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1

ValuesParameters

24510
7Normal contact 

stiffness(N/m) 

24510
7Tangential contact 

stiffness(N/m)

2000Density of particles(kg/m
3
)

5&0.01Damping coefficients (α,β) 

0.01
Critical time step factor 

(FRAC) 

0.5
Inter-paticle friction 

coefficients

2

2

 

Confining 

pressure 

(MPa) 

Density 

High 

Angular 

grains 

Medium 

angular 

grains 

Round 

grains 

0.1 0.858 0.876 0.880 

0.5 0.867 0.878 0.884 

1 0.867 0.880 0.884 

2 0.869 0.882 0.880 

4 0.870 0.885 0.886 
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3

 

Friction 

coefficient 

(µ) 

Density 

High 

angular 

grains 

Medium 

angular 

grains 

Round 

grains 

0 0.889 0.903 0.918 

0.25 0.872 0.888 0.890 

0.5 0.867 0.880 0.884 

0.75 0.869 0.880 0.883 
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Friction 

coefficient 

(µ) 

Void ratio 

High 

angular 

grains 

Medium 

angular 

grains 

Round 

grains 

0 0.125 0.107 0.089 

0.25 0.147 0.126 0.123 

0.5 0.153 0.137 0.131 

0.75 0.151 0.136 0.133 
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Confining 

pressure 

(MPa) 

(Φmobilized)max 

High 

angular 

grains 

Medium 

angular 

grains 

Round 

grains 

0.1 41.8° 39.7° 30.3° 

0.5 42.1° 38° 30.8° 

1 41.5° 36.8° 30.4° 

2 41° 35.8° 28.4° 

4 40.5° 36.4° 27.1° 

 
6

 

Confining 

pressure 

(MPa) 

Dilation value in a=18% 

High 

angular 

grains 

Medium 

angular 

grains 

Round 

grains 

0.1 7.4% 6.6% 3.4% 

0.5 7.1% 6.8% 4.1% 

1 6.2% 5.5% 3.9% 

2 6.1% 5.1% 2.5% 

4 5.4% 3.6% 2.4% 
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4

59

118

18

7515

8

51

52

5153

7

 

Friction 

coefficient 

(µ) 

(Φmobilized)max 

High 

angular 

grains 

Medium 

angular 

grains 

Round 

grains 

0 18.3° 14.3° 12.9° 

0.25 34.6° 30.2° 25.2° 

0.5 41.5° 36.8° 30.4° 

0.75 44° 38.7° 33.2° 

 
8

 

Friction 

coefficien

t 

(µ) 

Dilation value in a=18% 

High 

angula

r 

grains 

Mediu

m 

angular 

grains 

Roun

d 

grains 

0 1% 0.5% 0.6% 

0.25 3.3% 2% 0.7% 

0.5 6.2% 5.5% 3.9% 

0.75 8.8% 6.3% 5.3% 

9

18

9

 

 

 

 

9  

High angular grains Medium angular grains Round grains 

e ()max Dilation e ()max Dilation e ()max Dilation 

0.125 44
°

 11.1% 0.107 39.9
°

8.2% 0.089 37.5
°

8%

0.147 42.2
°

 8.1% 0.126 38.9
°

7% 0.123 32.9
°

5.1%
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0.151 42.1
°

 7.7% 0.136 37
°

5.3% 0.131 30.5
°

3.9%

0.153 41.5
°

 6.2% 0.137 36.8
°

5.5% 0.133 31.2
°
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171911

Sowers & Sowers

19

11

19

Effect of Angularity and Grading on Peak Effective 

Friction Angle of Coarse Sand in Degrees 

(e.g. Sowers and Sowers, 1951) 

Dense Loose Symbol Shape and Grading 

37 30 SP Rounded, Uniform1 

40 34 SW 
Rounded, Well 

Graded 

43 35 SP Angular, Uniform 

45 39 SW 
Angular, Well 

Graded 

Taylor(1948)
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Leps(1970)
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21
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