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Why do we address noise in MURBs? 

Noise as a public health issue (WHO):

• Increased risk of myocardial infarction, hypertension,

sleep disturbance and cognitive impairment in children

• At least 1 million healthy life years lost per year

At least 12,000 premature deaths per year

(estimates for environmental noise in Western Europe)

Noise as a social issue (NRC):

• Poor protection from noise transmission blamed on neighbours rather than

building performance
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Why do we address noise in MURBs? 

National Building Code of Canada (NBC):
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Acoustic performance requirements in Canada before 2015

STC ≥ 50 for the separating wall or floor/ceiling between dwellings 

4

• To comply, simply choose a wall or floor design that meets this requirement



Acoustic performance requirements in Canada

2015 / 2020 National Building Code of Canada
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Acoustic performance requirements in Canada

The ASTC rating

6

• Takes into account the direct path and all of the flanking paths

Direct 

Transmission

(STC)

Flanking 
paths via 
other surfaces

Apparent  Transmission

(ASTC)

Direct 

Transmission

(STC)

Flanking paths

via other surfaces

Apparent  

Transmission

(ASTC)

• More accurately represents what people actually experience



Acoustic performance requirements in Canada

Total of 12 flanking paths and one direct path for each case

Side view Top view
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What does the ASTC rating mean for building design?

The ASTC rating cannot be determined directly from the STC rating

8

• The two ratings are not interchangeable



What does the ASTC rating mean for building design?

The building needs be considered as a system

9

• The acoustic performance of all the connected elements (walls, floors, ceilings) must be 

considered



Acoustic performance requirements
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Acoustic performance requirements in Canada

Part 5 of the NBCC provides three paths for demonstrating compliance

11

1. Post completion field testing

2. Prescriptive procedure (Part 9), based on existing tables of assembly 

STC values plus new details for specific types of construction

3. Detailed design procedure (Part 5) which uses laboratory test data for 

specific assemblies and junctions



Field testing
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Acoustic performance requirements in Canada

Part 5 of the NBCC provides three paths for demonstrating compliance

13

1. Post completion field testing

2. Prescriptive procedure (Part 9), based on existing tables of assembly 

STC values plus new details for specific types of construction

3. Detailed design procedure (Part 5) which uses laboratory test data for 

specific assemblies and junctions



Prescriptive procedure (Part 9)
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HORIZONTAL TRANSMISSION -1 
Minimum requirements for assemblies in side-by-side spaces  
with separating walls W5, W6, W10, W12 (see Table A-9.10.3.1.A) 

Illustration for one case of this group 
 

 

Junction of separating wall with floor and 
ceiling. Illustrated for separating wall W5 
with wood-I joists perpendicular to the wall; 
other choices are possible. (Side view) 

 

Junction of separating wall with abutting 
side walls illustrated for separating wall W5 
with side wall framing continuous across 
junction.   Other choices are possible. 
(Plan view) 

 
Separating wall assembly (loadbearing or non- loadbearing) with 

• 38 mm x 89 mm wood studs (single row of wood studs or staggered 
studs on a single 38 mm x 140 mm plate)  

• resilient metal channels on one side   

• gypsum board, spacing of studs and resilient metal channels
1
, and 

absorptive material
2
 as required for Walls W5, W6, W10, W12 in 

Table A-9.10.3.1.A with STC 50 or greater 

Bottom Junction (separating wall and floor) with: 

• floor topping and flooring on both sides of the junction, with mass 

8 kg/m
2
 or greater (e.g.- 16 mm hardwood strip flooring aligned 

parallel to separating wall, or added layer of 16 mm OSB or plywood 

with any flooring on top) 

• subfloor on both sides of  plywood, OSB or waferboard (15.5 mm or 
thicker), or tongue and groove lumber (17 mm or thicker),   

• floor framed with wood joists or wood I-joists or wood trusses spaced 
400 mm o.c. or more, with or without absorptive material

2
 in cavities 

• floor joists/trusses oriented parallel to separating wall (non-
loadbearing case), or perpendicular to separating wall but not 
continuous across junction (loadbearing case, as illustrated)  

Top Junction (separating wall and ceiling) with: 

• ceiling framed with wood joists, or wood I-joists, or wood trusses, 
with or without absorptive material

