o eoje
Civildee
ddoll dawsigll pand) daossSYI diselll

www.Civilittee-HU.com

JLu.A_o |.§|

o.‘y:..b.o.U

*

slac Ulgl & (ounse o damo

@ www.civilittee-hu.com - [ Civilittee Hashemite €} Civilittee HU | 310 diou




) o) A

,\,md.w 6.@96\:.).,5' 3\;« ULV' U«J\.\A @ oj\.)\ B.:bua.&;bg,,.\i\wta.

2\&@16@\5;5\ Sl ssbe L;&S o1, sl oda Je dalld) & jMA | U 9@“5; Sl sale Jo3 453
e Bl Solgdl A\L_ﬂ\cfd\vj Lasy1 sl SJBY o 5a-d, S, Lle &l oyl
CGSA) ol stz S 5 planl 7l (S0 ol (88 g 30l pyltan 3000 33

@{&’wé‘wofﬁj@w&ﬂ wwwwfwww&;ﬁw 33
el sldly 305l A o el bl Lodlag) Baclall e Joal) Vs o S Y 5, Lne Juoll



Contents:

* First:

Part 1: Introduction

Part 2: Construction Planning
Part 3: Construction Scheduling
Part 4: Network Calculations

* Second:

Part 5: S-Curve

Part 6: Earned-Value-Analysis
Part 7: Project-Crashing

Part 8: PERT

* Final:

Part 9: Project Quality Management- Introduction
Part 10: Economic Evaluation

Part 11: Managing Construction Safety



Part (1)
Introduction



2.

3.

Bonus question:

Aim :

Sl lay 8 "ale | gi€all allisy J)sud) o3 o
O A 9o Lae

(@l shi) oo sl Gooh ge ity of Jdi o o)

Omlaal) G Janll a8 b 8 g8 ddadll ot H) Caagdl o) S

Target: PRSI ji oadnd e L) Jpa gl A g (\A.m;_a) 433 )SS\ Aty
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Production Estimating of Excavator

Production =CXSXVxBXE (mA3/h)

where C = cycles/h
§ = swing-depth factor
V'= heaped bucket volume

B = bucket fill factor
E = job efficiency




Ex:

* If the swing-depth-factor for an excavator is 1.1 and the heaped
bucket volume is 1Im3, B=0.8 , E= 0.72 ,find C the number of cycles/h
needed to move 100m3 of dirtin 2 huors.

* Solu:
* Production of excavator(m3 /h) = C*S*V*B*E
Production = 100m3/ 2 h = 50m3 /h

50=C*1.1*1*0.8*0.72 » C=78.91 cycles/h




Truck production

VXe60

Tipper output =

v = tipper body volume (m’)
T = tipper cycle time (min)

. VX
Tipper output = dclo (o] @885 oo Jigmeill

JIgudl Gusis ppudas, pis bo 8sle &V Excavator Jlg Truck Jl o0 JSJ wlosgl olaoVl was



Project Cost

90% Construction

Total project

5% Conceptual
cost ° Pt

Preliminary 25%

20% Schematic
10% Design

Detailed 55%

— Advanced 75%
Document 20%

Note:

o] pasiiw 33z pd 151 bol Lpolaziwl posi (lasd diuso a> ol 85le) @alizo o Jlgaudl sz 0l oSowdl o
he> g oMl



Notes:

« Conceptual + Schematic = Preliminary
» Detailed + Document = Advanced

J>lo 351 cost o sdSUI costdl Gl wgSi bsle weSH Jlgull 6,58
r o, yuSell ol designdl
Detailed design cost=5000%
Detailed cost=55%%*10%*(total project cost)|:> total project cost=5000/(55%*10%)

total project cost=90909%

— Designd| auw

— DetailedJ| aouw



kConceptual, Schematic, Detailed, Document} Construction phase

|
Design phase

[
»

Constructio Time

Schematic

S to Fix Mistakes

Time

Note:
slas V| Mol aals slsy g9 uiuodl (o) 9 Lioadi lodS o



Part 2:

(partition) gblall ol ,lazl £9090 g9 1>l 9090 *

Example: The partition shown is to be constructed of 8, x6 _ x16;
block. Estimate the following: )

1. The number of bricks (Bonded with of bonding agent)

2. The cost of the wall to include labor, materials and contractor O&P

equals to $6.2/ft2

< 30°

Y

N

A ' I
1 block <3 >

20

A
Y



Solution:

1)
Partition area= (30*9) — (3*6.5) =250.5 ft2 (Ll &xx9 a>Liuwo)

(o,c*gblall Jgb)

Block area = (6x16)/144 = 0.67 ft?
ft? sl inch2g0 Jug=ill

Number of bricks = 250.5/0.67 = 374 unit , assume 5% waste:
m=) 374*1.05=393 unit

2)
Unit cost (including O&P) = $6.2/ft2
Total cost (including O&P) = 270 x 6.2 = 1,674%



Notes:

elas I o,c*deb 1 esiVIS LSH Blockd! slsl
1246%8 :Jlko
(elas)l) < (ubl)-c)_L'(dsJO)

Asug, (brickdl asLuw) + ((..a1,0leh) Ol=id i€ o Hlazdl a>Luw) = Bricksdl sac ¢
S SVI a2l a>q Ul Sl U85 aoowsll

. 5% sp9 Wasted| aws sa= pJ I35 °

(total cost) sUSUl ,2ull=((Cost/ft2)asLuwo 6159 JSU szl (aJSUl as>luwoll) »

bricksJl sac o @l 04d (g 1 brick oo Jsisi S| lasdl @Sloow WeSs Ul Sowd] (o
Q\LSJI bricksd| sac sV (brICdebS,_S\Jap.o)ulS 151) Slazdl oo o Jol @9

Jhsd a5Laolb S5l unit costdl oV ssais e Mo cost P b S
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Part 3: Construction planning

Network scheduling techniques:

1.AOA 2.AON

1. AOA (Activity On Arrow)

e AOA (Activity On Arrow) =ADM(Arrow Diagramming Method)=CPM (Critical
Path Method).

 Activities are represented as arrows or lines.

* Draw arrows from left to right.

* Each activity must have a unique i-j number




Activityd) e Jiay el ol g aLail Al Jiag peasll Jd agadd b e Taliall Jiay

el (358 Activityd) e, OsSs

Activityd) 33 Jia Y agull J sk ‘

S Jicd Lesale | nodesd! o L& & Activitiesd) a3

(Activityd) a3 sa 230 13a) | Activitiesd) 4aii g2 cag jill g il 8 elllia 5300 JS Jals

{(noded!)s_ilall Ui activityJ! s» : Predecessor activityd)

e JC8 e an )l ()5S

LGP

Jall  andid 3l e A Ay ) Lalasind il G i o2




dummy activities

Aalall sie dummy activities J) aladiul (Sadl (e e

Lt o) se Vg Lo jlasW < g bl Y etivities o ke o4 dummy activities e
.(to show logic) ikic activitiesd s 5 Jaad Lealiag

Axkie bghad I3 agul DA e dummy activities J) e w2

A FIGURE 12-19
' Incerrect notation for concurrent activities.
|
> pi
" Dum my
Wrong A % (1 3) activity

B (1,2) Right FIGURE 12-20
possibilities of G-H with dummy arrow.

A>(1,2)
B=2(1,2)




EX:

Draw the precedence diagram for the next activity table:

Activity | Description Predecessors
A Site clearing -
B Removal of trees -
C General excavation A
D Grading general area A
E Excavation for utility trenches B, C
F Placing formwork and reinforcement B, C

for concrete
G Installing sewer lines D.E
H Installing other utilities D.E
I Pouring concrete F.G




Solu: F o
wl 2
B |

: A
A ‘[- - illogical
Crossovers c loop /&



2. AON (Activity On Node)

* AON(Activity On Node)=PDM(Precedence Diagram Method).
Llasiil g le gl <Y o
(links) L sbA agin das Y3 (nodes) s JS& e daiil) o) oKS o
.(predecessorsd!) 4L# activities (= activityd) 4le diay Le e Jai L ghall oda e

_ Logic link line

Activity - _ _
/ T == -




Ex:

Draw the precedence diagram for the next activity table:

Activity | Description Predecessors
A Site clearing -
B Removal of trees -
C General excavation A
D Grading general area A
E Excavation for utility trenches B, C
F Placing formwork and reinforcement B, C

for concrete
G Installing sewer lines D,E
H Installing other utilities D,E
I Pouring concrete F.G







Part (4) Network Calculations:

Calculations On a Precedence Network

A Early Activity Start (ES): Earliest time an activity can
start—as determined by the latest of the early finish times
of all immediately preceding activities (IPASs).

early finish . SU sa= a9 activitydl ¢S Sy by w8l O
.4as,Lud| activities U

_Early Activity Finish (EF): Earliest time an activity can
finish—determined by adding the duration of the activity to
the early start time.

activitydl 810 @dlol oz a8 activitydl slgsl Sy w9 w8l O
pJ early start |




_Late Activity Start (LS): Latest time an activity can start without delaying the
project completion.

(e9 0l 05 8505) Eg,minadl b wgs @ activitydl 1 Soy widy 51 O

3 Late Activity Finish (LF): Latest time an activity can be finished without delaying
project completion.

oyl b wgs a activityd! slgsl Sy widg L1 O

Notes: : c
30 xSl49,1 50 uSI2 LIl .

Mel oud 4dl sll.2 syl o @iVl > Olghs



Calculations

Early Start (ES) and Early Finish (EF) Perform Forward Pass Calculations

Azl activitiesd! EF Sl = ESJ) lld any | 0 = & 5l 44y (3 ) = activity Js¥ ESJ) .1
2. EF =ES cvitys wany T the duration
. Activitiesd) gl EFJ) s ESJ) clus oy Sa 45l &l gladdl j0 S5 05 3

Activity EF = ES + Duration
’ s— ES = Latest EF of immediately preceding activity or activities
ES |Duration| EF




Late Start (LS) and Late Finish (LF)

<l J8 gctivitiesdls ¢ s il (320) (o) = 5 W LS = activity AYLF J) .4
(Laxs S activitiesd! a8l sl 4 sl cpadl ¢a) 45l activitiesd! LS Ji = LFJ)

5. LS = LF (,qivityo Lavy - the duration.

Activity LS of an activity = ES of the activity + TF of the activity
LF of an activity = EF of the activity + TF of the activity

ES;Durallon EF‘
LS LF




sxogi Jio

 Draw the network and perform the for the schedule shown next:

mT m 9O O W >

w oo W A N W

m W @ > >
@)
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Total Float and critical path

 Total Float (TF): maximum amount of time that the activity can be delayed
without delaying the completion time of the project.

e Total float = (LF — EF) = (LS — LS) .(seie ol alasinl cSa)

.critical activity = activityd 0@ , 0 = TFJ) s 1)
dlae IS (adiil) (e ) £ sl JalS Al 8 iy critical activitiesd) 2 sl
ALY aae iy (JALL) 2 e s il e Gl ALY (e 220 critical activitiesd) sl jali 1)
* Critical index = (critical activitiesd! 22) /(activitiesd! JS 2:2).

= critical activities o 4de Activitiesd) g 5 finish J)s startd) on dea s A bl
. Critical pathJu

3 @ 5®1 114 . Critical path s Ammm) BEmm) FEmm) F ol (salod) JUal) 4
. critical index= (4/6) = (2/3) J! a




Activity Floats

« Total Float (TF): maximum amount of time that the activity can
be delayed without delaying the completion time of the project.

