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Abstract 

Risk, as a factor adversely affecting the project, is taken into account as early as at the first stage of the investment 
process when the tender is won for a contract. The risk level, identified for a particular construction contract, is a 
serious factor influencing the decision about accepting the contract or not. The key issue is proper identification of 
contract risk. The risk factors which have a significant impact on the success of the project, and are most common 
ones, are then analyzed. The method of verification depends on the company's experience in the construction 
industry. The task of the article is to present the results of studies focused on separating and determining the 
frequency of financial risk factors in construction projects and their impact on project implementation. We have 
analyzed 30 construction projects (office buildings, production halls, educational buildings, demolition works, etc.) 
completed in north-western  Poland. The degree of risk (planned and real) for the contract was set as a percentage in 
relation to the size of contract (costs in million PLN). The aim of the study was to verify the existence of 
relationship between the kind of structure, the size of contract, and the scope and degree of risk. Statistical approach 
has been used. This study is a prelude to determining the contract risks identification procedure (i.e., estimating 
reserves to be used in unforeseen circumstances) so that the company could be competitive, and the price offer to be 
provided to investors could be advantageous. 
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 Introduction 1.

Project planning, if it is to be efficiently implemented, requires making a number of decisions that have their 
finale in the smooth running of construction work. This is possible thanks to examining a project from its many 
aspects and angles, also in terms of likelihood of adverse situations (i.e., risk factors). The risk, as a factor adversely 
affecting the project, is weighed at the first stage of the investment process, namely at the stage of winning a contract 
through tender. In view of the situation in the construction industry, where the main aim is to minimize the costs of 
construction work, as well as to gradually decrease the prices for construction work, procuring an offer for 
construction work is very difficult. On the one hand, a construction company tries to maximize the profit (in order to 
secure funds for new investments, and cover possible expenses associated with the occurrence of risk factors during 
construction). On the other hand, a construction company tries to be competitive and tries give the investor the best 
price offer. The following question arises – at what level risk should be taken in case of a particular contract in order 
to win the tender and to secure funding for risks which are very difficult to assess. In the course of project 
implementation, different situations may occur which, at first glance, may seem unfavourable but, in consequence, 
may bring financial savings due to the changes of construction techniques, work scope or changes in organization. 
Construction companies usually analyze most common risk factors, and especially those with potential major impact 
on construction. The method of verification depends on the company's experience in the industry. The aim of this 
article is to present the results of research on financial risk factors impacting on construction projects. The second 
step of the research is to develop a financial risk analysis model which can be used in assessing construction 
contracts, specifying the size of necessary resources as backup for unforeseen circumstances. 

 Types of contracts 2.

In Poland, there are two preferred procedures of winning a contract. The first is public procurement, and the 
second is a private order. The first procedure is associated with the public procurement law and is strictly codified.  
Strict rules apply there, which should be adhered to. In the current, competitive situation on the construction services 
market, most often the only selection criterion is the price. It is the reason why  specific items on  the price list have 
to be closely examined. Pricing related to direct costs is relatively easy to calculate, though sound experience is 
necessary, in addition to good knowledge of detail. There is not much difference between prices of materials and 
services on the market but a company may be more competitive if it suggests cheaper material and technological 
solutions, or will organize the work better. The prices offered by suppliers or subcontractors at the tender stage are 
usually higher than the prices settled after the tender has been concluded. The results of the studies, presented later 
in the article, suggest that  the differences may range from one to even more than ten per cent, which means that 
additional profit on the project can be significant. This is how the risk, which has not been calculated at the pre-
tender stage, can be covered. The fact is that if a company offers a high price, it will lose the tender, while an 
excessively low price may result in a financial loss at the end of the construction project. Another element is 
overheads, where there is a certain margin of risk. At that stage we need to determine the costs according to our best 
experience from the past. Typically, the employee potential and optimal composition of the team are known, so it is 
easy to calculate how much the team will cost. The last element is markups which are similar in companies of 
similar potential and size.  Markups on company's operations are taken as a percentage of the value of direct costs of 
the offer. On the other hand, profit and risk are values calculated as a percentage of costs. Profit in large companies 
is assumed to be at a similar level - between 1% and 5% (depending on the scope and size of contracts, and the 
company). 

