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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
has the right to be represented on that committee. International organizations, governmental and
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troduction

This Technical Report provides information on how to assess the whole-body vibration exposure of operators
of earth-moving machines. The method is based on measured vibration emission under real working
conditions. It needs to be noted that vibration emissions are influenced by many different parameters,
originating from

Iti
to
s

On

tliations, and machine types.

operator (e.g. training, behaviour, mode, stress),
jobsite (e.g. organization, preparation, environment, weather, material), and
machine (e.g. type, quality of seat and suspension system, attachment, equipment, condition).

5 therefore not possible to obtain precise exposure figures. The values givenin this Technical R
be used with great care since they were measured for a limited numper of operators, de

the one hand, the actual work situation for a specific machine operator can be very different, th

eport need
fined work

Us creating

different vibration. On the other hand, values from real work that<arn be found in the literature are dnly correct

for
be
thg
ma

Th
An

Properly adjusting and maintaining machines, operating machines smoothly, and maintaining

co
mg

Th
co

the specific work situation and time when they were measured. The user of this Technical Repo
operator, jobsite and machine, and other factors. All these factors need to be taken into account
ke a practical assessment of vibration magnitude.

hex A. This list may not be complete, but it represents most of the real working conditions.
nditions can reduce whole-body vibrations. The guidelines given in Annex E can help users of ea
chines reduce the whole-body vibration levels.

b daily vibration exposure to\be assessed depends on both the magnitude of vibration at the
ntact with the whole body@nd the total daily duration for which an employee is in contact with thaf

e vibration levels fordhe same type of machine are assumed to be the same. If a vibration-reduct

ration levels for_a machine vibration-reduction feature, the appropriate vibration measurement
de. Annex E_provides guidelines for vibration measurements.

t needs to

aware that the exposure to vibration depends not only onnthe machine used but also to a largg extent on

in order to

bre are typical operating conditions for machine*types in accordance to ISO 6165 identified and listed in

the terrain
rth-moving

surface in
vibration.

on feature

hdded to the machine, then a lower vibration level can be used. In order to determine the rg¢duction in

s must be
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TECHNICAL REPORT

ISO/TR 25398:2006(E)

Earth-moving machinery — Guidelines for assessment of
exposure to whole-body vibration of ride-on machines — Use
of harmonized data measured by international institutes,
organizations and manufacturers

1| Scope
Thfs Technical Report provides guidelines for those such as employers, national authg
mgnufacturers of earth-moving machinery who are required to determine, aSsess and documen
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ple-body vibration exposure for ride-on machines as defined in ISO 6165, It also provides gui
ucing vibration levels on machines and for determining the vibration reduction from machine imp
reduce vibration levels. It is intended to assist in establishing doecumentation for specific ed
chinery under typical operating conditions.

pives guidance on determining the daily vibration exposure” A(8), in accordance with 1SO
14253, offering a simple method for determining the daily.vibration exposure by means of a t
icates the daily exposure as a function of the equivalent vibration total value and the associatec
ation. Both methods can be used even in cases of multiple exposures on the same day.

thods are provided for calculating exposure using reported emission values, valid for machines
h a seat in accordance to ISO 7096.
TE Additional information is given in the EN 474 and EN 500 series of standards.
rkplace measurements are required ‘where suitable data are unavailable to represent the vibrg

specific working conditions, or if.the calculation results are not useful for determining whether
ration exposure limit value orfexposure action value is likely to be exceeded.

important that the vibration values used in the exposure assessment are representative of th
cific use of the machines.

L
D
»)
L

s Technical Report’does not deal with assessments of exposure to shock.

TE The \guidelines for determining, assessing and documenting the daily vibration exposure from us
rated earth-moving machinery also cover the requirements of the European Physical Agents Directive
02/44/ECy

rities and
t the daily
delines for
rovements
rth-moving

2631 and
able which
| exposure

5 equipped

tion under

or not the

ose in the

e of ride-on
(Vibration)

2

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 2631-1:1997, Mechanical vibration and shock — Evaluation of human exposure to whole-body

vib

ration — Part 1: General requirements

ISO 6165: 2001, Earth-moving machinery — Basic types — Vocabulary

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=1f22e233184d6e0df09028853cb6a31c

ISO/TR 2

5398:2006(E)

ISO 7096:2000, Earth-moving machinery —- Laboratory evaluation of operator seat vibration

EN 14253:2003, Mechanical vibration — Measurement and calculation of occupational exposure to
whole-body vibration with reference to health — Practical guidance

3 Terms and definitions

For the purposes of this document, the terms and definitions given in 1ISO 2631 and I1SO 6165 and the
following apply.

3.1
operating

time

ride-on time
daily duratjon of the operating time on the earth-moving machinery

NOTE

3.2
exposure
T

total durat
relevant vi

NOTE

It includes the interruptions required by the operating conditions and the break periods directly related to us|

duration

on during which the whole body is in direct contact with the vibrating,surface (seat) and exposeqg
bration

It is often confused with the operating time when determining the daily exposure duration, 7. For example,

operating time on a wheel loader in a quarry is estimated by the operator at 7,5 h per day. However, the exposure dura

is 5 h loadi
T=6,0h.

