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PREFACE

The CIB W99 International Conference on the Evolution of and Directions in
Construction Safety and Health was organized under the banner of the International
Council for Research and Innovation in Building and Construction (CIB) in cooperation
with the M. E. Rinker, Sr. School of Building Construction at the University of Florida.
This is the thirteenth year of existence of W99 (Working Commission on Safety and
Health on Construction Sites) and each year we have met to share research findings. The
objective of conferences is to facilitate the exchange information on research that has
been conducted on the topics of construction safety and construction health. It is
apparent that much of the work in construction is done manually, even in the most
developed countries. As such, there is much to be gained by sharing information on
construction safety and health.

The sponsors for the conference include two owners (or clients) and three
contractors. Only five sponsors were solicited for their financial support. Each agreed to
provide conference sponsorship. These five firms were specifically selected because they
embody the very concept of zero incidents, incident free, etc. These firms are
progressive and even aggressive about safety. Over the past years, they have shown the
world that their commitment to safety is heartfelt. We are pleased and honored to have
them participating in the conference.

The conference serves as a forum for the exchange of information on construction
safety and health on a global scale. The information covers a wide variety of topics from
strategies to practices. These topics have been organized into the following categories:

Owners/Clients and Safety Causes and Analysis of Accidents
Design for Safety Safety Issues

Culture and Attitudes Risk

Training Research Strategies

Technology Practices/Policies

Road/Work Zones Other

To ensure the highest quality in these proceedings, a rigorous two-stage system
peer review was conducted for each abstract and subsequent paper. The “call for papers”
began with a request for abstracts to be submitted for review. Abstracts that were on
topics that were not consistent with the theme of the conference were rejected. In some
instances, the abstracts were on an appropriate topic but they were written poorly.
Assistance was offered on how these abstracts could be improved. This review ensured
that the abstracts were relevant for the conference, contained academic rigor and made a
meaningful contribution to the existing body of knowledge. When abstracts were
approved, the authors were encouraged to submit their papers. The papers that were
submitted went through a similar blind review procedure. Thus, the abstracts and the
papers went through a peer review procedure. In some cases, extensive anonymous
comments were provided to assist the authors in preparing high quality papers. The
number of the abstracts submitted was 82 and the number of approved papers was 51.

Jimmie Hinze
Conference Chair
Gainesville, FL
March 9-11, 2008
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FACILITY OWNER MAKES A DIFFERENCE IN
CONSTRUCTION SAFETY PERFORMANCE

Sam Thurman, Regional Construction Safety Consultant, 42 Inverness Parkway, Office:
(205) 992-7644, Fax: (205) 992-, Email: sdthurma@southernco.com

Jimmie Hinze, PO Box 115703, 304 Rinker Hall, University of Florida, Gainesville, FL
32611-5703, Office: (352) 273-1167, Fax: (352) 392-4537, EMAIL: hinze@ufl.edu

ABSTRACT

Facility owners with substantial construction budgets recognize the considerable benefits
of completing projects with minimal injuries. There are a number of ways that owners
can positively influence the safety performances on construction sites. This is done
largely through initiatives that support the efforts of the construction contractors on site.
It is important that owners recognize those areas in which the greatest impact can be
realized. The Southern Company, a large utility in Southeastern U.S., is proactive in
safety and has enjoyed success through its various efforts to bolster project safety
performance. The Southern Company has focused its efforts on such areas as concise
contract safety specifications, comprehensive written site specific safety plans, fall
prevention, cross functional safety teams, electronic safety inspection process,
housekeeping, eye safety and pre-task planning. These efforts have been successful in
reducing jobsite injuries to an incident rate of less than 1.2 injuries per 200,000 worker
hours. While Southern Company does not direct contractors in the methods to be
employed, it does intervene, and if necessary suspend the efforts of contractors when they
place their employees at risk. This aggressive approach is ultimately beneficial to the
owner, the contractor and the field employees.

Keywords: Client, Positive Influence, Greatest Impact, Focused Safety Efforts,
Intervention, Owners and Safety

1. INTRODUCTION

Starting in the early 70’°s safety performance on construction projects improved steadily
for many consecutive years. The significant early driving force was in large part due to
federal regulatory interventions such as the Occupational Safety and Health Act.
Additional strides were made with trade organizations, as the AFL-CIO, demanding safer
working conditions. These forces, coupled with progressive safety programs of some of
the largest contractors, accounted for the lion’s share of the downward injury trends.
More recently, the zero accident principles embraced by most large corporations and
many medium-sized companies have renewed injury prevention efforts. With this
process, most of these companies have expanded their programs to include the contractor



workforces that they utilize both for maintenance and capitol projects and are considered
industry safety leaders.
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Figure 1. Construction Industry OSHA Recordable Injury Rate Trends (1989-2006)

2. BACKGROUND

Southern Company like most large electrical generation utilities in the United States had
huge engineering and construction departments through the growth periods of the 1960’s,
70’s, and early 80’s. The focus of these programs was the construction of new generation
capacity, mostly in the fossil fuel and nuclear energy arenas. The utilities, including
Southern Company, were very active in contractor safety and in many cases actually self
performed significant portions of projects with both staff and direct hire craft personnel.
With many of the projects completed and generating electrical power these construction
departments down-sized, and in the case of Southern Company, were relegated to
executing very small retrofit projects.

This trend continued throughout the 1990°s and into early 2000. Increased energy
demands, coupled with clean air regulations, ushered in moderate-sized construction
projects utilizing gas turbine technology. Since most utilities had severely cut back their
in-house construction capabilities, they turned to contractors to help meet their
construction goals, mostly in a turn-key role. Additionally, the 1990’s had produced a
very litigious atmosphere. Many owners received legal advice that the independent
contractor was to be treated almost in a “hands-off” manner relative to the execution of
their scope of work. This approach was further enhanced by the fact that the location of
these projects were either completely separate properties from existing power plants or if
on existing plant properties they were sufficiently far away that they had little to no
impact on operations.



By the mid-2000’s environmental projects to eliminate certain emissions from the
burning of coal to generate electricity have begun, and many of these will continue for
several years in the future. Often these projects are higher in costs and larger in physical
size than the original generating facility. They require significant budgets, complex
structures, massive equipment, and large construction workforces. To circumvent any
negative impact this increase of activity at operating facilities might produce, renewed

efforts to positively influence contractor safety have been implemented.

Improvement Initiative Implementation Timeline

Regional Safety
Professionals

Contractor

Performance pymA Requires

Notification

all Craft to

New Format
Implemented to
Enhance Safety g::)?'n?;ed:

Third Focused

Prevention

Comprehensive
Project Safety

Corporate Assigned and Gap Analysis  Process Receive OSHA Peer Reveiw f N Leading
Construction Depa?rtment Performedto  Implemented qg Process Ealllng Objects  Indicator
Safety Organization Chart HourOutreach revention Metrics
:_rofgssmnals Established Improvement Second Implemented
ire Process : Focused
. First Focused
Tracking of h Prevention Implemented
Lagging Injury | EH&S Manual ?TA_R_T . 222";9: th:‘ ﬁreventlon Program Electronic
Indicators Written, raining tor ed to the| Frogram . Sponsored: Safety
- SCGEN Field |Playbook Sponsored: T -
Starts Reviewed, & s g Fall Prevention | Hand Injury Inspection
Implemented upervision Prevention Process (DBO2)
® e o ® ‘
1 ! ‘ 151 | N b H R NS St RN
2001 2002 ‘ 003 2004 2005 2p06 2007 2008
Site Safety Comprehensive
Professional EH&S 88:-'A 1?‘ Hour| oo ntract Safety 8SHA 1‘:. Hour | Revised
Criteria Specifications T;iﬁic for Specifications Safety Learning T ut_re_ac Contractor
Established Formulated and SCGENgSt £ Enhanced Labs Installed Rraf'"'"hg p Selection
and assigned | Implemented. a eirasner for Review Process
QUEST & Triangle SCGEN Staff

Goal to Acheive

Ist Quartile
Safety
Performance
Established

Awards Established PHMA Requires
First Contractor

First
self-assesment
Peer Reviews
Conducted

Safety Forum

Craft

Supervision to

Receive 30
Hour OSHA
Outreach.

First Leading
Indicator
Implemented:
Housekeeping
Score

Fourth Focused
Prevention
Program
Sponsored: Eye
Injury Prevention

Figure 2. Improvement Initiative Implementation Timeline

Improvement Initiative Implementation Timeline

2001 Corporate Construction Safety Professionals Hired
Site EH&S Professionals Assigned to Projects
Tracking of Lagging Injury Indicators Starts

Goal to Achieve First Quartile Safety Performance Established

2002 Comprehensive EH&S Contract Specifications Introduced

2003 OSHA 10 Hour Outreach Training for All SCGEN Staff Personnel

EH&S Manual Written, Reviewed, and Implemented

First Self-assessment Peer Reviews Conducted
Gap Analysis Performed to Chart Improvement Process

START Training Provided to Site Construction Coordinators
QUEST Awards Established
Triangle Awards Established



Contractor Performance Notification Process Implemented
First Contractor Safety Forum
Contract Safety Specifications Enhanced

2004 Chapter XII Implemented
PHMA Requires All Craft Personnel to Complete OSHA 10 Hour Outreach
and First-line Supervisor to Complete OSHA 30 Hour Outreach Training
First Focused Prevention Program Sponsored: Fall Prevention

2005 Safety Learning Lab Implemented
New Format Implemented for Peer Review Process
First Leading Indicator Metric Introduced: Housekeeping Score

2006 Second focused prevention program sponsored: Hand Injury Prevention
OSHA 10 Hour Outreach Refresher for All SCGEN Staff Personnel
Third focused prevention program sponsored: Hand Injury Prevention

2007 Implemented electronic safety inspection process (DBO2)
Contractor Safety Qualification Questionnaire Being Reviewed and
Recommendations from Safety Group
Comprehensive Project safety leading metrics and dashboard implemented

Contractor
Qualification

Contract

Postcontract Safety Contract
Evaluation Management Preparation
Process & Award

Contract Orientation
Compliance &

Monitoring

Figure 3. Key Spheres of Owner Influence



Five Step Contract Process

When contracting for construction services, Southern Company Generation (SCGEN)
follows well-defined procedures to help ensure the safety environment on the
construction site. Contractors are required to meet their responsibility for assuring the
safety and health of its employees. SCGEN has developed a five step Contract Safety
Management Process to help achieve its safety goals. For contract activities involving
low dollar expenditures and/or low risks to the company, the performance of these
processes will be at the discretion of responsible company management personnel.
Specific examples will be provided during training.

1. Contractor Qualification - SCGEN will identify and evaluate potential contractors
with a demonstrated commitment to safety and health.

2. Contract Preparation and Award - SCGEN will establish and communicate during
the contracting process its safety and health requirements and expectations. These
requirements will be appropriately included in all executed agreements between Southern
Company Generation and contractor.

3. Orientation - Prior to the start of work, SCGEN will review contractual safety
information with the designated contractor representative(s). Orientation training will be
performed with contractor representatives. Contractors will be required to acknowledge
receipt and understanding of this information, and document that this information has
been communicated to their employees.

4. Contract Compliance and Monitoring - SCGEN will monitor compliance with the
contract safety and health requirements. Non-compliances will be documented and
reported to company and contractor management. For GEM employees working in or
near contractor work arecas, SCGEN will monitor the work environment to ensure the
safety of its employees, and any unsafe conditions will be reported to contractor
management for correction. Failure to promptly correct reported conditions can lead to
stoppage of work and termination of the contract.

5. Post contract Evaluation - SCGEN will perform an evaluation of the contractor's
safety performance upon completion of the work. This evaluation will be documented
and communicated to SCGEN management and the contractor’s representative when
appropriate. The results and conclusions of this evaluation will be utilized in
consideration of awarding future work.

Contractor Qualification Process

Perhaps the first step to ensure good safety performance on a project is to award the
construction contract to a “safe” contractor. Although we may feel that there is never a
certainty about the outcome of a project, the odds can be improved considerably through
a careful selection process. Through a judicious selection process, contracts will be
awarded to contractors who have a demonstrated track record in safety. But how should



this be done? What measure of past safety performance should be used? There are a
number of different factors that should be examined. The careful selection of the set of
safety performance criteria that will be used to evaluate contractors is an important step.
Of course, there is no single measure that can be used. Instead, a series of safety
performance measures are recommended. These include historical measures and also
“predictive” measures. Table 1 represents the “Objective Criteria” in use at SC today:

It may be appropriate to consider factors other than past performance measures when
selecting contractors. Rather than looking back at what a contractor has done on past
projects, it seems logical to consider what the contractor will likely do on the project in
question. This assessment is made on the basis of predictors of safety performance.

Table 1. Additional Safety Qualification “Subjective Criteri a”

Criteria Acceptable Thresholds
Previous Work Evaluations Satisfactory Safety Evaluations
Experience Modification Rates (3 EMR of 1.0 or less
yrs)
OSHA Recordable Incidence Rates Acceptable: 5.0 or less
(3yrs)
OSHA Citation History (5 yrs) Zero Willful Citations

Rather than looking back at what a firm has done, this approach looks to the future and
involves making assumptions about the effectiveness of implementing certain practices
on the project under consideration.

Written safety programs
Company safety commitment

e A mission statement that affirms the company’s posture on safety

e A policy statement from the firm that asserts its commitment to safety

e A letter of commitment to project safety signed by the CEO

e A policy stating the active involvement of top managers in project safety

Safety personnel qualifications
Project management team qualifications
Company web-site: Is safety even mentioned?

Contract Document

The Contractor shall observe all federal, state, and local laws and regulations. Attention
is directed to the regulations of federal, state and local agencies

Contractor must submit a safety policy signed by its CEO

Contractor must place at least one full-time safety representative on the project

e Safety Representative with other duties at less than 50 workers



e Full-time safety professional at 50 workers up to 250
¢ One additional safety professional for every 100 workers over 250

Contractor must submit the résumés of key safety personnel for the owner’s approval
The Contractor shall implement a safety program that meets or exceeds that of the client
Contractor must submit a site-specific safety plan

OSHA specific regulations

Specific safety training sessions

Contractor’s employees must have 10-hr OSHA cards
Contractor’s supervisors must have CPR and First-Aid cards
Training on the hazards related to the tasks

Pre-project safety planning

Task specific PPE analysis

Conduct regular safety inspections

Incident reporting and investigations

Emergency plans (medical and hazardous materials)

A substance abuse program must be implemented

Regular safety meetings

Safety responsibility defined for all levels

Emergency response team maintained on the project

Daily JSA (job safety analysis) conducted on the project site

Contractor must implement a permit system when performing hazardous activities (line
breaks, lockout/tagout, excavations, proximity to power lines, confined space entry,
hot work, etc.).

Contractor is required to provide specified PPE (hard hats, safety glasses, gloves)
Contractor must provide specified minimum training for the workers

The Contractor must train, certify and license equipment to the specific make and model
they will operate on the project

Contractor must submit subcontractor list to owner for approval

Contractor shall ensure that all subcontractors comply with all project safety
requirements.

Contractor must implement a substance abuse program.

Contractor must include personnel from the owner in coordination meetings.
Contractor must conduct weekly safety meetings for the workers.
Contractor must participate in site safety audits.

Contractor must promptly report to the owner the occurrence of all lost time injuries and
all OSHA recordable injuries. The Contractor will submit a monthly summary to the
owner regarding the all first aid injuries.



Contractor Premobilization

After the successful bidder has been chosen, it is prudent for the owner to meet with the
contractor’s site senior leadership and safety professional prior to the start of construction
activities. This will assure that the written site specific programs are in place, the
resources such as PPE, training and other materials are available. More importantly, these
contractor employees will lead the safety effort for their employees and the owner can
take this opportunity to review requirements. This meeting also often makes such a
positive impression that it sets the overall tone that the project safety processes take
throughout construction activities. SCGEN has developed a written checklist utilized
during this meeting to assist in covering the key points and document the discussions.

3. CONTRACTOR SAFETY, HEALTH AND ENVIRONMENTAL
ORIENTATION CHECKLIST

Southern Company Generation

Attachment I1I-1

Company Representative(s) shall review with the Contractor’s site management all site-
specific and contract-specific safety, health and environmental requirements that are
applicable to the Contractor’s scope of work as defined in the written contract. It is the
Contractor’s responsibility to convey this information to all of the Contractor’s
employees and subcontractors. Contractor site management must acknowledge receipt
and understanding of the safety, health and environmental requirements by signing this
checklist. Contractor site management must also submit written documentation that all
employees and subcontractors have received an equivalent safety and health orientation
prior to work activity.

This Checklist shall be used to assure basic safety, health and environmental issues are
covered. Any additional project-specific issues should be added in the space provided.

Check each item that is discussed with the Contractor’s representative. If the item is not
checked, then that item is not applicable to the work being performed

1. Personal Protection Equipment
0 Head Protection
0 Eye and Face Protection
o0 Foot Protection
o Hand Protection
o Traffic Vests
O Respiratory Protection
0 Basic Work Clothing

2. General Safety
0 Housekeeping
O Sanitation

10



0 [Nlumination

0 Materials Storage and Handling

O Signs and Barricades

o Ladders

O Scaffolds

0 Manlifts — Use and Training

o Fall Protection — 100% above 6’
o Steel Erection

o Rigging and Lift Plans

0 Crane Suspended Work Platforms
0 Chain & Lever Hoists & Jacks

o Power Tools

0 Grinders — Pedestal, Bench and Portable
0 Hazardous Energy Control (Lockout/Tagout) and Clearance Procedures
0 Excavation and Trenching

0 Blasting Operations

0 Confined Space Entry

o Welding, Cutting, Heating

0 Compressed Gas Cylinders

0 Transporting Personnel

0 Working Over or Near Water

o Demolition Operations

0 Atmospheric Monitoring

3. Major Equipment
0 Mobile Cranes
0 Forklift Operations
0 Earth Moving Equipment
0 Aerial lifts and Bucket Trucks
0 Elevators
o Overhead Cranes
0 Mobile Equipment Near Electric and Process Lines
0 Vehicles, Carts and Gators

4. Occupational Health
0 Hearing Conservation
0 Hazard Communication Program
0 Bloodborne Pathogens
0 Lead Paint Abatement
O Inorganic Arsenic
o Silica
O Asbestos
O Abrasive Blasting
O Industrial Radiography
O Material Safety Data Sheets Page 1 of 2

11



Contract Compliance and Monitoring

SCGEN will monitor compliance with the contract safety and health requirements.
Contract non-compliances will be documented and reported to company and contractor
management. For SCGEN employees working in or near contractor work areas, SCGEN
will monitor the work environment to ensure the safety of our employees, and any unsafe
conditions will be reported to contractor management for correction. Failure to promptly
correct reported conditions can lead to stoppage of work and termination of the contract.

Safety Violations

If we observe a contractor employee violating a site safety or regulatory rule that poses
an imminent danger to themselves, our employees, or our facilities, we should stop the
activity and contact the Contractor supervision to request corrective action. If the nature
of the violation does not pose imminent danger, the Company employee observing the
violation should notify the Company's contract administrator, compliance personnel, or
other supervision. The contract administrator or his representative will then notify
Contractor management and request corrective action.

Corrective Actions

A Safety Non-conformance Report (SNCR) process will be developed and implemented
to document the request for corrective action and to verify follow-up. The Contract
Administrator or Safety Personnel will meet with the contractor on a periodic basis to
review SNCR records and overall contractor safety performance. The failure to
satisfactorily correct reported exceptions to the contract safety terms and conditions, or
circumstances where the contractor's work activities are placing our employees or
facilities at risk, can result in the work being stopped. Repeated instances could result in
the termination of the contract.

4. EXAMPLES OF OWNER INFLUENCE ON CONTRACTOR SAFETY
THROUGH FOCUSED OR TARGETED SAFETY PROGRAMS
Eye Safety Program

Brief overview description:

The Eye Safety Program is a program that was designed to dramatically reduce eye
injuries on a construction project. The objective of the program was to reduce eye
injuries by increasing worker compliance with wearing eye protection. A top level safety
manager of the facility owner was the initial party to start the program development, but
he enlisted and obtained considerable assistance and support for implementation from
safety personnel of the owner at the project site. This program was begun as a project
specific program.

1. Motivation for Initiation
This program was developed after it was observed that there were a disproportionate
number of eye injuries among the first aid injuries treated at the project nurse’s station.
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Eye injuries constituted 41% of all the first aid injuries, a value that is far greater than the
normal distribution of eye injuries.

2. Benchmark Prior to the Program

There was no actual benchmark regarding eye injury incidents. Once it was decided that
a target safety program would be developed for eye hazards, subjective measures were
devised. Different site personnel were asked to walk the jobsite and note the number of
times they felt compelled to tell workers to wear proper eye protection. A total of 15
individuals made such observations. Each respondent spent approximately 2 hours on
each field walkthrough. There was considerable variation between the observations of
different individuals; however, the average rate of non-compliance was about 12
incidents per 24-hour period.

3. Target Safety Program Champion

The facility owner’s corporate safety manager on the project site was the official
champion of the eye safety program. This individual kicked off the program and
continued to monitor it during the project execution phase. The site safety officer was a
willing and easy recruit to assist in implementing the program.

4. Development of the Program

When the need for an eye safety program was first realized, an assumption was made that
most eye injuries were due to workers failing to wear the proper eye protection. This was
verified through information obtained from field safety personnel and site supervisors.
Proper eyewear was typically considered to consist of safety glasses, “spoggles”, and
goggles, i.e., workers must determine the proper eye protection for the existing
conditions. A review of the first aid injury log showed that most of the eye injuries were
from dust blown into the eyes. Because of the nature of the work done at the project,
there were many locations that harbored accumulations of dust and iron filings. Since the
project already had a safety eyewear policy, it was simply a matter of increasing
compliance. It was felt if workers would wear the proper eye protection that a significant
decline in eye injuries would occur.

5. Implementation of the program- selling the program

Since there was already a policy of wearing eye protection at all times, the eye safety
program was one of getting greater compliance with the policy. While several of the
owner’s site personnel (not exclusively safety personnel) were told personally of the new
initiative to reduce eye injuries by the corporate safety officer, a formal approach was
also employed. The first step was to alert everyone of the intent to reduce eye injuries as
part of the Target Safety research project of the CII. The memorandum that went to all of
the owner’s personnel on the project site is shown below (see Figure 4).
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Subject: Eye Protection

Most of you are aware that our Company is a member of the CII (Construction Industry
Institute), and we have been asked to participate in a study with regards to eye protection.
This study is being supported by our corporate safety department and they have requested
your help. We have shared all first aid data with regards to eye injuries with them but
they have asked if we can quantify on average how many times we would remind
personnel in the field to wear the proper eye protection for the tasks they were
performing. In the time period form January 2005 thru the end of May 2005, how many
times on average did you have to remind personnel in the field to put on proper eye
protection? Please respond by quantifying it such as 1/week, 4/day, 8/month, or none.

Please respond as soon as possible,

Thank You,

Project Safety Specialist

Figure 4. Memorandum sent to site personnel about the Eye Safety Program

To re-energize the workers about the need to wear proper eye protection, a number of
methods were employed. For example, the eyewear topic was a regular subject of many
toolbox meetings. The project newsletter also reiterated the need to comply with the eye
protection policy. All supervisory and safety personnel were asked to make a point of
noting whenever a worker was not wearing eye protection. When such non-compliance
instances were noted, they were to immediately bring this to the attention of the workers
and ask them to put on the proper eyewear. New worker orientation stressed the elements
of the eye safety program. This orientation included a learning lab in which workers
were shown various items related to safety. This included a station related to eye
protection. In addition, a job poster was posted at different locations about the project
site. This poster stressed the severe consequences of not taking care of the eyes in the
workplace (see Figure 5). In essence, the program was implemented by communicating
the importance and proper use of eye protection through several different means.
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Figure 5. Jobsite poster that stressed the need to protect the eyes

Site personnel who made jobsite inspections were asked to specifically fill out an Eye
Injury Report Form (see Figure 6). Completing this form helped to document
information related to eye injuries. This also was helpful in emphasizing the importance
of the eye safety program.
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Eye Injury Report Form

This form is provided for users of occupational and educational eye and face protection.
Completing and returning this form will assist the Z87 Committee on Safety Standards
for Eye Protection

to improve this standard and develop others, as appropriate. The Eye Injury Report Form
1s not subject to

copyright and may be reproduced as needed.

Eye Injury Report Form

Please report all work-related and education-related eye injuries to assist the ANSI Z87
Committee on Eye and Face Protection develop improved standards. Eye injuries include
injuries to the eyeball, surrounding tissue such as the lids, and the bones forming the eye
socket.

1. Injured worker information 2. Employer information
. Worker’s initials (first/middle/last) Nature of business:
Sex ¥t Male 1t Female Age (describe in detail; e.g., steel
ball-bearing manufacturer)
Job title/type of work: Contact name
(describe in detail) Title
Company name
(e.g., journeyman carpenter-concrete form builder) Address
Date of injury (mo/day/yr) / / City
State Zip
Was there 1 day (8 hr) or more of lost work -time? Phone ( )
FAX ( )
¥ Yes £ No ¥ Unknown
3. Industry type (check one) 4. Part of body injured (Check all
that apply)
1 Agriculture/forestry/fishing 1¥ Eyeball, one eye
1t Other tissue around eye
L¥ Mining 1 Eyeball, both eyes ¥t Bone, eye
socket
1 Construction IX Eye lid 388
Other:
1t Manufacturing
1t Transportation 5. Nature of injury (Check all that
apply)
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1t Public Utility/Sanitation ¥t Corneal scratch/abrasion
Thermal burn

1t Finance/Insurance/Real estate 1t Foreign body on eye surface
Chemical burn

1t Retail/wholesale trade It TForeign body in eyeball
Radiation burn (welder flash)

1t Services (e.g., lodging/food/health/legal/social/education) 1t Puncture of eyeball

_ Blunt trauma to eye

1t Public Administration (e.g., govt/police/fire/safety/military) 1t Laceration to eye
or lid Blood in eye

1t Other (describe): ¥t  Facial fracture Other:

Figure 6. Example of the Eye Injury Report Form

6. Inspecting and monitoring for Compliance

The information about eye injuries was tracked in a number of ways. The Eye Injury
Report Form was completed for each eye injury, in addition to recording some relevant
information in the first aid injury log. Information was also maintained on how
frequently workers were observed to be in non-compliance, namely the frequency by
which workers were told to wear the proper eye protection.

7. Disciplinary Action

While non-compliance with the eyewear policy was noted with some frequency when the
program was first implemented, there were no specifically outlined consequences for this
non-compliance. Instead, workers were always instructed to put on the necessary eye
protection, i.e., no infraction was ignored. The general demeanor of the workforce was
such that there was good worker responsiveness to these requests. Rather than imposing
penalties for non-compliance, the safety personnel were simply trying to provide friendly
reminders to the workers, and the workers generally complied with these requests.

8. Measure of Success

As the program began, there was an average 12 instances of non-compliance per 24 hour
work day. In addition, the number of eye injuries constituted 41% of the first aid cases
prior to the initiation of the eye safety program. This program was initiated during the
month of June, so the data for June were not included in any of the analyses. In the five
months that followed the program initiation, there were several indications that the
program was successful. First of all, the number of instances of non-compliance dropped
to about one per week. In addition, the eye injuries dropped as they constituted only 19%
of the first aid injuries.

9. Goal Achievement

The results of the program: five months after program initiation, results showed that the
program is a success. It was realized that the effort must be sustained to continually
remind workers to wear the proper eye protection.
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Owner Can Assist in Employee Orientation and Site Indoctrination

When craft employees report to the project, they receive a very powerful message if a
senior owner representative also attends the site orientation session. They can take the
opportunity to show support of the contractor’s safety efforts and outline the owner’s
safety expectations. At SCGEN projects, we provide the “Safety Learning Lab” for
contractors to orient their employees. The Learning Lab is a hands on, visual, highly
interactive training experience that greatly enhances the learning experience.

Figure 7. View of Safety Learning Lab stations 1-5 where such topics as Zero
Injury, report all injuries, Fitness for Duty, Behavior Based Safety, vehicle safety,
Safety Task Assignment, PPE, Hazard Communication, Hearing Conservation,
and housekeeping are discussed
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Figure 8. View of Safety Learning Lab station 10 where fall prevention, 100% fall
protection, anchorage points, ladder safety, scaffold safety, barricading, and special
work permits is discussed

Figure 9. View of Safety Learning Lab station 14 where hand and power tool safety
is discussed
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Figure 10. View of Safety Learning Lab stations 6 and 7 where the topics lock
out/tag out, electrical safety, Process Safety Management, fire prevention, fire
protection, and welding safety are reviewed

Figure 11. View of Safety Learning Lab stations 8-13 where excavation procedures,
alarm systems, safety showers, rescue, confined space entry, cranes, critical lift
permits, rigging, ergonomics, manual material handling, waste disposal, and
HAZWOPER topics are discussed
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5. CONCLUSIONS

The owner influence on contractor safety is not only inevitable but absolutely essential in
regards to successful completion of today’s complex construction projects. Tighter
budgets, extreme time constraints, limited resources, workforce dynamics, and increased
regulations present challenges that can lead to negative consequences without proper
controls and interventions. The facility owner is uniquely positioned to assure effective
injury prevention measures are implemented by all. The owner provides the stabilizing
force with safety leadership, serving as an example, and governance through oversight of
the policies, procedures and processes utilized to match the challenges. Figure 12 shows
the positive influence on contractor safety that SCGEN has achieved utilizing sound
safety principles.
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Figure 12. Safety Performance (RIR) as influenced by SCGEN

6. RECOMMENDATIONS

Owners should develop a process to select safe contractors, establish anticipated safety
expectations for the project, ensure essential injury prevention methodologies are
implemented, monitor ongoing work in progress for compliance, have a system in place
to address any non-compliance, and evaluate the contractor’s performance at project
completion.
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Developing an owner contractor safety management process with the elements in the
model above can lead to a step change in project safety versus no involvement. It is
additionally recommended that as an owner develops and implements contractor safety
processes that proper legal advice is also consulted for guidance. The success of each
project will have a cumulative effect and over the long term prove to be sustainable with
due diligence.
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ABSTRACT

Construction firms function in a competitive world. Because of this competitive
environment, firms are often quite guarded about sharing information with others about
their successes. Success can be defined and realized in many forms, including the
achievement of goals related to costs, schedules, quality, client satisfaction and safety.
While firms are often quite guarded about information pertaining to their operations,
firms in the construction industry tend to be quite willing to share information on
successes in safety. Unfortunately, there has been no viable forum through which this
type of information could be shared on an ongoing basis. This can change through
participation in a safety community of practice which consists of a group of safety
professionals who network regularly through meetings and teleconferences. Through this
network, one professional can quickly poll the other members about a specific issue or
problem. A myriad of safety topics may be discussed, including interpretations of
regulations, techniques used to address specific site conditions, legal concerns, best
practices for a particular task, and so on. Through this process, one member might
receive an answer to a specific question while another might glean insights about a topic
that had not been previously considered. The success of the safety community of practice
lies in the continued openness that is maintained within the group.

Key Words: Best Practices, Community of Practice, Safety Network

1. INTRODUCTION

Safety professionals have complex positions which require them to remain informed on
many topics. This has become more involved and complex in recent years because the
role of many safety professionals has expanded to include health and environmental
issues. As a result, the safety professional now has obligations that include various types
of regulations, policies and practices. Staying informed on all these issues and staying at
the cutting edge of best safety practices can be difficult, especially when new changes
occur.
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How do safety professionals stay abreast of all these issues involving safety, health and
the environment? There has not been a single agency or association that has the mission
of keeping up-to-date on all these issues in the construction industry. Even if a resource
is found that relates to new regulatory changes, how does the safety professional stay
informed on new advances in best practices? There has not been a single entity that has
provided this type of information.

The periodic aggregation of several safety professionals may actually be the best means
by which these individuals can collectively share valuable insights on the many facets of
safety, health and the environment. While construction firms work in a competitive
environment where many company secrets are carefully protected, this guarded
information does not generally extend to issues related to safety, health and the
environment. In fact, most construction firms will readily share any information that
relates to successes related to safety, health and the environment. Unfortunately, there
has not been a regular means by which the safety professionals could gather for this
purpose. Success stories have historically been spread by word of mouth. Even though
this information may be shared with some, it is not officially recorded and the
information may only be shared with an isolated few firms. This issue can be
successfully addressed through a formally established safety community of practice.

2. A SAFETY COMMUNITY OF PRACTICE

A safety community of practice is a formally established group of safety professionals
who meet on a regular basis to share information of mutual interest. Such a group has
been established through the facilitating efforts of the Construction Industry Institute
(CII). The formation of the safety community of practice began in the fall of 2006. The
initial efforts were focused on determining the level of interest of selected safety
professionals within the CII member companies. After it was determined that at 15 firms
were interested in participating in a safety community of practice, a formal meeting was
organized. The CII then formally invited all interested safety personnel of the CII
member companies to participate in the activities of the safety community of practice.
The first meeting was hosted by the CII in its headquarters in Austin, Texas. Since there
was no other established community of practice with the CII, considerable latitude was
given to the newly-formed safety community of practice to establish how it would
function. At the initial meeting of the safety community of practice, over 25 safety
professionals attended, including participation form both contractors and owners.

The essential goal of the safety community of practice was to serve as a means by which
information related to safety, health and the environment could be shared on a regular
basis. The general objective was for each participating firm to participate in the safety
community of practice with the “selfish” interest of obtaining valued information in
exchange for sharing information with the safety community of practice members. That
is, it was felt that the activities of the safety community of practice would be most
successful if each participating firm sought to gain real value from the safety community
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of practice while opening sharing information with others. The stated purpose of the
safety community of practice is as follows;

This is a formal organization working towards an accident free workplace
through the leveraging of lessons learned and best practices. Its goal is to
increase the overall safety performance of the construction industry by
publicizing information through a website maintained by the CII.
Information of particular interest will consist of vague or problematic issues
that have been faced by safety community of practice members. Current
issues and upcoming concerns will also be addressed.

At the first meeting, participants agreed that the safety community of practice could serve
as a viable means of getting information on new and proposed regulations, successes
related to best practices, new concerns of interest to safety professionals, etc. It was
envisioned that some information would simply be provided to the safety community of
practice by a single firm that had a particular success story to share. Another means of
obtaining information would be through inquiries that would be made by one individual
to the entire safety community of practice membership. Furthermore, the responses to an
inquiry would be summarized for the benefit of all the safety community of practice
members. Emerging issues or concerns, such as a safety alert, would also be shared. The
safety community of practice then enumerated the various benefits that might be realized
by the participating members. While there was some duplication of ideas, the following
captures the general sense of the group about the various benefits that could be realized
by participating in the group:

= Success stories of “how to”

= Stories of what has not worked

= (Collaborating on data and sharing of strategies, e.g. chromium 6

= (Collaboration on challenges, e.g., single language work sites, diverse workforce

= Share innovative ideas and technology that assist and educate the field safety
personnel to work more effectively at all levels e.g. supervision, management,
craft

= Share ideas that help to simplify procedures for field workers

= Share ideas and chart paths on how safety professionals can be developed (craft
and academic experience) and hired to satisfy future demands

* Find ways to positively influence safe work behavior in the workforce

= Provide safety leadership training for foremen

= Come up with a standard means of measuring or evaluating a safety management
system (one that might be used by all parties)

= Be informed about new issues that are arising in the area of safety (what safety
will look like in the future)

= Know about the leading indicators of safety

= Applying US standards of safety on a global scale, e.g. injury classification

= Obtaining collaborative opinions from fellow experts on specific questions

* Defining the framework for risk management for domestic and international
activities
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= Designing for safety to eliminate hazards and reduce the need to rely solely on
PPE protection

= Safety constructability

= Having open discussions with fellow experts

= Resource sharing

= Sharing of knowledge on SHE topics

= Sharing of lessons learned

=  Sharing benchmarking data

= Regulatory input and influence

= Legal ramifications of the work of SCOP participants

= Suggestions for NORA

= Networking with other agencies, organizations, etc.

It was agreed by the members of the safety community of practice their efforts should be
archived in some manner so that the safety community of practice would have a well-
documented history of the information that has been shared among the members. Since
the CII had agreed to host a web site to document the work product of the safety
community of practice, the decision was made by CII to use SharePoint for the purpose.
This site would be used to record all information pertaining to the activities of the safety
community of practice, including the membership roster, meeting agenda, meeting
minutes, query summaries, safety alerts, information on topics discussed, governance
documents, and other related information.

3. GOVERNANCE

At the first meeting of the safety community of practice it was agreed that guidelines, a
charter, or some form of governing document was need to help set standards of procedure
for the group. This issue was addressed over the course of approximately six months,
with most of the work being accomplished through the efforts of an ad hoc committee.
This effort resulted in two documents. One pertained to the membership and leadership
of the safety community of practice, known as the charter for the group and the other
pertained to guidelines to be followed when presenting a query to the safety community
of practice.

While the governance document was carefully drafted and eventually unanimously
adopted, it should be noted that governance was never a contentious issue for the safety
community of practice. The members of the safety community of practice have agreed to
participate in the safety community of practice in order to obtain up-to-date information
on a variety of related issues. In effect, the safety community of practice serves as a
network of safety professionals where information on safety, health and the environment
is readily shared.
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4. MEETINGS

It was agreed at the initial meeting of the safety community of practice that meetings
should be held on a monthly basis. Meetings would consist of a mixture of face-to-face
meetings and teleconference meetings. To date, approximately half of the meetings have
been face-to-face meetings held at sites where a safety community of practice member
would serve as the host for a one-day meeting. The one-day meetings tend to be
adjourned by mid afternoon to accommodate safety community of practice member
travel. Face-to-face meetings are also arranged so that members can call in if they cannot
travel to a particular meeting location. The teleconference meetings are held for one and
a half hours. To avoid confusion, meetings have always been held on the second
Wednesday of the month, whether a face-to-face meeting or a teleconference. While
every member cannot be expected to attend or participate in every meeting, a set schedule
lets the members plan for these meetings in advance. Experience has shown that the
probability of safety community of practice members attending the meetings is increased
if they have reliable information on the dates for future meetings.

It has been noted that the face-to-face meetings are generally more productive than the
teleconference meetings, primarily because more time is allowed to delve more deeply
into the various topics. Also, the discussion at face-to-face meetings tends to be more
“free-wheeling” and lively with more ideas being generated.

5. RESEARCH WITHIN THE SAFETY COMMUNITY OF PRACTICE

With forty five members in the safety community of practice, it is evident that a viable
body of experts have become engaged in the group. Initially, the query process was
viewed as being central to the working of the safety community of practice. A query is
simply a question that would be posed by one member for comment and input being
provided by the other members. The query might be on a particular practice that is
employed or an interpretation that is made regarding certain site conditions. The query
process is designed so that the person posing the query is referred to as the “champion” of
the query. The champion is to process and analyze the responses that are provided for a
query and then post the results on the SharePoint site of the safety community of practice.

Once the query process was developed, it became clear that the membership was
sufficiently large to actually conduct small research studies within the group. The aim of
some research studies might be to find out how practices vary among the safety
community of practice members on specific issues. The research may also try to identify
best practices among the members. The research could also be used to change the
practices of the industry. Since the safety community of practice members represent
firms with substantial construction interest (especially in terms of financial outlays), it is
felt that viable changes might actually be initiated by the safety community of practice.

There are many different subjects of interest to the members of the safety community of
practice. Some may be immediate problems faced by firms but it could also consist of
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problems that are envisioned as being more distant issues of concern
of issues or “hot topics” to be considered consist of the following:

Worker Issues
= New workforce
= Aging workforce
= Educate craft workers in safety
= Craft training skillset
= (Cultural issues along with language issues
=  Drug culture
= Craft turnover
= Benefit packages for field workers
= Nuclear workforce

Supervision Issues
= Line management responsibility for safety
= Aging supervision and management population

Management Issues
= Making the business case
= Educate upper management

Measures of Safety
= Consistent and accurate of leading/lagging indicators
= Effective auditing techniques

. The different types

=  What should a senior management dashboard look like? (what metrics should be

looked at?)

Major Topics
= Multi-tiered subcontracting
= Health issues need greater emphasis
= Contractor/owner alignment

= Integrated safety management in the front-end or planning phase

= Hexavalient Chromium (also monitoring of exposure)
= Fall Protection and Life Lines
= Arc Flash Protection

= Crane Operations (Most accidents are caused by operator errors and rigging
mistakes): certified training, defining competency for operators and qualifications

for riggers
= Rise in Muscular-Skeletal Injuries

= Improving quality of safety by rolling out Educational Module #160

» Untrained workers (bolstered somewhat by NCCER traini
companies give workers added pay)

ng for which many

= Workload strains company resources (cultural issues, standardization, and

international challenges abound)
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= Tolerance for life critical behaviors (including confined space, fall hazards,
trenching, vehicles, electrical equipment), risk acceptance should be low

= Slips, trips and falls resulting from complacency (failure to place emphasis on less
serious hazards)

* Demonstrated safety leadership

= Safety execution plans

= Caring for co-workers

= Responsibility is an individual trait (from executive to field worker)

* Building up a workforce and starting from scratch to develop the safety culture

=  Process safety design

= Safety accountability for middle management

= Craft training and supervision training

=  Where are the key hazards associated with specific crafts and how to prevent
injuries

= Supervisors understanding the people component of safety (training them the
management techniques)

= Variability of safety emphasis depending on the owner

= Huge work backlog

* Maintaining good safety performance on projects

= Staffing projects with qualified safety personnel (placing new personnel with
veteran safety people)

= Addressing differing techniques to effectively train non-English workers

= Pandemic flu planning

=  Supervisor-subordinate relationships in the safety area

6. CONCLUSIONS

The safety community of practice is about a year old at this time. A stable group has
been formed and a positive experience has been realized by the safety community of
practice members. The format for leadership and governance has become well-
established and the safety community of practice can now focus its attention on the
mission of the safety community of practice.

Questions do arise for which the safety community of practice serves as a valued
resource. Without the safety community of practice, some questions would simply go
unanswered or they would be answered over an extended period of time through the
individual efforts of those with the questions.
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7. RECOMMENDATIONS

At the outset, it should be emphasized that these recommendation are specifically those
of the authors and may not necessarily reflect the opinions or sentiments of any other
members of the safety community of practice. Nonetheless, the participation in the safety
community of practice has been strong and sustained, and it is recommended that the
activities should continue with no major alteration of the general scope of the activities of
the group.

While it is counter to the wishes of the CII, the authors feel that the safety community of
practice membership should not be restricted to CII member companies. In the spirit of
sharing safety information freely among all interested parties, the authors suggest that
membership should be open to any individuals who are interested in safety, health and
the environment. The additional members from outside the CII membership could offer
additional perspectives that could only help the industry. Also, the influence of the safety
community of practice would be broader and improvements in the safety performance of
the construction industry could be more readily realized.

In the same vein of thought, the SharePoint site should be open to the public for its use.
Currently the web site is only accessible to the CII members who are members of the
safety community of practice. While this is an issue over which the CII has exclusive
control, it could benefit the construction industry to a greater extent if other could also
view the work product of the safety community of practice.

The safety community of practice that has been formed through the facilitating efforts of
the CII shows promise of being viable resource group to others with question on matters
of safety, health and the environment. Efforts should be made to publicize the existence
of this group. Others could then pose questions to the safety community of practice on a
variety of issues. In addition, the safety community of practice members should
recognize that this group can impact significant changes in the construction industry and
it should begin to take steps to pursue initiatives that will improve the overall
performance of the construction industry in the area of safety, health and the
environment.

With the success of this safety community of practice it is suggested that others consider
developing or organizing similar groups. Large companies might consider the
establishment of such a community of practice that consists of only its own employees.
The membership might also be extended to other large companies with similar interests.
For small firms, the establishment of a community of practice for safety would of
necessity require the organization to extend across several companies. Industry
associations might play value facilitating roles in developing such communities of
practice.
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KATRINA ... EMERGENCY RESPONSE

Ron Nunez, Fluor HSE Director, 100 Fluor Daniel Drive, Greenville, SC 29607
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Robert Duckworth, Fluor HSE Senior Manager, 100 Fluor Daniel Drive, Greenville, SC
29607, Email: robert.duckworth@fluor.com

ABSTRACT

Hurricane Katrina (Category 4) struck the Gulf Coast in August of 2005 displacing
770,000 residents and causing more than $100 billion in damage. Three weeks later
hurricane Rita added to the destruction. Fluor under a response contract with FEMA —
Individual Assistance took on the project to provide support to the people of Louisiana,
mobilizing over 500 personnel in 72 hours and 1000 persons within 30 days. In just over
one year, the project team safely installed more than 54,000 temporary housing units
throughout the state—housing more than 160,000 displaced residents. This process
entailed over 67 million miles driven—across more than 39,000 square miles—a
uniquely challenging feat indeed.

As America nervously watched Hurricane Katrina barrel toward New Orleans, Fluor was
already on the ground in Louisiana, hoping for the best, but preparing for the worst.
Unfortunately, the worst case scenario quickly became a reality. More than 1,520 people
across five states were killed from the Category 4 storm and 1.4 million more were
displaced. The number of destroyed households topped 217,000 and more than 18,000
businesses were damaged or destroyed (Heran, 2006). Within days of Hurricane Katrina,
pressure was mounting on the Fluor FEMA [A-TAC team in Louisiana, as well as other
contractors working in the Gulf Coast, to install temporary housing for displaced citizens
and do it quickly. The world was watching.
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Yet, no one inside or outside of Fluor knew exactly how to deal with a catastrophe so
enormous. It was like God took a broom and swept everything around. In many places,
all that was left were slabs where houses once stood. The enormity of the damage was
beyond comprehension.

What had worked in the aftermath of previous hurricanes was of little help. Katrina was
the greatest natural disaster ever to strike the United States and there was no blueprint for
providing temporary homes for hundreds of thousands of displaced Gulf Coast citizens.
FEMA tasked Fluor, along with 3 other large firms, under the Individual Assistance
contract, with aiding in the recovery of the region, primarily by helping displaced
residents transition from emergency shelters to temporary housing. Based on eight years
of experience working for FEMA, Fluor was given the responsibility of assisting
Louisiana residents across the entire state.

The number of immediate hurdles to be cleared seemed endless. The Louisiana
infrastructure was compromised. Lodging for the Fluor team was scarce—some would
sleep under desks and in tents for several weeks. There was no suitable office space for
Fluor managers and their teams. Logistical support was nonexistent. Communications
were spotty at best. The thousands of local workers, such as electricians and carpenters,
necessary to execute the temporary housing mission simply were not available. Little did
we know Hurricane Rita would strike in three weeks, further complicating recovery
efforts.

