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Introduction

Underground mining of the deposits upsets the rock mass balance and causes the
rocks to move from the surroundings of the selected deposit towards the void created
after the mining operations have been terminated [1, 2]. These phenomena are known
to commonly cause rock mass quakes and changes in water conditions. Depending on
the geological and mining conditions and the deposit mining system, destruction zones
tend to form above the mined deposit (characterized by caving, cracking and deflec-
tion), which most often occur in various combinations [2]. In the vicinity of communi-
cation objects such as highways and expressways, in such cases deformations in the
form of land depression, horizontal deformations, slopes and curvatures should be
taken into account. This type of deformation can cause mining damage, which can re-
sult in the road being out of service. In the case of other engineering structures, includ-
ing bridges, one should take into account that mining damage may have an impact on
the occurrence of significant damage, among others: changes in height and situational
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position of supports, the creation of additional compressive, tensile, torsional stresses,
tilting of supports in the direction of the axis longitudinal object, changing the length
of the spans, or tilting the supports in a direction perpendicular to the longitudinal axis
causing the support structure to twist [3].

1. General information on mining deformations of the terrain surface

The deflection of rocks in the shape of a basin moves through the rock mass towards
the surface of the ground, acting on elements of the traffic infrastructure. The ele-
ments which shape the influence of underground mining on the ground surface within
the borders of the road strip are presented schematically in Figure 1 according to [1,
4]. The influence of mining is most often considered in the aspect of emerging contin-
uous, discontinuous deformations and quakes [1, 2].
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Fig. 1. Elements shaping the influence of underground mining on the ground surface

within the limits of the road strip

Source: [1, 4].
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Continuous deformations are characterised by a gentle lowering of the ground surface
in the form of subsidence basins, the range of which goes far beyond the scope of op-
eration. A continuous basin is described by five terrain deformation indicators [2]
(Fig. 2): w — basin, T — land inclination, € — horizontal deformation, u — horizontal dis-
placement, R — curve radius. The following classification of mining areas was devel-
oped depending on the intensity of the impact of continuous deformation of the ter-
rain, depending on the limit values of deformation indices (T — land inclination, R—
curve radius, € — horizontal deformation) [1, 2, 5-8]:

—category 0: T<0.5 mm/m, |R| 240 km, |e] £0.3 mm/m,

—category 1: 0.5<T<2.5mm/m,40> |R| 220 km, 0.3< |g| £1.5 mm/m,

—category I1: 2.5<T<5mm/m, 20> |R| 212 km, 1.5< |g| £3.0 mm/m,

—category lll: 5<T<10mm/m, 12> |R| 26 km, 3 < |g] £6 mm/m,

—category IV: 10< T<15mm/m, 6> |R| 24 km, 6 < |e] £9 mm/m,

—category V: T> 15 mm/m, |R| <4 km, |g| >9 mm/m.

Category zero stands for minimum impact, whereas category V stands for maximum
impact.

A U point of the road before lowering
T ] +
TR ! .
w ! e
/" :
R Theside
T ofthe | AE== A 7
basin £
r point of the road after lowering
B B
[ deposit selected part |
o

Fig. 2. A diagram of the determined basin (profile of vertical displacements concerning
continuous deformations): w — lowering of the terrain, T — inclination of the terrain,
€ — horizontal deformation, u — horizontal displacement, R — curve radius, H — depth

of the mined deposit, g — thickness of the mined deposit, f — angle of the range
of mining influences, r — radius of the range of mining influences
Source: [2, 6].

The appearance of a basin is manifested, among others, by deformations of the road
gradient (i.e. changes in its longitudinal inclination), which in turn may imply a reduction
in the efficiency of surface drainage. Marginal reservoirs forming in roadside ditches are
an example of this negative phenomenon [1] (Fig. 3), where, after the formation of the
depression basin, the culvert is not situated at the lowest point of the ditch bottom.

