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Abstract: This paper assesses the safety procedures on a construction job site in Saudi Arabia. Safety on the construction site was assessed by conducting a survey of projects during construction. A standardized checklist was used to conduct the survey. This checklist included those items which are perceived to be important from the safety point of view.  These are fire prevention, scaffold/mobile tower, cartridge operated tools, trenching & excavation, housekeeping, sandblasting, power tool machine & equipment, heavy equipment, gas/electric welding, construction formwork, health & welfare, transportation, cranes & lifting devices, compressed gas, air compressors, site safety administration, temporary electricity supplies, and special items.  The sites for the study were selected randomly from the Eastern province of Saudi Arabia. The sites were differentiated into large and small projects based on the size, dollar volume and number of workmen employed on the job-site. This was done to test whether the level of safety on a construction site was a function of the size of a project. The results of the study indicated that safety levels varied between the large and small projects. Small projects averaged low safety assessment scores in fire prevention, health and welfare, and safety administration, while safety assessment scores in large project were consistently high in all different divisions.  A Spearman Rho rank correlation of the different divisions was computed and a test of hypothesis was conducted.  It was found that both large and small projects generally agree on the ranks of the divisions although they have different safety standards.
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Introduction


	Safety on the jobsite is an important aspect of the overall safety in construction.  Construction sites are in a constant state of change, dictating frequent inspections. The construction field is one of the most hazardous industrial fields (Grimaldi and Simonds, 1984). The practice of safety in construction in the United States is regulated by governmental agencies such as the Occupational Safety and Health Administration (OSHA), which provides strict rules and regulations to enforce safety and health standards on jobsites. However, the practice of safety in Saudi Arabia is not regulated by any government agency as is the case in the United States (Fullman, 1984). The prevention of accidents is, therefore, an area of responsibility of the top management of the organization.  Some construction companies realize the importance of reducing their accident rates not only for humanitarian reasons, but also because of the many financial benefits which flow from the safe conduct of the work.  Other companies do not have a strong belief in safety. This has serious repercussions when any unfortunate incidents occur. Good management should always insist that every engineer, supervisor, and laborer must be familiar with all basic safety aspects and practices that guard those around the sites from accidents and injuries.  





	The responsibility for safety on any construction project should be shared between all the parties involved in the project, namely, the owner, the designer or the architect, and the contractor. The owner as part of his safety responsibilities must ensure that the designer designs a safe project. He must also ensure that the contractor has a safety program. The owner should include the safety program as an element of the bidding technicalities. The architect or the designer contributes towards ensuring the safety of the project by properly designing the temporary work and the permanent work from the safety point of view. The temporary works must be designed so that they provide a safe means of access to and about the construction work. The permanent work must be designed so that it is stable and safe for the users. Contractors should provide a safe environment for workers by meeting all safety requirements during construction processes, beginning with site preparation and ending with completion of the work. 





	The safety performance of the company should be measured so that unsafe conditions and unsafe practices can be identified. There are several methods of measuring the safety performance on a job site.  One way is by conducting a safety audit. A comprehensive audit is basically a revision of all aspects of the company's safety program. A properly conducted safety audit will determine the strengths and weaknesses of the current safety program. Any problem areas that might adversely affect the success of the program will be identified (Kavianian and Wentz, 1990).  Another way of measuring safety performance is by applying the concept of profiling which consists of the development of a corporate safety performance standard in a number of categories that are considered to be important.  Companies are then compared to this standard and a profile is made showing this comparison (Fletcher, 1972). The injury frequency rate which is the number of lost-time injuries per million man hours of exposure can also be used to measure safety performance.   Jannadi and Al-Sudairi (1995) measured safety performance in Saudi Arabia using the injury frequency rate, and concluded that safety performance is best in the larger construction firms.  Safety performance can also be measured by using a standard checklist that covers all aspects of the work (Saudi Aramco, 1988).


	Safety management is an approach aiming to remove or minimize the forces which cause losses by injuring the workers, or by damaging equipment and facilities. There are two models which study the causation of accidents. These are the behavioral and the situational models (Raouf and Dhillon, 1994). The behavioral models consider humans as the major factor, responsible for accidents, whereas situational models consider the interactions between humans, environment, and the situation for studying the accident process. The causes of accidents are divided into two categories, immediate causes and contributing causes. The contributing causes of accidents include the physical condition of the workers and the management policies. The immediate causes of accidents include unsafe acts and unsafe conditions. Unsafe conditions are physical conditions, which if left uncorrected, are likely to cause an accident. Therefore, to improve safety on the work site, such conditions must be detected before an accident occurs. Unsafe conditions are detected on a work site by performing periodic safety inspections. These are usually conducted by the site safety personnel. Check lists are used to conduct such inspections. One such checklist is used to conduct this survey. This checklist tries to assess the safety of the site by considering only the unsafe conditions on the work site.  


