Mine Engineering % 1LI T#%, 2026, 14(4), 1146-1159 Hans X
Published Online July 2026 in Hans. https://www.hanspub.org/journal/me
https://doi.org/10.12677/me.2026.144113

BT R ERNRRABH R AR R SO R
W
— AR ERT a6

X g
TR TR IBR GG, 22080 R

ks HAA: 20264F6 H18H; A HEM: 20264F7H21H; kA HM: 20264F7H30H

wm B

AT IRAE G T B AR BE R AR BB 7K BN 5 A T B A 1 2 [ 359 J5 ot BEL/K B8 7 5 i B JR PR
SRR RIS SOK fE R M FRBGIAGENY, BRI T —FhE T RK RERA K B0 1 AR S0 .

B, 2B (R IEPEKRITITE) (GB51070-2014) [ FB.2.2 P EHHEAK RS EME, 3+
ZEE X EA BB NIFSENRBRR, HEAREEREN KRS, EeZaEiEK R EM
SRR B E Hk, BSEEBRRESHNEAKREINBURM, BRASSERETERE, 3 e U&H
WHERY: BE, URLFEETFIN31ITHETEATLEESR, RAHTERRBNERE. BPEEE. &
B ERE.. KKREKEKE. BARKRBEAEHFERE, HHAB=RHZNENAREHAH. 41
FE: 1031 TR EIRE B E BB R30.77~52.94m, F1941.22 m; KK/KEHRN3.0~5.7 MPa;

85K Z$M0.057~0.177 MPa/m, BiEH K R $050.355~0.451 MPa/m. TAETE &3 REE X8
FEEBERMANREX, BEFRAEEERMENERKX, 2T/ EAAFEERRFKERKX . Sudhik
Rep TE A b R WA R AKBE I A A A ER, NEUMFE R T H B RER KRR T

FHIBAR B
XA

JRRRK, HEXNAERE HKRYE, SREFEEE, WERE

Improved Five-Map Double-Coefficient
Method for Risk Assessment of Floor
Limestone Water Inrush

—A Case Study of Zhuxianzhuang Coal Mine

Wenting Liu

School of Earth and Environment, Anhui University of Science and Technology, Huainan Anhui

SCEEG| s RSCEE. BT AR BOE SO R R SEREEAT D). Bl R, 2026, 14(4): 1146-1159.
DOI: 10.12677/me.2026.144113


https://www.hanspub.org/journal/me
https://doi.org/10.12677/me.2026.144113
https://doi.org/10.12677/me.2026.144113
https://www.hanspub.org/

RIp'E

Received: June 18, 2026; accepted: July 21, 2026; published: July 30, 2026

Abstract

To overcome the limitation of the traditional Five-Chart Dual-Coefficient method, which treats the
floor aquifuge as a homogeneous medium and neglects the influence of lithological spatial heteroge-
neity on water-resistance capacity, and to achieve a refined assessment of coal seam floor limestone
water inrush risk, this study proposes an improved Five-Chart Dual-Coefficient method based on wa-
ter-resistance coefficient weighting. First, referring to the recommended rock mass water-resistance
coefficient values in Appendix B.2.2 of the Code for Mine Water Prevention and Control Design (GB
51070-2014), and incorporating existing rock mechanics parameter test results from the Huaibei
mining area, the absolute water-resistance coefficients for different lithologies were determined. A
benchmark water-resistance coefficient was selected, and relative water-resistance coefficients were
calculated accordingly. Second, the thickness of each lithological layer was weighted and summed
with its corresponding relative water-resistance coefficient to derive the equivalent effective protec-
tive layer thickness, based on which a refined pressurized coefficient was defined. The core innova-
tion of this method lies in transforming the actual heterogeneous rock assemblage into a homogene-
ous virtual rock group of a single benchmark lithology, while preserving its total hydraulic resistance
capacity. This approach enables a spatially continuous characterization of the floor’s water-resistance
capability, overcoming the homogenization assumption inherent in the conventional method. Third,
taking the 1111031 working face in Zhuxianzhuang Coal Mine as the engineering background, the floor
failure depth, protective layer thickness, effective protective layer thickness, water pressure of the
Taiyuan Formation limestone aquifer, traditional water inrush coefficient, and the improved pressur-
ized coefficient were systematically computed. A three-level discrimination and dual-coefficient dis-
crimination were subsequently conducted to evaluate the water inrush risk across the working face.
The results indicate that the effective protective layer thickness of the floor at the 1111031 working
face ranges from 30.77 m to 52.94 m, with an average of 41.22 m. The Taiyuan limestone water pres-
sure varies between 3.0 MPa and 5.7 MPa. The traditional water inrush coefficient ranges from 0.057
MPa/m to 0.177 MPa/m, while the improved pressurized coefficient ranges from 0.355 MPa/m to
0.451 MPa/m. The central-southern part of the working face is identified as a non-through type rela-
tively safe zone, whereas the northern and southern ends are classified as non-through type relatively
dangerous zones. No through-type water inrush dangerous zone exists across the entire working face.
The refined method can more objectively reflect the lithological assemblage differences in floor wa-
ter-resistance capacity, providing a novel technical approach for water inrush risk evaluation in pres-
surized mining under analogous geological conditions.
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Figure 1. Calculation flowchart of the five-map double-coefficient method
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Table 1. Calculation results of empirical formula for bottom plate damage depth in the working
F 1. 111031 TAEERIRBIFRE R AR T EERE

