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Abstract. The shotcrete technology (application of a concrete layer) is
widely used in coal mines. The applied layer of shotcrete to the underground
workings support, changes the load capacity of the entire supporting system
(and its elements). The coating of shotcrete is several times cheaper, faster
and safer compared to the traditional reconstruction of the roadways -
replacement of the supports. Appropriate selection of shotcrete parameters
will allow applying shotcrete to places previously dedicated for
reconstruction, and thus reduce the financial resources consumed in the
mines for the reconstruction of underground workings. The article presents
a method of testing steel arch supports covered with shotcrete, a station for
weighting support section and a test plan.
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1 Introduction

Underground roadways in polish coal mines are developed mainly with use of steel arch
supports made of V-bar sections V29 (29 kilograms per linear meter) and V32 (32 kilograms
per linear meter), and recently more often sections V36 (36 kilograms per linear meter) [16].

Manufacturers offer a whole range of different combinations of supports, both in terms
of contour [11], their load capacity [1], and the materials used [15.17].

Therefore, the mines are able to choose the appropriate support section due to the purpose
of the underground working, the required dimensions, as well as the expected tension from
the rock mass and possibly resulting from the suspension of machinery and equipment, and
then determine the required spacing of the support sections.

This ability to shape parameters of the steel arch supports is its undoubted advantage.
Hence the popularity of this supports in mines in other countries - in China, Turkey [6],
Vietnam, Russia [20] and Ukraine [8].

However, when choosing a steel supports, it is necessary to take into account its
durability, resulting primarily from the corrosion of steel elements [10,12,18] (sections,
clamps, stretchers, steel mesh lining) caused by the aggressiveness of the mine environment
[13,14]. This is an extremely important factor, especially in the case of excavations with a
long service life of up to several or several dozen years.
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Corrosion phenomena particularly affect mines in which water is characterized by
considerable aggressiveness. Examples are the Piast and Ziemowit mines [6,7]. Examples of
heavily corroded underground roadways supports are shown in the figure 1.

The progressive corrosion of the supports leads to a reduction of its load capacity, and in
extreme cases may result even in collapsing. Each time it leads to the exclusion of the
underground workings from use and the resulting difficulties, but above all it worsens the
level of safety of mining crews.

Such events, fortunately without victims, have occurred several times in recent years in
Polish coal mines. An example here may be events from the mines of Halemba, Bielszowice,
Bytom III, Piast, Ziemowit [ 19].

o Wy

Fig. 1. Corrosion of steel elements (photo M. Rotkegel).

Providing stability and functionality of underground roadway, and thus safety, requires
regular inspection including influence of corrosion to steel arch supports [2, 3]. Regular
inspection allows to identify places where stability of underground roadway support is
endangered and select such places to be reinforced with shotcrete layer.

2 Shotcrete as reinforcement of corroded steel supports

The most popular method of reinforcing steel supports and recovering their supporting
capacity is covering with shotcrete layer [4], being an alternative of very expensive process
of rebuilding the underground roadway [5].

The popularity of shotcrete method results from uncomplicated, fast, inexpensive and safe
technology.

Picture no. 2 depicts an example of application of shotcrete in Ziemowit part of Piast-
Ziemowit coal mine.

Fig. 2. Applying a shotcrete layer (photo P.Ficek).
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When developing a project to strengthen a corroded supports, the mine can select material
with appropriate parameters and determine the thickness of the coating, taking into account
the load capacity of the corroded supports.

As part of the research, an attempt was made to determine the state of effort of individual
components of the combined supports — steel supports and shotcrete coating. Recognition of
stress values supports and shotcrete can be helpful in determining the parameters of the
shotcrete coating.

Numerical analysis was performed using the finite element method [9] using the
COSMOS / M program [23]. The aim of the study was to determine the effect of a shotcrete
coating, changing stress in steel supports. Two models were built for research purposes.

The first model consisted of L.P8 steel arch support made of V29 section. The second
model consisted of LP8 steel arch support made of V29 section covered with shotcrete layer.
The elements were given material parameters as for steel and concrete. In addition, elements
susceptible to the contact of the support with the bottom of the roadway and with the
sidewalls have been adopted. Both models were limited to a quarter of the real system due to
symmetry.

