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I. INTRODUCTION

Construction productivity has been a cause of great concern in both the construction industry and academia. Even though many companies have developed their own productivity tracking systems based on their experiences and accounting systems, none has been successful in establishing common definitions and developing a survey tool that collects standard productivity data at the appropriate levels.

 This report was initiated to study some techniques used in measuring construction productivity and to make a suggesting in how to improve construction methods.

 To do that, we select Mall of Dhahran expansion project, which is Located at a prominent intersection between Prince Faisal Bin Fahd road & King Saud road on Dhahran.
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Fawaz Al Hokair Group’s owns the project. The initial budget is SR 300,000,000 and the total area to be built is 45000 square meter. The project consist of 5 phases comprise of concrete foundation and pedestal with pre engineer steel structure and a separate Kika building comprising of pre cast structure. The mechanical completion of the project will be on September 30, 2007. 

The project consists of the following phases: 
Phase 1: 

Consist of retail shop and snow valley.

Phase 2: 

Consist of retail shop, food court, OOD Kiosk, lake and two swimming pools.  

Phase 3, 4 and 5: 

Consist of retail shop.
In addition, there will be a mosque, tunnel for exit and entry of trucks for loading area, two water tank, underground utility and parking from all side.  
II. Methodology

This report will include the following studies:
· Work Sampling 
· Five Minute Rating
· Crew Balance Chart
· Material Flow Diagram and Process Charts
· Safety 
Basic step and sequences on doing these studies:

1. Looking at the whole project to take an over view of the project. This will help in selecting the major repetitive        operation to do our study.

2. Make a tour to take Work Sampling.

3. Performing Five-Minute Rating technique by recording a repetitive activity (pouring concrete activity for a slab) by a video film and recommended some improvement.

4. Performing Crew Balance Chart technique by recording a repetitive activity (the installation of pre cast reinforced beams) by a video film and recommended some improvement. 
5. Performing Materials Flow Diagram and Process Charts for repetitive construction operation and recommended some improvement. 

6. Use the safety chick list to evaluate the safety in the job site and suggest improvement. 

III. Work Sampling Technique

Work sampling involves observing and classifying a small percentage of some whole to get a representation of that whole and to statistically determine how the different types of craftsmen's time have been utilized for the entire job site.

The overall project productivity is to be measured by three classifications:
a. Effective Work:   

Activities directly involved in the actual process of putting together or adding to a unit being constructed, such as placing bricks and plastering.

b. Essential Contributory work:
Work not directly Adding to put essential to finishing the unit, such as: handling material at workstation, receiving instructions or reading planes.

c. Non-effective:

Not useful or idle.  

All the required data were collected on April 26, 2007. 
The following rules have been taken into consideration during the observation to assure random sampling:
1. Minimum number of observations to be selected should not be less than 384 observations. This will reflect a confidence level of 95% limit of error of   +_5 %. This condition is adopted to provide a reasonable indication of the overall effectiveness of the result by taking 754 observations. 
2. Every craftsman should have the same probability of being observed at any time.

3. Observations must have no sequential relationship. 

4. The basic character of the work situation must remain the same.
5. Observation at first instance.
PRODUCTIVITY RATING FOR SEVERAL CONSTRUCTION TRADES
	Craft
	Effective
	Contributory
	Not useful

	Labour
	36
	8
	31

	Welder 
	17
	14
	9

	Plaster
	21
	7
	18

	Steel erector  
	36
	18
	45

	Carpenter
	44
	16
	24

	Decoration 
	25
	30
	11

	Equipment Operation
	33
	15
	6

	Electrician
	23
	27
	19

	Mason
	36
	31
	26

	Plumber
	28
	20
	16

	Steel cuter 
	27
	18
	19

	TOTAL
	326
	204
	224


DATA ANALYSIS: 
	Number of sampling rounds 
	4

	Total number of observation
	754

	Number of observations classified as effective
	326

	Number of observations classified as essential contributory
	204

	Number of observations classified as ineffective
	224


   Effective work                =   326 / 754 = 43.23 %

   Essential contributory   = 204/ 754     = 27.06%

   Ineffective work             = 224 / 754    = 29.71 %

                         b = x / n = 0.4323

Limit of error for effective work (95 % confidence)

    b – 1.96 √b (1- b) / n   ≤     P    ≤ b + 1.96   √ b (1 – b) / n 

    0.3969                ≤     P     ≤                0.4677
 P: Population portion
X: Number of observations classified as effective

n: Total number of observations

b: productivity in effective work
The results indicate that it can be assured in every 95 samples out of 100; the craftsmen spend 39.69 %   to 46.77 % of their time on effective work.
Field rating index = work +10% = 326/754+10%=53.23%

