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A CHALLENGE, OR PERHAPS A MISSING LINK
in the application of SH&E program activities is seek-
ing an acceptable level of risk (ALOR) for workers
and the public in design (or redesign) of facilities,
equipment, processes and products. Engineers of all
types (civil, mechanical, electrical, etc.) and SH&E
practitioners should be leading the charge toward
increased safety of workers and the public. However,
despite contributions from these groups, statistics
reflect that workers and members of the public con-
tinue to die, be seriously injured or suffer illness as a
result of design shortcomings (NIOSH, 2007, p. 1).
These incidents also result in heavy consequences to
production, schedules and operational costs.

Instead of seeking safe designs, both professions
persist in performing rituals of retrofitting, training,
requiring PPE, code compliance and attempting to
change employee behavior to eliminate incident
causes. The goal should be design for safety instead
of continuing the practice of retrofitting for safety
and its increased cost, time and possible human suf-
fering. The knowledge and practices of identifying
accident potential, conducting risk assessment, insti-
tuting risk mitigation and related actions remain
minimal performance factors in both groups
(Christensen & Manuele, 1999).

Industry has moved forward from the era of
emphasis on nonsafety total quality management
and similar programs. Today, many new efforts to
grab management attention include lean, green and
sustainability, yet safety is not in the equation. Each
topic has a useful focus, but generally does not con-
sider SH&E. If pursued without consideration of
safety and related areas during the design or remod-
eling phase, such efforts can overlook potential risks
for workers and the public.

For example, consider the following projects:
•Green: Using skylights for energy conservation

without considering the hazard of skylight exposure
to those who may access the roof.

•Sustainability:Using nonpotable water in auto-

matic sprinkler systems may introduce potential
people/operation contamination from leaks or
when the system functions in its intended manner.

•Lean: Eliminating waste may introduce various
risks, including removal of guards, decreased light-
ing and ergonomic problems.

Many injuries and illnesses could be prevented if
SH&E practitioners and engineers took the opportu-
nity to develop a strategy to incorporate safety
(including fire, ergonomics, health, environmental)
and risk assessment and mitigation into the design
engineering phase of projects, whether facilities,
equipment, processes, materials or products. Hav-
ing expressed that thought and because of current
economic conditions, it is reasonable to indicate that
efforts must be redoubled or quadrupled to incorpo-
rate safety into design engineering with the idea of
reducing fatalities, injuries and illnesses.

Today, some indications suggest that manufactur-
ing and other operations which moved out of the
U.S. in recent years are returning. Combined with
the near-term future potential recovery from the
economic recession, this may be an ideal time to con-
sider developing plans to in-
corporate safety into design
engineering. Such plans could
help decrease time from con-
cept to production as well as
save money.

Toward the goal of “SH&E
designs that seek ALOR for
workers and the public,” this
article explores the history of
safety in design, concepts of
incorporating SH&E into de-
sign engineering, and knowl-
edge and skills required by
engineers and SH&E practition-
ers, and offers thoughts on
developing an implementation
strategy and a policy.
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Abstract: This article
focuses on the history
and concepts of incorpo-
rating SH&E issues early
in the design process. It
also challenges the mis-
leading notion that code
compliance results in an
acceptable level of risk.
The knowledge and skills
needed by both engi-
neers and SH&E practi-
tioners are reviewed as is
information on develop-
ing strategies to institute
organizational culture
and policy.
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Although consideration of safety in the
design phase has been initiated by indi-
viduals and companies in recent decades,
no concerted movement has occurred
across industry in general or within a sin-
gle industry. In the 1970s, NIOSH had
project SHAPE (S&H Awareness for
Preventive Engineering). ASSE (1994)
adopted a position statement on design-
ing for safety. NSC established the Insti-
tute for Safety Through Design (ISTD) in
1995, which endeavored to foster pro-
grams in companies, and initiate activities
to incorporate necessary knowledge and
skills in all engineering undergraduate
curricula. ISTD also produced the text
Safety Through Design, but its activity
ceased in 2002.

In 2007, NIOSH launched a long-term
research initiative entitled Prevention

Through Design (PTD), which is progressing, as
research does, at a modest pace. The PTD plan for
national initiative was opened for public comment. It
remains to be seen how the initiative will fare in the
new administration and with the economic picture.

