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Earthquake Engineering Sectivnal Cummittee, CED 39

FOREWORD

This Indian Standard (Part 2) (Fifth Reveson) was adopted by the Bureau of Indian Smiaid:u-. afier R‘hl: dtaft
fingized by the Earthquuke Bngineering Sectioral Cammittee had been appraved by the Civil Engincentig
Division Council

I the fifth pevision 1S 1853 has been split ino five parts. The other parts i the series are:

Part 1 Generil provisions and hulldings

Part 3 Bridges and retdining walls

Pari 4 Industrial structeres including stack |fke strictures
Part 5 Dams und embankments

Pirt | containg provisions that sce general in fiture anil apphicable to all types of structures, 1y alse contains
provisions that are specific (o buildings pnly, Unless sued otherwive, the provisions in Part 2'to Part 5 shall be
reucd in conjunction with the general provisions in Pan 1

This srandard (Pan 2 contains provisions for lguid retinmg tanks. Uiless otherwise stated, this standwrd shall
be read necessarily in conjonetion with 15 1893 (Pt 1) 20612,

A compared to pravisions of TS 1593 | 1984, in this standurd following tmpostant provisions and changes have
b incorporaled:
a)  Analysis of groond supperved tanks s included,

By Forelevated tanks, the single degree of reedom idealization of tank (s done wway withs instead a twvo-
degree of frecdom idesilizarion is used for analysts.

¢} Bracing beam fexibility &5 explicitly included in the calenlation of Interal stiffness of tank staging,
d} Theeffect of convective hvdrodynwmic pressiie is incheded in the analysis, ;
el The distribution of impulsive and gonvective hydrodynamic pressure is mepresented graphicatty for

convenience in enalydis i simplitied hydodvaumle pressiure didrbotion is also saggested for sticss
analvsis of the wnk wall

£} Effect of verticnl ground acceleration on hydrodynimic pressure is considered.
g} Quaulity control measures considered necessary |n deign and caonstraction of retnforved concrete tanks
for sehieving safe performanie under nornal as well as seismic conditions are ulso included.

The units used with the items coversd by the symbels shall he consistent throughent this standard, unless speaifically
noted otherwise,

Trt thee Toemulaition of this stantlird due weighige has been given o international coerdination amoeng the slandards
sndd practives prevadling in different countries in addition w weluting it to the practices in the ficld of this gountry.

Tn the formutlation of this standard considemble help has been taken by the Indian Inststute of Technology Kanpur,
Institute of Technology Roorkee, Visvesvaraya MNativoal Institute of Technolegy, Nagpur and several other
organizations including Guidelines prepared by 1T, Kanpur for GSDMA.

Reference has been made 10 the following documents in the formulation of this standurd:

al  ACT350.3, 2001, “Scismic dessgn of liguid containing concrete strpctures’, Americun Conerere Institute,
Furmangton Hill, M1, USA.

b} FEurccode 8, 1998, *Design provisions for earthquake resistance of stroctures, Part | General mles and
Part 4 - Silos, tanks and pipelines”. Europenn Commitiee Tor Standardization, Brussels.

{ Comtinued on third cover)
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Indian Standard

CRITERIA FOR EARTHQUAKE RESISTANT
DESIGN OF STRUCTURES
PART 2 LIQUID RETAINING TANKS

( Fifth Revision )

1 SCOPE

This standurd {Pare 2 covers ground supported liguid
refatning tniky and alevated vk supparted on staging
Guidance iz also provided on seksmic design of buried
tunks 1

2 REFERENCES

The following standards contuin provisions which,
through reference in this lext, constitate provisions of
thus standard. At the time of publication, the sditions
indiciled were valid. Al stosdards are sohject Lo
revision, and partiey 0 agreements hased on this
standard are encouraged 1o luvestigate the possibiticg
of applying the most cecent editions of the standiordsy
inelicated below;
15 Nix, Title

456 * 0K Code of Pragtice for plain and
Reinforeed Concete  (fusirrk
revisiong)

83 Criteria for sadhquake rosisting

(Purk 10 2002 design of strupmres: Part | General
provisions and bubldings (fifh
Peviston)
i3m0 Code of Practice for concrele
struetiores for the stovage of liyujds
(Fart 112000 General requirements first revision )
(Furt 2) - 2000 Reinforeed eoncrele structures {first
FEVLETaN)
(Part 3): 1967  Presisessed concrete structiines
(PRI 41 1967 Design tublos
4326 - 2013 Code of Practice for earthquake
resistunt design and vonstriclion of
butldings {third ryvizion)

FL6EZ: 1985  Criteria for design of RCC stuging
for overhead wigy tinks
L3920 1993 Dustile detaillag of réinforced

concreme strucrites subjected o
selsmic sorcel — Code of Practioe
1 SYMEBOLS

The: symbaols and notations given Below upply to the
provisions of thiz standurd-

A, = Design torizontal seismic coefficient

(4y), = Design horizontal seismic cosfficieat for
conveelive mode
Ay = Design horizonta] seismic vostficient for
upuliive mode
A, = Design verticnl Seismic cosffiicat
£ = Luside width of rectungular tauk perpendiculir
b the: direction of szismic foroe

