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ABSTRACT: Experimental studies using shaking table test on liquefaction have been widely conducted in the countries 

like Japan, where a number of earthquakes occur every year. Kerala, one of the coastal states, having large area of sand 

deposit is included in earthquake zone III. Hence, the liquefaction studies are of prime importance as many developmental 

projects like the coastal highway, high speed railway tracks are on the anvil. The objective of the present study was to 

conduct model tests on embankments over liquefiable soil using one dimensional shaking table.  The system behaviour 

during shaking, effects of liquefaction on the embankment, effect of providing geotextile reinforcement to soil, pore water 

pressure build up, failure mode also comes under the scope of the study. The experiments were conducted using an 

ingeniously developed shake table and data acquisition system. The model behaviour of embankment with and without 

geotextile reinforcements under shaking were conducted. The acceleration and frequency of shaking was kept as 0.2g and 

1Hz respectively. It was observed that geotextile reinforcement layer below the embankment can improve the liquefaction 

resistance of the soil. Additional reinforcement inside the soil bed further reduce the liquefaction and the pore water pressure 

reduced considerably.  
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1 Introduction 

Earthquakes are the most devastating natural 

phenomena which results in loss of life and damage of 

building structures such as residential and industrial 

buildings, dams, roads and railway embankments. 

“Liquefaction” denotes a condition in which soil 

undergoes continued deformation at constant low 

residual stress or with low residual resistance, due to the 

build-up and maintenance of high pore water pressures 

that reduces the effective confining pressure to a very 

low value (Seed, 1968) 

Experimental studies using shaking table test on 

liquefaction are widely conducted in the countries like 

Japan, where a number of earthquakes occur every year. 

But in countries like India, these types of studies are 

limited.  Earthquake geotechnical engineering in India 

had received tremendous boost after the Gujarat 

earthquake of 2001. Earthquakes are not uncommon, but 

the damage suffered during earthquakes is on the rise 

because of the population growth, overcrowding of civil 

engineering facilities in urban areas and improper 

understanding of ground behaviour among many. 

Recent earthquakes in Gujarat (2001), Chamoli (1999), 

Jabalpur (1997), Latur (1993) and Uttarakashi (1991) in 

India have increased the research activities in the 

country in the field of earthquake engineering. Kerala, 

one of the coastal states, having large area of sand 

deposit, is included in earthquake zone III. The 

liquefaction studies are of prime importance in Kerala 

as many developmental projects like the coastal 

highway are about to start in the state. 

This paper presents the results conducted on models of 

embankments over liquefiable soil using one 

dimensional shaking table.  The system behaviour 

during shaking, effects of liquefaction on the 

embankment, effect of providing geotextile 

reinforcement to soil, pore water pressure build up, 

failure mode also comes under the scope of the study. 

2 Previous studies 

Since the understanding of ground behaviour during 

shaking is still incomplete, different approaches like 

element tests, model tests, analytical/numerical model 

tests and field tests are required to understand the 

phenomenon. Unfortunately in India, lack of facilities 

for laboratory studies and non-availability of 

instrumentation in the field can be attributed as the main 

reasons for lesser number of studies. At the same time it 

should be noted that uniaxial shake table tests are 

sufficient to understand the response and failure 

mechanism of earth structures like embankment, 

retaining wall etc. (Prasad et al., 2004). Many 

researchers have used small scale shake table with 

lengths in the range 2.0-1.5m, width 0.5 -1.0m and 

depths 0.3-1.0m and acceleration in the range 0.1 to 0.5g 
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and frequency 1Hz to 3Hz (Prasad et.al 2004, 

Maheshwari et. al., 2012, Renjitha and Madhavi Latha, 

2013, Orense et. al., 2003, Ramakrishnan et. al., 1998., 

Beena and Unni Kartha. 2015)  

The type of soil most susceptible to liquefaction is one 

in which the resistance to deformation is mobilized by 

friction between particles. If other factors such as grain 

shape, uniformity coefficient and relative density are 

equal, the frictional resistance of cohesion less soil 

decreases as the grain size of soils becomes smaller. 

Tsuchida (1970) summarized the results of sieve 

analyses performed on a number of alluvial and diluvial 

soils that were known to have liquefied or not to have 

liquefied during earthquakes. He proposed ranges of 

grain size curves separating liquefiable and non-

liquefiable soils.  

The shake table tests conducted by Koga and Matsuo 

(1993)  on reduced scale embankment models founded 

on saturated sandy ground indicate that the ground 

beneath the embankment is not prone to liquefaction and 

it slumps and cracks as a result of softening of 

underlying ground. They also point that the extent of 

damage is more extensive with longer duration and 

lower frequency earthquake input motion. Studies by 

Prasad et.al (2004) have demonstrated densification as 

an effective technique for liquefaction counter measure. 

Numerical studies have shown that techniques like sheet 

pile and stone column are effective methods in reducing 

liquefaction in soil under embankments (Bhatnagar et. 

al., 2003). Reinforcement of soil with geo-grid can be 

used in many field applications. This technique is found 

to be useful and cost-effective in the construction of 

roads, embankments, dams, and low-rise residential 

buildings. Recent researches have proved that inclusion 

of geo-grids as reinforcement in layers of soil are 

potential solution for reducing liquefaction 

(Maheshwari et. al., 2012). 

