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MODULE-1         Chapter -1  

             Session - 1 
 

Learning Objectives 

1.1 Introduction  

1.2 Concrete and steel with their properties 

1.2.1 Advantages Disadvantages of RC members 

1.2.2 Materials required for RC member 

 

1.1 Introduction  

A structure refers to a system of connected parts used to support forces (loads). Buildings, bridges and towers are 

examples for structures in civil engineering. In buildings, structure consists of walls floors, roofs and foundation. In 

bridges, the structure consists of deck, supporting systems and foundations. In towers the structure consists of 

vertical, horizontal and diagonal members along with foundation. 

A structure can be broadly classified as (i) sub structure and (ii) super structure. The portion of building below ground 

level is known as sub-structure and portion above the ground is called as super structure. Foundation is sub structure 

and plinth, walls, columns, floor slabs with or without beams, stairs, roof slabs with or without beams etc are super-

structure. Many naturally occurring substances, such as clay, sand, wood, rocks natural fibers are used to construct 

buildings. Apart from this many manmade products are in use for building construction. Bricks, tiles, cement 

concrete, concrete blocks, plastic, steel & glass etc are manmade building materials. 

1.2 Concrete and steel with their properties 

1.2.1 Advantages Disadvantages of RC members 

• It has high tensile and compressive strength. 

• It is more durable and may long up to 100 years. 

• It imparts ductility. 

• Raw materials used for construction of RC buildings are easily available and can be transported. 

• Overall cost for constructing a building using RC proves to be economical compared to steel and pre-stressed 

structures. 

• RC components can be moulded to any desired shape, if formwork is designed properly. 

• If RC structures are properly designed then it can resist the earthquake forces.  

Disadvantage 

• Tensile strength of RC member is about 1/10
th 

of its compressive strength 1.4. 

 
1.2.2 Materials required for RC member 

 

a. Concrete 

Concrete is a product obtained artificially by hardening of the mixture of cement, sand, gravel and water in 

predetermined proportions. Depending on the quality and proportions of the ingredients used in the mix the properties 

of concrete vary almost as widely as different kinds of stones. Concrete has enough strength in compression, but has 

little strength in tension. Due to this, concrete is weak in bending, shear and torsion. Hence the use of plain concrete 
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is limited applications where great compressive strength and weight are the principal requirements and where tensile 

stresses are either totally absent or are extremely low.  

Properties of Concrete 

1. Grade of concrete 

 

 

2. Tensile strength Fcr = 0.7* √fck 

3. Modulus of elasticity Ec =5000*√fck 

4. Shrinkage of concrete: Depends on 

 Constituents of concrete 

 Size of the member 

 Environmental conditions 
5. Creep of concrete: Depends on 

 Strength of the concrete 

 Stress in concrete 

 Duration of loading 

6. Durability: Mainly depends on 

 Type of Environment 

 Cement content 

 Water cement ratio 

 Workmanship 

 Cover to the reinforcement 

7. Cover to the reinforcement 

Nominal cover is essential 

 Resist corrosion 

 Bonding between steel and concrete 

b) Reinforcements 

 Bamboo, natural fibers (jute, coir etc) and steel are some of the types of reinforcements 
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Roles of reinforcement in RCC 

• To resist Bending moment in case of flexural members 

• To reduce the shrinkage of concrete 

• To improve the load carrying capacity of the compression member 

• To resist the effect of secondary stresses like temperature etc. 

• To prevent the development of wider cracks formed due to tensile stress 

Advantages of Steel Reinforcement 

• It has high tensile and compressive stress 

• It is ductile in nature 

• It has longer life 

• It allows easy fabrication (easy to cut, bend or weld) 

• It is easily available 

• It has low co-efficient of thermal expansion same as that of concrete 

Disadvantages of Steel Reinforcement 

• More prone to corrosion 

• Loses its strength when exposed to high temperature. 
Classification of Steel bars 

1. Mild Steel plain bars 

 Cold worked steel bars 

 Hot rolled mild steel bars 

Eg: Fe250 

2. High Yield Strength Deformed (HYSD) Bars 

Eg: Fe415 & Fe500 

3. Steel wire Fabric4. Structural Steel 5. CRS and TMT 

 

 8mm-10mm size bars are used in Slabs and Stair ups, which serves as a load bearing member in slab 
homes. 

 12mm-25mm size bars are used in Beams & Columns, to make them withstand external loads. 

32mm-36mm size bars are used in the construction of very complex projects like dams, bridges. 
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 Based on the designs also, we go for the sizes. Sometimes, we use different sizes according to the 

project specifications. 

 

      Stress-strain curves for reinforcement 

Figure1.2: Stress-strain curve for Mild steel (idealized) (Fe 250) with definite yield point 

Figure1.3: Stress-strain curve for cold worked deform bar Figures 1.2 and 1.3 show the representative 

stress-strain curves for steel having definite yield point and not having definite yield point, respectively. 

The characteristic yield strength fy steel is assumed as the minimum yield stress or 0.2 per cent of proof 

stress for steel having no or cold-worked bars (Fig. 1.3), the stress is proportional to the strain up to a stress 

of 0.8 f . 
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MODULE-1         Chapter -1  

             Session - 2 
  

Learning Objectives 

1.3 Types of load on RCC structures and  

1.4 Introduce IS: 456-2000 code provision 

 

1.3 Types of Loads on RCC Structures 

1. Dead Load IS 875 (Part 1 )1987  

2. Live Load   IS 875 (Part 2 )1987 

3. Wind Load IS 875 (Part 3 )1987  

4. Snow Load IS 875 (Part 4 )1987 

5. Earthquake Load IS 1893 2002 

 Low intensity Zone (IV or less) – Zone II  

 Moderate intensity Zone (VII) – Zone III  

 Severe intensity Zone (VIII) – Zone IV 

  Very Severe Intensity Zone (IX and above) – Zone V 

 

1.Dead load 

Dead loads include the structure’s weight or other fixed elements before any live loads are considered. The 

total weight of the structure is the sum of the dead weight and the live weights applied to it. The volume of 

each section is multiplied by the unit material weight to determine the total dead load of each structure. 

2. Live Load: 

Imposed loads, also known as live loads, are another type of vertical load that must be considered when a 

structure is designed. Non-decelerating or non-impacting loads are known as live loads. For example, the 

weight of movable partitions or furniture is assumed to produce these loads as part of the building’s 

intended use or occupancy. It’s impossible to predict what the current live load will be. 

The designer must take into account these additional stresses. It’s one of the most significant weights in 

the design. IS 875 (part 2)–1987 specifies the minimum live load values that must be assumed in new 

construction projects. On the other hand, it depends on the purpose of the building. The code provides the 

live load values for the following accommodation class: 

 Homes, hotels, hostels, and other types of residential buildings such as boiler room, plant room, 

garage and storage facilities. 

 Institutional structures. 

 Buildings for the education of students. 

 Buildings for commercial and office use. 

 Assemblage facilities. 

 Commercial buildings. 

 Buildings of the industrial sector. 

 Rooms for storing things. 

 

 



6 
 

3. Wind Load: 

As the structure must withstand its weight, it must also withstand wind, earthquakes, and other external forces. There 

should be no exceptions to this rule regarding structures, components, and cladding, all of which must withstand 

wind loads. It is known as a wind load when the wind exerts pressure on a structure. This weight is dispersed over 

the entire structure’s surface area. As a building’s height increases, so do the magnitude of this load, i.e., due to the 

wind, taller structures have a greater impact than shorter ones. 

4. Snow Load: 

When snow accumulates, it creates a vertical force on the ground. Large amounts of snow can accumulate, burdening 

the building, especially in areas prone to heavy and frequent winter snowfalls. Code of Practice for Design Loads 

(Other Than Earthquake) for Buildings and Structures – Snow Loads recommends snow load on roofs of buildings 

in India.  

5. Earthquake Load: 

As a result of seismic excitations, the structure experiences an earthquake load. Inertia force varies in mass. 

Earthquake loading will be much higher because of a structure’s greater mass. The structure will fail or be damaged 

if the earthquake load exceeds the element’s moment of resistance. 

1.5 Introduce IS: 456-2000 code provision 

Certainly! IS 456:2000 is the Indian Standard code of practice for general structural use of plain and reinforced 

concrete. It provides guidelines and provisions for designing reinforced concrete structures, including beams, 

columns, slabs, and foundations.  
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MODULE-1         Chapter -1  

            Session - 3 
 

Learning Objectives 

1.6 Design Philosophies on WSM and LSM 

1.7 Methods of Design 

1.8 Working Stress Method – Based on Elastic theory 

1.9 Ultimate load method or Load factor method. 

 

1.6 Design Philosophies on WSM and LSM 

 
Design of RC member involves 

1. Deciding the size or dimension of the structural element and amount of reinforcement required.  

2. To check whether the adopted size perform satisfactorily during its life span. 

Methods of Design or Design philosophy 

1. Working stress method 

2. Ultimate or load factor method 

3. Limit state method. 

Working Stress Method – Based on Elastic theory 

Assumptions: - 

 Plane section remains plane before and after deformation takes place 

 Stress –strain relation under working load, is linear for both steel and concrete 

 Tensile stress is taken care by reinforcement and none of them by concrete Modular Ratio between steel 

and concrete remains constant. 

