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   Li f t i ng          Def i ned as t he act  of  manual l y gr aspi ng an obj ect  
   Task             of  def i nabl e si ze and mass wi t h t wo hands,  and 
                    ver t i cal l y movi ng t he obj ect  wi t hout  mechani cal  
                    assi st ance.  
 
   Load             Wei ght  of  t he obj ect  t o be l i f t ed,  i n pounds or  
   Wei ght  ( L)        k i l ogr ams,  i ncl udi ng t he cont ai ner .  
 
   Hor i zont al        Di st ance of  t he hands away f r om t he mi d- poi nt  
   Locat i on ( H)      bet ween t he ankl es,  i n i nches or  cent i met er s ( measur e 
                    at  t he or i gi n and dest i nat i on of  l i f t ) .  See 
                    Fi gur e 1.  
 
   Ver t i cal          Di st ance of  t he hands above t he f l oor ,  i n i nches 
   Locat i on ( V)      or  cent i met er s ( measur e at  t he or i gi n and dest i nat i on 
                    of  l i f t ) .   See Fi gur e 1.  
 
   Ver t i cal          Absol ut e val ue of  t he di f f er ence bet ween t he 
   Tr avel            ver t i cal  hei ght s at  t he dest i nat i on and or i gi n of  t he 
   Di st ance ( D)      l i f t ,  i n i nches or  cent i met er s.  
 
   Asymmet r y        Angul ar  measur e of  how f ar  t he obj ect  i s di spl aced 



   Angl e ( A)         f r om t he f r ont  ( mi d- sagi t t al  pl ane)  of  t he wor ker ' s  
                    body at  t he begi nni ng or  endi ng of  t he l i f t ,  i n 
                    degr ees( measur e at  t he or i gi n and dest i nat i on of  l i f t ) .  
                    See Fi gur e 2.   The asymmet r y angl e i s def i ned by 
                    t he l ocat i on of  t he l oad r el at i ve t o t he wor ker ' s  
                    mi d- sagi t t al  pl ane,  as def i ned by t he neut r al  body 
                    post ur e,  r at her  t han t he posi t i on of  t he f eet  or  t he 
                    ext ent  of  body t wi st .  
 
   Neut r al           Descr i bes t he posi t i on of  t he body when t he hands 
   Body             ar e di r ect l y  i n f r ont  of  t he body and t her e i s  
   Posi t i on         mi ni mal  t wi st i ng at  t he l egs,  t or so,  or  shoul der s.  
 
   Li f t i ng          Aver age number  of  l i f t s  per  mi nut e over  a 15 
   Fr equency( F)      mi nut e per i od.  
 
   Li f t i ng          Thr ee- t i er ed cl assi f i cat i on of  l i f t i ng dur at i on 
   Dur at i on         speci f i ed by t he di st r i but i on of  wor k- t i me and 
                    r ecover y- t i me ( wor k pat t er n) .   Dur at i on i s  cl assi f i ed 
                    as ei t her  shor t  ( 1 hour ) ,  moder at e ( 1- 2 hour s) ,  or  l ong 
                    ( 2- 8 hour s) ,  dependi ng on t he wor k pat t er n.  
 
   Coupl i ng         Cl assi f i cat i on of  t he qual i t y  of  t he hand- t o- obj ect  
   Cl assi f i cat i on   coupl i ng ( e. g. ,  handl e,  cut - out ,  or  gr i p) .  Coupl i ng 
                    qual i t y i s c l assi f i ed as good,  f ai r ,  or  poor .  
 
   Si gni f i cant       Si gni f i cant  cont r ol  i s  def i ned as a condi t i on 
   Cont r ol           r equi r i ng pr eci s i on pl acement  of  t he l oad at  t he 
                    dest i nat i on of  t he l i f t .   Thi s i s  usual l y  t he case when 
                    ( 1)  t he wor ker  has t o r e- gr asp t he l oad near  t he 
                    dest i nat i on of  t he l i f t ,  or  ( 2)  t he wor ker  has t o 
                    moment ar i l y hol d t he obj ect  at  t he dest i nat i on,  or  ( 3)  
                    t he wor ker  has t o car ef ul l y posi t i on or  gui de t he l oad 
                    at  t he dest i nat i on.  
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Table 1�
Tabl e 1:   Hor i zont al  Mul t i pl i er  
=================================== 
 
