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i 8|o]18 18] o [33]cp. [33] 036
=>| B | 10 p<epl E | 15 > G | 3
8]o18 18] 0 |33 33| 0 |36
ofof8lcr] [sTo[ 3]15]18 - —
£ s c| s F | 5 | [ES| FF | EF
0Jo]s 3]s [18 28[15[33 { [Act. | Dur.
{ [LS[TF[LF
s [10]23 | Critical Path (C.P.)
D | 15 ; .
18] 1033 | S —— il




LATIRA LA PN

< glad,

Rl Sl -

Gl e s Y A el g g pid) A A5 Sl he 5 s ES Sl Al e s
o aall Adladll G ae Adlad JS15 Sl Al e g Gandl ) el G sy (il
gl sl ek A Adaalls Sl e Ay (EF=ES+D) il s Sudiajidl
ek a5 S s S g gl e aaas s g el Al ) el e iy A S

&5l

agadl Sl

5 Al Al e gf) Adladll il 5 Haliadl gl g I & g 0 A ddad jaY 5 Sl Al Jis
oAl iy leal s palidl eles e Adlad S ) e T (8 gl e g g Al
Al jhaal il o adll 223 Aa Ay Lhes ) Adlaill 5 el Al yias Ay (LS=LF-D)
e 5 ALl Ll 6 i can Al g ¢ g sl Al el N Jpea ) s iy



el g bl Caal 235U J saall

Aol A 0l g g il gtV AG jhay St daladdl sy - 10 Jie

§ g piall il Ga gz adl jedlyda jall Sllladll 2a 5 Slllaill jall g il 2 gl o 5 jaladl 95 Sadl)

Activity

Duration (day)

Dependency

|| O O | | 3>

O\ \O| W ||t

5+2+9+6=22 Day

Project Paths
ABDF=5+3+3+6=17
ACEF=54+24+9+6=22

D(8.11, 5)
3(13,16,5)

) A-C-E-F s gl jlud

19-



Project Resources Management (Leveling and Scheduling)

| Project Resources Management |

Ny

| Resource scheduling | | Resource Leveling |
( Resource Constrained | | Time Constrained |
Resource Scheduling or allocating Resource Leveling or smoothing
is changing the starting date of all is changing the starting date of only non-
activates according to prioritize and critical activity within its total float to
allocate the constrained amount of reduce the fluctuation of used resource
resources leading to increase project amount along the constrained project
duration duration
"3 all anads g A" "3 gall a5 4 g0
TH R [T I PRYRQINF IS P L7 PN S e L s a el Cladl e 0 5 il
2050l I a5 Laa sayindl o)) all 08 anass, a0 0ok e Aol a0 408 s il Gl Ll lad)
£ sad sadip s snd




Resource constrained Project

Time constrained Project
Resource scheduling Resource Leveling
Resources | Resources
3 1 A
R b= o o o e e e e ’—JL - R === oo- |—- —_
R1 R1
~ | Pl
R b - - - - - eI {" R- ..... — —_ | —
R2

Time T=T1 T2

Time T=T1

T2>T R2<R T1=T Rl

v
|




If Ryy. < R - Project will be delay (Resource Scheduling)
If Ry, = R - Project on time (Resource Levelling)
Where:-
2, R
g=ZR

T

- R
R = Average Resource Required Per Unit Time of Project = ET
R,,. = Resource Available

R = Resource at any Unit time of project

T = Comlection Time pf Project

Resource Leveling (Smoothing)

[ Resource unconstrained: no limits on resources and use average resource

[ Project duration constrained: project duration not allowed to be delayed

[1 Reduce the difference between the peaks and the valleys to avoid the resource fluctuation
[} Change the starting date of some the non-critical activities




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
A 2 2
B 5 2
C 1 2 A
D 4 2 A
E 2 2 B.C




Solution

Activity | Days | Workers | Precedent |
A 2 2 ‘
B 5 2
C 1 2 A
D 1 2 A
E 2 2 B.C




Time (Days)
AEEERERE"

