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Safety in Design: A Proactive Approach
to Construction Worker Safety and Health

Paul Becker, Column Editor

Reported by Steven Hecker and John A. model, there _is a strict separation be_tries, Qnd it is too soon to see any signif-
Gambatese tween the design process and personnétant impact on safety outcomes. How-
and the constructors. The building conever, there has clearly been anincreasein
Safety through design is a familiartractor typically bears the responsibilitythe profile of construction safety among
concept to occupational hygienists. Infor worker safety in keeping with that en-designers in several countries.
deed, the primacy of engineering contity’s control over the “means and meth-  In the absence of legal mandates, two
trols in the hierarchy of controls thatods” of construction. The cases in whichother factors are driving the role of de-
is fundamental to the discipline derivesconstruction worker safety is consideredigners in construction worker safety.
from the principle of safety through de-during design tend to be in design-buildSome large consumers of construction
sign. The use of ergonomic redesign tdirms where the design and construcservices who recognize the cost im-
reduce risk factors for work-related mustion components are part of the samg@act (financial and otherwise) of worker
culoskeletal disorders is another promeompany? injuries on their large, time-sensitive
inent example of the application of Recent evidence suggests that thprojects, are looking at all elements of
this concept. Unfortunately, constructionconstruction industry is paying increasthe design and construction process for
workers comprise one group of employ-ing attention to this issue, and that adepportunities to improve safety. Second,
ees that has previously received lim-dressing constructionworker safety fronthe rapid growth of the design-build con-
ited benefit from safety through designthe design side is becoming more comtract delivery system in recent years fa-
While architects and engineers clearlymon. The push comes in part fromcilitates greaterinvolvementof designers
consider safety in their designs, the tarEurope, where the European Union (EU)n the construction process, including the
get of their efforts has traditionally beenhas recognized these issues in legislaspect of worker safef}y?)
the end user of the facility rather thantion promulgatedin 1992 onthe “Control  Tools are becoming available to as-
those who will constructit. Thisis slowly of Hazards on Temporary and Mobilesistdesigners inthese efforts. Gambatese
beginning to change. This article de-Construction Sites® The national laws et al® developed the “Design for Con-
scribes the current state of activity inthat implement this directive, such asstruction Safety ToolBox,” a safety-in-
safety through design for constructionBritain’s Construction (Design and Man-design project planning software pack-
including barriers and the efforts to over-agement) Regulations, place duties oage based primarily on input from
come them. Also presented are prelimeonstruction owners, designers, and coreconstruction and design-build personnel.
inary findings from a case study of atractors for consideration of safety issue3 he software provides a flexible tool for
safety-in-design effort on a large indusfrom design through execution of con-designers to see a variety of project-
trial construction project in which the struction project§? and system-specific design suggestions
authors are involved. The European effort stems from stud-as they are developing the design. Fol-
Research has identified a number ofes of construction accidents and injurieslowing are examples of suggestions from
barriers to designer involvement in consuggesting that a significant proportiorthis package for consideration by design
struction worker safety. Designers of-of such events have their origins up-{rofessionals when creating designs:
ten mention that they lack training tostream from the building process itself
address construction worker safety, andnd are connected to such processese Design windowsills and roof
that there is no central body of knowl-as planning, scheduling, and des(§nR. parapets to be 107 cm (42
edge available to them to compensat®ne such analysis contends that 60 per- in) above the floor/roof level.
for this® In many cases, designerscentofconstructionaccidentscouldhave Windowsills and parapets at
report that legal advisors and insurbeen eliminated, reduced, or avoided this height meet the guardrail
ance companies specifically advise therwith more thought at the design sta§e. height requirement prescribed
not to address safety in construction taAccording to Gibb? the impact of these by OSHA. This eliminates the
avoid assumption of liabilitf?® In the regulations on changes in practice is  needtoinstall guardrails during
traditional design-bid-build constructionhighly variable across European coun-  construction and when future
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maintenance work is conducted
on the completed structure.

« Provide anchorage points for
safety lines on the roof and
at locations surrounding ele-
vated work areas. Anchorage
points designed into the perma-
nent structure can be incorpo-
rated into the construction ac-
tivities to provide personal fall
protection systems and control
fall hazards.

