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Engineering Economy Course

Course Content:

. Project Selection Process

. Estimation of Construction Cost

. Cash Flow of Project

. Project Evaluation by Earned Value management

. Reducing Project Duration by Crashing Management
. The Basis of construction contracts

. Linear Programming (Operation Research)

. Planning for Risk Management

. References
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Project Selection Process
aobiall sl dlee
o iall ALY (5 sand) Al 50 6l el DA e Al auiall & 5 pdall sl dilee
(Feasibility Study) gl dul s »
Al 5 Adlall 0 g8l (g2 dan 5 (e g e 2858 o Al 5 ALl AS 003 50848 yra 5 5 shadll ada (e il
Gl (5 saadl Al 535 AS Al dpadl i) Aadl) pa g 5 el Calaal (381 65 520 DA (e & 5 pall 13 2085 (e
da (e ST s saal) Al ) Ce ity 38y Jlad S Lgiallae 3k Ol e s el (i yiad 38 3 JSLaal) aas
Jilaty ans Lo el e sladl Juail 1 J a5l J slall n3a oy Alcalie Jae callaty L JSUaAD 538 Aallaal
(Cost — Benefit Analysis) sxlal 5 441
(Cost — Benefit Analysis) 3l Jiba 441 4l 0 3
Sl )8 3 e 5 el Ailall clailad) oy jlaall lua el ¢ g pdiall J) s dploes Zalilai 4l 3 o
AS,El dbe e ol g pe e s piall yiag ey s AN (e ST B0 () 5SS Ladie e pe ) e (S 131 034
+ Future Value (FV): compounding or growth over time .o« JY& saii Aulsiil) dasl)
 Present Value (PV): discounting to today’s value ((allall dasll) o gall dassl) sl
« Interest (INT): sl
 Discount Rate or Interest Rate (r): 33l 4w

« Simple and Compound Interest: 4 yall g ddasenl) 341
30l e 321 sy g0 gall S jall 32000 Laiyy 338l e 30518 iy Y g0 gall Adapual) 3200411
ol Ay 33N CulS 13T Q) g 5wy lal () S 2K L i 945 5231 aday Sl 3 Y 90 100 el 13) 1 JUia
TS
1- With simple interest, you do not earn interest on interest. 33l e 3238 CwsSs Y
«Year 1. 5% of $100 = $5 + $100 = $105
« Year 2: 5% of $100 = $5 + $105 = $110
Year 3: 5% of $100 = $5 + $110 = $115
«Year 4. 5% of $100 = $5 + $115 = $120
«Year 5: 5% of $100 = $5 + $120 = $125
«FV; =PV + INT =PV + PV ()= PV (1+r) = 100 (1+0.05) = $105
« FV, = FV, + INT = PV (1+1) + PV (r) = PV (1+2r) = 100 (1+ 2x0.05) = $110
«FV, = PV (1+nr) = 100 (1 + 5 x 0.05) = 100 (1+0.25) = $125
2- With compound interest, a depositor earns interest on interest! s3ll e 3108 (s g2 5al)
*Year 1: 5% of $100.00 = $5.00 + $100.00 = $105.00
*Year 2: 5% of $105.00 = $5.25 + $105.00 = $110.25
*Year 3. 5% of $110.25 = $5.51 + $110.25 = $115.76
*Year 4: 5% of $115.76 = $5.79 + $115.76 = $121.55
e Year 5: 5% of $121.55 = $6.08 + $121.55 = $127.63
«FV; =PV + INT =PV + PV ()= PV (1+r) = 100 (1+0.05) =$105
*FV, = FVy + FVy 1 =FVy (1+1) = PV (1+r) (1+r) = PV (1+r)% = 100 (1+0.05)2 = $110.25
« FV, = PV (1+r)" = 100 (1+0.05)5 = 127.63
o FVh=PV (1+n)" or PV =FV,/(1+r)"
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Compounding and Discounting
Time line showing compounding to find future value and discounting to find present value

Compounding FVH =PV (1_|_I.)T1

I l Tt

-$10,000 $3,000 $5,000 $4,000 $3,000 $2,000
| I l | | |

0O 1 2 3 4 5

JL ' l End Year

Present
Value

Discounting P\/ = Fvn /(1_|_r)n

& G ae (Saclyl &5 HY 53 5000 olae daal 4 pall 2238l ul) Ao (i a2y L) dagdll o4 Lo 1l
$0410 s e 2 s 5303
Jadl
FV = PV (1+1)" = 5000 (1+0.10) = 6050 $

£ 9 piall 4paLanBy) (g gandl uplia
Net Present Value (NPV) 4dal) 4addll JSla -1
Gle 5 phiall andil IS ) Lgardtud L_,_d\ PO RPN <* Net Present Value NPV 4llal) dal) SHa
M\@tjw\u\wﬁu\&uu\mn;ud&m)ﬂ ‘(JA‘J\ALJL.&_,L;”M)Mme\
8 _palticsall dagdll (0 (9 a1 s & 5 el ddladl dall e g g pdiall 35 jaTiesall daill o 2y 340085 ST By
& 9 il jee JAA 428 il (HPV) dpanil) ladnil) apead Adlall dall 5 (11) g s niall 8

FV
FV =PV (1 " PV = —m88—
1+7) a+r)n

zPV Z[(1+r)
NPV=2PV—II=;[W]—H

Where: - FV = Future value of an investment
PV = Present value
r = Investment interest rate
n = Number of years
Il = initial investment
Aadl) o S (e g gdal) Gy g o(Rin 0 Aad) stnall (o ST ) el s S e g g pdial) 58
(i dad) sl o sl Allall
2 5 el U Lild e 5 puliall o3¢ A g Adlall dagdll Jilia S 5 4y jlalind Jilay sae 2 L) Al A L
Al dag ila el

obe m Sllae Caliae o




iyl daly — Rasiall 802 — G mall i sjall g — SIGIL AL sall — 2023 quasiall slogsil
_J%Y‘Sﬂdﬁé\gbﬁa é.\ﬁéﬁ.ﬁ_ 1 Jéa
Al Sy (g 5 3add ,Y 50 15,000 55t (53 (385 Ala 38a3 Al e s pdal) aal A58 Gy
80512 o 3lall s ilS 13 Y ol g 5 pukall 138 2S5 S5 Jed Y 53 50,000 g s pkall i e
:Jad)

FV = 15000, n =5, r = 12% = 0.12, 11 = 50 000
z PV = PV, + PV, + PV, + PV, + PV,
RV, RV, FV, RV, FV,
= + + + + =
1+t A+ A+ (1+4+n* (A+r)°

_ 15000 15000 15000 " 15000 15000

T +012)! T (140122 T (1 +012)3 T (1+012)* ' (1+0.12)5
NPV = Z PV —1I

NPV =54071.64 — 50000 = 4071.64 & s el Llall 4l Jila
Lol (Y & g el 138 J sy Al a5 A e Fa Lgdl ani g g piall Adla) Aadl) dlia ol 2ay
& 5 siall Ay L) Al e 3y 55 g 5 peiall Ayl cEaN) lal 4A
Adla) dadll ila ) S Liua ¢ Y 53 50,000 ¢ Y3 55,000 sy ¢ 5 piall 4y e Al o) o bl
& s iall (b ) oty Ml s Y 53 928.36 — = 55000 — 54071.64 = Al i@l il o & 5 il

= 54071.64

Jlafia) 558 JNA Qg\gbu"u‘),.\ﬁ éﬁ;é&ﬁ_ 2 Jdia
S 0S5 O B g s ¢ A5V Al Aol Y 53 75000 el (g3 5 Ay lainl) e pdial) aal 4S80 (o
gl aadll Jaxa o (585 «(30000 5 35000 5 230005 10000) S A IS Ales 8 dpaiil) claixl)
FV1 = 10 000, FV, = 23 000, FV/5 = 35 000, FV, = 30 000, —:dal)
n=4,r=8%=0.08, Il = 75000
FV, FV, FV, FV,

PV = PV. PV. PV. PV, =
Z L P s s it a st ar e T a e
10000 23000 35000 30000
— 78813.08

= 5008 T (140082 (1+008)7°  (1+008)°
NPV = PV —II

NPV = 78813.08 — 75000 = 3813.08 ¢ s riell dllall el dla
& sl 138 8 HLaiul A5l mad Gl A ge Al 4 R ilia

(A aiia) dalll b 4 gludia Jily) Jily Bae e JLEAI- 3 Ui
A ) i (e 4 slaBiad) Jilaall cas] aaa 838 3 ey
Y Fgpeiaedl Y Fgpaodl Y Fgpaaedl
129% 10% 7% -t | -
100 000 100,000 100 000 Fopcoodl aalss
auodall lagssll Ladle
37.000 32 000 50.000 T Stall

52 000 37.000 28 000 T as el
40,500 39000 44 000 T ai ol
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Jall

3 g sl 2 ¢ sl 1 ¢ 5l

12 10 7 (1) % amadl Jous
100,000 100,000 100,000 (1) & 5l 24l
(FV) &l i
37,000 32,000 50,000 1 4
52,000 37,000 28,000 2 dadl)
40,500 39,000 44,000 3 da)
PV=FV+(1+1)" & 5 el A0l dal)
33,036 29,091 46,729 1 4
41,454 30,579 24,456 2 Al
28,827 29,301 35,917 3 dal

3,317 — 11,029 7,102 NPV=)PV-II g 5 »iall 4dlal) dagll ila
Aal) o 085 (M5 ] & 5 phall st dun ge didla A ila e Biny (2 g gyl (A LainY) ;) Al
Y52 7102 2 4l A0

Ll 3 g gl & iVl et 5 5 e (e ST 3 L] e 508l Leaal 4S50 of Alls dr ¢ BaaY
A se Alla L Jila 3y a3

Payback Period (PP) 34 a8 5 -2
8 v Jirall & g il s jlain a3 o) adeadl ol yiwY AS Al Lealbiag il 5 yiall Cilea 48 k) 24 Cangs
Aalatia g Ay glusie Aail) s il Jla 8138 5 g siad) 30010 o Sanad) SLeiiaY) dandy oo jinY)
Payback period = Initial Investment (11) / Annual Future Value (FV)

Example:- If 12 million is invested to earn 3 million every year the PP will be

PP=11/FV =12 000 000 / 3000 000 = 4 years

DY) adal 4y glsa et O ) Aga8l) ol aany 213 i) 551 i 4 b e Apatall el <l 13 Ll
21 il 353 J8Y1 & g pall Jady 4 e Jilay sae sl L Al 8 Ll Aol

Profitability Index (P1) 40 Jsh sl Benefit Cost Ratio (BCR) 44l 1) sxldl) 4o -3
Call€) e / adlial JlanY Allall el = (ol ) pilial) s
TPV

BCR = ——
[I

Lolia) sama yiiay g g il (i BCR > 1 il 13
Lobai) gane e iy g gl JWBCR < 1 <l 13

Return On Investment (ROI) Jaiiu) o ailadl 4

PV —1II
= Z:—=BCR—1

ROI
II

Internal Rate of Return (IRR) (Al siladl 4w -5
o Lealia Sl el a AS,al 4 piatin A (LY Rud) A1 Slall Ras A jaal Lgia sl 36yl 5
Slalall el A 4 S5 g g e (gl ALl J g ol Ledl) A0 e 4S8N oS AL = siall g g pdiall
Am g i) Y i (e o) IRR
IRR is the discount rate when r = IRR —NPV = Zero. Mathematically
deal Glgd gsala 2 Page | 5 obe m Sl Cpuallae o]
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v = [ i
_t_l (1+IRR)¢ B

aadll s (o ey s LS Adladl Aall (5 gl adliall Ailad) dail) Jany o) aaddl e sa Jaall 2ilad) G
& soiall Cadlal g ) )y Jaladll By g ¢ 5 piall Lgady Ol Sy Bl aall Jiay 58 5 ATl dilad) Doy 130
Jlall Gl 2o yi) aadainy & g el G ny 138 2504 Al dile Do Gy Jid) Jaw e Game & 5 e IS 13
Gala Jl sl alasial e 94 25 538 xle Gaas ) ALYl dle casl  ll i) ol 5 2Ly Callss
CBing 5 il Y 58 ok 4ld O 18 508 ymaw & 5 el J)sal JS (i 81 38 g 5 el alia S 13 g 5

& sl calial 5 % 7 3 Al

Accounting Rate of Return(ARR) utaal) dilal) Jua -6
5Ll A e daiad Y Ay ,Lall o3

Salvage value (S) 33,A dad (pa 33 e 4dIC 392 g ae Aa B >
(Db alS + sl Jaal) dla Jau):m) = ki AlS e sl dilall Jana
— LY A e aulaall 2ilad) Jans

YFV 11
T n|  ZFV-II
11 Xl

ARR1 =

Salvage value (S) 33 Ad) dad (e 33 yiuws Al 392 g Alla A La) >
All =11 -S

YFV Al
ARR2 — |1 =ZFV—AII
All n X All

(S) DJ)AMME—(II) )LA.IL‘}“I\AE:MM\ JLABM\)“MJS:A”
G gially 9 pliall pee =n
g s iiall jee )l g asead aaill Nl ¢ gana = Y'FV

peie S O e 5 pall sl b o Jlalils i 0 500,000 ke S (saal i 1 e
Sl 4K e lsall el Jane 335 (e s piall o oli) Jsanll b Asall e sladl)
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Js¥l g sl | G g 5 sl

