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Engineering Management Course

Course Content:

. General Introduction

. Bar chart (Gantt Chart)

. Network Analysis Technique

. Resource Management

. Program Evaluation and Review Technique (PERT)

. Repetitive Projects Planning by Line of Balance (LOB)
. Quality Management

. References

ol m Slhae Cpallye o




x)g\,ll mg—xﬂmu@; — dgsmall Rasgall guy — &31GIL sla).dlf ‘fg,m\_-kmlu)b_-.m
1.0 General Introduction
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2.0 Project Planning and Scheduling
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Cllad) aval &3 sbal Jsaall 8 alualdi A jaall ¢ g pdall cOhivall 48 jhay Sadl) hbaal) au ) - 9 Jlis

g sl

Activity

Duration

8

Dependency

10

5

15

15

5

3

Duration

Project Paths
ABEG=8+10+15+3=36
ACEG=8+5+15+3=31
ACFG=8+5+5+3=21
ADG=8+15+3=26

Act. | Dur.

TF[LF
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ladl allua -]

@ sl s ¥ G cldladll) & g il A Y Gl | a5 ks ES 3 Sl Aol o (2 i oy
Al o Jpanlladiadll (e ) e dallad JS5 jSaall dglaall many @l 5 Gpaall () bl (g0 canni 5 (Cldlad
dagd ST laia) oy il i Ala g Ll Al Adlaill 3 jSae Al it Al 5 (EF=ES+D) 4llaill 3 Sudl)

& sodall Clllad A 5 Sae Al S) sa 56 5 el (e ) 2335 g 5 pdall Al ) Juad s patasi 5 L]

3agad) clilua

saliall Al yiias gl) Adledl) (il 3 aliall 4l adse N g 5 udiall 8 Aad AY 5 S0l Al Jau
soaliall Lenlay a5 alial Leiles e Adled S ey 2ok asis (g sdiall (e (o sl s Adladll
ainst 5 Ll A il R o ol 33 Al (85 gt A Aladlls il Biles it (A5 (LS=LF-D)

i 535 Ll 0585 (o cang 05 sl By lllad 1 g sl 5

el s Il Gana) 25 oial Jganll 8 43llad dia el g g putiall a8 ylay o) Tadadiall ans ) - 10 Jlie
t}M\JlA.\‘uAJJC‘)AJ\Jw\jﬁ‘)ﬂ\k_ﬂ:\n.zﬁj\Jhé&hﬂ.&ﬁﬂ)ﬂ\}@lﬁﬂ@ﬂ)ﬂjoﬁu\jb@\

Activity

Duration (day) | Dependency Project Paths

ABDF=5+3+3+6=17
ACEF=5+2+9+6=22

B
C

A

A

B

C

D E

Legend
B(5,8, 0) Activity (ES, EF, FF)
Duration(LS, LF, TF)

D(8,11, 5)
3(13,16, 5) F(16,22, 0)

E(7,16, 0)
9(7,16, 0)

5+2+9+6=22 Day (A & sl 320 A-C-E-F szl Jludl
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Legend
B(5,8, 0) Activity (ES, EF, FF)
Duration(LS, LF, TF)

D(8,11, 5)
3(13,16, 5) F(16,22, 0)
0(16,22, 0

E(7,16, 0)
9(7,16, 0)

el s llad) aval 5 ool J saadl 8 4illled A jaall & 5 pdiall agud) 43 Hhay Sl Jadadiall ans ) - 1] Ui
& 5 all Sladl (g s g oall Jlusall s da jall cllladll aas o cllladll jall s Geaildl) i gl 53 aliall 53 Sl
Activity Duration (day) | Dependency
10 -
18
12
15
6
8 B.D
17 B
Al IG5 585 8 g SOl A8y jlay ASLEN iy o sllaall IS - A
B > G

D

C

Duration (dav) | Dependencv Project Paths
10 ACE=10+12+6=28

ig ADF=10+15+8=33

T BF=18+8=26
5 ' BG=18+17=35
g
17
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C(10,22, 0) E(22,28, 7)
12(17,29, 7) 6(29,35, 7)

A(0,10, 0)
102,12, 2) /0 D(1025.0) F(25,33, 2)
\_/ 15(12,27, 2) 8(27,35, 2)

B(0,18, 0) G(18,35, 0)

Legend
Activity (ES, EF, FF)
Duration(LS, LF, TF)

1

18(0,18, 0) dir  17(18,35, 0)
1
1

Critical Path B-G (10-30-60) and Project time = 35 days

C(10,22, 0) E(22,28,7)
12(17,29, 7) 6(29,35, 7)

A(0,10,0)
10212, 2) D(10.25.0) /70 F(25,33, 2)

15(12,27, 2) \l/ 8(27,35, 2)

B(0,18, 0) G(18,35,0)
18(0,18, 0) di'  17(18,35,0)

Legend
Activity (ES, EF, FF)
Duration(LS, LF, TF)
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4. Project Resource Management

Plan Resource Management is the process of defining how to estimate, acquire, manage,
and use physical and team resources

Physical resources include equipment, materials, facilities and infrastructure.
Team resources, or personnel, refer to the human resources.

Planning needs to consider competition for scarce resources and may impact costs, schedule,
risks, quality, etc.

The figure below summaries the main processes, tools and techniques and outputs of this
management area:
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Project Resource
Management Overview

9.1 Plan Resource
Management

Inputs

.1 Project charter

.2 Project management plan

.3 Project documents

A4 Enterprise environmental
factors

.5 Organizational process
assets

Tools & Techniques

.1 Expert judgment

.2 Data representation
.3 Organizational theory
4 Meetings

Outputs

.1 Resource management plan
.2 Team charter

.3 Project documents updates

9.4 Develop Team

Inputs

.1 Project management plan

.2 Project documents

.3 Enterprise environmental
factors

4 Organizational process
assets

Tools & Techniques

.1 Colocation

.2 Virtual teams

.3 Communication technology

A4 Interpersonal and team skills

.5 Recognition and rewards

6 Training

.7 Individual and team
assessments

.8 Meetings

Outputs

.1 Team performance
assessments

.2 Change requests

.3 Project management plan
updates

4 Project documents updates

.5 Enterprise environmental
factors updates

6 Organizational process assets

9.2 Estimate
Activity Resources

.1 Inputs
.1 Project management plan
.2 Project documents
.3 Enterprise environmental
factors
4 Organizational process
assets

.2 Tools & Techniques
.1 Expert judgment
.2 Bottom-up estimating
.3 Analogous estimating
4 Parametric estimating
5 Data analysis
6 Project management

information system

.7 Meetings

.3 Outputs

.1 Resource requirements

.2 Basis of estimates

.3 Resource breakdown
structure

4 Project documents updates

.

