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Urban Acoustics 



As with any issue of building performance, the acoustics of a mixed-use wood-frame 
structure can be designed to meet or far exceed minimal requirements. It is the 
responsibility of the design team to determine acoustical expectations for the project and 
meet them within the available budget.  
 
Through the use of case studies, this fast-paced, interactive session will explore how multi-
story wood systems can be used to meet acoustical privacy goals. Discussion will focus on 
the detailing and construction of units, and how consideration of the construction process 
can help keep acoustical costs down.  
 
With the objective of providing implementable solutions, the session will include 
construction details and photos showing what has and hasn’t worked in actual buildings. 
 
Steve(n) Thorburn, PE, LEED AP, CTS-I, CTS-D, Thorburn Associates 
SJT@TA-Inc.com 

Urban Acoustics – Course Description 



At the end of this program, participants will be able to: 

- Evaluate the acoustical impact of the Building Code vs. 
Residential Expectations 

- Develop cost effective / acoustically centric space 
planning ideas for wood frame design 

- Produce practical and constructible acoustical isolation 
detailing for wood frame design 

- Identify common acoustical compromises during 
construction 



Copyright Materials 
 

This presentation is protected by US and International 
Copyright laws.  Reproduction, distribution, display and use of 
the presentation without written permission of the speaker is 

prohibited. 

 
© Thorburn Associates Inc. 
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Where We  
 Came From 



Where We  
 Are Now 





http://homegoid.com/delectable-design-ideas-of-manhattan-small-apartment-interiors/fascinating-manhattan-small-apartment-design-ideas-with-wooden-floor-and-rectangle-shape-wooden-dining-table-with-metal-frames-and-legs-also-wooden-benches-and-wooden-bed-frames-with-white-covered-bed/


Mixed Use 





Urban  Acoustics 
 

The Building Code 

Presenter
Presentation Notes
The History of Acoustics in Architecture
 
The word acoustics has been traced back to the Greek meaning hearing. 
 
From the plays and stories told in amphitheatres (Figure 1.1) about Greek gods to the grand cathedrals (Figure 1.2) of Europe, good acoustics have been a goal of every builder. How to achieve this goal has been the test. The study of the science of sound has been first attributed to Pythagoras a Greek philosopher and mathematician around 500 BC. He found that two strings that were stretched tight, the sting that was half the length of the other vibrated at a higher frequency. His detail and requirement of mathematical proofs trace this back to the origin of the octave and the mathematical relationship of music.
 
Marcus Virtruvius Pollio (Virtruvius) a Roman engineer and architect who is famous for his ten books “De Architectura” (On Architecture). In this work from approximately 25 BC he described how to design or tune a theatre with sounding vessels of bronze and where they should be located. By adding rugs and bronze vessels, he had workers "tune" the room. He said, "a line drawn from the lowest to the highest seat will touch the top edges and angles of all seats. Thus the voice will meet with no obstruction."
 
So, as a science or as an art, it’s been around, it has been part of the architecture design or construction work of the master builders. If we start to look at the Bible, in Exodus. Exodus 16:7 states "And thou shalt make curtains of goat's hair for a tent over the tabernacle... the length of each curtain shall be thirty cubits, and the breadth of each curtain shall be four cubits." The bible continues on with a very detailed description of where to place the curtains and specific instructions to refrain from altering the design. 
 
The study of sound and acoustics continued over the years, Galileo, Euler, Wheatstone, Faraday, Ohm, Helmholtz, Curie and Load Rayleigh all studied and presented papers about sound. Lord Rayleigh, whose great work “The Theory of Sound” First published in 1877-1878 set the stage for what may be called the modern age of acoustics it was not until the late 1800’s was acoustics in architecture really understood. In the past it was only through experience, designers learned what was good and what was bad. We never see bad concert hall or theatre being rebuilt after a major fire!
 
In 1895, Harvard University had to fix the newly constructed Fogg Art Museum Lecture Hall (Figure 1.3). . The museum and lecture hall was build primarily though the efforts of the presidents cousin, Professor Norton. Because of his efforts Norton complaints were heard and a lowly physics professor was challenged to fix the problem. This was the room that allowed Professor Wallace Clement Sabine (Figure 1.4) to find a mathematical relationship existed between the volume of a room, the amount of absorption in a room, and the length of time it would take sound to decay. 
 
