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Log-Logistic Distribution Model of Rockfill Strength
Considering Crack Distribution Characteristics
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Abstract: Natural crack expansion under external forces leads to the crushing of rockfill
particles, while the randomness of crack lengths and their spatial distribution results in significant
size effect and dispersion of particle strength. To quantitatively evaluate the particle strength
distribution characteristics, a Log-Logistic strength distribution statistical model was established
based on the spatially inhomogeneous distribution of the modified power law and the weakest-link
theory followed by the cracks. Validation through single-particle compression tests on limestone
with different particle size fractions demonstrates that the Log-—Logistic distribution model
outperforms the Weibull distribution model in quantitative evaluation, particularly in handling
extreme values within particle strength distribution where it has superior fitting capability.
Additionally, the influence of external environmental factors on crack length distribution is
further analyzed, revealing that the greater dispersion of rockfill particle strength in the field
compared to that in laboratory tests is primarily attributed to the differences in crack length
distribution. New insights into mesoscopic modeling of particle strength are offered, and
theoretical support for the precise assessment and risk control of rockfill material strength in
engineering design is provided.
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Table 1 Comparison of fitting effects of different distribution models
R RMSE MAPE/%
R /mm — - — - — -

Log-Logistic Weibull Log-Logistic Weibull Log-Logistic Weibull

16-18 0.994 0 0.9923 0.0223 0.0253 5.41 14. 43
18-20 0.993 1 0.9880 0.0239 0.0316 14. 97 24. 64
20-22 0.9952 0.992 1 0.0200 0.0257 5.45 11. 63
22-24 0.9939 0.9895 0.0226 0.029 6 6.64 15.99
24-26 0.996 5 0.987 8 0.0170 0.0319 6.25 12. 45
26-28 0.996 9 0.9854 0.0160 0.0349 6.29 15.75
28-30 0.989 8 0.979 2 0.029 1 0.0416 15. 65 27.46
30-60 0.9945 0.996 5 0.0214 0.017 1 9.22 5.51
60-120 0.9929 0.9937 0.0243 0.0229 5.79 14. 41
120-240 0.987 4 0.994 6 0.0324 0.0213 10. 01 11.22

Kolmogorov—Smirnov (K-S ) £ 5 J& — Ff %
FHT IR ARG 2 B 45 G 3 — e BB o A
175, A AR R 3d i T SR AR R i 2 50
G35 5 LA B BRI 53 A1 2Z 18] ) e 22 > 4] W 79
AR E 2R . 5 K-S K% AF , Anderson-
Darling (A-D ) %6 25 7 J& &5 1) fir 2 B v YA,

REAS ST 1 S R 73 A1 % 1 R B L5 8O K
gt AR (19). A-D RS
MR, 2R IR 5 BHE 7 A B9 e 22 80K, 014524
AP [ 2, A-D KB G, s 5 B
W AU G BT

A=—n- %2[(21’— 1)(ln(F(x[)) +1n(1 —F(xﬁl,,-)))] (19)

Horr e F () B 40 (1 SRS BREUE 5%, R
FEARZE B HE P

F290H T AR T Weibull 434 Fil Log-
Logistic 73 /i 1) A-D K g gt it 45 % . A rha]
VI, 46K Z2 80k 2H 19 Log—Logistic 43 fi A-D
K 56 45 11 18 ¥4 7N F Weibull 43 4, iX 2% P Log-

Logistic 73 1fi 76 M A Uk 5 2 48 3t e vp, 0 H:
TR Ak BRI g i P A I BAT B A 1 5
JE7R T 26-28 mm i 41 7£ Weibull 43 1 Fl Log—
Logistic 73 A B8 T A 40L& 45 L, e i = 7E il A
X 35k , Log—Logistic 47 4 BE 1% T S fif b 47 1 5ot
AT RN . LR RY B RS



108 FAKFFHR(A A FR)

% 47 %

TE R IR A IR RURE L5 BE 43 A1 J7 T AR T4
HERE A A SR, O H A B e
AURE SR 8 K RE 5 9 B8 A R M T T BE O T T X
— R IRAAL A FURE 8 32 1 200 WL A B AL 1R Y
JELRE A Ry S A B S R BT AG 5 T AR BT
S TR A PERE TN BEE T BLA

*2 AE*IZATH Weibull 5750 Log—Logistic 47

A-DRIESHITEER K
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