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Abstract: The gradation and particle size of filling materials of sand-gravel dams determine the inter-particle contact
relationship, and further affect the macro-mechanical response. Based on more than 2000 groups of test data detected during
dam construction, the relationship between particle gradation and basic physical characteristics of dam materials is explored by
using the probability and statistics method, and three gradation characteristic parameters that are most closely related to dry
density in sand-gravel materials and transition materials are obtained respectively. Based on the one-dimensional Weibull
probability distribution, the test data analysis method for dam materials is proposed. The one-dimensional Weibull distribution
model is respectively established for the above three factors, and the estimated value of gradation parameters of coarse-grained
soil is obtained under certain assurance rate. The expression for the three-dimensional Weibull distribution function is further
derived, and a three-dimensional Weibull distribution model which can reflect the dry density by using the correlation among
the three gradation characteristic parameters is established. The K-S tests are used to verify the fitting degree of the model,
which proves the reliability that the three-dimensional Weibull distribution model is used for the analysis of dam materials

considering the influences of multiple parameters at the same time.
Key words: filling material of sand-gravel dam; gradation characteristic parameter; dry density; multi-dimensional probability

distribution; parameter fitting; Weibull distribution
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Table 1 Correlation analysis of test data (correlation coefficient)

BadE FRECNT0.075 MR R AR bR SKF
S R X T e ErEE( mm) & RE ASMRE mARKARE FKE

(%) (%) Ce Cu (mm) (%)
IR ERIE SR T 25 (g/em’) 0.665 -0.028 0.522 -0.004 0.331 -0.123
RS BRIAFURL T 25 (g/em?®) 0.793 0.015 0.441 -0.076 0.473 0.027
bl b Ui PR T (g/em?) 0.363 -0.093 0.193 0.003 0.020  -0.036
I I P AR (g/em?) 0.527 -0.144 0.312 -0.038 -0.025 0.010
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Table 2 Parameters of Weibull distribution model for gradation of upstream sand-gravel materials
i e AR HMESH RESH BRSH X EBEMKF I 1A A
jli 1«+ ?EI */T\‘ s N Dn

H n u o ¢ RHr a D, a) F(N)
T2 (g/em®) 453 2256 0.124 7.824 0.989 0.05 0.0639 0.0384 2.349
B & (%) 345 64.000 10.759 5.691 0.998 0.05 0.0732 0.0534  71.245
HESX] 345 1.500 3.369 2314 0.988 0.05 0.0732 0.0259 2774
I KK 4% (mm) 345 160.000 159.674 2.856 0.996 0.05 0.0732 0.0564  232.621
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Table 3 Parameters of Weibull distribution model for gradation of downstream sand-gravel materials

Gtk FEA E  RESH BRSH HERHE BEWKT kAE it e
cernT i n BH u o & r a D(n a) " F(N)
T2 (g/em’) 473 2.016 0.364 19.533 0.984 0.05 0.0625 0.0437 2.341
B & (%) 473 57.967 16.907 7.580 0.997 0.05 0.0625 0.0492 70.532
ith 2 2% 358 1.231 3.469 2.184 0.994 0.05 0.0719 0.0418 2.507
I Kki4%(mm) 473 110.434 213.426 3.560 0.993 0.05 0.0625 0.0581 223.851
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Fig. 2 One-dimensional Weibull distribution fitting of dry density
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Fig. 9 One-dimensional Weibull distribution fitting of maximum

particle size in downstream sand-gravel materials
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Table 4 K-S tests of three-dimensional Weibull distribution models

in different packing areas
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