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Abstract. The technical and economic efficiency actual problem of the 
use of building materials, products and structures is considered. Taking 
into account the purpose, a grouping of building materials was carried out 
according to eight nomenclature groups of structural, structural and heat-
insulating, heat-insulating, acoustic, finishing, waterproofing and roofing 
materials, as well as the materials for special and general purposes. It is 
proposed to assess the technical and economic efficiency of building 
materials that form various nomenclature groups on the basis of two 
methodological approaches. The first approach should be applied to the 
building materials with one pronounced functional property, and the 
second - for the materials with several properties, the priority of which is 
not obvious. The calculations are carried out according to the criterion of 
the maximum units of useful effect due to the use of materials per unit of 
associated costs. In the second case, it is advisable to use the expert 
assessments to determine the significance of functional properties. 
Methodical recommendations for the technology of their implementation 
are provided.  

1 Introduction 

Assessment of technical and economic efficiency is a key issue in solving the problem of 
using building materials, products and structures in construction practice. 

In the most general understanding, the effectiveness of any product is determined by the 
ratio of the result and the costs required to obtain it. Taking into account this provision, the 
determination of technical and economic efficiency is carried out in the process of 
correlating the technical parameters of the product, reflecting its functional properties, and 
the costs expressed in monetary form for its receipt or acquisition. Thus, the criterion of 
technical and economic efficiency is the maximum units of useful effect per unit of costs 
incurred [1 - 9]. 

In relation to building materials, products and structures, the development of a unified 
methodological approach to assessing the technical and economic efficiency of their 
application is, in our opinion, very problematic due to the presence of a large number of 
significantly different functional properties. Such a variety of properties requires the 
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identification of a number of nomenclature groups of building materials, within which it is 
possible to apply a single scheme for calculating their technical and economic efficiency. 

It should be noted that the nomenclature group is understood as a set of types of 
building materials, combined according to the characteristics of purpose and identity of 
functional properties. 

Taking into account the above-said, the following nomenclature groups of building 
materials, products and structures are highlighted:  

1)  structural - receiving and transmitting loads; 
2)  structural and thermal insulation - combining the functions of the building interior 

loads and thermal protection perception; 
3) heat-insulating - ensuring the building thermal regime; 
4) acoustic - with sound-absorbing and sound-insulating properties; 
5) waterproofing and roofing - creating waterproof layers on roofs and other building 

structures; 
6) finishing - used to improve the decorative qualities of building structures, as well as 

to protect them from external influences; 
7) special-purpose materials - used in special structures (refractory, heat-resistant, acid-

resistant materials, etc.) 
8) general-purpose materials - cement, lime, aggregates, etc. 

2 Results and Discussion 

Based on the generalization and analysis of the requirements for the selected nomenclature 
groups’ use features in construction practice, to assess technical and economic efficiency of 
the building materials and products included in their composition, it is recommended to use 
two methodological approaches based on the criteria for the maximum units of useful effect 
per unit of costs incurred. 

The first approach: it is advisable to apply to building materials and products with one 
obviously main functional property. This is typical for groups of structural, heat-insulating, 
acoustic, waterproofing and roofing materials, as well as the special-purpose materials [10 - 
14]. It is proposed to evaluate the technical and economic efficiency within these groups 
according to the general scheme 

 

 TEij
f = aijmin

Cij
      (1) 

 
where aijmin – is the lower normative limit of the main property of the i-th building material 
included in the j-th nomenclature group, nat. unit; Cij – is the cost of purchasing a unit of 
the i-th building material included in the j-th nomenclature group, c. 

We concretize the calculation schemes by the item groups: 
– group of construction materials (performance-determining strength) 
 

 TEs
f = Rbi

Csi̅̅̅̅̅      (2) 
 

where Rb– is the lower standard compressive strength of the i-th structural material, MPa; 
 Csi̅̅̅̅  – is an average market price of the i-th structural material, c./nat. unit.  
– group of thermal insulation materials (main functional property thermal resistance) 
 

 TEti
f = Rti

Ctii̅̅ ̅̅ ̅      (3) 
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where Rti– is the thermal resistance of the i-th heat-insulating material, (m2 оС)/ W;  
Ctii̅̅ ̅̅  – is an average market price of the i-th thermal insulation material, c./nat. unit. 
– group of acoustic materials (the main property when choosing the type of material is 

sound insulating ability) 
 

 TEac
f = 𝑅𝑅𝑤𝑤𝑤𝑤

𝐶𝐶𝑎𝑎𝑎𝑎𝑖𝑖̅̅ ̅̅ ̅̅       (4) 
 

where Rwi – is a sound insulation index for airborne noise of the i-th acoustic material, dB; 
Caci̅̅ ̅̅ ̅ – is an average market price of the i-th acoustic material, c./nat. unit. 

