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ABSTRACT

This paper represents both experimental and numerical study of the strip footing resting on 
two layered reinforced c-ϕ soil. Small scale shake table tests are conducted to evaluate the 
different parameters like vertical settlement, (Root mean square amplification) RMSA factor, 
and total stress at different levels of layered soil. Test results revealed that increase in moisture 
content the parameters like vertical deformation, RMSA are increasing and after the optimum 
moisture content the above parameters are decreasing. Further addition of moisture content 
increases the above parameters. Inclusion of reinforcement tends to reduce all the above pa-
rameters but is more effective in reduction of maximum RMSA amplification factor. From the 
numerical result, it is seen that by increasing the moisture content vertical deformation and 
RMSA factor is increasing by 5-10%. To verify the results obtained from the present study, a 
numerical analysis is done by using PLAXIS 2D and the acceptability of model is discussed. 
It is observed the differences between experimental and numerical results are varying from 
2-6%.
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INTRODUCTION

Failures in the earthquake induced foundations are 
always dangerous as a whole which causes fatal damages 
to structures such as residential houses, bridges, retain-
ing walls (Chu et al. [1]; Huang [2]; Huang and Chen [3]; 
Hyodo et al. [4]; Koseki et al. [5]; Nakamura et al. [6]; Pradel 
et al. [7]; Tatsuoka et al. [8]) that result in casualities. After 
1995, Hyogoken-Nambu earthquake, a research has done 
by Tatsuoka et al. [8]. They investigated seismic stability 
of retaining wall as well as embankments, shows that in all 
retaining structures failures, bearing capacity failure played 

a key role. In 1999 Taiwan chi earthquake, this matter pre-
vailed again. Huang and Chen [3] and Huang [2] carried 
out the post earthquake occurred in Taiwan. 

The investigation was carried out in extremely damaged 
soil retaining walls subjected to horizontal displacement 
as well as vertical displacement. The seismic response in 
certain soil structures have been calculated using various 
laboratory experiments using tilting box apparatus. These 
experiments have done by various researchers (Koseki et 
al. [9]; Huang et al. [10]), dynamic (or cyclic) centrifuge 
tests (Kagawa et al. [11]; Dashti et al. [12]; Enomoto and 

https://sigma.yildiz.edu.tr
https://orcid.org/0000-0003-0648-4512
http://creativecommons.org/licenses/by-nc/4.0/


Sigma J Eng Nat Sci, Vol. 42, No. 2, pp. 475−489, April, 2024476

Sasaki [13]; Kokkali and Anastasopoulos [14]), large-scale 
shaking table tests (Ling et al. [15]; Antonellis et al. [16]) 
and reduced-scale shaking table tests (Koseki et al. [9]; 
Wartman and Bray [17]; Nova and Sitar [18]; El-Emam and 
Bathurst [19]; Huang et al. [20,21]; Drosos et al. [22]; Guler 
and Selek [23]; Taha et al. [24]; Shinoda et al. [25]; Karimi 
and Dashti [26]). These studies dealt with the seismic per-
formance of various soil structures, which also includes 
piled foundations, soil retaining walls, reinforced soil 
slopes, and filled slopes. The seismic bearing capacity and 
settlement of footings have been found out by considering 
some shake table experiments. The effect of frequency and 
magnitude of horizontal ground acceleration was found 
out in a test carried out by Al-Karni and Budhu [27] which 
showed critical ground acceleration, which differs in 2-9 
times than the predictive formulas reported by Sarma 
and Iossifelis [28], Richards et al. [29], and Budhu and 
Al-Karni [30]. The pseudo-static nature of formulas and 
dynamic nature of shake table tests caused a discrepancy in 
the obtained outcome. The difficulties arrived when shake 
table is used are as follows: 1) the seismic force requires 
a relationship between pseudo-static inertia and ground 
acceleration. 2) Ultimate bearing capacity with respect of 
settlement is required more than the load. The shake table 
test cannot give the ultimate footing load. The seismic cor-
rection factor also plays a key role in geotechnical design, 
which may be derived from pseudo-static analysis (Sarma 
and Iossifelis [28]; Sawada et al. [31] ; Kumar and Rao [32]; 
Choudhury and Subba Rao [33]; Huang and Kang [34]), 
upper-bound solutions (Richards et al.[29] ; Soubra [35]; 
Kumar and Ghosh [36]; Yamamoto [37]), methods of stress 
characteristics (Casablanca and Biondi [38]), or numerical 
analyses (Charkraborty and Kumar [39]; Cinicioglu and 
Erkli [40]). Among these approaches, the numerical anal-
ysis only allows inputting excitations and provides seismic 
displacement of foundation (Azzam [41]; Kourkoulis et al. 
[42]). Failure mechanism found by pseudo-static method 
and numerical method is consistent enough, which is con-
firmed by Kourkoulis et al. [42]. In present study a number 
of shake table tests are carried out on a rigid strip footing 
placed on a two layered soil and the pseudo-static formulas 
are validated for seismic bearing capacity. 