        H       HM      H       HM 
       - - -      - - - -     - - -      - - - -  
        i n              cm 
        - -               - -  
     <= 10     1. 00   <=25     1. 00 
        11      . 91     28      . 89 
        12      . 83     30      . 83 
        13      . 77     32      . 78 
        14      . 71     34      . 74 
        15      . 67     36      . 69 
        16      . 63     38      . 66 
        17      . 59     40      . 63 
        18      . 56     42      . 60 
        19      . 53     44      . 57 
        20      . 50     46      . 54 
        21      . 48     48      . 52 
        22      . 46     50      . 50 
        23      . 44     52      . 48 
        24      . 42     54      . 46 
        25      . 40     56      . 45 
       >25      . 00     58      . 43 
                        60      . 42 
                        63      . 40 
                       >63      . 00 
=================================== 

�
�
Table 2�
Tabl e 2:  Ver t i cal  Mul t i pl i er  
==================================== 
 
         V       VM      V       VM 
        - - -      - - - -     - - -      - - - -  
        i n              cm 
        - -               - -  
         0      . 78      0      . 78 
         5      . 81     10      . 81 
        10      . 85     20      . 84 
        15      . 89     30      . 87 
        20      . 93     40      . 90 
        25      . 96     50      . 93 



        30     1. 00     60      . 96 
        35      . 96     70      . 99 
        40      . 93     80      . 99 
        45      . 89     90      . 96 
        50      . 85    100      . 93 
        55      . 81    110      . 90 
        60      . 78    120      . 87 
        65      . 74    130      . 84 
        70      . 70    140      . 81 
       >70      . 00    150      . 78 
                       160      . 75 
                       170      . 72 
                       175      . 70 
                      >175      . 00 
==================================== 
 

�
�
Table 3�
Tabl e 3:  Di st ance Mul t i pl i er  
=================================== 
        D       DM      D       DM 
       - - -      - - - -     - - -      - - - -  
        i n              cm 
        - -               - -  
      <=10     1. 00   <=25     1. 00 
        15      . 94     40      . 93 
        20      . 91     55      . 90 
        25      . 89     70      . 88 
        30      . 88     85      . 87 
        35      . 87    100      . 87 
        40      . 87    115      . 86 
        45      . 86    130      . 86 
        50      . 86    145      . 85 
        55      . 85    160      . 85 
        60      . 85    175      . 85 
        70      . 85   >175      . 00 
       >70      . 00 
=================================== 
 

�
�
Table 4�
Tabl e 4:  Asymmet r i c Mul t i pl i er  
============================== 
         A       AM 
        - - -      - - - -  
        deg 
       - - - - -  
         0     1. 00 
        15      . 95 
        30      . 90 
        45      . 86 
        60      . 81 
        75      . 76 
        90      . 71 



       105      . 66 
       120      . 62 
       135      . 57 
      >135      . 00 
 

�
�
Table 5�
Tabl e 5:  Fr equency Mul t i pl i er  Tabl e ( FM)  
=============================================================== 
                             Wor k Dur at i on 
              - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 Fr equency      <= 1 Hour     >1 but  <=2 Hour s  >2 but  <=8 Hour s 
 Li f t s / mi n    - - - - - - - - - - - - -   - - - - - - - - - - - - - - - -   - - - - - - - - - - - - - - - -  
      ( F) :     V<30+   V>=30    V<30   V>=30       V<30   V>=30 
 - - - - - - - - -     - - - - -    - - - - -     - - - -    - - - - -        - - - -    - - - - -  
     <=0. 2     1. 00    1. 00     . 95     . 95        . 85     . 85 
       0. 5      . 97     . 97     . 92     . 92        . 81     . 81 
         1      . 94     . 94     . 88     . 88        . 75     . 75 
         2      . 91     . 91     . 84     . 84        . 65     . 65 
         3      . 88     . 88     . 79     . 79        . 55     . 55 
         4      . 84     . 84     . 72     . 72        . 45     . 45 
         5      . 80     . 80     . 60     . 60        . 35     . 35 
         6      . 75     . 75     . 50     . 50        . 27     . 27 
         7      . 70     . 70     . 42     . 42        . 22     . 22 
         8      . 60     . 60     . 35     . 35        . 18     . 18 
         9      . 52     . 52     . 30     . 30        . 00     . 15 
        10      . 45     . 45     . 26     . 26        . 00     . 13 
        11      . 41     . 41     . 00     . 23        . 00     . 00 
        12      . 37     . 37     . 00     . 21        . 00     . 00 
        13      . 00     . 34     . 00     . 00        . 00     . 00 
        14      . 00     . 31     . 00     . 00        . 00     . 00 
        15      . 00     . 28     . 00     . 00        . 00     . 00 
       >15      . 00     . 00     . 00     . 00        . 00     . 00 
 
