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Experimental study on effects of gradation on strength and deformation of
coarse-grained soil

1,2 1,2 : 1,2
LING Hua"“, FU Hua"“, HAN Hua-qiang "
(1. Department of Geotechnical Engineering, Nanjing Hydraulic Research Institute, Nanjing 210024, China; 2. Key Laboratory of

Earth-Rock Dam Failure Mechanism and Safety Control Techniques, Ministry of Water Resources, Nanjing 210029, China)

Abstract: Eight large-scale triaxial tests on coarse-grained soil with different lithologies are carried out. The effects of
gradation on strength, deformation, dilatancy and particle breakage characteristics of coarse-grained soil are discussed. The test
results show that the grain-size composition is the important factor for the mechanical properties, and the strength and
deformation characteristics change with the content of fine particles and the mud content. The particle breakage and the peak
value of shear stress with the change of confining pressure and gradation are discussed. For the cohesionless coarse-grained soil
with the same density, the strength and the stiffness increase with the increase of the fine-grained contents under high stress. For
the cohesive coarse-grained soil, the strength and the stiffness of the materials with high mud content are smaller than those
with low mud content. Good gradation and strict control of particle content less than 0.075 mm are propitious to improve the
stability of the dam body and reduce the dam settlement for high earth and rockfill dams.
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Table 1 Grain-size composition and density

. ke INTFFRAR R B 4 & 2/ %
.
LoatE T
ETReT 4 60mm 40mm 20mm 10 mm 5 mm
/(g-em™)
1-1 ZFA 100.0 842 576 37.0 20.0
1-2 HEbE 2,18 1000 809 555 33.8 16.0
1-3 Jets 100.0  79.1 504 295 125
2-1 FEXb 100.0 803 585 379 20.7
A 215
2-2 N
K& 100.0 787 473 284 143
3-1 ‘ 100.0 913 727 46.6 28.0
32 e 2.10 1000 88.6 66.6 41.1 228
g 2 ) ) ) ) )
33 100.0 856 59.8 354 17.6
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Table 2 Peak strengths and strength indexes of material No. 1

- (0, =03 Imax/kPa . 0 o Ap
s 300 600 1000 1500 KPa /) ) KO
kPa kPa kPa kPa
1-1 1574 2714 4200 5715 1433 393 499 75
1-2 1654 2873 4188 5703 181.7 388 51.7 9.1
1-3 1661 2926 4168 5628 197.5 384 521 95
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Table 3 Peak strengths and strength indexes of material No. 2

vop (G] —0; )max/kPa
R c ® ®  Ap
- 300 600 900 1200 o . .
i /kPa  /(C ) /) )
kPa kPa kPa kPa

2-1 1878 3024 4194 5209 180.3 40.6 539 10.0
2-2 1887 2985 4006 5086 196.3 39.7 545 11.1
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Table 4 Gradation change and particle breakage

. 60~ 40~ 20~ 10~ <5 Bg
TN AN RS
40 mm20 mm 10 mm 5mm mm /%

an £

[EEA ] 19.7 218 206 172 207 —

_ 03MPa 173 199 195 188 245 54

2-1 ;A 0.6MPa 16.6 189 182 193 27 84
5%

09MPa 14.6 192 181 19.6 285 102

12MPa 13.7 183 17.5 20.6 29.9 126

[EEA ] 213 314 189 141 143 —

03MPa 179 289 172 162 198 7.6

i
2-2 5% 0.6 MPa 169 279 173 16.5 214 9.5
9L
09MPa 152 267 17.1 174 23.6 12.6
&

1.2MPa 134 262 16.6 182 25.6 154
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Table 5 Peak strengths and strength indexes of material No. 3

NN (G] _63 )max/kPa

R c ® ®  Ag

. 300 600 900 R R R

iz /kPa /(") /(0 ) /()
kPa kPa kPa

3-1 1010 1858 2703 42.1 358 408 42
32 1058 1936 2789 499 362 419 4.7
3-3 1119 2016 2883 61.0 365 432 55
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Table 6 Duncan model parameters of coarse-grained soil

Y5 K n R, K, m
1-1 723.0 0.29 0.63 233.0 0.27
1-2 810.8 0.25 0.65 265.0 0.20
1-3 916.6 0.22 0.68 330.1 0.09
2-1 1134.5 0.25 0.63 616.2 0.07
2-2 1256.5 0.21 0.74 781.6 0.04
3-1 403.4 0.27 0.80 149.8 0.30
3-2 608.1 0.25 0.86 215.9 0.13
3-3 715.9 0.24 0.87 276.8 0.03
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Fig. 1 Triaxial test curves of materials 1-1 and 1-3
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Fig. 3 Stress-strain curves of materials 3-1 and 3-3
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