[ Activity | Days | Workers | Precedent |
A 2 2 1
B 5 2 \
(& 1 2 A \
D 1 2 |A |

T ® |2 2 |B.C |

Resources Summation = 28

Average Resources Required =

28+7=4

Resources Histogram Before Leveling

Activity c N
BEAE SE NN
o I
2 |02
¢ ==
Before Lmlllnd E] 5 4 4 4 2 |[Total =
Move D: 1week -2 2
4 4 4 4 4 4 |[Total =
5
4
Resources No. 3
2
1
2 3 4 5 6 7

Time (Days)

7

Resources No.
- ov

1 28 4

8§ 6|7

Time (Days)



Resource Leveling Procedure

O Draw a node diagram for the project

O Draw a bar chart for the project

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

O Resource Aggregate: summation the resources in each time period

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

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

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

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

O Revise the schedule of activities

O Aggregate the rgspurces in each time period




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.

Activity | Dependency | Duration (Weeks) | Number of machines (Units/Week)
A - 4 1
B - 4 1
(& - 5 2
D A 2 2
E B 5 1
F B 4 S/ 1
G C 1 1
H B.D 4 1
1 E 3 1
J F,G 3 2
K J 1 3




Solution:-
A.

0/o]4 4ol 6[2]10
A4 D | 2 H | 4
2|26 628 [8]2]12
ofof4 4a/0]9 9012
B |4 E | S 1|3
0/o0]4 JOE 9|01
4/o]s [s]o]n
F 471[3
4/o]s [8]o]n
ofo]s s|2]e6
¢cls G |1

2]2]7

1]2]s




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
Time (Weeks)
6 7

A
B
c
(=]
=
Activity .
G
-
'
J
L
Before L.v.llln‘ B B Bl B 6 5 3 3 B Bl 3 3 otal =| a8
Move H: Tweek -1
B B Bl -1 6 ) 2 E Bl B B -1 otal =| a8
Move G: 2week -1
S E B B R 2 - B s ks B otal =| a8
Move D: Tweek -2 2
ST 331 3 14 S 1 4 S+ 3 4 [totai=| a8




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

Activity '(’“;‘"‘;‘:;‘ am.':m ool e G s|le|7]s 0] 1|2
A 4 1 2 6 1 (1
B 4 1 0 4
C 3 2 2 7 2.2 2
D 2 2 3 s 2 [ 2
£ < 1 4 9
¥ 4 1 4 s
G 1 1 7 8 1
[Tl 4 1 s 12 ] T
1 3 1 9 12
J 3 2 s 11
K 1 3 11 12
Weekly Resowrce Required | | 1 £ 8|6 | & 4 | 4| 8
[l
3
E—
H 4
& 3
2
1
£ |52 5|6 |7 |8 10 11| 12

Time (Week)




Resource Scheduling

T Reduce the resource usage to be less than the average resource required

T Constrained Resources: available resources are less than the average resource required

T Unconstrained project duration: project time may be delayed

C The objective is calculate a minimum project time delay to meet the resources limits

¢ Resource Scheduling : Is there is a way to prioritize activities that compete for the limited
resources so that the net project delay is minimized?

D ety e ey (il enet pokel

R
P2
(2]
'
¥

%]

ur.

l\.)-lé-l\)b)h)c

19 [ = | =19 (19 | 2




Resource Scheduling (Example) or Scheduling Limited Resource

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 machine.

Duration Number of machines

Activity Dependency (Weeks) (Units/Week)

OB

B.D

tr

¥G

Al==TQ|H|m|O0|w| s
—lW W A=A lDNINR|n &S
Q0 | N | ot [ ot | ot | o | ot | IND | IND [ ot | et




Solution:-

Act, | Dep. |Dur.| R | LS | TF
B - 4 (1({0 ] 0
A - 4 1112 ]2
C - § 1212 ]2
A. Draw the Network Diagram AR
o[04 afole 6210 DA |22][6]2
£ | 4 l A sTrels T2l
2276 6]27s [8]2]n2 B Bl 4 1] s 2
@ 1 E|S|5|9%|@
K| J |1 [3/n|o0
0ofof4 JE 9 o012
B | 4 > E | S > 1|3
0|04 4fofo 9 o2
[4]0]8 8|ofn
F | 4 HE K [1
K 8|o|n 1nfofn2
of[ofs s[2]6
c s G |1
212)% 728




