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SUMMARY

The safety of switchyard electrical equipments and their supporting
structures during an earthquake is an important aspect to be considered in
the design. Very often the supporting structures are short and stiff so
that they can greatly amplify the ground motion and transmit high accele-
ration to the equipment during an earthquake. This peper presents two
methods for controlling the transmission of acceleration to the equipment.
One is by designing the supporting structure on dynamic considerations
thereby introducing in it sufficient strength and flexibility. The second
method is by introducing isolstion system consisting of helical springs
between equipment and supporting structure. This method controls the acc~
eleration in vertical as well as in horizontal direction. Practical exam~
ples of design are presented which demonstrate how the safety of equipment,
supporting structure and isolation springs can be ensured.

INTRODUCTION

The existing supporting structures for ecuiprments of switchyard are
usually short in height and carry light load on the ton. Such character—
istics lead to short period of structures requiring high seismic coeffi-
cient for the design of equipments. The safety of equipments and its
supporting system is of vital importance during an earthquake as their
failure can ceuse power failure. This naper describes two methods by
vwhich the flexibility of the supporting system could be increased vhich
would give longer ‘time period of wvibration and thereby transmit smaller
acceleration to the egquivment.

The first method is by desisning a cantilever type surporting struc—
ture on dynamic considerations thereby introducing in it the required flexi-
bility. The supporting structure is then checked for its strength. This
desigen will nct isolate accelerations in vertical direction es the canti-
lever is rigid in that direction.

The second method is by introducing icolation system consisting of
helical springs between equivment and suprorting strictures. The stiff-
ness of helical springs in axial as well as in transverse direction, are
so chosen as to control the vertical and horizontal accelerations at eguip-
nent level. Practical examnle of design of isolation system of equipments
at a power house is presented to demonstrate how the safety of equipment
can be ensured during an earthquakes

GLOSSARY OF TNRS

g - Acceleration due to gravity

hu-~ Uncompressed height of spring

K -~ Total stiffness of isolating system
Kx= Horizontal stiffness of one spring
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Ky = TVertical stiffness of one spring

L - Horizontal force acting at the C.G. of equipment

n ~ Number of active coils of spring

R ~ Mean coil radius of spring

Seh - Acceleration acting at eguipment level in horizontal direction
Sav <~ Acceleration acting at equipment level in vertical direction
T - Natural period of system

v = Maximum vertical force in one spring

We < Weight of equipment

Ty -~ Maximum shear stress in spring with earthguake load

T3 ~ Maximum shear stress in spring without earthquake load

®st - Static deflection of spring in vertical direction

Deflection of cantilever type of supporting structure at equipment
level under static load

1

DESIGN EARTHQUAKE AND ACCELERATION SPECTRUM

The basic parameters for determining the seismic effect ‘on equipment
and supporting structure is the Design Earthquake Acceleropram, The Design
Earthquake can be established from a detailed study of the seismicity of the
site. Such a study should reveal exprected earthquake in the region and the
ground motion at the site in the form of accelerogram, that is, an acceler—
ation vs. time record. In this study the use of a modified accelerogram
derived from longitudinal comnonent of Koyna earthquake of December 11,
1967 was made. The modified accelerogram was obtained by multiplying the
time base of origiral accelerosram, by 1o5 (Jai Krishna et 2al.). The damp—
ing factor is assumed to be 5% of critical. The acceleration spectrum for
the Design Earthouake using 5% of critical damping is shown in Fig., 1 for
the site. This spectra has been used for horizontal motion. For the ver-
tical direction the spectra is obtained from horizontal spectra reducing it
by 50% in accelerations amnlitude only.

It is clear from the spectra that when the time period of the system
lies in the range of 0.68 sec to 0.84 sec the acceleration remains less
than 0.5 g. 4lso when the period of the system is more than one second
the acceleration remains within limitse.

Similarly for vertical direction spectra it is cleaxr that when the
time period of system in vertical direction lies between 0,68 to 0.84 sec—
ond or when the time period of system is more than 1 second, the accelera-
tion remains less than 025 g.

DESIGH CRITERIA FOR BEQUIFMENTS

The power house equipments are usually required to be designed for an
acceleration of 0.5 g in horizontal direction and 00,25 g in vertical dire=—
ction. The suppliers and manmufacturers have to take care of this safety
requirement. Assuming that the equipments are strong enough in this manner,
it has to be ensured that they are not subjected to higher accelerations
when in service.

For the Design Earthquake Spectrum given in Figure 1 the natural per—

iod of vibration of the system should be close to one second in horizontal
as well as in vertical direction to control equipment acceleration.

78



CANTILEVER TYPE DESIGN OF SUPPOBTDIG,S‘ERUCTURE(7)

The supporting structure of switchyard equipment should be strong eno-
ugh to carry the static loads and dynamic loads. It should be flexible
enough to generate an acceleration not exceeding 0.5 g in horizontal direce
tion at equipment level, It is seen that configuration shown in Figure 2a
provides a good solution. This type of vertical cantilever structure has
enough flexibility in horizontal direction. The structure can be idealised
as a single degree freedom system as shown in figure 2b for calculating the
time period of the structure as follows,

Ast
g

By keeping the time period between the range 0.68-0.84 seconds the
structures are designed to carry the vertical loads and inertia forces,
(Arya et al., 1978). The structure is rigid in vertical direction so the
maximum ground acceleration will be transferred as it is to the equipment
level, So if the maximum ground acceleration invertical direction is less
than 0025 g the design is alright but if it is greater than 0.25 g the prob-
lem of transmission of vertical acceleration will be there.