9.5 Manage Team

1 Inputs

.1 Project management plan

.2 Project documents

.3 Work performance reports

4 Team performance
assessments

5 Enterprise environmental
factors

.6 Organizational process assets

.2 Tools & Techniques
.1 Interpersonal and team skills
.2 Project management
information system

.3 Outputs
.1 Change requests
.2 Project management plan
updates
.3 Project documents updates
4 Enterprise environmental

updates
4

factors updates

\-

9.3 Acquire Resources

1 Inputs
.1 Project management plan
.2 Project documents
.3 Enterprise environmental
factors
4 QOrganizational process assets

.2 Tools & Techniques

.1 Decision making

.2 Interpersonal and team skills
.3 Pre-assignment

A4 Virtual teams

.3 Outputs

.1 Physical resource
assignments

.2 Project team assignments

.3 Resource calendars

4 Change requests

.5 Project management plan
updates

6 Project documents updates

.7 Enterprise environmental
factors updates

.8 Organizational process
assets updates

9.6 Control Resources

.1 Inputs

.1 Project management plan

.2 Project documents

.3 Work performance data

A4 Agreements

.5 Organizational process assets

.2 Tools & Techniques

.1 Data analysis

.2 Problem solving

.3 Interpersonal and team skills

A Project management
information system

.3 Outputs

.1 Waork performance information

.2 Change requests

.3 Project management plan
updates

4 Project documents updates
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Project Resources Management

Project Resources Scheduling
g s all 3 ) 5a A 50

~

AN

Resource Levelling

Resource Smoothing

'

'

Resource Constrained

Time Constrained

v

Resource Levelling
is changing the starting date of all
activates according to prioritize and
allocate the constrained amount of
resources leading to increase project

duration
"a ) gall 4 gau”
CH PP EVEC R PRCHI P[P SVERPRIFCT LIV E POV
320 8Ly () (s Laa B2 ganall 3 ) gall S anadd
g s el

'

Resource smoothing
Is changing the starting date of only non-
critical activity within its total float to
reduce the fluctuation of used resource
amount along the constrained project

duration
".’J“’Aj‘ ?..’\%..\3"
Gl (anm T da ja ) Slladll ey 5 ) uad Aalee s
530 Jsh le ardiuuall 3l gal) £aS 8 o2l Qi L -Lad

Resource
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Resource constrained Project Time constrained Project
B. Resource Levelling A. Resource Smoothing

Resources Resources
4 A

T2>T R2<[_{

~ Project will be delay (Resource Levelling)
= Project on time (Resource Smoothing)

YR
T

R = Average Resource Required Per Unit Time of Project =

R,, = Resource Available
R = Resource at any Unit time of project
T = Completion Time of Project

A. Resource Smoothing
» Resources unconstrained; no limits on resources and use average resource.
» Project duration constrained; project duration cannot be delayed.
» Reduce the difference between the peaks and the valleys to avoid the resource fluctuation
» Change the starting date for some of the non-critical activities.
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Example 1: A company has taken a contract involve the following activities. Each activity
required two workers. Can we complete the job with only 4 workers?

Activity | Days | Workers | Precedent
2 2

C

Solution: -

Activity Workers | Precedent
A 2
B
C
D
E
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Time (Days) Activity | Days | Workers | Precedent

1 3 4 5 6 7 A

B

C A

D -- A

E B, C

Activity Resources Summation = 28
Average Resources Required =
28+7=4

Before Levelling 28 Resources Histogram Before

Move D: 1week

% Levelling

Resources No.

7

Resources No.

1 2 3 4 5 6
Time (Days)

1 2 3 4 5 6 7
Time (Days)

Resource Smoothing Procedure:

Draw a node diagram for the project

Draw a bar chart for the project

Resource Loading; put the resource usage in each bar of the related activity

Resource Aggregate; summation the resources in each time period

Calculate the total resources required = X resource required for all unit time of project
Calculate the average resource required = X Total Resources Required / Project duration
Draw the FF as dashed line beside the upper side of the bar of activity

Draw the TF as dashed line beside the lower side of the bar of activity

Critical activities to be drawn first (do not move them)

Shift non-critical activities within their FF first, then their TF

Revise the schedule of activities

Aggregate the resources in each time period

Start from the last non-critical activity
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Example 2:
The activities involved in the construction of a certain project are given in the table below.

One resource type will be used during the contract. Determine minimum level of the resource

required to complete the project and draw the Bar Chart of the project based on ES and LS

timing of activities

Activity | Dependency | Duration (Weeks) | Number of machines (Units/Week)
A - 4 1

R ww bR M~MOON OGS
WN R (R RP RPN N -

C
D
E
F
G
H
I
J
K

Solution:-
A.

B. Shift non-critical activities within TF to decrease the peaks and raise the valleys.
Total resources required =4 +4+4+4+6+5+3+3+4+4+3+4=48
Average resource required = 48/12 =4
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Time (Weeks)
8 9 10 11 12

Activity

I 0 mmoOODO »

Before Levelling
Move H: Tweek

Move G: 2week

Move D: Tweek

7

o
@
o
T
=1
S
wn
o
[

6 7
Time (Week)
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C. Drawing the Bar Chart of the project based on ES timing of activities

Duration | Resources Early Early
(Weeks) | (Units/'Week) Start Finish
4 1 0 4

Activity

| e

b

6
10
! 12
8 11
11 12
Weekly Resource required
8

| | =

b [t | s |t |t | (e | o [

w

—
w

Resources

[} 7
Time (Week)

D. Drawing the Bar Chart of the project based on LS timing of activities

Activity Duration Resources Late Late 1 5 ' N
- | (Weeks) | (Units'Week) | Start | Finish . _

4 1 2

8

| da

thk

O [ |

8

11
Weekly Resource Required
8

W

o | I [t | et | i | | o | | et |

-

Resources

[} 7
Time (Week)
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Example 3: Schedule the resources for the following project and determine the Efficiency of
Resource Usage.

Activity I

Duration (day) 4
Dependency C
Resource 3

9013
I | 4
9|O|13 C.P.

5[2]s 13] 015
E | 3 J [ 2
10[5]13 13[0[15

5]1]8
F | 3
10| 5 |13 ES| FF | EF
Act. | Dur.
5[0]9 214 LS[TF[LF
G | 4 | H | 5 Critical Path
9[4]13 13] 4|18

1]2]al4]s|e6]7]8]ofro|nl12{1a]14]15]16]17] 18] Time (day)

5|s|s5|ofo|o]o|lo]|6|s5|5]5|5]6]a|5][5]s

1. Before Smoothing
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1234 s|6]7]8]9]1olnmm|12]13]14]15]|16]17]18]Time (day)

s|s|{s|ofofo]o]ole|a|s|5][s5|6]|6][5]5]s

2. Move H by 1-day

1234 s5]e6|l7]s8]olr0/n]12]13]14]15]16]17]18]Time (day)

s|s{s|ofolofolo]6|alals]s]6|6]|7]5]5

3. Move H by 2-day
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12345678 ]ofw]nlial1a]14]15]16]17]18|Time (day)

9olofolol6|alala]|s]6|6]|7]7]s

4. Move H by 3-day

6] 78] o]1o]lnm|12]13]14]15]16]17] 18] Time (day)

s|s|s|[o|o|s|o|e]s]|3|als|a]s]|s|7]7]7

5. Move H by 4-day
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123456789 fw]nnlial13]14]15]16]17]18]|Time (day)

s|s5|s|o|9|6|o]|o|s]6]|3|3]s]|s|le]7]|7]7[5R=-1m
6. Move H by 4-day and G by 1-day

