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Study on Synergetic Deformation of Shaft Wall-Tank Structure Under Thermal-Fluid-Solid Coupling Action
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Abstract: For the shaft wall-tank structure in mining areas under thermal-fluid-solid three-phase coupling action, a combined
method of numerical simulation and field monitoring was adopted. The “node displacement difference” of the beam-rod system
structure was innovatively proposed to characterize the displacement of tank seams, and the influence of temperature and water
head variations on the synergistic deformation of the structure were systematically analyzed. The results show that the increase
in temperature causes the maximum vertical compressive stress of the shaft wall to increase by 24.35%, and the axial
compressive stress of the tank beam to decrease by 25.63% , leading to the tank beam bending upward instead of downward.
The overall structure shows a trend of thermal expansion. The reduction of water head increases the maximum vertical stress of
the shaft wall by about 5 times, and increases the axial compressive stress of the tank beam by 24.45%. The extrusion
deformation of the shaft wall triggers the delamination bending of the tank beam. In six working conditions, the increase in
temperature and the reduction of water head lead to an increase of the vertical stress of the shaft wall by 21.1%. 20.9%,
19.6% and 16.4%, 14.2%. The axial compressive stress of the tank beam increases as the water head decreases. The increase
in temperature slightly weakens the growth amplitude of the shaft wall shear strain. The vertical displacement of the tank seam

at the measuring point 3AA45 near the shaft wall is most affected by the three-phase coupling. The mathematical model shows
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that the influence of hydrophobic action on the vertical displacement of tank seams is 3.63 times that of temperature action. The

research results can provide important references for the safety of the shaft wall-tank structure.

Key words: Shaft wall-tank structure, Three-phase coupling, Tank seam. Water head, Numerical simulation
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Fig.1 Mining area strata and monitoring point layout
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Fig.2 Measured curves of temperature and

water level elevation change
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Fig.4 Numerical calculation model
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Table 1 Physical and mechanical parameters of each stratum

x4 BHE - FE -HELEMBRNFESHY
Table 4 Thermodynamic parameters of surrounding

rock-shaft wall-tank structure

A SRR Sk R R LA/

A (W/(m? + °C)) a/c (J/(kg * *CH)
#H—WKZ 4.50 1.5X10° 975
BEKE 4.80 1.5X10° 950
8RRk E 4.70 1.5X10° 925
BEmKE 4.60 1.5X10° 900

He 4.30 1.5X10° 806

PR 2.23 3.5X106 960

i T8 — 1.2X 108 —

TR 55 4] HME T B

- KE/ o =
2B (N/m?) M/ M/ 51/ %Oﬁa/
MPa MPa MPa (@)

H+ 18.00 104.00 59.50 0.050 20.00
E—HAKZE 2018 80.30 54.40 0.148 6.10
B—MAKZ  19.50 503.00 325.00 0.032 23.20
BEHKZE S 19.89 80.30 54.40 0.148 6.20
BAKE 19.59 503.00  325.00 0.167 11.90
BEHKZE S 20028 80.30 54.40 0.148 6.20

s 22.11  8.25X10% 4.85X10%  2.220 35.00

IR 25.00  1.48X10% 1.20X10"  6.000 62.00

R2 EMBETHENZFSH

Table 2 Physical and mechanical parameters of contact element

s W/ WEIRIEE/ YImNIEE/, FERIT/, NEEM/
m MPa MPa MPa )

PEfkBAIE 190.55 80 80 0.01 20.0

R3 WHE-HERMENFESH
Table 3 Physical and mechanical parameters of

tank-tank beam

- St B g
e | N/ m) WEs L EEE/ TR
m Pa cm? I,/em* I,/cm*
e 46.50 0.25 207X10° 65.6 4 028.0 4028.0
MEE S 46.50 0.25 207X10° 63.7 3910.0 1945.0
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Fig.5 Temperature distribution cloud diagrams of surrounding rock-shaft wall structure (unit:C )
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Fig.6 Vertical compressive stress cloud diagrams of shaft wall at different temperatures (unit:Pa)
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Fig.7 Axial compressive stress cloud diagrams of tank structure at different temperatures (unit:Pa)

