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In order to meet the security and high-efficiency production needs, high-strength bolt (cable) reinforcement technology is usually
used to maintain the stability of roadways. However, due to the great variability of lithology and mechanical properties, the failure
form and stability of the layered roof in coal roadways are significant differences. The traditional supporting design method of the
layered roof support in coal roadways is the engineering analogy method, which depends on experiences rather than theoretical
analysis. Based on the theory of the elastic foundation beam and key stratum, this paper establishes a simplified analytical model of
layered roof strata in coal roadways. Based on the Mohr-Coulomb theory, this paper gives the failure criteria of the layered roof
strata, and the failure range of the layered roof strata is obtained. The length and pretightening force of bolt (cables) of the layered
roof strata can be calculated based on the suspension theory and composite beam theory, which providing a quantitative
theoretical basis for the determination of supporting parameters. Finally, as a case, the layered roof strata failure range and
supporting parameters of the S1301 auxiliary transportation roadway in Gucheng coal mine are calculated.

1. Introduction

With the continuous innovation of energy mining technol-
ogy [1], the support technology of roadway is also constantly
innovating. However, due to the complex formation and
changeable characteristics of the coal seam, the characteris-
tics of the roadway roof strata are complex and changeable,
which makes the stability control of roadway layered roof
strata very difficult [2–7]. Therefore, it is very important to
analyze the surrounding rock pressure and failure character-
istics of the layered roof strata.

After excavation, due to the existence of the free surface
and unbalanced surrounding rock pressure, the layered roof
strata of rectangular coal roadways will bend and deform to
the free surface. If the length and pretightening force of the
bolt (cable) are not adequate, the layered roof strata in coal
roadways will separate and even collapse [8, 9]. The study
on the deformation mechanism and the supporting parame-
ters of layered roof strata mainly depend on simulation tests,
numerical simulations, and field measurements rather than

theoretical analysis [10–13]. Zhang et al. [14] studied on
the mining instability characteristics and failure modes of
the layered roof with three types of weak intercalation which
depended on simulation tests and proposed the control prin-
ciple of the roadway surrounding rock. Sofianos and Kapenis
[15], Sofians [16], and Lin [17] studied on the stability and
deformation failure process of the layered roof, which was
supported by bolts, based on the discrete element method.
Jiang et al. [18] classified the roadways compound layered
roof into seven types. The classification scheme of roof cav-
ing possibility was established, and the hidden danger level
of the typical roadway compound layered roof structure
was divided.

Based on the composite beam theory and elastic founda-
tion beam model [6, 19–21], the deformation characteristics
of the layered roof strata in rectangular roadways are ana-
lyzed in this study. Based on the Mohr-Coulomb theory, this
paper gives the failure criteria of the layered roof strata, and
the failure range of the layered roof strata is obtained.
Finally, we can calculate the length and pretightening force
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of the bolt (cable) based on the suspension theory and com-
posite beam theory, which provides a quantitative theoretical
basis for the determination of the supporting parameters.

2. Theoretical Background

2.1. Problem Definition. As the length of the roadway is far
larger than the section size, the analytical model is idealized
as a plane strain problem. This study assumes that the com-
pound layered roof of roadways are composed of n-layer
strata, numbered 1, 2⋯ i⋯ n from bottom to top
(Figure 1). After excavation, the bending deformation of lay-
ered roof strata may lead to separation or interlayer sliding
of the compound layered roof. If there is no bolt (cable) sup-
port, the failure layered roof strata of coal roadways may
lead to roof caving accident. After the application of bolt
(cable), the fractured layered roof strata will be suspended
in the upper stable roof stratum and form a self-stable
structure.

According to the above discussion, the first step in calcu-
lating the length and pretightening force of the bolt (cable) is
to analyze the internal force of the layered roof strata based
on the composite beam theory and the elastic foundation
beam model. Then, the range of the failure roof can be deter-
mined. Finally, the bolt (cable) support parameters are
obtained based on the suspension theory and composite
beam theory.

Here, we assume that a certain number of layered roof
strata in coal roadways form the composite beam structure.
For the roadway is a plane-symmetric structure, we can
assume that the stress and deformation of the layered roof
are also symmetric. Thus, the right part of the layered roof
strata relative to the symmetrical axis is taken as the analysis
object. Based on the elastic foundation beam theory [14], the
composite elastic foundation beam model and its coordinate
system are established (Figure 1).

