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Sound insulation calculations are important for finished buildings. Globally, acousticians are not always
used to that and especially not for wooden structures, instead we use handbooks with general solutions
including excessive safety margins. There are standards available for predictions, however they must be
fed with input data from various building product manufacturers to provide reliable results. In addition, you
need to evaluate the probability of the results to make sure that your model is good and accurate enough to
predict the final sound insulation. If the results seem to fail compared to your experience, the model must
be revised. That is a normal way to design no matter if it is for structural design, fire design, energy
calculations or acoustic calculations. This paper gives some comparative results of calculated results and
measured results for various wood structures. Calculations are following ISO 12354 and measurements are
following ISO 16283.

1 Introduction

Many acousticians doubt about the ability to use ISO 12354-1 [1] and ISO 12354-2 [2] to estimate sound insulation in
modern multi-storey buildings, such as dwellings, office buildings and school buildings, made with wood structural
components. However, with more data we gain, the more accurate becomes estimations in buildings with different wooden
structures. Cross Laminated Timber is still, at least from my experience, the most common structural wood material
nowadays. Still, other systems are catching up slowly, such as DLT, NLT, LVL, Glulam in various rib deck systems and
finally, many different light frame wood building systems. It is also becoming more common to combine CLT with other
materials, e.g. CLT walls and hollow core concrete floors. Acouwood uses all available tools to predict sound insulation
in wood structures to make sure they are optimized according to economy and performance. After completion of the
building, it is important to follow up with measurements, specifying the building components and their connections
through junctions in detail, to always improve the models and refine the input data.

In this paper we show some typical wood structures, two different CLT structural systems and one light frame system,
predicted using ISO 12354 (BASTIAN / CADNA B / SONarchitect).

2 Constructions

2.1 CLT

CLT structures can be built in many different manners. Knowledge of impact boards and their dynamic stiffness, floor
composition, ceiling and its supporting structure (if any) and not least the junctions and how they are connected (screws,
angle brackets, elastic layers for flanking sound reduction) is very important when creating robust prediction models with
wood. In addition, knowledge about dominating flanking paths and Kj; values not corresponding in reality to the standard



values in ISO 12354, must be considered especially for airborne sound. Of course, it is also important with robust input
data to the models from different manufacturing companies that are eager to enter the future of sustainable buildings.
Prior to set up the model, it is also important to evaluate which room to room configuration that might be the “worst case”
in terms of dominating flanking path and number of flanking paths, mutual room sizes, etcetera, since it is not realistic to
predict all combinations. Below are some examples with CLT structures displayed.

2.1.1 Raised floor and one exposed CLT wall

This type of partitions shown in Figure 1 is a combination that is very common in Sweden nowadays. In this, a continuous
CLT floor slab was required to reduce the amount of lifting in the building site. Consequently, the CLT must be covered
with a ceiling that is reducing the flanking transmission horizontally while simultaneously not reducing the vertical sound
insulation more than can be accepted. If being aware of the flanking paths and their influence regarding the accuracy, the
structure is rather easy to predict thanks to manufacturers providing invaluable laboratory data to be directly used in ISO
12354. In this case, the floor system was a Granab system 8000 W25. The tested rooms were similar in size and shape,
and tests were made both horizontally and vertically.
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Figure 1: Example 1 — junction and floor plan

The results are shown in Figure 2, the left graph shows predicted results compared to measured airborne sound results
horizontally. The two graphs to the right show the vertical sound insulation (both airborne and impact). In this case, the
airborne sound insulation is better in situ, compared to the predicted value, partly probably since the exposed CLT wall
is covered with a kitchen, not considered in the prediction model. The impact sound though, is aligned nicely with
calculated values, being aware that impact sound with this solution is less affected by the flanking paths.
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Figure 2: Example 1 — results left (horizontal airborne); right (vertical, airborne and impact).