3.1.3  JREE -G G5 AL M

AN TR) R BE 25 A T B 008 188 i) 7 % il £ 1] 8
JiR . FRIEL 8 RIS JFRE Y B 0 CC ), St RE
W ] 5L B N 1 ML 4 1 AT i {3 % —6.65 mm,
i1 J TR 5 2 I BE Y 3R B Oy 20 °C B, BE 1
] or B8 1) L 67 B WD AR (B 1S % 5.62 mm, 11 J5
T RE s Y BE IR BE Ry 30 °C B, e BE % i 7
BMWIIAME IS % 11.66 mm, MG @ TREE. f£0C
I 437 7% 32 B0 R IR L 7E 20 “C A1 30 °C I, T e 30K
G X TR IR T R IR RE R AR SRS
AR 5 I RE 3% 1) 57 B8 FR ) B TR B AR S gl ml A

12.00 [ oo
- fr ¥== 0017100117 |+ 30 C firfpHise
) R*=0.96 - 20 C i
—— 0 C frfsphs
prmry ey B A
R*=0.96 A%
20 C e

y=-10.008 5e(-"520 — 00067 |

}62:0.96

bf/ ((a/ Q)/ (\/ ‘b/
7 7 4 7 7
& §F & & &
H#
8 AEIRE ST B [ 0 % Rf I 8] =1L i 2%
Fig.8 Variation curves of vertical displacement of shaft

wall with time at different temperatures

AN ) Ik B 2% 1 T A% 00 a5 S A R ) 5 B8 DL 3R
6. FE 0 CHl, 42500 5 FE S 4% 07 8 2 Ry (. BD FETE
gEcdn . Hoh, 45 5 BROKOE By I A 3ABAS L I A
3BB45 BB ] 7 #% 43l 4 — 0.155 mm 1 —0.191
mm, KTl 5 3AA4S R B, X Fh 25 5 8
SEH T I A 3ABAS FRU s 3BB45 & T i 1 2k 5

(78T A SAAAS HE T A S 1 o 8 T B
FE 20 “CH1 30 °C Y, 4500 A B 3 4% 15 B8 2 O 1E{f L B
E 6 A WP T L A I A 6 RS AR AL R AR 5 0 CC R — 3K
16 46 SR 3ABA6 1Y HETE 5% 1) % 1m0 F8 KT
45 SRRy 3 AN A R R AL RS L X R T 46 5
ST IR R R 4 2 RIS 0 38 A A BE R e R N
KT 45 S8k, HERBEMN O CTHE 30 C. 4%
T o A T e % 1) 7 B T B R A TS I L Al
7N 5 AT R R v A ) E T S R 1) 3 A B 1
KT 50T [ 2 o 0 s TR A L TR R R L R S s
28 A 1) B I G R ) A B 3 i O T I At K P B A
B, MR A R B E R .0 C R
PR 45 A8 T 520 °C .30 C I e B0 M I Ik 5%, B
X Al R K A B R B AR R R R SR SR
IS R TE

x6 FAEAREZFGTENRRELEEEMAE
Table 6 Tank seam vertical displacement of each
measuring point at different temperatures mm
B= 0C 20 C 30 C
3AB45 —0.155 0.056 1 0.156
3AA45 —0.113 0.033 2 0.079
3AB46 —0.423 0.298 0 0.666
3BB45 —0.191 0.066 2 0.171
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Fig.9 Variation curves of vertical compressive stress

of shaft wall under hydrophobic action
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Fig.15 Vertical stress cloud diagrams of shaft wall under thermal-fluid-solid three-phase coupling (unit:Pa)
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Fig.16 Axial stress cloud diagrams of tank-tank beam under the action of heat-fluid-solid three-phase coupling (unit:Pa)
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Fig.17 Variation curves of shear strain of shaft wall under the action of heat-fluid-solid three-phase coupling
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Fig.19 Measured curves and simulated curves of the displacement of tank seam at each measuring point
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