B. Drawing the Bar Chart of the project

Act. | Dep. |Dur.| R [1]|2]3]4]5]6]7]|8]9]10]11]12

A - 4 1 |-

B - 4 1 [N

C ) 5 | 2 [ BlEREIE

D A 2 2 22

E B 5 1 1/1]1[1]1]

F B 4 1 1)1 1

G C 1 1 1

H| BDp /| 4] 1 1[1]1]1

I E 3 1 TE [

J |l Frc|[ 3] 2 ZlEE

K J 1 3 3
SR=| 48 [4|4|4|4|6|5|3]|3]|4]|4]3]4

<)

1. 2| 3/ 4/ 5 6| 7| 8 9(10/11/12




C. Priorities activities according to the following rules, priority goes to the activity that has:
a. [Earliest Late Start (LS)
b. Ifa tie, 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:

Act. | Dep. [Dur.| R | Ls | TF [1]2]3]4a[s5]6]7]s]o]10]11]12]13]14]15]16]17]15
B| - |4[1] o] o ||zl
A 4 (1212 11]2]1]
c s [2] 2 | 2 |BlBiRNEN2
E|B |5 |1] 4]0 T EEED
| ¥ [ B | 4[240 1[1]1]1
D | AR |2la|l% |2 2[2
¢ |l e [al1]7]2 1
J|F,c| 328 [ o 2[2]2
H [BD| 4 [1] 8 2 O 18] SRR) e |51
1 E [3[1[9 o0 1[1]1
K| J [1[3[1un]o 3
SR=| 48 [3[3[3(3/3]3|3[3[2]3[3[3]3[3][2]1]1]3
SR- 136 |o|o|o|olo]o]o|o|afo|o]olofofali]1]o
3 L | &=
2
1

1 2 3 45 6 7 8 910111213 14151617 18



Programme Evaluation and Review Technique (PERT)
(i A k) aladide Jaukadll)

ALY ao il A 5 3 Al cllalaadl e adied 3l bl e (PERT) <o sl 22y o
& e lallad daa 1 (8 eals JS5 axdid Laxic 1959 dius o 3 5k (5 5a S Bnall Call) (g iy 5 o

A a1 A padll I8 (g o) g
LS A 5 cillladll e 3Y a8 S0 a8 Adlaa ) VLY 4 5l o adiag 435S all (e 10 iy o
=g

1- Optimistic Time (a) Adudll il cdy pail g Jiliidl <d
2- Pessimistic Time (b) 4edl) 2l ¢y J ol g8 :ailiiall <d )
3- Most Likely Time (n) Leeis il g da 5o :Ylaial JSYI =3 4l

-1 sh Lo (A (PERT) Coum 43y jla il 343
mean (T) Lo sie led 505 oalall a5 il ads Cuny & 50 a8 aladiuds Lauaas &% cllladll 43
Variance (V) (#455 Standard Deviation (S) e <3l 23l
onl Shusall (pa 3 YLiind SIY1 550 uem (S (V) ol s (T) pm 30 A il il iy 2
& sl



cdall el gha
Slladll 5 Y asand (1) Uass siall daill i a8 i) o 3l i -
(T) & soiall Jaws il (a3l s 2 pall sl 2aas -
goablis J4 sl e (V) sadl il A5 (S) okl 5 o bandll ol pai¥) Gl -
(\'cp)c);.“ Dusall o glaill jlate s - 4
(Scp) gl Ssall (g lamal) il 2 s -
(@S s Gima (e (3 kel Alial dayl - 6
T,= oaie A 0ia¥) slay) 3 yall el Z 4ad s 2
Allda¥l Jga (ge 7 Aal ALad) A0aa V) dad 21 A5 b
sl (el 8 Lkl s Allaial < (P) J) b Z J 3 kliall Aadll - 7
MR

W -

h

_a+4m+b S_(b—a)

6 ’ 6

V = (5)?

