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Abstract 

The research concept and aim were to help the running projects sponsors & managers to predict the future 

expenses and the total cost at completion of the project during early stage of project execution. The 

research was applied in Construction Management System ‘CMS’ software application which belongs to 

Intellectual Property Rights no. 711/2017 form United Arab of Emirates. The research based on creation of 

new equations & relations between Earned Value Management, 6 Sigma & projects contractual penalties. 

And the results were calculated based on a case study for a construction project. 

 

Keywords: Forecast, Estimate Cost, Earned Value, Project management & Expenses at Completion. 

 

 

Introduction  
 

For any type of projects –especially the construction Projects-, it is mandatory to predict the expected cost 

estimation at completion for the project during early stages of execution; this is to allow taking the 

necessary precautions & mitigation actions. According to project management theories; Earned Value 

Management ‘EVM’ is the most popular & common method to Estimate & forecast project cost at 

completion.  

 

The available Equations -as per Earned Value Management ‘EVM’ giving in PMBOK- are giving big range 

of Estimate At Completion ‘EAC’ values which is depending on the deferent cases & statuses of the Cost 

Performance Index 'CPI' & Schedule Performance Index 'SPI' & didn’t consider the preliminaries cost & 

Delay Penalties impact in the forecasted cost at completion. 

 

To obtain a correct figure for the expected Estimate At Completion; it is required to find a method of 

choosing the correct case to determine the Cost Performance Index ‘CPI’ status & to consider the 

preliminaries cost & Delay Penalties impact to minimize the range of the forecasted Estimate At 

Completion ‘EAC’ & to stand on the most correct figures during project stages. 

 

The research created an approach to minimize the range of final cost prediction & to facilitate choosing & 

forecasting a proper accurate value of Project Estimation At Completion 'EAC' during early stages of 

project execution. This theory depends on incorporating Earned value management ‘EVM’ equations with 
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6 sigma ‘6ϭ’ equations to elect the suitable status of the Cost Performance Index ‘CPI’ further to 

considering the preliminaries cost & Delay Penalties impact which is the key of calculating the project 

Estimate At Completion ‘EAC’. 

  

Literature Review  
 

Materials of research  
 

The new method of calculation to forecast EAC is explained in the following part of the research: 

 

The Existing Project Management theories which was discussed in the research:   

 

 Earned Value Management EVM, PMBOK 5th edition  

 6 sigma ‘6ϭ’ equations       

 Equations for determining Projects Estimation At Completion, PMBOK 5th edition 

 PMBOK Equations for determining CPI & SPI for 3 cases:     

 

Case 1: If values of (CPI) are always Unstable:  

 

Estimate At Completion (EAC) = AC+ BAC- EV  

 

Case 2: If values of (CPI) are always stable:  

 

Estimate At Completion (EAC) = BAC/CPI   

 

Case 3: If values of (SPI) strictly impact the project:     

 

Estimate At Completion (EAC) = AC+ ((BAC- EV)/ (CPI*SPI))  

 

Method of research  
 

The main benefits of the new method in the field of Project Management: 

 

The research incorporates 6 sigma ‘6ϭ’ formulas with Earned value Management (EVM) to choose the 

accurate status of CPI –either stable or not-. Furthermore, the research approach considered the 

preliminaries cost & Delay Penalties to give the correct figure of project estimated budget at completion 

'EAC' 

 

Methodologies used to find the results: -Table # 01 is a case study for illustration- 

 

a- Method to determine/choose the accurate Cost Performance Index 'CPI' status:  

Cost Performance Index CPI = EV/AC 

 

According to Earned Value Management, CPI has two cases during project execution:  

 

Case 1: If values of (CPI) are always Unstable; 

 

In Case 1, Estimate At completion 'EAC' is calculated according to the following equation: 

 

Estimate At Completion (EAC) = AC+ BAC- EV  
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Case 2: If values of (CPI) are always stable 

 

In Case 2, Estimate At completion 'EAC' is calculated according to the following equation: 

 

Estimate At Completion (EAC) = BAC/CPI 

 

The new method helps to determine/choose the suitable EAC either from case1 or case2 at cutoff date of 

evaluation by using Sigma equation to determine if the CPI stable or not. 