In 2009, ASSE issued Prevention Through Design:
AnASSE Technical Report (TR-Z790.001-2009) and in
January 2010 launched the Z790 initiative to develop
a national voluntary consensus standard on PTD.

To date, the preceding activities have had mini-
mal effect on the incorporation of significant, risk-
based, SH&E activity into design engineering. Thus,
all SH&E practitioners need to become involved for
the sake of workers and the public. ASSE’s (2002)
Code of Professional Conduct states, “Membership
. . . evokes a duty to serve and protect people, prop-
erty and the environment . . . inform . . . when pro-
fessional judgment indicates there is an
unacceptable level of risk.”

Similarly, the preamble of engineering societies’
ethics codes specifically challenge engineers regard-
ing SH&E as follows: “Engineering is an important
and learned profession . . . has a direct and vital
impact on the quality of life for all people.
Accordingly . . . services provided by engineers . . .
must be dedicated to the protection of the public
health, safety and welfare. . . .”

Despite ethics codes and the cited activities, engi-
neers, SH&E practitioners and their employers have
done little to ensure that safety is considered in the
design phase, as evidenced by the quantity of cor-
rective actions reported throughout industry. Lack of
such consideration by corporations and executives
may be due to failure to bring these matters to their
attention, or it may be that their eyes were fixed on
other activities such as lean, green and sustainabili-
ty. Coupled with this is the fact that the necessary
SH&E-related knowledge and skills are not included
in undergraduate engineering curricula, profession-
al engineer licensing examinations or in available
engineer continuing education (Christensen &
Manuele, 1999).

History of SH&E in Design Engineering
One cannot review the past 200 years of history

without recognizing that SH&E has received substan-
tial consideration, including in the design phase, but
definitely not enough. Much of this improvement
resulted from public outcry over not considering
SH&E in designs. In fact, many codes and standards
are the result of deaths or serious injuries. One exam-
ple of lengthy activity in codes and standards is
American Society of Mechanical Engineers (ASME),
which has promulgated standards for 125 years.
ManyASME standards have a safety basis, such as the
boiler and pressure vessel codes and elevator codes.

As ASSE nears its 100th anniversary, it is note-
worthy that it was formed just months after the
Triangle Shirtwaist fire. In discussing this fire and
subsequent events, Coleman (2009) states:

Everybody keeps talking about the fact that
we have done a better job of protecting life and
property. But everyone forget(s) . . . that for
almost all of the advances made in modern fire
protection there was a body count before that
occurred . . . Winecoff Hotel, Atlanta, GA,
Barnum and Bailey’s Ringling Brothers,
Hartford, CT, Coconut Grove, Boston, Our
Lady of the Angels, Chicago. . . . What is com-
mon . . . most . . . occurred a long time ago . . .
they still occur . . . includ(ing) . . . the Station
Night Club. . . .”
The first edition of the Accident Prevention Manual

(NSC, 1946, p. 1) advocated safety in the design
phase, stating that “safety must be included in the
design and layout.” The third edition (1955, p. 4-2)
stated, “When safety is properly inculcated in the
planning of new operations or processes there will be
little need to secure management’s backing for incor-
porating safety features before operations are start-
ed.” Both are appropriate statements and recognize a
need. Yet, in the intervening years, safety modifica-
tions primarily have occurred after designs were
complete or after additional incidents—in other
words, retrofitting.

The safety through
design model pro-

motes the idea that
safety should be con-
sidered in the earliest
stages of design, not

after the design is
complete or after

incidents occur.

Figure 1Figure 1

Safety Through Design

Note. Adapted from Safety Through Design (p. 4), by W.C. Christen-
sen and F.A. Manuele (Eds.), 1999, Itasca, IL: National Safety Council.
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Several years ago, Chapanis (1986) stated, “To err
is human. To forgive, design.” He later asked, “Are
you good enough, ingenious enough and dedicated
enough to meet the challenge?” The question re-
mains appropriate today. Engineers and SH&E prac-
titioners must ask themselves: “Will you design
whatever you design with adequate consideration of
safety, or will you hope it is caught before an inci-
dent, so you can spend time and money to retrofit?”
Consider that retrofit costs (e.g., additional time and
money) are in increasingly short supply. The sidebar
below notes several broad concepts to consider when
incorporating SH&E into design engineering.

