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ANALYSIS OF WALL STRUCTURES SUBJECTED 
TO MINING DISCONTINUOUS DEFORMATIONS 

The paper presents a simplified methodology for the analysis of static building 
construction longwall when within the horizontal projection of the foundation can 
find a local threshold or a fault area. It shows the formulation of the basic assump-
tions of work and provides theoretical considerations leading to the determination 
of additional load rigid structure located above the gap. Then formulated a way 
that the separation of the designated load spatial body of the building on each side 
of the building. The results were confronted with the results of the analyzes of nu-
merical aspects of behavior of buildings on the emerging facet of land in the form 
of a threshold. Analyzed the structures of rigid construction, constructed in accord-
ance with the principles set out in the guidelines. The analysis was performed by 
MES with the program Abaqus and the Robot program. It adopted with the as-
sumption that the fault coverage will not exceed the defined work called. critical 
distance. In the construction of the model surface mining in addition to the model 
of linear-elastic and model Winkler's used for substrates simplest models of the 
material elastic-plastic - model of the surface of plasticity in the form of a condi-
tion Coulomb-Mohr and Drucker-Prager, and model the mechanics of the critical 
state of Modified-Cam-Clay. 

Keywords: Influences mining, buildings in mining area, numerical analysis, con-
stitutive models of soil, Modified Cam-Clay 

1. Introduction 

Mining, irrespectively of the pace and depth, always exerts negative impact 
on the land development. Loads of buildings caused with such impacts differ in 
character, direction, range of action and frequency of occurrence from loads to 
which buildings are designed in steady areas. Deforming ground base generally 
causes creation of additional internal forces in the building, resulting mainly 
from ground friction against the foundations or its pressure onto vertical ele-
ments of the building plunged into soil, influence of various vertical and hori-
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zontal displacements of the soil and inclination of the land. While considering 
the problems of housing construction on mining areas one mainly thinks of de-
signing new buildings and adapting such buildings to the expected land defor-
mations already in the designing phase. However, the impact of mining onto the 
existing buildings is an equally important and broad issue concerning the hous-
ing construction on mining areas. Mining of shallowly-seated deposits or inten-
sive mining may cause occurrence of local disorders of land surface continuity 
in a form of for example thresholds, slits, stepped parts or craters (Fig. 1). Such 
phenomena affect mainly all land which is unfavourably "geologically condi-
tioned" for example areas of outcrops and natural tectonic subsidence when 
there is threat that subsequent exploitation will naturally start processes of rock 
layers sliding or cause flow of underground waters to old excavation sites. 

 

 

Fig. 1. Types of deformation of the discontinuous surface a) sink hole, b) funnel, 
c) gap, d) and e) ground braces, f) local sink 

Rys. 1. Rodzaje deformacji nieciągłych powierzchni terenu, a) zapadlisko, b) lej, 
c) szczelina, d) i e) progi, f) zapadlisko lokalne 

Taking into account the possibility of protecting the building object against 
the occurrence of a state threatening the safety of users we have to eliminate cat-
astrophic-like deformations such as craters or landslides of several meters 
depths. Nevertheless, it seems that such cases were always connected with erro-
neous exploitation and overexploitation of deposits. 

Still, there are some areas where thresholds and stepped parts are the only 
form of local deformations. They are usually the consequence of subsequent ex-
ploitation which as a result of the existing, appropriate geological conditions 
starts the processes of for example removal of affected rock formations or flow 
of underground water to old goafs. Then, if there is a risk of creation of stepped 
parts or thresholds on the surface, running within the reach of buildings location, 
one must consider the manner of their protection. In Polish literature there are no 
elaborations dealing with such issue. Some special cases of the impact of discon-
tinuous deformations on specially protected masonry buildings are considered in 
works [1-5]. Short elaborations appearing from time to time in technical litera-
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ture usually refer to the existing specific situations of threat to buildings with 
land discontinuity and handle the analysis of possibilities to save the endangered 
building structure and its repair. As an example, work published in 1990 by 
Sachs [8] mentions only the problem of forecasting possible landslide defor-
mations in the mining areas. The indications concerning the manner of assessing 
internal forces in buildings founded on areas with discontinuous deformations 
are included only in Russian [10] and Ukrainian [11] publications. 

