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Abstract

The acoustic design of multi-story office buildings in solid timber involves balancing acoustic performance,
architectural ambitions, and long-term flexibility. This presentation describes the acoustic design and
verification of Habitat 7, a multi-story solid timber office building in G6teborg, developed and constructed
by NCC. A key driving force for the project was a strong sustainability ambition, influencing both the
choice of a solid timber structural system and the overall design philosophy. In parallel, there was a clear
architectural intent to create an aesthetically appealing office building with a strong expression of exposed
timber and material presence. The building was also designed as a flexible office environment, enabling
relatively simple adaptation to future tenants and changing spatial layouts. These combined ambitions
placed specific demands on the acoustic design. Particular challenges arose from the wish to maintain
visible timber surfaces while limiting the use of heavy secondary constructions, and from the need to
achieve robust acoustic performance without solutions that would restrict future adaptability. The project
was followed from early conceptual design through detailed design, construction, and final acoustic
verification. The presentation focuses on airborne and impact sound insulation between office spaces, sound
transmission through massive timber structures, and the consequences of early design choices for both
acoustic performance and flexibility. Measured results from the completed building are presented and
compared with design targets and prediction models. The outcome illustrates where established acoustic
design approaches are reliable for solid timber office buildings and where uncertainties remain, particularly
regarding flanking transmission and structural behavior. The case demonstrates that good acoustic
performance in sustainable, flexible timber office buildings is achievable, but requires early acoustic
involvement, clear prioritization between sustainability, aesthetics, and performance, and close
interdisciplinary collaboration. The presentation aims to provide experience-based insights for
professionals working with multi-story timber office buildings.



1 Introduction

The increasing use of solid timber in multi-story buildings is largely driven by sustainability ambitions within the
construction sector. At the same time, office buildings place high demands on acoustic performance, particularly
regarding sound insulation between spaces and robustness to layout changes over time.

Compared to traditional concrete structures, solid timber systems introduce different boundary conditions for acoustic
design. Lower mass, pronounced flanking transmission paths and stronger coupling between structural elements require
careful consideration already in early design stages.

This paper presents the acoustic design process and outcome of Habitat 7, a multi-story office building in Gothenburg,
developed by NCC. The project is used as a case study to illustrate how acoustic performance is influenced by
sustainability ambitions, exposed timber aesthetics and requirements for long-term flexibility.

2 Project background and design objectives

2.1 Overall project ambitions

A key driver for the project was a strong sustainability focus, which motivated the choice of a solid timber structural
system. In parallel, the architectural ambition was to create an office building with a clear expression of exposed timber
surfaces.

Another central objective was flexibility. The building was intended to accommodate different tenants over time, requiring
office layouts to be adaptable with limited intervention. This placed constraints on the use of permanent acoustic measures
tied to specific room configurations.

2.2 Acoustic requirements

The building was designed to meet acoustic requirements of sound class B according to SS25268:2007 [1] for office
environments, including:

e  Airborne sound insulation

e Impact sound insulation

e Reverberation time

e Noise from building services
e Noise from external sources

However this paper focuses on Airborne and impact sound insulation where the dimensioning requirements according to
the standard are:

e R’w>52 dB between tenants
e L’rw<60dBand L’ < 60 dB to another tenant
A key challenge was to achieve these requirements by control of sound transmission via flanking structural elements

without relying extensively on heavy secondary constructions or fully covering timber surfaces.

3  Structural system

Above ground level, the superstructure comprises ribbed cross-laminated timber (CLT) floor slabs with a concrete
topping, supported by glulam columns and primary LVL beams. The central core, including stairwells and lift shafts, is
constructed in concrete.

Due to high groundwater pressure, additional mass was required to counteract uplift. In addition to a concrete basement
level (including the slab above the basement), the uppermost floor slab is of HD/F type, while the remaining floor slabs
incorporate an 80 mm concrete topping, which helped in maintaining enhanced acoustic flexibility.

From an acoustic perspective, this gave rise to the following research questions:



Horizontal:
e To what extent does the CLT floor slab above the story level contribute to flanking transmission?
e To what extent do the LVL ribs contribute to flanking transmission?
e To what extent does the floor structure, including the concrete topping, contribute to flanking transmission?
e  What is the sound insulation performance of the timber columns and beams?
Vertical:
e To what extent do the LVL columns (two stories high) contribute to flanking transmission?

e  What is the sound insulation performance of the floor structure?

4  Acoustic design strategy

The objective was to design a floor slab that, within predefined flexibility constraints, could accommodate tenant fit-outs
without significantly affecting the structural frame.

4.1 Early-stage involvement

Acoustic design was integrated from the conceptual stage, allowing for evaluation of structural principles from an acoustic
perspective, identification of critical transmission paths, and early dialogue with structural engineers and architects. Early
decisions regarding structural layout and junction types proved to have a significant impact on achievable performance.

