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ABSTRACT:   This paper presents the results of a questionnaire survey, which was distributed among industrial contractors in the Eastern Province of Saudi Arabia, and formal interviews with the contractors’ officials responsible for construction safety. The intent of the survey was to gather data on those significant factors that influence the safety performance of industrial contractors. The sample survey consists of 28 companies that are involved with large volume of industrial construction activities in the Eastern Province. The paper identifies 20 main factors and 85 sub-factors and determines their level of importance based on the survey results and the  analysis.

INTRODUCTION

Saudi Arabia has experienced a construction boom during the past two decades, attracting construction professionals from all over the world. The construction industry was the greatest recipient of government spending during the First (1970-1975), Second (1975-1980) and Third (1980-1985) National Development Plans. It received 49.6 %, 32 %, and 49.8 % respectively of total government expenditure during the three 5-year plans. The construction industry in Saudi Arabia employs 15 % of the total labor force and accounts for 14 % of the total energy consumption in the country. It contributes about 20 % to the total non-oil gross domestic product (Al-Jarallah 1983). One aspect of the construction phase of projects that has been under persistent scrutiny for many years is the issue of construction worker safety. Owners, contractors, and regulatory agencies are obligated to help provide a safe work environment to minimize injuries. The owner cannot take a hands-off approach towards safety because construction activities take place on the owner’s property. The owner needs an effective means by which to monitor and control safety during construction and to assess safety plans as one of the criteria for selecting a contractor. Contractors also need a tool by which to actively integrate safety and health measures into project planning (Kartam 1997).

Throughout the world, construction is one of the most hazardous industries (Suazo and Jaselskis 1993). The major causes of accidents are related to the unique nature of the industry, human behavior, difficult work-site conditions, and poor safety management, which result in unsafe work methods, equipment, and procedures. Preventing occupational injuries and illness should be a primary concern of all employers. In developing countries, an effort must be made to raise the level of awareness among both employees and employers of the importance of health and safety at work sites. Emphasis in both developing and developed countries should be placed on training and the utilization of comprehensive safety programs (Koehn, Kothari, and Pan 1995).

In the construction industry, the working environment is constantly changing, sites exist for a relatively short time and the activities and inherent risks change daily. Within a short time of a hazard being identified and dealt with, typically the work scene has changed, bringing new hazards. There is also a high turnover in the workforce, which means safety awareness is not always as good as it should be (Davies and Tomasin 1990).

Researchers have investigated factors associated with company and project safety success for some time. Much of this research has been descriptive in nature, identifying attributes associated with enhanced construction safety performance. Figure 1 provides a brief overview of key safety research. Significant factors associated with successful safety performance as determined by the research are summarized (Jaselskis, Anderson, and Russell 1996).

Figure 1:   Summary of Previous Safety Research
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There are some factors that affect the safety performance level of the construction contractors, either positively or negatively. Among these factors are: Management Involvement, Proper Housekeeping, Health & Welfare, Proper Equipment & Tools, Safety Training, Personal Protective Equipment, Safety Programs, and Scaffolding. The problem is to study those factors and find out which affects performance level and by how much.

METHODOLOGY

The research methodology involved the following steps: (1) Perform a literature review to identify significant factors affecting safety performance of the industrial contractors; (2) develop a preliminary list of main factors and their associated sub-factors; (3) conduct formal interviews with safety key personnel of contractors and with certified safety experts to assess the identified factor; (4) develop a questionnaire related to impact of each factor and sub-factor on the safety performance of contractors; (5) collect data; (6) analyze the data; and (7) summarize the results.

FACTORS AFFECTING SAFETY PERFORMANCE OF CONTRACTOR

An extensive literature review has been conducted to identify the major factors that directly affect the safety performance of construction contractors. A total of 20 main factors and 135 sub-factors were identified as the affecting factors. Formal interviews with safety key personnel of the contractors and with certified safety experts were conducted to evaluate the factors. The 20 main factors are shown in Table 1.  