In this study, the effect of geotextile reinforcement when 

it is placed as a separator and also within the supporting 

soil is studied and compared.  

3 Properties of materials used in the study 

Fig. 1 represents the particle size distribution of Aluva 

river sand, in comparison with the boundaries defined 

by Tsuchida. It is found that the particle size distribution 

of the sand lies within the boundaries of potentially 

liquefiable soil. Table 1 shows the properties of Aluva 

river sand. 

The tests are conducted keeping the density of sand layer 

as 14.1kN/m3. The details of embankment model and 

soil are as shown in Table 2. Fig 2 shows the schematic 

diagram of the embankment over the soil bed. The 

properties of geotextile used as reinforcement are shown 

in Table 3. 

 

Figure 1. Particle size range proposed by Tsuchida 

 

Table 1 Properties of Aluva river sand 

1 % Silt Size 1.37 

2 % Sand Size 98.63 

4 % Gravel 0 

5 D10 (mm) 0.18 

6 D 30(mm) 0.35 

7 D60(mm) 0.71 

8 Uniformity Coefficient, Cu 3.94 

9 Coefficient of Curvature, Cc 0.96 

10 Specific Gravity 2.65 

11 Maximum void Ratio, emax 0.88 

12 Minimum void Ratio, emin 0.63 

 

Table 2: Properties of Embankment Model 

1 Soil Type Moist Red Earth 

2 Height of Embankment (mm) 200 

3 Slope of Embankment 1 in 1.5 

4 Total weight of Embankment 

(kN) 

0.73 

7 Density (kN/m3) 14.60 
 

4 Experimental Setup 

The experiments are conducted using an ingeniously 

developed shake table and data acquisition system. The 

shake table consists of a rigid box of size 

1500mmx500mmx600mm (LxBxH) made of Perspex 

and Steel. It is mounted on a platform connected to a 

pulley system run by a 5HP three phase electric motor. 

The ratio of pulleys is so designed to create a frequency 

of 1Hz. The amplitude of shake is selected to keep the 

peak acceleration at 0.2g. The data acquisition system 

consists of accelerometers and pore water pressure 

sensors. The location of the sensors is shown in Fig 2. 
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The container box has baffle walls at it bottom to allow 

water uniformly to saturate in the sand bed. 

Table 3. Properties of Geotextiles used 

1 Thickness (mm) 0.31 

2 Opening Size (mm) 0.075 

3 Specific Gravity 0.880 

4 Tensile Strength (Breaking Strength at 

200mm wide and 100mm length) 

lengthwise (kN) 

3.6 

5 Tensile Strength (Breaking Strength at 

200mm wide and 100mm length) 

Width wise (kN) 

2.0 

Four experiments were conducted as part of the study. 

1) Soil without embankment 

2) Soil with embankment 

3) Soil with embankment and geotextile as 

separator at its base 

4) Soil with embankment and geotextile 

reinforcement at its base and 100mm within 

the soil 

The dry sand bed is formed first at the required density 

and the embankment is created on top of it. After 

forming the model, it is saturated from the bottom very 

slowly without disturbing the layers. The saturation 

process took 4hrs on an average. 

All experiments are conducted in a controlled manner 

keeping density and input motions as constant. The 

sensor locations are shown in Fig 2.  

 

 Fig 2. Schematic diagram of test setup 

5 RESULTS AND DISCUSSIONS 

The excess pore water pressure that builds up during 

shaking is measured using the sensors kept at various 

locations. Fig 3 shows the variation of pore water 

pressure developed in the sensor P2 kept 200mm below 

the embankment for all the cases studied. It is observed 

that the pore water pressure build up is more when the 

embankment is present in the model. The maximum 

value observed is 3kPa. When geotextile reinforcement 

is provided at the base, the pore water pressure builds up 

to a lesser value of 1.0kPa. The pressure build up is 

minimum in the case where an additional reinforcement 

is provided at a depth of 100mm in the sand layer.  

 

 

Fig 3. Excess Pore water pressure at P2, 200mm below the 

embankment 

 

 

Fig 4. Excess Pore water pressure Ratio at P3, 200mm 

below the embankment 
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Fig 4. shows the plot of excess pore water pressure ratio 

ru, which is the ratio of excess pore water pressure to 

effective stress, at P3, 200mm below the ground level. 

The ground nearly liquefied when the embankment was 

present, indicated by a value of 1.0 of pore water 

pressure ratio (ru). The failure of the embankments are 

shown in Fig 5. Intense deformation of embankment due 

to soil liquefaction in foundation ground was observed, 

which can be classified as type 3 failure (Sasaki and 

Tamura, 2007). This type of failure is induced by the 

deformation of the sub soil layer during shaking. 

 

Fig 5. Failure modes of test cases 

6 CONCLUSION 

The experimental investigation provided a better 

understanding of the response of embankments on 

liquefiable deposits, the results interpreted qualitatively. 

The results from the experiments show that the pore 

pressure build up will be more in the presence of 

embankment. This behaviour is due to the fact that the 

embankment will prevent the dissipation of excess 

pressure developed though the top surface. Providing 

the geotextile reinforcement at the base reduces the pore 

water pressure build up. Providing an additional layer of 

geotextile reinforcement also leads to a reduction the 

pore water pressure build up. It may be concluded that 

providing geotextile reinforcements can mitigate the 

effects of liquefaction.  
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