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Abstract

Every structure’s load is transferred to soil by base of structure called foundation. In general, foundation carries
various types of loads like self weight of the structures, live load, wind load, earthquake load, Machine loads, etc.
These loads are basically of two types in nature, one is Static load another is dynamic load. Static loads do not change
their magnitude and on other side dynamic loads are fluctuating their magnitude varies with time so the behaviour of
footing under static load and dynamic load is entirely different.

In a foundation system soil and foundation act as a single body. When a harmonic periodic load is applied on
a foundation by a machine mounted on it. The machine foundation and soil in the vicinity to the foundation act as a
single medium. The vibration of machine loading is distributed in the soil by the foundation. This principle is called
soil interaction.

The effect of dynamic load is not limited only to the soil in vicinity of the machine foundation. However if
some structure or independent foundation is present near the machine foundation it also experience dynamic effect of
the machine foundation near to it. Sometimes it has seen major changes in the structure in vicinity to machine
foundation has been noticed which are main reasons for damages like tilting of nearby structure, cracks in plinth
protection, foundation settlement, etc.

In the current study effect of dynamic loading on a footing and effect on nearby secondary footing is studied
for this purpose first of all the analytical studies are carried out in the PLAXIS 2D platform for the purpose of
accurate and practicality of results validation of thesis work with the previous done experimental work reference from
research done by Abhijeet Swain & Priyanka Ghosh at IIT Kanpur and published in Canadian Geotechnical Journal
are taken and various are taken from their published journal. For analytical study experimental data is modelled on
PLAXIS 2D platform which is analyzed on appropriate scale and same geometrical properties and same loading
conditions, so that the study can be compared with the experimental results.

After validation various parameters like machine foundation and nearby structure under varying static loads,
provision of sand drain/blankets between closely spaced footing under dynamic load, effect of varying amplitude
force with different spacing between primary and secondary footings etc. are studied.

It has been observed that with increase in spacing between the footings, dynamic effect of loading decreases
and with increase of static loading on the secondary footing also peak displacements and acceleration gets reduced.
With inserting sand blanket between two footing is also beneficial in reducing dynamic displacements as coarse sand
is having very good damping properties, also the effect of the variation in thickness of the blanket is more dominating
then variation in length of the blanket. Also relation is developed between dynamic displacements under secondary
footing for peak frequency at various L/T ratios (Length/Thickness) of sand blanket.

Keywords: Soil-Footing interaction, dynamic loading, dynamic displacement, sand blanket, damping.
1. Introduction

The basic concept of the science every action is equal to an opposite reaction. If we are constructing a structure its
weight has to be taken by someone. The answer to this ‘someone’ is soil. Every structure’s load is transferred to soil
by base of structure called foundation. In general foundation carries various types of loads like self weight of the
structures, live load, wind load, earthquake load, machine loads, etc. These loads are basically two type in nature one
is static load another is dynamic load. Static loads does not change their magnitude, however on other side dynamic
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loads are fluctuating, their magnitude varies with time so the behaviour of footing under static load and dynamic load
is entirely different.

Dynamic load are practically comes for machinery like motors, turbines, generator, etc which consist of unbalanced
moving masses which creates various load on soil. In addition to above repeated moving vehicles on railway track,
roads and bridges are also example of dynamic loading.

Main aspect of civil engineer while constructing a structure is safety of that structure and also no harm shall be caused
to the nearby structure. So proper study of behaviour of machine foundation and its effect on nearby structure is
important. Also the cost aspect should be considered in foundation design but no compromise shall make with the
safety of structure and nearby structure. Because life is more precious than money.

The effect of dynamic load is not limited only to the soil in vicinity of the machine foundation. However if some
structure or independent foundation is present near the machine foundation it also experience dynamic effect of the
machine foundation near to it. Sometimes it has seen major changes in the structure in vicinity to machine foundation
has been noticed, which are main reasons for damages like tilting of nearby structure, cracks in plinth protection,
foundation settlement.

2. Methodology of work

The experimental parameters are obtained from previous done study by Abhijeet Swain & Priyanka Ghosh in IIT
Kanpur based on theses parameters geometrical modelling is done on analytical platform PLAXIS and similar loading
conditions are generated analytically as considered in the experiment based on the outcomes of the analytical results
first obtained various other parameters like effect of varying amplitude with spacing between two footings, effect of
increasing static load on primary and secondary footing, placing of sand drain between two closely spaced footing, etc
will be studied by modelling various geometrical models in PLAXIS.

