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Summary: Whole-body vibration is caused by machines or vehicles that transmit
vibration through the operator’'s feet, buttocks and back into his or her body.
Employees who are regularly exposed to whole-body vibration may suffer from lower
back pain as well as disorders of the sensory functions or fine motor co-ordination. To
prevent negative influence on the health of workers related to vibration it is necessary,
among other things, to provide permissible exposure values, as well as preventive
measures to reduce or completely remove the threat of action due to vibration.
Therefore, it is necessary to have laws, regulations and standards that will govern the
measurement and evaluation of human exposure to whole-body vibration and set
minimum health and safety requirements regarding the exposure of workers to the
risks due to vibration. Currently over a hundred rules, norms and standards related to
whole body vibration are in use in the world. Probably the most important and,
certainly, the most commonly used are European Directive 2002/44/EC and ISO 2631-
1:1997. This paper will give an overview and comment on the most important
standards and regulations (international and national) related to whole-body vibration.
Keywords: whole body vibration, Directive 2002/44/EC, ISO 2631-1:1997.

1. INTRODUCTION

Whole body vibration (wbv) are mechanical vibrations which are transmitted,
from their source, to the body of a man through the lower part of the back, in case of
the sitting position, or through the feet, in case of standing working position. Operaters
in heavy construction industry, operaters of mining and agricultural transshipping
machinery, locomotive drivers, helicopter pilots and military vehicles drivers, operaters
of presses and vibrating platforms as well as the operaters of powerfull tools are all
subjected to whole body vibration.

As a consequence of whole body vibration negative effects to health occur.
Continuous short-term exposure to vibrations can cause pain in abdomen and chest,
shortage of breath, nausea, loss of balance etc., while constant long-term exposure
can lead to disorders in psychomotoric, physiological and psychological systems of an
operater.
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Although the negative effects of vibrations to opearaters (wbv, especially), they
are still underestimated. One of the reasons is the impossibility of determining the
correlation between the vibration impact and health deterioration, because of the
combination of vibration and other occupational hazards and harms.

Legal framework concerning the work in vibration related conditions is
extremely important in understanding this issue. First standards in this field were set in
the seventies of the last century, whereas the most important regulations were
established only at the end of the last and at the beginning of this century. The laws
and standards concerning this matter are subject to constant changes in accordance
with the technological and technical improvements in measuring of vibration levels.
Most of local laws and standards are taken from international regulations.

This paper will give an overview of most important occupational health and
safety (OHS) laws and standards concerning whole body vibration. The most important
documents in this field, and they are Directive 2002/44/EC and ISO 2631-1:1997, will
be presented more than others.

2. OHS LAWS RELATED TO WBV

This chapter will give several most important OHS laws concerning whole body
vibration.

2.1. European union OHS laws related to WBV

In European Union, the legal framework for the implementation of precaution
concerning exposure to vibration health risks is based on Directive 2002/44/EC, so
called European Vibration Directive [1]. Numerous provisions of this so called
European Vibration Directive derive from the provisions of Council Directive
89/391/EEC that provides measures for raising the operaters’ safety level at
workplaces.

Most of the EU member states introduced this Directive directly to their legal
systems as early as in 2005, whereas some countries did that with their special local
laws which are, in some cases, even more favourable for workers than it is provided by
the Directive itself.

According to the Directive, whole body vibration is mechanical vibration that,
when transmitted to the whole body, entails risks to the health and safety of workers, in
particular lower-back morbidity and trauma of the spine.

The Directive establishes several requirements for the protection of workers
from vibration, including:

e employers must conduct risk assessments for vibration hazards (this
requires the employer to measure vibration levels of tools, machinery and
equipment that can expose workers to vibration and determine worker
exposure)

e limits for maximum permissible vibration exposures

e requirements for employers to reduce worker exposures through control
measures

e recommendations for the health surveillance of workers at significant risk of
vibration exposure
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The Directive sets the limit values of daily exposure of workers to whole body
vibration:
e daily exposure limit value-ELV which must not be exceeded in professional
working conditions and is 1,15 m/s? standardized to an eight-hour reference
period (or, vibration dose value of 21 m/s'75),
o daily exposure action value-EAV, above which employers must control risks
coming from vibrations and is 0,5 m/s? standardized to an eight-hour
reference period (or, vibration dose value of 9.1 m/s'-")
The Directive provides duties of employers related to risk estimation, measures
for reducing and avoiding the critical exposure and elaborates practices for training and
educating the operaters.

