Mine Engineering %" 111 7%, 2026, 14(5), 1189-1200 Hans X
Published Online September 2026 in Hans. https://www.hanspub.org/journal/me
https://doi.org/10.12677/me.2026.145117

REHBR A BREE NG EMREGR

ERK&
SR TR SR, 2 e

Weks H . 20264F6H20H; FHHEM: 20264F7H21H; KA HM: 20264F8HA3H

R

KRAFRBREEREEZR WA A/ ZERNEERYE, LM TEREEEN R, EBRF. YHREN
MBERIIREARBE R, AORE T HERR. BUARR. RALRERMARRIIRRE R K HE
FIRBHRE: HETRMR. QRENBQAR=FEERESFABROSEMREERFM: 29 TRIR
FE. R, STREHAEEEIIREBISRIRIER S ; W T HfLEM. MREEM=4BotEH
RIFRBRE RS E AR NRERTENERRAINERR T RRR FREETN R Tk BfES
RETYT SIBEANEREIRH =D EAFESR

X 5in
KA, RERBERE, W7, ERER, EEERMNES

A Review of Evaluation Methods for Fracture
Development Degree in Limestone

Tongtong Yuan

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

Received: June 20, 2026; accepted: July 21, 2026; published: August 3, 2026

Abstract

Fracture development degree of limestone directly affects mechanical properties and permeability
characteristics of rock mass. Its evaluation covers four technical paths: qualitative classification,
quantitative indexes, geophysical exploration and numerical simulation. This paper reviews three
genetic types including tectonic, diagenetic and dissolution fractures, compares RMR, Q-system and
BQ classification, analyzes four quantitative indexes including fracture density, spacing, fractal di-
mension and connectivity, discusses detection accuracy of borehole televiewer, GPR and 3D laser
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scanning, and reviews DFN and FEM progress. A novel method for predicting fracture development
extent is discussed using numerical simulation techniques and intelligent recognition approaches.
Deficiencies in multi-scale evaluation, dynamic evolution and intelligent identification are pointed
out.
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Figure 1. Classification of limestone fracture genesis types
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Figure 2. Framework of the evaluation method for the degree of fracture development in limestone
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Table 1. Comparison of applicable conditions for major geophysical exploration technologies
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A[22]HIE 5 R B, DFN FEREEE S &5 AR T7 1545 P21=0.5~2 m/m2 Ju [l N 45 R —5, {H7E P21<0.1
m/m? 5} 22 Al Ik 50% LA |, 3X— 4518 N IR AR T

5.3. FABNAHESHEL

TRTTEZ AR BN RS R, B H BT AN 83 . YIRS 17 DN LR i e fh 1 fre L Bk
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TERETE TR, MR B TR VAN B IR SS T B 7 ORI S it 1 BRI S5 [14] 0] B AR T LR R
IKHLEIRIRF TR B, MY R 2 S /KEH | BN Ji58 R T KIC @il 0.8 MPam®® i,  SE/KME . 3%
K. Li XH S [43]0F 50 T MR AT 37 ) 0 2L B A B T R e PR R A, 3R Bl =8 2 ) 77 1) 5 34 A 34
J5 R AR /N T 30° I A 45 YE BRI K 2~3 4% . Chen JY 25[23] i B R 59 7 V25 7T 78 B it T3k A% o sz it
SRICE F IR, NS 2 I sh A R gt 1 o S .

TEKFK L THEF, Yang B S5 [44]18 5 A VAR TR 5 20 Bk A FARF ME R 9, 36 B 24 TR 2 2
SR /NT 1.5 B, BEERE T RIS 40%. Xu XY ZE[4510F5T 1 Hb S 70k 7 2 i s ) o v e Ak
sz, RUEHET 300 m BHER Y BOE R EURIE BN 30%. FEAT 1L TR, AJRSCEEF[18]# R
T 2WIRHE R A BN i, SRR B LN RS 8~12 £, SABTHUIR K X TSR T K
Wio TELYE TR, UG SER AL T $r 0 fe 5 AR TE B IR FH T IRV TEAT Ny, R K B2
fa B R R AR AR P O S 4.

PR TRERGIRM, KK G RPN RSB S 1PN R VT RCAR B 3 DA ¢ . 7EZRBR % BE R (P21 >
2 mim?) R, SRR A R B R 2 TR R P R s 7R 2R B A HL Ty R B R s
DFN 52 (R4 BEAR A TN T o WDPRFE AR ()36 16 T B e T RS0 R AN 20 28 (1) B BE SR . TR 2N
SRR S F s P Jo B0, DRI BRVE O O Sk FH A FL R AR, KT AR 2 8 A A0 S ik F = 4E0
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GEKRE, RBUREREEPNTEA R TARSUS 00 8 2 A BT AN . BRI TRE DG 3110 5 77 4R 1)
FART TR, % STE MR 25 (F] 2y He S R, o P BT B IR B FL IR Ay KR ZK L R DGy U 2 B
SRR A S ARG, PRI R D Bk, o AL L FAIC & /KR ES s Al DR 4
B FR) 23ty R AT @ M, X KT B8 (S B Ry, W H = 4EBOGHR S S i fL s . U TR N oGiE
U A AR E R, HEAMBFORSEEA SR X REE . XEERRE T AR TR TN
TIEHE RN, UL T 2 5V A i EE

7. e ERE
7.1. EELR

(1) ZRAEZLBIL AR 73 R s 2R R LB ANV L R =2 . MBI SZ XIS Sy, LA o7
B 2~3 ;s TEPRZLRR ) A IR AR R TR LR, X TARVER R B D S

(2) RMR. Q R4l BQ 432K = Fl A i & 7> Gtk R LR BUNAZ ORI R . RMR 7ERE A H & A
If, Q RAHEEMH THU T TR, BQ /24Xt E Wb % F LI MEIE. =Pk R y—4eak — 45 B0F
Wy SRR =GE2 ] A R B o AR, FETHLE 3 ) M AR By KB kR, AR E
IR — S, AE VISR bR e AT 2 il 2 R 2R

(3) P21 /& DFN &M% OB H, 2 TR4ERAE 2.1~2.6 YUl N 5 4B % 15 228 PE IE A 55(R? > 0.85).
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I8 F 38K AR BRI, HR A 5K T BE 29 TR 18 ) 5%~10% . A28 M5 R BN A8 5 T 0 T 10 I AN ] 200,
M Darcy i 2 ILA521E % 15%~30%.
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