3- Program Evaluation and review technique (PERT)
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(Most likely time) (tm) -3

avil Ylaial O (oo ol Al Jiay sa g
* Method of production(PERT) (PERT) Gidat Gl gladx

1- Determine mean time (te) for each activity

to+4tm+t
te = —— &

2- Draw the network by use of (te) for each activity and then

Determine the critical activities and critical path .

3 ks ad) Jledl) 5 A Al il s iy S8 Jaladall an i

(CPM)
3- Determine the standard deviation(S) for the critical
activities
Gaa Allad JSI 5 jlmall Gl Y] aa
¢ = tp—to
5

4- Determine the standard deviation(Sc p) for the critical path
g sanal (an il )3l (5 s A 5 7 sl Ll (5 laall Gl jadY) aa o

Sen = JZU(Sf + 52+ - +Sfj)
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5- Determine the probability to finish the project in expected

time
Jsham s Ul () 5B Aatily pme s (3 g 5 el il Alaial Lo 2
(Z) s
7 = Ts —Te
Sc_p
Te = ZTEC.A — - U—‘\:JM\ 3-19-13
g pall
zall jlaallly

Ts= L OHlaidU adiaaty) alagl o) yall &u‘)..lqﬂ BEOEN ATy RN
Scp = standard deviation jfor the oiticalph
Z )5 Jslaa aladinly s 7 dad i apmsdle ) al) diibudilifig — o —
led AL (P%) Adlaial) 2
A JAAL Jglanl) Gl ardiuis (P%) dllaiay) J)pudl b
 (Ts) oY O Gukai o5 Ll AL 7 G 32 53 o5 (e 5 (P%)
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EX: Because of the uncertain nature of the programme for
construction of specific project it is decided to draw and analyse
the arrow network for the following activities by using three
estimates of duration for each activity what is the probability
that the programme will be completed in33weeks?

Activity Duration (week) Depend on
to tm tp

A 6 9 12 -

B 6 8 10 A

C 2 5 8 -

D 4 7 10 C

E 4 6 8 D

F 5 9 13 D

G 2 3 4 F

H 1 2 3 B,E

I 2 3 4 G,H

J 2 4 6 B

K 3 4 5 J

L 2 3 4 K,
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The critical pathC~D—-F~G—-1-L =30 week

Sap = 12+ 124 G + GF + G + G2

16 1 1 1
_J2+'g—+a+a+a— 2.03

_ Ts-Te _33-30

Z = = = 1.48 to the right of the mean
Se 2.03

And from the tables of Z for(Z=1.48)the standard area
equal= 0.5+ 0.4306= 0.93 of the total

So the probability of completing the work in 33 weeks i
therefore 93% (high probability)
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Ex : Because of the use uncertain nature of the programme for

construction of small specific project it is decided to draw and

analyse the arrow network for the following activities by using

three estimates of duration for each activity .what is the

probability that the programme will be completed in

1-44weeks
2-55weeks
Activity Duration (week) Followed
te tm tp by
A 3 4 5 B,C,D,E
B 4 7 10 F
C 3 6 9 G
D 7 8 21 H
E 10 14 24 K
F 3 7 11 J
G 2 5 8 J
H 0.5 7 7.5 l,]
I 15 20 25 K
J 6 8 25 K
K 2 7 12 -
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Solution :

Activity [to  |[tm |tp |te |s ES EF LS |LF |TF |CP
A 3 4 |5 |4 1/3/0 4 0 4 |0 |*
B 4 7 10 |7 1 4 |11 16 |23 |12
C 3 6 9 |6 |1 4 110 |19 |25 |15
D 6 8 |22 |10 |8/3/14 |14 4 14 |0 ¥
E 10 |14 (24 |15 |7/3|/4 |19 |25 40 21
F 3 7 11 7 |4/3/11 18 |23 |30 |12
G 2 5 '8 |5 1 10 |15 |25 30 |15
H 05 1|7 756 |7/6 14 |20 14 |20 |0 |*
I 15 |20 (25 20 |5/3|20 40 |20 (40 0O |*
J 6 8 122 |10 |8/3|20 |30 |30 |40 |10
K 2 7 12 |7 |5/3/40 |47 |40 |47 0 |*




Critical path A-D—H-1-K

Project completion time =47 week= te

Sep= | + G+ D2+ 2+ O

1,64 49 25 25
= \/5+;+£+;+;-3.76

44—47

1-Zy = 367

= (.8 — Probability=0.5-0.29 = %21

Because of 44 total left of mean

Probability=0.5+0.48=%98 Because of 55 the right of mean
Example: for the following activities find

