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I1.1

INTEGRATION EXECUTIVE SUMMARY

Atune worked  in an Integrated Project Delivery method to design  and build  the Jack H. Miller Center for Musical Arts. This process 

enabled the en! re design team to create a versi! le, sustainable building working in harmony. The team focused on innova! ve  and in-

tegrated solu! ons to the buildings’s needs and challenges in acous! cal design, performance versa! lity and  community  servicability. 

CLT PANELS

CLT ! lt-up panels form the LFRS

system, located around the 

concert hall and recital

spaces.

UNDERFLOOR 

AIR DISTRIBUTION

Condi! oned outside air is de-

livered directly to occupants in 

voluminous spaces with mini-

mal acous! cal impact. 

MOTORIZED 

ACOUSTIC PANELS

Reverbera! on panels were in-

tegrated with the BAS system to 

improve the tranisi! on of 

the panels between 

concerts.

SNOW MELT/

RAINWATER COLLECTION

Decreases structural loading and 

provides potable greywater.

ACCORDIAN 

WALLS

The accordian walls were de-

signed with glass panels to op-

! mize natural light in the space. 

This design integrates with 

the atrium space.

ROOFTOP 

AMENITY SPACE

The amenity space was de-

sign for the south side of the 

Jack H. Miller Center for Mu-

sical Arts to op! mize the use 

of the space year round.

DYNAMIC 

VIEW GLASS

Low-voltage charge au-

toma! cally reduces glare 

and solar heat gain in the 

ar! um curtain wall.

O

o
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1.0 PROJECT INTRODUCTION
The Jack H. Miller Center for Musical Arts is part of the Hope Col-

lege campus in Holland, Michigan. This 64,000-square-foot building 

is to serve as the home for Hope College’s Department of Music. It 

houses an 800-seat concert hall, a recital venue, instruc! onal spaces, 

prac! ce areas, faculty studios, recording rooms, and computer and 

piano labs. The building is situated along Columbia Avenue between 

9th and 10th street and is adjacent to railroad tracks running on the 

east side of campus. A total budget of $25 million was targeted for 

the en! re project. Atune has worked to design a solu! on that ex-

ceeds the expecta! ons for the Hope College Community to promote 

a campus culture where each person can fl ourish. 

2.0 ATUNE’S MISSION
Atune set out to generate a facility design that is not only op! mal 

for music instruc! on and performance, but also a design that falls in 

line with the Hope College strategic plan. With a mul! -disciplinary 

approach, the team was able to create an environment for curricular 

and co-curricular learning opportuni! es that advance cross-cultural 

learning and global engagement. The design of the diff erent spaces 

will allow the student’s programs to include relevant and custom-

ized experiences. Atune strives to achieve a long-life span while pro-

mo! ng programma! c elements in a way that enhance the public’s 

understanding and apprecia! on of sustainability within the building.  

While pursuing goals of the college, Atune weighed diff erent op! ons 

that allow the faculty and staff  to pursue excellence in their work and 

service to the students. Using Integrated Project Delivery, the Team 

was able to aid in Hope College’s mission while addressing building 

challenges.

3.0 PROJECT INTEGRATION GOALS
When the team members came together to accomplish a design fi t 

for the Jack H. Miller Center for Musical Arts, they saw that versa-

! lity, sustainability and harmony would be focal points during the 

process. 

3.1 Versa! lity 
The team aims to create a space that is able to change feel, sound 

and appearance for the appropriate performance type within the 

atrium, concert hall, and proposed ameni! es space.  

Above is an example of the space change Atune plans to apply to the 

concert hall (Refer to I3.2). With the future in mind, the building is 

designed to allow for growth in diff erent systems to accommodate 

expansion on and around the building.  

3.2 Sustainability 
By using cost eff ec! ve choices in the design process to lengthen lifes-

pan of equipment in hopes of reducing maintenance costs Atune 

was able to reduce the environmental impact from transporta! on 

of materials. The collabora! on between the structural and electrical 

teams helped to showcase the use of ! mber through an interac! ve 

screen in the atrium to educate occupants about the cost and envi-

ronmentally friendly decisions made.

3.3 Harmony 
Each discipline worked to provide solu! ons to their focus while as-

sis! ng in another discipline if feasible. A graph showing these rela-

! onships is shown in I2.3. This made for fewer ques! ons between 

team members and created more opportunity for collabora! on and 

crea! vity within the team. Scheduling the ! me frame for the variety 

of plans set forth was cri! cal to allow for a building that has limita-

! ons of space for work and storage. The construc! on team worked 

hand in hand with each discipline to assure that innova! ve ideas 

would be an op! on fi nancially and when it comes ! me for construc-

! on. Since the Jack H. Miller Center for Musical Arts is on the pe-

rimeter of campus, Atune saw that the façade should be a focus to 

embrace the essence of the college. 

4.0 PROJECT DESIGN CHALLENGES
The Atune team was presented with the main design challenges 

for this project being: high acous! cal performance, ! mber and en-

gineered wood structural design, and a versa! le roof-top amenity 

space. 

4.1 Acous! cs 
The most important design challenge across all of the design disci-

plines was the a' en! on to acous! cs. The Jack H. Miller Center for 

Musical Arts is designed around the performers and audiences that 
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will experience the musical concerts that Hope College has to off er. 

The design is focused on improving acous" cal quality within the con-

cert halls and providing quiet prac" ces spaces for both students and 

professors. 

To exceed the acous" cal requirements for this project it was key for 

Atune’s team to collaborate on fi nding crea" ve solu" ons that pro-

vide the acous" cal performance without limi" ng the func" onality 

of the buildings systems. Each discipline within the Atune team was 

able to integrate into this overall team goal through material selec-

" ons, system op" miza" ons and addressing it at every team integra-

" on mee" ng.

4.1.1 Reasons to Address Acous� cs 
Controlling sound emphasizes the ability to comprehend what is be-

ing communicated. In the Jack H. Miller Center for Musical Arts the 

communica" on we are focused on is the music being played and 

the receiving component whether that be a recording device, mi-

crophone, or audience. The variance of frequencies being played, 

spoken, and sung throughout the building need to be addressed in 

design through all disciplines, then with addi" onal equipment, the 

sound can be enhanced. Atune’s goal within this design was to lay 

out a plan and general calcula" ons to provide an innova" ve solu-

" on to providing acous" c equipment for the building. Respec" ve 

disciplines have accounted for these plans throughout the process of 

design by addressing the overall ideas and principles, the next step 

will be to hire a sound consultant. Sec" ons 7.1.1 and 8.2.2 further 

discuss the methods Atune used to adress this challenge.

4.1.2 Separa� on 
Since there is more than one performance room, separa" on in both 

the plan and sec" on view is required. Spaces requiring a higher 

acous" cal performance level should not be adjacent to each other 

on the same fl oor nor should they sit on top of one another. The ad-

di" on of the amenity space also plays a factor in this with its place-

ment above the faculty studios on the south side of the building. The 

placement was chosen instead of on the north, above the rehearsal 

rooms, or above the atrium on the west side of the roof.  

In  certain  areas  separa" on  was  achieved  through 

wall and ceiling assembly. This is especially important

for the Organ Faculty Studio that is below Mechanical

Room 250 and the Rehearsal rooms on the North side

of  the  building  that  share  a  wall  with  Mechanical 

Room  224. Even  though not  all rooms  are used  for

performance, to an extent  this treatment  is required 

because  separa" on  is  s" ll  important  for  prac" cing 

instruments  in  the  classrooms,  faculty studios,  and 

prac" ce rooms.

4.1.3 Flexibility 
To account for the varied type of performances in the Concert Hall, 

Atune plans to use technology to change the space shape and size. 

The team will u" lize motorized panels to accomplish this task in ac-

cordance with curtains that are used to absorb sound in certain situ-

a" ons. The panels will assist in making the room adapt acous" cally 

to the type of music being performed. This feature will provide Hope 

College with the ability to account for a variety of performances to 

present to the community and students.  

In acous" cs, bass or low frequencies are diffi  cult to control due to 

their long wavelengths. With enough power, bass will pass through 

just about anything. This means that it not only requires more energy 

to generate bass, it is a lot tougher to stop it once it gets going. High 

frequencies are much less of a problem as the shorter wavelength 

is much less powerful. The easiest way to absorb low frequencies 

is to increase the thickness of the panel. This will be implemented 

in rooms like the faculty studio percussion rehearsal. By calcula" ng 

quarter wavelength calcula" ons, predic" ng the required thickness 

of an acous" c panel becomes much easier. The density of panels 

also plays a part in the ability for a panel to absorb bass. On the 

other hand, if the panel is too dense; the high frequencies will simply 

bounce off  and refl ect into the room. Broadway panels are designed 

to do both; they provide balanced absorp" on. 

The two graphs below compare low and high frequencies at the 

same amplitude. No" ce that the longer the bass frequency contains 

more energy as depicted by the yellow area. Since more energy is in 

the sound wave, bass will be more diffi  cult to contain.

I1.3
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The math used to predict the low frequency performance of an 

acous! c panel is known as the ‘quarter wavelength calcula! on’ 

whereby the thickness of the panel is equal to 1/4 the wavelength of 

the lowest frequency plus a factor for the angle of incidence. The 

panel density plays an important role.

4.2 Wood, Timber, & Engineered Wood 
Timber is a less common commercial building material in the United 

States despite its nature as a sustainable material. While the chal-

lenge only requested a 25% swap in structural material to wood, ! m-

ber or engineered wood, Atune’s structural team in coordina! on and 

collabora! on came up with an almost 90% engineered wood build-

ing. The IPD construc! on approach used by the Atune team was key 

in this integra! on challenge. 

Coordina! on between the mechanical, construc! on, and structural 

teams ensured that the use of a ! mber structure in Michigan would 

be possible through pre-fabrica! on processes and HVAC humidity 

control. An addi! onal concern that was brought up and addressed 

in integra! on team mee! ngs was a dry-type sprinkler system to pre-

vent poten! al structural damage.

This challenge also provided a unique architectural considera! on 

in design as well due to the request for ! mber from Hope College 

to promote sustainability in construc! on and commercial buildings. 

Collabora! on with the electrical team allowed the Atune team to 

showcase certain aspects of the ! mber structure to be highlighted 

as a lesson in sustainability for the public.

4.2.1 Reasons to Address Timber Design 
Timber construc! on is one of the most renewable construc! on ma-

terials in use today. However certain design challenges are present-

ed when using this material such as defl ec! ons, minor and major 

strength axis’, as well as addi! onal design checks. 

Despite all the challenges that ! mber construc! on can present, the 

en! re Atune team recognized the advantages that ! mber provides. 

Addi! onally, proving sustainability and carbon footprint was impor-

tant to Hope College. The nearly 90% ! mber construc! on that Atune 

is presen! ng prevents 1,023 metric tons of carbon dioxide from 

emi#  ng into the air, and is renewable in 8 minutes from the forests 

in the U.S. and Canada. This is the equivalent of 775 cars off  the road 

for a year or opera! ng 387 homes for a year.

4.2.2 Advantages 
Full ! mber construc! on provides an improved construc! on ! meline 

once the materials arrive on-site. This is possible since most of the 

! mber that is called out in Atune’s structural design is prefabricated 

and brought to site. 

Another opportunity that the Atune team found for improved sys-

tem integra! on using ! mber construc! on is to u! lize 2x8 dimen-

sional lumber as the framing for all par! ! on walls. Since almost all 

par! ! on walls are roughly 14” thick due to acous! cal insula! on, us-

ing 2x8 dimensional will not impact the wall dimensions. However, 

the main decision driver for changing to dimensional lumber was the 

ability to use the scraps for the recycled ! mber acous! cal panels in 

the recital spaces, faculty offi  ces, classrooms, and prac! ce rooms. 

This has allowed Atune to successfully implement a design element 

that helps achieve two of the design challenges.

4.3 Roof Top Amenity Space 
Since the Jack H. Miller Center for Musical Arts is to be used by Hope 

College as a mul! purpose building, the roof-top amenity space pro-

vides the college with a year-round versa! le space. This space was a 

major area of collabora! on throughout the design process to ensure 

the needs of Hope College were met. The roof top amenity space is 

on the south side of the building and consists of three main areas: 

a fully enclosed and climate-controlled area with basic ameni! es, a 

dynamic enclosure space (can be climate-controlled or open), and a 

dedicated outdoor roof top amenity area.

To ensure the space can be used year-round in Michigan it was de-

cided by the team that a viable op! on for enclosing the space in the 

winter was needed while also matching aesthe! cally with the space 

in the summer. This par! cular challenge was achieved through the 

coordina! on of systems selected for the space among all of the dis-

ciplines and the inclusion of the construc! on team on the fi nal deci-

sions to ensure that this part of the project could be achieved with 

the expecta! ons of Hope College for the construc! on schedule and 

budget. (Refer to I3.5)

4.3.1 Weather Challenge 
To ensure the space can be used year-round in Michigan, it was de-

cided by the team that a viable op! on for enclosing the space in the 

winter was needed while also matching aesthe! cally with the space 

in the summer. The Atune team decided that accordion glass doors 

would provide the amenity space with the dynamic solu! on needed 

to keep the roof-top space usable in the winter. In addi! on to the 

accordion glass doors, the Atune team worked to implement a com-

posite deck ! le for the por! on of the roof-top amenity space that 

will always be outdoors. These roof/deck ! les easily interlock creat-

ing a uniform fl oor, while also improving all future maintenance of 

the roof structure and the slab-melt system in the amenity space.
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4.3.2 Open Area Designs 
Based on Hope Colleges’ goal of the roof-top space to be used for a 

variety of social events, fundraisers, and recep! ons for both the col-

lege and the city, Atune incorporated several key items in the design 

of the space. In the fully enclosed area, the design team focused on 

basic ameni! es and services that could be provided during events/

recep! ons. The fi rst focus was con! nuing the bathrooms and chases 

up from the 2nd fl oor to reduce the complexity of the mechanical 

systems. Secondly, a catering kitchen was added on the southwest 

corner of the space to allow for the op! on to serve a full meal, off er 

cocktails and hor d’oeuvres, or anything in-between.  

In the dynamic enclosure space (the area that is separated by the ac-

cordion glass doors) there is a built-in serving area that can be used 

in conjunc! on with the catering kitchen. This space is also where any 

tables and chairs would be setup. Addi! onally, there is space if there 

was ever a need to setup a mini-stage if there is a fundraising event 

or other form of a func! on that requires live music.

The fi nal area is the dedicated roof top space. This outdoor area is 

sec! oned off  from the rest of the roof, which sets the space apart as 

a stand-alone area. To help improve the architectural design as well 

as provide the best view the surrounding area, a 4’ glass wall parapet 

was included on the exterior of the roof top amenity area. 

4.3.3 Egress 
Since the roof top amenity space is to be used for events and recep-

! ons it was crucial for the Atune team to ensure the space was easily 

accessible and had plenty of exits for life safety. Egress and acces-

sibility were a key aspect of the decision to place the amenity space 

on the south side of the building. 

The elevator in the lobby that con! nues to the second fl oor was eas-

ily incorporated with the amenity space and was extended up one 

more fl oor to allow ADA accessibility to the event space. In addi! on 

to the elevator a second stairway 

was added on the east side of 

the elevator to connect the 

amenity space to the second 

fl oor. 

For proper egress, a second 

stairway was needed on the 

far east side of the amenity 

space. Since there was already 

a stairway located from the 

fi rst fl oor to the second fl oor on the east side of the building, the 

Atune team chose to con! nue the stairway up one more story to 

also serve the amenity space.

5.0 DESIGN INFLUENCES
The design present-

ed by Atune is fo-

cused on the needs 

of Hope College. 

It was important 

for the Atune team 

to understand the 

expecta! ons and 

goals of both Hope 

College and Hol-

land, MI. I3.1

5.1 Owner and Stakeholders 
The Hope College community of students, faculty and staff , admin-

istra! on, alumni, parents and trustees have a strategic plan for the 

college that we considered when designing the Jack H. Miller Center 

for the Musical Arts. 

Academics, Chris! an forma! on, global engagement, community, 

reputa! on and infl uence, and value were the key goals associated 

with the strategic plan. Since the Jack H. Miller Center is to be used 

for classes as well as performances, we kept the goals of the college 

in mind. 

Value, reputa! on and infl uence, and academics were strongly con-

sidered in the solu! ons presented for the ! mber and roof-top ame-

nity space design challenges. These innova! ve and quality solu! ons 

help set Hope College apart and achieve the 2025 strategic mission.

5.2 Community 
Hope College is highly involved with community of Holland, MI and 

therefore it was key for Atune’s team to take the community’s infl u-

ence into considera! on as well. Since the Jack H. Miller Center is a 

building that will be used for the community as well as the college, 

the ! mber construc! on and the roof-top amenity spaces are fea-

tures that will showcase the Hope College and Holland communi! es 

as well as provide a useful space for them to use for years to come.

6.0 DESIGN FACILITATION & COMMUNICATION
To improve the quality of communica! on and coordina! on within 

the team, Atune u! lized available ! me and technology to eff ec! vely 

plan out the work load.  

6.1 Decision Making 
Atune focused on making decisions for each discipline that took our 

three team goals into considera! on: versa! lity, sustainability, and 

harmony. Each integrated piece was chosen while comparing op-

! ons we researched looking for the big ideas we wanted to focus 

on for mechanical, electrical, structural, and construc! on design. A 

decision matrix assisted in this process and brought the team to-

gether early on to choose sub categories that were used for each dis-
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cipline’s choices throughout the development of ideas. The decision 

matrix was o! en referenced to confi rm that design was moving in 

the correct direc# on that aligned with our original goals. Refer to I2.1

One aspect that was talked about early on was the relevance of LEED 

and WELL Standards. It was decided that cer# fi ca# on was not neces-

sary for our design to exemplify sustainability. Refer to I2.2

6.2 Collabora� ve Environment / Team Building 
The success of this project was dependent on the collabora# on 

amongst our team. That is why Atune chose to form under the IPD 

design and construc# on approach.  

6.2.1 Inter-Disciplinary Collabora� on 
Due to the nature of this design challenge and IPD approach, the 

Atune team met twice a week for integra# on team mee# ngs. These 

team mee# ngs discussed overall system integra# on as well as design 

decisions that needed full team approval.  

In addi# on to the set integra# on mee# ngs, the Atune team also 

met with inter-discipline mee# ngs that did not include the full team 

when specifi c system design highly eff ected mul# ple disciplines. Ex-

amples of this can be found with the placement of the under-fl oor air 

distribu# on and Pavegen # les. 

6.2.2 Intra-Disciplinary Collabora� on 
The disciplines all meet at least twice a week for focused mee# ngs 

on their specifi c system designs as well as to determine what deci-

sions and informa# on were needed from other disciplines. 

6.3 Communica� on
A key part to success in every team se&  ng is establishing eff ec# ve 

means for communica# on. This helped each team member to know 

their role and foster trust for a posi# ve environment. 

6.3.1 Team Planning 
From the beginning of the project, forming deadlines was a priority 

for Atune. Each month, the team went back to evaluate progress and 

make changes to the schedule in the eff orts to assist in moving dead-

lines forward. By defi ning short- and long-term goals for the proj-

ect, each discipline was able to take overall goals into considera# on 

when achieving their own objec# ves. 

Monthly presenta# ons were 

given to the advisors and other 

team members to keep all par-

# es up to date on the progress 

being made and to re-evaluate 

upcoming tasks. These gave the 

students the opportunity to re-

ceive immediate feedback on the 

decisions they were making. 

6.3.2 Digital Communica� on 
The team looked at long term and short-term planning when it came 

to be accommoda# ng each member’s schedule. To manage each 

member’s availability, class and work schedules were shared in a 

team calendar early on to prevent unnecessary confusion. The uni-

versity email accounts made coordina# on through Outlook Calendar 

readily available to the team. This way, prior mee# ngs and commit-

ments for school no# fi ed members when certain # mes would be un-

available.  

Microso!  OneDrive was used as a data base for the team to store 

fi les and share ideas throughout the project. A fi le naming conven-

# on was established and set up for each team so that members from 

other disciplines would easily be able to navigate through folders to 

fi nd informa# on in an effi  cient manner. Refer to the Digital Commu-

nica# on Graphic.

7.0 VERSATILITY WITHIN THE BUILDING
Atune focused on collabora# on between disciplines to broaden the 

func# onality of spaces throughout the design process.  

7.1 Space Use 
The challenge to allow spaces to be used for a mul# tude of perfor-

mance types stressed the importance of crea# ve ideas being imple-

mented into the design of large areas of the building.  

7.1.1 Motorized Panels 
Hope college asked for a versa# le concert hall to entertain mul# ple 

diff erent performance types, therefore Atune decided to use motor-

ized acous# cal panels. The panels will be made of sound refl ec# ve 

fabric contrary to the sound absorbent material used for the cur-

tains. The panels will be located on the wall behind the sound absor-

bent curtains and will move into the space to reduce the volume of 

the room.  Refl ec# ve fabric panels will also be located on the ceiling 

and drop down to help reduce the volume of the space and decrease 

the reverbera# on # me of the space. Atune is choosing to decrease 

the volume and decrease the absorp# on coeffi  cient of the space to 

adjust reverbera# on # mes. Thus, enabling the concert hall to be ad-

justed for amplifi ed concerts that require absorbent surfaces to pri-

vate ensembles that require refl ec# ve surfaces for a higher quality of 

sound. Please refer to the suppor# ng document for detailed calcula-

# ons and informa# on. 
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The motorized curtains and panels will have fi ve preprogrammed 

se"  ngs, controllable through a password protected control panel 

in the control room. These se"  ngs will be preset by the acous# c 

consultant. The system will have an override func# on for more cus-

tomizable performances but will require an addi# onal password to 

minimize user malfunc# ons. The control panel schema# c is pictured 

below. Refer to the suppor# ng documents for an in-depth descrip-

# on of the fi ve available se"  ngs. (I3.2)

7.1.2 Educa� onal Spaces 
Although the design of the building primarily focuses on the musical 

accommoda# ons, the use of the building will mainly be for educa-

# onal purposes. Sea# ng in the corridors will serve as collabora# on 

spaces for the students. The lockers that line the halls will be used 

to store instruments when they are not in use. Since there will al-

ways be instruments in the building, keeping humidifi ca# on levels 

between 45 and 55% is of high importance (see M3.5). Each room 

has been designed to meet acous# cal standards outlined on I3.2.

Another aspect that Atune focused on was educa# ng the public on 

the sustainable a$ ributes of the Jack H. Miller Center for Musical 

Arts. People are more likely to prac-

# ce sustainability if they are educat-

ed about the subject. The electri-

cal team worked closely with each 

discipline to display the informa-

# on relevant to these sustainable 

eff orts.  The decision was made to 

place an educa# onal display in the 

atrium, centered on the west wall of 

the performance hall.  This central-

ized loca# on will allow the building 

occupants to see the display while 

traveling through the building.  The 

display will have a live feed from 

the building’s servers; displaying precisely how much energy is being 

saved by the effi  cient mechanical design and how much energy is 

being produced by the renewable sources on site.  Also incorporated 

in this display will be the benefi ts of sustainable structural design 

and how the construc# on of the building benefi ted from use of local 

materials to decrease the overall transporta# on of materials for the 

project.  In addi# on, the display will off er relevant informa# on to 

upcoming shows and events that the occupants can refer to.

7.2 Cross Discipline Benefi t 
Atune made an eff ort to ensure that each exper# se benefi $ ed the 

others in at least one way. The early forma# on of ideas helped the 

teams to check in with each other and reference team goals. 

7.2.1 Façade Hydronic Mullions 
The mechanical team chose hydronic mullions when entertaining 

system types that would address the large envelope load of the cur-

tain wall in the atrium. The acous# c and aesthe# c benefi ts (refer to 

Mechanical Sec# on 7.5) of the system proved more applicable to 

the space than other op# ons (refer to Mechanical Matrix M2.1). The 

hydronic mullion piping assists in reducing the envelope load that 

enters the space by absorbing or delivering heat at the façade. The 

mullions provide 1/3 of the total sen-

sible load to the space. In addi# on, the 

view glass chosen by the electrical team 

showcases the front of the building by 

reducing glare while also reducing the 

mechanical load in the Atrium (7.4.4). 

The electrical and mechanical teams 

coordinated closely with each other to 

integrate the view glass, which requires 

a low voltage connec# on to each pane, 

with the hydronic piping concealed in 

the mullions, which requires a pipe in 

the mullion as well as a layer of insula-

# on between the pipe and the build-

ing’s interior por# on of the mullion. This 

design decision, in conjunc# on with the 

radiant slab being implemented in the 

atrium, allowed for the team to be able 

to only have to implement forced air via 

the underfl oor ven# la# on air. The UFAD 

system itself is quieter than tradi# onal forced air systems, therefore 

combining the UFAD and the silent 

slab and mullion hydronic condi-

# oning lead to very advantageous 

acous# cal benefi ts for the atrium 

space that will make it more adapt-

able for a variety of possible uses. 

This design decision also integrates 

very well with the curtain wall ar-

chitectural feature as it is visually 

concealed within the mullions, but 

s# ll func# ons mechanically to help 

condi# on the envelope load at the 

source. 

7.2.2 Lowering the Slab
Early coordination allowed Atune to lower the building slab in ar-
eas that assisted the Electrical and Mechanical systems distribu-

 tion. Electrical conduit and fl oor boxes are easily  routed beneath 
the raised fl oor. Rooms AV Rack 131 and Telecom 141 benefi t from 
a lowered slab and raised fl oor system for organized cable manage-
ment around the equipment present. The electrical team was also 
able to implement their kinematic power generation technology,
Pavegen, (reference electrical 6.1.2) easily into the lowered slab 
secction in the corridors near the atrium. Ductwork was granted am-
ple clearance for underfl oor air distribution below the raised fl oor, 
allowing more eff ective delivery of ventilation air. By lowering the
slab in the Recital, Orchestral Rehearsal, and Choral Rehearsal ar-
eas Hope College will have added fl exibility of the room programs 
in the future. The elec-
trical and mechanical 
infrastructure below 
the fl oor can be recon-
fi gured more readily 
than a more conven-

 tional scheme in the 
ceiling plenum.

I1.7
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7.3 Amenity Space 
As an addi! onal element, Atune priori! zed innova! on in the ame-

nity space to account for the year-round use while s! ll u! lizing ar-

chitectural elements and system choices for the rest of the building.  

7.3.1 Accordion Walls 

An accordion wall made from glass panels were chosen to allow nat-

ural light in the space to mimic the architecture in the atrium. This 

will also allow for the feel and look of the space to remain constant 

throughout the course of the year when the weather will not allow 

for an open fl oorplan to the outside. Having the wall will prevent 

precipita! on from disrup! ng the underfl oor air distribu! on system 

and allow for the snowmelt system to s! ll be used outside. (refer to 

M3.5) 

7.3.2 Loca! on 
The Southern loca! on allowed for use on the roof of the amenity 

space to be used for more solar panels. The south facing windows on 

the exterior face of the amenity space will allow for natural daylight 

throughout the whole year. The other loca! ons that were discussed 

was the space above the atrium on the west side of the buildingand 

on the north side of the building above the rehearsal spaces and 

Mechanical Room 224. A visual is provided to see the comparison 

of these areas on I3.2. We compared the area of each space and 

decided that having a larger area was more important and avoid-

ing the space above rehearsal rooms would have less acous! c con-

cern. Spanning two exis! ng staircases to be used as means of egress 

proved to be a be# er op! on instead of addi! onal design and con-

struc! on costs for a new stair case. The la# er op! on would result in 

taking away space from the building owner that was already in use.

8.0 SUSTAINABILITY ACROSS DESIGN
Atune was focused on providing a sustainable design for the Hope 

College and Holland community. The design selec! ons disscussed in 

this sec! on cover that.

8.1 Façade
The exterior of the building implements innova! on from each disci-

pline while avoiding interrup! on in the aesthe! c elements that exist 

within the architectural design.

8.1.1 View Glass
View Dynamic Glass was selected to be the glazing system for the 

curtain wall in the Atrium.  This low-voltage system consists of con-

nectors that charge an electrochromic coa! ng on the interior surface 

of the outermost pane of glass.  When charged, the coa! ng can ! nt 

to four dis! nct levels, dras! cally reducing the glare and the amount 

of solar heat gain to the west facing curtain wall.  In addi! on, the 

View Dynamic Glass selected consists of a triple pane construc! on, 

with a U-value of 0.14, reducing the amount of heat gain in the sys-

tem. (Electrical Sec! on 7.2)  As a result of this system, the HVAC load 

was reduced 49%, allowing the mechanical team to decrease their 

DOAS unit serving the area. 

In order to connect each sec! on, a 15” pigtail connector will be rout-

ed around through the mullions, avoiding direct contact with the 

piping for the hydronic system.  In order to ensure a long-life, these 

connec! ons shall be weatherproofed, in the event of a pipe burst 

within the mullions.

8.1.2 Roof Space U! liza! on 
Atune saw opportunity to u! lize the available roof area to aid in sus-

tainability, in addi! on to the roof’s func! on of providing the area 

for an amenity space for events and gatherings. The mechanical and 

structural teams worked together to design a system within the roof 

slab that will melt the snow for easier drainage to the rainwater col-

lec! on system while also suppor! ng the solar panels used by the 

electrical team. For the snow melt slab, coordina! on was required 

between the mechanical, structural, and construc! on teams to route 

glycol piping through the concrete roof slabs (see Mechanical 7.4.7). 

This will be achieved by u! lizing prefabricated sec! ons of pipe that 

can be placed and set before the concrete slab is poured. The me-

chanical team coordinated with the construc! on team to ensure that 

the construc! on was viable (see Construc! on 7.3) and coordinated 

with the structural team to ensure the roof slab depth was struc-

turally adequate despite the volume of space the piping occupies 

(see Structural 6.7). This coordina! on provided ease of drainage of 

the melted snow, which will reduce the wear on and increase the 

lifespan of the structural roof assembly while enabling more rainwa-

ter to be collected via the roof drains and used in the building (See 

Plumbing 8.5). In addi! on to housing the glycol piping, the roof slab 

will also support the solar array occupying most of the roof. The PV 

panel loca! ons were coordinated as to not interfere with the ame-

nity space while s! ll achieving the desired solar capture, which will 

supply about 20% of the building’s electrical needs (refer to Electrical 

6.1.1). The inter-workings of the solar panels, roof slab, and snow 

melt/rainwater collec! on system required early a# en! on to coordi-

na! on, but each proved to benefi t the fi nal design as they enabled 

the building to consume less electricity and water long term, thereby 

reducing long term u! lity costs and environmental impact. 

8.2 Timber Use 
The structural team played the largest role while tackling the chal-

lenge for construc! on with ! mber. Coordina! on with other disci-

plines allowed for further use and implementa! on of the material.
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8.2.1 Atrium Structure 
Instead of showcasing ! m-

ber use in the architectural 

component through wood 

paneling, the team has de-

cided to expose the zipper 

truss aspect of the structural 

design. The zipper truss also 

provides acous! c insula! on 

for the building. This aspect will also help educate the occupants of 

the building about the structure’s make-up as soon as they enter.  

8.2.2 Recycled Acous! c Panels 
Since the building is approximately 90% ! mber, the team wanted to 

showcase the u! liza! on to occupants by incorpora! ng the ! mber 

into the fi nishes of the building. Atune will use the scrap material 

from the construc! on site to design quadra! c residue diff users (QRD) 

in the faculty studios and classrooms to prevent sound from leaking 

into adjacent rooms. The frequency that the panels are designed to 

correlates with the dimensions of the space and what the space is 

being used for. Since each of the faculty studios have roughly the 

same dimension, the same panel design will be implemented into 

each of the rooms. The classrooms will have a diff erent design made 

with the same method used for the faculty studios.  The design and 

calcula! ons for the panels can be found (I3.3). The basic idea is that 

wavelegths are calculated and QRD are designed to allow octaves to 

meet eachother when they are refl ected. Below is a sec! on of a QRD.  

The contractors will implement a dedicated waste wood bucket 

while cu&  ng interior non-structural members that are being con-

structed on-site. The structural team debated changing the original 

decision of using cold form steel for the stud walls in the building to 

! mber. Research proved that it would be possible to keep the same 

wall thickness while being able to further improve the carbon foot-

print, therefore allowing the acous! c panels to be made from on-site 

scraps. The recycled pieces of wood will be shipped off -site for man-

ufacturing at the end of each week during the construc! on period.  

A majority of the building will u! lize QRD to a' enuate sound. In a 

studio it is essen! al to balance the absorp! on throughout the au-

dio range so that the recording will translate well onto other audio 

systems. In this case, the goal is to create a neutral listening environ-

ment. The faculty studios will be used to primarily prac! ce with pro-

fessors in a small reserved space. QRD panels will be placed so that 

they are able to reduce the amount of echo in the room. Flu' er echo 

is mostly cause by refl ec! ve parallel surfaces that allow the echo to 

sustain itself. Reducing fl u' er echo is easily done by placing panels 

on opposing parallel walls in such a way that the echo cannot sustain 

itself. A mixture of lecture and prac! ce / demonstra! on will be in 

the classrooms and a' enua! on between the adjacent rooms is de-

sired to keep from distrac! ng students and instructors. Each of these 

rooms require absorp! on of sound to be fully taken advantage of. 

9.0 HARMONY ACROSS DISCIPLINES
Team mee! ngs and technology allowed for ongoing collabora! on. 

Some elements the team emphasized in are in the following text. 

9.1 Floor Construc! on 
The high ceilings throughout the building foreshadowed high main-

tenance costs and construc! on complica! ons. Making addi! onal 

space within the fl oor to house systems that would typically lie 

within the ceiling proved to be benefi cial for mul! ple disciplines. The 

structural team was able to assist the mechanical and electrical disci-

plines with a more dynamic design. 

9.1.1 Under fl oor Air Distribu! on 
Structural SIP walls do not allow for electrical penetra! ons larger 

than 1 ½” and the raised fl oor. A benefi t of a raised fl oor is it will act 

as a chase for not only mechanical distribu! on means but also allow 

for electrical and plumbing runs underneath the fl oor. Low velocity 

air at occupant level that addresses the acous! cal performance in 

the space. 

9.1.2 Frost Protec! on
Atune’s structural team iden! fi ed the opportunity to employ frost 

protected shallow foo! ngs around the perimeter of the building. The 

use of frost-protected foo! ngs has reduced the required depth of 

the grade beam founda! on design by 6”, which reduces the amount 

of concrete needed for the building. 

In addi! on to the reduc! on in the volume of required concrete, the 

use of frost-protected founda! on reduces the amount of formwork 

used by the construc! on team. The connec! on of the concrete to 

the rigid insula! on occurs from the concrete bonding to the insu-

la! on during the curing process. This requires the rigid insula! on 

on the exterior face of the grade beam or foo! ng to be used as the 

formwork. 

Finally, the use of frost protected foo! ngs reduces the amount of 

heat lost from the building through the ground and founda! ons. This 

thermal effi  ciency results in a reduc! on of the sensible loads on the 

mechanical systems. For more informa! on on the design of the frost-

protected shallow foo! ngs see SXXX. 

9.2 Prefabrica! on 
Due to a series of complex systems, prefabrica! on eff orts will be 

implemented for a variety of mechanical, structural and electrical 

systems. Prefabrica! ng some of the elements of the Jack H. Miller 

Center for Musical Arts will allow the construc! on team to spend 

less ! me on site, with improved effi  ciency and safety ra! ngs. Con-
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struc! ng elements off  site allows the laborers working to focus on 

fewer tasks which makes them more produc! ve, eff ec! vely helping 

to reduce costs. (refer to Construc! on 7.3) The same can be said for 

those employees installing the elements on site. Tasks that were 

completed off  site are tasks that do not need to be worried about on 

site which means the laborers on site can focus on a smaller number 

of tasks which in turn, improves produc! vity and reduces cost.

9.2.1 Structural Systems 
The majority of our structure is made from wood which provides a 

signifi cant opportunity for off -site prefabrica! on. Elements of the 

trusses and the carbon fi ber wrapped columns can be prefabricated. 

In addi! on, the cross laminated ! mber panels that will make up the 

walls and fl oors of the building can be built before they arrive to the 

site.  

9.2.2 Mechanical Systems 
The variety of innova! ve mechanical components allows for a de-

cent amount of integra! on between the construc! on and mechani-

cal teams. We have plans to prefabricate the hydronic runs that will 

be servicing the radiant slab, ac! ve chilled beams, and the hydronic 

mullions. The piping runs for the roo% op snow melt system can be 

constructed off  site as well as piping runs for the standard plumbing 

system. Addi! onally, sec! ons of the ductwork and sprinkler pipe will 

be prefabricated.

9.2.3 Electrical Systems
Typically, electrical panels and conduit runs will be prefabricated 

however, the use of ethernet cable in our design eliminates the need 

for approximately 50% of the conduit runs and signifi cantly reduces 

the number of panels required. There are only 6 panels throughout 

the building which the construc! on and electrical teams decided 

was not enough to worry about prefabrica! ng.  However, the solar 

panel racks can and will be prefabricated to help reduce the large 

number of manhours the installa! on of the solar panels will take. 

We also intend to prefabricate the conduit runs used in the building.

9.3 BAS
Atune decided to implement an ar! fi cial intelligent building automa-

! on system to unite all the systems. Electrical engineers es! mated 

the cost to build an onsite ar! fi cial intelligent system at Hope Col-

lege. With a projected 90 servers each cos! ng roughly $34,500 the 

baseline es! mate would quickly approach three million dollars. 

This es! mate did not include the space and equipment needed to 

maintain the system that would have addi! onal cost. Consequently, 

Atune decided to explore external and established systems. This de-

cision led to fi nding IBM’s Watson. Watson is a combina! on ar! fi cial 

intelligent (AI) system and machine learning (ML) system. It analyses 

masses of data and uses the informa! on to answer ques! ons. 

The Jack H. Miller Center for Musical Arts will be one of the fi rst 

buildings to implement a combina! on AI and ML pla* orm to manage 

the building. Data will be retrieved from sensors across all disciplines 

including, occupancy sensors, photocells, temperature sensors, hu-

midistat and duct pressure sensors. More data will be collected using 

occupant inputs from room schedulers and the buildings IoT plat-

form. Watson will analyze data in real ! me and seek answers to pre-

determined func! ons such as system effi  ciency and occupant com-

fort. Atune engineers will work closely with IBM engineers and Hope 

college representa! ves to ensure eff ec! ve commissioning.  (refer to 

Electrical 8.3.2)

An example of Watson’s mul! -disciplinary integra! on are the room 

schedulers to be implemented in all occupied spaces. The room 

schedulers will be used to reserve rooms in advance through the 

building’s IoT pla* orm. Upon reserving the room, the occupant will 

be asked for a desired temperature and the es! mated occupant load 

during the reserva! on. Watson will take this data and compare the 

set point, occupant loads, u! lity rates and expected weather for the 

reserved day and ! me. It will then analyze the best ! me to start pre-

cooling or hea! ng the room to provide the most effi  cient and cost-

eff ec! ve scenario. Addi! onally, the system will use the occupancy 

controls in the room to determine if the room is in use at the ! me 

of the reserva! on. Once the room establishes vacancy, the room will 

end the reserva! on and prepare for the next reserva! on or close the 

dampers and valves serving the radiant and latent loads in the room. 

This enables for faster and more effi  cient room reserva! ons and 

building produc! vity. This is a cri! cal issue for the Jack H. Miller Cen-

ter because an es! mated 127 performances are an! cipated a year.

10.0 LESSONS LEARNED
While in school, the team has been taught the importance of de-

signing aff ordable, sustainable, and effi  cient systems for owners. 

This project has given us the realiza! on that innova! ve design can 

be produced without the extra cost that it always seems to associate 

with. Planning ahead with each party involved (electrical, mechani-

cal, structural, construc! on, and owner) can help push the innova-

! on towards success, even though it may be an itera! ve process. The 

team made changes to calcula! ons on mul! ple counts a% er going 

through integra! on mee! ngs and re-evalua! ng prior choices made. 

In the beginning it felt repe! ! ve and unnecessary but being able to 

confi dently present aspects of fi ndings to the rest of the group was 

worth having to overcome complica! ons. 

Over the past few months the team has learned a lot about the in-

dustry, but more about how to overcome obstacles and complete 

tasks while working with and helping each other along the way. Com-

munica! on was an important aspect of success throughout the jour-

ney. Trial and error using diff erent technology to weigh decision mak-

ing occurred early on. Learning about each other’s planning methods 

helped when it came to team collabora! on mee! ngs to effi  ciently 

come to agreement. One of the hardest lessons to learn was that 

it’s okay to fail. The important thing for the team was to fi nd the 

mistakes in previous decisions made, fi x them and move forward to 

fi nd a solu! on.

11.0 CONCLUSION
Atune was able to design a building with innova! ve, sustainable 

systems to sa! sfy the necessi! es of the College and Community. In 

the end, Atune was able to reduce the energy consump! on of the 

building by 25% at a fi nal cost just over 25 million including the add-

alterna! ves to sa! sfy the project challenges in 30 weeks.
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INTEGRATED DECISION MATRIX

Atune began the design process by selec! ng three 

design drivers: harmony, sustainability, and versa! li-

ty. The team created a decision matrix to ensure that 

the design drivers were considered in every design 

decision made. The decision matrix below was used 

to select systems that op! mized integra! on through-

out the Jack H. Miller Center for Musical Arts.

DECISION MATRIX & SYSTEM SELECTIONS

COLLABORATIVE SOFTWARE 

Atune began the design process by selec! ng three design drivers: harmony, sustainability, and versa! l-

ity. The below so" ware was u! lized for modeling and collabora! ng design ideas within the Atune team. 

Bluebeam and Revit were essen! al in visually conveying the fi nal developed design. This graphic shows 

the key so" wares that each discipline individually used to create the fi nal unifi ed design.
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LEED Design

The Atune team has decided to not pursue LEED Pla! num accredi-

a! on at the ! me of construc! on. Accredida! on costs can add up 

quickly, therefore instead of removing sustainable aspects of the 

system designs, Atune is providing all of the documenta! on from 

the engineers and contractors to Hope College at ! me of building 

comple! on. This documenta! on will allow Hope College to more 

easily purchase accredida! on in the future if they choose.

Atune designed the Jack H. Miller to achieve LEED Pla! num. 

Since sustainability is important to Hope College, the Atune team 

focused on engineering green system designs and evalua! ng how 

the design and construc! on process could reduce the carbon 

footprint of the building.

