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      Chapter-5: Analysis and Design of T-Beam (LSM) 
1.Learning Objectives 
 
Student will learn – 

i). identify the two types of numerical problems – analysis and design types,  

ii). apply the formulations to analyse the capacity of a flanged beam, 

iii) determine the limiting moment of resistance quickly with the help of tables of SP-16. 

 

2. Essential Questions (Fundamental Question) 
 i). What is flanged beam and where it is used? 

 ii).Write the provision for effective width of flange for an isolated T-beam. 

iii).Define flange section. 

iv).Define uses of T –Section. 

v).Draw a section derive each symbol. 

3. Hours Required 
 

Theory 2hr 
Problems 3hr 

Question & Answer Theory 3hr 
Total 8hr 

 
4. Question for Teaching / Assignment / Self Practice 

​ ​ ​  
Question sets 02 Marks 05 Marks 10Marks 

Teaching 03 nill 03 
Assignment 02 nill 02 
Self Practice nill nill 01 

Total 05 nill 06 
 

 



 

 
 
 
 
 
Lesson Description  
 
This lesson mentions about the two types of numerical problems (i) analysis and (ii) design 

types. In addition to explaining the steps involved in solving the analysis type of numerical 

problems, several examples of analysis type of problems are illustrated explaining all steps 

of the solutions both by direct computation method and employing SP-16. Solutions of 

practice and test problems will give readers the confidence in applying the theory explained 

in Lesson 10 in solving the numerical problems. 

 
Enclosed : 
           

1)​Course Material. 
Chapter-5 

Analysis and Design of T-Beam (LSM) 

5.11.1 Introduction 

Lesson 10 illustrates the governing equations of flanged beams. It is now necessary 

to apply them for the solution of numerical problems. Two types of numerical 

problems are possible: (i) Analysis and (ii) Design types. This lesson explains the 

application of the theory of flanged beams for the analysis type of problems. 

Moreover, use of tables of SP-16 has been illustrated to determine the limiting 

moment of resistance of sections quickly for the three grades of steel. Besides 

mentioning the different steps of the solution, numerical examples are also taken up 

to explain their step-by-step solutions.  

5.11.2 Analysis Type of Problems 

 The dimensions of the beam bf, bw, Df, d, D, grades of concrete and steel and the 

amount of steel Ast are given. It is required to determine the moment of resistance of 

the beam.  

Step 1: To determine the depth of the neutral axis xu 



 

 The depth of the neutral axis is determined from the equation of equilibrium C = T. 

However, the expression of C depends on the location of neutral axis, Df /d and Df 

/xu parameters. Therefore, it is required to assume first that the xu is in the flange. If 

this is not the case, the next step is to assume xu in the web and the computed value 

of xu will indicate if the beam is underreinforced, balanced or over-reinforced. 

 



 

 

 

 

 

 

 

 

After knowing if the section is under-reinforced, balanced or overreinforced, 

the respective parameter Df/d or Df/xu is computed for the underreinforced, 

balanced or over-reinforced beam. The respective expressions of C, T and Mu, as 

established in Lesson 10, are then employed to determine their values. Figure 5.11.1 

illustrates the steps to be followed. 

 

 



 

 

 



 

 

Ex.2: Determine Ast,lim and Mu,lim of the flanged beam of Fig. 5.11.3. Given 

data are: bf = 1000 mm, Df = 100 mm, bw = 300 mm, cover = 50 mm and d = 450 

mm. Use M 20 and Fe 415.  

Step 1: To determine Df/d ratio For the limiting case xu = xu,max = 0.48 (450) = 216 

mm > Df. The ratio Df/d is computed. 



 

 

 

 



 

 

 

Or xu = 169.398 mm < 216 mm (xu,max = 0.48 xu = 216 mm) 

So, the section is under-reinforced. 



 

 

 

Ex.4: Determine the moment of resistance of the flanged beam of Fig. 5.11.5 with 

Ast = 4,825 mm2 (6- 32 T). Other parameters and data are the same as those of 

Ex.1: bf = 1000 mm, Df = 100 mm, bw = 300 mm, cover = 50 mm and d = 450 mm. 

Use M 20 and Fe 415. 



 

 

 



 

+ 0.45 (20) (1000 - 300) (97.4) (450 - 97.4/2)  

= 167.63 + 246.24 = 413.87 knm 

 It is seen that this over-reinforced beam has the same Mu as that of the balanced 

beam of Example 2. 

 5.11.4 Summary of Results of Examples 1-4  

The results of four problems (Exs. 1-4) are given in Table 5.1 below. All the examples 

are having the common data except Ast.  

