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Abstract 

The paper shows a partially innovative approach to risk management in major engineering 

projects. The variable to be finally considered is the allowance for contingencies, to be 

calculated through a proper matrix and to be managed by means of a rationalised approach, as 

well as taking into consideration the individual attitudes towards risk. 

The paper follows a previous research, that was already presented to “The Association of 

Cost Engineers – A Cost E” for the  one-day seminar entitled “Cost and Programme 

Management for International Projects” held at the Institution of Civil Engineers (London, 

2003). 

Causes of disruption 

In an engineering and construction project the parties to be considered are all the stake-

holders, namely the owner, the project managing contractor, the engineering and construction 

contractors, the bankers and other involved corporation or authorities, the end user, etc. 

Then, the risks have to be properly shared between the parties, and all decision relevant to 

risk management can have consequences  for all involved parties. 
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The possible causes of disruption can be classified and analysed with the same pattern 

normally used to classify the risks. Disruption is often the materialization of the theoretical 

risk.   

The causes of disruption can be summarised as follows: 

• external causes, namely causes not directly pertaining to the project itself, such as 

force majeure. This normally includes:  

o acts of Government (new laws, new regulations, new programmes) that in 

general give to  the Contractor some rights for compensation, 

o acts of God (earthquakes, hurricanes, storms, etc.), that can normally be 

transformed from unknown risks to known costs through insurance 

contracts, 

o social and political events, such as declared on undeclared wars, rebellions and 

other upheavals which can sometimes result in additional  costs, such as 

private insurance contract or governmental export insurances; 

• internal causes that, are strictly originating from  the project and can be classified 

into: 

o technical causes, 

o economic causes, 

o financial causes. 

Risks can be transformed into defined costs  through an insurance contract. Insurance cover 

delegates the management of risk to an insurance company for a fixed fee.  In the eventuality 

of the materialisation of the external risk, the insurance firm will be liable to bear the cost of 

the embodied risk. Internal risks cannot, in general, be transferred to others. It therefore 

becomes appropriate to allocate, on a statistical basis, a sufficient  amount for contingencies. 

This will enable to quantify internal risks in a cost format and to manage them accordingly. 

Should the internal risk materialise, it will be possible to deduct the relevant cost from the 

amount allocated for contingencies. Upon completion of the  project, should  allocated 

amount be  still available, it can be used to:  

• increase the profit contribution,   

• to compensate lack of allocation for contingencies in other projects or, 

• at management’s discretion  (goodwill, extra-bonuses, etc.).     
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Managing risks – Transforming to costs 

 Internal risks External risks 

Risks due to 

technical cause 

Work variation At owner’s or contractor’s 

charge 

Technical regulations Generally recoverable 

Geology At owner’s or contractor’s 

charge 

  

Risks due to 

economic cause 

Efficiency At contractor’s charge Inflation No remedy but a proper 

clause 

    

Risks due to 

financial cause 

Payment Sometimes cab be 

transformed to cost 

through factoring 

Currency Swap and other banking 

devices 

General risks   Force majeure Insurance 

  Fire Insurance 

 

 

Evaluation of risks 

The risk can be estimated by considering the probability of the risk to become reality and the 

impact of the event on the project. Of course, the same consideration could be made for 

positive opportunities. 

The easiest way is to assume: 

Risk = f (probability, impact) 

and the to calculate the cost as 

 

Cost = impact x probability 

 

In a  real project, such cost can be defined acceptable till the total consumption of the margin 

allowed for contingencies, it can be still tolerated if the consequence is the total consumption 

of the profit contribution. 
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Attitude toward risks 

The attitude toward risks is individual. However, a company or any organisation could, and i 

certain way should, define its policies to be followed by all employees 

Attitude toward risk can be base on low or high propensity. We define it low when the price 

required for risk is is positive, we define it high when such prize is negative. Proper risk 

attitude curves could be drawn, although in general they are drawn only in a qualitative way, 

without being able to put in the real numbers. 

  

 

When making decisions about risk, some factors should always be taken into consideration: 

• As much the risk is higher, as higher should be also the financial return. 

• To cope with higher risks there is the need of higher level resources. 

Such points, that seems to be essentials, are sometimes ignored and even inverted. The 

consequence is a bad risk management, higher unforeseen costs  and, in some cases, even the 

project to be disrupted. 
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There are some standard strategies for risk management that can be used as treference: 

• MAXIMAX or Hurwics strategy, aiming at maximizing profit. This strategy is 

suitable for major companies with high propensity to risk. 

• MAXIMIN or Wald strategy, aiming at minimizing losses. Suitable for medium or 

small companies with low propensity to risk. 

• MINIMAX or Savage strategy, aiming at reducing regrets. 

• Laplace strategy, only based on mathematics and probabilistic assumptions. 

