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Resource Allocation & Leveling Management Techniques

. Means to complete project activities are called RESOURCES.

. Examples are People, Machinery, Material, Capital, Time, etc.
. Peak demands of resources over short periods is undesirable.

« Resources may be limited or unlimited in nature from project to

project.
Resource Utilization Factor

« The degree to which a resource may be used is measured in terms of

a Resource Utilization Factor.
Mathematically,

Usable Resources x Days Used x 100 R.U.F. (%) = Usable Resources x

Days available.
Resource Profile

. Plot of daily Resource requirements versus time is called
o Resource Profile
o Resource-use Graph
o Histogram
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Resource Allocation

To assign required resources to work activities such that available

resources are not exceeded.

Resource Leveling

Smoothening of a resource demand is called Resource leveling.

Resource leveling is an attempt to assign resources to project

activities in a manner that will improve productivity and efficiency.
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Objects of Resource Leveling

Fixed Crew Size

Learning Curve

Start-up Problems

Completion Congestion

Techniques for Resource Leveling
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o Sum of Resources Square method

o Burgess Leveling Procedure

o Wiest Leveling Procedure

Limited Resource Allocation

« Where resources e.q., plant, labour, materials (or capitals) are

restricted, the activities have to be rescheduled to satisfy this form of

constraint. This will imply scheduling those activities that use such

resources, in a sequential or serial fashion. And this might create the

situation where activities overrun their allowable float.

« If resource limitations are known at the outset, for example, only one

site crane is available, then the original network plan for the project

can include this constraint.

« In certain cases, it may be possible to hire additional plant to cover

peak requirements: in this case no rescheduling of the activities is

called for

Algorithm

1. Calculate initial early start (ES) and late start (LS) time for each

activity in the project, and set time now equal tol,i.e., T=1

2. Determine the initial eligible activity set (EAS), i.e., those activities

with all predecessor activities scheduled.

3. From among the members of the current EAS, determine the ordered

scheduling set (OSS) of activities i.e., activities with ES < T, ordered
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according to LS with smallest values first and within this

characteristic, according to least activity duration first.

4. Consider the activities in OSS in the order listed and schedule those

activities for which sufficient resources are available for the duration

of the activity. As activities are scheduled, update the level of

resources available, and update the members of EAS.

5. Have all activities been scheduled, i.e., is EAS empty set ?

If Yes STOP

If NoSet Tnew=Told+1, and

compute new ES times for the updated EAS.

1. Go to step 3 and continue.

EXAMPLE

Reschedule the Project given in Figure keeping in view the limitation of

Resources L to be 8 per day and M to be 6 per day.
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1 2 g 9 oy x| %
c . 1 o
G _ g
K | _ 12 13
3% - 1 11
LetT =1

EAS:ABC(EF)

ES:111
LS:617
OSS:BAC

Schedule B to days 1-2

Remove B from EAS

Add F to EAS
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LetT = 2

EAS:ACEF
ES:2233
LS:6743
OSS:AC

No Activity can be scheduledon T = 2

LetT = 3

EAS:ACEF(ID)
ES:3333
LS:6743
OSS:FEAC

Schedule F to days 3-10
Remove F from EAS
Schedule E to days 3-7
Remove E from EAS.
Schedule A to days 3-4
Remove A from EAS EAS
Add I & D to EAS

LetT = 4

EAS:CID
ES:485
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LS:798
0SS:C

No Activity can be scheduledon T =4

LetT =5

EAS:CID(G)
ES:585
LS:798
0SS:CD

Schedule C to day 5
Remove C from EAS
Add G to EAS

LetT = 6

EAS:IDG
ES:866
LS:988
0SS:GD

No Activity can be scheduledon T =6

Note: G and D have same LS. These are ordered on less duration first.
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method of planning &scheduling of gbdall Adgan g Jadads gk
projects
INTRODUCTION:

Network scheduling is a technique used for planning, and scheduling large projects
in the field of construction, maintenance, fabrication, purchasing computer system
etc. The technique is a method of minimizing the trouble spots such as production,
delays and interruptions, by determining critical factors and coordinating various
parts of the overall job. There are two basic planning and control technique that
utilize a network to complete a predetermined project or schedule. These are
Programed Evaluation Review Technique (PERT) and Critical Path Method
(CPM).
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A Gantt Chart provides a timeline for a project giving an overview of how a
project is progressing. Project activities, tasks and events are easy to see
relative to one another, and the gantt chart allows multiple users to see how

the project is progressing over time and what steps or tasks are next.

A Gantt Chart is used for planning, scheduling and monitoring projects, and
managing the dependencies between project tasks. Below is a simple Gantt

Chart layout showing tasks, dates and duration.
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activities

Time (days)

TV ALY

VY

VY

V¢

\o

1

Casting

Foundations

Casting of precast

slabs

Casting of walls

Casting the sewer

Connecting pipes

Installation of

precast slabs

Installation of
Manhole cover and

other accessories

Total time to complete the project =2+6+6+2= 16 days

Example 2: The following table is represent the activities and times find the total

time to complete the project use Gantt chart .

activities A B C D E F G H

Time/month | 2 4 1 2 2

Preceded by | - A A B B D,E F G
activities Time (month)

Yo
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G [ ]

mp
H

T let

e the project =2+3+3+1+2+2= 13 Month

Example 3 : (Case study- &l 2 Als)
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The work involved in a project can he divided into three phases corresponding to

the management functions of planning, scheduling and control.

