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Fig. 7 The numerical calculation model for a bending stratum
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Table 1  Boundary conditions of the domain for the numerical model

boundary conditions

boundary
normal component tangential component
right radial surface 8 = 0, u,(r,0,) =0 ug(r,6;) =0
left radial surface = 6, = 6, + 6, u,(r,0,,,) =0 ug(r,0,.,) =0
inner surface r = ry, o.(ry,0) =0 To(ry,,0) =0
outer surface r = r, ,0 < 90° o (ry,0) ==q(Acos @ +sin @) T,o(ry,,0) == q(cos — Asin 0)
outer surface r = r, ,0 > 90° o (ry,0) ==q(—Acos @ +sin0) To(ry,0) == q(cos B + Asin 0)

R2 AR

Table 2 Boundary conditions at the four corner nodes of the domain in the numerical model

corner node given boundary conditions used conditions boundary condition values
A {u,,uy,0,,7 } {u,,uy, 7 } u, = 0zuy = 057, =0
B {u,,uy,0,,7 } {u,,uy, 7 } u, = 0zuy = 057, =0
C {u,,uy,0,,7 } {u,,ug, 7 } u, = 0zuy = 057, =0
D {u,,uy,0,,7 } {u,,ug, 7 } u, = 0zuy = 057, =0

K3 HEWHI R

Table 3 Physical and mechanical properties of rock strata

modulus of elasticity £ /GPa Poisson’ s ratio u density of rock p /(kg-m™)
35 0.25 2 500
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Fig. 9 The distribution of radial displacements along radial directions on 6 different sections
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outer surfaces along circumferential directions
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Fig. 13 The distribution of radial stresses on 3 different sections
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Fig. 14 The distribution of circumferential stresses along the middle circumference
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Fig. 15 The distribution of circumferential stresses on 3 different sections
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Fig. 16 The distribution of shear stresses along the middle circumference

B A7 A [RIAT _b B90 J A 1a A 3Af H 2&

Fig. 17 The distribution of shear stresses on 3 different sections

3 4 ®

A% SCE FIFEE A TR L 00 T, DRSS T 36T (088 R B0 1 DR S B8 IF%%
BRSBTS T A A R PR IERG LA RIS S50, BAS T &
BLER,

1) 357 AR SR, A0 T W A P T S ) 7 R K o 5 TR T
S A58 T IS R R 0 RS A RIS ) 4k FE R 1, SR FH 2240 BB 44 R

2) BIETFR IG5 M AR ) SR T ER 1) 5 AR, SR TR T (0 PRt B vh |- 7
JE A YU Y 5 25 1 SR 10 57 R Y B [ [ AT 7 (DL AT TR, EL R 1 8% TE (8L o 32 B34
T 10 07 1 BRI 53 A A 1050 LI B ) B AR 28 A 22 1 O 3065 325 B (1, 0% 1 I 9 VA2 1 ot P9 0
T AN T TR 1 B IV ER 1) 430 A A AR 85 B8 KB i) I 1 25 5 2 A i) D 5
o7 1T R 160 B 430 AL 455 | RS DI Ak 5 306326 0 (1, ot /N 0 96 L 9
VAR i) ph 0 5 i S SR A R

Bt AR SCVEE B0 R 2 B RHIE I H (XY 17KJ03 5 XY 19BS23 ) FIfaf i 2 Be 1 7
H (XYPYO02) X A< SC I 5% B,

£ % 30 Hk ( References) :

(1] R4, (T, TR A B IR BT K M B IF TS R 5 & R A [ M. bt s e Toll i it
41, 2008.( HU Weiyue, HE Manchao. The Present Situation and Development Trend for Deep
Coal Resources and the Development of Geological Conditions| M]. Beijing: Coal Industry
Publishing House, 2008. (in Chinese) )



316

ST SRR B 1) 25 B e A I N T A

[10]

[11]

[12]

[13]

i, BLIR. TRIRA DAl M. Jbat. Bl iliidt, 2010. (HE Manchao, QIAN Qihu.
Mechanical Foundation for Deep Rock Mass| M |. Beijing: Science Press, 2010.(in Chinese) )
ODEN J T, RIPPERGER E A. Mechanics of Elastic Structures| M]. 2nd ed. New York: McGraw-
Hill Book Company, 1981.

