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This paper provides a preliminary report of an experimental study to confirm construction details that affect the 
low frequency impact sound insulation offered by platform wood frame constructions. The paper shows that 
ceiling mounting, floor stiffness, and floor toppings can be effective methods to improve impact sound insulation 
from the “bang machine” heavy impact source.  Additionally, the paper shows that in the frequency range where 
the single number ratings are controlled direct transmission dominates but flanking is sufficiently important to 
affect the apparent impact sound insulation to the room below.  Measurements of flanking transmission to 
horizontally adjacent rooms indicate that the floor-floor path can generate impact levels comparable to the direct 
path to the vertically adjacent room below.  As such, good design should consider transmission to horizontally 
adjacent rooms.  

1 Introduction 

This paper reports preliminary experimental results from a 
project to identify construction details that affect the ability 
of wood framed floors and the supporting structures to 
protect against low frequency impact noise.  Many of the 
parameters investigated here were identified in an earlier 
theoretical study [1] but needed experimental confirmation.   
In the experimental study systematic changes were made to 
a reference assembly to assess the change in impact sound 
pressure level for direct and flanking transmission 
involving the supporting structures. The assemblies were 
evaluated using three standardized impact sources:  ISO 
“tapping machine” (ISO 140-6), “impact ball” (JIS A 1418-
2, ISO 140-11), and “bang machine” (JIS A 1418-2, KS F 
2810-2).  Because of limited space this paper reports only 
results for the bang machine heavy impactor.   
While the bang machine is used in both Japan and Korea 
and the relevant test methods are virtually identical, the 
single number metrics used in the countries differ 
significantly (JIS A 1419-2, KS F 2863-2).  This has been 
discussed elsewhere and a rule-of-thumb conversion has 
been suggested [2] for heavy concrete constructions.   

2 Construction 

This paper considers the five platform wood frame 
constructions shown in Figure 1.  The is one reference 
assembly (Case 1A) and four variants (Cases 1B, 1C, 1E 
and 1F). (Data for Case 1D are not available at this time). 
All assemblies were installed in the NRC-IRC Flanking 
Transmission Facility [3].  The figure shows two variants 
assessed treatments to the mounting of the gypsum board 
ceiling (Cases 1B and 1C), one assessed the stiffening the 
floor (Case 1E) and one assessed treatment to the exposed 
floor surface in the form of floor topping placed on an 
interlayer (Case 1F).  All the floors had a sub-floor of 
19 mm oriented strand board (OSB) screwed to the top of 
the 305 mm wood-I joists, 150 mm thick insulation 
between the joists, and a double layer of 16 mm gypsum 
board supported below the joists on resilient metal 
channels. In each case the wall/floor junction included 
suitable elements to block fire spread via the floor cavity, 
and the OSB sub-floor sheathing was continuous across the 
wall/floor junction.   
The walls as shown in Figure 2 each had one row of 
38 x 89 mm wood studs, with 2 layers of 16 mm gypsum 
board screwed directly to one side, and one layer of 16 mm 
gypsum board mounted on the other side using resilient 
metal channels.  The facility has eight rooms in total – four 
on each of two levels.   

 
 

 
Case 1A: Reference floor assembly. 

 
Case 1B: Reference assembly with separate ceiling joists to 

isolate the gypsum board ceiling. 

 
Case 1C: Reference assembly with separate ceiling joists 
and resilient channels to further isolate the gypsum board 

ceiling. 

 
Case 1E: Reference assembly with number of floor joists 

doubled (joists spacing halved) and blocking and strapping 
added. Gypsum board ceiling is mounted on resilient 

channels. 

 
Case 1F:  Topping with interlayer applied to the Case 1E 

assembly. 

Figure 1: Floor ceiling assemblies used in this study. 
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Initially, the Case 1A reference assembly was installed.  
Subsequently, one floor-ceiling assembly, the floor in the 
northwest (indicated by NW in Figure 2), was 
systematically varied to create the four variants.  The floors 
in all other rooms were unchanged throughout the 
experimental series.   

NW NE

SW SE
 

Figure 2: Floor ceiling assemblies used in this study. 

Methods [3] developed in previous NRC-IRC projects and 
ISO 10848 were employed to isolate the various flanking 
transmission paths to the vertically adjoining room (direct 
and floor-wall paths), and horizontally adjoining rooms 
(floor-floor flanking path).  Sound insulation estimates are 
assigned to the direct path through the floor ceiling 
assembly, as well as receive room flanking paths when the 
walls have two layers of direct-attached gypsum board.  
The sum of these paths is the apparent sound insulation – 
the quantity used by performance-based building codes and 
quality indication systems.  
Before and periodically during the experimental series, the 
bang machine was calibrated using a RION PF-10 force 
plate and the tire pressure was adjusted as required.  

