05

Applying System Dynamics
to assess disruption and delay:
The ‘D3A’ approach
Alexander Voigt and Sam Mattar – On Disruption and Delay

To introduce System Dynamics (‘SD’) as a method for analysing disruption and delay, we will start by looking
at how it is applied in dispute settings (negotiations, arbitration, etc.) This is how the methodology was first
applied, and how the approach was developed. Once this is done, we will describe how SD can also be used
proactively, to mitigate disruption and delay on ongoing projects.
Note that, since this will be only and introduction, many of the readers’ more detailed questions will by
necessity be left unanswered. We intend to cover most of these in later articles in this series.

System Dynamics: A quick walk down memory lane
System Dynamics is a rigorous mathematical modelling methodology that enables professionals to build
computer simulation models to (a) identify the causation networks within complex socio-technical systems,
and (b) show how these networks drive (i.e., have a significant impact on) their performance.1
The methodology was invented by Prof. Jay Forrester at MIT’s Sloan School of Management in the late 1950s.
While it was initially applied to the study of global macroeconomic and social development forces2, in 1976 it
was used to analyse disruption and delay on a naval project (to support a contractor’s claim against the US
Navy3.) Building upon the success of this first application, System Dynamics simulation models have since been
used to analyse the performance of hundreds of projects worldwide, in the construction, aerospace,
engineering, automotive, software and shipbuilding industries. System Dynamics has been the basis of over
fifty major disruption and delay disputes and claims, with an estimated US $20bn at stake.
While System Dynamics may not be a household name in construction or engineering , the methodology has
made significant strides over the last decade: System Dynamics is now regularly quoted and published by (and
has received awards from) most construction professional bodies, including the Society of Construction Law
(SCL), the Engineering Construction Risk Institute (ECRI), the American Society of Civil Engineers (ASCE), the
Project Management Institute (PMI), the Association for the Advancement of Cost Engineering International
(AACEI), etc.
Why is System Dynamics so useful in assessing disruption and delay on complex projects? Because the
methodology is based upon a fully validated causal framework for disruption and delay, and it uses actual data
and information about the target projects – as a result, SD can (a) fairly and accurately explain what caused
past project overruns, and (b) better predict future project performance.4

1

For additional information, please see our previous article in this series “01 From Chain of Causation to Net of Causation:
It Only Took a Century”. All articles in this series can be found on our website, at:
www.constructiondynamics.global/on-disruption-and-delay

2

See for example Meadows, D., et al, “The Limits to Growth; A Report for the Club of Rome’s Project on the Predicament
of Mankind”, Universe Books (1972)”

3

See Cooper, Kenneth G., “Naval ship production: A claim settled, and a framework built”, INTERFACES Vol. 10, No. 6
December 1980, The Institute for Management Sciences.

4

Please note: “Better” does not mean “perfectly” – SD may often produce impressive results, but it is not a crystal ball!
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Dynamic Disruption and Delay Analysis (‘D3A’)
The standard approach to use System Dynamics to assess disruption and delay on complex projects is based
on data and on the application of the scientific method – we call this approach: “Dynamic Disruption and Delay
Analysis”, or ‘D3A’ for short.

Figure 1: First objective of D3A: Producing an as-built representation of the project.
Let us now look at this process, one step at a time.

Step 1: Using a common, fully validated causal framework
The greatest breakthrough achieved by Ken Cooper in 1976 was not that he was able to produce a simulation
model that convincingly explained performance losses on a project, but rather that the causal framework on
which this model was built turned out to be applicable to any complex project, anywhere, in any kind of
industry. Thus, Cooper was able to reuse that first model, ‘easily’5 adapting it to reproduce the dynamics of a
second project… and then to a third, etc.
Over the past four and a half decades, well over a hundred projects have been analysed using System
Dynamics, and all of these analyses have used a variant of the causal framework that Keen Cooper first
developed. The list of projects includes infrastructure projects, powerplants, ships, commercial buildings, oil
& gas installations, bridges and tunnels, chemical plants, automobiles, aircraft, submarines… and even banking
and air traffic control systems. It is for this reason that we can say that the causal framework used by System

5

In this context, ‘easily’ is meant in relative terms: it is much easier to adapt a project simulation model to a new project
than it would be to create a wholly new model from scratch.
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Dynamics has been fully validated6: With only minor adaptations to particular circumstances, it has been able
to explain disruption and delay on all types of complex projects, and construction and engineering
professionals that have been involved with it have all (eventually) agreed that the framework does indeed
“explain how projects work.”

