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tal injury rates in construction are still the highest of all in-

Construction is one of the most hazardous industries in dustrial sectors (8.4 per 100 full-time workers). The severity
the United States. Occupational health research to charac- Of the injuries and ilinesses experienced in construction is also
terize the hazards in construction work has been hampered @n issue. In 1998 and 1999, the construction industry had the
by the lack of a systematic approach to classification of con- highest reported rate per lost workday (LWD) injury rate (3.3)
struction work and its associated hazards. A taxonomy of among industrial sectors. Within the construction sector, in-
construction work, a nested system of classification, has beenjuries and illnesses in highway and street construction were
developed to systematize the collection and reporting of ex- above average, with an incidence rate of 8.9 per 100 full-time
posure assessment data for the characterization and reduc- workerst)
tion of hazards and the prevention of musculoskeletal in- ~ Physical loading of the musculoskeletal system has repeat-
jury. This taxonomy subdivides construction work into the ~€dly been shown to be associated with risk of musculoskeletal
categories of stage, operation, task, and activity. It is based disorders (MSDf>® Commonly cited risk factors for MSDs
on a b|dd|ng Speciﬁca’[ion system a|ready in use within the include strenuous manual material handllng, repetitive and/or
industry and thus provides a terminology common among forceful exertions; awkward postures of the trunk, neck, shoul-
workers, supervisors, and managers. The identification of ders, arms and legs; temperature extremes; and segmental vi-
tasks and activities that are present in multiple stages and/or bration. Considering the strenuous work that they perform,
trades contributes to the efficiency of exposure data collec- construction workers have elevated risks for developing
tion and facilitates the generalizabilty to other settings for Work-related musculoskeletal disorders of the back and the
both exposure data and intervention evaluations. The taxon- €xtremities**% However, the ergonomic hazards specific to
omy provides a framework and vocabulary that facilitates MOost construction job tasks have been poorly characterized, and
field work and participatory research activities. It can also the generalizability of exposure data to construction projects in
potentially be linked to personnel and economic data for es- Other places and time periods is usually unknéth.
timation of costs of safety and health problems, as well as  The lack of exposure information on construction work is
benefits of interventions. Although developed for construc- due, at least in part, to the nature of the work itself. In most
tion ergonomics, the taxonomic approach has application to modern manufacturing settings, productionemployees generally

non-routine work in other industry sectors and possibly in Perform a job comprised of only one or a few tasks. Unless a
occupational health research other than ergonomics. new line or cell is introduced, the environmental characteristics

of the plant remain fairly constant. The cyclic and non-variable
Keywords Construction, Ergonomics, Exposure Assessment, Intdrature ofmgnufacturing environments is_conducive to obtaining
vention Research, Participatory Research representative data on an employee’s job demands and work
environment fairly quickly using either observation or direct
measurement methods.

Until the early 1990s, the construction industry had the high- Unlike most manufacturing plants, construction work sites
est incidence of injuries and illnesses of all industrial sectoase highly dynamic; the nature and magnitude of ergonomic
in the United States. While reported injury and iliness ratdgzards change daily because of the physical changes made to
for construction steadily declined through the 1990s, the tthie construction site during the construction process (e.g., built
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structures, scaffolding, trenches, etc.), the technology employ: Highway —r—Stage 1 Operation 1 Task 1 —— Activity |
by the contractor (e.g., heavy machinery, manual labor), arC_;’“StTUC“On ‘_EOperation Z-ETask Z_EActivityz
environmental conditions (e.g., climatic conditions). Becaus axonomy Operation 3 |~ Task 3 |~ Activity 3
construction trades generally have different responsibilities, tt \ \
ergonomic hazards may also vary considerably among trade \[\—o , \t-'r }l
Additionally, the work performed by an individual worker is peration ‘n” ~Task ‘n’ —Activity ‘0’
generally constantly changing (non-cyclical) or has long an — Stage 2 Operation 1 Task 1 —— Activity 1
irregular cycles (i.e., cycle times may vary or cycles may hav Operation 2 Task 2 [~ Activity 2
different elements). This dynamic nature of construction worl |~ Stage 3—E0peration 3 —\ETaSk 3—\EACtivity 3
makes characterizing the ergonomic hazards more challengi \ \ \_A ity
than repetitive jobs such as assembly line work or data entry \[\—o , ETask o "V 1
a video display terminal. \[\‘ peration 'n’

Researchers interested in characterizing ergonomic hazai ... Stage ‘n’
in construction have addressed the logistical difficulties through FIGURE 1
the development of exposure assessment methodologies thatem- Taxonomy of construction work.

