L 00 0000000000 66 & (

Disclosure to Promote the Right To Information

Whereas the Parliament of India has set out to provide a practical regime of right to
information for citizens to secure access to information under the control of public authorities,
in order to promote transparency and accountability in the working of every public authority,
and whereas the attached publication of the Bureau of Indian Standards is of particular interest

to the public, particularly disadvantaged communities and those engaged in the pursuit of
w education and knowledge, the attached public safety standard is made available to promote the
timely dissemination of this information in an accurate manner to the public.

“STTAA FT ST, S T At ‘U A FIE AT F R
‘ Mazdoor Kisan Shakti Sangathan Jawaharlal Nehru
: * “The Right to Information, The Right to Live” “Step Out From the Old to the New” .

IS 3370-4 (1967): Code of practice for concrete structures
for the storage of liquids, Part 4: Design tables [CED 2:
Cement and Concrete]

“ST | UE T4 T F7 Hi”

Satyanarayan Gangaram Pitroda

.‘\ “Invent a New India Using Knowledge’

Bhartrhari—Nitisatakam

" “Knowledge is such a treasure which cannot be stolen” ‘

v P =

/| ' 4 ‘-\.,. =4
.’£> "‘,'
2o ' * N B

. .

1 0 0 000000000006 6 (







BLANK PAGE

PROTECTED BY COPYRIGHT



IS : 3370 (Part IV) -1967
(Reaffirmed 2008)

Indian Standard

CODE OF PRACTICE FOR CONCRETE
STRUTURES FOR THE STORAGE OF LIQUIDS

PART IV DESIGN TABLES

Fifteenth Reprint AUGUST 2007
(Incorporating Amendment No. 1& 2)

UDC 621.642 : 669.982 : 624.043

© Copyright 1979

BUREAU OF INDIAN STANDARDS
MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARG
NEW DELHI 110002

Gr 10 January 1969



IS : 3370 ( Part W)-lm

Indian Standard

CODE OF PRACTICE FOR CONCRETE

STRUCTURES FOR THE STORAGE OF LIQUIDS
PART IV DESIGN TABLES

Cement and Concrete Sectional Committee, BDC 2

Chairman Representing
SHri K. K. Namsiak The Concrete Association of India, Bombay
Members

Surt M. A. Menta ( Alternate to
Shri K. K. Nambiar )

Sur1 K. F. AnNTIA M. N. Dastur & Co ( Pvt) Ltd, Calcutta
SHr1 A, P. Baocur Sahu Cement Service, New Delhi
SHR1 P, S. BHATNAGAR Bhakra & Beas Designs Organization, New Delhi
Dr S. K. CHoPrA Central  Building Rescarch Institute ( CSIR),
Roorkee
SHR1 J. S. SHARMA ( Alternate )
Direcror (CSM) Centual Water & Power Commission
Director ( Dams II1 ) ( Alternate )
Dr R. K. Gnrosn Indian Roads Congress, New Delhi
Suri B, K. Guiza Central Public Works Department

SUPERINTENDING ENGINRER, 2ND
CircLE ( Alternate )
Da R. R. HaTTIANGADI The Associated Cement Companies Ltd, Bombay
Sur1 V. N. Pat ( Altersate ) :
Joint  Director  STANDARDS Research, Designs & Standards ~Organization
(B&S). ( Ministry of Railways )
Deputy DIRECTOR STANDARDS
(B & S) (Alterngte )

Sum: S. B. Josmt S. B. Joshi & Co Ltd, Bombay
Pror S. R. Meura Central Road Research Institute (CSIR),
New Delhi
Dr R. K. GHosu ( Alternate )
Suni 8. N. Muxerjt National Test House, Calcutta
Syri E. K. RAMCHANDRAN  ( Alternate )
Sunt Eracit A. NADIRSHAH Institute of Engineers ( India ), Caleutta
Brio Narzsx Prasap Engincer-in-Chief’s Branch, Army Headquarters
Suni C. B. PaTzL National Buildings Organization
Suni Rasinpzr Sinan ( Alternate )
Sumi I, L. Patar Directorate General of Supplies & Disposals
Sam1 T. N. 8. Rao Gammon India Ltd, Bombay
Sur: S. R. Pinuzino ( Alternats )
REPRESENTATIVE Geological Survey of India, Calcutta
RaraesentATIVE The India Cements Ltd, Madras
Suni K. G. SaLvt Hindustan Housing Pactory Ltd, New Dethi

Sar: C. L. KAsLIWAL ( Alternate )
( Continued on page 2 )

BUREAU OF INDIAN STANDARDS
MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARG
NEW DELHI 110002




I8 : 3370 (Part IV ) - 1967

( Continued from page 1)
Members - Representing
DR S. SarxAR : Structural Engineering Rescarch Centre ( CSIR ),
Roorkee
Sims Z. Georox ( Alkernate )
SzcrReTARY Central Board of Irrigation & Power, New Delhi
Sur: L. Swaroor Dalmia Cement ( Bharat ) Lid, New Delhi
Suut A. V. RAMANA ( Allsrnate )
Sur1 J. M. TreHAN Roads Wing, Ministry of Transport
Suni N. H. Keswani ( Alternate )
Dr H. C. VisvESVARAYA Cement Research Institute of India, New Delhi
SHr1 R. NAGARAJAN, Director General, I1SI ( Ex-officio Member )
Director ( Civ Engg)
Secrstary