TESTING MATERIALS AND METHODOLOGY

Shake Table
In experimental study, an uniaxial shake table is used 

which consists of a base plate of dimension (1m x 1m) is 
fitted on smooth wheels at bottom which can move in hori-
zontal direction on two parallel rails. A slotted disk made up 
of mild steel is attached with another disk of same diameter 
(Figure 1). Crank shaft is connected to the slotted disk and 
end of the crank shaft is connected to the reciprocating rod. 
The stroke length of the rod is 150 mm which gives a peak 
frequency 50 Hz so that it can produce sinusoidal motion. 

The amplitude of the sinusoidal motion can be changed by 
changing the radial position of the pinion slotted disk. The 
frequency of base shaking can be adjusted by electrical vari-
ant (electrical speed control of the actuator/motor).

Soils Used
Strip Footing is resting on two layered soil consisting 

of soil type 1, soil type 2. Soil type 1 and soil type 2 are 
the typical c-ϕ soil. The soil samples are placed on Perspex 
box area (55x 35) cm2. These are classified as clayey sand as 
per IS classification. The properties of soil are tabulated in 
Table 1. These properties are obtained after testing of soil in 
laboratories. Sieve analysis test, triaxial test, direct shear test 
and hydrometer tests are conducted in present study. Grain 
size distribution curve is shown in Figure 2. 

Figure 1. Shake table attached with Crank Shaft and slotted disc.
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Figure 2. Grain size distribution curve for soil type 1 & type 2.
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Reinforcement Used
Biaxial geogrids and geotextiles are used in here as rein-

forcement materials. Figure 3 provides the dimensional 
details of geogrid. The ultimate tensile strength of geog-
rids and geotextiles are determined as per the provisions of 
ASTM D 6637 and ASTM D 4595 respectively. The prop-
erties of geogrids and geotextiles tabulated in Table 2 are 
obtained from ASTM code is used in present analysis.

Model Construction and Methodology
The model is constructed in a Perspex box which 

is 12mm thick and dimensions are 55cm×35cm×30cm 
(l×b×h). The sides of the Perspex box are fixed with wooden 
planks to prevent the horizontal movement. Schematic dia-
grams of typical reinforced single, two layered foundation 
soil are shown in Figure 4 (a) and (b). Construction process 

in sequence is shown in Figure 5. Each model is con-
structed by using 2 types of soil (soil type 1 at top, soil type 
2 at bottom). Approximately 45 kg of soil is used for each 
model consisting of 25 kg of soil type 1, 20 kg of soil type 2. 
Reinforcement (geogrid/geotextile) is provided at a height 
of 100 mm and 180 mm from the base of the single layer, 
two layer reinforcement respectively as shown in Figure  4. 
Layered soil are tested with varying moisture content i.e. at 
air-dried (1%), 5%, 10%, 15% and 18%. Base accelerations 
are varied as 0.1g, 0.2g and 0.3g with frequencies 1 Hz, 2 
Hz and 3 Hz respectively. Accelerometers (A1, A2) of type 
4507 are used. A1 at the shake table and A2 on the strip 
which are 150 mm and 200 mm height from the bottom soil 
layer. These accelerometers are set in horizontal direction 
for measuring the vibration. The Bruel and Kjaer pulse 6.1 
front end set up is used for data acquisitions.

