System Dynamics

2020.08

QM E CHE (The TEAM)



KB Disruption Analysis

1) _E_kl Hl-hél-l

1o
Based Studies Method - =E*5 FIoHH, 713 Bo| Methodology Contractors  Consultants  Overall
Ll--g-'(')' = HA‘%"% Modified Usage Rank Usage Rank Usage Rank
0 ClS HiHO index index index
Measured mile analysis global methodO| O, C}& WHE | s Giobal Method 623 2 568 1 588 1
Global method, Industry Global Method 63 1 545 2 500 2
A {0
. study2| =AY, Industry Studies and 467 3 598 3 495 3
Earned value analysis Guidelines

Measured Mile Technique 45.5
Eamed Value Management 364

480 4 468 4
00 5 377

Project-
specific | Programme analysis

L

e = e

Productivity- | studies Time and Motion Studies  32.6 355 6 340 6
. Sy i 230 284 7 261 7
based Work or trade sampling ystems Dynamics
Methods . . ° LO-I%%IT':'IJ-I-I' Pil'?_qni_l %E’% Methodology Contractors Consultants Overall
SyStem dynamlcs mOde"mg Measured M||e0| %lﬂjl' 7|‘I°|' Success Rank Success Rank Success Rank
=00 o o . index index index
=%, CHE2 Modified Measured Mile Technique 510 2 560 1 S48 1

Project-comparison studies Global Method, Industry

Studies2| =AY, oosEHE XtEZ
'c'>|'_4XH Trendgfh OFZ7} AFO|'5|.|_|. System Industry Studies and 46.5 3 402 3 47 8 3

- 1L O

Modified Global Method 54.6 1 420 3 48.0 2

[ e e o
e e e s i e

i - Guidelin
Industry studies Dynamics 1 AFRHIE Lt 22 & 7} ridelines

S7totd /IS Eamed Value 2 5 517 2 457 4

. . Management

Estimated v incurred labour
Cost-based . Global Method 410 4 v 400 5
* An investigation into the use o
Methods ; . . . ! ;

Estimated v used cost construction delay and disruption analysis | 3¥stems Dynamics IR LS il
methodo|ogiesl Nuhu Braimahl 2008 Time and Motion Studies 337 6 390 4] 364 7

www.sclkorea.org 2 T2 2 A0 OE| 2|3



I} System Dynamics

1) 718

« System Dynamics(A| 2% &sh2 HFE Al=|0[ HHO|H 1960'ELCH MITO| 2|5t 7HE E[AS.

« A|AE LY2] Feedback processOi| *’E% T Z pEe4 s Moo =8ty olnEtA et nj=W S Zxg.

o« LrASSH0ll B0 ALEEIX|T J|A|, HF, EA|S § LS £0k0f| HE0| 7551 %2 Disruption Claim0l 20{A] B0
ArEE|L AS.

- 2009'A ECRI(Engineering Construction Risk Institute)2 SDOf| 7|25t ToolZ Industry Best Practice2 21H3 3.

« 2017'A0f| SCL(Society of Construction Law)x= DisruptionS £A5l= WHo = oIHA S,

»

De-and re-
Schedule = mobilisation
Pressure

Out of
Sequence Acceleratior Schadule - =
Work Measures - L
Planned -
Work Quality Skill and e o \ e
Experience - =

Productivity

Availability of
Prerequisites F Expacted
il Planned ompletio .
Cascading . s Manpower 3
; i -,
Errors &
Benart 4 . e ——

..... Wark Not ! _progress . :
Yet Slarted e Complete / . =
r. THEN 2{ /

Rewark e
To Do

Discovery

| be Found

www.sclkorea.org 3 T2 2 A0 OE| 2|3



I} System Dynamics

2) 2743

» Casual Loop Diagram  Stock and Flow Diagram
- 7 -
Birth Rate R Population Death Rate Inflow Outflow
/ Stock
Fractional Average

X Valve (Flow Regulator)

@ or @ Loop ldentifier: Positive (Reinforcing) Loop
B Source or Sink

O O Loop identifier: Negative (Balancing) Loop {Stud‘s outside model bo L-Indal'}f]

e or B
=7 *a*’éikﬂl Flow H|Z0f 2} ZufZrol delkl=

£ 7to| A E LIEtLY = Diagram O|H, SUsH Wk Diagram &
Positive 2t7|0| 11 BiCl H2F2 Negative &4

www.sclkorea.org 4 T2 2 A0 OE| 2|3



I} System Dynamics

3) Proven by Computer? System Dynamics and Disruption Claims (Ralph Goodchild, SCL, 2018.09)
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4) Program

