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Introduction 
The movement of a powered roof support section behind the 

progressing coalface results in a cyclical change of its load. During 
each technological cycle in the wall we can discern the following 
stages of load: expanding, propping the load from the rock mass, 
caving. This cycle is repeated during coal mining, which leads to 
variable stresses in the powered roof support structure. It should 
be remembered that caving occurs behind the roof support, i.e. 
the collapse of rocks, which may also cause the appearance of 
dynamic effects on the anti-collapse support, which is omitted 
during laboratory tests. The fatigue strength of roof support 
components should be determined at the design stage, as they are 
not expected to be replaced during their lifetime inside a mine. It 
is therefore necessary to correctly estimate the number of cycles 
beyond which damage may occur in the stress concentration area 
of a given roof support component. The basic legal instruments 
ensuring safety are directives and standards: European (EN 1804- 

 
1:2001+A1:2011), American (CONSOL method) or Russian (GOST  
R 52152-2003), which describe in detail the testing plan, including 
loads and number of fatigue cycles, which are carried out at a test 
stand in an accredited certification laboratory.

Fatigue testing of the prototype section of the longwall powered 
roof support is mainly based on laboratory tests. Nowadays, 
tendencies among domestic clients are observed to increase the 
number of cycles up to 60,000 cycles. After testing according 
to a European standard, the number of cycles for each support 
block is proportionally increased to reach the expected number 
of cycles. Bench tests allow to recognize the mechanism of crack 
formation and precisely determine the durability of the structure, 
therefore the measurement data from strain gauges are recorded, 
thus enabling to recognize the nature of strain in the predicted 
area of crack initiation. The most popular and simplest approach 
to determining the fatigue limit is to know the dependence of 
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Abstract
A powered roof support is defined a set of support sections arranged next to each other, which creates space for mining and 

transportation machines and also for staff. The housing protects the newly discovered ceiling by moving a distance equal to the 
width of the mining body. The powered roof supports (PRS) must keep roof in variable cycle loads in mine and then it can lead to a 
complex combination of physical occurrences and changes in the construction. Micro-damages arising as a result of cyclical loads 
gradually develop and accumulate, leading to fatigue cracking. This paper presents an approach for the complexity of powered 
roof supports design taking into account fatigue life. In the work there can also be found some information on existing notches 
and how they are taken into account in the calculation. The main purpose of the work was to develop such an anti-fatigue design 
methodology to make calculations using the elastic model, and then at critical points apply the local elastic-plastic model methods 
using the Neuber model. Next there were adopted the appropriate fatigue criteria to determine fatigue life wall housing. To obtain 
the final form of the algorithm in this paper there are different fatigue tests presented, including: tests of wall casings with strain 
gauges and numerical analyzes using finite element method. Based on the tested main subassemblies of the PRS, the most effective 
method was defined taking into account the average values of cycle amplitudes, and the next step determined the degree of damage 
for all load supports. The results from experiments allow determining durability of critical places for the main subassemblies of the 
PRS and determining the most stressed components. Due to the shortage of systematic procedures and guidelines for the strength 
calculations of PRS enclosure which would take into account fatigue life, the proposed method meets the expectations of a correct 
and full recognition of static and fatigue strength analyzes. 
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stress amplitude on the number of cycles, so called Wöhler’s or 
Basquin’s diagram. However, relying solely on these diagrams in 
the case of the powered roof support is a very large simplification, 
which omits, among other things, geometric notches, structural 
notches and average values of cycles. A literature review on multi-
axial cyclic fatigue shows that there is no single universal stress 

criterion for different load conditions. Therefore, one of the main 
objectives of this work is to attempt durability assessment using 
numerical analysis based on the finite element method and to adopt 
an appropriate fatigue criterion in order to determine the most 
exposed area on this basis, while at the same time identifying the 
component most exposed to potential failure.

Characteristics of powered roof support tests

Figure 1: Prototype section of the powered roof support during bench tests.