Mining deformations of the terrain may lead to a change in the lateral inclination of
the roadway. In a particular case, there may be a reversal of transverse drops in the
horizontal curve area, posing a threat to the safety of road users [1] (Fig. 4).
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Fig. 3. Marginal reservoirs forming in roadside ditches in maximum land depression areas.
The case where, after the formation of the depression basin, the culvert is not situated
at the lowest point of the ditch bottom grade

Source: [1].
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Fig. 4. Cross section through a dual carriageway on a horizontal curve:
case A —increase of roadway transverse drops due to mining deformations,
case B—reversal of transverse drops due to mining deformations
Source: [1].

Discontinuous deformations [1] (Fig. 5) interrupt the continuity of the terrain surface,
including e.g. road surface [1] (Fig. 6). They take the form of crevices, fault ledges,
cracks, cave-ins, sinkholes and occur mainly with shallow mining (up to the depth of ca.
80 m according to [1]) and at significant depths of longwall mining conducted at high
speed or in multiple layers [2]. The probability of occurrence of discontinuous defor-
mations depends mainly on the thickness of the overburden [9] and, according to
E. Skrzynski [9], the highest probability of occurrence of cave-ins is expected when the
overburden thickness is lower than 25 m. As the thickness of the overburden increases to
a limit value of approx. 70 m (according to [9]), the probability of cave-ins decreases, but
the funnels formed have bigger and bigger diameters, however, usually not exceeding
10 m. Figure 7 presents a discontinuous deformation in a railway road, resulting from the
occurrence of mining damage [9]. This is characterized as a cave-in type of settlement.
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Fig. 5. Forms of discontinuous deformations:
a—funnel, b —trench, c — crevasse, d — fault, e — ledges, f — local basin
Source: [1, 7].

Fig. 6. View of damage to the road surface in the area
of discontinuous linear terrain deformations
Source: [10].

Fig. 7. Discontinuous deformation of the terrain around a railway line above mine workings.
Land settlement forming a cave-in, resulting from the occurrence of mining damage:
1 —surface area, 2 — cave-in, 3 — near-surface layer, 4 — indigenous rock, 5 — deposit,
6 — part of the rock mass filled with a caved cover
Source: [9].
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The authors of articles [1, 10] treat discontinuous deformations as a special case of
mining impact on the surface and introduce the concept of linear discontinuous sur-
face deformations. The origins of these deformations is related to the impact of multi-
ple, deep mining. This type of damage has a very negative impact on the evenness of
road or rail surface and on the safety of the users. Therefore, they require immediate
intervention, connected with limiting the speed of driving and the possibly fast shaping
of the surface or, in extreme cases, it is necessary to close a section of road or railway
line until the repair works are completed.

2. Selected problems of cooperation of structures with the mining base

The most important factors which determine the cooperation of the structure with the
mining base are [2]: uneven vertical depressions creating the terrain curvature and un-
even horizontal displacements of soil particles, which are the cause of its horizontal
deformations. Horizontal deformations of the soil may have different characteristics,
depending on the location of the mining front or the mining edge in relation to the sur-
face point. These deformations are generators of soil relaxation (crawling) or compac-
tion (creep).

Designing foundations of structures according to limit states requires the application of
partial safety factors, addressed to loads and geotechnical parameters. In the case of
mining areas, the procedure is similar — the values of characteristic deformation indi-
ces (the “k” index) and computational indices (the “d” index) are taken into account.
Two limit states are analyzed: load-bearing capacity and use. At the ultimate limit
state, the design values are expressed by the following formulas [2, 6]:

Ed = kwp Vfe Ek, (1)
Ta =y Tk, (2)
Ka = (Ra)™ = kwp vrx K, (3)

where:
R4 — terrain curvature [m™],
€4, T4, K4 — design values of deformation indices,
&k, Tk, Kk — characteristic values of deformation indices,
Vfe, Vi1, Vi — partial safety factors,
kwp — the coefficient of working conditions.

The values of partial safety factors are adopted as follows [2, 6]: for horizontal terrain
deformations € < yz = 1.10; for an inclination of terrain T = ys = 1.50 in high struc-
tures with a base dimension of < 15.0 m and ysr = 1.20 in other structures; for curva-
ture of terrain K - ys = 1.70.