3 Results for Direct Transmission 

This section examines direct transmission to the vertically 
adjoining room below – flanking paths involving the 
supporting walls have been suppressed.  

3.1 Effect of repeated impacts 

It has been suggested that the force applied by the bang 
machine is sufficient to damage wood joist floors [4].  To 
verify this the bang machine was placed at the centre of the 
newly constructed Case 1A wood joist floor and the peak 
impact sound pressure level measured in the room 
immediately below for each of 15 consecutive impacts.  
Any averaging was performed using the measured data for 
each impact.       
Figure 3 shows that for 80 Hz and above, the first impact 
generates the greatest sound pressure level, and that 
subsequent impacts produce a lower sound pressure level.  
After about 6-10 impacts the average has stabilized.  The 
effect is greatest for the range 315 – 4000 Hz and appears 
to generally increase with increasing frequency.  In this 
range the impact level for the first impact is almost 10 dB 
greater than the stabilized level achieved after many 
repeated impacts.  It is tempting to argue that this range is 

not very important because the single number ratings in 
Japan and Korea extend from the 63 Hz octave band to the 
500 Hz octave band (i.e., 50 to 630 Hz when expressed 
using third-octave bands). However in the range where the 
single number ratings are determined the maximum effect 
was 5 dB.  
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Figure 3: Measured peak impact sound pressure level in the 
room immediately below the bang machine.  Averages are 

of the RMS pressure level for each impact.  

The figure clearly shows that during the course of the 
impact measurement the bang machine physically alters the 
vibro-acoustic response of the wood joists floor.  The effect 
is irreversible and is highly suggestive that the response is 
non-linear to the first few impacts. The cause of this is not 
known but an NRC-IRC study is examining the force 
exposure level at which the vibro-acoustic response (for 
direct and flanking transmission) ceases to be linear (and 
the transmitted sound power does not vary proportionally to 
the injected power by the impact source).   

3.2 Effect of ceiling treatments 

In this section the effectiveness of changing the mounting 
of the gypsum board ceiling is investigated.  
In Case 1B there are separate floor and ceiling joists.  The 
floor joists support the OSB subfloor and separate ceiling 
joists support the directly attached gypsum board ceiling.  
This effectively eliminates the structure borne path from the 
OSB subfloor (impacted by the bang machine) and the 
gypsum board ceiling (which radiates into the receive room 
immediately below).  In theory, the only purely structure 
borne path that remains is via the solid perimeter joist 
(rimboard) where each end of the floor and ceiling joists are 
supported by joist hangers, as shown in Figure 1.    
Figure 4 shows that relative to the reference floor with 
resiliently mounted ceiling, using ceiling joists is beneficial 
in the low (50-80 Hz) and the high (800-4000 Hz) 
frequencies.  However, in the midrange (125-630 Hz) the 
separate ceiling joists are not beneficial and increase the 
peak impact levels by 5 to 9 dB over several bands.   
Interestingly, the Japanese single number rating (Li,Fmax,r,H 
which is commonly referred to as LH) suggests that using 
ceiling joists will be marginally better – the single number 
rating is reduced – while Korean rating (L’i,Fmax,AW,H) 
suggests that ceiling joists will be marginally worse.  This 
is due to differences in the fitting procedures for the 
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reference contour of the single number rating.  The 
Japanese rating is controlled by results in the 63 Hz octave 
band and responds to the slight level reduction here, 
whereas the Korean rating controlled by the 125 Hz octave 
band reflects the level increase in this band.    
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Figure 4: Measured peak impact sound pressure level in the 
room immediately below for the Case 1A reference 

assembly, Case 1B when there were separate ceiling joists 
and directly attached gypsum board, and Case 1C where 

there were separate ceiling joists and a resiliently mounted 
gypsum board ceiling.  

Figure 4 also shows the benefit of Case 1C where resilient 
channels are placed between the ceiling joists and the 
gypsum board. Adding resilient channels causes a profound 
reduction in the impact sound pressure level in the range 
80-800 Hz relative to Case 1B.  Most bands in this range 
experience a 10 dB reduction, or more.  It is tempting to 
attribute this to enhanced vibration isolation caused by the 
resilient channels, but this would be an oversimplification 
because resilient channels reduce the both structure borne 
vibration transmission to gypsum board as well as the 
efficiency with which the gypsum board radiates [5].   
When gypsum board is directly attached to the (floor or 
ceiling) joists the wavenumbers in the gypsum board are 
significantly lowered [6] relative to the resiliently mounted 
gypsum board, and the critical frequency shifts from about 
2000 Hz to closer to 125 Hz.  This apparent shift the critical 
frequency of the gypsum board ceiling allows for 
significantly more transmission in the range 125 to 630 Hz.   
Above about 630 Hz both the first mode of the gypsum 
board sub-panels cut on and the gypsum board appears 
point-connected to the joists.  Because of these the joists 
have minimal effect and the radiation efficiency is similar 
to that of the resiliently mounted gypsum board ceiling and 
the impact sound pressure levels for the Case 1B and 1C are 
similar above about 630 Hz.  