 Free Float: Amount of time an activity can be delayed before it
impacts the start of any succeeding activity.

* FF = Min (ES of all successors — EF the same activity)

. FF — (ESactivitiesJJ_ EI:activityLJJ)L-J w JSi

activitydl css sl wollholl
welloll



* Independent Float (IF): maximum amount of time that the activity can
be delayed without delaying the early start of any of its successors,
and its predecessors.

 [F =Min (ES of all successors -LF of all preceding - Duration)
IF = ( ES activities ) EI:activitiesLJJ - Duration activity JJ )d w dﬂi *

ENVRENY Baatd (sl wslholl
wolloll activitydl wolloll activityJl

* Interfering Float: part of total float that causes reduction in the total
float of successor activity.

* Interfering Float = TF-FF .



Activity Floats

Successors Started

Early Late
Predecessors | Early Free Float Total
Completed Float
Late Independen | Interferin
t Float g Float




EX:

* For activity B, find the Free Float:

Min ((5-5), (7-5))=(5-5)=0
* For activity E find the Independent Float: @
IF =Mlin (ES of all followers -LF of all preceding - Duration)

FF = Min (ES of all followers — EF of the same activity) @
EF=5 ’ ESfor E =5 ’ ESforD =7 Q -

D=6, LF, 5=5, LFtor ¢ =8, ESpy =11 :> Note: In case negative value is obtained,
Min((11-5-6),(11-8-6))=(11-8-6)=-1 it is taken as zero

* For activity C find the Interfering Float:
Interfering Float = TF —FF , TF=(LF-EF)¢,; aciivity |:>TF=8—7=1
Free Float = (ES of follower - EF act) |:> FF =7-7=0

:> II:For activity C — =1-0=1

For activity C

11

11

14

14



EX

Forward path:

Activity

Duration

EF

FF[TF

LF

EF = ES + Duration
ES = Latest EF of immediately preceding activity or activities

Mobilize

Dur=1

Remove
old cabinets

2 |Dur=9]|11

Demobilize

20

Dur=1

21

Buy matenals

2 |Dur=5|7

Install Install
new flooring new cabinets
11 |Dur=5|16 16 | Dur=4 |20
Hang wallpaper Touch-up paint
7 (Dur=4 |11 11 |Dur=6|17




Backward path:

Activity LS of an activity = ES of the activity + TF of the activity
: LF of an activity = EF of the activity + TF of the activity
ES [Duration| EF
LS|FF|TF | LF
- Remove Install Install ia:
Mobilize old cabinets new flooring new cabinets Demiobyize
1 |Dur=1|2 2 |Dur=9|11 11 |Dur=5/16 16 | Dur=4|20 20 | Dur=1{21
1/10]0 (2 21010 |11 111 0 | 0 {16 16/ 0| 0 |20 20 0|0 |21
Buy materials Hang wallpaper Touch-up paint C.I=5 /8
2 |Dur=5|7 7 |Dur=4{11 11 |Dur=6|17
91013 |10 10/ 0 | 3 |14 14(3 | 3 |20




EX: Bridge Construction

Activity Duration Mean Predecessors
(O, M, P) | Duration

Pile and foundation W (9,10,11) 10 --

Pile and foundation C (4,5,6) 5 --

Pile and foundation E (6,8,10) 8 --

Substructure W (20,23,206) 23 Pile and foundation W

Substructure C (16,17,18) 17 Pile and foundation C

Substructure E (19,20,21) 20 Pile and foundation E

Cast-in-place span (28,30,32) 30 Substructures W and C

Precast span (4,5,6) 5 Substructures C and E

Bridge deck (4,5,0) 5 Cast-in-place and precast
spans

Finishes (12,14,16) 14 Bridge deck




Forward Pass

(72
-~
()
I

0 10 110 10145 (33

Pile foundation W Substructure W

b I\33or22?

33]30 [63

ast-in-place span

1 _1\630r33?
0|5 |5 63| 5 68 168 14 |82

i m Bridge deck Finish
Substructure C g0 52° il
1 1 . 1 11 1
: 33
1 1

0  8:/8] 8]/20 28 Besenption
Pile foundation E W
I B N



Backward Pass

0 10 (10 10 123 133

I’ile foundation W Substructure W
0 10
| 33130 /63
ast-in-place span
o7 o010 V [0 155 5117 22 '6§r.dge5de§(8 H68Fin?sﬁe582|
I Start Hllefoundatlon CI ISubstructureC I I
0 0 11 16 63 68 68 82
28 5 33
58 or 3 Precast span
ESDurfEF. '0 ' 8 '8 8 | 20 28
Description I IPiIefoundation EI ISubstructureE

LSITF[LF| 30 38 38 58



Total Float, critical path and critical index

0 10 (10 10 23 33

ile foundation W Substructure W

1070 10 10/ 0 |33

33130 163

ast-in-place span

33/ 0 63\
o7 o070 V/ [0T5 15 51722 \’63568 68 112 52
I Start I l’ilefoundationc Substructure C I Brldg;dec;8H68 Fln(l)shesazl
07010, (11111 116| (1611 [33 | L]

28 5 33

Precast span

p22L 30100 ] [ po | ST-EST=LFT-EFT

ES'D EF. 'o0 | 8|8 8 | 20 28

Description Pile foundation E Substructure E

LSITFILFT 130730 |38 38730 |58

\

Finishes=9LHJa4mJI
. 14=qduration lpJ OVACctivity ,uei g
Critical path: W1, W2, CAST IN, Bridge, Finishes Finishes(activity)# Finish(J=J| wuwi i Jasd)

C.I =5/10

/



 Example 3: Draw the logic network and perform
the CPM calculations for the schedule shown next.

Activity IPAZ Duration®
A — 5
B A S
C A (S
D B S
E B, C S
F C 3
G B EF 1

Flmmediately preceding activity.
bIn days.



Solution: The Forward Pass

5,13 13, 22

8 P
0,5 13, 19 22, 23
A E G
5 6 1
5,11 11, 14
JoE

a0
e




Solution: The Backward Pass

5 13 13, 22
B D
8 i
E 13, 22
0,5 13, 19 22,23
A E G
5 6 1
0,5 16, 22 22, 23
5,11 11, 14
C F
6 * 3

10, 16 19, 22




Solution: The Backward Pass

* There are several types of float. The simplest and most important
type of float is total float (TF):

TF=LS - ES or TF = LF — EF or TF = LF - Dur - ES

Activity Duration ES EF LS LF TF

5 0 5 0 5
5 13 5 13
5 11 10 16

13 22 13 22

13 19 16 22

11 14 19 22

22 23 22 23

O MmO O W >
P Wo O o
©C 00 WO 0o O



Critical path and critical index

5 13 13, 22
B D
8 " o
5 13 13, 22
0,5 13, 19 22,23
A E G
5 6 1
0,5 16, 22 22, 23
5,11 11, 14
C F
P
6 :
10, 16 19, 22

e Critical path A,B,D,G

e Critical index =4/7 g firstd\ < Lk 4\4\.@_1



Part (5) S-curve

iilata o Al anm go g socurve O dec &y yha o 3ol 1oa gy



Draw the S-curve for the following activity table:

Activity | Predecessor | Duration (days) | Cost/Day
A . 2 300
B A 3 400
C B 3 400
D B 2 200
E D 3 100




e Solution:

Precedence diagramJl poow s pgés .1

dA[z ’|C|6
1 AB|S 3
‘5 ‘\ ; \”bl
2| D] AL 5
3 3

1€ 9 o) A JSUl dalSil oz .2

oLl 10 = 9,00l yoc
.activitiesd| JsJ (cost per daydl* durationd|) ggoxo = aJSJI aals:l



mor\m>

swoun bou ,lpiw a>lg JSJ durationdlg activitiesd| ¢ adMel oow 5.3
Period total cumulativedu

ada>\Mo e

oo durationd! il e
(ol CsJoVI sglazl]
cJapi) Joazl o pudg



costJl ¢ duration JI ,u a8MeJl Jiou Histogram Jos pgds .4
(Resource histogram)

boo y _
- [  Notes:
Wk oo Jgaxb &leiwVb pow)l piy
AN 7 =5 o0 8,58l (s Wiod. 3 dglazll
300 aelSi £ go=xo 9o I>lg)l pgdl aelSs WS,
" .(C+D=400+200=600) ,ubleull
190 T.C=2>lg)l &1, 0)l asluw*wle,oll sac

O | 4 34 S5 6 F 89 1o T.C: Total Cost

Jufation [dajs) 3700=100*37 :La



S-Curve J| powy .5

doro thon
2*300 3*400

oo [ =600 | -1200 | 12007 g 3760
\a{.‘\,e e | - l 752 1oy
G}‘uu . | | | SP0 [(

605* 2500 8lY
Jo000 {300

1 S00 . : 1{7{

lsvo 600

S00 6/,

O ' 12 34 % 6 3 € 9 0
ducation



Notes:

- (costd) o Lomsan el 5% 2 il 81 a5 ) | 4 3 phadd) (pa B 38 (ST ALK 4G mans a1y @
(5-2) o yiall diled 2ie 1800 iad a?ﬁd\ A s costsd) JS & gada sA sl e ‘;5)5\ C
oe 3 )le (A

1800= 600+1200 = 600 +( 3. *400st )

AR a5l ol
(el 3JI aalss) oo Boke ogd Al Lo o
s | %100 * KU ed) o K gudie A8l Alaadall (g 88 )
(1800/3700)*100% =~ 49%



cost/dayd! il 2aa5 23 13 e

$500 < (7 samse cost (slef) Coin aaad 2 o Gl JUall & Sl o

shift dee cang GlN ;5100 ot 28,01 128 costdl Rty 7 (A1 5 (e ALY A il Jass e
a3 a3l 3 3 shadl) (e Jadadally AlainWL 3 yiall e384 8 costd) Jalss Jglas S activityd
. D 5 C a3 yiall sda &2 activity 2> 5

Al ali g0 4l il Jee Ky 5l FF>0 ; 0 < 4l free floatd) activity JLidl casgy e
&5 iall jae (33L)) ualis 4l (53 activityd

Al shift Jae (Say activity CJ o)) 1 3503l ¢ Precedence diagramd! ¢se Jaa3l

(ess I act C J shift Jexs 530 @

YIS 4a) Y a2y Period total cumulative J) dew ) o o




mMo A

Ea(‘*’ S1orts
b

COSTJ!
Late S Yar

boo | oo ||sc 53
600 | 1800 o

SHIFTJI .8
L) ESJI 0 C wlyy

mMa cRA>»

ts 3)’353\53.@.5

&

Q' 3N blﬂ‘;llo

SHIFTJI 1=
L) LSJI o C wlu



Early starts Late S *tarts

UUOA *O&O‘ : |1 O'JO 3 { 5 . a ~
?(o’ cumelative 1200 400 00 | 300 40w | |51
B ’ ! ’
e . ] | | '—.4—-0‘-—‘
D | ey | '
e [T 1] l e
q ! } 3y b € 9
Yooo .
Y000 |t . | ’,r‘{/
2000 |- | | _/-—‘"'
A
1000 | - 4
L/‘/JI

0 1 234563¢4io




;(M' al) Caast dalll

Hooo
Yoo I
— ‘ - “ _cost Jiad daliall sla
N E &Jkucaaw\a&u\.u;u&.
J m | .
L ~ ~ ) .
. LA‘ \ s - e . ‘ v
o | Y M:
R b
= R

total cost = (sinial
— 1al) Caatt 414lS 4
aaliall o

1000

O
] 4 %R 3
b3 ¢ 9 |
0



CivillFee

: duidall dwiigll o) daas SV i)l




Part (6) Earned-Value-Analysis

. partsd) Jew! 5 padl (e o

* Earned-Value-Analysis is a standard way to measure a project progress at
any point in time, that progress can be in term of schedule (a head or
behind schedule) or in term of budget (over or under budget).

