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Acoustical design of wooden school buildings in Finland
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Finnish industrial timber construction is still in a development phase, which means that the design process
for buildings often involves creating and conceptualizing new structural solutions. This development work
requires acoustic design to be able to assess the impact of different design choices, for example on sound
insulation. Such design tasks are generally demanding, as established calculation methods or measurement
data for massive concrete structures cannot be applied when assessing the sound insulation of timber
structures. Timber construction also differs from massive structures in that, instead of load-bearing capacity
requirements, the dimensions of timber elements are often determined based on sound insulation, vibration,
or fire resistance requirements. With the help of sound insulation calculation models, timber structures can
be optimized, resulting in significant cost savings for the construction project. The article introduces various
structural systems used in timber-framed educational buildings, discusses their impact on acoustic design,
and provides an overview of room acoustic design in timber educational buildings.

1 Introduction

Sound insulation in educational spaces must be designed and implemented according to the intended use of the space so
that a sufficiently good acoustic environment corresponding to the activity is achieved [1]. Educational spaces must
provide adequate acoustic conditions for speech intelligibility in order to enable learning. Sound insulation between
teaching spaces must be sufficient to ensure working peace and to prevent noise transmitted from other spaces from
disturbing concentration. In open-plan learning environments, good acoustic conditions are achieved through adequate
room acoustic absorption and sound masking systems [2].

The objectives of architectural design in educational buildings are closely linked to functional goals, just like acoustic
design. Regardless of the construction material, spaces must enable a healthy, safe, and pleasant learning environment.
In timber educational buildings, wood is typically used as an interior element, and there is often a strong desire to leave
timber surfaces exposed as much as possible. For example, in the lobby spaces of Kanava school in Lempéild, log
structures are visible as interior surface finishes (Figure 1).

Finnish industrial timber construction is still developing, which is why designing wooden buildings often involves
developing new structural solutions. This development work requires acoustic design to assess the impact of various
design solutions on acoustic conditions. The use of parametric calculation methods results in savings in both time and
cost, as different structural alternatives can be evaluated quickly and efficiently, and unfavourable solutions can be
excluded at an early stage of the project [3—7]. For the analysis of more complicated acoustical problems, numerical and
computational methods have been developed and used for calculation of impact and airborne sound insulation of wooden
structures and room acoustics of spaces in wooden buildings [8—14].
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Figure 1: Log surfaces in the lobby spaces of Kanava School in Lempdild. Source: AIS Groﬁp archives.

2 Structural systems

In timber construction projects, the role and expertise of the acoustic designer are emphasised at the early stages of the
project, when the structural system and structural types are selected. Typical timber structural systems include stud-frame,
mass timber, log, and post-and-beam systems [15-16].

Timber construction aims for a high degree of prefabrication, resulting in shorter on-site construction time. In practice, a
high prefabrication level means prefabricated stud wall elements and large CLT panels, allowing structures to continue
continuously across multiple spaces. In CLT and stud-framed buildings, partition walls may function as load-bearing and
bracing structures. Figure 2 shows the erection of the CLT structural frame of Hopealaakso Daycare Centre: compared to
concrete structures, CLT elements are lightweight, enabling lifting with a light vehicle-mounted crane.
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Figure 2: Installation of the load-bearing CLT frame at Hopealaakso Daycare Centre. Source: Oy Rakennuspaftio.



In recent years, various hybrid structures have also become more common, such as timber—concrete composite structures.
These solutions aim to utilise the best properties of each construction material. Timber structures can also be used, for
example, only as non-load-bearing exterior walls, while the load-bearing frame is implemented in concrete or timber. The
combination of construction materials is also supported by the Ministry of the Environment’s low-carbon construction
procurement criteria, which guide the use of renewable and recycled materials in public construction.

3  Structural systems

In the design of educational buildings, the acoustic designer’s tasks include assisting the structural designer in defining
structural types. Structural dimensions are often not governed by strength requirements; instead, sound insulation, fire
resistance, or, in the case of horizontal structures, vibration and allowable deflection often become the determining factors
[17].

A plate-like timber layer provides approximately 15dB weaker airborne sound insulation than a concrete layer of
equivalent thickness. The achievable sound insulation is also affected by the coincidence frequency of the structure, which
depends on its mass and stiffness. For timber plate structures, this frequency typically lies within the acoustically critical
frequency range for building acoustics, thereby reducing sound insulation performance [18—19]. For CLT structures, this
often means that additional board linings are required to improve sound insulation.

