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Network Diagrams

The program can be shown as a network of interrelated activities, highlighting
the start and finish times of each activity. There are numerous network programming
techniques, but the following two types are traditionally used in the construction

industry:

1. Activity on Arrow (Arrow Diagram)

2. Activity on Node (Precedence Diagram)

The objective of a network diagram is to identify the critical activities and show
their relationships. This enables the planner to arrive at the minimum time in which

the project can be undertaken.

Network diagrams may also be known by the following terms:
e Network Analysis
e Critical Path Analysis (CPA)
e Critical Path Method (CPM)

1. Activity on Arrow (Arrow Diagram) (A.O.A)

Activity Name

Event No. Event No.
A
1 p 2
5

Activity Start Duration Activity Finish

This is called the activity (A) or the event (1-2)
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Example: Draw the network diagram by the Activity on Arrow technique for the

following activities explained in the table below:

Seq. | Activity Symbol | Activity Duration (Days) | Preceded by
1 A 5
2 B 7 A
3 C 8 A
4 D 12 B
5 E 15 B,C
6 F 6 D,E
Solution:

Important Definitions:

1.

N

Dummy Arrow >~ (Dummy Activity):- dummy arrow is directional so
'\

that it shows that the end of activity B is connected to the start of activity E,

and has a duration of zero time units.

Duration (D):- the estimated time in any time unit to accomplish a specified
activity.
Early Start (E.S):- the earliest time to begin a specified activity.

Early Finish (E.F):- the earliest time to finish a specified activity, calculated
from the earliest start plus the duration of that activity.

E.F=E.S+D

Late Finish (L.F):- the latest time to finish a specified activity without any
delay in the project execution.

Late Start (L.S):- the latest time to begin a specified activity without any
effect on the total time to accomplish the project, calculated from the latest

finish minus the duration of that activity.
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L.S=L.F-D

7. Total Float (T.F):- the time that the start or the finish of a specified activity
can wait without delay in the project achievement.
T.F=L.F-E.F=L.S-E.S

ES EF
* LS ! LF
C\ ‘ A .
a
® [ ]
TF |L|

Example: Determine the project execution time and critical path for a project with

the following information:

Activity | Duration | Followed | Preceded | E.S E.F L.F L.S T.F
(Week) by by

A 2 B, E 0 2 2 0 0
B 6 C,D A 2 8 8 2 0
C 6 G B 8 14 14 8 0
D 1 F B 8 9 11 10 2
E 3 F A 2 5 11 8 6
F 3 G D, E 9 12 14 11 2
G 2 C,F 14 16 16 14 0
Solution:

E.Sfor A L.F for G

Am , ADL AL, As  Asr

8
A
FW.P A
— @ 2 ? \3»\6 4 2
D
1
ANE

16




Mustansiriyah University

Engineering 2024/2025 Department of Civil Engineering
Management and Economy Dr. Qais K. Jahanger 3 Year Class
/\ es

' L.F

The project execution time = 16 weeks
Critical path = (ABCDZ =2+6+6+2=16 weeks

Forward Passing (F.W.P):

Al paa G pd A llad JS A las Al 2 (el a) el (A Dbl (e 4S8 e g pall 5

Aalladl) sae Tasl ) Anld) Adlaall 5 <0l dglall e drala 4 slue (5 9S8 G cdllad ST (ELS) 58Sl
Aallad JST 1388 ¢ 48l

Backward Passing (B.W.P):

(5 sl Capa Alad S5 AR Al A ya s (QAlAY Ge) o) I el (0 AK03N e 5 5all oa

A0 Alasl) 5 AL i) e geanll Aia S0 Alladl) s Leie 7 5 lae Aaa D) A ladll 5 alial) 4430
AN Allleall 12<a

Example:
Activity | Duration (Week) | Followed by | Preceded by
A 2 B,C
B 1 D, E A
C 2 K A
D 2 R B
E 3 R B
K 3 R C
R 3 D,E, K
Solution:
A AL
E.S for A
N B o L.FforR
- ¥
10
F.W.P
B.W.P
—
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Activity | Duration | Followed | Preceded | E.S E.F L.F L.S T.F
(Week) by by
A 2 B,C 0 2
B 1 D,E A 2 4
C 2 K A 2 4
D 2 R B 3 7
E 3 R B 3 7
K 3 R C 4 7
R 3 D,E,K |7 10

2- Activity on Node (Precedence Diagram) (A.O.N)

The Activity on Node technique, or Precedence Diagram, uses similar logic to

the Activity on Arrow technique, but it is presented differently. With this technique,

the activity is represented by a box or node, with the arrows showing the logical

relationship between boxes.

