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ABSTRACT: This report  presents the review of 

literature pertaining to characterizing   the 

performance of footing resting on soil subjected to 

dynamic push load, for the varied subsurface 

saturation levels and to quantify the propagation 

potential of the induced dynamic waves in the soil 

medium across the control volume. A composite 

model is proposed to  developed to simulate the 

Soil-Structure Interaction under dynamic loads 

and to determine   the settlement profile of the 

footing . The degree of improvement generated by  

for several embedment depths of a footing resting 

on soil medium is a subject of investigation  in this 

proposed  work, Dynamic loads of broad band 

excitation are selected in this proposed work  to 

study the influence of it on the interaction between 

the soil and the footing (SSI) and to determine the 

performance under static loads and lateral 

excitations. 

Keywords: Soil-Structure Interaction, Dynamic 

load. 

 

1. INTRODUCTION 

1.1 General 

Reducing the accessibility of real building 

sites has contributed to an expansion in the 

usage of smaller areas, in which the bearing 

limit of the fundamental sediments is 

exceedingly limited. The conventional 

strategy would be to get a deep and 

exclusive base for these weak stores. There 

is a necessity to create real-world 

provisions that have made ground 

improvement a significant exploration area. 

The settlement of shallow foundations and 

bearing capacity as a cost-effective 

foundation system. The foundation beds are 

laid on the thin soil in low-lying, poorly-

drained soil. The resulting improved 

granulated layer decreases the settlements by 

providing a better pressure distribution and 

strengthening the performance to bear the 

underlying weak soils' load. To support 

shallow foundations, the use of reinforced 

soils has received considerable attention 

during the past 35 years. 

Various researchers have expanded 

knowledge of strengthened soil support's 

possible benefits on bearing capacity, 

shallow base settlement, and failure 

mechanisms. Several empirical and 

experimental experiments have been shown 

to test the bearing ability of strengthened 

soil footings (Hataf et al., 2009). 

 

1.2 Scope and Objective of Research 

The behavior properties of soil, such as 

settlement and bearing capacity, could be 

enhanced by adding a compact over granular 

bed lying on weak soil. The degree of 

improvement generated by  for several 

embedment depths of a footing resting on 

soil medium is a subject of investigation  in 

this proposed  work, Dynamic loads of broad 

band excitation are selected in this proposed 

work  to study the influence of it on the 

interaction between the soil and the footing 

(SSI) and to determine the performance 

under static loads and lateral excitations. 
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Fig.1.1 Loaded Footing Resting at 

Engineered RGB 

Due to initial settlement, the strain in the 

Reinforcement is insufficient to assemble 

the requisite tensile tension. Hence, a 

technique is needed to increase the soil's 

load-bearing ability to eliminate the 

incidence of huge settlements. 

A promising technique called pre-stressing 

the reinforcement eliminates the incidence of 

large settlements and the load-carrying 

capacity of a soil. Lovias et al. (2010) does a 

study on the strength of an unclamped 

clamp, clamped footing, a two-phase finite 

element analysis, and a laboratory testing 

model study. Placing reinforcing pre-stress 

led to a substantial decrease in base 

settlement and increased carrying capacity. 

The bearing capacity of the footings is 

increased by supplying strengthened 

granulated beds over the poor soil. Instead of 

a circular base, square or rectangular 

foundations are widely utilized. Therefore, a 

study is developed to enhance the bearing 

capacity of granulated slabs on poor soil and 

determine the effects of reinforcing pegs. 

The core objectives of the present research 

are: 

i. Impact of void formation in the GB 

besides the weak ground. 

ii. The association of granular beds with 

weak soil. 

iii. Proposing an empirical template for 

predicting granulated bed efficiency 

iv. Dynamic behaviour of pressed 

reinforced bed subjected to 

Broadband excitation. 

 

Because of the pre-stressing of 

strengthening, bearing capacity increased 

over poor soil. The physical structure of the 

strengthened granulated bed is witnessed by 

directing lab-scale studies on the plate load 

test. Nonlinear FEA is performed to use FE 

software PLAXIS V8 towards validating the 

outcomes attained after analytical and 

experimental work. 

 

1.3 Organization of Dissertation 

In Chapter 1, an overview of PRGB and the 

aims and prospect of the research. There is 

also a complete outline and review of the 

chapters that follow in Chapter 2; a review 

of related literature is provided. It provides a 

research assessment on experimental studies, 

analytical modeling, and finite elements 

analysis on reinforced soil. Chapter 3 defines 

the materials, test configurations, 

experimental methods, and testing were used 

in this investigation. Chapter 4 discusses the 

finite element analyses carried out for 

various examples of GB, RGB, PRGB bed. 

