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HUMAN FACTORS FOR DESI GNERS OF EQUI PMENT

PART 3: BODY STRENGTH AND STAM NA

PREFACE

This Defence Standard supersedes
Def Stan 00-25 (Part 3) Issue 1
dated 16 April 1984

i This Part of the Defence Standard is concerned with the limts of
strength and endurance of nuscular outputs of force and novenent relevant
to the operation of infrequently-used controls, for lifting and handling,
in maintenance tasks and in using hand tools.

ii This Part of the Defence Standard is published under the authority of
the Human Factors Subcommittee of the Defence Engineering and Equi prent
Standardi zati on Conmittee (DEESC).

iii This Standard has been agreed by the authorities concerned with its
use and is intended to be used whenever relevant in all future designs,
contracts, orders etc and whenever practicable by anendnent to those
already in existence. If any difficulty arises which prevents application
of the Defence Standard, the Directorate of Standardization shall be
informed so that a remedy may be sought.

iv Any enquiries regarding this Standard in relation to an invitation to
tender or a contract in which it is incorporated are to be addressed to the
responsi bl e technical or supervising authority named in the invitation to
tender or contract.

v This Standard has been devised for the use of the Crown and its
contractors in the execution of contracts for the Crowmn. The Crown hereby
excludes all liability (other that liability for death or personal injury)
what soever and howsoever arising (including, but wthout limtation,
negligence on the Part of the Crown its servants or agents) for any loss or
damage however caused where the Standard is used for any other purpose.

vi Any enquiries regarding this Standard in relation to an invitation to
tender or a contract in which it is incorporated are to be addressed to the
responsi bl e technical or supervising authority named in the invitation to
tender or contract.
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HUMAN FACTORS FOR DESI GNERS OF EQUI PMENT
PART 3: BODY STRENGTH AND STAM NA

Section One. GCeneral
0 [Introduction

As technol ogy advances, human nuscle is less used at work as a primary
source of power. However, muscular outputs of force and novenent are of

i mportance in control systenms, and the limts of strength and endurance are
relevant to the operation of infrequently-used controls, for lifting and
handling, in maintenance tasks and in using hand tools.

(adapted from Mrgan and Adamson, 1968)

1 Scope

1.1 This Part of the Standard provides a brief presentation of inportant
factors concerned in the use of safe postures and |oads at work.

1.2 This Part of this Standard al so discusses bionmechanical factors in
material s-handling activities and general factors affecting materials -
handl i ng capacities.

1.3 In addition, this document |ays down technical data relating to the
following: joint novement ranges and optimum positions for specific
activities; hand strengths with both power grips and precision grips; male
capacities for force application by the hands, in both free space and
restricted space; nuscular work and rest pauses; |oad carriage.

2 Related Docunents

2.1 The docunents and publications referred to in this Part of the
Standard are listed at Annex A

2.2 Rel ated docunents can be obtained from

DOCUMENT SOURCE
HSE L23 Manual Handling PO Box 276
CGui dance on Regul ations LONDON

SW8 5DT

M1 -STD- 1472D Human Engi neering DTD Techni cal Indexes

design criteria for Mlitary RAPI DOC W I | oughby Road
Systens, Equi pnent and Bracknel I,
facilities Berkshire

RGL2 4DW
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DOCUMENT SOURCE

British Standards (BS) and BSI

(BS EN) Publications Sal es Depart nent
Linford Wod
M LTON KEYNES
MK14 6LE

Def ence Standards Directorate of Standardization
(Stan 1)
Kentigern House
65 Brown Street
GLASGOW
& 8EX

2.3 Reference in this Part of the Standard to any rel ated docunment neans
in any invitation to tender or contract the edition and all amendments
current at the date of such tender or contract unless a specific edition is
i ndi cat ed.

3 Definitions
3.1 Bionmechanics. The mechanics of novenents in living creatures.
3.2 Body strength. For the purposes of this Part of this Standard, body

strength is interpreted as the nmeasure of force which the body can apply to
external objects.

3.3 Percentile. Variation in human data is often described in terms of
percentiles (%les). For any dinension in any population of individuals,
‘n" per cent of people are weaker than the ‘nth’ percentile. Hence 3% are
lighter in weight than the 3rd %le, 97% are lighter than the 97th %l e,
and so on. For nost practical purposes, we may consider the 50th
percentile and the ‘average’ or ‘nean’ to be one and the same. (See
Defence Standard 00-25 Part 2 clause 2 for further infornmation).

3.4 Stami na. For the purposes of this Part of this Standard, stamina is
defined as the capacity of an individual to perform continuous physical
wor k.

3.5 Standard deviation. The standard deviation describes the extent to
whi ch values might be expected to deviate fromthe nean. (See Defence
Standard 00-25 Part 2, Annex A).
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Section Two. Description of, and Factors Affecting, Body Strength and
St ani na

4 Body Strength

4.1 Maxi mum body strength is of linmted use to the designer, since:

(a) it is highly fatiguing to use maximum force exertions repeatedly or
for significant periods of tine;

(b) repeated exertion of forces near the maxi num may result in body
damage.

4.1.1 In designing equi pment for general use, it must be clearly within
the safe working capacity of a selected percentile. Thus, in general, the
forces indicated hereafter are those which are generally accepted as being
within the capacity of young, fit, subjects, based as far as possible upon
observations on nilitary personnel.

4.1.2 The forces given are, thus, ‘'usually maxinum strength consistent
with long-term safety’ and not ‘maxi num body strength’, as might be exerted
in athletic conpetition or, in emergency, under fire when on active

servi ce.

4.1.3 It is particularly inportant to consider the (generally) |esser
strength of woman when designing equipment which is to be used by both
sexes. A Statenment about the differing strengths of males and females is
given at 4.8.

4.2 Stanina

4.2.1 As far as the individual’'s stamna is concerned, it depends, in
part, on the person's physical fitness; particularly on the capacities of
their heart and lungs and, in part, on their body strengths.

For further details on stamina refer to 4.4.2(a).

4.2.2 Physical fitness, in general, determnes the rate at which work can
be perforned continuously. If this rate is exceeded, then the individual
will become fatigued after a period and will have to rest before resumng
the work. Since external physical work reflects the ability of the nuscles
to burn their fuels by conbining them with oxygen, there is a very close
correlation between physical work perfornmance, oxygen uptake and body heat
production/energy consunption. Human physiology work is commonly neasured
in terms of heat expressed as kilocalories (kcal) per unit time - (1 kcal =
4186.8 joul es).

NOTE: The kilocalorie is not an SI netric unit; therefore, throughout the
remai nder of this docunent the recognised SI unit for work, the joule (J),
will be used. (NB: 1 Joule = 1 Newton Metre = 1 Wattsecond = 10'ergs =
0.74ft Ibs) (Ref: Uranov and Chapman (1977) Dictionary of Science SI)

4.3 Wrk-rate and Energy Expenditure

4.3.1 Measurenment of energy expenditure is a conplex matter and, since
oxygen is carried to the nmuscles by the blood circulation, one can
sonetines use pulse-rate as an indicator of work-rate. Unfortunately,

pul se-rate is affected by many factors, among them nental stress, so that
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one has to be sure that the subject is well habituated to the
circunstances, and not under nental |oad, before using pulse-rate as the
sole arbiter of work-rate.