The values of the kwp coefficient should be adopted depending on the ratio of the
length of the object L to the radius of the range of mining influences r. This coefficient
takes into account the change of predicted values of horizontal deformations and ter-
rain curvature along the length of the structure [2, 6]. If the mining deformation fore-
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cast does not allow to determine changes in the values of parameters € and r (in prac-
tice with L/r <0.3), it is possible to assume kwp = 1.0 according to [2, 6].

At the use limit state, the characteristic values are the predicted deformation values
[2, 11].

The history of research carried out in natural (field) and laboratory conditions on the
influence of mining on the change of physical and mechanical properties of soil dates
back to the 1960s [2]. The interpretation of the results of many cohesive and non-
cohesive soil tests became the basis for the development of empirical relationships
determining the reduction of the values of strength parameters of the soil subjected to
the process of loosening. Studies have pointed to a reduction, mainly in soil cohesion
[2, 12-14]. According to [13], the relationship defining the change (decrease) of soil
cohesion occurring in the process of its loosening can be formulated as follows:

cr=co[1l—¢er(ar+er) ]+ ckrer (ar + €r): (4)

where:
€r — horizontal relaxing deformation,
cg — reduced soil cohesion (with gz > 0),
co — standard soil cohesion (with gz = 0),
ckr— critical cohesion at stabilization of soil strength drop (er > )

ar — coefficient describing the reduction of cohesion; ag = 0.5+4.0; ar < 1.5 is as-
sumed for the spreading of weak soils.

E. Stilger-Szydlo [2] also gives other proposals for the description of the reduction of
cohesion Ac and the angle of internal friction Atane:

Ac=11¢er*—-50€r+19 (5)
Ac=0,4er+7 €, +4 (6)
Atang = 0.6 — 0.7 Ac— 0.005 Ac? (7)

where:
¢ —ground cohesion,
¢ —internal ground friction angle,
er— horizontal relaxation (0 < eg £ 3 mm/m),
€;— horizontal compaction (0 < £, <9 mm/m),

The following formulas describe the shear strength of cohesive soil as a function of the
predicted amount of relaxation according to [2, 15]:

TrR=0tane + cg (8)
TrRmin = O tang + cw (9)
cr=A+B e (10)
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where:

Tr — soil shear strength, corresponding to the relaxation expressed by an inequal-
ity €r < €rikr), Which implies that the horizontal loosening strain €z can reach
a critical value of gg(n), as illustrated in Figure 8 [2, 16],

o0 — normal stress,

cr —reduced soil cohesion corresponding to relaxation &g < €rr),

Tr min — Minimum value of shear strength of cohesive soil,

cw — hydrocolloidal component of soil cohesion,

A = (= N €r) — experimental parameter,

A, B, N — oefficients determined experimentally, depending on soil humidity.

1

B
- r Ll
Chr Ekr £

Fig. 8. Dependence of horizontal stress g,, on the horizontal deformation of the substrate
Source: [2, 16].

The following can be stated in a conclusion to the study [2]:

—significant influence of horizontal deformations on the change of strength pa-
rameters of cohesive soils,

—in cohesive soils, there is a large decrease in soil cohesion, where the soil is
loosened by mining operations; e.g. in silty clays, in the case of horizontal sub-
stratum deformations of ez = 3+10 mm/m, a decrease in cohesion of 20+45% is
observed,

— shear strength of loosened non-cohesive soils €z < €gkr) remains practcally un-
changed.