€, = Coeficient of tme period for convective
it

€ = CoelMicient oftime petiod for impulsive mods
o = Defhection oF wall of rectangular tunk, on the
vertical centree fine ata height &, when loaded
by m uniformly disiributed pressuse & i the
direction of selsmic foree
0, = Maximum gloshing wave heighi
£ = Tnner dismeter ol gircilar tank
E = Modulus of elasticity of tank wall
EL, = Responss duintity due to esrthquuke o
npplied 1 x - direction
EL, = Response quantity duoe Lo carthguake Joad
applied in v - direction
& = Accelermion dee to gravity
= Muximivm depth of liguid

h = Heigh of combined centre of gravity of half
puliive mass of liguid G20 and imase of
e wall {;'Fw]

h, = Height of convoctive mass sbove batthm of
tank wall (withour considering base pressura)

iy = Height of impuivve mass above: Botta of
turk sl | witliotil considert ng base precaure)

fi, = Structomal height of slaging. meastiréd from
top of foundation 1o the bottum of container

wall

f = Height of venire of gravity of roof mass shove
bottoan of tank wall

it, = Helght of cenlre of 2ruvity of wall mass uhove
ot of tumk will

h.” = Height of convictive mass above botiom af
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tnk wall (eonsidering have Peresstre)
h," = Height of impulsive mass sbove botiom of
tank wall (considenng base pressure)
fis, = Feight of centre of gravity of the smpty
container of elevated tank. memsured from the
wip ol footing
I'= Imponance factar given in Table |
K. = Spring stiffness of conveetive mode
K, = Lateral stiftness of elevated tank staging
{ = Length of a strip af the bise of circaldr tnk.
altng the direction of seismic fores
L= Inside length of rectangular 1enk paraliel 1
the ditecton of yemmic force
= Total muss of figuid in tink
my, = Mass of base slab ar plate
m, = Cunvestive mass of liguid
. = lmipulsive mass of liguid
m, = Mass of empty container (includes mess of
members like roof, wall, wink foar, Nonr
beams. etc) of elevated mnk ang inig-rhird
miss of staging {mass of tower excluding
contiiner and foundation, Maiss of columns.
brices and any other mass atmched o #liging
shull be mncluded in mess of stiging. Muss ol
pedestal ehove foundation pan be ussumed (o
be aitached to foundition
i, = Mass of roal slab
A, = Mazs of unk wall
M, = Mass of one wall of rectangular tank
perpendicular to the direction of loading
M = Total bending moment ot the botiom of tunk
wall
M T = Tatal wwerturning moment a1 hse
M, = Banding mument in convective migde ot the
botom of tank wall
M’ = Qvertirning moment in convective maode ar

the base

M, = Bending moment in impulsive mode w the
bottom of tank wall

M, = Overtuming moment in inpulsive made ot the
base

P = Maximum hydrodynamic pressiire on wall

Pgp = Convective hydrodynamic pressure on tank
hase

Pre = Convective hydrodynamic pressure on tunk
Wikl

2y = Tmpulsive hydrodynamic pressure un tank
hage

#in = Impulsive hydrodynamic pressure on tink

wall

7= Hydrodynamic pressure om tink wall due 10
vertical grobnd acteleration

P = Ptessitte un wall due 1o ity inertia
i = Uniformly distribated pressure on one wall

of rectangular tank in the direction of ground
motion

@ = CoelMicient of convective pressure on tank
biaze
@, = Coctficient of convective pressure on |ank
wall
Q) = Coefficiont of smpulsive pressure on tank base
0, = Cocfficient of impulsive pressune on tank wall
£ = Response redustion fuctor given in Tuble 2
(5./8) = Average response acoelerition coefficient g
per 15 1RY3 Part () and 4.5
i = Thickness of mk wall
fiy = Thickneske of bise slal
T, = Time pericd of convective mode (in &)
T} = Time period of impulsive mode (in s
¥ = Tutal bese shear
V.= Buse thesr in convective made
¥, = Base shear in impulsive mode
+ = Horizantul distance in the directan e s e

farce, of a point an base slab from (he
reference axis ot the centre of tank

¥'= Ventical distance of & pointon tank wall from
the busttony of Lank wall

Z = Selemic zane factor as per Table 2 of IS 1893
(Fart 1}

P = Mass density of Bquid
P = Mass density of tank wall
ir=Circumferentiul ungle
4 PRUVISIONS FOR SEISMIC ANALYSIS

4.1 Genersl

Hydrodymumic forces exerted by liguis! on tank wall
shall be considered i the analysis in sdditien 1o
hydrostatic forces. These hydrodynamic forces an
evaluated with the help of spring miass model of tanks.

For tank full as well as smpity conditions, tank shall be:
analysed for all the foad combinativay as per 15 1393
(Past 1). For load combination with seismic fosd, the
amannt of liguid considered in the tank shall be normal
liquid level under service condition gnly.

4,2 Spring Mass Model for Seisinic Analysis
When u tank contaiaing liquid vibrutes, the Tguid exerty
impulsive and conveetive hydrodynamic pressure on



the sank wall and the tank base i addition 1o the
hydrostatic pressure. In order t include the effect of
hydeodynamic pressure in the analvsis, ank can be
idealized by an equivalent spring mass model. which
includes the effect of tank wall-Hoguid intecaction. The
purameters of this model depend on geametry of the
tank.

4.2.1 Ground Suppareed Tank

4.2.1.1 Ground supported tanks can be (dealized as
spring-miss madel shown in Fig. 1. The impulsive
iniss of fiquid, s i nigidly oftsched 1otk wall g
height & (or A7) Similarty, convective muiks, i
witached (o tie tank wall ab lielght b, dor i) by o spring
of stiffness K. L

4112 Crrenddr wrd reciang alear ronl

Fuor circular tarks, parsmeters b, 47 1, A% and
K. stull be obtained from Fig. 2 and for rectangulir
lanks these parameters shall be oblwned from Fig. 3,
by and k. account for Wydrodynamic pressure on the
tenk wall only and the tank buse. Hence, the value of
By and i, shodl be used o culeulsse momént due o
hydrodynamic pressure ar the bottom of the tank wall,

The vilue of & and 4] shall be used 1o culeulute

OVETUIMINE moment & the base of tumic.