 

Approach Steps: 

 

Step 1: Determining Standard of Deviation 'Sigma ϭ ' of CPI: 

 

1- Find the Minimum value of CPI from beginning of the project till the evaluation date (h) 

2- Find the Maximum value of CPI from beginning of the project till the evaluation date (i) 

3- Standard of Deviation 'Sigma ϭ’  (j) = (i-h)/6 

 

Step 2: Determining if CPI Stable or Not stable: 

 

1- Find the average value of CPI from beginning of the project till evaluation date (g). 

2- Add & deduct ‘Sigma ϭ ' to CPI average = g ± j = acceptable range for CPI 

3- Account the numbers of CPI falls within acceptable range. 

4- Find the ratio between this number & total number of CPI. 

5- As per 2Sigma ‘2ϭ’ rule, 

  

 If percentage of 68.27% -or above- of CPIs are within acceptable range; then CPI is always stable. 

Accordingly, Estimate At Completion (EAC) = BAC/CPI 

 If percentage less than 68.27% of CPIs is within acceptable range; then CPI is always Unstable. 

Accordingly, Estimate At Completion (EAC)= AC+ BAC- EV 

 

b-  Method to Determine EAC; if the Schedule impacts the project Budget (Case 3) -which is common 

Case-: 

 

Case 3: If the value of Schedule Performance Index 'SPI' strictly impact the project Estimate At Completion 

(EAC) = AC+ ((BAC- EV)/ (CPI*SPI))  

 

Schedule Performance Index SPI = EV/PV 

 

Earned Value Management EVM method is calculating EAC according to SPI without limitation. But 

practically; EAC & SPI have limits related to Delay Cost –not considering LD Liquidity Damages or 

disputes-: 

 

• Daily Delay Penalty 

• Maximum deduction due to delay according to contract 

• Daily administration & preliminaries Cost 

 

By default, the research calculated the daily delay Penalty = MDP * final price / (project period/5). But it is 

able to be modified according to the project contract. 
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Results  
 

According to the case study on Table #01:   

 

Project Budget 'BAC' =  111,699,203 AED 

Contractual Project price =  123,652,254 AED 

Project Period =                                670    days     

Therefore, Daily Delay Penalties ‘DDP’ = 10% * 123,652,254 / (670 / 5) = 92,278    AED   

Daily Administration & preliminaries Cost ‘DAPC’ = 7,689.8 AED 

Max. Daily Delay Penalties as per contract ‘MDP’ =10% of project Price = 12,365,225   AED 

 

At month 04 as per table #01: 

Current Delay (DY) =  -25 days  

Delay Cost (DC) = 92,278 * 25 days = 2,306,950 AED 

 

Therefore, Total Delay Administration & preliminaries Cost (TAPC) = 7,689.8* 25 days = 192,245 AED 

So, The Maximum Delay & Administration Penalties (S) = The Lesser value of the delay cost (DC) Or 

the Maximum delay Penalty as per contract (MDP), Further to Administration cost for the same numbers of 

delay (TAPC).  

= (Min of (DC or MDP)) + TAPC =2,306,950 + 192,245 = 2,499,195   AED 

 

Therefore, the Maximum Delay Impact (MDI) = Amount of Delay/ BAC =  

= 2,499,195   / 111,699,203 =   2.23% = 0.0223 

So the minimum limit of SPI is (1-MDI) = 1- 0.0223 = 0.977 

 

Then the Chosen SPI will be the maximum of (EV/PV) and (1-MDI). Consequently, the chosen SPI will be 

used in forecasting the Actual Estimation At Completion: 

 

 If ‘CPI’ is stable, Estimate At Completion (EAC) = AC+ ((BAC- EV)/ (CPI*SPI)) 

 If CPI is Unstable, EAC= The Chosen 'EAC' according to sigma (O) + Max. Delay & admin. Penalties 

(S)  

 

Attachment: Table #01 Showing the monthly Data & results reflecting above formulas for 22 months. 

