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Abstract. In the article, the authors consider the problem of identifying 
and assessing the risks that arise when organizing the delivery of 
construction goods using the example of one of the main materials - 
concrete mixture for transport and civil construction facilities. The 
relevance of this topic is due to the complexity and dynamism of the 
concrete mixture delivery system, during the functioning of which the 
emerging risks directly affect the quality of the supplied concrete mixture 
and technological processes. In this regard, the FMEA calculation and 
analytical method is propose, adapted to identify risks in the concrete 
mixture delivery system, which allows you to assess the criticality and 
significance of each identified type of risk (failure). Accounting, analysis 
and risk assessment constitute the toolkit of the risk management system - 
risk management - aimed at increasing the efficiency of business processes 
by reducing the likelihood of adverse events and minimizing possible 
losses. At the same time, risk management is directly relate to making 
management decisions, often in conditions of uncertainty. Thus, risk 
assessment and risk optimization is an important and complex task. 

1 Introduction 
The effectiveness of the technology for managing the transportation of building materials 
largely depends on taking into account the risks arising in technological processes 
throughout the supply chain [1]. 

Scientist’s economists distinguish two theories of risk - classical and neoclassical. The 
classical theory is risk as the mathematical expectation of losses that may arise because of a 
decision. In this option, risk is define as losses caused by the implementation of a particular 
solution. The neoclassical theory of economic risk is the probability of deviation from the 
set goals. Risk, as a rule, is perceive as a negative phenomenon, which only leads to 
undesirable consequences for the enterprise and business. However, the risk also has a 
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positive effect on the company, since the results or consequences can be neutral (zero) in 
relation to the subject of risk in the case of applying the methods of risk reduction. 

Because of production and technological operations, the number and size of risks, which 
are diverse in nature, place of origin and nature, increase. Each functional area of business 
has its own “vector” of specific risks. The main reasons for the occurrence of risk are three 
environmental factors, determined by different situations or a set of circumstances: 
uncertainty, chance, counteraction, which must be reckoned with, anticipated, planned and, 
if possible, reduced, reduced and prevented. 

 “Modern methods make it possible to better assess the likelihood of achieving a goal or 
failure. However, until now the theoretical validity of indicators remains one of the 
problems, while the other is the static nature of the ratings, since they take into account past 
events and conditions, which may not exist” [2]. In turn, the efficiency of concrete mix 
delivery management depends on the ability to take into account the risks of a dynamic 
environment, including: 

1. The inability of the customer to accept the concrete mix in the required quantity and 
at the right time; 

2. Inability to unload concrete mixer trucks at a construction site on time; 
3. Changing the order parameters or canceling it; 
4. Threat of non-fulfillment of other orders just in time due to delays at the current 

customer's facility; 
5. Changes in the traffic situation, the quality of the road surface, the condition of the 

access roads to the construction site; 
6. Unforeseen breakdown of a concrete mixer and factory technological equipment; 
7. Unfavorable weather conditions and other force majeure situations. 
Material loss risks are associated with unforeseen additional costs or direct loss of 

materials, raw materials, equipment or products. 
Work-related risks can be trigger by accidental events resulting in shorter working 

hours. 
The risks of financial losses are associated with the need for additional costs in the form 

of payment of fines, additional taxes, loss of funds and securities. 
Time risks arise when certain processes run longer than planned. 
Risks of special types of losses (difficult to predict) are manifest in the form of damage 

to the environment or the health of employees, as well as in the case of other adverse moral 
and psychological impacts. 

2 Materials and Methods  
Today, there are various explanations for risks, our economists consider them from 
different angles of action from the nature of origin and impact on business to proposals for 
ways and methods of determining the likelihood of occurrence and their management. 

In the process of organizing and managing the delivery of concrete mix, it is necessary 
to take into account all the risks arising at each stage of delivery and affecting the 
transportation process. 

The theory and practice of risk management in organizing the delivery of construction 
materials are devoted to the works of Amani Suliman, D. Tarasov, D. Retnoningsih, Zhen 
Yu, Majercak J. 

The research used the following methods: complex analysis, factor analysis, and 
analysis of official statistics, document analysis method, abstract-logical method, and 
ranking method, expert judgment method. 
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3 Results 
Risks negatively affect the technological processes of concrete mix delivery, which leads to 
a change in parameters such as [3]: 

1) the quality of the concrete mix; 
2) technology of production, loading, transportation, unloading and laying of concrete 

mix; 
3) speed, duration and safety of transportation and others. 
In this regard, for the convenience of identification and risk assessment, the delivery 

system will be present in the form of sequential functional blocks, each of which is a 
complex of interdependent technological processes and associated risks (Fig. 1). 

 

Fig. 1. Functional blocks of the concrete mix delivery system. 
Risks negatively affect the technological processes of concrete mix delivery, which 

leads to a change in parameters such as: 
1) the quality of the concrete mix; 
2) technology of production, loading, transportation, unloading and laying of concrete 

mix; 
3) speed, duration and safety of transportation and others. 
Ultimately, violation of these parameters leads to a loss of concrete strength - a key 

property of the finished building material - and subsequently reduces the quality of the 
concrete building structure. Moreover, in order to ensure the efficiency of supply of 
construction materials with construction materials while maintaining proper quality, it is 
necessary to take into account the risks and manage them at all stages of the delivery of 
concrete mix. 

In general, risk management should be carry out in the following sequence [4]: 
1) identification of objective and subjective factors affecting a specific type of risk; 
2) analysis of identified risks, assessment of a specific type of risk; 
3) setting an acceptable level of risks; 
4) analysis of individual operations to reduce each type of risk; 
5) development of an action plan to optimize risks. 
To optimize the risks in the process of concrete mix transportation control technology, 

we will apply the rank method. The proposed method based on the “Risk Priority Number” 
(RPN) indicator. 

