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Abstract

The construction industry is notorious for having one of the worst safety records
among all industries in the private sector (Bentil, 1990; and Behm, 2005). In the
United States, the industry accounts for up to 18% of work-related deaths and
15% of all worker compensation cases with approximately 1,000 construction
workers killed annually (BLS, 2000-2009).

Towards minimizing safety hazards and incidents, construction companies
employ several strategies including safety planning, staffing and training among
many others (Cll, 2003). Different strategies apply to different project phases.
However, as the early identification and elimination of potential safety hazards is
not only more effective but cheaper (Behm 2005; and Anumba, 1999), those
strategies applicable to the earlier project phases are likely to have a more
significant impact in improving construction worker safety. One of such
strategies, Design for Construction Safety (DFCS), has the ability to function
effectively in the current Architecture/Engineering/Construction (AEC) industry
environment without requiring any major changes in procedure or contractual
structure. DFCS is the explicit consideration of construction worker safety in the
design of a project (Toole and Gambatese, 2008). Besides the ultimate benefit of
decreasing site safety hazards, DFCS, through the proactive identification and
elimination of hazards is safer and more cost effective than reactive management
of the same hazards (Toole and Gambatese, 2008).

The most critical impediments to DFCS include designers' concern about
increased liability, increased cost, and designers' lack of safety expertise. Others
include concerns about schedule problems, diminished design creativity, and
designers’ lack of interest (Gambatese et al, 2005). To assist designers in DFCS
implementation, safety researchers sponsored by the Construction Industry
Institute (Cll) developed over 400 design suggestions to minimize or eliminate
certain construction safety hazards (Gambatese et al, 1997). These suggestions
were incorporated in a computer program, the DFCS Toolbox. Besides this, other
research has been conducted and guidelines developed to aid DFCS
implementation.
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However, as DFCS s still experiencing limited application (Toole and
Gambatese, 2008), this research presented a different paradigm. This paradigm
considered that the guidelines and tools provided to enable and aid DFCS
implementation were incomplete, inaccurate and/or inadequate to serve their
intended purpose. Through this research, some of the available guidelines and
tools were fine-tuned and detailed to better enable DFCS implementation.
Hence, the research produced certain deliverables.

Firstly, the research identified DFCS measures that meet all the criteria for being
situated in the capital project design phase. Secondly, the research identified
impediments to implementing each of these design-phase DFCS measures
where applicable. Thirdly, the research obtained revisions of certain design-
phase DFCS measures based on their identified impediments to make them
more viable, both for implementation and for improving construction safety.
Additionally, the safety benefits of implementing each of the design-phase DFCS
measures were identified through the publicly accessible Occupational Safety
and Health Administration (OSHA) database. These benefits refer to the
construction hazard incidents that could have been prevented by implementing
the DFCS measures. Lastly, a relational database application was developed to
assist designers in making safety a consideration in the early phases of the
capital project delivery process. This desktop software application was developed
to have the functionality to provide the design-phase DFCS measures, their
preventable safety incidents, their potential impediments, potential solutions to
their impediments, and their tier of feasibility, based on project characteristics,
design profession, and the stage of the design phase. The application also allows
for the addition of new DFCS measures and accompanying data. It therefore
incorporates the other research deliverables and thus, encapsulates the research
findings to serve as a vehicle for utilizing the data to enhance DFCS
implementation. In producing and validating these deliverables, a number of
research tasks were executed including survey administration to AEC design
professionals. Also, over 30 interviews were conducted with design
professionals.
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Besides the deliverables, there were a number of findings from the research
results. Firstly, the results emphasized a key shortcoming of the DFCS concept.
This is the effectiveness of DFCS depends on construction sequence. Secondly,
it was determined that DFCS measures or modifications that not only improve
construction worker safety but occupant and maintenance worker safety are
more likely to be implemented by AEC design professionals and more likely to be
accommodated by project owners as well. On this basis, a new dimension was
identified towards increasing and improving DFCS implementation. Thirdly, this
research further emphasized that the design-build project delivery method offers
more opportunity and fewer barriers for DFCS implementation.

This research made a number of contributions. Firstly, the research
characterized the design suggestions for construction worker safety yielded from
earlier research. This research also brought focus to individual DFCS measures
and their feasibility for implementation, as opposed to for the DFCS concept as a
whole. Secondly, this research, through its deliverables, serves in fulfilling
several earlier recommendations for DFCS research and some earlier identified
information gaps. These research contributions are collectively intended to
enhance and increase DFCS implementation on projects towards improving
construction safety. There are a number of motivating factors for this. Firstly,
professional, ethical and moral obligations require the safety of others to be
protected. Secondly, the improvement of safety could potentially benefit every
project stakeholder and participant by minimizing or eliminating the numerous
costs associated with injuries to construction workers. Thirdly, all project
participants may also benefit in that reducing the number of construction
accidents and injuries could avoid disruption to work and avert delays in project
completion and as a result, improve productivity (Huang, 2003). Additionally,
poor safety performance and its resulting consequences such as court cases and
lawsuits expose all project participants to bad publicity which could have such
adverse impacts as preventing job awards or causing even more lawsuits from
prior projects (Huang, 2003). These reasons collectively highlight the importance
of improving construction worker safety and towards this goal, this research
emphasized and enhanced DFCS as a strategy for reducing or eliminating
construction hazard risks on capital projects.
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1.0 Introduction

11 Motivation

1.1.1 The Poor Safety Record of the Construction Industry

The construction industry is notorious for having one of the worst safety records
among all industries in the private sector (Bentil, 1990; and Behm, 2005). In the
United States, the industry accounts for up to 18% of work-related deaths and
15% of all worker compensation cases with approximately 1,000 construction
workers killed annually (BLS, 2000-2009). Construction has about 8% of U.S.
workers, but 22% of the fatalities (NIOSH, 2009).

Between 2000 and 2009, the U.S construction industry had the highest number
of fatalities among all industry sectors (BLS, 2000-2009). However, with regards
to the fatality rate of workers, the construction sector stood behind the
agriculture, fishery, forestry & hunting sector; the mining sector; and the
transportation & warehousing sector. During this same period, the injury
incidence rate for the construction industry was the third highest standing behind
transportation & warehousing and manufacturing (BLS, 2000-2009).

The industries on par with the construction industry in possessing the highest
rates of fatalities and injuries highlight the major reason for the high level of
safety hazards; the nature of the work (Helander, 1991). This work includes
many inherently hazardous tasks and conditions (NIOSH, 2009). All the
industries with the highest incidences have certain common features such as the
involvement of heavy equipment, machinery and materials. They also have high
exposure to risky natural conditions such as uncertain subterranean conditions
and adverse weather.

Over the past decades, concern for safety has intensified due to the increasing
costs of workers’ compensation insurance, the increasing number of liability
lawsuits and the intensification of safety regulations (Gambatese et al, 1997).
Largely as a result, the construction industry has been experiencing a steady
decline in the incident rates of fatalities and disabling injuries (Gambatese et al,
1997; and BLS, 2000-2009). This decline, though encouraging, has however not
been significant enough to diminish the industry’s prominence in poor safety.

1.1.2 Early Strategies for Safety on Construction Projects
Towards minimizing safety hazards and incidents, construction companies

employ several strategies including safety planning, staffing and training among
many others (Cll, 2003). Different strategies apply to different project phases.



Those strategies applicable to the earlier project phases are likely to have a more
significant impact in improving construction worker safety. This is for a number of
reasons.

Firstly, safety risk is best mitigated in the early phases of a capital project.
According to Stephenson (1991), the safety of an operation is determined long
before the people, procedures, and equipment come together at the work site to
perform a given task. A 1991 report by the European Foundation for the
Improvement of Living and Working Conditions (Eurofound) concluded that
approximately 60 percent of fatal accidents in construction are as a result of
decisions made before site work begins. As such, it is more effective to address
safety in the conceptual, design and procurement phases of a capital project.
The time/safety influence curve by Symberski (1997) illustrates this. Seen in
Figure 1, the graph shows that the ability to influence safety declines as a project
advances through its phases.
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Figure 1: Time/Safety Influence Curve (Source: Szymberski, 1997)

Additionally, there are economic advantages to addressing safety in the earlier
project phases. It is less costly to combat risks at source than to contain
problems when they occur at a later phase (Anumba, 1999). Therefore, the early
identification and elimination of potential safety hazards is a more cost-effective
approach to addressing construction worker safety.



Another advantage of addressing safety in the earlier phases is it may place
emphasis on safety throughout the construction project by demonstrating
management and stakeholder commitment to safety. Companies that
demonstrate management commitment to safety have been shown to have fewer
incidences of injury than companies that do not (Cll, 2003). This may largely be
due to the fact that implementing safety strategies in the early project phases
positively influences the implementation of strategies applicable to the later
phases.

A number of strategies were identified as applicable to the pre-construction
project phases. They include project safety assessment, design for construction
safety (DFCS), best value bid approach, and collaborative project procurement
approaches. These strategies utilize different approaches to addressing
construction worker safety. A comparative analysis was conducted to highlight
their features and differences. This is seen in Table 1.

All the safety strategies applicable to the early project phases have the potential
to improve construction worker safety and research can be geared towards
tackling their impediments to implementation. However, among all the strategies,
DFCS currently has the most potential to make an immediate contribution in
decreasing construction site safety incidents. As stated in Table 1, DFCS has the
ability to function effectively in the current construction environment without
requiring any major changes in procedure or contractual structure.

DFCS is essentially an active safety hazard risk mitigation strategy for designers
and a passive one for contractors. A contractor is obligated to complete a project
even when unaware of the motivation behind certain design features. As such,
an architect or engineer can implement DFCS measures in the design phase
without any implication on the contractor's responsibilities and obligations.
However, if an architect or engineer specifies a design measure for a temporary
construction structure such as a scaffold; he or she will be exposed to liability in
the event of a site safety incident involving the scaffold. This is because such a
measure is applicable to the construction phase of the project. In the interest of
avoiding liability, DFCS measures must remain restricted to the design phase.
This specification by itself addresses that impediment to DFCS implementation.
The other impediments, seen in Table 1, can also be avoided through the
establishment of appropriate specifications, and the development and/or
selection of measures that meet the specifications.



Early Strategies for Project Safety Design for Construction Best Value Bid Collaborative Project
Construction Worker Safety Assessment Safety (DFCS Approach Procurement
Approaches

Definition The comprehensive | The explicit consideration | The evaluation of bid | A project delivery

evaluation of potential | of construction worker | proposals and | method that

safety concerns that | safety in the design of a | determination of | integrates people,

are present or could | project (Toole and | winning bids on the | systems, and

occur on a project | Gambatese, 2008). basis of price and a | practices into a

(Hislop, 1999). specified set of | process that

technical criteria.

collaboratively
harnesses the talents
and insights of all

participants to
optimize project
results, increase

value to the owner,
reduce waste, and

maximize efficiency
through all phases
from design, to
construction (AIA,
2010).
Applicable Project Phase Concept and | Design and Engineering Procurement Procurement
Feasibility Studies
Approach Identifying potential | Identifying design | Evaluation of  bid | Identification and
hazards and | features that are | proposals on basis of | mitigation of safety
developing strategies | potentially hazardous | price and several | hazard risks that may
and/or modifying | and then adding | technical criteria | exist throughout the
project requirements to | elements to minimize/ | including safety among | lifecycle of a project.

minimize or eliminate
their risk of
occurrence.

eliminate the safety risks.
The features themselves
may be modified or
eliminated to address the
safety risks they pose.

many others. The bid
with the highest value
to the project owner
secures the contract.
By assigning
scores/priorities to
safety planning and/or
record, contractors are
motivated to develop
and adhere to safety
plans and safe
practices. Contractors
are also able to make
cost provisions for
safety with less risk of
losing out on a
contract.