Many felt that Sabine had been set up for failure. However, instead of just solving the problem he began to study the physics of the problem of the Fogg lecture hall To escape the traffic and the vibration noise from the Harvard square subway Sabin and his two student volunteers worked at night. This also gave them access to the upholstered seat cushions from the nearby Sanders Theatre. Every night Sabine and his assistants carried seat cushions to Fogg and returned them the next morning for so class could start. The cushions’ were place around the hall in different patterns and quantities as they worked on their tests. 
 
This work kept the Fogg lecture hall out of commission for three years. Sabine intuitively understood from personal studies that excessive reverberation effected speech intelligibility. However, until this work the knowledge was not quantifiable. To quantify the problem in Fogg hall he settled on a 512 hz pipe organ pipe, a stop watch and trained ears of listeners. The listener would let the pipe energize the room with sound and would suddenly shut it off, at the same time starting a stop watch. The listener would then stop the watch and note how long it to for the sound to decay until they could not hear it any more. Sabine was so meticulous he found that he had to throw way thousands of early measurements because he did not know what the testers were wearing. This resulted in the construction of a wooden box so just the of the listeners was sticking out into the room. What is amazing is that this early work was conducted with just a stop watch and the ears of a few trained listeners!  Sound meters and other measuring equipment would not be developed for many years. Through this work it was decided on that an open window would be considered a perfect absorber and would have a value of 1, it makes sense when sound strikes an open window it keeps going out of the room and will not return any energy back to the room. At the other extreme it was determined that a very thick brick wall that reflects all of it’s energy back into the room would have an absorption value of zero.
 
It was from this attention to detail that we were given the following equation to calculate reverberation time. It is know as the Sabine equation (1.1).
 
𝑅𝑇60=0.049 (𝐴/𝑉)	(English)
𝑅𝑇60=0.16 (𝐴/𝑉)	(Metric)
 
Where: 	
A is the total absorption in the room
V is the volume of the room
RT60 is the length of time it took sound to decay to the point in inaudibility (later defined as 60 decibels or to 1 millionth of it’s original level)
 
 
To confirm his work Sabine tested the two other venues on campus, first the Sanders Theatre which claimed excellent acoustics and the Jefferson Hall Lecture Room which was some where between the Sanders Theatre and the Fogg hall. 
 
In 1898, Sabine published a paper outlining his findings, "Architectural Acoustics" and presented it to the American Institute of Architects at their annual convention. In 1890, his paper called “Reverberation” was published in the America Architect and Engineering Record. This works points to the first acoustical studies in architecture. The Sabine equation is used every day to solve problems and is still valid today as it was in 1890. This work made Sabine the one of the earliest if not the first architectural acoustical consultants in the world. The two world wars gave us untold advances in acoustical measurements and further scientific understanding of acoustics. It was the work of the firm of Bolt and Newman that formed an acoustical consulting firm to work on the new United Nations building.  They were quickly joined by Beranek to form Bolt, Beranek and Newman, the first formal acoustical consulting firm.




Our Goal  
Control the Transfer of Noise! 
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Acoustical Expectations 

Luxury? Market Rate? Entry Level? 



Entry Level Housing 
STC 50 / IIC 50 (STC /IIC 48)* 

Market Rate Housing 
STC 55 / IIC 55 (STC/IIC 52)* 

Luxury Rate Housing 
STC 60+ / IIC 60+ (STC/IIC 55)* 

IIC 60+ very hard to achieve with wood or tile surfaces 
 
* Actual 1962 values – adjust when IBC set “50” as minimum 

FHA Rules of Thumb from 1962 
NOTE THIS IS NOT A CODE, IT HAS BECOME the DE FACTO STANDARD BUT NOT CODE 

