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Abstract 

The article presents the results of assessing the significance of the negative impact of construction factors on 

the environment using heuristic research methods - expert assessments. The reliability of the estimates was ensured 

by a multi-stage expert evaluation scheme and a variance analysis of the combined impact of the analyzed factors 

on the environment. Classifications of factors of negative influence of construction production processes on the 

state of the environment are proposed. 
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1. Introduction 

The solution to the global environmental crisis, 

which has given priority to the world's technological 

and social development - protection of the Earth's bio-

sphere [1-4], is possible only on the basis of a compre-

hensive approach - when environmental measures 

cover all, without exception, the field of human activ-

ity. 

Construction as a production process and its waste 

cause permanent damage to the natural environment, 

forever changing it. The costs of material resources and 

funds for the restoration of natural complexes and the 

elimination of the consequences of interference with 

the Earth's biosphere are enormous and constantly in-

creasing. 

Therefore, there is an urgent need to create a sys-

tem of organizational and technological measures for 

comprehensive rehabilitation of construction processes 

in order to prevent or reduce damage to the environ-

ment and will reduce the cost of its restoration. 
The solution to this problem is preceded by the 

question of identifying the main factors (sources) of en-
vironmental pollution that exist in conditions of mass 
construction of industrial and civil objects. 

Thus, the question of generalization and systema-
tization of factors of negative impact of construction 
production processes on the environment is of national 
and sectoral relevance. 

The analysis of scientific researches and norma-
tive documents [5-12] shows that the existing environ-
mental protection measures during the organization of 

construction production remain insufficiently system-
atic, due to the existing uncertainty about the negative 
factors of construction production in its structure and 
levels of impact. In the presence of uncertainty or lack 
of representative data on the relationship between the 
parameters under study, they usually use the apparatus 
of expert judgment, the methodology of which is care-
fully outlined in the methodological guidelines [13]. 

For the purpose of this article, the substantiation 
of an orderly system of factors of construction produc-
tion that adversely affect the state of the environment 
has been adopted. 

The systematization and classification of negative 
factors of construction is the scientific basis for the de-
velopment of a system of organizational and technolog-
ical solutions for the revitalization of construction pro-
cesses, which allows to reduce the environmental bur-
den during construction works and will increase the 
efficiency of construction by significantly reducing the 
cost of environmental restoration. 

2. Basic material 
These studies are based on previously performed 

studies, which are devoted to: 1) the formation of the 
initial set of dominant factors of negative impact of 
construction processes on the environment and its clas-
sification by nature, type and method of pollution or 
impact [14-15]; 2) assessment of the significance of 
isolated subgroups of factors Specific subgroups of fac-
tors from the set of dominant factors of the following 
structure: 1. Emissions into soil; 2. Surface / groundwa-
ter emissions; 3. Emissions into the atmosphere; 4. Me-
chanical impact; 5. Biological effects; 6. Physical influ-
ence ([16], Fig. 1). 
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Fig. 1. Rank chart of subgroups of factors [16] 

The reliability of the formed subgroups of factors 
by the sufficiency of the structure was estimated by the 
method of variance analysis, which establishes the de-
gree of the cumulative impact of the formed subgroups 
of factors on the environment in comparison with other 
factors not considered in this study. 

Analysis of variance was performed according to 
the method [17] in tabular form (Table 1). 

The estimation of the degree of cumulative impact 
of factors on the environment is carried out using the 
Fisher 𝐹-test, which is by the formula: 

 𝐹𝑝 = 𝑆𝐴
2/𝑆0

2 > 𝐹𝑎[𝑚,𝑚′],   (1) 

where 𝐹𝑝 is the calculated value of the Fisher 𝐹 -

test; 
𝐹𝑎[𝑚,𝑚′] – theoretical value 𝐹- Fisher's criterion 

at significance level 𝛼 = 0,05 and the number of de-

grees of freedom 𝑚 𝑎𝑛𝑑 𝑚′ (tab. 19.5-6, 18); 
𝑚 – the number of degrees of freedom for greater 

variance, if the number of factors analyzed is 𝑟: 
 𝑚 = 𝑟 − 1;   (2) 

𝑚′ – for less variance to sample by 𝑛: 
 𝑚′ = 𝑛 − 𝑟;   (3) 

𝑆𝐴
2 – systematic dispersion (scattering under the 

influence of the analyzed groups of factors): 

 𝑆𝐴
2 = 1 𝑟 − 1⁄ 𝑄𝐴

2;   (4) 

𝑆0
2 – residual dispersion (scattering under the 

influence of unaccounted factors): 

 𝑆0
2 = 1 𝑛 − 𝑟⁄ 𝑄𝑂

2 ,   (5) 

where 𝑄𝐴
2, 𝑄𝑂

2 , 𝑄2– the variations are systematic, 
residual and general, respectively. 