Suni Y. R, Taneja
Deputy Director ( Civ Engg), ISI

Concrete Subcommittee, BDC 2:2

Convensr
Suri S. B. Josu S. B. Joshi & Co Ltd, Bombay
Menibers
Suri B. D. Anuga National Buildings Organization
SHRIP. C. Jain ( Alternate )
Surt K. F. ANTIA M. N. Dastur & Co ( Pvt) Ltd, Calcutta
Surt B. C. Patev ( Alternate )
‘Suri A. P. BaccH: Sahu Cement Service, New Delhi
Surri B. K. Croxsr In personal capacity ( M-60 Cusrow Bag, Bombay )
Dr S. K. Crorra Ccn!;{al ‘ kBuilding Research Inmstitute (CSIR)
oorkee
Dr L. C. Dos M. Pams Cuopou Central Water & Power Commission

Dimzcror ( Dans 1) ( Alternale )
Derury Dikecror STANDARDS Research, Designs and Standards Organization
(B&S) ( Ministry of Railways)
AsSISTANT DIRECTOR STANDARDS
(B & S) ( Alternates )

DirzcTor Hyderabad Engincering Kesearch  Laboratory
Hyderabad

Direcror-IN-CHARGE Geological Survey of India, Lucknow

Suza V. N. Gunajt Public Works Department, Maharashtra

Suwt V. K. Gupra Engincer-in-Chief’s Branch, Army Headquarters

Sunt K. K. Namsiar The Concrete Association of India, Bombay

Suri C. L. N. Ivencar ( Alternate )

Da M. L. Purt . Central Road Rescarch  Institute (CSIR),
Roorkec

Pror G. S. RaMaswaMy - Structural Enginecering Rescarch Centre ( CSIR),
Roorkec

Dr S. SARKAR ( Alternate )

Surt T. N. S. Rao Gammon India Ltd, Bombay
Suri S. R. Pinueiro ( Alternate )

Su(r;:mrmmo Encinger, 2np  Central Public Works Department

CLE
Snri S. G. Vaioya ( Alternate )

Sur1 J. M. TrREHAN Roads Wing, Ministry of Transport
8Suri R, P. Sixxa ( Alternate )
Dx H. C. ViavesvaRAYA Cement Research Institute of India, New Delhi

2



Indian Standard

CODE OF PRACTICE FOR CONCRETE
STRUCTURES FOR THE STORAGE OF LIQUIDS

PART IV DESIGN TABLES

0. FOREWORD

0.1 This Indian Standard ( Part IV ) was adopted by the Indian Standards
Institution on 7 December 1967, after the draft finalized b{l the Ccment
and Concrete Scctional Committee had been approved by the Civil Eng-
ncering Division Council.

0.2 Thc need for a code covering the design and construction of reinforced
concrete and prestressed concrete structures for the storage of liquids has
been long felt in this country.  So far, such structures have been designed to
varying standards adapted from the recommendations of the Institution of
Civil Engineers and of the Portland Cement Association with the result
that the resultant structures cannot be guaranteed to possess a uniform
safcty margin and dependability. Moreover, the design and construction
methods in reinforced concrete and prestressed concrete are influenced bv
the prevailing construction practices, the physical properties of the matcrials
and the climatic conditions. The need was, therefore, felt to lay down
uniform requirements of structures for the storage of liquids giving due
consideration to these factors. In order to fulfil this need, formulation
of this Indian Standard code of practice for corcrcte structures for the
storage of liquids ( IS : 3370 ) was undertaken. This part deals with design
tables for rectangular and cylindrica! concrete structures for storape of
liquids. The other parts of the codc are the following:

Part I General requirements
Pasct 11 Reinforced concrete structures
Part 111 Frestressed concrete structures

0.3 The object of the design tables covered in this part is mainly to present
data for ready 1cference of designers and as an aid to speedy design calcula-
tions. The designer is, however, free to adopt any method of design depend-
ing upon his own discretion and judgement provided the requirements
regarding Parts 1 to III of IS : 3370 are complied with and the structural
adequacy and safety are ensured.

0.3.1 Tables relating to design of rectangular as well as cylindrical tanks
have been given and by proper combination of various tables it may be
possible to design different types of tanks involving many sets of conditions
for rectangular and cylindrical containers built in or on ground.
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181 3570 (Part IV ) - 1967

0.3.2 Some of the data presented for design of rectangular tanks may be
used for design of some of the earth retaining structures subject to earth
pressure for which a hydrostatic type of loading may be substituted in the
design calculations. The data for rectangular tanks may also be applied to
design of circular reservoirs of large diameter in which the lateral stability
depends on the action of counterforts built integrally with the wall.