Presenter
Presentation Notes
The History of FHA
Congress created the Federal Housing Administration (FHA) in 1934. The FHA became a part of the Department of Housing and Urban Development's (HUD) Office of Housing in 1965.
When the FHA was created, the housing industry was flat on its back:
Two million construction workers had lost their jobs.��
Terms were difficult to meet for homebuyers seeking mortgages.��
Mortgage loan terms were limited to 50 percent of the property's market value, with a repayment schedule spread over three to five years and ending with a balloon payment.��
America was primarily a nation of renters. Only four in 10 households owned homes.�
During the 1940s, FHA programs helped finance military housing and homes for returning veterans and their families after the war.
In the 1950s, 1960s and 1970s, the FHA helped to spark the production of millions of units of privately-owned apartments for elderly, handicapped and lower income Americans. When soaring inflation and energy costs threatened the survival of thousands of private apartment buildings in the 1970s, FHA's emergency financing kept cash-strapped properties afloat.




ICC G2 2010 Guideline for Acoustics 

Acceptable Performance 
“Grade B Performance” 

55  / 52 
(Laboratory / Field) 

Airborne - STC / NNIC 
Impact - IIC / NISR 

Preferred Performance 
“Grade A Performance” 

60 / 57  
(Laboratory / Field) 

Airborne - STC / NNIC 
Impact - IIC / NISR 

 

STILL NOT A CODE, IT IS FROM THE ICC –  
FROM WHAT APPEARS TO BE A RESEARCH PAPER FROM THE INTERNET! 

Presenter
Presentation Notes
International Code Council

This comes from the 2010 ICC G2 Guidelines.  It is a 10+ page document that tries to help out with multifamily housing criteria.
ICC G2-2010 Guideline for Acoustics 
 
 
INTRODUCTION  
The purpose of this guideline is to recommend suitable sound isolation performance for 
construction systems that separate occupied spaces in commercial and multiple-family buildings 
such as offices, hospitals, schools, condominiums, apartments, dormitories, hotels and mixed-use 
buildings. The recommendations in this guideline call for improved acoustical analysis of 
assemblies, components and installation methods, and a more detailed inspection process beyond 
the minimum requirements traditionally found in building codes. The intent is to reflect the 
findings of extensive acoustical research, to better match expectations for acoustical comfort of 
the building occupants and to prepare for anticipated code changes regarding sound isolation.
1
  
The guideline addresses three main issues:  
1.  The current level and approach of sound isolation requirements in the building code need 
to be upgraded. They are currently insufficient to meet occupant needs. 
2.  The technical reference materials that are used as a basis of acoustical design need to 
accurately describe the sound-rated wall or floor/ceiling assemblies. Ideally, data should 
not be more than 10 years old. 
3.  When sound-rated assemblies are installed in buildings, flanking paths and sound leaks 
can degrade their acoustical performance. This potential degradation should be evaluated 
by one or more of the following techniques: 
a) Employ analytical or mathematical models during the design phase based on 
reference materials and resources. 
b) Verify the as-built acoustical performance of the assembly at the project itself. 
c) Verify the as-built acoustical performance of a mock-up assembly surrounded by 
its proposed construction elements. 



• Section 5.8 Sound Transmission 
5.8.1.1.  Dwelling unit separated from every other 

space that noise might be generated 
a) ASTC 47 
b)  STC 50  

 

National  Building Code (2015)  

“Summary refer to the section for the full text of the code” 



• Section 9.11. Sound Transmission 
9.11.1.1.  
1) Same as 5.8 
2) Secondary Suite in  STC 43 
3) Elevator Shaft or Refuse Chute STC 55 

National  Building Code (2015)  

“Summary refer to the section for the full text of the code” 



• Impact Isolation (aka foot fall noise) 
• Not addressed by Code 
• Suggested to be IIC 55 or better  

National  Building Code (2015)  

“Summary refer to the section for the full text of the code” 



Exterior to Interior 



Mixed Use – Bar to Housing 



Not Addressed by Building Code 
- Implied at 45 dBA /Ldn  
 (Interior Noise Criterion) 
- Enforced as Nuisance Complaints 
- Enforced by “Local Codes” 

 
 

Commercial to Residential  
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Vocabulary 



Next Week! 

https://awc.caa-aca.ca/index.php/AWC/awc17 



Terms (They Are Changing!) 