	


Objective of the paper


The objective of this paper is to assess the level of safety practiced at different construction projects in Saudi Arabia. A survey of different construction sites was conducted, to determine whether safety levels differ according to the size of the project.  A standard checklist was used to assess the safety practices of the different firms.





Research Methodology


	A survey of 14 randomly selected projects was conducted to assess safety practices in Saudi Arabia. The sites were located in the Eastern province of Saudi Arabia. A standard checklist developed by the Saudi Arabian Oil Company (Saudi Aramco) for evaluation of safety was used in this survey (Saudi Aramco, 1988). 





	The projects for the survey were selected at random, based on the fact that they were under construction at the time of the survey. The survey included two types of projects: i) large construction projects with estimated construction costs of over SR 50 millions (1 US $ = 3.75 SR); and ii) small construction projects with estimated construction costs of less than SR 5 million. There were 7 large projects and 7 small projects in all. The large projects included several office and commercial buildings. The small construction sites consisted mainly of  residential buildings and housing. 





	The checklist used for the survey is  shown in Table 1. This checklist includes those items which are perceived to be important from the safety point of view on the construction site. The checklist consists of 18 divisions and 96 items distributed among the different divisions. These are fire prevention, scaffold/mobile tower, cartridge operated tools, trenching excavation, housekeeping, sandblasting, power tool machine & equipment, heavy equipment, gas/electric welding, construction formwork, health & welfare, transportation, cranes & lifting devices, compressed gas, air compressors, site safety administration, temporary electric, and special items. This checklist was developed by the Saudi Aramco.  Saudi Aramco is an oil company considered to be one of the biggest in the world, with oil production averaging 8 million barrels per day. Saudi Aramco is a safety oriented oil company that applies both quantitative and qualitative risk evaluation techniques to its operating facilities. Safety is monitored by conducting various safety inspections and reviews. In 1994, the numbers of both the planned quarterly safety inspections and the unscheduled inspections of the operating facilities and construction sites were 4,897 and 13,940 respectively.  Also safety is actively promoted within Saudi Aramco through a wide range of publications, films and other media. Over 2.2 million safety awareness items were produced in 1994 (Saudi Aramco, 1995). The above checklist is used by Saudi Aramco to assess the safety on the construction projects undertaken by them. 


The data was collected by a student of the authors. All sites were personally visited by the surveyor and the evaluations were made with the help of the project superintendent at the respective sites. 

































































Table 1.  Safety checklist





Divisions


�
Yes / No


�
Divisions


�
Yes / No


�
�
(1)  Fire Prevention�
 �
(2)  Housekeeping�
 �
�
Adequate Fire Extinguisher 


Proper type Extinguisher


Adequate Water Barrels /Buckets


Properly located


Emergency tel. # posted


Fire  Watches


Open Flame Operations


Storage of Flammable /combustibles





Average Score�









*�
Site Access Roads


Security Fences/Gates


Site Access Signs


Trash Container


Daily Clean-up


Materials Stacking


Aisleways


Old Timber Denailed


Overall Condition





Average Score�
�
�
(3)  Scaffold/Mobile Tower�
�
(4)  Sandblasting�
�
�
Planking


Wheel Locks


Using Proper Wheel/Condition


Scaffold Access


Proper Couplers


Good ties/Outriggers


Plumb and Level


Condition of frame members





Average Score�
�
Operator's Hood (Air Supply)


Air Filter (to hood)


Hoses  properly grounded


Operator's protective clothing


Remote area/warning signs














Average Score�
�
�
(5)  Cartridge Operated Tools�
�
(6)  Power Tools / Machine and    Equipment�
�
�
Penetration to safe zone


Control/Storage of cartridges


Proper maintenance of tools


Certified operator


Operator Protective Equipment





Average Score�
�
Properly guarded 


Tool Rest


Operator's Protective Equipment


Damaged hand tools








Average Score�
�
�
(7)  Excavation�
�
(8)  Heavy Equipment�
�
�
Shoving /Trench Box


Sloping


Barriers/Warning Signs/Lights


Access/Egress





Average Score�
�
Roll Over Protection


Back-up Alarms


Licensed Operators








Average Score�
�
�
(9)  Concrete Formwork�
�
(10)  Gas/Electric Welding�
�
�
Timber Adequate Strength


Protective Clothing & Equipt.