Knowledge & Skills
It is recognized and documented that most engi-

neers currently practicing as well as those who have
recently graduated have learned little about hazard
recognition and risk mitigation in their undergradu-
ate or subsequent continuing education (NIOSH).
Similarly, a large number of SH&E practitioners
have obtained little education in hazard recognition,
risk assessment, risk mitigation, and related knowl-
edge and skills. Manuele (2008, p. 28) offers excellent
guidelines for obtaining such education.

Engineers and SH&E practitioners generally
know of OSHA regulations and may be familiar
with some NFPA, ASME, ANSI, ASTM and similar
standards and codes. One also must consider that
many have been trained or have otherwise fallen

At this time, there is little top management knowl-
edge or concern in view of current economic, legal
priorities and numerous other pressures. Another
issue is the need to break down silos (groups that do
not/will not exchange information within an organi-
zation) that exist between engineering, manufactur-
ing, human resources, purchasing, safety and others
to permit constructive development of safe designs.

Another factor to be recognized, based on the
author’s observations and discussions, as well as on
input from other professionals, is that many engi-
neers spend little time on the production floor
observing how their designs are turned into useful
products, or how equipment or processes developed
are implemented. This impedes their ability to devel-
op safe designs in the future.

Finding knowledgeable talent in the engineering
field may become increasingly difficult in the future.
By 2020, P.E. licensing may require that engineers
possess a master’s degree or equivalent, instead of
the current baccalaureate degree; this would man-
date additional education, yet still not require neces-
sary SH&E knowledge and skills (National Council
of Examiners for Engineering and Surveying, 2009).

With the present decline in U.S. engineering grad-
uates (ASEE, 2009) and lengthening degree programs
to 5 years, it is increasingly possible that many design
engineering activities will be outsourced to engineers
around the world. These individuals may know even
less about the SH&E features desired to be incorpo-
rated into a project. These factors provide more rea-
sons to advocate changes in policy as well as
increased knowledge and skills among staff engi-
neers and SH&E practitioners.

Agrowing number of standards are requiring risk
assessment, yet there is little evidence that SH&E
practitioners and engineers are obtaining commen-
surate education to perform this function.ANSI stan-
dards that require risk assessment include Z244.1,
Control of Hazardous Energy Lockout/Tagout and
Alternative Methods; the B11 machine tool series;
B155.1, Requirements for Packaging Machinery and
Packaging-Related Converting Machinery; and
R15.06, Industrial Robots and Robot Systems: Safety
Requirements. In addition, ANSI/AIHA Z10, Occu-
pational Health and Safety Management Systems,
specifically calls for SH&E, including risk assess-
ment, to be considered in designs.

Concepts of Incorporating
SH&E Into Design Engineering

Workers and the public continue to suffer since
seeking an ALOR is not a regular practice. Current
indications are that because of economic pressures
and other factors (e.g., lack of technical ability),
SH&E practitioners are not involved in the design
phase; that engineers have poor guidance in consid-
ering SH&E; and that safety activities such as neces-
sary maintenance or retrofitting of operations is not
taking place. Thus, there is a need to initiate thinking
about ALOR and to develop plans to ensure appro-
priate consideration when economic recovery starts.

Concepts of Incorporating
SH&E Into Design Engineering

1) Incorporating SH&E during conceptual or design stages (or in
redesigns after a project is operational) provides benefits in time, cost
and ease of completion. Mitigation after designs are complete is retro-
fitting and should be eliminated.

2) Design encompasses facilities, equipment, materials, processes,
work methods and products from concept stage to the end of life
(recycling/disposal/recommissioning).

3) Design SH&E objectives must be developed and subsequently
evaluated. Designers must have a systematic approach to identify
hazards, perform risk assessments, conduct risk mitigation and
achieve an ALOR, recognizing that all risk cannot be eliminated.

4) SH&E is not a function solely of practitioners in these fields
after designs take place; rather, substantial involvement other than in
“SH&E reviews” or “post-project reviews” is necessary. Teamwork
(collaboration) of engineering and nonengineering personnel in the
design process is critical.

