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Abstract   This paper reports findings from a recently completed study of flanking sound 

transmission involving the wall/floor junction in wood framed buildings.  The paper 

examines how common construction details affect flanking paths between rooms 

separated vertically by a floor/ceiling assembly.  Variables considered include: the 

mounting conditions and orientation of joists, the framing of the wall assembly, and the 

mounting and number of layers of gypsum board. Estimates of the apparent sound 

insulation were obtained by summing the energy transmitted via the direct path through 

the floor-ceiling assembly and all the flanking paths involving four wall-floor junctions.  

Results indicate that if there is no floor topping (i.e., the subfloor is bare) then it is quite 

likely that the apparent sound insulation for both airborne and impact sources will be 

limited by flanking.  Three different toppings are considered as treatment options for the 

floor, and additional layers of gypsum board and resilient mounting are considered as 

options for the walls.  The effectiveness of each option is considered and discussed.   

1. INTRODUCTION 

This paper only considers transmission of 

impact (footstep) sound from the floor of 

one room, to the room below, as indicated in 

Figure 1.  This is just one small part of a 

large recent project.  

 

A report providing an overview of the 

complete experimental study [1], and a 

simplified design guide based on the results 

of that study [2] are available.  Previous 

papers have addressed other aspects of 

flanking transmission in these constructions, 

for horizontal transmission with airborne 

sources [3,4] or impact sources [5].     
 

Figure 1 – Illustration of typical transmission paths 
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All the results reported in this paper are based on measurements of normalized impact sound 

pressure level using the standard impact hammer box, according to the requirements of ISO 

140-6 and ISO 10848-1, with some specific exceptions that are noted where they apply.  The 

basic procedures are essentially equivalent to those of ASTM standard E 1007.  To identify 

the sound power transmitted via specific paths, three walls of the room below were vibration 

isolated to suppress sound radiation.  Hence essentially all the impact sound into the room 

below was transmitted via one wall and the ceiling surface.  The “Apparent Normalized 

Impact Sound Pressure Level” is a measure of transmission due to the wall and ceiling 

together.  “Direct Normalized Impact Sound Pressure Level” due to transmission through 

just the floor-ceiling assembly could be measured by masking this one wall (as described in 

the standards).  From the difference between these measures, the corresponding “Flanking 

Normalized Impact Sound Pressure Level” due to flanking transmission via the wall could be 

calculated.   Once these had been determined, estimates of the apparent sound insulation for 

an impact source in a building were obtained by summing the energy transmitted via the 

direct path through the floor-ceiling assembly and all the flanking paths involving the four 

wall-floor junctions.  

 

The results in this paper apply to wood-framed constructions, and most of the data were 

obtained with three wall/floor details illustrated in Figure 2.  Each wall 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. 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.   

(a) (b) (c)(a) (b) (c)(a) (b) (c)

 
 

Figure 2: Construction details of three wall/floor systems evaluated.  The joists were oriented (a) parallel to the 

wall, (b) perpendicular to the wall, and (c) with joists continuous across the wall and perpendicular to it. 

A smaller series of measurements with the same floor construction and double wood stud 

walls (2 rows of 38 x 89 mm wood studs with gypsum board screwed to the outside faces) 

was also performed.  

2. RESULTS AND DISCUSSION 

Figure 3 shows the normalized impact sound due to flanking via a single wall in the room 

below.  Clearly the flanking transmission via the wall depends significantly on the joist 

orientation relative to the wall.  However, the difference between single- and double-stud 

wall framing was small, so an average over the wall-framing cases can reasonably be used to 



create an estimate of the flanking for the discussion below.    
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Figure 3: Flanking Normalized Impact Sound Pressure Level due to path via a single wall in the room below, 

with 2 layers of direct-attached gypsum board on the flanking wall, and impact source at 2.2 m from the wall. 

 

To clarify the physics of structure-borne transmission in the wall/floor system, the flanking 

transmission in Figure 3 was measured with the standard impact source centered at a set of 

positions 2.2 m from the wall (deliberately deviating from the set of positions distributed 

over the whole surface as specified in ISO 140-6 and ISO 10848-1).  This measurement 

approach was used as the basic characterization for all the constructions evaluated in this 

project.  These basic measurements were supplemented with tests using other positions for 

the standard impact source, and with multi-point accelerometer measurements of propagation 

across the floor, to characterize the vibration transmission for each floor system.  This 

combination of information – which is presented more fully in the detailed report [1] – was 

used for the analysis presented below.     

 

As shown in preceding papers [4,5] the vibration response is dominated by the direct field in 

these well-damped constructions, so the vibration energy reaching the wall-floor junction 

depends on location of the impact source.   

