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Figure 7.15. The position of the line of gravity relative to the limits of the base of support determines how far the
weight must be shifted for gravity to tend to topple the body (a) or the size of the gravitational torque helps cre-
ate desired rotation (b).
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» Personal risk factors : age, level of physical
conditioning, strength, and medical history

* Environmental risk factors: temperature,
lighting, noise, vibration, and friction at the floor.

» Job-related risk factors

weight of the load

location of the load relative to the worker

size and shape of the object moved

frequency of handling

il Jale

1B 8 i 2e 350 2ix 3l il dale 3550 0

G A -

alidt) Cae o calime ) 63l o g (O g S s diala c‘)\s‘abﬂﬂﬁ‘)bw&\)é\‘)d
'qgwuﬂm\swd&b)&}u a)@_AuuMJLM)S)LmﬁuJ; @U\)SML'A‘:

i =Y

D8 b des cpuin 50 O (ST sl s sla aiia 5 (SoilSia g ¢ (S sie g s il (sletslis Qi
gl A Cgldia

il T S5 05 e 33 b A S8 o

m|uQBIJAJhuA§MLQJﬁ%?~-V? L%?JIAJJJhuJJSML«_lJﬁ

O% Qs =T

5 e 5 9 A e Ml -

Sl g (Soilin) Jaald -0

Gl g sl -F

S5 dalse -V




(Jasi £ 32) U8 e

(F)ob dan uils 8 -)

WL e IS D55 s 1SS Gt ) Gl F

oSl 5oy e B L Sl s F Gl AL

S5 on Sl 55 Ciman Ol ae F Ol 8 L

(T) S8 aladh e cida =¥

il 5 B (e 5 ead yiaS 0 Jead oad Jidin (65 5 Chpae T Uil 81 L
Al e

g dlag) ¥

AEL IR W o jge (s 03l 5 sl L8 Jlaie il 5 e b aaa

o0 48 3 i)y s s ed )y S dnlaa (sl

M:W(§+8)

D

w 4 32

<8+% ) <W>=ME ol R

8o y0 U,iw).go..bhdb.cl‘_gm)hhé).;)b[qu)ﬁb—i—v Jsis




Jedsa-f

A sl b 4 G JSS ) anS gla b (Jy . e galh ) 80
i e Jes sl gl

) o g O3l Gl 9 b G (3G Gy Jaa =0

a3 e Gl %10 ) Jas (U 8 Aty G gw sla b

Do O3S Al G 3 O (ssy) Cumilag -F

T 39 b O3S Al o) Alida lgdg

stoop (back lift)  sis) Cumia s (<

squat ( leg lift) “lSu) Cura s (

free style (sawd 4a) 33l Cumay (z

gl clla
L i 258 e (Opell Cally Cidlime o gi b S il gl o Jlael (55
Agh a2 )l Dl j38 0 gh Ay (g3 ) LIS a9l el A

i) clla
Sl ) Gy g ok sdned W gil ) 23 (g il aga 03 )S 2l o by GBlae
_Lua\aj:\ﬁzs

D odiad dayt clla
S ety 1) el iy agl 81 3

Al ), Gl gl Al ) i (658 G an Ol i GlSul Cumaag jo
(255 1l Lol yan 53 84

Sl S alla g 3 S ol clls sad alagl  Kiud

Coyae 8B ) Lal 2l e i Sl il SilSa s o820 1
) i ) Camada s (K5t e 5 539

A0S saliiul Gigial (hg) ) b Al ama YL A4S a2

20

10



na s A

JL\}SL;AUZMJ\J@UJJJG\Mcgﬁ@\ﬁﬁuwg\)ﬂ
A 36 o 3,8 b 5 b Jea

A SSsl i s Sl sSol dalse o 2l e (F) s Ul

sy ) K Bl da 2 YY 4 V)Y ) wBGTuaald jlaie K

Dbl 5 oM 50 5 %Y 0aS il ol sk
b e A8 %V 5 %N T

21

O daa e dgaa (e

NIOSH (Flslaa (g -)