Table 1:
Main Influencing Factors Affecting Safety Performance of Contractor



1.
SITE PLANNING AND HOUSEKEEPING

2.
WELFARE FACILITIES

3.
EMERGENCY/DISASTER PLANNING AND PREPARATION

4.
SIGNS, SIGNALS AND BARRICADES

5.
MATERIALS HANDLING, STORAGE AND USE

6.
WELDING AND CUTTING

7.
CONCRETE AND CONCRETE FORMWORKS

8.
CRANE AND LIFTING EQUIPMENT

9.
CHEMICAL HANDLING

10.
ELECTRICAL EQUIPMENT

11.
HANDLING, TRANSPORTATION AND DISPOSAL OF HAZARDOUS MATERIAL AND WASTE

12.
PERSONAL PROTECTIVE EQUIPMENT

13.
FIRE PREVENTION

14.
TRANSPORTATION

15.
EXCAVATION, TRENCHING AND SHORING

16.
SCAFFOLDING AND LADDERS

17.
HAND AND POWER TOOLS

18.
MECHANICAL EQUIPMENT

19.
IONIZING RADIATION

20.
MANAGEMENT INVOLVEMENT

DESCRIPTION OF THE QUESTIONNAIRE

In order to collect the data required from the industrial construction contractors, a questionnaire was developed. This questionnaire included the 20 items identified as main influencing factors, as presented in Table 1. The purpose of the questionnaire was to reveal those factors which affect the safety performance level of the contractor and the importance (or weights) of these factors.

The following resources were used to design the questionnaire:

•
The check-off sheets for the construction industry, developed by the Occupational Safety and Health Administration, (Tarrants 1980).

•
The safety effort survey / rating form, developed by the National Occupational Safety Association, (James and Robert, 1991).

•
Loss prevention self-appraisal form for managers, (Partlow 1974).

•
The master development and evaluation grid, (Petersen 1980).

•
A book entitled "The design and understanding of survey questionnaires", (Belson 1981).

•
A book entitled "Questionnaires: Design and Use", (Berdie and Anderson 1974).

The first part of the questionnaire contains general information and this includes the type of construction activities typically involved with, and the type of the safety program quality monitoring system typically used by the contractors surveyed. The second part of the questionnaire contains 20 main factors and 85 sub-factors relevant to the safety performance of contractors.

DATA ANALYSIS AND SCORING

Data gathered from the questionnaire and the interviews was used to identify the main and sub-factors which affect the safety performance of the construction contractor. The level of importance of these main and sub-factors was determined according to their priority. The respondents had five options for each question; these options are:

Very high impact


corresponding to 4 points

High impact



corresponding to 3 points

Moderate impact


corresponding to 2 points

Low impact



corresponding to 1 points

No impact



corresponding to 0 points

The mean impact of each sub-factor is calculated as shown in the sample calculation in Table 2.

Table 2:   Sample Calculation of Mean Impact of Sub-Factors

No.
Sub-Factor
4

Very

High
3

High
2

Moderate
1

Low
0

No

Impact



No.  of  Participants  Marked





12.1
Head/Eye/Face/Hand/Foot and Hearing Protection
25
0
0
0
0
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Mean Impact =
    (25 x 4) + (0 x 3) + (0 x 2)+(0 x1) + (0 x 0)
 
=
 4.0




    (25 + 0 + + 0 + 0  + 0)

SAMPLE SURVEY

In this study the sample survey was selected from the  “Top 1000 Saudi Companies Directory” fourth edition 1995-1996, published by International Information and Trading Services Company. A sample of 28 companies was selected from the industrial contractors who are involved with large volumes of industrial construction activities in the Eastern Province. A total of 28 questionnaires were distributed among the industrial construction contractors. The questionnaire was personally handed over to the respondents, and an interviewer was available to answer any questions relating to the questionnaire. A total of 25 questionnaires were returned, which represents an overall return rate of 89%. Table 3 shows the total sample and the respondents.

Table 3:   Number of Companies Surveyed

No.
Description
Number of Questionnaires
Percentage

1
Total number of questionnaires distributed
28
100



2
Total number of completed questionnaires returned
25
89



The Categories into which the Respondents Fall in the Survey

The respondent categories, which indicate the construction activities they are typically involved with, are shown in Table 4. All of the respondents were involved in Industrial Construction. General Building (nonresidential) construction was the next highest with 72.0%, followed by Refinery Project Construction at 48.0 percent. Utilities Construction and Highway Construction had nearly the same percentages, with 12.0 and 8.0 respectively. 

