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ABSTRACT
This paper examines the effectiveness of toppings to control direct and flanking paths for an
impact source placed on a wood-I joist floor. The change in flanking sound insulation due to
adding a topping is shown to be different for paths where energy propagates perpendicular to
the joists, compared to those where energy propagates parallel to the joists. Floor vibration
mappings reveal that a topping will change not only the power injected but also the propagation
losses across the floor. The most effective toppings reduce input power and increase
propagation losses relative to the bare floor.
One type of topping exhibits significant
improvement in the flanking sound insulation in one direction and a significant worsening in the
other. The results are used to establish the basis for a semi-empirical model for flanking
transmission in structures with very high internal losses.

INTRODUCTION AND EVALUATION METHODS
This paper compares the impact sound pressure levels (ISPL) measured between room pairs
AB and AC for the assemblies shown in Figure 1 and Figure 2. From these comparisons it is
demonstrated that, in general, the improvement for direct transmission will not match that for
flanking transmission involving the floor surface. The change in the impact sound insulation
between room pair AB is examined with the joists parallel to the junction (Figure 2), and with
them perpendicular (Figure 1). The improvement for floor flanking paths can be strongly
dependent on joist orientation.
The wall construction details of the assemblies in Figure 1 and Figure 2 are identical, each
having single-stud framing with glass fiber insulation. There were two layers of 16 mm gypsum
board attached directly to the studs in rooms A and C, and 1 layer of 16-mm gypsum board
attached via resilient channels to the other side. Both floors comprised 18-mm OSB subfloor,
300-mm wood-I joists, glass fiber insulation, resilient channels, and two layers of 16-mm
gypsum board. The OSB subfloor was continuous under the partition wall in both cases. In the
case with the joists perpendicular to the partition wall, the joists were continuous under the wall.
Both floors had continuous framing members to provide increased resistance against wind and
seismic loading. When the joists were parallel, blocking (for fire resistance) was provided by

continuing the gypsum board on the room C side to the under side of the subfloor, and by
adding a layer of gypsum board to the room B side of the joist at the junction. With the joists
perpendicular to the wall, blocking was achieved by the insertion of sections of a wood-I joist at
the junction.
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Figure 1: Sketch of the test specimen
with joists perpendicular to the junction.
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Figure 2: Sketch of the test specimen with
joists parallel to the junction.

The two toppings shown in Table 1 are a small subset of those studied in a recent IRC/NRC
study [1], but are sufficient to identify the important trends. The toppings were applied in both
rooms A and B.
Material

Nominal Thickness,
Surface Density,
Application
3
mm
kg/m
OSB overlay
18 mm
11.7
Stapled 305 mm o.c.
Gypsum-concrete
25 mm
47.1
Bonded with agent
Table 1: Properties of the topping layers and their method of application to the subfloor.
The oriented strand board (OSB) overlay consisted of adding a second layer of the subfloor
material. The OSB overlay was not continuous under the partition wall, stopped short of the
sole plate of the wall, and did not contact the gypsum board. The bonded gypsum-concrete
was applied according to the manufacturer’s recommended practice which is to apply a
bonding agent to the subfloor and then pour the slurry in place allowing bonding to all surfaces
contacted. This bonding includes the gypsum board of walls in rooms A and B. Generally
following the procedures of ISO 140-7, the impact sound pressure levels were measured with
the ISO hammer box located at the same four positions near the center of the floor in room A,
approximately 2.3 m from the wall/floor junction.
There are two primary transmission paths from room A to room C for a floor impact source. The
flanking path from the floor surface to the lower wall (in room C) being less important than the
direct for the cases considered here. Since both of these paths involve the floor this allows
direct comparison of the ISPL with and without the topping to assess the effectiveness of the
topping to control direct transmission. For room pair AB, the only transmission path is flanking
involving the floor in room A. Thus the ISPL measured in room B with and without a topping
can be used to assess the effectiveness of toppings to control floor flanking paths.