500,000

500,000

SEV

800,000

800,000

100,000

300,000

SFV-II

300,000

300,000

100,000

250,000

ARR1

0.075

0.15

100,000

150,000

100,000

100,000

100,000

100,000

100,000

100,000

il aal Y1 dagUall s2gd (pad gai (o Alcalial) Gy g s Aailda o) i (B e iy S Aelida 48 5512 JUa
8000 & ¢ | cpadgaill 30 Al dad ()5 %11 Jlall Ll 485 G chale 18 el ¢ ji g ) dpasl) bl
Sl (e 300000 5 160000 52 seivaall aluall 3 24000¢

Salvage Value (S) | 8000

160000 | 300000

|z saill

40000

42000

44000

38000

35000

35000

35000

100000

28000

100000

O| O N| O O1] | W N| =

80000

24000 aa)

| 3 saill

o g asadl

SFV

297000

613000

AII=I1-S

152000

276000

SFV-AIl

145000

337000

ARR2

0.11924

0.13567
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JSs dalall bl U Jsandl Cpn s B sl A Cne sl aal 8 laiinY) da i lS il saa) alal 1 lee (Ui
skt

B g 5 il A g 5l
300000 200000
10% 10%

5 5
] ]

) LaiiuY) 48l
3] Ao o) Jadl () 2815 Jana
oAUy yanll
Aull/ Aad gial) duasal) el

120000

80000

60000

60000

20000

60000

100000

60000

80000

10000

5

dade (e g s pall s Ol s AabA) anill (§ 5kl U 5 i) Cpe g el i o sllaall O

A g 5l

B g sl

200,000

300,000

Ag s il

B g sl

10%

10%

200,000-

300,000-

5

5

10%

10%

5

5

80,000

120,000

60,000

60,000

12,7127

109,091

60,000

20,000

49,587

49,587

60,000

100,000

45,079

15,026

10,000

80,000

40,981

68,301

270,000

380,000

6,209

49,674

0.070

0.053

14,583

8,321-

0.13

0.09

200,000-

300,000-

120,000-

180,000-

60,000-

120,000-

100,000-

60,000

Calculation of IRR for the two projects
n

Z[ﬁ]‘”:"

t=1
First trial use, IRR=0.1

LHS — RHS
IRR=0.1 [1 + (—)]

S d trial,
econd tria RHS

Project A
60 60 60

80 10
[(1+IRR)1+(1+IRR)2+(1+IRR)3+(1+IRR)4+(1+IRR)5]
ol m Slhae Cpallye o

= 200

daal Clgd osals 2 Page | 8




Lyl dzaly — dasiall 414 — dgymall dunsgall guy — &G s yall — 2023 qasiall slagsll
4 3 3 3 0.5
[ + + + +
(L1+IRR) " (1+IRR)2  (1+IRR)3 (1+IRR)* (1+IRR)5
Project A, IRR =0.1 (1 + ((10.7 — 10) =+ 10) = 0.11 — Final IRR =0.12

= 10

Project B

[120+60+20+100+80]
(1+IRR)Y ' (1+IRR)%2 (1+IRR)3 ' (1+IRR)*  (1+IRR)S

= 300

3 1 5 4

6
[(1+IRR)1+(1+IRR)2+(1+IRR)3+(1+IRR)4+(1+IRR)5
Project B, IRR = 0.1 (1 + ((14.6 — 15) + 15)=0.10 — Final IRR = 0.10

= 15

KV (e MJSA\ Clailal) &_\.\LS} @Jw\ aa J.\S.\ﬂ J\)!JJ <l 900 c‘)\ﬁ.@ L’J.m &_ﬂ.s‘).ml\ sl Q—L)AE:\.LA\ldl:LA
(YIS Gl g 75 58 A (YY) g )

Year 7
Cash flow (%) 150

Payback Period .A
r=9%23 <13 NPV .B
926 (A Foda s jiall Hlaiin¥) dans CuilS 13 ¢ o pdall 128 i 4858l meati Ja s |RR J) 4 7 Jaiul .C
913l
Jadl

Initial Investment 11=900 4edl JalSlly jaiisall alaall LIDa o iy Al 3 36l aPayback Period  -A
) Qs 3 JI e 2 iy daall () and ST Jgaad) (g

Cash flow | 11=(-900)
Tt
200 -—> -700
250 -450
300 -150
450 300
400 700
200 900

150 1050

} Payback in the 4™ year (X)

300 — (—=150) 0-(—-150) 150

13 =— 3 =>X—3=mﬁX=3.33=3year+4month
3 -150
X 0

4 300

sl Gl gsals 2 wibe m Sllae puallne 3
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B- The Net present Value (NPV) can be obtained from the following equation (r = 23%)

Cash flow
(FV)

Year

(n)

Present Values (PV)
FV FV

PV = =
(1+r)" 123"

200

162.6

250

165.25

300

161.22

450

196.605

400

142.08

200

57.76

7 150

35.22

Total Present
Values (3, PV)

920.735

NPV = Z PV —II = 920.735 - 900 = 20.735 thousand dollars

C- IRR is the discount rate when NPV Z 0. Mathematically. The solution to problems
involving IRR is by a trial-and-error solution
n

;[ﬁ]ql:o

250

300 450 400

200 150

200
+ + + + + +
[(1 +IRR)Y " (1+IRR)2  (1+IRR)3 ' (1+IRR)* (1+IRR)S ' (1+IRR)® (1+IRR)’
2 2.5 3 45 4 2

] =900
1.5

+ + + + + + =9
[(1 +IRR)T " (1+IRR)2  (1+IRR)3  (1+IRR)* (1+IRR)5 ' (1+IRR)® (1+IRR)’

Trial and Error:

Second trial, IRR, = IRR; [1 + (

IRR1 LHS

RHS IRR,

0.26 8.504

0.246

0.25 8.729

0.242

0.24 8.963

0.239

0.24

IRR = 24%

LHS — RHS)]
RHS

Blal) Jaea (e ST (26% J) doda s jiall eV A ) 5S5 Ladic 40 £ 5 el 128 2pas 4S80 realy ¥
70 ) duand e Db il dlaall 2l yial 2% Y Co g 48 (24% JI) & 5 all i)

e Sl uualie A




iyl dzaly — s sjall B2 — s nall s mjall sy — 31610 AL all — 2023 @usiall wlogsil
& 5 osiall 138 (pe dad giall Calilall il g g liiall aal 2gsl )Y 50 (all 85 o ylaie Ladaa IS i) (san) & el : 2 bie
(YIS ) s 555 A (YY)
Year 1 2 3 4 5 Payback Period .A
Cash flow ($) 10 25 35 45 30 r=9%17 << 13 NPV B
T13al 5 £20 (o A s jial) JLatical) dousi S 131 g5 pall 130 ity A8 L8N et Ja 5 |RR Ul A i .C
Jall

Initial Investment 11=85 dadl JalSlly jainsall alaall LIS 5 i 1) 35580 aPayback Period -A

Year Cash 11=(-85)
flow |+ 3 15

10 “1, -75 » 0
25 -50 4 30
35 -15 } Payback in the 4™ year (X)

45 30
30 60

30— (—=15) 0-—(-15) 15
-3 - x_3 =>X—3=E=>X=3.33=3year+4month
B- The Net present Value (NPV) can be obtained from the following equation (r = 17%)

Present Values (PV)
Year | Cash flow FV FV

(n) (FV) PV =5~ 117

10 8.547
25 18.2625
35 21.854
45 24.0165
5 30 13.683

Total Present VValues
86.363
(X PV)

NPV = Z PV — Il = = 86.363 - 85 = 1.363 thousand dollars

C- IRR is the discount rate when NPV Z 0. Mathematically. The solution to problems
involving IRR is by a trial-and-error solution

Y LA, pT
tZ(lﬂRR)t B
10 25 35 45 30

A+IRR). T (1+IRR)2 T(A+IRR)3 ' (A+IRR)* (1 +IRR)"
Trial and Error:

+| =85

sl Gl gsals 2 e m Sllae Cpualine o
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LHS — RHS)]

RHS

Second trial, IRR, = IRR, [1 + (

IRR1 LHS RHS IRR;

0.20 79.707 85 0.188

0.19 81.839 85 0.183

0.18 84.055 85 0.178

0.18

IRR =~ 18%
2lall Jana o ST (20% ) Fa s jiall L) danss () oS5 Ladie 455 g 5 pall 12 ity 48,8 peaaiy ¥
7= ) daan e Slad el adaall ala jind 4 Y o g 438 (18% Jf) £ s iall JaA

613 A Clas 98 e (e () oSH A B jlee ol & g el daliall (5 gaa Al )3 Jae o slhaall ;B
AUl e glaal)
Y s all 100 = AKad) saa gl o Las) Aalss ]
QWJY}J 1000:@5&\3;;;3\2.1@25&53 -2
Y353 1000 = Jelly saad gl AuSl) 3as 1) sl 4 -3
%90 = el Jodl dpss 4
2 50 = isall il JBY1 yeall -5
Jall
1000 000 $ = 100 000 x 10 = <las sll aae x £LaY) 4l = ¢ 5 il o L) 283
el x Glaa gl dae X aa M Ailuall AdS = ¢ 5 plall jee JAA i) Ailua 483
= 1000 x 10 x 50 =500 000 $
1 500 000 $ =500 000+ 1000 000 = diluall 4alS + (La3Y) 44lS = 4,I<1) 4al)
JUiY ) L X el x Cilas gl aaex 12 x 3aa gl gl daf = ¢ g il jee A el (e el 2ilal)
= 1000 x 12 x 10 x 50x 0.90 =5 400 000 $
BeR = DTt SR00M _ 3¢ S 1 . the project is profitabl
~ “Cost _ 1500000 °  the project is profitable
r=10% = 0.1 (sstus Lguia 3 A (e Jlie V)l 30341 4 380 o s SN Jal A
PV = FV=+ (1+1)", FV = i) clailall = (5 5indl e — 4 sl Al
L Jaa¥ =1000 x 12 x 10 x 0.90 = 108000$
L s 4iuall = 1000 x 10 = 10000$

ole m Sllae Guallye o]
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S | Ulsall [ FV= - ) PV=FV/ Year | **¥ Lhall [ FV= - ey PV=FV/
U i S i Ageall (1+0.1)" Ui | L AUlgaall (1+0.1)°
108000 | 10000 98000 89090.91 26 | 10800010000 98000 8222.734
108000 | 10000 98000 80991.74 27 [108000| 10000 98000 7475.213
108000 | 10000 98000 73628.85 28 [ 108000 10000 98000 6795.648
108000 | 10000 98000 66935.32 29 [ 108000 10000 98000 6177.862
108000 | 10000 98000 60850.29 30 [108000[ 10000 98000 5616.238
108000 | 10000 98000 55318.45 31 [ 10800010000 98000 5105.671
108000 | 10000 98000 50289.5 32 [ 10800010000 98000 4641.519
108000 | 10000 98000 45717.72 33 [ 108000 10000 98000 4219.563
108000 | 10000 98000 41561.57 34 | 108000 10000 98000 3835.966
108000 | 10000 98000 37783.24 35 | 10800010000 98000 3487.242
108000 | 10000 98000 34348.4 36 | 108000 10000 98000 3170.22
108000 | 10000 98000 31225.82 37 [108000[ 10000 98000 2882.018
108000 | 10000 98000 28387.11 38 [ 108000 10000 98000 2620.017
108000 | 10000 98000 25806.46 39 [108000[ 10000 98000 2381.833
108000 | 10000 98000 23460.42 40 [ 108000 10000 98000 2165.303
108000 | 10000 98000 21327.66 41 | 108000 10000 98000 1968.457
108000 | 10000 98000 19388.78 42 | 108000 10000 98000 1789.507
108000 | 10000 98000 17626.16 43 [ 108000 10000 98000 1626.824
108000 | 10000 98000 16023.78 44 | 108000 10000 98000 1478.931
108000 | 10000 98000 14567.08 45 | 108000 | 10000 98000 1344.483
108000 | 10000 98000 13242.8 46 | 108000 | 10000 98000 1222.257
108000 | 10000 98000 12038.91 47 | 108000 | 10000 98000 1111.143
108000 | 10000 98000 10944 .46 48 | 108000 | 10000 98000 1010.13
108000 | 10000 98000 9949.509 49 [ 108000 10000 98000 918.2998
108000 | 10000 98000 9045.008 50 [108000| 10000 98000 834.818
TPV 971651.8

Benefit  971651.8
Cost 1000000

<
a
g

O[O ~A [V A | [ 1|

BCR = = 0.97<1 = - theprojectisnotprofitable

ok Lo lld allay ol 5 g 5 pall Jead g il ) e
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| Project Cost Estimation g s sl 34lS s |

Jadii g A 8 3,k -] deall el 2ae 45y )l -]
933 gl A5y ylaele Glabadl dae 48y ) LD

aaall ol daliall 45y yha o dalial 45y )l 23
Aluadil) 3kl -2 el AdS 45 )b 4

Approximate Methods & g sdall 481 a8 4y 53 (5 kal)
lax AUl (e g ala®BY) (5 gaad) Al )3 (e A $W1 Jal jall A dde gl (e ) bl Lgaadiion Sl A8 Hlall s
el 838 e D uny (10%) (o S ) G U8 LS (<15 g 5 el A A4S wa il il w38 Gl
L g8y (e B e O
b La oa 48N 508 e Caagd)
s yo 8 sl Jglaal) LRl Al g 8 4% glaa 5 (5 gaal Al 2 Als e 8 aiall )l 34T 8 UL 45 slace
& s _psall ALl 2 ) gall Husi 8 adaclisa g Dlelaal) i
& 5 iall Tl 3 ) gall i b dinelan g eUall wpsl] Cosdiall adl = sl & J i) 3 slace
2l 5 ananaill Jilad) bl sl 8 ascaddl Gudigall sacluce