0.4 While the common methods of design and construction have been
covered in this code, design of structures of special forms or in unusual
circumstances should be left to the judgement of the engineer and in such
cases special systems of design and construction may be permitted on pro-
duction of satisfactory evidence regarding their adequacy and safety by
analysis or test or by both.

0.3 In this standard it has been assumed that the design of liquid retaining
structures, whether of plain, reinforced or prestressed concrete is entrusted
to a qualified engineer and that the execution of the work is carried out
under the direction of an experienced supervisor.

0.6 All requirements of IS:456-1964* and IS: 1343-19601, in so far as

they apply, shall be deemed to form part of this code exccpt where other-
wise laid down in this code,

0.7 The Sectional Committec responsiblg for the preparation of this standard
has taken into consideration the views of engincers and technologists
and has related the standard to the practices followed in the country in this
field. Due weightage has also been given to the need for interfiational co-
ordination among the standards prevailing in’ different countries of the
world, These considerations led the Sectional Committee to derive assistance
from published materials of the following organizations:

British Standards Institution;
Institution of Civil Engineers, London; and
Portland Cement Association, Chicago, USA,

“es have been reproduced from ‘Rectangular Concrete Tanks’
and ¢ Circular Concrete Tanks without Prestressing ’ by courtesy of Portland
Cement Asseciatinn, USA.

0.8 For the purpose of deciding whether a particular requirement of this
standard is complied with, the finai value, obscrved or calculated, expressing
the result of a test or analysis, shall be rounded off in accordance with
IS: "-19603. The number of significant places retained in the rounded
off value should be the same as that of the specified value in this standard.

*Code of practice for plain and reinforced concrete ( second revision ).
$Code of practice for prestremsed concrete., :
$Rules for rounding off numerical values ( revised ).
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18 ¢ 3370 ( Part IV ) - 1967
1. SCOPE

1.1 This standard é Part IV ) recommends design tables, which are intended
as an aid for the design of reinforced or prestressed concrete structures for
storage of liquid.

2. RECTANGULAR TANKS

2.1 Moment Coeflicients for Individual Wall Panels — Moment
coefficients for individual panels considered fixed along vertical edges but
having different edge conditions at top and bottom are given in Tables 1
to 3. In arriving at these moments, the slabs have been assumed to act
as thin plates under the various edge conditions indicated below:

Table 1 Top hinged, bottom hinged
Table 2 Top free, bottom hinged
Table 3 Top free, bottom fixed

2.1.1 Conditions in Table 3 are applicable to cases in which wall slab,
counterfort and base slab are all built integrally.

2.1.2 Moment coefficients for uniform load on rectangular plates hinged
at all four sides are given in Table 4. This table may be found useful in
designing cover slabs and bottom slabs for rectangular tanks with one cell.
If the cover slab is made continuous over intermediate supports, the design
may be made in accordance with procedure for slabs supported on four
sides ( see Appendix C of IS : 456-1964* ).

2.2 Moment Coeflicients for Rectangular Tanks — The coeflicients
for individual panels with fixed side edges apply without modification to
continuous walls provided there is no rotation about the vertical edges. In
a square tank, therefore, moment cocfficients may be taken direct from
Tables 1 to 3. In a rectangular tank, however, an adjustment has to be
made in a manner similar to the modification of fixed end moments in a
frame analysed by the method of moment distribution. In this procedurc
the common side edge of two adjacent panels is first considered artificially
restrained so that o rotation can take place about the edge. Fixed edge
moments taken fromt Tables 1, 2 or 3 are usually dissimilar in adjacent
panels and the differences, which correspond to unbalanced moments, tend
to rotate the edge. When the artificial restraint is removed they. will induce
additional moments in the panels. The final end moments may be obtained
by adding induced moments and the fixed end moments at the edge. These
final end moments should be identical on either side of the common edge.

2.2.1 The application of moment distribution to the case of continuous
tank walls is not as simple as that of the framed structures, because in the

* ®Code of practice for plain and reinforced concrete ( second revision ).
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I8: 3370 ( Part IV ) - 1967

former case the moments should be distributed simultaneously all along
the entire length of the side edge so that moments become equal at both
sides at any point of the edge. A simplified approximation would be dis-
tribution of moments at five-points, namely, the quarter-points, the mid-
point and the bottom. The end morinents in the two intersecting slabs
may be made identical at these five-points and moments at interior points
adjusted accordingly.

2.2.1.1 The moment coefficients computed in the manner described are
tahulated in Tables 5 and 6 for top and hottom edge conditions as shown
for single-cell tanks with a large number of ratios of éja and ¢/a, b being
the larger and ¢ the smaller of the horizontal tank dimensions.