1]2]a3l4]s|el7]s]9o]1olnf12]1a]14]15]16]17] 18] Time {day)

s|s|(s|olol6|6|ol6|6|6|alale]ls|7]7]7

7. Move H by 4-day and G by 2-day
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1]2]3fl4]s]e6]7]s|el1w|nl12]13]14]15]16]17]18|Time (day)

s|s5|s5|o]|9|6|6|s|6|6|s6|s|a|ls|6|7]|7]7
8. Move H by 4-day and G by 3-day

123456789 fw]nnlial13]14]15]16]17]18]|Time (day)

s|s5|s5|o|9|6|s|6|al|e]|6|le6|6|s|e|7]|7]7

9. Move H by 4-day and G by 4-day
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1234 s|6]7]8]9]1olnmm|12]13]14]15]|16]17]18]Time (day)

s|s|{s|olo|s5]6]/6|al6|/6|6|6|l6|6|7]7]7]|5R=-1m1

10. Move H by 4-day , G by 4-day and F by 1-day

1/2]a3lals]s]7]s8]o]1o]nl12{13]14]15]16]17]18]Time (day)

s|s|s5|olo|s|s5]|6]/al7]6|6][6|l6]/6|7]7]7[sR-11

11. Move H by 4-day , G by 4-day and F by 2-day
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1/2)afl4]s]e]7]8]o1o/n]12]13]14]15]16]17] 18]|Time (day)

s|s{s5|ofols|s[s]a|7]7]6]|6]6|l6]|7]7]7[5R=-11
12.Move H by 4-day , G by 4-day and F by 3-day

1234567/ 8]9e1o/n]1z2]13]14]15]16]17] 18| Time (day)

s|s|s|eofo|s|s|s|al7]7]7]6]l6]s][7]7]7

13.Move H by 4-day , G by 4-day and F by 4-day
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1234 ]s]e6]l7]s8]of1o|lmf12]1a]14]15]16]17] 18] Time (day)

s|sis|olols|s|s|ale|l7]7]7]6]6|7]7]7
14.Move H by 4-day , G by 4-day and F by 5-day
15.

123456789 fw]ulialiszf14]15]16]17]18|Time (day)

s s5|s|e|9|a]s]s|5]s]|7]7]7]6le6]|7]7]7[5rR-m

16. Move H by 4-day , G by 4-day , F by 5-day and E by 1-day
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1234567 [8]o]ro]lnaf1a]1a]14]15]16]17]18]Time (day)

5| s(s5|ofo|alas|s|s|s|7|7]7]6]6|7]7]7[5R-1m

17. Move H by 4-day, G by 4-day , F by 5-day and E by 2-day

12345678 ]9el10/u]12]13]14]15]16]17]18]Time(day)

s|s|s|s|[ol7]als][s|s|7]|7]7]6]6]7]7]7]|5R=-1m

18. Move H by 4-day , G by 4-day , F by 5-day , E by 2-day and D by 1-day
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1234567 ]s]ofw]nnlialiszf14]15]16]17]18|Time (day)

s|s|s|s|s|7]7]s|s]s]|7]|7]7]s|l6]7]|7]7[5R=-1m

19. Move H by 4-day , G by 4-day, F by 5-day , E by 2-day and D by 2-day

1[2]3[4a]s5]6[7[8[9]10]1a]12]13[14]15]16[17]18]Time (day)

©
©

Before Leveling
Move H by 4 day

Move G by 4 day

Move F by 5 day

Move E by 2 day

Move D by 2 day

~N| D (w|h|os|o|d|e
~N| s |w|hlolh|o]|d]|©
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Before Leveling

[ERN
o

RINWw|~(fOI|O|N|00]|©

After Leveling

[ERN
o

RINW|A[OI|O|N|00|©

Average Resources Required =111 + 18 =6.17=7
Efficiency Usage of Resources
1- Before Smoothing
Let us use the max. Resource as available resource = 9
Total available resource =9 x 18 = 162
Total usage resource = 111
Efficiency = 111 + 162 = 0.685 = 68.5%
2- After Smoothing
Let us use the max. Resource as available resource = 8
Total available resource = 8 x 18 = 144

Total usage resource = 111
Efficiency =111 + 144 =0.771 =77.1%
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. Resource Scheduling
Reduce the resource usage to be less than the average resource required.
Constrained Resources; available resources are less than the average resource required
Unconstrained project duration; project time may be delayed
e The objective is to calculate a minimum project time delay to meet the resources limits
Resource Scheduling: Is a way to prioritize activities that compete for the limited resources
so that the net project delay is minimized?

Example 1:
The activities involved in the construction of a certain project are given in the table below.

One resource type will be used during the contract. It is required to schedule the project above
so that the weekly resource requirements do not exceed 3 machines.

Duration Number of machines
(Weeks) (Units/Week)
4 1

Activity Dependency

A== ITOMMmMQO0O|m >

RWWwhkiFLRIROINDOIN
WIN R R R RPRRNN -
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Solution: - [Act. WDep.

B
n

A. Draw the Network Diagram
0|0|4 4]0]s
A|4—~D|z
2[2]s s[2]s

Rt=J0 - R I B I~ N I SN N S S

QO [t [t (DO [t [ 1D | bt [t | DO | [ |
oowomnooumoq

A=~ (Q S| O W
[N EA IF N [V PSR PO PN 157 [ N NS

[
-

o|o|5
C 5

G 1
%ﬁ 72 s
B. Drawing the Bar Chart of the project

1 IR EEE G R

Act. Dep. Dur.

