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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 established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical

Commissi

n (IF(‘) an all matters of electrotechnical standardization
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hal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart)3.

national Standards adopted by the technical committees are circulated to the member bodig
h as an International Standard requires approval by at least 75 % of the member bedies castir

nal Standard 1SO 9241-6 was prepared by Technical Committee ISO/TC 159, Ergon
b SC 4, Ergonomics of human-system interaction, Working Group.WG 3, Control, wo
bntal requirements.

consists of the following parts, under the general title Ergonomic. requirements for office wo
rminals (VDTS):

[ - General introduction

P: Guidance on task requirements

B: Visual display requirements

1: Keyboard requirements

b: Workstation layout and postural requirements
b: Guidance on the work environmént

V: Requirements for display with veflections

B: Requirements for displayed colours

D: Requirements for ien-keyboard input devices
[0: Dialogue principles

[ 1: Guidanceon usability

[2: Presentation of information

[ 3--User guidance

s for voting.
g a vote.

bmics, Sub-
rkplace and

k with visual

O O O O O o oo o oooo o

Part 14: Menu dialogues
Part 15: Command dialogues
Part 16: Direct manipulation dialogues

Part 17: Form filling dialogues

Annexes A to D of this part of ISO 9241 are for information only.
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This part of ISO 9241 applies to work systems as defined in 1ISO 6385 with visual display terminals (VDTSs) as
described in 1SO 9241-1. Office work with VDTs can be performed in various environments. These environments
can influence both the comfort and performance of the user. In addition, the work environment can be influenced by
specific characteristics of the VDTs and related equipment (for example, printers, computers).

This part of

SO 9241 has heen prepared to give guidance on the determination of environmental conditi

ns which

enhance usg¢r comfort and performance. Enhancing the interaction between users and environments ofte
a well-balanged trade-off. For this reason, this part of ISO 9241 provides guiding principles as generic)gq
aspects for pach item (for example, lighting, noise) and gives guidance on developing integrated\soluti
given circumstances (for example, methods of controlling the acoustic environment for a givemtask arn
environmennng.

n requires

als, basic

bns under

d a given
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This part
display te
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those equ

als (VDTs) —

nce on the work environment

A1”4

bf 1ISO 9241 provides guidance on basic principles for the efgonomic design of the work envi

ronment and

tation, taking into account lighting, effects of noise and-«mechanical vibrations, electrical ahd magnetic

static electricity, thermal environment, space organization and workplace layout.

bf ISO 9241 is applicable to the work environment and workstation in those work systems wi|
minal (VDT) is used for office work.

this part of 1ISO 9241 does not specify th€)technical characteristics of the equipment need
ipment-related guidelines associated with the work environment.

ative references

of applying theZmost recent editions of the normative documents indicated below.
5, the latest edition of the normative document referred to applies. Members of 1ISO and |

here a visual

ed to satisfy

provisions of
publications
estigate the
~or undated
EC maintain

lantities and

ISO 2631-2, Evaluation of human exposure to whole-body vibration — Part 2: Continuous and shock-induced
vibration in buildings (1 to 80 Hz).

ISO 5349, Mechanical vibration — Guidelines for the measurement and the assessment of human exposures to
hand-transmitted vibration.

ISO 6385, Ergonomic principles in the design of work systems.

ISO 7730:1994, Moderate thermal environments — Determination of the PMV and PPD indices and specification of
the conditions for thermal comfort.

ISO 8995:1989, Principles of visual ergonomics — The lighting of indoor work systems.
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ISO 9241-3:1992, Ergonomic requirements for office work with visual display terminals (VDTs) — Part 3: Visual
display requirements.

ISO 9241-7, Ergonomic requirements for office work with visual display terminals (VDTs) — Part 7: Requirements
for display with reflections.

ISO 9612, Acoustics — Guidelines for the measurement and assessment of exposure to noise in a working
environment.

ISO 11690-1:1996, Acoustics — Recommended practice for the design of low-noise workplaces containing

machinery —

IEC 61000-

Part 1: Noise control strategies.

2:-10Q0

Section 2: E|

IEC 61000-4
Section 8, P

3 Terms 4

For the purg
and the follo

3.1
adaptation,

process by
have varioug

[IEC 60050(

3.2
clothing insu
resistance o

NOTE Ad

3.3
colour rendg

effect of an
appearance

[IEC 60050(

34
colour rendg

mean of the

Clactraomaanatic caomnatihilifng: (CAIC)
=rECtror gt Ce—CorHpationty—

Daort 4:- Tactina and maaciiramant fac
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ectrostatic discharge immunity test.

-8:1993, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement “tech
bwer frequency magnetic field immunity test.

ind definitions

oses of this part of ISO 9241, the terms and definitions given in ISO'6385, ISO 1996-1, 1S(
ving apply.

isual
vhich the state of the visual system is modified by previeus and present exposure to stimul
luminances, spectral distributions and angular subtenses

B45):1987, IEC 845-02-07]

lation
a clothing ensemble to dry heat loss.from the body (convection, radiation, conduction)

apted from ISO 9920:1995.
ring

illuminant on the colour appearance of objects by conscious or subconscious compariso
under a reference-illuminant

B45):1987, IEC-845-02-59]

ring index Ry
CIE*1974 special colour rendering indices for a specified set of eight test colour samples

niques —

niques —

D 11690-1

that may

N with the

[IEC 60050(845):1987, IEC 845-02-63]

3.5

colour temperature
the temperature of a Planckian radiator whose radiation has the same chromaticity as that of a given stimulus

[IEC 60050(845):1987, IEC 845-03-49]

3.6

draught rating
percentage of people predicted to be bothered with draught

[ISO 7730:1994]
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flicker
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impression of unsteadiness of visual sensation induced by a light stimulus whose luminance or spectral distribution

fluctuates

with time

[IEC 60050(845):1987, IEC 845-02-49]

3.8

general lighting
substantially uniform lighting of an area without provision for special local requirements

[IEC 60050(845):1987, IEC 845-09-06]

NOTE
all places i

3.9

glare
condition
unsuitablg

[IEC 6005

3.10

glare by r
glare prod
as the obj

[IEC 6005

3.11
illuminang

(at a poin

point, by the area (dA) of that element

[IEC 6005

3.12
lighting, Iq
lighting dg

which wolk is carried out

[IEC 6005

3.13
luminancsg

ratio betw

NOTE

General lighting can be thought of as the lighting of a room to achieve approximately the same visua|
n the room.

pf vision in which there is discomfort or a reduction in the ability to see details“or objects, ¢
distribution or range of luminance, or to extreme contrasts

0(845):1987, IEC 845-02-52]
pflection

uced by reflections, particularly when reflected images appear in the same or nearly the sa
pct viewed

0(845):1987, IEC 845-02-54]

e
of a surface), the quotient of the luminous_flux (d@,) incident on an element of the surface ¢

0(845):1987, IEC 845-01-38]

calized
signed to illuminate an-area with a higher illuminance at certain specified positions, for insta

0(845):1987, IEC)845-09-08]
balance

een theJduminances of the displayed image and its adjacent surround, or sequentially viewed §