On the basis of the results of the experimental studies mentioned above, the relation-
ships showing the distribution of horizontal stress in the near-surface layer of soil sub-
jected to horizontal tensile and compressive deformations, assuming a flat state of de-
formation, have been developed (Fig. 8). At rest, the stress distribution in the ground is
described by the following relation [2]:

0% =Koyh=v(1-v)tyh (11)
where:
Ko — resting pressure coefficient,
v — Poisson’s coefficient,

y — volumetric weight of the soil,
h —thickness of the overburden.
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In the case of spreading €, to which the ground layer is subjected (with the angle of
internal friction ¢, cohesion ¢ and volumetric weight y), variability of the pressure co-
efficient K, (when the soil is relaxed) is expressed by the following relation [2]:

Kr = Ka+ (Ko— Ka) [1 = € (€"k) 1" (12)
where:

Ko, = tan? (0.25 t— 0.5 ¢) — active pressure coefficient,

€ =—(1-Vv) (2 G) (022 — 0%>) — critical deformation when the soil is relaxed,
dependent on vertical load expressed by ver-
tical stress 011 (€' [MM/m] = 2.4 011),

n — experimental factor; n = 3.8 [17] should be adopted for non-cohesive soils,
G —transverse modulus of elasticity,
02, — critical horizontal stress when relaxing the soil (in active state).

The stress value 022 is calculated according to the following formula:
022=y hKa—2 c(Ka)°? (13)

In the soil layer subjected to compressing deformations € (compaction), the variability
of the lateral pressure coefficient K, (when the soil is compacted) is calculated using
the following formula [2]:
Kz = Kp + (Ko — Ko) [1 — € (%)™ (14)

where:

Ko, = tan? (0.25 it + 0.5 ¢) — passive pressure coefficient,

m — experimental factor, ranging from 2.9 (for fine sand) to 3.4 (for coarse sand),

€4 =—(1-V) (2 G) 1 (0%22 — 0%3) — critical deformation at soil compaction (in non-

cohesive soils €% =31 [mm/m]),
0%, — critical horizontal stress during soil compaction (passive).

Theo?*; stress value is expressed by the following formula:
0’2 =y hKp+ 2 c(Kp)°> (15)

Horizontal stress o2, is related to the vertical stress 011 by means of the lateral strut
ratio K as follows [18]:

02 =Kon (16)

3. Assessment of the stability of traffic embankments
in the mining impact zone

The loss of embankment stability is one of the forms of exceeding the ultimate limit
state. Load-bearing capacity, on the other hand, is the value of the limit load deter-
mined on the basis of the design characteristics of the material and the parameters of
the substrate. In the process of numerous studies and observations, it was shown [2]
that the stability of embankments is primarily determined by the influence of horizon-
tal deformations of the mining substrate ez, connected with the convex part of the
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mining basin’s bank. These deformations lead to the loosening of the soil structure, the
change in the stress state and, consequently, to an unfavourable change in the
strength characteristics of the soil medium. The above mentioned loosening of the soil
is the cause of uneven subsidence of embankment, and the formation of landslides.
Analyzing the cooperation of the earth structure with the mining ground base, the limit
value of horizontal relaxing strain €' is important, since, when exceeded, the state of
limit equilibrium occurs [2, 16, 19] (Fig. 8).

The stability of a ground structure situated on a mining ground can be assessed by
comparing the values of the limit deformation of the embankment soil (g,) with the
limit values of ground deformation (g,), with the projected mining deformation &s.
Block procedures are among the most prominent methods of assessing the stability of
earth structures. The representative A. Kezdi’'s method assumes the displacement of
the escarpment block along the ceiling of the weaker layer [2, 20]. The calculation dia-
gram of the damage to the embankment slope concerning this method is shown in
Figure 9 [2]. This diagram can be used for limit deformations defined by the following
inequality: €, > €,. The embankment stability factor F is calculated as the quotient of
the holding force S, and sliding force S; [2, 20]:

F=S5,(S)t=(T+Ep) (Ear + Ec2)™* (17)

where:

T — shear resistance at the level of the bottom of the weak layer (a component of
the holding force),

Ep2 — weak layer resistance (a component of the holding force),
Eq1 — active pressure in the embankment (a sliding force component),
E.> — active pressure in the weak layer (a slip force component).

q
VYVVIVVVVVVVVY

Fig. 9. Calculation diagram for the assessment of embankment stability based on
weak bearing soil according to A. Kezdi’s method: E;1 — active pressure in the embankment,
E,, — active pressure in the weak layer, E,; — weak layer resistance, T — shear resistance
at the level of the weak layer floor, ¢1, c1 — strength features of the embankment;

2, c2 — strength features of the weak substrate layer
Source: [2].
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4. Maintenance of traffic facilities located in mining damage areas
4.1. General remarks

In areas affected by underground mining, where deformations, loss of load-bearing
capacity and stability of the subsoil of traffic structures occur, engineering practice of-
fers at least two effective solutions:

— shifting the route of an endangered section of a road or railway line beyond the
cave-in area,

— crossing the section with cave-ins with a viaduct or a flyover.

