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Abstract. Land surveying is one of the elements of the execution of construction works. These include, 
among others, the establishment of a horizontal and vertical geodetic control network, an inventory of the 
existing area, development of a road project and setting out the location of the road in the area. In order to 
avoid mistakes, construction works should be controlled as part of surveying works during the 
implementation of a given project. The article attempts to identify and quantify risk factors occurring during 
surveying at the stage of preparing data from a detailed design. Two proprietary methods have been 
presented to calculate both the probability value and the consequences of individual risk factors. The 
advantage of the presented analyzes is the fact that the acquired validity hierarchy of risk factors, expressed 
in numerical values, can be explained in a scientific way, rather than referring only to possessed knowledge, 
experience and intuition. 

1 Introduction 
Identification of risk factors related to the execution of 
construction works imposes the necessity to undertake 
an in-depth review of the phenomenon in question as 
only the correct separation of those factors allows for  
a correct risk assessment.  

Determination of risk factors is usually based on the 
analysis of experience from the implementation of 
projects with similar characteristics, as well as the 
knowledge of national and foreign experts and the 
analysis of the available statistical data. Risk factors can 
be divided into universal ones that may occur in the 
realization of the majority of construction projects and 
those that depend on the specifics of a given project  
[7, 19]. 

The article attempts to identify and quantify risk 
factors occurring during surveying at the stage of 
preparing data from a detailed design. 

2 Surveying works during the 
implementation of a road construction 
project 
Surveying works are indispensable when carrying out 
construction works. A preliminary analysis of the project 
as well as the verification of the route geometry or 
completeness of the documentation constitute just the 
beginning of the surveyor's tasks in this type of 
undertaking. Furthermore, geodetic works require the 
establishment of a geodetic horizontal and vertical 
control network, an inventory of the existing area, 

development of a road project and setting out the 
location of the road in the area. Construction works are 
controlled as part of surveying work also during the 
implementation of the project to ensure that mistakes are 
avoided. Finally, the acceptance documentation is 
developed [12, 14, 17]. 

The following risk factors included in the work are 
implemented at the stage of data preparation for  
a project: 
- R1 - the incorrectly adopted horizontal layout – i.e. 

the project in the editable version is, for example, 
twisted, shifted relative to the real one, over scaled; 

- R2 - the incorrectly accepted altitude system for the 
development of data and the terrain elevation – e.g. 
Kronsztadt 60 frequently confused with Kronstadt, 
86; 

- R3 - a failure to develop a master plan and then 
update it - which results in the lack of possibility for 
detecting design and execution errors affecting the 
implementation of other assortments, mainly 
collisions; 

- R4 - inability to obtain geodetic register of land 
utilities network information from the County 
Documentation Center of Geodesy and Cartography 
resources - which results in the lack of information 
about existing underground devices, and thus damage 
to "unknown" reinforcement; 

- R5 - development of a numerical terrain / project 
model – i.e. no control over connecting triangles 
through e.g. the generation of cross-sections, 
resulting in an erroneously formed solid; some 



abnormalities cannot be seen in the overview of 
triangles or 3D solids. 
In the subject literature, the concept of risk is 

understood and defined variously [5, 6, 10, 15, 16, 18]. 
Risk is a term generally known and often used by both 
practitioners and theoreticians in different areas of 
human activity. One could say that this fact alone 
determines the need to study the problem of risk. 

 Finally, the formula (1), previously applied in the 
work [1], was used in the article for the identification 
and quantification of risk. 

In this formula, the risk ri is calculated as the product 
of the probability pi of this factor occurrence and the 
consequences ci stemming from its occurrence divided 
by the sum of their products for all n analyzed evaluation 
criteria [1]: 
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assuming that the value of the probability pi and the 
consequences ci is a number in the range <0; 1>. 

The values of probability pi and the consequences ci 
were determined using selected multi-objective 
optimization methods. Numerous methods of multi-
objective optimization, which could be used to solve the 
subject matter, have been presented in the literature on 
the subject. Authors of various works have presented 
both classification and comparison of those methods  
[11, 13] therefore such information is not included in this 
work.  

