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A polygonal DFN modeling approach based on the circle-controlled method and
the iterative inversion algorithm
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Abstract: Dimensional discrete fracture network(DFN) is a common approach to analyze the structure of rock
masses. However, Baecher disk method which is most popular, is entirely based on statistics and the assumption
that fractures are disks rather than polygons for the convenience of mathematical derivation. In this study, a
polygonal DFN modeling method more really reflecting fracture feature was developed to improve the traditional
Baecher disk method. A circle-controlled method was proposed to determine the shape of random polygonal
fractures and its validity was proven through mathematical derivation. For determining the size distribution of
fractures, an iterative inversion algorithm was presented. To ensure that the algorithm is able to rapidly converge,
a set of adjusting and initialization rules of the parameters of the algorithm were designed. A case study, in which
comparison between the trace maps of two DFNs generated by the proposed method and Baecher method is

carried out, shows that the iterative inversion algorithm can almost achieve the same results as Baecher method
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when assuming that the fractures are disks. Further, a polygonal discrete fracture network is generated using the

presented method. This research provides a new way to analyze the structure of rock masses.

Key words: rock mechanics; discrete fracture network; control circle; iterative inversion; trace length; fracture

size distribution
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@) BE 5 (04N d~T1716.63, 4.50), EALTFE
Wk 4, MR BN BERE AR REUST: d~
I7(18.326, 8.53). 4= DFN FE AL f)328 25 B n & 10
Fros, SRR K IE AN 1.373 m, HEN
0.389 8, THHANAMREH: SL~I(4.83, 3.52),
SR R BB N —88.13, W 11(a)FTR.

| <
I

1 ]

(b) ILE

A F i B EAR R A BOEAS /A i, 3R
B G) M@ HHE G : Ind~N(1.997, 0.024);
BRI 5 P, R E R BLAR 20 AT ek 20U
ST Ind~N2.397, 0.017). “EREfF) DFN A4
Kl 12 Fos, SRR L K I(E N 1.356 m, 52
90353, THEARSARECN: SL~11(5.209, 3.84),
SR R BB N —-104.64, WK 11(b)FTR .

XTEG 2 Pl A= AR B A R, B R B ) 1]
BEAR AR T A BOER AT, kAR
WSk, (H VIR AT T oAy, XSk
PREE TR, R BH LI B AAUL IR 26 5 S IR 2 5 Dy
LI, WOAZE PR A 2L RS IR 53 A«
d~TI(18.326, 8.53), M N 2.148 4 m, HEN
0.251 9.

R4 ISR Z IR RS A (1)

Table 4 Derived polygonal fracture size distribution (1)

SN R A A A ) A RS RFE
5 on WIEAR
a g Y7 o 7 2 e e

n=1 6.630 4.50 0.947 0 0.3269 1.398 1.191 03770 0.062 4
n=2 10.882 5.28 1.3470 0.477 8 0.983 0.815 —0.0230 —0.088 4
n=3 12.902 6.37 1.2290 0.364 9 1.077 1.067 0.0950 0.024 4
n=4 14.035 6.43 1.344 6 0.524 3 0.985 0.743 —0.020 6 —0.1350
n=>5 18.326 8.53 1.3730 0.389 8 - - —0.049 0 —0.000 5
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Table 5 Derived polygonal fracture size distributions (2)
s R R A A BRI (R 2 A SRR RE
3 n POER
)2 o )2 7 r 2 e €
n=1 1.997 0.024 0.8750 0.164 4 1.513 2.368 0.4490 0.2249
n=2 2.411 0.025 1.3870 0.370 5 0.955 1.051 —0.063 0 0.018 8
n=3 2.363 0.029 1.156 8 0.493 1 1.145 0.789 0.167 2 —0.103 8
n=4 2.504 0.017 1.473 0 0.4823 0.899 0.807 —0.1490 —0.093 0
n=>5 2.397 0.017 1.356 0 0.3530 - - —0.0320 0.0363

i, RIRA A F AL (ER(16)~(21))
X% T A B RRAIE . PR S o 101,
AU, 7 AR R TR 2R 25 KR 100, KGRk 6
FioR. MFRHATLUE H 2 PR Ie A o6 45 a5 L
FHE/N, ARFRAERNI 2R ()R 7 25 45 5 SE R i 728
LR 23
44 ¥

