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ABSTRACT 

 
Geosynthetics have been successfully used on reinforced embankment for short term stability on soft ground. 

The considerations of natural fibers as reinforcement materials has been increasingly used in recent geotechnical 
applications. Natural fibers are renewable fibers that have different forms such as continuous, random oriented 
and woven fabric derived from Kenaf, coconut, coir, jute, etc. These fibers are called Limited Life Geosynthetics 
(LLGs) for geotechnical engineering applications. Moreover, the simulations using finite element method is 
developing rapidly. A full scale field test embankment using Kenaf LLGs reinforcement with silty sand backfill 
was constructed on soft Bangkok clay. The behaviors of the full scale test embankment were investigated. 
PLAXIS 2D software was used to simulate the performance of full-scale reinforced test embankment. The 
numerical predictions were compared with the measured data in terms of settlement, excess pore water pressures 
and deformation of reinforcement. The results of the analyses show that the finite element method analysis 
agreed with the measured settlement data. There was close agreement between the measured and simulated data. 
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INTRODUCTION 

 
 Geosynthetic reinforced test embankments built 
on soft clay can meet high settlement problems for 
highway construction. To prevent the embankment 
from failing by rotation or splitting, insertion of a 
geotextile beneath the base of an embankment built 
on soft clay can provide extra lateral force to the 
embankment.  

The behavior of reinforced embankment can be 
studied using physical model by full scale test, 
laboratory model test, and numerical simulation 
model. Full scale physical model by constructing 
and monitoring full scale embankment can be costly. 
Previous case history simulations of reinforced 
walls/embankments on soft Bangkok clay consisted 
of steel grid reinforced wall with poor quality 
backfill and wrapped around facing (Bergado et al., 
1995), hexagonal wire reinforced wall with sand 
backfill and gabion facing (Bergado et al., 2000), 
hexagonal wire reinforced wall with sand backfill 
and precast concrete facing panels (Lai et al., 2006) 
and lightweight rubber tire chips-sand backfill 
embankment with geogrid reinforcements 
(Tanchaisawat et al., 2009). Geosynthetic reinforced 
embankments on soft soils can also be analyzed 
using numerical model based on the finite element 
method.  

In the context of this paper a full-scale test 
embankment was constructed using silty sand 
backfill materials, reinforced by woven Kenaf 
limited life Geosynthetics (LLGs) used with silty 
sand for backfill material on soft Bangkok clay. The 
embankment was instrumented with settlement 
plates, piezometers, and wire extensometers. 
Consequently, the embankment behavior was 
monitored concerning its surface settlement, 
subsurface settlement, excess pore water pressure 
and deformation of reinforcements. The finite 
element input soil parameters were compared based 
on the observed field data. In this study, a realistic 
simulation of reinforced embankment was analyzed 
to investigate boundary condition found on two-
dimensional by PLAXIS finite element software in 
order to model and investigate the behavior and 
performance of the full scale test embankment.  

 
  

FULL SCALE EMBANKMENT TEST  
 
Subsoil Investigation 
 

The full scale field test embankment was 
constructed on soft Bangkok clay at the campus of 
the Asian Institute of Technology (AIT), Thailand. 
in February, 2011. The general soil profile and soil 
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properties of the subsoil in the uppermost three 
layers at the AIT campus are presented in Fig. 1. 
The uppermost 10 m can be divided into 3 layers. 
The uppermost layer is weathered crust forms that 
consist of heavily overconsolidated reddish brown 
clay forms the uppermost 2 m. The second layer, 
down to an approximate 8 m depth, is soft clay 
layer. The medium stiff clay layer with silt seams 
and fine sand lenses was found at depths in the range 
8 to 10 m. The nether medium stiff clay layer is pure 
stiff clay layer. 

 
Embankment Construction 
 
 The height of embankment is four meters. The 
embankment was constructed by using silty sand 
backfill until a 3 m height with six layers of plain 
pattern of Kenaf LLGs. The vertical spacing is 0.5 m 
to reinforce the embankment, and weather crust of 
soft Bangkok clay 1 m high was covering the silty 
sand backfill embankment. Moreover, the side slope 
consisted of 1 vertical to 1.5 horizontal and the back 
slope consisted of 1 vertical to 1 horizontal. The 
Kenaf LLGs opening size is 4 mm, including coated 
and non-coated fibers with polyurethane which were 
spread in the silty sand backfill. The instrumentation 
in the subsoil was installed prior to the construction 
of the reinforced embankment consisting of surface 
settlement plates, subsurface settlement plates at 
depths equal to 3 and 6 m, and piezometers at depths 
of 3 and 6 m. The embankment view for simulation 
is shown in Figs. 2 to 4. 
 