2
  in cavities 

• ceiling joists/trusses may be perpendicular to separating wall and not 
continuous across junction (loadbearing case, as illustrated) or 
parallel to junction (non-loadbearing case) 

• gypsum board ceiling fastened directly to bottom of ceiling framing or 
on resilient metal channels

1
  

Side Junctions (separating wall and abutting side walls) with: 

• gypsum board on side walls ends or is cut at the separating wall; it 
may be attached directly or on resilient metal channels

1
   

• side wall framing with single row of wood studs, or staggered studs 
on a single 38 mm x 140 mm plate, or 2 rows of 38 mm x 89 mm 
wood studs on separate 38 mm x 89 mm plates, with or without 
absorptive material

2
  in cavities 

• side wall framing structurally-connected to the separating wall; it may  
terminate where it butts against framing of the separating wall, or be 
continuous across junction (as illustrated) 

 

Possible changes to details to improve sound insulation beyond minimum requirement: 

• Increase mass of floor topping and flooring (e.g. - concrete or gypsum concrete topping). 

• Choose separating wall assembly with higher STC  

• Orient floor and ceiling joists to be parallel to separating wall (non-loadbearing case). 

• Add resilient layer under floor topping or between topping and flooring 

• Support gypsum board panels of ceiling on resilient metal channels
1
  

• Support gypsum board panels of abutting side walls on resilient metal channels
1
 

 
Note: Suggested improvements are in approximate order of acoustic priority

3
, and are inter-dependent.   

 

Floor topping

+ covering 

Specific Requirements

(9.11.1.4)

• Separating wall with STC ≥ 50

• Details for the floor / ceiling

• Details for the adjoining walls

• Details for the junctions 

between the elements

Possible Changes

• Options to increase the ASTC 

rating

(Table A-9.11.1.4-B)

Illustration for One Case

(Table A-9.11.1.4-A)

• Not the only acceptable 

case, but serves to 

illustrate the elements



Prescriptive procedure (Part 9)
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• Requires key construction details for the flanking elements

• Limited set of choices



Acoustic performance requirements in Canada

Part 5 of the NBCC provides three paths for demonstrating compliance
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1. Post completion field testing

2. Prescriptive procedure (Part 9), based on existing tables of assembly 

STC values plus new details for specific types of construction

3. Detailed design procedure (Part 5), which uses laboratory test data for 

specific assemblies and junctions



The ASTC rating is calculated using the method described in

ISO 12354-1, previously ISO 15712-1

Detailed design procedure (Part 5)

17

Heavy, homogeneous construction Light-frame construction



Detailed design procedure (Part 5)

Described in Research Report RR-331

18

Sixth edition (2023):

https://doi.org/10.4224/40003444



Research Report RR-331

One of the outputs of industry-supported SIG ASTC

19

https://doi.org/10.4224/40003444



Research Report RR-331
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• Explains the ASTC rating

• Step by step instructions to calculate the ASTC rating for different construction types

• Presents the equations used for the calculations

• Explains how to calculate improvements due to toppings or linings

https://doi.org/10.4224/40003444



Research Report RR-331

Linings for building elements

21

• The term linings is used for: 

o Toppings on floors

o Linings on walls or ceilings



Research Report RR-331

Linings for building elements
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• For heavy, homogeneous constructions a change due to the lining is presented

o Concrete

o Mass Timber

• The data is presented either in 1/3 octave bands or as a single number rating ∆STC



Research Report RR-331

Linings for building elements
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• For lightweight constructions

o Timber framed 

o Lightweight steel studs

• The improvements due to linings can not be calculated separately, but must be part of the 

measurements on the structure. 

• The Δ𝑆𝑇𝐶 can not be used 



Research Report RR-331

Calculation examples for several construction types

24



Research Report RR-331

RR-331 describes two calculation methods:

• Simplified – uses single number ratings (STC, ∆STC)

• Detailed – uses data in 1/3 octave bands between 125 Hz and 4000 Hz

• Concrete construction: transfer lab → in-situ values only in detailed method

→ higher in-situ performance

• Generally: better prediction for linings with detailed method

25



soundPATHS
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soundpaths.nrc-cnrc.gc.ca

Online web tool for calculating the ASTC rating

Output of industry-supported SIG ASTC



Publications with the data

RR-331 + soundPATHS supported by:

27
Updates to most of these in progress!



Conclusion – ASTC

ASTC requirements adopted in all provinces and territories

Considering flanking transmission results in

• Better design that takes perceived performance into account

• Cost-effective solutions (less overdesign, less remediation)

NRC-developed, industry-supported tools available

Continuous updates, when new research + data is available

28



Impact sound – Everyone‘s upstairs neighbors

29



Impact noise in MURBs

• Big(gest) source of residential complaints

• Canada one of the last countries without protection

against impact sound in the building code

• Increased exposure due to Covid-19 pandemic

and increase in Working-From-Home arrangements

• Continuation of progress made with NBC 2015 change to ASTC

• Codes system: code change request received, task accepted

30



Impact noise – what it is and how to measure it

Impulsive sounds, generated

by contact with the floor surface

Measured using

• Tapping machine: NISPL, (A)IIC

• Rubber ball: LiAF,max
Lr

31



Field study (with Carleton/UofT)

Determine status quo in Canadian buildings

• Airborne and impact sound

• Outdoor-indoor noise

MURBs in GTA and Ottawa

• Acoustic measurements in unoccupied buildings

• Follow-up survey once buildings were occupied

32



Field study (with Carleton/UofT)

33

Building Construction 

completion 

year

No. of 

floors

No. of units 

(occupants)

Floor construction Wall construction

A 1969 6 288 units 

(304 occupants)

Linoleum flooring + 160 mm 

concrete slab with concrete topping 

(Approximation from available 

drawings)

Two types of walls: 

- Concrete sheer wall + lath + plaster, 

and

-  Hollow stud wall

B 2003 8 260 units 

(237 occupants)

200 mm concrete slab

(Information about floor finish not 

available)

Two layers of 16 mm gypsum board + 

metal stud + 152 mm batt insulation + 16 

mm gypsum board

C 2021 6 50 units Wood finish resilient plank + 254 

mm hollow-core concrete slab

Two layers of 16 mm gypsum board + 

metal stud + 92 mm sound attenuation fire 

blanket insulation + Two layers of 16 mm 

gypsum board

D 1967 

(Retrofitted in 

2021)

18 146 units Vinyl flooring + 204 mm concrete 

slab

13mm gypsum board + 9.5 mm gypsum 

board + 152 mm concrete block + 9.5 mm 

gypsum board+ metal stud + 16 mm 

gypsum board

E 2021 6 108 units Vinyl flooring + acoustic underlay + 

250 mm concrete slab

Two layers of 16 mm gypsum board + 

metal studs + 89 mm acoustic batt 

insulation + air space + metal stud + 89 

mm acoustic batt insulation + Two layers 

of 16 mm gypsum board



Field study (with Carleton/UofT)

Airborne sound transmission results (vs ASTC 47)
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Field study (with Carleton/UofT)

Impact sound transmission results (vs AIIC 47)
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Field study (with Carleton/UofT)

Field test results show

• Urgency of problem

• Easily achievable successes
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Background / current NRC research

Understand connection between perceived 

annoyance and standardized measurements

→ building codes

Laboratory studies under different conditions 

and in different countries

Key questions:

• Which rating metric is the best predictor of annoyance?

• What is the difference between impact sources?

37



Laboratory study of impact noise

38

Floor testing facility Anechoic chamber



Laboratory study of impact noise

39

1 m

0.1 m

with shoes

with sockshammer 

drops

or

+

different toppings / linings

CLT LW timber frame

5 impact sources 12 floor-ceiling assemblies

IIC LiAFmax

Min 24 53

Max 59 81



Canada

Loudspeakers

Korea

Headphones

Germany

Loudspeakers + Headphones Virtual Reality

Listening experiments – in the lab

Participants:

• Canada: 26

• Korea: 30

• Germany: 30 / 20 / 30

Age range: 20 – 70 years



Listening experiments – not in the lab …

41



Online listening survey

42



Rating procedure

Online listening survey

43



Online listening survey

Post-survey questionnaire
• Country of residence, age

• Hearing ability, equipment used

• Living situation

• Noise sensitivity

44



Listening experiments – Results

Consistent rating according to total loudness

Good agreement between online vs laboratory

High correlation with standard metrics for most sources

Low-frequency metrics important for barefoot walking

What to do with this information?

