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Abstract
The paper presents a simple and an innovative rdgarding vibration isolation technique of a muitisy building using magnetic
field and is proposed to application in the fiefdcovil engineering structures. This idea is fullgsed on hypothetical concept, but the
objective is to explore this idea or concept intlte entire community which may be a potential gefdo the effective vibration
isolation system. The technique is described baseithe magnetic properties of materials and a mégrield characteristic which
depends on the amount of current flow, number difstun coil, distance between electromagnet and rttegnetic materials.
Therefore using magnetic field, the attraction ioeld between magnet and magnetic materials, a fovaéd finally be developed on
the floor of building. This force would become @ife until and unless the power is cutoff. Tharfiis induced force is actually
acts as a live load on the structure which indilgaicreases the weight and this has been desciibéds paper.
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1. INTRODUCTION

Vibration isolation is a way of controlling vibrati by
modifying the transmission path between the souofe
excitation and the vibrating structure by introdugi
specifically design structural elements or in otlerds, it is a
term that is used to describe the response of eatiob
isolation system. Literally, transmissibility is ethratio of
displacement of an isolated system to the inpytladt®ment.
It is used to describe the effectiveness of a tidmaisolation
system. Transmissibility varies with frequency. Tikelation
systems will actually amplify as opposed to isaldte a
passive system, at frequencies less than its systeomance,
no isolation takes place, and ground vibrationstiaesferred
directly through the isolation system (Chopra 200X) the
resonance, amplification occurs, and the transhilggi is
greater than unity. Once past or exceeding the nesgo
frequency, isolation occurs. As one moves furthéran the
transmissibility curve, the transmissibility appcbas zero. So
the design of these elements depends upon not anlghe
dynamic properties of the structure being isoldiatialso on
the nature of excitation. In this evaluation, a tistdry
building has been considered hypothetically. Thra af this
work is to reduce the vibration in this system gsinagnetic
field background. For its effective applicatiomew inventive
mechanism can be applied.

2.DYNAMIC ANALYSISAND EVALUATION

From the background of transmissibility of forcedasibration
isolation, we can begin by writing the equatiomuition:-

[M{u} t { B+ IKIu Pt (1)

Where [M], [C], [K] are the mass, damping & stifsseof the
system.

The solution of equation is
u (t)=u sin(wte) (2)

And transmissibility (TR) = (part of force transteitl/actual
force).

Now after solving the above equation we can write t
equation of transmissibility in the following way:-

TR=V {(1+ (2xn)% ((1-rP)*+ (2xn)?) (3)

Where ‘x , is damping ratio & ‘n, tuning ratio orefjuency
ratio of the system.Now, a graph has been plott¢d TR vs.
n under different damping ratios, which is as:-
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Figl. Shows Transmissibility (TR) vs. frequency rati¢ (n
under different amount of damping

And from the graphical analysis of equation (3)eoeld see
that

1. For (n <1.4142) the TR is greater than unity or
reduced by increasing

(TR>1) so TR can be
damping

2. For (n =1.4142) the TR is equal to unity (TR=1) and

for any value of damping ratios, so in this sitoati
same amount of force will be transmitted.

3. For (n >1.4142) the TR is less than unity or (TR<1)
and in this case TR can be reduced by reducing

damping.

From the analysis of TR or vibration isolation etipm it is

found that for n>1.4142 the exciting frequency Vo at least
41.42% higher than the natural frequency. So, tbiexe

desirable isolation i.e.(n >1.4142) which indicaties zone of
effective isolation for any vibrating structures fminimum

amount of damping. We have also seen that for stestures
stiffness is less and as well as static/dynamiordedtion is
more for a particular force. If stiffness is leske natural
frequency will be reduced for a particular mass dhd

frequency ratio (n) will be higher for a particulexcitation
frequency. But for RC structures, stiffness is kigbompared
to steel and static deformation is less for a paldr amount
of force and natural frequency will be more. Theref the
frequency ratio (n) will be decreased. In RC suies, both
stiffness and mass are higher than steel, therefoeeto the
variation in exciting frequency, the natural fregog is almost

remain same for a particular mass and stiffness. vié®
conclude that for a particular location or site $ame amount
of excitation, the frequency ratio (n) will diffdue to different
materials properties of structures. To obtain éffecvibration
isolation of RC structures, it is important to nfgdsuch
properties so that the structure can be more éffedn
vibration isolation.