138 (568 o) Rang ¢ g gl (A g g pdiall padi Ll Al A8y Hla AiSal) Aasl) Jlas 2 o
A el G el (a3l Jsaall Eua (g padil



The report states

(CPD( l( )0\6 that 40% of the

work is done with a

cost of 1000$
D au3 \ A k- 4 9
W77 2l 77 7V 77 7877771 oo oo [ oo
~ me i ;
cost 11000

} 000

ALW? ’Ac,{ua\ st o€ work \?G(Gormeé
ELW? < 6\133&(3 Cost o€ work ffffom\t)

- 6u’}e|¢) cosh of work scheduled =

- §%oo0 = Carne?d Value

*\100
DLW 5



. report dated! sic $1000 @alSiw JlocVl o %40 5l pi aGU auay a3l o
%60=0cgoll 1id ic o3ll Log,anll (o WIS Sl Josll, 3 = 4,8l du,b SJ

($400= gy JS aalSs 9 ISl Josll Jlaio oo 9 Egsisadl sas o %20 Jioy psr JS)
. $800 WS Ul Uoyiay Jodl oo %40 aalSs Layl »

. $1000 = ACWP = reportdl gu,l v 05l oo Sl Jo=l) asia=]l aalscll o
.$800 = BCWP = reportJl gu,l (s> 05l oo Sl o=l L) blaxoll aalsd] e
« BCWP = Earned Value.

Gl Lo yes Sl Joell) Scheduled! cows 0iueis bhhxoll Jool) L blaxoll aalsi] e
.$1200 = BCWS = reportJ| gu,l su> (Gl



:(Cost) aalsJU asleio OLLuw=

—> >1: project under budget

e Cost Performance Index = CPl = BCWP/ACWP _

— <1 : project over budget

.(actual cost) “-‘EM m‘j (budget cost) \-GJ alad o) 48l O “-\-uuj\ °

e Cost Variance = CV =BCWP-ACWP _—» >0 : project under budget

— <0 : project over budget

L Lalad L) 48K g dugaaal) 4alKH) o (5 jall o

.over or under budget & s_yiall IS 13 48 yral (i glal (e s alasinl KLY ddaadla




: (Time) wégJl adleio culu=

—>>1 : Ahead of schedule

e Schedule Performance Index = SPI = BCWP/BCWP—

—> <] : Behind schedule

. (Budget Cost of o) Jakadall Jaall 481K e Dbl &8 Al Jaal) 4alSs p 4uil) o

Work Scheduled) Work Performed)

—> >0 : Ahead of schedule

e Schedule Variance = SV = BCWP — BCWS —

—> <0 : behind schedule

o iy hladall Jaall o jladl a3 (oAl Jaal) 481S5 0 (3 58l o



Notes:

CPI 0 58 2] 2335 3 (0 s BCWP , ACWP © (s S lusny ligh 44K Walaia o sllaall (S 13
bl Jed & CV 32le sor CV

SPIor SV 1 ol sl asl w23t o5 (e s BCWP , BCWS 1 by il (a3l Lalaiia cosllaall (S 13
bl Jewl 5 <0 SV Bale

.CPl , CV :C < las Costd) uuil 8

.SPI, SV : S < las Scheduled! ¢l 8



Comprehensive Example

Activity | Predecessor | Duration (days) | Cost/Day | Total Cost
A 2:- 300 600
B A 3 400 1200
c B 3 400 1200
D B 2 200 400
E D 3 100 300

Field report at end of day 7

Activity | Actual % Complete | Incurred Cost
A 100 600

B 100 1400

c 33 500

D 50 200

E

0

\ACWPJ\ alal @Mm

— BCWPJ! als PR PR

[ebrti
fja#ej

_

01 #3496 7€ 4
dulation (doji)
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Find: ACWPBCWP and BCWS for each activity ,then find
CPI,CV,SPIl and SV for the project at the reporting date.

e e des - - sV Activity |ACWP |BCWP |BCWS |CPI cv SPI SV
Activity ) 60 2 600 60 D

; B 0 | |do |\%0

c c 500 | 40 | 4pp

5 D 400 200 {00

E E 0 0 0

el o | 4700 | 4,40 | V%0 (0,84 300 |p.5 |-600

rada>\o
JS oSJ oMel Jlgudl (59 oS il V ésleg partd] &l o oS bcww UlsoVl (9 Jlgwd] ugSy Blle
ppall 9y Jl (sde acluy Jodl 138 g 5l sesai



Earned value graph interpretation

) = hwe
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N
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Estimated budget and duration:

* Estimated budget at completion = (planned budget at completion)/CPI .

3 yaaall
* Estimated project duration = (planned duration)/SPI . (L@Jimg

AR EERA|
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Part (7)
Project crashing

alnioVl Lasd (crash) bes Joc s,b oo £9pminall soc Julss ddoe Jolis,

Crashing: shortening an individual activity by 1 day at a time.



Project-crashing

* We always crash activities that are on the critical path.

* If we shorten an activity that is not on the critical path it will not
reduce the project duration.

* Crashing is always done one day at a time, because if you shorten one
activity it may change the critical path.

a5 a5 Wil g(critical path) g osd) Jlead) e 4l crashdl daxs o 585 Laila o
ye\ C)Q\Jw\)m\a\ds;.\ﬂofds



EX: calculate the minimum time and cost required to complete the
project after using all available options that are valid for crashing.

The shortest possible
Duration that any activity can be

L activityd) 33 Jalii Sy 5aa _yucl
Project Overhead Cost: $600/day

Activity | Predecessor | Normal Duration Crash\< Normal Cost | Additional Cost/day
Duration \ | of Activity ($) | to Crash ($)

A 2 2 1,200 0

8 A 5 4 1,800 600"

C 6 - 1,700 400

D B 7 5 1,500 700

E E.F 4 3 1,900 500




:precedence diagramd! s 5 .1
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(cheapest critical activity to crash)s_e JS z_all sl e 4415 Ja) Jaliall, fas

Project Overhead Cost: $600/day

Activity | Predecessor | Normal Duration | Crash Normal Cost | Additional Cost/day
Duration | of Activity ($) | to Crash ($)
A - 2 2 1,200 0
B A 5 4 1,800 600"
C B 6 4 1,700 400
D B 7 5 1,500 700
E E,F 4 3 1,900 500
Initially Run 1 Run 2 Run 3 Run 4 Run §
Normal |Crash |[Cost/ Days Days Days Days Days
Activity Duration |Duration | Day Saved |Dur|TF |Saved |Dur|TF | Saved | Dur | TF | Saved | Dur | TF | Saved |Dur|TF
A
B
C
D
E
Cost
Savings
Project Cost
Project Duration




Additional Cost/day Initially Run 1 Run 2 Run 3 Run 4 Run §
to Crash ($)
0 Normal |Crash |[Cost/ Days Days Days Days Days
i Activity Duration |Duration |Day |TF |Saved |Dur|TF |Saved |Dur|TF | Saved | Dur | TF | Saved | Dur | TF | Saved (Dur|TF
600' A
400 B
700 B
500 D
E
Project Overhead Cost: $600/day \ Cost
Savings
Normal Cost _ ’1 proied Cost
of Activity (8) Project Duration
1,200 UaaSla
1,800 Normal Duration <
1|700 & - - . o . . . . o :..; i . . o, v ot . o“ b
- N&UMLMLM?)MLAJ& OY) S il Lﬁ\.kamges.\elh.\y savings Y cost KPRV VP W KVA -
1,500 R e . s 2 T e e . Sus oaals -
5 M@uaﬁyyuj\m@u:\mﬁsavmgsmhu\ ’ Lﬁs&mqud\ RUNJ! xic cost«-\_\h@&m
i 6 B0 JS (A a5 a s dariay a6 Ll aili a9 Lol
7
4 run JS 8 (cost-savings) 4esd 4l Canai Liaay s Aaisy) JS CallSS ¢ gane = 40l 8 Project Costd! e

Uiy o g8 I3 aay 5 4adsY) JSI Normal Durationd) g sess = & 5 84l 40 A Project Durationd) e
A blal haaca Jee A RUNJS 1 % Jlasall 12a
A 51 0= 0S5 ) Wl g aad gl Llisll 8 adaxca & 2 53 oS Days Saved



Jnsd 0= LpJ TF sl @i (crash) beo Joc guniws
. crashed durdl ¢ normal durd! o Bs8)l s 850 oo ,3S| bliul) beo Joc (So
.Normal dur-Crash dur = a>lwlJl (crash) beall wlyo sac

additional cost/day >golsl o bliull lis W,e) adasal aals Jéi SS bliudl dao Ja theall aJl
B0 JS a>lg pgs ,lasou (to crash

sAc gog) pois saved daysdl &ils (sd S @iVl Slogleo dismiy pgis RUN JS (08
bz Lol blLadll o ba,lais! sladl oGV

Juaidl 13a laso 9 @Sl g9, in0ll aelSs o a0 Hsi g9uinnll yoc (0 0,995 piy pgu JS °
Project Overhead Cost: $600/day .600$/day () OJJJ..ZJ ,OJ LJLJ.D..” |.L® g$\9 XLuoS dlé.u.k.” g_$\9 db.Q.O UQSJ

i) 500% 291 Liod Jlioll 11 (58 Viod alninVl hen) aal$s s Jolaell b oS
Gao o poy LS WY €9 ,minoll @8lSi (oo 600$ ,ud00 Lod S, E bliull

ilS5 0 100$ 9 £9ymivol] 4oL 0 oo su89i Liod g3lg)l (sad 600-500=100%



RUN 1:

a0 Janid o el Hlaal) e Jaaiall 281K J8Y) g4 E Jalill

Liaall 2 precedence diagramd) aw )y 2=

Initially Run 1
Normal |[Crash |Cost/ Days
Activity Duration |Duration |Day |TF |Saved |Dur|TF
A 1 A O |o a |0
B 5 Y 0o |O S |0
C b 4  [Yoo] | b
D E) 5 [300[0 *lo!
3 4 32 |ets/Of1 B30
Cost _— _500
Savings Qs
Project Cost |Q,an 14:’%&0
Project Duration g |

critical pathd) s astll

\
7H 3
81 6]

O __%_f
o|Al2 | JdIB]7
oaleS?