=T
T=Ztcritical,VCP=ZV,SCP=,/ZV, Z=—"

s



Z P Z P z P Z P
: 0 | 09 [o018] 01 [054] 1 [ o084
25 | 001 | 08 | 021 | 02 | 058 | 1.1 | 086
2 | o002] 07024 03 [o063] 12 | 088
15 | 007 | 06 | 027 | 04 | 066 | 13 | 09
14 | 008 | 05 [ 031 | 05 [ 069 | 14 | 092
13 | 01 | 04 | 034 ] 06 | 073 | 15 | 093
12 | 012 | -03 [ 038 07 [ 076 | 2 | 098
;1.1 | 014 | 02 [ 042 ] 08 [ 079 ] 25 | 099
-1 [ 016 | -01 [ 046 [ 09 [082 |3 1
0 0.5 L




P(-X< Z < +X)




N e S a5 AYT AaliYU Leie JS ABe 5 43N g il 3 Cllladll e 230 g M Jgaall 1] Qe
A ALYl G aal oy PERT 2 48y jhay ¢ 5 piall Jaglads slbadll 2 m b

Activity a m b Preceded by

A 6 8 10 )
B 1 7 12 A
C 5 6 7 A
D 5 5 12 B
E 7] 4 8 B
F 1 5 7 D
G 6 7 7 F

T35 (e d g asiall eld) adaial i) ]

& smal 33 a3 g sodal elgdl alaial dlay) 2

T & sual 38 o) 3 g sl elgdl Adlial dlayl 3

& sml 36 () o g aodall el adlaial day) 4

€0403 Addials g 5 pall elgBl (ja3 2251 5



Solution

TR )| FIVEN U RN

Activity | a m b t
A 6 8 | 10 |18.00
B 1 7 | 12 |6.83
C 5 6 7 [6.00
D 5] 9 | 12 161¢
E 2 4 8 [4.33
F 1 5 7 |4.67
G 6 4 7 [6.83




Paths of the networks:

- da jall Al sl

MmBOFG=gopse2se=2s | 68 | [ 62 | | 47 ] | 68
ABE= 846844 3210, B "N o F <
AC=846- 14
Project Duration = 325 week N
3 43 i
Start n 3 n
b
c
Cua da el LA S |V Clusy a5
b —a
o L (S (S)?



Critical Activity a m b t S \Y
A 6 8 10 8.00 0.67 0.44
B 1 7 12 6.83 1.83 3.3
D 5 5 12 6.17 1.17 1.36
F 1 5 7 4.67 1.00 1.00
G 6 7 7 6.83 0.17 0.03
§ sanall 32.50 6.19

T=Zt=32.5,

Lys=

Sep = ’ZVcritical =v6.19 = 2.49@

Cg sl 32.5 a3 (B g sodall eled] Adaial da

I's=1T " ""32:5=325

Sep ~ 249

P3, 5 =50 % from the Table

Gl a5



g sl 33 (e (A s iall elgd] Adlainl o)
Ts—T_33—32.5_02
Sep 249
P3; = 58 % from the Table
8 sal 38 e (A g sodall eled) adlaial da)
Ts=T _38=325 _

Zgo =g = = 221

33 =

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

Z p

> 0.08 690089 x—088 ...
221 x DE=g 2=
25 0.99

P35 = 0.984 = 98.4% from the Z-Table

a0



& 50l 36 (0 (A g s el eled) il Sy
Ts—T 36—325

6= %n 249
Find P for Z= 1.41 (from the Z-Table)
Z P
5 0.93 — 0.92 —0.92
3.4 092 = = x = 0,921
1.41 X 1.5-14 ~ 141-14
1.5 0.93
P3s=0.921 =92.1 % from the Z-Table
9693 JiYI e Adaialy ¢ 5 pdall 4 gy 3 a3l 2 4
from table, when P=0.93 — Z=1.5 « 0.93 aic Z 4ad ;i 2a3 Js2all (3
Ts—-T Ts—32.5

Zp_o93 = o =15 - 15 S e - Ts = 36.24 = 37 weeks

=i11] 2



gl le gl Jull g g phall 2 Joa

8 5l 0227 (A sokall Jladl Juia) -]

p2227 58I g skl il Jisl -2

23235 (e JSI5 58 Mg 58 Jlail Al Juaal -3
ps 355,58 g s hall Sl Juaia) -4

Act. Precededby |a |m |[b |t |V
A - 6 [9 |15[95([2.25
B - 2 [4 |8 [43]1
& A 6 [8 |10 |8 |0.448
D B 4 |7 |12173]|1.76
E & 2 [3 |6 [33]/0448
F D 4 17 |19 |87]1
G D 5 (9 [11(87]1
H E;C 1 [2 |4 [22]0.25
I G 2 [3 |5 [32]025
J E 1 [4 |6 [38[0.25
K H..I 2 [4 |5 [3.8][0.25
L K.J 2 13 |5 |32[1025