Fast forward six months to Feb. 28, 2006. The electronic tote board in the Fluor
operations center in Gonzales reported that more than 30,000 temporary homes had been
installed and were being maintained by Fluor in Louisiana. These temporary homes
stretched across 39,000 square miles and were in 62 of Louisiana’s 64 parishes.

The number of units installed and maintained by Fluor would ultimately swell to more
than 54,000 by mid-August 2006, providing shelter to more than 160,000 people left
homeless by Katrina and Rita. Seventy-five percent of the units were placed on
individual, private home sites representing 40,000 different, uncontrolled work
environments, each with its specific challenges and local permitting requirements, many
of which changed almost daily. The work scope included conducting site assessments and
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inspections, staffing multiple FEMA Call Centers to interview displaced residents,
designing and building sites for temporary housing, hauling and installing housing units
and performing operations and maintenance on them.

Most importantly, the work was done safely. By the time Fluor concluded its mission in
Louisiana, its team had worked more than 9 million safe hours without incurring a single
lost workday incident.

What enabled the Fluor team to succeed in the face of such significant odds and create
such value for both the citizens of Louisiana, who lost their homes and possessions, and
its client, FEMA? How did Fluor optimize its production rates and develop the innovative
solutions to problems that enabled it to outperform by a two-to-one margin the combined
efforts of the other two contractors working in the state?

The answers are experienced leadership; a blend of tested and innovative processes and
technologies; critical contributions by Fluor, Ameco, Del-Jen, P2S and TRS; and, most
importantly, a workforce of 4,300 dedicated people. Here are some of the ways Fluor’s
project execution excellence was manifested:

Fluor CEO Alan Boeckmann made a decision to staff the Louisiana team with some of
the most senior people in the company. A 15-member senior project management team
consisted of highly experienced project managers, as well as many of Fluor’s top
functional leaders, including experts in compliance, project controls, project services,
administration, general field operations, field operations, communications and quality
control. With Alan Boeckmann’s support, the employees were hand-picked to assume
leadership roles in the temporary housing project. In the days and weeks immediately
following Hurricane Katrina, there was intense media scrutiny of the speed with which
hurricane victims were receiving assistance. FEMA turned to Fluor for help in measuring
the progress of the four contractors providing temporary housing along the U.S. Gulf
Coast. Within five days, a Fluor team had designed and launched a website that tracked
the real-time progress of the four contractors. Within a month, more than 400 government
officials and others were regularly turning to the website for information. In addition, the
Fluor team published FEMA’s daily official housing report, which provided critical
information on performance to the White House and other senior government officials.
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Three days after Katrina struck, Fluor leased a vacant, neglected warehouse in Gonzales,
La., to be used as the Operatlons Center for the project. Working around the clock for

&5 two weeks, Fluor crews set about turning the
windowless brick building into fully
functional office space. The leaky roof, air
conditioning and heating systems were
repaired, restrooms were updated, the entire
facility was rewired for phones and
computers and a small kitchen area was
refurbished so that meals could be served to
employees who would routinely be working
up to 16 hours a day and often beyond.
Small, functional offices and hundreds of
office cubicles were furnished with rented
furniture to accommodate the 750 people who would work there in support of the field
operations.

On Sept. 20, 2005—just 22 days after
Katrina made landfall, the Gonzales
Operations Center was ready for occupancy,
only to be evacuated two days later when
Hurricane Rita struck the state. Once the
team was finally situated in the Operations |
Center, the performance of the Fluor team

rapidly accelerated.

The Fluor team included 3,800 Louisiana
citizens—representing 88 percent of its total
employee base in the state. The teams’
commitment to the task, coupled with the training received from Fluor, were critical
factors to the overall success of installing temporary homes. Over time the workers
became much more than just Fluor employees—they became comrades-in-arms focused
on the assignment of providing temporary shelter to as many displaced people as
possible—as quickly as possible. The ultimate goal was to rebuild Louisiana ... one
family at a time.

Fluor capitalized on its 45-year relationship with Louisiana’s engineering and
construction community to build a first-rate team of subcontractors. Within days of
Hurricane Katrina, Fluor officials were obtaining long-term commitments from key
Louisiana contractors for people and materials to accelerate the temporary housing
project.

By the time its work in Louisiana was complete, Fluor had awarded $700 million in

contracts to its subcontracting team. Right at 90 percent of those contracts went to
Louisiana-based companies. 68 percent of the contract dollars went to small businesses.
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The Fluor team conducted much of its work in a volatile and emotionally charged
environment given the destruction caused by the hurricanes. As a result, Fluor took steps
to protect its people and the assets under its control.

The security team, staffed with 95 percent local hires, ultimately secured eight office
facilities, five staging yards and more than 54,000 temporary housing units across
Louisiana. At the height of the project, 22 security managers, almost 400 unarmed guards
and 100 off-duty, armed law enforcement officers were supporting the project around the
clock.

Fluor’s unique challenge was to manage a project that spread across 39,000 square miles
of Louisiana. Project leaders responded to this challenge by setting up multiple district

operating centers across the state. This enabled as many activities as possible to be
conducted simultaneously, improving efficiency and effectiveness.

DISTRICT 1
ST. TAMMANY

DISTRICT 6
BATON

GONZALES

Orleans

DISTRICT 4 DISTRICT 3b
LAKE ST. BERNARD
CHARLES DISTRICT
3b
St. Bernard

The result of this decentralized approach? The number of temporary housing units
installed by Fluor rose from approximately 75 per day in early October 2005 to 175 per
day by the first of November to nearly 400 per day by the beginning of 2006. Although
this work is being performed on a grand scale, it is the personal encounters with disaster
victims which often make the strongest emotional impact. One example came on
November 22, 2005, FEMA notified Fluor of a pregnant Louisiana woman. She had lost
everything she owned to the hurricane and was living in a tent with her 4-year-old child.
Just 24 hours after FEMA and Fluor were informed of her situation, a new trailer was
delivered—set up right beside the tent. As the sun went down the night before
Thanksgiving, the Fluor Team worked in the dark, building porch steps, and connecting
electricity, water and sewer to the unit. The Fluor Team brought Thanksgiving dinner for
the woman and her child to eat while their trailer was being set up ... this is just one of
many stories that had a happy ending. (Heran, 2006).
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The devastation caused by the hurricanes made site location for temporary homes
extremely difficult. Street signs and address numbers were often missing and maps were
not always available. Fluor addressed this challenge by developing a planning and
coordination tool to maximize its efficiency and effectiveness. This tool used Geographic
Information System technology to determine the location of each potential installation
site. In a graphical format, it provided near real time information such as the
concentration of installations within each region, which was critical in execution planning
and determining permitting and code requirements.

Fluor Districts: State of Louisiana

b, & /
o) A /
i) =
\ Legend
Fluor Staging Yards Fluor Regions

* Lacombe, st Tammany [ Non Fiuor District
] region1

i’k Lafayette / New Iberia [ region 2
I:l Region 3
ﬁ Lake Charles, Calcasieu <

* Six Flags, Orleans

Approximately 90 percent of the Fluor temporary housing project workforce was made
up of newly hired employees or subcontractors—virtually none familiar with Fluor’s
safety culture or the requirements for safely installing temporary housing. As a result, the
Fluor Health, Safety and Environmental (HSE) management team instituted Safety
Leadership Training for more than 700 supervisors. An HSE handbook was developed
for the workforce and safety refresher courses were regularly conducted to ensure that the
project’s safety requirements would be met or exceeded.

A director’s safety review committee met weekly to monitor compliance with project
safety requirements, track project safety metrics and discuss emerging safety issues. This
enabled the management team to take corrective actions, using real-time information, to
prevent incidents.

In our quest to carry out the mission, more than 67 million miles were driven—averaging
250,000 miles per day at peak—making highway safety a top priority. To heighten
driving safety awareness, all drivers of project vehicles were required to complete a
defensive driving course conducted by Louisiana State Police.
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One of the most critical elements of Fluor’s success was its ability to develop from
scratch a Proliance-based database, STATS, to manage information on the thousands of
trailers that Fluor was installing. The database constantly evolved as Fluor’s scope of
work was better understood and its approach to executing it was refined.

Ultimately the system would track almost 450 different data points for each of the more
than 54,000 temporary homes Fluor installed, providing reliable information on when and
where a specific trailer was manufactured; when it entered and exited Fluor’s staging
yard; when and precisely where it was installed; when the necessary permits were
obtained; when it was occupied and by whom; and dates, times and specifics about
maintenance of the unit.

A key to maximizing procurement efficiency and effectiveness was the implementation
of a statewide material control plan. It was designed to ensure that excess material
supplies in one district were used to fill shortfalls in another. It is estimated that this
system ultimately generated more than $1 million in procurement savings.

The Fluor procurement team fully understood the importance of local content and
supplier diversity. More than 90 percent of every procurement dollar spent went to
Louisiana businesses and within days of Katrina making landfall, the Fluor purchasing
team was finalizing agreements with several minority-owned suppliers.

At its peak, Fluor maintained almost 54,000 trailers spread across Louisiana — providing
routine maintenance on 10 percent of them each week. On average, Fluor responded to
emergency maintenance service calls in less than four hours. Routine unscheduled
maintenance service was provided, on average in two days. The backbone of this effort
was the 450-person maintenance workforce Fluor hired and trained.

The Fluor team in Louisiana was constantly looking for ways beyond providing
temporary housing to give back to the people of Louisiana. Almost 40 employees who
spent Thanksgiving 2005 in Louisiana, away from their families, volunteered to serve
meals to emergency workers and the homeless in Orleans Parish. Each of the five district
offices had programs to raise money for Christmas presents for needy children and
ultimately supported 200 Louisiana families. For example, Fluor crews in St. Tammany
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Parish raised enough money to fill a semi-truck with toys. Much of the money was
donated by workers who had themselves been displaced by the hurricanes.

The Fluor temporary housing team had a natural bond with another organization that
provided temporary housing to needy people—the New Orleans Ronald McDonald
House. The building, which provides housing to the families of sick children from across
the state, had suffered extensive flood damage and was forced to close its doors. The
Fluor Foundation helped replace flood-damaged furniture, kitchen cabinets and
appliances. Fluor team members convinced a local nursery to donate plants and shrubs to
upgrade the landscaping at the house and donated their own time to tear out the old
landscaping and plant the new shrubs and trees. And the Fluor team held a golf
tournament and conducted a toy drive to benefit the sick children and families who would
reside in the Ronald McDonald House, which reopened in August 2006.

“In times of great tragedy, there is a call to action; the actions taken must be swift and
decisive,” said Fluor Chairman and CEO Alan Boeckmann in announcing that the FEMA
IA-TAC Katrina/Rita Project Team had received Fluor Corporation’s most esteemed
award—the 2006 Hugh Coble Award for Project Excellence. The accomplishments of the
FEMA team proficiently demonstrated, in the most challenging of environments,
excellence in execution—a distinguished achievement in which all team members should
take great pride.

Even though Fluor was judged, in many cases, on the number of housing units installed,
it was never completely about the numbers. It was always about helping people, which
enabled Fluor to succeed in the face of great odds and long, pressure-packed days.
Focusing on those who desperately needed help was the bond that linked everyone
together—passionately enabling a team determined to make a difference.
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ABSTRACT

Clients influence contractor health and safety (H&S) directly and indirectly. The direct
means of influence include the choice of structural frame, the selection of materials, and
the provision of finance and incentives. Indirect means of influence include the
appointment of designers, decisions regarding contract duration, pre-qualification of
contractors, contract documentation, and contractor required reporting on H&S matters.
The degree to which clients influence contractor H&S depends upon the status of H&S
within their own organisations.

Inadequate H&S negatively affects cost, productivity, quality, schedule, environment and
client satisfaction. Conversely, client involvement in the contractor’s H&S results in
enhancements which accrue as benefits for both clients and contractors.

Traditionally, worldwide, petro-chemical organisations have maintained rigorous
contractor H&S management programmes. Given this, a study was initiated to
investigate the influence of Shell’s H&S requirements on contractors’ H&S performances
while undertaking the construction of service stations. Selected findings emanating from
a survey of contractors include: H&S is perceived to be more important to Shell than
other project parameters; the positive impact of Shell’s project H&S requirements
manifests itself in a number of ways; and a range of procurement, design and
construction related interventions can contribute to an improvement in construction H&S.

Keywords: Client Influence, Petro-Chemical, Contractor Health and Safety

1. INTRODUCTION

Traditionally, cost, quality and time have constituted the parameters within which
projects have been managed. However, increasing awareness relative to the role of H&S
in overall project performance and the inclusion of H&S as a project performance
measure by inter alia, petro—chemical organisations, has engendered a focus on H&S by a
range of stakeholders. Furthermore, the Construction Regulations promulgated on the 18
July 2003 in South Africa have effectively resulted in major client responsibilities for
construction H&S (Republic of South Africa, 2003).
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Given the completion of a previous study on the client influence on contractor H&S in
South Africa in 1998 and the involvement of the author in Shell Construction and
Project’s H&S related endeavours, a study was conducted among Shell’s consultants and
contractors to determine the:

e perceived importance of various project parameters to Shell and themselves;

¢ influence of Shell on contractors’ H&S performance and consultants’ degree of
consideration of H&S, if any, and if so, the benefits thereof;

e extent to which inadequate or the lack of H&S negatively affects the various
project parameters;

e perceived status and source of their H&S knowledge, and needs relative thereto;

e potential contribution by various stakeholders to an improvement in construction
H&S on Shell projects, and

e potential contribution by various aspects/actions to an improvement in
construction H&S on Shell projects.

2. REVIEW OF THE LITERATURE
Statistics

During 1999, the latest year for which comprehensive occupational injury statistics are
available, a total of 14,418 medical aid cases, 4,587 temporary total disablements, 315
permanent disablements, and 137 fatalities were reported to the Compensation
Commissioner in South Africa (2005). These equate to 1 temporary disablement for
every 102 workers, 1 permanent disablement for every 1,041, and 1 fatality for every
3,925. The disabling injury incidence rate (DIIR) 0.98 means that 0.98 workers per 100
incurred disabling injuries, the all industry average being 0.78. The number of fatalities
among the workers insured by the Accident Fund (AF) is the equivalent of a fatality rate
of 25.5 fatalities per 100,000 full-time equivalent construction workers, which does not
compare favourably with international rates.

The severity rate (SR) indicates the number of days lost due to accidents for every 1,000
hours worked. The construction industry SR of 1.14 is the fourth highest, after fishing,
mining, and transport, the all-industry average being 0.59. Given that the average worker
works 2,000 hours per year, if the SR is multiplied by 2, the average number of days lost
per worker per year can be computed — the construction industry lost 2.28 working days
per worker during 1999. This is equivalent to 1.0% of the working time.

The holistic issue relative to statistics is that the outcome of accidents is largely
fortuitous; it can be minor, moderate, major, or even catastrophic. An accident could
result in a project coming to a standstill, hence the relevance to clients, particularly when
a project is on an existing facility. Furthermore, H&S is not solely a contractor issue as
clients are employers that are required to address the H&S of their employers, in both the
office environment, and on projects.
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Cost of accidents (COA)

The COA can be categorised as being either direct or indirect. Direct costs tend to be
those associated with the treatment of the injury and any unique compensation offered to
workers as a consequence of being injured and are covered by workmens’ compensation
insurance premiums. Indirect costs which are borne by contractors include: reduced
productivity for both the returned worker(s) and the crew or workforce; clean-up costs;
replacement costs; costs resulting from delays; supervision costs; costs related to
rescheduling; transportation, and wages paid while the injured is idle (Hinze, 1994).

Based upon the value of construction work completed in the year 2002, the total COA in
South African construction was estimated between 4.3% and 5.4% (Smallwood, 2004).
Given that the COA is included in contractors’ cost structures, clients ultimately incur the
COA. Consequently, a potential reduction in the COA constitutes the motivation for
clients to include H&S as a project parameter and to contribute financially and in other
forms to contractor H&S endeavours.

Cost of prevention (COP)

Recent research conducted among a group of ‘better practice H&S’ general contractors
(GCs) in South Africa included the question: “On average, approximately what
percentage does the cost of H&S constitute of total project cost?” Eight GCs responded.
Two GCs (25%) recorded a percentage, namely 3% and 0.5%, and six (75%) identified
ranges: three (37.5%) ‘0 <1%’, and three (37.5%) > 1 <2%’ (Smallwood, 2004).

The COP and the COA are key issues relative to the influence of clients on and role in
contractor H&S, as the COP is generally substantially less than the COA, and therefore
the absolute and percentage difference constitutes a further motivation for clients to
include H&S as a project parameter and to contribute financially and in other forms to
contractor H&S endeavours.

Synergy

The Associated General Contractors of America (AGC) (1992) defines synergism as
“The interaction of different entities so that the combined effect is greater than the sum of
individual efforts.” Research conducted among project managers (PMs) in South Africa
(Smallwood, 1996) determined that productivity (87.2%) and quality (80.8%)
predominated in terms of aspects negatively affected by inadequate H&S, followed by
cost (72.3%), client perception (68.1%), environment (66%), and schedule (57.4%).
Also, 95.8% of the PMs stated that inadequate or the lack of H&S increases overall
project risk - risk increases as a result of increased variability of resources. Therefore,
synergy constitutes a further motivation for clients to include H&S as a project parameter
and to contribute to contractor H&S endeavours.
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Construction Regulations

In terms of the Construction Regulations (Republic of South Africa, 2003) a client is
required to inter alia:

prepare and provide the Principal Contractor (PC) with an H&S specification;
provide the PC with any information that may affect H&S;

appoint each PC in writing;

ensure that the PC implements and maintains the H&S plan — conduct audits at
least monthly;

stop work not in accordance with the H&S plan;

provide sufficient H&S information when changes are made to the design and
construction;

ensure that every PC has workers’ compensation insurance coverage;

ensure that PCs have made provision for the cost of H&S in their tenders;

discuss the contents and approve the H&S plan;

ensure that a copy of the H&S plan is available, and

appoint a PC that is competent and has the resources.

However, clients may appoint an agent in terms of the responsibilities, but the agent must
be competent and have the resources.

The Construction Regulations effectively require that clients include H&S as a project
parameter, liaise with designers and contractors relative to H&S, and monitor the
construction process in terms of H&S.

Role of clients

According to The Business Roundtable (1995) construction H&S can be successfully
influenced by clients, however, clients have a legal and moral responsibility to warn
contractors of any non-apparent hazards present on the site and to make sure contractors
recognise and meet their contractual responsibility to work in a healthy and safe manner.

Jeffrey and Douglas (1994) maintained that clients play a critical role in construction
H&S, which is complementary to their cost, quality and schedule requirements and
therefore successful projects tend to be healthy and safe projects. The briefing of the
design team by the client is a critical phase in ensuring project H&S, as deviations from
the initial brief at a later date can be the catalyst that triggers a series of events from
designer through to operatives that culminates in a site accident.

Client actions
The Business Roundtable (1995) recommends that clients take the following actions:
become committed to H&S; support contractors’ H&S efforts financially; include H&S

as a criteria for pre-qualification; schedule H&S requirements prior to the bidding
process; structure documentation to ensure equitable provision for H&S by contractors;
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require a formal H&S programme, use permit systems for potentially hazardous
activities, designate a contractor H&S co-ordinator, and reporting and investigation of
accidents; conduct H&S audits during construction, and adopt a partnering approach.

The effect and benefits of client involvement

A study conducted by Stanford University quantified the effect of client involvement in
contractor H&S — the percentage of client actions were all greater relative to contractors
that had accident frequency rates below the industry average, than those with accident
rates above the industry average (The Business Roundtable, 1995).

According to The Business Roundtable (1995) the benefits of client involvement are:
lower construction costs; quality work; improved productivity; completion on schedule;
reduced exposure to bad publicity resulting from accidents, and minimal disruption of the
client’s employees and facilities where work is in progress on existing premises.

3. RESEARCH
Sample stratum and response

The sample stratum was comprised of thirteen ‘Shell’ consultants and fifty-five ‘Shell’
contractors surveyed by means of postal surveys mailed by the researcher. Respondents
were required to return the survey questionnaires directly to the researcher — nine and
thirteen responses were received and included in the analysis of the data, which equates
to response rates of 69.2% and 23.6% respectively. It should be noted that follow-up
letters were mailed in an endeavour to improve the response rate, particularly in the case
of the contractors. However, these resulted in limited further response.

Analysis

The analysis of the data consisted of the calculation of descriptive statistics to depict the
frequency distribution and central tendency of responses to fixed response questions to
determine: the importance of various parameters; potential contribution by various
stakeholders and aspects/actions; extent of impact, contribution and need, and to rate
various issues. Given that a five-point scale was used, it was necessary to compute a
mean score based upon the percentage responses to enable an evaluation of the responses
and rankings. The mean scores range between a minimum of 1.0 and a maximum of 5.0,
the midpoint score being 3.0.

Findings

Table 1 indicates the importance of five parameters to Shell as perceived by consultants
and contractors in terms of a mean, based upon percentage responses to a range of 1 (not
important) to 5 (very important). It is notable that the mean scores emanating from both
consultants and contractors are all above the midpoint score of 3.00, which indicates that
in general the respondents can be deemed to perceive all the parameters as important to
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Shell. However, consultants perceive cost to be more important to Shell than project
H&S, whereas contractors perceive project and public H&S to be equally and more
important to Shell than quality, cost and time. This finding differs from that emanating
from a previous generic client influence on contractor H&S study, which indicated that
contractors perceived H&S to be fifth in terms of its perceived priority to clients out of a
total of six parameters (Smallwood, 1998). Further, these findings possibly indicate a
difference in emphasis by Shell relative to the respective project stakeholders.

Table 1 Importance of project parameters to Shell as perceived by consultants and

contractors.
Consultant Contractor Mean
Parameter Mean Rank Mean Rank Mean Rank
score score score

Project H&S 4.44 2 4.92 1= 4.68 1
Public H&S 4.22 3 4.92 1= 4.57 2
Cost 4.67 1 438 4 4.53 3
Quality 3.56 5 4.77 3 4.17 4
Time 4.11 4 4.08 5 4.10 5

Table 2 indicates the importance of five project parameters to consultants and contractors
in terms of a mean score, based upon percentage responses to a range of 1 (not important)
to 5 (very important). It is notable that all the mean scores of both consultants and
contractors are above the midpoint score of 3.00, which indicates that in general the
respondents can be deemed to perceive all the parameters as important. However,
construction H&S is more important to contractors than consultants. Furthermore,
consultants view construction H&S as less important than quality, time, cost and public
H&S, whereas contractors view construction H&S as being equally important to quality
and public H&S, and more important than time and cost.

Table 2 Importance of project parameters to consultants and contractors.

Consultant Contractor Mean
Parameter Mean Rank Mean Rank Mean Rank
score

Quality 4.67 1 4.62 1= 4.65 1
Public H&S 3.89 4 4.62 1= 4.26 2
Time 433 2 4.08 4.21 3
Project H&S 3.67 5 4.62 1= 4.15 4
Cost 4.00 3 3.92 5 3.96 5

The respondents were asked to rate their H&S on a scale of very poor to very good using
average as the industry benchmark. Most (92.4%) of contractors rated themselves better
than the industry—average (7.7%), good (46.2%), and very good (46.2%). Consultants
were asked to rate H&S on Shell projects on the same basis as contractors. Similarly,
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88.8% rated the H&S better than the industry average—average (11.1%), good (44.4%),
and very good (44.4%), which validates the contractors ‘self-rating’.

Respondents were also asked to rate themselves in terms of their knowledge of H&S on a
scale of ‘minimal’ to ‘substantial’. 33.3% of consultants rate themselves above average
and 55.6% average, whereas 92.3% of contractors rate themselves above average —
average (7.7%), above average (53.8%), and substantial (38.5%). The consultants’ rating
of H&S on Shell projects validates the contractors’ ‘self-rating’ of their knowledge of
H&S.

Table 3 indicates that experience predominates in terms of the sources of H&S
knowledge, followed by conference papers, workshops, and practice notes. However,
experience is not an ideal source as it may have been as a result of an accident.
Furthermore, in terms of differences in stakeholder emphasis, consultants rely more on
experience, practice notes and magazine articles than contractors, whereas contractors
rely more on workshops and continuing professional development (CPD) seminars than
consultants.

Table 3. Sources of H&S knowledge.

Source Response (%)
Consultant Contractor  Mean
Experience 88.9 69.2 79.1
Conference papers 44.1 46.2 45.2
Workshops 22.2 61.5 41.9
Practice notes 44.4 154 29.9
CPD seminars 11.1 30.8 21.0
Tertiary education 11.1 23.1 17.1
Magazine articles 333 0.0 16.7
Journal papers 11.1 7.7 9.4
Postgraduate qualifications 0.0 7.7 3.9

Table 4 indicates the extent of impact of Shell’s H&S requirements on contractors’ H&S
performance and consultants’ degree of consideration for H&S according to consultants.
It is notable that both mean scores are above the midpoint value of 3.0, and that the
perceived impact is greater relative to consultants than contractors.

Table 4. Extent of impact of Shell’s H&S requirements on consultants’
consideration for H&S and contractors’ H&S performance according to

consultants.
Response (%)
Sif::pzc(:f Unsure Minor....ccoeeeveiniennnennnns Major z/izi: Rank
P 1 2 3 4 5
Consultants 0.0 0.0 0.0 333 222 444 411 1
Contractors 0.0 11.1 11.1 222 333 222 344 2
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Table 5 indicates the extent of impact of Shell’s H&S requirements on the contractors’
Shell projects and organizational H&S performance according to contractors. It is
notable that the impact on respondents’ organizational H&S performance was ranked
with the same as shell project H&S performance, which indicates that individual clients
can contribute to overall industry change.

Table 5. Extent of impact of Shell’s H&S requirements on contractors’ H&S
performance.

Response (%)
Si;(:p ;c(;f Unsure Minor.....coeeeveeneeennnens Major z/iziz Rank
P 1 2 3 4 5
Shell project 0.0 0.0 7.7 308 23.1 30.8 3.83 1=

Organisation 0.0 7.7 7.7 7.7 385 30.8 3.83 1=

Improved housekeeping predominates in terms of the manifestation of the impact of
Shell’s H&S requirements on the contractors’ performances according to contractors
(Table 6). The other manifestations were identified by less than 50% of respondents.
However, between a third and half of the respondents identified increased client
satisfaction, enhanced environment, and increased productivity. Further, the second
ranking of increased client satisfaction (by 46.2% of respondents) confirms that project
H&S is important to Shell.

Table 6. Manifestation of the impact of Shell’s H&S requirements on contractors’

performance.

Manifestation Response

(Y%0)

Improved housekeeping 53.8

Increased client satisfaction 46.2

Enhanced environment 38.5

Increased productivity 38.5

Reduced cost 15.4

Less rework 154

Less hassles 15.4

Table 7 indicates that client satisfaction predominates in terms of the negative effect of
inadequate or the lack of H&S on project parameters. However, the higher percentage
response of consultants when compared to contractors is notable. This finding further
substantiates the importance of H&S to Shell.
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Table 7. Negative effect of inadequate or the lack of H&S on project parameters.

Parameter Response (%)

Consultant Contractor Mean

Client satisfaction 66.7 38.5 52.6

Quality 333 46.2 39.8

Environment 333 38.5 359

Time 333 30.8 32.1

Productivity 333 23.1 28.2

Cost of construction 22.2 23.1 22.7

Table 8 indicates the potential contribution by various stakeholders to an improvement in
construction H&S on Shell projects. It is notable that with the exception of quantity
surveyors (according to consultants and contractors) and manufacturers/suppliers
(according to consultants), all the mean scores are above the midpoint score of 3.00,
which indicates that all the various stakeholders are deemed to have the potential to
contribute to an improvement in construction H&S on Shell projects. It is notable that
general contractors and project managers predominate. However, the fourth ranking of
the client (Shell) could indicate that Shell has already engendered consideration by
consultants for H&S and contributed to the improvement of contractors’ H&S through
requirements (Tables 4 and 5). Furthermore, it should be noted that consultants perceive
the potential contribution by Shell to be greater than that perceived by the contractors.
Ultimately, the recognition that all stakeholders have the potential to contribute to an
improvement indicates that there is potential to improve construction H&S on Shell
projects.

Table 8. Potential contribution by various stakeholders to an improvement in
construction H&S on Shell projects.

Consultant Contractor Mean
Stakeholder Mean ank Mean Rank Mean Rank
Score score
General contractors 4.44 2 4.27 1 4.36 1
Project managers 4.78 1 391 2 4.35 2
Subcontractors 4.00 4 3.73 3 3.87 3
Client (Shell) 4.33 3 3.18 7 3.76 4
Architectural designers 3.44 5 3.45 4 3.45 5
Engineering designers 3.11 6 3.40 5 3.26 6
Manufacturers/Suppliers 2.89 7 3.27 6 3.08 7
Quantity Surveyors 2.25 8 2.45 8 2.35 8

Table 9 indicates the extent to which various aspects/actions can contribute to an
improvement in construction H&S on Shell projects. It is notable that with the exception
of partnering, all the means are above the midpoint score of 3.00, which indicates that in
general the aspects/actions are deemed to have the potential to contribute to H&S.
However, it is notable that the consultants identified the highest contributions to be made
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by contractors and designers, whereas contractors identified quality related
aspects/actions as making the greatest contribution to H&S. Further, the mean twelfth
ranking of client actions/contributions could indicate that Shell has already contributed to
an improvement in H&S as previously discussed relative to Table 8. Furthermore, the
recognition of the potential various aspects/actions to contribute to an improvement
confirms the potential to improve construction H&S on Shell projects.

Table 9. Extent to which various aspects/actions can contribute to an improvement
in construction H&S on Shell projects.

Consultant Contractor Mean
Aspect/Action Mean Rank Mean Rank Mean Rank
score score score
Project specific plan for H&S 4.33 3= 4.36 4= 4.35 1
Integration of design and construction
in terms of H&S 4.22 5= 4.45 2= 4.34 2
Pre-qualification of contractors on
H&S 4.22 5= 4.36 4= 4.29 3
Project specific plan for quality 4.00 10= 455 1 4.28 4
Contractor H&S programme 4.56 1 3.91 9 4.24 5
Prioritisation/consideration by
designers 4.44 2 3.80 10 4.12 6
Pre-qualification of contractors on
quality 3.67 13 4.45 2= 4.06 7=
Quality Management System (QMS)
during construction 4.11 9 4.00 7= 4.06 7=

Constructability reviews by designers  4.22 5= 3.64 12 3.93 9
Quality Management System (QMS)

during design 3.78 12 4.00 7= 3.89 10
Environmental Management System
(EMS) 4.00 10= 3.70 11 3.85 11
Client actions/contributions 4.22 = 3.36 13 3.79 12
Contractor programming 3.44 14 4.09 6 3.77 13
Contract documentation 4.33 3= 3.10 5= 3.72 14
Optimum project schedule (time) 3.33 16 3.20 14 3.27 15
Choice of procurement system 3.38 15 3.10  15= 3.24 16
Partnering 3.29 17 2.11 17 2.70 17

Table 10 indicates the need for H&S related continuing professional
development/education in terms of a mean score. With the exception of the role of
quantity surveyors and the role of manufacturers/suppliers, all the means are above the
midpoint score of 3.00, which indicates that there is a need for the related aspects to be
addressed by continuing professional development/education. Furthermore, in terms of
differences in stakeholder emphasis, the consultants’ needs are substantially greater than
that of the contractors relative to the role of project managers, subcontractors and clients,

50



whereas the contractors’ need is substantially greater than that of the consultants relative
to the role of engineering designers.

Table 10. Consultants’ and contractors’ need for H&S related CPD/education.
Consultant Contractor

Aspect Mean Rank Mean Rank Mean Rank
score score

Role of general contractors 4.13 1 4.00 1= 4.07 1
Role of architectural designers ~ 3.88 4= 4.00 1= 3.94 2
Role of project managers 4.00 2= 3.56 4= 3.78 3
Role of engineering designers 3.50 6 4.00 1= 3.75 4
Role of subcontractors 3.88 4= 3.56 4= 3.72 5
Role of clients 4.00 2= 2.56 7 3.28 6
Role of quantity surveyors 2.75 7 2.89 6 2.82 7
Role of manufacturers/suppliers  2.67 8 2.46 8 2.57 8

4. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
Perceived importance of various project parameters to Shell, consultants and
contractors

Consultants and contractors perceive project H&S to be more important to Shell than to
themselves. Furthermore, both project H&S and public H&S, which are perceived to be
equally important to Shell, are perceived to be more important than the other project
parameters. The recognition that inadequate or the lack of H&S impacts mostly on client
satisfaction further reinforces the importance of H&S. Clearly, project H&S and public
H&S are the primary Shell project parameters.

Based upon the conclusions relative to this objective, and those relative to other
objectives such as the benefits to contractors arising from Shell’s influence on their H&S
performance, Shell should continue to include H&S as a project parameter. Furthermore,
both contractors and consultants should intensify their endeavours relative to and
consideration for H&S respectively.

Influence of Shell on contractors’ H&S performance and consultants’ degree of
consideration for H&S, if any, and if so, the benefits thereof

Contractors rated themselves higher than the industry in terms of H&S performance and
knowledge of H&S. Given the validation of this rating by the consultants together with
the finding that Shell’s H&S requirements contributed to an improvement in H&S on
both Shell’s projects and contractors’ projects in general, leads to the conclusion that
Shell has influenced their contractors’” H&S and H&S performance. The finding that
Shell is perceived as being able to make a lesser contribution to an improvement in
construction H&S than other stakeholders or aspects/actions reinforces this conclusion.
Although the percentage responses relative to many of the manifestations of such
influence were below 50%, the influence did nevertheless manifest itself. Further, the

51



low percentages may well be attributable to the lack of measurement and quantification
of potential benefits.

The consultants’ indication that Shell’s requirements had influenced their degree of
consideration for H&S reinforces the contention that clients can influence construction
H&S. Furthermore, the indication also reinforces the catalytic role clients can play in
realising performance improvement in general.

Shell should continue to require designers and contractors to consider H&S and
undertake a range of interventions relative to H&S. Furthermore, Shell, designers, and
contractors should collectively endeavour to evolve optimum designs in terms of H&S
and other project parameters. Shell and contractors should focus on quantifying the
benefits of designers’ consideration for H&S and contractors’ H&S related endeavours.

Extent to which inadequate or the lack of H&S negatively affects the various project
parameters

Although the negative effect of inadequate or the lack of H&S on project parameters is
mostly relative to client satisfaction, other project parameters are to a degree perceived as
being negatively affected thereby. However, based upon the review of the literature it
can be concluded that inadequate or the lack of H&S negatively affects the various
project parameters. Furthermore, it can be concluded that Shell consultants and
contractors do not understand and appreciate the synergistic effect of H&S on overall
project performance.

This conclusion further amplifies the need for Shell and contractors to quantify the
benefits of designers’ considerations for H&S and contractors’ H&S related endeavours.
Furthermore, contractors should determine the costs of accidents and the impact of
incidents in the form of ‘near misses’, and first aid cases.

Perceived status and source of their H&S knowledge, and needs relative thereto

The finding that experience, followed by workshops, predominates in terms of sources of
H&S knowledge leads to the conclusion that H&S knowledge acquisition is informal.
The consultants’ and contractors’ need for H&S related continuing professional
development and education further reinforces this conclusion.

The need for holistic construction H&S education is reinforced by the identification of
the role of architectural designers, project managers, and engineering designers in terms
of the need for H&S related continuing professional development/education.

All tertiary built environmental education curricula, including that of designers, should
address construction H&S. Built environment councils, professional associations and
institutes, and employer associations should lobby for the inclusion of such construction
H&S education, evolve H&S related practice notes, and provide H&S related continuing
professional development.
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Potential contribution by various stakeholders to an improvement in construction
H&S on Shell projects

With the exception of quantity surveyors all stakeholders are deemed to have the
potential of contributing to an improvement in construction H&S on Shell projects. This
finding underscores the relevance of the promulgation of the Construction Regulations in
South Africa; in particular, the client and designer related requirements and contributions.

Built environment councils, professional associations and institutes, and employer
associations should promote the role of their constituencies in and the improvement of
construction H&S. Although client actions/contributions was ranked twelfth in terms of
the extent to which various aspects/actions can contribute to an improvement in
construction H&S on Shell projects, pre-qualification of contractors was ranked third,
which indicates that Shell should continue with their client H&S related
actions/contributions.

Potential contribution by various aspects/actions to an improvement in construction
H&S on Shell projects

The finding that project specific plans for H&S, integration of design and construction in
terms of H&S, and pre-qualification of contractors on H&S and also on quality
predominate in terms of aspects/actions which can contribute to an improvement in
construction H&S on Shell projects, also underscores the relevance of the promulgation
of the Construction Regulations. In particular, there is a need for project specific H&S
specifications and plans for H&S, and the requirement that clients ensure that the
principal contractor has made adequate allowance for H&S.

These findings and conclusions indicate the need for Shell to promote the integration of
design and construction, realise collective constructability reviews, pre-qualify designers
and contractors on quality, implement the requirement that designers and contractors
implement quality management systems and environmental management systems, and
evolve project quality plans. In addition, Shell should ensure that project durations are
compatible with the nature and scope of the work, and that procurement systems,
procedures, and practices always complement H&S, and that contract documentation
facilitates the financial provision for H&S.
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ABSTRACT

The nature of activities of the construction sector makes it vulnerable to safety and health
hazards. These include injury to people and processes, loss of production, legal
proceedings, financial loss, contracting of chronic diseases by workers and even death.
Various efforts have been in place to address safety and health issues in the industry but
less has been attained as result of client involvement being at a low profile. This paper
assesses the clients’ role on safety and health issues in the construction process in
Tanzania. A survey was conducted with 40 firms to establish the adequacy of the
conventional and alternative roles played by clients to address safety and health issues.
Findings indicate that clients’ roles are to ensure incorporation of health and safety
component in project design and tender documentation, close follow up of health and
safety matters in site meetings, preparation of possible hazards occurrence checklist
before and during construction, and provision of personal protective equipment (PPE).
The study recommends that each construction project should have a health and safety
plan which spans from pre-tender to post-tender stages with a clear delineation of the
responsibility of each party to the contract.

Keywords: Construction Industry, Safety and Health, Client

1. INTRODUCTION

The nature of activities of the construction sector makes it vulnerable to safety and health
hazards. The concern worldwide is how to make the industry a safer place to work by
involving both practitioners and the society surrounding construction processes. Health
and safety hazards such injury to people and processes, loss of production, legal
proceedings, financial loss, contracting of chronic diseases by workers and even death
have had far reaching effects on the image of the industry. There have been various
efforts geared to address the problem by the government and stakeholders at large. In
Tanzania for the past 50 years we have witnessed the formation of Workmen’s
Compensation Ordinance (WCO), 1949; Factories Ordinance, 1950; Employment
Ordinance, 1957; Factories (Occupation Health Services) Rules, 1985; Occupation Safety
and Health Authority (OSHA), 1997 and Occupation Safety and Health Act, 2003.
Similarly, for the stakeholders there has been noted abidance through tender and contract
documentation. Traditionally, the client pays for the cost to cover PPEs and other related
safety measures and gets involved in paying the premium for insurances and guarantees.
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Studies (Loosemore et al. 2003; Smallwood, 2004; Musonda, 2005) have revealed that
allowance of H&S in the tender which in most cases is included in the P&G section have
always been disregarded. On the other hand, the standard form of contracts in most cases
provided for compensation of damages done and not for mitigating H&S incidents in the
construction processes. In Tanzania, the enforcement of H&S provisions in the contract
documents is left to the Contractors Registration Board (CRB) through its By Laws
(1999) and Occupation Safety and Health Authority (OSHA). Studies (Smallwood, 2003;
Loosemore et al, 2003; Hinze; 2005; Ngata, 2005; Deeks, 2005; Vedsman, 2006) have
established that clients have roles to play in improving health and safety performance of
their projects. The main objective of this paper is to assess the clients’ traditional and
alternative roles on safety and health issues in the construction process in Tanzania.

2. HEALTH AND SAFETY ISSUES IN CONSTRUCTION

Worldwide the construction industry is known for its poor image. You-Jie and Fox (2001)
disclose that several writers on the industry have captured the essence of negative
characteristics when talking about the 3Ds (Difficult, Dirty and Dangerous) or 3Ks in
Japanese (Kitsui, Kitani and Kiken). Of the 3Ds or 3Ks the dangerous or Kiken is the
main concern that construction activities are subjecting practitioners and the community
in the vicinity of the construction site to dangerous working and living environments due
to lack of commitment to improve safety performance by key players. Konkolewsky
(2004) observes that more construction workers in the European construction industries
are killed, injured or suffer ill-health than in any other industry. A survey by OSHA in
2001 (Mwombeki, 2005) on 63 sites identified 3 fatal accidents; 33 sites experienced
accidents such cut by sharp edges, nails puncture, hits by hammer and bruisers; 27 sites
recorded accidents from fall of objects and tools; and 23 recorded accidents from
handling of tools and equipment and/or plants. The effects of non-observation to H&S
requirements in the construction process are far reaching as they lead to loss of life, loss
of production, suffering of ill-health, compensation costs and legal proceedings.
Sometimes a loss of life can give rise to a number of consequences. A case in point is the
loss of life and associated consequences or penalty. OSH Act (2003) provides that
“where any person is killed or suffers serious body injury in consequences of the
occupier or owner of a factory or work place having contravened any provision of this
Act or of any regulation, rule or order made there under, the occupier or owner of the
factory or workplace shall without prejudice to any other penalty be liable to a fine of not
less than TZS ten million (U$ 8510) or to imprisonment for a term not exceeding two
vears or to both such fine and imprisonment”

In Tanzania, consideration of health and safety aspects for workforce evolved in the
colonial period with the Workmen’s Compensation Ordinance (WCO) in 1949 which
covered all workers regardless of type and duration of their employment. The main cover
involved personal injury and/or disabilities at place of work inviting conservation by the
employer. Later the government gave guidelines in terms of laws including: Factories
Ordinance which was fairly comprehensive in safeguarding the workmen’s life, and the
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employment ordinance 1957 that catered for care and welfare of employees. As a result
of increased production activities, the Government announced another piece of rules, the
Factories (Occupational Health Services) Rules of 1985 as an advisory mechanism to
workers, employers, representatives and supervisors. Due to the increase in infrastructure
development, globalization and change in production methods, the Government
established OSHA in 1997 to oversee the implementation of OHS issues. The
Government also enacted Occupation Safety and Health Act of 2003 which repealed the
factory ordinance of 1985. The OSHA of 2003 contains more than 35 provisions, whose
breach by the employer constitutes a criminal offence chargeable in the court of law. In
summary, the Act requires the employer to provide workers with effective PPEs which
are properly maintained by employer, ensure suitable goggles or effective screens are
provided to protect the eyes of workers, and ensure periodical examination are carried out
by a qualified medical practitioner. A shortfall in this Act in the construction context the
employer referred is the “Contractor”. This means failure in compliance the contractor
will be responsible not withstanding the provisions in the contract documents. This also
was observed by Ngata (2005) that the current regulations for construction industry
(1985) place all responsibilities for OHS onto the general contractors. As a result
contractors are put in the dilemma of having to implement H&S matters in construction
projects while leaving the clients observing their priorities. Explaining the situation as a
barrier to H&S implementation, Musonda (2005) observes that clients are not investing
as much in H&S as contracting organizations are being required to do. Loosemore et. al.
(2003) observe that in some organizations safety is seen as a barrier to the attainment of
corporate objectives and a necessary cost burden which provides little return. In 1994 the
UK attempted to overcome some of these problems (Loosemore et. al., 2003) by enacting
Construction (Design and Management) (CDM) which identifies key parties to a
construction project. These include clients, construction advisors, designers, principal
contractors and subcontractors or self employed persons with each being assigned
statutory duties for ensuring that OHS risks are managed during the life of the project. In
South Africa (Deeks, 2005), the construction regulation of 2003 imposed clear
obligations on all parties to a construction contract and owners of an assert, namely the
client, the client’s agent, the designer, the principal contractor, the contractor and the
owner of the structure.

3. THE CLIENT AND HEALTH AND SAFETY
Conventional Roles

Studies have disclosed that the traditional role of clients contributes to health and safety
risks. Haywood (2004) observes that good standards of safety and Health on a
construction project starts with the decisions made by the client who procures the work.
Vedsman (2006) had it that traditional roles may be described as fattest possible ending
of building phase for less money; this means that beginning at “scratch” every time a new
building project is to be performed i.e. new client, new or other contractors and other
designers which create many coordination problems leading to elevated risk of work
accidents. Gameson and Sher (2005) state that (Egan Report, 1998) the clients immediate
priorities are to reduce capital costs and improve the quality of new buildings. Loosemore
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et. al. (2003) identified economic conditions as one of the factors affecting safety
programmes; particularly, the increase in time and cost pressures in the construction
sector.

Clients are involved in project health and safety issues through provisions in the contract
documents. The Preliminary and General (P&G) section of the contract bill of quantities
which has provisions for matters related to safety and health on construction sites and the
standard form of contracts that contain clauses which provide for insurance to cover
injuries, loss of life, loss of properties and damages to the works. It has been a common
practice to include safety and health matters under Preliminaries and General section of
the Bill of quantities under item ‘SAFETY, HEALTH AND WELFARE’ with the
instruction” comply with enactments, regulations and working rules relating to safety,
health and welfare of work-people, be they your own, sub-contractors, suppliers or
persons employed directly by the Employer. The enforcement of this Clause and
associated sub clauses in Tanzania is left to the Contractors Registration Board (CRB)
through its By Laws (1999) Section 14 (1); Section 20 (3); Section 20 (4); Section 20 (9);
Section 20 (11); and Section 20 (12)

The standard forms of the conditions of contracts in use in Tanzania recognize the safety
and health hazards and provisions are made to mitigate their effects. The commonly used
standard forms in Tanzania are the East Africa Institute of Architects (EAIA) Agreement
and Schedule of Conditions of contract and the National Construction (NCC) Agreement
and Schedule of Conditions of contract. The EAIA (1993) standard form of contract
provisions under Clause 10: Clerk of Works sub clause (2); Clause 18: Injury to Persons
and Property and Employer’s Indemnity; Clause 19: Insurance against Injury to Persons
and Property; and Clause 20: Insurance of the Works against Fire, contain conditions
which facilitate H&S performance. Similarly, the NCC (2000) standard form of contract
provisions under Clause 12: Clerk of Works, Sub clause 12.2 (c); Clause 21:
Indemnification, Sub clause 21.2 (a) and (b); Clause 22: Risks, Sub clause 22.2; Clause:
23 Insurance. Efforts to improve safety performance through provisions in the contract
documents have not been realized. This is partly due to the provision in P&G section not
being adequately covered and if covered not adequately priced. And partly because the
contract provisions cover for compensation and not improving safety performance.