+ Design the reinforcing steel in
mat foundations and slabs to
be closely spaced. Reinforcing
steel placed in a closely spaced
grid pattern provides a continu-
ous walking surface free of trip-
ping hazards.
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of design issues identified as potentiainent in safety programs prior to the
problems for construction or facility op- construction phase.
eration, and was striving to make this into
a more interactive and open-ended todPevelopment of the
for the designers, rather than simply &afety-in-Design Process
“check the box” exercise. The owner's In the early stages of the program-
interest in pursuing design implicationsming phase of the project, when major
for construction and operations had beehuilding concepts were evaluated against
heightened during the construction of a plan of record and the building layout
fab in western Europe some years earliewvas determined, a safety-in-design task
during a time when the EU directive wasforce was formed. The charge of the task
being transposed and ratified into reguforce was to develop a process for in-
lations in the member states. creasing the focus in the design stage on
The same campus had also been trgafety issues in construction and subse-
site of an ergonomics intervention re-quent building phases. Membership in-
search project in 1995-1996 and 1998<€luded senior representatives of the three
19991 This project had heightenedmain parties to the design process: the
awareness of risk factors for muscu-owner,the designfirm, andthe contractor
loskeletal injuries during constructionserving as construction manager (CM),

) - and had identified a number of specifi@along with an outside safety consultant
_ An obvious addition to these suggesjysiances of design decisions that exwho facilitated the process. The CM was
tions from the occupational hygiene perycerpated some of these risk factorgetained as the construction manager for
spective is the consideration of toXiCitygq jnstance, the concrete floor of thethe programming phase in recognition of
and exposure potential to constructioneanroom level of a fab is typically the importance of bringing the knowl-
workers in the specification of coat-,req as a “waffle deck,” containingedge and experience of the construction
ings, adhesives, and other constructiog,qsands of circular openings covere¢ommunity into the process early, but at
materials. by steel “popouts.” This accommodateghat point was not guaranteed the con-
many electrical and mechanical utilitiesstruction management contract for the
Life Cycle Safety: A Safety in Design  that must penetrate from the utility levelbuilding phase.
Case Study below to the cleanroom level, without Owner members of the group repre-
The authors of this article are parthaving to core-drill concrete each timesented different departments within the
of a research team currently studyinga pipe or conduit needs to be rerouted. company. Some were from the con-
a safety-in-design intervention in the In an earlier fab at this site, a valuestruction group, which oversees capital
United States. The intervention site isengineering decision resulted in a sectioprojects and delivers them to the pro-
a greenfield semiconductor factory (fab)f this floor being poured without the cir- duction part of the company. One mem-
being constructed on a large existingular openings. However, two years lateber represented the owner’s facilities
campus of an electronics manufactureduring a retrofit of this fab, this sectionoperations because operating and main-
This fab is a prototype for a new generawas converted to cleanroom use. As ardenance technicians, along with con-
tion of fabs and will likely be replicated sult, thousands of 14-inch concrete corestruction workers, were key groups af-
a number of times. The owner has beehad to be drilled from above and hanfected by design decisions.
involved in the construction of semicon-dled from below, creating exposuretoer- As one of its early activities, the task
ductor fabs in the United States, Europegonomic risk factors among the workersforce organized focus groups with trade
and the Middle East, several of whichespecially those doing overhead work. Ircontractor personnel who had worked on
were in conjunction with the construc-addition to the safety and health risks, th@revious projects at the campus. Four
tion manager and design firm involvedinitial savings from notincorporating the disciplines: structural/architectural, dry
in the current project. A number of sep-openings was exceeded many times bgnechanical, electrical, and piping pro-
arate but related events and experiencéise core-drilling contract. vided input concerning design-related
led to the focused safety-in-design effort  The campus also had an ambitiouglements that they felt affected safety
on the current project. injury-free workplace program in placeand constructability for members of their
The company has a strong history ofor more than five years prior to the cur-trade on these previous projects. Subse-
continuous improvement and bringingrent project. While successful in manyquently, the owner operations member of
forward “lessons learned” from earlierareas, the owner’s construction progranthe group conducted a similar exercise
projects. The design firm had developednanager was particularly interested irwith facilities maintenance personnel.
a safety-in-design checklist, a databasgaining greater subcontractor involve-The focus groups provided a database of
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196 items with issues and suggested déselow the cleanroom (or fab) level. Be-during the construction phase if they
sign solutions identified. This data wentow this utility level in the POR fab raised legitimate safety concerns but
to the work groups who participated inwere trenches, while previous designsvere more appropriately addressed in
the programming phase of the new fathad included a full basement. The eleceonstruction than through design. The
design. trical and mechanical focus groups hadatter included cases where sequencing
The task force also developed a proexpressed a strong preference for a basef work or availability of specific types
cess and tools for these work groupsnent over trenches to relieve utility con-of equipment would address the hazard.
to use in evaluating design options durgestion and avoid trades regularly work- Data collection and analysis are still
ing programming. The plan of recording ontop of each other. The work groupaunderway on this project to assess both
(POR), or baseline design, was thalevoted substantial attention to this issuprocess and outcome measures. (Our re-
last fab built on this campus. Severduring the programming discussion. Thesearch focuses on the construction phase,
work groups representing different dis-added costs and hazards associated withough there is obvious interest in im-
ciplines (e.g., electrical, mechanical,constructing a basement were weighegacts on operations, maintenance, and
civil/structural/architectural, etc.) con-againstthe legitimate concerns over comnether phases as well.) Exit interviews
ducted the actual reviews. Each grougested work areas and adequate space fare being conducted with field supervi-
included atleast one representative of thatilities. The final design called for a sec-sors for all major trade contractors who
owner, designer, and CM organizationsond utility level on grade, satisfying the have worked on the project to gather data
The task force benefited from a con-need for the additional space that a basen what actually happened in the con-
current emphasis by the owner’s factoryment would provide, but with far less struction phase and to determine whether
group on putting safety in design as onexcavation, and improved access. Inardssues identified either in the precon-
of its goals for the new building along lated decision, additional headspace wastruction focus groups or during the
with such traditional goals as cost, enadded to the utility level to provide more LCS review process were adequately ad-
ergy consumption, emissions, and schedpace for utilities and to reduce the inci-dressed. We are analyzing LCS review
ule. An early and significant decisiondence of “head-knocker” injuries amongcomments to assess their relevance to

