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1 Introduction

Many civil construction companies use P6 as their primary scheduling
software and they run into a number of issues when trying to model
earthmoving operations with P6.

This paper looks at the issues of using P6 resources for mobile
equipment and/or earthworks cut and fill quantities and suggests some
possible solutions.

2 Issues with P6 and Earthworks Modelling
Firstly, | would like to set the scene and create a small P6 schedule

]
ard wostl o brfef text to demonsinte

that I'll use to demonstrate the issues with modelling earthworks ot e rchons
operations with Primavera P6. 1

The schedule will have activities that | will assign an excavation quantity, an excavator and three
trucks against it. | will then model the activities in the way one would expect to model it in P6 with
Non Labour Resources for the mobile equipment and Material Resources for the Cut and Fill
material and identified the issues.

The picture below shows two activities on an 8 hour per day calendar which:

» Are assigned a10 day duration,
Have been assigned and excavator and three trucks as Non Labour resources and
10,000 cubic metres of cut to fill assigned as a material resource.

YV V V

The User Preferences, Resource Assignments setting has been set to Preserve the

Units, Duration, and Units/Time for existing assignments so as resources are assigned

the existing assignment does not reduce.

I normally do not like using the options of Fixed Units or Fixed Units/Time because when you add

and remove resources the duration changes. Thus, initially we have the option of making the

resource is either Fixed Duration & Units/Time or Fixed Duration & Units and | have created two

activities which have one of each option.

= Layout: EWHK Filter: All Activities
Activity ID Activity Name Duration Type Original | Remaining || | Aug 01 Aug 08

Duration | Monlabor Units

= Easthworks Modelling

Cut to Fill Section 1 Fized Duration & Units
A1010 Cutt to Fill Section 2 Fixed Duration and Units/Time 10.0d 3200k A

£ >

General | Status | Resources | Summary |

: Activity |A1UDI2I Cut to Fill Section 1

Resource ID Name Remaining Duration | Remaining Units / Time | Actual Units Remaining Units At Completion Units

% C2ZF.Cut to fil 10. 1000.0m3/d 10000.0m3 10000.0m3
% EXM\ Excavator 10.0d 2.0h/d 0.0h &0.0h &0.0h

% TRC.Trucks 10.0d 24.0h/d 0.0h 240.0h 240.0h
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What are the current issues:

» We can see the mobile equipment quantities as a total in the Remaining Nonlabour Units
column,

» We cannot see the Cut to Fil quantities (which is a Material Resource) in columns in the
Activity workspace as this data column does not exist,

» We also cannot see the Material Resource quantities in the Activities Window Status or
Summary tabs either.

2.1 Changing Durations

When the increase the duration of both activities by 2 we get the following results:
Fixed Duration and Units Activity

» The crew size is halved which is not desirable and
» The Cut to Fill quantity is unchanged and Unit / Time is halved which is desirable.

Activity ID Activity Name Duration Type

Original Remaining » Aug M1 Aug 083
Duration | Nonlabor Units | (e ls | T|w| T{F|s|s{m[T|w|T|F|s]|s]M

= Easthworks Modelling

Cuit ta Fill Section 1 Fixed Duration & Units

T T | |
< > <
General | Status | Resources | Summary |

— Activity |A1000 |Cut to Fill Section 1

Resource ID Name
§ C2FCutto fil
W EXVExcavator 20.0d
#h TRC.Trucks 20.0d

Remaining Duration

Remaining Units / Time:|  Actual Units Remaining Units

500.0m3/d | I 10000.0m3

4.0h/d 0.0h 20.0h
12.0h/d

0.0h 240.0h

Quantity at Completion
unchanged
Fixed Duration and Units/Time Activity

» The crew size is the same which is desirable and
» The Cut to Fill quantity has doubled which is undesirable.