 
MODEL PARAMETER  

 
Backfill Material 
 

Silty sand was used as the backfill soil in the  
embankment. The Mohr–Coulomb model with 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

drained behavior was used for the backfill material. 
The friction angle and cohesion of silty sand were 
obtained from large-scale direct shear test 
(cohesion,c’= 11.3 and friction angle ��’ = 35.63°). 
The material parameters used for the analysis are 
elasticity, E’ = 7500 kPa, Poisson’s ratio,  ��’  = 0.3. 
The material properties of the backfill for the FEM 
simulations are tabulated in Table 1. 

Weather crust of soft Bangkok clay was used for 
backfill soil in the embankment. The Mohr–
Coulomb model with drained behavior was used for 
the backfill material. The friction angle and cohesion 
of weather crust were obtained from large-scale 
direct shear test (cohesion, c’= 10 and friction angle,   
��’ = 26°). The material parameters that were used 
for analysis are elasticity, E’ = 3000 kPa, Poisson’s 
ratio, � ’= 0.25. The material properties of the 
backfill for the FEM simulations are tabulated in 
Table 1. 

 
Weathered Crust 

 
At the construction site, the upper layer from 0 to 

2m consists of the weathered crust, which is heavily 
overconsolidated. The elastic perfectly plastic with  
Mohr–Coulomb failure criterion model was used for 
this soil with a constant value for the Poisson’s ratio, 
��’ = 0.25. The strength parameters were obtained 
from the existing test data on Bangkok clay by using 
cohesion, c’= 10 and friction angle, �’ = 23°, 
elasticity, E’ = 3000 kPa (Balasubramaniam et al, 
1978). The modulus of elasticity and strength 
parameters used for the weathered crust are shown 
in Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1 Soil profile and soil properties at the site 
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Fig. 4 Section B-B view of test embankment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Soft Clay 

 
The features of Soft-Soil model were obtained. 

The Soft-Soil model parameters were determined 
based on a one-dimensional consolidation test. In the 
Soft-Soil model, it is assumed that there is a 
logarithmic relation between the volumetric strain, 
�v, and the mean effective stress, p�, which can be 
formulated by virgin compression state of Soft-Soil 
model and given by 
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The parameter �* is the modified compression index 
and �* is the modified swelling index. The elastic 
behavior is described by Hooke’s law and implies a 
linear stress dependency on the tangent bulk 
modulus such that: 
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in which the subscript ur denotes 
unloading/reloading. The Soft-Soil model is capable 
of simulating the soil behavior under general states 
of stress and the yield function is defined as: 
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where f is a function of the stress state � �qp '  and 

pp is the preconsolidation stress. These are in turn 
functions of plastic strain such that: 
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Fig. 2 Plan view of test embankment 

Fig. 3 Section A-A view of test embankment 

Materials     Depth Model Material γsat γunsat kx = kz ky E'ref ν' λ* κ* c' φ' OCR Rin

  (m) behavior (kN/m3) (kN/m3) (m/day) (m/day) (kPa) (kPa) (deg)
Subsoil
Weathered crust 0 - 2 MCM undrained 17 15 0.002 0.001 3000 0.25 10 23
Soft clay 1 2 - 4 SSM undrained 15 13 0.0008 0.0004 0.14 0.028 3 23 1.55
Soft clay 2 4 - 6 SSM undrained 15 13 0.0008 0.0004 0.14 0.028 3 23 1.4
Soft clay 3 6 - 8 SSM undrained 15 13 0.0008 0.0004 0.14 0.028 3 23 1.3
Medium stiff 8 -10 MCM undrained 17 15 0.0004 0.0002 5000 0.25 10 25
Stiff clay 10-30 MCM undrained 19 17 0.004 0.002 9000 0.25 30 26

Embankment
Sand MCM drained 20 18 1 1 7500 0.3 11.3 35.63 0.8
Clay MCM drained 16 15 0.002 0.001 3000 0.25 10 26