1-The project construction duration at probability %4
2-The project construction duration at probability %€

Activity Duration (week)
to tm tp
1-2 4 5 6
1-3 1 3 5
2-4 2 2 2
2-5 3 4 5
3-7 7 8 15
4-5 1 2 3
5-6 1 1 1
6-7 6 6 12
7-8 1 2 3

\o)
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Solution:

Activity | Duration week
to tm |[tp [te |S ES |EF |LS |LF |TF |CP

1-2 4 /5 6 |5 (1/3/0 |5 0 |5 |0 *
1-3 1 '3 |5 |3 |2/3/0 |3 |5 8 |5

2-4 2 2 |2 |2 |0 5 |7 |5 7 |0 |*
2-5 3 |4 5 |4 |1/3/5 |9 |5 |9 |0 |*
3-7 7 '8 |15 |9 4/3/3 |12 |8 |17 |5

4-5 i 2 (3 |2 |1/3/7 |9 |7 9 |0 |*
5-6 i1 /1 /1 /1 O |9 |10 |9 |10 O %
6-7 6 6 |12 |7 |1 10 /17 |10 17 |0 |*
7-8 1 /2 |3 |2 1/3/17 19 |17 |19 0 |*

tp — to
=%
TN Y
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Critical path( -2-5-6-7-8)=19weeks}

> Te=19 weeks

And Critical path ( -2-4-5-6-7-8)=19 weeks}—

1 1 1
&m:$@huguﬂm+mf+gf

= 1+1+0+1+1—115
]9 9 9 9

— 12 2 12 2 2 12
Sqﬂ—J%)+m)+%)+@'ﬁﬂ+%)

1 1 1
_JE+0+E+O+1+E‘1'15

1-For probability%4 —0.5 - 0.04 =0.46— from table Zl

g — 59 -4J4=?;9%Ty=w—2=1mm

SCIP

2-For probability %81—* 0.5+0.31—from table Z=0

038=f;34nw49=1ﬂ1z1eTs=mmm
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H.W. for the following activities find

1- the project construction duration at probability %
2-the probability of project construction 93 weelk
3-the project construction duration at probability %

4-the probability of project construction 105 wel

Activity Duration (week) Followed
to tm tp by

A 16 19 28 D,E

B 5 7 9 F

C 7 8 9 G,K

D 10 13 22 H,1,J

E 6 8 16 F

F 9 14 19 l,])

G 5 6 6 l,]

H 12 14 22 L,M

I 6 15 24 Q,R

J 6 8 16 N,P

K 2 3 4 N,P

L 7 13 25 T

M 6 7 3 Q,R

N 16 18 20 Q,R

P 5 6 7 S

Q 6 7 14 T

R 5 6 7 S

S 7 3 9 T

t 10 16 28 -
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Solution:
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Activity | Duration(week)

to 'tm |tp |te |s ES |EF |LS |[LF |TF |CP
A 16 |19 (28 |20 |2 O /20 |[O (20 |0 |*
B 5 |7 |9 |7 2/310 |7
C 7 |8 |9 |8 1/3/0 |8
D 10 |13 |22 |14 |2 20 |34
E 6 |8 16 |9 5/3/20 |29 (20|29 |0 *
F 9 |14 |19 |14 |5/3 |29 43 |29 43 |0 |*
G 5 |6 |7 |6 1/3 |8 14
H 12 |14 |22 15 5/3 34 |49
I 6 |15 (24 |15 |3 43 |58
J 6 |8 16 |9 5/3 |43 |52 (43|52 |0 *
K 2 3 |4 |3 1/3 |8 11
L 7 |13 |25 |14 |3 49 |63
M 6 (7 |8 |7 1/3 149 |56
N 16 |18 |20 |18 |2/3 |52 |70 |52 |70 |0 *
P 5 |6 |7 |6 1/3 52 |58
Q 6 |7 14 |8 4/3 170 |78
R 5 |6 |7 |6 1/3170 |76 |70 |76 |0 | *
S 7 18 |9 |8 1/3 /76 |84 |76 |84 |0 |*
T 10 |16 |28 |17 |3 84 /10184 101 0 | *

Sztp to

6

Critical path=A-E-F-J-N-R-S-T
=20+9+14+9+18+6+8+17—101 Weeks

Te=project completion time=101 Wee
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|
5 5 5 2 1 1
Sep = J{Z]E ¥ (5)2 + (5)2 + (g)z + (§)2 + (5)2 + (g)2 +(3)?

