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Abstract: The shear strength is one of the important evaluation indices for the stability of soils. The investigation into the
influences of the scale effects on the shear strength of coarse-grained soils has important theoretical significance and application
for the strength estimation of soils in high earth-rock dam projects. According to the previous studies, the variations of the
maximum particle size dmax and gradation structure can be seen as the main reasons resulting in the scale effects, and the
gradation structure can be expressed by a characteristic parameter, the gradation area (S). By changing dmax or S, 24 groups of
samples with different gradations of coarse-grained soils are designed. The direct shear tests on all the samples are conducted
by a large-scale direct shear apparatus to quantitatively study the multiple influences of the maximum particle size and
gradation structure on the shear strength of coarse-grained soils. The results show that the cohesion (c¢) and the internal friction
angle (¢) of coarse-grained soils tend to increase with the increasing dmax, and thus a logarithmic equation relationship between
c/p and dmax 1s proposed. Both ¢ and ¢ tend to increase with the decrease of S, and then decrease slightly after S reaches a

certain level. As a consequence, an empirical relationship between c/¢ and s is established based on the corresponding test
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results. Furthermore, a new prediction model for the shear —

strength of coarse-grained soils considering the scale effects is
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Fig. 1 Sandy pebble samples of different grain groups



% 4 3]

e

Wi H

A, S5 ORDRE 4T BY 9 R A 4 RO AR 1R B 7T

R

857

R1 FESHENBEERLEE

Table 1 Summary of gradation parameters and densities of

samples
o dmax/ min/ min/ o/
BT m " b S gemy) @emd) (gom?)
Al-4 40 1.0 0.6 0.539 1.905 2.163 2.106
A2-4 40 1.0 -0.2 0.350 1.815 1.994 1.955
A3-4 40 1.0 -1.0 0.273 1.750 1.959 1.913
Ad-4 40 0.8 0.3 0.504 1.878 2.122 2.068
A5-4 40 0.8 -0.2 0.408 1.838 2.049 2.003
A6-4 40 0.8 -1.0 0.322 1.782 1.961 1.922
A7-4 40 0.6 0.6 0673 1.877 2.171 2.105
A8-4 40 0.6 0.3 0.581 1.909 2.197 2.133
A9-4 40 0.6 -0.2 0482 1.894 2.127 2.076
Al10-4 40 0.4 0.6 0.749 1.857 2.152 2.086
All-4 40 0.4 0.3 0.672 1.899 2.199 2.132
Al2-4 40 04 -1.0 0.486 1.897 2.149 2.093
D14 40 1.0 0.3 0441 1.833 2.106 2.045
D1-2 20 1.0 0.3 0441 1.764 2.044 1.981
D1-1 10 1.0 0.3 0441 1.641 1.977 1.899
D2-4 40 0.8 0.6 0.603 2.086 2.426 2.349
D2-2 20 0.8 0.6 0.603 1.906 2.155 2.174
D2-1 10 0.8 0.6 0.603 1.741 2.115 2.028
D34 40 0.6 -1.0 0.390 1.906 2.155 2.100
D3-2 20 0.6 -1.0 0.390 1.820 2.092 2.031
D3-1 10 0.6 -1.0 0.390 1.664 2.002 1.924
D4-4 40 04 -0.2 0.581 1973 2.302 2.228
D4-2 20 04 -0.2 0.581 1.842 2.199 2.117
D4-1 10 04 -0.2 0.581 1.688 2.028 1.949
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Fig. 2 Gradation curves of experimental coarse-grained soils
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Fig. 4 Relationship between internal maximum particle size and

cohesion
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Table 2 Fitting results of Eq. (4) for sand pebble soils

FhR T P R 1 A
s
a/kPa  co/kPa R (‘?/ : (‘{,’0/ , ®
0441 13480 4067 0937 5764 47927 0958
0.603 9017  -3.667 0969 4097 47167 0.940
0390 10460 -4233 0948 6918 47.660 0.944
0581 11037 10271 0978 4977 43201 0.995
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Table 3 Fitting results of Eq. (5) for sand pebble soils

FHEIWESH W EEIE S S5
c di/ cf da/
b apat wal K 2)") (« 2)") c K

-1.180 0.027 -0.020 0.936 0.017 0.041 6.832 0.959
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Table 4 Fitting results of Eq. (6) for sand pebble soils

FEIMESE BE W EEEARE S BE
a1/kPa 14.506 /() 4916
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R? 0.865 R? 0.894
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Fig. 8 Measured and calculated values of shear strength

parameters of sandy pebble soils
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Table 5 Fitting results of rockfill materials

Jer 2 RN/ NEESEff1/
ﬁ dmax m b S kPa (o )
60 0.7 0.003 0.512 185.808 39.68
D=23 40 0.7 0.003 0.512 177.727 39.40
20 0.7 0.003 0.512 153.650 35.58
60 0.4 0.02 0.686 204.094 41.41
D=2.6 40 04 0.02 0.686 200.382 41.14
20 0.4 0.02 0.686 193.541 40.10
60 0.3 0.09 0.779 209.852 41.72
D=27 40 03 0.09 0.779 197.401 39.78
20 0.3 0.09 0.779 202.085 40.07

FIHF (6) XF LR dmax 9 40, 20 mm HEATRHT
YRR EE IS 45 AT IS, BRLESHII TR 6, H
Gk TR 10, mE 10 7750, X 6) BRI ¢ f
o A 5 X RAREE sTR Z AN E] 4% 3%, ek
WZEN 6.17%H1 3.59%, HikwE ZEIULE 0.866 UL L,
WA BRI SF . WAR, 2 (6) AT ARG IR AT (2 7Y
FRL - PUBY SRS R R R
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Fig. 9 Gradation curves of rockfill materials in Reference [22]
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Table 6 Fitting results of rockfill materials

FEIINESE BE WEEANESE Bl
a1/kPa 12.381 a /) 2.191

b 1289.72 /) 0.361
ci/kPa’! 2.592 d /(Y -0.335
di/kPa’! 3.787 e 0.016
R 0.866 R 0.915
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Fig. 11 Measured and predicted values of shear strength

parameters of rockfill materials
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