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* Correspondence: wanghongjiang@ustb.edu.cn 

Abstract: Concrete is more stable than filler as a false roof in a downward approach type infill 
quarry, but the mechanical model of a concrete false roof is not clear. As a result, there has been 
limited application. Therefore, it is necessary to establish the mechanical model of a concrete 
artificial false roof to enhance the stability of the downward approach infill quarry. This paper 
combines theoretical analysis, model derivation, finite element analysis and field application 
methods. Firstly, the basic assumptions of thin plate theory and elasticity mechanics are used as the 
premise to establish the differential equations of the deflection curve of the concrete thin plate false 
roof. Then, the three types of bending moment generation of the concrete thin plate false roof are 
explored. Secondly, the relationship between the location of dangerous surface and dangerous point 
in hard-supported weak-slab structure and soft-supported weak-slab structure is analyzed, and the 
type of uniform load and calculation model of concrete thin-slab false roof are improved. Finally, 
according to the established mechanical model of thin slab false roof, finite element analysis and 
field application were carried out. The results show that there are three types of deflection curve 
differential equations in the concrete thin slab false roof perpendicular to the strike, and three 
extreme points exist in the middle section of the thin slab and on both sides of the surrounding rock. 
The hazardous surface of the hard-supported weak-slab structure is present at the intersection of 
the encircling rock and the thin-slab fake ceiling, with the perilous point situated on the top of this 
surface. The hazardous surface of the soft-supported weak-slab structure can be found in the centre 
section of the thin-slab fake ceiling, with the perilous point being located at the bottom of this 
surface. Moreover, the damage mode for both structures is that of maximum tensile stress damage. 
Upon conducting a finite element analysis, the results indicate that the concrete’s maximum tensile 
stress is significantly high. 

Keywords: concrete false roof; thin slab theory; ultimate strength; thickness; downward approach 
infill mining method 

 

1. Introduction 

A copper mine in Zambia uses the downward filling method for stratified mining. The ore body 
in this area is characterized by a large change in dip angle, a thin medium thickness and a broken ore 
rock, which is a difficult to mine unstable sharply inclined high water-bearing ore body [1,2]. The 
existing surface filling system of the mine cannot meet the strength requirements of the graded 
cemented filler for the filling process, and the existing filling system needs to be modified to increase 
the cost. In addition, the long maintenance time of the cemented paste backfill reduces the production 
efficiency [3,4]. Therefore, the use of a low-strength full tailing sand paste backfill for the upper cover 
and a high-strength concrete for the lower cover as the downward approach filling of the false top 
can not only utilize the existing filling system, but also improve the stability and efficiency of the 
artificial false top. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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At present, many scholars have mainly used fixed beam mechanical model, safety factor method, 
and reliability analysis for paste backfill false top [5–8]. Yang [9] analyzed the factors affecting the 
stability of the downward approach by sensitivity analysis, and found that the thickness of the false 
roof has the highest sensitivity to the stability of the approach. Guo et al. [10] used the “embedded 
beam” model as the overlying filler mechanics model and obtained the maximum deflection of the 
filler bearing layer of 23.04 cm by theoretical calculation and FLAC3D numerical simulation. Wu et 
al. [11] showed that the ultimate strength of the plaster dummy roof decreased polynomially with 
the increase of the plaster dummy roof thickness and the economic reinforcement rate decreased 
polynomially with the increase of the plaster dummy roof thickness by establishing the simple 
support beam model. The economic reinforcement rate increases logarithmically with the increase of 
the strength of the plaster false roof. 

