
 
                   ACOUSTICS WORKSHOP 

Conference 2019  
 

 

 

 

James Whitlock 

http://www.marshallday.com


marshallday.com 

acoustics.org.nz 



On the menué 

- A little about myself   2 mins 

- Acoustics 101    60 mins 

   (short break) 

- Acoustic tools    10 mins 

- NZ Standards    10 mins 

- Auckland Unitary Plan   10 mins 

- A day in the life of an acoustician 20 mins 

- Example projects   30 mins 

- Questions and discussion  30 mins 
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So, what do acousticians do..? 
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Source: Pittsburgh Post Gazette 

http://www.marshallday.com


http://www.marshallday.com


Acoustics 101 
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PHYSICS OF SOUND 

Frequency, wavelength & period 

Sound is a 
pressure 
fluctuation 

 

Travels in waves 
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FREQUENCY & WAVELENGTH 
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DECIBEL SCALE 

Pressure scale is impractical  

 

Decibels more convenient 

 

Hearing response is 
logarithmic 

 

Examples 

Typical sound pressure levels  
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FREQUENCY WEIGHTING 

ά!έ ǿŜƛƎƘǘƛƴƎ - 
imperfect hearing 
response of the ear  

 

ά!έ ǿŜƛƎƘǘƛƴƎ ŎƻƳƳƻƴƭȅ 
used for industrial and 
environmental noise 
assessment 
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CHANGE IN NOISE LEVEL 
 

Subjective Reaction 

Imperceptible 

Just perceptible 

Appreciable 

Doubling of loudness 

More than a doubling of loudness 

  Change in Sound Level (dB) 

 1 - 2 

 3 - 4 

 5 - 7 

 9 - 11 

       > 12  
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DECIBEL ADDITION 

 

Add to higher value 

+3 dB 

+2 dB 

+1 dB 

0 dB 

Difference in Level 

 0 to 1 dB 

 2 to 3 dB 

 4 to 9 dB 

    > 9 dB  
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SOUND POWER LEVEL (Lw) 

Heat 

Sound 
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Fields in Acoustics 

Building Acoustics 

- Sound transmission 

- Façade 

- Internal 

- Footfalls 

- Structure-borne noise 

- Rain noise 

- HVAC 

Environmental Acoustics 

- Roads 

- Airports 

- Ports 

- Construction sites 

- Quarries 

Room Acoustics 

- Concert Halls 

- Studios 

- Classrooms 

- Lecture Theatres 

Industrial 

- Noise control 

- Occupational Health 

- Enclosures 

Vibration 

- Building damage 

- Amenity 

- Building floors 

- Machinery 

 

Sound systems 

Psychoacoustics 

Underwater 
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Room Acoustics 

Sound Absorption (NRC) 

 

Reverberation Time (RT) 

 

Impulse Response 

 

Diffusion 
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THE BIG ACOUSTIC MYTH 
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THE BIG ACOUSTIC MYTH 

άtǳǘǘƛƴƎ ŀŎƻǳǎǘƛŎ ǘǊŜŀǘƳŜƴǘ 
on the walls stops sound 
ŦǊƻƳ ŜǎŎŀǇƛƴƎέ 

Photo credit: thelisteningpost.co.nz 
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SOUND ABSORPTION VS SOUND INSULATION 
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SOUND ABSORPTION 

When sound hits a surface 

- Some of it is reflected 

- Some is absorbed (converted to heat) 

 

70% absorption = Ŭ 0.7       

             (Ŭ = absorption coefficient) 

 

NRC = Noise Reduction Class 
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NOISE REDUCTION COEFFICIENT 

Average of h values at 
250, 500, 1000 and 2000 Hz 
 
Allows quick product comparison 
 
Full h  spectrum needed for design 
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ACOUSTIC MATERIALS 

Concrete 

Brick 

Plasterboard 

Timber 

Glass 

 

 

 

NOT Polystyrene 

Fibreglass Batts 

Polyester 

Wool 

Carpet 

Drapes 

Soft furniture 

 

 

NOT Polystyrene 

Sound Absorbing                      Sound Insulating 

http://www.marshallday.com


Sound absorption is like A sponge ï itôs good for mopping up 

water, but not good for making something waterproof 
 

 