3. Experimental Data and setup

For the purpose of validation of thesis work with the previous done experimental work reference from research done
by Abhijeet Swain & Priyanka Ghosh at IIT Kanpur and published in Canadian Geotechnical Journal are taken and
various parameters like foundation properties, soil properties, static and dynamic loading condition are taken from
their published journal.

Test setup created by previous researchers consist of two RCC footings of M20 grade in two size as 0.55m X 0.55m X
0.2m as primary footing on which vibration machine and oscillator is placed where on other side 0.65m X 0.65m X
0.2m as secondary footing on which circular slotted weight are placed in a pit excavated at IIT Kanpur campus area
on clayey silt soil of size 1.4m X 1.4m X 0.3m size. Dynamic force is produced by means of oscillator from 1200rpm
to 3000rpm. Load intensity on both footing is maintained 10.75 kN/m?. The spacing between two footings is placed
S/B ratio 0.45. The dynamic force generated by oscillator follows equation as Fo = me.e.w? Where the parameters are
Fo is unbalanced force in kN and me is eccentric weight rotating at eccentricity ¢ and o frequency of vibrating
machine in rpm. The test set up and parameter data is as shown below.-
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Table No. 1

Soil and Footing Parameters details

Foooting Parameters

Sr No Parameter Property
1 Primary Footing 0.55mX0.55mX0 2m
2 Secondary Footing 0.65mX0.65mX0.2m
3 Material M20 Concrete
4 Density of Material 24 KN/t
5 Clear Spacing 0.25m (S/B =0.45)
6 Static Loading 10.75kN/m*
7 Motor Speed 1200rpm to 3000rpm

(3.5 Hzto 8.0 Hz)

Soil Parameters

Sr No| Parameter Property
1 Soil Type Clayey Silt up to depth 2m
2 Liquid Limit 35%
3 Plasticity Index 17%
4 Yat 17.5 kKN/m?®
5 Yery 16.0 kN/nr*
6 E. 20000 kKN/m?
7 Kx 1.15X10°m/sec
8 Ky 1.15X10%m/sec
9 K, 25000
10 ") 035
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View of experimental Setup

Figure No. 1
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Figure No. 2
4. Validation of work

PLAXIS is computer based platform on which whole study about behaviour of soil under various dynamic loading is
to be studied the results or outcome of the software depends on input provided to it. To be more realistic and have
practical results which can be correlated and useful to practical implementation in engineering the result first should
be compared with similar problem being previously done using experimental method (Physical Method). So that after
comparing the result obtained from PLAXIS with experimental result the work could be validated and based on
outcome various other parameters of soil and foundation interaction under dynamic loading can be worked on using
analytical approach (PLAXIS).

Table No. 2

Comparison of experimental and analytical results

Experimental Result Analytical Result
Displacement(10E-6m) Displacement(10E-6m)
Sr | Force
No (m.e) Resonant | Resonant Primary | Secondary Resonant | Resonant Primary |Secondary
Frequency| Frequncy Footing | Footing Frequency| Frequncy Footing | Footing
(Hz) (rpm) (Hz) (rpm)
1 0.017 6.35 2300 128 121 6.5 2450 114 8 73
0.025 6.15 2200 210 170 6.5 2450 208 150
3 0.033 6.05 2100 272 220 6.5 2450 265.5 179.5
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5. Computational work

Effect of varying spacing between footings

In this case secondary footing is modelled in four different spacing between primary footing and secondary footing.
i.e. S/B ratio 0.45,0.90,1.35,1.80 where as S/B is the ratio of clear distance between edge of footings to width of the
primary footing. Dynamic load is kept variable for each spacing case from 3.5 Hz to 8.00 Hz (Based on experimental
study) various geometric models
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Geometrical Model for varying spacing between footings
Figure No. 3
Secondary Footing Displacement Vs Frequency
For Various clear spacings between footings
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Figure No. 4
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Secondary Footing Accelration Vs Frequency
For Various clear spacings between footings
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Figure No. 5

Effect of varying surcharge pressure on secondary footing

In this case primary footing is modelled with fixed static load (10 kN/m?) whereas secondary footing is loaded with
four different static loading. i.e. 5 kN/m2,10 kN/m?,15 kN/m? & 20 kN/m? .S/B ratio is kept constant as S/B = 0.45 to
observe trend of secondary footing under different surcharge pressure. Dynamic load is kept variable for each loading
case from 3.5 Hz to 8.00 Hz (Based on experimental study) various geometric models
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Geometrical Model for varying surcharge pressure on secondary footing