-
7[0]
PIEA LK

o |7
e
£

3 17




* RUN 2:

B Ll s gz all jluadl e brall jr J8Y1 Lliall aat Al i) F Labil) Jarics USSay Y

Initially Run 1 Run 2 b | 17
Normal |Crash |[Cost/ Days Days _7... C|I3
Activity Duration |Duration [Day |TF |Saved | Dur|TF |Saved | Dur| TF 816114
A d | A& O a @ o] 4 - ' . o 17
B S [4 |00 S(O[ 1 [¥W [ "
c t [ H 00 | b 5 o][2]A ﬁ,_.P) ME |48
0 7 15 [3000] [*lol [210/0% 3 AL
E m 3 [etn/O/ 1 (3]0 > [0 | o . 3 W
Savings — &O =1
17|
Project Cost 14,900 ¥ 860 [[{%00 | 1
Project Duration g ] \
rada>Mo

oo LS ,SU €9 minall @alSs il o) csJliug 600% Uydeg 600$ B hes Lals



RUN 3:

¢

13

0
X
C
b

T

e

Initially Run 1 Run 2 Run3

Normal |Crash |Cost/| |Days Days Days
Activity Duration |Duration |Day [T |Saved |Dur |TF | Saved | Dur| TF | Saved | Dur| TF
A a2 |4 |0]lo] [@le] (%o (7o
; S [4 [foolof [s[0] 1 [wlo] [wlo] o
C HERLIDIEINENEInAn
D 1 15 [30[0] [tlol [3]0] | [4]0][0]=
: K [ 3 Teos[O[ 1 [0 [3]0]  [y]p
Cost i 600 000 300
Savings emp— byo 600
PoatCost | |{ 400 ‘Qépo 00
Project Duration § | \b |

14
"4

D LLal g 5z all jlual e Jaraall 48S3 JaY) Lalaall Jits ST B Jaaia LiSay Y

15

11 ¥

'|/’). Ao 4?7

ME |6

AL

4

4

~N[o]o

7
r

\

P 3 17
2 U
19



RUN 4:

bea Cplaliall Jakm Camy AN o al) sl Lo laiy LaadIS 5 (3l sie (el D g € pelabial
g bl pee iy a5 shall (ds (8 (on ey

Initially Run 1 Run 2 Run3 Rund

Normal |Crash (Cost/| (Days Days Days Days | ,OV }

Activity Duration |Duration |Day |TF |Saved |Dur|TF [Saved Dur | TF|Saved (Dur| TF | Saved | Dur | TF ? CB
A d |A 0ol [de] [Flo[ [fle] [a0 il |15
g 5 |4 [lofo] [S5]0[1 [y]o] [¥[o] [&]o S16IY] 172 ¥
C U0 [Tol1] (611 [6[Y [§le]T [3lg] o o 6 /7 {1/017
D 1[5 [fo] [tlo[ [T0] | [§]6[] [5[0[o]A]a] [2]B]7 M E [+
: i T3 Teoo[O[T [3[o] D3[o[ [vlo[ [0 [o[ala ] Tal5]7 2 (M A [
Cost —_— 500 000 J00 Lo | 4\ bols PEXE
el — 0| o | 4o &0" HO|4| 2 x

poctCost | |1 400 1¥.800 [{XB00 | K 400 | |14 FIEI[
PrjectDuraton ! Ik o | | J 2 e

VIS Sl dap o S s daslle b B A

i o) 0amg) C lass i of o) D blill baws a8k oo ol dbss aak5 g 245l luall wle € oLl |4

siilste ool L ol 5] ells) Tabig Sgkasdl puas o bbbl o JS basuny lias Uil g pisoll sac
2l slall (e (ulgdls @l o) uss lag) )



Last Run:

Initially Run 1 Run 2 Run3 Run 4 Run 5
Normal |[Crash |Cost/ Days Days Days Days Days

Activity Duration |Duration |Day |TF |Saved |Dur|TF |Saved |Dur|TF [Saved |Dur|TF |Saved |Dur | TF |Saved |Dur|TF
A da | & [0 o a [0 (AC AR 2 [0 ilo
B 5 4 |40 o HEIENCE ¥ |0 ) ¥ |o
C b [4 [Yooll b1 6 [t [blol T 1510l T [q]
D 7 |5 [F00]0 * (o (o[ | [6]06]) [5]0 s [0
E 4 3 [eon|Of 1 [3]0 s(o]  [slo]  [=]o 3 e
Cost T— 500 boo J00 1, Ap 400
Savings —— Epo y O
Project Cost 1€, 900 19,800 00 14 900
Project Duration L& ! \ 1% 1 ™

#dsdl s 3
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Part (8) : Project Management for
Construction

Program Evaluation and Review Technique (PERT)



» The optimistic duration t, : &g 0 g b S| cazs @ blasdl ploasl Sou ©idg yadl.

 The optimistic duration t, is the shortest time to perform the activity under the
most favorable conditions.

» The pessimistic duration t, : a.¢, We bl J8I cams bliul plosV wdy Jgbl .

 The pessimistic duration t; is the longest time to perform the activity under the
most unfavorable conditions.

» The most likely duration t_, : bg )l causs dic (Gasw),,Siw wdg S| .

« The most likely duration tm is time that has occurred most frequently in similar
circumstances.



PERT Calculations

1. Calculate the mean or expected duration (te):
cte=(t; +4ty, +t,)/6

2.To Calculate the standard deviation o, and the variance V. (only for the
set of activities on the critical path):

rada>Mo ¢

Lo) laas critical pathdl (sle W weSi partd! 1is 8 wllu=l gos
(@il guozd o= (1 sgkzll) t lac



3. Calculate the total expected duration, T. and standard deviation o :

characteristics of the critical path Ju (e
E :Z l(te)i Org = VE VEZE :(Ve)i
= i=1

n: is number of activities on the critical path and VE is the variance associated
with the critical path.

£ 9l 33 ghall clilia 68 JIsad) A i gllal) o



4. Calculate the standardized statistical variable Z for each targeted
completion duration (TS):

Z=(T.-T,)/ O = (X-M)/O

o« X=(T,) Jsudl (ara o8 ) 585
* M= Expected duration (T)
* 0=S.D (Ty)
(Ul 5l 1580 e gl o) & 5 phall Sai of Allaia) o



PERT - In Class Practice

Optimistic Most Likely Pessimistic Mean Variance
Activity | Duration (to) Duration Duration (te) (Ve)
(tm) (tp)

A* 3 4 5 4.0 1/9
B 2 3 5 3.2

c* 6 8 10 8.0 4/9
D 5 7 8 6.8
E 6 9 14 9.3

F* 10 12 14 12.0 4/9
G 2 4 2.3
H 4 5 8 5.3

. 4 6 8 6.0 4/9

*Critical activities

T =30 Ve=13/9 ore=V13/3 Z=(Ts-Te) /o




5. Calculate Z (probability) for activity that havr a certain float(slack):

C 5\)0‘"“3
Q\oo\ \\\a\ gle iy i =LT-ET
L )
% = X - Es Jal ante 0(*31,

JSV sy

{Vu anie ot gad"\ Aol (ceattd TC



KTANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score.

Z .00 .01 02 .03 04 05 06 07 .08 09
-3.9 | .00005 .00005 00004 00004 00004 00004 00004 00004 .00003 00003
-3.8 | .00007 .00007 00007 .00006 00006 .00006 .00006 00005 .00005 00005
-3.7 | .00011 .00010 00010 .00010 00009 00009 00008 00008 .00008 00008
-3.6 | 00016 .00015 00015 .00014 00014 00013 00013 00012 00012 00011
-3.5 | 00023 .00022 00022 .00021 .00020 00019 00019 00018 00017 00017
-3.4 | 00034 00032 00031 00030 00029 00028 00027 00026 00025 00024
-3.3 | 00048 .00047 00045 00043 00042 00040 00039 00038 00036 00035
-3.2 | 00069 .00066 00064 .00062 00060 00058 00056 00054 00052 00050
-3.1 | .00097 00094 00090 .00087 00084 00082 00079 00076 00074 00071
-3.0 | 00135 .00131 00126 .00122 .00118 00114 00111 00107 .00104 00100
-2.9 | 00187 .00181 00175 00169 00164 00159 00154 00149 00144 00139
-2.8 | 00256 00248 00240 00233 00226 00219 00212 00205 00199 00193
-2.7 | 00347 00336 00326 00317 00307 00298 00289 00280 00272 00264
-2.6 | 00466 00453 00440 00427 00415 00402 00391 00379 00368 00357
-2.5 | 00621 .00604 00587 .00570 .00554 00539 .00523 00508 .00454 00480
-2.4 | 00820 00798 00776 00755 00734 00714 00695 00676 00657 00639
-2.3 | 01072 01044 01017 00990 00964 00939 00914 00889 00866 00842
-2.2 | 01390 01355 01321 01287 01255 01222 01191 01160 01130 01101
-2.1 | 01786 01743 01700 01659 01618 01578 01539 01500 01463 01426
-2.0 | 02275 02222 02169 02118 02068 02018 .01970 01923 01876 01831
-1.9 [ 02872 02807 02743 02680 02619 02559 02500 02442 02385 02330
-1.8 | 03593 03515 03438 03362 03288 03216 03144 03074 03005 02938
-1.7 | 04457 04363 04272 04182 04093 04006 03920 03836 03754 03673
-1.6 | 05480 05370 05262 05155 05050 04547 04846 04746 04648 04551
-1.5 | 06681 06552 06426 06301 .06178 06057 .05938 05821 .05705 05592
-1.4 | 08076 07927 07780 07636 07493 07353 07215 07078 06944 06811
-1.3 | 09680 09510 09342 09176 09012 08851 08691 08534 08379 08226
-1.2 | 11507 11314 11123 10935 10748 .10565 10383 10204 10027 09853
-1.1 | 13567 13350 13136 12924 12714 12507 12302 12100 11900 11702
-1.0 [ 15866 15625 15386 15151 14917 14686 14457 14231 14007 13786
-0.9 | .18406 18141 17879 17619 17361 17106 16853 .16602 16354 16109
-0.8 | 21186 20897 20611 20327 20045 19766 _19489 19215 .18943 18673



STANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score.

Z .00 01 02 03 04 05 .06 07 .08 09
0.0 | 50000 50399 50798 51197 51595 51994 52392 52790 53188 53586
0.1 | 53983 54380 54776 55172 55567 55962 56356 56749 57142 57535
0.2 | 57926  .58317 58706  .59095 59483 59871 60257 60642 61026 61409
0.3 | 61791 62172 62552 62930 63307 63683 64058 64431 64803 65173
0.4 | 65542 65910 66276  .66640 67003 67364 67724 68082 68439 68793
0.5 | 69146 69497 69847 70194 70540 70884 71226 71566  .71904 72240
0.6 | 72575 72907 73237 73565 73891 74215 74537 74857 75175 75490
0.7 | 75804 76115 76424 76730 77035 77337 77637 77935 78230  .78524
0.8 | 78814 79103 79389 79673 79955 80234 80511 80785 81057 81327
0.9 | 81594 81859 82121 82381 82639 82894 83147 83398 83646 83891
1.0 | 84134 84375 84614 84849 85083 85314 85543 85769 85993 86214
1.1 | 86433 86650 86864 87076 87286 87493 87658 87900 88100  .88298
1.2 | 88493 88686 88877  .89065 89251 89435 89617 89796 89973 90147
1.3 | 90320 90490 90658 90824 90988 91149 91309 91466 91621 91774
1.4 | 91924 92073 92220 92364 92507 92647 92785 92922 93056 93189
1.5 | 93319 93448 93574 93699 93822 93943 94062 94179 94295 94408
1.6 | 94520 94630 94738 94845 94950 95053 95154 95254 95352 95449
1.7 | 95543 95637 95728 95818 95907 95994 96080 96164 96246 96327
1.8 | 96407 96485 96562 96638 96712 96784 96856 96926 96995 97062
19 | 97128 97193 97257 97320 97381 97441 97500 97558 97615 97670
2. 97725 97778 97831 97882 97932 97982 98030 98077 98124 98169
21 | 98214 98257 98300 98341 98382 98422 98461 98500 98537 98574
2.2 | 98610 98645 98679 98713 98745 98778 98809 98840 98870 98899
2.3 | 98928 98956 98983 99010 99036 99061 99086 99111 99134 99138
2.4 | 99180 99202 99224 99245 99266 99286 99305 99324 99343 9936l
2.5 | 99379 99396 99413 99430 99446 99461 99477 99492 99506 99520
2.6 | 99534 99547 99560 99573 99585 99598 99609 99621 99632 99643
2.7 | 99653 99664 99674 99683 99693 99702 99711 99720 99728 99736
2.8 | 99744 99752 99760 99767 99774 99781 99788 99795 99801 99807
2.9 | 99813 99819 99825 99831 99836 99841 99846 99851 99856  .9986l
3.0 | 99865 99869 99874 99878 99882 99886 99889 99893 99896 99900
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6.Draw the AOA diagram