=~ Layout: EWM

C Crew size halved

Fitter: All Activities

Activity ID Activity Name Duration Type Qriginal Remaining ~ Aug 01 Aug 08
Duration | Noniabor Units e[| T]w[T[F|s[s[m]T]w[T]F]s]s[m]T
Cut to Fill Section 2 Fixed Duration and Units/Time 20.0d4 - [
£ > £
General | Status | Resources | Summary |
= Activity (41010 |cut to Fil Section 2

Resource ID Name
& C2F.Cutto fil

Remaining Duration

Remaining Units / Time | Actual Units

Remaining Units

1000.0m3d 20000.0m3 20000.0m3
% EXW Excavator 20.0d 8.0hsd 0.0h 160.0h r aums
% TRC.Trucks 20.0d 24.0h/d 0.0h 430.0h /L 430.0h
. Quantity at Completion
CCrew size unchanged y P

udoubled

Fixed Units and Fixed Units / Time

You will find similar issues with both these Duration Types if you decide to use them
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2.2 Changing Material Resource Quantities
When you change the Material Resource Quantities we end up with some interesting results:

Fixed Duration and Units Activity

Doubling the At Completion Units doubles the Remaining Units / Time and does not increase the
activity Duration, which is not desirable:

\&.ctivity ID Activity Name Duration Type Original Remaining  » Aug M Aug 03
Duration | Nonlabor Units | |5 [s Tu] T[w[ T[ F s[s|m[T]w[T]F] s[5

= Easthworks Modelling

Cut ta Fill Section 1 Fized Duration & Unitz m v [ ]

< > <
General | Status | Resources | Summary |
= Activity [A1000 |cut to Fil Section 1

Rezource ID Name Hemaining Units / Time rig Rem Units / Time. Remaining Un' At Completion Units
+p C2ZF.Cutto fill \ 2000. 0m3.|’|:|| 100.00 20000.0m3

Wby EXV.Excavator 10.0d 8.0hid 80.0h
i TRC Trucks 10.0d 24.0hid 240.0h 240.0h

Remaining Duration

Fixed Duration and Units/Time Activity

Doubling the At Completion Units doubles the Remaining Units / Time and does not increase the
activity Duration, which is not desirable:

Activity ID Activity Name Duration Type Original Remaining A Aug 1 Aug 08
Duration | Nenlaber Units - | KTs[u| T[w|T[F[s]s|[m[T]w][T][F]s]sm]T]
a1010 Cut ta Fill Section 2 imed Diuration and Units/Time 10.04 320.0k - [ 1
Wl - p— p— rr— -
General | Status | Resources | Summary |
= Activity 41010 |Cut to Fill Section 2

Resource ID Name Hemaining Un'rts.fTime Orig Rem Units / Time.
i C2F.Cut to fill 2000.0m3/d |
iy EXV.Excavator 10.0d B.0n/d

% TRC.Trucks 10.0d 24.0h/d 240.0h 240.0h

Remaining Duration Remaining Units.

20000.0m3

At Completion Units

Fixed Units and Fixed Units / Time

With both of these Duration Types increasing the At Completion Quantity increases the Remaining

Duration of the Material resource but not the Non Labour Resources, which is not desirable:
Activity ID Activity Name Duration Type Original Remaining a Aug 1 Aug 08

Duration | Nonlabor Units | 15w T|w|T[F[s][s[u]T]w]T]F]s]s[u]T]
Cut to Fill Section 4 Fized Unitz/Time 20.0d m ” L
< > <
General | Status | Resources | Summary |
— Activity |A1030 Cut to Fill Section 4
Resource ID Name Remaining Duration | Remaining Units / Time | Orig Rem Units / Time. Remaining Units | At Completion Un'rt3|

§ C2F.Cutto fil L 20000.0m3
% EX Excavator 10.0 .Dhs’d 20.0h 80.0h
% TRC.Trucks 10.0d -- - 240.0h 240.0h
Non Labor Resources have not Material resources has
increased in duration increased in duration

Thus the mobile equipment is no longer working the full duration of the activity.
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2.3  Summary of Issues

Thus, without being able to assign a duration type to the resource is as opposed to the activity it is
difficult to manage activities with both mobile equipment and earthworks quantities assigned to one
activity without continually readjusting either the earthworks quantity's or the crew size when the
Activity Duration is adjusted or the Resource Remaining Durations when the Material Remaining
Quantity is changed.

