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Unit – III 
 

Water Tank 
 

Overhead water tanks of various shapes can be used as service reservoirs, as a balancing tank in water supply 

schemes and for replenishing the tanks for various purposes. Reinforced concrete water towers have distinct 

advantages as they are not affected by climatic changes, are leak proof, provide greater rigidity and are 

adoptable for all shapes. 

Components of a water tower consists of- 

(a) Tank portion with 

(1) Roof and roof beams (if any)    (2) sidewalls 

(3) Floor or bottom slab                (4) floor beams, including circular girder 

(6) Staging portion, consisting of  (7) Columns  

(8) Bracings and                                                   (9) Foundations 

 

Types of water Tanks may be 

(a) Square open or with cover at top 

 (b) Rectangular open or with cover at top 

(b) Circular open or with cover at which may be flat or domed. 

Among these the circular types are proposed for large capacities. Such circular tanks may have flat floors or 

domical floors and these are supported on circular girder. 

The most common type of circular tank is the one which is called an Intze Tank. In such cases, a domed cover is 

provided at top with a cylindrical and conical wall at bottom. A ring beam will be required to support the domed 

roof.A ring beam is also provided at the junction of the cylindrical and conical walls. The conical wall and the 

tank floor are supported on a ring girder which is supported on a number of columns. 

Usually a domed floor is shown in fig a result of which the ring girder supported on the columns will be 

relieved from the horizontal thrusts as the horizontal thrusts of the conical wall and the domed floor act in 

opposite direction. 

Sometimes, a vertical hollow shaft may be provided which may be supported on the domed floor. 

The design of the tank will involve the following. 

(1) The dome: at top usually 100 mm to 150 mm thick with reinforcement along the meridians and latitudes. 

The rise is usually l/5th of the span. 

 

 

(2) Ring beam supporting the dome: The ring beam is necessary to resist the horizontal component of the 
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thrust of the dome. The ring beam will be designed for the hoop tension induced. 

(3) Cylindrical walls: This has to be designed for hoop tension caused due to horizontal water pressure. 

(4) Ring beam at the junction of the cylindrical walls and the conical wall: This ring beam is provided to 

resist the horizontal component of the reaction of the conical wall on the cylindrical wall.  The ring 

beam will be designed for the induced hoop tension. 

(5) Conical slab: This will be designed for hoop tension due to water pressure.  The slab will also be 

designed as a slab spanning between the ring beam at top and the ring girder at bottom. 

(6) Floor of the tank. The floor may be circular or domed. This slab is supported on the ring girder. 

(7) The ring girder: This will be designed to support the tank and its contents. The girder will be supported 

on columns and should be designed for resulting bending moment and Torsion. 

(8) Columns: These are to be designed for the total load transferred to them. The columns will be braced at 

intervals and have to be designed for wind pressure or seismic loads whichever govern. 

(9) Foundations: A combined footing is usually provided for all supporting columns. When this is done it is 

usual to make the foundation consisting of a ring girder and a circular slab. 

   Suitable proportions for the Intze. 

for case(1) suggested by Reynolds. Total volume ~0.585D 

for case (2), the proportion was suggested by Grey and Total Volume is given by 

2
34
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With h1= 3/25D and r = 0.0179D3 

Volume V = 0.4693D3 

Volume V = 0.493D3 

 

CLASSIFICATIONS: 

Classification based on under three heads: 

1. Tanks resting on ground 

2. Elevated tanks supported on staging 

3. Underground tanks. 

Classification based on shapes 

 Circular tanks 

 Rectangular tanks 

Downloaded from  be.rgpvnotes.in

Page no: 2 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

 Spherical tanks 

 Intze tanks 

 Circular tanks with conical bottom 

 

JOINTS IN LIQUID RETAINING STRUCTURES: 

 

MOVEMENT JOINTS. There are three types of movement joints. 

(i)  Contraction Joint. It is a movement joint with deliberate discontinuity without initial gap between the 

concrete on either side of the joint. The purpose of this joint is to accommodate contraction of the concrete. The 

joint is shown in fig a. 