EXPERIMENTAL RESULTS BY SHAKE TABLE 
TEST AND DISCUSSION

Twenty eight different shake table tests on unreinforced 
and reinforced layered soil models are performed in this 
study. These tests are performed to observe the effects of 
moisture content, quantity of reinforcement, various base 
shakings and responses at different frequencies on the sta-
bility of soils against the foundation failure. The results of 
the shaking table are presented in Table 3, Table 4 and Table 
5. From these Tables it is observed that vertical deformation 
of soil increases with increasing the base shaking. It is also 
observed that by increasing reinforcement layer vertical 
deformation is decreasing

Effect of Moisture Content
Variation of maximum vertical deformation, maximum 

RMSA amplification factor with respect to different mois-
ture contents (1%, 5%, 10%, 15% and 18%) for unreinforced 
and reinforced soil for a base shaking of 0.3g and 3 Hz fre-
quency are measured by carrying out tests on the shake 
table. Figure 6(a), (b), (c) shows the variation of maximum 
vertical deformation (at the interface of soil 1 and soil 2) 
with respect to different moisture contents for the rein-
forced foundation soil along with the unreinforced soil. It 
is revealed that there is a reduction in the vertical deforma-
tion due to the increase in moisture content up to optimum 
moisture content of soil and thereafter there is an increase 
in vertical deformation due to increase in moisture content 
for unreinforced and reinforced foundation soil. 

From Figure 7 (a-c). it is seen that RMSA amplification 
factor reduces gradually due to increase in moisture con-
tent. This reduction of acceleration amplification contin-
ues up to optimum moisture content of soil and thereafter 
acceleration amplification increases. Reinforcements on the 
soil reduces amplification factor up to 44% in the case of 
three layered geogrid reinforcement and reduces up to 34% 
in the case of the three layered geotextile reinforced soil. 
It reveals that reinforcement has significant effect on the 

Figure 3. Dimensional details of Geogrid.

Table 1. Properties of soil 1 and soil 2

Parameter Soil type 1 Soil type 2
Specific gravity
D10, D30, D60

Coefficient of curvature
Coefficient of curvature
USCS classification

2.59
0.125,0.25,0.32
1.56
2.56
Silty clay

2.6
0.25,0.30,0.40
1.68
2.62
Silty clay

Table 2. Properties of Geogrids and geotextiles
Parameter  Geogrid  Geotextiles
Ultimate tensile strength (KN/m)
Yield point strain
Aperture size (mm)
Aperture shape
Thickness (mm)
Secant modulus at 2% strain (KN/m2)
Secant modulus at 5% strain (KN/m2)
Mass per unit area (kg/m2)

 55
 16.60
 10 x 10
 Square
 2-3
 219
 169
 .22

 9.47
 38
 NA
 NA
 1
 162
 155.8
 0.21
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Table 3. Variation of vertical Displacement with water content at Base Shaking 0.3g

Type of 
Reinfor- 
cement

Normalized 
elevation

moisture content

1% 5% 10% 15% 18%

1 HZ 2 HZ 3 HZ 1 HZ 2 HZ 3 HZ 1 HZ 2 HZ 3 HZ 1 HZ 2 HZ 3 HZ 1 HZ 2 HZ 3 HZ

Unrein- 
forced

0 2.0 2.0 2 2 2 2 2 2 2 2 2 2 2 2 2
0.33 5.7 5.9 6 3.8 3.9 4 2.8 2.9 3 1.7 1.9 2 3.2 3.4 3.5
0.66 8.8 8.9 9 7.7 7.9 8 6.8 6.9 7 5.8 5.9 6 6.1 6.3 6.4
0.83 7.8 7.9 8 6.8 6.9 7 5.8 5.9 6 4.8 4.9 5 5.2 5.4 5.5

