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ABSTRACT: Different materials comprise interface at each boundary and the interface exists inevitably in all
geotechnical systems. The interface shows complicated and sensitive behavior because it is affected by many
practical factors such as material, load, environment, etc. Geosynthetic-soil interface is typical at the waste
landfill site and the dynamic shear behavior is critical to the seismic stability of the site. Chemical aggressor in
the leachate affects the shear strength of the geosynthetic-soil interface. In this research, chemical degradation
of the interface was investigated by cyclic simple shear test and different shear stress degradation patterns
were estimated. The Disturbed State Concept (DSC) was employed to analyze the test results. Microscopic
observation by Focused Ion Beam (FIB) was introduced and utilized to clarify the variation of interface damage.
Consequently, the variation of the cyclic shear behavior at geosynthetic-soil interface was due to the different
damage pattern at soil particle surface by FIB observation. Note that this is a review of the previous study.
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1.1

INTRODUCTION
General

Most earth structures involve the combination of different medium due to the diversity of construction
area, method, and materials. The area formed between
adjacent materials is called interface. The difference
of intrinsic material properties, and discontinuity at
interface entail complicated problems, therefore this
subject has been studied for a long time.
Geosynthetic-soil interface is common and widely
comprised at the waste landfill site. Geosynthetics in
the waste landfill site play an important role such as
protection, separation, encapsulation, reinforcement.
Geosynthetics comprises the interface with surrounding soil and the shear resistance of the interface is the
most important factor to maintain overall stability of
the waste landfill site. It is known that the shear behavior of interface is affected by many practical factors
such as material, load, environment, etc., accordingly
the appropriate and realistic testing is most critical and
vital to understand the behavior of interface. Jones
and Dixon (1998) performed direct shear test and ring
shear test to investigate the strain softening behavior of geomembrane interface. Zekkos et al. (2012)
employed large-scale triaxial shear test to study the
drained response of municipal solid waste and failure criterion, friction angle, stress-strain response of
municipal solid waste were announced.

In addition to the conventional researches on cyclic
test condition, chemical effect on the geosynthetic-soil
interface is significant; however, it has not been studied
intensively yet. In a waste landfill site, leachate is generated by biological and chemical process with water
and waste inside. Chemical aggressors in the leachate
may affect the behavior of the interface and it was
reported that the cyclic loading could accelerate the
effects of chemical attack (Stessel and Hodge, 1995).
Rowe et al. (2007) investigated the effects of leachate
chemical composition on HDPE geomembrane and
presented acid or basic solution showed relatively
fast antioxidant depletion than neutral according to
the temperature. However, majority of previous studies were focused on the geosynthetics, not on the
geosynthetic-soil interface.
Nowadays, microstructural approach became considered as a useful means to investigate the characteristics of the material and interface behaviors.
Raghavan and Ghosh (2005) developed a continuum
damage mechanics (CDM) model for fiber reinforced composites with interfacial debonding based
on micromechanical analysis using Finite Element
Method. Menut et al. (2003) analyzed solid surface by
Laser-induced Breakdown Spectroscopy (LIBS) and
developed quantitative surface mapping of multiple
elements. Schlegel et al. (2008) combined microscopic
and spectroscopic techniques to decipher the chemical and mineralogical properties of a saturated Fe-clay
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interface, then, confirmed the presence of a corrosion
layer and a clay transformation layer. Kim et al. (2012)
reviewed the developments and processing of Focused
Ion Beam (FIB).
In this research, shear behaviors of geosyntheticsoil interface were investigated by experimental work.
The Disturbed State Concept (DSC) was utilized to
analyze test results and to estimate the degree of damage quantitatively. Note that the details of DSC can be
referred by the previous studies (Kwak et al., 2013).
Furthermore, microscopic observation was conducted
by Focused Ion Beam (FIB) to clarify the different
shear behavior depends on the chemical conditions.

2
2.1

Figure 1. Overall view of M-PIA.