The residual variation of 𝑄𝑂
2  is found from the 

relation 𝑄2 = 𝑄𝐴
2 + 𝑄𝑂

2  by the formula [17]: 

 𝑄𝑂
2 = 𝑄2 − 𝑄𝐴

2.   (6) 
The total variance [17]: 

 𝑆2 = 1 𝑛 − 1⁄ 𝑄2.   (7) 

The results of the analysis of variance confirm the 
significance of the joint effect of the set of studied sub-
groups of factors (A.1, A.2, B.3, A.3, B.2, B.1) on the 
environment in comparison with other factors of con-
struction, which in this study are not considered. 

In addition, with the average impact of 𝑥𝑖 of the 
separated 𝑖 -th subgroups of factors (see tab 1, Fig. 2), 
it is confirmed that the subgroups of factors “Soil emis-
sions” and “Surface and groundwater emissions” have 
the greatest environmental impact, and the smallest is a 
subset of Biological Impact factors. 

The results of the analysis of variance confirm the 
significance of the joint effect of the set of studied sub-
groups of factors (A.1, A.2, B.3, A.3, B.2, B.1) on the 
environment in comparison with other factors of con-
struction, which in this study are not considered. 

In addition, with the average impact of 𝑥𝑖 of the 
separated 𝑖-th subgroups of factors (see Table 1, Fig. 
2), it is confirmed that the subgroups of factors “Soil 
emissions” and “Surface and groundwater emissions” 
have the greatest environmental impact, and the small-
est one is a subset of Biological Impact factors. 

Table 1 

Variance analysis of the degree of influence of the considered groups of factors on the environment 

Statistical characteristics 
Subgroups factors 

1 (А.1) 2 (А.2) 3 (А.3) 4 (В.3) 5 (В.2) 6 (В.1) 

Systematic variation QАi
2 = (∑ 𝑟𝑖𝑗𝑗 − 𝑟)2 =  81 72,25 56,25 64 289 256 

Total variation 𝑄2 = ∑(∑ 𝑟𝑖𝑗𝑗 − 𝑟)2 = 818,5 Average 𝑟 =
1

𝑁
∑ ∑ 𝑟𝑖𝑗𝑗𝑖  = 42  

Residual variation 𝑄𝑜𝑖
2 = 𝑄2 − 𝑄𝐴

2 =  737,5 746,3 762,3 754,5 529,5 562,5 

Dispersion systematic 𝑆𝐴𝑖
2 = 1 𝑟 − 1⁄ 𝑄𝐴

2 = 16,2 14,45 11,25 12,8 57,8 51,2 

Residual variance 𝑆0𝑖
2 = 1 𝑛 − 𝑟⁄ 𝑄𝑂

2 = 11,17 11,3 11,55 11,43 8,02 8,52 

The calculated value of the Fisher test 

𝐹𝑝𝑖 = 𝑆𝐴𝑖
2 /𝑆0𝑖

2  = 
1,45 1,28 0,97 1,12 7,21 6,01 

Theoretical value of the Fisher test 𝐹0,05[5, 66] = 2,36 < 𝐹𝑝 = ∑ 𝐹𝑝𝑖𝑖 = 18,034  

with significance level 𝛼 = 0,05, 𝑛 = 6 × 12 = 72; 𝑟 = 6; 𝑚 = 𝑟 − 1 = 5; 𝑚′ = 𝑛 − 𝑟 = 66  

Thus, the cumulative impact of these factors is significant 

Average impact 𝑥𝑖 =
(∑ ∑ 𝑟𝑖𝑗𝑗𝑖 −∑ 𝑟𝑖𝑗𝑗 )

𝑛
=  3,042 3,035 3,021 3,028 2,681 2,694 
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Fig. 2. Diagram of the degree of influence of subgroups of factors 

 

The mean effect of 𝑥𝑖 of each 𝑖 -th subset of factors 

was expressed [16]: 

𝑥𝑖 =
(∑ ∑ 𝑟𝑖𝑗𝑗𝑖 −∑ 𝑟𝑖𝑗𝑗 )

𝑛
,   (8) 

where ∑ ∑ 𝑟𝑖𝑗𝑗𝑖  – the sum of the rankings for all 

subgroups of factors;  

∑ 𝑟𝑖𝑗𝑗  – the sum of the rankings by the 𝑖 -th subset 

of factors;  

𝑛 – the total number of ranks awarded to all 

subgroups of factors. 