Holland, MI, has the opportunity for regional credits for aspects 

of design that incorporate on-site renewable energy, stormwater 

design (quality control), light pollu! on reduc! on and innova-

! ve wastewater technologies. Atune’s engineering design team 

achieved these four regional credits through the photovoltaic 

array on the roof, greywater collec! on, and mesopic mul! pliers in 

ligh! ng design.

For  detailed informa! on on all of Atune’s sustainable design sys-

tems, refer to the structural, mechanical, and electrical narra! ves.

LEED DESIGN GOALS
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The team developed a system selec! on fl owchart to jus! fy 

system selec! on choices based on the added value for 

another system of the trade off  of integra! on between the 

disciplines.

The fi rst column established the systems that required 

specifi c design coordina! on with 2 disciplines. The circular 

arrows indicated both disciplines benefi t while the set of 

3 nested arrows indicate only one discipline saw added 

benefi t.

Columns 2 and 3 show the 2 disciplines involved based on 

color with a brief descrip! on of the involved systems. The 

arrows in between show which discipline is providing the 

addi! onal coordina! on for the other disciplines benefi t. 

Arrows in both direc! ons indicates both systems benefi t-

! ng as well.

INTEGRATED SYSTEM DECISION FLOWCHART

Communica! on was vital to the IPD approach and success-

ful integra! on of the Atune team. The system integra! on 

fl owchart was very helpful for the team to have a complete 

comprehension of the full project.



ATUNE
INTEGRATED

SUPPORTING DOCUMENTS

AEI TEAM 7-2019 I2.4

COLLABORATION MODEL - PROJECT CHALLENGES

ACOUSTICAL CHALLENGE

TIMBER CHALLENGE

ROOFTOP AMENITY CHALLENGE

TIMBER FOR ACOUSTICS

The use of CLT walls, CLT com-

posite fl oors and glulam framing 

members improve the overall 

acous" cal a# enua" on of the 

building.

AIR DISTRIBUTION/

HYDRONICS

Underfl oor air distribu" on 

is a quiter system, which is 

ideal in the concert hall and 

recital spaces.

COMPOSITE FLOOR 

SYSTEM

The implementa" on of a compos-

ite CLT and concrete fl oor system

achieves the spans in the Jack

H. Miller Center for Musical

Arts.

CATERING SPACE

A catering kitchen equipped 

with the essen" als was located 

above the second fl oor mechani-

cal room. This feature increases 

the variety of events the 

amenity space can 

entertain.

IBM WATSON

U" lizing building monitoring 

and room requests, the building 

monitoring system can precon-

di" on the amenity space. This 

increases the versa" lity of the 

space.

QRD PANELS

Acousitcal panels for the faculty 

offi  ces and student 

classrooms.

MOTORIZED PANELS

In the concert hall, the use of 

motorized panels improves the 

versa" lity of the space. These 

panels improve the acous" cal 

perfomance in the 

concert hall.

CLT WALLS

Cross laminated " mber " lt-up 

walls improves the constructabil-

ity of Atune’s structural system.

The CLT wall design op" mizes the 

CLT capacity to act as the 

lateral and gravity 

systems.

CATERING SPACE

A catering kitchen equipped 

with the essen" als was located 

above the second fl oor mechani-

cal room. This feature increases 

the variety of events the 

amenity space can 

entertain.

ACCORDIAN WALLS

The glass accordian wall 

increases the versa" lity of the 

roo% op space during the warmer 

months. The adaptability of the 

wall allows the roo% op 

amenity space to vary.

CARBON FIBER WRAPPED 

GLULAM COLUMNS

U" lizing the composite ac" on 

between " mber and carbon 

fi ber,reduces the required col-

umn size in the atrium. This 

maintains the openess of 

the space.

POE

Power over ethernet reduces 

the penetra" ons needed by the 

electrical team. By u" lizing fewer 

wall penetra" ons for conduit the 

acous" cal performance is 

improved.

COR

cor
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DESIGN INFLUENCES

Atune kept the focus of the design on the needs of Hope College. Atune worked with Hope
College to define the long term goals of the college for the students, faculty, and other
stakeholders in Hope College's success. The 2025 goals of Hope College are focused around
academics, community, and global engagement. 

After conversations with Hope College,  Atune made a word cloud to serve as a visual
reminder for the team as they went through the design processes.

The community involvement is important to Hope College, which is why the roof top
amenity area is designed to provide a space the college and community for a variety of
events.

IPD Design Benefits

The collaborative efforts from the owner, engineers, and contractors in IPD allows for
optimization of the project results. The sooner designers and contractors are involved in the
planning process allows for a higher chance of benefiting the overall project cost while
intercepting the issues early on. The graph below shows that the Integrated Project Delivery
method allows for more issues to be addressed early, before the project cost is solidified.
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The Atune team worked from a single office
space to ensure that design and construction
questions could be quickly answered. A total of
11 workstations were available to the team.
Each of the workstations came equipped with all
of the software programs used by the entire
team. This allowed for individual team members
to move around the room and sit next to the
disciplines that they needed to collaborate with
that day. 

The office space was selected because of the
available workstations and collaboration space.
Additionally, this workroom had two walls of
windows which increased the amount of natural
light that entered the space. Based on studies
done and the team's experience, the addition of
windows to the workspace improved overall
team productivity by up to 50%.
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The budget was evaluated on scales with and without the project challenges
considered. The Base Bid is $19,367,030 total. The Base Bid with Alternates is
$25,080,063. 
   

Pre-schematic
Phase

Schematic
Design Phase

Design
Development

Phase

Construction
Document

Phase

Bidding and
Negotiation

Phase

Construction
Phase

Planning Designing Procurement Construction

Ability to Impact Cost Cost of Design Challenges

IPD Design
Effort

Typical
Design
Effort

C
os

t a
nd

 A
bi

lit
y 

to
 C

ha
ng

e

0%

100%



Scale

Date

AEI Team No.

Jack H. Miller 
Center for Musical 

Arts

I3.2

Acoustics

Issue Date

Project Number

OCTAVE BAND ANALYSIS

 NC/ RCb dBA dBC

CLASSROOMS MUSIC TEACHING STUDIO 25 30 55

REHEARSAL RECITAL HALL 20 25 50

CONCERT CONCERT HALL 20 25 50

FACULTY STUDIO MUSIC PRACTICE ROOM 30 35 60

ATRIUM LOBBY 40 45 65

APPROXIMATE OVERALL SOUND PRESSURE LEVEL

DESIGN GUIDELINES FOR HVAC RELATED BACKGROUND SOUND ROOMS

CLASSIFICATIONROOM TYP.

Atune proposed the idea to install motorized acoustical panels in the concert hall to allow the space to
adapt to different acoustical performances. The panels are highlighted purple in the figures below.
Reverberation time can be adjusted in two ways: volume reduction and coefficient of absorption. With
the mechanical panels on the ceiling the volume of the space can be reduced by lowering the panels. 
The mechanical panels behind the acoustical curtains have a different coefficient of absorption to be
able to change the reverberation time even more. Final reverberation ranges are to be calculated in
future design with a specialty consultant. Atune anticipates reberberation times from 4 to .3 seconds.

Research was conducted for various performance spaces. These show
examples of the different room configurations required for a concert hall,
recital room and opera house. Atune used these room forms and
attempted to create a space that can transform; providing an optimal
space form for multiple performance

RECITAL ROOMS

OPERA HOUSE

CONCERT HALL

These design guidelines were used to model spaces to fit sound constraints for different
space classifications. Atune used this data to give spaces the ability to transform and
provide optimal space form for a performance.

CONCERT HALL SPACE CONSIDERATIONS

   LOCKED

UNLOCKED

PASSWORDPASSWORD

USERNAMEUSERNAME

Total Vibration Absorption

Modulated Vibration Absorption

Free Space

Modulated Volume Reduction

Total Volume Reduction

CONCERT HALL ACOUSTIC SETTINGS

Depicted above is the user interface to be used for the motorized
acoustical panels in the concert hall. The panel is purposely
locked to prevent user error from occurring  to the preset options
determined by the acoustic consultant. This device will keep
records of users in the building and how often to relate back to the
AIBAS. The different settings will be explained to the user upon
selection and ask for confirmation, they are explained below:

Total Vibration Absorption  - To be used for electronically
enhanced shows such as amplified music concerts.

Modulated Vibration Absorption  - To be used for less amplified
performances or ceremonies such as public speakers and
graduations.

Free Space  - To be used by for most common performances 
such as orchestra and opera shows.

Modulated Volume Reduction  - To be used for smaller than
normal shows that are purely musical instruments.

Total Volume Reduction  - To be used for very small
performance types such as private ensemble performances.

CONCERT HALL SPACE MOTORIZED PANEL LAYOUT AND DESIGN

types. There are considerable
variations for an opera house.
Though there audience size usually
ranges from 1,800 to 2,200, Atune
wants to provide a similar space on
a smaller scale for Jack H. Miller
Center for Musical Arts. Concert
halls provide a home for classical
music and accommodate a wider
range of amplified and contemporary
music. The typical approaches to
concert hall design are 'shoebox'
and 'vineyard'. Atune has chosen
'shoebox' to focus on in the design.
A recital space has a typical
audience of 200 to 600 for classical
music.
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Depicted above is the user interface to be used for the motorized
acoustical panels in the concert hall. The panel is purposely
locked to prevent user error from occurring  to the preset options
determined by the acoustic consultant. This device will keep
records of users in the building and how often to relate back to the
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selection and ask for confirmation, they are explained below:

Total Vibration Absorption  - To be used for electronically
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wants to provide a similar space on
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Center for Musical Arts. Concert
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TYPICAL REHEARSAL SPACE OCTAVE ISO LINES1

TYPICAL PRACTICE ROOM OCTAVE ISO LINES6
TYPICAL CLASSROOM SPACE OCTAVE ISO LINES3

TYPICAL FACULTY STUDIO OCTAVE ISO LINES4

TYPICAL RECORDING SPACE OCTAVE ISO LINES2

LOW HIGH SQUARE (in) 0 1 2 3 4

FACULTY STUDIO 1224 9792 8 1/4 3/4 0 1 3/8 2 3/4 4 1/8 5 1/2 13 7/8

CLASSROOM 876 7008 11 5/8 1 0 2 3 7/8 5 3/4 7 3/4 19 3/8

PRACTICE ROOM 984 7872 10 3/8 7/8 0 1 6/8 3 4/8 5 1/8 6 7/8 17 1/4

REHEARSAL 848 6784 12 1 0 2 4 6 8 20

ORGAN STUDIO 1184 9472 8 5/8 3/4 0 1 3/8 2 7/8 4 1/4 5 3/4 14 1/4

RECORDING 876 7008 11 5/8 1 0 2 3 7/8 5 3/4 7 3/4 19 3/8

TYP. ROOM
FREQUENCY (Hz)

PANEL 

DIMENSIONS

COLUMN DIMENSIONS TOTAL 

LENGTH 

NEEDED (in)

COLUMN 

WIDTH (in)

COLUMN LENGTH (in)

ACOUSTIC PANEL DESIGN

TYP. ROOM LENGTH (m) WIDTH (m) FREQUENCY (Hz)

FACULTY STUDIO 4.5 5.1 306

CLASSROOM 6.3 8.6 219

PRACTICE ROOM 3 2.8 492

REHEARSAL 16.3 13 106

ORGAN STUDIO 10 9.3 148

RECORDING 6.3 8.6 219

FREQUENCY CALCULATION
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FACULTY STUDIO 306 612 1224 2448 4896 9792 19584

CLASSROOM 219 438 876 1752 3504 7008 14016

PRACTICE ROOM 492 984 1968 3936 7872 15744 31488

REHEARSAL 106 212 424 848 1696 3392 6784

ORGAN STUDIO 148 296 592 1184 2368 4736 9472

RECORDING 219 438 876 1752 3504 7008 14016

OCTAVE RANGES FOR PANELS (Hz)

0 3 4 1 2 3 3 1 4 2 3 3

3 0 1 4 2 1 1 3 3 2 1 1

3 1 1 3 1 3 2 2 1 0 2 2

2 2 2 2 0 4 3 2 3 2 1 1

3 3 1 1 3 1 1 3 4 3 1 3

2 3 2 1 2 0 3 2 4 2 1 0

2 3 2 1 3 1 2 2 3 1 3 4

2 0 2 4 4 0 1 2 1 4 2 2

3 4 1 0 1 3 3 1 0 2 3 3

1 3 3 1 2 4 1 2 0 1 3 1

2 1 2 3 1 3 3 2 4 2 3 4

2 4 2 3 3 1 1 2 0 3 1 0

In order to conform to each of the
room types and sizes, calculations
were made to find the frequencies
each room would experience when
music is played. Each QRD is
designed in accordance with the
dimensions of the room to account for
the sound waves that bounce from
parallel walls. The calculations are
done using the walls that are the
shortest distance from each other in

The layouts of typical
spaces show the octaves of
sound waves meeting each
other from parallel walls
after the respective QRDs
designed for the specific
room have been placed to
provide an acoustically
appealing experience for
each occupant.

This formation is used for each of the panel
designs for the different room types. By
referencing the Acoustic Panel Design
table, visualizing the difference in QRD
between the rooms becomes more
apparent. The layout is used across most
design of QRD for optimal function. Deeper
columns allow for lower frequencies, which
means that the more column sizes that are
used results in a larger frequency range.

each room. This is
because vibration will
occur on these walls
first when music is
played. Atune wanted
to make sure that the
panels had a maximum
eight inch column depth
to reduce the amount of
volume taken in the
room. This objective
was met by increasing
the three octaves from
the lowest to highest
frequency for the sizing
calculations.

TYPICAL ORGAN STUDIO OCTAVE ISO LINES5

ACOUSTIC TREATMENT

A
C

O
U

S
T

IC
 A

B
S

O
R

P
T

IO
N

Application is very important
when it comes to the amount
of coverage in a room. The
type of space relies on the
preference of the user.
Therefore each room will
have a distinct spacing
criteria that will depend on
the conversation with faculty
and maintenance.
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TIMBER CONSTRUCTION

The main goal for the Atune structural team was to supersede the 25% timber construction,
that was set forth by Hope College. Atune has surpassed the 25% as well as the 80%
internal goal set by the structural team. Through coordination with the rest of the team,
Atune's structural team has created a 90% timber and engineered wood structural system
for the Jack H. Miller Center for Musical Arts. 

To continue to strive towards Hope College's goal for sustainability, Atune's structural and
construction team have worked to ensure that all of the wood products used in the Jack H.
Miller Center for the Musical Arts are Forest Stewardship Council approved.

IPD INTEGRATION FOR TIMBER DESIGN

MECHANICAL - STRUCTURAL INTEGRATION
          
          Radiant Slab System 
           The radiant slab aids in decreasing the amount of snow melt       
           that is sitting on the roof. The water collection is used as              
           greywater throughout the building. The below graphic shows a  
           detail of the radiant slab system.

                    (Refer to  Mechanical Section 7.4.7)

CO2 REDUCTION

By utilizing 90% timber in the structural systems, Atune's team has achieved a substantial
effort towards the goal of sustainability. Through the CLT walls, composite floor system,
glulam columns, timber trusses and LVL partition wall studs, the Jack H. Miller Center for
Musical Arts uses approximately 104,000 cubic feet of wood products.

The components of the structural systems store 2643 metric tons of CO2 which is the
equivalent of 775 cars of the road for a year and 387 homes powered for a year. Between
the U.S. and Canadian forests, the timber used in the Jack H. Miller Center for Musical Arts
could be cumulatively replenished in 8 minutes.

IPD INTEGRATION FOR TIMBER DESIGN

CONSTRUCTION - STRUCTURAL INTEGRATION
          
          Prefabrication of CLT Panels
          Managing weather protection prior to building dry-in is
          critical for uncompromised structural members
         
           (Refer to Construction Section 7.3)

CONSTRUCTION - STRUCTURAL INTEGRATION
          
          Capacity of the Crane
          The CLT panels were the driving factor in determining  
           the tonnage capability of the crane
          
          (Refer to Construction Section 7.2)

MECHANICAL - STRUCTURAL INTEGRATION
          
          DOAS System 
           Humidity is being controlled through the DOAS systems being     
           used by the mechanical design. Humidity control was key for the
           long-term success of the timber structural system, especially in   
           Holland, MI.

                  (Refer to  Mechanical Section 7.4.3)
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ACCORDIAN ENCLOSURE WALLS & CONTSTRUCTABILITY
The construction team is anticipating improved safety and reduced risk when it comes to the shipping and delivery of the accordion
wall. The modular nature of the wall allows it to be shipped in a more compact package which will greatly reduce the risk of
breaking panels in transit.

ROOFTOP AMENITY DESIGN
The open floor plan of the rooftop amenity space will allow for a variety of uses
both indoors and outdoors for Hope College and the community. It provides the
ability to host over 100 people with adequate spaces, restroom requirements, and
egress requirements. In addition, the support spaces provided include Catering,
Janitor, Elec, Storage, Restrooms, Elevators and 2 Stairs.

This outdoor space was still considered with occupant safety in mind. As can be
seen in the figure to the right, a glass railing/parapet is being implemented to allow
an open, safe space to the occupants.

The cost to include the amenity space would be an additional $925,000 for Hope
College, however the space will provide a return on investment as the college hosts
events for various organizations and community members.

AMENITY SPACE LOCATION SELECTION

The three graphics above display the possible roof areas considered for the rooftop amenity space. The south location
was decided after multiple design iterations involving the entire Atune team. This location choice provides the ability
to egress the rooftop space per life safety standards, and additionally will not distract from the front building facade.

PATH OF EGRESS
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Initially, the room schedulers will work with the Perceived Occupancy
Schedule to assist in the conditioning of spaces, prior to occupancy.  After a
regular schedule is determined, the Watson Building Automation System
will use the room occupancy sensors to continuously update the online
room schedule. The Watson BAS will compare room schedule to inactivity in
the room. If inactivity is detected during the first five minutes of the
scheduled time, Watson will cancel the reservation allowing others to
reserve the room instantly. Watson will also continuously look at scheduled
time and alert any occupant who is trying to reserve a room that conflicts
with already existing room schedules. In the meantime an output to the
corresponding ventilation air VAV box will enable a reduction in DOAS
usage, saving energy. POWER OVER ETHERNET (PoE) LIGHTING 

Atune decided to implement the PoE system in order
increase the versatility of the building as a whole. 
This innovative system reduces the constraints that
typical conduit runs might have, which limit the
clashes that would inevitably occur between the
systems that the mechanical and structural
designers have chosen.  This system, which
combines power and data, provides the capability to
adapt to unpredicted future uses, as any university
building might require.  The intuitive plug and play
mechanism of the system also allows for the
interchanging of lighting schemes throughout the
building.

WATER TO WATER HEAT PUMPS

Heating and cooling are both possible in one water to water
heat pump via the integral refrigeration cycle reversing valve.
When implemented with multiple heat pumps, a flexible system
for producing heating and chilled water for a multitude of
hydronic and radiant elements. The hydronic infrastructure
prescribed for the Jack H. Miller Center for Musical Arts can be
easily modified in the future should the building program shift.

ROOM SCHEDULERS

Atune understood the hectic and ever-changing schedules that result from
a college campus atmosphere; even more so for a college building with 127
rehearsals and performances anticipated on a yearly basis. In order to
address the busy schedules, Atune proposes a design solution to aid in the
organization and scheduling of room functions. All rooms will have a 7”
digital room scheduler located outside that will display the information
relevant to the room’s use and serve as an emergency notification device.
Following is an example of what the room schedulers will look like.

ZIPPER TRUSS

The Atune team implemented a
multi-purpose zipper truss in the building
atrium. The truss system supports a large
dead load from the above roof while also
suspending the walkway and stairs below.
The trusses' ability to support the walkway
was vital in keeping the atrium an open
circulation space. The primarily wood
system doubles as an architectural piece
as well as an educational component. The
zipper truss is a focal point that the
electrical team highlights through their
lighting design for the purpose of
education. The lighting design shadows
the zipper truss by using recessed cans in
the bottom of the structure.
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DYNAMIC VIEW GLASS

Dynamic View Glass was implemented on the western facing
facade in the atrium. The purpose of implementing view glass was
to reduce the solar heat gain in the atrium during cooling season.
The three-pane-glass has 4 tint settings, pictured below. The use of
view glass reduced the solar load by 49%. Additionally, hydronic
mullions routed in the curtain wall helps to reduce heating and
cooling loads. The pictures on the right graphically display the
arrangement of these two unique technologies that required
integration between each discipline.

TINT STATE 1 TINT STATE 1 TINT STATE 1 TINT STATE 1

PHOTOVOLTAIC POWER
GENERATION 
Working with the rest of the design team, Atune's electrical
designers conducted research to see if solar panels would be a
wise implementation for the project.  The electrical team found that
Michigan has been steadily increasing the use of solar panels
throughout the state.  This is due largely to recent increases in solar
panel technology, allowing them to capture nearly 20% of the
radiated energy.  As demonstrated in the electrical section, the
system proved viable, with an impressive payback period of less
than 11 years.  The design process consisted of multiple studies
concerning shading and the best placement of panels, as well as
consistent coordination with other disciplines on the design team.

Low voltage control
wiring for window
tinting

Hydronic Mullion

LIGHT POLLUTION

Atune lighting designers used 2800-3000 CCT layered light to create dynamic lighting that attracts
occupants to enter the Jack H. Miller Center for Musical Arts. The use of warm light sources in the interior
gives the building a welcoming feeling. The cooler 4000-4500 CCT luminaires on the exterior enabled the
use of mesopic multipliers to lower recommended illumination levels and ultimately reducing light
pollution to nearby spaces. Less than five percent of the total delivered lumens by exterior luminaires are
higher than 90 degrees to the horizontal plane. This design choice was made to raise awareness to light
pollution of dark skies.

CONSTRUCTION RESPONSE

VIEW GLASS  

The view glass will be treated as any large window package would be with
the additional consideration of the electrical hookups that will require
coordination between the glazers and the electrical subcontractor. The
construction team will have to take into consideration that a large portion
of the shell of the building will be missing until the glass in installed and
plan their protective measures accordingly.  

 

HYDRONIC MULLIONS  

In order to install the hydronic mullions, the construction team will need to
make sure the mechanical subcontractor coordinates with the team
installing the view glass who is already coordinating with the electrical
subcontractor due to the electrical hookups in the glass.  

 

SOLAR PANELS 

Constructing the solar panel racks off site will increase the productivity of
the installation of the solar panels. The racks themselves will be light
enough to lift to the corner of the roof with the crane on site and then they
can be carried to the correct spot by the men on the roof.

02/18/2019
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BUILDING AUTOMATION SYSTEM

The IBM's Watson AI Building Automation System is a pinnacle demonstration
of harmony as it unites all the building systems. Watson is a combination
artificial intelligent and machine learning system. It will retrieve  data from
sensors across disciplines including occupancy sensors, photocells,
thermostats, humidistats, and pressure sensors to continually improve
efficiency and performance over the life of the building.

UNDERFLOOR AIR DISTRIBUTION AND
CONSTRUCTABILITY

The underfloor air system presents the
construction team with a few design
challenges but also provides an opportunity
for safer work practices. A dropped slab
requires increased attention to detail when
framing and pouring the slab on grade.
Additionally, raising the floor to
accommodate the underfloor air system will
increase the schedule slightly. However,
running a large amount of ductwork on the
floor significantly reduces the time laborers
spend with their feet off the ground in
scissor lifts and on ladders. 

PREFABRICATION

Through Integrated Project Delivery, the Atune designers were able to
collaborate with the construction team  to implement prefabrication for
many system components in the Center for Musical Arts. The example
above shows straight duct lengths as well as fittings that can be
prefabricated off site to reduce the amount of man hours spent in the
field. The mechanical designers have already laid out all high and medium
pressure ductwork so logistics can begin for prefabrication. Similar
prefabrication techniques will be used for all HVAC and plumbing piping on
the projects, and also for electrical conduit. In addition, the structural
team has coordinated with the construction team with regard to the
components of the design that will be prefabricated by a manufacturer.

FROST PROTECTION

Providing frost protection along the foundations not only decreases the
transfer of heat across the surface but also improves the ease of
constructibility of the foundation. The construction team will excavate
additional soil to make space for the insulation boards and then they will
be able to use the insulation as formwork for the exterior of the
foundation. 

This design required intercommunication between all disciplines to
implement the system. Though this design requires special attention by the
team versus a traditional shallow footings, it provides tremendous benefit
to the design overall. As stated, the construction team will benefit by being
able to use less formwork as the insulation will be partially serving as
formwork. The structural team benefits by being able to reduce the volume
of concrete for the footings. Additionally, the mechanical team benefits as
the insulation reduces the heat loss and heat gain through the building as
mentioned above.

ATRIUM AND RAISED FLOOR

The Atrium features many of the collaborated items accomplished by Atune. In addition to the facade integration with the view glass and hydronic
mullions being implemented in the curtain wall,  there is major coordination taking place under the floor. The floor construction consists of a floor
slab with radiant slab piping running throughout, underfloor air distribution,  and electrical routing through the floor. This is all accomplished via
the raised floor configuration shown.

02/18/2019
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STRUCTURAL EXECUTIVE SUMMARY

Atune u! lized the Integrated Project Delivery method to design the Jack H. Miller Center for Musical Arts. This process enabled the design 

team to create a versa! le and sustainable building with all its systems working in harmony. The structural team aimed to create a high perfor-

mance building while not exceeding the project budget.  In doing so, the team considered many innova! ve and integrated solu! ons to meet 

the building’s needs.  These solu! ons address the building’s capability to perform effi  ciently, adapt under varying condi! ons and serve as a 

safe environment. Through this design process, the structural team has achieved a structural system that is 90% ! mber. 

CLT PANELS

CLT ! lt-up panels form the LFRS

system, located around the 

concert hall and recital

spaces.

ISOLATED SLABS 

The isolated slabs are an 

integral part of the fl oor system

that increases the overall

acous! cal perfomance of 

the Jack H. Miller Center

for Musical Arts.

FROST PROTECTED 

FOOTINGS

Improve thermal performance

of the building while reducing

formwork and concrete 

needed in construc! on. CARBON FIBER 

WRAPPED COLUMNS

Carbon fi ber wrapped 

columns are u! lized in the

atrium to reduce the column

sizes and maintain the

openess  of the 

atrium. 

ZIPPER TRUSS

The zipper-truss is a strucutral 

system that highlights the 

sustainability and use 

of ! mber in construc! on. 

ROOFTOP 

AMENITY SPACE

The design of the roo& op 

amenity space con! nued the 

! mber construc! on allowing 

for mul! disciple integra! on 

to provide a year round space 

for the college.

COMPOSITE

FLOOR

Composite ac! on fl oor sys-

tem of CLT and concrete al-

lows for ! mber design that  

can span large bays in the 

Jack H. Miller Center for 

Musical Arts.
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1.0 PROJECT INTRODUCTION 
The Jack H. Miller Center for Musical Arts is located at Hope College 
in Holland, Michigan. The 64,00 square-foot building includes multi-
ple performance venues, classrooms, practice rooms, faculty studios 
and office spaces for Hope College’s Music Department. The build-
ing is situated along Columbia Avenue between 9th and 10th street 
and is adjacent to railroad tracks running by the campus. Atune has 
worked to design a solution that exceeds the needs and expectations 
for the Hope College community and the surrounding Holland, Mich-
igan area. 

2.0 ATUNE’S MISSION 
The design intentions that the Atune team has set forth for the Jack 
H. Miller Center for Musical Arts are sustainability, harmony, and 
versatility. The structural system design was centered around these 
three intentions to provide Hope College with the best building pos-
sible. Atune’s overall design of the Jack H. Miller Center for Musical 
Arts was approached through an Integrated Project Delivery (IPD) 
method enhanced through using Building Information Modeling 
(BIM). Although IPD is a more demanding and strenuous process, the 
work that was achieved through this process would not be possible 
without the IPD method.   

3.0 PROJECT STRUCTURAL GOALS 
The following reflects how the structural team helped reach the 
goals Atune set forth for Hope College’s Jack H. Miller Center for Mu-
sical Arts. 

3.1 Versatility  
Atune wanted to create a versatile building for Hope College to utilize 
for years to come. The building is not only an important component 
to the college, but to the Holland community. Atune felt it was im-
portant to make a building that was adequate for the needs of both 
parties. The building will be used for many different purposes and 
events, so the systems must be able to adapt in order to accommo-
date those needs. The structural team contributed to the versatility 

of the Jack H. Miller Center for Musical Arts by selecting and design-
ing systems that have multiple uses and purposes. One example of 
this would be the versatile use of CLT panels for both a lateral and 
gravity system. Another example of structural versatility can be seen 
in the rooftop amenity space. There, the structural team designed a 
roof system that implements removable floor tiles which allow for 
maintenance during certain times of the year while serving occu-
pants other times of the year. This is just a few of many areas where 
versatility can be seen throughout the structural systems design.  

3.2 Sustainability  
The structural system displays sustainability through every facet of 
the design by utilizing wood construction. The design competition 

challenges each team 
to utilize a minimum of 
25% wood construction 
throughout the structural 
design. As sustainability is 
one of the team’s primary 
goals, Atune decided to 
go above and beyond this 
challenge by designing a 
structure composed of 
90% wood construction. 
The team used Forest 
Stewardship Council (FSC) 
approved wood through-
out the entire project in 
order to ensure the de-
sign sustainability. Every 

major structural member composing the gravity and lateral system 
is engineered wood-- either glulam or cross-laminated timber (CLT).  

3.3 Harmony  
Atune’s goal was to create a building that displays harmony at every 
level, with every discipline and every component working together 
to create one collective building.  Harmony can be seen throughout 
the entire structural design, but it is most evident in the foundation 
design. The mechanical team utilized an underfloor air distribu-
tion system while the electrical team implemented Pavegen in the 
floors. Both OF THESE components had a large impact on the build-
ing foundation. Through much collaboration, the team was able to 
reach a design that worked well for every party. The structural team 
decided to create a dropped slab in necessary locations. The team 
then worked closely with the construction team to make sure imple-
mentation of all designs would be possible. Utilizing the IPD method 
made harmony throughout design possible.  

4.0 BUILDING STRUCTURE & INNOVATIONS OVERVIEW 
The structural systems selected for the Jack H. Miller Center for Mu-
sical Arts consists of more than 80% of engineered timber construc-
tion. The Atune team is utilizing a combination of cross-laminated 
timber (CLT), glulam, and glulam with carbon-fiber reinforcement. 
Though the use of 90% wood construction for this application was 
innovative in and of itself, the team decided to take the design even 
farther by implementing unique wood structural systems. Atune de-
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signed the concert hall as a “building within a building” to ensure 
the concert hall remained acoustically isolated from the rest of the 
building and the nearby train track. The team implemented carbon 
fiber wrapped columns and a zipper truss in the atrium in order to 
provide structural stability and maintain architectural effectiveness. 
The standard floor framing utilizes and inventive composite wood 
and concrete floors with dropped beams. Innovation is on display 
throughout the entire structural system of the Jack H. Miller Cen-
ter for Musical Arts. The implemented innovations will be furthered 
highlighted in Structural Sections 6, 7, 8, and 9. 

5.0 DESIGN METHODOLOGY 
The design process used by the structural team focused on providing 
an exemplary building that would exceed Hope College’s wants and 
needs. The following methodologies stated were used in order to 
provide a resilient building with a long lifespan. Atune utilized design 
codes and standards in a way that exceeds industry norms.  

5.1 Design Codes and Standards  
The design of all structural systems proposed for the Jack H. Miller 
Center for Musical Arts followed all codes currently adopted by Ot-
tawa County and the Holland Municipal Code (including all amend-
ments). Refer to page ii for a list of all relevant codes and standards 
used for design and construction of the Jack H. Miller Center for Mu-
sical Arts. 

Portions of the structural system were designed using more stringent 
code to achieve higher building integrity. The primary area where 
this was done is discussed in the Section 7.2.  

5.2 Fire Protection  
Prior to design of the structural system, Atune determined the occu-
pancy to be mixed use of type A-1, A-3, B, and S-2 in accordance with 
IBC 2009. The construction type was then determined to be type 
IV HT. The design meets all other requirements for height and area 
of the space that is dictated by the construction type. The primary 
structural system is required to have a 3-hour fire rating, while the 
floor is required to have a 2-hour fire rating. The team kept these 
fire ratings in consideration during design, but in the end the requir-               
ements for acoustics and design strength for timber dictated the  
thickness of all structural components.All required fire ratings were
met through these thicker members.
   

5.3 Design and Analysis Software  
Atune’s structural design team utilized hand calculations and com-
mercially available structural software. A variety of computer soft-
ware was used to check hand calculations and optimize various com-
ponents of the building. The primary software used for structural 
calculations was RISA, SAP 2000, Excel, and Dlubal. In addition to cal-
culations and structural analysis software, Atune utilized REVIT and 
Adobe Creative Cloud to produce models and design documents. A 
summary of all software used by Atune can be found on I2.1.  

6.0 GRAVITY SYSTEM DESIGN 
Atune’s structural team designed a floor system composed of a con-
crete-CLT composite slab that acts as the diaphragm, with incorpo-

rated sound isolation floor slabs for acoustical integration. The CLT 
floor is designed as an integrated floor and beam system. The floor 
system is supported by glulam columns. In the atrium where extra 
strength is required due to the unbraced length, the columns are 
wrapped with carbon fiber to act as reinforcement.  The atrium roof 
is home to a zipper truss that will be discussed in depth in Section 
6.4.4. The concert hall and recital/rehearsal spaces have a roof sys-
tem composed of specialty wood trusses. The following sections 
provide a detailed explanation of the gravity design. 

6.1 Gravity System Goals  
Atune set the strength design criteria for the gravity system that 
would meet and exceed code. The purpose of this is to allow the 
Jack H. Miller facility to evolve as the college grows. These goals 
matched the rest of the Atune team’s focus being on Hope College. 
The final design achieves sustainability through wood construction, 
which doubles as an acoustical attenuation component to the build-
ing. Structural sheet S3.2 highlights the integration of Atune’s goals 
with the gravity system.  

6.2 Gravity Loads  
Gravity Loads were determined based on the use, construction, and 
location of the Jack H. Miller Center for Musical Arts. The loads were 
calculated according to the IBC 2009 and ASCE 7-05/10. The building 
was classified as Risk Category III.  

6.2.1 Dead  
Dead loads were calculated for the building roof & floor systems as 
well as the walls. The dead loads were primarily used to design grav-
ity framing and to calculate the building seismic weight. The electri-
cal and mechanical teams implemented solar panels and a slab melt 
system on the roof that resulted in an additional dead load of 4psf, 
for the structural team to account for in designing the roof. For the 
detailed dead load calculations refer to S2.2.  

6.2.2 Live  
The diversity of the building use and occupancy resulted in live loads 
ranging from 40 psf to 150 psf. Live load reduction was used where 
applicable. It is important to note that the lower roof on the south 
side of the building changed from a 20 psf live load to a 100 psf live 
load to accommodate the rooftop amenity space. For a full live load 
map of the facility refer to sheet S3.3.   

6.2.3 Snow  
According to local code the ground snow load in Holland, Michigan 
is 50 psf. The roof design snow load was calculated to be 34.7 psf. 
Although a slab melt system was implemented on the roof, the struc-
tural team designed the roof to withstand snow loads dictated by 
code. The reason for this is system redundancy and occupant safety 
in case the slab melt system were to fail. Due to the changes in roof 
heights the lower roofs experience a larger snow drift. One of the 
major areas of concern for the snow load was the possibility for large 
amounts of dumping between the rooftop amenity space roof and 
the open area of the amenity space. For the detailed snow load cal-
culations refer to S2.2.  
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6.3 Alternate Systems Evaluation  
The following systems were evaluated for the Jack H. Miller Center 
for Musical Arts, but not selected in the final structural design.  The 
team used a decision matrix to choose systems that would help the 
team accomplish the desired goals. Please see S2.1 for the matrix 
used to make the gravity system decisions for each space. The table 
below shows the alternate systems considered and how they ad-
dressed Atune’s team goals.

6.3.1 Sawn Lumber Beams & Columns   
Originally sawn lumber framing was considered due to the familiarity 
and finish of the product. Although the cost of solid sawn lumber is 
initially lower than engineered wood products, it has many downfalls 
such as quality control issues and limited sizes. Sawn lumber will be 
utilized in some areas but was ultimately not implemented as the 
primary gravity system for the building due to the large loads, height 
of building, and large spans of the building.  

6.3.2 Engineered Wood Beams & Columns 
Engineered Wood beams and columns are very common in indus-
try for large-scale timber structures. The advantage to a system such 
as this is that it provides sustainable design that is also easily con-
structible. However, this system has limited capacity compared to 
other options the team considered. The system is not uncommon, 
so it leaves little room for the level of innovation Atune desires to 
achieve. When utilizing the decision matrix, some of this system’s 
biggest fallbacks for the Jack H. Miller building were the lack of 
acoustical adaptability and the inability to add much to the architec-
tural aesthetics. Atune decided this system did not offer enough to 
implement in the building.  

6.3.3 Composite Timber & Reinforced Concrete Floor 
with Steel Transfer Girders 
Atune’s structural team turned to inspiration from the John W. Oli-
ver Building at the University of Massachusetts Amherst. One of the 
first mass timber buildings in the United States that incorporated a 
variety of European timber technology. The building’s gravity sys-
tem is comprised of timber-concrete composite floor system, glulam 
beams, and glulam columns. The transfer girders however are made 
of steel and wrapped in wood. Keeping true to the ideas that Atune 
set forward to create a sustainable all wood design ultimately lead 
the team to a different design without the use of the steel girders.  

6.4 Gravity Design Progression  
For the primary gravity system, Atune selected composite CLT floor 
panels, reinforced concrete spandrels, and reinforced concrete joints 
that serve to connect glulam columns. The concert hall and perfor-
mance spaces utilize CLT wall panels and wood joists.  The atrium 
design was heavily influenced by integration with electrical and me-
chanical to keep the floor plan as open as possible. Ultimately glulam 
columns wrapped in carbon fiber reinforcement and a zipper truss 
with integral glulam beams. This design will be discussed in more 
detail to follow. 

6.4.1 Floor System  
The structural team was inspired by SOM’s Concrete Jointed Timber 
Frame (CJTF) System. SOM has put out two detailed reports regard-
ing high-rise timber buildings. Glulam columns and exterior CLT walls 
connected with interior and perimeter precast concrete beams and 
spandrels that support the composite concrete-CLT floors. SOM, with 
the help of Oregon State University, conducted a large study on the 
CJTF floor system. The purpose of testing was to research CLT floor 
systems with a composite concrete topping slab, which are often 
designed like a concrete flat slab system. The program researched 
the effectiveness of composite action, two-way bending stiffness, 
and continuous beam behavior for the CJTF system. The shear con-
nectors that the Atune team chose were HBV steel mesh connec-
tors manufactured and developed in Germany. The connector plates 
are approximately 40 inches long and 2 9/16 inches tall with a 1.25 
embed into the CLT with epoxy manufactured specifically for the 
grooves in the CLT Panel.   

Another system we evaluated was sound isolation floor slabs. There 
are several types that could be utilized in the building based on lo-

cation and 
a c o u s t i c a l 
concerns. The 
two main con-
cerns were 
sound and 
vibration iso-
lation. The 
major ad-
vantages to 
i n t e g r a t i n g 
these with 
our design is 
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the acoustical advantages and they are easy to install/implement 
with floor systems that use concrete. Since two variations of isola-
tion slabs were considered, additional construction coordination was 
needed to ensure it would be feasible.

6.4.2 Column Framing   
Standard column framing throughout the building is made up of glu-
lam columns. The glulam columns were chosen due to their sustain-
ability and capacity. An additional advantage is the integration with 
the CLT-Concrete composite floor. 

Glulam columns were a viable option for the standard framing 
throughout the building, but they were not adequate to support the 

mechanical tower or 
to support the load at 
the front of the atri-
um. Sustainability was 
a design driver, so the 
team decided switch-
ing the columns to 
a different material 
was not an option. 
Instead, the team 
looked for innovative 
solutions to increase 

column capacity. Atune decided to wrap the columns in SikaWrap, 
which is a bi-axial carbon fiber fabric with an epoxy coating that is 
used for structural strengthening. This design technique not only in-
creased the capacity of the wood columns, but it allowed the team 
to use smaller columns in the necessary areas. The structural team 
worked closely with the construction team to make sure that wrap-
ping the wood columns in carbon fiber could be done without hav-
ing a major impact on the project schedule. A SikaWrap distributor, 
Ridgemoor Supply, is located 25 miles away from the project site in 
Kentwood Michigan. Ridgemoor Supply was able to provide a pricing 
quote along with information on wrapping and expoxy coating the 
columns upon erection. In the end, after research and collaboration, 
the team decided wrapping the columns in carbon fiber fabric was 
the best option. 

6.4.3 Specialty Concert Hall Design   
The main concert hall has been treated as a building within a building 
due to the very different use and makeup of the space as well as the 
location. The roof will be comparable in structural design to the rest 
of the building, except for the additional loads due to the catwalks 
and stage lighting that will be supported from the roof. The balcony 
structure will also have similar structural floors, but the balcony seat-
ing will also contain an under-floor air distribution system like the 
rest of the main level of the concert hall. This results in an increased 
design load and additional coordination for potential penetrations 
through the slab.   

On the ground level, Atune is implementing sound isolation floor 
slabs. The primary reason is to aid in the acoustic design/perfor-
mance of the building. Rather than using glulam columns in this area 
of the building, Atune has decided to utilized CLT tilt-up wall panels. 
CLT tilt-up wall panels provide the strength and capacity to vertically 

span the 32’ 0” unbraced length required for the upper portion of the 
building as well as provide acoustical isolation from the surrounding 
spaces. These panels also double as both the gravity and lateral sys-
tem for the concert hall design.  

6.4.4 Zipper Truss 
The atrium is a major architectural component to the Jack H. Miller 
Center for Musical Arts. The structural team wanted to create a de-
sign that added to the architectural aesthetic of the atrium in a way 
that showcased sustainability. The atrium has a high ceiling and a 35’ 
0” span in the east-west direction. The roof of the atrium supports 
58 solar panels and a large snow load. The atrium is also home to 
a 10’ 0” wide walkway and stairs that are suspended from the atri-
um roof by steel tension rods. The structural team selected a system 
that addressed these structural loads and supplemented the archi-
tecture, while also accomplishing the team goals. The typical floor/
roof system that was used throughout the building was lacking in 
capacity and architectural effectiveness in the atrium. After looking 
for unique and effective solutions, the team decided on the use of a 
zipper truss in the atrium. The truss is perfect for carrying the roof 
load across the 35’ 0” atrium span, and the 32’ 0” ceiling allows the 
truss to avoid looking intrusive. In conjunction with Hope College’s 
goals, Atune decided to use the building to educate occupants about 
sustainability. The zipper truss accomplishes this by a bold display 
of wood construction and innovation. See the graphic below for a 
better understanding of the zipper truss implemented in the atrium 
of the Jack H. Miller Center for Musical Arts. 