Planning This phase involves setting the objectives of the project and the
assumptions to be made. Also it involves the listing of tasks or jobs that must be
performed to complete a project under consideration. In this phase, men, machines
and materials required for the project in addition to the estimates of costs and

duration of the various activities of the project are also determined.

Scheduling This consists of laying the activities according to the precedence order
and determining,

(i) the start and finish times for each activity

(ii) the critical path on which the activities require special attention and

(iii) the slack and float for the non-critical paths.
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Controlling This phase is exercised after the planning and scheduling, which
involves the following:

(i) Making periodical progress reports

(i1) Reviewing the progress

(ii1) Analyzing the status of the project and

(iv) Management decisions regarding updating, crashing and resource allocation

etc

Arrow e ) Activity on Arrow(AcA) agedl o bladll A& ¥
Diagramming method (ADM)

BASIC TERMS
To understand the network techniques one should be familiar with a few basic

terms of which both CPM and PERT are special applications.

Network It is the graphic representation of logically and sequentially connected
arrows and nodes representing activities and events of a project. Networks are also

called arrow diagram.

Activity An activity represents some action and is a time consuming effort
necessary to complete a particular part of the overall project. Thus, each and every
activity has a point of time where it begins and a point where it ends. It is

represented in the network by an arrow as follows.

)
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OO

Here A is called the activity and i and j are start and end nodes.

Event The beginning and end points of an activity are called events or nodes.
Event is a point in the time and does not consume any resources. It is represented
by a numbered circle. The head event called the jth event has always a number

higher than the tail event called the ith event.

Activity

Merge and burst events it is not necessary for an event to be the ending event of

only one activity but can be the ending event of two or more activities. Such event

is defined as a Merge event.

Mderge event

If the event happens to be the beginning event of two or more activities it is

defined as a Burst event

&

Burst event

Preceding, succeeding and concurrent activities
Activities which must be accomplished before a given event can occur are termed

as preceding activities.

A
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Activities which cannot be accomplished until an event has occurred are termed as

succeeding activities.

Activities which can be accomplished concurrently are known as concurrent
activities.

This classification is relative, which means that one activity can be preceding to a
certain event, and the same activity can be succeeding to some other event or it

may be a concurrent activity with one or more activities.

Dummy activity Certain activities which neither consumes time nor resources but
are used simply to represent a connection or a link between the events are known
as dummies. It is shown in the network by a dotted line. The purpose of

introducing dummy activity is —

(i) to maintain unigueness in the numbering system as every activity may have
distinct set of events by which the activity can be identified.

(if) To maintain a proper logic in the network.

COMMON ERRORS

R
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Following are the three common errors in a network construction:
Looping (cycling) In a network diagram looping error is also known as cycling
error. Drawing an endless loop in a network is known as error of looping. A loop

can be formed if an activity were represented as going back in line.

Dangling To disconnect an activity before the completion of all the activities in a

network diagram is known as Dangling.

Redundancy If a dummy activity is the only activity emanating from an event and

which can be eliminated is known as redundancy.

Ye
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Numbering the Events

After the network is drawn in a logical sequence every event is assigned a number.
The number sequence must be such so as to reflect the flow of the network. In
numbering the events the following rules should be observed.

(i) Event numbers should be unique.

(if) Event numbering should be carried out on a sequential basis from left to right.
(iii) The initial event which has all outgoing arrows with no incoming arrow is
numbered as 1.

(iv) Delete all arrows emerging from all the numbered events. This will create at
least one new start event out of the preceeding events.

(v) Number all new start events 2,3 and so on. Repeat this process until all the
terminal event without any successor activity is reached, number the terminal node
suitably.

Note: The head of an arrow should always bear a number higher than the one

assigned to the tail of the arrow.
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EXAMPLE4 : Construct a network for the project whose activities and their

precedence relationships

are as given in table :

Activities A B C D E F G H I
Immediate _ A A . D B.C.E | F D G.H
-Predecessor

Solution From the given constraints, it is clear that A, D are the starting activity and | the
terminal activity. B, C are starting with the same event and are both the predecessors of the

activity F. Also E has to be the predecessor of F. Hence, we have to introduce a dummy activity:

D1 is the dummy activity.
Finally we have the following network.

A
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EXAMPLE 5 : Construct a network for the project whose activities and their precedence
relationships are as given in Table.2.

Activities A |B |C D E F G H I J K

Immediate A C BD |BD |EF | A G.H | E.F
-Predecessor

v
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TIME ANALYSIS

Once the network of a project is constructed the time analysis of the network
becomes essential for planning various activities of the project. An activity time is
a forecast of the time an activity is expected to take from its starting point to its
completion (under normal conditions).

We shall use the following notation for basic scheduling computations.

(i, ) = Activity (i, J) with tail event i and head event |
Tij = Estimated completion time of activity (i, j)

ESij = Earliest starting time of activity (i, j)

EFij = Earliest finishing time of activity (i, j)

(LS)ii = Latest starting time of activity (i, j)

(LF)ij = Latest finishing time of activity (i, j)

YA
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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.