Risk is the factor which is relatively difficult to evaluate. In public tenders, in principle, everything needs to be 
taken into account: every type of risk which in various aspects of activity at the building site. There are risks from 
the quotation procurement phase, economic risks associated - for example -, with currency exchange rates, if 
equipment is purchased abroad, technical risks related to the conditions on the site, legal risks associated, for 
instance, with the provisions in the agreement. Additional costs associated with unexpected risks are in the range 
from 0% to 5 percent, and even more in extreme cases (the degree of risk in the present study, in the case of an 
investment project rejected from the set during further analysis, was in excess of 30%). 

Public tenders practically exclude the possibility of negotiations and, consequently, restricting contractual 
liability for unforeseen events is impossible. Tenders for private investors are governed by somewhat different rules. 
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Here, risk can be regarded as a commodity which has its price. A number of factors which may affect the price can 
be excluded from the agreement. You can also agree with investors that including risks in the cost is an unnecessary 
multiplication of costs and an unnecessary burden on the budget of the project. It concerns cases where risks may 
not occur at all or the occurrence of risks can be reduced in collaboration with the investor. 

The most common types of contracts are: a lump sum contract, a quantity survey contract, and GMP (guaranteed 
maximum price) contract. The first is used quite often by private investors and almost always by the public 
investors. In principle, the contractor bears all the risks in this type of agreement and, therefore, the contractor 
should include everything in the offer. It is quite difficult because not everything can be predicted. Firstly, it results 
in price increase since the contractor must, after all, provide additional financial resources to cover the unexpected 
costs and, secondly, if this is not done problems with liquidity during the execution of the contract may occur. In 
theory, such problems do not concern investors, but only apparently. When there are problems with project  
financing, the contractor seeks a remedy, using different alternative plans.  Usually, quality suffers; often the 
deadline has to be shifted. Despite the use of penalties against the contractor, losses associated with the subsequent 
completion of investments are difficult to estimate and disproportionate to the penalties imposed, often larger than 
may seem from the penalties. A court settlement as an option is not always profitable. Court proceedings may be 
long, and the outcome uncertain. 

In a contract based on unit prices, serious risks associated with the quantities of materials and labour are 
marginal. It greatly facilitates submitting the offer and minimizes the risks. Errors associated with the bill of 
quantities occur in a half the studied contracts. In 30 analyzed cases, errors occurred in 16 (representing 53.3%, 
while for 29 contracts, it was 51.52%). 

The least risks are associated with a GMP contract. There, working according to an open-book principle, the 
contractor and the investor collaborate in order to optimize costs and jointly select subcontractors. 

 Risk in a construction project 3.

Risk, or measurable part of uncertainty, should be treated as an opportunity to deviate from the desired level. 
Therefore, positive deviation (a chance) and negative (a loss) must be taken into account. Raftery  [22] says: Risk 
and uncertainty characterize situations where the actual outcome of a particular event or activity is likely to deviate 
from the estimate of forecast value The literature quotes many divisions and classifications of risk factors, such as: 
according to character, impact, origin, categories of decisions taken to achieve specific objectives, risk measures, 
etc. [1-32]. A thorough presentation of categories risk was given in [24-26]. The basic classification of random 
factors includes the following groups: financial risk, technological risk, economic risk, risk of the organization, 
management risk, time-span risk, and legal risk. Each project may be analyzed according to the so-called check list. 
However, given the unique nature of the projects, variety of conditions of work execution, a check list should be 
flexible, allowing for specification of risk factors in relation to the investment. Construction companies usually 
analyze most common risk factors, and those that have major impact on the implementation of work. Verification 
methods depend on the experience of companies in the construction industry. The presented studies concern the 
previously scheduled in-groups and risk factors. The aim of the analysis is to identify the factors with the biggest 
impact on implementation of the contract. An attempt to demonstrate their dependence on the selected parameters, 
such as  size of the contract has been made. It is worth mentioning that there have been similar thematic studies, 
carried out on the basis of questionnaire surveys in the US, UK, Hong Kong, China, devoted to the identification 
and prioritization of risk factors and risk evaluation techniques [7,10,12, 13, 15, 28 ]. 

 Research methodology 4.