Now aim is to use the zone which is ( n >1.4142@mor
effective for isolation, and it can be achievabjeificreasing
mass of the system, so in this condition naturdjdency of
this system will definitely reduced to a minimuevél, and
then “n ,or frequency ratio will increase for a tparar

exciting frequency. After increasing frequency aafn) such
that it is greater than 1.4142, then the TR willlbss than
unity. Therefore by simply increasing mass, TR dam
reduced. But in case of earthquake, excitationuegy is a
function of the mass of the structure. So withdwrging the
mass, my objective is to modify the lump weighty(Sa/) by

changing g (acceleration due to gravity) for thmeanass of
the structure.

3. BASIC CONCEPT

So to achieve objective, it is necessary to appmagnetic
field on the structure/building in such a way, whiwill
increase the value of ‘g’ to the desired level.

Mathematically, it can be written as:-
W= [wl +w2] = [mlg+m2 (g¢+gm)] 4)

Where m1l= mass of structure.
g.= acceleration due to gravity.
m2 = mass of magnetic material.
on= magnetic field of attraction.
wl=wt.of structure
w2 =wt. of magnetic material.

In the above equation, ‘w1’ is fixed and ‘w2’ caary under
the influence of magnetic field or magnetic forced aif
magnetic field increase the w2 will be naturallgriease, so in
this case the structure will be more stable underitfluence
of external excitation. Again mathematically, itncalso be
written as w2 =F (magnetic field or force of attian between
to materials) and from the laws of. Attraction (gtation
+magnetic) between two materials we have

F=(Gmim2)/d (gravitational laws)
F=(gq* m1*m2)/df (coulomb laws)

Therefore the expression of natural frequeney ¢an be
written as:-

o=VKg/(mg+F) (5)
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In this evaluation, both formulas are applicaldednalysis of
static as well as dynamic case.
gravitational law analysis, it is found that to Est® maximum
force (F) either ‘m1’ or ‘m2’ should be increasedl.we

assume that ‘m1’ is the weight of upper floor ofithlmg and

‘m2’ is weight of base floor of the building, budrfearthquake
point of view only ‘m2’ should be increased for stiy.

Therefore, it also depends on the type of foundat®o, it is
better to use raft foundation or rigid base of gidto increase
m2.and also use heavy wt or denser materials tease the
value of ‘F'. For the analysis of magnetic fieldngscoulomb
law, it is found that magnetic attraction is inays
proportional to the square of the distance, sopsdasign has

Force vs Displacement curve due to electro magnetic force
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Fig. 2

In this graph, it is seen that magnetic force iseisely
proportional to the lateral displacement. or we saythat due
to the influence of Magnetic force the lateral thspmentiAy

) decreases.

Again we have seen that the Earthquake forgg) (6t lateral
force is directly proportional

to the lateral displacement() which can be represented in
the following way:-

E600 A(:l (7)

Therefore from equation (6) and (7) we get theltastiforce
‘R, which is expressed as (Fig-3):-

30

to be move closer in such a way that the attradsofound
maximum between the magnet and magnetic materials.

4. PROBLEM FORMULATION TECHNIQUES

The objective is to minimize the lateral displacemé\y)
using magnetic force (ff against the higher intensities of
Earthquake and develop more stability of the stm&ct The
relationship between the lateral displacement aradjnatic
force can be represented by graphical form (Figd2kh is as
follows:-

Fn o0 1/ Ag (6)

v

Fig. 3

R=V(Fed +(Fm)” (8)
Now we have,
Fegw Ad
ed=Kq Ag
Fr o0 1/ Ay

©)

m=Km /Ag (10)
or,

Feo=Kq kn/Fim
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Let, (K= knko)
=K/ Fry (11)

Where K= is a constant and can be called as coteposi
stiffness.

