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On t he menueé

- A little about myself 2 mMins
- 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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Acoustics 101
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PHYSICS OF SOUND

| C
Frequency f = }cycles per second = i Hz

o Sound Is a
pressure
fluctuation

o Travels In waves
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FREQUENCY & WAVELENGTH

Approximate wavelength (m)

100 10 1 0.1 0.01
— T T T T 1T T T T 11171 71T T 11T T TTIT.1
Home computer
, ‘beep’
ot Audi Transformer ( 22 P
huE :
I I I T 11 | [ 1 11 | R | BRRE | [T
1 10 100 1000 10000 100 000
Frequency (Hz)
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DECIBEL SCALE

Acoustic Sound Pressure level Typical
Pressure Pa (dB re 2 x 109 Examples P | o . |
- . ey v o Pressure scale is impractica
20 120 Jet Take Off at 50m ] ]

. o Decibels more convenient

perator

2 100

Moisy Factory

Lawnm ower (35) %‘J . .
0.2 80 0 Hearing response Is

Festaurant (70) Q'J |OgarithmiC
0,02 &0 Car Interior (60) ‘Q’J

Mormal VWoice at 1m '
0.002 40 Frivate Office

o Examples

0.0002 20 _

Whisper

TV studio
0.00002 0 Threshold of Hearing
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FREQUENCY WEIGHTING

oda! ¢ ¢gSAIKIGAYT
Imperfect hearing
response of the ear

oda! ¢ gSAIKOUAYT O7F
used for industrial and

: environmental noise

’ - oo assessment

T T T T T I||||||I T T T TTTT T
10 20 50 100 200 500 1k 2k 5k 10k 20k
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CHANGE IN NOISE LEVEL

Change in Sound Level (dB) Subjective Reaction
1-2 Imperceptible
3-4 Just perceptible
5-7 Appreciable
9-11 Doubling of loudness
> 12 More than a doubling of loudness
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DECIBEL ADDITION

Difference in Level Add to higher value
OtoldB +3 dB
2to3dB +2 dB
4109 dB +1 dB

> 9 dB 0dB
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SOUND POWER LEVE) (L

i Thermometer
| 7°C D

Thermal
L.oss

E —— ﬁ> |
Transmission and
R D Absorption
////j,/,//¢ g Losses
Ventilation
Grille D

SWL=WdB
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Fields in Acoustics

Building Acoustics Room Acoustics Environmental Acoustics
- Sound transmission - Concert Halls - Roads

- Facade - Studios - Airports

- Internal - Classrooms - Ports
- Footfalls - Lecture Theatres - Construction sites
- Structure-borne noise - Quarries
- Rain noise Vibration
- HVAC - Building damage Industrial

_ Amenity - Noise control

Sound system.s - Building floors - Occupational Health
Psychoacoustics _ Machinery . Enclosures

Underwater
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Room Acoustics

Sound Absorption (NRC)

Reverberation Time (RT) | I | | I l
!

Impulse Response

Diffusion
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THE BIG ACOUSTIC MYTH
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SOUND ABSORPTIUNSOUND INSULATION
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SOUND ABSORPTION

INCIDENT

When sound hits a surface
Some of it Is reflected
0000 - Some is absorbed (converted to heat)

70% absorption = U0.7
(U = absorption coefficient)

REFLECTION
30%

ABSORPTION
70%

NRC = Noise Reduction Class

Absorption Coefficient 0.7
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NOISE REDUCTION COEFFICIENT

125 250 500 1x 2x 4 Bk

o Average of values at
250, 500, 1000 and 2000 Hz

o Allows quick product comparison

o Fullh spectrum needed for desigr
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ACOUSTIC MATERIALS

Sound Absorbing Sound Insulating
o Fibreglass Battg o Concrete

o Polyester o Brick

o Wool

o Plasterbs

op
(\
O
9
o NOT Polystyrene
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Sound absorption is like Aspongei i t 0s good
sound but not good for making something soundproof

f

Ofr
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ABSORPTIONAPPLICATIONS

Q

nside enclosures
nside cavity walls

Room Treatment
A Open Plan Offices
A Classrooms

A Swimming Pools
A Churches
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HIGH FREQUENCY ABSORPTION

o Soft finishes 10
o Curtains
o Carpet
o Felt

125 250 500 1k 2k 4k
!