¥ KoK,
|

e

Ei T
AR ] FEE

(M Tinke

mhﬂnnw

Fig_| Seimie; Mass Mooews ron Crousn Supsosres
CrectiLak avo-REcTanutag Task

4.2.2 Elevated Thnk

4.2.2.1 Elevuted tanks (see Fig. 4a) can be ideahzed
by o tWo-miss moded as shown in Fig. 4c.

4.2.2.2 For slevntod tanky with coenlil contiiner,
PRt it b b 0 and K shall be obimned
from Fig. 2. For elevated tanks with rectangular
vontdiner, these parumeters shall be obloined from
P )

4.2.2.3 In Fig. 4¢, m, 15 the structursl mass and shall
camprise of moss of tunk containgr and eoe-thind mass
of sraging,
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4.2.2.4 For elevared tnks, the two degree of freedowm
system ol Fig, 4¢ can be ireated a5 two socoupled single
degree of (reedom systems (see Fig. 4d), one
represenling the impulsive plus stroctursl mass
betmving as an mverted pendulum with lateeal stiffness
equal to that of the staging, K, and the other
representing the convective mass with a spring of
stifiriess, K

4.2.3 Fur tank shopes otber than circular (like intze,
rruncited somigal shapel, the value of #F shall
cormdapund 1o that of an equivalent circutar tank of
same voluime and dismeter equal 1o dinmeter of tank
il 1op level of liguid: and my, , m,  fy, &b b and K,
al equivalent cooular tunk shall be used. The squivalent
ey limdrical tank shuuld be assumead 1o be located such
that top |evel of the liguid In equivalent tank |5 same
a5 m actoal ek,
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4.3 Time Perlml
4.3.1 Impuelsive Mods
4301 Crownd supparted ol rcaloar tank

Far a ground supported cireular tank, wherein wall is
rigidly vonnected with the base slab (see Fig, 6a, 6h
anel 6e}, time period of impulive mode of vibratioo
o in second, is given by;

hyp
T=C
DB
where
;= coefficien! of time perivd for impulsive
mede. Value of € cun be obliined from
Fig.5:

b = maximum depth of ligwid,
I = mner diameier of virenlar tank;

¢ = thickness of tank wall;
£ = modulus of elastivity of taink wall; snd
P = mask density of Hguid,

MUTE — [ bt estvalar tarka, wall may hove fexibls
comnsction with ihe hse elad (DIt (Yo of wall jo
Buse plab coarectians ane deseribed In Fig. 6, For ks
with flexikle cunngutions with bise sivh, tine perid
evitdustion may peoperly. sccomt fir e Tlaxibaliny off wall
I bdse crinneition,

4.3.1.2 Ground supporied rectangular rank

Far a ground supporied rectangular tank, wherein wall
& rigidly connected with the buse slab, time perted of
impilsive mode of vibeation, T,in & s given hy:

T =2ndfy
where

d= deffection of the tenk wall on the vertical
center-line 41 3 height of i, when loaded by
uniforuily distributed pressure of intemmity .

!ﬂ:'--i-.rﬂ*.
= :
fitfr

g

- .

b=

halF

1%

bd | =

-

M, = mass of one tank wall perpendivular o the
direction of seismic force; und
B = mside width of tank:
4.3, 1.3 Elpvared tank

Time period of impulsive mode, T, in =, is given by
4+,

whate

m, = mugs of empty container and vne-thicd mass
of staging; amd
K, = luteral stifiness of staging.
Lateral stiffiess of the staging is the horizontal foree
required o be epplied ot the centre of gravity of the
tank 1o cause o corresponding unit hosizonlal
displodement.

MUTE — The flexibility uf brocing bemm shall be coosidered
in vabeulating e Juterd sl (Foss, &, of elevaled motment
renisling frame. (vpe tank stiging.

4.3.2 Converiive Mods

Time period of convective mode can be caleulnied
using 4321 and 4.3.2.2. However, sharter lime pericd

ahall be wsed for design purposes.
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Tank Wail
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{a) Fixad Baszo
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Ffm!bln Containment Floxitte Base
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= e

(8} Uranohored Contained
Bass

() Unanchored Uncontained
Ease

Fig. 6 Tvee oF Conmecrions Berwees Tank Wall avp Bage SLis

4.3.2.1 Time period of convective mode, in sécond, is

givan hy-
||m"
=2 =X
I F:

The values of m_and K, can bo obtained from Figs. 20
and 3u respectively, for cireular and rectangular tanks.

4.3.2.2 Since the expressions form, and K are known,
the expression for T, can be aliematively expressed
s

) Circwlar fank — Tise period of comeective
mode. T, in &, is given by
Fob
T,=C, /=
Ve

Wiliere

C.=coefMcient of time period for convestive
makde. Velue of ©, cun be obrained from

Fig. 5; wnd

O = inner dinmeter of tank.

bl Recramgular tank — Time period of
eonvective mode of vibration, T, in second,
i% given by

lIL
af —
4 Np

where
€. = coefficient of time period for convective
incide. Yalue of C_ can be abjgned from
Fig. 71 und
L= mside length of lunk parallel (o the direction
of sevsmic force.
433 For tanks resting on soft soil, effeet of flexibility
uf soul may be considered while evalvaring the time
perivl. Generally, sctl flexibility does not affect the
convective mode time pedod. However, soil flexibiliny
Y aTect impalzive mode tme perlod.