Unit Method 5aa ol 44, -1

Gsthaadl Y 9y sale (1.25) s 48Kl culS 50 (100) 228 g 3l bl aad ands vie ¢ [l
220w (125) () sl SS) Ay (8] Clial gl pudly i (AT 6Ly AT ln

:Jall
¥ 52312500 = 1.25 x 1000000 / 100 = sl 48lS5
1562500 = 125 x 12500 = waall Aidall 4883

S8 506 N emy 53y e g el (e JS 25 G e 30 3N Gy a8 adimi cllia of L ji o) 3 sadka

J,)A;j\ M\ PELLY C._\.\Aluz
¥ 531640625 = 1.05 x 1562500 = sl 4413l

(Area or Space Method) asadl gl dabluwl) 48y ka2

131 (300mM?) daluse o lulul) ) ALiaYl (5 sk Al (e ()5S A8 ae 48ST Cila oglhaall ¢ 2 Jlia
il sh A2 ¢l s (500m?) dalue o s cliial sall iy 4gliie Jise 2ASE o) (i Al il sleal) CailS
V2 O sile (0.5) lS 38 il ) ddlayl
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:Jal)
Jalid) 45 )l oY

Gl )Y 52125000 = 0.5 x 1000000 / (3+1) = G:daS clulul) jliie) e aal gl gillall 485
gl Jidl )Y 53 250 = 125000 / 500 = a5l g sall i) 235
)¥32450000 = 250 x 300 x(5+1) = paall Auell 48l

3m s aal gl ildall gl ) o (=i
12m = (3+1) X 3 = will inall ¢ s
6000m?® = 12 x 500 = a8l sl ana

83.333 = 0.5 x 1000000 / 6000 = 2a! 5} axSall yiall 44183

18m = (5+1) x 3 = yaall il gl )|
5400m? = 18 x 300 = waall Lisall aas

O¥52450000 = 5400 x 83.333 = vaall il 4aKK

Details Method & s <l 4418 il Aluadil) (5 ki)

\ LY & 5 pall 2 4l

4/ >

Indirect Cost &_slu _all Kl

Direct Cost 5_yilull alsl)

Wgﬁu@YJﬁajw\&UHﬂ\dﬁ\@}

g sl Gl 3 JS o e ganll ddia Lo Lail

JJM\JQ\M\}JM\}J\)A\MS@)
g 9 piall &l 38 2l A HOUN (g 3

. .

D

PRENPHS il g (il yuall 28K

2 sall 3510l A4S i€l 3 laf AalS

Profit

Risk taxes & insurance

Site Overhead Office Overhead

AL

- @J
Ara
Jsladl
Y
BEEN

20%

O ol oA da 5 jhall il yall Jadis
SRISUPPERY gl 08 e Jslial) e
G el & Sl de dad) el
d:j.ﬂz_léuu‘j)ja OLA.\AJ’\&(M:.“}JM\
danball & ) Sl ciycélﬂ‘gbu;d\gguas‘j
o eDad) Olaa cilbad Jilaa @lill

oo gl g all || Al Jaal ol S clllal
ALl dy) Al Akl 4K Ay A guud)
g sl

48 gl culinall 488 il el Jais
sl i ol e ) i g

sla (e <l gl 5 Lo s il 5 slaall
Al 5ol S AlS 5 Clial sall

Y Laty| YUY

el gall el sall
Adlpall g 4dleWl s | | (8 ouihsall il g
il s adsall (A sl
&85l (8 il sl

il gl ash Al 8 b aadies i) 3Lkl a5 Details Method £ g sl 481 068 L luaidl) 3 k|
b Lo ol L iy g J gkl 5 Ll diladl) b Ll alaie V) Sy 41 Ay 00 A4ISH 25 (pa g g pisall
materials Cost i J<I 4. 330 ) gall 481 -]
Labor Cost i J<I 4. 3301 Allaal) 48l<
Equipment Cost 2 JSI da U1 Cilaxal) 48K

U ol glaal) 4slS

Shaladl 5 lacall 5 culinaill g @il yall 28K

o A

5 pilae sl AASY + 5 ,ilual) 281S) = 30) 28I

Page | 15
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dliadil) 48l Olus &l lad
sl 355 5n s @dsall ) gum sl Ay yTo 48 prain sy 58 A 5 gl 550 55 llaladiall Al o -]
Ll ) o sthae Jual o 33l se i b 5 o gall Bl 5 sl g o8 sal) (el 5 (5588 ilaaall
388 g iy JSI L) Bas g st e ileSl) il
A JST A 30U o gal) A8l Ol
an JST 4k 50U Allead) 481K il
A JST 4 U Claxal) 4815 Ol
35l G sl i) RS s
eV A iy Hlalaall g il 5 Glasall 5 Gl juall 55 oY1 A8SH il

Al L) culae 13 (500mP) Léad & 33U (1m?) Al 5 ASH A4S
SISl aall alasiuly jeal)
. 50m3/day = (sl Jgall Jaza
. 800%/day lsay) 45 ¢ ] 2 jlia - ; Culaaall
. 50%/day 4al<all « 2 2xe gale Jale 5, 70$/day 4alSll ¢ 1 axe jale Jale - Allaall
. 3_uilall AASEl (e 9 30 (N g Bl yal) dalSal)
:Jad)
500/50 = 10 day = dalmy) /Ll = jeall 3
10 day x 800%/day = 80003 = a5l a sl slag) x Jaall 320 = Cilazal) 44183
— sal gl gl Jlasl x Jeall 3ae = Jleall 4S5
10 day x [(50 x 2) + (70 x 1)] = 1700$
5 53 U slEal el Jlanlia) sall = 5 juilaal) Al
0 + 8000 + 1700 + 0 = 9700%
(30/100) x 9700% = 2910$ = 5_ileall 4alSl) (0 9430 = 5 _ilia ual) 48|
2910 $ + 97003 = 12610$ = 3 _rilaa ual) 4all) + 3 yilaall A8l = 4,1<) 48K
12160% / 500m? = 25.22 $/m® = _aall aal o}l xSl jidll 448

» Al i) cudae | 13) dalie d5lu 3 (60MS3) cual 4a 31 (1m?3) 48l 5 40K AalSall Caal: 4 Jli
— okl Y
20$/m3 o Ja ) dd<i D
350%/ton & ey 48lS5 3
2500$/ton o4 uaall 4S5 4
» Clamall: Wil
. 200%/day oY) AdSi ¢ ] aae a8, -]
. 300%/day Jlas¥) Ads ¢ ] aae LA D
- Allaad) -G
. 50$/day 4S5 ¢ 5 s gile dale -]
. 60$/day 485 ¢ 2 e jale dale -2
. 20m3/day asd) o Ale Al caall 4l el
Byilal) 8ISl e 9 25 5 puilie yual) A8l s Laala
: dall
60m3 + 20 m¥/day = 3 day = Laliy) + L&l = Cuall 520

e Sl uualie A
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23 gall A8l Ol
(1:2:4) o Al Al Blall 4 o i
0.67 s 5 ailu Al (LSl Jalaa aladinly 5 (X) i) 4aS AV il A1) (e (1MS3) (8 Al ) gall 4paS
-aalll) daleal) Cos C_ua".ﬁ
1 m3 of concrete = 0.67 (X+2X+4X) <+ X =0.213 m® Cienl) aaa

2X =0.426 m® = Jall pas
4X=0.852 m® = (pasll aan
1400 kg/m?® & eV A8US (i i
1400 x 0.213 = 298.2 kg = 300 Kg = 4eas x Ciiawl) &S = cuian) ) 9
150 L = i) (135 (0 %50 23l ke clall 48
100 Kg (sl cua xS jia JSI aaall 40a8
0.852 x 50 x 60 = 2556 $ = (~asll 4lS
0.426 x 20 x 60 =512 $ = Ja )l 4alS
(300 +1000) x 350 x 60 = 6300 $ = e 43lS
(100 + 1000) x 2500 x 60 = 15000 $ = vl 4slS
2556 + 512 + 6300 + 15000 = 24368 $ = ) sall 4dlS
3[(1 % 200) + (1 x 300)] = 1500 $ = laxall A<
3[(2x60)+ (5x50)] =1110 $ = Jeall 4als
= 5 s8N Jslaal) 4 Jlaadl + Slamall 420 gall = 3 L) 24K
0 +1110 + 1500 + 24368 =26978 $
(25 + 100) x 26978 = 6745 $ = 3 bl Al (40 %25 =3 yilaa yall 44
6745 + 26978 = 33723 $ =5 yilue il AalY + 5 y3lual) 48K = 2,00 48K
33723 + 60 = 562 $/m? = Lilu Al e aal Il CaSall il 48K
ol das 4aS bl Aaada
A Sl yiall 23S 100 dass siall 5 anSall iall saS 90y smeall 5 un€all jiall aaS120 Ly i 3ae S danailly
3aS Agilia) Jleald el oS5 &1 13
p b e i IS sas ) ey Mlaa ) slaall jau sl 5 U

% 10 = & sall diliny) AalKsl) #¢

0 1 = clinalill 5 il pual) ®ok

% 10 = gl Glala **

% 1 = Jlasall llad QalS5

Sal<sl)

A ]

ﬂ
s ol

2.15 841.8 690

130.22 | 95715.1 | 78455

688.48 | 103272 | 84649

1449 | 2318 1900

202147 | 165694

(5 p) 50 Jslia + 3 o + Glare +allee = 3 piluall ddl<El Jlaa)

3 il yuadl AESH  laa) + 5 ydlall 4dS) Jlea) = elhaall o Jlaa]
(1 + ibee sl QI Cani g sane) x 8 ) 2SN Jlan) =
(1.22) x 3_dlaall ddlsil)  Jlaa) =
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@&\—M\WQM\:MELA\W

&_ILL\AL\MJQ_L}\‘}A\}%IS@G}ABMSLAY\MSJ\LJL}MQ DL}J\H}QMY\cw\HM\ 6(_51.\-4
%lgauud\utkadﬁ;%lsjé@}‘w%%?)@

| 1164400 | 120000

(G535 2) 555 Jglha + 3 30+ Dlans +alae = _ileall 22ST) lLan)

5 pile el 8K Naa) 4 5_pbleall A6ISI Na) = ¢lnall yrs Nea
(1+ 8l ) GISH i sana) X 5kl 28I Nan) =
(1.37) x 5_ytbaal) B Jlaa) =

sl + 2l e Meal = aidl sas o)l e

e Sl uualie A
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Cost Management in Construction Projects

Cash Flows for Construction Projects (=¥l § 5 ydeall 4081) cilgiail)

SLEY) & 5 pall ) il yaat g A leall ) Jaasil o) jal cong Jsliall 4 st ciladal) s Jal e
b Lo Jadii il

A gl 3ae JDA 1 yed J sliall Lgd yumy Al Al allall o sdlad) g8 g8ail) o) Cost 48lSY) -]
g s il

b il A81<Y) = 441
(5l ) A8 Lgianmy All) oyl A Lgal) Ulme A6IKN s ¢ Value Adaladal) Aol

) + 4Al)) = da
ad (e el IS Algs 8 Aaliusall A0lall fllsall & ccen gal) a8 (33al) o) Payment dalival) ciladal)
Aalall Ja g i) o gy (A5l Aa (e %5 Jalad) Apilain¥) e UnfinY) A Lgia a5 jlas aiall Jasll
8y olghil aay (3lay 2 500 QL\SUWJ&}MUW‘W S| xie 2 50 Lete Lk o) Ao Y glaall
& s dall Al

(i baall) Gullad) gadil) (g8 — (<l ) gll) Gun gal) s a83) (30 = oa81) gdail) Bla
Net Cash Flow= Cash in (Payment) — Cash Out (Cost)
a5 kel Jlae ¥ ana ae ol Uy jedi A5 el I ga¥) Jra ) Cangy 4d gliall i) lal) Jasdadiil)
(S-S ioa S o g sl (a1 (ol (i) Taade Jnn ISy Al Lall SV o (55

Bl Hled A e B (o lmg 5 mlidly o (B 5 el e (o g 15 ) (B o8
:JGa

Time (month) Value ($1000) Cumulative Value
1 1
3
6
10
15
21
27
32
36
39
41
42
Cash Flow Curve il (g3l cialaia
Unit Cash Flow Curve ¢x3 8aa gl caiil) 3dail) Jabia -
g sriall jee (e el ISV AN Alaall ( Jadada 8
Cumulative Cash Flow Curve Sl 8i) gail) hbada -2
g ooiall jee (e el IS Qe ) g g il Al (e Al ALl Adlall cp (g3 aladall s
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Time Value | Cumulative
(month) | (§1000) | Value
1

Cumulateive Curve Cash Flow

Mony (1000 5)

Unit Cash Flow Curve

3

Sl |Se|o|w|oy|wv|& w1 —
=0 W | [ [ ov oy [on [ 4= w0

,:_“5.13."\3! c_-ﬁé.ﬁl'i u.slha = X

iy baall G La (340 =
/

S JS Ay i) sl

xa

Y r £ e " (Ue) Baal)