This chapter also discusses comparing 

results acquired through exploratory research 

with the analysis of finite elements. The 

creation of an empirical model to quantify 

the improvement in bearing capacity owing 

to the pre-stressing of the reinforcement is 

addressed in this section is discussed in 

chapter 5. 

Chapter 6 contrasts the ultimate load ratios 

expected by the empirical model proposed 
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and those observed from the studies of 

experimental and finite elements. The 

findings of finite element analysis on PRGB 

through voids at different locations remain 

described in-depth and presented. Chapter 7 

examines the settlements as well as stresses 

at the interface between weak soil and 

granular bed, as determined using FEA. 

Chapter 8 discusses the impacts of dynamic 

loading extensively,  

 

1.4 Effects of SSI 

The three main effects of SSI which need to 

be addressed in any SSI model are 

categorized as inertial interaction effects, 

kinematic inertial effects and soil- 

foundation flexibility effects. 

Kinematic Interaction 

The soil displacement caused by the 

earthquake ground motion is called as the 

free-field motion. This free field motion is 

not followed by the foundation that is 

located on the soil. The kinematic interaction 

is caused by the inability of the foundation to 

sink with the free field motion of the ground. 

Inertial Interaction 

The additional deformation caused in the soil 

due to the transmission of inertial force to the 

soil by the superstructure is called as the 

inertial interaction.When the ground shaking 

is of low level, the kinematic effect of SSI is 

more prominent. This results in the 

lengthening of period and there is increase in 

the radiation damping. When stronger 

shaking commences, the radiation damping 

is limited by the soil modulus degradation in 

the near field and the soil pile gaping. 

At this situation, the inertial damping is more 

prominent. This will hence cause excessive 

displacements near the ground surface. This 

will bring damage of the pile foundations. 

These effects can be related to structural 

analysis in terms of: 

Foundation stiffness and damping 

As compared to the normal assumption of 

rigid foundation, the inertial forces (base 

shear, moment and torsion) generate lateral 

displacement and rotation at the foundation 

level. These effects introduce flexibility in 

the structure and lead to period elongation. 

Since, these effects are rooted in structural 

inertia, they are referred to as inertial 

interaction effects. 

Foundation deformations 

Flexural, axial and shear deformation of 

structural foundation elements occur as 

result of forces and displacements applied by 

the superstructure and the soil medium. 

These represent the seismic demand for 

which foundation component should be 

designed and they could be significant, 

especially for flexible foundations such as 

rafts and piles. 

Variation between foundation input 

motions and free filed ground motion 

Kinematic effects of SSI represent the 

change in response of structure when 

response is obtained using free-field motions 

and when the presence of structure is 

considered. It doesn’t depend on the mass of 

the structure and is affected by the geometry 

and configuration of the structure, the 

foundation embedment, the composition of 

incident free-field waves, and the angle of 

incidence of the waves. This effect is called 

kinematic interaction effect as it does not 

involve any inertial forces. 
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1.5 Soil-Structure Interaction and 

Structural Response               

Based on conventional theories it has 

been said that the soil structure 

interaction has effects that are beneficial for 

the structural response. Most of the design 

codes for structures recommends neglecting 

the effect of SSI in the seismic analysis of 

the structure. 

This recommendation is because of the false 

myth that the SSI brings good response of 

the structure and hence have chances to 

increase the safety margins. 

More flexible structural design can be 

obtained if we consider the effects of soil 

structure interaction. This helps in increasing 

the natural period of the structure. This 

provides an improved structure when 

compared to a corresponding rigid structure. 

Incorporation of SSI effects on the structural 

design helps in increasing the damping ratio 

of the structure. This study is limited or 

neglected for conservative design 

procedures. The SSI analysis is very 

complicated in nature. The neglection will 

reduce the complexity in the analysis of the 

structures. 

This means that the myth put forward that 

the SSI effects are good for structures is not 

true. In fact, SSI can bring detrimental 

effects to structures. Neglecting SSI effect 

can bring unsafe design of the superstructure 

and the substructure. 

 

1.6 Consideration in Soil-

Structure Interaction                                          Effects 

A structure, when analyzed by considering 

its foundation to be rigid, is said to have no 

soil-structure interaction effects. Now, this 

case is considered even if the interaction 

force impacts the foundation. 

The influence on the soil motion by the 

interaction forces will depend upon: 

 The magnitude of the force 

 The flexibility of the soil foundation 

The base mat acceleration and the inertia of 

the structure can be used to estimate the 

value of interaction forces. The heavier the 

structure the more is the soil-structure 

interaction effects for a particular soil site 

and for a given free-field seismic excitation. 