This is done through
the collaboration of all
project  participants
early on in the
project.

Implementation

stakeholders
either implement this
safety strategy by
themselves or engage
an analysis and
planning team to
conduct the
comprehensive
evaluation. This team
is to include both
project designers and
contractors (Hislop,
1999).

Project

Project designers which
typically  include the
architects and engineers
evaluate their designs for
potentially hazardous
features. Once identified,
they develop or
implement design
measures to decrease or
eliminate the safety risk
associated  with  the
features.

Project owner and/or
stakeholders

determine a set of
technical criteria for
the bid proposal
evaluation and then
assign scores/priorities
to each criterion
including that of safety.
Both the bid approach
and evaluation criteria
are then publicized in
the solicitation for bids.

When the bids are
received,
mathematical and

subjective evaluations
are used to determine
the value of each.

Key project
participants are
convened to form an
integrated or multi-
functional matrix team

during the pre-
construction  project
phases. The team

then evaluates how
project features and
decisions impact
each project phase.

On this basis,
changes are made to
optimize project

results with regards to
cost, time and other
factors including
safety (AIA, 2010).




Early Strategies for Project Safety Design for Construction Best Value Bid Collaborative Project
Construction Worker Safety Assessment Safety (DFCS Approach Procurement
Approaches
Impediments to | Schedule The comprehensive | There may be increased | Best value bid | There are increased
Implementation | and Time | evaluation may prove | schedule needs resulting | evaluation is more | logistics and time
Constraints too time-intensive to be | from implementing the | time and resource | needs for
implemented. Time is | DFCS measures | intensive than | collaborative project
one of the project | (Gambatese et al, 2005). | competitive tendering | procurement as
triple-constraints. This may be particularly | where  the lowest | compared to the
true for measures that | bidder secures the | traditional
introduce additional | contract. procurement process.
building features. As such, ensuring
adequate
collaboration may

prove difficult.

their projects with
regards to safety.
They may also lack
the expertise to
effectively modify

project
requirements to
minimize or

eliminate identified
safety risks.

- The strategy may
not be productive
because many key
project participants
are yet to be
engaged during the
conceptual phase.

experience may lack

the prerequisite
knowledge to
determine  effective
design measures for
improving worker
safety.

- There may be
increased cost
associated with
DFCS
implementation. The
addition or
modification of
building features will
likely have

implications on both
direct and overhead
costs (Toole, 2007).

- Diminished  design
creativity may result
with DFCS
implementation as
aesthetic features
that pose hazards
are designed out of a
project (Gambatese
et al, 2005).

award of contracts
(Scott et al, 2006).
In such settings,
best value bidding
is not an option.

Liability for | There are liability | There are liability | There may be stiff | There are liability
Construction | implications in cases | implications in cases | opposition to best | implications in cases
Worker where a site safety | where a DFCS measure | value bidding from | where a site safety
Safety procedure is defined | specifies construction | contractors and unions | procedure is defined
for a contractor. In the | site safety approaches | particularly on public | for a contractor by
event of an injury, the | and/or procedures for the | capital projects (Scott | other project
contractor  will not | contractor. This by itself | et al, 2006). And | participants. In the
indemnify the owner | will nullify the | considering that some | event of an injury, the
and designers. This is | indemnification clause in | of the evaluations may | contractor will not
in accordance with the | traditional  construction | be subjective, there is | indemnify the project
indemnification clause | contracts. risk of increased legal | participants.
that is commonplace in action against project
traditional construction owners and
contracts (Bockrath, stakeholders.
2000).
Other - Project owners and | - Designers may lack | - Some jurisdictions
Impediments stakeholders may the  expertise to have legislation,
lack the expertise implement DFCS laws or regulations
to conduct the (Toole, 2007). requiring
comprehensive Designers with competitive
assessment of limited  construction bidding for the




Early Strategies for Project Safety Design for Construction Best Value Bid Collaborative Project
Construction Worker Safety Assessment Safety (DFCS Approach Procurement
Approaches
Functionality in the current U.S | With regards to | DFCS will not require any | Best value bidding has | For functionality,
construction and contractual | modifying project | major changes in project | limited functionality in | collaborative project
environment requirements on the | procedure and/or | the current | procurement
basis of improving | contractual structure to | construction approaches will
construction worker | function effectively in the | environment. For | require an overhaul of
safety, project safety | current functionality and | the current system
assessment can | construction/contractual general adoption, | where contractors are

function in the current
construction

environment. However,
the restructuring of
current contractual
formats and
agreements  will be
required to allow the
involvement of other
project participants in
site safety planning
without their

environment. However,
to avoid liability
implications, the

implementation of DFCS
must remain restricted to
the project design phase.

changes in regulation
and/or legislation will
be required.

responsible and liable
for construction site
safety. As any input
from other project
participants presents
possible liability,
current contractual
structures and
obligations will have
to be modified.

assumption of liability.

Table 1: Comparative Analysis Table of Early Strategies for Construction Worker Safety

1.1.3 Design for Construction Safety (DFCS)

This approach to construction safety involves the consideration of worker safety
in the design of a project. There are two terms used for the approach, “Design for
Construction Safety (DFCS)” and “Construction Hazard Prevention through
Design (CHPtD)”. The more widely accepted term is DFCS as noted from its
more prevalent use in literature.

A number of definitions have been used for DFCS. Behm (2005) defined DFCS
as the consideration of construction site safety in the design of a project. Toole
(2007) meanwhile, defined DFCS as safety constructability. Also, Toole and
Gambatese (2008) defined DFCS as a process in which engineers and architects
explicitly consider the safety of construction workers during the design process.

DFCS is the extension of the “Safety through Design” or “Design for Safety”
concept to construction projects (Mroszczyk, 2006). The “Design for Safety
(DFS)” concept had been presented as early as 1955 in the National Safety
Council’s (NSC) Accident Prevention Manual. DFS is defined as integrating
hazard analysis and risk assessment methods early in the design and redesign
processes, and taking the actions necessary so that the risks of injury or damage
are at an acceptable level (Hagan et al, 2009). The DFS model places emphasis
on moving the considerations of hazards and risks upstream to the conceptual
and design phases of facilities, products and processes. During these phases,
integrating safety is easier and less costly. Hagan et al (2009) also presented
benefits of DFS which include decreases in injuries, illnesses, environmental
damage and their attendant costs. Others are improved productivity, reduction of
operating costs and avoidance of possible retrofitting costs.




In the past, application of DFS to construction has been limited. This is largely
because worker safety consideration has traditionally not been part of the project
designers’ role (Gambatese et al, 2005).

1.1.31 DFCS Approaches to Worker Safety

DFCS entails addressing construction worker safety in the design of permanent
project features (Gambatese et al, 2005). It also involves the inclusion of worker
safety considerations in the constructability review process. DFCS utilizes a
number of mechanisms.

DFCS addresses safety by minimizing the number of safety decisions that have
to be made by contractors and construction workers on the work site. By
eliminating a hazard at the design phase, a decision will no longer have to be
made on site with regards to preventing or minimizing the hazard. This results in
fewer opportunities for poor safety decisions made on site, leading to accidents
(Mroszczyk, 2006). For example, consider an upper story window designed with
a sill height of 0.5 m (20 in.). Prior to the installation of glazing, the low sill height
will add to the chance of falling through the window opening during construction
work. As such, a temporary fall protection system will be required to prevent this
hazard. Decisions will then have to be made by the contractor and construction
workers as to the type and characteristics of the fall protection system. Should
the decisions be inadequate or poor, the hazard risk will remain imminent. OSHA
standards (1926.502(b)) specify the use of guardrail systems for such window
openings. However, if the window sill height is designed to be at least 1.0m (39
in.) above the floor level, the guardrail system will not be required as the
modification will inadvertently reduce the risk of falls through the window opening
(Gambatese et al, 2003). This is an example of a DFCS measure that eliminates
the need for adherence to specific OSHA regulations.

The approach of DFCS to safety is similar to that of Design for Safety (DFS).
There are a number of protocols used in DFS. The most common of which is the
“Safety Hierarchy” (Green, 2009). The simplest version of the safety hierarchy
lists approaches to safety in this order of effectiveness:

1. Design
2. Guard
3. Warn

The safety hierarchy is not a scientific principle but a widely recognized rule of
thumb (Green, 2009). Organizations such as the National Society of Professional
Engineers (NSPE) and the International Ergonomics Association consider its
application a core competency for professionals. The safety hierarchy has been
adapted by a number of authors including Manuele (1997), Andres (2002),
Stephans (2004) and Bauer (2006). All their adapted versions are similar. The



most widely cited version in DFCS research, Manuele (1997), has approaches
listed in the following order of decreasing priority and effectiveness:

Eliminate hazards and risks through system design and redesign
Reduce risks by substituting less hazardous methods or materials
Incorporate safety devices (fixed guards, interlocks)

Provide warning systems

Apply administrative controls (work methods, training, etc.)
Provide personal protective equipment.

ONnkwn =

Eliminating the hazard is recognized as a far more effective way to improve
safety than reducing the hazard or providing personal protective equipment to
workers (Gambatese et al, 2005).

1.1.3.2 Cases for DFCS

Significant attention has been drawn to DFCS as a viable approach towards
improving the construction industry’s poor safety record (Hecker et al 2004). In
recent years, the Construction Industry Institute (Cll), the National Institute for
Occupational Safety and Health (NIOSH) and the Center to Protect Workers’
Rights (CPWR) sponsored research towards characterizing the use of DFCS and
its implementation. This highlighted the need to determine how DFCS
demonstrably improves construction worker safety. Some research work had
been done in this regard.

Weinstein et al (2005) conducted an analysis of a full-scale DFCS initiative
during the design and construction of a $1.5 billion semiconductor fabrication and
research facility in the Pacific Northwest of the United States. In the project,
DFCS was found to have been successful in eliminating or mitigating significant
safety and health hazards during construction. 26 design changes were
considered for addressing specific hazards and among them, 16 were
implemented.

An approach for determining how DFCS can improve safety is through the
identification of specific safety incidents that would have been prevented by
implementing DFCS measures. Behm (2005) investigated 224 construction
fatality investigation reports from the NIOSH FACE (Fatality Assessment Control
and Evaluation) program. The study found that, for 42% of fatalities reviewed, the
associated risk that contributed to the incident would have either been reduced or
eliminated had the DFCS concept been utilized.

Using the same model as Behm (2005), | selected design suggestions from two
earlier DFCS studies, Gambatese (2000) and Gambatese et al, (2003). | then
used the OSHA database to identify specific safety incidents that would have
been prevented by implementing the design suggestions. The results of this
database investigation, seen in Table 2, further makes the case for DFCS as it is
apparent design modifications may prevent certain construction site hazards.



Design Suggestions

Preventable Safety Incidents from Implementation of the
Design Suggestions

OSHA
Inspection
[Number]

Accident Details and Mechanism of
Failure

Window sills and roof
parapets designed to be
107cm above the
floor/roof level.

309256444

Employee #1 was walking in a room, when
he tripped and fell through an unguarded
window. The window was located on the
second floor of a building. He fell
approximately 18 ft upon an adjacent
concrete patio and died from traumatic brain
injuries that included a fractured skull.