Alal=z|Cf=|E |G @ ]
I I N FNIPITS T F FS
Blwfwfmfmfm]=]= 00| ==

M

EENERES

1 2| 3 <+ =] G 7 8 S 10 11 12

C. Prioritise activities according to the following rules, priority goes to the activity that has:
a. Earliest Late Start (LS)
b. If atie, Lowest Total Float (TF)
c. If atie, consider sequence
D. Draw the Bar chart (Gantt chart) so that the weekly resource requirement does not
exceed the limit available. As illustrated in the following Chart:

Dep. [Dur.[R|[Ls [ TF [1[2]3[4[5]6[7]s8[o]rof11]12]13]14]15]16]17]18
1111

1[1]1]1]
22222

1[1]1 1]
A

2

W0 (N ([ |h|NINO

©

7= (| | o | [t | 0 |3 o0 | B

bR (W[ [N
G [t |t |1 [ [N |t |t [N [t |t
CIOINIOININ(O|O|IN[N|O

[
[

M
bl
I
'S
)

914

L

1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18

Page | 43 e ar Sllae Guuallae Al
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4. Programme Evaluation and Review Technigue (PERT)
(i A8 4h) aladindy Jadadl)

ALY i) dae y 8 A4S0 Gl e adiad Sl cullul) e (PERT) o cosbad any o
£ 5 e lllad dae A ali JS5 padiul Ladie 1959 Aiu oy shai (5 ya Cua Zaall culluY) (e ytiny 5 o8
Sy e Al i e ) g
LS a5 llladll A Y s G a8 AilianY) VLAY 4 Hhai e ading 45 68 43als (e 128 (alidg o
—: b
1- Optimistic Time (a) 4ulledll 1awil By juadl ga Jilatall 8l
2- Pessimistic Time (b) Adladll 2wl 0 5 Jglal oa :piLiall i 5l
3- Most Likely Time (M) Legin Al s dai 58 :Ylaial JSY) Cd )

-k e (A (PERT) Com Al Claa i o
mean (T) b sie led (158 oanhall ) 5ill puadd Cuny 4y 05w aladiuly st o5 cillladl) 4501 -1
Variance (V) ¢ Standard Deviation (S) sobae <l il
z ol Jlaall (e 3 Vel SISV a5 i) Gl (S (V) Gsbl) s (T) el Ao siall mll aladindy 22
g 5 pall
s dall il gad
Cllladll o) Aaii¥) aead (1) A siall Al i a8 giall Cpa 3l colies
(T) & sl o siall G ) s 5 7 sall Jlisall ypans
z o~ bl J9 sl e (V) saad) b coslaill dad s (S) bl 51 s bl Cal pas¥l alias
(Vep)z o~ Jball coglall lase s
(Scp) GJ;&\ Dbl s amall Cal ) Gl
(YIS s e (e A s el Allaia) slad
Te=oxie Allaial) dlag) o) yall e U 7 4l s 3
Adaia¥l Jsas (e Z Aatl Allaal) dllaia¥) A ) jaiul b
. bl e 3l 8 dalal) S dllada) ¢ (P) J) (o Z J 5 _alial) Al -7
1Ol 8

_at+4m+b S_(b—a)
- 6 6

t V = (5)?

T= Ztcritical , Vep = ZV Sep = V2V,

a — Optimistic Activity Duration
Aol le ad G sa¥) aen O bl e aIDA Jalial) s (Say ey B
b — Pessimistic Activity Duration
il Jlael (i a3 3 liie 395 i ol 5 S 345 4 ja5 (e ) S
m — Most Likely Activity Duration. xull il Yiaa) <Yy 3l
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t: Sllledll Ao giall Aadll ) £8 s3all 010 30 (Activity mean time)

T: & 5 pdall lass giall (4e 30 (Critical Path mean time)

S Alladll ) Laliall bl ) (o sbaall il asYI(Activity standard deviation)
Viddad Jslsaall 8 il 4a (Activity variation)

Vep izl Sl oliill s (Critical path variation)

Sep izl sl (5 jlaall il a3V (Critical path standard deviation)

Z: b siall e s lmall Gl a3 (NO. of standard deviation from Mean)
Ts: any time you choose

Pz =%

P T 455
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d\wdsﬁsjws‘y\m‘m@dswﬂ@ww@)Lw aY Gllladl) (e dae an SN Jsaad) 11 JUa
Al Ay e cal ba PERT u}@)h&JJM\L.\LMuM\ a,m,b

Activity

m b | Preceded by

10

12

7

12

8

7

O INOIOTFL O D

7

Solution

t

€8 sl 325 () B g skl eled) adlaial dlay)
€ & saul 33 () o 5 el elgd) aullial slayl

€ & sl 38 () B g s el sledl adlaial oyl

€& sl 36 (0 (B g s el sledl adlaial ol

€ 9693 llaialy ¢ 5 pdiall olgiil (o 2nsl

s Aadi¥) aaad t by o

a+4m+Db

Activity

b

A

10

12

Z

12

oOFRrINOOF[O (D

N~ {o|o (N3 |

Paths of the networks:

daall ddadal) saas

ABDFG= 8+6.8+6.2+4.7+6.8= 32.5*

ABE= 8+6.8+4.3=19.1*
AC= 8+6= 14

Project Duration = 32.5 week

Start
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i Al dhEN S |V iy a6

s =Ly ey

Critical Activity b t

10 8.00

12 6.83

12 6.17

7 4.67

7 6.83

32.50

Sep = \/ZVcritical =16.19 = 2.49

€ & sl 32.5 e b g sl sled] adllaial alay
,_Ts=T_ 32.5-325
3257 Sep 249

P125 = 50 % from the Table
g sl 33 e g sl el dallaial dlayl

, _Ts—T _33-325_
37 Sep T 249
P33 = 58 % from the Table

€ & sl 38 (30 b g sl elgd) adlaial sl
_ Ts—T

Z38 -

Scp

Find P for Z=2.21 (from the Z-Table)

P
0.98 0.99 —0.98 x —0.98

X 25—2  221-2
0.99

= x = 0.984

P3s = 0.984 = 98.4% from the Z-Table
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€& sl 36 (e b g sl sl agllaial dlayl

; _Ts—T 36-325
37 Sep T 249

=141

Find P for Z=1.41 (from the Z-Table)

Z P
1.4 0.92 093-092 x—0.92

1.41 X 15—14 141-—1.4
1.5 0.93

= x = 0921

Pss =0.921 = 92.1 % from the Z-Table
9693 J8Y) e ddlaialy g 5 piall 4 i ) a3l an
from table, when P=0.93 —» Z =15 «— 0.93 2ic Z 4 i 223 Jsaall (e
Ts—T _ Ts—325

=15 - 1.5

Scp D =5 - Ts = 36.24 = 37 weeks

- b lean ) Ul g 5l 2 Jla

J8) 5l 25227 8 gyl Sladl Jlaial

25227 S8 g s piall Jail Jlaial

o235 o SiSTE 58 g 5 i) Slail LAl Jlaal
as J81 35558 g 5 el Sl Jlaial

b
15
8
10
12
6
9

Preceded by

O

A TMOMOOO0Nm > "
NNR N R ORI o
W hMwiN O N|w|N[o N~ |5

X< |IZTOmMMmMOO o>

| =
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b
15
8
10
12
6
9

(@]
[

Preceded by

O

CIA“C— | ZIommoom > >

ANIT|IMOMOOOm >
NINFPINFRPOIBRIDNDEROINDIOID
wh-hOOI\)LO\IOO\IOO-hLOB

Cy |

©o
ol
w
w

m -

8.7
| G

Paths:

ACEJL=95+8+33+38+3.2=278
ACHKL=95+8+22+3.8+3.2=26.7
BDFHKL=43+73+87+22+38+3.2=295
BDGIKL=43+73+87+3.2+3.8+ 3.2=30.5(Critical Path)
T=305

Vep=1+176+1+0.25+0.25+0.25=451

Sep = /Vep = V4.51 = 2.12

1- Probability for T,=27 day

,_Ts—T_27-305 _ .
Sy 0 212 7

For Z=-1.65. find P

—15-(-2) —1.65—(-2)
0.07—-0.02  x—0.02

= x = 0.0549
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For Ts <27 day, P = 0.0549 = 5.49% for Z = -1.65 (From Z-table)
2- For Ts> 27 day, P =1 —-0.0549 = 100-5.49 = 0.945=94.51%

3- For T; =35 day
_ T,—T _ 35 —30.5 912 4
Sep 2.12
For Ts <35 day, P =0.982 = 98.2% for Z = 2.12 (From Z-table)
4- For Ts>35day, P=1-0.982=100-98.2=0.018 = 1.8%
ar=T—-3S;p=305-3(212)=24.14 g sl Jaay Jilaiall <8l
br=T+3S;p=305+3(2.12)=36.86 & s riall Jaiy ailiiall 8l

ST oSl Jlaial s B 052 30 (o8 g s rall Sladl Jlcial s 5f 13 Jia

(@)
—r

Preceded by

0| 00O 00|01 O3
OO NPIOOOONOT

A
A
B
C
D
E
F
G
H
I

J

I Mmoo m>>> -

ArONOIIO N AP OIIW D

- ®

(@]
—

Preceded by

“—lI|ommogo|m > >
I Mmogom>>>r

NlolN|o|o|N A Is|o|w|e
o ||| o |®|ul|o|o|o |3
©|= 0|k || o|o|~N|v|o
o ||| ||| vl |||

e Sl uualie A




Byl dzaly — daspall 3 — Egimall Rnsgall gy — EIBILAL pall — dgusgall &l YL

| 6 e
B E

»
>

6
L C |

9)
D

Paths
ABEHJ=6+6+8+8+6=34(V=178)
ACFI1J=6+6+8+8+6=34(V=2.78)
ADGIJ=6+5+6+8+6=31
Ve=1+0.44 +0.44+ 0.44 + 0.44 =2.76

Sep = /Vep = V2.78 = 1.66

Critical path is the longest path and generally will have the lowest probability of being
completed by the desired time. The noncritical paths should have a higher probability of being
completed on time.

It may be desirable to consider the probability calculation for a noncritical path if the
path activities have little slack, if the path completion time is almost equal to the critical path
completion time, or if the path activity times have relatively high variances. When all of these
situations occur, the noncritical path may have a probability of completion on time that is less
than the critical path.

1- Probability for T,=30 day

T,—T 30-—34
4= Sep 166 —24l
For Ts<30day, P=0.012=1.2 % for Z =-2.40 (From Z-table)
For Ts>30day, P=1-0.012 =100 - 1.2= 0.988 = 98.8%

2- Probability for T;=36 day
Z_TS—T_36—34_120
Sy l66

For Ts <36 day, P = 0.88 = 88% for Z = 1.20 (From Z-table)
For Ts>36 day, P=1-088 =100-88=0.12 = 12%

Find Ts for P=100% & s el 5lady Yiaal Y el caual

Z= 3 for P=100% or P=1 (from Z-Table)
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T, — T T, — 34
7 = - 3=
Sep 1.66

= T, =13898 = 39day

ar=T—-3S;=34-3(1.66) =29 gyl Slasy Jilaiall 8l
br =T+ 3 S;p=34+3 (1.66) =39 g s rdall jlady il i 5l
olial Jgand) b alualdi danis gall & 5 piiall Y1 2a 5l 4 Jlia
J 5l a5 10 2 g sosall Slad) Jaial
) sl a5 13 8§ g pall Sladl Jlaial
25115 59 O Ania 3 53l (e g 5 il Sl Jlaial
Predecessor a b

3

NAOOITWIRAROIN

A
C
A
B

O
m

Predecessor

RlwhRNOR|®
NRlOlw S OOINS
waNMON|™|T

Paths

AF=217+4=6.17
ADG=217+283+2=7
BG=6+2=8

CEG=2383+5.17 + 2 = 11 (critical path)
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Ve =0.25+0.25+0.11=0.61

Sep = /Vep = V0.61 = 0.78
Probability of Ending before 10

T,—T 10-11
7 = =
Sep 0.78
For Ts<10day, P=0.10 =10% for Z=-1.282 (From Z-table)

= —1.282

Probability of Ending before 13

T,—T 13-11
TS, 078
For Ts <13 day, P=10.991 = 99.1% for Z = 2.564 (From Z-table)
Probability of Ending between 9 and 11.5

Z = 2.564

P(O<Ts<11.5)=P(Ts<11.5)—P (Ts<9)

_T—T 115-11
Sy, 078
For To< 11.5 day, P = 0.742 = 74.2% for Z = 0.641 (From Z-table)

= 0.641

,_T=T_9-11
Sy 078

= —2.564
For Ts <9 day, P =0.009 = 0.9% for Z = — 2.564 (From Z-table)

P(O<Ts<11.5) = P(Ts<11.5)—P (Ts<9)
= 0.742 — 0.009 =74.2 — 0.9 =73.3%
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5. Line of Balance (LOB) or Scheduling of Repetitive Projects

Repetitive
Project

/ \

Linear Project | | Multiple Project

!

Highway, Pipelines, Cables, High Rise Building, Housing,

Deliveryrate

18 20 22 24

The LOB representation shows the following information:

1- Each slope bar represents one activity (A, B, or C) in the project and the width of the bar
Is the activity duration of one unit, which is uniform along all units.
A horizontal line at one unit intersects with the activity bars at the planned start and finish
times of the work in that unit.
A vertical line at any date (time) shows the planned work that should be completed/started
before and on that date
The slope of each activity represents its planned rate of progress and this is function of the
number of crews involved in the activity.
The slope of the last activity is the rate of delivery of the various unit.
The finish time of the last activity represent the end date of the project.
Changing the production rate (slope) of an activity changes the project duration.
If relaxing an activity may result in a delay in the project, while speeding an activity may
result bring forward in the project
A good scheduling strategy is to schedule the activities as parallel as possible to each other
and also parallel to desired project delivery.

