICAL 6.
S10 MOUNT SPEAKER FLUSH IN SUSPENDED ACOUSTIC PANEL. TYPICAL OF 4.
S11 WITH ACTIVE ACOUSTICS SYSTEM, INSTALL MICROPHONE IN CEILING SYSTEM.

TYPICAL OF ALL ACTIVE ACOUSTIC SYSTEMS.

SCALE: 1/4" = 1'-0"2 ELEC/COMM 254 - ENLARGED SYSTEMS PLAN

SCALE: 1/4" = 1'-0"3 ELEC/COMM 254 - CABLE TRAY LAYOUT
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ENGINEERS NOTES:
1. EMD = 874 kVA, 1051A at 0.90 PF.
2. SERVICE FEEDER IS BASED ON 1200A DISCONNECT OVERCURRENT PROTECTION.

GENERAL NOTES:
A. FEEDERS INDICATED LESS THAN 100 AMPS ARE TO USE COPPER CONDUCTORS.
B. FEEDERS 100 AMPS OR LARGER ARE TO USE ALUMINUM CONDUCTORS, UNLESS NOTED 

OTHERWISE.
C. TRANSFORMER SECONDARY CONDUCTORS CONNECTED TO K-RATED TRANSFORMERS SHALL BE 

COPPER CONDUCTORS AND CONTAIN A 200% SIZED NEUTRAL CONDUCTOR..
D. PANELBOARDS FED FROM K-RATED TRANSFORMERS ARE TO HAVE 200% NEUTRAL BUS.
E. WITH ALL MECHANICAL EQUIPMENT, CONFIRM WHETHER OR NOT EQUIPMENT REQUIRES NEUTRAL

CONDUCTOR OR NOT AS PRODUCTS ARE SELECTED. UPDATE AND COORDINATE ACCORDINGLY.
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FEEDER SIZING NOTES:
1. FEEDERS SHALL BE 4 WIRE (4W), ABCNG, UNLESS DENOTED WITH:
     "3W" WHICH SHALL BE 3 WIRE (3W), ABCG
     "K" WHICH SHALL BE 4 WIRE, ABCNG, WITH 200% OVERSIZED NEUTRAL
2. ALL FEEDERS HAVE EQUIPMENT GROUND.
3. CONDUITS INDICATED USE WORST CASE FOR EMT, IMC, RMC, RNC-40, FMC, LFMC.

3ø FEEDER SCHEDULE - CU

MARK FEEDER 4W FEEDER 3W FEEDER K

(AMP) # SETS ø & N GND C # SETS ø GND C # SETS ø #N / SET N GND C
20 1 12 12 3/4" 1 12 12 3/4" 1 12 1 8 12 3/4"
30 1 10 10 3/4" 1 10 10 3/4" 1 10 1 6 10 3/4"
40 1 8 10 1" 1 8 10 3/4" 1 8 1 3 10 1"
50 1 6 10 1" 1 6 10 1" 1 6 1 2 10 1¼"
60 1 4 10 1¼" 1 4 10 1" 1 4 1 1 10 1¼"
80 1 3 8 1 3 8 1¼" 1 3 1 2/0 8 1½"1¼"

FEEDER SIZING NOTES:
1. FEEDERS SHALL BE 4 WIRE (4W), ABCNG, UNLESS DENOTED WITH:
     "3W" WHICH SHALL BE 3 WIRE (3W), ABCG
     "K" WHICH SHALL BE 4 WIRE, ABCNG, WITH 200% OVERSIZED NEUTRAL
2. ALL FEEDERS HAVE EQUIPMENT GROUND.
3. CONDUITS INDICATED USE WORST CASE FOR EMT, IMC, RMC, RNC-40, FMC, LFMC.
4. ALUMINUM CONDUCTORS BASED ON AA-8000 SERIES ALLOY, COMPACT STRANDED CONDUCTORS, NEC TABLES 310.16 AND 5A.

3ø FEEDER SCHEDULE - AL

MARK FEEDER 4W FEEDER 3W FEEDER K

(AMP) # SETS ø & N GND C # SETS ø GND C # SETS ø #N / SET N GND C
100 1 1/0 6 6 1 1/0 1 250 6 2"
110 1 1/0 4 4 1½" 1 2/0 1 300 3 2"
125 1 2/0 4 4 1 3/0 1 350 2 2½"
150 1 3/0 4 2" 4 1 4/0 1 500 2 2½"
175 1 4/0 4 4 1 250 2 4/0 3 3"
200 1 250 4 4 1 300 2 250 3 3"
225 1 300 2 2 1 400 2 300 1/0 3½"
250 1 350 2 2 1 500 2 350 1/0 3½"
300 1 500 2 3½" 2 3" 1 600 2 500 1/0
400 2 250 1 1 2½" 2 300 2 250 1/0 3"
500 2 350 1/0 1/0

3"
2 500 2 350 3/0 3½"

600 2 500 2/0
3"

2/0 2 600 2 500 3/0 4"
800 3 400 3/0 3/0 3" 3 500 2 400 4/0 3½"
1000 3 600 4/0

3½"
4/0

3"
4 500 2 400 250 3½"

