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Å Cost  of  occupational  health  and  safety  
problems  remain  substantial :   

 

Å Industrially  developed  countries?  

Å United  States :  1.2 million  cases  of  injury  
(5 700  fatalities)  in  2006   

Å United  Kingdom :  400  000  injuries  =  36  
million  working  days  lost  

 

Bottom Line: Injuries reduce productivity  

Why is ergonomics important?  
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Å Cost  of  occupational  health  and  safety  problems  
remain  substantial :   

Å Industrially  developing  counties?  

Å Statistics  more  difficult  to  find   

Å SA Department  of  Labour :  886  511  workers  
compensation  claims  costing  2 070  million  
rand  

 

Why is ergonomics important?  



SAIOH, 17-18 August 2011 [4] 

Å In  South  Africa  not  only  is cost  of  injuries  
significant,  but  productivity  is low :   

Å High  unemployment :  up  by  2.3%  in  2009  
to  24 .5%  (Statistics  SA)  

 

Therefore  firms  should  be :   

Å implementing  effective  strategies  to  cut  
costs  and  improve  productivity   

Å searching  for  resources  and  tools  to  
improve  productivity  and  provide  
employment  opportunities  

 

Why is ergonomics important?  
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Å A useful  resource  to :   

Å improve  working  conditions  

Å reduce  occupational  injuries  

Å improve  productivity   

 

… is the  introduction  of  sound  ergonomics  
principles  in  the  working  environment  

 

Why is ergonomics important?  
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International  Ergonomics  Association  (IEA)  
definition  (2000 ) :   

 

Ergonomics  is the  scientific  discipline  
concerned  with  the  fundamental  
understanding  of  interactions among  
humans  and  other  elements  of  a system,  
and  the  profession  that  applies  theory,  
principles,  data  and  methods  to  design  in  
order  to  optimize  human well -being  and  
overall  system  performance . 

 

 

Definition of Ergonomics  
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As a Science  

•Study  of  human  capabilities  and  limitations  
and  other  characteristics  for  purpose  of  
developing  human -system  interface  
technology/guidelines . 

 

 

 

 

• Apply  human -system  interface  
technology/guidelines  to  a variety  of  work -
place  related  tasks . 

As a Practice  

What is Ergonomics?  
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Physical ergonomics is concerned  
with  human  anatomical,  
anthropometric,  physiological  and  
biomechanical  characteristics  as 
they  relate  to  physical  activity .  

 

What is Ergonomics?  
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Cognitive ergonomics is concerned  
with  mental  processes,  such  as 
perception,  memory,  reasoning  and  
motor  response,  as they  affect  
interactions  among  humans  and  
other  elements  of  a system .  

 

What is Ergonomics?  
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Organizational ergonomics is concerned  
with  the  optimization  of  sociotechnical  
systems,  including  their  organizational  
structures,  policies  and  processes .  

  

 

What is Ergonomics?  



SAIOH, 17-18 August 2011 [11] 

Optimise :  

•the  user - interface,   

•the  work  organisation  and   

•the  work  environment   

to  achieve  optimum  human -machine  integration .  

      (Hendrick,  1996 )  

Goal of Ergonomics?  
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•Devices which are easier and safer to use  

 

•Fewer accidents, injuries and errors in the 
workplace  

 

•Minimisation of unnecessary effort  

•Mental  

•Physical  

 

•Intrinsically happier, desirable workplace  

Goal of Ergonomics?  
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Å Where  to  now?  -  The challenges  facing  the  
South  African  ergonomist   

Å Economics  – Western  versus  third  world?   

 

 

 

Ergonomics in South Africa  
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Ergonomics in South Africa  
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Å The  South  African  Context :   

Å Part  third  world,  part  western  world :   

Å socially,   

Å economically  and   

Å industrially   

 

Å Viljoen  and  Christie  – Quadruple  burden  of  
disease  in  South  Africa  

 

 

 

 

Ergonomics in South Africa  
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Å The South  African  Context :  

 

 

 

 

 

 

 

 

  

 

Figures  from  Medical  Research  Council,  2005  

 

Ergonomics in South Africa  



SAIOH, 17-18 August 2011 [17] 

Å The South  African  Context :  

 

 

 

 

 

 

 

 

  

 

Figures  from  Medical  Research  Council,  2005  

 

Ergonomics in South Africa  
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Å The South  African  Context :  

 

 

 

 

 

 

 

 

  

 

Figures  from  Medical  Research  Council,  2005  

 

Ergonomics in South Africa  
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Å The South  African  Context :  

 

 

 

 

 

 

 

 

  

 

Figures  from  Medical  Research  Council,  2005  

 

Ergonomics in South Africa  
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Å The South  African  Context :  

 

 

 

 

 

 

 

 

  

 

Figures  from  Medical  Research  Council,  2005  

 

Ergonomics in South Africa  

Burden 
of 

disease  

HIV/AIDS  

Chronic 
Disease  

Violence  

Infectious 
Disease  



SAIOH, 17-18 August 2011 [21] 