EFFECT OF TOPPING ON DIRECT AND FLANKING TRANSMISSION
Figure 3 shows the change in the receiver room ISPL due to adding an 18 mm OSB overlay.
The figure indicates that the overlay reduced the ISPL (improved sound insulation) for both
direct transmission (between room pair AC) and flanking transmission (between room pair AB).

For frequencies above 200 Hz, regardless of the orientation of the joists, there is a greater
reduction in ISPL for room pair AB than AC. The OSB topping is more effective at controlling
flanking transmission involving the floor surface than direct transmission.

Figure 3: Change in impact
sound pressure level due to
applying the 18 mm OSB
overlay as a function of the
orientation of the joists
shown in Figure 1 and
Figure 2.
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Figure 4 shows that for both direct and flanking transmission, adding a gypsum-concrete
topping bonded to the subfloor will increase the ISPL relative to the bare floor in the high
frequencies. The most important feature however is the relation of curves. Unlike Figure 3 the
change to the direct transmission (room pair AC) is bounded above and below by the changes
to the flanking transmission (room pair AB). For one joist orientation, the topping is more
effective at controlling flanking transmission (room pair AB) than direct transmission (room pair
AC) while for the other joist orientation the same topping is more effective at controlling direct
transmission than flanking.

Figure 4: Change in impact
sound pressure level due to
applying the bonded 25 mm
gypsum-concrete topping
as a function of the
orientation of the joists
shown in Figure 1 and
Figure 2.
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In the frequency range 160 – 2000 Hz with the joists perpendicular to the junction, the topping
attenuates floor flanking paths more than direct transmission though the floor. The opposite is
true when the joists are parallel to the junction since in the frequency range 400 – 2000 Hz the
topping is better at controlling direct transmission than flanking transmission.

RELATING THE ISPL CHANGE CAUSED BY THE TOPPING TO CHANGES IN
STRUCTURE BORNE ATTENUATION
If the floor assemblies considered here can be shown to be highly damped, such that vibration
energy is dominated by the direct field from a localized source (i.e., ISO hammer box), then
flanking transmission between the source room and the receiver room can be approximately
described by five mechanisms. They are power injection, power attenuation while travelling to
the flanking junction, junction attenuation, power attenuation between the junction and the point
of radiation in the receiver room, and conversion from structure borne to airborne power.
Adding a topping should change the injected power in the same way for both direct and flanking
transmission. Thus, if the topping is more effective at controlling flanking transmission than
direct transmission, it is likely that adding the topping changed one, or more, of the four
remaining attenuation mechanisms. This section shows that the bare OSB floor is highly
damped and that adding a topping significantly alters attenuation in the source surface. These
changes in structure borne attenuation qualitatively explain the trends in the ISPL due to adding
a topping.
Also, if adding a topping changes the rate of structure borne attenuation differently for the two
joist orientations then the change in AB ISPL due to applying a topping will be different when
applied to the construction of Figure 1 as compared to Figure 2.
Velocity mappings can be convenient tools to qualitatively determine the presence of structure
borne attenuation in the measured surface. Figure 5 shows the mapping for the bare OSB
subfloor in rooms A and B when the joists are oriented perpendicular to the flanking junction
(Figure 1). Examining the contour lines in the source room indicates that the floor is highly
damped (shown by the closely spaced contours around the clearly identifiable source). Direct
field from the source likely dominates the vibration response at all locations on the source
surface. The same figure also shows that the floor is not homogeneous and isotropic, (shown
by the irregularly shaped contours around the source). The closeness of the contour lines in the
source room indicates that there is much greater attenuation perpendicular to the joists than
parallel. The location of the junction is also clearly identifiable by the closely spaced contours
running parallel to the junction. The receiver surface exhibits comparatively uniform vibration
response compared to the source surface.
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Figure 5: Mapping of the
measured surface
velocity (dB arb.) at
2 kHz in rooms A and B
for the bare floor of the
Figure 1 assembly (joists
oriented perpendicular to
the junction). The
location of the ISO
hammer box is indicated
in room A. The heavy
solid line indicates the
wall/floor junction.
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Rough estimates of propagation loss can be obtained from the mappings by simply plotting
velocity levels measured along two orthogonal draw-away lines from the source. One line is
parallel to the joist orientation, while the other is perpendicular to the joist orientation. For all
cases draw-away data are available for the source room floor surface in room A. Extended
draw-away curves that include the receiver room B are only available for cases where the joists
were perpendicular to the junction.
Figure 6 indicates that without a topping, structure borne power travelling toward the junction
experiences considerably greater attenuation when the joists are parallel to the junction, that is