Activity [Predecessor|to|tm|tp| MEAN | VAR S.D.
A 21419 45 [1.361111]1.166667
B A 51814 85 2.25 1.5
C B 4110(13] 95 2.25 1.5
D B 417 (10| 7 1 1
E C 11{14|20] 145 2.25 1.5
F D,E 9113|16(12.83333 | 1.361111 | 1.166667
G E,F 21416 4 10.444444 | 0.666667




Activity |Predecessor|to|tm|tp| MEAN | VAR S.D.
A 21419 45 |1.361111(1.166667
B A 518(14] 85 2.25 1.5
C B 41101131 95 2.25 1.5
D B 7110 7 1 1
E C 11114120 145 2.25 1.5
F D,E 9113(16]12.83333| 1.361111 | 1.166667
G E,F 21416 4 10.444444 1 0.666667

MEAN=DURATION

O = (o —1,) / 6
V_. = O'tez

&

Arrow diagramming method (ADM) is a
network diagramming technique in which
activities are represented by arrows. ADM is
also known as the activity-on-arrow (AOA)
method.
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Forward and Backward bath:
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The probability that a project will finish early or late

Tabile Z

Z:X—/M-

2: Z score : |
X = *3015 wn question
o M = expected Juration
o = Standard jseviation 38 4l
X M
: " ?
Mal' 19 “\e 9fo\m\03|'/‘) ‘”nal e Progcu} Cinishes n less tha >3 6015 ,
— = 2e-Ul _ _ 1.03
a-92
Tabde 7 lvont)
more than 43 36\157.
5 43-4 | p.b¢% — P(R) 07517
2 .42

|- 0.7617 = 24.81. y1 43



KTANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score.

Z .00 .01 02 .03 04 05 06 07 .08 09
-3.9 | .00005 .00005 00004 00004 00004 00004 00004 00004 .00003 00003
-3.8 | .00007 .00007 00007 .00006 00006 .00006 .00006 00005 .00005 00005
-3.7 | .00011 .00010 00010 .00010 00009 00009 00008 00008 .00008 00008
-3.6 | 00016 .00015 00015 .00014 00014 00013 00013 00012 00012 00011
-3.5 | 00023 .00022 00022 .00021 .00020 00019 00019 00018 00017 00017
-3.4 | 00034 00032 00031 00030 00029 00028 00027 00026 00025 00024
-3.3 | 00048 .00047 00045 00043 00042 00040 00039 00038 00036 00035
-3.2 | 00069 .00066 00064 .00062 00060 00058 00056 00054 00052 00050
-3.1 | .00097 00094 00090 .00087 00084 00082 00079 00076 00074 00071
-3.0 | 00135 .00131 00126 .00122 .00118 00114 00111 00107 .00104 00100
-2.9 | 00187 .00181 00175 00169 00164 00159 00154 00149 00144 00139
-2.8 | 00256 00248 00240 00233 00226 00219 00212 00205 00199 00193
-2.7 | 00347 00336 00326 00317 00307 00298 00289 00280 00272 00264
-2.6 | 00466 00453 00440 00427 00415 00402 00391 00379 00368 00357
-2.5 | 00621 .00604 00587 .00570 .00554 00539 .00523 00508 .00454 00480
-2.4 | 00820 00798 00776 00755 00734 00714 00695 00676 00657 00639
-2.3 | 01072 01044 01017 00990 00964 00939 00914 00889 00866 00842
-2.2 | 01390 01355 01321 01287 01255 01222 01191 01160 01130 01101
-2.1 | 01786 01743 01700 01659 01618 01578 01539 01500 01463 01426
-2.0 | 02275 02222 02169 02118 02068 02018 .01970 01923 01876 01831
-1.9 [ 02872 02807 02743 02680 02619 02559 02500 02442 02385 02330
-1.8 | 03593 03515 03438 03362 03288 03216 03144 03074 03005 02938
-1.7 | 04457 04363 04272 04182 04093 04006 03920 03836 03754 03673
-1.6 | 05480 05370 05262 05155 05050 04547 04846 04746 04648 04551
-1.5 | 06681 06552 06426 06301 .06178 06057 .05938 05821 .05705 05592
-1.4 | 08076 07927 07780 07636 07493 07353 07215 07078 06944 06811
-1.3 | 09680 09510 09342 09176 09012 08851 08691 08534 08379 08226
-1.2 | 11507 11314 11123 10935 10748 .10565 10383 10204 10027 09853
-1.1 | 13567 13350 13136 12924 12714 12507 12302 12100 11900 11702
-1.0 [ 15866 15625 15386 15151 14917 14686 14457 14231 14007 13786
-0.9 | .18406 18141 17879 17619 17361 17106 16853 .16602 16354 16109
-0.8 | 21186 20897 20611 20327 20045 19766 _19489 19215 .18943 18673



STANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score.

Z .00 01 02 03 04 05 .06 07 .08 09
0.0 | 50000 50399 50798 51197 51595 51994 52392 52790 53188 53586
0.1 | 53983 54380 54776 55172 55567 55962 56356 56749 57142 57535
0.2 | 57926  .58317 58706  .59095 59483 59871 60257 60642 61026 61409
0.3 | 61791 62172 62552 62930 63307 63683 64058 64431 64803 65173
0.4 | 65542 65910 66276  .66640 67003 67364 67724 68082 68439 68793
0.5 | 69146 69497 69847 70194 70540 70884 71226 71566  .71904 72240
0.6 | 72575 72907 73237 73565 73891 74215 74537 74857 75175 75490
0.7 | 75804 76115 76424 76730 77035 77337 77637 77935 78230  .78524
0.8 | 78814 79103 79389 79673 79955 80234 80511 80785 81057 81327
0.9 | 81594 81859 82121 82381 82639 82894 83147 83398 83646 83891
1.0 | 84134 84375 84614 84849 85083 85314 85543 85769 85993 86214
1.1 | 86433 86650 86864 87076 87286 87493 87658 87900 88100  .88298
1.2 | 88493 88686 88877  .89065 89251 89435 89617 89796 89973 90147
1.3 | 90320 90490 90658 90824 90988 91149 91309 91466 91621 91774
1.4 | 91924 92073 92220 92364 92507 92647 92785 92922 93056 93189
1.5 | 93319 93448 93574 93699 93822 93943 94062 94179 94295 94408
1.6 | 94520 94630 94738 94845 94950 95053 95154 95254 95352 95449
1.7 | 95543 95637 95728 95818 95907 95994 96080 96164 96246 96327
1.8 | 96407 96485 96562 96638 96712 96784 96856 96926 96995 97062
19 | 97128 97193 97257 97320 97381 97441 97500 97558 97615 97670
2. 97725 97778 97831 97882 97932 97982 98030 98077 98124 98169
21 | 98214 98257 98300 98341 98382 98422 98461 98500 98537 98574
2.2 | 98610 98645 98679 98713 98745 98778 98809 98840 98870 98899
2.3 | 98928 98956 98983 99010 99036 99061 99086 99111 99134 99138
2.4 | 99180 99202 99224 99245 99266 99286 99305 99324 99343 9936l
2.5 | 99379 99396 99413 99430 99446 99461 99477 99492 99506 99520
2.6 | 99534 99547 99560 99573 99585 99598 99609 99621 99632 99643
2.7 | 99653 99664 99674 99683 99693 99702 99711 99720 99728 99736
2.8 | 99744 99752 99760 99767 99774 99781 99788 99795 99801 99807
2.9 | 99813 99819 99825 99831 99836 99841 99846 99851 99856  .9986l
3.0 | 99865 99869 99874 99878 99882 99886 99889 99893 99896 99900

FaTalatla el

FaTalaTav 4

FaTalTah N}
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The probability that an activity will finish early, late, or during an interval

= = X - M Z= 2 score
x = # da~1s w question = 5
) m = expected Juration = Y
e 5*0!‘\)0(3 aevaa"'"o'\ = 0-?

7
Mﬂl‘ 1S “«e ?(o\ub-lvl‘) "Lq‘ ac\'\\ﬁ‘l’j - g'.‘\\b\'\{g n \665 4“‘:\ E) ).’S :
e B =AY

—— Plz)= 0-068) = .17
o M
mote than | ‘)““) \ate?

() = 0.-1'\4
— S'L‘ = . — ? g
z = . - 0.4314 = (.81 7.

will \oc 2-56 Jou)s o )atahon?_

0.0 68! B 0.0Ls|
| - 0.068I 'o‘owlso'gwﬁ/ YLMM\
' - gL.28/

3 4 S




Estimate project completion date with at least 95% confidence level

2 = X = M 7= T score wr | 0.045
X = ‘”'30‘15 "N 1“”*10!\ . 0o-0H4 O-‘OS
O M = expected duration =y o 45
= Standard Jeviation = 2.4 . ; :
o = Standard Jeviation = 2.97 0.4415 0.15%5

P2y = 0-1) (451) — 221449

445 = X n . (14482 i) 1 Y < X

/

1.4 { = 45.9%% or more




The probability that an activity will have a certain float (slack)

ET= .
D
v conses conful
Cloat ok wete © ou SLT-ET
E "
L L owed
2z = X - E> V”(‘mtfealoca'fb Whad s he r:oLoJo'.H) that node
e Tt Y S
|
= O
( B ks CQH) -TC K _ .5‘1 125} |- 00 - L'"
Vacranee o rq*"\ %J (( ivre - |

SV = 0-4Y4 1 [.9%






BONUS :

.Over head costd!s indirect costd s direct costd) o B8l o

e direct cost is a price that can be directly tied to the production of specific goods
or services. A direct cost can be traced to the cost object, which can be a service,

product, or department. Direct costs examples include direct labor and direct
materials.

* Indirect costs represent the expenses of doing business that are not readily
identified with a particular grant, contract, project function or activity, but are

necessary for the general operation of the organization and the conduct of
activities it performs.

* Over head cost: overhead refers to the costs of running a business that are not
directly related to producing a good or service.
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Part (9): Project Quality
Management- Introduction



Six Sigma

=" The objective of six sigma is to improve profits through variability and
defect and time reduction, yield improvement, improved consumer
satisfaction and best-in-class product / process performance.