The simplicity and transparency of a given method is 
a crucial element, since they directly affect the 
willingness to use the method in engineering practice. 
Even the best method, if it is too complicated and not 
transparent, will not be used by engineers in everyday 
work practice. Therefore, such a method will prove 
unnecessary from the point of view of practical 
applications. 

3 Probability of occurrence of individual 
risk factors 
Considering the probability of occurrence of individual 
geodetic risk factors, it was assumed that this is the size 
determining our expectations as to the possibility  
of a given event occurrence. This value is therefore used 
to determine the possibility of an event occurring and 
takes values in the range <0; 1>. At the same time, it was 
assumed that the sum of these numbers always equals 
one [1, 2, 3] 

Since determining the probability based only on 
subjective premises and feelings may not be unusable for 
engineering practice, it was necessary to indicate a 
method for identifying this probability. In the paper [3] 
authors presented the method of quantifying a decision-
maker's preferences during the risk assessment of 
bridges operation service. The authors have been 
adopted this method to quantify the probability of 

occurrence of individual geodetic risk factors at the stage 
of project execution. 

The analysis starts with the creation of a square 
matrix A called the matrix of direct influence of risk 
factors. The rows of this matrix are dedicated to the risk 
factors appearing in the comparisons first, while the 
columns are dedicated to the factors appearing in the 
comparisons as second. 

The influence of individual risk factors on 
neighboring factors is realized through the allocation of 
appropriate numerical assessments. However, the 
adopted rating scale depends on a computational case 
under consideration. For identical relations of individual 
risk factors, a given expression of matrix A takes the 
value of zero. The elevation of one risk factor over the 
other is expressed by positive numbers. If there are n 
levels of the hierarchy of risk factors in the analyzed 
example, the maximum value of the elevation is (n-1). 
The reduced significance of a given risk factor in 
relation to another factor is expressed by negative 
numbers. 

The calculations start with completing the direct 
influence matrix A with assessments determining the 
elevation of individual factors. Next, the matrix of direct 
influence is completed with negative evaluations 
corresponding to lowering the significance of individual 
risk factors, while calculating the sum of rows wi and 
columns ki of the direct influence matrix A. Verification 
of the correctness of the assessments introduced to the 
matrix of direct influence A is limited to checking 
whether the sum of the row wi is equal (but opposite in 
sign) to the value of the column ki of this matrix. 

The values of the sums of the rows wi cannot be 
directly used as probability values for the occurrence pi 
of five individual risk factors. It was assumed that they 
should be numbers from 0 to 1, while their sum should 
be equal to one. Therefore, it has been proposed to 
recalculate these values according to the relation [3]: 
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where: 
wmin - the lowest value from all calculated row totals wi, 
n – the number of risk factors Ri, 
α – the minimal desired value of the coefficient of 
importance γi, while 0≤α≤ 1/n. 

The paper attempts to quantify the probability 
(possibility) of risk factors appearing during surveying 
works at the stage of data preparation for the detailed 
design. Figure 1 depicts the adopted hierarchy of the 
considered risk factors (R1÷R5) presenting the subjective 
assessment of the decision-maker. Relations between 
individual risk factors are assigned to the assessments 
shown in the direct influence matrix A (Table 1). 

In order to verify the correctness of the introduced 
assessments into the matrix of direct influence A, the 
sums of individual rows wi of the matrix of direct 
influence and the sums of individual columns ki of this 
matrix were calculated (Table 1). Then, the necessary 
condition for evaluating the correctness of the 
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assessments introduced to the matrix of direct influence 
was checked (wi = -ki). The carried out analyzes 
confirmed the correctness of the data entered into the 
direct influence matrix. 
 

