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Abstract
Changes are the major source of problems, disputes and claims between parties of project especially between owner and contractor. Changes can be able to effect on productivity of labors, cost of project and the completion date of project which may lead to losses either for owner or contractor. The mechanisms that can be used to deal with these changes are using change order.

 In this research the negative impact of changes on construction project will be discusses in order to avoid the same disputes and problems in future similar projects.

INTRODUCTION

1.1 Introduction
It is very rarely to obtain complete drawings and specifications during early phases of project due to several reasons; either from owner such as: changes in requirements during construction and/or financial capability of the owner, the other reasons come from contractor and nature of site conditions.

In order to deal with these changes or requirements, change order is incorporated in the projects to become parts of the contract. Change order must be written to protect the owner from misunderstanding interpretation of contract document by contractor and maintain the responsibility on the contractor (Thomas et al. 1991). However, these changes have several impacts on productivity of labor which effect on project cost and Project completion time. 
This research and based on previous studies show how change order effect on productivity, cost and completion date of project also display how the owner and contractor may benefit and suffer from these effects. 

1.2  Objectives of the Study:
1. To determine the reasons for issuing change order.
2. To determine the effect of change order on productivity, cost, and completion time of construction project.

3. To reduce or minimize disputes between contractors and owners resulted from changes.
4. Provide recommendations to avoid or at least decrease changes in future construction projects.

1.3  Methodology
A comprehensive literature review will be conducted to identify the causes and effects of change order on construction projects. Then from this study determine how disputes, problems associated with productivity, cost and completion time of project can be reduced to a minimum level. 
LITERATURE REVIEW

2.1 Literature Review

There are several studies deal with change orders and how change orders effect on the productivity and efficiency of work on the project. 

Alnuaimi et al. (2010) study the causes and effects of change order on public project in Oman; they took four actual case studies and performed field survey. They found that altering owner requirements is the most causes of changes in the projects, also they found that change order lead to schedule delay and cost overruns. Moselhi et al. (2005) study the impact of change order on labor productivity and improved model to quantify these losses. This model includes several factors attribute to reduce productivity such as; timing of change order over project duration. Hanna et al. (2004) provide model that be able to calculate cumulative effect of changes on labor productivity for electrical and mechanical trade, also delta analysis was introduced to determine the impact of one factor on productivity loss.  Keane et al. (2010) analyze the causes and effects of change orders on construction projects and present recommendations to avoid or at least minimize changes. Hanna et al. (2002) develop model to determine if electrical or mechanical projects are impacted by change order or not, and give quantitative definition of projects affected by variations. Hanna et al. (1999 a, b) present statistical model to estimate the actual amount of labor efficiency in mechanical and electrical projects due to change orders, in order to deal with model they use different variables such as; estimated labor hours, estimated change hours, number of changes and the timing of change. Min-Jae Lee et al. (2003), study the effect of multiple change order on productivity and find method to identify and quantify the loss of productivity resulted from the cumulative impact of change orders. Hanna & Swanson (2007) determine the type of changes on construction project and compensation possibilities to contractor for each type of change.

2.2 Background
Change can be defined as “activity that lead to modification in the original scope of the work, in the completion time of project, and in the cost of project and become part of most construction project due to limited resources” (Hanna & Swanson 2007).

Change order can be defined as “formal document that alters some conditions in the contract documents, such as changing in: the cost of project, plans and specifications, project payments schedule” (Fisk & Reynolds 2009).
Hanna et al. (2002) define change as “any event lead to adjustment of original scope, execution time or cost of work and become inevitable due to unavailable of time and money for planning”

2.3  Type of change order
There are three types of changes according to Hanna & Swanson (2007):

1. Actual or directed changes: occurs when change is directed by owner or his representative, and agreed from all parties of contract.

2. Constructive change: occur when there is differ interpretation between owner and contractor about the scope of the work if it is included in the contract or not.

3. Cardinal change: is considered breach of contract and can occur in any of the two situations below:

a. When owner authorized contractor to perform work that is considered beyond the scope of contract.

b. When owner perform several changes that lead to comprehensive differences from what is agreed in the contract.

In sometimes confusion may appear between cardinal change and constructive change.
2.4  Reason for issuing change order
According to Alnuaimi et al. (2010), the reasons for issuing change order vary from one country to another and also depend on the type of projects. They found that number of change order in construction project issued in developing countries higher than that issued in developed countries.
There are several reasons lead to issue change order; these reasons can be divided into four groups, one of these groups related to contract parties; owner changes who considered the major cause of changes, consultant changes, and  contractor changes, while the other group are not related to parties of contract and known as other changes(Keane et al. 2010). Also these groups can be compiled into two major set according to Riley et al. (2005):

· Owner generated change order: issued when adjustment to scope of work is requested by owner, and change to original contract agreement is required.

