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Design Considera tions 

Presenter
Presentation Notes
Classrooms are changing over the last few decades
Evolving teaching philosophies and modern building technologies have forced us to evaluate function, performance and form of the classroom
Add to that the addition of multi-media capabilities and you have a rapidly changing environment


 Design Considerations 
 Reverberation & Instruction
 Mitigating background noise
 Programming and Verification
 Defining Performance Requirements
 Understanding the Impact of Flexibility 
 Construction Continuity
 Maintaining Design Intent
 Typical Mistakes Affecting Performance




Design Considera tions 

Presenter
Presentation Notes
This program will take a look at one of key element of a successful classroom – Acoustics
Acoustics can play a vital role in the success of any space – whether it is speech intelligibility, speech privacy, sound isolation, or reduction of unwanted noises.
We will take a look at how to integrate good acoustics from classrooms to auditoriums and performance spaces

 Design Considerations 
 Reverberation & Instruction
 Mitigating background noise
 Programming and Verification
 Defining Performance Requirements
 Understanding the Impact of Flexibility 
 Construction Continuity
 Maintaining Design Intent
 Typical Mistakes Affecting Performance
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Presenter
Presentation Notes
Understanding & Controlling Reverberation Times

Sound can behave erratically.  It can bounce around and echo so that it’s not easily understood. That’s called reverberation. 
The time it takes for that sound bouncing around a space until it becomes inaudible by the occupants is considered the Reverberation Time

In a classroom environment poor acoustical environment will often increase stress and decrease concentration, 
	younger children
	students - English is a second language
	students with learning disabilities and the hearing impaired.  
It can also contribute to teacher “burnout” caused by the stress of talking “over” the noise. 





GENERAL LECTURE & INSTRUCTION 
LIMIT REVERBERATION TIME  

0.6 – 0.7 SECONDS 
 

ANSI S12.60 – CLASSROOM ACOUSTICS 

Reverbera tion 

Presenter
Presentation Notes
Controlling Reverberation Times

ANSI S12.60 Limits the reverberation time in a classroom of a certain volume
Additionally it limits the amount of background noise (whether is mechanical noise, outside noise, or noise from adjacent spaces) to 35 decibels

Generally, these reverberation times can be achieved thru the use of absorptive materials on the ceilings when the ceiling is no more than 10’
Spaces with higher ceilings will consider more absorptive materials on the walls

Carpeting generally can aide in the reduction of  impact noise to spaces below and mitigate the noise of chairs sliding across the floor
Shouldn’t be the sole source of absorption because it generally doesn’t absorb lower frequencies



PERFORMANCE SPACE 
CONTROLLED REVERBERATION TIME  

UP TO 2.0 SECONDS 

Reverbera tion 

Presenter
Presentation Notes
Controlling Reverberation Times

On the opposite end of the spectrum are Performance spaces
Depending on the type of performance… controlled, evenly distributed reverberation is a desired effect
This can be achieved by provide the appropriate volume in the space as well as carefully placed elements for absorption and reflection of sound

From the previous slide, we can see that for a orchestral performance… reverberation time of up to 2 seconds may be desired 



• LIMIT REVERBERATION TIME THRU 
PROPER ABSORPTION / REFLECTION 

• REDUCED MEP BACKGROUND NOISE 
• ISOLATION FROM OTHER SPACES Classrooms /  Lec ture 

Presenter
Presentation Notes
Key design elements to consider for certain spaces?
Typical Classroom for Lecture Style teaching
	As seen from the previous slides and per ANSI S12.60:
	Limited reverberation time
	Reduced mep background noise
	Isolation of noise from adjacent spaces

Programming & Verification:
 Defining Functions for Spaces
 Lecture
 Musical / Theatrical Performance
 Critical Listening
 Acoustical Privacy
 Digital Recording




Offic e Ac oustic s 
• FLEXIBLE FINISHES 
• ENSURE ACOUSTIC PRIVACY 
• OFFICE STUDIOS FOR PRIVATE 

INSTRUCTION 

Presenter
Presentation Notes
Key elements for offices focus more on speech privacy

FERPA – Federal acoustic privacy for discussions with students and faculty

Often times in educational performing facilities, the faculty offices serve as a private studio for the faculty as well as one on one or small group instruction
In this case, some of the elements we will see in some of these other spaces can be applied to these offices



Critic a l Listening 
• INCREASED ACOUSTIC ISOLATION 
• REDUCED MEP BACKGROUND NOISE 
• ADJUSTABLE ACOUSTIC TUNING 

ELELMENTS  

Presenter
Presentation Notes
Buildings for the performing arts require additional measures to make the spaces functional
Critical listening is a key activity for instructors and students alike
Sound bleed from other spaces or excessive background mep noise causes fatigue over time for both the performer and the instructor
Therefore, in these performance spaces, additional acoustic isolation is critical
Additionally, these small rooms typically require additional absorption – most economically achieved thru the use of wall panels
In this case, the panels were installed loose into a wood picture rail system that will allow the University to acoustically tune the rooms as they fit for different types of rehearsals (vocal vs strings vs brass)