Å The  South  African  Context :   

Å  The  challenge  for  the  SA ergonomist :   

Å Complex  array  of  work  environments   

But also  

Å Socio -economic  status   

Å Health  status  

 

Å No such  thing  as universal  solutions  

Å Ergonomics  intervention  strategies  need  to  
be highly  contextualized   

 

 

 

 

 

Ergonomics in South Africa  
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Low work capacity 

Chronic Fatigue 

Biomechanical - MSD/RSI 

Psychological 

  

Mental load 

Emotional problems 

Physiological - Energy cost 
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Hospital 

ergonomics 

Back strain in sheep shearers 

Study of heat stress in 

automotive industry 

Ergonomics in South Africa  
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Forestry Harvesting 

Ergonomics in South Africa  

Military Research  



SAIOH, 17-18 August 2011 [25] 

Investigation of working conditions 
Poor  
working  
environment  

Heavy  
loads  

Non -optimal 
usability of 

machines  Highly repetitive  

Ergonomics in South Africa  
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Ergonomists  contribute  to  the  design  and  
evaluation  of  tasks,  jobs,  products,  environments  
and  systems  in  order  to  make  them  compatible  
with  the  needs,  abilities  and  limitations  of  people .  

IEA 2000 

What or Who is an Ergonomist?  
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Prime responsibilities :  

 
Å Enhance  worker  well -being  
 
Å Improve  productivity  
 

How?   
 
•identify problem areas  
•prioritize needs  
•analyse incompat ibilit y 
•offer low cost intervention strategies  
 

 

 

  

What or Who is an Ergonomist?  
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Mismatch 

Match 

ERRORS 

accidents injuries 

reduced productivity 

EFFICIENCY 
safe and reliable 

COMPATIBILITY = PRODUCTIVITY  

Operator Task 

Improved Productivity  

What or Who is an Ergonomist?  
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NORMAL? 

EVALUATION 

ASSESSMENT 

DESIGN 

RE-DESIGN 

WHAT 

IDENTIFICATION 

OPTIMAL 

NORMAL 

SUB-OPTIMAL 

ABNORMAL 

EXTENT 

PRIORITY 

WHY 

ñCAUSEò 
? 

? 

? 

Ergonomics 

Assessment 

What or Who is an Ergonomist?  
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Ergonomics Risk Assessment  

Various levels of analysis:  

•General assessment:  

•Scientifically validated checklists  

•Observation, elementary measurements and 
worker enquiry  

  

•Outcome:  

•Three - level classification of risk  

•No risk  

•Risk not excluded, requires further analysis  

•Likely risk, intervention needed  
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Ergonomics Risk Assessment  

Examples of General risk assessment tools:  

•RULA 

•Upper limb assessment tool  

 

•REBA  

•Entire body assessment tool  

 

•NIOSH  

•Lifting tasks assessment tool  
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Ergonomics Risk Assessment  

RULA and REBA:  

•RULA 

•Survey method for WRULDs  

•Biomechanical and postural loading 
assessment  

•Neck, trunk and upper limbs focus  

•Reliability studies conducted  

 

•REBA 

•Same principles as RULA  

•Whole body assessment  

•Dynamic or static  
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Ergonomics Risk Assessment  

Examples of General risk assessment tools:  

•RULA 

•Upper limb assessment tool  
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Ergonomics Risk Assessment  

Examples of General risk assessment tools:  

•RULA 

•Upper limb assessment tool  
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Ergonomics Risk Assessment  

RULA and REBA:  

•Positives:  

•Quick  

•Easy  

•Reliable  

•Commonly used  

 

•Negatives:  

•Only identifies risk  

•Does not identify why  

•No solutions offered  
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Ergonomics Risk Assessment  

NIOSH revised equation:  

•Revised equation  

•Provides a lifting index OR  

•Indication of Maximum acceptable load  
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Revised NIOSH Lifting Equation - 1991 

 

Load limit prediction equation revised and expanded:  

Á L5/S1 compression = critical stress vector 

 

Á Original biomechanical criterion of 3.4 kN compression retained 

 

Á Vertical height of 75 cm for knuckle height retained 

 

Á Asymmetrical lifting 

 

Á Hand-container coupling 

 

Á Larger range of durations and frequencies 

 

Á Ideal load reduces to 23 kg 

 

ÁHorizontal displacement increased from 15 to 25 cm 

 

Ergonomics Risk Assessment  
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Revised NIOSH Lifting Equation - 1991 

 

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

Where:  
 RWL = Recommended weight limit 
 

 LC = Load constant = 23 kg  
 

 HM = Horizontal multiplier = (25/h) 
 

 VM = Vertical multiplier = [1-(0.003|V-75|)] 
 

 DM = Distance multiplier = [0.82 + (45/D) 
 

 AM = Asymmetric multiplier = [1-(0.0032A)] 
 

 FM = Frequency multiplier, depending on work duration, the 

  vertical height of the lift and lift frequency, see table 1 
 

 CM = Coupling multiplier, depending on the vertical height of 

  the lift and the quality of the coupling, see table 2.  

