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ABSTRACT

Researchers at the National Institute for Occupational Safety and Health (NIOSH), in
conjunction with the Facilities and Tooling initiative of the MARITECH Advanced Shipbuilding
Enterprise, conducted a series of ergonomic interventions at eight shipbuilding, ship repair and
ship breaking yards across the United States. These interventions were targeted to address those
processes within the shipyards that resulted in the highest number, most severe, or costliest work-
related musculoskeletal injuries. Examples of problem processes included confined space
welding tasks, overhead insulation installation or removal, electric cable pulling, and exposure to
vibrating powered hand tools. Pre-intervention risk factor analyses were conducted using various
exposure assessment techniques to develop baseline information for each process considered.
Following the intervention implementation, the same exposure assessments were applied in order
to quantify the effectiveness of each intervention. Productivity, quality and health metrics are

discussed, as are technology transfer techniques.

INTRODUCTION

The National Institute for Occupational Safety and
Health (NIOSH), one of the Centers for Disease Control
and Prevention (CDC), is conducting a project
concerned with the implementation of ergonomic
interventions for targeted work processes within the
domestic maritime industries. Historically, the domestic
shipbuilding, repair and recycling industries have had
much higher incidence rates that those of general
industry, manufacturing, or construction. For 1999, the
last year available, the U.S. Bureau of Labor Statistics
reported that the shipbuilding and repair sector (SIC
3731) had a recordable injury rate of 20.2 per 100 full-
time employees (FTE). By contrast, in 1999 the
manufacturing sector reported a rate of 9.2 per 100 FTE,
construction reported a rate of 8.6 per 100 FTE, and
general industry reported a rate of 6.3 injuries per 100
FTE (Figure 1).
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Figure 1 - Recordable Injury Rate by Industry, 1989 -
1999
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When considering lost workday cases, for 1999
shipbuilding and repair had an incidence rate of 10.7 per
100 FTE, compared to manufacturing at 4.6,
construction at 4.2, and general industry at 3.0 lost
workday cases per 100 FTE (Figure 2).
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Figure 2 - Lost Workday Case Rate by Industry 1989
- 1999

When one considers which part of the worker’s
body is being injured and the injury also resulted in lost
workdays, shipbuilding and repair was significantly
different than the manufacturing sector. For injuries to
the upper extremity, in 1998 shipbuilding and repair had
an injury incidence rate of 80.1 per 10,000 FTE
compared to 70 per 10,000 FTE for the manufacturing
sector (Figure 3).
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Figure 3 - Upper Extremity Incidence Rate, 1992-
1998

For back injuries in the same year, shipbuilding and
repair had an injury incidence rate of 93.6 per10,000
FTE, nearly twice the manufacturing rate at 49.4 per
10,000 FTE (Figure 4).
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Figure 4 - Back Incidence Rate, 1992-1998

For injuries to the lower extremity, shipbuilding and
repair had an injury incidence rate of 126 injuries per
10,000 FTE, compared to 40.7 injuries per 10,000 FTE
for the manufacturing sector, over three times higher

(Figure 5).
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Figure 5 - Lower Extremity Incidence rate, 1992-1998

In 1999, MARITECH Advanced Shipbuilding
Enterprise announced the availability of funding,
through the U.S. Navy, to develop projects focused on
the improvement of shipbuilding and repair work
practices and processes.  Researchers at NIOSH
successfully competed for the external funding and were
able to expand the scope of their initial project.



METHODOLOGY

In order to obtain a representative sample of
shipyard processes, it was decided to sample by yard
size, primary function and location. The American
Shipbuilding Association, representing the six largest
ship construction companies and about 90 percent of
shipyard production workers, was contacted and three
yards agreed to participate:

1) Bath Iron Works in Maine, a new
construction yard building guided missile
destroyers for the U.S. Navy;

2) Litton Ingalls Shipbuilding in Mississippi,
also primarily a new construction yard,
building identical guided missile destroyers
as Bath Iron Works; and

3) Continental Maritime, a West Coast
subsidiary of Newport News Shipbuilding
performing repairs work.