1 Layer 
Geotextile

0 2 2.0 2 2 2 2 2 2 2 2 2 2 2 2 2
0.33 5.5 5.7 5.8 3.6 3.7 3.8 3.7 3.8 3.9 1.6 1.7 1.8 3.1 3.3 3.4
0.66 8.5 8.7 8.8 7.5 7.6 7.8 6.5 6.7 6.8 5.5 5.6 5.8 6 6.1 6.2
0.83 7.7 7.8 7.9 6.7 6.8 6.9 5.7 5.8 5.9 4.6 4.8 4.9 5.1 5.3 5.4

2 Layer  
Geotextile

0 2 2.0 2 2 2 2 2 2 2 2 2 2 2 2 2
0.33 5.2 5.4 5.5 3.3 3.4 3.5 2.4 2.5 2,6 1.4 1.5 1.6 3 3.1 3.2
0.66 8.3 8.5 8.6 7.3 7.4 7.6 6.4 6.5 6.6 5.4 5.5 5.6 5.7 5.9 6
0.83 7.4 7.6 7.7 6.4 6.6 6.7 5.5 5.6 5.7 4.4 4.5 4.6 4.9 5.1 5.2

1 Layer
Geogrid

0 2 2.0 2 2 2 2 2 2 2 2 2 2 2 2 2
0.33 5.6 5.7 5.8 3.5 3.6 3.7 2.6 2.8 2.9 1.5 1.6 1.7 3 3.2 3.3
0.66 8.6 8.8 8.9 7.4 7.6 7.7 6.5 6.7 6.9 5.7 5.8 5.9 5.9 6 6.1
0.83 7.7 7.8 7.9 6.5 6.7 6.8 5.8 5.9 6 4.7 4.8 4.9 5.1 5.3 5.4

2 Layer
Geogrid

0 2 2.0 2 2 2 2 2 2 2 2 2 2 2 2 2
0.33 5.2 5.3 5.4 3.2 3.3 3.4 2.3 2.4 2.5 1.4 1.5 1.6 3 3.1 3.2
0.66 8.2 8.4 8.5 7.2 7.4 7.5 6.5 6.6 6.7 5.4 5.5 5.6 5.7 5.8 5.9
0.83 7.3 7.5 7.6 6.2 6.4 6.6 5.5 5.6 5.7 4.5 4.6 4.7 4.9 5.1 5.2

Table 4. Variation of RMSA Amplification with moisture content at Base Shaking 0.3g

Type of 
Reinfor- 
cement

Normalized 
elevation

Moisture content

1% 5% 10% 15% 18%

1 HZ 2 HZ 3 HZ 1 HZ 2 HZ 3 HZ 1 HZ 2 HZ 3 HZ 1 HZ 2 HZ 3 HZ 1 HZ 2 HZ 3 HZ

Unrein- 
forced

0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.0
0.33 0.84 0.93 1.20 0.78 0.91 1.13 .73 0.81 1.04 0.72 0.77 .99 0.74 0.82 1.06
0.66 1.35 1.51 1.94 1.27 1.46 1.82 1.17 1.31 1.68 1.16 1.24 1.59 1.19 1.33 1.71
1.00 1.46 1.63 2.10 1.37 1.58 1.97 1.27 1.42 1.82 1.26 1.34 1.72 1.29 1.44 1.85

