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Abstract. Discussed is one of the stages of an ongoing research study analysing the form and 
area of active mining impact on properties which include engineering structures.  A general 
back analysis has been applied to the cause and effect method for defining the causes of 
empirically determined structural damage. One of the points of the analysis is to determine if 
the guidelines of The Local Urban Development Plan and then the conditions for building 
permits have been correctly issued.  and whether they have taken into account all the adverse 
effects that may affect to be analysed engineering structures on the test field. In addition, 
examined all the documents which have an impact on the structure and the guidelines imposed 
by the local plans that takes into account the harmful impact of mining exploitation. In this 
publication was analysis of explores the current assumptions for mining damage forecasts for 
areas affected by a mine over a planned operation period, all well.  Considering that mining 
forecasts specify the quantity, impact duration, as well as the form of static and dynamic forces 
responsible for stresses and deformations resulting from active mining, the information is most 
critical for the construction and industrial sectors.  The Local Urban Development Plans for the 
analysed areas are based on the final information supplied by the forecasts, and show active 
mining areas clearly outlined; thus making it possible to delineate the active mining impact 
areas when preparing guidelines for building and structure construction permits.  The mining 
damage area parameters determine the design and construction requirements for individual 
projects which must comply with engineering structure foundation specification for areas 
exposed to other than standard and highly damaging active mining impact.  Mining forecast 
data allow for designing adequate structural, material, and geothermal safeguards which will 
stabilize the soil and reduce forces negatively impacting soil serviceability limit states.  Owing 
to the high number of problems attributable to discrepancies between the mapped mining 
damage areas, the calculations and assumptions used in mining forecasts, and the actual 
conditions, this study aims to analyse the problem.  

1.  Introduction  
Discussed is one of the stages of an ongoing research study to analyse the type and extent of active 
mining impact on properties featuring engineering structures. Initially, field trips were made to visit 
properties reporting damage.  More than ten variables affecting the serviceability limit state SLS, and 
ultimate limit state ULS, of structures were collected for the analysed functions, which under certain 
cases strongly affect the behaviour of the structure [3], [5], [7], [10], [18]. Empirical tests carried out 
for various court cases and our own scientific investigations at the university using comparative 
analysis, mathematical, numerical, and statistical methods served to define a group of variables which 
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– under certain initial conditions –strongly impact the process of generating damage to buildings and 
structures [1-3], [13], [14]. 

The Poland construction industry is making a start in embracing BIM as a mining exploitation 
problems on area for building what providing the opportunity for reform and legal, engineering, 
geotechnics, economic, environmental and social success [7], [13], [14], [19]. The digital economy of 
subsoil models with dynamic forces from the exploitation of the mines are moving quickly towards, a 
which now is starting to have profound implications for our geotechnical, engineering structures and 
built environment. It is an interdisciplinary attempt to resolve mining damages. Study of all factors 
affecting the geotechnical conditions under the all old and new buildings in areas with mining effects 
and problem of deformation of the ground on the ground intended for the local land use Local Urban 
Development Plans without information about active mining impact on construction sites have been 
examined and analysed [1], [3], [5], [8], [12], [14]. 

One of the aspects of the research study analyzed here explores the current assumptions for mining 
damage forecasts for areas affected by a mine over a planned operation period. Considering that 
mining forecasts specify the quantity, impact duration, as well as the form of static and dynamic forces 
responsible for stresses and deformations resulting from active mining, the information is most critical 
for the construction and industrial sectors.  Local urban development plans for the analyzed areas are 
based on the final information supplied by the mines, and show active mining areas clearly outlined; 
thus making it possible to delineate the active mining impact areas when preparing guidelines for 
future building and structure construction permits.  
  

 
 

Figure 1.  Information for Local Urban Development Plans to analyzed areas with mining impact 
 

The mining damage area parameters determine the design and construction requirements for 
individual projects which must take into account the engineering structure foundation specification for 
areas exposed to other than standard and highly damaging active mining impact. Mining forecast data 
allow for designing adequate structural, material, and geothermal safeguards which will adequately 
stabilize the soil and reduce forces negatively impacting soil serviceability limit states. Owing to the 
high number of problems attributable to discrepancies between the mapped mining damage areas, the 
calculations and assumptions used in mining forecasts, and the actual conditions, this study aims to 
analyze the problem. Based on the information supplied and the author’s own observations supported 
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by empirical investigations, certain conclusions have been developed are presented in the final part of 
this paper. 