Most of the civil structure, whether it is 

lying on the hard or medium soil does not 

show any sign of SSI effects. We can 

conclude that the soil interaction in 

earthquake engineering study was mainly 

developed and applied for these fields of 

construction industry. 

Another condition considered the soil-

structure interaction effects are the soil 

flexibility. Softer is the soil, more is the 

chances for the occurrence of SSI effects. 

This is for a given structure and a site that 

have a free -field seismic 

More flexible structural design can be 

obtained if we consider the effects of soil 

structure interaction. This helps in increasing 

the natural period of the structure. This 

provides an improved structure when 

compared to a corresponding rigid structure. 

Incorporation of SSI effects on the structural 

design helps in increasing the damping ratio 

of the structure. This study is limited or 

neglected for conservative design 

procedures. The SSI analysis is very 

complicated in nature. The neglection will 

reduce the complexity in the analysis of the 

structures. This means that the myth put 

forward that the SSI effects are good for 
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structures is not true. In fact, SSI can bring 

detrimental effects to structures. Neglecting 

SSI effect can bring unsafe design of the 

superstructure and the substructure. 

 

1.7 Dynamic Soil-Structure Interaction 

One of the fundamental problems in 

dynamic soil-structure interaction is the 

characterization of the dynamic response of 

surface foundations resting on a soil medium 

under time-dependent loads. 

Earthquake ground motion causes soil 

deformation known as free-field motion. 

Such ground motions that are not influenced 

by the presence of structures are called free 

field motions. When they interact owing to 

very presence of structure, soil structure 

vibration as a process becomes very 

important. These interactions have little 

effects on some systems and larger 

influences on the response of other system. 

Stiff or heavy structures resting on relatively 

soft soil are more prone to such influence. On 

the other side, for flexible or light structures 

on stiff soils soils-structure interaction 

effects are generally smaller. Under the 

influence of such interactions the natural 

frequency of a soil- structure system shall be 

lower than the natural frequency of the 

structure itself. 

Despite its importance to various soil 

dynamics and earthquake applications, a 

clear understanding of the problem has yet to 

be established owing to the complexity of 

real soil behaviour and its constitutive 

modelling, the in-situ and stress-induced 

heterogeneity in the soil’s modulus, and the 

three-dimensional nature of the underlying 

wave propagation phenomenon. 

 

2. OBJECTIVES OF WORK 

 To quantify the Dynamic wave 

propagation potential in a soil medium 

with varied saturation. 

 To assess the stability of foundation 

under above condition. 

3. TESTS CONDUCTED ON THE 

SOIL 

3.1  Red Soil 

The red soil used in the current study 

was collected from Hosur region. 

The red soil taken for testing is 

sieved using 4.75mm IS sieve, since 

testing was proposed to be 

conducted using fine grained soil. 

The moisture content of the soil is 

varied according to the testing 

conditions required. 

3.2  Soil Properties  

Sl.No Tests Conducted Results 

Obtained 

1 Specific Gravity (G) 2.65 kg/m3 

2 Fineness Modulus  5.59 

3 Natural Water Content 10% 

4 Uniformity Coefficient 

Cu 

1.28 

Coefficient of 

Curvature 

2.63 

5 Liquid Limit 28% 

Plastic Limit 12% 

Shrinkage Limit 2% 

6 Plasticity Index (Ip) 10% 

7 Optimum Moisture 

Content (OMC) 
9.36% 

8 Dry density of Soil 1.32KN/m3 

Table 3.1 Soil Properties 
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4. DYNAMIC TEST SYSTEM 

4.1 Experimental Setup  

The system consists of portal frame with 

cubic box 750mm*750mm*750mm with 

base plate and hydraulic actuator fixing 

arrangement for applying vertical and 

horizontal loads. A servo-hydraulic actuator 

capacity of 10 kN is provided to apply 

designed static vertical load. Another servo-

hydraulic actuator of capacity 5kN is to be 

operated to provide dynamic loading while 

vertical load has been applied, the type of 

actuator is double ended, double acting. The 

rated pressure is 215kg/cm2. The stroke 

length that can be applied is ± 50mm. 

Fig 4.1- Dynamic Test System 

Two LVDT’s are installed to measure 

movements, which it can convert into 

corresponding electrical signals. The safe 

overload capacity is 150%. Application 

software for computerized setup, operation, 

data storage, online and offline graph 

plotting and generation of test reports is 

achieved in pre-specified formats. Universal 

load cell of capacity 500kg with load 

indicator for tension measurement system 

using 4no’s of accelerometers and data 

acquisition system with lab top is provided. 