1 Layer  
Geotextile

0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.33 0.80 0.89 1.15 0.76 .85 1.09 .65 .73 0.97 .64 0.71 0.91 .69 0.77 0.99
0.66 1.28 1.44 1.85 1.23 1.37 1.76 1.05 1.17 1.57 1.03 1.15 1.47 1.11 1.24 1.59
1.00 1.39 1.56 2.00 1.33 1.48 1.91 1.14 1.27 1.70 1.11 1.24 1.59 1.20 1.34 1.72

2 Layer 
Geotextile

0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.33 0.62 0.70 0.90 0.61 .68 0.87 .56 .63 0.81 .54 0.61 0.78 .60 0.67 0.86
0.66 1.01 1.13 1.45 0.98 1.09 1.40 0.91 1.02 1.31 .88 .98 1.27 .96 1.08 1.39
1.00 1.09 1.22 1.57 1.06 1.18 1.52 .99 1.10 1.42 .95 1.06 1.37 1.04 1.17 1.50

1 layer 
Geogrid

0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.33 0.78 0.88 1.13 0.76 .85 1.09 .69 0.77 .99 .66 .73 .95 .68 0.76 0.97
0.66 1.27 1.41 1.82 1.22 1.37 1.76 1.11 1.24 1.59 1.06 1.18 1.52 1.09 1.22 1.57
1.00 1.37 1.53 1.97 1.32 1.48 1.90 1.20 1.34 1.72 1.15 1.28 1.65 1.18 1.32 1.70

2 Layer 
Geogrid

0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.33 0.60 0.67 0.86 0.56 .62 0.81 .54 0.61 0.78 .49 .54 0.70 .56 0.80 0.80
0.66 0.96 1.08 1.39 0.90 1.01 1.30 .88 .98 1.26 .79 .88 1.14 .90 1.29 1.29
1.00 1.04 1.17 1.50 0.97 1.09 1.41 .95 1.06 1.36 .86 .95 1.23 .97 1.40 1.40
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acceleration amplification on the foundation soil but type 
of reinforcement has very little effect.

Effect of Quantity of Reinforcement
The test is performed by varying the quantity of rein-

forcement, with single layer, two layers and three layers of 
geogrids and geotextiles reinforcements at a base shaking 

of 0.3g and 3 Hz frequency. From Figure 8 (a-c) it is seen 
maximum vertical deformation (at the interface of soil 1 
and soil 2) decreases with the increase in reinforcement 
quantity.

Figure 4. Schematic diagram of reinforced model test strip 
Footing. (a) Slope with  single layer reinforcement. (b) Slope 
with two layer reinforcement (c) A1, A2 , A3:  Accelerometers.

Figure 5. Construction process of model foundation (a) 
Shake Table set up (b) accelerometer connected at top and 
bottom of shake table.

Table 5. Variation of vertical Deformation with moisture content at Base Shaking 0.2g

Type of 
Reinfor- 
cement

Water content

1% 5% 10% 15% 18%

1 Hz 2 Hz 3 Hz 1 Hz 2 Hz 3 Hz 1 Hz 2 Hz 3 Hz 1 Hz 2 Hz 3 Hz 1 Hz 2 Hz 3 Hz
Unrein- 
forced

6.70 6.90 7.00 5.30 5.40 5.60 4.60 4.80 4.90 3.60 3.70 3.90 4.80 4.9 5.0

1 Layer  
Geotextile

6.50 6.70 6.80 5.20 5.30 5.50 4.50 4.60 4.70 3.40 3.60 3.80 4.60 4.80 4.9

2 Layer 
Geotextile

6.40 6.60 6.70 5.00 5.20 5.30 4.20 4.40 4.60 3.30 3.50 3.70 4.50 4.70 4.8

1 layer 
Geogrid

6.40 6.60 6.80 5.00 5.30 5.40 4.20 4.40 4.60 3.40 3.50 3.80 4.60 4.80 4.90

2 Layer 
Geogrid

6.20 6.40 6.60 5.00 5.20 5.30 4.10 4.30 4.40 3.20 3.50 3.60 4.40 4.60 4.70
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From Figure 9 (a-c) it is seen that acceleration ampli-
fication is greatly reduced on quantity of reinforcement. 
Reduction of RMSA amplification is observed in the range 
of 10-34% for two layered geotextile reinforced soil and 

