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Effects of Particle Size and Roughness on Interface Behavior
of Sand and Steel

Toshiya SHINJO'*, Yasuaki KOMIYA', Koji NAGAYOSHI® and Masafumi KUNIYOSHI'

'Department of Environmental Sciences and Technology, Faculty of Agriculture, University of the Ryukyus,
!Graduate student, The United Graduate School of Agricultural Sciences, Kagoshima University

Abstract: In this paper the relationship between particle size and roughness of steel was examined in
order to clarify the sand - steel interface behavior. The friction tests were carried out on steel plates and
glass beads. It was found that Rn.../Dx, a ratio of particle size (Ds) and roughness (R...) of steel, had
significant influence on the friction angle of steel-glass bead. Friction angle increases in the increasing
R.ex/Ds and is remained to constant value in the range of Ru../Ds>0.4. Friction angle of sand-steel in
the range of Rumu/Ds0>0.4 coincides with the internal friction angle of sand in critical state.
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Fig. 1. Direct shear box apparatus.

Table 1. Physical properties of samples.

Sample Glass bead Toyoura sand
[©) @ ® ® 6
Mean grain size Dy, (mm) 007 016 02 04 06 0.17
Density of soil particles o g (g/cm?) 2.49 2.64
Maximum void ratio e, 084 078 077 075 0.5 0.98
Minimum void ratio e,;, 0.61 058 0.58 0.58 0.58 0.60

X, £ 100mm, 18 80mm, E& 10mm DAF >~ L
AMTHAH., 2T, SHMOREHSIZEEE X 0.8mm
BT BMILOTAE & Ruw(JIS B 0601-1982) TEFf L 7.
fER L7228 OREIE, 79 A MZL Y Ruw=bxm 55 100
pm OHFT 10 BBICHEM T 2L Th 5.
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T A= XITR LCiE, Bt EE Dr 45 70%12 7%
& 912, HEBRIRETERETE (Dy=0.6, 0.4mm) 5
Wity v ¥ U (De=0.2, 0.16, 0.07Tmm) Iz & b F& AR
FEICEEO 72, BRDICR LT, RO EE DS Dr=50

100
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S ®Dy;=0.07mm
a 1®o0.16
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g Sof .
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Particle size D (mm)
Fig. 2. Grading curves of samples.
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on=300kPa TH 5. MHERE SFEDEBERITHHITL

JEEIE%, CAMHOBBRS 5\ I3t & T AN
DEMIE, K42 DFREDOFHHE Dy #ZE L T 0.1mm A
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0.5mm/min O ¥ & TITV, TAMEN % AR TIES
mm, BEEHETE 2omm FTEFNENE. 2 /-,
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Table 2. List of friction tests.

Mean grain size Relative density Steel plat
Sample or ze Rela nsity Steel plate roughness

Dy, (mm) D, (%) Ry (12 m)
Glass bead @ 0.07 60~70 10, 30, 50, 80, 100
® 0.16 60~65 10, 30, 50, 80, 100
@ 0.2 63~67 10, 30, 50, 80, 100
@ 0.4 69~72 10, 30, 50, 80, 100
® 0.6 64~70 10, 30, 50, 80, 100
Toyoura sand 0.17 48~50 5, 10, 20, 30, 40, 50,
60, 70, 80, 100
RRERBLUVER
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DA AMEROWME & 15 4 IR LR —E DR
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AT, 95(:v=33o Th5.
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Fig. 4. Result of shear test of Toyoura sand.
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Shear stress ratio 7 /0y

0020 5 10 15 20 25

Vertical displacement AH (mm)

©06
Fig. 5. Results of friction tests between glass bead
and steel (Ruu=30xm).
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Fig. 6. Effect of roughness on friction tests of glass
bead (Ds=0.16mm).
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Fig. 7. Results of friction tests between Toyoura sand

and steel.
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Fig. 8. Interface behavior between glass bead and steel.
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Fig. 9. Relationship between friction angle and mean
" grain size (Glass bead).
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Fig. 10. Relationship between friction angle and steel
plate roughness (Glass bead).
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Fig. 11. Relationship between friction angle and steel
plate roughness (Toyoura sand).
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