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1 INTRODUCTION  

This paper describes the development of community dose-response assessment tools that will 
support future research into the human response to vibration in residential environments. The work 
was undertaken on behalf of Defra (the Government’s Department for Environment, Food and Rural 
Affairs) by two contractors working in close collaboration: Arup Acoustics supported by the 
Transport Research Laboratory; and the Temple Group Limited supported by the Institute of Sound 
and Vibration Research.  The full report detailing the development and Pilot Study will be published 
on Defra’s website. 
 

1.1 Background 

Vibration is experienced by many fewer people than noise.  However where significant vibration 
occurs, it can be: a material planning consideration (either for new receptors – e.g. housing; or new 
sources – e.g. new railways); a cause of nuisance (or disturbance, or complaint); and/or a cause of 
adverse health effects (e.g. sleep disturbance). 
 
Current policy and assessment methodologies relate to British Standard BS 6472:1992 
“Assessment of Human Exposure to Vibration in Buildings”. There are a number of challenges 
associated with using this standard which are currently being addressed by the British Standards 
Institution.  There is also a lack of confidence in some sectors of industry in the vibration dose value 
(VDV) indicator and frequency weighting used in the standard and the associated rating values.  
This concern relates to, amongst other things, the lack of supporting social survey data. 
 
These challenges and concerns affect policy and standard development and also affect the 
consistent application of current policy and standards. This project has developed robust survey 
tools that are an important precursor to carrying out a wide ranging study to establish how people in 
residential environments respond to vibration. 
 
The vibration sources considered are those affecting residents which are outside their control, e.g. 
road, rail, industrial, construction.  A measurement protocol and questionnaire have been developed 
and trialled through a Pilot Study of 100 case studies.  The Pilot Study tested the proposed 
methods, to confirm the quality of the data derived and validate the ability of the tools to identify a 
relationship between dose and response within the constraints of a relatively small sample size. 
 
The tools developed could be applied in a future project that would be the equivalent to the National 
Noise Incidence and Attitude Studies. This larger study would inform future policy and standard 
development in this area.  

 
1.2 Objectives 

The principal objectives of the project were to: develop a robust and efficient measurement protocol; 
develop a social survey methodology and questionnaire that would yield reliable information based 

Page 1



Proceedings of the Institute of Acoustics 
 
 

Vol. 29. Pt.1. 2007 

 

on best practice and using face to face interviews; and develop and undertake a pilot study to test 
and validate the proposed approaches. 

 

2 DEVELOPMENT OF THE PROJECT METHODOLOGY  

The measurement protocol, questionnaire and pilot study methodology were developed through an 
evolutionary process involving the Project Partners, Defra and Defra’s Project Board of technical 
advisors.  

 
2.1 Measurement Protocol 

Two fundamentally different approaches to measurement of vibration could have been used.  These 
are summarised in Figure 1 and described below. 

 

FIGURE 1:  Approach options considered for the research 

 
Approach 1a is effectively an ‘invasive’ and ‘intensive’ approach where attended and more 
extensive measurements inside properties ensure the capture of data arising only from the source 
of interest. This approach runs the risk of a reduced rate of acceptance by residents. Approach 1b is 
based on unattended long term logging techniques. Here the difficulty is statistical confidence that 
the measured data relates to the source of interest and is not contaminated by other sources (e.g. 
domestic).  Previous studies in this field have shown that identifying dose response relationships is 
hampered by statistical noise and hence Approach 1b was quickly ‘parked’.  
 
Approach 2 would have required developing equipment and analysis systems. It was considered 
that every effort should be made to develop a robust measurement protocol based on existing 
equipment.  An outcome of the project might therefore have been that Approach 2 had to be 
progressed as separate follow-on work. 
 
The development of the measurement protocol was therefore based up on Approach 1a.  The 
challenge was to develop a protocol that provided certainty that the data gathered was of good 
quality and related to the source of interest whilst ensuring high acceptance rates to measure 
indoors and managing economics for attended measurements.  
 