A
ES| D |L.S
Or
EF|TF|LF
ES| A | EF
Or
LS| p | LF

ES| A | LS
Or
E.F D L.F
Resources
ES| A | LS |Or
E.F D L.F

Saill Jadadiall 8 ol ) L 48y Hhally Ao G gluly el abaaall 8 clladl) de ) ge aaa oy
ae sl () Juasill (= 3l (Forward Passing) csebe¥! olas¥) el o) aly @lld g agud) Gl
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<1y ) (Backward Passing) —all slas¥) cililua @y aihy o5 cdyllad JST Ll 5 5_p5lall oY)

SISl iyl gl aaa 2ty GlID ey A dled JS (e elgii¥ 55 pilaall 221 ae sall ) Joa sl L

Gl jalias sl sall jolie yuilisale Ji g celly dalall c¥aledl suki 4030 8 (Total Float)
Aallad JS1 Gacadall Qi) (pas Ll diacasid) o) 3oV 8 clllaall IS) LliaY)

Example: Convert the Arrow Diagram to the Precedence Diagram.

AOAA3BA8 A126A15 A”
> () S

B C G
» 3| 5| 3|— 8| 2|10 10] 3|12
8| 0| 8 10| 2 | 12 13 2 | 15
A
0| 3|0k
D
3| 0] 3 H
81318 15| 2 | 15
_>
101l 17| 0 | 17
E F
L 3| 2|9 > 11 ] 4|12 M
5 | 6 |11 15| 0 | 15
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Precedence Diagram Specifications

1. There is no dummy activity.

2. All information that is wanted for any activity is written on the node area.

3. The time overlapping problem for activities is solved by this method (the
set of activities starts at the nearest time).

4. The delay time for activities can be solved without needing to return to the

primary details of the plan.

Relationships Among Activities (Precedence Relationships)
Dby Aslaial) A8Mal) (e 2a) 5 & 53 L) Loy 3 (Arrow Diagram) aesd! 4d ylhay Sl bhaal)
) Adladl) e o Lgi¥) aay ela g Aea dalladll () 6T (Finish to Start) 4w -4iles 48e Ll Ll
(Sl abaaall Jah agu¥) Jayl 53 JS5 JMA (e die juny Le 98 53 il el
Lall b e cllledll e 55 sl s (Precedence Diagram) dsissY) cosluly  Sail) sl L
& s o-dall ladada daiay ) alaiall Julidill aaay (301 (Constraint) ul) Jie opsidad 51 G Jual
O o) Jaald 3 ga 53 55 i iy @l (i (Duration of Constraint) 28l 4 sae paaidlla A
) Jiag 53 Ladll (3 68 Jualil) 3an Jiag o) g g 40l JLiy Gialladl
ol LS 5 llladl) s 48Dl 61 g3 dry ) clllia

A- Finish to Start » F.S n

That means activity (A) finishes before

starting in activity (B) by (n) period.

B- Start to Start —— »S.S

That means activity (A) starts before A B

starting in activity (B) by (n) period.

C- Start to Finish » S.F n
That means activity (A) starts before

the finish for activity (B) by (n) period.
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D- Finish to Finsh ——F.F n
That means activity (A) finished before A B

the finish of activity (B) by (n) period.

Logic Relationship Presentation by (Bar Chart), (A.O.A), and (A.O.N)

Bar Chart A.O.A A.O.N

A A A
- O——0 ES| D |LS

EF| T.F |L.F
A

B
Fff!fﬁ
"

A
n )E
B
Al A2 v
5 B n 5-n A B
A S B
n |
A
B

n=0

A B

A n=0
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Example 2: 4
B.W.P
—>|( 14| B | 15 D1F —-—
> 0 | 2| H|S35
4 35
A 26 | 12 | 27 35 3
16
3 e
F.W.P 51
—_— 4
0o|A]| @ 20 | E | 28
1 17 28 31
10 | 10 | 0 39 | 11 | 39
11 0 1 42
0
3 2 12
3 - 161 e |0 Jo 816 | 3
25 28
12 17 o 16| 28 42 | 14 | 48
20
» 6
Activity Node
ES| A | LS
EF | D. | LF



