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Background: PRA Adoption in Federal &
State Agencies

Federal Transit Administration A) requires a risk
assessment/mitigation It project applying for
federal funding

Department of Trans

on (WSDOT)
has a risk-based ap P

OMB Capltal Pr( . Risk Adjusted Budget and

Preparation ¢

Risk Managé



Scheduling Methods

»  CPM: duration of activities are deterministic
»  PERT: first attempt to model uncertainty

_ min. + 4 mostlikely, + max
6

_ max - min,

« Activity durations assumed to be independent

« Activity durations may not follow a beta distribution and so
the PERT estimates may not be reasonable

 Assumed that the CP found by CPM will always be the
critical path for the project and it quantifies uncertainty of
the project using maximum expected duration of a path;
disregards maximum uncertainty of others paths



Definitions: Project Risk & Uncertainty

» Project risk is defined a ssibility that the outcome of
an uncertain event itively the cost
and time performe or their
planned execution

Risk = f(( uence, Probability of Occurrence)

je about the
parameters



Risks Events vs. Uncertainty
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Qualitative Risk Analysis

Likelihood

Not Likely

Low
Likelihood

Likelihood

Likely

o 0|
n

Near

Certainty

Consequence
Minimal or no impact Minimal or no impact Minimal or no impact

Additional activities required; able to meet . Minor performance shortfall, same
Budget increase <1% .
key dates approach retained

Moderate performance shortfall, but
workarounds available

Project critical path affected Budget increase <10% Ungcceptable, O
available
Cannot achieve key project milestone Budget increase >10% Unacceptable, no alternatives exist

Minor schedule slip; will miss need date Budget increase <5%

Priority | Descrip | Activities
tion Affected
Impact

- | | |
I

Risk Register

Score

1

2

4

5



Project Risk Analysis

» Schedule Risk Analysis:
 Quantification of uncertainty in activity durations
« Quantification of uncertainty: i g
« Allocation and manag

» Simulation:
« Overcome the lir

* Generates scena
scenario prodt

« Atthe end,
range of v

* It requires
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e Can obtali
e Can make

of duratlons Each

' PM deterministic schedule.
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Simulation Results

Distribution for Begin Production Planning/Finish
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Correlation Effects

Correlated vs. Independent Case

Correlated

Project Duration




Other @RISK tools that help creating a
risk analysis model

» Parameter E tegories

» Probabilisti
conditions

» Using
and Pr
realis



Parameter Table & Risk Categories

» Helps to quickly create risk analysis models — Useful
when schedule has a large number of activities

r Zal

Risk Categories X

r

Create Parameter Entry Table

Medium Risk

Assign Uncertainty to: Low Risk

Field: Duration

Tasks: {* Current Selection High Risk

Vary Values Using:
i WS = -~ = s oy
Using Distribution: ‘ DistType: | Triang |  ChangeType: | %chg =
| Mini- | 10% = | Max:+ | 309

Apply to:

Field: | Duration -

Tasks: 11 INTERIOR COVER
Parameter 12 FLOCORING

Localions: %l Add... || 13 INTERIOR FINISHING

Delete

VAR (Triang,min,max)

Read Parameter Values from Fields:

(Mote: Mew columns will be added to the @RISK
table to hold parameter values)

= Current distribution does not match category definition

|EJ QK Cancel | oK Cancel



Probabilistic Branch

Test - passes or fails?

q.
Dur: 10 days

Next Phase

Effect of failure bra...

. Effect of failure branch

Minimum 60.5484
Maximum 218.9761
Mean 130.9743
Std Dev 33.6263
Values 1000




Conditional Branching

» Model decisions or possible outcomes, e.g. permit does not get
approved and that delay will affect project costs
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Marme

Duration

Start

Finizh

BRIzl Functions

[=] HEW BUILDIHG
PERMIT APPLICATICN
Permit Denied - Resubmit Application
EXCAWATE
FOUMOATICN
FRAMIMNG
ROOF
EXTERIOR PLUMBING
IMNTERICR PLUMBING
EXTERIOR CONER
EXTERIOR FIMISHING
ELECTRICAL
IMTERIOR CONER:
FLOORIMNG
IMTERIOR FIMISHIMG
EXTERIOR FIXTURES
IMTERICR FIXTURES
ERD

237 days
2 days
15 days
10 days
20 days
a0 days
30 days
20 days
25 days
35 days
45 days
IS days
40 days
20 days
25 days
10 days
30 days
0 days

10:2507
1052307
1052907
1113107
120307
1203107
3M0M03
300
47 s
42103
603
3M0mog
31203
TS
TIrms
dr11m03
dr11m03
911903

31908
1002607
11607
1143007
1202807
3705
4115005
4/4103
5103
68103
83103
4125003
7405
51103
83103
B2 05
851903
851905

Duration=Risk OUTPUT()
RiskBRAMCH(.15, 85 {1814t 1
RizkIF (1 S[Duration]=0 1 §[Cost]=2000)

RizkIF 1 6[Finish]=9M 272005 t16[Cost]=50000)




Global Variables and Event
Simulation

F ]
@RISK Model Definition %]
Definition
BINOMIAL(L, .4
BIMOMIAL(L, .7)

» Use EnableWhen function:

e Duration=RIskTRIANG(4, 5, 8,
EnableWhen(Variable[Eventl]=1))

e Duration=RIskTRIANG(2, 5, 9,
EnableWhen(prob=0.5)))




Project Budgeting

» Typically budgets are determlnlstlc

» Simulation Approac
 Individual cost ¢

« Common use of .
lognormal distr

» Model cost iter
statistical distri

« Generate | od of tlmes

dal and skewed

accordin Iculate total
cost
» Total cos y of cost

overrun c
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Cost Correlation Issues

If correlation is ignored the total cost variance is underestimated
Data limitations during planning stages of most engineering projects

Correlation between variables makes use of historical data or subjective
estimation from experts

Relationship between variables are shaped by many uncontrollable
factors, and are best at subjective estimates based on experience and
judgment

PDF that cost estimator specifies is the marginal distribution of that cost
item; if cost items are correlated, the joint density function of the cost
items needs to be calculated
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Cost Schedule Integration

» Project cost and schedule estimates are often disconnected.
l.e.: If schedule is too optimistic the cost is underestimated

» When the risk of schedule is disregarded in estimating cost risk,
cost risk is underestimated
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Cost Methodology

Use WBS
Non-biased quantification of cost elements: local uncertainty

Model correlation or avoid stochastic dependencies by applying generic
risks

Include internal and external risks, and fixed and variable
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Figure 1 Data generation approach for traditional non-integrated range estimating and probabilistic scheduling Figure 2 Data generation approach for integrated range estimating and probabilistic scheduling



Integrated Results
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Contingency calculation w/o PRA
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The percentage figure is, most likely, arbitrarily arrived at and not
appropriate for the specific project.

There is a tendency to double count risks because some estimators are
Inclined to include contingencies Iin their best estimate.

A percentage addition still results in a single-figure prediction of estimated
cost, implying a degree of certainty that IS simply not justified.

The percentage added indicates the potential for detrimental or downside
risk; it does not indicate any potential for cost reduction and may therefore
hide poor management of the execution of the project.

Because the percentage allows for all risk in terms of a cost contingency, it
tends to direct attention away from time, performance, and quality risks.

It does not encourage creativity in estimating practice, allowing it to
become routine and mundane, which can propagate oversights.