+  Val ues of  V ar e i n i nches 
:   For  l i f t i ng l ess f r equent l y t han once per  5 mi nut es,  set  
   F = 0. 2 l i f t s / mi nut e.  
=============================================================== 

�
�
Table 6�
Tabl e 6:  Hand- t o- Cont ai ner  Coupl i ng Cl assi f i cat i on 
============================================================================ 
         GOOD                    FAI R                        POOR 
        - - - - -                    - - - - - -                       - - - - - -  
1.   For  cont ai ner s      1.   For  cont ai ner s of         1.   Cont ai ner s of  
    of  opt i mal  desi gn       opt i mal  desi gn,  a            l ess t han opt i mal  
    such as some boxes      " Fai r "  hand- t o-               desi gn or  l oose 
    cr at es,  et c. ,  a         obj ect  coupl i ng              par t s or  i r r egul ar  
    " Good"  hand- t o          woul d be def i ned as          obj ect s t hat  ar e 
    obj ect  coupl i ng         handl es or  hand-              bul ky,  har d t o 
    woul d be def i ned as     hol d cut - out s of  l ess        handl e,  or  have 
    handl es or  hand-         t han opt i mal  desi gn          shar p edges { see 
    hol d cut - out s of         { see not es 1 t o 4            not es bel ow} .  
    opt i mal  desi gn { see     bel ow} .  



    not es 1 t o 3 bel ow}  
 
 
2.   For  l oose par t s     2.   For  cont ai ner s of         2.   Li f t i ng non- r i gi d 
    or  i r r egul ar             opt i mal  desi gn wi t h          bags ( i . e. ,  bags 
    obj ect s,  whi ch ar e      no handl es or  hand-           t hat  sag i n t he 
    not  usual l y              hol d cut - out s or  f or          mi ddl e) .  
    cont ai ner i zed,  such     l oose par t s or  
    as cast i ngs,  st ock,      i r r egul ar  obj ect s,  a 
    and suppl y              " Fai r "  hand- t o-  
    mat er i al s,  a " Good"      obj ect  coupl i ng i s  
    hand- t o- obj ect           def i ned as a gr i p i n 
    coupl i ng woul d be       whi ch t he hand can 
    def i ned as a            be f l exed about  90 
    comf or t abl e gr i p i n     degr ees { see not e 4 
    whi ch t he hand can      bel ow} .  
    be easi l y  wr apped 
    ar ound t he obj ect  
    { see not e 6 bel ow} .  
 
NOTES:  
 
1.   An opt i mal  handl e desi gn has 0. 75- 1. 5 i nches ( 1. 9 t o 3. 8cm)  
    di amet er ,  >= 4. 5 i nches ( 11. 5 cm)  l engt h,  2 i nches ( 5 cm)  c l ear ance,  
    cy l i ndr i cal  shape,  and a smoot h,  non- sl i p sur f ace.  
 
2.   An opt i mal  hand- hol d cut - out  has t he f ol l owi ng appr oxi mat e 
    char act er i st i cs:  >= 1. 5 i nch ( 3. 8 cm)  hei ght ,  4. 5 ( 11. 5 cm)  
    l engt h,  semi - oval  shape,  >= 2 i nches ( 5 cm)  c l ear ance,  smoot h non-  
    s l i p sur f ace,  and >= 0. 25 i nches ( 0. 60 cm)  cont ai ner  t hi ckness ( e. g. ,  
    doubl e t hi nkness car dboar d) .  
 
3.   An opt i mal  cont ai ner  desi gn has <= 16 i nches ( 40 cm)  f r ont al  
    l engt h,  <= 12 i nches ( 30 cm)  hei ght ,  and a smoot h non- sl i p sur f ace.  
 