 

 

 

Fig. a 

 

 

 

 

 

 

 

A contraction joint may be either complete contraction joint or partial contraction joint. A complete contraction 

joint is one in which both steel and concrete are interrupted and a partial contraction joint is one in which only 

the concrete is interrupted, the reinforcing steel running through as shown in Fig.b 
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Fig (b) 

(ii)  Expansion Joint. It is a joint with complete discontinuity in both reinforcing steel and concrete and it is 

to accommodate either expansion or contraction of the structure. A typical expansion joint is shown in  

 

 

 

Fig.(c) 

 

This type of joint is provided between wall and floor in some cylindrical tank designs. 

 

 

CONTRACTION JOINTS: 

This type of joint is provided for convenience in construction. This type of joint requires the provision of an 

initial gap between thread joining parts of a structure which by closing or opening accommodates the expansion 

or contraction of the structure. 
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Fig (d) 

(iii)  Sliding Joint. It is a joint with complete discontinuity in both reinforcement and concrete and with special 

provision to facilitate movement in plane of the joint. A typical joint is shown in Fig. This type of joint is 

provided between wall and floor in some cylindrical tank designs. 

 

 

 

 

 

TEMPORARY JOINTS: 

 

A gap is sometimes left temporarily between the concrete of adjoining parts of a structurewhich after a suitable 

interval and before the structure is put to use, is filled with mortaror concrete completely with suitable jointing 

materials. In the first case width of the gap should be sufficient to allow the sidesto be prepared before 

filling.Figure (g) 
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 GENERAL DESIGN REQUIREMENTS  

 

Plain Concrete Structures: 

Plain concrete member of reinforced concrete liquid retaining structure may be designed against structural 

failure by allowing tension in plain concrete as per the permissible limits for tension in bending. This will 

automatically take care of failure due to cracking. However, nominal reinforcement shall be provided, for plain 

concrete structural members. 

 

 Permissible Stresses in Concrete: 

(a) For resistance to cracking: For calculations relating to the resistance of members to cracking, the 

permissible stresses in tension (direct and due to bending) and shear shall confirm to the values specified in 

Table 1.The permissible tensile stresses due to bending apply to the face of the member in contact with the 

liquid. In members less than 225mm 0 thick and in contact with liquid on one side these permissible stresses in 

bending apply also to the face remote from the liquid. 

(b) For strength calculations: In strength calculations the permissible concrete stresses shall be in accordance 

with Table 1. Where the calculated shear stress in concrete alone exceeds the permissible value, reinforcement 

acting in conjunction with diagonal compression in the concrete shall be provided to take the whole of the 

shear. 

 

Permissible Stresses in Steel: 

(a) For resistance to cracking. When steel and concrete are assumed to act together for checking the tensile 

stress in concrete for avoidance of crack, the tensile stress in steel will be limited by the requirement that the 
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permissible tensile stress in the concrete is not exceeded so the tensile stress in steel shall be equal to the 

product of modular ratio of steel and concrete, and the corresponding allowable tensile stress in concrete. 

(b) For strength calculations: 

In strength calculations the permissible stress shall be as follows: 

a) Tensile stress in member in direct tension 1000 kg/cm . 

b) Tensile stress in member in bending on liquid retaining face of members or face away from liquid for 

members less than 225mm thick 1000 kg/cm . 

c) On face away from liquid for members 225mm or more in thickness 1250 kg/cm . 

d) Tensile stress in shear reinforcement For members less than 225mm thickness 1000 kg/cm for members 

225mm or more in thickness 1250 kg/cm . 

(v)Compressive stress in columns subjected to direct load 1250 kg/cm . 

 

Stresses due to drying Shrinkage or Temperature Change: 

(i) Stresses due to drying shrinkage or temperature change may be ignored provided that . 

(a) The permissible stresses specified above in (ii) and (iii) are not otherwise exceeded. 

(b) Adequate precautions are taken to avoid cracking of concrete during the construction period and until the 

reservoir is put into use. 

(c) Recommendation regarding joints given in article 8.3 and for suitable sliding layer beneath the reservoir 

are complied with, or the reservoir is to be used only for the storage of water or aqueous liquids at or near 

ambient temperature and the circumstances are such that the concrete will never dry out. 

(ii)  Shrinkage stresses may however be required to be calculated in special cases, when ashrinkage co-efficient 

of 300 x 10_6 may be assumed. 