= 3 or 6 sigma — represents level of quality

v' +/- 1 sigma equal to 68.26% |

/ +/-2 sigma equal to 95.46% 2wVl auww sl , defect free productJ! a,
: — awdl oS Al 0ds wsly ledSg el o LI
v' +/- 3 sigma equal to 99.73% ST ol sl

v +/- 6 sigma equal to 99.99%



Notes:

: sigma JS 9 (defect) wuc Sgix guio glol acuw
100% - (Jga=dl ;0 sigmadl oip) alileodl awill)

11 sigma aud qualitydl Sgiuo gas 8 wuc Sgizy guso ol dws 1 Wio
100% - (68.26) = 31.72%
G A e Som il liioll 338 , aslil pi aixe 200 Jls OIS 5|
200 * 31.26 = 63 item

13> dold s 9 o> sigmadl wouw



F VS sJS]l itemsdl sace s (S defective itemsd] sac clacl o5 [5] e
JSJl items Jl sac =Defective itemsd| sac / 1 —(Ugazdl Lo sigmadl aws)

Partd] i alps oo ST 88V puogiw wlgiw aiwly @liol s



Statistical Process Control (SPC)

Every output measure has a target value and a level of “acceptable” variation (upper
and lower tolerance limits)

SPC uses samples from output measures to estimate the
mean and the variation (standard deviation)

Example

We want Pepsi bottles to be filled with /12 FL OZ £ 0.05 FL OZ

120 0z ™===) 354.8 m|
0.050Z ===) 1.5m|

—)

354.8 + 1.5 = 356.3 Upper limit
354.8 + 1.5 = 353.3 Lower limit



In order to measure variation we need :

1. The average (mean) of the observations:

_ 1 N
X = ﬁle ) >ac sle loguuso pusll €goxo 1Jieoll

The standard deviation of the observations:

2 (x, —X) N: ous)l sac
i=1

O =
N



Average & Variation example

Number of vegetable piece per pizza: 25, 25, 26,
25, 23, 24, 25, 27

Average: 25
Standard Deviation: 1.12

Number of vegetable piece per pizza: 25, 22, 28,
30, 27, 20, 25, 23

Average: 25

Standard Deviation: 3.08

S.D Jil Lgd Al i) jlias

Which pizza would you rather have? ;
P Y (s i)



When is a product good enough?

High
Incremental
Cost of
Variability
Zero
Lower Target Upper
Tolerance Spec Tolerance

Traditional View
The “Goalpost” Mentality

a.k.a
Upper/Lower Design Limits
(UDL, LDL)
Upper/Lower Spec Limits
(USL, LSL)
Upper/Lower Tolerance Limits
(UTL, LTL)

B9 Qgllholl aslnioll
3 g.a=0Jl
Upperdlg Lowerdl ¢
aslnioll 01d g)l5> daoud Sl g
defective ,usi



Capability Index (C,,)

Another way of writing this is to calculate the capability index:

)_(—LTL UTL-X LTL : Upper Tolerance Limit

Cpk — Lol { ko ? ko X bar : average
K;&SJ&@\AJL\S\ y‘34:\A£§JAJ

—} UTL : Lower Tolerance Limit

C.x < 1 means process is not capable at the ko level

C.x >= 1 means process is capable at the ko level

VS 1 08,1 go ai)lioy pgsig (Cpdl @oud) Guxilll G ).Q.o\” JFEY
capable 1 Soluwi gl o S| ols Isl e
not capable : 1 ;o J3I 15 -«



Example 1: Capability Index (C,)

X=10 and 0=0.5
LTL=9
UTL=11

. | 10-9 11-10 _
Cp"_mm{3><0.5 or 3><O.5}_O'667 » not capable 15l 1 0 J3I



Example 2: Capability Index (C,)

X=95 and 0=0.5
LTL=9
UTL=11

. 19.5—-9 11 —-9.5 _
C  =min-- L =0.333 > not capable I3l 1 I
{3*0.5 ot 3*0.5} P oo J3



Example 3: Capability Index (C,,)

X=10 and o=2
LTL=9
UTL =11

ITL X UTL

10— 9. — 10}: 1/6 > not capable 151 1 o J3I

Cpk:mm{z*3 or ™



Accuracy and Consistency:

1. We say that a process is accurate if its mean is close to the target T.
2. We say that a process is consistent if its standard deviation is low.

. slel a8l wslS wgllaadl Gapll U8l meandl olS LolS , meand by @8l
S| ol wssy sl S.DJI ulS LS, S.DJL by oLl



Example:

Consider the capability of a process that puts pressurized grease in an aerosol can. The
design specs call for an average of 60 pounds per square inch (psi) of pressure in each can
with an upper tolerance limit of 65psi and a lower tolerance limit of 55psi. A sample is
taken from production, and it is found that the cans average 61psi with a standard

deviation of 2psi.

1. Is the process capable at the 3s level?
2. What is the probability of producing a defect?

ada>Mo
60 =design (Target)d| Ludg (61) ssus=Jl averagedl Logs



Solution
1):

LTL=55UTL=65 X =61,06=2

. X—-LTL UTL-X
C = mmn( , )
30 30

C, = min( 61;5 ° , i ;61) = min( 1,0.6667) = 0.6667 j> not capable I3l 1 o0 J3I

No, the process is not capable at the 3o level.



Solution:
4.54% oo J3l LSS Ul =y defectd] aud 2 = sigma <l Loy
P(defect) = P(X<55) + P(X>65) (2Mow Jgl 0 sigma 2 awwidl dowsio)
=P(X<55) + 1 — P(X<65) o=>U g guninolld %4.54 0 J8l defect = 2.4% Jl awus wgS Lidg
=P(2<(55-61)/2) + 1 — P(Z<(65-61)/2)
=P(Z<-3) + 1 - P(Z<2)
=G(-3)+1-G(2)
=0.00135 + 1 -0.97725 (from standard normal table)
= 0.0241

2.4% of the cans are defective.

UTLD e ST S ITL DY o0 81 6 targetd) g oa 4l 2 defect o5 o @
e SV B UTL) dad 5 (e JBY) 8 LTLD) e & X 5 28al) Averaged) & M Cus 7= g sk e ACSIIVER [PV



Types of Control Charts:

1. p Chart

2. X/R Chart
e X Chart
R Chart



Statistical Process Control with p Charts

When should we use p charts?

1. When decisions are simple “yes” or “no” by inspection

2. When the sample sizes are large enough (>50)

Sample (day) [tems Defective Percentage
1 200 10 0.050
2 200 8 0.040
3 200 9 0.045
4 200 13 0.065
5 200 15 0.075
6 200 25 0.125

defective/ items J| < é,Lc

Items = sample size
50 < UeSH Ul ey asy bl 0ipg



Statistical Process Control with p Charts

_ total number of "defects"

P= (number of samples) x (sample size)
p(1— D) UCL =p + ks;
Sf? — 7 LCL = 25 o kSﬁ

(Q\LM\)Q\_’Q,J\ 2 e jtemsd! & sana

(G@badl Jsaadl (1a 3 a8 ) 3 galall & gana)



Solu:

80 1

P=6x200 15 006

\/ 0.066 (1—0.066)
200

=0.017

Sy =

UCL=0.066 + 3x0.017 = 0.117
LCL=0.066 — 3x0.017 = 0.015



Statistical Process Control with p Charts
&
UCL=0.117
(>90le Jol)asll 08, 92:X so=all
s adloal 1Y j9=oll o
5 (>90lc ,3l)itemd
~p =0.066 S, ===
LCL=0.015

radh>\Mo
o9 ,0 WeSH pp=x)ls item sy UTLJlg LTCUI o J31s pusll geo> 095 0l e
&og9,0 snpd UTLUl o S| Ld 6 p38, itemdLS



Statistical Process Control with X/R Charts
20 3 il ciliall aae ) 6S Ladie 48, lall 338 Jantios

Take t samples of size n (sample size should be 5 or more)

_ ] &
X =— E X,
X is the mean for each sample

R=max{x,} — min {x,}

R is the range between the highest and the lowest for each sample




Statistical Process Control with X/R Charts

><||

1 t
;Z average JJ average J| cowu=
J=

X is the average of the averages

4

]
R = ;ZRJ. range JJ average J! wowso

j=1

R is the average of the ranges



Statistical Process Control with X/R Charts

UCL. = X + A,R
RJ 9 XJ LCLJlg UCLUI Gormzes

LCL, = X — AR

Read A,, D;, D, from ) )
Table TN 8.7 (sl JSeiw) wluedl sace o> Jgaxldl o paisl Dy D3 A, 90l

UCL- = D,R
LCL. =D,R



Table of Control Chart Constants

X-bar Chart for sigma R Chart Constants S Chart Constants
Constants estunate
Srapie |As Az dx Ds Dy B; B
2 1.850 2659 1.128 0 3267 0 3.267
3 1.023 1.951 1.693 0 2374 0 2568
3 0.729 1.628 2.059 0 2282 0 2266
3 0.577 1.427 2.326 0 2.114 1] 2.089
6 0.483 1.287 2.533 0 2.004 0.030 1.97
K 0.419 1.182 2704 0.076 1.924 0.118 1.882
s 0373 1.099 2847 0.136 1.864 0.18% 1.8515
9 0.337 1.032 2970 0.184 1.816 0.239 1.761
10 0.308 0975 3078 0223 1.777 0.284 1.716
1 0.28% 0.927 3173 0256 1.744 0.321 1.67
12 0.266 0.886 3.258 0.283 1.717 0.354 1.646
13 0.249 0.850 3.336 0.307 1.693 0.382 1.618
14 0.23% 03817 3.407 0338 1.672 0.406 1.593
15 0.223 0.789 3472 0347 | 1.653 0.428 1.572
16 212 0.763 3.432 0363 1.637 0.448 1.552
17 203 0.739 3488 0378 1.622 0.466 1.533
18 0.193 0.718 3.640 0.391 1.608 0.482 1.518
19 0.187 0.698 3.659 0.403 1.397 | 0.497 1.503
20 0.180 0.650 3.73% 0.41% 1.48% 0.510 1.490
21 0.173 0.663 3.77 0.425 1.575 0.523 1.477
22 0.167 0.637 3819 0.434 1.566 0.534 1.466
23 0.162 0633 3.858 0.443 1.557 0.545 1.455
24 0.157 0.619 3.895 0.451 1.548 0.555 1.435
25 0.153 0.606 393 0.459 1.541 0.565 1.435

Convrol dhart constants ke X-bar, R S Indradusls (caflad "X or *T' chants), and MR (Mowng Rarge) Charts

NOTES: To corstrudt e X" and "MR® charty [these are companons) we compute the Mowng Ranges as

Ry = range of 18t and 2nd cteervatons Ry = range of 2nd and 3rd cbssevabions Ri= range of 3rd and 4h
cteervabons, elc with the "awwage’ mowng range of "R -bar® beng the sverage of these rarges wih he

"sarmple see" for each of thess ranges being

should pronde an estmated standard devabon (neadad for the 7" dhart) of
o = (MR-barjid)where P value of &) 1 based on, &9 pust stded m =2

Surslarty the UCL and LOL for the MR chart will be:  UCL = DalIAR bar)

n = 2 snoe each 1s baned on consecubve cbservations

ad  LCL - DR -bar)

bt snce Di= 0 when n = 0 (or, more accurakely s "not applicable®) here wal be no LCL for the MR chart

st a UCL




The X Chart

UCL=12.10

P
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X =12.00
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The R Chart

UCL=0.32

"R=0.15

Y
O
O
O
O
O

W

)__

—

LCL =0.00

()
O/
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The X/R Chart
UCL
?( O , '__’:|;|_Q| |:|’ 2 o
B gy aant os
O T O
odSeadl (58 UTLUIg LTCUI s il o> 0S5 0l
L Aog9 0 UGSH pp>,l> item 6|9
UCL
O
R FCSMECNRES o,lll,o.w.o'iT
Il_l_‘l e
What can you
conclude?
LCL




