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ABSTRACT

A pre-intervention quantitateve nisk factor analysis was performed at vanous shops and locations within
Jeffooal LLC, a builder of niver barges in Indiuna, as a method to 1dentify and quannfy nisk factors that
workers may be exposed 1o in the course of their normal work duties  Four lacaions were identified
the rake frame subassembiy process, the unloading of angle 1rons in the steelyard, the honeycomb
confined space welding process for double hull barges, and the shear press operation 1n the plate shop
Possible engineering interventions to address the risk factors associated with these processcs are

discusscd
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A INTRODUCTION
IA. BACKGROUND FOR CONTROL TECHNOLOGY STUDIES

The Natonal Institute for Occupational Safery and Health (NTOSH) 15 the primary Federal agency in
occupahional safety and health rescarch  Located n the Department of Health and Human Services, 1t
was established by the Occupational Safety and Health Act of 1970 This legislation mandaicd

NIOSH to conduct rescarch and education programs separale frem the standard setiing and

enforcement funcbiens cammed out by the Occupational Safely and Health Adrministranon (OSHA) n the
Department of Labor  An important area of NIOSH research deals with methods for controlling
uccupational cxposures to potential chemucal and physical hazards The Engineenng snd Physica
Hazards Branch (EPHB) of the Diviston of Applied Research and Technology has been given the lead
within NIOSH to study the engineenng aspects of health hazard prevention and control

Since 1976, NIOSH has conducted a number of assessments of health hazard control technology on
the basis of mdusiry, common mdustnial process, or specific control techmques  The objective of each
of these studies has been te document and evaluate effective control techniques for potential health
hazards 1n the industry or process of interest, and to create a more general awareness of the need for or
avatlamhty of an effective system of hazard control measures

These studies involve a number of steps or phases Initially, a sertes of walk-through surveys 15
conducted to sclect plants or processes with effecuve and poientially transferable control concepts or
techmgues Next, in-depth surveys are conducted to determine both the contro] parameters and the
effectiveness of these controls The reports from these in-depth surveys are then used as a basis for
preparing technical reports and journal articles on effective hazard control measures  Ulumately, the
mformation from these rescarch activities builds the data base of publicly available mformation on
hazard control technques for use by health professionals who are responsible for preventing
oceupational 1liness and njury

IB. BACKGROUND FOR THIS STUDY

The background for this study may be found in the previous report EPHB 229-11a, “Preliminary
Survey Report Pre-Intervention Quantitative Risk Factor Analysis for Ship Construction Processes at
Teffboat LLC, Jeffersonville, Indiana

IC. BACKGROUND FOR THIS SURVEY

Jeffboat LLC ts a private shipyard located in Jeffersonville, Indiana that performs pnmarily new vessel
construcuion This yard 1s considered to be a medium-to- small-size yard  The pnimary product of the
yard 1s river barges of vancus configurations  Approximately 350 barges are completed each year
Jeffboat 1s a member of the Shipbwilders Council of America



Looking at Jeffboat production employees, for the period 1995 to 1998, there were 503 injunes and
iiinesses  From 1995 to 1998, there was a deeline 1 both the total imcidence rate (33 % reduction) and
the days away from work mcident rate (24 per cent reduction} Ameng production workers,
musculoskeletal disorders represented 27 per cent of the total cases and 33 per cent of the days away
from work cases Departments within Jeffboat with the haghbest rates and numbers of museuloskeletal
disorders include the Structurai Shop, Towboats, Hatch Covers, Line 4 Sub-Assembly, Line Onc Hull,
Line One Sides, Line 4 Hull and the Plate Shop  Thesc same departments had the highest rates and
number of musculoskeletal disorders that resulted sn days away from work Occupations with the
highest number of musculoskeletal disorders include welders and shipfitters  Musculoskeletal disorders,
including those resultmg 1o days away from work, most commonly imvolved the lower back

] PLANT AND PROCESS DESCRIPTION
HA. INTRODUCTION

Plant Description Jeffboat LLC calls themselves “Amernica’s Largest Inland Shipbuilder 7 Jcffboat’s
primary products are river barges and towboats  The shupyard facthities include over a mule of
waterfront property, 4 drydocks and approximately 30 acres of property