Activities A |B * E F G H I J
Immediate - |  |A |A |BC |BC |E E D FHI
Predecessor

Duration(weeks) | 15 15 3 5 § 12 1 14 3 14

Activity | Duration Start time Finish time Total float
Earliest Latest Earliest Latest (weeks)
(1) 2) (3) (4) (5) (6) M
A(1-2) 15 0 0 15 15 0
B(1-3) 15 0 3 15 18 3
C(2-3) 3 15 15 18 18 0
D(2-5) 5 15 32 20 37 17
E(3-4) 8 18 18 26 26 0
F(3-6) 12 18 28 30 40 10
G{4-5) 1 26 36 27 37 10
H(4-6) 14 26 26 40 40 0
I(5-6) 3 27 37 30 40 10
I(6-7) 14 40 40 54 54 0

¢V
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EXAMPLE :

Tasks A, B, C, H, | 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:

Task A B € D E F G | |
Time 8 10 8 10 16 17 18 14 9
Also identify the critical path.

SOLUTION

E(16)

A(8) E=44
E=3\‘ L=44
L=35 \
E=( sl gy 3 6)
L=0 N~ (%) s

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

event is then computed.

El =0,

E2=El+112=0+8 =38,
E3=ElI+t13=0+8=38,

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

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

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

EA



University of Anbar lﬂl Course Title: construction management
College of Engineering ol Year:(3) Civil Eng. Department
Dr. Juma'a. Awad. AL-Sumaydaei 2018- 2019

(Y+Y) 5 palaal)

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

E=&
L=3

L=17

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

Activity Duration Start time Finish time Total tloat

Farhest Lafest Earliest Latest (weeks)

1-2 8 0 0 8 8 0

13 8 0 9 8 17 9

1-4 10 0 g 10 18 8

24 10 8 8 18 18 0

r 2-6 16 8 28 24 44 20
3-5 18 8 17 26 35 9

3-6 14 8 30 22 44 22

4-5 17 18 18 33 35 0

5-6 9 35 35 H 44 0

Activities 1-2. 2-4, 4-5 and 5-6 having zero float are the critical activities and 1-2-4-5-6 is the
critical path.

€9
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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.

(). E = L for the tail event.

(i1). 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, | 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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Task AB CDEF GHI
Time(davs) 23 8 20 16 24 18 19 4 10

SOLUTION The given constraints can be given in the follow table.

Activity A B C D E F G H I
Proceedng - - - A A BD C B GF
Activity

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

Actvity | Normal time Earliest Latest Total floats
Start Finish Start Finish
A(1-2) 23 0 23 0 23 0
B (1-3) 8 0 8 31 39 8
C(1-4) 20 0 20 18 38 18
D (2-3) 16 23 39 23 39 0
E(2-6) 24 23 47 43 67 20
F( 3-5) 18 39 57 39 57 0
H( 3-6) 4 39 43 63 67 24
G( 4-5) 19 20 39 38 57 18
1(5-6) 10 57 67 57 67 0

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

Activity Time Acrivity Times
(weeks) (weeks)
1-2 4 5-6 4
1-3 1 5-7 8
2-4 1 6-8 1
3-4 1 7-8 2
3-3 6 8-10 5
4-9 5 9-10 7

(i) Construct the network.
(i) Compute E and L for each event, and
(i) Find the critical path.

SOLUTION

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

oy
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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

Activity Duration Start time Finish time Total float
Earliest Latest Earliest Latest (weeks)
1-2 4 0 5 4 9 5
1-3 1 0 0 1 1 0
2-4 1 4 9 5 10 5
3-4 1 1 9 2 10 g
3-5 ) 1 1 7 7 0
4-9 5 5 10 10 13 5
5-6 4 7 12 11 16 5
5-7 8 7 7 15 15 0
6-8 1 11 16 12 17 5
7-8 2 15 15 17 17 0
8-10 17 17 22 22 0
o9-10 7 10 15 17 22 5

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

oy
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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.

o¢
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Activity Durat Start time Finish time Float
101 Earliest Latest Earliest Latest Total ~ Free Independent
0-1 2 0 0 2 2 0 0 0
1-2 8 2 8 1o 16 0 0 0
1-3 10 2 2 12 12 0 0 0
24 6 10 16 16 2 6 0 —6=0
25 3 10 22 13 25 12 0 60
34 3 12 19 15 22 7 1 1
3-6 7 12 12 19 19 0 0 ]
4-7 5 16 22 21 27 6 6 0
5-7 2 13 25 13 27 12 12 0
6-7 8 19 19 27 27 0 0 0

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 | - 2=0- (2 -2) =0,

independent float of activity 2 -4=0- (16 —10) =—6 ~ 0 and so on.

00
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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.

E=17
0 L=17 8

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

along with floats are given in Table

Activity [Duratio Start time Finish time Float
n Earhiest Latest Earliest Latest Total Free Independent
1-2 s ] (V] 8 3 0 0 0
1-3 10 0 2 10 12 2 2 2
2-3 4 8 2 12 12 (8] 0 0
24 0 8 17 g 17 9 9 9
3-4 5 12 12 17 17 0 0 0
3-5 4] 2 15 18 21 3 3 3
4-5 4 L7 17 21 21 0 0 0
1-8 ] 17 24 25 32 7 7
506 5 21 21 20 26 0 0 0
5-7 7 21 22 28 29 1 1 1
6-7 3 26 26 20 20 0 0 0
6-2 5 26 27 31 32 1 1 1
7-8 3 29 29 32 32 0 0 0

o1
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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 CDEFGHIIJ K L

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

The constraints governing the jobs are as follows:

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 | 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.

