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Abstract

In the construction of high-voltage transmission lines, it is inevitable that routes will traverse
mined-out areas of coal mines. Due to the impact of underground mining activities, erecting
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transmission towers in these regions may result in tower tilting or subsidence, thereby compromising
the structural stability of the towers. Taking a high-voltage transmission line passing through the
Handan Sunzhuang mining area as a case study, this paper employs the probability integral method
to derive the formula for surface deformation parameters. By integrating these parameters with the
settlement limit standards for high-voltage transmission lines, future subsidence is predicted, leading
to the following conclusions: When only the 2# coal seam is mined, the maximum central settlement
value reaches 1.83 meters. The settlement value increases to 2.49 meters with the addition of min-
ing activities in the 4*# coal seam, and further rises to 3.45 meters when mining extends to the 6*
coal seam. After full settlement, the predicted residual settlement value is 101 millimeters, which
is significantly lower than the maximum allowable settlement value of 400 millimeters, thereby en-
suring that the high-voltage tower can be safely commissioned.
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Figure 1. Subsidence caused the tower to tilt
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Table 1. Rock type and parameter value
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L34 MbE . dibE. s 065~085  0.2~0.3 14~22  0.10~0.15 %f(O.6~0.7)a
N1 @wbH. TUA. JeH 080~1.00 0.2~03 1.8~2.6  0.05~0.10 %—(O.5~0.6)a
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Table 2. Relevant data for each base of 2# coal

2. BIBEE METHEXBIE

B Hh A = () JEHR R 5 (m) SRIE(m) SR JE(m) KRR
Jol 227.93 2R E AR E

Jo2 212.35 2R E AR

Jo3 204.91 75.50 129.41 2.50 51.76
Jo4 218.36 -60.00 278.36 2.30 121.02
Jos 194.65 ERKE A E

Table 3. Relevant data for each base of 4% coal

7 3. BIBEAE 4METHHEXBIE

PEAL HbTHI A7 5 (m) JEAR A7 =5 (m) SRR (m) KJE(m) FRIRT B
Jol 227.93 HERKEANE

302 212.35 110.00 102.35 1.20 85.29
J03 204.91 15.00 189.91 0.90 211.01
J04 218.36 -110.00 328.36 1.00 328.36
J05 194.65 -61.00 255.65 1.00 255.65
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Table 4. Relevant data for each base of 67 coal

T+ 4. BIBEAE R THMEXBUIE

221V HTH B e (m) JEAR bR =i (m) KER(m) K JE(m) PRI 384
Jo1 227.93 WIZRERE

J02 212.35 20.00 192.35 1.00 192.35
J03 204.91 -50.00 254.91 1.20 212.42
Jo4 218.36 —145.00 363.36 1.40 259.54
Jos 194.65 -82.00 276.65 1.20 230.54
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Table 5. The projected value of coal 2*

= 5. 2R TnME

WAL SRIRmM)  SREm)  PiEm) KPR m)  AKEEE(mmm) B (mm/m) i1 3% (x1073/m)

Jo1 - - THEKRKE
J02 - - THEKRE
03 12941 2.50 1.83 0.46 10.77 28.34 0.67
Jo4  278.36 2.30 1.69 0.42 4.61 12.12 0.13
Jos - - THZRE

Table 6. The projected value of coal 4*

7= 6. 4R TUNME

AL KR (m) KIEm)  vikEm)  KEAEmM)  ACEEEmMmm) R mmm)  #ER(x1073/m)

Jo1 - - THERE

J02 102.35 1.20 0.88 0.22 6.54 17.20 0.51
J03 189.91 0.90 0.66 0.16 2.64 6.95 0.11
J04 328.36 1.00 0.73 0.18 1.70 4.47 0.04
J05 255.65 1.00 0.73 0.18 2.18 5.74 0.07

Table 7. The projected value of coal 6%
= 7. MR TUNME

AL CREmM)  REm)  PiREm) KPR m) KR (mmm) iR (mm/m) it % (x1073/m)