4.3.2 The heat production of an adult male generated under general Iiving
conditions, including the energy needs of his occupation, is about 9630 kJ
per 24 hours.

4.3.3 Additional heat production, due to occupational activity involving
the whole body, can be classified as foll ows:

Additional Heat Production | Equivalent pulse-rate in
in kJ/24th beats per minute
Mal e Femal e
Resting 0 0 60 to 70
Li ght work 2930 2093 75 to 100
Moderate Work 5440 3770 100 to 125
Heavy Work 11300 5020 125 to 175

4.3.4 Were the subject is seated, and the physical work is being
perfornmed by the hands and arns, there is a reduced capacity for heat
production; the equival ent occupational heat outputs are:

Addi tional Heat Production | Equivalen pulse-rate in
in kJ/24th beats per mnute
Mal e Femal e
Li ght work 1880 1470 75 to 100
Moderate Work 3560 2510 100 to 130
Heavy Work 7540 3350 130 to 175

4.4 Wrk and pulse-rate

4.4.1 In general, for continuous activity, work output can only be
sustained for long periods if the average work-rate over an 8 hour period
requires less than 33% of nmaxi mum energy production. The pulse-rate
equivalent to this 33% Il evel is an average increase of about 30 beats per
m nute, giving an average pul se-rate of about 100 beats per mnute for a
fit young nmale. Higher work-rates can be maintained for shorter periods
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50% of maxi mum energy production being maintainable for 1 hour, but no
| onger.

4.4.2 \Wen an operator is not required to work continuously, but only for
one hour (not eight hours), then his energy production is regarded as 50%
of maxi mum not 33% of maximum  These percentage reductions refer to
whol e-body activities, and not part-body activities, carried on
continuously for the periods specified.

(a) As indicated at 4.6.1 static nuscular conponents of the work may
further reduce stanina.

4.4.3 |If harder work has to be perforned, the pulse-rate will not |evel
out but continue to rise until exhaustion. A conparison of two work-rates
is givenin Fig 1. This shows that after the high work-rate, the pulse-
rate is very slow to recover to its original resting state. |f work
requires over 30 additional beats per minute, and the pulse-rate has not
returned to resting level within 15 minutes after stopping work, then
appropriate rest periods nust be given.
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Fig 1 Pulse-Rates in Heavy and Mderate Wrk
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In heavy work, the pulse-rate continues to rise, and at about 140 pul ses
per mnute the subject may be forced to rest, and recovery can be slow. At
a noderate work-rate, the heart-rate levels out at about 90 pul ses per
mnute, and recovery is rapid.

(from Fitting the task to the man by E G andjean, 1980).
4.5 Rest Periods

4.5.1 Research and experience in industry have shown that regul ar periods
of rest during the working day, increase output and decrease sickness
absences. In hot conditions, and during heavy work, rest periods also give
opportunities for ensuring adequate fluid, food and salt intake

4.5.2 Wiile it is possible for people physically to work hard, without
rest, for considerable periods of tinme in emergencies, such periods are
inevitably followed by periods of |low output; and the total work done over
a longer time will be less than that which would have occurred had those
emergencies not arisen. The sane is true of nental tasks

4.5.3 Rest pauses are required in both physical and nental work to all ow
recovery. They are also inportant in nonotonous tasks, to offset the
effects of boredom In any job, if adequate rest periods are not provided
the worker may insert them in disguised forminto his/her routine; and
where he/she is part of a team output is likely to fall because of
disruption of the teanmis work.

4.5.4 The calculation of appropriate periods of rest is a conplex task.
But, generally speaking, for light tasks in which the pulse-rate does not
exceed 100 beats per ninute, the total of disguised, spontaneous, and
prescribed rest pauses will amount to 15% to 20% of total working tine
Thus, in a regular 8 hour shift, one will obtain some 6% hour of useful
work. This work will be nmore productive if one deliberately inserts rest
periods, totalling 14 hours, into the routine. The usual way of doing this
is to have 1 hour for lunch, with 15 minute breaks for coffee and tea. If
the work is particularly nmonotonous, then more frequent and shorter work
periods should be planned

4.5.5 If the work nakes heavy physical demands, |onger rest periods nust
be provided, and the percentage tine for useful work drops extremely
rapidly as work load increases above the noderate rate

Physical work classification Rest time in 8 hour shift
Li ght 1%  hours
Moder at e 2 hours
Heavy 2%  hours
Very Heavy 3%  hours

10
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4.5.5 (Contd)

Wth heavy physical work the standard coffee, lunch and tea breaks should
be provided, and the additional break time divided into frequent short
intervals.

4.6 Muscular activity. Miscles are used at work in two ways: nanely,
static activity and dynamc activity.

4.6.1 Static activity. A static activity is one involving no rmovenent and
requiring continuous contraction of a muscle or group of nuscles. In this
condition, the flow of blood to the muscles is inpeded, they become rapidly
fatigued, and work tolerance is low. The relationship between force and
duration of continuous muscular contraction is summarised in Fig 2.

(a) In sinpler terms, the static force that can be achieved drops to 50%
of the initial maximm after about a mnute and to 20% after about 10

m nut es.

(from J.van Dieen & H Qude Vrielink, The use of the relation between
relative force and endurance time. 1994).
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(from Contributions a |'etude du travail statique by H Mnod, 1956).
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4.6.2 Dynamic activity. A dynamic activity is one in which the nuscles
rhythmcally contract and relax; it pronotes the blood supply to the
muscl es, and work tolerance is high.

4.6.3 Many existing task designs require mxtures of static and dynamc
activity: maintenance engineers conmonly have to maintain a stooping
posture by static activity in leg and back nuscles, while using the arns in
dynam c fashion to unscrew and screw up nuts and bolts, etc. In nost
cases, the limting factor in such situations is the static work, not the
dynami c. Thus, tasks should be designed to avoid static activity as far as
possi bl e.

4.6.4 I1f a large force has to be exerted, the tissues of the body have to
be stretched above their elastic linmit, and they will need tine to recover
fully. If, however, such forces are frequently repeated within the
recovery period, then tissue breakdown wll eventually occur. This process
of cunulative injury is involved in a nunber of disorders:

(a) at the wist, repeated overstress of tendons can result in their
inflammation in a day or so - a condition called wist tenosynovitis; this
has been a conmon problem with typists for nmany years. It is now becom ng
even nore frequent with the increasing nunber of VDU and keyboard
operators. Those suffering are often referred to as victins of Repetitive
Strain Injuries (RSI).