Figure No. 6
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Secondary Footing Displacement Vs Frequency
For Various Surcharge Load
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Figure No. 7

Secondary Footing Accelration Vs Frequency
For Various Surcharge Load
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Figure No. 8
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Effect of installing sand blanket between footings

Sand is a coarse material which offers very good damping properties in soil medium. Harmonic sinusoidal wave from
dynamic soil can be suppressed with use of intermediate sand drains or blanket. In current work sand blanket is
introduced in different combinations of length and thicknesses and the effect after using sand blanket between primary
and secondary footing is studied. The properties of sand medium and various length and thickness combinations are as
follows. Studies are done in two way keeping length constant and varing thickness of blanket variable and vice versa.

Table No. 2

Coarse sand geometric case for sand blanket study

Coarse Sand Properties

Sr No Parameter Property
1 Tsat 20 kN/nr
2 Yy 17 kN/nT
3 K. 1.5X10™° m/sec
4 K. 1.5X10" ' m/sec
5 E. 18000 kKN/m”
6 v 03
7 Lo 30°
8 Reileish o 0.9
B Reileigh B 0.6

Geometric case of varing length of sand blanket
Sr No| Parameter | Thickness(m) Leuphl Length: Length3

1 Thickness 0.10 0.50 1.00 1.50
2 Thickness 0.20 0.50 1.00 1.50
3 Thickness 0.30 0.50 1.00 1.50

Geometric case of varing thickness of sand blanket
SrNo| Parameter Length(m) | Thicknessl | Thickness2 | Thickness3

1 Length 0.50 0.10 0.20 0.30
2 Length 1.00 0.10 0.20 0.30
3 Length 1.50 0.10 0.20 0.30
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Geometrical Model for sand blanket between footings

Figure No. 9
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Secondary Footing Displacement Vs Length
For Various length of sand blanket
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Figure No. 10
Secondary Footing Accelration Vs Length
For Various length of sand blanket
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Figure No. 11
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Secondary Footing Displacement Vs thickness
For Various thickness of sand blanket
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Figure No. 12
Secondary Footing Accelration Vs thickness
For Various thickness of sand blanket
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Figure No. 13
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Effect of Sand Blanket on Displacement of Secondary Footing at fixed frequency

For this purpose the plot is made between L/T ratio & displacement to see the trend of sand blanket effect at particular
frequency is studied and relation between displacement and L/T ratio for two cases is obtained as follows:-

Effect of Sand Blanket on Displacement of Secondary Footing at fixed
frequency (upto L/T=5)
40
—. 35
£ 5 ///7
‘E 25 = Upto L/T =5
Z 20 ‘p\ //
Dj . V Poly. (upto
LT=5)
10
0 T T T 1
1.77 2.5 3.33 5
Length to thickness ratio (L/T)
Relation | _ g 72543 - 46.5x2 + 96.62x - 38.75
RZ=1
Effect of Sand Blanket on Secondary Footing upto L/T=5
Figure No.14
Effect of Sand Blanket on Displacement of Secondary Footing at fixed
frequency (L/T=5 to 15)
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Figure No.15
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6. Conclusion

While doing analytical work on PLAXIS results are compared with previous done experimental work. The
result of primary footing has difference about average 5%.The result of secondary footing has difference
about average 20%. Considering the difference of results within limits the assumption and methodology
considered in the analytical approach are appropriate and satisfactory considering the difference between
results within limits the assumption and methodology considered in the analytical approach are appropriate
and satisfactory.

The results under various combination of spacing's between footing shows increasing the spacing ratio form
S/B 0.45 to 1.8 decreases displacement by 58% and ground accelerations by 60%.

The results of different overburden pressure on secondary footing shows increasing the overburden pressure
on secondary footing from 5kN/m? to 20 kN/m? decreases displacement by 50% and ground accelerations by
20%.

Using sand blanket as damping medium in suitable combination like 0.3m thick and 1.5m long in present
study peak displacement can be minimized to 65% and similarly accelerations can be minimized by 28%.

By increasing the thickness of blanket from 0.1m to 0.2 m dampens the displacements by 35%. Whereas
increasing length from 0.5m to 1m dampens displacements by 17%. So the effect of increase in thickness of
sand blanket is more beneficial and dominating then increasing length of the sand blanket.
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