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Risk Management

» Risk analysis = probabilistic
» Process moderation
» Workshops

—=:=- Cost Management

« Verification of planning costs

« Cost controlling

» Cost estimation (also probabilistic)
* Investigations of variants

Software Development

+ Individual solutions for major projects
« Controlling tools

» Implementing guidelines

aRiskCon
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1. Introduction

PEP
Project Cost Estimation Program =

et o o 1 (153 : -
B e Ktz v Program for cost estimation

BAULNAZ99S TestProjekt 2 11 Bauvarhaben 1101 Gesamte Freistrecke 11.0LPUI Unterbau -
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1. Introduction

[ o Erfassung i T -~ —_— . = ===
Basisdaten
Prajekt Projektphase Riskozyklus Erfasser Datum aktuelle Erfassung Risiko ID (fest) Sortierer Version SDEIdWEml
BSP Ausfiihrung 001 ssp 22.10.2008 OR_001_SSP_0036 R013 ——

Identifikation | Maknahmen Bewertung | Auswertung |

Verbale Auswahl EW min

IDurchaus mbglich (15-30%

g

I oo suttrtondes Risiko
15 225 I 30

Nr. Gewichtung %

Szenariounterscheidung und Wahrscheinlichkeit

Name Neues Szenario

I szenarien an

EW erw. EW max.

iiberschreiben

Nr. I
Gew. I —
Namel

lischen

— Monetire Auswirkung
p— ]

Posttion Einheit
| =]

deterministische Summe

|
“| leeren

™ det. Summe aus

I™ MaBnahmen inkludieren

Menge

- BUILD ﬂl

min. Menge  erw. Menge  max. Menge

[ —

Einheitspreis
- BUILD | RISK I
min. EP erw. EP max. EP
| | |
il— o Dreieck -

W

=| Neuer Eintrag | Oberschreiben | Enh’aqLu’s:henI Faktor 1 (Menge) I
Position Einheit min. erw max. Funktion min
| Anker m 85 120 200 Dreieck 18
! Sonstige Aufwendu  PA 1 1 1 Rechteck 3000
Lohnkosten  Mn 40 85 190 Dreieck 5500
Zeitgebunden Koste KT 0 1 4 Dreieck 11500

Faktor 2 (Einheitspreis in €)

erw max. Funktion det Summe. Szenario
20 25 Dreieck 2400
3500 4500 Dreieck 3500
7000 10000 Rechteck 595000
12000 15000 Dreieck 12000

deterministische Summe

Korrelation der Kostenpositionen

" Mengen unabh. | Preise unabh,

@ Mengen korreliert / Preise unabh,

(o Mengen unabh. | Preise korreliert (ol Mengen korreliert / Preise korreliert (ol Mengen korreliert / Preise korreliert mit Mengen

" Mengen unabh. / Preise korreliert mit Mengen

_swa | 179025

Speichern Daten fiir neues Risiko Ubernehmen

Neues Risiko ‘

} | Risiko lgschen Zurlick |

RIAAT

Risk Admiristration and Anayis Toel
» Program for probabilistic cost and RA
= Applied:
» Koralm base tunnel — RA cost estimation
stage (32km long tunnel)

» Hydro-electric power plants
- Spullersee
- Tauernmoos

» New rail corridor lower Inn valley (TEN 1)
RA — construction stage

» other projects

Risikco-Erfassung 8 LA TR - —— - o —
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[~ Menge determnistsch B 40%
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2. Modeling uncertainty

Risk assessment:

* Probability of occurrence (in %)
 Financial consequences (e.g. in €)

= reality can be modelled better by using distribution densities
than by using single deterministic figures

Deterministic method Probabilistic method

» Single figure » Values within a bandwidth

» Additional weighting

Most cases: no statistical background - better using “simple” function =2 subjective probability

Example: The triangle function is easy to determine and offers flexibility in its shape

A Advantages of triangle function:

v Three point estimate
(minimum, most likely, maximum)

v Exact definition of min. and max.

Area = 1 v/ Easy handling of asymmetric shapes

I
min  most likely max.