Table 4:   Categories of Companies Participating in the Survey

No
Category of Companies
Number of Companies
Percent

%

1
Industrial Construction
25
100

2
General Building Construction
18
72

3
Refinery Project Construction
12
48

4
Utilities Construction
3
12

5
Highway Construction
2
8

Note:
Most of the (25) companies who participated in the survey are involved in more than one category of work.

Respondents’ Safety Program Quality Assurance

All of the respondents use the Industrial Disabling Injury (IDI) Frequency Rate as a main technique for safety program quality assurance (QA), which represents a percentage of 100 %. The Industrial Disabling Injury Severity Rate and the Incident Rate were monitored by 60 % and 76 % of the respondents, respectively. Other techniques of safety program quality assurance which were reported by the respondents include safety training, safety inspection, safety discussion, and using one or more full-time safety specialists. The categories of the safety program quality assurance techniques of the respondents are shown in Table 5.

Table 5:   Categories of Quality Assurance Techniques in Safety Program

No.
Category of Safety Program Quality Assurance Techniques
Number of Companies
Percent

%

1
Disabling Injury Frequency Rate
25
100

2
Disabling Injury Severity Rate
15
60

3
Incident Rate
19
76

Note:
Most of the (25) companies who participated in the survey maintain adequate records for one or more of the above safety program quality assurance techniques.

CALCULATION OF THE WEIGHTS OF THE INFLUENCING FACTORS
The mean impact of the sub-factors listed in the questionnaire was calculated according to the method presented in Table 2, using the Microsoft Excel Program. The weights of the main factor (based on the overall mean impact of the whole sample) was calculated using the following equation:

Wi

=
MFMI i / (  MFMI i

Where:

MFMI I

=
mean impact of main factor i (MFMI i = (  SMFMI ij / mi)

SFMI ij

=
mean impact of sub-factor j in the main factor i

mi

=
the number of sub-factors in the main factor

The mean impact and the weight of each factor and sub-factor were calculated and the results are shown in Table 6 & 7. A graphical representation of the influencing factors vs. their weights is shown in Figure 2.

Table 6:   Calculation of Weights of Main Factors Based on Overall Mean Impact

MF
Number of SF in MF
( SFMIij
MF Mean Impact (MFi)
MF Weight

(Wi)

1
3
7.88
2.63
0.039

2
5
13.92
2.78
0.042

3
2
8.00
4.00
0.060

4
4
13.24
3.31
0.050

5
4
11.48
2.87
0.043

6
5
15.80
3.16
0.047

7
5
15.48
3.10
0.046

8
5
18.56
3.71
0.056

9
3
9.80
3.27
0.049

10
4
13.60
3.40
0.051

11
3
9.16
3.05
0.046

12
3
12.00
4.00
0.060

13
5
17.52
3.50
0.052

14
5
16.12
3.22
0.048

15
3
10.08
3.36
0.050

16
4
15.08
3.77
0.056

17
3
7.68
2.56
0.038

18
3
10.08
3.36
0.050

19
5
19.08
3.82
0.057

20
11
44.00
4.00
0.060








TOTAL

66.87
1.000
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Table 7: Mean Impact and Weights of Factors and Sub-Factors Listed in Questionnaire