2.2.2 When a tank is built underground, the walls should be investigated
for both internal and external pressure. This may be due to carth pressure
or to a combination of earth and ground water pressure. Tables 1 to 6
may be applied in the case of pressure from ecither side but the signs will
be oppositc. In the case of external pressure, the actual load distribution
may not neccssarily be triangular, as assumed in Tables | to 6. For exam-
ple, in case of a tank built below ground with earth covering the roof slab,
there will be a trapezoidal distribution of lateral earth pressure on the walls,
In this case it gives a fairly good approximation to substitute a triangle with
same area as the trapezoid representing the actual load distribution.
The intensity of load is the same at mid-depth in both cases, and when the
wall is supported at both top and bottom edge, the discrepancy between the
the triangle and the trapezoid will have relatively little effect at and near
the supported edges. Alternatively, to be more accurate, the cocfficients
of moments and forces for rectangular and triangular distribution of
load may be added to get the final results,

2.3 Shear Coeflicients — The values of shear force along the edge of a
tank wall would be required for investigation of diagonal tension and bond
stresscs.  Along vertical , the shear in one wall will cause axial tension
in the adjacent wall and should be combined with the bending moment
for the purpose of determining the tensile reinforcement, v

2.3.1 Shcar coefficients for a wall panel Sof width b, height a and sub-
jected to hydrostatic pressure duc to a liquid of density w ) considered fixed
at the two vertical and assumed hinged at top and bottom edges are
given in Fig. 1 and Table 7,

2.3.2 Shear coefficients for the same wall panel considered fixed at the
two vertical edges and assumed hinged at the bottom but free at top edge
are given in Fig. 2 and Table 8.

2.3.3 It would be evident from Table 7, that the difference between the
shear for b/a = 2 and infinity is so small that there is no necessity for com-
puting cocfficients for intermediate values, When b/a is large, a vertical
strip of the slab near the mid-point of the b-dimension will behave essentially

6
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as a simply supported one-way slab. The total pressure on a strip of unit
height is 05 wa® of which two-thirds, or 0-33 wa? is the reaction at the bottom
support and one-thirds, or 017 wa?, is the reaction at the top. It may be
seen from Table 17 that the shear at mid-point of the bottom edge is
0329 wa? for bja=2:0, the coefficient heing very close to that of
1/3 for infinity. In other words, the maximum bottom shear is practi-
cally constant for all values of b/a greater than 2. This is correct only
when the top edge is supported, not when it is free,

2.3.3.1 At the corner the shear at the bottom edge is negative and is
numerically greater than the shear at the mid-point. The change from
positive to negative shear occurs approximately at the outer tenth-points
of the bottom edge. These high negative values at the corners arise from the
fact that deformations in the planes of the supporting slabs arc neglected
in the basic equations and are, therefore, of only theoretical significance.
These shears may be disregarded for checking shear and bond stresses,
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2.3.3.2 The unit shears at the fixed edge in Table 7 have been used
for plotting the curves in Fig. 1. It would be seen that there is practically
no change in the shear curves beyond 6/a=2'0. The maximum value occurs
at a depth below the top somewhere between 0'6a and 0-8a,  Fig. 1 will be
found useful for determination of shear or axial tension for any ratio of b/a
and at any point of a fixed side edge.

2.3.4 The total shear from top to bottom of one fixed edge in Table 7
should be equal to the area within the corresponding curve in Fig. 1. The
total shears computed and tabulated for hinged top may be used in making
certain adjustments 3o as to determine approximate values of shear for walls
with free top. These are given in Table 8,

2.3.4.1 For bja=12 in Table 7, total shear at the top edge is so small
as to be practically zero, and for b/a=10 the total shear, 0005 2, is only
one percent of the total hydrostatic pressure, 0-50. Therefore, it would
be reasonable to assume that removing the top support will not materially
change the total shears at any of the other three edges when b/a=1/2 and 1.
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At b[a==2:0 there is a substantial shear at the top edge when hinged, 0:053 8,
so that the sum of the total shears on the other three sides is only 0'44 62,
If the top support is removed, the other three sides should carry a total of
0-50. A reasonable adjustment would be to multiply each of the three
remaining tota! shears by 0:50/0°446 2==112, an increase of 12 percent.
This has been done in preparing Table 8 for 4/a==2-0. A similar adjustment
has been made for b/a=3'0 in which case the increase is 22 percent.

2.3.5 The total shears recorded in Table 8 have been used for determina-
tion of unit shears which are also recorded in Table 8. Considering the shear
curves in Fig. 1 and assuming that the top is changed from hinged to free,
for bja=4% and 1, it would make little difference in the total shear, that is,
in the arca within the shear curves, whether the top is supported or not.
Consequently, the curves for b/a==} and 1 remain practically unchanged.
For 4/a=2 an adjustment has become necessary for the case with top free,
A change in the support at the top has little effect upon the shear at the
bottom of the fixed edge. Consequently, the curves in Fig. 1 and 2 are
nearly idertical at the bottom. Gradually, as the top is approached the
curves for the free top deviate more and more from those for the hinged
top as indicated in Fig. 2. By trial, the curve for §/a=2 has been so ad-
justed that the area within it equals the total shear for one fixed edge for
b/a=2-0 in Table 8. A similar adjustment has been made for b/a=3-0
which is the limit for which moment coefficients are given,

2.3.5.1 Comparison of Fig. 1 and Fig. 2 would show that whereas
for b/a==2-0 and 30 the total shear is increased 12 and 22 percent respectively
when the top is free instead of hinged, the maximum shear is increased but
slightly, 2 percent at the most. The reason for this is that most of the in-
crease in shear is near the top where the shears are relatively small.