6.5 Design Optimization  
Once the above gravity systems were selected, the structural team 
focused on improving the design to perform at required ASD load 
combinations.  

6.5.1 Composite Floor System  
The CLT with reinforced concrete floor system was designed for the 
worst case loading seen by the system. Once general sizes were de-
signed, coordination with the mechanical team was needed to inte-
grate the radiant floor HVAC with the concrete slab size. The floor 
analysis utilizes the most common analytical approach for calculating 
the stiffness and strength properties of CLT floor systems with com-
posite concrete slabs. The “gamma method” from Annex B of the Eu-
rocode 5, Design of Timber Structures, was developed in order to cal-
culate the effective stiffness of two timber elements connected with 
mechanical fasteners with a known slip modulus. This calculation 
dates back to the derivations of Mohler, involving basic engineering 
mechanics. The US CLT Handbook references the Gamma Method 
and has been evaluated for timber-concrete composite floor systems 
two different times by Gerber (2015) and Manaridis (2010). An eight-
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step approach was used for the analysis method.  

• Determine the CLT properties for the floor system considered 
per APA-PRG 320. 

• Calculate the effective cross-sectional properties of the CLT 
floor from US CLT Handbook. 

• Determine the composite fastener type and associated slip 
modulus (Ks) per manufacture’s technical report. 

• Calculate the effective composite stiffness properties per An-
nex B. 

• Calculate the apparent stiffness of the floor system per the US 
CLT handbook. 

• Evaluate the floor system for deflections and vibrations per ra-
tional analysis. 

• Calculate the normal stresses due to bending moments, shear 
stresses, fastener loads of composite floor system per Annex B. 

• Compare the calculated stressed to allowable limits by NSD.  

Sound isolation floor slabs can either be a mat underlay of the fin-
ished floor that is on top of the concrete slab or it can be a variation 
of a floating floor system for sound and vibration isolations. Due to 

the variety of per-
formance and prac-
tice spaces in the 
Jack H. Miller Cen-
ter for Musical Arts, 
the mat underlay 
will be implement-
ed throughout the 
building. In areas 
of higher acoustical 
concerns, the mat 
underlay will be 
used in conjunction 
with the underfloor 

air distribution system, which acts similar to an elevated vibration 
isolation system. The use of the mat slab with the underfloor air dis-
tribution system ensures the isolation of the concert hall from any 
external noise and vibration disturbances. Refer to S3.4 for details of 
the sound isolationsa systems.

6.5.2 Glulam Column Framing 
Glulam columns were sized for a variety of cases and determined 
worst case for different areas while still maintaining constructabil-
ity. The design of the glulam column system went through several 
design iterations to ensure that carbon fiber wrapped columns were 
only needed in the atrium space and below the cooling tower. Atune 
designed the typical gravity columns in the building. The structural 
team evaluated the atrium, concert hall/recital halls, and the offices/
classrooms. For detailed sizes refer to S2.3.  

The use of carbon fiber fabric as a structural strengthening material 
is generally implemented as concrete reinforcement where structur-
al repair or renovation is needed. The use of carbon fiber reinforce-
ment in initial construction, on wood columns, is a huge advance-
ment in industry. After research and design iterations, the team was 
able to design the wrapped columns using strain compatibility. The 
stress, strain, and elastic modulus of each material were combined 

based on the area of each material, to determine an elastic modulus 
for the composite column (Ecomp = 2550 ksi). The composite elastic 
modulus was then used to calculate a maximum design stress of 66 
ksi, governed by the glulam core. It is important to note that this 
is a conservative calculation because the use of carbon fiber would 
increase the capacity of the wood and result in a higher maximum 
stress value. Testing of the composite columns is recommended to 
quantify a more adequate maximum stress. The glulam columns se-
lected were 10.5x11” (nominal). Without the carbon fiber wrapping, 
the columns failed by almost 400% when checked for combined axial 
and bending. After wrapping the columns in 1/8” of SikaWrap, the 
columns were at 85% combined axial and bending capacity. This in-
novative solution guarantees a sustainable system with the capacity 
to support large loads while maintaining open spaces. 

6.5.3 Specialty Concert Hall Design  
CLT panels were chosen because they are similar in application to 
concrete tilt-up panels. This material/system choice will allow the 
optimization of the “building within a building” design with construc-
tability focus. The panels were sized using the worst loading case ex-
pected to be seen by the panels and are designed to meet NDS-2015 
code. 

The design process to size CLT wall panels an iterative stepped ap-
proach based on the load conditions seen and the axial/flexural de-
sign strength of 
the panels. Due 
to the humidi-
ty and climate 
in Holland, MI, 
all panels were 
conservatively 
designed with 
a wet service 
factor. The first 
iteration evalu-
ated the Struc-
turlam 245V, 
7-ply CLT panel. Design checks showed that the panel could not sup-
port the axial load seen on the first floor. The panel didn’t have the 
capacity to support the unbraced length of the concert hall. Based on 
product capacity tables from Structurlam, the next iteration checked 
the 315E, 9-ply CLT panel. The design checks passed for axial loading, 
shear, bending and combined bending and axial. For detailed calcu-
lations and drawings, refer to S2.4.
 
6.5.4 Roof Design  
Atune’s structural team evaluated the roof framing systems to pro-
duce the most effective design to optimize the large spans and the 
use of the roof space on the south side of the building. The loads 
calculated for the roof include snow, wind uplift, gravity, live loads, 
and the specialty cases of the solar panels integrated by the electri-
cal team and the slab-melt technology, mechanical units integrated 
with the mechanical team.  

Roof snow loads were calculated according to ASCE 7-05. A 35 psf 
flat roof snow load controlled over the roof. The design also consid-
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ers worst case parapet snow drift loads of 100 psf. For the detailed 
calculations see S2.2.  

The wind uplift pressures seen on the roof were determined in accor-
dance with ASCE 7-10, Components & Cladding. Wind speed seen in 
Holland, MI is 120 mph, and the uplift seen on the roof averaged to 
80 psf. For the detailed calculations see S2.2.   

When we compared the other loads seen on the roof, including the 
solar panels and slab-melt system, the snow loads governed the 
design of the roof. Atune’s structural team evaluated standard joist 
framing, timber framing and the composite CLT with reinforced con-
crete for roof framing. The roof system is 2-hr fire rated per IBC 2009, 
and therefore the roof framing will be of the composite CLT with re-
inforced concrete construction, for the lower structure. In addition 
to the increased loads seen on the upper and lower roofs, the inte-
gration of the slab-melt system with mechanical required a thicker 
concrete slab on the roof to account for the ¾” piping.   

The roof structure of the main concert hall and the three recital spac-
es are specialty wood trusses. The upper roof has naturally longer 
spans. In addition to the weight that it supports from above, it also 
supports the weight of the catwalks and other stage equipment that 
hangs below. The concert hall trusses are 28x12 FS web members 
with two nailed 36x14 top and bottom chords, these trusses are 
spaced at 8’0” on center.  For the smaller recital halls, the 12x6 web 
members are connected by 12x12 top and bottom chords, these are 
spaced at 12’0” on center. See structural sheets for the roof framing 
plans, and S3.3 for specific point loads from maintenance walkways.   

Location of the solar panels was coordinated with Atune’s electrical 
team to optimize the energy gain while minimizing structural deflec-
tions and loads. For more detailed information on the selection of 
the solar panels refer to Electrical Narrative Section 6.1.1. The slab-
melt was integrated with Atune’s mechanical team to help minimize 
the continued snow loads seen on the roof. The snow melt gained 
through this system is advantageous for the mechanical team to uti-
lize rainwater collection. The rainwater collected will be used as po-
table grey water. More detailed information regarding the slab-melt 
system can be found in Mechanical Narrative Section 7.4.7.  

6.5.5 Zipper Truss 
The structural team utilized Dlubal’s RFEM software to aid in the de-
sign of the zipper truss. After several design iterations, the structural 
team reached a final design for the atrium zipper truss system. The 
truss system consists of 6 trusses in total, each 12’0” on center and 
6’0” deep. The trusses span the width of the atrium at 35’0”. Each 
truss includes an 18” deep glulam top chord compression member 
which spans the width of the atrium. The individual trusses also 
consist of four 9” diameter compression glulam struts and four 1.5” 
diameter steel rods. The glulam compression members transfer the 
load to the central point of the zipper truss, called the bullet connec-
tor, picture below. 

Upon transferring the load to the bullet connector, the tension rods 
then transfer the load to the 18” glulam beams. The beams frame 
into the carbon fiber fabric wrapped columns and the performance 
hall CLT panels, which then transfer the roof load to the ground. See 

S3.8 for a detailed graphic of the zipper truss design. 

6.7 Gravity Connection Design 
The gravity connections were designed using NDS 2015, and design 
guides. The connection designs were optimized for the specified sys-
tems. 

6.7.1 Glulam to Foundation Connection 
The glulam columns will be connected to the foundation by steel an-
gles with hooked anchor bolt holes into the slab. The column will sit 
on a ¾” steel plate in order to help keep moisture out of the column. 
Extra cocking can be applied near the steel plate to help with acous-
tical performance between spaces. See S3.10 for connection detail. 

6.7.2 Panel-to-Panel Connections 
The panels will be interconnected using internal structurally compos-
ite lumber (SCL) internal splines connected with self-tapping screws. 
The splines should also include a structural adhesive complying with 
ANSI 405 to increase the strength and stiffness of the connection. 
See S3.10 for connection detail. 

6.7.3 Panel-to-Foundation Connections 
The CLT walls connect to the shallow foundations using a 3/4” steel 
plate and 3/4” steel angle connecting the wall to the slab. The angle 
is connected to the CLT using self-tapping screws and an anchor bolt 
connecting into the slab. The plate is connected using self-tapping 
screws into the CLT, similar to the angle, and self-tapping masonry 
screws connecting into the foundation. The CLT wall is separated 
from the foundation with a 3/4” sill plate and thermal insulation. See 
S3.10 for connection detail. 

6.7.4 Framing-to-CLT Wall Connections 
Connections from framing to the CLT panels will be a combination 
of metal brackets and kickers connected using 1” lag-screws. Typical 
90° angle metal brackets will connect the member to the CLT wall 
at the joining point. Additional angles will connect the SCL kicker to 
the CLT wall and the framing member, generally a beam. See S3.10 for 
connection detail. 

6.8 Gravity System Summary 
As a result of the structural decision matrix, the selection of gravity 
systems was driven by the project goals of versatility, sustainabili-
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ty, and harmony. The main gravity systems, including the roof, are 
as follows: composite CLT with reinforced concrete, glulam column 
framing, specialty wood trusses, and CLT wall panels. The gravity sys-
tems all enhance the structural stability of the building and assist the 
acoustical performance of the music center. The integration of the 
slab-melt and solar panels with the structural roof system for both 
the upper and lower roofs was a major integration opportunity for 
the Atune team. Refer to the table below to see how the structural 
system met Atune’s goals. 

7.0 LATERAL SYSTEM DESIGN 
Atune’s structural team designed the lateral system by the major ar-
eas of the music center. The main concert hall, the three smaller re-
cital halls on the north side, and the longer of the walls on the south 
side will all be constructed of large CLT tilt-up panels. The entrance 
atrium lateral forces are transferred through the diaphragm to the 
CLT walls of the concert hall. 

7.1 Lateral System Goals  
Atune set the strength design criteria for the lateral system that 
would meet and exceed code. These goals matched those of the rest 
of the Atune team with the focus being on Hope College. The final 
design shows sustainability through wood construction, which dou-
bles as an acoustical component to the building. See S3.1 for high-
lights of the integration of Atune’s goals with the lateral system.  

7.2 Lateral Loads  
Atune evaluated both the seismic and wind conditions expected to 

be seen on the Jack H. Miller Center for Musical Arts. Atune designed 
the lateral systems according to ASCE 7-10. The loads were deter-
mined using the newer code due to more conservative values calcu-
lated over those in the ASCE 7-05. Prior to design, the building was 
determined to have a Risk Category, III, and an Exposure Category, C.  

7.2.1 Wind  
The Jack H. Miller Center for Musical Arts was designed as an en-
closed building. The height of the building was assumed to be the av-
erage height between the concert hall core and the exterior building, 
at 42’0”. Additionally, the structure was treated as rigid when calcu-
lating the applied wind loads.  The total wind base shear was calcu-
lated to be 436.5 kips. See S2.2 for the detailed wind calculations. 

7.2.2 Seismic  
Holland, Michigan, is located in a low seismic region, therefore seis-
mic loads were checked but do not govern for lateral loads. The seis-
mic loads were calculated using site class D, per the geotechnical re-
port. See S2.2 for the detailed seismic load calculations.  

7.3 Alternate Systems Evaluation  
The following systems were evaluated for the Jack H. Miller Center 
for Musical Arts, but not selected for the final structural design. The 
team used a decision matrix to choose systems that would help the 
team accomplish the desired lateral system goals. Please see S2.1 
to see the matrix used to make the lateral system decisions for each 
space. See the table below to see how the considered sytems were 
considered in regard to Atune’s goals.

7.3.1 Heavy Timber Braced Frames  
The advantages to using heavy timber braced frames on this proj-
ect would be the high strength-to-weight ratio that they provide. 
Additionally, the braced frames would give a high short-term load 
strength. However, due to the material properties of heavy timber 
braced frames they have a naturally low response modification fac-
tor which requires either more heavy timber members or more ro-
bust members. Either option to increase the lateral strength resulted 
in an increase in cost, affecting the schedule and budget. Therefore, 
this lateral force resisting system was not selected for the final de-
sign. 

7.3.2 Timber Moment Frames  
This system is an innovative response to lateral loading seen by the 
building while increasing the use of timber in the structural systems. 
Timber moment frames are not common due to the lack of ductility 
in the members. Since timber moment frames are still under research 
as an effective lateral system, there are several drawbacks including 
but not limited to the lack of design guides and codes. In addition to 
the draw backs in design, the construction of timber moment frames 
would have an impact on the construction schedule and budget due 
to the slower speed to erect the members and the need for specialty 
connections. 

7.3.3 Wood Shear Wall 
The sheathing materials used in timber frame building diaphragms 
can economically be upgraded to resist shear loading. This allows 
a timber frame design to take horizontal and vertical loads. Several 
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of the advantages to timber shear walls include lighter weight con-
struction (compared to similar systems), resilient system and faster 
conventional construction. Due to the material properties of timber 
shear walls special considerations need to be taken when designing 
the sheathing thickness, nailing pattern, chord/strut design, and sup-
port connections. The structural team did not select this system in 
the end because it did not achieve all of Atune’s design goals. 

7.3.4 SIP Walls   
SIP walls are not ideal for long-spans and large unobstructed spac-
es but are a great shear wall alternative in buildings four stories or 
shorter, like the Jack H. Miller Center for Musical Arts. Additionally, 
SIP walls provide better acoustical insulation than traditional timber 
shear walls. In addition to the large acoustical advantages the SIP 
walls can be replaced to maintain building occupancy if they were 
ever to experience structural damage. However due to the restric-
tions of SIP walls with any mechanical chases and only permitting 
electrical runs that are 1-½ inch or smaller, careful integration would 
be needed in choosing the placement of SIP walls in the building. 
Due to the lack of integration this LFRS system was not selected. 

7.3.5 Alternate Systems Overview
Refer to the table for an overview of why the team ultimately decid-

ed not to implement the discussed lateral systems.
7.4 Lateral Design Progression 
The use of the structural decision matrix made the CLT Panels an 

obvious choice for the lateral system, as it scored high in versatility, 
sustainability and harmony.  The panels are cross-laminated which 
means the strong axis is alternating within the wood. As a result, 
these panels act as both the gravity system and the lateral system. 
Also, the panels are very easy to construct and will result in a shorter 
construction schedule. The panels help accomplish the team’s sus-
tainability goal through the use of timber. Last, the panels provide 
acoustical isolation to the concert and recital halls.  

The panels will be placed around the concert hall and the recital/re-
hearsal areas. In order to combat the torsional effect this placement 
will have on the building, a CLT panel was added on the south wall as 
seen on S3.4. The stairs and elevator shaft will also be encased in CLT 
panels, primarily for structural support and to meet fire ratings on 
the egress routes.  The atrium has little room to implement a lateral 
system due to the glass façade, so the performance hall CLT panels 
will provide the needed lateral stability for the atrium through a can-
tilevered diaphragm.

7.5 Design Optimization  
Once the above lateral system was selected, the structural team fo-
cused on improving the design to perform at required loading com-
binations. In addition to the strength requirements, the structural 
team worked on designing the lateral systems to meet the drift lim-
itation of 0.01H. 

The CLT panels 
for the main 
concert hall, the 
3 smaller recit-
al halls on the 
north side, and 
the longer of 
the walls on the 
south side were 
all checked us-
ing the NDS-
2015 and CLT 

Handbook design guides. Coordination with the construction team 
ensured the panels were designed within standard sizes of manufac-
tures, such as Structurlam, allowing for pre-fabrication of the panels. 
Prefabrication can economically be done off site and brought to site, 
positively impacting the construction schedule and limiting the ma-
terial that is stored on-site for long periods of time. Since tilt-up pan-
els require additional design and construction coordination up front, 
Atune’s IPD approach has ensured that errors on the pre-fabricated 
elements of the Jack H. Miller Center for Musical Arts are minimized.

Initial sizing of the CLT panels had been taken from manufacturer 
data sheets to ensure that a typical sized panel would be able to 
withstand and transfer the building loads. The structural team went 
through a series of iterative design checks to optimize the panel siz-
es. The first iteration checked a Structurlam 191E, 7-ply CLT panel. 
The design checks evaluated the worst-case loads and unbraced 
length of the panels in each of the 3 main locations in the building. 
While the panel was adequate in shear strength it did not meet the 
axial strength requirements in all the panel locations. 
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The second iteration checked a Structurlam 243E, 9-ply CLT panel. 
In the 3 smaller recital halls and the south wall, the design checks 
passed for axial, shear, bending, and combined bending and axial 
loading. The maximum wall deflections were less than 0.2 inches. 
The second iteration for the concert hall panels checked a Structur-
lam 315E, 9-ply CLT panel. In addition to the gravity checks passing, 
as mentioned in Section 6.5, the lateral design checks for this panel 
also passed and the maximum wall deflections were less than 0.2 
inches. See S2.4 for panel locations and sizes. 

7.6 Lateral Connection Design
The lateral connections were designed using the CLT Handbook US 
2013 Edition. There were several key CLT panel connections that 
were designed including panel-to-panel, panel-to-foundation, and 
framing-to-CLT panels/walls. All CLT connections will have structur-
al adhesives included in addition to the mechanical connectors. All 
connections that have a material connection point need to have an 
acoustic membrane/sealant separating the materials except the pan-
el-to-panel connections. 

7.6.1 Panel-to-Panel Connections 
The panels will be interconnected using internal structurally compos-
ite lumber (SCL) internal splines connected with self-tapping screws. 
The splines should also include a structural adhesive complying with 
ANSI 405 to increase the strength and stiffness of the connection. 
See S3.10 for connection detail. 

7.6.2 Panel-to-Foundation Connections 
The CLT walls connect to the shallow foundations using a 3/4” steel 
plate and 3/4” steel angle connecting the wall to the slab. The angle 
is connected to the CLT using self-tapping screws and an anchor bolt 
connecting into the slab. The plate is connected using self-tapping 
screws into the CLT, similar to the angle, and self-tapping masonry 
screws connecting into the foundation. The CLT wall is separated 
from the foundation with a 3/4” sill plate and thermal insulation. See 
S3.10 for connection detail. 

7.6.3 Framing-to-CLT Wall Connections 
Connections from framing to the CLT panels will be a combination 
of metal brackets and kickers connected using 1” lag-screws. Typical 
90° angle metal brackets will connect the member to the CLT wall 
at the joining point. Additional angles will connect the SCL kicker to 
the CLT wall and the framing member, generally a beam. See S3.10 for 
connection detail. 

7.7 Lateral System Summary  
An integrated selection and design of the lateral systems was the 
driver in achieving and exceeding the project goals of versatility, 
sustainability and harmony. Utilizing CLT panel walls throughout the 
building optimizes acoustical performance of the structural system 
and contributes to the construction schedule aiding in the IPD ap-
proach that Atune is using for the Jack H. Miller Center for Musical 
Arts. Atune designed a lateral system that will provide the building a 
resilient design that contributes to the life of the building.

8.0 FOUNDATION SYSTEM DESIGN 
Due to the large soil bearing pressure in Holland, MI, and the frost 
depth of 42”, Atune’s structural team selected frost protected spread 
footings to reduce the volume of concrete needed in the founda-
tions. 

8.1 Foundation Design Goals  
Atune’s foundation goals were driven heavily by the desire to con-
tinue to integrate within the disciplines and to exceed industry stan-
dards. Preliminary designs were performed, and all alternate sys-
tems were compared using a decision matrix which was governed 
by Atune’s goals and project themes.  Refer to the decision matrix 
on S2.1. 

8.2 Site Analysis 
Atune utilized the geotechnical report recommendations for convec-
tional spread footings provided by Driesenga & Associates, Inc. The 
general soil profile was topsoil, sand with trace silt, fine to medium 
sand, and still grey silt. The grey silt was encountered at depth of 50 
feet. Due to the soil profile in order to achieve the required depth 
of existing soil densification, vibro-compaction is recommended over 
surface-only methods of compaction.   

The large trees in the project area will be addressed by complete re-
moval of the tree roots. The demolition of the existing garage struc-
ture and other previous structures’ foundations, floor slabs, utilities, 
and other below-grade structures will be removed from the pro-
posed building’s footprint. For all pavement areas leading up to the 
building’s footprint all existing utilities and below grade structures 
will be removed at least 2.5 feet below the final subgrade.  

Recommended depth for all perimeter footings is at least 42” below 
finished grade in order to protect against frost. The footings should 
be designed for a maximum net allowable soil bearing pressure of 
4,500 psf. The floor in the main concert hall will be a double con-
crete slab that is separated by a 2” isolation mat. Other floors will be 

a minimum of 8” in thickness with vapor barriers below any floor 
slabs with an impermeable floor finish/seal.   

8.3 Design Progression  
Based on the geotechnical results, a conventional spread footing 
with additional densification of the granular site soils are recom-
mended. In order to achieve the required depth of existing soil 
densification, vibro-compaction will be used in lieu of surface-only 
methods of compaction. The recommended maximum spacing for 
the vibro-probe is 25’0” along continuous footings and at least one 
probe per column footing. Any areas where the proximity of the 
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vibration will be an issue will be reevaluated.  

The integration of the Atune team has resulted in a step down of 
18” for the concert hall to accommodate for the under-floor air dis-
tribution system without the need for a step down or step up to en-
ter or exit the concert hall. Stepping down the slab/foundation also 
improves the ADA compliance of the concert hall and recital spaces. 
In addition to the 18” step down, on the corridor intersections sur-
rounding the concert hall we are including an 8” stepdown of the 
slab to accommodate the Pavegen system implemented by the elec-
trical team for an innovative educationally energy opportunity.  

Atune’s structural team identified the opportunity to employ frost 
protected shallow footings around the perimeter. This design will 
reduce the amount of concrete needed for the building and will 
also help with the mechanical load. Integration is at the fore front 
of Atune’s design considerations. By implementing frost-protected 
shallow footings, the depth of the grade beams is 36” instead of 42”. 
Since this area of Michigan has such a high soil bearing pressure the 
bearing and uplift moment on the grade beams have been consid-
ered and accounted for in the size and reinforcement of the grade 
beams. For detailed calculation see S2.5, and for foundation plans 
and details see S3.4. 

8.4 Foundation Design Summary  
Atune’s structural team chose the frost protected shallow footings 
over the recommend continuous spread footings due to the increased 
thermal R-value that they provided the mechanical team. The ap-
plication of frost protected shallow footings for the exterior grade 
beam on the Jack H. Miller Center for Musical Arts does not require 
horizontal insulation. This aids the construction timeline compared 
to standard frost protected footings. The isolated slab and founda-
tion for the main con-
cert hall will prevent 
any potential vibrations 
from the nearby train 
track from affecting the 
acoustical performances 
and comfort of the occu-
pants. Other advantages 
in cost of less concrete 
and formwork made the 
frost protected spread 
footings the preferred 
foundation design. 

9.0 BUILDING ENCLOSURE DESIGN 
The structural team designed an integrated glass façade, with the 
View Glass System, and brick veneer system. The integrated glass 
façade will be incorporated into the roof-top amenity space as well.  

9.1 Building Enclosure Goals  
Atune’s goals for building enclosure design were heavily driven by 
the desire to stay cohesive with the Hope College Campus while still 
incorporating new design. Atune’s structural team integrated heavily 
with all disciplines in order to set criteria that exceeds industry stan-

dards and would optimize the building façade for all disciplines.   

9.2 Façade Optimization  
Atune developed a façade and roof assembly with improved ther-
mal and moisture performance. Though structural performance was 
in high regards for the enclosure design, Atune focused on thermal 
performance, acoustical standards, and construction. The structural 
team primarily focused on selecting connections that would support 
the implemented façade components addressed below.  

9.2.1 View Dynamic Glass   
The atrium and roof top amenity space were a major focus when 
optimizing the façade. Integration with Atune’s electrical team was 
a critical part in the final decision for the atrium glass facade. View 
Dynamic Glass was selected in order to decrease mechanical loads 
and optimize daylighting in the space. The MEP benefits of the de-
sign matched by the simplicity of View Glass’ product connections 
made View Glass an obvious choice for the building façade. The glass 
is triple pane for mechanical and acoustical purposes, with a load of 
10 psf. The mullions were sized to support this load. See Electrical 
Section 7.7 for a detailed explanation of the use of View Glass.  

9.2.2 Brick Façade    
Unity is important to colleges across the world. A college’s archi-
tecture plays a large role in making a campus look unified. Atune 
wanted to select a façade that matched the other buildings on Hope 
College’s campus, which all have a brick and/or limestone façade. 
Atune chose a red face brick façade with limestone accents for the 
Jack H. Miller Center for Musical Arts. Instead of using the typical 
modular brick, a 5/8” face brick will be used. This will maintain the 
unified campus look while decreasing the building dead load. Wood 
members do not have a very high capacity compared to steel or con-
crete, so the smaller dead load from 5/8” bricks played a major role 
in creating a structural design composed of 90% wood construction.  

9.2.3 Hydronic Mullions 
Atune’s structural team initially considered implementing wood mul-
lions on the west glass façade in order to help the structural team 
reach the highest percentage of wood construction possible. Howev-
er, through the IPD method, the team collaborated and determined 
that the mullions could be put to better use. Atune decided to imple-
ment hydronic mullions to help overcome the envelope load. Wood 
did not work well in conjunction with the hydronic piping, so the 
structural team decided to implement aluminum mullions. The mul-
lions not only house the hydronic piping, but they complement the 
dynamic look of the atrium. The structural team sized the aluminum 
mullions to be 2.5” wide in order to conceal the hydronic piping and 
support the façade view glass. The IPD method allowed Atune to 
work together and achieve an ideal mullion design. See Mechanical 
Section 7.4.2 for a detailed explanation of the hydronic mullions.  

9.2.4 Envelope Moisture Mitigation 
Atune’s wood structure surpasses Hope College’s desires, but the de-
sign does require some additional concerns to be addressed. Mois-
ture and humidity in a building’s cavities can have a negative impact 
on a wood structure. The presence of moisture can cause wood rot, 
mold growth, expensive structural repairs, and more. Upon consid-
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ering this, envelope moisture mitigation was of the utmost impor-
tance. Atune’s structural and mechanical teams worked together 
to find a solution for moisture control. The DOAS units throughout 
the building are used for humidity control to eliminate the presence 
of moisture in the timber structure. The structural team addressed 
moisture control through the wall cavity design and the use of flash-
ing. Brick, insulation, an air gap, and waterproofing membranes sep-
arate the structure from the outside elements. At the bottom of the 
structure, flashing was implemented to ensure any moisture that 
does enter the cavity is transferred back to the exterior of the en-
velope. Between the solutions utilized by both teams, moisture will 
not be a structural issue for Hope College’s Jack H. Miller Center for 
Musical Arts.  

9.3 Building Enclosure Summary  
The façade of the Jack H. Miller Center for Musical Arts is made up 
of a 5/8” brick veneer with limestone accents and a curtain wall with 
View Glass and hydronic mullions. The result is an innovative build-
ing enclosure that unifies the building with the campus and commu-
nity while also showcasing its cutting-edge design. 

10.0 PROJECT BUDGET & CONSTRUCTABILITY 
The integrated project delivery method was vital in order to choose 
a structural design that addressed construction concerns. The design 
balanced higher costs with optimized constructability.

10.1 Structural Budget Response  
The structural design made up 29% of the project budget, which is 
just above the typical industry average. The innovative use of timber 
throughout the entire structure is a unique aspect of Atune’s design. 
This innovation, along with the collaboration between the mechan-
ical and electrical teams resulted in the slight increase in the struc-
tural system costs. Based on the goals of Hope College to create a 
sustainable design, the Atune structural team has justified the use of 
the timber structure. See Construction Narrative Section 11.0 for a 
detailed report of the project budget.  

10.2 Structural Construction Response  
The structural de-
sign of the Jack 
H. Miller Center 
for Musical Arts is 
highly coordinat-
ed with the con-
struction team. 
The wood struc-
ture is a unique 
design, so unlike 
many typical and 
standard steel 
buildings, this 

could result in a slightly longer construction schedule. In order to re-
duce structural impact to the schedule, the structural team designed 
a structure that includes a lot of prefabricated components. Through 
the IPD method, the structural and construction teams were able to 
collaborate in order to control the lead times as much as possible 
and have the materials ready upon schedule. The design allows for a 

quick erection of the building and quick schedule, which is very de-
sirable in order to provide minimal disruption to the college campus 
and community.   

10.3 Value Engineering and Life-Cycle Cost  
Value engineering was crucial in the final selection of systems. Atune 
focused on the balance of maximizing the budget while still exceeding 
the owner’s expectations and requirements for the spaces. Though 
cost is always an important factor, the Jack H. Miller Center for Musi-
cal Arts was designed with three primary concerns that take priority. 

The three primary 
concerns are as 
follows: acous-
tical awareness, 
sustainable design 
using wood, and a 
versatile rooftop 
amenity space. An 
area where value 
engineering came 
into play was in re-
gard to the heavy 
timber columns. 
Ideally, the team 
would’ve liked to 
use carbon fiber 
wrapped columns 
throughout the 
entire building in 
order to increase 
strength without 
a large increase in 

column size. Doing so would’ve caused a cost increase that the team 
and owner felt was not justifiable. Instead the columns will only be 
carbon fiber wrapped in the atrium and under the cooling tower, 
where truly necessary, rather than throughout the whole building. 
In the end the team decided that delivering owner desires was more 
important than cost in many portions of the building, but value engi-
neering was utilized wherever possible to make up for it.   

The life-cycle cost of the Jack H. Miller Center for Musical Arts is 
higher than if the building had been designed as a standard steel or 
concrete building. The increased life cycle cost of the structure is pri-
marily due to the use of wood throughout all structural systems. The 
primarily wood design causes a longer construction time and larg-
er construction costs. Wood is also an expensive material that lasts 
an equal amount of time as other building materials. Atune and the 
owner recognize the increase in life cycle cost but have considered it 
a trade-off in order to obtain a truly sustainable structure.   

11.0 PROJECT CHALLENGES 
Hope College put forth a few design considerations in the form of 
project challenges. These challenges were created in order to drive 
the design team to create a building that meet all of Hope College’s 
Music Department’s needs. The following is a summary of how the 
Atune structural team addressed and designed for each design chal-
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lenge.   
  
11.1 Acoustics 
Atune’s structural team addressed the acoustics of the building in a 
couple of different ways. The first acoustically aware decisions were 
made in the selection of the structural systems. The lateral force re-
sisting system and a large portion of the gravity system is made up 
of CLT panels. The panels not only provide adequate strength to the 
structure, but the panels play a huge role in acoustically isolating 
one space from another. The primary performance spaces are con-
structed entirely of CLT panels in order to provide as much acoustic 
isolation through the structure as possible. In addition to an acous-
tically aware system selection, the structure also had to be designed 
to support loads from many acoustical panels. The structural load 
from acoustical panels was of the highest concern in the concert hall. 
Here, there are motorized acoustical panels that can move in and 
out based on the current use of the space. When the panels are at 
their maximum extension length there is a moment induced on the 
structural walls. Large CLT panels were utilized in these areas in order 
to take the added force. The structural system not only supports the 
acoustical panels, but it was also utilized to help create acoustical 
panels. The scrap wood on site was recycled and used to create ef-
fective and sustainable acoustical panels. See Integrated Narrative 
Section 8.2.2 for a detailed explanation of these panels. It is evident 
that acoustics were a major concern in the Jack H. Miller Center for 
Musical Arts. Atune’s structural team purposefully tried to address 
the acoustic concerns in all aspects of design.   

11.2 Wood, Timber, and Engineered Wood  
Atune’s Structural team was challenged to create a building consist-
ing of 25% wood construction. The team quickly surpassed this goal 
and achieved a structural design of 90% wood construction. The de-
sign takes advantage of every opportunity to incorporate wood in the 
structure. The Jack H. Miller Center for Musical Arts is now one of the 
only buildings in the United States in which every structural system 
is composed primarily of wood. Atune & Hope College both felt that 
education of wood design is important. The structural team collab-
orated with the electrical team to educate the occupants about the 
sustainability of the structure. This was done through using lighting 
to highlight the structure and implementing an interactive display 
that educated the occupants on sustainability. See Electrical Narra-
tive Section 8.3.4 for a detailed explanation of their plan to educate 
the occupants on structural sustainability, along with other areas of 
sustainable design. 

11.3 Roof Top Amenity Space  
Atune decided to replicate the look of the atrium in the design of the 
rooftop amenity space. The versatile space has been designed to be 
used year-round. The space will have the ability to be open during 
the summer months and enclosed during the winter months. The 
enclosure will be made primarily of glass accordion walls in order to 
give the space an outdoor feel at all times of the year. The structural 
team had to strategically place columns in order to avoid obstructing 
the view or the flow of the space. Additionally, the snow load in Hol-
land is substantial, so Atune decided to utilize a radiant slab system 
in order to provide snow melt. The Atune team worked to implement 
a composite deck tile for the portion of the roof-top amenity space 

that will always be outdoors. These roof/deck tiles easily interlock 
creating a uniform floor, while also improving all future maintenance 
of the roof structure and the slab-melt system in the amenity space. 
The amenity space required a lot of team coordination and the result 
was a beautiful and versatile amenity space.  See I3.5 for the rooftop 
amenity space floor plans.   

12.0 LESSONS LEARNED 
Through this design competition, the structural team discovered the 
true importance of team collaboration and design iteration. Each 
individual member brought skills and ideas to the table that, when 
combined with other members, created a diverse team and thought 
process that resulted in a better overall design. Team collaboration 
then spurred iterative design processes. A design would be selected 
by one individual and then reviewed and refined by another until 
eventually the final product was the best possible iteration. The use 
of individual’s skills paired with design values and iterations produc-
es the best final product.   

13.0 CONCLUSION 
The structural team focused on designing a structural system that 
satisfied Hope College’s needs and met Atune’s design goals. The fi-
nal design accomplished Atune’s goals in the ways discussed below.   

13.1 Versatility  
Hope College wanted Jack H.Miller Center for Musical Arts to be a 
building that could accommodate both the college and the commu-
nity. Versatility was created as a design goal to help create a building 
that could be used for many functions by many people. This goal 
also applies to the multi-purpose use of systems and designs. The 
structural team accomplished this goal in a couple of different ways. 
In relation to the structural system itself, the team implemented CLT 
panels that would act as both the gravity and lateral systems, while 
also providing acoustical isolation. Regarding the variable use of the 
spaces, the structural team primarily implemented versatility in the 
rooftop amenity space. The space was designed to be open or closed 
while still feeling like an outdoor space year-round. To accomplish 
this the structural team has implemented a design with movable 
glass accordion walls and a minimal number of columns. The struc-
tural team also implemented the slab melt system here so that snow 
throughout the rear would not affect the use of the space. Through 
the implementation of the previous items discussed, the structural 
team was able to obtain an adequate level of versatility.   

13.2 Sustainability  
The final structural design was composed of 90% timber construc-
tion. The structural system utilized wood that is Forest Stewardship 
Council (FSC) approved. The design primary design implements glu-
lams, CLT panels and wood stud framing. To further the impact of 
the sustainable design even more, the structural team has worked 
closely with the electrical team to display the structural design and 
educate occupants about sustainability. A wood structure was de-
sired by both Atune and Hope College in order to achieve sustain-
ably. Atune is confident this goal was achieved through the structural 
design. See I3.4 for a report of carbon reductions as a result of 90% 
wood construction. 
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13.3 Harmony  
Atune chose harmony as a design goal in order to achieve a collective 
design for the Jack H. Miller Center for Musical Arts. The team used 
an integrated project delivery method in order to achieve harmony 
throughout the building design. This delivery method allowed the 
team to work together and choose a decision matrix that would guide 
the entire team’s design decisions. The creation of the matrix was an 
act of harmony that then spurred more collaboration. The structural 
team’s design required coordination with other teams at many dif-
ferent points during the design process. The team worked with the 
acoustical designer in order to select structural systems that not only 
provided adequate structural capacity but also aided in the acous-
tical isolation of spaces. Atune’s structural and mechanical teams’ 
primary collaboration was related to the foundation and underfloor 
air distribution system. The mechanical team’s implementation of 
this system required the structural team to drop the foundation slab 
18” in certain areas. The electrical team also caused a dropped slab 
in certain areas due to the Pavegen system they utilized. The electri-
cal team made the decision to place solar panels on the roof, which 
then required coordination to properly place the panels and account 
for the additional structural load. Coordination with the construction 
team was important from start to finish. Working with the construc-
tion team helped the structural team figure out what designs were 
possible and practical. The collaboration was also necessary to work 
out prefabrication and building erection concerns. The integrated 
project delivery method and the decision matrix made these harmo-
nized decisions possible across the different discipline design teams. 
Through all of these collaboration points, Atune was able to achieve 
a desired level of building harmony. 
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DECISION MATRIX & SYSTEM SELECTIONS

SYSTEM SELECTIONS

Based on the decision matrix Atune selected the following structural systems for the Jack H. Miller Center for 

Musical Arts.

STRUCTURAL DECISION MATRIX

Atune began the design process by selec! ng three design 

drivers: harmony, sustainability, and versa! lity. The team 

created a decision matrix to ensure that the design drivers 

were considered in every design decision made. The deci-

sion matrix below was used to select the best structural 

system for every aspect of the Jack H. Miller Center for 

Musical Arts.
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GRAVITY LOADS

DEAD LOADS

SNOW LOADS

 SNOW DRIFT LOAD MAP

LIVE LOAD MAPPING: SEE S3.2

S2.2

LATERAL LOADS

WIND LOADS

SEISMIC LOADS

GENERAL DESIGN PARAMETERS

 SNOW DRIFT LOAD MAP

GOVERNING LATERAL LOAD: WIND 

The Atune structural team checked the wind and seismic loading condi! ons for Holland, 

MI. The Jack H. Miller Center for Musical Arts is a risk category III building.

The maximum average wind speed is 120 mph, with an exposure category of C. The struc-

ture was assumed to be rigid with the mean roof height at 49’0”, between the upper roof 

of the auditorium and the lower roof of the rest of the building. The wind base shear was 

calculated to be 463 kips.

The seismic site class of the building was assumed to be D and the desigh category was B. 

The seismic base shear was calculated to be 319 kips.

All loads were calculated per ASCE 7-05 and ASCE 7-10.

SNOW DRIFT LOADING MAP

SNOW DRIFT LOAD 

KEY

COMPONENTS & CLADDING LOADING MAP

LOAD ZONE 

KEY

WORSE CASE WINDWARD LOADING MAP
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FRAMING DESIGN CALCULATIONS

GLULAM COLUMNS

The glulam columns were sized based on the worst case loading seen in the fl oor bays. 

First Level Framing:      Second Level Framing:    Roof Top Amenity Framing:

    Colum Dimensions = 16” x 21”              Column Dimensions = 16” x 21”         Column Dimensions = 12” x 16.5”

CARBON FIBER WRAPPED GLULAM COLUMNS 

The composite columns were sized based on the worst case loading expected to be seen in the 

atrium.

Applicable Code: NDS-2015 Applicable Code: NDS-2015
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CLT PANEL DESIGN CALCULATIONS

CLT TILT-UP WALLS

The CLT wall panels were sized based on the worst case loading seen 

by auditorium and performance halls.

The main auditorium design is a 315E Crosslam Panel:

     Panel Thickness = 12.42”

     CLT Layer Thickness = 1.38” (9 Layers) 

The performance space design is 243E Crosslam Panel:

     Panel Thickness = 9.58”

     CLT Major Layer Thickness = 1.38” (5 Layers) 

     CLT Minor Layer Thickness = 0.67” (4 Layers)

Required Brackets:

     4DA (4 Brackets Both Sides - Double All)

Applicable Code: CLT Handbook, SDPWS-2015, CrossLam Design 

Guide 2018

CLT PANEL SIZE KEY

MAP OF CLT PANEL PLACEMENT
GRAPHIC OF CLT ASSEMBLY
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FOUNDATION DESIGN CALCULATIONS

ISOLATED SPREAD FOOTING

The isolated spread foo! ngs were designed for the worse case load-

ing scenario in the typical bay size. The allowable soil pressure is 

4500 psf.

Isolated Spread Foo! ngs: 8’ x 8’ x 30”

                8 #8 T&B Both Direc! ons

Applicable Code: ACI 318-2008

FROST PROTECTED SPREAD FOOTING/GRADE BEAM

The frost protected foo! ngs were sized based on the worst case 

loading scenario on each of the exterior walls. The net allowable   

soil bearing pressure is 4500 psf.