Alternative Roles

Generally, the involvement of clients in heath and safety issues in Tanzania has been low.
As a result, the Contractors Registration Board of Tanzania and OSHA have been at the
forefront in administering safety and health matters and ensuring the consequences are
shouldered by the contractor. Several writers have maintained that clients should take an
active role in project H&S issues. According to Gameson and Sher (2005) clients needed
to be a driving change force in implementing change and developing “best practice”.
Client leadership (Haywood, 2004) is recognized as a crucial driver for improving health
and safety performance throughout the supply chain. H&S implementation must also be
accompanied by commitment from all construction project clients, all levels of
management, and a reciprocal commitment by construction workers (Musonda, 2005).
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Similarly, Ngata (2005) points out that clients too have roles in ensuring high standards
of OHS as are the ones who decide on the overall schedule of the project and have the
cardinal duty of ensuring the firm awarded the contract has the necessary qualifications.
Vedsman (2006) observes that client’s use of a “Model Construction Site” reveals a
significant decrease in working incidents and injuries in the Danish construction industry.
Hinze (2005) argues that owners have a significant role to play on improving project
safety performance. Hinze (2005) further lists different levels of owner influence on
safety performance as the use of safety as a selection criterion for contractors;
incorporation of safety language in the construction contract; providing funds to support
safety effort; and the active involvement of the owner during the construction phase.

Smallwood (2004) expresses the need for the client to assume the following
responsibilities:
e Prepare and provide principal contractor with health and safety specification;
e Provide contractor with any information that may affect health and safety;
e Provide sufficient health and safety information when changes are made to design
and construction;
e Ensure that the contractor makes provision for the cost of HSE in their tenders
e Discuss contents and approve health and safety plan; and
e Appoint an agent in terms of the responsibilities, who must be competent and
have the resources.

The obligations of the client (Deeks, 2005) in a construction contract as far as H&S
performance is concerned (South Africa OSH Act. No.85 of 1993) are:

e Prepare a "health and safety specification” and provide this to any Principal
Contractor bidding for, or appointed to perform the construction work;

e Promptly provide the Principal Contractor in writing with any information which
might affect the H&S of a person at work;

e Appoint the Principal Contractor in writing;

e Ensure that tendering Principal Contractors have made provision for the cost of
H&S measures and be reasonably satisfied, before appointing the Principal
Contractor, that has the necessary competencies and resources;

e Take reasonable steps, including periodic audits (at least monthly), to ensure that
a Principal Contractor’s H&S plan is implemented and maintained; and

e Stop any contractor from executing work which is not in accordance with the
Principal Contractor’s H&S plan or which poses a threat to H&S

4. RESEARCH APPROACH

A regional questionnaire survey and interview was designed to assess the involvement of
clients in health and safety performance of construction projects. The assessment
classifies the involvement at traditional and alternative levels. At the traditional level,
roles which have been played by the client are revisited and assessed if they suffice on
improvement of health and safety performance in construction projects. At the alternative
level, new responsibilities to be taken by clients are explored and documented for use in
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Tanzanian construction sector.  Earmarked groups included clients, Consultants
(architects, quantity Surveyors, engineers and project managers) and contractors. Others
include regulatory boards and other government bodies.

5. SAMPLING

There are about 4300 firms registered by CRB of which 70 per cent are located in Dar es
Salaam. In addition, there are about 391 consulting firms registered in the categories of
Quantity surveying and Architectural both registered by the Architects and Quantity
Surveyors Registration Board (AQRB), and Engineering registered by Engineers
Registration Board (ERB) of which about 60 per cent are located in Dar es salaam. To
facilitate the survey, 20, 40, 5 and 5 copies of questionnaire were sent to consulting firms,
contracting firms, clients and regulatory bodies and other government bodies
respectively.

6. DATA COLLECTION

Generally, the response was fairly good. Out of 70 questionnaires distributed 50 were
returned of which 40 were fairly answered equivalent to an average of 57 per cent.

Table 1: Questionnaire responses

S/No Firm/Authority Distributed  Returned Percentage
success
1 Clients 5 4 80
2 Consultants 20 13 65
3 Contractors 40 8 45
4 Regulatory boards and other 5 5 100

Government bodies (OSHA, CRB,
AQRB, ERB, NCC)
TOTAL 70 40 57

7. RESULTS AND DISCUSSION
Assessment of Awareness and Practice of H&S Requirements in Construction

The study reveals that few practitioners are aware of and have been practicing or
involved in improving safety performance in construction. Out of 40 respondents only 5
are aware and have been practicing, 28 are aware of and sometimes practice, while the
remaining 7 have knowledge of but are not practicing. An assessment of the responses
indicates that management and supervisory level practitioners are aware of the H& S
requirements in construction. On the other hand, adherence or practicing depends heavily
on the provisions of the contract and the level of enforcement.

60



The level of Implementation of H&S improvement measures in construction

There was a general consensus that the level of implementation of H&S requirements is
still inadequate. This due to the fact that those who have been involved in project
undertakings have witnessed major and minor accidents and heath incidents with no
action taken to improve the situation. Some of the reasons given are:

H&S is not taken seriously by parties involved in construction projects, clients
and consultants are more concerned with quality of finished work rather than
H&S matters

Most sites do no have safety personnel and safety equipment

Construction workers are not sensitized or trained on the need to observe H&S
requirements

H&S matters are not budgeted for

H&S matters are not considered at the tendering stage as result clients expect
contractors to bear H&S associated cost during project execution

Clients and contractors assume that by not making allowance for H&S the project
construction cost is reduced

Efforts by Contractors Registration Board and Occupational Safety and Health
Authority in addressing address H&S issues in construction project.

Poor safety performance has been noted in construction projects in Tanzania despite the
existence of regulatory bodies. 25 of 40 respondents have indicated that the efforts are
not sufficient to address H&S issues. Some of the reasons cited are:

Regulatory bodies lack resources to cover scattered construction sites

Contractors intervening such regulations are not dealt with accordingly i.e.
closing of the site when H&S requirements are not properly observed

Clauses or regulations used by Regulatory bodies to enforce H&S requirements
do not clearly state the obligation of each party to the contract

Efforts are not coordinated i.e. only contractors are expected to deliver
Construction contracts are administered by consultants who are more concerned
with quality, cost and time of completion but less involved in the health and
safety of workers

Contracts talk of OHS but remedy for non-adherence is not provided for

Lack of H&S training on the part of clients for them to perceive their roles in
H&S issues

Low level of awareness of H&S requirements by construction workers both
skilled and unskilled

Five out of forty indicated that the efforts adequately address the H&S matters
with the reservation that they have limited capacity in terms of manpower and
finance. The rest 10 respondents agreed with no reason.

Clients’ Participation in Improving H&S Performance in Construction

Conventionally, clients have been involved in improving H&S performance in
construction projects. However, the involvement differs from one client to another, there
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are clients who genuinely take part in improving safety performance while others assume
H&S issues are the responsibility of the contractor. In order to decide in which areas
clients are more active than others, the responses are summarized, tabulated and ranked.

Table 2: Clients Traditional Roles

S/No Role Responses Rank
1 Provision in the contract documents safety equipment and 27 1
welfare facilities and insurance premiums
2 Restrict access to site unless a person has attended H&S 7 5
induction course and wears protective equipment
3 Clients/contractor H&S policy 9 4
4 Training on H&S issues 5 6
5 Employing a competent contracting firm 15 3
6 Provision in the contract clauses that direct parties to 4 7
observe H&S issues
7 Request of H&S plan as part of method statement 21 2

It can be seen from the ranking that in most cases clients have been active in providing
safety equipment, welfare facilities and paying insurance premiums during project
undertakings. However there is still a problem in provision of PPEs as most clients regard
it as an unnecessary project cost and do little to provide it. As observed by Loosemore et.
al. (2003) that other organizations have not been safety conscious and have done nothing
more than to fulfill minimum legal requirements. On the other hand, increasing
campaigns to observe H&S matters in construction projects has lead to a requirement in
the tender document to include H&S plan as part of method statement in their
submission.

Use of H&S Measures in Construction Projects in Tanzania

Certain H&S measures have been in use in Tanzanian following the Government and
stakeholders’ requirements to observe H&S in construction. Responses indicate that they
have encountered some measures in the order of 2 out of 40 very often, 8 out of 40 often,
20 out of 40 fairly often, 8 out of 40 seldom and 2 out of 40 none. Generally, most
respondents have seen the provision of PPEs by contractors used at their work sites,
though there is a consensus that they are not adequate. Reasons given are either they are
not provided in the contract documents or contractors are making savings by not
purchasing all required PPEs. On the H&S plan, respondents agreed that in tenders where
there is such a requirement, once the contract is awarded its use ceases. The rest of the
measures such as toolbox meeting, Checklist of possible hazards, house keeping, H&S
induction course etc. were rarely seen on site.
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Clients Assumed Responsibilities at Various Stages of the Project

Studies (Hinze, 2005; Smallwood, 2003; Ngata, 2005; and Loosemore at. el., 2003)
maintain that clients should assume more responsibilities towards improving safety
performance in construction projects. These responsibilities can be assumed at different
stages of the project namely design, tendering, contract award, and during construction.
These are summarizes, tabulated and ranked as follows:

Table 3: Client Responsibilities at the Design Stage
S/No Responsibility Response  Rank

1 Involve competent professionals who can study well 26 1
possible H&S hazards and incorporate preventive
measures in their designs

2 The design team to consider H&S issues in line with the 10 6
type of project and the kind of safety measures to be
observed for a specific project

3 All H&S matters should be regularly updated and 12 5
incorporated at the design stage
4 The OHS Clause should be considered at the design stage 15 4

and regulatory bodies overseeing H&S matters in the
construction industry to approve the design

5 Clients demand that design and specifications clearly 24 2
address aspects of H&S
6 Clients ensure that the design team produce a risk free 20 3

design bearing in mind the method of construction
and site involvement

From the ranking in the table above, it is evident that involving competent professional
who are responsible for their designs and can take necessary precautions as far as H&S is
concerned is one step to improving safety performance by the client. Similarly, designs
and specification which clearly address H&S aspects have a significant impact on H&S
performance of the project.
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Table 4: Clients responsibilities at the Tendering Stage
S/No Responsibility Response  Rank

1 Ensure that the procedure used suffices for obtaining a 23 3
contracting firm that is financially stable with good
business record, for which the size of the project is neither
too small nor too large, that is well aware of the safety
measures for a given particular project

2 H&S requirements should be included in the tender 10 8
documents in such that the tenderers awareness of H&S
matters can be assessed

3 Clients should make sure an allowance for H&S is 28 1
included in tender documents

4 There should be a special clause concerning H&S 14 6
performance in the tender documents

5 A clause to be included in the tender documents 10 8
explaining that non-adherence to H&S requirement is a
ground for termination of the contract

6 Cost estimate prepared by the consultants should include 17 5
an item of H&S
7 Present the tenderer a checklist of possible H&S hazards 23 3
prepared by the design team for information and updating
8 Tenderer is required to produce H&S plan and the method 20 4
statement as part of tender responsiveness
9 The item that covers H&S matters should be detailed and 12 7

given the same weight as other items

10 Documents should include a clear demarcation on 25 2
H&S responsibilities of the parties to contract

As the results reveal, it has been proposed that at the tendering stage clients should ensure
that the procedure set for obtaining tenders provides for selecting a competent contracting
firm with a good in H&S performance; an allowance to cover H&S is included in the
tender documents; tender documents include a clear demarcation on H&S responsibilities
of the parties to the contract; submission of H&S plan by the contractor, and make
available to the tenderer a list of possible H&S hazards as predicted at the design stage.
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Table 5: Clients Responsibilities during Contract Award
S/No Responsibility Response  Rank

1 All measures should be taken to avoid corruption and 20 3
clients should take into account recommendation for
award made by their consultants

2 Contract be awarded on H&S practicing and awareness 24 1
merits
3 Award should consider a tenderer who has responded well 22 2

to the clause on H&S matters

4 Contract award should also consider the company’s safety 14 4
policy submitted by the tenderers.

5 A good H&S plan to be one of the requirements for 20 3
contract award

6 Address H&S matters during contract negotiation 8 5

At the time of awarding a contract the survey reveals that clients can influence the award
to be made on the merits of H&S good records in awareness and practicing; if there is a
clause in the tender documents will be taken as one of the conditions of tender
responsiveness, or the H&S plan submitted by the tenderer. Experience shows that many
clients and their advisors consider the award of contracts to lowest price tenders. It is of
utmost important that since the client has a final decision on contract award to make sure
that the contract is awarded to the competent contractor. It is therefore of fundamental
importance to the client, when selecting contractors and others, to ensure that those
appointed are able to carry out the work competently (Haywood, 2004)
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Table 6: Clients responsibilities Construction Stage

S/No Responsibility Response  Rank
1 Involving professionals who are competent and have the 22 4
knowledge in construction technology and methodologies
2 Ensure skilled and unskilled labour undergo H&S 21 5

induction course before given access to site.

3 Client ensures that the contractor is complying to H&S 30 1
plan and all requirements during construction and
disciplinary action are taken for non-compliance

4 Ensure the contractor prepare and update a checklist of 24 3
possible H&S hazards
5 There should be a separate consultant dealing with H&S 10 8

matters on construction sites

6 Clients through consultants and clerk of works should 15 6
ensure that to ensure that the contractor and all
subcontractors adhere to H&S requirements

7 Initiate H&S department on construction sites 11 7

8 Client ensures no access to site any person not wearing 24 3
safety equipment

9 Ensure that H&S Obligations is the main agenda items of 28 2

the each site meeting

10 Consultants should be made agents of regulatory 9
bodies in making sure that all aspects of OHS are
adhered to, otherwise should be taken as basis for
determination

At the construction stage, a lot needs to be done so that most of the proposed actions
contribute in one way or another in improving safety performance. However, the first
four according to the ranking namely, ensure compliance to H&S plan and other
requirements; ensure H&S matters is always among the site meeting agenda items, ensure
the contractor prepare and update a checklist of possible H&S hazards; and provision and
use of safety equipment are seen to be imperative in implementation of H&S
programmes.
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Figure 1: Road Map to Implementing H&S Plan

Circumstances in which H&S Aspects are included in the Site Meeting as Main

Agenda

H&S requirements to be a main agenda or among the main agenda items have been the
concern of various studies as one of the measure to be taken during construction.
Respondents were requested to indicate their experience in regard and the result was as

shown below.

Table 7: Experience on inclusion of H&S in the site meeting main agenda items
Ranking

S/n

1

n

Statement Responses

When there is an occurrence of major 31
accident, injury or death or damage
When there is a provision in the contract 28
documents
At the commencement of the project 5
Whenever there is a need to remind site 15
worker to use safety equipment

Always 4
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The above results imply that H&S is included after an accident occurs rather than being
pro-active and preventing accidents before they happen. The results also suggest that
inclusion of the provision in the contract document has shown a positive response
however, it was revealed that few contract documents had such a provision. It was also
learned that minor accidents and injuries are not disclosed to consultants or clients.

Challenges facing the Tanzanian Construction in implementation of H&S measures

The Tanzanian construction industry as many other industries worldwide, is facing
challenges in improving H&S performance. The following challenges were cited:
e Laxity of consultants, clients and contactors
e Low level of awareness on the consequences of not implementing H&S measures
among clients, consultants and contractors
e Little or no allowance in tender documents to cover H&S matters
e Lack of formal H&S training programmes such as in schools, colleges and
universities
e Site workers not willing to wear PPEs on the grounds that they reduce their
efficiency (hot or heavy).
e Recording and reporting of H&S incidents is almost non-existence.
e Increasing competition in the local construction industry tends to make
contractors lower tender prices.

8. CONCLUSION

The traditional roles of the client to improving H&S performance are proven but a
number of practitioners have accepted them with the thinking that the client is not
directly involved in project safety undertakings. The provision of safety equipment for
instance, has been improving significantly, while the H&S plan submitted during
tendering and approved at the time of awarding the contract has its usefulness cease when
the contractor goes on-site. As a result, the industry has been performing poorly in H&S
aspects. This lead to a suggestion that since the client has a final say on cost and time of
the project it is time to take up H&S obligation. Similarly, OSHA has realized a shortfall
in its regulations and is currently reviewing its 2003 Act to incorporate clients’
obligations.

9. RECOMMENDATION

There have been various measures geared at improving H&S performance in construction
projects. Most of these initiatives have directed at contractors to observe all H&S
requirements on their construction sites. This has left clients observing time and cost
matters of the project which in turn has a great impact on H&S issues. It should be noted
that clients (with the help of their consultants) monitor time and cost matters of their
projects from the inception to commissioning stages in order to maximize their
investment returns. To address this, each construction project should have an H&S plan
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which spans from pre-tender to post-tender stages with a clear delineation of the
responsibility of each party to the contract.
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ABSTRACT

Purpose — The purpose of this paper is to present findings of a preliminary survey on
Contractors’ perceptions of clients, attitude relative to health and safety (H&S)
implementation in Botswana’s construction industry.

Methodology — A questionnaire survey was conducted on construction projects to
establish clients’ attitude towards H&S. Interviews were also conducted with contractor’s
representatives on selected construction sites in and around Gaborone, Botswana.

Findings — Findings from the survey include: clients do perceive H&S to be very
important on construction projects, most clients do not address H&S adequately in
contract documentation and H&S is rarely a major agenda item in progress meetings.
Findings were also that clients are not fully committed to H&S implementation. The
Client sets the tone for H&S culture. Client attitude is therefore very important for H&S
performance improvement as all stakeholders are compelled to act in line with the
client’s values.

Originality / value — The importance of the client to H&S performance improvement has
been recognised by various researchers. The extent to which they are involved in H&S
implementation has however not been researched extensively especially in Southern
Africa. This paper therefore provides an insight on the clients’ attitude towards H&S and
in a way explains the reason for the current state of H&S in Botswana’s construction
industry.

Keywords: Attitude, Botswana, Client, Construction, Health and Safety

1. INTRODUCTION

Although Botswana’s economy is dominated by the diamond mining industry which has
been the largest contributor to GDP for the past thirty years, accounting for 38% of GDP,
followed by services at 44%, construction also contributes significantly to GDP
accounting for about 7% (http://web.worldbank.org/WBSITE/EXTERNAL/
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COUNTRIES/AFRICAEXT/BOTS...) .The construction industry has also been growing
at a very high rate with a development expenditure estimated to be well over hundreds of
billions of Dollars at least for the next ten years. What is notable as well in this part of
Africa is that infrastructure is becoming more complex compared to the past years and
inadvertently will cause many challenges for H&S.

The construction industry is dominated by a large number of small and medium size
contractors having sprung from the citizen empowerment programs implemented in most
Southern African countries. Most of the labour force is also either semi skilled or
unskilled with little education. This poses a great challenge in managing H&S. Risks to
H&S increases with a low level of awareness and lack of training.

Research conducted in Botswana revealed that the level of H&S awareness in the
construction industry is low, H&S legislation is not complied with, the management of
contractors is not committed to H&S implementation, there is a lack of H&S
management systems, procedures, and protocol, and clients and designers do not
adequately participate in the implementation of H&S (Musonda 2005). A similar study
conducted by P. Van Ooteghem (2006) revealed that occupational accidents and fatalities
continue to be recorded in Botswana. Between the period 2000 and 2003, a total of 251
occupational fatalities were registered with the workmen’s compensation authority from
all sectors (Ooteghem 2006). 96 accidents in the construction sector alone were registered
with the workmen’s compensation during the same period. Allowing this status quo to
continue considering the contribution construction makes to the economy, the amount of
labour force that is at risk, the anticipated complexity of projects that are going to be
implemented, the human suffering that has occurred and continue to happen and
considering the people that continue to face H&S risks, is totally un acceptable and thus
the motivation for this study.

The need to find solutions to improve the above picture and work at building a better
H&S culture in the construction industry is now just as compelling as before.

In this paper, a key proposition is that although safety is everyone’s business, improving
H&S performance would be realised with the right attitude by the client to H&S. Clients
set tone for H&S.

2. BACKGROUND
2.1 Client role

Striving for a better H&S performance will remain elusive if the client is not seen to be
actively involved in H&S implementation especially in Southern Africa. Huang and
Hinze (2006) rightly argue that the involvement of clients (owners) is an essential
requirement for the zero injuries objective. Other researchers have also recognised the
importance of the client in the management of H&S. Smallwood (1998) noted that
construction H&S can be successfully influenced by clients.
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Suraji (2001) contends in his paper on accident causation that construction accidents are
caused by inappropriate responses to certain constraints and the environment. He
observed for example that the client (owner) responses are the actions or failure to act in
response to constraints that emerge during the development of the project scope.
According to him, these include for example reducing the project budget, adding new
project criteria, changing project objectives and accelerating the design or construction
efforts of the project. All of which are factors that impact on H&S.

Clients have a positive role to play in lowering injury rates (Smallwood: 1998, Hinze &
Gambetese: 1991)

2.2 Client Attitude

Clients’ attitude can be deduced from the extent to which they are involved in the
management of H&S. Until now, as Smallwood observed (1998), the major agencies of
client influence have been prescriptive, regulatory or coercive measures as opposed to
upstream proactive measures such as design, detail and specification and more
importantly prioritisation.

Clients can be seen to be more involved by for example clients setting H&S objectives,
selecting suitable contractors in terms of H&S and participating in H&S management
(Huang & Hinze: 2006). Smallwood outlines further by saying that clients should:
e Provide financial support;
Include H&S as a prequalification criteria;
Schedule H&S requirements prior to bidding process;
Structure contract documentation to allow for H&S and,
Conduct audits in H&S.

One of the areas where clients can show leadership and attitude to H&S is by conducting
periodical audits. Auditing, if properly done, has many benefits for the implementation of
H&S. According to Thompson (1999), successful auditing provides a methodical and
comprehensive approach to the H&S program analysis. Auditing also identifies new areas
of concern as the program and project evolves. It is clearly an essential activity for the
client to undertake and tells of their attitude to H&S in construction.

In order to show commitment, clients should input adequate resources into construction
H&S instead of relying on contractors (Huang & Hinze: 2006). Successful
implementation of H&S also depends on the extent to which construction-project clients
participate and assign resources to the process.

H&S performance improvement depends on the extent to which construction-project
clients provide leadership on H&S matters. Loosemore, Lingard, Walker, and Mackenzie
(1999) identified the importance of this and contend that the lead must come from clients
themselves. They maintain that without this, the construction industry has a long way to
go in changing attitudes towards H&S. Levitt and Samuelson (1993) also argued that
monitoring which is one of the activities in providing leadership, makes a difference, and
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that excellent H&S performance can be obtained with the active participation of clients,
even from average contractors. If the clients are taking the lead, they must know exactly
what is required to develop a detailed comprehensive brief for the design team and to
issue H&S specifications. Further, as suggested by Suraji, Sulaiman, Mahyuddin, and
Mohamed (2006) the client must take responsibility for preventing accidents. The client
should carefully consider H&S control in ordering works, exercising supervision, and
providing instructions. As Huang (2006) correctly put it, clients set the safety culture tone
for a project.

3. RESEARCH METHODOLOGY

The study was quantitative and was aimed at determining the level of client commitment
to H&S in construction projects. The survey instrument therefore needed to be designed
so as to capture clients’ actions or lack of it and perceptions from contractors as they are
the direct implementers of project goals. Because of the type of data that was to be
obtained, it was found that questionnaires with supervisory staff on construction sites
coupled with physical observations constituted the best method to conduct the research.

Questionnaires were preferred to face-to-face interviews because respondents find it
easier to answer questionnaires in privacy and during their spare time. On the negative
side, the response rate is usually lower with questionnaires that have to be returned.
Questionnaires are also a good way of obtaining information because it is cheap and less
time consuming. A pilot study was conducted in the preliminary stages and the response
rate was determined as being between 50% and 70%.

The questionnaire was designed to address among other areas, the clients’ level of
participation or commitment to H&S on construction projects. Both open and closed
ended types of questions were used. Care was taken to avoid bias by providing for
alternative responses by related and preceding closed questions. Respondents were asked
to ‘state or specify’. Closed questions were put before open-ended questions. Rating
scales were also used for respondents to mark the level of importance, frequency, or
severity.

On the clients’ level of commitment, the evaluation was conducted through the
following questions:

e Evidence of active participation, as seen in the client project meetings, by
establishing whether H&S was a major agenda item;

e Respondents’ view on how clients and designers regarded H&S in relation to
other factors on a construction project;

e The purpose of the third question was to identify the respondents’ opinion on how
H&S could best be improved; client and designer participation is also included to
assess whether respondents deemed it important, and

e The extent to which clients and designers address H&S in contract documents.
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3.1 Analysis of Data

Primary data that was obtained through questionnaires and physical observations by
using checklists was analysed and interpreted relative to secondary data obtained from
the literature review. From observations and responses, inferences were drawn about the
larger and general practice relative to client commitment and thus their attitude towards
H&S.

The calculation of scores was also done to establish the order of importance or severity.
A score was given to each factor. This was done by adding up multiples of the opinion
and the number of respondents with that particular opinion. The marks have been
allocated as presented in Table 1.

Table 1: Opinion marks on the level of importance.

Opinion Mark
Very important 25
Important 20
Fairly important 15
Slightly important 10
Not important 5

3.2 The Population

The selection of the sample stratum was based on the following:
e Number of registered building contractors that were currently undertaking
projects in Gaborone, Botswana,;
e Limitations of time and financial resources, and
e Anticipated response rate.

A survey was conducted before the study and it was determined that there were at least
47 building construction sites in and around Gaborone. It is recommended that, for small
populations of less than 100, there is little point in sampling (Leady and Ormrod 2001).
The entire population was surveyed as a result. With a response rate of 50% to 70%, it
was determined that at least 21 building contractors would respond to questionnaires.

The study excluded private homebuilders and civil engineering contractors. The
justification for this delimitation was the time limit, resources, and the difficulty in
obtaining information, especially from private homebuilders.

For the sample to be representative, it was ensured that all categories were represented in
the study. The Public Procurement and Asset Disposal Board (PPADB) categorisation is
based upon five categories: for projects worth up to P0.5 Million, between P0.5 Million
and P1 Million, between P1 Million and P4 Million, and more than P10 Million.
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A sample of 40 contractors was randomly selected. Each category contributed 8
contractors. The only exception was the lowest category because there were only 5
building construction sites at the time. Three more construction sites were randomly
selected for the survey. Although some building contractors were working on more than 1
construction site, only 1 site was selected for each building contractor. As there were at
least 47 active construction sites within Gaborone during the research period, this meant
that all the contractors were surveyed. Table 2 tabulates the summary of the sample
stratum.

Questionnaires were addressed to site managers, site engineers, and site agents as they
are based on site and are able to relate what actually transpires on projects. This group
was viewed as having sufficient knowledge and being impartial relative to top
management and the actual practice on sites and their perception of the client.

Site observations were conducted for all 40 contractors that had been interviewed.
Checklists were used to record or tick off the observed elements on sites.

3.3 Response Rates
In total, 40 questionnaires were distributed to building contractors. Twenty-five
questionnaires were completed and collected by the researcher, which equates to a

response rate of 62.5%. Response rates for all categories are as tabulated below in Table
3.

Table 2: Sample stratum

Category Value in USD Construction Questionnaires Observations
sites distributed

oC <100,000.00 5 5 5

A >100,000.00< 200,000.00 11 8 8

B >200,000.00< 800,000.00 10 8 8

C >800,000.00<2,000,000.00 8 8 8
D&E >2,000,000.00 13 11 11
Total 47 40 40

Table 3: Questionnaire response rates

Category Value in USD Response (No.)  Response rate (%)
OoC <100,000.00 1 20.0
A >100,000.00< 200,000.00 3 37.5
B >200,000.00< 800,000.00 8 100.0
C >800,000.00<2,000,000.00 6 75.0
D&E >2,000,000.00 7 63.6
Total 25 62.5
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4. FINDINGS

Respondents were asked in question 1 how frequently H&S audits and inspections were
conducted by clients and other key stakeholders. With respect to clients’ commitment to
H&S, 56% of the respondents indicated that clients had ‘never’ conducted H&S audits
and inspections, and 28% ‘rarely’. The above compared to 40% of the respondents who
indicated that contractors top management ‘never’ conducted H&S audits and
inspections, 36% ‘rarely’, and 20% ‘often’ (Table 4) showed a little bit of more
commitment by contractors than clients. Only 8% of the respondents indicated that
clients ‘often’ conducted audits and inspections. None of the respondents indicated that
clients ‘always’ conducted audits and inspections. The clients’ leadership in H&S and
thus their attitude is even more questionable as over 50% of the respondents indicated
that neither the supervising consultants nor the Government Factories Inspector
conducted H&S audits and inspections. Supervising consultants are directly answerable
to clients. The above may probably confirm the respondents perception that clients
consider cost, time and quality to be more important than H&S (table 7).

Table 4: Frequency of audits and inspections by all stakeholders

Entity Response (%)
Never Rarely Sometimes  Often  Always
Contractor top management 40.0 36.0 0.0 20.0 4.0
Client 56.0 28.0 8.0 8.0 0.0
Supervising consultants 52.0 20.0 16.0 12.0 0.0
Factories Inspector 56.0 32.0 8.0 4.0 0.0
Civil organisations 84.0 4.0 8.0 4.0 0.0

Apart from inspections, site project meetings are important events where all issues
regarding H&S can be raised and discussed. To indicate the extent of participation by
clients and designers or supervising consultants, the position that they accord to H&S on
the agenda of project site meetings would be used for measurement. This is all the more
true because they mostly visit the sites at the time of these meetings. Question 2,
therefore, sought to determine whether H&S was a major agenda item during client
progress meetings. 28% of respondents indicated that H&S was a major item on the
agenda and 72% that it was not (Table 6).

Table 6: Status of H&S in progress meetings

Response (%)
Yes 28.0
No 72.0

Unsure 0.0
Total 100.0

It was deemed that contractors would best describe clients’ attitudes towards H&S. This
would, in turn, explain the level of commitment by clients and designers. Therefore,
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contractors were asked to rate the importance of various aspects to clients on projects.
Remaining within budget was the most important, followed by contract period. Quality
and avoiding litigation were ranked third and fourth, whilst H&S was identified as the
least important (Table 7).

Table 7: Perceived importance of H&S according to clients

Aspect Score
Remaining within budget 590
Contract period 565
Quality 555
Avoiding litigation 515
H&S 270

In an endeavour to further establish the extent to which clients participate in H&S,
respondents were asked whether, in their opinion, contract documents always addressed
H&S implementation. The reasoning behind this question was that one way in which
clients would definitely participate in H&S implementation is through allowing and
addressing it in the contract documents. Seventy-one percent of the respondents indicated
that H&S was addressed and 29% that it was not addressed. A follow-up question to
check the validity of these responses was posed. The responses ranged between ‘not
being addressed’ and ‘being fairly addressed’. Only 4.2% and 8.3% of the respondents,
respectively, indicated that H&S was ‘addressed’ and ‘fully addressed’ in the contract
documents (Table 8).

Table 8: Extent to which H&S is addressed in contract documents

Scale Extent Response (%)

1 Not addressed 25.0

2 Slightly addressed 29.2

3 Fairly addressed 25.0
4 Addressed 4.2
5 Fully addressed 8.3
No response 8.3

Total 100.0

One of the other areas believed to be where clients could show commitment and
leadership and thus their attitude towards H&S is in insisting and ensuring that
contractors have safety programs in place. Respondents were therefore asked whether
they had H&S policy, procedures, programs, meetings, representatives, and documented
work procedures on their projects (Table 9). More than 50% of respondents indicated that
they never had any of the above. Between 20% and 30% of respondents indicated that
they had whilst less than 10% of respondents were not sure.
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Table 9: Existence of H&S programme elements

Element Response (%)
Yes No Unsure No response
H&S policy 20.0 64.0 4.0 12.0
H&S procedures 28.0 60.0 0.0 12.0
H&S programs 4.0 64.0 8.0 24.0
H&S meeting 20.0 64.0 0.0 16.0
H&S representatives 12.0 68.0 4.0 16.0
Documented work procedures 32.0 56.0 0.0 12.0

Specifically, 64% of respondents responded in the negative relative to having the
required elements of a management system.

5. DISCUSSION

Given the aforementioned, it can be concluded that the contribution by non-contractor
stakeholders specifically clients and their agents, designers, is virtually non-existent.
Such stakeholder input and commitment is cardinal and essential to H&S performance
improvement and describes the clients’ attitude towards H&S. The respondents’ ratings
of the perceived importance of H&S to clients reveal the extent to which the client is
committed and attitude to H&S. Relative to cost, time, quality, and avoiding litigation,
clients view H&S to be the least important aspect on a construction project. The attitude
seems to be wrong here and it can be argued that this influences H&S performance in
construction.

Based upon clients’ attitudes and actions, respondents perceived that they considered
H&S not to be important. Responses relative to whether H&S was a major agenda item
in client progress meetings validates the perception rating - almost 71% of the
respondents said that H&S was not a major agenda item. Client progress meetings are an
important event during a project as all stakeholders are required to attend such meetings
on site. It is also a forum where progress is evaluated and problems on site are discussed.
If clients have the right attitude and committed to H&S it will be an agenda item.
Standard contract documentation also does not reflect commitment by clients to H&S.
Although 70% of the respondents said that H&S was addressed in contracts, only 8%
indicated that it was extensively addressed. On average, 26% said it was not, slightly, or
fairly addressed. A positive attitude towards H&S by the client would have had
influenced a different perception by respondents especially regarding the rating of H&S
among other traditional project parameters.
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6. CONCLUSIONS

It can be concluded that participation and commitment by clients to H&S is low and thus
in a way describes their attitude towards H&S which is seen to be negative because of the
following;

e Clients and even designers never or rarely conduct H&S audits and inspections;

e H&S is not regarded as a major agenda item in clients’ progress meetings; 72 %
of the respondents indicated thus, and only 28% indicated that H&S was regarded
as a major agenda item. Clients influence project progress meetings. With the
right attitude therefore would have seen higher percentages of respondents
indicating that H&S was a major agenda item and,

e According to contractors, it was found that clients and their agents, designers,
regarded H&S to be the least important aspect on a construction project. It follows
that, if clients perceive the importance of H&S to be low it is because their
attitude is not positive towards H&S. In fact, avoiding litigation and quality was
rated higher than H&S.

Clients set the H&S tone for construction projects. Their attitude therefore has great
influence on the performance of H&S especially among smaller national contractors.
Improving or addressing clients’ attitude would greatly contribute to the improvement of
H&S in the sector. The question however is, how can that be achieved?
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ABSTRACT

This paper argues that construction procurement practices based on a lowest cost “one
size fits all” approach and unsatisfactory supply chain management result in
inefficiencies in health and safety (H&S) performance. Given that procurement
arrangements should be proportionate to project complexity and risks, prequalification of
all participants in the project is a management tool for selecting contractors and suppliers
on ‘best fit’ criteria rather than on ‘lowest possible cost’. Prequalification is a formal
process that can be used to evaluate a contractor’s health and safety competence. In
addition, prequalification provides the basis for risk profiling and risk management. The
risk profiles ensure a single point of accountability, safe work execution, stable industrial
relation climates and, at the same time, promotes lower risk vendor selection. An active
risk management approach seeks to identify and reduce potential health and safety risks
to an acceptable level. The paper incorporates qualitative data from an exploratory study
conducted among 115 contractors tendering for electrification projects. This paper
emphasizes the need to infuse health and safety systems into the commercial process.
Prequalification at the procurement phase provides a systematic approach to evaluate and
assess health and safety knowledge, experience and ability. The paper illustrates that
prequalification is the ideal tool to screen contractors for health and safety competence.

Keywords: Procurement, Supply Chain Management, Prequalification, Risk

1. INTRODUCTION

Prequalification provides a systematic approach to evaluate and assess contractors and
other service providers for health and safety knowledge, experience, and ability.
Prequalification is widely used as part of pre-contract supplier appraisal. It is an essential
step in deciding whether a supplier or contractor can adequately perform a construction
project without exposing the client, for example, to claims for damages from third parties.
It is, therefore, necessary for contractors to have an appreciation of constructability or
buildability, the ability to recognize limitations, task-related faults and errors, and to
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identify appropriate remedial or corrective actions. If the prequalification criteria are
met, the contractor may be invited to tender or negotiate for the client’s business.

There are usually two steps to prequalification, namely finding contractors and verifying
that they are suitable for the project at hand. It is critically importan for all client
organizations to be clear about why they want to measure contractor performance. This
measurement should take in account what is being procured, the amount that will be
spent and the risk of failure to deliver.

Clearly a blanket approach is not feasible as it typically generates the same amount of
information for non-critical services as for critical services. Criticality can change. It is,
therefore, important that any prequalification system be flexible so that it can be extended
to contractors and suppliers as the need arises. A growing number of South African
companies are starting to recognize that in order to achieve the health, safety,
environmental and social goals that satisfy the demands of clients, they need to ensure
that they and their suppliers are also achieving acceptable health, safety, environmental
and social standards.

2. LITERATURE REVIEW

The Construction Best Practice Programme (1998) suggests that construction businesses
are beginning to realize that their success is increasingly dependent on the organizations
they supply to and buy from, and that for continued success they need to cooperate and
collaborate across customer/supplier interfaces in South Africa. The South African
construction environment presents challenges relative to effective supply chain
management. Construction projects are usually unique and one-off in character. Most
construction projects are procured by inexperienced clients and constructed by numerous
specialists who have little or no contact with the client. Despite regulatory compliance
requirements, there is relatively little consideration of health and safety issues. With
respect to procurement processes and practices characterized by the “low bid win”
approach, production processes are geared to lowest cost rather than to “right first time”
or to “better value” bidding processes. These latter processes encourage a culture where
service providers will agree to almost any parameter to get the work. Once the work is
procured they strive to achieve a cheaper solution or a higher price; and are either unable
or unwilling to cooperate in specialist design, innovation or collaborative problem-
solving.

The situation in the South African construction community is further exacerbated by the
need for transformation and Broad Based Black Economic Empowerment (BBBEE). The
government-driven Accelerated and Shared Growth Initiative for South Africa (AsgiSA)
supports BBBEE to address the disadvantages of past procurement practices. Health and
safety management practices are briefly mentioned within the framework of AsgiSA and
Preferential Procurement Policy Framework. However, there appears to be little or no
focus on health and safety criteria when it comes to BBBEE companies.
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Key areas that receive specific attention during BEE status evaluation include:
Black ownership and management;

Skilled black employees as a percentage of all skilled employees;
Purchases from black suppliers;

Black female management participation;

Employment of persons with disabilities; and

Joint ventures with black suppliers.

Once these criteria are met, SA companies, government departments and other
organizations seem to be satisfied that the BEE suppliers and contractors have met all
their qualification criteria. Governance is not taken seriously in terms of risk management
and assurance, and prequalification is not stipulated or required. When prequalification is
required, health and safety are not considered within the accreditation process.

South African companies are legally bound to meet government-set AsgiSA targets. One
of the binding constraints is the shortage of suitably skilled labour amplified by the
impact of apartheid spatial patterns on the cost of labour. The current infrastructure
investment in South Africa has spawned huge construction projects. Government and
public enterprise investment expenditure for the period April 2005 to March 2008 is
estimated to be about R370 billion (about $50 billion U.S.). Another key challenge in the
infrastructure sector relates to preparations for the 2010 FIFA World Cup. This includes
building or improving the ten stadiums to be used, investment in the surrounding
environs and access to the stadiums. Clients will be hard-pressed to find the skills to
complete the many new and refurbishment projects. The authors argue that this situation
will undoubtedly result in clients taking short cuts to obtain the necessary scarce skills
required to complete these projects.

Health and safety competence still remains a critical issue for the South African
construction industry. The entry point of contractors takes place during the procurement
phase of the commercial process and generally contractors and suppliers are not assessed
for health and safety competence. In most cases contractors and suppliers are only
commercially assessed in terms of capability, equipment and availability of skilled
resources, and they are financially assessed to check for credit worthiness. There are
arguments that health and safety competence is assessed before a contractor is listed on
the vendor databases. However, anecdotal evidence suggests that most South African
clients use the following seven generic criteria for evaluating and awarding contracts,
namely

e Commercial;
Administrative Performance;
Delivery and Cycle Time;
Responsiveness;
Business Management;
Quality;
Environmental Management; and
Technology.
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It is also argued that the quality criterion includes health and safety. However, after
careful evaluation of the quality management appraisal systems of the largest South
African utilities, it was found that criteria for safety equate to only five percent of the
total appraisal score. The safety criterion included questions related to safety awareness
and job assessment. There were no criteria for the assessment of health.

Most of the procurement and purchasing policies, standards and procedures that have
been developed seem to have sound health and safety principles. However, one of the
greatest difficulties is the lack of implementation of these policies, standards and
procedures within construction.

3. PREQUALIFICATION

Prequalification is a formal process which usually requires prospective tenderers to
answer a standard questionnaire followed by a briefing session. Where the
prequalification process includes health and safety, the questions focus on the
contractor’s health and safety records, health and safety training and qualifications and
experience of their staff and operatives. In all cases, contractors must be able to
demonstrate that they have appropriate procedures in place to comply with the health and
safety regulatory framework, as well as possessing the usual qualilities and resources
expected of a competent contractor. Prequalification is part of the strategic process of
assessing or demonstrating competence and resourcefulness.

Table 1 Assessment Stages: Competency and Resource

Competency Resource
Approach Comment
One stage Competency assessed for the range of Resource assessed for the range of work
work types likely to be encountered. types, based on confident predictions of
Specific project details may or may not  work situations, hazards and the like.
be known at this stage, but sufficient This may be from a generic knowledge or
detail may be confidentially predicted. from the specific project details.
Generic competency established Generic assessment for those elements of
Two stage broadly independent of specific work ‘resource’ that allow prediction and
¢ 1 (Prequalification) type. description, in advance of the known
work.
Project specific competency elements The balance of ‘resource’ assessment that
established at time project is known or is specific to the actual work.
o 2 proceeds.

Key requirements of prequalification

1. Contractors/Suppliers must meet trustworthiness, quality, fitness, capacity,
experience and safety standards in order to pre-qualify to bid.

2. Clients should require contractors and subcontractors to submit completed,
standardized questionnaires which seek information necessary to determine whether
the contractors have met these standards.
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3. Uniform, subjective rating systems must be used to determine “both the minimum
requirements permitted for qualification to bid, and the type and size of contracts
upon which each bidder shall be deemed qualified to bid.”

4. If a contractor is pre-qualified and awarded a contract, the client may still determine
that one (or more) of its subcontractors are not ‘responsible’ and remove the
individual subcontractor from the project.

Advantages of prequalification

1. Clients can determine if any special expertise is required to be a responsible bidder on
a particular size or type of project and screen for that expertise.

2. Clients can take adequate time to determine whether a (potential) bidder is indeed a

responsible bidder.

A common database of listed contractors and suppliers can be readily available.

Rating of contractors according to expertise and reliability will be more probable.

5. Blacklisting of contractors on a common database will be absolute.

W

Disadvantages of prequalification

1. In a good economy (such as the current situation in South African), some contractors
may decide not to expend the extra effort to go through the prequalification process.

2. Clients may be concerned that a prequalification process will increase the number of
contractor challenges. While this may be true, the procedure for addressing a
challenge to the prequalification decision is no more difficult than when bidders are
not pre-qualified.

In South Africa, as in many other countries, an employer has both legal and moral
obligations to ensure that contractors undertaking work on their behalf are competent.
The Department of Labour in South Africa has successfully prosecuted local authorities
and major contractors after their contractors or consultants failed in their duties under
prevailing health and safety legislation. Poor health and safety performances also have
serious and long-lasting negative impacts on and consequences for the image of a
company or organisation. It therefore becomes important that all reasonable steps are
taken to ensure contractors are competent.

BRIEFING _| EVALUATION/ _ | VERIFICATION

SESSION >  ASSESSMENT vViSIT FINAL APPROVAL

y
\

Figure 1. Integrated model for prequalification

4. RESEARCH

An exploratory study was done in one of the regional divisions of a major construction
organization in South Africa with an average annual construction expenditures of $150
million dollars. The sample consisted of 115 contractors who wanted to be added to the
vendor database in order to tender for electrification projects in the region. These projects
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ranged from approximately R1 million (about $140,000 U.S.) to approximately R20
million (about $3 million U.S.) in value. Projects varied between minor works, schools
electrification, reticulation and refurbishment projects. The sample consisted of
emerging contractors, Black Women-owned, BEE and established contractors.

Contractors were invited to attend a briefing session where they were informed of the
prequalification process. They were assessed in terms of the following aspects, namely
General Information of their company;

Health and Safety Management System,;

Operating procedures and practices;

Training and Competencies of Employees;

Communication;

Incident Management;

Machinery and Equipment;

Environmental Issues;

Subcontractor Management; and

Membership.

The contractors were required to score 70% to be declared competent but they would
only be listed on the vendor database after they had passed the verification assessment
stage. The results are listed in Tables 2 to 4. The distribution by turnover (annual
business volume) and number of employees was

Contractors with < R3 million turnover and < 20 employees — 40%;
Contractors with R3 -R10 million turnover and < 50 employees — 41%; and
Contractors with > R10 million turnover and > 50 employees — 19%.

Table 2. Contractors with < R3 million turnover and < 20 employees
No. of contractors No. failed Mean Score

46 (100%) 33 (72%) 51

Table 3. Contractors with R3 -R10 million turnover and < 50 employees
No. of contractors No. failed Mean Score

47 (100%) 15 (32%) 74

Table 4. Contractors with > R10 million turnover and > 50 employees
No. of contractors No. failed Mean Score

22 (100%) 7 (32%) 78
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Table 2 comprised mainly of undeveloped and underdeveloped contractors and small and
medium enterprises (SMEs) who lacked significant health and safety knowledge and
experience. Whereas larger construction companies in Tables 3 and 4 appeared keen to
embed health and safety as a priority and value, smaller companies had traditionally been
more reluctant to do so. A significant failure rate of approximately 32% still resulted in
the larger construction companies. However, they achieved much higher mean scores
than the smaller companies. These small firms were less likely to comply with existing
legislation (Westwick-Farrow, 2006). A number of factors appeared to prejudice the
attainment of better health and safety performance scores in smaller companies. Smaller
contractors were reported to feel inhibited by small profit margins and a lack of financial
reserves (Gillen et al, 2004). Construction SMEs could generally be characterized as
‘price takers’ (Miller et al. 2001). In addition, they lacked the human resources and
management commitment necessary to improve occupational health and safety (OHS)
performance (Lin and Mills, 2001; Hasle and Limborg, 2006). Furthermore, construction
SMEs often did not focus on health and safety because they, inter alia,

o failed to recognize the economic returns of OHS;

o suffered generally from poor scheduling of work; and

o held that workers were capable of protecting themselves (Mayhew and Quinlan,

1999).

Smaller firms also adhered more to the widely reported ‘“culture of cost cutting”
(Ferguson, 2004).