2.1.2 Screed and ceiling and two exposed CLT walls

The type of partitions shown in Figure 3 is also a very common build up in Sweden nowadays. Thanks to the added
mass, it can be a beneficial solution in high rise (more than 6-8 storeys) buildings to reduce wind induced vibration.
With this solution, continuous CLT floor slabs are no problem since the CLT slab is covered from both sides. As in
previous case, again being aware of the flanking paths and their influence on the accuracy, the structure is rather easy to
predict thanks to manufacturers providing laboratory data to be directly used in ISO 12354. In this case, the floor
system was 80 mm cement screed on a 30 mm impact board and the ceiling comprised by 2x12,5 mm gypsum boards
“normally” suspended > 200 mm. The tested rooms shown were a living room to a bedroom horizontally and between
living rooms vertically, see Figure 3.
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Figure 3: Example 2 — above, junctions; below, floor plans

The results are shown in Figure 4, the left graph shows predicted results compared to measured airborne sound results
horizontally. The two graphs to the right show the vertical sound insulation (both airborne and impact). In this example,
both the airborne sound insulation and the impact sound is in good agreement for both horizontal and vertical paths. This
is likely because the CLT walls where only covered with fire gypsum boards. Vertically the measured airborne sound is
slightly better though, which can partly be explained by minor details like window openings, not considered in the model
in this case. It can be included in the model but in the design process it is good to keep some extra small margin, especially
for wood structures.
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Figure 4: Example 2 — results left (horizontal airborne); right (vertical, airborne and impact).

2.2 Light frame floor structure

As for CLT structures, light frame floor structures can be built in many different manners. Knowledge of impact boards,
floor composition, ceiling and its supporting structure (if any) and not least the junctions, is (as for CLT) very important
when creating robust prediction models with wood. Of course, again it is important with robust input data to the models
from different manufacturing companies eager to enter the future of sustainable buildings. Below in Figure 5 is one
example with light frame wooden beams from MIiTEK displayed. It is a concrete screed on top of the beams rigidly

connected to increase stiffness. Below the beams, a resilient ceiling is mounted.

The cavity is filled with 250 mm stone wool.

Parquet 14 mm + underlay 3 mm

Concrete 55 mm

Plywood 12 mm

Gyproc AP 25 mm

Fermacell 2*12,5 mm

PosiJoist (PS10) 249 mm

Figure 5: Example 3 — Pictures during construction and the floor buildup.




The results vertically between two normal sized bedrooms are shown in Figure 6, the left graph shows predicted results
compared to measured impact sound results vertically. The graph to the right shows the vertical airborne sound insulation.
In this example both the measured airborne sound insulation and the measured impact sound is in good agreement with
predictions, probably since the flanking paths are limited and relatively easy to predict due to very thick stone walls. The
measured sound insulation is slightly below predicted values, and in this case probably connected to some electrical
outlets in the resilient ceiling, carefully designed but very sensitive to carry out in the building phase.
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Figure 6: Example 3 — Results vertically — impact and airborne sound.

3  Summary

Over the 30 years that have passed since wood structures became permitted in multifamily buildings exceeding two
storeys, a tremendous development can be seen. Thanks to several parts going together, that is for example:

e the development of the ISO standard ISO 12354, still not perfectly fitted to wood structures but improvements
have been done,

e the adaptation of new products to various wood structures including data for input to the calculation standard,

e new lightweight building systems with high acoustic quality,

e research carried out both in the Nordics and globally,

it is now possible to predict sound insulation with sufficient accuracy in many cases. Still, lightweight frame systems are
a bit of a challenge in many cases but with clear and robust junctions, it is possible to come close to the final expected
value. In the example in section 2.2 in this paper, the prediction model helped us to choose the rigidly connected screed
prior to a floating screed since it was estimated to perform better in low frequencies.

The more we try to predict using the tools available today, the more we will learn and the more precise the predictions
will become. We need to keep up with the development of new products and systems and include them in the database
for future calculation models. To really adapt the models, it is also needed to continue research and development to
compare “real” in situ Kj measurements with the Kjj values used in ISO 12354. They deviate considerably [3,4,5] and
further adaptations and refining are necessary for raised accuracy of ISO 12354 for wood structures.
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