To enable acquisition of unattended data, which avoids recording events triggered by internal 
sources, techniques were considered where unattended transducers at properties are triggered by 
an instrument close to the source using wireless technology.  At the time of the Pilot Study, such an 
approach was impracticable. A number of attended monitoring options were therefore explored in 
an attempt to develop an optimal solution which struck an appropriate balance between the various, 
and often competing, factors such as: cost; efficiency; accuracy; and acceptability (privacy and 
inconvenience to the respondent).   
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The adopted solution is shown schematically in Figure 2.  The principal components of the 
approach can be summarised as: 

• continuous unattended monitoring at one outdoor (control) position close to the vibration 
source; 

• short term attended monitoring outside properties where questionnaires have been 
completed (the protocol allows for some interpolation of data between or close to 
measurement positions); 

• short term attended monitoring inside as many properties as possible were questionnaires 
have been completed (data to be phase locked with data acquired simultaneously outside 
the same property). 

 
At each measurement position, raw time history was recorded that enables subsequent post 
processing to extract any parameters that may be required for the subsequent (or future) analyses. 
  
At the heart of the Protocol is the use of: a) high quality, multi-channel hard disc data recorders 
(with lab standard input amplifiers and the ability to be ‘daisy-chained’ to provide phase locked 
acquisition across several recorders); and b) analysis software that can identify events of interest 
and extract from them the full range of vibration and noise indicators required. Both of these items 
were sourced ‘off-the-shelf’. 
 
Environmental vibration is rarely experienced in the absence of noise and earlier studies have 
demonstrated that response to vibration can be significantly affected by the presence of noise and 
other stimuli.  The protocol addresses this. Ambient noise and noise associated with the vibration 
(e.g. groundborne noise) are acquired in parallel with vibration data. Indirect effects (e.g. rattling of 
items within the property) are logged by the questionnaire and measurement survey teams. 
 

Figure 2:  Schematic of measurement protocol  

Given the uncertainty associated with the relative benefits and dis-benefits of using either internal or 
external attended measurements, it is important that the protocol includes the acquisition of both 
internal and external data. The Pilot Study tested the protocol’s efficacy in gathering this 
information. 
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Total exposure to vibration at each property is calculated from the ‘control’ data, scaled as required 
to each ‘questionnaire property’ by a correction factor (or factors) based on the ratio of levels during 
the snapshot recording and the levels recorded simultaneously at the control position. The external 
snapshot data were also scaled (such that it is an estimation of the vibration inside the property) 
using an appropriate building response function determined from either: 

• the simultaneous (phase locked, where possible) internal and external measurements made 
at the ‘questionnaire property’ or the equivalent data derived from the another property at 
the location of a similar construction; or 

• transfer functions available from other sources (e.g. public domain literature). 

 
2.2 Questionnaire 

The key objective for developing the social survey questionnaire was to provide an instrument for 
obtaining community response data which are psychometrically valid and reliable and which 
provides an accurate measurement of human response to vibration and confounding factors. The 
social survey questionnaire was developed in a modular form to elicit responses of residents to 
vibration and noise from a range of sources and to identify factors influencing acceptability, adverse 
comment or annoyance.  
 
The questionnaire has been designed to: 

• ensure reliable interpretation of terminology such as vibration and noise; 

• ensure elicited responses produce data suitable for statistical analysis and to ensure that 
responses are unaffected by misinterpretation, influence or suggestion; 

• be suitable for administration by formal interviewing techniques, in which all respondents 
are asked the same questions in the same order; 

• obtain data which are reliable, repeatable and comparable; 

• elicit responses of residents to vibration and noise from a range of sources in close 
proximity to one or more of the sources of building vibration that are of interest to Defra; 

• minimise response errors in the resulting data so as to provide an accurate record of the 
true response of residents; and 

• provide data suitable for determining dose-response relationships. 
 

2.2.1 Development of the Questionnaire 

A review of previous studies was conducted including field and laboratory studies of the effects of 
noise and vibration in buildings in the UK, Sweden and Norway and studies of social survey 
methods and publications concerned with methods of evaluating the severity of vibration and noise. 
The findings and methods of several of the studies were considered to be valuable and were taken 
into account in the development of the questionnaire of the present study. The questionnaire was 
further developed by devising new questions for aspects not covered in earlier investigations and by 
the adaptation and revision of some sections of questionnaires employed in previous studies. 
 
