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Abstract The state of periodic loading and the interval of
periodic roof weighting have an important role in geome-
chanical stability and, hence, in the continuity of longwall
mining operations. In this paper, the mechanism of roof
caving in longwall mining—together with the effect of
engineering and geomechanical properties of surrounding
rock masses on the magnitude and timing of periodic load-
ing—is studied. For this purpose, a longwall mine is first
modeled using Phase2 software, and then, by simulating the
roof caving process, the periodic roof weighting intervals is
calculated. Based on the numerical modeling, the first roof
weighting interval and the periodic roof weighting interval
are calculated as 27.2 and 12.1 m, respectively. Sensitivity
analysis is then applied to determine the effect of changes in
the mechanical properties of the rock mass, especially in the
main roof and immediate roof. The results of the analysis
show that as GSI and quality of the immediate roof
increases, the periodic roof weighting interval also
increases. Hence, the applied algorithm in this research
study can effectively be utilized to calculate the periodic
roof weighting interval in the longwall mining method.

Keywords Longwall mining . Periodic roof weighting
interval . Finite element method . Phase2 software

Introduction

The process of periodic loading in longwall mining is com-
plex and significantly influences safety, stability, perfor-
mance, and the productivity of mining operations (Singh
and Singh 2010). Periodic loading and the periodic roof
weighting interval are related to geomechanical conditions
of the surrounding rock mass, particularly to the immediate
roof (Peng 2006). Roof caving mechanism and the rate of
advance represent additional influences on the state of peri-
odic loading.

The roof weighting interval increases due to a delay in
caving (or un-caving) of the roof and a great deal of subsequent
pressure on the power support system, which affects the min-
ing operation (Peng 2008). Therefore, it is necessary to study
the process of periodic loading in longwall mining, especially
in a mechanization mining operation. Up until now, several
studies have been carried out to determine the status of periodic
loading, first roof weighting interval, periodic roof weighting
interval, and various equations have been derived (Peng 2006;
Peng 2008; Jeremic 1985; Trueman et al. 2009; Monjezi et al.
2011). However, due to their analytical and experimental
natures, these equations have some limits (Trueman et al.
2009). Generally in these equations, providing the initial
assumptions is difficult in addition to the fact that their flexi-
bility to different conditions is limited. Therefore, in this study,
a new approach based on numerical modeling has been used to
estimate the mechanism of periodic loading and calculate the
roof weighting interval. Due to some difficulties—including
structure of longwall panel, stress distribution, and caving
mechanism—the finite element method has been selected for
numerical modeling (Oraee et al. 2009). The Phase2 software
is used for modeling, which is provided byRocscience Inc. as a
well-known finite element code (ROCSCIENCE 2011). In
order to perform the modeling process using Phase2, the
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material properties and geometry of the problem are first
defined. For this paper, the state of periodic loading in one of
the longwall mining panels of Tabas coal mine in Iran
(Hosseini 2010) has been simulated as a case study.

Immediate roof

The immediate roof is the lowest part of the roof that is
caved while advancing the power supports. When modeling
the roof weighting interval, the thickness of the immediate
roof should be calculated. For this purpose, Eqs. 1 to 3 are
used (Peng 2006, 2008).

him ¼ H � d

M � 1
ð1Þ

d0 � d ð2Þ

d ¼ c:H ð3Þ
where him is the thickness of the immediate roof, H is the
mining height, d is the sagging of the lowest un-caved strata,
d0 is the maximum allowable sagging (without breaking) of
the lowest un-caved strata, c is the ratio of the actual sagging
of the strata before caving to the mining height, and M is
bulking factor of the immediate roof. The parameters M and
c are dependent on the rock type and the mechanical prop-
erties of the immediate roof, respectively. In the case of
Tabas coal mine, they have been determined to be 1.25
and 0.50, respectively (Hosseini 2010). Furthermore, the
coal seam thickness (mining height) has previously been
determined to be 1.8 m (Hosseini 2010). Therefore, the
thickness of the immediate roof is calculated as 3.6 m.

In situ stress

The state of in situ stress can significantly influence the
geomechanical behavior of the rock mass and can have
major effects on the caving mechanism (Brady and Brown
2004). Equations 4 to 6 are used to calculate the state of in
situ stress (Sheorey 1997).