Corporate Tres A unut of Amenican Commercial Lines Holdings LLL.C

Products Jeffboat produces approx:mately 35¢ barges per year a a vanety of configurations based on
client needs including open hopper barges, double-hull iquid and chemucal tankers, covered rake
barges, and self-unloading cement barges Occastonally towboats and paddlewheelers for the gaming
and excursion mdustries have been built

Age of Plant The site of Jeffboat has been functioning as a shipyard since 1939  Most of the facility
has becn updated or rebuiit since that time

Number of Employees, etc Approxumately 975 preduction employees, of winch 169 are new hires
with less than 90 days expenence with the company Approximately 45 per cent of the production
workers are classified as welders Annual turmover has historically been near 40 percent



B. PROCESS DESCRIPTION

Figure 1 Rake Frame Subassembly Area

lIB1. Rake Frame Subassemblies within Structural Shop

Subassemblies such as rake frames, or the skeletal framework for the curved bows of tanker, chemiceal,
and cargo barges are created in this area Three stationg exast for each type of rake frame, at
approximately 21 5 feet x 36 feet each Jigs are set-up at ground-level being welded m place on the
steel deck floor The overall rake frame process s as follows

1) Delivery of angle irons, ranging 1n size and shape, by overhead crane to stacks parallel
to the jig set-up
2) Place angle irons manually into the jig, usually done by one shrpfitter, sometimes

tandem hfts This placement requires worker to bend at the wast and ta hit loads up to
about 125 pounds Workers who do this job are very skalied and tend to shde and

prvot the larger angle rons mto place rather than hift the entire load Smaller angle 1irons
(rangmp 1n size from 45 10 90 pounds) are still often lifted entirely by hand



Figure 2 Shipfitter moving angle iron from stockpile to g

3) Angle rons are adjusted into place by the shapfitter using theiwr hands and gator pry bar
to gr1p the angle wons Wedpes are then hammered 1nto place to hold the angle 1rons 1n
place in the g

4) Horizontal plates at the corners of the rake frame are manually hftcd, posiioncd on the
frame and held m place by the use of C-clamps, as are the smaller angle jrons

Figure 3 Shipfitter holdmg angle rrons together with C-clamps



3)

6}

A team of 2 welders stick weld the jommts of the rake frame that face up Postures
assumed during welding are typically bent at the warst, kuneeling, or sitting on the
rake frame

Figure 5 Weldmg rake frame angle 1rons while squatting

The rake frame subassembly 1s relcased by the smpfitter knoclang out the wedges with
a hammer The rake frame subassembly 1s then picked up, flipped over, and moved 1o
an area adjacent to the jig by the overhead crane  Frames are stacked 1n piles of 6-7
frames



T The welders move to the stack of frames and weld the jotnts that are now facing up
Durning this process, the shipfitter and the welders are working at the same time so that
one frame 15 being set up as the other 15 heing finished welded together Approximately
18-21 of these frames are done 4 day

The most common trades employed within the Structural Shop are welders and shipfitters

Duning rake frame subassembly, shipfitters undergo awkward pestures including extremc lumbar flexion
and excesstve Joads to low back Welders undertake awkward postures such as extreme lumbar

flexion, shoulder abduction, wnst flexion, both ulnar and radial deviation, and kneeling on hard surfaces
‘The ergenomic analyses of all processes wnder censideranon at this shipyard may be found in the
previously cited report by Hudock et al, 2000

iB2. Angle iron Unload in Steelyard

Figure 6 Steelyard conveyor system

Raw matenzl, pnmanly steel plate and angle 1rons, 15 brought to the shipyard by truck, tratn or barge
Matenal 15 placed within the steelyard by the use of an A-frame crane and stored outside until needed
by the vanous production departments Task under consideration 1s the separation of angle wron from
batch loads The type of angle iron used within the shipyard vanes greatly i size, length and weight
Common angle irons are 3 iches by 3 inches by forty feet 1n length and 5/16 inch thick A general
descripuon of angle 1ron separation progess follows

13 Large A-frame crane picks up batch load of angie irons from sieelyard and transports 1t

to an unloading station



2) Afer the crane rcleases the load on a large stand, the steel bands holding the batch
together are cut using a set of shears and one worker begins separating the load with a
gator bar, which 1s about 3 feet long, and weighs 12 2 pounds

