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This paper presents considerations regarding ship noise and building envelope sound insulation design 

through a case study of Katajanokka Pier, a wooden hotel and office building located in Helsinki, Finland. 

Building envelope sound insulation calculation and measurement results in the case study are compared to 

see how well the calculation method predicted results.  

The need to consider ships and harbour activities as a significant noise source for building envelope sound 

insulation design has increased in Helsinki as new buildings are planned near harbours. The port of Helsinki 

has several operational harbours with environmental permits, which include noise level limits based on 

local legislation. The city of Helsinki has included specific requirements on building envelope sound 

insulation design to consider ship noise in detailed plans in areas such as Jätkäsaari and Katajanokka. 

A calculation method was developed by Tapio Lahti [1] in 2005 to 2011 to take the frequency range of ship 

noise into account when designing building envelope sound insulation. The method was developed from a 

late 1990s general calculation guideline by the Finnish ministry of the environment. A normalized ship 

sound spectrum based on sound power level measurements was developed for it. This method has been 

used in Finland for many projects near harbours. 

Ship noise has strong low frequency energy, the main issue being auxiliary power generators, which run 

continuously when a ship is docked. The noise is typically tonal at around 40 Hz. This is problematic for 

predicting and testing building element sound insulation. 

Sound below 50 Hz is not considered when using standard sound insulation calculation and measurement 

methods. These calculation methods are extended based on layered building element sound insulation 

prediction equations, where low frequency sound insulation is estimated with the mass law. Measurement 

protocols are adjusted to take into consideration actual room usage rather than assuming diffuse field 

conditions.

1 Introduction 

The need to assess ship noise effect on building occupants in Finland concentrates on development near ports. The Finnish 

ports environmental permits often state limits on noise emissions to residential areas. Especially in Helsinki plans for new 

developments are coming closer to existing ports and the effects of ship noise. 

In a 2005 study published by the Finnish Ministry of the Environment it is noted that the number of residents exposed to 

port activity noise exceeding LAeq,07-22 ≥ 55 dB in Finland was about 100-500 [2]. After the study was published the 

number of residents living near ports has increased. For example, the population of Jätkäsaari in Helsinki has increased 

from around 2 300 residents in 2005 to around 15 600 residents in 2024 [3]. It is very likely that the number of residents 

exposed to ship noise has also increased over this time. 
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2 Building Envelope Sound Insulation Design Against Ship Noise 

2.1 Calculation method 

In Finland, the basis for building envelope sound insulation design is the difference between the incident and maximum 

allowed indoor A-weighted sound pressure levels ΔLA. The incident sound pressure level from a ship is typically 

determined by noise modelling. The maximum allowed indoor sound pressure levels for specific usages have been set by 

the Ministry of the Environment in the Government Decision on Guideline Values for Noise Levels 993/1992 [4].  

The noise emission of a ship in noise modelling is based on the normalised sound level spectrum by Lahti [1] shown in 

Figure 1 or on specific ship noise emission measurement results. The main noise sources of a ship itself are the exhaust 

stack and the auxiliary power generator. The auxiliary power generator is typically the dominant noise source for stays at 

a pier and it typically peaks at the 40 Hz one-third-octave band.  

 

Figure 1: Normalized A-weighted ship sound level spectrum Cs (solid line) compared to the normalized A-weighted 

road traffic sound level spectrum Ctr (dashed line). Distance between horizontal gridlines is 10 dB on the chart. 

The general calculation methods to assess façade element sound insulation requirements consider the element areas and 

the receiver room size. For ship noise, the calculation method is adjusted to account for sound absorption on low 

frequencies and checking the low frequency sound insulation properties of the selected elements. The required sound 

level difference against ship noise is noted as ΔLA,s. 

2.2 Building Elements low frequency sound insulation 

Building elements sound insulation values in literature and from calculation software results are generally in the 50 – 

5000 Hz one-third-octave bands, while ship noise needs to be considered down to 40 Hz, 31,5 Hz or even 25 Hz. Sound 

insulation measurement laboratories are typically designed for the same frequency range 50 – 5000 Hz so laboratory 

testing in standardized conditions may not offer much additional information. In-situ measurement data, calculation 

methods or extrapolation of results are possible methods for evaluating low frequency sound insulation. 

As can be found in literature, the mass law for airborne sound insulation is a good estimate even for multi-layer elements 

[5]. More accurate calculations may consider the natural frequencies and cavity resonance of the elements, and room 

modal conditions at receiver positions. The mass law estimate was used in this study. 

3 Measuring Ship Noise and Building Envelope Sound Insulation 

3.1 Low Frequency Noise Considerations 

When conducting low frequency noise measurements, sound reflections and standing waves become dominant so 

measurement points are selected accordingly. Outdoors measurement points can be selected following guidelines given 
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in ISO 1996-2 [6]. Indoor measurement points are more complicated and depend on, for example room dimensions, room 

usage and noise source position.  