σv ¼ g:Z ð4Þ

k ¼ 0:25þ 7Eh 0:001þ 1

Z

� �
ð5Þ

σh ¼ k:σv ð6Þ

where σv is the vertical in situ stress, γ is the average density
of overburden, Z is the depth below the ground surface, k is
the ratio of horizontal to vertical in situ stress, Eh is the
average horizontal deformability modulus, and σh is the
horizontal in situ stress. The vertical and horizontal in
situ stresses in the Tabas coal mine have previously
been calculated to be 12.50 and 4.71 MPa, respectively
(Hosseini 2010).

Designation of rock mass properties in Phase2

In order to perform numerical simulation, the mechanical
properties of the immediate roof, floor, and caving material
(goaf area) must be defined. In the Tabas coal mine, roof and
floor strata are a combination of sandstone, siltstone, and
mudstone (Hosseini 2010). The Hoek–Brown rock failure
criterion has been selected based on the geomechanical
behavior of rock mass for the modeling process in Phase2
(Hoek et al. 2002). Furthermore, the elastic properties of
material and the type of material are defined as isotropic and
plastic, respectively (ROCSCIENCE 2011; Hosseini 2010).
The average geomechanical properties of the roof, floor, and
coal are presented in Table 1 where σci is the uniaxial
compressive strength of intact rock, GSI is the geological
strength index, mi is the intact rock parameter, γ is the
density, Ei is the Young’s modulus of intact rock, υ is the
Poisson’s ratio, σTi is the tensile strength of intact rock, and
τi is the shear strength of intact rock.

The RocData software (ROCSCIENCE 2011) is used
to estimate the rock mass properties of roof, floor, and
coal seam since the samples of intact rock are used in
laboratory tests. RocData, which is also provided by
Rocscience Inc., determines the soil and rock mass
strength parameters by analyzing laboratory or field
triaxial/direct shear data. This program can fit the linear
failure criterion (Mohr–Coulomb strength model) and
three other nonlinear failure criteria (the generalized
Hoek-Brown, Barton-Bandis, and Power Curve strength
models) to test the data in order to estimate the full

Table 1 Geomechani-
cal properties of materi-
als (Hosseini 2010)

Parameters Roof and floor Coal

σci(MPa) 25.6 7

GSI 67 43

mi 12 10

γ(kg/m3) 2,730 1,350

Ei(GPa) 2.83 0.26

υ 0.31 0.29

σTi(MPa) 2.5 0.1

τi(MPa) 17.66 5.5
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geomechanical parameters of rock mass (ROCSCIENCE
2011). An example of the calculated results of RocData
is shown in Fig. 1.

Fig. 1 Output of RocData software

Table 2 Output of
RocData software Parameters Roof and floor Coal

mb 1.021 0.554

S 0.0005 0.0001

a 0.521 0.547

C(MPa) 0.981 0.188

ϕ(deg) 26.38 21.16

σT(MPa) −0.0117 −0.0016

σc(MPa) 0.472 0.051

σcm(MPa) 3.163 0.549

Em(MPa) 1694.81 444.17
Fig. 2 Created model in Phase2, stage 1
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Input parameters of RocData include uniaxial compres-
sive strength of intact rock (σci), (GSI), intact rock param-
eter (mi), and disturbance factor (D), all of which have been
shown in Table 1.

Due to rock quality and nonblasting extraction in Tabas
coal mine, the disturbance factor is selected to be zero (Hoek
et al. 1995). The results of RocData are shown in Table 2,
where mb, S, and a are the rock mass parameters; C is the
cohesion; ϕ is internal friction angle; σT is tensile strength of
rock mass; σc is uniaxial compressive strength of rock mass;
σcm is global strength of rock mass; and Em is deformation
modulus of rock mass.