Applicable Code: ACI 318-2008

 Map of Frost Protected Foo! ngs in Building

FPSF SIZE KEY
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Composite Floor
Calculations
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STRUCTURAL SYSTEM GOALS

The main focus of the selected structural systems were to exceed the goals of
versatility, sustainability and harmony that the Atune team had set while staying
focused on the needs of Hope College and it's students. The following graphic calls out
the main structural systems used in the Jack H. Miller Center for Musical Arts.

Zipper Trusses

Innovative approach to
increasing the capacity of

the roof in the atrium
space.

Carbon Fiber Wrapped Columns

To continue the goal for sustainability
set by Hope College, Atune's

structural team utilized timber
composite action for the columns in
the atrium to keep the space open

and inviting.

CLT Wall Panels

The CLT walls provide the LFRS for
the entire structure. Additional

acoustical advantages are gained by
using the panels around the concert

hall and recital spaces.

Frost Protected Spread Footings

Frost protected spread footings
reduce the concrete needed in the

foundations. This also helps improve
the constructibility of the stepped

slabs for the underfloor air
distribution.

CLT & Reinforced Concrete

The composite Floor system
optimizes the use of timber design
for the spans and loads seen in the

Jack H. Miller Center for Musical
Arts.

ALTERNATE SYSTEM COMPARISON CHART

The structural team considered several systems at the start of the design process to identify the most sustainable and economical
system for the Jack H. Miller Center for Musical Arts. Using the below comparison chart, Atune selected the best systems to move
forward with in design.

ATUNE STRUCTURAL SYSTEM GOALS

Atune's structural team set the following internal goals for the structural systems of the Jack H. Miller Center for Musical Arts.
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Comparison Charts
& System Goals
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7-2019

The final size or the concrete CLT composite floor
ended up being of 5-PLY CLT (6.875") with #4 bars
each way and 3.125 concrete slab on top.
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 1 1/2" = 1'-0"
1

FIRST FLOOR LIVE LOAD MAP
 1 1/2" = 1'-0"

2
SECOND FLOOR LIVE LOAD MAP

 1 1/2" = 1'-0"
4

CATWALK LIVE LOAD MAP
 1 1/2" = 1'-0"

3
ROOF LIVE LOAD MAP
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MECHANCIAL EXECUTIVE SUMMARY

Atune u! lized the Integrated Project Delivery method to design the Jack H. Miller Center for Musical Arts. It was the duty of the mechani-

cal team to deliver a profi cient design for HVAC, plumbing, and fi re suppression systems that refl ect each of the team goals. Atune chose to 

u! lize an itera! ve design process and maximized the benefi ts of an integrated project delivery to complete this design. The team considered 

many innova! ve and integrated solu! ons to meet the building’s needs.  These solu! ons address the building’s capability to perform effi  -

ciently, adapt under varying condi! ons and serve as a safe environment.

DOAS

Enthalpy wheel and hot gas 

reheat dehumidify ven! la-

! on air and reduce building 

loads.

WATER-WATER 

HEAT PUMPS

Transfer of heat between spac-

es durring simultaneous heat-

ing and cooling periods.

HYBRID GROUND 

SOURCE BORE FIELD

Allows for effi  cient heat reject 

and absorp! on throughout 

the year.

UNDERFLOOR 

AIR DISTRIBUTION

Condi! oned outside air is de-

livered directly to occupants in 

voluminous spaces with mini-

mal acous! cal impact.

HYDRONIC 

MULLIONS

This design feature addresses 

the impact of solar heat gain 

on the west facade at the 

envelope.

SNOW MELT/

RAINWATER 

COLLECTION

Decreases structural loading 

and provides potable grey-

water.

RADIANT SLAB

Provides both occupant level 

condi! oning and acts as a 

thermal mass to resist lag ef-

fects in building energy 

transfer.
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1.0 PROJECT INTRODUCTION 
The Jack H. Miller Center for Musical Arts is located in Holland, Michi-

gan and is part of the Hope College campus. This 64,000-square-foot 

building is to serve as the home for Hope College’s Department of 

Music. It houses an 800-seat concert hall, a recital venue, instruc-

! onal spaces, prac! ce areas, faculty studios, recording rooms, and 

computer and piano labs. A total budget of $25 million was targeted 

for the en! re project. An addi! onal amenity space was designed to 

be present as an op! on for owner review (refer to sec! on 11.3).

1.1 Mechanical Building Challenges 
A" er studying the current architectural plans for the project, the fol-

lowing challenges have been iden! fi ed due to the building layout 

and use. First, there are many musical spaces that have been de-

signed with large volumes for acous! cal purposes. This large volume 

of area needs to be condi! oned. Another challenge related to the 

architecture is the large glass façade in the atrium due to its western 

exposure. This presents a signifi cant challenge related to solar and 

envelope heat gain during the cooling months. The third challenge 

related to the building use and geometry is the combina! on of heat-

ing and cooling condi! oning that will be necessary due to exterior 

exposures and internal loads. The fourth and fi nal challenge related 

to building use is the predicted schedule diff erences for the diff erent 

spaces. The large concert hall and the recital space will only be used 

on specifi c schedules for events, whereas the other spaces will see a 

typical Monday-Friday college classroom type occupancy.

Another building challenge that was presented was the lack of central 

plant. There is no evidence of central steam or chilled water loops for 

the Hope College campus. This led the team to believe that hea! ng 

and chilled water must be generated within the site if desired. 

Finally, the proximity of mechanical equipment to designated music 

spaces provoked addi! onal care in equipment loca! on and isola! on. 

Because the majority of rooms are being used for music produc! on, 

having adjacent mechanical rooms was inherent. Fans and motors in 

mechanical equipment induce vibra! ons that penetrate the barriers 

of the space if not properly a' enuated. The mechanical systems also 

have a direct presence in each space via ducts and diff users which 

also spurs careful design considera! on.

1.2 Mechanical Climate Challenges 
Due to the loca! on of the project site and proximity to Lake Michi-

gan, the following clima! c issues have been iden! fi ed concerning 

the constraints for the mechanical systems. The fi rst is consistently 

high humidity year-round; Holland consistently averages a rela! ve 

humidity range of 60-75% year-round from data collected by the Na-

! onal Weather Service (see page M2.2). This presents a challenge in 

condi! oning outside air for ven! la! on and removing the moisture 

from these air streams to a more suitable and consistent rela! ve hu-

midity. Changes in humidity are known to alter tuning of stringed 

instruments, and too high or too low humidity leads to deteriora! on 

of instruments. 

Another clima! c considera! on to the mechanical team was the du-

ra! on and severity of the winter season. As to be expected in Michi-

gan, a large hea! ng load will have to be condi! oned for this project 

given that this area has a more extreme winter when compared to a 

temperate climate.

2.0 ATUNE’S MISSION 
Atune set out to generate a facility design that is not only op! mal for 

music instruc! on and performance but is a versa! le and sustainable 

addi! on to the campus. The Hope College Department of Music’s 

mission pursues promo! ng a passion for music; Atune pursued aid-

ing in that mission through inven! ve building schemes. By taking an 

integrated project delivery approach, the team was able to address 

building challenges with holis! c solu! ons. 

3.0 PROJECT MECHANICAL GOALS
All aspects of the mechanical design were infl uenced and driven by 

the Atune’s three main goals for the project: versa! lity, sustainabil-

ity, and harmony.

3.1 Versa! lity 
Flexibility in Use

This refers to the ability for a system to meet a space’s needs re-

gardless of the use. For instance, the atrium will need to be used as 
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an entrance to the building and as an entertainment space. These 

changes in space use will require the corresponding system to adapt 

to a variety of occupancies and schedules. 

Room for Growth

The ability to expand a mechanical system for future renova! ons is 

taken into considera! on in the systems that serve the classrooms 

and faculty studios. This is less of a concern for the concert hall, atri-

um, or ameni! es systems since the structure will most likely not be 

altered for these spaces if expansion is considered. 

Acous! cal Adaptability 

Given the nature of this project, it was a major focus of the mechani-

cal team to prescribe a soundless system that would not take a" en-

! on away from the musical performance and instruc! on.  

Aesthe! c Eff ec! veness 

Along with acous! cs, Atune puts value into this building as serving 

the arts. The design of the building sought to accompany the audito-

ry performance with visual gra! fi ca! on for the occupants. For each 

space, the mechanical team was tasked with selec! ng distribu! on 

systems that did not distract from appealing structural elements. 

3.2 Sustainability 
Long Lifespan 

Each system will have to be addressed in the future regarding re-

placement. The ease, cost and longevity of this opera! on have been 

evaluated while making system selec! ons.  

Maintenance Cost 

Day to day opera! ons for Hope College facility and grounds staff  

focus on maintaining a campus that is considerate to the use of 

natural resources and environmental impacts. If such maintenance 

work needs to be done, it should be able to be completed in a ! mely 

manner in an accessible loca! on and with as li" le cost impact to the 

school as possible.  

Environmental Impact 

Hope College is best served by systems that abate the use of energy 

throughout the life of the building. This aims to minimize fi nancial 

expenditure on behalf of the college while promo! ng sustainable 

opera! on. 

Educa! on to Public 

Atune seeks to provide a space fabricated for eff ec! ve musical in-

struc! on. This includes u! liza! on of HVAC and plumbing systems 

that cater to a classroom environment that is conducive to pupil 

learning and uninhibited instruc! on from faculty. Occupant comfort 

and responsiveness to occupancy changes were of priority in design.

3.3 Harmony 
Mul! purpose Design 

It is desirable that the mechanical systems serving the center for mu-

sical arts co-exist well with other building systems and aid in mee! ng 

their demands. Early and consistent communica! on throughout the 

schema! c design and design development process is a key element 

to how Atune came to design decisions. 

Building Façade 

A visually appealing the façade for the center for musical arts is a 

priority, so mechanical systems must provide solu! ons that do not 

distract from the building’s architecture. Minimizing envelope pen-

etra! ons was also a goal of the mechanical team to reduce the pos-

sibility for moisture infi ltra! on over the life of the building.

Schedule 

The mechanical system solu! ons introduced must be conformed to 

the construc! on schedule for the project. Longer construc! on peri-

ods equate to loss of revenue for a post-secondary facility, so mini-

mized ! mes benefi t the College. 

Constructability 

On and off -site fabrica! on can be u! lized in the construc! on pro-

cess. Working with the construc! on team allowed for an easier se-

lec! on process and jump-started conversa! on about the opera! ons 

needed for the construc! on ! meline.  

The Mechanical Decision Matrix that weighs out the system op! ons 

categorized by space use and architectural geometry is found on 

sheet M2.1.

4.0 MECHANICAL SYSTEMS & INNOVATIONS OVERVIEW
The HVAC systems and elements presented for the Jack H. Miller 

Center for Musical Arts each u! lize hydronic waterlines sourced 

from a bank of water to water heat pumps. These water to water 

heat pumps make use of a ground source borefi eld in peak condi-

! ons. Radiant slab and underfl oor air distribu! on schemes assist in 

delivering occupant-level space condi! oning to avoid excess energy 

consump! on. Ac! ve chilled beams provide silent condi! oning for 

faculty studios, classrooms, and prac! ce rooms. A dedicated outside 

air system allows for profi cient enthalpy exchange between ven! la-

! on and relief airstreams, dehumidifi ca! on, and reheat.

The plumbing systems make use of rainwater collec! on and grey-

water treatment to turn what would be disposed water into potable 
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grey water for water closets and irriga! on for surrounding greens-

pace.

5.0 DESIGN METHODOLOGY
The mechanical systems design was approached sequen! ally and it-

era! vely with the use of analysis and design so" ware, and building 

codes and standards.

5.1 Design Codes and Standards 
The design of all mechanical systems proposed for the Jack H. Miller 

Center for Musical Arts followed all codes currently adopted by Ot-

tawa County, as well as the Holland Municipal Code, including all 

amendments. Refer to the Codes and Standards page for a list of all 

relevant codes used for design and construc! on of the Jack H. Miller 

Center for Musical Arts.  

5.2 Analysis and Design So! ware 
Atune’s mechanical team u! lized hand calcula! ons and industry 

standard prac! ce to roughly calculate ini! al hea! ng and cooling 

loads. This assisted in opening a collabora! ve dialog regarding sys-

tem selec! on, equipment placement, and building massing that 

began upon ini! al project disclosure. To accurately calculate HVAC 

loads a model was carefully constructed using TRACE700. AAON ECat 

aided in selec! on of DOAS and AHU equipment.

6.0 SITE ANALYSIS 
The geotechnical report for the site detailed a gray clay below depths 

of 23 feet with a top layer of sand. A water table of 8.8 to 12.3 feet in-

dicates that the subsoil is saturated, which leads to excellent ground 

source heat absorp! on and dissipa! on. Saturated sand and clay have 

a high thermal conduc! vity when compared to many other common 

soil types. There is a por! on of the site just east of the building that 

would provide ample room for a par! al-capacity borefi eld.

7.0 HVAC SYSTEM DESIGN
Atune has aligned it’s Hea! ng, Ven! la! on, and Air Condi! oning sys-

tems scheme to align with the client needs of the project as well as 

the team’s design goals.

7.1 HVAC System Goals 
A primary focus for the HVAC systems in the Jack H. Miller Center 

for the Musical Arts, as for all HVAC systems, is to provide adequate 

hea! ng and cooling for occupant comfort. The systems must address 

the humidity concerns discussed in sec! on 1.2 and diminish energy 

usage without sacrifi cing effi  cacy when it comes to producing the 

desired environment. The acous! c impact a system imposes must be 

minimal so as not to distract from the musical arts. Given the space 

is used for crea! on of an art form, Atune has also made it a goal to 

preserve and enhance the aesthe! cs of the building. The mechanical 

team has chosen systems that a% empt to hide from the scope of vi-

sion for the occupants. 

7.2 HVAC Loads 
An HVAC load model was constructed using TRACE 700. Through 

analysis of each space, the following loads stood out: the atrium’s 

solar heat gain and internal sensible and latent heat gain from oc-

cupants in the concert hall. 

The atrium as ini! ally modeled would have encountered over 40 tons 

of solar heat gain. By specifying the electrochromic design solu! on 

outlined in sec! on 7.4.4, the atrium will only be subject to nearly 

270,000 BTUh of solar heat gain in peak condi! ons. That is just over 

22.5 tons of cooling demand. The mechanical and electrical design 

teams worked to fi nd a solu! on that not only reduced this load, but 

also provided acous! c a% enua! on. 

Occupant sensible and latent load in the concert hall was also de-

termined to be a large load that the mechanical team could address 

through directed condi! oning. A fully occupied performance hall 

would introduce 350,000 BTUh of latent load into the space. That is 

equivalent to 30 cooling tons needed to address just that aspect of 

the load. The mechanical team also saw this as an area to focus ef-

forts. To address this load, the team collaborated with the structural 

team to deliver the design solu! on outlined in sec! on 7.4.2.

7.3 Alternate Systems Evalua" on 
The fi rst system considered was u! lizing air handling units with re-

heat at the VAV terminal boxes. One air handling unit would have 

served each of the four occupancy schedules dis! nguished in sec! on 

7.2. Manufacturers could build and customize air handling units tai-

lored to the demand each unit would face. Thus, this op! on would 

be adept at addressing the humidity concerns for the climate. De-

livering air in the quan! ! es required throughout the building to 

sa! sfy the internal loads would magnify avoidable sound manifes-

ta! on. This sound is sourced from sizable fans that would force air 

through long lengths of ductwork, requiring addi! onal a% en! on 

to sound a% enua! on both enclosing the mechanical room and en-

casing the ductwork. 

Roo" op units are commonly used throughout the HVAC indus-

try. They are highly cost-eff ec! ve for their capacity; however, they 

are unitary in nature, and are best used for single zone applica! ons. 

These units are exposed to the elements and would need to be main-

tained regularly to ensure they perform correctly.  They would also 

impose a large design feat in placing them out of occupant view atop 

the facility. 

Another design op! on considered was to place water source heat 

pumps in each zone. This op! on would have been great for shar-

ing heat between zones via a common water loop. In a large part 

of the year, parts of the building will need cooled while others need 

heated. U! lizing a system like this would allow tremendous effi  -
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ciency by sharing loads with each other. However, water source heat 

pumps are not known for responding to the extreme cold tempera-

tures of this project’s climate well. 

Variable refrigerant fl ow (VRF) would have been useful since cool-

ing and hea# ng demand in diff erent zones happen simultaneously in 

this building. The fl ow of refrigerant throughout the building is silent 

to the occupant, and minimal sound would be made by ven# la# on air 

entering each space. Variable refrigerant fl ow requires piping of re-

frigerant throughout the building that is poten# ally harmful in the 

case of a leak. In addi# on, each manufacturer currently makes use of 

proprietary equipment controls, making replacement of individual 

pieces of equipment over the life of the system a costly endeavor if 

employed on a large scale. VRF was used to serve Data, Telecom, 

Electrical and Mechanical Rooms to temper sensible loads that lo-

cally manifest and separate them from a DOAS serving a heavily oc-

cupied space. 

Combined heat and power could have had the benefi t of producing 

hea# ng hot water in the building. This system would provide electric 

power for the building and use the heat produced by the generator 

to off set demand from the hea# ng hot water producing equipment. 

This op# on was deemed less than ideal due to the low electricity 

costs in Holland, Michigan. According to the Energy Informa# on Ad-

ministra# on, Michigan is just slightly higher than the na# onal aver-

age at $0.1121 per kilowa'  hour. There are # mes in the year when 

hea# ng hot water is not u# lized at all, so this energy would go to 

waste. The generator would require diesel storage with regular deliv-

eries or costly modifi ca# on for natural gas combus# on.

The Seebeck Eff ect for thermoelectric genera# on is a scien# fi c prin-

ciple that allows electric power to be generated from temperature 

diff eren# als, otherwise known as a thermocouple. Synergine is a 

thermocouple generator manufactured locally in Holland, Michigan. 

A temperature diff eren# al of at least 70°F is ideal for this system to 

maximize power produc# on. The water to water heat pumps were 

iden# fi ed as a possible place to implement a thermocouple genera-

tor, using the leaving source water temperature and leaving load 

water temperature from mul# ple pumps. The Electrical team was 

able to devise a temperature monitoring scheme to maximize the 

diff eren# al the thermocouple would encounter. The mechanical and 

electrical teams deemed this design use would be ineff ec# ve due to 

complexity of the system and addi# onal load it would place on the 

water to water heat pump. 

7.4 HVAC Design Progression 
Due to the variety in the schedules of use present in the building, the 

mechanical team made the decision to separate HVAC systems by oc-

cupancy schedules and space use. This allowed the opportunity for 

mechanical equipment pieces serving unoccupied or unu# lized zones 

to be completely shut down rather than modula# ng a larger piece 

of equipment down which inherently breeds ineffi  ciency. Clima# c 

data pointed to simultaneous cooling and hea# ng modes occurring 

for a large por# on of the year. Exterior zones would need hea# ng 

while interior zones would be predominately cooling internal heat 

gains. The ability for a system to transfer heat from one zone to an-

other was iden# fi ed as a tremendous benefi t to effi  ciency. Occupant 

level condi# oning became a priority for the mechanical team in the 

performance hall and atrium where tall ceilings create voluminous 

spaces. Tailoring condi# ons above the occupant level was deemed 

wasteful and avoidable if the right system was specifi ed. The follow-

ing systems are prescribed from Atune’s Mechanical Design Team.

7.4.1 Hybrid Ground Source System Design
Atune has chosen to implement a hybrid ground source system for heat 

rejec# on and absorp# on. Holland has a rela# vely high-water table 

due to its proximity to Lake Michigan, and therefore is very conducive 

to thermal energy transfer between a ground source loop and subsoil 

condi# ons (refer to sec# on 6.0). U# liza# on of a ground source water 

loop will allow addi# onal capacity of the building systems by simply 

opera# ng pumps to harness the subsurface condi# ons of the Earth. 

Limited area for a borefi eld, ini# al cost, and schedule constraints 

have caused Atune to move toward a hybrid ground source system. 

The peak cooling load for the building is larger than the hea# ng load, 

so the mechanical team has elected tosize the ground source system 

for the hea# ng 

load. A cool-

ing tower has 

been selected 

to cycle on 

when ground 

source cooling 

demand rises 

above bore-

fi eld’s capacity.

The borefi eld has been lain out directly east of the building coordi-

na# ng with the electrical team to avoid the placement of the genera-

tor and transformer serving the building. Fi+ y bores at 20’-0” O.C. 

have been placed over a 240 + . by 60 + . area. Each bore is speci-

fi ed at 350 feet of depth and four inches in diameter. Through the 

IPD construc# on process, a test bore will be drilled at the site at the 

specifi ed depth. Adjustments to the borefi eld design can be made to 

meet design requirements and the remainder of the borefi eld can 

be completed before the building design is complete. Three-quarter 

inch HDPE pipe travels the depth of each bore and will tap off  of 

a four-inch header. Pumps in parallel produce a fl ow of 300 GPM 

through the borefi eld. When cooling loads exceed the borefi eld’s 

cooling capacity a 30-ton cooling tower starts and modulates to 

maintain the water to water heat pump rejec# on loop temperature. 

The cooling tower is located on the east side of the roof.

7.4.2 Water to Water Heat Pumps Design
The mechanical team has selected to deploy a group of six water to 

water heat pumps to supply hea# ng hot water and chilled water to 

the array of hydronic elements. Each of these heat pumps are sized 

at 300 MBH and provide an n+1 redundancy strategy. These heat 

pumps are able to func# on as either a chiller or a boiler depending 

on the building’s needs, rejec# ng or absorbing heat from a common 

water loop. This func# onality allows one heat pump to absorb heat 

from the shared loop and another to reject heat to the shared loop 

when simultaneous hea# ng and cooling demand is present in the 

building. The building will only require chilled water in warm weath-

er, so all heat pumps will be rejec# ng heat to the shared loop. The 

shared loop will be piped in parallel with the hybrid ground source 
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borefi eld and cooling tower. The heat pumps will serve chilled wa-

ter and hea" ng hot water loops that travel out to the radiant slab, 

chilled beams, and hydronic mullions serving various areas of the 

building. These heat pumps are not able to deliver temperatures at 

as high or low of temperatures as a conven" onal boiler or chiller, 

however they serve well to provide ample cooling and hea" ng for 

the hydronic systems selected.

7.4.3 Concert Hall HVAC Design 
To address latent internal loads and ven" la" on, a dedicated outdoor 

air system (DOAS) will be used. This system is highly effi  cient in hu-

mid climates. It makes use of relief air to aid in ven" la" on air con-

di" oning and accomplishes this by fi rst passing outdoor air through 

an enthalpy wheel. This makes the ven" la" on air condi" ons closer 

to that of the relief air. The ven" la" on air is then passed through 

a direct expansion (DX) cooling coil to dehumidify the outdoor air 

further. This is completed through cooling the air to sub-delivery 

temperatures. The ven" la" on air passes through a modula" ng hot 

gas reheat coil, which uses waste heat from the DX coil to increase 

the ven" la" on air temperature to delivery requirements. U" lizing 

this system will allow eff ec" ve dehumidifi ca" on and energy savings. 

Implemen" ng this, however, will require space alloca" on for a con-

densing unit for each DX coil and requires rou" ne maintenance.

The DOAS-1 unit for the concert hall will be located in Mechanical 

Room 151. It will contain a 62-inch enthalpy recovery wheel, a 32-

ton DX cooling coil, a 180 MBH modula" ng hot gas reheat coil, two 

3.5 BHP supply fans and a pair of 2.5 HP exhaust fans. A small con-

densing unit will need to be placed on the roof of the building to 

reject heat from the unit’s internal DX coil. It will be supplying 6695 

CFM of ven" la" on air to the space in peak condi" ons and will be 

controlled by a CO2 sensor. 

Cooling is the main concern for this space, as occupant density and 

internal equipment loads can cause a great deal of demand, espe-

cially for a large volume space. Floor diff users from a ducted under-

fl oor plenum will be placed under every other seat to directly cool 

occupants with small amounts of ven" la" on air. Air will be delivered 

in a similar manner to the stage. As cool air is distributed at the 

fl oor, it will cling to the occupants and travel upward as it warms 

to effi  ciently cool occupants and reduce ven" la" on requirements. 

Stra" fi ca" on of the space must be managed, as higher degrees of 

the phenomenon will increase energy savings, but sacrifi ce occu-

pant comfort. It also has the benefi t of allowing for a low velocity 

delivery of condi" oned air, which minimizes the acous" cal impact in 

the space. Underfl oor coordina" on and duct aspect ra" os can be-

come a challenge with this distribu" on method. The benefi t to other 

systems that underfl oor air distribu" on off ers is the ability to run 

conduit and piping underfl oor as well within the raised fl oor. Provi-

sions in the mechanical code (IMC 2009 sec" on 403.3.1.2) allow for 

a ven" la" on eff ec" veness value of 1.2 in cooling mode. This reduces 

the required amount of ven" la" on air by 16.7%. 

A radiant slab system will provide cooling and hea" ng to meet sensi-

ble load demands in the concert hall. Silence in opera" on and a hid-

den design are strong benefi ts that mark a radiant slab system. This 

feature points directly to Atune’s goal of providing a space that is 

harmonious with musical performance by being acous" cally adept 

and visually appealing. The large thermal mass that is inherent to 

the system also acts as a source that can radiate throughout the day, 

helping the building resist lag eff ects. This system requires a great 

amount of slab coordina" on and has a high upfront cost of installa-

" on that will be addressed in Sec" on 10.2 regarding the construc-

tability. The system, however, remains low maintenance for a long 

life cycle. 

With appropriate scheduling, the building automa" on system can 

begin to precool the space via the radiant slab system. Through the 

ar" fi cial intelligence building controls system, the slab can be pre-

cooled before a scheduled event. This creates a large thermal mass 
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that works as a heat sink as the concert hall is fi lled to its full oc-

cupancy. The radiant slab is then able to con" nue cooling the space 

throughout the dura" on of a performance. Radiant slab technology 

and underfl oor air distribu" on will be u" lized on the balcony level 

as well. The hydronic piping will be zoned into areas separa" ng the 

orchestra level, stage, parterre, balcony and side galleries using a sys-

tem of automated valves. 

Back of house spaces and the control room do not have a tall, vo-

luminous geometry, so those areas will make use of ac" ve chilled 

beams that source their ven" la" on air from the DOAS. The stage 

ligh" ng will be cooled by two direct expansion air handling units that 

condi" ons above the architectural ceiling. They will be 16-ton units 

capable of supplying 7,500 CFM and will be ducted to directly spot 

cool each light.

7.4.4 Atrium HVAC Design 
The atrium will u" lize ven" la" on air from its own DOAS unit. This 

unit will keep the same confi gura" on as the concert hall unit but 

is sized appropriately to meet the atrium load requirements. Ven-

" la" on air will be distributed via a ducted underfl oor air distribu-

" on system within the raised-fl oor on both the ground fl oor and the 

atrium lobby walkway. Floor diff users will be located to provide low 

velocity air to the atrium which will combat the latent internal load 

produced by occupants. Low velocity air assists ven" la" on in cool-

ing, as cool air is denser and therefore less buoyant. It remains in the 

breathing zone un" l it is warmed by the occupant and moves upward 

through the atrium. 

The remaining sensible loads in 

the space will be addressed 

from a con" nua" on of the con-

cert hall’s radiant slab and the 

introduc" on of hydronic mul-

lions. The radiant slab will make 

use of the same confi gura" on 

as outlined above but will be 

zoned separately from the con-

cert hall. The term hydronic 

mullion refers to the piping of 

chilled water and hea" ng hot 

water through the mullions of 

the western glass façade. The benefi t to using this system addi" on is 

that envelope loads will begin to be tackled before they can pene-

trate through to the occupied space. In hea" ng mode, these mullions 

help to prevent the windows from fros" ng over and snow from build-

ing up; in cooling mode, they will work in conjunc" on with the elec-

trochromic glass (reference Electrical Sec" on 7.2) to reduce enve-

lope conduc" ve and solar heat gain. 

Mechanical Room 250 will house the atrium’s DOAS-5 unit. It will 

also contain a 19-inch enthalpy recovery wheel, a 4.5-ton DX cooling 

coil, a 27 MBH modula" ng hot gas reheat, a 1.6 HP supply fan, and a 

0.75 HP exhaust fan. It will be supplying 965 CFM of ven" la" on air to 

the space in peak condi" ons and will be controlled by a CO2 sensor. 

Condensa" on on the hydronic mullions is a design concern that must 

be addressed by the mechanical team and monitored through the 

construc" on process. A temperature sensor on the interior surface 

of the exterior side of the mullion will work in coordina" on with the 

building automa" on system and water to water heat pumps to avoid 

condensa" on on the inside and outside of the building’s windows. 

To prevent this, the system control sequence modulates the chilled 

water valve to the piping inside of the mullions will be constructed 

with 3/4” inch copper piping. 

The radiant slab will be constructed and controlled in a similar man-

ner to the concert hall radiant slab (refer to sec" on 7.4.3). It will be 

broken into an exterior and interior zone.

7.4.5 Recital and Rehearsal HVAC Design 
Like the concert hall design, radiant slab and underfl oor air distribu-

" on for ven" la" ng will eff ec" vely condi" on these tall spaces. The au-

diovisual and telecommunica" ons rooms will share the same DOAS 

unit and underfl oor system as the recital and rehearsal rooms. A di-

rect expansion split air condi" oning system in each space will main-

tain space condi" ons and combat the sensible loads that manifest 

in the audiovisual and telecommunica" ons rooms. The underfl oor 

plenum proved to be useful to our electrical counterparts, as it keeps 

low voltage cables and current conductors routed between racks 

easily organized and protected below the fl oor. 

The recital and rehearsal rooms will be served by the DOAS-2 unit 

located in Mechanical Room 220C. It will contain a 62-inch enthalpy 

recovery wheel, a 28-ton DX cooling coil, a 132 MBH modula" ng hot 

gas reheat coil, a pair of 3 BHP supply fans, and two 2 BHP exhaust 

fans. It will be supplying 6245 CFM of ven" la" on air to the space in 

peak condi" ons and will be controlled by a CO2 sensor. 

The radiant slabs for each zone will be constructed as three separate 

en" " es and controlled in a similar manner to the concert hall radiant 

slab (refer to Sec" on 7.4.3). The three rooms are their own zones 

and will have separate thermostats to temper the space accordingly. 

7.4.6 Classroom and Faculty Studio HVAC Design 
All faculty studios obtain ven" la" on air from a common DOAS unit, 

and all other spaces (including classrooms, restrooms, and other 

general house spaces) will use another DOAS unit. These systems will 

be iden" cal in their condi" oning scheme but will have a large diff er-

ence in capacity. Each DOAS unit will deliver condi" oned ven" la" on 

air to ac" ve chilled beams located in each space. 

The DOAS-4 unit serving the faculty studio occupancy will be placed 

in Mechanical Room 220B. It will contain a 34-inch enthalpy recovery 

wheel, a 20-ton DX cooling coil, a 31 MBH modula" ng hot gas reheat 

coil, a 1.25 BHP supply fan, and a 0.85 BHP exhaust fan. It will be 

supplying 1300 CFM of ven" la" on air to the space in peak condi" ons 

and will be controlled by occupancy sensors with the ability to modu-

late with the variance of persons in the space. 
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Classrooms and other spaces will receive ven! la! on from a DOAS-3 

unit in Mechanical Room 220. It will contain a 46-inch enthalpy re-

covery wheel, a 20-ton DX cooling coil, a 117 MBH modula! ng hot 

gas reheat coil, a 5 BHP supply fan, and a 4 BHP exhaust fan. It will be 

supplying 4860 CFM of ven! la! on air to the space in peak condi! ons 

and will be controlled by occupancy sensors. 

Hea! ng hot water and chilled water will be sourced from the bank 

of water to water heat pumps. U! lizing chilled beams in both ex-

terior and interior zones provided the opportunity for heat to be 

transferred from zones in cooling mode to zones in hea! ng mode via 

the shared water loop. Silence in opera! on was the largest draw for 

implemen! ng ac! ve chilled beams. These are ideal for minimizing 

the produc! on of background noise so music can become the main 

focus of the faculty and students. 

All electrical, mechanical, audio-visual, and telecommunica! ons 

rooms on the project will use a small VRF system for managing equip-

ment heat produc! on. 

All spaces under these designa! ons will use ac! ve chilled beams to 

deliver ven! la! on air and condi! on the space’s sensible and latent 

loads. Care must be taken to ensure that condensa! on does not oc-

cur on the chilled beams. Chilled water running through the chilled 

beam must not be used at a temperature below 58°F, as that is a 

point safely above the design temperature dew point. As the water 

delivered to the chilled beam reaches 58°F, the chilled water valve 

will modulate to maintain the entry temperature.

All electrical, mechanical, audio-visual, and telecommunica! ons 

rooms on the project will use a DX split system for managing equip-

ment heat produc! on.

7.4.7 Snow Melt System Design 
The snow melt system will be implemented in a similar manner to 

the radiant slab system, however this por! on would not require the 

ability to deliver chilled water. A hea! ng hot water-glycol mix will 

pass through PEX tubing embedded in the concrete that is found 

throughout the roof structure. Melted snow is then treated and col-

lected by the rainwater treatment and collec! on system. Though 

this feature does not allow for downsizing of structural members, 

by providing this service snow loads will be removed from structural 

members, prolonging their life. The structural team men! ons how 

this benefi ts their system in Structural Sec! on 6.5.4. 

Snow melt hydronic water heat will be sourced from the water to 

water heat pumps but will be located in its own closed loop which 

contains a 40% glycol mixture. Mul! ple zones are specifi ed for dif-

ferent areas of the roof. This feature will be directed from automa! c 

valves controlled by the ar! fi cial intelligence building management 

system, which analyses outdoor condi! ons and precipita! on prob-

ability. Further discussion of this control can be found in sec! on 7.6. 

7.5 Acous! cs  
Early decision making was based heavily on the distribu! on of air to 

the spaces and the eff ects that the equipment would have on the 

acous! c performance of the building. With HVAC noise, we are con-

cerned with the octave band of the equipment and the sound pres-

sure sensed by the occupants. The mechanical team focused on the 

distance equipment was from rooms in rela! on to the area of the 

space and the acous! c proper! es of the furniture in those rooms.

7.5.1 Mechanical Room Equipment 
Sound can transfer through ducts, dampers, walls and fl oors. The me-

chanical equipment placed in the building will need to be accounted 

for with sound isola! on since the four main mechanical rooms will 

house the largest contributors for noise: dual wheel dedicated out-

door air systems. Steel spring vibra! on isolators with neoprene pads 

will be installed under equipment with at least 2 inches of clearance 

to the fl oor. All connec! ons to the unit should be non-rigid with off -

sets no more than 15 degrees.  

The walls of the mechanical room will be air! ght with concrete block 

walls from fl oor to ceiling that are caulked at the joints at the top of 

the wall. We will also make the air! ght seals around each opening 

that are made for ducts and doors.  The use of ! mber improved the 

sound transmission class of the interior and exterior walls to reduce 

the amount of noise resona! ng from the mechanical rooms as well. 

7.5.2 Distribu! on Equipment 
When choosing the distribu! on equipment in the building the con-

versa! on circulated around the a& enua! on of sound. Underfl oor air 

distribu! on in the atrium and concert hall delivers air at low veloci-
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! es that reduce the vibra! on in the ducts and the sound of the air 

passing through the fl oor diff users. Ac! ve chilled beams introduce 

li$ le to no noise in a space without addi! onal a$ en! on or equip-

ment provided. The systems that focus on serving the internal sensi-

ble loads like radiant slab that run within the fl oor of the atrium and 

concert hall along with hydronic mullions that run ver! cally along 

the curtain wall in the atrium add no noise to the space because of 

the low velocity of the fl uids and having addi! onal exterior coverage 

to mask the li$ le amount of sound that is made. The noise transmit-

ted from the ducts and airfl ow noise under the fl oor of the atrium 

and performance hall will be addressed with minimal bends and si-

lencers where there are higher veloci! es in the airstreams, especially 

coming out of the mechanical rooms. Another way to improve the 

sound impact is to enlarge the size of the ductwork and implement 

radius elbows where the space allows. Where radius elbows do not 

fi t, mitered elbows with turning vanes will be used. 

7.6 Ar� fi cial Intelligence Building Automa� on System 
Mechanical effi  ciencies can be greatly improved through control 

schemes that are directed from an ar! fi cial intelligence building 

automa! on system (AIBAS). The fi rst benefi t of AIBAS is that room 

schedulers can be adjusted to precool rooms with large occupancies. 

This works well in the concert hall, as the radiant slab system would 

not be able to adapt swi' ly to an occupancy swing of 800 people. 

The AIBAS will work to cool the fl oor slab before occupants arrive 

for a performance, allowing the slab to act as a heat sink. This con-

cept is applicable to every room, as each occupied room has a room 

scheduler that communicates with the AIBAS. Users are able to input 

an! cipated occupancies and ! mes for room use, and occupancy sen-

sors can verify occupancy during the scheduled ! me. IBM’s Watson 

has a gateway to BACnet and can collect Mechanical system data. 

Performance trends can be presented to the facili! es team, point-

ing out where effi  ciency opportuni! es can be gained. Furthermore, 

building savings and effi  ciency will be displayed on the interac! ve 

educa! onal display as discussed in Electrical Sec! on 8.3.4. For more 

informa! on on AIBAS in general, see Electrical Sec! on 8.3.2.

7.7 HVAC System Summary 
The HVAC systems proposed for the Jack H. Miller Center for Musical 

Arts maximizes the use of water to water heat pumps to effi  ciently 

transfer heat between a variety of hydronic features. This system is 

complemented by use of effi  cient DOAS units that provide high qual-

ity air to the occupant promo! ng a healthy environment to learn. By 

separa! ng the DOAS units by occupied schedules, building monitor-

ing is able to shut en! re por! ons of the building HVAC equipment 

off  at diff erent ! mes of the day. Collabora! ve eff orts between disci-

plines allowed for implementa! on of a snow melt system to reduce 

snow loads on the structural system and electrochromic glass on the 

atrium façade.

8.0 PLUMBING SYSTEM DESIGN
The plumbing design aims to fulfi ll the desires and needs of Hope 

College through ease of access to occupants, and through effi  cient 

design that will decrease the building’s opera! ng costs. 

8.1 Plumbing Design Goals 
Atune has pursued a design with low environmental impact, mul! -

purpose design, and constructability to fulfi ll the team’s design goals 

of sustainability and harmony for the proposed plumbing system. 

8.2 Plumbing Scope 
The plumbing scope for the Center for the Musical Arts includes do-

mes! c water, sanitary drainage and ven! ng, and storm drainage. 

No gas service will be provided as electric water heaters are being 

specifi ed, and there are no other gas needs in the building. There 

are four sets of mul! -occupant restrooms (men’s and women’s) in 

the building, including the impending set of restrooms located in the 

roo' op amenity space. The amenity space restrooms meet the nec-

essary fi xture quan! ! es to serve the occupancy as dictated by the 

IPC. There are a limited number of other miscellaneous plumbing fi x-

tures throughout such as mop sinks, kitchen sinks, and water coolers.

8.3 Alternate Systems Evalua� on 
The following systems were also evaluated for poten! ally being in-

corporated in to the plumbing scheme. Suppor! ng Document M2.1

shows how the design decisions were fi nalized between these sys-

tem features and the selected system features. 

Greywater Reuse: This system would aim to conserve water by 

trea! ng lavatory drainage for reuse as greywater. This conserva! on 

method was not included in the design because of the low quan! ty 

of lavatories, and the cost associated with rou! ng and incorpora! ng 

this system with the rainwater collec! on scheme to produce com-

bined greywater distribu! on. 

Flue Gas Heat Recovery: If u! lizing a gas-fi red water heater for the 

building, this system could be used to make use of the heat given off  

in the gas fl ue. This proposi! on was not included in the design be-

cause of limited water heater size due to the quan! ty of lavatories, 

and because the u! lity for the water heater will be electric due to the 

lack of any other need for natural gas on the project. 

8.4 Design Op� miza� on 
The plumbing features included in the design were chosen based on 
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relevance in aligning with project condi! ons and design goals as set 

by Atune. These features are described in the following sec! ons and 

include Rainwater Collec! on, Fixture Selec! on, and System Monitor-

ing Capabili! es.

8.5 Rainwater Collec� on
The roof drainage system will implement rainwater collec! on that 

will be used as potable greywater. This system will reduce environ-

mental impact and u! lity costs through water conserva! on. 

Roof drainage, consis! ng of either rainwater or melted snow from 

the hydronic snow melt system discussed in Sec! on 7.4.7, will be 

collected via the roof drains and routed to the cistern buried on the 

south exterior of the building. A pump will route rainwater from the 

tank to the rainwater control sta! on that serves the water closets 

and irriga! on on site (see system schema! c on Sheet M3.8). The 

control sta! on will be located near the storage tank loca! on, on the 

interior of the building in Mechanical Room 250 (see Sheet M3.4). 

This design will save 11,380,000 gallons of water per year resul! ng 

in a payback period of 16 years (see Suppor! ng Document M2.3).

8.6 Fixture Selec� on and Rou� ng 
Water Conserva! on: Low fl ow water closets and waterless urinals 

will be implemented for water conserva! on and as a good prac! ce 

for sustainable design. These fi xtures use 42% less water, which re-

sults in about $32,000 saved in u! lity costs as demonstrated in the 

fi gure.

Power Supply: The mo! on sensors for the lavatories will be self-

powered through turbine technology. This mul! purpose system will 

reduce the electrical energy drawn from the grid, which will in turn 

decrease electrical u! lity costs and environmental impact. 

Rou! ng: The pipe runs for the room spaces will be prefabricated off -

site so that appropriate elbows and rou! ng are already in place when 

the piping arrives on site. This will reduce installa! on ! me in the 

fi eld as the prefabrica! on can occur off -site while a diff erent phase 

of construc! on is going on at the same ! me. The domes! c water, 

fi re sprinkler, and sanitary sewer connec! ons will come in through 

the east back of house area of the building, allowing accessibility to 

the nearby chase for rou! ng to be con! nued to the upper fl oor (see 

Sheet M3.3). The water heaters are both sized to serve the demand 

capacity of 125 gallons and include a recircula! on loop. They reside 

in Mechanical Room 151, allowing proximity to the domes! c water 

main and the piping chase (see Sheet M3.4). The ven! ng will be 

stacked through the chases for the north and south sets of restrooms 

through both fl oors and the amenity space restrooms. 

Acous! cs: Pipe insula! on will assist in reducing noise poten! ally pro-

duced by the movement of fl uid in the plumbing pipes. Besides this 

there is not much acous! cal concern associated with the plumbing 

system as it has li' le interac! on with the occupied acous! cal spaces.