Modular ratio 

M = 280/3  

Where  =  is permissible stress 

Advantages: - 

1. Method is simple 

2. Method is reliable 

3. Stress is very low under working condition, therefore serviceability is automatically satisfied  

Limitations: - 

1. Stress strain relation for concrete is not linear for concrete 

2. It gives an idea that failure load = working load * factor of safety, but it is not true 

3. This method gives uneconomical section. 
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Ultimate load method or Load factor method 

This method uses design load = ultimate load * load factor 

Load factor = Design load / Working load 

 This method gives slender and thin section which results in excessive deflection and cracks  

 This method does not take care of shrinkage of concrete. 

 This method does not take of serviceability 

Limit State Method 

Limit state is an acceptable limit for both safety and serviceability before which failure occurs 

1. Limit state of collapse 

2. Limit state of serviceability 

3. Other limit state 

Limit state of Collapse The structure may get collapse because of 

 Rupture at one or more cross-sections  

 Buckling 

 Overturning 

While designing the structure following ultimate stresses should be considered 

1. Flexure 

2. Shear 

3. Torsion 

4. Tension 

5. Compression 

Limit state of Serviceability  

a) Limit state of deflection 

 Lack of safety  

 Appearance 

 Ponding of water 

 Misalignment in machines 

 Door, window frames, flooring materials undergoes crack  

Methods for controlling deflecting 

• Empirical formula – span/depth  

• Theoretical - dimension 

b) Limit state of cracking 

 Appearance 

 Lack of safety 

 Leakage 

 Creation of maintenance problem 

 Reduction in stiffness with increase in deflection  
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 corrosion 

Other Limit states 

a) Vibration 

b) Fire resistance 

c) Chemical and environmental actions  

d) Accidental loads 

Characteristic load 

Characteristic load = Mean Load+1.64S 

Characteristic Strength 

Characteristic Strength = Mean Strength -1.64S 

Partial Safety factor 

2. For material 

3. For load  

Fd= F * γf 

Ultimate load method (ULM) 

The method is based on the ultimate strength of reinforced concrete at ultimate load is obtained by enhancing the 

service load by some factor called as load factor for giving a desired margin of safety. Hence the method is also 

referred to as the load factor method or the ultimate strength method. 

In the ULM, stress condition at the state of in pending collapse of the structure is analysed, thus using, the non-linear 

stress – strain curves of concrete and steel. The safely measure in the design is obtained by the use of proper load 

factor. The satisfactory strength performance at ultimate loads does not guarantee satisfactory strength performance 

at ultimate loads does not guarantee satisfactory serviceability performance at normal service loads. 

Limit state method (LSM) 

Limit states are the acceptable limits for the safety and serviceability requirements of the structure before failure 

occurs. The design of structures by this method will thus ensure that they will not reach limit states and will not 

become unfit for the use for which they are intended. It is worth mentioning that structures will not just fail or 

collapse by violating (exceeding) the limit states. Failure, therefore, implies that clearly defined limit states of 

structural usefulness has been exceeded. 

Limit state are two types 

i) Limit state of collapse 

ii) Limit state of serviceability. 
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MODULE-1         Chapter -1  

            Session - 4 
 

Learning Objectives 

1.10 LSM method of design on RCC structures. 

1.11 Limit State of collapse 

1.12 Limit State of serviceability 

 

Limit state is an acceptable limit for both safety and serviceability before which failure occurs  

1. Limit state of collapse 

2. Limit state of serviceability 

3. Other limit state 

Limit state of Collapse  

The structure may get collapse because of 

• Rupture at one or more cross-sections  

• Buckling 

• Overturning 

While designing the structure following ultimate stresses should be considered 

1. Flexure 

2. Shear 

3. Torsion 

4. Tension 

5. Compression 

Limit state of Serviceability a) Limit state of deflection 

 Lack of safety  

 Appearance 

 Ponding of water 

 Misalignment in machines 

 Door, window frames, flooring materials undergoes crack  

Methods for controlling deflecting 

• Empherical formula – span/depth  

• Theoretical - dimension 

b) Limit state of cracking 

 Appearance 

 Lack of safety 

 Leakage 

 Creation of maintenance problem 

 Reduction in stiffness with increase in deflection  

 corrosion 

Characteristic load 

Characteristic load = Mean Load+1.64S 
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Characteristic Strength 

Characteristic Strength = Mean Strength -1.64S 

 

Partial Safety factor 

2. For material 

3. For load  

Fd= F * γf 
 

Stress-strain curves for reinforcement 
 

 

 

 

Stress-strain curve for Mild steel (idealized) (Fe 250) with definite yield point 

 

A reinforced concrete structure should be designed to satisfy the following criteria- 
i) Adequate safety, in items stiffness and durability 

ii) Reasonable economy. 
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MODULE-1          Chapter -1  

            Session - 5 
 

Learning Objectives 

1.13 Limit state of collapse for flexure. 

1.14 Assumption/ Stress-strain curve for concrete and steel. 

 

1.13 Limit states of collapse for flexure 
The limit state of collapse of the structure or part of the structure could be assessed from rupture of one or more 

critical sections and from bucking due to elastic bending, shear, torsion and axial loads at every section shall not be 

less than the appropriate value at that section produced by the probable most unfavorable combination of loads on 

the structure using the appropriate factor of safely. 

Characteristic and design values and partial safety factor 

1. Characteristic strength of materials. 

The term ‗characteristic strength‗ means that value of the strength of material below 

which not more than minimum acceptable percentage of test results are expected to fall. IS 456:2000 have accepted 

the minimum acceptable percentage as 5% for reinforced concrete structures. This means that there is 5% for 

probability or chance of the actual strength being less than the characteristic strength. 

 

 

Frequency distribution curve for strength 

Figure shows frequency distribution curve of strength material (concrete or steel). The value of 

K corresponding to 5% area of the curve is 1.65. 

The design strength should be lower than the mean strength (fm)  

Characteristic strength = Mean strength –K x standard deviation or  

fk=fm-KSd 
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Where, fk=characteristic strength of the material 

fm=mean strength  

K=constant =1.65  

Sd=standard deviation for a set of test results. 

The value of standard deviation (Sd) is given by 

Sd =  

Where, δ=deviation of the individual test strength from the average or mean strength of n samples. 

n= number of test results. 

Characteristic strength of concrete 

Characteristic strength of concrete is denoted by fck (N/mm2) and its value is different for different grades of concrete 

e.g. M 15, M25 etc. In the symbol ‗M‗ used for designation of concrete mix, refers to the mix and the number refers 

to the specified characteristic compressive strength of 150 mm size cube at 28 days expressed in N/mm2 

Characteristic strength of steel 

Until the relevant Indian Standard specification for reinforcing steel are modified to include the concept of 

characteristic strength, the characteristic value shall be assumed as the minimum yield stress or 0.2% proof stress 

specified in the relevant Indian Standard specification. The characteristic strength of steel designated by symbol fy 

(N/mm2) 

Characteristic loads 

The term ‗Characteristic load‗ means that values of load which has a 95% probability of not being exceeded during 

that life of the structure.  

The design load should be more than average load obtained from statistic, we have 

Fk=Fm+KSd 

Where, Fk=characteristic load; 

Fm= mean load  

K=constant=2.65; 

Sd=standard deviation for the load. 

Since data are not available to express loads in statistical terms, for the purpose of this standard, dead loads given 

in IS 875(Part-1), imposed loads given in IS 875(Part-2), wind loads. Given in IS 875 (Part-3), snow load as given 

in IS 875(Part-4) and seismic forces given in IS 1893 shall be assumed as the characteristic loads. 

Design strength of materials 

The design strength of materials (fd) is given by 

 

Where, fk=characteristic strength of material. 

 m = =partial safety factor appropriate to the material and the limit state being 
 



14 
 

Design loads 

The design load ( Fd) is given by. 

Fd=Fk.  f 

 f =partial safety factor appropriate to the nature of loading and the limit state being  

considered. 

The design load obtained by multi plying the characteristic load by the partial safety factor for load is also known 

as factored load. 

Partial safety factor (  m) for materials 

When assessing the strength of a structure or structural member for the limit state of collapse, the values of partial 

safety factor,  m should be taken as 1.15 for steel. 

Thus, in the limit state method , the design stress for steel reinforcement is given by fy /  ms = 

fy/1.15=0.87fy. 

According to IS 456:2000 for design purpose the compressive strength of concrete in the structure shall be assumed 

to be 0.67 times the characteristic strength of concrete in cube and partial safety factor  mc =1.5 shall be applied in 

addition to this. Thus, the design stress in 

concrete is given by 

0.67 fck /  mc  0.67 fck /1.5  0.446 fck 

Partial safety factor for loads 

The partial safety factors for loads, as per IS 456:2000 are given in table below 

 
 

1.14 Assumption/ Stress-strain curve for concrete and steel. 

The behaviour of reinforced concrete beam sections at ultimate loads has been explained in detail in previous section. 

The basic assumptions involved in the analysis at the ultimate limit state of flexure (Cl. 38.1 of the Code) are listed 

here. 

a) Plane sections normal to the beam axis remain plane after bending, i.e., in an initially straight beam, strain varies 

linearly over the depth of the section. 

b) The maximum compressive strain (at the outer most fibre) cu shall be taken as 0.0035 in bending. 

c) The relationship between the compressive stress distribution in concrete and the strain in concrete may be assumed 

to be rectangle, trapezoid, parabola or any other shape which results in prediction of strength in substantial agreement 

with the results of test. An acceptable stress-strain curve is given below in figure 1.6. For design purposes, the 
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compressive strength of concrete in the structure shall be assumed to be 0.67 times the characteristic strength. The 

partial safety factor y, = 1.5 shall be applied in addition to this. 

d) The tensile strength of the concrete is ignored. 

e) The stresses in the reinforcement are derived from representative stress-strain curve for the type of steel used. 

