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BYNOPBIB
1.5. pode provialona for agelamle dezlgn of elevated water tanka
have been reviewed. It ia seen that, due to absence of a suitable value
of performance factor for tanks, the code provides for rather low zelamie
deglgn force for theae atructurea. Simple expreassiona are glven which
allow calculation of ataging stiffneas, and hence the time period, while

incorporating beam flexibility.

i. INTRODUCTION

In India the gelamlie design criteria ia provided by 15:1893-1984
(10) which givea minimum loading atandardas and 15:4326-1976 (11) which
contalna dealgn and detalling requirementa for conatruction of bulldings .
15:11682-1985 (12) givea the eriterla for deaign of RCC staging of auch
gtructurea. In thia paper proviaionsa pertélning te aselgmle deaign of
elevated water towera are reviewed and sgeveral suggeationa given for
making thease more rational. The deaign aselamic force for the water tank
dap&nda on lta fleulblilty and hence on the time period. Many englneers
in the country tend to evaluate the time period by taking the. column
atliffnegs as 12EI/L3 which la based on the asgaumption of bracing beanmsa
belng Iinfinitely rigid. In pfactice theae bheama are qulte flexible and
therefore the above aasumptlon- very much overestimates the staging
stiffneaa. An approximate procedure 1a presented for calculation of
ataging stiffneas, and hence time period, giving due conslderation to the
beam flexibility.
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2. REVIEW OF INDIAN CODAL PROVISIONS
2.1 Lateral Design Force

15:1893 requireas that the deasign lateral force shall be taken aa F =

a U; where o, = ﬁIFﬂS /a; # = coefficlent depending upon the

h
soll-foundation aystem; I

i o

importance factor; FQ = gelamic zone factor;
and Sa/g = average acceleration coefflclent obtained from acceleration
apectra gilven In the code. Here, performance factor, K, which the code
usea for computing baae shear for buildlngs, la absent. Thia implies that
K ia 1.0 for the elevated water towera which la alao the value  uaed for
bulldingas with ductile moment reglating Ebaméa- Thia 1a unreasonable asa
- the elevated tank type atructures have lower energy absorbing capacity
and poor ductllity aa compared to thoae in ductile moment reajisting
frame bulldinga. The aelamic codea all over the world preacribe a
performance factor which ia 2.5 to 4.0 times higher for elevated water
tanks than that for the ductile bulildinga. Thua while the lateral design
force prescribed for buildings in Indian codes is of.about the same order

ag that in the other codea for zonea of comparable seliamicity; the deslgn

lateral force provided by Indian code for elevated tanka ia far below
that by seiamic codeas In other countrlies. Hence It 1is  necessary to
introduce a suitable value of performance factor, asay 3.0, for elevated

tanks Iin IS:1893.

2.2 Single Degree of Freedom Idealisation

I1S:1893 auggeasta a single degreé of freedom idealimation of elevated
tanks which is reaabnable only for closed tanks completely full of water.
For tamke with a free water advrface two-maas idealiaation (7) la
preferred. Thia view has been supported by several inveastigatora (1, zZ,
3, 6, 9, 15, 17) baaad'on‘experimcntalr and computational observations.
Caledlationa for a few tanka Indicate that the alngIe'degree of freedom
repreaentation overeatimatea the lateral dealgn force; the difference In
value depends on the geometrical propertlies of the tank and felatlve
stiffneaa of the ataglng.:Hence, there la a good caase for lncorpdrating

two degree of freedom ldealimation In I5:1893 also.

2.3 Staging Stiffness and Time Period

In both g2ingle- and two—degreé of freedom ldeallsationas stiffneass of
the sfaglng neede to be obtained for calculating the time period. It haa
been emphasised that a design criteria must alao include tihe procedure

for time period calculation (8). Thia .la because there can be large
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varjation in time period calculated by differenl designers based on
different asaumptliona and/or dlfferent 9rooedures. The Handbook SP:
22-1982 (18) takea the column atlffness as 12EI/L3 which assumesg
horizontal bracings to beelnfinltely rigid. However the bracing beams are
clearly not rigid and this assumption overeastimates the atiffness
aubstantlally. It ia asuggeated that 15:1893 muat apecify that in time

period calculation bracing girdera are not to be treated as rigid.