ploy work sampling techniqué$?-1® These methods provide

estimates of the frequency of exposures to certain ergonomic _ . _

stressors for individual tasks and the frequency of each of th@es and quantity of materials used, and quality of the struc-
tasks over the period of observation. However, in order to genlff€S built for bidding, quality control, and billing purposes.
alize these results to the entire workforce for geographical afr@ntractors usually use the SSHB's standardized terminology
temporal extrapolation, it is necessary to know when and whidhen deyeloplng constructhn schedules that are communicated
performs similar activities in other stages of the constructidf Supervisors and construction workers. Therefore, contractors,

process. To estimate ergonomic exposures over etiologiceﬁ ervisors, and construction workers are familiar with the clas-

relevant time periods for epidemiologic studies or to ident i.ication system. Because contractors and workers understand

the most frequently performed tasks with the highest exposifis System and because personnel data (person-hours devoted
levels for intervention research, these ergonomic assessméf Particular process) can be linked to it, it serves as a useful

must be made within the context of the entire construction pripundation upon which to base both ergonomic hazard evalua-

cess. This need led us to develop a broad model or taxonor“% and communication of research results to the construction

framework to provide more complete and accurate exposure Rdustry and unions.
sessment. Providing a model applicable to the entire construc-1 is hierarchical system was used to develop a taxonomy for

tion project permits improved identification of potential higt?SS€ssing and characterizing musculoskeletal exposures associ-
impact ergonomic controls, that is, those that would benefted with specific construction tasks (Figure 1). The taxonomy

the most workers and/or impact the greatest amount of persdfiscribed here uses the same basic SSHB hierarchical frame-
work of stages, but it differs in several ways:

This article describes: . . .
« Itis much more detailed with regard to the actual work

1. an existing framework for characterizing highway con- content; several levels of subdivisions (operations, tasks

struction work; and activities) were added and defined;
2. how this model has been adapted to the evaluation ok Work is classified in ways that more closely resemble
ergonomic hazards and interventions; how it is scheduled and performed on the construction

3. the application of the construction taxonomy, or nested site;
system of classification, to both systematic exposure as+ The classification system provides a vehicle for orga-
sessmentand participatory intervention research activities. nizing information in what often appears to be a disor-
ganized setting to the outside observer; and
¢ The classification system provides a vehicle for com-
METHODS paring task-specific ergonomic exposures when the
The Massachusetts Standard Specifications for Highways and same or similar tasks are performed in more than one
Bridges (SSHB) is a system developed by the Massachusetts stage or operation of a construction project and for
Highway Department (MHD) to classify construction work hi-  comparing exposure data (quantitative or qualitative)
erarchically and systematicaf{f) The SSHB includes descrip- from one construction project to another.
tions of the major highway construction stages and a sequence
of specifications for construction tools, methods, and materials The taxonomy has four levels: constructgingeswhich are
for all sections (subtypes) of each stage. This system is a diévided intooperationsthe tasks performed during each opera-
tillation of construction engineering practice and has been d&n; andactivitiesperformed within each task. These levels of
veloped mainly to provide specifications on work methods, tlotassification are defined as follows:



Downloaded by [CDC Public Health Library & Information Center] at 08:08 31 May 2013

258 S.MOIRET AL.

Stagesre taken directly from the SSHB's list of constructiorperformed because that affects the physical conditions of the
details. These are large engineering processes that are overserk (e.g., whether a vertical wall or horizontal surface is being
by engineers and other off-site management personnel. The loait).
ginning and end of a construction stage is marked by at leastFinally we defineactivitiesas the physical actions performed
one important change in the construction process (e.g., changgsan individual worker to achieve a simple work goal. Ac-
in goals, technologies, or personnel). The construction stadieities are comprised of cycles of work elements (as defined
described in the SSHB are modified as necessary to reflect biyeindustrial engineers in time study methodologies, i.e., lift,
unique characteristics of the construction site and project. Hower, reach, wipe, etc.) and are transferable from one worker
example, the SSHB does not describe a tunnel explicitly, ab anothef!® For example, the activity of “hammering” would
though the relevant specifications can be found under stagedude the work elements of grasp hammer, position hammer,
such as Excavation and Structures. strike nail, and set hammer aside. Determining the activities in

Stages are generally ordered sequentially, but for large cavhich the most severe exposures occur also guides prioritizing
struction projects, different stages can occur simultaneouslyaativities for intervention.
different locations on the site. The location and sequence of theThese elements of our taxonomy need to be understood in
stages does not appear to be important with regard to ergonothie context of the construction trades. A trade is a group of
exposures, although this has not been evaluated directly. Wnarkers defined by their training and specialization. One or more
sequence of the stages does matter for industrial hygiene exjpaeles is involved in each operation. For construction sites that
sures, because abutting stages and operations may greatly irgftaploy union construction workers, the job tasks performed by
ence bystander exposures. trades are defined by jurisdiction and by collective bargaining

We defined amperationas a component step of a stage. It ingreements. Therefore, there is generally little overlap of job
a construction process overseen by a foreman and other on-&iks between trades. Itis useful to identify the trades performing
supervisors and is performed by at least one crew of workeesch task, because this may have important consequences for
On any given project, only some operations in a stage may jp@blem solving, communication, and strategizing. However,
performed. For example, whether a structure is built of concretpecific trades assigned to perform the various tasks within an
wood, or steel determines whether operations such as pouramgration can often not be generalized from one geographical
concrete or structural steel erection are necessary. A draindmmation to another. Therefore studies that attempt to link work-
installation operation may also require a utility relocation opelated exposures of a construction trade to personnel data (e.qg.,
eration if utilities are in the path of the new drainage syste@SHA recordable injury data, pay rates, absenteeism) should
Information such as this is obtained through interviews with devaluate the specific tasks performed by the trade and not assume
signers, contractor personnel, and supervisors. Contractors alted trade alone is sufficiently specific.
have a schedule of operations for each stage. Such a schedule
is particularly valuable to the researcher for operations that RESULTS
not specified per se in the SSHB. The value of the taxonomy can be demonstrated in its ap-