Stairways and ramps
designed to run parallel
and immediately adjacent
to structure.

307014282

Employee #1 was working on a stairway
landing measuring four feet by seven feet,
eight and one-half inches. Employee #1 fell
22 feet from an open side of the landing to a
lower stair rail and then to the ground floor.
Employee #1 was not using fall protection.
Employee #1 died.

Dimensions similar from
story-to-story to facilitate
the reuse of concrete
forms.

304479132

Employee #1 was erecting 16-ft-tall
formwork for a concrete placement. The
foreman and a coworker were aligning the
formwork while Employee #1 and another
coworker were tied off to the top of the
formwork. As they were working, the
formwork collapsed and Employee #1 and
his coworker fell. Employee #1 was killed
and two of his coworkers sustained injuries.

Attachment points
designed on the roof for
connection of safety
lines.

123398331

Employee #1 was positioning bundles of
roofing material on the roof of a residence
as other members of the crew were located
elsewhere on the roof. The pitch of the roof
was 12-in-12 (vertical to horizontal).
Employee #1 fell approximately 23 feet (7
meters) from the roof onto a concrete
driveway. Although a lifeline was tied to an
anchor point at the ridge of the roof and a
body belt (not a body harness) was
attached at the other end, he was not
wearing the body belt. Employee #1 died
later in a hospital.

Permanent guardrails
designed to be installed
around skylights.

306176231

A construction employee was working on
the sixth story of a building. He was
securing a lifeline on a concrete beam when
he stepped back and fell through a skylight,
approximately 60 feet to the ground. The
employee was hospitalized with a
concussion and died three days later from
his injuries.




Design Suggestions

Preventable Safety Incidents from Implementation of the
Design Suggestions

OSHA
Inspection
[Number]

Accident Details and Mechanism of
Failure

Beam-to-column
connections designed to
have full support for the
beams during the
erection process.

303642359

Employee #1 died when he was struck in
his head by an I-beam. He was standing
within six feet on the back side of an I-beam
they were in the process of bolting in place
to replace a support column. The I|-beam
was raised earlier that day. The beam was
in place waiting for Employee #1 to come
up in a scissor lift to mark the hole. The
beam was in place for several minutes
when the fork lift operator saw a flash and
heard a popping sound and saw the beam
start coming down. Employee #1 dove
forward to get out of the way as the beam
came down. The beam hit him in the back
of his head and landed on his ankles.
Employee #1 was taken by ambulance to a
local hospital where he later died.

Single or distinguishable
size of bolts, nails, and
screws to be used.

120321484

Employee #1, a worker at a steel
construction company, was assisting in the
setting of a steel column. The column had
been bolted with anchor bolts and raised
into position, using a forklift. Employee #1
climbed a nearby ladder and got onto the
column to unlock the lifting line. For some
reason, the anchor bolts pulled out of the
footing and the column fell over, causing
Employee #1 to jump off the column and
land on top of the forklift. He was
transported to a local hospital and
diagnosed with a cracked sternum, for
which no treatment exists.

Closely spaced
reinforcing steel designed
for mat foundations and
slabs.

300840980

Employee #1 was working in an area where
rebar did not have protective caps. As he
moved through the rebar, he slipped and fell
right onto one of them. That rebar impaled
him in the stomach, and he was
hospitalized with this serious injury.

Design the geotechnical
structure to  minimize
safety risks. Use drilled

piles as opposed to
driven piles for deep
foundations.

125639252

An employee, employed as a pile driver
apprentice, sustained a serious injury to his
right foot, middle toe, when his foot was
caught by a concrete pile being driven. The
employee was in the process of removing
the choker from a pile that was being
driven, when the soil at the base of the pile
sunk. The employee's foot was caught by
the moving pile and he was pinned between
the pile and earth wall. The employee as a
result of the injury suffered a secondary
infection to his middle toe which resulted in
amputation.
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Design Suggestions Preventable Safety Incidents from Implementation of the
Design Suggestions
OSHA Accident Details and Mechanism of
Inspection Failure
[Number]

10. | Design components | 303721203 Employee #1 was assembling scaffolding
designed to facilitate directly beneath a concrete block on-
prefabrication in the shop loading/staging area when two 8-inch
or on the ground. concrete blocks dislodged from a partial

cube and fell three stories (32 feet), striking
and killing Employee #1.

11. | Underground utilities and | 308384775 Three electricians entered an excavation
other below-grade that previously collapsed to clean dirt off
features located in areas electrical conduits.  The  excavation
easily accessible for collapsed a second time and engulfed one
excavation. electrician up to his waist. This employee

suffered multiple fractures to his head,
chest, and pelvis and was hospitalized.

12. | Rooftop mechanical | 307931600 An employee was on a roof cutting a hole in
equipment located away concrete, for the installation of an HVAC
from skylights and roof system. He was approximately 16 ft high
edges. when he fell and was killed.

Table 2: Design Suggestions and Preventable Safety Incidents
(Sources: Gambatese (2000); Gambatese et al (2003); and OSHA)
1.1.3.3 Potential Implications of DFCS Implementation

There are several potential implications of Design for Construction Safety
(DFCS) implementation. Gambatese et al (2005) identify project characteristics
or issues that DFCS implementation could potentially impact along with those
that could potentially impact DFCS implementation. These are seen in Figure 2.

Figure 2: Factors affecting Implementation of Design for Construction Safety (Source: Gambatese et al, 2005)

Impacted By

Y
- -

- Designer knowledge of the concept

- Designer acceptance of the concept

- Designer education and training

- Designer motivation to implement the concept

- Ease of implementation of the concept

- Availability of implementation tools and resources
- Competing design/project objectives

- Design criteria/physical characteristics

Implementation of the

Design-for-Construction-Safety

(DFCS) Concept

Impact On

- Construction worker safety

- Other construction characteristics
(cost, quality, constructability, etc.)

- Completed facility characteristics
(design features, operator safety,
operability, maintainability, etc )

- Design firm liability, profitability, etc.
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As seen in Figure 2, designer knowledge of the concept, designer acceptance of
the concept, design education and training, designer motivation to implement the
concept, ease of implementation of the concept, availability of implementation
tools and resources, competing design/project objectives, and design
criteria/physical characteristics are the factors that impact DFCS implementation.
Meanwhile, construction worker safety, other construction characteristics,
completed facility characteristics, and design firm liability/profitability, are the
factors that are impacted or have implications through DFCS implementation.

Construction worker safety is the main positive implication of DFCS
implementation. The prevention of injuries and fatalities of construction workers
alongside decreasing near misses and accidents on the construction site
constitute the ultimate benefit of DFCS implementation. DFCS is after all, aimed
at decreasing site safety hazards (Toole and Gambatese, 2008). To ensure that
DFCS implementation has no negative implications on construction worker
safety, the design professional should have the design modification or measure
assessed to determine/confirm whether it could favorably impact construction
safety in that particular project case.

Another positive potential implication of DFCS implementation is cost-savings.
DFCS, through the proactive identification and elimination of hazards is safer and
more cost effective than reactive management of the same hazards (Toole and
Gambatese, 2008). Eliminating the need to install temporary safety measures
during construction may result in overall construction cost savings (Gambatese et
al, 1997). Also, where DFCS eliminates certain permanent project features, its
implementation might decrease project cost. Additionally, certain DFCS
modifications may not only enhance construction worker safety but have lesser
costs than the typical features. On the other hand, there may be negative
potential cost implications. The addition of permanent protective elements to
otherwise ordinary project features comes at a cost. For example, the placement
of permanent guardrails around skylights would cost more than not placing
guardrails at all. This would thus be a negative implication on project cost.

Improved constructability is another potential implication of DFCS
implementation. Toole (2007) defined DFCS as safety constructability. This is the
ability of construction workers to safely construct a project. With added safety
elements on the project, the construction workers should be able to better fulfill
their duties. This means a positive implication on project quality as well. On the
other hand, quality with regards to such matters as aesthetics may be negatively
impacted by DFCS implementation. DFCS implementation may suggest or
require the elimination of certain aesthetic but “risky” features. Eliminating these
features will reduce the aesthetic quality of the project thereby impacting the
completed facility characteristics.

Another positive potential implication of DFCS implementation is in operator
safety, operability, and maintainability. DFCS measures or modifications can be
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implemented and not only improve construction workersafety but occupant and
maintenance worker safety. For example, considering permanent guardrails
surrounding skylights, these would minimize the safety risk of maintenance
workers falling through the skylight when they are performing maintenance tasks
on the roof during the project operations phase. And, where occupants also have
access to the roof, this decreased safety risk will apply to them as well. An
example of an actual scenario where the safety of construction workers may
have cascaded to the safety of occupants is the case of the Kansas City Hyatt
Regency Hotel walkway collapse.

On July 17, 1981 at approximately 7.05pm; two walkways collapsed killing 114
people and injuring over 200. This occurred during a tea dance attended by more
than 2,000. The elevated walkways were situated in the atrium of the hotel which
became the site of one of the deadliest structural collapses in the United States.
During construction, workers carrying loaded wheel barrows across the walkways
complained about excess vibration and swaying. The excessive swaying of the
elevated walkways was so much that they were temporarily shut down. However,
when the visible swaying stopped, the bridges were reopened for use in the
interest of expedience (Marshall et al, 1982). Perhaps if construction worker
safety had been addressed by rectifying the design to prevent the swaying and
instability of the walkways, then the lives of 114 occupants could have been
preserved while injuries to 200 avoided. It must be noted that the initially
approved structural design had called for a continuous rod arrangement for
supporting the walkways but was changed to an interrupted rod arrangement by
reason of installation practicality. The new arrangement was found to have
doubled the load on the fourth floor box beam-hanger rod connections; this was
found to be the cause of the failure under the load at the time of collapse. To
make the change, the contractor submitted shop drawings with the modification
for approval by both the architect and structural engineer. Ultimately, the
particular drawing with the detail was stamped by both the architect and the
engineer. This highlights the need to take note of change orders even when
implementing DFCS. Change orders may omit or eliminate design features
intended to collectively enhance construction worker, occupant, and maintenance
worker safety.

DFCS implementation may have negative potential implications on design firm
liability. It may offer an additional avenue for liability exposure in the event of a
safety incident connected to a DFCS feature. In a lawsuit, the objective of the
feature may be revealed to the contractor and the judge/jury and if the incident
occurred when the feature was properly installed and used, the designer may be
found liable. This scenario is expected to be rare if the design professional does
not prescribe means, methods or sequences but only designs features to
enhance the safety of the contractor or construction workers with/without their
knowledge. This is adherence to the defined approach of DFCS implementation.
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Even where there are negative implications on design firm liability, it may not be
much given that legal and litigation costs are commonplace for design firms. In
event of any notable injury incident, there is typically buck-passing among all
project participants where each attempts to avoid liability. Expectedly, all parties
incur some legal costs. The only sure way of reducing potential liability of all
parties for worker injuries is by reducing the frequency and severity of
construction injuries (Levitt and Samelson, 1993). And, this is the goal of DFCS
implementation. Thus, legal and litigations costs alongside the cost of insurance
programs may potentially become Ilower (Toole et al, 2006). DFCS
implementation could then have positive potential implications on design firm
profitability.

Design firm profitability may also be positively impacted in that reducing the
number of construction accidents and injuries could avoid disruption to work and
avert delays in project completion and as a result, improve productivity (Huang,
2003). The design firm may benefit by proceeding to other jobs sooner. On the
other hand, besides the fact that design firm profitability could be negatively
impacted by additional legal costs, it may also be impacted by the schedule
needs of DFCS implementation particularly where high detailing is required.

