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Shear Resistance of Sandy Soils Depending on Particle Shape
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Abstract

This study presents the correlations between quantified particle shape parameters and internal friction angles for nine
sand specimens including six natural sands and three crushed sands. Specimens are subjected to 3D X-ray computed
tomographic imaging and their particles are segmented through the aid of image processing techniques. Shapes of
segmented particles are then quantified through two shape parameters such as sphericity and elongation. The direct shear
apparatus enables us to measure peak and critical state friction angles of sand specimens of distinct relative densities.
The gathered data show that decreasing sphericity and increasing elongation cause increases in peak and critical state

friction angle with similar gradients.
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2001; Yasin and Safiullah, 2003), & A7t =(Miura et
al., 1998; Cho et al., 2006; Kim et al., 2016), <
(Yasin and Safiullah, 2003; Cavarretta et al., 2010; Shin
and Santamarina, 2012), -2 G %=%(Yun and Santamarina,
2008)% ZH=cka FelA glon) ol ikt g4yl o
G AU O] FaT EAO RN QlAEolof 3 A
Ay,

Al5o] A} Ako] sl 75w (Sphericity), €n}
= (Roundness), &=A](Convexity), ©]2%=(Elongation),
g =(Flatness) 5 & F4ATE Sl 75t
(Wadell, 1932; Wadell, 1933; Krumbein, 1941; Krumbein
and Sloss, 1963; Mora and Place, 1998; Zunic and Rosin,
2004; Blott and Pye, 2008; Kim et al., 2016), ©|+= &
= A5t W AAEn 52 S 23 Aol =3t A
U A= 2fESlo] o] oA girf(Folk, 1955; Krumbein and
Sloss, 1963; Barrett, 1980; Pons et al., 1997; Santamarina
and Cho, 2004; Cho et al., 2006; Rousillon et al., 2009;
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Suh et al., 2014; Kim et al., 2016).
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and D4254 2002), H&4 AJF(ASTM D421 2007y &
shol 97 AlRe] Qe EIML 5 S5ckFig. 1),
A8 AE A= Fredlund 2 2(Fredlund et al. 2000)
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Fig. 1. Grain size distribution curve of tested sands. Sieve analysis
results denoted by symbols are fitted by Fredlund et al.

(2000)
Table 1. GSD and packing properties of nine sand specimens

Do [mm] Dso [mm] Cu Gs Emax Emin
K4 0.88 1.07 1.26 2.68 1.08 0.71
K5 0.51 0.76 1.59 2.66 1.07 0.69
K6 0.29 0.43 1.56 2.64 1.08 0.66
F75 0.15 0.22 1.55 2.65 0.81 0.54
F110 0.07 0.14 2.10 2.65 0.85 0.54
Ottawa 20/30 0.62 0.68 1.1 2.65 0.74 0.50
ASTM graded 0.21 0.36 1.86 2.65 0.82 0.50
Hiroshima 0.31 0.43 1.45 2.65 1.08 0.69
Toyoura 0.18 0.25 1.49 2.67 0.97 0.63
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Fig. 2. 2D sliced image of sand specimens taken by x-ray computed
tomographic imaging

A== Bes] E2str] 9t 34 A4 (Erosion)
Z =2 d 72 Z(Flood-fill algorithm)& #-&3}%
o, &2 @ 7 A= A B ALK Dilation)E
Ba WAQUEOR olgtk SIA) WAe] ARSIk BT
3 tHSuh et al., 2014; Kim et al., 2016).

AR) GAE FAASE Fol ARHom %7} 7
s} i QAo At 7 5(Sphericity, SP)9} o] ¢
(Elongation, EG)E ©|-8-3}% 2 ™(Kim et al. 2016), L
o= A (D, @< £k

Sp=—*
D. M
EG = B
R )
o] © Dot QRL9} BT HulS ZH= o] W7o
o, Dotz Apell ojgahs 70 4 oleh EF Ru

Ruin 2H2F YAk Ao 2 HE QIate] FH7MA| <]
Al T 7P W dolet 77k dolo|ti(Fig. 3).

SP= UA7E dutt ol 7I7AAE YEidl= 3
BAGEA Y 15T AAY 22 oFe] Aol EG
= YA Aok ojekE o] I=AE U= 3744
TEA A 15T ZAY 22 ] Aol &gt
T9] A% SPeF EG= B 19 g 2=t

EA 7]dto] o]AFSKDiscretized) E]o]Ql= JAF g
7IHe] 54 A4 Y AL Tt BAlE RAEA

W 79, AN YAGT $ek Aol Ak
Fig 4% o413} Hojolt 9] 70l w2 FAAS

Equivalent sphere

Circumscribing
sphere

D2cf SRS Hal WROHEEZS| A220 24et H2 43



Table 2. Results of shape analysis and direct shear test of nine sand specimens

Shape parameters Friction angles
" [deg]
sp EG éo [deg] ¢ 1deg
D:=30% D:=60% D,=90%
K4 0.58 5.33 39.05 40.02 42.07 44.94
K5 0.62 5.00 37.27 38.15 4211 46.87
K6 0.61 5.08 37.42 37.80 40.48 4418
F75 0.70 3.40 30.04 30.71 36.37 39.16
F110 0.70 3.41 30.62 31.16 34.73 37.15
Ottawa 20/30 0.83 2.21 27.65 27.82 29.98 33.21
ASTM graded 0.72 3.09 28.69 29.52 34.22 39.00
Hiroshima 0.68 4.09 33.38 35.31 39.94 43.41
Toyoura 0.65 3.96 32.74 32.86 35.70 39.85
s . O SP oAl &gt W], b w7, 2 (A E =Dy
- A EG 72} 30%, 60%, 90%)2] 752 1Ejste] 2 27744 %
P A A A Sof ato] AJFS AAEHTE BE AFLS Imm/min
- o _ _
o) © ° o] R FHHYER Y=o g Ao s
0.8 o] 1, 2, 3kgfiem’®] %88 2L Hgal 429
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Fig. 4. Estimation of shape parameters of a sphere
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