1-7 = Ts—-Te

Se
%p=%40—>0.5 — 0.4=0.1—from table of Z— for P=0.1
—Z7=0.25

Ts—-101
4.69

—0.25 =

— Ts =99.83 Week = 100 Week

2-93 week to the left of the mean 101 week
_Ts—Te_93—101

Z = = = —1.706
5o 4.69

From table of Z— %P=0.5 — 0.46=%4

3-Probability %50
%P=0.5 —0.5=0.0 from table of Z— 7=0

Ts—Te Ts=Te
— —= (0=
Sc.p 4.69
So 0=Ts-Te

So Ts=Te=101 Week

105-101
4.69

= 0.5+ 0.3023 = 0.8 = %80

4-7 =

= 0.85 = from table of Z = %p
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4- Line of balance

Ay aoliall Ay 3l dae ) Ll Callal aal 128 jiiay
Agliiall Cilas 1) (e 23 285 (e A3 gSall an jLial) (8 Bale aaA% § Auuaigl]
3 e o) 4Su 3as 5 100 Uaida g g pall (S IS 3 Sl

1388 5 daall A gludia CHLbina

Steps of follow lee L) gy &l glad

1-List the main activities
2- Assess the time needed for completion of each activity
3- Assess the labour or gung size needed for each activity
4- ldentify the plant to be used for activity
5-Decide on buffer times between activities
6- Calculate total time for one unit
7- Decide on rate of handover of subsequent units
At 1 CLlaally il 1
Alled da 3O i 31 Ol il pasd 2D
Aallad S 5lai 4 glladl) Jaall Gle gane ana 2385 -3
Agllad O il 2y lladll 352 Y] s -4
Aled JS G 4 30U i 1 Jaal g8l aast 5

Anlasy) -6
Aty 5% US Latlasd o slhaall ALY 7
- Advantages Gl yaaal) *

iy ,Lall 03 3 Jee 329 JS) Joall i) dnst Jane a5 Jaad) (3 -1
ay S e 43l e slal agh Jgusd) e -2

104



By g g pdall illlad o alill ey 5ils dasd g o 68 Jeall (10 -4
& 5 piall 255

Lall () dasilly oa Al & 5 pdiall 350 50 43 505 @2 )55 (Sas -5
Sl Y g Cilanall ) ddliza) ALY A sal)

Sl s bl e Jaall 208 Jal e Cudi (Saall (e 48y jlall 028 3 -6
& sall (8 20l ol ye o Bl A s 5 (S

ladled 2083 daddtisall Cilamall § LIV g A0LEY) 3 gall eSS -7
Dl e se paad ) bl Jakadall (e b asaad Jeall e g 5 il

Y ara (4 CDEAY) a5 g Allad JSI JaaW) Jara e 53 Jedd) (40 -8
& s el leta O sSiall ildlaall sy

sl g soall Clllad (gaa) 2ty ) ) 0 a5 (el (0 La)l -9
s AY) clilladl

Disadvantages
sl lan e sana (yo 435Sl gy Ll L Agulio 46yl 538 <1
3l Ja)ye 5 LAY paal] Cum e 2al
L 45 jle 288l Ja e e Ao 3 e Jaed 44 Hhall o2a -2
Line of balance production O s s coslal gk

(LOB) 0l sill Jady palad) Jaladall ¢ 555,

Sl Aol Hsadll Je 55 (Duration) oeol Jias ) s

2l el e s s (Buffer) Leiw axiea 3l Jual séll 5 Cililladl)

(Buffer) L 4t Il Jual gdll 5 cllladll il

i Laiy & 5yl el iy Al ) 5 saall (e LegalS (8 a3l oy
(Number of units)
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Clas g aae aa ) e L alada s (1) ad Jiwd) (e sl Tay
Lg_d;\JM\J}M\@A%&&\MJ\jo‘)M\&jM\

4

*time
Number of
units

» time

Duration of project
Cillladll (83 s gal) CHEal) praaia 5l dpunss |
& 5 pall 281

ALald Lein g @u:d\ e 32l A B C lilladl) (2,1) A8 ol Sy -1

b A sludia g AiSan dyie ) Abald J8) () oS3 (Buffer) 4xie )
Cllad S oy Jalad ) (oo aliad g Allad S 2w 4l

Cym Allad 0N 345 MR Slai¥) Jane e slaie Yl
B 4lladll Al de juw Jaees C B A Adladl) v
CAaling llledll lles (At 3l ALl C