No.
DESCRIPTION OF FACTORS

AND SUB-FACTORS
MEAN

IMPACT
WEIGHT

1.0


SITE PLANNING AND HOUSEKEEPING
2.63
0.039

1.1
Site Layout
2.96
0.38

1.2
Safe Means of Access and Exit
2.76
0.35

1.3
Site illumination


2.16
0.27

2.0


WELFARE FACILITIES
2.78
0.042

2.1
First Aid Facilities
3.52
0.25

2.2
Food and Drinking Water Facilities
2.16
0.16

2.3
Ambulance
3.36
0.24

2.4
Showers and Eyewash Fountains
2.88
0.21

2.5
Smoking Area / Toilet and Washing Facilities


2.00
0.14

3.0


EMERGENCY / DISASTER PLANNING AND PREPARATION
4.0
0.06

3.1
Emergency Response Organization / Procedures
4.0
0.50

3.2
Emergency Response Training / Drills


4.0
0.50

4.0


SIGNS, SIGNALS AND BARRICADES
3.31
0.049

4.1
General Signs (Danger, Caution, Traffic, and Accident Prevention Tags)
3.28
0.25

4.2
Flag Men / Wearing Garment (Red or Orange)
3.08
0.23

4.3
Signaling Direction (As per ANSI)
3.44
0.26

4.4
Crane and Hoist Signals (As per ANSI)


3.44
0.26

5.0


HANDLING, STORAGE AND USE

OF MATERIALS
2.87
0.043

5.1
Aisles and Driveways
2.56
0.22

5.2
Fence and Access Gates
2.36
0.21

5.3
Arrangement of Materials
2.64
0.23

5.4
Fire Protection Equipment


3.92
0.34

6.0


WELDING AND CUTTING
3.16
0.047

6.1
Handling of Cylinders
2.68
0.17

6.2
Daily Inspection of Equipment
2.80
0.18

6.3
Adequate Ventilation
2.80
0.18

6.4
Grounding / Fire Guard
3.80
0.24

6.5
Personal Protective Equipment


3.72
0.23

7.0


CONCRETE, AND CONCRETE FORMWORKS


3.10
0.046

7.1
Work Platform / Guardrails
2.72
0.17

7.2
Grounded Electric Vibrator 
3.24
0.21

7.3
Experienced Workmanship
3.40
0.22

7.4
Shoring Sketches / Drawings  on Site
2.76
0.18

7.5
Forms / Adequate Shoring For Supports


3.36
0.22

8.0


CRANE AND LIFTING EQUIPMENT


3.71
0.056

8.1
Lift Plan on Site
3.72
0.20

8.2
Licensed Operators
3.84
0.21

8.3
Safe Working Load Indicator / Inspection Stickers
3.64
0.20

8.4
Safety Latches (Hooks)
3.76
0.20

8.5
Rigger Training


3.60
0.19

Table 7: Mean Impact and Weights of Factors anSub-Factors Listed in Questionnaire

No.
DESCRIPTION OF FACTORS

AND SUB-FACTORS
MEAN

IMPACT
WEIGHT

9.0


CHEMICAL HANDLING
3.27
0.049

9.1
Proper Identification / Warning Signs (Arabic / English)
3.84
0.33

9.2
Adequate Storage / Usage
2.56
0.30

9.3
Emergency Treatment


3.40
0.37

10.0


ELECTRICAL EQUIPMENT
3.40
0.051

10.1
Temporary Installation Precautions
3.12
0.23

10.2
Lockout / Tagging / Warning Signs
3.44
0.25

10.3
Initial Inspection / Tests
3.32
0.24

10.4
Testing of Grounds


3.72
0.28

11.0


HANDLING, TRANSPORTATION AND DISPOSAL OF HAZARDOUS MATERIAL AND WASTE


3.05
0.046

11.1
Hazard Identification Plan
3.80
0.41

11.2
Waste Management Plan
3.00
0.33

11.3
Disposal Sites / Disposal Documents


2.36
0.26

12.0


PERSONAL PROTECTIVE EQUIPMENT


4.00
0.060

12.1
Head / Eye / Face / Hand / Foot, and Hearing Protection
4.00
0.34

12.2
Fall Restraining / Arresting Devices
4.00
0.33

12.3
Breathing Apparatus


4.00
0.33

13.0


FIRE PREVENTION
3.50
0.052

13.1
Adequate Fire Extinguishers / Locations
4.00
0.23

13.2
Control of Ignition Sources / Fire Watches
3.40
0.19

13.3
Storage of Flammable Liquids / Combustible Materials
3.64
0.21

13.4
Fire Extinguisher Training / Drills
3.44
0.20

13.5
Fire Extinguishers Regular Maintenance


3.04
0.17

14.0


TRANSPORTATION
3.22
0.048

14.1
Vehicle Condition / Regular Maintenance
3.00
0.19

14.2
Passenger Seating / Seat Belts Enforcement
3.00
0.19

14.3
Motor Vehicle Regulations (Saudi Arabia Government)
3.08
0.19

14.4
First Aid Equipment / Fire Extinguishers
3.60
0.22

14.5
Driver Training


3.44
0.21

15.0


EXCAVATION, TRENCHING AND SHORING


3.36
0.050

15.1
Cave-in Protection (Shoring / Trench Boxes / Sloping / Benching)
3.32
0.33

15.2
Excavations Plan On Site
3.00
0.30

15.3
Access , Exits and Walkways


3.76
0.37

Table 7: Mean Impact and Weights of Factors and Sub-Factors Listed in Questionnaire