The significance of the individual factors in the compo-

sition of the separate subgroups was estimated accord-

ing to the scheme: 

 
Fig. 3. The scheme of study of significance of factors in the composition of separate subgroups of factors 

 

1 step. Determination of the list of factors in the 

formed subgroups. Formation of the expert group with 

the total number of experts 𝑁 = 23 people, the level of 

competence is average - the average weight of the 

group is 0.8. 
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Fig. 4. Diagram of rank of individual factors in subgroups: 

a – soil emissions (А. 1 = {А. 1.1, А. 1.2, А. 1.3, А. 1.4});  
b – surface / groundwater emissions ( А. 2 = {А. 2.1, А. 2.2, А. 2.3, А. 2.4});  
c – air emissions (А. 3 = {А. 3.1, А. 3.2, А. 3.3, А. 3.4});  
d – biological impact (В. 1 = {В. 1.1, В. 1.2, В. 1.3, В. 1.4});  
e – physical impact (В. 2 = {В. 2.1, В. 2.2, В. 2.3, В. 2.4});  
f – mechanical impact (В. 3 = {В. 3.1, В. 3.2, В. 3.3, В. 3.4}) 

 

2 step. Interviewing experts with ranking factors 

in separate subgroups by disseminating appropriate 

questionnaires where experts rank. 

3 step. Processing and analysis of research results. 

The processing of the results was performed according 

to the method described in the methodological recom-

mendations [13]. 

The results of the expert study on the significance 

of the influence of individual factors from the set of 

separate species subgroups of factors in the form of 

rank diagrams are shown in Fig. 4. 

According to the expert evaluation of the signifi-

cance of the factors in the composition of separate sub-

groups, the following generalizations can be made: 

- factor “A.1.3. Emissions into the soil of liquid 

construction waste (sum of rank 37.5) has the greatest 

impact on the environment, the second place is taken 

by the factor "A.1.4. Emissions into the soil of petro-

leum products ”(sum of grades 45), third place - factor“ 

А.1.2. Emissions into the soil of construction waste in 

plastic and semi-plastic state ”(sum of ranks 51) and fi-

nally the factor“ А.1.1. Solid Building Waste Emis-

sions »(Sum of Ranks 66.5), see. Fig. 4, a; 
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- in the subgroup of factors “А.2. Emissions 

into surface and groundwater of construction waste, do-

mestic and industrial waste water are most negatively 

affected by the factor "А.2.3. Emissions of liquid con-

struction wastes, dissolved residues of building materi-

als, semi-finished products and contaminated process 

waters ”(sum of ranks 37), factors“ А.2.4. Emissions 

into surface / groundwater of petroleum products and 

residues of process and household fluids ”(sum of 

grades 45) and“ A.2.1. Emissions into surface / ground-

water of domestic sewage "(sum of ranks 51) occupy 

the second and third place, and the factor" А.2.2. Sur-

face / Groundwater Emissions of Solid Construction 

Waste ”(Sum of Ranks 66.5) is the least influential (see 

Fig. 4b); 

- in the subgroup of factors “А.3. Emissions of 

Aerosols and Gases into the Air "Factor A.3.2. Emis-

sions of exhaust and process gases (sum of rank 38.5) 

takes first place, second and third place with a slight 

difference belongs to the factors "А.3.1. Emissions into 

the air of solid microscopic particles ”(sum of rank 40) 

and“ A.3.3. Emissions into the Atmospheric Air of Liq-

uid Microscopic Particles - Mists ”(Sum of 41.5 Ranks) 

(see Fig. 4, c); 

- in the subgroup of factors “В.1. Biological Im-

pact "The most negative environmental impact is ex-

erted by the factor" B.1.2. Destruction of existing flora 

"(sum of ranks 33,5), factors" В.1.1. Introduction of in-

troduced organisms with building materials and semi-

finished products, with vegetation layer and elements 

of artificial landscaping "(sum of ranks 45) and" В.1.4. 

