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CPM Scheduling since 1975
Professional Engineer and Attorney -- PA, NJ, FL uuﬁ’ﬂféfi?l, 4
Professor of Engineering -- Drexel U. — Philadelphia, PA b"ﬂff““”'“"

CPM in Construction Management
Contract and the Legal Environment for Engineers & Architects

Founder and Host: Construction CPM Conference
ENR.com Blog The Next Generation

Past President NSPE/PSPE-Philadelphia Chapter
Member ASCE, AACE, PMI, ABA Forum on Construction

Construction CPM Con :
January 12-17, 2015 * Marriott Marquis Marifna'«San.DH
for more information: www.constructioncpm.com
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Trimble's VICO  (nttp:/hwnwnw vicosoftware com/) software allows planning a
spectied and hopefully aptimal sequence of erection or installation (invohing
several activities of several crafts or subcontractors) for ane location to then
be quided through an entire st or project altematiely judging the
effectveness of floortofloor or skippng floors, clockwise or
counterclockwise movement between quadrants of a floar or othenuise
choreographing craft and other resources.

The Next Generation

Fredric L. Plotnick, Ph.D., Esq., P.E.. is an authority on CPM planning and scheduling
and on legal aspects of engineering and construction. Dr. Plotnick, the co-author of
two textbooks on CPM scheduling, has also created the Construction CPM
Conference, with its fifth annual meeting set for January 12-17 in San Diego. The Next
Generation blog discusses CPM scheduling, engineering law and other aspects of
project management.

A

Location-Based Scheduling and the Confluence of CPM and
BIM

Recent Entries
fplotnick at
» Koving an Office Requires
Time to Refiect on the Past

Location, location, location

VICO also utilizes a process to suggest slowing or speeding (reducing or

We hear this all the time relating to real estate value, markellng and sales -G
And over the past year or so we are hearing it more frequently g to

improvement of real estate, otherwise known as construction schedullng

The confluence of CPM (and other forms of scheduling) with BIM {and other
forms of CADD and CAD) continues apace bringing additional benefits to the
users of these tools

» Construction Professional
and Left Handed Golfers

enhancing resources of) crats to reduce or eliminate temporary layoffs,
furthering the companson to a choreagraphed production.
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Vico and Plotnick
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Why does an owner specify CPM?

Not a product specification
Not a performance specification
UCC 2-609 Further Assurance

“When reasonable grounds for insecurity arise with respect to the
performance of either party the other may in writing demand
adequate assurance of due performance and until he receives
such assurance may if commercially reasonable suspend any
performance for which he has not already received the agreed
return.”

Can (not will) the Contractor perform?
And with what level of certainty?
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Value of Preparing a CPM Network

The P6 (or P3 or other traditional CPM)
requirement assists how?

The process of preparation answers these questions:

What am | obligated to do?
What are you obligated to do?
What obligations have not been assigned and may not get done?

The analysis answers these questions: [ ]:: :
When is the earliest time o T i — o7
each activity may start and finish? \

When is the latest time - m:m - MEM ?
each activity must start and finish? BIERE o | 5
When may we schedule the work between these times? T2 T T
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The First 90 Days vs. the Last 90 Days

sTART FINISH

THEN A fJ
-‘ L R MlHACLE

“Good work, but | think we need a little more detail here”
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Contractor Means & Methods

The Spearin Doctrine

PPP, GMP, JV considerations
Prime — Contractor

Prime — Sub

Common Endeavor of Vico team members
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ion-Based Scheduling and o S

The development of activity-based planning s e 2 d ?rodu tion _(:0:111_2'01 :
and scheduling systems : -

location-basad construction management
ners can demqn significantly compressed
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-sible schedules. orfnun— and quantity-based
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INTRODUCTION
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condselling constructian projects, from simphe nobes, throwgh bar charts ond lbasic reackive
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ppckages..Undn.-.—stnnﬂhglhuduv:legrr.erJ u;1||u.mir:]yingl\'.e:xryui’swcl'_m:tl-.ods i erigical actual progrees. In addibion, Users ca
' n and forecast schedules

te understanding what is the same will: and whit &s different From location-ba: ed activiti .
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; line™ view, users can sasily manags
chlf!Ims, and communicale complets B Reduce project duration by
s — all on a single page. aptimizing project schedules

tools enable planners to easily analyze 8 Monitor project develap 1,
g ment,

8 Run 5D simulafions by
integrating schedule dats with
the 30 mode! and cost

t_wiew, Vico Control provides nebwork and
iews are constently synchronized.