This work includes a certain, simplified methodology, previously presented 
in works [1-5], of conducting static analysis of wall-structure buildings in situa-
tion when a local threshold or stepped parts can be found within the horizontal 
projection of their foundations [6] - as shown in Fig. 2. The formulation of basic 
work assumptions was presented as well as some theoretical considerations were 
given that allow defining additional loads of a rigid building to be found over the 
stepped part. Next, the manner of distributing the specified load of building's 
spatial block onto particular walls of the building was presented. 

 

 

Fig. 2. Scheme of the analyzed case of the building's position 
on the stepped 

Rys. 2. Schemat analizowanego przypadku położenia budynku 
nad uskokiem 

The final part of the work was devoted to the presentation of numeric calcu-
lations on FEM models of the structure-subsoil system, both the simplest ones 
defined with linear and elastic model (e) or with the use of parametric Winkler's 
base, as well as the advanced ones - physically non-linear where the base was 
modelled with the use of the following models: Coulomb-Mohr (C-M), Drucker-
Prager (D-P) and Modified Cam-Clay (MCC). The received results of numerical 
calculations in the form of stress diagrams for the structure were compared with 
values reached on the basis of the presented models. Finally, conclusions were 
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formed allowing to the use of information included herein when designing the 
wall structure in conditions of possible occurrence of discontinuous area defor-
mations. 

2. Analysis assumptions 

The following initial assumptions were considered herein: 
• analysis is performed of wall-structure buildings, designed as rigid according 

to designing guidelines [7,9], 
• buildings threatened with occurrence of discontinuous deformations within 

the horizontal projection such as threshold or stepped part may be protected in 
a manner enabling to users safe transfer of loads by the structure, 

• the direction of edges of possible stepped part (threshold) is defined within the 
permitted error as a result for example of geological conditions. Real parallel 
position of stepped part edges has a random character, though. Moreover, it is 
expected, that the position shall not exceed the so called critical position of 
the stepped part, 

• the subsoil model shall be linear elastic one parameterized with the vertical 
elasticity coefficient Co [7, 9]. 

 
Numerical analysis herein was conducted with the following assumptions: 

• the length of the stepped part edge lu (Fig. 2) is large enough to analyse the 
behaviour of subsoil as in the task of the state of the plain strain (PSO), 

• the range of the stepped part lk (Fig. 2) does not exceed the so called "critical 
value" adopted herein, and the height of the stepped part hu is sufficient for 
the part of the building, with the specific value lk, to "hang" over the stepped 
part, without the contact with subsoil, 

• the structure is modelled as a substitute full block made of linear elastic mate-
rial (e) in flatwise of the state tensile strength (PSN) or the state of the plain 
strain (PSO) with specified stiffness defined with the elastic material parame-
ter Eb, 

• in the structure there is analysis of extreme generalized crosscutting forces 
(bending moments Mzg and lateral forces Qb) indicated on the basis of distri-
bution of horizontal stress state σ11 and shear stress σ12 (and their change over 
the structure length) as well as deformation of the structure, 

• load of the structure constitutes dead weight and payload (eg. shown in Fig. 2) 
and in all analyzed cases is assumed as unchanged, 

• the appearance of the stepped part in non-linear tasks is modelled through 
gradual removal of particular finite elements or finite elements groups) in the 
calculation model during the analysis, in separate incremental step, upon 
completion of the process of its loading, 

• in order to eliminate the impact on internal forces of minor subsoil thrust 
forces during deformation of the structure in the initial phase of numerical 
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analysis, firstly, finite elements are removed along vertical sides of the deep-
ened structure. 

The applied term: "critical position of the stepped part" shall be understood 
as the final possible position of the stepped part edge, where the building shall 
"hang" over the stepped part, without the occurrence of rotation as a rigid block 
(Fig. 2). 

3. Formulation of the problem and its analytical solution 

Let's analyze any horizontal projection of the building, described in a global 
coordinate system (x,y,z) – Fig. 3. Let's assume that the resultant Q of building 
loads - dead weight and payload is located in point Γ (∆x,∆y). Let's assume posi-
tion of the stepped part edge lu described with distance lk from the beginning of 
the coordinate system (x,y,z) and angle  ψ, included between line lk perpendicu-
lar to line lu and axis Ox. Let the stepped part edge lu divide the building's hori-
zontal projection area into two parts: F1 – part deprived of contact with subsoil 
and F2 – intermediating in transferring load Q to subsoil. 

 

 

Fig. 3. System of forces load and load balancing operation structure Q  

Rys. 3. Układ sił obciążenia i równoważących działanie obciążenia budowli Q 

Let's choose any point O1(xs,ys) in part F2 as the beginning of new coordi-
nate system (x1,y1,z1) parallel to system (x,y,z). Assuming that the building is 
a rigid block, the linear elastic impact of subsoil may be approximately de-
scribed in system (x1,y1,z1) with equation: 

 cybxayxz +⋅+⋅= 11111 ),(σ  (1)
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Assuming that the rotation of the building in the placement plane (round ax-
is Oz1) is marginal and does not have an impact on changing additional building 
forces, the general conditions of the building - subsoil system balance may be 
written (Fig. 3): 
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Based on the analysis of system solution form (2) it results that if point 
O1(xs,ys) is the centre of gravity of field F2, and the coordinate system (x1,y1,z1) 
covers the main central coordinate system (xo,yo,zo) for the part of foundation 
projection of field F2 then solution (2) shall have the following form: 
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where:  
)2()2( , yoxo JJ  – the moments of inertia of field F2 with respect to the main cen-

tral axis of the coordinate system (xo,O1,yo,), 
∆xo, ∆yo – coordinates defining the position of the resultant load Q in the 
main central coordinate system (xo,O1,yo,). 

Then, the equation of the subsoil resistance (1) written in the main central 
coordinate system (xo,O1,yo,) shall have the following form: 
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It can be observed that expression (4) has an analogous form to the expres-
sion describing the distribution of stress in the cross section of the bar com-
pressed eccentrically. Thus, the expression in the formula bracket (4) defines in 
the main central coordinate system (xo,O1,yo,) the equation of line along which 
the elastic subsoil resistance ),( oozo yxσ is equal zero. 

From the presented solution we reckon that for the set direction ψ of the 
stepped part, a maximum distance lk of the stepped part may be defined that cor-
responds to critical position of the stepped part at which under the building 
"hanging" over the stepped part the foundation is not detaching from the subsoil 
yet. Having settled the critical location of the stepped part on the basis of de-
pendencies (4), though, the full load may be indicated of a building treated as 
a rigid block, resulting from the appearance of the stepped part. Distributing, on 
the basis of balance conditions, the indicated load of the building onto particular 
walls we can define load of each wall independently. 

4. Example illustrating indication of forces in the building 
located over the stepped part 

Let's analyze any horizontal projection of the building, described in a global 
coordinate system (x,y,z) – Fig. 3. Let's assume that the resultant Q of building 
loads -  dead weight and payload is located in point  Γ (∆x,∆y). Let's assume posi-
tion of the stepped part edge lu described with distance lk from the beginning of 
the coordinate system (x,y,z) and angle  ψ, included between line lk perpendicu-
lar to line lu and axis Ox. Let the stepped part edge lu divide the building's hori-
zontal projection area into two parts: F1 – part deprived of contact with subsoil 
and F2 – intermediating in transferring load Q to subsoil. 

We indicate load of building created of four walls with geometry shown in 
Fig. 4 at occurrence of the stepped part of value lk critical at angle ψ=0o. For cal-
culations, the average pressure of building's foundations onto ground was as-
sumed at the level σz=100 kPa. With the given foundations projection geometry 
the vertical elasticity coefficient in acc. with [7, 9] is constant and amounts to 
Co=0.72Eo where Eo – primary ground deformation module, and the corrected 
horizontal projection of foundations is identical to the actual projection. 
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Fig. 4. Scheme of horizontal projection and calculated load of the building 

Rys. 4. Schemat rzutu poziomego i wyznaczone obciążenie budynku 
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Fig. 5. Distribution of mining load on individual walls of a building 

Rys. 5. Rozdział obciążenia górniczego na poszczególne ściany budynku 

Next, having divided the analysed 3D spatial arrangement into particular 
walls (Fig. 5), from the balance conditions we receive loads of particular walls 
amounting to: Q1= Q2=1100 kN, QA= QB=900 kN, X1= 337.34 kN, X2=450 kN. 
In the detailed analysis of particular building walls the indicated loads Xi , depend-
ing on the particular walls measurements proportions and intensity of perforation 
with window or door openings, may be distributed in height for example in 
a manner suggested in [7, 9]. The details of such distribution are shown in Fig. 5. 
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5. Numerical model of the structure - subsoil and chosen 
analysis results 

The building loads indicated in the previous chapter were compared with 
values achieved in numerical analysis with the use of FEM and elastic and non-
elastic subsoil models. 

The geometry of the calculation model was shown in Fig. 6. The calculation 
model was built through placing a discrete FEM grid composed of square and 
triangular elements, concentrated in areas of expected increased component gra-
dients of the stress condition.  

 

 

Fig. 6. The geometry of the numerical model of the construction-subsoil 

Rys. 6. Geometria modelu obliczeniowego układu budowla-podłoże gruntowe 

The character of the discrete grid was shown in Fig. 7. There, on subse-
quent model fragments: s-1, s-2, s-3, s-4 the simulation course was schematical-
ly shown how the landslide appears under the structure in the calculation model. 
The building was modelled as uniform block of height H=2.0m, described with 
elastic material of parameters Eb=3.4·107 kPa and ν=0.167. The structure model 
load was assumed on the basis of actual engineering design equal to:  
qo=158 kN/m2, q1=140.1 kN/m2, q2=62.3 kN/m2 and the specific gravity of the 
structure material was assumed γ=25 kN/m3. 
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Fig. 7. Discrete mesh and the order of the removal of finite element in the simulation of the for-
mation of landslides  

Rys. 7. Siatka modelu obliczeniowego oraz kolejność usuwania elementów skończonych w symu-
lacji powstawania usuwiska 

As mentioned in the introduction, the subsoil was modelled with the use of 
different constitutive models, apart from the linear elastic one (e), also non-linea: 
Coulomb-Mohr (C-M), Drucker-Prager (D-P) and Modified Cam-Clay (MCC). 
The values of of material parameters adopted in the analysis as well as designa-
tions of particular model are included in table 1. In calculations it was assumed 
that the mining area stepped part will take place in the distance lk=11.2m – 
Fig. 6. 

In the following Figures 8 to 10, the distribution of horizontal stress was 
presented achieved in numerical calculations in the upper extreme horizontal 
cross-section of the building for particular variants of the model differing in the 
adopted material models, in comparison to the analytical solution. Designations 
identifying particular curves of diagrams are included in tab. 1 

On the basis of achieved results of numerical analyses it may be assumed 
that the building stress may be estimated on the basis of the suggested analytical 
method to solve the problem if the achieved results based on (4) are reduced by 
about 15-25% which corresponds to values of all internal forces, displacements 
and deformations multiplied by the reduction coefficient α=(0.75÷0.85) – as 
shown in Fig. 8 to 10. 
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Table 1. Accepted material parameters used for constitutive models of the subsoil 

Tabela 1. Przyjęte parametry materiałowe dla zastosowanych modeli konstytutywnych podłoża 
gruntowego 

Marking on 
fig. 8-10 

Subsoil 
model φ [o] c [kPa] lk [m] ν Ebud 

[kPa] 
Egr 

[MPa] 

(e)-a (e) Solution of the cantilever length lk=8.60 m or lk=11.20 m subjected to 
distributed load qo, q1 i q2 from fig. 6. 

(e)-b (e) Solution of the rigid beam loaded of subsoil reactions according to (4) 
for lk=11.20 m and distributed load:  qo, q1 i q2 from fig. 6. 

(e)-1 (e) - - 

11.20 0.30 3.24·107 

20 
(e)-2 (e) - - 50 
(e)-3 (e) - - 100 

(D-P)-1 (D-P) 30 5 50 
(D-P)-2 (D-P) 40 5 50 
(D-P)-3 (D-P) 30 5 100 
(D-P)-4 (D-P) 40 5 100 

(C-M)-18 (C-M) 20 50 20 
(C-M)-19 (C-M) 20 100 20 
(C-M)-20 (C-M) 40 5 50 
(C-M)-21 (C-M) 20 50 60 
(C-M)-22 (C-M) 20 100 60 
(C-M)-23 (C-M) 40 5 100 

(mcc)-5 (MCC) 30 ecs=1.788,  κ=0.0074, 
λ=0.066, M=1.2, 
Ko

(NC)=1-sin(φ i ), 

11.20 0.30 q*=50 kPa, Ko
(OC) -

according to Wroth‘s 
eq. , γ=20 kN/m3, 

  
 

 

Fig. 8. Subsoil model (e), lk=11.2m – change the horizontal normal 
stress in the upper end horizontal section through the building 

Rys. 8. Model podłoża (e), lk =11.2m  – zmiana poziomego naprężenia 
normalnego w górnym skrajnym poziomym przekroju przez budowlę 
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Fig. 9. Subsoil model (D-P), lk=11.2m – change the horizontal normal stress in the upper end hori-
zontal section through the building 