                               Total 

Labor utilization factor=eff. + ¼ cont = 326+1/4(204) =50.00 %

                                        Total                      754  

IV. Five Minutes Rating Technique

Five-minute ratings are performed by carefully watching all workers in a crew.  When a study is instigated, each worker involved in an operation is observed for one minute.  At that stage, an assessment is made as to whether each individual worker was "working" for at least 30 seconds or not.  If a worker is determined to be "working" for at least 30 seconds in the first minute, the worker will be noted as having been "working" for the first minute.  This is done for each worker that was observed during this first minute.  The procedure is repeated during the second minute.  This is repeated for each successive minute.  This procedure is followed each successive minute until the number of minutes of observation equal the number of workers in the crew or until the crew has been observed for five minutes, whichever is greater.  At the end of the observation period, the number of "working worker" minutes is divided by the total number of workers multiplied by the number of minutes of observation.  The result is the percent of the workers that are working, a value not unlike that obtained from work sampling.  Note that the percentage working value will not be associated with confidence levels, as no statistical rigor would be warranted.  The information is subjective but it can be quite valuable.

Our selected observed crew consists of five workers performing pouring concrete activity for a slab. The observation has been recorded on a video film more than 10 minutes continuously. The results are extracted by viewing the film and indicating the status of each crew member. The following table shows a summary of the status of each worker during the activity.

Data Collection:

	Time 
	Labor # 1
	Labor # 2
	Labor # 3
	Labor # 4
	Labor # 5

	13:33
	 
	 
	x
	x
	 

	13:34
	x
	x
	x
	x
	x

	13:35
	 
	x
	x
	x
	 

	13:36
	x
	x
	x
	x
	x

	13:37
	x
	 
	 
	x
	x

	13:38
	x
	 
	 
	 
	x

	13:39
	x
	 
	 
	 
	x

	13:40
	 
	 
	 
	x
	 

	13:41
	x
	 
	 
	 
	x

	13:42
	x
	 
	 
	 
	x

	Total
	7
	3
	4
	6
	7

	
	27


Legend:

 X: effective work

Data Analysis:

Total Man Units: 50

Effective Man Units= 27

Effectiveness= Effective Man Units = 27 = 54%

                        Total Man Units        50


In our opinion, the reasons for the ineffective work are:

1- There was no teamwork, each one do his job without coordination with the others.

2- The working was not well managed, to keep each worker busy. 

3- There was no Foreman to guide and direct the workers to do their job.

4- Crew size is little bit high comparing with the work volume (small area), however this point need to be evaluated.

V. Crew Balance Chart, Flow Diagram, and Process Chart

A crew balance chart consists of a series of vertical bars scaled against a time or progress measure. The vertical bars on a crew balance chart are shown across the x-axis with each bar representing an individual crew member. Hence, the more bars shown, the more crew members present in working on the task. In addition, the individual crew member vertical bars are subdivided through shading and patterns to show the specific subtasks (with times) that the crew member is performing. The y-axis is shown as time – either as recorded (minutes, seconds) or as a percentage of the total cycle for the task (O’Brien and Zilly, 1991).

Since each element of time for each crew member is plotted to the same time scale, the interrelationship of the various crew members and sub-tasks can be studied through a comparison along any line parallel to the x-axis on the chart. Construction field staff can rearrange task assignments among various members of the crew in order to reduce or eliminate non-productive time and thereby increase efficiency (Alfeld 1988). Crew balance charts must be used with caution when assessing productivity, since simply working (being busy) does not necessarily mean that the best method to complete the task is being used. In addition, the bars do not necessarily reflect the work pace.  

Material Flow Diagram and process chart are valuable tools for understanding the process using graphic elements to represent tasks, flows, and storage. This will lead to improve the existing work. It is good to say that most obvious savings found by analyzing flow diagrams and process charts that generally involve excessive transportation.  

Video recording is used to record our selected repeated operation in order to help for detailing the existing cycle. The selected operation is the installation of pre cast reinforced beams. This operation will be used in both techniques CBC and FD. 

The fabrication of the reinforced beams at the supplier factory, as well as, the transportation to the site is not considered as a part of the selected cycle. Four cycles were recorded and three were considered. The first cycle was eliminated due to its different pattern.

EXISTING METHOD

The crew consists of four workers and crane operator. The low–bed truck can deliver in each trip three to four pre cast reinforced beam. The first activity is to tying the pre cast reinforced beam to crane hook and it is consume 0:42 minutes. The second activity is lifting the beam by crane to its final place and this take 2:13 minutes. Then, installation process will start and its last 2:45 minutes.  After that, the crane hook will return to pick up the following beam and this take 1:30 minutes. 