Typical curves are given in figure 1.3. For design purposes the partial safety factor equal to 1.15 shall be applied. 

f) The maximum strain in the tension reinforcement in the section at failure shall not be 

less than  

 
  

MODULE-1         Chapter -1  

            Session - 6 
 

Learning Objectives 

1.15 Depth of neutral Axis  

1.16 Types of sections (BRS, URS & ORS) 

 

 

1.15 Depth of neutral Axis  

 

 

 

 

Rectangular beam under flexure xu < xu max 
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Limiting depth of neutral axis for different grades of steel 

 

The limiting depth of neutral axis xu,max corresponds to the so-called balanced section, i.e., a section that is expected 

to result in a balanced‗ failure at the ultimate limit state in flexure. If the neutral axis depth xu is less than xu,max , 

then the section is under-reinforced (resulting in a tension‗ failure); whereas if xu exceeds xu,max , it is over-

reinforced (resulting in a compression failure). 

1.16 Types of sections (BRS, URS & ORS) 

A reinforced concrete member is considered to have failed when the strain of concrete in extreme compression 

fibre reaches its ultimate value of 0.0035. At this stage, the actual strain in steel can have the following values: 

(a) Equal to failure strain of steel 

(b) More than failure strain, corresponding to under reinforced section. 

(c) Less than failure strain corresponding to over reinforced section. 

Thus for a given section, the actual value of xu / d can be determined).  

Three cases arise. 

Case-1: xu /d equal to the limiting value xu,max/d : Balanced section.  

Case-2: xu /d less than limiting value: under-reinforced section. 

Case-3: xu /d more than limiting value: over-reinforced section. 

Balanced Section 

In balanced section, the strain in steel and strain in concrete reach their maximum values simultaneously. The 

percentage of steel in this section is known as critical or limiting steel percentage. The depth of neutral axis (NA) is 

xu = xu,max. 

Under-reinforced section 

An under-reinforced section is the one in which steel percentage (pt) is less than critical or limiting percentage (pt,lim 

). Due to this the actual NA is above the balanced NA and xu<xu,max . 

Over-reinforced section 

In the over reinforced section the steel percentage is more than limiting percentage due to which NA falls below the 

balanced NA and xu > xu,max . Because of higher percentage of steel, yield does not take place in steel and failure 

occurs when the strain in extreme fibres in concrete reaches its ultimate value. 

 

 

 

 

 

 



17 
 

MODULE-1         Chapter -1  

            Session - 7 
 

Learning Objectives 

1.17 Beam Notations and analysis of singly reinforced beams. 
1.18 Analysis of Singly Reinforced Rectangular Sections 

 

 

Analysis of a given reinforced concrete section at the ultimate limit state of flexure implies the determination of the 

ultimate moment MR of resistance of the section. This is easily obtained from the couple resulting from the flexural 

stresses 

 
 

Concrete stress-block parameters in compression 
Moment of resistance = C * Z = T * Z 

where C and T are the resultant (ultimate) forces in compression and tension respectively and z is the lever arm. 

T = 0.87* fy *Ast 

Concrete Stress Block in Compression 

In order to determine the magnitude of Cu and its line of action, it is necessary to analyze the concrete stress block 

in compression. As ultimate failure of a reinforced concrete beam in flexure occurs by the crushing of concrete, for 

both under- and over-reinforced beams, the shape of the compressive stress distribution (‗stress block‗) at failure 

will be, in both cases, as shown in Fig. The value of Cu can be computed knowing that the compressive stress in 

concrete is uniform at 0.447 fck for a depth of 3xu/ 7, and below this it varies parabolically over a depth of 4xu/ 7 

to zero at the neutral axis. 

For a rectangular section of width b, Therefore, Cu = 0.36 * fck * b * xu 

Also, the line of action of Cu is determined by the centroid of the stress block, located at a distance x from the 

concrete fibres subjected to the maximum compressive strain. 
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Accordingly, considering moments of compressive forces C u, C1 and C2 about the maximum compressive strain 

location, 

Depth of Neutral Axis 

For any given section, the depth of the neutral axis should be such that Cu = T, satisfying equilibrium of forces. 

Equating C = T, 

Ultimate Moment of Resistance 

The ultimate moment of resistance MR of a given beam section is 

Modes of failure: Types of section 

A reinforced concrete member is considered to have failed when the strain of concrete in extreme compression 

fibre reaches its ultimate value of 0.0035. At this stage, the actual strain in steel can have the following values: 

(a) Equal to failure strain of steel 

(b) More than failure strain, corresponding to under reinforced section. 

(c) Less than failure strain corresponding to over reinforced section. 

Thus for a given section, the actual value of xu / d can be determined from Eq. (7). Three cases arise. 

Case-1: xu /d equal to the limiting value xu,max/d : Balanced section. 

Case-2: xu /d less than limiting value: under-reinforced section. 

Case-3: xu /d more than limiting value: over-reinforced section. 

Balanced Section 

In balanced section, the strain in steel and strain in concrete reach their maximum values simultaneously. The 

percentage of steel in this section is known as critical or limiting steel percentage. The depth of neutral axis (NA) 

is xu= xu,max. 

Under-reinforced section 

An under-reinforced section is the one in which steel percentage (pt) is less than critical or limiting percentage 

(pt,lim ). Due to this the actual NA is above the balanced NA and xu<xu,max . 

Over-reinforced section 

In the over reinforced section the steel percentage is more than limiting percentage due to which NA falls below 

the balanced NA and xu>xu,max . Because of higher percentage of steel, yield does not take place in steel and 

failure occurs when the strain in extreme fibres in concrete reaches its ultimate value. 

1.16 General Aspects of Serviceability: 

The members are designed to withstand safely all loads liable to act on it throughout its life using the limit state of 

collapse. These members designed should also satisfy the serviceability limit states. To satisfy the serviceability 

requirements the deflections and cracking in the member should not be excessive and shall be less than the 

permissible values. Apart from this the other limit states are that of the durability and vibrations. Excessive values 

beyond this limit state spoil the appearance of the structure and affect the partition walls, flooring etc. This will 

cause the user discomfort and the structure is said to be unfit for use. 

The different load combinations and the corresponding partial safety factors to be used for the limit state of 

serviceability are given in Table 18 of IS 456:2000. 
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Limit state of serviceability for flexural members: 

Deflection 

The check for deflection is done through the following two methods specified by IS 456:2000 (Refer clause 42.1) 

Empirical Method 

In this method, the deflection criteria of the member is said to be satisfied when the actual value of span to depth 

ratio of the member is less than the permissible values. The IS code procedure for calculating the permissible 

values are as given below 

a. Choosing the basic values of span to effective depth ratios (l/d) from the following, depending on the type of 

beam. 

1. Cantilever = 8 

2. Simply supported = 20 

3. Continuous = 26 

b. Modify the value of basic span to depth ratio to get the allowable span to depth ratio.  

Allowable l/d = Basic l/d x Mt x Mc x Mf 

Where, Mt = Modification factor obtained from fig 4 IS 456:2000. It depends on the area of tension reinforcement 

provided and the type of steel. 

Mc = Modification factor obtained from fig 5 IS 456:2000. This depends on the area of compression steel used. 

Mf = Reduction factor got from fig 6 of IS 456:2000 

Note: The basic values of l/d mentioned above is valid upto spans of 10m. The basic values are multiplied by 10 / 

span in meters except for cantilever. For cantilevers whose span exceeds 10 m the theoretical method shall be used. 

2 Theoretical method of checking deflection 

The actual deflections of the members are calculated as per procedure given in annexure = C ‘ 

of IS 456:2000. This deflection value shall be limited to the following 

i. The final deflection due to all loads including the effects of temperature, creep and shrinkage shall not exceed 

span / 250. 

ii. The deflection including the effects of temperature, creep and shrinkage occurring after erection of partitions 

and the application of finishes shall not exceed span/350 or 20 mm whichever is less. 

Cracking in structural members 

Cracking of concrete occurs whenever the tensile stress developed is greater than the tensile strength of concrete. 

This happens due to large values of the following: 

1. Flexural tensile stress because of excessive bending under the applied load 

2. Diagonal tension due to shear and torsion. 

3. Direct tensile stress under applied loads (for example hoop tension in a circular tank) 

4. Lateral tensile strains accompanying high axis compressive strains due to Poisson‘s effect (as in a compression 

test) 

5. Settlement of supports. 
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In addition to the above reasons, cracking also occurs because of 

1. Restraint against volume changes due to shrinkage, temperature creep and chemical effects. 

2. Bond and anchorage failures. 

Cracking spoils the aesthetics of the structure and also adversely affect the durability of the structure. Presence of 

wide cracks exposes the reinforcement to the atmosphere due to which the reinforcements get corroded causing the 

deterioration of concrete. In some cases, such as liquid retaining structures and pressure vessels cracks affects the 

basic functional requirement itself (such as water tightness in water tank). 