The development of the questionnaire involved obtaining feedback and information from a social 
survey expert (Stephen Stansfeld, Professor of Psychiatry at the Queen Mary’s School of Medicine 
and Dentistry, University of London) and Defra. 
  
The completed questionnaire went through several stages of development before being finally used 
in the Pilot Study, including consultation with the interview team and a small scale pre-survey. 
Changes from these latter stages made the questionnaire easier to administer, moved the 
interviewer observation questions to the end of the survey (to avoid skew) and demonstrated that 
the questionnaire would take between 35 and 45 minutes to complete. 
 

2.2.2 Final Version of the Questionnaire: Section Summaries 

The questionnaire was developed to be modular, so that it could be easily adapted for use for 
different dominant sources of vibration.  In the Pilot Study, two different modules for the 
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questionnaire were required: railway and construction, requiring modifications to Sections F, H 
and I. 
 
Section A: call, interview, dwelling and location information 
Completed by the interviewer only this section specifies base information such as the address, date 
and start time and end time of the interview; the dwelling type; whether the residence is close to 
road or railway; and whether it is in a village, town or city. In larger studies, this information may be 
employed to provide a broad picture of responses to building vibration in different types of 
residences and areas. 
 
Section B: Personal characteristics of the respondents 
This consists of questions concerning duration and hours of occupancy (to gauge possible 
habituation effects); and number of occupants.  
 
Section C: Satisfaction with neighbourhood and Section D: Satisfaction with home 
Questions on likes and dislikes about the home and neighbourhood (to provide a general indication 
of the level of satisfaction with the neighbourhood and determine whether vibration and noise are 
major contributory factors to general satisfaction). A 7-point scale is employed. The responses may 
be compared with ratings of vibration and noise from questions in other sections to show the relative 
contribution to overall satisfaction. 
 
Section E: Vibration questions 
Questions are focussed first on the primary effects of vibration, i.e. feeling vibration of the floor, 
chair or bed. These are followed by questions on the secondary effects of hearing or seeing 
windows or objects rattle and pendulum lights sway. The text in each question is emphasised to 
ensure the interviewee is responding only to the primary or secondary effect where appropriate. 
 
Respondents are asked for ratings of annoyance, bother or disturbance caused by primary effect 
using a 5-point semantic scale. If the response is “not at all”, “don’t know” or “don’t feel”, then further 
questions ascertain whether vibration is ever felt. A “don’t feel” option is selected if the response is 
that the respondent never feels vibration. This avoids distortion of the results by the inclusion of the 
lowest rating when vibration is not perceived. 
 
Questions aimed at obtaining ratings of annoyance, bother or disturbance caused for primary and 
secondary effects are preceded by questions on the interference with activities so that respondents 
are reminded of the effects of feeling, seeing or hearing vibration. Such ordering may elicit more 
accurate response and higher ratings than the placing of activity disturbance questions after rating 
questions. 
 
A 7-point numeric semantic scale is employed for the rating of combined response to feeling, seeing 
and hearing vibration from all sources. By comparison with the ratings of feeling vibration and 
hearing and seeing vibration caused by each source, the relative contribution of the primary and 
secondary effects from each source to the overall effect may be examined in an extensive study. 
 
The respondent is asked about concern that the dwelling may be damaged by vibration.  In an 
extensive study, comparison of ratings of bother, annoyance and disturbance from residents who 
fear building damage with those who do not fear building damage may provide an indication of 
whether fear of building damage increases ratings. 
 
Section F: Railway or construction vibration questions (separate modules) 
Ratings of bother, annoyance and disturbance caused by feeling, seeing or hearing vibration 
caused by the trains or by construction machinery are obtained from using a 7-point scale. 
  
The time of day when vibration from the trains or from construction machinery causes bother, 
annoyance or disturbance and details of the type of train or construction machinery causing most 
bother, annoyance or disturbance from vibration are obtained. In a larger study, the responses may 
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be correlated with measurements of building vibration to provide information on vibration 
characteristics resulting in adverse comment. 
  