Figure 7 Separaung angle irons with gator bar

Ky The worker grabs hold of each (ndividual 1ron with the gator bar and lets it fall onto a
sorting table below
4) Two workers then pull the angle across the table either by band cor with large, long

hooks and spread the angle trons across the roller conveyor

Fgure 8 Workers positioning angle iron on reller conveyor



5) Once the angle wons are placed on the roller conveyor, the angle trons are transferred
to a mobiie conveyor seciion that places the angle wrons into the surpreparation
process

The gator bar worker expenences awkward postures including extreme lumbar flexion and excessive
shoulder loads in separating the angle irons apart  The unload helpers also expenence awkward
postures mncluding moderate lumbar flexion and moderate shoulder loads in puthng the angle ;rons
across the rolier conveyor

liB3. Honeycomb Welding In Line Four Hull Area

Figure ¢ Honeycomb confined space welding at Line Four Hull area

The Line Four Hull area 1s responsible for welding the double hulls for chemucal and liquid tankers This
mvolves welding 1n spaces known as honeycombs which are two feet by two feet by sixteen feet long
The bottom plate 15 welded to the vertical supports on both sides of the honeycomb  Currently, a stick
welding process is used Typically 8-10 honeycombs can be completed in a shaft by each welder
Vennlation 18 pnimarily by blower fan forcing outside air mto the honeycotob A detarled report on
ventilation interventions for this process can be found 1n Wurzelbacher et al, 2000



Figure 10 Constramed posture of confined space honeycomb welder

The welders must assume constrained postures m order to crawl io the far end of the honeycomb to
begin welding This task also includes extreme lumbar flexion i contined spaces, contact stress on the
knees and elbows, pulling and lifting weld leads into and out of the honeycomb, pesiiomng the blower

fan and moving 1t from one honeycomb to the next, and extreme envirenmental temperatures 1m summer
and wanter

lB4. Shear Operation in Plate Shop

Figure It Shear operation i plate shop

o



The pnimary processes wrthin the plate shop are to cut, size, and shape steel plate required for hulls and
subassembires using shear machines, automaied plasma cutters, and manual cutting torches  The
particular process flow for the shear is as follows

1} raw plates are moved to pallets next to shear by jib crane that sits between statuons

2) plates are moved manually from pallet to shear, and

3) cut plates are sorted at the back of the shear at ground level and hfied mio carts

Figurz 12 Shear operator lifting plate from back of shear

Shear operators often hft awkward loads from the ground-level shear chutes and matenal supply
pallets Contact stresses expenenced by the shear operator include kneeling on the floor to get material
and comtact with the sharp edges of the raw or cut matenal

. ERGONOMIC INTERVENTION COST JUSTIFICATION
The following section has been adapted from the article by Alexander, 1998

The effectiveness of any ergonomic ntervention does not necessantly correlate with the cost of
implementing that mtervention The possibihty exusts for a very elfecttve intervention o be found at a
low implementation cost, as well as, the possibility of the opposite  The preferred intervention strategy
from a business sense 18 to umplement those interventions with the lowest costs and the highest
effectiveness Ths pomt can be illustrated by the valuefcast matrix as tllustrated wn Figure 13

10



HIGH

FIRET
CHOIGE

EFFECTIVENESS

AvDID

Lo

LWy HISH
COET OF INTERVENTION

Figure 13 Value Cost Matnix

There are & number of benefits that can be credited to the apphcation of ergonomc interventions i
general These benefits include

— avoidance of current expenses and ongoeing losses from 1) reducing workers compensation
costs, 2} overtime for replacement workers, 3) lost producttwity, guality or yields from
less skalled workers, and 4) imcreased traiming and supervisory time,

— enhanced existing performance from 1) increased productivity including fewer bottlenecks i
production, ligher output, fewer missed delivery datcs, less overtime, [abor reductions,
and better ine balancing, 2y improved quality mchading fewer critical operations, more
tasks with every operator’s control and capacity, and fewer assembly crrors, 3)
increased operating uptime 1ncludmeg faster setups, fewer operating malfunctions, and
less operator lug ume, and 4) faster maintenance including 1ncreased access, faster part
replacement, fewer tools nceded, more appropriate tools, more power and faster tool
speeds,

