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                    Close to some military installations the noise level can not be controlled, with the consequence that
 some neighbours experience an unacceptable noise level (Figure 4.1). One way to avoid this is to
 reduce the indoor noise level by insulating the house. One task in this project the task was to specify
 methods (if any) to better insulate building against low frequency sound and vibration.


Initially a literature study was performed. At Rødsmoen measurements was done to investigate the
 attenuation of outdoor low frequency impulse noise in a house (Section 4.1.1).


A system for unattended measurements of sound and vibration has been set up at Rødsmoen [64],
 intended as a measurement facility for low-frequency sound and vibration time series recordings.


Preliminary recommendations for the management and use of this facility was formulated in [65].


It has not been possible in the present project to identify new measures that can be taken to improve
 insulation of existing houses from low frequency noise. However some suggestions are made about
 construction of new houses in areas where noise is believed to be a problem (Section 4.1.2).


It is also pointed out that better methods are needed for measurements of indoor low frequency noise
 (Section 4.2). Without such methods the effect of insulation measures can not be assessed.


Figure 4.1: Three possible propagation paths from a LF-source to a building.


4.1 Building insulation - Rødsmoen tests


Previously performed studies have shown that for low frequencies, building vibration rather than the
audible sound is often the major cause of annoyance. The insulation of the building, as well as the
physical mechanisms governing the transfer of energy from external sound to internal sound and 
vi-bration were of primary interest for the study described in this section. Without such understanding
it is not possible to develop efficient sound and vibration insulation for low frequencies.


4.1.1 Rødsmoen tests


The Rødsmoen data mentioned in section 3.4 were acquired as a part of this research programme.


There were four measurement sites, whereof two comprised outdoor sound measurements, and two
 comprised indoor and outdoor sound and vibration measurements. The “SIBO” building, one of
 the sound and vibration sites, was instrumented with the aim of investigating the effect of low
 frequency sound on a typical one storey Norwegian wooden dwelling (Figure 4.2). A similar but


Figure 4.2: Instrumentation inside the SIBO building.


less comprehensive instrumentation was performed in the second sound and vibration measurement
 site (subsequently labelled the “B1” house).


Processing of these data is being done in a related project. The instrumentation can be summarised
 as follows:


→ Ground vibration outside the house, arranged in a
 triangular array in order to assess the direction of
 vibration propagation


→ Free field sound pressure outside the building


→ Sound pressure on the outside of building roof


→ Floor vibration of the cellar level and first floor


→ Wall and window vibration


→ Sound pressure inside the building


The acoustic source was C4 of 1, 5 and 15 kg, and approximately 60 explosions were recorded
 (about 1.6 km and 0.9 km from the SIBO and B1 buildings respectively).


4.1.2 Analysis of building insulation


The analysis of the data has been done under a related project which concentrates on the building
insulation, and is summarised in detail in [66].


The main findings for the “SIBO” house revealed fundamental knowledge about the dynamic 
 per-formance of this type of building when exposed to transient sound pressure with respect to low
 frequency sound and vibration insulation. These findings are summarised below.


→ Making the total rigidity and first natural frequency
 of the whole building as high as possible will 
 effi-ciently reduce the transfer of outside sound pressure
 into the building.


→ To reduce sound transfer also at the natural 
 fre-quency and above, increased damping is beneficial.


Added mass should be used with care.


→ Large window areas should be avoided.


→ Damping may be obtained by non-symmetrical
 forms and uneven length of major load-carrying
 members.


→ Structural solutions which reduce the rotational
 rigidity between walls and floor may effectively 
 re-duce floor vibration.


→ To reduce acoustically driven floor vibration, floors
 should be as rigid as possible and have high 
 natu-ral frequencies. Added floor damping can be 
 ob-tained by arbitrarily changing the span between 
 sup-port points for the floor beams.