10- To prevent interference among sequential tasks of the LOB schedule in case an activity is
slightly delayed a buffer time (X) may be introduced as shown, to act as a float time.
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11- When a slower activity is to follow a faster activity (Ex: C follow B) the activity C can

schedule starting from unit (1) immediately following the predecessor B. Since
interference can be happen at unit (1), buffer time may be added to start of unit (1)

12- When a faster activity is to follow a slower activity (Ex: B follow A) the activity B reads

to be scheduled starting at the top unit. If the buffer time is to be added at top
LOB <lua cYilaa

D=-"_ .so, M=H+D+Dh
H-Dy

R M R
G=-2-—oG=Mx*-*2
Wgq Dp Wp

S=H,2H,3H,.........2G
S H

R=R,*- Or R=—
G D,

_ WDy o (N-1)-D,

T
o R o H

NB: Use Wy when R is Unit per Week not unit per Day

(& s2aVL) lladll Slasy =il Jaxall = R

(g 5#Y0) Aladl) SaiY s kall Jonll = Ry

(dadl i) Jasll (33 58 anad oY) sl = H

(andl dila) Jandl (33 il (5 Hhaill anall = G

H clicliag a5 G b o) ST a5 (Jaall pilda) Jaall 3y 8l adll aaall = S
Adladll 2 ey =D

(eﬁl\ =) g‘\ﬁl\ Jaall cilela 22e = Dy,

(& s () dae sl Janll Al sae = W

(g s () Ao sl Jaall Cilelu 2ae = W,

(man-hour) 4dtadll 38w Leall agall = M

N a8 553 5as il g | a8 Bas sl s Alladl) 3 3 e ) LW =T

Activity

Duration

ald
r]‘

Wg4 . _ (N_l)*DO
= (N—1orT =
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Se1=Fa1+X

Fa1=Sa1+Da Fg1=Sg1+Dg
San=Sa1tTa Sen=Sp1+Ts
Fan=SantDa

IFRg > Ra

Fe1

Sen=FantX
Fa1=Sa1+Da Fen=Sen+Dg
San=Sa1tTa Se1=Sen — I8
Fan=SantDa Fg1=Sg1+Dg

Man-hours, or labour hours, are the number of hours it takes for a labourer to complete a unit
of production. The total man hours per activity is obtained by multiplying the number of people
assigned to an activity by the total time it takes to complete it.
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Jare G813 Jae &bl 5 A Jlee 4 (e (580 Jae 318 Aol 5 W Slad) &4 Adldl Man—hour <l - ;b
¢ llelu 6 o sl Jarll Gilela 2xe

Solution: -
M=H+«D=+Dh
Man-hour=4 x5 x 6 =120

Example 1: Repetitive housing project
The following example illustrates the application of line of balance to a housing project where
a contactor requires a programme for the construction of ten house units. The five operations
that occur in the construction sequence are shown below:
Code Operation Dependency | Duration per Number of gangs or
unit in week (D) Crew (C)
Foundations 2 2
External walls 4
Roof Construction 1
Internal finishes 4
External works 2
Allow a minimum Buffer (X) of 1 week between one operation and the next.
Required:
1. Draw the line of Balance Schedule for the project and find its duration.
2. Draw the progress chart (control chart) after 14 week.

Solution:
1. drawing the precedence diagram

B: C: D: E:
External Roof Internal External
walls Construction finishes works

A:
Foundations

2. Calculate the start and finish date of each operation in the construction sequence for
the first and last units. This enables the balance lines to be plotted.
For operation A (Foundation)

C
R=B R, = = =1 per week

D 2
T=E(N—1) TA=§(10—1)=9weeks

Start of Activity Aiin Unit 1 (Sa;1) =0

Finish of Activity A in Unit 1 (Fa1) = Sai + Duration of Activity A (Da)=0+2=2
Start of Activity Ain Unit N (San) =Sa1+ Ta=0+9=9

Finish of ACtIVIty A in Unit N (FAN) =San+tDa=9+2=11 (Or = FA1+TA:2+9:11)
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For operation B (External walls)

R; = % =0.75

vRg<R 4 then the line will be plotted from the bottom
T, :3(10— 1)=12

Start of Activity B in Unit 1 (Sg;) =Fa; + X=2+1=3

Finish OfAC'[iViIYB in Unit1 (Fg))=Sg +Dg=3+4=7
Start of ACtiVity B inUnitN (SBN):SBﬁ' TB =3+12=15
Finish of Activity B in Unit N (Fgx)=SgxtDs=15+ 4=19

For operation C (Roof Construction)

R, = % =1

vRe>Rpthen the line will be plotted from the top
TC:%(10—1):9

Start of Activity C in Unit N (Sey)=Fen+ X=19+1=20
Finish of Activity C in UnitN (Fey)=Sent+De =20+1=21

Start of Activity C in Unit 1 (S¢;)=Sex — Tc=20-9=11
Finish of Activity C in Unit 1 (F¢)=S¢i#De= 11+ 1=12

For operation D (Internal finishes)

R, = % =0.75

vRp<Rc then the line will be plotted from the Bottom
T _3(10—1) =12

Start of Activity D in Unit 1 (Spy)=F; + X=12+1=13
Finish OfAC'[iViIYD in Unit 1 (Fp;)=Sp;+Dp=13 +4=17
Start of Activity D in Unit N (Spy)=Spi+Tp=13+ 12 =25
Finish OfACtiVi'[y D in Unit N (Fpx)=Spxy+Dp=25 +4=29

For operation E (External works)

R —2—1
E_Z_

vRe>Rc then the line will be plotted from the top
2
TC:E(IO—I):‘)

Start of Activity E in Unit N (Sex)=Fpxy + X=29+1=30
Finish OfAC'[iVity E in Unit N (Fex)=SextDg =30+2 =32
Start OfAC'[iVit}’E in Unit 1 (SEI):SEN = TE =30-9=21
Finish of Activity E in Unit 1 (Fg;)=Sg;#Dg =21 +2=23

Act. R=C/D

T =

9MD/IC) | ST | F1L | SN | FN

unit /week

week

1

9 0 11

0.75

12 3 19

1

9 11 21

0.75

12 13 29

1

9 21 32

3. Drawing the line of Balance Schedule

1| 2‘ 3| 4| 5‘ 6| 7’ sl 9| 10‘ 11| 12| 13‘ 14| 15’

16| 17| 18‘ 19| zoI 21‘ 2z| 23’ 24| 25| 26‘ 27| zsl 29| 30| 31‘ 32| 33

Time (Week)

6| 7’ 8‘ 9| 10’ 11| 12| 13‘ 14( 15

16‘17|18‘19|20|21‘22|23’24 25 26‘27|28|29‘30|31’32|33
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4. Drawing the progress chart (control chart) at week 14

‘_ILZJ. 3‘ 4I_:'_v]. 6‘ 7L8J. 9| 10( 11 12| 13L14i 15 18| 19| 20| 21 22‘ 23‘ 24| 25

I Project
I Completid
I Dateis
I 32 Weeks

Time (Week)l

1
1
1
1
1
1
1
5 16| 17| 18| 19‘ 20‘ 21| 22| 23| 24| 2S| 26‘ 27| 28| 29| 30| 31| 32| 33

B C D E

10 Units

10
|9 |
|8 |
| 7 |
| & |
| 5 |
|38 |
_3 ]
2
1

(Aosalad) Bas gl b oy e AsalA) Bas gl aaled (e ) o)
(32 —23) 9
= ><(5—1)]+23=[§><4]+23=4+23=27