Firm Footing for Support


Side Slope Bracing





Average Score�
�
Proper Acetylene Press


Acetylene on/off Wrench


Operator's Protective Equip.








Average Score�
�
�
Divisions


�
Yes / No


�
Divisions


�
Yes / No


�
�
(11)  Health and Welfare�
�
(12)  Compressed Gas�
�
�
Medical Facilities/Supplies


Designated Smoking Areas


Washing Facilities


Drinking Water and Cups


Toilet Facilities/Sanitation


Ventilation





Average Score�
�
Cylinder Secured


Proper Storage


Protective Caps in place


Proper Handling


Proper Color Coding








Average Score�
�
�
(13)  Transportation�
�
(14)  Air Compressors�
�
�
Buses/Pickup Trucks/Other 


Vehicles


Use of Seat Belts


Licensed Operators


Proper Maintenance











Average Score�
�
Inspection for Press Relief


Valve Operational


Inspection for Air Press


Gauges


Proper Hose & Connection


Coupling Safety Wired


Guards





Average Score�
�
�
(15)  Cranes & Lifting Devices�
�
(16)  Safety Administration�
�
�
Current  Inspection Sticker


Saudi Arab Licensed Operator


Load Radius Indicator


Safety Latches (Hooks)


Maintenance of Wire Ropes


Maintenance of Slings & Chain


Safe Load Chart (Arabic/Eng.)


Two Blocks


Proper Use of Outriggers


Signal man/Rigger





Average Score�
�
Accidents Report


Safety Coordinator


Fire/Safety Inspection Log


Site Safety Program


Work Permits Requirements


on Site


Safety Inspection Reports


Fire Aid, Accident, Fatalities











Average Score�
�
�
(17)  Temporary Electric�
�
(18) Special Items�
�
�
Correct Voltage


GFI (used)


Circuit 3 Wire Ground


Inspection for Recapt/Plugs


Service Panel Fused


Warning Signs


Hold Tags and Lock Out





Average Score�
�
























Average Score�
�
�



 





�
Limitations


Safety on the construction sites is divided into two aspects. They are the physical aspects and the behavioral aspect. The physical aspects of safety on the construction sites covers the unsafe work conditions. The behavioral aspects of safety cover the unsafe acts or behavior on the part of the workers on the site. This paper concentrates only on the physical conditions on the site. The behavioral aspects are not covered. Hence the checklist used for this survey covers only those dimensions of safety which come under the domain of physical conditions. 





Data Analysis


	Each item within a division was evaluated as "yes" or "no" depending on its existence in the jobsite.  Each "yes" was given a score of 100 and each "no" was given a score of zero.  The division score was calculated by the following equation:





�EMBED Equation.3���





The division score was calculated by multiplying the number of "yes" by 100 and the total sum divided by the number of applicable items.  Items not applicable for a particular project were ignored and not used in the calculation.  Each project was scored by obtaining the average of the applicable division scores within that project.  








Projects were assessed based on the following scale: 


0%-59% as poor


60%-69% as fair


70%-79% as good


80%-89% as very good 


90%-100% as excellent.  





  	Also the average of division scores was calculated for both small and large projects and ranked according to their safety score as shown in Table 5.  





Results


	Tables 2 and 3 show the safety levels in large and small projects respectively. The safety level in large projects is high and this could be due to the fact that most of the projects surveyed were constructed by large internationally known firms which apply their own safety code and practices.  In addition, most of these construction companies have a safety administration department as part of their organizations.





	Safety assessment scores in small projects varied widely.  The maximum was 71.78% (good) and the minimum 34.43% (poor). These differences could be due to not implementing the Saudi Safety Code and the lack of set rules and regulations for contractors to follow.  All safety measures taken were at the initiative of the contractor.