:cal metlsod, Even so, Gantt chorts [
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n depandent an this
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hast is that il represenis production as & series of ac

Location-Based Management
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Russell Ker Olli Seppénen
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SECTION TWO—LOCATION-BASED PLANNING Dl M E N SION s

The following Section Two chapters introduce and explore a new model for location-based
planning and scheduling of construction projects. This is location-based planning. While
the identification of the approach as location-based is new to this model, it is based on
previous work as discussed in Chapter 3.
In this section, the term planning is used to encompass planning, scheduling and other
tertms which relate to the building of time-related models of construction work in order to
i develop a logical plan for the work, The term includes pre-construction planning, allowing
L Ocatl (0] n- B as ed M ana g e me nt s differentiation between the upfront planning processes and the reactive planning and
control processes during construction. The latter are discussed in Section Three,
The overall emphasis in | = Unlike

1 The overall emphasis in location-based planning is planning for productivity.
fO r C 0 n Stl‘ u Ct I 0 n previous scheduling methodelogies, location-based planmng explicitly manages the conti-
I e

The toulq and tcL.]l—

Planning, Scheduling and Control achieving this goal.

The new madel for location-based planning is rich in detail, thus the discussion is
spread over three chapters, These chapters separate the theoretical discussion (Chapter 5)
from the analysis of detailed methods (Chapter 6) and techniques for implementation of
location-based planning {Chapter 7).

Chapter 5 presents a new theory for location-based planning of construction and
reveals the power of absorbing CPM's external activity logic into the fiv

. All readers are encouraged to understand the generic tnph..s in pnrtlculnr
locations, location breakdown structures, location-based quantities, tasks, how durations
are calculated based on optimal crew sizes and location-based logic. However, the chapter
includes much technical content and this may be safely skipped over by the practitioner
wanting to get to applications as soon as possible.

Chapter 6 explores the methods required to use locaton-based planning. It expands
the theoretical discussion of location-based planning by introducing real-world simulation
methods such as unit and production system cast, production risk, procurement, design
schedule, quality and leaming processes (improving rates of production) within the context
of a location-based schedule. Another level of detail is added to the measurement of quanti-
ties. Instead of just talking about finished products, for example the area of finished wall, it
is also desirable to know the resources consumed in buildi
subcontracts and equipment. This is product-resource mo
costs are presented. Conventional cost loading of the sched
model, which calculates the total labour cost of the product
is modelled by examining the resource use and assessing
tasks. This new model can be used directly to optimise t
system. The chapter discusses production system risk, whi
tion systern cost, and the use of buffers to mitigate produe
are introduced, such as procurement, pull scheduling, desig
based planning to achieve well-managed handover of locati

Chapter 7 discusses how to implement location-bad
know about location-based theory and its associated methods, it i
use that knowledge to build effective schedules for a project and to
efficiency and confidence. In this chapter the discussion concentraf
a *good’ plan, to minimise risk and to maximise feasibility. The s
and guidelines presented for executing the methods from Chapt
such as schedule optimisation, cycle planning, planning buffers
feasibility are discussed.

the choice
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Theory of CPM

.

Levgled Start
Late Star

Early Start
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Who Owns Float?

What is float? TF = LF-EF = LS-ES = a number

Contract clauses claiming ownership of float are nonsense
and should be treated as such

‘float belongs
? to the project” 7
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Who owns the right to utilize float?

Who owns the water in a river? -- Law of Riparian Rights
Take as much as you need to live

Take as much as you want for commercial advantage,
but leave for others’ basic needs

L
-

-
-

L 9
| .‘ | F ';ll r_ ¥ ;
f “"T”""-““‘_’“*_*-@ﬁs&&d%f&[ & B s, :
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Risk and Monte Carlo Simulation

B 10+2

v

A 102
B 10+2 A 10+2
C 1042
D 10+2
=40
Estimating Scheduling Project Duration = 31%