1200 4 500 250 250 4 600 2 500 300 4"

3" 2½"

3½" 3½"

2"
2"
2"
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MSB - MAIN SWITCHBOARD
DP - DISTRIBUTION PANEL
PNL - PANELBOARD
EM - EMERGENCY
OS - OPTIONAL STANDBY

XXX X # #

H - 480/277V
L - 208/120V

1 - 1ST LEVEL
2 - SECOND LEVEL
T - THEATER
R - ROOF LEVEL

# - PANEL NUMBER

1. ALL FEEDERS WILL BE SIZED ACCORDING TO "FEEDER SCHEDULE - COPPER" 
OR "FEEDER SCHEDULE - ALUMINUM" UNLESS NOTED OTHERWISE.

2. "K" RATED TRANSFORMERS WILL USE THE "FEEDER K" OF THE APPROPRIATE
FEEDER SCHEDULE

3. NOT ALL SIZES USED.

MECHANICAL EQUIPMENT COORDINATION SCHEDULE
EQUIPMENT MARK VOLT PH MCA FLA NOL HP SIZED HP DISCONNECT CIRCUIT  P/N-G-C NOTES

CHILLER CH-1 480 3 261 - - - 300A/3P, NEMA 3R, F 500-2-3 1/2" -

PANEL

MSB-1-1

BOILER BL-1 480 3 20.1 - - 30A/3P, NEMA 3R, NF 10-10-3/4" -PNL-L-1-2

AHU AHU-1 480 3 - - - -DPH-2-1

AHU AHU-2 480 3 - - - 12-12-3/4" -

AHU AHU-3 480 3 - - - -

AHU AHU-4 480 3 - - - 8-10-3/4" -

AHU AHU-5 480 3 - - - 4-10-1 1/4" -

DOAS CWP-1 480 3 16.5 8.3 10 12-12-3/4" -DPH-1-1

PUMP CWP-2 480 3 16.5 8.3 10 -

PUMP HWP-1 480 3 8.9 5.8 7.5 -

PUMP HWP-2 480 3 8.9 -

PUMP SWP-1 480 3 16.5 8.3 10 -

PUMP CBP-1 480 3 8.9 5.8 7.5 -

PUMP CBP-2 480 3 8.9 -

PUMP RFP/SMP-1 480 3 8.9 -

PUMP RFP/SMP-2 480 3 8.9 -

-

26

15

15

30

50

-

-

-

-

-

-

-

-

-

5.8 7.5

5.8 7.5

5.8 7.5

5.8 7.5

30A/3P, NEMA 3R, NF

30A/3P, NEMA 3R, NF

30A/3P, NEMA 3R, NF

30A/3P, NEMA 3R, NF

60A/3P, NEMA 3R, NF

30A/3P, NEMA 3R, NF

30A/3P, NEMA 3R, NF

30A/3P, NEMA 3R, NF

30A/3P, NEMA 3R, NF

30A/3P, NEMA 3R, NF

30A/3P, NEMA 3R, NF

30A/3P, NEMA 3R, NF

30A/3P, NEMA 3R, NF

30A/3P, NEMA 3R, NF

12-12-3/4"

12-12-3/4"

12-12-3/4"

12-12-3/4"

12-12-3/4"

12-12-3/4"

12-12-3/4"
12-12-3/4"

PUMP GWP-1 480 3 8.9 -- 5.8 7.5 30A/3P, NEMA 3R, NF 12-12-3/4"

DPH-2-1

DPH-2-1

DPH-2-1

DPH-2-1

DPH-1-1

DPH-1-1

DPH-1-1

DPH-1-1

DPH-1-1

DPH-1-1

DPH-1-1

DPH-1-1

DPH-1-1

10-10-3/4"

12-12-3/4"

PUMP GWP-1 480 3 8.9 -- 5.8 7.5 30A/3P, NEMA 3R, NF 8-10-1" DPH-2-1

PUMP GWP-1 480 3 8.9 -- 5.8 7.5 30A/3P, NEMA 3R, NF 8-10-1" DPH-2-1
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NOTES:
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BE PLACED ON CASEWORK UNLESS STATED OTHERWISE.
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KEYNOTE LEGEND
KEY DESCRIPTION

P13 MOUNT RECEPTACLE ON CATWALK HANGER. TYPICAL OF CATWALK VIEW.
P14 MOTOR CONNECTION FOR MOTORIZED REEL CONTROLING ACOUSTIC PANEL.

MOUNT TO BOTTOM OF STRUCTURE. TYPICAL OF 12.
P16 MOTOR CONNECTION FOR PROJECTION SCREEN. SCREEN IS TO BE CONTROLED VIA

PROJECTION SCREEN SWITCH LOCATED IN THE CORRESPONDING ROOM.

