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Project resources

We need resources to carry out different activities. There are three main
resource types used in projects:

People (engineer, labor, operator)

Equipment (loader, crane, truck)

Material (steel, concrete, asphalt)

Material-type resources are expendable resources, i.e., they are depleted during
activity execution (e.g., use of concrete during “pouring foundation concrete”
activity).

People-type and equipment—type resources are non-expendable resources, i.e.,
they are busy when participating in an activity execution and become available
for other activities after that. E.g., use of shovel and shovel operator for “digging
the ditch” activity.

Several resources might be used to carry out an activity (e.g., to install a steel
column we need steel column, iron workers, crane and crane operator).



Resource allocation

Resource allocation (or resource loading) is the assignment of the resources

required to each activity, in the required amount and timing.

When we first estimate an activity duration, to be able to estimate the duration, we
automatically assign normal number of resources required to each activity. This is

basically the initial resource allocation.

Example: Remember our “prepare foundation form work” example in lecture 5
when we first estimated the activities, all durations came with number of resources

required, we have allocated resources by mentioning resources for each activity:

Extract foundation sizes from drawings (1 engineer, 1 day)
Order form sheets (1 purchaser, 0.5 day)

Hire two form-workers for the job(1 HR-person, 1 day)
Size form sheets (2 form-worker, 2 day)

Install form sheets in place (2 form-worker, 4 days)



Resource leveling

Fluctuations in number of some (not all) of project resources over the course of
the project are undesirable. For these resources we are trying to level their
number over the time.

Note: Resource leveling is the case for most (not all') people and equipment
resource types (or non-expendable resources) but not for material resource type
(or expendable resources)! (why? see the justification in below!)

Every time we are forced to increase/ decrease number of our resources (i.e.,
hire/ fire our workers or set up / pack up our equipment) for the project we are
Imposing some costs to the project. Some examples of these additional costs
are:

Time spent by HR person for hiring/ firing workers
Low performance of the new workers
Time spent by procurement person to sign rental/ purchase contract

Time spent for picking up/ dropping off and install/ uninstall the equipment



Resource leveling
.6 4

@ With equal total Man-Hour used in both project plans, which one of the following
resource curves causes less cost to the project?

#of Res. #of Res.

time

@ Project managers also whish to cut the resource peaks! Why?



Number of Resources

Resource leveling

Example 1: Following resource charts represent resource distribution over

course of a project before and after resource leveling. Total number of resources
per time unit in both schedules is 42. However, we are expecting less cost in the
leveled schedule since project will have no cost regarding resource fluctuations!

14 1 Resource chart of an unleveled schedule 14

12

=
o

12

=
o

Number of Resources

, 2 410 ¥3+6 + 8 +12 1
_ 2
g A
0
1 2 3 4 5 6 7

time

Resource chart of a leveled schedule
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@ Question: In reality is a completely leveled schedule possible?




Resource leveling

Example 1 (cont’d):
For calculating resource fluctuations in resource chart we need to sum up the
amount of all ups and downs of the resource level!

14 - Resource chart of an unleveled schedule
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@ Question: How can we reduce resource fluctuations (or level the resources) in a project?



Resource leveling

Resource leveling has different types according to different types of project
constraints. Resource leveling we are discussing here is for projects with

unlimited resources and limited duration (the duration calculated in CPM).

Note: A project might have different types of resources (with different expertise or
applications). Leveling different types of resources are done separately (e.g.,
welders, painters, cranes, etc. need to be leveled separately); most important

resources are leveled the latest! Why?@

To be able to level the resources we need to adjust activities start (or finish) time

in a way that resource fluctuations are reduced.

@ Question: For doing resource leveling on our schedule what type of activities we

need to shift? (critical or non-critical) (easy question!!!!)



Resource leveling

Example 2: We are trying to level the project schedule presented in resource

aggregate (or resource load) table in below by moving activities start time:

Working Day

WBS |Predecessor |[ES|LS(Slack|{ 1|2 (3|4 |5|6|7|8|9
1 11| O
2 1SS 1(4| 3
3 2 36| 3
4 2 318| 5
5 1,2 11| O
6 5 1{1] O

Sum 4(4(7(7(5(5(2|2(1

Resource fluctuations= 0+3+0+2+0+3+0+1=9



Resource leveling

Example 2 (cont’d):

Moving activity 4 forward:
Resource fluctuations=
0+1+0+0+0+1+0+3=5

Moving activity 3 forward:
Resource fluctuations=
0+0+0+1+0+0+0+4=5

Working Day

WBS |Predecessor (ES (LS |Slack 314|5|6]|7
1 1{1| O
2 1SS 1{4| 3
3 2 316 3
4 2 3|18| 5
5 1,2 1{1| O
6 5 1{1| O

Sum 5|5(5|5|4

Working Day

WBS |Predecessor (ES (LS [Slack 314(5(6]|7
1 111 O
2 1SS 1{4] 3
3 2 316 3
4 2 3|18| 5
5 1,2 1{1] O
6 5 1{1] O

Sum




Resource leveling

Example 3 (cont’d):

Moving activity 3 to ultimate
forward:
Resource fluctuations=
0+0+0+2+3+0+0+1=6

Moving activity 3 to ultimate

Forward and activity 2 and 4

1 step forward:
Resource fluctuations=

2+0+0+0+1+0+0+1=4

Working Day

WBS |Predecessor (ES Slack 4|15(6|7
1 1{1( O
2 1SS 1{4| 3
3 2 316 3
4 2 3|18| 5
5 1,2 1{1( O
6 5 1{1( O

Sum

Working Day

WBS |Predecessor |ES |LS [Slack 2|13|14|5|6/|7
1 1({1( O
2 1SS 1(4( 3
3 2 316 3
4 2 3|18| 5
5 1,2 1({1( O
6 5 1({1( O

Sum




Resource leveling

To find the best possible resource distribution in a project’s schedule, there is no
way other than comparing resource fluctuations in all possible activity
combinations in the project and picking the combination that has the minimum
resource fluctuation!

