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Abstract: This article discusses the feasibility of a geogrid-encased deep cement mixing (EDCM)
pile for enhancing the load-carrying capacity (Qut) of a conventional deep cement mixing (DCM)
pile, based on the results of experimental and numerical investigations. Firstly, physical model
tests were conducted to observe the load—settlement response and load-transfer mechanism.
Subsequently, a series of three-dimensional (3D) finite-element analyses was performed to
investigate the effect of the stiffness and length of the geogrid encasement. The results indicated
that the geogrid encasement effectively improves the Qu: of the DCM piles by a factor of two.
With the additional confinement provided by the geogrid encasement, the geogrid can also
provide a greater contribution to the loading transfer. The increase in Qui became more
significant with a lower strength of the DCM. For a particular amount of geogrid, the EDCM pile
with a thicker geogrid provided a higher Qu than that with a longer geogrid. The optimum length
of the geogrid-EDCM pile was found to be approximately twice that of the pile diameter. Finally,
a chart for estimating the efficient effect of geogrid encasements on the Quir of EDCM piles was
proposed.

Keywords: Geosynthetics, Geogrid, Deep cement mixing pile, Load carrying capacity, Physical
model test, Finite element analysis
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Abstract: High localized strain in geomembranes caused by indentations from coarse, uniform
drainage aggregate is associated with long-term stress cracking and has been widely studied. A
number of large-scale lab tests were carried out with direct measurement of the distribution of the
major and minor principal (engineering) strain across the area of a large laboratory sample of
geomembrane. This ‘grid-point’ method of strain estimation is compared to the method
developed by Tognon et al, which has been recommended as the best available approach at this
time. It has been found that the method by Tognon et al. tends to over- and under-predict
geomembrane strain depending on the aggregate and protection layers used. Indentations with
higher smaller ratios of membrane to bending strains tend to be underestimated. A correction
factor is proposed based on the ratio of membrane to bending strains and fits the measured grid
strain method used in this study well.
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Abstract: The article presents an experimental study of a geosynthetic-reinforced soil (GRS)
bridge abutment (BA). The BAs are seated on a saturated soft foundation layer and support a 16
m long concrete bridge. Laboratory tests were conducted on the foundation soil, geogrid, and fill
material. The BA is constructed from 14 geogrids and has a total height of 4.2 m. The strain
values in the geogrids were measured and recorded during the construction of the abutments and
after installation of the bridge structure. The test results show that more than 50% of the total
strain in the geogrids was developed during the construction of the BAs, mostly embedded in the
ground. The remainder of the measured strain was a consequence of installing the prefabricated
bridge girders, back fill placement, concreting the top slab, and placing the asphalt concrete. The
strain distribution along the geogrids shows that the maximum strain was recorded below the sill,
and was 50% higher than at the center of the BA. Based on an analysis of the construction costs,
it can be concluded that conventional reinforced concrete abutments could cost up to five times
the amount of optimally designed GRS-BAs.
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Numerical modeling
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Abstract: Silty sand slopes are prone to damage due to seepage or rainfall. A partial
reinforcement method using short polypropylene fiber and sand mixtures was proposed to protect
silty sand slopes from seepage flow failure. The effects and the reinforcement mechanism were
explored. First, triaxial tests were performed on sand samples reinforced with fiber lengths (6 and
12 mm) and contents (0.25 and 0.50%) to verify the reinforcement effect. Then, model tests were
conducted on sand slopes under lateral seepage flow and the failure mode with different fiber
contents and reinforcement method were examined. The results showed that the cohesion and
shear strength of sand were significantly improved with the increase of fiber content and length.
The suction of unsaturated sand was also enhanced by the fibers. The change in stress-strain
behavior from strain softening to strain hardening indicated that static liquefaction could be
effectively prevented. The failure mode and extent of slope damage depended on the fiber content.
However, it was noted that the slope surface with small reinforcement range performed similarly
to that with large reinforcement range. In conclusion, the partial reinforcement method with short
discrete synthetic fibers can be used as an effective alternative for slope reinforcement.
Keywords: Geosynthetics, Silty sand, Fiber reinforcement, Slope model tests, Seepage flow
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Abstract: Reinforced soil structures are often subjected to both static and dynamic loads.
However, experimental data concerning the interaction of soil-geosynthetic interfaces under
normal dynamic loads are scarce. This paper reports on a series of large-scale direct shear tests
that are used to investigate the shear behaviour of a gravelly soil-geogrid interface under normal
cyclic load (NCL) conditions. The results show that the shear stress magnitude under NCL
conditions is generally between the shear stresses under normal static load (NSL) conditions
corresponding to the upper and lower bounds of the NCL. The upper and lower envelopes of the
shear stress—displacement curve increase with increasing initial stress and amplitude. The
enhancement coefficient () is used to describe the degree of influence of the additional cyclic
load on the shear stress of the interfaces. The relative time shift between the shear stress ratio
(Rncr) and the normal stress (o) is nearly a constant of 0.5 cycles, and the influence of the initial
stress on the stress ratio is opposite to that of the amplitude. Finally, the volume change response
is discussed under different normal load conditions.

Keywords: Geosynthetics, Soil-geogrid interface, Direct shear test, Normal cyclic load, Initial
stress, Amplitude
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Abstract: Translation of entire geofoam embankment at the bottom of geofoam block
assemblage and bedding sand is a possible internal failure mode due to unbalanced hydrostatic
forces. In addition, available shearing resistance along the bottom of geofoam block assemblage
and bedding sand is an important design issue for internal seismic stability analysis. This study
has focused on the methods to increase the interface shear resistance along the traditional flat
surface geofoam block and bedding sand interface. In addition to traditional flat surface
geofoam-sand interface, the effect of four different interlock configurations composed of
geofoam blocks with one- and four-triangular and one- and four-square ledges were quantified by
using direct shear tests. Two different densities (EPS19 and EPS29) and two different types of
sand (Ottawa sand and Adapazari sand) were used. Therefore, the effects of geofoam stiffness,
interface geometry, grain size and particle shape of the bedding sand on the interface stress-strain
behavior was quantified. Manufacturing ledges along the traditional geofoam surface
significantly improved the geofoam block-sand interface shear resistance. In addition,
interrupting the failure plane with ledges changed the interface shear mechanism of the traditional
flat surface geofoam block-bedding sand interface from purely frictional to frictional-cohesive
behavior.
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Abstract: Cost optimization of Geogrid-Reinforced Pile-Supported Foundation (GRPSF)
requires the minimum construction cost among all design alternatives within both ultimate limit
state (ULS) and serviceability limit state (SLS) criteria. Usually, the optimization is conducted by
selecting a limited number of design alternatives based on experience and then comparing them,
which often does not lead to the real optimal design. This paper presents a novel optimization
framework to systematically determine the design parameters to achieve the minimum
construction cost for GRPSF, considering both ULS and SLS constraints that are relevant to
post-construction performance and constructability. This framework is a hybrid of surrogate
modeling and Finite Element Method (FEM) to calculate the post-construction settlement of
GRPSF and search for the optimal design. Genetic Algorithm improved Black Hole Algorithm
(BH-GA) was developed to determine the optimal values of design variables, including pile
length and spacing, pile cap geometry, and geogrid layers and layout. The proposed approach can
quickly identify the optimal design by exhausting all possible combinations of design parameters.
Two well-documented case histories of GRPSF were redesigned using this framework, which
validated its applicability and effectiveness in optimizing the design of GRPSF.

Keywords: Geosynthetics, surrogate modeling, post-construction settlement, cost optimization,
Geogrid-Reinforced Pile-Supported Foundation
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