T T >

(S-Curve) ‘_l,.AS'I_)'ﬂl Lg.\‘.iﬁ'l ‘jéﬁ'l Q,'\a.i.a

JLeSi 3305 80 000 $ & (A skiall da) A ghall ymaw ady (ol gliall 2af Bagry Al Al A glie & -2(1) JUia
4 gl Cladall Aad (g (5%0) o ylaie Lidee g Uatiind e A 5lial) die da g pd Cual a5 el a2
(2.5%) AL Lal & 5 piall (Y1) Dl 5 2wl JleST xie (2.590) Leie (Jskall Coyuny) Gl o)) Sle
et IS g g pdiall 2Dl dey el 12 Aalll) Dlpall 5 5 olgiil aay (Jslaall (o juay) (3l
Value ($) | 3000 | 7000 | 10000 | 12500 | 14500 | 13000 | 10000 | 7000 | 3000
Month 1 2 3 4 5 6 7 8 9

_dall
200 (o g N s im s
1.2 + el = oy juadl)

Slall il Aadll x 0,95 = L) et Ay b Al Ciladal)
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iy jiaall 81 55— ciladall (S i = (gl 383 ila
A el Aol e saill 383 ila = (5 ) U sl

Contract Value = 80 000 $
2.5% Contract Value = 0.025 (80 000) = 2000 $

Month

saal) la

iy jladll ilasal sl
Cost Payment Net Cash

Flow

i sl
el
Max Cash
Required

C=A/1.2

D=B/1.2

E=095A

F=0.95B

G=F-D

H=G-E

2500 2500 0 0 -2500 -2500
5833 8333 2850 2850 -5483 -8333
8333 16667 6650 9500 -7167 -13817
10417 | 27083 9500 19000 -8083 -17583
12083 | 39167 11875 30875 -8292 -20167
10833 | 50000 13775 44650 -5350 -19125
8333 58333 12350 57000 -1333 -13683
5833 64167 9500 66500 2333 -7167
2500 66667 6650 73150 6483 -167

2850 +
2000 = 78000 78000 73150
4850

OO N[O WIN|F-

80000 78000

80000

Cumulateive Curve Cash Flow
(S-Curve) for Value

32500

20000 Unit Cash Flow Curve for Value

12500|14500}13000

10000 2000 3000

5 6 7 8 9 10 11
Time (month)
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90000

80000

70000

60000

@ 50000
>

5
£ 40000

30000

20000

10000

0

Payment

Value

/i/. Cost

d

6 7 8
Time (month)

100000

80000

60000

40000

20000

0 -

Net Cash Flow

Max Cash Required |

6 7 8 9 10 11
Time (month)

12
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P ALY g liall aaly dalald) cildledl) IS i sbal Jgandl 8 Cila slaall -3(2) JUia

Activity Code Activity Duration Dependency Activity total Cost
(Weeks) $)
A 4 5000
12000
21000
6000
20000
14000
30000
14000
16000
I 9000
Total Project Cost 147000

G=TOMMOO| I
AOIINO|OT|IOOOIO|D
I mmMOmm > :

10 pllaal

& s piall 2 aa Clua s Bar Chart J) av )l

Al s (Budget/Value) s sl alaaall Jaall 4 )¢l el s (Contract Value) 4 sliall dad s
Jsial) L e ) 1) A cilS 131 (Expected Payments) et a8 siall 4y g8l (ciladall)
o= (Retention rate) %5 »)lie i glaiinl e Gaiy o jliall e g sill g paladl aiall ()5 %20
%50 JI Blars Jeall JWS) xie CleUaiinY) o3 ¢ sane (o %50 Glhy O e 4 edl) Cladal) dad
& soall 12 (e el ndaa any LDl a4y jeli Aads J 5l () 5 el 5 ARIL) Lyl 5 538 oLl 2y A asiall

LDl 28 giall dlall 5 iy jlaall 55 i) aladall Janll dad Cilyinia o ) |

Max. Cash) «sthal g,edll Jisalls (Net Cash flow) sl @l Jdla avyy clua
dhany gl gl (s aal s e Jae 58I aas ae (required

Cost | Duration

(3) | (Weeks)

5000 4

12000 4

21000 6

6000

20000

14000

30000

G
H | 14000

I 16000 5

J 9000 4 2512.2512.25(2.25

Weekly Cost (1000 $) 25] 425 4.25] 4.25 717 7 153]|5 54848 717 |8 20320323, 25[2.25|2.25|2.25
Monthly Cost (1000 $) 17 28 24.6 21.4 292 17.8 9
Monthly Cost () 17000 28000 24600 21400 29200 17800 2000
Month Month 1 Month 2 Month 3 Month 4 Month 5 Month 6 Month 7

2.5 % Contract Value = 0.025 (176400) = 4410
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im Jisel

Jsiall jaus iy jadll Ciladall sl e

Value Cost Payment Net Max
Cash
Cash

Elow Required

A=12C | B=12D D E=095A | F=0.95B | G=F-D | H=G-E
20400 20400 17000 0 0 -17000 | -17000
33600 54000 45000 19380 19380 -25620 | -45000
29520 83520 69600 31920 51300 -18300 | -50220
25680 109200 91000 28044 79344 -11656 | -39700
35040 144240 120200 | 24396 103740 | -16460 | -40856
21360 165600 138000 | 33288 137028 -972 -34260
10800 176400 147000 | 20292 157320 10320 -9972

10260 +

4410 = 171990 | 171990 | 157320
14670
4410 176400 | 176400 | 171990

200000

180000 Payment

Value
160000

140000 ‘/.

Cost
— 120000
L2

—

& 100000

O
2 80000

60000
40000
20000

0

Time (month)
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200000
171990

150000

100000
50000 Max Cash

Required

-50000 -39700 -34260
-45000 50090 -40856

-100000

Time (month)

(PV %) Adaladial) Aaibll 4 gial) dpadl) g) gl (b Ao (Adlall) o) dpud

PV% = il X 100 = BCWSX 100
°~ BAC ~ "BAC

PV = Planned Value cixe sed 3 4paSI il ddadadall 4ol
BCWS = Budget Cost for Work Scheduled
BAC = Budget at Completion = (g s_riell 4081 dall) & 5 pliall 433 8 dpaS) il ddaladial) Al

. L) HlasW) A aliall Ao aliall 4 A

Value Jsadl e (PV%) C,f\:jjﬂ"d‘ fj;m\ Syl
el SISl PV Al gl Aad | A gladll Al | Auie )
A B=pv | VN = gac X100 (%) (%) (%)
20400 20400 11.6 11.6 88.4 14.3
33600 54000 30.6 30.6 069.4 28.6
29520 83520 47.3 47.3 52.7 42.9
25680 109200 61.9 61.9 38.1 57.1
35040 144240 81.8 81.8 18.2 71.4
21360 165600 93.9 93.9 6.1 85.7
10800 BAC = 176400 100 100 0 100
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Ao 5 200 oA Aol sial) ool A CulS Can 180,000 $ Letiesd Al gliey Junl gl Ans 500 5 e 7 Jlia
8 Ainse e USI (PV/0h) 4S5l Anlaal) agill &y sial) dsnsill 5 506 o &yl laiall (s e UainsY!

O (b el JBY) ) dalall i e gl s Bdla) Jllaals o 5 il et ddad o La oliaf Jsaal)
1% a8 32530 il (e g 5 piall A4S JalS 2 i3y J slaall

Month | 1 2 3 4 5 6 7
PV% |12 31 47 62 82 94 100

V%

P
PV = Cumulative Planed Value for Each Month = 100 X 180000 = Col.B
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20% (o el A S 1A bl el & (e jal ) daladl oLl (pa olial ) saall
Value Jsadl Cost i juadll Payment <ladall fm\ saill ua Al

A=B-Bmn.1 B C=A/1.2 | D=B/1.2 | E=0.95A | F=0.95B | G=F-D | H=G-Gp.1 | I=Lm1
21600 | 21600 | 18000 18000 0 0 -18000 | -18000 0
34200 | 55800 | 28500 46500 20520 20520 | -25980 -7980 18180
28800 | 84600 | 24000 70500 32490 53010 | -17490 8490 26422
27000 | 111600 | 22500 93000 27360 80370 | -12630 4860 18111
36000 | 147600 | 30000 | 123000 25650 106020 | -16980 -4350 13384
21600 | 169200 | 18000 | 141000 34200 140220 | -780 16200 17911
10800 | 180000 | 9000 150000 20520 160740 | 10740 11520 1728

14760 175500 | 175500

4500 180000 | 180000

Month

O N WIN|F

[EEN
w

oie an Sllae Guaallae o
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30% 3l A il 1A Gealad) pedl) |8 o dl) ) Aalad) ey olial J saall

el o o ) o 5

Value Jsadl Cost i juadll Payment <isdall fm\ saill ua Al
G;S\)ﬂ\ < yaull bl

A=B-Bmn.1 B C=A/1.3 | D=B/1.3 | E=0.95A | F=0.95B | G=F-D | H=G-Gp.1 | I=Lm1
21600 | 21600 | 16615 16615 0 0 -16615 | -16615 0
34200 | 55800 | 26308 42923 20520 20520 | -22403 -5788 16781
28800 | 84600 | 22154 65077 32490 53010 | -12067 10336 22795
27000 | 111600 | 20769 85846 27360 80370 -5476 6591 12584
36000 | 147600 | 27692 113538 | 25650 106020 | -7518 -2042 6053
21600 | 169200 | 16615 130154 | 34200 140220 | 10066 17585 8176
10800 | 180000 | 8308 138462 20520 160740 | 22278 12212

14760 175500 | 175500

4500 180000 | 180000

Month

N |OT|PA|WIN(F

[EEN
w

oie an Sllae Guaallae o
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40% (A zeo ol A il Il 1) el (o 3 ) dalad) i)y olial J gl
Cm | G e | s
Jadail) b .
(g-aill éxg‘ Q%Jﬂ
‘5;5\)35\ el bl
A=B-Bn B C=A/14 | D=B/1.4 | E=0.95A | F=0.95B | G=F-D | H=G-Gp.1 | I1=Lna
21600 | 21600 | 15429 15429 0 0 -15429 | -15429 0
34200 | 55800 | 24429 39857 20520 20520 | -19337 -3909 15583
28800 | 84600 | 20571 60429 32490 53010 | -7419 11919 19687
27000 | 111600 | 19286 79714 27360 80370 656 8074 7846
36000 | 147600 | 25714 | 105429 | 25650 | 106020 591 -64
21600 | 169200 | 15429 | 120857 | 34200 | 140220 | 19363 18771
10800 | 180000 | 7714 128571 | 20520 | 160740 | 32169 12806

14760 175500 | 175500
4500 180000 | 180000

Value Js&d) jeu Cost «a jlaxll Payment <lxdal)

Month

OINO|OT|B | WIN|F-

R
w

oie an Sllae Guaallae o
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Earned Value duwiSall dal) 48, jhay 2y jLiial) ayii g alsl) 48) 5a

PV =5250 $ o & 58!l jae (1 (ame () & (Planned Value) L baladll dalsl) cils
AC = 6000 $» (Actual Cost) Audxdll daiill
OsS 8 A8gall 3 (SI750 § e Taladall (e ST o dladll AISEN O (s g 5 el 138 o D) ) alitians
ol ddail i g 4l laladall e 0 el (a3 ¢ g il () Saall (a4l Can s Lay ) s (s Gl £ 5 il 12
i g5 ptall el i i ad @l ST RS il ST e of aliall g il s Jaladal e ST cillag
(Earned Value) g s niall (e Jad s jlad) o3 Lal dyalall dasdll s

Earned Value EV (ddaiuall) duuiSal) Aol
Sla o il i Lol (4alS1) dpalal) dagill o
The time and cost performance of a project in progress can be determined by comparing the
three key parameters of an earned value management system, known as Planned Value (PV),
Actual Cost (AC) and Earned Value (EV).

PV = Planned Value (Cumulative) = Budgeted Cost of Work Scheduled (BCWYS)
EV = Earned Value (Cumulative) = Budgeted Cost of Work Performed (BCWP)
AC = Actual Cost (Cumulative) = Actual Cost of Work Performed (ACWP).
BAC = Budget at Completion, SAC = Schedule at Completion

PV = BAC x Planned Percentage of Completion (POC%)

EV = BAC x Actual Percentage of Completion (AOC%)

Budget at Completion —————»_ . =

|
ok i Cost
;1 ¥ Variance

’ |

|8ch'edule
Variance

I g

) / Plannéd
AC ( Value
Actua 2
Cost

I Behind ,
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Schedule Variance, SV = EV — PV (Cost Unit) 2

. . SAC 1
In time unit, SV = BAC (EV —-PV) 1.8

Schedule Variance Percent, SV% = SV + PV 16 L UnderBudget Under Budget

Schedule Performance Index, 1 | Behiend Schedule Ahead Schedule
14 + CPI>1 —T CPI> 1

SPI = d |
~ Dy 11 SPI<1 IR SPI> 1

SV <0 |SPI<1 |Projectdelay CPl ;] T |
SV =0 |SPI=1 | Project on schedule . HEEE |
SV >0 |[SPI>1 | Project ahead of schedule 08 - Over Budget
Cost Variance, CV =EV — AC 06 L | | Ahead Schedule
Cost Variance Percent, CV% = CV + EV - CPl<1
Cost Performance Index, 04
EV 02 + 1 1
CPl = —— 1 HEER
—AC 0 1
CV <0 |CPI<1 |Projectover budget
CV=0|CPI=1 Project on budget 0 02 04 06 08 1 12 14 16 18 2

CV>0 [CPI>1 |Projectunder budget SPI

48500l 0,05 $ 44l saa) gl de Ll 348 5ida 200 #Uil lakaddl) (e (3 sibda 2 LY Jasa g 5 e Ligal 3l
48 il 50 L) sas) sl el 8 1 48 i 150 Slad i) g5 pikall (o LIS 5137 g 5 el ad 33al )
9§ 4S5 (Al @ yie |