— enhanced qualsty of worklife from 1) less turnover, and 2) less employee dissatisfaction,

— fewer traumatic injurnes,

— fewer human errors result:ng 1n lost product or operating incidents, and

— reduced design and acquisition costs

In addition to the direct medical costs associated with worker imunies, one must also constder the
indirect or hdden costs associated with the primary worker being away from their job  These incurect
costs include
— costs of replacement workers from 1) hining costs for permanent replacements plus training
and other costs, and 2) addinenal costs for temporary workers who may also have
lower work skills
— lower productivity, such as 1) fewer umts per hour, 2) lower yields, and 3) damage to
matenal or equipment that would not occur with an expenienced worker
— lower quahty, mcludmg 1) number of rejects, 2) amount of rework, and 3) timeliness of
product delivery
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— increased supervision including cost to manage/train a less skilled worker
— traming to develop and mamtam job skills including 13} amount of iost work time and 2) time of
trainer

Many of thesc indirect costs are difficult o estimate and can vary widely depending on the scventy of
the injury mvolved The ratio of indirect costs to direct costs has aiso been found by a number of studies
to vary between 3 1 to 1 5, depending on industry {Hemnrich, 1931, 1959, Levitt et al, 1981, Andreon,
1986, Leopoid and Leonard, 1987, Klen, 1989, Hinze and Applegate, 1991, Oxenburgh, 1991,

1993) As a conservative estimate, the state of Washington recently decided upon mdirect costs of 75
percent of direct workers’ compensation incurred costs (WAC 296-62-051, 2000)

Another aspect of ergonomic interventions that must be considered 1s the cost benefit analysis 1f total
costs outweigh total benefits recerved from implementing the intervention, the interventron 1s not worth
undertaking fiom a sirictly financial viewpoint  From the public bealth perspactive, any intervention thag
reduces the nsk to workers 15 worthwhile  One has to deternune the associated start-up costs,

recurning costs, and salvage costs of the intervention as well as the time value of money (present worlh
versus future worth) and the company’s Minumum Attractive Rate of Return, the interest raic the
company ts willing to accept for any project of financral undertaking

IV. CONTROL TECHNOLOGY
IVA. Rake Frame Subassembly Possible Interventions

The pnimary concern with the rake frame subassembly process 1s the fact that both the shipfitter and
welders must bend forward, or flex, at the waist to perform therr work at toe height  This 18 due m part
1o the pg for the rake frame bemmg welded directly to the steel floor An adjustable j1g (mere accurately,
a ng top placed on a lift table) may offer a solution, and 1t may be that one ng can be made to fit all
three rake frames (See Figurcs 14-17}  This would open more flor space and eliminate the need for
the welders and shipfitter to bend  Possible probiems with this approach are that some of the workers
prefer the tow height of the jig because the angle trons can be pivoted and maneuvered into place easily
This can be addressed by lowening the hift table and j1g as low as possible to allow the angle rons o be
maneuvered 1n a strudar manner as currently performed Another concern 1s that the jig would be too
high for the crane to offload, but this wouldn’t be a problem if the j1g table couid be lowered back
down to the floor when unloaded  Also, there are concerns that the welders would trip over the raiscd
rake frame, although no welds actually require the welder to be inside of the frame while welding The
only r¢ason that they currently stand :nside of the frame while welding 18 because the angle 1rons are
stacked up parallel to the jpg about one foot away and 1mpede getting around the outside of the frame
This means that the stacking of the material woenld have 1o be changed too if the ng 1s raised, unless the
frame can be rotated as 1t 1s raised, which might be possible 1f engine stand type Itfts were used A
rotatable J1g would also eliminate the need for the crane to flip the frame and also elrmimate the problem
of weldmng the frames that are stacked on the ground first

12



Figure 14 Lift Table

Table with Iig Support Beams

Figure 15 Laift
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Figure 16 Lifl Table with Jig Pattern Top on Supports

Figure 17 Laift Table with Rake Frame Assembly
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Table 1 hig Tahle Matenials