The above analysis is based on the analysis of cemented filler as artificial dummy roof, when the 
cemented filler is used as artificial dummy roof, its strength requirement is low and thickness 
requirement is large, so the modeling is mainly based on the “beam” model at this time. When the 
concrete is used as the bearing layer of the artificial roof, the strength requirement is higher and the 
thickness requirement is smaller, so the “beam” model is not applicable, and it can be regarded as 
the “thin plate” model according to the elasticity analysis [12]. Liu et al. [13] conducted a theoretical 
analysis of the destabilization mechanism of the artificial false roof through the thin plate theory, and 
obtained that the maximum tensile stress is distributed in the middle of the false bottom, and the 
vertical displacement of the false bottom is unevenly settled. Shang et al. [14] studied the tensile stress 
of the artificial false roof by thin plate theory, reliability theory and safety factor method, and found 
that the width of the approach has a greater influence on the tensile stress of the bearing layer, and 
the idea of “small width, large height” can be used to optimize the section. At present, there is no 
complete mechanical model for the strength of reinforced concrete false roof in the analysis of thin 
slab of artificial false roof, and the relationship between the ultimate strength of concrete and small 
thickness has been rarely reported. 

Based on this, this paper takes the broken ore body of this copper mine as the research object 
and derives a detailed mechanical model of reinforced concrete false top based on the 
electrodynamics-thin plate model. Finally, the danger point of the false top is analyzed based on the 
bending moment. The relationship between the location of the dangerous surface and the dangerous 
point in the hard-supported weak slab structure and the soft-supported weak slab structure is 
analyzed, the type of uniform load and calculation model of the concrete thin slab false top are 
improved, the law of the ultimate strength of the concrete false top and the thickness of the false top 
are investigated, and the rationality of the theoretical analysis is verified by finite element analysis. 
This paper provides a theoretical basis for the design of the concrete false roof of a downward 
approach to a copper mine in Zambia, and the research results have some significance for the design 
of artificial false roofs in other mines. 

2. Concrete Thin Slab False Top Small Deflection Deformation and Model Basic Assumptions 

According to the knowledge of elasticity, if the thickness h of a plate is much smaller than the 
width b, it is called a thin plate. When the thin plate is subjected to external loads, it will undergo 
bending phenomenon (as shown in Figure 1). When a thin plate is bent, the curved surface bent by 
the midplane becomes the elastic surface of the plate, and the displacement of each point in the 
midplane perpendicular to the midplane direction (z-axis) is called deflection ω Represent. The elastic 
surface formed by a thin plate is also called a torsion surface, when ω/ When h ≤ 1/5, it is called 
small deflection bending [15]. 
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Figure 1. Bending model of thin plate false top column surface. 

The bending problem of thin plates belongs to spatial problems. In order to establish the theory 
of small deflection bending of thin plates, in addition to citing the basic assumptions of elastic 
mechanics, three additional calculation assumptions have been proposed (these assumptions have 
been confirmed by a large number of experiments) [16]. According to Figure 1, the midplane of the 
thin plate is taken as the x y plane, assuming the following: 

① The positive strain perpendicular to the midplane direction𝜀௭ can be disregarded, i.e., the 
displacement component w is only a function of x and y and is independent of z. 

②Stress component𝜏௭௫, the𝜏௭௬ The strain induced can be disregarded, i.e.,γ௭௫ = 0，γ௬௭ = 0. 
(③) The points on the midplane of the thin plate have only the displacement w perpendicular to 

the midplane and no displacement parallel to the midplane. That is(𝑢)௭ୀ଴ = 0，(𝑣)௭ୀ଴ = 0. 
Based on the above basic assumptions, the surrounding rocks on both sides of the mining area 

are considered as elastic foundations, and the bearing layer is considered as a “thin plate” layer. In 
practical environments and calculations, vertical load is the main load for the bending of thin plates. 
Due to the stress isolation effect of the two surrounding rocks, the horizontal stress on the thin plate 
layer is relatively small, which is ignored. 

3. Derivation of Mechanical Model of Concrete Thin Slab False Roof 

3.1. Derivation of Differential Equations for the Deflection Curve of a Thin Concrete Slab False Top 

3.1.1. Establishment of Differential Equations for Deflection Curves of Thin Concrete Slab Dummy 
Roofs 

According to elasticity [17], the deflection w of the midplane of a thin plate is a function of the 
coordinate axis. However, in actual mining operations, the width of the access road is generally much 
smaller than the length of the access road, and the false roof of the thin plate is subjected to a uniform 
load q. For cylindrical curved plates, at any position on the cross-section, the deflection w of the plate 
changes only in the x-axis direction, resulting in the deflection equation: డర௪డ௫ర = ௤(௫)஽  (1) 

where w is the deflection of the dummy roof, D is the bending stiffness of the dummy roof, and 
q(x) is the external load of the dummy roof. 

For the above column surface bending plate, it can be studied with unit width slats, and the unit 
length is taken along the approach direction (y direction) on Figure 1 to obtain Figure 2. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 March 2024                   doi:10.20944/preprints202403.0128.v1



 4 

 

 
Figure 2. Force model of slats. 

The supporting force p(x) that will generate upward action on the contact surface between the 
false top layer of the thin plate and the foundation： 

p(x)=Ejεj=Ej
wj(x)

M
 (2) 

where𝐸௝ is the modulus of elasticity of the elastic foundation.𝜀௝ is the vertical strain of the elastic 
foundation.𝑤௝(𝑥) is the subsidence of the elastic foundation at point x; M is the height of the quarry 
approach. 

Assuming an ideal contact between the thin plate and the surrounding rocks on both sides, i.e., 
“w”_ J (x)=w (x). Thin plate q (x)=q-p (x) on elastic foundations on both sides of the route. The 
differential equation of the deflection curve of the plate on the elastic foundation of both sides of the 
route (x ≤ - l and x ≥ l) can be obtained: 

D d4w( x )
dx4 +

Ej

M
w(x)=q (3) 

Taking x ≥ l as an example, the solution of a fourth order linear non-homogeneous differential 
equation is: 

w(𝑥) = 𝑒ିఈ(௫ି௟)[A1 sin (α(x-l))+ A2 cos (α(x-l))] +𝑒ఈ(௫ି௟) [𝐴ଷ 𝑠𝑖𝑛( 𝛼(𝑥 − 𝑙)) 𝐴ସ 𝑐𝑜𝑠( 𝛼(𝑥 − 𝑙))] + ொೕ 𝑞 (4) 

According to the boundary conditions, when x tends towards ∞ , w(𝑥) = lim௫→ஶ 𝑤(𝑥) = ொೕ 𝑞 . 

Substituting (4) into the above equation can obtain: A3=A4=0. The deflection curve equation of the 
plate is the sinking equation of the plate, ொೕ 𝑞 has no practical significance before the excavation of 

this route and can be omitted. Directly above the route, the external load of the board is q(x)=q. Based 
on the same principle, it can be concluded that: 

w(x)=e-α(x-l)[A1 sin (α(x-l))+ A2 cos (α(x-l))] x≥l
w(x)=eβ(x-l)[B1 sin ( β(x+l))+B2 cos ( β(x+l))] x≤-l

w(x)= 1
D

[ 1
24

q(x-l)4+c1(x-l)3+c2(x-l)2+c3(x-l)+c4] -l≤x≤l 
ൢ (5) 

Eq.𝛼 = ቀ ாೕೌସ஽ெቁభర, and𝛽 = ቀ ாೕ್ସ஽ெቁభర, Ai, Bi, Ci (i-1~4) are the coefficients. 

3.1.2. Determination of Pending Parameters A1, A2, B1, B 2 

According to Figure 2, replace the y axis with the w direction of the Flat noodles, and make a 
section along the Ow axis to divide the Flat noodles into two parts: x ≥ 0 and x ≤ 0, as shown in 
Figure 3. On the OO section, taking the right side as an example, in the vertical direction, under 
uniformly distributed loads and supporting forces, if the bearing layer is balanced, there will 
inevitably be shear force T0 and bending moment M0 on the section. At the section x=l, there is: 
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Figure 3. Internal force model of slat profile. 

M(l)=M0+T0l+ 1
2

ql2

Q(l)=T0+ql
ቋ  (6) 

where𝑀(𝑙) is the total bending moment of the bearing layer.𝑄(𝑙) is the total shear force of the 
bearing layer.𝑀଴ is the bearing layer OO′ profile bending moment.𝑇଴ is the bearing layer OO′ profile 
tangential shear force, q is the uniform load; l is half of the approach width. 

According to the thin plate theory, substituting x=l into (5) and (6), the deflection equation of the 
bearing layer under the conditions of x≥l(formula 8) and x≤-l (formula 9) is obtained: 

w(𝑥) = − ଵଶ஽ఈమ 𝑒ିఈ(௫ି௟)[− (𝑀଴ + 𝑇଴ 𝑙 + ଵଶ 𝑞𝑙ଶ) 𝑠𝑖𝑛( 𝛼(𝑥 − 𝑙)) +  (𝑀଴ + ଵାఈ௟ఈ 𝑇଴ + ଶାఈ௟ଶఈ 𝑞𝑙ଶ) 𝑐𝑜𝑠( 𝛼(𝑥 − 𝑙))] (8) 
w(𝑥) = ଵଶ஽ఉమ 𝑒ఉ(௫ା௟)[−(𝑀଴ − 𝑇଴ 𝑙 + ଵଶ 𝑞𝑙ଶ) 𝑠𝑖𝑛( − 𝛽(𝑥 + 𝑙)) +  (𝑀଴ − ଵାఉ௟ఉ 𝑇଴ + ଶାఉ௟ଶఉ 𝑞𝑙) 𝑐𝑜𝑠( − 𝛽(𝑥 + 𝑙))] (9) 

3.1.3. Determination of Mo and to from Deformation Coordination Conditions 

Take the right half of Figure 3 for analysis. Take the section EE’, and the intersection point 
between the section and the middle surface layer is e, which is: 

wA(o)=wA(e)+woe
θA(o)=θA(e)+θoe

ൠ (10) 

wherew஺(𝑜) is the deflection of the right half at point o.w஺(𝑒) is the deflection of the right half 
at point e.w௢௘ is the deflection of point o with respect to point e.𝜃஺(𝑜) is the corner of the right half in 
the OO’ profile.𝜃஺(𝑒) is the corner of the right half in the EE’ profile.𝜃௢௘ is the turning angle of the OO’ 
profile with respect to the EE’ profile. 

From Equation (10), we can obtain that the deflection at point e (x = l)w஺(𝑒) and the turning 
angle in the EE’ profile𝜃஺(𝑒): According to the deformation coordination conditions, w஺(𝑜) = w஻(𝑜); 
The corners of the OO ‘section are equal, i.e 𝜃஺(𝑜) = 𝜃஻(𝑜) Simplified: 

M0= ql
R

ቂ1
2
β2(1+αl)+ 1

2
α2൫1+βl൯+ 1

3
α2β2l2ቃ ቂβ3(1+αl)+α3൫1+βl൯+ 4

3
α3β3l3ቃ

- 1
4

ൣβ3(2+αl)-α3൫2+βl൯൧×ൣβ2(1+2αl)-α2൫1+2βl൯൧
T0= ql

R
{αβ(β2-α2)[ 1

2
β2(1+αl)+ 1

2
α2(1+βl)+ 1

3
α2β2l2]- 1

2
[β3(2+αl)-α3(2+βl)][αβ2+α2β+2α2β2l]}⎭⎪⎬

⎪⎫
 (11) 

Among them: 

R=(αβ2+α2β+2α2β2l)[β3(1+αl)+α3(1+βl)+
4
3α

3β3l3]-
1
2αβ(β2-α2)[β2(1+2αl)-α2(1+2βl)] 

3.1.4. Determination of Parameters c1, c2, c3, c4 

Substituting x = l into the third equation of the deflection Equation (5) for -l x≤≤ l yields, also 
substituting x = l into the deflection Equation (8) for x ≥ l yields 

c1= 1
6

൫T0+ql൯
c2= 1

2
(M0+T0l+ 1

2
ql2)

c3=- 1
α

ቂ2M0+ 1+2αl
α

T0+ 1+αl
α

qlቃ
c4= 1

2α2 ቂM0 + 1+αl
α

T0+ 2+αl
2α

qlቃ ⎭⎪⎪⎬
⎪⎪⎫

 (12) 
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Coupling (12) and (5), it can be obtained that the differential equation of the deflection curve of 
the bearing layer on -l≤x≤l is: 

w(x)= 1
D

[ 1
24

q(x-l)4+ 1
6
（T0+ql)(x-l)3+ 1

2
(M0+T0l+ 1

2
ql2）× (x-l)2- 

1
α

(M0+ 1+2αl
2α

T0+ 1+αl
2α

ql)(x-l)+ 1
2α2 ( M0 + 1+αl

α
T0+ 2+αl

2α
ql)] (13) 

In summary, (8), (9) and (13) are the differential equations of the deflection curve for x≥l, x ≤ -l, -
l≤x≤l bearing layer, respectively. 

3.2. Analysis of Bending Moment of Concrete Thin Slab False Roof 

In the thin plate bending problem, the bending moment caused by the external load is the main 
stress that causes the damage of the false top structure, therefore, when calculating the internal force 
of the thin plate, the bending moment is mainly analyzed. Taking -l≤x≤l as an example: when -l≤x≤l, 
the differential equation (13) of the deflection curve of the bearing layer shows that the bending 
moment on it can be expressed as 𝑀(𝑥) = 𝐷 ௗమw(௫)ௗ௫మ . Letௗெ(௫)ௗ௫ = 0, and solve for 𝑥 = − బ்௤ . Let𝑥௖ = 𝑥, 

when x > xc, theௗெ(௫)ௗ௫ ＞0; when x<xc, 
ௗெ(௫)ௗ௫  < 0. So, on -l≤ x≤ xc, 𝑀(𝑥) is a decreasing function; on 

xc≤x≤l, 𝑀(𝑥) is an increasing function. Therefore, the bending moment has an extreme value on. 
Therefore, on -l≤x≤l, there is an extreme value M(xc) for the bending moment. 

Similarly, it can be concluded that when x≥l, there is also an extreme value 𝑀(𝑥஺) for the 
bending moment at 𝑥 = 𝑥஺𝑥 = 𝑙 + ଵఈ 𝑎𝑟𝑐𝑡𝑔[ బ்ା௤௟ଶఈெబା(ଵାଶఈ௟) బ்ା(ଵାఈ௟)௤௟]. On x≤-l, there is also an extreme 

value 𝑀(𝑥஻) for the bending moment at 𝑥 = 𝑥஻ = − ቄ𝑙 + ଵఉ 𝑎𝑟𝑐𝑡𝑔[ ௤௟ି బ்ଶఉெబି(ଵାଶఉ௟) బ்ା(ଵାఉ௟)௤௟]ቅ. 

Based on the above analysis, there are three extreme bending moment points (sections) in the 
bearing layer near the mining route, Mc, M (xA), and M (xB), as shown in Figure 4. 

 

Figure 4. Slat bending moment extreme value point diagram. 

3.3. Concrete Thin Slab False Roof Hazard Point Analysis 

The elastic modulus of the two sides of the copper mine paste backfill and the false roof is 
relatively small. This type of paste backfill is formed on both sides, and the top plate is called the 
“soft support weak plate” structure. Due to the same mechanical properties of the two foundations, 
i.e., 𝐸௝௔ = 𝐸௝௕，𝛼 = 𝛽，Substitute (11) to obtain the bending moment M at the OO ‘section (x=0) of 
the central false top of the route 𝑀଴ and shear force 𝑇଴: 

M0=-
qlቀα2l2+3αl+3ቁ

6α(αl+1)
T0=0

ቑ (14) 

On -l x≤≤ l, according to Equations (13) and (14) we get 

M(x)= d2w(x)
dx2 = 1

2
qx2+M0= 1

2
qx2-

qlቀα2l2+3αl+3ቁ
6α(αl+1)  (15) 

At x = 0, the bending moment has a minimal value𝑀(0) = − ௤௟൫ఈమ௟మାଷఈ௟ାଷ൯଺ఈ(ఈ௟ାଵ) . 
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In order to determine the danger point of the soft-supported weak-slab structure, a comparative 
analysis of the three bending moment values determined by (20) is required. Due to the symmetry of 
the structure, the right half is taken for the analysis, i.e., the extreme value of the bending moment 
M(xA) in the right half. Let M(0) = M(xA), where only the numerical magnitudes are considered, and 
set𝑀଴  and𝑇଴  Substitute the obtained extreme value points𝑀(𝑥௖)  and𝑀(𝑥஺)  yields.The solution 
gives. 

αl=3.44 (16) 
where𝐸௝ is the modulus of elasticity of the approach side gang foundation.𝐸௅ is the modulus of 

elasticity of the false top.𝜇 is the Poisson’s ratio of the filled dummy roof; h is the thickness of the 
dummy roof; l is half of the width of the approach; M is the height of the approach. 

That is: when𝛼𝑙＞3.44 when M(0) < M(xA), there is a maximum bending moment in the AA’ 
section. When𝛼𝑙＜3.44 when M(0) > M(xA), there is a maximum bending moment in the OO’ section. 

In the approach of soft-supported weak plate structures, there are generally
ாೕாಽ ＜0.8, the𝛼𝑙 ＜

3.44, i.e., M(0) > M(xA), there is a maximum bending moment in the OO’ section𝑀௠௔௫ = |M(0)| =௤௟൫ఈమ௟మାଷఈ௟ାଷ൯଺ఈ(ఈ௟ାଵ) . Therefore, the maximum bending moment is in the dummy top OO’ section in the center 
of the approach, and there is a maximum compressive stress at the point O on the upper surface of 
the dummy top and a maximum tensile stress at the point O’ on the lower surface of the dummy 
top𝜎௧௠௔௫ = ଺ெ೘ೌೣ௛మ = ଺୑(଴)௛మ . For the paste backfill, the tensile strength is much less than the compressive 
strength, so it may send the pull-off damage at the point O’ on the lower surface of the false top. 

4. Concrete Thin Slab False Roof Model Field Application 

The actual size of the approach to the Kimbishi copper mine is a parallelogram structure with a 
vertical height and width of 4 m and a length of 30 m. Based on the analysis of the nature of the 
surrounding rocks and the concrete dummy roof of the two gangs of the downward approach to the 
Kimbishi copper mine, it is known that the approach structure is a soft-supported weak slab 
structure. According to the results of the previous analysis the maximum bending moment within 
the false roof is at x=0, i.e., the mechanical model equation of the concrete false roof of the downward 
approach to the Kumbishi copper mine is as follows. 

Mmax=|M(0)|= qlቀα2l2+3αl+3ቁ
6α(αl+1)

α= ቀ Ej

4DM
ቁ1

4 = ൤3൫1-µ2൯Ej

ELh3M
൨1

4

σtmax= 6Mmax

h2 = 6M(0)
h2 =

qlቀα2l2+3αl+3ቁ
α(αl+1)h2

σtmax≤
1
9
σc 

         

              
   q=q1+q

2
+q3= 1

2
ρʹghʹ+

aρ0g

f
+ρgh   ⎭⎪⎪⎪

⎪⎬
⎪⎪⎪⎪
⎫

 (17) 

where  𝑀௠௔௫  is the value of the maximum bending moment,M(0)  is the value of bending 
moment at the point x = 0, q is the mean load of the load bearing layer, and𝛼 is the correlation 
coefficient, the𝜎௧௠௔௫ is the maximum tensile strength value, and𝜎௖ is the compressive strength value, 
and𝜌′ -density of the filling layer, -thickness of the filling layerℎ′ -the thickness of the filling layer𝑎 
-half of the arch width of the natural fall arch𝐸௝ modulus of elasticity of the lateral rock surround, - 
modulus of elasticity of the bearing layer 𝐸௅ modulus of elasticity of the bearing layer𝜌଴ is the density 
of the ore body, f rock solidity coefficient, and𝜌 -The density of the concrete bearing layer, l is half of 
the width of the approach, h is the thickness of the bearing layer, D is called the bending stiffness of the 
bearing layer, and M is the height of the approach. 

The surrounding rocks of the downward approach to the Qimbishi copper mine are basically 
marl, and their modulus of elasticity𝐸௝ is between 3658~7316MPa. The concrete grade of the bearing 
layer is basically C10-C25, and its modulus of elasticity𝐸௅ The modulus of elasticity is between 17,500 
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and 28,000 MPa, and the Poisson’s ratio is 0.1 to 0.2.
ாೕாಽ  basically between 0.13~0.41. Therefore, 

substituting the second equation in (17) yields. 

α= ቀ Ej

4DM
ቁ1

4 = ൤3(1-µ2)Ej

ELh3M
൨1

4
=0.78~1.05 ቂ 1

h 3M
ቃ1

4 (18) 

From the first equation of (17), 𝑀௠௔௫ is 𝛼 decreasing function of alpha. Based on (18), it can be 
seen that an increase in the elastic modulus Ej of the surrounding rock on the side of the access road 
is conducive to the stability of the false roof structure, while an increase in the height M of the access 
road is not conducive to the stability of the false roof structure. Therefore, in the design, for safety 
reasons, α The minimum value should be taken. The minimum compressive strength value of the 
bearing layer that can be obtained: 

σcmin=
9l൬1

2 ρʹghʹ+
aρ0g

f +ρgh൰ቌ0.78൤ 1
h 3M

൨1
2l2+2.34൤ 1

h 3M
൨1
4l+3ቍ

0.78൤ 1
h 3M

൨1
4ቌ0.78൤ 1

h 3M
൨1
4l+1ቍh2

 (19) 

Combining the parameters of the downward approach to the Qimbishi copper mine by 
substituting (19), the relationship between the minimum compressive strength of the concrete 
dummy roof and the thickness of the concrete dummy roof can be obtained as shown in Figure 5. 

 
Figure 5. Concrete false top compressive strength versus thickness. 

From Figure 5, it can be seen that the concrete false top compressive strength value shows a 
gradual decrease with the increase of concrete false top thickness, and the change rate of concrete 
false top compressive strength value changes very little when the thickness exceeds 0.5 m, and 
gradually tends to equilibrium, so it is recommended that the concrete false top thickness h is selected 
as 0.5 m. The regression analysis of some of the calculated data was performed using SPSS software, 
and the regression formula (20) was determined. where the regression coefficient R2 =0.9944, 
indicating a good fit. The minimum compressive strength value required for the concrete false top at 
this time calculated by substituting h=0.5m into formula (20) is 18.89 MPa, which is converted into a 
minimum tensile strength value of 1.41 MPa, so the recommended concrete grade is C20. 𝑦 = 5.812 ൈ 𝑥ିଵ.଻଴ଵ (20) 

Where: y is the concrete false top compressive strength value, MPa; x is the concrete false top 
thickness, m. 

5. Finite Element Verification of Artificial False Top Thin Plate 

5.1. Finite Element Model 

Based on the above theoretical results the concrete damage criterion in the finite element analysis 
software ABAQUS was applied for modeling and analysis. The model size is more than three times 
the excavation size according to the St. Venant principle. The three-dimensional numerical 
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calculation model of the mining of the main ore body 770~878ml western unstable area of the main 
ore body in Qimbishi, Zambia was established, which has a length of 80m along the X-direction, 200m 
along the Y-direction and a height of 108m along the Z-direction. Since the actual mine opening 
approach is similar to a parallelogram structure, the design is shown below in order to bias the 
division of the grid as shown in Figure 6. The lower part of each layer is in the form of niches. The 
density of concrete is 2360kg/m³, the modulus of elasticity is 28GPa, and Poisson’s ratio is 0.2. The 
Mohr-Coulomb principal structure model is chosen. The stress applied to the model in the vertical 
direction is calculated to be 20.79 MPa. 

 
  

(a) Overall model diagram (b) Feeder model diagram (c) Model grid diagram 

Figure 6. Finite element simulation diagram. 

5.2. Finite Element Analysis Results 

The unit in Figure 7 is m. For the convenience of analysis, the following analysis is unified cm. 
“+” indicates the positive direction of z-axis, i.e., vertical upward; “-” indicates the negative direction 
of z-axis, i.e., vertical downward. 

  
(a) After excavation (b) After filling 

Figure 7. Displacement simulation results. 

When the approach was mined and filled, the top and bottom slabs were also displaced, with 
the maximum displacement value of 1.15 cm for the top slab and 0.83 cm for the bottom slab, 
indicating that the concrete false top was deformed with small deflection under self-weight and 
uniform load. The maximum displacement occurs in the middle position of the false roof, where it is 
consistent with the results in the previous theoretical analysis section. This can be explained by the 
formation of disturbance after the excavation of the ore body, which inevitably leads to the 
redistribution of stresses and the achievement of a new equilibrium. In this process, due to the 
unloading effect, the rock body, due to its elastic nature, also leads to the displacement of the rock 
body, moving towards the direction of self-weight action, i.e., the exposed surface, and sinking 
deformation occurs. Similarly, the bottom slab is more prone to uplift after being subjected to 
extrusion. Although the paste backfill has a certain bearing capacity, although it is subsequently 
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filled, the strength and capacity of the paste backfill differ greatly from the original rock, which is not 
enough to inhibit the release of the surrounding rock stress, so it is impossible to completely stop the 
displacement. 

The unit in Figure 8 is Pa, and for the convenience of analysis, the following analysis is unified 
MPa. “+” indicates tensile stress, and “-” indicates compressive stress. When the approach is mined 
and filled, different stress values appear in both the top and bottom slabs, and tensile stresses appear 
in both the top slab, with the maximum tensile stress value of 0.65 MPa, and the maximum tensile 
stress appears in the middle position, which is consistent with the results in the previous theoretical 
analysis section here. According to the previous theoretical analysis, the tensile strength of the 
concrete is 1.41 MPa, i.e., the tensile stress value does not exceed the tensile strength value of the top 
bearing layer. The compressive stresses appear in the bottom slab, and the maximum compressive 
stress value is 4.15 MPa, which does not exceed its compressive strength value of 18.89 MPa. 

  
(a) After excavation (b) After filling 

Figure 8. Stress simulation results. 

According to the above analysis of the stress field and displacement field of the concrete false 
top, it can be seen that the maximum stress and maximum displacement appear in the middle 
position of the cross section of the false top under the uniform load, and the maximum tensile stress 
is less than its own tensile strength value, and the displacement belongs to the small deflection 
deformation, which is consistent with the theoretical analysis results and verifies the reasonableness 
of the concrete mechanical model. 

6. Conclusion 

(1) In this paper, the mechanical model of the concrete false roof is derived based on the 
elastodynamic thin-slab model, citing that the concrete thin-slab false roof has three types of 
deflection curve differential equations perpendicular to the strike, and three extreme points exist in 
the thin-slab mid-section and on both sides of the surrounding rock. 

(2) The dangerous surface of the hard-supported weak-slab structure appears at the junction of 
the surrounding rock and the thin-slab false top, and the dangerous point is at the top of the 
dangerous surface; the dangerous surface of the soft-supported weak-slab structure appears in the 
middle section of the thin-slab false top, and the dangerous point appears at the bottom of the 
dangerous surface, and the damage mode of both structures is maximum tensile stress damage. 

(3) The calculation model of the ultimate strength of the concrete false roof and its thickness was 
derived, and the two were in a power function relationship, which gradually decreased with the 
increase of the false roof thickness, and the false roof strength value gradually tended to equilibrium 
when the false roof thickness exceeded 0.5m. Combined with the specific situation of a mine in 
Zambia, the optimum thickness of concrete false roof was determined to be 0.5m, with compressive 
strength of 18.89 MPa and tensile strength of 1.41 MPa. 

(4) The numerical simulation results of the stress field obtained that the maximum tensile stress 
of the concrete dummy top appeared in the middle of the lower surface of the concrete dummy top, 
and the maximum tensile stress was 0.65 MPa, which was less than the tensile strength of the concrete 
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dummy top and the steel reinforcement. The numerical simulation results of the displacement field 
obtained that the maximum displacement of the concrete dummy roof appeared in the middle of the 
concrete dummy roof cross-section, and the trend of displacement from the two ends to the middle 
gradually became larger. The maximum displacement of the concrete dummy roof is 1.15cm, all of 
which belong to small deflection deformation. Combined with the theoretical analysis and ABAQUS 
analysis, it can be obtained that the concrete false roof can work safely and stably under the action of 
uniform load, and also verifies the reasonableness of the mechanical model of the false roof. 
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