SCALE: 1/8" = 1'-0"1 ELECTRICAL CATWALK PLAN
SCALE: 1/4" = 1'-0"2 CATWALK ELEVATION - TYP

SCALE: NTS3 ACTIVE ACOUSTICS CONTROL
SCALE: NTS4 WALL DEVICE SPACING

SCALE: 1/4" = 1'-0"6 MAIN ELEC. AND EMERG. ROOMS 152/153 - POWER/SYSTEMS ENLARGED

SCALE: NTS5 COMPANY SWITCH CABLE PASS THRU
SCALE: NTS7 CONCERT HALL ACOUSTIC PANEL LIGHT FIXTURE MOUNTING

SCALE: NTS8 RECITAL HALL WALL PANEL LIGHT FIXTURE MOUNTING
SCALE: NTS9 THEATER STAGE LIGHTING FIXTURE MOUNTING

SCALE: NTS10 LOBBY CEILING FIXTURE MOUNTING
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TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
MAIN BREAKER SIZE: 60 A PHASES: 3 SUPPLY FROM:

MAINS TYPE: MCB VOLTS: 277/480 WYE LOCATION: EMERGENCY 153
PANEL :EM-H-1

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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31 32
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11 12
9 10
7 8
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LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: 65kA ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
PHASES: 3 SUPPLY FROM:

MAINS TYPE: MCB VOLTS: 277/480 WYE LOCATION: MECHANICAL ROOM...
PANEL : DPH-1-1

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: 35kA ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
PHASES: 3 SUPPLY FROM:

MAINS TYPE: MCB VOLTS: 277/480 WYE LOCATION: MECHANICAL...
PANEL : DPH-2-1

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: 35kA ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
MAIN BREAKER SIZE: 400 A PHASES: 3 SUPPLY FROM:

MAINS TYPE: MCB VOLTS: 277/480 WYE LOCATION: ELECTRICAL ROOM...
PANEL :PNL-H-1-1

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: 65kA ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
MAIN BREAKER SIZE: 400 A PHASES: 3 SUPPLY FROM:

MAINS TYPE: MCB VOLTS: 277/480 WYE LOCATION: ELECTRICAL ROOM...
PANEL :PNL-H-1-2

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: 18kA ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
MAIN BREAKER SIZE: 250 A PHASES: 3 SUPPLY FROM:

MAINS TYPE: MCB VOLTS: 277/480 WYE LOCATION: ELEC 129
PANEL :PNL-H-1-3

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: 35kA ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
MAIN BREAKER SIZE: 250 A PHASES: 3 SUPPLY FROM:

MAINS TYPE: MCB VOLTS: 277/480 WYE LOCATION: ELEC / COMM 254
PANEL :PNL-H-2-1

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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17 18
15 16
13 14
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LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: 35kA ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
MAIN BREAKER SIZE: 400 A PHASES: 3 SUPPLY FROM:

MAINS TYPE: MCB VOLTS: 277/480 WYE LOCATION: DIMMER ROOM 223
PANEL :PNL-H-T-1

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
MAIN BREAKER SIZE: PHASES: 3 SUPPLY FROM:

MAINS TYPE: MLO VOLTS: 120/208 WYE LOCATION: DIMMER ROOM 223
PANEL :PNL-L-T-1

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
MAIN BREAKER SIZE: 250 A PHASES: 3 SUPPLY FROM:

MAINS TYPE: MLO VOLTS: 120/208 WYE LOCATION: ELECTRICAL ROOM...
PANEL :PNL-L-1-1

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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35 36
33 34
31 32
29 30
27 28
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21 22
19 20
17 18
15 16
13 14
11 12
9 10
7 8
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3 4
1 2

LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
MAIN BREAKER SIZE: 250 A PHASES: 3 SUPPLY FROM:

MAINS TYPE: MLO VOLTS: 120/208 WYE LOCATION: ELECTRICAL ROOM...
PANEL :PNL-L-1-2

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA

41 42
39 40
37 38
35 36
33 34
31 32
29 30
27 28
25 26
23 24
21 22
19 20
17 18
15 16
13 14
11 12
9 10
7 8
5 6
3 4
1 2

LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
MAIN BREAKER SIZE: 400 A PHASES: 3 SUPPLY FROM:

MAINS TYPE: MCB VOLTS: 120/208 WYE LOCATION: ELEC 129
PANEL :PNL-L-1-3

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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29 30
27 28
25 26
23 24
21 22
19 20
17 18
15 16
13 14
11 12
9 10
7 8
5 6
3 4
1 2

LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
MAIN BREAKER SIZE: PHASES: 3 SUPPLY FROM:

MAINS TYPE: MLO VOLTS: 120/208 WYE LOCATION: ELEC / COMM 254
PANEL :PNL-L-2-1

TOTAL AMPS: 0.0 A 0.0 A 0.0 A
TOTAL LOAD: 0.00 VA 0.00 VA 0.00 VA
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LOAD DESCRIPTION BKR P CKT
NO. A B C CKT

NO. P BKR LOAD DESCRIPTION

NOTES:
NEUTRAL BUS RATING: SCCR: ENCLOSURE: TYPE 1

PHASE BUS RATING: WIRES: 4 MOUNTING: SURFACE
PHASES: 3 SUPPLY FROM:

MAINS TYPE: MCB VOLTS: 120/208 WYE LOCATION:
PANEL : PNL-L-R-1

NO. DESCRIPTION DATE
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