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Simple shear tests on breakable rockfill materials
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(1. Research Institute of Hydraulic Structure, Hohai University, Nanjing 210098, China; 2. Shanghai Municipal Engineering Design

Institute (Group) Co., Ltd., Shanghai 200092, China)

Abstract: A large-scale simple shear test device with staged shearing rings is developed. A series of simple shear tests are
conducted on two different rockfill materials with different particle compressive strengths under different vertical stresses and
large shear deformations. Changes of particle breakage during compression and simple shearing are investigated. The results
show that the particle breakage relates with the compressive strengths of particles and the applied vertical stresses. The lower
the particle compressive strength is and the higher the vertical stresses are, the larger the particle breakage takes place during
the compression and the simple shearing process. The particle breakage may tend to a critical value either during the
compression or the shearing process. The particle breakage mainly occurs in the process of the confined or shearing
compression.
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Fig. 1 Large-scale simple shear test device with staged shearing rings
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Fig. 2 Initial gradation of rockfill materials
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Fig. 3 Test results of rockfill 1 during application of vertical

stresses

BN ST /kPa
2 5838888

1 1
15 20

(=)
0%
w

10
BN £/%

(a) BBy - BURIAER R

L
=)
1

s

PRBRBLAE &v/%

. 0=1200 kPa

(b) HRBARLAE - BYRIAER R

4 REEZENADTHEAR | BRI T2 AN ST

P

Fig. 4 Stress-strain relationship of rockfill 1 during simple

shearing under different vertical stresses
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Fig. 5 Change of relative particle breakage rate with vertical

stresses after confining compression
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Table 1 Comparison of particle breakages during compression process

- RIS B ) Y. ) FRARA (mm) RRUR )0 730 % %
/kPa 40~60 20~40 10~20 5~10 2~5 <2
¥ oAl 9.11 22.26 18.83 15.38 13.61 20.81
200 8.66 21.99 18.72 15.61 13.61 21.41 3.48
400 8.22 21.83 19.17 15.50 13.44 21.84 436
N 800 8.06 21.01 19.73 15.73 13.67 21.80 5.05
HeA R .
W55 1200 7.96 21.05 19.30 15.96 13.60 22.13 5.49
2000 7.14 20.42 19.42 16.41 13.84 22.77 5.83
4000 6.93 20.25 19.43 16.57 14.02 22.80 6.03
6000 6.82 20.21 19.35 16.53 14.13 22.96 6.17
150 i 9.11 22.26 18.83 15.38 13.61 20.81
200 8.94 22.02 18.88 15.44 13.60 21.12 2.72
400 8.75 21.96 19.11 15.32 13.48 21.38 3.20
WeF k2 N 800 8.68 21.88 19.13 15.24 13.53 21.54 3.88
W55 1200 8.50 21.52 19.23 15.28 13.67 21.80 434
2000 7.61 20.68 19.30 16.19 13.72 22.50 4.62
4000 7.50 20.61 19.33 16.24 13.73 22.59 4.89
6000 7.42 20.53 19.34 16.27 13.73 22.71 5.15
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Table 2 Particle breakage of the two rockfill materials under

different shear strains

- RNy ANE BT NAR T UKL R B %

/kPa 0 5 10 15 20
200 348 387 391 4.07 416
ekl 1 400 436 544 577 603 6.12

800 505 622 639 658 6.66

1200 549 6.66 6.83 6.89 7.05

200 272 279 283 288 290

s 400 320 3.61 373 388 3.96
AR 2 800 3.88 456 4.65 477 4.82
1200 434 492 501 509 5.13
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Fig. 6 Relationship between particle breakage rate and shear

displacement
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Table 3 Proportions of compression crushing in whole test process

- B, AR TR TR
J1/kPa WRER/% EHE/% 5 A1 /%
200 4.16 3.48 83.67
el 400 6.12 438 71.27
K 800 6.66 5.05 7.583
1200 8.13 5.49 67.55
200 2.90 2.72 93.79
WA 400 3.96 3.20 80.81
#l2 800 4.82 3.88 80.50
1200 5.13 434 84.60
20
15F WA B |
v |
N
& 1.0
051
0 5 10
BN /%
N
& 051 =400 kPa
1.0-

7 B4R S EIHGE 2 Fh R AR R LR
Fig. 7 Comparison of particle breakage rates between shear
shrinkage and dilatancy
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