For a real world project schedules (e.g., with more than 100s or even1000s of
activities), we are going to have a considerable number (e.g., 100s or 1000s) of
non-critical activities which are candidates for changing their start time. Many of
them have slack time of more than 1 which adds to the number of possible
activity combinations.

Example 3: A project schedule has total130 activities (30 of them on the critical
path and 100 are non-critical). Average slack time for non-critical activities is 3
days. Total combination of activities will be in the order of:

37100= 5.2 * 10"47



Resource leveling

Example 3 (cont’d): If we suppose just 1 simple calculation is required for

billion (10710) calculations in a second. Total calculation time for finding the best

possible activity combination is:

Ej)))Resource leveling problems are considered computationally complex problem
(so call non-deterministic polynomial time hard or NP-Hard). For real scale

projects there is no way that we can guarantee optimum answer for the problem.

To address resource the leveling concern there are heuristic and meta-heuristic
methods developed with the main purpose of converging toward the optimum

answer!



In class exercise 1

Try to find the most leveled schedule for the project schedule presented in

resource aggregate (or resource load) table in below:

Working Day
WBS |Predecessor |ES |LS [Slack 4(5(6|7
1 1{1 O
2 1SS 1({4] 3
3 2 316 3
i} 2 318 5
Sum




Resource leveling - Techniqgue

Definition: Resource moment (torque):

A resource moment at the
specified time of i with the

. Resource chart of a schedule
resource number of Yi about g
the time axis is: 3
1 g Y2
—(Y)? %
2 5
5 Y3
< Y1 —

Total schedule moment (M) |
. time
for a resource is calculated:

I 2
Yeas



Resource leveling - Techniqgue

o Minimum Moment Technique (MMT) for resource leveling (Harris 1978) is a
widely used heuristic method for resource leveling we will discuss here!

Dr. Harris has based minimum moment technique up on the fact that with the constant
total number of resource-time unit (e.g., worker-day, man-hour) (XYi=A) the more

leveled the schedule the less resource moment value will be resulted.
Example 5: Calculate the resource moment for the resource charts presented below:

Resource chart of a non-leveled Resource chart of a leveled schedule

ol

(7] 5 (72
3 schedule g
54 4 -
2 2
e 3 H|gher Moment for the g3 Lower Moment for the
S, 5,
5 non-leveled schedule g leveled schedule
: 3
2 s 1 [ [ ]
1 2 . 4 5
tihe 1 2 i3 4 5
M=1/2 *(5"2+0+0+0+0)=12.5 M=1/2 * (1"2+17"2+1"2+1"2+1"2)=2.5

Harris, R. I. (1978). Precedence and arrow networking techniques for construction, Wiley, New York.



Resource leveling - Techniqgue

o MMT consists of two cycles: forward cycle and backward cycle. These two cycles
are run consecutively up until we could not see any progresses in none of cycles.
The main steps of the MMT are as follows:

1) Start with the forward cycle, where you go to the last non-critical activity in the

schedule (with the latest start).

Working Day

WBS |PrededES LS

1SS

2
9 4 8
Total resourcesr 3 r 3

(o T I NN N I )

NI |WIN|F=
GGWIWIlF |-




Resource leveling - Techniqgue

2) Shift the activity forward within its slack time (make sure no dependency rule is
broken). Calculate total moment of different possible shifts.

Working Day
WBS |Predecessor |ES (LS [Slack
1 1111 O
2 1SS 114 3
3 2 3(7] 4
4 2 3(6] 3
5 4 518 3
Total resources 3|13|6|6| 7 |4]1(1]|1
Moment 79 (4.5|4.5|18|18|24.5| 8 |0.5(0.5]|0.5
Working Day
WBS |Predecessor |[ES[LS(Slack| 1 [ 2 (3 |4]| 5 6| 7| 8|9
1 111 0
2 1SS 114| 3
3 2 3(7| 4
Forward shift 4 2 3161 3
) 5 4 5(8 3
Total resources 3|13(6(6( 4 (44|11
Moment 70 |45|45|18|/18( 8 | 8 | 8 |0.5]|0.5




Resource leveling - Techniqgue

2) Shift the activity forward within its slack time (make sure no dependency rule is
broken). Calculate total moment of different possible shifts.

Working Day
WBS |Predecessor |ES |LS |Slack
1 111] O
2 1SS 114 3
3 2 317 4
4 2 3(6| 3
Forward shift 5 4 58| 3
) Total resources
Moment 70
WBS |Predecessor (ES (LS |Slack
1 1(1 0
2 1SS 114 3
3 2 3(7| 4
Forward shift : i i : 2
) Total resources 3(3(6|6]| 4 11114 4
Moment 70 |45(45(18(18| 8 |0.5|/05| 8 | 8




Resource leveling - Techniqgue

3) Shift the activity to the location with minimum total moment

Note: If several activity shifts result in similar total moment choose the shift with the latest

start date!
Working Day
WABS |Predecessor |ES |LS [Slack
1 1({1] O
2 1SS 114 3
3 2 317 4
4 2 316 3
5 4 518 3
Total resources 3(3|6|6]| 4 1 (14| 4
Moment 70 (45(45(18/18| 8 |05|/05| 8 | 8

The shift with the minimum total moment and the latest start is
selected and set as new updated schedule!



Resource leveling - Techniqgue

4) Continue steps 2 and 3 for all activities from last to the first non-critical activities
5) Start backward cycle from the first non-critical activity

6) Shift the activity backward within its slack time (make sure no dependency rule

IS broken). Calculate total moment of different possible shifts.
7) In the backward cycle the activity to the location with the minimum total moment.

Note: In case that you have several locations with equal minimum total

moments, move the activity to the location with the latest start!
8) Continue steps 6 and 7 for all activities from first to the last non-critical activities

9) Continue steps 1 through 8 until there is no improvement achieved after two

(i.e., one forward and one backward) cycles.



