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    LI =         Load Weight      =  L 
         ------------------------ = --- 
         Recommended Weight Limit   RWL 
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   Lifting          Defined as the act of manually grasping an object 
   Task             of definable size and mass with two hands, and 
                    vertically moving the object without mechanical 
                    assistance. 
 
   Load             Weight of the object to be lifted, in pounds or 
   Weight (L)       kilograms, including the container. 
 
   Horizontal       Distance of the hands away from the mid-point 
   Location (H)     between the ankles, in inches or centimeters (measure 
                    at the origin and destination of lift). See 
                    Figure 1. 
 
   Vertical         Distance of the hands above the floor, in inches 
   Location (V)     or centimeters (measure at the origin and destination 
                    of lift).  See Figure 1. 
 
   Vertical         Absolute value of the difference between the 
   Travel           vertical heights at the destination and origin of the 
   Distance (D)     lift, in inches or centimeters. 
 
   Asymmetry        Angular measure of how far the object is displaced 



   Angle (A)        from the front (mid-sagittal plane) of the worker's 
                    body at the beginning or ending of the lift, in 
                    degrees(measure at the origin and destination of lift). 
                    See Figure 2.  The asymmetry angle is defined by 
                    the location of the load relative to the worker's 
                    mid-sagittal plane, as defined by the neutral body 
                    posture, rather than the position of the feet or the 
                    extent of body twist. 
 
   Neutral          Describes the position of the body when the hands 
   Body             are directly in front of the body and there is 
   Position         minimal twisting at the legs, torso, or shoulders. 
 
   Lifting          Average number of lifts per minute over a 15 
   Frequency(F)     minute period. 
 
   Lifting          Three-tiered classification of lifting duration 
   Duration         specified by the distribution of work-time and 
                    recovery-time (work pattern).  Duration is classified 
                    as either short (1 hour), moderate (1-2 hours), or long 
                    (2-8 hours), depending on the work pattern. 
 
   Coupling         Classification of the quality of the hand-to-object 
   Classification   coupling (e.g., handle, cut-out, or grip). Coupling 
                    quality is classified as good, fair, or poor. 
 
   Significant      Significant control is defined as a condition 
   Control          requiring precision placement of the load at the 
                    destination of the lift.  This is usually the case when 
                    (1) the worker has to re-grasp the load near the 
                    destination of the lift, or (2) the worker has to 
                    momentarily hold the object at the destination, or (3) 
                    the worker has to carefully position or guide the load 
                    at the destination. 
 

�
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                               METRIC           US CUSTOMARY 
                               ------           ------------ 
     Load Constant   LC        23 kg               51 LB 
 
     Horizontal      HM        (25/H)              (10/H) 
     Multiplier 
 
     Vertical        VM    1-(.003 [V-75])    1-(.0075 [V-30]) 
     Multiplier 
 
     Distance        DM     .82 + (4.5/D)      .82 + (1.8/D) 
     Multiplier 
 
     Asymmetric      AM      1-(.0032A)         1-(.0032A) 
     Multiplier 
 
     Frequency       FM    From Table 5   From Table 5 
     Multiplier 
 
     Coupling        CM    From Table 7   From Table 7 
     Multiplier 
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          Metric                    US Customary 
    {All distances in cm}     {All distances in inches} 
    ---------------------     ------------------------- 
       H = 20 + W/2                    H = 8 + W/2 
      for V => 25 cm                for V => 10 inches 
 
       H = 25 + W/2                    H = 10 + W/2 
      for V < 25 cm                 for V < 10 inches 
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    LI =        Load Weight        =  L 
         -------------------------   --- 
         Recommended Weight Limit    RWL 
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                  -----    ---- 
        Tier 1   20.4 lbs   .6 
        Tier 2   28.4 lbs   .4 
        Tier 3   28.7 lbs   .4 
        Tier 4   23.8 lbs   .5 
        Tier 5   19.9 lbs   .6 
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                   STRWL    STLI 
                   -----    ---- 
         Tier 1   18.4 lbs   .7 
         Tier 2   25.6 lbs   .5 
         Tier 3   25.8 lbs   .5 
         Tier 4   21.4 lbs   .6 
         Tier 5   17.9 lbs   .7 
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                   -----     ---- 
        Task 1    21.2 lbs   1.4 
        Task 2    22.1 lbs   1.4 
        Task 3a   19.7 lbs   1.5 
        Task 3b   13.7 lbs   2.2 
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                  STRWL     STLI 
                   -----     ---- 
        Task 1    19.1 lbs   1.6 
        Task 2    19.9 lbs   1.5 
        Task 3a   17.7 lbs   1.7 
        Task 3b   12.4 lbs   2.4 
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3.5. Repetitive Multi-Task, Long-Duration (> 2 hrs)�

��(����-��
$���-��7�
�	
���8�2���"���>�

��(������3�4�������"���	�


�** ��!�0$0������"���"�(3�*7 ��$���$���0�**����!!�$�%����"������+���������,� �$���� ����������+�

$�����$00���$���0*$�������7�)� :�$ � ����������"����(3�������+�����*����+�$**�� �������**���� *����

���������$00��"�$��$:�7���������**�%� ��7��%$��0�*$����$ ����� ���$00�����!������$00��":�������**�� �

*�!����!��%������$7*��$���0*$�������$�7�)������7�)�� ��*� ��:� ������:�$���*�!�������$�0$**��������

���,�����%0*��� ���� ��0��$����������0���%������!���$���������� ����$������!�=����� ���������,���

��� �������� �������*�!���"�������** ��!�0$0��������!�� ��*�!��&!��%������$7*���������7�)'���#���� �

 �"��!��$���������*�$�������� ���$���������� ������*�!��&!��%�7�)����0$**��'���� �������#�����

 �"��!��$���������*�$�������� ���$�������

��(������3�4�'	�������

����������D�7���� � � ��!�%������$�������$ ,:�����%�*��8�$ ,�*�!���"�$�$*+ � �0��������� ���*��7��

� �����$ ,������ � � ��!�*�!���"�������**��!�0$0���!��%������$7*��$���0*$���"���������$��$��7�$���7�):�

$����$ ,�(���� � � ��!�*�!���"�����*�$����7�)�!��%�����!*�������������0$**�������$ +%%������*�!���"�� �

����*���������������$ ,�&����:���K�@'������!�**����"��$ ,��$��$7*���$�$������%�$ �����$������������

�������D�7�$�$*+ � ����, �����&��"����(4'���

�$ ,��B��

�������������"����!�����*�!�:���������/���$*��� �$����&.'�� �(������� �$�������������$*��� �$����&1'�� �
-=������ ���

(����������� ���$������!�����*�!�:�.�� ��@������ �$��1�� �-4������ ���

-���!�������** �$����$��*���*��"���� �:�$ � ����������"����(3:�������������0*��" �$����*$  �!����$ �
H0���H:�7��$� ������!��"�� ��$�G��7��!*�)�����$��?@���"��� ��&�����$7*��4'���

�$ ,�(B��

�������������"����!�����*�!�:�.�� ��@������ �$���1�� �@������ ���

(����������� ���$������!�����*�!�:�.�� ��@������ �$���1�� �4������ ���

-���������0*��" �$����*$  �!����$ �H!$��H�7��$� ������!��"�� ��$��7��!*�)�������������7�)�$7����?@�
��"��� �&�����$7*��4'���

����*�!���"�!��#����+��$���!����$����$ ,�� ���*�!�C%���������� �%�$� ���$������*�!� ��������$���
%�����:� �����7�����$ ,���$����$ ,�(�������$7���������0���%��������



����%�*��8�$ ,�*�!���"�$�$*+ � ���� � � ��!�����!�**����"������� ��0 B��

�����%0��������!��#����+8����0������8
���&��
��'�$���!��#����+8����0������8*�!���"�����)�

&����'��$*�� �!����$����$ ,�� ��"�$���!$�*������!���@���

(����%0�������� ��"*�8�$ ,8
���&��
��'�$��� ��"*�8�$ ,8*�!���"�����)�&����'�!����$����$ ,���

-��
���%7��������$ , ���������$ ��"��������!�0�+ ��$*� ���  :�$ ������%�����!��%�����������$*��:�
 �$����"�����������$ ,����������*$�"� ���������

���0����

��%0����������
���$���������$*�� �!����$����$ ,�� ��"�$���!$�*������!���@������������%�*��0*��� �

$�����%0�����!��%�����*�!���"��#�$�������������%�����!��%�����%�*��0*�����$7*� �&�$7*���:��$7*��(:�

�$7*��-:��$7*��2:��$7*��3:�$����$7*��<'���������$ ,�����#���� � �"��!��$���������*�$�������� ���$����:�

������
����$*���%� ��7���$*��*$����$��7�����������"���&�$ ,��$'�$��������� ���$�����&�$ ,��7'��!�
����*�!����

                   FIRWL     FILI 
                   -----     ---- 
        Task 1a   20.7 lbs   1.2 
        Task 1b   44.1 lbs    .6 
        Task 2    37.8 lbs    .7 
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                STRWL    STLI 
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     Task 1a   15.5 lbs   1.6 
     Task 1b   33.1 lbs    .8 
     Task 2    28.4 lbs    .9 
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Table 1�
Table 1:  Horizontal Multiplier 
=================================== 
 
        H       HM      H       HM 
       ---     ----    ---     ---- 
        in              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�
Table 2: Vertical Multiplier 
==================================== 
 
         V       VM      V       VM 
        ---     ----    ---     ---- 
        in              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�
Table 3: Distance Multiplier 
=================================== 
        D       DM      D       DM 
       ---     ----    ---     ---- 
        in              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 
=================================== 
 

�
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Table 4�
Table 4: Asymmetric Multiplier 
============================== 
         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 
 