(b) ‘tennis’ elbow (epicondylitis) is simlarly caused;

(c) recent studies have shown that severe back-strain disorders can be
caused by the subjection of the back, over periods of weeks or nonths, to
too frequently repeated high stresses.

4.7 Effects of age

4.7.1 In general, nmen and wonmen have reached approximately 90% of their
ultimate strength by the age of 20. Maxinum strength is reached at 30
years of age, and there is then a decline to 90% of this capacity at about
45; by the age of 60, nost people have retained 75%to 80% of their past
capacity. (See Fig 3).

4.7.2 However, whilst this is the general rule, there are differences in
detail; for exanple, people over 50 years of age have a greater
proportional decline in capacities when kneeling than when standing.

4.8 Strengh conparisons of the sexes. Wilst there is, at present, |ess
information concerning the strengths of female Service personnel than there
is for nales, a figure of 50-60% of male capacities would seemto be
reasonable. This is only a generalization, and variations upon this figure
will be encountered for different nuscle groups.

12
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Fig 3. Miscle Strength with Age and Sex

(from Muskel Kraft bei M &nnern und Fravern by T HeH nger 1960
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Section Three. Posture and Wrk Capacity

Posture refers to the overall position of the body and linbs relative to
each other and their orientation in space

5 Body Posture

5.1 The human species is so designed that a confortable standing position,
with the feet slightly apart, can be nmaintained with mninum nuscul ar
contraction. VWhen sitting, static nuscular contract will occur unless the
back is supported, but less nuscle activity is required to maintain an
unsupported kneeling position. Stooping for short or |ong periods should
be avoided. Mintenance of a stooping posture, without external support of
the upper trunk, requires large and continuous contraction of the back
muscles and can lead to early fatigue. |f stooping cannot be designed out
of the system then the task should be so arranged that either the chest
can rest confortably on a support, or the trunk can be supported on the

el bows or on one hand. These requirenments need particular consideration
when designing for the maintenance of machinery: injuries arising from
enforced bad posture are all too conmobn in naintenance engineering

5.1.1 Factors to be considered with regard to sitting and standing are
included in Part 4 of this Defence Standard.

5.1.2 Kneeling can be on one or both knees. For preference, one knee
should be used, as this allows the operator to change knees fromtime to
time and avoid postural fatigue. |If a task requires prolonged kneeling on
hard or abrasive surfaces, knee pads should be provided. For heavy work

t he one-knee position allows the operator to rest one elbow on the other
knee and thus reduce the stresses otherwi se acting on the operator’s trunk

5.1.3 Squatting is a posture commonly held for long periods in Asian
countries and for exanple in British mnes. It takes less floor space than
kneeling. Western peoples generally find that squatting postures become
unconfortable after a few mnutes, and tasks requiring prolonged squatting
shoul d be avoi ded.

5.2 Head Posture. Wth the trunk in a balanced uprightness, the head is
best held in balance when the work is in an area between 23° and 37° bel ow
a horizontal plane through the eyes, when standing; and between 15° and 45°
bel ow the horizontal, when sitting. CQutside these limts, neck strain
occurs and work capacity is reduced. The weight of protective helnets wll
further exacerbate the problem See Part 2 of this Defence Standard,
section 6.6.1 for further details

5.3 Arm Posture. For nost purposes, arm postures which allow the el bows
to be close to the trunk are least fatiguing; and if an arm posture has to
be maintained for long periods, arm rests should be available for precision
control wist supports are required. This is particularly true if fine-
precision novenents are required for the work

14
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Section Four. Hand Gips
6 Definition

Wiile the hand is used for many activities other than gripping, such as
button pushing, trigger pulling and so on, its main use in mnual handling
is grasping. There are two distinct famlies of grip, and it is highly

i mportant that design of an object allows the correct grip to be used.

(See Fig 4)

6.1 Precision grip. The characteristic of this grip is opposition of the
thunb. In opposition, the thumb rotates so that its soft digital pad
opposes the soft pads of the nmiddle and index fingers. The thunb is
usually fairly straight, and the fingers bent at the knuckle

(met acar pophal angeal ) joint; the finger joints thenselves being relatively
straight.

NOTE: There are no values currently available for the non-preferred hand
using the precision grip.

6.1.1 Power agrip

() In this grip the thunb is not rotated, and is often flexed; the
knuckle joint is usually less bent than the joints of the fingers

(b) A variant of the power grip, used in carrying, is the hook grip, in
whi ch the knuckle joints are straight, and the finger joints fully flexed

15
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()

USING A PENCI L

USING A SCRAPER

) ) ‘

TI GHTENI NG A SCREW CAP
FITTING A SCREW CAP BEFORE

TI GHTENI NG
POWER GRIPS PRECISION GRIPS

NOTE: In all varieties of precision grip, the thunb is opposed to the
index and mddle fingers, which are relatively straight; in power grips,
the thunb is not opposed, and the fingers are relatively nore flexed.

Fig 4 Conparison between Power Gips and Precision Gips

16
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6.1.2 Strength and fatigue factors

(a) The precision grip uses the small nuscles of the hand, which have very
accurate nervous control but are usually relatively weak and may be easily
fatigued. A precision grip is only about 20% as strong as a power grip, it
beconmes easily fatigued, and recovery from fatigue is slow Thus, if the
hand is fatigued by heavy work during loading or carrying, activities such
as the joystick control of missiles may be severely limted for
consi der abl e peri ods.

(b) Power grips use the nore robust nuscles of the arm which are |ess
well controlled but fatigue |less readily.

(c) Either grip is strongest when the wist is being applied in a
mechani cal effect or partially extended. If the wist is not positioned in
a nechanical effect and is bent towards the side of the little finger, and
is then used repeatedly for powerful activities, there is a large increase
in the likelihood of cumulative disorders such as epicondylities ('tennis’
el bow) and inflammtion of wist tendons (tenosynovitis) - see also 4.6.4

(a).

17
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Section Five. Ranges of Joint Mvenents

7 Power

The power available at a given joint varies within its range of novenent.
In general, force is greatest at joint md-positions: although, for

instance, that at the knee is greatest close to full extension. In task
design, it is generally advisable to avoid novenents to extreme positions.

7.1 Range of novenent. The nean angul ar ranges of joint movenents in
mal es, together with the ranges enconpassing 94% of the population, are
sumuarized in Figs 5 6 and 7.

18
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NECK FLEXION, RIGHT (A)

NECK FLEXION, DORSAL (A) LEFT (B)

VENTRAL (B)
5-1

NECK ROTATION, RIGHT (A)
LEFT (B)

Fig 5 Neck Myvenment and Rotation

TABLE 1: RANGE OF MOVEMENT AT THE JONT OF THE NECK OF MALE CIVILIANS

Percentile
3 50 97 St andard
Devi ati on
Type of Movenent Range of Movement
(Degr ees)
Fig 5-1 A Dorsal flexion 44 61 88 27
B Ventral flexion 48 60 72 12
Fig 5-2 A and B | Right or left flexion 34 41 48 7
Fig 5-3 Aand B | Right or left rotation | 65 79 93 14

(from HE Design Data Digest, US Arny Redstone Arsenal, Al abama, 1984)

NOTE:  The range of novenent at the joint of the neck of nale civilians are
tabul ated. A decrease may be encountered in those over 50 years of age.