Resource leveling - Techniqgue

Simplified MMT Calculations: To speed up the calculation of the moment

changes. Dr. Harris has introduced a shortcut method as follows. Suppose:
- The activity requires R number of resources
- The duration of the activity is t
- You have shifted the activity by S time units
- X1, X2, ... are number of resources in the days in which total number of
resources reduced (by R) (prior to the shift)
-W1, W2, ... are number of resources in the days in which total number of
resources increased (by R) (prior to the shift)
-m is number of days with resource increase which is equal to minimum of S
and t

The change made in the moment (M1-MO) can be calculated as in below:
PR VN VI YR U R LTI S PRSEC I R upsE
M, -M =AM —E;__,(lj R) +E,T(Hf +R) 5?(‘1j) E‘;__(_Hf)



Resource leveling - Techniqgue

Example 6:

R=Number of resources
for activity 5
= 3 resources

t= Duration of activity 5
= 2 days
s= acitivity shift= 3 days

X1=7; X2=4 (resources)
W1=1; W2=1 (resources)

m=number days with
resource increase
=Min(t,s)=2

Working Day
WBS |Predecessor [ES[LS(Slack|[ 1 | 2 |34 5 | 6| 7| 8| 9
1 1(1] O
2 1SS 1(4] 3
3 2 317 4
4 2 3|16 3
5 4 518 3
Total resources 3|13(6(6) 7 | 4F 10111
Moment 79 |la5|45|18[18 X1 X2 M W1 W2
Working Day
WBS |Predecessor [ES[LS(Slack| 1 | 2 (3|4 5 | 6| 7| 8| 9
1 111] 0
2 1SS 114] 3
3 2 3[(7( 4
4 2 3(6| 3 ;
5 4 5(8| 3
Total resources 3[3]6 4 [ 1§1jL4]4
Moment 70 |45(4.5|18(18| 8 |0.5(0.5| 8 | 8

M1-MO= 1/2%[(7-3) 2+(4-3)A24(1+3)N2+(1+3)2-7/2-472-172-172]= -9 (So move it!!)



Resource leveling - Techniqgue

Simplified MMT Calculations (cont’d):
By simplifying this equation we have:

AM=R(-ZXi + ZWi + mR)
In this calculations we are not interested in the actual value of the moment or even
AM. What is important in MMT is the direction of changes (positive or negative). The
fact is a decrease in AM represents a positive shift or an improvement and an
increase in AM represents a negative shift or a decline. To make the sign (+ and -)
of the formula more consistent with our purpose we define the Improvement Factor
(or IF) as the negative value of AM. Since R is a positive constant value within the
activity we are going to remove R factor from the formula. The simplified formula will
become: IF= (ZXi - ZWi - mR)

Note: In the simplified method you need to follow the same steps discussed for
MMT, but just replace total moment with IF!



Resource leveling - Techniqgue

o Example 7: Follow MMT to level the project schedule presented in resource
aggregate (or resource load) table in below:

Working Day
WBS (PredeqES LS Slack
1 1 1 0
2 1SS 1 4 3
3 2 3 7 4
4 2 3 6 3
5 4 5 8 3
Total resourcesr 3 r 3 1 r 1 r 1

o Start from Activity 5 and forward cycle
o Activity 5 can shifted 1, 2 or 3 days. The IF result for each is:
IF1= 7-1-1*3=3; IF2=(7+4)-(1+1)-2*3=3; IF3=(7+4)-(1+1)-2*3=3
Since all IFs are in the same value we are going to shift activity by 3 days



Resource leveling - Techniqgue

o Example 7 (cont’d):
Working Day
WBS |PrededES LS Slack
1 1 1 0
2 1SS 1 4 3
3 2 3 7 4
4 2 3 6 3
5 4 5 8 3 +
Total resources| 3 r 3 4 1 r 1

o Continue with activity 4 which can be shifted 1, 2 or 3 days. The IF result for

each is:

IF1=6-4-2=0; IF2=(6+6)-(4+1)-2*2=3; IF3=(6+6)-(1+1)-2*2=6
IF3 shows the maximum improvement

Working Day
WBS (PrededES LS Slack
1 1 1 0
2 1SS 1 4 3
3 2 3 7 4
4 2 3 6 3
5 4 5 8 3
Total resourcesr 3 r 3




Resource leveling - Techniqgue

Example 7 (cont’d):
Continue with activity 3 which can be shifted 1, 2, 3 or 4 days. The IF result
for each is:
|IF1=4-3-3=-2; IF2=(4+4)-(3+3)-2*3=-4; |IF3=(4+4+4)-(3+3+4)-3*3=-7,
|IF4= =(4+4+4)-(3+4+4)-3*3=-8
No improvement will be made by shifting activity 3
Continue with activity 2. But it can be shifted forward since its FS
dependency with activity 3 will be violated.
Continue with backward cycle.
Activity 2 do not have any backward move!
Activity 3 do not have any backward move!
Activity 4 has 3 backward shifts, 1, 2 and 3 days. The IF result for each is:
|IF1=3-4-2=-3; IF2=(3+3)-(4+4)-2*2=-6; |IF3= =(3+3)-(4+4)-2*2=-6;
No improvement will be made by shifting activity 4
Activity 5 do not have any backward move!



Resource leveling - Techniqgue

o Example 7 (cont’d):

o Continue with forward cycle from activity 5

o Activity 5 do not have any forward move!

o Activity 4 do not have any forward move!

o Activity 3 has 3 forward shifts, 1, 2, 3 and 4 days. The IF result for each is:
|IF1=4-3-3=-2; IF2=(4+4)-(3+3)-2*3=-4; |IF3=(4+4+4)-(3+3+4)-3*3=-7,
|IF4= =(4+4+4)-(3+4+4)-3*3=-8
No improvement will be made by shifting activity 3

o Activity 2 do not have any forward move!

o We are going to stop at this stage since we had 2 consecutive cycles with no

improvement. The final leveled schedule is:

Working Day

s
a

PrededES LS

1SS

DN [P |-

N(HARIWIN|F=
N
NWWIlF |-

8
Total resources




Resource leveling - Technique
e

o Example 7 (cont’d):

Resource Chart - After Resource Leveling

Resource Chart - Before Resource Leveling




In class exercise 2

Follow simplified MMT method to level the project schedule presented in below:

Working Day

WBS (Predecessor [ES|LS(Slack| 1 (2 (3 |4|5(6|7|8|9
1 1(1
2 1SS 1|4
3 2 3|6
4 2 3|18
Sum 1|1




Resource leveling - MSP

Priority: In MSP activities with lower priorities are first on the line to be delayed!