Many smaller new construction and repair yards
are represented by the Shipbuilders Council of America,
and this association provided four shipyards for the
project:

1) Jeffboat, on the Ohio River in Indiana,

building river barges and associated vessels;

2) Halter Marine (now part of Freide Goldman
Halter), primarily a builder of small
commercial and Navy vessels on the Gulf
Coast;

3) Marinette Marine in Wisconsin, building
coastal and oceangoing buoy tenders for the
U.S. Coast Guard; and

4) Todd Pacific Shipyards in Washington, now
primarily a repair facility. The U.S. Navy
provided access to Puget Sound Naval
Shipyard, a public yard scrapping and
recycling nuclear submarines, also located
in Washington.

At each of the eight participating shipyards, an
initial review of workplace injuries and musculoskeletal
disorders was conducted. This process helped
researchers to identify those work tasks resulting in the
most frequent, severe, or costliest injuries and disorders.
Once the specific tasks were identified, qualitative and
quantitative risk factor surveys were performed for each
of the job tasks.

Exposure Assessment Techniques

A variety of exposure assessment techniques were
implemented where deemed appropriate to the job task
being analyzed. The techniques used for analysis
include:

1) the

Rapid Upper Limb Assessment

(RULA);
2) the Strain Index;
3) a University of Michigan Checklist for

Upper Extremity Cumulative Trauma
Disorders;

4) the OVAKO Work Analysis System
(OWAS);

5) a Hazard Evaluation Checklist for Lifting,
Carrying, Pushing, or Pulling;

6) the NIOSH Lifting Equation;

7) the University of Michigan 3D Static
Strength Prediction Model; and 8) the
PLIBEL method.

The RULA (McAtamney & Corlett 1993) is a
survey method developed to assess the exposure of
workers to risk factors associated with work-related
upper limb disorders. On using RULA, the investigator
identifies the posture of the upper and lower amm, neck,
trunk, and legs. Considering muscle use and the force or
load involved, the investigator identifies intermediate
scores, which are cross-tabulated to determine the final
RULA score. This final score identifies the level of
action recommended to address the job task under
consideration.

The Strain Index (Moore & Garg 1995) provides a
semiquantitative job analysis methodology that appears
to accurately identify jobs associated with distal upper
extremity disorders versus other jobs. The Strain Index
is based on ratings of intensity of exertion, duration of
exertion, efforts per minute, hand and wrist posture,
speed of work, and duration per day. Each of these
ratings is translated into a multiplier. These multipliers
are combined to create a single Strain Index score.

The University of Michigan Checklist for Upper
Extremity Cumulative Trauma Disorders (Lifshitz &
Armstrong 1986) allows the investigator to survey a job
task with regard to the physical stress and the forces
involved, the upper limb posture, the suitability of the
workstation and tools used, and the repetitiveness of a
job task. Negative answers are indicative of conditions
that are associated with the development of cumulative
trauma disorders.

The OWAS (Louhevaara & Suurnidkki 1992) was
developed to assess the quality of postures taken in
relation to manual materials handling tasks. Workers
are observed repeatedly over the course of the day and
postures and forces involved are documented. Work
postures and forces involved are cross-tabulated to
determine an action category that recommends if, or
when, corrective measures should be taken.

The NIOSH Hazard Evaluation Checklist for
Lifting, Carrying, Pushing, or Pulling (Waters & Putz-
Anderson 1996) is an example of a simple checklist that
can be used as a screening tool to provide a quick



determination as to whether or not a particular job task
is comprised of conditions that place the worker at risk
of developing low back pain.

The NIOSH Lifting Equation (Waters et al. 1993)
provides an empirical method to compute the
recommended weight limit for manual lifting tasks. The
revised equation provides methods for evaluating
asymmetrical lifting tasks and less than optimal hand to
object coupling. The equation allows the evaluation of a
greater range of work durations and lifting frequencies.
The equation also accommodates the analysis of
multiple lifting tasks. The Lifting Index, the ratio of
load lifted to the recommended weight limit, provides a
simple means to compare different lifting tasks.

The University of Michigan 3D Static Strength
Prediction Program (3DSSPP) is a useful job design and
evaluation tool for the analysis of slow movements used
in heavy materials handling tasks. Such tasks can best be
analyzed by describing the activity as a sequence of
static postures. The program provides graphical
representation of the worker postures and the materials
handling task. Program output includes the estimated
compression on the L5/S1 vertebral disc and the
percentage of population capable of the task with
respect to limits at the elbow, shoulder, torso, hip, knee,
and ankle.