It nust be enphasised that head movenent can be further severely restricted

by clothing, seat restraining harness and surrounding equipnent, such as an
gj ection seat head box. See Part 2 of this Defence Standard clause 4.2.6.

19
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TABLE 2: RANGE OF MOVEMENT AT THE JO NTS OF THE HAND AND ARM OF MALE USAF

PERSONNEL
Range of Movenent
(Degrees)

Type of Movenment Aver age St andar d

Devi ati on
Fig 6-1 A Wist flexion 90 12
B Wist extension 99 13
Fig 6-2 A Abduction 47 7
B Adduction 27 9
Fig 6-3 A Forearm supi nation 113 22
B Forearm pronation 77 24
Fig 6-4 El bow flexion 142 10
Fig 6-5 A Shoul der flexion 188 12
B Shoul der ext ension 61 14
Fig 6-6 A Shoul der adducti on 48 9
B Shoul der abducti on 134 17
Fig 6-7 A Shoul der Lat er al 34 13
B Rotation: Medial 97 22

(from Barter et all, 1957)

20
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FOREAME SUPINATION (A)
PRONMATION (8}

6-3

6-2

~
SHOULDER FLEXION (&) '\
€XTENION (B}

(N

6-5

6-4
m;(o:;ooxnon a \\h m:s;' RNOTATION, LATERALIN
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Fig 6. Wist, Shoulder and Elbow Mvenents
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TABLE 3: RANGE OF MOVEMENT AT THE JONTS OF THE FOOT AND LEG OF MALE USAF

PERSONNEL
Range of Movenent
( Degr ees)
Type of Movenent
Aver age St andard
Devi ati on
Fig 7-1 A Ankl e pl ant afl exi on 38 12
B Ankl e dori sflexion 35 7
Fig 7-2 A Ankl e abduction 23 7
B Ankl e adduction 24 9
7-3 Knee flexion: Standing 113 13
Fig 7-3
to . ]

Fig 7-5 7-4 Knee flexion: Kneeling 159 9
7-5 Knee flexion: Prone 125 10
Fig 7-6 A Knee Medi al 35 12
B Rot at i on: Lateral 43 12
Fig 7-7 Hp flexion 113 13
Fig 7-8 A H p adduction 31 12
B H p abduction 53 12
Fig 7-9 A Hip rotati on Medi al 39 10
B (prone): Lat eral 34 10
7-10 A Hp rotation Lateral 30 9
7-10 B (sitting) Medi al 31 9

(from Barter et all, 1957)

NOTE:  Ranges of novenment at the joints of the foot and leg of nale USAF
personnel are tabulated. A decrease in the range of knee novenent may be
encountered in those over 50 years of age.
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Fig 7. Ankle, Knee and Hp Mvenents
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Section Six. Joint Strengths

8 Definition

For nost purposes, the strengths of single joints have a limted value in
task design, since situations where only one joint is involved in an
activity are rare. O far greater value are the strengths of linbs or of
the whole body as functional units. The strengths of different parts of
the body are shown at 8.1; and guide-lines to strengths of whole-body
activities are discussed at section 7.

8.1 Strengths of part of the body

8.1.1 Upper linb. Data given are for the 5th percentile group. Values,
shown in Tables 4 and 5 are given in Kgf (1ON Wc. 1 Kgf = 0.1 Kqg).

Table 4
Hand Gips
Type of Gip Mal e Fenal e
Left Ri ght Left Ri ght
Power Monentary hol d 255 265 137 147
(wist cocked) Sustained hold
(up to 1 nminute) 137 147 69 78
(up to 5 ninutes) 59 69 39 39
Preci si on (thumb/finger tip)
(Wist cocked) Monentary 59 39
Sust ai ned
(1 mnute) 29 20
(5 minutes) 15 10
Table 5
El bow
Fl exor Force Ext ensor Force
Mal e Fenal e Mal e Fenal e
Usi ng Strai ght (180°) 98 59 226 118
preferred
hand Fl exed to 150° 118 69 186 98
120° 132 74 157 83
90° 147 78 157 83
60° 196 108 167 88
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8.1.2 Lower Linb

The strength of knee extension is determned by the angle between the hip

and the trunk. The data given here are for 5th percentile nmales only, for
force exertion on a pedal, with the heel level with the plane of the seat

cushion (see Fig 8).

NOTE: "M | Std" 1472D suggests fenmle leg strength is approximtely 66% of
the value of males.

5th percentile 5th percentile
Male leg strength Mal e leg strength
in kg(f) Limted in kg(f)
250 - Angl e
B
[ 150

200 1

150 - loc

7
100 4 Y/

¢, e

6\0 50 “1

50 ’ s
1 oo
Knee locked

| straight

60 80 100 120 140 160 180
Degrees of knee extension B

Fig 8 Variation of leg strength with different angles of the
thigh and the knee

(from MI-Std-1472D, 1989)
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the force which can be exerted on a pedal also

(b) However, when seat ed,
cushion in relation to the pedal (see

varies with the height of the seat
Figs 9a and 9b)

Maxi mum force in kg(f)

Hei ght between
pedal and seat
cushion in cm

1+10 1
o -
—‘o -

~206 -
-30¢
-40 +
-SoJ—
5th percentile nale

// Arrow shows
g strength and
direction of
o) force

Pressure when sitting (IMale)

Fig 9a 5th Percentile Nale Maxi num Pedal

Note: The nost acceptable range, as chosen by subjects, is between 10cm
and 20cm bel ow the height of the seat cushion.

(from Diegunstite Anordnung in Sitzenbetogtiger Fusshabel.
by EA Mieller in arbeitsphysiol 9, P125-137 (1936). )
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Hei ght bet ween
pedal and seat i
cushion in cm <o p

Maxi mum force in kg(f)

o L eur °\ 5o ldo

-0
-20
-30
-40
-5o L

5th percentile female

Arrow shows
strength and
e} direction of
force

Fig 9o 5th Percentile Mxinmum Pedal Pressure when sitting (Female)

Not e: The nost acceptable range, as chosen by subjects, is between 10cm
and 20cm bel ow the height of the seat cushion.
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Section Seven. Strength of \Wol e-Body Activities

9 Manual force guide-lines

9.1 1t should be clear fromthe foregoing material in this Part of this
Standard that maxi num strength and power production, plus the strength of
individual joints, are of linmted value in task design. \at is required
is an accurate indication of forces which can be exerted in the different
directions within the reach of the individual. Since there is great
variation in size and strength between individuals, designs should
accommodate the full range of possible users; and the forces to be exerted
should not exceed the |evel above which the user would suffer cumulative

injury

180
7o -
)
| 160 .
|
' iso -
i
| 140 -
( 130

120 -

ito

oo 42 25:21 100
% ! | %
. ! *
: |
* - ‘ ; 7o
e ' :
6o -
52 3¢i26 ! . |
5o E i26 ! ' ; % , :
i !
40 - : ! . H i 40 - . i .
: L : *
¢ : - i ) : 30 l : .
p— . i . ] — N .
2_ : 2 ! ! 20 i ' 26 -
o . 6 l8 ! |3 l 4 L3 2 1 I 8 ‘ é ‘
} z 10 i o - | : 0 -
SN | L ’
. R . Do _ A T Lo
e 28 3o 4 s 40 0 So [} 0 20 3% 40 fo (e Ve o 1o 20 ,'Q 45 y3 €0 7O 6 o 2¢ 10 <o ."(, §o
Reach 1n confimelres Reacn in centimelres Raack i cenlimetres Reach in cealimelres

NOTE: Each rectangul ar area show spaces through which a load may be lifted
or lowered froma standing or squatting position in Kg.