2.3.5.2 The same Eroccdurc has been applied, for adjustment of unit
shear at mid-point of the bottom, but in this case the greatest change re-
sulting from making the top free is at the mid-point where the shear is large
for the hinged top condition, For exam];le, for b/a==3:0, the unit shear
at mid-point of the bottom is 0-33 wa® with hinged top but 0:45 wa* with
free top. an increase of approximately one-third.

2.3.6 Although the shear cocflicients given in Tables 7 and 8 are for
wall pauncls with fixed vertical cdges, the coefficients may be applied with
satisfactory results to any ordinary tank wall, even if the vertical edges are
not fully fixed.

3. CYLINDRICAL TANKS
3.1 Ring Tension and Moments in Walls

3.1.1 Wall with Fixed Base and Free Top, Subjected (o Iriangular Loai
( Fig. 3 ) — Walls built continuous with their footings are sometime designed
as though the base was fixed and the top free, although strictly speaking

9
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the base is seldom fixed, but it is helpful to start with this assumption and
then to go on to the design procedures for other more correct conditions.
Ring tensions at various heights of walls of cylindrical tanks fixed at base,
free at top, and subjected to triangular load are given in Table 9.
Moments in cylindrical wall fixed at base, free at tcp and subjected to
triangular load are given in Table 10. Coefficients for shear at base of

cylindrical wall are given in Table 11,

=

N—

Fia. 3 WaLL wrrk Fixep Base ano Free Topr SusjEcTED
T0 TrianouLAr Loap

3.1.2 Wall with Hinged Base and Free Top, Subjected to Triangular Load
( Fig. 4) — The values given in 3,1.1 are based on the assumption that the
base joint is continuous and the footing is prevented from even the smallest
rotation of kind shown exaggerated in Fig. 4. The rotation required to
reduce the fixed base moment from some definite value to, say, zero is much
smaller than rotations that may occur when normal settlement takes place
in subgrade. It may be difficult to predict the behaviour of the subgrade
and its effect upon the restraint at the base, but it is more reasonable to
assume that the base is hinged than fixed, and the hinged-based assumption
gives a safer design. Ring tensions and moments at different heights of

wall of cylindrical tank are given in Tables 12 and 13 rcs_Pectwel . Coeffi-
cients for shear at base of cylindrical wall are given in Table 11,

Fio. ¢ Warr wrra Hinoeo Base anp Faer Tor SumjreT2D TO
Tr1ANGULAR LoaD
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3.1.2.1 The actual condition of restraint at a wall footing as in Fig. 3
and 4 is between fixed and hinged, but probably closer to hinged. The com-
parison of ring tension and moments in cylindrical walls with the end con-
ditions in 3.1.1 and 3.1.2 shows that assuming the base hinged gives con-
servative although not wasteful design, and this assumption is, thercfore,
generally recommended. Nominal vertical reinforcement in the inside
curtain lapped with short dowels across the base joints will suffice.

This condition is considered satisfactory for open-top tanks with wall
footings that are not continucus with the tank bottom, except that allowance
should usually be made for a radial displacement of the footing. Such a
displacement is discussed in 3.1.5. If the wall is made continuous at top
or base, or at both, the continuity Should also be considered. These condi-
tions are given in 3.1.6.

3.1.3 Wall with Hinged Basc and Frec Top, Subjected to Trapezoidal Load
( Fig. 5 ) — In tank used for storage of liquids subjected to vapour pressure
and also in cases where liquid surface may rise considerably above the top
of the wall, as may accidently happen in case of underground tanks, the
pressure on tank walls is a combination of the triangular hydrostatic pres-
sure plus uniformly distributed loading. This combined pressure will
have a trapezoidal distribution as shown in Fig. 5, which only represents
the loading condition, without considering the cfiect of roof which is dis-
cussed in 3.1.4. In this case, the cocfficients for riny tension may be taken
from Tables 12 and 14. Coteflicients for shear at the base are given in
Table 11. Coefficients for moments per unit width are given in Table 13.

-4,!