8.7 System Monitoring Capabili� es 
When considering the long lifespan of this building applica! on on a 

college campus, the mechanical team decided that it would imple-

ment a monitoring system for water leaks for piping systems within 

the building. This will be integral within the Ar! fi cial Intelligence 

Building Automa! on System (see Electrical Sec! on 8.3.2) and will 

use sensors placed around the pipe rou! ng.

8.8 System Monitoring Capabili� es
In short, the plumbing system was designed to meet the needs of 

the IPC while providing innova! ve solu! ons that are environmen-

tally friendly through water conserva! on, contributed to the building 

integra! on, and have the poten! al to posi! vely impact the building 

lifespan.

9.0 FIRE SUPPRESSION SYSTEM DESIGN
The fi re suppression system design was carefully tailored to fulfi ll the 

project and client needs based on the parameters, constraints, and 

characteris! cs of the building.

9.1 Fire Suppression Design Goals 
Atune has pursued a design with aesthe! c eff ec! veness, long lifes-

pan, and constructability to fulfi ll the team’s design goals of versa-

! lity, sustainability, and harmony for the proposed fi re suppression 

system. Fire Suppression was given special a' en! on in order to pro-

tect the building and its occupants, especially given the mostly ! m-

ber structure being implemented. 

9.2 Fire Suppression Scope 
The fi re suppression scope for the Center for the Musical Arts in-

cludes fi re sprinkling and smoke control. This is of special concern 

in the areas that have been iden! fi ed as high occupancy/life safety 

concern: Atrium, Concert Hall, Recital Hall, Orchestral and Choral Re-

hearsal, and the Roo* op Amenity Space.

9.3 Alternate Systems Evalua� on 
The following systems were also considered to be incorporated in to 

the fi re suppression system. Suppor! ng Document M2.1 shows how 

the design decisions were fi nalized between these system choices 

and the selected systems. 

Wet Sprinkler System: This form of fi re sprinkling was decided 

against due to the presence of wood and musical instruments in the 

occupied space. Though this system delivers sprinkling immediately 

to the space in the event of a fi re, the danger of architectural and 

equipment damage in the event of a pipe leak made this system less 

favorable.  
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Smoke Control Methods: Exhaust and passive smoke control are both 

being implemented in various regions of the building. The factors 

considered to determine the appropriate selec! on for each region 

is discussed below. Pressuriza! on smoke control was considered for 

the stairwell, but not implement due to the short (three story maxi-

mum) height of the stairwells. The pressuriza! on method is typically 

only implemented in high-rise buildings (those taller than 75 feet).

9.4 Design Op� miza� on 
The fi re suppression design was chosen based on relevance in align-

ing with project condi! ons and design goals as set by Atune. These 

features are described below and include a dry sprinkler system, 

smoke detec! on, and exhaust or passive smoke control depending 

upon region of the building.

9.5 Fire Sprinkler System 
As stated above, the building will be sprinkled with a dry pipe system 

due to the non-cri! cal occupancy that jus! fi es the delayed delivery 

! me associated with this system. The advantages include providing 

an adequate fi re protec! on system that contributes to a long lifes-

pan and lower maintenance cost in the event that there was damage 

to the building in the event of a fi re. This sustainable considera! on 

combined with the reduced risk of damage for the instruments and 

! mber architecture in the event of a pipe leak makes a dry pipe sys-

tem the best choice for this applica! on. The system will be auto-

ma! c per NFPA 101, and concealed sprinkler heads will be used to 

provide aesthe! c eff ec! veness for performance spaces. The table 

below shows the spacing criteria used for this NFPA occupancy type: 

Light Hazard. The fi re pump is placed in its allocated room, and sam-

ple sprinkler layouts can be found on M3.4. The fi re sprinkler piping 

will be prefabricated off  site with elbows and rou! ng accounted for. 

This added constructability will reduce 

! me needed in the fi eld for installa! on 

and posi! vely impact the project ! me-

line.

9.6 Smoke Control 
The goals of the smoke control system are to contribute to the sus-

tainability of the building by increasing the lifespan and reducing the 

maintenance cost through adequate smoke control in the event of 

a fi re.

9.6.1 Smoke Detec� on 
The smoke detec! on system will be automa! c and will be ! ed to 

the fi re alarm system. There will be smoke detectors in the occupied 

space as well as in the ducts associated with DOAS units that are 

carrying over 2,000 cfm supply or 15,000 cfm return per NFPA 90A.

9.6.2 Exhaust Smoke Control
Exhaust smoke control will be implemented in the large volume 

spaces with high occupancy/life safety concern: Atrium, Concert 

Hall, Recital Hall, and Orchestral and Choral Rehearsal. These spaces 

will have smoke exhaust fans with side wall or ceiling access to the 

space. This will comply with the architectural design in the exis! ng 

space, providing versa! lity through aesthe! c eff ec! veness. Appro-

priate pressure will be maintained in 

these spaces with a damper supplying 

makeup air if the smoke exhaust fan is on. 

Maintaining neutral/posi! ve pressure in 

the space will be cri! cal in keeping door 

opening forces low so occupant egress 

can safely occur. The goal of this system is 

to keep smoke 6 feet above the highest 

walking surface for that space for occu-

pant safety and egress during a fi re. 

9.6.3 Passive Smoke Control
In all areas, passive smoke control will be u! lized to prevent the 

spread of smoke. Fire/smoke dampers are needed at sha$  penetra-

! ons between fl oors and at fi re walls to prevent the spread of smoke. 

At a signal from the fi re alarm system, the DOAS fan will turn off  and 

the fi re/smoke dampers will close to achieve this smoke isola! on. 

The mechanical design is advantageous from this perspec! ve in that 

the only forced (not radiant) airfl ow is that which is being supplied 

from the DOAS units. Because of this, fewer smoke detectors are 

needed for this confi gura! on with a DOAS only versus a system that 

has addi! onal duc! ng not associated with the DOAS. Finally, zoning 

was also conducted with smoke control considered, as zones were 

divided at fi re doors so there are no duct penetra! ons through these 

components.

9.7 Fire Suppression Design Summary 

In summary, the fi re suppression system was designed to meet the 

needs of life safety and building protec! on while also integra! ng 

with the architecture and construc! on processes. The focus of the 

fi re sprinkler and smoke control design was to provide sustainability 

by crea! ng the poten! al to improve the building’s lifespan and re-

duce poten! al maintenance costs in the event of a fi re. 

10.0 PROJECT BUDGET AND CONSTRUCTABILITY
Atune considered feasibility of the project related to cost and con-

struc! on during the course of the design itera! ons. Throughout this 

process, a design was achieved that met the constraints of the target 

budget and helped decrease the construc! on schedule.

10.1 Mechanical Budget Response 

This project has a budget constraint of $25 million, with the mechan-

ical systems budget occupying just over $4.6 million of the total. At 

this stage of design development, the projected HVAC systems ac-

count for $3.5 million, plumbing for under $450,000, and fi re protec-

! on for under $300,000 of the mechanical es! mate.

10.2 Mechanical Construc� on Response 

Due to the large amount of hydronic piping throughout the build-

ing, the mechanical and construc! on teams have developed a pre-

fabrica! on-aimed approach to reduce labor costs in installa! on. The 

mechanical design team will work to model all piping for the building 

early in the construc! on documents phase of the project. The me-
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chanical contractor will be heavily involved in pipe rou! ng to verify 

and manufacture prefabricated piping on struts that can be easily 

shipped to the project site and installed. This will cut down on spa! al 

confl icts that might arise as a vast network of pipes deliver water to 

every corner of the building. The same process will be used for duct-

work runs that will not be site-fabricated. 

A radiant slab system can be very diffi  cult to complete while remain-

ing on schedule and budget. To proac! vely approach this feat, the 

construc! on and mechanical teams have elected to pursue a prefab-

rica! on method that allows the mechanical contractor to prepare 

spools of PEX piping cut to the required length for installa! on. This 

will aid in cu$  ng down on installa! on ! me and reduce scrap that 

may manifest on site. 

10.3 Value Engineering and Life-Cycle Cost Analysis 

Hope College’s fi nancial interests were held with high regard as 

Atune made design decisions. Systems and components that yielded 

marginal benefi ts for substan! al premiums were forgone. An exam-

ple of this would be in the mechanical team’s selec! on of chilled 

beams over a variable refrigerant fl ow system. As discussed in sec-

! on 7.3, controls systems for VRF systems can become expensive to 

replace due to their proprietary nature at this point in ! me. Com-

bined heat and power produc! on was ruled out early in the design 

phase due to the unreasonable payback ! me given the local u! lity 

rates. The mechanical team saw this as ul! mately irresponsible to 

the fi nancial interests of the college as they encounter maintenance 

and troubleshoo! ng over the building’s lifespan. Ini! al costs were 

analyzed and compared to life-cycle costs. Each system was required 

by the design team to payback within a ! me frame that aligned with 

Hope’s interests.

For current u! lity rates, the HVAC system is expected to payback in 

10 years at a yearly u! lity savings rate of an es! mated $75,500 per 

year. Based on Holland’s current water u! lity rates, rainwater collec-

! on and greywater treatment off er $3,200 of yearly savings with a 16 

year payback period, and low fl ow fi xtures have li( le addi! onal cost 

for $32,000 of annual savings.

11.0 PROJECT CHALLENGES
The mechanical team carefully considered the design challenges dur-

ing the HVAC, plumbing, and fi re suppression design processes. Con-

sidera! ons and descrip! ons of a( en! on given to each challenge are 

outlined below.

11.1 Acous! cs 
Atune has the goal to be acous! cally adapt throughout the building. 

The mechanical team made decisions during the design process with 

this goal in mind. The mechanical rooms have been laid out to serve 

the diff erent building areas in a manner that worked well with the 

design team’s priority for accessibility for maintenance. Mechanical 

rooms o) en share walls with occupied spaces. Therefore, vibra! on 

isola! on coordina! on with the structural team led to crea! ng barri-

ers between the equipment and the building to inhibit the transfer 

of vibra! on. A focus for the mechanical team was to choose distribu-

! on systems that will not contribute to noise propaga! on. This will 

be accomplished by delivering low air veloci! es into the occupied 

spaces, rou! ng ductwork to create minimal air turbulence, and by 

employing radiant condi! oning mechanisms. Radiant slab systems, 

hydronic mullions, and chilled beams that are quieter than tradi! on-

al forced air systems will assist in reducing the noise propaga! on in 

the building. Adequate duct and pipe insula! on will also be imple-

mented to aid in sound a( enua! on. 

11.2 Wood, Timber, and Engineered Wood 
Although ! mber construc! on cannot be directly u! lized for mechan-

ical system components, the mechanical team coordinated with the 

structural team for the successful implementa! on of the structural 

and architectural ! mber components to achieve aesthe! c and archi-

tectural integra! on. One way this is being provided in the building 

is through careful a( en! on to humidity control. Humidity is already 

a site challenge due to the geographical loca! on, but rela! ve hu-

midity levels around 50 percent must be maintained constantly and 

accurately to protect the wood and other materials from moisture 

damage. In addi! on, a design precau! on employed specifi cally with 

concern to the wood is the choice of a dry-type sprinkler system. 

This system is less likely to cause architectural damage in the event 

of a sprinkler pipe leak, which has the poten! al to contribute to the 

long lifespan and reduced maintenance cost of the Center for Musi-

cal Arts. 

11.3 Roof Top Amenity Space 
Atune has designed the roo) op amenity space with the desire to 

create an environment that is advantageous for events, weather-

responsive, and conscience of security and safety. The following 

mechanical system was designed with these same considera! ons in 

mind. 

11.3.1 Covered Roo" op Space 
HVAC: The por! on of the roo) op amenity space that is covered has 

the opportunity to be open air or closed in with the retractable glass 

panels. Because of this, the HVAC system has modula! ng op! ons 

related to the level of condi! oning that will be provided based on 

the use and climate condi! ons in par! cular scenarios. If the space 

is enclosed, an upsized Atrium DOAS unit will provide condi! oned 

ven! la! on air to the space via underfl oor air distribu! on. This will 

be achieved through diff user penetra! ons in the roof slab. Space 

condi! oning will be achieved through radiant slab piping that will be 

chilled or hea! ng hot water fed from the water to water heat pumps. 

The area will also feature ceiling fans to aid in cooling during events 

when the space is open air. These systems were chosen for their abil-

ity to be used in combina! on with one another depending on the 

needs of the situa! on, which provides versa! lity and fl exibility in use 

for Hope College. 
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Plumbing/Fire Suppression: The covered roo! op area will need to 

be sprinkled given the occupancy an" cipated in this space. Domes" c 

water needs will be supplied to the roo! op bar to enhance the fl ex-

ibility of the space to serve various events. The covered space will 

have storm drainage in similar scheme to the rest of the roof, how-

ever this is presumed to be less of a need since the space will likely 

be enclosed if adverse weather condi" ons are present.

11.3.2 Open Roo� op Space 
Roof Drainage: In the open area of the roo! op amenity space, the 

hydronic piping be employed through the snow melt slab technology 

discussed in sec" on 7.4.7 matching the rest of the roof slab design. 

This area will also contain roof drains that will feed into the rainwater 

collec" on system discussed in sec" on 8.5. This will ensure that the 

amenity space remains suitable for occupancy. 

11.3.3 Support Spaces 
HVAC: The stairwells, restrooms, and storage/catering space will be 

served by DOAS with ac" ve chilled beams supplied by water to wa-

ter heat pumps and will be an extension of the HVAC system for the 

Faculty Studio/Classroom spaces on the levels below. 

Plumbing/Fire Suppression: Plumbing and fi re sprinkler will be an ex-

tension of the fl oors below as the restrooms and spaces are stacked 

similarly between fl oors. Pressuriza" on smoke control will be imple-

mented in the stairwells as described in sec" on 9.6.2, and passive 

smoke control will be provided elsewhere as described in sec" on 

9.6.4. 

12.0 LESSONS LEARNED 
The mechanical team unanimously agrees that par" cipa" on in this 

design compe" " on has caused an apprecia" on for collabora" ve 

teamwork. Individually, each member was able to conceptualize a 

por" on of the design solu" on but working together, in both intra-

disciplinary and interdisciplinary teams, allowed developed and well-

integrated solu" ons to surface. The team has also come to appreci-

ate the signifi cance of an itera" ve design process. Design solu" ons 

were able to be thought through and analyzed for gaps in design. 

Priori" zing core design values aided in decision making throughout 

the process of design in a way that was unforeseen at " mes. 

13.0 CONCLUSION 
Versa" lity was achieved through use of silent systems and careful 

a% en" on to acous" cal impacts at each stage of design development. 

Architecturally appealing systems and devices were implemented 

throughout the building. Mul" purpose systems such as the thermo-

couple generator and snow melt roof system promote system inte-

gra" on.  

Sustainability is achieved through rainwater collec" on, greywater 

treatment systems and the ground source borefi eld. Reducing source 

water treatment and subs" tu" ng site provisions produce an environ-

mentally responsible way to meet building necessi" es. The combi-

na" on of water to water heat pumps and a hybrid ground source 

system minimize power consump" on, which benefi ts the fi nancial 

status of Hope College, and minimizes environmental impacts. 

Harmony manifested in Atune’s designs through use of underfl oor 

air distribu" on and prefabrica" on schemes. Underfl oor air distribu-

" on in a raised fl oor plenum allowed Atune to accommodate me-

chanical and electrical needs. The snow melt roof system assists the 

structural system by removing loads and promo" ng member longev-

ity. Prefabrica" on of hydronic piping, plumbing piping, and duct runs 

provided and accelerated schedule and required constructability 

conversa" ons between the construc" on and mechanical teams to 

be held early in the process.
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WEIGHT

8 8 15 9 15 6 20 8 6 8 3 15

12 8 15 9 20 6 20 8 12 16 3 20

12 6 10 6 25 12 12 8 6 8 3 10

4 2 5 3 5 3 4 4 3 4 1 5

RAINWATER COLLECTION

FIXTURE SELECTION & ROUTING

SYSTEM MONITORING CAPABILITIES

8 4 15 9 20 3 12 8 6 8 3 15

8 4 10 9 10 6 16 8 9 8 3 10

12 4 5 9 20 12 12 4 9 8 4 15PASSIVE SMOKE CONTROL

PLUMBING

121

149

118

111

101

114

GREYWATER REUSE

FLUE GAS HEAT RECOVERY

WEIGHT

12 6 15 12 20 12 12 12 9 16 3 15

8 6 15 6 10 6 12 12 9 16 3 20

16 6 5 6 25 15 12 8 6 8 3 10

4 2 5 3 5 3 4 4 3 4 1 5

FIRE SUPPRESSION

144

123

120

DRY PIPE SPRINKLING

WET PIPE SPRINKLING

EXHAUST SMOKE CONTROL

12 6 10 12 20 12 12 4 3 16 3 20

12 6 25 9 20 6 16 4 3 12 3 20

12 0 25 15 20 15 16 4 15 4 4 10

12 0 20 9 20 15 12 4 12 12 3 10

AHU W/ VAV

ACTIVE CHILLED BEAMS W/ DOAS

RADIANT SLAB W/ DOAS

UFAD RAISED FLOOR

AMENITIES

130

136

140

129

WEIGHT 4 2 5 3 5 3 4 4 3 4 1 5

DECISION MATRIX
Early in the schematic design
process Atune sought to
establish a procedure for
selecting between potential
systems. It was important
that each decision be linked
back to the core values of
Versatility, Sustainability,
Harmony, and each of their
subcategories.

These subcategories were
given weights between one
and five to reflect the
elements that would be a
priority to Hope College.

For each system type and
application, each perceived
design solution was listed on
the left. It was then ranked
on a scale from one to five
for how well it suited the
core values.

The object score was
multiplied by the weight to
achieve a weighted score
and summed to determine
the optimal systems. The
chosen systems are found
boxed in purple.
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CLIMATE ANALYSIS
Holland proved to have a humid climate to design for. Atune took a fairly conservative approach to estimating humidity, as humidity
control is a primary concern both for instrument and timber structure protection.
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63 125 250 500 1000 2000 4000 8000

Fan and Pump Noise

Terminal Boxes

Chiller

Damper Noise

Diffuser Noise

Frequency (Hz)

ROOM NAME ROOM # OCCUPANCY CATEGORY
AREA 

(SF)

# PPL 

(FURNITURE)
PPL/1000SF

CFM/ 

PERSON
CFM/SF # PPL (CODE) Ez Vz

DOAS ZONE

LOBBY INTERIOR 100D RECEPTION 3184 - 30 5 0.06 96 96 671 1.2 559.2 560 5 2

RECITAL 120 MULTIUSE ASSEMBLY 1975 125 100 7.5 0.06 198 198 1603.5 0.7 2290.7 2295 3 10

FACULTY STUDIO 156 OFFICE 207 2 5 5 0.06 2 2 22.4 0.8 28 30 1 23

CLASSROOM-2 KEYBOARD LAB 193 CLASSROOM (9+) 748 18 35 10 0.12 27 27 359.8 0.8 449.7 450 4 34

PRACTICE ROOM 260 PRIVATE OFFICE 62 1 5 5 0.06 1 1 8.7 0.8 10.9 15 4 51

CORRIDOR 112 CORRIDOR 248 - 0 0 0.06 0 0 14.9 1.2 12.4 15 2 9

SAMPLE VENTILATION CALCULATIONS

VENTILATION 

(CFM)

ADJUSTMENTS OA 

REQUIRED 

BY CODE

SUPPLIED FROMROOM INFORMATION IMC REQUIREMENTS
FINAL 

OCCUPANCY

ROOM NAME ROOM # AREA (SF) WC/URINALS RATE CALC CFM CALC CFM HEIGHT (FT) ACH CALC CFM

WOMENS RESTROOM 123 390 6 50 300 300 780 780 8 10 520 520 780 1

MENS RESTROOM 124 322 5 50 250 250 644 645 8 10 429.33 430 645 1

UNISEX RESTROOM 125 54 1 50 50 50 108 110 8 10 72 75 110 1

JANITOR 132 56 - 0.5 28 30 112 115 10 10 93.33 95 115 1

GREEN ROOM 154 268 - 0.25 67 70 536 540 10 10 446.67 450 540 4

CATERING 182 156 - 0.7 109.2 110 312 315 10 10 260 260 315 3

JANITOR 184 65 - 0.5 32.5 35 130 130 10 10 108.33 110 130 3

SAMPLE EXHAUST CALCULATIONS

FINAL EXHAUST 

CFM
DOAS

OPTION 1: IMC OPTION 2: CFM/SFROOM INFORMATION OPTION 3: AIR CHANGES

OCTAVE BAND ANALYSIS

 NC/ RCb dBA dBC

CLASSROOMS MUSIC TEACHING STUDIO 25 30 55

REHEARSAL RECITAL HALL 20 25 50

CONCERT CONCERT HALL 20 25 50

FACULTY STUDIO MUSIC PRACTICE ROOM 30 35 60

ATRIUM LOBBY 40 45 65

DESIGN GUIDELINES FOR HVAC RELATED BACKGROUND SOUND ROOMS

ROOM TYP. CLASSIFICATION
APPROXIMATE OVERALL SOUND PRESSURE LEVEL

SAMPLE CALCULATIONS
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RECITAL
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SUPPORT
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HVAC ZONING
Atune's Mechanical Team broke the building up into manageable zones. These zones are based on similar load profiles and occupancies.
This was ultimately used to select system types and separate them using the aforementioned criteria.
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ECONOMIC ANALYSIS
Atune prescribed systems that had rapid paybacks for the college campus 
setting. The HVAC System had a payback period of 10 years, Rainwater
collection had a payback period of 16 years, and low-flow fixtures provided
annual savings of $32,000 for negligible additional cost to the college.



16"x14"

1
4
"x

1
0
"

AC-1

AC-2 AC-3

AC-4

AC-5

AC-6

AC-7

14"x18"

1
8
"x

1
0
"

22"x12"

2
2
"x

1
2
"

3
8
"x

1
2
"

4
4
"x

1
4
"

1
4
"x

1
2
"

28"x12"
24"x12"

26"x12"

1
2
"x

1
4
"

1
2
"x

1
2
"

1
8
"x

1
6
"

2
2
"x

1
8
"

A
C

-1
3

A
C

-1
4

AC-15

MECHANICAL

ROOM

151

M3.4

1

M3.4

8

M3.4

6

M3.4

5

TYP

CLASSROOM

TYP

FACULTY

STUDIO

TYP

REHEARSAL

ORGAN FACULTY

STUDIO

180

28"x12"

2
6
"x

2
6
"

24"x12"

26"x12"

26"x16"

AC-8

AC-9

AC-10

AC-11

3
6
"x

2
6
"

24"x16"

2
8
"x

2
6
"

3
2
"x

3
0
"

44"x14"

18"x12"

1
8
"x

1
8
"

12"x18"

20"x12"

1
2
"x

1
4
"

26"x16"

24"x24"
56

"x
20

"

40
"x

20
"

56
"x

20
"

40
"x

20
"

24"x12"

32"x30"

26"x26"

30"x24"
18"x12"

24"x12"

12"x12"

14"x12"

14
"x

12
"

12
"x

10
"

28"x12"

24"x12"
M3.4

4

M3.4

3

MECHANICAL

ROOM

224

MECHANICAL

EQUIPMENT

ROOM

220

M3.4

7TYP

PRACTICE

M3.4

2

DS

DS

DS

DS

DS

Scale

Date

AEI Team No.

Jack H. Miller 
Center for Musical 

Arts

 1/16" = 1'-0"

M3.1

HVAC Plans
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FIRST LEVEL HVAC PLAN

 1/16" = 1'-0"
2

SECOND LEVEL HVAC PLAN

3
HVAC 3D RENDERING

RADIANT SLAB SYSTEM
The radiant floor system is constructed of 3/4" PEX piping spaced at 6" O.C. placed in the slab at a

depth of 1" below the top of slab elevation. Radiant flooring provides occupant level conditioning in

spaces with high ceilings. This system is silent to the occupant and maximizes acoustic effectiveness.
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 1/16" = 1'-0"

2
ROOF LEVEL MECHANICAL PLAN

 1/16" = 1'-0"
1

AMMENITIES ROOF LEVEL MECHANICAL PLAN

3 RADIANT SNOW MELT SYSTEM 3D RENDERING
NO SCALE

RADIANT SNOW MELT ROOF SYSTEM
The snow melt system is constructed of 3/4" PEX piping spaced at 9" O.C. and placed in the roof slab. Snow melt

provides benefits for both the Structural and Mechanical systems. Structural members benefit from reduced loading

while the system functions, prolonging member life. Runoff from snow melt is sent to the rainwater collection and

subsequent greywater treatment system for use throughout the plumbing system.

ROOFTOP COORDINATION
Rooftop equipment was placed to minimize acoustic effects on performance spaces while reserving

prime solar harvesting locations for PV panels. Shaded areas, while impractical for photovoltaics, are

ideal locations for heat rejecting equipment, like condensers and the cooling tower.
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MECHANICAL SITE PLAN

2
SITE 3D RENDERING
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RAINWATER STORAGE TANK
Storage of up to 20,000 gallons of water for irrigation and water

closets can be used by the Jack H. Miller Center for Musical Arts

for a savings of $3,200 annually. Rainwater and snow melt runoff

can be treated and stored for future use.

HYBRID GROUND SOURCE BOREFIELD
Fifty bores at an estimated depth of 350'-0" provide ample heat

absorption for the water to water heat pumps to supply heating

hot water throughout the building. A cooling tower can be

efficiently utilized to reject heat not able to be rejected to the

borefield during peak cooling hours.

SITE COORDINATION
Care must be taken during the site work phase
of construction to provided the generator set
and utility transformer ample clearance. The
borefield must be placed well below the
electrical distribution system.
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1

MECHANICAL ROOM 151
 3/16" = 1'-0"

4
MECHANICAL ROOM 220

 3/16" = 1'-0"
3

MECHANICAL ROOM 224

 1/4" = 1'-0"
8

FACULTY STUDIO TYPICAL LAYOUT

 1/4" = 1'-0"
6

CLASSROOM TYPICAL LAYOUT

 3/16" = 1'-0"
5

REHEARSAL TYPICAL LAYOUT

 1/4" = 1'-0"
7

PRACTICE ROOM TYPICAL LAYOUT

 3/16" = 1'-0"
2

MECHANICAL ROOM 250
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HEATING COOLING

When zone temperature falls below 60 deg, the hot
water valve is commanded open and modulates down

until 65 deg is reached (Adj.)

Occupancy sensor and room schedule identify
room as unoccupied

Control Sequence

CLASSROOM / FACULTY STUDIO ATRIUM & AMENITY SPACE PERFORMANCE HALL / RECITAL

Space

O
cc

up
an

cy
 C

la
ss

ifi
ca

tio
n

When zone temperature rises above 85 deg, the
chilled water valve is commanded open and

modulates down until 80 deg is reached (Adj.)

DOAS fan
modulates to
satisfy a duct

static pressure
sensor reading

Zone VAV
modulates

closed to allow
remaining CFM
into occupied
rooms of zone

Active
Chilled

Beam chilled
water valve

is closed

When zone temperature falls below 60  (Adj.), the hot
water pathway is commanded open and modulates

down until 65  (Adj.) is reached

When Mullion
temperature sensor
reads 58  (Adj.), the
mullion 3-way valve

will modulate to
maintain reading

DOAS fan
modulates to
satisfy a duct

static pressure
sensor reading

Zone VAV
modulates closed
to allow remaining

CFM into
occupied rooms

of zone

Mullion and
Radiant Slab
3-way water
valve chilled

water pathway
is closed

DOAS fan
modulates to
satisfy a duct

static pressure
sensor reading

Zone VAV
modulates

closed to allow
remaining CFM
into occupied
rooms of zone

Active Chilled
Beam hot water
valve is closed

DOAS fan
modulates to
satisfy a duct

static pressure
sensor reading

Zone VAV
modulates

closed to allow
remaining CFM
into occupied
rooms of zone

When zone temperature rises above
85  (Adj.), the chilled water pathway
is commanded open for the radiant

slab and Hydronic Mullions
modulates down until 80  (Adj.) is

reached

Occupancy sensor and room schedule identify
room as unoccupied

Occupancy sensor and room schedule identify
room as unoccupied

Occupancy sensor and room schedule identify
room as unoccupied

Mullion and
Radiant Slab
3-way water

valve hot water
pathway is

closed

HEATING COOLING

When zone temperature falls below 60 , the hot water
valve is commanded open and modulates down until

65  is reached (Adj.)

Occupancy sensor and room schedule identify
room as unoccupied

When zone temperature rises above 85 , the chilled
water valve is commanded open and modulates down

until 80  is reached (Adj.)

DOAS fan
modulates to
satisfy a duct

static pressure
sensor reading

Zone VAV
modulates

closed to allow
remaining CFM
into occupied
rooms of zone

DOAS fan
modulates to
satisfy a duct

static pressure
sensor reading

Zone VAV
modulates

closed to allow
remaining CFM
into occupied
rooms of zone

Radiant slab
3-way water

valve hot water
pathway is

closed

Occupancy sensor and room schedule identify
room as unoccupied

Radiant slab
3-way water
valve chilled

water pathway
is closed

0

0

System transitions into occupied mode

30 minutes (Adj.) before scheduled occupancy
thermostat identifies temperature below 75  (Adj.)

System transitions into occupied mode

Zone VAV modulates
open to allow design
CFM into occupied

rooms of zone

Active chilled
beam chilled
water valve is

confi rmed
closed

DOAS fan
modulates to satisfy

a duct static
pressure sensor

reading

30 minutes (Adj.) before scheduled occupancy
thermostat identifies temperature above 75  (Adj.)

Active chilled beam
chilled water valve is

confirmed closed

Active chilled beam
hot water valve

modulates open until
temperature reaches

75  (Adj.)
Active chilled beams
chilled water valve

modulates open until
temperature reaches

75  (Adj)

When Active chilled
beam sensor reads 58
deg (Adj.) the chilled

water valve will modulate
to maintain reading

Zone VAV
modulates open to
allow design CFM

into occupied rooms
of zone

DOAS fan
modulates to

satisfy a duct static
pressure sensor

reading

Active chilled beam chilled water
valve is confirmed closed

System transitions into occupied mode

1 hour (Adj.) before scheduled occupancy thermostat
identifies temperature below 75  (Adj.)

System transitions into occupied mode

Zone VAV modulates
open to allow design
CFM into occupied

rooms of zone

Active chilled
beam chilled
water valve is

confi rmed
closed

DOAS fan modulates
to satisfy a duct static

pressure sensor
reading

1 hour (Adj.) before scheduled occupancy thermostat
identifies temperature above 75  (Adj.)

3-way water valve
confirms the chilled
water pathway is

closed

3-way water valve
modulates hot water
pathway open until

temperature
reaches 75  (Adj.)

3-way water valve
modulates chilled water
pathway open for the

Radiant Slab and
Mullions until temperature

reaches 75  (Adj.)

When Mullion temperature
sensor reads 58  (Adj.) the
3-way valve will modulate

to maintain reading

Zone VAV
modulates open to
allow design CFM

into occupied
rooms of zone

DOAS fan
modulates to

satisfy a duct static
pressure sensor

reading

3-way water valve confirms the hot water pathway is
closed for the Radiant Slab and Hydronic Mullions

System transitions into occupied mode

1 hour (Adj.) before scheduled occupancy thermostat
identifies temperature below 75  (Adj.)

Zone VAV modulates
open to allow design
CFM into occupied

rooms of zone

Active chilled
beam chilled
water valve is

confi rmed
closed

DOAS fan modulates
to satisfy a duct static

pressure sensor
reading

3-way water valve
confirms the chilled
water pathway is

closed

3-way water valve
modulates hot water
pathway open until

temperature reaches
75  (Adj.)

System transitions into occupied mode

1 hour (Adj.) before scheduled occupancy thermostat
identifies temperature below 75  (Adj.)

Zone VAV modulates
open to allow design
CFM into occupied

rooms of zone

Active chilled
beam chilled
water valve is

confi rmed
closed

DOAS fan modulates
to satisfy a duct static

pressure sensor
reading

3-way water valve
confirms the chilled
water pathway is

closed

3-way water valve
modulates hot water
pathway open until

temperature reaches
75  (Adj.)

Once the space set point is reached, the
valve continues to be modulated from 100%

to the closed position

Schedule and/or occupancy sensors identify
space as occupied

Once the space set point is reached, the
valve continues to be modulated from 100%

to the closed position

If the space temperature continues to decrease the
three way valve hot water pathway is commanded

100% open for the Radiant Slab and Hydronic Mullions
until thermostat temperature reaches 75  (Adj)

Schedule and/or occupancy sensors identify
space as occupied

When Mullion
temperature

sensor reads 58 
(Adj.) the mullion
three way valve
will modulate to
maintain reading

If the space temperature
continues to increase the three
way valve chilled water pathway
is commanded 100% open for
the Radiant Slab and Hydronic

Mullions until thermostat
temperature reaches 75  (Adj)

3-way water valve confirms the hot water pathway is
closed for the Radiant Slab and Hydronic Mullion3-way water valve confirms the chilled water pathway

is closed for the Radiant Slab and Hydronic Mullion

Once the space set point is reached, the
valve continues to be modulated from 100%

to the closed position

Schedule and/or occupancy sensors identify
space as occupied

Once the space set point is reached, the
valve continues to be modulated from 100%

to the closed position

If the space temperature continues to decrease the
Active chilled beams hot water valve is commanded

100% open until temperature reaches 75  (Adj)

Schedule and/or occupancy sensors identify
space as occupied

active chilled beam chilled water
valve is confirmed closed

If the space temperature continues to increase the
Active chilled beams chilled water valve is commanded

100% open until temperature reaches 75  (Adj)

active chilled beam hot water
valve is confirmed closed

Once the space set point is reached, the
valve continues to be modulated from 100%

to the closed position

Schedule and/or occupancy sensors identify
space as occupied

Once the space set point is reached, the
valve continues to be modulated from 100%

to the closed position

If the space temperature continues to decrease the
Active chilled beams hot water valve is commanded

100% open until temperature reaches 75  (Adj)

Schedule and/or occupancy sensors identify
space as occupied

3-way water valve confirms the chilled water
pathway is closed for the Radiant Slab

If the space temperature continues to increase the
Active chilled beams chilled water valve is commanded

100% open until temperature reaches 75  (Adj)

3-way water valve confirms the hot water
pathway is closed for the Radiant Slab

HEATING COOLING

When the humidistat reads 50% the DOAS will turn offWhen the humidistat reads 50% the DOAS will turn offWhen the humidistat reads 50% the DOAS will turn offWhen the humidistat reads 50% the DOAS will turn off

When the humidistat reads below 45%
or above 55% the DOAS will turn on

When the humidistat reads 50% the DOAS will turn off

When the humidistat reads below 45%
or above 55% the DOAS will turn on

When the humidistat reads 50% the DOAS will turn off

When the humidistat reads below 45%
or above 55% the DOAS will turn on

When the humidistat reads below 45%
or above 55% the DOAS will turn on

When the humidistat reads below 45%
or above 55% the DOAS will turn on

When the humidistat reads below 45%
or above 55% the DOAS will turn on
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Equipment
Schedules

7

HOT GAS 

REHEAT 

COIL

AIRFLOW SIZE AIRFLOW AREA VELOCITY CAPACITY

CFM TOTAL EXTERNAL RPM BHP VOLTS PHASE HZ IN. CFM TOTAL EXTERNAL RPM BHP VOLTS PHASE HZ LBS INCHES SQ FT FPM MBH

DOAS-1
CONCERT 

HALL
MECH 224 6695 3.75 1.5 2050 3.5 460 3 60 2 18 6050 2.4 1.5 2050 2.5 460 3 60 2 1600 62"x3" R-410A 17 6 12 400 180 INTEGRAL VFD

DOAS-2
RECITAL / 

REHEARSAL
MECH 224 6245 3.5 1.5 2050 3 460 3 60 2 18 5600 2.3 1.5 1700 2 460 3 60 2 1600 62"x3" R-410A 17 6 12 375 132 INTEGRAL VFD

DOAS-3 CLASSROOM MECH 220 4860 4 1.5 2750 5 460 3 60 1 18 3905 2.5 1.5 2750 4 460 3 60 1 2300 46"x3" R-410A 10 4 14 475 117 INTEGRAL VFD

DOAS-4
FACULTY 

STUDIO
MECH 220 1300 3.25 1.5 2550 1.25 460 3 60 1 12.5 540 2.3 1.5 2200 0.85 460 3 60 1 1525 34"x3" R-410A 3.5 4 14 375 31 INTEGRAL VFD

DOAS-5 ATRIUM MECH 250 965 4 1.5 2600 1.6 460 3 60 1 16 565 2.5 1.5 3000 0.75 460 3 60 1 1200 19"x3" R-410A 2 6 12 475 27 INTEGRAL VFD

DOAS UNIT SCHEDULE

ROWS

DX COOLING COILEXHAUST / RELIEF FAN CHARACTERISTICS

QTY REFRIGERANT

NOTES

STATIC PRESSURE MOTOR

TAG NO

MOTOR

SERVES

STATIC PRESSURE 

LOCATION

SUPPLY FAN CHARACTERISTICS

QTY

WEIGHT
ENTHALPY 

WHEEL

FPI

FT FT IN DEG F RH DEG F RH DEG F DEG F CFM IN WG DEG F DEG F GPM FT WG BTUH BTUH BTUH DEG F DEG F GPM FT WG BTUH BTUH BTUH

ACB-1 6 2 4 75 50 72 50 58 90 35 0.65 22 58 64 1.5 9 640 3860 4500 120 114 1.5 2.5 560 2940 3500

ACB-2 6 1 8 75 50 72 50 58 90 75 0.25 20 58 64 1 2.15 225 2415 2640 120 114 0.5 0.1 205 5785 5990

ACB-3 4 1 5 75 50 72 50 58 90 15 1.5 20 58 64 1 0.1 275 605 880 120 114 1 1 295 1015 1310

AIR 

CAPACITY

WATER 

CAPACITY

TOTAL 

CAPACITY
FLOW

COIL 

PD

ACTIVE CHILLED BEAM SCHEDULE

SIZE ROOM CONDITIONS PRIMARY AIR CHILLED WATER
SENSIBLE COOLING 

PERFORMANCE
HOT WATER HEATING PERFORMANCE

TAG 

NO
COOLING HEATING EWT LWTFLOW

MAX 

APD
MAX NC

WATER 

CAPACITY

TOTAL 

CAPACITY

COIL 

PD
FLOWEWT LWT

AIR 

CAPACITY
LENGTH WIDTH

AIR INLET 

DIA.

EAT 

HEATING

EAT 

COOLING

TAG NO TYPE CONNECTION GPM FT. HD. IMPELLER SIZE RPM VOLTAGE BHP HP NOTES

CSWP-1 END SUCTION FLEXIBLE-COUPLED 190 75 9 1760 480 4.93 4.83 INTEGRAL VFD

CSWP-2 END SUCTION FLEXIBLE-COUPLED 190 75 9 1760 480 4.93 5 INTEGRAL VFD

HSWP-1 END SUCTION FLEXIBLE-COUPLED 190 75 9 1760 480 4.93 5 INTEGRAL VFD

HSWP-2 END SUCTION FLEXIBLE-COUPLED 190 75 9 1760 480 4.93 5 INTEGRAL VFD

GSWP-1 END SUCTION FLEXIBLE-COUPLED 300 60 6 1760 480 5.93 7.5 INTEGRAL VFD

GSWP-2 END SUCTION FLEXIBLE-COUPLED 300 60 6 1760 480 5.93 7.5 INTEGRAL VFD

CTWP-1 VERTICAL INLINE FLEXIBLE-COUPLED 100 80 9 1760 480 4.93 5 INTEGRAL VFD

CTWP-2 VERTICAL INLINE FLEXIBLE-COUPLED 100 80 9 1760 480 4.93 5 INTEGRAL VFD

SMWP-1 END SUCTION FLEXIBLE-COUPLED 260 100 12 1760 480 9.86 10 INTEGRAL VFD

SMWP-2 END SUCTION FLEXIBLE-COUPLED 260 100 12 1760 480 9.86 10 INTEGRAL VFD

PUMP SCHEDULE

LOAD 

FLOW

SOURCE 

FLOW
WPD ELWT LLWT ESWT LSWT

HEAT OF 

REJECTION
EWT LWT

HEAT OF 

ABSORPTION 
MCA

GPM GPM FT WC DEG F DEG F DEG F DEG F MBH DEG F DEG F DEG F DEG F MBH AMPS

HP-1 37.4 30 4 70 58 95 110 140 32 24 114 120 70 36 480-3-60 12

HP-2 37.4 30 4 70 58 95 110 140 32 24 114 120 70 36 480-3-60 12

HP-3 37.4 30 4 70 58 95 110 140 32 24 114 120 70 36 480-3-60 12

HP-4 37.4 30 4 70 58 95 110 140 32 24 114 120 70 36 480-3-60 12

HP-5 37.4 30 4 70 58 95 110 140 32 24 114 120 70 36 480-3-60 12

HP-6 37.4 30 4 70 58 95 110 140 32 24 114 120 70 36 480-3-60 12

WATER TO WATER HEAT PUMP SCHEDULE

WATER FLOW COOLING HEATING ELECTRICAL DATA

TAG NO
V-PH-HZ

EER
ESWT LSWT

AIRFLOW SIZE AREA
VELOCI

TY

CFM TOTAL EXTERNAL RPM BHP VOLTS PHASE HZ IN. SQ FT FPM

AHU-1 MECH 220 PERFORMANCE HALL LIGHTS 7500 1.8 1 2750 7.5 460 3 60 2 8 R-410A 17.5 4 14 450

AHU-2 MECH 221 PERFORMANCE HALL LIGHTS 7500 1.8 1 2750 7.5 460 3 60 2 8 R-410A 17.5 4 14 450

DX COOLING COIL

REFRIG

ERANT
ROWS FPI

AIR HANDLING UNIT

SUPPLY FAN CHARACTERISTICS

STATIC PRESSURE MOTOR

QTY
TAG NO LOCATION AREA SERVED

CAPACITY WEIGHT

TONS LBS

ACCU-1 DOAS-1 40 R-410A ECM 1 1 2500

ACCU-2 DOAS-2 31 R-410A ECM 4 2 2200

ACCU-3 DOAS-3 25 R-410A ECM 2 2 1550

ACCU-4 DOAS-4 7 R-410A ECM 1 1 475

ACCU-5 DOAS-5 5 R-410A ECM 1 1 475

ACCU-6 AHU-1 16 R-410A DIRECT DRIVE 3 1 950

ACCU-7 AHU-2 16 R-410A DIRECT DRIVE 3 1 950

REFRIGERANT FAN
COMPRESSOR 

QTY
CIRCUITS

AIR COOLED CONDENSING UNIT SCHEDULE

TAG SERVES

MOTOR FLOW EWT LWT

HP TONS GPM DEG F DEG F LBS

CT-1 Roof 11,500 5 30 90 103 93 1590 INTEGRAL VFD

TAG NO LOCATION

COOLING TOWER SCHEDULE

NOTES

CFM

FAN CHARACTERISTICS WATER CHARACTERISTICS
COOLING CAPACITY

OPERATING 

WEIGHT
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Waterside Riser
Diagram

7

MAKEUP WATER SUPPLY

MAKEUP WATER SUPPLY

MAKEUP
WATER
SUPPLY

CT-1

HP-1 HP-2 HP-3 HP-4 HP-5 HP-6

GLYCOL
MAKEUP
SUPPLY

HX

ACB

ACB ACB

ACB

HX
GROUND SOURCE BOREFIELD

1 WATERSIDE RISER DIAGRAM
NO SCALE

HYDRONIC DISTRIBUTION SCHEME
Simultaneous heating and cooling conditions pointed to water to water heat
pumps being a wise selection. Heat pumps can be staged to be in either
heating or cooling mode, which enables load sharing when exterior zones
need heating while interior loads demand cooling.