�
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Table 5�
Table 5: Frequency Multiplier Table (FM) 
=============================================================== 
                             Work Duration 
              ------------------------------------------------- 
 Frequency      <= 1 Hour    >1 but <=2 Hours  >2 but <=8 Hours 
 Lifts/min    -------------  ----------------  ---------------- 
      (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 
 
+  Values of V are in inches 
:  For lifting less frequently than once per 5 minutes, set 
   F = 0.2 lifts/minute. 
=============================================================== 
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Table 6�
Table 6: Hand-to-Container Coupling Classification 
============================================================================ 
         GOOD                    FAIR                        POOR 
        -----                   ------                      ------ 
1.  For containers      1.  For containers of        1.  Containers of 
    of optimal design       optimal design, a            less than optimal 
    such as some boxes      "Fair" hand-to-              design or loose 
    crates, etc., a         object coupling              parts or irregular 
    "Good" hand-to          would be defined as          objects that are 
    object coupling         handles or hand-             bulky, hard to 
    would be defined as     hold cut-outs of less        handle, or have 
    handles or hand-        than optimal design          sharp edges {see 
    hold cut-outs of        {see notes 1 to 4            notes below}. 
    optimal design {see     below}. 



    notes 1 to 3 below} 
 
 
2.  For loose parts     2.  For containers of        2.  Lifting non-rigid 
    or irregular            optimal design with          bags (i.e., bags 
    objects, which are      no handles or hand-          that sag in the 
    not usually             hold cut-outs or for         middle). 
    containerized, such     loose parts or 
    as castings, stock,     irregular objects, a 
    and supply              "Fair" hand-to- 
    materials, a "Good"     object coupling is 
    hand-to-object          defined as a grip in 
    coupling would be       which the hand can 
    defined as a            be flexed about 90 
    comfortable grip in     degrees {see note 4 
    which the hand can      below}. 
    be easily wrapped 
    around the object 
    {see note 6 below}. 
 
NOTES: 
 
1.  An optimal handle design has 0.75-1.5 inches (1.9 to 3.8cm) 
    diameter, >= 4.5 inches (11.5 cm) length, 2 inches (5 cm) clearance, 
    cylindrical shape, and a smooth, non-slip surface. 
 
2.  An optimal hand-hold cut-out has the following approximate 
    characteristics: >= 1.5 inch (3.8 cm) height, 4.5 (11.5 cm) 
    length, semi-oval shape, >= 2 inches (5 cm) clearance, smooth non- 
    slip surface, and >= 0.25 inches (0.60 cm) container thickness (e.g., 
    double thinkness cardboard). 
 
3.  An optimal container design has <= 16 inches (40 cm) frontal 
    length, <= 12 inches (30 cm) height, and a smooth non-slip surface. 
 
4.  A worker should be capable oof clamping the fingers nearly 90 
    degrees under the containder, such as required when lifting a cardboard 
    box from the floor. 
 
5.  A container is considered less than optimal if it has a frontal 
    length > 16 inches (40 cm), height > 12 inches (30 cm), rough or 
    slippery surfaces, sharp edges, asymetric center of mass, unstable 
    contents, or requires the use of gloves.  A loose object is 
    considered bulky if the load cannot easily be balanced between the 
    hand-grasps. 
 
6.  A worker should be able to comfortably wrap the hand around 
    the object without causing excessive wrist deviations or awkward 
    postures, and the grip should not require excessive force. 
============================================================================ 

�
�
Table 7�
Table 7: Coupling Multiplier 
=================================================== 



                        Coupling Multiplier 
                      ----------------------- 
      Coupling      V < 30 inches    V >= 30 inches 
        Type          (75 cm)          (75 cm) 
      --------      -------------    -------------- 
 
        Good            1.00             1.00 
        Fair            0.95             1.00 
        Poor            0.90             0.90 
=================================================== 

�
�
Table 8�
Table 8: General Design/Redesign Suggestions 
=============================================================== 
 
If HM is less   Bring the load closer to the worker by 
than 1.0        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. 
 
If VM is less   Raise/lower the origin/destination of the lift. 
than 1.0        Avoid lifting near the floor or above the 
                shoulders. 
 
If DM is less   Reduce the vertical distance between the 
than 1.0        origin and the destination of the lift. 
 
If AM is less   Move the origin and destination of the lift 
than 1.0        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. 
 
If FM is less   Reduce the lifting frequency rate, reduce the 
than 1.0        lifting duration, or provide longer recovery 
                periods (i.e., light work period). 
 
If CM is less   Improve the hand-to-object coupling by 
than 1.0        provinding optimal containers with handles or 
                handhold cutouts, or improve the handholds 
                for irregular objects. 
 
If the RWL      Eliminate the need for significant control of 
at the          the object at the destination by redesigning 
destination     the job or modifying the container/object 
is less than    characteristics.  (See requirements for 
at the origin   significant control, p.36, 43.) 
=============================================================== 
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