10 . B Sy r ul gl e
e bR E e ey el
L v £y = oz o it
i i
) ip s : g i
B 3 ; - b
. h\ LT RN R
PLEe 0 : Bt
17 T o~
4 I
2 NS = AR (50 |
0 05 g R 2
hL

Fra.7 Cuerficent ue ConvecTve Mune TiMe
Perms (€0 ror RectanauLas Tasi
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Dismping i the canvective mode for all types of Hiquidy
and fior all types of wmnks shall be taken as 0.5 percent
of the <ritical.

Damping in the impulsive mods shall be taken as
2 percent of the critical for stee] tanks and 5 percent of
Ihe ¢ritigal for concrete or musonry tanks.

4.5 Design Horizontal Seismic Coofficlent

Dresign horizontal séismio coefficient, 4, shall be
abtained by the following expression, sebjoct o .5.1
and 4.5.2:

4
i S
#

el

where

E=pune fector given in Table 2 of 15 1893
(Part 1)

I = importance factor given in Tabie |

B = response reduction facter given in Tahle 2 ind
Table 3; and

8¢ = average response nocelerution coetficient ds

given by Fig. 2 and multiplying fuctory for
wbtuiming values for other danping us given
in Table 3 of IS 1893 (Pan 1) and subject 1o
4.5.1 and 4.5.2.

Table 1 mportance Foctor, 1
{Clause 4.5)

Al Type of Liquid Sterage Toak i’
Mo,
(R3] (2} ]

i) Tooks weed for sworing denkig water, ton-wolalile |3
muigrial, bow inflummable, w0, ol isdeeded ol
smerpegy wirvices such s fire fighting serviods
Faoks of post earthquake impomance

il Al other tanks with oo mek o tie sd with negligible 10
LUnEEgUERIER L EAVIFORITENT, podley wid sluimny

HUTE — Higher viloes of dimporfnoe  Beobo,

I glsei
in TS 1997 (Pan &) may be wsed whire approjrite

4.5.1 Design honzonmal seismic soelficient. 4, shall
be calculaved separately for mmpulsive (4., and
converive (A, ), modes.

452 Value of multiphying factor shall be taken as 1.0
fur 3 pescent, 1.4 for 2 percent and 1,75 for (.3 percent
dumping.

4.0 Hase Shear

d4.6.1 Crownd Supported Tank

Buise shear m mmpulsive mode, ot the boctom of tank.
wall is given hy:

Vi (A, G+ + i)

IS 1893 (Part 2) : 2014

Tuble 2 Soggested Values of "R for
Elewvatel Tanks
{ Clopse 4.5 )

5 Topa of Ebeviited Tunk W
Mo,
il (2 i3

I} Tank SUPPERTed wn MEINTY shafi

I, Ml pernmitidl o smaen IV and ¥

4} Maszary shall reinfemnd with hormonial bumils H

bl Masoniy shall réinlorced with horieantal bands 3
undl vernesl hasg

il Tunk sipperted on RO shaft:

& RO shofl with remforcement 0 ome Cosuin (m 15
Paith direeiiom ) ol cente Al shafl thickness

) R ahealt wiln seinfersmonl in fwo curtaimns (in 18
il deroctons)

&) RO aliall with sosfosczmeni i two careains (io a
busth digedtimne) and wiih stiffened openings sod
gy

il Tk supporied e KC frume”

wy Chrdimney mioment iesibing lunme (OMRF) tvpe 23
Shagang

b Specinl  momenl  ceeisnieg  fome  (SMEF 4
cumlisnting dustificy requirements of 18 13920

Tunk rappuricd oo sieel frzme

up Specml mornent reatstand frame (SMRET withour 3.4
dlspansl bracmg

b Special momen redigml frane (SMRF) with 4
diapanal bricigy

2

" Thiess R vaines o meand o Hguid neaismg tenks an [famie
I¥pe siging wiiloh wre ivyvened pemiulim type suctaes. These
I s aluus chall not be misinderstodd for ihose gy unptker parts
al 15 TRYS for nuililiong and isdustoal fomes.

KOTE — P - & effect slmuld be consisdersyd. i the design of fhe

Table 3 Sugpested Values of R for Ground
Suppurted Tunks
(Cenese 4.5)

51 Type of Ground Supported Tk R
Mo
1l P} 1]

i1 Masoney tnk:
4 Maaonry wall mewnlwred with herzontsl Bands 20
U permmiiiteal i Zones B pmd V)
Bl Masonry wall reinfarced with borlzomial bands ond 14
wertical drss at comeors el jumilis of openings
W) RO ! presregaed thnk
2} Fimed or longedirinned buse fnk (ree Fige, tm, 6b, 15

Gzl
b Anchored fexible bese lunk (sev Fig. 6a) 19
& Umanichored conlained or snoomtained ank (qee 135
Figs bz, &)
il | -Siesl mick
&) Llnunchared base 23
bl Archared hoee £ 1)
| Undergrownd R ped soal ik (ree Noie) &)