However, these solutions cannot always be implemented for such reasons as expropri-
ation restrictions (in the case of a route shift) or anticipated threats to the stability of
engineering structures’ supports (when crossing a mining damage area to the viaduct
or flyover is planned). In this situation, compacting of the mining base may be under-
taken. Some examples of such solutions are presented below.

4.2. A shock absorbing layer integrated between the substrate and the track surface

The solution shown in Figure 10 concerns the railway track located in a mining area,
where deformations takes the form of surface discontinuities (sinkhole funnels) [21]. In
this case, the maintenance work was reduced to [21]:

Fig. 10. A fragment of the longitudinal section of a railway track with a shock absorbing layer,
installed between the track ballast and the subsoil: 1 —rail head grade before deformation
of the substrate, 2 — position of the rail head after deformation of the substrate, 3 — position
of the ceiling cushioning before substrate deformation, 4 — position of the ceiling
of the cushioning layer, after deformation of the substrate, 5 — shock absorbing layer,

6 — position of the cushioning layer ‘s bottom before substrate deformation, 7 — position
of the base of the cushioning layer after deformation of the substrate, 8 — cave-in,

9 — ground surface exposed to mining damage
Source: [21].

—installation of a shock absorbing layer between the ground and the track sur-
face, which changes the discontinuous form of deformation occurring in the
part of the bottom layer in contact with the ground, into a continuous form of
a local basin,

— reinforcement of the track surface with a load-bearing structure made of rail
bundles or I-beams of equal strength characteristics along the entire length of
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the protected track section (Fig. 11 according to [21]). The number of rails
forming the bundle or the dimensions of the |-beam shall be sufficient to
achieve the required cross-sectional strength index of the track grate (the grate
is formed by rails attached to the sleepers). Reinforcing the surface with a load-
bearing structure does not ensure the removal of the mining origin of defor-
mations in the ground surface of the track, but only limits the possible effects
of their occurrence during train passage.

It should be stressed that the basic measure to ensure traffic safety in areas with ran-
dom discontinuous deformations not signalled by visible signs is to limit the speed of
trains. The prevalent rule of the Polish Railways is to limit the speed to 15 km/h on
railway lines led through cave-in areas [21].

Fig. 11. A fragment of cross section through the railway track protected against discontinuous
deformations by means of a load-bearing structure: a — load-bearing structure
made of from two bundles of rails on both sides covering the rail course of the track,

b — relieving structure made of an I-beam consisting of an I-beam which encloses a track gauge
on one side and the front of the sleeper. Markings: 1 — collar, 2 — joint bar protruding
from rail connectors, 3 — nut, 4 — steel rod, 5 — steel bracing, 6 — stiffening wedge, 7 — |I-beam
Source: [21].

4.3. A railway embankment reinforced at base level with a geosynthetic “mattress”

According to [22], an effective way of limiting destructive changes at the base of
a railway track located in an area affected by underground mining is presented. It con-
sists in an earlier strengthening of the ground substrate using a geosynthetic “mat-
tress”. The effectiveness of this solution is conditioned by the proper selection of pol-
ymers, with particular emphasis on their rheological properties.

