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Abstract: This study presents a series of numerical analyses investigating the impact of rainfall on 

the performance and design of geosynthetic-reinforced soil slopes (RSSs). The importance of 

considering regional hydrological conditions for designs of RSSs, particularly when marginal soil 

is used as backfill, is demonstrated and highlighted. RSSs with backfills containing five different 

fines contents subjected to various combinations of initial hydraulic conditions and major rainfall 

events were modeled. The input rainfall was determined from the rainfall intensity–duration–

frequency (I–D–F) curves to realistically account for the impact of regional hydrological conditions. 

The hydraulic responses and stability of the RSSs including their porewater pressure development 

and factor of safety were then evaluated and compared. The results revealed that the applied rainfall 

scenarios had little influence on the performance of RSSs with high-quality backfills (i.e. backfill 

with low fines content), whereas those with prolonged rainfall duration substantially affected the 

performance of RSSs with high fines content backfills. Rainfall thresholds were established for the 

RSSs with various backfills and initial conditions and compared with the regional I–D–F curves to 

provide a simplified and robust method for facilitating backfill selection and assessing the failure 

risk of RSSs. 

Keywords: Geosynthetics, Geosynthetic-reinforced soil, Marginal backfill, Rainfall threshold, 

Intensity–duration–frequency curve 
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Abstract: The study estimates the lower bound values of the seismic bearing capacity of a strip 

footing placed on a reinforced cohesionless soil slope. The influence of slope angle, soil friction 

angle, horizontal seismic acceleration coefficient, depth of first reinforcement layer from the 

footing base and vertical spacing between two reinforcement layers was investigated. The 

effectiveness of using a reinforcement layer is expressed by an efficiency factor, which is the ratio 

of the bearing capacity factor for reinforced and unreinforced slopes. The bearing capacity 

increases by approximately 15 times for a few cases with a single layer reinforced slope. With the 

inclusion of another layer of reinforcement, this improvement is doubled. The influence of setback 

position of footing with respect to the slope edge is also investigated for a few representative slopes 

subjected to both static and seismic loading. Beyond a critical distance, the setback effect is 

negligible. Several design charts are presented. Stress contours are plotted to understand the failure 

mechanisms of unreinforced and reinforced slopes. 

Keywords: Geosynthetics, Bearing capacity, Seismic loading, Single and double reinforced 

slope, Lower bound finite elements limit analysis, Failure mechanism 
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Abstract: The Coulomb linear slip plane is adopted in most of the current design guidelines for 

reinforced soils walls based on the assumption that the reinforced zone acts as a rigid body. 

However, among major shortcomings of the Coulomb linear slip plane assumption is that its 

geometry is not consistent with the two-part wedge failure geometry that is typically observed in 

many model tests and numerical simulations, and the influence of reinforcement design on the 

sliding stability of reinforced mass cannot be included in the analysis. In this paper, a kinematic 

limit analysis method is developed for sliding stability calculations of reinforced soil retaining 

walls subjected to ground acceleration, which is based on the more commonly-observed, two-part 

wedge failure mechanism. The proposed analysis method is validated against the results of two 

shaking table model tests. It is subsequently used to investigate the influence of reinforcement and 

backfill properties, as well as those of vertical acceleration and wall height, on the predicted sliding 

yield acceleration and failure plane inclination angle in the reinforced zone of the reinforced soil 

retaining wall systems. 

Keywords: Geosynthetics, Reinforced soil retaining wall, Two-part wedge failure mechanism, 

Kinematic limit analysis, Sliding yield acceleration 
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Abstract: This paper sets out to investigate the options available for the transition from Concrete 

Injected Columns (CICs) to other ground improvement methods, used away from the bridge 

abutment. Two possible alternatives, widely spaced CICs socketed into stiff material and shorter, 

closely spaced, frictional CICs, were numerically simulated using FLAC3D software considering 

the dissipation of porewater pressure and variation of soil permeability with time. The total length 

of the CICs and the total volume of concrete used for their construction were the same for both 

alternatives. A geosynthetic layer was introduced into the load transfer platform, and interface 

elements were incorporated to simulate CIC-soil interaction. The numerical results were also 

compared with an established analytical solution and a good agreement was achieved. A 

comparison was then made between the two scenarios; indeed, the embankment on frictional CICs 

experienced less settlement on the surface, less loads in the geosynthetic, and the bending moments 

and shear forces generated in the columns were less than the corresponding values for socketed 

CICs. This study offers an enhanced understanding of the available options to practising engineers 

when designing road embankments on soft soil. 