We definedaskin the standard manner as a sequence of stggigation to the study of ergonomic hazards on a single, very
or activities performed by an individual worker or a group ofarge highway construction project. The Central Artery/Third
workers to accomplish a specific purpose or “functionaéfarbor Tunnel (CA/T) is a 15-year, multi-billion—dollar project
objective. ") Stammers and Shepherd have noted that, althouigholving the construction of a new underwater tunnel, under-
the concept of “task” is central to most job analysis systemground highway, a cable-span bridge, and multiple highway in-
there is no widely agreed-upon definition that is independentiefchanges in Boston, Massachusetts. Between 1990 and the
the setting in which it is used® For any given highway con- project's completion 15 years later, dozens of contractors and
struction operation, a trade is usually responsible for betweevier 5000 construction workers will have been involved with
one and five tasks. Tasks are not specified in the SSHB. They @& onstruction. Large construction projects such as this consist
generally identified by interviewing workers and by direct obsesf multiple stages, each having multiple operations that require
vation. Other common methods, such as use of job descriptiensariety of tasks to be performed by different skilled trades-
or historical data, are not generally a useful option for analygi@rsons. It would have been nearly impossible to characterize
of construction work. the ergonomic hazards associated with this construction project

To date, we have found that tasks within an operation do ngithout first systematically breaking down the construction pro-
depend on the stage in which it is performed. For example, Cafess into smaller units of work.
crete Masonry operations are found in the stages of Structures,

Drainage, Paving, Utilities, and Incidental Work, and the tasks Bxample 1: An Overview—the Tunnel Structures Stage

pouring concrete, spreading concrete, and smoothing concreté\ major proportion of the CA/T has been tunnel building.
have been observed consistently in the Concrete Masonry ofgneadly this encompasses three stages: Excavation, Concrete
ation in each of the stages. However, thgosuresssociated Structures (formwork), and Finishing. These stages representthe
with a specific task may be affected by the stage in which it¥gay in which the Massachusetts Highway Department
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Task

— Ground-level rebar
- Wall rebar

[~ Ventilation rebar

L Preparation work

— Sawing/cutting

[~ Building forms

— Assembling plastic forms
— Erecting forms

~ Material moving

— Preparation work

- Pouring concrete

[— Spreading concrete
— Smoothing concrete
— Housekeeping

— Miscellaneous*
— Supervision*

The taxonomy has provided a framework within which di-
versetypes of data can be organized to give acomposite overview
of the operations observed (e.g., Figure 2), with the level of de-
tail available depending on the data collection method. Once
ergonomic hazard assessments are completed for each task,
tasks and operations can be prioritized for intervention based
on the severity of each ergonomic hazard separately or based
on the total amount of person-time spent in those and similar
tasks.

Example 2: Systematic Exposure Assessment and the Use
of Ergonomic Controls in Highway Tunnel Finishing Stage

On the CA/T construction project Tunnel Finishing involved
the finishing of a four-lane, two-mile tunnel consisting of

tiled walls and a paneled ceiling. This stage consisted of many
discrete construction operations, including plastering the
unfinished walls, wall tiling and grouting, ceiling panel as-
sembly, panel installation, ventilation duct installation, light
trough installation, and utility room installation, among others.
Trades employed included laborers, plasterers, tile mechanics
gemd finishers, ironworkers, carpenters, cement masons, and

Form stripping

* Miscellaneous and Supervision tasks consist of activities that do not apply to
the core tasks (e.g., communication between workers about the overall
progress of the project). In large operations such as the one illustrated above,
there will usually be at least one supervisor.

FIGURE 2
Taxonomy of highway construction applied to the Structure .
stage involving reinforced concrete masonry for a large tunng|ectr|0|ans.

construction project. Tasks associated with the form stripping The ta}xohnomydprov:jd?r? tge frlamewo;k Ior ‘:‘ Sf[l_Jdly Olf :_he
operation, heavy equipment operation, and materials ¢ rgc;]nomm Ialfa_r hs' and the deve (_)r;;men 0 Il?'o _eﬂ_'a solutions
transportation are not shown. or the tunnel finishing operations. The tunnel finishing site was