2.2. Other OHS laws related to WBV

In 2006, the United Kingdom passed The Control of Vibration at Work
Regulations 2005, based on the Directive. It requires employers to: assess vibration
exposure risks, determine if workers are likely to be exposed above the daily exposure
action value, provide health surveillance to workers who continue to be regularly
exposed above the action value or otherwise continue to be at risk, provide information
and training to workers about health risks and actions to control vibration exposure
risks, keep a record of risk assessments, control actions, and health surveillance
records for vibration exposed workers and periodically review and update the risk
assessment. The legislated maximum permissible vibration exposure limits are the
same as those specified in the Directive 2002/44/EC.

In 1977, the International Labour Organization held the “The Convention
Concerning the Protection of Workers against Occupational Hazards in the Working
Environment Due to Air Pollution, Noise and Vibration” (ILO No. 148, 1977). This event
focused on the protection of workers from vibration.

The United States federal and state occupational health and safety laws
establish general duties for employers to protect the health and safety of workers.
However, except in California, there are no specific requirements on vibration exposure
hazards.

3. STANDARDS RELATED TO WBV

This chapter will give short information about non-regulated and voluntary
standards relating to vibration exposure limits, vibration measurement techniques,
minimizing vibration through design and fabrication, and vibration control methods.

3.1.1S0 Standards related to WBV

The matter of whole body vibration is covered by many ISO (International
organization for standardization) standards. A few of them have basic name 2631.

The first International Standard ISO 2631, for measuring and evaluating of
human exposure to whole body vibration was outlined in 1966, and was published in
1974. Following a few amendments, this standard was published again in 1985, under
the new name ISO 2631-1:1985 Evaluation of human exposure to whole-body vibration
- Part 1: General requirements [2]. Because of some shortcomings, the standard from
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1985. was additionally developed and published in 1987 under the name I1ISO 2631-
1:1997 Mechanical vibration and shock - Evaluation of human exposure to whole-body
vibration - Part 1: General requirements [3]. This standard is stil in effect and is one of
thye most important documents in studying whole body vibration. In comparison to
previous 1985 standard, this standard includes revised frequency weightings,
calculation of a single overall root mean square (RMS) acceleration and the
introduction of methods for assessment of WBV containing shocks.

ISO 2631-1:1997 is a standard that:

e incorporates assessment methods for both steady state and shock type
whole body vibration, and

e provides guidance for acceptable workplace vibration exposures.

The standard classifies vibration exposures into three categories or “zones”:

o likely health risk zone (RMS - 0,86 m/s? ili VDV — 17 m/s'7%), where
vibration exposure is likely to be a risk to health (in Directive it is daily
exposure limit value)

e caution zone (RMS - 0,43 m/s? ili VDV — 8,5 m/s"7%), where vibration
exposure is a potential risk to health (in Directive it is daily exposure action
value)

e below the caution zone, where the vibration exposure level is considered
acceptable and unlikely to be a risk to health.

Apart from ISO 2631-1:1997, ISO 2631-5:2004 is also important. Mechanical
vibration and shock - Evaluation of human exposure to whole-body vibration — Part 5:
Method for evaluation of vibration containing multiple shocks [4]. The purpose of ISO
2631-5:2004 is to define a method for analyzing the effect of multiple shocks in relation
to human health. This standard provides guidance for the assessment of health effects
in the lumbar spine relating to long-term exposure to whole body vibration containing
multiple shocks. It is the first time a standard in this field has directly attributed a
specific degenerative health effect to whole body vibration and shock. Previous
standards generalized the human response as simply adverse health effects consisting
mainly of problems in the “lumbar” region.

The set of standards I1ISO 2631 also includes ISO 2631-4:2001 Mechanical
vibration and shock — Evaluation of human exposure to whole-body vibration — Part 4:
Guidelines for the evaluation of the effects of vibration and rotational motion on
passenger and crew comfort in fixed-guideway transport systems. These guidelines
establish methods for the evaluation of relative comfort between systems, as opposed
to absolute levels of comfort.

Another important standard among ISO standards is ISO 8041:2005 Human
response to vibration — Measuring instrumentation. The first issue of this standard was
published in 1990, whereas the standard was changed and published again in 2005.
Standard contains not only specifications but also detailed instructions for performance
testing on different levels.

There are numerous standards addressing measuring and evaluating of
vibration at the seat of vehicles and machines such as agricultural tractors, railroad
cars or constructional machinery for work with soil:

e SO 10326-1:1992 Mechanical vibration — Laboratory method for evaluating

vehicle seat vibration — Part 1: Basic requirements

1208



Legislation and standardization related to whole body vibration

e SO 10326-2:2001 Mechanical vibration-Laboratory method for evaluating
vehicle seat vibration — Part 2: Application to railway vehicles

e SO 7096:2000 Earth-moving machinery — laboratory evaluation of operator
seat vibration

e |SO 5007:2003 Agricultural wheeled tractors - Operator's seat — Laboratory
measurement of transmitted vibration.