Sound 
STC 
FSTC  
NIC 

ASTC 
NNIC 

Impact 
IIC 

FIIC 
AIIC 
NISR  

General 
NR 
dBA 
Ldn 

CNEL 
OITC 

NC   NRC 

Presenter
Presentation Notes
apparent sound transmission class, ASTC, n—a single-number rating obtained by applying the 
classification procedure of ASTM E 413 to apparent transmission loss data. The apparent sound 
transmission class provides a measure of the sound reduction provided by the complete building 
system, including flanking but not receiving room absorption. 


noise isolation class, NIC, n—a single-number rating calculated in accordance with 
Classification E 413 using measured values of noise reduction. It provides a measure of the 
sound isolation (including flanking) between two enclosed spaces that are acoustically connected 
by one or more paths. The NIC includes the sound reduction provided by the assembly being 
tested, the effects of absorption in the receiving room and the effects of flanking. For field testing 
of airborne noise isolation, a measurement of noise isolation class should be performed. 

normalized noise isolation class, NNIC, n—a single-number rating for noise isolation between 
two rooms both less than 150 cubic meters calculated in accordance with ASTM Classification E 
413 using measured values of normalized noise reduction. The noise reduction values are 
normalized to an equivalent receiving room absorption that would be achieved with a 
reverberation time of 0.5 seconds. The NNIC includes the sound reduction provided by the 
partition, the effects of absorption in the receiving room (assuming that the receiving room had a 
reverberation time of 0.5 seconds) and the effects of flanking. For field testing of airborne noise 
isolation where no furnishings are present, a measurement of normalized noise isolation class 
should be performed. 

normalized impact sound rating, NISR, n—the impact sound rating normalized to a reference 
absorption equivalent to a receiving room that has a reverberation time of 0.5 seconds. For field 
testing of impact sound insulation where no furnishings are present, a measurement of 
normalized impact sound rating test should be performed. The NISR includes the sound 
reduction provided by the partition, the effects of absorption in the receiving room (assuming 
that the receiving room had a reverberation time of 0.5 seconds) and the effects of flanking. 

apparent impact insulation class, AIIC, n—a single-number rating obtained by applying the 
classification procedure of ASTM E 989 to apparent impact transmission loss data. The apparent 
impact insulation class provides a measure of the impact sound reduction provided by the 
complete floor/ceiling system, including flanking. 




Urban  Acoustics  - Vocabulary 

 



Acoustical Test Laboratory 



Acoustical Test Chamber 



STC vs ASTC (NIC, FSTC) 

STC Testing ASTC Testing 



IIC vs AIIC (FIIC) 

IIC Testing AIIC Testing 



How STC or IIC Rating Is Found 

7 8 10 9 8 
6 4 3 

3 

2 

GOAL STC 50 

MEASURED 



How STC or IIC Rating Is Found 

6 7 9 
8 7 

5 3 2 

2 

1 

NOW STC 49 

MEASURED 



How STC or IIC Rating Is Found 

5 6 8 7 6 
4 2 1 

1 

NOW STC 48 

MEASURED 



How STC or IIC Rating Is Found 

4 5 7 6 5 
3 1 

NOW STC 47 

MEASURED 



Acoustical Detailing is Systems 
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Acoustical  
Wall Systems 



Acoustical Detailing – The Givens 
• Walls are Full Height  

(Deck to Deck) 
• Insulated (Unfaced Batt) 

In all Stud or Joist Cavities 
• Sealed Air Tight 
• Floor Sheeting 

Is Glued and Screwed 
 



Wall Progression – Sound Isolation 

STC 34 STC 38 STC 45 



Wall Progression – Sound Isolation 

STC 50 STC 63 STC 49 



Metal Channels 

Hat Channels 
Are Not  

Acoustical Channels 

Resilient Channels 
Are 

Acoustical Channels 
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Hat Channel Resilient Isolators 

Presenter
Presentation Notes
allows a "hat" channel to be used in a sound rated wall



Hat Channel Resilient Isolators 



Lot Line Wall – Sound Isolation 
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Acoustical  
Floor / Ceiling Systems 

Sound and Impact 



Floor Systems 

STC 37 



Floor Systems 

STC 43 



Floor Systems 

STC 49 



Floor Systems – Topping Slab 

Gypcrete 
or 

Light Weight Concrete 

Presenter
Presentation Notes
extra mass and stiffness really helps!