visited two or three times per week for one year. Descriptions
of the finishing operations were obtained from documentation
used the SSHB to award the construction contracts and r@pevided by the contractors. Information about the trades,
resent generalizable types of work recognized by constructiparson-time, and job tasks of each operation were obtained
engineers. The operations that comprise the stage of Tunpemarily through employee interviews and direct observation.
Construction (one type of Structure) have been studied extéssing the taxonomy, the results of the ergonomic analyses were
sively by our group, in part because this project represented@ganized to identify the job tasks with the most severe hazards
important opportunity to collect data on construction work ngierformed most often by the largest number of people. The tax-
performed in many projects. The operations within the construzromy for the stage of Tunnel Finishing isillustrated in Figure 3,
tion stage are used here (Figure 2) to illustrate the taxonomyaofd application of the taxonomy to exposure assessment is
highway construction work in more detail, along with the tasksrovided in Table I.
that have been observed in the parts of these operations studied’he operations of wall plastering, wall tiling, and ceiling
Onthe CA/T construction project, ergonomic exposure infornodule assembly involved the greatest amount of person-time
mation has been collected through a variety of exposure assesst also were in the greatest need of ergonomic improvement.
ment methods, including worker interviews and focus groupBesearchers worked with the contractors and workers on inter-
evaluation of videotapes and photographs, systematic job analgntions designed to reduce the ergonomic exposures associated
sis, a standardized checklist, and PATH, a work sampling-baseith tasks required during wall tiling and ceiling panel assembly.
observational approach used to quantify the percent of time d8uccessful changes included manual materials handling (MMH)
ing which workers assumed awkward postures, used tools, aides such as pulleys and dollies to reduce heavy MMH and
handled heavy load$? Worker interviews allowed us to col- awkward body postures for the tasks of “Install tile” and “Pre-
lect information on aspects of the tasks that are unobservaplae/mix/deliver thinset” during wall tiling, and improved work
such as workers’ perceptions of the physical and environmenti@ights and use of gravity assisted rollers to improve MMH ac-
characteristics of the work and whether the tasks were simitéuities for the ceiling module assembly tasks. Some tasks were
to those performed on other sites. The PATH method, a worl-evaluated after the interventions were put in place, and many
sampling method, incorporates elements of OWAS and struafthe ergonomic exposures associated with the tasks were shown
tured ergonomic job analysis to characterize specific exposutediave been eliminated or reduced. (See Buchholz et al. for a
such as repetitive motions, forceful exertions, awkward bodietailed description of the evaluati?)
postures, localized contact stresses, temperature extremes, anfhile the ergonomic evaluations could have been carried
vibration that exist in each ta$k2%2%) out without knowing how these operations fit into the entire
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STAGE OPERATION TASK (trade*)
Tunnel
Finishing-- |--Wall Plastering--- F-Power wash unfinished walls (Laborers)

+-Prepare plaster (Laborers)

+-Shovel plaster onto table (Laborers)
-Prepare to apply plaster (Plasterers)
+-Apply plaster to unfinished wall (Plasterers)
+-Miscellaneous

|-Supervision

t-Wall Tiling--------- +-Prepare tile (Tile Finishers)

--Prepare wall for tiling (Tile Finishers)
b-Prepare/mix/deliver thinset (Tile Finishers)
L-Install tile (Tile Mechanics)

L-Prepare grout (Tile Finishers)

--Grout wall joints (Tile Finishers)

+-Clean wall tile (Tile Finishers)
I-Supervision

t-Light Trough
Installation--------- L-Load “man”-lift with light troughs (Iron Workers)
L-Position light trough (Iron Workers)

L-Attach light trough to ceiling (Iron Workers)
|-Supervision

+-Ceiling Support +-Drill holes in unfinished ceiling (Laborers)
Installation--------- +-Bpoxy anchor rods (Laborers)

I-Test anchor rods (Iron Workers)

--Attach hangers unfinished ceiling (Iron Workers)
F-Attach struts to hangers (Iron Workers)
l-Supervision

t-Ceiling Module
Assembly---------- L-Stack and sort ceiling panels (Iron Workers)

L-Install caulking and gaskets to ceiling panels (Iron Workers)
|-Attach steel framework to panels (Iron Workers)

L-Install steel-steel splice plates to panels (Iron Workers)

+-Supervision
t-Ceiling Panel
Installation--------- L-Align panels with struts (Iron Workers)
L-Connect panels to struts (Iron Workers)
F-Supervision

|-Ventilation Duct
Instaliation-~------- |-Load “man”-lift with frame and duct panels (Iron Workers)
L-Erect steel frame for ventilation ducts panels (Iron Workers)
L-Position duct panels (Iron Workers)

L-Attach duct panels (Iron Workers)

F-Supervision

*Trades shown are for union work performed in Boston.

FIGURE 3
Taxonomy of the tunnel finishing stage of a large highway construction project. Wall and ceiling finishing operations shown.
Floor finishing operations and mechanical installations are not shown.

scope of the CA/T, reporting the results in the context of tHexample 3: Application of the Taxonomy to Participatory
taxonomy permitted us to identify more easily where else on thatervention Research

CA/T the same problems might occur, and allowed ergonomists Another particularly useful application of the taxonomy is
and construction managers in other locales to recognize mareproviding a common language for use by researchers and
easily whether these results were relevant to their sites. Thoembers of the construction industry to describe construction
understanding when and where these activities occur facilitafgFecesses, their hazards, and possible interventions. Researchers
using data already collected to identify future opportunities fapplied the taxonomy in a participatory research project called
hazard prevention. “Health Trak.” Prior to a time-limited participatory intervention
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activity, researchers and research participants identified a singdeticipation by all members of the group and results in a very
high-hazard operation. The taxonomy of this operation’s taskemplete graphic representation of the hazards of a particular
and activities then provided the framework for participatory eworkplace. In this instance, however, the Health Trak Commit-
gonomic job analysis as workers and supervisors involved in ttee mapped not a particular workplace but a generic operation,
operation identified hazards and potential design solutions. concrete formwork assembly.