Fie.5 Watt with Hingep Base Anp Free Top SusjJecTED
To TrAPRZOIDAL LOAD

3.1.4 Wall with Shear Applied at Top ( Fig.6) — When the top of the
cylindrical wall is dowelled to the roof slab, it may not be able to move
freely as assumed in 3.1.1 to 3.1.3. When displacement is 7prevgntcd, the
top cannot expand and the ring tension is zero at top. If 7 kg is the ring
tension at 00 A when the top is free to expand as in 3.1.3, the value of shear
V can be found from Table 15 as below:

' VR

T-—=-—x-—H—— or

11
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V - HT
where
x = the coefficient obtained from Table 15 depending upon
the ratio—g:—

Fia. 6 WaLL wiTh SHEAR APPLIED AT Tor

3.1.5 Wall with Shear Applied at Base — Data given in Table 15 may
also be approximately applied in cases where shear is at the base of the
wall, as in Fig. 7, which illustrates a case in which the base of the wall is
displaced radially by application of a horizontal shear ¥ having an inward
direction. When the base is hinged, the displacement will be zero and the
reaction on wall will be inward in direction, When the base is sliding,
there will be largest possible displacement but the reaction will be zero

Frc. 7 WAaLL wITH SHEAR APPLIED AT Basz

3.1,6 Wall with Moment Applied at Top — When the top of the wall and

« the roof slab are made continuous as shown in Fig, 8, the deflection of the
roof will tend to rotate the top joint and introduce a moment at the-top of
the wall. In such cases, data in Tables 16 and 17 will be found useful
although they are prepared for moment applied at oné end of the wall when

12
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the other is free. These tables may also be applied with good degree of
accuracy, when the free end is hinged or fixed.

=)

Fic. 8 WaLL with MoMmENT ApPLIED AT ToF

3.1.7 Data for moments in cylindrical walls fixed at base and free at top
and subjected to rectangular load are covered in Table 18, and the data
for momenus in cylindrical wall, fixed at base, free at top, subjected to shear
applied at the top are covered in Table 19,

3.2 Moments in Circular Slabs — Data for moments in circular slabs
with various edge conditions and subjected to different loadings are given
in Tables 20 to 23,

13
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TABLE 1 MOMENT COEFFICIENTS FOR INDIVIDUAL WALL PANEL,

TOP AND BOTTOM HINGED, VERTICAL EDGES

a = height of the wall

b == width of the wall

( Clanses 2.1, 2.2 and 2.2.2)

w = density of thc liquid

Horzontal moment = My, wad

Vertical  mnment = M, wad

nla xja
“) 2

3:00 114

1.2

44

250 14

1:2

/4

2:00 14
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3/4
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3/4

125 14
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3/4
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0-50 1/4

142

3/4

SOSSANNNN AV

Lomeen
\FIIED

:

rixeo a
o
| F iwoeo J
-l wa e [
X
2=0 >=0bls y=1b2
"M, M, M, My, M, M,

@@ ) (5) (6) (7. (8)
40-035 +0-010 +0-026 +0-011 -0-008 -0-039
40057 40016 40044 40017 —0013 —0-063
+0-051 +0-013 +0-041 +0-014 —-0-011 ~—0-055
+0-031 +0-011 +4-0-021 +0:010 —0:008 ~ —0-038
+0-052 +0-017 +0-036 +0-017 —-0:012 ~—0-062
+0-047 40015 40036 40014 —0-011 —0-055
40025 40013 40015 40009 —0-007 ~0-037
+0-042 +40-020 +0-028 +40-015 -0:012 -—(0-059
+0-041 4-0-016 +0:029 +0-013 -0-011 —0-053
+0-020  40-013  +0-012 40008 —0-007 —0-035
+0-036 40020  +40-023 40013 —-0-011  —0-057
+0-036 +0-017 +4-0-025 40012 —0-010 —0-051
+0-015 -+0-013 +0-008 +0-007 —0-006 —0-032
40028 40021 40016 +0:011 —0-010 —0-052
40030 4.0-017 +0 020 +0-011 —0-010 —0-048
+0-009 +0-012 +0 N5 +0-005 —-0-006 —0-028
+0:019 4-0:019  +0-011 +0009 —0009 0045
+40-023  4-0-017 4-0-014 +0-009 —0-009 —0-043
+0-005 40009  -40-002 +0-003 —-0-:00¢ —0-020
+0011 40016 40000 40006 —0007 0035
+0-016 +0-014 +40-009 -+0-007 —0:007 —0-035
© -40-001 40006 40000 +0-002 —0-002 -0012
+-0-005 +0-011 +0-002 +0-003 -0:00¢ —0-022
40000 40011 40005 40005 —0005 ~0:025
+0-000 40-00., 0000 40001 -0001 —0-005
+0:001 +-0 005 4-0-001 +0-:001 --0:002 —-0-010
+0-00¢ 40007 40-002 +0:002 —0-003 —0-014
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IS : 3370 ( Part 1V ) - 1967

TABLE 2 MOMENT COEFFICIENTS FOR INDIVIDUAL WALL PANEL,
TOP FREE, BOTTOM HINGED, VERTICAL EDGES FIXED

( Clauses 2.1, 2.2 and 2.2.2)
a = height of thc wall v

[FREE
4
\- FIXED FIED a

&HMGED

b = width of the wall
w == density of the liquid

Horizonut.] moment = My wa®

NN NN NN N NN NNNN

Vertical moment = Afg wad

T

wa X
tla x/a y=0 y=b/+ y=bJ2
M, M, Al M, M, M,
Q 2) 3) 1) () (6) ) (8)
3.00 0 0 +0-070 0 40027 0 —0-19%