Table of Control Chart Constants

X-bar Chart forsigma R Chart Constants S Chart Constants
Constants estimate

Sample | A, | Ay | da D; |[Ds |B:s |Bs

Size =

m

2 1.880 2.659 1.128 0 3.267 0 3.267

3 1.023 1.954 1.693 0 2.574 0 2.568

4 0.729 1.628 2.059 0 2.282 0 2.266

5 0.577 1.427 2.326 0 2.114 0 2.089

6 0.483 1.287 2.534 0 2.004 0.030 1.970

7 0.419 1.182 2.704 0.076 1.924 0.118 1.882

8 0.373 1.099 2.847 0.136 1.864 0.185 1.815

9 0.337 1.032 2.970 0.184 1.816 0.239 1.761

10 0.308 0.975 3.078 0.223 1.777 0.284 1.716

11 0.285 0.927 3.173 0.256 1.744 0.321 1.679

12 0.266 0.886 3.258 0.283 1.717 0.354 1.646

13 0.249 0.850 3.336 0.307 1.693 0.382 1.618

14 0.235 0.817 3.407 0.328 1.672 0.406 1.594

15 0.223 0.789 3.472 0.347 1.653 0.428 1.572

16 0.212 0.763 3.532 0.363 1.637 0.448 1.552

17 0.203 0.739 3.588 0.378 1.622 0.466 1.534

18 0.194 0.718 3.640 0.391 1.608 0.482 1.518

19 0.187 0.608" | 3.689 0.403 1.2'97 0.49; ].503 '

I&(dltb: To :oaﬁrgc(')tthe' Oa%%dVIR haj,r?%gese re@ﬁ@amons) \lv%%%mpute tr&gll%mg Rﬁnﬁﬁfgﬁs:

Rer range df {stiang 2nd opsggtions) Ry =fange of Z5diard 3rd| ofsepyations,| Rey=srege of 3jd e 4th
robservations;etcwith ther“average mgving range o MR=barbeipg the averageof these ranges with-the

"2dmple sizd" B aéh of 1héddbhges bePAL 2 sincB-deth is basddXconseclividdbservhtibrO0 this

spuld providle gn gsimated giangard deviafigns(@eeded {gr4hg"" chart) afs; 0.545 1.455

@4 (MR-bar)/davitire the vaile 06dzis hask@ 98, as jisiGtatell, m 52.1.548 0.555 1.445

Siilarly, the UL add LCL fé:.(HAMR chad WiBbe: UCIO ABDYMR-bar).54dnd  |LOLS6D3(MRtbdr@35

but, since D3= 0 when n = 0 (or, more accurately, is "not applicable") there will be no LCL for the MR chart,
justa UCL.
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Part (10): Economic Evaluation



_ S) OlzoVl 5l0 (oo ) nsd il 4l
COSTS: [w BONUS Jlgws - osall o, o usu]

Costs can be classified in several different ways.

e Fixed cost: unaffected by changes in activity level

e Variable cost: vary in total with the quantity of output (or similar
measure of activity)

e Incremental cost: additional cost resulting from increasing output
of a system by one (or more) units.



More ways to categorize costs:

o Direct: can be measured and allocated to a specific work activity

e Indirect: difficult to attribute or allocate to a specific output or work activity
(also overhead or burden)

e Standard cost: cost per unit of output, established in advance of production or
service delivery

oS) OlzioVl 83lo o Gusyd baisd sl
ae BONUS Jlgw ywyiodl Jluy Of ,Sow




(Simple interest) alowdl 335l «~——
—— saslal glgsl o

(Compound interest) &S ,oJl 85l ~——

1. Simple interest:

« When the total interest earned or charged is linearly proportional to the initial amount of the loan
(principal), the interest rate, and the number of interest periods, the interest and interest rate are
said to be simple.

* The total interest, I, earned or paid may be computed using the formula below:

I=(P)(N)(i) , P=principal amount lent or borrowed
N = number of interest periods (e.g., years)

i = interest rate per interest period



Notes:

Jazi ol 8935 Wgw sl adsl sx5ledl oo & T
Sleiwnd] gl Hleodl glodl lago 1P o

S3odl IN o

o) 0d>9 JSJ dulell Hlaso s/

- Simple interest is used infrequently (lazwwl JS1).

« The total amount repaid at the end of N interest periods is P + 1.
Baladl go oISl &liodl



Example 1

 If $5,000 were loaned for five years at a simple interest rate of 7% per year, the interest
carned would be

I=$5,000 x 5 x 0.07=8%1,750

So, the total amount repaid at the end of five years would be the original amount ($5,000)
plus the interest ($1,750), or $6,750.



2. Compound interest

« Compound interest reflects both the remaining principal and any
accumulated interest.

sl 81518 8,19 S (59) ,a0S] k0 825 Sy  sinioll sowlwll gluodl (sle sa5la)l anis *
(Gl 3,58l o0 ade 8515 lndo + glaoll) @asludl 8,580l 0 MolS &Ll

* Note:

» Compound interest is commonly used in personal and professional financial
transactions. (Wlaswuw! )5SV \D)

simple Ll Jlgudl sa> 151 VI Compound interests) L= 356 ol olus b 151
.Interest



‘sxpogi Jlo o

* For $1,000 at 10%:

(1) 2)=(D)x10% | 3)=(1)+(2)
Amount owed Interest Amount
at beginning of | amount for | owed at end
Period period period of period
1 $1,000 $100 $1,100
2 $1,100 $110 $1,210
3 $1,210 $121 $1,331




Comparing Simple to Compound Interest

________ Firstyear
: ___ Second year _
¢ i Third year
$1000 3 E (OSSN -
il \ - 2 = ——
: $80 $80 $80 :
B L e e e XA s R oS . '
{o] Simple interest
NISCIPRITOREE | | 5« (e 5
i Second_yeor
| R R T o’ T ST 115V TRV C R —
1 N Third year
: | T
21000 | - N
]
e

U ——— W W W W—— W W W— W — W ——

(b) Compound interest

Two methods of calculating the balance when
$1000 at 8% interest is deposited for 3 years



* Notes:
S bgadl=dl o JS 8
P=1000, n=3, /= 8%

JS (P=1000% )¢ s 5kJl wluws 8 S5 Sl glodl (a) 9 bW S »
Lol o ade d5lel) a8lVL P U0 acw JS a8 (b) 9 bol |, asew
Bzl adud) sl i 09 (8%) do aioll

259.71$= b (s Lol , 250$ = a % wlgiw 3 a2 315l ,lado *
1259.71$= b sé Ll 1250% =a s sl go Wlgiw 3 as ISl glioll

PN,/ 1 oud s Logd oudladl MS @l o, ad @laodl oo 5uST bd gluodl Of las\s



Calculation of compound interest

: &S oldl duledl i as,b e
« compound interest = P(1+/)", where:

e P: (Lo,s0l ol lawdl) wsslan VI &loll
o« /1 (%) saslall
e N: auoyJl (0,u¢ ol uiw)l el sac



Equations:

Discrete
Payments,

Find From

Discrete dad sy PRE NI 13a Aol Yalza B @
Compounding

S BT e F = PO+i) Sall ) (F) Jusivall & (P) adlsd) JLall
rament e | r | =rlawiy e LAY GBS 6 (e Y ¥ alee 3 Jads Koy o
e e s (Jiady e
e F=P+i)
Equal- 4 & £ F_(l+x’)” -1
Payment = i Y _ o
Series | 4 P=A_(3'(]+3')x _ 7o A (l+zi) —1:|
FEie )
A 2 A=F
(1+:)" -1 B A
: ! P (1+:) -1
| i(1+3)




Equations:

/= effective interest rate per interest period.
« N = number of compounding (interest) periods.

P = present sum of money, equivalent value of one or more cash flows at a
reference point in time; the present.(.ol=dl w8l (58 &liodl aoud)

 F = future sum of money; equivalent value of one or more cash flows at a
reference point in time; the future. (Jusiwoll 88 &liodl aoud)

« A = end-of-period cash flows in a uniform series continuing for a certain number
of periods, starting at the end of. the first period and continuing through the

last. (S0 JSin 0,09 JS Ja=y 9l 892, glio)



cash flow diagram

* A cash flow diagram is an indispensable tool for clarifying and visualizing a series
of cash flows.

* Example: Beginning of End of F = $17,690.27
Month 1 Month 1 A
| | |
0 1 ) 3 4=N
End of Month i = 1% per Month
; * Note:
P = $17,000 [ SYS F=P(1+i ) (086 e N=4 die F clua o3 o

F=1700*(1+0.01)" mmmm)) F=17690.27 $




Ex:

* 52,500 at time zero is equivalent to how much after six years if the interest
rate is 8% per year?

e Answer : F=2500(1+0.08)¢ = S3967

53,000 at the end of year seven is equivalent to how much today (time zero)
if the interest rate is 6% per year?

* Answer: 3000=P(1+0.06)7 BEE) p=——" ) P= $1995

* Notes:

(Jsanll e O 58)
* SS At time zero: (P =29).

* SS at end of (period): (F ==9).



Example:

* How much will you have in 40 years if you save $3,000 each year and your

account earns 8% interest each year? A

e Solu: i

L F s gl e

(1+i)N—1]

l

°F=3000*[

=S$777170

40 _
F=3OOO[(1+O'08) 1}



Exact Evaluation Methods
1. Net Present Worth (NPW)

2. Equivalent Uniform Annual Analysis (EUA)

3. Rate of Return Analysis (ROR)



Net Present Worth (NPW)
(ps)) paal) 8 Jasiual) (e (cash flow) ceee dlae dad o

e Inflow: (o2 agn Jiay) 7y sl iSa ilua,
o Qutflow: (JaudU agus Jiay) 3 lud 5l & e alua

inflow
$24,400  $27,340

) |
outflow
")| _ | : : .
¢ 31 €990 &leo) $75,000

$55,760
| (2 5l S gheo)

3




inflow
$24,400  $27,340

T

A $55,760
(29 3l omiiSo glio)

EXZ Calculate the Net Present Worth:

0

outflow
(8L ol 9910 &luo)

Pl Al an g Fosing 0 (el ie Gl flow ) .present (P) &3 flowsd! JS Jsai e
sn S 309 P (558 0 e 2ic flow (sl e

. (not accepted) =8 & 5 alld (Ua-ui)<:: Ocre J8l o saill 2ns flows J) g sane S 1) o
(Accepted) Jsia g 5 yialld, (za,) CENO (o 5STJisaill an g gendl IS 1



Solu:

F 24400 27340
P_(1+i)" ‘ P1= (1.15)1 P21217 , Py = (1.15)2 »20673

_ 55760

= ey = 526663

A8l adll xani e
P, +P,+P,=21217+20673+26663= $78553 (inflow sl paes ¥ pealls Li)
U (e outflowd) 4ed & yhay & 6ai e
78553-7500= $3553 mmmm) >0 (+) accepted

Note:
present s 0J) xie Outflow (Jlw) as,has ellid gosout flow JI
BIFENF R R ERTIEN

asezs Ui (2u)) J=> gpdinflow JI Lol
(w>90)




Equivalent Uniform Annual Analysis

* This approach calculates the constant annual cash flow generated by
a project over its lifespan if it was an annuity.