R2R1

R4

R3

R5

 
 

Fig. 1. The adopted risk factors hierarchy 

Fig. 2. The obtained probability pi values of the occurrence of 
risk factors Ri

Table 1. The values of elements of the "direct influence" 
matrix A 

Risk 
factors R1 R2 R3 R4 R5 wi

R1 0 0 -3 -4 -4 -11
R2 0 0 -3 -4 -4 -11
R3 3 3 0 -1 -1 4
R4 4 4 1 0 0 9
R5 4 4 1 0 0 9
ki 11 11 -4 -9 -9 ------

 
Next, the probabilities pi of the occurrence of 

individual risk factors were calculated using equation 
(2), assuming in the calculations that α, i.e. the minimum 
desired value of pi, is 0.10 (Figure 2 and Table 2). The 

obtained hierarchy of results for individual risk factors 
and differences between individual levels of this 
hierarchy (i.e. 0.045454545) fully coincides with the 
hierarchy of factors presented in Figure 1 and Table 2. 

Table 2. The obtained values of the probability pi   
for individual risk factors 

Risk 
factors

Values of the 
probability pi

Difference between pi at
adjacent levels of the 

hierarchy

R4 / R5 0.281818182 ----------------

0.045454545
R3 0.236363636 0.136363636 =

3 � 0.045454545R1 / R2 0.1000000000 ----------------

4 Consequence of occurrence  
of individual risk factors 

The objectivity of analyzes being conducted is 
always dependent on the adopted assessment criteria. 
The criteria accepted for calculating the risk of surveying 
works can be actually different in each case. However, 
one should be aware that too high a number of criteria 
impedes conducting analyzes in question. For this 
reason, the calculation included two basic criteria, 
namely time (K1) and costs (K2). The time (K1) 
concerned the delay in the implementation of the 
discussed projects, while the costs (K2) were related to 
the increase of financial resources allocated for the 
implementation of the project and resulting from the 
occurrence of a specific risk factor [4]. 

In this work, the proprietary method described in the 
paper [4] has been applied for this purpose. At the stage I 
of calculations, the requirements and constraints for 
future hypothetical variants of solutions to the analyzed 
problem are determined (the so-called boundary 
conditions), while the stage II is the definition of 
decision options available in given circumstances (R1, 
R2, …, Rn). At the stage III, the adopted criteria (K1, K2, 
…, Km) and measurement units as well as the desired 
direction of change (Z1, Z2, …, Zm) within a given partial 
criterion ("MIN" - minimum or "MAX" - maximum) are 
specified in detail. To this end, the arithmetic mean βj of 
the values of the analyzed variants in terms of individual 
criteria is first determined. Then, the auxiliary desired 
value Sj is defined. If Zj = MAX, then Sj= 2βj, whereas if 
Zj = MIN, then Sj= 0.  

The stage IV consists in setting the hierarchy of 
individual criteria by setting subjective values of weights 
given by a decision maker to the assumed assessment 
criteria (α1, α2, …, αm). At the stage V, the matrix E is 
created, containing the actual values of the analyzed 
criteria in terms of particular variants.  

At the stage VI, the length of the "distance" from the 
actual state to the most desirable state for a given 
criterion is determined. For this purpose, the actual value 
of a certain criterion should be subtracted from its 
desired value. When calculating the actual distance 
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covered, the expressions of the matrix P (stage VIa) are 
specified, then the matrix P is normalized by dividing 
each element by the sum of elements in the column in 
which it is located. This creates the matrix T (stage VIb).  

At the stage VII, the numbers obtained at the stage 
VI are multiplied by weights adopted at the stage IV and 
thus the matrix U is formed. The element uij of the 
matrix U represents the so-called normalized length of 
the "distance" of the ith decision variant to the adopted 
auxiliary desired value Sj, taking into account the current 
preferences of the decision maker  

The final stage (VIII) is the identification of the best 
option based on the so-called cumulative assessment oi, 
which is the sum of the ratings given to each option, with 
reference all the analyzed criteria.  

In this task, the cumulative assessment oi is 
considered as the value of the consequence ci of a given 
risk factor occurrence during the surveying works at the 
stage of preparing data for a construction project. 