The measured vibration insulation from “SIBO” and “B1” were surprisingly consistent with two
 other measurements at Asprusta and Gildeskålveien in Bodø. However, the “SIBO” house revealed
 clearly better insulation properties with respect to floor vibration in the low frequency range than the
 other buildings investigated. However, we stress that still only a few buildings have been analysed
 with respect to low frequency sound and vibration insulation. Moreover, additional measurements in
 other buildings, with more elaborate instrumentation, is required to better understand the generation
 mechanisms and variation of low frequency vibration in the various kinds of typical Norwegian
 residential buildings. This is also valuable to avoid excessive sound and vibration exposure to
 military personnel close to explosive sources.


4.2 Measures against low frequency sound and vibration impact on buildings
Low frequency sound and vibration insulation in buildings is a complex issue. The phenomena
that governs the insulation properties are only partly known. Theoretical models are almost 
non-existing, and knowledge about practical methods for sound insulation at very low frequencies are
of a meagre and unsatisfactory kind. Existing building codes and regulations seldom address sound
components below about 50 Hz, even though noise and vibration at lower frequencies can cause


considerable annoyance. NODEA has initiated a pilot study to address problems concerning low
 frequency sound insulation in buildings. This study has been a cooperation between the following
 research institutions: Chalmers, NTNU, NGI, and SINTEF, and sums up the results from a workshop
 and several meetings held in connection with the pilot study [67].


(The remaining part of this subsection consists of the conclusion in [68].)


Techniques for achieving good sound insulation are well known for frequencies above 100 Hz.


Theoretical models for calculating the sound insulation at these frequencies also exist.


There are some data and results from practical experiments for sound insulation in the frequency
 range 50 - 100 Hz, but below 50 Hz very little systematic knowledge is available.


Models for calculation of the insulating properties of building constructions at low frequencies are
 also almost non-existing. Some models and literature are presented in the thesis by Pietrzyk [69].


Nordic building traditions call for light constructions. There is thus a great demand to find 
 construc-tions that have sufficient mass or stiffness to control the resonances at low frequencies. Dynamic
 response properties of typical Norwegian single- or multiple family buildings are generally not well
 known, and particularly not how these properties develop over the life-time of the building.


There is an urgent need to develop new methods for building acoustic measurements at low 
 frequen-cies. The challenge is two-fold. The methods must yield sufficiently accurate results in the sense
 that the results can be readily reproduced by repeated measurements. It is also vital that the results,
 i.e. the parameters that are being measured, are relevant for the intended purpose.


Measurement of LFN (Low Frequency Noise) insulation, for instance, must really reflect the way
 the insulating properties are subjectively perceived. Measurement methods that can quantify rattling
 in a representative way and how it relates to the LFN and building vibration are also in urgent need.


The availability of relevant measurement data is not satisfactory. This stands in contrast to the
 large number of buildings close to for instance airports or major roads where sound insulation has
 been performed. It is strongly suggested that before and after sound insulation measurements are
 performed and systemized in future projects. These measurements must come in addition to 
 mea-surements that cover the middle and high frequency range.


The case studies presented here demonstrate the urgent need for a measurement standard with focus
 on LFN annoyance.


It is suggested to use a variant of the method proposed by Pedersen et al. [70] to measure the
indoor LFN level. The simplest version is given by at least one external microphone and 4 corner
microphones inside a room. The room can for instance be selected on the basis of the experience
given by the persons living in the building, and the 4 corner positions can possibly be chosen as
the 4 ceiling corners. If the noise source consists of series of events, the extreme case being a
series of explosions, then a sufficient number of events must be logged and measured. This must be


done before and after the sound insulation. The work by Pedersen et al. [70] strongly suggests that
 this will lead to a simple, repeatable and well defined measurement of the effect of the LF sound
 insulation.


This should be complemented with at least one floor vibration measurement, and if possible the
 vibration of the most exposed window.


A summary of the suggestions is given by:


1. Do measurement for the actual sources occurring
 2. Measure before and after the sound insulation


3. Use a measurement method that is well adapted to low frequency noise
 4. Do not forget the middle and high frequency range


Recent findings [71] indicate that the unweighted sound exposure level LE, or possibly theLCE,
should be used in the measurements if a single number level is needed.
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