EXPERIMENTAL STUDY
Cyclic simple shear test

Interfaces exhibit various and complex shear behaviors
and can be affected by practical factors, accordingly, an
appropriate and realistic laboratory testing is most critical and vital. Cyclic simple shear tests were performed
using a modified Multi-purpose Interface Apparatus
(M-PIA) to study the cyclic shear behaviors of the
geosynthetic-soil interface under different chemical
conditions. Figure 1 displays the overall view of the
apparatus.
Geosynthetic-soil interface is composed Jumunjin
sand and geocomposite which is the most common type of geosynthetics in waste landfill sites in
Korea. Non-woven fabric was bonded on both faces
of HDPE geonet and Carbon black and antioxidant
were appended to improve chemical resistance. Figure 2 shows the conditions of the materials and Table 1
displays the engineering properties of Jumunjin sand.
0.5 Hz of cyclic sinusoidal shear displacement was
exerted by the electric-servo motor. Closed loop with
PID control program was embedded in the load system
to obtain precise and stable output. 3.0% of shear strain
was applied based on the preliminary tests. Specimen
failed too early to scrutinize shear behavior up to the
failure in case of 5.0% or more shear strain. Otherwise,
specimen did not reach to the failure or too many cycles
were required to fail, so, 3.0% of shear strain seems to
be reasonable.
Soil and geosynthetic specimens both were submerged into the solutions for 30 days and 850 days
to consider short and long-term behaviors. Test condition is divided by submerging period, normal stress
and pH, then 6 times of test (totally, 36 sets) were performed at each condition. Table 2 shows the chemical
conditions.

Figure 2. Section of geocomposite.
Table 1.

Soil parameters in the model.

Gs

γd,max
(kN/m3 )

(kN/m3 )
γd,min

emax

emin

2.627

16.37

13.63

0.908

0.527

Table 2.

Chemical conditions

Solutions
pH

Basic
10.0

Neutral
7.0

Acid
4.0

Main
chemical
element

Sodium
Bicarbonate
(NaHCO3 )

Potassium
Hydrogen
Phthalate
(C8 H5 O4 K)

Submerging
period

30 days
850 days

Potassium
Hydrogen
Phthalate
(C8 H5 O4 K),
Phosphate
(Na2 HPO4 )
30 days
850 days

30 days
850 days

2.2 Test results
Shear stress and strain curves were obtained by the
cyclic simple shear test using the modified M-PIA.
Figure 3 displays representative shear stress-strain
relationships for the chemical condition. Shear stress
degradation was observed at all cases and more loading

cycles are required to fail under short-term (30 days)
of submerging period. The first cycle was considered as Relatively Intact state and Fully Adjusted state
was considered after the converging of the hysteresis
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Figure 3. Example of the shear stress-strain curve.

curves. In short-term behavior, the hysteresis curves
converged after 50 cycles, however, the curves converged after 20 cycles in long-term (850 days of
submerging period) behavior. Therefore, it is induced
that the geosynthetic-soil interface undergoes more
damage at relatively initial stage of loading cycles.
The gradient of shear stress-strain curves at each cycle
decreased with the loading cycle, which denotes the
increase of the FA parts inside the material. Figure 4 demonstrates the obtained disturbance function
curves.
2.3

FIB observation

In Figure 4, the disturbance function curves exhibited variation at each chemical condition. Different
shape of disturbance function curve represents different shear behavior against the chemical aggressors.
The reason was investigated by microscopic approach
using a Focused Ion Beam (FIB) microscope.
The technology of scanning an infinitesimal particles and detecting the resulting signals to form
a magnified images has been an essential part of
material science for about 50 years, since the commercialization of the Scanning Electron Microscope
(SEM) (Pease and Nixon, 1965). Afterwards, there
have been a number of significant improvements in
microscopic instruments. Different instruments also
exist which are capable of forming a beam of ions
for better spatial resolution. The Focused Ion Beam
(FIB, hereafter), introduced more than a decade ago,
was mainly developed during the late 1970s and the
early 1980s with high brightness which came from the
invention of the liquid metal ion sources (LIMS). FIB
has advantages such as high current density, the capability of very fine focusing, choice of a wide variety
of ion masses, large energy density, and shorter penetration depth in solid. Nano-scaled material element
is able to be observed with a high accuracy and 3dimensional structures also be achieved (Kim et al.,
2012).
In this study, the microscopic observation was
performed to discover the reason of dissimilar

Figure 4. Obtained disturbance function curves.

Figure 5. FIB facility.

manifestation of damage at the interface under each
chemical condition. FIB facility in the NICEM
(National Instrumentation Center for Environmental
Management) was utilized as shown in Figure 5.
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under the basic condition. Consequently, different
damage pattern at soil particle entails variation of
the disturbance function curves, accordingly. In longterm behavior, basic condition presented more severe
disturbance than acid. This phenomenon appeared
consistently in the tests and it is deduced that the exfoliated fine soil particles under acid condition locate at
void, and accordingly induce the densification effect
during cyclic loading.