From equation (11) it is seen that as the magnfetice
increases, the effect or severity of the Earthguakee (Rq)
reduces and the stiffness of the structure inceesthe form
of composite effective stiffness (K) with )k

A graph has been plotted . R) as follows (Fig-4):

Cune for(p<cr)
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Fig:-5

Therefore finally the resultant magnetic force eages as
compared to lateral force which can be written-(&&g:-5)

R=V(K/F)? +(Fm)? (12)

As per FEMA-356 drift values are limited to theléoling:

Table 1 Performance levels, corresponding damage staterfhdmits

Performance level Damage state Drift values
Fully operational, Immediate occupancy (1O). No damage <0.2%
Operational, Damage control, Moderate Repairable <0.5%
Life safe — Damage state (LS) Irreparable <1.5%
Near collapse, Limited safety, Hazard reduced Severe <2.5%
Collapse prevention(CP) >2.5%
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5. DESIGN STEPS

Step 1: Take or choose target drift limi)(for the structure
as per FEMA- 356 depending on the type of building.

Step 2: Find the displacement at the critical stdre) and
also m (effective mass), Hheight)etc.

AczedHe

Step 3: Find displacementA)f for different storey level
corresponding their mode shapes or the relatiorergilby
J.D.Pettinga and M.J.N Priestley [6].

Ai: (Acled) . Gi

Step 4: Find equivalent displacememtty)( for the critical
storey level. Using the relation:

n
Y m; AP
=1

Ad:
n

2, M A
=1

Step 5: Find base shear force using the relation
Feo= (2/2) (IR) (Sa/g) W

Step 6: Find the dynamic stiffness kgsfFAg.

Step 7: Computation also magnetic stiffness dewslagsing,
Km=Fm A

Step 8: Find composite stiffness, K= kg k

Step 9: Computation of Resultant force using thetion

R=V (K/F ) +(Fp)*

Step 10: Similarly, Draw a graph of R vs. dynamictional
coefficient (f) etc.

Step 11: Draw a graph of R vs. K etc

Step 12: Find the lateral resistance¥ (Z/2) (I/R) (Sa/g) f
(W+R).

Step 13: Choose the value of ‘' from the graphf(R-

Step 14: Computation of effective stiffness=I&nf(R+W)/ Aq.
Step 15: Computation of actual stiffness of strreki=n’m
Step 16: Check kK ok

Step 17: Find effective time period=RrVmd/K,

Step 18: Computation of effective lateral resiséansing

Fe=me (4n%/Te%) Aq

Step 19: Check,dg< Fe ok, If not increase ‘fm’

6. CONSTRUCTION PROCEDURE OF
ELECTROMAGNETIC SETUP: -

For getting uniform magnetic field, the solenoidoshl be
made cylindrical configuration and to increase strength of
electromagnet as per magnetic theory (Shown in@igthe
following parameters should be increased:-

It depends on amount of current flow.

Number of turn in the coil.

Type of magnetic materials like iron, steel etc.
Electromagnetic setup should be made at the dgeof t
building where lumped mass is considered.

PwbhpE

o

different floors of the building.

6. Current should be passed in each solenoid in the

different floors so that Produced North Pole @<yl
South Pole(S) are maintained consecutively
series.

7. In this setup, electromagnet is to be put vergeltm
the magnetic materials.

8. Magnetic materials should tightly be attached t® th
each floor with top and bottom faces.

7. APPLICATION TECHNIQUE

The device will be connected with power line ansloalith
sensitive vibratory receiver in such a way that méher earth
shakes at the source, instantly, the sensitivecdewill receive

the signal or a message that can also be send from
seismograph station for a particular location and

automatically, the receiver will operate power omd ahe
device will produce magnetic field as well as magnéorce
on the magnetic materials. So, this force in teofmstress will
be transmitted to the each floors of the building altimately
would produce the live load of the building or puocd
artificial weight of the structure which satisfitee criteria for
isolation.
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Fig:-6 Design of electromagnetic setup (device) is atiogr
to elevation of building

CONCLUSIONS

(1)Due to increase of magnetic force\F the lateral

displacementAy) will decrease or we can say that, the lateral

displacement will be towards to be a minimum value.

(2) This technique will be very useful in case ofiséng

buildings which had been designed traditionally&isolated
easily and for which does not require any spe@#lbofitting

requirements to increase the lateral strengthifiness of the
structure. Therefore any building can be easilgrgfthened
against the lateral force action etc.

(3)Design approach is a very simple procedure.

(4) In this procedure structural mass remain saneoostant,
but it increases the weight. or live load of stawe which
does not increase the seismic weight but incretisesateral
resistance.

(5) If the higher earth quake comes more than ttpeeed
design level, in this situation also the structwan be
strengthen by increasing the strength of electroraiag
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