Table 5.1 Results of Examples 1-4 (Figs. 5.11.2 – 5.11.5) 

 

It is clear from the above table (Table 5.1), that Ex.4 is an over-reinforced flanged 

beam. The moment of resistance of this beam is the same as that of balanced beam 

of Ex.2. Additional reinforcement of 1,759 mm2 (= 4,825 mm2 – 3,066 mm2 ) does 

not improve the Mu of the over-reinforced beam. It rather prevents the beam from 

tension failure. That is why over-reinforced beams are to be avoided. However, if the 

Mu has to be increased beyond 413.87 knm, the flanged beam may be doubly 

reinforced.  

 



 

 

 

5.11.5 Use of SP-16 for the Analysis Type of Problems  

Using the two governing parameters (bf /bw) and (Df /d), the Mu,lim of balanced 

flanged beams can be determined from Tables 57-59 of SP-16 for the three grades 

of steel (250, 415 and 500). The value of the moment coefficient Mu,lim /bwd2 fck of 

Ex.2, as obtained from SP-16, is presented in Table 5.2 making linear interpolation 

for both the parameters, wherever needed. Mu,lim is then calculated from the 

moment coefficient. 

 Table 5.2 Mu,lim of Example 2 using Table 58 of SP-16 Parameters: 

(i)​ Bf /bw = 1000/300 = 3.33  

(ii)​  Df /d = 100/450 = 0.222 

 

 

 

 

 

​  

 



 

 

5.11.6 Practice Questions and Problems with Answers 

 

Q.1: Determine the moment of resistance of the simply supported doubly reinforced 

flanged beam (isolated) of span 9 m as shown in Fig. 5.11.6. Assume M 30 concrete 

and Fe 500 steel. 



 

 

 



 

 

 



 

 

 

 

 

 

 

 

2)​ Question Set. 
 

Teaching 

Group-A 

1.​ What is flanged beam and where it is used? 

2.​ Write the provision for effective width of flange for an isolated T-beam.​ ​

2015 

3.​ Define flange section. 

Group-c 

 

1.​ Determine the moment of resistance of a T-beam section reinforced as shown 

in (Fig-1) 

​ Use M15 concrete and follow the limit state method.​ [2013(S)] 



 

 

 

 

 

 

 

 

2.​ A T-beam of effective flange width 1500 mm thickness of slab 100 mm, width of 

rib 230 mm and effective depth 450 mm subjected to factored moment of 350 

knm. Design the reinforcement for flexure. The materials are M 20 grade 

concrete and HYSD reinforcement of grade Fe415.  [2019] 

3.​ With the aid of SP-16, determine separately the limiting moments of resistance 

and the limiting areas of steel of the simply supported isolated, singly reinforced 

and balanced flanged beam of Q.1 as shown in Fig. 5.11.6 if the span = 9 m. 

Use M 30 concrete and three grades of steel, Fe 250, Fe 415 and Fe 500, 

respectively. Compare the results obtained above with that of Q.1 of sec. 

5.11.6, when balanced. 

 

 

 

 

 

Assignment 
Group-A 

 

1. Define uses of T –Section. 

2. Draw a section derive each symbol. 

 

Group-c 

1.​   A T-beam of effective flange width 1800 mm, thickness of slab 100 mm., 

width of rib 230 mm and effective depth of 500 mm is reinforced with 4 Nos. 

25 mm diameter. The materials are M20 grade concrete and HYSD reinforced 

of grade Fe415.​ [2017,2016,2015, 



 

       ​ A)      Find actual NA 

​ B)​ Find factored MOR 

​ C)​ Find factored UDL inclusive of its own weight assuming simply supported 

at both ends having effective span 4.5m. 

​ [2016-S, 2015-W]  

 

2.Determine Mu,lim of the flanged beam of Ex. 2 (Fig. 5.11.3) with the help of SP-16 

using (a) M 20 and Fe 250, (b) M 20 and Fe 500 and (c) compare the results with the 

Mu,lim of Ex. 2 from Table 5.2 when grades of concrete and steel are M 20 and Fe 

415, respectively. Other data are: bf = 1000 mm, Df = 100 mm, bw = 300 mm, cover 

= 50 mm and d = 450 mm.                                                                          
Self Practice 

Group-c 

 

1.  A T-beam having an effective flange width of 2500 mm is required to resist an 

ultimate moment of 1200 kn-m. The width of rib is 300 mm and the effective depth is 

900 mm. Using M15 concrete and Fe250 steel, determine the area of reinforcement 

required using LSM.​  
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