Table 1 Soil models and parameters used in FEM simulation on full-scale embankment test 

MCM: Mohr-Coulomb model; SSM: soft soil model; MCM: Mohr-Coulomb model. 
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The soft clay layers beneath weather crust is 

located between 2 and 8m. The soft soil layer can be 
divided into three layers for the analysis. The 
strength parameters were determined based on one-
dimensional consolidation tests data on Bangkok 
clay by using strength parameters cohesion, c’= 3 
and friction angle, ��’ = 23°. The values for analysis 
were as follows: modified compression index, �* = 
0.14, modified swelling index, �* = 0.028. The 
modulus of elasticity and strength parameters for the 
soft clay layers are presented in Table 1. 

 
Medium Stiff Clay 

 
The soil layer from 8 to 10 m is referred to as 

medium stiff clay layers. These are modeled using 
the Mohr-Coulomb Model (MCM) with undrained 
behavior. The strength parameters were obtained 
from the previous test data on Bangkok clay 
(Balasubramaniam et al., 1978). The FEM input 
parameters that are used for the analysis is cohesion, 
c’= 10 and friction angle, ��’ = 25, elasticity, E’ = 
5000 kPa, Poisson’s ratio, ��’ = 0.25. 

 
Stiff Clay 

 
The stiff clay layer is the final layer located 

between 10 and 30 m. The Mohr-Coulomb Model 
(MCM) with undrained behavior is used for the 
analysis in this soil layer. For FEM analysis the 
parameters used are the modulus of elasticity, E’ = 
9000 kPa, the Poisson’s ratio, ��’ = 0.25 and strength 
parameters cohesion, c’= 30 and friction angle, ��’ = 
26°.  

 
Kenaf LLGs Reinforcement 
 

The axial stiffness was obtained from wide width 
tensile test, which was performed by Artidteang et 
al. (2011) as shown in Fig. 5. 

As regards the relation between tensile strength 
and elongation, the tensile strength in the machine 
direction is larger than the tensile strength in the 
cross direction. As a result, the average tensile 
strength was 20 kN/m, and the elongation was 15%. 
The properties of LLGs reinforcement used in this 
analysis are tabulated in Table 2. 

 
Soil/LLGs Interface Model 

 
The interaction coefficient from direct shear test 

was used in the numerical modeling. In the Kenaf 
LLGs reinforced embankment, the interaction 
coefficients of silty sand backfill and Kenaf LLGs 
can be determined from large-scale direct shear 

tests. The interaction coefficient of silty sand 
backfill and Kenaf LLGs is 0.812. 
 
Table 2 Properties of Kenaf LLGs 
 

Properties of Kenaf LLGs Natural Fibers

Mass per Unit Area (g/m2) 1157
Thickness (mm) 5.27

Tensile strength (kN/m) 20

Elongation (%) 15

Toughness (kN/m) 1.5

Axial stiffness (kN/m) 400  
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Fig. 5 Tensile strength of Kenaf for plain pattern 
 
 
FINITE ELEMENT SIMULATION  

 
The numerical modeling of the full-scale test 

embankment was performed using a finite element 
software. The program allowed for plane strain and 
axisymmetric idealizations including simulation of 
the construction sequences. The embankment was 
modeled as a plane strain for two-dimensional 
simulation finite element model. 

Under the construction stage feature of the 
software, the program allowed for the incremental 
fill placement to be simulated. In the zone near the 
face and the top layer of the subsoil, high stress 
gradient were considered and the mesh was refined 
in these zones. The in-situ stresses in the foundation 
soil were generated by the Ko procedure. The 
backfill which was divided into 6 layers for Kenaf 
LLGs, as in the field, was placed on the foundation 
soil, layer-by-layer. After the placement of a 
compacted fill layer the reinforcement was placed on 
top of the layer before the next layer was added. The 
compacted fill in a given layer was assigned the 
material parameters according to the stress state 
induced after the addition of the layer.  
       During this construction stage, undrained 
analysis was applied to simulate the layer by layer. 
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After the completion of the full height embankment, 
drained analysis was applied to simulate the 
consolidation process. 