Conclusively, based on the discussed potential implications, the positive seem to
outweigh the negative implications. Also, earlier research by Gambatese et al
(1997) found that different project participants believe improving construction
safety by any means will result in benefits to other project characteristics in
addition to safety. This further supports the implementation of DFCS on projects
by design professionals and design firms.

1.1.3.4 Impediments to DFCS Implementation

There are a number of impediments to DFCS implementation and they mainly
stem from designer perceptions and concerns. The most critical impediments
include designers' concern about increased liability, increased cost and
designers' lack of safety expertise (Toole, 2007). Others include concerns about
schedule problems, diminished design creativity and designers’ lack of interest
(Gambatese et al, 2005).

The impediments are mostly situated in the factors that impact DFCS
implementation as indicated by Gambatese et al (2005). This is as seen in Figure
2. Designers’ lack of safety expertise alludes to the absence of designer
knowledge of the DFCS concept, the absence of DFCS education and training,
difficulty of implementation of the DFCS concept, and inadequacy/unavailability
of DFCS implementation tools and resources. Meanwhile, designers’ lack of
interest alludes to the absence of designer acceptance of the DFCS concept, and
absence of designer motivation to implement the DFCS concept. Lastly,
increased cost, schedule problems, and diminished design creativity allude to the
presence of competing design/project objectives and set design criteria/physical
characteristics.
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Exposure to Liability

The fear of liability constitutes a uniquely strong barrier to DFCS in the litigious
United States (Toole, 2005). A study by Gambatese et al (2005) found most
designers believe DFCS will increase their liability exposure.

Avoiding liability for construction worker safety underlies the paragraphs in most
model contracts that explicitly state the design professional as not being
responsible for construction site safety methods or programs. Architects in the
United States use the American Institute of Architects (AIA) A201 contract
document. The issue of architects’ involvement in construction safety is
addressed in Sections 3.3.1, 4.2.2, 4.2.7, 5.3.1, 10.1, 10.2 and 10.6. The most
relevant to DFCS are Sections 3.3.1 and 4.2.7 which are presented.

3.3.1 The Contractor shall supervise and direct the Work, using the Contractor’s
best skill and attention. The Contractor shall be solely responsible for and
have control over construction means, methods, techniques, sequences
and procedures and for coordinating all portions of the Work under the
Contract, unless the Contract Documents give other specific instructions
concerning these matters. If the Contract Documents give specific
instructions concerning construction means, methods, techniques,
sequences or procedures, the Contractor shall evaluate the jobsite safety
thereof and, except as stated below, shall be fully and solely responsible
for the jobsite safety of such means, methods, techniques, sequences or
procedures. If the Contractor determines that such means, methods,
techniques, sequences or procedures may not be safe, the Contractor
shall give timely written notice to the Owner and Architect and shall not
proceed with that portion of the Work without further written instructions
from the Architect. If the Contractor is then instructed to proceed with the
required means, methods, techniques, sequences or procedures without
acceptance of changes proposed by the Contractor, the Owner shall be
solely responsible for any resulting loss or damage.

4.2.2 The Architect, as a representative of the Owner, will visit the site at
intervals appropriate to the stage of the Contractor’s operations (1) to
become generally familiar with and to keep the Owner informed about the
progress and quality of the portion of the Work completed, (2) to endeavor
to guard the Owner against defects and deficiencies in the Work, and (3)
to determine in general if the Work is being performed in a manner
indicating that the Work, when fully completed, will be in accordance with
the Contract Documents. However, the Architect will not be required to
make exhaustive or continuous on-site inspections to check the quality or
quantity of the Work. The Architect will neither have control over or charge
of, nor be responsible for, the construction means, methods, techniques,
sequences or procedures, or for the safety precautions and programs in
connection with the Work, since these are solely the Contractor’s rights
and responsibilities under the Contract Documents, except as provided in
Subparagraph 3.3.1.
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Engineers in the United States meanwhile utilize the Engineers Joint
Construction Documents Committee (EJCDC) E-500 contract document. The
issue of construction safety is addressed in Sections 6.01, A.1.05, A.2.02 and
D1.01. The most relevant to DFCS are 6.01.H and A1.05.C which are both
presented.

6.01.H. Engineer shall not at any time supervise, direct, or have control
over Contractor’'s work, nor shall Engineer have authority over or
responsibility for the means, methods, techniques, sequences, or
procedures of construction selected or used by Contractor, for
security or safety at the Site, for safety precautions and programs
incident to the Contractor’'s work in progress, nor for any failure of
Contractor to comply with Laws and Regulations applicable to
Contractor’s furnishing and performing the Work.

A1.05.C Limitation of Responsibilities: Engineer shall not be responsible for
the acts or omissions of any Contractor, Subcontractor or Supplier,
or other individuals or entities performing or furnishing any of the
Work, for safety or security at the Site, or for safety precautions and
programs incident to Contractor's Work, during the Construction
Phase or otherwise. Engineer shall not be responsible for the
failure of any Contractor to perform or furnish the Work in
accordance with the Contract Documents.

One could argue that the model contracts for both architects and engineers
preclude both parties from making design decisions in the interest of construction
worker safety. However, one can also infer that so long as the designer does not
prescribe means, methods, techniques, sequences or procedures, the designer
can be involved in construction worker safety although the designer is not
responsible for site safety. Nevertheless, some designers believe DFCS will
interfere with the contractor’'s means and methods and this, they feel, is a major
barrier to DFCS (Gambatese et al, 2005).

Designers’ Lack of Safety Expertise

To effectively contribute to construction worker safety, it is imperative designers
possess some degree of expertise in construction safety and some knowledge of
construction processes (Toole, 2005). In a study by Gambatese et al (2005),
designers indicated lack of construction experience and knowledge as a barrier
to DFCS.

Designers will require some knowledge of how individual construction tasks are
performed. They will also require knowledge on the sequencing between the
tasks, and how different trades coordinate their work (Toole, 2005). Designers
should also possess some knowledge of safety standards and programs. For
example, they should be familiar with OSHA standards.
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A significant majority of design professionals have had limited or no academic
exposure to construction safety management (Toole, 2005). An investigation of
36 civil and construction engineering programs in the United States by
Gambatese (2003) found no course solely devoted to construction safety exists
in their curricula. A number of programs however indicated they offered courses
that include some amount of construction safety content.

Furthermore, the traditional design-bid-build project does not allow the contractor
to provide the designer with safety constructability input during the design phase.
During this phase, the contractor is typically yet to be engaged. Also, if the
contractor bears witness to the designer’s involvement in construction safety, the
contractor may present this as a basis for shifting liability to designer if and when
a safety incident occurs.

Increased Cost

Another impediment to DFCS is increased cost. Performing DFCS may increase
direct and indirect costs for projects, design firms and designers. In a study by
Gambatese et al (2005), 74% of designers stated that DFCS would result in
increased cost. This includes design and/or construction cost.

Project costs may increase due to additional protective features incorporated into
the design. It is however important to note that, in cases where DFCS eliminates
a feature, decreased project costs may result. While increased cost is a valid
impediment, it is dependent on the DFCS approach utilized.

Additionally, eliminating the need to install temporary protection systems during
construction may result in overall construction cost savings (Gambatese and
Hinze, 1999). In the traditional design-bid-build project, construction cost may
have no bearing on the designer. However, in design-build projects where a
single firm is charged with both design and construction, net project cost savings
will increase their project margins (Toole, 2005).

With regards to increased cost for design firms, this may result from training all
its designers to design for safety and review submittals for safety (Toole, 2005).
Time that could have otherwise been billable will be used for this training.
Designers meanwhile may experience increased costs in the form of insurance
premiums. If designers begin explicitly attempting to contribute to worker safety,
plaintiff lawyers may claim designers are at least partially responsible for
preventing worker injuries (Toole, 2005). Insurance carriers providing designers
with liability insurance could legitimately increase their premiums to cover
increased costs associated with defending lawsuits against the designers. Cost
increases associated with DFCS implementation may ultimately require design
firms and designers to increase their professional fees. This would in turn make
them less competitive with those still utilizing the traditional design process
without DFCS implementation (Toole, 2005).
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Schedule Problems and Time Constraints

Implementing DFCS may impact project schedule. As in the case of project cost,
the incorporation of protective features into the design may result in increased
time requirements to install or construct additional features. However, where
DFCS eliminates a feature, decreased time needs may result. As such, this
impediment is also dependent on the DFCS approach utilized.

DFCS may also result in increased schedule needs for the project design phase
as safety will be yet another criterion for design and analysis (Toole, 2005).
Additionally, concern for liability may lead to excessive reviewing by designers.
With DFCS implementation, design and review may thus require considerably
more time.

In a study by Gambatese et al (2005), roughly half of the designers surveyed
stated that DFCS would lead to schedule delays. In the same study, designers
identified time constraints as a significant barrier to DFCS.

Decreased Project Quality and Diminished Design Creativity

Eliminating elaborate project features in the interest of construction worker safety
can diminish design creativity and possibly, project quality. This is particularly
considering the fact that functional features that are aesthetic and creative add
value to projects. As an example, consider the Sydney Opera House in Australia.
If the precast concrete shells that form the distinctive roof are eliminated in the
interest of construction safety, the value of the design will be substantially
diminished. In light of such implications, a number of designers surveyed by
Gambatese et al (2005) stated that DFCS would lead to decrease in project
quality by limiting design creativity. Also in the same study, increased project
complexity and reduction in quality of design concepts were identified as barriers
to DFCS.

Absence of Designer Interest and Motivation

DFCS implementation at least in part, depends on the interest and motivation of
the individual designer since it is not a standard practice and also since it is not
typically mandated in U.S. design contracts (Gambatese et al, 2005).

Gambatese et al, (2005) found only 37% of designers surveyed were interested
and willing to implement DFCS. This figure indicates the absence of designer
interest and motivation as a DFCS impediment. Further to this, the surveys
assessed work priorities and found the designers ranked construction worker
safety as their lowest priority.

Additionally, it is important to note that this absence of interest and motivation
may be due to the other impediments to DFCS implementation.
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1.1.3.5 Addressing the Impediments to Implementation

Earlier research proposed ways through which the impediments to DFCS
implementation could be addressed. The potential solutions are provided in
Table 3.

Impediments to DFCS
Implementation

Potential and Possible Solutions

Exposure to liability

Engage legal experts to revise model contract language and
legislation to facilitate DFCS without shifting liability to designers
(Toole, 2005).

Engage insurance experts to assist in developing insurance policies
that protect designers from excessive legal liability for incorporating
safety features in their designs (Gambatese et al, 2005).

Designers’ lack  of
safety expertise

Engage outside safety experts such as experienced contractors
and construction managers to review designs and help train
designers in DFCS (Toole, 2005).

Provision of designers with formal training on the federal or state
OSHA standards (Toole, 2005).

Expansion of professional licensure examinations to include

construction safety (Toole, 2005).

Inclusion of construction safety in undergraduate engineering
curricula through courses, internships and projects (Gambatese,
2003).

Use of design for safety tools which include computer-based
databases, checklists, and graphics, to help designers identify
design decisions that have a high potential for improving worker
safety, to guide designers toward decisions that result in an
acceptable level of worker safety, and suggest details or other
documents to include in the construction documents to maximize
worker safety (Gambatese et al, 1997; and Toole, 2005).