Adapted from the definition of “luminance” given in IEC 60050(845):1987, IEC 845-01-35.

conditions at

aused by an

me direction

bntaining the

nce those at

urfaces

3.14

mean radiant temperature
uniform temperature of an imaginary enclosure in which radiant heat transfer from the human body is equal to the
radiant heat transfer in the actual non-uniform enclosure

[ISO 7726:1998]

3.15
operative

temperature

uniform temperature of a radiantly black enclosure in which an occupant would exchange the same amount of heat
by radiation plus convection as in the natural non-uniform environment

NOTE

Adapted from ISO 7726:1998.


https://standardsiso.com/api/?name=dcdda135a7c0c9fcffaf30f2361621e0

1ISO 9241-6:1999(E)

3.16

predicted mean vote

PMV

©1SO

index that predicts the mean value of the votes of a large group of persons on a 7-point thermal sensation scale

[ISO 7730:1994]

3.17
predicted pe
PPD

rcentage of dissatisfied

index that predicts the mean value of the thermal votes of a large group of people exposed to the same environment
as a quantitative prediction of the number of thermally dissatisfied people

NOTE Ad

3.18
radiant temp

apted from ISO 7730:1994.

erature asymmetry

difference bégtween the plane radiant temperature of the two opposite sides of a small plange, element

[ISO 7726:1

3.19
rating level
LAR

equivalent c
character an

NOTE Ad
DL = Liaeq —

3.20
relative hum

ratio betwee
same tempe

[ISO 7726:1

3.21
reverberatio

continuation
surfaces of t

3.22
turbulence ir

ratio of the §

[ISO 7730:1

o8]

pntinuous A-weighted sound pressure level during a specified“time interval plus adjustmen|
d impulsiveness

justment for tonal character DLt = 0,5 dB according to subjéctive assessments. Impulsiveness is speg

Lpeq > 2 dB, both according to ISO 11690-1.

dity
n the partial pressure of water vapour in~humid air and the water vapour saturation press
rature and the same total pressure

OS]
'

of a sound in an enclosed space after the source has stopped; a result of reflections from the
he room

tensity
tandard-deviation of the local air velocity to the local mean air velocity

D94]

t for tonal

ified only if

ure at the

boundary

3.23
workplace

arrangement of workstations allocated to one person to complete a work task

[ISO 9241-5:

3.24
workstation

1998]

assembly comprising display equipment with or without a central processing unit, which may be provided with a
keyboard and/or input device and/or software determining the operator/machine-interface, optional accessories,
peripherals and the immediate work environment

[ISO 9241-5:

4

1998]
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4 General guiding principles

Improving the ergonomic properties of the design of workstation, work equipment and work environment, will help to
improve user performance, reduce errors and discomfort, and will help to improve their overall well-being.

Environmental design should incorporate adequate control by the individuals over their environmental conditions.

The interference of environmental factors with the relevant characteristics of the equipment should be kept as low
as possible. The unwanted influence of the equipment on the work environment should also be minimized.

NOTE “Interference” in this sense means that the function of a given device is impaired by the influence of a specific
environmental factor.

The chargcteristics of the work equipment and the work environment are considered under the following headings:
O naturpl and artificial lighting;

O sound and noise;

O mecHanical vibrations;

O electfomagnetic fields and static electricity;
O thermal environment;

O spac¢ organization and workplace layout.

NOTE This part of 1SO 9241 does not address any potential health effects associated with electromagnetic radiation
emissions from equipment and environment.

5 Guidance on natural and artificial lighting

5.1 Genral

Visual tagks associated with work withemost visual displays differ primarily in three ways from the|visual tasks
related to ftraditional office work.

O The rhain visual object, the visual display unit, is in a vertically oriented position.

0 The main visual object_ean’ be environment dependent (for example, because of reflections, losg of contrast
and dolour information.caused by ambient light) to a high degree.

O The ¢levated lines0f-sight increases the importance of the consideration of the characteristics pf the visual
envirpnment.

5.2 Basic,aspects

5.2.1 Visual tasks

In regard to the type of office work performed with a visual display terminal, a basic distinction should be made
between two types of visual tasks:

a) assimilation of data presented on the display screen (for example, reading texts, viewing graphs, observing
processes or perceiving and distinguishing symbols on the VDT screen);

b) assimilation of data presented on passive media (for example, reading texts or viewing graphs on paper or
perceiving and distinguishing symbols on the VDT keyboard).
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These different types of visual tasks, each considered on its own, indicate that the lighting should fulfil various user
requirements. The lighting system should have sufficient flexibility to match the needs of users of display screens
and passive media.

Correct lighting will not compensate for situations where a user's vision is not adequate or has not been adequately
corrected for the task.

5.2.2 Basic design goals

A good lighting installation should be designed to fulfil its intended functions and should be compatible with the work
environment. Relevant factors include the following:

0 favouraptedistribution of thetumiTarnce and Conmtrasts 1T e WOTRTOOTT,
O the illunminance in the horizontal and vertical planes;
O the ratid between the illuminance in the two planes.
In addition, if is important to consider that
O the lighting of many work environments is produced by a combination of natural-and artificial light;
0O windows perform a dual function that involves
O vistal contact with the outside, and
O crepting an adequate and acceptable level of luminance(s) otithe inside;

O the qudlity criteria for artificial lighting are specified in thévintroduction of ISO 8995:1989 and include the
following aims of visual ergonomics:

O “topptimize the perception of visual information used during the course of work;
0 to maintain an appropriate level of performance;
0 to guarantee maximum safety;
O to provide acceptable visual comfort.”
O the resylting quality can be affected by the presence of uncontrolled daylight.
In many situgtions, the installation of workstations and work equipment can be varied, based on the needs of work
organization| or users. Welk designed lighting systems take into account frequent changes in workstatipn layout,
equipment and work spacetayout.

5.3 Luminance distribution in the work space

The luminangce:distribution in the field of vision should be selected so that

O visual conditions are enhanced,

O glare is avoided,

O perception of relevant task objects is ensured,

O modelling of three-dimensional objects, for example faces, is enhanced,
0 awell-balanced luminance distribution is achieved,

O visual communication is improved, and

O safety at work is not impaired.
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For acceptable visual conditions, as well as for psycho-physical reasons, a balanced luminance distribution in the

field of vision is beneficial.

Further information on lighting is given in annex A, together with a guide to selecting the type of lighting
5.4 Glare control

Glare should be avoided by suitable design and installation of the work equipment and the work environ

In this connection, a distinction is made between

O direct glare,

(see A.8).

ment.

O glare|by reflection.

Direct gldre refers to glare (see ISO 8995) from luminaires and other light-emitting surfaces"(lamps
ceilings, gky, obstructions like adjacent buildings with reflecting glass surfaces). Glare can becaused b
simultanepus local or successive differences in luminance in the field of vision. It relatés both to
confining purfaces and to objects in the immediate and wider surroundings. The degre€)of impairment
the apparent size, luminance and position of the source of interference in the field “of vision and on
adaptation of the viewer.