Activity Immediate predecessor(s)
A _
B _

C A

D B

E A.B
F C.D
G F.B
H E.G
I H.G
] LF
K J.L
L A

M K

oA
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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 |24 |3-4 |3-5 |49 |56 |57 |6-8 |7-8 |8-10

9-10

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

From the above information, you are required to
(i) Construct a network diagram.

(if) Compute the earliest event time and latest event time

o9
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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 |46 | 5-7 | 5-8 | 6-7 | 6-9 | 7-10 | 8-10 | 9-10 | 10-11 | 11-12

Duration |10 |8 9 |8 6|7 |7 |7 |8 |5 |12 |10 |15 |8 5
(days)

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

with their time estimates as in the following table:

Activity | Description Immediate Duration(days)
predecessor(s)

A Forecast sales volume o 10

B Study competitive market o 7

C Design item and facilities A 5

D Prepare production plan C 3

E Estimate cost of production | D 2

F Set sales price B.E 1

G Prepare budget F 14

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




University of Anbar LU” 1 Course Title: construction management
College of Engineering ol Year:(3) Civil Eng. Department
Dr. Juma'a. Awad. AL-Sumaydaei 2018- 2019

(% )5 alanal)

PROGRAMME EVALUATION AND REVIEW TECHNIQUE
(PERT)

The network methods discussed so far may be termed as deterministic, since
estimated activity times are assumed to be known with certainty. However, in
research project or design of gear box or a new machine, various activities are
based on judgment. It is difficult to obtain a reliable time estimate due to the
changing technology. Time values are subject to chance variations. For such cases

where the activities are non-deterministic in nature, PERT was developed. Hence,
PERT is probabilistic method where the activity times are represented by a
probability distribution. This probability distribution of activity times is based
upon three different time estimates made for each activity. These are as follows.

(i) Optimistic time estimate

(i1) Most likely time estimate

(iii) Pessimistic time estimate

is denoted by tp or b. These three time values are shown in the following figure 1

'
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P(x < C)) represents the probability that the project will be comple_ted on.or before
the C_: time u This can be converted into the standard normal statistic z as:

p[—*=
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Example Consider Table 1 summarizing the details of a project involving 11
activities Table 1 Details of Project with 11 Activities

Activity Predecessor(s) Duration (weeks)

s 58 t A

A o 6 7 8
B . 1 2 9
C o 1 4 7
D A 1 2 3
E AB 1 2 9
F C 1 5 9
G C 2 2 8

H E.F - 4 4
1 E,F 4 4 10
J D.H 2 5 14
K LG 2 5 8

(a) Construct the project network.

(b) Find the expected duration and variance of each activity.

(c) Find the critical path and the expected project completion time.

(d) What is the probability of completing the project on or before 25 weeks?

(e) If the probability of completing the project is 0.84, find the expected project

completion t

Solution (a) The project network is shown in Figure 1.

VY
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(b) The expected duration and variance of each activity are shown in Table 1.

Table 2 Computations of Expected Duration and Variance

Duration (weeks) Mean Variance
Activity i 3 t, duration
A 6 7 8 7 0.11
B 1 2 9 3 1.78
C 1 4 7 4 1.00
D 1 2 3 2 0.11
E | 2 9 3 1.78
F 1 5 9 5 1.78
G 2 2 8 3 1.00
H 4 4 4 4 0.00
1 4 4 10 5 1.00
J 2 5 14 6 4.00
K 2 2 8 3 1.00

(c) The calculations of critical path based on expected durations are summarized in
Figure

2. The critical path is A-DI —E-F-J and the corresponding project completion time
Is 20 weeks.

\Al
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*D1 — Dummy activity

(d) The sum of the variances of all the activities on the critical path is:

0.11+1.78 +0.00 + 4.00 = 5.89 weeks.

Therefore G=+/5.80=243 weeks. Also
v _ A5 _ 00
plx<25)= B 27H < 257200 p(; < 2.06)=0.9803.
' . © 243

This value is obtained from standard normal table. Therefore. the probability of completing
the project on or before 25 weeks is 0.9803.

(e)We also have P(x < C‘:} =0.84 . Therefore,
5 — Cou)

p XK “]:0.34
.G G

_a00
2<& 'D]=0.84
243 )

1/

From the standard normal table. the value of = is 0.99. when the cumulative probability is 0.84.
Therefore,
Cc-20

2.43

=099 or C=224weeks

The project will be completed in 22.41 weeks (approximately 23 weeks) if the
probability of completing the project is 0.84.

VY
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EXERCISES:

1- Consider the following data of a project.

Activity Predecesson(s) Duration (weeks)
a m b
A - 3 5 8
B - 6 7 9
G A 4 5 9
D G A 4 5
D B 3 5 8
E A 4 6 9
F C.D 5 8 11
G C.D.E 3 6 9
H F 1 2 9

(a) Construct the project network.

(b) Find the expected duration and variance of each activity.

(c) Find the critical path and the expected project completion time.

(d) What is the probability of completing the project on or before 30 weeks?
(e) If the probability of completing the project is 0.9, find the expected project

completion time.

2- Consider the following table summarizing the details of a project:

Activity Predecessor(s) Duration (weelks)
a 111 b

A _ 4 1 10
B _ 1 > o
o _ 2 s 14
I . 1 -+ T
E A 1 =2 3
F A 1 s s
G B. C | 2z o
H C 4 4 4

1 > 2 2 =
J E. G o 7 8
B F.H 2 =2 =
I F.H = 5 s
S | 1. J. K | 2z o
™ L [ 7 =

V¢
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(a) Construct the project network.