:Jad)

PV =200%x005=10% Ll
AC=9% (il
EV=150%x0.05=75$% (3 51k 150) Z Y 13¢] Axinall 48

CV=EV-AC=75-9=-15 1.5 Jladay 2K saly ) cllia
CPI=EV+AC=75+9=0.83 (83%) 4,231l dlaal) oS (179p) A4ISIL 5oLy H)) A
SV=EV-PV=75-10=-25 el Jsaadl e alas @l

_ . _ Can Lalaiall (e 759 Jad U yail 28 L) e
SPI=EV+PV=75+10=0.75 250 unsty Ialaiall (e yalie ] 5
Note, SV =-2.5 (1 hour/10 $) = — 0.25 hour (in unit time)

e Sl uualie A
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assessment CEAC
Time

In Cost

Isac] |TeEAC]

in Time Unit

Earned value Formula

Are we ahead or behind

schedule? Schedule Variance (SV) SV = EV- PV

How efficiency are we Schedule Performance SPI =
using our time? Index (SPI) ~ py

When are we likely to Time Estimate At _
finish work? Completion (TEAC) TEAC = SPI

Will we be ahead or behind Time Variance At
schedule? Completion (TVAC) | | VAC = SAC- TEAC

Are we under or over

budget? Cost Variance (CV) CV = EV- AC

How efficiency are we Cost Performance Index
using our cost? (CPI)

How efficiently must we To-Complete Cost
use our remaining cost Performance Index (TCPI)

What is the project likely to Cost Estimate At
cost? Completion (CEAC)

Will we be under or over Cost Variance At

budget? Completion (CvAC) | ¢VAC = BAC- CEAC

What will the remaining Cost Estimate To B
work cost? Complete (CETC) CETC = CEAC—AC

CETC — CEAC — AC — PAC - _BAC_EV _BAC-EV
- “ e v T el cpl . cPI

_AC
BAC CEAC

AOC% =

Page | 32 e m Sllae Cpualiae o
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%M&jﬂd\Q\S&PEVW\@&\Q\ﬁye\mu@\j\J@_‘ﬂ\g&tﬁ\&Jﬂd\Mbeg; 2 Jla
~ )l sall Gary et e Y 538000

Dur.

ac month

Budget ($000) 6 7 8 9 | 10 | 11

12

48

28

18

28

16

Solution:-

Dur.

month Budget ($000)

12

48

28

18 18

28 4 8 |10 | 6

16 8

PV (Monthly) 14 | 12 | 16 21 | 22| 8 | 10| 6 | 8

PV 20 | 32 | 48 88 | 110 | 118 | 128 | 134

POC% 13.3 1213 | 32 59 | 73 | 79 | 85 | 89 | 95

EV (Monthly) 14 [ 12 | 0

EV 20 | 32 | 32 PV =48, EV =32, AC=40

AC (Monthly) 14 | 12 | 8 SAC =12 month , BAC = 150

AC 20 | 32 | 40

Earned Value Calculations
Schedule Analysis and Forecasting
Schedule Variance (Are we ahead or behind schedule?)
SV =EV -PV =32-48 =-16 (in Cost Unit)
SV =-16 (12/150) = — 1.28 month (in time Unit)

4l il SV e el (S
SV% =SV /PV=-16/48 =-33%
(Al Al i Jaa Y o ) iy ol ad Jaladiall Jead) (e 33% o)) nS Al 2

Schedule Performance Index (How efficiently are we using our time?
SPI=EV/PV =32/48=0.67

sl Gl gsals 2 e m Sllae Cpualine o
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8 osdll dardl cilelu sae o Lz 3 gl il (ol Aaal) aiad (pe 67% 5_ay o285 oy Jandl ()] i dagil) 228
A8 20 skl 5 =8 x 0.67 = Glelu dae Jans ld Oilela

Estimate Time at Completion (When are we likely to finish?)
ETAC=SAC/SPI=12/0.67=18

Blie LS e 12 (o Yoy e 18 (b g s il Satias Jil) a Jandl) i o Uy patad 1 Ll (i il 030
Cost Analysis and Forecasting

Cost Variance (Are we under or over budget?)

CV=EV-AC=32-40=-8

4y LS CV e Lpadll (Say
CV%=CV/EV =-8/32=-25%
L dakadall el e 32k ) 2500 al<s 28 Ul 13 s o jladl a3 (A Jaad) () (Jixa a8 11 134
Cost Performance Index (How efficiently are we using our resources?)
CPI =EV / AC=32/40=0.80
DY 590.8 Jolai 4y i 51 aal gl Y sall DS (e Laill 028
1 Dollar Efficiency = 0.8 Dollar

To-complete performance Index (How efficiently must we use our remaining resource 4l
s?)

TCPI = (BAC — EV) / (BAC — AC) = (150 — 32) / (150 — 40) = 1.07

TCPI = 1.07 4xil CPI=0.8 -l 4a (o (anily O 1Y eha¥) 0 Jimy 138
Cost Estimate at completion (What is the Project likely to cost)
CEAC =BAC/ CPI =150/0.80 = 187.50 g s_xiwell 321l A4Sl
Al el 150 (0 Y 187.50 S o gas 4ils ¥ dmall iy 5 piial) o Alls 8 ] iad el 02
Cost Variance at Completion (Will we be under or over budget)
CVAC = BAC-CEAC= 150-187.5= - 37.50

Led Jadadall A8lSil) e ddliza) dad CalSh o g g 5 pdiall (U ¢ a¥) Jana iy Jandl paind sl il iad dagdll 030
A siall dailly Lgie ) (S daitll dia 37,5 iy

CVAC% = CVAC /BAC =-37.50/150 = — 25%

Estimate To complete (What will the remaining work cost?)

CETC=CEAC-AC=1875-40=1475

CETC =(BAC-EV)/CPI=(150-32)/0.8=1475 O.K.

e Sl uualie A
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34IK) 5 A gaal) 50US Jalade

0.67; 0.80
j

SPI<1

CPI<1

Over Budget

Behined Schedule
I I I

0O 02 04 06 08 1

SPI

e m Sllae Cpualiae o




Ryl iraly — Rasgall 02 — dgynall Rasgall gy — &5151L AL gall — 2023 gusiall slagsll
& sl jae (o (V) Anpd) 5eiV) (e el JS 8 Ul g g sl s 3 Jlia

‘ Planned Value (PV) ‘ Time (Month) \

3500 1000 ( S00 ( 2000
4200 300 800 200 2000
4500 700 ( 2000 [ 1000 500
3300 200 600 1000 1500
3000 700 300 1000 8500
6700 TO0D 2000 1000 | 2000 | 1000

BAC 25200 1000 | 1000 | 3700 | 3500 | 4700 | 2500 | 1000 | 1500 | 2000 ( 1000 | 2000 | 1000
Cumulative Planned Value (PV) | 1000 | 2000 | 5700 | 9200 | 13900 | 16700 ( 17700 | 19200 | 21200 | 22200 | 24200 | 25200

‘ Actual Cost (AC) ‘ Time (Month) \

2550 00 250 | 1500
4500 200 700 1200 | 1700
3350 300 300 | 1250 1500
2600 100 300 LI 700 400
15000 4010 G0 300

RliuiR=1Re -1

Total Actual Cost 4250 | 2800 000 0
Cumulative Actual Cost (AC) 10800 | 13600 ( 14500 | 14500

Earned Value (EV) Time (Month)
Task Cost
3500 100%0
4200 100%0
4500 100%0
3300 20%0
3000 T5%0
6700 S0%0
Cumulative EV | 525 20770 0 0

el Ol s g e Sllae prualiae o]
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Planned Value (PV) Time (Month)
Task Task Cost 4 6 7
A 3500
4200
4500
3300
3000 800
6700 700
BAC 25200 1500
Cumulative Planned Value (PV) 19200
Cumulative Actual Cost (AC) i:
Cumulative Earned Value (EV) 1wt
Project Performance Metrics 12 [
Cost Variance 15 ¢
(CV=EV-AC) .
Schedule Variance 121
(SV =EV - PV) NN

CPILo

Cost Performance Index 09 ¢
08 1

(CPI = EV/IAC) | | ' ' ' | | o]

Schedule Performance Index E: [

(SP1 = EV/PV) ' ' ' ' ' ' ' 04 }
Cost Estimated at Completion Eﬁ

(CEAC=BACI/CPI) 01
Time Estimated at Completion 00

23 11 00 010203 04050607 080910111213 14 151617 18 19 20

(TEAC=SAC/SPI) Sl

el Ol s g e Sllae prualiae o]
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Month
Cost Performance Index (CPI = EV/AC)
Schedule Performance Index (SPI = EV/PV)

2.0
1.9
1.8
1.7 +=
1.6
1:5
1.4
1.3
1.2
1.1
CP|1.O
0.9
0.8
0.7
06 T
0.5
0.4
03
0.2
0.1
0.0 — —
0.0 04 0.2 0.3 04 0506 07 08 09 10 11 1.2 13 14 15 16 17 18 19 20

SPI
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—&—Planned Value (PV)

—8—Earned Value (EV)
$25,000 H

—e— Actual Cost (AC)

$20,000

Time (Month)

oie an Sllae Guaallae o
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Example 4 EVM

Activity

Cost

Duration (month)

A

1500

B

2100

C

4000

D

2400

E

5000

g 5 el 4l jaa

15000

A bl (385 Cpnaall (pa 3l b il ale) W35 i

Activity

Cost

Actual Cost

1500

1550

2100

2100

4000

4050

2400

0

5000

0

2 2385 AAS)) ules s

PV = 1500 + 2100 + 4000 = 7600
AC = 1550 + 2100 + 4050 = 7700
EV =1500 x 1 + 2100 x 1 + 4000 x 1 = 7600
Dl s x Slaleall 433 e & gana =285l Jaall 433 j0a
A saall 3 4
A gaall Hlee
A 3 58

Ll dll Jaall 43 jra
daial) Jasl) 488

SV=EV-PV=7600-7600=0
SPI=EV/PV =7600/7600 =1
CV=EV-AC=7600-7700=-100
CPI=EV/AC =7600/7700 = 0.987
CEAC =BAC/CPI = 15000/ 0.987 = 15198
CETC =CEAC - AC =15198 — 7700 = 7498
CETC =(BAC-EV)/CPI
CETC = (15000 — 7600) / 0.987 =7498 O.K.

A L) (38 5 Gasall el 8 aniil) sole ) a3 ) i i

A4SH lma
+ Aaadl) S ¢yl IS
L 5 el elgdY 4 slladl) A4ISY

Aland)

Zlea L3300

ic sadl) 2aK])

Sy s

1500

1550

100%

A
B

2100

2100

100%

deal Gilgd oy sala S
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C 4000 4050 100%
D 2400 1500 50 %
E 5000 0 0

PV = 1500 + 2100 + 4000 + 2400 = 10000 Ll Joall 433 j1a
AC = 1550 + 2100 + 4050 +1500 = 9200 diall Jasll 488
EV =1500 x 1 + 2100 x 1 + 4000 x 1 + 2400 x 0.5 =8800

285l Joad) A0 jae = Jlad¥) dpd x Slaleal) 4330 ja0 g sana
SV =EV - PV = 8800 - 10000 =-1200 Agaall 3 48
SPlI =EV/PV =8800/10000 =0.88 A gaall e
CV =EV - AC =8800-9200 =-400 Akl (3 4
CPI=EV/AC =8800/9200 = 0.9565 Al Hlee
CEAC =BAC/ CPI =15000/0.9565= 15682 : 4laxall 4,0l & 4 il 48l
CETC =CEAC - AC =15682 — 9200 = 6482 s g sl elgdy 4 slhaal) A4l
CETC =(BAC-EV)/CPI
CETC = (15000 — 8800) / 0.9565=6482 O.K.