Glare by [reflection is glare caused by reflected light (see ISO 8995). It can.be caused by speculd
resulting in a distinct image of the original object or by diffuse reflections. resulting in high luminanc
reflection [can affect both task performance and comfort. Task performance ‘can be affected if the refleg

, illuminated
y excessive,
arge space-
depends on
the state of

ir reflections
s, Glare by
ted image of

a visual opject obscures the task on the display or on other visual objects. In addition, the contrast ratio of images

can be loyered to an extent that readability or visibility is impaireds.Comfort can be affected directly H
imbalancg caused by the reflected image or indirectly by impairing visual functions.

To avoid glare by reflection, displays with a reflection-controltreatment appropriate for the task and
intended Bhould be used (see 1SO 9241-7). 1SO 9241-7 specifies three classes of VDTs. Class | id
suitable fpr general office use whereas Class Il is suitable for most, but not all, office environme
monitors fequire a specially controlled luminous environment for use. To achieve acceptable visug
either the|visual environment should be controlled according to the category of the display used or thg
category for the display should be selected considering the visual environment.

Methods ffor the restriction of glare are discussed in A.3. As a result of different characteristics
equipment or work environment, the appropriate method for a particular workstation can be different.

The selegted methods for glare control should ensure that a comfortable posture can be maintained.
that the dlare control method,should not impose any postural restrictions on the user. With respect
adequate |measures should-be-taken to control glare from windows. Such measures should be sele
user contfjol and to maintain-visual contact with the outside.

For avoiding or restricting glare by reflection on a VDT, different methods can be applied. T
combinatipn should.be selected with respect to the needs of the particular user and circumstances at
workstatign (see_annex A). These methods can be used in isolation or in combination with each other.

8

y luminance

environment
considered
nts. Class lli
| conditions,
appropriate

of the work

This means
to windows,
tted to allow

e adequate
e particular

priate match

between the

n Figure A.2

represent different approaches. Different types of display (for example cathode ray tubes (CRTs) with curved
surfaces or flat panel displays) may require different measures to achieve the same level of visual comfort. In
general, positive polarity displays with adequate additional reflection control measures should be used as a
preferred solution.

Glare control by artificial lighting (luminaire design, correct positioning of luminaires) should be taken into account
when planning the work space. Shielding the glare source from the display position by movable partitions or similar
techniques is a measure that should be applied if other lighting-related measures are not applicable in a given
situation.

Glare control by correct location of the display and/or the workstation can be realized by applying one or more of the
possibilities described in A.3.
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Where multiple displays are used, a combination of the measures described in this part of ISO 9241 may be

needed.

6 Guidance on sound and noise

6.1 Basic aspects

The purpose of the details given in this clause is to provide guidance on improving workstations and workrooms
acoustically for activities on visual display terminals.

Unlike those_acaustic events which serve the specific purpose of transmitting information (for example, verbal

communicat
have an adv|

O impaire

00 undesir

O hindran

O reduced

J annoya
The annoya
ISO 9612). K
when asses

Undesirable
more likely
performancsg
attentivenes
(including sg
levels. Hum
capabilities
disturbances
mediated co

NOTE Fq
environment,
can be distrag

Building ser
services, the
talk betwee
partitions an

on and warning signals), the term noise is used for acoustic events which disturb, are dn
prse effect. Undesired effects of noise can be classified as follows:

I hearing;

bd reactions of the central and autonomic nervous system;
ce of verbal and other communication;

performance and cognitive functioning;

nce.

nce and undesired effects of noise at the workplace should:be assessed by the rating level
Furthermore, the information content of the noise and nature of the work should be taken int
ing noise.

effects of noise, such as reduced performance;-annoyance and reactions of the nervous sy
he more difficult and complex the task performed. These effects manifest themselves as
in memory processes, i.e. prompt recall;yretention and acquisition of information when g
5 and concentration are required, and inicomplex processing techniques. Information-containi
eech, machine sounds with a distinctive time sequence) can also impair the performance at
hn speech as an undesired sound_can interfere with acoustic communication, as well as t
associated with short-term memory. Noise, in particular information-containing sound,

to the attention and impairment of verbal communication. This is true for both face-tg
mmunication.

r offices with multiple,werkplaces, it is not necessary to remove all sound from extraneous sourceg
because in an environment which is “too quiet” even low-level sound from nearby conversation and
ting.

Vices and office architecture can cause noise by different mechanisms. With regard to th
re is the<noise from air supply through grills and dampers, ductwork transmitted fan noise 3
h areaScthrough ductwork. With regard to the architecture, there is noise break-through
[ cross-talk through ceiling and floor voids between areas.

lesired or

Lar) (see
0 account

stem, are
a drop in
ontinuous
hg sounds
low noise
ne mental
result in
Hface and

in a work
equipment

e building
\nd cross-
between

6.2 Reduc

jon of Noise effects

In order to avoid undesirable effects of noise, the rating level Lar at the workplace should be low enough to perform
the intended tasks. Noise exposure in workplaces [35 dB(A) to 55 dB(A)] which should not be exceeded for specific
tasks is given in 1SO 11690-1. In order to achieve this, the noise emission from work equipment should be low
enough not to interfere with the performance of the task. However, these general measures may not be applicable
in certain environments, for example, where a humber of people need to use a telephone. Therefore, in such cases
single factors (for example, noise from external sources) should be identified and appropriate noise-control
measures considered with regard for relevant user needs (for example, improving verbal communication, reducing
unwanted communication and annoyance). Basic aspects of noise control are displayed in Figure 1.

The relationship between different control measures and the specific goals for their introduction is shown in
Figure B.1.
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When replacing or purchasing equipment and machinery for workrooms, relevant data given in equipment
specifications for the noise emission from these equipment and machines should be taken into account.
Furthermore, the workrooms should be acoustically designed so that the rating level is acceptable for the intended
task. The selection of the appropriate control measures depends upon the task to be performed and the
characteristics of the noise. Noise control strategies and measures are described in ISO 11690-1 and 1ISO 11690-2.

Further information, including methods for measuring and evaluating sound and noise are discussed in annex B.

Noise control at the source Noise control at the transmission path Noise control at the receiving point

Increase of transmission loss/ Reduction of noise immission
insertion loss and noise exposure

Reduction of noise emission ||

NOTE

7 Guidg
7.1 Bas

Mechanic
influence
well resed

Exampleg
printers a

7.2 Red
721 Ge
7211 T

This subg
Mechanic
and safet
displayed

a) effec

Derived from Figure 1 of ISO 11690-2:1996.

Figure 1 — Basic aspects of noise control

lnce on mechanical vibrations

C aspects

Al vibrations (defined in ISO 2041) are periodically. *occurring changes in physical locatio
or impair the user, the function of working devices or parts of them. These effects have ge
rched (see annex C).

of vibration in the work environment relating to office work include air-conditioning syst
nd the proximity of the workstation to industrial activities that are liable to cause vibrations.