 

The use of simulation 

A further study of risks and how they could impact on the project can be performed through 

simulation. 

The project referred to for our studies and simulations is that of a  petrochemical project in an 

extra-European country. The country was a mixed-economy country with a medium 

development level. The project was assigned on a turn-key contract to a German General 

Contractor. The overall contract amount was 1 200 000 000 ECU1 divided as follows: 

 

AREA   AMOUNT ECU AMOUNT ECU % TOT. % CONSTR. 

Engineering 124 000 000   10.29%   

Procurement 516 000 000   42.82%   

Transports 52 000 000   4.32%   

Construction 437 000 000 437 000 000 36.27% 100.00% 

  Civil works   112 000 000   25.63% 

  Mechanical   142 000 000   32.49% 

  Electr. / Instrum.   92 000 000   21.05% 

  Insul. / Painting   54 000 000   12.36% 

  Others   37 000 000   8.47% 

Pre-commissioning & Commissioning  47 000 000   3.90%   

Project 

Management  29 000 000   2.41%   

   1 205 000 000   100.00%   

 

The amounts shown account  for the overhead and profit of the General Contractor. The 

simulation has been performed with reference to the contract for Mechanical Works, 

                                            
1 The contract referred to was stipulated in the Nineties, so the contract amount is still in ECU 
(European Currency Unit) instead of being in Euros. 
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amounting to  130 000 000 ECU (so, the General Contractor kept a margin of 

approximately12 000 000 ECU). 
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The study was performed on behalf of the Mechanical Subcontractor, as such we shall refer 

to the contract amount of 130 000 000 ECU, corresponding to the amount stipulated for the 

subcontract. 
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Project control 

A prerequisite for keeping a project under control, to manage emergencies and avoid 

disruption is an adequate  system of planning, scheduling, progress controlling, cost 

controlling, cash flow controlling, namely  a complete system of planning and project 

control. 

An additional aid may be simulations to foresee possibilities of disruption. This would ensure 

the relevant risk is kept under control. The definition of  the progress rate of a given project, 

indicates different concepts and different methods of  measurement. 

Quantitative progress or progress is a technical measurement based on the ratio of the 

standard work-load corresponding to the works actually performed, to the 

standard work-load corresponding to the entirety  of the works 2.  To be able to 

calculate a sound quantitative progress we need 

                                            
2 Standard workload is normally measured in standard man-hours or normal man-hours and can be 
calculated from the database of standard productiveness. However, in case standard productiveness 
data are not available, the same result could be obtained by comparison of the estimated man-hours 
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• a reliable and detailed bill of quantities, 

• a  database of statistics of the standard productiveness for every working class or 

sub-class, 

• a statistical composition criterion for items in progress, as well as 

• a criteria  to manage small contingencies resulting from work variation. 

Economic progress, can be defined on a case by case system: 

• contract progress (contractual statement of works performed / contract amount), 

• earned value progress (earned value of works performed/contract amount or 

earned value of cost/budget cost) 

• cost progress (cost to date / budget cost) 

Financial progress (cash received/contract amount). 

Using these planning and project control systems, will enable the simulation of different 

occurrences which could lead to disruption.., as a preventative measure. 

 

Budget 

The starting point of the simulation was to consider the planning data as per budget. The 

contract amount of 130 millions ECU, was budgeted as  101.8 millions ECU in costs and a 

profit contribution of 28.2 millions ECU. 

It is worthy  noting that we have considered the contract value of the progress, namely the 

value of the monthly statement. This has been possible because, according to our contract, the 

amount to be paid monthly was calculated as a percentage of the contract amount relating to 

the quantitative progress report. 

 

The main data budgeted was:  

                                                                                                                                        
corresponding to the works performed to the estimated man-hours corresponding to the whole of the 
works or by means of other approximate methods. 
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 Millions ECU Ratio 

Contract amount 130000000 100.00% 

Direct costs 78000000 60.00% 

Project overhead costs  23800000 18.31% 

Total costs (direct + 

overhead) 

101800000 78.31% 

Profit contribution 28200000 21.69% 

Contract amount to total 

project costs (k) 

 1.277 

Overhead to total costs  23.38% 

Financial requirements, 

maximum 

14575000 11.21% 

Financial requirements, 

average 

809000 0.62% 

I 

the ratio of the contract amount to total project costs is k=1.277, id est to say that profit 

contribution shall be 21.7% of the contract amount. It is set at 21.7% to account for the profit 

margin and overhead costs of the company as a whole. This ratio could be compared with the 

ratio stipulated in Italian law no.741/81 which allows public works to charge a profit ratio 

equal to 10% of the contract amount and overhead costs up to 15% of the contract amount 

excluding profit.  This amounts to 15% x 90% = 13.5% of the contract amount, this is 

inclusive of both project overheads from general overheads3;  

Irrespective of the success of the project planning, the project has a financial requirement of 

11.2% of the contract amount.  The belief that a  project can be fully self financing  is a 

misconception. 