YAAY Ja slaial

1199 Jlw slaialy

eelaal - sy 5 S5l s ¢ Seillasm Jlaa ¥

Aali )3 oxi LA (5la g i dsulae sliae 3 (Ulme 03 pen) [ SiSagn Jaa

Sl ) gl Ls-S,

Caal 0ad Gl (53 s0 SLS V¥ (gl o g O o Ll (55 (il Cilalllas 44y

o) e ) b ) anaale (Siud 5 Sl LI SQ5slsn b e
RN

o 12 Cueal 3 slme Gal 253 plail (5 i gla e 2 b g S aly S .

bad

535 (3 9.5 Keal/min. )l st OIS Ol s (o yidin Sl (30 S 353 5l

k_h.u‘

b o ldl RS il 51 b S il (il 4o 1 Sl <dlgy e

Al T8 50 e %99 5 5 %V gl b b Lk ol sic

dapasi () )s 2" Wl L gl Adilas oad il Jlma ¥ oy Ll (51 8 L

ol sl 43 ) RWIL e

11



9317 N
100% People

.. 100007 ©©

2

23

S 80007 6375N

é 0 50% Péeopl

9 35 60007

cfz

S 49

o 88 40007

29 ] 3432 N

@< i

0 g 9000 beginning

)

o |

(6] o 0 T T 1
<40 40-50 50-60 >60

Age

FIGURE 11.10 Mean and range of disc compression failures by age. (Adapted from National In
Occupational Safety and Health (NIOSH) Work practices guide for manual lifting, Department of F
Human Services (DHHS), NIOSH, Cincinnati, OH, 81-122, 1981. With permission.) 3
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RWL=LCxHMxVMxDMxAMxFMxCM

Metric USS. Customary
LC, Load constant 23kg 511b
HM, Horizontal multiplier (25/H) (10/H)
VM, Vertical multiplier 1-(0.003] V—175)) 1-(0.0075] V- 30))
DM, Distance multiplier 0.82 + (45/D) 0.82+(18/D)
AM, Asymmetric multiplier 1-(0.00324) 1-(0.0032 A)
EM, Frequency multiplier From Table 46.5 From Table 46.5
CM, Coupling multiplier From Table 46.7 From Table 46.7

24
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Table 3.6 Frequency multiplier (FM).
Work duration
<1 hour = 2 hours < 8 hours
Frequency lifts/min V=75 V=175 V<75 V=175 V=175 V=75
0.2 1.00 1.00 0.95 0.95 0.85 0.85
0.5 0.97 0.97 0.92 0.92 0.81 0.81
1 0.94 0.94 0.88 0.88 0.75 0.75
2 0.91 091 0.84 0.84 0.65 0.65
3 0.88 0.88 0.79 0.79 0.55 0.55
4 0.84 0.84 0.72 0.72 045 0.45
5 0.80 0.80 0.60 0.60 0.35 0.35
6 0.75 0.75 0.50 0.50 0.27 0.27
7 0.70 0.70 0.42 0.42 0.22 0.22
8 0.60 0.60 0.35 0.35 0.18 0.18
9 0.52 0.52 0.30 0.30 0.00 0.15
10 0.45 0.45 0.26 0.26 0.00 0.13
11 0.41 041 0.00 0.23 0.00 0.00
12 0.37 0.37 0.00 0.21 0.00 0.00
13 0.00 0.34 0.00 0.00 0.00 0.00
14 0.00 031 0.00 0.00 0.00 0.00
15 0.00 0.28 0.00 0.00 0.00 0.00
=15 0.00 0.00 0.00 0.00 0.00 0.00
28
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Object Lifted

Loose Object

Optimal NO YES Bulky
Container? Object?
YES NO

| [ "oo% |
Optimal Optimal
Handles? Grip?