5) Corporate culture from the CEO to all employees must foster
the concept of SH&E being incorporated in designs. Compliance with
codes/regulations/standards does not ensure an ALOR.

6) Hierarchy of controls (Table 1, p. 32) must be utilized in achiev-
ing risk mitigation. Root-cause information from incident investiga-
tions must be communicated to engineering and other departments.

7) Knowledge to achieve SH&E in design requires skill develop-
ment in designers (any engineering/design specialty, as well as archi-
tects), and others in the organization. Documenting safety actions in
designing is necessary and audits must be conducted.
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provides protection against
climbing space encroachment.
Some argue that a cage allows a
climber to lean back and rest,
but no ergonomic studies indi-
cate the configuration would
accommodate 95% of the adult
population who may currently
climb ladders equipped with
cages. (Note: Activity is un-
derway to modify this section
but change may be several
years away.)

Given this, what knowledge
and skills for developing safe
designs should engineers accu-
mulate in their education in
college, continuing education
courses or company-sponsored

courses? Following are several areas of need:
•Understand concepts of incorporating SH&E

into design engineering.
•Recognize that there are myths considered tru-

isms in safety and why they should be avoided
(Manuele, 2002).

•Understand hazard recognition techniques such
as SH&E checklists for engineers and what-if; ener-
gy approach to hazards (i.e., mechanical, electrical,
thermal, radiation, chemical); fishbone (cause-and-
effect diagram) application; specific hazard or spe-
cific design area/function checklists for engineers.

•Understand root-cause analysis and its value in
designing and the potential impact of ANSI/AIHA
Z10. Accident/incident data should not be used
unless based on root-cause analysis.

•Assess incident-occurrence probability and
severity of consequences.

•Be aware of design principles related to SH&E
and the concept of ALOR.

•Have knowledge of and practice with risk
assessment techniques such as failure mode and
effects analysis, hazard and operability studies, and
fault tree analysis.

•Understand the hierarchy of controls and risk
mitigation approaches.

•Develop measurable design objective UARs
(usability with acceptable risk).

•Recognize the need and techniques for team-
work, documentation and auditing.

•Identify SH&E items that can be embedded in
computer-aided design (CAD) systems.

The need to increase SH&E practitioner skills and
knowledge has been a topic for many years
(Christensen & Manuele, 1999). During a panel dis-
cussion at Safety 2004, Hussain Tadayon stated that
“safety professionals must market themselves with-
in the company, maintain their knowledge base and
keep learning” (Smith, 2003). Lawrence (2009) dis-
cusses the role, skills and competency of SH&E per-
sonnel in connection with implementation of the
ANSI/AIHA Z10 standard.

Skills and knowledge that should be acquired from

into the trap of believing that conducting risk assess-
ments is not necessary because compliance with
codes, regulations and standards has been achieved.
This is a fallacy.

Standards and codes generally are based on
reaching a consensus, which in effect may be a min-
imum on which all participants can agree. In addi-
tion, not all situations or occupancies are covered in
the specifications developed. Therefore, risk assess-
ments are vital or the level of risk achieved via com-
pliance may be far from acceptable.

Brannigan (1986) offers another view on assum-
ing that code compliance (in this case, in the fire pro-
tection field) means no problems exist:

If a structure was built to the latest code, it
shouldn’t have any problems. Right? Wrong.
Codes, in effect, represent written compromis-
es between opposing viewpoints . . . some
code provisions are inspired by influence
exerted on and economic interest of code-mak-
ing authorities . . . subjected to the political
process. . . .
Another factor is the growing use and acceptance

of performance-based codes and performance-based
designs. Achieving them requires goals, objectives
and techniques. This presents a need to perform risk
assessments to determine whether the design
achieves an ALOR. Recently, NFPA, ANSI and
ASTM have recognized performance-based codes
across a wide-ranging spectrum that includes eleva-
tors and escalators (ANSIA7.7/B44.7-2007), eye pro-
tection (ANSI Z87.1-2003) and many NFPA fire
protection standards.