45



Proposed NBC changes for impact sound

Change objective OH3 to include impact sound

(currently only airborne sound)

Add impact sound requirements to Part 5 and Part 9 of NBC

• Requirement of

• minimum AIIC 47, or

• Minimum IIC 50 + adjoining construction details from Part 9

46



Proposed NBC changes for impact sound

Three paths for demonstrating compliance

47

1. Post completion field testing (ASTM E1007)

2. Prescriptive procedure (Part 9), based on ASTM E492 lab data (IIC)

plus new details for specific types of construction

3. Detailed design procedure (Part 5), which uses the calculation method

following ISO 12354-2

→ RR-332



The AIIC rating is calculated using the method described in

ISO 12354-2

Detailed design procedure (Part 5)

48

Heavy, homogeneous construction Light-frame construction



Detailed design procedure (Part 5)

Flanking measurements for light-frame and hybrid construction

49



Detailed design procedure (Part 5)

Described in RR-332

• ISO 12354-2 methodology

• Converted to ASTM metrics

(ISO metric lower for better performance)

50



Research Report RR-332

51

Special Interest Group on Impact Sound



Research Report RR-332

52

• Explains the AIIC rating

• Step by step instructions to calculate the AIIC rating for different construction types

• Presents the equations used for the calculations

• Explains how to calculate improvements due to toppings or linings



Research Report RR-332

Transmission paths for impact sound

53

Vertical: 1 direct + 4 flanking Horizontal: 0 direct + 2 flanking



Research Report RR-332

Improvement due to linings

(concrete and mass timber)

• Impact data for direct floor-ceiling path

• Impact and airborne data for floor-wall and floor-floor

flanking paths

• ASTM E2179 (ΔIIC) for concrete

• New reference curves for mass timber

(ISO 717-2)

54



Research Report RR-332

Improvement due to linings

 

55Airborne → RR-331 and RR-335

NISPL1 NISPL2

Reference

ΔNISPL

ΔIIC



Research Report RR-332

Calculation examples for several construction types
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Examples: 200 mm concrete (horizontal)

Combined

AIIC

37

Combined

AIIC

40

Combined

AIIC

63

Detailed method:

Combined

AIIC

63

63



Direct Flanking Combined

IIC IIC AIIC

55 58 53

Direct Flanking Combined

IIC IIC AIIC

55 58 53

58 62 56

Examples: 200 mm concrete (vertical)

Direct Flanking Combined

IIC IIC AIIC

30 33 28

Direct Flanking Combined

IIC IIC AIIC

54 52 50

Detailed method:



Combined

AIIC

47

58

Examples: 5-ply CLT, 175 mm (horizontal)

Combined

AIIC

31

Combined

AIIC

46

Combined

AIIC

47

Detailed method:



Direct Flanking Combined

IIC IIC AIIC

60 55 54

62 61 59

Direct Flanking Combined

IIC IIC AIIC

60 55 54

Examples: 5-ply CLT, 175 mm (vertical)

Direct Flanking Combined

IIC IIC AIIC

25 35 25

Direct Flanking Combined

IIC IIC AIIC

60 49 48

Detailed method:



Examples: 305 mm wood I-joists (horizontal)

61

Combined

AIIC

33

Combined

AIIC

52



Examples: 305 mm wood I-joists (vertical)

62

Direct Flanking Combined

IIC IIC AIIC

44 45 41

Direct Flanking Combined

IIC IIC AIIC

55 ≥53 ≥51



soundPATHS

Updated to include

• (A)IIC calculation

• Laboratory data

63



Conclusion – AIIC

Impact noise not (yet) addressed in NBC

SIG Impact Sound is

• Raising awareness

• Collecting data

• Developing design tools (RR-332, soundPATHS)

64



The NRC is measuring the transmission loss of the wall assemblies in

Part 9 of the NBCC

• Updates to Part 9 tables + RR-336

• Data to be included in soundPATHS

Ongoing work at the NRC

65



Research on mass timber, especially hybrid construction

(mass timber floors + light-frame walls)

Ongoing work at the NRC

66



New floor and wall facilities

67

Floor testing facility Wall testing facility



New flanking facilities

68

Four-room flanking facility Two-room flanking facility



Summary

In partnership with industry, the NRC has developed a number of tools to 

help with the calculation of the ASTC and AIIC rating

• RR-331 and RR-332

• Research publications

• ASTC calculation workshops (AIIC in the future)

• soundPATHS

69
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