Ts—[m

(sl 33 g1 il 2l i) Al 5m 5l e (30§ cnan
(32— 23) 9
—[ ><(7—1)]+23=[§><6]+23=6+23=29

7 1@o-1)
dabud) Bas gl 8 B Adladl) oleil (e ) o)

12
><(6—1)]+7=[?x5]+7=6.67+7=13.67

_[(19-7)
FB6_[10—1)

(
ZNE 3aa g1 3 C Aalladll g (a ) canen
(21 —12)

9
Fra=|l——2x@B-1D|+12=|=x2|+12=2+12=14
e [(10—1) 3 )]+ [9 ]+ *
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bl 5 Jasdl (IS5 sl JS1 506 i) Caagdl cananail) dglitia Apias la 124 il 40 e slaall (2) Jia
Janll de sanal 3aY) aall g Allaill Landl agadl OS5 (e sy (5580 5 Aallad (g aliia¥) el 8 Jazars & 5o

(Ro = 6 unit/week, Wy = 5 day, D = 8 hr, X = 2 day, N = 124) - :slal Jsaall 8 LS

Aladll i 3l gl
(day) T

Allaill (3
(day) D

) Joadl
el
R o s
(unit/week)

el aaal
S Jaall 325l

(man)

HEJL_“ (1_7._-..‘1
G deall Gedl

(man)

M
D

S
R=ROE

S=H, 2M,
3H...>G

R,M
~ WaDy

oleall 2gal)
M 4llaill
(man-hour)

Wa
'=W-D% | P=up,

70.69 = 71 1.7=2
82 2
93.18 = 94 2.26=3 6.6 24
86.6 = 87 1.41 = 7.1 16 1
76.5 =77 0.63 = 8 5 3.7

8.25 - A
9.6 - B
21.75 C
3. _ D
25 E

8.7
7.5

12
12

@'S‘i\ ) i g aaie 3l las gl (e 222 58 s Min. Buffer Time X =2 sa L;Jsij«uujgﬁgbl_ﬁ;w
el Wl b Ldal il s cllladl) 8305 50y i) aladall (8 (e s a3 J

1 2] 3] 4 5 6 7] 8 9| 10| 1] 12 13| W[ 15] 16] 17| 18] 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31| 32| 33| 34| 35| 36 37[38|39]40|41[42]43]44[4?

i
i
|3
i
L8
S
L4
3
2
L1

T (day) F1
71 2
82 6

6.6 94 11

7.1 87 22

8 77 35

Sn
71
86
102
107
111

Fn
73
88
105
109
112

Activity | D (day) R (unit /week)
2 8.7

7.5
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Example 3: Prepare a time schedule for the construction for 80 houses using line of balance

technique according to the data shown below assuming a rate of built = 5 house/week and
buffer time between activities equal = 3 days. 6 day/week and 8hrs/day

Operation | Man-Hour (M) H
100
80
60
120
180

250

(N =80, R, =5 house/week, X= 3 day, Wy = 6 day, Dy, = 8 hrs)

e S sl
(day) T il

Ll Jad)
il
(unit/week)

il sl
S dasll 24l

(man)

L}g).h;ﬂ ?;A_H
G deall G2 4

(man)

Wa
T=WN-1D—

S
R=R,=

S=H,2H,
3H,..>G

R, M
G =
WaDp

asdl

EL*.;‘;H

Bl
H Jeall

(man)

sleall 2g2l)
M il
(man-hour)
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5.1 Crew Synchronization
1- The number of crews employed in each task is graphically represented with each
crew indicated by a different pattern. As such, the movement of the crews from one

unit to the other is shown;

Buffer time

—
(=i

Bl-'v r
A

3 crews 4 crews

/I'Crew

— N WA Ny g 00 O

Time
1 1 1 1 |
1 1 T T 1

10 12 14 16 18 20 22 24 26 28 30

2- The three crews employed in activity (A) have different work assignments.
- Crew 1 works in four units (numbers 1, 4, 7, and 10) and leaves site on day 12.
- Crew 2 works in four units (numbers 2, 5, 8, and 11) and leaves site on day 13.
- Crew 3 works in three units (numbers 3, 6, and 9) and leaves site on day 11;
3- Each crew moves to a new unit as soon as it finishes with the previous one, without
interruption. As such, work continuity is maintained and the learning phenomenon can

lead to some savings in cost and time;

Crew 2
5

Crew 1
4 72

No. of Crews
(C)=3

Crew 1
77 7/ G
1

0 2 3

I< D = 3 days >|
In the example shown, C = 3; D = 3 days; then, R becomes 1 unit/day
if crews available was 4, C = 4; D = 3 days; then, R becomes 1.25 unit/day
C = Number of Crews
R = Work Progress Rate
D = Activity Duration
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Activity

e it

Ex. 1: Wy =5 day

Activity

R (unit /week)

A

8.7

7.5

6.6

7.1

8

Ex. 2 : Wy =6 day

Activity

R (unit /week)

A

5.76

5.4

6.4

6

5.34

5.75
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5.2 Meeting a Deadline Duration

Integrated CPM-LOB Calculations
- Itis possible to formulate a strategy for meeting the deadline by [ Acivity

calculating a desire rate of delivery (Ry) for the units, as follows | Duration
Dependency | -

T, = Project Deadline Duration N O 46 >0 B&)

ID—(:’»)O_ 2R
R=(N-1)/(T.-Ty

T, is the deadline duration of the project

T, is the CPM duration of the first unit.

Rq i1s the minimum rate required to meet the desired deadline.

- Any higher rate can expectedly produce shorter project duration, however, more crews
may need to be used and the schedule can be more costly.
Once a minimum delivery rate (Rq) is calculated, it is desirable to enforce this rate on the
schedule of the repetitive activities to determine the resources needed to complete the

project on time.

Therefore, The above equation needs to be applied particularly to the critical activities,
which are the sequential tasks that take the longest path in the CPM network of each unit.
Non-critical activities, on the other hand, have float (TF) times and as such, we can afford
to relax them according to their float times to reduce cost. It is, therefore, possible to
modify the above equation and generalize it to determine a desired rate (R;) for any
repetitive task (i), as follows:

Ri=(N-1) /(T -T))+ TF

TP=3 D(2)

()
L

- In the above Figure, a 5-unit project is shown with each unit consisting of a simple 4-
activity network.
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Three of the four activities A, B, and C are sequential and each has 5-days duration.
The fourth activity D runs parallel to B and has a duration of 2 days only.
Accordingly, A, B, and C are critical activities while activity D is non-critical with Total
Float (TF) of 3 days.
The slopes of activities A, B, and C are the same and are steep up.
The slope of activity (D) has been relaxed by simply starting unit 1 of task D as early as
possible while starting the last unit as late as possible (notice the difference in the CPM
networks of the first and the last units).
Using this approach, the relaxation of non-critical activities can be performed without
violating any logical relationships or crew work continuity requirements.
With the desired rates calculated for the individual activities can be used to determine the
necessary number of crews (C;) to use in each activity (i), as follows:

C,=D xR,
The number of crews C; should be an integer value. If it was a fraction of a crew is not
possible, the number of crews (C;) has to be rounded up to determine the actual number
of crews (C). As a consequence to that, the actual rates of progress in the activities (R)
need to be adjusted, as follows:

C = Round Up (C))

R=C/D
Two interesting approaches can be used to circumvent this problem to represent the
critical (A, B, C, D) and non-critical (E) activities on the LOB schedule.