Health Trak is an intervention program involving labor and The researchers provided the committee with a long sheet
management representatives in identifying solutions to heatthbutcher paper covering a conference room table and an as-
problems on construction sites and attempting to implement aswttment of colored markers. Committee members were asked
evaluate those solutio®:?*) The operational unit that carriesto draw the steps needed to complete Concrete Formwork As-
out this plan is a joint labor/management committee that mesembly operations. Researchers facilitated the activity by asking
on-site for an hour each week for eight weeks (Health Trakobing questions such as, “What happens first?,” “What comes
Committee). The goal for this committee isto complete a processxt?,” and “Who does that?,” and by noting details of activities
of identifying hazards, designing risk-reducing interventionsn the drawings. In two one-hour meetings, the committee com-
and implementing and evaluating at least one intervention duriplpted drawings of the seven tasks that comprise the operation
that time period. of Concrete Formwork Assembly and identified the constituent

Early Health Trak cycles had limited success and evaluatiantivities for each task (Figure 4).
showed that this resulted from trying to address too broad aOver subsequent weeks, the Health Trak Committee used
realm of hazards. Researchers decided to focus on a partictiair taxonomy as a framework to conduct an ergonomic job
construction operation and to limit hazard analysis to muscanalysis on Concrete Formwork Assembly (Table Il) and to
loskeletal hazards and ergonomic job analysis. Researchers idedtify over two dozen potential interventions to reduce MSDs
the participating contractor’s representatives identified Concrékgure 5).

Formwork Assembly as the operation of interest. For this effort, The taxonomic approach allowed researchers and the Health
the Health Trak Committee was composed of carpenters’ afichk Committee to communicate with common vocabulary

laborers’ stewards, a carpenters’ foreman, an engineer, anddabeoss conceptual barriers and led to the efficient production of
contractor’s site safety manager. a detailed ergonomic job analysis and an extensive list of poten-

The method used to facilitate the committee’s hazard identifial interventions. Enhanced communication improved the par-
cation activity was risk mapping®>2”) This method allows full ticipatory research process. A complete and detailed taxonomy
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FIGURE 4

A portion of the Health Track Committee’s risk map of tasks in the operation: Concrete Formwork Assembly.
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TABLE I
Summary of Health Trak Committee ergonomic job analysis of Concrete Formwork Assembly
Task Activity Hazard Body area
Unloading truck to laydown area  Moving forms and hardware Awkward postures  Back and shoulders
Breaking down hardware Forceful exertions  Back and shoulders
Awkward postures  Back and shoulders
Assembling gang forms Adjusting/prying forms Forceful exertions  Back and shoulders
Awkward postures  Back and shoulders
Bolting with speed bolts Awkward postures  Back, shoulders, forearms,
wrists, and hands
Repetition Forearms and wrists
Contact stresses Knees and hands
Placing gang forms Adjusting/prying forms Forceful exertions  Back and shoulders
Awkward postures  Back and shoulders
Bracing gang forms Lifting and positioning braces Forceful exertions  Back and shoulders
Awkward postures  Back and shoulders
Inserting ties Bolting ties to panels Awkward postures  Back, shoulders, forearms,
wrists, and hands
Repetition Forearms and wrists
Contact stresses Knees and hands
Building bulkheads Weaving and tying metal between rebar ~ Awkward postures  Back, shoulders, forearms,
wrists, and hands
Repetition Forearms and wrists
Contact stresses Hands

was constructed in less than two hours, leaving time for tig&upervision. It was evaluated for the operation of Wall Finish-
completion of the other goals set for a time-limited intervening, and minimal exposure to ergonomic stressors was found
tion research activity. In addition, use of the taxonomy in theompared to the other tasks. Subsequent observation of iron-
Health Trak process resulted in the identification of hazards tivabrkers and tile mechanics also showed that they experienced
researchers may have missed. Two examples were transferfawg exposures during Supervision, supporting the conclusion
small hardware, which is very hand intensive but essential teat it would not be necessary to evaluate Supervision in the
the operation, and using a prybar to set form precisely, whiéiture for physical stressors.

requires great force but occurs rarely. To date, experience indicates that task-specific exposures can
be generalized from one operation to another, provided that the
DISCUSSION scale of the construction work remains in the same category

Construction work typically involves many persons performsf residential, commercial building, or heavy/highway. For ex-
ing different, specialized tasks, usually with no visible worlample, ironworkers tying vertical rebar have similar exposures
cycles or patterns. This makes it challenging for an outside olherever this task has been observed on the CA/T. However, ona
server to determine how to extrapolate from the work peri@inaller project, the rebar itself would be smaller and lighter, and
observed to the larger population of workers on site. We hameechanical lift assist devices may not be provided. Carpenters
described a system for characterizing units of construction wdskilding forms would similarly be affected by the scale of the
that facilitates such extrapolation. project because this would determine whether forms were made

In highway construction, most operations are specific toadwood or plastic composite, whether they were pre-fabricated,
single stage, whereas many tasks are common to multiple opavhether a temporary construction shop was set up onsite, and
tions. The taxonomy is useful for exposure assessment purpasesn.
because it provides a structure within which we can identify This taxonomy is based on the bidding specification system
those tasks that occur in multiple stages and/or operations aftady in use within the industry and thus provides a common
group together tasks with similar exposure profiles. This meatesminology with workers, supervisors, and managers. The iden-
greater efficiency in data collection because we can avoid spetifieation of tasks and activities that are common to multiple
ing time analyzing tasks that have already been observed unigtsgies and/or trades increases the efficiency of exposure data
the environmental characteristics are markedly different. Onellection and facilitates the generalizability to other settings of
example of a task that is repeated in nearly every operatiorbigth exposure data and intervention evaluations.
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. Truck unloading