When lightweight partitions are used as load-bearing or bracing structures, timber studs and boards are used, often with
a denser fixing pattern than usual. These factors can weaken airborne sound insulation compared to a conventional steel -
stud partition wall of similar thickness.

The evaluation of sound insulation in timber structures has long been based on acoustic measurements carried out in
laboratories or test buildings [21-23]. In recent years, computational methods for analysing airborne and impact sound
insulation have developed rapidly. In product development of new structures, numerical methods are particularly useful.
For design purposes, the accuracy level of parametric methods is generally sufficient [4-7].

4 Structural connections

In timber buildings, the structural system has a significant impact on structural flanking transmission and, consequently,
on the sound insulation achieved between spaces. To date, there is no standardised or widely accepted method for
calculating losses occurring in timber structural joints. For concrete structures, joint sound insulation is based on joint
stiffness and the mass of the connected building elements.

The design of joints in timber buildings has largely relied on measurement and development work carried out in residential
construction [20-22]. Joint solutions developed for residential buildings are partly over-dimensioned for educational
buildings, as sound insulation requirements in teaching spaces are generally less stringent.

The effect of structural flanking transmission on sound insulation can be evaluated using parametric calculation methods
[7]. However, joint solutions in timber construction have not yet become standardised, and the determination of structural
breaks and additional sound insulation linings to limit flanking transmission is still carried out on a case-by-case basis.
However, numerical modelling provides possibilities to produce accurate data of behaviour of structural connections of
wooden structures (Fig. 4).
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Figure 4: An example of numerical modeling of acoustical properties of a connection of timber structures. Compared
with measured values, accurate results can be achieved. Source: AINS Group archives.



5 Room acoustics

In educational buildings, appropriate room acoustic conditions create the prerequisites for effortless communication
between teachers and students. In the design of educational buildings, the acoustic designer’s tasks include defining room
acoustic requirements and specifying room acoustic structures and materials in collaboration with the architect [1, 2]. For
example, in the lobby space of the Tiistild school, room acoustic wall linings were installed behind sparse timber slats.
The aim was to leave as much of the load-bearing timber structure visible as possible (Figure 4).

Typically, extensive timber surfaces play a key role in interior design in timber buildings. Wood-based materials are also
preferred in other interior finishes, such as suspended ceilings and wall linings. Practical solutions include various wood
fibre boards as well as perforated wooden panels and slatted structures, with sound-absorbing material installed behind

them.

Figure 4: In the lobby of the Tiistila school in Espoo, a maximum amount of bearing timber structural elements have
been left exposed. Photo: AINS Group archives.

The use of timber surfaces is most significantly limited by surface class requirements for materials in public spaces. The
surface class of unprotected timber structures is generally D-s2-d2, with the exception of timber grating structures, which
have a weaker surface classification.

6  Future outlook

Timber construction has been promoted through various national support programmes for many years, most recently the
Ministry of the Environment’s Wood Construction Programme (2016-2022) and the current government programme.
National targets for public timber construction state that by 2025, 65 % of educational buildings should be realised using
timber structures.

Targets set for the carbon footprint of buildings have increased—and will continue to increase—the use of timber as a
construction material in educational buildings. As building energy efficiency improves, the relative significance of
construction materials and the construction phase increases in the building’s total carbon footprint. Timber structures can
reduce the carbon footprint of these phases.

The Ministry of the Environment aims to guide the life-cycle carbon footprint of buildings through legislation by the
mid-2020s. The environmental impacts of buildings are currently assessed using voluntary commercial environmental
certification systems, such as LEED, BREEAM, RTS, or the Nordic Swan Ecolabel.



The timber construction sector is undergoing strong growth and development. Acoustical engineering department of
AINS Group has responded to the development needs of the timber sector through its own research and development
work. Today, several levels of parametric and numerical methods are available for assessing the sound insulation of timber
structures, and an appropriate method can be selected based on the required accuracy and project characteristics. The
competitiveness of timber structures as a construction material for educational buildings can be improved, for example,
by increasing the level of prefabrication and standardising solutions in a manner like residential construction.
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