The PLIBEL method (Kemmlert 1995) is a
checklist method that links questions concerning
awkward work postures, work movements, and design of
tools and the workplace to specific body regions. In
addition, any stressful environmental or organizational
conditions should be noted. In general, the PLIBEL
method was designed as a standardized and practical
assessment tool for the evaluation of ergonomic
conditions in the workplace.

ANALYSIS

A total of 47 work processes chosen from among
the eight participating shipyards were analyzed with
respect to the musculoskeletal risk factors that may have
been present for the specific tasks. The following tasks
are representative of those identified and analyzed:
electric cable pulling and connecting, plate and pipe
welding, grinding, cutting by torch or reciprocating saw,
insulation installation and removal, abrasive blasting,
manual materials handling, and small unit assembly. To
simplify analysis, the processes were divided into 12
trade-specific categories: blasters, burners, cutters,
electricians,  grinders/chippers/scrapers, insulators,
machinists, material handlers/riggers, sheet metal
workers, shipfitters, subassemblers, and welders. A
quantitative risk factor analysis was conducted for each
of the identified processes utilizing appropriate exposure

assessment tools from those described previously
(Hudock et al 2000a-1, Wurzelbacher et al 2000a-b).

For the RULA, 11 of 12 trades were analyzed using
this method, excluding machinists. The average for the
11 trades was 5.7 on a scale of 1 to 7 on increasing
urgency to modify the process. For the OWAS method,
all 12 trades were analyzed, resulting in a mean score of
2.6 on a scale of 1 to 4, of increasing urgency to modify
the process. For the Strain Index, blasters, cutters,
electricians, grinders/chippers/scrapers, and insulators
performed processes that resulted in scores that placed
the processes in the upper half of four categories linked
to the occurrence of distal upper extremity injury.

For the PLIBEL method, looking at the neck,
shoulder, and upper back, blasters, cutters, electricians,
material handlers/riggers, shipfitters, and subassemblers
exhibited greater than 50% of the associated risk factors
in the completion of their work processes. For the
PLIBEL method for the elbow, forearms, and hands, all
trades except machinists and sheetmetal workers
exhibited greater than 50% of the associated risk factors
for their work processes.

For the Michigan Checklist method, all 12 trades
exhibited greater than 50% of the associated risk factors
in the performance of their work processes. Three
trades, material handlers/riggers, shipfitters, and
subassemblers, exceeded the NIOSH recommended
compression limit on the back of 770 pounds in the
3DSSPP analysis for manual material handling tasks.
Work processes of both machinists and material
handlers/riggers exceeded a Lifting Index of 1.0 when
evaluating the work with the NIOSH Lifting Equation.
A Lifting Index greater than 1.0 indicates that the lifting
tasks pose an increased risk for lifting-related low back
pain for some fraction of the workforce.

RECOMMENDA"~ )NS
Blasters

Possible interventions for abrasive blasters in a
beach blast area (Figure 6) include adjustable racks to
hold the materials to be blasted at approximately knee to
waist height. This would reduce the amount of back
flexion required for the job. Racks that allow certain
work pieces to be hung would also reduce the amount of
material handling that the abrasive blaster is required to
perform in order to blast all sides of the material.









postures or pneumatic powered shears to reduce grip
forces and repetition. Work rotation  between the
cutters and installers may also reduce the time spent in
overhead postures by the worker performing the
installation task. Another possible intervention is the use
of powered shears to reduce the upper extremity force
required and deviated wrist posture required to cut the
insulation with the hawksbill cutters. Pneumatic models
that can be used on a variety of materials (e.g., vinyl,
textiles, wire, metal, and fiberglass) are commercially
available.

Machinists

The primary concern for shear operators or helpers
is the constant bending at the waist or kneeling to pick
up material from the back of the shear at floor level
(Figure 11). One possible solution is to provide an
adjustable lift table at the chute at the back of the shear
to collect the pieces and then be raised to transfer the
pieces at waist height instead of at floor level.