3.3
equivalen
Aw,eq
maximum
operating

NOTE 1

hg dumper (e.g. waiting for dumpers) and 1 h mining application (e.g. waiting for detonation), which yie

f vibration value

of the time-averaged totals of the yibration values of the various machines and their typ
ponditions, ay,, , \, ,, during their associated exposure durations, 7;

It is the maximum of a calculated using Equation (1):

w,eqx’ Yw,eqy or Ay,eqz’

1 n 2
Aw.eqx| = _Z(awxi) T

r i=1

1 n 2
Aw.eqy| = _Z(awyi) -T;

r i=1

<]

to

the
ion
Ids

cal

(1

n
1 \2

a - (o T
w,eqz VTg,\“'wzﬂ 7

where n is t

NOTE 2
Annex B. If

i=1

he number of partial equivalent vibration values considered.

Vibration values for the x and y directions are multiplied by a factor of 1,4, and this is included in the data in

data are used from another source, care needs to be taken to ensure that the factor is included there also.

© I1SO 2006 — All rights reserved
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3.4

daily vibration exposure

A(8)

value on which assessment of the level of exposure to vibration is based, expressed as the equivalent
continuous acceleration over an 8h period and calculated as the highest (rms) value of the
frequency-weighted accelerations determined on the three orthogonal axes (1,4ay,, 14ay, and a,, for a
seated operator)

NOTE 1 For the determination of A(8), see Clauses 5, 6 and 7, Annex A and Annex B, and ISO 2631-1.

NOTE 2 It is the maximum of the A(8) - values, calculated using Equation (2):

P
X
|

1 &
8h 7

A(8)z = (awzi)2 T

where n is the number of partial equivalent vibration values considered, a
thelassociated exposure duration.

wxy.zi 1S the equivalent vibration value and T7; is

NQTE 3  Vibration values for the x and y directions are multiplied by a factor of 1,4, and this is included in| the data in
Anpex B. If data are used from another source, care needs\to be taken to ensure that the factor is included thefe also.

3.9
partial vibration exposure points

PE X

Y.z
index describing the vibration exposurefrom a single machine and operating condition during the pssociated
exposure duration in the x,y and z directions

NQTE 1 It is calculated for the\corresponding direction using Equation (3):

2
. T.
Peiy = aW—Xl] ~1 .100

0,5m/s? 8h
2 T
a . .
Pery = % .2 100 (3)
0,5m/s h

Y T
P, = #2 i 100
0,5 m/s 8h

where a is the equivalent vibration value and 7; is the associated exposure duration.

W,X,Y,Z,i

NOTE2  Equation (3) sets a value of 100 points for a vibration exposure of 0,5 m/s2A(8). Another vibration exposure
value A(8) can be set to 100 points by substituting it for 0,5m/s? in the equation.

NOTE 3  Vibration values for the x and y directions are multiplied by a factor of 1,4, and this is included in the data in
Annex B. If data are used from another source, care needs to be taken to ensure that the factor is included there also.

© I1SO 2006 — All rights reserved 3
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3.6
total vibration exposure points

Petot
maximum of the totals of the partial vibration exposure points Pg , , within one day
NOTE 1  ltis the maximum of Pg . P 1oty OF P 10> Calculated using Equation (4):

n
Fetotx = ZPEix
i=1

n
PEtoty :ZPEiy 4)
i=1

n
Petot :ZPEiz
i—1

where n is the number of partial equivalent vibration values considered.
NOTE 2  |Vibration exposure points are a simple alternative to determining the A(8)value of an operator’s total daily or

partial vibrgtion exposure. An example of the relationship is given by Equation<(5), in accordance with the Europg¢an
Physical Adents Directive (vibration) 2002/44/EC:

A(8) 40,5m/s? [Pz /100 (5)

A score of 100 points for the total vibration exposure in a day is equalo the exposure action value of A(8) = 0,5 m/s? and
a score of 529 points is equal to the exposure limit value of A(8) =15 m/s2. The example is plotted in Figure 1.
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Figure 1 — Example of relationship between vibration exposure points and daily vibration exposure
for whole-body vibration
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4 Estimation of vibration magnitude

4.1 General

Data for estimating vibration levels are provided in Annex B. The vibration magnitude is expressed as a
frequency-weighted root-mean-square acceleration value in metres per second squared (m/sz), in accordance
with 1ISO 2631.

The vibration magnitude for a machine can be highly variable. For example, an operator and his driving style
(e.g. aggressive, smooth), different operating conditions, ground conditions, machine speeds or different
mdterials all influence the actual magnitude. The magnitude also often varies over time. It is usuall}difﬂcult or

eveén impossible to obtain a precise value or narrow value range. The average value and a description of its
ungertainty is the best reflection of the real, typical operating conditions. When estimating exposure, account
should be taken of the fact that values are obtained within a range of uncertainty (see Clause '6).