 
 

NUMERICAL SIMULATION OF FULL SCALE 
TEST 

  
 For two-dimensional simulation, the software 
was used to model the embankment as shown in  
Figure 6. The software allows for plane strain 
idealization including simulation of construction 
sequence. The full scale test embankment was 
modeled as a plane strain. The boundary model was 
created at a distance of eight times the width of the 
reinforced embankment in the x-direction. In 
addition, a distance equal to four times the width of 
the reinforced embankment was created in the y-
direction. As regards the boundary conditions, the 
nodes at the bottom boundary were fixed whereas at 
the boundary sides, the nodes were fixed only in the 
horizontal direction.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 The finite element model of the reinforced 
embankment consisted of geotextile reinforcements, 
soil-to-reinforcement interaction elements and 
connection elements. The fifteen-node triangular 
elements were assigned in the model simulation with 
a very fine mesh. The soft soil model (SSM), which 
is similar to the Cam Clay Model, was assigned to 
model the behavior of a soft clay foundation. The 
linear elastic material model was used to model 
Kenaf LLGs reinforcement. The elastic perfectly 
plastic with Mohr-Coulomb failure criterion was 
used to model the behavior of weathered crust, 
medium stiff clay, stiff clay and embankment 
material. 

The compacted fill in a given layer was assigned 

the material parameters according to the stress state 
induced after the addition of the layer. During this 
construction stage, undrained analysis was used to 
simulate the layer by layer construction. After the 
completion of the full height of the embankment, 
drained analysis was used to simulate the 
consolidation process. The material model is shown 
in Table 1. 
 
 
RESULTS AND DISCUSSIONS 

 
Settlement 

 
During the construction, the rates of settlement 

slowly increased, and immediate elastic settlements 
occurred. After construction, the rates of settlement 
rapidly increased until 200 days after the end of the 
construction. 200 days after the end of the 
construction, the settlements on coated Kenaf LLGs 
side at the surface, 3m and 6m depths were 279mm, 
169mm and 82mm, respectively. The corresponding  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

settlements in the non-coated Kenaf LLGs side at  
the surface, 3m and 6m depths were 277mm, 
171mm and 80mm, respectively as show in Figs. 7  
to 9. 

It can be seen the settlement of coated and non-
coated Kenaf LLGs reinforcements, similar 
magnitudes of settlement rate were obtained. 
Moreover, the rate of surface settlement is higher 
than the rates of subsurface settlement at 3m and 6m 
depths, respectively. 

In addition, the time settlement curves computed 
using Terzaghi’s one-dimensional consolidation 
theory, Asaoka (1978) method and FEM 2D method 
were used to compare the average total consolidation 
settlement.  

Fig. 6 The simulation model in PLAXIS 2D 
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Settlements computed using Asaoka (1978) 

method closely followed the observed data  while 
the settlements computed using the one-dimensional 
consolidation theory overpredicted the observed 
values. The observed surface settlement at the 

beginning of construction is greater than the 
predicted values due to the drained behavior effect 
of the soft clay foundation at the early stages of the 
construction which can be related to the method of 
applying the embankment loading during the 
construction.  

Additionally, the rates of settlement from FEM 
2D method were higher than the observed settlement 
data at the surface, 3m and 6m depths as plotted 
together in Fig. 10. 
 
 

 
 
 
 
 
 
Excess Pore Water Pressure 

 
 The performance of the full scale test 
embankment constructed on soft Bangkok 
foundation was indicated by the building of excess 
pore water pressures. Four open standpipe 
piezometers were used to monitor excess pore water 
pressure beneath the reinforced embankment at 
depths equal to 3 m and 6 m. Starting 7 days after 
the end of construction (at full height of 
embankment), the excess pore water pressures 
rapidly increased to the maximum pore water 
pressure (Fig. 11). The excess pore water pressures 
dissipated very quickly with time after 15 days to 
120 days and dissipated with a slower rate 

After 120 days. After 240 days, the excess pore 
water pressures decreased to 10 kPa and it remained 
almost constant with time. The excess pore water 
pressures on the coated and non-coated sides of the 
embankment at a depth equal to 3m were 37 kPa and 
35 kPa, respectively. The maximum excess pore 
water pressures in the coated and non-coated sides 
of the embankment at a depth equal to 6m were 33 
kPa and 32 kPa, respectively. 