2.  General characteristics of the research project  
As an assistant professor who deals with this issue in universities where I work and as a court-licensed 
expert witness in construction, mine damage and property valuation, I often prepare valuations and 
legal expert opinions for lawsuits contesting initial data, analytical methods, and calculations.  For 
their analyses, mining industry experts use information submitted by mines to forecast potential active 
mining impact with respect to time, area, and type. 

Petitioners and defendants submit descriptions and photographic material showing actual damage 
suffered by the properties involved. The main requirement for launching a claim for damage to 
buildings and structures consists in proving the property is indeed located within the mining impact 
area marked out in the documents supplied by the mines. However, there are cases where new 
buildings, after merely a few years of proper use and maintenance, show numerous and growing 
problems caused by tilting and shifting of the building and floors tilting at various levels, very big 
problems are in cracking and fractures of floors, lintels, walls and shifting and tilting damage to 
expansion joints, chimneys, porches, balconies, water and sewer systems and central heating systems, 
etc. – figure 2.  
 

 
 

Figure 2. Active mining impact on properties with engineering structures 
 
For the representative group of data for the analysis of the subjective assumptions each test case 

has urban development plans and mining forecasts without information about adverse effects on 
building structures. The analysis area earmarked for development is classified strictly as a housing 
area free from any active mining interactions, i.e. located outside a mining damage area.  
Moreover, construction permits issued for such buildings do not include any guidelines which would 
require structural safeguards to protect them from any static and dynamic mining impact.  Owners of 
damaged buildings demand their homes be repaired while the mine insists the damage has not been 
caused by mining impact since the buildings are located outside any active mining areas.  Quite 
frequently, mines suggest various hypothetical reasons for the impact which might have led to 
structural damage.  Such lawsuits give rise to questions from the bench which an expert witness 
attempts to answer using a cause and effect method based on data available in the court files and the 
results of potentially feasible calculations and simulations. 

3.  Fundamentals of forecasting the type and extent of active mining impact 
The S. Knothe – W. Budryk theory is widely used to predict the impact of underground mining 
operations.  The theory was first proposed in the 50’s of the previous century as a continuation of the 
Schmitz – Keinhorst theory dating back to the early 20th century. It is based on observations of the 
ground behavior in the analyzed area and that is why certain initial assumptions ideally corresponded 

Tilting and shifting 
of the building

Floors tilting 
at various levels

Cracking and fractures 
in engineering structure

Shifting and tilting damage
in engineering structure

Active mining impact on properties 
with engineering structures 



WMCAUS 2018

IOP Conf. Series: Materials Science and Engineering 471 (2019) 092039

IOP Publishing

doi:10.1088/1757-899X/471/9/092039

4

 
 
 
 
 
 

 

to the number, type and extent of the mining impact.  The major findings of those investigations were 
limited to information that the active mining area impact is far-reaching and may stretch out over a 
certain distance from the active mining area.  Furthermore, they provided information about the type 
of active mining impact, later used to formulate guidelines for the shape of subsidence troughs and soil 
settling calculations.  The Budryk–Knothe theory is the popular in coal mines departments of compute. 
This theory basis of the measurement’s results provided on observing lines localized over hard coal’s 
extraction fields, but now they have changed the types and value of impacts and the nature structure of 
the subsoil. So, we have the question: is it possible to use now Budryk-Knothe theory for predicting 
mines influences on surface of ground and buildings placed in areas from the effects of the mines 
exploitation? [1-5], [14], [18].  

The theory proved very useful since it produced estimated values consistent with empirical testing 
of the problem and hence allowed for developing hypothetical assumptions and defining the derivative 
of a subsidence trough by means of the Gaussian function. The active mining impact estimate theory 
must meet the requirements of a mathematical model of the medium, i.e. it must satisfy specific 
requirements, such as the transitivity requirement which determines the properties of the variability 
function of the major active mining impact radius for the analyzed area.  The requirement typically 
represents the result of calculating displacements at a certain level which is independent of the 
location used in calculations, i.e. it is immaterial whether the calculations are performed directly for 
the analyzed level or whether displacements at intermediate calculation levels are determined during 
the calculations.   