5. CORPORATE GOVERNANCE

The King Report on Corporate Governance for South Africa 2002 (King II Report)
adopted the aim of the King Report 1994 to “promote the highest standards of corporate
governance in South Africa.” The scope of the King II Report included:
e The review and clarification of the proposal for an inclusive approach adopted by
the King Report 1994;
e The recognition of the increasing importance placed on reporting on social,
ethical, environmental, health and safety matters; and
e The recommendation that the new code of corporate governance for South Africa
should be measured and based on outcomes.

Corporate governance influences corporate social responsibility which in turn promotes
responsible care and social responsibility. Prequalification can be seen in the same light
given that it assists clients to ensure that contractors and suppliers meet health and safety
competency in the construction environment. In most instances the client presumably has
little interest in mandating improved health and safety and may consequently assume that
health and safety is up to the individual, or else the principal contractor. This sort of
client may not know what corporate social responsibility is, let alone have any active
interest in pursuing it. What is more, the client would surely list cost, quality and
completion time ahead of health and safety as project parameters.
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6. OBSERVATION AND RECOMMENDATION

South Africa, unlike the United Kingdom and other developed countries, does not have
support for a Competence/Passport Scheme for contractors. The UK government and its
agencies provide contractors with health and safety knowledge based on the passport
syllabus. This knowledge is tested under controlled conditions, before issuing passports
to individuals. The South African government has not interfaced with any agency to
develop and rollout such an initiative as yet. Therefore; the best option for South African
clients is to adopt the prequalification model to screen contractors and suppliers for
health and safety competence. In the absence of passport schemes, South Africa and
other developing countries should adopt a VCP (voluntary code of practice) in using
prequalification as a tool for health and safety competency and resource evaluation and
assessments. Small firms are not just smaller versions of large organisations. While
small firms are not opposed to the idea of health and safety regulation they need help in
understanding their problems and meeting their legal obligations. Prequalification can
definitely help them to understand their problems and meet their legal obligations.

7. CONCLUSION

The exploratory study tests the notion of developing a standard set of prequalification
criteria based on best-value criteria (to which individual clients can attach their own
weightings) with definitions of key health and safety aspects that would be required to be
reported before contractors would be listed on the client’s database. Table 5 below
illustrates the weightings of each section of the prequalification process.

Table 5. Weightings of factors for the prequalification process

Section DESCRIPTION Total
Score
1 General Information 0
2 HSE Management System 20
3 Operating Procedures & Practices 30
4 Training & Competencies of Employees 30
5 Communication 15
6 Incident Management, Claims, Workers 25
7 Machinery and Equipment 20
8 Environmental Issues 10
9 Subcontractor Management 15
10 Membership 5
Total 170
Total score required to be declared competent = 119
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Sections 2, 3, 4, 5, 6 and 9 of the questionnaire dealt with the assessment of health and
safety criteria of the contractor’s management system. Seventy two percent of the
undeveloped and underdeveloped contractors in Table 2 scored poorly in all of the above
mentioned sections. Thirty two percent of the more established contractors illustrated in
Tables 3 and 4 failed to pre-qualify mainly because of their assessment scores in sections
3,4, and 6. These sections had higher weightings for health and safety, as they covered
critical aspects such as workplace risk assessments, safe work procedures, training
matrices and incident management systems.

The results of the exploratory study provide evidence that most contractors (more so than
undeveloped and underdeveloped contractors) have their limitations with key aspects of
health and safety management. The study also reveals that there is an urgent need for
industry, especially in developing countries, to move toward greater industry-led self-
regulation (such as the prequalification process) which will integrate OHS into their
procurement and supply chain management systems. The key health and safety aspects
identified could be incorporated for use as a broader-based procurement and supply chain
management approach to health and safety performance measurement thus providing
leading indicators of likely success or impending problems.

The study is also not without limitations. The integrated model for prequalification, in
Figure 1, was tested using verified data from one sub-area (namely the distribution
division) within one of the six regions of the whole organization. While the potential for
respondent bias is an inherent problem in exploratory studies, its impact on the validity of
results cannot be overlooked. Similarly, despite attempts to obtain a large, diverse
sample, the size and composition of the sample limits the ability to generalize the results
broadly across all six regions of the organization. While the statistical analysis shows
that the sample data fits the integrated model for prequalification, the possibility exists
that there are other variables pertinent to the constructs of health and safety interest and
that these constructs may be multi-dimensional. Nevertheless, the results of the
exploratory study provide the basis to move towards a prescriptive supply chain-wide
health and safety regulatory regime such as prequalification. Prequalification would have
the potential to ensure overall health and safety performance especially with the massive
growth of construction projects in developing countries such as South Africa.
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ABSTRACT

Addressing construction worker safety and health in the design of a project, also referred
to as prevention through design (PtD) and designing for construction safety and health,
has seen expanded interest and activity in the U.S. construction industry. The positive
influence that PtD can have on not only reducing construction site hazards and improving
worker safety and health, but also improving quality and productivity, has motivated the
construction community to explore and implement the concept. However, barriers to
PtD’s widespread implementation in the U.S. exist, including the lack of regulatory
requirements for PtD to be incorporated into construction projects. Leaders in the PtD
effort from across the U.S. participated in a recent workshop sponsored by the National
Institute for Occupational Safety and Health (NIOSH) to develop a national strategy for
studying and diffusing the PtD concept. As part of the workshop, attendees took part in
focus groups related to construction industry practice and to PtD research. This paper
presents the outcomes from the focus groups and discusses their relationship to the
findings of PtD research described in previously published literature and the current and
planned PtD activities in the U.S. construction industry.

Keywords: Construction, Safety, Design, Architect, Engineer

1. INTRODUCTION

Prevention through design (PtD) is a fundamental concept within the field of
occupational safety and health. It is well known that when designing a work
environment, it is better to design out the safety and health hazards than to simply protect
the workers from, or warn them of, the hazards (Manuele 1997). Eliminating safety and
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health hazards from the workplace provides workers a safe environment from the
moment they step onto the job.

Application of the PtD concept in the construction industry can be challenging. Safety
and health hazards for construction workers can be difficult to foresee given the nature
and complexity of construction jobsites. The environment surrounding construction
workers can change frequently as a facility gets built and jobsites often incorporate the
work of many different trades and organizations each with different goals, priorities, and
schedules. Depending on the contracting arrangement selected, the process used to
construct the facility, and therefore some safety and health hazards that arise, may not be
known until after the design is complete and construction services are contracted. There
are impediments to the implementation of the PtD concept in construction that exist
outside the jobsite as well. These include: designers traditionally limiting their focus to
the safety of the facility end-users; a lack of education, training, and resources to assist
architects and engineers to design for construction safety; perceptions of increased
liability exposure to third-party lawsuits; the codes and standards to which designers
prepare their designs; and the customs and culture of the construction industry. The
absence of a legal requirement to apply PtD principles for construction workers in the
U.S. is also limiting its application.

Although there are barriers to the implementation of PtD in the U.S. construction industry
the benefits for PtD are recognized. Research has identified a link between the design
and construction site injuries and fatalities. The European Foundation (1991) found that
60% of the accidents it surveyed could have been eliminated, reduced, or avoided with
more thought during the design stage. Gibb et al (2004) reviewed 100 construction
accidents and found that in 47% of the cases, changes in the permanent design would
have reduced the likelihood of the accident. In an effort aimed at linking the design for
safety concept to construction site injuries and fatalities, Behm (2005) found that the
design was linked to 42% of 224 fatality incidents in the U.S. from 1990 to 2003.
Constructors recognize the impact of the design on safety and health as well. In a study
in South Africa (Smallwood 1996), approximately 50% of the 71 contractors who were
interviewed identified the design as an aspect or factor that negatively affects health and
safety. The design was the highest of any component identified that negatively affected
safety. Almost 90% of the contractors stated that there is a need for safety education at
the university or technical college for architects and engineers.

It is clear that considering construction worker safety and health in the design of a project
can eliminate jobsite safety and health hazards and therefore positively influence worker
safety and health on projects. Other countries, such as those in the European Union and
Australia, have recognized the beneficial impacts of PtD, taken formal action, and are
leading the way through PtD legislation. Recognition of and interest in PtD throughout
the U.S. construction industry is growing. However further efforts are needed to cause
diffusion of PtD throughout the U.S. construction industry.
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NIOSH Workshop

To facilitate and grow PtD in all industry sectors in the U.S., the National Institute for
Occupational Safety and Health (NIOSH) began a national PtD initiative in 2006
(http://www.cdc.gov/niosh/topics/PTD/). The initiative is designed to promote the PtD
concept and highlight its importance in all business decisions. The ultimate goal of the
PtD initiative is to prevent or reduce occupational injuries, illnesses, and fatalities
through the inclusion of prevention considerations into all designs that impact workers.

As an initial step in the initiative, NIOSH hosted a Prevention through Design Workshop
in Washington, DC, from July 9-11, 2007 to launch the initiative. The workshop
attracted approximately 225 participants from diverse industry sectors and disciplines.
The workshop: spotlighted the success of PtD in several industries in the U.S. and
internationally; engaged participants in industry-centered breakout sessions to identify
opportunities and barriers and to develop recommendations for each industry; and
included cross-industry breakout sessions to map out the top over-arching issues for PtD
in Research, Education, Practice, and Policy. The output from the workshop will be used
to develop a strategic plan that highlights actions and milestones to institutionalize the
PtD concept throughout the U.S.

Much can be learned about diffusing PtD in the construction industry from the input
provided during the focus group (breakout) sessions at the workshop. This paper presents
a summary of the input related to the construction industry that was provided during the
Construction Industry and Research sessions along with an evaluation of its merits. An
evaluation of the input is also provided with respect to previous PtD research and current
and planned PtD activities in the U.S. construction industry.

2. FOCUS GROUP (BREAKOUT) SESSIONS

The second and third days of the NIOSH PtD Workshop were devoted to a large extent
on focus group sessions. On the second day, the focus group sessions were organized
according to eight work industry sectors (Agriculture, Forestry and Fishing;
Construction; Healthcare and Social Assistance; Manufacturing; Mining; Services;
Transportation, Warehousing and Utilities; and Wholesale and Retail Trade). Those
interested in the construction sector, approximately 85 attendees, gathered together in one
room to discuss PtD in construction. This group, which amounted to approximately one-
third of the conference attendees, consisted of employees of large
engineering/construction firms, large owner firms, academic researchers, design
professionals, and national occupational safety and health organizations. The participants
were asked to address questions related to four functional areas within construction:
practice, policy, research, and education. For each functional area, the participants were
asked to discuss and respond to the following questions:

a. How can PtD practices, policy, research, or education address specific goals or
important areas identified within the construction sector?
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b. How can we overcome barriers and use drivers to promote PtD practice, policy,
research, or education in the construction sector?

c. What PtD practice, policy, research, or education opportunities are there for
immediate action and how do we move forward on these opportunities?

As a means for discussing each functional area, the participants were separated into small
focus groups using the Café method (World Café Community 2002) of group discussion.
A total of 12 tables were set up for the discussion (three for each of the four functional
areas). The discussion at each table focused on a particular functional area (practice,
policy, research, or education). Each focus group was asked to discuss the questions
related to the functional area of interest at that table. After allowing time for discussion,
the participants were asked to move to another table (not a table covering the same
functional area) to participate in discussion with a different group of participants. A total
of four tables were visited by each participant. This process permitted the participants to
provide input on all functional areas and allowed for “cross-pollination” of ideas. A table
“host” was present at every table to facilitate and record the discussion that took place.
The records taken by the table hosts were then organized and reviewed by a rapporteur
who wrote a summary report on the breakout session.

On the third day of the workshop, the focus group sessions were organized according to
functional area: Practice, Policy, Research, and Education. This format allowed
practitioners from different industry sectors to come together to share ideas within a
particular functional area. For the Research functional area, the research-related input
from all industry sector discussions gathered on day 2 of the workshop was collected and
organized. From this information, seven topic areas were identified as important to PtD
research and were used to facilitate further discussion of PtD research during the
breakout session. The seven topic areas were:

The economics/business case for PtD

Design-related causality of occupational injuries and illnesses

The development of PtD devices, tools, and processes

Worker, machine, structure, and environment interaction

Diffusion, sustainability, and the communication of design innovations
Methodologies for PtD research

Leveraging PtD methods and technologies from other industry sectors

NowunhkwWd =

Participants in the breakout session were asked to consider each of these topics and to
provide input and guidance for conducting PtD research in these areas. The Café method
of group discussion that was used for the focus group sessions on day 2 was used again
for the Research functional area discussion. Similarly, a rapporteur collected, organized,
and summarized the input provided during the Research functional area discussions.
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3. RESULTS
Construction Sector Focus Group Responses

The Construction sector focus group sessions provided valuable insights into the needs,
challenges, and opportunities for PtD in the construction industry. A summary of the
input is provided below. The Construction sector rapporteur’s report (Behm 2007)
provides a more detailed description of the focus group results.

PtD Practice. With regards to PtD practice, some standardized tools are available and
utilized, including the Construction Industry Institute’s (CII) Design for Construction
Safety Toolbox (CII 1996) and variations of the Construction Hazard Assessment
Implication Review (CHAIR) process developed in Australia (Workcover 2001).
Individual firms who currently have PtD processes in place also utilize design reviews,
constructability reviews, checklists, and risk assessment processes and forms.

A PtD practice issue commonly cited by the focus group participants was that of liability
exposure. Unlike in Europe and Australia where PtD is mandated via legislation, in the
U.S. architects and engineers commonly resist incorporating PtD for construction based
on advice from legal counsel. When responsibility for safety is contractually placed on
the constructor, it is believed that additional liability will be assumed if a designer
implements PtD concepts into their designs. To mitigate this fear, opportunities exist to
work with innovative firms to understand how the liability issue was overcome.
Additionally, firms could work with attorneys and insurance companies to discover
methods to eliminate the liability risk or minimize it to an acceptable level.

The participants provided several suggestions regarding ways to increase awareness and
acceptance of PtD in construction. Case studies must be developed and geared towards
owners and designers. A set of case studies from across the multi-faceted construction
industry is needed, as is a prescribed methodology to incorporate PtD and measure its
effectiveness. Linking PtD with sustainability was also suggested. The concepts of
sustainability and PtD were identified as very congruent and should be able to co-exist.
Opportunities to partner with the U.S. Green Building Council (USGBC) which
developed the popular Leadership in Energy and Environmental Design (LEED) rating
system should be sought. Additional assistance in spreading PtD throughout the industry
could be provided through: a “hot list” of design suggestions, identifying tangible
benefits designers will receive if they implement PtD concepts, demonstrating ease of
use, and collaboration with and education of key professional organizations such as the
American Institute of Architects (AIA) and Construction Users Round Table (CURT).

PtD Policy. Looking at PtD from the broader view of policy, the focus groups identified
a need to define what “prevention through design” means in the construction sector.
Some of the questions raised that should be clarified by a common definition were: Is it
design or is it re-design? Are all engineering controls considered under the umbrella of
PtD? If someone designs a better scaffold, for example, is that PtD or is PtD about
seeking methods to reduce work at height through better project design, or are both
examples of PtD? NIOSH or another national organization should develop and put forth
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a definition of PtD in construction so that all parties within the industry have a common
understanding of PtD. The participants voiced their opinion that governmental agencies
should take a lead in PtD by changing standard contracts to make its use a requirement on
government projects. However, the participants also believed that governmental
regulation of PtD in construction is not a viable short-term strategy.

PtD Research. When asked to focus on PtD research in construction, the focus group
participants agreed that the research needs to be applied rather than theoretical. Studies
to measure PtD’s impact and effectiveness were identified as a high priority. Measuring
PtD effectiveness can be difficult because of the impacts of other safety program
elements that are implemented on projects in addition to PtD. Individual, in-depth case
studies may be the most feasible means for understanding the impact of PtD on a project
or a firm. Case studies should begin in the project’s conceptual design stage and follow
PtD through the completion of construction. The following research study topics were
suggested: analyses of the link between PtD and the sustainability movement;
investigation of issues surrounding liability; and how to diffuse PtD throughout the
construction industry.

PtD Education. Lastly, the focus group participants provided input on PtD education.
Education efforts should cover two aspects: continuing education and university
education. Creating PtD education workshops for Continuing Education Units (CEUs)
required for Professional Engineer and Registered Architect licensure renewals is
necessary to diffuse the PtD concept among practicing architects and engineers.
Challenges to doing this include the fact that each state has its own engineering licensing
system and the difficulty of developing adequate educational materials for the various
design and engineering specialties. With regards to education at the university level, the
participants felt that this was needed but not a priority at this time compared to other
issues. One of the most compelling factors discussed was that entry-level architects and
engineers will commonly focus on learning what their employers and clients want them
to practice, not on suggesting major changes in policies and processes. Given that
practicing design professionals typically do not incorporate PtD in their design work, an
educational effort aimed at colleges and universities may be ineffective until the industry
standard changes to incorporate PtD in practice at some level.

Research Functional Area Focus Group Responses

The Research functional area focus groups identified PtD research opportunities and
needs for all industries, many of which are applicable to the construction industry. A
summary of the focus group results is provided below. The Research functional area
rapporteur’s report (Gambatese 2007) provides a detailed description of the results.

The Economic/Business Case for PtD. Anecdotal evidence suggests that PtD can
improve productivity, quality, and cost; however further research is needed to fully
understand and quantify the economics of implementing PtD. Research is needed that
examines the costs associated with both the process of PtD and the manufacture and
construction of specific safe designs. Research should be conducted that addresses the
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economic impacts of not integrating safety early into the design process. Addressing
safety issues through retrofitting has been shown to be quite expensive. Further
documentation of the expense is needed. When economic evaluation is conducted at an
industry-wide level, assessments should consider human, environmental, and social costs
and benefits. Making a business case for PtD is usually done at the individual company
level and should include both direct and indirect costs and benefits. It may be that a
business case study does not indicate a positive return on investment while societal
economic evaluations suggest a benefit to society as a whole. Both types of analyses
provide valuable insights into the PtD concept and are needed. Developing an
appropriate benefit-cost model and comparing the expected benefits to the costs is needed
in order to provide a means to assess PtD from a financial perspective.

Design-related Causality of Occupational Injuries and Illnesses. Research is needed
to determine how to effectively assess design-related causality and to determine the
connection between specific design features and worker injuries and illnesses. This is a
very important first step. Understanding injury and illness causality allows for analyzing
and re-designing work environments, tools, and systems to eliminate the associated
hazards. To facilitate this research, better surveillance data on worker injuries and
illnesses is needed. The research should consider both the frequency and severity of
injuries and illnesses when identifying new designs.

The Development of PtD Devices, Tools, and Processes. Additional tools and
processes are needed that assist design professionals with hazard recognition and design
optimization in a wide range of contexts. Research is needed to investigate and develop
new designs that create a safe and healthy work environment. Including the views and
input of the workers affected by the designs and the manufacturers of the products is an
important aspect of this research. The designs should consider not only the controlling
system but also all sub-systems so that some sub-systems are not negatively impacted.

Worker, Machine, Structure, and Environment Interaction. In addition to
developing tools and processes to implement the PtD concept, research is needed to
understand how to design to account for human interaction with machines and their work
environment. The ways in which workers approach, operate, and view machines can
impact the hazards which they experience. Workplace dynamics and organizational
culture have also been shown to influence worker safety and health. Research is needed
to understand these impacts in the context of PtD, and could be accomplished through
ethnographic studies aimed at creating and developing products and services that better
meet worker needs. Once implemented, maintenance of the tools and continuance of a
positive PtD climate will be concerns. Research should be conducted to address how to
maintain PtD throughout the lifecycle of a project or within an organization.

Diffusion, Sustainability, and Communication of Design Innovations. Research is
needed to determine what avenues are available to disseminate PtD information and to
measure their effectiveness. This research should be followed up by implementing
successful communication strategies so that actual diffusion of the information occurs.
Research related to this topic should also consider bringing in a global perspective.
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Research is also needed to explore what drives the design community to act and how best
to create this demand. The research should involve worker organizations, educational
institutions, compliance organizations, and professional groups associated with the design
communities to determine how each of these can affect the demand.

Methodologies for PtD Research. Conducting PtD research is a complex venture often
involving numerous stakeholders trying to study a new process and measure an outcome
that may not be directly quantifiable. There is a need to establish PtD research methods
that account for these factors and result in reliable research findings under practical
research limitations and resources. Research is also needed to develop evaluation
metrics, measure the performance of specific designs, identify benchmarks for safety and
health performance, and assess the performance relative to the benchmarks. The research
should consider performance not solely related to worker safety and health, but also to
other outcomes such as cost, quality, and sustainability. There is a need to conduct
simple, small studies that focus on specific designs. While these types of studies may not
be groundbreaking nor considered high profile research, they can contribute to a
significant safety and health issue, and when combined, can provide a magnified impact.
Efforts should also be made to coordinate studies under a common funding program such
that they complement each other and combine to create a greater impact than each could
have on its own.

Leveraging Methods and Technologies from Other Industry Sectors. Innovation
often occurs in an industry sector as a result of the integration of ideas, tools, and
technologies from another industry. Research studies are needed to: identify existing PtD
practices in each industry sector; evaluate the practices in terms of their transferability to
other industries; and develop the practices for application in other industries. Conducting
this research requires that connections be made between industry sectors to enable the
communication of ideas and experiences. One way in which this can be accomplished is
by creating a national clearinghouse of PtD information. Access to such a clearinghouse
would allow researchers to learn from other industries and keep from duplicating research
efforts.

4. CONCLUSIONS AND RECOMMENDATIONS

The responses provided by the focus groups point to important activities and research that
need to be undertaken to diffuse PtD into the construction industry. It is clear that
without continued research and dissemination efforts, acceptance and implementation of
the PtD concept in the construction industry will be slow to take place. Moving forward
to accomplish the identified research requires efforts on numerous fronts. Questions still
remain regarding PtD’s impact and the most effective tools for its implementation. Using
previous and on-going research as the starting point, additional research should be
conducted to validate the impact of PtD on construction worker safety and health and on
other project properties such as cost, quality, and schedule. Since PtD knowledge may be
incorporated into the design in various ways, assessing the impact of PtD should be
conducted in conjunction with the development of PtD processes and tools used for
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implementation. Parallel efforts are also needed to educate and train design professionals
to assist and promote the implementation of the design processes and tools.

The growth of PtD in the U.S. construction industry is expected to take place. The
responses from the focus group sessions suggest the paths, or “trajectories”, it should and
will take in its development. Paths which PtD will take have been identified in previous
scholarly work. Toole and Gambatese (2007), for example, identify four trajectories
through which PtD concepts will evolve in the construction industry. These are:
increased prefabrication, increased use of less hazardous materials and systems, increased
application of construction engineering, and increased spatial investigation and
consideration. The activities suggested by the focus groups can be “mapped” to coincide
with the identified trajectories and enhance their effectiveness.

There was much enthusiasm within the Construction sector for PtD. However, numerous
challenges exist and among those, the liability issue must be resolved at a national level.
While not an issue in other countries where PtD is legislatively mandated, liability is
commonly the biggest obstacle to PtD implementation in the U.S. Additional work needs
to be done to investigate the probability and magnitude of added third-party liability
exposure when designing for construction worker safety and health. Once this is
understood, work should be conducted to develop tools and contracting strategies that can
be implemented at the project, organization, and industry levels to mitigate the liability.
This effort most likely will involve the participation of insurance representatives and
construction legal counsel along with professional design associations.

Comprehensive PtD research will require multiple studies over an extended period of
time. Like research in many other fields, occupational safety and health research is
commonly conducted by independent organizations and researchers who are often
working independently and occasionally in collaboration. Communication of
investigative efforts, barriers, and findings takes place through publications,
presentations, and in some cases informal contact. The autonomous nature of research
efforts, along with the often lengthy time period between performance and publication of
the research, can inhibit timely, comprehensive, interconnected research of a particular
topic. Studies that are undertaken may overlap or result in knowledge gaps. Effective
performance of PtD research can benefit from a concentrated effort that integrates and
coordinates the individual activities of separate efforts. When study is required on
multiple fronts, this allows for planning and conducting integrated research studies and
ensures that all research needs are addressed without duplication of efforts. Because of
the many and varied PtD research needs remaining, such a combined effort is suggested
for continued research on the topic.
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ABSTRACT

Construction safety is impacted by many parties involved in the construction process.
This begins with the designers of projects who often make decisions that directly impact
the procedures employed to complete the facility. While these design decisions influence
construction worker safety, designers are often ill-equipped to address construction
worker safety in their designs. One reason for this is that designers generally are not
trained in construction safety. To assist the designers in their design efforts, a software
program was developed to provide designers with direct access to hundreds of design for
construction worker safety suggestions. While prior research efforts have developed
software with a similar objective, this software was designed for ease of use. This tool
will be described. The software gives the user quick access to design for safety
suggestions. The user can select those suggestions that are applicable for subsequent use.

Key Words: Design for Safety, Construction Safety, Safety Software

1. INTRODUCTION

Safety in the construction industry is a major concern that can be addressed by many
parties involved in the construction process. One of the earliest stages in which to
address construction worker safety is in the design stage. Architects and engineers
consider safety when they make design decisions, but they usually consider only the
safety of the end user, i.e., the contractors are expected to determine the best way in
which to construct the project safely. Unfortunately, few designers consciously make
design decisions for the safety of the construction worker. According to one study, “The
lack of designers' involvement in worker safety is attributed to their minimal education
and experience in addressing safety on the construction site, and their attempt to
minimize their liability exposure” (Gambatese, 1997).

This paper is focused on the development of a software tool created to aid designers in
the daunting task of making construction projects safer for workers by making design
decisions with construction worker safety in mind. By implementing the design for
construction worker safety suggestions that have been developed, designers could
significantly decrease the number of injuries incurred on projects. A software tool that
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provides easy access to these design ideas would be an effective means by which
designers could quickly become familiar with the concept of designing for construction
worker safety.

Software has been previously designed for professionals to serve as an aid in
incorporating design for construction worker safety suggestions into their projects. In
1996, the Construction Industry Institute (CII) sponsored the development of a software
tool to assist designers in designing for construction worker safety. It was developed by
John Gambatese, under the guidance of Dr. Jimmie Hinze. That software, entitled
“Design for Construction Safety Toolbox,” was fully functional, but it was quickly found
to be cumbersome, hard to update, and hard to use because of the limitations of the
authoring software at the time. As a result, the tool has not been used to the extent
anticipated and CII expressed a desire to have a newer version created which utilizes the
most current authoring software to display the most updated list of design suggestions in
an easily updatable, user friendly environment.

The objective of this research was to develop software built specifically to give design
professionals the ability to quickly and easily access and select from hundreds of
compiled design for construction worker safety suggestions for use in their projects via
the Web or a compact disc. With the proposed software, the user could bypass the data
which are not applicable to a specific project, thus limiting the amount of information
that has to be entered to access a suitable report of the suggestions relevant to their
project. The goal was to create a software tool that would aid designers in making
decisions that could ultimately reduce injury and death on construction projects by
providing them with design suggestions in an easy to update, user friendly environment.

2. LITERATURE REVIEW

Every party involved in the construction process can have an impact on safety, including
designers. By taking appropriate actions in the design phase, some of the inherent
dangers can be minimized if not eliminated completely. In fact, “research studies have
identified the design aspect of projects as being a significant contributing factor to
construction site accidents” (Gambatese et al, 2005). Designing for construction worker
safety requires a unique thought process where the designer must consider the people
who construct the project, not just the end users. It entails utilizing modern technology,
previous construction experience, common sense and other means necessary to explicitly
design for construction worker safety.

In 1992, one of the earliest design for construction worker safety research studies was
conducted by Dr. Jimmie Hinze and Francis Wiegand concerning the role that designers
play with regard to construction worker safety. They contended that “despite the obvious
reasons for placing the primary responsibility on the contractor, the safety performance
on a project may well be dictated to a large extent by decisions made by the designer”
(Hinze et al, 1992). With that research, a well-formed concept of designing for
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construction worker safety was born despite the existing culture which dictated that
designers simply had no responsibility for a project being constructed safely.

Standard industry practice continues to place the responsibility for the safety of
construction workers solely on the contractor. Besides the widely accepted idea that
contractors are responsible for worker safety, AIA documents clearly reinforce this by
stating that the responsibility of worker safety does not fall on the designer. According to
AIA201 (Section 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...

While the above statement does not explicitly place the responsibility of worker safety on
the contractor, it does not imply in any way that designers have a responsibility to
produce construction documents which promote worker safety. This is more explicitly
stated in the AIA code of ethics which states quite clearly that the architect’s role in terms
of safety is limited to “the safety to the public of the finished project” (AIA, 2004).

Two other issues that tend to deter designers from designing for construction worker
safety are liability and a lack of knowledge. John Gambatese summarized this with a
statement that “the lack of designers' involvement in worker safety is attributed to their
minimal education and experience in addressing safety on the construction site, and their
attempt to minimize their liability exposure” (Gambatese et al, 1997).

Despite the many obstacles to having design for worker safety become a widely accepted
practice, there has been an increasing amount of interest in designing for construction
worker safety since the initial research in 1992. Ways have been sought in which to aid
designers in taking on the daunting task of creating designs that will improve safety in the
construction industry. After years of working in an industry culture where the designer
assumes little responsibility for the safety of construction workers, it is now becoming
apparent that action at the design phase is a very important element which is necessary to
reduce the number of injuries and deaths on construction projects.

According to various studies, scheduling, planning, and designing activities can decrease
the risk of incidents on construction projects. A “study of 100 construction site accidents
found that changes in the permanent design elements would have reduced the likelihood
of the accident occurring in 47 of the accidents” (Gibb, 2004). There is also evidence that
design elements serve to protect the health of construction workers, not just their
immediate safety. For example, “50% of the general contractors responding to a survey
of the construction community in South Africa identified the design as an aspect or factor
that negatively affects health” (Smallwood, 1996). Based on these and other studies, it is
becoming increasingly apparent that appropriate design initiatives can significantly
reduce injuries in construction.
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Although the design community has not come very far in terms of implementing worker
safety-in-design since 1992, there have been several studies performed, publications
written and even tools developed to aid designers in designing for construction worker
safety. The main goals of these endeavors have been to increase the awareness of
designers to their responsibility for the safety of construction workers and to devise ways
in which to provide designers with the knowledge necessary to create safer working
conditions on construction sites.

One way in which researchers have attempted to increase designers’ knowledge of
construction safety is by devising suggestions that can be accessed and utilized by design
professionals when planning their projects. The Construction Industry Institute (CII)
developed over 400 design suggestions through one of its research projects on
construction safety. This was done with the objective of aiding designers by compiling
many useful designing for construction worker safety suggestions. The intent was for
designers to consider each design suggestion for its viability and that selection of specific
design suggestions “should be conducted by the designer as specific project objectives
are examined” (Hinze et al, 1996). Thus, the idea was to provide design professionals
with the information and tools necessary to make effective design decisions with regard
to construction worker safety.

With the development of many useful worker safety-in-design ideas came another
problem. The ideas were available but so abundant (over 400) that designers could
quickly become overwhelmed by the numerous ideas. CII recognized the necessity for a
software tool specifically developed to compile the many valuable design for worker
safety suggestions and make them easily accessible for design professionals. This
resulted in a software tool called “Design for Construction Safety Toolbox” which was
developed by John Gambatese, under the guidance of Dr. Jimmie Hinze, in 1996. While
that software was fully functional and contained hundreds of design for construction
worker safety ideas, industry users of the software determined it to be very difficult to use
and update, due mostly to the limitations of the authoring software.

3. RESEARCH METHODOLOGY

CII recently expressed a desire to implement a new version of the software which would
take advantage of the powerful authoring software available today. The ultimate goal was
to develop a tool that could compile the ever-growing list of designing for construction
worker safety suggestions in a user-friendly environment. The software tool was to be
easy to use so more design professionals would be willing to actually use it thus exposing
more and more designers to the suggestions. It should also be easy to update as new
suggestions were devised. In addition, it would be accessible via the Web — a feature not
possible with the previously developed software — making worldwide distribution simple
and promoting the concept of safety-in-design.

The objective of this research was to create a tool that would provide designers with
quick and easy access to applicable design for construction worker safety suggestions.
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This effort was begun by researching existing tools and existing ideas related to
designing for safety. The approach consisted of four phases. First, the existing design for
construction worker safety suggestions that had already been developed were researched.
Second, new suggestions were devised to ensure that a more comprehensive list was
entered into the new software database. Third, research was conducted to choose the most
suitable authoring environment for this type of application. Finally, after an authoring
environment was chosen and the design suggestions were compiled into a usable format,
the software was designed, coded, tested, modified, and finalized.

When the design for construction worker safety suggestions were compiled, they were
grouped into categories that had been previously developed through research by John
Gambatese and Jimmie Hinze in 1996 for the CII. The following list shows how the
existing suggestions were sorted:
e Administrative
o Layout
o Planning
o Design
e Sitework
o Layout
o Roads and Paving
o Earthwork
¢ Foundations
e Roofing
e Structural
o Steel
o Concrete
o Masonry
o Timber and Wood
¢ Finishes
o General
o Stairs and Railings
o Ladders
Doors and Windows
Mechanical and HVAC
Electrical
Industrial Piping
Tanks and Vessels

The CII design for safety suggestions were placed into a spreadsheet using Microsoft
Excel so that as additional design suggestions were identified or devised, it was a quick
and easy process to ascertain if they were already listed. Additional ideas were devised
by various means, including input from safety researchers, graduate student participation
and observations on construction sites. The suggestions were then evaluated and logged
for possible inclusion in the software database.
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In order to produce effective and usable applications, software development requires
research to choose the best authoring environment before the design and coding of an
interface can take place. Since it has become a standard for the development of similar
applications, Macromedia Flash 8 Professional (Flash) was chosen as the authoring
environment. It was also chosen due to its high level of scalability, usability, accessibility
and the powerful nature of Action Scripting (Flash’s programming language) which
permitted the creation of a database to which new design suggestions could be added in
the future by simply editing a text file. Flash applications can be accessed via the Web, a
compact disc, hard drive, or any storage device with the necessary file capacity (in this
case, the application itself is only about 250 kilobytes). Flash applications do require the
use of Flash Player, but “Flash Player is installed on 98% of Internet-enabled desktops
worldwide and on a wide range of popular devices” (Adobe Systems Incorporated, 2007).
In addition, the player is a free download for anyone with Internet access. The powerful
features mentioned above made Flash the best choice for authoring the new designing for
construction worker safety software.

The new software was to be user-friendly and utilize a database that could easily
accommodate future design for construction worker safety suggestions as they are
devised. Various design elements were added to increase usability and to decrease the
amount of user training necessary to effectively operate the software. Difficult navigation
was a weakness of the 1996 “Design for Construction Worker Safety Toolbox.”
Therefore, simplicity was the focus of the navigation in the new application to further
ensure that it was optimized for ease-of-use, with minimal training requirements. Since
the other main drawback of the original 1996 CII software was that its database could not
be updated, the new database consisted of a simple, external, text-based (XML) file
designed specifically to allow for easy updates, most of which can be done even without
the use of Flash authoring software.

The new software was designed for use on a one-session basis. That is, users would not
have the ability to save their progress, but they do have the ability to access their report
by either printing it or copying and pasting it. One excluded feature was the inability to
edit design suggestions within the interface. If a design suggestion is to be edited, it
would need to be edited in the database and not in the software interface itself. The above
limitations exist mainly due to restrictions that were found while attempting to optimize
the application for deliverability and ease-of-use. In essence, it was deemed acceptable to
trade certain functionality for ease-of-use and software deliverability.

4. THE DESIGN FOR SAFETY SOFTWARE

The designing for construction worker safety software contains 20 categories of design
suggestions, with a total of 807 suggestions that can be accessed through the new
software database. This software serves as a tool with which design professionals can
easily sort through many useful suggestions. The output is a generated report of the
suggestions which were selected by the user. The suggestion database consists of a text
file (XML) which is updatable even without the use of the Macromedia Flash 8
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Professional authoring software. There are other elements incorporated into the software
as well, including illustrations that describe complex suggestions, Help sections, a Tour,
and an About section.

The software tool offers substantial improvements not included in the 1996 version. For
example, the list of suggestions has been expanded, the software is now more user-
friendly, the software is deliverable by many different means (including via the Web, via
compact disc, or hard drive), and the suggestion database can be easily updated.

The design of the application focused on the effective use of graphics, colors and other
elements to optimize the user’s experience when using the software. For example, the
Start screen (see Figure 1) is simple and does not visually confuse users. The use of the
same header throughout a session when using the software gives users a sense of where
they are at all times and that all sections are related. To further ensure simplicity of use,
the layout was based on only three main screens; The Start screen (Figure 1), Step 1
screen (Figure 2), and Step 2 screen (Figure 3). The Start screen is the launching pad for
the software which includes a Take Tour button, Start button, and an About button. The
Step 1 screen is the input screen where users actually choose suggestions which are
appropriate for their project. As such, it is on the Step 1 screen where most of the users’
time will be spent when reviewing and selecting design for construction worker safety
suggestions. The Step 2 screen is an output screen where users can print, copy, or simply
view their selected suggestions. With a brief introduction to the software, novice users
can comprehend and use the software with confidence within about five minutes.

The navigation of the software is straightforward and intuitive and allows users to go to
any screen with no more than two mouse clicks. Once the user clicks the Start button, the
Step 1 screen appears. Along the left side of the screen, the categories mentioned above,
such as Administrative: Layout, Administrative: Planning, etc., are listed for quick
access. When users continue to Step 2, the navigation becomes very simplistic.

@

2 - Designing for Construction \XYorker Safety
~—

B St

Figure 1. Screenshot of the Start screen.
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Users have minimal choices on the Step 2 screen. They can go to the step-specific Help
screen by clicking on the Help button, they can view the About screen by clicking on the
About button, they can print the compiled suggestions by clicking on the Print Report
button, or they can go back to the Step 1 screen and add or remove suggestions. The latter
allows users to read their report and decide if they want to discard suggestions or add
suggestions. The text on the Step 2 screen is selectable allowing users to copy and paste
their report into Microsoft Word or any other word-processing application to facilitate the
creation of an editable list of project-specific suggestions.

(@ Designing For Construction Worker Safety - Microsoft Internet Explorer Q =

@ Designing for Construction \Worker Safety
eT1 OR: |t)) Help ‘ |G TakeTour| | About
A rative: Layout
Administrative: Planning fSTEP i [}ﬁ (STEP 2: \
Administrative: Design Select from the categories on the left and check the suggestions that are right for your project.

Sitework: Layout

Sitework: Roads/Paving
Sitework: Earthwork e
|| Require public traffic to be detoured arcund the project site.
Foundations
Roofing [] Require ongaing public traffic to be slowed down as much as possible by using flagcars,
flagpeople, or by closing adjacent traffic lanes.

Structural: Steel

Structural: Concrete ["] Find areas for contractor material storage that is at least fifty feet from any powerlines
Structural: Masonry
Structural: Timber/Wood

Finishes: General

Finishes: Stairs/Railings

Finishes: Ladders
Doors & Windows

Mechanical & HVAC

Electrical
Industrial Piping 4
Construction

Tanks & Vessels Materials

[] Require regularly scheduled site housekeeping.

Figure 2. Screenshot of the Step 1 screen.

5. NAVIGATING THE SOFTWARE

The input, output, and various features of the new software can more specifically be
described by explaining the functionality of each of the three screens (Start, Step 1, and
Step 2). When users launch the software, the Start screen is displayed. It is from this
screen that the user can take a tour of the software by clicking on the Take Tour button,
read information about the software by clicking on the About button, or simply begin
using the software by clicking on the Start button. The Take Tour screen was intended as
a means by which users could get an overview of how the software works. The About
screen is simply an informational screen which displays data about the software such as
licensing information, software version, and other pertinent information. The third and
final button on the Start screen, the Start button, takes the user directly into Step 1 (input
screen) of the sequence.
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{Microsoft Word) and paste
the contents into the

document Administrative: Planning
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TO PRINT: operations.
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e S A + Design new utilities under roadways and sidevalks to be placed using trenchless
technologies or tunneling instead of trenching.
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fiberglzss panels, ensure they zre distinguizhable from safe, secure walking surfaces
on the roof, or instzll guardrails 2round surfaces not suitable for walking.

top right of your screen.

Figure 3. Screenshot of the Step 2 screen.

On the Step 1 screen, the input screen, the user can examine the full array of design for
safety suggestions in the software. The user can then choose the suggestions that are
relevant to the project. The user has the ability to choose from the various categories
(with an average of over 40 suggestions per division). By default, the suggestions for the
first category (Administrative: Layout) are displayed in the center of the screen under
their respective heading and the button for that category is highlighted (see Figure 2).
When a user clicks on a different category, that button becomes highlighted and its
suggestions are then displayed in the center of the screen along with their respective
heading, and so on. When all suggestions for one category cannot be viewed at one time,
a scroll bar can be used to view those suggestions not viewable on the default screen. No
more elements change until the user actually selects a suggestion by clicking on its
corresponding checkbox. At that point, a checkmark is displayed next to the suggestion
which has just been selected. In addition, a checkmark is displayed next to the category
button on the left side of the screen which indicates that the user has visited that category
and has chosen at least one suggestion from it. Both of those checkmarks will remain
until the user deselects the suggestion(s) or exits the program. Since some of the design
suggestions listed in the database were not intuitive with a verbal description alone,
graphics were included under some suggestions to ensure that each suggestion would be
thoroughly understood by the user. Once the user has chosen the suggestions that are
deemed appropriate, the Step 2 tab can be clicked to access the Step 2 screen.

The Step 2 screen (see Figure 3) is the equivalent of a report page as it compiles those
suggestions that have been selected in the Step 1 screen and places them into an easy-to-
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read format, sorted by category, for quick reference. The users can simply view the
report in the interface, they can print their report by clicking on the Print Report button,
they can copy and paste their report into Microsoft Word (or any similar word-processing
application), they can go to the step-specific Help screen, they can view the About
screen, or they can go back to Step 1 to edit the list of suggestions which appear in the
report. Another important addition to this step is the information listed on the left-hand
side of the screen. This information provides users with a quick reference as to their
choices on the Step 2 screen.

6. CONCLUSIONS

The software tool developed through this research achieved the goal of developing a
program by which design professionals can access hundreds of designing for construction
worker safety suggestions in an easy-to-use application that requires little training or
computer knowledge. It does not confuse the user with extraneous screens and features
because it works in a sequential manner by using two simple steps. Help, Tour and other
features are incorporated into the software to further ensure usability. An easily
expandable database, along with the original, editable Flash (FLA) files, gives this
software the potential to be used for years to come. In short, it performs the primary tasks
associated with the 1996 software in a much more manageable virtual environment,
making it a very useful tool.

A useful property of the new software is the ease with which it can be delivered to many
users with minimal effort. The software can be accessed by users via the Web, a compact
disc, a hard drive or even a small storage device such as a flash memory card. With its
relatively small file size, the application is deliverable by almost any means available
today. This means that downloading the software via the Web, even with a dial-up
connection, will be fast. It also means that widespread distribution of the software will be
simplistic should this be the desire of the CII.

7. RECOMMENDATIONS

There is a “compelling need to better understand how to put the safety-in-design concept
into practice” (Weinstein et al, 2005). Since construction is a dangerous industry in which
to work and since several million workers are employed in the industry, every step
necessary should be taken to ensure that workers on construction projects return home
safely at the end of each day. Focusing on safety in the design phase of construction is
one such step.

If the general attitude towards the designer’s role in construction worker safety can be
changed by tools such as the software application developed in this research or by
increasing awareness of designing for construction worker safety in other ways, then the
practice could become more widely accepted in the industry. Along with institutions such
as the CII, owners, construction managers, general contractors, subcontractors and
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vendors can play a role in convincing architects and engineers that design elements in
projects often make a difference and may ensure a safer working environment for
construction workers. Increasing the awareness of designing for construction worker
safety should begin in university programs where engineers and architects are trained.
Making tools such as the one developed for this research easily accessible to academic
programs is recommended. This would increase the knowledge of designers concerning
designing for construction worker safety. Architectural classes and classes for design
engineers are encouraged to incorporate the concept of designing for construction worker
safety. In fact, the accreditation boards for architecture and engineering are encouraged to
stipulate that designing for construction worker safety principles be included in the
curriculum of these professionals.

It is recommended that the software be run from a web server utilizing database
technologies such as SQL enabling the creation of accounts which would allow expanded
functions such as searchable databases, saving project information, etc. While this would
require hosting services, additional action scripting and database coding, it would be
helpful if designers concluded that the inability to save a file reduced their willingness to
use the software. Such a server could also allow for a suggestion submission form
allowing users to enter their own design suggestions for analysis and possible inclusion in
the database. Another recommendation specific to the software has to do with
distribution. Making this software (and other tools like it) readily available to design
schools, construction management schools, and any other schools where graduates plan
to enter careers related to the construction industry could help facilitate the awareness of
future generations of construction professionals and bring about a wider realization of the
effectiveness of incorporating worker safety in the design phase, and thereby reducing
injuries and fatalities in the construction industry.
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ABSTRACT

Considering a process view of design, this paper presents guidelines for integrating safety
into that process in the construction industry. Two major sources of evidence were used
for developing the guidelines: (a) interviews with seven designers from the construction
industry; (b) an empirical study of the integration of safety into design in an industrial
building project. It is proposed that design for construction safety (DFCS) is organized as
a multi-stage managerial process, starting with a preparatory stage involving decision-
making on the major standards to be adopted during that process (e.g. stakeholders and
their responsibilities). Then, the proposition is made that, during all stages of design (e.g.
conceptual design, executive design), the safety integration into that process follows the
stages of the risk management cycle: identification, assessment, response and monitoring.
The risk management tasks should be supported both by existing databases of practical
suggestions to integrate safety in the design and by a set of DFCS principles. In this
respect, based on the above-mentioned sources of evidence, this study has proposed ten
DFCS principles.

Keywords: Safety, Design, Risk Management

1. INTRODUCTION

Both in construction and other industries, the consideration of safety requirements since
the early design stages has been widely recognized as a beneficial approach for safety
management, since it is an effective way of either reducing or eliminating hazards at their
sources. Moreover, once hazards are anticipated at the very early project stages, there will
be more time available to plan safe construction methods. Regardless of this, negligence
of safety issues during design has been pointed out as a major category of accidents root
causes in construction sites (Gambatese et al., 2007; Behm, 2005; Churcher and Starr,
1997). For instance, based on the review of 224 fatalities in the USA, Behm (2005)
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concluded that in 42% of the cases poor design was a major contributing factor for the
accidents. Churcher and Starr (1997) analyzed a large number of fatalities from 1986 to
1989 in the UK and concluded that 36% of the cases were strongly linked to design
failures.