C | O O

1.8 | Under Budget Under Budget
1| Behined of Schedule Ahead of Schedule
16 1] Aaadl o jalia, 2SIy 5 [T alsanll e aaiiay RSl 855 |

1.4

1.2

CPI 1 . —
0.8 0.880; 1.000; 0.987

0.9565

0.6 1
Over Budget Over Budget

0.4 4+ Behined of Schedule Ahead of Schedule
T Aol e aliey dalIh ol ) [ Agaall e aniie s 461 saly
0.2 -

0 +—r———t——t——t——t——t——t——t——t—
00 02 04 06 08 10 12 14 16 18 20
SPI
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£ 9 piall il a9 o) dgaad Gileaa

Weight (4 baall) <l &Y &) o)

OO O Cun g g phall dadl) ai¥) dsi g il i) ds s 4dde S5 e aal e IEN ()l 5] ysiad
LA\DJA\}\AMM}M}L@.\LSMAQA&}M\M&u\)ssj\dhl.éw‘fd\MY\ﬁ(Welght)b‘)ssl\
Yd\.«s‘)}\u\‘)ssuau)w\u\g_u;dw\wusM\W&jMwJ\J}MWM\gm
u\k_\:\;cu_a\‘)sﬂ\odgjw\@ﬁ\j\ sl d}“‘” JWDMJ\AAM\ u\)sﬂ\o&wus&_ﬂw\é‘).\u
@j(&jﬂ\ﬁs\zﬂ\mzaww\M)ﬂ\%tjﬁ@m\ﬂaﬂw\gm&uw;ugm
e Jlia) AL Leial< K1 (s ola 50 Gt ) 38 lia g Adlle LealK KALIE ld gl e o jsé @llia (Y Uad s
a)ssl\ds.\‘uuuﬁa‘)s&dSuJ}u\c(c.m\Jé)ﬂGQL\J\dWMLHJU}Sd)H\ JL.M‘_,’A‘\_L\\).\HJLALY\JJ
%100 = &l Ol )5l & sane 058 O g gl g gl (S
il ) s) laial S A Alsbaa) slaie) o5 a8l

3 JJAM&,AA.A. /béél\ém:é}él\ojj

A8 (Jgaa A5 88l 3l Aaia 3 3aal) lia e L) Jaa A6yl Ll jliie V) plat SV b a8l el
(e / ) & jaall o) 5 0S8 AL g ¢ Janll

W% = —
o T

d
POC%=5XW%

AOC% = 3 X W%
V%= POC% > aocy
Alladll 4 Hlxe = W%
Alladl) 385 (e 3= D
g s iall DLllad aen Aia ) ¢ sana =T
Adladll dabaad) JlasY) duns = POC%
i) 5 3 Alladl) (e 2l (a3 =
alladll adll las¥l G = AOCY%
a8 5 vie A A G Adladll (e 3300 Al =
Alladll Aalad ol 4401 40l = Q
)l V) A - Jadadiall SlacW) A = (AShe 4S8l (4 9420 (e LaS) cuilS 131) Gl aiV) dans =0
pfill 8 g ) L Jandl (5 olad) 53 Jaiall ¢ 5 pdiall Cilillad] dlakadiall cansill ¢ sene = 3'POC %
pnfill 5 I e Jardl (5 oladl 58 aiall & 5 pdiall Cllladl 4dadll Cill ¢ g =3 AOC %

oLl Jsand) 3 LS adll cilS Cpm U ) dled (A g pdiall 3 il V) ot o ;- Ui
ES| d W % POC % Q q AOC %

2 |7/122=32.8 |(2/7)x32.8=9.4 | 70 16 |(16/70)x32.8=7.5
1 |5/22=22.7 |(1/5)x22.7=4.5 | 50 11 | (11/50)x22.7=5
13.9 Total 12.5
Variation =13.9-125=1.4< 20 O.K.
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Project Crashing
Reducing Project Duration — Project Duration Compression
¢+ Shortening an activity (by adding more resources, working overtime, etc.).is called
Crashing.
¢+ Project crashing is attaining maximum reduction in schedule time with minimum cost at

optimum cost-time point on the cost-duration graph
S0 g—

Total
costs Optimum
cost-time

Low-cost
plan duration

Direct
cosits

Indirect
costs

| L ]
12 14 16
Project duration

Determining the activities to shorten. Crash only activities that are critical

Basically managers need to look for critical activities that can be shortened with smallest
increase in cost per unit time (cost slope CS)

The normal time (NT) of an activity is the normal duration, and has an associated normal
cost (NC)

The crash time (CT) of an activity is the shortest possible duration, and has an associated
crash cost (CC)

$800 Crash Cost CC ' el Crash Point

CT,CC Crash cost — Normal cost
Cost Slope =

Normal time — Crash time

Normal Point CC - NC

NT, NC NT_CT

Normal Cost NC

$800 — $400
10-5

Activity cost
»H
(=}
o

Crash Normal
Time Time $400
CT NT =

5

= § 80 per unit of time

0

0 5 10
Activity duration (units)

NT= Normal Time to complete an activity (longest time of activity)
CT= Crash Time to complete an activity (shortest time of activity)
NC= Normal Cost to complete an activity with NT
CC= Crash cost to compete an activity with CT (the cost to complete the activity if it is
performed in its shortest possible time)
deal Glgd gsala 2 Page | 43 ole m Sllae Guallye o]
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sob LS (A £ 5 dll Crashing dudes < ghd

daphall Al 3 & 5 pball ey 2aad XSy ds all Cllledll Maa3 4m531 Node Diagram as s
Aganball sl 8 40S)) A4Sl 255 jilie yaall 53 jdlel) 48Kl a3a5 5 Normal

Aa s 4ded JSINT, NC, CT, CC o (e dlaic YU Laid da jall Cllledll CS 2 caesd

Aaa il &) N e 5 CS dad B L ) da sl llail) (e Crashing ddes Ta

a3 5 CT Aglladll (il (g ) (ol ) daa 7 ja Jlss ) seda () (g0 o) laally Alladl) (e )y i
sl g 5 el ey Glual Node Diagram

A< e Allal) odn b g g pall A8 () a5 g g el ALY SIS 55 e ypad) A8 55 pilaall 2SS Cin
oo g e cilS 1 Ll g A Aldl Crashing adesy jeiud J8) calS 1) dglul) Al 8 & o )
Optimum g s_riall dcalie yaa A8 (g0 ) Juzadl Jiad 5 Al slall oo 8Ll A a5 5 Crashing
.Cost-Time
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NT |CT |NC CC |AT=NT-CT |AC=CC-NC |CS=AC/AT
5 |3 2000 | 2500 |2 500 250

8 |2 3000 |5000 2000 333
6 |4 3000 | 4500 1500 750
4 |4 2500 | 2500 0

5 |3 1500 |4000 2500 1250
>, = | 12000
1- Without crashing (Normal) — C.P. (A-B-E)

5 |13

—p B | 8
5 |13

B,C,D

11
6
13

D
9

Direct Cost = 12,000
Indirect Cost = 18 x 350 = 6,300
Total Cost = Direct Cost + Indirect Cost = 12,000 + 6,300 = 18,300
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2- Crash A by 2 weeks

3 111
—p B | 8
3 |11

Direct Cost = 12,000 + 2 x 250 = 12,500
Indirect Cost = 16 x 350 = 5,600
Total Cost = Direct Cost + Indirect Cost = 12,500 + 5,600 = 18,100

3- Crash B by 2 weeks
319
—p B | 6
319

3
D| 4
519

Direct Cost = 12,500 + 2 x 333 =13,166
Indirect Cost = 14 x 350 = 4,900

Total Cost = Direct Cost + Indirect Cost = 13,166 + 4,900 = 18,066

4- Crash B & C by 2 weeks
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3

7

—

B
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Act.

AT

CS

3

7

0

250

333

1250

A
B
E
C

2
2
0

750

3

7

—

D

4

3

7

Direct Cost = 13,166 + 2 (750+ 333) = 15,332

Indirect Cost = 12 x 350 = 4,200
Total Cost = Direct Cost + Indirect Cost = 15,332+ 4,200= 19,532
s Since the new TC (total cost) is greater than previous TC, stop the iteration.

s The previous iteration solution (No. 3) is the best for implementation.
% Therefore, the final crashed project completion time is 14 weeks and the TC is 18,066 $
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5000 $/week= (Indirect Cost) s_yilull ,uall Gl cwil 13 (Crashing) - 4 aladiuly

Normal Crash AT | AC | Cost Slope

by Time Cost Time = AT/AC
(Weeks) $) (Weeks)
Start 3 6000 2 2000
12000 1500
16000 3000
8000 1000
6000 1500
3 14000 3000
Direct Cost | $62000

Preceded

1- Project without Crashing:
Critical Path is A-C-E-F

Project Time = 13 weeks

Direct Cost = 62000

Indirect Cost = 13 x 5000 = 65000
Total Cost = 127000
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2- crash E by 1 weeks
Project Time = 12 weeks

Direct Cost = 62000+1(1500) = 63500
Indirect Cost = 12 x 5000 = 60000
Total Cost = 123500

>
Q

TA

CS

2000

3000

1500

mmo|>

3000

3- crash A by 1 weeks

Project Time = 11 weeks

Direct Cost = 63500+1(2000) = 65500
Indirect Cost =11 x 5000 = 55000
Total Cost = 120500

H~|O|w w|O|w |0 |w

0|~ 0o (U1 |00 ©|0U1|00

>
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4- crash F by 2 weeks

Project Time = 9 weeks

Direct Cost = 65500+2(3000) = 71500
Indirect Cost =9 x 5000 = 45000
Total Cost = 116500

Act.

TA

CS

0

2000

3000

1500

mmoO|>

2
0
0

3000

~N [~ O ~ (o1 oo |01 (N

5- crash C by 1 weeks

Project Time = 8 weeks

Direct Cost = 71500+1(3000) = 74500
Indirect Cost = 8 x 5000 = 40000
Total Cost = 114500

Uw'nrrlOZDE

NOR INvIO I N
oo oo [No|~N

e Sl uualie A




Eymgll draly — dusjall e — Egnall fasiall gy — GBI AL yall — 2023 gusiall slagslil

6- crash B, C & D by 1 weeks Act. | TA CS

Project Time = 7 weeks 0 2000

Direct Cost = 74500+1(1500)+1(3000)+1(1000) = 80000 iggg

Indirect Cost =7 x 5000 = 35000 3000

Total Cost = 115000 1500
1000

o1 (W (o1 o1 (W o1 (o2 N E~Na[ep}

s Since the new TC (total cost) is greater than previous TC, stop the iteration.
%+ The previous iteration (No. 5) solution is the best for implementation.
< Therefore, the final crashed project completion time is 8 weeks and the TC is 114,500$
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(ol 3sn 9 Aa B (1) K
A Ahadll dae ) 23 gail JiaY) Jad) aa
MAX Z=7X; + 5X;
SUBJECT TO: 4 X;+3X;<240
2 X1+ X3;<100
X1, X:>0

Jall
GOY¥alae ) clibiad) Jai -1
4X; + 3X;, =240
2X1+ X, =100

WJU-A);J(”\AA\@H&MJS&GUQGA)(%@LMJS@;wﬂ;ﬁum—z
Straight (1) Straight (2)
4X; + 3X; =240 2X; + X, =100
Xy X2 Xy X2
0 80 0 100
60 0 50 0

AiSaall 3 gaall d3kaia d0ad g Sl syl a3 =3

2X, + X, = 100

4X, + 3X, = 240

10 20 30

Lo 2 5 Lolalaall Jas el odalisl Ltk a5 —4
4X, + 3X, =240
2X1+ X, =100
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C (30,40) (o phalal) ddais

Cangll Al 3 Al Jglal) dilaia JLid) -5
Max Z = 7X; + 5X; Al
7(0) + 5(0) 0
7(0) + 5(80) 400
7(30) +5(40) 410
7(50) + 5(0) 350

Cangd) Al 8 AiSaall Jglal) didaia HUEA) (pe Jaads

JiaY) Jall Jias C ddaial)

; zo Sl Baad Al ) el LY 1l

Aaliall 3 ) pall JiaY) IRty 2 jaal 3 5l) ¥ alae 8 lgdie (agmi5 (S

TR OIS B

JsY) iiall e 3an 5 30 ) oy

SN il e 8as 5 40 Zll

i 410 Jlsar (Sen gy ST 3Ry S

X1:30
X2:40
Z =410

58 &3 305 Aa B (2) Ja
A Adadl) dae yall 73 gail JiaY) Jall aa
MAX Z=X;+2 X,
SUBJECT TO: X1+ X520
2X1+ X2, <30
X1<25
X1,X22>0

N
OYalea ) cliliial) Jead -]
X1+ X,=20
2X1+ X, =30
X1 =25

oy ] e JS (o (pilati aaas D

Straight (1)
X1+ X,=20

Straight (2)
2X1+ X, =30

Straight (3)
X1 =25

X1

X2

X1

Xz

X1

Xz

0

20

0

30

25

0

20

0

15

0

25

30
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35

30 -
25
20 -
15
10
5 |
0

30

Lo 2 5 Lol Uy Cpesinnal) 1l L 2555 4
X1+ X,=20
2X1+ X,=30
C (10,10) ol il

rsagdl Aly 8 Al Jsla) dshie Huidl -5

Max Z = X3 + 2X; daynll

1(0) + 2(0) 0

1(0) + 2(20) 40

1(10) + 2(10) 30

1(15) + 2(0) 15

1l Ally 8 ASaall Jglall didaie JLial (e Jaa3lS
JieY) Jall Jias B ddaal)

; zo Sl ad ) el LY 1 )

Aaliall 3l pall JiaY) JOaiaY) 2 jaal 3 sl) C¥alae 8 Lgdie (gm g5 (S

TR OIS B
X;=0 IV iiall e baa 5 0 ) Cany
X2=20 SO il (e B3 5 20 )
Z =40 3 40 ey (San gy ST By (S

258 o)) agag s B ;3 Jla

Al Adasll Al 3 gl W) Jall 2a
MAX Z = 12 X; + 14 X,
SUBJECT TO: 2X1+3X,<24
2X1+X,<16
X157
X256
X1,X2=>0
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RN
OYalea ) clipliall Jea -]

2X;+3X;=24
2X;+ X;=16
X1 =7
X2 =6
Straight (3) Straight (4)
X1 =7 X2 =6

Straight (1)
2X1+3X;=24

Straight (2)
2X1+ X,=16

X1

X2

0

8

12

0

X1

X2

X1

X2

X1

Xz

0

16

7

0

0

6

8

0

7

16

12

6

Al 3 gaal) Aslaia daad 5 Slal) s a5 -3

2X, + X, = 16

2X, +3X,=24
12;0

10 11 12 13

Glasinal) adaldtl) Jadi aa 63 -4

2X1+3X,=24
X2=6

2X1+3X,=24
2X1+ X, =16

2X1+ X, =16
X1=7

C (3,6)

D (6,4)

E (7,2)

rsagll Ally 8 Al Jslall dahaia Hlidl) -5

el

Max Z = 12X + 14X,

|

0,0

12 (0) + 14 (0)

0

0,6

12 (0) + 14 (6)

84

3,6

12 (3) + 14 (6)

120

6,4

12 (6) + 14 (4)