The values of the  parameters  of  Knothe’ theory determined as: coefficient of roof control for: 
caving and deflection of roof, hydraulic stowage and stone stowage, tangent of main influences angle 
and coefficient. The results of calculations indices of deformation based on this theory and the 
estimated method on the basis of empirical data are not consistent. The parameters of mining 
subsidence, maximal value of inclination, inclination in direct connected with x and y axis, afterwards 
the parameter of maximal value of horizontal deformation and deformation in direct connected with x 
and y axis, are very different. Building information modelling is a process involving the generation 
and management of digital representations of physical and functional characteristics of places [2], [4], 
[6], [7], [11], [12] - BIM is described as a digital representation of the building, so information about 
physical and endurance parameters, as well as the influence of the underground exploitation are very 
important for future projects carried out by BIM [6], [7], [11]. 

The soil in which mining is carried on represents a multi-phase medium we learn more and more 
about and for which we can now develop very detailed calculation models [7], [8], [11], [12]. The 
theory has given rise to an entire function of various mining interaction ranges in the rock mass. 
Currently, investigations are underway to test various models of the Knothe theory modification which 
attempt to define factors that take the existing output data into account. 
A number of theoretical analyses have looked at basic mining operations only; whereas the results of 
contemporary empirical investigations are presented as a function of numerous variables. A number of 
calculations strictly follow the Knothe theory guidelines which do not correspond to the measured 
impact values. 

4.  Variances and inconsistencies of mining forecasts 
A number of reports enclosed with mining activity forecasts show variances between the estimated 
and actual measured parameters. The data support selection of parameters for a theory of forecasting 
surface deformation and mining impact types when excavating successive longwalls and beds of 
bituminous coal. To understand the reason for such discrepancies, detailed analyses were carried out 
using existing Central Mining Institute (GIG) studies. [1], [2], [7], [9]. The description of the type and 
time of earlier mining operations carried out within the analyzed area provides most important 
information together with data pertaining to the combined depth of the worked out area, as well as the 
operations timeline and the date the measurements were first taken. Another key element is provided 
by the history of the analyzed area since it makes it possible to build the required soil model to run the 
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planned analyses.  Very often, the currently active mining areas were first mined in the second half of 
the 20th century; subsequently, other beds were mined with the roof falling in early 21st century. The 
compiled reports show the parameters of the operations factor a, rock mass tgβ, and border p for 
specific working depths of individual beds. 
Considering the numerous mining activities and the total measured surface subsidence, one may 
perform independent calibration of the Knothe theory parameters, in line with the generally available 
knowledge of surface deformation following maximum subsidence. The mining bed thickness (layer), 
or the so-called mining layer g, and the mining factor both significantly affect the shape of surface 
deformation. The underlying reasons for the variance between the forecast and later measurements of 
the deformation factors result from all points on figure no 3. 

 
Figure 3. The underlying reasons for the variance between the forecast and later measurements 

 of the deformation factors results 
 

The comparative analyses carried out prove the shape and size of the mining field as originally 
designed do not differ from the map of the bed used for stocktaking of the completed operations, a 
highly dubious fact. The analyzed walls were mined with roof supports to the approved mining layer 
height and with roof cave-in. The operating factors used for the forecast are compatible with the 
current theory of how deformations develop; however, it does not serve the deformation analysis of 
the entire area, including several beds which have been mined multiple times before. The analyzed 
studies generated mining forecast parameters showing errors of 38.07% to 64.85% when compared to 
the actual data. 

The errors found in calculation models result from an inadequate model used to predict the actual 
results.  Random factors attributable to deformation indicators distributed around the average forecast 
value should be taken into account in forecasting procedures. Our own investigations [5], [11], [15], 
[16], [17] show there are variances between estimated calculations and later measurements which may 
even be higher by the value of a single standard variation with a 70% probability. Unfortunately, no 
such values were obtained in any of the lawsuits we analyzed. 
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Factors affecting the subject of this paper have been selected by means of logical reasoning based 
on observations of other similar actual processes and the knowledge of their construction, mining, 
legal, and financial interpretation. Special consideration should be given to the relationships between 
the analyzed events and the respective indicators which may differ in their extent and complexity. 
 