The demand for considering safety requirements into design seems to be stronger in the
European Union countries that have adopted the European Directive 92/57/CEE
(Temporary and Mobile Construction Sites). This Directive makes it mandatory that
designers carry out formal safety risk analysis. According to Lakka and Sauni (1999), the
European regulations have changed the focus of accident liability towards those
responsible for safety planning, including designers and owners. During both design and
construction stages, Directive 92/57 requires a health and safety coordinator (a person or
a company) assigned by the owner. In Finland and France, owners have often designated
the architect as the coordinator during the design phase (Lakka and Sauni, 1999).
According to Gambatese et al. (2007) architects are more likely to have a positive impact
on construction safety compared to electrical, mechanical and civil engineers.

Legal pressures have also contributed to make safety an integral part of design in the
USA, even though in that country there is no equivalent to the European Directive. In the
USA, Prugh (1996) has reported the increasing incidence of litigations against designers,
mostly architects, due to their negligence in considering safety requirements during the
design process. According to Hecker et al. (2006), even though design for construction
safety remains in its early stages in the USA, there are several signs that the situation is
starting to change. Those authors presented a set of academic and government led
initiatives that have been undertaken in the US to disseminate the design for construction
safety concept.

However, a number of barriers for integrating safety into design have been pointed out by
Hecker et al. (2006), Mackenzie et al. (2000) and Hinze and Gambatese (1996), such as:
(a) in the USA, there are liability fears on the part of architects and engineers for
becoming involved in construction site safety; (b) design for safety reviews may increase
professional fees; (c) tight project schedules established by owners may discourage a
thorough analysis of safety issues in favor of other design requirements; (d) the lack of
information and high uncertainty, noticeably in early design stages; (e) the limited
education architects and engineering designers receive on construction safety; (f) limited
availability of safety-in-design tools, guidelines and procedures; (g) limited pre-
construction collaboration between the designer and constructor due to the traditional
contracting structure of the construction industry; (h) the narrow specialization of
construction and design professionals, which may make it difficult their involvement in
safety management.

Regardless of those drawbacks, several studies have proposed practical safety measures
to be adopted in design (Hislop, 1999; Hinze and Gambatese, 1996; MacCollum, 1995;
Fundagdo Européia..., 1989). In the UK, the Health and Safety Executive has developed
web resources that provide a number of case studies and practical suggestions aimed at
supporting designers” compliance with the Construction Design and Management
Regulations, which are based on the European Directive (Safety in Design, 2007; Design
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Best Practices, 2007). Construction and maintenance workers could also benefit from a
set of safety solutions in design proposed by Sinnott (1985) for the safety of end users.

However, the practical use of the solutions proposed by those studies is not always
straightforward. Some of the design suggestions are specific for certain climate
conditions (e.g. when designing ramps, take into account sun orientation in order to
minimize snow accumulation), while others are vague or out of the scope of product
design (e.g. schedules should minimize the use of overtime). Moreover, their underlying
principles are often unclear, since these have not been systematically analyzed in
previous studies. Of course, those principles could be fairly easy deduced from the
myriad of design suggestions existing in the literature. The lack of such principles might
also explain why there are not yet tools to assess the extent to which designs comply with
the design for safety concept.

Moreover, there is also room for investigating design solutions that could be applied by
the designers of construction equipment and materials, such as cranes, hammers,
drywalls, masonry, formwork and utilities. In fact, this means that the design for
construction safety concept should ultimately involve the whole supply chain. Some
design solutions related to the design of equipment and material (e.g. redesign masonry
blocks with hand holds and design bent handle hammer) were compiled by Schneider and
Susi (1996), even though those authors recognize that the solutions should be evaluated
as to their efficacy.

While some research topics have been fairly well explored, such as the proposition of
practical safety measures to be adopted in design and reports on the implementation of
the European Directive 92/57, other dimensions of this subject have not been sufficiently
investigated, such as the integration of safety into design from a process perspective. In
fact, if design is considered as a process composed by an agreed set of procedures, it is
necessary to establish how safety should be positioned within such a broad framework
(e.g. in what design stages should safety issues be introduced? What stakeholders should
perform a role to integrate safety into design? How safety could be integrated into
existing design models and tools?). An exception detected in the literature review is the
guidance developed in the UK by the Construction Industry Research and Information
Association (CIRIA), aimed at supporting designers to comply with regulations. It takes a
broader perspective of the design process and it shows designers how particular hazards
that have been raised during the early stages of the design process can be tracked through
project files and all decisions recorded (Churcher and Starr, 1997).

In this context, this article has the objective of proposing guidelines for integrating safety
into design from a process perspective in the construction industry. It is based on two
major sources of evidence: (a) interviews with seven designers from the Brazilian
construction industry and; (b) an empirical study of safety integration into design in an
industrial building project in Brazil.
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2. RESEARCH METHOD

In addition to the literature review, this study involved four other stages in order to
develop guidelines for integrating safety into design:

A) Interviews with designers from the construction industry

Seven semi-structured interviews were carried out with designers in order to obtain their
perceptions on the integration of safety into design. While four designers were structural
engineers (interviewees A, B, C and D), the remaining three were architects (E, F and G).
They all had at least 15 years of experience and the majority worked for private clients
(85,7%), mostly from other industries (71,4%), such as manufacturing and petrochemical.
The reports were grouped into five topics: main assessment criteria adopted by clients;
strengths and weaknesses of the design processes in which the designers have been
involved; previous experiences in considering safety into design; opinion on the
hypothetical introduction, in Brazil, of a regulation that makes it mandatory that
designers take safety into account into design and; barriers to integrate safety into design.

B) Development of a check-list of safety measures to be integrated into design

A check-list containing a number of suggestions of safety measures was developed to be
used in the design process. The main sources of information used to develop such
checklist were the interviews mentioned in the previous item and the studies of Hinze and
Gambatese (1997) and Sinnott (1985).

C) Empirical study

This study was conducted in the enlargement of an industrial building of a plastic
manufacturer. The duration of the project was six months, including the time necessary to
finish the architectural design and the development of structural and building services
design. The construction company that was in charge of this project was a medium-sized
firm, which typically carriers out industrial, commercial and hospital projects. Such
company has its safety management system fairly well integrated to the production
planning and control system. It usually works for private clients that have strict safety
requirements. This study adopted an action research strategy, since both researchers and
the construction company staff worked in close collaboration to effectively integrate
safety requirements into design.

D) Proposal of guidelines for integration

The guidelines were developed based on both the literature review and the data collected
in all of the previous stages of the research method.
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3. RESULTS
3.1 Interviews with designers from the construction industry

Cost and time are the main assessment criteria adopted by the clients of the interviewed
designers — each obtained 38,5% of the total of criteria mentioned. It is worth noting that
cost and time, as reported by the interviewed designers, are related both to the cost and
time necessary to develop the design (i.e. drawings and specifications) and to the cost and
time expected in the construction stage, which to a great extent are a result of design
decisions. The reported criteria are not necessarily in conflict with safety. For instance,
the criteria mentioned by designers A (flexibility for future building enlargements) and B
(effective matching solutions among construction subsystems, such as walls and utilities)
tend to have a positive impact on constructability and, as a result, on safety. All designers
reported that they informally take into account constructability requirements.

The designers also reported some of the characteristics of the design processes in which
they have been involved. Four out of the seven designers (51,7%) complained that clash
detection meetings were very time-consuming and that their active participation occurred
during little time. Nevertheless, designer G reported that clash detection meetings with
representatives of all design disciplines were a major opportunity to learn about the
project.

Designer A emphasized the importance of involving the owner as early as possible into
the design process. This involvement tends to be critical for safety, since the owner will
be the ultimate decision-maker that will either approve or not design changes that have an
impact on safety issues. Designers C and D reported they had a design practice that
indirectly supported hazard identification: the use of checklists during early design stages
to identify features of the structural design, such as the type of brick and the type of water
reservoir. None of the designers reported that they developed production-oriented designs
that specified sequencing and construction methods, which is negative from a safety
perspective.

Only designer C (pre-cast concrete structures) reported that he voluntarily took into
account safety of construction workers in his designs. This attitude is probably due to the
fact that that designer has been working for fifteen years nearly on a full-time basis to the
company that manufactures and installs the pre-cast concrete structures. Therefore,
differently from the other designers that were interviewed, designer C works in close
collaboration with the contractor and so he will be directly affected by design decisions
that neglect safety and constructability. However, designer C emphasized that his focus is
on safety during the manufacturing and assemblage of structures by the pre-cast concrete
manufacturer personnel. Little or no attention is given both to maintenance and to the
impact of the assemblage of pre-cast structures on safety of other construction crews. In
fact, when firms bring the design and construction functions and personnel into the same
entity, they improve the opportunity for integrating safety, usually a constructor concern,
into design (Hecker et al., 2006).
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The designers also emphasized that safety requirements to be integrated into design
should be primarily pointed out by the owner and the contractor, especially the latter,
since from a legal perspective it is the main accountable party concerning safety during
the construction stage. Nevertheless, designers perceive that owners and contractors are
rarely concerned with safety into design, so there is inertia from all involved parties.

By contrast, three out of the seven designers reported that, even though their clients are
not concerned with construction safety, they are usually concerned with safety of end
users of the buildings. For example, one of the designers reported that some of his clients
demanded the development of formal fire risk assessments during electrical designs for
industrial buildings. For those three designers, it could be easier to consider safety
requirements of temporary users, since similar risk assessment techniques might be
adopted both for end and temporary users.

Even though all designers have been able to mention at least one construction or
maintenance safety hazard derived from their design solutions, none of them formally
communicates hazards to contractors and owners. The reports also pointed out several
barriers for considering safety into design: (a) the lack of feedback about poor
constructability and safety hazards during construction and maintenance that were a
result of poor design decisions; (b) the insufficient knowledge of designers on safety
issues; (c) the lowest price criteria adopted by government agencies to select contractors;
(d) the budgets that ignore the costs involved in building maintenance; (e) the designers
and owners resistance to accept their share of responsibility for construction safety; (f)
the lack of full implementation of the Brazilian Code of Consumers Rights, since there is
usually no legal penalties for those designers that created latent conditions that favored
accidents during maintenance; (g) the perception that constructability can only be
achieved through expensive technological solutions; (h) the lack of proper identification
of both temporary and end users requirements since early design stages, which provokes
a lot of rework either or not the issues are related to safety. Barriers (b) and (e) are
equivalent to barriers found in the USA and EU reported by Hecker et al. (2006),
Mackenzie et al. (2000) and Hinze and Gambatese (1996).

All designers also considered that the introduction of mandatory requirements to integrate
safety into design would be an important step to move the industry towards a better safety
performance. Moreover, they perceived that developing designs that can be safely built
should be considered a matter of professional ethics. However, they pointed out two
potential barriers for introducing this new requirement in Brazilian regulations: (a) the
lack of enforcement by government agencies, which is a frequent problem for many other
regulations in Brazil; (b) the perception that most owners would not be willing to pay
higher professional fees for this new task. According to the designers, those problems
tend to be more serious in the residential building construction industry, since in this sub-
sector the predatory competition among designers is more frequent and the profit margins
are lower.
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3.2 Analysis of suggestions for integrating safety measures into design

It was developed a checklist with 49 suggestions for integrating safety into design. The
share of suggestions assigned to each design discipline was as follows: architecture
(45,8%); structure (33,3%); utilities (20,8%). In order to clarify the nature of the
proposed suggestions, they were analyzed from two perspectives: the hazards they were
supposed to tackle and their underlying design principles.

Considering that 53 hazards were associated with the 49 proposed suggestions, the
analysis pointed out that 45,3% were hazards of falls from different levels, 11,3% were
primarily production hazards (i.e. there could be re-work or unnecessary tasks could be
created if the suggestion was not followed), 9,4% involved hazards of being struck
against, 7,6% were hazards of falls at the same level, 7,6% involved awkward postures or
overexertion, 5,7% involved structure collapses or cave-ins, and 13,1% involved other
hazards, such as electrical shocks, fire, cuts and run over.

Moreover, the analysis pointed out that the 49 suggestions adopted the 10 design for
construction safety principles that are presented below (of course, this implies that each
principle was underlying more than one suggestion):

(a) design to make it easier the installation of safeguards for construction and
maintenance — e.g. design holes in columns to pass lifelines and guardrails. This
principle was used in 26,1% of the total of suggestions;

(b) design to avoid interferences both among different building elements and among
specific building elements and temporary/pre-existing site facilities (23,9%) —e.g.
avoid designing stairways opposite to glass doors and/or glass windows;

(c) design accesses for carrying out maintenance tasks (15,2%) — e.g. incorporate
ladders in the final structure to allow access to roofs;

(d) design building elements that can perform the role of safeguards, making them
unnecessary (8,7%) — e.g. design parapets at least 1,20 m height, which is the
guardrails height required by regulations;

(e) anticipate accidental loads during the construction stage (6,5%) - e.g. Brazilian
regulations require the installation of platforms all around the building to gather
residuals of construction materials during the execution of the external envelope;

(f) improve hazards visibility (6,5%) — e.g. specify colors of formwork panels that
contrast with ironwork;

(g) design to prevent work at height, specifying tasks that can be done at ground level
(4,4%) — e.g. design concrete and steel structures that can be pre-assembled at
ground level;

(h) design to make it easier respond to emergencies (4,4%) — e.g. place mechanical,
hydraulic and electrical switches in visible and readily accessible areas;

(1) do not design parts with sharp edges and that tangle (2,2%) — e.g. design rounded
edges of guardrails rather than sharp edges;

(j) design to incorporate temporary facilities into the final structure (2,2%) — e.g.
place crane foundations where they do not need to be demolished. This suggestion
aims at preventing unnecessary workers” exposition to the hazards involved in the
demolition of the crane foundations.
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3.3 Empirical study
Approach adopted for integrating safety into design

Due to time pressure, the construction stage started without completion of all designs.
Therefore, demands for both developing new designs and modifying existing designs
were frequent during the construction stage. While the owner assigned the architect as
both its representative in the design process and the coordinator of that process, the
contractor assigned a member of top management and a production engineer as its
representatives during the design meetings. On a weekly basis, during two months, there
were meetings to match the different design disciplines at the contractor” headquarters. In
addition to the owner” and contractor’ representatives, those meetings also had the
attendance of other designers whose disciplines were related to the subject of the
meeting.

One of the authors attended just two of those meetings, since they were usually too time-
consuming and the discussion of a myriad of design requirements made it difficult to
introduce the discussion of safety issues. However, the attendance of those meetings
helped the researchers to improve their understanding on the scope and details of the
project. Overall, four major steps were carried out in order to integrate safety into design:
(a) to analyze both architecture and pre-cast concrete structure designs from a safety
perspective, since those were the only disciplines that had existing conceptual designs
when the study began; (b) to develop a list of potential safety requirements to be taken
into account by designers, with the support of the checklist of safety suggestions that had
been previously developed; (c) to discuss that list with the designers both on an
individual basis and during the weekly clash detection meeting; (d) to assess the extent to
which the requirements were actually taken into account during the construction stage,
based both on an interview with the production manager and on visits to the construction
site. While stage (c) was undertaken by the contractor’” representatives in the design
process, the remaining tasks were carried by a member of the research team.

Results of the integration

Table 1 shows how safety requirements were documented in the empirical study. It is
worth noting that although just the architecture and pre-cast concrete structure designs
were analyzed, it was possible to identify safety requirements related to other design

disciplines that were in early development stages, such as steel framing and roofing.

Table 1. Safety requirements detected in the empirical study

Justification Design discipline
Requirement

1. Anchorage points at the Attach lifelines for both body Steel frame

beams of the steel frame that harnesses and tower scaffolds,
supports the roof making it safer both construction
and maintenance
2. Anchorage points a the Attach lifelines for both body
external face of columns harnesses and tower scaffolds, Precast
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making it safer both construction
and maintenance
3. Protect steel sharp edges of | Avoid being struck by or struck Precast
the precast columns against those steel sharp edges
4. Ladders to access the roof | Safe access to the roof both for
from outside of the building construction and maintenance Architecture
workers
5. Lifelines on the roof Safety during roofing and roof Roofing
maintenance
6. Development of a Safety during changes of lamps in Electricity and
mechanism to change lamps high ceiling areas architecture
in high ceiling areas

Requirement 1 (anchorage points for both body harnesses and tower scaffolds at the steel
beams that would support the roof) was eventually considered unnecessary. This was due
to the fact that the contractor that was responsible for designing, manufacturing and
installing the steel framework, proposed that lifelines were directly anchored at the
trusses, which are illustrated in Figure 1. This contractor also presented a standard plan it
used as a basis to assembly the steel frame — of course, this plan was adapted to this
specific construction site. Requirement 2 (anchorage points for both body harnesses and
tower scaffolds at the precast concrete columns, which were 12 m length pieces that had
several iron sharp edges throughout it) was easily implemented, since the manufacturer
usually installs some anchors to make it easier the transportation of the precast pieces. It
was also made the decision to make holes in the columns in order to pass lifelines, at the
heights of 3,0 m, 6,0 m and 9,0 m.

Figure 1. On the left: steel framing and pre-cast framing.On the right: pr-cast
columns in which holes were made to allow the passage of lifelines.

Requirement 3 (cover iron sharp edges along the pre-cast columns) was also
implemented. Due to the contractor request, all edges were bent before being delivered in
the construction site. Requirements 4 and 5 (ladder to access the roof and lifelines over
the roof, respectively) were implemented, in spite of some delay to determine the exact
position of the ladder. Requirement 6 (mechanism to change lamps at high ceiling areas)
was not implemented, since it was not found a more effective solution than the one
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currently adopted by the owner. In the existing building, the owner crews change lamps
with the support of forklifts and cranes. Long life light bulbs could have been specified in
order to reduce frequency of maintenance (Design Best Practice, 2007).

4. GUIDELINES FOR INTEGRATING SAFETY INTO DESIGN

This study proposes to organize DFCS as a multi-stage managerial process. It should start
with a preparatory stage involving decision-making on the major standards to be adopted
during that process, such as: (a) who will be the stakeholders and what will be their
responsibilities; (b) what will be the adopted risk management techniques; (c) what will
be the level of detail of the safety plans; (d) what sources of information will be required
to carry out the risk management tasks (e.g. blueprints, accident statistics, etc.); (¢) what
will be the metrics to assess the effectiveness of the DFCS effort. Although the data
collected in this study are not sufficient for proposing detailed guidelines on each of these
issues, some guidelines might be proposed concerning the responsibilities for analyzing
each design from a safety perspective.

Of course, this responsibility should be ideally attributed to designers, since more than
any other stakeholder they have control on the creative process, maturity level of design
solutions and the pace of the design. In particular, it is critical that the architect take the
initiative to integrate safety into design, since its discipline has usually the strongest
interfaces with all remaining disciplines. Moreover, the architecture design usually
includes specifications on materials and construction methods for several building
elements that often do not have specific designs, such as masonry and floors.

The little safety knowledge of most designers may be minimized if they carried out risk
assessments with the support of production managers and safety specialists. While the
production manager might provide essential information on construction methods and
their associated hazards, safety personnel will provide specialized advices to designers.
Gambatese et al. (2007) suggest that the design for construction safety intervention
requires a team-oriented approach relying on collaboration of the designer, owner,
constructor, and other project parties for it to be meaningful. In fact, since the design
team should have a realistic mental model of temporary users” behavior, it would be
desirable if lower hierarchical levels could be involved, such as foremen and front-line
supervisors. Since this teamwork will imply additional costs, the contracts between
owners and designers should explicitly include the necessity of considering safety
requirements and their related professional fees.

The existence of a design coordinator might also support the introduction of safety
requirements into the design process. This coordinator could be in charge of both
monitoring the designs compliance with safety requirements identified during the design
process and sharing safety information with all designers. For instance, as soon as a risk
analysis of the architectural conceptual design is available, it should be shared with all
designers, pointing out the potential impacts of that analysis on every design discipline.
The coordinator also might facilitate the matches among design disciplines due to safety
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requirements. For instance, the development of means to safely change lamps in high
ceiling areas might have an impact on both the architecture and electrical / lighting
designs, which in turn will require that they are compatible.

Since the major standards of the DFCS process are defined in the preparatory stage, the
proposition is made that, during all stages of design (e.g. conceptual design, executive
design), the practical safety integration into that process follows the stages of the risk
management cycle (Baker et al., 1999): identification, assessment, response and
monitoring. Although the four stages of the risk management cycle should take place
during each major stage of design, it is likely that after the conceptual design, only
revisions will be necessary. It is worth noting that a revision of the risk management
cycle will also be useful after developing the as built design, mostly to check hazards
related to maintenance.

In the design language, hazard identification is equivalent to capturing client
requirements, which in this case are construction and maintenance workers. However, the
characteristics of the workforce should not be taken for granted by adopting stereotypes
of construction workers. In fact, designers should have a realistic image of the temporary
users, both from a physical and cognitive perspective (Hollnagel and Woods, 2005). For
instance, there are reports that in some European countries the demographics of
construction workforce has changed drastically due to the increasing amount of migrant
workers who dot have a command in English (Bust et al., 2007). High rates of illiteracy
and a substantial amount of more than forty-years old workers is also a well-known
characteristic of the construction workforce in Brazil. While it is a neglected issue in
literature, construction workforce is also formed by a substantial amount of impaired and
disabled people, whose physical and cognitive skills are compromised to some extent.
According to Newton and Ormerod (2005), while contractors are unlikely to recruit
disabled people, they are more likely to continue to employ people once they become
disabled, but there is very little monitoring of this process by contractors. Further studies
are necessary to investigate the implications of such workforce characteristics on product
and process design.

A set of well-known techniques might support hazard identification, such as failure mode
and effects analysis, meetings involving designers and production personnel, check-lists
of hazards and their respective design suggestions, constructability reviews, 3D or 4D
simulations of construction and, prototypes of some building elements. Those techniques
are also likely to support the assessment and response risk management stages.

Risk assessment is the second stage of the risk management cycle. It includes the
understanding of the nature of all hazards previously identified, setting up the basis for
calculating a risk index (severity versus probability) associated with each design
discipline. However, a thorough understanding of all hazards tends to be very difficult
during early design stages, since there is usually a substantial uncertainty concerning the
construction methods. This uncertainty has also an impact on the calculation of the risk
indexes, which might support the prioritization of construction stages in terms of safety
management efforts. Therefore, calculated risk indexes should be revised on a regular
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basis (e.g. by the end of every design stage) in order to take into account varying levels of
uncertainty during the design process.

Risk response is the third stage of the risk management cycle, involving the definition of
measures to control the hazards that were previously identified and assessed. According
to Baker et al. (1999) there are four typical responses to hazards: elimination, reduction,
transfer and retention. The first two types of responses might be developed based on both
DFCS principles and existing databases of practical suggestions of safety measures to be
adopted in design. Moreover, designers should look for opportunities for devising fail-
safe barriers, which is an approach consistent with the dynamics of construction sites and
with the previously mentioned fact that the construction workforce is increasingly
diverse. A fail-safe barrier is one that prevents an accident from taking place and that has
a shutdown function (i.e. no degrees of freedom are left). Based on this concept, fail-safe
barriers can only be physical or functional barriers. According to Hollnagel (2004)
physical barriers block the transportation of mass, energy or information from one place
to another (e.g. walls and fences) and functional barriers create one or more pre-
conditions that have to be met before an action can be carried out (e.g. by establishing an
interlock, either logical or temporal).

It is essential to identify the hazards that were not eliminated during the design and, as a
result, will require management efforts during the construction stage. Of course, it is
worth emphasizing that design decisions do not necessarily should be modified to
eliminate safety hazards. Even hazard retention can be acceptable in the case that an
architectonical element adds value to the client, in spite of being difficult to be built.
Indeed, this hazard retention only makes sense if it implies that there will be safe and
effective construction methods. In other words, there can be sometimes a trade-off
between temporary users and end users requirements. It is worth checking whether this
trade-off is real, since end users requirements are not often systematically identified and
so there can be a big gap between the designers” image of end users requirements and
their actual needs.

Hazard monitoring is the last stage of the risk management cycle and it takes place during
both the design and construction stages. During all design stages, hazard monitoring
should involve tracking of hazard identification, assessment and response. Concerning
the construction stage, monitoring should ensure that the safety measures specified in
design are implemented. The resulting feedback will be useful for developing safer
designs in the future.

It is also proposed that the risk management related tasks (e.g. identifying hazards and
devising preventive measures) should not be primarily undertaken during clash detection
meetings. This proposition is due to the fact that those meetings might be too long,
involving too many people and dealing with a myriad of design requirements. Decision-
making on safety issues is likely to be realized as less urgent than other decisions that are
essential to allow the beginning of construction. Of course, clash detection meetings
might perform an essential role both as a source of information for undertaking risk
management tasks and as a forum to ideas exchange among the stakeholders.

126



5. CONCLUSIONS

Based on interviews with seven designers from the construction industry and an empirical
study, this paper proposed guidelines for integrating safety into design. It is proposed that
the design for construction safety (DFCS) process starts with a preparatory stage
involving decision-making on the major standards to be adopted during that process (e.g.
stakeholders and their responsibilities).

Based on the preparatory stage, the four steps of the risk management cycle (hazard
identification, assessment, response and monitoring) should take place during every
major design stage (e.g. concept, outline, scheme, detail). The tasks of the risk
management cycle might be carried out based on both well-known risk management tools
and databases of design suggestions available in literature. Moreover, risk management
might be supported by ten DFCS principles that were compiled for supporting the
empirical study.

This research has pointed out opportunities for further studies in this area, such as: (a) the
improvement and testing of the proposed guidelines — in fact, these guidelines could be a
basis for developing a well structured DFCS method; (b) the development of other
guidelines and methods for integrating safety into design; (c) to extend and validate the
set of DFCS principles proposed in this study; (d) develop methods to assess the extent to
which a design is safe. These studies should consider the existing models of the design
process in the construction industry, so the integration could be based on theoretically
agreed perspectives on design (e.g. what is design, what is its scope, what are the major
design stages, etc.).
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ABSTRACT

Studies have suggested and confirmed that designers can provide critical input involving
construction worker safety. Continued progress is being made in the areas of education
and training to better serve all participants in the construction industry, including owners,
designers and contractors. Construction management has also become an acceptable and
growing profession as it serves to address constructability issues through the sharing of
information among all participants in the project. This paper offers a construction
management (CM) approach to designing for construction safety by proposing a
structured CM approach to information sharing and project collaboration for construction
safety. The proposed structured CM approach has been developed based on the findings
of a structured survey targeted to design and CM professionals in the construction
industry.

Keywords: DFCS, Construction Management, OSHA

1. INTRODUCTION

Designing for construction safety entails addressing the safety of construction workers in
the design of the permanent features of a project. The design defines the configuration
and components of a facility and thereby influences, to a large extent, how the project
will be constructed and the consequent safety hazards (Gambatese, 2000). For example, a
decision would have to be made at the site concerning fall protection. This leaves open
the possibility of a fall injury if inadequate fall protection is used, workers are not trained,
or if fall protection is not used at all. If the designer specifies a 42 inch high parapet wall,
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not only does the design comply with the building code (safe for the public), the risk of a
fall injury during the lifetime of the structure is eliminated because fall protection would
not be required. Many other suggestions for how to design the permanent features of a
project to facilitate safety during construction have been documented (Gambatese et al.
1997).

Studies by Whittington et al. (1992) and Suraji et al. (2001) reveal that a significant
number of injury accidents originate from conditions upstream of the construction
process during planning, scheduling, and design. Though the impact of the design on
construction safety is evident and the potential benefits of its implementation are
apparent, widespread application of this concept in the United States construction
industry is currently lacking (Gambatese et al., 2005). Designing for safety has been
proven to be a viable intervention in construction in the United States (Gambatese et al.,
2005)

This paper offers a construction management (CM) approach to designing for
construction safety by proposing a structured CM approach to information sharing and
project collaboration for construction safety. The proposed structured CM approach has
been developed based on the findings of a structured survey targeting design and CM
professionals in the construction industry.

2. DESIGNING FOR CONSTRUCTION SAFETY - THE NEED

Designers are generally assumed to be responsible for the deign of a building or structure;
that meets the local building codes, takes into account accepted engineering practices and
is safe for the public. Although typical contract terms do not define designers as being
responsible for the safety of construction workers, all designers should feel an ethical
obligation to take action to prevent a serious injury to a construction worker if the hazard
was imminent and obvious to them. As accepted by all, decisions made by designers
affect the cost, quality and duration of a construction project. Similarly, construction
safety can also be enhanced greatly by their prompt input. The quality management
principle that quality must be “designed in” also applies to safety: safety must be
designed into a project.

In addition, studies have shown that design professionals can have a significant influence
on construction safety; 22% of 226 injuries that occurred from 2000-2002 in Oregon, WA
and CA were linked with the design, 42% of 224 fatalities in the U.S. between 1990-2003
were linked with the design (Behm, “Linking Construction Fatalities to the Design for
Construction Safety Concept”, 2005). In Europe, a 1991 study concluded that 60% of the
fatal accidents resulted from decisions made before site work began (European
Foundation for the Improvement of Living and Working Conditions). These statistics
clearly suggest that design professionals can play their part in construction safety by
incorporating design elements that provide safety for construction workers during
construction and maintenance projects.
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Recognizing the importance of the design to construction safety, the American Society of
Civil Engineers (ASCE) states in its policy on construction site safety (Policy Statement
Number 350) that engineers shall have responsibility for “recognizing that safety and
constructability are important considerations when preparing construction plans and
specifications.”

Outside the United States, the European Union mandates consideration of safety in the
design (CEC 1992). The United Kingdom’s Construction (Design and Management)
Regulations (HMSO 1994), established to comply with the EU Directive, place a duty on
the designer to ensure that every designer should, while preparing or modifying a design
which may be used in construction work in Great Britain, avoid foreseeable risks to the
health and safety of any person likely to be affected by such construction work; and in so
doing should give collective measures priority over individual measures (MacKenzie et
al., 2000). Similarly, many other developed countries such as Australia (Bluff, 2003) and
South Africa (Republic of South Africa, 2003) have already incorporated responsibilities
for designers for construction safety. Lacking a regulatory mandate, as is the case in the
United States, implementation of the concept in practice will likely depend on the
benefits received from designing for safety compared to the effort and resources
necessary for its implementation.

A requirement of incorporating safety into the design stage of a project to enhance
construction worker safety has been proposed (Gambatese et al., 2005) as an additional
measure in providing better construction worker safety and health and is commonly
referred to as designing for construction safety (DFCS). This concept of thinking through
the risks associated with various means and methods of construction, as dictated by the
design, can produce positive results in both safety related claims and reduced project
costs.

3. DESIGNING FOR CONSTRUCTION SAFETY — OSHA REGULATIONS

In a research study conducted by Gambatese, Hinze, and Behm (2005), design
suggestions were developed that can ultimately be addressed in the design documents.
Contained within the research findings are numerous constructability safety measures that
can be undertaken, many of which have been developed from those directly exposed to
hazardous construction work. OSHA has language within its regulations that refers to the
engineer of record providing designs with construction worker safety in mind. Subparts L
through X of the OSHA regulations have been identified as areas where the greatest
influence can be placed to incorporate safety design modifications.

Examples of such suggestions are as follows; in Subpart M — Fall Protection 1926.501,
Design windowsills to be 42 inches minimum above the floor level. Windowsills at this
height will act as guardrails during construction. OSHA Subpart 1926.502 suggests the
design of perimeter beams and beams above floor openings to support lifelines (minimum
dead load of 5400 pounds.). It also states to design connection points along the beams for
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the lifelines. The contract drawings should note which beams are designed to support
lifelines, the number of lifelines, and the locations along the beams.

Currently, most of OSHA’s construction regulations require engineering controls in
Subpart P (Excavation), Subpart L (Scaffolds), and Subpart R (Steel Erection) among
others. These are a few areas that if addressed in the design stage can explicitly aid in
construction worker safety through the OSHA regulations.

4. DESIGNING FOR CONSTRUCTION SAFETY - LEGAL CONCERNS

The traditional construction industry model has been split into two distinct fields, design
and construction. As the industry moved from the master builder system into more
specialty fields, definitions were developed in dealing with standards of practice,
construction scope and defining areas of risk. Legislative proceedings were undertaken in
the late 1980’s to introduce bills in support of placing responsibility for safety on the
design professional, along with the constructor through the use of a competent person on
site to oversee worker safety. DFCS is not attempting to place blame on the designer but
rather to bring to the forefront the ethical practice and the value of implementing
construction worker safety through design efforts.

Designing for safety relies on the integration of construction process knowledge and the
incorporation of proven methods into the design. Architects and engineers are not
prepared to address this deficiency and lack proper training and fear exposure to legal
proceedings as a result of injuries due to their designs.

Exposure to liability remains the greatest challenge in persuading designers to take on
greater responsibility. Courts have found designers liable for the deaths of construction
workers based on their prior knowledge of risks associated with different types of
construction (Loulakis and Shean, 2005) . Ultimately contract language should reflect
that designing for safety was a strong consideration for the project in question; however,
safety remains the responsibility of everyone.

The American Institute of Architects rule 2.105 requires that architects take action when
an employer or client makes a decision that may adversely affect the safety to the public,
but this obligation is restricted to the completed facility. Similarly, the National Society
of Professional Engineers clause holds the engineer responsible for the safety, health and
welfare of the public in the performance of their professional duties. In summary court
decisions have gone both ways and continue to be challenged.

5. DESIGNING FOR CONSTRUCTION SAFETY — A CONSTRUCTION
MANAGEMENT APPROACH

Construction management can assure project success under various delivery methods.
CM is distinct from both design and construction and well recognized as a specialized
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profession. Through the CM model, resources of various disciplines and backgrounds
converge to provide construction leadership in the planning, design and construction
phases. Due to project delivery constraints; timing, project capitalization, owner
experience, and the complex nature of projects, the CM can serve as an agent to the
owner and/or consultant in the pre-design and design phases.

Constructors in the CM model can greatly influence and contribute to DFCS through the
flow of information as shown in the modified Figure 4. Project knowledge, risk
assessment, design reviews, constructor input and a comprehensive management plan can
provide the optimal mix of project safety designs. As will be discussed in the proposed
CM model for DFCS, CM offers the best placement of safety assessment and
identification in creating a successful and timely project.

In studies conducted by Szymberski (1997), the time/safety influence curve was
developed to demonstrate that designer influence could be an integral part of construction
safety. As shown, safety can be best controlled during the early stages of the design
development when the influence is high, even as the project is being conceptualized, and
diminishes throughout the project life cycle.

Regardless of the chosen contract form or project delivery utilized, design-bid-build
(DBB), design-build (DB), or construction manager/general contractor (CM/GC) even
greater influence can be achieved in the conceptual design phase through the
incorporation of the experiences of construction management. The earlier that
construction management is on board a greater influence can be placed on the effective
influence on safety and vice versa. This concept holds true for all related professionals on
the project, as the influence on safety decreases with project evolvement, as suggested by
Szymberski. Fig. 1 represents the Time / Safety Influence Curve (Szymberski, 1997).

High Conceptual Design
Detailed Engineering
Ability to Procurement
Influence
Safety Construction
Start-up
Low

Proiect Schedule
Source: Szymberski 1997
Fig. 1: Time / Safety Influence Curve (Szymberski, 1997)

134



There are practical reasons for each party participating in a construction project to
encourage DFCS, in addition to ethical responsibilities. Subcontractors and general
contractors that self-perform work have several practical reasons to encourage DFCS: it
reduces accident rates, thereby reducing workers’ compensation insurance rates, and
increases project productivity. Benefits to owners from reducing the risk is that one or
more construction accidents cause delays in project completion and hence loss of
profitability. Owners incorporating Owner-Controlled Insurance Programs (OCIPs) get
financial benefits from the lower accident rates that DFCS provides. Designers who
perform DFCS can use this ability to market themselves as progressive, team-oriented
professionals who will help to deliver a project with reduced liability and increased
profitability. Designers who are part of design-build teams should benefit financially
from the reduced accident rates experienced during construction.

In Burke’s tripod (2006), the partners in construction management can be said to include
a relationship conducive to construction worker safety as it relates to the contractual
relationship between owner, designer and contractor (see Fig. 2). Suggestions on how this
typical tripod can be modified to improve the information flow are discussed later in this

paper (Fig. 3).

OWNER

J \

DESIGNER CONTRACTOR

Fig. 2. The Tripod - The partners in Construction Management (Burke, 2006)

Extending the responsibility of construction worker safety to that of trade contractors,
suppliers, and the construction management team overseeing construction, can reduce
accident rates, thereby reducing workers’ compensation insurance rates, and increase
overall project productivity.

Safety is often viewed by management as being controllable; however there are those
areas that are outside of the traditional concept of Total Safety Management (TSM). TSM
relies on safety being the responsibility of everyone in the organization. As
acknowledged by Dr. V.B. Burke, Professor and Director of Construction Management at
Florida Atlantic University, Florida Institute of Safety and Construction, “TSM is an
approach to safety of workers and other employees in the workplace that gives companies
a sustainable competitive edge in the marketplace. This is accomplished by getting all the
employees involved in establishing, enforcing, maintaining, and continually improving
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the safety of the work environment so that it is conducive to peak performance at all
levels and all times.”

Additionally, TSM may be viewed as a precursor to the development of DFCS in that it
extends this responsibility to include the designer as part of the management team in
designing with construction worker safety in mind.

6. RESEARCH METHODS

The purpose of this research study was to provide an approach to the topic of designing
for safety by analyzing it from a construction management perspective so as to introduce
a structured methodology to information sharing and project collaboration for
construction safety. Drawing on the findings of previous research, examples of successful
implementation of designing for safety, and regulations enacted outside the United States,
the premise driving the research was that the practice of designing for safety is a viable
means for enhancing construction site safety. Also, adopting a construction management
approach to designing for construction safety can play a significant role in improving the
safety and health of construction workers.

A survey was structured for design and construction management professionals with the
objective of addressing the impact of safety design practices in the construction delivery
stage of the project in an attempt to set design criteria and standards for construction
safety. Taken into consideration were the following: years of design/construction
management experience, years of construction experience, knowledge of designing for
safety, knowledge of the implications of designing for safety on construction safety, and
understanding of construction management project review (including constructability
review, value engineering, design coordination, etc.). Data for survey development were
collected from published research, Department of Labor, OSHA and from other
published and non-published sources.

The types of design disciplines included in the research study were limited to
architecture, civil engineering, structural engineering, mechanical engineering, and
electrical engineering. These are the primary disciplines involved in the design of
construction projects and, by both dollar value and hours expended, their work constitutes
the majority of the design effort undertaken on many projects.

Design professionals are employed by design firms that concentrate on one or more
design disciplines, and by design—build firms that undertake both the design and
construction aspects of the work. A sample of prospective design firm, design—build firm,
and designer respondents was created using both convenience and random sampling from
local telephone directories, the Internet, web-based professional association directories,
and personal contacts of the researchers. A total of 35 different design professionals (16
architects and 19 design engineers) in southern Florida (Miami, Fort Lauderdale,
Broward and surrounding areas) were selected.
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Construction management (CM) professionals are employed by owners for program
management, project management, design review (constructability improvement, value
engineering), design coordination, construction coordination and project implementation
control; by design—build firms for overall project management; and by contractors for
construction management. The role taken and authority assumed by a construction
management professional is very much dependent on the hiring authority as well as the
project delivery approach — design-bid-build, design-build, CM agency or CM at-Risk. A
sample of prospective owner firms, design—build firms, CM firms and contracting firms
(general contractors and CM contractors) was created using both convenience and
random sampling from local telephone directories, the Internet, web-based professional
association directories, and personal contacts of the researchers. A total of 20
construction management professionals in southern Florida (Miami, Fort Lauderdale,
Broward and surrounding areas) were selected.

When selecting firms and design professionals for the study, consideration was given to
firm type, size, and location to ensure a survey sample representative of the construction
industry. In addition, firms that participate in projects in each of the various sectors of the
construction industry (residential buildings, commercial buildings, engineering facilities,
and industrial facilities) were included in the study sample.

The survey was sent to architects, engineers and construction management professionals
in order to best determine the role each played in developing or implementing safety in
design in the early stage of project development. The results were compiled and analyzed
to develop a proposal for the construction management approach to DFCS.

The research team contacted the 35 design professionals and the 20 construction
management professionals to request their participation in the survey on a voluntary
basis. Criteria used to determine participation were: willingness and availability to
participate in the study; experience as a professional construction manager and
knowledge about safety in design. Out of the list of 55 design and construction
management professionals contacted, 23 volunteered to be surveyed (14 design
professionals and 9 construction management professionals) for a total response rate of
42.%. Considering the fact that it was a construction industry questionnaire, this response
rate was considered encouraging. The questionnaire was sent to the 23 professionals and
all responses were received within a period of one month.

The respondents had varied backgrounds representing a variety of disciplines,
employment positions, and durations of work experience. Of the 23 survey responses
there were four architects (17%), three structural engineers (13%), three civil engineers
(13%), two mechanical engineers (9%), two electrical engineers (9%) and nine
construction managers (39%). Of the fourteen design professionals surveyed, eight (57%)
were employed by design firms and the remaining six (43%)were employed by design-
build firms. Of the nine construction management professionals surveyed, three (34%)
were employed by owner firms, two (22%) were employed by design-build firms, two
(22%) were employed by construction management contractors and the remaining two
(22%) were employed by general contractors.
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The size of the firms represented by the respondents ranged from medium to large (based
on their annual turnover and number of employees). The design experience of the design
professionals who responded ranged from five to twenty six years (mean=18.5 years;
median=21 years). In addition to their design experience, the respondents were asked
how much construction experience they had accrued. Construction experience was
defined as actually performing construction work, e.g., carpentry, roofing, plumbing, etc.
The construction experience of the respondents ranged from two to ten years with a mean
of 3.1 years.

The construction management experience of the respondents ranged from five to twenty
eight years (mean=20.1 years; median=22 years). In addition to their construction
management experience, the respondents were asked how much design coordination and
review experience they possessed. Design coordination and review experience was
defined as experience in constructability review, design coordination and value
management. The design coordination and review experience of those who responded
ranged from three to twenty three years with a mean of 5.7 years. Almost all of the
construction managers had design coordination and review experience. Additionally,
construction management professionals were also asked about their construction
experience. Almost all of the construction managers had construction experience of more
than three years.

7. RESULT HIGHLIGHTS

Of those having the most years of design experience, 23% considered safety in their
design efforts and cited that design practice does not incorporate safety knowledge,
resulting in their own initiatives in addressing worker safety through design, as with the
use of a checklist. This is not uncommon as most designers stated that the responsibility
for safety rested with the contractor and that of their subcontractors. Over 70% of
responding architects, engineers and construction management staff viewed the
contractor as having the greatest influence over project safety. Further implications arise
out of concern for motivational factors in promoting designing for safety, designer’s
knowledge of concepts, available tools, specific redesign guidelines and ultimately
liability exposure.

Approximately 63% of the participants have contributed to improving construction
worker safety in some way or another. When asked if there was a formal process for this
effort, many replied negatively and some expressed a desire to learn more. The concept
being new is not well penetrated in the industry and professionals have either very little
or no knowledge about it.

Of all participants, 90% claimed that they contributed to improving construction worker
safety by utilizing OSHA’s guidelines as a checklist for assistance with their design
efforts and had incorporated a self-devised checklist indicating that there are no formal
design for safety guidelines that can be followed. OSHA guidelines at the present are
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related to construction phase safety, thus indicating that even those who are affirmative
that they consider safety are not well equipped.

Regarding concerns about designing for worker safety nearly 40% felt that the level of
importance was not considered. That is, their management does not place due
importance on design for worker safety.

When asked about the importance of management acceptance of safety concerns and
training, less than 15% stated they were exposed to training or discussions about worker
safety. This means there is very little importance placed on educating people about
designing for safety.

All of the respondents had concerns with the legal implications involving failed safety
designs but admitted that improved safety, quality and productivity can be achieved
through DFCS. When asked if construction health and safety consultants were used in
the project design phase, 9% responded with assent. It indicates that a majority of the
projects do not incorporate the ideas of safety professionals (or construction management
in other words) at the beginning of the project which could be quite beneficial to achieve
overall safety for the project.

The best approach to introducing information flow to the design is through construction management as it
monitors, inspects and is involved directly with all other constructors on the job site. Emphasis should be
placed on the entire tripod if DFCS is to be employed. Regardless of the procurement method, relationships
or the contracting parties, the owner may assume the liability for the designer’s performance, or lack
thereof. This places both the owner and designer at risk for designs not incorporating safety design
practices. The revised tripod (see Fig. 3) reflects this change with the added benefit of shared information
flow and CM involvement.

OWNER
Design / Safety / Cost
Information Flow Scheduling / Cost
Specifications / AIA D Information Flow
Documents
</
DESIGNER < = CONTRACTOR
[ i
CM Information Flow

Fig. 3: Modified Tripod

As proposed in the CM constructability review process and by the flow of information in
the modified tripod, CM can provide a very sensible and sustainable approach to DFCS.
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8. PROPOSED MODEL FOR A CONSTRUCTION MANAGEMENT APPROACH
TO DFCS

The Safety Decision Hierarchy model developed by Gambatese (2004) was used as a
platform to develop a CM model to DFCS tool to serve the designer and constructor
(contractor, consultants, trade contractors, construction management) in their evaluation
of safety risk.

CM Issues,
Pre Design Design /CM Internal External / OSHA CM Modifications
Discussions Review Review I Suggestions
Owner Input

Trade Contractor Input
Focused Construction Management Review

Safety
Issues
Addressed

Improved Design Specifications
Drawings > Project

Fig. 4: Proposed Model for a Construction Management Approach to DFCS

The proposed model (Fig. 4) incorporates interaction between all parties involved in
project delivery including construction management. Consistent with design phase
reviews, designing for safety should address the documentation and construction
management side of construction. Construction management is tasked often with the
challenges of building a project that is based on flawed designs. This translates to
constructors having to make field decisions that can also affect construction worker
safety.

The pre design discussion phase establishes the standard by which safety expectations
will be based. It includes the construction and operational information flow and can serve
as a depository for the entire safety design process and associated tools.

The role of construction management is to evaluate the constructability of the project
through impacts on scheduling, estimating, risk assessments, and safety concerns and
finally project delivery. The CM can provide construction experience, project
collaboration, and knowledge into the design phase and may provide alternatives to
means and methods of construction. During the design and internal review portion of the
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model, trade contractors, subcontractors, and construction management provide input
regarding overall safety concerns of the design as they will be the ones directly impacted.
During the External - OSHA Standards / CM phase, drawings and specification are to be
developed based on discussions and standards and are made part of the project
construction documents. These documents will provide better details relating to safety
enhanced details and notes.

Issues that arise out of the CM Issues / Modification / Suggestions phase are
communicated back to the owner with supporting documentation of cost analysis and
scheduling impacts. This information is obtained from the contractor, consultant, design
build firms, and construction management, whose responsibility it will be to oversee
project construction.