Figure 2: Causal framework for disruption and delay on complex projects (simplified.)

Step 2: Using project data
As shown in Figure 1, the first step in the D3A process is to learn as much as possible about the project being
analysed. This data-gathering effort focuses on three main types of project data:
a) Project characteristics data, including the project architecture (EPC, FEED, design-build, …), planned
scopes and resource histograms, key milestones, etc.
b) Data describing the characteristics of all disruptive and delaying events that occurred on the project.7
These events are defined in terms of their direct impacts on the project. There are many different
types of events, and each directly impacts the project in a different way – so for example:
•

A design change might be characterised by the number of design drawings that had to be revised
(and when), plus how much the scope of construction grew because of the change;

•

A flooding event could be characterised by the area of the works that was affected, and by how
long this flooding lasted;

•

Delays in the construction inspection process could be characterised by the number of monthly
inspections, the actual average time it took to close them, and the contractual maximum time
allowed for each.

6

See our previous article in this series “02 A Causal Framework for Disruption and Delay: Loopy, Not Straight”.

7

Please refer to our previous article in this series “03 Disruption: Such a Tricky, Elusive Animal…” for a more detailed
description of events, and for a list of the most common types.
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c) Actual as-built performance data: the histograms for as-built manpower, the as-built S-curves, design
and shop drawings logs, etc. Note that this data is not used to produce the simulations themselves, it
is only used for reference purposes, to know when a simulation closely matches the actual
performance of the project.

Step 3: Model set-up and calibration
Model set-up
As we described earlier, because all SD project models share the same underlying causal framework, it is
usually much more efficient and effective to “simply” adapt a pre-existing model to fit the characteristics of
the current project, rather than creating a new model from scratch.
Actually, calling such an adaptation “simple” is a bit of an understatement. The first (and relatively
straightforward) step in adapting a simulation model to a new project implies replacing any data in the model
with data for project to be analysed.
Second, the architecture of the model will need to be adapted to match the structure of the project: For
example, an analysis of a design-build project will need to take into account the disruptive and delaying
dynamics in construction, but also those occurring in the design phase; or, a project involving two main
contracts might need the analysis to explicitly reflect this split (and include any cross-impacts between the
two, if there were any); or, the dynamics of civil works construction and MEP installation were quite different,
these two work phases might need to be simulated separately; etc.

Figure 3: Potential architecture for a Simulation model of a design-build project
awarded under two main contracts.
System Dynamics only distinguishes major project work phases, not individual
activities in the programme. In exchange for this loss of detail, it fully accounts for
all the internal disruptive and delaying dynamics within these phases, as well as for
the dynamics arising from the interactions among them.
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One more key issue needs to be taken into account when deciding on the architecture of the simulation model:
data availability. Since the output of the simulation model needs to be checked against the as-built data for
the project, the analyst should structure the model in ways that are reflected in the project data.