Before Toskinformation e

GEﬂEfﬁ|l Predecessors ] Resources ] Advanced ] Motes ] Custom Fields l

resource

Mame: | Order form sheets required Duration: | 1day = [ | Estimated
levellng Percent complete: | 0% = I Priority: | 500 = I
make sure Schedule Mode: () Manually Scheduled [ Inactive

@ Auto Scheduled
about the Dates
. . Start:  Sun 07/04/13 * Finish: Sun 07/04/13 -

priority of
activities in [~ Display on Timeline

[| Hide Bar
Task [ | Rallup
information>
General:

5 [ o




Resource leveling- MSP

Ii 1 I |
Task Resource Project WView Acrobat Format

@ & «._u.f _:) E g= f.: &. ? [ Leveling D-ptions

:. Clear Leveling

Team Assign  Resource Subst|tute Add Information MNotes Details Lewvel Lewvel Level

Planner ~ | Resources Pool~ Resources | Resources
Wiewr | Assignments | Insert | Properties

Selection Resource  All ki Mext Overallacation
| Lewvel

~Make sure about

the options then

start the resource |

leveling

& 2] Leveling Options
1;4_: e »@ 4 -

w Clear Leveling

Level Level Level _
Selection Resource Al illi Mext Overallocation
Level |

Leveling calculations

() Automatic @ Manual

Look for overallocations ona  Day by Day * basis
Clear leveling values before leveling

Leveling range for '5_Proj'

@ Level entire project

) Level From: | Sat 06/04/13 -]

| sat 20/04/13 - |

Resolving overallocations

Leveling order: Standard -

Lewvel only within available sladk

Leveling can adjust individual assignments on a task
Leveling can create splits in remaining work

Level resources with the proposed booking type
Level manually scheduled tasks

Help ] [GearLeueh"rg...] ’ Lewvel Al ] l

Ok

J [ conce




Resource leveling — MSP
T =

File Task Praject View Acrobat I Format I
Iﬁ $ 5 &O‘ - E E’f';' [P Leveling Options
L - % 1= i
R a0 : » 8 Clear Leveling
Team Assign Resource Substitute Add Information Motes Details Lewvel Level Level )
Planner ~ | Resources Pool™ Resources | Resources selectiorf Resource] an  dilli Mext Overallocation

View Assignments Insert Properties Level

LE‘H'E' Rﬂﬂum’“

-
Level: |
Entire Pool
(@) Selected Resources:
DseIeCt the 5_Project_2_ex1_FormWork_Resource

resources you
want to level and
then push “Level
Now” button!




Resource over-allocation

Example 8: Remember initial schedule we developed for our “prepare foundation

form work” in lecture 5 using CPM method.

~N
o

Start

Od

Extract foundation sizes from drawings (1 engineer, 1 day)
Order form sheets (1 purchaser, 0.5 day)
Hire two form-workers for the job(1 HR-person, 1 day)
Size form sheets (2 form-worker, 2 day)
Install form sheets in place (2 form-worker, 4 days)

3

3.1.1

3

4

1d

=

N [

2

3.1.3

1d

51314 6

2 2d 6 9 | Finish
9 Od

6 13.1.5| 9

6 | 4d 9




Resource over-allocation

o Example 8 (cont’d):
Schedule in MSP:

Task Name . Duratior _

~ Prepare foundation form work 9 days

Extract foundation sizes from drawings 1 day

Order form sheets required 1 day
Hire two form-workers for the job 1 day
Size the form-sheets 2 days
Install form-sheets in place 4 days

Start - Finish

Sat 15/11/14 Tue 25/11/14
Sat15/11/14 Sat 15/11/14
Sun 16/11/14 Sun 16/11/14
Sat15/11/14 Sat 15/11/14
Wed 19/11/14 Sat 22/11/14
Sat22/11/14 Tue 25/11/14

Predecessors
-~ -~

1

3F5+3 days,2

455+1 day

Rezource
-~
MNames

Eng

Pu

HR
FW[200%]
FW[200%]

@ Question: What if we have a limited number of form-workers of 3 available for

the job (e.g., there are maximum of 3 form-workers available in the area)?



Resource over-allocation

Example 8 (cont’d): To answer this question we are going to use resource-

aggregation or resource-loading table to show daily summation of resources

required to complete activities on each day.

Working Day
WBS [Description 1 2 |3*[4*| 5 6 | 7| 8|9
3.1.1 |Extract foundation sizes from drawings |1Eng
3.1.2 |Order form sheets required 1Pu
3.1.3 |Hire two form-workers for the job 1HR
3.1.4 |Size the form-sheets 2FW [2Fw
3.1.5 |Install form-sheets in place 2Fw [2Fw |2Fw |2Fw
Total resources |1Eng, 1HR |1Pu 2FW (4AFW|2FW|2FW|2FW

*Days 3 and 4 are working days in which no activity can be carried out




Resource over-allocation

Example 8 (cont’d): To answer this question we are going to use resource-

aggregation or resource-loading table to show daily summation of resources

required to complete activities on each day.

Working Day
WBS |Description 1 2 |3%|4*( 5|1 6| 7| 8|9
3.1.1 |Extract foundation sizes from drawings |1Eng
3.1.2 (Orderform sheets required 1Pu
3.1.3 [Hire two form-workers for the job 1HR
3.1.4 |Size the form-sheets 2FW/ﬁ:v?\
3.1.5 |Install form-sheetsin place 2Fw |AFw |2Fw [2Fw
Total resources |1Eng, 1HR |1Pu 2FW( |4FW|2FW|2FW|2FW

*Days 3 and 4 are working days in which no activity can be carried out

N/

In day 6 total number form-workers reaches 4FW which is a resource over-

allocation (one more than maximum form-worker availability of 3).




Resource over-allocation

Example 8 (cont’d): By shifting “install form-sheets in place” activity one day a
head, we can eliminate this resource constraint violation! This shift results in 1

day increase in the project duration (from 9 days to 10 days)!