Provision of practical guidelines for addressing safety amid the
complex array of design processes and regulations designers
encounter in their work (Gambatese et al, 2005).

Increased cost

Identification, selection and implementation of DFCS measures that
can improve construction safety with minimal or no increase in cost.

Schedule problems and
time constraints

Identification, selection and implementation of DFCS measures that
can improve construction safety with minimal or no increase in
schedule needs.

Decreased project
quality and diminished
design creativity

Identification, selection and implementation of DFCS measures that
can improve construction safety without compromising architectural
form or function (Toole, 2005).

Absence of designer
interest and motivation

Changing the mindset of designers by making them cognizant of
how their work can directly affect the safety and health of
construction workers (Gambatese et al, 2005).

Motivating designers and providing them with incentives from
sources that may include the design contract, market forces,
knowledge of potential cost savings, professional codes of ethics,
building codes, standard design practice, and legislative actions
such as regulations that clearly recognize a safety role for
designers (Gambatese et al, 2005).

Table 3: Impediments to DFCS Implementation and Potential Solutions
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A separate strategy that could address perhaps all the impediments to DFCS
implementation is a change in project delivery type from design-bid-build to
design-build (Coble and Blatter, 1999). The Design-Build Institute of America
(DBIA) defines design-build as a method of project delivery in which one entity
works under a single contract with the project owner to provide design and
construction services. DBIA identifies benefits of design-build for practitioners to
include higher profit margin, decreased administrative burden, reduced litigation
and increased market share.

As the designer and contractor are one entity, liability for site safety incidents
during construction rests with the entity, the design-build firm. The issue of
increased liability exposure due to DFCS implementation becomes inapplicable.
Also, the designers’ lack of expertise will be diminished as an impediment to
DFCS. Since the designers and contractors are engaged at the same time, the
contractor can provide input in the project design phase. The contractor’s safety
knowledge can thus be utilized in DFCS.

With a design-build firm, cost and schedule issues can be approached differently.
The net benefits or costs due to DFCS can be considered over the design and
construction phases. Thus, design-build firms should be able to capture the
overall economic and other benefits resulting from designing for safety (Toole,
2005).

With regards to possible decreased project quality and diminished design
creativity, the design-build firm will have to utilize the typical approach of
implementing DFCS measures that improve safety without compromising form or
function (Toole, 2005).

In design-build firms, designers tend to have more interest and motivation in
implementing DFCS. In a study by Gambatese and Hinze (1999), designers from
design-build firms were found to be very knowledgeable of design measures that
may impact worker safety. This was because many of the designers already
addressed construction worker safety in their designs. As designers work
together with their colleagues, the contractors, they begin to appreciate each
other’'s concerns (Gambatese and Hinze, 1999). Construction personnel for
example, may alert the designer of how a particular connection presents worker
safety concerns and the designer may then substitute it for a safer connection.

DFCS is not a rigid concept. It utilizes different measures and approaches
towards eliminating or minimizing construction hazard risks. DFCS measures can
thus be devised or selected to avoid the impediments. A designer should weigh
the merits of implementing DFCS measures based on project characteristics,
constraints and features and then decide which to implement without
compromising criticalities (Gambatese, 2000). For example, many designers
believe DFCS leads to increased project costs, schedule problems, and
diminished design creativity (Gambatese et al, 2005). However, the analysis of a

20



full-scale DFCS initiative by Weinstein et al (2005) did not reveal such results. 16
of the 26 design changes considered were implemented for addressing specific
hazards. This project illustrated how DFCS measures can be selectively
implemented to adhere to project constraints while eliminating or mitigating
significant construction safety and health hazard risks.

1.2 The Case for Research

1.2.1 Research Gaps and Recommendations from Earlier Research

DFCS as a practice is considered to be in its infancy (Gambatese et al, 2005). As
such, there are significant research gaps to address and numerous
recommendations for research geared towards characterizing and enhancing
DFCS implementation towards the improvement of construction safety.

1.211 CPWR Recommendations for DFCS Research

The Center to Protect Workers’ Rights (CPWR) sponsored two main studies for
DFCS, Gambatese et al (2005) and Behm (2006). The studies concluded with
recommendations for research to demonstrate the effectiveness of DFCS in
improving construction worker safety. Research was also recommended towards
gaining widespread acceptance for DFCS among design professionals. The
recommendations have been consolidated. They are presented.

1. Accumulate demonstrable evidence on the effectiveness of DFCS.

a. Investigate actual on-site deaths and disabling injuries with a
special focus on the role of the project design.

b. Test the feasibility of implementing individual DFCS suggestions
using specific design-related information.

2. Develop case studies on the negative consequences of ignoring worker
safety in building designs.

3. Determine economic benefits of design modifications for construction
worker safety.

a. Evaluate the economic benefit of implementing the design-for-
safety concept to all construction entities (designer, owner, and
constructor).

b. Create a database of cost-effective design modifications using cost-
benefit modeling.

c. Demonstrate the effectiveness of designing for safety in reducing
costs associated with workers’ compensation insurance premiums.

4. Research project delivery methods, design and construction contracts,
and errors and omissions insurance to develop design review and
assessment tools that will assist designers in addressing safety.
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a. Investigate how DFCS can be incorporated into building codes and
standards, sustainability models, and OSHA construction standards
(29 CFR 1926).

b. Investigate the incorporation of design for safety within owner-
controlled insurance programs (OCIPs) as a method to reduce
overall project risk.

5. Evaluate how academic design coursework should be revised to include
design-for-safety content and also how professional designers, owners,
and constructors can be trained regarding the principles and applications
of designing for safety.

1.21.2 NIOSH NORA Research Gaps

Through the National Research Agenda (NORA), the National Institute for
Occupational Safety and Health (NIOSH) identified a number of DFCS
information gaps that could address the barriers to the diffusion of DFCS in the
United States. The NIOSH NORA Construction Sector Council named DFCS as
one of its top 10 priority areas. The identified research gaps are stated.

NIOSH NORA Construction Sector Strategic Goals
Main Goal: Increase the use of DFCS approaches to prevent or reduce safety
and health hazards in construction.

1. Characterize the current use of DFCS and coordinate efforts to promote
its use and to fill key information gaps.

a. Establish a baseline on the current use of DFCS.

b. Collect basic materials, case studies, and business case models needed
for effective demonstration of concepts and strategies. Evaluate materials
and identify gaps where additional information products are needed.

C. Evaluate key gaps related to engineering and /or effectiveness of DFCS
approaches.

d. Identify other groups working on these issues and coordinate efforts to
facilitate understanding of challenges and possible solutions.

e. Create a repository of existing programs, checklists, best practices, etc.
which can be adapted according to type of construction and firm size.

f. Collaborate with and educate key professional organizations to promote
the use of DFCS.

2. Evaluate, clarify, and address the most prevalent obstacles to acceptance

and implementation of DFCS:
* Fear of liability
* Lack of expertise in safety and in designing for safety
* Uncertainty about costs associated with DFCS
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Explore and characterize the issue of liability concerns for designers.

Research real versus perceived liability. Develop potential solutions such

as model contract language, design specifications, and legal protection

that allow designers to incorporate DFCS concepts without exposing
themselves to inappropriate liability.

Develop a recommended/suggested minimum level of adequate safety

and health training for design students and determine the number of

schools providing an acceptable baseline level of safety training.

Characterize economic aspects associated with implementing DFCS

concepts.

- Will inclusion of safe design concepts increase direct costs for
designers?

- Will there be costs associated with higher insurance premiums and
associated legal defense with potential changes in liability?

- Will increased design fees associated with DFCS be offset by
reduced construction cost, potential lawsuits, and costly injuries in
the total design and construction of the project?

- Will improved design result in reduce costs over the lifecycle of a
building or structure by lowering safety and health costs (e.g.,
installing temporary fall protection) associated with maintenance,
renovation, and eventual demolition?

- What costs and benefits should be included in DFCS business case
studies?

Evaluate opportunities to develop potential incentives for encouraging
architects and engineers to embrace DFCS.

Explore potential opportunities for integrating DFCS into newly emerging
design tools and practice trends such as use of building information
models (BIM) and Integrated Project Delivery (IPD).

Evaluate how DFCS approaches can provide secondary benefits such as
improved safety and health for other groups such as: the general public
(from construction-related bystander incidents), maintenance workers, and
building occupants, or improved work efficiency and constructability.
Explore how emerging “Model Client” and best practice procurement
approaches provide mechanisms for encouraging owners to engage in
DFCS activities.

Develop methods to utilize the U.S. Green Building Council’'s (USGBC)
Leadership in the Energy and Environmental Design (LEED) rating system
and the sustainability movement to implement DFCS.

Develop tangible products and methods to address identified DFCS
obstacles and challenges.

Develop a website repository to house tangible DFCS products and
methods.
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Develop DFCS training modules for practicing design professionals that
could earn them continuing education credits.

Develop business case studies of owner organizations who have
implemented DFCS.

Develop a targeted white paper for engineering and architectural
professionals, educators, and owners that define and describe the DFCS
process.

Develop presentation materials tailored for engineering and architectural
designers, educators, and owners for use at professional conferences,
such as ASCE, ASSE, AIA, Cll, CURT, AOD, DOT, National Safety
Congress, etc.

Develop model contracts and general conditions text to allow designers to
perform DFCS without shifting responsibility for means, methods and site
safety from contractors.

Develop and provide associations such as ASCE, AIA, ASME, IEEE and
ASSE with model language they can use for policy statements that
support implementation of DFCS.

Develop a customized DFCS “OSHA 10-hour” course for design
professionals and educators.

Develop tools such as educational documents, checklists, databases and
interactive software to enable designers to perform DFCS.

Develop three general and discipline-specific case studies of design
professionals or design builders implementing DFCS, emphasizing the
business case for DFCS.

Develop modules for engineering and architectural courses that include
specific DFCS applications.

Expand the use and evaluation of DFCS practices.

Partner with interested and influential owners, clients, investors,
professional groups, contractors, and other stakeholders to develop
innovative DFCS demonstration projects.

Partner with stakeholders to widely disseminate outputs.

Publicize practitioner success stories and use to make larger policy,
institutional, and organizational changes.

Implement social marketing approaches, awards, and other campaigns to
increase awareness of DFCS concepts.

1.2.2 Scope of Research and Deliverables

This research considered a different paradigm towards increasing DFCS
implementation. The new paradigm considers that several tools have been
provided to enable and aid DFCS implementation. These tools are however
incomplete, inaccurate and/or inadequate to serve their intended purpose. This is
particularly since most of the tools have been available for over a decade but, are
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still experiencing limited use with the diffusion of DFCS relatively minimal in the
United States (Toole and Gambatese, 2008). Research literature had not
addressed technical principles underlying DFCS to help designers better perform
DFCS, and to facilitate the development of additional DFCS tools (Toole and
Gambatese, 2008).

To better enable DFCS implementation, available tools could be fine-tuned
through research. They could be improved to address or avoid the impediments
to DFCS implementation. On this basis and with consideration given to feasibility,
| decided on a number of research deliverables.

1. DFCS measures applicable to the design phase of a capital project.

2. Impediments to successful implementation of DFCS measures that apply
in the CPDP (Capital Project Delivery Process) design phase.