 

Sound absorption is like A sponge ï itôs good for mopping up 

sound but not good for making something soundproof 
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ABSORPTION - APPLICATIONS 

Inside enclosures 

Inside cavity walls 

Room Treatment 

ÅOpen Plan Offices 

ÅClassrooms 

ÅSwimming Pools 

ÅChurches 
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  HIGH FREQUENCY ABSORPTION 

Soft finishes 

Curtains 

Carpet 

Felt 
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  LOW FREQUENCY ABSORPTION 

Panel absorbers 

Wooden paneling over cavity 

Plasterboard walls 
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  TUNED ABSORPTION 

Perforated panels over 
cavity/absorption 
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AUDIENCE PARTICIPATION TIMEé 
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Sound Absorption (NRC) 

 

Reverberation Time (RT) 

 

Impulse Response 

 

Diffusion 

 

Room Acoustics 
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REVERBERATION TIME (RT) 

The time taken for sound in a room to decay by 60dB 

60dB 

RT 
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     RT EXAMPLES 

0.5s 1.1 s 

2.5s 8s 

Listening Room Recital Hall 

Concert Hall Cathedral 
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 {!.Lb9Ω{ Chwa¦[! 

Reverberation 

Directly proportional to 
room volume 

Inversely proportional 
to area of absorption 
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 ACOUSTIC DEFECTS 

Echoes 

Flutter echo 

Focusing 

Room modes 

Background noise 
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Sound Absorption (NRC) 

 

Reverberation Time (RT) 

 

Impulse Response 

 

Diffusion 

 

Room Acoustics 
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SOUND IN A ROOM 
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Impulse Response (IR) 

Time 

Sound 

Level 
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IMPULSE RESPONSE 
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Direct 
Sound 

Early Reflections 

Reverberation 

S
o
u
n
d
 L

e
v
e
l 

Time (s) 
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REFLECTIONS AND HEARING 

Our hearing integrates over short intervals 

ÅSimilar to a cartoon strip 

 

Reflections within 50 ms make speech sound louder and clearer 

Å80 ms for music 

 

Reflections after 50 ms may be heard as echo 

ÅhǊ ƳŜǊƎŜ ƛƴǘƻ ǘƘŜ ǊŜǾŜǊōŜǊŀƴǘ άǘŀƛƭέ 
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REFLECTIONS AND HEARING 
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Direct 

Sound only 

Direct + 

reflection 25ms 

delay 

Direct + 

reflection 50ms 

delay 

Direct + 

reflection 

120ms delay 
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Sound Absorption (NRC) 

 

Reverberation Time (RT) 

 

Impulse Response 

 

Diffusion 

 

Room Acoustics 
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DIFFUSION 

Scattering of sound from a surface 

Depends on size of surface modulation, relative to wavelength 

Important in performance spaces 

ÅBalancing sound on stage 

ÅWeaken acoustic anomalies (echo, image shifts) 
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Sound Absorption (NRC) 

 

Reverberation Time (RT) 

 

Impulse Response 

 

Diffusion 

 

Room Acoustics 
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Building Acoustics 

 

Airborne Sound (STC) 

 

Impact Sound (IIC) 
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NZ Building Code 
Clause G6 ï Airborne and Impact Sound 

Performance 
 

- Sound Transmission Class (STC) of walls, floors and ceilings 

- Impact Insulation Class (IIC) of floors 

  
This rating is a laboratory test requirement.  

 

Compliance measurements must achieve FSTC and/or FIIC 

55 

50 
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STC ï SOUND TRANSMISSION CLASS 

Transmission Loss (TL) 

Range of frequencies (low sounds 

and high sounds) 

STC is a single figure rating 

ÅStandardized ócurveô 

ÅEmphasis on óspeechô 

frequencies 
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MAXIMISING PERFORMANCE 
 

 

   Layers of  
13mm Plasterboard              STC 

                1     26 
        2     32 
        3     35 
        4     38 

 

      
      

        

       63 
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HEAVY VS LIGHT CONSTRUCTION 