TIMOSHENKO S P, GOODIER J N. Theory of Elasticity[ M]. New York: McGraw-Hill Book
Company, 1979.

CHIANESE R B, ERDLAC R J. The general solution to the distribution of stresses in a circular
ring compressed by two forces acting along a diameter|[ J |. The Quarterly Journal of Mechan-
ics and Applied Mathematics, 1988, 41(2) . 239-247.

BAGCI C. A new unified strength of materials solution for stresses in curved beams and rings
[J]. Journal of Mechanical Design, 1992, 114(2) . 231-237.

BAGCI C. Exact elasticity solutions for stresses and deflections in curved beams and rings of
exponential and T-sections[ J |. Journal of Mechanical Design, 1993, 115(3) . 346-358.
COOK R D. Circumferential stress in curved beams| J|. Journal of Aplied Mechanics, 1992,
59(1) . 224-225.

TUTUNCU N. Plane stress analysis of end-loaded orthotropic curved beams of constant thick-
ness with applications to full rings[ J]. Journal of Mechanical Design, 1998, 120(2) . 368-
374.

SLOBODA A, HONARMANDI P. Generalized elasticity method for curved beam stress analy-
sis; analytical and numerical comparison for a lifting hook[ J]. Mechanics Based Design of
Structures and Machines, 2007, 35(3) : 319-332.

BOOTHS, BROBTAE, aKb . SRRl BRI BHA [T ). TRETISE, 1996, 13(4) ¢ 1-8.(ZHONG
Wanxie, XU Xinsheng, ZHANG Hongwu. On a direct method for the problem of elastic curved
beams| J]. Engineering Mechanics, 1996, 13(4) : 1-8.(in Chinese) )

L, T, KBRS SRR SRR b H R BRI R - i [T ] . R
M2, 2018, 39(8) : 875-891. (LI Rui, TIAN Yu, ZHENG Xinran, et al. A symplectic su-
perposition method for bending problems of free-edge rectangular thick plates resting on elas-
tic foundations[ J ]. Applied Mathematics and Mechanics, 2018, 39 (8): 875-891. (in Chi-
nese) )

BEKRR, BOW 4, 228, W 2 W 2L AR DX BRI LA JR A L ) eR R AT A i [ 3] i
K2R F1%, 2018, 39(8) : 979-988.( HOU Yongkang, DUAN Shujin, AN Ruimei. A semi-ana-
Iytical method for stress functions meeting crack opening displacements in fracture process
zones| J|. Applied Mathematics and Mechawics, 2018, 39(8) . 979-988.(in Chinese) )
DURELLI A J, RANGANAYAKAMMA B. Parametric solution of stresses in beams[ J]. Journal
of Engineering Mechanics, 1989, 115(2) . 401-415.

AHMED S R, IDRIS A B M, UDDIN M W. Numerical solution of both ends fixed deep beams
[J]. Computers & Structures, 1996, 61(1) . 21-29.

AHMED S R, KHAN M R, ISLAM K M S, et al. Investigation of stresses at the fixed end of
deep cantilever beams[ J]. Computers & Structures, 1998, 69(3) . 329-338.

BEIRAR, TROTHE. B TGO AL RS B A AR TR SR BT DI ON oA [ ] B ECE R 1%, 2018,
39(12) . 1351-1363. ( YAO Xiaodong, ZHANG Yuanhai. Analysis of shear lag effects in box
girders based on abstract warping displacement functions[ J|. Applied Mathematics and Me-
chanics, 2018, 39(12) : 1351-1363.(in Chinese) )

COOK R D. Axisymmetric finite element analysis for pure moment loading of curved beams



MoT & = B OE 317

[19]

[20]

[24]

[26]

[27]

(28]

[33]

and pipe bends[ J|. Computers & Structures, 1989, 33(2) . 483-487.
RATTANAWANGCHAROEN N, BAI H, SHAH A H. A 3D cylindrical finite element model for
thick curved beam stress analysis| J |. International Journal for Numerical Methods in Engi-
neering, 2004, 59(4) . 511-531.

RICHARDS T H, DANIELS M J. Enhancing finite element surface stress predictions: a semi-
analytic technique for axisymmetric solids| J |. The Journal of Strain Analysis for Engineer-
ing Design, 1987, 22(2) . 75-86.

