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Abstract: The interfacial mechanical interaction between fibers and soils is the key factor controlling the engineering properties
of fiber-reinforced soils. In order to improve thee mechanical properties of fiber-soil interface, a new wave-shape fiber is
developed as a reinforcement material. An innovative pullout test device is designed. By applying this device, a series of single
fiber pullout tests are carried out on fiber-reinforced soil samples. The pullout characteristics and interfacial shear strength of
wave-shape fiber-reinforced soils are quantitatively obtained. As compared to the conventional straight fibers, the interfacial
mechanical interaction character of wave-shape fiber-reinforced soils is analyzed. Moreover, the maximum critical
reinforcement length and techniques of wave-shape fibers are discussed. The results show that the proposed single fiber pullout
test method and the designed pullout test device are effective to quantify the interfacial mechanical behaviours of the
fiber-reinforced soils, with simple operation and good repeatability. The pullout curves of straight fiber present a typical single
peak characteristic. As the pullout load reaches the peak value, it decreases rapidly to the residual value, and then gradually
reaches stabilization. However, the pullout curves of the wave-shape fibers present a typical characteristic of multiple peaks,
and the wavelength of the curve is consistent with that of the wave-shape fibers. It is found that the interfacial shear strength of
the wave-shape fiber-soil is significantly higher than that of the conventional straight fiber, and the corresponding strength
increases by 178%. It indicates that the wave-shape fibers can dramatically improve the reinforcement benefit as compared with

the straight fibers. In addition, the interfacial shear strength and
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residual shear strength, which are corresponding to the peak

values of wave-shape fiber pullout curve, generally decrease

exponentially with an increase in pullout displacement. T3 F (SKLGP2013K010)
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and with the combination of the fiber tensile strength and some assumptions, the maximum critical fiber length can be

determined. It is of great significance to practical engineering design of fiber-reinforced soils.

Key words: wave-shape fiber-reinforced soil; pullout test; interfacial shear strength; interfacial mechanical interaction; critical

fiber length; fiber reinforcement mechanism
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Fig. 1 SEM photo of straight polypropylene fiber
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Fig. 2 Wave-shape polypropylene fiber
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Table 1 Physical and mechanical properties of Xiashu soils

T Ty BURLF ) 1%
WL/% WP/% IP Wopt/% pd/(g'cm%) 2~0.074 0.074~0.005 <<0.005 D6() D3() D]() Cu Cc
2.7 364 18.6 17.8 16.5 1.7 67 31 0.0117 0.0048 0.0011 10.6 1.8

1 Deo HIRBIRIZS, Dso ARURL 4 & /AN T 30%IKRIZE, Dy AARREE, C, WIS REL CoAMFER.
R2 BRRERBAENMBENFSY
Table 2 Physical and mechanical behaviors of polypropylene fibers

S il KE SAERE WA pURRE AERCR BRI am o
p /(gem®) /mm /mm /mm /mm /MPa /MPa KR/ W P
WY 0.91 50 0.90 0.24 3.97 540 5650 18 Wik A
HEE 0.91 50 0.90 — — =350 =3500 18 Wik A
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Fig. 3 Sketch drawing of sample preparing process
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Fig. 4 Schematic drawing of compacted single fiber-reinforced

soil sample
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Fig. 5 Schematic drawing of single fiber pullout test device
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Fig. 6 Pullout curve of wave-shape fiber-reinforced soils
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Fig. 7 Pullout curve of straight fiber reinforced soil

B8 Kiad/ L RENFERTEE

Fig. 8 Sketch drawing of wave-shape fiber/soil interfacial

mechanical interactions
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Fig. 9 Change of wavelength of pullout curve of wave-shape
fiber-reinforced soils
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Fig. 10 Change of interfacial shear strength and residual shear
strength of fiber-reinforced soils
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Fig. 11 Photo of wave-shape fiber in soil mass before pullout
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Fig. 12 Photo of left tunnel after pullout of wave-shape fiber
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Fig. 13 Sketch drawing of principle for determining maximum
critical fiber length
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Fig. 14 Two possible techniques for wave-shape fiber-reinforced
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