
These data pointed out the need for a more detailed analysis of the job requirements

and employee capacities to possibly explain the observed differences. They also serve as

a control group for assessing the adequacy of the volunteer testing program to be discussed

later. The data were also partitioned by injury type (e.g, back injury, musculoskeletal

injury, contact injury, etc.). These summaries are provided in Appendix G.

B. Analyst Selection and Training

Two employees of UAL were chosen to perform the necessary job analyses; Mr.

J. Medell and G. Burke. Over a period of 18 months, each job at the Denver facility was

carefully evaluated using the prescribed methods described in Chapter 2 and in detail in

Appendix A. The analysts were trained by G. Herrin and his associates (T. Stobbe, A.

Frievalds, and C. Anderson) at the University of Michigan, These analyses consisted of:

1. Weighing and measuring 2,900 baggage and freight items for the occupations air
freight, ramp servicemen, and passenger service agents at DEN, NYC, DSM, and
CID.

2. The number of job classifications were expanded from 6 to 9 in an effort to define
more homogeneous job classifications. In particular these included:

a. Flight Attendant
b. Passenger Service Agent
c. Sky Cap
d. Ramp Serviceman
e. Air Freight Agent
f. Food Service Worker
g. Mechanic
h. Storekeeper
i. Fueler

3. Approximately 2,000 critical job elements were identified by:

a. Independent measures of the lifting, pulling, and pushing forces of carts,
modules, loaders, racks, drawers, trays, etc. In that the equipment used was
deemed standard throughout the system, the flight attendant, sky cap, food
service worker, maintenance, stores, cleaners, and fuelers positions were
analyzed only at DEN. AU forces were measured with a Dillion 500 pound
full scale calibrated dynamometer.
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b. Concurrently incumbents were asked to simulate the performance of each of
the 2,000 critical job elements. Slides were taken of an incumbent performing
each task. This was useful in subsequent discussions regarding accuracy and
completeness of the job analyses.

4. Each task was analyzed and coded according to:

a. Direction of load and motion involved (see Figure 3.1)

b. Body posture (see Figure 3.2)

c. Maximum force in pounds required to lift, pull, or push the object. Both the
average forces and the 93rd percentile forces for repetitive job elements
(e.g., lifting baggage, cargo) were estimated.

d. For practical purposes only exertions of 10 pounds or more were documented,
thus trivial job elements such as preparing tickets, giving a pillow to a customer,
etc., were neither measured nor analyzed.

e. The location of the hands at the beginning of and completion of each job
element was recorded by measuring the vertical, lateral, and horizontal dis-
placement of each hand from the midpoint of the line joining the ankles (See
Figure 3.3).

f. The distance (in feet) traversed during walking and carrying job elements.

g. The normal time required to perform the job element in fractions of a minute.
h. The number of times during an average day the job element was performed

(minimum of 1 per shift).

i. The date, analyst, location, job title, and comments.

j. All data was recorded on the data input sheet shown in Figure 3.4
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STAND (I) SIT (2)

DEEP SQUAT (4)

LEAN FOAWARD (6) LEAN BACK (6)

SOUAT (3)

STOOP (5)

SPliT (1)

Figure 3.2: Posture Code Summary
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HORIZONTAL
(+ )

LATERAL (+)

LOOKING DOWN

VERTICAL (+)

HORIZONTAL
(+)

Figure 3.3: Graphic Representation of Vertical, Lateral and Horizontal Axes
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Figure 3.4: Biomechanical Job Analysis Coding Form
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c. Biomechanical Job Analyses

Each job analysis was forwarded to the University of Michigan for interpretation

via the biomechanical model discussed previously. Figure 3.5 shows example results for

the ramp service bag handler in the bag room. For each task, the model defines:

a. The % male and female predicted to be able to perform the task based on industry

norms.

b. The muscle groups most stressed during the exertion.

c. The compression at the lower back LS/S1 disc.

To further examine the reasonableness of these job stresses each job was subsequently

analyzed using the NIOSH Work Practices Guide for Manual Lifting (1981). Figure 3.6

reflects this same job relative to the guideline. As can be seen this job is within the guide-

line (ie., below the recommended action limit) in general. However, task 13 exceeds the

recommended action limit and administrative controls such as strength testing are warranted.
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PLANT: UAL DEPARTMENT: RAMP JOB: BAG H~NDLER-BAGROOM
ANALYSIS DATE: 10-24-78 GENERATION DATE: 07-27-82
JOSN: 100 UMN:

TASKN
.013
023
024

TASK OBJECT

LI FT BAGGAGE
LI f T BAGGAGE
LI FT BAGGAGE

AVERAGE ACROSS ALL TASKS:
AVE LIFT BAG CART 35

HAND
VERT
30
30
48

LOCo
HORZ

16
8

13

DISTANCE
TRAVELED

11
25
1

12 15

MOST SERIOUS REGION ACROSS ALL TASKS:

FREQUENCY
(LIFTS/DAy)

300
300
300

900

I AL I MPl I
I I I
12818"51
i 48 I 145 I
I 30 I 92 II I I

28

\

AVE
FORCE

35
35
35

85

EXCEEDS ACTION LIMIT
WITHIN GUIDELINES
EXCEEDS ACTION LIMIT

35 EXCEEDS ACTION LIMIT

Figure 3.6: Example Work Practices Guide Output

MAX
FORCE

70
35
70

EXCEEDS ACTION LIMIT
WITHIN GUIDELINES
EXCEEDS ACTION LIMIT

EXCEEDS ACTION LIMIT



The criteria of the guide (which only applies to "lifting" tasks) were also applied

to all the jobs and job elements in this study. In particular, each task was examined relative

to the action limit and maximum permissible limit criteria for pushing and pulling as well.

The results of the biomechanical and work practice guide analyses are detailed in Appendices

E and F respectively.

Early analyses revealed a few tasks (such as lifting the soup bowl by the cook in

food service) which exceeded maximum permissible criteria. All such tasks were subsequently

redesigned to insure that all tasks were below maximum permissible criteria.

D. Design of Strength Tests

For those remaining tasks which exceeded action limit criteria (in terms of strength

required or back compressive forces) a set of tests were required. To determine an appro-

priate set of tests, the horizontal and vertical coordinates of each task were displayed by

job classification as illustrated in Figures 3.7 and 3.8 for ramp service lifting and

push/pulling respectively. Similar plots for other jobs are reproduced in Appendix H.

By examining the clusters of tasks across jobs a set of 6 tests were chosen to

best reflect the range of exertions required while preserving the advantages of standardized

tests (which could be compared with other industry norms). The six tests chosen are described

in Table 3.3.

Task

Vertical
Distance*

(inches)

Horizontal
Distance=

(inches)

Low Lift 18 13
Mid Lift 44 13
High Lift 53 13
Low Pull 21 8
High Pull 48 -10
High Push 48 30
*Relative to position of feet (midpoint between ankles)

TABLE 3.3: SET OF STRENGTH TESTS ADMINISTERED IN UAL PROGRAM
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