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Abstract. The paper performs the standards of shaft lining inspections 
used in Poland. They comprised four criterions: lining homogeneity, level 
of its corrosion, watertightness and load bearing capacity of the lining and 
the limit values for every criterion were worked out. If even one of above 
criterion is not met the repair works have to be taken. The example of shaft 
investigation and technical recommendations for the lining repair is shown 
as well. It is proved that only a comprehensive approach to the condition of 
the shaft lining can allow proper assessment of its performance for the next 
years. 

1 Introduction 
In underground mining, shafts are the most important capital items due to their exceptional 
importance in the process of obtaining raw materials. In almost every underground mine in 
Poland, shafts are the only way to access deposits, transport people and materials, and serve 
for ventilation. Each hard coal mine in Poland has several or even a dozen shafts in its area, 
as making deposits available through audits is very rare. Due to the high excavation costs, 
the long lifetime and the need to ensure the highest level of safety, the entire process of 
shaft sinking is subject to extremely thorough and detailed control. 

The construction of shafts in various geological conditions in Poland has a long 
tradition. Over the period of 1945 – 1989 over 260 km of shafts for excavation of mainly 
hard coal and copper ores were constructed in Poland [1]. Many shafts that have been 
deepened due to the need to provide extraction levels at ever-increasing depths should be 
added to this. Due to the restructuring of the hard coal mining industry, many shafts 
underwent the decommissioning process [2]. However, this does not change the fact that 
subsequent implemented investments bring new challenges and the need for unusual 
technical solutions. When sinking a shaft from the surface, the greatest threat to its stability 
is the occurrence of a high thickness of the overburden in the form of clays with low 
geomechanical parameters and watered loose soils. In the case of deep shafts in hard rocks, 
difficulties result from such factors as: occurrence of salt formations, high depth, tectonic 
disturbances, local weakness of the rock mass, groundwater, impact of exploitation, seismic 
activity and intense stratification of strongly inclined layers [3 – 8]. 
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The basic technologies used for shaft sinking is the mechanical mining in cohesive 
soils, while in hard rocks the excavation involving explosives [9]. In the case of very strong 
rocks and a small depth, a shaft can be unsupported [10]. In the case of weak and watered 
rocks, the shaft sinking is carried out after freezing the rock mass [1, 11, 12], but it is then 
necessary to make a lining, preferably yielding, allowing to absorb stresses after defrosting 
of rocks [13]. 

In the conditions of Polish mines, lining protected all shafts. The design of the lining is 
carried out in accordance with the Polish standard PN-G-05015 [14]. According to the 
provisions contained therein, the lining in the shafts is made of brick, bentonite, concrete, 
reinforced concrete, tubing and reinforced concrete panels. For waterproofing, PVC and PE 
films, tightly connected reinforced concrete or steel panels and sprayed chemicals can be 
used. Anchors and steel arches are also commonly used to secure underground excavations 
[15]. In Polish mining conditions, such techniques are also used to reinforce shafts [16, 17]. 

This article presents scope of tests that are performed to assess the stability of shaft-
lining and describes an assessment example of the shaft stability and the implementation of 
repairs of lining that has been damaged due to changes in hydrological and mining 
conditions. During the shaft operation there are additional lining loads or other phenomena 
not taken into account during design and construction of a shaft, hence after some time 
shaft lining need to be repaired. Failure to undertake appropriate tests in a relevant time and 
the lack of measures to secure the lining may result in a construction disaster. Fig. 1 shows 
a photo from a catastrophe that occurred in one of the mines in the Upper Silesian Coal 
Basin (USCB) in 2009. At that time, the hoisting tower and accompanying buildings were 
subject to total destruction (in Fig. 1 the tower’s wheels are visible only) and the shaft itself 
was destroyed to a depth of several dozen metres below ground level. On the surface 
around the shaft, a sinkhole has been created with a diameter of approx 70 m. 

 
Fig. 1. The picture from the sinkhole formed at the location of the shaft. 