A method proposed by Oliva et al [7] for measuring continuous low frequency noise focuses on actual room usage at 

occupant positions. The method includes three types of measurement positions: average in the middle of the room, 

occupant positions and optionally corner positions. A notable approach of microphone scanning at each measurement 

position is proposed and the corner positions are only used to confirm which room modes are excited. The measurement 

results at different positions are compared individually to target values instead of averaging them. 

The method used in this study follows similar measurement position selection as proposed by Oliva et al [7] and as 

described in the Finnish housing health decree [8]. Three fixed microphone measurement positions were selected in each 

room to include assumed positions of the head for lying down, sitting and standing, based on room layout or actual 

furnishing. Additionally, four scanning microphone positions were used when measuring loudspeaker noise.  

3.2 Building Envelope Sound Insulation Measurement Application 

Standardized Building Envelope Sound Insulation Measurements according to the ISO 16283-3 loudspeaker methods are 

limited to the one-third-octave band frequencies 50 to 5000 Hz [9], so measurements on lower frequencies require 

application of non-standard methods. The sound source and measurement positions need to be selected so that the 

measurements are possible and repeatable. The standard 2 m incident sound level measurement position is supported by 

ISO 1996-2 criteria for overall A-weighted sound pressure levels, but not for octave band sound pressure levels from 

point sources [6]. The incident sound measurement in this study was done at 2 m from the façade. 

In-situ measurement data has been published by some authors as outlined by Keränen, Hakala and Hongisto [10]. The 

authors conclude that field measurements of very low frequency sound level difference between outdoor and indoor is 

possible using specialized equipment. Examples of specialized equipment include subwoofers and infrasound subwoofers. 

In the study the incident sound measurement positions were 5 cm from the façade. 

The sound source should be selected so that it covers the whole frequency range of interest 25 – 10000 Hz. Commercially 

available loudspeakers and subwoofers can produce sound in this frequency range. The loudspeaker and subwoofer 

combination used in this study produced adequate pink noise signal in the frequencies 40 – 5000 Hz and a significant 

peak on 100 Hz at 2 m in front of the façade. It should be noted that the peak shifted to 63 Hz when the distance was 

increased to 3 – 4 m in front of the façade, which indicates that the incident sound measurement point could be improved. 

Reverberation time corrections were not applied in this study. 

4 Case Study: Katajanokka Pier 

4.1 Site and Requirements 

Katajanokka Pier (Fin: Katajanokan Laituri) is a timber structure office and hotel building located at the Helsinki South 

Harbour area, at the Katajanokka Quay EKL intended for visiting cruise ships. The building structure consists of laminated 

veneer lumber (LVL) columns, LVL beams, load-bearing cross-laminated timber (CLT) walls and CLT floor slabs. The 

internal sound insulation design is based on floating raised floors, suspended sound insulation ceilings and sound 

insulation wall linings.  

Because the site is located at a cruise ship quay ship noise was a significant concern, and the city of Helsinki had set 

planning requirements to take it into account. Further noise studies of the site found that a ship berthed at the EKL quay 

would be the most significant noise source. The environmental noise assessment resulted in a sound level difference 

requirement of ΔLA,s ≥ 33 dB against ship for the building envelope. 

4.2 Building Envelope Sound Insulation Design 

Controlling ship noise ingress was a leading requirement in the building envelope design. Of the studied alternatives, a 

double façade was chosen consisting of internal load-bearing structures and windows, and an external unitized curtain 

wall system. The air gap between the double façade structures needed to be ventilated, so sound attenuating ventilation 

gaps were designed for the bottom and top edges.  

Sound insulation design calculations were conducted and a requirement for the façade of Rw + Cs ≥ 44 dB, which according 

to Lahti [1] roughly translates to Rw + Ctr ≥ 51 dB. The inner façade consists of externally insulated timber columns, and 
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double-sash inward opening wood-aluminium windows with double-glazed insulating glass units in the inner sash and 

single or double glazing in the aluminium outer sash. The outer façade layer is an aluminium curtain wall system with 

single glazing. The predicted total sound insulation of the façade system was Rw + Ctr ≥ 52 dB fulfilling the requirement. 

The predicted spectrum is shown in Figure 2. 

 

Figure 2: Predicted façade sound insulation R in one-third-octave bands 25 - 5000 Hz. 

4.3 Measurement Results 

Façade sound insulation and ship noise level measurements were conducted in hotel rooms facing the cruise ship quay 

EKL. Results for two rooms are presented here for comparison between slightly different sized examples. 

The single number value measurement results for façade sound level differences D2m,w in two rooms are given in Table 1 

below. From the single number values can be seen that the results at the lying down measurement positions are lower 

than at other positions. This is because of modal peaks near the corners of the rooms. All measurement results fulfil the 

requirement of ΔLA,s ≥ 33 dB, calculated by (1): 

∆𝐿𝐴,𝑠 = 𝐷2𝑚,𝑤 + 𝐶𝑠 − 3 𝑑𝐵       (1) 

The spectrum results for façade sound level difference D2m are presented in Figure 3 and Figure 4. From the curves can 

be seen that the loudspeaker source sound level is insufficient above 4000 Hz compared to the sound insulation of the 

façade structure. At low frequencies below 40 Hz the façade sound level difference shows the difference between the 

external and internal background noise levels, because the loudspeaker source sound level drops rapidly below 40 Hz. 