No.
DESCRIPTION OF FACTORS

AND SUB-FACTORS
MEAN

IMPACT
WEIGHT

16.0


SCAFFOLDING AND LADDERS


3.77
0.056

16.1
Adequate Components and Fittings (Frame Members / Base & Sole Plates / Plumb & Level / Planking)
3.76
0.25

16.2
Experienced Workmanship
3.72
0.25

16.3
Scaffold Access and Proper Loading
3.68
0.24

16.4
Adequate Scaffolding Stability (Guardrails / Toeboards / Secured Ties / Foundations and Cross Bracing)


3.92
0.26

17.0


HAND AND POWER TOOLS
2.56
0.038

17.1
Overall Condition / Daily Inspection
2.80
0.37

17.2
Individual Tools Precautions
2.40
0.31

17.3
Selection / Training


2.48
0.32

18.0


MECHANICAL EQUIPMENT
3.36
0.050

18.1
Qualified and Certified Operators
3.52
0.35

18.2
Machinery Guards and Safety Protection Devices
3.64
0.36

18.3
Regular Inspections and Strict Maintenance Schedules


2.92
0.29

19.0


IONIZATION RADIATION
3.82
0.057

19.1
Health Hazard Identification
4.00
0.21

19.2
Protection Against Radiation (Distance, Time and Shielding)


3.96
0.21

19.3
Adequate Training and Safe Handling
3.88
0.20

19.4
Intensive Inspection Each Shift
3.64
0.19

19.5
Shipping / Transportation / Storage Areas


3.60
0.19

20.0


MANAGEMENT INVOLVEMENT


4.00
0.060

20.1
Initiate / Administer Company’s Safety Policy
4.00
0.10

20.2
Know and Adhere to the Requirements of Workmen’s Regulations
4.00
0.09

20.3
Ensure Qualified and Well Trained Supervisors
4.00
0.09

20.4
Consider Safety at Tendering, Planning & Contract
4.00
0.09

20.5
Institute and Adhere to Loss Prevention Program
4.00
0.09

20.6
Fix Accountability of Safety
4.00
0.09

20.7
Set a Good Personal Example
4.00
0.09

20.8
Prepare Hazard Identification Plan
4.00
0.09

20.9
Prepare Emergency Evacuation Procedures
4.00
0.09

20.10
Communicate & Share Safety Program Activities, Experience and Results with Others
4.00
0.09

20.11
Safety Motivation (Group Meeting, Literature, Film Show, Posters, Bulletin Boards, Incentives)


4.00
0.09

CONCLUSIONS 

A summary of the results revealed in this study is provided below:

1
From the extensive literature review and the interviews with the contractor's key safety personnel and official safety experts, a total of 20 main factors and 85 sub-factors were identified as the major factors influencing the safety performance of construction contractors.

2 From the results achieved it is concluded that Management Involvement, Personal Protective Equipment, Emergency / Disaster Planning & Preparation, Ionization Radiation, Scaffolding & Ladders, Crane & Lifting Equipment, Fire Prevention, Electrical Equipment, Excavation, Trenching & Shoring, and Mechanical Equipment are the most important main factors influencing the industrial construction contractor safety performance. 

3
All the participants showed consensus agreement on the importance of three main factors, namely, Management Involvement, Personal Protective Equipment, and Emergency/Disaster Planning and Preparation. This can be revealed by the highest impact and weights (6.0) of each of the three factors. This emphasizes the fact that Management Involvement is vital for any successful safety program. In addition to Personal Protective Equipment and Emergency / Disaster Planning & Preparation, Management Involvement is extremely important for any industrial construction contractor and for each construction project.
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Figure 2:   The Influencing Factors vs. Their Weights
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