\ 4

v Requires no additional and complex input
parameters (e.g. stand. deviation)

lRiskcan RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis



2. Modeling uncertainty

Aggregation of distributions density through simulation
(Monte-Carlo-Simulation, Latin Hypercube Sampling)

15.000

Lorenz Curve

275

Input:
probability
distributions

10.000 Result:

Probability distribution

5.000

which displays the

Effect (T€)

overall risk potential.

-5.000

-10.000
Value at Risk in %

Probability Distribution
100%

10,0%

9,0% - 90%

80%

8,0%

\,
<
S

o
]
S

6,0%
- 50%

Software support is
necessary!

t 30%
L 20% @

5,0%

Value at Risk

- 40%

4,0%

Relative Frequency

3,0%

... other 20% |
distributions ) - o
DID% : : 0% R I
Effect in TE ‘53 AA I
T : Risk Administration and Analysis Tool
Distribution function Distribution density
RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis Slide 7
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4. Structuring the Risk-Management-Process

Cost structure of an infrastructure project

Total costs
Future value
adjustment
Probabilistic
risk evaluation
Overall
basic costs

Value adjustment
till valuation date

Probabilistic
basic costs

Deterministic
basic costs

IR' kc RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis Slide 8
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3. Structuring the Risk-Management-Process

Risk management process
supported by

RIAAT

Risk Administration and Anallsis Tool

Contrc:h

[Risk-Aggregation ]—) Communication Risk-ldentification

Monitv

Risk-Analysis

| 1 |
v v
[ Assessment J [ Evaluation J [ Treatment J

R' kc RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis Slide 9
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3. Structuring the Risk-Management-Process

Responsible person

iti Cycle interval
{ Initial phase J Standard definitions

Controlling
Communication
Monitoring

aRiskCon

RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis
Linz 15.07.2011 — Philip Sander



3. Structuring the Risk-Management-Process

Risk-Catalogues

» Differentiate risks
» Support Risk-Identification

» Aggregate similar risks to get a specific risk-potential

Different types of cataloques to identify and classify risks:

Themes Geological Spheres
I Ground risks "W Geological sections owner
V¥V Excavation pits ¥ North tube Client
V¥ Deformations of drilled piles ¥ NO1 %
V¥ Batter stability ¥ NO2 ontractor
¥ TBM tunnelling ¥ NO3
V¥ Driving problems TBM ¥ South tube
V¥ Tubbings ¥ SOl
¥ TBM burying v S02
V¥ TBM deadlock ¥ S03
VY NATM

lRiskcan RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis



3. Structuring the Risk-Management-Process

Responsible person
i Cycle inti |
| aiphese | S
Controlling
Communication [ Risk-Identification ]
Monitoring

Describe Risk-Scenario

Assign Risk-Catalogues

aRiskCon

RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis
Linz 15.07.2011 — Philip Sander



3. Structuring the Risk-Management-Process

Risk-ldentification

Risk-Aquisition

— Base Data
Project Phase Risk Cycle Editor Date Risk ID Sort Mo, Save version |
Example Planning 001 SSP 18.02.2009 OR_001_SSP_0002 R001 versons |

B oo

Identification |Heasules | Quantitation | Evaluation

Catalogue selection

- Risk-ldentification
Description (short)
|Persona| qualification and productivity

Szenario description

Risk-ldentification

Scenario-Description

— Risk-Catalogues ‘

- Tunnel sectionsl Splletel Editor | J J J J

4 RIAAT

— Catalogue
Themes

01-01-00-00

01-02-00-00 2  Finance
01-03-00-00 2 Technics
01-04-00-00 2 Geology
01-05-00-00 2 Poltics

Assign catalogue elements

Pre risk indications
Description
Description Source of values Det. Sum | Szenarios I Bandwidth in % I dpy, I
Apply element Delete element |
Empty lit |
Applyed elements
01-01-00-00 Personal
SAVE Copy data to new Risk Mew Risk
Apply

aRiskCon

RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis
Linz 15.07.2011 — Philip Sander
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3. Structuring the Risk-Management-Process