2.4 Hydrodynamic Pressure on Tank Walls

15;1893—1984 gives formulae for determining thia presasure
distribution due to impulalve preasure (and not that due o convective
preagure) which are based on Ref (7) However, the code muat glve
complete details of the equivalent mechanical analog. model propoased by
Houaner in the asame publication. Further, claume 5.2.7.1 of the code
atateas that the ronvective preagureg can be ignored In compariaon with
the impulsive préssurea. Howevor. the convective pressures can be a
dominant factor for certain proportions of the tank and the structure.
Horeover, I85:11682-1985 cleorly statea that "whereever required the
effect of aurge due to wvave formatlon of the water may be consldered.”
Hence 15:1893 muat provide complete detalila of Housner's model and omit
the clause 5.2.7.1.

It la known that the aelamle effecta on flexlble tanka are
subatantially greateo than those induced in similarly excited rigid tanks
(5, 20). Simple procedurea for evaluating hydrodynamic force In flexible
tanks have been developed (5). It la deaireable to cautlon the designer
about larger forcea Induced In £1ex1bie tanks and to provide procedure

for thelr analyaias in the IS code or in SP:22.

2.5 Ductility Requirements

Ag ita title itaelf auggeata, 1S:4326-1976 givesa dealgn requirementa
for buildingas only. This makes many deaign engineers think that ductile
detailing is not required for elevated tanka even in zones IV and V.
Hence the acope of IS:‘ 4326-1976 muat be enlarged to alae include
atructures other than bulldings. A flgure In I1S:11682-1985 atateas that
"where deasign selamic coefficient ia 0.05 or more reference to clauses
7.2 to 7.4 of 15:4326-1976 shall be made to cater for ductility
requirement” Thia ia in right apirit. However, the term "dealgn aelamic

ctoefflelent™ In lta preaent form la very confualng. IS5:1893 definea the
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horizontal selamic coefficient, A In two ways which mean two different
thinga. The future editiona of theae codea muat be very clear and

apeclfic on ductlle detalling requirementa for tanke.

2.6 Design for Torsion

It has been recognised that it i= impossible to prevent torsional
reaponae Iin elevated water toweras (16, 19); The elevated towersd
conatructed are seldom truly aymmetric due to presence of atalrcase.
Futther, durlng intense shaking, wlth fallure of one or two bracings, the
atructure will go into the torasion mode. SEAOC-1980 makes it mandatory to
design elevated water towers for shear stress developed due to horizontal
torsion reasulting from an accidental .eccentricity equal to 5% of the
largeat lateral dimenalon. It la very much deairable for 1S:1893 to also

N

require deaign for accidental torasion.

3. STAGING STIFFNESS

Well known protal method (4) haa been aultably developed to account
for the bracing flexibility and the three dimensional behaviour of the
astructure (13). The point of Inflection Ile asaumed to occur at the
midaspan of beams and columna. The compatibllity requirea that lateral
deflection 1 same In all the columns of a panel. Henca, the columas
share lateral force in proportion to their lateral stliffness. Congidering
a column between two bracing levela (Flg. 1), the deflectlon in column,
Ac, due to shear, V, can be calculated. This glves the lateral stiffness

ef one column as (133

_ " 12E I 1
% ey T A 3 E I_ (h_+h h, +h el
h 14 0.5 =5 g v w
h bt ““bb -
N
B ¥ 2
Tk, = By 2 ‘bt. cos‘a (2)
1 k '
Nb I 2
Ekbb = Eb z bb cos a T(3)
1 L
where Eb’ Ec = modulus of elasticity of beam and column, reagpectively;
Ib’ Ic = moment of lnertla of beam and column, reapectively; h = height
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of. panel under considerations ha' hb = height of Lhe panel jusl above and
the panel just below the panel under congideratlon, regpectively; Nb =
number of beams meeting the column under conaideration at the bracing
level; L = apan of bracing girder; and o = angle the bracing girder makes
with the diraectlon of lateral force. Moat tank atagings have lIldentiecal
bracing girdera and have equal panel heights. Moreover, the top end of
column in topmost panel and bottom end of column in bottommost panel i=
fixed aaélnat rotation. Uasing theae considerationa, column atiffneas can

be obtalned aa (13)

12EcIc 'Ekbg ; f/
Kmﬂumn= 3 TR =5 (intermediate panels (4)
h ba c
12E T Ty o 2
s 3 i = % (top and bottom panels) (5
h ba c
where Ekbg= Zkbt= Ekbb; kc = Eclc/h; and the summation is from 1 to Nb

To evaluate the stiffneas of a panel, astiffneas of individual columna way
be calculated from Eq. (4) or Eq. (5) and this may be summed for all the

eolumna of that panel.