Keywords: Geosynthetics, Concrete injected columns (CICs), Transition zone, Soft soil, Ground 

improvement, Frictional, Socketed, Load transfer platform (LTP) 
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Abstract: Stability of geosynthetics along slopes in covers and liners of landfills depends partly 

on their tensile strength and partly on the efficiency of anchors holding the geosynthetics at berms 

or the top of the slope. The pull induced in these geosynthetics is in an inclined direction parallel 

to the slope. But due to difficulty in modelling inclined pullout behaviour experimentally, very few 

studies have so far been conducted on geosynthetics embedded in anchor trenches. This paper 

presents details of a device that can perform inclined pullout tests on geosynthetics at variable 

inclinations. Since geogrids are widely used as veneer reinforcement, inclined pullout tests are 

conducted on geogrids embedded in run-out, I-type and L-type anchors in sand. The maximum 

pullout force in the geogrid increases by more than 20% as the pull inclination increases from 0° 

to 20° in all the three types of anchors. The geogrids exhibit markedly different force-displacement 

behaviour for the three types of anchors, though the length of reinforcement remains the same. The 

peak pullout force for the I-type anchor was 1.6–1.7 times higher, and that for the L-type anchor 

was 2 times higher than that of the run-out anchor at all pullout inclinations. 

Keywords: Geosynthetics, Geogrid, Inclined pullout, Anchor trench, Landfill cover, Low 

confinement 
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Abstract: The use of industrial residues instead of virgin materials is a good alternative for a more 

sustainable approach to disposing of and managing waste. Soil improvement with coal fly ash 

(CFA) is particularly attractive for geotechnical earthworks. This study investigated the strength, 

stiffness and durability of Osorio sand-CFA-lime blends with a variety of improvements by 

assessing the impact of varying the lime content, fibres, sodium chloride (NaCl) and dry unit weight. 

Moreover, to contribute to a more rational dosing methodology, strength, stiffness and durability 

results were correlated to the porosity/binder index [η/(Biv)
0.28]. Durability was assessed by 

comparing wet-dry (WD) and freeze-thaw (FT) cycles, and WD cycles were found to present better 

performance than FT cycles. Ranks were established for the different components of the blends 

according to the WD and FT results. The addition of NaCl alone was more effective in improving 

unconfined compression strength (qu) results than fibres alone. While fibres significantly decreased 

stiffness at very small-strain shear modulus (G0), NaCl increased G0. The application of η/(Biv)
0.28 

demonstrated that not only can it predict mechanical behaviour, but also the long-term performance 

of Osorio sand-CFA-lime blends with or without the addition of NaCl and fibres. 

Keywords: Geosynthetics, recycling and reuse of materials, geotechnical engineering
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Abstract: The objective of this study is to compare two experimental approaches to characterize 

the ebullition pressure (or air-entry suction) of initially water-saturated organophilic clay blankets. 

The first is an indirect approach using the water-retention curve (WRC) and the second is a direct 

approach using ebullition experiments. The WRC along with the hydraulic conductivity of 

organophilic clay blankets in saturated and unsaturated conditions were measured using a flexible-

wall permeameter with suction saturation control. This device was also adapted to measure the 

ebullition pressure and the air permeability. The comparison of the experimental approaches was 

performed on organophilic clay blanket specimens in different initial conditions (unrinsed and 

rinsed to remove loose fines) under high and low effective confining stresses (20 and 5 kPa). The 

indirect estimates of air-entry suction from the WRC were similar to those obtained from the 

ebullition tests. This good agreement between the two approaches may add flexibility to the 

development of design specifications for capping systems. The hydraulic properties were found to 

be sensitive to rinsing and effective stress, with greater hydraulic conductivity and air permeability 

for the rinsed specimen due to the removal of fines, and greater air-entry suctions for specimens 

under higher effective stress 

Keywords: Geosynthetics, Organophilic clay blankets, Gas ebullition, Air-entry suction, Water 

retention curve
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Abstract: Soilbags have been widely used to reinforce foundations since they effectively reduce 

vibrations. The vibration reduction effects of soilbags were illustrated through vertical excitations 

and the discrete element method (DEM) from two different perspectives. The frequency response 

and theoretical analyses of the wave propagation were used with excitations from a macroscopic 

perspective. The results show that the attenuation of vibrations using soilbags can be greatly 

reduced. The DEM simulations for a single soilbag were performed from the microscale 

perspective. The results revealed that the energy transfer and dissipation within a particulate system 

can be well captured, and the calculated energy obeyed the law of energy conservation. Under 

different loading rates, the percentage of energy dissipation exhibited wavy fluctuations with 

loading and unloading. The percentage of total energy dissipation was more than 70%, which also 

effectively proved that soilbags have good damping effects. 

Keywords: Geosynthetics, Discrete element method (DEM), Energy dissipation, Frequency 

response function, Vibration reduction 