Rehearsa l 
• LIMIT REVERBERATION TIME THRU 

PROPER ABSORPTION 
• REDUCED BACKGROUND NOISE 
• ISOLATION FROM OTHER SPACES 

Presenter
Presentation Notes
Rehearsal Spaces  - same requirements for critical listening for both the students and the instructor
Same considerations for acoustic isolation of the space from other noise generating spaces
In these large rehearsal spaces, we can take advantage of the more flexible acoustic curtains for tuning of the space which allows for different rehearsals to occur in the space with minimal change over time


Programming & Verification:
 Designing Flexibility
 Acoustical Tuning Elements
 Room Finishes
 Active AV Systems




• FOCUS ON INDIVIDUAL INSTRUCTION 
IN A GROUP SETTING 

• FLEXIBLE FINISHES 
 Music  Labs 

Presenter
Presentation Notes
Labs are another type of space generally found in a building for the performing arts
These spaces don’t have the same requirements as others as usually the students are working on headphones
The instructor is also using headphones and can key into one or more of the students at a time to provide additional instruction



Performanc e 
• HIGHEST LEVELS OF ISOLATION 
• LOWEST PERMISSABLE 

BACKGROUND MEP NOISE 
• CONTROLLED REVERBERATION 

THRU DIFFUSION AND ABSORPTION 

Presenter
Presentation Notes
Performance spaces are where we are trying to achieve the highest levels of acoustical isolation while mitigating as much MEP background noise as possible




• HIGHEST LEVELS OF ISOLATION 
• LOWEST PERMISSABLE 

BACKGROUND MEP NOISE 
• LIMITED & EVENLY DISTRIBUTED 

REVERBERATION  

Dig ita l Rec ord ing 

Presenter
Presentation Notes
Much like the Performance Hall – digital recording studios also require high levels of acoustic isolation

Unique requirement of provided limited and evenly distributed reverberation thru a combination of absorption and diffusion



 
Key Elements of the Performanc e Spac es: 
 

Design Considera tions 

Presenter
Presentation Notes
Influences affecting programming and design of the acoustically critical spaces


 Design Considerations 
 Reverberation & Instruction
 Mitigating background noise
 Programming and Verification
 Defining Performance Requirements
 Understanding the Impact of Flexibility 
 Construction Continuity
 Maintaining Design Intent
 Typical Mistakes Affecting Performance




Externa l Fac tors 

Presenter
Presentation Notes
Site Selections & External Influences
 Traffic (Ground & Air)
 Football Fields / Marching Band (may affect the window exterior wall assemblies)
 Weather (may affect the type of roof)

Original site selection proposed for LAH building near train tracks was discouraged




Interna l Ad jac enc ies 

Presenter
Presentation Notes
Internal ardencies
MEP Systems, elevators, restrooms
High impact activities
Other noise generating spaces



SPACE / ROOM  INTERIOR TREATMENT REDUCE SOUND FROM  
INSIDE TO OUTSIDE 

REDUCE SOUND FROM OUTSIDE TO 
INSIDE 

OFFICES FOR  
PRIVATE MUSIC  
LESSONS 

Mitigate reverberation to reduce exposure to 
loud sounds and to avoid performers' instincts to 
adjust to the room's acoustics 

Mitigate nuisance/interference with communications in 
public areas and mitigate sound penetrating critical 
listening spaces 

Mitigate distractions 

FACULTY AND STAFF 
OFFICES   Extend walls to hard ceiling in offices handling sensitive 

information (e.g., FERPA data) Mitigate distractions 

RECORDING STUDIO:  
CONTROL ROOM 

Diffuser behind listening position to avoid short 
echoes creating illusions of spatialization and 
frequency spectrum; tune for short but even 
reverberation 

Mitigate nuisance/interference with communications in 
public areas and mitigate sound penetrating critical 
listening spaces 

Mitigate transmission from recording 
rooms to allow critical listening of the 
recording; mitigate transmission from 
outside to enable critical listening 
 

RECORDING STUDIO:  
RECORDING ROOMS 

Tune for short but even reverberation unless 
making a strategically "live" area 

Mitigate nuisance/interference with communications in 
public areas and mitigate sound penetrating critical 
listening spaces 

Critical for recording 

RECORDING STUDIO:  
MACHINE ROOM   Keep active-cooled equipment from interfering with 

recording and critical listening   

CLASSROOM Mitigate reverberation for intelligibility and critical 
listening to recordings 

Mitigate nuisance/interference with communications in 
public areas and mitigate sound penetrating critical 
listening spaces 

Mitigate distractions 

REHEARSAL ROOM 
Mitigate reverberation in small rooms to reduce 
exposure to loud sounds; acoustic volume 
extension can simulate larger venues 

Mitigate nuisance/interference with communications in 
public areas and mitigate sound penetrating critical 
listening spaces 

Mitigate distractions 

PERFORMANCE SPACE Tune for even reverberation   Keep outside sound from interfering 
with/distracting from the performance 

WORKSHOP Mitigate reverberation to reduce exposure to 
loud sounds 

Mitigate nuisance/interference with communications in 
public areas and mitigate sound penetrating critical 
listening spaces 