Ergonomics Risk Assessment  
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Revised NIOSH Lifting Equation - 1991 

 

Assumptions:  

1. MMH other than lifting minimal and does not require significant 

energy expenditure 

2. Does not account for unpredicted conditions such as unexpectedly 

heavy loads, slips or falls and environmental factors 

3. No one-handed lifting, lifting while seated or kneeling, on in 

constrained or restricted work space 

4. No unstable loads 

5. Worker/floor surface coupling provides at least 0.4 coefficient of 

static friction 

6. Same risk of injury for lifting and lowering 

7. Not applicable to high speed motion (faster than 76 cm per second) 

 

 

Ergonomics Risk Assessment  
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Limitations of Revised NIOSH Lifting Equation - 1991 

 

Why is it difficult to define criteria for safe MMH?  

 

Therefore NIOSH has received widespread use!  

 

Limitations:  

ÁChaffin and Park (1973)  

 

Á Leamon (1993): ñCriteria used to establish these safe limits 

seem not to make either statistical or practical sense.ò  

 

ÁMarras et al. (1999)  

 

Ergonomics Risk Assessment  
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Ergonomics Risk Assessment  

NIOSH:  

•Positives:  

•Widespread use  

•Proactive and reactive  

 

•Negatives:  

•Difficult to define various components  

•Requires expertise in the area  

•Can be time consuming  

•3400 N compression limit questionable  

•Poor correlation with actual injury statistics  
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Ergonomics Risk Assessment  

Other General tools:  

•Snook and Ciriello/Liberty Mutual guidelines  

•Lifting, lowering, carrying, pushing and 
pulling  

•Based on psychophysical responses  

 

•WISHA  

•Similar to RULA and REBA  



SAIOH, 17-18 August 2011 [43] 

Ergonomics Risk Assessment  

General tools:  

•Only provide an indication of level of strain  

  

•No solutions proposed  

 

•Poor relationship to actual injury statistics  

  

•Misinterpretation common  

 

Therefore more detailed assessment tools have 
been developed  
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Ergonomics Risk Assessment  

Detailed Assessment Tools:  

•3D Static Strength Prediction Programme  
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Ergonomics Risk Assessment  

3D SSPP:  

•Positives:  

•Gives an exact figure for risks  

•Proactively used in design process  

•Allows for off -site/production line 
assessments  

•Provides more than a lower back 
assessment  

 

•Negatives:  

•Static  

•Some postures difficult to simulate with 
mannequin  
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Biologically assisted models:  

ÁDonôt rely on predicting which trunk muscles are 

active 

 

ÁMonitor biological output of muscles 

 

ÁTime histories of force development:  

Á3D geometric model of the trunk 

 

ÁMcGill and Norman (1986) 

 

ÁMarras (2000) 

 

 

Ergonomics Risk Assessment  
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Biologically assisted models:  

 

 

Marras (2000) 

Ergonomics Risk Assessment  
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Biologically assisted models:  

Á Importance?  

ÁDynamic lifting conditions 

ÁUnique loading characteristics 

 

Á Loading varies according to:  

ÁRepetition 

ÁForward bending 

ÁLateral bending motion 

ÁTrunk moment 

 

 

Ergonomics Risk Assessment  
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Ergonomics Risk Assessment  

Who should be conducting assessments:  

•The role of ESSA?  

•IEA certification  

•Certified Ergonomist  

•At least a Masters degree in Ergonomics  

•5 years of experience  

 

•Why?  

•Quality control  

•Voodoo ergonomics  
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What are the roles of the various experts?  

Prime concern  health and safety of workers 

Cardiovascular 

Treat diseases    

Respiratory 

 HIV/Aids 

minor 
Treat injuries  

 major 

Numerous ILO and WHO regional centers throughout IDCs. 

Rehabilitation 

General health Occupational health 
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Dichotomy of responsibilities  

Ergonomists  

Working conditions  
Worker - task interaction  

Occupational Health personnel  

Lifestyle health problems  
Work - related health 

problems  

Collaborative focus on better 

working conditions 

ñCOMPATIBILITYò 
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•Acknowledge  different  areas  of  
expertise  

•Identify  link  between  poor  working  
conditions  and  associated  injuries  and  
diseases  

•Develop  educational  and  training  
materials  specific  to  IDCs  recogni sing  
respective  roles  of  all  experts  involved . 

Establish a symbiotic relationship  

ñFunctional partnership ò 

Ergonomists and Occupational Health Personnel  

Collaborative relationship 
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Co- operative Co - responsibility  

Engineers 

Supervisors 

Safety Officer 

ERGONOMIST  

Ergonomics 
Facilitation  

Team  

Management Workers 

Trade 

Unions 

Occupational Health  

Personnel 

Industrial 

psychologist 

Ensuring successful ergonomics projects 
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Summary 

ñGood Ergonomics  

IS  

Good Economicsò 