3. Revised DFCS measures based on 1 and 2.

4. Preventable construction site hazard incidents for 1 and 3.

5 Computer tool/application to aid the implementation of design phase
DFCS measures through use of 1, 2, 3 and 4.

1.2.21 Applicable DFCS Measures to the Project Design Phase

To assist designers in DFCS implementation, safety researchers sponsored by
the Construction Industry Institute (Cll) accumulated design suggestions for
minimizing or eliminating certain construction safety hazards (Cll, 1996; and
Gambatese et al, 1997). Applicable DFCS measures to the project design phase
were to be determined from these design suggestions. | selected this source for
a number of reasons. Firstly, it provided a very extensive list of design measures
for construction worker safety. 430 design suggestions were presented.
Secondly, the design suggestions from the CIlI study were the most cited in
DFCS research. Lastly, the design suggestions were developed or identified from
sources in the United States AEC industry. The suggestions were thus more
likely applicable to the U.S. DFCS measures from other sources and countries
could have been considered if available or different. The Construction, Design
and Management (CDM) regulations of the United Kingdom require the
involvement of all major project participants including designers in addressing
construction worker safety. The performance-based regulations specified the
hazards to be addressed but not the measures to utilize. This was also the case
in some other European countries such as France (Gibb, 2004). In Australia,
DFCS is encouraged but not required by Safe Work Australia (SWA), the
statutory agency for improving work health and safety. SWA presented a few
examples of design suggestions for construction worker safety, all of which were
already included in the 430 suggestions from the CIlI study.

The design suggestions were identified and developed from a number of
sources. The sources are specified in Table 4.
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Source Number of Percent

Suggestions (%)
1. | Safety design manuals and checklists 140 32.6
2. | Authors and safety task force members 123 28.6
3. | Interviews 81 18.8

- Constructors and design-builders (50)

- Academics 17)

- Locallstate/federal public agency personnel (7)

- Owners (5)

- Designers (2)
4. | OSHA (CFR, publications, data) 34 7.9
5. | Journal articles 19 4.4
6. | Periodicals 14 3.3
7. | Public safety courses 8 1.9
8. | Other (NIOSH, HBR Constructability Plan) 11 2.6
[Total] 430 100

Note: CFR = Code of Federal Regulations; NIOSH = National Institute of Occupational Safety and Health;
HBR = Houston Business Roundtable

Table 4: Design Suggestion Sources (Sources: Cll, 1996; and Gambatese et al, 1997)

The design suggestions pertain to different design disciplines including
architectural, civil, structural, MEP (mechanical-electrical-plumbing) and
construction management. The suggestions address numerous construction site
hazards applicable to a multitude of project systems and components. Also, they
are mostly building construction related.

In the CII research study, none of the 430 design suggestions were discarded
based on cost, schedule, relative risk reduction, or any other design or
construction performance criteria (Gambatese et al, 1997). As a result, many of
the suggestions are not applicable to the project design phase. Consider these
two examples.

- Limit the lift height of concrete pours to minimize the load on formwork and
the risk of collapse of fresh concrete during pouring operations.

- Provide a procedure for placing and holding initial loads on post-tensioned
concrete. This procedure should include the safe positioning of workers.

The two suggestions prescribe means, methods, techniques, sequences or
procedures for the contractor. Thus, they expose the designer to liability.
Additionally, since they are applicable to the construction phase and do not
pertain to permanent project features, they do not fit the criteria for DFCS
measures. Design suggestions that do not meet the criteria are considered
infeasible for implementation.

The 430 design suggestions were to be individually analyzed to identify those

applicable to designers and the project design phase. They were also to be
assessed to identify those that address or avoid the impediments to DFCS
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implementation. As hundreds of design suggestions were yet to be individually
evaluated, the development of additional DFCS measures was not within the
scope of this research.

The need for safety expertise in the DFCS implementation process is minimized
with the provision of viable DFCS measures. These measures must be design
guidelines applicable to the project design phase that do not expose the designer
to additional liability. This is the justification for this research deliverable.

1.2.2.2 Impediments to Implementing DFCS Measures Applicable to the
Design Phase

Identifying impediments to successful implementation of DFCS measures that
are applicable to the project design phase, serve to achieve three functions.
Firstly, it provides a means for evaluating the DFCS measures for feasibility of
implementation. DFCS measures derived from the CIl study’s 430 design
suggestions were to be utilized. As stated earlier, none were discarded based on
any criteria (Gambatese et al, 1997). Several studies identified impediments to
implementing DFCS. However, only a limited number considered individual
DFCS measures (Gambatese et al, 2005; and Behm, 2006). Gambatese et al
(2005) considered the feasibility of implementing certain design-for-safety
modifications. The study collected responses and comments from designers with
regards to 6 modifications. The scope of this research was to be broader, to
include all DFCS measures from the 430 suggestions that were applicable to the
project design phase.

Secondly, this deliverable presents the issues that must be surmounted to
enhance the feasibility of implementing individual design-phase DFCS measures,
thus providing a basis for yielding specific potential solutions to the impediments.
Thirdly, this deliverable provides a basis for revising the DFCS measures to
better enable their implementation. The yielded impediments to be avoided or
addressed are essentially to serve as a specification for making the DFCS
measures more feasible for implementation.

1.2.2.3 Revised DFCS Measures based on Impediments to Implementation

Design guidelines that avoid or address the impediments to DFCS are more
likely to be implemented on projects. Even those design suggestions from the ClI
study that are applicable to the project design phase, could be poorly specified.
They could be inaccurate and/or incomplete.

Some DFCS measures could be revised to be more specific and applicable to

the particular project feature they address. This could make the measures more
viable for implementation and/or more viable for improving construction safety.
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Also, some of the DFCS measures could be found not to be revisable for
improving implementation. Others meanwhile, could be revised to avoid
perceived impediments to their implementation or to provide their individual basis
for implementation. Incorporating the purpose or goal of certain DFCS measures
might motivate designers to implement them. For example, those DFCS
measures that eliminate the need for adherence to certain OSHA regulations
could be indicated accordingly.

The scope of this research includes the revision of DFCS measures to be both
more viable for implementation and for improving construction safety. This
research deliverable is to be an addition to the accumulated design-phase DFCS
measures and to further serve in minimizing the need for safety expertise in the
DFCS implementation process.

1.2.2.4 Preventable Construction Hazard Incidents from Applicable DFCS
Measures

For a majority of DFCS measures, potential benefits of their implementation were
neither determined nor provided. However, a number of studies conducted
research in this direction. Behm (2005) reviewed 224 fatality investigation reports
to establish a link between DFCS and fatalities. The study results found that the
risk associated with 42% of the fatalities would have been reduced or eliminated
had DFCS been utilized. A successive study by Gambatese et al (2008)
validated 71% of the cases reviewed.

In the same vein, Behm (2006) analyzed 450 reports of construction workers’
deaths and disabling injuries to determine whether addressing safety in the
project designs could have prevented the incidents. The study results found that
in 151 cases, the hazard that contributed to the incident could have been
eliminated or reduced if DFCS measures had been implemented. This was
perhaps the most comprehensive of the studies with regards to evaluating the
potential benefits of individual DFCS measures.

For this research, a similar model to that of Behm (2006) was to be utilized. The
study used design suggestions from CIl (1996) and Gambatese et al (1997). This
also included suggestions that are not applicable to the project design phase and
designers. This research was to only identify preventable construction hazard
incidents for design-phase DFCS measures.

Behm (2006) randomly selected 224 NIOSH FACE (Fatality Assessment Control
and Evaluation) reports along with 226 OSHA inspection reports from the States
of Oregon, Washington and California. From these reports, the number of
construction safety incidents that could have been prevented through
implementation of 73 design suggestions was tallied.
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In this research, preventable construction hazard incidents were to be identified
for each design-phase DFCS measure, to serve as illustrative cases for the
implementation of the measures. For this, the OSHA database was to be used.
OSHA, as the authority charged with safety regulatory oversight, collects and
compiles data on occupational safety hazards. For each hazard, OSHA records
the details of the accident, the degree of injury, the worker's occupation, the
worker’s establishment name, and the date of accident. Additionally, keywords
are specified for each hazard. This eases the identification of relevant hazards in
the publicly accessible database. The database is fairly comprehensive in
documenting the accidents that led to fatalities and serious injuries. However,
many minor injuries go unreported and undocumented (Leigh et al, 2004). All
construction fatalities investigated in the NIOSH FACE program are included in
the OSHA database. Fatalities investigated in the FACE program were those
voluntarily notified by participating states, and the 9 State health or labor
departments that have cooperative agreements with NIOSH for conducting
surveillance, targeted investigations, and prevention activities at the state level.
OSHA reports provide less detail than NIOSH FACE reports. However, the
OSHA database provides a larger repository of data as it accounts for practically
all fatalities and a significant percentage of recordable injuries in the past 2-3
decades throughout the United States construction industry. The OSHA
database was therefore considered very appropriate for this research.

Demonstrable evidence of the effectiveness of the DFCS measures show the
benefit of their implementation, injuries prevented and lives saved. This could
increase designers’ motivation towards DFCS by justifying its implementation.
This deliverable strives towards addressing lack of interest as an impediment to
DFCS implementation.

1.2.2.5 Computer Application to aid implementation of design phase DFCS
Measures

As DFCS is still an emerging practice in the United States, tools are needed to
assist designers in making safety a consideration in the early phases of the
capital project delivery process (Gambatese, 2008). This is particularly
considering designers’ lack of safety expertise and also lack of motivation for
DFCS (Gambatese et al, 2005). DFCS tools have the potential to support and
improve designers’ safety knowledge and skills of hazard recognition (Ku and
Mills, 2010). They can also facilitate communication between designers and
contractors in the project design phase (Ku and Mills, 2010). Without regulations
requiring the involvement of designers in construction worker safety, it is
imperative that tools not only aid in the DFCS process but increase the
participation of designers in safety (Ku and Mills, 2010).

The use of computer tools is currently an integral aspect of the capital project
delivery process. Computer tools are thus most likely to have an impact on DFCS
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implementation. A number of such tools have been developed. A comparative
analysis was conducted to highlight their features and differences. This is seen in

Table 5.

Tools Design-for- ToolSHeD Construction Design-for-Safety-
Construction- Hazard Process (DFSP)
Safety (DFCS) Assessment and | Tool
Toolbox Implication

Review (CHAIR)

Function DFCS ToolBox | ToolSHeD The CHAIR tool | The DFSP tool
provides  design | deploys provides a | virtually  simulates
suggestions  for | argument trees | framework for the | construction
improving to enable the | detailed and | processes to detect
construction evaluation of | systematic interferences
worker safety. | hazards examination of | between building
These associated with | construction, systems and spatial-
suggestions  are | specific design | maintenance, temporal workspace
classified based | options and | repair, and | conflicts during
on specific | also, the | demolition  safety | construction. The
activities, design | proposition  of | issues associated | tool utilizes 3D/4D
features and | mitigation with  design. It | building information
project systems. | strategies. The | utilizes prompts to | models (BIM) and a
The tool enables | tool provides | incorporate DFSP database. lIts
user access of the | interactive risk | reviews in a | four virtual reality
DFCS database | assessment structured process. | functions include
through a | through an | (Workcover NSW, | collision  detection,
checklist system. | online survey | 2001; and Ku and | terrain following,
(Cll, 1996; and | interface that | Mills, 2010) geometry  picking,
Gambatese et al | generates the and 3D tape
1997) risk level of measurement.

specific (Hadikusumo  and
activities or Rowlinson, 2002;
materials. and Ku and Mills,
(Cooke et al, 2010)

2008)

Adaptability to Project | Yes Yes Yes Yes

Characteristics

Provision of DFCS Yes No No No

Measures

Exclusive Provision of | No No No No

Design-Phase DFCS

Measures

Indication of No No No No

Implementation

Benefits

Indication of No No No No

Implementation Costs
and Impediments

Table 5: Comparative Analysis Table of Design-for-Construction-Safety (DFCS) Tools

Based on the comparative analysis in Table 5, there is need for a more effective
DFCS tool. For a tool to increase or improve DFCS implementation in the United
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States AEC industry, it must function effectively in the current contractual
environment by not providing a means for increased exposure to liability. It must
therefore exclusively provide design-phase DFCS measures. Considering
regulations and current contractual structures do not require designer
involvement in construction safety, implementation benefits should be provided to
motivate DFCS implementation. For this same reason, providing a means or
framework for implementing DFCS without providing actual DFCS measures is
inadequate. Additionally, such details as the costs or impediments of
implementing the DFCS measures may also serve to aid designers’ decision-
making process. These were also not provided by any of the DFCS tools.