Two criteria were adopted for the analyses purposes, 
i.e. extension periods of the project execution (K1) and 
an increase in its implementation costs (K2). The 
equivalence of both criteria was assumed for the 
calculations, i.e. the value of the coefficient of 
importance was 0.5 for each of the criteria. However, the 
minimization was the desired direction of changes in the 
values of the criteria being analyzed. Table 3 depicts the 
comparison of the criteria values for the analyzed risk 
factors for the adopted rating scale from 1-5. Tables 4-7 
present the indirect results of the calculations. 

Table 3. Values of criteria for individual risk factors (stage V) 

Risk factors Criteria
K1 K2

R1 1 4
R2 1 4
R3 5 5
R4 4 4
R5 3 4

Table 4. The figures describing the length of the „distance” 
from the actual to the desirable state (stage VIa) 

Risk factors Criteria
K1 K2

R1 -1.00 -4.00
R2 -1.00 -4.00
R3 -5.00 -5.00
R4 -4.00 -4.00
R5 -3.00 -4.00

Table 5. Results of normalisation of the data contained  
in Table 4 (stage VIb) 

Risk factors Criteria
K1 K2

R1 0.07143 0.19048
R2 0.07143 0.19048
R3 0.35714 0.23809
R4 0.28571 0.19048
R5 0.21428 0.19048

Table 6. Data contained in Table 5 corresponding to weights 
accepted (stage VII) 

Risk factors Criteria
K1 K2

R1 0.03571 0.09524
R2 0.03571 0.09524
R3 0.17857 0.11905
R4 0.14286 0.09524
R5 0.10714 0.09524

Table 7. Cumulative assessments resulting from calculations 
(stage VIII) 

Risk factors Cumulative assessment oi

R1 0.13095
R2 0.13095
R3 0.29762
R4 0.23809
R5 0.20238

The values of the consequences ci of the occurrence 
of risk factors Ri obtained from the calculations are 
presented in Figure 3. The carried out analysis shows 
that, taking into consideration the adopted criteria, the 
highest rating ci has been assigned to the risk factor R3, 
which means that the occurrence of this risk factor will 
have the greatest consequences on the change of project 
costs and its execution time. 
 

 

Fig. 3. The obtained values of the consequences ci of the 
occurrence of a given risk factor 
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Fig. 4. The obtained values of the calculated risk values ri for 
individual factors 

5 Conclusion 
An unusual application of two selected multi-objective 
optimization methods was presented to calculate the 
probability value pi and the consequences ci. Then, the 
risk value ri of a given factor (Figure 4) can be easily 
calculated using the formula (1).  

The calculations show that the most essential risk 
factor in the project creation process is the lack of 
preparation of a master plan, and later its update - which 
leads to a failure to detect design and execution errors 
affecting the implementation of other assortments, 
mainly collisions (R3). It should also be noted that not 
much lower risk values were obtained for the risk factor 
R4, i.e. the lack of geodetic register of land utilities 
network information obtained from the County 
Documentation Center of Geodesy and Cartography 
resource - which results in information deficit about 
existing underground devices, and thus damage to 
"unknown" reinforcement. On the other hand, the 
incorrectly adopted horizontal system (R1) and the 
altitude system (R2) wrongly accepted for the 
development of data and terrain elevation are of 
marginal significance. 

The advantage of the presented analyzes is the fact 
that the acquired validity hierarchy of risk factors, 
expressed in numerical values, can be explained  
in a scientific way, rather than referring only to 
possessed knowledge, experience and intuition. Another
advantage of the proposed proprietary method is the fact 
that it eliminates the need to set numerical desirable and 
undesirable values of a particular criterion. A separate 
issue is to establish criteria for the evaluation of the 
analyzed risk factors. Firstly, it is often a matter 

of a decision maker’s individual preferences. Secondly, 
it is often associated with the availability of relevant 
data. The proposed method can also be used in other 
areas of construction projects engineering.

The authors realize that the issue considered in this 
paper does not cover all aspects of risk assessment of 
geodetic works carried out at the stage of data 
preparation for a project, however it is undoubtedly  
a continuation and interesting extension of the discussed 
subject [3, 8, 9, 20]. 
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