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NIOSH Lifting Equation

1.  The recommended weight limit (RWL) represents the load that the majority (90%) of workers could tolerate safely based on several lift factors (the multipliers listed below).  The formula is based on data from studies of human capacities and endurance.  Biomechanical, physiological, psychophysical, and epidemiological studies were used in the development of the formula.


The RWL should be calculated at both the origin and destination of the lift.


RWL = LC * HM * VM * DM * AM * FM * CM

LC (Load constant) = 51 lbs (This represents the maximum load allowed under ideal

circumstances.)

HM (Horizontal multiplier) = 10/H


H = The horizontal location of the hands from the midpoint between the ankles 
(in inches).  If the horizontal distance is less than 10 inches, then set H at 10 
inches.

VM (Vertical multiplier) = (1-(.0075|V-30|))


V = Vertical location of the hands from the floor (in inches).

DM (Distance multiplier) = (0.82 + (1.8/D))


D = The vertical travel distance between the origin and the destination of the lift 
(in inches).  If the distance traveled is less than 10 inches, set D to 10 inches.

AM (Asymmetric multiplier) = (1-(.0032A))


A = The angle of asymmetry - the angular displacement of the load from the 
sagittal plane (in degrees).  If the asymmetry angle is over 135°, then AM will 
equal 0, indicating the job must be redesigned.

FM (Frequency multiplier) = Values from table.  For lifting less frequently than once per 5 minutes, set F at < 0.2 lifts/min.

CM (Coupling multiplier) = Values from table.
Graphic Representations of Multipliers
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Frequency Multiplier Table
	
	Work Duration (Continuous)

	Frequency
	Short Duration (< 1 Hr)
	Moderate Duration ( >1to 2 Hrs)
	Long Duration ( >2 Hrs)

	Lifts/Min
	V < 30 in.
	V ≥ 30 in.
	V < 30 in.
	V ≥ 30 in.
	V < 30 in.
	V ≥ 30 in.

	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
	0.91
	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
	0.45
	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
	0.15

	10
	0.45
	0.45
	0.26
	0.26
	0
	0.13

	11
	0.41
	0.41
	0
	0.23
	0
	0

	12
	0.37
	0.37
	0
	0.21
	0
	0

	13
	0
	0.34
	0
	0
	0
	0

	14
	0
	0.31
	0
	0
	0
	0

	15
	0
	0.28
	0
	0
	0
	0

	>15
	0
	0
	0
	0
	0
	0


Coupling Classifications

· An optimal handle design has a 0.75 - 1.5 inch diameter, at least a 4.5 inches length, 2 inches clearance, cylindrical shape, and a smooth, non-slip surface.

· An optimal hand-hold cut out has at least 3 inches height, 4.5 inches length, a semi-oval shape, at least 2 inches clearance, smooth non-slip surface, and at least 0.43 inches container thickness.

· An optimal container design has less than 16 inches frontal length, less than 12 inches height, and a smooth non-slip surface.

· A worker should be capable of clamping the fingers at nearly 90° under the container.

· A less than optimal container has a frontal length of over 16 inches, a height of over 12 inches, rough or slippery surfaces, sharp edges, asymmetric center of mass, unstable contents, or require gloves.

· A worker should be able to comfortably wrap the hand around the object without causing excessive wrist deviations or non-neutral postures and the grip should not require excessive force.

Coupling Multiplier Table

	PRIVATE 

	
Good
	
Fair
	
Poor

	Description
	1.  For containers of optimal design, such as some boxes or crates, "good" couplings are handles or hand-hold cut-outs of optimal design (see notes 1 to 3 above).

2.  For loose parts or irregular objects, such as castings, stock, or supply materials, "good" is a comfortable grip in which the hand can be easily wrapped around the object (see note 6 above).
	1.  For containers of optimal design, "fair" couplings are handles or hand-hold cut-outs of less than optimal design (see notes 1 to 4 above).

2.  For containers of optimal design with no handles or hand-hold cut-outs or for loose parts or irregular objects, "fair" is a grip in which the hand can be flexed about 90 (see note 4 above).
	1.  Containers of less than optimal design with no handles or hand-hold cut-outs or loose parts or irregular objects that are bulky or hard to handle (see note 5 above).

	
V < 30 inches
	
1.00
	
0.95
	
0.90

	
V  30 inches
	
1.00
	
1.00
	
0.90


2.  From the RWL, the lifting index (LI) can be calculated.  The lifting index is essentially a hazard index, as the LI value increases, the risk from the lift increases.  The optimal value for the LI is 1.0 or less.  A lifting index greater than 1.0 suggests the lifting task should be re-designed.


LI = L/RWL

L (Load) = Current load weight

RWL = Recommended weight limit 

3.  There are some limitations to the lifting equation.


a. The equation does not include safety factors to account for unpredicted conditions such as unexpectedly heavy loads, slips, or falls.  Also, environmental conditions such as temperatures outside of the 66°F to 79°F range or humidity outside of the 35% to 65% range are not considered. 


b.  The equation assumes other manual material handling activities and body motions such as holding, pushing, pulling, carrying, walking, or climbing represent less than 20% of the total work activity for the shift.


c.  The lifting equation does not assess the hazards of one-handed lifting, lifting while seated or kneeling, or lifting in a constrained work space.


d.  The lifting equation assumes a worker-floor surface coupling provides a static friction coefficient of at least 0.4 (preferably 0.5) between the shoe sole and the working surface.  Firm footing is necessary when lifting and to control accidents and injuries resulting from foot slippage.  A coefficient of static friction of 0.4 to 0.5 is comparable to the coefficient of friction between a smooth, dry floor and the sole of a clean, dry, non-slip leather work shoe.  

NIOSH Lift Analysis Exercise
	
	Start Position (Measurement)
	Calculation (from computer)
	End Position (Measurement)
	Calculation (from computer)

	Horizontal
	
	
	
	

	Vertical
	
	
	
	

	Distance
	
	
	
	

	Asymmetric
	
	
	
	

	Frequency
	
	
	
	

	Coupling
	
	
	
	


Answer:

1.  What is the RWL?

2.  What is the LI?

3.  Is the lift a problem?

4.  What two things would you change in the lift?
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