T = 2

The second method gives a solution for this problem.
DESIGN OF ISOLATION SYSTEM FCR BQUIFMENT

This method controls horizontal as well as vertical acceleration of
equipment due to an earthquake.

The method is based on design of helical springs which act as isolator
in horizontal as well as in vertical direction. These springs are mounted
on top of conventional type of supporting structure details of which are
shown in Fige 3. Such structures are very rigid and hence for analytical
purpose, springs are assumed to be resting on ground.

Weight of equipments for which isolators are designed lie between 450-
1100 kg. To obtain a natural period of one second for abeve weights very
goft springs are required which cause excessive displacements due to earth—
queke forces. To take cere of above problem, additional weights of 1 ton
or le5 ton azre kept between springs and equPmerit. These weights permit
the use of stiffer springs and hence cause less displacement due to eaxrth=-
quake forces, \

To avoid the moment, caused by horizontal inertia forces (Ve » 2), to
act on spring, spherical hinges are provided between spring and equipment,
The presence of these hinges .permit the moment to be transferred in form
of vertical upward and downward force on springs. The magnitude of these
forces will depend upon the centre to centre distance of two springse.

A schematic diagram of the complete isolating system is as shown in
Flgo 4e

Stiffness of Spring(2)

According to the design spectra for the site under consideration, the
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acceleration of equipment in horizontal and vertical direction will remain
within permissible limits i.eo 0.5 g in horizontal and 0.25 g in vertical,
if the time period of the system is 1 second or more. The required stiff-
ness of spring in herizontal and vertical direction is calculated by folle
owing formule.

; )
K = Aﬁg_ihﬁ;ilﬂiL ces (1)
2
g T
In this case the value of T is one second.

Since four numbers of springs are used, the stiffness of each spring
in horizontal as well as in vertical direction will be

2
Kx =Ky = X/4 = ZL.!E@Li;EEl coe (2)

- - - g
Selection of Spring SEecifications(g)
The working height of spring (hs) is assumed to be 60 cm. The hs/D
is found from Fige, 5, corresponding to known value of Kx/Ky (one in this

cese) and st/hs (0.41 in this case). The value of mean coil diameter
{D) is hence obtained which is 50 cm in this case.

The diameter of wire is then calculated by well known formula

4
- L2 vee (3)
8n D

Number of active coils {(n) is assumed to be 6.

The design details of isolation system as obtained for five diffe-
rent equivments are given in Table 1.

Stability of Springs (2)

The springs should remain stable under normal as well as in earth~
quake condition. When a system is in the condition of minimum potential
energy the stable equilibrium exists. During horizontal deflection of the
spring, the vertical stiffness of spring decreases as a result of eccen=—
tric load. The mounted equipment is therefore lowered, and its potential
energy is reduced. If stability is to be maintained, the loss of potential
energy must be atleast balanced by an increase in strain energy in the
spring. Increased strain energy in the spring results fronm (i its hori-
zontal deflection (ii) its increased vertical deflection. From this energy
relation it is fournd that the system is stable when,

Kx st
22X > =2
ok 1.2 ( e

1)
Check for Strength and Deflection of Springs

2]

rrings are then checked for following :

a) Total compression in any of springs is not exceeding the permissi-
ble compression.

80



b) Maximum shear stress in the spring in the normal condition should
not exceed the permissible shear stress and in earthquake condition should
not exceed torsional yield strength. Shear stress for above cases are cal=
culated by following formula.

Maximum shear stress with horizontal force L on spring

. 16 4G~ o
= (th*m";g (Z'.LC:%) +l§§§ (9_%5‘ s where G = D/d oo (4)

Srear stress with no horizontal force on spring is calculated by
vutting L = 0 in Egn. 4.

c) The conventional supporting structure is strong enough to teke the
vertical load and moment due to inertia force and additional moment due to
P = effecte

CONCLUSIONS

1o Cantilever type of supporting structure are recommended for the sites
where maximum ground acceleration in vertical direction is not highe

2, Method of designing isolation system for switchyard equipment capable
of transimitting controlled horizontal and vertical accelerations in
equipment is presented.
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TABLE 1 - EQUIPMENT DATA AND DESIGN DETAILS OF ISOLATION SYSTEM

NAME OF EQUIPMENT

Particu- Current Transformer 200KV Capa= 200KV Poten— 200KV Lig-
lars Type A Type B citor Volt~ tial Voltage htening
ﬁ_’l_‘ransfor- Transformex arrester

We (kg ) 880 1100 800 680 450
He (m) 3024 3024 3049 340 402
a {(m) 1.08 1.08 1,16 1.0 2.1
Wa (keg) 1500 1000 1500 1500 1500
x¥ 4 4 4 4 4
D (m) 065 065 0o5 065 0.5
hu (m) 0.85 0085 0,85 0085 0.85
hs {m) 0,60 060 0,60 0660 0460
n 6 6 6 6 6
A (m) 1.0 1.0 1.0 1.0 1.1
d (em) 3.6 305 306 306 365
Kx(kg/em) 21,70 19,40 21,70 21,70 19,40
Ky(kg/cm)' 21,70 19,40 21,70 21,70 19040
T (sec.) 1.05 1.04 1,03 1.005 1,006
Sah (om/sec?)0.43g 0043 0043g 0.46g 0odbg
Sav (cn/ sec?b.zlsg 0.215g 0.215g 0.23g 00238
v (ke) 595 525 575 545 488
L (ke) 298 263 288 273 244
tl(kg/cmz) 3852 3691 3710 3528 3439
To(kg/cn®) 1790 1748 1730 1640 1592

* No, of springs
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Fig.1 - Acceleration spectra
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