The decrease in the number, change and impoverish-

ment of the species structure of the fauna due to the in-

terference and disturbance of the range of animals and 

birds ”(sum of ranks 48.5) are almost at the same level 

by influence, respectively, occupy the second and third 

place, and the factor“ B.1.3. Substitution of natural 

flora by planting cultivated and acclimatized plants 

”(sum of ranks 68), according to experts, has the least 

environmental impact (see Fig. 4, d); 

- analysis of the results of the ranking of factors 

of mechanical impact (subgroup B.3) allowed to distin-

guish three groups (descending): “B.3.1. Noise, shock 

noise »(sum of grades 34); “B.3.3. Violation of soil 

structure "(sum of ranks 60,5)," В.3.2. Vibrations 

"(sum of ranks 72,5)," В.3.4. Change of groundwater 

level ”(sum of ranks 73); a “B.3.5. Changing the direc-

tion of groundwater "and" B.3.6. Changing the direc-

tion of surface waters "have the same rank - 118 (see 

Fig. 4, e); 

- physical groups were also divided into three 

groups: В В.2.1. Electromagnetic effect ”(sum of rank 

52.5) and“ B.2.2. Light Influence ”(Sum of Ranks 

53.5); «B.2.3 Radiation influence» (sum of rank 70) 

and «B.2.4. Thermal influence ”(sum of ranks 85) (see 

Fig. 4, is). 

The grouping of factors by the significance of the 

negative impact on the environment is performed as a 

synthesis of the results of multi-stage expert studies 

with a consistent improvement of the previous hierar-

chies and the development of a new hierarchy of fac-

tors, organized into groups, subgroups and by individ-

ual factors. 

- Groups, subgroups and individual factors are 

listed in order of decreasing top-down influence, re-

spectively, from:  

-  «A. Emissions of substances ”(group of fac-

tors of the 1st rank) to“ В. Impacts (2nd rank factor 

group); 

-  «A.1. Emissions into soil of construction 

waste and petroleum products ”(subgroup of factors of 

the 1st rank) to“ В.1. Biological Impact ”(subgroup of 

rank 6 factors); 

- «A.1.3. Emissions into soil of liquid construc-

tion wastes "(1st grade factor) to" В.1.3. Substitution of 

natural flora by planting cultivated and acclimatized 

plants ”(25th rank factor). 

The above hierarchy is accepted as a classification 

of factors of negative impact of construction production 

processes on the environment. 

A number of factors, each characterizing a partic-

ular way of pollution or negative impact on the envi-

ronment, are accepted as the main sources of pollution. 

Thus, the main sources of pollution and negative 

impacts during the construction process can be repre-

sented by a п -dimensional radius vector �̅�:  

�̅� =

(

 
 
 

{А. 1.3, А. 1.4, А. 1.2, А. 1.1, };
{А. 2.3, А. 2.4, А. 2.1, А. 2.2};
{А. 3.2, А. 3.1, А. 3.3};

{В. 3.1, В. 3.3, В. 3.2, В. 3.4, В. 3.5, В. 3.6};
{В. 2.1, В. 2.2, В. 2.3, В. 2.4};
{В. 1.2, В. 1.1, В. 1.4, В. 1.3} )

 
 
 

(9) 

 

3. Conclusions  
Many negative factors of construction production 

have been identified in the systematization process, re-

fined in structure and composition on the basis of the 

proposed model life cycle of the construction object 

and the elements of the landscape in their systemic re-

lationship. This made it possible to take into account 

the factors arising from the new construction of build-

ings and structures, their renovation, repair, reconstruc-

tion or restoration and demolition. 

Grounded classification of factors of negative im-

pact of construction processes on the environment, with 

the identification of groups, subgroups and individual 

factors, ranking by the level of impact on the basis of 

multi-stage expert evaluation with the involvement of 

experts of the highest rank. Two groups of negative fac-

tors are distinguished - emissions of substances and im-

pacts consisting of subgroups, respectively, emissions 

into soil, groundwater / surface water and into the air 

and mechanical, physical and biological effects. 
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