Package name Website Licensing u:f'l:tte More info

Proprietary, commercial, free limited Supports system dynamics, Monte Carlo simulation for uncertainty, array abstraction for handling

Analytica https://analytica.com/ version 2018 | multidimensional data, linear and non-inear optimization. Uses influence diagrams to define, navigate,
and document models.
Proprietary, commercial, free Personal
Anylogic https:/mww.anylogic.com/ | Leaming Edition (PLE) for education, 2020 |Supports system dynamics, agent based and discrete event modeling, allows making hybrid models.
formal or not
Differs from traditional system dynamics approaches in that 1) it puts much greater emphasis on
probabilistic simulation techniques to support representation of uncertain and/or stochastic systems; and
GoldSim https:/Awww.goldsim.com/ | Proprietary, commercial 2019 |2)it provides a wide variety of specialized model objects in order to make models less abstract and help
represent processes and events that cannot easily be represented using a traditional system dynamics
approach.
. e Free, Insight Maker Public License Insight Maker supports System Dynamics modeling: a powerful method for exploring systems on an
Insight Maker https://insightmaker.com/ (GPL adjusted) 2017 aggregate level. Itis 100% browser based with an open support group using Google mail list.
ISSE Player System dynamics and discrete event modeling with some agent-based capabilities. Drag and drop user

https:/Mmww.iseesystems.com/ | Proprietary, commercial 2018 |interface builder allows simulations to be published online. Includes multilevel hierarchical models,
reusable modules, multidimensional arrays, optimization, and Monte Carlo analysis.

A tool for thinking in systems. Users draw circles and lines to build an interactive simulation of a complex
system.

Supports system dynamics; building graphical diagrams using stocks and flow, including delays and
2018 |feedback for noninear models. Supports units, multi-dimensions running scenario simulations and

(Stella)

LOOPY https://ncase.me/loopy/ Free, CC Zero license 2019

Powersim Studio https:/Awww.powersim.com/ Proprietary, commercial, free imited

version . :
Monte Carlo simulations.
Simantics System . . . . o Free and open source system dynamics modeliing software with stock and flow modelling, hierarchical
Dynamics http://sysdyn.simantics.org/ | Free, Eclipse Public License (EPL) 2018 models and array variables.
Proprietary, commercial, free Personal . . . . . . N
Vensim http:/ivensim.com/ Leaming Edition (PLE) for education and | 2020 Continuous simulation with stocks and flows, some discrete delay and discrete event functionality.

Flexible array syntax with mapping among dimensions

personal use
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Become acquainted with the problem
Dynamic problem definition

Draw the causal loop diagram

Construct the stock-and-flow diagram
Estimate the parameters

Run the model to get the reference mode
Model validity and sensitivity analysis
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Testing the impact of policies
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“Tuxedo Park’: 100% disruption recovery!

* Tuxedo Park was a design-bid-build development in the MENA region, budgeted
at about $1bn, that:

* Overran its budget by $500 million
* Finished 2.5 years late

* The Contractor “knew” that the Employer had substantially impacted the
project, but conventional analysis and the existing data trail did not (appear to)
support this view.

* Yet, a forensic analysis using Dynamic Disruption Analysis proved that 60% of the
overrun had been caused by the Employer.

. ' In international arbitration, the tribunal decided that the evidence produced by
.the analysis was credible and defensible, and awarded the Contractor full
' | recovery of the Employer-risk disruption, as determined in the System Dynamics
] i model (i.e., the entire 60% of the overrun.)

‘Petrochem Refinery’: a quick settlement!

* The ‘Petrochem Refinery’ was a design-bid-build subcontract within a
major oil & gas infrastructure project in the MENA region, budgeted
at about $300mn.

* |t suffered significant overruns, and the Subcontractor argued that
these had been caused by the main Contractor.

* When an initial round of negotiations failed to settle the issue of
disruption costs, the Subcontractor decided to engage CDS and use
System Dynamics to produce a more defensible claim.

* The main Contractor opposed the new claim, and especially the
Subcontractor’s use of SD.

. IHowever our client shared with the main Contractor information
; i about the assessment: the steps followed, the data used, the
i questions asked... ... and within a month of starting the assessment,
] both parties settled their differences.
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7) Example 1*
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* Dynamic Modeling Approach to quantify change orders impact on labor productivity, Zain Ghazi Al-kofahi, 2016
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8) Example 2
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8) Example 2
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8) Example 2
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9) Summary
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