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a b s t r a c t

The problem of static liquefaction of sand is nowadays a classical soil mechanics subject. Using a ring-
shear apparatus, we explore the possibility of fiber reinforcement as a new method to improve the
liquefaction resistance of sand. In order to understand the effect of the fiber content and sand density on
the static liquefaction behavior of fiber-reinforced sand, a series of undrained ring-shear tests were
carried out on saturated samples with different fiber content and sand density, and the test results and
mechanisms of fiber reinforcement were then analyzed. The results indicate that the undrained shear
behavior of fiber-reinforced loose samples is not greatly influenced by the presence of fiber, but for
medium dense and dense samples, the presence of fiber clearly affects their undrained behavior.
Untreated specimens showed a continuous decrease in shear resistance after failure, while the specimens
treated with fiber showed fluctuations even after shear failure, and these fluctuations become stronger
with increasing fiber content. The peak shear strength increases with the fiber content, especially in
dense specimens. After shearing, all the fiber-reinforced and untreated dense samples maintained
structural stability, while the unreinforced loose samples showed a completely collapse of structure. The
presence of fibers may thus limit or even prevent the occurrence of lateral spreading that is often
observed in unreinforced sand.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The problem of static liquefaction of saturated sand is nowadays
a classical soil mechanics subject. Castro (1969) found that sudden
increases of pore water pressure, induced by monotonic shearing
under undrained conditions, lead to the liquefaction of sand layers.
Sand liquefaction can result in landslides, subsidence of founda-
tions, damage to earth structures, lateral movement of structures
resting on soil, and disruption of services. It is thus important to
consider the liquefaction potential of dams, embankments, slopes,
foundation materials and placed fills (Krishnaswamy and Isaac,
1994). At present, the methods most commonly adopted to
prevent liquefaction are densification, draining and soil reinforce-
ment (Krishnaswamy and Isaac, 1994). Nevertheless, densification
of deep deposits and draining is often ineffective and require
suitable field equipment, so soil reinforcement has been considered

recently (Vercueil et al., 1997; Li and Ding, 2002; Unnikrishnan
et al., 2002; Boominathan and Hari, 2002; Diambra et al., 2010).

Soil reinforcement using tension-resisting material is an
attractivemethod of improving the property of soils in geotechnical
engineering and other fields (Rowe and Li, 2002; Rowe and
Taechakumthorn, 2008; Li and Rowe, 2008; Long et al., 2007).
Distributed fiber used as a new reinforcing material has recently
become a focus of intense interest (Maher and Ho, 1993; Santoni
and Webster, 2001; Santoni et al., 2001; Zornberg, 2002; Consoli
et al., 2003, 2007, 2009a,b; Heineck et al., 2005; Park and Ann
Tan, 2005; Yetimoglu et al., 2005; Diambra et al., 2007, 2008,
2010; Michalowski, 2008; Tingle et al., 2002; among others).
Compared with conventional reinforcement materials (strips,
geotextile, geogrid, etc.), the mixing of discrete fibers with a soil
mass is simple and quite similar to adding other mixtures such as
cement and lime. One of the primary advantages of randomly
distributed fibers is the absence of potential planes of weakness
that can develop parallel to oriented reinforcement (Tang et al.,
2007). A number of conventional triaxial tests, unconfined
compression tests, and direct shear tests on this subject have been
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