made by the task force was to changéhe trades. safety as well as their potential collateral
the name of the process from Safety in impact on productivity, quality, and other
Design to Life Cycle Safety (LCS). The petailed Design Phase aspects of construction. These data are

group felt the former name implied that As the project moved from proglram_supplemented by extensive qualitative
all safety responsibility lay with the de-ming to detailed design, a concurrenfjata from interviews and focus groups

sign firm, and they wanted it to be clearl_CS review step was incorporated intoWith owner, CM, designer, and trade con-
that all parties had something to con

. . . ; the design review process. The LCS relfactor participants in various stages of
tribute in creating a safer design. Also
the owner's overall goals for the new

views were conducted on each desigwe LCS process.
i I ackage with input coming from trade

fab were almeq'at designing and ,Confr:)ontra?:tors, opefations anc?maintenancﬁonclusion
structing a facility that_ would satisfy personnel, and other stakeholders with A full reporting of outcomes from
needs _throughqut all |_|fe cycles: p_ro'knowledge of the systems being deour research is premature, but several
grammlng,detaneq de5|gn,construpnonsigned_ Each organization (owner, CMpreliminary conclusions can be drawn.
operat|or_1$ a_nd.mamtenance,retroflt, angnd design firm) provided an LCS fa-The bridging of the gap between con-
decommissioning. cilitator to organize and manage thesstructor experience and knowledge and
reviews. The watchword of the LCS pro-the design process is a promising step
Programming Outcomes cesswas “Right people, rightideas, rightoward improved construction worker

One major programming decision il-time,” indicating the value of knowledge- safety, and perhaps toward improve-
lustrates the role played by LCS. Thouglable input but also the importance of thatments in productivity, quality, and other
many factors are in play in the designinput coming at a time when it could important aspects of construction work
process, and we cannot say with assustill be practically incorporated into theas well. Most participants in the LCS
ance that the choices made would havdesign. process, regardless of organizational af-
been different without LCS, our review = Comments collected in these reviewdiliation, expressed the belief that the
of documents and interviews with partic-were logged and passed on to the denput of trade contractor personnel adds
ipants strongly suggests that the processgn team for adjudication, after reviewvalue to the design process, and that the
gave a greater airing to issues and peand filtering by appropriate discipline-cross-disciplinary review process gener-
spectives that contributed to the ultimatdased owner representatives. The conates ideas and concerns that might not
outcome. ments could be 1) accepted “as is” or irotherwise emerge.

Fabs are multi-level structures thatmodified form, 2) rejected for a variety LCS is not a panacea for safety im-
typically include a utility level just of reasons, or 3) referred for mitigationprovement, but its high profile in this
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intervention does give greater visibil-tion, contact Steven Hecker at the Labor for Safety and Health, pp. 121-127.
ity to safety issues at all stages alondgducation and Research Center, 1289 ECI/CIB/HSE International Conference
the design-construction continuum. AdUniversity of Oregon, Eugene, Ore-  Proceedings, A.G. Gibb, Ed. European
construction has progressed, we have afjon 97403; telephone: (541) 346-2788;  Construction Institute, Loughborough,

ready seen that there have been botrmail: shecker@oregon.uoregon.edu

“hits” and “misses” in terms of items

that LCS has identified and remedied an@EFERENCES

those that, for whatever reason, it did not. 1.
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direction. Therefore, a safety-in-design
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