 

Flanking impact SPL (due to transmission across the floor surface, through the floor/wall 

junction and into the room below by radiation from the wall) increases as the source moves 

towards the floor-wall junction, or decreases as it moves away.  The change is greater when 

the floor joists are parallel to the junction because attenuation across the floor is stronger in 

that direction.  This is evident from the results shown in Figure 4.  



-10

-8

-6

-4

-2

0

2

4

6

8

10

63 125 250 500 1000 2000 4000

Frequency, Hz

C
h

a
n

g
e

 i
n

 F
la

n
k
in

g
 I

m
p

a
c
t 

S
P

L
, 

d
B

 

1.2m closer to junction

joists parallel

1.2m closer to junction

joists perpendicular

1.2m farther from junction

joists perpendicular

1.2m farther from junction

joists parallel

 
Figure 4: Change in flanking impact sound pressure level due to via one wall with 2 layers of direct-applied 

gypsum board, when impact source is moved on the bare OSB floor surface relative to floor-wall junction  

Obviously the observed propagation deviates from the simple reverberant field assumption 

implicit in the EN/ISO 12354 prediction of flanking transmission, and hence one needs a 

different measurement and calculation approach for localized impact sources on these 

lightweight framed systems.     

 

Fortunately, a design estimate can be obtained by considering the effect of all paths in the 

typical situation where the floor is connected to four walls of the room below, so floor joists 

are parallel to two walls and perpendicular to the other two.   

 

A number of scenarios were evaluated, and it was found that different positions of the impact 

source on the floor above had little effect on total sound power transmitted by the 

combination of the four flanking paths.   

 

The resulting calculated values for flanking impact SPL due to paths involving all four 

flanking walls are compared with direct transmission through the floor in Figure 5, for 

several different treatments of the walls in the room below.  The case with a double layer of 

gypsum board screwed to the framing of all the walls in the room below corresponds to the 

averaged results presented previously in Figure 3 for a single flanking wall. With a double 

layer of direct-applied gypsum board on the walls below, the Normalized Impact Sound 

Pressure Level due to flanking via the four wall paths is quite similar to that for the direct 

path.   
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Figure 5: Normalized Impact Sound Pressure Level due to the direct path through the floor-ceiling  

assembly, or combined flanking paths for all four walls in the room below 

With a single layer of gypsum board screwed to the walls, the flanking transmission is even 

stronger, and dominates the apparent impact sound at the mid frequencies.  Mounting the 

gypsum board on resilient metal channels reduces the flanking transmission by more than 

10dB at most frequencies, so the apparent transmission due to all paths would closely 

approach that for direct transmission.  Note that these changes due to the wall treatment 

should apply for all flanking cases, and not only for the bare subfloor case illustrated above.    

 

In addition to the changes that can be achieved by altering the walls in the room below (as 

shown in Figure 5), one could also modify the impact sound transmission by altering the 

ceiling or by changing the floor surface in the room above.  Obviously using a single layer of 

gypsum board, or eliminating the resilient support of the ceiling could make things worse, but 

the case considered is close to the best attenuation for a practical gypsum board ceiling.   

 

The remaining option for reducing impact sound transmission is to modify the floor surface, 

by adding a topping over the basic OSB subfloor, or by adding a floor covering, or by adding 

both.  Changing the floor surface alters impact sound transmission in two ways – changing 

the power injected into the floor by the impact, and/or altering the transmission across the 

floor surface to the floor-wall junction.  The former affects both direct and flanking 

transmission, whereas the latter primarily affects the flanking.  Hence one must evaluate the 

changes for both direct and flanking paths.   

 

Three different floor toppings were evaluated with the floor/wall systems presented here: a 

second 19 mm layer of OSB stapled to the underlying OSB subfloor, a 25 mm layer of 

gypsum concrete bonded to the subfloor, and a 38 mm layer of gypsum concrete installed 

over a 9 mm-thick proprietary resilient interlayer.  
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Figure 6: Effect of adding a topping of 19 mm OSB stapled to the subfloor, on the impact sound  

pressure level due to the direct path or due to one flanking wall.   

Changes in impact sound transmission due to adding the OSB topping are shown in Figure 6. 

Clearly the changes are similar for the direct and flanking paths, but they are not identical.  

For most frequencies, the topping gives more improvement in the flanking transmission 

(i.e. – lowers the flanking impact SPL more) when the floor joists are perpendicular to the 

wall junction, than when they are parallel.   

 

Figure 7 shows a similar trend associated with joist orientation in corresponding changes in 

impact sound transmission due to adding a 25 mm layer of gypsum concrete bonded to the 

subfloor.  At the lower frequencies, a significant improvement due to the added mass is 

evident.  But for both the direct and flanking paths, the impact sound at higher frequencies is 

significantly worsened by addition of this topping, because the hard surface of the gypsum 

concrete increases power transfer from the standard tapping machine.   