(iii)  When the shrinkage stresses are allowed, the permissible stresses,tensile stresses to concrete (direct and 

bending) as given in Table 1 may be increased by 33.33 per cent. 

 

Floors: 

(i) Provision of movement joints. 

Movement joints should be provided as discussed in article 3. 

(ii) Floors of tanks resting on ground. 

If the tank is resting directly over ground, floor may be constructed of concrete with nominal percentage of 

reinforcement provided that it is certain that the ground will carry the load without appreciable subsidence in 

any part and that the concrete floor is cast in panels with sides not more than 4.5m.with contraction or 

expansion joints between. In such cases a screed or concrete layer less than 75mm thick shall first be placed on 

the ground and covered with a sliding layer of bitumen paper or other suitable material to destroy the bond 
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between the screed and floor concrete. In normal circumstances the screed layer shall be of grade not weaker 

than M10,where injurious soils or aggressive water are expected, the screed layer shall be of grade not weaker 

than M15 and if necessary a sulphate resisting or other special cement should be used. 

 

(iii) Floor of tanks resting on supports 

(a) If the tank is supported on walls or other similar supports the floor slab shall be designed as floor in 

buildings for bending moments due to water load and self weight. 

(b) When the floor is rigidly connected to the walls (as is generally the case) the bending moments at the 

junction between the walls and floors shall be taken into account in the design of floor together with any direct 

forces transferred to the floor from the walls or from the floor to the wall due to suspension of the floor from the 

wall. If the walls are non-monolithic with the floor slab, such as in cases, where movement joints have been 

provided between the floor slabs and walls, the floor shall be designed only for the vertical loads on the floor. 

(c) In continuous T-beams and L-beams with ribs on the side remote from the liquid, the tension in concrete on 

the liquid side at the face of the supports shall not exceed the permissible stresses for controlling cracks in 

concrete. The width of the slab shall be determined in usual manner for calculation of the resistance to cracking 

of T-beam, L beam sections at supports. 

(d) The floor slab may be suitably tied to the walls by rods properly embedded in both the slab and the walls. 

In such cases no separate beam (curved or straight) is necessary under the wall, provided the wall of the tank 

itself is designed to act as a beam over the supports under it. 

(e) Sometimes it may be economical to provide the floors of circular tanks, in the shape of dome. In such cases 

the dome shall be designed for the vertical loads of the liquid over it and the ratio of its rise to its diameter shall 

be so adjusted that the stresses in the dome are, as far as possible, wholly compressive. The dome shall be 

supported at its bottom on the ring beam which shall be designed for result of circumferential tension in 

addition to vertical loads. 

 

Walls: 

(i) Provision of joints 

(a) Where it is desired to allow the walls to expand or contract separately from the floor, or to prevent 

moments at the base of the wall owing to fixity to the floor, sliding joints may be employed. 

(b) The spacing of vertical movement joints should be as discussed in article 3.3 while the majority of these 

joints may be of the partial or complete contraction type, sufficient joints of the expansion type should be 

provided to satisfy the requirements given in article 
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(ii) Pressure on Walls. 

(a) In liquid retaining structures with fixed or floating covers the gas pressure developed above liquid surface 

shall be added to the liquid pressure. 

 

(b) When the wall of liquid retaining structure is built in ground, or has earth embanked against it, the effect of 

earth pressure shall be taken into account. 

 

(iii) Walls or Tanks Rectangular or Polygonal in Plan. 

While designing the walls of rectangular or polygonal concrete tanks, the following points should be borne in 

mind. 

(a) In plane walls, the liquid pressure is resisted by both vertical and horizontal bending moments. An estimate 

should be made of the proportion of the pressure resisted by bending moments in the vertical and horizontal 

planes. The direct horizontal tension caused by the direct pull due to water pressure on the end walls, should be 

added to that resulting from horizontal bending moments. On liquid retaining faces, the tensile stressesdue to 

the combination of direct horizontal tension and bending action shall satisfy the following condition: 

(t./t )+ ( o’c t . /o’ct ) 1 

t. = calculated direct tensile stress in concrete  

t = permissible direct tensile stress in concrete (Table 1)  

'o c  t = calculated tensile stress due to bending in concrete.  

'o c  t = permissible tensile stress due to bending in concrete. 