(b) Find the expected duration and variance of each activity.

(c) Find the critical path and the expected project completion time.

(d) What is the probability of completing the project on or before 35 weeks'?

(e) If the probability of completing the project is 0.85, find the expected project completion time.
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The Construction Industry (‘\-U\-wy‘ 2\-“—\-'\-mﬂ‘)i

The construction industry is vast and varied. Just take a look around—
from homes to highways to hospitals—and you see the results of this
industry.

As our needs expanded, so did our building capabilities. We eventually
built political capitals, great cities bustling with business and commerce.
Though the means and the methods have changed over the centuries, the
construction industry is still about building communities that serve people.
Construction is big business, totaling more than $3.9 trillion annually
Worldwide, and there is no slowdown in sight. The industry employs about
7 million people directly (plumbers, carpenters, welders, and so on) and
hundreds of thousands more indirectly. It gives rise to the steel industry,

the lumber industry, the carpet industry, the furniture industry, the paint
industry, the concrete industry, the paving industry, and so on. It goes

even further than that if you consider the trucking, shipping,
manufacturing, and mining industries.

There are three principal players in any construction project are the owner,
the designers (architects and engineers), and the contractor

Owners ((Jed) Glawal)

No construction would ever be accomplished without owners. They are the
driving force behind the construction industry. Their demands for housing,
commercial facilities, industrial products, and infrastructure are the chief
motivation to build.

Architects (&g berall)

Architects design the overall aesthetic and functional look of buildings and

other structures. Architectural technicians are typically the drafters of the
building plans. They are the ones who actually produce the drawings that
are used for construction. Today drafters have become computer operators
and produce their drawings electronically using computer-aided design
(CAD) software. Some CAD operators have expanded their skills to
include 3D building information modeling (BIM) as well. As the trend
toward information modeling continues, these technicians will become
more and more valuable in the marketplace.

Specification writers accompanying (34 ) the plans for a new building is
a written project manual that contains the specifications for the project. The
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plans and specifications compose two parts of the legal contract for
construction.

There are many different engineering specialties; the most common ones
associated with construction activities are described next:

Structural engineers Structural engineers design the timber, concrete, or
steel structural systems that support a building and basically hold it up to
withstand the forces of wind, gravity, and seismic activity. They design the
foundations, beams, girders, and columns that make up the skeleton of the
structure.

Mechanical engineers Mechanical engineers design the heating, cooling,
ventilating, plumbing, and fire suppression systems within a building. They
coordinate their efforts with the architectural design, the structural design,
and the electrical design.

Electrical engineers Electrical engineers design and calculate electrical
loads and determine the circuitry, lighting, motors, transformers, and
telecommunications needed for a building. They typically work closely
with the architect to ensure that the owner’s expectations are met and often
coordinate their efforts with the mechanical engineer.

Civil engineers Civil engineers design roads, bridges, tunnels, dams, site
drainage, parking lots, runways, and water supply and sewage systems.

General Contractor ( alal Jgliall )

The general contractor, also known as the prime contractor, enters into a
contract with the owner to deliver the construction project in accordance
with the plans and specifications that have been prepared by the architects
and engineers.

Construction Managers

Construction managers may be employed by construction management
firms, general contractors, architects, engineers, owners, or specialty
contractors. The primary responsibility of the construction manager is to
organize the project team to perform the construction management function
that is the topic of this entire book.

Subcontractors (st J stiall)

They perform their work under a contract with another contractor (typically
the general contractor) to do a portion of the contractor’s work, as opposed
to contracting directly with an owner. These subcontractors, in turn, may
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engage other subcontractors. Thus, there can be several levels of
subcontracting to a general contractor.

Construction Management Defined

One of the best definitions that | have come across over the years is from
Charles Patrick’s Construction Project Planning and Scheduling.
According to Patrick, “Construction management (CM) entails the
planning, scheduling, evaluation, and controlling of construction tasks or
activities to accomplish specific objectives by effectively allocating and
utilizing appropriate labor, material, and time resources in a manner that
minimizes costs and maximizes customer/owner satisfaction.”

Project Values

In 1996, a group of owners, architects, contractors, and engineers gathered
in San Francisco to discuss common goals and opportunities for
collaboration in the building industry. They referred to these factors as the
six dials of project value: cost, time, quality, safety, scope, and function.

The Six Dials of Project Value

The Six Dials of Project Value

DD S D

Cost Time Quality Safety Scope Function

Cost It is essential to predict and control what the construction project will
cost. Costs are established, targeted, and controlled by means of an
estimate or budget. As the work progresses, expenditures for materials,
labor, equipment, and subcontracts are tracked and measured against the
estimates.

Time :Time is monitored and controlled by a detailed schedule, breaking
each item of work down into its component parts.

Quiality is the grab bag that covers all the aspects of the building not
addressed by the other five values, such as aesthetic impact, user
perceptions, and appropriateness of building materials, and so on. Quality
is monitored and controlled by a variety of means, including specifications,
punch lists, inspections, tests, and user surveys.
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Safety No matter how valuable a facility or structure may be, it is never
more valuable than the health and welfare of the people who build and use
the building. Care must always be taken to ensure that the building process
and the building itself do not create unacceptable hazards to workers or
users. These hazards range from risks during the building process (for
example, falls, accidents, injury, and death) to risks from the completed
buildings (for example, toxic gases, biohazards, and structural failure).

Scope is monitored and controlled by means of an architectural program,
which identifies the space needs and tracks compliance of the building
design with those needs.