MARSHALL DAY ’61

Acoustics


http://www.marshallday.com

LOW FREQUENCY ABSORPTION

o Panel absorbers
o Wooden paneling over cavity
o Plasterboard walls

125 250 500 1k 2k 4k 8k
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TUNED ABSORPTION

o Perforated panels over
cavity/absorption

125 250 500 1k 2k 4k 8k
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Room Acoustics

Sound Absorption (NRC)

Reverberation Time (RT) | I | | | I I l

Impulse Response

Diffusion
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REVERBERATION TIME (RT)

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

Concert Hall Cathedral
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{1 . Lb9Q{ Chwa!'['

o Reverberation 0161V

o Directly proportional to T 60 — A
room volume

o Inversely proportional
to area of absorption T Ty e

V¥ Roomvolume ()

A  Total absorption (sabins)
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ACOUSTIC DEFECTS

oEchoes

o Flutter echo
oFocusing

oRoom modes
oBackground noise
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Room Acoustics

Sound Absorption (NRC)

Reverberation Time (RT) \/I I | | | I I l

Impulse Response

Diffusion
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SOUND IN A ROOM

Impulse Response (IR)

Sound
Level |

Time
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IMPULSE RESPONSE

08 [ Direct -
L |¥ Sound |
Reverberation
04 > _
I
> a
(¢D)
-
©
(o
- _
(@)
N
04 —
0.6 |~ ) =
Early Reflections
08 —

| | | | | |
-1
0 0.1 0.2 0.3 0.4 0.5 0.6

Time (s)
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REFLECTIONS AND HEARING

o Our hearing integrates over short intervals
A Similar to a cartoon strip

o Reflections within 5nsmake speech sound louder and clearer
A 80msfor music

o Reflections after 5tnsmay be heard as echo
AhNJI YSNHS Ayi2 0KS NBYSNDSNIYyOG ail Af
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REFLECTIONS AND HEARING

divect sound

/

JB

o 20 i Voo
Time (ms)

4B

direct sound

v/ ( reflected sound

25 ms]

[}

20

50

100
Time (ms)

4B

direct sound

A / / reflected sound

50 ms

0o 0

w L
50 100

Time (ms)

aB

direck sound
T / reflected sound \/
120 ms

100 (S

o 20 ;0
Time (ms)
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Room Acoustics

Sound Absorption (NRC)

Reverberation Time (RT) \/I I | | | I I l

Impulse Response

Diffusion
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DIFFUSION

o Scattering of sound from a surface
o Depends on size of surface modulation, relative to wavelength

o Important in performance spaces
A Balancing sound on stage
A Weaken acoustic anomalies (echo, image shifts)
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Room Acoustics

Sound Absorption (NRC)

Reverberation Time (RT) \/I I | | ‘ | I I l

Impulse Response

Diffusion \/
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Building Acoustics
Airborne Sound (STC)
Impact Sound (11C) I I | | | I I I
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NZ Building Code

Clause G617 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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STCT SOUND TRANSMISSION CLASS

TRANSMISSION LOSS, dB

50

O I O (O (N[ (O O (O O [
63 125 250 500 1000 2000 4000
FREQUENCY, hertz

o Transmission Loss (TL)

o Range of frequencies (low sounds
and high sounds)

o STC is a single figure rating
AStandardized O6curve

AEmphasis on Ospeech
frequencies
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MAXIMISING PERFORMANCE

Layers of

13mm Plasterboard STC
1 26
2 32
3 35
4 38
==
63
>

MARSHALLDAYEi

Acoustics


http://www.marshallday.com

HEAVY VS LIGHT CONSTRUCTION

Transmission Loss (dB)

0]
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STC 50 Transmission Loss Curves

T T T T T T T T T T T T T 1
50 63 80 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000

—Masonry

Frequency (Hz)