Calibration and validation
Once the model has been set-up, it will simulate… something; the output of the simulation model will normally
still differ significantly from the project's as-built data, indicating that one (or more) of the following is true:
a) Some equations in the model do not yet properly describe how the project operated;
b) Some of the data has been misinterpreted, or it is (at least partially) incorrect; or
c) The assessment has failed to accurately capture one or more of the events that impacted the project.
In other words: the model needs to be calibrated: The modeler needs to look at a deviation between the
simulation and the data, identify the cause for the difference, fix it… and then move on to the next deviation.
At first blush, this may sound as if SD simulation models were “forced” to produce a pre-determined outcome,
but there is actually nothing further from the truth. Calibration is the scientific method in action: In each
calibration step the analyst compares the output of the simulation model to the as-built data for the project,
detects those areas where understanding of the project is still lacking, investigates further, and eventually
produces a model that can better explain what happened on the project… and why. As stated by Prof. John
Sterman (MIT Sloan School of Management) when discussing a past project that was assessed using System
Dynamics:
“The purpose of the comparison to historical behavior was not to prove […] that the model was right,
but rather to identify areas where the model required improvement.”8
Furthermore, note that a careful calibration of the simulation model is a key step in checking its validity, but
not the only one. Also, simulation models typically undergo extreme conditions tests, dimensional and
parameter consistency checks, sensitivity tests, etc… Describing the nature of these tests exceeds the scope
of this article – but if interested please stay tuned, we will come back to the calibration and validation process
later in this series of articles.

Step 4: Simulating what actually happened (‘As Built’ simulation)
The end result of the calibration process is a model that accurately reproduces the as-built performance of
the project – and furthermore, one that does so for the right reasons (see Figure 4.)
A properly calibrated and validated System Dynamics simulation model:
a) uses actual data to capture key project characteristics (scopes, deadlines, architecture…),
b) takes into account all the unplanned disruptive and delaying events that impacted it, and…
c) … produces a simulation scenario (the ‘As Built’ simulation) that is 100% consistent with all known
information about the project, thanks to its equations that…

8

Sterman, John D., “Business Dynamics: Systems Thinking and Modeling for a Complex World”, Irwin McGraw-Hill (2001),
p.62.

© Construction Dynamics Solutions LLC 2022

5

Dynamic Disruption and Delay Analysis (D3A)

d) … embody a fully validated causal framework for disruption… and delay.
Figure 4 shows some of the output of a recent project (disguised for confidentiality reasons): red, dashed lines
represent project data, blue continues curves are simulation output):

Figure 4: ‘As Built’ simulation of the project.
However, the validation of the simulation model extends beyond matching the project’s as-built data: all
variables in the model need to reflect the reality of the project, simultaneously, for the entire duration of the
project – and those variables for which there is no corresponding as-built data are confirmed indirectly,
triangulating from other known facts.
For example, in the project depicted in figure 4, the ‘As Built’ simulation showed a strong increase in rework
performed in late 2017 – in this instance, the validity of the simulation was confirmed by noting that (a) testing
and commissioning had just started in mid-2017 (discovering most of the mistakes made earlier, which had to
be reworked), and that (b) the amount of rework would have had to be significant to justify the slowdown in
construction progress shown by the as-built data in late 2017.

Steps 5 and 6: Simulating what “would have” happened (‘But For’ simulation)
The ‘As Built’ simulation was produced by a simulation model that took into account all the disruptive and
delaying events that impacted the project, without distinguishing who (contractor or employer) was
responsible for them. This could not be otherwise: to be a faithful representation of what happened on the
project, the simulation model necessarily had to include all the events that disrupted and delayed it – if they
existed (and they were significant enough), the model had to include them.
Since the objective of the ‘As Built’ simulation is to re-create the actual performance
of the project, this means that it needs to contain all the disruptive and delaying
events that occurred, irrespective of who was responsible for them.
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As a result, the ‘As Built’ simulation constitutes the most complete, accurate, consistent, robust and probable9
explanation of what happened on the project (and why it happened) – but, it does not yet answer the question
of how much of what happened was the responsibility of the employer. Thankfully, we now can use the System
Dynamics model to find the answer to this question, in a consistent and unbiased way.
To do so, all we need to do is to simply take the simulation model, and remove from it all employer-responsible
events. No other change should be made: the data, parameters and assumptions regarding project
characteristics will remain the same, and the calibration should not be changed in any other way, either – we
simply remove the employer-responsible events, and press the “simulate” button again. In this way, the
simulation model will produce a new simulation scenario (the ‘But For’ simulation), which shows how the
project would have performed in the absence of the employer-responsible events.