3.3 Effect of framing treatments 

A companion paper [7] investigates the interaction between 
the impedances of the source and floor to modify the power 
injected by an impact source so only a qualitative 
discussion will be given here.  There are three ways to 
minimize the power injected by an impact source.  They are 
1.) minimize the blocked force (force exposure level) of the 
source, 2.) modify the impedance of the floor so that the 
real part of its impedance is as small as possible, 3.) modify 

the floor so that modulus of the of the sum of the floor and 
source impedance is as large as possible.  Since we are 
using a standardized impact source its properties 
(impedance and blocked force) cannot be changed.  Thus 
the general approach is to modify the floor so that it 
remains stiffness controlled in the low frequencies where 
the bang machine is also stiffness controlled. Increasing the 
mass, as we will see in the next section can be very 
effective, too.    
There are many ways to significantly stiffen a joist floor [1] 
and Case 1E did not employ all these methods. In Case 1E 
the spacing of the floor joists was halved (so the number of 
joists was doubled) which stiffens the floor significantly in 
the direction parallel to the joists but offers little increase in 
the direction perpendicular to the joists. To increase the 
stiffness in the direction perpendicular to the joists rows of 
solid blocking and strapping were added every 900 mm on 
center. Like Case 1A the ceiling was mounted on resilient 
channels.    
Figure 5 shows the impact sound pressure levels for the 
Case 1A reference assembly and the Case 1E stiffened 
floor.  From the figure it is clear that the treatments to 
stiffen the floor significantly reduce the impact levels.  The 
treatment was most effective in the range 80-200 Hz and 
translated into a 4 dB level reduction when assessed using 
the Korean rating, and a 3 dB reduction when using the 
Japanese rating.  Stiffening the floor can be an effective 
method to reduce the power injected and hence reduce 
direct transmission.  However, it must be recognized that if 
the added stiffening elements cause increased structure 
borne transmission through the floor then the benefit of the 
reduction in injected power will not be fully realized.  
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Figure 5: Measured peak impact sound pressure level in the 
room immediately below for the Case 1A reference 

assembly and the Case 1E stiffened floor.   

3.4 Effect of a floor topping 

Case 1F was formed by placing a topping consisting of two 
layers of 12.5 mm thick gypsum cellulose board panels and 
a 10 mm mineral wool interlayer on the Case 1E stiffened 
floor.  The topping had a surface density of about 24 kg/m2.     
Figure 6 shows that adding a floor topping to the stiffened 
floor results in a very significant reduction in impact levels 
over the entire frequency range, (compare Cases 1E and 
1F).  The exception is 160 Hz where the topping is 
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ineffective.  This requires investigation but is likely due to a 
resonance involving the stiffness of the interlayer. The Case 
1A reference floor is given to show that by stiffening the 
floor and applying a floor topping, heavy impact levels can 
be reduced by 10 dB over the frequency range 50-4000 Hz. 
This is reflected by the significant improvement in the 
single number ratings.   
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Figure 6: Measured peak impact sound pressure level in the 
room immediately below for the Case 1A reference 

assembly, the Case 1E stiffened floor, and the Case 1F 
stiffened floor with the topping.  

4 Results for Flanking and Apparent 
Transmission 

The previous section examined the effect of various floor 
treatments to control direct transmission through the 
nominally separating floor-ceiling assembly.  This section 
examines flanking transmission; the floor-wall path to the 
room below in the case of vertically adjoining rooms, and 
the floor-floor path in the case of horizontally adjoining 
rooms.   
We begin by examining flanking between vertically and 
horizontally adjoining rooms for the Case 1E construction 
having the stiffened floor.   It has been shown for light 
impact and airborne sources [3] that joist orientation (which 
determines if the junction is bearing or non-bearing) can 
significantly affect flanking through this junction, but has 
not be verified for heavy impact sources where the 
frequency range extends below 100 Hz.  
For the Case 1E construction, Figure 7 shows the floor-wall 
flanking path to the vertically adjoining room, and the 
floor-floor path to the horizontally adjoining room when the 
joists are perpendicular to the junction (and supported by 
the bearing wall).  Also shown for comparison is the 
estimate for direct transmission.   
It is interesting to note that for vertically adjoining rooms of 
Case 1E the impact sound pressure level due to a single 
floor-wall path involving the load bearing wall is typically 
10 dB lower than the direct path.  A single floor-wall path 
is insignificant.  Perhaps of more interest is the comparison 
between the floor-floor and floor-wall flanking paths.  The 
floor-floor path (to the horizontally adjoining room) is 
considerably stronger than the floor-wall path (to the 
vertically adjoining room below) and is comparable to the 