Jo1 - - THEKRE

J02  192.35 1.00 0.73 0.18 2.90 7.63 0.12
J03 25491 1.20 0.88 0.22 2.62 6.91 0.08
Jo4  363.36 1.40 1.03 0.26 2.15 5.65 0.05
Jo5  276.65 1.20 0.88 0.22 2.42 6.36 0.07
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FEAE R OR[16]; AR 8 I, JFK 2. 4MRE )G, B R RAE HILLE J02 3507, AR E AT Filill
fEHIAE 003 B546r; tHE 9 WA, ZRMATITRIE, RUTRRE A SRR R AE HILAE J04 B4,
39 3.45 m Hl 0.86 m; FAIKFASTEAE . S R MUARHE AR i 28 HELE J03 547, 4%y 10.06
mm/m. 26.48 mm/m A1 0.32 x 103/m. XL, FEHEH 2SR, SBIEZEEIE K. X
FE BRI RIEFE R B AR PR T 51— 2, IS 7E 2 AR BT R #2 i 51 M i U (1) &
JII T
Table 8. The projected value of coal 2 and 4*
= 8. 2%, AMETNME

WAL RIR(m)  RJEm)  wEm)  KEAEmM) AKCEEEmmim) R (mm/m) i 2% (x1073/m)

Jo1 - THERE

J02 102.35 1.20 0.88 0.22 6.54 17.20 0.51
Jo3 189.91 3.40 2.49 0.62 9.98 26.27 0.42
Jo4 328.36 3.30 2.42 0.60 5.60 14.75 0.14
Jos 255.65 1.00 0.73 0.18 2.18 5.74 0.07

Table 9. The projected value of coal 2%, 4%, 6%
0.2, 4%, GMETUNME

WAL RIRmM)  REm)  viEm) KPR mM)  AKEEEmMmm) R mm/m) i1 3% (x1073/m)

Jo1 - THERE
Jo2  192.35 2.20 1.61 0.40 6.38 16.78 0.26
J03  254.91 4.60 3.38 0.84 10.06 26.48 0.32
Jo4  363.36 4.70 3.45 0.86 7.21 18.98 0.16
J05  256.65 2.20 1.61 0.40 4.43 11.67 0.13
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Figure 2. Relationship between maximum settlement and coal thickness
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Figure 3. Relation between maximum horizontal displacement and coal thickness

El 3. RAKTFNBEREEEXRE

—— RAHIA (m/m) |

30
25 -
N
=]
S~
£ 20 1
@
=SER
z
i3
10
5.739 4 468
5] 5.653
T T T T T T T T T T T T T
50 100 150 200 250 300 350

RIERE L

Figure 4. Relationship between maximum inclination and ratio of mining depth and thickness
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Figure 5. Relationship between maximum curvature and ratio of mining depth and thickness
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Figure 6. Relationship between maximum horizontal and ratio of mining depth and thickness
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ISR /N WA R

Oy = (1—q)k{l—e(52"tq (6)

b q— Uik REG
k —RIER%, JEHEAT 0.5~1.0;
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Table 10. Settlement modulus of each tower in the study area
10, IRXBBAIMEIES

FERHLE B 7 ) a) LR

Jo1 THEKRE -
J02 THERE -

2#)8t Jo3 42 4 0.022
Jo4 34 4 0.041
Jos THERE -
Jo1 THERE -
J02 34 4 0.041

At Jo3 21 4 0.066
J04 2.5 4 0.092
J05 32 4F 0.045
Jo1 THZERE -
J02 32 4 0.045

6Hlt 303 15 4 0076
J04 15 4 0.076
Jo5 30 4 0.049

Table 11. Prediction of residual deformation of each tower in the study area
F# 11 PREXJEMZRRERETN

Phr BRARVIEE(mm)  BRARACHAR(mm)  BRARBTR(mmm) AR ITEE(x1073m)  FRARIKP AR TE (mm/m)

Jo1 THIERE

J02 46 12 0.65 0.01 0.25
J03 101 25 0.79 0.01 0.30
J04 91 23 0.55 0.00 0.21
J05 51 13 0.40 0.00 0.15
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