Liction of effects of mechanical vibrations

heral

ypes of effect

lause provides guidance for limiting the presence of vibrations at the workplace and in
bl vibrations at<certain levels acting on the users or their working devices can adversely infl

y at work. Moreover, they can impair the user well-being and her/his perception of thg
and the use'of controls, for example keyboards. This impairment can take the following form:

on the-user;

b) effec

N. They can
nerally been

ems, impact

workrooms.
lence health
information

onthe legibility of optical devices;

c) effect on the use of operating elements.

7.2.1.2 Effects of mechanical vibrations on the user

When mechanical vibrations act on the user’s body (for example, feet, buttocks, hands, head), a nuisance, work
hindrance, drop in performance and damage to health can occur depending on the evaluated vibration intensity (see
ISO 2631-1, ISO 5349). For the perception of optical displays, vibrations in the range 2 Hz and the resonance range
of the eyeball (16 Hz to 32 Hz) are generally of importance. Certain forms of vibration result in a decrease in visual
acuity of up to 20 %. At a vibrational stress in the vertical or lateral axis of the body, considerable increases in the
perception times (up to 50 fold) can be expected.
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7.2.1.3 Effects of mechanical vibrations on the legibility of optical devices

The effect of vibrations on time-constant displays (for example, printed symbols) impairs perception differently from
the perception of time-variable displays (for example CRTSs). In general, the legibility or visibility of time-constant
displays suffer from vibration less strongly than time-variable displays do. Line-oriented text is more prone to
degradation than grey scale images on the same device [see Cakir and Cakir (1988)[21]]. The impact of vibrations
on the legibility also depends on the VDT display characteristics (for example, the refresh rate of the screen). With
simultaneous vibratory excitation of body and optical displays, the impacts can be amplified.

7.2.1.4 Effects of mechanical vibrations on the use of operating elements

The effect of vibrations on controls and input devices (for example, keyboard, mouse, etc.), can result in loss of
performancg(Speedandaccuracy).

7.2.2 Avoidpance of vibration effects

The development and propagation of mechanical vibrations should, where possible, be avogided entifely or be
reduced at the source. The selection of low-vibration equipment and work processes is the hest means of|achieving
this. There i$ a large number of measures that can be taken to further reduce vibration at.the point of excitation and
the transmigsion paths. These should be adapted to the individual requirement. If vibration-damping systems are
not properly |coordinated, an increase in vibration can result.

NOTE Fdr basic information on vibration reduction, reference should be made to,NSO 2017 and I1SO 10846 and also
EN 1299 (exgmples are given in VDI 2062 sheet 2 and VDI 3831)

If the vibratipn cannot be adequately reduced at the point of excitationymeasures to reduce vibration should be
employed o the transmission paths. Where necessary, affected itemsat the workstation or even entife working
areas should be isolated from the sources of vibration excitation. Attention should be paid to this when planning and
setting up wWorkplaces, since it is then that the necessary measures can be carried out most effectively and
economically.

In the case pf work environments in which vibration stress cannot be fully avoided, measures should b¢ taken to
ensure that the legibility of displays and usability of operating elements, for example controls, are not impajred.

8 Guidange on electromagnetic fields and static electricity
8.1 Basic aspects

In this clausg, possible influences of ‘static electric and magnetic fields, extra-low-frequency (ELF) magretic fields
and electromagnetic fields on thelimage quality of visual displays, especially of CRT displays are disclssed, for
example:

O static (terrestrial) magnetic fields influence CRT uniformity;
O static mpgnetic fields of all origins influence convergence on colour-CRT displays;

O ELF magnetic-ields from the electrical power distribution system or from nearby sources including nearby
CRTs can-influence CRT jitter (for maximal spatial instability, see 5.24 of ISO 9241-3:1992).

In this part of ISO 9241, only some effects of electric and magnetic fields are described (for example jitter) that can
influence the assimilation of information from visual displays.

Electric and magnetic fields can impair the quality of optical displays and the transmission of signals from parts of
the work equipment.

The influence of electromagnetic fields on the optical displays can show up in the form of distortion (Moiré effect) or
jitter.

Static electricity originating from the screen can reduce the legibility of the display by dust collection. Static

discharges caused by the friction of carpets, clothing or furniture textiles (especially in winter when relative humidity
is low) can cause annoyance and interferences with the equipment.

10
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While potential sources should be specified for the lowest possible electromagnetic emission considered by

applicable product and environmental safety standards, it is important to also take into consideration
cumulative effects resulting from the interaction of several potential local sources. Such local sources

the possible
(for example

emissions from power transmission lines, train or tram routes in the vicinity, internal emissions from machinery,
power supply) and their interactions cannot be fully anticipated by the designers of a VDT. Therefore, the effects of

such local sources should be evaluated in the particular environment, if necessary.

8.2 Avoiding adverse influences from the environment

The quality of the optical display should not be unacceptably impaired by the influences of electric and magnetic
fields external to the display. An unacceptable impairment can be regarded as the exceeding of the maximum

values specified in 1SO 9241-3 for locus-dependent distortion of the images or character shapes, tim

e-dependent

fluctuation in character location and time- or locus-dependent distortions as well as colour distortions,

Unacceptpble impairments can be caused either by other equipment at the workplace or by,external fields with

origins outside the workplace. In order to avoid possible impairments of the first kind, the instaflation gul{dance of the

manufactlirer should be followed. Managing display distortion caused by interferingpexternal figlds can be

accomplighed in two ways:

O shielgiing, screening, altering, relocating or removing the source;

O shielging or screening the device.

Because pf the variety of combinations of equipment characteristics (scre€ning, other installations in the room) and

the charafteristics of the interference fields (field-strength vectors, frequencies, homogeneity of the|fields, etc.),

suitable measures cannot be stated directly.

The following measures can prevent or reduce the effects of external static and dynamic fields:

O physical screening of the source

O physical separation, relocation or re-orientation of the“source

O scregning or adaptation of the affected display:

The immdinity of visual display units to external line-frequency magnetic fields is different for different display

technologjes. CRT-displays possess different immunity levels depending on their technical design| Most CRT-

displays meet 1SO 9241-3 in ambient_magnetic fields up to 0,02 A/m. In many office areas, the strength of the

magnetic ffields can exceed this value~and, thus, can cause jitter problems. Where such problems arg detected, a

reorientatjon of the specific display nit'can be sufficient to treat the problem.

In the cage of undesirable inferactions of a specific display with a given environment, it should bg determined

whether the following engin€ering measures have been introduced in the design of the display under consideration.

a) Dynamic

O Circujt-engineering measures or metallic screening of the housing (for example, vapour deposition{on the inner
sided| of theshousing, coating with conductive lacquer and fault-free contacting).

O Screening of the deflection coils by highly permeable materials

O Field damping by inverse eddy-current induction.

Standard EMC testing requirements (see IEC 61000-4-8) specify testing and measurement techniques for external

line-frequency magnetic fields.
b) Static
Use of equipment withstanding electrostatic discharges according to IEC 61000-4-2.

NOTE Other EMC requirements may need to be considered.
O Demagnetization of the display.

O Antistatic treatment of the display surface.