A direct expresalion for the determination of panel sastiffnesa,
without calcuiating individual column stiffneas, has beén obtained by
further approximations (13). For tank ataginga with uniform panel height,
ldentical columna, ldentlical bracing glrdera, and aaauming that all the
columns are located on the periphery of one circle panel stiffness |ia

obtained as

12EcIch RS
Kﬁ““i = —-‘hB 1 A (intermediate panels) (6)
; o . _b'b ” c ¢
L h
E .1
12E_I_N =B 7 .
Kﬁuml e 3 E 1 E I (top and bottom panels) (7)
h b'b i ¢ c
L h

4. EXAHPLE

Consider the wvater tank in Example (6) of Handbook (SP:22) lignoring
ita dlagonal braclngs- The tank hns 4 panels of helght 4 m each (total
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height 16 m) with 8 columns 1lncated on a circle of radius 4.5 m. Column
size 1la 520 mm diameter. Beam alze 1z amaumed to be 200 ¥ 500 um. Both
columna and beama are asaumed to be of M20 concrete. The masa In tank
full condition i=s 9 X 105 kg and In tank empty condition it jas 3 X 105
kg.

Now, E_ =9r-:b : 5700 ¥20 = 25,500 MPa; N, =8; 1 =2.08Z%X 10° mmd;
Ic = 3.59 X 10" mm ; h = 4,000 mm; and L = 3,534 1m. The moment of
inertia has been calculated assuming garosa uncracked section lgnoring
steel. Subastituting thease valuea Into Eqa. (6) and (7), the panel
atiffnesa la obtalned as 33,900 N/mm for the two Intermedlate panela and
54,400 N/mm for the two end panela. Thila givea the ataglng atlffness as
10,400 N/mm. On the other hand, if one were to treat the bracing glirdersa
asg rigld, panel atiffneas ia obtalned az 137,000 N/mm and the ataging
satiffneda as 34,200 N/mm. Thia ataging astiffneas ia 3.3 timea what It
should be. The time perlod, for tank full condition, ls 1.85 aec
congidering beama flexible, and 1.02 aec otherwise. It 1a thua clear that

the beam flexibllity could not be ignored.

Let thia tank be located in selamic zone V (Fo = 0.40). Let 3 = 1;0
and I = 1.5. For & % damping, Sa/ g = 0.11 for T = 1.02 aec and Sa /g =
0.06 for T = 1.85 sec. If ataging la deaigned treating the beams as rigld
and with no performance factor, Ay T 71 F0 Sa /g =0.066 and the design

lateral load V = ahU = 594 kN. However, introducing performance factor K

= 3.0 and accounting for the beam flexibility, ah =Km I Fé Sa /g =
0.108 and the design aselamic force V = 972 kN. Thus the Increase In
deaign force for thia tank la only about 64 % Thias Increase will be

reduced aomevhat 1f two-degree of freedom ldeallaation la adopted.

In the above éiample, beam length (L) and the column helght (h) have
been taken on the basla of centre to centre dlatancea. Thia lgnorea the
addltldnal,ﬁtjffneas provided by rigld member zZones at beam-column
Jeinta. To Incorporate thia, one may take clear apan and c¢lear helght,

reapectively.

5. SUMMARY AND CONCLUSIONS

The Indian code provialona for aseismic deaign of elevated tanks
have been reviewved. The code must include an appropriate value of
performance factor, say 3.0, for calculation of selemic design force for

water tanksa. An earthquake dealgn criteria la Incomplete unleaa clear

4-118



specifications are included on how lo calculale lime period. The code ig
defflelent on thia. The Handbook (8P:22) aolvea an example problem
treating the bracing beame aa Inflinitely rigld which la unreallatie. The
code ahould alao glive more detalla of the Houaner'a mechanleal analog
modei for hydrodynamiec forcea. Provialon for gloahing of liquid should be
included. The requirementa regarding ductile detalling of tanks are vague
in the preaent form of codea and need to be clearly apeclifled. A method
for calculating the staging atiffneas including beam flexibility and
without having to resort +to finite element type analysis has been
pregsented. The method ia based on the well known portal metpnd which haa
been suitably developed to Incorporate the beam flexibility and the three

dimenalonal behaviour of the staging.
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