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Particle breakage of rockfill materials under cyclic loadings
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Abstract: Through lab dynamic tri-axial tests on rockfill materials, the characteristics of particle breakage and its influence
factors under cyclic loadings are studied. Considering the variable quantity of different ranges of particle size after grain
crushing, the particle breakage form of rockfill is differentiated as angular crushing and skeleton crushing in view of the roles
that the rockfill particles play in the mixture for the first time. Incorporation with the fractal theory, the broken rate of rockfill is
defined as the variable of the fractal dimension of aggregate gradation, which can be obtained by the fractal dimension of
aggregate gradation before and after particle breakage. Furthermore, the relationship among the broken rate, the shear strain and

the dynamic volume change of rockfill materials is established.
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Table 1 Basic physical property indices of rockfill
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Fig. 1 Typical test curves
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Fig. 2 Comparison of gradation curves of cyclic load tests before
and after cyclic loadings
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Fig. 3 Change of columns relative to initial gradation under
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Fig. 4 Relationship of variation of Marsal’s particle breakage

rate with dynamic stress
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Fig. 5 Relationship between fractal dimension and dynamic stress

after cyclic loading tests
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Table 2 Values of broken rate D,, of rockfill after cyclic loading tests
Dl D2
RS 5
[ e /kPa [ e /kPa
K. 0403 400 800 1200 2000 3200 400 800 1200 2000 3200
0.3 0.02 0.02 0.03 0.04 0.05 0.01 0.01 0.02 0.03 0.04
1.5 0.5 0.03 0.03 0.04 0.05 0.06 0.02 0.02 0.02 0.04 0.04
0.8 0.03 0.04 0.05 0.06 0.07 0.02 0.02 0.03 0.05 0.07
0.3 0.02 0.04 0.04 0.06 0.09 0.01 0.02 0.02 0.06 0.07
2.0 0.6 0.03 0.05 0.06 0.07 0.09 0.02 0.02 0.03 0.07 0.09
1.0 0.04 0.07 0.08 0.09 0.11 0.02 0.03 0.05 0.08 0.11
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PAS ERBTYIARTE DL R R KA TR HE A R e 2
MBI RZTE . Hf
Dy, = f(Eman > Vimax > Eamax) 2 3)
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Fig. 6 Fitting curves of D,
# 3Dl &k D2 K& S HE
Table 3 Fitting parameters of D1 and D2
IG5 c1/% e
D1 0.0465 1.158
D2 0.0378 1.268
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Table 4 Basic and fitting parameters of verification tests
BONFEE  OBKTEE RN ‘ c
BORES 520 o o L kel ‘ &
/(g'em”) /(g'em”) /(g'em”) /%
T1 G RAAE A 1.74 2.21 2.03 24.0 0.0214  1.632
T2 SRS e 1.73 2.23 2.21 20.5 0.0504 1.510
T3 5 XALAE 1.61 2.14 2.14 20.5 0.1165 1.052
T4 G RAAE A 1.69 2.17 2.00 25.0 0.0225 1.739
ir
/ L 5 1R — TR A
3 USRS R R RERG T N
D 56 E AR ST 38 VST HE A A i A 5 2R 0k 5 R AL
G RIC S B B e BEA R HE A RO A 1) % oo1r
W, ACSCHOET 3 MR, MHTT 3 Fgmist4 X |
RIS ST 72 AR EAT AH B R B0 E0 IE & 15056 2% 14
e S\ 2 ] a2 . 0 K.=2.5, 05=400kPa © K.=2.5, 03=1100 kPa
Ry R RIRT, KU o, 3695 3 4%, 4334 400, L 2200 kba = Kt s, =00 Py
1100 12200 kPa, fiABILRAIETZR . I IRE I 0.00001 o fem13, 100kP & K15, 03=2200kPe
%FH 0.1 Hz, WIS A K45 1.5 F1 2.5, oot R 0
_ R b) T2
BRI 25 I & F BN 0, I N+0.3 0, 4060,
£0.90,, SHMPBIN M 30 PRIk, RI0IEHHE I
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