Thirty (2008-2013) construction projects were analyzed in terms of likelihood of risk (mainly large structures, such 
as: halls, industrial plants, teaching halls, warehouses, etc.). The aim of the research was to identify main risk factors 
and classify them into the general groups. The research was based on information from contract managers; the 
resulting data accounted for both planned and real risk (expressed in percentage units relative to the value of 
contract). These analyzes are the first step towards developing a risk assessment procedure for contracts in relation 
to the adopted endogenous variables (e.g. time of execution, contract size, scope and nature of the structure itself, 
etc.) and having taken into account a defined provision for risk. In the course of data verification, one investment 



123 Agnieszka Dziadosz et al.  /  Procedia Engineering   122  ( 2015 )  120 – 128 

project was rejected, the results of which were radically different from the others (the amount of risk expressed in % 
in relation to the cost of the contract was at least 10 times higher compared to other results). It could significantly 
affect conclusions and introduce uncertainty. The study was based largely on a statistical approach and analysis of 
linear regression, calculations were done using MS Excel data analysis.   

 Results and discussion 5.

The study helped verify the previously recognized risk factors in the company which realized all (29) analyzed 
contracts. The results were analyzed both in terms of planned risk assessment (the level of risk assumed when 
applying for a contract by tender, based on experience from previous projects), as well as on determination of real 
risk (percentage of costs in relation to the value of contract) in 6 main groups: cost estimation risk, time-span risk, 
legal risk, economic risk, technical risk and the risk of necessity of provisional works. An attempt was made to 
determine the relationship between such variables as the type of structure, duration of the contract, and selected risk 
factors - as presented in Fig. 1, Fig. 3 and Fig. 4. The size of contract as a variable was assumed to be cost of work, 
expressed in million PLN, whereas the size of the real risk was defined as the % value of the size of contract (i.e. the 
expenses incurred due to unforeseen events). 11 categories were established, representing different sizes of contract, 
and the contracts were qualified accordingly (Fig.1.) 

 

 
Fig.1. The histogram of magnitude of real risk (%) in relation to the size of contract/cost of realization  

[Source: own elaboration] 
  
For a wide range of contracts, the average value of real financial risk amounts to 3.77% with relation to the 

contract value (approx. 72% of contracts were executed - at the amount of 55 million PLN). In this case, there were 
3 contacts where the value of the real risk differed significantly from other contracts (9.60%, 5.76%, 5.06%, 
respectively). Without these contracts, the average value of the risk would have been 2.63%. On the basis of Fig. 1, 
it can not be concluded that the level of risk depends on the size of contract. It is obvious, even with very costly 
contracts reaching PLN 100 million, that risk level not exceeding 3% can be achieved.   

 

 

 

 

Fig.2. Regression analysis for the following variables: size of the contract/cost of implementation and the size of  
real risk, [Source: own elaboration] 
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Based on regression analysis, a weak relationship between the following variables were determined: size of 

contract and the degree of financial risk, which is evidenced by the value of R-squared, amounting to 8.99%. What 
is interesting is that R multiple is less than 30%, which undermines the assumption that the relationship between 
variables is linear (Fig. 2). 

Fig. 3 also presents average risk values of planned and actual risk. In some cases, the  real risk value definitely 
exceeds the estimated risk for the contract, assumed at the offer stage. (e.g., structure type: industrial hall, the planed 
risk is 1.58%, while the real financial risk is 2.51%). The planned risk assessment in relation to real risk was closest 
in case of for buildings by the highway (perhaps this is due to the requirements of uniform standards and the scope 
of work for each structure and facility). The largest discrepancies were identified in case of residential buildings and 
animal passes.. 

 

 
Fig.3. A graph illustrating the relationship between real risk, planned risk, and type of facility or structure [Source: 

own elaboration] 
 

 
Fig. 4. A histogram illustrating the real risk sizes compared to project implementation time.  

[Source: own elaboration] 
 
Fig. 4 shows that the majority of contracts (over 70%) have been implemented in a period shorter than 13 months. In 
case of at least 8 contracts, the real risk has not exceed 2%, in case of 9 contracts, the risk is in the range [2%, 3%], 
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for the [3%, 4%] range, the risk occurred in 3 cases, in the [4% 5%] range - 3 cases, in the [5%, 6%] range - 3 cases. 
Thus, for the 20 analyzed contracts (representing nearly 70% of all contracts) the actual risk was lower or equal to 
4% with relation to the size of the contract. 
 