(A X Y JEAR BB /m
DG1-1 3717608.767 39513191.003 18.430
DG1-2 3717070.629 39513342.704 18.991
DG1-3 3717319.099 39513284.815 17.860
DG1-4 3717237.435 39513322.231 18.532
DG1-5 3717155.339 39513363.192 18.166
DG1-6 3717070.629 39513370.295 18.723
DG1-7 3716932.522 39513422.554 17.576
DG1-8 3716823.437 39513476.159 17.669
DG1-9 3716724.625 39513500.656 17.675

DG1-10 3716643.434 39513528.259 17.767
DG1-11 3716523.801 39513540.620 17.264
DG1-12 3716754.639 39513456.85 18.212
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Figure 2. Contour map of the depth of damage to the bottom plate of coal seam 10 in the working face 1111031
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69 m. EAMCKRE, RIS ZEE 20 2R R A TG LS AR A A

IR EARBIR T IR Ja , 1F8A SR R RIE (R 2), HEHEE K 4 iR, B8RP EEEN
30.77~52.94m, V3 41.22m, F[AiEH SRR IE AR . R EERIR(40~52 m), FhILEEE
(36~44 m), ¥ DG1-12 &ifLIiL/MT 32 m. DG1-2 &hfLFfia KT 50 m.

Table 2. Statistical table of protective layer thickness and effective protective layer thickness in the working face 1111031
F 2111031 THEERIFEEESBRRIFERE SR

(A JEAR LR A7 2 5 B (m) A BRI 2 5L (m) AT 111031 TAETH P BiEE FE B /m
DG1-1 50.8 32.37 [fi 4 140 m
DG1-2 69.85 50.86 (i
DG1-3 63.55 45.69 [l
DG1-4 55.02 36.49 i A
DG1-5 61.86 43.69 [l
DG1-6 56.62 37.90 i
DG1-8 70.61 52.94 W
DG1-9 63.96 46.28 T A
DG1-10 58.94 41.17 [i%]
DG1-11 59.95 42.69 W
DG1-12 48.98 30.77 [iiNg}
DG1-20 56.61 38.58 T4k 100 m
DG1-21 63.9 45.32 i 4k 100 m
DG1-22 57.1 38.49 T4k 100 m
DG1-24 55.91 37.74 N
DG2-2 59.75 41.54 M7k 10 m

K3 3R, (R EEE SRR AR S M Vb, A B8 DGL-8 £ fLALJE B B K (70.61 m), ZFLIES
JEIE 4756 m, AAXEK; PUALE DG1-12 HifLAbE /N 48.98 m), ZfL = E A A TIRMEX .
TR, A A AT AAR TR LSRR, s AR .

DOI: 10.12677/me.2026.144113 1152 ol TAE


https://doi.org/10.12677/me.2026.144113

RIp'E

J%I/ﬁ /\\\ SR I

0 300 600 —49

Figure 3. Contour map of the thickness of the protective layer on the 10 coal floor of the working face 1111031
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Figure 4. Contour map of effective protective layer thickness on the 10 coal floor of the working face 1111031
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T0 PN KK B 7K JZ KL AR 7 A E—314~-545 m 2 (8], Ho TAEH 3K AL BAK, £ N—450~-540
m; b R R B X K AR B e, R E-300~—400 m 2 [Al. 4EA—KTkRE, 1EEASE] 1111031
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Figure 5. Contour map of Taiyuan limestone aquifer water level for the 1111031 working face
[ 5. 1111031 TEE KRR &K B FELE

Table 3. Statistical Values of Taiyuan limestone aquifer water pressure for the 1111031 working face (calculated by interpolation
method)

3 3. 111031 TERAR R EKBKESIHEGREETH)

(oA KR K JZ IR AL i Im — RIGUR R /m R AR 32 KK 5 7K 2 7K s IMPa
DG1-1 —335.04 -921.25 5.744
DG1-2 —497.21 —929.88 4.240
DG1-3 —431.11 —912.39 4.717
DG1-4 —454.37 —895.07 4.319
DG1-5 —482.00 —891.72 4.015
DG1-6 —504.88 —885.59 3.731
DG1-7 —539.38 —860.56 3.148
DG1-8 —545.63 —855.20 3.034
DG1-9 —495.12 —859.23 3.568

DG1-10 —433.78 —830.38 3.887
DG1-11 —315.29 —807.64 4.825
DG1-12 —493.49 —829.62 3.294
DG1-20 —450.78 —031.60 4.712
DG1-21 —411.03 —051.71 5.299
DG1-22 —384.71 —047.2 5.512
DG1-24 —378.57 -921.72 5.323
DG2-2 —314.32 —834.44 5.097