11
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The following environmental measures can be helpful in the case of problems with existing equipment:
O antistatic room furnishings (floor coverings, furniture);

O increasing humidity (see 9.2.5).

9 Guidance on thermal environment

9.1 Basic aspects

The thermal conditions at the workstations directly influence the comfort and performance of the users. The
introduction pf VDTs into the workspace leads to additional heat load and changes air movements. Theriurpose of
9.2 is to desgribe the relevant thermal parameters and to describe how to adapt these parameters tothunpan needs
in order to provide an acceptable thermal environment which prevents possible adverse effects to cgmfort and
health. (See|annex D.)

The relevan{ parameters which affect the occupants of work spaces are the following:
O Persongl parameters:
O thefmal insulation of clothing;
O act|vity level.
O Environmental parameters:
O air femperature;
O mepn radiant temperature;
O air pelocity;
O  hurpidity.
Thermal comfort can be reduced by
O unwantrId local cooling,
radiant asymmetry from cold and hot'surfaces,
draught|(air velocity),

0
0
O avertical air temperature difference between head and feet that is too high, and
0

floor sufface temperatures that are too high or too low.

Local heat bpild-up caused by thermal radiation or warm air, either from sources in the equipment or climatic effects
(for example¢ solargain) should be avoided by suitable control of thermal conditions combined with careful
disposition gf heat load from equipment and other electrical heat sources in the work space.

A model that describes the relation among relevant parameters for thermal comfort and provides a measure of the
combined influence of these parameters on the general thermal sensation (PMV-index, PPD-index) is presented in
ISO 7730. Detailed information on activity levels can be found in 1SO 8996. For thermal insulation of clothing,
detailed information is given in ISO 9920.

9.2 Relevant parameters for thermal comfort

9.2.1 Activity and clothing

Because of individual differences, it is not possible to provide a thermal environment which will satisfy everyone
even if all persons wear the same clothing and perform the same activity. It is therefore important that the individual

should be able to achieve some control on her or his heat balance by adjusting some of the parameters of the
thermal environment or personal parameters.

12
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9.2.2 Temperatures

The acceptable operative temperature, i.e.the parameter used to describe the combined influence of air
temperature and velocity and of mean radiant temperature, depends mainly on the activity level and clothing of the
person. In addition, thermal comfort depends on the radiant temperature asymmetry, i.e. the difference of the
radiant temperatures of the surrounding surfaces.

At VDT workstations within office areas, the operative temperature may be assumed to be the simple mean of the
air temperature and the mean radiant temperature at a certain point. In buildings with well insulated windows and
walls, the air temperature and the mean radiant temperature may be assumed to be equal if there are no local heat

sources from equipment and lighting.
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niform vertical air temperature distribution caused by the heat dissipation of the equipment;

cold air flow along cold surfaces towards the floor.

\velocity

locity affects the general thermal sensation. In mest ‘cases, it can also cause a draught se|
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re most sensitive to draughts around'the ankle and neck region.
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Hiscomfort~J§ also influenced by the humidity of the air with the effect of an increas
ding to-that of a higher operative temperature. However, for sedentary work under temper

rangedi-e. 20 °C to 26 °C) the influence of the humidity is quite modest. Thus, an increase o
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relative hlllmidity corresponds to less than 0,3 K in operative temperature.

If the humidity is too low, there is a risk of dryness of the mucous membranes. In addition, persons wearing contact
lenses can experience eye discomfort.

For air quality reasons, it may be necessary to limit the humidity: if the humidity is too high there is a risk of
condensation on cold surfaces and of mould growth.

10 Guidance on space organization and workplace layout

Clauses 5, 6, 7, 8 and 9 of this part of ISO 9241 each deal with one major aspect of environmental requirements as
part of ergonomic requirements for office work with VDTs. Space organization and workplace layout have an
important influence on good performance for each aspect. For instance, sound and noise performance depends on
the appropriate zoning of potential noise sources, whether they are people or office and building systems and

13
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equipment, in relation to the level of acoustic performance required for specific tasks and anticipated user
populations. Similarly, natural and atrtificial lighting performance depends on how workstations and VDTs within
workstations can be arranged in relation to potential glare from natural light.

In addition, workplace problems are often multifaceted. Thus, they require integrated solutions where a number of
aspects and their possible interactions are considered, rather than partial solutions for single aspects (for example,
selecting the workstation location for glare control on the visual display unit only). In any specific office context, the
environmental considerations of clauses 5, 6, 7, 8 and 9 should be dealt with simultaneously to develop an
integrated solution with acceptable trade-offs between different aspects.

The measures to be taken at particular workstations or work spaces should be combined to achieve basic goals of
ergonomically designed work systems as described in 1SO 6385. Major categories of criteria which should be
considered fpre shown In Figure 2. Space organization and workplace layouts should take into accodint all the
criteria of Figure 2.

Work organization
and groups

Psychosocial fattors

Space organization

and workplace layout Circulatiens and wayfinding

Artificial and natural light

Sound and noise

Figure-2 = Space organization and workplace layout;
major categories of criteria
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Annex A
(informative)

Lighting

minance

Iy and furnishings,

e represents a physical quantity of light, the density of the luminous flux incident on a sutt

nance required in a work environment can be provided by daylight or artificial. light. In ge
ation, illuminance relates to the horizontal working plane unless another reference plane is
main visual objects are located. Typical illuminance ranges related to a specifictask, activity
by standards (see CIE-publication 29.2 and informative annex B of ISO 8995:1989).

N the horizontal illuminance, considerable importance should be given-to vertical illuminanc
impression of depth is important. In general, the impression, of_depth can be enhance
of vertical illuminance. Alternatively, the character-to-background contrast ratio, C, on a VDT
d.

Apart from character size, the contrast ratio C is the most important visual factor for good legibility.
the character-to-background contrast on the display should>not fall below a minimum of 1 : 3 and 3 : ]
P41-3).

minance balance

attention should be paid to luminance dalance at workstations with visual display terminals, e
of negative contrast. The reason¢isithat the inclination of the line of sight downwards is
hal office workstations because of the arrangement of the displays. Large differences in lum
ion have a disturbing effect, fer\example between

aires and ceiling,

gy and walls / windows,

y and window, and

or sources (for example, dark buildings against a bright sky, snow).

f the luminous flux incident on a surface by the area of that surface (for the definition see/3.11).

ace. It is the

neral use in
specified in
Dr room area

e, especially
0 by a high
| display can

500d practice
, respectively

specially if in
less than at
nance in the

A3 Re

A31 D

stricting glare

irect glare from daylight

Direct glare from daylight can typically be caused by a direct view of the sun or clouds and by their reflections on
adjacent buildings. Protection against glare from the sun or surfaces exposed to the sun should be provided if
necessary. Moveable devices such as curtains, rollerblinds, venetian blinds, vertical blinds or awnings or daylight
control systems are suitable for this purpose.

Skylights should be screened so as to ensure that they cause no disturbing glare at the workstation.