95 S8 J33] J[3%
A C E J
0
Start
a3]_[73] [87 73 38 32
| B D F H K E
HIMMET
LG i

Paths:
ACEJL=95+8+33+38+32=2738
ACHKL=95+8+2.2+3.8+3.2=26.7
BDFHKL=43+73+87+22+38+32=295
BDGIKL=43+73+8.7+3.2+3.8+3.2=30.5 (Critical Path)
T=30.5
Vp=1+1.76+1+025+025+0.25=4

AR (T \/451_212

'Jl




1- Probability for T,=27 day
T—=T 27-305 _

L= = = -—1.65
Sep 2.12
For /=-1.65. find P
Z P -1.5-(-2) -1.65—(-2)
= = x = 0.0549

—2 0.02 0.07 — 0.02 x —0.02 o
-1.65 X
-1.5 0.07

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

3- For T, = 35 day
Te—T 35-305 _
Sep i E1r

For T, < 35 day, P =0.982 = 98.2% for Z = 2.12 (From Z-table)

4- For T, > 35 day,P=1-0.982=100-982=0.018=1.8%
ar=T—-3S,=305-3(2.12)=24.14 g sl a3y Jilisdl s
br=T+3S;=30.5+3(2.12)=36.86 & s aall a3y ailiadl =iyl

s

7 =




S5 b o ol Jliial g JB) 5i 052 30| A E 9 piadl o) Judal 2a g 13 Jie

Act. | Preceded by |a m b t \%

A 1 3 6 9 6 1

B A 5 6 Z4 6 0.11

& A 4 6 8 6 0.44
D A 4 5 6 5 0.11

E B 7 8 9 8 0.11

F & 6 8 10 8 0.44
G |D 5 6 7 6 0. L=
H |E 7 8 9 8 0.11 *
I F.G 6 8 10 8 0.44

J H.I 4 8 8 6 0.44




[ 6 Al 8
E H
0
A
6 o 8 8
Lc F I
5 J 6
D G

Paths
ABEHJ=6+6+8+8+6=34(V=1.78)
ACFIJ=6+6+8+8+6=34(V=2.78)
ADGIJ=6+5+6+8+6=3l1

ch= 1+044+044+ 044 +044=2.76




6 o 8 NI
B E H
0
A
6 NIE g
Lc 3 I
5 J 6
D G

Paths
ABEHJ=6+6+8+8+6=34(V=1.78)
ACFIJ=6+6+8+8+6=34(V=2.78)
ADGII=6+5+6+8+6=31
Vep=1+044+0.44+ 044 +0.44 =276

Sep = /Vep = V2.78 = 1.66

5.




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 vanances. 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
Sep 166

For T, < 30 day. P=0.012 = 1.2 % for Z =-2.40 (From Z-table)

Z= =-241

For T;>30day.P=1-0.012=100-1.2=0.988 = 98.8%



2- Probability for T.=36 day
, LT _36-3¢
W TR T
For T, < 36 day. P = 0.88 = 88% for Z = 1.20 (From Z-table)

For T, >36day.P=1-088=100-88=0.12=12%
Find T, for P=100% £ g dall Hady Yidal SSY e il Cansal
Z= 3 for P=100% or P=1 (from Z-Table)

E~T A
= 3= = T, =38.98 = 39day

s, T 1.66

ar=T -3 Se=34-3(1.66) =29 &3 aall Jasy Jiisl i gl
br=T+3 Su=34+3 (1.66) =30 & 52 jasy sl i gl



2 gi 14 Jia

B 5510 Ag sl ol Jaal -]
Jilglag 13 Ag i jasl Juaal 22
p211.5 59 Ondsia M5yl Gaa A g g yddl sl Judal -3

Activity | Predecessor a m b t \
A - 1 2 4 2.17 0.25
B - 5 6 7 6.00 0.11
C - 2 4 5 3.83 0.25
D A 1 3 4 2.83 0.25
E G 4 5 7 5.17 0.25
F A 3 4 5 4.00 0.11
G B.D.E 1 2 3 2.00 0.11