Figure 5: Final objective of D3A: Producing the ‘But For’ simulation of the project.
The ‘But For’ scenario (produced as we just described), embodies the legal definition of causation, which is
generally accepted to require that a ‘but for test’ be satisfied in order to establish ‘causation in fact’.10 In other
words: to establish proof that the employer-responsible events caused a certain amount of disruption and
delay to the contractor, legal minds will generally require the contractor to show that ‘but for’ (in the absence
of) these events, the disruption and the delay would not have occurred. And as we just saw, System Dynamics
allows you to do this.

9

Remember that disruption and delay claims have to be proven based on the ‘balance of probabilities’ / on the
‘preponderance of the evidence’ – in other words, it is all about what most probably happened. On the issue of
‘standard of proof’, please also refer to our earlier article in this series, “04 Proving the Disruption Case: The ‘Triad of
Proof’”.

10

Keating on Construction Contracts (2016), Tenth edition, edited by Furst, S. and Ramsay V. 9-090 p.296.
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Once the ‘As Built’ and the ‘But For’ scenarios have been simulated, estimating the disruption caused by the
employer is a straightforward matter: the employer’s responsibility can be calculated as the difference in the
cumulative resources simulated in the ‘As Built’ and the ‘But For’ scenarios.11

Figure 6: The ‘But For’ simulation.
The ‘But For’ simulation also shows when the project would have been completed in this scenario, so System
Dynamics also determines the project delay that was caused by the employer. Note that, since the ‘But For’
scenario still includes all contractor-responsible delays, the delay estimated via System Dynamics is (by
definition) already net of any potential ‘concurrent’ delays by the contractor.

Separately establishing the impact of each event
As previously described, the D3A approach would only allow us to assess the cumulative impact of all
employer-responsible events taken together. This is certainly sufficient to calculate the overall disruption and
delay claims, but in certain instances it may be beneficial to the contractor to itemise the disruption, to
calculate it for each event (or group of events) separately (see Figure 7.)
System Dynamics can do this, by producing the ‘But For’ scenario in a series of sequential steps: Instead of
removing all employer-responsible events at once, the analyst would first remove one of them (and resimulate), and then remove a second one (and simulate again), and so on and so forth until arriving at the ‘But
For’ scenario (where the final employer-responsible event would be removed.) The disruptive and/or delaying
impact of each event (or group of events) would be calculated by simply comparing the corresponding pair of
simulations (the one produced immediately before removing the event, and the one produced immediately
after doing so.)

11

Note that, strictly speaking, the difference in resources between the ‘As Built’ and the ‘But For’ scenarios not only
accounts for disruption, it also includes some costs normally accounted for in variations. The costs of variations would
normally be calculated and claimed separately, so obviously they should be discounted when claiming for disruption
(so as to avoid any double-counting.)
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Figure 7: “Peeling out” the impact of one event at a time.
The advantages of itemising the disruption and/or delay in this manner are twofold:
1. The additional information gained would allow the contractor to produce a much more detailed and
precise causal narrative in support of his/her claim; and,
2. If, during the dispute, it was determined that one of the events assumed to be employer-responsible
was instead the responsibility of the contractor, this would not invalidate the whole claim; in fact, the
claim would only need to be adjusted by subtracting the disruption and/or delay shown to have been
caused by this event – nothing else.12

A fair allocation of responsibility
In our experience, when first introduced to the concept of the ‘But For’ scenario people generally assume that
it corresponds to the as-planned condition for the project – however, as illustrated in Figure 7, this is
profoundly incorrect. We already explained what the ‘But For’ scenario represents… but we did so only from
the contractor’s perspective – so let us now offer the employer’s: the ‘But For’ scenario represents the asplanned project… plus the disruptive and delaying consequences of:
a) Any planning errors by the contractor (underestimating, underbidding, etc.)
b) Any contractor inefficiencies in executing the plan.
c) Any other event that may have occurred over the project’s lifetime for which the contractor was
responsible.
The time and resources spent in the ‘But For’ scenario are excluded from any disruption or delay claims –
therefore, the objective of using the System Dynamics and the D3A approach on such claims can only be to
fairly establish the responsibility of both parties.