42% for two layered geogrid reinforced soil. Figure 10(a), 
(b) shows the acceleration response (acceleration-time) 
curve at top layer of the soil at air dried (w=1%) condition 
for base shaking 0.3g, 3Hz

2 4 6 8 10 12 14 16 18 20
1.5

1.6

1.7

1.8

1.9

2.0

2.1

 

 

M
ax

im
um

 R
M

SA
 V

al
ue

Water content (%)

 Un reinforced
 1 layer geotextile
 1 layer geogrid

.3g,3Hz

(a)   
2 4 6 8 10 12 14 16 18

1.2

1.4

1.6

1.8

2.0

 

 

M
ax

im
um

  R
M

SA
 v

al
ue

Water content(%)

 Un reinforced
 2 layer geotextile
 2 layer geogrid

(b)   
2 4 6 8 10 12 14 16 18 20

1.0

1.2

1.4

1.6

1.8

2.0

2.2

 

 

M
ax

im
um

 R
M

SA
 v

al
ue

water content(%)

 Unreinforced
 3 layer geotextile
 3 layer geogrid

(c)

Figure 7. Effect of Root mean square amplification (RMSA) value at different water content. a) Single layer reinforcement. 
b) Two layer reinforcement. c) Three layer reinforcement.
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Figure 6. Effect of vertical deformation at moisture content. (a) Single layer reinforcement. (b) Two layer reinforcement. 
(c) Three layer reinforcement
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Figure 8. Effect of quantity of reinforcement on vertical deformation. (a) One layer reinforcement. (b) Two layer reinforce-
ment. (c) Three layer reinforcement.
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EFFECT OF DIFFERENT BASE SHAKING

Figures 11(a-c) represents the variation of normalized 
elevation with RMSA amplification at different base shak-
ing accelerations 0.1g, 0.2g, 0.3g for a particular frequency 
of 3 Hz for unreinforced, 3 layered geogrid and 3 layered 
geotextile reinforced soil. It shows that RMSA amplification 
increases with the increase of base shaking acceleration. 
Maximum RMSA amplifications are considerably less for 
the reinforced foundation soil as compared to the unrein-
forced foundation soil.

Response of the Foundation Model at Different Frequencies
In this section a study has been carried out in order to 

observe the effect of different parameters like vertical defor-
mation, RMSA factors on the reinforced soil subjected to 
varying frequencies of 1 Hz, 2Hz and 3Hz at a base shaking 
of 0.3g. From Figure 12(a-c) it is seen that vertical defor-
mation increases with the increase of frequency. It is also 

seen that provision of reinforcement has an effect on the 
deformation of soil at different frequency level. Figure 13 
(a-c) shows the variation of normalized height with respect 
to RMSA amplification factor of foundation model. It is 
observed that at a low frequency of 1Hz, the reinforced soil 
amplified up to 0.33 at normal height and amplified further 
up to a maximum value of 1. But unreinforced soil does 
not show the same behavior. RMSA amplification increases 
with the increase in normal height. In case of 2 Hz and 3 
Hz frequencies, the RMSA amplification increases with the 
increase of normalized height.

Observed Failure Mechanism
Figure 14 (a-c) shows the typical failure mechanisms 

observed around the moment of failure for fixed footing 
with q= 55, 48 and 40 kPa, respectively under an input 
wave frequency 3Hz. It can be seen that failure mecha-
nism consist a nonlinear curve shape, where a little-bit 
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Figure 9. Effect of quantity of reinforcement on RMSA value (Root mean square amplification). (a) One layer reinforce-
ment. (b) Two layer reinforcement. (c) Three layer reinforcement.