128

7,2

12 (7) + 14 (2)

112

7,0

12 (7) + 14 (0)

84
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 Congll 412 8 AKaall Jlal) dhia JLsdl (e Jaads
) JiaY) Jall Jias D ddaiil
| e ST Gind o8 Glef LY ¢
Faliall 3 sall Jia¥1 ISl 8 jad 3 gl C¥alan b Lgie imgai s (Saa
sy )l
JsY) ziiall (g Bas 5 6 U] o
S i) (pa3aa 5 4 L 5
22 128 ey (Saa gy ST Biay S

X1:6
Xo=4
Z=128

NSO 5 Al )yl 1oy s e i
4 Jia
A L) e ) 3 sl Jia¥) Jad) 2
Min Z =5X;+6 X;
SUBJECTTO: 2X;+X,<20
X1 +3X,<30
X1, X220

- Jall
OYalea ) cililiial) Jead -]

2X1+X,=20
X1 +3X,=30

dan ) Ua ad aiftne JS e iladi 2y D
Straight (2)
X1+ 3X,=30

Straight (1)
2 X1+ X,=20

X1

X2

0

20

10

0

X1

X2

0

10

30

0

2 X, +X,=20

| 0;10
B C(3,6)

X, +3X,=30

30 35
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o 2 5 Lol Jos o) ol A il () ks 225 4

2X1+X;=20

X1+ 3X,=30

C (6,8) phlail) ddass

raagl) alla = el J lal) dshaia i) -5
Min Z = 5X; + 6X; dayull
5(0) + 6(0) 0
5(0) + 6(10) 60
5(6) + 6(8) 78
5(10) + 6(0) 50

1Caagll Aly & A3Sadll Jglall dalaie HLad) e a3l

Jia¥) Jall Jiai D ddasil

o< AT st a8 e f LY ;)

Aaliall ) sall el RN 48 jal 3 gl Y alaa b lgie (o s2i s (Saa

:Lﬁ,)h‘?“ ‘)\‘)ﬂ\

X; =10 IV sl e Ban 5 10 ) can
X,=0 Ul il (e 3aa 5 0 L

Z =50 D 50 Lhaaay (See CallSs J8I 3asy S

Example 1
Find the optimal solution for the following LP model by using graphical:

Obijective function Max Z = $10X; + $40X;
St X1+ 2X,<100

X1 +5X, <150

Non negative X; >0, X,>0

Solution:

1- Transfer restrictions to equal as follows
The first straight X1+ 2X; =100
The second straight X1 +5X; =150

2- Determine of two points for each straight :

Straight (1) Straight (2)
X1 X2 X1 X2
0 50 0 30
100 0 150 0
3- Draw the first and second straight

e Sl uualie A
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60

50 -

40

30 -

20

10 -

0

0; 50

A

X, + 2X, = 100

C (66.67, 16.67)

X; +5X, =150
150; 0

D 100; 0

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

X

4- Point C (66.7,16.7) represent the intersection of the straight 1 and the straight 2. Can

be determined by solving the two equations using any method.
X31=200\3=66.7 and X,=50\3=16.7

at these Extreme points, (ABCD)

5- The solution is the shaded area ( A B C D ) shaded and the objective function is tested

Point

X1

X2

Z =10X; +40X;

0

0

0

100

0

1000

66.7

16.7

1335

0

30

1200

Example 3
Find the optimal solution Min Z =5X + 2Y

St 2X+5Y>10
4X -Y >12
X+Y>4

X, Y>0

Solution:

1- Transfer restrictions to equal as follows
The first straight 2X +5Y =10
The second straight 4X-Y =12
The third straight X+Y=4

2- Determine two points for each straight :
Straight (1) Straight (2) Straight (3)
2X +5Y =10 4X-Y =12 X+Y=4
Y Y Y
2 -12
0 0 0

e Sl uualie A
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3- Draw the all straights

1 X+5Y=10

3
X

4- Lines intersections Points
The intersection of straight 2 (X+Y=4) and the straight 3 (4X-Y=12) is point B(16/5,4/5)

The intersection of straight 1 (2X+5Y=10) and the straight 2 (X+Y=4) is point C(2/3,10/3)

5- The solution is the shaded area (A B C) shaded and the objective function is tested at
these Extreme points, (A, B, C)

Point | X Y Z=5X+2Y

B 16/5 4/5 17.6

C 2/3 10/3 10

D 5 0 25

Lowest Z Value at the point C (2/3,10/3), must produce to achieve a Min. cost of $ 10

e Sl uualie A
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Linear Programming by The Simplex Method

4 )lie dna pamly ) sl gl ghiadll yia o ading 5 ) ad 08 1 Simplex method-Aacual) 48y ki)
ST e Jalaill e g aila (e (38 (S JSLER Jad 458 58 sl 13 840 5 pal) ddaiill g ¢ dilad) 43y plally
Aol agkaas o Ll dpdadldl dae ) il 488 ailis sl 138 & Caagll Al (s shatis Al Caila (e (g jiiie (e

(Sl [agias) Alall Qs (gl ankaa)

Max : Z = 30X, + 18X; adaat 4l ; 1 JYa

St.: X1 + 2X, <200
3X1t+ 2X, <300
X1 <150
X1, X220 Ald) s Ja i
BRI

e g g o) sl £ 58 (e Lganan 358l O 5 ¢ Al dapal) ) Aalal) dpall o ASEAN 358 J i -]
1 LS5 (Si) = 4 3w s (slack variable) SI ) uxie dilia) callaii Jy sl dalee ()ld
X1 +2X, +S; =200

3X1+ 2X5 +S, =300
X1 +S3 =150

X1,X2,51,52,55 > 0 bl ane Loyl

m il LS5 4y i ey Cangl Al Alilas L) (S;) 3381 il i) Gl
Max : Z = 30X; + 18X; + 0S; + 0S; + 0S3

bl (e o1 Gashall ) ) Galall el puaiall 288 J&8 G yha e 4 jiea Alla ) Cangdl Ala J g
_GJ;Q LS C._\..A.dc

Max : Z - 30X; - 18X, - 0S; -0S; - 0S3 =0
Aagh) Al Addlae 8 Al e s Al @l yriall aass (5315 1Y) Jall J s dlacly o i
Y Jal) Jsan dlac

Basic Non - Basic Variable <l Al | Ratio
Variable R.H.S
X5 S1 S,

-18 0
2 200 200
2 300 100
0 150 150
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GJBJ\ il g Jalall padal) jLill -6
8 Xq 0SSl Jpaall ey 7 im0 5 Lt A S0 By (531 kel sa g JAl pidl) jsal
(Pivot column _saall 35ac) Jalall yuaiall acay 53 2 saadl e 3Ly 5 (-30 )aiad O¥ Jalall piiall

Dsaall G 2 LAl el aay Al Cauall e (Bl g (00) Baaae ye 5l 4y a5 Al Laf 4l Jagd ¢
YIS b sl dgac af e RH.S a dand Juala W (Pivot row

200/1=200
300/3=100
150/1=150
(100) 4 5o daid il Jiay 43Y Al yuriall g8 Sy psciall O3

Jalall juiall \J

on- Basic
var.

Basic
Var.

Non- Basic var.
X2 S,
-18
2
2
0
Z=Last Z+(30X1) 2
Si=Last S1+(-1X1)

Iteration

wn
=

300/3=100
150/1=150

0
0 200/1=200
1
0

10

Replace S by X1=S,/3

ol O ||| OO | ~=|O

Ss=Last S3+(-1X1)
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aiall (gl paiall o sadll Cha (3 ded IS dend ook e @lldy X Jalall el o slagl -7
st odle sl 4l (iS5 (3) 98 5 ¢ saall Cin e saall 3 e @lalii ddaii g4 (Pivot variable) s sl
waall Jall Jgaa

e saaall Jalall il ad x (-30) 25 Dsaall 2see (A& 7 JALEL Aadll i ¢ Baaall 7 dad dlanY -8
rol WS I ol Jgon Adaadll 7 e af (e odlef al) ks

ad X saall 3gae (3 Sy riall JE) jeaiall o gl odel il ghadll iy o 585 3008 1IST dad Ay -9
Aaill ) yurall sl (e Ul 2 a5 sl JAdal) il

ad X psaall dgae (B Sy aiall aal) juaiall Cujun (5l oDlef il shall (uily o 585 3308l S dad )Y -10
Al Sy il a8 (e il & lai & 3aadl Jalall il

G asil) AlaaSle JOA (e lld g JiaY) Jadl Jsan Sy Jsandl S e 130 (e 2SE oy J sl JlaSins) 0y -1 1
A ha gl a0 Z Cia A aill miea 5S5 Ladie: JiaY) Jall e andani ¢ 5 (g0 gl 2 0¥ ¢ Z

Apshia ol A ge 7 Caia il maes Y JiY) Jall Jsan ey AU Jaadl 18212

3000 o_ia ey 3383 e oSl (X1 =100) Js¥) g sl (e 8225 100 U1 (2 o Jia¥) Jall () i 138 -13
(Z=3000)

A
_@A_Aﬂ)s?\j@;@ﬂm;ﬂ GmyJMJqu}m(@ﬁ‘y\ o2 X1, X2 Laa u;,dumumas)ac:m
iala 4S5l (38a3 Aelu 570 (& qoenil and L Lainyde b 720 (& qiieaill and 8 e daliall Zalisy) 25U
Glalial¥l, X2 Aalull (e 83 5 IS @ e HY 533 e dlia g, X1 Aaball (e Ban s JS 2 0 J¥ 5312 0,8 =)
(AN Jsaadl 8 jelai AKE il yadla 5 Aalidl) el....é“}(\ & Aali IS (e Baa sl Aaliny) Gile Ll (e 4l

s daliadl (e ST ) e ) zling Y gl i 85 2l ,Y) arkanty sy ) el ananal 84S 8l e

Gle Ll
720 i
570 e

Z (LY 52) Bas ol Il iala

aliy) lusll

(ehsaill )eidiia JS3 3 Al i) aia -1
Max Z =12 X; + 10X,
ST: 4X; +3X,<720
2X1 + 3X2 <570
X1, X2>0

i laa ) il Jygas 2
Max Z =12 X; +10X; Z=12 X; +10X; + 0S; + 0S;
Z—-12 X1—10X2—081—082=O

ST: 4X;+3X;<720 4X; + 3X2 + 5= 720
2X1+ 3X2 <570 2X1+3Xy+ S, =570

deal Glgd gsala 2 Page | 68 olie anSllae Graallae o]
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s X1 | X S1 S, | RHS Ratio

Z 0 0 0

S1 0 720 720/4=180

S, 0 1 570 | 570/2=285

Z=Last Z+(12X1) Z 3 0 2160

Replace S1by Xi=S1/4 | X, 1/4 0 180 | 180/(3/4)=24

-1/2 | 1 | 210 | 210/(3/2)=14

8/3 | 2/3 | 2300
1/2 | -1/2 75

Replace Sz by X2=S2/(2/3) | X, -1/3 | 2/3 | 140

Optimum X; =75 and X; = 140, Max. Profit = $2300 USD
Z =12 X; + 10X, =12 (75) + 10 (140) = 2300

—
)

So=Last Sp+(-2X2) S,

Z=Last Z+(1X2) Z
Xi=Last X1+(-3/4X5) X1

O | P, |O|OC |~ | OB

Example 3: Max. Z = 3X; + 5X;
Subjectto  X; <4

2X, <12

3X1 +2X,<18

X1, X2>0

Initial System of Equations
Z—3X;-5X,-0S;-0S,-0S3=0
X1+5:.=4

2X,+ S, =12

3X1 +2X; + S3=18

e Sl uualie A
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ildaa Sl Basic Al e ¢ e Non- Basic var. ) il
Var. R.H.S
Xs S,

w
=
w
I

Z -3
S1
S2
S3
Z=Last Z+(3X2) Z
Si=Last S1+(0Xz2) S1
Replace S; by X5=S,/2 X5
Sa=Last S3+(-2X2) S3
Z=Last Z+(3X1) Z
Si=Last S1+(-1X1) S 1/3 -1/3 2
Xo=Last Xo+(0X1) | X, 1/2 0 6
Replace Ssby Xi=S/3| X, 0 0 -1/3 1/3 2
Optimum X;=2 and X,=6 , Max. Profit = $36 USD, Z=3X;+5X,=3(2)+5(6)=36

n

0
4

12
18
30

0
1/2
-1
3/2 1 36

R OO0, |O|O|O

P | OO0 kP | OO0 IN DN |O
O P OO0 Ok, |00 | O |~ |

Simplex 4 s 43La) 48y ) dLia) Ja

1opad aga g dla B (1) Jie
Ml Ahlaal) daa yall 23 sail i) Jall 2a

MAX Z =7X; +5X;
SUBJECT TO: 4 X;+3X;<240
2 X1+ X,<100
X1, X220

Xo St Ratio
-5 0
3 240/4=60
1 100/2=50
Z=Last Z+(7X1) -15 : 350/(-1.5)=-233.33
Si=Last S1+(-4X1) 1 40/1=40
Replace Sz by X1=S»/2 0.5 : 50/0.5=100
Z=Last Z+(1.5X2) 0
Replace S1 by X>=S1/1 1
Xi1=Last X1+(-0.5X>) 0

e Sl uualie A
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1ag8 EO0 g g Ala b (2) JUia

4000 Agas]) Aaca 2l 0 sl o) Jal 55
MAX Z=X;1+2 X,
SUBJECT TO: X1+ X2<20
2X1+ X2 <30
X1<25
X1, X2>0

w
~
w
N
w
w

0
20/1=20
30/1=30
25/0=0

Z=Last Z+(2X>)
Replace S1 by X>=S1/1
So=Last So+(-1X2)
Ss=Last S3+(0X1)