 

Adding the bonded gypsum concrete topping also significantly changes vibration propagation 

across the floor surface (so in Figure 7, the change in direct transmission differs significantly 

from that for flanking) and the flanking change is different for the two joist orientations.  The 

bonded gypsum concrete topping reduces the significance of the anisotropy due to the joists, 

so propagation with the topping is similar parallel or perpendicular to the joists [4].  

Unfortunately the improved vibration transmission across the floor significantly increases 

flanking transmission relative to the direct path, especially when the joists are parallel to the 

wall (because the benefit of this orientation with the bare subfloor is lost).  
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Figure 7: Effect of a topping of 25 mm gypsum concrete bonded to the subfloor, on the impact sound  

pressure level due to the direct path or due to the flanking path for one wall 
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Figure 8: Effect of a topping of 38 mm gypsum concrete over a resilient interlayer, on impact sound 

 pressure level due to the direct path or due to the flanking path for one wall 



Figure 8 shows that with a 38 mm layer of gypsum concrete installed over a resilient 

interlayer, the relative change with joists parallel or perpendicular shows a trend similar to 

that for other toppings, but the impact levels tend to be lower than with the bonded concrete, 

especially at the higher frequencies.   Again the change is very different for the direct path 

and the flanking paths.   

 

Although the benefit of the heavy gypsum concrete toppings is evident at lower frequencies, 

the preceding figures exhibit what appears to be a significant worsening of impact 

transmission at higher frequencies due to the hard surface.  This “problem” is largely an 

artifact of the test situation – in practice some form of covering (such as carpet or vinyl 

flooring) would be installed over the topping.   To assess the practical benefit of adding a 

floor topping, one should consider the two cases with the same realistic floor covering.  

 

To provide a consistent estimate of the effect of floor coverings, impact testing for all floors 

in this study included measurements with several finishing surfaces. In all cases this included 

a patch of carpet and a patch of vinyl flooring (see [1] for their properties).  Adding these 

patches provides a reasonable indication of the effect of such limp resilient materials on 

power injected into the floor by the standard impact source, but does not capture the possible 

additional effect on the flanking transmission across the floor surface that might be expected 

with full coverage of the floor.  Hence these tend to indicate a lower bound of the 

improvement that could be expected due to such floor coverings.  The incremental effect was 

sufficiently similar for all paths so the effect could be characterized by an average over the 

many cases with each kind of topping.  Figure 9 shows the average effect for an added carpet, 

and the corresponding changes due to adding vinyl flooring are given in Figure 10.   
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Figure 9: Change (for direct or flanking paths) due to adding carpet floor covering 

As expected, the effect is similar for OSB surfaces (with topping or bare subfloor) but there 



is a greater high frequency improvement when they are applied over gypsum concrete.   

When the effect of these floor surfaces is included, the increase in high-frequency impact 

levels with the bare gypsum concrete surfaces is put into perspective as much less of a 

practical concern, because the single-number impact rating tends to be controlled by the low 

and mid-frequencies.   
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Figure 10: Change (for direct or flanking paths)  due to adding vinyl floor covering 

Note that throughout the presentation of the changes due to wall surfaces, floor toppings, and 

floor coverings, the incremental effect has not been expressed in terms of single number 

ratings.  These modifications introduce significant changes in frequency dependence of the 

resulting impact sound pressure level, and those dependences can be quite different for the 

various direct and flanking paths.  Hence single-number ratings should be introduced only at 

the end of the process, when dealing with the final apparent normalized impact sound 

pressure level that includes the cumulative incremental effects on all paths.   

3. SUMMARY AND/ OR CONCLUSIONS 

This paper has illustrated how experimental characterization of the direct and flanking sound 

transmission paths in wood framed construction can lead to a manageable set of path 

attenuation terms to represent the effect of specific design tradeoffs.  Because of the physical 

complexities associated with highly-damped orthotropic constructions, the measurement 

process and the calculations to integrate the effect of the various paths must differ from those 

of EN/ISO 12354 and ISO 10848-1 (which are based on simpler reverberant field 

approximations).   

 

Research to date has characterized only a subset of common lightweight framed construction 

options. Many materials and many construction details were kept constant, to avoid masking 



the effect of the systematic modifications.  As a result, clear and consistent trends could be 

associated with specific construction changes, but it must be recognized that the results do 

not capture the effect of all significant variants.  Obviously some variation is to be expected 

in practice due to substitution of “generic equivalents” or changing specific design details.    

 

Despite this caveat, the authors believe that trends shown here do provide a good estimate of 

the flanking in typical wood-framed constructions, and that a suitable framework for 

assessment and design has been established.   
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