4.2 Additional sources of information

Viggration magnitudes may be measured at the operator’s position by the employer, or on his behalff However,
thi$ can be difficult, non-reproducible and uneconomical, and is not always necessary.

Other sources of vibration data include specialist vibration consultants, employers’ organisatipns (trade
associations) and government bodies. Data can also be found inyvarious technical or scientific publications
angl on the Internet. If an employer uses data from one of these sources, the quality and accuracy pf the data
should be checked. Comparing data from two or more sourcestis thus recommended. Employers should try to
fingd a value (or range of values), which represents the likely:wibration magnitude for the particular machine
angl operating conditions.

5 | Estimation of daily exposure duration

The employer should determine the daily expoesure duration for each operator and the relevant maghines and
operating conditions.

Th|s may be based on

a) | measurement of the actdal“exposure durations of a small number of operations or work ¢ycles and
calculating the averagej and

O
-

information on the'number of operations or work cycles per working day.

The first of theseywill be a measurement to determine how long an operator is exposed to vibratior], and from
whiat source, during a specified period. Various techniques may be used, for example:

—| use.of\a stopwatch;

—| analysis of video recordings;

— activity sampling.
A source of information may be work records, e.g. the number of lorries loaded and unloaded by fork-lift trucks.

However, it is important to ensure that the information is compatible with the information required for an
evaluation of daily vibration exposure. For example, work records might give very accurate information on the
number of completed work items at the end of each day, but where there is more than one operator, or
unfinished work items at the end of a shift, this information might not be directly applicable to a vibration
exposure evaluation.

© I1SO 2006 — All rights reserved 5
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NOTE Operators asked for information on their typical daily vibration exposure duration will normally give an estimate

which includes periods of time when there is no vibration (e.g. idling, lifting for a fork-lift truck). Therefore, such
approach often results in an overestimation of the exposure duration.

It should be recognised that for most machines the vibration exposure duration is shorter than the operating time.

6 Consideration of uncertainties

an

The accuracy of the overall assessment of the exposure depends on the accuracy of the established vibration

value and jits—abilityto—representthe-actualvibration—value—lt-alse-depends—en 3 v
duration ap estimated. The datasets given in Annex B are based on from at least five and to morecth
100 meas
distributior) of the measured values.

The uncerfainty in the estimation of exposure duration is affected by the uncertainty of

— measlirements of the duration of operations or work cycles,

— estimates of the number of operations or work cycles per day,

— expospre time estimates supplied by the operators (see Note to Clause 5);yand

— varialbjility of the working task from one day to another.

The uncerfainty in the evaluation of daily vibration exposure is affected by the uncertainty of

— evaluation of vibration magnitude, and

— evaluation of exposure duration.

NOTE Additional information about uncertainties of the measured vibration emission value is given in EN 14253.
The accuracy of the vibration value has more influence on the accuracy of the daily vibration exposure th
that of the|exposure duration because the vibration exposure is proportional to the vibration value and to
square rodt of the exposure duration.

The averape values given in Annex-B are likely to be exceeded in about half of all conditions. When mak{
an initial ¢stimate of exposure ‘or where it is suspected that the conditions for a machine operation
particularly severe, it is recornmended that the values used be the mean plus one standard deviation. Th
will be casps when even the value of the mean plus one standard deviation is exceeded. This is likely to oc
in the 17 Yo most sevefe cases, i.e. the value (mean plus one standard deviation) will cover 83 % of
conditions| Machine vibration values will be less than the average values given in Annex B in about half of

conditions

Conditiond likely'to lead to variability in levels of whole-body vibration include roughness or smoothness

“““ cHa > Re—-eXposiire

rements under typical operating conditions. The standard deviation gives information about the

an
the

ing
are
bre
cur
all
all

of

terrain, driving’ speeds (adequate or inadequate), and adequate or inadequate operator skill and training.

Vibration levels can be reduced by following the guidelines given in Annex E.

6 © I1SO 2006 — All rights reserved
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Determination and assessment of vibration exposure

7.1 General

The daily vibration exposure depends on two key elements:

a)

b)

the average magnitude of whole-body vibration transmitted through the seat;

the total daily duration for which an operator is in contact with that vibration.

Th
ac

Th

reg
ca

7.2

7.2.