7-2019
2/18/2019



RAINWATER 
COLLECTION TANK

FILTER

FROM ROOF

EXCESS TO 
STORM SEWER

OVERFLOW TO 
STORM SEWER

PUMP & RAINWATER 
SYSTEM CONTROLLER

PRESSURE 
TANK

TO WATER 
CLOSETS & 
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NO SCALE

M3.8

Riser Diagrams

7

NO SCALE
1

RAINWATER RISER DIAGRAM

DOAS-1 DOAS-2

ACCU-1 ACCU-2

DOAS-3

ACCU-3

ACB ACB

ACB ACB

DOAS-4

ACCU-4

ACB ACB

ACB ACB

DOAS-5

ACCU-5

2 AIRSIDE RISER DIAGRAM
NO SCALE

COMPRESSOR

CONDENSOR

REHEAT
CONTROLLER

EXHAUST / RELIEF

OA
SUPPLY AIR TEMP SENSOR

& HUMIDISTAT

OUTSIDE AIR
DEHUMIDISTAT

RECEIVER TANK

MODULATING HOT
GAS REHEAT VALVE

3 DOAS WITH TOTAL ENERGY WHEEL AND MODULATING HOT GAS REHEAT
NO SCALE

Modulating Hot Gas Reheat Coil uses
waste heat from the dehumidification
process to reheat sub-cooled air to room
entering conditions

Total energy wheel allows for exchange
of enthalpy between supply and exhaust
air streams

DOAS UNITS

AIR DISTRIBUTION SCHEME
Atune's Mechanical team selected systems that only require ventilation air to be conditioned and introduced to the building which minimized ductwork. Using multiple separate systems provided
inherent redundancy and an added level of efficiency over a conventional system. When any given system's zones become unoccupied, the entire unit can be shut down. Had a more conventional system
(AHU with VAV terminal reheat for example) been used, units would still have to operate to temper space conditions in unoccupied mode. The hydronic system is able to address building sensible loads
more efficiently through radiant conditioning.

7-2019
2/18/2019
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ELECTRICAL EXECUTIVE SUMMARY

Atune u! lized the Integrated Project Delivery method to design the Jack H. Miller Center for Musical Arts. This process enabled the design 

team to create a versa! le and sustainable building with all its systems working in harmony. The electrical/ligh! ng team aimed to create a 

high performance building while not exceeding the project budget.  In doing so, the team considered many innova! ve and integrated solu-

! ons to meet the building’s needs.  These solu! ons address the building’s capability to perform effi  ciently, adapt under varying condi! ons 

and serve as a safe environment.

WATSON BAS

Ar! fi cial Intelligent Building 

Automa! on System increases 

building effi  ciency, comfort 

and systems integra! on. 

ADVANCED ROOM 

SCHEDULING

With Watson BAS, rooms can 

be scheduled through  IoT  and 

monitored to adjust 

mee! ng ! mes based on 

real ! me space 

occupancy. 

KINEMATIC 

ENERGY

Pavegen was placed in the 

heaviest foot traffi  c areas en-

able users to power interac! ve 

educa! on displays and 

power over 500,000 

phones annually. 

SOLAR ENERGY

506 solar panels provide 20% 

of the annual  building costs 

and reduce building u! lity 

costs through Watson BAS.

PoE LIGHTING

Power over Ethernet 

ligh! ng reduces construc-

! on/material costs by over 

$200,000. Addi! onally, a 65% 

reduc! on in ligh! ng energy 

use was achieved.

DYNAMIC VIEW GLASS

Triple pane dynamic glass 

u! lizes 4 ! nt se&  ngs to mini-

mize  heat gain by 49%, cut-

! ng mechanical equipment 

size and energy

 consump! on.

ADVANCED 

SHOOTER DETECTION

Dual criteria sensors located 

in strategic loca! ons of the 

building  detect gunshots, 

track ac! ve shooters and 

alert local authori! es.

ADVANCED VANCED 

SHOOTER DETECTIONDETECTION

Dual criteria sensors located sensors located 

in strategic loca! ons of the 

building  detect gunshots, 

track ac! ve shooters and 

alert local authori! es.

track ac! ve shooters and 
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1.0 PROJECT INTRODUCTION
The Jack H. Miller Center for Musical Arts is located at Hope College 

in Holland, Michigan. The 64,00 square-foot building includes mul! -

ple performance venues, classrooms, prac! ce rooms, faculty studios 

and offi  ce spaces for Hope College’s Music Department. The building 

is situated along Columbia Avenue between 9th and 10th street and 

is adjacent to railroad tracks running by the campus. Atune will ex-

ceed expecta! ons through innova! ve systems, ingenious technolo-

gies and Integrated Project Delivery construc! on methods. 

2.0 ATUNE’S MISSION
The design inten! ons that the Atune team has set forth for the Jack 

H. Miller Center for Musical Arts are versa! lity, sustainability, and 

harmony. Atune’s design chose to tackle the Jack H. Miller Center for 

Musical Arts through Integrated Project Delivery (IPD) and Building 

Informa! on Modeling (BIM). Although IPD is a more demanding and 

strenuous process, the work that was achieved through this process 

would not be possible without this method. 

Along with Atune’s three goals an electrical design matrix was cre-

ated. See electrical design matrix  in the suppor! ng documents. 

The design matrix helped to quan! fy decisions and make them be-

come more objec! ve, tangible and presentable. 

3.0 PROJECT ELECTRICAL GOALS
The following electrical goals refl ect the electrical contribu! ons to 

Atune’s overall team goals for Hope College’s Jack H. Miller Center 

for Musical Arts.

3.1 Versa! lity
Atune set forth the goal to create a versa! le and resilient building 

for Hope College to u! lize for centuries to come. The Jack H. Miller 

Center for Musical Arts impact past the borders of the college and 

into the community. The building will serve variable purposes and 

events and thus must be able to adapt to said demands. Therefore, 

electrical engineers created fl exibility of use through implemen! ng 

mul! -purpose systems to deliver an adaptable building for variable 

future use. 

3.2 Sustainability
One of Hope’s sustainable goals is to reduce the college’s carbon 

footprint, the electrical team reached said goal using renewable sys-

tems and materials. Atune was cognizant a carbon footprint can also 

be created by using materials not readily available. Therefore, the 

price required to acquire renewable systems and materials was con-

sidered when choosing the systems and materials. 

3.3 Harmony
Atune’s goal is to create a building that displays harmony at every 

level, with every discipline and every component working together 

to create one collec! ve building. Electrical engineers were able to as-

similate whole project systems and values through effi  cient Integrat-

ed Project Delivery methods to provide a compe! ! ve state-of-the-

art facility to steward Hope’s Mission. Electrical engineers worked 

closely with all disciplines to reduce building schedule and cost. IPD 

also allowed construc! on confl icts to be acknowledged early and 

solved quickly and effi  ciently. 

4.0 BUILDING STRUCTURE & INNOVATION OVERVIEW
The electrical, ligh! ng and special systems selected for the Jack H. 

Miller Center for Musical Arts refl ect versa! lity, harmony and sustain-

ability. The electrical team contributes to the building’s sustainability 

by the reduc! on of power and ligh! ng distribu! on construc! on cost 

using Power over Ethernet (PoE) distribu! on. Equipment rooms are 

also allocated at the epicenter of powered loads to further reduce 

runs. Renewable power sources such as Photovoltaic Panels (PV) and 

Door Power Harves! ng (DPH) were used in conjunc! on with lithium-

ion ba$ ery banks to address the imbalance of power produc! on and 

power demand through the day. Addi! onally, electrical engineers 

integrated the building’s view glass façade with hydronic mullions 

to decrease the solar gain and ligh! ng power consump! on. Next, 

electrical engineers interconnected with the mechanical team using 

Internet of Things (IoT) through Ar! fi cial Intelligent Building Automa-

! on System (AIBAS) for op! mal coordina! on to reduce opera! onal 

costs. Ligh! ng power consump! on was also minimized by using day-

ligh! ng, occupancy, vacancy, schedule, ! me of day, and user prefer-

ence as criteria for ligh! ng controls. 

Addi! onally, ligh! ng and power systems were designed for versa! lity 

by delivering PoE in conjunc! on with tradi! onal power distribu! on 
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methods. Accordingly, task, ambient and accent ligh! ng was layered 

to maximize space versa! lity, comfort of use and aesthe! c appeal. 

Finally, Atune educates the public of the sustainable engineering 

systems incorporated in the building through interac! ve displays lo-

cated in student interac! on spaces, corridors and atrium to a" ract 

poten! al students and private investors of the college.

5.0 DESIGN METHODOLOGY
The design process used by the electrical team fi rst focused on the 

life, safety and well-being of the occupants. Secondly, electrical en-

gineers adequately addressed the needs and wants of Hope College 

by examining all op! ons and their life-cycle cost. These fi nding were 

compared, analyzed and discussed in IPD mee! ngs. This improved 

construc! on schedule and decreased construc! on clashes among 

systems. In turn, Atune was able to provide a safe, effi  cient and 

pleasing musical arts building for Hope College and the community 

in Holland Michigan.

5.1 Design Codes and Standards
The design of all electrical systems proposed for the Jack H. Miller 

Center for Musical Arts followed all codes currently adopted by Ot-

tawa County, as well as the Holland Municipal Code, including all 

amendments. Refer to the Codes and Standards page for a list of all 

relevant codes used for design and construc! on of the Jack H. Miller 

Center for Musical Arts.

5.2 Design and Analysis So! ware
Atune used a variety of tools to aid in the design of the building’s 

electrical systems. The use of these design and analysis so% ware 

packages gave Atune’s electrical team the enhanced ability to further 

develop and improve effi  ciency in the building design process. One 

key element in choosing the so% ware was the ability to collaborate 

with all other disciplines and communicate eff ec! vely the concerns 

of the systems being designed. Refer to suppor! ng document I2.1 for 

the programs u! lized.

6.0 POWER DISTRIBUTION
A focus for the power distribu! on within the Jack H. Miller Center 

for Musical Arts was to create a resilient and low maintenance sys-

tem to provide effi  cient and reliable power. The electrical engineers 

designed a distribu! on system that can adapt to the mul! ple uses 

of the building, while providing the infrastructure for seamless per-

formance. 

6.1 Renewable Power Genera" on
To meet Atune’s electrical goal for sustainability, alterna! ve methods 

of power genera! on were explored fi rst. This was done to be able to 

approach the power distribu! on system with an idea of the diff er-

ent sources that were to be implemented. In turn, this led to a more 

cohesive and seamless performing system. 

The following sec! ons contain systems that were implemented or 

considered to be a source of renewable power genera! on.

6.1.1 Photovoltaic (PV) System
The electrical team conducted analysis to determine the feasibility 

of installing a PV system on mul! ple sec! ons of the roof. The build-

ing is located at 42.8°N which produces an average daily incident 

shortwave solar energy of 4.53 kWh/m^2 (0.4201 kWh/% ^2). The 

roof consists of 42,000 square feet and a% er deduc! ng space that 

equipment is occupying and areas that will be shaded for a large por-

! on of the day, the remaining square footage that can be u! lized 

for solar panels is 26,850. Four individual sec! ons of the roof will be 

u! lized to create a 185-kW system.   The four sec! ons being used are 

as follows: above the Concert Hall, the west lobby roof, the roo% op 

amenity space and part of the north sec! on of the roof. These al-

low for a total of (506) 72-cell mono-crystalline modules that have 

the capability of genera! ng up to 365W at a maximum effi  ciency of 

18.46%. A% er analyzing the annual power produc! on from the sys-

tem, Atune’s electrical team determined that the solar panels will 

produce 242,360 kWh a year, saving an average of $26,126 a year, or 

nearly 20% of the total energy cost for the building.

The electrical team was able to design the array with a payback pe-

riod of 10.8 years, which was an ini! al concern, but a% er discussing 

the team’s goal of sustainability and energy savings over the long life 

of the building, it was determined that the system would be an eff ec-

! ve method for power genera! on.  With the selected solar panels, 

Atune’s electrical team will be able to guarantee a minimal 0.67% de-

crease in panel effi  ciency over the fi rst 25 years.  This means that the 

Solar panels will s! ll produce energy at more than 80% of their ini! al 

output ra! ng.  Refer to sheet E3.4 for more informa! on regarding 

the calcula! ons, design of the installa! on and the payback period.
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6.1.2 Kinema� c Power Genera� on
The Jack H. Miller center for musical arts is located on a college cam-

pus with daily traffi  c Monday through Friday. With an es" mated 127 

shows annually, the building experiences heavier traffi  c for roughly 

40% of the year. For this reason, Atune sought out and researched 

the implementa" on of kinema" c power genera" on. Building oc-

cupant loads reach nearly 800 people a day traveling through the 

building during performance seasons. Kinema" c energy produced by 

Pavegen " les ranges from 6 to 8 joules of energy produced per step. 

The price of produc" on for said " les was es" mated by the electri-

cal team at $100/SF based on an ar" cle published in 2017 . There-

fore, evalua" on of the heaviest and most used areas by the public 

was conducted. Consequently, a limited area of kinema" c fl oor " les 

placed in those areas result in a balance of cost of produc" on and 

power genera" on. The total cost of installa" on was calculated to 

be $38,400 and with the ability to be removed, maintenance cost 

is minimal. The system produces 18.11 kWh per day and 3,139 kWh 

annually. This is enough power to charge over 575,000 phones an-

nually. As a result of working closely with the Structural team, the 

infrastructure in place allows for upgrades or replacements of the 

" les as more effi  cient ones become available.  Refer to the support-

ing document E2.4 for a more in depth analysis of the system. The 

fi gure below shows an example of the infrastructure and assembly 

required.  

6.1.3 Door Power Harves� ng (DPH)
While exploring innova" ve power genera" on, the team proposed to 

harvest the energy used to open a door. A' er further research was 

conducted, Atune Engineers found that energy could be harvested 

both in the opening and closing of a door. This is achievable using a 

clutch mechanism ac" vated during the transi" on between opening 

and closing. The power genera" on of 0.00595 mW per pull would 

not be enough to store in a ba( ery for future use by the ac" va" on 

switch of ADA accessible doors. However, the power genera" on 

mechanism can be adjusted to provide the maximum allowed force 

of 5 pounds to open the door without sacrifi cing power genera" on. 

Atune decided to go take a diff erent approach and wire it to the oc-

cupancy sensor in the room. The circui" ng of this device would be 

simillar to any low voltage sensor and contrlloer combina" on; the 

DPH would simply just require an addi" onal sensor input. The goal is 

to provide the occupancy sensor with a mul" -criteria detec" on sys-

tem for faster response of turning on lights when an occupant comes 

into the room, specifi cally a handicapped occupant. The team evalu-

ated this as an innova" ve solu" on to lag " me of lights turning on in 

high ceiling areas. Thus, increasing health and safety of the building 

occupants. Picture below is an example of one of these devices and 

how it would be mounted.

6.1.4 Alterna� ve Power Genera� on Explora� ons
During the fi rst IPD mee" ngs, mul" ple alternate ideas for power 

genera" on were proposed. Among these include acous" cal energy 

harves" ng, thermocouple power genera" on, wind energy and duct 

turbines. The ideas were inves" gated in ini" al design. Below are the 

fi ndings and explana" on as to why these sources were rejected.

6.1.4.1 Acous� cal Energy Harves� ng 
The Jack H. Miller Center for Musical Arts presents a unique form 

of energy source not found in other buildings – acous" cal energy. 

Electrical engineers at Atune researched the possibility of harves" ng 

acous" cal energy in the building. The most apt rooms for this imple-

menta" on would include the prac" ce rooms, performance rooms, 

and two performance halls. The acous" cal harvesters that Atune re-

searched used electromagne" c materials to generate electrical en-

ergy from induced magne" c fl ux provided by Sound Pressure Levels 

(SPL). The instrument table located on suppor" ng document E2.4 

shows a list of dB SPL created by diff erent instruments to be used in 

the building. AEH are on average the size of a C ba( ery thus, making 
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the placement of this technology more aesthe! cally pleasing. The 

alloca! on of the devices was studied in such a way to minimize rever-

bera! on losses of the acous! cal energy. The energy harvested from 

the devices would then have been stored in a small ba" ery bank 

near restrooms to power low voltage plumbing fi xtures such as auto-

mated fl ushing water closets and automated lavatories.

Atune found that a single AEH power produc! on ranges from 1.5 – 

1.96 mW at 143 – 470 Hz.Thus making them a plausible implementa-

! on in this building as resonant frequencies are produced by tuned 

instruments in harmony. Electrical engineers then conducted further 

research and found that the produc! on cost of a single AEH would 

be about $500 (based on Vicous! c Vari Bass Tunable Helmholtz Res-

onator) and produce 16.2 Wh a day. Therefore, the payback for the 

es! mated installa! on of devices would be over 2300 years. Atune 

decided that although the source is renewable and easily accessible, 

the technology is not developed enough to be jus! fi ed as a sustain-

able solu! on. 

6.1.4.2 Thermocouple Power Genera� on
Inspired by local residen! al thermocouple power genera! on – Syn-

ergine, Atune sought to implement similar concepts at a commercial 

building level. In coordina! on with mechanical engineers at Atune, 

electrical engineers evaluated the HVAC system being used to tem-

per the space to fi nd a loca! on adequate for thermocouple imple-

menta! on. The water-to-water heat pumps used by mechanical en-

gineers proved to be the most apt for this use. The water-to-water 

heat pumps contain two inlet and outlet streams of varying tempera-

ture water. Ideally a 70-degree temperature diff eren! al is required 

to produce 100 kWh of power monthly. 

Mechanical engineers evaluated that none of the water-to-water 

heat pumps would have a constant 70° temperature diff erence. 

However, the proposed design by electrical engineering would be 

to interconnect all input and output sources to every water source 

heat pump in a single room and use the ar! fi cial intelligence building 

automa! on system to detect the two lines with the greatest tem-

perature diff erence and use those as the source lines for the thermo-

couple power genera! on equipment. Consul! ng with Atune’s con-

struc! on team, lead us to discover that the system has never been 

built before and would have a high construc! on and maintenance 

cost. Addi! onally, Atune engineers found the implementa! on of the 

system in such with a complex system of inlets and outlets would 

create more situa! ons for opera! on error. It was concluded that al-

though the system would be genera! ng nearly 100kWh per month, 

it was not a long-term investment that would pay off .

6.1.4.3 Wind Energy
Atune analyzed the building’s poten! al for a wind power genera-

! on system. The building is one of the taller buildings in the area, 

so there would not be many obstruc! ons. The average wind speed 

in this area varies substan! ally throughout the year. In the fall and 

winter months, the average wind speed is 11.8 mph, with a highest 

average of 14.8 mph in the beginning of January. In the spring and 

summer months, the average wind speed is less intense, with the 

lowest hourly wind speed of 8.7 mph.  All of these wind speeds were 

taken at 10m above the ground.  

During an IPD mee! ng, structural engineers pointed out design re-

quirements wind turbines would cause to the building’s structure.  In 

addi! on, the design team had concerns about the possible shading 

impacts it would cause to the PV panels.  With that in mind, electri-

cal engineers concluded it would be a waste of energy to pursue the 

idea further.

6.1.4.4 Duct Turbines
Atune’s electrical and mechanical engineers explored the idea of u! -

lizing turbines in ducts as an alterna! ve method to generate energy. 

This idea was developed by a team at The University of Arizona as a 

part of a Senior Design Project. It was determined that a minimum 

velocity of 1,000 FPM was required to generate approximately 5 

wa" s from a test conducted by the students. A' er consul! ng with 

the design team, Atune decided that they did not have enough evi-

dence that this design would work in the project, plus it could have 

possibly added acous! c problems to spaces where they were to be 

placed. This was due to both the required air velocity and the fact 

that this design’s success was based on the design of the turbine 

blade itself.

6.2 Schema� c Riser Diagram 
Electrical engineers developed a system design with heavy coordina-

! on in IPD mee! ngs to best locate the service entrance, main electri-

cal room and satellite electrical rooms. Following are a detailed de-

scrip! on of said items. Refer to sheets E3.1 and E3.2 for the one-line 

diagram and riser diagram.

6.2.1 Service Entrance
Upon calcula! ng the power needs for the facility, Atune has deter-

mined that there will be a 2,000A 480V/3PH service required.  This 

will be supplied by one 750 kVA u! lity transformer located on a con-

crete slab outside the main electrical room on the east side of the 

building.  The proximity of the transformer to the main switchgear 

inside the electrical room allows for minimal feeder length, ensur-

ing a minimal cost for the u! lity feeder.  The electrical team worked 

closely with the mechanical team to ensure that the borefi eld piping 

system doesn’t interfere with the underground conduit.

6.2.2 Main Electrical Room
The Main Electrical Room – 152, is located on the fi rst fl oor at the 

intersec! on of gridlines S and 13 and will contain the 2,000A switch-

board with an exterior exit on the east side and a south exit opening 

into Ves! bule C-106. Refer to the following fi gure for a detailed lay-

out of the room and its contained equipment.
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6.2.3 Main Distribu� on
Atune’s electrical team has designed the power distribu! on system 

to not only suffi  ciently provide for the building’s power demand, but 

to do so in an effi  cient ma# er.  The 480V feeders will originate from 

MSB and deliver power to distribu! on panelboards and the emer-

gency automa! c transforer switches (ATS), as shown on the one-line.  

In addi! on, the 480V feeders will serve (2) two transformers which 

are located in the main electrical room, the largest being 225 kVA 

serving DPLA.  DPLA will serve as the main distribu! on board for 

the (7) seven 208/120V panels located in satellite electrical rooms 

throughout the building.  These panels will have nearly all the build-

ing’s normal 208/120V loads; including receptacles, PoE ligh! ng 

(refer to sec! on 6.2.5) and other miscellaneous loads.  These zones 

were created using the maximum voltage drop length of 100’ radius.  

Each one of the 208/120V panels will have low voltage power sourc-

ing equipment fed from it for the PoE system. See fi gure below for 

typical equipment arrangement in satellite room. 

Solar and kinema! c energy sources are connected to the power dis-

tribu! on system in the main electrical room. The systems ! e togeth-

er into a central ba# ery bank. The ba# ery bank will be monitored 

through the Ar! fi cial Intelligence automa! on system and will release 

stored energy at peak demand to off set the duck curve created by the 

imbalance of power genera! on and power demand.  Atune worked 

under the assump! on that Hope College is charged commercial u! l-

ity rates that fl uctuate with respect to ! me and demand. 

Through the implementa! on of this strategy, Atune es! mated to save 

the building $26,000 a year in energy costs. The ba# ery bank is con-

nected to a 98% effi  cient inverter. The inverter is then connected to a 

PLC charged controller. The charge controller is connected to a 208V 

distribu! on panel to further serve low voltage panels at the seven 

iden! fi ed zones in the suppor! ng documents. These local low volt-

age panels then serve low voltage devices via PoE distribu! on. Such 

items include occupancy sensors, plumbing fi xtures, luminaires, VoIP 

phones and the educa! onal AV display. The secondary input to the 

ATS comes from the switchboard. This confi gura! on was designed 

for redundancy and versa! lity of use of renewable power sources. 

6.2.4 Emergency Power Distribu� on
While assessing the needs for emergency power, Atune’s electrical 

team referenced NFPA 101 and the NEC (ar! cles 695 and 700-702).  

The Jack H. Miller Center for Musical Arts will require emergency 

power for life safety systems as well as other specifi ed systems that 

the team decided were crucial during a loss in power for the build-

ing.  The primary loads to be served during a u! lity failure will be 

egress ligh! ng, the fi re alarm system, the fi re pump and smoke ex-

haust fans. Although smoke exhaust fans are not typically required 

for life safety power distribu! on, Atune’s electrical team concluded 

that these fans, located in large volume spaces, fi t the requirement 

for ven! la! on needed to maintain life.  

These systems have a rela! vely low demand, which not only led the 

designers to grouping the systems together (mee! ng the standards 

for NEC 700), but also elimina! ng the need for selec! ve load pickup.  

This decision will not only save costs for equipment and required 

infrastructure but will allow for be# er use of the space within the 

electrical room.  The equipment will be located inside the Emergen-

cy Electrical Room 153 and will include an open transfer automa! c 

transfer switch, and both 480/277V and 208/120V panels.  As shown 

in the preliminary calcula! ons table on sheet E3.3, both panels have 

enough capacity to serve future emergency loads if that is ever de-

sired by the building owner.

These loads will be served by a 60kW diesel generator.  The genera-

tor will be located outside the main electrical room on a slab near 

the u! lity transformer, with an integral belly tank.  The tank will have 

enough capacity to run the emergency systems for 8 hours. The park-

ing lot that is directly adjacent will serve as the loca! on for the re-

fueling truck. The generator enclosure shall be rated at a dB level 

allowed by the city of Holland.  

Atune’s electrical team recommended two feeders from the genera-

tor; a dedicated circuit for the fi re pump and the other for the other 

emergency loads.  The fi re pump’s normal feeder will originate from 

a secondary tap on the u! lity transformer and the emergency feeder 
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will originate from a dedicated circuit breaker on the generator set.  

This design will provide minimal failure points for the fi re pump in 

the case that a fi re has damaged the equipment within the main 

electrical or emergency electrical rooms.  This is also illustrated on 

the one-line located on sheet E3.1.

6.2.5 PoE Distribu� on
The goals behind the Power over Ethernet (PoE) ligh" ng distribu" on 

system is to increase effi  ciency, ease maintenance and accessibil-

ity while being versa" le for future use of the building. IEEE 802.3at 

Standards were used to adequately design the system. The system 

is comprised of mul" ple PoE power sourcing equipment located 

at the epicenter of the eight designated power distribu" on zones. 

They combine network data and power via an injector and network 

switches. The PoE switches are interconnected via routers to allow 

communica" on among building networks. Addi" onally, the PoE net-

work switches are specifi ed to come with integral overload protec-

" on in case of downstream devices trip. Cat6 cable is then routed to 

deliver specifi ed voltages to power the end devices such as sensors, 

controllers and high effi  ciency LED fi xtures. PoE allows the use of 

non-PoE-connectable ligh" ng fi xtures using spli$ ers, thus reducing 

the cost of excess cabling to connect to the device. A simplifi ed dia-

gram of how PoE is achieved is illustrated below.

The benefi ts of using PoE for ligh" ng distribu" on include the abil-

ity to add or subtract devices easily from the system with minimal 

construc" on impact. PoE requires less wiring and the opera" ng cost 

are smaller, crea" ng a more effi  cient system. Overall the system-

improves produc" vity, programmability and interconnec" vity due to 

both network and data being provided together.

7.0 LIGHTING SYSTEMS AND DESIGN
The primary objec" ve of the ligh" ng system design was to harmonize 

aesthe" c appeal, user func" onality, energy effi  ciency and versa" lity 

for future use. Atune’s ligh" ng scheme was to use all the wooden 

fi nishes as a refl ec" ve fi nish to create a warm and invi" ng feeling in 

the building. Direc" onal LED recessed cans were primarily used to 

create dynamic variant illumina" on levels. Recessed cans were also 

chosen because they are the most effi  cient luminaire to use with the 

PoE distribu" on system. Following is an example of what a recessed 

can might look like in the building.

The IES Handbook recommenda" ons were used as guiding princi-

ples to design ligh" ng schemes. In addi" on, mesopic vision factors 

were used to adjust light output and avoid glare and unnecessary 

light intensity. This was done because the eye is comprised of both 

cones (photopic vision) and rods (scotopic vision) working in unison 

(mesopic vision). Therefore, design solely based on photopic vision 

results in overtly intense light that creates monotonous uninform 

ligh" ng. Integra" on with other systems in the building was another 

essen" al focus to the ligh" ng design. Mechanically, the dayligh" ng 

was designed according to the global loca" on and orienta" on of the 

building to reduce solar heat gain. Structurally, luminaires specifi ed 

coordinate with coves, beams and columns to create dynamic lighted 

surfaces, ease of maintenance and accessibility. Architecturally, sur-

face fi nishes were analyzed to specify the adequate light tempera-

ture and color to provide the most op" mal color rendi" on. Finally, 

the PoE distribu" on system implemented reduces material use, 

skilled labor costs and construc" on " me. Special focus was directed 

to the 800-seat-concert hall, 125-seat-performance hall, building 

atrium and roof amenity space.

7.1 Solar Analysis
Prior to tackling the dayligh" ng and controls for the building, Atune 

engineers conducted a solar analysis to maximize building façade, 

minimize solar gain and perfect dayligh" ng controls. 

The Jack H. Miller Center for Musical Arts is located at 42.78° North 

and 86.1° West. Using Revit and Elumtools so& ware, electrical engi-

neers were able to break down precisely the eff ects of the solar path 

at this loca" on throughout the year. The sun path at peak solar load 

is on the South side. However, during sunrise and sunset, the sun is 

located slightly northern, thus impac" ng the Western façade. This 

data was used to develop the op" mal dayligh" ng scheme and light-

ing controls. Below is a fi gure of the sun path during the fall equinox; 

at 5:45 PM the façade will have the highest solar heat gain.

7.2 Dayligh� ng 
The primary focus of dayligh" ng design was the Western façade. It 

accounts for 526,463 BTUh of cooling in the atrium. To address this 

issue, electrical engineers decided to implement triple pane View 



AEI TEAM 7-2019 E1.8

ELECTRICAL

NARRATIVEATUNE
Dynamic Glass on the building façade. This innova! ve technology 

uses an electrochromic coa! ng to adapt to the solar rays it receives 

during the day. It is ac! vated when a small voltage of electricity runs 

through the coa! ng. Ions move between metal oxides to create the 

glass ! nt. Thus, solar loads and glare are rejected, keeping the space 

at a comfortable temperature. Calcula! ons a" er implementa! on 

resulted in a reduced load of 269,052 BTUh, 51% of the ini! al cal-

cula! on. The triple pane glass units also enhance building façade at-

tenua! on.  As shown in the fi gure below, the dynamic glass has the 

ability adjust the amount of light transmission value from 1% to 58% 

through 4 available ! nt se$  ngs throughout the day. The ! nt state 

directly correlates to the visible light and solar heat gain entering the 

space as seen in the fi gure below. 

The system is powered from a low-voltage (<5 volts) connector that 

charges electrochromic coa! ng on the interior surface of the outer-

most pane of glass.  In the case of power loss to the system, the fail-

ure model consists of returning the glass to its clear state.  As a re-

sult, the triple pane Insula! ng Glass Unit (IGU) controls the glare and 

maximizes the amount of daylight, while minimizing the amount of 

heat gain. Refer to sec! on 7.4.4 in the Mechanical Narra! ve for de-

tails and calcula! ons pertaining to the annual savings in energy and 

how this system will work in unison with the hydronic mullions. 

In consequence to having a glass curtain wall for the Wester façade 

of the building, the dayligh! ng zone extends 34 feet into the build-

ing. This area covers all the atrium space. All general ligh! ng in the 

atrium will have daylight responsive controls per 2015 IECC. Atune 

decided to go a step further and adjust decora! ve ligh! ng fi xtures 

rela! ve to the dayligh! ng se$  ng of the general ligh! ng. IES recom-

mends ligh! ng levels of 10 foot-candles during the day and 5 foot-

candles at night. These illumina! on levels will be achieved through 

dayligh! ng during the day and decora! ve ligh! ng at night.

7.3 Site Ligh� ng
Site ligh! ng is a crucial part of the ligh! ng design for this building 

as it is on a college campus. Double headed light poles were chosen 

along this loca! on and to produce .2 foot-candles of light minimum 

in the sidewalk area. The height of the poles will be 15 feet. Four 

total poles are located along the atrium to minimize the distrac! on 

of the site ligh! ng and emphasize the ligh! ng within the atrium that 

will be visible through the curtain wall façade. The poles will be ar-

ranged to allow for fi rst responder vehicles to have access to the 

entrance of the building.  The building mounted luminaires will be 

selected to provide illumina! on horizontally and ver! cally. They will 

also highlight the architectural features of the building. Atune will 

limit the night sky pollu! on by ensuring that no more than 5 fi ve 

percent of ini! al lumens of the fi xtures will be produced at an angle 

of 90 degrees or higher. 

The parking lot adjacent to the East side of the building will be lit to 

the recommended level of 1 foot-candle.  The light will be provided 

via poles located at 45 feet on center with a height of 20 feet.  The 

light source for these will be LED and the fi xture will allow for no 

upligh! ng above 90°.

Finally, on the north side of the building, a maximum level of .01 

foot-candles will be provided no greater than 15 feet away from the 

project boundaries. All these illumina! on levels will be adjusted us-

ing a mesopic mul! plier of .9 because all the exterior ligh! ng will be 

specifi ed at 4000 CCT. Atune chose to specify a cooler, more neutral 

color for the exterior to amplify the warm welcoming ligh! ng on the 

interior of the Jack H. Miller Center for musical Arts. 

7.4 Ligh� ng Controls
Ligh! ng controls were established based on the requirements in the 

IECC. Occupant sensor controls are used in classroom, lounges, of-

fi ces, janitor closets and storage rooms. The sensors in these spaces 

vary between occupancy sensors and vacancy sensors depending on 

the use of the room. Lights are to turn off  automa! cally a" er 30 min-

utes of inac! vity, dim to 50 percent of max output upon occupancy 

and all spaces will have manual override switches to said controls. 

Rehearsal spaces are to be included in the ligh! ng control scheme. 

Corridors and other spaces not included in the occupant sensor con-

trol category will be ! me-switched controlled. These spaces will be 

programmed to Hope College’s schedule to determine shutoff  days. 

Following is an example of the the occupant ligh! ng control panel to 

be used in most rooms.
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7.5 Concert Hall
Atune’s primary concerns for the concert hall was to make it possible 

to read notes and not overwhelm the musicians with intensive over 

stage ligh! ng. In order to achieve this, a versa! le design is impor-

tant. It must be able to sa! sfy the players, conductor and audience. 

The fi rst concerns ligh! ng designers addressed were shadows and 

glare. It was found that more fi xtures make it harder to control shad-

ows, thus Atune used minimal fi xtures at opposing angles to pro-

vide op! mal ligh! ng for music. To address glare, ligh! ng designers 

employed steep ligh! ng angles to avoid spill light into other areas 

of the concert hall where light is not wanted. Next, front lights are 

used at lower intensi! es to create fi ll ligh! ng. This was done to avoid 

shadows on faces. In terms of luminaires and lamps, Atune specifi ed 

focusable fi xtures with barndoors such as 1000W Source Four PARs/ 

PARnells. Based on preliminary design, it is es! mated 48 lamps will 

be needed to provide enough versa! lity for diff erent performances. 

All the luminaires in the concert hall will be DMX controlled. Refer to 

the a$ ached sheet E3.9 for a layout of the maps located in the con-

cert hall and other related details. Following is a simplifi ed graphic of 

the desired ligh! ng control layout for the concert hall.

Ambient ligh! ng is to be provided by 6” recessed can fi xtures and 

recessed wall washing luminaires, dimmable to 0.01 percent of full 

output. This is to provide 5 foot-candles pre/post show and 0.2 foot-

candles during shows. Direct delivery was chosen to create a dark 

ceiling. Atune made this design choice because the focus would be 

on the architecture below the ceiling not the components in the ceil-

ing such as the catwalk and lamp riggings. Accent ligh! ng is to be 

indirect linear led strips and used along the wooden trim of the ar-

chitectural structure in the auditorium. Using the wood fi nish as a 

refl ectance with 85 CRI and 3000 CCT will give the space a warm and 

welcoming look.

Emergency egress ligh! ng will consist of red LED strips along the 

path of egress to guide occupants to safety. 

7.6 Recital, Rehearsal and Prac! ce Rooms
Recital and rehearsal spaces s! ll require the same criteria as the con-

cert hall, just in a smaller scale. Ligh! ng designers at Atune chose to 

also use fresnels in these spaces in combina! on with 6” downlight 

cans and wall wash fi xtures. The fresnel luminaires in this space will 

be adjustable to accommodate diff erent room layouts. These lamps 

will be hidden by the acous! cal ceilings in the spaces. Overall the 

spaces will refl ect the same ligh! ng design as seen on stage to prop-

erly rehearse for performances. This ligh! ng scheme also creates a 

dark ceiling and places the a$ en! on on the architectural compo-

nents of the room. 

7.7 Building Atrium
The building’s atrium will be the fi rst impression for many who visit 

the Jack H. Miller Center for Musical Arts. For this reason, the ligh! ng 

design must invoke a warm and invi! ng feeling in order to ensure a 

posi! ve fi rst impression. This will also be the fi rst ! me the occupants 

will be exposed to our ligh! ng scheme. Atunes primary focus is to 

highlight the 2 clocks in the Atrium by using LED cove lights and di-

rec! onal fi xtures behind the clocks. Each has a 85 CRI and 3000 CCT. 

The secondary focus will be the structurally suspended stairs. Atune 

will highlight the stairs by incorpora! ng Linear LED lights under the 

steps to create a feeling of ascension as the occupant walks up them. 

These fi xtures will be specifi ed at low wa$ ages and running at 10% 

output capacity to avoid overtly intense light. Semi-direct pendant 

fi xtures will be placed symmetrically in the high bay of the atrium 

to ! e all the ligh! ng together. The fi xtures will highlight the wooden 

zipper truss structure in the space while providing the necessary am-

bient light in the space. Finally, recessed cans in the low bay areas of 

the atrium will be used to add dynamic wall washes on the wooden 

walls.  

7.8 Typical Classrooms and Offi  ce Spaces
IES recommends 30 foot-candles of illumina! on for classrooms and 

spaces that would require reading such as that found on a sheet a 

music. Ligh! ng designers decided a' er research that the best type 

of ligh! ng in these spaces was uniform ligh! ng. Classrooms, studios 

and offi  ces are environments of learning; thus, the ligh! ng must 

keep the occupant alert. For these spaces recessed 2’x2’ troff ers are 

used, dimmable to 10% of full output and can be controlled from two 

switches. One is to be located at the entrance of the room and the 

other near the an! cipated work-space in the room.
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8.0 SPECIALTY SYSTEM DESIGN
Atune’s electrical team took advantage of the extra low voltage sys-

tems (ELV) infrastructure being used for all communica! on and data 

systems within the building to connect the specialty systems in the 

building. These proposed systems will help ensure that the occu-

pants remain safe in emergency situa! ons and that the building is 

constantly opera! ng at the designed levels of effi  ciencies. 

8.1 Fire Alarm System (FAS)
In accordance with NFPA 72, NFPA 101 and the 2015 IBC; Atune has 

developed a plan for all the requirements and specifi ca! ons needed 

in a fi re alarm system for the Jack H. Miller Center for Musical Arts. 

The design team worked under the assump! on that the fi nalized fi re 

alarm design will be evaluated and approved by a fi re alarm con-

sultant. Following are the team’s recommenda! on for said system. 

Atune deemed it necessary to propose design inten! ons for estab-

lishing a budget and construc! on schedule.

The FAS is to be UL listed and in accordance with NFPA 72. The sys-

tem will contain an ELV infrastructure to connect the Fire Alarm Con-

trol Unit (FACU). The FACU is to be located on the fi rst fl oor right 

outside the Fire Pump Room – 151A. There will also be an Emergency 

Opera! ons Center to communicate with the AV displays located on 

the outside of every room to report any security, health or life risks 

in case of an emergency. Four areas of refuge will be iden! fi ed that 

will include a fi refi ghter’s emergency telephone. Other incorporated 

equipment to be included are audible no! fi ca! on devices, manual 

pull sta! ons, visible no! fi ca! on devices and detec! on devices. De-

tec! on devices include smoke/ heat detectors an mul!  criteria de-

tectors where deemed necessary.

8.1.1 Direc! onal Sounders
U! lizing 24V power supplies, the electrical team will include the use 

of the PF24V direc! onal sounders with op! onal voice messaging as 

audible no! fi ca! on devices. In the event of a fi re, this system will 

aid in a rapid evacua! on of the building’s occupants.  The direc! onal 

sounders are used in addi! on to other standard fi re alarm no! fi ca-

! on items. This system will include four levels of dis! nguished pulse 

pa% erns of broadband noise, that can be placed in a layout in the 

form of an egress path. The pa% ern of sound created by the four 

separate types of direc! onal sounders increases as occupants ap-

proach the exits. This system will prove most useful in the scenario 

where there is a high level of smoke in the building and visibility is 

extremely low. This technology was incorporated a& er an IPD meet-

ing where it was decided that the en! re structure of the building was 

to be wood.

8.2 Emergency No! fi ca! on Systems (ENS) and Security
The Jack H. Miller Center for musical arts is located on a college 

campus and thus Atune sought out to provide the op! mal commu-

nica! ons technology to protect the building occupants from natural 

disasters, ac! ve shooters and other unexpected security threats. To 

address these issues, an integrated approach will be implemented to 

ensure maximum preparedness for an emergency u! lizing the speci-

fi ed equipment explained below.