YES NO NO NO YES
Fingers
Flexed

90 degrees?

YES

FAIR
GOOD

29

TABLE 46.7 Coupling Multiplier
Coupling Multiplier

Coupling Type V <30 1in. (75 cm) V= 30in. (75 cm)
Good 1.00 1.00
Fair 0.95 1.00
Poor 0.90 0.90

30
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TABLE 46.1 Horizontal Multiplier

H (in.) HM H (¢m) HM
=10 1.00 =25 1.00
11 0.91 28 0.89
12 0.83 30 0.83
13 0.77 32 0.78
14 0.71 34 0.74
15 0.67 36 0.69
16 0.63 38 0.66
17 0.59 40 0.63
18 0.56 42 0.60
19 0.53 44 0.57
20 0.50 46 0.54
21 0.48 48 0.52
22 0.46 50 0.50
23 0.44 52 0.48
24 0.42 54 0.46
25 0.40 56 0.45
=25 0.00 58 0.43
60 0.42

63 0.40

=63 0.00

31

Horizontal distance (H) should be measured. In those situations where the H value cannot be

measured, then H may be approximated from the following equations:

Metric

(all distances in ¢m)

U.S. Customary

(all distances in in.)

H=120+W/2

for V225 cm

H=125+W/2

for V< 25cm

H=8+W)2
for V=101n,

H=10+W/2

for V< 10in.

32
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TABLE 46.2  Vertical Multiplier

V (in.) VM V (cm) VM
0 0.78 0 0.78
5 0.81 10 0.81
10 0.85 20 0.84
15 0.89 30 0.87
20 0.93 40 0.90
25 0.96 50 0.93
30 1.00 60 0.96
35 0.96 70 0.99
40 0.93 80 0.99
45 0.89 90 0.96
50 0.85 100 0.93
55 0.81 110 0.90
60 0.78 120 0.87
65 0.74 130 0.84
70 0.70 140 0.81
>70 0.00 150 0.78
160 0.75
170 0.72
175 0.70
>175 0.00 33
TABLE 46.3 Distance Multiplier
D (in.) DM D (cm) DM
<10 1.00 <25 1.00
15 0.94 40 0.93
20 0.91 55 0.90
25 0.89 70 0.88
30 0.88 85 0.87
35 0.87 100 0.87
40 0.87 115 0.86
45 0.86 130 0.86
50 0.86 145 0.85
55 0.85 160 0.85
60 0.85 175 0.85
70 0.85 >175 0.00
=70 0.00
34
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TABLE 46.4 Asymmetric Multiplier

A (%) AM
0 1.00
15 0.95
30 0.90
45 0.86
60 0.81
75 0.76
90 0.71
105 0.66
120 0.62
135 0.57
>135 0.00
35
VERTIAL () olaE,
4 ) FEQURES
e
L SHELF 2
58 INCHES
SHELF 1
22 INCHES
Figure 13 Package Inspection, Example 4 36
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JOB ANALYSIS WORKSHEET

DEPARTMENT Quality Control JOB QESCRIPTION
JOB TITLE Packing Inspector los
ANALYBT'E NAME
DATE Exampla 4
— A E——
STEP 1. Measure and record task varlables
Onjasy Hana Losalon (in) Vartical Angias RatefOuration | Ohbjeat
welght (bs) origin Dosl. Distance {in} Origin Destinalion I/ piRs) | Covplng
LavG) [gmex) | N qu'v H v 2] A A F <
26 | 26 |10fezfee[se]| ar 0 ) a 78 | Fair

STEP 2. Determine the multiptiera and compute the RWL's
ARWL=LC :HM =VM - DM- AM. FM x CM

ORIGIN RAWL =[57]: 0]~ [o4]-[e7]+ o]+ [aal-[s8]= | 340 Lbs
pesTiNaTiION RWL [81]+[5o)=[7a]- [B7]-[Co]-[Ea]-[ol=|15.2 Lbs

STEP 3. Computa the LIFTING INDEX
OBJECT WEIGHT (L) 28
ORIGIN LFTING INDEX = e = —i— =

OBJECT WEIGHT (L) 28
DESTINATION  LF7nG INDEX = T =18z =

Figure 14;: Example 4, Job Analysis Worksheet

37
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LI=(Load of weight)/(Recommended weight
limit)=L/RWL
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NIOSH Lifting Equation Constraints

The NIOSH Lifting Equation does not apply if any of the following
occur:

= Lifting/lowering with one hand.