Unbinding and moving loads:
- Awareness of safe strapping release and band cutting methods
- Watch for bystanders
- Don’t stand on loads when unbinding
- Let vendor know of unsafe loads
- Have vendor pre-rig loads
- Watch for pinch/crushing hazards when moving loads

Moving/handling hardware: most are in cartons on pallets and can be picked with crane

. Laydown area
Provide designated laydown area with enough room for panels and hardware: difficult
for current formwork but will future work be different?
Moving/handling hardware
- Look at weights of cartons and how they are handled
- Transfer hardware into skip pans or containers that can be picked by crane and
lowered in pit
- Provide wheels/casters on containers so they can be pushed
Stacking forms: offset or stagger to allow easier/quicker stacking, reduce pinch points,
and provide room to remove/install lifting eyes

. Gang form assembly
Provide designated area for panel assembly: difficult for current formwork—will future
formwork be different?
Tools: Use electric or pneumatic impact wrenches for speed bolting panels; evaluate
tools for ergonomic benefits/costs and purchase best tools
Switch off workers doing repetitive, forceful, awkward posture jobs

. Placing gang form (Depends on crane location, use of taglines, size of form, and wind)
Look into longer, lighter pry bars
Use forms with pry groove/easy access to pry point

. Installing bracing
Move braces to placement area with crane
Attach braces to gang form before placing (requires adjustment of brace after placement
and adjustment is high up)
Hold up braces with rope looped through form when securing to panel

6. Building bulkheads

Preplan to improve access (improve by excavating enough around forming area and use
staging instead of ladders)

Make two or more person job

Use alternative, lighter materials (i.e., styrofoam) or Stayform materials (doesn’t need
to be removed)

. Putting ties in

Preplan to improve access to bolting area (improve by excavating enough around
forming area and use personnel lift or staging)

Use the right tool for the job (long enough wrench or electric or pneumatic impact
wrench)

FIGURE 5
Solutions for reducing hazards in formwork assembly (Health Trak Committee).
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Information about the total person-time allocated to each coof-construction work aids researchers in making sense of the dy-
struction operation may be available from contractor productioramic and often confusing construction workplace. It can also
schedules, although the contractors sometimes consider thigarevide the basis for a jointly constructed framework for col-
formation to be proprietary. Information about the person-tiaborative research on hazard identification and implementation
allocated to specific job tasks can be obtained through on-sited evaluation of interventions. This article has described the
observational methods (e.g., work sampling) or worker and suse of a taxonomy of construction work in exposure assessment
pervisor interviews. It can also potentially be linked to personnahd participatory intervention studies.
and economic data for estimation of direct costs of safety and There are a number of advantages to using the construction
health hazards. taxonomy to better describe and characterize the construction

Another application of the taxonomy concerns the colleevork environment;
tion of exposure information for epidemiologic research. Two
continuing challenges in exposure assessment are how to re- It provides a systematic classification system of large
construct an exposure history when work tasks are no longer construction processes that nests tasks within opera-
being performed at the present time, and the level of detail tions and stages;
in work histories and exposure characterization that can ac® Workers and contractor personnel are familiar with
curately be obtained from individuals’ self-reports. With the the classification scheme and therefore hazards can be
structure provided by the taxonomy, work history questionnaire €fficiently communicated to the parties involved;
items can be worded in terms of units (operations and tasks} It is compatible with exposure assessment methods
that are known to the workers and can be grouped together to Whether they link exposures to activities, tasks, or
the extent that their exposures have been observed and found OPerations;
to be similar. This can help to reduce the burden of recall andg® !t can be used with construction contract specifications
judgment placed on the respondent and to maximize the utility ©F Production schedules to anticipate future ergonomic
of the information collected. As the database of observed er- hazards; and
gonomic hazards in specific operations and job tasks become$ It facilitates efficiency and accuracy in the collection of
more complete, more accurate ergonomic exposure histories €rgonomic exposure data for epidemiologic and
for construction workers can be developed for epidemiologic Intervention studies.

research. e hypothesize that the taxonomic approach can be use-
In the sparse literature to date, most studies have compa, yp P

rates of acute injuries or musculoskeletal disorders among cé%ﬂgt:gﬁeaarzgh;Qgcgg?:([’?;iggrkvig:/llrciggezfzg%ir;?:gr Ct?wgn
struction occupationg8-30 While occupation-specific risks are 9 P

important to identify, this approach does not identify Speciﬁg’rgonomlcs.
preventable exposures and also does not provide the informa-

tion with which to determine whether similarly named jobs i\ ckNOWLEDGMENTS
other localities would entail the same risks. A few studies have

collected detailed data on specific activities or expostited?) This research was supported by the National Institute for Oc-