Section G: Noise questions 
Questions on responses to noise are of similar format to Section E. The questions aim to determine 
sources of noise, interference with activities and ratings of bother, annoyance and disturbance 
caused by noise from each source.  
 
Ratings of noise from each source may be compared with ratings of primary and secondary effects 
of vibration from each source. Such comparisons indicate which aspect of the source, noise or 
primary or secondary vibration is the most annoying or disturbing. 
 
A 7-point rating scale is employed to obtain ratings of bother, annoyance or disturbance from noise 
caused by all sources. In an extensive study, these results may be compared with ratings from 
vibration questions to indicate relative importance of noise and vibration. 
 
Section H: Railway and construction machinery noise questions (modules) 
Questions on responses to railway or construction machinery noise are of similar format to 
questions in Section F. 
 
The time of day when noise from the trains or construction machinery causes bother, annoyance or 
disturbance and the type of train or construction machinery causing most bother, annoyance or 
disturbance from noise are obtained. In an extensive study, the responses may be correlated with 
measurements of noise to provide information on noise characteristics resulting in adverse 
comment. 
 
Section I: Relative and total response to noise and vibration 
The respondent is asked to provide ratings of bother, annoyance or disturbance caused by noise 
and vibration from all sources using a 7-point numerical scale. In an extensive field study, ratings of 
the combined effect of noise and vibration may be correlated with ratings of the effect of vibration 
and of the effect of noise to indicate how ratings of individual stimuli may be combined to predict 
overall response.  
 
The respondent is asked to indicate preference for the reduction of either noise or vibration from all 
sources. The question is then repeated for noise and vibration from trains. 
  
Section J: Interviewer assessment of vibration 
The interviewer indicates whether they felt vibration of the house, floor or chair or whether they saw 
or heard rattling of windows or objects or swaying of pendulum lights. They are also asked to 
indicate possible sources of vibration effects. The section was completed at the end of the interview 
to avoid the interviewer unconsciously influencing the responses of the resident. The responses 
may be of value since they are independent and not affected by influences such as the fear of 
damage of the property, expectation of compensation or concern about the effect of vibration on 
property value. 
 

2.3 Pilot Study 

The aim of the future main study would be to determine a community dose-response relationship or 
relationships for vibration sources impacting on residents which are outside their control.  Clearly, 
this means that the questionnaire and the measurement protocol must cover various sources of 
vibration.   
 
The Pilot Study needed to consider a number of key issues.  Firstly the need to test the field 
application of the instruments for a range of different vibration sources and secondly validate 
whether an ordinal relationship between dose and response is identifiable.  The latter was 
considered to be a prime objective (to reduce risk for the future full study) given that earlier studies, 
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especially the field study conducted by the ISVR (Woodroof and Griffin), had suggested that a 
community dose response relationship may not exist.   
 
Further significant risks were: 1) that the questionnaire may not provide an adequate description 
and quantification of response to vibration; and the questionnaire may not be capable of adequately 
discerning response to vibration from responses to other visible and/or audible stimuli and 2) that 
the measurement protocol may not either yield robust data or may not be practical in its application.  
It was agreed with Defra that the Pilot Study would not be large enough to address all of the key 
issues.  Two basic options were therefore explored (illustrated in Figure 3): 

 

FIGURE 3: Principal aims of the Pilot Study 

A number of possible approaches for the Pilot Study were considered that would fulfil these aims. It 
was agreed to design the Pilot Study to focus on Aim 2 (Figure 3) and adopt an approach within 
which sites would be selected at different levels of exposure to vibration, ranging from high to low 
exposure, from a single source (railway).  The rationale for this was that by controlling the number 
of variables (i.e. using a single source) it would be possible to explore whether higher levels of 
vibration lead to higher levels of annoyance, many other factors remaining constant. 
   
It was also agreed to test whether the questionnaire and measurement protocol would be reliable at 
a location with a very different source.  Consequently, a construction site location was to be 
included in the Pilot Study at which an impulsive source of vibration would be used.  The most 
common option for such a source would be impact driven piling. 
 
Given the inevitable constraints imposed by the limited Pilot Study, careful consideration was given 
to what should be tested and what the success criteria should be. Table 3 in the Conclusions 
section lists the test criteria and the results from the Pilot Study. 
 