1- One approach is to draw the critical and non-critical activities on one grid

I 3| 3| 4[ SI 6| 7| 8| 9| 10] ll| 12| 13| l4| ISI 16| l7| 18[ 19| 20| 21

™ |n |u ‘A |m |m |u im |w |;

Time (day)

1| 2] 3| 4[ s| 6| 7| sl 9| 1o| 11| 1z| 13] 14| 15| 16I 17| 18I 19| :o| 21

2- The second approach is to extend the LOB representation to show the non- critical
activities on a mirrored grid.

l 3| 4I l 6| "I Sl 9| 101 lll 12 | 131 14] l~| 161 1*| 18| 191 21

////

7| 8| s 10] ul hkn] 14] 15 16] 17| 18| 19] 20| 21

T o b o Is

3337334333

1] 2| 3| o] 5| 6l 7| s| o| 10| m| 12| 13| 14] 15| 16| 17| 15| 19| 20| 21

Page | 66 e m Sllae Cpualine o

3
(
3




Byl dzaly — daspall 3 — Egimall Rnsgall gy — EIBILAL pall — dgusgall &l YL
Example 4: The activities involved in the construction of one kilometer of a pipeline are
given together with their estimated durations in the table below. The project consists of
10 similar kilometers. Calculate the number of crews needed for each activity if the deadline
for completing the project is 40 days and draw the LOB schedule. Assume one day buffer
time between activities.

Activity | Activity name | Duration (days) | Preceding activities
Locate and clear 1 -
Excavate
String pipe
Lay pipe B,C
Pressure test D
Backfill E

A
A

Solution:

The first step, we determine the duration of a single unit of the project and identify the
critical path by the CPM calculations. Note that the one-day buffer time is set as a lag between
activities.

10 11 12 13 15
4 E 1 F 2
10 11 12 13 15

C | 1
4 121|5

T,=15day T,=40day N = 10 units
Ri= (N-1)/(T - T,+ TFi) =9/ (25 + TFi)

Act| Duration | Total Float Ri = C=

Di i 9/ (25+TF;) Round up Ci
0.36
0.36
0.333
0.36
0.36
0.36
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C R (N—l)*D Sl F1 SN FN
(unit /day) I'=—"—"
1 9 1910
0.667 14 5 |16 19
1 9 3 11] 12
0.5 18 10 | 24 | 28
1 9 212930
0.5 18 24| 40| 42

1| 2’ 3! 4| 5| 6| 7‘ 8| 9| 10| 11| 12l 13| l4| 15| 16’ 17| lﬂ l9| ‘.‘0| 21‘ 1 23| ‘.‘4| 25} 26| 27| ‘.‘B| ‘.’9| 30‘ 31| 321 331 341 351 36) 37) 38] 391 40[ 41 42

Time (day)

/
7
7
f
:
BAMESENAY
1 2 R 6T 8
: RN
2 N
N T
\ \\ \ \\ “
g
:

ﬂﬂﬂﬂﬂdﬂﬂﬂﬂﬂﬂnﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂddu

ﬂﬂﬂdﬂdﬁdﬂﬂMﬂﬂMHMﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂddu

C=2 L) Janl) (358 230 L Jyaa Agle 5 5 i gun 138 i F 5 a1 Alledll R=1 dad Jun o3 13)

Act. D C R (N — 1) x D Sl SN FN
(unit /day) r=——7rH

1 9 | 10

0.667 16| 19

1 1] 12

05 24| 28

1 29| 30

31|32
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C=4 ] Jaall (56 e G Jytet dle (6 iy i gus 138 1 D Allaill R=1 o Jun o513

R (N—=1)*D
C | (unit /day) T=—— S1 | F1 | SN | FN

1 9 0 1 9 | 10
0.67 14 2 5 | 16 | 19
1 9 2 3 | 11 | 12
(1) 9 6 | 10 | 15 | 19
1 9 11 | 12 | 20 | 21
05 18 13 | 15 | 31 | 33

illadll Giand € Jaall 5 22 Had Jpswd 4ile 5 iy iy 138 R=1 i e o) e lylladl) Jon 5 13
Act.| D C R (N — 1) * D Sl SN Fn
(unit /day) I=—"—F"—-
1 1 9 | 10
1) 11 | 14
1 11 | 12
1) 15 | 19
1 20 | 21
1 22 | 24

H.W. : Solve the above example when a 5 Km pipeline project, X=2 day and T, = 30 day ?

7. Quality Management

Plan Quality Management is the process of identifying quality requirements and/or
standards for the project and its deliverables, and documenting how the project will
demonstrate compliance.

The Quality Management Plan, which is an output of this process, describes how the project
management team will implement the quality policy and meet the quality requirements

The figure below summaries the main processes, tools and techniques and outputs of this
management area
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Project Quality
Management Overview

8.1 Plan Quality
Management

1 Inputs
.1 Project charter
.2 Project management plan
.3 Project documents
4 Enterprise environmental
factors
5 Organizational process assets

.2 Tools & Technigues
.1 Expertjudgement
.2 Data gathering
.3 Data analysis
4 Decision making
5 Data representation
6 Test and inspection planning
.J Meetings

.3 Outputs
.1 Quality management plan
2 Quality metrics
.3 Project management plan
updates
A Project documents updates

8. References

>

.1 Inputs
.1 Project management plan
.2 Project documents
.3 Organizational process assets

.2 Tools & Techniques
.1 Data gathering
.2 Data analysis
.3 Decision making
.4 Data representation
5 Audits
.6 Design for X
.1 Problem solving
.8 Quality improvement methods

3 Qutputs

.1 Quality reports

.2 Test and evaluation
documents

.3 Change requests

4 Project management plan
updates

.5 Project documents updates

J

8.3 Control Quality

.1 Inputs
.1 Project management plan
.2 Project documents
.3 Approved change requests
4 Deliverables
5 Work performance data
6 Enterprise environmental
factors
.7 Organizational process assets

.2 Tools & Technigues
.1 Data gathering
.2 Data analysis
.3 Inspection
4 Testing/product evaluations
.5 Data representation
6 Meetings

.3 Outputs
.1 Quality control measurements
.2 Verified deliverables
.3 Work performance information
4 Change requests
.5 Project management plan

updates

.6 Project documents updates

J
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