) o e cupational Safety and Health (NIOSH) of the Centers for Dis-

While permitting identification of causally relevant eXposures,. <o control and Prevention grant numbers U02/CCU30877
without identification of the tasks or operations in which thongZ/CCU312014 and U02/C’CU317202 through Cooperative’
activities occur, more information is needed in order to targ reements with t,he Centerto ProtectWo;kers’ Rights (CPWR):
prevention efforts in a feasible manner and it may be difficu ant number ROL/OH13060: and contract number 200_94:
for other researchers to determine whether similar exposu 1. Its contents are solely ,the responsibility of the authors

would be found in S|m|IarI_y nameq jobs. Th(_e rare combinatio nd do not necessarily represent the official views of NIOSH or
of task and exposure information permits both genera “PWR
zability and insight into the role of specific exposures in The authors gratefully acknowledge the field work of Joel

i (34)
etiology: Garrett, Michael Grasso, Dana Hanson, Diane Lee, Mark Noll,

Although developed for construction ergonomics, the tax%illiam Rodwell, Helen Wellman, and Dorothy Wigmore. We

nomic approach has potential application in ergonomics aCt'é’bpreciate the clues given to us on the MHD SSHB by MHD En-

ities conducted in other non-cyclical \(vork_ ranging fr.om MalNsineer Jake Fredrickson, the active participation of Michael Joel,
teegzgffh"gg;:c:hgiag:]c:r:sg?%%ggss'bly in occupational hea%nes Gaine, Dan Flynn, Richard Sullivan, George West, and
9 ' Warren Richards and cooperation of the members of Bricklayers

and Allied Craftsman (Local 3), International Union of Oper-

CONCLUSIONS ating Engineers (Local 4), International Association of Bridge,
More effective exposure assessment and intervention &tructuraland Ornamental Iron Workers (Local 7), New England
search requires improved data collection and greater collabdregional Council of Carpenters, and Laborers International

tion with subject populations. The development of a taxonontynion of North America (Locals 22, 88, 385, and 223).



Downloaded by [CDC Public Health Library & Information Center] at 08:08 31 May 2013

266

REFERENCES 18.

1.

10.

11.

12.

13.

14.

15.

16.

17.

U.S. Department of Labor: Workplace Injuries and llinesses in
1999. USDL 00-357. Bureau of Labor Statistics, Washington, DC
(2000).

. Bernard, B., ed.: Musculoskeletal Disorders and Workplace Fak®.

tors: A Critical Review of Epidemiologic Evidence for Work-
Related Musculoskeletal Disorders of the Neck, Upper Extremit0.
and Low Back. NIOSH, Cincinnati, OH (1997).

. National Research Council and the Institute of Medicine (NRC):

Musculoskeletal Disorders and the Workplace: Low Back aril.
Upper Extremities. Panel on Musculoskeletal Disorders and
the Workplace, Commission on Behavioral and Social Sci-
ences and Education. National Academy Press, Washington, DC
(2001). 22.

. Damlund, M.; Goth, S.; Hasle, P.; et al.: Low Back Pain and Early

Retirement Among Danish Semi-Skilled Construction Workers.
Scand J Work Environ Health 8:100-104 (1982).

. Holmstrom, E.; Lindell, J.; Moritz, U.: Healthy Lower Backs in

the Construction Industry in Sweden. Work Stress 7(3):259-228.
(1993).

. Burkhart, G.; Schulte, P.; Robinson, C.; et al.: Job Tasks, Potential

Exposures, and Health Risks of Laborers Employed in the Co?4.
struction Industry. Am J Indus Med 24:413-425 (1993).

. Guo, H.R.; Tanaka, S.; Cameron, L.L.; et al.: Back Pain Among

Workers in the United States: National Estimates and Workers at
High Risk. Am J Indus Med 28(5):591-602 (1995). 25.

. Latza, U.; Karmaus, W.; Stlirmer, T.; et al.: Cohort Study of Occu-

pational Risk Factors of Low Back Pain in Construction Workers.
Occup Environ Med 57:28-34 (2000). 26.

. Nurminen, M.: Reanalysis of the Occurrence of Back Pain Among

Construction Workers: Modeling for the Interdependent Effects of
Heavy Physical Work, Earlier Back Accidents, and Aging. Occuf?.
Environ Med 54(11):807-811 (1997).

Vingard, E.; Alfredsson, L.; Goldie, .; et al.: Occupation and Os-
teoarthrosis of the Hip and Knee: A Register-Based Cohort Study.
Inter J Epidemiol 20(4):1025-1031 (1991). 28.
Schneider, S.; Susi, P.: Ergonomics and Construction: A Review of
the Potential Hazards in New Construction. Am Indus Hyg Assoc
J 55(7):635-649 (1994). 29.
Buchholz, B.; Paquet, V.; Punnett, L.; et al.: PATH: A Work
Sampling-Based Approach to Ergonomic Job Analysis for Con-
struction Work and Other Non-Repetitive Work. Appl Ergon
27:177-187 (1996). 30.
Karhu, O.; Harkonen, R.; Sorvali, P.; et al.: Observing Working
Postures in Industry: Examples of OWAS Application. Appl Ergon
12(1):13-17 (1981).

Mattila, M.; Karwowski, W.; Vilkki, M.: Analysis of Working 31.
Postures in Hammering Tasks on Building Construction Sites Us-
ing the Computerized OWAS Method. Appl Ergon 24(6):405-412
(1993).

Wickstrom, G.; Niskanen, T.; Riihimaki, H.: Strain on the Baclg2.
in Concrete Reinforcement Work. Br J Indus Med 42:233-239
(1985).

Commonwealth of Massachusetts: Standard Specifications 3@
Highways and Bridges. Massachusetts Highway Department,
Boston (1988).