 

 

 

 

(c) At the vertical edges where the walls of a reservoir are rigidly joined, horizontal reinforcement and haunch 

bars should be provided to resist the horizontal bending moments even if the walls are designed to withstand the 

whole load as vertical beams or cantilever without lateral supports. 

(d) In the case of rectangular or polygonal tanks, the side walls act as two way slabs, where by the wall is 

continued or restrained in the horizontal direction, fixed or hinged at the bottom and hinged or free at the top. 

The walls thus act as thin plate’s subjected triangular loading and with boundary conditions varying between 

full restraint and freedge. The analysis of moment and forces may be made on the basis of any recognized 

method. 
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(iv) Walls of Cylindrical Tanks. 

While designing walls of cylindrical tanks the following points should be borne in mind: 

(a) Walls of cylindrical tanks are either cast monolithically with the base or are set in grooves and key ways 

(movement joints). In either case deformation of wall under influence of liquid pressure is restricted at and 

above the base. Consequently, only part of the triangular hydrostatic load will be carried by ring tension and 

part of the load at bottom will be supported by cantilever action. 

(b) It is difficult to restrict rotation or settlement of the base slab and it is advisable to provide vertical 

reinforcement as if the walls were fully fixed at the base, in addition to the reinforcement required to resist 

horizontal ring tension for hinged at base, conditions of walls, unless the appropriate amount of fixity at the 

base is established by analysis with due consideration to the dimensions of the base slab the type of joint 

between the wall and slab, and , where applicable, the type of soil supporting the base slab. 

Roofs 

(i) Provision of Movement joints: 

To avoid the possibility of sympathetic cracking it is important to ensure that movement joints in the roof 

correspond with those in the walls, if roof and walls are monolithic. It, however, provision is made by means of 

a sliding joint for movement between the roof and the wall correspondence of joints is not so important. 

 

(ii) Loading: 

Field covers of liquid retaining structures should be designed for gravity loads, such as the weight of roof slab, 

earth cover if any, live loads and mechanical equipment. They should also be designed for upward load if the 

liquid retaining structure is subjected to internal gas pressure. A superficial load sufficient to ensure safety with 

the unequal intensity of loading which occurs during the placing of the earth cover should be allowed for in 

designing roofs. The engineer should specify a loading under these temporary conditions which should not be 

exceeded. In designing the roof, allowance should be made for the temporary condition of some spans loaded 

and other spans unloaded, even though in the final state the load may be small and evenly distributed. 

 

(iii) Water tightness: In case of tanks intended for the storage of water for domestic purpose, the roof must be 

made water-tight. This may be achieved by limiting the stresses as for the rest of the tank, or by the use of the 

covering of the water proof membrane or by providing slopes to ensure adequate drainage. 

 

(iv) Protection against corrosion: Protection measure shall be provided to the underside of the roof to 

prevent it from corrosion due to condensation. 
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Minimum Reinforcement: 

(a) The minimum reinforcement in walls, floors and roofs in each of two directions atright angles shall have an 

area of 0.3 per cent of the concrete section in that direction for sections up to 100mm, thickness. For sections of 

thickness greater than 100mm, and less than 450mm the minimum reinforcement in each of the two directions 

shall be linearly reduced from 0.3 percent for 100mm thick section to 0.2 percent for 450mm, thick sections. 

For sections of thickness greater than 450mm, minimum reinforcement in each of the two directions shall be 

kept at 0.2 per cent. In concrete sections of thickness225mm or greater, two layers of reinforcement steel shall 

be placed one near each face of the section to make up the minimum reinforcement. 

(b) In special circumstances floor slabs may be constructed with percentage of reinforcement less than 

specified above. In no case the percentage of reinforcement in any member be less than 0.15% of gross 

sectional area of the member. 

 

Minimum Cover to Reinforcement: 

(a) For liquid faces of parts of members either in contact with the liquid (such as inner faces or roof slab) the 

minimum cover to all reinforcement should be 25mm or the diameter of the main bar whichever is grater. In the 

presence of the sea water and soil sand water of corrosive characters the cover should be increased by 12mm 

but this additional cover shall not be taken into account for design calculations. 

(b) For faces away from liquid and for parts of the structure neither in contact with the liquid on any face, nor 

enclosing the space above the liquid, the cover shall be as for ordinary concrete member. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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