8.2.1 PoE Cameras
The building will u! lize a system of PoE cameras that will be able to 

track any person entering the building or moving through any of the 

building’s corridors. Atune’s electrical team carefully designed the 

camera system to ensure that both the quality of camera and the lay-

out allow for a seamless recording of the building’s most crucial ar-

eas. Addi! onally, because the cameras are IP based there is no need 

to local recording device required. These cameras will also be used 

in conjunc! on with the ac! ve shooter detec! on system to resolve 

threats quickly and precisely. Upon ac! va! on of the ac! ve shooter 

detec! on system the Watson will analyze video feed and look for a 

gun. Once the system locates the room, the Watson will no! fy local 

law enforcement. The cameras will con! nue to track the gun through 

frame-by-frame analysis un! l it leaves the building. Below is a sche-

ma! c of the connec! ons to make this possible.

8.2.2 Automa! c Locking Doors
Automa! c locking doors will be u! lized to control movement within 

the building during an emergency. The doors will all be equipped 

with automated locking mechanisms that will be ac! vated if there 

is an imminent threat inside the building. However, these doors will 

have the ability for manual override on the interior of classrooms 

and offi  ces.

8.2.3 Ac! ve Shooter Detec! on
To address ac! ve shooters in the building Atune decided to imple-

ment an ac! ve shooter detec! on system that incorporates two cri-

teria detec! on. Guardian detec! on systems use advanced acous! c 

gunshot detec! on and infrared gunfi re fl ash detec! on and send 

mass no! fi ca! on alerts. Watson BAS will work cohesively with this 

so& ware and engage the building into an emergency state mode. 

The system will then work will all other systems to resolve the threat. 

Including locking doors, providing occupants with real-! me progress 

of the situa! on and no! fy law enforcement.
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8.2.4 Emergency Blue Light Systems
In order to ensure the safety of people walking about campus in the 

evenings, the electrical team decided to implement Code Blue Cen-

try help points due to their relability and ability to be seen from far 

distances.  The help points have an integrated camera with a 125° 

wide angle lens that work with the emergency signaling to ensure  

that the camera will be able to capture and record video in the event 

of an emergency. Picture below is what the help points will look like 

throughout the site.

These help points require an ethernet connec! on, that will be fed 

from within the building.  The two proposed loca! ons for these are 

on the Northeast corner of 10th and Columbia Avenue and just north 

of 10th street, at the eastern most edge of the property.

8.3 Telecommunica! ons
Atune designed the telecommunica! ons system that closely aligns 

with the team’s goal of crea! ng a fl exible network infrastructure that 

is sustainable for the future and is cohesive with all the disciplines in 

the building.

8.3.1 Demarca! on Room
The telecommunica! ons system will start at the demarca! on point 

located in Room – 141. Telecomm closets will be located in rooms – 

122 and 183. These closets will be fed via a Cat 7 backbone cable. All 

horizontal cabling will be Cat 6 cable to connect with end devices. All 

Ethernet cable will be plenum rated and ran through cable trays in 

plenum spaces along corridors and to end devices. End devices in-

clude IP security cameras, VoIP phones and AV educa! onal displays.

8.3.2 Ar! fi cial Intelligent Building Automa! on
In combina! on with PoE and IoT, the building automa! on system 

sets a new outlook on building integra! on between systems. It in-

corporates building servers, fi eld controllers, output devices, sensors 

and direct digital control communica! ons protocols to cohesively 

fi nd op! mal solu! ons to ever changing climates and use of space. 

Watson BAS accomplishes its goals through the combina! on of a 

large collec! on of data provided by building sensors and fast itera-

! ve processing using intelligent algorithms. The algorithms enable 

the system to analyze live data and make decisions based on a col-

lec! on of past data and user set preferences. The public will be edu-

cated of the benefi ts of the implementa! on for a more sustainable 

future through the interac! ve displays to be implemented. 

Atune explored the possibility to build an AI system on Hope College. 

Atune discovered that the system would cost approximately three 

million dollars. Therefore, the electrical team decided to work in con-

junc! on with IBM. IBM developed Watson, an AI system that already 

has the infrastructure to accomplish what Atune seeks to build. 

Atune would con! nue to work through the design and construc-

! on process to customize further the AI that Hope College requires. 

This system reduces the ini! al cost of building a system and would 

only require a monthly payment to IBM for Watson. The monthly 

rate could range from $80-$160 dollars a month. Compared to the 

benefi ts that Hope College would reap from this technology is the 

monthly payment would easily pay for itself through the increased 

effi  ciency of its systems.

8.3.3 Voice over Internet Protocol (VoIP) Phones
To con! nue with Atune’s versa! lity goals, electrical engineers found 

it possible with all the ELV distribu! on in the building to use VoIP 

phones. This increases fl exibility and convenience of the staff  be-

cause with the use of VoIP, phones can be moved from one side of 

the building to the other while maintaining the same caller ID. This 

also enables the phone to sync directly to the staff ’s computer to be 

accessed remotely if necessary. 

8.3.4 Interac! ve Educa! onal Display
Atune has found within their sustainability research that educa! on 

to the public will be crucial to the success of the design team’s inno-

va! ve designs. Research suggests that educa! on or the lack thereof 

is one of the major barriers to solving sustainable problems for the 

future. Educa! ng the occupants on the building’s sustainable eff orts 

will not only inform them of the environmental impact of the build-

ing’s systems, but it will invoke the interest and support of students. 

It would also serve as an a' rac! on to private donors of Hope Col-

lege. This goal will be achieved by placing the interac! ve educa! onal 

display in the atrium; an area of the building that has heavy foot 

travel. 
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The most foot traffi  c within the building will occur in the atrium area, 

corridors and student interac" on spaces. For this reason, Atune’s 

electrical team has proposed the use of a 75” interac" ve display that 

will include real " me data and sta" s" cs related to the buildings per-

formance and effi  ciencies. The design team wanted to ensure that 

the implementa" on of the display did not take away from the aes-

the" c experience in the implemented space, therefore the interac-

" ve sta" on will be located in the wall and outlined in a wood enclo-

sure that matches all surrounding fi nishes. 

8.3.5 Room Schedulers
Atune understood the hec" c and ever-changing schedules that re-

sult from a college campus atmosphere even more so for a college 

building with 127 an" cipated shows and rehearsals to prepare for 

said shows. Therefore, Atune proposes a design solu" on to aid in 

the organiza" on and scheduling of room func" ons. All rooms will 

have a 7” digital room scheduler located outside that will display the 

informa" on relevant to the room’s use and serve as an emergency 

no" fi ca" on device. 

The schedulers located outside classrooms and performance areas 

will include a schedule of classes and performances for that day, 

and the schedulers located outside faculty studios will present their 

availability throughout the day. Rooms will be scheduled through the 

buildings IoT system, thus making them available to be scheduled on 

phones, tablets and computers connected to the administra" ve net-

work connec" on. Addi" onally, the Watson Building Automa" on Sys-

tem will use the room occupancy sensors to con" nuously update the 

online room schedule. The Watson BAS will compare room schedule 

to inac" vity in the room. If inac" vity is detected during the fi rst fi ve 

minutes of the scheduled " me, Watson will cancel the reserva" on al-

lowing others to reserve the room instantly. Watson will also con" n-

uously look at scheduled " me and alert any occupant who is trying to 

reserve a room that confl icts with already exis" ng room schedules. 

Following is an example of what the room schedulers will look like.

The Watson room scheduling system will also work with the mechan-

ical system to economically temper the space. During a reserva" on 

the scheduler will be asked for the number of an" cipated occupants. 

This number will be compared to the " me of day of the reserva" on, 

loca" on of the room in the building and an" cipated building load to 

decide if it would be economical to pre-temper the room. 

9.0 PROJECT BUDGET AND CONSTRUCTABILITY
The Jack H. Miller Center for Musical Arts has a $25 million budget 

and is located on Hope College. Thus, the constructability of building 

is essen" al to minimizing campus automo" ve and foot traffi  c. Ad-

di" onally, the faster the building is erect and occupied the quicker 

Hope College can begin to profi t. 

9.1 Electrical Budget Response
Atune refl ected on budget a& er every major innova" ve element was 

added to the design. Holding life cycle cost and acquiring cost as an 

important part of a sustainable design, all of the systems selected 

were chosen because they proved to be sustainable for the future 

and profi table for Hope College.  In total, the electrical and ligh" ng 

systems located within the building make up for $5,154,638 of the 

$25,000,000 budget. 

9.2 Electrical Construc! on Response
The electrical team worked directly with the construc" on team to 

help reduce the schedule and labor requirements for ligh" ng. With 

the reduced " me required for power distribu" on, the decrease in 

material cost and the reduc" on of labor rates, construc" on becomes 

faster and less labor intensive. Addi" onally, PoE allows for plug-n-

play adaptability, which enables the construc" on of the ceiling and 

plenum to go much more smoothly, decreasing the quan" ty and 

" me required for conduits and conductors.

9.3 Value Engineering and Life-Cycle Cost
The primary concern for the electrical team was the ini" al design and 

implementa" on of a custom Ar" fi cial Intelligence Building Automa-

" on System.  As men" oned previously, the hardware required would 

exceed three million dollars.  A& er conduc" ng further research, it 

was apparent that the implementa" on of this would not only require 

substan" ally increased commissioning, but would inevitable require 

larger amounts of  maintenence.  As a result, the electrical team con-

cluded that IBM Watson would be able to provide a much more reli-
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able day-to-day opera! on for a minimal frac! on of the cost.

10.0 PROJECT CHALLENGES
The Jack H. Miller Center also desires to have superior acous! cal 

proper! es, a resilient roo" op amenity space and wood, ! mber & 

engineered wood in at least 25 percent of its structure. 

10.1 Acous! cs
Working closely with the mechanical and structural team, Atune de-

cided to implement adjustable acous! cal panels in the concert hall. 

These panels would replace the curtain systems currently designed 

by the architect. These panels were chosen to be implemented to 

enhance quality of sound for the diff erent performances that may 

take place in the concert hall. They would be controlled from through 

a password protected 9” AV display that only staff  would have access 

to. The panels adjust to either absorb or refl ect sound at diff erent lo-

ca! ons in the concert hall. Reverbera! on is required with adequate 

spacing for orchestra and instrumental performances. Whereas dur-

ing gradua! on ceremonies the sound should be absorbed early to 

avoid echoing.  In order to ensure a seamless installa! on, Atune 

would work with sound consultants to set up all of the diff erent sce-

narios that the concert hall would be u! lized for. 

10.2 Wood, Timber, and Engineered Wood
Atune’s electrical team also approached the wood and ! mber chal-

lenge by using recycled wood in luminaires for refl ec! ng and dif-

fusing point source LED fi xtures. Pendant and wall sconces will be 

located in the concert hall and atrium. The fi xtures seamlessly in-

tegrated with the buildings wooden structure and gave spaces with 

said fi xtures a warm and glowing feel.

10.3 Roof Top Amenity Space
The roof amenity space was the discussion of many IPD mee! ngs. 

Atune found it best suitable to be placed on the south side of the 

building to stack restrooms, elevator wells and stair access easily. 

Atune also decided to make the exterior walls glass to allow the ex-

terior to transi! on into the interior. Addi! onally, the walls are re-

tractable to open the space to the outside for summer events. How-

ever, due to the south facing exposure a ! nted glass was chosen to 

reduce solar heat loads and glare from direct sunlight. This heavily 

impacted the ligh! ng design in the space as our window head height 

is 8 feet, thus crea! ng a dayligh! ng zone along all the exterior walls. 

The remainder of the space was designed in a layered fashion with 

mul! ple se'  ngs for diff erent events. This was accomplished through 

recessed-can-downlights circuited alternately to three diff erent cir-

cuits. All lights specifi ed have the capability to dim to .1% output. 

The diff erent ligh! ng se'  ngs can be achieved via a 9” AV display lo-

cated near the entrance of the room. The intent was to be able mimic 

a starry night in the space and create a seamless transi! on from the 

exterior to the interior of the building. 

11.0 LESSONS LEARNED
Atune learned a great deal through Integrated Project Delivery meth-

od. The electrical team’s take away from the process dealt with learn-

ing many things about the other disciplines. It also made design and 

construc! on challenges more approachable and feasible. 

12.0 CONCLUSION
Atune’s electrical team strived to create a design that exceeded the 

team’s overall goals of Versa! lity, Sustainability and Harmony.

12.1 Versa! lity
The electrical team strived to provide the necessary infrastructure 

that will allow the building to evolve and adapt as the building’s func-

! onality does so.  In doing so, the electrical team has introduced the 

PoE distribu! on system and Watson AI service that will serve as the 

backbone for the building’s versa! lity. 

12.2 Sustainability
The Jack H. Miller Center for Musical Arts provided the electrical team 

with a blank canvas of opportuni! es to incorporate sustainable ele-

ments into the design.  The team introduced mul! ple methods for 

genera! ng green energy, including the PV system and the Pavegen 

installa! ons.  Through the use of these green energy sources, and the 

reduced ligh! ng power, Atune’s electrical team strives to save nearly   

500,000 kWh a year, equa! ng to approximately $50,000 a year in u! l-

ity costs. 

12.2 Harmony
Atune collaborated throughout the ongoing IPD process to create a 

well-rounded building design.  In order for all of the systems to work 

cohesively, the infrastructure must be designed to handle the varying 

tasks.  The electrical team worked hard to ensure that this is not only 

true, but that the building will be constantly improving its effi  ciency.

In addi! on, Atune strived to educate the public about the innova-

! ve and effi  cient systems within the building.  These main sources, 

combined with the other discipline’s goal sustainable design will be 

displayed on the 75” educa! onal display located within the Atrium.  

The sta! s! cs will be summarized u! lizing diff erent metrics, ensuring 

that Atune’s design leaves a las! ng impact on Hope College for years  

to come. 
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DECISION MATRIX & SYSTEM SELECTIONS

ELECTRICAL DECISION MATRIX

Atune began the design process by selec! ng three design 

drivers: harmony, sustainability, and versa! lity. The team 

created a decision matrix to ensure that the design drivers 

were considered in every design decision made. The decision 

matrix below was used to select the best electrical system 

for every aspect of the Jack H. Miller Center for Musical Arts.

SYSTEM SELECTION



ATUNE
ELECTRICAL

SUPPORTING DOCUMENTS

AEI TEAM 7-2019 E2.2

POWER DISTRIBUTION ZONING

DESIGN OF ELECTRICAL ZONES 

Atune looked closely at the physical a! ributes of the building while taking into 

considera" on the power distribu" on.  One key factor in design was the loca" on of 

the Satellite electrical rooms.

These satellite electrical rooms not only contain the normal power distribu" on 

equipment, but also all of the servers required to operate the PoE ligh" ng systems.  

Having these servers close to the load will reduce the amount of CAT6e cabling for 

the project.

Electrical rooms 220B and 220C were added on the second fl oor to increase the 

proximity of the loads from the distribu" on equipment.  These addi" onal rooms 

increase the fl exibility for poten" al increases in power in the future.

ZONING KEY
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LIGHTING DESIGN

LIGHTING DESIGN PROCESS 

Atune ligh! ng designers began the process of quality design by analyzing the spaces in the Jack H. 

Miller Center for Musical Arts. The use of the spaces were taken into account and divided into catego-

ries described in the Ilummina! ng Engineering Society Handbook. 

The ILLUMINATION LEVEL TARGET table lists the all the diff erent space types along with the IES recom-

mended illumina! on level. The illumina! on was then compared to the correlated color temperature  

to be used in the space. The  LUMINAIRE SCHEDULE  illumina! on level was then adjusted using meso-

pic mul! pliers to avoid overtly intense light.

The LUMINAIRE SCHEDULE lists the current selec! on of types of luminares to be used in the project. 

Ligh! ng designers focused on the descrip! ve nature of the luminaires to help the owner and architect 

best see the ligh! ng design proposed. Samples of the chosen luminaires can be found in Refl ected 

Ceiling Plans and renderings that are located on the ligh! ng sheets below.

The LIGHTING CONTROL SCHEDULE provides the outlook of ligh! ng controls to be used in conjunc! on 

with the building’s IoT and Watson BAS. Atune engineers decided to reduce energy consump! on by 

also controling plug loads in designated areas.
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PAVEGEN

RENEWABLE ENERGY EXPLORATIONS

ACOUSTICAL ENERGY HARVESTERS

Atune researched the posibility of using the acous! cal energy harvesters to harvest the ascous! cal energy being produced in the Jack 

H. Miller Center for Musical Arts. Listed below is the dB pressure created by the diff erent list of instruments to be played in the building 

and the analysis of Atune’s fi ndings.

Atune chose to implement kinema! c energy harves! ng to educate the public of all the sustainable energy sources that can be used on a 

college campus. Below are Atune’s fi ndings and alloca! on of Pavegen sec! ons.



ATUNE
ELECTRICAL

SUPPORTING DOCUMENTS

AEI TEAM 7-2019 E2.5

WATSON

WATSON & BUILDING AUTOMATION

POE LIGHTING INFRASTRUCTURE

PREDICTIVE ENERGY OPTIMIZATION 

Buildings op! mize energy through analyzing energy consump! on data a" er the energy has been used. A" er a change in 

the system is implemented, the data is re-analyzed to fi gure out if energy use was actually reduced. With AI and Watson, 

these solu! ons are constantly analyzed and op! mized. The system can also analyze other data such as weather, where it 

can act proac! vely to help boost effi  ciency. 

PREVENTIVE MAINTENANCE & FAULT DETECTION

Ar! fi cial intelligence (AI) and machine learning (ML) excel at learning the rela! onships between inputs and outputs using 

only data. Thus, the system can iden! fy anomalies and inconsistencies. Finally, it can develop a diagnosis. However, this 

reaches the limits of AI and ML, human intui! on and exper! se is needed to fi x the problem.

IMPROVE TENANT COMFORT

Improved effi  ciency and preven! ve maintenance inherently improve occupant comfort. Addi! onally, due to the func! on-

ality and ability to sort through a large volumes of data, improvements in occupant comfort can be achieved.  This occurs 

through the collec! on of occupant feedback and correla! ng equipment set points.  

Phillips PoE Ligh! ng System

While designing the PoE ligh! ng distribu! on, Atune decided the Phil-

ips PoE Ligh! ng System would best serve as the most reliable system 

infrastucture for the Jack H. Miller Center for Musical Arts. Although 

InterAct is primarly geared toward offi  ces, the Faculty Studios and 

Prac! ce Studios would serve as a great applica! on to improve build-

ing effi  ciency. 
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GEN-1
60 KW
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N E

60a

GEN-1
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750KVA

MSB 2000A MCB, 480/277V, 3PH
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60a

1-6 7

XXXA/ 3P

8-12

SCENARIO 1: UTILITY POWER

SCENARIO 2: GENERATOR POWER

FEEDER SCHEDULE

KEY DESCRIPTION NOTES

15 4 #12, #12G, 3/4"EMT

20 5 #12, #12G, 3/4"EMT

25 4 #10, 10#, 3/4" EMT

40 4 #8, #10, 3/4" EMT

50a 3#6, #10G, 3/4" EMT

50 4 #6, #10G, 3/4" EMT

60a 3 #3, 1" PVC

60 3 #3, #8G, 1 1/4" EMT

70 4 #4, #8G, 1 1/4" EMT

90 4 #2, #8G, 1 1/4" EMT

100a 5 #1, #6G, 2" EMT

100b 3#1, #8, 1 1/2" EMT

100c 3#1, 1 1/4" PVC

100 4#1, #8, 1 1/2" EMT

175 3 #2/0, #6G, 2" EMT

200 3 #3/0, #6G, 2" EMT

400a 4 #600, #1/0G, 3 1/2" EMT

400 4 #600, #3G, 3 1/2" EMT

600 (2 SETS) OF 4 #250, #1G, 3" EMT

800 (2 SETS OF) 4 #600, #3/0G, 3 1/2" EMT

2000 (5 SETS OF) 3#600, 3" PVC
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12,470∆
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480/277V
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225kVA
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1L2
100A
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MCB

1L3
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1L4
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2L2
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208/120V
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2L3
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2L1
200A
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3PH/4W

MCB

3L1
200A

208/120V
3PH/4W

MCB

T-IGL
30kVA (K-13)

480∆-208/120Y

IGL
100A

208/120V
3PH/3W

MCB

FP
25HP

N

E

ATS-2
100A

N

E

ATS-2
100A

ELECTRICAL
220C

ELEC/COMM
254

EMERGENCY 153

MECHANICAL 151 ELEC/COMM
183

ELEC
122

MAIN ELECTRICAL ROOM
152

ELECTRICAL
220B

ELEC/COMM
304

FIRE PUMP
151A

20A

20A

20A

20A

7-circuit Interconnect

Sunny Tripower 24000TL-US
Typical of 5 Inverters

1 2 18

String count: 4
Module count: 72

1 2 18

MSE365SQ6S

Disconnect

Sunny Tripower 24000TL-US
Typical of 2 Inverters

1 2 17

String count: 2
Module count: 34

1 2 17

MSE365SQ6S

1 2 13

String count: 3
Module count: 39

1 2 13

MSE365SQ6S

Disconnect

AC Disconnect

10 AWG Copper

10 AWG Copper

10 AWG Copper

10 AWG Copper

10 AWG Copper

1/0 AWG Aluminum

Module Specifications

506x Mission Solar MSE365SQ6S

STC Rating 365 W

Vmp 39.32 V

Imp 9.32 A

Voc 48.12 V

Isc 9.81 A

Inverter Specifications

7x SMA Sunny Tripower 24000TL-US

Max AC Power Rating 24.06 kW

Max Input Voltage 1,000 V

Wire Schedule

Tier Wire Length

String 30x 10 AWG 3771 ft

REFER TO ONE-LINE FOR CONTINUATION

50 kWh Battery Bank

Charge Controllers

Typical of 2
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AVAILABLE FAULT CURRENT

Tag Equipment Description
Load 

[kVA]

Voltage 

[V]
Phase

Load 

[Amps]

No. 

Breakers

Poles Per 

Breaker

MSB

H1D 125.4 480.0 3.0 150.8 1.0 3.0

DPBC 267.4 480.0 3.0 321.7 1.0 3.0

DPBA 143.8 480.0 3.0 173.0 1.0 3.0

DPLA 175.5 480.0 3.0 211.1 1.0 3.0

DPBD 313.0 480.0 3.0 376.5 1.0 3.0

EPH 50.5 480.0 3.0 60.7 1.0 3.0

IGL 30.0 480.0 3.0 36.1 1.0 3.0

CT-1 16.5 480.0 3.0 19.8 1.0 3.0

Subtotals 1122.1 -- -- 1349.7 8.0 24.0

1H1

L1D 95.4 480.0 3.0 114.7 1.0 3.0

Acoustical Panel Motors 30.0 480.0 3.0 36.1 6.0 3.0

Subtotals 125.4 -- -- 150.8 7.0 21.0

1HE

EPL 4.3 480.0 3.0 5.2 1.0 3.0

Smoke Evac Fans 21.2 480.0 3.0 25.5 1.0 3.0

Fire Pump 25.0 480.0 3.0 30.1 1.0 3.0

Subtotals 50.5 -- -- 60.7 3.0 9.0

2H3

DOAS1 - PERF. HALL 480.0 3.0 23.0 1.0 3.0

DOAS2 - RECITAL 480.0 3.0 21.0 1.0 3.0

DOAS3 - CLASSROOM 480.0 3.0 17.0 1.0 3.0

DOAS4 - FAC. STUD. 480.0 3.0 6.0 1.0 3.0

DOAS5 - ATRIUM 480.0 3.0 4.0 1.0 3.0

AHU-1 480.0 3.0 28.0 1.0 3.0

AHU-2 480.0 3.0 28.0 1.0 3.0

ELEV1 480.0 3.0 25.0 1.0 3.0

SNOW MELT 480.0 3.0 14.0 2.0 3.0

Subtotals 0.0 -- -- 173.0 10.0 30.0

LDP

L1A 20.3 208.0 3.0 56.4 1.0 3.0

L1B 23.1 208.0 3.0 64.3 1.0 3.0

L1C 21.4 208.0 3.0 59.4 1.0 3.0

L2A 29.3 208.0 3.0 81.2 1.0 3.0

L2B 13.6 208.0 3.0 37.7 1.0 3.0

L2C 17.6 208.0 3.0 48.9 1.0 3.0

L3A 50.1 208.0 4.0 120.5 1.0 3.0

Subtotals 175.5 -- -- 487.0 7.0 21.0

1H2

HP1 51.6 480.0 3.0 35.8 1.0 3.0

HP2 51.6 480.0 3.0 35.8 1.0 3.0

HP3 51.6 480.0 3.0 35.8 1.0 3.0

HP4 51.6 480.0 3.0 35.8 1.0 3.0

HP5 51.6 480.0 3.0 35.8 1.0 3.0

HP6 51.6 480.0 3.0 35.8 1.0 3.0

PUMPS (8) 141.0 480.0 3.0 97.9 8.0 3.0

Subtotals 450.3 -- -- 321.7 14.0 42.0

2H1

ACCU-1 480.0 3.0 62.5 1.0 3.0

ACCU-2 480.0 3.0 63.0 1.0 3.0

ACCU-3 480.0 3.0 50.0 1.0 3.0

ACCU-4 480.0 3.0 16.3 1.0 3.0

ACCU-5 480.0 3.0 11.0 1.0 3.0

ACCU-6 480.0 3.0 77.2 1.0 3.0

ACCU-7 480.0 3.0 77.2 1.0 3.0

Subtotals -- -- 376.5 7.0 21.0

PRELIMINARY EQUIPMENT LOAD ANALYSIS

400A, MLO, 480/277V 3PH PANELBOARD, 2 [42 POLE] SECTIONS, WALL MOUNTED

600A, MLO, 480/277V 3PH PANELBOARD, 1 [42 POLE] SECTION, WALL MOUNTED

2000A, 2000A/ 3P MCB, 480/277V 3PH SWITCHBOARD, 1 SECTION, FLOOR MOUNTED

200A, MLO, 480/277V 3PH PANELBOARD, 1 [42 POLE] SECTION, WALL MOUNTED

100A, MLO, 480/277V 3PH PANELBOARD, 1 [30 POLE] SECTION, FLOOR MOUNTED

400A, MLO, 480/277V 3PH PANELBOARD, 1 [42 POLE] SECTION, FLOOR MOUNTED

800A, 800A/3P MCB, 208/120V 3PH PANELBOARD, 1 [42 POLE] SECTION, WALL MOUNTED

Tag Equipment Description
Load 

[kVA]

Voltage 

[V]
Phase

Load 

[Amps]

No. 

Breakers

Poles Per 

Breaker

1LE

Lighting 2.1 120.0 1.0 17.5 1.0 3.0

Fire Alarm 2.2 120.0 1.0 18.3 1.0 3.0

Subtotals 4.3 -- -- 11.9 2.0 6.0

1L2

Receptacles 9.0 120.0 1.0 75.2 5.0 1.0

Lights 11.3 120.0 1.0 94.0 6.0 1.0

Misc. 7.9 120.0 1.0 65.8 5.0 1.0

Subtotals 20.3 -- -- 56.4 16.0 16.0

1L3

Receptacles 8.3 120.0 1.0 68.8 5.0 1.0

Lights 8.8 120.0 1.0 73.0 5.0 1.0

Misc. 6.1 120.0 1.0 51.1 4.0 1.0

Subtotals 23.1 -- -- 64.3 14.0 14.0

1L4

Receptacles 7.7 120.0 1.0 64.2 5.0 1.0

Lights 8.1 120.0 1.0 67.2 5.0 1.0

Misc. 5.6 120.0 1.0 47.0 3.0 1.0

Subtotals 21.4 -- -- 59.4 13.0 13.0

1L1

Receptacles 10.8 120.0 1.0 89.7 6.0 1.0

Lights 20.2 120.0 1.0 168.3 11.0 1.0

Theatre lighting 55.0 120.0 1.0 458.3 29.0 1.0

Misc. 9.4 120.0 1.0 78.5 5.0 1.0

Subtotals 95.4 -- -- 264.8 51.0 51.0

2L1

Receptacles 7.6 120.0 1.0 63.1 4.0 1.0

Lights 9.5 120.0 1.0 78.9 5.0 1.0

Misc. 6.6 120.0 1.0 55.2 4.0 1.0

CU-1 5.6 208.0 1.0 27.0 1.0 1.0

Subtotals 29.3 -- -- 81.2 13.0 13.0

2L2

Receptacles 4.7 120.0 1.0 39.3 6.0 1.0

Lights 4.7 120.0 1.0 39.3 3.0 1.0

Misc. 4.1 120.0 1.0 34.4 3.0 1.0

Subtotals 13.6 -- -- 37.7 12.0 12.0

2L3

Receptacles 3.0 120.0 1.0 25.0 3.0 1.0

Lights 4.8 120.0 1.0 40.0 3.0 1.0

Misc. 4.2 120.0 1.0 35.0 3.0 1.0

CU-2 5.6 208.0 1.0 27.0 1.0 1.0

Subtotals 17.6 -- -- 48.9 10.0 10.0

3L1

Receptacles 6.4 120.0 1.0 53.4 4.0 1.0

Lights 8.0 120.0 1.0 66.8 5.0 1.0

Motors 19.5 120.0 1.0 162.5 5.0 3.0

Catering Equipment 5.0 208.0 3.0 13.9 3.0 1.0

Misc. 5.6 120.0 1.0 46.7 3.0 1.0

CU-3 5.6 208.0 1.0 27.0 1.0 2.0

Subtotals 50.1 -- -- 139.2 21.0 32.0

IGL

Teledata Equip. (2 @15kVA) 30.0 208.0 3.0 83.3 2.0 3.0

Subtotals 30.0 -- -- 83.3 2.0 6.0

NOTES:

1

2 LOW VOLTAGE PANELS SIZE BASED ON TYPICAL LOADS PER SQUARE FOOT

PRELIMINARY EQUIPMENT LOAD ANALYSIS

100A, MCB, 208/120V, 3PH PANELBOARD, 1 [42 POLE] SECTION, WALL MOUNTED

100A, MCB, 208/120V, 3PH PANELBOARD, 1 [18 POLE] SECTION, WALL MOUNTED

100A, MCB, 208/120V, 3PH PANELBOARD, 1 [42 POLE] SECTION, WALL MOUNTED

100A, MCB, 208/120V, 3PH PANELBOARD, 1 [42 POLE] SECTION, WALL MOUNTED

100A, MCB, 208/120V, 3PH PANELBOARD, 1 [42 POLE] SECTION, WALL MOUNTED

200A, 200A/ 3P MCB, 208/120V, 3PH PANELBOARD, 1 [42 POLE] SECTION, WALL 

MOUNTED

100A, MCB, 208/120V, 3PH PANELBOARD, 1 [18 POLE] SECTION, WALL MOUNTED

400A, MCB, 208/120V, 3PH PANELBOARD, 2 [42 POLE] SECTIONS, WALL MOUNTED

200A,  200 MCB, 208/120V, 3PH PANELBOARD, 1 [42 POLE] SECTION, WALL MOUNTED

100A, MCB, 208/120V, 3PH PANELBOARD, 1 [42 POLE] SECTION, WALL MOUNTED

TOTAL AMPS CALCULATED USING NEC RECOMMENDED MOTOR DEMAND FACTORS

MSB

AsymFaultCurrent 3P: 39140.86 A

CBL-MSB

S

P

UTILITY XFMR

750 kVA
Z% 5.7535 %

TAP

AsymFaultCurrent 3P: 39555.79 A

UTILITY

Infinite Bus Yes

MSB-MB

T-IGL-MB

CBL-0002

S

P

T-IGL

30 kVA
Z% 4.5222 %

CBL-0003

IGL

AsymFaultCurrent 3P: 2653.42 A

1H1

CBL-1H1'

S

P

T-1L1

150 kVA
Z% 3.3121 %

CBL-1L1

1L1

AsymFaultCurrent 3P: 15466.16 A

DPBA-MB

CBL-0006

H1

AsymFaultCurrent 3P: 31192.69 A

IGL-MB

AHU1-2

SOLAR ARRAY

1H2-MB

CBL-1H2

1H2

AsymFaultCurrent 3P: 32406.68 A

HP-1-6

2H3-MB

CBL-2H3

2H3

AsymFaultCurrent 3P: 28740.42 A

ACCU-1-7 CT-1

LDP-FB

CBL-T-LDP

S

P

T-LDP

225 kVA
Z% 4.2059 %

CBL-LDP

LDP

AsymFaultCurrent 3P: 22245.83 A

LDP-MB

L1D-MB

1L2-FB

CBL-1L2

1L2-MB

1L2

AsymFaultCurrent 3P: 16740.02 A

1L2 LOAD

1L3-FB

CBL-1L3

1L3-MB

1L3

AsymFaultCurrent 3P: 3988.38 A

1L3 LOAD

1L4-FB

CBL-1L4

1L4-MB

1L4

AsymFaultCurrent 3P: 3911.34 A

1L4 LOAD

2L1-FB

CBL-2L1

2L1-MB

2L1

AsymFaultCurrent 3P: 10640.91 A

2L1 LOAD

2L2-FB

CBL-2L2

2L2-MB

2L2

AsymFaultCurrent 3P: 7009.14 A

2L2 LOAD

2L3-FB

CBL-2L3

2L3-MB

2L3

AsymFaultCurrent 3P: 3988.38 A

2L3 LOAD

3L1-FM

CBL-3L1

3L1-MB

3L1

AsymFaultCurrent 3P: 5577.96 A

3L1  LOAD

GEN-1

CBL-0021

GEN-TAP

AsymFaultCurrent 3P: 1400.38 A

N E

ATS-1

ATS-1-FB

CBL-0022

CBL-1HE

1HE
AsymFaultCurrent 3P: 22355.52 A

CBL-T-1LE

S

P

T-1LE

30 kVA
Z% 4.5222 %

CBL-1LE

1LE-MB

1LE

AsymFaultCurrent 3P: 2629.21 A

H1D

AsymFaultCurrent 3P: 32885.74 A

T-1L1-FB

CBL-T-1L1

DOAS1-5ELEV SNOW

CBL-CT-1

N E

ATS-2

CBL-FP

FP

CBL-0030CBL-0031

CT-1-FB

ATS-2-FB ATS-1-FB.

PRI. SWITCH

PV SWITCH

NO. BUS VOLTAGE FAULT CURRENT (AMPS)

1 UTILITY 12470 999999

3 TAP 480 39556

2 GEN 480 1400

4 MSB 480 39141

5 2H1 480 31193

6 1H1 480 32886

7 1H2 480 32407

8 2H3 480 28740

9 1HE 480 22356

10 IGL 208 2653

11 1L1 208 15466

12 LDP 208 22246

13 1L2 208 16740

14 1L3 208 3988

15 1L4 208 3911

16 2L1 208 10641

17 2L2 208 7009

18 2L3 208 3988

19 3L1 208 5578

20 1LE 208 2629

NOTES:

2

3

AVAILABLE FAULT CURRENT

The selected Utility Transformer used for the calculations has a impedence 

value of 5.7535%.

In order to continue the study, the utility information must be confirmed and 

then an arc flash study may be conducted on the system.

1 An Infinite bus calulcation was performed on the system due to the lack in 

utility information provided.

BUS 1 BUS 2 NOMINAL DISTANCE (FT) LOAD (AMPS) ACTUAL DROP %

T-UTILITY MSB 480 30 1350 479.9997 0.0003 0.000062%

T-UTILITY FIRE PUMP 480 70 30.1 479.3 0.7 0.15%

GEN-1 FIRE PUMP 480 85 30.1 479.1 0.9 0.19%

GEN-1 ATS-1 480 50 60.7 479.2 0.8 0.17%

MSB 2H3 480 60 173 479.3 0.73 0.15%

MSB 1H2 480 55 321.7 479.3 0.7 0.15%

MSB 2H1 480 110 376.5 476.4 3.59 0.75%

LDP 1L2 208 15 56.4 207.8 0.2 0.10%

LDP 1L3 208 210 64.3 204.4 3.6 1.73%

LDP 1L4 208 215 59.4 204.6 3.4 1.63%

LDP 2L1 208 50 81.2 206.9 1.1 0.53%

LDP 2L2 208 100 37.7 207 1 0.48%

LDP 2L3 208 210 48.9 205.3 2.7 1.30%

LDP 3L1 208 240 139.2 202.6 5.44 2.62%

FEEDER VOLTAGE DROP CALCULATIONS

DEMAND FACTORS
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PV LIFE-CYCLE
ANALYSIS

Issue Date

Project Number

Atune’s first step was to analyze Holland, Michigan’s
potential for harvesting energy from the sun.  The
average daily incident shortwave solar energy is 4.53
kWh/m^2, or 0.4201 kWh/ft^2.  Atune used these
average values to calculate the potential for a roof
mounted Photovoltaic system.

Utilizing non-shaded
and unused roof space,
Atune’s Electrical Team
calculated the monthly
energy production
using an industry
leading 18.46%
efficient solar panel.

Holland is located at 42.78°N, which requires 
an average mounting angle of 45° from the 
roof/surface.  For this reason, Atune's Electrical 
Team concluded that a minimum distance of 
4'-0" would be required in order for the solar 
panels to avoid casting shadows onto each 
other.  This distance will make the panels
as efficient as possible while also 
providing sufficient room in between
rows in the case that maintenance 
needs to be performed on a panel.

The First Cost Analysis Table was created
using market information available to the
team at the time of design.  The estimated
first cost came to a grand total of
$281,368.28.  This total breaks down to just
over $556 per panel, and $1.52 per watt
installed.  This number was achieved due to
the scale of the arrays and the improved
efficiency of solar panels.

Atune performed a 25 year Cash Flow
Analysis in order to determine the
viability of the Photovoltaic System. 
The results showed a annual savings
of $26,126.41 with a payback period
of 10.8 years.  With utility rates
staying constant, the 25 year studied
showed that the panels will save the
owner $371,521.92.
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ATS-2

FP DISC

T-1LE

1HE

1LE

1L1

T-1L1

1H1

IGL

T-IGL

LDP

T-LDP

BATTERY
BANK

1L2

CHARGE
CONTROLLERS

MSB

EMERGENCY

153

ELECTRICAL

ROOM

152
PV DISC

S1D S1A

SPL

1L4

S1C

MSB

T-UTILITY

GEN

10' - 0"

5
' 
- 

0
"

7
' 
- 

0
"

8' - 0"

(6) 3" PVC @ 97'-0"

(2) 1 1/2" PVC @ 97'-0"

12" CONCRETE SLAB
(REFERENCE UTILITY 
PROVIDER STANDARDS 
FOR CONCRETE 
STRENGTH 
REQUIREMENTS)
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 3/8" = 1'-0"

E3.5

ELECTRICAL
ROOM DETAILS

Issue Date

Project Number

 3/8" = 1'-0"
1

ELECTRICAL -  152/153
 3/8" = 1'-0"

2
TYPICAL SATELLITE

3
EMERGENCY ELECTRICAL ROOM - 153

4
MAIN ELECTRICAL ROOM - 152

5
SATELLITE

 3/8" = 1'-0"
6

UTILITY AND GENERATOR CONNECTION
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E3.6

ELECTRICAL
SCHEDULES

Issue Date

Project Number

DOAS-1 PERF HALL MECH 224 6695 1.5 460 / 3 60 3.5 2 23 30 1600 1,2

DOAS-2 RECITAL / REHEARSAL MECH 224 6245 1.5 460 / 3 60 3 2 21 30 1600 1,2

DOAS-3 CLASSROOM MECH 220 4860 1.5 460 / 3 60 5 1 17 25 2300 1,2

DOAS-4 FACULTY STUDIO MECH 220 1300 1.5 460 / 3 60 1.25 1 6 15 1525 1,2

DOAS-5 ATRIUM MECH 250 965 1.5 460 / 3 60 1.6 1 4 15 1200 1,2

NOTES:

1

2

MANUFACTURER TO PROVIDE INTEGRAL VFD

MAUNFACTURER TO PROVIDE EQUIPMENT DISCONNECTING MEANS

MOCPFLA

DOAS UNIT SCHEDULE

AIRFLOW 

(CFM)

ESP (IN 

W.G.)

SERVES LOCATION

FAN CHARACTERISTICS

NOTESTAG VOLTAGE / 

PHASE

MOTOR 

HP
QTY.