Mechanical properties of caved materials (goaf)

With the advancement of the face, the caved materials
in the goaf area are gradually compressed, meaning that
the mechanical properties of caved materials are a func-
tion of time. Based on the empirical studies conducted,
the mechanical properties of goaf material can be cal-
culated using Eqs. 7 to 9 (Singh and Singh 2010;
Jeremic 1985).

g ¼ 1; 600þ 800 1� e�1:25t
� � ð7Þ

E ¼ 15þ 175 1� e�1:25t
� � ð8Þ

u ¼ 0:05þ 0:2 1� e�1:25t
� � ð9Þ

where γ is the density, E is the deformation modulus, υ is the
Poisson’s ratio, and t is the time. Based on this study and other
mechanical properties (Hosseini 2010), the density, deforma-
tion modulus, and Poisson’s ratio of caved materials are cal-
culated to be 1,678 kg/cm3, 32.12MPa, and 0.07, respectively.

Numerical modeling and calculation of roof weighting
interval

In order to perform the numerical modeling, the finite
element software, Phase2, has been used. The first stage

Fig. 3 Calculation of first roof weighting interval

Fig. 4 Numerical model after roof caving

Fig. 5 Calculation of the periodic roof weighting interval

Fig. 6 Periodic roof weighting interval vs. GSI
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of the model consists of the definition of the geometry
of the roof model and situation, immediate roof, floor,
coal seam, and goaf, as well as the geomechanical
properties of materials. Secondly, the geomechanical
properties of the material in each part are assigned. In
order to simulate the power support system, an equally
distributed normal force is applied on the roof and floor.
The advancement in each cutting cycle is defined in a
separate stage. Overall, 20 stages have been defined
within the model. In each stage, the distributed normal
force (the equivalent force of power support system)
advances with the face. Moreover, the part of immediate
roof that yields is replaced with the caved material.
Figure 2 show the stage 1 of the created model in
Phase2, and Fig. 3 shows the calculation of the first
roof weighting interval.

As it is evident in Figs. 3 and 4, with the advance-
ment of the face and the power support system, the
first caving zone is created in the immediate roof. In
order to determine the first roof weighting interval, the
yielded element of immediate roof has to be consid-
ered. Based on the results of numerical modeling, the
first roof weighting interval is calculated as 27.2 m.
After the first caving, the yielded elements of immedi-
ate roof are replaced with caved materials (shown in
Fig. 4). Afterwards, the face of the longwall is ad-
vanced gradually along with the power support that is
applied in the model as a distributed normal force.
When the unsupported length of roof reaches 12.1 m,
the immediate roof elements are yielded again. In other
words, the roof is caved. Therefore, the periodic roof
weighting interval is calculated to be 12.1 m (shown in
Fig. 5).

Sensitivity analysis

The geological strength index (GSI) (Hoek et al. 1995;
Hoek and Brown 1997) is one of the important param-
eters that describe the geomechanical behavior of a
given rock mass. This index is easy to estimate and is
based on several equations. It is also related to other
mechanical properties of rock, such as RMR, and Q
(Edelbro 2003; Singh and Goel 1999). In this section,
the state of the immediate roof is described based on
the GSI. In order to determine the effect of changes in
the mechanical properties of immediate roof on periodic
roof weighting interval (PRWI), a sensitivity analysis
has been conducted. For this purpose, the immediate
roofs with different GSIs are defined in the numerical
model, and the PRWIs are calculated. The results can be
seen in Fig. 6.

The PRWI increases as the GSI of the immediate
roof is increased. This relationship can be defined based
on Eq. 10.

PRWI ¼ 0:0324 GSIð Þ2 � 0:9346 GSIð Þ þ 7:4688 ð10Þ

Conclusions

In the design process of longwall mining and the selection
of power support system, the periodic loading must be
considered. Therefore, calculating the first and periodic roof
weighting interval plays an important role in design process,
safety, performance, and the operation of the longwall min-
ing method. Several methods are currently available that can
be used in order to calculate the periodic loading and peri-
odic roof weighting interval; however, due to some assump-
tions and other limitations, they are often difficult to use.
The method presented in this study—a new approach based
on numerical modeling—can be used to calculate the peri-
odic loading and PRWI. Furthermore, this approach is sim-
ple and flexible since it is a numerical method. In addition,
sensitivity analysis shows that the periodic loading is de-
pendent on the geomechanical properties of the immediate
roof. Therefore, PRWI is calculable based on the mechanical
properties of the immediate roof, such as GSI. Generally,
with the increase in quality of the immediate roof, the PRWI
increases and subsequently the applied load on power sup-
port system is increased to the extent that it has the potential
to threaten mining operations.
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