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In order to study the coal deformation and failure mechanism in fully mechanized caving face under the high-intensity mining,
based on the equivalent mechanical model of transversely isotropic cylindrical coal with fractures, the equivalent equations for
axial, radial, and volume strains of coal sample loaded in linear elastic and plastic stages were derived in this paper.+e equivalent
mechanical model shows good reliability through the conventional triaxial experiment. Taking the N1206 workface in Yuwu coal
mine of Luan group as the example, we have simulated the stress concentration factor of the coal body ahead of the working face
with FLAC and divided three regions according to stress distribution in coal mining. Mathematical equations were derived to
express the horizontal and vertical stress, which provide theoretical guidance of the stress paths in triaxial experiment about real
mining stress environment simulation. Experimental results show that the volume strain’s value is about 0.4% in the coal mass
deformation progress of axial compression increasing slowly area. In axial compression increasing rapidly area, the volume
strain’s value varies from 0.41% to 0.27%, and the radical strain changes from compression deformation to expansion deformation
gradually. +e volume strain of coal sample increases sharply in axial compression releasing rapidly area; meanwhile, there are
good linear relationships between Poisson’s ratio and axial strain and radial strain.

1. Introduction

China’s coal seam gas is richly endowed, and its reserves are
roughly comparable to those of natural gas. Gas flow in coal
seams is a complex process of mutual coupling between gas
transport and solid deformation of coal seams [1]. With the
further extension of coal mining depth, the pressure gradient
of coal seam gas is larger than that of shallow coal seam, and
the gas content in coal seam also increases gradually [2],
which makes the working face more prone to gas gushing
and coal and gas protrusion and other power disaster ac-
cidents. +erefore, this coal seam gas has become an im-
portant factor to restrict the safe and efficient production of
coal mines [3]. Intensive study on the deformation and

failure mechanism of coal body ahead of fully mechanized
caving face is helpful to make the corresponding fracture and
seepage fields of coal body clear [4–6]. It has important
theoretical guiding significance and engineering application
value for the gas control and coal and gas outburst pre-
vention in high gas working face [7, 8].

With the advance of the working face, the front coal body
would successively become the original rock stress area, the
stress concentration area, and the pressure relief area, where
the elastic deformation and plastic deformation gradually
occur until the coal-body fracture. At present, the relevant
research at home and abroad focuses on the determination
of “three areas” of coal body ahead of working face. Xie et al.
[9] studied the distribution law of mining-induced stress of
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coal body ahead of fully mechanized caving by establishing a
mechanical model of coal body damage in working face. +e
isotropic damage model established by Hansen and Schreyer
[10, 11] was used to study the damage characteristics of coal
body. Pu and Miao [12] used RFPA software to simulate the
distribution characteristics of support pressure ahead of fully
mechanized caving face, and the scope of “three zones” of
fully mechanized caving working face was divided. Jiang and
Hu [13, 14] used the microseismic monitoring system to
determine the width of the “three zones” of coal body ahead
of the working face. In addition, Su and Huang et al. [15, 16]
simulated the in situ stress field through deformation and
failure tests of coal samples under different stress paths, and
the deformation and failure laws of coal body ahead of the
working face were also studied. Jianping et al. [17] used a
triaxial test platform with gas-contained coal and rock
samples to study the transformation law of strain and
permeability of coal body under load.

Due to the differences between the loading and
unloading paths of triaxial test and the real stress state of coal
body ahead of the working face, how to improve the ac-
curacy of the test and then quantitatively judge the defor-
mation of coal body still needs to lucubrate, especially for the
deformation characteristics study of coal body ahead of fully
mechanized caving face under high-intensity mining con-
dition. Based on equivalent pore-fracture mechanical model
of cylindrical coal sample, the stress-strain equation of coal
sample when loaded in the plastic stage is derived in this
paper. +e horizontal stress and vertical stress distributions
of coal body in the relief zone, stress concentration zone, and
normal pressure zone ahead of fully mechanized caving
working face are obtained by using numerical simulation.
According to the real working face stress distribution in
different stages, the GCTS triaxial instrument is then used to
load and unload simultaneously the axial pressure and
confining pressure to the coal sample. +e deformation
characteristics of coal body and the development of fractures
under the real stress environment of fully mechanized caving
face are emphatically studied. +e research results provide a
reference for the study of coal and gas solid-gas coupling law,
which is of great significance to realize the comining of coal
and gas in the high-strength fully mechanized caving face.