Figure 11 - Shear Operator Handling Parts

Material Handlers/Riggers

Possible interventions for supply or scrap bin loaders or
unloaders (Figure 12) include adjustable bin lifters that
raise and tilt the load towards the worker. Many
inexpensive models of this type are commercially
available. A hook-like or grasping tool for grabbing
individual work pieces may also help to bring the load
closer to the material handler and also reduce the need
for pinch-grip hand postures. Work practices of pre-
sorting heavier items and emptying them by forklift onto
a rotating table top before handling may also be feasible
in certain situations.
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Possible interventions for the shipboard riggers
during equipment load-in_ include the work practice of
preparing the temporary deck surface to reduce the
number ‘of uneven plate and plywood surfaces that
inhibit cart travel. Modified, low-profile carts with ball-
bearing plates for top and bottom surfaces that utilize
lowered axles and adjustable wheels located outside the
perimeter of the transported equipment may then be
used to maneuver taller pieces of equipment into place.
Such carts should reduce or eliminate the need for tilting
the equipment on and off pipe rollers allow for a
smoother placement of the equipment into the retaining
bracket. Multiple air bearing movers may also be used
to lift equipment using normal compressed air, thus
eliminating floor friction and allowing omni directional
movement.

Ship breaking and repair often requires that all
internal components be removed from portions of the
vessel. Manual material handling currently performs the
removal of components through ship passageways to
staging areas. There is the possibility that flexible
conveyor systems or cable pulley systems can be used to
either move material to the staging area or to move
material into scrap bins in the staging areas. Portable
hoists may be useful in the staging areas as well to move
heavy or bulky material.

Sheet Metal

Commercially available portable work benches may be
used to position a piece of duct at a height sufficient to
reduce back flexion (Figure 13) and the need to kneel
while the worker performs a variety of operations on the
duct. Many of these benches come equipped with vises
or straps, which can be used to secure the duct during
work and eliminate the need for a second worker to hold
the piece. If feasible, sheet metal workers should use
bench-mounted hand brakes, and metal forming
presses/machines rather than hammers, hand seamers,






All Trades

Since each repair process to be carried out onboard
a vessel is constrained by the physical layout and
dimensions of the existing structure, very little can be
done in the area of workstation redesign or even
engineering interventions, in general. It is, however,
possible to address concerns raised by improper tool
selection and tool usage and poor body positioning. It is
suggested that basic ergonomics awareness training be
considered for all production workers, emphasizing the
areas cited above. While direct changes to the work
environment are minimized due to the constraints of
ship repair, it is possible to educate the workforce on
proper procedures, better work methods and postures to
assume while performing the work onboard vessels.
Management is also encouraged to provide
administrative controls in terms of worker rotation and
scheduling to reduce the time individual workers are
assigned to such tasks, subject to the constraints of any
standing labor agreement. The use of teams which
alternate between set-up work and welding is one such
method observed in a number of shipyards.

Developing cost justifications for ergonomic
interventions at any shipyard is difficult due to the fact
that often the current injury database collects only
OSHA 200 information and includes only a breakdown
of production hours for the total yard. Thus, the
foremost-recommended intervention is the utilization of
an injury tracking system that will enable the
identification of specific work processes that result in
injuries or musculoskeletal disorders. The reduction of
injuries or musculoskeletal disorders throughout any
given shipyard can be greatly facilitated by the
implementation of a computerized injury tracking
system that integrates safety data workers compensation
data, and production hour reporting and which is also
based on the Bureau of Labor Statistics (BLS) injury
reporting method.

CONCLUSIONS

Within ship construction, repair and breaking
operations, there exist a number of specific work
processes that expose the workers performing the tasks
to significant risk factors associated with the
development of musculoskeletal disorders.
Interventions have been identified that can reduce the
exposure to the associated risk factors. Implementation
of ergonomic interventions has been shown in various
industries to reduce musculoskeletal disorders and
associated  costs  without adversely effecting
productivity. There is no reason to believe that the
implementation of ergonomic interventions in the
shipbuilding, ship repair and ship breaking industries

will be any less successful. The ultimate goal of this
project is to produce a set of guidelines developed by
consensus with industry, labor, and government on the
best ergonomics practices available to the shipyard
industries. The dissemination and utilization of these
practices throughout the industry should result in
significant reduction of musculoskeletal disorders and
associated costs for all shipyards that choose to
implement those best ergonomic practices.
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