 

Analysis & Discussion  
 

As mentioned in the above example, Table #01 & the related results;  

 

- Planed Budget At Completion ‘BAC’ = 111,699,203 AED 

- But Final Actual Cost which is the Actual executed Budget at completion = 117,903,031 AED 

- Project Planed Period = 670 days (22.33 months) 

- Project Actual Period = 700 days  (23.33 months), (30 days delay) 

 

Zone of discussion is the tenses of 4th & 5th months which are early stages of project life, & 9th & 10th 

which are medium stage of project life. Meanwhile, each month of 4,5,9 & 10 had extreme variances of 

Estimate At Completion EAC 

 

Month 4: 

 

CPI = 0.813 

Case 1 (CPI unstable), (EAC) = AC+ BAC- EV = 113,563,203 

Case 2 (CPI stable), (EAC) = BAC/CPI = 137,403,810 
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By using 6 Sigma equations, the research finds that CPI is Unstable. Therefore ‘Case 1’ was elected & the 

chosen EAC was 113,563,203 which is closer than ‘Case 2’ from the final Actual cost. 

 

But, because of the project is affected by time constrain & delay penalties –as the common projects-; ‘Case 

3’ should be considered as following: 

 

According to the example results: 

SPI = 0.885 

As per Earned Value Management -previous theory-: 

Case 3 (EAC) = AC+ ((BAC- EV)/ (CPI*SPI)) = 154,043,296 AED (which is varied away from the actual 

cost). 

 

Meanwhile, using the research approach & theory considering the correct CPI & the actual effect of delay 

cost; the estimated cost at completion changed to 115,839,389 AED which is more accurate & closes for 

the actual final Cost at completion (117,903,031 AED) 

 

The same is applicable for months 5, 9 & 10 

 

Month 5: 

 

CPI = 0.87    &    SPI = 0.878 

As per Earned Value Management -previous theory-: 

 

Case 3 (EAC) = AC+ ((BAC- EV)/ (CPI*SPI)) = 144,648,079 AED (which is varied away from the actual 

cost). 

 

But as per the research theory EAC = 115,519,889 which is more accurate & closes for the actual final Cost 

at completion. 

 

Month 9: 

 

CPI = 0.836    &    SPI = 0.786 

As per Earned Value Management -previous theory-: 

 

Case 3 (EAC) = AC+ ((BAC- EV)/ (CPI*SPI)) = 160,734,234 AED (which is varied away from the actual 

cost). 

 

But as per the research theory EAC = 119,188,244 which is more accurate & closes for the actual final Cost 

at completion. 

 

Month 10: 

 

CPI = 0.841    &    SPI = 0.839 

As per Earned Value Management -previous theory-: 

 

Case 3 (EAC) = AC+ ((BAC- EV)/ (CPI*SPI)) = 149,742,146 AED (which is varied away from the actual 

cost). 

 

But as per the research theory EAC = 120,610,421 which is more accurate & closes for the actual final Cost 

at completion. 
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Conclusion  
 

The research provided an approach & method to forecast accurate Estimation At Completion ‘EAC’ for 

ongoing project during early stage of execution. 
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Abbreviations 
  

CMS      : Construction Management System 

PMBOK: Project Management Body Of Knowledge (PMI) 

FIDIC    : International Federation of Consulting Engineers 

                Federation Internationale des Ingenieurs Conseils  

ϭ             : Sigma, (Standard of Deviation) 

EVM     : Earned Value Management 

BAC      : Budget At Completion, Planned Budget for the project 

EAC      : Estimate At Completion, Estimated Budget during Execution 

CPI        : Cost Performance Index. 

SPI         : Schedule Performance Index. 

CV         : Cost Variance 

SV         : Schedule Variance 

EV         : Earned Value 

PV         : Planned Value 

AC         : Actual Cost 

LD         : Liquidity Damages 

DDP      : Daily Delay Penalties 

DAPC   : Daily Administration & preliminaries Cost 

MDP     : Max. Daily Delay Penalties as per contract 

Dy         : Current Delay 

DC        : Delay Cost 

TAPC    : Total Delay Administration & preliminaries Cost  

MDI      : Maximum delay impact 
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Appendix (Table #01) 
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