 

 
Figure 4 a), b), c) Statistical analysis – model for operations impact on urban sites, according to the 
local urban development plan and the distribution of one modal asymmetrical with the dominant for 

the aspect of the predictions for the local urban development plan; 
 

The basic factors selected and examined for our analysis include: serviceability limit state, ultimate 
limit state of subsoil on area to allocate in the local urban development plans as a residential, homes 
and commercial areas without mining impacts and with this impacts, and of of course the effect on 
geotechnical parameters of the subsoil which interacts with the existing structures and buildings 
erected of the analyzed engineering structure. Calculating the extent to which such individual factors 
affect the standard deviation obtained by means of the comparative analysis is mostly, a question of 
individual preference.  
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Depending on how the effect of such factors on the overall variation is calculated, there are a 
number of detailed cause-effect analysis methods to be used, i.e. the iterative method, the method of 
chains substitution , or the differentiation method. The cause and effect diagram proves a good tool for 
the analysis since it helps separate the cause from the effects and appreciate the complexity of the 
analyzed problem. 

The soil medium is difficult to define due to compound effects of its plasticity, anisotropy, and 
physical nonlinearity.  Unfortunately, earlier and simpler soil models do not meet the computational 
requirements presented by much more complex interactions between the soil and, for example, a 
higher number of engineering structures located in the analyzed area, or the type, extent, and 
frequency of mining interactions, or even from the soil ‘memory’, etc.  Groups of models, such as 
elastic-perfectly-plastic, elastoplastic with isotropic amplification (including critical state soil models 
and “cap” type models) or kinematic amplification, are currently utilized for simulating soil 
interactions.  The models have been discussed in a number of publications [4], [5], [6], [10], [11], [12] 
in professional reviews [1], [2], [3], [8], [9], [18], [19].  The models are typically built into 
geotechnical computer software used for numerical analyses of soil-structure interactions (ABAQUS, 
PLAXIS, ZSOIL). The details of creating computational models will be described and analyzed in 
another publication, later this year.  

5.  Conclusions 
The results of our analyses conclusively show that had the area been clearly marked in the local urban 
development plant as an active mining area, the design and structure of the building would have 
included special structural safeguards to protect against mining interactions and – most likely – the 
analyzed damage would have assumed a different scale and extent.  The analyzed building had been 
erected according to standards suitable for stable soil conditions – geotechnical category I or II; thus, it 
was not designed to withstand active mining interactions. 
The forecast error scale, of prognosis of mining influence for the local urban development plans, is 
directly proportional to the type, quantity and quality of the inputs. Mining impact calculations will be 
reliable if they are accurate; however, there is no clear definition for such forecast quality. It would be 
a mistake to assume forecasts are 100% reliable and that if the mining forecast excludes any chance of 
mining damage occurring, the damage will surely not occur. Furthermore, forecasting a higher value, 
with room to spare, is also incorrect.  

An indisputable proof of this are true cases of damage on analysis properties with damage from 
influence, which should never be in this area – due to the above-mentioned regulation in the local 
urban development plans. 

The engineering, construction, and geotechnical aspects of the analysis take into account the impact 
of mining interactions on the structural damage suffered by the analyzed buildings and structures. An 
opinion rendered based on such analyses should reflect all the relevant findings. In the event that the 
rendered opinion differs from the initial analysis, however, the underlying reasons for errors must be 
investigated. Once the assumptions made for every solution have been examined, i.e. comparing 
inputs to outputs by using the back analysis, the source of errors must be identified and the data 
adjusted accordingly. In the course of our investigation the method for calculating the estimated 
surface deformation values should be changed to reflect the incorporation of the diffusion phenomena.  
The diffusion phenomena are mainly used by experts in the process of approving mining operations; 
such approach takes into consideration building strain effects for medium forecast values including 
diffusion. The method must be adapted since previously applied data may no longer prove adequate 
and conform to such highly modified soils. This approach will allow for the correct approach to 
creating entries in the local urban development plan. and give the possibility to correct design design 
for the adverse impact which may arise in the area of the project. Structure plans must be the best way 
to promote a better understanding of the inter-relatedness of issues and proposed management 
approaches to be used in a particular area. structure plan may be implemented through regulatory and 
non-regulatory methods, or both. Non-regulatory approaches offer greater flexibility and adaptability 
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to changing needs, mainly for the delivery of projects of buildings with protection against all potential 
threats of analysis areas. 

References 
[1] Gwozdz-Lason M., „Analysis by the Residual Method for Estimate Market Value of Land on 

the Areas with Mining Exploitation in Subsoil under Future New Building", IOP Conference 
Series: Earth and Environmental Science  95(4):042064 LicenseCC BY 4.0 vol. 95, ISSN 
1755-1315, DOI 10.1088/1755-1315/95/4/042064 2017. 