2. Theoretical Analysis of Deformation of Coal
Sample under Loading

As a typical sedimentary rock, coal seam has obvious
stratification [18], and this porousmedium consists of cracks
and the coal matrix which contains a solid skeleton and
pores [19]. Considering the coal body as transverse isotropic
material and the pores as isotropic material, Xue [20]
proposed a pore-crack equivalent mechanical model as
shown in Figure 1, and the equivalent radial strain, equiv-
alent axial strain, and equivalent volume strain of coal
samples during linear elastic deformation are derived.

In the linear elastic deformation stage, the equivalent
displacements εx, εy, and εz along x, y, and z directions of the
equivalent coal and rock mass model would have the re-
lationship shown in the following equation:

εx �
δϕx + δτx + δox 

D
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where δφx, δφy, and δφz are the pore displacements of coal
samples along x, y, and z directions, respectively. δτx, δτy, and
δτz are the displacements of coal matrix, respectively.D is the
diameter of the cylindrical coal sample, mm; H is the height
of the coal sample, mm.

+erefore, the equivalent volume strain of the media in
the elastic stage is

εV � εx + εy + εz. (2)

However, in coal’s conventional triaxial mechanical
test, the coal would experience the compaction stage,
elasticity stage, and volume expansion stage from the
initial stress loading to the failure, successively. +e linear
elastic deformation is only a part of the process and
further analysis of the subsequent plastic deformation is
required.

When the coal-rock mass enters the plastic deformation
stage, its strain state is not only related to the loading and
unloading stress state but also related to the loading and
unloading path, where the plastic constitutive relation be-
tween incremental stress and incremental strain can only be
established. According to increment theory [19], there must
be a small increment in the total strain dεij containing the
elastic strain increment dεe

ij and the plastic strain increment
dεp

ij, when a small increment in the external load existed,
where dεij � dεe

ij + dεp
ij.
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Figure 1: Equivalent mechanical model of the coal containing
pores and cracks [20].
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According to the characteristics of pore-crack structure,
it is considered that the whole deformation of coal body
consists of coal matrix deformation, pore deformation, and
crack deformation on the surface of coal body. +e strain
increment at each place in the coal body dεij includes the
matrix deformation increment dεϕij, the main fracture de-
formation increment dετij, and the pore deformation in-
crement inside the coal body dεoij. Since most of the
deformable pores are compacted after the compaction stage
of coal and rock mass, the pore deformation at this stage is
ignored. +erefore, the plastic stage strain increment in-
cludes the matrix deformation increment of coal body and
the main fracture deformation increment of coal body.

dεij � dεϕij + dετij. (3)

In the plastic deformation stage, elastic strain εϕe

ij and
plastic strain εϕp

ij occur in the coal-rock matrix. According to
the increment theory,

dεϕij � dεϕe

ij + dεϕp

ij . (4)

When elastic deformation occurs in the coal-rock ma-
trix, the generalized Hooke’s law is still satisfied. +e elastic
strain increment along x, y, and z directions is
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(5)

+e constitutive equations of plastic strain increment
along x, y, and z directions of coal matrix are obtained by
applying the incremental theory when the coal transformed

to the plastic strain, as shown in equation (6). Parameter dλ
is a nonnegative scalar proportional coefficient, which is
related to the loading path and dλ� 3dεi/2dσi.
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Combined with equations (5) and (6), it can be con-
cluded that the displacements of coal-rock mass matrix

along x, y, and z directions when it transformed to the plastic
stage are
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(7)
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When the coal is in the plastic state, especially in the
volume expansion stage, the constitutive equation would be
obtained by using the D-P criterion as the yield condition of
the coal expansion [20–23], where τ is the shear stress of coal
body, σm means normal stress, and α and k are the test
constants only related to the internal friction angle and co-
hesion of coal body, as shown in the following equation (8):
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When studying the displacement caused by the crack on
the coal surface, the normal stress and shear stress on the
equivalent crack surface of the coal body can be obtained
according to equation (8). When the coal body is in the
plastic state, the nonlinear changes would occur on the
normal stiffness, tangential stiffness parallel to the crack, and
angular stiffness perpendicular to the crack on the surface of
a single crack, and corresponding instantaneous increments
are dkn, dkf//, and dkf⊥ respectively. As shown in Figure 2, the
displacement increments of multiple groups of cracks along
x, y, and z directions are
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+erefore, the equivalent displacement strains of coal
body in the plastic stage along x, y, and z directions are
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+erefore, the equivalent volume strain of coal in the
plastic stage is

dεV �
dδϕx
D

+
dδϕy + dδτy

D
+

dδϕz + dδτz
H

. (11)