ANSI A14.3 for fixed ladders is one example of
unacceptable risk in a standard. The standard contin-
ues to equate cages to ladder safety devices by allow-
ing either in meeting requirements: “Cages: An
enclosure mounted to the side rails of the fixed lad-
der to safeguard the employee climbing the ladder.”
Compliance could be achieved by installing a cage,
yet the risk to an operation should not be acceptable
since a cage is not a guard and does not prevent the
fall or arrest a fall should a person slip. The cage only

Table 1Table 1

Hierarchy of Controls

Note. Adapted from ANSI/AIHA Z10 Appendix G.

To achieve safety
through design, the

hierarchy of controls
must be utilized in

achieving risk mitiga-
tion. Root-cause infor-

mation from incident
investigations must

be communicated
to engineering and
other departments.
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sibility (company, plant, organization). It must be
customized for individual situations. The following
thoughts are offered to assist in that process.

•Develop a written document of what is desired to
be accomplished, with due consideration of the oper-
ation’s past achievements. Think outside the box.

•SH&E practitioners must lead and influence
leaders. Leadership may be learned from others and
is a component of directing power, but it also entails
anticipating events or actions, and influencing oth-
ers to follow the right course of action.

•Determine top management’s style and business
focus to identify the manner in which an approach
that will be welcomed can be developed. Review
how current organizational beliefs, habits and behav-
iors are communicated and demonstrated, and iden-
tify roadblocks to adding to that culture. Determine
where the operation is heading and not if, but when,
a safe design engineering program will fit.

•Seek others who would support the strategy
defined including, if possible, a mentor in engineering
or upper management. An engineering contact may
provide information on current or new CAD pro-
grams that may identify unique opportunities for inte-
gration of strategies. An upper management mentor
will provide access to others in top management, a
key factor. Finding supporters and/or mentors will be
easier if the proposer has a history of working with
others to the organization’s benefit. If no history exists,
the practitioner must study the various individuals
involved, their interests and operation philosophies to
aid in determining the course to pursue.

•Evaluate the operation’s goals and status to
determine how the proposal would further the oper-
ation’s objectives. What cost or savings or benefits
will be created by the proposal? For example, the
current economic situation may be difficult, yet
some benefit may be derived in acknowledging that
talented, experienced individuals are retiring or oth-
erwise will not be available to assist in ensuring that
future projects achieveALOR. Top executives have a
plethora of pressures so there must be a significant
proposal to gain attention.

•Analyze personal/position accomplishments
since becoming an SH&E practitioner or advisor.
Identify contributions and dedication to improved
management understanding of the concepts being
proposed. Evaluate how well management recog-
nizes from mutual experience and that safety levels
above code, standard or regulatory compliance are
advocated and in the operation’s best interest.

•Recognize that silos must be eliminated and that
teamwork is necessary. When a team is established,
initial strategy ideas may change based on addition-
al input. Consider including engineers and custo-
mers in brainstorming and collaborative design
activity. Seek a mindset toward continuous improve-
ment. Understand that culture change will not occur
the day a policy is adopted, overnight or next week.

•Determine the level of effort and cost to imple-
ment the proposed strategy. Make sure information
from every root-cause incident investigation is fed

degree programs, continuing education or company-
sponsored courses might include the following:

•Items on the engineers’ list that are not current-
ly in their knowledge base. Risk assessment and mit-
igation methodologies are prime areas.

•Recognize that designing software (CAD) and
techniques are advancing at tremendous speed.
SH&E practitioners need to become familiar (not
fully knowledgeable) with these programs and their
use in order to effectively interface with engineers
and discuss SH&E concerns.

•Ability to develop strategy to foster adoption of
these design concepts into corporate, facility or oper-
ational culture.

Special attention should be paid to gaining
knowledge of CAD. Product lifecycle management
(PLM) software is used extensively and produces
significant savings. In addition, simulation pro-
grams are a major time saver that eliminates the
need to construct prototypes and perform actual
tests of models. PLM is used in all industries, includ-
ing manufacturing (MSC Software, 2009):