In the low frequency spectrum results in Figure 4 the modal behaviour of the rooms is seen below 200 Hz. There are signs 

of façade natural frequency behaviour on frequencies 10 – 20 Hz, but the data is unreliable because of insufficient signal 

to noise ratio below 40 Hz.  

Table 1: Façade sound level difference measurement results. 

Room Measurement 

area volume 

Façade 

area 

D2m,w (C; Ctr; Cs), [dB] 

Scanning P1: Lying down P2: Sitting P3: Standing 

Small 51 m3 10 m2 55 (-2; -5; -13) 54 (-1; -3; -17) 55 (-2; -4; -15) 55 (-1; -4; -13) 

Large 58 m3 14 m2 54 (-1; -5; -11) 52 (-1; -4; -13) 54 (-1; -4; -11) 54 (-1; -4; -11) 
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Figure 3: Façade sound level difference measurement results in one-third-octave bands 6,3 - 20 000 Hz. 

 

Figure 4: Façade sound level difference measurement results in one-third-octave bands 6,3 - 500 Hz. 
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Ship noise measurement results are presented in Table 2 and Table 3. The measurement results fulfil both the daytime 

and night-time noise limit targets for the project. The external sound level measurement results at 2 m in front of the 

façade include reflected sound and those on the roof do not include reflected sound. 

The ship departures each lasted for around 10 minutes, and the auxiliary power generator measurement was taken over 

10 minutes as well. The ship noise was audible inside the rooms. The auxiliary power generator noise spectrum in the 

external measurement position had peaks at 40 Hz and 160 Hz one-third-octave bands, as can be seen in Figure 5. The 

spectrum measurement results exceeded the predicted low frequency sound level from the normalized ship sound level 

spectrum. In the indoor positions narrow band noise was not clearly identified. 

Table 2: Ship noise measurement results for departing ships. 

Room Ship LAeq,T 

External P1: Lying down P2: Sitting P3: Standing 

Small Ship from Olympia terminal 60 dB (2 m) 23 dB 23 dB 23 dB 

 Ship from EKL cruise ship quay 57 dB (roof) 22 dB 21 dB 22 dB 

Large Ship from Katajanokka terminal 62 dB (2 m) 20 dB 20 dB 20 dB 

 Ship from EKL cruise ship quay 57 dB (roof) 25 dB 23 dB 24 dB 

Table 3: Ship auxiliary power generator noise measurement results for ship docked at EKL cruise ship quay. 

Room Ship LAeq,T 

External P1: Lying down P2: Sitting P3: Standing 

Small Ship at EKL cruise ship quay 59 dB (roof) 22 dB 21 dB 21 dB 

Large Ship at EKL cruise ship quay 59 dB (roof) 25 dB 24 dB 24 dB 

 

Figure 5: Ship noise measurement results at roof position for cruise ship at cruise ship quay EKL compared with the 

normalized ship sound level spectrum. 
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5 Discussion 

The measured single number values for D2m + Ctr were at most 3 dB lower than the requirement Rw + Ctr ≥ 51 dB. The 

measured D2m + Cs were at most 7 dB lower than the requirement Rw + Cs ≥ 44 dB, but the measurement results were 

unreliable due to insufficient signal to noise ratio. 

The ship noise level measurements support the conclusion that the façade structure sound insulation against ship noise is 

sufficient. The ship noise measurement results highlight a need to include sufficient design margins especially on low 

frequencies. 

Comparison of the measured D2m and predicted façade sound insulation R is presented in Figure 6. The measured D2m is 

mostly within 6 dB lower than the predicted R, but on critical frequencies and in the modal frequency range the prediction 

was more optimistic. 

The façade sound insulation design method against ship noise used in this study was successful and the measurements 

support further measurement method development. Further refinement of the normalized ship sound level spectrum is 

possible by measuring more noise emissions of vessels. 

Measurement accuracy for façade sound level difference could be improved by selecting better subwoofers and 

loudspeakers, and by measuring the incident sound level closer to the façade.  

Indoor measurement position selection and reproducibility are at a good level based on this study and the referenced 

measurement methods.  

 

Figure 6: Comparison between predicted façade sound insulation R and measured sound level difference D2m in one-

third-octave bands 25 - 5000 Hz. 

6 Conclusion 

This paper presented in-situ low frequency sound level difference and ship noise level measurement results at the 

Katajonkka Pier building next to the EKL cruise ship quay in Helsinki. The design method successfully produced façade 

structure selections. The façade sound insulation performance was successfully tested by various measurement methods. 

The measurement methods can be further developed for better accuracy and reproducibility. 

 

Thank you. 
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