 

 

 

 

                                            
3 It is worthy to note that, in current practice of arbitration procedures, 2/3 of this amount is considered 
as project overhead cost. 
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 This project Standard project 

as per law 

741/81 

Contract amount 130000000 130000000 

Profit 28200000 13000000 

General 

overhead 

5850000 

Project Overhead 23800000 11700000 

Direct costs 78000000 99450000 

k 1.277 1.170 

It is easy to understand, from the above table, that the standard project as per law 741/81 is 

based on optimistic assumptions relevant to overhead costs and profit contributions as a 

whole, as well as the projected overhead costs. The law was designed  to keep under control 

the additional costs derived from cost escalation or claims, whose amount had to be 

calculated as per terms of the  law  

Simulation of different causes that could lead to disruption 

Simulation procedure 

The study was based on  a series of experience gathered over the past decade. relevant to 

disrupted contracts in several countries.  

This was the originator of the study for preventative purposes.  The study included various 

types of problems that could have occurred during construction This allowed the 

understanding of their consequences and it enabled the application of  quantitative 

measurements.  

The simulation was extended to encompass approximately 120 different hypothesis of 

problems. Listed below are a few examples.  

Disruption 

There are various forms of disruption in a construction contract, generally they combine and 

overlap therefore adding complexity. 

Several factors can create an increase in costs or a delay, but disruption does not necessarily 

follow. 

Disruption can be defined as a situation where one of the parameters, generally the 

financial requirement, reaches  the limit of the variance, therefore impeding the 

progress of the project. Disruption can be reversible or irreversible, depending on whether 

it remains possible to complete the plan within the established framework.  
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Suspension of work 

A typical case of technically driven disruption is "a suspension of work caused by an action 

originating from an external body (government, judicial authority) or by external factors 

beyond any possibility of control”.  

In the example contract, interruption of work of this kind and whose duration was less than 

three months only had the effect of delaying the contract time for completion. It did not  

allow for claims to be filed from either party.  

The table below demonstrates in the suspension of work for  external reasons, over  a three-

month period. The effects of the suspension can be absorbed and results in the delay of three 

months of the completion date.  

  

 

This does not result in a disruption, but increases  the costs due both the indirect costs of the 

suspension of work and the costs of mobilization and demobilization. 

The project data shall change as follows: 

 Millions ECU Ratio 

Contract amount 130000000 100.00% 

Direct costs 78000000 60.00% 

Project overhead costs  29700000 22.85% 

Total costs (direct + 

overhead) 

107700000 82.85% 

Profit contribution 22300000 17.15% 

Contract amount to total 

project costs (k) 

 1.207 

Overhead to total costs  27.58% 
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Financial requirements, 

maximum 

15398000 11.84% 

Financial requirements, 

average 

2252000 1.73% 

please note that while profit contribution decreases, there is an increase in financial 

requirements. 

Slow performance of the works 

A simulation of a slow performance course  of the works. In detail, the simulation 

assumes that each month, the actual progress is 50% of the planned. This hypothesis 

realistic in certain  circumstances  

 

 

Notably, the  profit contribution decreases, the average  financial requirement 

increases while the maximum financial requirement is reduced.  

 Millions ECU Ratio 

Contract amount 130000000 100.00% 

Direct costs 78000000 60.00% 

Project overhead costs  38200000 29.38% 

Total costs (direct + 

overhead) 

116200000 89.38% 

Profit contribution 13800000 10.62% 

Contract amount to total 

project costs (k) 

 1.119 

Overhead to total costs  32.87% 
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Financial requirements, 

maximum 

9253000 7.12% 

Financial requirements, 

average 

4891000 3.76% 

 

Economic induced disruption 

Direct or indirect costs are classed as economic causes of disruption In the example, an 

increase of the costs could be due to: 

increase of the quantities of  installation due to variations or errors in the planning process.  

Such costs can result in a claim, even in the case of lump sum contracts; 

increase of the unit costs, due to increase of the manpower rates, these  extra-costs are  

generally included in the contractor’s risk; 

scarce efficiency, i.e. an increase in the number of installation hours required to complete the 

works and consequent increase in indirect hours derived from additional supervisory 

requirement. 

lack of adequate  organisation i.e. an increase in the number of indirect hours in comparison  

to direct hours.   

The first simulation shows an increase of the indirect costs of the 50%. This is a severe  

hypothesis, but not  so unrealistic.  

 

 

The works are completed within the time scheduled, whilst the  economic result is distorted. 

The  financial requirement doubles.  