Ex: calculate the equivalent uniform annual cash flow for :

.outflow s 5P ($100) O (x ¥ e flowd) e

(F 0582 (P) O Gl 2ne ) Sie e idis 51) Linflow s F 2 6 52 51 el 2ic flowd) o
A 1 Ssinflow (3,4,5) 5 ' 3 &« flowd! e

D dall 45y )l e

OPE) cha P JIF S imthagss ]

F o (LS ahall dad) &8l 1208 aons 8,058 s P (VA dasats 83 2

n=(5-3=2) =358 Jl 5358 a1 ]

_Pé\@M\ﬁM\@UFdﬁ)ﬁgeﬂ 3



Solu:

P Fdiss
5. F
T A+
= 80 70
1 (@112)t 446, P, = (1.12)2 S ach (1.12)6 S
n=2:P I Adissi 2
WD p @+)"-1
P_Ai@HW

120%-1
et 0.112(1.12)2 :> P =202.806

* 202.806+120 = 229.76 = F

P F Y s 120 pani e



P A FJdsy 3

322.8 3 =n la
= s ) P=229.76

Jo il die J\Jﬂ\om\megdj\ua 3shdll ol AP JF (e Jisaill die g Wil e
o o8 Jsl 5 IS By AT e G o (2 5skall) il s skall AP A o
(2=3-5) _) <l

& saxdll (e outflowd 7 ks 5 inflow J) e 4

63.8+35.5+229.76 — 100 — 44.6 = $184.5

a3




Ex:

* Given:
* P =580,000, F = S53.9M, and N =40 years. Find i:
e Solution:

o F=P(1+i)"
* $53.9 M = $80,000(1 + i)40
* i =17.68%




Rate of Return Analysis

* A rate of return (RoR) is the net gain or loss of an investment over a

specified time period, expressed as a percentage of the investment's initial
cost.

* Example:

Given: P = ($1,650) ,F = ($13,312,000) , Find i: 4 seabl12 000
Solu:

F=P(1 + i)N 0

$13,312,000 = $1,650 (1 +i)3° 30

i = 34.97% mmmm) the Rate l $1.650

of Return#



Example:

* Your engineering firm needs a rapid prototyping machine. The company gives
you two options.

* |n Option 1 you purchase the machine outright for $50,000, pay a
maintenance contract of $1,000 per year, and expect to be able to resell the
machine after 10 years at a salvage value of $10,000.

* |n Option 2, you lease the machine at $7,000 per year and pay no
maintenance, but receive no salvage.

» Assume that you will be able to take in $8,000 per year in income from this
machine. Also assume that an additional option is not to buy the machine at
all, but to put the money in the bank at 5% interest. Which option will be
best for the firm?



Solution:

1Y) LAl e

(P, =-50000) .(z k) s 131 (outflow) <asyas siizg 0 cse 3l die AV )y 4813

(A,=-1000) . (outflow) wa_las Wail & 4w JS $1000 4 siad) CilaSlaY)

(F=+1000) 2 sa 13 (inflow) Ja2 sa & i 10 2% AV an alis

g1 I WENU

(A, =-7000) (outflow) $7000 et JS AV i) il

no maintenance and no salvage ba F ¥ 5P :x ¥

(A=+8000) A3 JS1 $8000 Gkl 3US 3 Al (e (inflow) s sind) g V) o
13> aold ab>VMo »

0538 plio sd N (auioz)l 3,181).. @il ol yp il &l (sd oz of 281, &Ll OIS I3l
J> a5l sy spidl @l s wlsda, (maintenance) &luall o ,Vls ,(N-1) usi PJI
sl 01d progaw Jliol



* Option 1:

* The present worth of the initial 50,000 is just 50,000 .

* The present worth of the maintenance contract (remembering that it must be paid at the beginning of the
year) is:

@t -1 | (1.05)°-1 |
P=A L(l+i)("‘1)} F 1000{0.05*(1.05)9} w

* The present worth of the income (8,000/year), remembering that income comes at the end of the year,is:

~|a+wr [ (1.05)10
P—A{ l(1+l)n} 8000 D05 (105)10} $61774

* The present worth of the salvage (10,000S) is P= F/(1+i)n =10000/1.0510 =6,139
* Thus, the profit is Income — Outlay = (61,774+ 6,139) — (50,000+8,107) = 9806 S.

* itis not better than having the money just sit in the bank at 5% interest.



Option 2:
The present worth of the 7,000/year lease is:

(1+i)"-1 o (1.05)10-1 _ $56754
i(1+i)m-1) 0.05%(1.05)%

We already figured out the present worth of the 8,000/year profit is 61,774 S, thus the total profit by
this option would be 61,754 S, or 5,019 S.

You need to check if the money mount of 98065 better that putting the money in the bank at 5%
interest

Thus, the correct choice is option 1.



Nominal and Effective Interest
Rates

Nominal Interest Rate:
Interest rate quoted based on an annual period

Effective Interest Rate:
Actual interest earned or paid in a year or some

other time period




Nominal and Effective Interest Rates

*i=(1+r/ M)M-1
* r = nominal interest rate per period
* i, = effective interest rate per period
* M = number of interest periods per period
M: 55 JS eI ol cpind) 5 ALY aae
. hominal interest rate (» effective interest rated) lua (Say



Example :

* If your credit card calculates the interest based on 12.5% APR, what is your
monthly interest rate and annual effective interest rate, respectively?

* Your current outstanding balance is $2,000 and skips payments for 2
months. What would be the total balance 2 months from now?



Solution:

* Monthly Interest Rate:

i=222%_ 1 0417%

* Annual Effective Interest Rate:
i,=(1+0.010417)** -1=13.24%

e Total Outstanding Balance:
F=B,=52,000(F / P,1.0417%, 2)=S2, 041.88

* Note:
* [ : effective interest rate = 1,=(1+r/ M )M — 1
* [ : Interest rate = /M



EX: For an 18% nominal rate, compounded quarterly, the effective interest is.

0.18
i = (14 : )4 —1=19.25%

* For a 7% nominal rate, compounded monthly, the effective interest is.

0.07

14 007
7 (+12

e — 1 =723%



Example : Labor cost

* Estimate the cost and time required to construct a 1238'x14' brick cavity
wall with an 8“ concrete block backup wall for a supermarket. For the brick,
use 2-5.3/8"x 8"x 3-1/2" ASTM C-216, grade sw brick. Assume 865 ft2 of

openings. The workday is 8 hours.
e STEP 1: ASSUME CREW SIZE AND COMPOSITION

 Size is a function of scope of work, time schedule, and experience of the contractor

* Normal crew sizeis 8-10 craftsmen

* Since supermarkets are relatively simple, we will use 16 persons as follows:

1 - Bricklayer foreman
6 - Bricklayer masons
9 - Bricklayer helpers



STEP 2: COMPUTE AVERAGE HOURLY LABOR COST

* Hourly cost comes from the labor agreement or personnel department

e Rates usually include base rate, fringe benefits, and any other adjustments for
shifts, overtime, etc.

e Rates do not include social security, unemployment insurance, workman's
compensation, etc. These are included as overhead or indirect cost.

Hourly labor cost: Hourly labor cost = $243.54/16

Foreman (1) $17.37 17.37
Masons (6) 16.89 101.34

Helpers (9) 13.87 124.83 * Biggest risk to the contractor relative to cost is that

$15.22/wh

* Use an average hourly labor cost of $15.22

$243.54 overtime will be required.



STEP 3:DEFINE THE SCOPE OF WORK (Quantity Takeoff)

e Contractor measures materials from contract documents
* Rules of thumb are applied to incidentals, irregularities, etc.
Gross Area = (1238)(14)= 17,332 ft?

e RULE OF THUMB: Deduct 80% of area of openings

= 17,332 - (865)(0.80)= 16,640 ft?

* RULE OF THUMB: Add 12 ft2 for each linear ft of corner (walls are 14 ft high)
e =16,640 +12(14)4= 17,312 ft?



STEP 4: DETERMINE PRODUCTIVITY RATE

* Determined from 1) historical data file, 2) standard estimating
manuals, or 3) judgement

* This element of estimating is the most risky
 Historical file:s usually contain data standard conditions

» Standard Productivity = 0.022 workhours/brick
* Productivity/100 ft? = 0.022 (676)
= 14.87 wh /100 ft?



STEP 5: REVISE PRODUCTIVITY FOR SPECIFIC SITE
CONDITIONS per 100 ft?

e Cavity wall -0.30
* Long straight walls -1.19
e Building height of 14 ft -0.78

 Estimated productivity = 14.87 + (- 0.30-1.19-0.78) = 12.6 wh/100 ft?



STEP 6: CALCULATE LABOR HOURS AND COSTS

* Average hourly cost = $15.22/wh

e Cost/100ft2 = (15.22)(12.60) = $191.77/100 ft2

e Unit labor cost =33199 /17312 =$1.91/ ft?2

e Total labor cost = (17312) (191.77) / 100 = $33199
e Labor hours =(12.6* 17312) /100 = 2182 wh



STEP 7:INTEGRATE INTO SCHEDULE

* Total Workhours = (17312* 12.6) / 100 = 2182 wh
* Total Days = 2182 / (8*16) = 17 days

 Daily Output =17312 /17 = 1019 ft?/ day
= (1019*676) / 100 = 6888 bricks / day



oY) 8 Jhsall laaasy V) 3 ghaall
o Jlandl 2ae 8 8 s (83 jal i (Aol JSI Jlead) 44IS) Jara Caad 45Ul 3 glasll 2
(Jendl 1 531) Caall ae e Lgiand g adll pan o g8t 5 4lila

UAM;A\u@ﬂ\ﬁmcﬁeﬁﬁd\}d\ww@\uﬁwﬁ&ﬁw\m 3
M@muy\ latiall dalise @ pay Cuwal Aiadd Ll a_amsj\ dalise), ) dalill

0l ) (Wase* L) 5 311 dalue) Canai ((Deduct % )oasail

e ) @ i & bricksd) 22 5 brickd) Aabiw s Al Glual 4
. standard productivity*(bricksJ

RSN Jlead) 385 Jlaall LISH Jaadl Cleles 330 e
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Construction Safety

In the United States

v/ Construction consists 5% of the U.S. workforce, and accounts | *—

for 20% of the work fatalities and

G552 %5 A (= %20

v The estimated total cost (direct and indirect) of construction
accldents exceed 17 billions dollars

GllaY) 4RI & N ga Jhle 17

QFsa 4 =20 ) e %20
—l

20 = Jes Lla) O sbay %5 e Jals 100 : Jlie



OSHA Fines and Penalties

= [f the unsafe condition 1s serious, the fine may be quite high, up to
$7000 for each day i1t remains uncorrected

Gags ¥ 93 7000 (A dal i) Jusii B Safety ) cuws Al a9 JS

* The employer has any of the allegations or
penalties




Voluntary Protection Program
(VPP)

* The VPP designation is granted when a firm has established
a cooperative relationships with 1ts employees and OSHA

* The benefits of the program have shown that participants

regularly experience injury rates that are

* Employers who participate in this program are not
scheduled for OSHA programmed 1nspections



OSHA Recordable Incidence Rate

» OSHA 1ncidence rate 1s calculated as follows:

o -,
* Incidence rate = No. of incidents * 200,000 hours /

N.O.I #* 200,000

A e 830N 12,5 sl e T LR =

* The 200,000 hours in the formula represents the equivalent

of 100 employees working 40 hours per week, 50 weeks per

year, and 1s the standard base of incidence rates



Experience Modification Rating
(EMR)

= EMR dictates the contractor’s premium of the workers’ compensation insurance

v Higher EMR values mean that the contractor pays more money to buy insurance

for his workers

v/ Similar to buying insurance for your car

* EMR values range between 0.5 and 2.0

= An EMR of means an employer has an average safety record

= An EMR of 1.2 means that a contractor pays 20% more for
workers’ compensation insurance than a similar company with an EMR of 1.0

et 500 283 1000 e ,J8) gdy; 0.5 il !
* An EMR of less than 1.0 indicates that the contractor is experiencing fewer
losses than other comparable companies
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