Appropriate constraints were established on the planes of symmetry of the examined
system. The models were supported and loaded in the same way. Calculated per one support
section, a load of 400 kN was assumed, which corresponds to loads in the supports before
the occurrence of slips of the support clamps. Both systems were loaded in a manner similar
to the planned load diagram in underground tests, presented later in the article. Figures 3 and
4 present models prepared for analysis.

Fig. 3. A complete model prepared for research  Fig. 4. Model fragments.
(F-load).

As a result of performed calculations, the distribution of reduced stresses in individual
model elements were obtained. Figures 5 and 6 present a colored map of reduced stress in
the support model. The maximum stress values reach 349.1 MPa and are located in the
support vault.
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Fig. 5. Distribution of reduced stresses in supports (Stress scale in Pa, deformation scale 2x).
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Fig. 6. Distribution of reduced stresses in the canopy of the support (Stress scale in Pa, deformation
scale 2x).

However, in the case of supports covered with shotcrete, the maximum stress values in
the supports decrease to 46%. Maximum stress values reach 161.9 MPa. They are located in
the top part of the support. A colored stress map is shown in Figures 7 and 8. In contrast,
Figures 9 and 10 show the distribution of reduced stress in the canopy arch and shotcrete.
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Fig. 7. Distribution of reduced stresses in a model of supports covered with shotcrete (Stress scale in
Pa, scale of deformation 2x).
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Fig. 8. Distribution of reduced stresses in support canopy covered with shotcrete (stress scale in Pa,
scale of deformation 2x).
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Fig. 9. Distribution of reduced stress in elements of support canopy covered with shotcrete (stress scale
in Pa, scale of deformation 2x).

Yon Mlses

2.1816E+087
I -9101E+007
- 1.633BE+007

+36T71E+007

.035SEE+007

| 8.2411E+086
S2E6ZE+006

ISBSEB 00060

o

&

8113E+006

Fig. 10. Distribution of reduced stresses in shotcrete in a model of supports covered with shotcrete
(stress scale in Pa, scale of deformation 2x).

As the results of the presented analysis, the use of shotcrete coating significantly reduces
the stress in steel supports. These stresses decreased from 349.1 MPa to 161.9 MPa.
However, the condition for this is the complete merging of the shotcrete coating with the
support sections. The durability of shotcrete is also important here. Under the modeled load
conditions in the shotcrete, maximum values of reduced stress were obtained at 21.8 MPa.

They are located at the junction of the ceiling and the sidewall. These are compressive
stresses and their values do not exceed the compressive strength of shotcrete. Whereas, in the
ceiling part of the shotcrete coating, tensile stresses appear of considerable values (about 20
MPa, located at the place of application of the load). Therefore, it is expedient to use
dispersed reinforcement of shotcrete using fibers, which increase the tensile strength of the
shotcrete. Figure 11 shows the distribution of the main stress in the shotcrete coating.
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Fig. 11. Main stresses in the shotcrete coating (Stress scale in Pa, scale of deformation 2x, red areas -
tension zones, blue areas - compression zones).

As shown above, the numerical determination of the required thickness of shotcrete and
its parameters is burdened with many simplifications, and the results must be interpreted by
experienced mine employees.

However, this standard ignores the effect of filling the empty spaces between reinforced
concrete lining, or rock filling, which creates a thicker layer of merged elements than the
coating of shotcrete.

In addition, spraying at an angle allows to fill any empty spaces behind the support
sections, thus improving their working conditions. These situations are shown in Figures 12
and 13.

Fig. 12. Merging of rock filling by covering with shotcrete [21].

Fig. 13. Filling the empty spaces behind support sections [21].

Due to the fact that the presented standard does not take into account the factors presented
above, actions were taken to determine in situ the load capacity of the mixed support made
of steel supports covered with shotcrete. The developed research methodology allows to take
into account many mechanisms of strengthening the supports by applying shotcrete.
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3 Testing site

Determining the load capacity of individual support sections is not a major problem. Such
tests are conducted, among others, in the process of certification of supports, in a test stand,
in accordance with the provisions of PN-G-15022 [22].

