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SOIL REINFORCEMENT WITH SYNTHETIC FIBRES
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ABSTRACT. This report describes a laboratory program where the shear strength of a mixture of soil and mixed-grained soils with short synthetic fibers has been
studied. The influence of the quantity of fiber on the shear strength of reinforced soils in the frame shear device and the triaxial shear device according to DIN 18137 was
investigated. There have been non-reinforced and reinforced soil samples under loose and under medium-density storage, and in dry (sand only) and in a fully saturated
condition comparatively studied. The results in relation to the shear strength are clear: fiber reinforcement increases the shear resistance substantially. The shear
resistance of the soil increased with the increase in the proportion of fiber. The investigations show that the maximum fiber content is 0.25% to 1.0%. A larger proportion
of fiber can mix the fibers with the soil not more homogeneous. An increased segregation during the sample preparation at higher fiber content is also observed.
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PE3IOME. HacToswwmsT foknaa onucea nabopatopHa nporpama, KOSTo U3cnefsa IKoCTTa Ha Cpsi3BaHe Mpu CMeC OT MOYBA M CMECEHO-3bPHECTa MoYBa C KbCu
CUHTETUYHN BrakHa. Mpoy4eHo e BMWSHWETO Ha KONMYECTBOTO BMakHa BbPXY SAKOCTTA Ha CPA3BAHE Ha YKPEMeHW MoyBM B PaMKOBO YCTPOWACTBO 3a M3NUTBAHE Ha
Cpsi3BaHe U TPUOCHO YCTPOICTBO 3a M3nUTBaHe Ha cpsizsake cnopea DIN 18137. HanpaseHu ca cpaBHUTENHY N3cneaBaHns Ha HeyKpeneru 1 YKpeneHm NouBeHin npobu
npu xnabaBo CbXpaHeHWe 1 MPU CbXpaHeHNe CbC CPeAHa MITLTHOCT W MPK CyXO (CaMO MACHK) M HAMBITHO HACUTEHO CLCTOSHME. Pe3ynTaTiTe no OTHOLLEHNE Ha AKOCTTa
Ha cpsi3BaHe Ca 04eBIUAHM: 3a3APaBABAHETO C BNakHa 3HAYNTENHO YBENMYaBa YCTOMYMBOCTTA Ha Cpsi3BaHe. YCTONYMBOCTTA Ha Cpsi3BaHe Ha NnoYBaTa ce yBennyasa ¢
HapacTBaHeTo Ha Aena Ha BrakHaTa. /1acneaBaHusTa nokassart, Ye MakCUManHoTo CbabpxaHue Ha BnakHa e ot 0.25% Ao 1.0%. Mo-ronsiMaTa YacT oT BnakHaTa Morat
fa ce CMeCsT C BMakHa W no4sa, koATO He e no-xomoreHHa. Habniofasa ce CbllUo yBENWYeHO OTAensHe Nno Bpeme Ha MoArotoBkata Ha npobuTe ¢ no-BUCOKO
CbAbpXaHue Ha BrakHa.

1. Investigated Soils

With the examined ground it concerns a narrow-graded sand with the grain size from 0.06 to 2.0 mm (see. Fig. 1).
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Fig. 1. Grain-size curve, coarse sand, strong medium sandy, low fine sandy
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Investigated fiber

With the investigations plastic fibers from Polypropylen were
used.

The delivery fibrillated fibers from Polypropylen or
Technofiber in straight form and the nominal lengths of 12.7
millimetres occurred from a German manufacturer. The specific
identity values can be taken from the table 1.

Table 1: technical product data — fibre proberty

characteristic unit value

material plastic fiber
density [g/cm?] 0,91

E-Modul [N/mm?] 4.900
tensile-strength [N/mm?] 400

melting point [°C] 160 - 170
diameter [mm] 0,004 - 0,15
length [mm] 12,7 (Typ 310)
strain of failure [%] 6-20
flammability temperature [oC] 600

Fig. 2. PP-fibre (Oubelkas 2008)

Testing program und results

The frame shear device (RS) and triaxial shear device (Triax)
became comparative, in loose as well as in dense stored sand,
carried out. The sand was examined first only without fiber in the
dry and in the state saturated with water for his shear behaviour.
Then gradual plastic fibers were given to the sand. Were
covered to the mass of the sand In terms of percentage different
amounts in fibers added, namely: 0.06, 0.1 and 0.25 Gew. -%.

Fig. 3. Sand-fibre-mixture

with 0.25 Gew. -% a maximum fiber amount was reached with
regard to a homogeneous mixture from sand and fiber. With
higher fiber shares and with the examined sand a too strong
demixing appears in the test production or while mixing the fiber.

The following pictures show an clearly trend with the
cohesion: with increasing fiber portion this of C* = 0 kN/m 2
increases with 0% of fiber on at most C" =14 kN/m 2 with 0.25
Gew. -% of fiber.
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Fig. 6. content of fibre — cohesion (loose)

In contrast to the trend of the cohesion the development of the
friction angle does not present itself in dependence of the fiber
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Fig. 7. content of fibre — cohesion (dense)

portion clearly: With the tests in the triaxial shear device the
development of the friction angle is in dependence of the
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content of fiber comparably with the change of the cohesion — flooded sand with increasing fiber portion nearly constant with

he rises with increasing content of fiber from approx ¢” = 38° to ¢ = 43°. The friction angle of the dense, dry sand increases
45° (dense and dry). from ¢ = 37° to 40°. With the loose built-in sand the friction
angle from ¢" = 38° decreases to 35° in the dry state and from

Against it appears in the frame shear device partially a @’ = 36° to 33° in the saturated state.

reverse behaviour: the friction angele remains in the dense,
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Fig. 6. content of fibre - friction angle ¢ (loose) Fig. 7. content of fibre — friction angle ¢ (dense)
Summary und outlook application possibilities of the sand fiber mixture should be

thereby shown also in the traffic routes and sports field

The first investigations shown in this article of the shear construction.
strength one with art material fibers of reimbursed cohesionless
soil, here sand, have shown that with increasing fiber portion the
cohesion clearly increases from C* = 0 kN/m 2 to approx. 14 References
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with ground in general and especially with sand, or with those no
demixing appears in the test production. Besides possibilities
should be examined for the industrial production of the

ground-fiber mixture without appreciable demixing. Particularly Recommended for publication by Editorial board.
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