K6 Sor, KIS, R R PRIk >3.9MPa, 5RIKMRIKKXEE: 74
FER/KIE <3.5MPa, X MJEMUPR AR X I SE(ELAE [ 5 RARAR RZ B AT AT, K 7341 3 SRR
NG
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Figure 6. Contour map of Taiyuan limestone aquifer water pressure acting on the floor of seam 10 in the 1112031 working face

6. 1111031 T1EME 10 BERAZHI KK SKBKEFEZE

3.4. RGIKAHITEER

AR BT Ba RN KRB SCEFITERAR R RIK S S5 A MR 2 R 2 b, At
P
M-C,

X, T NZOKABUEUE(MPa/m); M ORI RS R K JE (M) s CP N JERARCR SN 17 R L 1 K AE (m) -

R 22 FG) IR AR AT B FRAK R BHAT IR S Git, B RIBE T XRR AR A K R gt it ah Rk
(W4 4), FH8E 2R R AR K5 K Z A B ROK R (LA 7).

(6)

Table 4. Effective water inrush coefficient of coal seam floor in the working face 1111031

= 4. 1111031 THEEE B RINEHRK R
LE ARGV EEREmM  KIKEKETR L EKLE/MPa JEHR K & 7K 2 5T R 5 T (MPa/m)

DG1-1 32.37 5.744 0.177
DG1-2 50.86 4.240 0.083
DG1-3 45.69 4.717 0.103
DG1-4 36.49 4.319 0.118
DG1-5 43.69 4.015 0.092
DG1-6 37.90 3.731 0.098
DG1-7 38.22 3.148 0.082
DG1-8 52.94 3.034 0.057
DG1-9 46.28 3.568 0.077
DG1-10 41.17 3.887 0.094
DG1-11 42.69 4.825 0.113
DG1-12 30.77 3.294 0.107
DG1-20 38.58 4.712 0.122
DG1-21 45.32 5.299 0.117
DG1-22 38.49 5.512 0.143
DG1-24 37.74 5.323 0.141
DG2-2 41.54 5.097 0.123
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Figure 7. Contour map of effective water inrush coefficient of Taiyuan limestone aquifer in the 1112031 working face floor
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Table 5. Coal seam floor pressure coefficient and water blocking capacity of the working face 1111031

%% 5. 1111031 THEEE BRI E R KK EE

Wb dwba s JRAR  BZRBRPHAK R RR SR R AR LKA

BLFL ey e (m) RE(m) AJEREM) BEA(MPa) REAJE(MPa)  SE(MPaim) IR & E(MPa/m)
DG1-1 14.85 6.7 29.25 50.8 20.9798 5.744 0.413 0.300
DG1-2 30.82 3.05 35.98 69.85 30.61984 4.24 0.438 0.378
DG1-3 22.7 3.7 37.15 63.55 27.35775 4,717 0.430 0.356
DG1-4 21.05 11.7 22.27 55.02 22.21738 4,319 0.404 0.325
DG1-5 24.2 5.55 32.11 61.86 26.40409 4,015 0.427 0.362
DG1-6 22.3 1 33.32 56.62 24.92338 3.731 0.440 0.374
DG1-7 16.2 5.85 33.75 55.8 23.31405 3.148 0.418 0.361
DG1-8 19.15 3.9 47.56 70.61 30.05919 3.034 0.426 0.383
DG1-9 7.82 7.83 48.31 63.96 25.85119 3.568 0.404 0.348
DG1-10 30.44 0 28.5 58.94 26.58314 3.887 0.451 0.385
DG1-11 22.78 1.85 35.32 59.95 26.19286 4.825 0.437 0.356
DG1-12 18.25 8.35 20.38 48.98 19.28807 3.294 0.394 0.327
DG1-20 25.7 1.45 29.46 56.61 25.04764 4,712 0.442 0.359
DG1-21 11.07 26.05 26.78 63.9 22.69329 5.299 0.355 0.272
DG1-22 27 3 27.1 57.1 25.0499 5.512 0.439 0.342
DG1-24 17.65 0 38.26 55.91 24.52059 5.323 0.439 0.343
DG2-2 10.36 49 44.49 59.75 24.78087 5.097 0.415 0.329

8 N, Bk Ik &2 2 0.355~0.451 MPa/m, 5 7 & LKA ) - 7 5 DG1-10 4k 1 (0.451 MPa/m),
LA R RS 5 JEIA 30.44 m, Wb o LU S B RUR IR/ s B DG1-21 Ak f1(0.355 MPa/m),
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Figure 8. Contour map of pressure coefficient on the bottom plate of the working face 1111031
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Figure 9. Contour map of the pressure coefficient of the working face 1111031 bottom plate after removing the ash water pressure
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Figure 10. Comparison of bottom plate water blocking capacity and head pressure of the working face 1111031
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Figure 11. Evaluation of 10 coal seam under pressure mining in the working face 1111031
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