BOTE — For parually boned fanks: valwes of H can be
Imteprslated faiwesn grosnil appeciel el umiereroand smks
frasod o dapih of emhedinenl
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#nd base shear in comvective mode is given by:
Vo={A m. g
wikre
Ayd = design honzontal sewame oceelfioent Tor
iinpubsive mode;
fAyl, = design honzoniel seismic coefficient or
convective mods:
;= impuleive mags of water;
m, = mass of tank wall;
m, = mass ol roof slab: and
g = acoeleration due to gravity,
46,2 Elevated Tank
Base shear m impulsive mode, just above (e hoge of
staging (that s, at the top of footing of stagmi) 1s grven
b
Vo= (A (o #0m)
arl hase shear in conveetive mede s given by:
V.=(A.m, g
where
m, = muss of contuiner and one-thind mess of
slagring.
4,63 Toatal bueseshear ¥ can be obiained by combining
the base shear in tmpulsive and comvective made

through square root of sum of squires (SRS ) rule and
in given as follows:

Ve Vv

4.7 Base Moment
4.7.1 Grownd Supported Tank

4.7.1.1 Bending moment in impolsive mods; ot the
botom of wall i given by;
M o={A) (m b+ m b, +m Wp
and bending moment in convective mode i given by:
M =0 m b g
where

b, = height of centre of gravity of wall mass: and
b = height of centre of gravity ol ool mass,
4.7.1.2 Overturning moment in impulsive mode 1o be
used fior checking the tank stability at the botiom of
base stabv/plate is given by,
M= A Ity + 1)+ my(hy, + 00 + mylhy = 4,)
+maille
and overturning moment in convective mode iy given

by:

M ={Agm AR +1) 32
whers
M, = muss of base sfobiplate, and
f, = thickness of base slalvplate.
4.7.2 Elevgied Thank

Dverturning mormenl in impulsive mode, at the base
of the staging is given by:

M =|A, ) [HJI{FJ|'+}1I:|+m h ] g

]

prd everTUMmIng moment (n cenvestive mode ts given
by

M= (A m, (h+ by g
whero

i, = strucinral height of stagmg, measured from
fop at footing of staging to the bottom of
sk wall, wned

ki, = height of centre of gravity of the smpty
container of elovated tank, messured from
the top of foating.
4.7.3 Total moment shull be obtained by combining
the moment in impulsive and convective modes
tidor 4.7.1 and 4.7.2 through squars of swm of sgusres
(SIRES) nod is given as follows:

CRR R
M= u'l{.M-’ M7

4.74 For elevated tanks, the design sholl be worked
ot fortank ennply mod tank Tull conditions.

4.8 Direction of Seismic Force

4.8.1 Groond supported rectangular tanks shall he
amalyzod far horizonial earthquake force acting non-
conexrrently wlong esch of the horizontal axis of the
tnitk far-evalmating forces on tank walls,

4.8.2 For elevared tanks, staging components should
Se designed for the critical dircetion of seimic force;
Drifferant components of staging may have differant
crtical divections,

483 As an alternative o 4.8.2, staging components
can be designed for either of the following Todd
commbiriation ey

ab 100 pervesi + 30 percent rule:
£EL x03EL und 03 EL = EL,
b)  SRSS Rule:

JEL, < EL



whara

EL, = response quantity due 1o earthguake josd
applizd in x-direction, and

£l = response quantity due 10 earthquake lond
upiphed i y-diceetion

49 Hydrodyosmic Pressure

During lateral base excitation, tank wall is subjected
Ly latersl hydrodynamic pressuce und tank base is
subjected to hydrodynamic prezsure in vertical
ditection,

A9 Tmpuisive Hvdrodvnamie Pressure

The impulsive hydmdymamic pressure exined by ihe
liguid on the tank wall and hase s given by:

a) Far Cireular Tink | see Fig. Bar:

Lateral hydmdynamic impulsive pressure on the wall,
P 18 gieen by-

pivr= Eh- ¥} tAII -]il:'g-;'l"""-“'¢|
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¢ = circomfesntial angle; and
V= vertical distunce of 3 pointon tenk wail from
the bottom of 1nk wall.
Coetticient of inpebive hydrodynamic pressure an
wall. &y, (vican alio be obtuned from Fig: Ya;

Lirpulsive bydrodvaamic pressure in verical direction,
on base shab (y'=10) on a steip of length [, |5 given by;

sink| 1.7322

Jﬂlll = LBLEHA, ypeh T
ish [ﬂ'.ﬁﬁlﬁ Y ]

o= horgoni] distdoce of 2 poamton bose of aok
in the dirceiion of seismuc force, from the
cedtre of tenk.

Ly For Rectungular Tank (see Fig, Bh)
Luteral hydrodynamiz impulsive prassure on will .,
i given by;
Fm = Qlu I-}”H!}IPHH

@ l¥) = 0,866 [1 —{.‘I'Htf]lmhlﬂ;&ﬁﬁ%] where
where @, 1y) is stune as that fora cirenlar-tank and
cam be read from Fig. Q. with h/L belng wsed
p = mass density of liguid: in pluse of hiLr " )
r
)
Directson of ]
Saismic Force g &
em bl
Bectlonsl Eevilion
Plan
(@) Cigular Tank
L
I_—L__I
Direction of 4 T
Seiwmic Force 3
T 14 i . h
= |
|
Plan Sectongl elevation
(D) RectEngular Tank

Fo, 8 Geomree oF (#) Ciecuras Tank ant () Recmanooias Tark
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Impulsive hydrodynnmic pressure in vemical direction,
on the base slab (v = 0), s given by;

Pp= i (A pah

The value of eoetficient of impulsive hvdrislyramic
pressure on base (), (%), can also bo read from Fig. b