The
ex

If t

€q
ex

A(8), expressed as the equivalent continuous acceleration over an 8 h period, is the maximum of t

val

Th
giv

Th

Th

b daily vibration exposure is determined from vibration magnitude and exposure duration value
cording to Clauses 4 and 5.

e magnitude of the daily vibration exposure has to be calculated with the vibration valdes ‘meas

, typical operating conditions (see Annex B) and the exposure duration, 7. Determination and a
h be performed using either A(8) values or, more easily, total vibration exposure points (Pgq)-

) Using daily vibration exposure A(8)

1 General procedure

e daily vibration exposure A(8) can be calculated by using the equivalent vibration value a,, o, an

hosure duration 7 for the specific machine and operating condition according to Equation (6):
T
A(8) = S
( ) aw,eq 8h

he work of the day consists of operating » machines and/or n typical operating conditions with
livalent vibration values of a,,,,, and individual exposure durations 7;, calculate the dail
hosure A(8) according to Equation (7):

n

AB)xy,z = 1 § (awix,y,z)z'Ti
8h =
i=

ues.

s procedure, an-example of which is given in 7.2.2, is according to EN 14253:2003, and further ¢
en in ISO 263%-1:1997, Annex B.

b daily vibration exposure can be compared with exposure criteria.

b Physical Agents Directive 2002/44/EC, for example, defines the exposure action value as A(8)

s obtained

ired under
ssessment

d the daily

(6)

the partial
y vibration

(7)
ne A(8)

X,Y,Z2

uidance is

= 0,5 m/s?

an

i thé exposure limit value as A(8) = 1,15 m/s?, so that the necessary action by the emplover (s€

e Table 2)

can be established. The daily exposure values have a level of uncertainty. If the estimated value is close to
the exposure action value or the exposure limit value, it is better to assume that the value is likely to be
exceeded and the employer should take the necessary action in consegence.

7.2.2 Example — Wheel loader in three different operating conditions

7.2.21 Parameters:

good operating conditions (smooth ground conditions, soft terrain, handled material: gravel);

highly experienced operator;

© I1SO 2006 — All rights reserved
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— first typical operating condition: transfer movement, 1 h;

— second typical operating condition: v-shaped motion, 3,5 h.

Use the values of x, y and z direction, according to Annex B, depending on the parameters (e.g. working
condition, experience of operator). In the example below, the average values minus standard deviation are

used. Calculate for each direction the daily vibration exposure, A(8),, A
Annex B and the associated exposure durations T

T,, according to Equatlon (

and A(8),, using the values from

[1
A@)= \]8h Z\

L =
wx: "i

n

A®),|- \/éZ(aww)z T,

i=1

A(8), exprg¢ssed as the equivalent continuous acceleration over an 8 h perjod;-is the maximum of A(8),, A(8)

or A(8),.

Transfer movement (example):

1,4*a,,, = 0,43 m/s?

1,4%a,., = 0,56 m/s?

wy

ay,, = (1,32 m/s?

wz

n

A®8),|= \/%Z(awzi)z T,
i=1

T,=1h
T,=1h
T,=1h

V-shaped|motion (example):

14%,, = 0,7 m/s?
1,4%ayy = 0,52 m/s?
a,,, = 0,40 m/s2

wz

7,=3,5h
7,=3,5h
7,435 h

8\h

/V&x=JJ—KQ43m$2f*1N%Q7m62f*35h}:Q49mB2

/V&y=JJ—XQ56m&2f*1h+@52mm2f*&5h}=Q4m&2

8h

A®), - Jﬁ(

A(8) = maximum of A(8),, A(8), A(8), = A(8),= 0,49 m/s?2

2 2
OSZmBz)*1W%Q4m&2)*35h}:q29m62
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Conclusion:

According to the European Physical Agents Directive 2002/44/EC, the daily vibration exposure value should
not exceed the vibration exposure action value of (A8) = 0,5 m/s2. If the results are close to the action value,
take reasonable action to reduce risks from vibration exposure to a minimum and provide worker information
and training on vibration reduction.

7.2.2.2 Parameters:

— normal operating conditions (normal ground conditions, hard terrain, handled material: gravel);

—| highly experienced operator;

—| first typical operating condition: transfer movement, 1 h;
—| second typical operating condition: v-shaped motion, 4 h.
Use the values of x, y and z direction, according to Annex B, depending onthe parameters (e)g. working
condition, experience of operator). In the example below, the average valugs“are used. Calculate for each

direction the daily vibration exposure, A(8),, A(8), and A(8),, using the_values from Annex B and the
ass$ociated exposure durations T;, according to Equa¥|on (2):

A(8), expressed as the equivalent.continuous acceleration over an 8 h period, is the maximum of A(8),, A(8)y
or A(8),.

Transfer movement (example)
1,4, = 0,76 M/s2C-T, =1 h
1.4%,, = 0,91 m/s2 T.=1h

a,, 5049 m/s2  T,=1h

V-staped-motion(exampte)

1,4%a,, =099 m/s2 T,=4h
14%a,,=084m/s2 T;=4h

a,,=054m/s2  T,=4h

1

© I1SO 2006 — All rights reserved 9
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A(8)

A8)y

A(8);

_ |
X A\8h

(0,76 m/52)2 *1h +(o,99 m/32)2 *4 h} — 0,75 m/s>

| N

(0,91 m/52)2 *1h +(o,84 m/32)2 *4 h} — 0,68 m/s?

o

h

!
JL

8h

(0,49 m/32)2 *1 h+(o,54 m/32)2 *4 h-‘ — 0,42 m/s?

A(8) =
Conclusidg

According
not excee
measures
workers.