2.3.1 Railway Measurement Locations 

The Pilot Study measurement locations were chosen to maximise the range of exposures to 
vibration and to maximise the potential number of respondents, by selecting locations with a high 
density of housing at a range of distances from the vibration source.  Properties as close to the 
railway as possible and at distances predicted to be towards the limit of perceptibility were targeted 
to ensure high and low vibration measurement-questionnaire pairings.  Locations were also chosen, 
where possible, on the basis of a range of train types (to provide information for different temporal 
and frequency characteristics). 
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Potential locations were selected on the basis of the following: 
 

• There was expected to be a significant level of ground vibration propagating away from the 
source, with a high probability that the level would be perceptible; 

• A sufficient number of respondents was required in the locality exposed to both ‘high’ and 
‘low’ vibration exposure (to allow validation of the combined questionnaire and 
measurement protocol)  to ensure that sufficient residents could be approached who would 
cooperate with the study; 

• The locations needed to be easily accessible; 

• As far as possible, residences were required that would be exposed only to a single source 
of vibration – there would be no interference from other sources; and 

• They needed to be in areas which would not risk compromising the health, safety and 
welfare of the survey teams. 

 
The search for potential locations was concentrated along the East Coast Main Line (ECML) 
between Peterborough and London. A shortlist of possible measurement locations was generated 
from desk studies, followed by a visit to all locations to assess their suitability. 
   
Three measurement locations were chosen at which to conduct the surveys, one being over a 
tunnel.  Each location included a significant number of properties exposed to (estimated) high, 
medium and low levels of vibration. 
 
For each measurement location a map was produced indicating properties that fell into estimated 
zones of high, medium and low vibration exposure.  These were provided to the questionnaire 
survey team to enable them to target a similar number of properties in the high and low exposure 
zones at each location.   
 

2.3.2 Construction Measurement Location  

A suitable construction site on the outskirts of London was located following discussions with piling 
contractors, where concrete pre-cast piles were being driven as foundations for residential 
buildings.  Properties had already been constructed on the adjacent site and were occupied.  The 
scheduled start date was suitable and the expected duration of the works was 7 to 8 working days, 
which provided just sufficient time for the works to start, the questionnaire survey to be undertaken, 
responses fed back to the measurement team and a monitoring programme to be planned and 
executed. 

 

3 RESULTS OF THE PILOT STUDY 

3.1 Social Survey Analysis 

Some of the key findings are as follows. 
 
Reliable interpretation of terminology such as vibration and noise 
Significant differences in annoyance from the primary effects of feeling vibration and the secondary 
effects of seeing and hearing vibration indicated that the questionnaire enabled separate ratings of 
the two effects to be obtained. Thus, the results showed that respondents understood the distinction 
between terminology such as vibration and noise as used in the questionnaire. 
 
Responses produce data suitable for statistical analysis 
Data obtained from questions on the neighbourhood and on annoyance from noise and vibration 
were suitable for the required factor analysis. Questions on annoyance from vibration and noise 
yielded ratings on which Spearman’s rank correlation coefficients could be determined. Annoyance 
ratings in response to questions on vibration and noise from different sources were suitable for the 
application of the Friedman and Wilcoxon Signed Ranks test. 
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Data are reliable, repeatable and comparable 
Significant correlations between annoyance from primary and secondary vibration effects and 
between annoyance from noise and vibration from related exposures indicated response 
consistency and reliability. Questions on sensitivity to noise and vibration should be placed at the 
end of the questionnaire to avoid influence on responses to following questions. 
 
Responses are obtained to vibration and noise from a range of sources in close proximity to 
one or more of the sources of building vibration 
Analysis of ratings in response to questions on vibration and noise from different sources were 
suitable and showed that the railway and construction site questionnaires were successful in 
extracting differences in response to different vibration and noise exposures from a range of 
sources in close proximity to one or more of the sources of building vibration. 
 

3.2 Analysis of Vibration Measurement Data 

During the post-processing phase, vibration indicators were successfully automatically extracted 
from the raw acceleration data for each measurement location. Further interpolation and 
extrapolation of the data was required to predict exposure to vibration for every respondent’s 
dwelling. 
 