A new computer tool was to be developed to provide design-phase DFCS
measures, their potential impediments, and their preventable safety incidents
based on project characteristics. The design-phase DFCS measures were to
include both those that were revised and those that were not revised. The tool
was thus to incorporate the other research deliverables. The product of using the
tool is to be a guideline that includes selected DFCS measures that are
applicable to the features of the project on which DFCS is being implemented.

In determining the type of computer tool to be developed, the most widely used
tools in the AEC industry were considered. Autodesk currently holds 85% of the
market share for design software. Autodesk products such as AutoCAD and
REVIT are the market standard for architectural and engineering designs. They
are mostly desktop applications. In line with this, the DFCS tool is to be a
desktop application.

This research is to produce a structured collection of DFCS data. The DFCS tool
is to encapsulate the research findings and to serve as a vehicle for utilizing the
research data to enhance DFCS implementation. The DFCS tool is to enable
users to retrieve the data based on project characteristics and other entered
criteria. Relational database applications enable users to sort and retrieve
specific information from stored data based on field entries (Chays et al, 2004).
They also enable users to generate reports containing only certain fields from
each record. Based on the expected function of the tool, it was to be a relational
database application.

Relational database applications can be developed using such existing software
as Microsoft Access, Visual FoxPro, Oracle, Siebel and MySQL among others.
However, my familiarity with using Microsoft Access made it my preferred choice
for developing the tool.

This research aims to increase DFCS implementation through the development
of a computer application without the inadequacies of existing DFCS tools. As a
result, DFCS implementation could be more convenient and significantly less
likely to increase liability exposure.
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1.2.3 Value of Research

The value of this research lies in its objective to aid, improve and increase DFCS
implementation on projects. This is the avenue through which the research aims
to enhance construction worker safety. The means through which the research
offers such value is discussed in this section.

1.2.3.1 Improving DFCS Implementation

This research is to serve in aiding and improving DFCS implementation through
its deliverables. Through earlier research, guidelines and tools were developed to
enable and/or aid DFCS implementation but these have been incomplete,
inaccurate and/or inadequate to serve their intended purpose (Toole and
Gambatese, 2008). Through this research, these guidelines and tools were to be
fine-tuned. Furthermore, additional data was to be collected to serve towards
documenting and addressing, minimizing or avoiding the impediments to DFCS
implementation. Mainly stemming from designer perceptions and concerns on
implementation outcomes, the impediments include increased liability exposure,
designers’ lack of safety expertise, increased cost, schedule problems,
diminished design creativity and designers’ lack of interest (Toole, 2007; and
Gambatese et al, 2005). These impediments were discussed in detail in Section
1.1.3.4. Each of the research deliverables are to serve in addressing the DFCS
implementation impediments through distinct approaches.

By determining and documenting the applicable DFCS measures to the project
design phase from the 430 design suggestions included in the CllI's DFCS
Toolbox, the need for safety expertise to effectively implement DFCS is
minimized. Furthermore, by being situated in the design phase, the DFCS
measures will not expose the designer to additional liability in case of related
safety incidents.

By identifying impediments to successful implementation of the design-phase
DFCS measures, this research provides a means for determining DFCS
measures that are feasible for implementation, providing a basis for determining
specific solutions to the impediments, and also providing a basis for revising the
DFCS measures to better enable their implementation. This deliverable thus
indicates the impediments that should be addressed, minimized or avoided for
each of the DFCS measures in order to make them more feasible for
implementation.

The DFCS measures themselves, where applicable, were to be revised in order
to address or avoid the impediments to DFCS implementation. This is important
as some of the DFCS measures were poorly specified and this in itself served as
an impediment to their implementation. Documentation of a revised set of DFCS
measures in addition to the other design-phase measures will serve in further
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minimizing the need for safety expertise in implementing DFCS while avoiding
other impediments.

By identifying the preventable construction hazard incidents that could be
realized from implementation of each design-phase DFCS measure, the benefits
of their implementation are provided. These are injuries prevented and lives
saved. This deliverable will serve to increase designers’ motivation towards
DFCS and thereby address their lack of interest as an impediment to DFCS
implementation.

In Section 1.2.2.5, it was determined that a computer application that could
function effectively in the current contractual environment of the United States
AEC industry was necessary to aid DFCS implementation. A DFCS application
that exclusively provides design-phase DFCS measures, their potential
impediments, and their preventable safety incidents based on project
characteristics will serve to address designers’ lack of safety expertise and lack
of motivation as impediments to DFCS implementation while also not providing a
means for increased exposure to liability. As the final research deliverable, this
desktop relational database application will incorporate the other research
deliverables. As such, the DFCS tool is to enable the convenient use of the
research results and to potentially have a more immediate effect in aiding DFCS
implementation on capital projects.

DFCS has been identified as a viable strategy for improving construction safety
(Hecker et al 2004). This is for a number of reasons. Firstly, the proactive
identification and elimination of hazards through DFCS is safer and more cost
effective than the reactive management of the same hazards (Toole and
Gambatese, 2008).

Secondly, DFCS has the ability to function effectively in the current construction
environment without requiring any major changes in procedure or contractual
structure. By eliminating a hazard at the design phase, DFCS can passively
address safety by minimizing the number of safety decisions to be made by
contractors and construction workers on the work site. This means fewer
opportunities for poor safety decisions made on site, leading to accidents
(Mroszczyk, 2006). Furthermore, eliminating the hazard is recognized as a far
more effective way to improve safety than reducing the hazard or providing
personal protective equipment to workers (Gambatese et al, 2005).

Thirdly, while many construction craftspeople have a tacit understanding of
forces and motions associated with their trade, design professionals have had
formal schooling in physics and engineering and may thus better consider site
safety as they make their design decisions (Toole and Gambatese, 2008).
Additionally, the involvement of other project participants including designers in
construction worker safety is important for both symbolic and substantive
reasons as safety is more likely to be affirmed as a project priority for all entities
(Toole and Gambatese, 2008).
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Another reason for the viability of DFCS is the possibility of improving safety for
other project phases beyond that of construction. DFCS may improve operations,
utilization, maintenance and even demolition safety. This would improve
occupant, user and maintenance worker safety in addition to that of construction
workers all from the project design phase. Also, Toole (2007) identified a strong
link between DFCS and the social equity dimension of sustainability as another
reason for the viability of DFCS as a construction safety strategy.

AEC design professionals can also consider DFCS a viable strategy as it may
provide a marketing advantage. Design professionals who choose to implement
DFCS could market themselves as progressive, team-oriented professionals
(Toole et al, 2006). They may also benefit financially if engaged in design-build
projects as reduced construction accident and injury rates will minimize the
impact of compensatory and other related costs on the bottom-line of the
projects.

Additionally, contractors can also consider DFCS a viable strategy as the
influence of design professionals on such construction issues as safety can have
favorable cost implications for projects (Huang, 2003). This is an additional
benefit besides improving the safety of their workers and thereby minimizing
costs and other consequences associated with construction accidents and
injuries.

As DFCS is to be implemented by AEC design professionals in the project design
phase, they are the intended users of the results of this research. This includes
architects, civil engineers, MEP engineers and possibly other project participants
such as project managers, owners and even contractors. The research
beneficiaries meanwhile, are the construction workers that stand to benefit from
fewer fatal and non-fatal injuries on the project site. However, where certain
design professionals already implement DFCS, they will be research
beneficiaries since the deliverables will serve to aid and/or improve their
implementation process. This is since the research deliverables will serve to
address, minimize or avoid the implementation impediments so as to increase
the use of DFCS as a strategy for improving construction worker safety on capital
projects.

1.2.3.2 Improving Construction Worker Safety

The ultimate value of this research lies in its goal of improving construction
safety. There are a number of reasons why this is important. Firstly, professional,
ethical and moral obligations require the safety of others be protected. It is thus
every AEC design professional’s responsibility to preserve and protect human life
including that of construction workers (Toole et al, 2006). This is indicated in the
design professionals’ respective code of ethics. The code of ethics of the
American Institute of Architects (AlA) requires architects to protect the safety of
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the public. The National Society of Professional Engineers (NSPE) state in their
“Code of Ethics for Engineers” that engineers shall hold paramount the safety,
health, and welfare of the public. Additionally, the American Society of Civil
Engineers (ASCE) state in their code of ethics that “ Engineers shall recognize
that the lives, safety, health and welfare of the general public are dependent
upon engineering judgments, decisions and practices incorporated into
structures, machines, products, processes and devices’. While many design
professionals traditionally do not include construction workers in their definition of
“the public’, it is still the designers’ moral duty to prevent injuries to the workers
whenever and wherever possible. Injuries, non-fatal and fatal, adversely impact
the quality of construction workers’ lives and/or negatively impact their loved
ones. For humanitarian reasons, such an outcome should be prevented
(Jaselskis et al, 1996).

Secondly, the improvement of safety could potentially benefit every project
stakeholder and participant by minimizing or eliminating the costs associated with
injuries to construction workers. The importance of this reason is further
emphasized by the fact that all the costs are continually escalating (Gambatese
et al, 1997). The owner, architect, engineers and contractors could all potentially
benefit financially.

Injury and fatality compensation can significantly dent the bottom line of projects
(Jaselskis et al, 1996). To account for this, contractors raise their bid prices and
this in turn makes it more expensive for owners to execute projects. Owners
realize the costs of injuries are ultimately reflected in the cost of construction
(Gambatese, 2000). And with higher construction costs, owners attempt to
decrease the fees due to other stakeholders on the project. The impact is indeed
far-reaching. This could be even more so if safety regulatory authorities decide to
enforce very stringent and costly regulations with regards to safety (Gambatese
et al, 1997). When recommendations are not considered, regulation becomes
necessary and it is well within the responsibilities of OSHA and other regulatory
agencies to introduce their measures towards decreasing injuries and fatalities.
OSHA fines are also another cost associated with injuries to construction workers
(Jaselskis et al, 1996).

The costs of litigation and lawsuits are another motivating factor for improving
construction safety that applies to all project participants. In event of an injury
incident, there is typically buck-passing among all project participants where
each attempts to avoid liability. Expectedly, all parties incur some legal costs.
Furthermore, these court cases may prove time-intensive. The only sure way of
reducing potential liability of all parties for worker injuries is by reducing the
frequency and severity of construction injuries (Levitt and Samelson, 1993).
Another cost applicable to all project participants is that of insurance programs
which are less costly where accident rates are lower (Toole et al, 2006).
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Thirdly, all project participants may also benefit in that reducing the number of
construction accidents and injuries could avoid disruption to work and avert
delays in project completion and as a result, improve productivity (Huang, 2003).
For the owner, these benefits are financial as project utilization will initiate earlier.
The benefits for the contractor are also financial as workers’ wages for the saved
time are eliminated along with potential payment for compensatory damages to
the owner. As for the architects and engineers, they may benefit by proceeding to
other jobs sooner.