Working Day
WBS |Description 1 2 |3*|4*%| 5 6 7 8 9 | 10
3.1.1 |Extract foundation sizes from drawings |1Eng
3.1.2|Order form sheets required 1Pu
3.1.3 |Hire two form-workers for the job 1HR
3.1.4|Size the form-sheets 2FW (2Fw
3.1.5|Install form-sheets in place 2Fw |2Fw [2Fw |2Fw
Total resources |1Eng, 1HR |1Pu 2FW |2FW (2FW |2FW (2FW |2FW

*Days 3 and 4 are working days in which no activity can be carried out

[j))) To eliminate resource over-allocation we need to shift the violator activity and all
of its direct and indirect successor-activities forward until the maximum resource
violation (resource over-allocation) is eliminated! However there is no guarantee

that the total duration of the project will stay untouched!



Resource over-allocation-MSP

Depending on the location of the activities involved (on the critical path or off the
critical path) and the activity slack, maximum resource constraint might increase

or not increase the project duration!

Recognizing and eliminating maximum resource constraint violation is a

capability within project scheduling computer programs!

WBS _ 9 Task Name . |Duratic _ |Start . Finish . |Predecessors _ |Resource _
Mames
Extract foundation sizes from drawings 1 day Sat15/11/14 sat15/11/14 Eng
Order form sheets re I.Tzl} Fix in Task Inspector... n16/11/14 1 Pu
Hire two form-worke = t15/11/14 HR
Size the form-sheets E-:u Reschedule to Available Date £22/11/14  3FS+3days,2  FW[200%]

Install form-sheets in e 25/11/14  455+1 day FW[200%]

Ignore Problems for This Task

#£  Cut Cell
Highlighting over-allocated activities and the rescheduling option in M.S. Project software



Resource over-allocation-MSP

WBS _ o Task Name - |Duratior _ Start - Finish - Predecessors - Resource _
MNames
0 ~ Prepare foundation form woerk 10 days | Sat 15/11/14 Wed 26/11/14
1 Extract foundation sizes from drawings 1 day 5at15/11/14 sat 15/11/14 Eng
2 Order form sheets required 1 day Sun 16/11/14 Sun 16/11/14 1 Pu
3 Hire two form-waorkers for the job 1 day Sat 15/11/14 Sat15/11/14 HR
4 Size the form-sheets 2 days Wed 19/11/14 Sat 22/11/14 3FS+3days,2  FW[200%]
5 Install form-sheets in place 4 days Sun 23/11/14 Wed 26/11/14 45S+1day FW[200%]

@ Question: Talking about resource over-allocation which types of resources are

usually involved (people, equipment, or material)?



Resource over-allocation

Resource over-allocation is the issue with non-expendable (or reusable)

resources, i.e., people and equipment types!

We need to have enough material resources to be able to do the project. No
matter how (i.e., in what sequence) we are allocating the materials to the

activities, no over-allocation will happen with the material resources!

In this perspective, reusability of the people and equipment resource types adds

to the complexity of their planning.

In some cases resource over-allocation problems can get very complicated



Resource calendar constraint

In a project different resources might be available with different working time

(calendars) :

Hauling trucks can enter the city from 11pm to 5am due to traffic regulation. Therefore

Hauling the tunneling mucks out of the city by hauling trucks is limited to 11pm to 5am.
Mill delivers 10-inch HSS sections after 6 months from order.
External certified NDT inspector is available one day a month.

Foreign consulting company works Monday through Friday

If initial schedule violates resource working time constraints we need to
update the schedule accordingly by applying these constraints to all related

activities and recalculating the schedule!



Resource calendar constraint

Example 9: in our “prepare foundation form work” example suppose that HR
person is in vacation until Aban 27,1393 (Nov 18, 2014).
Initial schedule is:
WBS _ o Task Mame . |Duratic _ |Start . Finish . Predecessors . Resource _
MNames
1 Extract foundation sizes from drawings 1 day Sat15/11/14 sat 15/11/14 Eng
2 Order form sheets required 1 day Sun 16/11/14 Sun16/11/14 1 Pu
BE Hire two form-workers for the job lday  Sat15/11/14 Sat15/11/14 HR |
4 [} Size the form-sheets 2days Wed19/11/14 Sat22/11/14  3FS+3days,2  FW[200%]
5 [Ey Install form-sheets in place 4days Sat22/11/14 Tue 25/11/14 455+1day FW[200%]

“Hire two form-workers for the job” (3.1.3) is the only activity requiring the HR-
person to be carried out. In the initial schedule it starts from Aban 24t 1393 (Nov
15t 2014) which violates the HR-person calendar constraint. We need to re-
calculate the schedule to address this constraint.



Resource calendar constraint

Example 9 (cont’d): previous CPM calculations resulted in:

3 [3.11] 3 4 13.1.2]| 4

/‘ 1| 1d 5 [3.1.4] 6
Start| 1 > 1 2d | © N{ 9 [Finish
od | 1 9 | od
\ 6 [315] 9
1 [3.1.3 5T ad 19
1| 1d

HR- person calendar constraint can be reflected on the AON network by adding a
3-day lag for the start of activity 3.1.3

3.1.1 3.1.2
1d —> 3.1.4
/ 2 _
Start Lag ! [Finish
od 3 315 V7 0d
3.1.3 o
1d




Resource calendar constraint

Example 9 (cont’d): previous CPM calculations resulted in:
3.1.2

3.1.1
/‘ 1| 1d
Start L
ag
0d < 34
3.1.3
4 | 1d

314

2d | 9 Finish
2] od

315

4d | 12




Resource calendar constraint

Example 9 (cont’d): previous CPM calculations resulted in:
3.1.2

3.1.1
/‘ 1| 1d
Start L
ag
Od < 3d
3.1.3
4 1 1d
6 [3.1.1
/‘ 1| 1d
Start L
ag
Od < 3d
4 13.1.3
4 1 1d

314
612d |9 NJ TFinish
12| od
315 P
9| 4d |12
8 [3.1.4] 9
812 |9 "\ 12 [Finish
12| od
9 [315] 12
o | 4d |12




Resource calendar constraint

Example 9 (cont’d): previous CPM calculations resulted in:
3.1.2

3.1.1
/‘ 1| 1d
Start L
ag
Od < 3d
3.1.3
4 1 1d
6 [3.1.1
/‘ 1| 1d
Start L
ag
Od < 3d
4 13.1.3
4 1 1d

314
612d |9 NJ TFinish
12| od
315 P
9| 4d |12
8 [3.1.4] 9
812 |9 "\ 12 [Finish
12| od
9 (315|121
o | 4d | 12




Resource calendar constraint-MSP

o Setting calendar constraints for activities and resources and incorporating them
in the project scheduling is one of the prevalent features offered by project

scheduling programs.