Applying the Z._Soil [20] program basing on the finite element method, a numerical
model of an earth structure located in a mining area was developed. A double-track
railway line was located on top of an embankment [22] (Fig. 12). The research was
comparative: the model model consisted in an embankment without a geosynthetic
mattress. In turn, the test models consisted in embankments with a single mattress in
the substrate, a double mattress (at the base of the embankment and at the tip of the
embankment, right under the surface) and a triple mattress. Geotechnical and material
parameters were adopted for individual layers of the model:

— mining substrate: Coulomb-Mohr material model, deformation modulus E =
30 MPa, cohesion ¢ = 33 kPa, internal friction angle ¢ = 18°,
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—railway embankment: Coulomb-Mohr material model, £ = 60 MPa, ¢ = 20 kPa,
@ =30°

— protective layer under the track ballast: Coulomb-Mohr material model, E =
200 MPa, ¢ =3 kPa, ¢ =42°,

— track aggregate ballast: elastic material model, E = 2800 MPa, c = 0 kPa, ¢ = 45°,

— mattress coating geogrid: material model as anisotropic membrane, tensile
strength R, = 40 kN/m for the PP geogrid, R, = 400 kN/m for the PVA geogrid,
Rr =800 kN/m for the Aramid geogrid,

— aggregate filling of the reinforcing “mattress”: Coulomb-Mohr material model
E =120 MPa, c =80 kPa, ¢ = 38°.

132,00

44,00 , 9,00 , 26,00 , 9,00 , 44,00

[

1
' . q=.24 kN/mz
Embankment
ib

q

<
<D,
. It
. Geosynthetic mattress o
i} Mining substrate 8-
Ir] (I
€ —> D D B D D D D D D D —>

Fig. 12. Calculation diagram for a railway embankment located on a mining substrate,
with reinforcement in the form of a geosynthetic mattress,
installed at the embankment base level
Source: [22].

Geosynthetic products are characterized by different physical and mechanical proper-
ties, so the relevant guidelines require the verification of two conditions: design tensile
strength Fy and permissible deformations.

The strength parameter used in the modeling of geogrids was (according to the Euro-
pean guidelines [23]) the design long-term tensile strength Fycalculated from the for-
mula [22]:

Fa=Fk- (A1-A2-As-As-...- Apy) L [KN/m] (18)

where:
Fi— short-term value of tensile strength [kN/m],
As, ..., A — material factors,
A1 — coefficient taking into account material creep,

A, — coefficient taking into account mechanical damage of material during instal-
lation and transport of geosynthetics,

As — coefficient concerning the method of joining geosynthetic layers,

As — coefficient taking into account environmental impact,

An — coefficients taking into account other, additional impacts, e.g. shocks caused
by mining activity,

y — material safety factor (y = 1.75).
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Values of material coefficients A1, Az, As, A4 for geogrids were adopted in accordance
with the provisions of the guidelines [23], depending on the polymer type.

The results of numerical simulations lead to the following observations [22]:

—in the model without a reinforcing mattress installed at the base of the em-
bankment, the development of plasticization zones covers the entire embank-
ment body, even when the horizontal loosening deformations are € = 1.5 mm/m,

—where the base of the embankment is reinforced with a stone mattress in
a polypropylene PP geogrid casing (with significant elongation properties), the
plastic zones for € = 1.5 mm/m cover the upper layers of the embankment,
which can lead to damage to the paving; reinforcement with such geogrids is
therefore inappropriate,

— switching geogrid raw material to PVA significantly affected the effectiveness
of soil strengthening under the embankment; after the introduction of a dou-
ble mattress consisting of a PVA geogrid, the embankment with railway paving
has displayed the features of a resilient material even for cross-creepage of the
mining area of £ = 1.5+4.5 mm/m. When a triple mattress is used, the positive
effects of the reinforcement are even more prominent.

A confirmation of the purpose of numerical simulations was obtained on the basis of
their verification in field conditions [22].

4.4, Reinforcement of the mining base and embankment slopes
in a mining damage area

The structure in question is a section of the A-4 Wroclaw—Krakow highway between
the Sosnica and Wirek junctions, which are located in mining areas. In relation to the
existing terrain surface, the highway driveway grade is routed on embankments and in
excavations. In the process of embankment construction, near-surface weak-bearing
soils were replaced and the mining substrate under the embankment was strength-
ened by using a “mattress” made of stone material surrounded by a layer of geogrids
[2, 24] (Fig. 13).

