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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.
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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

ISSN: 2306-9007 Ismail ElSaid (2018) 626


mailto:esmailmhd1@gmail.com

www.irmbrjournal.com June 2018

International Review of Management and Business Research Vol. 7 Issue.2

6 sigma ‘66’ 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 ‘66’ 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 ‘66’ formulas with Earned value Management (EVM) to choose the
accurate status of CPl —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 casel 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 ¢ ' 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 6’ (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 6 ' 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 ‘26’ rule,

o 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

o 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:

e If‘CPT is stable, Estimate At Completion (EAC) = AC+ ((BAC- EV)/ (CPI*SPI))
e If CPIl 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:

CP1=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:

SP1=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=087 & 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
PMBOK:
FIDIC

EVM
BAC
EAC
CPI
SPI
Ccv
SV
EV
PV
AC
LD
DDP
DAPC
MDP
Dy
DC
TAPC
MDI

: Construction Management System

Project Management Body Of Knowledge (PMI)

. International Federation of Consulting Engineers

Federation Internationale des Ingenieurs Conseils

: Sigma, (Standard of Deviation)
: Earned Value Management
: Budget At Completion, Planned Budget for the project
: Estimate At Completion, Estimated Budget during Execution
: Cost Performance Index.
: Schedule Performance Index.
: Cost Variance
: Schedule Variance
: Earned Value
: Planned Value
. Actual Cost
: Liquidity Damages
: Daily Delay Penalties
: Daily Administration & preliminaries Cost
: Max. Daily Delay Penalties as per contract
: Current Delay
: Delay Cost
: Total Delay Administration & preliminaries Cost
: Maximum delay impact

ISSN: 2306-9007 Ismail ElSaid (2018)