Rl 9 - -5

File 2source Project View Acrobat Format

— e h

= =1 & Cut Task Information u =
o™ s - ) ®=

53 Copy ~ =

Gantt | Paste Generall Predecessursl Resogurces  Advanced | notes I Custom Fleldsl
Chart = - \fFormatF‘

WView Clipboard ! . . - .
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Resource calendar constraint-MSP

o Example 9 (cont’d): project’s duration increases from 9 working days and 2 non-
working days (initially from Nov 15 to Nov 25) to 12 working days and 4 non-
working (from Nov 15 to Nov 30) days!

WBS _ o Task Name - |Duratior _ |Start - |Finish . Predecessors _ Resource _
MNames
0 ~ Prepare foundation form work 12 days Sat 15/11/14 Sun 30/11/14
1 Extract foundation sizes from drawings 1day Sat15/11/14 Sat15/11/14 Eng
2 Order form sheets required 1 day Sun 16/11/14 Sun 16/11/14 1 Pu
3 [EH Hire two form-workers for the job 1 day Tue 18/11/14 Tue 18/11/14 HR
4 Size the form-sheets 2 days Maon 24/11/14 Tue 25/11/14 3FS+3days,2  FW[200%]
5 Install form-sheets in place 4 days Tue 25/11/14 Sun 30/11/14 455+1 day Fw[200%]
| Thu 13 Nov Sun 16 Nov | Wed 19 Nov | Sat 22 Nov Tue 25 Nov | Fri 28 Nov
3PM [6PM |[9PM [12AM|3AM |6AM | 9AM [12PM|3PM |[6PM | 9PM [12AM| 3AM | 6AM | 9AM [12 PM| £
v =)
§ [
!

C




MSP — Specific resource calendar

i 8 - I !
P | oo e - T View Acrobat Format
Built-In | :E (=] & @@ 2] Leveling Options
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Click on a day to see its working times:

November 2014 » 14 November 2014 is nonWerking, F
5 M| T|W|Th|F 5
. 1
o More flexible method A ER TR A
g 10|11 |12 BED
Based on: Wark -
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MSP-Time crashing

Task duration is automatically changed by increasing/ decreasing resources after
the first resource setting!

Task Name ~ |Predecessor . |Duratic, Resource -
MNames
1 Extract foundation sizes from drawings 1 day Eng
I 2 Order form sheets required 1 lday  Pu I
Hire two form-workers for the job 2days HR
4 Size the form-sheets 3F5+3 days,2 1day FW[200%]
Install form-sheets in place A455+1 day 2days FW[200%]
Task Name - |Predecessor . |Duratic, |Resource -
Mames

1 Extract foundation sizes from drawings 1da En
I 2 Order form sheets required 1 0.5 days Pu[200%] I

3 Hire two form-workers for the job 2days HR
4 Size the form-sheets 3FS5+3 days,2 1day FW[200%]
3 Install form-sheets in place 455+1 day 2days  FW[200%]



MSP-format- critical tasks

e

Critical tasks are shown red if you select critical tasks on the format menu!

Task Resource Project View Acrobat Format |
% -— uﬁu E & I- CriticalTash:sI = - pE— pE—— =

— 2, Column Settings ~ - Slack E' _- 21 El E
SE:II:S GrldllﬂES Layout églsuer;tn ﬂ [ F::ur:nat S EasEllne Sllpeage & o
Format | Columns | Bar Styles |
WEBS . |Task Name - (7 Jan "0 T Jan 0 3 Jan o [
W(T[F[S|SIM[T[W|[T|F|S|S[M[T|W|T|F|[S|S[M|T|W|T|[F[5|¢
13 (1.23 Submit shop drawings and
14 124 Submit =hop drawings and
15 |1.25 Submit shop drawings and
16 |1.26 Submit shop drawings and
17 127 Detail, fabricate and deliver
18 1.3 = Mobilize on Site
19 (1.3.1 In=ztall temporary poweer
20 (132 Inztall temporary water ser
21 |1.33 et up site office
22 1134 Set line and grade benchme
23 |1.35 Prepare =ite - lay down var




MSP-format- project summary task

Resource

Project summary task is added as a the project title with WBS 0 to aggregate the results!

Project View Acrobat Format
% E__'ﬁ gl = = [[] Outline Number IE)
- » ﬁ. Column Settings -~ I Project Summary Task I
Text Gridlines Layout Insert .. _ Drawing
Styles - Column &4 Custom Fields summary Tasks -
Format | Columns | Show/Hide | Drawings
WES . [Task Name - | Di U9 Jan "OU Te Jan UL
T|F|s|s|M|T|W|T|F|[S|S[M]|T
o 0 ~ Commercial Construction :
1 1 - Three-story Office Building _
(76,000 square feet)
= : H
14 - General Conditions e —
3 |1.1.1 Receive notice to proces : :
4 112 Submit bond and insurar Project Hﬂn&g&n@ent,ﬁ.{:.-
2 |(1.1.3 Prepare and submit proj

G.C. Frﬂje-it:t Manag



MSP-Schedule baseline

WE ., |Task Name - |Duratic . |Baseline  _ |Baseline ‘Start - |Finish -
Start Finish
1 311  Extract foundation sizes from drawings 1day MA MA Sat06/04/13 Sat 06/04/13
2 312 Order form sheets required 1day MA MA Sun 07/04/13 Sun 07/04/13
3  3.1.3  Hire two form-workers for the job 1 day MA MA Sat06/04/13 Sat06/04/13
4 314 Sizethe form-sheets 2days  NA MA Wed 10/04/1; Sat 13/04/13
5 3.1.5 Install form-sheets in place 4days MNA MA Mon 15/04/17 5at 20/04,/13