3.2. European Standards (EN) related to WBV

European Committee for standardization (CEN) has developed and published
several important standards addressing the whole body vibration and vibrations in
general.

e EN 13490:2001 Mechanical vibration — Industrial trucks — Laboratory

evaluation and specification of operator seat vibration.

This European Standard specifies, in accordance with EN 30326-1, a
laboratory method for measuring and evaluating the effectiveness of the seat
suspension in reducing the vertical whole body vibration transmitted to the operator of
industrial trucks at frequencies between 1Hz and 20Hz.

e EN 14253:2003 Mechanical vibration — Measurement and calculation of

occupational exposure to whole-body vibration with reference to health —
Practical guidance.

This European Standard describes the precautions to be taken to make
representative vibration measurements and to determine the daily exposure time for
each operation in order to calculate the daily exposure value standardized to an 8-h
reference period. Also, standard provides a means to determine the relevant
operations that should be taken into account when determining the vibration exposure.

o CEN/TR 15172-1:2005 Whole-body vibration - Guidelines for vibration

hazards reduction - Part 1: Engineering methods by design of machinery.

This Technical Report provides best practices and methods available for
limiting the effects of mechanical whole-body vibration on operators positions. The
guidelines given outline practical ways in which whole body vibration hazards
associated with mobile machinery can be reduced by machinery design.

3.3.National Standards (BS, ANSI, VDL...)

Most of local standards are taken from international regulations and is based
on I1ISO 2631-1:1997.

Although accepted internationally, the United Kingdom voted against ISO 2631
as a full standard. British Standards Institution releasing their own standard in 1987 BS
6841.This standard differs from the earlier International Standards in some areas. A
methodology for the measurement and evaluation of vibration containing shocks, called
the Vibration Dose Value (VDV), was introduced. This quantity is a single value
representing vibration in each axis using frequency weightings, and assessment of the
fourth power of acceleration between 0.5 and 80 Hz. Frequency weightings in BS 6841
differ from the early International Standards, and in part were implemented to eliminate
the need for multiplying factors in the horizontal axes.

In the U.S., American National Standards Institute published in 2002 ANSI
S3.18:2002, which relies entirely on ISO 2631-1:1997 while the American Conference
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of Governmental Industrial Hygienists Threshold Limit Value given in 1996 ACGIH-TLV
1996 which is based on the ISO 2631-1:1985.

In Germany, one of the most important standards in this field is VDI 2057-
1:2002 Human Exposure To Mechanical Vibrations — Whole-body Vibration.

4. CONCLUSION

In careful consideration and studying of WBV effets on workers, laws and
standards are of great importance. The strength of the standards is that they are
internationally recognized and applied. However, many industrial WBV exposures will
fall into a caution zone between categories, providing uncertainty to the user, which is
a weakness. Other weaknesses of the standards are the absence of a single
measurement and assessment methodology and the ambiguities in the current
methods. Possible improvements include definition of acceptable short-term exposures
and guidelines outlining acceptable measurement durations and data certainty. Some
of these are not possible based on current knowledge.

REFERENCES

[1] European Parliament and the Council of the European Union (2002). Directive
2002/44/EC on the minimum health and safety requirements regarding the
exposure of workers to the risks arising from physical agents (vibration).Official
Journalof the European Communities, OJ | 177,13.

[2] 1S0O2631-1 (1997). Mechanical vibration and shock — Evaluation of human
exposure to whole-body vibration — Part 1: General requirements. International
Organization for Standardization. Geneva.

[3] Monaghan, S., Twest van D. (2004). Whole-body vibration — review of Australian
and international standards and the future. ACOUSTICS 2004 Conference
Proceedings, p. 609-614.

[4] 1S02631-5 (2004). Mechanical vibration and shock — Evaluation of human
exposure to whole-body vibration — Part 5: Method for evaluation of vibration
containing multiple shocks. International Organization for Standardization.
Geneva.

[5] Nelson, C. (2006). European Legislation And Standardisation For The Control Of
Risks From Vibration At Work. Proceedings Of The First American Conference On
Human Vibration, p.9-10.

[6] Nelson, C., Brereton, P. (2005). The European Vibration Directive. Industrial health,
43, p.472-479.

1210




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