It is also possible to calculate the load capacity analytically [1] or by numerical methods,
for example finite element method [9] (FEM, FEA). A much more complicated issue is
determining the load capacity of a mixed support - steel support with a layer of shotcrete.

In the laboratory, it is not feasible to conduct such tests, taking into account a merged
reinforced concrete lining or a rock filling. Therefore, it was decided to conduct such tests in
underground conditions at the Ziemowit mine at the level of - 300 m below ground level.

A blind roadway located near the shaft, leading to the ventilation dam, was not used for
other purposes.

The roadway on the test section was scanned with a 3D Trimble TXS5 laser, which allowed
to choose the supports diameters to the dimensions of the workings. In the roadway, between
existing corroded supports, 10 sets of LP8 / V29 supports stabilized with WR type stretchers
were installed (fig. 14.).

The lining for 5 support sections was made of welded steel mesh, and for the others -
reinforced concrete lining. Nine newly built frames were covered with three types of
shotcrete (fig. 15), whose parameters are summarized in Table 1.

Fig. 14. An example of LP8/V29 steel arch  Fig. 15. An LP8/V29 steel arch support section
support section(photo P.Ficek). covered with shotcrete layer (photo P.Ficek).

Each stand differed in the type of lining, the binder used and its thickness. The
characteristics of individual testing stands are presented in Table 2.

However, one support section was not covered with shotcrete. Their load capacity will be
a reference for the capacity of the remaining ones, covered with shotcrete. It will also allow
the calibration of numerical models in computer simulations of corroded supports.

Determining the load capacity of corroded supports coated with shotcrete is the primary
goal of planned tests. The results will allow the selection of optimal parameters of the
shotcrete coating for specific cases of corrosion of the supports.
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Table 1. Basic parameters of shotcrete used in underground roadways.

No. Binder Additional reinforcement Compressive strength
1 Cover TW 40 none Rc>45 MPa
2 Cover TW 408 sprayed polymer fibers Rc>50 MPa
3 Cover Beton C20/25 F sprayed polymer fibers Rc>30 MPa

Table 2. The characteristics of test sites.

tle\ls(:.s(i)tfe Binder type Applied lining Thlcklll:;:rofcs;ll;)tcrete
1 Cover TW 40S Reinforced concrete bars 20
2 Cover TW 40S Reinforced concrete bars 30
3 Cover Beton C20/25 F Reinforced concrete bars 20
4 Cover Beton C20/25 F Reinforced concrete bars 30
5 Cover TW 40S Steel net 20
6 Cover TW 40S Steel net 30
7 Cover Beton C20/25 F Steel net 20
8 Cover Beton C20/25 F Steel net 30
9 Cover TW Steel net 30

4 Methodology and test equipment

The research methodology was prepared for efficient research. It was assumed that the
support sections will be weighted with forces acting through four chain links towards the
workings. Tensometric force sensors were attached to the tendons, and wire displacement
sensors connected to the amplifier were attached to the supports.

Recording of signals from sensors was planned in a portable computer. As the weighting
system, elements of the powered roof support section were used, equipped with special
attachments. The idea of the measurements is shown in Figure 16, while Figure 17 shows the
method of weighting the supports.

For proper stabilization of the entire weighting system, additional props were used apart
from the tested support sections. The whole system installed in the workings is shown in
Figure 18.
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Fig. 16. The idea of studies.
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Fig. 17. Scheme of system of weighting steel Fig. 18. Testing equipment ready to use
arch support sections. installed in testing site (photo P.Ficek).
5 Summary

Proper load capacity of mixed underground roadway support — steel arch supports covered
with shotcrete layer — is very important for providing stability of underground workings and
safety of employees. The importance of this matter increases in case of reinforcing corroded
steel arch support sections with shotcrete layer.

The described method of analysis of corroded supports covered with shotcrete allows to
define its load capacity taking into account the consolidation of lining and rock filling behind
support sections which was omitted in analytic calculations.

This article was created due to the statutory work of The Central Mining Institute GIG
no. 143 02028-151 entitled: “Defining the load capacity of corroded steel arch supports
covered with shotcrete layer in conditions of underground coal mines ”
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