Fig 10 Lifting and lowering |oad qguidelines
(Two handed standing or squatting) at 1 per minute or less often
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180
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foo | 120
9 - %0

0.

» - To
Co (%7
5o- S0
40 - ' 4
3e i : 30
20 30 21 1S | 2
10 ; . ’ 1o

. . . ]' \ ‘ . ] e L
° ' 206 30 4 S$p (0 W %o o 10 20 30 40 So (e Yo
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140 -
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i

. 1 . . i

6 o 2¢ 1o 40 50 (¢
Roack in cealimelres

NOTE: Each rectangular area show spaces through which a load may be lifted
or lowered from a standing or squatting position in Kg.

Fig 11 Lifting and lowering load gquidelines (Two handed standing or

squatting) at 2 per hour or less often
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9.1.1 The data given in Figs 10 and 11 have been calcul ated in such a way
that they are suitable for use by Service populations in a stable
environment. The effects of ship movenent are as yet only partially
understood. However, it has been established that small ship (164 ton
trawl er) motions do increase the load on the muscul o-skel etal system during
work. Prolonged lifting or holding of |oads of 20 Kg in conditions of
large nmotion within a ship are likely to produce conpression forces in the
| unbar regions |arge enough to create back injuries.

(from Working on a moving surface by M Torner et al 1994)
2 Lifting and Lowering Quidelines (2 handed

9.2.1 Each rectangular area in Figures 10 and 11 show spaces through which
a load may be lifted or lowered froma standing or squatting position.

Each area contains the recommended acceptable load in Kg for 3rd and 97th
percentile male and female personnel. Figure 10 shows the |oads for
lifting and lowering at a rate of 1 per minute or less. Fig 11 shows the
equi val ent |oads for slower rate of 2 per hour or less. An indication of
relative linb and body size is also shown. Further information on body
size is given in Part 2 of this Defence Standard.

9.2.2 Equi pnent designers shoul d design for the weaker personnel who are
likely to use the equipnent. Hence, the guidelines for 3rd percentile
personnel are given.

9.2.3 It should be noted that the recommended acceptable | oad val ues shown
in the space boxes are presented in a sinplified format for easy use. If
the equi pment designer has to design for the 5th percentile case, he should
still use the 3rd percentile values given here, since the 3rd and 5th
percentile values are of the same magnitude as the approxinmations used in
the calculation of the sinple box values. Should the designer need to know
the recommended acceptable load for the 50th percentile, it lies md way
between the 3rd and 97th percentile values

9.3 Assunptions and Limtations (for symmetrical | oads)

9.3.1 The recomrended acceptable | oads assume a typical |oad size of

34 cmwide by 25 cm high by 30 cm deep with handles. A larger, bulkier,

| oad woul d reduce the recommended acceptable load. For exanple, doubling
the width of the load to 68 cm would reduce the value by 20% If the load
has no handl es or handholds, the |oad should be reduced by 15%

9.3.2 If the body has to twi st through nore than 15° and up to 45°, the
reconmended acceptable |oads should be reduced by 20%  However, tw sting
while lifting, lowering or supporting a load is not reconmended

9.3.3 If the lifting or lowering operation is repeated 5 to 8 times per
mnute, the Fig 10 and 11 l|oad val ues should be reduced by 50%

9.3.4 Figures 10 and 11 apply to personnel up to 50 years old. The |oad
val ues should be reduced by 20% for those personnel over the age of 50.

9.3.5 Wen designing for personnel working in a confined area such as a
turret of a tank, the larger bodies may have the strength to lift heavy
objects but be restricted by lack of space. It should also be noted that
the 97th percentile personnel are likely to be both stronger and |arger
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9 (Continued)

than |ower percentile personnel but not necessarily in all dinensions.
(See Part 2 of this Defence Standard C ause 2.3.2).

9.4 WORKING WTHI N THESE GUI DELI NES DOES NOT MEAN THE WORK 1S SAFE, JUST
AS WORKI NG OUTSI DE THEM DOES NOT NECESSARILY MEAN THAT | T IS DANGERQUS.

9.5 Lifting technique

9.5.1 The further away that a load is held fromthe body, the less that
can be lifted or lowered. It is also less easy to control when held away
fromthe body. Conversely, a load held close to the body has the advantage
of friction between the load and the clothing. This helps to support and
steady the | oad.

9.5.2 Poor posture during manual handling increases the risk of |oss of
control of the load which, in turn, can produce a sudden, unexpected
increase in physical stress and change of injury.

9.5.3 Injury risk is increased if the feet and hands are not positioned
correctly to transnmit forces between load and floor, such as when the feet
are too close together, or the trunk is tw sted

9.5.4 Stress on the lower back is also increased if the lifter bends the
back or leans forward with a straight back. It is better to bend the
knees, especially when lifting or lowering loads from and to floor |evel
However, care nust be taken not to overflex the knees

(from Manual Handling - Guidance on Regul ations, HSE 1992).

9.6 NNOSH Alternative Method for Calculating Load Guidelines

9.6.1 Although it is recommended that the guidelines shown in Figures 10
and 11 for 3rd percentile operators are used in deternining the acceptable
| oads that can be lifted by nost of the population, the | oads shown are
approxi mations of conplex data, derived fromreferences Snook et al and
Walters et al, listed at annex A

9.6.2 The US National Institute for Occupational Safety and Health (N OSH)
have devised an equation and gui delines which may be used to determne
accept abl e |1 oads and forces where nmore detailed considerations are
required

9.6.3 It should be noted that the NIOSH recommendations tend to permt

hi gher loads than those indicated in Figs 10 and 11. This is because the
NI OSH gui de covers only the upper 75% of the femal e popul ati on and 90% of
the male population, "but |ower absolute maxinum |oads (ie 23Kg). They do
however, provide the designer with a useful nmethod for exploring the
effects of changing factors to determne which are the nost critical
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9.7 The NI OSH equation

@

Z.l’{"sl min.

over w Hours

Fig 12 Definition of H V., D, T. F and G
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9.7.1 The NIOSH equation uses 6 factors, together with their "multipliers
from which the recommended |ifting limt is calculated. A sinplified
version is defined as follows:

The Lifting Limt (LL) = hmx vmx dmx tmx fmx gmx c

where: - H is the horizontal distance from the vertical |ine contacting
the centre of the shoul ders and buttocks (standing erect) to
the md point of the hands when grasping the load, (in cm.
(See Fig 12)

hmis the horizontal nultiplier, fromthe NNCSH lifting tables (from
table 6) V is the vertical height of the hands above the floor when
grasping the load at the start of the lift, (in cm

vmis the vertical nultiplier (fromtable 6)

Dis the vertical distance the load travels during the lift, (in cm.
dmis the vertical distance multiplier, (fromtable 6).