3

Figure 6. FIB observation result (filament, acid, × 500, 850
days).

CONCLUSIONS

A review of the previous study (Kwak et al., in present)
was presented in this paper, and accordingly 3 major
conclusions were obtained as follows;
(1) Strain-controlled cyclic simple shear test was
performed to investigate the shear behavior of
geosynthetic-soil interface considering chemical
effect. Obvious shear stress degradation with the
increase of loading cycle was obtained.
(2) The DSC is utilized to estimate the damage at
the interface quantitatively. Acid and basic condition was more severe than neutral in short-term
behavior, and basic condition was the most severe
in long-term behavior. Based on the test results,
the disturbance function curves were evaluated.
(3) Microscopic approach by FIB observation was
performed to verify that reason of different shear
response at the geosynthetic-soil interface. Consequently, it was proved that the different damage
pattern at soil particle entails variation of the
disturbance function curves based on the FIB
observation.

Figure 7. FIB observation result (soil, acid, × 10,000, 850
days).

ACKNOWLEDGEMENT
This research was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea
government (MOE) (No. NRF-2012R1A2A2A010
45040).

REFERENCES

Figure 8. FIB observation result (soil, basic, × 10,000, 850
days).

In the Figure 6, the damage of HDPE geonet and
filament of non-woven fabric was not severe at all
chemical conditions, which shows consistent with the
previous researches (Jeon et al., 2006). On the other
hands, for the sand particle, diverse patterns of damage were detected as shown in Figure 7 and 8. Severe
surface exfoliation was widely observed under the acid
condition and pitting on the soil surface was observed

Jeon, H.Y., Kim, S.H., Lyoo, W.S., Yoo, C.S., and Koerner,
G.R. (2006) “Evaluation of the Long-term Performance
of Geosynthetic Reinforcements from Their reduction
Factors”, Polymer Testing, Vol. 25, 289–295.
Jones, D.R.V. and Dixon, N. (1998). “Shear Strength Properties of Geomembrane/Geotextile Interfaces,” Geotextiles
and Geomembranes, No. 16, 45–71.
Kim, C.S., Ahn, S.H., Jang, D.Y. (2012) “Review: Developments in Micro/nanoscale fabrication by Focused Ion
Beams”, Vaccum, Vol. 86, 1014–1035.
Kwak, C.W., Park I.J., and Park J.B. (2013) “Modified
Cyclic Shear Test for Evaluating Disturbance Function
and Numerical Formulation of Geosynthetic–Soil Interface Considering Chemical Effect,” Geotechnical Testing
Journal, Vol. 36, No. 3, 369–383.

492

Kwak, C.W., Park I.J., and Park J.B. (In present) “Microscopic
Observation on the Chemical and Cyclic Degradation
of Geosynthetic-Soil Interface”, Polymer and Composite
Materials.
Menut, D., Fichet, P., Lacour, J.L., Rivoallan, A., and
Mauchien, P. (2003) “Micro-laser-induced Breakdown
Spectroscopy Technique: A Powerful Method for Performing Quantitative Surface Mapping on Conductive and
Nonconductive Samples”, Applied Optics, Vol. 42, No.
30, 6063–6071.
Pease, R.F.W., Nixon, W.C. (1965) “High Resolution
Scanning Electron Microscopy”, Journal of Scientific
Instruments, Vol. 42, 81–85.
Raghavan, P., and Ghosh, S. (2005) “A Continuum Damage
Mechanics Model for Unidirectional Composites Undergoing Interfacial Debonding”, Mechanics of Materials,
Vol. 37, 955–979.

Rowe, R.K., Islam, M.Z., and Hsuan, Y.G. (2007) “Leachate
Chemical Composition Effects on OIT Depletion in an
HDPE Geomembrane”, Geosynthetics International, Vol.
15, No. 2, 136–151.
Schlegel, M.L., Bataillon, C., Benhamida, K., Blanc, C.,
Menut, D., and Lacour, J. L. (2008) “Metal corrosion
and argillite transformation at the water-saturated, hightemperature iron–clay interface: A microscopic-scale
study”, Applied Geochemistry, Vol.23, 2619–2633
Stessel, R.I., and Hodge, J.S. (1995) “Chemical Resistance
Testing of Geomembrane Liners”, Journal of Hazardous
Materials, Vol. 42, 265–287.
Zekkos, D., Bray, J.D., and Riemer, M.F. (2012) “Drained
response of municipal solid waste in large-scale triaxial
shear testing”, Waste Management, Vol. 32, 1873–1885.

493