631



June 2018
Vol. 7 Issue.2

i l.com

journa

br:
International Review of Management and Business Research

www.irm

§123(04d Buruuna 1o} poyaw ewsls g y3im Suoje Juswaseuely

anjeA pause3 Suisn uoija|dwio) 3y ajewils3, 150) ajeinade Surlseaaioq

907's95'021 [1€0'E06'LT1 _§ 060 [t200 m,mg,%,N_z. 1s0'c06'211 (0007 _sN_aqE s0'co6'ctr [iso'soent [ieo'soecnt | aesnluzs  fo [ Jesoo _wg_H 180 o100 1560 iz _%o _§_§_E 602669711 [17
e e I O o A i e e s e e e e e e o e O o O A O e e
vb6'878'7T [19ETE90eT _wg 960 1200 m_NNq,E,N_s. 1607071 (5560 _ma%_a 12526007 [Y06'v60CT [T2SL600TT | oleisunf%sy [ |or  [600 _w§ €180 [W000 [1660 [t |60 _ﬁs_ﬁs‘a 10759901 |0¢
BLETLE'STT [60T'SHS'TET _§ 060 [t700 Q,S,E,N_s. (2r'gi6'Tar (9660 _os_sg: 0s6'669/02T (9606 TeT [9s6eeq0at | aloesunlusy  fw 5 [6s00 _wg_H €180 0100 160 iz [1260 _Ha_mmn.._a SU'SILS0T (17
losee’eer pcseco Jo60  Jus0 o orpterzoe  [essot fso  Joeesarem | fur'soriar Jussetar Jovsorwr | sy o fp [0 eor Jewo [ewo Jiso Jor lere0  [reven'sor fors'ae'ss [
BLE'LYE'STT [66S'L0S'STT _ad 0650|1700 @%E,N_s. tsc'sLL'L2 (9880 _E_sza CS6'ST9'72 (826756971 [SS6ST9EaT | igeisunfosge _a L |00 _wg.ﬁ 190 6500 [es60 6T [ves0  [ses'sos'zor [eLs'6ss'te [6r
BSL'LSL'SeT [oge'uh'Ler _wg 060 (4200 @ANQ,HE_S 607'L98'T€T (9580 _ﬁag OEE'S0'ECT [06'EL9'9TT [9EE9R0'ETT | loeIsUn|osE _: o [6E00 _wg_ﬁ €180 [6500 [0 8T [e8%0  [se'sis'se [e6zTer'ts (8t
eres0nr [ocestT 60 fue0 oo fprpterzoe [ fosso  [oocss | Josmston Jeweciorr Joognin [ esenuse  Jo o oo ot [eiso [owo Jes0 [ [we0 [esruoe'm [wsshess [
0T'2Ey'LTT (1906120t _§ 060 [t700 m_ﬁg_s. 822 121 [1880 _ma_smg _ca_szs cop'cer'oTt [oso00cT [ eloessunluge o f¢ [6e00 _wg_H €180 [200 860 [0 _sg _E_mg_ﬁ 180'266'sL (o
S e I O o e i e e s ) e e I A A I I O I T I T B
199'T28'YTT [veE'L6s'ern _wg 8160 (200 [yoezeszie e 5860 _quam@ 096'c96 21T [ero'eBrn [osE'sen | almsunfuie  fr [ [6e00 _33 €180 |00 [ess0 [T [ogs0 _ﬁs_mmqs eSS [t
208'S8E'ETT [vE0'686'01T _gd 0850 (0200 [gorozzlst-  [pevss0tT [zes0 _S_eqs OT9'501'TTT [cS00090TT [919'%60rTIT | alcesunluce [ [ [6s00 _ws_H €180 1800 660 [T [0%0T _E_ﬁ_m TIsIees [
rey'su'sty [ew'sesorm 60  [ose0 [ooo [psgrosgalse  Jorvsrion [uso [aoeerss | e fesosesrr [isvewen [ smmsenfe  fm o oo Jwor [eso oo Juso [or [meo  fereess st [o
02'e8y'81T [e€v'ser'sar _a.o 160 9100 |ogr60caTj0n  [6rBT6T el 6060 _mg_aq@ 11079991 [eTote'eTr (1ot | alesunfuor  fr [ [6€00 _wg_ﬁ (180 (00 8160 [1T 060 [veeerelos Joouu’sy [it
120019020 [rur'sce'ver _a.o 1860 (9100 @_wao%_s. ot 20L 617|680 _gm_sE CLo'68L'9TT (STEI8Ter [eeeLamn | alesinluee  f [ [6e00 _wg.ﬁ 190|600 Jois0  Jor T80 [vss'bes’yy [sos'osize [or
\1)_§§.m= 08T'T1€'56T _ad 1860 (9100 @_wg,o%_s. IvE'VEL 09T 980 [66L'vR9'9E | [6'L9ETT [ueSIoo'eer [sez'oeir | epomisunlue 8 ¢ [6€00 _wg.ﬁ E180 (5600 8560 |6 [080  [+BU8H'E [teLIsEL [6
R poo'zeLyrr [ussoreu _ad 1860 (9100 @,wg,o%_s. bz'csi'cer [es80  [9e8u6s'sr | [csogrezrn (806959t [csogtet | almsunluey [ e [es00 _wg.ﬁ €190 6000 [ov60 |8 |66 osTTe0’v [sen'visz |8
D oer9rn [serswr 60 60 (w00 [owegtlo [ Juso  Jsoslorsr | [woeenr oot [wonen | amenluss b o o [wor Jaso pwo feso | Jeeo  [mwls fisswy o
& [csozseenr fseveeon _§ W60 (9100 [oggozeTo-  [eso'seslon oo [ewo'ues'sr | feor'sesmin [oe'secorr [eor'oesmin [ eiomisunlwor e i [6e00 _sa €180 |00 [0 o [uot _sm_mgm 00026 [9
_llxaw.aqm: L2z'ni8 05T _§ 0860 (000 [gseroszzlst-  [pLoutam eis0 [0 | feoc'eer'ern [1oo'seser [eor'eer'en [ eiomsunlwsz b i [eeoo _33 €180 0500 6160 |5 [oz80 _§_§‘: _§_§_a S
<
=5 (B8EGEBSTT [sucvsoton _wg 0860 (000 [gseroszzlst-  oer'Enohst [sev0  [oes'ust’s | [eor'eos’ern [ore'eop'zer [eor'es'ern [ ejomisunlwee 1 [ee00 _33 €180 [0 60 [r [€380 _§_52 _§_§_~ i
m.angm: 669756 611 _mg 0860 [C00  [GTILETIST-  [ore'ess'er [es0  [we'ow'y | [eosr0zir [secoossir [eorenoTin | elesunlw o o [ie00 _33 c60  [600 g0 e [us0 _§_§‘m _§_§_m ¢
O[E0T'EES TIT [oro'sys'a0t _s.“ 00T (0000 00 199760507 (6060 [STor9's | [eoz'ees'trn [ero'rsor [sosesTi | elesinl0 [ o [0 s [ess0 o0 o0 o [swoT _§§_m _§§.m [
<o wons e wr oo 00 Ib6E'SLE'EET (1060 (959799 09'L00'T2 (0L9'000TCT [602'60L'TLT ewdis oy T [0 foo0'0so  [ooo0 1
(nOvem| 17| ovefS 9/(u-) §p|d/wnsp 0
X A A n i S ¥ M [) d 0 N 1] 1 ¥ [ ! 4 8 bope|op ) q e
v [')
] 2 » 0 E i
tE |3 g3 B 2] g . — 58 |z |s | .
0% g 3 = | EL] 8 g3 § : > 2 ¢ |9 3]s :
coad g, g (=9 E | #§ . | ’s 5 - sl 3 v | =gl 0 ' S
V3o &y n s 2 o | v £ > 5 9 T ; o |¢ @ Q >
suid e v | 3% 3|3 2 < H 2 ] 3= 29 2 2 a2 u
gusy af A v Zc L] Sc Pm g~1 8 & Y w & mA g $ ] £l 2 I - M. ~
QF=283 ==2 4 .0 ] v | >3 S| ¢t v [ 49 Sa h R ] Nl d & & v - ]
Fhsvg aya| g |wo| 3 | 85| AL e 8 3 M 23 B W N 3 |35 « 0 vulu I3 3
Uogsg Yoo | 2 e | eS| 83 gy £ d < & g ] g £ lzgl 8 ¢ I N 8 3
9l id Het g £ 58 3¢ gL | et S u Uag v g £ 8 Solb bl T 2 ] " ° N 9 S
d882d wi0| g E|Es|B5|na8l 35| 3 So | wt | owx | g 3 |eBlew| Ee| G| & 5| ¥|El Y ¥| O} | g
gaurg 205| | S RE|BE| s0S| B8] B || BE | 3¢ | 89| fad |GEcBE| x| gl 2| €|E| & | § |G
ujudy ug| € s | s3/38[%ua|8:| = Sa | Su sy 858 |z8|2v|aa| s | 5| G| a 2|V < g £
4S8 [d) 03 SuipJo0e )73 BuIwIR}aq d) 03 Bu1pI020e )3 Aulwaleq
skep 029 = oiiag pauueld £0669'TTT =(7vg) wonaiduo) 1y 130ng

( Xipuaddy

632

Ismail ElSaid (2018)

2306-9007

ISSN