D 10+2

A 4

v

C 102

GPM in consiruction management

Scheduling by 1 Crifical Falh Method
Jangs J. 0Bren

A 20
CONTINGENCY

Achievemnent of the end date desired is unfortunately not an acceptable -

50}1:::11115. This is not surprising since we know that CPM hag not furnished us RlS k an al Sl )

with a erystal ball. Since the activities and times estimates used in the network = y 1

are based upon experience, the project rarely finishes ahead of the computed )
end date. Since weather, difficult site conditions, labor disputes, etc., are
unavoidable but rather unpredictable, there a definite tendency for the
actual completion date to exceed the first CPM end date. It is then reasonable
to allow some contingency between the CPM end date and the actual desired
completion date. How much contingency? There is no definite answer to this;
it will vary with the specific circumstances of the project. However, il you
need a twelve-month completion, set your CPM goal at about eleven months,
and so forth. Some people have been reluctant to set a flat contingency at the AN N
end of the schedule. Contingency can be buried in the activity estimates, but - :
if it is you won’t be able to separate true estimates from contingency. T i ==

——
irien
=
=
=
=
5
B
£
=
=

S -
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Flowline at Hoar Construction

MONTH 1 MOMNTH 2 MONTH 2 MOMNTH 4 MONTH & MOMNTH &
i |z | a | a]s | a| 7| 8] s |10 n|42]|
LVL &
LVL 2
LVL 2
LVL 1 % :?F:L A
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Flowline at Hoar Construction
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Theory of CPM

Resource limited or leveled start/finish
versus early and late start/finish

Need for THREE sets of dates - true early - true late
understanding leveled dates become operative early dates

Use of Vico Flowline to set
resource leveled and smoothed dates

”""‘"*ﬂ’“‘ Late Start
zi/

Float
Early Start /\

AN
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Results of Field Visit

ur nplementation of Vico software and procedure. Briefly recapping some of our discussion, I suggested the concern

en P6 (or P3) and Vico may be best addressed by conadepngthatthe \ice caloulation s jnfact 2 leveled schedyle
target a end date, when developing the underlying P6 schedule, well m advance of the end date desired, reserving a
owvide an 80% probability of completion on time.

I appreciate the oppottunity to have discussed yvour mmplementation of Vico software and procedure. Briefly recapping some of our discussion, I suggested the concern you
tnay hawve over divergent completion dates between F6 {or P3) and Vico may be best addressed by ponsidenng that the 3o calenlation s n fact o legeled schedule Tn
addition, T suggested that the Turner tearn should target a end date_when developing the underlying P& schedule, well in advance of the end date desired, reserving a
sufficient “contingency” or “factor of safety” to prowide an 830% probability of completion on time.

We discussed the use of Pertmaster or other Monte Carlo nsk software to evaluate this target end date. I have found that a typical project to have only a 22% probability
of completion by the end date calculated by the standard CPM algorithim. This may be more or less based upon average and mastmum length of durations, complesty
i(more ot less than 1.6 restraints per activity,) and number of near critical paths. To obtain 80% T have found typically recquires an extra month or two of contingency.

Wow that we have a buffer between the early and late finish dates (or reserved float) on the critical paths, we should be able to level the networle without pushing

cotmpletion beyond the mandated end date. Whether leveling is done by the P& {or personally preferred P3) or Vico algonthem, the caloulated dates should be understood

Lo bea Scheduled Start and Finish We discussed the desire to first calculate the early (and late) dates in perhaps_Custorn or Teer Defined fields. and only then to
calculated the leveled dates in Pé or impott such from Vico, You actually may desire to run both analyses and compare the results. &5 P35 13 designed to masmize on

earliest completion once leveled and perhaps smoothed, while Vico is designed to masstmize craft productivity, T would exzpect the Vico caleulation to use more of the
reserved float. (P6 masmizes on portfolio resources utthzation and may fall between the tweo.)

dLAalLT Lujisll \AdALT o I,‘UJ. LCoCL WL Ll'Uc:lL__,l WLL LLLT Ll LRAL. ]:..-'C}I.IJ.J.D? WD DLWV DT aUlT WY LCVWEL WLT LICLWE WL B W LLLLLY UL PU:‘.‘:J.J..LL].E

ther leveling 15 done by the P6 {or personally preferred P3) or Vico algonthm, the calculated dates should be understood
1the destre to first calculate the early (and late) dates in perhaps Custom or User Defined fields, and only then to
ﬁom "'-flco You alztualljr may desue to run both analj.rses and compare the results Ag P3 18 desxgned to maximize on

-

- e
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Questions?

BCGC-6367
Elevating a New Dimension for Location-
Based Construgtion

Fred Plotnick, Ph.D., Esq., P.E.
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