2 Test methods for shaft lining in Poland 
In Polish underground mines, shaft lining tests are carried out in accordance with PN-G-
04211:1996. The concrete lining of the shaft shall meet four criteria that define this 
standard. These are: 

– the concrete homogeneity criterion determined on the basis of the coefficient of 
variation of compressive strength (quotient of the standard deviation to the average value), 
where the homogeneity depending on this parameter is divided into five classes: very good, 
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good, average, sufficient and insufficient; this criterion should be met at least to a sufficient 
degree (Table 1); 

– the corrosion criterion determined by the thickness of the corroded concrete layer; the 
condition of the lining in this case may be good, acceptable and unacceptable, and the limit 
value permitting use is corrosion of not more than 20% of the lining thickness and more 
than 12 cm (Table 2); the lining meets the corrosion criterion if its condition is at least 
acceptable; 

– the lining’s watertightness criterion determined by the permissible water inflow to the 
bottom of the shaft; the lining meets this criterion if the total water inflow does not exceed 
5 dm3/min from each of the inventoried leaks, and the total water inflow to the shaft sump 
does not exceed 150 dm3/min (this amount does not include water included in the drainage 
system, e.g. gutter drip-pipes and pipelines); 

– the load capacity criterion, when the lining gives the possibility to transfer the stresses 
acting on the shaft lining; the so-called permissible stresses σoc absorbed by the lining wall 
must be greater than the calculated reduced stresses σred, i.e. the value of the stress transfer 
reliability coefficient n = σoc/σred is greater than or equal to one (Table 3). 

Table 1. The concrete homogeneity criterion of the shaft lining. 

Coefficient of variation vr 
Concrete up to C20/25 class Concrete min. C25/30 class Concrete homogeneity  

% 
very good vr ≤ 10 vr ≤ 7 

good 10 < vr ≤ 13 7 < vr ≤ 10 
average 13 < vr ≤ 16 10 < vr ≤ 13 

sufficient 16 < vr ≤ 20 13 < vr ≤ 15 
insufficient > 20 > 15 

Table 2. The corrosion criterion. 

Thickness of corroded concrete layer in relation to lining 
thickness Lining condition due to corrosion 

% 
good ≤ 10 but not more than 6 cm 

acceptable 10 ÷ 20 but not more than 12 cm 
unacceptable > 20, more than 12 cm 

Table 3. Load capacity criterion of the shaft lining. 

Degree of the threat to the operational 
security of the shaft  Value of the stress transfer reliability coefficient n 

I – safe ≥ 1 
II – conditionally acceptable 1 ÷ 0.75 

III – dangerous < 0.75 

Concrete linings protect the vast majority of shafts existing in the Polish mining 
industry. In the case of lining made of concrete blocks or bricks, the same guidelines are 
most often used, slightly adjusting the coefficient values. Lining tests are performed by 
destructive and non-destructive methods, and the most important in this respect are the 
standards PN-EN-12504 [18 – 21]. A detailed description of strength tests performed on 
samples with ultrasound, the Schmidt hammer and the pull-off method is described in [22], 
and additional measurement techniques in [23]. 
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3 The results of shaft no VII lining test 
A small section of the shaft lining was analysed, i.e. 80 – 110 m completed in 1987. The 
shaft has a diameter of 7.5 m, depth of 543.5 m and serves as a ventilation shaft. The shaft 
has an artificial bottom at a depth of 390 m. The shaft VII profile in the depth range from 
80 to 110 m contains tertiary formations developed as alternating layers of fine-grained 
sand, clay, loam and silty clay. The tertiary formations generally are dipping at an angle of 
5 to 10º to the west. On this section, the lining had the parameters contained in Table 4. 

Table 4. Type of lining on the tested section 80 – 110 m. 

Dimensions Type of lining 

80.0 m – 82.0 m final lining 0.5m thick of C12/15 concrete, PE film, preliminary lining of 
0.25 m thick reinforced concrete panels, 

82.0 m – 106.0 m final lining 0.6m thick of C20/25 concrete, PE film, preliminary lining of 
0.25 m thick reinforced concrete panels, 

82.0 m – 106.0 m final lining 0.7m thick of C20/25 concrete, PE film, preliminary lining of 
0.25 m thick reinforced concrete panels, 

On this section a gap in the lining, among others, was found (80 m – Fig. 2) and high 
water pressure of 0.6 – 0.7 MPa (Fig. 3). The water pressure measurement point behind the 
lining located at a depth of about 56 m indicated a pressure of 0.20÷0.26 MPa. The above 
indicates a combination of aquifers, and thus the additional load on the shaft lining not 
taken into account when constructing the shaft. 