Table (2):   Safety levels in large projects





Project #�
Safety Score�
Rating�
�
1�
89.4�
very good�
�
2�
87.1�
very good�
�
3�
74.7�
good�
�
4�
78.3�
good�
�
5�
82.4�
very good�
�
6�
82.6�
very good�
�
7�
96.8�
excellent�
�












Table (3):   Safety levels in small projects





Project #�
Safety Score�
Rating�
�
8�
51.9�
poor�
�
9�
65.3�
fair�
�
10�
71.8�
good�
�
11�
42.9�
poor�
�
12�
66.0�
fair�
�
13�
54.3�
poor�
�
14�
34.4�
poor�
�



	The variance, the standard deviation, and the average safety scores of large and small projects were calculated and the results are presented in Table 4.  It is clear that the safety level in large projects is higher than the safety level in small projects. This finding is in agreement with earlier research done by Jannadi and Al-Sudairi, (1995). Also the safety level among small projects varies more, with some projects showing good scores and others having a dismal performance. The large projects, however, show a consistent level of safety.  








Table 4. The average safety score, the variance, and the standard deviation of the large and small projects 





�
Variance�
Standard Deviation�
 Average Safety Score�
�
Large Projects�
52.45�
7.24�
84.55�
�
Small Projects�
908.4�
30.14�
65.21�
�
	


	Table 5 shows the divisionsí average scores and their ranks for large and small projects.  It can be concluded that the following divisions had low safety levels in small projects:


a.	Fire Prevention


b.	Health & Welfare


		c.	Safety Administration	








Table 5. Divisionsí safety average scores and ranks for large and small projects





�
�
Large Projects�
Small Projects�
�
Division


#�
Division�
Average Score�
Rank�
Average Score�
Rank�
�
1�
Fire Prevention�
71.43�
17�
0�
16�
�
2�
Scaffold/Mobile Tower�
93.5�
2�
73.1�
9�
�
3�
Cartridge  Operated Tools�
83.3�
10�
86.7�
5�
�
4�
Trenching Excavation�
83.3�
10�
71.4�
10�
�
5�
House Keeping�
87.4�
6�
28.5�
13�
�
6�
Sandblasting�
81.7�
12�
94.4�
3�
�
7�
Power Tools Machine�
85.7�
7�
79.2�
7�
�
8�
Heavy Equipment�
90.5�
4�
100�
1�
�
9�
Gas/Electric Welding�
100�
1�
100�
1�
�
10�
Concrete Formwork�
92.9�
3�
83.3�
6�
�
11�
Health & Welfare�
75.7�
15�
25.2�
14�
�
12�
Transportation�
75�
16�
78.6�
8�
�
13�
Cranes & Lifting Devices�
80.7�
13�
N/A�
N/A�
�
14�
Compressed Gas�
88.6�
5�
90�
4�
�
15�
Air Compressor�
85.7�
7�
60�
11�
�
16�
Safety Administration�
76.2�
14�
20.6�
15�
�
17�
Temporary Electric Supply�
85.7�
7�
52.3�
12�
�









A Spearman Rho rank correlation coefficient, rs, of the different divisions was computed, with division number 13 ignored since it is not applicable to small projects.  The coefficient gives a numerical index of the relation between the ranks of the divisions.


			                         		  	          6 ( D2


	    Spearman rank correlation coefficient, rs  = 1   -    __________            


			                          	 		           N(N2-1)





	where	D = 	Difference between ranks for the same division


		N = 	Number of divisions (in this case 16) (Dominowski, 1980)


			6 (D2		                 6 * (317)


 rs  =   1 -    __________    =   1 -  ________________      =       0.534                


			N(N2-1)   	            16 * {(16)2-1)}            


	    		                 


Test of Hypothesis





	A critical value of rs is needed to test the alternative hypothesis that large and small projects generally agree on the important ranking of the divisions against the null hypothesis which says that there is no association between the rank.  Using the table of critical value of Spearman's rank correlation coefficient, (Mendenhall, 1993) the critical value of rs with a = 0.05 and N = 16 is 0.425.





	Since the calculated value of rs is larger than the critical value, then the null hypothesis will be rejected at the a = 0.05 level of significance. It appears that there is some agreement between the two ranks in both small and large projects.





Conclusion


	This paper assesses construction safety on the job site.  It concludes that safety level in construction sites varies with the project size. Large projects constructed by large international firms have much better safety records than smaller ones. This indicates the need for implementing a safety code in Saudi Arabia to monitor and enforce safety requirements at work sites.  Also the results indicate that large projects have little variation in safety levels, while small projects have a wide variation in their safety performance.  In addition to this, small projects have very low safety assessment scores in fire prevention, health and welfare, and safety administration. A Spearman Rho rank correlation of the safety scores of the different divisions has been computed and a test of hypothesis conducted.  It is found that both large and small projects generally agree on the safety rankings of the divisions.
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