3. The Verification by Triaxial Mechanical
Test of Coal-Rock Mass

+e test coal sample is obtained from the N1206 fully
mechanized caving face of No. 3 coal seam, Yuwu coal
mine, Luan Group, where the buried depth is 460∼510m
and the average dip angle is 3∼8°. According to the Speci-
fication of Gas Geological Map of No. 3 Coal Seam of Yuwu
coal mine [24], the relative gas emission of this mine is

16.93∼19.55m3/t, which is a high gas mine. +e porosity of
coal seam is 4.54∼6.79%, the average bulk density is 1.44 t/m3,
the hardness coefficient is 0.45∼ 0.62, and the hardness of
coal body is soft. Large block coal samples are selected in the
coal body ahead of the working face, and the standard size
samples (Φ50mm×H100mm) is drilled along the parallel
bedding direction. +e GCTS triaxial test platform was used
to test by the displacement control method. In the period of
triaxial tests, the confining pressure was held at 6MPa, and
the axial pressure was loaded at the rate of 0.03% mm/min
until failure.

+e quality of sample (Φ49.41mm ×H102mm) is
274.76 g. +e density is 1.40 g/cm3 and the porosity of the
coal sample is 5.58%. As shown in Figure 3, two main
cracks can be observed on the cylindrical surface of the coal
sample: the length of fissure 1 is 63mm, extending upward
to the upper end face, and fissure 2 is 44mm, extending
downward to the lower end face. +erefore, the two main
cracks have a certain influence on the macroscopic me-
chanical properties of coal samples. At present, there are
few studies on the transverse isotropic mechanical pa-
rameters of coal samples with cracks. +e mechanical test
data of different coal bodies are given according to [25].+e
rates of elastic modulus and Poisson’s ratio along the
vertical bedding direction (E⊥ and ]⊥) and the parallel
bedding direction (E// and v//) are 2.5∼7.7 and 1.8∼3.1,
respectively. According to the occurrence conditions of No.
3 coal seam, values of rates are 4.8 and 2.1, respectively. It
can be seen that E⊥ and E// are 3800MPa and 792MPa,
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respectively, and ]⊥ and v// are 0.38 and 0.18, respectively,
where the elastic modulus corresponding to coal matrix
and coal pore medium is 792MPa and 2900MPa, re-
spectively, and corresponding Poisson’s ratio is 0.32 and
0.18. +e details of surface crack parameters of coal are
shown in Table 1. Since displacement control was adopted
in this test, the axial compression loading rate was
0.03mm/min, and the corresponding average axial stress
rate was 0.013MPa/min. It can be concluded that the
plastic deformation coefficient dλ� 0.023. According to the
value of [26], the internal friction angle of the sample is
39.8° and the average cohesion force is 7.4MPa.

+e stress-strain curve obtained from the test is shown
in Figure 4. Based on the anisotropic deformation of the
coal, it can be considered that the stress and strain of the
coal have a linear relationship in the compaction stage and
the elastic deformation stage, and, in the yield stage, the
stress and strain show nonlinear-correlation relationship
when the coal is in the plastic deformation stage, which is

consistent with the theoretical analysis results in Section 1.
In the failure stage of coal mass, the main failure mode is
shear dilatation. +e confining pressure is 6MPa and the
axial pressure is in the range of 0∼15MPa. Correspond-
ingly, the axial strain, radial strain, and volume strain are
0∼0.00299, 0∼−0.00126, and 0∼0.00048, respectively, and
the sample is in the linear elastic stage. When the axial
compression is greater than 15MPa, it belongs to the
plastic stage, and the corresponding axial strain is
0.00299–0.00618.