Additionally, poor safety performance and its resulting consequences such as
court cases and lawsuits expose all project participants to bad publicity (Huang,
2003). This negative publicity could have such adverse impacts as preventing job
awards or causing even more lawsuits from prior projects. This is yet another
motivating factor driving the need to improve construction safety.

Based on all these reasons, it is clearly important to protect the safety of

construction workers and through this research, DFCS, as a strategy, is to be
enhanced so as to prevent or reduce accidents and injuries on capital projects.
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2.0 Background

2.1 Construction in the United States

2.1.1 The U.S. Construction Industry

Construction is one of the largest industries in the United States with its 7.2
million wage and salary jobs, and 1.8 million self-employed and unpaid family
workers (BLS, 2010). In 2008, there were roughly 884,300 construction
establishments in the United States, out of which 70% have no payroll and the
30% with payroll performing 93% of the work (BLS, 2010). This is as a result of
the fact that there is more than $800 Billion in new construction annually, and low
barriers to industry entry (BLS, 2000-2009). Licensing is relatively easy and the
capital requirements are minimal. As such, less than 100,000 companies have
project volume over $10 million with the ten largest companies performing
around 15% of non-residential construction work. Furthermore, over 60% of all
contractor construction in the U.S is performed by the top 400 contractors
(Hendrickson, 2008). This alludes to the fact that the construction industry is
highly fragmented (Haskell, 2004).

The goods and services produced by the industry include building and
infrastructure facilities. The activities of the industry include the building of new
structures, and additions and modifications to existing structures. The industry is
organized into a number of segments which include building construction, heavy
civil engineering construction, and specialty construction (BLS, 2010). Building
construction includes residential, institutional and commercial construction
(Hendrickson, 2008). Heavy or civil construction includes the construction of such
infrastructure as bridges, dams and airports. Out of the 884,300 construction
firms in the U.S., roughly 269,700 are building construction contractors; 57,600
are heavy construction contractors; and 557,000 are specialty trade contractors
(BLS, 2010). Most of the establishments are small with 68% employing fewer
than 5 workers. Earnings in construction are higher than the average for all
industries (BLS, 2010).

Workers and individuals with a variety of specialties are employed by the
construction industry. They include construction trades workers, engineers,
accountants, clerical workers and truck drivers among many others (BLS, 2010).
Construction trades workers are employed in such trades as carpentry, masonry,
equipment operation, electrical work, plumbing, painting, roofing, boiler making,
and metalwork. The construction industry employs in nearly all of the
construction craft occupations (BLS, 2010).

Division C of the Standard Industry Classification (SIC) is for the construction
industry. Three SIC major industry group codes apply to this division. These
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include 15 for ‘Building Construction General Contractors and Operative
Builders’, 16 for ‘Heavy Construction Other Than Building Construction
Contractors’, and 17 for ‘Construction Special Trade Contractors’. The North
American Industry Classification System (NAICS) code for the construction
industry is 23.

A complimentary industry to that of construction is the Architectural, Engineering,
and Related Services industry. The NAICS code for this industry is 5413. The
services of this industry are typically required to execute construction work. The
industry employs roughly 1,376,000 people and is part of the larger industry
sector of Professional, Scientific and Technical Services (BLS, 2010).

2.1.2 The Construction or Capital Project

There are a number of participants typically involved on a construction or capital
project. Given consideration to the major types of projects, four categories of
participants are identified; owners (and stakeholders); architects; engineers; and
contractors (and subcontractors).

Owners and stakeholders refer to the individuals or groups who own a project
and ultimately stand to benefit from its completion. They are the driving force
since they conceived the project to meet certain demands or needs
(Hendrickson, 2008).

Architects are trained and licensed professionals who design buildings and
structures to be functional, safe and economical (BLS, 2010). Engineers
meanwhile, are trained and licensed professionals who design economical
solutions to enable the construction and function of buildings, infrastructure and
other facilities (BLS, 2010). They include civil, structural, mechanical, electrical,
plumbing and other engineers. Both architects and engineers, known as the
design professionals, also inspect construction work and in some cases,
participate in supervising the work.

Contractors refer to an organization or individual that contract for the construction
of buildings, infrastructure and other facilities (Hendrickson, 2008).
Subcontractors meanwhile refer to individuals or businesses that sign a contract
to perform part or all the obligations of the contractor’s contract.

From the owner’s perspective, the lifecycle of a project initiates from the
conceptual phase and concludes at the disposal phase (Hendrickson, 2008). In
each of these phases, certain activities are typically carried out.

Phase 1: Concept and Feasibility Studies

At this phase of the project, the owner and/or stakeholders determine their
requirements and the needs of the project users. With the project objectives and
scope defined, a project is selected and initiated (Hendrickson, 2008). At this
point, the owner engages the architect and/or the engineer. They sign a
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contractual agreement requiring the design professional to design the facility, and
to serve as the agent of the owner in supervising and monitoring the project. The
design professional then develops a schematic design and program then,
conducts a feasibility study for the design (Hendrickson, 2008). Such issues as
regulatory requirements and financing are addressed at this point. Once the
design is approved by the owner, other design professionals are engaged. The
owner may also choose to engage a project manager or consultant to serve as
his/her agent to all parties throughout the project.

Phase 2: Design and Engineering

At this phase of the project, the design professionals work on developing the
design. Through further design, investigation, costing and review, working
drawings are developed along with specifications and other construction
documents (Hendrickson, 2008). The design phase comprises of preliminary
design, design development, and construction documents stages. According to
the AIA (2011), preliminary design often produces the site plan, floor plans,
elevations, sections, and other illustrative materials such as computer images,
renderings, or models. The drawings typically include overall dimensions, and
allow for the estimation of the project construction cost. Meanwhile, design
development often produces floor plans, elevations, and sections with full
dimensions. These drawings typically include door and window details and also
outline material specifications. Lastly, the construction documents stage
produces a set of drawings that include all pertinent information required for the
contractor to price and build the project. It must be noted that for all three stages,
the contract may distinctly spell out what is to be delivered.

Phase 3: Procurement

During this phase, bidding and procurement documents are prepared by the
design professionals with agreement of the owner. Once the bids and proposals
are received, they are evaluated based on the contractor selection process
defined in the procurement documents. Once the contractor is selected, a
contractual agreement is signed defining the performance and cost expectations
for all project participants (Hendrickson, 2008). With the project team organized,
the project is planned and all preparations for initiating construction activities are
completed. Some design modifications may be made during this phase. The
contractor may also engage subcontractors to execute certain services.

Phase 4: Construction

This is the execution phase of the project. The contractor and subcontractors
execute the construction activities. Meanwhile, the design professionals inspect
and supervise to ensure the work is adhering to the determined requirements
and expectations. The project progress, quality, resources, communication and
safety are all monitored and managed during this phase. This is continued until
completion where all the applicable systems have been constructed and installed
for the facility (Hendrickson, 2008). Changes are also managed in this phase
through the development of change orders by the contractors, and approval by
the design professionals.
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Phase 5: Start-up and Commissioning

This project phase evaluates the functionality and performance of the facility
against the requirements of the contract and also that of the
owners/stakeholders. The as-built operation is tested and the facility is
commissioned. Where there are unmet requirements, a punch list is created and
administered. An operation and management plan is then developed. These
activities are mostly executed by all project participants. The outcome of this
phase is the acceptance of the constructed facility (Hendrickson, 2008). At this
phase, the lessons learned during the project may also be documented.

Phase 6: Operation and Ultilization

This phase is the purpose of the project, utilization. In this phase, facility and user
management is carried out along with continual maintenance. Construction
activities in this phase include remodeling, renovation, retrofits, upgrades and
additions.

Phase 7: Disposal and Decommissioning

This project phase is the end of the project lifecycle when the project has fulfilled
its useful life (Hendrickson, 2008). At this point, the project is decommissioned
and its salvageable components are salvaged. Those systems that are
recyclable are also recycled. The hazardous and utilities waste are also
managed at this stage. The land is also reclaimed during this phase. The major
construction activities at this stage involve the demolition of the constructed
facility.

As evident from the activities in the different project phases, project participants
are differentially involved in the phases. The design professionals are mostly
involved in design and supervisory activities while the contractors and
subcontractors execute the actual construction activities. Many of the project
tasks involve many participants at a time with at least one performing the primary
role. This is indicated in Table 6.

The specified procedures collectively provide a general view of activities
executed in different phases of a typical design-bid-build construction project. In
the case of design-build projects, the design and construction phases overlap.
Many construction projects have procedures and activities that are different from
those discussed. Projects are also structured differently with functional, matrix,
projectized, owner-builder and design-build organizations among others.
Projects may also utilize different types of contractual agreements such as lump-
sum, unit-price, cost plus fixed fee, cost plus fixed percentage, and guaranteed
maximum price contracts (Hendrickson, 2008).

As these many features apply differently for projects, the definition of a project is
emphasized; a distinct one-shot, time-limited, goal-directed, major undertaking,
requiring the commitment of various skills and resources (Meredith and Mantel,
2009).
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Task Responsible Part
Owner Design Construction
Professional Contractor
Provide adequate time and funding for shop Prime
drawing preparation and review
Arrange for structural design Prime
Provide structural design Prime
Establish overall responsibility for Prime
connection design
Accomplish connection design (by design Prime
professional)
Alternatively, provide loading requirement Prime
and other information necessary for shop
drawing preparation
Alternatively, accomplish some or all of Prime
connection design (by constructor with a
licensed P.E.)
Specify shop drawing requirements and Review Prime
procedures
Approve proper scheduling Prime Assisting Assisting
Provide shop drawing and submit the Prime
drawing on schedule
Make timely reviews and approvals Prime
Provide erection procedures, construction Prime
bracing, shoring, means, methods and
techniques of construction, and construction
safety

Table 6: Recommended Responsibility for Shop Drawings (Source: Hendrickson, 2008)

2.2 Causes of Poor Safety in the Construction Industry

2.2.1 Reasons for the Poor Safety Record

The nature of work is mostly responsible for the high precedence of safety
incidents in the construction industry. This work includes many inherently
hazardous tasks and conditions (NIOSH, 2009). | compiled and classified
different reasons for the construction industry’s poor safety record from earlier
literature. While these may not be the only reasons for the poor safety record,
they constitute the more notable ones. They are briefly discussed.

A. Nature of the Construction Site and Projects
1. Site Conditions

a. Topography/Slope of Site: A site with an uneven topography may
affect stability of equipment, materials and even workers during
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construction activities (Ringen et al, 1995). This constitutes a
hazard risk. Additionally, a site with a moderate to steep slope has
the tendency to cause accidents through the movement of
equipment and materials down the slope.

b. Soil Conditions: Soil conditions differ by site. Poor soil conditions
may affect stability of equipment, materials and workers during
construction activities (Levitt and Samelson, 1993). Also, poor soil
conditions require more extensive site engineering activities and
this could increase worker exposure to hazards such as excavation
collapses.

c. Space Constraints: Constrained sites have the tendency of causing
site accidents particularly considering the heavy equipment and
materials that get transported to and from the site in addition to
construction worker traffic. Also, confined spaces present
hazardous working conditions (NIOSH, 2009).

d. Temporary Duration of Work Sites: The temporary duration of work
sites