7223
difficu
opera
first ty
— secon
Use the v
condition,

Calculate
B and the

aimum of A(8), A(8),, A(8), = A(8),= 0,75 m/s?

n:

to the European Physical Agents Directive 2002/44/EC, the daily vibration expOsure value sho|

i the vibration exposure action value of (A8) = 0,5 m/s2. Therefore, implement a programme

to reduce exposure and risks to a minimum. Ensure health surveillance is\provided for expos
Parameters:

t operating conditions (severe ground conditions, hard terrain,‘handled material: rocks);

or with limited experience;

pical operating condition: transfer movement, 1 h;

d typical operating condition: v- shaped motiong6 h.

blues of x, y and z direction, according:te)Annex B, depending on the parameters (e.g. work

bxperience of operator). In the example below, the average values plus standard deviation are us

or each direction the daily vibration exposure, A(8),, A(8), and A(8
bssociated exposure durations 7}, according to Equat|on (il)

uld
of
ed

ing
ed.

,, using the values from Anmex

A(8), expressed as the equivalent continuous acceleration over an 8 h period, is the maximum of A(8),, A(8),

or A(8),.

Transfer movement (example):

1,4%a,,, = 1,09 m/s2 T;=1h
1,4*aWy = 1,26 m/s? T;=1h
wz = 0,66 m/s? T;=1h
10 © ISO 2006 — All rights reserved
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V-shaped motion (example):

1,4*a,,, = 1,28 m/s? T,=6h
1,4%ay, = 1,16 m/s? T,=6h
ay, = 0,68 m/s? 7,=6h
1 2\2, N2, ] 17
N ELIA ’ T
A8), = i_(126m/52)2*1h+(116m/52)2*6h_:11m/32
Y y8n\ ' 1=t
1] 0)\2 2 ,
A®), =, o+ (0.66mis?)" *1h+(0,68m/s?|" *6h| =0,63mis

A(8) = maximum of A(8),, A(8),, A(8), = A(8),= 1,17 m/s?

Cadnclusion:

Ac
the
be

7.3

7.3

Th

Fo
(s8

cording to the European Physical Agents Directive 2002/44/EC, the daily vibration exposure vall
vibration exposure action value of (A8) = 0,5 m/s2. Therefore, take immediate action to bring
ow the exposure limit value.

b Using only vibration exposure points;Pg, for European Directive

1 General procedure

s procedure allows a simple determination of the vibration exposure by using the equivalent vibr:
oq,x.y,2 for the specific machine (see Clause 4) and the associated exposure duration, 7, (see
b corresponding vibration exposure points, Pgjxy,z can be read directly from Table 1.

cases of multiple exposure(i.e. the operating of two or more machines and/or different operating
bne day), the total vibration exposure points, Pg iy, can be determined by simple summat
tial vibration expesure points, Pg; , , ,, for each exposure, i, considered.

" the assessment, the total vibration exposure points are allocated to the corresponding expo
e Table 2)Xwhich implies further action by the employer according to the Physical Agents

2002/44/ECy ds appropriate.

Ex

amples of use of the vibration exposure points are given in Annexes D, E and F.

e exceeds
exposure

ation value,
Clause 5).

conditions
on of all n

sure range
5 Directive

© I1SO 2006 — All rights reserved
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Table 1 — Determination of vibration exposure points, P from the equivalent vibration value
and associated exposure duration for whole-body vibration

Equivalent Exposure duration
vibration r

value

Ay eq 0,1h 0,2h 0,5h 1h 2h 3h 4h 5h 6 h 8h
m/s® 6 min 12min | 30 min | 60 min | 120 min | 180 min | 240 min [ 300 min | 360 min | 480 min
0,2 0 0 1 2 4 6 8 10 12 16
0,25 6 4 2 3 6 9 +3 16 19 25
0,3 0 1 2 5 9 14 18 23 27 36
0,35 1 1 3 6 12 18 25 31 37 49
0,4 1 2 4 8 16 24 32 40 48 64
0,45 1 2 5 10 20 30 41 51 61 81
0,5 1 3 6 13 25 38 50 63 75 100
0,55 2 3 8 15 30 45 61 76 91 121
0,6 2 4 9 18 36 54 72 90 108 144
0,65 2 4 11 21 42 63 85 106 127 169
0,7 2 5 12 25 49 74 98 123 147 196
0,75 3 6 14 28 56 84 113 141 169 225
0,8 3 6 16 32 64 96 128 160 192 256
0,85 4 7 18 36 72 108 145 181 217 289
0,9 4 8 20 41 81 122 162 203 243 324
0,95 5 9 23 45 90 135 181 226 271 361

1 5 10 25 50 100 150 200 250 300 400

1,05 6 11 28 55 110 165 221 276 331 441
1,1 6 12 30 61 121 182 242 303 363 484
1,15 7 13 33 66 132 198 265 331 397 529