Experimental research on the powered roof support was 
carried out in the Technical Laboratory in Opava (Figure 1) and 
lasted until the moment of visible damage to the structure. The 
appearance of cracks threatening the safety of continued testing 
resulted in stopping the tests and the final determination of the 
durability. The research method was presented in the works [1 - 9], 
and the applied criterion of multi-axial fatigue was described in the 
work [10]. It should be emphasized that although laboratory tests 
do not fully reflect the actual conditions in the mine underground, 
the variety of supporting actions and the number of cycles in the 
stress tests usually exceeds the actual operation of the powered 
roof support. Such a conclusion was reached after long-term 
observations of the powered roof support during its examination, 
operation and servicing.

The results obtained from experimental studies were used to 
determine elastic and elastic-plastic strain according to the formula 
below:

                                  at ae apε ε ε= +       (1)

where:

εat - amplitude of total strain,

εae - amplitude of elastic strain,

εap - amplitude of plastic strain.

In the cycle of alternating stresses sinusoidally one can 

distinguish: maximum stresses of the cycle σmax, minimum stresses 
of the cycle σmin, stress amplitude σa, average stress of the cycle σm, 
stress change interval T or frequency f. Each stress amplitude σa or 
maximum stress σmax shall be matched by the number of destructive 
cycles Nf until the stress amplitude σa drops to the fatigue limit at 
the specified number of Nf.

In the first step, from the Ramberg-Osgood equation, the curve 
of cyclic strain is determined:

                                       '
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where:

E- Young’s modulus,

σa –stress amplitude,

K’ - the coefficient of cyclic strain hardening,

n’ - the exponent of cyclic strain hardening.

The next step is to determine the extremes of the function 
waveforms for a given type of supporting action, followed by stress 
amplitudes and mean values according to the following formula:

- stress amplitude σa

                                    max min

2a
σ σσ −

=     (3)

- average value σm
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Based on the characteristics prepared from Basquin correlation 
and material data, the fatigue limit with respect to the crack area can 

be most easily determined. Thus, three areas can be distinguished 
depending on stress levels and number of cycles: quasi-static, low 
cycle (LCF) and high cycle (HCF), for which appropriate multi-axial 
fatigue criteria are used: strain, stress and energy model combining 
the two previously mentioned factors (Figure 2).

Figure 2: Basquin plot with strength regions.

It should be remembered that there are no clearly defined 
boundaries between quasi-static and low cycle or low cycle and 
high cycle strength. Experience shows that the first cracks may 
occur primarily in the weld areas [11] and that these places should 
be properly designed using available tools such as numerical 
programs (e.g. ANSYS, ABAQUS), Welding Institute guidelines [12], 
or British standards describing permissible fatigue stresses in 
welded joints [13].

Welded joints are classified as notched elements. Their 
evaluation is hindered not only by the local geometry but also by 
the microstructure and residual stresses caused by the welding 
process[10]. The methods used to estimate the durability of 
notched elements, and welded joints undoubtedly belong to 
notched elements, can be divided into local and non-local (global). 
Both methods can be further divided into those based on stress 
using the elastic body material model and those using the elastic-
plastic body model dependencies. When considering the initiation 
of fracture, it is most often assumed that the initiation takes place 
at the notch surface. At this point, local stress usually takes on high 
values and calculated durability often indicates significantly fewer 
cycles to failure [14, 15]. Global methods most often use the fatigue 
factor of notch effect Kf whose dependence is based on fatigue 
characteristics determined in laboratory tests.

For welded joints, the average stress value can be considered 
to have no significant effect on fatigue life. Łagoda in the work [16] 
presents the results of welded joint tests. They produced practically 
identical fatigue diagrams for symmetrical and pulsating loads. 
This is probably due to the existing high residual stresses. Fatigue 

strength is relatively slightly dependent on the type of welded joint 
being analyzed, but is more affected by the type of load, the quality 
of the weld and its size.

One of many methods of determining the durability of notched 
elements is to determine the theoretical factor of notch effect Kt 
(αk - according to Polish literature). This parameter is based on the 
stress or strain at points of the concentration of stress or strain.