:P.
(]

Start

s}
(n] ()

>
o0
o2
y
N

1

Paths

AF=217+4=6.17
ADG=217+283+2=17
BG=6+2=8
CEG=3.83+5.17+ 2 =11 (critical path)

Vep=025+0.25+0.11=0.61

Sep = /Vep = V0.61 = 0.78

20/s

End



Probability of Ending before 10

_T,-T 10-11
BT
For T, < 10 day. P =0.10 = 10% for Z = -1.282 (From Z-table)

Z = —1.282

Probability of Ending before 13

. I ok
T Ry ONE

= 2.564

For T, < 13 day. P=0.991 = 99.1% for Z = 2.564 (From Z-table)

-10-



Probability of Ending between 9 and|11.5
PO<Ts<115)=P(Ts<11.5)-P(Ts<9) I

: T,—-T 115-11
"~ Sp 078
For T, < 11.5 day. P=0.742 = 74.2% for Z = 0.641 (From Z-table)

= 0.641

_T,-T _9-11

7 =
Sep 078

= —2.564

For T, < 9 day. P = 0.009 = 0.9% for Z = — 2.564 (From Z-table)
P(9<Ts<115) =P(Ts<11.5)-P(Ts<9)
=0.742-0.009 =74.2 -0.9=73.3%

-11-



Line of Balance (LOB) or Scheduling of Repetitive Project

Repetitive
Project
/ \
Linear Project | [ Multiple Project
Highway. Pipelines. Cables. High Rise Building. Housing.




Units

0 2 < 6 8 10 2 14 16 18 3; 22' 24' 2.' " 3;
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
1s the activity duration of one unit. which is uniform along all unfits.

2- A honzontal line at one unit intersects with the activity bars at the planned start and
finish times of the work in that unit.

3- A vertical line at any date (time) shows the planned work that should be
completed/started before and on that date

-2-



- M
5 H' Dh
coB M
Wd Dh
LN § B AR

D

S
R=ER°

(& 3Vl Al sy Jadll Jaadi = R

(& sVl Adadll Gy s il Juadi = R,

(Jarll i) Jaall 3 8 paad 2Yl )l = H

(Jarll i) Janll 3y il 5 sl aaall = G

H Sldelias 5a3 G g s 3 ST 38 5 (Jand) ails) Jaad) 3ol Jadll aaall = §
Adladll 345 5 5= D

(p58 ) oo 3l Jaall Slelis 22 = D,

(& sV ) Lo a1 Jaall 2l 220 = Wy

(man-hopr) 4duadl 245 el 2eall = M

Nl ¥l saasglly | ad)saa gl o Aladll i 3 a0 Wl =TT



N a5 padisan gy ] ab)saa gl O Adladd) 35 b a1 Gl =T

Activity




A SAN FaN
N bTa i Da :
Unit
A
1f Da X
sa  Fai SB1
Sar=0 Sp1=Fai+X
Far=Sa1+Da Fp1=Sm1+Ds
San=Sa1+Ta Sen=Sp1+TB
Fan=San+Da Fen=Sen+Ds




»
D g T L ¥ S
Umt
A
1 |/Da

sa  Fal sg1  Fsi
Sar=0 Sen=Fan+X
Far=Sai+Da Fen=Sgn+Ds
San=Sa1+Ta Sg1=Spx —Ts
Fan=San+Da Fg1=Sp1+Dsp

=N




Al 5 Jaadl S5 ¢ sl JS 5526 Sl gl ¢ pnanatll Al Aus )10 124 il A0 il gledl (1) Jl
Ao gead oY) aall g Adladll Leall aeal) IS 5 Sla g (s a5 Aullad G ol el 8 Jaea s g sl
(R, = 6 unit/week. Wy =5 day. Dy = 8 hr. X = 2 day. N = 124) -:sLai Js2all 8 LS Jaall

il Jaadlt z .
T e [ il aaadl | okl aaall W
M q-“)h \.lJ‘JI w\ ) )"m S M :”).1 G M| :”)J U'b-\’“ 41".“ _‘"5“ .
(day) 4 N (day) D R ~.,"—";I---‘J" PR )
(unit/week) (man) () Su Ml Aaall
W, 17t ST oM R,m | Hoed | (man-hour) | -~
T=(N—l)? D=HD,, R=R°E M. >G G=WaDu (man)
70.69 == 71 1.7=2 8.7 12 8.25 4 55 A
82 2 7.5 12 9.6 + 64 B
93.18 = 94 2.26=3 6.6 24 21.75 8 145 C
86.6 = 87 1.41=2 71 16 13.5 8 90 D
76.5=177 0.63 =1 8 5 319 5 25 E