Function Function is monitored and controlled by means of process flow
diagrams and utilization analyses, which document the efficiency of the
processes that will be performed in the completed facility.

Types of Project Delivery ( £.sxdall ) g1 )

There are basically three project delivery methods: design-bid-build,
construction management, and design-build. Keep in mind that the
functions associated with construction management are required in all three
methods even though only one of them is actually named construction
management.

1- Design-Bid-Build

Design-bid-build is commonly referred to as the traditional method of
project delivery, and the traditional accountabilities apply. In this scenario,
the owner first hires the architect or engineer to design the building or
structure. The design professional prepares a design, moving through the
three standard design phases: schematic design, design development (the
design development drawings are often referred to in the industry as DDs),
and finally contract documents (referred to as CDs). Under this
arrangement, the design professional is usually selected on a qualifications
basis and then is typically paid a fee or a percentage of the building cost for
their services.

Owner

Designer Contractor
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Design-Bid-Build Linear Approach

No contractor involvement

~ot-

[ i o= | ]
Design Bid Build

No overlap of design and construction

2- Construction Management (4=Lady) 3 1)
As you now know, construction management may be viewed from several
different perspectives, and one of them is as a specific project delivery
method. Under this method, construction management services are
provided to the owner independent of the construction work itself. There
are two options for the owner to consider under this method.

Option 1: agency CM The Construction Management Association of
America (CMAA) defines agency CM as a fee-based service in which the
construction manager is responsible exclusively to the owner and acts in
the owner’s best interests at every stage of the project. In this case, the
construction manager offers advice uncolored by any conflicting interest
because the construction manager does not perform any of the actual
construction work and is not financially at risk for it.

-’/—\ CM Advisor

Designar Contractor

Option 2: at-risk CM (also called CM/GC) The CMAA defines the at-
risk CM project delivery method as an option that entails a commitment by
the construction manager to deliver the project within a guaranteed
maximum price (GMP). The construction manager acts as consultant to the
owner in the development and design phases but does the work of a general
contractor during the construction phase. In this scenario, there are only
two contracts, one between the owner and designer and one between the
owner and the at-risk CM.
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S

e

Communication [~

[
/
Designer During Design CM/GC

3- design-build
A project delivery method in which there is only one contract between the
owner and a design-build entity. The design-builder is responsible for both
the design and the construction of the project. This method is often referred
to as single-source project delivery.

Designer-Builder

--fast tracking

A practice utilized to speed up a job by overlapping the design phase and
the construction phase of a project. It 'soften applied in design-build or
construction management project delivery

Design-Build Integrated Approach

Extensive contractor involvement

]
Design 1]
Build

Overlapped design and construction

method and selection criteria. Although there are exceptions to these
standard practices, for the purposes of this book, I will stick with the more
common situations.
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What Does a Construction Manager Do?

- Estimating the project

- Administering the contract

- Managing job site and construction operations
- Planning and scheduling the project

- Monitoring project performance

- Managing project quality

- Managing project safety

-Assessing project risks

Construction Management Functions( st 3 ) il g)

The construction management functions are typically performed by a team
of construction professionals trained in various aspects of the job. The
experienced construction professional will be competent in all of the
following management functions.

Estimating the Project (g sl (12eil)

Estimating entails the calculation and pricing of all materials, equipment,
and man-hours needed to complete the work. We use estimating to get the
work and also to help us keep score. In other words, we constantly compare
the actual cost of the project with the estimated cost of the project and
monitor any discrepancies.
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Administering the Contract(2.s&d) 313 )

Contract administration (or project administration) is all about the “red tape
"and paperwork associated with a construction project. As you might
imagine, there are tons of reports, submittals, shop drawings, time cards,
payroll records, change orders, inspection records, and numerous other
documents that must be processed in order to manage a project as complex
and expensive as a building, bridge, or highway.

Managing Job Site and Construction Operations( <ided s Jasd) a8 ga 5 )3l
diLan)

This is where all the action happens and we get to build something! This
function considers every detail associated with the logistics of actually
doing the work and getting it done. Think about all the activities and needs
linked with workers doing their jobs: tools, equipment, traffic, parking,
deliveries, storage, security, communications, signage, safety, trash,
drinking water, lunch breaks, and so on.

Planning and Scheduling the Project (£ sdall 41 93 g Jauads )

Project planning is a critical component for the successful completion of
any type of building or structure. Scheduling introduces real time into the
plan and is the tool used to communicate the scheme to all parties
associated with the project.

Monitoring Project Performance ( §s&all #13) 4 y)

Controlling is the process of measuring, monitoring, and comparing actual
efforts with estimated inputs and adjusting the plan accordingly to get the
project back on track for completion as intended. Estimates and schedules
are the tools used to examine this progress.

Managing Project Quality (g s<uall 3352 3 131)

The quality standards on any project are established in the plans and specs
prepared by the designer. Within these documents, specific measurable
conditions are given. These include dimensions, tolerances, test results,
temperatures, and so onThe quality control plan usually very important that
the contractor be able to document and report satisfactory compliance
because only after the standards ( _w\x<!') have been met will the owner
accept the work and release payment.
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Managing Project Safety

This function, by necessity, must be a priority on every project regardless
of size. The personal and economic costs associated with accidents,
injuries, and deaths on the job site are clearly avoidable, and a proactive,
rigorous approach to safety planning and management is one of the most
important construction management goals.