Maternal Dhmension Weight Cost
2 Jig Table Support | 24'x35"x3 5" x 172 8 Ibs perbeam | $100
Beams 5/16" each 345 6 1bs total
24 Assorted g 6" x 35" K35 x 3 6 1bs per support $50
Supports 316" cach 86 4 Ibs total
Jig Table Top 28" x 10°narrowing to | 182 ft* x 10 2 1bs /i1 =| $500
3'at farends x 1/4" = | 1,856 4 lhs
182 ft*

Considenng that the approximate weight of the rakc frame subassembly 15 1000 pounds and the weight
of the Jig table top 15 about 2300 pounds, 1t is suggested that a 2-ton lift table be unlized for this process
to work well within the capacity of the hft tabie

Tabie 2 Approximate Lift Table Parameters

Type of Table Low Profile Lift Table
Capacity 4,400 pounds
Lowered Height 4 0 inches

Raised Height 39 0 inches

Table Dimensions

45 imches % 61 mnches

Voltage 230 Volt, 3-phase
Shipping Werght 1,150 pounds
Price $4,550

One must consider the cost justification of implementing the intervention to determine whether the
1mplementation makes economc sense  Assunung that the assembly of the jig table takes 20 worker
hours at $20 per hour, the labor costs associated with the jig table assembly would be $400
Intervention costs are summarized 1n Table 3
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Table 3 Cost Summary of Jig Table Intervention

Cost of Raw Matenals $630
Cost of Laft Table $4,550
Cost of Labor $400
Total Cost $3,600

One must also 1dentify the benefits associated with the implementation of any intervention as well One
method of 1dentifying benefits received from an intervention 1s to estimate the costs associated with
mnjuries that may not have occurred because the intervention was in place  Based on current shipyard
Workers' Compensation data received to date from a number of different shupyards, 1t 15 possible to
deterrune average medical and indemmity cosls assocated with musculoskeletal inyuries by body part,
as summarized in Table 4 From 1994 through 1998, this particular shipyard experienced seven
musculoskeletal inunies wathun their structural shop as a result of moving angle wrons or working on the
rake frames, resuling in a direct total estumated medical and indemnity cost of $35,624, based upon
part of body injured An average annual estrmate drrect cost (over the last five years) for
musculoskeletal injunies for thrs process 1s $7,125 If indirect costs are conservatively assumed to be
75% of the direct costs, the 1otal cost of these mjunes 15 $12,468 per year Tt 15 thns amount that can be
constdered an “avoided cost™ and, therefore, a benefit due to the implementation of the intervention, 1f
tn fact the mterventhon ehminates all such future musculoskeletal injuries A simple benefit-cost ratio for
the first year would be $12,468/35,600 or 2 23  Since the benefit to cost ratto 15 greater than onc, 1t 1s
advantageous to implement the proposed intervention, given the parameters cited above
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Table 4 Estimated' Shipyard Direct Injury Costs for Musculoskeletal® Injuries
(medical + indemmnity) by Pari of Body

! Based on analysis of available participating shipyard compensation data from 1996 - 1998
* Does not uiclude contusions or fraciures

Ankle $2.390
Arm, unspectfied 37,725
Back $6,996
Elbow $4,691
Finger $735
Hand $6,857 t
Knee $7,472
Leg, unspecified $849
Neck $5,961
Shoulder $4.960
Wrist $3,925

However, possibly, only half the estimated annual injury cost is saved each year It s also possible that
the g Iift table lasts at least two years  Assuming that the stupyard has a munimum attractive rate of
return of 20 percent for any project cash outlay, one can still calculatc a benefit to cost ratio by utibzing
the following equation to deiernime the present worth of an annual savings

1+1)"-1
Equatonl  PW= ASX [L"——"—nl
rx{1+1)

where PW = present wotth

AS = annual savings

1 = interest rate (ex , 0 20 for 20 percent)
and  n=number of years
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Usmng an annual savings of just $6,234 at an interest rate of 20 percent over a two year penod, the
present worth of the proposed savings over 2 two year penod 15 $9,524  Assuming tninal costs of the

lift 1able are $5,600 and negligible annual costs, the benefit to cost ratio of implementing thrs mtervention
15 $9,524/55,600 or 1 7, greater than one, and therefore stll economcally advantageous