4.2 SAMPLE PREPERATION 

The cubic box of size 750*750*750mm is 

filled with the red soil which is 

p a s s i n g  t h r o u g h  4.75 mm IS sieve. 

The soil is poured into the container with the 

cleared height of disposition and the soil is 

well compacted inside the container. 

The footing model made of mild steel of size 

150*150mm and 5mm thickness is placed 

on the surface of the soil to serve as a 

medium to transfer the vertical static load 

into the soil. 

The dynamic load is applied by means of 

servo-hydraulic actuator whose intensity can 

be varied up to 5kN. The horizontal load is 

applied in the form of stroke to induce 

dynamic loads to the soil. The soil is 

saturated with various saturation level. The 

graphs are recorded for the proposed testing 

with the help of pre- specified plotter setup. 

4.3 LOAD APPLICATION: 

Initially the static vertical load of 1kN is 

applied, with a force of 1kN given by means 

of hydraulic actuator and this load is 

maintained constant. Then, the horizontal 

loading is applied, this load is given in the 

form of strokes whose frequency and the 

target cycles for varied soil saturation. 

For the above mentioned conditions, the 

graphs are plotted. 

ASSUMPTIONS: 

1. Boundary effects of the test chambers 

are neglected. 

2. Down to the depth of influence of 

stresses, the bearing strata is reasonably 

uniform. 

5. RESULTS 
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5.1 Graphs Obtained for 1kN Loading on 

Dry Soil:  

 

5.2 Graphs Obtained for 1kN Loading on 

10% Saturated Soil 

 

5.3 Graphs Obtained for 1kN Loading on 

20% Saturated Soil 

 

5.4 Graphs Obtained for 1kN Loading on 

30% Saturated Soil 

 

 

 

5.5 Graphs Obtained for 1kN Loading on 

40% Saturated Soil 

 

Note: Test Parameters 

Control Priority : Stroke 

Wave Form : Sinusoidal 

Frequency : 10.0 Hz 

Amplitude : 5.0 mm(peak to peak) 

Target Cycle : 500 cycles 

 

PERFORMANCE ANALYSIS The 

analysis is made keeping the vertical static 

load constant and gradually increasing the 

magnitude of dynamic load with varied 

saturation, this is because for any structure 

the load from the structure to the foundation 

remains much or less uniform with respect to 

time. From the stroke vs time graphs plotted 

for varying test parameters, it is found that 

the dynamic waves propagating through the 

medium remains uniform for a particular time 
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period and raises gradually until the applied 

load has been released. However there has 

been slight variation in their amplitudes at a 

particular frequency. With the increase in the 

frequencies, the saturation of the soil 

increases for the same time period. The 

negative value of stroke indicates reference 

used is below the FRF (Frequency Response 

Function). The main aim of this study is to 

notice the frequency under different 

saturations. 

6. CONCLUSION 

Based on the plurality of the experimental 

investigation and subsequently the graphical 

analyzation, the following conclusions are 

drawn. 

 Quantified the Dynamic wave 

propagation potential in a soil medium with 

varied saturations. 

 Assessed the stability of foundation under 

above conditions. 

7. REFERENCES 

1. Kaustav Chatterjee, Deepankar 

Choudhury, V. Dilly Rao, Shilpapriya 

Mukarjee (2015).  “Dynamic analysis and 

field observation”, Article in Geo 

Mechanical Engineering Vol. 8, No. 3, 415-

440 

2. Nitish Kumar. S, Praveen J. V, Raveesh R. 

M (2016). Study of Soil Structure Interaction 

Effect on Multi-Story RC Frame Structures 

Resting Over Raft Foundation under 

Earthquake Caused Agitation, International 

Journal of Engineering Research & 

Technology, ISSN: 2278-0181, Vol. 5 Issue 

06. 

3. Jan Bencata, Daniel Papanb (2017), “Soil 

Dynamic Parameters Determination by 

Waves Spectral and Correlation Analysis”, 

Elsevier, 334 – 344. 

4. J.L. Wegner a, M.M. Yao, X. Zhang 

(2005), Dynamic wave- soil- structure 

interaction analysis in the time domain, 

Elsevier, 2206–2214. 

5. Rajat Debnath, Rajib Saha, Sumanta 

Haldar (2021), “Assessment of Small Strain 

Dynamic Soil Properties of Railway site 

Agartala, India by Bender Element Tests”, 

Natural Hazards, 1-50 

6. Abhijit Kundu, Nihar Ranjan Patra, Srijit 

Bandyopadhyay, G. Rami Reddy (2021) 

“Static and dynamic characterization and 

response analysis of soils, SN Applied 

Science, 3: 205. 