Due to the displacement controlling loading method,
the axial strain still changes linearly before the failure. +e
radial strain and volume strain are −0.00126∼−0.00831 and
0.00048∼−0.01042, respectively, which are 5.6 and 22.7
times of the anisotropic strain in the linear elastic stage.
Figure 5 shows the stress-strain curves of linear elastic stage
and plastic stage calculated by theory, which well verifies
the axial, radial, and volume strain curves obtained from
the tests. Although it is large in the range of isotropic strain,
it can be used to reflect the isotropic deformation law of
coal samples in the process of triaxial loading and
unloading.

Because of the large dispersion of coal and rock and the
large variation of different coal seams, the theoretical results
described in the previous section are only applicable to the
same coal seam. +erefore, we can later select enough coal
and rock samples to achieve generalization of the theoretical
analysis.

4. Study on Loading Deformation of Coal Body
ahead of Fully Mechanized Caving

4.1. Numerical Simulation and =eoretical Analysis. +e
structure of Yuwu coal mine is mostly monoclinal in the
direction of south and north. +e angle of its wings is less
than 10°. 3# coal seam is located in the lower part of Permian
Shanxi Formation, and its buried depth range is 350–642m
with 6m thickness coal seam, which is stable coal seam, and
its vitrinite reflectance is 2.01∼2.94% belonging to mainly
lean and lean coal. +e relative gas emission of this mine is
16.93∼19.55m3/t, which is a high gas mine. Taking the
N1206 working face of the mine as an example, the working
face adopts top coal caving and the machine mining height is
3.3m, while the coal drawing thickness is 3m. +e working
face inclination length is 300m, and the strike length is
1200m.+e daily coal output of this high-intensity mining is
8800∼12000 t, and the buried depth of coal seam in the area
is 480m.+e 109m overburden seam, including 18 layers of
strata, above the coal seam is selected as the research object,
and the top-down lithology of the overburden seam is
followed by mudstone (2.4m), siltstone (5.3m), fine-grained
sandstone (2.2m), medium grained sandstone (3.8m),
sandy mudstone (2.3m), siltstone (5.19m), mudstone
(3.5m), siltstone (2.5m), medium-grained sandstone
(2.5m), mudstone (1.4m), siltstone (4.1m) sandy mudstone
(2.8m), siltstone (2.6m) of coarse grained sandstone (2m),
and the sediment layer, interaction (50m). +e numerical
model of the fully mechanized caving working face was
established by FLAC software with 400m length (x
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Figure 2: Stress analysis of the coal’s fracture surface.
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Figure 3: Major fracture distribution of coal surface.

Advances in Civil Engineering 5



direction), 400m width (y direction), and 200m height (z
direction).+e loading stress of the overburden of the model
is 8.1MPa, and the failure criterion of coal body is Coulomb
mole. +erefore, the stress distribution diagram of the coal
body ahead of fully mechanized caving can be obtained, as
shown in Figure 6.

Due to the fact that these two roadways have the pressure
relief effect on the coal body near the fully mechanized
caving working face, the stress will be unloaded at the coal
wall near roadways, and the stress concentration phenom-
enon will not appear when the horizontal stress along X-axis
applied on the coal body in front of the working face is
greater than that of the initial stress; and one side of the
working face along the Y-axis direction is the coal wall of the
working face where the stress is completely unloaded; the
other side is the initial stress zone without stress concen-
tration. However, the peak value of stress concentration is
smaller than that of vertical stress along the Z-axis due to the
pressure relief of roadways. With the cylindrical coal sample
in this test, stress path in the Y-axis and Z-axis can be used to
guide the loading mode of confining pressure and axial
pressure in the test to reflect the reality horizontal stress in
the field. According to the horizontal stress expressions of
mining dynamics of 3 different typical mining conditions of
mining unloading proposed by Xie Heping, the common
features of 3 typical mining are refined. Although the peak
bearing pressure coefficients and the influence range of the 3
typical mining methods are different, the overall bearing
pressure curve ramp-up zone can be further divided into the
slowly increasing pressure zone and the sharply increasing
pressure zone. +erefore, according to Figure 7, the mining
stress on the coal body in front of the working face can be
divided into three zones: Rapid step-down zone (L1), rapid
pressurization zone (L2), and slow pressurization zone (L3).
+e results show that the stress concentration coefficient at
the peak value of vertical stress concentration is 2.23, and the
horizontal stress concentration coefficient is 0.65. At the
boundary between the slow pressure boost zone and the
rapid pressure boost zone, the vertical stress concentration
coefficient is 1.16, and the horizontal stress concentration
coefficient is 0.92. +erefore, the stress distribution char-
acteristics of the fully mechanized caving working face and
the axial pressure and confining pressure values corre-
sponding to each critical point in the simulation test can be
obtained, as shown in Figure 7.

According to the actual situation of fully mechanized
caving working face, the vertical stress of coal body at point
A in front of the working face is the residual strength of coal
body RC, and the horizontal stress is 0, as shown in Figure 8.
On the influence of different mining speed and coal seam
occurrence conditions, the length of the three zones will
change in front of the corresponding fully mechanized
caving working face. According to [27], the actual stress
distribution curve of the fully mechanized caving face can be
simplified as a linear piecewise function of stress and dis-
tance. +e mining speed of fully mechanized caving face is
set as V, and the corresponding time of the three zones is

Table 1: Mechanical property parameters of coal’s fracture structure.

Main fractures Normal stiffness Kn/MPa Tangential stiffness Ks/MPa
Main fractures distribution

Angles (°) Widths (cm)
Fracture 1 3800 1200 71 0.15
Fracture 2 3800 1200 84 0.04
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obtained as L1/V, L2/V, and L3/V, respectively. Given that
the slopes of the line in the corresponding interval of vertical
stress are K1, K2, and K3, the corresponding values are
(2.23cH−Rc)/L1, −1.07cH/L2, and −0.16cH/L3, which cor-
respond to the axial compression loading rates of
(Rc−2.23cH)v, 1.07cHv, and 0.16cHv in different stages of

triaxial test, respectively. To ensure that the test is closer to
the real stress state of the actual fully mechanized caving
face, the loading rates of confining pressure are −0.65cHV,
−0.27cHV, and −0.08cHV, respectively.

+erefore, the vertical stress distribution function can be
obtained as follows:

σ1 �
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+e corresponding horizontal stress distribution func-
tion is

σ3 �

0.65cH

L1
x, 0≤ x< L1( ,

0.27cH

L2
x +

0.65cHL2 − 0.27cHL1

L2
, L1 ≤ x<L1 + L2( ,

0.08cH

L3
x +

0.92L3cH − L1 + L2( 0.08cH

L3
, L1 + L2 ≤x<L1 + L2 + L3( .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(13)

4.2. Analysis of Simulation Test Results. +e diameter of the
test coal sample is 49.31mm, the height is 100.55mm, and
the mass is 260.62 g. +e surface of the sample contains
cracks. According to the daily output of N1206 working face
(8800∼12000 t), the daily advance would be about 5m, and
the corresponding mining speed is calculated as 0.014m/
min. +e correlation coefficient (original rock stress is
10MPa; the residual strength of coal is 4.7MPa) is
substituted. In the triaxial simulation test, the axial com-
pression loading rates of the coal body in front of fully
mechanized caving are 0.023MPa/min, 0.149MPa/min, and
−0.246MPa/min in the slow pressurization area, rapid
pressurization, and rapid unloading area, and the confining
pressure unloading rates at corresponding stages are
0.011MPa/min, 0.038MPa/min, and 0.091MPa/min, re-
spectively. In the process of the test, the axial pressure and
confining pressure of the coal sample were first loaded to the
original stress, and then the triaxial loading and unloading
test guided by the above test parameters could truly reflect
the deformation characteristics of the coal body in the “three
zones” in front of the fully mechanized caving working face.
+e stress-strain-Poisson’s ratio variation curve obtained
from the test is shown in Figure 9. Subsections I, II, and III,
respectively, correspond to slow pressurization area, rapid
pressurization, and rapid unloading area.

As seen in Figure 9, the stress-strain curve of the coal
sample is consistent with the mechanical deformation
characteristics of conventional triaxial mechanical tests.
However, it is illuminated that the volume strain of coal
body changes little in the slow pressurized region and the
rapid pressurized region. In the relief zone, the volume strain
shows a sudden increment, which is 6.7 times that of the
previous two stages, indicating that the coal deformation in
the fully mechanized caving face is mainly volumetric ex-
pansion. +e trend of different stages is analyzed as follows:

(1) +e slow pressurization stage. Due to the initial rock
stress, there existed certain axial and radial strains in
the coal. In this stage, the ranges axial strain is from
0.12 to 0.37%, and the volume strain decreases
slightly from 0.44% to 0.41%. Poisson’s ratio ranges
from 0.23 to 0.035, which indicates that axial
compression is the dominant deformation of coal at

this stage, and both axial strain and volume strain
belong to linear elastic deformation.

(2) Rapid pressurization stage. At this stage, the axial strain
is 0.37∼0.51%, volume strain is 0.42∼0.24%, and
Poisson’s ratio is 0.035∼0.495. Compared with the
previous stage, the volume compression strain in this
stage gradually decreases, and the axial deformation is
always dominant, but the radial strain turns from
compression deformation to expansion deformation.
As the axial compression increases rapidly and the
confining pressure decreases slowly at this stage, the
increase rate of axial strain is greater than that of radial
strain, and the volume strain is still a compression
deformation, gradually changing from linear elastic
deformation to plastic yield deformation.

(3) Rapid pressure relief stage. At this stage, the axial strain
is 0.51∼0.59%, the volume strain is 0.24%∼−0.037, and
Poisson’s ratio is 0.035∼0.495. At this stage, the coal
mass undergoes plastic yield to macroscopic failure.
When the volume strain is −0.018, the volume of the
sample expands sharply, and the maximum expansion
rate is 3.7%. Both volume strain and radial strain are
dominated by expansion deformation, and the corre-
sponding expansion velocity increases firstly and then
decreases. Due to the rapid unloading of the confining
pressure to 0 at this stage, the internal cracks in the coal
gradually expanded and coalesced until failure, and the
axial pressure of the coal rapidly decreased to the re-
sidual strength of 4.7MPa. +e absolute value of the
change slope of Poisson’s ratio changes from less than 1
to greater than 1, indicating that the failuremode of coal
samples changes from compression shear failure to
dilatancy failure [28]. In addition, it can be concluded
that Poisson’s ratio has a good linear relationship with
the axial strain and radial strain at this stage, as shown in
Figure 10.+e corresponding expressions are as follows:
]� −1.7794, εradial + 0.0044; ]� 12.505, εaxial−6.5166. It
shows that the axial strain and radial strain in this stage
also have a linear relationship, which indirectly proves
that the displacement along the shear plane occurs
when the macroscopic failure of the coal gradually
occurs.
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5. Conclusions

(1) +e equivalent pore-crack model of transversely
isotropic coal pointed out that the plastic stage
mainly consists of surface crack deformation and
coal matrix deformation, leading to the equivalent
axial strain, radial strain, and volume strain
equations of coal in the plastic stage under loading
condition. +e conventional triaxial test proves
that this theory can be used to characterize the
deformation characteristics of coal.

(2) Taking the N1206 working face of Yuwu coal mine
in Luan as an example, the stress concentration
coefficient of the coal body in front of the fully
mechanized caving working face is 2.23 with the
consideration of mining intensity through nu-
merical simulation. +e coal body in front of fully
mechanized caving is divided into slow pressuri-
zation area, rapid pressurization, and rapid
unloading area, and the expressions of vertical
stress and horizontal stress in corresponding stages
are derived.

(3) +e mining disturbance characteristics of highly
intensive fully mechanized caving working face,
gained from theoretically analyses, are used to guide
the triaxial loading and unloading simulation test,
and it is concluded that the axial deformation is
dominant in the slow pressurization area. +e radial
deformation is dominant in the rapidly pressurized
region, and the compression deformation turns to
the expansion deformation in radial direction. In the
rapid unloading area, Poisson’s ratio of the coal
sample has a linear relationship with the axial strain
and radial strain. With the volume expanding rap-
idly, the internal cracks gradually expand and con-
nect until the failure occurs. When the volume strain
is 0.018, the volume deformation increases sharply,
and the failure mode changes from compression
shear failure to dilatancy failure.

(4) In this paper, further study is required due to the fact
that the influence of gas adsorption and absorption
in the process of pressurization and unloading was
not considered in the derivation of coal deformation.
In addition, considering the large dispersion of raw
coal, different locations and larger number of sam-
ples should be manufactured in order to make more
generalized results.
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