· Field generated change order: issued when problems are detected in the field. 
2.4.1 Changes related to owner

Changes related to the owner include the following: 

1. Additions and/or deletions to work requested from the owner (Hanna et al. 2002)

2. Delay in supplying materials and/or equipments that responsibility of the owner (Alnuaimi et al. 2010)
3. Budgetary limit of the owner (keane et al. 2010)

4. Project objective is not determined properly (keane et al. 2010).

5. Hardness nature of the owner (keane et al. 2010).

6. Specification changes by the owner (keane et al. 2010).

7. Obstruct effective decision (keane et al. 2010). 

2.4.2 Changes related to Consultant
Changes related to the Consultant include the following: 

1. Design errors and changes (Alnuaimi et al. 2010)
2. Failure to determine the best alternative design for project in feasibility study (Alnuaimi et al. 2010) 
3. Conflicts in contract documents (keane et al. 2010).
4. Do not have information about available material and equipment (keane et al. 2010).
5. Changes in technology (keane et al. 2010).
6. Lack of coordination between parties of contract (keane et al. 2010).
7. Complexity of design as complexity increases the opportunity to occur changes increases (keane et al. 2010).
8. Details in drawing is not sufficient to understand design correctly 

9. Change in specification by consultant (keane et al. 2010).

2.4.3 Changes related to contractor
Changes related to the Contractor include the following: 
1. Variation in quantities (Alnuaimi et al. 2010)

2. Financial capability of contractor (keane et al. 2010).

3. Inadequate equipment (keane et al. 2010).

4. Inadequate skills (keane et al. 2010).

5. Differing site conditions (keane et al. 2010).

6. Profit desired (keane et al. 2010).

7. Complex design and technology (keane et al. 2010).

8. Lack of coordination between parties (keane et al. 2010).

9. Involvement in design process is not ascending to requirement level (keane et al. 2010).

10.  Mature contractor does not have wide experience (keane et al. 2010).

2.4.4 Other variations (Force majeure) 
Referring to keane et al. (2010), the causes of variations not related to parties of contract include:

1. Changes in weather conditions.

2. Changes in economical conditions

3. Changes in Social conditions

4. Unforeseen conditions 
2.5  Effect of change order on construction Project
Usually when change order issued during construction project, it lead to several things such as; time and cost overruns, conflicts and harmful effect on environment (Alnuaimi et al. 2010). According to keane et al. (2010) the impact of variation in construction phase is higher than that in design phase.

Hanna et al. (2002) state that changes not always have impact on productivity, in some times changes don’t impact on construction project.

2.5.1 Productivity and Efficiency

Productivity can be defined as the amount of work completed refer to amount of resources consumed, in other words productivity is also the ratio between input and output (Hanna et al. 2000)

(Thomas & Napolitan 1995) define the efficiency as the relative loss of productivity compared to some baseline period.
Also efficiency can be defined as the ratio of actual performance to the theoretical maximum performance (Hanna et al. 1999)

Productivity loss is defined as number of unproductive worker hours as percentage from labor hours in original contract work (Moselhi et al. 2005).
2.5.2 Effect of change order on Productivity
There are several factors that effect on productivity such as; weather condition, work interruptions, and change order (Hanna et al. 2002). Moselhi et al. (2005) state that change order lead to negative impact on labor efficiency and the amount of impact is still difficult to determine. Hanna et al. (2002) find that higher numbers of change order and productivity loss have negative impact on morale of labors.

 However, Moselhi et al. (2005) state that there are several factors associated with change order that effect on productivity such as; number of change order in project, the time of change order during construction, type of work effect on productivity due to variations in skills between workers, type of impact; if change order has effect not only on individual activity changed but on other activities or on project as a whole. The last factor that effect on productivity associated with change order is the phase of project in which change order is issued; is it in construction phase or design phase.

 Hanna et al. (2004) state that it is very difficult to determine the cumulative impact of changes on labor productivity due to absence of ideal model. However, Owner and contractor interchangeably blame about who is responsible for productivity loss; the contractor declare that loss in productivity due to change order is the fault from owner, while owner feel that the loss in productivity is due to poor management from contractor. (Hanna et al. 2002)
Also issuing change order leads to multiple losses on productivity as a result of the nature sequential production of construction project (Min-Jae Lee et al. 2003).