Assessing Project Risks (& g<ual) jhlda aut)

Construction is a very risky business, for both the owner and the contractor.
Part of the challenge is trying to place the risk in the hands of the party who
can best manage that risk (see Table 2.1).

Type of risk Responsible party

Contractor Owner Designer

Site conditions

X
Weather X
conditions

Project funding X

Subcontractor
failure

Job site safety

Material
deliveries

Quality of the
work

X X| XX X

Delays in the
work

Defective design X

Site conditions X

Defective work

Code compliance

Estimate errors

x| X[ XX
X<

Labor strikes

Advertisement for bids (sUsd) e (S

A public notice, usually published in newspapers, trade magazines, and
journals, providing information regarding bidding procedures for public
projects. The types of information typically included in an advertisement
are as follows:

- Project name and description
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- Project location

-Owner name and address

- Architect or engineer name, address, and contact information
- Bid due date and time

- Where to access the plans and specs

- Project duration with anticipated start and completion dates
- Bonds required

- Restrictions on bidders

- Project budget or anticipated price range

Contract documents

The drawings, conditions, terms, and specifications setting forth the
requirements

for constructing the project.

¢ Plans Contract Documentsl Specs

..........

—‘ Bidding documents I
—{ Agreement |
—l General Conditions I
—{ Supplementary Conditions I
—Wchnical speciﬁcatloril

The Project Manual

The project manual Typically has four primary sections:
- Bidding documents (sUaxll (336 5)

- General conditions (Aslall L 5 M)

- Supplemental conditions (4l b 5 %)

- Technical specifications (4l Clacal sall )

Bidding Documents

the instructions to bidders also include the following:
- Procedures for submitting questions and obtaining clarifications regarding
the contract documents.
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- Information regarding addendum receipt and inclusion as part of the
contract documents.

- Rules concerning bid submission including bond requirements, bid
opening, rejection of bids, and notification of successful bidder.

- The expectations for post-bid deliverables including such items as the
schedule of values, cash flow projections, the construction schedule,
payment and performance bonds, or any other documentation requested by
the owner prior to the signing of the contract.

General Conditions

The general conditions document is one of the most important documents
associated with the contract for construction. the general conditions and
give a brief description of each:

General Provisions (&le alsal) This section provides fundamental
definitions for the contract, the work, and the drawings and specifications.
It also clarifies the ownership, use, and overall intent of the contract
documents.

Supplemental Conditions

The information that may appear in these conditions are listed here: . Soils
and soil-testing information provided by the owner

- Survey information provided by the owner

- Materials or other services provided by the owner

-Job signage requirements

- Traffic control and pedestrian safety requirements

- Phasing or special schedule requirements

- Requirements for security

- Temporary facilities and sanitation requirements

Technical Specifications 4l el gal)

The primary purpose of the specifications is to clarify and describe the
following aspects of the job:

- Quality of materials

- Standard of workmanship

- Methods of installation and erection

- Quality control and quality assurance procedures

The Construction Specification

1. General Requirements
2. Site Construction

AR
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3. Concrete

4. Masonry

5. Metals

6. Wood and Plastics

7. Thermal and Moisture Protection
8. Doors and Windows

9. Finishes

10. Specialties

11. Equipment

12. Furnishings

13. Special Construction

14. Conveying Systems

15. Mechanical
16. Electrical
Contract Types (258! g1l )

1- Lump-Sum Contracts ( & skiall ilual) 41 slia)

Lump-sum contracts are the most common type of contract, especially for
building construction. Under this arrangement, the contractor agrees to
complete the work specified in the plans and specs for a single fixed
amount of money Once the contract is signed, both parties must live with
the terms of the contract, and any flaws, errors, or omissions in the plans
and specs will result in a change order. Change orders result in extra work
and/or extra time, both of which result in extra cost to the owner.

Contract Amount Actual Cost Contractor Owner Impact
Impact
$2,000,000 $2,029,000 Contractor No impact,
suffers because
a $29,000 loss. | the contract
amount
Remains the same.
$2,000,000 $1,990,000 Contractor earns | No impact,
an additional because
$10,000. the contract
amount
remains the same.

VY
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2- Cost-Plus-Fee Contracts (44l ¢y dad o) 433 3 ja 4+ 3 g8c)
Under a cost-plus-fee contract (also referred to as time and materials), the
owner reimburses the contractor for all actual costs associated with the

work plus a fixed fee or percentage of the cost.

Contract Fee as Actual Cost  Contractor Owner
Amounct cost

None. The $94,225 over
$1,994,500 | $99,725 $2,094,225 | contractor budget

still amount

Earns a 5% | of

fee. $2,000,000

3- Guaranteed Maximum Price Contracts ( adl (lad aa jaud) 3aa g a8
(Aalstt ey

The guaranteed maximum price (GMP) contract is a variation of the cost-
plus- fee contract and has become very popular, particularly with owners
using design-build project delivery

GMP Contract
No impact. The

contract amount
remains the same.

Contractor suffers
$29,000 loss.

$2,000,000 $2,029,000

Oowner receives
benefit of $10,000
savings.

$2,000,000 $1,990,000 No impact.

4- Unit-Price Contracts (s 82a 5 48 )
Unit-price contracts are used when the work to be performed cannot
accurately be measured ahead of time. Unit pricing is common for heavy
civil and highway type projects.