Whether designing factory equipment, special-
ized material handling equipment, or other
machines and equipment, the engineering
demands are similar. Make it perform faster . . .
last longer . . . move more precisely or vibrate
less. How will you be sure the product will
meet these demands? The process of design,
build and test with physical prototypes is the
engineering approach . . . used for years. It is
proven and reliable for designing machinery to
meet specialized demands. . . . But the process
takes too long and requires too many proto-
types to “get it right.” The new approach for all
of engineering is to create virtual prototypes
that can be tested in the computer, duplicating
the conditions the entire machine will experi-
ence. In this virtual environment, the design
can be changed, new prototypes can be built
and virtual tests can be run in minutes instead
of months. This new approach has been proven
in demanding aerospace applications, and
shown reliable in time-critical automotive
applications.
Simulation is used as part of designing an entire

building in CAD. The nuclear industry uses simula-
tion to perform core and end drop tests of nuclear
casks (MSC Software, 2009) to produce a Trans-
portation Safety Analysis Report with respect to
spent fuels storage and transportation. The design
and maintenance of the Boeing 787 was done using
CAD. These examples are good reasons to gain
knowledge of the software that engineers use so that
in working with them on designs SH&E practition-
ers will understand the considerations engineers
have given to SH&E. In practice, it is also much eas-
ier than looking at a stack of blueprints.

Strategy Development
No master format is available for developing and

implementing a strategy in specific areas of respon-

Many
injuries and
illnesses
could be
prevented
if SH&E
practitioners
and engineers
developed a
strategy to
incorporate
safety into
the design
engineering
phase of
projects.
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Many thoughts have been offered. As a result of
the information on the need to incorporate SH&E in
the design engineering phase, should “inside” be the
strategy for your area of responsibility? Will you, as
an SH&E practitioner, and your organization’s engi-
neers be able to look each other in the eye in future
years and feel you have met the ethics of your pro-
fessional organizations?

The answer is up to each individual SH&E practi-
tioner or engineer. For the sake of workers and the
public, it is hoped practitioners will choose to incorpo-
rate safety into design and be able to answer with an
affirmative yes the question, “To err is human. To for-
give, design. Are you good enough, ingenious enough
and dedicated enough to meet the challenge?” �
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back to engineering and other appropriate groups to
preclude repetition of similar design errors.

•In culture development, a long-term item, rec-
ognize that employees are inspired by leaders who
demonstrate a vision of how things should be im-
proved and tend to perform at that level or above.
Leaders must recognize the way things are, face facts
and act quickly.

•Examine whether action can be initiated on
small redesign or remodeling projects to build expe-
rience and realize benefits. Consider marketing with
lean, green or sustainable initiatives, indicating that
they cannot be accomplished without SH&E input.

Policy
A policy will vary for different organizations or

environments. One must examine the arena in
which the proposal will be offered in order to deter-
mine the hoops that must be entered or may be
bypassed. Generally, it should be endorsed and sup-
ported at the highest level that can be attained in the
operation. Some thoughts expressed about strategy
also apply to policy development. In addition, the
following are important:

•The focus must be on eliminating hazards—“to
design (or redesign) and produce facilities, equip-
ment, processes and products that provide employees
a safe work environment” and to “permit visitors,
vendors, users and customers to have an acceptable
level of risk in facilities or using products.”

•Ensure that designers comply with or exceed
applicable standards and codes, and federal, state
and local regulations, and recognize that meeting
these may only mean that a minimal level of risk has
been achieved that may not provide an ALOR.

•The goal is not to be a program, but rather to be a
demonstrated SH&E culture integrated into the oper-
ations management systems that need to be devel-
oped. Consider ANSI/AIHA Z10.

•Ensure that the demonstrated culture includes
multidiscipline teamwork.

•Evaluate systems and processes as well as tasks
to ensure that an ALOR is achieved. Recognize that
zero risk is not attainable.

•Follow the hierarchy of controls in risk mitigation.
•Identify benefits. These may include safer work

environments; reductions in serious injuries, illness-
es and property damage; increased productivity;
reduced operating costs; decreased workers’ com-
pensation and business interruption costs; and
reduced potential public and product liability.

Conclusion
Readers are urged to give thoughtful considera-

tion to the concepts presented, as well as to the infor-
mation on the skill, strategy and policy needed to
lead the charge toward including SH&E considera-
tions in the design engineering process. Visualize
change(s) that may/will occur within the next year,
both inside the organization and outside among
vendors and subcontractors. Will they benefit the
safety of workers and the public?

http://www.asse.org

