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ABSTRACT: Application of Geosynthetics i s  emerged as a dependable ground improvement technique. The 

reinforcement function served by Geosynthetics  has found  several  novel  applications  that  revolutionized  the practice  
of Geotechnical Engineering.  However, the prospects of application o f   Gesynthetics  in  the field of Machine  
Foundations require further detailed studies. In view of this efforts have been made in this study to understand the response 
of Geosynthetic reinforced soil bed placed beneath a model Machine Foundation. A series of Laboratory Model Block 
Vibration tests have been carried out on test bed without and with geosynthetic  reinforcement.  The test bed was 
reinforced using a Non-woven Geotextile and a bi-axial Geogrid. The effect of these reinforcement elements on the 
dynamic characteristics of the test bed viz., the resonant frequency and the peak amplitude were studied. It was found that, 
the resonant frequency was altered and there was a definite decrease in the peak amplitude. Hence, this study 

established that, the use of geosynthetics  beneath the machine foundations helps in tuning t he frequency ratio as well 
controls the peak amplitude,  which  are the two essential  requirements  of design  of machine foundations. 
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1  INTRO DUCTIO N 

 

The necessity for improvement of ground 
increased many folds due to rapid 

urbanization. The geosynthetic reinforced soil 

is being used as an effective ground 
improvement technique in several  

applications  where  the  stress  is incremented 

monotonically. However, scope for  its 

application in the construction of Machine 
Foundations wherein dynamic loads are 

applied, requires further detailed 

investigations.  It is important to note that, 
apart from meeting the requirements for 

design of a static foundation, the design of 

Machine Foundations r equir e tuning of the 

frequency ratio to avoid resonance, limiting 
the magnitude of peak amplitudes and to 

avoid liquefaction to take place. 

In the light of above, this study aims at 
investigating the response of geosynthetic 

reinforced soil test bed placed beneath a 

model machine foundation with the specific 

objectives of   effect   of   reinforcement   on   

the   shift   in resonating frequency and the 

possible decrement in peak amplitude. 

 

2  LITERATURE REVIEW 

Beginning with the classical work of  Binquet 

and   Lee   (1975a,b),   several   researchers   

have studied the monotonic and cyclic 
response of geosynthetic   reinforced   soil.  

Ashmawy,   A.K. and Bourdeau, P.L., (1995), 

presented a detailed review and compared 
design methods pertaining to the 

Geosynthetic Reinforced Soils under repeated 

Loading. Only a few studies have been 
carried out with the emphasis on alteration of 

dynamic characteristics of the soil. Baidya, 

D.K and Rathi, A (2004), Baidya, D.K., 

Muralikrishna, G and Pradhan, P.K. (2006), 
Hoe I Ling et al., (2004)  have studied in this 

area. However, the response of geosynthetic 

reinforced test beds in block resonance test 
conditions is not well investigated. Hence, 

efforts are made in this study in this direction. 
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3  METHODOLOGY 

The methodology adopted in this study 

includes performing a series of model Block 

Resonance Tests on the test bed prepared with 
and without geosynthetic reinforcement. The 

experimental results were analyzed to evaluate 

the effect of reinforcement on the resonant 
frequency and the magnitude of peak 

displacement. The detailed procedure is 

presented in the following sections. 

4  MATERIAL CHARACTERISATION 

The characteristics of the materials used in 

this study are as summarized below. 

Table 1  Characteristics of the Soil 

S No. Parameter Value 

1 Gravel sized particles (%) 16.40 

2 Sand sized particles (%) 78.00 

3 Fine grained particles (%) 5.60 

4 Consistency  Non Plastic 

6 Maximum Dry Density (IS HCT)  

in (g/cc) 
1.98 

7 Optimum Moisture Content        

(IS HCT) as a (%) 

9.60 

8 Soil Classification ( IS:1498-1972) SP 

 

Table 2   Characteristics of Woven Geotextile 

Property Value 

Type of geo-synthetic product Woven 

Geotextile 

Commercial Name of the product GWF PET 

100/50 

Mass per unit area (g/sq.m) 275 

Ultimate Tensile Strength at wrap (kN/m) 100 

Ultimate Tensile Strength at weft (kN/m) 50 

Elongation at Ultimate Tensile Strength at 

wrap (%) 

12 

Elongation at Ultimate Tensile Strength at 

wrap (%) 

12 

Apparent opening size mm 0.15 

 

Table 3   Characteristics of  Biaxial  Geogrid 

Property Value 

Type of geo-synthetic Biaxial geogrid 

Commercial Name of the product 
E’GRID 

SX4040S 

Tensile Strength @ 2% Strain (kN/m) 14.0 

Tensile Strength @ 5% Strain (kN/m) 27.0 

Rib thickness (mm) 1.0 

Rib Width (mm) 4.5 

5  EXPERIMENTAL SETUP 

Efforts were made to simulate the test 

procedure prescribed in IS: 5249-1992. A test 

pit of size 1.80 m x 1.60 m x 1.20 m was 
prepared for the test block of 0.60 m x 0.50 m 

x 0.40 m, as shown in Fig.1. The size of the 

test block was arrived based on the handling 
considerations, yet the scale ratio was 

maintained with the test block suggested in IS. 