3.2.1 Control-to-Satellite Position (External) Transfer Functions 

External measurements at satellite positions were made over a ‘snapshot’ period that was 
simultaneous with the control position measurements.  This enabled a transfer function between the 
two positions to be calculated for each event over that period.  The transfer functions were then 
used to calculate the total exposure at the satellite position based on scaling the total exposure 
measured at the control position. 
 
The Pilot Study verified that this approach provided a practicable and time efficient way of 
assessing total exposure outside each property.  For the purposes of the Pilot Study, time domain 
transfer functions were calculated for each event in each of the vibration axis and for rms and peak 
acceleration. An average of the transfer functions was then taken to obtain x, y and z-axis vibration 
transfer functions for both rms and peak acceleration.  While the use of single parameter transfer 
functions was acceptable for the purposes of the Pilot Study, it may be possible to reduce the 
scatter in the calculated control-external transfer functions by adopting a more complex approach, 
such as through calculation in third octave bands, or through the use of other vibration parameters. 
 

3.2.2 External-to-Internal Transfer Functions 

To predict the vibration within properties where measurements could only be obtained outside, the 
vibration measured simultaneously outside and inside other properties at the location were used to 
calculate transfer functions.  These transfer functions were calculated in the same way as for the 
control-external transfer functions. 
 
This is an established technique and was found to be reliable, provided that neither the internal or 
external signal was corrupted by vibration from extraneous sources.  In some cases, especially at 
the low exposure sites, the quality of internal data resulted in few events remaining in the analysis. 
Increasing the measurement duration at each satellite position would reduce the risk of having 
insufficient data for analysis. 
 
There was a large scatter of results for the transfer functions.  This scatter was similar for both the 
railway and constructions sites.  This scatter may be reduced by extracting external and internal 
events simultaneously, so that they were effectively phase-locked transfer functions. 
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3.2.3 Interpolation and Extrapolation of Data 

As described above, vibration measurements were not made at all properties from which a 
questionnaire response had been obtained. To increase the case studies available for analysis and 
to minimise the number of measurement positions, the protocol allows for interpolation and 
extrapolation of the data, where: 
 

• A contiguous line of properties exists and external vibration measurements have been 
made at each end of the line; or 

• Measured data for a nearby property exists where similar vibration conditions can be 
reasonably expected (i.e. from an adjacent property). 

 
The measurement surveys were carried out shortly after the questionnaire surveys were completed.  
This allowed the measurement surveys to be planned in such a way as to maximise efficiency.  
Representative sample locations were chosen for lines of properties where there was a cluster of 
respondents.  The external vibration at properties along the line was predicted using a site law. A 
number of site laws for each survey location were developed from the transfer functions measured 
at each end of a line of properties and interpolating to find the transfer functions for properties within 
the line.  This proved to be an effective way of maximising the amount of data available for analysis 
without requiring an excessive amount of site work.  This will be especially important for ensuring 
the cost efficiency of the follow on exposure-response study.  
 
Similarly, a judgement was made whether properties adjacent or close to external satellite 
measurements positions were exposed to similar levels of vibration.  If so the measured control-
external transfer function is assumed to apply for both properties.  
 

3.2.4 Calculation of Total Exposure 

The 24 hour external vibration exposure at each case study property was calculated by scaling the 
event rms acceleration indicator in each of the three axes of vibration from the control position 
according to the calculated control-satellite (external) transfer functions.  Calculation of the 24 hour 
internal vibration exposure was achieved by scaling the predicted 24hr external measurements 
using the measured external-internal transfer functions. 
 
To obtain predictions for the internal vibration at case study properties where no internal 
measurements were made, a representative external-internal transfer function was chosen 
(according to property type) from measured transfer functions from the study location. 
 
For each case study in the Pilot Study, the z-axis event rms acceleration, averaged over every 
event during the 24hr period and the predicted overall z-axis rms vibration were tabulated. These 
parameters were chosen for ease of analysis and to avoid the limited data from the Pilot Study 
being used to estimate any form of dose-response or community response information.  For the 
follow on study, it will be necessary to calculate other indices from the raw vibration data.  A small 
number of events were analysed using the software to obtain VDV and other indices (e.g. PPV) to 
demonstrate that such parameters can be obtained successfully and automatically from the 
recordings. 
 