53 
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STC EXAMPLES (SPEECH) 
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STC 40 STC 60 STC 76 STC 50 

Original Speech in source room 

Receiving room 
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STC EXAMPLES (MUSIC) 
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STC 40 STC 60 STC 76 STC 50 

Original Music in source room 

Receiving room 

http://www.marshallday.com


 

Airborne Sound (STC/Rw) 

 

Impact Sound (IIC/LnTw) 

Building Acoustics 
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IMPACT SOUND 

 Sound caused by direct excitation of the 
building structure 

 

Å Footfalls 

Å Furniture moving 

Å Dropping objects 

Å Doors, drawers and cupboards closing 

Å Light switches 

ÅMechanical equipment (lifts, etc.) 
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IIC ï IMPACT INSULATION CLASS 

Tapping Machine 

Concrete 

Timber 

Range of frequencies 

IIC is a single figure rating 

ÅStandardized ócurveô 

Å Emphasis on low frequencies 

Actual level, not level difference 
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IIC FACTORS ï CONCRETE FLOOR 

    Concrete Floor 

Thickness (mm) IIC 
   

 75       16 
 

 100        21 
 

 150   28 

  

 Unlike STC, canôt comply 

with G6 using mass alone 

    Improvements: 

Floor Coverings 

 

  Vinyl   +4 

  Cushioned Vinyl +15 

  Parquet  +16 

  Cork   +18 

  Tiles with underlay +0 to +24 

  Floating floor  +28 

  Carpet and underlay +44 

   

   

    Improvements: 

Ceilings 

 

  Ceiling fixed directly  

  to slab     +4 

   

  Plasterboard 

  suspended on battens  +13 

   

  Plasterboard on  
 resilient hangers   +20 

   

           
 [nothing beats carpet!] 
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Building Acoustics 

 

Airborne Sound (STC/Rw) 

 

Impact Sound (IIC/LnTw) 
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Environmental Acoustics 

 

Inverse Square Law 

 

Sound Propagation 

 

Environmental Assessments 

 

Noise barriers 
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INVERSE SQUARE LAW 
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Environmental Acoustics 

 

Inverse Square Law 

 

Sound Propagation 

 

Noise barriers 
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SOUND PROPAGATION 

LǘΩǎ ŀƭƭ ƎŜƻƳŜǘǊȅ 
 

Sound fills the available space. If 
constrained, it will change shape 

 

Lp = Lw + 10log(1/shape) 

4 ŕ2 
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SOUND PROPAGATION 

LǘΩǎ ŀƭƭ ƎŜƻƳŜǘǊȅ 
 

Sound fills the available space. If 
constrained, it will change shape 

 

Lp = Lw + 10log(1/shape) 

2 ŕ2 
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SOUND PROPAGATION 

LǘΩǎ ŀƭƭ ƎŜƻƳŜǘǊȅ 
 

Sound fills the available space. If 
constrained, it will change shape 

 

Lp = Lw + 10log(1/shape) 

½ ŕ2 
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SOUND PROPAGATION 

LǘΩǎ ŀƭƭ ƎŜƻƳŜǘǊȅ 
 

Sound fills the available space. If 
constrained, it will change shape 

 

Lp = Lw + 10log(1/shape) 

2 ŕ h 

http://www.marshallday.com


69 

SOUND PROPAGATION 

LǘΩǎ ŀƭƭ ƎŜƻƳŜǘǊȅ 
 

Sound fills the available space. If 
constrained, it will change shape 

 

Lp = Lw + 10log(1/shape) 

ŕ h 
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Environmental Acoustics 

 

Inverse Square Law 

 

Sound Propagation 

 

Noise barriers 
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NOISE BARRIERS  

Barrier height and length 

Most effective close to source 

or receiver 

Needs to break line-of-sight 

Leakage over the top 

Surface density of barrier 

material 10 ς 15 kg/m2 
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NOISE BARRIERS 
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COMMON MISCONCEPTION 
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Environmental Acoustics 

 

Inverse Square Law 

 

Sound Propagation 

 

Noise barriers 
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Acoustic Tools 
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TOOLS OF THE TRADE 
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TOOLS OF THE TRADE 
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