  
Fig. 2. Gap in the lining with visible 
waterproofing. 

Fig. 3. Water pressure 0.64 MPa behind the 
shaft lining at the depth of 96 m. 

In view of that situation, an analysis was carried out in line with the requirements set 
out in Chapter 2. 

The analysis of the concrete homogeneity criterion of the shaft VII lining was based on 
sclerometric method. The concrete of the lining used according to the design is C12/15 on 
the section 80÷82 m and C20/25 on the section 82÷110 m. The conducted analyses showed 
110 m section is 16.10 – 22.52 MPa. In the light of the above, it has to be concluded that 
the concrete homogeneity criterion is met to a very good extent, as the coefficient of 
variation for the sections mentioned is 0.36 and 8.90, respectively. 

The corrosion degree was determined on the basis of inventories and Sclerometric tests. 
Observations of the cores taken from the lining were also used. During the inventory it was 
found that the corrosion criterion was met along the entire length of the shaft. Local cavity 
areas did not exceed 5 cm (Fig. 4). Inside concrete, corrosive processes were observed to a 
depth of approx. 10 cm, which is not more than 20% of the lining thickness. Thus, due to 
the corrosion degree, the condition of the lining was found to be sufficient. 
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Water leaks were observed around the perimeter of the shaft (Fig. 5) Analyzing in the 
period from June 2012 to February 2017 the total inflow of water to shaft VII at the level of 
artificial bottom, i.e. 390 m, it was found that it changes in the range of 
0.041÷0.194 m3/min. In the period from the beginning of 2014 the amount of water flowing 
into the shaft does not exceed 0.150 artificial bottom, i.e. 390 m, it was found that it 
changes in the range of 0.041÷0.194 m3/min. Therefore, it was concluded that according to 
the standard, the watertightness criterion in the shaft VII is met. 

  

Fig. 4. Corroded part of the lining. Fig. 5. Water leakage from technological 
connection. 

The last criterion tested for the shaft lining was the load capacity criterion. According to 
PN-G:04211:1996 standard, the stress transfer reliability coefficient n is determined from 
the formula: 

oc

red
n

σ
σ

= ,    (1) 

where σoc is permissible stress in the shaft lining, which is taken as the design strength of 
the lining material, MPa; σred is reduced stress in the shaft lining, determined for current 
loads and for the current state of lining deformation, MPa. 

Calculations of stresses acting on the shaft VII lining and permissible stresses were 
made based on the geological profile of rocks along the shaft and on the test results of the 
lining parameters, including primarily the strength of the shaft lining and its thickness. 
Calculations indicate that the maximum stress value is 1.6 MPa and occurs at a depth of 
106.5 m. Almost over the entire analyzed section of the shaft, the lining loads exceed 1 
MPa (Fig. 6) and this is the result of the assumed water pressure behind the lining. Such 
calculations can also be performed numerically [16]. 

The following assumptions have been made to determine the stress transfer reliability 
coefficient n: 

– the calculated strength of the shaft lining at selected sections was adopted based on 
the core destruction tests of the lining samples and on tests performed with the Schmidt 
hammer; 

– reduced stress σred was determined as follows: 
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where rw is inner radius of the shaft, m; rw is outer radius of the shaft, m; p is calculated 
load of shaft lining (MPa). 
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Based on the results of calculations of the stress transfer reliability coefficient n, it was 
found that over the definite length of section 80÷110 of shaft VII, the stress can reach 
1.5 MPa or even more depending of the depth and the rock type around the shaft pipe 
(Fig. 6). Taking into consideration the lining conditions, value of the load coefficient is 
usually within 0.76 – 1.1 (Fig. 7). However limits of load capacity criterion of the shaft 
lining (Table 3) shows that load coefficient equals 0.75 or less raises a threat to the 
operational security of the shaft. 
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Fig. 6. Loading of shaft VII lining along 80 – 
110 m section. 