   

Figure 10. Acceleration response at top layer of the layered soil at base shaking 0.3g, 3Hz at air dried condition. (a) 1 layer 
reinforcement. (b) 2 layer reinforcement.
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of bulging occurs besides the footing. Tested are done for 
0.3g with 1Hz, 2Hz and 3 Hz frequencies. A catastrophic 

settlement is observed for 3Hz frequency with non linear 
failure slip line. 
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Figure 12. Variation of normalized elevation with vertical deformation at different frequency. (a) 1 Hz frequency. (b) 2 Hz 
frequency. (c) 3 Hz frequency.
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Figure 13. Variation of normalized elevation with RMSA value at different frequency. (a)1 Hz frequency. (b) 2 Hz frequen-
cy. (c) 3 Hz frequency.

  
 (a) (b) (c)

Figure 11. Variation of normalized elevation with RMSA factor for different base shaking acceleration. (a) 0.1g base shak-
ing. (b) 0.2g base shaking. (c)0.3g base shaking.
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NUMERICAL MODELING 

To perform numerical analysis a 2D model was created 
and analyzed in plaxis 2D software. Matsui and San [43] 
considered the strength reduction technique in finite ele-
ment analysis. Duncun [44] considered elastic stress strain 
relationship to evaluate the dependence of behavior of soil 
on shear strength parameters. Ugai and Leshchinsky [45] 
performed a comparison between 3 dimensional limit 
equilibrium method and finite element method. Griffiths 
and Lane described different finite element methods and 
compared them against each other. In this section, finite 
element analysis has been done in Plaxis2D in order to 
study the effect of different parameters of 2 layered soils as 
experimented.

Figure 14. Failure mechanism observed immediately after the footing subjected 0.3g base shaking and 3Hz frequency.

Figure 15. Geometry of the Numerical modelling (PLAXIS 
2D).
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Geometry of Finite Element Model Foundation
Figure 15 shows the geometric model developed in 

the Plaxis 2D. A full fixity boundary condition is consid-
ered and the earthquake boundary condition is generated 
at the base. The boundary of the model foundation soil is 
extended more than the actual size of the model foundation 
soil in both directions. The extension of the soil mass was 
taken 50m wide and 30 m deep. The plain strain model is 
used to simulate the foundation soil. The soil mass within 
the boundaries is divided into a number of 6 nodded trian-
gular elements by the Plaxis mesh generator. Each node has 
two degree of freedom such as displacement horizontal (u) 
and vertical (v) directions. Small size mesh is developed by 
global refinement of cluster to get reliable results. The effect 
of ground water table is not considered in this analysis. 

Loading 
Standard earthquake boundaries i.e., a full fixity is applied 

at the base of geometry and rollers are considered at the two 
vertical sides of model foundation. In this study, gravitational 
load as well as the dynamic behavior of foundation has been 
generated by applying cyclic loading with amplitude and fre-
quency for 10 s to simulate the vibration at the base as per 
the experimental test done on the shaking table. Only 0.3g 
base shaking conditions are validated for unreinforced, two 
layered geogrid and two layered geotextile reinforced soils.

Material Properties
After the input of boundary conditions, the material prop-

erties of the soil are entered. The Mohr coulomb failure criteri-
ons are used for modeling the foundation on two layered soils. 
Table 1 represents the soil properties and Table 2 represents the 
properties of geogrids and geotextiles reinforcements which 
are used for modeling in numerical analysis.

Generation of Mesh 
The foundation model into divided into a number of 6 

nodded triangular elements and each node has three degree 
freedom i) horizontal ii) vertical and iii) rotational.

NUMERICAL RESULTS, DISCUSSION AND COM-
PARISON OF THE RESULTS

Figures 16, 17, 18 and 19 show the deformed mesh of 
unreinforced and two layered geogrid reinforced layered 
soil due to dynamic loading at air dried (1%), 0.3g base 
acceleration with 3 HZ frequency. It is revealed that pattern 
of deformation of the reinforced layered soil is lesser than 
the Unreinforced layered soil for all cases.