3.2.5 Review of Analysis Method 

While the Pilot Study successfully demonstrated the suitability of the measurement protocol, the 
following aspects were identified that would benefit from further investigation or development either 
early or during the programme of a full scale exposure-response study: 
 

• Methods to reduce the variability of the transfer functions calculated between the control 
position and satellite (external) positions should be tested.   
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• External to internal transfer functions should be analysed as a function of generic property 
type/construction. 

• Further means of automating the analysis process need to be developed.     
 

3.2.6 Combined Analysis 

One of the principal aims of the pilot study was to test the application of the questionnaire and 
measurement protocol in terms of their success in eliciting responses which have an ordinal 
relationship with vibration magnitude, i.e. that low magnitudes of vibration generally correspond to 
lower levels of annoyance and higher magnitudes of vibration generally give higher annoyance 
levels. The presence of an ordinal relationship between vibration magnitude and annoyance 
suggests that the application of the Pilot Study methodologies in a larger study may result in the 
required distribution of responses for an investigation into dose-response relationships. 
 
Spearman’s rank correlation coefficient was determined between the three evaluation measures of 
vibration and annoyance ratings in response to certain key questions. Spearman’s rank correlation 
coefficient is a non-parametric measure of correlation; it is a measure of the association between 
rank orders. Thus, a significant positive Spearman’s Rank correlation between vibration magnitude 
and annoyance ratings indicates that there is an agreement between the rank orders of the two 
variables. 
 
Tables 1 and 2 present the Spearman’s Rank correlation (rsp) and associated level of significance 
(p) between the responses to various questions and the simple estimate of vertical vibration derived 
from the internal and external vibration measurements for the railway and construction locations, 
respectively. 
 

4 CONCLUSIONS 

This paper has summarised the findings of the work undertaken to develop and trial a social survey 
questionnaire and a measurement protocol that together aim to establish a methodology by which 
human exposure to vibration in residential environments may be assessed through a more 
extensive study.  The questionnaire and measurement protocol were trialled through a Pilot Study.  
The data collected were analysed as a means of validating the approaches taken, by investigating 
whether an ordinal relationship between relatively simple vibration parameters and response could 
be identified.  It was not the purpose of the Pilot Study to determine an exposure-response 
relationship.  Neither was it the purpose to investigate correlations between measured response 
and different vibration dose parameters or indices. 
 
The evaluation criteria for the Pilot Study and the analysis of the results are summarised in Table 3 
below. 
 
It is considered that the Pilot Study demonstrated that the approaches suggested and trialled were 
very successful and provide a robust basis for undertaking an exposure-response study.  In 
particular, an ordinal relationship was found between vibration magnitude and annoyance over a 
sufficient range which suggests that the application of the pilot study methodologies in a larger 
study may result in the required distribution of responses for an investigation into dose-response 
relationships.  This finding achieves the primary objective of the Pilot Study and means that Defra 
can now proceed with a larger dose-response study with far greater confidence than before the Pilot 
Study was carried out.  
 
The Pilot Study focussed on railways as the most common and widespread source of perceptible 
environmental vibration.  The processes developed were also trialled on a construction site with an 
impulsive vibration source.  While some development and adaptations may be required for them to 
be fully appropriate to other sources and situations, it is considered that the approaches developed 
could be easily applied more widely.  In particular, the success in gaining access for internal 
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measurements provides confidence that the approaches are appropriate for assessing response to 
vibration sources within buildings. 
 

z-axis vibration acceleration  

Average event r.m.s. acceleration over 24h 

Question providing annoyance ratings  

Internal External 

rsp 0.378 0.406 
Q27c: feeling vibration from trains 

p 0.001** <0.001** 

rsp 0.329 0.422 
Q27c: feeling vibration from trains, 
excluding respondents not feeling 
vibration 

p 0.017* 0.002** 

rsp 0.161 0.276 Q31c: hearing and seeing vibration 
from trains 

p 0.179 0.020* 

rsp 0.205 0.2485 Q35: feeling, hearing and seeing 
vibration from trains  

p 0.079
†
 0.033* 

rsp 0.268 0.291 Q32: feeling, hearing and seeing 
vibration from all sources 

p 0.020* 0.011* 

Table 1: Spearman’s rank correlation coefficient (rsp) – to test for an ordinal relationship - and 
significance levels (p) for correlations between annoyance ratings and internal and external 
vibration measures; pilot study railway sites.  
 