Window treatments used to limit glare should neither influence the colour climate of the workstation nor the visual
appearance of the outside world.
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Control devices such as curtains, blinds, shades, etc. should be capable of being controlled by the persons
affected. The luminance of curtains or of other vertically aligned devices under direct exposure to sun can exceed
that of the brightest lamps used for office work. Thus, during certain periods of the day, they can cause more glare
than artificial lighting. Therefore, the transmittance of these devices should be so low that they provide adequate
protection against glare and can cause no disturbance by direct or reflected glare (typically less than 0,3). The
luminance of the device viewed from inside the room should be of the same magnitude as the room-confining
surfaces if the device or parts of it can cause visible reflections on the display.

The introduction of screening will reduce the availability of daylight as well as its distribution.

Installation of workstations in which the line of vision is continuously directed at surfaces with high luminance (view
of the sky, building obstruction) should be avoided.

NOTE When glare-control measures are adopted on the inside of the window, attention should be paid to the-hgat balance
in the room.

A.3.2 Dirgct glare from artificial lighting

Direct glare [from artificial lighting can be caused by luminaires or illuminated room surfaces with high luminance.
Decisive factors as regards to the glare effect are their luminance, the luminance of-the’immediate surfoundings,
their positior] in the field of vision, their spatial dimension and the state of adaptation.

For luminairg¢s which light downwards, glare-restricting measures should be carried out if necessary.
NOTE Glpre-restricting methods applied in different countries are described in\national standards.

For lines of yision which vary from the horizontal upwards (for example, in the banking sector at customer-service
desks), extrg precautions to further reduce glare should be taken (see'Figure A.1).

Figure A.1 — Situation under which specific measures for
glare guarding are needed

Luminaires for individual workstation lighting should not cause glare at the individual workstation or adjoining
workstations.

16
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A.3.3 Glare by reflection
A.3.3.1 General ergonomic considerations

For ergonomic reasons, the complete system consisting of lighting, workplace and visual display should be
enhanced. The aim should be a reduction in glare by reflection

a) on the visual display, and
b) on the other working media.
Glare by reflection can occur in vertical, horizontal and intermediate planes. It can impair visual perception and/or

or example,
of the work

an be easily

5sive  glare).
d allocate all
nent) without

being resfrained by glare by reflection.

A.3.3.2 $electing appropriate measures
The finish|of desk surfaces and the surfaces of work equipment, including documents, should be kept matt as far as
possible. |n order to avoid glare by reflection on work equipment efwhich the degree of gloss cannot bg influenced,
or only to ja limited extent, it may be necessary to adopt one or njore of the following measures (see Fighre A.2):

O changing the direction of light incidence by suitable_alignment and installation of the work equipment at the
workstations, or suitable arrangement of the luminaires;

O use df suitable luminaires;

0 reorigntation of the workstation;

O alteripg the ratio of vertical illuminance to horizontal illuminance.

When selgcting a suitable measure|, a distinction is made between three classes of information media:
0 electfonic visual displays @nd other optical displays with a vertical or almost vertical alignment,

0 electfonic visual displays and other optical displays with a horizontal or almost horizontal alignment,

O work|equipment\with curved surfaces or surface elements (keycaps, configurations of several visual displays,
etc.).

A.3.3.3 Caensidering monitor classes

For visual displays, 1SO 9241-7 establishes three categories of VDTs, based on the lighting environments that are
appropriate for their use. To achieve acceptable visual conditions, either

a) the visual environment should be controlled based on the category of the display used, or

b) the category of the display should be selected based on the nature of the visual environment.

NOTE Where there are relatively few Class Ill screens in an area, it is likely to be more efficient to carefully locate the
screens or modify the environment around them rather than to light the whole room for their benefit.

17
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turn display

— of the display

tilt display

adjust height

— Dy correct location... —

move display

L{  of the workstation

reposition workstation

|| by equipment features

tilt worksfafion

introduce positive polarity

Glare control..

introdute glare-guarding
measures on the display

introduce flat screen

change luminaire design

— by artificial lighting

change luminaire position

by lighting —

shield glare source

by natural liahting
gl ) )

add windows treatment

shield glare source

Figure A.2 — Methods for avoiding glare by reflection
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The monitor classes are established by using the following test conditions (see ISO 9241-7 for test methods):

Class | LA(REF,EXT) =200 cd/m?2 and LA(REF,SML) =2 000 cd/m?
Class Il LA(REF,EXT) =200 cd/m?2 or LA(REF,SML) =2 000 cd/m?
Class Il LA(REF,EXT) =125 cd/m?2 and LA(REF,SML) = 200 cd/m?2

To achieve acceptable visual conditions, the luminance of luminaires or room surfaces (for example, windows and
other openings, skylights, transparent or translucent walls, brightly coloured fixtures, walls) that can be seen

reflected in the screen by the user of the screen should be limited to an average luminance of

0 < 1 (QoocTdmeforctass tand Classtaisptays;

0 =< 20p cd/mZ for Class Il displays.

A.3.3.4 Considering luminances

For reasons of practicality, it is recommended that average luminances be measured-instead of peak|luminances,
even if mgasuring the latter would be more sensible.

It is therefore important that the luminance peaks diverge as little as possible from:the average values.

Where the displays are mounted near to horizontal, the above limitations will still apply but the ceiling and luminaires
mounted ¢n the ceiling should receive particular attention.

NOTE 1 |When dark symbols are represented on a brighter background; the reflection of bright surfaces is foynd to have a
less disturping effect and differences in luminance between the display, document and keyboard are small¢r. As a rule,

therefore, preference should be given to this form of representation:

NOTE 2 |It is appropriate to carry out a reflection-reducing~measure if the disturbing effect of reflection i
lowered, while the character definition and background luminarfiee, for example, are not noticeably reduced and t
not increaged.

A.3.3.5 Considering form and alignment of surfaces

Disturbanfes caused by glare, by reflection on’horizontally aligned surfaces, can be avoided by

O suitalple allocation of work equipment and its surfaces,

O indirdct lighting or a combination of direct and indirect lighting, and

O unifofm luminance distfibution of the reflected surfaces which avoid luminance patterns on the refle
Glare by |reflection can be caused by specular reflections on curved surface elements of the eq
example, |keycaps)or by equipment with more than one reflecting surface element (for example, cq
containing contrejsswith a glossy finish and various visual displays). In such cases, combinations o

mentioned measures may be needed to avoid glare by reflection. Since the control of glare by lighting,
changing the-luminaire design or the in

5 appreciably
e impairment

cted image.

uipment (for
ntrol panels
f the above-
for example
or the visual

environment;
work equipment

, do not yield satisfactory results.

allocation of

If office tasks are performed in work spaces designed either to accommodate other types of work (for example, in
manufacturing areas, sales departments) or impose restrictions with regard to certain effective measures for glare
control, for example when hygienic requirements play an overriding role, and the surfaces of equipment have to be
smooth rather than matt, the freedom from glare should be achieved by suitable combinations of measures as
displayed in Figure A.2.
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A.4 Directionality of light incidence

In order to make faces, objects or surface structures easily recognizable, the lighting should achieve an adequate
modelling effect for which a certain degree of directionality of the light incidence is needed. The modelling effect is
induced by shadows on the illuminated object.