Task Resource I Project I View Acrobat l Format
= " N =] [ pr= % Status Date: 'ﬁ—. ﬁ w
i @ : G | @ 060013 E = EEI

Subproject Project  Custom Links Between WES Change Calculat Set Move Update Syncto Visual Reports Compare | Spelling
Information Fields Projects - Warking Time Project | Baseline ~§Project Project Protected Actuals | Reports Projects
Insert | Properties | Schedule | Status ‘ Reports | Proofing
. S—
Set Baseline A g Set Baseline A g
(@ Set baseline (@ Set baseline
Baseline Baseline {Jast saved on Fri 26/04/13) -
(7) Setinter (@R g Daseline (ast saved on Fri 26/04/13)
Baseline 1 B Baseline 1
Lopy: Baseline 2 =P Bageling 2
Into:  Baseline 3 Inko:  Baseline 3
Ere Baseline 4 B Baseline 4
@ Entir Baseline 5 @ Entir Baseline 5
~ Baseline 6 ~  Baseline 6
e Baseline 7 © Selex Baseline 7
Roll Baseline 8 Roll Baseline 8
Baseline 9 Baseline 9
Baseline 10 Baseline 10
[ e e e e e (R i O SO SIS T ST C O O ST s
Set as Default
Lok J[ concel | ok [ cone |




MSP-Schedule baseline

WB., Task Name - |Duratic . |Baseline . |Baseline ‘Start - |Finish -
Start Finish
1 |3.1.1  Extract foundation sizes from drawings 1 day MA MA Sat 06/04/13 Sat 06,/04/13
2 3,12 Order form sheets required 1day MA MA Sun 07/04/13 Sun 07/04/13
3 3.1.3  Hire two form-workers for the job 1day MNA MNA Sat 06/04/13 Sat 06,/04/13
4 314  Sizethe form-sheets 2days NA MA Wed 10/04/1: Sat 13/04/13
5 3.1.5 Install form-sheets in place ddays MNA MNA Mon 15/04/1: Sat 20/04/13
WE., Task Name - |Duratic . |Baseline . |Baseline  _ |Start - |Finish -
Start Finish
1 |3.1.1  Extract foundation sizes from drawings 1 day Sat 06/04/13 Sat06/04/13 Sat06/04/13 Sat 06/04/13
2 3.1.2 Order form sheets required 1day Sun 07/04/13 Sun 07/04/13 Sun 07/04/13 Sun 07/04/13
3 3.1.3  Hiretwo form-workers for the job 1day Sat 06/04/13 Sat 06/04/13 Sat 06/04/13 Sat06/04/13
4 314 Sizethe form-sheets 2days  Wed 10/04/1: Sat 13/04/13 Wed 10/04/1: Sat 13/04/13
5 3.1.5 Install form-sheets in place 4days Mon 15/04/17 Sat 20/04/13 Mon 15/04/1: Sat 20/04/13




MSP - Split the view
I

[5) ‘Task Name - ‘ Duration ‘Resuuroe Names ‘ Start - ‘ Finish |Pl'f [UZ Jan 00 JUERELNY LLRELNY [23 Jan U0 EUREDR [E Fet &
5 5|M|T|W|T|F|5!5|M|T|W|T|F|5 SIM[TIWIT[F[S[S[M]TW[T]F]S 5|M|T|W|T|F|5!5|H
1 -/ Three-story Office Building 34 days Mon 03001100 Thu 26/04/01 : : :
(76,000 square feet)
2 -/ General Conditions 17 days Mon 03/01/00 Tue 25/01/00 —
3 Receive notice to proceed ¢ 3 days G.C. General Manage Mon 03/01/00 Wed 05/01/00 G.C. General Management
4 ' | Submit bond and insurancel 2 days G.C. Project Manage! Thu 06/01/00|  Fri07/01/00 3 .Cfroject Managem;ent,G.C.General Management[25%]
5 Prepare and submit project 2 days | G.C. Project Managel Kon 10/01/00 Tue 11/01/00 4 G.C. Proie‘;:‘t Management[25%],6.C. Scheduler
6 ' Prepare and submit schedu 2 days G.C. General Manage Wed 12/01/000 Thu 13/01/00 5 G.C.iﬁ-eneral Management[10%],G.C. Project Management
7 i Obtain building permits 4 days | G.C. Project Manager Thu 06/01/00) Tue 11/01/00|3 G.C. Proie‘j:‘t Management[50%],6.C. Procurement[50%]
[i] ' Submit preliminary shop dra 2 wks|G.C. Project Manage: Wed 12/01/00) Tue 25/01/00 7 G.C. Project Management[50%],G.C. |
9 @ Submit menthly reguests fo 1 day Thu 08/01/00) Thu 08/01/00 3
10 - Long Lead Procurement 70 days Fri 07004100 Thu 13/04/00 :
11 Submit shop drawings and 2 wks | Steel Erection Contra Fri07/01/00| Thu 20/01/00|% Ste-eél Erection|Contractor Management
12 Submit shop drawings and 2 wks | Roofing Contractor i Wed 26/01/00) Tue 08/02/00 8
13 Submit shop drawings and 2 wks Elevator Contractor h Wed 26/01/00) Tue 08/02/00 8
14 Submit shop drawings and 2 wks Plumbing Contractor Wed 26/01/00| Tue 08/02/00 8
J@ Submit shoo drawinos and 2 wks Electric Contractor M Wed 26/01/00/ Tue 08/02/00 &i p @

Mame: |Subrnitbor|d and insurance documents| Duration: E [W|Effort driven | | Manually Scheduled l Previous ] I Mext I

Start:  Thu 08/01/00 *  Finish:  Fri07/01/00 v  Tasktype:  Fixed Units v % Complete: E
ID  |Resource Name Waork R0 Leveling Delay Delay Scheduled Start Scheduled Finish | =
2 iG.C. Project Management 16h od od Thu 08/01/00 Fri 07f01/00 D
1 iG.C. General Management 4h od od Thu 08/01/00 Fri 07f01/00




MSP- Calendar view
T e
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MSP- Detail Gantt

~ Critical tasks are shown red in the Detail Gantt view!

