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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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o=F,/d" (15)
oy £ A B B R R R s T 32 B 1

2
AL /mm
2 AREBREH - ML
Fig.2 Load-displacement curve of limestone particle

1.0 -
0.8
¥ 0.6F
% : B 4H/mm
B 0.4 - s +16-18 ~18-20

-20-22 22-24

~24-26 ©26-28

+28-30 -30-60

+60-120 -120-240

15 20 25 30 35 40
& /MPa

B3 BREHALER
Fig. 3 Result of single-particle compression test

FEARIR H , HE FURL B B AR R P i i 3 e
DL S TR AR

02} if

i—03
D P= n+04’°
2)P= i-0.5 ’
n
i
3)P,= )
n+1

%
P R L UKL 5iR B 7R 42 T WORL % o FE TP
HEZ i 5, n R Ok S B

Bl 4 f& s 1 il it % N 5 A5 3 89 A W] A
FH AN FHENXT,BMEE S S
VA{(pr") -In[1/(1-P)]| FIRIE o i 5 IR
ALLEH, Y =044 8 , AR K. UMW o
V{(pr*) -n[1/(1-P)]]IE R R — S E il 2k AR
P 2.1 755 b Y R 4R A B 0 eR U 2K h(o)=
In[1+ (o) X 1{( 1) -m[1/(1-P)]} 55 o
KEMAT TG RSS2 1Y R BUE kAT
PUE I TE 3 PR A T 15 3 TR s LAk
JER 2, R E NIRRT RS HE TR
TEHRE .

10°
(a)
=10"
D
C 2 1.83
S10 y=In[1+(g/74.84)"*]
g R’=0.88
{ 107 B=0.44 Hr2H/mm
2 <16-18 - 18-20 <20-22
= | ©22-24 - 24-26  -26-28
—107F - ~28-30 - 30-60 <60-120
“ 120-240 — HIE EH
10° : '
10°
(b)
=10"
D
102 y=In[1+(c/70.45)"*"]
= R’=0.87
=
" $=0.44 B4 /mm
RIO -16-18 > 18-20 =20-22
- ©22-24 - 24-26 -26-28
<o <28-30 - 30-60 =60-120
120-240 — BI& HE
107
10°
(c)
=10"
D
ST y=In[1+(c/77.91)""]
% R’=0.88
o B=0.44 B4 /mm
};10 ©16-18 - 18-20 -20-22
s ©22-24 - 24-26  -26-28
<0+ -28-30 - 30-60 <60-120
120-240 — HIE B
10° : ' ' '
0 10 20 30 40 50
o/MPa
B4 AEBRGERFERTHRNEGSE
BEMNXAR

Fig. 4 Relationship between particle composite
parameters and strength under different
probability estimation factors

i
n+l1’

(a)—pP,= ; (c)—p,=



% 34

J T AR R LA o A 4F 6 3 B 3% B Log-Logistic o7 A2 A 107

2.3 Log-Logistic - 7i&EH

4 ho)=In[1+ (02) [FRAIR(13) , I 74 5]
A (16) Z2T0 . i FHEA B0k g w8/, HIE 4
KR BRI F W (0/2)" < 0.1, K AT LA Z00% 2%
Ay e FF Y v ki, AT AR 213 AR OC R L (16).
e, = (17) w] AR A R 2 (18). 2 (18) S % &
B3 A R ) Log—Logistic 23 A i Y i FEiE 9
Ji&  HOE 5 T4 0 5 B RS R0, AN s
HUPE Y Log—Logistic 73 A A AL (=L (1) A= (2))
—E X R HS HE T AR S 5 E , Log—
Logistic 7317 15 BN g 18 6 B4 fige A58 00 58 B2 1Y)
GETTRRE , I8 REAE 2L 4% 23 W] 0 A et b ph s 2L
YL U IR

Y]
4 -1n{1+

P=1- 1 (18)

ol 12

3 ARG 5 % 5 RIS AR

3.1 FMHMERMREXILE

FVEAL Weibull 43 i #5280 R Log—Logistic 43
AT BT AE Rl TR AN [RDRL A A0 8 32 40 A7 ) 114 e 2R
ARG % PR R AT R, IR LA P
(R?) ¥ 75 #1522 (RMSE ) F1F- 24 4 5 77 43 L i
25 (MAPE) 3 M st 48 br R R 47 XF L 4 i, BLAK
S ULFR 1 AR TR LA Y, WA 43 A B TR 2 i
% A 35047 3 AN [R)r 2H (1% J0R 58 58 43 A5, {H Log-—
Logistic 43 11 5 B 75 45 T 48 b5 L ¥ R B
TR T 4 % 43 R 253X — 46 45, Log—
Logistic 53 /i £ 24 i 8L 5 R B A T Weibull
Sy AR

F1 TESHEBMEIRITLE
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