If the lighting is too diffuse, there is a lack of shadow, which can feel disagreeable and should therefore be avoided.
On the other hand, lighting that is too directional (the diffuse part of the illumination is too low compared with the
direct part) can result in unacceptable shadows that are too deep and display hard edges.

An acceptable lighting installation produces a balanced ratio of direct and diffuse illumination. Thus induces an

adequate modelling effect.

A.5 Use

The colour 4
can influenc|
performancsg
rendering of

The colour &

pf colour

rrangement of the workroom and the colour rendering of the lamps or their spectral distribut
e the recognition of coloured information, promote the ability to concentraté,) prevent deter
, reduce errors and relax stress situations. In addition, they can assist in accident prevention
safety and signal colours.

rrangement of the workroom should, within the limits specified by the recommended reflectiq

on of light
oration in
by correct

n factors,

be determingd freely and with regard for the natural and artificial lighting. Walls should be brighter than the¢ floor and
the ceiling blighter than the walls.

The lamps, Iuminaires and colours of the room surfaces should be selected so that signal and safety colodirs can be
recognized. [For more information on colours, see ISO 6385.)

For large sdrfaces and as the background colour, pale coleurs with low saturation (pastel shades) should be
chosen. Thel colour arrangement for smaller objects should employ more highly saturated tints.

When the work performed is of a monotonous natufte, objects with more lively, stimulating colours should be
introduced into the environment.

A.6 Colour rendering and correlated. colour temperature

The choice pf colour rendering and cofrelated colour temperature depends on the luminous sources, the lighting

level, the co

In order to a

our of the room and the furnishings as well as on task requirements and subjective feeling.

Chieve appropriate’colours, the use of lamps with colour-rendering indices R, over 80 is prefer

The choice ¢f spectral coelour and the level of colour rendition should ensure that safety and signal colou

as colour-co

A.7 Perc

fed objects)or diagrams (for example, on control panels or safety signs) can be recognized ag

red.

s, as well
such.

bption of flicker

In order to avoid the perception of flicker from artificial lighting, it should be operated well above the critical
frequency of flicker. Perception of flicker from artificial lighting can be reduced or eliminated by the use of, for

example,

O aleadlag,

0 athree-phase circuit,

O higher frequency lamp ballasts.

Since recent research has shown that lighting installations operated above the critical flicker frequency can cause
problems for persons sensitive to fluctuations of light, the use of high frequency lamp ballasts should be preferred

(see Wilkins

20
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lecting the type of lighting

A.8.1 Basic aspects

The selection of the type of lighting should be made considering clauses A.1 to A.7 and the following basic aspects:

d

O
as in

d

use of daylight or a combination of artificial light and daylight during daytime;

clean rooms);

needs arising from the visual tasks and general lighting;

use of purely artificial lighting, when and where daylight is not available or when the visual task requires it (such

0 chard

Allowing f
of direct 0

The appli
A82 G

The funct
contrast,
glare (ses

llluminang
provided
suppleme

br the quality criteria of lighting engineering and economic aspects, the selection can, be don
r indirect lighting, or a combination of the two.

ation of quality criteria to lighting engineering is described in A.8.2.1 to A.8.2.4.

eneral lighting

on of general lighting is to illuminate the entire room to good effect;’taking account of the n
pbalanced luminance ratios, good colour rendering and other factors while restricting direct 3
5.1.2 of ISO 8995:1989 and clause 5).

e levels corresponding to the visual tasks to be performed in a given room or room zon

at each workstation by either the general lightingy’ if at a suitable level, or by local
hting the general lighting. In this case, the lighting for-the task should not provide more than ty

provided Ipy the general lighting.

Good visU

NOTE

al conditions should be provided throughoutythe room as well as at each individual workstatio

A room zone is regarded as being that.area of a room in which a similar type of activity is perform

workstations.

A8.2.1 1
The light
achieve v,
visual con
Direct ligh
A.8.2.2 I

Direct-ind
the relatiy

irect lighting

and luminance distribution of luminaires is the major factor which should be taken into con
sual comfort. Luminaires ‘which direct the light towards the working plane (direct radiation)
ditions (minimizing-eflected and direct glare) when workstations are located alongside the lur
ting may not be\appropriate if relevant visual objects have glossy surfaces.

irect-indirect lighting

rect lighting allows more independence for the workstation arrangement from the lighting in
eClyminance of the direct part of the lighting is reduced by the lit ceiling above. Workstal

cteristics of the room, for example physical dimensions, flexibility to control light required by t}Le task.

e in the form

ped for good
ind reflected

e should be
zed lighting
ice the level

n.

ed at several

sideration to
achieve best
hinaires.

stallation, as
ions can be

arranged

vithminortimitations i sizeand-ocationif this type of tumimaire cambeapptied:

A proportion of the light from the luminaire is directed towards the ceiling. For a well-balanced luminance distribution
in the work space, the maximum luminance of the ceiling should not be so high that the ceiling itself becomes a
glare source.

A.8.2.3

Indirect lighting

Luminaires with this characteristic direct the light towards the ceiling. Little direct light from the luminaires hits the
workplace. Luminaires with this characteristic can be applied if the arrangement of workstations has to be made
without any consideration of the lighting installation.

The efficiency of the lighting is highly dependent on the room characteristics, especially the reflection characteristics
of the ceiling and the room height.
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It is important that the luminaires have a wide light distribution and that the ceiling has a diffuse reflection
characteristic.

NOTE Ceilings with high gloss can reflect the high lamp luminance and, thus, cause glare. Entirely indirect lighting can
result in an environment with few shadows and poor contrast.

A.8.2.4 General lighting and individual workstation lighting

Individual workstation lighting, in addition to general lighting, is an appropriate way to provide lighting according to
special needs at specific workplaces as a result of user and/or task characteristics.

The function of the individual workstation lighting is to provide illumination of the user’'s immediate environment. The

O it provides individual control over illuminance levels and directionality at the individual workstatian,
O it enablegs the user to adapt lighting conditions to individual or changing task requirements, aqd

O it caterdfor personal needs which arise from individual differences in visual capabilitieS)

Local lighting should be provided, where necessary, to bring the illuminance level of a workstation up t¢ the level
required by the specific tasks performed by the users. Individual workstation lighting will be controlled $eparately

from the geperal lighting. It should be positioned such that no direct glare or,glare by reflection, or [excessive
contrasts, are created, or persons at other workstations are adversely affecteg:
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Annex B
(informative)

Methods for measuring and evaluating sound

B.1 Noise measurements

The rating level (Lag) is the characteristic value for noise immission. The rating level is determined.for a specified
time interyal (see 1SO 1996-1, 1ISO 9612, ISO 11690). When determining the rating level, no aecount is taken of
acoustic gvents which serve the purpose of communication between the person at the workplace in question with

other pergons (conversations, communication signals).

The basi¢ acoustic quantities for determination of the rating level and of the naise/emission val

ues are the

A-weightgd sound pressure level (Lpa) as well as the equivalent continuous A-weighted sound pressurg level (Laeq)

which car be measured by instruments in accordance with IEC 60651 and IEC 60804.