The indicator is a mixed measure of the criticality of failure and calculated as follows 
[5]: 

                                                               RPN = S ∙ O ∙ D                                                (1) 

where S is the rank of the significance of the consequences of failure (Significance); O is 
the probability of failure (Occurrence); D – the ability to identify the problem 
(Detectability). 

Assessment of indicators S, O, D is carry out on a 10-point scale (Table 1). 
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Table 1. Criteria and assessment scale for indicators S, O, D [8]. 

 

Before proceeding to the risk assessment in the process of concrete mix delivery 
technology, it is necessary to identify the factors of possible risks for all four functional 
blocks of the concrete mix delivery system (Fig. 2-5). 

To determine the consequences of failures of the identified risk factors, it is proposed to 
use the FMEA (Failure Mode Effect Analysis) analysis method, which is used to “identify 
ways of failure of components, systems or processes that can lead to failure to perform their 
intended function” [6]. This FMEA method allows assessing the criticality and significance 
of each identified type of risk (failure) in the concrete delivery system. In this case, the 
criticality of risk is a set of signs that characterize the consequences of failure [7]. 

The classification of risks by criticality made in accordance with legal and regulatory 
requirements and the established priorities of the organization. 
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Fig. 2. Factor model of risks of functional block I. 

 

Fig. 3. Factor model of risks of functional block II. 
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Fig. 4. Factor model of risks of functional block III. 

 

Fig. 5. Factor model of risks of functional block IV. 

Using expert analysis, the identified risks assessed for each functional block of the 
concrete mix delivery system (Table 2). 

Based on the data obtained, we will display the results of risk assessment graphically 
(Fig. 6). 
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Table 2. Risk assessment for each functional block. 

 
The assessment showed that the most risky is block III – the transportation of concrete 

mixture to the construction site, which confirms the vulnerability of this technological link 
in the concrete mixture delivery system and its significance of impact on the quality of the 
delivered material [8]. The least vulnerable stage is the production of the mixture at the 
concrete plant, since the parameters of the production processes are subject to maximum 
forecasting and control. 

Considering the above, we note that measures to optimize risks in the process of 
management technology for the transportation of building materials affect the overall 
organization of the concrete mix delivery system. In addition, consequently, they lead to 
changes in the criticality parameters of failure associated with risks: the probability of a risk 
occurrence (O) and the possibility of identifying a problem (D). At the same time, a 
decrease in the first indicator and an increase in the second allows to a certain extent to 
minimize risks in each block of the delivery system [9]. 
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Fig. 6. Generalized values of the risk (vulnerability) of the functional blocks of the concrete mix 
delivery system 

    To measure the impact of optimization solutions on reducing risks in the technology of 
concrete mix delivery, an algorithm is propos for evaluating the effectiveness of their 
application [10]: 

1. For all functional blocks, a comparison object is introduce – two options for the 
concrete mix delivery technology: 

a) before applying optimization solutions (T1); 
b) after their application (T2); 
2. Types of risks in all blocks (see Table 2.) are present as indicators Wji for a 

comparative assessment of Т1 and Т2, where j is the number of the functional block; i – 
number of the type of risk in the corresponding block; 

3. Using expert analysis for option Т2 on a 10-point scale, the results of changes in the 
indicators of each block assessed after the application of optimization measures; 

4. The scores of indicators for options Т1 and Т2 brought together in a single table with 
the calculated RPN and ∑RPN; 

5. The coefficient of effectiveness of the influence of optimization decisions on 
minimizing risks is determined by comparing the total values ∑RPN1 and ∑RPN2 with the 
variants of the concrete mix delivery technology Т1 and Т2, respectively. 

The results of the execution of points 1-4 of the described algorithm are summarize in 
table. 3. 

Based on the data obtained using the values ∑RPN1 and ∑RPN2, we present the results 
of risk assessment graphically (Fig. 7). 

The study showed that the use of optimization solutions aimed at improving the 
concrete mix delivery system allows reducing the risk not only for the most vulnerable 
process – mix transportation, but also for all functional blocks in general: 

1) supply to the plant of raw materials for the production of concrete mix – by 3.48%; 
2) production of concrete mix and loading into ABS – by 6.21%; 
3) transportation of concrete mix to a construction site – by 11.87%; 
4) acceptance, unloading and laying of concrete mix at a construction site – by 0.85%. 
Thus, in general, the degree of riskiness of the concrete mix delivery system using the 

improved technology is reduce by 7.38%. In addition, as a result, a better quality delivery 
is ensure by increasing the transport speed and reducing the delivery time of the concrete 
mix. 
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Table 3. Values of indicators of each functional block for two variants of concrete mix delivery 
technology 

 

4 Discussion 
The presented methodology for assessing risks seems to be a comprehensive, effective 
toolkit for improving the technology for managing the transportation of goods, in particular, 
when organizing the delivery of concrete mix. 

Note that each company approaches with different criteria for the choice of methods and 
ways to optimize risks in managing the transportation of construction materials. It should 
be borne in mind that the desire to reduce risks generates new risks, which must also be 
manage. It is important to remember that not all risks can be mitigated, in particular the 
risks caused by macroeconomic processes. 
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Fig. 7. Comparison of the generalized values of the risk (vulnerability) of the functional blocks of the 
concrete mix delivery system before and after optimization solutions 

The risk management technique outlined in the article is recommend for practical 
implementation at transport and construction enterprises. 
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