T is the angle of the load relative to the lifter’'s normal fore/aft
axi s (in degrees)

tmis the twisting nultiplier, (fromtable 6).

F is the nunber of lifts per mnute and the number of hours of
lifting.

fmis the frequency multiplier (fromtable 6).

Gis the effectiveness of the hand grip on the load, (good, fair or
poor). For a good grip, the hand waps confortably around the object
to be lifted.

Handl es or handholds are |less than optimal.

For a fair grip, the hand can flex only about 90 degrees around the
obj ect.

Handl es or handholds are less than optimal.

Poor grips are due to non rigid bags, |oose parts, irregular objects
that are bul ky or have sharp edges.

gmis the grip nultiplier, (fromtable 6).

The load constant (c) is 23 kg.

To use the equation to calculate the Lifting Limt, the values of each of
the multipliers (hmx vmx dmx tmx fmx gm) nust be read fromthe
table against the H V, D, T, F, Gvalues. The resulting six multiplier
values are nultiplied together with the |oad constance ¢ of 23 kg to give
the weight limt for the task.

9.7.2 Exanple. A soldier has to lift amunition boxes from 30 cm(v) above
the ground through 40cm(D) to a shelf. The horizontal location of the
hands (H) is 50 cm from the back datum of the start of the lift. The
soldier has to twist 45° (T) to pick up the object. This task is conpleted
every 5 mnutes (0.2 lifts per mnute) for up to 2 hours per day (F). The
load grip (G is rated as fair because the box, although rigid, has no
handles and is too large for a good grip. The ammunition box load limt
(LL) is calculated by reading from the table the appropriate nultipliers
for H V, Db T, F and G

Thus for H = 50, hm= 0.63
V = 30, vm= 0.87
D = 40, dm= 0.93
T= 45 tm= 0.86
F=0.2for 2 hour, fm= 0.95
G=Fair, gm= 0.95
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9.7 (Continued)

LL = 0.63 x 0.87 x 0.93 x 0.86 x 0.95 x 23kg = 9.1 kg

It will be noted that this load of 9 kg is considerably higher than the
figures recommended for 3rd percentile personnel in Fig 10. However, the 9
kg applies to the upper 75% of the fenmale population and upper 90% of the
mal e popul ati on.

9.8 Use of the Lifting Fauation to help quantify design change effects

9.8.1 This workl oad exanple of load Iifting can be used to indicate how to
reduce the risks involved, or to increase the load that can be lifted
safely. e.g. in the exanple above, if the load to be lifted is brought
closer to the body from50 cmto 30 cm the horizontal multiplier wll
increase from0.63 to 0.83. Simlarly, if body twisting is elimnated, the
twisting nultiplier will increase from0.86 to 1. If the amunition box is
provided with good handles the grip nmultiplier will increase to 1.

The resulting nultiplier equation will now be

LL = 0.83 x 0.87 x 0.93 x 1 x 0.95 x 1 x 23 = 14.7kg, or a 50% increase in
lifting ability.

Thus by inserting different figures into the equation, the inportance of
the various parameters can be explored and the equi pment designer can have
a better appreciation of which of the limting factors are nost effective
to change.
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Table 6
Miltiplier Chart to Assess Lifting Tasks
Horizontal |[Vertical Distance Twisting Frequency Multiplier Grip
Multiplier [Multiplier Multiplier [[Multiplier Multipllier
H hm, v vm, D dm, T tm, Duration of Lifting tasks Grip g,
fmg Type
G
<35 f 1.00 0 .78 25| 1.00 deg <1hr 2hr 8hr Good |1
38 .89 10 .81 40 .93 0 1 >75 | <75 X751 75 | >75 | S75 Fair] 0.95
40 .83 20 .84 55 15 .95 1.00 | 1.00] .95 .95 .85 .85 l Poor | 0.9
42 .78 30 .87 70 30 | .90 97 1 .97 | .92 .92 81 81
44 T4 40 .90 85 .87 45 .86 94 |- .94 .88 | .88 75 .75
46 .69 50 .93 100 | .87 60 .81 .91 .91 .86 | .84 .65 .65
48 .66 60 .96 115 | .86 75 .76 .88 | .88 79 | .79 .55 .55
50 .63 70 .99 ) 130 | .86 90 | .M .84 | .84 .72 .72 .45 .45
”52“ .60 80 .99 j1 145 | .85 105 | .66 .80 | ..80] .60 | .60 .35 .35
54 .57 90 .96 160 | .85 120 | .62 .75 .75 .50 | .50 .27 | .27
56 .54 | 100 .93 175 | .85 135 | .57 70| .70 | .42 | .42 .22 .22
58 .52 | 110 .90 | »>175 - »M35 ] - .60 | .60 .35 .35 .18 | .18
60 .50 | 120 .87 .52 | .52 .30 | .30 - .15
62 .48 | 130 .84 .45 45 .26 | .26 - .13
64 .46 | 140 .81 .M .41 - .23 - -
66 .45 | 150 .78 37 | .37 - .21 - -
68 .43 160 .75 - .34 - - - -
70 .42 | 170 .72 - .31 - - - -
3 .40 | 175 .70 - .28 - - - -
| >73 - »175 - - 0 - - - -
( ) x ( ) X ( )X ( ) X ( ) X ( ) x 23 = Load Limit
Note: \here a- appears in the table this is because there are no reliable data for the values of these

miltipliers

In these circunstances the use of these extreme values is to be avoided where possible.
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Table 7

Limit values for pulling (in kg) for males
Initial forces
2 m pul 7 m pull 15 m pull 30 m pull 45 m pull 60 m pull

Height of | One pull every One pull every One pull every One pull every One pull every One pull every
Hands 6s 12s 1m 2m 5m 30m 8h|15s 22s 1m 2m 5m 30m 8h|25s 35s 1m 2m 5m 30m 8h|1m 2m 5m 30m 8h Im 2m 5m 30m 8h |2m 5m 30m 8h
144 cm 17 19 22 22 23 24 28|14 15 20 20 21 21 26|16 18 19 19 20 20 24|14 16 19 19 23 12 14 16 16 20 12 14 14 17
95 cm 23 27 31 31 32 33 39|19 21 28 28 29 30 36|22 25 26 26 28 28 33|20 22 26 26 32 17 19 22 22 28 16 19 19 24
64 cm 27 30 34 34 37 37 44|21 24 31 31 33 34 40|24 28 29 29 31 32 38|22 25 29 29 36 19 22 25 25 31 19 21 21 27
Sustained forces