B.2 Nojse sources

Noise nu|sance arises in particular as a result of noise emission from machines, equipment a

nd domestic

installatiops (air conditioners) and the influence of machine and_traffic noises from outside. Informatign-containing
sounds frpm neighbouring workplaces, such as conversationsyacoustic voice input/output of computels, telephone
conversations and acknowledgement signals frequently have“an effect, but in some cases noises empnating from

the publiclalso have a disturbing effect.

The A-wegighted sound power level (Lywa) is the (primary descriptor of the noise emissions from information
technologly and telecommunications equipment.lt_iS supplemented by another emission quantity, the A-weighted

sound prgssure (Lpp) at the operator or bystander positions (ISO 7779).

Product liferature should contain declared noise emission values in accordance with ISO 9296.

Additionally, a description of the character of noise information on impulsiveness and prominent torfe should be

given.
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B.3 Noise level in work environments

B.3.1 Control of acoustic environmental conditions

Depending on the specific problem at a given work environment, a variety of measures can be taken (see
Figure B.1). To determine the appropriate measures for a given situation, the nature of the problem should be
analysed (for example, environment too loud for using the telephone). While selecting the appropriate action (for

example, reducing sound level in speech frequencies) possible negative side effects should be considered.

insulation_in_structural

protection against

components

noise from outside

reducing rating level

reducing noise emission
from equipment

protegtion, against noise
from internal sources

increasing sound
absorption

protection against
noise from all sources

reduciig ambient
noise. level

increasing performance,
reducing impairments

Con
envi

rol of acoustic
Fonment

optimizing signal-to-noise
ratio

reducing sound level
in speech frequencies

improving verbal
communication

sound-absorbing
ceilings

improving communication,
reducing impairments

sound reduction
within workrooms

partitions

reducing impairments an
unwanted communication
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Figure B.1 — Control of acoustic environmental conditions,
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B.3.2 Sound insulation in structural components

In order to protect against noise penetrating the work environment from outside, the structural components (wall,
ceiling, window) should be adequately insulated against structural and airborne sound. Because of the differences
in room sizes, activities and interior noise level (background noise), the acoustic requirements to be met by the
components can be adapted to the appropriate conditions (see Table B.1).

The requirements to be met by the sound insulation system can be selected in relation to the background sound.

Table B.1 — Recommendations with regard to the sound insulation of structural components for various

office tasks and background noise levels (without activities and equipment) which should not be exceeded
(dpri\/pd from 1SQ 1 1600-1)

Acoustic Level pf
Type of activity recommendations Type of room backgropnd
insulation, restrictions noise, Laeq
dB(4)
Tasks wjth temporary Good noise insulation Single office with normal 35to #0
concentfation, tasks from neighbouring offices; | user requirements
occasionjally repetitive very good verbal
communication
Tasks wjth temporary Good noise insulation Multiple office-with normal 35to#5
concentfation, tasks from neighbouring work user requirements

occasionally mechanized | areas and adequate
screening from
neighbouring workplaces;
good verbal
communication

Tasks lafgely mechanized | Adequate noise insulation.*| Multiple office with low 40 to A5
from neighbouring wafk user requirements
areas and low scréeéning
from neighbouring
workplaces; limited
confidentiality, good
verbal communication

B.3.3 Spund insulation within work environments

In order t¢ reduce the sound transmission from a noise source (for example, conversations, equipment, machines)
to neighbpuring workplaces, the following measures can be adopted: sound-absorbing ceilings, walls and floor
coverings| baffle heards, partitions, adequate distances between groups of workstations (see 1SO 11690-1 and
ISO 1169p-2).

In larger Wwofk environments, a reduction in the sound level from 4 dB to 5 dB for each doubling of [the distance
should be established.

For reasons of good verbal communication and adequate “acoustic comfort”, the reverberation should be as low as
possible. A reverberation time of 0,5 s to 1 s in the frequency range from 250 Hz to 4 kHz should be aimed for.

The maximum recommended reverberation time of a work environment depends on its volume. Table B.2 gives the
maximum recommended times as a function of room volume.

Where the reverberation time exceeds the limits described in Table B.2, acoustic treatment of the ceiling should be
undertaken first. For large work environments, more sophisticated treatment may be needed (see ISO 11690-1).
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Table B.2 — Maximum reverberation time as a function of room volume

©I1SO

Volume Max. recommended reverberation time
of room S
m3 Conversational speech General purpose
50 not specified not specified
100 0,45 0,8
200 0,6 0,9
500 0,7 11
T 000 0,8 T.7
2 000 0,9 1,3

B.3.4 Noij

Where avai

e emission from machines and equipment

able, information given in machine documents or contracts of noise emission from machines and

equipment ghould be used when replacing or purchasing equipment and machinery~for’ work environments (see

ISO 11690-1).

Noise emiss
the emissior

noise is pregent in the emissions (see ISO 9296, ISO 7779 and 1SO 4871);

B.3.5 Noij§

e at the workplace

on data consist of the noise emission values, for example, the declared A-weighted sound pgwer level,
A-weighted sound pressure level. They may indicate whether prominent discrete tones or

impulsive

It is recommended that the rating level should be lower than 35 dB(A) to 55 dB(A) in the case of difficult and

complex tas

S.

Depending ¢n the acoustic requirement and type of activity, the background noise level should not ekceed the

values state

If verbal con

vocal effort
Table B.3 [s

For disturba]

1 in Table B.1.

hmunication is necessary at the wprkplace, depending on the acoustic requirements and the
and speech intelligibility (signal-to-rioise ratio), the noise level should not exceed the levels listed in
pe |1SO 9921-1, Lazarus (1986), Lazarus (1987)].

quality of

hce-free input of acoustic_information, the A-weighted signal-to-noise ratio at the microphohe should

amount to 30 dB. The recommendéd) maximum noise level for a corresponding quality when telephoning |s given in
Table B.4.
Table B.3 — Recommended maximum noise level  Laeq at the workplace as a function of the effoit
by the speaker;the quality of verbal communication and the distance between the persons
communicating (derived from 1SO 9921-1).
Recommended maximum noise level  Laeq
Verbal communication
Speech Signal-to-Noise Ratio  Lsa-Laeq
Vocal effort level, Lga, dB
atlm perfect = 18 very good = 12 good =7 batisfactory = 2
Im|2m{4dm|1Im|(Z2m|4m|1Im|2m|[4m|1Im|2m|4m
raised 66 48 | 42 | 36 | 54 | 48 | 42 | 59 | 53 | 47 | 64 | 58 | 52
normal 60 42 | 36 | 30 | 48 | 42 | 36 | 53 | 47 | 41 | 58 | 52 | 46
relaxed 54 36 | 30 | 24| 42 | 36 | 30 | 47 | 41 | 35 | 52 | 46 | 40

The columns indicate the distance between persons communicating in metres.

Lsa is the A-weighted equivalent sound pressure level of the speech at the listener’s ear, Lsp 1 m at 1 m distance
from speaker’'s mouth; Laeq corresponds to the rating level without adjustments.
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