Responsible person
it Cycle interval
{ Initial phase J Standard definitions
Controlling
Communication Risk-Identification
Monitoring
Describe Risk-Scenario
Assign Risk-Catalogues
Risk-Analysis

Risk Assessment:

Probability of occurrence
Financial consequences Rl A AT

Evaluation of single Risk-Potential Rock Aceiaitirafioe el Anshyet Tool

R' kc RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis Slide 14
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3.a Details of Risk-Analysis

Probability of

occurrence
Single occurring Multiple occurring
risk risk
Input: Events of similar nature can occur within a section

Standard value for probability several times at different locations.

between 0 and 100%o
Examples:

- cave-ins in tunnelling (e.g. 4 times in 1000m)

- replacement of defective segments of lining

Example: Poisson distribution 1=4 - correction of surface imperfection in road construction

25,00%

20,00%

16,00% Input: average rate of event occurrence

500% / | Poisson distribution to calculate the possible

o/ %o : scenarios
0,00%

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Output: probability for possible number of events

IRiskcan RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis



3.a Details of Risk-Analysis

Financial consequences

several cost elements possible

I
v v

{ 1st Factor } { 2nd Factor }

quantity price

v

[ Distribution densities }

I
v v

[ 3-point-estimate } [ BUILD }
(minimum, most likely, maximum) Offers more flexibility
= Triangle, Beta-PERT, Uniform Free in modeling distribution densities

Probability Distribution Probability Distribution
100 100% " i 20%

@ 03 50% &
5 H B
2 0% £
02 g
30% 5
§
01

Effect in T€ L] 50 100 150 200 50 Auswirkung in TE

R' kc RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis Slide 16
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3.a Details of Risk-Analysis

Risk Aquisition =l
Example: Base Data
Praject Project Stage Risk Cycle Trpist Date Risk ID Sork Mr, Sawve Wersian |
- Example Planning 001 PHS 17.02.2009 Example_001_PHS_0042 53 : |
Deformations ¥ersions
of drilled pileS - Agoregation | A
Identification | Measures Quantitation I Evaluation |
— Probability of occurrence e
Description
_ Multiple occourring risk |
“erbal expression P min. P ml.. P max. u u u >
- 500 800 1300
[ty = | 15 | 225 | a0 :
triangle
distribution
— Fimancial consegquences —¥

— Guantity — Price

Pozition LIt
I Anchors j I m min. Quantity  ml. Quantity  max. min. Price ml. Price ma:. Price
| 500 | 800 | 1300 | 15 | 21 | 30

— ; I Trigngie vI I Trigngle vI
Mess Entry | i Dwerwrite i

/ Factor 1 (Guantity) X Factor 2 {Price in £)
.

Position LImit fil. [ Function. . tl. (= E Function.
Anchors  m | 500 800 1300 Trianale | 15 21 30 Triangle
Labour h 50 80 130 Triangle 25 30 35 Triangle
Running costs of site ] 2 5 Triangle 7500 7700 8000 Triangle
Planing costs h 10 15 25 Triangle 50 60 70 Triangle
Correlations
" Quantities indep. / Prices indep. % Quantities corr. / Prices indep. " Quartities indep. / Prices corr. to Quantities
" Quantities indep. / Prices corr. " Quantities corr. / Prices corr. ' Quartities corr. § Prices corr. to Guantities
SAVE A Copy data ta new Risk Mew Risk 4 | 3 Delete Risk BACK

R' kc RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis Slide 17
d 1S on Linz 15.07.2011 — Philip Sander ae




3.a Details of Risk-Analysis

o Project Token Project stage Cycle Due date cycle Typist Date Risk-ID No.
R IS k Example Example Planning 001 22.07.2008 SSP 22.07.2008 OR_001_SSP_0013 R012
R e p le) rt Description (short) Type Status
TBM deadlock | | SINGLE RISK | |OK

Risikobeschreibung inkl. moglicher Auswirkungen und Folgen
TBM deadlock causes a standstill in tunnelling. The consequences will include time
extension and additional costs.