144 cm 10 13 16 17 19 20 23| 8 10 13 14 16 16 19] 9 10 12 12 14 14 17| 9 10 12 14 16 7 9 10 11 14 7 8 10 11
95 cm 13 17 21 22 25 26 30|11 13 17 18 20 21 25|11 14 15 15 18 18 22]12 13 16 18 21 10 11 13 15 18 9 11 13 15
64 cm 14 19 23 23 26 27 32|11 14 19 19 22 22 26|12 14 16 17 19 19 23|12 14 17 19 23 10 12 14 16 19 10 11 13 16

Limit values for pulling (in kag) for females
Initial forces
2 m pul 7 m pull 15 m pull 30 m pull 45 m pull 60 m pull

Height of |[One pull every One pull every One pull every One pull every One pull every One pull every
hands 6s 12s Im 2m 5m 30m 8h|15s 22s 1m 2m 5m 30m 8h|]25s 35s 1m 2m 5m 30m 8h|1m 2m 5m 30m 8h Im 2m 5m 30m 8h 2m 5m 30m 8h
135 cm 16 19 20 21 24 25 26|16 17 19 19 21 22 24|12 14 16 16 18 19 20|14 16 17 18 20 14 16 17 18 20 14 15 16 18
89 cm 16 19 21 22 25 26 27|17 18 19 20 22 23 25|12 15 17 17 19 20 21|15 16 18 19 21 15 16 18 19 20 15 16 18 20
57 cm 17 20 22 23 26 27 28|17 19 20 21 23 24 26|13 15 17 18 20 21 22|16 17 18 20 22 16 17 18 20 22 15 16 18 20
Sustained forces

135 cm 8 12 13 14 15 16 20| 9 11 12 12 13 14 18| 7 9 10 10 11 12 15| 8 9 10 10 14 8 9 9 9 12 7 7 7 10
89 cm 8 12 13 13 15 16 19|19 10 11 12 12 14 17| 7 8 10 10 11 12 1418 9 9 10 13 7 8 9 9 12 6 7 7 9
57 cm 7 11 12 12 13 14 18|/ 8 9 11 11 12 13 16| 7 8 9 9 10 11 137 8 9 9 12 7 8 8 8 1 6 6 6 9
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Table 8

Limit values for pushing (in kg) for males

Initial forces
2 m push 7 m push 15 m push 30 m push 45 m push 60 m push

Height of | One push every One push every One push every One push every One push every One push every
Hands 6s 12s 1Im 2m 5m 30m 8h|15s 22s 1Im 2m 5m 30m 8h|25s 35s 1m 2m 5m 30m 8h|1m 2m 5m 30m 8h Im 2m 5m 30m 8h 2m 5m 30m 8h
144cm | 26 28 32 32 34 34 41118 20 27 27 28 28 34|21 23 25 25 26 27 32|19 21 25 25 31 16 18 21 21 26 |16 18 18 23
95 cm | 28 31 34 34 36 36 44|21 23 30 30 32 32 39|24 27 28 28 30 30 36[21 24 28 28 35 18 21 24 24 30|18 21 20 26
64 cm |25 28 31 31 33 33 40|16 19 26 26 27 28 33|19 21 24 24 26 26 31|18 21 24 24 30 |16 18 21 21 26 |15 18 18 22
Sustained forces

144 cm 13 17 21 22 24 25 30|10 12 17 18 20 21 2511 13 15 16 18 18 22|11 13 16 18 21 10 11 13 15 18 9 11 13 15
95 cm 14 18 22 22 25 26 3111 13 17 18 20 21 25|11 13 15 16 18 18 21|11 13 16 18 22 9 11 13 15 18 9 11 12 15
64 cm 14 18 21 22 25 26 31|11 13 17 17 19 20 21|11 13 14 15 17 17 20|11 13 15 17 20 9 11 12 14 17 9 10 12 14

Limit values for pulling (in kag) for females
Initial forces
2 m pull 7 m pull 15 m pull 30 m pull 45 m pull 60 m pull

Height of [One pull every One pull every One pull every One pull very One pull every One pull every
hands 6s 12s 1m 2m 5m 30m 8h |15s 22s 1m 2m 5m 30m 8h|25s 35s 1m 2m 5m 30m 8h|1m 2m 5m 30m 8h Im 2m 5m 30m 8h 2m 5m 30m 8h
135 cm 17 18 21 22 24 25 2718 19 19 20 22 23 24|15 17 17 17 19 20 21|15 16 17 19 21 15 16 17 19 21 14 15 17 19
89 cm 17 18 21 22 24 25 27|17 18 20 20 22 23 25|14 16 17 17 19 20 21|15 16 18 19 21 15 16 18 19 21 15 16 17 19
57 cm 14 15 17 17 19 20 21|14 15 17 17 19 20 21|11 13 14 15 16 17 18|13 14 15 16 18 13 14 15 16 18 12 13 14 16
Sustained forces

135cm 9 12 14 14 16 17 21} 9 10 11 11 12 13 16} 7 8 9 9 10 11 13| 7 8 9 9 12 7 8 8 8 11 6 6 6 9
89 cm 8 11 13 13 15 16 19| 9 10 11 11 13 13 17| 7 8 9 10 11 11 14|/ 8 9 9 10 13 7 8 8 9 12 6 6 7 9
57 cm 7 9 11 12 13 14 17| 8 10 10 11 12 12 15| 7 8 9 9 10 10 137 8 8 9 12 7 7 8 8 11 6 6 6 8
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9.9 Pul ling and Pushing Guidelines

9.9.1 The guideline figure for starting or stopping a load is a force of about

25 kg. The guideline force for keeping the load nmoving is a force of about 10 kg.
These guidelines are for manual handling activities involving pushing and puling
and regardl ess of whether the load is slid, rolled or supported on wheels.

9.9.2 It is inportant to note that a heavy |oad which is nmoving easily on
rollers or wheels (which have low friction) has considerable nmonmentum which may
require nore than the recomrended force to slow or stop it.

9.9.3 For a nore detailed investigation of pushing and pulling forces the N OSH
tables (7 & 8) provide more detailed guides which cover the upper 75% of male and
femal e industrial populations.

9.10 NIOSH Guidelines for Pushing and Pulling

9.10.1 Pushing and pulling limts for the upper 75% of male and female

popul ations are given separately in Tables 7 and 8. Linmts are given separately
for initial and sustained forces, for frequency, distance and the height at which
the force is applied.

The initial force is that required to start the object moving.

The forces given assune that personnel are standing on or noving over a firm non-
slip surface.