Drury, C.G.; Paramore, B.; Van Cott, H.P.; et al.: Task Analysis4.
In: Handbook of Human Factors, G. Salvendy, ed., pp. 370-401.
John Wiley & Sons, New York (1987).

S. MOIR ET AL.

Stammers, R.B.; Shepherd, A.: Task Analysis. In: Evaluation of
Human Work: A Practical Ergonomics Methodology, Chapter 6,
J.R. Wilson, E.N. Corlett, eds. Taylor & Francis, Bristol, PA
(1995).

Barnes, R.: Motion and Time Study: Design and Measurement of
Work, 7th ed., pp. 116-128. John Wiley & Sons, New York (1980).
Karhu, O.; Kansi, P.; Kourinka, I.: Correcting Work Postures in
Industry: A Practical Method of Analysis. Appl Ergon 8(4):199—
201 (1977).

Keyserling, M.; Armstrong, T.; Punnett, L.: Ergonomic Job Analy-
sis: A Structured Approach for Identifying Risk Factors Associated
with Overexertion Injuries and Disorders. Appl Occup Environ
Hyg 6(5):352—-363 (1991).

Buchholz, B.; Paquet, V.: Reducing Ergonomic Hazards Dur-
ing Highway Construction: A Case Study of a Tunnel Ceiling
Panel Assembly Operation. In: Ergonomics in Clinical Practice,
V. Rice, ed., pp. 187-203. Butteworth-Heinemann, Newton, MA
(1998).

Moir, S., Buchholz, B.: Emerging Participatory Approaches to Er-
gonomic Interventions in the Construction Industry. Am J Indus
Med 29:425-430 (1996).

Buchholz, B.; Moir, S.; Garrett, J.: Health Trak: A Participatory
Approach For Ergonomic Improvement In Construction. In: Im-
plementation of Safety and Health on Construction Sites, A. Singh,
J. Hinze, R.J. Coble, eds. A.A. Balkema, Rotterdam (1999).
Bingham, E.; Rice, C.; McDougall, V.; Cook, C.: Exposure Pro-
files of Former Construction Workers. Eur J Oncol 3(4):329-333
(1998).

Mujica, J.: Coloring the Hazards: Risk Maps, Research and Ed-
ucation to Fight Health Hazards. Am J Indus Med 22:767-770
(1992).

Labor Occupational Health and Safety Program: Risk Map-
ping: A Group Method for Improving Workplace Health and
Safety. University of California at Los Angeles, Los Angeles,
CA (1996).

Kirkeskov Jensen, L.; Mikkelsen, S.; Loft, |.P.; et al.: Radiographic
Knee Osteoarthritis in Floorlayers and Carpenters. Scand J Work
Environ Health 26:257-262 (2000).

Riihimdki, H.; Mattsson, T.; Zitting, A.J.; et al.: Radiograph-
ically Detectable Degenerative Changes of the Lumbar Spine
Among Concrete Reinforcement Workers and House Painters.
Spine 15:114-119 (1990).

Viikari-Juntura, E.; Riihiraki, H.; Tola, S.; et al.: Neck Trouble in
Machine Operating, Dynamic Physical Work and Sedentary Work:
A Prospective Study on Occupational and Individual Risk Factors.
J Clin Epidemiol 47:1411-1422 (1994).

Holmstom, E.B.; Lindell, J.; Moritz, U.: Low Back and
Neck/Shoulder Pain in Construction Workers: Occupational Work-
load and Psychosocial Risk Factors. Part 2: Relationship to Neck
and Shoulder Pain. Spine 17:672—677 (1992).

Latza, U.; Karmaus, W.; @trher, T.; et al.: Cohort Study of Occu-
pational Risk Factors of Low Back Pain in Construction Workers.
Occup Environ Med 57:28-34 (2000).

Stenlund, B.; Goldie, I.; Hagberg, M.; et al.: Shoulder Tendinitis
and Its Relation to Heavy Manual Work and Exposure to Vibration.
Scand J Work Environ Health: 19:43-49 (1993).

Kivimaki, J.; Rithimgki, H.; Hanninen, K.: Knee Disorders in Car-
pet and Floor Layers and Painters. Scand J Work Environ Health
18:310-316 (1992).



Downloaded by [CDC Public Health Library & Information Center] at 08:08 31 May 2013

MAKING SENSE OF HIGHWAY CONSTRUCTION 267

35. Torp, S.; Riise, T.; Moen, B.E.: How the Physical Work Environ-

ment of Motor Vehicle Mechanics May Influence Coping. Work
Stress 13(3):193-203 (1999). 38.

36. Golsee, J.M.; Rickards, J.: Woodlands Equipment Maintenance:

An Analysis of Mechanical Labor Energy Expenditure. Inter J
Indus Ergon 5(3):243-253 (1999). 39.

37. Owen, B.D.: The Need for Application of Ergonomic Principles in

Nursing. In: Proceedings of the Annual International Industrial

Ergonomics and Safety Conference, S.S. Asfou, ed., North
Holland, Amsterdam (1987).

Berguer, R.: The Application of Ergonomics in the Work
Environment of Surgeons. Rev Health 12(2):99-106
(1997).

Spitzer, J.: Dying to Fish, Living to Fish: Fishing Ves-
sel Casualty Task Force Report. United States Coast Guard,
Washington, DC (1999).