Catalogue Group

Kataloge und Zuordnungen

01-05-01-00 Project Risks / Technical Risks / Ground Risks

Risk-1dentification

Sphere Client
Event sector M11
Contract section 1-K

description (verbal)

Classification

Catalogue assignment

Risk-Assessment

Measures Classification Iteration steps Simulation method Cost of measures
. . Earlier perception and identification of problems Ranking (25 risks) 192.000 LHS included
Employing experienced personal
VaR VaR in TE€ Rank
Cost [ s00T€ VaRs 1080 3 Probability Distribution
. . Can help to deplete the risk VaR10 108,0 7 150% 100%
Proper operation planning /"‘-_
VaR20 328,0 3 e
Cost [ 280T€ VaR30 4710 2| —
- g o ol sow
VaR40 606,0 2 i
=1 Single Risk-Potential |..
—  Measures incl. costs /
4 3
TR som %
z i
| 3 sow %>
.
| a0 & 10%
I ! I 0% I | 1 0%
Probability of occurrence Hiiings.
oo = %
_,Slngle occurring risk Probability of occurrence t (verbal minP erwP maxP 2 = =3 2 2 2 2 2 g 22
I_ I I I I I T = z ~ - - - = =3
- - - Effect in TE
iIM""'F"e occurring risk Section expected occurrence P [%]
|5,8km [ 2 | | 865 | Loranz Curve
;5000
Financial consequences | Quantity I Price in € | .
Function min. ml. max. Function min. ml. max.
Running costs of site [d] Triangle 2 12 45| Triangle 11.500 12.000 13.000 o0
Labour costs [d] Triangle 2| 12, 45| Uniform 5.700 6.000 6.500]

E et (TE)

58

63
1.057

108

|

Il

]

50 60 m
Walug a8 Risk in %

Correlation: Quantities correlated, Prices indep.

aRiskCon

Linz 15.07.2011 — Philip Sander
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3. Structuring the Risk-Management-Process

Responsible person
iti Cycle interval
[ Initial phase } Styand;rd definitions
Controlling
Communication [ Risk-ldentification ]
Monitoring
Describe Risk-Scenario
Assign Risk-Catalogues
Risk-Analysis
L2

Risk Assessment:

Probability of occurrence
Financial consequences Rl ‘ ‘

Evaluation of single Risk-Potential ick Adenixbirafio cnd Anghsht Tool

R' kc RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis Slide 19
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3. Structuring the Risk-Management-Process

Aggregation to overall Risk-Potential

Probability Distribution

Excav. Pits

Relative Freq y
2 2 pM @ &2 o o9 N @ © 3
S 2 & © 8 =& © B & o 8o
= = = ® = = ® = = = =

5.711
-5.000

5.000
10.000
13.275

Effect in T€

TBM \ Ground risks ,
-\ Client risks

 ——
- Other client risks/ \ -
- Contractor risks Overall
- Risk-Potential

R' kc ItE RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis Slide 20
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3. Structuring the Risk-Management-Process

Cycle interval

Responsible person
Standard definitions

[ Initial phase

End of cycle documentation

Risk-Report Finalize cycle

Implement measures
Controlling

Communication [ Risk-ldentification ]
Monitoring

Risk-Report

Describe Risk-Scenario

Monitoring Reviewing

Assign Risk-Catalogues

Risk-Analysis
2

Risk Assessment:

Probability of occurrence
Financial consequences Rl ‘ ‘

Evaluation of single Risk-Potential ick Adenixbirafio cnd Anghsht Tool

IR' kc RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis Slide 21
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3. Structuring the Risk-Management-Process

Risk catalogues
SSPBauConsult

Risk-Potential

SSP BauConsult
L Austuhnang 01 I20T3008

Balsplelprojekt BSP Austuhrung o0
Aggregation Nr. 1 - OR_001_SSP_0001 Gesamtrisil ial ber

Risiko-Katalog der aggreglerten Rislken

Lagende

n [Hommarkston A
1 1-04- DM 00 Kakalatinnsansol se
[Pretze utnd Menge)