                                                     
max

t
n

K σ
σ

=
    

(5)

where:

σmax, εmax - maximum stress or strain in the notch,

σn, εn - nominal stress or strain.

If elastic-plastic strain is present in the notch, the Kt factor shall 
be determined as the geometric mean according to the Neuber rule 
by means of factors of stress and strain concentration.

                            tK K Kσ ε=
       

(6)

 where:
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while pe
max
−ε  and pe

max
−σ are the local maximum elastic-plastic strain 

and the normal stress in the elastic-plastic model respectively [16].

In order to estimate the fatigue life of components containing 
both geometric and structural notches, methods based on the 
fatigue coefficient of notch effect Kf can be used, the value of which 
can be determined from the correlation:

                                         sm
f

not

K σ
σ

=  (9)

where:

σsm - amplitude of nominal stresses in elements without 
geometric notch,

σnot - amplitude of nominal stresses in notched elements.

On the basis of fatigue tests carried out for medium strength 
steels such as S355N, Biłous in the paper [17] proved that for the 
range of a large number of cycles these steels weaken, and high-
strength steels (e.g. S690Q) tend to strengthen with the increasing 
number of cycles. This conclusion can have a significant impact on 
the design and selection of the welded joint, especially in the area 
of the leg pockets.

Example of fatigue life assessment of roof supports 
To determine the fatigue life, the degree of failure must be 

calculated using one of the many damage accumulation hypotheses. 
In this paper, Palmgren-Miner linear rule [18] was applied, in which 
it was assumed that each fatigue cycle with specified parameters 
gives failure equal to the inverse of the total number of cycles 
causing failure. This function can be written in the form:

                 
( ) 1 ,PM block i

i

S N n
N

= ∑
   

(10)

where:

- Ni is the number of cycles for subsequent supporting actions,

- ni is the number of repetitions of tests for subsequent 
supporting actions.

According to this hypothesis, damage occurs when the total 
portions of damage reaches the value of 1.

The following is a general algorithm [19] for fatigue life 
determination using Basquin characteristics (Figure 3).

Figure 3: Fatigue life calculation steps under multi-axis loading conditions.

The calculation of effective support stresses, especially in 
the areas of welded joints, requires the use of FEM. In previous 
works [20], calculations were carried out for individual structural 
elements. An attempt was made to determine fatigue life based 

on the FEM results of the structure as a whole, with appropriate 
contact points and coefficients of friction between the bending 
loading blocks (Figures 4 - 6).
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Figure 4: Reduced stress layers H-M-H for symmetrical supporting, [MPa].

Figure 5: Equivalent stress layers H-M-H for unsymmetrical loading for canopy [MPa].

Figure 6: Equivalent stress layers H-M-H for unsymmetrical loading for base [MPa].
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Simulation tests carried out on all types of propping actions 
for the standard prototype roof support in the laboratory showed 
that the designed structure will last more than 100,000 cycles. 
Calculated life values showed that the design would meet the high 
fatigue strength requirements for an increased number of cycles, 
and that local cracks may occur due to other factors unrelated to the 
manufacture of the powered roof support.

Conclusions
The presented method and conclusions resulting from 

the simulation calculations are only a fragment of a complex 
methodology of predicting the durability of a longwall powered 
roof support. The strength analyses are continuously modified on 
the basis of further laboratory tests in order to be able to precisely 
determine the degree of damage in the individual areas of the 
structure in the future and to optimize them.

Determination of critical points of the components of powered 
roof support section and further determination of fatigue life 
may constitute a significant step towards the development of a 
methodology for tailoring a longwall roof support according to 
the client’s requirements and for increasingly difficult mining and 
geological conditions in which it will be used. It may also allow not 
only to update the methodology of roof support selection in Poland, 
in line with the development of knowledge and tools currently 
available in the world, but may also be a step ahead of the solutions 
existing in the best scientific and research centers worldwide 
concerning the selection and reliability for powered roof supports.
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