3 Possible Solutions

There are many solutions depending on what you are trying to achieve and will introduce some
concepts but ultimately you need to select a solution that will meet your project requirements.

3.1 Activity Resource Assignments User Defined Fields to hold the Original
Material Quantities and Unit/Time

You may create a couple of Activity Resource Assignments User Defined Fields to hold the Original
Material Quantities and Original Remaining Unit/Time, thus you have a simple check to see the
chainages when you update a duration or other quantity:

[§8 User Defined Fields X
User Defined Fields B Close
Activity Resource Assignments - dh Add
. . R Delete
~ Display. User Defined Fields
Title | Data Type
= BilAt Compl Cost Cost Help
= Bil Rate Cost
=
= Crig At Comp Units. Number
= Crig Rem Units # Time. Number
£ >
Activity ID Activity Name Duration Type Original Remaining  ~ Aug 01 Aug 03
Duration | Nonlaber Units - 15w T|w]T[F[s]s[m]T]w]T]F[s]s]u]T]
A1000 Cut ta Fill Section 1 Fired Duration & Units 10.0d 320.0 [ 1
i e —— T—— — - -
General | Status | Resources | Summary |
: Activity |A1DDD Cut to Fill Section 1
Rezource ID Name Remaining Duration | Remaining Units / Time | Remaining Units | At Completion Units #Cirig At Comp Units. | Orig Rem Units / Timey
C2F.Cut to fil

% EXW Excavator 10.04d 8.0hMd 80.0h 20.0h
% TRC.Trucks 10.0d 24.0h/d 240.0h i

UDFs holding original Units
and Units / Time
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3.2  Using Labour Resources for Materials without Mobile Equipment as Non
Labour Resources
When a single Labour Resource per activity is used for quantities of materials and mobile equipment
is not entered as a resource, we now have a couple of advantages:
» Material Quantities may be seen in the Activity Workspace in columns,
» Material Quantities may be updated in the Activity Workspace columns and
» We get better calculation of Remaining Durations when the Duration Type of Fixed Units is

used.
Initial Resources Assignment with a Labour Resource as a Material Quantity:
=~ Layout: EWM Filter: All Activities
Activity 1D Activity Name Duration Type Original Remaining | » Aug 01 Aug 08
Duration | Labor Units| | T T]w[T]F[s[s[m]T[w]T]F]s]s[n]T
|

AT060 Cut ta Fill Section 7 Fixed Units 10.0d noon

vl <
General | Status | Resources | Summary |
= Activity |41060 Cut to Fil Section 7
Resource ID Name Remaining Duration | Remaining Units / Time | Remaining Unitz | At Completion Un'rtsl
% C2FLR.Cut to Fill - Labour Resource 1000.0hid 10000.0h 10000.0h

Increasing the At Completion Quantity increases the Remaining Duration which is desirable:
Activity ID

Activity Name Duration Type Criginal

Duration

Remaining | ~ Aug M1 Aug 08
Labor Units| | [ Tw]T[F]s[s[m][T[w]T[F]s]s

A1060 Cut to Fill Section 7 Fixed Unitz

wi(l<
General | Status | Resources | Summary |
: Activity |A1 050 Cut to Fill Section 7
Resource ID Name Remaining Duration | Remaining Units / Time | Remaining Units | At Completion Unit5|
& C2FLR.Cut to Fill - Labour Resource 1000.0h/d 12000.0h 12000.0h

Changing the production rate by changing the Remaining Units / Time changes the Remaining
Duration, which is desirable:

Activity ID

Activity Name Duration Type Original

Duration

Remaining | ~ Aug 1 Aug 02
Labor Units| |y [T[w[T]F[s]s[m]T[w]T[F]s]s|n]T]
Cut ta Fill Section 7 Fixed Units 2000

A10E0

LR
General | Status | Resources | Summary |
= Activity |A1060 |cut to Fil Section 7
Resource I Name Remaining Duratil:ln| Remaining Units / Time | Remaining Units | At Completion Units
B C2FLR.Cut to Fill - Labour Resource | 200.0h/d 'IEI]I]I].I}hl 12000.0h

In my experimentation the option of Fixed Units gives the best results for earthworks quantities.
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3.3  Using Labour Resources for Materials without Mobile Equipment as Non
Labour Resources - this does not work!