4902 Convective Fydrodynamic Pressure

The cunvetive pressure exeried by the oseillating
liguid on the wnk wall and base shall be cafeulied ay
TaHuws:

8} Cirouler Tank (see Fig. 80
Lateral convective pressuce oo the wall g, . is given
hy:

Foo=0, 040, pehD [l "%mlﬁ’}i“‘*

cosh| 3.674 2
@ ivr= 035625 4 iy
cosh| 3.674—
D
The value of Q. _{¢)ean alsa be read from Flg. 10a.
Cunvective pressure in vertical direction, on the hase
Godr) = |.|25[-J-‘--f[i

slibedy = ) is grven by
Pa=Qyls) i) pg D
where
-3l 2 J, }m;{u.sw -:-%)
The vulue of @ 4x) may alsa be read from Fig. 106
b RectangoiarTank (s Fig. 8h:
The hydrodynamic pressure on the wall p,. 15 given

Pow = Qs Ui p g L
Q) = 04165 [eosh (3,162 whitoosh (3. 162 MY
The value of @,,.(v)cun also be obtained from Fig. 1 1a.
The pressare v the base slab (y = 0 ) is given by:
Py = QuiHA) pRL
E 4

Qi) = L!l‘&[L _-{i

A
1162—
n L]‘Jmﬂ[ H‘EL]
where

The value of £, (x) can alsa be vbtamed from Fig, 11E,

10

4.9.3 In circular tanks, hydrodynamie pressure due ro
Trizaninl excitation varies sround the aircumference
af the tank. However, far conveniencs in stiess analyses
af the tatk wall, the hydrodynamic pressure on the
tunk wall may be approximated by sn outwiard pressure
distribution of Intensity equal 1o that of the maximum
hydrodynamic pressure (see Fig. | 2a),

4.9.4 Hydrodynamic pressure due te herizontal
excittion has corvilingar variation along wall heighl,
Higwever, m the shsence of meore exect analysis; on
euivalent linear pressure distribution may be assimed
8o 48 Lo give lie same base shear and bending moment
nt the bottom of tank wall {yee Figs. [2b and 126). The
following expressions shall be wsed w linearise the
pressure distribution:

(A ), m,

- (A} m,
Fust cireular fanks + ¢ =——— gand
w3

w02

e
Fior rectangular tanks -
(), m

—_l_‘H

(A, ) m,
= e
e ek

g = %{41« & )b, = :‘A, (6, ~2h) and

= %{4.-. — Gl b= %}{ﬁh, -2}

495 Pressure Due o Wall inertia
Prassure on tank will due o is mertia (s givan by
Fow = A 198
where
P =mass density of tunk wall; and
1 =wall thickness.
410 Effect of Vertiesl Ground Acceleration

Due to vertical ground soceleration, effeotive weight
ol liquid increases, this induves additionnl pressure an
tank will, whose distribution i similar to tha of
hydrostatic pressure.

4.10.1 Hydrodynamic pressure on tank wall due to
vertical pround sceelerntion may be taken as:

B, =A)pgh(l-yhy

R
A, = 2] S laets
e R x
where
y=vertical distance of poinl under

wonswderation from bottom of tank wall, snd

[8/0) = Average response acceleralion coefficient
given by Fig. 2 and Table 1ol 15 [8Y3 (Purt
L} and subject to 4.5.2 and 4.5.3.
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L absence of more refined aralyss, tme period of
verticil moile of vibration for sl 1ypes of tnk may be
tuken a5 0.3 5.

4.10.2 The maximum valve of hydrodynamic pressure
should be pbtuined by combining pressure due 1o
borizontal and vertical excitation through square ruol
of sum of squares (SRS5) rule. which can be given as:

P (Rt RS+ REAR
4.11 Sloshing Wave Height
Maximum sloshing wave height is given by
) For gircular tunk;

d=1A RE
=

-

by  For mctanguler tsnk;

L
d = A RE

where

LAyl = design horizontel seismic goefficicnt
corresponding o conveclive time poriod.
412 Anchorage Requirement

Circular ground supported tanks shall be anchared W
thetr foundation {see Fig. 1) when

1893 (Part 2) : 2014

In cose of rectangular ok, the same sxpression may
be used with L insiead of D

5 SEISMIC DESIGN OF LIQUID RETAINING
TANKS

5.1 Two Muss [dealization

Tive rutivgnl method of analysts using the two masses
— impalsive and comveetive - s presented ind. ] 104,12
iy be wsad for determining the semsmic design forces
on groumd supparted as well as elevated water tanks
of any capacity and mateninl of construction namely,
renforved concrete v siecl.

5.2 One Muass Approximation

In the light af the on going prectice for construction of
large number of water tenks, | 18 considered expedient
to peerrmil the option of oie mass idealization, in cerisin
cases, us stuled heee below, in which the whole water
mass I8 tuken as if 0 upalsive mode,

5.2 Ground supported or elevated liquid retaining
RE struerure of up o and including | D00 capacity,
wall of the container if in concrete, which can be
regarded a8 rigil

£.2.2 Wall i steel muy notbe regarded s rigid, hence
for design of steel lunks by one mass model, the

capacity should aol excead 200 ki and &0 or L
should be 0.4 or higher.

