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A consideration of the strength development mechanism of a fiber-mixed soil based on particle rotation
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This study investigated the strength development mechanism of a granular material mixed with fibre
based on the change in particle rotation behaviour by using the discrete element method. The effect of
mixing granular material with fibre is usually understood to be an increase in adhesion. An analysis into
which bond element was introduced could not explain why an increase in strength was accompanied by
an increase in positive dilatancy, although the increase in positive dilatancy was observed in experimental
results. In this study, the effects of the mixing ratio, length, orientation, rigidity, and friction of fibres with
the surrounding particles on the macroscopic behaviours of fibre-mixed soil were analyzed. Consequently,
the analytical results were qualitatively similar to the experimental results. In a granular material without
fibre, when the strength developed, the rotations of the two contacting particles were opposite of each other,
resulting in a high unstable deformation mode ratio with the “zero incremental shear force,” in which the
contact displacement increment due to particle rotation, and that due to particle translational motion, were
the same in magnitude but reverse in direction. This ratio was particularly high at a contact where a large
force was transmitted. It was also revealed that the development of the unstable deformation mode could
be inhibited by mixing with fibre, and that the ratio of contact structure, which could resist macroscopic
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deformation, increased.
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Hostun RF(S28) sand

Parameter | Dpax | Duin Ds, U, N Ds

Unit (mm) | (mm) | (mm) | -- - | (t/m’)

Value 0.825]0.075] 032 | 1.7 | 1.1 | 2.65
fibre

Parameter d / Pt A

Unit (mm) (mm) | (Ym’) | --

Value 0.1 (d/Dyax = 0.1) 35 091 |350

Dy = maximum grain size, Dy, = minimum grain size, Dsy= mean
grain size, Uz coefficient of uniformity (Dgy/ Dyo), U’ = coefficient of
gradation (Ds)/Dgy*Dio), o = density, d = diameter of fibre, / = length
of fibre, py= density of fibre, A= aspect ratio of fibre (4=//d).
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Parameter Unit Value
Specimen size m 3.0x1.5
matrix (granular material)
D mm 100
Dhiin mm 50
Dy kg/m’ 2650
D5() (mm) 71
U, -- 1.3
U’ -- 1.1
Normal Spring coefficient N/m/m 0.5x10°
Tangential spring coefficient | N/m/m | 0.125x10°
Normal damping - critical
Tangential damping - critical
Resistant friction angle ¢,(deg.) - tang,=0.25%*
bond (contact bond type)
Normal bond strength Pa 0to 1x10"
Tangential bond strength Pa 0to 1x10"
diameter of bond material m Dpin
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31 7 AN—EELTOETIVER UL
AL TR, 774 3R LOBMEH T, 2
B ERBROET VI X OSARMNT N T A — 2 —%
W2, 77 AN, BERd ORI %2R KT
BWTHRBLE (H-14) . #EARE DL LTHIL
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KT B d / Dy &5 1 B TR LT F285rfE & 7l —
& L7z, fRFTIZIEE ) R CITV, CRRIRIRINES T ookr
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Parameter(fibre) | Unit Value
Density of (t/m’) 0.91
Diameter d (mm) 10(d / Dipax = 0.1)
Fundamental (mm) 1500
length /,
Aspect ratio A -- 150 ( ly/d)

/Ny fS

s S -

V| s
SN uo"%o:j\x;\
SN/ I :’\o S

®-15 774 NN—DEESERDERAE

®-16 774 N—EEEHAHO—E

PEERIRDVERL DER T 2 B-15 12, 1ER & L7 iR
D—#EZR-16 (TR wHEOMIT R T2, FUH

77 A RN—=%2FL LTS, HE3mM 1.5m DK &
DN, £T7 7 A —%AEK L, BRRIE S 72
B Ry ORI T Z R AE S CTHGR & E
K95 . B3I COIIZ BEERIRD 1% DR T/ha <
FAEIE, TO%, FRESHFHR2 NS
ATEM 2457, (IR, S5 EME%, IR
—EDLE, v U w7 2O EIZ T 7 A
—DIREEICERZ2 < 0232 (E¥ TGS 6,,=50kPa)
IZFAEE L7 (emax=0.27, emin=0.21).
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T HRFHIB T, BAFE 0.8%DLEIZ DN TD
BT LT,
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g7 ——038 o=
G , 15
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o A g
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