A [Stikasiuck Bevdond fulsch gewithil
Gerateaustal Versorgung 1V
Horeeption Tyl

T Bty s

Aggregatiorc Nr. 1-0R_D01_SSP_0001 Gesamtrisikopotentisl Dber Einzelrisiken
Durchgings: $0.000

Tt Verteibungsfunktion
@

Piyisiiiiisg
b s s Hastd i it

[l

200
10800
138m

a
5

pmitiong n T

Lorenzkurve

13074

Inkludierte Mafinahmenkosten: 1271 TC

Verbleibandes Risiko-Potenzial nach Einsatz von Malinahman

Eunbshaston
™

150,000

Classification

e Bkt okibos i Bt Bt
SSP 2auConsult [re— B Aumuneg 001 22473008

1-R_001_S8P_C

Risikopartfolio Einzelrisiken nach Vat

[T —

3 3% 3 503 3 33 3 %

3 aD WD AWM MD AL S0 N KR 8 ED D ED DD M0 X0 D D 420

T im

GagenGbarsteitung Risiko-Potenzial der Enzeirisiken

Single risk report

SSPEALCONSUINT s

P S—E—

[Ie——————y

ABC Risiko-Analyss bei VaR 50

Patential-Analyse: Differenz VaR 40 - VaR 50

111111111 Fii

11111111

1111111 i

RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis
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4. Example

Event Tree Analysis RIAAL

Scenario:

sconstruction road to a reservoir of a hydro-electric power plant

*40% risk that the construction road will not be permitted (nature reserve)
=» in this case (risk does occur) - 2 alternatives:

1. extension of the existing public road to the reservoir
estimated probability for permission only 20%

2. no permission for the public road - new ropeway for material transport
most expensive scenario

The hole scenario can be modelled by an event tree.

'R’.Skcan RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis



4. Example

20% F’ubllc road 8%6

0
ropeway for 32%0
Risk construction < SIORGIN material transport
road

60% perm|ssmn
6020

The costs of the construction road are estimated with 1.000.000 €.
If there will be no permission the costs for the construction road can be saved in the first step.

Extension of publlc road

Omitted construction road -1.000.000 -1.000.000 -1.000.000
8%

467.500 550.000 880.000

Omitted construction road -1.000.000 -1.000.000 -1.000.000
32%
ropeway for material transport 1.912.500 2.250.000 2.925.000

= = RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis -
‘R’Skcan.fﬂltg Linz 15.07.2011 — Philip Sander Slide 24



4. Example

After simulation the result is a probability distribution that displays the overall risk potential.
There is a probability of 60% that the risk will not occur (see red distribution function).

Probability Distribution (in T€)

1ﬂﬂlm S ———— . . P 1&&!.'
- cost bandwidth
suﬂﬁ ! . . ————, ] su%
scenario public road :
31@% 1 (Chance) ........................... —— R
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determlnlstlc approach 8% x (-1.000.000€ + 550.000€) + 32% x (-1.000.000€ + 2.250.000€) + 60% x 0€

= 36.000€ + 425.000€ + 0€
461.000 € - won‘t occur in reality
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5. Summary

Probabilistic Risk-Analysis:

» Modeling of reality: better by distributions densities than by a

>

deterministic figure

More information is transported if a range of values is not condensed
into a single figure

Support through software Tool: RIAAT provides
Ride Adiminblrotcn cnd Arclsh Tl

>

>

>

Standard for project structuring

Standard for risk assessment und analysis

Risk aggregation “Bottom-Up” = form project to company level

Standard for structuring risk reports

Revision control

IR"skcan RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis



5. Summary

RIAAT

Risk Administration and Analysis Tool
» Developed particularly for the needs of construction projects

» Practically proofed

Applied in major projects:

» Koralm base tunnel — RA cost estimation stage (32km long tunnel)

» Hydro-electric power plants
- Spullersee
- Tauernmoos

» New rail corridor lower Inn valley (TEN 1)
RA — construction stage

lRiskcan RIAAT - A Software Tool for Probabilistic Cost and Risk Analysis