= Lifting/lowering for over 8 hours.

= Lifting/lowering while seated or kneeling.

= Lifting/lowering in a restricted work space.

= Lifting/lowering unstable objects.

= Lifting/lowering while carrying, pushing, or pulling.

= Lifting/lowering with high-speed motion (faster than 30
inches/second).

= Lifting/lowering with unreasonable foot floor coupling (<0.4
coefficient

of friction between the sole and the floor).
= Lifting/lowering in an unfavorable environment (i.e., temperature

significantly outside of 66-79 degree F range; relative humidity
outside

35-50% range.

39
|'1—'
H H
50 ¢m 30 em
H (Horizontal Distance) = 30 cm
H (Horizontal Distance) = 50 cm V (Vertical Distance) = 75 cm
V (Vertical Distance) = 75 cm D (Lifting/ carrying Distance)= 40 cm
D (Lifting/ carrying Distance)= 40 cm F (Frequency) = 12 min
F (Frequency) = 12 min A (Angle) = 0°
A (Angle) =0 C (Coupling/quality of grip)= fair
C (Coupling/quality of grip)= fair
rRwL=17.5 kg
rwL=10.9 kg 40
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D
115cm
15/kg.

)

H Decm
30 em

H (Horizontal Distance) = 30 cm

V (Vertical Distance) = 0 cm

H
30 em

H (Horizontal Distance) = 30 cm

V (Vertical Distance) = 75 cm

D (Lifting/ carrying Distance) =115 cm D (Lifting/ carrying Distance) =40 cm

F (Frequency) =12 min
A (Angle) =0°C

(Coupling/quality of grip)=poor

RwWL=11.4 kg

F (Frequency) =12 min

A (Angle) =0°C
(Coupling/quality of grip)=poor
RwWL = 15.7 kg

41

TABLE 46.9  General Design/Redesign Suggestions

If HM is less than 1.0

If VM is less than 1.0
If DM is less than 1.0
If AM is less than 1.0
If FM is less than 1.0
If CM is less than 1.0

If the RWL at the destination
is less than at the origin

Bring the load closer to the worker by removing any horizontal barriers or
reducing the size of the object. Lifts near the floor should be avoided; if
unavoidable, the object should fit easily between the legs

Raise/lower the origin/destination of the lift. Avoid lifting near the floor or above
the shoulders

Reduce the vertical distance between the origin and the destination of the lift

Move the origin and destination of the lift closer together to reduce the angle of
twist, or move the origin and destination further apart to force the worker to
turn the feet and step, rather than twist the body

Reduce the lifting frequency rate, reduce the lifting duration, or provide longer
recovery periods (ie., light work period)

Improve the hand-to-object coupling by providing optimal containers with
handles or handhold cutouts, or improve the handholds for irregular objects

Eliminate the need for significant control of the object at the destination by
redesigning the job or modilying the container/object characteristics

42
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Action Limit (AL) udlad 2s -)

Maximum Permissible Limit) Js8 J/& jlae Sl -¥
(MPL

MPL=3 AL

AL =40 (15/H) [1-(0.004|V-75]] (0.7 + 7.5/D) (1-
F/FMax) (Metric)

AL =90 (6/H) x [1-(0.01 x |[V-30])] x {0.7+(3/D) x [1-
(F/Fmax)] (U.S. Customary)
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