4.   A wor ker  shoul d be capabl e oof  c l ampi ng t he f i nger s near l y 90 
    degr ees under  t he cont ai nder ,  such as r equi r ed when l i f t i ng a car dboar d 
    box f r om t he f l oor .  
 
5.   A cont ai ner  i s  consi der ed l ess t han opt i mal  i f  i t  has a f r ont al  
    l engt h > 16 i nches ( 40 cm) ,  hei ght  > 12 i nches ( 30 cm) ,  r ough or  
    s l i pper y sur f aces,  shar p edges,  asymet r i c  cent er  of  mass,  unst abl e 
    cont ent s,  or  r equi r es t he use of  gl oves.   A l oose obj ect  i s  
    consi der ed bul ky i f  t he l oad cannot  easi l y  be bal anced bet ween t he 
    hand- gr asps.  
 
6.   A wor ker  shoul d be abl e t o comf or t abl y wr ap t he hand ar ound 
    t he obj ect  wi t hout  causi ng excessi ve wr i st  devi at i ons or  awkwar d 
    post ur es,  and t he gr i p shoul d not  r equi r e excessi ve f or ce.  
============================================================================ 

�
�
Table 7�
Tabl e 7:  Coupl i ng Mul t i pl i er  
=================================================== 



                        Coupl i ng Mul t i pl i er  
                      - - - - - - - - - - - - - - - - - - - - - - -  
      Coupl i ng      V < 30 i nches    V >= 30 i nches 
        Type          ( 75 cm)           ( 75 cm)  
      - - - - - - - -       - - - - - - - - - - - - -     - - - - - - - - - - - - - -  
 
        Good            1. 00             1. 00 
        Fai r             0. 95             1. 00 
        Poor             0. 90             0. 90 
=================================================== 

�
�
Table 8�
Tabl e 8:  Gener al  Desi gn/ Redesi gn Suggest i ons 
=============================================================== 
 
I f  HM i s l ess   Br i ng t he l oad c l oser  t o t he wor ker  by 
t han 1. 0        r emovi ng any hor i zont al  bar r i er s or  r educi ng 
                t he s i ze of  t he obj ect .   Li f t s  near  t he f l oor  
                shoul d be avoi ded;  i f  unavoi dabl e,  t he obj ect  
                shoul d f i t  easi l y  bet ween t he l egs.  
 
I f  VM i s l ess   Rai se/ l ower  t he or i gi n/ dest i nat i on of  t he l i f t .  
t han 1. 0        Avoi d l i f t i ng near  t he f l oor  or  above t he 
                shoul der s.  
 
I f  DM i s l ess   Reduce t he ver t i cal  di st ance bet ween t he 
t han 1. 0        or i gi n and t he dest i nat i on of  t he l i f t .  
 
I f  AM i s l ess   Move t he or i gi n and dest i nat i on of  t he l i f t  
t han 1. 0        cl oser  t oget her  t o r educe t he angl e of  t wi st ,  
                or  move t he or i gi n and dest i nat i on f ur t her  
                apar t  t o f or ce t he wor ker  t o t ur n t he f eet  
                and st ep,  r at her  t han t wi st  t he body.  
 
I f  FM i s l ess   Reduce t he l i f t i ng f r equency r at e,  r educe t he 
t han 1. 0        l i f t i ng dur at i on,  or  pr ovi de l onger  r ecover y 
                per i ods ( i . e. ,  l i ght  wor k per i od) .  
 
I f  CM i s l ess   I mpr ove t he hand- t o- obj ect  coupl i ng by 
t han 1. 0        pr ovi ndi ng opt i mal  cont ai ner s wi t h handl es or  
                handhol d cut out s,  or  i mpr ove t he handhol ds 
                f or  i r r egul ar  obj ect s.  
 
I f  t he RWL      El i mi nat e t he need f or  si gni f i cant  cont r ol  of  
at  t he          t he obj ect  at  t he dest i nat i on by r edesi gni ng 
dest i nat i on     t he j ob or  modi f y i ng t he cont ai ner / obj ect  
i s  l ess t han    char act er i st i cs.   ( See r equi r ement s f or  
at  t he or i gi n   si gni f i cant  cont r ol ,  p. 36,  43. )  
=============================================================== 
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