—Lightweight
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STC EXAMPLES (SPEECH)

a 1S Original Speech in source room

STC 40 STC 50 STC 60 STC 76

B IS i IS s

Receiving room
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STC EXAMPLES (MUSIC)

“{ < Original Music in source room
N

STC 40 STC 50 STC 60 STC 76

.‘. <: .‘. C: .‘. <:

Receiving room
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Building Acoustics
Airborne Sound (STC/R,,) \/
Impact Sound (IIC/L,,7,,) ! I | | I I I
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IMPACT SOUND

Sound caused by direct excitation of the
building structure

A Footfalls

A Furniture moving

A Dropping objects

A Doors, drawers and cupboards closing
A Light switches

A Mechanical equipment (lifts, etc.)
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HC T IMPACT INSULATION CLASS

10

o Range of frequencies

100 -

90

o lIC is a single figure rating

80

AStandardi zed o6cur

70 -

60

A Emphasis on low frequencies

50

O Actual level, not level difference

40 -

30

Marmalized Impact Sound Pressure level (dB)

20

] = Concrete
10 RN

r _—_—_—
63 125 250 200 1000 2000 4000 ;
frequency (Hz) q < Timber

—&— MNormalized Impact Sound Pressure level (dB) p
------ ([

Tapping Machine
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IC FACTORS 1T CONCRETE FLOOR

Concrete Floor Improve_mer_1ts:
Thickness (mm) 11C Flo@&llowgsings
75 16 @ayhg fixed directly +4
' +

100 01 Efﬁjb?ed Vlnyl+16 14
150 28 Pla qesboard 3

nded on battens +T§

Tiles with underlay +0to +24

Unl i ke STC, c¢ an 0 Plasgmgdiarbny +28
with G6 using mass alone C DR Ry +320

[nothing beats carpet!]
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Building Acoustics
Airborne Sound (STC/R,,) \/
Impact Sound (IIC/L,,) \/ | I | | | I I !
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Environmental Acoustics

Inverse Square Law
Sound Propagation | I | | | I I |
Environmental Assessments

Noise barriers
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INVERSE SQUARE LAW

sphere area
4mre

intensity at
surface of sphere

source strength

The energy twice as far from the 2r
source is spread over four times
the area, hence one-fourth the intensity. 3r
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Environmental Acoustics

Inverse Square Law

Sound Propagation ) I | | | ‘ | I I i

Noise barriers
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SOUND PROPAGATION

47 r? oL0Qa Iff 3IS2YS

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

o L, =1L, + 10log(1shapg
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SOUND PROPAGATION

oL Qa Iff 3IS2YSI

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

oL, =L, + 10log(1shapg

66 MARSHALL DAY a
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SOUND PROPAGATION

oL0Qa Iff 3IS2YSI

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

o L, =L, + 10log(1shapg
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SOUND PROPAGATION

2’rh  oL0O0Qa Fff 3S2YSI

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

oL, =1L, + 10log(1thapg
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SOUND PROPAGATION

“rh oL(GQa Iff 3IS2YSi

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

o L, =L, + 10log(1shapg
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Environmental Acoustics

Inverse Square Law \/

Sound Propagation \/ ) I | | | ‘ | I I I

Noise barriers
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NOISE BARRIERS

R Acoustic Barrier

70 dBA 2] 60dBA

e t::::::;
Aot
@ s

%74 Transmitted sound
Ea2d  (greatly reduced)

sound

-----------------------------------------------------
-------------------------------------------------------
ooooooooooooooooooooooooooooooooooooooooooooooooooooooo
-------------------------------------------------------
-------------------------------------------------------
.......................................................
.......................................................

o Barrier height and length

o Most effective close to source

or receiver
o Needs to break lin@f-sight
o Leakage over the top

o Surface density of barrier
material 10¢ 15 kg/n¥
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NOISE BARRIERS

G
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COMMON MISCONCEPTION
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Environmental Acoustics

Inverse Square Law \/
Sound Propagation \/ ) I | | | I I I
Noise barriers \/
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Acoustic Tools
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TOOLS OF THE TRADE
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