1/4 +0-028  +0-061 +40-015 40028 —0-03¢4 —0-170
1/2 +0-049  +0-049  +0-032 +40-026 -0027 —0-137
3/4 +0-046  +0-030 -+0-03+ +0018 —0-017 —0-087
2-50 0 0  +0-061 0 40019 0 -—-0-138
1/4 +0-024  +0-053  +0-010 +40-022 -0:026 —0-132
1/2 +0-042  +0-044 +0-:025  +0-922 ~0023 ~0115
3/4 +0-041 +0-027 40030 40016 —0-0l6 —0-078
2:00 0 0 40-045 0 40011 0 —00M
1/4 +0-016  40-042 +0-006 40014 0019 --0-0%
1/2 +0-033 40036 40020 40016 -0-018 —0-089
3/4 +0-035 +0-02¢ +0-025 4.0-014 —0-013 -—0-065
1-75 0 0 +0-036 0 +0-008 0 —007i
1/4 +0-013  +0-035 40006 +0-0l1 —-0-015 —0-076
1/2 40028  +0-032  +0-017 +0-014 —-0:005 -0-076
3/4 +0-031 +0-022  +0-021 +0-012 -0012 —-0-059
130 0 0 +0-027 0  +40-005 0 -0-052
114 +0-009 +0-028 40003 40008 —-0012 --0:059
1/2 40-022  40:027 +40-012 +0-0i1 -~0-013 —0-063
3/4 40-027 40020 40017 +40-011 —-0-010 —0-052
1-25 0 0 +0-017 0 +0-003 0 -0034
1/4 +0-:005 40020 40-002 +0:005 —0-008 —0-042
1/2 +0-017  40-023 +0-009 +0-0039 —0-010 —0-049
3/4 +0-021 40017 40013 40009 —0-009 —0-044
1-00 0 0 +0-010 0 +0-002 0 -0019
1/4 +0:002 +0-013 40000 40003 —0-005 ~0-025
1/2 +0-010 +40-017 -+0-005 +40-006 —0-007 --0-036
3/4 +0-015 +40-015 40009 40007 —0-007 —0-036
0-75 0 0 +0-005 0 +0-001 0 -—0-008
1/4 +0-00t 40008 +0-000 +0-002 —-0-003 -—0-013
1/2 40-005 40011  +40-002 +40-004 —0-004 —0-022
3/4 40010 +0-012 +40-006 +0-00¢ —0-005 —0-026
050 0 0 +0-002 0 +0-000 0 -0-003
1/4 +0000 4-0-004 40000 40001 -0-001 —0-005
1/2 +0-002 40006 +0-001 40002 —0-002 -0-010
9/4 +0-007 +0-008 +0-002 40002 —0003 —00i4




IS : 3370 ( Part IV )- 1967

TABLE 3 MOMENT COEFFICIENTS FOR INDIVIDUAL WALL PANEL,
TOP FREE, BOTTOM AND VERTICAL EDGES FIXED

( Clauses2.1,2.1.1,2.2and 2.2.2 )

a = height of the wall ? ’ y
b = width of the wall é [FREE ;T
. - v FIXED 5
w = density of the liquid 2 FIxED \ E a
Horizontal moment = M, wa® é é l
\ ertical moment = M, wa® _.‘ = g ”””'”""i I A
)
bla x/a _ y= 0 - y 16/4 - ):&12 .
M, M, M, M Mg M,
n ) 3 @ (5 (6) )] ®
300 0 0 +0-025 0 +0-014 0 —0-082
1/4 +0010 +0-019 40007 <0013 —0-014 —0-071
12 +0005 +0010 +0-008 +40-010 ~0-011 —0-055
3/4 —-0-033 -000¢ —0-018 —0-000 —0-006 —0-028
1 —0-126 —0-025 -0-092 —0-018 0 0
2-50 0 0 +0-027 0 +0-013 0 ~0-074
1/4 +4+0-012 40022 40007 +40-013 —0-013 -—0-066
1/2 +0-011  +0-014 40008 40010 —0-011 -—0-053
3/4 --0-02f —€-001 —0010 —0-001 -—0-005 —0-027
1 -0-108 -0-022 —0-077 —0-015 0 0
2:00 0 0 4-0-027 0 +0-009 0 —0-060
1/4 +0013 40023 +0-006 +0-010 —0-012 —0-039
1/2 40015 +0-016 +0-010 +0-010 —0-100 —0-049
3/4 -0008 40003 —0-002 +0-003 -0-005 —0-027
1 -0086 —0017 —0-059 —0-012 0 0
( Continued |
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1813370 (Part IV ) - 1967

TABLE 3 MOMENT COEFFICIENTS FOR INDIVIDUAL WALL PANEL,
TOP FREE, BOTTOM AND VERTICAL EDGES FIXED- Contd

da xla = 0 y =‘=:I4 » -}[2

"M, M, M, M, M, M,
(1) ) 3) (O] 3) (6) (7) 8
175 0 0 40025 0 40007 0 —0-050

1/4 +0-012  +40-022 40005 +0-008 —0-010 —0-052
12 40016 +40-016 +0-010 40009 —0009 —0-0¢6