12 © ISO 2006 — All rights reserved
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Table 1 (continued)
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Equivalent Exposure duration
vibration T
value
Oy 0q 0,1h 0,2 h 0,5 h 1h 2h 3h 4h 5h 6h 8h
m/s? 6 min 12 min 30 min 60 min | 120 min | 180 min [ 240 min | 300 min | 360 min | 480 min
1,2 7 14 36 72 144 216 288 360 432 576
1,25 8 16 39 78 156 234 313 391 469 625
1,3 8 17 42 85 169 254 338 423 507 676
1,35 9 18 46 91 182 273 365 456 | 547 || 729
1,4 10 20 49 98 196 294 392 490 O} ‘V588 784
1,45 11 21 53 105 210 315 421 526 631 841
15 11 23 56 13 | 225 338 | 450 J 563 675 || 900
1,55 12 24 60 120 240 360 481\ 601 721 961
1,6 13 26 64 128 256 384 512 640 768 1024
1,65 14 27 68 136 272 408 . 545 681 817 1089
1,7 14 29 72 145 289 434 578 723 867 1156
1,75 15 31 77 153 306 459 613 766 919 1225
1,8 16 32 81 162 324 486 648 810 972 1296
1,85 17 34 86 171 342 513 685 856 1027 1369
1,9 18 36 90 181 361 542 722 903 1083 1444
1,95 19 38 95 190 380 570 761 951 1141 1521
2 20 40 100 200 400 600 800 1000 1200 1600
2,05 21 42 105 210 420 630 841 1051 1261 1681
2,1 22 44 110 221 441 662 882 1103 1323 1764
2,15 23 46 116 231 462 693 925 1156 1387 1849
2,2 24 48 121 242 484 726 968 1210 1452 1936
2,25 25 51 127 253 506 759 1013 1266 1519 2025
2,3 26 53 132 265 529 794 1058 1323 1587 2116
2,35 28 55 138 276 552 828 1105 1381 1657 2209
2,4 29 58 144 288 576 864 1152 1440 1728 2304
245 30 60 150 300 600 900 1201 1501 1801 2401
25 31 63 156 313 625 937 1250 1563 1875 2500
© IS0 2006 — Al rights reserved 13
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Table 2 — Action required by the employer due to the vibration exposure

Total vibration Daily vibration exposure | Vibration exposure Action required by the employer
exposure points A(8) range
PE tot 2
Exposure action value |If the results are close to the action value,
not exceeded take reasonable action to reduce risks from
PE ot < 100 A(8) < 0,5 m/s? vibration exposure to a minimum and

provide worker information and training
vibration reduction.

on

Above exposure action |Implement a programme of measures]to
100 < P <529 | 0,5 m/s? < A(8)< 1,15 m/s2 value, but exposure reduce exposure and risks to a minimym.
ELRO ’ = limit value not Ensure health surveillance is provided ffor
exceeded exposed workers.
Above exposure limit Take immediate action to4bring exposuire
529< p 2
E tot 1,15 m/s® <A(8) value below the exposure limit Value.
@  Regard|ng values 100 and 529, see Note 2 to 3.6.

7.3.2 Examples

7.3.21

When ope
working dd
of the vib
Annex B.

Identify th

duration, 7J.

Use, for si
Depending
appropriat
directions

See Table

duration T}

Sum up th

The maxinpum result P, has to be compared with the values in Table 2 and further action taken if necessg

General
rating a machine or machines, or when operating under different operating conditions on the sa

y, or in both cases, the total vibration exposure points Rg'y , \ , can be determined by summat
ration exposure points Pg, \, of the individual machines and their operating conditions us

b different machine(s) and/or their different\'operating conditions and the associated expos

mplification purposes, the calculation ferm provided in Annex C.

on the different parameters. (e.g. working condition, experience of operator), determine
p value (average, average plus or minus standard deviation, or between) to use for each of
K,y and z.

1 for the corresponding-vibration exposure points Pg;, , , for this exposure magnitude ay, gq x v, 4

e exposure points Pg;, , , for each direction, x, y and z.

me
jon
ng

ure

the

the

nd

=

Y.

Alternatively, Figure 1, or the shaded areas of Table 1 can be used.
7.3.2.2 Example T— Compact wheel loader
Parameters:

— good working conditions (smooth ground condition);

— highly

experienced operator;

— typical operating condition: load and carry motion, 4h.

Use the average values minus standard deviation from Annex B.

14
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Machine working T; 1,4%a,, oqx Pey 1.4%ay, oqy P Ay eqz P
condition h m/s? m/s? By m/s? £z
Compact wheel loader 4 0,67 85 0,57 61 0,52 50
(load and carry motion)
> =85 2. =61 > =50
Pgiot = Max. 2 Pgy, 2 Pgyor 2. Pg,=85
Cdnclusion:
Sirjce the daily total vibration exposure points are below 100, the vibration exposure action vx:ue is not
exgeeded. If the results are close to the action value, take reasonable action to reduc€-risks fromn vibration
exposure to a minimum, and provide worker information and training on vibration reduction.
7.3.2.3 Example 2 — Wheeled loader and crawler excavator
Parameters:
—| normal working conditions (smooth ground condition);
—| highly experienced operator;
—| typical operating condition of wheeled loader: v-shaped.motion (loading dumpers), 4h;
—| typical operating condition of crawler excavator: mining application, 2,5 h.
Usk the average values from Annex B.
Machine working T, 11470y, oqx Pg, 1.4%ay, oqy P Ay eqz P
condition h m/s? m/s? By m/s? £z
Wheeled loader 4 0,99 200 0,84 145 0,54 61
(v-shaped motion)
Crawler excavator 2,5 0,65 53 0,42 20 0,61 45
(mining application)
> =253 ¥ =165 ¥ =106

anclusion:

PEiop =Max. X Pgy, 2 Pgy or > Pg, =253

Since the daily total vibration exposure points are between 100 and 529, the vibration exposure action value is
exceeded, but not the exposure limit value. Implement a suitable programme of control measures and health
surveillance if the exposure remains above the exposure action value.

© I1SO 2006 — All rights reserved
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7.3.2.4 Example 3: Compact skid steer loader
Parameters:

— difficult working conditions (severe ground condition);
— operator with limited experience;

— typical operating conditions: load and carry motion, 7 h.

Use the aerage values plus standard deviation from Annex B.

T. 1,4%a P, 1,4%a a
Machine Working condition ! T weax Ex T w.eaqy P w.eqz P
g h m/s?2 m/s?2 By m/s2 Ez
Compac} skid wheel loader 7 116 463 1,06 386 128 592
(load and carry motion)
> =463 2. =386 > =592

PEiot T Max. X Pgy, 2 Pgy or 2. Pg, =592

Conclusign:

Since the faily total vibration exposure points are above 529, the,vibration exposure limit value is exceedgd.

Take immI]diate action to bring exposure below the exposure limit value and implement a suitable programme
easures and health surveillance if the exposure remains above the exposure action value.

of control

8 Docuimentation

EN 14253 |contains a list of information to be reported when assessing vibration exposure.

Where da’la from Annex B have been used and whole-body vibration is not measured in situ, the followjng

informatio should also be documented:

a) sourcgs of vibration data used and observations on their quality;

b) description of vibration data’(see also Annex D), e.g.

|
3

achine type,
— machinesmanufacturer,

— machine mass,

— year of manufacture,
— working hours;
c) description of exposure duration and how it was determined;

d) periods of observation.

16
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Annex A
(informative)

Machine types and their typical operating conditions

Tractor dozer

dozing material through

w

heeled dozer

Crawler dozer forward/reversing motion
tear up by scarifier
transfer movement

Tractor dozer dozing material through

forward/reversing motion

transfer movement

Lo

ader

crawler loader

load and carry motion

V-shaped motion

mining application\(excavation of minerals; rocky
application)

transfer,movement

Lo
co
(s

ader
mpact skid steer loader with (rubber) tracks
brvice weight < 4 500 kg)

load and carry motion

\/zshaped motion

transfer movement

(s

brvice weight < 4 500 kg)

Loader load and carry motion
wheeled loader
V-shaped motion
mining application (excavation of minerals; rocky
application)
transfer movement
Loader load and carry motion
compact wheel loader

V-shaped motion

transfer movement

Lo
CO|
(4

ader
mpact skid steérloader
brvice weight\&+4 500 kg)

load and carry motion

V-shaped motion

transfer movement

© I1SO 2006 — All rights reserved
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Wheeled backhoe loader load and carry motion

V-shaped motion

excavating

transfer movement

Excavator excavating
crawler excavator (shovel or grab type attachment)

mining application
(excavation of materials)

hydraulic breaker application

transfer movement

Excavator excavating
compact crfawler excavator (bucket or grab type attachment)
(Service weight < 6 000 kg)

hydraulic breaker application

transfer movement

Excavator excavating
wheeled excavator (bucket or grabtype attachment)

hydraulic breaker application

transfer movement

Excavator excavating
compact wheel excavator (bucket or grabtype attachment)
(Service weight < 6 000 kg)

hydraulic-breaker application

transfer movement

Excavator excavating
crawler calple-operated excavator (bucket or grab type attachment)

mining application
(excavation of materials)

transfer movement

18 © 1SO 2006 — All rights reserved
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Excavator
wheeled cable-operated excavator

excavating
(bucket or grab type attachment)

mining application
(excavation of materials)

transfer movement

Trencher
crawler trencher

work cycle

transfer movement

Trencher

work cycle

CO|

mpact crawler trencher

transfer movement

Tr
wih

encher
eel trencher

work cycle

transfer movement

Tr
co
(S

encher
mpact wheel trencher
ervice weight < 4 500 kg)

work cycle

transfer movement

Dy
rg

mper
d frame dumper

loading process

travel with load

unloading

travel without load

Du
co
(s4

mper
mpact frame dumper (site dumper)
brvice weight < 4 500 kg)

work cycle

transfer movement

Dy
arf

mper
iculated frame dumper

loading process

travel with load

unloading

travel without load

Dy
co
(s

mper
mpact articulated frame dumper
brvice weight < 4 500 kg)