[2] Gwozdz-Lason M., „Slope Reinforcement with the Utilization of the Coal Waste Anthropogenic 
Material”, IOP Conference Series: Materials Science and Engineering (2017) 245(3) vol. 
245, ISSN 1757-899X, DOI 10.1088/1757-899X/245/3/032051, 2017. 

[3] Gwozdz-Lason M., „The cost-effective and geotechnic safely buildings on the areas with mine 
exploitation”, SGEM International Multidisciplinary Scientific GeoConference, 17 (13), 
ISSN 1314-2704, pp. 877-884, International Multidisciplinary Scientific GeoConference 
Surveying Geology and Mining Ecology Management, SGEM (2017) 17, DOI 10.5593 
/SGEM2017/13, 2017. 

[4] Gaszynski J. and Gwozdz-Lason M., „Numerical models of the reinforced soil”, Proceedings of 
the 16th International Conference on Soil Mechanics and Geotechnical Engineering 
(16ICSMGE), Osaka, Japan, pp. 799-802, ISBN 978-90-5966-027-4: Geotechnology in 
Harmony with the Global Environment (2005) 2, 2005   

[5] Gwóźdź–Lasoń M., „Badanie i analiza ZEI – Zerowego Etapu Inwestycji, określającego 
nosnosc podloza gruntowego jako atrybutu mającego wplyw na wartosc calej inwestycji 
budowlanej i determinującego istotne czynniki wpływające na strategiczne podejmowanie 
decyzji managerskich” = „The study and analysis of the zero stage investment, determining 
the bearing capacity of the ground as an attribute that affects the value of all construction 
project and determining very important factors affecting the strategic managerial 
decisionmaking”, Chapter no 11 a scientific monograph titled „Zarządzanie 
przedsiębiorstwem w zmiennym otoczeniu w kontekście zrównoważonego rozwoju” = “The 
operation management in the context of well - balanced development”, pp. 179-198, ISBN 
978-83-65374-09-7,https://issuu.com/exante-
monografie/docs/monografia_zarz__dzanie_przedsi__bi?e=25248209/36532970 , 2016  

[6] Gwozdz-Lason M., „Trans-disciplinary Concept of Geotechnical Slope Stability Design” 
Geotechnics of Roads and Railways: proceedings of the 15th Danube - European Conference 
on Geotechnical Engineering, 9-11 September 2014, Vienna, Austria, (DECGE 2014), pp 
373-382, ISBN 978-3-902593-01-6,  2014 

[7] Gwóźdź R., Gwóźdź-Lasoń M., Lach K. and Urbański A., „Podstawy projektowania 
geotechnicznego: wprowadzenie do nowych technologii w geotechni praca zbiorowa” = 
„The Geotechnical Design: an introduction to new technologies in geotechnics: collective 
work” Politechnika Krakowska ISBN: 978-83-7242-924-7, 2016 

[8] Gwozdz–Lason M., “How calculate the impact of geotechnical condition of plot with 
commercial use on market value this type of real estate,” Geotechnical Challenges in 
Megacities, GeoMos2010 Volume 3, pp. 1186-1190, Proceedings of the International 
Geotechnical Conference: Geotechnical challenges in megacities, Moscow, Russia, 2010. 

[9] Gwóźdź – Lasoń M., „Odpady kopalniane jako wytrzymały grunt antropogeniczny 
wykorzystywany w nowoczesnych konstrukcjach geotechnicznych” =  „The anthropogenic 
ground come from mining wastes used in modern geotechnical structures”, Journal ICI 
World of Journals, Inżynieria Bezpieczeństwa Obiektów Antropogenicznych, 5 (1 i 2), 
ISSN: 2450-1859 and ISSN: 2450-8721, 2018 

[10] Kozlowski M., Kadela M. and Gwóźdź–Lason M., “Numerical fracture analysis of foamed 
concrete beam using XFEM method”, Applied Mechanics and Materials, Vol. 837, pp. 183-
186, ISSN: 1662-7482, Trends in Statics and Dynamics of Constructions II,  Switzerlan, 



WMCAUS 2018

IOP Conf. Series: Materials Science and Engineering 471 (2019) 092039

IOP Publishing

doi:10.1088/1757-899X/471/9/092039

9

 
 