9. IMPLICATIONS AND CONCLUSIONS

In summary, this paper has explored DFCS, a growing trend in construction safety and its
impact given the project delivery method chosen. Engineers, architects, owners and
constructors must adopt a standard not centered exclusively on profits but rather on
designer responsibility in the design of structures. This is achieved through enhanced
means and methods and CM oversight. Regardless of the method used in evaluating the
risk, it is often the input of the owner’s goals and objectives, project cost, delivery
method, construction practices, building codes, design resources, and capabilities,
training and education that greatly impact project design and cost. CM is proposed to
impact greatly, the successful outcome of projects by assessing construction worker
exposure to risk. This proactive approach will reduce injuries, and reduce the cost of
construction, which benefits all involved.

Through these efforts of enhanced OSHA regulations, designers and constructor
collaboration, training and education, information sharing, risk engineering and CM
oversight, there are no limitations of what can be achieved by the full integration of
DFCS. The cost of all these factors will impact the project budget and affect methods of
construction; however, it will also significantly enhance and improve the health and
safety of construction workers.

10. RECOMMENDATIONS

Efforts made in the industry have greatly reduced or eliminated construction accidents by
“engineering in” better safety measures through the design and planning phase.
Designing for safety has the potential to greatly reduce, if not eliminate construction
worker injuries and deaths.

Major universities are at the forefront of providing education and raising awareness for

the values of DFCS and have provided numerous studies on the topic. Alliances are being
formed by various organizations in addressing construction worker safety through design.
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The Department of Labor, OSHA, American Society of Civil Engineers, National
Institute for Occupational Safety and Health, Construction Management Association of
America, American Society of Structural Engineers, among others have all met to share
information on designing for safety. The current OSHA Alliance has created a workgroup
to further discuss the topic of training design professionals to recognize and evaluate risk.

Additionally, proposed accreditation through the American Council for Construction
Education (ACCE) should require semester hours to be earned in construction safety
covering topics such as risk assessment, risk engineering and the use of design tools to
assist in the redesign of safety efforts.

OSHA continues to provide leadership through its alliance and met in January and April
of 2006 to further develop its case study on the topic. Continued efforts are said to
include a 2 — 4 hour DFCS course and a 10-hour training program for engineers as well
as efforts to attract others to this very ethical approach to construction safety.
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ABSTRACT

The United States construction industry was responsible for 1,243 work-related deaths
and 415,000 non-fatal injuries and illnesses in 2005, making it one of the most dangerous
industries to work for. As interests in design-build and other alternative project delivery
methods are developing rapidly in recent years, one of the challenges is to leverage the
integration of design and construction to achieve maximum accident reduction with a
minimal resultant impact on project cost and schedule. Therefore, a new safety model is
formulated based upon the relationships between construction tasks and accidents as
observed from historical records. Both physical and non-physical attributes of project
design are examined and quantified with respect to their contribution to safety. As the
result, a safety model is applied to identify and assess hazardous conditions as the project
design takes shape. Cost-effective approaches are able to be implemented at an early
stage of project development to mitigate potential risks. This model can serve as a basis
for the broader use of information technologies such as BIM that could further add value
to project owners and the society.

Keywords: Construction Safety, Accident Rate, Project Design, Construction Task

1. INTRODUCTION

About 7.7 million workers are employed in the construction sector, accounting for 31%
of goods-producing sector employment (which also includes manufacturing, and natural
resources and mining) and 5.5% of total employment in the U.S. economy (BLS, 2007).
In 2005, there were 1,243 recorded fatal injuries in construction, 31.7% of the total 5,734
occupational fatalities in that year (BLS, 2006a). The construction incidence rate of
injuries and illnesses was 6.3 cases per 100 full-time workers, the highest among goods-
producing industry sectors (BLS, 2006b). Between 2003 and 2005 the total number of
fatalities in construction increased by 6% from 1,171 to 1,243 while the manufacturing
sector experienced a 7% decrease.
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This paper is organized as follows. First, a literature review summarizes several relevant
research projects on the causal factors of construction accidents and the impact of design
on safety. After establishing research objectives, both physical and non-physical
attributes of project design are investigated and their impacts on accident occurrence are
formulated. The result is a probabilistic model for estimating safety performance of a
project based on its design characteristics. It’s followed by discussions of mitigation
strategies at component and system levels. In the end, conclusions are given along with
suggestions for future work.

2. REVIEW OF RELEVANT LITERATURE

Abdelhamid and Everett (2000) evaluated root causes of construction accidents in the
United States and suggested unsafe conditions resulted from (1) management
action/inaction; (2) unsafe acts of workers and coworkers; (3) non-human related events;
or (4) an unsafe condition that is a natural part of the initial construction site conditions.
While it acknowledged the contribution of both management and labor to accident
occurrence, this research didn’t consider the impact of decisions made during project
design phase on safety. Studies of construction accidents in the U.K. and the U.S.
revealed that about one-third to one half of accidents could be linked to the project design
(HSE, 2003; Behm, 2006). These studies provided not only the evidence that design has a
significant impact on safety in the context of construction operations but also the
motivation for developing best practices for design professionals to adopt.

“Design for Safety” or “Building Safety into Design” is a concept aimed at eliminating or
minimizing hazards before design decisions are finalized. It has been widely adopted in
chemical processing, air traffic control and other fields (Hasan et al., 2003; Kinnersley
and Roelen, 2007; Drogoul et al., 2007). Partially in response to persistent ineffectiveness
of conventional measures such as safety trainings and personal protection equipment, this
concept begins drawing attentions in the construction industry and emerges as a viable
means that leverages permanent features of a facility to improve worker’s safety (Coble,
Hinze and Haupt, 2000). Gambatese et al. (2005) used an example in which the architect
could specify a parapet wall higher than 42-inches to provide fall protection for
construction workers. This concept also encompasses better communication about safety
hazards between disciplines (e.g. noting overhead power lines on contract plans by
engineers). Gambatese et al. (1997) developed a “Design for Construction Safety
Toolbox” to provide designers with a variety of suggestions that would improve safety.
Nevertheless, Toole (2005) identified four sets of barriers that encumber designers from
improving construction safety: lack of safety expertise, lack of understanding of
construction processes, typical contract terms, and professional fees.
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3. RESEARCH OBJECTIVES

The key to preventing accidents is identifying and eliminating potential hazards (Goetsch,
2002). Therefore, the objective of this research is to develop a systematic approach to
identify safety risks and assess their contribution to accident occurrence. Because
accidents are originated from the construction process which is largely dictated by project
design, the hypothesis is that the causal relationship between attributes of project design
and accident occurrence can be quantitatively formulated. To test this hypothesis, the
relationship between physical attributes of a project’s design (e.g. specified construction
materials and geometric features) and accident occurrence is firstly characterized to
determine how the construction of a building’s architectural, structural and MEP
components contribute to the formation of hazardous conditions. Secondly, the intangible
attributes of a project (e.g. delivery method, project location, weather conditions,
contractor past experience and safety record) are assessed in relation to their impact on
safety. Based on these results, a probabilistic model is created, enabling users to
systematically evaluate safety risk from a set of readily known project parameters. The
rationale is that once hazards are identified, effective mitigation strategies can be devised
and implemented for minimizing work-related injuries.

4. CHARACTERIZATION OF PHYSICAL ATTRIBUTES OF PROJECT
DESIGN

Physical attributes of project design refer to the permanent features of a project as defined
by architects and engineers on plans and specifications. They are wholly or partially
responsible for creating certain conditions that ultimately lead to accidents. The
procedure for modeling their contribution to hazard formation is shown in Figure 1.

Project Design

Quantity takeoff —»
v
Building Components i

A 4

Labor trade t Labor hours LH

Accidentrates |
(F & NF) "
A 4

Average accident
occurrences

Figure 1: A task-based procedure for
modeling contribution of physical
attributes of project design to hazard
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Firstly, a project is broken down into N discrete building components such as concrete
footings and built-up roof using standard quantity takeoff technique. For each component
i, specific trade(s) ¢ are identified with required labor hours (LH). Then, average accident
rates for a specific labor trade (t) are determined from the Department of Labor
databases. For fatal injuries, rates are calculated per 100,000 FTEs (full-time equivalents
defined as 2,000 working hours per year) while non-fatal injuries and illnesses rates are
calculated per 100 FTEs. The total numbers of accidents and their characteristics are
collected by the Census of Fatal Occupational Injuries (CFOI) and Survey of
Occupational Injuries and Illnesses (SOII) of the Bureau of Labor Statistics and can be
retrieved by industry and occupation. Fatal and nonfatal accident rates FR, and NFR;, for
trade ¢ are then calculated as the total numbers of accidents divided by the numbers of full
time employees in the latest year when data is available. Average numbers of fatal and
nonfatal accidents for building component i are the product of average accident rates and
length of exposures as given by Equations 1 and 2:

T
F, =) (LH, xFR,) Eq. 1

t=1

T
NF, =% (LH,, x NFR,) Eq.2

t=1

where F; and NF; are expected numbers of fatal and nonfatal accidents resulting from
constructing building component i; FR, and NFR, are average fatal and nonfatal accident
rates for trade ¢ per working hour; LH;, is the labor hours of trade ¢ required for
constructing building component i.

In this study, accident occurrences are modeled as random variables with a normal
distribution. Its mean values are calculated by Equations 1 and 2. Direct estimation of
standard deviations is difficult due to a lack of sufficient data collected by individual
projects. Alternatively, standard deviations of fatal and nonfatal accidents in 50 state-

wide averages are used to approximate SF; and SNF; for trade ¢ by a multiplier of 50

The standard deviations of fatal and nonfatal accidents SDF; and SDNF; for component i
are determined by Equation 3 and 4:

T
SDF, = \/Z (LH} xSF}) Eq. 3

t=1

T
SDNF, = \/Z(LHI?J x SNF) Eq. 4

t=1
After knowing mean and standard deviation of accident occurrence at the component

level, the statistical profile of accident occurrence function for an entire project can be
established by using Equations 5, 6, 7 and 8 given below.
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N
Mean, = F, Eq. 5

i=1

N
SD, = /Z(SDFi)Z Eq. 6
i=1

N
Mean,, =" NF, Eq. 7

i=1
N
SD,,. = .| (SDNF,)’ Eq. 8
i=1

5. CHARACTERIZATION OF NON-PHYSICAL ATTRIBUTES OF PROJECT
DESIGN

Many attributes of project design other than abovementioned physical ones play a
significant role in shaping the construction process and consequently affect likelihood of
accidents. Therefore, the effect of these non-physical attributes on safety needs to be
closely examined. With the baseline of accident occurrence being established in the
preceding section using industry averages, this section focuses on developing
multiplicative factors for non-physical attributes.

At first, possible non-physical attributes of project design are identified through literature
review and a survey. The listing contains a large number of entries ranging from contract
type, contractor’s EMR, risk sharing mechanism, to average temperatures of project
location. To simplify the calculation, only a limited number of them are selected based on
their significance ranking.

The quantitative impact of K attributes on safety is estimated with a hybrid approach
combining both statistical analysis and engineering judgment. It’s assumed that non-
physical attributes only alter mean values of accident occurrence functions. These
attributes are grouped into two categories depending on whether they impact risk profile
of a project (i.e. global factors GF such as prime contractor’s EMR) or of certain building
components (i.e. local factor LF such as steel subcontractor’s safety record). Mean
accident occurrences at the component level are recalculated by the following equations:

i=l | t=

N T
Mean), = Z{ (LH,, x FR)[ ] LFW} Eq. 9
1 r

Mean,, = ﬁ {ZT: (LH,, x NFR)[ ] LFN} Eq. 10

i=1l | t=1 P
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where Mean’r and Mean’yr are the adjusted average numbers of fatal and nonfatal
accidents for a given project; LF,, is local adjustment factor for trade ¢ and attribute p.
Global adjustment factors applied at the system level follow Equations 11 and 12:

Mean}, = Mean,, | | GF, Eq. 11
q

Mean},. = Mean;VFHGFq Eq. 12
q

where Mean”r and Mean”yr are the total numbers of fatal and nonfatal accidents after
being adjusted by global factors GF, for attribute q.

6. ESTIMATION OF SAFETY PERFORMANCE BASED ON CONSTRUCTION
TASKS

With estimated statistical parameters of accident occurrences, this section devises a
performance measure in an effort to establish a baseline cost of project design so that
effectiveness of intervention measures can be assessed.

Costs of accidents to contracting companies can arise in many forms including medical
expenses, loss of productivity on the short term and loss of business, and increase in
insurance premium in the long term. Due to data availability, only medical cost Cy, is
considered hereafter. Average medical expenses per fatal and nonfatal accidents Cr and
Cyr are determined through literature review. Since accident occurrences follow normal
distribution and Cr/Cyr are constants, Cy, shall follow a normal distribution and its mean
and standard deviation are calculated by the equations below:

Mean = Meany. xC, + Meany, xC, Eq. 13
SD. =+SD}xC} +SD2. xC2, Eq. 14

Where Meancy and SDeym are mean value and standard deviation of medical cost;
Mean”r and Mean”\y are adjusted mean values of fatal and nonfatal accident
occurrences; SDr and SDnr are standard deviations of fatal and nonfatal accident
occurrences.

7. DEVELOPMENT OF A DESIGN-FOR-SAFETY STRATEGY

After safety risks are identified and assessed, mitigation measures can be developed
through design modification in an effort to eliminate or minimize them in an efficient and
effective way. Implementation of system-level changes to existing design would have a
global impact on the safety performance of a project. In some cases, changes specifically
targeting certain high-risk components or trades may prove more cost-effective and
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feasible. Therefore, both types of changes are investigated and evaluated in this section to
facilitate decision making by perspective users.

Mitigation measures to enhance construction safety at system level

System-level changes that have an impact on overall safety performance in project design
have been known as global factors. The objective here is to categorize these factors and
assess their relative performance in reducing fatal and nonfatal accident occurrences.

The preceding analysis provides estimates for every global adjustment factor GF, for
attribute p. A number of system-level attribute groups (AG) are defined, such as project
delivery methods, contractor’s qualifications, structure type and project location. Within
each attribute group, there could be several design alternatives each of which is assigned
to a GF value. For example, under the project delivery method group, three possible
options are considered: design-bid-build (dbb), design-build (db), and construction
management (cm) and their adjustment factors are GFz 5, GFg5, and GF,, respectively.
Therefore, the impact of substituting design-bid-build method with design-build method
would alter fatal and nonfatal accident occurrence estimates as follows:

F
Mean,.(db) = Mean,.(dbb) Gy Eq. 15
Gdeb
Mean,,. (db) = Mean,,. (dbb) GFy, Eq. 16
NF = NF q.

dbb

where Meang(db) and Meang(dbb) are means of fatal accidents using db and dbb methods
respectively; Meanyg(db) and Meanyp(dbb) are means of nonfatal accidents using db and
dbb methods respectively. Therefore, the percentage of net changes (PNC) from dbb to
db for both fatal (F) and nonfatal (NF) cases are given by the following equation:

GF,,

PN Cdbb—)db = GT
dbb

Eq. 17

PNC is calculated for each pair of design alternatives with an attribute group in two
directions. This multiplicative factor reflects the expected level of increase (or decrease)
by adopting an alternative in lieu of the baseline design.

Design alternatives suited for addressing safety hazards at component level

Design modifications at component level can be an efficient way to mitigate safety risks
by targeting components with large mean value of accident occurrence. It’s aimed at
providing users with a series of design alternatives to choose for common building
elements and then quantify the level of accident reduction. The term “element” has
different meanings from “component” in this study. Element refers to a part of building
serving certain functions without specifications. For example, flooring is considered a
building element while ceramic flooring in the 2™ floor restroom is a building
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component. Differentiating these two terms is necessary for developing a set of generic
design alternatives that are intended to be used on a broad basis.

Building elements common to building construction are identified by their functions,
such as building envelope, roof, interior partition, floor of wet areas, etc. For each
building element, there could be multiple design alternatives available. For example,
interior partition can be made from CMU walls, steel-framed drywalls, wood-framed
drywalls or removable panels. These alternatives are referred to as building components
and their impact on construction safety have been assessed in the forms of F and NF (i.e.
expected numbers of fatal and nonfatal accidents). If only fatal accident is considered, the
expected risks of three alternative designs a, b, and ¢ for the building element G can be
calculated using Equation 1, which are denoted by F® a, F,, and F® .. The net change in
fatal accidents NCF from design a to ¢ for G can be determined. Similarity, the net
change in nonfatal accidents NCNF is given by Equations 18 and 19.

NCFS =F°-F° Eq. 18

NCNFS, = NF® - NF’ Eq. 19

NCF and NCNF are calculated for every pair of design alternatives of identified building
elements.

Estimation of the impact of design alternatives on project cost

Design alternatives at both system and component levels compiled by two preceding
tasks represent necessary building blocks for creating an inherently safer project design in
construction. However, owners, designers or contractors would be unlikely to make any
commitment towards design modifications without being ensured with a positive return
for their investment. Therefore, this task is to perform the cost-benefit analysis for these
design alternatives to help potential users make informed decisions.

On the benefit side, economic impact of accidents based on the base design has been
estimated previously as Meancy,. If one system level alternative is adopted, savings in
medical costs is given by the following equation:

GFAI[

Mean,, x PNC = Mean,, x( Eq. 20

-1)  GF, <GF

Base— Alt Base

Base

If one component-level alternative is adopted, saving in medical cost is given by
Equation 21:

NCFBiSe—)Alt X CF + NCNFBiSe—)Alt X CNF = (FBC;se - FACI;t ) X CF + (NFBCa;Se - FAGlt ) x CNF
FAGlt < FBGase &NFAGzz < NFBCjzse Eq. 21
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Two types of costs are considered. Architects or engineers are compensated for their
work on redesigning and such cost is determined by the scope and timing of design
modifications. If project design is still in its early development stage, cost of making
changes can be easily absorbed by scheduled releases. In contrast, making a late change
requires much more time and resources. Three design stages are defined here: 30%, 50%,
and 100% of design completion. Redesigning cost is estimated for each design alternative
based on a 100% design completion. A reduction factor of 0.3 is multiplied when the
revision work is performed at the 50% stage. No cost is considered before project design
reaches a 30% level. The other type of costs is the construction cost of implementing
design alternatives including material, labor and equipment costs. Unit costs are derived
from from the Means Building Construction Cost Data 2006 Book (Means, 2005). These
costs vary from project to project and have to be estimated on an individual basis.

8. CONCLUSIONS AND FUTURE WORK

This proposed research is aimed at devising a new approach to improve construction
safety through design modification and optimization. By advancing our understanding of
the interplay between design and safety, unsafe conditions can be better identified and
mitigated in the early stage of project development lifecycle. It would enable owners,
designers and contractors to view hazardous conditions as an intrinsic and manageable
risk of construction process. Building safety into design can potentially prevent many
accidents from occurring and therefore lead to an inherently safer working environment
for tens of thousands of employees.

Future work will include the validation of the proposed model by comparing estimated
and actual accident rates of a large sample of projects. In addition, the classification and
contribution of non-physical attributes of project design could be further studied with
feedbacks collected by surveying safety practitioners in the industry. Furthermore, the
integration with Building Information Modeling (BIM) shall be explored so that the
safety assessment process can be fully automated.
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ABSTRACT

Reinforced concrete construction entails substantial support work and formwork
activities, which expose workers to inter alia, work at elevated heights, ergonomic
hazards, and hazardous chemical substances. Furthermore, support work and formwork
is required to support and or restrain substantial loads and forces, is dependent upon a
range of resources, and is influenced and contributed to by a range of stakeholders.
Consequently, the integration of design and construction, scientific designs, the
implementation of documented Quality Management Systems (QMSs) and health and
safety (H&S) programmes, and optimum appropriate education and training are essential.

A study conducted among delegates attending seminars in various metropoles in South
Africa realised the following findings: the traditional project parameters of quality, time,
and cost, are more important than H&S; a range of support work and formwork practices
/ aspects are perceived to be important, and the performance of the South African
construction industry relative to support work and formwork is perceived to be poor as
opposed to good.

Conclusions include that the industry does not adopt a formal structured approach to
support work and formwork. Recommendations include: a range of practices / aspects
should be focused upon and addressed in the temporary works section of project H&S
plans; the implementation of QMSs in design and construction is imperative; and QMSs
should be complemented by H&S Management Systems. Both management systems
should link all the stages in the support work and formwork process.

Keywords: Support Work, Formwork, Health and Safety, Quality
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1. INTRODUCTION

The Advisory Committee on Falsework (1975), which reviewed support work and
formwork failures in the United Kingdom, illuminates the issues relative to support work
in the introduction to their report. Each project is unique and there is considerable doubt
about the actual loads that will occur. The need to dismantle support work after use
introduces further problems. Hazards arise from the prevailing weather, unexpected site
conditions, and from the non-availability of critical resources such as material. A further
complication is the involvement of different contributors in the various processes. The
design of the permanent works is invariably undertaken by consulting engineers, and the
design of the support work by contractors. Support work components may be supplied
by suppliers, supplemented by contractors, and be erected and dismantled by specialist
subcontractors. Alternatively, specialist subcontractors may supply, erect, and dismantle
support work. Such diverse contributions introduce difficulties of communication and a
confusion of responsibilities, sometimes exacerbated by complicated contractual
arrangements.

The Health & Safety Executive (HSE) (2003) states that the causes of many past failures
of support work were foreseeable and could have been prevented by proper consideration
when planning, erecting, loading, or dismantling the support work.

Given the documented impact of accidents, the influence of H&S on other project
parameters, the need for a multi-stakeholder approach to H&S, and the number of slab
and other collapses in South Africa in recent years, a study entitled ‘Support work and
formwork practices’ was conducted. The objectives of the study were to determine the:

e Importance of practices / aspects relative to optimum support work and
formwork;

e Performance of the South African construction industry relative to support work
and formwork practices / aspects, and

e Importance of various project parameters.

2. REVIEW OF THE LITERATURE

Support Work and Formwork Problems

Irwin and Sibbald (1983) cite a number of common problem areas.

Inaccurate estimation of the magnitudes and combined actions of probable loadings
represents an extremely common source of difficulty in support work design, and is often
the root cause of failures.

When systems that were used on a previous job are re-used, an inspection should be made

for rust cavitation, cracked elements, weld fatigue, bent crushed or buckled sections, and
generally damaged units, all of which reduce the load-carrying capacity of the scheme.
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Site supervision of the erection and dismantling is critical to ensure correct fabrication,
component use, foundation provision, plumbing of towers, and verticals, and leveling of
structures.

Wind loads are often as significant as vertical loads, particularly since schemes are
designed to withstand primarily vertical loading. Special care should be exercised
relative to free-standing support work and access scaffolds, especially in the absence of
vertical loading or where there are eccentric vertical force actions.

Foundation checks should be conducted in all cases, and often it is necessary to provide a
grillage even where the permanent structure foundations are available for a proportion of
the support work structure.

The overall stability of a support work structure should be examined. This is important in
the case of large systems, but equally so in the case of scaffolds, and portable inspection
and maintenance towers.

Support Work and Formwork Failures

According to the Advisory Committee on Falsework (1975) there are a variety of causes
for failures, but there are two common elements, namely technical error in design or
construction leading to the collapse, and procedural inadequacies which allowed the
faults to remain undetected and uncorrected. In general, no evidence of technical
‘unknowns’ were found, failures occurred because the known rules were not applied.
However, the HSE (2003) cites lack of coordination between the various trades and
suppliers of support work as a major cause of support work collapses.

The Advisory Committee on Falsework (1975) identified the following common
technical faults:

e Insufficient allowance for horizontal loads and general lateral and longitudinal
instability;

e Lack of appreciation of the possibility of progressive collapse;

e Overloading: inadequate or lack of design; adequate design, but actual loads differ
from the design loads, and the manner in which the load is applied differs from
the manner anticipated during design;

¢ Inadequate foundations;

Lack of support to beams, and inadequate allowance for their deflection,

particularly in the third dimension;

Instability of grillages;

Eccentricities and lack of fit during erection — tolerances not specified;

Faulty setting out;

Defective or inadequate materials, and

Incorrect sequence of dismantling.
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Procedural inadequacies include (The Advisory Committee on Falsework, 1975):

e Failure of communication: inadequate client briefing of designer; inadequate
design drawings or drawings liable to be misunderstood, and lack of feedback to
designers when site conditions were found to be different from those assumed,
and

e Failure of inspection: the design was not checked by a competent authority, or the
structure was not inspected after the erection.

Hadipriono (in Poon and Price, 1996) classifies the causes into enabling, triggering, and
procedural. Enabling causes are defined as events that contribute to the deficiencies in
the design and construction of the support work. These include inadequate: design; soil
foundation; cross-bracing, and design / construction of permanent structure. Triggering
causes are events that initiate support work collapses. Most of the causes are essentially
the result of excessive loads exerted during construction. The loads are usually not
expected or underestimated at the design stage, and hence they trigger a local failure,
which propagates a major collapse. Examples include: strong winds; impact loads during
concreting; vibration from equipment, and improper / premature removal of support work
components. Procedural causes are procedural in nature and do not directly cause the
support work to fail. However, the procedural errors are often hidden events that produce
the enabling and trigger events. Furthermore, they are not easily extracted from failure
reports due to a variety of reasons. Examples include: inadequate review of support work
design / construction; lack of inspection of support work during concreting, and
inadequate communication between parties involved.

Legislation

The Construction Regulations (South Africa, 2003) schedule a range of requirements
relative to clients, designers, and contractors.

In terms of Regulation 4 ‘Clients,’ clients are required to among other:

e prepare and provide the Principal Contractor (PC) with an H&S specification.
The PC

J in turn is required to provide an H&S plan in response to the H&S
specification;

e provide the PC with any information that may affect H&S;

e ensure that the PC implements and maintains H&S plan — conduct audits at least
monthly;

e stop work not in accordance with the H&S plan;

e provide sufficient H&S information when changes are made to design and
construction;

e ensure that PCs have made provision for the cost of H&S in their tenders;

e discuss the contents and approve the H&S plan, and

e appoint a PC that is competent and has the resources.
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In terms of Regulation 9 ‘Structures,’ designers shall, among other:

e make available all relevant information about the design such as: the soil
investigation report; design loadings of the structure, and methods and sequence
of construction;

e inform principal contractors of any known or anticipated dangers or hazards or
special measures required for the safe execution of the works;

e modify the design or make use of substitute materials where the design
necessitates the use of dangerous structural or other procedures or materials
hazardous to H&S;

e consider ergonomics throughout all phases of projects;

e carry out sufficient inspections at appropriate times of the construction work
involving the design of the relevant structure in order to ensure compliance with
the design and a record of those inspections is to be kept on site, and

e stop any contractor from executing any construction work which is not in
accordance with the relevant design.

In terms of Regulation 10 ‘Formwork and support work,” contractors shall among other,
ensure that:

e all formwork and support work operations are supervised by a competent person
who has been appointed in writing for that purpose;

e all formwork and support work structures are adequately designed, erected,
supported, braced and maintained so that they will be capable of supporting all
anticipated vertical and lateral loads that may be applied to them and also that no
loads are imposed onto the structure that the structure is not designed to
withstand;

e the designs of formwork and support work structures are executed with close
reference to the structural design drawings and where any uncertainty exists, the
structural designer should be consulted;

e all drawings pertaining to the design of formwork or support work structures are
kept on the site and are available on request by an inspector, contractor, client,
client's agent or employee;

e all equipment used in the formwork or support work structure are carefully
examined and checked for suitability by a competent person, before being used;

e all formwork and support work structures are inspected by a competent person
immediately before, during and after the placement of concrete or any other
imposed load and thereafter on a daily basis until the formwork and support work
structure has been removed and the results have been recorded in a register and
made available on site;

e if, after erection, any formwork and support work structure is found to be
damaged or weakened to such a degree that its integrity is affected, it shall be
safely removed or reinforced immediately;

e adequate precautionary measures are taken in order to: secure any deck panels
against displacement, and prevent any person from slipping on support work or
formwork due the application of formwork or support work release agents;
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e as far as is reasonably practicable, the health of any person is not affected through
the use of solvents or oils or any other similar substances;

e upon casting concrete, the support work or formwork structure should be left in
place until the concrete has acquired sufficient strength to support safely, not only
its own weight, but also any imposed loads and not removed until authorisation
has been given by the competent person;

e provision is made for safe access by means of secured ladders or staircases for all
work to be carried out above the foundation bearing level;

e all employees required to erect, move or dismantle formwork and support work
structures are provided with adequate training and instruction to perform these
operations safely, and

e the foundation conditions are suitable to withstand the weight caused by the
formwork and support work structure and any imposed loads such that the
formwork and support work structure is stable.

In terms of Regulation 9 ‘Structures,’ contractors shall ensure that:

e all reasonably practicable steps are taken to prevent the uncontrolled collapse of
any new or existing structure or any part thereof, which may become unstable or
is in a temporary state of weakness or instability due to the carrying out of
construction work, and

e no structure or part of a structure is loaded in a manner which would render it
unsafe.

Quality Management

Quality, which according to Crosby (1984) means conformance to requirements,
amplifies the need for H&S, as conformance to requirements entails inter alia,
conformance to national standards and other contractual requirements, legislation and, if
applicable, ISO environmental, H&S, and quality management systems. The findings
presented in the Investigation Report into the Injaka Bridge Collapse of 6 July 1998
(Department of Labour, 2002) reinforce and amplify the relationship between quality and
H&S, and bear testimony to the implications of non-conformance to requirements and the
lack of adequate quality and other management systems.

Design and Design Outputs

The client must provide the contractor with the exact details of the permanent structure,
including the philosophy of the design and details of any particular method or sequence
of construction, which must be used. Any particular environmental restraints should be
specified and information regarding soil and other conditions provided (The Advisory
Committee on Falsework, 1975).

The Advisory Committee on Falsework (1975) recommends that the contractor should

then provide the designer of the support work and formwork with a brief evolved from
the information provided by the client. The brief should refer to the materials and
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equipment that are or not available, and provide all the information needed to devise a
complete plan of the method of construction of the permanent and temporary works.

A check list of all the information required should be maintained: foundation and soil
conditions; local restrictions; restrictions on methods of construction; philosophy of
permanent works design; dead loading; available materials; available equipment; special
live loads and accepted tolerances (The Advisory Committee on Falsework, 1975). The
designer can then check what information is not available, which will enable the initiation
of a request for outstanding information. Furthermore, such a checklist complements a
documented QMS.

Designs, particularly those that involve the assembly of several parts, should be checked
by a competent person. This person may not necessarily be in the employ of the
contractor organisation, but an independent person. It is also recommended that the
designer of the permanent structure or the principal agent, check support work designs.
A designer of a permanent structure is well acquainted with the site and its special
problems, knows the details of the dead loads and the possible interactions between the
permanent and temporary works. Liability is an issue and therefore the designer of the
permanent structure or the principal agent will not ‘approve’ the design. Although the
prime responsibility must remain with the designer of the support work, the support work
design should be submitted to the designer of the permanent structure for comment.
Acceptance could be indicated by: ‘If you proceed on these lines I shall raise no
objection’. Ultimately, the designer of the permanent structure or the principal agent is
employed to look after the client’s interests — a support work collapse, which may result
in a delay, is not in the interests of the client (The Advisory Committee on Falsework,
1975).

Irwin and Sibbald (1983) identify the loads that a design should be cognisant of and
include where applicable: dead; imposed; live in the form of people; construction plant
and equipment; storage of materials; impact in the form of possible collisions with the
support work; vibrations, and other.

Responsibilities Relative to Support Work and Formwork

Irwin and Sibbald (1983) advocate that responsibility for the following be allocated:
e Design brief;

Concept of the design;

Design, detailing and specification;

Adequacy of the materials used;

Management (control) of maintenance, erection, and dismantling;

Checking of design, procurement and construction activities / operations, and

Issuing of formal permission to load and dismantle.

The Advisory Committee on Falsework (1975) recommends that a Temporary Works
Coordinator be appointed to oversee any support work related activity. Clearly, the
issues are integration, coordination, systems, procedures, and protocol.
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Realising Safe Support Work

The Advisory Committee on Falsework (1975) presented a range of technical
recommendations, recommended procedures, and education and training
recommendations. The categories of technical recommendations include: estimation of
loads; identifiable horizontal forces; 3% horizontal load rule; lateral stability; bracing and
lacing; longitudinal stability; selection of materials and equipment; proprietary
equipment; tolerances; factors of safety, and research and development. The categories
of recommended procedures include: choice of parties; the design brief; acceptance of
falsework drawings; loading of falsework; general site procedures; Temporary Works
Coordinator; summary, and responsibility and liability. Education and training
recommendations include: professional training; course standards; CITB facilities;
certification; incentives; time scale; financial arrangements; trade unions; need for a
textbook of falsework technology, and summary.

The HSE (2003) refers to planning, design, materials, erection, loading, striking and
dismantling, and training. Planning — all concerned should contribute towards the
preparation of a design brief, which should serve as the starting point for subsequent
decisions, design work, calculations, and drawings. Initial planning should address what
needs to be supported, how it should be done, and how long the support work will be
required. Design — all support work should be designed, which varies from the use of
simple tables and graphs, to site-specific design and supporting drawings. Particular
attention should be given to: stability requirements, lateral restraint and wind uplift on
untied decking components; designing such that support work can be erected, inspected,
and dismantled safely; selecting adequate foundations or providing information to ensure
adequate foundations are used, and providing the information that the temporary works
coordinator will need to manage the interface between the permanent structure and the
support work safely. Materials — should be strong enough for and stable in use; damaged
components should not be used, and different proprietary components should not be
mixed. Erection — before erection begins, a risk assessment should be conducted, and
safe work procedures and a method statement indicating how all the hazards will be
managed should be developed. Support work should be stable at all stages of erection
and should be regularly checked. Erectors should know: where to commence; whether
the equipment supplied is the same as that ordered; the stages when checks and / or
permits are required; and whether checks and permits have already been conducted and
issued respectively. Loading - upon completion, all support work should be inspected
and certified as ready for use. A written permit-to-load procedure is strongly
recommended. The frequency of subsequent inspections will depend on the nature of the
support work, but should enable any faults to be rectified promptly. Striking and
dismantling — a sequence for dismantling should be determined and detailed; the
temporary works coordinator should sanction the time of striking for each section of the
support work, and the safety of workers from falling objects should be assured. Training
— temporary works coordinators, supervisors and workers that erect, strike, and dismantle
support work should be competent and trained in the H&S of support work.
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Contributions to an Improvement in Support Work and Formwork

Many of the recommendations made by the Advisory Committee on Falsework (1975)
will contribute to an improvement in support work and formwork. These include the
following: the design of all support work regardless of scale; research relative to the
actual loads experienced relative to support work; optimum communication between
designers and others on and off site; inclusion of training in safe work procedures (SWPs)
in support work and formwork technology and practice; instruction in the special features
of support work in civil engineering and architecture education; the requirement of the
design of support work to be included with the design of the permanent works as
evidence of professional competence; the provision of short courses in support work for
engineers and architects; training in support work for operatives and first line supervisors,
the assessment of their performance and certification thereof; the development of a
support work handbook and data sheets, and the development of a support work textbook.

3. RESEARCH
Sample Stratum and Response

The sample stratum consisted of sixty-four delegates attending three half-day support
work and formwork seminars and two five-day Client Appointed H&S Agent Certificate
Programmes presented by the authors. A survey questionnaire was circulated at the
inception of each of the half-day seminars to avoid any possible influence of the
respondents’ responses as a result of the seminar contents. Sixty-one questionnaires were
included in the analysis of the data, which equates to a response rate of 95.3 %. Although
the sample stratum could be termed a ‘captive audience’, given the nature of the seminars
and programmes, the respondents are likely to constitute the more committed built
environment practitioners in terms of support work and formwork, and H&S.

Analysis

The analysis of the data consisted of the calculation of descriptive statistics to depict the
frequency distribution and central tendency of responses to fixed response questions.

Findings

Table 1 indicates that the contractor, engineer, public sector client, and private sector
client stakeholder groups predominate among respondents.

Table 1: Respondents’ stakeholder group.

Discipline (%)
Architect 33
Contractor 30.0
Engineer 20.0
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Insurer 0.0

Project Manager 13.3
Private sector client 6.7
Public sector client 15.0
Quantity Surveyor 6.7

Other 13.3

Table 2 indicates the importance of five parameters in terms of percentage responses to a
range of 1 (not important) to 5 (very important), and in terms of a mean score ranging
between 1.00 and 5.00. It is notable that the mean scores are all above the midpoint score
of 3.00, which indicates that in general the respondents can be deemed to perceive the
parameters as important. However, given that the mean scores for the top four
parameters, including project H&S, the partial subject of the study, are > 4.20 < 5.00, the
respondents can be deemed to perceive them to be between more than important to very
important / very important. Given that the mean score for environment is > 3.40 < 4.20,
the respondents can be deemed to perceive it to be between important to more than
important / more than important. It is significant that the traditional project parameters in
the form of quality, time, and cost, are ranked in the first three. Furthermore, it is notable
that the partial subject of the study, project H&S, has a mean score only 0.28 below that
of another partial subject of the study, first ranked project quality — project quality is
effectively only 8.4% more important than project H&S. This is a lesser percentage than
that determined in a study conducted among construction project managers, which
determined that project quality was effectively 14.2% more important than project H&S
(Smallwood and Haupt, 2006). However, that study also determined that project time
and project cost were effectively 24.8% and 23.1% more important than project H&S,
which is not the case in the study reported on below. In fact the mean score of project
cost is only 0.03 higher than that of project H&S.

Table 2: Importance of project parameters to respondents’ organisations

Response (%) Mean | Rank
NOteeeiueeiieriiiiiieneineennnns Ve | score
Parameter
Unsure ry
1 2 3 4 5
Project quality 1.6 00] 00| 33 | 246 | 70.5 | 4.61 1
Project time 1.6 0.0 00| 1.6 | 36.1 | 60.7 | 4.52 2
Project cost 3.3 1.6 1 0.0 | 49 | 31.1 | 59.0 | 4.36 3
Project H&S 1.6 00| 33| 82 | 32.8 | 54.1 | 433 4
Environment 1.6 0.0 82 | 23.0 | 31.1 | 36.1 | 3.90 5

Table 3 provides a comparison of the importance of practices/aspects relative to optimum
support work and formwork with the rating of performance relative thereto in South
African construction in terms of a mean score ranging between 1.00 and 5.00. In the case
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of the importance of practices/aspects the mean score is based upon the percentage
responses to a range of 1 (not important) to 5 (very important), and in the case of the
rating of performance, the percentage responses to a range of very poor to excellent.

It is notable that the mean scores for fourteen of the sixteen factors/aspects are > 4.20 <
5.00, which indicates that the respondents can be deemed to perceive them to be between
more than important to very important / very important. Given that the mean scores for
maintenance and testing of components are > 3.40 < 4.20, the respondents can be deemed
to perceive them to be between important to more than important / more than important.
However, it should be noted that their mean scores are marginally below the cut point of
4.20.

Five of the sixteen ratings are above 3.00, which indicates that in general the South
African construction industry is deemed more poor than good in terms of support work
and formwork practices / aspects.

Only one mean score, namely QMS (Structural design) is > 3.40 < 4.20, and thus can be
deemed to be rated average good. The factors / aspects ranked second to fourteenth have
mean scores > 2.60 < 3.40, and thus can be deemed to be rated between poor to average /
average. The factors / aspects ranked fifteenth and sixteenth have mean scores > 1.80 <
2.60, and thus can be deemed to be rated between very poor to poor.

It is notable that the performance rating is lower than the degree of importance relative to
all practices / aspects. Furthermore, on a scale of 1.00 to 5.00, the mean performance
rating is 33.4% lower than the mean degree of importance of practices / aspects.

There is less than five absolute percent difference between the differences relative to the
first and seventh ranked practices / aspects. Testing of components which has the highest
difference, is necessary to assure that components are adequate. The Advisory
Committee on Falsework (1975) identified defective or inadequate materials in terms of
common technical faults in terms of the causes of support work failures. Furthermore,
the Construction Regulations (Republic of South Africa, 2003) require that all equipment
used in the support work structure are carefully examined and checked for suitability by a
competent person before being used. Second ranked maintenance is important in that
damaged or deteriorated components and materials can be identified and remedial work
or scrapping precipitated. Third ranked safe work procedures (SWPs) are a requirement
in terms of the Construction Regulations and are necessary to assure healthy and safe
work and reduce risk as a result of related hazards. With respect to fourth ranked
dedicated support work supervision, the Construction Regulations require that support
work operations are carried out under the supervision of a competent person who has
been appointed in writing for that purpose. Fifth ranked foundation is important as the
support work bears thereon. The Construction Regulations require that the foundation
conditions are suitable to withstand the weight of the support work and any imposed
loads and that support work is stable. Furthermore, The Advisory Committee on
Falsework (1975) identified inadequate foundations in terms of common technical faults
as a cause of support work failures. Sixth ranked reconciliation of erected with design is
an essential intervention in terms of quality management and a QMS. Furthermore, with
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respect to loading upon completion of the erection of support work, the HSE (2003)
states that support work should be inspected and certified as ready for use. Seventh
ranked back propping layouts are important as inappropriate striking can compromise the
permanent structure. The Construction Regulations require that upon casting concrete,
the support work should be left in place until the concrete has acquired sufficient strength
to support safely, not only its own weight, but also any imposed loads and should not be
removed until authorisation has been given by the appointed competent person. This
implies that a structured approach should be adopted. Joint eighth ranked H&S
Management System is important as such a system provides inter alia, the framework for
all H&S related activities and interventions, including procedures. The other joint eighth
ranked practice / aspect, periodic inspections, is explicitly addressed by the Construction
Regulations - support work should be inspected by a competent person immediately
before, during and after the placement of concrete or any other imposed load, and
thereafter on a daily basis until the support work has been removed and the results have
been recorded in a register and made available on site. Tenth ranked condition of
components is similar to testing of components as it is necessary to assure that
components are adequate. As previously stated, The Advisory Committee on Falsework
(1975) identified defective or inadequate materials in terms of common technical faults in
terms of the causes of support work failures. Furthermore, the Construction Regulations
(Republic of South Africa, 2003) require that all equipment used in the support work
structure are carefully examined and checked for suitability by a competent person before
being used. Eleventh ranked project H&S plan is a requirement in terms of the
Construction Regulations (Republic of South Aftrica, 2003). Such a plan should address
inter alia, temporary works, including support work. Furthermore, H&S plans constitute
the operational framework relative to projects in terms of an H&S Management System.
The twelfth ranked QMS (Support work design) is important as there are a range of
contributors involved in the process and of processes and factors to be considered. The
range of common technical faults identified by The Advisory Committee on Falsework
(1975) in terms of the causes of support work failures amplifies the importance of
thirteenth ranked scientific support work design, inter alia, insufficient allowance for
horizontal loads and general lateral and longitudinal instability, and overloading —
inadequate or lack of design. Sound structural design, ranked fourteenth, is important as
The Advisory Committee on Falsework (1975) identified insufficient allowance for
horizontal loads and general lateral and longitudinal instability as causes of support work
failures. Furthermore, the Construction Regulations require that support work structures
inter alia, are adequately designed, so that they will be capable of supporting all
anticipated vertical and lateral loads and also that no loads are imposed onto the structure
it is not designed to withstand. Fifteenth ranked QMS (Construction), as QMS (Support
work design) is important as there are a range of contributors involved in the construction
process and of processes and factors to be considered including support work. Sixteenth
ranked QMS (Structural design) is important as should the design of the permanent
structure be inadequate, the permanent structure is likely to fail upon the support work
and formwork striking it.
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Table 3: Comparison of the importance of practices / aspects relative to optimum
support work and formwork with the rating of performance relative thereto in
South African construction.

Importance Rating Difference
Practices / Aspects Mean | Rank | Mean | Rank | Neg | Rank
score score %
Testing of components 4.11 16 2.43 16 40.8 1
Maintenance 4.18 15 2.52 15 39.6 2
Safe work procedures 441 6 2.71 13 38.5 3
Dedicated support work supervision | 4.25 12 2.63 14 38.1 4
Foundation 4.55 2 2.85 8 37.4 5
Reconciliation of erected with design | 4.30 8 2.71 12 36.9 6
Back propping layouts 4.25 13 2.72 11 36.1 7
H&S Management System 4.28 9 2.77 10 353 8=
Periodic inspections 4.41 7 2.85 7 35.3 8=
Condition of components 4.22 14 2.80 9 33.6 10
Project H&S plan 4.26 11 2.88 6 324 11
QMS (Support work design) 4.53 3 3.22 4 28.8 12
Scientific support work design 4.28 10 3.06 5 28.5 13
Sound structural design 4.57 1 3.35 2 26.6 14
QMS (Construction) 4.42 5 3.25 3 26.5 15
QMS (Structural design) 4.51 4 3.54 1 21.5 16
Mean 4.34 2.89 334

4. CONCLUSIONS AND RECOMMENDATIONS

The traditional project parameters of quality, time, and cost, are more important than
H&S relative to support work and formwork. However cost is only marginally more
important which indicates that the delegates are likely to constitute practitioners that are
intimately involved with support work processes and / or are the more committed in
terms of H&S.

A range of support work and formwork practices / aspects which have been addressed by
inter alia, The Advisory Committee on Falsework (1975), and the Construction
Regulations (Republic of South Africa), are perceived to be important. Thus it can be
concluded that the practices / aspects should be focused upon and addressed in the
temporary works section of project H&S plans. Furthermore, the implementation of
QMSs in design and construction is imperative. However, such QMSs should be
complemented by H&S Management Systems. The QMSs and the H&S Management
Systems should link all the stages in the support work and formwork process.

Based upon the ratings it can be concluded that overall, the performance of the South
African construction industry relative to support work and formwork is perceived to be
poor as opposed to good. Furthermore, the industry does not adopt a formal structured
approach thereto — Quality and H&S Management Systems, scientific design, dedicated
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supervision, project H&S plans, reconciliation of support work with design, safe work
procedures, inspections, maintenance, and testing.
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AFFECTS OF GLOBALISATION ON THE
MANAGEMENT OF HEALTH AND SAFETY IN
ENGINEERING AND CONSTRUCTION PROJECTS
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ABSTRACT

Improvements in communication, transport and growth of developing countries have
collectively given rise to the term globalisation with much of the work of global
organisations is being done in developing countries. Multinational engineering and
construction organisations have sought to work with consistently high standards
irrespective of the location where the work is undertaken or the make-up of the workforce
available to them. A different approach to the management of health and safety is
required and Loughborough University investigated this in their Constructing Global
Safety project, identifying twelve key areas to be addressed: infrastructure; politics and
security; vocational skills; language and literacy; workers and their families; weather;
local practices; PPE and use of equipment. These areas were used to develop a
questionnaire used in the Global Safety project to obtain views on how these impacted on
site health and safety. The same questionnaire has subsequently been used in workshops
and master classes delivered to health and safety professionals in Europe and the United
Kingdom to further investigate these key areas.