Name

January 2000 | February 2000

March 2000

010407 [10[13[16]19]22

13

17
18

 CEECEEEEEEEEEER

Vol ool ol 0ol ol 0ol ol ol o o8 ob

Submit shop drawings and order long lead items -
elevator

Submit shop drawings and order long lead items -
plumbing

Submit shop drawings and order long lead items -
electric

Submit shop drawings and order long lead items -
HVAC

Detail, fabricate and deliver steel

= Mobilize on Site

Install temporary power

Install temporary water service

Set up site office

Set line and grade benchmarks

Prepare site - lay down yard and temporary fencing

= Site Grading and Utilities

Clear and grub site

Stone site access and temporary parking area
Rough grade site (cut and fill)

Install storm drainage

Install exterior fire line and building fire riser
Perform final site grading

Erect building batter boards and layout building

= Foundations

Excavate foundations
Excavate elevator pit

010407 [10]13]16]18][22[25]28 31 [o3[o6[oa[12][15[18]21 [24[27

wks




MSP — Network view

+ 1
1
Steel Erection X
Start: Tue 25/04/00 1D: 47 '
Finizh: Mon 25/06/00 Dur: 45 days |
!
1
\
!
1
|

Comp: 0%

Form and Pour Concrete - Floors and
Start: Tue 08/05/00 IDx 54

Finigh: Mon 040900 Dur: 85 days

Comp: 0%

Install exterior sheathing and metal st
Start: Tue 05/09/0 I1D: 78

Finish: Mon 25/09 Dur: 3 wks

Res: Drywall Contractor

Rough-in plumbing at toilets and masc Install tile in toilet rooms
start: Wed 16/08/ ID: 80 start: Wed 13/09/ ID: 84
Finish: Tue 12/09/ Dur: 4 wks Finish: Tue 26/08/ Dur: 2 wks

Res: Plumbing Contractor Res: Tile Contractor

Masonry Work

Start: Tue 06/06/00 ID: 79

Finizh: Mon 06/11/00 Dur: 110 days
Comp: 0%

Lay masonry at core, mechanical, and 1
Start: Tue 06/06/0 ID: 81

Finish: Mon 03/07 Dur: 4 wks

Res: Masonry Contractor




MSP- Resource graph view
e

| Half 1, 2uu1 [Halt 2, Zuu
n [ o [ J [ ¢ [T 2w [ A [ w [T 4 [ 4 [ A [ s [ o [ N ]

200% -

180% -

160% -

140% -

120% -
Painting Contractor

Overallocated: -

Allocated: | 100% -

0% -

80% -

40% -

20% -

Peak Units:
—



MSP - Team planner view
e

[Resource - Unscheduled o7 Apr'l3 14 Apr ‘13

Name Tasks F M| T{w|[T|[F|[s|s|m]T|w|[T[F][S
Eng
Pu
HR Hire

two for

FW Install form-
sheets in place




Assignment 6 — resource constraint

WBS Task Predecessor Resource Estimated Duration
>, 1] 1 Site Grading and Utilities

|‘§|9Table 2| 1-1 |Clearand grub site Dozer (2) 2w

presents Site 3| 1-2 [Stone site access and temporary parking area 2 Dozer (1), Stone (10 truck bucker) 1w

preparation 4| 1-3 |Rough grade sﬁe_z (cut and fill) 2 Dozer (1) 4w

5| 1-4 [Install stormdrainage 4 Excavator (1), Crane (1) 1w

and . 6 | 1-5 [Install exterior fire line and building fire riser 4 Excavator (1), Crane (1) 3w

foundation 7| 1-6 [Performfinal site grading 4 Dozer (1) 1w

prOjeCt won 8 | 1-7 |Erect building batter boards and layout building 5SS+1w, 7 Crane (1), Installtion crew(1) 2w
by Pard|s_e 9 2 Foundations

Kish 10| 2-1 |Excavate foundations 8 Excavator (3) 2w

: 11| 2-2 |Excavate elevator pit 8 Excavator (1) 1w

construction 12| 2-3 [Formcolumn piers and spread foundations 11 Form-Concrete crew (2) 2w

company: 13| 2-4 |Rough-in electric and plumbing in elevator 12 Electrical crew (2) 2w

14| 2-5 |Formelevator pit walls 13 Form-Concrete crew (1) 2w

15| 2-6 |Setreinforcing and anchor bolts 13FF+2w,14 Form-Concrete crew (1) w

16| 2-7 |Pourcolumn piers and foundations 15 Form-Concrete crew (1) 3w

17| 2-8 |Pourconcrete elevator walls 16 Form-Concrete crew (2) 1w

18| 2-9 |Cure elevator wall concrete 17+1d Labour (0.2) 2w

19| 2-10 |Cure piers and foundations 18 Labour (0.2) 2w

20| 2-11 |Strip wall forms 18 Form-Concrete crew (1) 1w

21| 2-12 |Strip column piers and foundation forms 19 Form-Concrete crew (2) 2w

22| 2-13 |Install pneumatic tube in elevator pit 21 Elevator crew (1) 1w

23| 2-14 |Prepare and pour concrete floor in elevator pit 22,20 Form-Concrete crew (1) 1w




Assignment 6 — resource constraint

Every working week is 5 working days (Saturday to Wednesday). The work starts

from Azar 3,

1 —(Mark: 20%) Set up an MS Project file for the project and develop the initial

schedule! (submit a separate MSP file for it.)

2 —(Mark: 50%) Follow Minimum Moment Technique steps for leveling “Form-

Concrete crew” resources (NOT using MSP!)
3- (Mark: 10%) Use MSP’s resource leveling feature to level all resources!

4- (Mark: 20%) Suppose we have maximum “Form-Concrete crew” of 2 (we can
employ enough number of resources for the rest). Remove all over allocations,

finalize the schedule and save it as the baseline!
Due date one week



Thank you!