The existing method is shown on the flow diagram, CBC and flow process chart.
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IMPROVEMENTS:

Through our analysis for the present Flow diagram, the following findings show the weak points of the existing method: 

1- There are two types of the pre cast beams on the truck U beams and T beams.  There is a wasting of time when they unload the T-beams and put them on the ground.

2- Preparation of the location (wood supports) which they will transfer the T beam during the unloading of the T beams. Here, also there is wasting of time.

3- Only one labor is working on tying the two belts in the two directions and connecting the belts to the crane’s hooks (wasting time).

4- The laborers working on the installation spend a lot of time trying to communicate to crane operator.

5-  The location of the crane is not good and safe. This is affecting on crane’s operator, which does not help him to see both sides of the pre cast concrete beam and the signalman (safety & wasting time).   

Based on the findings, below are our recommendations to minimize the ineffective time of workers and equipment, the following modifications are proposed:

1) Keep the T beams to be loaded alone in different trucks or arrange the beams in the low bed truck in a way that T beam will be last beams to be unloaded from the whole delivery.

2) Two laborers should work on tying and connecting the beams to the crane’s hooks. The labor holding the rope to prevent the beam from swinging should work with other labor on tying the beam to crane's hooks. This will reduce the tying time by 40% and result in a reduction of 0:17 minutes. 

3) Location of the crane must be an adequate and safe, so crane’s time will be reduced during lifting and return. We consider this to have 40% reduction in lifting and return back. The reduction will be 1:28 minutes.

4) Accurate dimension should be taking for last U beam in every area before bringing the beam to minimize the installation and site modification and this play as major factor. In addition, the labor working on the tying should be familiar with crane signal to facilitate communication between installation laborers and crane operator. We consider this to have 40% reduction from installation. This will result in a reduction of 1:06 minutes. 
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Considering the improve method that shown in the proposed CBC, it is obvious that ineffective time will be reduced. 
	
	Ineffective time per one cycle (min)
	 Ineffective time reduction one cycle (min)

	
	Present
	Proposed
	

	Signal and tying labor
	6:26
	0:54
	5:32

	Rope Holder Labor
	4:57
	2:58
	1:50

	Installation 
	4:23
	2:50
	1:37

	Return back
	:42
	:25
	:17


Finally, implementing the proposed method the cycle duration will be reduced by 60%. The duration of the improved cycle 4:16 minutes versus 7:08 minutes for existing method.
VI. Project Safety 

Accident statistics show that on the average, construction is 
among our most hazard industries. The hazards in
construction work are also demonstrated by the fact that the 
industry’s work force, represent 5 percent of the nation’s total,
account for 18 percent of the deaths and 11 percent of the 
disabling injuries for all industry. In addition, construction’s
fatality rate is 3.4 times that of the all-industry average. 
Furthermore, construction accident tend to be more severe, as 
indicated by the disabling injury rate, which is double that of 
the all-industry average. 

It is easy to cite reason why construction appears to be so 
dangerous. Among them are that it may involve large, heavy 
materials and equipment and often requires work at heights,
in excavation, underground, and in other high hazard location.

However, this requires that accident prevention become a 

major focus of attention at all levels of owners and contractor 
management and of worker as well.

In our study of safety in this project, we used a jobsite safety
checklist to evaluate the project safety and to make some
suggestions and recommendation to improve the site safety as 
discussed below. 
Housekeeping:

The general housekeeping on the project is not good enough 
because the labor leave waste and trash on the site. There is 
adequate lighting on the passageways and work area but it is 
not free of tripping hazards. In addition, the nails are not 
removed from lumber and there is no area for disposal of 
waste and trash. In the other hand, gas cylinders are storied 
in good area and all materials safely stockpiled.
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Structures:

In general, the scaffolding is not properly installed for the following reasons:

· No railing in the platform
· Ladders are not in good condition

· The scaffolding is not properly braced and plumbed
· There are no safety lines on suspended scaffolding 
· The nets are not used as required
· Stairways do not have hand railing
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The plywood walkways are provided over rebar but not in the 
proper way. The gas cylinders are secured upright and all 
heating devices are properly ventilated. No employees are 
using proper personal protective equipment. There adequate 
fire protection is provided and gates are properly functioning 
on all level. The building is two floor only so that, there is no 
tower crane.
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Signs and tools:
In general, there are no signs at all in the site:

· No tags being used on controls of equipment under adjustment or repair 
· Faulty tools, machinery are not being tagged
· Approach to work area are not signed properly
· There are no flagmen 

Tools are in good condition, being properly used, appropriate
guards, adequate storage but there is no an adequate supply 
of eye protection. 