4.2 Balancing exposed timber and performance

Maintaining visible timber surfaces limited the use of suspended
ceilings and additional linings. The design strategy therefore
focused on:

e Optimizing primary structures rather than relying on
tenant adaptation add-ons

e Selective use of secondary systems where most effective

e Careful detailing of junctions to reduce flanking
transmission

In order to maintain an architectural impression of timber in the
office spaces while meeting the room acoustic requirements of the
building, sound absorbers (and building services systems) were
recessed between the ribs and mounted directly onto the CLT slab.

The sound absorptive ceiling was also combined with a sound
1nsu1at{or{ layer to reduce the horizontal flanking sound . . . 7. . 7, Open office [5]
transmission via the CLT-slab.



4.3 Flexibility considerations

To account for future tenant fit-outs, selections and adaptations were made in the structural frame. The 80 mm concrete
topping was calculated to provide conditions sufficient to achieve an airborne sound insulation of R’w 48 dB in the
horizontal direction without further measures, which was considered an acceptable baseline level for the project.

With regard to flanking transmission via the CLT slab in the ceiling,
additional insulation was calculated to be required in order to achieve
the same performance level. For this reason, sound-insulating and
sound-absorbing ceiling systems were combined between the ribs.

Flanking transmission via the ribs was, during the design stage,
assessed as potentially sufficiently low to achieve R’w 48 dB without
the need for additional cladding.

For higher sound insulation requirements, such as at tenant- 80 Concrete cast
separating  boundaries, supplementary measures could be 20 Impact sound board
implemented if required. 140 CLT

Impact sound insulation in the horizontal direction was assessed to 45 Batten & mineral wool
be achievable through appropriate selection of impact sound- 12,5 Gypsum board
reducing floor finishes on the slab. 40 Sound absorber

360x190 LT-beam s800
4.4 Prediction methods and uncertainties

Standard prediction methods were used to estimate sound insulation performance. However, for solid timber structures
flanking transmission paths are more complex and less documented and junction behavior is difficult to model accurately.
In addition input data for timber systems is more limited compared to concrete. As a result, calculations were
supplemented with engineering judgement and conservative assumptions in critical areas.

For the calculation of horizontal and vertical sound insulation, both conventional calculation methods (SS-EN ISO 12354-
1 and -2 [2] [3]) and experience from previous measurements and design projects were applied.

For the prediction of beams and columns, acoustic data for CLT constructions were used. This approach was considered
conservative, as the radiation efficiency of beams and columns was assessed to be lower than that of wall or floor elements.

4.5 Construction phase and quality control

Experience from the design of mass timber structures indicates significant uncertainties, ranging from calculation models
to material data. Due to these uncertainties, and with a shared understanding between the design team and the client, a
contingency ‘Plan B’ approach was adopted. This involved incorporating well-considered mitigation measures in the
design, while allowing for reasonable post-construction adjustments should early-stage measurements indicate that the
predicted performance was not fully achieved.

Early-stage measurements were therefore planned in coordination with the contractor to verify critical cases of airborne
and impact sound insulation, both vertically and horizontally.

In general, workmanship is critical in the construction of timber buildings. Therefore, nearly all construction details in
the project were documented through detailed drawings. In addition, close coordination with the contractor was
maintained, combined with regular site inspections

5 Calculation and verification

Calculations of both horizontal and vertical sound insulation were performed. For homogeneous flanking elements, the
sound insulation performance was predicted in accordance with SS-EN ISO 12354 Parts 1 and 2 [2] [3]. For heterogeneous
constructions, junctions were designed based on empirical performance data from system suppliers, such as the Gyproc
Handbook [4] or equivalent references.

Direct airborne sound insulation was predicted using both conventional calculation tools and, to a significant extent,
empirical data derived from field and laboratory measurements.



After completion, acoustic measurements were carried out to verify performance, and the results were compared with
design targets and predicted values. The measurements indicated that the required airborne sound insulation levels were
generally achieved, as were the required impact sound levels. Observed variations could be attributed to input acoustic
data and the insertion loss of specific constructions, while flanking transmission had a noticeable impact in certain cases.

Below are the calculated and measured results for horizontal and vertical separating constructions between occupancies.
The project requirements in this case were R’w > 52 dB and L’y1,w < 60 dB.

Horizontal Calculated’ Measured?
- Rw Ca 52-54 dB Ca 51-53 dB
- Latw <40 dB <45dB
Vertical
- Rw Ca 52-54 dB Ca 52-56 dB
- Latw Ca 54-60 dB Ca 44-59° dB

1. Calculations include a safety margin on of 3-5 dB depending on the uncertainty the input data of the element.
2. Spread between measurement positions

3. Floor finishes such as textile flooring, parquet and tiles are present.
5.1 Comparing results

5.1.1 Horizontal sound insulation

Ribs parallel separating wall

Ribs perpendicular separating wall
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Ribs parallel to separating wall

Calculated sound reduction index: R’w 52 dB

Measured sound reduction index: R’w 53 dB
A pronounced reduction in the curve is observed in the calculated sound reduction index curve between 150-500Hz;
however, this feature is not evident in the verification measurements. The reduction is attributed to flanking transmission
via the CLT floor slab, including its floating floor system, despite the discontinuity of the floor at the separating wall. The

discrepancy indicates limitations in the prediction of the slab’s dynamic behaviour, in particular a potential
underestimation of internal damping and/or an underestimation of structural stiffness due to the ribbed configuration.