Here, q is the load on the composite elastic foundation
beam structure, l is half of the roadway width, σH is the hor-
izontal stress, and k is the foundation characteristic coeffi-
cient of the elastic foundation beam.

2.2. Basic Equations. The Winkler hypothesis considers that
the settlement amount of any unit point in the foundation
surface is proportional to the pressure. Therefore, the foun-
dation counterforce of the elastic foundation beam can be
determined as follows:

R = −kY , ð1Þ

where Y is the settlement amount of the foundation, namely,
the bending amount of the foundation beam, k = k0b, where
b is the width of the beam, b = 1m, and k0 is the Winkler
foundation coefficient.

According to the above simplifications and the equilib-
rium conditions, the deformation differential equation of
the composite elastic foundation beam is

EI d
4Y

dx4
= q + γh, 0 ≤ x ≤ l,

EI d
4Y

dx4
= q + γh − kY , l ≤ x<∞,

8>>><
>>>:

ð2Þ

where EI is the bending stiffness of the composite elastic
foundation beam, which can be obtained using formula
(3), q is the load on the composite elastic foundation beam,
γ is the unit weight of the composite elastic foundation
beam, and h is the thickness of the composite elastic founda-
tion beam.

EI = 〠
n

i=1

ðyi−1
yi

Ei y − Δð Þ2dA, ð3Þ

where Ei is the elastic modulus of the ith roof stratum in the
composite elastic foundation beam, y is the ordinate of any
point in the composite elastic foundation beam, yi is the
ordinate of the upper boundary of the ith roof stratum,
and Δ is the ordinate of the neutral axis, which can be calcu-
lated using the following equation:

Δ =
∑n

i=1
Ð yi−1
yi

EiydA

∑n
i=1
Ð yi−1
yi

EidA
: ð4Þ

According to the relationship between the bending, rota-
tion angle, moment, and shearing force of composite elastic
foundation beam, the deflection, moment, and shearing
force are calculated as follows:

θ = dy
dx

= Y ′,

M = −EI d
2y

dx2
= −EIY″,

Fs = −EI d
3y

dx3
= −EIY‴,

8>>>>>>>><
>>>>>>>>:

ð5Þ

where θ is the rotation angle,M is the moment, and Fs is the
shearing force of any section of the composite elastic foun-
dation beam.

For the model is a symmetric structure, the rotation
angle and shearing force are zero at the symmetrical axis
(x = 0). Moreover, for the excavation influence of the road-
way is relatively limited, the rotation angle is zero at infinity
(x⟶∞). These conditions are expressed as follows:

Y ′ = Y‴ = 0, x = 0,
Y ′ = 0, x⟶∞:

(
ð6Þ

Considering the continuity of analytical solutions, the
bending, rotation angle, moment, and shearing force should
be continuous while x = l; thus, the continuity condition can
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be expressed by the following equations:

lim
x⟶l+

Y xð Þ = lim
x⟶l−

Y xð Þ,

lim
x⟶l+

Y ′ xð Þ = lim
x⟶l−

Y ′ xð Þ,

lim
x⟶l+

Y″ xð Þ = lim
x⟶l−

Y″ xð Þ,

lim
x⟶l+

Y‴ xð Þ = lim
x⟶l−

Y‴ xð Þ:

8>>>>>>>>><
>>>>>>>>>:

ð7Þ

3. Results

3.1. Deformation and Internal Force. The general solution of
the differential equation (formula (2)) that satisfies the
boundary condition (formula (6)) can be expressed as fol-
lows:

Y =

q + γh
24EI x4 +A1x

2 + A2, l ≤ x<∞,

e−β x−lð Þ B1 cos β x − lð Þð Þ + B2 sin β x − lð Þð Þ½ � + q + γh
k

, 0 ≤ x ≤ l,

8>><
>>:

ð8Þ

where A1, A2, B1, and B2 are undetermined constants that
can be determined by the continuity conditions, formula
(7). β is the characteristic coefficients, which can be
expressed as

β =
ffiffiffiffiffiffiffi
k
4EI

4

r
: ð9Þ

According to the continuity conditions (formula (7)), the
undetermined constants of formula (8) can be expressed as
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Figure 1: Analysis model of layered roof strata in coal roadway.
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Figure 2: The analysis object of the composite beam and its force in the vertical direction.

Table 1: Rock properties of the roadway roof strata.

Rock strata Lithology
Depth
(m)

Thickness
(m)

The 8th roof
stratum

Siltstone 601.32 1.89

The 7th roof
stratum

Medium
sandstone

605.02 3.70

The 6th roof
stratum

Fine sandstone 606.27 1.25

The 5th roof
stratum

Siltstone 607.82 1.55

The 4th roof
stratum

Fine sandstone 609.72 1.90

The 3rd roof
stratum

Medium
sandstone

612.02 2.30

The 2nd roof
stratum

Fine sandstone 614.47 2.45

The 1st roof
stratum

Sandy mudstone 615.29 0.82

3# coal Coal 621.80 6.51

Table 2: Mechanical parameters of coal and rock.

Lithology
E

(GPa)
γ (kN/
m3)

k (GN/
m2)

Rt
(MPa)

Rc
(MPa)

φ
(°)

Medium
sandstone

18.96 27.18 —— 5.37 62.3 37.3

Fine
sandstone

11.1 26.79 —— 3.01 50.6 35.2

Siltstone 10.08 26.13 —— 2.97 50.2 33.3

Sandy
mudstone

10.59 26.23 —— 2.57 26.65 32.1

Coal 1.29 14.60 0.06 0.57 5.3 30.1
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follows:

A1 = −
q + γh
12EI

β2l3 + 3βl2 + 3l
β2l + β

,

A2 =
q + γh
24EI

β3l4 + 4β2l3 + 6βl2 + 6l
β3 + q + γh

k
,

B1 =
q + γh
12EI

2β2l3 + 6βl2 + 3l
β4l + β3 ,

B2 = −
q + γh
12EI

2β2l3 − 3l
β4l + β3 :

8>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>:

ð10Þ

In fact, the bending expressed by formula (8) includes
two parts: the deformation caused by excavation and the ini-
tial deformation caused by the initial surrounding rock
stress. Therefore, the deformation caused by excavation
can be obtained as follows:

Ye =
q + γh
24EI x4 +A1x

2 + A2 −
q + γh

k
, 0 ≤ x ≤ l,

e−β x−lð Þ B1 cos β x − lð Þð Þ + B2 sin β x − lð Þð Þ½ �, l ≤ x<∞:

8><
>:

ð11Þ

According to formulas (5) and (8), the moment and
shearing force value of the composite elastic foundation
beam are obtained as follows:

M =
−
q + γh

2 x2 − 2A1EI, 0 ≤ x ≤ l,

−2β2EIe−β x−lð Þ B1 sin β x − lð Þð Þ − B2 cos β x − lð Þð Þð Þ, l ≤ x<∞,

8><
>:

ð12Þ

Fs =
− q + γhð Þx, 0 ≤ x ≤ l,

−2β3EIe−β x−lð Þ B2 − B1ð Þ sin β x − lð Þð Þ + B + B2ð Þ cos β x − lð Þð Þð Þ, l ≤ x<∞:

(

ð13Þ

3.2. Internal Force and Failure Analysis. According to the
theory of the key stratum, the load of any strata in the com-
pound layered roof generally affected by its adjacent strata in
addition to itself. According to the definition and deforma-
tion characteristics of key stratum, when the key stratum
deflects, the strata on the key stratum will undergo collabo-
rative deformation, and the failure of the key stratum will
lead to the synchronous failure of the strata on the key stra-
tum. Practice shows that there are several key strata that play
a major role in the stability control of the roadway, and there
is a key stratum that plays a decisive role. Therefore, in order
to calculate the failure range of the overlying strata, this arti-
cle assume that the strata within the control range from the
first key stratum to the decisive key stratum form the com-
posite beam structure. Firstly, we assume that the first key
stratum is the decisive key stratum. If the calculation result
shows that the decisive key stratum is a failure and the com-
posite beam structure does not meet the requirements of
roadway stability, then we assume that the second key stra-
tum is the decisive key stratum, and so on. The load (q) on
the composite elastic foundation beam structure is the over-
lying rock strata gravity. Based on this hypothesis and ideal-
ization, the bending and deformation of the layered roof
strata in coal roadways are calculated.

According to the deduction process of the bending nor-
mal stress and the uniaxial compression stress of a beam, the
positive stress of any point of the roadway compound lay-
ered roof can be obtained as follows:

σi = −M
Ei y − Δð Þ

EI + σH : ð14Þ

According to the deduction process of the bending shear
stress, the shear stress of any point of the roadway com-
pound layered roof can be obtained as follows:

τi =
Fs

2EI 〠
i−1

j=1
Ej yj−1

2 − 2yj−1Δ − yj
2 + 2yjΔ

� �
+ Ei yi−1

2 − 2yi−1Δ − y2 + 2yΔ
� �" #

,

ð15Þ

where y is the ordinate of any point in the composite beam
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Figure 3: Deflection and bending moment curve of composite
beam.
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Figure 4: Shear force of composite beam and its differential curve.
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and yi−1 is the ordinate of the upper boundary of layer i − 1,
namely, the ordinate of the lower boundary of layer i.

We take part of the composite beam as the analysis
object and consider its force balance in the vertical direction
(Figure 2).

The normal stress of any point in the vertical direction of
the composite beam can be obtained as follows:

In the plane rectangular coordinate system, the Mohr
stress circle of any section in the composite beam can be
expressed as

τ2 =
σix − σiy

2

� �2
+ τ2i − σ −

σix + σiy
� �

2

 !2

, ð17Þ

where σ and τ are the normal stress and shear stress of any
section.

According to the Mohr-Coulomb criterion [22], the fail-
ure criterion of the layered roof strata can be expressed as
follows:

τ2 ≥ σ + Rtð Þ2 1
2

ffiffiffiffiffiffiffiffiffiffiffiffiffi
Rc

Rt
− 3

s !2

+ σ + Rtð ÞRt ,
Rc

Rt
≥ 3

τ2 ≥ σ + Rtð ÞRt ,
Rc

Rt
< 3,

8>>>><
>>>>:

ð18Þ

where Rc and Rt are the compressive and tensile strength of
the rock, respectively.

Then, the failure criteria of the roadways layered roof
strata can be expressed as follows:

f =

1
2Rc −

1
2Rt − σix − σiy

� �2
‐ Rc

Rt
+ 1

� � 1
4RcRt +

1
4Rt

2 + σixσiy − τi
2

� �
≥ 0, Rc

Rt
≥ 3

σix + σiy − Rt

� �2‐4 Rt
2 + σixσiy − τi

2� �
≥ 0, Rc

Rt
< 3:

ð19Þ

It should be noted that the yielding behavior of the sur-
rounding rock and the failure criteria of the roadways lay-
ered roof strata is judged by the stress in the elastic state,
which is not an exact elastic-plastic solution.

3.3. Bolt (Cable) Length and Its Pretightening Force

3.3.1. Calculation of the Bolt Length. According to the theory
of composite beam, the supporting function of the bolts is to
provide enough pretightening force to increase the friction

force of the failure roof strata and prevent the strata from
sliding or even separating. Therefore, the effective length of
the bolt should be greater than the thickness of the failure
roof strata. The length of the bolt is

Lb = Lb1 + Lb2, ð20Þ

where Lb1 is the exposed length of the bolt, which typically
takes 0.1-0.2m. Lb2 is the effective length of the bolt, which
is larger than the thickness of the failure roof strata.

3.3.2. Calculation of the Bolt Pretightening Force. According
to the composite beam theory, in order to prevent the sliding
or even separating, the friction force provided by the bolt
should be greater than the maximum shear stress generated
by self-weight of the failure roof strata [23–25]. Thus, the
bolt pretightening force can be expressed as follows:

Fb ≥
3
4

γihi′+∑i−1
j=1γihi

� �
l

tan φmin hi′+∑i−1
j=1hi

� � abbb, ð21Þ

where i is the number of the failure roof strata; hi′ is the fail-
ure thickness of the ith roof stratum; ab and bb are the trans-
verse and vertical distances of bolts, respectively; φmin is the
minimum value of the friction angle of the failure roof strata;
and l is half of the roadway width.

3.3.3. Calculation of the Cable Length. According to the the-
ory of composite beam and suspension, the function of cable
is to suspend the failure roof strata in the upper stable strata
and provide enough pretightening force to increase the fric-
tion force of the failure roof strata and prevent the strata
from sliding or even separating. Thus, the effective length
of the cable is

Lc2 = 〠
i

j=1
hj, ð22Þ

where Lc2 is the effective length of the cable, i is the number

σiy =

1
2EI

dFs

dx
〠
i

j=2

ðy
yj−1

Ej−1 yj−2
2 − 2yj−2Δ − yj−1

2 + 2yj−1Δ
� �

dy + 〠
i−1

j=1

ðyj
y j−1

Ej yj−1
2 − 2yj−1Δ − y2 + 2yΔ

� �
dy +

ðy
yi−1

Ei yi−1
2 − 2yi−1Δ − y2 + 2yΔ

� �
dy

" #
, 0 ≤ x ≤ l,

kY + 1
2EI

dFs

dx
〠
i

j=2

ðy
yj−1

Ej−1 yj−2
2 − 2yj−2Δ − yj−1

2 + 2yj−1Δ
� �

dy + 〠
i−1

j=1

ðyj
y j−1

Ej yj−1
2 − 2yj−1Δ − y2 + 2yΔ

� �
dy +

ðy
yi−1

Ei yi−1
2 − 2yi−1Δ − y2 + 2yΔ

� �
dy

" #" #
, l ≤ x≤∞:

8>>>>><
>>>>>:

ð16Þ
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of the failure roof strata, and hj is the thickness of each fail-
ure roof stratum.

Therefore, the cable length (Lc) can be determined as fol-
lows:

Lc = Lc1 + Lc2 + Lc3, ð23Þ

where Lc1 is the exposed length of the cable, which typically
takes 0.2-0.3m. Lc2 is the effective length of the cable. Lc3 is
the anchor length, which can be determined by test accord-
ing to the pretightening force.

3.3.4. Calculation of the Cable Pretightening Force. The
essential role of the cable is to limit the plastic deformation
of the surrounding rock and avoid separation or local roof
collapse. Therefore, the cable pretightening force should be
greater than the equivalent gravity of the failure roof strata,
and the friction force provided by the cable support should
be greater than the maximum shear stress between the fail-
ure roof strata.

Thus, the pretightening force of the cable can be
obtained as follows:

Fc =max acbc 〠
i

j=1
γjhj, Fb

abbb
acbc

( )
f a, ð24Þ

where Fc is the pretightening force of the cable, ac is the
cables equivalent spacing values, bc is the cables row spacing
values, γj is the unit weight of each failure roof stratum, and
f a is the safety factor, which typically takes 1.1-1.2.

It should be note that the failure range of the roadways
layered roof strata is judged by the stress in the elastic state,
and the stress of support structure varies with the develop-
ment of surrounding rock. Thus, the support parameters
are experience results that based on theoretical analysis.

4. Application

Taking the S1301 auxiliary transportation roadway of the
Chinese Gucheng coal mine as an example, its width is
5.2m (2 l = 5:2m), height is 3.6m (h = 3:6m), and buried
depth is 615.3m. The rock properties of the roadway roof
strata is shown in Table 1, and the layered roof strata are
numbered 1, 2…8 from bottom to top.

According to the geological data and field measure-
ments, the horizontal stress is 9.1MPa. The elasticity modu-
lus, unit weight, foundation coefficient (Winkler’s
coefficient), and strength parameters of the roof strata are
shown in Table 2.

4.1. Determination of Composite Beam Structure and Its
Load. According to the key stratum theory, the 1st, 2nd,
3rd, and 4th key strata of the layered roof strata are the
1st, 2nd, 3rd, and 7th roof strata, respectively. Due to the
low strength of the composite beam structure formed by
the first and second key strata, the strata within the control
range of the 1st, 2nd, and 3rd key strata can be taken as
the research object directly, which means that the 3rd key
stratum is the decisive key stratum. Namely, the first to sixth
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Figure 6: Breaking function curve of the composite beam.
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Figure 5: Failure factor cloud chart of the composite beam.
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roof strata form the composite beam structure, and the load
of the overlying strata is 15.7MPa.

4.2. Neutral Axis and Bending Stiffness. The first step is to
establish the coordinate system, with the boundary of the
roadway roof as its x-axis and the central axis of the roadway
as its y-axis. Then, the neutral axis ordinate and bending
stiffness can be obtained (Δ = −5:01m, EI = 992:3GN ⋅m2)
by substituting the composite beam parameters into formu-
las (3) and (4).

4.3. Deflection and Internal Force Calculation of Composite
Beam. After substituting the bending stiffness (EI), the over-
lying load (q) and the thickness (h) of the composite beam
into formulas (9) and (10), and the coefficients of the bend-
ing and internal forces of the composite beam are β =
0:06235m-1, A1 = −1:6909m-1, A2 = 0:31719m, B1 =
0:04984m, and B2 = 0:03649m.

According to formulas (11), (12), and (13), the deflec-
tion, bending moment, shear force, and shear force differen-
tial value of the composite beam can be determined, and the
curves are shown in Figures 3 and 4.

According to Figures 3 and 4 and formulas (11)and (12),
the bending and moment reach their maximum values in the
middle of the roadway (while x = 0m), Ye = 5:1 cm and M
= 335:56 × 106N ⋅m, respectively. And the shear force reach
its maximum value in the side of roadway (while x = 2:6m),
Fs = 41:53 × 106N.

4.4. Determination of the Failure Strata. According to the
above analysis, the thickness of the composite beam is
10.27m. Taking the composite beam on both sides of the
roadway centerline, within 15m, as the calculation model,
the size of the numerical calculation model is 30m × 10:27
m. Dividing the calculation model into 31 × 60 matrix grid
by the software of MATLAB. According to equations
(14)–(16), the stress state of each matrix point are obtained,
respectively. The failure factors of each matrix point can be
obtained by equation (19). The cloud chart of failure factor

(as shown in Figure 5) and the curve of failure factor when
x = 0m and x = 2:6m (as shown in Figure 6) can be obtained
by MATLAB, which is a Coulomb-Mohr solution. It obvious
that the maximum failure depth of the roof strata is 2.3m
according to Figures 5 and 6. Thus, according to the key
stratum theory, the 1st-2nd layered roof of the roadway
may break down. Namely, the effective length of the cable
is L2 = 3:27m according to equation (22).

The endoscopic research technology was used to obtain
the broken depth of the roof strata. The criterion for deter-
mination of the roof strata failure range is the thickness of
the roof strata that loss integrity. The endoscopic research
results (Figure 7) show that the roadway roof strata within
2.1m is broken at different positions and loss its original
integrity. Namely, the failure depth of roadway roof strata
is 2.1m.

4.5. Calculation of Bolt Length and Pretightening Force.
According to Figures 5 and 6, the thickness of the damaged
roof is 2.3m, so the effective length of the bolt is 2.3m, and
the length of the bolt is 2.6m. The transverse and vertical
distances of bolts are 0:8m × 0:8m in this roadway. Due to
the minimum friction angle of the damaged roof being
32.1°, the pre tightening force of the bolt is 120 kN according
to formula (21).

4.6. Calculation of Cable Length and Pretightening Force.
According to the above analysis, the 1st-2nd roof strata are
likely to be damaged, the effective length of the cable can
be determined to be L2 − 3, 27m, and the exposed length
of the cable are 0.25m. The spacing values of the cables are
ac = 2:6m and bc = 0:8m, and the safety factor is f a = 1:15.
According to formula (24), the pretightening force of the
cable should be greater than 210 kN. According to the pre-
tightening force of the cable, the anchorage length can be
determined by a pull-out test, which is 1.75m. Thus, the
length of the cable is L = 5:3m.

0.30 m 0.65 m 0.90 m

2.03 m1.85 m 2.13 m

Figure 7: Endoscopic research results of roadway roof strata.
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5. Conclusion

(1) Based on the theory of the elastic foundation beam
and key stratum, this paper establishes a simplified
analytical model of layered roof strata in a coal road-
way. Assuming that the roof strata within the control
range from the first key stratum to the decisive key
stratum form the composite beam structure. The
analytical solution of deformation and internal force
of the composite beam structure are obtained

(2) Based on the Mohr-Coulomb theory, the failure cri-
teria of the layered roof strata is obtained; then, the
failure range of the layered roof strata is determined.
The length and pretightening of bolt (cable) can be
calculated according to the suspension theory and
composite beam theory, which provide a quantita-
tive theoretical basis for the determination of bolt
(cable) supporting parameters and a significant guid-
ing for actual project

(3) Finally, a case is given to demonstrate the analysis
and calculation process of the stress and supporting
parameters of the layered roof strata in a coal road-
way. The cloud chart of the composite beam failure
factor and the curve of failure factors (when x = 0
m and x = 2:6m) are obtained by MATLAB, which
makes the process of determining the failure range
of the layered roof strata simpler. Apart from this,
the calculation result of the failure range is basically
consistent with the endoscopic research results. To
some extent, it proves the usefulness of the study.
However, the theoretical calculation results still
needs more case to verify

(4) It should be noted that the yielding behavior of the
surrounding rock and the failure criteria of the road-
ways compound layered roof is judged by the stress
in the elastic state, which is not an exact elastic-
plastic solution. The supporting parameters are
experience results based on theoretical analysis
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