According to Hanna et al. 2004 productivity can be measured using one of the two methods:

· Micro level of productivity: give important to specific activity of project. But one disadvantage associated with micro level is inability to consider cumulative impact.
· Macro level of productivity: look at a whole project, and the total changes can be measured when project is completed. One disadvantages associated with this method related to compensation of contractor that contractor need to wait till completion of project for compensation

Hanna et al. (2004) use the term delta to quantify productivity loss related to change order, and define delta as” the difference between actual labor hours to complete project and the estimated labor hours plus approved change order hours”. Figure 1 show definition of delta.
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FIG. 1. Graphical lllustration of Delta (Thomack 1996)





                             Fig 1: delta definition

Delta = total actual direct labor hours – (estimated hours + change order hours) 

Delta may be positive value which indicated that actual productivity is less than planned, while negative value indicated that actual productivity is higher than anticipated productivity which mean that the amount of labor hours spent to perform the work is less than that anticipated.

Delta also can show the cause and effect of cumulative impact of change order.

Hanna and other researchers try to find fair and equitable model that can be able to quantify productivity loss due to change order, reduce the number of claims, and mitigate the impact of change order on project cost and efficiency. However, all of these models based on statistical analysis and concentrate on some trades especially mechanical and electrical because labor cost for these trades represent 40 to 50 % of total cost (Hanna et al. 1999).

2.5.3 Effect of change order on project cost

Change order causes serious problems to owner and contractors that resulted in cost overruns (Riley et al. 2005). Rarely the owner and contractor agree on adjustment contract price due to changes. However, owner is aware of the right of contractor to adjust contract price a due to his changes that include: cost associated with material procurement, decreasing in labor efficiency, losses in profit and augmentation indirect cost due to extended of supervision work, and delay and disruption to unchanged portion of work (Hanna et al. 2004).

Hanna et al. 1999 find that measuring materials, equipment, and overhead can be made easily, while measuring labor efficiency is very difficult.

Keane et al. (2010) point out that there are side implications related to cost effect such as; rework and demolition occur frequently, profitability of contractor may be affected due to variation in method of construction, owner can not be able to provide additional money for changes, and parties may not accepted the payment due to ambiguity of contract.

2.5.4 Effect of change order on project time

Changes may lead to disturb the continuity of work, addition of work, revisions of plans, all of these lead to time extension (Alnuaimi et al. 2010). 
Also the following are some of worst outcome of change order related to time:
· Delay in progress payment (CII, as cited by Keane et al. 2010)
· Delay in procurement of material and equipment (O’Brien, as cited by Keane et al. 2010)
· Logistic delay(Fisk, as cited by Keane et al. 2010)

· Schedule compression. (Hanna et al. 1999)
· Progress affected without delay due to floats available for activities (CII, as cited in Keane et al. 2010)

2.6 Parties of contract who is beneficial and who is losses

Change order as shown in previous parts may lead to additional cost incurred by contractor, this cost can be refer to several items such as; material supplying, Scheduling conflicts, higher equipment cost, higher overheads, and decreased labor efficiency (Hanna et al. 1999). Also due to changes, Contractor can encounter damage in his reputation and failure to win in future bids due to perform work quickly without give any important to quality (Alnuaimi et al. 2010).

According to Alnuaimi et al. (2010), there are variation in benefits between parties of contract, However, contractor earned money from work increasing and variation in quantities, while owner obtain his requirements without problems after modifications, also consultant earned money due to time extension and  adjustment to design. From this analysis it is obvious that all parties of change order may benefit and loss at the same time.

2.7 Recommendations to reduce the impact of change order 
Some of change orders can be avoided or at least can be reduced to a minimum level; the following are recommendation to reduce the impact of change order on projects and eliminate conflicts and disputes between owner and contractor:

· Owners should  select qualified and experienced consultant and contractor who know the regulation and the nature of the locations where project is intended to construct (Alnuaimi et al. 2010)

· Owner in feasibility study need to determine his requirements within the available budget (Alnuaimi et al. 2010) 

· Consultants should demonstrate the effect of changes on project to the owner(Alnuaimi et al. 2010)
· Provide additional time and money to design team (Hanna et al. 2004).

· Reduce processing time of change order (time between start of change order and its approval) (Hanna et al. 2004).

· Monitoring productivity during construction (Hanna et al. 2004). 
· Update project schedule regularly (Hanna et al. 2004).

· Detailed variation clauses should be covered in contract. (Keane et al. 2010)
· Involve contractor in the design phase.

2.8  Conclusion:

There are several causes that effect on project completion time, project cost and labor productivity. By knowing these reasons the parties of contract can be able to avoid or reduce the amount of changes to minimum level in future projects, also it is very important to find perfect model that can be able to quantify the amount of changes to satisfy each member of contract.

It is very essential for consultant to inform owner about the effect of changes not only on activity exposed to change but on a project as a whole.

Emergence of change order can be minimized by involving contractor at design phase which help contractor to understand project objectives and identify possible constructions method at early stage.
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