SMART J. On the determination of boundary stresses in finite elements|[ J]. The Journal of
Strain Analysis for Engineering Design, 1987, 22(2) . 87-96.

GANGAN P. The curved beam/deep arch/finite ring element revisited[ J |. International Jour-
nal for Numerical Methods in Engineering, 1985, 21(3) . 389-407.

DOW J O, JONES M S, HARWOOD S A. A new approach to boundary modeling for finite
difference applications in solid mechanics| J |. International Journal for Numerical Methods
in Engineering, 1990, 30(1) . 99-113.

RANZI G, GARA F, LEONI G, et al. Analysis of composite beams with partial shear interac-
tion using available modelling techniques: a comparative study[ J]. Computers & Structures,
2006, 84(13/14) : 930-941.

AHMED S R, NATH S K D, UDDIN M W. Optimum shapes of tire-treads for avoiding lateral
slippage between tires and roads| J |. International Journal for Numerical Methods in Engi-
neering, 2005, 64(6) . 729-750.

AHMED S R, HOSSAIN M Z, UDDIN M W. A general mathematical formulation for finite-
difference solution of mixed-boundary-value problems of anisotropic materials[ J]. Computers
& Structures, 2005, 83(1) . 35-51.

HOSSAIN M Z, AHMED S R, UDDIN M W. Generalized mathematical model for the solution
of mixed-boundary-value elastic problems[ J |. Applied Mathematics and Computation, 2005,
169(2) . 1247-1275.

XU W, LI G. Finite difference three-dimensional solution of stresses in adhesively bonded
composite tubular joint subjected to torsion[ J]. International Journal of Adhesion and Ad-
hesives, 2010, 30(4) . 191-199.

NATH S K D, AHMED S R. A displacement potential-based numerical solution for orthotropic
composite panels under end moment and shear loading[ J |. Journal of Mechanics of Materials
and Structures, 2009, 4(6) ; 987-1004.

MCCORQUODALE P, COLELLA P, GROTE D P, et al. A node-centered local refinement algo-
rithm for Poisson’ s equation in complex geometries[ J|. Journal of Computational Physics,
2004, 201(1) : 34-60.

DING H, SHU C. A stencil adaptive algorithm for finite difference solution of incompressible
viscous flows[ J ]. Journal of Computational Physics, 2006, 214(1) : 397-420.

MIN C, GIBOU F, CENICEROS H D. A supra-convergent finite difference scheme for the vari-
able coefficient Poisson equation on non-graded grids[ J . Journal of Computational Physics,
2006, 218(1) . 123-140.

BIENIASZ L K. Experiments with a local adaptive grid h-refinement for the finite-difference
solution of BVPs in singularly perturbed second-order ODEs[ J]. Applied Mathematics and
Computation, 2008, 195(1) . 196-219.



318 ST SRR B 1) 25 B e A I N T A

Analysis on Deformation and Stress of Bending
Stratum Based on the Elastic Theory
for Curved Beams

BU Wankui' , XU Hui' , ZHAO Yucheng2
(1. College of Urban Construction, Heze University,
Heze, Shandong 274015, P.R.China;
2. School of Mechanics and Civil Engineering, China University
of Mining and Technology , Xuzhou , Jiangsu 221116, P.R.China,)

Abstract.: A displacement function suitable for plane curved beams in polar coordinates was in-
troduced, and the partial differential governing equation for plane curved beams was obtained
through theoretical analysis. Then, the displacement components and stress components were
formulated with the displacement function. On this basis, the finite difference schemes of the
partial differential governing equation, the displacement components and the stress components
for the curved beam in polar coordinates were presented. Finally, these theoretical formulas
were applied to analyze the displacement and stress distributions of the bending stratum. The
results indicate that: 1) The bending stratum sinks down after excavation of the coal seam, and
there are both tension and compression in the circumferential direction. 2) The radial stress
reaches a peak value not far from the open-off cut and increases gradually from the inner sur-
face to the outer surface along the radial direction; the circumferential stress reaches the peak
value not far behind the working face and may cause circumferential compressive fracture in the
bending stratum; the shear stress reaches the peak value not far from the open-off cut and in-
creases from the inner surface to the outer surface along the radial direction for small-angle sec-

tions. The work provides a scientific basis and reference for coal mining engineering.

Key words: curved beam; theory of elasticity; finite difference; deformation of overburden
rock; stress analysis
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