Figures 20 and 21 shows the acceleration-time response 
at top and bottom layered soil for both unreinforced and 
reinforced soil at air dried (1%) and 5% moisture content 
respectively, at constant base shaking frequency of 3 Hz. 
It reveals that unreinforced soil accelerates more than the 
reinforced soil. It also reveals that as the moisture content 
of the soil increases from air dried (1%) to 3%, acceleration 
at top of the soil reduces.

Figures 22 and 23 shows the acceleration responses at 
top of the model (i.e.; top of the layered soil) due to fre-
quency variation of 1 Hz and 3 Hz for both unreinforced 
and reinforced soil at air dried (1%) condition of the 

Figure 16. Unreinforced deformed mesh (0.2g, 2 Hz), ex-
treme displacement 3.47 mm.

Figure 17. Reinforced deformed mesh (0.2g, 2 Hz), ex-
treme displacement 3.42 mm.

Figure 18. Unreinforced deformed mesh (0.2g, 3 Hz), ex-
treme displacement (4.50mm)

Figure 19. Reinforced deformed mesh (0.2g, 3 Hz), ex-
treme displacement (4.43 mm).
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Figure 20. Acceleration response at top layer at base shaking frequency 3 Hz, air-dried(1%) condition.

Figure 21. Acceleration response at top layer at base shaking frequency 3 Hz, water content (5%).

Figure 22. acceleration response at top layer at base shaking frequency 1 Hz, air-dried condition
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Vertical deformation

Figure 27. Comparison of experimental and numerical 
analysis of elevation with vertical deformation for 3 layered 
Geogrid reinforced soil.

Vertical deformation

Figure 26. Comparison of experimental and numerical 
analysis of elevation with vertical deformation for unrein-
forced soil 

Figure 24. Comparison of experimental and numerical 
analysis of maximum vertical deformation for unreinforced 
soil.

Figure 25. Comparison of experimental and numerical 
analysis of maximum vertical deformation for 3 layers 
Geogrid reinforced soil.

Figure 23. Acceleration response at top layer at base shaking frequency 3 Hz, air-dried condition.
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foundation for a particular base acceleration of 0.3g. It is 
observed that comparing the figures 22 and 23, foundation 
model accelerates more with higher frequency shaking.

A comparison is done on the parameters of maximum 
vertical deformation obtained experimentally and numeri-
cally at base shaking of 0.3g at air dried condition(w=1%) 
with frequencies 1, 2 and 3Hz which is presented in Table 6.

Graphical comparison of the results obtained from the 
experiment study and numerical analysis are presented 
from Figures 24-27. From the comparison it is seen that 
both experimental and numerical results fits good.

CONCLUSION

Stability of foundation test on two layered c-ϕ soil is 
made under dynamic loading at varying moisture content, 
base shaking acceleration, frequencies, quantity and type 
of reinforcement. Numerical validation is done with Plaxis 
2D. The following conclusions are pointed out from the 
present study.
• Foundation stability parameters of layered soil i.e. 

Maximum vertical deformation, maximum RMSA 
amplification factor go on decreasing as the moisture 
content is increased till minimum value is reached at the 
optimum moisture content, after which further addition 
of moisture content increases the above parameters. 

• Inclusion of reinforcement in layered soil is very effec-
tive for reducing the parameters affecting the soil sta-
bility like maximum vertical deformation, maximum 
amplification factor, for all base accelerations and 
frequencies. 

• Presence of Reinforcement in layered soil is more effec-
tive in reducing maximum RMSA amplification factor 
and vertical deformation.

• Geogrid reinforcement is slightly better than geotextile 
reinforcement for reducing parameters.

• Results obtained from the experimental studies are 
compared with the results obtained from numerical 
analysis and they have good agreement with each other.

• Further studies can be done from present investigation 
for multi layered soil whereas weak and strong soil lay-
ers are overlapping to each others at different height 
with respect to depth of foundation. 
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