When a single Labour Resource per activity is used for quantities of materials and mobile equipment
is entered as Non Labour Resources the problems begin again:

Before editing Cut to Fill Quantities:

Activity 1D Activity Name Duration Type Original Remaining| Remaining ~ Aug 01
Duration | Labor Units | Nonlabor Units .1|T|W'|T| F|5|S Ml
Cut ta Fill Section 9
w | €
General | Status | Resources | summary |
= Activity |A1080 |Cut to Fill Section 3
Re=source I Name Remaining Duration | Remaining Unitz / Time | Remaining Unitz | At Completion Units
& C2FLR.Cut to Fil - Labour Resource 1000.0h/d 10000.0h 10000.0h
% EXW.Excavator 10.0d 2.0hd 20.0h 20.0h
% TRC.Trucks 10.0d 24.0h/d 240.0h 240.0h
After editing Cut to Fill Quantities the mobile equipment durations are too short:
Activity ID Activity Name Duration Type Original Remaining| Remaining ~ Aug 01
Duration | Labor Units [ Nonlabor Units .1|T|W|T|F|S|5 MlT

General | Status | Resources | Summary |

-

= Activity |A41080 |Cut to Fill Section 9

Resource ID Name
& C2FLR.Cut to Fill - Labour Rezource
@j EX\W.Excavator
W TRC Trucks

Remaining Duration

Remaining Units / Time | Remaining Units | {At Completion Units

1000.0hid 15000.0h —em
8.0h/d
24.0hid

Mobile Equipment Durations
are now too short

Cut to Fill quantity
increased

This method does not work.
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3.4 Using LOE Activities to Model Mobile Equipment

So, in this situation I've created two activities:

» The first activity is a Task Dependant activity that has the Material Resource assigned as a
Labour Resource and is Fixed Units and

» The second activity is a Level of Effort and linked to the first task and has the mobile
equipment assigned as a Fixed Units / Time:

Bctivity 1D Activity Name Duration Type Activity Type Crriginal Remaining Remaining ~ | ES
Duration | Labor Units | Nonlabor Unit | Fl 5| 5 Ml
47090 Cut ta Fill Section 10 Fized Units Task Dependent 10.0d d
41100 Cut to Fill Section 10 Fired Units/Time Lesvel of Effart 10.0d 0.0h 32000 v
< > £
General | Status | Rezources | summary |
: Activity |A1 050 Cut to Fill Section 10
Resource ID Mame Remaining Duration | Remaining Units / Time | Remaining Units | At Completion Un'rt5|
. C2ZFLR.Cut to Fil - Labour Resource 1000.0h/d 10000.0h
Activity 1D Activity Name Duration Type Activity Type ~ |25 Aug 01 Aug 08
[Fls|s|u]T|w]T]F|s]|s|m[T]w|[T]F|q
A1090 Cuit b Fill Section 10 Fixed Units Task Dependent rJ ]
Cuit ta Fill Section 10 Fized Unitz/Time Lesel of Efart —
£ £
General | Status | Resources | Summary |
: Activity |A11 oo Cut to Fill Section 10
Re=source ID Name Remaining Duration | Remaining Unitz / Time | Remaining Units | At Completion Units
fy EXV Excavator 80.0h 80.0h
% TRC Trucks 10.0d 24 0hid 240.0h 240.0h
With this combination:
» The quantities of material and mobile equipment may be seen in the columns and edited in
the columns,

» Change the material Remaining Quantity or Unit / Time calculates in a desirable way and

» The duration of the LOE activity with the mobile equipment calculates correctly and the crew
size does not change.

Obviously, the issue here is that you have twice the number of desirable activities for the earthworks
activities.
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4 Summary
These are my thoughts on the issue of managing earthworks operations wit P6 but | would welcome
any feedback and | will edit this paper in line with new information.

Paul E Harris
Director Eastwood Harris Pty Ltd
18 June 2021
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