This paper looks at the results of the post Global Safety project research and the areas of
research (migrant workers, visual communications) that have opened up as a result of the
initial project.

Keywords: Globalisation, Health & Safety, Corporate Governance

1. INTRODUCTION

Improvements in communication (e-mail, mobile technologies and the Internet) transport
(budget air travel, development of road networks) and growth of developing countries
have collectively given rise to the term globalisation. New information and transportation
technologies have reduced transportation, telecommunication and computation costs. As
a result, economic distances have shrunk and coordination problems have diminished
(Venn-Groot and Nijkamp 1999). It is projected that by 2010, an average computer will
have 10 million times the processing power of the machine available in 1975 (Yusuf
2001). Moreover, the world wide web took just 3 years from its launch in 1989 to reach a
global audience of 50 million and Internet traffic is doubling every 100 days. By
comparison it took the radio 37 years to reach a comparable audience and even television
required 15 years (Coyle 2000).
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Much of the work of global organisations is now done in developing countries and this
has led to an increase in the construction of large facilities across the globe. Within this
new environment, multinational engineering and construction organisations have sought
to carry out their operations with consistently high standards irrespective of the location
where the work is undertaken or the workforce available to them.

To meet these demands a different approach to the management of health and safety is
required (Bust et al, 2006). Loughborough University investigated this in its Constructing
Global Safety project, identifying, through a series of interviews and workshops with
health and safety professionals with experience of working in developing countries,
twelve key areas that they considered affected their management on construction and
engineering projects: infrastructure; politics, security; vocational skills; language and
literacy; workers and their families; weather; local practices; PPE and use of equipment.

2. QUESTIONNAIRE

Following the initial interviews and workshops on the Global Safety project a two page
questionnaire was developed to be used on site visits and when subsequently interviewing
health and safety professionals with experience in working in developing countries. The
first page of the questionnaire contained 20 questions regarding experiences of working
in developing countries. A division of the questions was embedded in the questionnaire
with 5 sets of 4 questions on different categories. The categories were — Individual, Task,
Equipment, and Organisation and Environment. An investigation of these categories is
required in order to understand any work system and its affect on workers (Smith &
Carajon-Sanfort 1989). The majority of the ‘Global Project group were project-based
health, safety and environmental managers. A further study, using the same
questionnaire, was completed at the European Construction Institute’s international
conference in Delft, The Netherlands. These respondents were mainly senior project
managers, consultants or board members.

3. RESULTS

At the end of the questionnaire a series of questions were added to obtain information
about the respondents as shown in Table 1.

Table 1. Respondents profile from the two groups

Global Project Group Delft Group
No. of respondents 87 21
Average age 48 54
Years in developing countries 11% 2
Main role HSE managers Project managers/
consultants
No of countries worked in 44 25
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Global Project responses are shown on the left and Delft Conference responses appear on
the right. Disagreement with the statement is shown in Black, whereas agreement is

shown in White

Questions relating to the individual
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Questions relating to the equipment

Global Project responses are shown on the left and Delft Conference responses
appear on the right. Disagreement with the statement is shown in Black, whereas
agreement is shown in White

9.2
, , y PN 28.6 \
Construction vehicles were
used in a safe manner . ‘ 47.6
72.4
. 18.4

Workers were able to provide the

standard of electrical work required 28.6 DZ 28.6
13.8

Workers were familiar with any

computer-operated systems used 35.6 414

Worker use of power tools
was satisfactory
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Questions relating to the organisation

Health and safety priorities were the same
as for those on projects in developed countries

Equipment normally used in

developed countries was not available 429 429
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Workers were able to adopt shifts and
working times proposed
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The amount of health and safety training

was greater than in developed countries 32.2 381
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Questions relating to the environment

Global Project responses are shown on the left and Delft Conference responses
appear on the right. Disagreement with the statement is shown in Black, whereas

agreement is shown in White

©
o
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Summary of Responses to questions 1 to 20. The overall trends from the question

responses are as follows:
— Individual — Disagreement between groups on two of the four questions
— Task — Disagreement on three of the four questions
= Equipment — Disagreement on all of the questions

= Organisation — Strong disagreement on one of the four questions

= Environment — Strong disagreement on one question and disagreement on one

question

Questionnaire - Part Two Responses.

In the second part of the questionnaire the respondents were asked to describe any
initiatives that were successful in overcoming barriers to implementing health and
safety in the countries where they had worked. Their responses are shown in Figures

1 and 2.
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Workers included
Adapting to local in safety teams, 5

conditions, 6 _\
Safety contests /
awards, 7
Beahvioural safety
programmes, 8
Provding PPE, 8—/
Safety promotion /
~Incentive Schemes,
18
Regular safety
meetings with / \

Training / Toolbox
talks, 27

workers, 10

Choice of

Site safety supervisor, 12

inductions, 10

Initiative category Number of responses

Training/ toolbox talks 27

Safety promotion/incentive schemes 18

Choice of supervisor 12

Site safety inductions 10

Regular safety meeting with workers 10
Providing ‘good’ PPE 8
Behavioural safety programs 8
Safety contests/awards 7
Understand and adopt local conditions 6
Include workers/unions in safety team 5

Figure 1 - Initiatives that worked well — Global Project
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Bad practice

Buy local
scaffold museum at .
company, 1 entrance, 1 Incentives /
Awards, 8
Inductions, 2 /
Vetting sub

contractors, 3

Local staff, 3/

Extra training /
Education, 6

Control of PPE,/
4

vy

Translatlon of Toolbox talks, 5
safety material,
4

Initiative category Number of Responses

Incentives/Awards 8

Extra training/education

Toolbox talks

Translation of safety materials

Control of PPE

Local staff

Vetting sub contractors

Inductions

— N W[ W KB [W

Buy local scaffold company

‘Bad-practice’ Museum at entrance 1

Figure 2 - Initiatives that worked well — Delft Conference
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4. DISCUSSION

In order for the management of health and safety to be successful in an organisation,
commitment to health and safety is required at all levels of management and throughout
the workforce. From the Global Safety project, it was clear that this commitment existed
but the results from the questionnaire cast doubt upon the understanding of the problems
that exist in developing countries by those in higher levels of management who are
remote from the projects.

Responses to the questionnaire from the two groups showed there to be disagreement on
12 of the 20 topics. This included polarised views on the subject of health and safety
priorities and health and safety enforcement. A summary of the groups’ views is given
below.

Questions relating to the individual

The groups disagreed on two of the four subjects. The Delft group strongly believed that
workers’ perceptions of risk were the same in developing countries as that in developed
countries while the Global group strongly disagreed with this. The Delft group strongly
believed that skill levels did not affect health and safety and the Global group had no
strong views on this.

Both groups strongly believed that women working on construction sites posed a risk to
health and safe but when it came to the workers general health affecting their work on
site, neither group had a strong view either way.

Questions relating to the task

On three of the four questions there were strong views by one group which were not held
by the other group. The Delft group strongly believed that manual handling was the same
as in developed countries while the Global group had no strong views. The Global group
strongly believed that lifting operations were not carried out the same as in developed
countries while the Delft group believed they were. The Delft group strongly believed
that traditional or local methods posed no health and safety risk while the Global group
had no strong views on this.

Questions relating to equipment

There was no agreement between the two groups on any of the questions relating to the
use of equipment. The Global group had strong concerns over the use of construction
vehicles, the standard of electrical work and the use of power tools. The Delft group had
no strong views on any of these areas and thought that vehicles were used in a safe
manner.
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Questions relating to the organisation

There was general accord between groups on three of the four questions but strong
disagreement on the fourth one. The Global group strongly disagreed that health and
safety priorities were the same as for projects in developed countries while the Delft
group strongly believed they were the same.

Both groups strongly believed that workers were not able to adopt the proposed shifts and
working times.

Questions relating to the environment

The group disagreed on two of the questions. The Global group strongly disagreed that
National and Regional health and safety regulations were enforced by the relevant
authorities while the Delft group strongly believed that they were enforced. The Global
group strongly disagreed that workers’ families had a greater influence over them in
developing countries while the Delft group believed they did have a greater influence.

Both groups strongly believed that the client in developing countries was not supportive
of health and safety initiatives.

Initiatives that worked well

There was some agreement between the two groups with what initiatives worked well in
developing countries. Both groups emphasised the importance of incentives, training and
toolbox talks. Both groups referred to the importance of controlling personal protective
equipment, site inductions and choice of supervisors.

From the lists of initiatives that worked well, safety incentives and awards were top
among the more senior managers while they were further down the list for those currently
working in developing countries. It is possible that, in a more competitive market, the
health and safety managers are now unable to fund the same type of initiatives as in the
earlier run projects.

Communication and awareness between managers

Research has shown that there can be differences in awareness between mangers at
various levels of organizations. Executives closest to the top of the organisation are most
aware of its strategy (Hambrick 1981). The questionnaire results would suggest that, in
the case of working in developing countries, at levels closer to the top of a construction
organisation the awareness of factors affecting health and safety on site decrease.

In the ‘house of safety’ analogy produced by Jorma Lappalainan (2006) the commitment,
co-ordination and staffing for safety are shown as the basement (see Figure 3) or
foundation of the safety system. These areas all depend on how the key issues will affect
health and safety on the project, and how they are understood by the operational and
overseeing managers.
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Safety training and education

Staffing for safety
Co-ordination and mangement
of safety on site

Demonstrated management
commitment

Figure 3 - Extract from the Lappalainan’s House of Safety

These results alone are not sufficient to say that a problem exists that could impact the
successful management of health and safety when working in developing countries. A
more detailed investigation of the roles of different layers of management within these
organisations would be required to show if a problem existed. It is better to assess how
well information flows within the organisation rather than discover, after the event, that
the warning messages from the safety manager were disappearing (Wagenaar and
Hudson 1998)

While the above situation affects the management of health and safety as a whole, work
has progressed on two areas of research affecting i) communication of health and safety
information on site (Bust et al. 2007) and 1ii) the health, safety and welfare of migrant
workers in the UK (Dainty et al. 2007)).

The first area was developed from discovering that the projects visited in developing
countries used visual methods to overcome communication barriers associated with
managing multicultural/multilingual workforces. The second area was also associated
with the Global Safety projects, as migrant workers were used extensively on the projects
visited in the United Arab Emirates and Qatar, together with a concern in the UK
construction industry that the growth of the migrant workforce in recent years may have
an adverse affect on health and safety.
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5. CONCLUSIONS

The questionnaire results proved to be useful in confirming the majority of the concerns
voiced by managers in the early workshops carried out. Later results from the Delft
conference have identified a new concern — that there may be a difference in
understanding between those carrying out management of health and safety in developing
countries and those managers that may be overseeing this work.
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ABSTRACT

Traditionally, strategies to improve construction safety have been based on a normative
paradigm (compliance with prescribed safety rules). This approach has resulted in
significant improvements, but it also has theoretical and practical limitations. The
challenge for construction researchers and practitioners is to develop work systems that
are at the same time more productive and more resilient. To this end, this paper proposes
a cognitive approach to construction safety based on developments in several sectors.
This approach considers safety as an emergent property of the production practices and
the teamwork behaviors of the work crew. The cognitive perspective shifts the focus of
accident prevention from conformance with prescribed behaviors to the task demands and
capabilities, and the factors affecting them—such as task design, work distribution and
workload, and the team processes that help crewmembers cope with the task demands.
Based on this approach, the paper identifies new research directions for accident
prevention.

Keywords: Cognitive approach, Task demands, Production practices, Team processes.

1. INTRODUCTION

In the U.S., construction accidents remain a significant economic and social problem,
with over 400,000 injuries and 1,200 deaths annually (BLS 2007). Compared to the high
risk sectors, construction involves frequent but relatively small scale accidents, with
many and diverse hazard sources. Construction work involves a large number of work
processes that need to adapt to the project-specific requirements and context. As a result,
construction work processes are loosely-defined, unlike the well-defined procedures of
the high-risk systems (such as aviation, nuclear and chemical plants). Furthermore, the
complex, dynamic, and often unpredictable construction tasks and environments,
combined with high production pressures and workload create high likelihood of errors.
With the continuous pressures for speed, productivity and competitiveness, the challenge
for construction researchers and practitioners is to develop work systems that are
simultaneously highly productive and highly reliable and can function safely and
effectively in the dynamic, complex and competitive conditions of construction projects.
This requires a more fundamental understanding of the workplace elements and processes
that generate accidents, and new approaches to accident prevention and work.
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This paper introduces a cognitive approach to construction accidents, and identifies
strategies for accident prevention. The paper reviews developments in accident
prevention in other sectors, and identifies several important factors that affect the
likelihood of accidents, but have been neglected in the construction safety theory and
practice. Based on the background, a cognitive perspective of construction accidents is
developed and new improvement strategies are identified.

2. SAFETY RESEARCH PARADIGMS

Rasmussen (1997) identifies three paradigms in the evolution of research on accidents
and occupational safety. The first paradigm focuses on normative, prescriptive theories
concerning the way people ought to act. Efforts to prevent occupational accidents focus
on task design and safe rules of conduct—they attempt to control behavior through
normative instruction of the ‘one best way,’ selection and development of ‘competent’
personnel, and motivation and punishment. The current safety practices in the
construction sector are grounded on this safety paradigm.

The second paradigm focuses on descriptive models of work behavior in terms of
deviations from the normative, ‘best way’ of working—that is errors and biases. This
paradigm guides efforts to control behavior by removing causes of errors. It includes
studies of errors (Rigby 1970, Rasmussen et al.1981), management errors and resident
pathogens (Reason 1990).

The third paradigm takes a cognitive approach to safety. The cognitive approach focuses
on the interaction of the individual and the work system. It is concerned with the
characteristics of the work system (the features of the task, tools and environment) that
influence the individual decisions and actions and the possibility of errors (Rasmussen et
al. 1994). From a cognitive perspective, an error is not a ‘human failure’ but a symptom
of a problem in the work system (Dekker 2005).

This paradigm provides descriptive models of work behavior in terms of the behavior-
shaping features of the work environment. Such models include the risk homeostasis
theory (Wilde 1985), Rasmussen’s (1997) model of migration to accidents (described
below), and the Task-Capability Interface Model (Fuller 2005). The cognitive approach
to safety attempts to prevent accidents by increasing the workers’ ability to successfully
adapt to the work environment. It aims at making visible the constraints and work
affordances of the workplace (Flach et al. 1998).

Current strategies for construction accident prevention

The current safety practices in the construction sector are based on the normative
approach. They focus on measures to control hazards, and means to control workers’
behaviors so that they comply with prescribed safe practices. This approach emphasizes
(1) management commitment and policies to prevent unsafe conditions and (2) workers’
training and motivation to prevent unsafe behaviors. Safety programs—such as
contractor’s selection, training, inspections, motivation, enforcement, etc., as well as
efforts towards safety culture, and behavior-based safety aim at increasing the workers’
compliance with prescribed ‘safe behaviors.’
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Organizational factors associated with safety performance include top management’s
attitude towards safety (Levitt 1975), organizational culture (Molenaar et al. 2002), safety
climate (Mohamed 2002), and the owner’s role in safety (Huang and Hinze 2006).
Individual factors focus on competency, attitudes, and behaviors and are addressed
through training, retention, selection and motivation programs. Researchers have
examined the role of design in construction safety (Hinze and Wiegand 1992, Gambatese
2003) and the importance of work method (Everett 1999) and proposed technological
interventions to improve safety. More recently, Mitropoulos et all (2005) have
highlighted the importance of errors that lead to loss of control and accidents.

These practices have contributed to the reduction of accidents, but also have significant
theoretical and practical limitations as they do not account for the production factors that
shape the work behaviors, they ignore the importance of production practices and
teamwork on the likelihood of accidents, and they do not prevent or manage errors. The
next section reviews safety research from several sectors and develops a new
conceptualization of safety as an emergent property of the social and production system.

3. DEVELOPMENTS IN OTHER SECTORS
Migration to Accidents

Rasmussen’s model of ‘migration to accidents’ (Rasmussen et al 1994) describes how the
pressures for efficiency, and the tendency for least effort, cause the work behaviors to
systematically migrate closer to the limit of loss of control. Figure 1 illustrates how
safety programs attempt to counter the above pressures and prescribe ‘safe behaviors’
away from the boundary. However, the safety efforts need to be continuous as there is
continuous tension between safety and production and in the short-term, such conflicts
are usually resolved in favor of production, because production efforts have relatively
certain outcomes and receive rapid and rewarding feedback (Reason 1990).

Efforts to improve safety through )
. Boundary to economic

technical advancements (new methods, | Boundary of breakdown

and improved safety features) tend to be | functionally~ Migration

ineffective because of human adaptation aEZEgt/aizlre tow:;;iolrteast

that compensates for safety s .

improvements. Thus, the behavior Local possibﬁiztii(;z:ihoice

migrates close to the new boundary of | accidents according to

loss of control. This phenomenon of preferences

‘risk homeostasis’ has been observed in Management

transportation, navigation and traffic | Boundary of safe pressure toward

research and explains why technological behavior as efficiency_~Bsundary to

safety improvements have not generated deflcr;emdptzgs:sfety unacceptable workload

the expected improvements in safety
(Wilde 1985, Taylor 1981, Fuller 2005).
The adaptive human behaviors require
that safety improvements to be directed

Figure 1. "Migration to Accidents" model of work
behavior (Rasmussen et al 1994)

toward the control of performance in interaction with the work environment, and
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effective error management to prevent loss of control. Furthermore, developments in
decision making theory (Naturalistic Decision Making), increasingly consider the human
interaction with the environment as a continuous dynamic control task, that does not
involve conscious decision-making or risk-assessment—workers immersed in the
dynamic flow of work do not make decisions based on careful situation analysis but on
know-how, heuristics, and a perception of dynamic control (Rasmussen et al 1994).

The Task Demand-Capability Model

In traffic research, the risk homeostasis theory (Wilde 1985, Taylor 1981) proposed that
drivers adapt their behavior to maintain an ‘acceptable level of risk.” Recent research
supports the argument that drivers adjust their behavior based not on the perceived ‘risk
of crash,” but on the perceived task difficulty. The Task-Capability Interface (TCI)
model (Fuller 2005) proposes that drivers adjust their behavior (e.g., by changing their
speed) to control the perceived task difficulty. The TCI model provides a new
conceptualization of the driving task, the determinants of driver task difficulty, and the
process by which collisions occur.

At the heart of the TCI model is the interface between (a) the demands of the driving task
to achieve a safe outcome and (b) the capability applied during the task. When the
Capability exceeds Task Demand, the driver has control of the situation. As Figure 2
shows, when Task Demands exceed Capability, the result is loss of control, which may
result in a crash unless there is a
compensatory action. Task Demands
are determined by factors related to the
vehicle, the road, the traffic conditions,
the speed, and other tasks that the To>c_p| LOSSOf
driver may perform (talking on a cell Control
phone). The driver’s speed has a
central role in safety and is affected by
the driver’s goals (such as minimizing
time to arrival), and motives inherent in
the behavior of human beings when in
movement, such as maintaining speed
and conservation of effort. The capability applied during the task depends on the driver’s
competency (training and experience), the level of activation, and human factors (fatigue,
etc.). Task Demand and Capability are not independent—changes in the perceived task
demand, change the driver’s level of activation and consequently the Capability. The
level of Task Difficulty and Capability changes over time, as both the driving conditions
(road, environment, traffic, speed) and the capability-related factors (fatigue, level of
activation) change. To maintain control, it is essential that the driver has effective
feedback to correctly assess and anticipate the task demands.

CAPABILITY

No
accident

Collision

TASK
DEMAND

Figure 2. The TCI model
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Effect of Production Practices

In contrast to the well-defined procedures of the high-risk systems, the loosely-defined
construction work processes allow the work crews many degrees of freedom in how they
organize and coordinate the work. As a result, construction crew practices determine
largely how the actual work is structured and coordinated (such as task allocation,
sequencing, workload and pace, work coordination, collaborative behavior, etc.) and
consequently they shape the work situations that the workers face. For these reasons,
crew coordination and communication are essential for effective and safe performance of
construction crews. In terms of production factors, Hinze and Parker (1978) found that
job pressures and crew competition are related to more injuries, and suggested that job
practices are more important than safety policies in preventing accidents. Despite their
importance, construction safety has ignored the effect of crew work practices on accident
prevention.

Lean Production. Lean production practices are increasingly accepted in the construction
sector, as an opportunity to reduce waste and add value in infrastructure projects. The
Lean Construction Institute (LCI) developed the Last Planner system of production
control (Ballard and Howell 1998) which provides a set of principles for assignment
planning. The Last Planner emphasizes the quality of work assignments as the primary
means to reduce variability and increase process speed and productivity. The effect of
the Last Planner on safety has been investigated by one study in Denmark (Thomassen et
al, 2003). The study found that crews using Last Planner had about 45% lower accident
rate than crews in the same company performing similar work, who did not use the Last
Planner system. However, the study did not investigate the mechanisms that generate this
outcome.

Effect of the Social Environment

In a study of industrial accidents, Dwyer and Raftery (1991) found that accidents are
produced by the social relations at work, and argued against the more traditional
perspective that accidents are mainly produced by unsafe acts and conditions. Wright’s
(1986) study of accidents in the oil industry reached a similar conclusion, while trying to
understand why contract employees had a disproportionately high rate of accidents
compared to regular employees. Wright discovered that production pressures and a focus
on work speed encouraged the development of shortcuts, which eventually became
accepted as normal operating conditions. For regular employees who were familiar with
the plant conditions and processes, this did not present a problem. The shortcuts were
much more hazardous for contract employees who were not part of the informal network
of communications in the plant and were unaware of the potential risks associated with
the shortcuts. Other occupational safety research also found that social support from
supervisor and coworkers reduces injuries (Iverson and Erwin 1997). In construction,
Hinze and Gordon (1979) and Hinze (1981) reported that good working relationships
with the foremen and other crew members were significantly related to reduced
accidents.

186



Crew Resource Management (CRM) in Aviation

Reducing human error is a primary concern for commercial and military aviation. The
analysis of aviation accidents conducted by NASA in the late 70’s, resulted in the
development of the CRM training system to increase the ability of the crew to
collectively identify threats and manage errors (Helmreich et al. 1999). CRM emphasizes
the non-technical skills and team processes (Klampfer et al 2001), such as crew briefings,
contingency planning, workload management, cross-monitoring, communicating
intentions, and asssertiveness. These behaviors, develop a shared mental model, facilitate
effective workload management, and establish ways to collectively detect and correct
errors. CRM has been implemented in sectors that require effective group interaction in
complex environments, such as hospital operating teams (Helmreich and Schaefer 1994),
emergency response teams (Morey et al. 2002), nuclear power operation centers, and
offshore oil platforms (Flin 1997).

High Reliability Organizations

High Reliability theory investigated the characteristics and operating principles of
organizations such as nuclear power plans and aircraft carriers (Rochlin et. al 1987,
Weick and Sutcliffe 2001), which operate under extreme conditions, and perform
complex processes with a surprising low rate of serious incidents. HROs use different
organizational structures under different situations (centralized under normal conditions
but decentralized under crisis), extensive training, and job rotation, while at the same
time they create a homogeneous set of assumptions and decision premises which enable
integration and coordination during crisis. Based on the previous background, the next
section synthesizes a model of construction safety that is grounded on the cognitive
perspective and considers the likelihood of accidents as a result of the production and
teamwork practices of a team.

4. A COGNITIVE MODEL OF CONSTRUCTION SAFETY

The background provides the following foundations for the development of the cognitive
model for construction safety:

e A construction task is conceptualized as a dynamic interaction between the
worker and the elements of the task and the environment (the tools, materials,
physical environment and other workers).

e During Task Interactions, the worker has a dual goal—to satisfy production goals
and avoid injury.

e Accidents are a result of loss of control when Task Demands exceed Capabilities.
Consequently, the likelihood of accidents during a construction operation depends
on the Task-Capability Interface (TCI).

This conceptualization is a significant departure from normative models. From this
perspective, an ‘error’ is defined not as a deviation from a prescribed procedure, but as a
failure of the applied capability to match the demands of the task. Loss of control does

187



not necessarily result in injury—the consequences depend on the energy involved, the use
of protective measures, and other situational factors.

Task Demands and Capabilities change during an operation as workers perform different
tasks, task conditions change, and the workers’ capabilities change (due to fatigue,
disruptions, etc.).

The Work Practices and Team Processes of a work crew shape the quantity and quality of
Task Interactions (Task Demands-Capabilities) and consequently the likelihood of
accidents.

The TCI model provides a framework for relating the effect of work practices and team
processes on the elements of the individual task and the likelihood of accidents.

Figure 3 illustrates that work practices and team processes affect the likelihood of
accidents by affecting the tasks and task demands, the Tasks Interactions and the match
between Task Demands and Capabilities. These factors determine both the likelihood of
accidents and the productivity of an operation.

Crew members and team processes

TASK INTERACTIONS

V
— L p|  Tasks & Task Demands
X\ \\/ ! A j{%—» p-| Task Demands-Capability

OUTCOMES
Likelihood of
Accidents

Productivity

Production activities and work practices

Figure 3. Influence of Work Practices and Team Processes on Task Interactions

5. CONCLUSIONS

This conceptualization shifts the focus from hazards and individual behaviors to the
design of tasks (which determine the task difficulty and demands) and the teamwork
processes used to execute the tasks. Safety research should focus on the following:

Task demands and errors. This research direction will increase understanding of the
important features of the work system that increase the likelihood of errors and accidents.
Error proofing is an outcome based strategy to effectively manage errors. It blocks the
error without removing the root causes of errors.

Production practices. This research direction will focus on understanding how the
production variables and practices influence the task demands, the capability applied and
the likelihood of accidents.

Teamwork practices. Development of teamwork strategies for construction crews is
another potentially important strategy.
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Task Demand and Errors

The TCI model conceptualizes accidents as a result of loss of control when Task
Demands exceed Capabilities. This approach directs attention to the task demands, how
they are generated, and how they are managed. This research direction focuses on
identifying the ‘“high risk” tasks (that is, the production tasks with the most frequent
and/or severe injuries) and understand the characteristics of those tasks that make them
error-prone and difficult to control. Such factors may include design features, task
features, tool features and production factors that increase the task demands and the
likelihood for errors. The long-term goal is to develop a systematic approach to analyze,
redesign and error-proof the production task features (such as design features, task
features, tools, etc.) to reduce the task demands and the likelihood for errors.

Error Proofing

The unique aspect of error-proofing is that it blocks undesired outcomes regardless of the
causal factors, by making it impossible (or very difficult) for the operator to make the
mistake Error proofing has dramatically reduced product defects in manufacturing
(Shingo 1986), as it prevents the errors and their consequences. In construction, error
proofing should address both the production errors that lead to defects and rework, and
those errors that lead to injuries. This requires a culture of reporting errors, analyzing
and learning from errors and accidents, and understanding the nature and type of errors
that experienced and inexperienced personnel makes.

Production Practices

The production practices of the work crews determine largely how the actual work is
divided and coordinated (such as task allocation, sequencing, workload and pace, work
coordination, collaborative behavior, etc.). As a result, the production practices shape the
work situations that the workers face (the task difficulty) as well as the worker’s ability to
cope with the task demands individually or collectively. For example, the use of the Last
Planner System appears to significantly reduce accidents.

To develop highly productive and safe production systems it is critical to understand how
the production practices affect the likelihood of accidents. Research needs to address the
following questions and topics: What work practices at the crew level simultaneously
support higher production and higher reliability? More specifically, what is the effect of
task uncertainty, division of the work, workload management, quality control on the
likelihood and accidents? What are the specific mechanisms by which these practices
and processes affect the likelihood of accidents?

Teamwork Processes
As CRM indicated, effective team processes provide an important strategy for error
management, and increase the crews’ ability to cope with task demands, detect threats

and avoid, trap and recover from errors. In construction, where exposures and errors are
unavoidable, and the complexity and uncertainty of the task and environment increase the
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likelihood of errors, a team-based approach to error-management can provide an
important strategy that complements current practices. This research direction has two
goals: First, to identify the observable behaviors of effective teamwork (such as team
planning, cross checking, etc.) that influence the likelihood of accidents during the
construction operations, and second to identify the deeper determinants of effective
teamwork (such as shared mental models, capabilities, etc.). Understanding the key
teamwork behaviors will increase our ability to train crews for more effective teamwork.
Together, these research directions will contribute to the development of work systems
that are at the same time highly productive, safe and resilient.
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ABSTRACT

This paper provides an evaluation of safety culture in the construction industry. Firstly, a
brief overview of recent changes in accident statistics in UK construction is given. The
concept of safety culture is discussed including an assessment of its main characteristics.
The cultural changes which health and safety law has sought to bring about in
construction are provided. These include top management commitment, employee
involvement, training, co-ordination, communication, information sharing, forward
planning, risk assessment and control. Research on safety culture in the aviation, mining,
nuclear, and offshore sectors is assessed with a view to drawing important lessons for the
construction industry. It is concluded that the safety climate or culture of an organisation
can be assessed and a toolkit to assist in this process has been developed and published
by the UK Health and Safety Executive. However, studies are required to develop this
toolkit further to take account of the regulations, risks and management systems that are
specific to the construction industry.

Keywords: Health and Safety Law, Accident Statistics, Safety Culture.

1. INTRODUCTION

Many construction workers are killed or injured every year as a result of construction
operations. Others suffer ill health. The hazards are not restricted to those working on
site. Children and members of the general public are also killed or injured due to
inadequate control of construction activities. The construction industry’s performance has
improved over the years but the rates of death, serious injury and ill health are still too
high. Accident rates today in the construction industry are one-quarter of those reported
in the 1960s and half those reported in the 1970s. A construction site is a more dangerous
workplace in comparison to other places of work. According to the Health and Safety
Executive (HSE), those who spend their working lives on construction sites have a 1 in
300 chance of being killed at work (HSE, 1995).

There is still great potential to improve the health and safety record of the industry. The
Egan report — a government sponsored review of the UK construction industry published
in July 1998 (DETR, 1998) recognised this and argued the industry to provide decent and
safe working conditions. Measured in terms of the number of reportable accidents per
100 000 employees in any given year, the report states that some leading clients and
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construction companies have achieved reductions in reportable accidents of 50-60% in
two years or less. The report challenged construction companies to set targets to reduce
the number of reportable accidents annually by 20% in addition to simultaneous
improvements in other project performance measures (DETR, 1998). Cultural change
throughout the organisation is recognised as one of the ingredients necessary to bring
about these safety improvements. Ten years since publication of the Egan report, accident
statistics reveal that the targets set in the report have not been achieved.

Safety culture may be considered as a sub-set of organisational culture. In this paper, the
ten year targets set in the year 2000 to improve health and safety performance in UK
Construction are firstly evaluated. The concept of safety culture is evaluated in this paper
including an assessment of its key characteristics. The changes in safety culture which the
UK legislative framework has sought to bring about are discussed. Finally, a review of
research studies on safety culture in other high-risk industries such as nuclear, offshore,
and the mining sectors is provided with a view to drawing important lessons for the
construction industry.

2. ACCIDENT STATISTICS IN UK CONSTRUCTION

The UK Government and the HSE also recognised the potential to improve workplace
health and safety. In July 2000, they set targets to improve the UK’s health and safety
record over a ten-year period. The targets set specifically for the construction sector are
to (HSE, 2003):
e Reduce the incidence rate of fatalities and major injuries by 40% by 2004/05 and
66% by 2009/10.
e Reduce the incidence rate of cases of work-related ill-health by 20% by 2004/05
and 50% by 2009/10.
e Reduce the number of working days lost per 100,000 workers from work-related
injury and ill health by 20% by 2004/05 and by 50% by 2009/10.

The HSE further recognised that cultural change in the industry is necessary to deliver
these targets and that such improvements can only be achieved if all those involved in
construction projects play their role.

There were 71 fatal injuries to workers in UK Construction in 2004/05, the same number
as in 2003/04. The majority of these deaths (28 representing 39%) were due to falls from
height. This means that in 2004/05, 32% of all work related deaths in the UK were in the
construction industry. In 2000/01, there were 5.9 fatal accidents per 100,000 employees
compared to 3.4 per 100,000 in 2004/05. This represents a decrease of 42% in the number
of fatal injuries over this particular five year period. In the year 2006/07, there were 77
fatal injuries to workers in construction, a 28% increase on the previous year. Of these 77
fatalities, 50 were employees and 27 were self-employed, compared to 43 and 17 in
2005/6 respectively. In 2006/07, 32% of all worker deaths were in the construction
industry. The rate of fatal injury to workers in construction rose to 3.7 per 100,000
workers, from 3.0 per 100,000 workers in 2005/6.
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Since 1999/00 there has been a downward trend in the number of major injuries sustained
by employees in the UK construction industry. In the period since 2000, there has been a
steady drop in the number of major accidents. In 2000/01 there were 380.9 major
accidents per 100,000 employees. This dropped to 299.4 per 100,000 in 2004/05. This
represented a 21 percent improvement over this five-year period. Furthermore, the rate of
major injury to employees decreased by 4% from 370.8 per 100,000 employees in
2006/07 to 295.4 in 2005/06. This continues the general downward trend seen since
1998/99, and is the lowest since the Reporting of Injuries, Diseases and Dangerous
Occurrences Regulations were introduced in 1996.

In 2006/07, the most common kind of accident was a slip or trip 988 (27%). As in
previous years, falling from a height accounted for a high number of major injuries, 987
(27%). The next two most common kinds of accident were being hit by moving/falling
objects (649) accounting for 17%, and being injured while handling, lifting or carrying
(525) accounting for 14% of major injuries.

HSE statistics show that the number of workers that sustained non-fatal (includes major
and over 3 day) injuries in construction decreased by 8% in the year 2006/7, from 935 to
861 per 100,000 and continuing the downward trend since 1999/2000.

The ten year health and safety targets for the UK construction industry were set in
June/July 2000. Today in 2008, it is only two years away from 2010 and therefore an
appropriate point to analyse statistics and evaluate whether these well intended goals and
targets set by government and the industry will be achieved. The industry aimed to
reduce the incident rate of fatalities and major injuries by 40% by 2004/05. The data
above shows that the number of fatalities actually fell by 42% which was a good
indicator that the goal of a 66% reduction by 2009/10 might well be achieved.
Unfortunately, fatal accident rates in the two year period from 2005/06 to 2006/07 show
an upward trend. Based on the Labour Force Survey (LFS), the rate of reportable non-
fatal injury in construction was 1600 per 100 000 workers (1.6) in 2005/6 and is
statistically higher than the average for all industries (1000 per 100,000 workers — 1.0%)
(HSE, 2008).

Research carried out into accident rates has shown that small enterprises have a below
average health and safety performance across all industries (HSE, 2006). Workplace size
has a significant influence on trends in occupational injuries, with Small and Medium
Enterprises (SMEs) accounting for proportionately higher rates for major injuries than
larger enterprises (Nichols, 1995). Some of the reasons found for SME poor health and
safety management performance are due to (Walters, 1998):

e limited resources
limited knowledge of regulatory resources
poor awareness of economic advantages of health and safety
poor knowledge and understanding of safe working practices
short-term economic pressure and competition
inadequate enforcement and absence of preventive services.
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It should also be noted that there is a dominance of very small companies in the UK
Construction industry, with 93% of all registered construction companies employing less
than 7 people. It is clearly partly because of this that the construction industry has a poor
health and safety record.

3. SAFETY CULTURE

Safety culture can be considered as a particular aspect or subset of organisation culture.
No review of safety culture would be complete without an evaluation of the relevant
aspects of organisational culture. The definition of safety culture must therefore be
consistent with the parent term organisational culture. Establishing a link between safety
culture and safety of construction operations requires an understanding of the
characteristics of safety culture. Such characteristics must be consistent with the
definition and key attributes of organisational culture. The culture on construction sites is
inevitably a task culture where individuals may take risks and break rules and procedures
to get the job done.

The factors which influence the type of culture in an organisation are (Handy, 1993):
History of the organisation and its ownership,

Size of the firm,

Type of production technology,

Objectives of the firm,

The external business environment,

and finally its people

There is general consensus that there is a difference between the terms organisational
culture and organisational climate. Cox and Cheyne (2000) take the view that culture in
general and safety culture in particular, is often characterised as an enduring aspect of the
organisation with trait-like properties and not easily changed. On the other hand,
organisational climate can be viewed as a manifestation of organisational culture. If
culture represents the more trait-like properties of personality, climate can be taken to be
more of state-like properties of mood.

Cox and Cheyne (2000) argue that climate is a temporal manifestation of culture, which
is reflected in the shared perceptions of the organisation at a discrete point in time.
Guldenmund (2000) states that organisational climate is commonly conceived as a
distinct configuration with limited dimensionality surveyed through self-completion
questionnaires and that up to a certain point, objective and semi-quantitative. On the
other hand, organisational culture is often determined through a combination of methods
including observations, focus groups, interviews, through mutual comparisons and so on.
Measures of organisational culture are thus qualitative and difficult to quantify.

Although norms and values remain relatively stable, culture can be learned. That is why a
lot of research effort has been directed towards understanding the influences, ingredients
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and consequences of culture. The overall objective is to understand these aspects and
influence them so as to change the overall culture of the group or organisation.

A culture is a set of norms and beliefs. It is about both individuals and groups of people
who share common values and attitudes. The common-sense view of a culture could be
summed up in the phrase “the way we do things around here”. The term “safety culture”
was first introduced into common use in the nuclear industry following the Chernobyl
nuclear accident in 1986. The reasons for the accident were proposed to be not only
technical or individual human errors. It was suggested that management, organisation and
attitudes also influence safety. In recent years, it has attracted considerable attention in
the offshore industry following investigations into the 1988 Piper Alpha disaster in which
192 people died.18 Other high risk industries in which the concept of safety culture has
been researched include tunnelling, mining and aviation.

On the concept of safety culture with specific reference to the construction industry,
Anderson (1998) writes: “It is clearly a ‘good thing’. Quite how it should be researched,
evaluated and improved within the construction industry is, as yet unclear, but the gains
that have been made elsewhere just cannot be ignored.” A comprehensive definition of
safety culture which has been widely adopted in research and other scientific publications
is one proposed by The Advisory Committee on the Safety of Nuclear Installations
(ACSNI). According to the ACSNI (1993), “the safety culture of an organisation is the
product of the individual and group values, attitudes, perceptions, competencies and
patterns of behaviour that determine the commitment to, and the style and proficiency of,
an organisations’ health and safety management. Organisations with a positive safety
culture are characterised by communications founded on mutual trust, by shared
perceptions of the importance of safety, and by confidence in the efficacy of preventive
measures”.

High standards of health and safety will be achievable if people can report errors and near
misses. These are a source of vital information. A reporting culture and a learning culture
in which people can admit and learn from such genuine mistakes without fear of blame or
punishment requires also to establish a just culture in which employees are confident that
they will be treated fairly if they report accidents and near misses. Obviously, wilful
carelessness cannot be accepted. In any organisation, people should be disciplined or
indeed prosecuted for wilful contribution to or creation of conditions in which accidents,
injury or ill-health result.

4. CULTURAL CHANGES SOUGHT THROUGH LEGISLATION

The UK government commissioned the first comprehensive review of health and safety
law in 1970. Results of this review were embodied in the Robens report which was
published in 1972 and led to adoption of the Health and Safety at Work (HSW) Act 1974.
The Robens report described in detail the shortcomings of workplace health and safety
management as it had evolved in the UK. The HSW Act 1974 was designed to overcome
these anomalies. The philosophy behind the HSW Act 1974 was to have an enabling
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piece of legislation which applies to virtually all workplaces but with regulations issued
from time to time under Section 15 of the Act to cover specific high risk areas. Section 2
of the Act lays down general duties of employers to their employees. Section 3 lays down
general duties of employers and the self-employed to persons other than their employees.
Employees at work also have general duties laid down under Section 7 of the Act
(HMSO, 2000). Detailed specifics of these duties are well known and will not be
reproduced here. The HSE was formed under Section 10 of the Act to improve
enforcement of health and safety law.

Senior management involvement and commitment to health and safety is required in the
HSW Act 1974. Unless an organisation has less than 5 employees, under Section 2(3) of
the Act, every employer is required to prepare a written statement of his general policy
with respect to health and safety including the organisation and arrangements for carrying
out that policy. The statement of the policy and any revisions must be brought to the
notice of all his employees. Some authors have criticised this provision of law on the
grounds that it merely requires an employer to prepare a safety policy but does not
require it to be adequate.

The aim of the HSW Act 1974 was to promote proactive safety management and to a
large extent self-regulation, a concept which was advocated in the Robens report. The
philosophy embodied in the Act was that competent and committed employers in
consultation with their employees would identify hazards, assess risks and implement
preventive measures within a framework of law and standards developed with the
participation of all the parties. The Robens report and the HSW Act 1974 therefore aimed
to promote a positive organisational safety culture. Despite these general duties imposed
on employers and employees, some old legislation still continued to exist on the statute
book. The change in safety culture sought by the Robens report and indeed the HSW Act
1974 was thus at best uneven and clearly unachievable. The concept of risk assessment
was also not explicit in Section 2 of the HSW Act 1974 but merely implied.

The Management of Health and Safety at Work Regulations 1999 require explicit
assessment of health and safety risks. Regulation 3 of the Management Regulations 1999
requires all employers and the self-employed to assess risks to their employees and any
others who may be affected by their work or conduct of their operations. Risk
assessments must be suitable and sufficient. Preventive and protective measures must be
applied following such risk assessments. The following principles of prevention are laid
down in Regulation 4 and must be considered in designing protective and prevention
measures. They are (Perry, 2003):

e Ifpossible avoid risks altogether,
Evaluate risks which cannot be avoided,
Combat risks at source,
Adapt the work to the requirements of the individual,
Take advantage of technological progress,
Replace the dangerous with the non-dangerous or less dangerous,
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e Implement risk assessment measures as part of a coherent policy and approach
that takes into account work organisation, working conditions, the environment
and any social factors,

e Give priority to collective protective measures over individual protective
measures,

e Provide appropriate instruction to employees and the self-employed to ensure they
all understand what to do.

Guidance to the Management Regulations 1999 requires development of a positive health
and safety culture within the organisation. Avoidance, prevention and reduction of risks
are expected to be part of every organisation’s approach to all its activities. This should
be the case throughout the organisation and must be recognised as such from junior
employees to senior management. Regulation 5 requires every employer to manage
health and safety arrangements in very much the same way that other important aspects
of the business such as profits or sales are managed. The regulation imposes a
requirement on every employer organisation to plan, organise, control, monitor and
review its health and safety preventive and protective measures.

The concept of risk assessment is the cornerstone of modern health and safety legislation.
Several regulations relevant to the construction industry require explicit health and safety
risk assessments. Repeal of old health and safety law is now almost complete. The HSW
Act 1974, Management Regulations 1999 and other modern regulations passed under
Section 15 of the Act offer the UK construction industry a chance to develop a safety
culture of forward planning, organisation and control to manage health and safety risks.
They offer organisations the opportunity to develop mechanisms of self-regulation within
a statutory framework first envisaged in the Robens report.

Active employee involvement in management of health and safety is also required in law
and provided for through the Safety Representatives and Safety Committee Regulations
1977. These regulations provide for the appointment of safety representatives from
among the employees by recognised trade unions. The employer has a legal obligation to
consult such representatives on matters of health and safety at work. Safety
representatives have powers to investigate potential hazards and dangerous occurrences at
work and causes of any accidents. They can investigate complaints by employees and
make representations to the employer on health and safety matters. They can carry out
inspections of the workplace provided they give written notice to the employer. Even in
organisations without recognised trade unions, the employer is required under the Health
and Safety (Consultation with Employees) Regulations 1996 to consult representatives of
employee safety.

Modern health and safety law also aims to promote a culture of training and information
sharing. For example, Regulation 13 of the Management Regulations 1999 requires all
employees to be provided with adequate health and safety training. Such training should
be provided on first recruitment to the job and on being exposed to new or increased
risks. Changes in risk exposure may result from change of job responsibilities,
introduction of new work equipment, technology or systems of work. Regulation 10
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requires every employer to provide his employees with relevant and understandable
information on risk assessments and preventive or control measures put in place by the
employer. Other information which the employer must provide includes emergency
evacuation procedures including fire evacuation, the identity of competent persons
appointed by the employer to assist with overseeing such evacuations and any
information on risks passed to the employer by other employers.

In the UK, there has recently been another major and recent change in health and safety
law. The Construction (Design and Management) Regulations 2007 took effect on 6th
April 2007. The CDM regulations 2007 are comprehensive and apply to all construction
work. The declared objectives of the CDM Regulations 2007 are to:

e Improve overall planning and management of a project from the early stages

e To improve health and safety risk identification and management

e To eliminate unnecessary bureaucracy

e To target resources and effort where they are likely to maximise benefits in terms

of health and safety performance.

For the benefit of readers who will be familiar with the CDM Regulations 1994, the key
changes are these:

The Construction (Health, Safety and Welfare) Regulations 1996 have been repealed. Its
provisions are now incorporated as part 4 of the CDM Regulations 2007. It should also be
noted that provisions which were in the Construction (Health, Safety, and Welfare)
Regulations 1996 relating to work at heights are incorporated in the Working at Heights
Regulations 2005.

The CDM Regulations 1994 applied to all demolition and dismantling work regardless of
the length of time or the number of people involved in carrying out the work. There are
now no special provisions for demolition or dismantling work under the CDM
Regulations 2007 other than to have a written plan of work before the demolition or
dismantling begins (Regulation 29).

The CDM Regulations 1994 applied to all notifiable projects. They also applied to other
construction work unless the work was expected to last less than 30 days and involve less
than five people on site at any time. The five person rule does not exist in the CDM
regulations 2007. The threshold for notification of a project to the HSE remains
unchanged at 30 days or 500 person days. Where a project is notifiable, additional legal
obligations specified in Part 3 of the CDM Regulations 2007 apply. For a project that is
not notifiable, parts 2 and 4 of the CDM Regulations 2007 apply. Thus, the CDM
regulations 2007 apply to all construction projects. There are no exemptions or
disapplications. The only special case is domestic clients. Domestic clients do not have
legal duties under CDM 2007.

Clients and contractors must tell those that they appoint how much time they have
allowed to plan and prepare for construction work (mobilisation time).

In relation to project notification which is normally undertaken using Form F10, there is
now an obligation to provide extra information. Specifically, the time allowed by the
client to the principal contractor for planning and preparation for construction work must
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be included in the information to the HSE. The name and address of any designer already
engaged must also now be provided.

The Planning Supervisor role has been removed and replaced with a new duty holder of
the CDM Co-ordinator.