523 For one mass model, water mass in convestive

A o mode shall il be eomsidered. Total wator mass shull
DA, b assuamed in (mpulsive inode and the implilsive force
s, 2
i =
Mot (A )G
i—
i ;
Mg @ |
2 |
2
|
et
o - L
. |
—

—_— e

Fro. 13 Inmmatios oF Rockin op Tank



IS 1893 (Part 2) : 2014

shall be zesumsed 1o set ut centre of grevjty of the whole
wuler muss,

524 The design shall be worked out botl when the
tank is full and when empty. When emply, the weight
Woozed in the desipn shall congist of the dead load of
the tank aral tme-third the weight of the staging lumped
af the eentre of gravity of the mnk. When Tull, the
weight of the fluid contents i (o be added fo the welgh
under empty conditions.

6 MISCELLANEOLS

6.1 Piping

Piping system connected o tanks should be given
cotsideraon of potential vibration end mavement Gt
the pipe jeints during earthguekes, and sufficien
Flexibility should be introduced by proper detalbing of
pipe joints t0 avoid de-function, Piplng system and s
connection (o the tuak should be designed to comply
with the assumptions made sod the likely performance.
merely neglecting the weight of piping system may
nnl B adequate inall cases.

Thee piping systemn shall be designesd so a5 nof 1o impart
significant mechanical foading en wnk, Local loads at
pipe connections can be considered i the design of
the lank. Mechunical devices, which add flexibility to
piping such as -bollows, expunsion joints and other
special couplings, may be used in the contectiony.

6.2 Buckling of Shell

Ground supportad tanks (particulady, steel tanks ) shall
be checked for failure agaimst ouckling of tunk walls
lnder vertical board, Similarly, safety of shafl type of
stuging of elevated tunks aguinst buckling shall by
ensured.

6.3 Buried Tanks

Diynamic carth pressure shall be mien inte scoount
while computing the base shear of & partinlly or fully
buried tank, Barth pressure shall also be considered in
the design of wally. In buried tanks, dynamic carth
pressure shall not be relied upon 1o reduce dynamic
effects due-to houid.

6.4 Shear Transfer

The lateral carthquake force generates shear betwesn
wall and base slab und betwoen roof and wall, Wail-
te-base sleb, wall-to-roof slab arad wall-to-wall joinm
shall he suitably designed to teansfer shear forces
Similacly in elevated tanks, connection between
container and saging should be suitably designed to
transfer the shear furce,

1fs

6.5 P-A Effect

All staging of columny and braces (or besms) For
elevated tanks shall be designed for P-A effect.

7 AESTHETICS

Elevated waler tanks are prominemly in public view
amd vivible fiom near us well as long distances, They
efien bevame landmarks on the landscape. It i
therefore important thai the shipe and form of the
container and the sapporting structure must receive dis
sitention from the pomt of sesthetics. Innovations m
the shape and form should be encouraged when they
improve the anthienee and enhance the quality of the
Environel.

Where unususl shupes and formy for supporting
structures are used. the designer may use some
discretion in choosing the value of response mduction
Tactor B consistent with expected setsmic porformunces
and ductility. It will be in¢umbent on the designer,
huwever, ko justify the choice of & valoe visdviy the
seismie safety.

8 QUALITY CONTROL IN REINFORCED
CONCRETE TANKS

Quality control in design and constructions are
particulardy (mportant for elevated tanks in view of
severil collapses of waler Wanky doring testing. Tt s
necessary that quality of materials und construction
lolerances ane stncty adhered 1o during comstruction
phise. Some constrnetion toleminees and detailing are
listed below. The tnformation given ix not exhaistive
and designers and construction engineers are expected
te have competence fo take adequite measures to
ensure requited stractore] performarice.

MOTE — The desigaioonstruction defaibs for teinTorced

camerese Gk should ntricity Follow 1S 456, 18 337t Paris | n

4), und 15 11682 The recommetdations are made hexs b 2paune
sufety under normal as well s service houdy,

5.1 RC Frame Staging
ALY Codpisrons

Mimimmns =ige of calumn should be 400 mm
(diameter andlor side of rectangular column)
except for tanks having 200 m®or less
capacity, columns of 300 mm zize may be
uzed.

Clear height of column between braces shunld
not be more thar ten limes the size of column,
Reinforcement detailing including overlaps
in longidinal bars shauld follow as shown
in TS 13920,

During construction and casting of columns,
some sccentricity in the verticality of column

)

b

i

[



may develop. Eveentricity up 1o 20 mm mapy
be wllowed in column between two hrace
levels. Additional moment due 1o this
eccentriciy should be considered in the
analysis.

812 Braces

&) Minimum width of unflanged brace shall not
be less than 1430t ol s clear length between
unchions.

B AnZones TV and Y, usé of disgonad bracmgs
in vertical plane shall be encourbged.
Intormution on detailing of RC and seel
disgonal bracings i given in IS 11682

$.1.3 Foundation

TFor isofated fuotings, e bedm nedr top of footing shull
be provided as per [S 4326,

8.2. RC Shall Staging
8.2.1 Thickness of Shaft
a)  Minimum thickness of shaft shull be suftable

for constructabilicy which depends on height
af Tormwork for one AT of concrete
Mirimum thickness of shaft shall be 150 mm
Fur shall diameter bp 104 m. For larger
diameier shafis. following equations shall be
wsetd o wrrive at mummem thickness:

Iy Far shafts with dismeier fess thim 8 no
P = 505 (0 =4 OUUHO nam
2} Fuor shalis with diamersr equal 1o or
greater thun § m,
fe =200+ (3 - 3 000120 mm
where
= diameeter af shaft, in mm,
Additionsl thickening of shaft and exira
vertical and circwmferential reinforcement
shall be provided st lop and bottom level of
shaf {that Is, a1 junctions with foundation and
with container]. This ix naquired W account
for secondary moments and sccentriciies,
Additional vertcal and circumferential
reinforcement shall be sime & that teguined
o8 per design ealoulations.