ALald Lein g @u:d\ e 32l A B C lilladl) (3,1) A8 Cplsil Sy -2
Ll Jaul 8 4 gluia s A€aa dyie ) Alials Ji) () S5 (Buffer) 4xe)
A5 Cllladl) 285 Ao s Jara (5 gty @lld g IS habaddll e
A sia Leda ghad (o oS5 el

JS 288 Aoy Jara ol 5 e leasi C,B llladll (5,4) o8 lSEN Jiay -3
385 de ju Jaray C,B Gilladll (30 IS (e & il DA iilladl) (4
C Alladll e gyl B Aladll

106



Alladll 285 Aoy Jara O 5 Tae (LS C,B llladll (6,4) JS& Jiay -4
D,A tiladll (e JS Aoy Jare O 5 B Adledll (e g il C
C,B

OO OO

Logic diagram for sequence

Figure 1
A ! Buffer | B C
Overall

duration

—

Number

Activity A proceeding at a faster rate

Of units

than activity B Activity c proceeding at a

A slower rate than activity B

— —
Minimum buffer Duration

Figure 2
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Overall duration
4—
Number
Of u n|tS Activities A,B and C all proceeding at the
Same rate of construction 'ideal’ relationship
_» 4_
Minimum buffer Duration
Figure 3
B
A
< C
Figure 4
A B C D
Overall
Duration
NumberS Of Activity b and c start together
UnitS C proceeds at a slower rate than B
Duration >

Figure 5



Overall
.duration
Number of Activity B and C finish
units together B proceeds at a slower
rate than C

Duration

Figure6b
M= Man hours per unit
O= optimum number of men per operation
G=theoretical gang size =

M * rate of production
(No.of work day per week) * (No. of work hours rper day)

G= Actual gang size

2 S (G) G B ad) OsSs dardl 308 (8 Jlendl (salic V)
(Q)

U= Actual rate of production =

% « rate of production per week

.
IRT-S | |
Q*No of work hrs/day UJ C = &

Y 23 Jimdr g s

T=time per operation =
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S=£N— 1}*wo*rf' day/week
U

Where N= No of units

Ex 1 : Your company has been awarded a contract to erect 124
pylons for the electricity board the following table shows the
sequential operation involved in the construction of each pylon
together with the estimated man hours and optimum number
of men for each operation .

Operation Man hours | Optimum no. of men
per operation
A | Excavate 55 4
B | Concerte foundation |64 4
C |Erecttower 145 8
D | Fix cantilever 90 8
E Fix insulators 25 5

The hand over rate specified is six pylons per week and this can
be taken as the target rate of build

Prepare a line of balance schedule assuming that each gang
works at its natural rate state clearly the contract duration
assume a five — day working week eight hours per day . and a
minimum buffer time of two days
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Ex 2: the construction plan for a house is shown in fig below and
the following table gives the man hours required and the team
size for each operation prepare a line of balance schedule for a
contract of 30 houses using a target rate of build of four houses
per week and each team working at their natural rate assume a
minimum buffer times of five days between operation and five
8- hour days per week

What is the overall duration of the project and when will the
first team of bricklayers (super structure operation ) leave the
site?

\({
U=Sub structure @//
V= super structure
W= Internal partitions ,Z= Finishes
X= plumber

Y= electrician

Operation | U Vv W X Y Z
Man hours per house 120 | 290 250 |40 30 220
Men per team 3 6 4 3 2 5
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Ex 3: prepare a line of balance schedule for a contract of 15

houses based on a rate of build of three houses per week

assuming five 8-hour days per week a minimum buffer of five

days should be assumed the following table shows the operation

together with the estimated man hours and optimum number of

men for each operation .

operation Man hours Optimum number of
men per operation
A Substructure | 180 6
B Brick work 320 4
C Joiner,1st fix |200 4
D Tilers 60 2
E Glazing 40 2
F Joiner,2nd fix |120 3
G Electrician 80 2
H Plumber 100 2
I Painter 40 3

The sequence of operation is shown in fig bellow
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Ex 4: The constructior plane for a house is shown in the figure
shown bellow the following table gives the man hours required
and the team size for each operation and the minimum buffer
time between each activities prepare a line of balance schedule
for a contract of 80 houses using a target rate of build of 3
houses per 2 day and each team working at their natural rate

assume a6 day working weekly , eight hours per day

1-What is the overall duration of the project

2-The date of the end of construction of the house unit No 3

3- After the completion of the house no 30 the contract
decided to release(2)team work from the activity (F) .Find
the new completion data of the project.
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Activity Man hours |Optimum | Minimum
number of | buffer time
men per
operation

A 240 5 4

B 140 4 2

C 240 6 5

D 166 3 2

E 251 5 4

F 315 7 -
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