Permissible crack width 

The permissible crack width in structural concrete members depends on the type of structure and the exposure 

conditions. The permissible values are prescribed in clause 35.3.2 

IS 456:2000 and are shown in table below 

Control of cracking 

The check for cracking in beams are done through the following 2 methods specified in IS 456:2000 clause 43.1 

1. By empirical method: 

In this method, the cracking is said to be in control if proper detailing (i.e. spacing) of reinforcements as specified in 

clause 26.3.2 of IS 456:2000 is followed. These specifications regarding the spacing have been already discussed 

under heading general specifications. In addition, the following specifications shall also be considered 

i. In the beams where the depth of the web exceeds 750 mm, side face reinforcement shall be provided along the two 

faces. The total area of such reinforcement shall not be less than 0.1% of the web area and shall be distributed equally 

on two faces at a spacing not exceeding 300 mm or web thickness whichever is less. (Refer clause 25.5.1.3 

IS456:2000) 

ii. The minimum tension reinforcement in beams to prevent failure in the tension zone by cracking of concrete is 

given by the following 

As = 0.85 fy / 0.87 fy (Refer clause 26.5.1.1 IS 456:2000) 

iii. Provide large number of smaller diameter bars rather than large diameter bars of the same area. This will make 

the bars well distributed in the tension zone and will reduce the width of the cracks. 

2. By crack width computations In the case of special structures and in aggressive environmental conditions, it is 

preferred to compute the width of cracks and compare them with the permissible crack width to ensure the safety of 

the structure at the limit state of serviceability. 

IS 456-2000 has specified an analytical method for the estimation of surface crack width in Annexure-F which is 

based on the British Code (BS: 8110) specifications where the surface crack width is less than the permissible width, 

the crack control is said to be satisfied.  
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1.19 Calculation of moment or resistance of singly reinforced beams, check for serviceability and 

deflection criteria. 

 

Problem-1 

 

A rectangular Beam is to be simply supported on supports of 230 mm width. The clear span of the beam is 

6m. The Beam is to have a width of 300 mm. The characteristics superimposed load is 12 kN/m. Using M20 

concrete and Fe 415 steel, design the beam. 

 

Solution: 

From given: 

 Beam is simply supported on supports of width = 230 mm 

 clear span of beam   = 6 m 

 width of beam (b)     = 300 mm  

 superimposed load   = 12kN/m 

 fck                                = 20 N/mm² 

 fy                            = 415 N/mm² 

Assumption of depth of beam (d)  

Assume, depth of beam (d) =  1/12th  to  1/15th of span 

= 1/12 X 6000 to 1/15 X 6000 

= 500 to 400 

Take, d = 400  

Provide effective cover of the beam   = 500 

Then, overall depth of beam       = d + eff. Cover  

       = 400+50 

      .’. D = 450 mm    

Effective span calculation:  

From clause 22.2 (a) of code IS 456:2000 

For supply support Beam: 

The effective span of the beam should be taken as smaller of following two: 

1. Clear span + effective depth of beam  

= 6000+400 

or,    
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     b) c/c of support   

    = 6000+ 230/2 + 230/2 

  = 6230mm 

  = 6.23m 

.’. Effective span (𝜗  

eff.)  = 6.23m 

 Calculation of total loas, total factored load and factored bending moment 

From given,  

Imposed load = 12 kM/m 

Self-wt. Of beam = 𝛾RCC bD x 1 

 = 20×0.3×0.45×1 

 = 3.375 

.’. Total load = 12+3.375 

 = 15.375 kN/m 

.’. factored total load = 1.5 x 15.375 

.’. Wu    =   23.06 kN/m  

Now , 

  Factored bending moment (mu) is given by  

Mu    = {Wu (𝜗 eff.)}/8 

= {23.06 x (6.23)2}/8 

.’. Mu = 111.878 kM/m  

Also, the maximum shear force occurs at the support and is given by  

Vu =    (wu 𝜗 eff. )/2    =   (23.06 x 6.23)/2 

.’. Vu  = 71.832kN 

 Calculation of limiting value of Bending moment (muilim) 

From ANNEX “G” of Code IS 456:2000; 

Also, from clause 38.1 of code 456:2000; 

For, Fe 415 steel  

Xui max = 0.48 x d  

   = 0.48 x 400 

Xui max  = 192mm 

.’. Mui lim = 0.36 x 20 x 300 x 192 x (400 – 0.42 x 192) 

.’. Mui lim = 132.445kN/m  
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 Comparison of Mu with  Mui lim   

Since, Mu (111.878) < Mui lim (132.445) 

Hence, the section can be designed as singly reinforced section  

 Calculation of area of Reinforcement: 

From ANNEX “G” of Code IS 456:2000;  

Or, 774.671 = Ast – 1.729 x 10-4 (Ast)2 

By solving, we get     Ast = 921.487mm2 

Provider diameter of bars = 20mm  

Then number of bars required is  

 = 2.9346 

= 3 

.’. Provide 3 bars of 20 mm diameter with Ast,  

Provided = 3 x (π/4) x (20)2 

         = 942mm2 > 921.487mm2  

 Design of shear reinforcement  

From clause 40.1 of code IS 456:2000;  

Nominal shear stress in beam is = 0.598 N/mm2  

                     Where, b = total width 

          d = effective depth  

Also, percentage of reinforcement in beam is  Pt = 0.785  

Then, from table 19 of code IS 456:2000;   

Design shear strength of concrete 

For M20 concrete and Pt = 0.785 

Pt N/mm2 

At 0.75 0.56 

At 1.0 0.62 

At 0.785 ? 

By using linear interpolation  

.’. = 0.5684 N/mm2  

Again, from table 20 of code IS 456:2000; maximum shear stress (max) for M20 concrete is = 2.8 N/mm2 
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Thus, < <max 

Hence, shear force resisted by concrete  

= x bd 

= 0.5684 x 300 x 400 

= 68208 N 

.’. Shear force to be resisted by reinforcement is  

Vus = Vu – x bd 

 = 71832 – 68208 

Vus = 3624 N 

Now, provide 2 legged 6mm dia vertical stirrups and Fe 250 steel  

Then, from clause 40.4 of code 456:2000,  

For vertical stirrups  

Where, fy = 250 N/mm2 

Vus    = 3624 N 

Asv    = 2 x π/4 x (6)2 

            = 56.52 mm2    

d       = 40 mm (depth of beam) 

sv      = spacing of stirrups to be calculated then  

3624 = (0.87 x 250 x 56.25 x 400)/2 

.’. sv = 1356.854 mm 

But, maximum spacing is permitted at a minimum of two:  

1. 0.75 d = 0.75 x 400 = 300 mm 

2. 300 mm  

.’. provide Sv = 300 mm  

Hence, provide 2 legged 6mm vertical stirrups @300 mm c/c spacing  

 Check for deflection:  

From clause 23.2.1 of code IS 456:2000;  

For simply supported beam  

Basic value of span of effective depth ratio = 20 

Also, factors for no compressive steel (k1) = 1  

   for not flanged section (k2) = 1  

And for modification factor (k3) for tensile steel  

From figure 4 of same clause, 
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                    fs   = 265.4585 N/mm2 

    And also , Pt = 0.785 

Then, from figure 4 of same clause,  

For fs      =      235.4585 and  

       Pt     =      0.785 

Modification factor (k3)  = 1.18 

Then, maximum permitted span to effective depth ratio I.e;  

                              = 1 x 1 x 1.18 x 20 = 23.6 

Also,  =  15.575 

Thus  

Hence, deflection control is satisfactory. 

 Check for minimum reinforcement  

The minimum reinforcement is given by  

Astmin = (0.85 bd)/fy 

  = (0.85 x 400 x 300) / 415 

  = 245.783 mm2   < 942 mm2  

 Check for maximum reinforcement  

The maximum reinforcement is given by 

Astmax  = 4% of bD  

    = 4/100 x 300 x 450 

    = 5400mm2 > 942mm2 
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1.20 Calculation of moment or resistance of singly reinforced beams, check for serviceability and 

deflection criteria. (continue)  

 

Problem-2 

A rectangular reinforced concrete beam is to be simply supported on two walls of 125 mm width with a clear 

span of 6.0 m. The characteristics live load is 12 kN/m and the grade of concrete is M20. Also, use Fe 415 steel. 

What is the effective span of the Beam? Design a suitable section for bending and determine the necessary 

tensile steel.  

Solution: 

From given, 

 Beam is simply supported with width of support = 125 mm 

 Clear span = 6.0 m 

  Live load = 12 kN/m 

  fck = 20 N/mm² 

  fy = 415 N/mm² 

 Then, effective span (leff) = ? 

Design suitable section, also check in deflection: 

Assume depth of beam (d)   d = 500 mm 

 

From ANNEX G of code IS 456:2000; 

Muilim  =    Or,    [Muilim = 0.36 fck bxuimax  X (d-0.42 xuimax)] -96-P 

also, from clause 38.1 of code IS 456:2000; 

For Fe 415 steel; —–> (P-70)  

Xuimax = 0.48d 

  = 0.48 X 500 

  = 240 mm 

Or, Muilim   = 0.36 X 20 X 250 X 240 X (500-0.42 X 240) 

 Muilim = 172.454 kN-m 

 Comparison of Mu with Muilim 

Since, Mu < Muilim 

Hence, the section can be designed as singly reinforced section. 

 

Calculation of area of reinforcement 

From, Annex ‘G’ of Code IS 456:2000; 

or, 601.5233 = Ast-1.66 × 10¹ (Ast)² 
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By solving: Ast = 677.782 mm  

Provide, diameter of bar = 20 mm 

Then, number of bars required = 2.1585  = 3 

Provide 3-20 mm ∅ bars with  

Ast, provided    = 942 mm² > Ast, calculated ok 

.’. Ast,min = 256.024 mm2 < 942 mm2  O.K. 

Maximum reinforcement 

(Ast) max = 4% of bD 

= 4/100 x 250 x 550 

 Check: Minimum reinforcement required is Ast,min       

= 5500mm2 > 942mm2 

   O.K. 

Design summary:  

b = 250mm 

d = 500mm 

D = 550mm 

3-20 mm ∅ bars 
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2.1 Introduction on shear reinforcement and types 

 

 

Shear reinforcement, is to provide the resistance against shear forces to which a beam is subjected to and is usually 

in the form of stirrups which also serve the purpose of holding the main tensile and compression reinforcement in 

place. 

 

 

Why Shear Reinforcement is required: 

• Whenever the value of actual shear stress exceeds the permissible shear stress of the concrete used, the shear 

reinforcement must be provided. 

• The purpose of shear reinforcement is to prevent failure in shear, and to increase beam ductility and subsequently 

the likelihood of sudden failure will be reduced. 

Shear Strength of concrete 

• The shear strength (V) of reinforced concrete (RC) beams consists of two parts: Shear resistance of concrete (Vc) 

and Shear resistance of the transverse reinforcement (Vs). 

• One of the main objectives of the design of reinforced concrete beams is safety. Sudden failure due to shear low 

strength is not desirable mode of failure. 

• The reinforced concrete beams are designed primarily for flexural strength and shear strength. 

• Beams are structural members used to carry loads primarily by internal moments and shears. 
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Modes of Cracking in RCC beam 

 

 

 

Two types of inclined cracking occur in concrete beams 

• Web Shear Cracking 

• Flexure – Shear Cracking 

 Web Shear cracking starts from near NA location when the PTS due to shear exceed the 
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tensile strength of concrete. Usually occur in I beams (thin webs) 

• Flexure – Shear cracking is an extension of vertical flexural cracking and develops due to combined shear and 

flexural tensile stresses exceed the tensile strength of concrete. 

 

 

Types of Shear Reinforcement 

The following three types of shear reinforcement are used 

 Vertical stirrups 

 Bent up bars along with stirrups. 

 Inclined stirrups. 

Vertical stirrups 

 These are the steel bars vertically placed around the tensile reinforcement at suitable spacing along the length of 

the beam. Their diameter varies from 6mm to 16mm. 

 The free ends of the stirrups are anchored in the compression zone of the beam to the anchor bars (hanger bar) 

or the compressive reinforcement. 

 The spacing of stirrups near the supports is less as compared to spacing near the mid span since shear force is 

maximum at the supports. 
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Type of vertical stirrups: 

 Single Legged Stirrup 

 Two Legged Stirrup 

 Four Legged Stirrup 

 Six Legged Stirrup 

Bent up Bars along with Vertical Stirrups 

 These bent up bars resist diagonal tension. These bars are usually bent at 45°. 

 
 
 

Inclined Stirrups 

 Inclined stirrups are also provided generally at 45° for resisting diagonal tension. They are provided 

throughout the length of the beam. 
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2.2 Design procedure on shear reinforcements (SR) as per IS code 

 

Nominal Shear Stress 

The nominal shear stress in beams of uniform depth shall be obtained by the following equation: 

 

Where, 

 Vu=Shear force due to design loads 

b=breadth of the member, which for flanged section shall be taken as the breadth of the web, bw; and 

d=effective depth 

• For a rectangular concrete beam the shear stress varies parabolically upto neutral axis and after remains 

constant. 

Beams of Varying Depth 

In the case of beams of varying depth the equation shall be modified as: 

 

 

Where τv, Vu, d and b are the same as in Nominal Shear stress Mu=bending moment at the section, and 

β=angle between the top and the bottom edges. The negative sign in the formula applies when the bending moment 

Mu increases numerically in the same direction as the effective depth d increases, and the positive sign when the 

moment decreases numerically in this direction. 

Design Shear Strength of Concrete 

The design shear strength of concrete in beams without shear reinforcement is given in Table 

For solid slabs, the design shear strength for concrete shall be τc.k, where k has the values given below: 
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Shear Strength of Members under Axial Compression 

For members subjected to axial compression Pu, the design shear strength of concrete, given in Table 19, shall be 

multiplied by the following factor: 

 

Where 

 

 

Design of Shear Reinforcement 

When τv exceeds τc , shear reinforcement shall be provided in any of the following forms:  

a. Vertical stirrups, 

b. Bent-up bars along with stirrups, and 

c. Inclined stirrups 

Where bent-up bars are provided, their contribution towards shear resistance shall not be more than half that of the 

total shear reinforcement. 

Shear strength of concrete,  

Shear reinforcement shall be provided to carry a shear,  

The strength of shear reinforcement Vus shall be calculated as below: a. For vertical stirrups: 

 

 

b. For inclined stirrups or a series of bars bent-up at different cross-sections: 

 

c. For single bar or single group of parallel bars, all bent-up at the same cross-section: 

 

Where 

Asv=total cross-sectional area of stirrup legs or bent-up bars within a distance 
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sv=spacing of the stirrups or bent-up bars along the length of the member 

τv=nominal shear stress 

τc=design shear strength of the concrete 

b=breadth of the member or the breadth of the web bw 

fy=characteristic strength of the stirrup or bent-up reinforcement which shall not be greater than 415 N/mm2 

α = angle between the inclined stirrup or bent- up bar and the axis of the member, not less than 45°, and  

d = effective depth 

Maximum spacing of shear reinforcement 

The maximum spacing of shear reinforcement measured along the axis of the member shall  

      not exceed 0.75d for vertical stirrups 

                          d for inclined stirrups at 450 

         where d is the effective depth of the section under consideration. 

In no case shall the spacing exceed 300 mm. 

Minimum shear reinforcement 

Minimum shear reinforcement in the form of stirrups shall be provided such that: 

 

where 

Asv=total cross-sectional area of stirrup legs effective in shear, 

sv=stirrup spacing along the length of the member, 

b=breadth of the beam or breadth of the web of flanged beam, and 

fy=characteristic strength of the stirrup reinforcement in N/mm2 which shall not be taken greater than 415 N/mm2 

 

Equivalent Shear 

Equivalent shear,shall be calculated from the formula: 

 

Where 

 

The equivalent nominal shear stress, 
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The values of       shall not exceed the values of  
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2.3 Problems on singly reinforced beam. 

 

Problem-3 

A reinforced concrete rectangular beam of size 300mm×500mm effective is reinforced with 1500mm2 on tension 

face and 500mm2 on compression face. The characteristic strength of concrete and steel are 25MPa and 500MPa 

respectively. The shear strength of concrete with the percentage of steel reinforcement is shown below 

 

 

It is subjected to a shear force of 200kN at working loads.  

 a. The shear resisted by concrete is ……… 
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Problem-4 

A reinforced concrete rectangular beam of size 300mm×500mm effective is reinforced with 1500mm2 on tension 

face and 500mm2 on compression face. The characteristic strength of concrete and steel are 25MPa and 500MPa 

respectively. The shear strength of concrete with the percentage of steel reinforcement is shown below 
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2.4 Bond and development length (DL) 

 

The development length may be defined as the length of embedment necessary to develop the full tensile strength 

of the reinforcement, controlled by either pull-out or splitting. In other words, a certain minimum length of the bar, 

called the development length, has to be provided on either side of a point of maximum steel stress to prevent the 

bar from pulling out under tension. 

 

Importance of Ld are as follows: 

 To prevent premature bond failure: No premature bond failure will occur if the actual length L is equal to or 

greater than Ld. 

 To promote bending failure: The beam is supposed to fail in bending or shear failure rather than bond failure. 

We promote bending failure in beams because it is a more predictable and controllable failure mode compared 

to other types of failure. 

 To control the failure mechanism: In the case of the bond, we are considering the overall mechanism of 

failure rather than the limiting stresses to govern the design. 

According to Clause 26.2.1 of the Indian code, the calculated tension or compression in any bar at any section shall 

be developed at each side of the section by an appropriate development length, given by: 

Ld=dbfs4τbd 

where, 

 db is the nominal diameter of the bar, 

 fs is the stress in the bar at the section considered at design load (for fully stressed bar, fs = 0.87 fy) 

 τbd is the design bond stress as per Table below. 
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Grade of concrete M20 M25 M30 M35 M40 and above 

Design bond stress , MPa 1.2 1.4 1.5 1.6 1.9 

For fully deformed bars 1.18 1.37 1.54 1.71 1.87 

 

Note : As per IS :456, one has to make the following changes in design bond stress value 

 For deformed bar in tension: τbd values can be increased by 60 % 

 For bars in compression: τbd values can be increased by 25 % 

 For nominal reinforcement: τbd is taken as 1.0 MPa 

Ld = 0.136dbfy / τbd 
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2.5 Bond and development length (DL) Problems 

 

Determine the anchorage length of 4-20T reinforcing bars going into the support of the simply supported 

beam shown in Fig. 6.15.5. The factored shear force Vu = 280 kN, width of the column support = 300 

mm. Use M 20 concrete and Fe 415 steel. 
 