Welding and cutting:

Workers are not wearing the right type eye protection. Cylinder 
and welding lines are in good condition and adequately 
secured when in use, in storage and while being transported. 
A Fire extinguisher is located in the vicinity of the welding and 
cutting operation. The welding machine frame is not grounded.
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Heavy equipment:

 In general, all heavy equipment is used properly:

· A good haul road is being maintained 
· Parked and unattended equipment have the blade lowered to the ground
· Equipment is being operated at excessive speeds
· Hitchhikers are being prevented from riding on equipment  
· The engines are shut off before equipment is lubricated 
· There is adequate lighting of haul roads during night operation 

Here is some comment in using heavy equipment:

· Dust is not being controlled 
· Operator are not wearing hard hats
· The fuel truck does not have a full fire extinguisher
· Seat belts are not being used on machine with rollover protection
· The forklift truck is not equipped with overhead guard 

Cranes:

Cranes are used in the project to left the steel structural both column and 
beam. In general, it is used properly. Good points in crane operation are the 
following:
· The crane is being operated clear of power lines
· Outriggers are being used
· The crane is leveled and properly supported
· Cables are in safe condition
· The crane is equipped with boom angle indicator load capacity chart and hand signal poster
· The crane has had an annual inspection

· Motor vehicles with restricted rear visibility are equipped with back up alarms  
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Here is some comment about crane operation:

· The oiler is not wearing his hard hat
· A fire extinguisher is not located on the equipment
· Signing is not being used on crane in transit

Excavations - Trenching 

Excavations and trenching in the project are not in safe 
situation. Here is some comment about Excavations – 
Trenching:
· Trench sides are not shored
· There is no ladder in the trench
· Excavated materials is not being stock piled far enough from the edge of the trench
· All employees are not wearing personal protective equipment 
· Open excavation are not protected from public exposure
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On the other hand, there is no need for following items in the 
project site:
· Special utility company 
· Oxygen deficiency
· Steps to prevent power line contact
· Traffic control 

Fire prevention:

There is a good fire prevention system in the project site. Here
is some good point regarding this system:

· Fuel tanks are properly diked and separated
· Electric pumps on bulk fuel tanks are grounded
· Bulk fuel tanks are properly ventilated
· Fire extinguishers are of adequate size
· Flammable liquids are stored in approved containers
· ‘No smoking ‘signs are posted at storage
· Fire fighting equipment has been periodically inspected
· The location of fire fighting equipment is identified 

First aid:

There is no first aid box at site. Because of this, there is no 
trained first aid man on the jobsite. In addition, there are no 
emergency number posted near the telephone and no direction 
available to get to the hospital.  

Miscellaneous:

Here are some additional points about safety:

· No personal protective equipment
· Air contaminants are not being controlled
· Adequate lighting and ventilation is provided in tunnel work
· Sanitary drinking water and containers are on the job
· Approved toilet facilities are not provided
· No supervisor’s safety records 

Recommendation for safety improvements:

· Identify by name, safety personnel 
· the contractor shall have a full-time safety supervisor
· Introduce the safety in the beginning of the project and discuses it in weekly, monthly and quarterly meeting.
· Contractor shall have the latest construction safety manual. 
· All incidents shall be reported immediately to the owner.
· Smoking is allowed only in smoking shelters.
· Used sign for speed, stop and parking
· The contractor shall have a lay down yard.
· Security fences for the project site.
· Provide a first aid in the job site. 
· Contractor shall have emergency response procedure
· The contractor should supply the personal protection tools and force the worker to use it.
· The contractor should clean the site every day.
· The contractor should apply safety during the use of scaffolding.
· Contractor should have a safety record for the project.  
VII. Conclusion 

This project exposed us the different methods of determining 
the productivity in a certain site. We noticed how much time is   

wasted and how much essential contributory work is being 
done in comparison to the efficient work. Approximately 50 % 
of the work is actually effective through our tour around the 
site. 
The safety observations we made during our site tours should
 be alarming enough for the project management to take
 immediate action and try to remediate these problems before
 they turn into costly and even fatal accidents.

PAGE  
2

_1241266428.vsd
                       CRANE�

                    
                          TRUCK�

�

Location of Installing Pre cast Beams�

                                    2 Meters�

Area # 1�

Area # 2�

 Tying & connecting beams 
  to crane�s hook�

Lifting by crane�


Return back of crane�s boom�

1�

2�

3�

4�

Existing Method:  Material Flow Diagram�

�

    Installation�

                       Beams on Truck�


_1241266873.vsd
                       CRANE�

                    
                          TRUCK�

�

Location of Installing Pre cast Beams�

                                    2 Meters�

Area # 1�

Area # 2�

�

 Tying & connecting beams 
  to crane�s hook�

Lifting by crane�

Return back of crane�s boom�

1�

2�

3�

4�

Proposed Method:  Material Flow Diagram�

Beams on Truck�


Installation�


