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ABSTRACT: The use of sites over old or active mining regions or with natural openings in the ground includes an elevated technical risk, as constructions can be
constrained due to unplanned deformations of the subsoil. Typical failure modes include pothole subsidence or earthfalls, when failing soil masses are displaced and
loosened stepwise toward a collapsing opening in the ground. The displacement process continues until a stable static equilibrium is reached and a further propaga-
tion of displacements is prevented. To determine the failure probability on a given site due to pothole subsidence, an efficient computational prognosis method for the
practical estimation of the expected subsidence volume is required and proposed that is based on simple geotechnical assumptions.
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PE3IOME: 3non3saHeTo Ha TepeHu, pasnonoXeri Haj cTapy unu AeicTBalLyM PyaHWLM UK TakvBa C eCTECTBEHU OTBOPM Ha NOBBPXHOCTTA Npeanonara nosuiLeH
TeXHU4eckn puck. CTpouTencToto Moxe Aa 6bAe Bb3NPensTCTBAHO NOpagu HennaHupaxu gedopmaunmn Ha rpyHToBus cnoi. ObuyaiHuTe HauMHU Ha NponajaHe
BKITIOYBAT MpoNafaHe Ha 0TBOPa B FOPHWLLETO Ha MynaaTa Unm nosiBa Ha CpyTuWLa, MpW KOUTO MNacToBe 3eMHa Maca ce [eopMupaT 1 NOCTENEHHO Ce M3MECT-
BaT, MPUABWXBaIiKM Ce KbM 0BpyLuBaLy ce oTeop. MpoLechT Ha NponaaaHe NpoAbkasa, AOKATO Ce AOCTUTHE CTAabWUIHO CTaTUYHO paBHOBECHE U Ce NPeaoTBpaTh
Mo-HaTaTLLHOTO Pa3npocTpaHeHne Ha fedopmauute. 3a fa ce Onpefeny BeposTHOCTTa 3a NOAfABaHE Ha fjafieH y4acTbK B pe3ynTaT OT NponajaHe Ha 0TBopa
Ha MynpaTta, e HeobxoaMMo Aa ce NPeanoXv epekTUBEH U3HMCTIMTENEH NPOTHOCTUYEH METOL, 3a NPaKTUYECKOTO M3UMCIIEHMe Ha 04aKBaHUS 06eM, Ha cnisraHe.

KniouoBwn aymu: Mynaa, crisiraHe, 0TBOp B FOPHULLETO, AeopMaLys, NPOrHO3a, LMdpOB METOA

Introduction

The use of sites over old or active mining regions or of sites
with natural openings in the ground includes an elevated tech-
nical risk, as constructions can be constrained due to un-
planned deformations of the subsoil. Typical failure modes
include pothole subsidence or earthfalls, when failing soil
masses are displaced and loosened stepwise toward a collaps-
ing opening in the ground. The displacement process contin-
ues until a stable static equilibrium is reached and a further
propagation of displacements is prevented.

To determine the failure probability on a given site due to
pothole subsidence, an efficient computational prognosis
method for the practical estimation of the expected subsidence
volume is required and proposed that is based on simple ge-
otechnical assumptions. In computational methods for potential
pothole subsidence analysis, the emphasis is not on the time
required until a failure happens but on the development of a
static equilibrium stopping a further extension of the failure
zone.

Computational pothole subsidence analysis

The different theoretical approaches proposed for the com-
putational pothole subsidence analysis have been categorized
by Fenk et al. (2004) into failure volume balance methods,
force equilibrium methods, arch failure methods, and complex
methods. The practical application of computational methods
for pothole subsidence analysis proves to be difficult, as infor-
mation on the structure of the ground and on the spatial distri-
bution of material specific parameters is limited and an addi-
tional geotechnical ground prospection is often not feasible.

In the mechanical process of a pothole subsidence, the
tensile strength of the material in the subsoil has very high
importance. The driving force behind the failure mechanism is
given by the gravity forces directed vertically downwards.
During the extension of a pothole failure zone, sequential
partial failures take place. After a partial failure, the occurring
changes in the stress state are temporarily supported by the
neighbouring subsoil regions for a certain time period, but the
extension of the pothole failure zone probably slowly continues
until a stable static and volumetric equilibrium is reached.
These assumptions are backed by the common field experi-
ence that pothole failures typically take several decades to
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centuries to develop and reach the ground surface.
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Fig. 1. Pothole surface subsidence concept

The very simple and robust theoretical concept of the failure
volume balance method (FVBM) can be seen in Figure 1. In an
artificial or natural void space with the height of h and inclina-
tion a, a local failure takes place on the roof over a length of ao.
The void space is filled by failing masses in the subsoil over
the failure zone in the roof, where the initial volume Vi devel-
ops with a typical bulk friction angle ¢. In the subsoil, a failure
zone with the volume of Vcand Vi develops towards the ground
surface. If the ground surface has been reached by the failure
mechanism and a static equilibrium has not been reached, an
additional surface failure volume Vs must be included into the
volumetric balance. During the failure process, the moving and
failing masses with the volume Ve, Vit and eventually Vs, the
volume is increased with a material specific loosening factor s.
The theoretical concept of the failure volume balance method
(FSVM) is based on the governing volume conservation equa-
tion

VitV +V,=s(V,+ V. +V,), .

Re-formulating the governing equation of volume conserva-
tion for the volume Vs of the pothole subsidence failure on the
ground surface, the equation takes the form

v, =

;| -

Vi + Vo4 V) - (V4 V), @ =0,

Re-arranging the terms for the condition that the volume of
surface failure vanishes Vs=0, an equation for the minimum
height of the subsoil overburden tmin can be derived, when no
subsidence volume is expected to appear on the ground sur-
face

Vilta) =~ = V., ]

The simple theoretical framework of the failure volume bal-
ance method (FVBM) uses only the failure length of ao in the
void space roof, the inclination a and height h of the void
space, the typical bulk friction angle @ in the subsoil, the loos-
ening factor s, and the geometrical configuration of the failure
as its input parameters.

Depending on the regarded plane or spatial geometrical
configuration, different analytical concepts for the mathematical
formulation of the initial failure zone in the failing void space Vh
and for the volume in the failing subsoil Vc and Vi have been
proposed by Meier et al. (2005) and Taméaskovics et al. (2017).

From information on the void space configuration, subsoil
height over the failing void space, and observed failure vol-
umes on the ground surface, the specific parameters of the
missing material can be estimated with back calculation. With
the small number of process parameters, the robustness of the
method increases, since the input values can be determined
with higher accuracy.
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Pothole mine subsidence - horizontal and inclined mine configuration - phi=25[degree] - s=1.30[1] - a0=2.0[m] - h=2.0[m]
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Fig. 2. Computational pothole surface subsidence prognosis

Practical application

For a practical three-dimensional case, a computational
pothole mine subsidence analysis has been carried out. The
friction angle for the bulk mass in the primary volume with a
failing roof extension of a0=2.0 m and a height of h=2.0 m has
been assumed with =25°. The loosening factor for the failing
volume in the subsoil with a half ellipsoid form over the primary
volume with a cone frustum form has been introduced with
s=1.3 [1]. The inclination of the failing void space was as-
sumed with a=0° and a=10°.

The computational results can be seen in Figure 2. With low
values for the height of the overburden t over the failing void
space, a positive volume for the pothole subsidence on the
ground surface Vs is calculated. Negative values mean no
volume subsidence on the ground surface. The short computa-
tional analysis example clearly shows the great advantage and
potential of the failure volume balance method (FSVM) for
practical applications.

Summary and conclusions

Technical risk is involved in the use of sites that are either
over old or active mining regions or are with natural openings
in the ground, since unplanned deformations of the subsoil can
lead to constraints in the constructions. The failure modes
include pothole subsidence or earthfalls, when failing soil
masses are displaced and loosened stepwise toward a collaps-
ing opening in the ground. The process continues until a stable
static equilibrium is reached and a further propagation of dis-
placements is prevented.

To determine the failure probability on a given site due to
pothole subsidence, it is necessary to estimate the expected
subsidence volume; for this purpose, an efficient computational
prognosis method is proposed that is based on simple ge-
otechnical assumptions. In computational methods for potential
pothole subsidence analysis, the emphasis is not on the time
required until a failure happens but on the development of a
static equilibrium that stops the further extension of the failure
zone.

The simple theoretical framework of the failure volume bal-
ance method (FVBM) uses only the failure length of ao in the
void space roof, the inclination a and height h of the void
space, the typical bulk friction angle @ in the subsoail, the loos-
ening factor s, and the geometrical configuration of the failure
as its input parameters. With the small number of process
parameters, the robustness of the method increases, since the
input values can be determined with higher accuracy.
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