Based on the test block dimension, the depth 
of the test pit was maintained more than 2 

times the least lateral dimension of the test 

block to minimize the boundary effects. As 

the primary objective was to understand the 
relative effect of reinforcement, the error 

associated with size modeling may be 

disregarded.  

 

Fig. 1   A view of the experimental setup 

 

6  PREPARATION OF TEST BED 

The test bed was prepared by placing and 

compacting the soil manually to attain 90% of 
relative compaction (corresponding to IS 

HCT) in lifts of compacted thickness of 5 cm 

each. The quality of compaction was verified 
in post test stage with the help of dry density 

achieved in the preplaced cups in each layer. 

In respect of test bed with geosynthetic 

reinforcement, two layers of the Geotextile 
and Geogrid were placed as shown in Fig.2. 
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Fig.2   Schematic diagram showing the 

placement of reinforcement 

 

7  TEST PROCEDURE 

The test procedure is generally in accordance 

with IS: 5249-1992. The test block is placed 

on the test bed. The oscillator is mounted on 
the test block using foundation bolts. The D.C 

motor is connected to the oscillator by means 

of a Flexible shaft. Speed control unit 

connected to the D.C motor is used to set the 
operating frequency. The Displacement pick-

up held on the Test block receives the 

vibrations induced and transfers the data to 
the Digital Vibration Meter which displays the 

displacements took place in the strata due to 

the forced vibrations in vertical direction only 
without any change in static force and without 

any eccentricity. The peak displacement (Xm) 

is considered to be attained at the Resonating 

Frequency and hence the operating frequency 
at resonance condition is considered as 

Natural Frequency (fn). Frequency Ratio (η) 

and Damping ratio (𝜀) magnitudes obtained 
are used to calculate Magnification Factor (µ). 

Magnification factor = 
1

  1−𝜂2 2 +  2𝜂𝜀  2
            (1)   

Frequency ratio (n) = 
𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔  𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

𝑛𝑎𝑡𝑢𝑟𝑎𝑙  𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦
         (2) 

Damping Ratio = 
𝑓1−𝑓2

2𝑓𝑛
                                    (3)    

f1, f2 are frequencies at displacement = 
𝑋𝑚

 2
      (4) 

 

8  EXPERIMENTAL RESULTS 

8.1 Variation in Peak Displacement 

The variation in Peak Displacement with 

frequency is presented in Fig. 3.  

 

Fig.3  Peak Vertical Displacement (vs) 

Frequency plot 

8.2 Variation in Magnification Factor 

The Magnification Factor versus Frequency 

ration plot is shown in Fig. 4.  

 

Fig. 4   Variation in Magnification Factor 

with Frequency Ratio 
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The results are summarized in Table 1.  

Table 1  Summary of Results 

Test 

Condition 

Peak 

Displacement at 

Resonance 

Magnification 

Factor at 

resonance 

(mm) % drop Value 
% 

drop 

Soil 0.07 0.00 7.34 0.00 

Soil + 

Woven 

Geotextile 

0.065 7.10 6.58 10.40 

Soil + 

Biaxial 

Geogrid 

0.025 64.30 3.84 47.70 

 

9  OBSERVATIONS 

Based on the results, the following 

observations can be made.  

1) As it can be seen from Fig. 3, the nature of 

Peak vertical displacement versus 

Frequency curve is typical indicating the 

resonance distinctly.  
2) The peak displacement at resonance is 

found to show a definite decrease when 

reinforced. This may be attributed to the 

enhanced stiffness of the medium. The drop 

was in the range of 7.10 % to 64.30 % for 

the materials used in this study.  

3) Interestingly, Fig. 3 depicts a shift in the 

resonant frequency. The shift was a drop 

when woven geotextile was used and a gain 

when geogrid was used. The mechanism 

responsible for this is likely to be 

influenced by the mass of ground 
participating apart from increase in the 

stiffness. More detailed investigations are 

proposed to understand the mechanism 

better.  

4) It can be seen from Fig. 4, that the 

frequency ratio at which peak 

magnification factor was categorically 

close to 1.0 indicating insignificant 

damping effect in the present test 

conditions.   

5) As highlighted in Table 1, the 
magnification factor was dropped to an 

extent of 47.70 % when reinforced, 

signifying the efficacy of reinforcement.  

6) The relatively better performance of 

Geogrid over Geotextile may be attributed 

to the higher modulus and better 

interaction. 

     

10  CONCLUSIONS 

Based on the experimental investigations 
carried out in this study, the following 

conclusions can be drawn. 

1) The geosynthetic reinforcement provided 

beneath the model machine foundation 
indicated a definite improvement in the 

response of foundation soil.  

2) Considerable drop was observed in the 

Peak Vertical displacement and the Peak 

Magnification factor at resonant condition. 

This substantiate the potential of 

Geosynthetics in improvement of ground 

beneath machine foundations.  

3) A shift in resonant frequency was observed 

signifying the role of geosynthetics in 

tuning of machine foundations.  
4) The relative efficacy of  improvement by 

the geosynthetics was considered to be 

dependent on the in-isolation modulus and 

interaction parameters.  
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