IVB. Angle lron Unload in Steelyard Possible Interventions

The primary concern with the angle won unload process m the steelyard 1s the movement of individual
angle 1rons from the bundled stack table to the proper posttion on the roller conveyor As currently
performed this 1s a thres-person operation with ehe mdividual flipping the angle trons off the stack with
a “gator” bar and two mduviduals positloming the angle irons onto the roller conveyor  The worker using
the “gator” bar must grasp each individual angle rren wath the jaw end of the bar and, using primarnly
arm, chest and shoulder muscies, flip the angle irons onto the roller conveyor Individual angle rons can
wergh up 1o about three hundred pounds depending on the length and thickness of the angle wron As
currently delivered the angle 1rons within any given bundle are stacked with their ends nearly flush
{Frgure 18), forcing the worker to use the pry bar end of the tool to separate the 1rons By having the
angle trons delivered i a staggered stack configueation (Figure 19), 1t should be easier to separate
individual angle wrons from the bundle

Figure 19 Staggered End Staclang of Angle Irons
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A second pessibihity to ard in breaking up the bundle of angle 1rons 1s to install a pneumatic actuaied
breakup wedge system on the bundle support [rame as 1llustrated in Figure 20 Once the bundle of
angic 1rons 15 placed on the upper supply rack by the yard crane and the bundle ties are removed, the
preumatic cyhnders can be activated to “bounce” the stack of angle 1rons (See Figure 21 and 22) Thos
action should loosen the stack and make 1t easier to separate and then fhp individual angle wrons The
breazkup mechanism can be mstalled so that the wedge extends about eight inches above the support
rack surfacc when 1n the "up” position  'When 1n the “down” position the point of the wedge should be
below the bundle support frame The dimenstons of the wedge, which should be made from a minimum
of %" thick steel as shown in Figure 23 Approximate costs associated with the implementation of the
pneumatic breakup wedge system are detailed in Table 5

Figure 20 Pneumatic Angle Wedge Breakup System

Lo

Bose 0T
Freuee e C?rnl-r

Figure 21 Breakup Wedge i “Up” Position
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Figure 22 Breakup Wedge 1n "Down” Fosition
(Blank Size = 1/2"x12"%x18"

18 7Y

J_(/%\/
_f - 180"

Figure 23 Breakup Wedge Desigh

Table 5. Approximate Cost of Pneumanc Breakup Wedee System

Cost of 2 cyhnder pneumatc system $2,000
Labor, including tnstatianon (25 hours @ $500
$20/Mour)

Total Cosls $2,500
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From 19935 through 1998, this particular shipyard expenenced s1x musculoskeletal injunes within therr
steelyard as a result of working with angle irons, resulting 1 A total direct estimated medical and
mdemnuty cost of $38,905, bascd upon estimated costs associated with part of body imured  An
estimated yearly average total musculoskeletal injury direct cost for this specific process within the
shipvard 15 $9,726 If inchirect costs are conscrvatively assumcd to be 75% of the direct costs, thc total
cost of these imunes 15 $17,021 per year It 1s thts amount that can be considered en “avorded cost”

and, therefore, a bencfit due to the implementation of the intervention, if in fact the intervention
elimmates all such future musculoskeletal injunies A sumple benefit-cost ratio for the first year would be
$17,021/$2,500 or 6 81  Since the benefit to cost ratwo 15 greater than one, 1t1s advantageous to
unplement the proposed 1nterveniion, given the parameters cited above

However, possibly, anly half the estimated annual injury cost 1$ saved each year 1t 18 also possible that
the pncumatic breakup wedge system lasts at least two years  Assumung that the shipyard has a
minimum attractive rate of return of 20 percent for any project cash cutlay, one can stll calculate a
benelit 10 cost ratio, usmg Equanon 1, 1o deternune the present worth of an annwval savings Using an
annual savings of just $8,510 at an inierest rate of 20 percent over a two year penod, Lhe present

worth of the proposcd savings over a two year pertod s $13,002  Assuming initial costs of the
pneumatic breakup wedge system are $2,500 and neghgible annual costs, the benefit to cost ratio of
implementing this mtervention ts $13,002/$2,500 o 5 2, greater than one, and therefore still
econotrucally advantageous