Floor Systems 

STC 56 



Floor Systems 

STC 62 



Floor Systems 

Batt insulation not shown for clarity 



Floor Systems 

Batt insulation not shown for clarity 



Floor Systems 

Batt insulation not shown for clarity 



Floor Systems 

Batt insulation not shown for clarity 



Independently Framed Ceiling System 



Impact Noise In Buildings 



Impact Noise 



The Tapper 



The Tapper 



Impact  Isolation  

• Impact noise changes as it travels in the building. 
• Impact noise is best controlled at the source. 



Effects of Floor Covering  
on Impact Isolation 

Batt insulation not shown for clarity 

IIC 73 IIC 64 IIC 56 IIC 43 IIC 32 

STC 56 

Presenter
Presentation Notes
batts required for all sound-rated construction!!!



Cross-Laminated Timber 

  70+ 
 



Cross-Laminated Timber 

6 inch thick 20 lb./ft3. CLT 
Same Mass as 

1.6 inch thick Concrete 
 

Based on Acoustics 
 Mass Law STC Rating 

about 38 STC 



Cross-Laminated Timber  

"Volume generally 
assumed for the density 
of hardened concrete is 

150 lb./ft3. (2400 kg/m3)“ 
 

McGraw-Hill Encyclopedia 
of Science and 

Technology. 



Cross-Laminated Timber 

  70+ 
 

ACOUSTICALLY STILL REALLY NEW 
 
 
We Need More Test Data 
 
 
In absence of test data we compare 
to known acoustical systems 



Cross-Laminated Timber 



Cross-Laminated Timber 

  70+ IIC 35 
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Leaks - Doors and Windows 
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Leaks: Where air can flow...      
...so will sound. 

Presenter
Presentation Notes
1% open area can reduce STC by 15-20 points!

For sound-rated construction, think watertight - when sealed to prevent water leaks, it will be good for sound too




Air Tight Seal 



Batt Insulation 



Blow In  Insulation 

OPEN CELL FOAM 
CLOSED CELL FOAM CELLULOUS / FIBER 



Rigid “Foam” Insulation 
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Other Issues to Consider 



Acoustical Fiction! 

• Fiber Board 



Acoustical Fiction! 

• Trapped Channel 



Trapped Air Space and Screws 

STC 55 

STC 38 



Installation Issues - RC 



Plumbing Isolation 

Presenter
Presentation Notes
the tan or grey plastic plumbing holders have no acoustical value, but look very similar, and even  come out of the same molds as the orange part



Other Noise Issues 



Condominium Noise 



Now We See the Problem 



Installation Issues - RC 



Installation Issues - RC 
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Sprinkler Lines / Heads 





RESILIENT CEILING SYSTEMS 



Duct Work 



HOLES IN SYSTEMS 



Recessed Light Fixtures 



RESILIENT CHANNELS INSTALLATION 



Framing Issues 



Framing Issues … (ok Plumbing) 



ACOUSTICAL GYPSUM BOARD 



DAMPING 



OMG! 

THIS IS VERY 
BAD!  DO NOT 
BELIEVE THE  
INTERNET! 



OMG! 

THIS IS VERY 
BAD!  DO NOT 
BELIEVE THE  
INTERNET! 



OMG! 



When it comes to Acoustics 
Only Believe Real Laboratory 

Test Data or Someone you Pay 
and can Sue! 





Disclaimer: This presentation was developed by a third party and is not funded by WoodWorks or the Softwood Lumber 
Board. 
 

Steve(n) Thorburn, PE, LEED AP, CTS-I, CTS-D   SJT@TA-Inc.com 

Urban Acoustics 

THANK YOU! 



Effects of Insulation Thickness 



Effects of Insulation Thickness 



Effects of Insulation Thickness 



Effects of Gypsum Board Placement 



Effects of Gypsum Board Placement 



Effects of Gypsum Board Placement 



Effects of Gypsum Board Placement 
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