
University of Anbar                                       Course Title: construction management         

College of Engineering                           Year:( 3)  Civil Eng. Department                                      

Dr. Juma'a. Awad. AL-Sumaydaei                               2018- 2019  

(3+2الوحبضرة )   

 

81 

 

 

 



University of Anbar                                       Course Title: construction management         

College of Engineering                           Year:( 3)  Civil Eng. Department                                      

Dr. Juma'a. Awad. AL-Sumaydaei                               2018- 2019  

(3+2الوحبضرة )   

 

41 

 

 

 



University of Anbar                                       Course Title: construction management         

College of Engineering                           Year:( 3)  Civil Eng. Department                                      

Dr. Juma'a. Awad. AL-Sumaydaei                               2018- 2019  

(3+2الوحبضرة )   

 

49 

 

 

 

 



University of Anbar                                       Course Title: construction management         

College of Engineering                           Year:( 3)  Civil Eng. Department                                      

Dr. Juma'a. Awad. AL-Sumaydaei                               2018- 2019  

(3+2الوحبضرة )   

 

41 

 

  



University of Anbar                                       Course Title: construction management         

College of Engineering                           Year:( 3)  Civil Eng. Department                                      

Dr. Juma'a. Awad. AL-Sumaydaei                               2018- 2019  

(3+2الوحبضرة )   

 

48 

 

 



University of Anbar                                       Course Title: construction management         

College of Engineering                           Year:( 3)  Civil Eng. Department                                      

Dr. Juma'a. Awad. AL-Sumaydaei                               2018- 2019  

(3+2الوحبضرة )   

 

44 

 

 



University of Anbar                                       Course Title: construction management         

College of Engineering                           Year:( 3)  Civil Eng. Department                                      

Dr. Juma'a. Awad. AL-Sumaydaei                               2018- 2019  

(3+2الوحبضرة )   

 

41 

 

 

 



University of Anbar                                       Course Title: construction management         

College of Engineering                           Year:( 3)  Civil Eng. Department                                      

Dr. Juma'a. Awad. AL-Sumaydaei                               2018- 2019  

(3+2الوحبضرة )   

 

41 

 

 

 



University of Anbar                                       Course Title: construction management         

College of Engineering                           Year:( 3)  Civil Eng. Department                                      

Dr. Juma'a. Awad. AL-Sumaydaei                               2018- 2019  

(3+2الوحبضرة )   

 

41 

 

EXAMPLE  :Consider the network shown in Fig. which consists of the following activities as 

shown in the Table  determine 1- the early &late event  2- list the four dates of each activity. 
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EXAMPLE : 

Tasks A, B, C, H, I constitute a project. The precedence relationships are A < D; 

A<E, B < F; D < F, C < G, C < H; F < I, G < I 

Draw a network to represent the project and find the minimum time of completion 

of the project when time, in days, of each task is as follows: 

 

 
Fig( a) 

The earliest occurrence time (E) and the latest occurrence time (L) of each 

event is then computed. 

El = 0, 

E2 = El + t12 =0 + 8 = 8, 

E3 = El + t13 = 0 + 8 = 8, 

E4 = Max. [0 + 10, 8 + 10] = 18, 

E5 = Max. [18 + 17, 8 + 18] = 35, 

E6 = Max. [8 + 16, 35 + 9, 8+14]=44. 

Similarly, 
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L6 = E6 = 44, 

L5 = L6 — t56 = 44 – 9 = 35, 

L4 = L5 — t45 = 35 – 17 = 18, 

L3 = Min. [44 – 14, 35 – 18 = 17, 

L2 = Min. [44 –. 16, 18 – 10] = 8, 

L1 =Min. [8-8, 17-8, 18– 10] =0 

 

Fig (b) 

The critical path is now determined by any of the following methods: 

Method 1. The network analysis table is compiled as shown in the Table  
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Method 2. For identifying the critical path, the following conditions are checked. 

If an activity satisfies 

all the three conditions, it is critical. 

(i). E = L for the tail event. 

(ii). E = L for the head event. 

(iii). Ej - Ei = Lj - Li = tij. 

Activities 1-2, 2-4, 4-5 and 5-6 satisfy these conditions. Other activities do not 

fulfill all the three conditions. The critical path is, therefore, 1-2-4-5-6. 

 

Method 3. The various paths and their duration are: 

Path Duration (days) 

1-2-6 24 

1-2-4-5-6 44 

1-4-5-6 36 

1-3-5-6 35 

1-3-6 22 

Path 1-2-4-5-6, the longest in time involving 44 days, is the critical path. It 

represented by double bold lines in Fig b. 

 

EXAMPLE 9.5 

A project consists of a series of tasks labeled A, B. H, I with the following 

constraints A< D,E; B, D<F: C<G; B<H; F, G<I. (W<X, Y means X, and Y can't 

start until W is completed.) You are required to construct a network using this 

notation. Also find the minimum time of completion of the project when the time 

of completion of each task is given as follows.  
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SOLUTION The given constraints can be given in the follow table. 

 

 

To determine the minimum time of completion of the project, we compute ESi and 

LFj for each of the tasks (i, j) of the project. The critical path calculations are as 

shown in the Table.    Critical path 1-2-3-5-6 

 

The above table shows that the critical activities are 1-2, 2-3, 3-5, 5-7 as their total 

float is zero. Hence, we have the critical path, 1-2-3-5-7 with the total project 

duration (the least possible time to complete the entire project as 67 days. 
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EXAMPLE  

A project schedule has the following characteristics 

 

 

(i) Construct the network. 

(ii) Compute E and L for each event, and 

(iii) Find the critical path. 