τbd for M 20 and Fe 415 (with 60% increased) = 1.6(1.2) = 1.92 N/mm2 

 

 

 

 

 



39 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



40 
 

MODULE-1          Chapter - 2  

           Session - 15 
 

Learning Objectives 

2.6 Design for Torsion Problems 
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Design Procedure 

 

Equivalent Shear Force (Ve) 

 

Equivalent Nominal Shear Stress  
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Torsional Reinforcement 
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BPUT QUESTIONS 

Possible Short Type Questions (2 Marks) 

1. Draw idealized stress-strain curve of Fe415 steel. 

 

2. List various types of loads acting on a structure as per IS456. 

1. Dead Load IS 875 (Part 1 )1987  

2. Live Load   IS 875 (Part 2 )1987 

3. Wind Load IS 875 (Part 3 )1987  

4. Snow Load IS 875 (Part 4 )1987 

5. Earthquake Load IS 1893 2002 

3. State relationship between characteristic compressive strength and flexural strength as per IS456. 

The theoretical maximum flexural tensile stress occurring in the extreme fibres of RC beam, which causes 

cracking is referred to as the modulus of rupture (fCr) The clause 6.2.2 of IS 456 gives the modulus of rupture 

of flexural tensile strength as f c r = 0.7 √ f c  

4. Write partial safety factor of steel and concrete in the limit state of collapse as per IS456. 

Partial safety factor of steel and concrete in the limit state of collapse as per IS456 

5. Define stress block. 

The distribution of compressive stress across the depth of concrete in compression is referred as stress block. 

 stress block may be assumed to be rectangle or parabolic which results in prediction of strength in substantial 

agreement with the results of test. A commonly used curve is that by various standards which consists of a 

parabolic for the initial ascending part followed by a horizontal straight line terminating at a prescribed ultimate 

strain, irrespective of the grade if concrete. 
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6. Define anchorage length. 

Anchorage length is the equivalent length of the reinforcement bar which is considered to be available when a 

straight bar is bent through some angle. It is provided only at the support. Anchorage length is provided if 

sufficient development length cannot be provided inside the support. 

Possible Long Type Questions (16 Marks) 

1. A rectangular beam of 200mm wide and 350mm deep up to the center of the reinforcement has to resist a 

factored moment of 40 kN-m. Design the section. Use M20 concrete and fe415 grade steel. 

2. A rectangular reinforced concrete beam is simply supported on two masonry wall s 230 mm thick and 6 m 

apart (c/c). The beam is carrying an imposed load of 15 KN/m. Design the beam with all necessary checks. 

Use M25 concrete and Fe 415 steel. 

3. Design a cantilever beam having an effective span of 3m. The beam is carrying a load of 14 KN/m, including 

its own weight. Use M20 concrete and Fe415 steel. 

4. Design a R.C.C beam 30 cm wide to carry a load of 10 KN/m over a clear span of 5 m. Use M20 concrete and 

Fe415 steel. 

5. Design an R.C.C simply supported beam of 5 m to carry a super imposed load of 16 KN/m. Use M20 Concrete 

Fe415 steel. 

6. A simply supported beam R.C.C beam over an effective span of 8 m carrying an imposed load of 30 KN/m. 

Design the beam using M20 concrete and Fe415 steel. Show the sketch showing arrangement of reinforcement. 

7. A T- Beam has flange dimension 1500 mm X 120 mm. The effective depth of beam is 430 mm and width of 

web is 250 mm. It is reinforced with 6-20 mm dia. Bars. Determine the ultimate load the beam can carry over a 

span of 6 m. Use M20 concrete and Fe415 Steel. 

8. A  simply  supported  beam  of span 8 m  of overall  size 250 mm  x 400 mm carries a factored moment of 280 

kNm at centre. Check, whether the beam satisfies the deflection criteria as per IS codal provisions. 

 

 



46 
 

MODULE-2         Chapter - 3 

             Session - 17 
 

Learning Objectives 

3.1 Introduction to Doubly Reinforced beam section.  
3.1.1 Necessity of Doubly Reinforced Section 
3.1.2 Analysis of Doubly Reinforced Beam. 
3.1.3 Depth of Neutral Axis(Xu) 
3.1.4 Procedure for calculation Moment of Resistance 
 

3.1 Introduction to Doubly Reinforced beam section.  
 

 

3.1.1 Necessity of Doubly Reinforced Section 
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3.1.2 Analysis of Doubly Reinforced Beam. 
A doubly reinforced beam has moment of resistance greater than that of balanced section. Therefore a 
doubly reinforced beam subjected to a moment Mu can be analyzed by considering it consist of two 
section  
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3.1.3 Depth of Neutral Axis(Xu) 
 

 
 

3.1.4 Procedure for calculation Moment of Resistance 
 The moment of resistance of doubly reinforced beam is obtained from the stress diagram shown in figure 

The limiting moment of resistance Mulim 
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The corresponding values of stress fsc  in compression steel can be obtained from the table  
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Table  

3.1.4 Procedure for calculation Moment of Resistance 
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3.2 Design of Doubly reinforced beams for flexure. 
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Problem  

An R.C.C beam 230 mm x 500 mm effective is subjected to a factored moment of 200 

KNm. Find the reinforcement required. Use M20 Concrete and Fe415 Steel. 
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3.2.2 Design of Doubly reinforced beams Problems 

 

Problems 

A rectangular beam has a width of 250 mm and effective depth of 500 mm. The beam is provided with 

tension steel of 5 bars of 28 mm diameter and compression steel of 2 bars of 25 mm diameter. The 

effective cover to the compression steel being 50 mm. Calculate the ultimate moment capacity of the 

section, if fck = 20 N/mm2 and fy= 250 N/mm2 
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Problem  
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4.1 Introduction on T-beams and L-beam 

 

In RCC construction, slabs and beams are cast monolithically. In such construction. A portion of the slab 

act integrally with the beam and bends along with the beam under the loads. This phenomenon is seen in 

the beams supported slab system as shown in figure. The portion of the slab which acts integrally with the 

beam to resist loads is called as flange of the T-beam or L-Beam. The portion of the beam below the flange 

as web or Rib of the beam. The intermediate beams supporting the slab are called as T-Beam and the end 

beams called as T-beams and the end beams are called as L-Beams. 
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The effective width of flange should not be greater than the breadth of web plus half the sum of clear 

distances to the adjacent beams on either side as shown in figure 
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             Session -21 
 

Learning Objectives 

4.2 Analysis of T-beam and L-beams  

Consider a T-beam having flange width bf, web width bw and flange thickness Df as shown in fig. Them is 

reinforced with area of steel Ast in the tension zone. 
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MODULE-2         Chapter - 4  

             Session - 22 
 

Learning Objectives 

4.2 Problems on L-beams and T-beams 

 

Problem: - 

Find the moment of resistance of a T-beam having a web width of 240 mm, effective 

depth of 400 mm, flange width of 740 mm and flange thickness equal to 100 mm. The 

beam is reinforced with 5-16 mm diameter, Fe415 bars. Use M20 Concrete. 
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Problem 

The T-beam floor system has 120 mm thick slab supported on beams. The width of beam 

is 300 mm and effective depth is 580 mm. The bema is reinforced with 8 bars of 20 mm 

diameter. Use M20 grade of concrete and Fe415 steel, the beams are spaced 3 m c/c. The 

effective span of beam is 3.6 m. 
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MODULE-2         Chapter - 5 

             Session - 23 
 

Learning Objectives 

5.1 Introduction one-way slab and Two-way slab 

5.2 Difference between one way and Two way Slab. 
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5.2 Difference between one way and Two Way Slab. 

 

S.N One-Way Slab Two-Way Slab 

1. The bending moment occurs in only one direction only 
The bending moment occurs in only one 

direction only 

2. Its Longer span to shorter span > 2 Its Longer span to shorter span < 2 

3. Main Reinforcement is provided in one direction only 
Reinforcement provided perpendicular to the 

main reinforcement 

4. 
Distribution reinforcement provided perpendicular to the 

main reinforcement 
Distribution reinforcement is not provided 

5. It is less expensive compared to two-way slabs Deflection Shape occurs in Dish-shaped 

6. Support remains of beams on two opposite sides only Support remains of beams on all four sides 

7. 
Economic Span Limit remains up to approximately 3.6 

meters 
Deflection Shape occurs in a parabolic shape 

8. It is designed generally for Low-rise buildings It is designed generally high-rise buildings 

9. It is Less expensive compared to two-way slabs 
It is generally more expensive than one-way 

slabs 
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S.N One-Way Slab Two-Way Slab 

10. It is more susceptible to deflection It is lesser susceptibility to deflection 

11. 
Load-Carrying Capacity is less as compared to two-way 

slabs 

The economic Span Limit remains for Panel 

sizes up to 6m x 6m 
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               Session - 24 
 

Learning Objectives 

5.3 Design parameters of one-way slab 

5.3.1 Effective Span 

5.3.2 Deflection control 

5.3.3 Reinforcement in Slabs 

5.4 Design procedure of one-way slab 

 

5.3 Design parameters of one-way slab 

5.3.1 Effective Span 
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5.3.2 Deflection control 

 

5.3.3 Reinforcement in Slabs 
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(d) Spacing of Reinforcement 

(1) Minimum  Distance bewtween Bars  

(i) The minumum horizontal distance between two parralle main bars shallnot be less than 

 

(e) Cover 

Nominal cover to be provided in a slab is 20 mm and the other values of cover for different environmental 

conditions are listed in Is 456. 