These factors may influence the predicted coincidence behaviour and vibration transmission, leading to a non-
conservative representation of performance within the affected frequency range.

The deficiency observed in the measured results above 500 Hz is attributed, at least in part, to limitations in the facade
junction detailing and unsealed penetrations at the time of measurement. However, no follow-up measurements were
carried out for this specific case, as the measured performance exceeded the required sound insulation.

Ribs perpendicular to separating wall
Calculated sound reduction index: R’w 52 dB
Measured sound reduction index: R’w 52 dB

In the case where the ribs were oriented perpendicular to the occupancy-separating boundary and were continuous
between the spaces, an unusually high number of airborne sound transmission paths were present. The separating wall
includes two structural timber columns as well as the primary beam of the floor structure. The columns and primary beam
are enclosed with acoustic profiles and two layers of gypsum board.

The fagade at the gable end of the building is fully glazed, and the connection to the load-bearing glulam frame of the
glass facade represented an uncertain junction that required careful design. The floor structure was identical to that
described in the previous case.

To address flanking transmission via the CLT ceiling and ribs, the receiver room was equipped with a heavy, sound-
insulating suspended ceiling, installed below the ribs.

5.1.2 Vertical sound insulation

Vertical airborne sound insulation Vertical impact sound levels
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Airborne sound insulation

Similarly to the horizontal sound insulation case, a reduction in the curve is observed in the calculated sound reduction
index curve between 150—500 Hz. This is likely due to an underestimation of the predicted sound insulation performance
of the CLT ribbed floor structure within this frequency range.

The measured sound insulation is lower than the calculated sound insulation at the lowest frequencies, which may be due
to an underestimation in the calculations of the influence of resonance in the air cavity between the CLT and the concrete
layer.

The discrepancy between calculated and measured results at higher frequencies is less clear. It may be due to an
underestimation of the limiting effect of the suspended ceiling treatment beneath the floor slab. It could also be related to
limitations in the fagade junction detailing, resulting in measured performance not reaching the predicted sound insulation



levels at higher frequencies. Another, not implausible, explanation is that the calculated high-frequency sound insulation
is overestimated by the prediction model.

Impact sound insulation

The calculated vertical impact sound level shows relatively good agreement with the measured impact sound levels in the
project, although the calculations appear to overestimate the impact sound reduction at higher frequencies. However,
variations are observed between measurement positions and floor finishes. For less impact sound-reducing floor finishes,
such as tiles, the measurements indicate a stronger influence of the concrete topping’s coincidence frequency.

6 Discussion

The acoustic performance of the building shows that satisfactory results can be achieved in multi-story solid timber office
buildings under combined requirements of sustainability, exposed timber architecture, and long-term flexibility. However,
the results also confirm a strong sensitivity to early design decisions, where structural layout, load paths, and junction
concepts define the fundamental boundary conditions for acoustic performance. Once these parameters are established,
the effectiveness of later mitigation measures becomes limited.

The requirement to maintain exposed timber surfaces significantly restricts the use of conventional acoustic measures
such as continuous suspended ceilings, additional linings, or heavy secondary constructions. Consequently, acoustic
performance relies more directly on the inherent behavior of the structural system, increasing sensitivity to flanking
transmission, structural continuity, and junction detailing.

Flexibility requirements further increase complexity by introducing constraints not directly linked to initial acoustic
targets. The study shows that such requirements must be integrated explicitly into the acoustic concept from the early
design stage to avoid conflicts between adaptability and performance.

Prediction models based on EN 12354 [2] [3] are generally applicable but show limitations for ribbed and heterogeneous
timber systems. Uncertainties in input data, junction behavior, and dynamic structural properties may lead to deviations
in specific frequency ranges. This highlights the need to combine analytical models with engineering judgement and
empirical experience.

Finally, discrepancies between calculated and measured performance indicate that both modelling limitations and
execution quality influence high-frequency performance. Small variations in detailing, sealing, and installation quality
can have measurable effects, underlining the importance of a robust design-to-construction workflow..

7  Conclusions

The Habitat 7 project demonstrates that good acoustic performance is achievable in multi-story solid timber office
buildings, even under demanding and competing requirements.

Key findings are:
e Early design decisions strongly govern achievable acoustic performance

e Exposed timber construction increases reliance on structural performance and limits secondary acoustic
measures

e  Flexibility requirements must be explicitly integrated into the acoustic concept from the outset
e Prediction models are useful but associated with increased uncertainty for timber systems

The project highlights the importance of early acoustic involvement, careful junction detailing, and close interdisciplinary
collaboration between architects, structural engineers, and acousticians.

Further development of prediction methods is required, particularly regarding flanking transmission modelling and the
dynamic behavior of ribbed and heterogeneous timber structures.
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