@8, length 0,5m, spacing 0,5x2,0m
(anchoring of the geogrids) Stone mattress

Fig. 13. The embankment of a fragment of the A-4 highway with reinforcement
at the level of the mining substrate: H — height of embankment, 0.35 m — height
of stone mattress in a geogrid coating with a tensile strength of R
Source: [2, 24].

Based on the Fellenius evaluation of the stability of embankment slopes, the following
conclusions were reached [2]:
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—increasing the stability of the embankment can be achieved by installing
a stone “mattress” in the substrate,

— slopes of embankments of H <5 m in height, placed on a foundation reinforced
with a stone “mattress”, are stable and do not require reinforcement,

—in the case of embankments of H > 5.0 m in height (placed on a substrate rein-
forced with a stone “mattress”), in view of the calculated value of the stability
factor Fmin < 1.0, it is necessary to additionally reinforce the embankments us-
ing geogrids (Fig. 14 according to [2, 24]).

embankment

-

e

H>5m

Fig. 14. An embankment of H > 5 m in height, situated in a mining damage area,
with horizontal reinforcement of the substrate (stone mattress) and additional geogrids
in the escarpment area
Source: [2, 24].

4.5. Notes on the technology of manufacturing road embankments in mining areas

Two types of reinforcement layer structures are most often used to strengthen earth
structures dedicated to vehicle traffic in mining areas. These are so-called “sandwich”
or “mattress” cushions [25, 2]: The former is a structure made of aggregate horizontal-
ly stratified with geogrids. In the “mattress” structure, the stone material is wrapped in
a geogrid from below and from the top in such a way that the aggregate grains wedge
each other, thus limiting the horizontal movement of the stone material under exter-
nal, vertical load. The “mattress” can therefore act as a three-dimensional independ-
ent unit (layer), pre-stressed with a geosynthetic coating, bearing tensile stresses.

Figure 15 shows, according to [25, 2], two structures of a cushion reinforcing the
ground under an embankment in a mining area.

In designing building reinforcement systems in mining damage areas, it should be
stressed [2] that placing a cushion under the base of the embankment increases the
load-bearing capacity of the embankment and causes it to settle evenly. However, it
does not reduce the displacement of the embankment body resulting from mining in-
fluences. Therefore, a concept of soil reinforcement and embankment body located in
the mining areas has been presented in the work [26] (Fig. 16). According to this con-
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cept, a model earth structure is as follows (individual layers are discussed from the
top, to the embankment base):

1
Pavement (zone l)

] T
R oAl
l o Embankmient (zone 1) \ TLTINE TN
B . % =]
\ A ! N ,/I
T “-7-—’ Aggregate pillow reinforced;Aggregate pillow reinforced ~~---"
Detail A with two geogrids (zone Ill) i with two geogrids Detail B
and geotextile (zone Ill)
Substrate (zone 1V)
Detail A Detail B
{9}
2 o
N
0 4
w - y
T . Geogrid 20 kN/mb Geogrid 20 KN/mb
—— 50 —
Geogrid 20 kN/mb Geogrid 20 kN/mb
Geotextile
@8-700

Fig. 15. Structures of a cushion reinforcing the substrate under an embankment
in a mining area: detail A — aggregate pillow reinforced with two geogrids, detail B
— aggregate cushion reinforced with two geogrids, placed on a geotextile
Source: [25, 2].