A third possible intervention 1o address the handling of the angle irons 1 the steelyard 15 to develop a
push ram system, as 1llustrated 1n Figure 24, to shide items across the roller conveyer This system
would eltminate one worker position smee that one worker will no longer be necessary to hook and pull
angie 1rons or other matenal across the roller conveyor Approxunate push ram system parameters are
l:sted 1n Table 6 and estimated costs listed 1n Table 7

Figure 24 Push Ram System for Reller Conveyor
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Table & Push Ram

System Parameters

Push ram components

Two push rams, working simultaneously,
controlled by one cemputer

Target si1zc 6" x 6" x 9" (overall)
Maximum push distance 7 feet
Maxumum push specd 103 feet per munute

Maximum push force

100 pounds per tam

Table 7 Approximate

ush ram system costs

Push rams with encoders

$2,500 each x 2 = $5,000

devices)

Computer $3,500
Control softwarc 33,000
Miscellaneous (cabling, connectors, input/outpyt$2,000

Installation labor

75 hours x $20 per hour = 31,500

Total imteal costs

$15,000

Cost savings for this system can be reflected mn the saved labor costs from eliminating one position to
pull matenal across the roller conveyor  Assuming labor costs at approxumately $20 per hour x 2080
hours per year results 1n a savings of $41,600 The benefit cost ratio of this mtervenion would be

$41,600/$15,000 or 277 In other words, this system should pay for nself 1n less than 5 months, just

by eliminating the need for onc sieclyard worker

IVC. Confined Space Welding on Line Four Hull Possible Interventions

Possible interventions for the confined space welding process at this shipyard are detuiled i the report
by Wurzelbacher et al, 2000 In summary, the mterventions mclude the change in weld process from
stick to wire welding, the use of creeper carts to allow the worker to roll to the back of the honeycomb

section, the mstallavon of avtomatuc welding systems, and improved venhitation systerns

2
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IVD. Shear Operation in Plate Shop Possible Interventions

The primary concern for the platc shop shear press operator or helper 15 the constant bending at the
waist or kneeling to pick up matenal from the back of the shear press at floor level Omne possible
solution 15 to provide an adjustable It table for the shear chule at the back of the machipe, as seen in
Figures 25 through 27 By placing the edge of the rear chute on top of the hift table, one can greatly
improve the process In this way the cut material would stlf fall anto the back chute of the shear press,
however, when the worker needs to remove material from the chute, the Iift table can be elevated,
elevating the rear chute at the same time and allowing the worker fo transfer cut matenal to the hit table
at approximately waist height This would ehminate the need for the worker to hift objects off the rear
chute at ncar floor level The rear chute plate weighs approximatcly 100 pounds and the weight of any
matenal cut at any one time 1s under 300 pounds It 1s suggested that a battery operated lift table be
used to ratsc and lower matenal  Suggested approxamate table charactenstics are shown in Tablc 8
Approximate setup and trarming time with the table should be approximately 15 worker hours At $20
per hour average wage, this amounts to an addstional cost of $300
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Figure 25 Obhque Rear View of Shear



Figure 26 Shear with Lift Table m Down Position

Figure 27 Shear with Lift Table 1in Up Position



Tablc B Approximate Shear Press Lift Table Characteristics

Type of Tahle Wheeled Battery Powered Laft Table with Hantlil
Pendant

Capacity 1,500 pounds

Table Dumensiens 24 inches x 48 mches

Vertical Travel 36 inches

Price $1.700

Taotak cost for the hfy table and the worker time 8 estimated to be $2,000

In identufying benefits of the intervention, one can use the medical and indemmnity cost estimates s
shownn Table 4 From 1994 w0 1998, thss partrcular stupyard expenenced three musculoskeletal
injunes to machime eperators within the plate shop, resuliing m a total estimated medical and indemnity
cost of $17.917, based upon average costs by part of body injured  The average annual estimate