Fig. 7. Value of the stress transfer reliability 
coefficient through the shaft VII lining over a distance 
of 80 – 110 m. 

On the basis of the foregoing, it is concluded that the load capacity criterion for the 
section under test is met to an acceptable extent assuming no water hazard. Any water 
inflow and additional stress can make the situation worse. Hence, these data indicate that 
the lining carries loads in the upper stress range and therefore lining needs to be reinforced. 

4 Shaft lining reinforcement design 
The design calculations were made in the Robot Structural program, assuming the 
reinforcement in the form of galvanized steel rings from the C300 profile. It has been 
assumed that such a lining bolted and sealed at the joints with a lead sheet, and additionally 
laid on a waterproofing membrane on the existing concrete layer, will allow for tightness of 
the structure. This is particularly important in the event of a concrete leak due to the heavy 
load on the water behind the lining. 

The entire lining with a diameter of 7.45 was divided into 36 sections and the 
appropriate material properties were defined – profile type and steel type (Fig. 8). In the 
calculations, coefficients for flexural buckling and lateral torsional buckling were assumed 
to be 1.2. The maximum load value was at 152 kN/m (Fig. 9). 
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Because there are 3.33 rings per 1 linear metre shaft lining reinforcement, the load 
capacity of the structure per 1 meter is 506 kN/m2. This value is only slightly lower than the 
pressure caused by the water in the vicinity of the shaft lining. 

  
Fig. 8. Data used to calculate the resistance of 
steel rings. 

Fig. 9. Maximum load capacity for a single ring. 

Each steel lining ring consists of nine twisted segments (Fig. 10). The steel lining rings 
were anchored to the shaft refractory. To ensure the tightness of the steel lining, bolting 
with lead gaskets connected the rings. The shaft lining on the section from 80 to 110 m 
depth was protected with a waterproofing membrane against the installation of steel rings 
(Fig. 11). The space between the steel rings and the existing lining was filled with mineral-
cement binder. 

  
Fig. 10. Galvanized steel rings ready for 
installation. 

Fig. 11. General view of the steel rings 
mounted in the shaft on a waterproofing layer. 

 
Due to a damage to the lining, other reinforcements were made in the analyzed shaft, 

the range of which is shown in Fig. 12 [24]. The most important elements increasing the 
load capacity of the lining include filling the voids behind the lining with mineral-cement 
binder, reconstruction of the shaft lining in the places of the largest cracks (Fig. 13), 
reinforcing anchoring (Fig. 14). 

E3S Web of Conferences 201, 01016 (2020)

Ukrainian School of Mining Engineering - 2020
https://doi.org/10.1051/e3sconf/202020101016

7



 
Fig. 12. Diagram of shaft lining  reinforcements over a distance of less than 110 m. 

  
Fig. 13. Repair with the shaft bricks. Fig. 14. Anchoring to strengthen the shaft lining. 

4 Conclusions 
For long-term excavations, such as shafts, regular assessment of shaft pipe stability is 
necessary and should be performed at least once a year. If the shaft is sinked in fault zones 
or weak layers of low thickness, tests should be more frequent. The assessment of the 
stability of the shaft pipe cannot only concern the strength of the lining wall itself, but 
should focus on the uniformity of the wall strength as well. In such case, three aspects are 
important: 

– the variability of the wall strength along the lining length; 
– the degree of its corrosion (including the size of water inflow to the shaft and the 

chemical composition of waters); 
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– the current load capacity of the lining in relation to radial stresses, taking into account 
their changes due to the changing hydrological or mining situation. 

Only a comprehensive approach to the condition of the shaft lining can allow proper 
assessment of its performance for the next months and years. Additionally, hydrogeological 
and geophysical monitoring can be performed. 

In the case of cataloged damages, the lining must be restored to a condition that 
provides the required load capacity in relation to the calculated loads. For this purpose, 
mineral-cement binders and steel components can be used (e.g. susceptible or rings arches), 
anchors or prefabricated elements (panels, blocks, etc.). If no engineering action is taken 
when insufficient load capacity of the shaft lining is found, a construction disaster may 
occur in a short period of time, excluding one or several areas of the mine from operation 
for several months, which will limit production. 
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