(f) Bent up Bars  
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5.4 Design procedure of one way slab 
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MODULE-2          Chapter - 5 

              Session - 25 
 

Learning Objectives 

5.4.1 Problems on One-way slab 

Problem 

A simply supported slab of a corridor of a hospital building has a clear span 2.5 m and is supported 

on beams 230 mm width. Design the slabs, if the beam is carrying a live load of 5 KN/m2. Use M20 

concrete and HYSD Bars. 
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MODULE-2          Chapter - 5 

             Session – 26,27 
 

Learning Objectives 

5.4.2 Design of Two-way slab (Problem) 

Problem 

Design a reinforced concrete slab for a clear dimension 4m X 5 m. The slab is supported on walls of 

width 300 mm. The slabs is carrying a live load of 4 KN/m2 and floor finish 1 KN/m2. Use M20 

concrete and Fe415 Steel. Use M20 Concrete and Fe415 Steel. 
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MODULE-2          Chapter - 6 

              Session - 28 
 

Learning Objectives 

6.1 Staircase components and design 

6.1.1 Terminology 

6.1.2 Staircase design problem 

A staircase is a means of giving access to different floors or levels of building. Staircases are used in almost 

all buildings. It consists of a number of steps arranged in a way that a person can move from one level to 

another. The arrangement of steps is as per convenience, standards and space available. Commonly used 

staircase are as follows. 

 

6.1.1 Terminology 
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Problem 

Design a dog legged staircase for an office building in a room measuring 3.0 m x 6.0 m (clear 

dimension).Floor to floor height is 3.5 m. The building is a public building liable to over crowding. 

Stairs are supported on brick walls 230 mm thick at the end of landings. Use M20 concrete Fe415 Steel. 
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Possible Short Type Questions & Answers 

1. What is doubly reinforced beam? 

As steel is the material which is very strong in comp and tension, add steel in compression zone in 

compression zone, Such reinforced concrete sections having steel reinforcement both on tensile and 

compressive faces are known as doubly reinforced section. 

2. What are the conditions in which we design doubly reinforced beam? 

The doubly reinforced concrete beam design may be required when a beam’s cross-section 

is limited because of architectural or other considerations. As a result, the concrete cannot 

develop the compression force required to resist the given bending moment. In that case, 

steel bars are added to the beam's compression zone to improve it at compression. 

3. What do you mean by flange beam? 

A flange beam is a type of structural beam used in construction and engineering, characterized by its 

shape, which includes flanges and a web. The flanges are the top and bottom horizontal elements of 

the beam, and the web is the vertical element that connects the flanges. 

T-Beams: Shaped like the letter "T," with a single flange at the top. 

Flange beams are commonly used in construction for support in buildings, bridges, and other 

structures due to their ability to bear heavy loads and provide structural stability. 

4. Define one-way slab? 

One way slabs are those slabs in which the ly/lx ratio is greater than 2. This type of slab is also called 

as slab spanning in one direction, as the bending takes place only along shorted span. 

5. Define two-way slab? 

The slab which is supported on all four edges and having ly/lx ratio as less than 2, called as two-way 

slab. Two-way slab is called as slab spanning in two directions because bending takes place in both 

the directions. 

 

Possible Long Type Questions 

1. Determine the ultimate moment of resistance of a rectangular beam 300 mm X 600 mm(effective) 

reinforced with 5-25 mm diameter bars in tension zone and 2-25 mm dia. Bars in compression zone. 

Use M20 concrete and Fe415 Steel. Take d’ = 60 mm. 

2. Determine the ultimate moment of resistance of a beam 300 mm X 500 mm(effective) reinforced 

with 7 bars of 20 mm in tension zone 2-20 mm bars in compression zone. Use M20 concrete and Fe415 

steel. Take d’ = 50 mm. 

3. Find the ultimate moment of resistance of doubly reinforced beam with following data: Beam size = 

230 mm X 600 mm (effective) 

Ast= 1520 mm2, Asc= 554 mm2 , d’= 40 mm Use M20 concrete and Fe415 Steel 

4. A simply supported slab of a corridor of a hospital building has a clear span 2.5 m and is supported 

on beams 230 mm width. Design the slab,if the beam is carrying a live load of 5 KN/m2. Use M20 

concrete and HYSD Fe415 bars.  

5. Design a straight staircase supported on one side on wall and on the other side on a stinger beam. The 

horizontal span of stairs is 1.5 m. The rise is 150 mm and the tread of stairs is 280 mm. The live load 

acting on the stairs is 3 KN/m2. Use M20 concrete and Fe415 Steel. 
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            Session - 30 
 

Learning Objectives 

7.1 Introduction on Columns  
7.1.1 Classification of columns 
7.1.2 Materials of construction 
 
7.1 Introduction on Columns  

 
7.1.1 Classification of columns 
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7.1.2 Materials of construction 
 

 
Fig 
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Learning Objectives 

7.1.3 Types of loading, 

7.1.4 Slenderness ratio  

7.1.5 Effective length of column. 

 

7.1.3 Types of loading, 
 

 
in the column section. 

 
Bending. 

 
7.1.4 Slenderness ratio  
 

 
 
 
 
 



97 
 

7.1.5 Effective length of column. 
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Learning Objectives 

7.1.6 Types of lateral reinforcement  
7.1.7 IS:456-2000 specification on column 

 
 

(a) longitudinal Reinforcement 

 

(b) Transverse Reinforcement 
The transverse reinforcement is provided along the lateral direction of the column in the form of 

ties or spirals enclosing the main steel. The function of transverse steel are as following 
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7.1.7 IS:456-2000 specification on column 
7.1.7.1 Cover  

 
7.1.7.2 Slenderness Limit 
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Learning Objectives 

 

7.1.7.3 Minimum eccentricity and arrangements of reinforcements 

 
7.1.7.3 minimum Eccentricity 

 

 
 

7.1.7.4 Longitudinal Reinforcement 
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7.1.7.5 Lateral or transverse Reinforcement 

 

 
 

7.1.7.6 Arrangement of Transverse Reinforcement 
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20 mm. 
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            Session - 34 
 

 

 

Learning Objectives 

7.2.1 Ultimate load formulation and calculations 
7.2.1.1 Short column with rectangular ties 
7.2.1.2 Short column with helical reinforcement 
 
 
7.2.1.1 Short column with rectangular ties 
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7.2.1.2 Short column with helical reinforcement 
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Learning Objectives 

 

7.3 Design of axially loaded short columns 

 

Steps for design of short axially loaded column 
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Problem 

A reinforced concrete short column is 400 mm x 400 mm and has 4 bars of 20 mm diameter. Determine 

the ultimate load carrying capacity of column if M20 concrete and Fe415  steel is used Assume emim < 

0.05D. 

 
Problem 

Find the ultimate load carrying capacity and allowable load for a short column of size 500 mm 

X 500 mm . The column is reinforced with 4-25 mm diameter bars. Use M20 concrete and 

HYSD grade Fe415 Steel. Assume emim < 0.05D. 
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MODULE-3         Chapter - 7 

            Session - 35 
Learning Objectives 

7.4 Design of axially loaded short columns (Problems) 

 

Problem 

An R.C.C short column of 400 mm X 500 mm is carrying a factored load of 3000 KN. Design 

the column assuming emin <0. 05D.Use M25 concrete and Fe415 steel. 

 

 

 

 

 

fig. 
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Problem 

A short R.C.C square column is required to carry a factored load of 1900 KN. Design the 

column. Assume emin < 0.05D and use M20 concrete and mild steel. 
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MODULE-3         Chapter - 7 

            Session - 35 
Learning Objectives 

7.4 Design of Short columns with helical reinforcement 

 

Problem 

Design the reinforcement for a circular column of diameter 500 mm subjected to an ultimate 

load of 1600 KN and an Ultimate moment of 125 KNm about the major axis. Use M20 Concrete 

Fe250. 
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            Session - 36 
Learning Objectives 

7.5 Introduction on footings . 

7.5.1 Classification 

 

7.5 Introduction on footings. 
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7.5.1 Classification 

 
(i) Isolated footing 

(ii) Rectangular footing 

(iii) Circular footing 

(iv) Circular footings. 

(v) Combined footings 

(vi) Continuous footing 

(vii) Strap footing 

(viii) Raft footing 

(ix) Pile footing 

(x) Well foundation. 
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Combined Footings 

 

 

 

 
Strap foundation 

 
Raft Foundation 
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  Pile foundation 
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7.5.2 IS Codal provisions for design of footings 

 

 
 

Codal Provision for design of isolated footing 
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Crtical section for shear shall be at a distance of d/2 from the face of the column. Where d is the 

effective depth of the section. The critical section for checking the development length in a footing 

shall be assumed at the same plane as described for the bending moment. 

 

 



116 
 

 
 

MODULE-3         Chapter - 7 

            Session - 38 
 

 

 

Learning Objectives 

7.5.3 Design procedure of isolated footings  

 

Design Steps for rectangular Isolated footing 
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5. Depth of footing is calculated by the following three criteria and highest value so calculated is 

adopted in the design 

(a) By one-way shear Criterion: The critical section for one-way shear is taken at a distance d 

(effective Depth) from the columns face. 

 

 
 

Referring this figure 
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            Session - 39 
 

 

Learning Objectives 

7.5.4 Numerical on footings 

 Problem 

 Design a square footing of uniform thickness for an axially loaded column of 450 mm X 450 

mm size. The safe bearing capacity of soil is 190 KN/m2. Load on column is 850 Kn. Use M20 

concrete and Fe415 Steel. 
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Possible Short Type Questions 

1. What is a column? Give the classification of column? 

A column is defined as a vertical compression member which is mainly subjected 

to axial loads and the effective length of which exceeds three times its least lateral 

dimension. 

2. What is the function of transverse reinforcement in a column? 

The transverse reinforcement is provided along the lateral direction of the 

column in the form of ties or spirals enclosing the main steel. The function are 

as follows 

 To hold the longitudinal bars in position. 