WRIEG 5, 5 4.1 54 Baecher [F#EL

BHAEMRM: d~I116.63, 4.5), WHEN 1464 m, J5
79 0.323 7. iREEA SRR B R EA RN E
BNRM: d~I(11.68, 7.9), By 1.478 m, J5
759 0.187 1. nJLAE H, EAREEIEH H 1 E
BEAS MRS Gt HE R A —50, B
BEHEZE 0.014 m, J5 22 0.136 6. HHUL T,
EEIEA R

TEFT 4.3 W, W ZAEERE N 2 R R
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R 6 ML B A

Table 6 Numerical tests of simulated traces

[ELe s I S8 K% E
t-test 1.984 1.460
F-test 1.393 1.309

B BN d~11(18.326, 8.53), ¥ K
2.148 4 m, J5ZN 02519, FTAMIRLINZRLE (1)K
AR : L~1(4.83, 3.52), #¥ A 1372, Hsz
PRt BAHZE 0.048 5 m; 117 24 0.389 82, 53Lfr
ZE I ZE 0.000 5. X —45 B L Baecher [ #7211 11
AR R, EUH TR R E N E AR
B

A5, HE2~5 JLEH, FraiskRid
BETTAE 10 45 LAPIRER, FBIR(9)~(15) AT LA A
BSHL FR, EFMERIES T, KA
72 AR IR 43 A 45 R 5 B Ja — UORAR IR 72 AR I e %
AR AL, HASE M Z(EHTE 0.5 m UL, J7
ZEWIZEEARLE 0.25 LAWY, EBK Baecher [R5 HL A2
VE e 4 ] [ B A% T LA Rckhsk /i B
5 & i

REFHAESGE Baecher [ 77 AR E BRI,
P T — b T ] R AN A R R S R A R =
Y210 TV B RN N 4 A TV ORI R AR
IBIET: (1) g pashlE, Kk 400 [ A
B N 20T, R HEIR SERR: (2)
B th (IR S i B o T SRR B S, R
i IR AR S I8 114 £ PSR AN R T 28 R R~ 90 A7 ek e
ATIBITR AR, A WORIEE N, A R4S

FIFTHF T — AR B .

GITER KIS 4 5 (1) allEse a7k
TR IR R IR MR RS S A A T 3 AT, FE53 70008
U BATIL; (2) W 2 BN, 43l E
SR 2 AR AR A B b IR, R B S R £k
I3 AT SN L AT AN E], R a7 R R R ST (1)
DATSEL, EFTER (3) & BRI EET, &
LR 2 MR, RIEE 2R RS AR KT
BOEZS 5 A I () e OB B RIS e 4B R ST IR T
Tl AL (4) ¥ 2 AL = A (1) 2%
5 SEBZ s, TR B SR R E, Fk
3 Z AR LB, i R RS A .
HrA PR Q2)~(3) B kAR 1S 78

TEEAWF, A Baecher 5 ALAR Y 14 2% HE
FEER GBS RFAT R LG, TER 25 2R
NIABLRS, ZEIERSR SRR E K
(1), BETRHHET R 20 DFN 58, 2555
N, %10 DFN SRR = AR b 4 5 S aE 2 7 AT
—3, Ht Baecher [RIZAAY = Az )b 28 B AG 1
P RAE TiZH

AT B SRR BRI TR S R SF A, B
Loz A, ST JRG AL B R R I 25 AR A
TR RN AR RICHIRE, RIS
M PR R . B OB N0 TE
RS
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