Manual Material Handling

Background

Injury prone – 27% of all industrial injury

Expensive – Low back pain, shoulder and knee injury

Mostly chronic – cumulative trauma not due to acute trauma

Main problem – lower back

Approaches to investigation of cause of MMH injuries

Biomechanical approach

· torque due to posture, load handled on the lower back as compared to tissue strength.  

· Applicable for one time load.  Frequency does not matter

· Relates to localized muscle fatigue

Physiological (cardiovascular) approach

· metabolic energy requirement of the task and systemic fatigue

· takes into account rate of MH and dynamic effect of body movement

· frequency affects metabolic rate

Psychophysical approach

· Based on the assumption that human can inherently perceive the stress level and can determine his or her limits of MH,

· Skilled handlers perform MH in laboratory setting with varying load.  Frequency and other MH factors (distance, height , size of the box etc.) are kept constant.  Based on the maximum load acceptable by each handler, allowable load limits are determined in percentile form.  

· Supposed to take care of both biomechanical and physiological factors.

MH variables:  Individual (strength testing), Technique (training, posture) and Task variable.  

MH types – Pulling/pushing, holding, carrying, and lifting

Pulling/Pushing 

· pushing against a force generates less spine compressive force compared to that in pulling

· variables are hand height, and frequency of task

· extensive data on limiting pull and push forces for all combination of handle height and frequencies are available.  These are developed through psychophysical experimentation with skilled workers.  Table 15.1 and 15.2

· Push at waist height, pull at thigh height

Holding causes static muscle contraction and fatiguing.  Often higher reach requirement causes undue muscle tension at the lumbar spine region.

Carrying​  also induces static load on back muscles.  Reduce the load lever arm. Body hugging back-pack design reduces the load lever arm. Keep the load as close as possible to the spine.  Box with a handle may induce more lower-back stress compared to a box without a handle.

Lifting​

NIOSH lifting equation (1994) is based on 

· Biomechanical criterion of max spine compressive force 3400 N or770 lb
· Physiological (metabolic) criterion of  9.5 kcal/min – VO2 max for 25th percentile adult female - 70% due to arm work, 50% for one hour, 40% for two hours, and 33% for eight hours

· Psychophysical limit loads for a 34 cm wide box for a vertical displacement of 76 cm and lifting frequency of 4 lift/min.

Applicable for two handed lifting task in free standing posture.  Handling should not include too much carrying, not more than one or two steps and performed in normal room ambient condition.  For other conditions, specific biomechanical and physiological investigation will be needed to set the limit.

Recommended weight limit (RWL)

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

Lifting Index = LI = LW/RWL if <1 acceptable to at least 75 percent females and 99 percent males.

Factors 

Horizontal multiplier (HM)  - Closest to body is optimum HM = 1, HM =10/H , where H is the projected distance from the handle to body centerline. 

Vertical Multiplier (VM)  - Knuckle Height is optimum, any height other than this is penalized.  VM = 1- .0075|V-30|, where V = objects vertical location (knuckle location) from floor.

Distance multiplier (DM) = .82 + 1.8/D, D is the vertical load movement distance.  


If D is less than 10 inches DM = 1, DM = 0, if D = 70 inches.

Asymmetry multiplier (AM), When lifting is happening in mid-sagittal plane AM = 1.

 AM = 1- 0.0032A, where A is the angle in degrees from mid-sagittal plane. Ignore positive or negative angle.  Max value of A = 135o.

Frequency multiplier (FM) -  based on 

(i) number of lift frequency (lift/min) over 15 min continuous duration, 

(ii) total duration (short < 1hr, moderate < 2hr, long < 8hr),

(iii) whether below or above knuckle height

  Refer to table 15.9 to determine FM.  Max 

Coupling multiplier (CM) Depends on handle design, and vertical location (V)

See table 15.10 and 15.11.

Procedure for single MH task analysis:

If control of the load is necessary at the lift initiation and lift destination, then two RWLs are determined, one for the lift initiation and lift destination points.
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Guidelines

1. Keep the load close to body

2. Don’t slip and jerk

3. Don’t twist and move

4. Bend the knees

5. Work at knuckle height

6. Select strong people based on test: 

JSI = f(weight/capacity)

Capacity = f(lean body weight, isometric strength of arm, leg, shoulder and torso)

Capacity should be at least 150% of the weight.

7. Use machines/lifting aids
8. Move small weights often