From those results, it can be seen that the 
maximum excess pore water pressures occurred at 7 
days just after full height of embankment 
construction. The results between the coated and 
non-coated LLGs sides of the embankment were 

Fig. 7 Comparison of observed and predicted  
           surface settlement 

Fig. 8 Comparison of observed and predicted        
subsurface settlement   for a depth equal 
to 3 m  

Fig. 9 Comparison of observed and predicted 
subsurface settlement for a depth equal to 
6 m 

 Fig. 10 Observed and FEM 2D at surface 
settlement,  subsurface settlement  at 3 m 
depth and 6 m depth 
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similar in magnitudes of excess pore water 
pressures. 

The predicted excess pore water pressures below 
the embankment were estimated by using Terzaghi’s 
one-dimensional model, predicted data by using 
Skempton and Bjerrum’s three-dimensional method 
and FEM 2D method were compared with average 
observed field data. Results are also  plotted in Fig. 
11 for a depth equal to 3m and on Fig. 12 for a depth 
equal to 6m. The excess pore water pressures 
predicted by Terzaghi’s one-dimensional model 
were 70 kPa and 60 kPa at depths equal to 3m and 
6m respectively. The excess pore water pressures 
obtained by by the Skempton and Bjerrum’s three-
dimensional method were 42 kPa and 38 kPa for 
depths equal to  3m and 6m respectively.  

 

 
 
 
 

 
 
 
 

In the case of the numerical simulation by the 
FEM 2D method, the maximum pore water 
pressures were 50 kPa and 46 kPa at 3m and 6m 
depth, respectively. Consequently, the excess pore 
water pressures from the one-dimensional method 
overpredicted the measured values while the 
prediction from the Skempton and Bjerrum (1957) 
method were in good agreement  with the observed 
data at depths equal to 3m and 6m. Moreover, it can 
be seen that the predicted maximum excess pore-
water pressure for depths equal to 3m and 6m 

obtained from the FEM 2D analyses agreed 
reasonably well with the observed field data.  
 
Deformation of Reinforcement 

 
To measure the deformation of Kenaf LLGs, 

wire extensometers were utilized. The measurement 
points were located at 1.25m, 2.50m, 3.75m and 5m 
from the edge of Kenaf LLGs reinforcement the silty 
sand backfill material zone. The extensometers were 
installed on all the layers (6 layers) of Kenaf LLGs 
reinforcement. The observed deformation was found 
to be continually changing, in both horizontal and 
vertical deformations, due to overturning effect and 
settlements of the test embankment. The observed 
deformation of the Kenaf LLGs reinforcement and 
predicted Kenaf LLGs deformations by FEM 2D 
were compared as shown in Fig 13. 

For Kenaf LLGs, the average deformation at the 
middle of Kenaf LLGs reinforcement was higher 
than the edge of embankment for both coated and 
non-coated Kenaf LLGs. Moreover, the deformation 
in each layer increased with time. The maximum 
deformations of Kenaf LLGs reinforcement for each 
layer were located at the middle point of full scale 
test reinforcement due to the symmetrical shape of 
the test embankment. 
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Fig. 11 Observed and predicted average  
             excess pore pressure at 3 m depth 
 

Fig. 12 Observed and predicted average  
             excess pore pressure at 6 m depth 

 Fig. 13 Deformation of observed and FEM 2D 
              in the Kenaf LLGs reinforcement 
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CONCLUSIONS 
 

The numerical simulation based on finite element 
analyses assuming plane strain condition using a 
FEM 2D software was carried out to study the 
behavior of full-scale test embankment reinforced 
with Kenaf LLGs on soft Bangkok Clay. Based on 
the results of observed and predicted data, the 
conclusions of the study were summarized as 
followed: 

1. The predicted results of surface and subsurface 
settlements at depths equal to 3m and 6m from FEM 
2D analyses agreed with the observed data. 

2. Settlements computed using Asaoka (1978) 
method closely followed the observed data while the 
settlements computed using one-dimensional 
consolidation theory overpredicted the observed data 
due to the plan dimensions. 

3. The predicted excess pore water pressures by 
FEM 2D analyses and the Skempton and Bjerrum 
(1957) method agreed with the observed data for 
depths equal to 3m and 6m while the one-
dimensional method overpredicted the results due to 
the plan dimensions.  

4. The predicted deformation of Kenaf LLGs 
from FEM 2D overpredicted the observed field data 
due to the geometric effects and plan dimensions of 
the test embankment.  

5. It was confirmed that the Kenaf LLGs can be 
applied on soft clay for short term in geotechnical 
engineering application. 
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