RPINOIO|—L|O

1
[BEN

O O0|0o|Ir OO
PO OO IOO|O

o

298 2l asa g Al B 3 JUia
A0l Adadll A ) 73 sail JiaY) Jall aa

MAX Z=12 X; + 14 X,
SUBJECT TO: 2X1+3X,<524
2X1+X,<16
X117
X256
X1, X2>0
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Note

X3

a

Sq

72]
8]

N
W

RHS

Z

-12

0

0/(-14)=0

S1

24

24/3=8

S2

16

16/1=16

Si

7

7/0=0

Sa

6

6/1-6

Z=Last Z+(14X>)

Z

84/(-120=-7

Si=Last S;+(-3X>)

S

6/2-3

S»>=Last S>+(-1X>)

10/2=5

SgZLaSt Sg*(OXz)

7/1=7

Replace S4 by X>=S4/1

6/0=w0

Z=Last Z+(12X;)

120/(-4)—30

Replace S1 by X;=S1/2

3/(-1.5)=-2

S>=L ast Sg+(-2X1)

4/2=2

Ss=Last S3+(-1X3)

4/1.5=2.67

X>=Last X;+(0X1)

=ilell lelie] o] lellje) o) o flohlile) e

/1=6

Z=Last Z+(4Ss)

1
#oa.'_.aoxoc:c:r—-oooo»—-o

N}

X;=Last X1+( 1.5 84)

Replace S; by S4=S>/2

o
W

Ss=Last S3+(-1.554)

X->=I.ast Xg-l—(— 1 84)

S
W

Ol QIO |10 O IQ|C = C|IQ|IC|Q | O (OO

Note

1
N EEEESEEE SRS SIS S S

w
I

1
[BEN
N

0/(-14)=0

24/3=8

16/1=16

7/0=c0

6/1=6

Z=Last Z+(14X>)

84/(-120=-7

Si=Last S1+(-3X>)

6/2=3

So=Last Sp+(-1X2)

10/2=5

Ss=Last S3+(0X2)

7/11=7

Replace S4 by X2=S4/1

6/0=c0

Z=Last Z+(12X1)

120/(-4)=-30

Replace S1 by X1=S1/2

3/(-1.5)=-2

Sa=Last So+(-2X1)

4/2=2

Sz=Last Sz+(-1X>)

4/1.5=2.67

Xo=Last X2+(0X1)

6/1=6

Z=Last Z+(4S.)

1
oL 2] B
-bO.U_Il_\U_ICDOOOHOOOOHO,_‘ i

N|o|o|r|o|o|lo|olr|olo|lo|o|r|o|o|P|;

Xi=Last X1+(1.5S4)

Replace Sz by S4=S2/2

Sa=Last S3+(-1.552)

Xo=Last Xo+(-1S4)

2
2
1
0
-12
2
2
1
0
0
1
0
0
0
0
1
0
0
0

1 1

el Jilellelle] el Jdlellelle] el Jdlellelle] (el ol lellolle)
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Planning for Risk Management

Risk in project management, unlike the common definition of the word, can be both negative
(threats) and positive (opportunities). The objective of Project Risk Management is to decrease
the likelihood and impact of negative events, while increasing the likelihood and impact of

positive ones.

The Process of Planning for Risk

. Perform Perform -
Id:‘igligy Qualitative Quantitative Rl;lsa nOI:'SS;S
Risk Analysis Risk Analysis B

1. ldentify Risks

Identify Risks is the process of determining individual risks as well as sources of overall
project risk, and documenting their characteristics. All project personnel should be

encouraged to identify potential risks.

Information gathering techniques

Brainstorming Delphi Technique*

With the goal of obtaining a A method designed to reach consensus, the

comprehensive list of risks, Delphi technique requires experts to answer a
brainstorming may either be conducted | distributed questionnaire anonymously.

free-form or using a mass interviewing | Summarized responses are re-circulated to obtain

technique such as the Nominal Group | consensus. The Delphi technique reduces bias

Technique and undue influence

* Was in earlier PMBOKSs

Interviews and Checklists are also information gathering techniques
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Data Analysis — Root Cause Analysis

An Ishikawa, Fishbone or Cause and Effect diagram

Material Methods

Transport IT System Procedures

Engineerig

Inadequate techrocal sally —— . Incopmilete detinition of requirements

InzuMicient RED

Ferfermance of Sub Combractorf — 9788 —— 4

Inadequate testing Frocedures

I Component Failure

Raw material not to specs
‘Wrang machining

‘Wrang Di

Outputs Identify Risks

Risk Register - a document where results of risk analysis and risk response planning are

recorded:
v' List of identified risks
* “EVENT” may occur causing “IMPACT”
* If“CAUSE” exists, “EVENT” may occur leading to “EFFECT”
v" Potential risk owners

v List of potential responses
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Example Project Risk Register

Risk
ID

Cause

Impact If It Occurs

Bureaucracy in the Owner’s
organization have usually resulted in
long approval processes as well as they
feel that the personnel involved in the

approval process are incompetent

Owner’s
delaying the
approval of

suppliers

Delay in placing orders, delay in
project supplies, and slippage in
the project schedule and may be
incurring liquidated damages for

the delay

Absence of electricity transformer

electricity
power is not

stable

Delay in testing and
commissioning of HVAC
equipments and other
equipments which will delay

project completion date

Bureaucracy in Archaeologists Heritage
Authority (AHA) have usually resulted
in long approval processes as well as
they feel that the personnel involved in

the approval process are incompetent

Delayed
approvals in
issuing site

permits

Delay in construction start date
which will result in delaying

project completion

A Risk Breakdown Structure (RBS) is a list of risks by category and Subcategory such as:

Project Management Risk
Technical Risk

External Risk

Internal Risk

Organizational Risk
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A Risk Breakdown Structure (RBS)
is a list of risks by category and
Subcategory such as:

Project Management Risk

Technical Risk

External Risk

Internal Risk

Organizational Risk

2. Perform Qualitative Risk Analysis

Perform Qualitative Risk Analysis is the process of prioritizing individual project risks for

further analysis or action by assessing their probability of occurrence and impact as well as

other characteristics. This allows the team to focus on the high-priority risks

MEDIUM

& >
QL

LOW ‘ \H MON .

-~

Data Representation - Probability and Impact Matrix
High
MUST mitigate
Write

Contingency
Plan

< = —_-—_Tu T o T

Identified © ¢
No contingent plan

High
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Probability-Impact Matrix

Propability - Impact (P-l) Matrix

LIKELIHOOD
LIKELIHOOD

THREATS OPPORTUNITIES
(NEGATIVE IMPACT) (POSITIVE IMPACT)

RISK IMPACTS (CONSEQUENCES)

Data Representation -Probability and Impact Matrix

0.90
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High probability
LZow i”’PaC‘f

LZow probabilirzy
Lo impact

Low probabiliry
Hig/r impacs

Hich probabilirzy
Higlr Impcacs

SRS

—

RISK
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Risk Register

Risk | Risk Description

ID Cause

Risk

Impact

Likelihood

Impact

Risk
Exposure

1 Bureaucracy in
the Owner’s
organization have
usually resulted in
long approval
processes as well
as they feel that
the personnel
involved in the
approval process
are incompetent

Owner’s
delaying
the
approval of
suppliers

Delay in
placing orders,
delay in
project
supplies, and
slippage in the
project
schedule and
may be
incurring
liquidated
damages for
the delay

4

12

Absence of
electricity
transformer

electricity
power is
not stable

Delay in
testing and
commissioning
of HVAC
equipments
and other
equipments
which will
delay project
completion
date

Bureaucracy in
Archaeologists
Heritage
Authority (AHA)
have usually
resulted in long
approval
processes as well
as they feel that
the personnel
involved in the
approval process
are incompetent

Delayed
approvals
in issuing
site permits

Delay in
construction
start date
which will
result in
delaying
project
completion

Absence of
sewerage network

Waste
water
cannot be
disposed

The Hotel
cannot become
operational

daal Cilgd goals aa
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Outputs of Perform Qualitative Risk Analysis

* Risk register Updates
3- Perform Quantitative Risk Analysis

Perform Quantitative Risk Analysis is the process of
numerically analyzing the combined effect of identified
individual risks and other sources of uncertainty on
overall project objectives. Perform quantitative analysis
Is used on risks that have been prioritized by qualitative
analysis as substantially impacting project objectives.
During this step, project managers can calculate the

following:
1. Expected Monetary Value for each risk

2. Contingency Reserve for the project

Expected Monetary Value (EMV) and Contingency Reserve
Expected Monetary Value (EMV) = Probability * Impact
Contingency Reserve = XEVM

Example 1: The following are four risks with probabilities and impact for a small

construction project. Determine the EMV for each risk and the project contingency reserve:

Risk Probability | Impact (USD)

1 10% -4,000

30% -1,000

2
3 25% 2,000
4

60% -1,500

Solution
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Probability | Impact (USD) | EMV (Probability * Impact)

10% -4,000 -400

30% -1,000 -300

25% 2,000 500

60% -1,500 -900

-4,500 -1,100

Decision tree analysis

A Decision Tree: is a common use of EMV analysis

Example 2: determine the best decision to take for the following decision tree assumptions.

Assume 5 years of return on investment

0.6

Increased shopper traffic
(+5$100,000)/month
Flagship store in new mall

hance Nod
(-$1,000,000) ance foae

Stronger competition
(-$50,000) }/month
0.4

New store or renovation? ——J| Decision Node
0.8 . .
Initial business surge
(+550,000) )/month
Renovate existing store Chance Node
(-$250,000)

—

Dwindling shopper traffic
(-5100,000) )/month
0.2

Solution

Assumed 5 years of return on investment
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0.6

Increased shopper traffic 100000*5*12 — 1000000
(+5100,000)/month =+ 5,000,000

Flagship store in new mall
h Nod
(-$1,000,000) ance foae

.. -50000*5*12 — 1000000
Stronger competition

EMV of Node 1= 0.6* 5m + (-4m™*0.4) (-$50,000) )/month =- 4,000,000

=+ 1,400,000 0.4
New store or renovation? ——J|Decision Node

EMV of Decision Node = 0.8 Initial business surge 50000*5*12 - 250000

+ 1,400,000 o (+$50,000) )/month =+ 2,750,000
Renovate existing store
(-$250,000)

L Chance Node

e : -100000*%5*12 — 250000
Dwindling shopper traffic
EMV of Node 2= 0.8% 2.75m + {'6.25[’1’1*0.2} =-6,250,000
- + 950,000 0.2 (-$100,000) )/month ' '

Example 3: You are planning modifications to a product line. Below is a complete
assessment of risks on the project:

30% probability that parts will be delayed, costing $50,000

20% chance that parts will be $10,000 less expensive

25% chance that parts will have an interference fit, resulting in a rework cost of
$3,500

30% chance that production will be simpler, saving $2,500

5% probability that design faults will cause $10,000 in rework

Determine:
» EMV for each risk

» Project Contingency reserve

Solution
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Expected

Risk Probability % Impact
Monetary Value

Parts will be delayed 30% -$50,000 -$15,000
Parts Cost Change 20% $10,000 2000
parts will have an
interference fit
production will be

25% -$3,500 -S875

i 30% $2,500 $750
simpler

design faults will cause

5% -$10,000 -$500

in rework

Contingenc
g Y -5$13,625
reserve

Example 4:

A construction project will have an Base cost of $1,250,000. There is a 10 percent chance that

the costs will increase by 10 percent. There is a 20 percent chance that the building foundation
will win the “Foundation of the Year” award and its $50,000 prize. There is a 5 percent chance

that an accident will add $125,000 to the cost.
Calculate the following:

a. calculate the contingency reserve

b. What is the expected value of the project?

c. What is the best case scenario and its value?

d. What is the worst case scenario and its value?
Solution

Base cost = - $1,250,000
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Risk Probability | Impact EMV

The costs will increase 10% =10%*1250000 | -$12,500
=$125,000

Wining the “Foundation of the Year” 20% $50,000 + $10,000
award

Accident will happen 5% $125,000 - $6,250
a) Contingency Reserve -$8,750

b) Expected value of the project (i.e. =-1250000 - 8750 = -
Base cost + contingency Reserve) $1,258,750

c) Best case scenario and its value (i.e. | =-1250000+10000 = -
Only good things happen) $1,240,000

d) Best worst case scenario and its = -1250000-12500-6250 = -
value (i.e. Only bad things happen) $1,268,750

Outputs Perform Quantitative Risk Analysis

The primary document updated in the process is the Risk Report, which will include:
Assessment of overall project risk exposure
Detailed probabilistic analysis of the project
Prioritized list of individual project risks

Recommended risk responses

3. Plan Risk Responses

Plan Risk Responses is the process of developing options,
selecting strategies, and agreeing on actions to address overall

project risk exposure, as well as to treat individual project risks
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Risk strategies

Avoid — eliminate the task or the threat, or isolate the project objectives from the threat

Transfer — contract the task to professionals, offer incentives, or buy insurance .
Negative

Mitigate — reduce either the likelihood or the impact of the threat, or both e

Accept — proceed anyway in spite of the risk, maybe with a fallback contingency reserve

Exploit — modify the project to ensure the opportunity is realized

Share — work with a third party who is best placed to tip the odds in favor T

risks
Enhance —increase the likelihood or impact of the opportunity, or both

Accept — make the most of an opportunity if it comes along, but not proactively
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