—roadway structure consisting of a surface and substructure under the paving,

— spatial geogrid (thickness 0.40 m) filled with mineral aggregate, the purpose of
which is to increase the bearing capacity of the road base and assist in the
transfer of stretching deformations created in the phase of mining impact,

—the body of the embankment, made of aggregate obtained according to the
recommendations in [27] from burnt shale found in the mine dumps,

—reinforcement in the form of geogrids arranged in at least two layers in the
lower part of the embankment body; the purpose of reinforcement is to reduce
the displacements of the embankment on the basis of bearing additional ten-
sile stresses resulting from the creepage of the ground (the cross-section of ge-
ogrid reinforcement depends on the value of projected mining deformations),

—0.30+0.50 m thick fine sand backfill placed under the embankment, allowing
for partial reduction of horizontal displacements of mining origin,

— spatial geogrid (max. 0.60 m in thickness) filled with mineral aggregate,
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—a cushion made of mineral aggregate, serving as a substrate for the geogrid,
placed on a double layer of geotextile; the geotextile serves a reinforcing and
separating function; the thickness of the cushion depends mainly on the load
capacity of the reinforced substrate,

—the native substrate.

Hi4

i Road pavement and road foundation

! Geogrid filled with mineral aggregate 0.40 m thick
Embankment body — mineral aggregate with burned shales
Geogrid arranged in a minimum of 2 layers

Ballast of fine sand — minimum thickness 0.30 m

Geogrid filled with mineral aggregate — max thickness 0.60 m
Pillow with mineral aggregates

Geotextile laid in two perpendicular bands

Native soil

Fig. 16. The system of soil and embankment body reinforcement located in mining areas.
The details of the solution are discussed in the text
Source: [25, 2].

Figure 17 presents a view of a spatial geogrid without aggregate filling [28].

Fig. 17. View of the spatial geogrid without aggregate filling
Source: [28].

Summary

The processes of designing, constructing and maintaining land transport infrastructure
facilities in mining areas require access to information on the potential effects of min-
ing operations, the impacts of which are or will be revealed on the surface of the area.
During the process of revealing the deformation of the terrain on a driveway or railway
track, it is necessary to conduct monitoring, e.g. geodetic monitoring, which will enable
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current assessment of the compliance of the deformation indices calculated on the ba-
sis of these measurements with the predicted indices (being an element of the as-
sumptions to be made for the project).

The process of designing communication structures on mining substrate should include
four main stages (according to [2] the Finite Element Method should be applied):

1)

identification of mining and geotechnical conditions and preliminary works,
which will enable, among others, the assessment of: the category of the min-
ing area, the magnitude of the impact of mining quakes on the structure,
changes in water conditions in the area of the structure, caused by mining op-
erations and the projected mining operations,

2) verification of the ultimate limit state of the designed structure (e.g. an em-

3)

4)

bankment) in the selected geotechnical cross-sections, the limit load (taking
into account the basic forms of mining deformations) and the selection of the
optimum reinforcement of the embankment,

verification the limit state of use of the designed structure in selected ge-
otechnical cross-sections (taking into account the basic forms of mining de-
formations) with a proposal to secure the structure against mining influences
— on the basis of a list of results of numerical analyses, taking into account ad-
verse impacts and design situations,

monitoring design, i.e. constant control of certain technical parameters of the
structures during their construction and operation.

The presented effective methods of using geosynthetics in order to limit destructive
changes in the substrate of traffic embankments located in mining areas are particular-
ly noteworthy. The proper selection of polymers, with particular emphasis on their
rheological properties, is an important criterion in the application of reinforcement
(such as a geosynthetic mattress).
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Infrastruktura komunikacyjna na terenach gorniczych
(problemy wybrane)

STRESZCZENIE

Tematem artykutu sg problemy bezpieczenstwa eksploatacji obiektow infrastruk-
tury transportu drogowego i kolejowego na terenach goérniczych. W szczegdlnosci
omoéwiono zagadnienia dotyczace: ogdlnej charakterystyki gérniczych deformaciji
gorotworu i powierzchni terenu, wptywu deformacji ciggtych i nieciggtych na za-
grozenie bezpieczenstwa funkcjonowania obiektow infrastruktury transportu Ig-
dowego oraz wzmocnienia budowli infrastruktury transportu lgdowego na tere-
nach gorniczych.

Podano przyktady wzmocnienia budowli transportu lagdowego, znajdujgcych sie
w zasiegu wptywdw gorniczych.

StOWA KLUCZOWE

budowle transportu lagdowego, tereny gérnicze,
wzmochnienie podfoza i nasypéw budowli
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