 

z-axis vibration acceleration  

Average event r.m.s. acceleration over 6h Question providing annoyance ratings 

 

Internal External 

rsp 0.056 0.144 
Q27f: feeling vibration from construction 

P 0.811 0.533 

rsp -0.083 -0.008 
Q27f: feeling vibration from 
construction, excluding respondents not 
feeling vibration 

p 0.769 0.977 

rsp 0.305 0.302 
Q31f: hearing and seeing vibration from 
construction 

p 0.179 0.183 

rsp 0.553 0.595 
Q35: feeling, hearing and seeing 
vibration from construction  

p 0.009** 0.004** 

rsp 0.399 0.305 Q32: feeling, hearing and seeing 
vibration from all sources 

p 0.073
†
 0.180 

Table 2: Spearman’s rank correlation coefficient (rsp) – to test for an ordinal relationship - and 
significance levels (p) for correlations between annoyance ratings and internal and external 
vibration measures; pilot study construction site.  
 
NOTE: (

†
  marginally significant (p < 0.1), * significant (p < 0.05) , **highly significant (p < 0.01)) 

. 
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Ref Evaluation criteria Achieved 

1 
Raw vibration time history data can be reliably and continuously recorded 
at each assessment location for at least 24hr (or full operating period, as 
appropriate to the source). 

Yes 

2 Vibration data can be gathered, using the same equipment specification, 
in a number of different positions both inside and outside properties at a 
range distances from the source and over the full range of possible 
human exposure (from threshold of perception – noise and vibration – to 
very high exposure). 

Yes 

3 Noise and vibration (in 3 orthogonal axes) can be recorded 
simultaneously at each and every measurement position. 

Yes 

4 
The method is minimally intrusive, maximising acceptability to residents 
and hence maximising permissions to undertake internal measurements. 

Yes 

5 
Phase locked noise and vibration can be recorded simultaneously inside 
and outside properties. 

Yes 

6 
The method is efficient and straightforward on site, supporting high 
(measurement) production rate, making a full exposure-response 
relationship study viable. 

Yes 
 

7 
Vibration events can be identified, extracted and analysed automatically 
from continuous records during post-processing. 

Yes; Further development 
of post processing 
software recommended 

8 Suitable for quantifying vibration exposure from different sources. 
 

Yes; Modules for 
industrial, road and 
internal sources to be 
developed 

9 
Post processing can reliably evaluate (automatically) all current vibration 
indicators (e.g. weighted and unweighted acceleration, VDVg, VDVd, 
VDVb, PPV etc). 

Yes 

10 
Feedback from the questionnaire survey team to the measurement team 
can be provided sufficiently quickly and accurately to allow exposure to 
transient sources to be captured consistently in the measurement protocol 
and the questionnaire. 

Partially; Methodological 
improvements required for 
time varying sources (e.g. 
construction) 

12 The accuracy of the measurement protocol is fit for purpose. Partially; Further tests 
recommended 

13 Questionnaire is sufficient to gather information required but short enough 
to deliver high rate of acceptance for completing the questionnaire. 

Yes; Further optimisation 
possible 

14 Questionnaire responses suitable for statistical and factor analysis. Yes 

15 Responses to questionnaire differ significantly when respondent is subject 
to different exposure. 

Yes 

16 Questionnaire response reliably differentiates between noise and vibration 
exposure. 

Yes 

17 Questionnaire responses are consistent. Yes 

18 Respondents demonstrate reliable interpretation of terminology (e.g. 
noise and vibration). 

Yes 

19 Questionnaire responses are reliable, repeatable and comparable. Yes 

20 Questionnaire and measurement protocol combined analysis demonstrate 
that there is an ordinal relationship between response and exposure. 

Yes 

Table 3: Pilot Study Evaluation Criteria and Results  
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