 

 

 
Fig. 5. Regression analysis for delivery time and real risk magnitude variables 

[Source: own elaboration] 
 

Both the distribution (Fig. 4) as well as regression analysis (Fig. 5) indicate a weak relationship between 
implementation time and the magnitude of financial risk. This means that, over a longer time, effective risk 
management is beneficial. 

 

 
Fig. 6 The histogram of the number of real risks in the analyzed contracts 

 [Source: own elaboration ] 
 
Among all groups of risks, the most common risk is the risk of time (93.33%, occurred in 28 contracts for 29 
analyzed), economic risks (26 contracts, accounting for 86.67%) and calculation risk (83.22%, occurred in 25 
contracts) (Fig. 6). 

 
Fig. 7. The histogram of the number of real risks occurring in the cost estimation risk group   

[Source: own elaboration ] 
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It is true that time risk occurred in 28 cases, although the size of the average real risk in relation to the value of 
contract stood at 0.3%. In contrast to the risk associated with  estimation of costs, where the average risk value 
amounted to approx. 1.5%, economic risk was less than 1%. Cost estimation risk group: as to share in cost 
estimation, the largest is incomplete takeoff (51.72%), errors associated with the contact between industries 
(occurred in 15 out of 29 cases), and errors associated with inaccurate documentation occurred in 11 cases out of 29 
(34,48% ) (Figure 7). This is a serious number, making that the line between success and failure relatively thin. In 
total, the above listed risks account for less than 65% of the costs calculation risk. In the case of quantity survey 
contracts, it is possible to significantly reduce the risks. 

From the viewpoint of sensitivity of results, the differences among most frequent risks were most pronounced. 
For example, Table 1 is a presentation of distribution of characteristic parameters (average, standard deviation, 
coefficient of variation). Interestingly, the cost estimation risk factor has relatively high standard deviation. 
However, with relation to the average, the coefficient of variation does not exceed 1.0. Accordingly, looking at 
Table 1, standard deviation seems to be more reliable. The spread of results is also noticeable in Fig. 8 which, apart 
from the cumulative distribution, shows two density functions: cost estimation risk and economic risk. On the other 
hand, legal risk, time risk, temporary works and technical risk are characterized by smaller spread of results.  
 

Table 1. Sensitivity of results: risk in contracts 
 [Source: own elaboration] 

 
 

 
Fig. 8. Probability distribution of real risk in the analyzed contracts,  

[Source: own elaboration] 
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Verification of real and financial risks in approx. 30 contracts shows the dimension of  diversity, and the 

importance of its prior estimate (is related to the instability of building processes). Risk should be assessed 
individually for each contract. This stems mainly from  complexity and unpredictability of risk. A systematic 
procedure would certainly facilitate a more accurate estimate of the contract with regard to random factors, ensuring 
accurate planning of financial reserves earmarked for unforeseen events. 

 Conclusion 6.

Significant variation of results is noticeable, basing on preliminary analyzes conducted on 30 contracts. It is closely 
related to the presence of numerous random factors during a construction project implementation. What is 
characteristic is that the number of occurrences of random factors is not always associated with significant influence 
of a given factor. Time risk can be an example – this type of risk has occurred in almost all contracts. However, the 
size of this risk was small (0.3%). That is why it is so important to categorize the factors into groups according to 
the likelihood of risk occurrence, and the amount of damage. Regression analysis indicated a relationship, albeit 
only at the level of approx. 30% - between the structure type and the time of implementation. It seems that the wider 
the time horizon, the better the organization and the more effective risk management is, because the size of real risk 
was in the range of  [4%, 6%]. A systematic procedure would certainly facilitate more accurate contract risk 
estimates with regard to random factors. Then, there would not be such discrepancies between the planned and real 
risk (Fig. 3 and Fig. 8). Another aspect is related to changeability or spread of risk in a given category in the 
contract. Knowing the normal distribution (developed on the basis of actual results), we can determine the 
probability of a particular magnitude of risk for a particular structure type (contract type) and, consequently,  
precisely plan the size of financial reserves earmarked for unforeseen events. 
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