 To prevent buckling of the longitudinal bars. 

 To impact ductility to the column. 

3. What is minimum eccentricity in column? 

It is not possible to have a perfectly axially loaded column. Some eccentricity 

will always be there due to non – homogeneity of materials and imperfections of 

the construction or due to some other reasons. Therefore, IS 456:2000 

recommends that all types of columns shall be designed for minimum eccentricity 

as mentioned above and given in clause 25.4 of the code. 

Emin should not be greater than 20 mm. 

4. Define slenderness ratio? 

The slenderness ratio of a compression member is defined as the ratio of 

effective length to the least lateral dimension. 
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Possible Long Type Questions 

 

1. Design a short R.C.C column to carry an axial load of 1600 KN. It is 4 m long, 

effectively held in position and restrained against rotation at both ends. Use M20 

concrete and Fe415 steel. 

2. Design a column of size 450 mm X 600 mm and having 3 m unsupported length. 

The column is subjected to a load of 2000 KN and is effectively held in position 

but not restrained against rotation. Use M20 concrete and Fe415 steel. 

3. Design a circular column of diameter 400 mm subjected to a load of 1200 KN. 

The column is having spiral ties. The column is 3 m long and is effectively held 

in position at both ends but not restrained against rotation. Use M20 concrete and 

Fe415 steel. 



126 
 

MODULE-4         Chapter - 8 
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Learning Objectives 

8.1 Introduction on Retaining walls  

8.1.1 Types of retaining walls 

 

8.1 Introduction on Retaining walls  

 

 
8.1.1  Types of retaining walls 
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Learning Objectives 

8.1.2 Forces on a cantilever retaining wall 

8.1.3 Stability of retaining wall 
Consider cantilever retaining wall shown in figure. The forces acting on the wall as follows 

(1) The lateral force (Pah) due to active earth pressure acting at a height H/3 from the base 

(2) Weight of the earth supported on heel slab(W1) 

(3) Weight of the stem(W2). 

(4) Weight of the base(W3) 

 

Forces acting on cantilever retaining wall 
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8.1.3 Stability of retaining wall 
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For inclined backfill the vertical components of active earth pressure (Pav) also contributes to the 

restoring moment but it is neglected to make the calculations simpler and to be on the conservative 

side. 

 

 

 

If the factor of safety against sliding comes out be less than 1.4 then a shear key may be provided 

as shown. The shear key increases the resistance against sliding as the passive earth pressure 

developed on the shear key provides additional resistance against sliding. 
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  Shown in fig.         
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Learning Objectives 

8.1.4  Proportioning of the cantilever retaining wall 
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Learning Objectives 

8.1.5 Design Procedure of cantilever retaining wall.(Problems) 

Problem 

Design a cantilever retaining wall to retain horizontal earthen embankment of height 4 m 

above the ground level. The earthen backfill is having a density of 18 KN/m3 and angle of 

internal friction as 300. The safe bearing capacity of the soil is 180 KN/m2. The coefficient of 

friction between soil and concrete is assumed to be 0.45. Use M20 concrete and Fe415 
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(3) Thickness of vertical wall or stem: 
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Learning Objectives 

8.1.5  Design Procedure of cantilever retaining wall.(Problems continues) 
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          Session – 46, 47 
 

Learning Objectives 

8.1.6 Design Procedure of Counterfort retaining wall. (Problems continues) 

  Problem 

Design a counterfort retaining wall to retain 4 m earth above ground level. The top of the 

earth is to be level. The density of earth is 15 KN/m2. The angle of internal friction of soil is 

300. The safe bearing capacity of soil is 200 KN/m2 and the coefficient of friction between soil 

and wall is 0.6. 
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POSSIBLE SHORT TYPE QUESTIONS 

 

1. What is retaining wall? How many types of retaining walls are there? 

The wall which is used to retain earth or loose material is known as so. The material which is 

retained by retain wall are called as backfill. 

2. What is shear key?  

Shear key is provided in retaining wall to increase the resistance against sliding. 

3. What are the parts of a cantilever retaining wall? 

 Stem 

 Heel slab 

 Toe slab 

 

 

POSSIBLE LONG TYPE QUESTIONS 

 

1. Design a cantilever retaining wall to retain horizontal earthen embankment of height 4m above 

the ground level. The earthen backfill is having a density of 18 KN/m3 and angle of internal 

friction as 300. The safe bearing capacity of soil is 180 KN/m3 . The coefficient of friction 

between soil and concrete is assumed to be 0.45. Use M20 and Fe415 steel. 

2. Design a counterfort retaining wall to retain 4 m earth above ground level. The top of the earth 

is to be level. The density of earth is 15 KN/m2 . The angle of internal friction of soil is 300. 

The safe bearing capacity of soil is 200 KN/m2 and coefficient of friction between soil and 

wall is 0.6. 

3. Design a cantilever retaining wall for retaining an earth fill of 4.5 m height of 4.5 m above the 

ground level. The safe bearing capacity of soil is 130 KN/m2 and unit weight of soil is 18 

KN/m3. The angle of internal friction is 300 and coefficient of friction between soil and 

concrete is 0.45. Use M20 concrete and Fe415 steel. 
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Learning Objectives 

9.1 Introduction on water tank  

9.2 Design Philosophy 

9.2.1 Methods of design 

 

 

9.2 Design Philoshopy 
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9.2.1 Methods of design 
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2. Permissible Stresses for strength Calculations: For the purpose of strength calculations in liquid 

retaining structures, the permissible stresses should be as listed in table 
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Learning Objectives 

9.3 IS Code recommendations regarding detailing in water tanks 

9.4 Joints in Water Tank 

9.4.1 contraction Joints 

9.4.2 Expansion Joints 

9.4.3 Sliding Joints 

9.4.4 Construction Joints 

9.4.5 Temporary open joints 

 

1. The minimum reinforcement walls, floors and roofs in each of two directions at right angles 

within each surface zone should not be less than 0.35 % of the cross section of surface zone 

for HYSD bars and 0.64% for mild steel bars. 
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9.4 Joints in Water Tank 
9.4.1 Contraction Joints 

It is a movement joint, with deliberate discontinuity, without initial gap between the concrete on 

either side of the joint. The joint is designed to accommodate contraction of the concrete as shown 

in fig. 
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9.4.2 Expansion Joints 

In this type of movement joint, complete discontinuity in both steel and concrete is provided to 

accommodate either expansion or contraction joint of the concrete. This joint has no restraint to 

movement. This type of joint requires an initial gap between the adjoining parts of as structure to 

accommodate expansion/contraction of the concrete of the concrete as shown in fig. 

 
 

9.4.3 Sliding Joints 

A movement joint which allows the adjoining parts of a structure to slide relative to each other 

with minimum restraint is known as sliding joint, In this joint, complete discontinuity is provided 

in both steel and concrete and at the discontinuity special provision is made to facilitate the relative 

sliding movement. 
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9.4.4 Construction Joint 

 
 

9.4.5 Temporary open joints 

 A gap is sometimes left temporarily between the concrete of adjoining parts of a water tank which 

is filled with mortar or with suitable jointing material, after a suitable interval of rime, before the 

structure is put to use. 
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9.5 Analysis of water tanks  

9.6 Circular Tank resting on the ground 

 

9.5 Analysis of water tanks  

 

9.6 Circular Tank resting on the ground 

 

 

 

 

The thicknesss (t) of the tank wall may be calculated from the requirement thant tensile stress in 

concrete should be within the permissible limit. If  is the permissible tensile stress in concrete then 
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The thicknesss (t) of the tank wall may be calculated from the requirement thant tensile stress in 

concrete should be within the permissible limit. If  is the permissible tensile stress in concrete then 
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9.5 Design of on ground water tanks (Problems) 

 

Problem 

Design a circular tank with a flexible base for a tank of 1,00,000 litre capacity. The depth of 

water in the tank is 5m. Use M25 concrete and Fe415 Steel. Take unit weight of water as 9.8 

KN/m2. 
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9.5.1 Design of on ground water tanks (Problems) 

 

Problems 

Design a circular tank with flexible base for a capacity of 450 kl. The depth of water is 4.5 m. 

Allow suitable free board. 
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  In fig. 
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9.6 Design of elevated water tank(problem) 

Design an elevated circular water tank 0f 500 Kl capacity with a top dome. The tank is supported 

on a masonry tower. The depth of water tank is 5 m. The unit weight of water= 10 KN/m3. The 

love load on dome as 1.0 KN/m2 
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Surface. 
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3 rings of 30 mm diameter are provided to supported and tie them as shown in fig. 
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Possible Short Type Questions 

 
1. Define water tank, broadly categorized into how many types? 

Tanks are widely used for storing liquids like water, chemicals, petroleum etc.  

They are broadly categorized into three types 

 Tanks resting on ground 

 Underground tanks 

 Elevated or overhead tanks. 

2. Which code is generally used for the design of liquid retaining structures? 

Indian standard code of practice for design of liquid retaining concrete structures IS 3370:2009. 

3. How many types of joints in water tanks? 

 Movement joints 

 Contraction joints 

 Expansion joints 

 Sliding joints 

 

Possible Long Type Questions 
 

1. Design a circular tank with a flexible base for a tank of 1,00,000 litre capacity. The depth 

of water in the tank is 5 m. Use M25 concrete and Fe415 steel. Take unit weight of water as 

9.8 KN/m3. 

2. Design a circular water tank with flexible base for a capacity 0f 450 kl. The depth of water 

is 4.5 m. Allow suitable free board. 

 