work cycle

transfer movement

Du

mper

crawler dumper

work cycle

transfer movement

Du
co
(4

mper
mpact crawlerdumper
brvice weight'<4 500 kg)

work cycle

transfer movement

© I1SO 2006 — All rights reserved
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Wheel scraper

work cycle

transfer movement

Motor grader

finish grading

hard grading

transfer movement

Landfill compactor

work cycle

Compactor

soil compaction with vibration (boulder)

single druni-vibrating-cormpastor

soil compaction with vibration
(coarse gravel)

soil compaction with vibration (silt)

asphalt compaction with vibration

asphalt compaction without vibration

transfer movement

Roller
pneumatic ftire roller

soil compaction (sand)

asphalt compaction

transfer movement

Roller
static 3-whpel roller

soil compaction (sand)

asphalt compagtion

transfer meyvement

Roller
tandem roller with vibration

soil compaction with vibration

soil’compaction without vibration

20
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Equivalent vibration values of whole-body vibration emission of

earth-moving machinery

Average Standard dgviation
iy Machine kind Typical operating |14, M #%ay00 | aueq | 145 |08 |
m/s

compactor single-drum vibrating compaction (boulder) 0,47 0,53 0,41 0,17 0,22 0,12
compactor

compaction (silt) 0,29 0,28 0,28 0,08 0,17 0,11

tandem roller with vibration | asphalt with vibration 0,33 0,40 0,48 0,11 0,08 0,14

asphalt without vibration 0,35 0,43 0,36 0,13 0,20 0,19

dymper articulated frame dumper loading process 0,29 0,41 0,24 0,17 0,23 0,16

travel with load 0,64 0,89 0,67 0,21 0,29 0,21

travel without load 0,82 1,02 0,81 0,26 0,26 0,28

unloading 0,49 0,42 0,30 0,25 0,33 0,18

gﬁnnlgz;:t articulated frame | work cycle 0.49 0,61 0,48 0,08 0,07 0,05

rigid frame dumper loading process 0,20 0,22 0,21 0,19 0,17 0,19

travel with load 0,61 0,63 0,82 0,21 0,24 0,34

travel,without load 0,73 0,73 0,87 0,20 0,25 0,33

anloading 0,37 0,37 0,33 0,14 0,13 0,08

excavator compact crawler excavator | excavating 0,33 0,21 0,19 0,19 0,12 0,10

hydraulic breaker app. 0,49 0,28 0,36 0,20 0,13 0,17

transfer movement 0,45 0,39 0,62 0,17 0,18 0,28

crawler excavator excavating 0,44 0,27 0,30 0,24 0,16 0,17

hydraulic breaker app. 0,53 0,31 0,55 0,30 0,18 0,28

mining application 0,65 0,42 0,61 0,21 0,15 0,32

transfer movement 0,48 0,32 0,79 0,19 0,20 0,23

wheeled excavator excavating 0,52 0,35 0,29 0,26 0,22 0,13

transfer movement 0,41 0,53 0,61 0,12 0,20 0,19

I(?Onrgggctor landfill compactor work cycle 055 0,83 0,34 017 033 015
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Table (continued)

Average Standard deviation
Mfonh.'.Ce Machine kind Typt’::lgi’:g:""g 180 o0 | 14000y | Tweqe | 1475 | 14%, s,
m/s?
loader compact skid steer loader |load and carry motion 0,86 0,73 0,93 0,30 0,33 0,35
compact wheel loader load and carry motion 0,94 0,86 0,65 0,27 0,29 0,13
crawler loader load and carry motion 0,89 0,67 0,52 0,12 0,16 0,10
transfer movement 0,58 0,49 0,60 0,18 0,12 014
v-shaped motion 1,24 0,93 0,63 0,41 0,35 0,14
skid steer loader (tracks) v-shaped motion 1,21 1,00 0,82 0,30 0,84 0,34
wheel backhoe loader excavating 0,28 0,26 0,20 0,09 0,16 0,04
wheel loader load and carry motion 0,84 0,81 0,52 0723 0,20 0,14
mining application 1,27 0,97 0,81 0,47 0,31 0,41
transfer movement 0,76 0,91 0,49 0,33 0,35 0,19
v-shape motion 0,99 0,84 0,54 0,29 0,32 0,14
motor gradgr | motor grader finish grading 0,41 0,48 0,38 0,22 0,26 0,14
hard grading 0,61 0,64 0,78 0,21 0,21 0,3(
transfer movement 0,39 0,36 0,58 0,25 0,25 0,34
pipe layer pipe layer work cycle 0,21 0,23 0,24 0,09 0,11 0,14
scraper wheel scraper work cycle 1,05 1,18 1,12 0,34 0,40 0,42
tractor-dozer | crawler dozer dozing 0,74 0,58 0,70 0,31 0,25 0,31
tear up by scarifier 1,25 1,19 1,02 0,40 0,41 0,24
transfer movement 0,87 0,80 0,97 0,43 0,40 0,34
NOTE As at April, 2005.
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