3/4 —-0-002 —0-005 40001 —0-004 —0-005 —0-027
1 —0-07¢ -0-015 —-0-050 -0-010 0 0
1-50 0 0 +0-021 0 +0-005 0 —0-040

1/4 +0-008  +40-020 +0-064 +0:007 —0009 —0-04¢
1/2 40016 +0-016 40010 +40-008 —0-008 —0-042

3/ -~0:003 —0-006 40003 —0-004 —0005 ~0-026
1 -~0:060 —0-012 —0-041 —0-008 0 0
125 0 0 +0-015 0 +0-003 0 —0-029

1/4 40005 +0-015 40002 +0-005 —0-007 —0-034
1/2 +0-014 40015 40008 40007 —0007 —0-037
3/4 +0006 +0-007 +0-005 +0-005 0005 -0-02¢
1 —~0:047 0009 —0-031 —0-006 0 0

10 0 0 +0-009 0 +0-002 0 -0-018
1/4 40002 40011 40000 +0-003 —0-008 —0-028
1/2 40009 40013  40-005 +0-005 —0-006 —0-029
3/4 40008 —0-008 40005 +000¢ —000¢ —0-020
1 -0-035 ~0-007 —0022 -—0-005 0 0

075 0 0 +0-004 0 +0-001 0 ~0-007
1/4 40001 40008 40000 +0-002 —0-002 —0-011
1/2 40005 40010 40002 +0003 ~0003 —0-017
3/4 40007 40007 40003 40003 —0-003 —0-013
1 —0-02¢ —0-005 —0-015 —~0-003 0 0

0-30 0 0 +0-001 0 +0-000 0 ~0-002
1/4 +0-000 +0-005 +0-000 +0-001 —0-001 —0-004
172 +0-002 +0-006 40-001 40001 —0-002 —0-009
3/4 +0-00¢ +0-006 40-00f 40001 —0-001 —0-007
1 -0-015 -0-003 -—0008 —0-002 0 0
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TABLE 4 MOMENT COEFFICIENTS FOR UNIFORM LOAD ON

bla

(M
3-00

2:30

2-:00

175

1-50

1-25

1-00

0-75

0-50

RECTANGULAR PLATE HINGED AT FOUR EDGES

( Clauses 2.1.2 and 2,2.2 )

@ = height of the wall 1

b = width of the wall |

w = density of the liquid wworo .

Horizontal moment = M, wa* l

Vertical moment = Mg wa? L1 W M
xla - > = 0 L, y= 1/4

My M, M, M,

@ 3 4 ( (6)
1/4 +0-089 +0-022 +0-077 +0-025
1/2 +0-118 +0-029 ~+0-101 +0-034
1/4 +0-085 4002t " 4-0-070 +0-027
1/2 +0-112 +0-032 +0-092 +0-037
1/4 40076 +C-027 -+0-061 +0-028
12 +0-100 4-0-037 +0-078 +0-038
1/4 +0-070 4 0-029 +4-0-054 +0-029
1/2 +0-091 +0-040 +0-070 +0-039
14 +0-061 +0-031 +0-047 +0-029
1/2 +0-078 +0-043 +0-059 +0-040
1/4 +0-049 +0:033 +0-038 +0-029
1/2 +0-063. +0-0H +0-047 +0 039
114 +0-036 +0-033 +0-027 40027
1/2 +0-044 +0-044 +0-033 +0-036
/4 +0-022 +0-029 40016 +0-023
1/2 +0-025 +0-038 +0-018 +0-030
1]+ +0-010 +0-020 +0-007 +0-015
1/2 +0:009 +0-025 +0-007 +0-019
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TABLE 11 SHEAR AT BASE OF CYLINDRICAL WALL
( Clauses 3.1.1, 3.1.2 and 3.1.3)
wkH?* kg ( triangular )

o = Coefficient X { pH kg ( rectangular)
M| H kg ( moment at basc )

H TRIANGULAR RECTANGULAR TRIANGULAR OR MouMeNT
D: Loap Fixep Loap Pxzp  Recrancurar Loap AT
Base Base Hincep Basz Eocs
04 +0-436 +0-755 +0-243 —1-58
08 +0-374 +0-552 +0-234 —1:75
12 +0-339 +-0-460 +0-220 —2-00
16 +0-317 +0-407 +0-204 -2-28
20 +0-299 +0-370 +0-189 —2-57
30 +0-262 +0-310 +0-158 -3-18
40 +0-236 +0-271 +0-137 -~3-68
50 +0-213 +0-243 +0-121 —4-10
60 +0-197 4-0-222 +0-110 —4-49
8-0 4+0-174 +0-193 +0-096 —5-18
10-0 40-138 +0:172 +-0-087 —5-81
12:0 +0-145 +0-158 +0-079 —6-38
14-0 +0-135 +40-147 40-073 —6-88
16-0 +0-127 +0-137 +0-068 —~7-36

Norz 1| — w = Deniity of the liquid,

Notz 2 — Positive sign indicates shear acting inward.
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