direct path (to the room below).  This strongly suggests that 
good design must also consider the impact transmission 
between horizontally adjoining rooms. 
Figure 8 shows the same Case 1E paths except now the 
joists are parallel to the flanking junction. By comparing 
Figure 7 and Figure 8 one can assess the effect of joist 
orientation on the flanking between vertically and 
horizontally adjoining rooms.  It is clear that the most 
noticeable difference occurs below about 100 Hz.  With the 
joists parallel to the junction flanking there is significantly 
more flanking for both the floor-floor and floor-wall paths.      
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Figure 7: Measured peak impact sound pressure levels for 
the Case 1E construction.  Shown are direct transmission, a 

single floor-wall flanking path involving a load-bearing 
wall in the room below, and the floor-floor flanking path to 

the horizontally adjoining room.   
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Figure 8: Measured peak impact sound pressure levels for 
the Case 1E construction.  Shown are direct transmission, a 
single floor-wall flanking path involving a non-load bearing 
wall in the room below, and the floor-floor flanking path to 

the horizontally adjoining room.    

5 Discussion and Conclusions 

Table 1 below provides a convenient summary of the 
change in heavy impact sound insulation for vertically 
adjoining rooms from the bang machine due to the 
construction changes considered in this paper.   
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The first thing to note is the effectiveness of the various 
treatments is weighted differently by the single number 
rating schemes of each country.  Most often the Korean 
rating scheme indicates a greater improvement.  The 
exception is Case 1B versus Case 1A where the Korean 
rating scheme suggested a reduction in sound insulation and 
the Japanese rating scheme suggested the opposite.    
 

Construction Change Change in Sound Insulation
(using country’s rating) 

Direct Flanking Apparent 

Separate ceiling joists 
instead of single joists 
and resilient channels 
(Cases 1B versus 1A) 

Japan  1 -1 1 

Korea -1 -1 -2 

    
Adding resilient 
channels (RC’s) to 
separate ceiling joists  
(Cases 1C versus 1B) 

Japan  1 2 0 

Korea 4 1 4 

    
Separate ceiling joists 
& RC’s instead of 
single floor joists & 
RC’s 
(Cases 1C versus 1A) 

Japan  2 1 1 

Korea 3 0 2 

    
Floor stiffening 
(joist spacing halved, 
blocking & strapping) 
(Cases 1E versus 1A) 

Japan  3 3 2 

Korea 4 2 3 

    
Topping applied to 
stiffened floor 
(Cases 1F versus 1E) 

Japan  7 4 7 

Korea 8 5 7 

    
Floor topping & 
stiffening applied 
(Cases 1F versus 1A) 

Japan  10 7 9 

Korea 12 7 10 

Table 1: Changes in heavy impact sound insulation for the 
indicated transmission paths to the vertically adjacent room 
below expressed using the single number rating scheme for 

each country (Li,Fmax,r,H for Japan, and L’i,Fmax,AW,H for 
Korea).  A positive number indicates an increase in sound 
insulation (and a reduction in impact levels). The apparent 
sound insulation is the sum of the direct paths and the four 
floor-wall flanking paths when each wall has two layers of 

direct attached gypsum board.   

The table shows that the most effective ceiling mounting 
treatment is to use separate ceiling joists with resilient 
channels.  (In this case the resilient channels ensure the 
radiation efficiency of the gypsum board ceiling is not 
enhanced by the direct mounting to the joists).   
Stiffening the floor while maintaining a resiliently mounted 
gypsum board ceiling is an effective method to improve the 
heavy impact sound insulation. It is slightly more effective 
than using separate ceiling joists with resilient channels. 
Adding a topping had the biggest incremental effect and is 
probably the single most important treatment that can be 
used to control heavy impact sound. Relative to the 
untreated reference floor the combination of the floor 
topping and the stiffening treatments resulted in about an 
11 dB increase in the heavy impact sound insulation.  

The table shows that treatments affect direct and flanking 
transmission differently and that the different single number 
rating schemes report different magnitudes. Typically, the 
treatments were less effective for the floor-wall flanking 
paths than the direct path through the floor/ceiling 
assembly.  While flanking transmission does not dominate, 
it does affect the single number heavy impact rating for the 
apparent impact sound insulation.   
The experimental study confirmed the construction details 
that affect the transmission of low frequency impact sound 
from the bang machine heavy impact source.  Since the 
assemblies considered were not optimised it should be 
possible to achieve greater improvements and develop 
wood frame assemblies that provide good low frequency 
impact sound insulation.  
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