Work item | Estimated | Unit price | Bid Actual Final cost
quantities amount quantities
Trench 14000 m3 |5.25$% 73500 $ 13500 m3 | 70875 $
excavation
8" pipe 1750 m.L {18.24 % 31920 $ 1750 m.L | 31920 %
Back fill | 9500 m3 |4.00 $ 38000 $ 9800 m3 | 39200 $
143420 $ 141995 $

VY
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5- Turn —key contract (zlisel) adus sac)
6- BOT (Build operate transfer ) aSlall Jsi 5 Jusill 5 oLl sée
7- Joint-Venture contract (x5S pd Gm alady) sde

Allall jaas 5 )8 4y a3y (V-1 200) e 3 gial) ddaa3la

Project stages (gsusall Jal )

These stages are as follows:
— Design

— Pre-construction

— Procurement

— Construction

— Post-construction

— Owner occupancy

Design and Bidding Stage

Contract Notice to )
@ Award Proceed _

Construction Post-Construction

Procurement

Pre-Construction

— Project close-out

i roject — Project buy-out — Mobilization D Ll
=ha et — Subcontracts - Staging S WNanary
— Due diligance — Purchass ordersy |~ (L)E:)ye?:tions — Project evaluation

— Vvalue engineering
— Permitiing

The Design Stage

Every project starts with a design, and the design process involves an
intensive study and a lot of considerations. Architects and engineers
basically take ideas combined with certain requirements and develop the
two into comprehensible plans and specifications that are used to construct
the new building or facility. There are four steps to the design process:
—Programming and feasibility

— Schematic design

— Design development

)¢
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— drawing documents

The Bidding Stage

The design phase culminates with the competitive bidding stage. The
drawingsand specifications are complete, and now it’s time to select the
contract and award the contract.

Assigning the Project Team

[ Project Team I

l On-Site F r Office Support l

l Moves back and forth )
[ Project Manager Ie ------------------ Project Manager

Contract
‘ Administrator I _l Estimator I

General
Superintendent

Assistant

l Superintendent I

|

[ Fleld Engineer

Value Engineering (el 4uia)

Value engineering is a process that may or may not be conducted during
the preconstruction phase, In this process, a thorough analysis is conducted
of the design, products, and materials and their application, installation, and
execution to determine whether the proposed design solutions are really the
best solutions relative to their cost. The purpose of value engineering is to
optimize resources to achieve the greatest value for the money being spent

The Procurement Stage

To procure means to buy or obtain. The procurement stage of construction
management is often referred to as “buying out” the job or purchasing the
labor, materials, and equipment needed to complete the project. A great
deal of the constructionmanagement function has to do with managing
contracts—contracts tosecure the labor and trades needed to perform the
work and contracts to securethe materials and equipment that will be placed
on the project.

Yo
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The Construction Stage

Once the work is ready to start, the superintendent will call for a pre-
construction meeting with all the subcontractors and major material
vendors. This meeting essentially establishes the ground rules for working
together

Mobilization <alacy)

Mobilization is all about setting up and getting ready to start construction.
Construction cannot begin until all of the proper personnel, materials, and
Equipment are in place.

The following are some of the activities that should be done during

the mobilization process:

— Set up field office.

— Set up temporary storage facilities.

— Secure the site.

— Organize adequate parking and site access.

— Develop a materials and handling plan.

— Secure temporary electric, water, and telephone service.

— Arrange for trash and debris removal.

— Provide and place portable toilets.

— Install job signage and barricades.

— Assemble survey and layout personnel.

— Confirm testing agencies and personnel.

— Establish job site management systems.

— Establish safety programs and protocol.

The Project Closeout

The final step in the construction process is the project closeout .The
construction management team must complete the following list of final
standard procedures before they can celebrate the completion of a job well
done:

Substantial completion
Final inspection
Certificate of occupancy
Commissioning

Final documentation
Final completion

1



University of Anbar
College of Engineering
Dr. Juma'a. Awad. AL-Sumaidaei

Course Title: construction management
Year:(3) Civil Eng. Department
2019-2020

some of the typical work items associated with various building elements.

Building Elements and Work ltems

s CEoo——2 S S s—nE

Site work
Foundations

Basement
construction

Superstructure
Exterior closure
Roofing

Interior construction
Staircases

Interior finishes

Conveying systems

Plumbing

HVAC
Fire protection

Electrical

Equipment

Furnishings

Special construction

Selective building
demolition

Cleari out, landscaping,
irrigation, paving, exterior concrete

Excavation, standard foundations, special founda-
tions, slabs on grade

Basement excavation, basement walls, basement
floors, waterproofing, perimeter drains, backfill

Floor construction, roof construction

Exterior walls, exterior windows, exterior doors
Roof coverings, flashings, roof openings
Partitions, interior doors, specialties

Stair construction, stair finishes

Wall finishes, floor finishes, ceiling finishes

Elevators, escalators, moving walkers, material-
handling systems

Plumbing fixtures, domestic water distribution,
sanitary waste, rainwater drainage, special plumb-
ing systems

Energy supply, heat-generating systems, cooling
generating systems, control and instrumentation

Fire protection and sprinkler systems, standpipe
and hose systems, fire protection specialties

Electrical services and distribution, lighting
and branch wiring, communication and security
systems

Commercial equipment, institutional equipment,
vehicular equipment, other equipment

Fixed furnishings, movable furnishings

Special structures, integrated construction, special
construction systems, special facilities

Building elements demolition, hazardous com-
pounds abatement

ARY
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Fig life cycle cost of project
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