– group of waterproofing and roofing materials (the most significant functional 
property is water resistance) 

 
 TEwp

f = Wi
Cwpi̅̅ ̅̅ ̅̅ ̅     (5) 

 
where Wi – is water resistance of the i-th waterproofing or roofing material, MPa; 

Cwpi̅̅ ̅̅ ̅̅  – is an average market price of the i-th waterproofing or roofing material, c./nat. 
unit. 

– group of materials for special purposes (the main functional property is determined in 
accordance with the purpose) 

 
 TEsa

f = Lqi
Csai̅̅ ̅̅ ̅̅       (6) 

 
where Lqi – is the value of the q-th normative limit of the critical property (taking into 
account the purpose) of the i-th special-purpose material in the corresponding units of 
measurement; 

Csai̅̅ ̅̅ ̅ – is an average market price of the i-th special purpose material, c./nat. unit. 
– general purpose material group (the main functional property is determined by the 

specifics of the material) 
а) cement 
 

 TEca
f = Rb

cem

Ccem̅̅ ̅̅ ̅̅ ̅̅ ,     (7) 
 

where  Rb
cem   – is an ultimate compressive strength of cement stone, MPa; 

𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐̅̅ ̅̅ ̅̅  – is an average market price of cement, c./t 
б) lime 
 

 𝑇𝑇𝑇𝑇𝑙𝑙
𝑓𝑓 = 𝐴𝐴

𝐶𝐶𝑙𝑙̅̅ ̅
,      (8) 

 
where A   – is a lime activity, %; 

Cl̅ – is an average market price of lime, c./t 
в) coarse aggregate 
 

  TEa
f = Rbi

a

Cai̅̅ ̅̅̅,      (9) 
 

where Rbi
a    – compressive strength of coarse aggregate, MPa; 

𝐶𝐶𝑎𝑎𝑎𝑎̅̅ ̅̅  – is an average market price of the i-th large aggregate, c./m3. 
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Second approach to assess the technical and economic efficiency should be applied to 
the building materials and products for which several functional properties are priority. This 
provision is applied to the groups of structural, thermal insulation and finishing materials. 
So, for the structural and heat-insulating materials, the properties of strength and heat-
insulating ability are important, and for finishing materials - the surface quality, durability, 
resistance to aggressive environmental influences, etc. [15]. For these nomenclature groups, 
it is proposed to assess the technical and economic efficiency according to the general 
scheme, reflecting both the diversity and the significance of properties for the consumer. 

 

 TEij
f = ∑ kgijng=1 ∙agij

Pij
    (10) 

 
where n – is the number of properties of the i-th building material included in the j-th 
nomenclature group; 

kgij – is a weight coefficient of the g-th property of the i-th building material included in 
the j-th nomenclature group, 0 < kgij < 1; 

agij – is the relative value of the g-th property of the i-th building material included in 
the j-th nomenclature group. 

Wherein, 
 

aij = aijf

aijн
     (11) 

 
where aijf  – is the actual value of the main property of the i-th building material included in 
the j-th nomenclature group, nat. unit.; 

aijmin – is the lower normative limit of the main property of the i-th building material 
included in the j-th nomenclature group, nat. unit. 

Separately, it should be noted that to determine the weighting factors of the functional 
properties of various building materials, it is advisable to rely on the method of expert 
assessments. In this case, special attention should be paid to the formulation of the task for 
the experts. In particular, in addition to providing a list of functional properties, it is 
imperative to indicate the operating conditions of the building material and provide a scale 
for assessing the properties’ significance. Based on the results of the studies and 
calculations, it is recommended to use a scale from 1 to g, the value of which corresponds 
to the number of properties of the building material under consideration. In this case, the 
highest score is assigned to the most significant property. It is desirable that the values of 
the point marks are not repeated. The methodology for calculating the weighting factors of 
the functional properties of building materials and products is presented in detail in the 
sources [16, 17]. 

3 Conclusion 

Assessment of technical and economic efficiency is fundamentally important when 
choosing building materials, products and structures at the design stage of buildings and 
structures for various purposes. 

Within the framework of the architectural and construction system of the object, which 
unites a large number of products and structures, one group of structures perceives the 
acting loads and forms the structural system of the building, while others enclose the 
internal volume of the building, divides it into separate rooms, protect it from atmospheric 
influences, provide the required temperature, humidity, acoustic and other comfort modes. 
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At the same time, the functionality of building products and structures in buildings does not 
necessarily turn out to be unambiguous, but more often it is multifaceted. So, in the 
buildings with load-bearing outer walls, the wall material combines the functions of a 
structural and heat-insulating material. In the case when a material with a finished front 
surface (for example, front brick) is used from the outside of the building, then the finishing 
material functions are added to the indicated functions. It is to take into account the shown 
functional versatility that the above-listed methodological approaches to assessing the 
technical and economic efficiency of the use of building materials, products and structures 
are proposed. 
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