Rys. 9. Model (D-P), lk =11.2m – zmiana poziomego naprężenia normalnego w górnym skrajnym 
poziomym przekroju przez budowlę 

 

Fig. 10. Subsoil model (MCC), lk = 11.2m – change the horizontal normal stress in the upper end 
horizontal section through the building 

Rys. 10. Model (MCC), lk =11.2m – zmiana poziomego naprężenia normalnego w górnym skraj-
nym poziomym przekroju przez budowlę 
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6. Numerical model of the structure on elastic parametric 
subsoil and chosen analysis results 

The last model presented in the work is a simplified, engineering model 
of the analysed structure in which the subsoil is represented with a parametric 
linear elastic Winkler's model (Fig. 11) of several different stiffnesses resulting 
from the adopted ground deformation modules specified in Fig. 12. The calcula-
tions were made in FEM with the use of program Robot. 

 

 

Fig. 11. Diagram of a simplified FEM model in the program ROBOT 

Rys. 11. Schemat uproszczonego modelu MES w programie ROBOT 

Figure 12 presents the numerical calculation-based distribution of horizon-
tal stress in upper fibres of the analyzed wall for length of the stepped part 
lk=11.2m and for different parameters of subsoil stiffness. 

 

 

Fig. 12. Winkler subsoil model - change the horizontal normal stress in the upper 
end horizontal section through the building 

Rys. 12. Model podłoża Winklera – zmiana poziomego naprężenia normalnego 
w górnym skrajnym poziomym przekroju przez budowlę 
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7. Summary 

Following the analysis of achieved results, it stems out that the values of 
horizontal normal stress received on the basis of a solution of the building treat-
ed as a rigid block (analytical solution) are greater than the values received on 
the basis of numerical solutions by about 10-25%. Nevertheless, the values of 
horizontal normal stress indicated on the basis of elementary support diagram 
of the building are lower from the proper values resulting from the numerical 
calculations. 

On the basis of the analysis of values of internal forces for the elastic solu-
tion it results that the stiffness adopted in the calculations of the elements repre-
senting the building, compared to the ground stiffness is so large that its further 
increasing does not significantly change the solution (Fig. 8). It may also be ob-
served that stress of the building changes for the adopted subsoil model depend-
ing on the value of its material parameters only in the defined, slight scope.  

Lower values of normal stress achieved in numerical analyses may be inter-
preted as a result of more accurate model both of the structure as well as the 
ground model, additionally considering in the second case the inelastic proper-
ties of the subsoil. 
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ANALIZA KONSTRUKCJI ŚCIANOWYCH NARA ŻONYCH NA 
WPŁYW NIECI ĄGŁYCH DEFORMACJI GÓRNICZYCH 

S t r e s z c z e n i e 

W pracy przedstawiono uproszczoną metodykę przeprowadzania analizy statycznej budyn-
ków o konstrukcji ścianowej w sytuacji, gdy w obrębie rzutu poziomego ich fundamentów może 
znaleźć się lokalny próg lub uskok terenu. Przedstawiono sformułowanie podstawowych założeń 
pracy oraz podano rozważania teoretyczne prowadzące do określania dodatkowego obciążenia 
budowli sztywnej znajdującej się nad uskokiem. Następnie sformułowano sposób pozwalający na 
rozdzielenie wyznaczonego obciążenia przestrzennej bryły budynku na poszczególne ściany bu-
dynku. Uzyskane rezultaty skonfrontowano z wynikami przeprowadzonych analiz numerycznych 
zagadnienia zachowania się budowli nad powstającym uskokiem terenu w postaci progu. Analizie 
poddano budowle o konstrukcji sztywnej, skonstruowane zgodnie z zasadami podanymi w wy-
tycznych. Analizę przeprowadzono metodą MES przy pomocy programu Abaqus oraz programu 
Robot. Przyjęto przy tym założenie, że zasięg uskoku nie przekroczy zdefiniowanej w pracy tzw. 
odległości krytycznej. W budowie modelu podłoża górniczego oprócz modelu liniowo-sprężystego 
oraz modelu Winklera wykorzystano dla podłoża najprostsze modele materiału sprężysto-
plastycznego – model z powierzchnią plastyczności w postaci warunku Coulomba-Mohra oraz 
Druckera-Pragera, a także model mechaniki stanu krytycznego Modified-Cam-Clay. 
 
Słowa kluczowe: wpływy górnicze, budynki na terenie górniczym, analizy numeryczne, modele 
konstytutywne gruntu, Modified Cam-Clay 
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