(from The Design of Mnual Handling Tasks, S Snook and V Ciriello, 1991 and The
Revised NIOSH equation for the design and eval uation of manual lifting tasks. T
Walters et al. 1993).

Al though the SI unit for force is the newton (N), for the purposes of assisting
clearer presentation of the force values in the diagrams the unit (kgf) has been
retained.

1 kg for Kp (Kilopond) = 9.807N
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Section Eight. lLoad carrying over distance

10 Maxi num recommended | oads

10.1 Wile sections 7 and 8 provide guide-lines for lifting, pushing and
pulling, they give little indication of the load that mlitary personnel
(especially soldiers) should be expected to carry.

10.1.1 A review by Haisman (1988) indicates that there is no obvious definition
of maxi mum | oad that can be carried, because of the widely varying conditions
that mght apply. However, there is some consensus of opinion (both in the UK
US and China) that one third of |ean body weight of healthy young soldiers is a
sensi bl e recomended maxi num | oad that can be carried

10.1.2 This is 20 kg for a healthy young nale with a | ean body weight of 60 kg.
For females, equivalent is 13 kg

10.1.3 For UK fermale soldiers, 25 to 30%of their weight is body fat. This
shoul d be deducted fromtheir weight when cal cul ating the recomended maxi num
| oad that they can carry.

10.9 Distribution of the |oad

10.2.1 Care nust be taken in the distribution of the |oad on the back. Ideally,
a doubl e pack (front and back) should be used, especially for |oads greater than
the recommended third of |ean body weight. the double pack reduces forward |ean
and inproves the walking gait.

10.2.3 Furthernore, there are 4 essentials required in the design of any |oad
carriage equi pnent to ensure a mnimum expenditure of energy and a mnim zing of
disconfort. They are:-

(a) elimnation of l|ocal strain,

(b) mai ntenance of nornal posture

(c) maintenance of a normal and free gait, and

(d) chest freedom
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ANNEX A

A1 List of quoted references and related publications refered to in this

Part of the Standard

DOCUVENT LOCATI ON
Anon.  Human Engineering Design Data Digest. Page 20 table 1
Radstone Arsenal, Alabama. (1984)
Barter J T et al 'A statistical evaluation of Page 22 table 2
joint range data' from Report No WADC- TN 57-311
(1957)
Def Stan 00-25 (Part 2) (Body Size) Human Factors [Page 6 clause 3.3
for Designers of Equipnent
Gandjean E "Fitting the task to the nan' (1980) Page 9 clause 4.4.3
Hai sman MF. Determinants of Load Carrying Page 40 clause 10.1.1
Ability, Applied Egonomcs 19.2 June 1988
Hettinger J 'Miskelkraft bei nénnern and frauern' Page 13 figure 3
(1960)
HSE L23, Manual Handling. Quidance on Regul ations |Page 32 clause 9.5.4
(1992)
M L- STD- 1472D ' Human engineering design criteria Page 26 figure 8
for mliary systems, equipnment and facilities
(1989)
Monod H ' Contributions a |’étude du travial Page 10 clause 4.5.1
statique (1956)
Mrgan R E and Adanson G J. "Circuit training Page 5 clause 0
(1968)
Snook S Hand Ciriello VM The design of manual Page 39 clause 9.10.1

handling tasks: Revised tables of maximm

acceptabl e wei ghts and forces.

Jour nal of

Egonom cs, Vol 34 No 9 (1991)
Torner Met al. Wrking on a noving surface
Journal of Ergonomcs 16/37 No 2 (1994)

Walters T Ret a

dei sgn and eval uati on of manua
36 No 7 (1993)

Er gonom cs, Vo

Revi sed NI OSH equation fro the
lifting tasks.

Page

Page

31 clause 9.1.1

35 figure 12
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Standard - D/D Stan/328/01/03.

Contract Requirenents
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Revi si on_of Defence Standard
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DIRECTORATE OF STANDARDIZATION
MINISTRY OF DEFENCE

D Stan 4b, Room 1138,

Kentigern House, 65 Brown Street,
Glasgow, G2 8EX

Tel: 0141 224 2548

Fax: 0141 224 2503

Your Ref:
Our Ref: D/D Stan/328/01/03

Date: 17 November, 1997

AMENDMENT NOTICE
Def Stan 00-25 (Part 3)/Issue 2
Human Factors for Designers of Equipment Part 3. Body Strength and Stamina

Amendment 1 (Revised Text)

This notice has been agreed by the authorities concerned with the use of the above Standard.

1 Page 25. Section 8.1.1 Remove: “Tables4 and 5 are given in Kgf (ION Wc. 1Kgf = 0.1 Kg).”

2 Insert: “Tables4 and 5 are given in Newtons (1 Newton = 0.1 Kgf).”

3 Make a note of this Amendment in the Amendment Record.

O —

o

G McBride
for Directorate of Standardization



	CONTENTS
	Preface
	Section One. General
	0 Introduction
	1 Scope
	2 Related Documents
	3 Definitions

	Section Two. Description of, and factors affecting Body Strength and Stamina
	4 Body Strength

	Section Three. Posture and Work Capacity
	5 Body Posture

	Section Four. Hand Grips
	6 Definition

	Section Five. Ranges of Joint Movements
	7 Power

	Section Six. Joint Strengths
	8 Definition

	Section Seven. Strength of Whole-Body Activities
	9 Manual force guide-lines

	Section Eight. Load Carrying over Distance
	10 Maximum recommended loads

	Tables
	Table 1 Range of Movement at the Joint of the Neck of Male Civilians
	Table 2 Range of Movement at the Joints of the Hand and Arm of Male USAF Personnel
	Table 3 Range of Movement at the Joints of the Foot and Leg of Male USAF Personnel
	Table 4 Hand Grips
	Table 5 Elbow
	Table 6 Multiplier Chart to Assess Lifting Tasks
	Table 7 Limit Values for Pulling (in Kg) for Males
	Table 8 Limit Values for Pushing (in Kg) for Males

	Figures
	Fig 1 Pulse-Rates in Heavy and Moderate Work
	Fig 2. Duration of Static Muscular Contractions at different Percentages of Maximum Force
	Fig 3. Muscle Strength with Age and Sex
	Fig 4 Comparison between Power Grips and Precision Grips
	Fig 5 Neck Movement and Rotation
	Fig 6. Wrist, Shoulder and Elbow Movements
	Fig 7. Ankle, Knee and Hip Movements
	Fig 8 Variation of leg strength with different angles of the thigh and the knee
	Fig 9a 5th Percentile Male Maximum Pedal Pressure when sitting (Male)
	Fig 9b 5th Percentile Maximum Pedal Pressure when sitting (Female)
	Fig 10 Lifting and lowering load guidelines (Two handed standing or squatting) at 1 per minute or less often
	Fig 11 Lifting and lowering load guidelines (Two handed standing or squatting) at 2 per hour or less often
	Fig 12 Definition of H, V, D, T, F and G

	Annex A List of quoted references and related publications

	Amendment 1