 Millions ECU Ratio 

Contract amount 130000000 100.00% 
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Direct costs 78000000 60.00% 

Project overhead costs  32200000 24.77% 

Total costs (direct + 

overhead) 

123200000 94.77% 

Profit contribution 6800000 5.23% 

Contract amount to total 

project costs (k) 

 1.055 

Overhead to total costs  26.14% 

Financial requirements, 

maximum 

27955000 21.50% 

Financial requirements, 

average 

13617000 10.47% 

 

The next  simulation demonstrates  a general economic disruption. In the same hypothesis as 

above, we consider the additional variable  that the contractor is unable  to increase its 

financial commitment beyond16 million ECU. 

The effect is that  from the eighth month, the financial limitations begin to condition the 

progress. This is demonstrated by the characteristic pulsating shaped curves of disrupted 

projects. In reality, "some works are performed  upon receipt of payment ." 

The situation progressively deteriorates. From the 22.nd month, the situation becomes 

unbearable and the works are suspended. After an attempt to resume, suspension  becomes 

definitive. The  contractor is not able to withstand the additional costs and financial 

requirements and is consequently not able to bring the project to fruition.  It is likely that the 

commissioner of the project would, as a result suffer from stability problems within its 

organisation. 
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 Millions ECU Ratio 

Works performed 110300000  

Direct costs 66180000 60.00% 

Project overhead costs  39800000 36.08% 

Total costs (direct + 

overhead) 

117010000 106.08% 

Profit contribution   

Contract amount to total 

project costs (k) 

 0.951 

Overhead to total costs  34.04% 

Financial requirements, 

maximum 

20635000 15.87% 

Financial requirements, 

average 

18127000 13.94% 

 

Disruption due to financial reasons 

The most common financial causes of disruption are: 

• the prolongation of the actual payment time or, in general delays in the payments, 

• the deterioration of the currency mix contractually stipulated or, 

• the deterioration of the financial capacity of the contractor, due to external causes.
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The simulation demonstrates the effects of the  prolongation of payment terms  from three 

months, as stipulated in the contract, to six months. Starting from the seventh month, the 

progress is affected by the financial requirements and consequently stagnates.   

In contrast to the preceding case, the contractor is able to complete the works, although with 

some delay and some  deterioration of  the profit contribution. 

 

 Millions ECU Ratio 

Contract amount 130000000 100.00% 

Direct costs 78000000 60.00% 

Project overhead costs  30200000 23.23% 

Total costs (direct + 

overhead) 

108200000 83.23% 

Profit contribution 21800000 16.77% 

Contract amount to total 

project costs (k) 

 1.201 

Overhead to total costs   27.91% 

Financial requirements, 

maximum 

17279000 13.29% 

Financial requirements, 

average 

15288000 11.76% 

  

Disruption caused by  combined economic and financial issues 
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The following simulation is affected by  combination of economic and financial causes. The 

results are significant  and self explanatory. 

 Millions ECU Ratio 

Works performed 68300000  

Direct costs 40980000 60.00% 

Project overhead costs  39800000 58.27% 

Total costs (direct + 

overhead) 

87610000 128.27% 

Profit contribution   

Contract amount to total 

project costs (k) 

 0.871 

Overhead to total costs  45.43% 

Financial requirements, 

maximum 

24730000 19.02% 

Financial requirements, 

average 

21626000 16.64% 
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Summary 

The various simulations are summarised in the table below: 

 Budget Suspension 3 

months 

Low 

progress  

Cost 

increase 

Cost 

increase 

with 

financial 

limit 

Payments 

delayed 

General 

disruption 

Contract amount 

ECU 

130000000 130000000 130000000 130000000 130000000 130000000 130000000 

Works performed 

ECU 

130000000  130000000 130000000 130000000 110300000 130000000 68300000 

Time for 

completion 

(months) 

18 21 21 18 unknown 24 unknown 

Direct costs ECU 78000000 78000000 78000000 78000000 66180000 78000000 40980000 

Project overhead 

costs ECU 

23800000 29700000 38200000 32200000 39800000 30200000 39800000 

Total costs (direct 

+ overhead) ECU 

101800000 107700000 116200000 123200000 117010000 108200000 87610000 

Profit contribution 

ECU 

28200000 22300000 13800000 6800000  21800000  

Contract amount 

to total project 

costs (k) 

1.277 1.207 1.119 1.055 0.951 16.77% 0.871 

Overhead to total 

costs 

23.38% 27.58% 32.87% 26.14% 34.04% 1.201 45.43% 

Financial 

requirements, 

maximum 

14575000 15398000 9253000 27955000 20635000 17279000 24730000 

Financial 

requirements, 

average 

809000 2252000 4891000 13617000 18127000 15288000 21626000 

Please note that direct costs have been considered proportionally  on quantities installed. This 

is not a fair reflection as inefficiencies commence  when a  situation leading to future 

disruption starts to rise therefore increasing direct costs further deteriorating the situation. . 