the power must flow perpendicular to the joists. The same figure also shows that when the
OSB overlay is added the structure borne attenuation is significantly increased for both joist
orientations (perpendicular to the junction, as well as parallel).
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Figure 6: Surface
vibration levels at
1 kHz measured along
two orthogonal lines
from the source with
and without the
fastened 18-mm OSB
overlay.
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Comparing the vibration levels on either side of the junction with and without the OSB overlay
suggests that the OSB overlay may slightly affect junction attenuation. If it is assumed that the
receiver room radiation will be also largely unaffected then the trends observed in Figure 6
suggest that the improvement for flanking transmission will be similar for both joist orientations.
Also, since the topping causes a greater change in floor vibration level at the flanking junction
than the area close to the impact source, the improvement for impact sound insulation should
be greater between room pair AB than for AC (i.e., greater improvement for flanking
transmission than for direct transmission). Qualitatively, these are consistent with the change in
measured impact sound pressure levels shown in Figure 3.
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Figure 7: Surface
vibration levels at 1
kHz measured along
two orthogonal lines
from the source with
and without the
bonded 25-mm
gypsum-concrete.
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Figure 7 shows that adding the bonded gypsum-concrete topping applied to the same bare
floor increases propagation losses when the joists are perpendicular to the junction. Here the
vibration energy propagates parallel to the joists to reach the junction. The opposite is true
when the joists are parallel to the junction, since to reach the junction the vibration energy must
propagate perpendicular to the joists. Thus, the bonded topping will be less effective when

applied to flanking paths where the joists are parallel to the junction. This is consistent with the
trends in the impact sound pressure levels shown in Figure 4.

DISCUSSION
The vibration data in Figure 6 highlight the mechanisms involved in flanking transmission
between the floor surface in room A and the floor surface in room B. Vibration energy is
attenuated with distance, and the rate of attenuation depends on the direction relative to the
joists. With the joists parallel to the direction of propagation, the levels decrease reasonably
monotonically with distance up to the joint, indicating that the field is not diffuse. This was
confirmed by a detailed mapping of the complete floor (Figure 5).
As a first order
approximation only the direct field need be considered. Thus, the product of the injected power
and an attenuation factor will give the effective power at the junction. The draw-away curves
clearly demonstrated that a topping modifies attenuation in the floor surface. Junction
attenuation should be estimated using the difference in vibration levels close to the junction
rather than space average levels because of the strong vibration gradient in the source surface.
Using this criterion, Figure 6 shows that adding the OSB overlay may slightly affect junction
attenuation. The receiver room vibration levels exhibit very little attenuation with distance when
compared to those of the source plate. The cause of this is not known, but is under
investigation. The receiver surface will have two radiation mechanisms, one due to the
reverberant field and other due to the near field of forcing points. The relative importance of
these mechanisms has not been examined for these floors. Qualitatively, the draw-away curves
illustrate the behaviours that would have to be included in a prediction model for such
assemblies.

CONCLUSIONS
A topping that increases propagation losses relative to the bare floor will be more effective in
controlling flanking transmission than direct transmission. This has important implications;
results for direct transmission under laboratory conditions (ISO 140-5) can not be applied to
predict changes in flanking paths when the added topping significantly changes propagation
attenuation. These data suggest that for wood-I joist floors the error may exceed 10 dB.
The results showed that because structure borne attenuation is a function of joist orientation
the effectiveness of toppings to control flanking transmission is a function of the orientation of
the joists.
The high structural attenuation in the floor surface will make the impact sound pressure level
extremely sensitive to the location of the hammer box when there is significant flanking
involving the floor surface. A fair comparison of results can only be made if the source is
located a uniform distance from the flanking junction.
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