threct ¢ost for musculoskeletal inpones for this process 1s $3,583 If indirect costs are conservatively
assumed to be 75% of the direct costs, the total cost of these injunes 1s $6,271 per year Itis this
amount that can be considered an “avoided cost”™ and, therefore, a benefit due to the implementation of
the itervention  Assuming, the mierveniion fully eftminates such imjunes, a simple benefit to cost ratio
would be $6,271/32,000 or 3 14 Since the benefit 1o cost ratio 1s greater than one, it 18 advantageous
and cost-effective to 1mplement the proposed tervention  However it 18 possible that only half of the
estimated annual injury cost 18 saved cach year 1118 also possible that the lift table lasts at least two
years Assurmung that the shipyard has a mimimum attractive rate of return of 20 percent for any project
cash outlay, one can still calcuiate a benefit to cost ratio unhzing Equation | Using an annual savings of
Just $3,135 at an 1ntercst rate of 20 percent over a two year pertod, the present worth of the proposed
savings would be $4,790 Assumung imtizl costs of the bft table are $2,000 and negligible annual costs,
the benefit to cost ratio of implementing this intervention 1s $4,790/$2,000 or 2 4, greater than one, and
therefore sull economically advantageous

V. CONCLUSIONS AND RECOMMENDATIONS

Four work processes within a barge building operation were surveyed to determine the presence of nsk
factors associated with musculoskeletal disorders and to amve at possible immterventions  The rake
frame sub-assembly task requires workers, 1n the shipfitier irade, 1o maneuver long steel angle irons into
position 1n a pattern laxd out on the shop’s steel floor These Jong angle 1rons can weigh up to
approximately 240 pounds and are shid or bounced 1nto position between j1gs welded onto the floor
Smaller angle 1rons and steel plates are manually placed to form cross members or corner supports

The combination of manual matenals handling and awkward posture of a bent torso to place the
matenal near floor level results 1n a job the can be considered lgh in musculoskeletal disorder sk
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factors Six separate exposure assessment techmgues were used to quantify the nsk factors associated
with this shipfitter job A possible mtervention s tasing the work surface by iustailing a ift table to hold
the j1g patiern for the rake frame, eliminating the bent torso for much of the task  Welders who jon the
mdividual pieces of steel also exhibat awkward postures while working near floor level By raising the
work surface, these awkward postures arc mimnuzed

The unloading of angle 1ron 1n the steclyard was ailso analyzed with a number of exposure assessment
techimiques  The high amount of effort required o separate and fhp individual preces of long angle iron
are some of the risk factors associated with this process  Fossible interventions include staggenng the
end of the bundle of angle irons, mstalling a breakup wedge system to encourage the stack of angle
ons to loosen when dropped by the yard crane, and automating some of the processes to elimunate the
pulhing of angle irons into position across the roller conveyor

The honeycomb welder task 1n the manufacture of double hull sections requires the worker to enter a
confined space and weld two seams between vertical suppoiis and the bottom steel plate  This process
can be improved from current conchtions by changing ventilation set-ups, changing from stick to wire
welding, or by automating the weldng process This last option may be most desirable to remove the
worker from exposure 10 risk factors  Otherwise, the constrained postures, exXposure ko contact
stresses to the knces and elbows, and cxposurc to some welding fumes would still be present  Creepet
carts, as used in automobile reparr garages, may allow the worker to travel to the back of the
honeycomb section with less strain on their knees and back

The shear operator 1n the plate shop often bends at the winst to pick up peces of steel, etther from a
supply bin or from the tray at the back of the shear machine Manually lifing the pieces of steel {rom
near floor level results mn unduc stress on the back of the workers By mcorporating hft tables or filting
pallet jacks 1nto areas both 1n front and behind the shear machine one can minimize the stress on the

workers’ backs

Each of the mterventions proposed 1n this document are to be considered preliminary concepts  Fuli
engmeermg analyses by the participating shipyard are expected prios to the implementation of any
particular suggested imtervention concept to determmine feasibihity, both financially and engincening, as
well as to 1denufy potential safety considerations

It 15 suggested that further action can be taken to mutigate the exposure to musculoskeleial risk factors
wathin each of the 1dentified tasks The umplementation of ergonomic interventions has been found to
reduce the amount and seventy of musculoskeletal disorders within the working population 1n vanous
industnes It 1s suggested that ergonomic mterventions be implemented at Jeffboat to mumimize the
hazards m the identsfied job tasks
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