Designers still have legal obligations to consider the hierarchy of risk control whenever
they design a structure. There is however now an additional duty on designers to ensure
that any workplace they design complies with the Workplace (Health, Safety and
Welfare) Regulations 1992.

The Pretender Health and Safety Plan under the CDM Regulations 1994 Regulations has
been removed and replaced by Pre-Construction Information in the new Regulations.
There are enhanced client duties to ensure that other duty holders have made adequate
arrangements to ensure the health and safety of those working on the project including
welfare facilities.

The provision for a Clients agent which was permissible in the CDM Regulations 1994
has been removed. Clients can still of course appoint consultants to act as their agents but
must note that they still retain criminal liability.

A number of provisions which were implicit in the CDM regulations 1994 have been
made explicit in the CDM Regulations 2007. For example, CDM Co-ordinators must
prepare a health and safety file or update it if one exists. Under the CDM regulations
1994, the Planning Supervisor only had a legal obligation to ensure that this was done.
By implication, this means that the Planning Supervisor could delegate or sub-contract
the actual preparation of the file to another individual or company.

There is greater clarity regarding the criteria and procedures for assessment of
competence of individuals and companies, contractors, designers, CDM Co-ordinators,
etc.

The CDM regulations 2007 are designed to promote a culture of co-operation,
communication and sharing of information, planning, organisation and control. Pre-
Construction Information, the construction phase health and safety plan and the health
and safety file are all designed to facilitate this. A fundamental requirement of CDM is
the duty to undertake timely risk assessments, and to develop control solutions that
provide continuing protection for every one potentially at risk. The systems approach to
health and safety management introduced by CDM has the potential to produce health
and safety benefits. The risk assessment process begins with the Client. Commissioning
the following surveys would not be unreasonable:

e Asbestos survey
Building Services survey
Contaminated land survey
Environmental noise survey
Structural survey

Clients are expected to face extra costs if they are to comply with the CDM Regulations
2007. These costs depend on the size and complexity of the projects. The estimates costs
according to the New Civil Engineer are as follows (NCE, 2007)
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Project Size (Cost) Costs of CDM 2007

Very large (£20m) £30,000
Large (£10m) £25,000
Medium (£5m) £25,000
Small (£300,000) £850
Very Small (£50,000) £500

Perry (2003) lists some HSE criticisms of the construction phase health and safety plans.
They are:
e Construction phase health and safety plans do not focus sufficiently on risk
assessments

Site supervisors and managers have limited knowledge of health, safety and welfare
requirements.

Site supervisors and managers are unaware of the contents of the construction phase
health and safety plan.

Some sources of risk including site-wide activities are not taken into account in health
and safety risks assessments,

Plans do not lay down in sufficient detail welfare provisions

The implications of tight schedules on project health and safety are rarely recognised in
risk assessments
o Fire safety is often overlooked

5. SAFETY CULTURE IN OTHER HIGH-RISK INDUSTRIES

According to Laurence (2005), a positive safety culture requires:
e Higher management commitment to safety

Open communication channels

A stable, experienced workforce

High quality housekeeping

A safety emphasis on training

Full-time safety personnel reporting to top management.

A positive safety culture provides a platform on which to build greater awareness,
understanding, and compliance with safety rules and regulations. Although research by
Laurence (2005) did not focus on safety culture in the mining industry per se, analysis of
responses from 500 mineworkers on the development of more effective mine safety rules
and regulations revealed that:
e Management and regulators should not continue to produce more and more safety
rules and regulations to cover every aspect of mining because miners will not read
nor comprehend this level of detail.
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e Detailed prescriptive regulations, detailed safe work procedures, voluminous
safety management plans will not influence activities or behaviour of a miner.
The aim should be to develop a framework of fewer rules but of the highest
quality.

e Achieving more effective rules and regulations is not the only answer to a safer
workplace. Emphasis should be placed on ensuring that a positive safety culture
exists and that communication channels are open and working well.

The Piper Alpha disaster led to a fundamental review of health and safety law in the
offshore oil and gas processing sectors in the UK. A lot of research was also initiated
although these efforts were initially focussed on improvements in technology and
management systems. Cox and Cheyne (2000) take the view that further improvements in
safety in the offshore sector may best be realised through enhanced efforts in the areas of
human factors and through associated developments in health and safety.

Cox and Cheyne (2000) carried out extensive research on safety culture in the offshore
industry and have developed, tested and validated a safety climate assessment toolkit.
The key areas which can be "measured" using the model on a scale of 1 to 10 in relation
to health and safety culture or climate are:
e Management commitment
Communication
Safety systems
Work environment
Supportive environment
Involvement
Co-operation
Personal appreciation of risk
Personal priorities
Competence
Management style

Use of such a toolkit brings a number of benefits. The first is that it can raise the profile
of health and safety in the organisation. Secondly, it allows active monitoring of the
health and safety culture in the firm. Thirdly, it provides an opportunity to discuss openly
issues relating to health and safety culture and encourages participation of all workers in
health and safety matters. Finally, the performance of the firm can also be benchmarked
against the performance of similar firms in the sector.

In their international report, Sese' et al (2002) note that there has been a general
improvement in occupational health and safety in Spain in the last ten years. This is
mainly due to enacting the Law of Prevention of Labour Risks in 1995. This body of
Spanish law also promotes the concept of proactive accident prevention and a positive
safety culture. Despite the general improvement in safety, Spain still has the highest
incident rate for nonfatal occupational accidents in the European Union and occupies
third place for fatal accidents. The fatal incidence rate per 100,000 persons in
employment is 5.5 in Spain compared to 1.6 in the UK. Sese' et al (2002) also report that
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behaviour based safety programs for enhancing safety behaviour are not widespread in
Spain. Workplace behaviour in Spain is to a large extent governed by a culture of
fulfilment of legal obligations mainly due to prosecutions for unsafe behaviour. There is
no real intervention for reinforcement of safe work behaviour. It is recommended that a
multi-disciplinary approach where human behaviour plays an important role is essential
to improve health and safety performance in Spain.

Gurjeet and Gurvinder (2004) report findings of research based on a very extensive
survey of businesses and individuals in the aviation industry in New Zealand. They
reiterate the view that a positive safety culture will thrive where there is a senior
management commitment to safety. Their study revealed that aircraft maintenance
businesses considered positive safety practices and safety education as the two most
important factors for ensuring safety. Furthermore, aircraft maintenance engineers
considered positive safety practices, safety education, implementation of safety policies
and procedures to be the most important aspects in ensuring safety in the aircraft
maintenance system. They found that a positive safety sub-culture appeared to have
emerged amongst aircraft maintenance engineers. This is a sub-culture of commitment to
ensuring safety by strongly following standards, regulatory procedures and safety
practices. This was a positive finding given that 12 percent of major aviation disasters are
due to inspection maintenance inadequacy. The study also revealed that pilots considered
luck to a significant contributor to safety. Overall they concluded that various sectors in
the aviation industry need to do more to improve the prevailing safety culture.

Findings on a comprehensive study of safety culture in the nuclear industry are presented
in Lee and Harrison (2000) and conclude that personnel safety surveys can be usefully
applied to deliver a multi-perspective, comprehensive and economical assessment of the
safety culture in an organisation and to explore the dynamic inter-relationships of its
composition or parts. They also comment on the HSE's Health and Safety Climate
Assessment Toolkit based on Guidance HSG65 entitled "Successful Health and Safety
Management"21. This signifies official endorsement of health and safety climate or
culture assessment by the UK regulatory body. It should however be noted that Guidance
HSG65 provides generic guidance for planning, organisation and control of health and
safety across all workplaces. Clearly, risks, safety problems and safety management will
differ from sector to sector although there are bound to be similarities. This HSE Safety
Climate Assessment Toolkit ought to be developed further so that it is customised for
relevant sectors such as agriculture, construction, offshore oil extraction, manufacturing
or service sectors to take account of the risks and management procedures and systems in
different industries.

6. CONCLUSIONS

The concept of safety culture has been defined and discussed in this paper. It is the shared
and learned knowledge, experiences and interpretations of safety which guide employees'
attitudes and actions towards hazards, risks and their prevention. Safety culture is shaped
by people working together in organisational structures and social relationships in the
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workplace. This paper has provided a brief review of accident statistics in UK
construction. Although the long-term safety performance of the industry has improved in
recent years, there is no evidence to show that the targets set for 2009/10 will be
achieved. In fact, the rate of fatal injury to workers in construction rose to 3.7 per
100,000 workers in 2006/07 from 3.0 per 100,000 workers in 2005/06. Furthermore, the
actual number of reported major injuries to employees rose slightly in 2006/07 to 3,711
compared to 3,706 in 2005/06

The Robens' committee report that led to enactment of the HSW Act 1974 in the UK
aimed to promote a culture of self-regulation within a statutory framework. This was not
achieved initially because of the presence of wide ranging legislation on the statute book.
However progressive repeal of old legislation is now virtually complete. The substantive
body of health and safety law is now the HSW Act 1974 supplemented by the various
regulations made under Section 15 of the Act. The Management of Health and Safety at
Work Regulations 1999 make explicit the provisions of the HSW Act 1974. The Act and
the Management Regulations aim to promote a culture of planning, organisation and
control of risks arising from workplace activities. They also aim to promote a culture of
training, communication and information sharing.

There has been a recent and major change in health and safety law in the UK. The CDM
regulations 2007 aim to promote a culture of good safety management with emphasis on
avoidance, mitigation and management of construction health and safety risks. The
philosophy is to involve everyone in the management process through proper planning
and co-ordination of the phases of a construction project. The CDM Regulations 2007
aim to promote a culture of sharing and communicating information including keeping a
proper record of information to promote health and safety during subsequent use,
cleaning, maintenance and eventual demolition of the structure.

The construction industry could improve its health and safety performance further by
improving its safety culture. This is in addition to developing a culture of generating,
distributing and acquiring knowledge on hazard causation and control (a learning
culture). All managers and employees must be motivated to willingly expend effort to
minimise health and safety risks. Good health and safety management is the product of
effective harmonisation of technical and managerial systems including human factors. If
one of them is absent or poorly in evidence, the product of effective management and
potential for improvement is severely undermined.

There has been a substantial amount of research into the concept of safety culture in the
aviation, mining, nuclear, and offshore industries. The safety culture of an organisation
can be measured or assessed and indeed improved over a period of time. This has been
recognised by the Health and Safety Executive which has issued a Health and Safety
Climate Assessment Toolkit. This toolkit is however based on generic HSE Guidance
document HSG65 - successful management of health and safety. Further research is
required to customise this Toolkit and develop it further to take account of specific
legislation, hazards and management systems which are applicable to the construction
industry.
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ABSTRACT

Improving safety and productivity are major concerns throughout the construction
industry. Many companies around the world are implementing safety management
systems to provide a safe work environment at their construction sites. Nonetheless,
efforts are lacking that document the need for simultaneously investigating safety and
productivity considerations. The objective of this research is to investigate how to
improve productivity and safety by integrating them on construction sites. To achieve the
objective, a questionnaire survey was conducted on the construction sites of a leading
construction company and its subcontractors in Hong Kong. In total, 1,800 hard-copy
questionnaires were distributed and the response rate was 81 %, resulting in 1,454 valid
questionnaires for analysis. By means of the statistical analysis, safety and productivity
were investigated on 25 construction sites. The results showed that eleven of the fifteen
significant findings pertained to safety, and four pertained to productivity. In general, the
findings confirm that it is possible to improve productivity and safety simultaneously on
construction sites. All measures were found to be correlated with both productivity and
safety.

Keywords: Safety, Productivity, Construction Sites, Safety Management, T-test, Hong
Kong

1. INTRODUCTION

Safety and productivity issues have gained vital importance in the competitive global

environment. Organizations are under pressure to produce more with a reduced
workforce and often with fewer resources. Koller (1989) illustrates a number of examples
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of improvements being made to workers’ health, safety and wellbeing through good work
design. Such practices might be examined to determine if they are adoptable for
improving both productivity and safety on construction sites.

The construction industry is regarded as a dangerous industry due to the characteristics of
decentralization and mobility (Fang et al., 2006) wherein employees are separated on
construction projects, and they readily move among companies. Frequently, they make
decisions on-site about the safe behaviors they deem important. Mohamed (2002)
developed a research model based on the hypothesis that safe work behaviors were the
consequences of the existing safety climate. Lingard and Rowlinson (1994) investigated
construction site safety in Hong Kong through behavior-based safety. Advances in
technology result in changes to working methods and patterns (Ahasan, 2002) which are
compounded by the need to be competitive. Essentially, improving worker safety and
productivity are major concerns in the construction industry. Shikdar and Sawaqed
(2003) reported that some of the common problems faced by the oil industry are improper
workplace designs, mismatch between worker abilities and job demands, adverse
environments, poor human-machine system designs and inappropriate management
programs. These problems apply equally to the construction industry. On-site hazards,
poor workers’ health, and injuries on construction sites, reduce productivity and increase
costs.

In the past, safety performance and productivity were treated as separate and independent
characteristics. Nonetheless, the International Labor Organization (ILO-OSH, 2001)
guidelines summarize occupational safety and health as “decent work™ which is safe
work, and it is a positive factor for productivity and economic growth. These days, there
is a tendency to shift the responsibility of safety from a separate safety organization or
safety department to the management team (Choudhry et al., 2008). Safety officers are re-
designated as safety advisors to reflect that the responsibility for safety lies firmly with
the project director, project manager, and their line managers (Choudhry et al., 2008).
The role of the safety advisors is to provide advice on actions to be taken in order to
ensure a safer working environment. The whole purpose is to ensure that safety
management has been integrated into project management.

Accidents do cause human suffering and economic losses. When the true costs of injuries
are computed it becomes clear that compromising safety results in increased costs and
decreased profits (Hinze, 2000). After understanding ‘incurring the cost of injuries versus
investing in safety’ (Hinze, 2000) it is apparent why such slogans as “Safety Pays;
Injuries Cost” and “It Pays To Be Safe” become part of the culture of companies that
truly are committed to the well being of their employees.

These days, many construction companies around the world are implementing safety,
health, and environmental management systems to reduce injuries, eliminate illness, and
to provide a safe work environment on their construction sites (Choudhry et al., 2008).
The International Labor Organization (ILO-OSH, 2001) and other researchers (Koehn et
al., 1995; Koehn and Datta, 2003; Choudhry et al., 2008) have stressed the need for
implementing a safety management system on construction projects. Countries, such as
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the United States and the United Kingdom, are implementing safety management systems
for example the Occupational Safety and Health Administration Standards for the
construction industry (OSHA, 2005), and the British Standards Institute’s (BSI, 2000)
safety management code, known as OHSAS 18001 (Occupational Health and Safety
Assessment Series 18001).

Jaselskis et al. (1996) indicated that management commitment and involvement in safety
was the most important issue for a satisfactory safety management program. In addition
to the involvement of top management, the participation of foremen and workers is an
important element of a safety management program (Lark, 1991). The literature review
shows that very little research has been conducted to provide information simultaneously
about productivity and safety on construction sites. Essentially, this study was carried out
on the construction projects of a leading construction firm in the Hong Kong construction
industry, hereinafter called, the “company” with the objective of investigating the direct
and indirect effects of productivity and safety on the overall performance of the company
and the industry as a whole. Specifically, the following objectives are identified:
1. To investigate employees’ perceptions on productivity and safety which, on one
hand, increase productivity and, on the other hand, improve safety;
2. To understand whether productivity and safety can be integrated and improved
simultaneously on construction sites.

2. RESEARCH METHOD

This study took place in a large construction company based in Hong Kong with annual
revenues of approximately US$1billion and employing more than 2,300 full-time staff.
The information and data used in this paper were obtained from the survey conducted on
25 construction sites of this company. The Salminen and Saari (1995) questionnaire was
adopted for this study, which consisted of 31 questions for improving productivity and
safety. The questionnaire statements were modified to be applicable on construction sites
because the questionnaire of Salminen and Saari (1995) was administered in the
industrial sector. Additionally, based on the recommendations of the writers and the
company personnel, four additional questions were included to make the questionnaire
suitable for the construction sites in Hong Kong. The purpose of the questionnaire was to
obtain the views of managers, supervisors, and workers for improving productivity and
safety on construction sites.

The questionnaire in its final form consisted of 35 statements about productivity and
safety issues at the organizational, group, and individual levels and consisted of two
parts. The first part of the questionnaire related to general information about the
respondents. The four added questions included the respondent’s project name, name of
the company, and ethnicity (Chinese or non-Chinese) of the respondent. Further
questions included the respondent’s role on the project, whether a worker, supervisor or a
manager. The second part consisted of 31 items which asked the participants to respond
to the statements using a five-point Likert-type (from 1 = “strongly disagree” to 5 =
“strongly agree”) scale. The questionnaire asked the participants to respond, on Likert-
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type scale, to each statement, simultaneously considering two major aspects, namely
would “there be an increase in productivity if” and would “there be an improvement in
safety if” followed by the question. Thus, questionnaires were used to investigate
productivity and safety simultaneously on construction sites. Additionally, a cover letter
and survey instructions were prepared to ensure that all employees understood that their
responses would be anonymous. It is not possible to attach the questionnaire with this
paper. (Note, if anyone is interested in the details of the questionnaire, they may contact
the authors.) The questionnaires were prepared both in English and Chinese.

Twenty-five construction projects in Hong Kong were selected for the target sample. The
questionnaire distribution targeted all employees working on the construction sites. To
maximize the response rate on the projects, top management support of the company was
sought. A total of 1,800 hard copy questionnaires were distributed. The response rate was
80.8% with 1,454 valid questionnaires being completed and returned.

Most of the responses (79.2%) were from subcontractor employees and 20.8% were
directly employed by the company. In addition, 97.1% of the respondents were Chinese
and 2.9% were non-Chinese employees. Among the respondents, 77.5% were workers,
16% were supervisors and 6.5% were managers. The ratio of questionnaires from
managers, supervisors and workers was about 2:5:24 and the sample was quite
representative of the total workforce working on the construction sites.

Statistical analysis was conducted using the Statistical Package for Social Sciences
(SPSS) software. A statistical t-test was carried out to check the population means
responses to the issues raised in the questionnaire. The t-test results and correlation
information of the variables are shown in Table 1.

3. RESULTS

The analysis examined the relationship of 31 wvariables (see Table 1) with both
productivity and safety. The respondents rated each measure on a five-point scale so that
values 1 and 2 described a low effect of a measure and values 4 and 5 a high effect. The
respondents rated the value 3 if they felt that the measure had neither a low nor a high
effect. The results will be described briefly.

The mean score on the factor (Q.1) “there shall be an increase in productivity if more
skilled labor is employed” (m = 3.96) was significantly greater at the p < 0.001 level than
the mean score on “there shall be an improvement in safety if more skilled labor is
employed” (m = 3.86). The results also indicate that a significant correlation exists
between these two variables (r = 0.599, p < 0.001) indicating those who score high on
productivity tend to score high on safety.

The mean score on the factor (Q.2) “there shall be an increase in productivity if

operatives have better education and experience” (m = 4.02) did not differ significantly at
the p < 0.05 level (note: p = 0.480) from the mean score on “there shall be an
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improvement in safety if operatives have better education and experience” (m = 4.00).
The results also indicate that a significant correlation exists between these two variables
(r =0.663, p < 0.001) indicating those who score high on productivity tend to score high
on safety.

The mean score on the factor (Q.3) “there shall be an increase in productivity if
operatives get help and advice easily” (m = 3.79) did not differ significantly at the p <
0.05 level (note: p = 0.840) than the mean score on “there shall be an improvement in
safety if operatives get help and advice easily” (m = 4.00). The results also indicate that a
significant correlation exists between these two variables (r = 0.679, p < 0.001) indicating
those who score high on safety tend to score high on productivity.

The mean score on the factor (Q.4) “there shall be an increase in productivity if more
time and money are available for supervising” (m = 3.82) was significantly less at the p <
0.001 level than the mean score on “there shall be an improvement in safety if more time
and money are available for supervising” (m = 4.00). The results also indicate that a
significant correlation exists between these two variables (r = 0.534, p < 0.001) indicating
those who score high on safety tend to score high on productivity.

The mean score on the factor (Q.5) “there shall be an increase in productivity if there is
improvement in safety knowledge of supervisors” (m = 3.88) was significantly less at the
p <0.001 level than the mean score on “there shall be an improvement in safety if there is
improvement in safety knowledge of supervisors” (m = 4.04). The results also indicate
that a significant correlation exists between these two variables (r = 0.600, p < 0.001)
indicating those who score high on safety tend to score high on productivity.

The mean score on the factor (Q.6) “there shall be an increase in productivity if there are
better and frequent controls of site tasks” (m = 3.89) was slightly less at the p < 0.05 level
(note: p = 0.039) than the mean score on “there shall be an improvement in safety if there
are better and frequent controls of site tasks” (m = 3.93). The results also indicate that a
significant correlation exists between these two variables (r = 0.591, p < 0.001) indicating
those who score high on safety tend to score high on productivity.

The mean score on the factor (Q.7) “there shall be an increase in productivity if there is
better coordination between the work groups” (m = 4.10) was almost same at the p < 0.05
level (note: p = 0.020) than the mean score on “there shall be an improvement in safety if
there is better coordination between the work groups” (m = 4.05). The results also
indicate that a significant correlation exists between these two variables (r = 0.613, p <
0.001) indicating those who score high on productivity tend to score high on safety.

The mean score on the factor (Q.8) “there shall be an increase in productivity if there are
better personal relations between workmates” (m = 4.05) was slightly higher at the p <
0.05 level (note: p = 0.008) than the mean score on “there shall be an improvement in
safety if there are better personal relations between workmates” (m = 4.00). The results
also indicate that a significant correlation exists between these two variables (r = 0.654, p
< 0.001) indicating those who score high on productivity tend to score high on safety.
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The mean score on the factor (Q.9) “there shall be an increase in productivity if
supervisors discourage dangerous work habits” (m = 3.95) was significantly less at the p
< 0.001 level than the mean score on ‘“there shall be an improvement in safety if
supervisors discourage dangerous work habits” (m = 4.14). The results indicate that a
significant correlation exists between these two variables (r = 0.519, p <0.001) indicating
those who score high on safety tend to score high on productivity.

The mean score on the factor (Q.10) “there shall be an increase in productivity if
supervisors promotes safe work habits” (m = 3.91) was significantly less at the p < 0.001
level than the mean score on “there shall be an improvement in safety if supervisors
promotes safe work habits” (m = 4.15). The results indicate that a significant correlation
exists between these two variables (r = 0.518, p < 0.001) indicating those who score high
on safety tend to score high on productivity.

The mean score on the factor (Q.11) “there shall be an increase in productivity if safety
inspections are intensified” (m = 3.80) was significantly less at the p < 0.001 level than
the mean score on “there shall be an improvement in safety if safety inspections are
intensified” (m = 4.08). The results indicate that a significant correlation exists between
these two variables (r = 0.475, p < 0.001) indicating those who score high on safety tend
to score high on productivity.

The mean score on the factor (Q.12) “there shall be an increase in productivity if accident
investigations are intensified” (m = 3.75) was significantly less at the p <0.001 level than
the mean score on “there shall be an improvement in safety if accident investigations are
intensified” (m = 3.99). The results indicate that a significant correlation exists between
these two variables (r = 0.496, p < 0.001) indicating those who score high on safety tend
to score high on productivity.

The mean score on the factor (Q.13) “there shall be an increase in productivity if there is
strict adherence to the time schedule” (m = 3.85) was significantly greater at the p <
0.001 level than the mean score on “there shall be an improvement in safety if there is
strict adherence to the time schedule” (m = 3.77). The results also indicate that a
significant correlation exists between these two variables (r = 0.580, p < 0.001) indicating
those who score high on productivity tend to score high on safety.

The mean score on the factor (Q.14) “there shall be an increase in productivity if there is
more emphasis on quality of work” (m = 3.86) was greater at the p < 0.05 level (note: p =
0.025) than the mean score on “there shall be an improvement in safety if there is more
emphasis on quality of work” (m = 3.81). The results also indicate that a significant
correlation exists between these two variables (r = 0.588, p < 0.001) indicating those who
score high on productivity tend to score high on safety.

The mean score on the factor (Q.15) “there shall be an increase in productivity if there is

improvement of equipment and tools” (m = 4.09) was slightly different at the p < 0.05
level (note: p = 0.05) than the mean score on “there shall be an improvement in safety if
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there is improvement of equipment and tools” (m = 4.06). The results also indicate that a
significant correlation exists between these two variables (r = 0.618, p < 0.001) indicating
those who score high on productivity tend to score high on safety.

The mean score on the factor (Q.16) “there shall be an increase in productivity if there is
an increase in the work pace” (m = 3.80) was significantly greater at the p < 0.001 level
than the mean score on “there shall be an improvement in safety if there is an increase in
the work pace” (m = 3.57). The results also indicate that a significant correlation exists
between these two variables (r = 0.560, p < 0.001) indicating those who score high on
productivity tend to score high on safety.

The mean score on the factor (Q.17) “there shall be an increase in productivity if longer
time is allowed for work performance” (m = 3.63) did not differ significantly at the p <
0.05 level (note: p = 0.165) than the mean score on ‘“there shall be an improvement in
safety if longer time is allowed for work performance” (m = 3.66). The results also
indicate that a significant correlation exists between these two variables (r = 0.618, p <
0.001) indicating those who score high on safety tend to score high on productivity.
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Table 1. Variables that measured productivity and safety and correlations among them

Item Mean Mean T-test Sig. Correlation Sig.
(Productivity) (Safety)
There shall be an There shall be an
increase in improvement in
productivity if safety if
Q.1 More skilled 3.96 3.86 7.224 0.001 0.559 0.001
labor is
employed.
Q.2 Operatives 4.02 4.00 0.707 0.480 0.663 0.001

have better
education and
experience.

Q3 Operatives get 3.79 4.00 -0.199 0.840 0.679 0.001
help and
advice easily

Q4 More time 3.82 4.00 -8.139 0.001 0.534 0.001
and money
are available
for
supervising.

Q.5 There is 3.88 4.04 -8.460 0.001 0.600 0.001
improvement
in safety
knowledge of

Supervisors.

Q.6 There is better 3.89 3.93 -2.071 0.039 0.591 0.001
and frequent
control of site
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Item Mean Mean T-test Sig. Correlation Sig.
(Productivity) (Safety)
There shall be an There shall be an
increase in improvement in
productivity if safety if
tasks.
Q.7 There is better 4.10 4.05 2.337 0.020 0.613 0.001
coordination
between the
work groups.
Q.8 There are 4.05 4.00 2.640 0.008 0.654 0.001
better
personal
relations
between
workmates.
Q.9 Supervisors 3.95 4.14 -8.876 0.001 0.519 0.001
discourage
dangerous
work habits.
Q.10 Supervisors 3.91 4.15 - 0.001 0.518 0.001
promotes safe 11.007
work habits
Q.11 There are 3.80 4.08 - 0.001 0.475 0.001
intensified 11.898
safety
inspections.
Q.12 There are 3.75 3.99 - 0.001 0.496 0.001
intensified 10.514
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Item Mean Mean T-test Sig. Correlation Sig.
(Productivity) (Safety)
There shall be an There shall be an
increase in improvement in
productivity if safety if
accident
investigations.
Q.13 There is strict 3.85 3.77 3.846 0.001 0.580 0.001
adherence to
time schedule.
Q.14 There is more 3.86 3.81 2.238 0.025 0.588 0.001
emphasis on
quality of
work.
Q.15 There is 4.09 4.06 1.959 0.050 0.618 0.001
improvement
of equipment
and tools.
Q.16 There is an 3.80 3.57 9.387 0.001 0.560 0.001
increase in the
work pace.
Q.17 Longer time is 3.63 3.66 -1.390 0.165 0.618 0.001
allowed for
work
performance.
Q.18 There is 3.85 3.82 1.395 0.163 0.580 0.001
flexibility of
production

plans in case

217



Item Mean Mean T-test Sig. Correlation Sig.
(Productivity) (Safety)
There shall be an There shall be an
increase in improvement in
productivity if safety if
of unforeseen
problems.
Q.19 There are 3.97 4.11 -7.544 0.001 0.587 0.001
more safety
measures for
equipment.
Q.20 There is 3.98 4.05 -4.943 0.001 0.791 0.001
improvement
and more
awareness of
the use of
equipment.
Q.21 There is 3.88 4.05 -7.771 0.001 0.473 0.001
proper use of
personal
protective
equipment
(PPE).
Q.22 There is better 3.97 4.04 -3.672 0.001 0.656 0.001
housekeeping.
Q.23 Work sites are 4.04 4.02 1.036 0.300 0.655 0.001
more
spacious.
Q.24 There is better 3.99 3.98 0.608 0.543 0.646 0.001
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Item

Mean
(Productivity)

There shall be an
increase in
productivity if

Mean

(Safety)

There shall be an
improvement in

safety if

T-test

Sig.

Correlation

Sig.

Q.25

Q.26

Q.27

Q.28

flow of
information
between
workers.

There is better
flow of
information
about changes
on-site.

There is
proper site
work design
for
employees.

There is no
mismatch
between
employee
abilities and
job demands.

There is no
adverse
environment
such as heat,
noise, light

3.96

3.98

3.97

3.96

3.94

3.97

3.92

3.96
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1.126

0.880

2.909

-0.190

0.260

0.379

0.004

0.849

0.723

0.682

0658

0.691

0.001

0.001

0.001

0.001



Item Mean Mean T-test Sig. Correlation Sig.
(Productivity) (Safety)
There shall be an There shall be an
increase in improvement in
productivity if safety if
and dust.
Q.29 There is no 3.97 3.82 7.148 0.001 0.547 0.001
high
absenteeism
or lost work
days.
Q.30 There are no 3.91 3.94 -1.414 0.158 0.708 0.001
complaints of
back pain,
neck pain,
hand or wrist
pain,
headache,
stress and or
dissatisfaction
Q.31 There is a 3.90 3.99 -5.216 0.001 0.660 0.001
hazard

analysis and
task analysis.
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The mean score on the factor (Q.18) “there shall be an increase in productivity if there is
flexibility of production plans in case of unforeseen problems” (m = 3.85) did not differ
significantly at the p < 0.05 level (note: p = 0.165) than the mean score on “there shall be
an improvement in safety if there is flexibility of production plans in case of unforeseen
problems” (m = 3.82). The results also indicate that a significant correlation exists
between these two variables (r = 0.580, p < 0.001) indicating those who score high on
productivity tend to score high on safety.

The mean score on the factor (Q.19) “there shall be an increase in productivity if there
are more safety measures for equipment” (m = 3.97) was significantly less at the p <
0.001 level than the mean score on “there shall be an improvement in safety if there are
more safety measures for equipment” (m = 4.11). The results indicate that a significant
correlation exists between these two variables (r = 0.587, p < 0.001) indicating those who
score high on safety tend to score high on productivity.

The mean score on the factor (Q.20) “there shall be an increase in productivity if there is
improvement and more awareness of the use of equipment” (m = 3.98) was significantly
less at the p < 0.001 level than the mean score on “there shall be an improvement in
safety if there is improvement and more awareness of the use of equipment” (m = 4.05).
The results indicate that a significant correlation exists between these two variables (r =
0.791, p < 0.001) indicating those who score high on safety tend to score high on
productivity.

The mean score on the factor (Q.21) “there shall be an increase in productivity if there is
proper use of personal protective equipment” (m = 3.88) was significantly less at the p <
0.001 level than the mean score on “there shall be an improvement in safety if there is
proper use of personal protective equipment” (m = 4.05). The results indicate that a
significant correlation exists between these two variables (r = 0.473, p < 0.001) indicating
those who score high on safety tend to score high on productivity.

The mean score on the factor (Q.22) “there shall be an increase in productivity if there is
better house-keeping” (m = 3.97) was significantly less at the p < 0.001 level than the
mean score on “there shall be an improvement in safety if there is better housekeeping”
(m = 4.04). The results indicate that a significant correlation exists between these two
variables (r = 0.656, p < 0.001) indicating those who score high on safety tend to score
high on productivity.

The mean score on the factor (Q.23) “there shall be an increase in productivity if work
sites are more spacious” (m = 4.04) did not differ significantly at the p < 0.05 level (note:
p = 0.300) from the mean score on “there shall be an improvement in safety if work sites
are more spacious” (m = 4.02). The results also indicate that a significant correlation
exists between these two variables (r = 0.655, p < 0.001) indicating those who score high
on productivity tend to score high on safety.

The mean score on the factor (Q.24) “there shall be an increase in productivity if there is

better flow of information between workers” (m = 3.99) did not differ significantly at the
p < 0.05 level (note: p = 0.543) from the mean score on “there shall be an improvement
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in safety if there is better flow of information between workers” (m = 3.98). The results
also indicate that a significant correlation exists between these two variables (r = 0.646, p
< 0.001) indicating those who score high on productivity tend to score high on safety.

The mean score on the factor (Q.25) “there shall be an increase in productivity if there is
better flow of information about changes on-site” (m = 3.96) did not differ significantly
at the p < 0.05 level (note: p = 0.260) from the mean score on “there shall be an
improvement in safety if there is better flow of information about changes on-site” (m =
3.94). The results also indicate that a significant correlation exists between these two
variables (r = 0.723, p < 0.001) indicating those who score high on productivity tend to
score high on safety.

The mean score on the factor (Q.26) “there shall be an increase in productivity if there is
proper site work design for employees” (m = 3.98) did not differ significantly at the p <
0.05 level (note: p = 0.379) from the mean score on “there shall be an improvement in
safety if there is proper site work design for employees” (m = 3.97). The results also
indicate that a significant correlation exists between these two variables (r = 0.682, p <
0.001) indicating those who score high on productivity tend to score high on safety.

The mean score on the factor (Q.27) “there shall be an increase in productivity if there is
no mismatch between employee abilities and job demands” (m = 3.97) was significantly
greater at the p < 0.05 level (note: p = 0.004) than the mean score on “there shall be an
improvement in safety if there is no mismatch between employee abilities and job
demands” (m = 3.92). The results also indicate that a significant correlation exists
between these two variables (r = 0.658, p < 0.001) indicating those who score high on
productivity tend to score high on safety.

The mean score on the factor (Q.28) “there shall be an increase in productivity if there is
no adverse environment such as heat, noise, light and dust” (m = 3.96) did not differ
significantly at the p < 0.05 level (note: p = 0.849) than the mean score on “there shall be
an improvement in safety if there is no adverse environment such as heat, noise, light and
dust” (m = 3.96). The results also indicate that a significant correlation exists between
these two variables (r = 0.691, p < 0.001) indicating those who score high on productivity
tend to score high on safety.

The mean score on the factor (Q.29) “there shall be an increase in productivity if there is
no high absenteeism or lost work days” (m = 3.97) was significantly greater at the p <
0.001 level than the mean score on “there shall be an improvement in safety if there is no
high absenteeism or lost work days” (m = 3.82). The results also indicate that a
significant correlation exists between these two variables (r = 0.547, p < 0.001) indicating
those who score high on productivity tend to score high on safety.

The mean score on the factor (Q.30) “there shall be an increase in productivity if there
are no complaints of back pain, neck pain, hand or wrist pain, headache, stress and or
dissatisfaction” (m = 3.91) did not differ significantly at the p < 0.05 level (note: p =
0.158) from the mean score on “there shall be an improvement in safety if there are no
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complaints of back pain, neck pain, hand or wrist pain, headache, stress and or
dissatisfaction” (m = 3.94). The results also indicate that a significant correlation exists
between these two variables (r = 0.708, p < 0.001) indicating those who score high on
safety tend to score high on productivity.

The mean score on the factor (Q.31) “there shall be an increase in productivity if there is
a hazard analysis and task analysis” (m = 3.90) was significantly less at the p < 0.001
level than the mean score on “there shall be an improvement in safety if there is a hazard
analysis and task analysis” (m = 3.99). The results indicate that a significant correlation
exists between these two variables (r = 0.660, p < 0.001) indicating those who score high
on safety tend to score high on productivity.

From the results of the t-test, the five factors having the highest scores on providing the
most improvement in productivity and safety are shown in Figure 1. For productivity,
coordination between work groups and improvement of equipment and tools were rated
at the highest levels. Better personal relations between workmates, more spacious work
sites, and the use of more skilled labor were the next highest rates factors for improving
productivity. For safety, the supervisors’ role of promoting safe work habits and
discouraging dangerous work habits was rated at the highest level. Providing more safety
measures for equipment, safety inspections, and improvement of equipment and tools
were the next highest rated factors for improving safety. The respondents perceived that
productivity and safety would increase with better coordination and with measures
improving site work conditions. They perceived that it was possible to improve safety
and productivity with measures that decreased work hazards. Finally, further research is
planned to observe differences in the perceptions of managers, supervisors and workers
and by conducting factor analysis for finding significant factors for improving both
productivity and safety.

Productivity Safety

Better coordination between the Supervisors promotes safe work
work groups habits

Improvement of equipment and Supervisors discourage dangerous
tools work habits

Better personal relations between More safety measures for equipment
workmates

More spacious work sites Intensified safety inspections

More skilled labor Improvement of equipment and tools

Figure 1. Measures rated as most effective for improving productivity and safety
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4. CONCLUSION

While achieving the established objectives, this work determined the differences between
respondents’ perceptions of how the variable listed in the questionnaire would affect
productivity and safety. Eleven of the fifteen statistically significant differences were in
the direction of safety, and only four favored productivity. The factors stressed the
actions of supervisors as a means to improve safety, as seven significant differences dealt
with supervisors. These seven factors included: (1) more time and money are available
for supervising, (2) improvement in safety knowledge of supervisors, (3) supervisors
discourage dangerous work habits, (4) supervisors promotes safe work habits, (5)
intensified safety inspections, (6) ensuring proper use of personal protective equipment,
and (7) ensuring better housekeeping. The remaining four factors favoring safety were:
(1) more safety measures for equipment, (2) intensified accident investigations, (3)
improvement and more awareness of the use of equipment, and (4) hazard analysis and
task analysis. Additionally, operatives easily getting help and advice, better and frequent
control of site tasks, longer time allowed for work performance, and no adverse
environment (e.g., heat, noise, light and dust) were perceived to be means with which to
improve safety.

A faster work pace and strict adherence to time schedule were considered means to
increase productivity; however, they were considered to have a lower influence on safety.
Additionally, more skilled labor employed, operatives having better education and
experience, better coordination between the work groups, better personal relations
between workmates, emphasis on quality of work, flexibility of production plans in case
of unforeseen problems, more spacious work sites, better flow of information between
workers, better flow of information about changes on-site, proper site work design for
employees, no mismatch between employee abilities and job demands, no high
absenteeism or lost work days, and no adverse environment were thought to be means
with which to significantly improve productivity.

Additionally, the five factors selected from the t-test providing the most improvement in
productivity and safety were identified. The identified factors for productivity included
better coordination between work groups, improvement of equipment and tools, better
personal relations between workmates, spacious work sites, and use of more skilled labor.
The five identified factors as the best means for improving safety included supervisors’
promoting safe work habits, supervisors’ discouraging dangerous work habits, more
safety measures for equipment, safety inspections, and improvement of equipment and
tools. Considering the relationship between productivity and safety, all thirty one
measures were found to be significantly correlated with both improvements in
productivity and safety.
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ABSTRACT

The paper reports on an exploratory study conducted to determine the surface health and
safety (H&S) competencies, namely knowledge and skills, that Site Managers, Site H&S
Officers, and Client Appointed H&S Agents (CAH&SAS) require to manage construction
H&S.

A postal study was conducted among a group of H&S better practice general contractors
(GCs) to determine the importance of knowledge areas and skills. Eight composite
knowledge areas and seven composite skills areas have been used to categorise the
seventy-nine knowledge areas and fifty skills respectively. To date the study has been
primarily a descriptive study.

In general the composite knowledge areas of OH&S, project administration, and design,
are more important than the other five areas, and the composite skills of leadership,
general management, planning, and interpersonal / developmental are more important
than the other three skills.

The findings emanate from an exploratory survey, and therefore an expanded study
should be conducted. However, the findings do emanate from an eminent sample
stratum, and therefore provide a basis for the further research.

Construction Management programmes, which address the streams of economics,
management, and science and technology, appear to be the most suitable programmes in
terms of the development of the knowledge and skills required by the three occupations
which are the subject of the study, particularly those which include a comprehensive
subject or component in the form of H&S, and the subjects project management and
theory of structures. Furthermore, a construction H&S association should be founded
that promotes professionalism and leadership in construction H&S.

Keywords: Competencies, Construction, Health and Safety, Knowledge, Skills
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1. INTRODUCTION

Competent is when a person is qualified to perform to a requisite standard of the
processes of a job. However, competence means the condition or state of being
competent — skill and standard of performance reached. Competency in turn, refers to the
behaviour by which it is achieved (Singh, 2004). Therefore, competence describes what
people can do whereas competency focuses on how they do it. The plural of each word
indicates two different meanings. Competences refer to the range of skills, which are
satisfactorily performed, while competencies refer to the behaviour adopted in competent
performance.

Hogg (in Singh, 2004) elaborates on the characteristics of competencies as follows:
e Competencies are characteristics of a person;
e Competencies lead to the demonstration of skills and abilities;
e Competencies must lead to effective performance. Competency refers to
behaviour, differentiating success from merely doing the job, and
e Competency embodies the capacity to transfer skills and abilities to from one area
to another i.e. generic vis-a-vis functional competence.

Competencies are components of a job which are reflected in behaviours that are
observable in a workplace, the common elements being (Singh, 2004):
e Knowledge;
Skills;
Abilities;
Aptitudes;
Personal suitability behaviour, and
Impact on performance at work.

The criteria of performance are superior performance and effective performance, the
issue being that only some competencies can predict performance. Thus competencies
are divided into two categories (Singh, 2004):
e Surface or threshold: these are required to be minimally effective, namely
knowledge and skills, and
e (Core or differentiating: these distinguish superior from average performers,
namely abilities, aptitudes, personal suitability behaviour, and impact on
performance at work.

This paper addresses the surface H&S competencies Site Managers, Site H&S Officers,
and Client Appointed H&S Agents (CAH&SAs) require to manage construction H&S.
There are two reasons for the inclusion of these occupations is that Site Managers are
responsible for the management of construction projects the physical construction process
and activities, which includes H&S, as it is an integral aspect of the construction process
and activities. During a study conducted by Smallwood (2006) H&S was ranked joint
tenth out of seventy-eight subject areas at the Site Management level in terms of the
mean frequency of the use of subject areas. Secondly, given the promulgation of the
Construction Regulations, and the resultant occupations of H&S Officer, and CAH&SA,
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the study investigated the importance of seventy-nine knowledge areas, and fifty skills
relative to the occupations of Site Manager, Site H&S Officer, and CAH&SA.

2. RESEARCH
Sample stratum and methodology

Given the objectives of the study it was necessary to select a sample stratum consisting of
contractors, which could be presumed to be committed to and which address H&S, and
ergonomics related issues, and therefore best able to comment relative to knowledge and
skills required to manage or advise regarding H&S. The sample stratum consisted of 26
general contractors (GCs), who had achieved first, second, or third positions in the
Building Industries Federation South Africa (BIFSA) / Master Builders South Africa
(MBSA) national H&S competition and, or BIFSA / MBSA 4 or 5-Star H&S gradings on
one or more of their projects during the period 1995 to 2003 inclusive. 9 Responses were
received and included in the analysis of the data, which equates to a response rate of
34.6%.

The questionnaire was based upon knowledge areas and skills included in a Practice of
Construction Management study conducted by Smallwood (2006), which in turn were
supplemented by further knowledge areas and skills deduced from the requirements of
the Construction Regulations.

Findings

Table 1 indicates the importance of seventy-nine knowledge areas relative to the
management of H&S in terms of a mean score ranging between 1.00 and 5.00, based
upon percentage responses to a scale of 1 (not important) to 5 (very important) relative to
the occupations Site Manager, Site H&S Officer, and CAH&SA, and a mean of the three
occupations.

Eight composite knowledge arcas have been used to categorise the seventy-nine
knowledge areas for reasons of brevity and to enable comparisons between the
occupations to be drawn: project administration; financial management; design; law;
construction technology / technology; OH&S; planning, and management / management
of parameters. This categorisation enabled the computation of composite knowledge area
mean scores.

Although it is not readily apparent from the table due to the format, it is notable that
seventy-five (94.9%) of the mean scores are above the midpoint score of 3.00, which
indicates that in general the respondents can be deemed to perceive the knowledge areas
as important. However, given that the mean scores for the top thirty-three (41.8%)
knowledge areas are > 4.20 < 5.00, the respondents can be deemed to perceive them to be
between more than important to very important / very important. Given that the mean
scores for the knowledge areas ranked 34th to joint 69th (46.8%) are > 3.40 < 4.20, the
respondents can be deemed to perceive them to be between important to more than
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important / more than important. Furthermore, the respondents can be deemed to
perceive those knowledge areas ranked 71st to 79th to be between less than important to
important / important — mean scores > 2.60 < 3.40.

Table 1 Importance of knowledge areas relative to the management of H&S.

Occupation

Site Site  H&s | Chient Mean

Manager Officer Appointed
Knowledge area (PC) (PC) H&S

Agent
Ran Ran Ran | MS | Ran

MS K MS K MS K K
Project administration:
Codes of  practice / _ B B 10=
Standards 457 | 26= |4.57 | 12= 471 | 6= 462
Contract administration 4.14 | 61= |3.71 |47= |4.67 |10 4.17 | 37
Contract documentation 429 |53= [4.43 |16= [4.29 |19= 434 |27
Professional practice 4.86 | 6= 4.29 |21= |4.71 | 6= 4.62 | 10=
Composite 447 |5 425 |2 4.60 |2 444 |2
Financial management:
Accountancy 357 | 77= 1250 | 74= [3.00 | 72= [3.02 |75
Cash flow forecasting 343 |79 243 | 77= [3.00 | 72= |2.95 | 76=
Cost control 443 |43= |3.14 | 67= |3.33 | 64= |3.63 |65
Cost engineering 429 | 53= |3.00 |69= |3.17 | 69= |3.49 |68
Estimating 4.00 | 68= |2.17 |79 2.67 |77 295 | 76=
Financial management 429 |53= [3.00 | 69= |3.00 | 72= |3.43 | 69=
Final accounts 4.14 |61= [2.50 |74= [2.83 |75 3.16 | 73
Composite 4.02 |8 2.68 | 8 3.00 | 8 323 |8
Design:
Design (Architectural) 4.57 [ 26= |3.43 |59= |4.29 |19= |4.10 |41
Design (Cantilever . . . 16=
platforms) 471 | 17= | 443 | 16= |4.14 | 28= 443
Design (Engineering) 443 | 43= |3.50 | 58 3.86 | 40= |3.93 | 56
Design (Process) 429 | 53= |4.00