7. Julio A. Garcia 2008, “Soil Structure 

Interaction in the Analysis and Seismic 

Design of Reinforced Concrete Frame 

Buildings”, The 14th World Conference on 

Earthquake Engineering. 

8. Ibrahim Oz, Sevket Murat Senel, Mehmet 

Palanci  and Ali Kalkan (2020), “Effect of 

Soil-Structure Interaction on the Seismic 

Response of Existing Low and Mid-Rise RC 

Buildings”, Applied Science, 10, 8357. 

9. Freddie Theland (2020), “Prediction and 

experimental validation of dynamic soil-

structure interaction of an end-bearing pile 

foundation in soft clay”, Stockholm, ISBN 

978-91-7873-796-3. 

10. Marcelo Miranda Cremaschi, Daniella 

Escribano Leiva, Pedro Saavedra Gonzalez, 

Cristian Molina Vicuna1 (2021), 

“Experimental evaluation of the efect of soil 

water fuctuations in the dynamic behavior of 

machines” Springer Nature Journal, 3:530. 

11. Yang Chen, Wen Zhao, Pengjiao Jia, 

Jianyong Han and Yongping Guan (2009), 

“Dynamic Behavior of an Embedded 

http://www.ijetjournal.org/


International Journal of Engineering and Techniques - Volume 8 Issue 3, May 2022 

ISSN: 2395-1303                                       http://www.ijetjournal.org                           Page 104 
 

Foundation under Horizontal Vibration in a 

Poroelastic Half-Space”, Applied Science, 9, 

740. 

12. Abhijeet Swain, Priyanka Ghosh (2016), 

“Experimental study on dynamic interference 

effect of two closely spaced machine 

foundations”, Canadian Geotechnical 

Journal, Vol 53, No 2. 

 

13. A.Cichowicz (2012), “Assessment of the 

Dynamic Response of the Soil to Strong 

Ground Motion at a Wind Farm”, Council 

for GeoscienceA.Cichowicz (2012), 

“Assessment of the Dynamic Response of 

the Soil to Strong Ground Motion at a Wind 

Farm”, Council for Geoscience. 

14. Wojciech Sas, Katarzyna Gabry, Emil 

Soból and Alojzy Szymanski (2016), 

“Dynamic Characterization of Cohesive 

Material Based on Wave Velocity 

Measurements”,  Applied Science, 6, 49. 

15. Uma Maheswari R, Boominathan A and 

Dodagoudar G.R (2010), “Development Of 

Empirical Correlation Between Shear Wave 

Velocity And Standard Penetration 

Resistance In Soils Of Chennai City”, The 

14th World Conference on Earthquake 

Engineering. 

16. Sejjoh Samadi (2015), “Resonance effect 

on structures subjected to earthquake loads 

due to soil structure interaction”,  Research 

gate, 277237729. 

17. Vaishali M. Tormal, Dr. K. B. Ladhane, 

Prof. V. R. Rathi (2014), “Effect of Soil 

Structure Interaction on Response of 

Multistorey Building”, International Journal 

of Engineering Research & Technology, 

ISSN:2278-0181,Vol 3 Issue 8. 

18. John. S. Horvat (2002), “Soil Structure 

Interaction research project Basic SSI 

concept and application overview” Research 

gate publications, 

DOI:10.13140/RG.2.2.31661.95203. 

19. Deepashree R , S Kavitha, MamathaP G 

and Vishal B V (2020), “Evaluation of 

Effects of Soil-Structure Interaction on a 

multi-story RC building” Journal of Physics: 

Conference Series, doi:10.1088/1742-

6596/1706/1/012136. 

 

20. Maria. I. Todorovska 2002, “Full scale 

experimental study of Soil Structure 

Interaction” ISET Journal of Earthquake 

Technology, Paper no 422, Vol 39, No 3, pp 

139 - 163. 

 

 

http://www.ijetjournal.org/

	1.2 Scope and Objective of Research
	The behavior properties of soil, such as settlement and bearing capacity, could be enhanced by adding a compact over granular bed lying on weak soil. The degree of improvement generated by  for several embedment depths of a footing resting on soil med...
	Fig.1.1 Loaded Footing Resting at Engineered RGB


	1.3 Organization of Dissertation
	1.4 Effects of SSI
	Kinematic Interaction
	Inertial Interaction
	Foundation stiffness and damping
	Foundation deformations
	Variation between foundation input motions and free filed ground motion
	1.5 Soil-Structure Interaction and Structural Response
	1.6 Consideration in Soil-Structure Interaction                                          Effects
	1.7 Dynamic Soil-Structure Interaction