) 2l Jia g A i o gl (e 322 98 s Min. Buffer Time X =2 & @ )ai s 4llad Gu alia¥
bl aYla Jglats alas g el 4 g pe b il Tahaddl i e 0 jlid) i e 0 J Slall
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X=2 /]

Activity | D (day) R (unit /week) T (day) S F, Sy Fy
A 2 8.7 71 0 2 71 73
B 2 7.5 82 4 6 86 88
C 3 6.6 94 8 11 102 105
D 2 7.1 87 20 22 107 109
E 1 8 77 34 35 111 112




Q2) 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
A 100 4
B 80 3
€ 60 2
D 120 3
E 180 5
F 250 6




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

35 ) il Jaadl Bead | eoilipead | o
el | Lheibie) | gl ﬁdl Sil G S [ | el
(day) TAdail | (day)D | R &=t P k) wa | M |
(unit/week) HJJ-M h Al
T=(N-1 % —L R=R,— S-H,2H, G-ROM (man) ey
=( ) R T HD, =0 |3H,..=2G ~ W4Dy
82.1 =83 3.13=4 5.76 12 10.42 4 100 A
87.8 ~ 88 3.34~4 5.4 9 8.34 3 80 B
74.1 =75 3.75=4 6.4 8 6.25 2 60 8
79 5 6 15 12:5 3 120 D
88.8 = 89 4.5=5 5.34 20 18.75 5 180 E
82.5+= 83 5.2%=6 5.75 30 26.1 6 250 F
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Unit—;

efeleleabdel) |

Activity | D (day) R (unit /week) T (day) S F, Sy Fy
A 4 5.76 83 0 4 83 87
B 4 54 88 15 19 103 107
C 4 6.4 75 15 19 90 94
D S 6 79 32 37 111 116
E 5 5.34 89 22 27 111 116
F 6 5.75 83 40 46 123 129
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AL A0l ) G Alladl) 030 Jae Jo S WL X 4ad Al ge 22252 2




rew 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

Jarews 4 crews la 3 crews

Ulnits
—_NWhE VA QWO D -

Time
| 1 ' 1 L ]
} - - - - :

Bu!
0 2 4 6 8 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 (numbejrs 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:
L el



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

I

Units

Time

1
01 2 3 B 5 6 7
L, D=3days |

< o |

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



Time

Unit -

R e B o I

N-1)

ola |

s i




Example 3: 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)
A Foundations - 2 2
B External walls A 4 3
C Roof Construction B 1 1
D Internal finishes & 4 3
E External works D T 2 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

A: B: C: D: E!
Foundations External —+  Roof * Internal » External
walls Construction finishes works

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)

R—C = R —2—1 k
=2 a =5 = 1perwee
D 2
T=E(N_1) = TA=E(10—1)=9weeks

Start of Activity A in Unit 1 (Sa;) =0

Finish of Activity A in Unit 1 (Fa;) = Sa; + Duration of Activity A (D4)=0+2=2
Start of Activity Ain Unit N (Sax) =Sa1 +Ta=0+9=9

Finish of Activity A in Unit N (Fan) =San + Da=9+2 =11 (or = F5;+Ta=2+9=11)



Units

Act.| D C R=C/D T=9(D/C) Sy F, Sy Fx
week | No. | unit /week week week | week | week | week
A 2 2 1 9 0 2 9 11
B 4 3 0.75 12 3 i 15 19
C 1 1 1 9 11 12 20 21
D 4 3 0.75 12 13 17 25 29
E 2 2 1 9 21 23 30 32
3. Drawing the line of Balance Schedule
10 I f | 6 'lI J 9 lD ll 12 lJl l‘l 15‘ 16 17' 18
L
X
6
S|
-3 |
2]
2 Time (Week)
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