12

Depending on the contract and/or on the applicable law, in certain instances it may be necessary to repeat the ‘But
For’ scenario(s) – however, this would require minimal time and effort. This will be discussed in more detail in a later
article in this series.
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Proactive use of SD: Mitigating disruption and delay
In the introduction to this article, we claimed that System Dynamics can also be used proactively, to help
mitigate disruption and delay on ongoing projects – and this is indeed the case: SD has been used to support
hundreds of projects worldwide.
A thorough discussion on the proactive use of SD will warrant an article of its own, but we can quickly leave
two brush strokes here:
•

SD is applied proactively by generally following the same approach used for claims (D3A), except that
instead of producing ‘But For’ scenarios, these analyses produce ‘What if…?’ ones: “What would be
the impact of another major design change?” Or: “What would be the impact if this change was
delayed another three months?”

•

Companies commissioning SD analyses have tended to see the methodology as kind of a “secret
weapon”, and have thus hidden information about its use under strict confidentiality agreements –
but there is one bright exception:
In 2011 the Fluor Corporation became a finalist to receive the prestigious Franz Edelman prize,
awarded by the Institute for Operations Research and the Management Sciences (‘INFORMS’.) This
was in recognition of the company developing and using a “Change Impact Assessment” system, an
SD-based platform that allowed the company to assess the likely impact of any client-proposed change
on any of its projects – and which, according to Fluor, allowed the company to save over $800 million
over the period 2006 – 2011.13

Why use System Dynamics in disruption and delay disputes?
Disruption: In our last article14 we described the requirements that any methodology would need to fulfil in
order to be effective, i.e., in order to be capable of proving your case – and in highly complex and heavily
disrupted projects, System Dynamics is the only disruption assessment method that can fulfil all of these
requirements.
Why? Being the only method based upon a causal framework, SD can establish causation much more
effectively than any other method. Also, because of the D3A approach, SD can isolate the disruptive impacts
of the different events that occurred on the project, thus clearly separating the liability of the employer from
that of the contractor. And finally, the additional benefit of using computer simulation allows SD to capture
the full non-linear and cumulative impact of disruption.
Furthermore, the use of System Dynamics as a disruption assessment method has been recognised by the
Society of Construction Law, which included the methodology in the second edition of its “Delay and
Disruption Protocol” (2017.)
Delay: Figure 6 clearly shows the ability of SD models to assess delay on complex construction and engineering
projects.

13

Godlewski, E., Lee, G., Cooper, K., “System Dynamics Transforms Fluor Project and Change Management”, Interfaces,
Vol. 42, No. 1, January-February 2012, pp. 17-32

14

See our previous article “04 Proving the Disruption Case: The ‘Triad of Proof’”.
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Can SD do a better job than other, more traditional methods? We believe it can – and indeed it has been
extensively used in this fashion, both proactively and in claims. However, industry recognition of this use of SD
is still lagging that for disruption, and for this reason we will dedicate a full future article to this issue.

You probably have more questions…
This was a long “brief” introduction to System Dynamics and its use in analysing disruption and delay on
complex construction and engineering projects. We hope to have addressed your most pressing questions
about SD… but we also realise that these initial answers will have probably sparked a whole new raft of
questions in your mind:
•

What are the pros and cons of using SD when compared to, say, the Measured Mile?

•

How does SD capture the critical path when assessing delay?

•

SD models are complex, how do we know that we can trust their results?

•

Can SD really prove delay?

•

Etc.

Our intent is to cover these topics (and then some) in upcoming articles in this series, so hopefully you will find
the answers that you seek there – but please, also feel free to contact us and suggest any topic in which you
may be particularly interested.

For more information, please contact us at:
info@constructiondynamics.global
or visit our website:
www.constructiondynamics.global/on-disruption-and-delay
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