8.2.2 Reinforcement in Shaft

Minimuwm vertical reinforcement shall be 0,25
percent of cancrete arca. The reinforcement
stiall be provided in two Leyers. The minimem
dimmeter of verticsl bars shall be |0 mm
Maximum centie-lo-conlre distance between
vertical reinforcement in cach laver shall net
excead 4 mm

b}

al
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Cucumferential reinforvement shall wot be
less: than (.2 percent of concrete area in
vertical section. Since vertical reinforoement
is provided in two lavers. circomferential
reinforeament shall be divided equally i two
layers, The epacing of circumferential bars i
ench layer shall not be more than 300 mm or
ghell thickness, whichever s leds.
Circumferennial reinforcement shall be placed
nearer the faces of shell,

Al horizontal construction joints in shaft, one
adchitiomal layer of vertical bars projecting on
pither side of the joint with L, anohorage
length shall be provided, Continuity of
enpereling al construction joint shall be done
with npplication of neat coment slurry
Epeningy i shaft 5 Detalling of shuflat the
uperung shall mke inte consideration effective
stntinwity of reinforcement st all sides, Mure
infermation on deétading nésr openings s
given i [5 11682 At verlical edges of door
opeiing stiffencrs may be required.

In the tank ring beams, reinforcament bars in
direcr renzaon shall have lap leagth twice the
development length in rension. The spheed
length of the nng bewms in wonsion shall be
encluidd n spirals made of bars not 1ess than
1 mam clin with piteh nol more than 100 oun,
or enclosed in stirraps of B mm dia with pitch
fvot e then 150 mm, the stirrups shall have
1357 houks bent into the core cuncrele with
mimr 50 mm exteasion. [f dismessr iz
more thon 12 mm, couplers may be wied,
8.2.3 Conspruction Contrpl

&)

i

gl

aj  Mertizal Aligrment — The centre point of
shalh shall nor vary from its vertical axis by
midwe Len 41,2 percent oF shaft height.

Owar any hetght of 1.6 m, wall of shatt shall
nut be ot af plumb by more than 10 mm
Ehall duweter — The measured centerline
dicuneter ol shift it any section shall not vary
from the specified dipmetsr by more than
20 mm plas 0.1 percent of the specified
theoreiical digpmeler.

Shaft thickness — The measured wall
thacknese shall nol vary from he specified
witll thickness by more than -3 mm or
+ 10 m.

B.24 Mar Foundarion

In wise of mal foundations, lifting of mal on 1ension
side con be allowed al soil contact. The maximom
eeoeiricine af base may be permitted up 1o (25 limes
the bose diameter povided the maximum compréssion
remmaing within permissible lTimits.

el

d)
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8.3 RC Tank and Shaft

Al

b

In the tank ring beams, reinforoement bars in
diteet tension shall have lap length twice the
development length in tension, The gpliced
length of the ring besns in lension shall be
enclosed inspirals made of bars oot less than
i mim digmeter with piteh ool more than 100
mm, or anclosed in stirmups of & mm diametsr
with pitch nol more then 150 mim, the stirmups
shall have 135" hooks bent Into the core
conersle with minimin 30 mm extension,

L vank wall or shafi, not mors than one-third
of vertical hars shall he splicedl at any section
For circumberentinl bars, lap besigth shall be

1 4 times devélopment length in tension; the
biups shall be staggered so that not more than
ine-third the bars shall be spliced at any one
sectian.

B4 Strong Column - Weak Beam

For column :nd beam type of staging of elevated mmk,
sum of moment of rezsistanee of column st o junction
should not be less than 1.1 times the sum of moment
of resistance of beams in oy one plane taken at a time.
Thin check i 1 be pplied by limil state nethod.

8.5 Stalrease Design

Provisioms of IS 11682 shall be followed for the
simircase design.
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Headguariers:
Manuk Bhavan, % Bahadur Shah Zafar Marg, New Delhi 110002
Telephones ; 23230131, 2323 3375, 2323 0400 Wietrvita, wwr Bis e in
Replonal Cifices: Telgphones
Central  : Mauak Bhuvan, % Bahudur Shah Zufar Murg {1311 ¥i'] ki
NEW DELHI 110002 2377 3840
Eastern  : /14 CLT. Suheme VIL M, ¥ 1 B Roud, Kankurgachi 337 B4, 2_’_.3'.? BE61
KOLEATA TDINIS4 2337 B626, 2337 9120
Northem : SC0 335-336, Sector 34-A, CHANDIGARH 6022 260 3543
260 5245
Southern @ CLT. Campus, IV Cross Road, CHENNAT 6001 12 1234 1216, 2254 1442
22542519, 2254 205
Western . Manakalaya, B9 MIDC, Maral, Andheri {East) 2832 9295, 2832 TRSR
MUMBAT 400093 2372 A9, 2832 7892

Branches: AHMEDABAD, BANGALORE, BHOPAL, BHUBANESHWAR. COIMBATORE. DEHRADUIN,
FARIDABAD. GHAZIABAD, GUWAHAT]. HYDERABAD. JAIPUR. KOCHL LUCKNOW.
NAGFUR. PARWANOO. PATNA. PUINE. RAIKOT. VISAKHAPATNAM,

Puplished by BIS, Naw Dalnl