  

Presenter
Presentation Notes
JM - Different levels of isolation / transmission based on occupancy / function of space




Presenter
Presentation Notes
Design Considerations:
 Internal Influences
 Adjacencies of Noise Generating Spaces
 Isolation of MEP Systems
 Incorporating Sound Locks

JM – Pros and Cons of adjacencies of spaces – relate back to matrix on previous page

Clearly communicate in the Contract Documents which spaces are “Noise Critical Spaces” – Div 01 specification for “Special Acoustic Requirements” listing those spaces




Interior Finishes 

Presenter
Presentation Notes
Finishing out the room
Understanding the impact of trying to provide flexible spaces because of limited resources and how that flexibility affect the performance in that space
Carpet vs reflective flooring
Addition of rugs for certain performers as needed

Providing flexibility in tuning the space with adjustable acoustic elements (curtains & wall panels)



Inc orpora ting  Tec hnology 

Presenter
Presentation Notes
Understanding the impact of technology 
Does the equipment contribute to the background noise – like computer cooling fans?

Are the lighting dimming panels sufficiently isolated?



Case Study 

Presenter
Presentation Notes
Case Study – Music Rehearsal Acoustic Volume
This is on the first floor of the Liberal Arts Building – same floor as the Black Box Theater
This took advantage of the floor to floor height needed for the Black Box
But we realized early on that the footprint and the ceiling height still didn’t provide the volume needed for types of rehearsals Jeff and his faculty wanted to have in the room
The design team identified unused space above the adjacent Practice Room and the Corridor which could be acoustically connected back to the Rehearsal Room and screened from view with an acoustically transparent fabric stretched over a frame to hide the space
The addition of the retractable acoustic curtains has provided Jeff a unique space which they continue to explore ways to use the unique acoustic properties of the room which they hadn’t envisioned in the design




 
Construc tion Continuity: 
• Ma inta ining  Design Intent 

• Contrac tor Understand ing  of Intent 
 

 

Construc tion Continuity 

Presenter
Presentation Notes
Construction Continuity:
 Maintaining Design Intent
 Contractor Understanding of Intent
Starts early buy-in from the contractor and his subcontractors
Use of pre-installation meetings to convey design intent & identify typical construction errors that can affect the performance of the building




Presenter
Presentation Notes
Creating the Acoustical Bubble
Partition Assemblies
Ceiling Assemblies
Opening Protection




STRUCTURAL-BORN VIBRATION 
• ISOLATE FLOORS, WALLS, CEILINGS 

• BUILDING EXPANSION JOINTS FOR CRITICAL SPACES 
Struc tura l Issues 

Presenter
Presentation Notes
Foundation Isolation
Expansion Joint
“Floating Floors”
Building Envelope Mass
Fully Grouted Masonry
Concrete Roof





ACOUSTIC ISOLATION 
• BUILDING UP MASS IN ASSEMBLIES 

• ISOLATE VIBRATION FROM ROOM TO 
ROOM 

• STAGGERED CONSTRUCTION 

• SEALING WALLS 

Arc hitec tura l Issues 

Presenter
Presentation Notes
Construction Continuity:
 Typical Mistakes Affecting Building Performance
 Architectural Issues
 Structural Issues
 Mechanical Issues
 Plumbing Issues
 Electrical Issues




REDUCED BACKGROUND NOISE 
• REDUCED AIR VELOCITIES 

• REDUCED AIR TURBULENCE 

• INCREASED DAMPENING 

• REDUCED VIBRATION 
Mec hanic a l Issues 

Presenter
Presentation Notes
Limiting Background Mechanical Noise
Equipment Location
Selection of Systems
Air Devices
Duct Geometry / Type / Routing
Noise Attenuation
Air Velocities
Reducing Air Turbulence
Controlling Vibration




REDUCED BACKGROUND NOISE 
• REDUCE TRANSMISSION OF 
STRUCTURAL-BORN VIBRATION 

• MITIGATE PENETRATIONS IN 
ASSEMBLIES 

• ISOLATE EQUIPMENT / LIGHTING NOISE Elec tric a l Issues 

Presenter
Presentation Notes
Limiting Electrical Noise & Vibration
Equipment Location
Selection of Systems
Transformers
Lighting & Ballasts
Connections to Equipment
Exit Signs
Flexible connections… back to back outlets… sealing outlets… projectors… lighting & ballast combinations



REDUCED VIBRATION 
• FLEXIBLE CONNECTIONS TO 
EQUIPMENT 

• SPECIFYING THE RIGHT EQUIPMENT 
SUPPORTS / ISOLATION MOUNTS Vib ra tion Control 

Presenter
Presentation Notes
Limiting Plumbing Noise & Vibration
Equipment Location
Avoid Routing Piping Thru Noise-Sensitive Spaces
Sealing Pipe Penetrations
Connections to Equipment




Presenter
Presentation Notes
“Build it… and they will use it”
Performing in unintended spaces – stairwell at LAH



Seminar Evaluation 
We hope you enjoyed this session… 
Please take a moment to complete the evaluation form.  Thank you! 
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