 

SOLUTION 

The given data results in a network shown in Fig.. The figures along the arrows represent the 

activity times 
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The earliest occurrence time (E) and the latest occurrence time (L) of each event are now 

computed by employing forward and backward pass calculations. 

In forward pass computations, E values are represented in Fig and in backward pass 

computations, L values are also represented in Fig..  

 
 

Network analysis table is given Table 

 

 

 

Path 1-3-5-7-8-10 with project duration of 22 weeks is the critical pat 
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EXAMPLE 

The utility data for a network are given below. Determine the total, free, and 

independent  floats and identify the critical path. 

 

Activity           0-1   1-2   1-3   2-4   2-5   3-4   3-6   4-7    5-7    6-7 

Duration            2      8     10      6      3       3      7       5      2        8 

 
SOLUTION 

 

     The network diagram for the given project data is shown in Fig.. Activity 

durations are written along the activity arrows. The earliest start and latest finish 

times of the activities are computed by employing the forward pass and backward 

pass calculations, as explained in example 2. These times are represented in the 

network around the respective nodes. The network analysis table is now 

constructed in Table. 
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Total float is the positive difference between latest and earliest finish times or 

latest and earliest start times. For activity 1-2, 

Total float (T.F.) = 16 – 10 = 8 – 2 = 6. 

Similarly, for activity, say 2-5, 

Total float = 25-13 = 22 -10 = 12 and so on. 

Total float calculations are depicted in column 7 of table 4. 

Free float of activity i - j = Total float – head event slack 

= Total float – (L – E) of event j. Thus free float of activity 0 – 1 =0–(L–E) of 

event 1, = 0–(2-2)=0, free float of activity 1 -2 =6–(16– 10)=6-6=0etc. 

Free floats of various activities are calculated in column 8 of the network analysis 

table. Independent float of activity i - j = Free float – tail event slack = Free float – 

(L – E) of event i. 

Thus independent float of activity 0 - 1 = 0 – (0 – 0) = 0, 

independent float of activity I - 2= 0 – (2 – 2) = 0, 

independent float of activity 2 – 4 = 0 – (16 – 10) = – 6 ≈ 0 and so on. 
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Independent floats of various activities are calculated in column 9 of the Table. If 

independent float of an activity is negative, it is taken as zero. 

EXAMPLE  

For the network given in Fig, determine the total, free, and independent floats for 

each activity. Times for activities are in months. 

 

SOLUTION 

The computations of earliest start, earliest finish, latest start and latest finish times 

along with floats are given in Table 
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Activities 1-2, 2-3, 3-4, 4-5, 5-6, 6-7 and 7-8 have zero float and hence are critical. 

The path 1-2-34-5- 6-7-8 is the critical path with the project duration of 32 months. 

Total, free and independent floats are calculated as explained in example 4 and are 

represented in the last four columns of the above table. 

EXAMPLE :Estimated times for the jobs of a project are given below: 

 Job:                          A     B    C    D    E    F    G    H    I    J    K      L 

Time (weeks)  :       13     5     8    10    9    7     7    12   8   9     4     17 

The constraints governing the jobs are as fo1lows: 

A and B are start jobs; A controls C, D and E; B controls F and J; G depends upon 

C; H depends on D; E and F control I and L; K follows J; L is also controlled by K; 

G, H, I and L are the last jobs. Draw the network, determine float for each activity, 

project duration and the critical path. 

SOLUTION 

The network obtained by using the given precedence relationship is shown in Fig. 

Events have been numbered using the Fulkerson's rule. Note that a dummy activity 

6-8 has been included to draw the network. The earliest start times and latest 

completion times of the activities can be computed by 

using the forward and backward pass methods. Critical path is 1-2-6-8-9 and 

project duration is 39 weeks. 
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EXERCISES 

1.Define 'project', and give some application areas of project management. Explain 

different phases of project management. 

2. Distinguish between CPM and PERT. 

3. Discuss the guidelines for constructing a project network. 

4. Define the following: (a) total float, (b) free float, and (c) critical path. 

5- A construction company has listed down various activities that are involved in 

constructing a building. These are summarized along with predecessor(s) details in 

the table. 
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Draw a project network for the above project 

6. Consider the details of a project as shown in the table . 

Activity  Immediate predecessor(s) Duration (months) 

A - 4 

B - 8 

C - 5 

D A 4 

E A 5 

F B 7 

G B 4 

H C 8 

I C 3 

J D 6 

K E 5 

L F 4 

M G 12 

N H 7 

O I 10 

P J,K,L 5 

Q M,N,O 8 

 

(a) Construct the CPM network. 

(b) Determine the critical path. 

(c) Compute total floats and free floats for non-critical activities. 

7. A project schedule has the following characteristics. 

Activity 1-2 1-3 2-4 3-4 3-5 4-9 5-6 5-7 6-8 7-8 8-10 9-10 

Time(days) 4 1 1 1 6 5 4 8 1 2 5 7 

 

From the above information, you are required to 

(i) Construct a network diagram. 

(ii) Compute the earliest event time and latest event time 
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 (iii) Determine the critical path and total project duration 

(iv) Compute total, free float for each activity. 

8.The following Table shows the job of a project with their duration in days. Draw 

the network and determine the critical path. Also calculate all the free floats of 

each activity. 

Job 1-2 1-3 1-4 2-5 3-7 4-6 5-7 5-8 6-7 6-9 7-10 8-10 

 

9-10 10-11 11-12 

 

Duration

(days) 

10 8 9 8 16 7 7 7 8 5 12 10 15 8 5 

 

9. The activities involved in Alpha Garment Manufacturing Company are listed 

with their time estimates as in the following table: 

 

Draw the network for the given activities and carry out the critical path 

calculations. 