 
 
 
 

 

ISBN 978-3-0357-0008-4 (eBook), DOI 10.4028/www.scientific.net/AMM.837.18, 2016 
[11] Gwóźdź-Lasoń M., “Technologia BIM w projektowaniu geotechnicznym” = “BIM technology 

in the geotechnic design”, Chaper nr 8 in book Gwóźdź R., Gwóźdź-Lasoń M., Lach K. and 
Urbański A., „Podstawy projektowania geotechnicznego: wprowadzenie do nowych 
technologii w geotechni praca zbiorowa” = „The Geotechnical Design: an introduction to 
new technologies in geotechnics: collective work” Politechnika Krakowska ISBN: 978-83-
7242-924-7, pp. 216-230, 2016 

[12] Gwóźdź-Lasoń M., “Modele obliczeniowe podłoża gruntowego w aspekcie różnych metod i 
technologii wzmocnieni - praca doktorska” = “Numerical models of the subsoil reinforced 
by different kind of methods and technology - doctoral thesis”, ISSN 0033-2038, 
Politechnika Krakowska, Kraków, 2007;  

[13] Gwóźdź–Lasoń M., Miklaszewicz S. and Pujer K., “Unia Europejska i strefa euro : 
doświadczenia i wyzwania ekonomiczne, techniczne, inżynieryjne : monografia” = “The 
European Union and the euro area: experiences and challenges economic, technical, 
engineering: monograph”, Wydaw. Exante, Wrocław, ISBN 978-83-65690-24-1 (wersja 
elektroniczna), ISBN 978-83-65690-25-8 (wersja papierowa), 2017 

[14] Gwóźdź–Lasoń M., “Parametry podłoża gruntowego w kontekście jego przeznaczenia w 
miejscowych planach zagospodarowania przestrzennego” = “The geotechnical parameters of 
the subsoil in view of purpose of plot of land in the land development plan”, Górnictwo i 
Geoinżynieria: Kwartalnik AGH, 2011, R. 35, z. 2, 2012, pp. 277-284, ISSN 1732-6702, 
2012  

[15] Gwóźdź-Lasoń M., „Inwestycje budowlane na terenach osuwiskowych – analiza przyczynowo-
skutkowa powstawania uszkodzeń w budynkach podczas wykonywania prac związanych z 
modernizacją sąsiedniej inwestycji” = „ Building investments on landslide areas – cause-
and-effect analysis of occurrence of damage in buildings during works connected with 
modernization of an adjacent investment” Przegląd Budowlany nr 9, pp. 25-32, ISSN 0033-
2038, 2016 

[16] Kadela M., Gwóźdź–Lasoń M. and Dudko-Pawlowska I., „Parametry geotechniczne wybranych 
odpadów kopalnianych i hutniczych” = „The use of mining waste and metallurgical with 
defined parameters on selected examples”, Zeszyty Naukowe Instytutu Gospodarki 
Surowcami Mineralnymi i Energią Polskiej Akademii Nauk nr 94, ISSN 2080-0819, pp. 
229-242, 2016 

[17] Kadela M., Chomacki L., „Influence of soil type on the stresses in the building structure in face 
of mining exploitation”, Proceedings of the 11th International Conference on New Trends in 
Statics and Dynamics of Buildings, October 03-04, 2013 Bratislava, Slovakia Slovak 
University of Technology in Bratislava, pp.81-88, ISBN:978 80 227 4040-1, 2013 

[18] Kadela M., Chomacki L.: Loads from Compressive Strain Caused by Mining Activity 
Illustrated with the Example of Two Buildings in Silesia. Elsevier, IOP Conference Series-
Materials Science and Engineering, World Multidisciplinary Civil Engineering-Architecture-
Urban Planning Symposium 2017, WMCAUS 2017, Vol. 245, 2017, WoS, DOI: 
10.1088/1757-899X/245/3/032018  

[19] Fedorowicz L., Kadela M.: Recreation of Small Strains Phenomenon under Pavement Structure 
and Consequences of Failure to Address It. Elsevier, IOP Conference Series-Materials 
Science and Engineering, World Multidisciplinary Civil Engineering-Architecture-Urban 
Planning Symposium 2017, WMCAUS 2017, Vol. 245, 2017, WoS, DOI: 10.1088/1757-
899X/245/3/032018 

 