WEIGHT 

(LBS)HZ

ELECTRICAL DATA

VOLTAGE PHASE FREQUENCY FLA MCA HACR CB

HP1 DAIKIN WRA 300 480 3 PH 60 HZ 36 40.5 50 1,2

HP2 DAIKIN WRA 300 480 3 PH 60 HZ 36 40.5 50 1,2

HP3 DAIKIN WRA 300 480 3 PH 60 HZ 36 40.5 50 1,2

HP4 DAIKIN WRA 300 480 3 PH 60 HZ 36 40.5 50 1,2

HP5 DAIKIN WRA 300 480 3 PH 60 HZ 36 40.5 50 1,2

HP6 DAIKIN WRA 300 480 3 PH 60 HZ 36 40.5 50 1,2

NOTES

1

2

MANUFACTURER TO PROVIDE INTEGRAL VFD

MAUNFACTURER TO PROVIDE EQUIPMENT DISCONNECTING MEANS

HEAT PUMP SCHEDULE

TAG MANUFACTURER MODEL
ELECTRICAL DATA

NOTES

TAG NO RPM BHP HP FLA VOLTAGE PHASE HZ MOCP NOTES

CSWP-1 1760 4.93 5 7.6 480 3 60 15 1,2

CSWP-2 1760 4.93 5 7.6 480 3 60 15 1,2

HSWP-1 1760 4.93 5 7.6 480 3 60 15 1,2

HSWP-2 1760 4.93 5 7.6 480 3 60 15 1,2

GSWP-1 1760 2.96 7.5 11 480 3 60 15 1,2

GSWP-2 1760 2.96 7.5 11 480 3 60 15 1,2

CTWP-1 1760 4.93 5 7.6 480 3 60 15 1,2

CTWP-2 1760 4.93 5 7.6 480 3 60 15 1,2

SMWP-1 1760 9.86 10 14 480 3 60 20 1,2

SMWP-2 1760 9.86 10 14 480 3 60 20 1,2

NOTES

1

2

PUMP SCHEDULE

MANUFACTURER TO PROVIDE INTEGRAL VFD

MAUNFACTURER TO PROVIDE EQUIPMENT DISCONNECTING MEANS

TAG NO LOCATION AREA SERVED
SUPPLY 

CFM
FLA MOCP VOLTAGE PHASE HZ

WEIGHT 

(LBS)
NOTES

AHU-1 MECH 220 PERFORMANCE HALL LIGHTS 7500 29 40 480 3 60 900 1,2

AHU-2 MECH 221 PERFORMANCE HALL LIGHTS 7500 29 40 480 3 60 900 1,2

NOTES

1

2

AIR HANDLING UNIT SCHEDULE

MANUFACTURER TO PROVIDE INTEGRAL VFD

MAUNFACTURER TO PROVIDE EQUIPMENT DISCONNECTING MEANS

TAG SERVES
CAPACITY 

(TONS)
FAN TYPE FLA MOCP VOLTAGE PHASE HZ

WEIGHT 

(LBS)
NOTES

ACCU-1 DOAS-1 40 ECM 62.5 70 480 3 60 2500 1,2

ACCU-2 DOAS-2 31 ECM 63 70 480 3 60 2200 1,2

ACCU-3 DOAS-3 25 ECM 50 50 480 3 60 1550 1,2

ACCU-4 DOAS-4 7 ECM 16.3 25 480 3 60 475 1,2

ACCU-5 DOAS-5 5 ECM 11 20 480 3 60 475 1,2

ACCU-6 AHU-1 16 DIRECT 77.2 90 480 3 60 950 1,2

ACCU-7 AHU-2 16 DIRECT 77.2 90 480 3 60 950 1,2

NOTES

1

2

AIR COOLED CONDENSING UNIT SCHEDULE

MANUFACTURER TO PROVIDE INTEGRAL VFD

MAUNFACTURER TO PROVIDE EQUIPMENT DISCONNECTING MEANS
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E3.7

TYPICAL LTG AND
RENDERINGS

Issue Date

Project Number

 3/8" = 1'-0"
2

Typical Faculty Studio
 3/8" = 1'-0"

1
Typical Faculty Studio

NTS
3

TYPICAL FACULTY STUDIO

 1/4" = 1'-0"
4

TYPICAL CLASSROOM
 1/4" = 1'-0"

5
TYPICAL CLASSROOM

NTS
6

TYPICAL CLASSROOM

 3/16" = 1'-0"
7

ATRIUM REFLECTED CEILING PLAN

NTS
8

ATRIUM DAYLIGHT RENDERING

NTS
9

ATRIUM EVENING RENDERING
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E3.8

CONCERT HALL
LIGHTING

Issue Date

Project Number

 1/4" = 1'-0"
1

Concert Hall Lighting

 1/4" = 1'-0"
2

Concert Hall Lighting - Section

NTS
3

FIXTURE I - EXAMPLE 1000W PARNELL

NTS
4

FIXTURE O - EXAMPLE 2' LINEAR COVE

NTS
6

FIXTURE V - MEDIUM OUTPUT PENDANT

NTS
5

FIXTURE U - HIGH OUTPUT PENDANT
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E3.9

AMENITY SPACE
& CONCERT

Issue Date

Project Number

 3/16" = 1'-0"
1

Amenity Space RCP

NTS
2

AMENITY SPACE

NTS
3

CONCERT HALL
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E3.10

EXTERIOR LTG
AND COMPLIANCE

Issue Date

Project Number

 1/16" = 1'-0"
1

Site

NTS
2

EXTERIOR LIGHTING - ATRIUM

NTS
3

EXTERIOR LIGHTING - SW
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AEI TEAM 7-2019 C1.1

ATUNE CONSTRUCTION

NARRATIVE

CONSTRUCTION EXECUTIVE SUMMARY

Atune worked  in an Integrated Project Delivery method to design  and build  the Jack H. Miller Center for Musical Arts. This process enabled the en-

! re design team to create a versi! le, sustainable building working in harmony. The construc! on team worked with the rest of Atune’s design team 

throughout the pre-construc! on process to ensure that the proposed design exceeds the expecta! on of the owner.  The team focused on innova-

! ve  and integrated solu! ons to the buildings’s needs and challenges in acous! cal design, performance versa! lity and  community  servicability. 

FOUNDATIONS

The step slab founda! ons and 

the frost-protected spread 

foo! ngs provided a unique 

integra! on opportunity with 

construc! on and all disci-

plines.

ROOFTOP 

AMENITY SPACE

Integrated with the construc-

! on phasing, the roo" op 

amenity sapce should eas-

ily be constructed, aiding the 

overall construc! on 

schedule.

REDPOINT

Live ! me tracking for on site-

personnel produc! vity and 

real ! me response to any po-

ten! al emergency.

SCHEDULE

Schedule was set to have min-

imal impacts on the college 

campus during the school se-

mesters.

LEAN PROCESSES

Delivery’s are set to match 

the phases of construc! on. 

Prefabrica! on is also going to 

greatly improve the goal for 

the construc! on ! meline.

TIMBER STRUCTURE

The use of ! mber for the struc-

tural systems was op! mized for 

construc! on through the use of 

prefabricated members.

BOREFIELD 

The mechanical borefi eld 

proved an interes! ng chal-

lenge to the construc! on se-

quence and schedule.
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ATUNE CONSTRUCTION

NARRATIVE

STRUCTURAL TABLE OF CONTENTS

1.0 PROJECT INTRODUCTION

2.0 ATUNE’S MISSION

3.0 PROJECT CONSTRUCTION GOALS

4.0 LEAN CONSTRUCTION

5.0 PROJECT DELIVERY METHOD

6.0 INTEGRATED DESIGN WITH CONSTRUCTION

7.0 PLANNING

8.0 SAFETY

9.0 SITE WORK

10.0 SCHEDULE

11.0 PROJECT BUDGET AND CONSTRUCTABILITY

12.0 PROJECT CHALLENGES

13.0 LESSONS LEARNED

14.0 CONCLUSION

1.0 PROJECT INTRODUCTION 
The Atune construc! on team is excited to build the Jack H. Miller 

Center for Musical Arts. Our goal is to provide the best result through 

schedule coordina! on, an accurate ongoing es! mate and careful de-

livery of the project. The Atune team holds the interests of the own-

er at the center of all decisions. We have taken many steps to ensure 

the schedule, es! mate and fi nal product will be of the highest qual-

ity. This document will iden! fy our goals and the procedures neces-

sary to achieve them as we move from schema! c design through a 

full set of construc! on documents, and on through construc! on.  

2.0 ATUNE’S MISSION 
Atune’s design and construc! on teams have centered all innova! ons 

and processes for the Jack H. Miller Center for Musical Arts around 

versa! lity, sustainability, and harmony. The construc! on methods 

were developed and centered around these three goals in order to 

provide Hope College with an effi  cient ! meline, a high-quality struc-

ture, and a worthwhile investment. Atune’s team approached the 

Center for Musical Arts project with the Integrated Project Delivery 

(IPD) method to ensure our teams are in sync with one another and 

remain focused on the needs and desires of the owner.

3.0 PROJECT CONSTRUCTION GOALS 
The Atune team has three main goals to implement for this project. 

We have chosen to keep a focus on versa! lity, sustainability and har-

mony. These three driving factors play into each discipline in a diff er-

ent yet signifi cant way.

3.1 Versa! lity 
It is important for the Jack H. Miller Center for Musical Arts to be 

completed on or before the project deadline. Our Integrated Project 

Delivery method allows the Atune construc! on team to achieve the 

overarching goal of versa! lity. Having the en! re team in open com-

munica! on will allow for the adaptability that will be crucial to this 

project.

3.2 Sustainability 
Our goal of sustainability has aff ected our decisions so that we may 

have a low environmental impact. Our design incorporates recycled 

materials and our large amount of prefabricated materials will im-

prove the quality of the building while producing less trash, aff ec! ng 

sustainability both during construc! on and a% er building comple-

! on.

3.3 Harmony 
A low impact on the surrounding campus will keep the jobsite in har-

mony with the campus. We intend to take up the smallest footprint 

possible and reduce it over the course of the project. Addi! onally, 

the student’s schedules will play into a variety of the site logis! cs 

decisions.

4.0 LEAN CONSTRUCTION
Lean construc! on is a way to do more with less – less eff ort, less 

equipment, less ! me and less space while providing the client with 

the desired fi nal product. The two most common ways to implement 

lean processes is to eliminate waste in a strategic manner and by 

crea! ng con! nuous fl ow through a project. Waste can take on many 

forms during the construc! on process; examples include building 

ahead of ! me, early deliveries, and building defec! ve parts or sec-

! ons. 

The Atune construc! on team is implemen! ng a lean organiza! on 

through a few diff erent methods. To reduce building ahead of ! me, 

the Center for Musical Arts will be constructed in phases. Each fl oor 

will be delayed slightly behind the fl oor below so each trade can 

work their way up through the structure. Deliveries are scheduled 

to arrive just a few days before they are needed on site. Some of 

the larger items will be delivered on the day of installa! on so that 

they can be rolled off  the truck and into posi! on. Prefabrica! on ef-

forts will reduce the chance of building defec! ve parts or sec! ons. 

Work completed in a prefabrica! on se'  ng improves the quality of 

the work while improving the safety of those doing the work. 

5.0 PROJECT DELIVERY METHOD
Atune is utilizing an 
Integrated Project 
Delivery method to 
execute this project. 
While Integrated Proj-
ect Delivery (IPD) is 
still relatively new to 
the construction indus-
try, we felt it would be 
the best choice for the 
Jack H. Miller Center 
for Musical Arts proj-
ect for multiple rea-
sons. IPD is a project 
delivery approach that 
brings the owner, designer, and contractor together for extensive 
collaboration through the project.
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The biggest iden� fying factor of a team using an IPD approach is 
the diverse project team and shared liability. The contract structure 
takes the project costs, liabili� es, and profi ts of the project and di-
vides them among the members of the team. Team member liability 
is increased with IPD because the � me it takes to design elements 
of the building can directly impact how soon other members of the 
team can move forward. The design of the bore fi eld is an example 
of this increased liability and improved versa� lity. If the mechani-
cal team starts designing their bores quickly, the construc� on team 
can get test bores completed with results back to the mechanical 
team much faster than if we were to use a diff erent project delivery 
method. Typically, the mechanical design team would fi nalize the 
plans for the bore fi eld and if a problem was found with the test 
results, they would have to redo the en� re design. 

It is important when working with universi� es to have representa-
� ves from the school involved in decision making throughout the 
project. With IPD, the owner is made an integral part of the proj-
ect team from the very beginning. This allows us to consult with 
them on design decisions early in the process and then con� nues to 
keep the representa� ves well informed up to the date of substan-
� al comple� on. Involving the staff  and faculty of Hope College is 
very important to the Atune team. We will be consul� ng with staff  
members who will frequent the Jack H. Miller Center for Perform-
ing Arts so their thoughts on the design can be considered. This 
will ensure that the fi nal product will be a building they fi nd both 
func� onal and enjoyable. 

Keeping the owner involved during the en� rety of the project, in 
addi� on to having a project team that consists of mul� ple special-
ized members, has a list of benefi ts as well. Diversifi ed teams result 
in faster construc� on, meaning shorter project dura� ons, leading 
to a greater cost savings. Well integrated teams open the lines of 
communica� on for open collabora� on during the design and con-
struc� on of a project.  When all the disciplines work together dur-
ing the design process, there is a reduc� on of errors and less need 
for redesign of the building. This is especially important for the Jack 
H. Miller Center for Musical Arts due to its high level of specialized 
features.

6.0 INTEGRATED DESIGN WITH CONSTRUCTION
Atune’s construc� on team has worked closely with the structural, 
mechanical, and electrical teams to integrate innova� ve designs 
throughout the en� re project. The construc� on team had a diff er-
ing approach than the other teams, in that we had to bring a sense 
of reasonable constructability to all designs and processes on site. 
Our primary focus was on the founda� ons, � mber structure, bore 
fi eld, Roo! op Amenity Space, Redpoint Posi� oning Technology, 
project schedule, and Lean construc� on processes.

Site coordina� on was a major concern for all large systems. Our ap-
proach was to phase the installa� on of the spread foo� ngs, grade 
beams, slabs-on-grade, and � mber CLT panel structural por� ons 
of the building and the geothermal bore fi eld on the east side of 
the building. With the addi� on of the mechanical bore fi eld, our 
already small site was even more restricted due to not being able to 
impose signifi cant loads on the bore fi eld a! er installa� on.  Using 
an integrated approach allowed the Atune team to develop a plan 

to streamline the design of the bore fi eld. The mechanical team has 
begun a preliminary design for the bores. The construc� on team 
has scheduled a date of May 15, 2019 for the mechanical team to 
bring out a consultant to test the soil condi� ons in the area where 
the bore fi eld will be located. The results from the test bore will be 
delivered to the mechanical team in order to verify the validity of 
their design. This ability to fi nalize designs a! er site work has be-
gun is a large reason the Atune team has found Integrated Project 
Delivery so successful for this project.

The Roo! op Amenity space was another area of logis� cal concern. 
A! er the structural por� on of this space is complete, all systems 
will be placed with extreme cau� on due to the reduced free area 
around the exterior of the building. These systems and their instal-
la� on required coordina� on between the construc� on, structural, 
and mechanical teams, but also with the overall project schedule.

The management processes we pursued will be key factors in this 
project’s success. The decision to u� lize Redpoint Posi� oning Tech-
nology for all crew members was selected to provide the most ef-
fi cient and safe construc� on project for everyone involved. This 
effi  ciency is key for comple� ng the project on � me. Our schedule 
is a living document that will be coordinated with the subcontrac-
tors awarded to this project. This not only ensures all are aware of 
their upcoming deadlines, but also puts responsibility on all teams 
involved. Our schedule is one of the key features of our lean pro-
cesses. The prefabrica� on por� on of our lean processes required 
immense integra� on with all of the Atune design teams. Each team 
is able to prefabricate a por� on of their work to reduce the overall 
project schedule. These processes do not solely benefi t the con-
struc� on team but will ensure a higher quality fi nal project for 
Hope College and its students, faculty, and visitors. Lean processes 
are further defi ned in 4.0 Lean Construc� on.

7.0 PLANNING

7.1 Site Logis� cs and Management
Due to the addi! onal danger of having college students walking near 

the site for the majority of construc! on, site security, delivery co-

ordina! on, and student safety are of utmost importance. Our team 

intends to demolish all sidewalks, redirect pedestrians to open walk-

ways, and install security fencing along all streets and to the east of 

the site, between the Physical Plant Department, as shown (in red, 

below). In order to reduce the impact deliveries w ill have on 

the campus, the por! on of 10th street directly next to the site will 

remain closed for deliveries. This closure will s! ll allow workers to 

access the Plant to the east of the site and addi! onal traffi  c will not 

have to see any major detours. Trucks will maintain a clockwise route 

around the site (shown in green).

Even before the installa! on of the bore fi eld and the rainwater col-

lec! on tank, there is limited space available on site to accommodate 

equipment, materials, and personnel. Our team will u! lize just-in-

! me deliveries, off -site prefabrica! on, and daily communica! on to 

ensure crews are working safely and effi  ciently. All offi  ce and stor-

age trailers will be parked in a vacant lot one block north of the site, 

along with worker and visitor parking and any stored materials and 
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equipment. This lot would be rented from the city of Holland, Michi-

gan for a nego! ated price in the range of $900 per month. Workers 

would follow the designated path from the jobsite to the trailers (in 

white). Enlarged images of both the north lot and the jobsite are 

located on page C2.2.

7.2 Crane Selec� on
For the crawler crane, a Manitowoc 14000 Series 2 No. 76 was select-

ed based on the load and reach requirements for this project. This is 

a 220-ton crane with a maximum reach radius of 240 feet. The crane 

will be primarily placed on the south side of the site where it can 

unload trailers as needed and place materials rela! vely easily on the 

east and west sides of the site. According to the crane specifi ca! ons, 

the body is 9’-10” by 10’-6” and is set on two crawlers that mea-

sure 27’-3” long by 5’-1” wide, se#  ng the body 3’-9” off  the ground. 

This crane will easily fi t between the east, south, and west sides of 

the site, allowing for the op! on to move around the site to place 

the founda! ons and CLT panels. Once the structure is complete, the 

crane can be downsized to accommodate the smaller loads of the so-

lar panels and HVAC equipment. During opera! on, proper swinging 

and maneuvering techniques will be cri! cal to ensure no contact is 

made with completed work, site fencing, and any surrounding mate-

rial and personnel. This crane was selected for its ability to reach the 

center of the building from any side and its capability of li& ing the 

heaviest structural component (CLT panels). Documenta! on of the 

selec! on criteria can be found on C2.3.

7.3 Prefabrica� on and BIM
Models of all mechanical, electrical, and structural systems will be 

used to pre-fabricate materials prior to installa! on. This model will 

be updated at least bi-weekly with changes made on site to ensure 

an accurate representa! on of systems are being placed. A repre-

senta! ve from each subcontractor on site will be required to a' end 

these coordina! on mee! ngs to ensure all crews are aware of any 

poten! als confl icts and can address them before they become costly 

fi xes. This helps with site logis! cs due to the minimal storage space 

available on site. Pre-fabrica! on also allows for a higher quality prod-

uct to be installed with an increased safety factor. These two benefi ts 

are direct results of the controlled, consistent pre-fabricated envi-

ronment.

The Atune construc! on team is working with our design counter-

parts to pre-fabricate their systems in order to speed up the con-

struc! on process as much as possible. Electrical prefabrica! on con-

sists of the solar panel racks and the conduit runs and racks in the 

building. Mechanical is able to prefabricate the hydronic runs, snow 

melt system piping, piping for the plumbing system, fi re suppression 

sprinkler piping, and the majority of the ductwork. The complexity of 

the structural design will require pre-fabricated cross laminated ! m-

ber panels for the various auditoriums and concert halls, the wood 

zipper trusses highlighted in the atrium, and the wood por! on of the 

composite fl oor system. 

Each trade will be responsible for storing their prefabricated mate-

rials before they are shipped to the site. To reduce the amount of 

deliveries si#  ng on site, we intend to receive necessary materials 

within 2-3 days of installa! on. This means that prefabricated mate-

rials will not be laying out, thus aff ec! ng the produc! vity of other 

tasks happening onsite.

With the increased amount of wood sourced materials on site, ad-

di! onal precau! onary measures will be implemented to protect 

these elements. All members arriving on site will be properly pro-

tected for shipping, but this will not be suffi  cient enough for the ! me 

period between being installed and before the building envelope is 

enclosed. Our team is aware of the poten! al risks of exposure to 

moisture and sunlight and we are prepared to protect the structural 

members un! l 100% dry-in is achieved.

8.0 SAFETY

8.1 Personal Protec� ve Equipment
Safety is of high priority on all Atune project sites and will be a site 

mentality of all trades on this project. Our team will work closely 

with all contractors and visitors to be sure everyone is aware of haz-

ards and our safety objec! ves.

Our means of safety begin with individual worker safety and their 

equipment. This will include a site wide requirement of the prop-

er personal protec! ve equipment as required by the Occupa! onal 

Safety and Health Administra! on (OSHA). This personal protec! ve 

equipment includes hardhats, protec! ve eyewear, high visibility 

vests, safety gloves, and work boots that are adequate for construc-

! on work.
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All safety vests used on 

site will be equipped 

with Redpoint Posi! on-

ing technology, being 

u! lized in the image to 

the right. This innova! ve 

device u! lizes real-! me 

loca! on and naviga! on 

to quickly and accurate-

ly monitor employee’s 

safety on the jobsite. 

Managers and superin-

tendents will be able to 

use a tablet to view lo-

ca! ons of all personnel 

and see if they are being both produc! ve and safe, demonstrated 

in the image above. A" er a safety barrier has been physically placed 

around a restricted area, the supervisors are able to draw the same 

perimeter on the tablet, thus allowing the Redpoint device in the 

safety vest to both visually and audibly no! fy the user if they enter 

the area. This technology has and will con! nue to ensure our com-

pany maintains a desirable ENR ra! ng, but most importantly allows 

all of our crew members to return home safely.

Our building is primarily made of wood, meaning there is signifi cant-

ly less concrete than on tradi! onal construc! on projects. However, 

there will s! ll be ! mes when we must drill into the concrete that 

does exist in our structure. This presents a safety concern of expos-

ing employees to silica dust. To combat this hazard, each employee 

working is areas where silica dust is a concern will be provided with 

a dust mask. In addi! on, any employee ac! vely drilling into concrete 

will have the op! on to use a variety of methods to wet down the 

concrete while drilling to prevent an excess product of dust. 

8.2 Safety Mee� ngs and Walks
The Atune construc! on team expects each trade to conduct daily 

safety mee! ngs. For their convenience, subcontractors can choose 

which method they would like to implement. Each employee may 

conduct a daily safety analysis worksheet that they must keep on or 

around them for the en! rety of the work day. This worksheet would 

have spaces to determine what tasks a person will be comple! ng 

during the day, safety risks associated with those tasks, and proper 

measures to prevent any incidents. The other op! on is for tradesmen 

to gather in groups in the morning to complete an Opera! onal Risk 

Management (ORM) chart, shown below. These will be displayed on 

marker board in a 

central loca! on. 

The ORM chart 

serves the same 

purpose as the 

safety analysis 

worksheet but can 

be more conve-

nient when groups 

of people are all 

working on the 

same tasks.

Our safety measures will not be limited to each worker’s individual 

awareness. Our construc! on team will have weekly safety meet-

ings with all onsite crews in a$ endance. These mee! ngs will create 

a unanimous understanding regarding deliveries, schedule changes, 

and any ac! vity aff ec! ng other trades. Addi! onally, our site dedi-

cated “Safety Manager and Site Coordinator” will walk the site once 

per week with at least one manager or supervisor from each sub-

contractor on site to iden! fy and intercept any safety viola! ons. All 

viola! ons will be documented and the subcontractors responsible 

will be no! fi ed. A" er one warning, a second off ense will result in 

the worker(s) receiving a one (1) day suspension and a third off ense 

will be cause for project reassignment. These daily walks and weekly 

mee! ngs will help ensure a safe and orderly construc! on site, thus 

minimizing unnecessary delays or accidents.

8.3 Natural Disaster and Emergency Response
Upon arriving on site, all subcontractors will be equipped with a 

Natural Disaster Response Plan. The preliminary Response Plan will 

inform all crews, if ! me allows, to secure any equipment and materi-

als and seek shelter in one of the college’s site adjacent designated 

shelter areas of Dykstra Hall, Gilmore Hall, Phelps Hall, or the Martha 

Miller Center. The evacua! on and take-cover plans will also be lined 

out in the Atune offi  ce trailer. These plans will be updated through-

out all phases of construc! on to ensure the safety of all personnel on 

site remains a top priority.

In the event of an onsite emergency, Emergency Response Plans will 

also be distributed to subcontractors upon their arrival to the site. 

Loca! ons of fi re ex! nguishers will be clearly marked on site and in 

the Response Plan. Procedures for direc! ng emergency vehicles and 

personnel on site and responsibili! es of each trade will also be in-

cluded.

Our Redpoint Posi! oning technology will come into play in the event 

of an emergency. Managers and superintendents will be able to 

quickly see if all crew members made it to safety. They will also be 

able to inform any emergency response teams of workers in precari-

ous loca! ons.

8.4 Public Safety 
Due to the site being located on an ac! ve college campus, the safety 

of student, employees of the college, and the general public is a top 

priority for the Atune construc! on team. We have accomplished this 

by securely fencing in our jobsite and designated storage and park-

ing lot, installing security cameras at fencing, and scheduling trucks 

during low populated ! mes.

College students and the general public are notorious for being curi-

ous of construc! on project. In order to protect the public’s safety 

and protect our equipment and materials, a temporary chain link 

panel fencing system will be built around the jobsite and parking 

area (red line and yellow line, respec! vely, on site plan). We will also 

install a privacy screen on the fencing to both reduce the amount 

of wind for our crews and deter any poten! al curious vandals. To 

ensure student’s safety and ensure our own protec! on, four (4) se-

curity cameras will be installed at the jobsite and at the north lot.
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As stated in 7.1 Site Logis! cs and Management, with the many trucks 

and large pieces of equipment scheduled to enter and leave our site, 

we will be closing the por! on of 10th street directly next to the site. 

It will be the responsibili! es of the subs to no! fy our on-site man-

agement team of any incoming deliveries so our “Safety Manager 

and Site Coordinator” can open and immediately secure the site 

gates for the trucks. By keeping this responsibility with our team, 

we are able to maintain a level of integrity and consistency that en-

sure the security of our site. Signs will be posted at frequent intervals 

both along the site fencing and on the nearby streets to ensure all in 

the area are aware of the large trucks in the area. 

9.0 SITEWORK  

9.1 Hauling of Materials
The greatest soil disturbances will be for the fi # y (50) geothermal 

bores on the east side of the building and the rainwater collec! on 

tank on the south side. Trucks will be loaded with the cut material 

either on site or in the blocked off  sec! on of road. They will then 

follow the path designated in green on the site logis! cs map. The 

soil excava! on for the founda! ons and auditorium sea! ng will be a 

rela! vely minor component of the construc! on process, but it is im-

pera! ve that it is s! ll addressed. Any soil that is not used for fi ll will 

be removed from the site while following city protocol. There are no 

nearby buildings that will be structurally infl uenced by our excava-

! ons and any ac! ve excava! ons will be properly banked and marked 

via OSHA standards.

All incoming and outgoing trucks will be scheduled either at the be-

ginning of the work day (7am-9am) or end of the work day (1pm-

3pm). This will be in an a& empt to occupy campus and city roads 

when the fewest number of students are present. Our team will also 

coordinate with Hope College to ensure our site is not producing 

heavy traffi  c at the same ! me as any collegiate events.

9.2 Dewatering and Erosion Control
According to the Atune structural team, perimeter founda! ons are 

to be 42 inches deep. With the water table predicted to be anywhere 

between 8.8 feet and 12.3 feet, our excava! ons should not need de-

watering caused by the water table. However, precau! ons will be 

in place in the form of pumps in the case of excessive precipita! on.

The construc! on team will implement erosion control measures on 

site to reduce sediment run-off  to other parts of campus. Erosion 

control methods include, but are not limited to, erosion control blan-

kets and straw bales near the perimeter of the site. 

9.3 Work Sequences
To ensure we stay produc! ve and on schedule during the founda! on 

and structural dura! ons, we will be phasing the spread foo! ng, grade 

beam, and slab-on-grade pours as well as phasing the li# ing of the 

cross laminated ! mber (CLT) panels into place. In general, our pours 

will work from the north to the south, star! ng in the north-east cor-

ner. The driving factor in this decision making was the laydown area 

needed for the ! lt-up CLT panels. Due to the restricted space to the 

north of the site, we are star! ng with the northern rooms and laying 

the panels to the south of where they will be placed. When dealing 

with the pours, ac! vi! es will progress seamlessly from one area to 

the next. This will ensure any skilled labor will remain on site un! l 

their task is done and will be able to remain produc! ve the en! re 

! me. Our phasing will also enable other ac! vi! es to con! nue while 

the concrete is curing. Our phasing sequence schedules and draw-

ings are represented on pages C3.7 through C3.10.  

10.0 SCHEDULE

10.1 Process 
The success of a construc! on project is determined by many things, 

including comple! on within a certain ! me constraint. A construc! on 

schedule is the main driver of the construc! on process. The sched-

ule determines the ! me logis! cs for the project as a whole and is 

cri! cal for a successful project. When determining the schedule for a 

project, many factors must be considered. This includes not only the 

actual dura! on of the work to be performed, but also the lead ! mes 

for certain materials, equipment, and pre-construc! on services.

Considera! on of the major components of the project will be eff ec-

! ve in crea! ng the ini! al schedule for the Jack H. Miller Center for 

Musical Arts. A# er these areas are considered, the sub-contracted 

and specialty scopes of work will be accounted for by u! lizing pull 

planning, just-in-! me deliveries, and a last planner system. These 

methods of scheduling will be helpful in minimizing the dura! on of 

the project, as well as reducing costs by way of ! mely deliveries.

A way for the construc! on team to understand if they are staying on 

schedule is to u! lize milestones. Milestones are not events within 

the schedule but are representa! ons of the comple! on of certain 

aspects of the project. Some milestones that are signifi cant in the 

comple! on of the project include the start of prefabrica! on, building 

dry-in, and substan! al comple! on. It will be helpful for managers of 

the project to make these milestones part of their daily, weekly, and 

monthly goals. This will keep everyone within the same ! me-frame 

from the beginning of construc! on un! l the comple! on date.

An important thing to note about our current schedule is that it is 

a preliminary es! mate to be used while solici! ng bids from and se-

lec! ng subcontractors. It is based off  prior knowledge and historical 

data. Once contracts have been awarded to the subcontractors, a pull 

planning mee! ng can be held to determine the fi nal project sched-

ule that each discipline gets to approve. Pull planning is a scheduling 

method that works backwards from comple! on to create a faster 

and more accurate project schedule. To keep the project running on 

track, the same major milestones will need to be reached either at 

or before the dates currently set. Since each trade will have more 

knowledge about the actual dura! ons of tasks, some of the smaller 

items can be shi# ed to refl ect a more accurate schedule. 

10.2 Summary
The cri! cal path of the Center for Musical Arts consists of the events 

necessary to complete the project within the designated ! me con-

straint. This path relies on the major milestones of the project. The 

cri! cal path is included in the fi gure on the next page. The complete 

project schedule can be found on pages C3.2 through C3.6.
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10.3 Milestones and Dura� ons 
Some important things to note in the schedule are the start date, 

end date and a variety of milestones. We will gain access to the site 

on April 13, 2019. Construc! on begins on April 17, 2019.  This date 

will follow several items including the comple! on of pre-construc-

! on services, acquiring the no! ce to proceed and proper permits, 

gaining access to the site, and receipt of a signed contract.

One large benefi t to using an Integrated Project Delivery method is 

that the construc! on documents do not have to be at 100% before 

work can begin on site. There is a list of tasks that can be completed 

before construc! on begins on the structure, meaning the design 

team can con! nue fi nalizing their plans while preliminary work is be-

ing completed on site.

Project comple! on is dependent on a series of milestones. Some of 

these milestones include the no! ce to proceed, building dry in, and 

substan! al comple! on. Each milestone plays a key role in the on-

! me comple! on of the project. A good understanding of the cri! cal 

path allows the Atune construc! on team to priori! ze the tasks that 

require more a# en! on than others in the schedule. The tasks that 

fall on the cri! cal path directly impact our ability to complete this 

project on ! me. Many of our milestones will also be items on the 

cri! cal path.

There is a handful of major milestones between the beginning of 

construc! on and substan! al comple! on. These include the comple-

! on of the structure, and the comple! on of the building envelope. 

There is also a date marking when the mechanical, electrical, and 

plumbing systems will be complete, and when all the fi nishes will be 

installed.

Substan! al comple! on of the project will happen on December 24, 

2020. This is followed with a punch list that will be determined near 

the end of the project and is to be completed at the beginning of the 

building’s opera! on. The construc! on team will not impede with use 

of the arts center by coordina! ng with the Hope College staff  during 

this ! me.

It can be noted that the project is set for fi nal comple! on on January 

20, 2021. The Atune construc! on team set a goal to impact the stu-

dents and faculty of Hope College for the least amount of ! me pos-

sible. The team will be on campus for one month during the spring 

semester of 2019, the en! re 2019-2020 school year, the fall semes-

ter of 2020 and the project will reach substan! al comple! on before 

school starts again in the spring of 2021. The Jack H. Miller Center 

for Musical Arts will be fully opera! onal at substan! al comple! on. 

The punch list and minor ac! vi! es leading to fi nal comple! on will 

not have an impact on the use of the building at the start of the 

semester. 

11.0 PROJECT BUDGET AND CONSTRUCTABILITY

11.1 Process

The es! mate take-off  for the newly proposed Jack H. Miller Center 

for Musical Arts on the Hope College Campus in Holland, Michigan is 

comprised of historic averages of similar auditoriums and 2-3 story 

college classrooms, as well as detailed research for unique items. 

Bluebeam Revu, Microso&  Excel Spreadsheets, and RS Means Con-

struc! on Cost Data books were u! lized in crea! ng this es! mate.

The Atune construc! on team conducted Level 1 and 2 es! mates be-

fore reaching the fi nal Level 3 es! mate presented. Our Level 1 es! -

mate used unit costs from Square Foot Costs RSMeans Data for both 

the classroom and auditorium spaces. These unit costs of $164.2/sf 

and $190.45/sf, respec! vely, result in an es! mate of $11,974,116. 

This was iden! fi ed as a low budget for this project but gave our team 

a star! ng point for a more refi ned es! mate. We then took this cost 

and added 50% to account for the larger overall size and complexity 

of our project. This gave us a Level 2 Es! mate of $17,961,174.
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Our Level 3 es! mate will include general condi! ons and preconstruc-

! on fees. General condi! ons will include the indirect costs our team 

will sustain from this project. These fees will include mobiliza! on, 

project and administra! ve staff  wages, dumpsters, storm water pol-

lu! on preven! on plans, company vehicles, and u! li! es needed for 

job trailers. The 5 percent preconstruc! on (precon) fees indicated 

on our es! mate is the cost associated with the six months of pre-

construc! on work our four Atune teams spent preparing for the con-

struc! on of the Center for Musical Arts.

11.2 Grand Total
Our es! mate includes costs for fi rst and second fl oor collegiate class-

room space, auditorium space, as well as labor, overhead, and pre-

construc! on costs. The Grand Total of the Center for Musical Arts in 

Holland, Michigan is:

NINETEEN MILLION, THREE HUNDRED SIXTY-SEVEN THOUSAND, 

THIRTY DOLLARS. ($19,367,030)

11.3 Alternates
Alternates have been determined based on the integrated design 

completed by the Atune Design Team. These specifi c systems can be 

incorporated with the owner’s discre! on on a “pick and choose” ba-

sis. These alternates have been priced as follows: 

Alternate #1: Acous! cs        ($40,000.00)

Alternate #2: Wood, Timber, Engineered Wood          ($4,771,016.50)

Alternate #3: Roof Top Amenity Space   ($930,516.00)

The Grand Total with the Add Alternates for the Center for Musical 

Arts in Holland, Michigan is:

TWENTY-FIVE MILLION, EIGHTY THOUSAND, SIXTY-THREE DOLLARS. 

($25,080,063)

11.4 Summary

12.0 PROJECT CHALLENGES

12.1 Acous! cs 
To improve the acous! cs in both the auditorium and in the faculty 

studios, Atune is implemen! ng moving panels and scrap wood walls. 

The largest schedule considera! on for the moving panels include 

preordering the hardware and motors required to hang them on the 

walls and ceiling. 

The scrap wood walls will take wood le&  over from other aspects of 

the site to create walls that are both visually appealing and improve 

acous! cs in the space they are in. The Atune team is placing a large 

emphasis on the recyclability of this feature. The wood walls will 

not only reduce construc! on waste but will also help to incorporate 

more wood into the overall project. 

12.2 Wood, Timber, and Engineered Wood 
The Atune 

team set 

a goal to 

achieve a 

building de-

sign made 

of at least 

25% wood. 

The current 

design to-

tals approxi-

mately 90% 

wood in both 

structural and acous! cal applica! ons. There will be ! mber incor-

porated in the walls and fl oors through the use of cross laminated 

! mber panels, pictured above. The CLT walls will go up the same 

way tradi! onal concrete ! lt up walls are placed and the connectors 

between panels are easy to install. The only major construc! on con-

sidera! on for these panels is the addi! onal weight of the wood com-

pared to concrete. 

Composite fl ooring made from wood panels and concrete will be 

implemented in many areas of the building. Longer spans can be 

achieved by using these wood panels. The addi! on of concrete with 

the wood panels allows for thinner wood components, thus giving us 

a reduced total amount of wood. This allows us to provide this alter-

nate at a lower fee as opposed to off ering an en! rely wood fl oor sys-

tem. A scheduling element to consider is that the shear connectors 

are produced by a company in Germany, so there will be a signifi cant 

lead ! me on those items. However, once they arrive, they can be 

used in the prefabrica! on process of the fl oor panels. 

Special precau! onary measures will need to be taken with the wood 

elements. They will be shipped to the site with protec! ve shipping 

materials, but these will not be suffi  cient for protec! ng the wood 

from the elements before they have been installed and before the 

building envelope has been completed. The Atune team is aware of 

the risks posed by exposure to moisture and ultraviolet radia! on and 

we are prepared to protect our structural elements un! l the building 

has reached 100% dry in. 

Making the columns out of wood will increase the column size com-

pared to standard steel columns but adding the carbon fi ber around 

the members in the atrium will reduce the size required of typical 

wood columns. Addi! onally, the construc! on team is aware of the 

unique installa! on challenges associated with wrapping the columns 

in carbon fi ber such as the special epoxy to secure the wrap, and 

proper! es of the carbon fi ber itself. 
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12.3 Roof Top Amenity Space 
The Atune construc! on team intends to treat the roof top amenity 

space as a third fl oor where the schedule is concerned. Construc-

! on will occur simultaneously on the fi rst and second fl oors, with 

the second fl oor having a delay behind the fi rst fl oor. To maintain 

a substan! al comple! on date of December 24, 2020, the amenity 

space will be delayed behind the second fl oor, but due to its smaller 

size this space can be completed in a much shorter ! me. 

13.0 LESSONS LEARNED 
Through the design of the Jack H. Miller Center for Musical Arts, the 

construc! on team has taken away a few lessons that can be applied 

to future design projects. The biggest lesson we are taking away is 

that design is not a linear process - it requires a series of itera! ons. 

During the design changes, it is important to have constructability 

reviews. The construc! on team was able to open paths of commu-

nica! on between the disciplines so ques! ons could be both asked 

and answered in a way that kept the en! re Atune team on the same 

page. With the signifi cant number of innova! ve systems in our de-

sign, many systems needed to be to assessed for feasibility and po-

ten! al constructability challenges. Opera! ng under an Integrated 

Project Delivery method assisted tremendously with the amount of 

communica! on this project required. 

14.0 CONCLUSION 
The Jack H. Miller Center for Musical Arts project presented the con-

struc! on team with a variety of opportuni! es to test our knowledge 

of pre-construc! on and building processes.  Communica! on be-

tween the construc! on team and the design team was vital to proj-

ect success. It was cri! cal for each team member to understand the 

possibili! es and limita! ons of design and construc! on. The struc-

tural elements are a good example of a system with both wide pos-

sibili! es and strict limita! ons. Open communica! on with the design 

team allowed all par! es to come to an understanding of the true 

! me and resource commitment of the wood system. 

Through team collabora! on, the Atune team will deliver an a$ rac-

! ve, func! onal, and sustainable fi nal product. The construc! on team 

partnered with the design teams for the Jack H. Miller Center for 

Musical Arts and are determined to provide Hope College with the 

most complete and sa! sfying project possible. We will exceed the 

expecta! ons of the owner through proper project planning, task co-

ordina! on, and open communica! on between owner, designer, and 

contractor. 
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CONSTRUCTION DECISION MATRIX            REDPOINT TECHNOLOGY

DECISION MATRIX & SYSTEM SELECTIONS

REDPOINT TECHNOLOGY IS UTILIZED TO ENSURE SAFETY AND PRODUCTIVITY OF 

OUR CREWS ONSITE. THIS TECHNOLOGY UTILIZES A WIRELESS SERVER TO CON-

NECT THE TRACKERS IN THE SAFETY VESTS TO THE REDPOINT SERVERS LOCATED 

THROUGHOUT THE BUILDING AND TO THE MANAGER’S TABLET.

PROJECT DELIVERY METHOD
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NORTH PARKING LOT           PROJECT SITE

SITE LOGISTICS - ENLARGEMENTS

KEY:

RED - PROJECT SITE PERIMETER FENCING

ORANGE - PORTION OF 10TH STREET CLOSED FOR DELIVERIES

YELLOW - PARKING LOT AND STORAGE AREA PERIMETER FENCING

DARK GREEN - BORE FIELD LOCATION

BRIGHT GREEN - DELIVERY TRUCK ROUTE

BLUE - JOB TRAILER LOCATIONS

BLACK - CONEX STORAGE TRAILERS AND VEHICLE EGRESS

WHITE - SAFE PERSONNEL ROUTE BETWEEN SITES
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HEAVY-LIFT BOOM RANGE DIAGRAM           HEAVY-LIFT BOOM LOAD CHART

CRANE SELECTION

X-AXIS: WE WILL ONLY NEED A RADIUS OF HALF THE WIDTH OF THE BUILDING (APPROXIMATELY 

150 FEET). WE WILL BE ABLE TO REACH EVERY CORNER OF THE BUILDING FROM EITHER THE 

EAST, SOUTH, OR WEST SIDES OF THE SITE.

Y-AXIS: WE DESTERIMINED OUR MAXIMUM VERTICAL NEEDED FOR OUR CRANE TO REACH 

WOULD BE 100 FEET. THIS IS DETERMINED FROM THE 64 FOOT HEIGHT OF THE MAIN AUDITOI-

RUM SPACE PLUS ADDITIONAL HEIGHT FOR THE CRANE EQUIPMENT.

RESULT: WE WILL REQUIRE A 183 FOOT BOOM ON OUR CRANE FOR THIS PROJECT

X-AXIS: THIS VALUE WAS DETERMINED FROM THE FIRST TONNAGE THAT WAS WAS CLOSEST TO, BUT NOT 

LESS THAN, OUR GREATEST LOAD (12,000 POUNDS) WHILE ALLOWING FOR SOME ROOM FOR ERROR.

Y-AXIS: WE WILL ONLY NEED A RADIUS OF HALF THE WIDTH OF THE BUILDING. WHEN SELECTING THE 

WEIGHT CAPACITY OF OUR CRANE, WE INCREASED THIS TO 170 FEET.

RESULT: THE MANITOWOC 14000 SERIES 2 NO. 76 CRANE IS SUFFICIENT FOR THE LOAD OF THE 

CLT PANELS.
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DESIGN SCHEDULE

THE DESIGN SCHEDULE WAS USED BY THE INTEGRATED ATUNE DESIGN AND 

CONSTRUCTION TEAM TO REMAIN ON TRACK TO COMPLETE THE SCHEMATIC 

DESIGN, DESIGN DEVELOPMENT - 30%, DESIGN DEVELOPMENT - 60% AND 

EVENTUALLY CONSTRUCTION DOCUMENTS. OUR INTEGRATION MEETINGS 

WERE TYPICALLY TWICE A WEEK, BUT WHEN ADDITIONAL WORK WAS NEED-

ED TO BE COMPLETED, THE ENTIRE TEAM MET OUTSIDE THE STANDARD TIME 

IN ORDER TO STAY ON SCHEDULE. THIS SCHEDULE IS ALSO REPRESENTED IN 

THE OVERALL PROJECT SCHEDULE AS “PRECONSTRUCTION”.
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