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CHAPTER - 1 
INTRODUCTION 

 
 

1.1 PLAIN AND REINFORCED CONCRETE 
1.1.1 Plain concrete 
It is a mixture of sand, gravel, cements and water which results in a solid mass. Concrete is strong 
in compression but weak in tension. Its tensile strength is aprox. One tenth of compressive 
strength. Plain concrete is mostly used in mass concrete work. (As in dams) 
 
1.1.2 Reinforced Concrete 
1. It is concrete with reinforcement embedded in it. The embedded reinforcement makes it capable 
of resisting tension also. 
2. Steel bars embedded in the tension zone of concrete, relieves concrete of any tension and takes 
all tension without separating from concrete. 
3. The bond between steel and surrounding concrete ensures strain compatibility i.e. the strain any 
point in the steel is equal to that in the adjoining concrete. 
4. Reinforcing steel imparts ductility to concrete which is otherwise brittle material 
5. Here ductility means large deflection owing to yielding of steel, thereby giving ample warning 
of impending collapse. 
6. Tensile stress in concrete arises on account of direct tension. Flexural tension, diagonal tension 
due to shear. Temperature and shrinkage effect, restraint to deformation. 
7. Under these conditions, reinforcements must be provided across potential tensile crack. 
 
1.2 GRADE OF CONCRETE 
1. Compressive Strength of Concrete  
It is the most important property of concrete. Because other properties like tensile strength, shear 
strength, bond strength, density, impermeability, durability etc can be inferred from the 
compressive strength using established correlations. 

2
3

1

Top surface during casting

Face in touch of mould

[Caping] [done with neat cement paste 1.5mm
to 3 mm + thickness]

[Caping done after 2-4 hrs after casting]

 
 

2. Compressive Strength   
(i) It can be measured by standard test on concrete cube (or cylinder) specimen 
(ii) Strength of concrete in uniaxial compression is determined by loading standard test cube (150 
mm size) to failure in compression testing machine. 
(iii) The test specimen in generally tested 28 days after casting (and continuous curing) 
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CHAPTER - 2 
LIMIT STATE METHOD 

 
2.1 INTRODUCTION 
The Philosophy of the limit state method of design represents a definite advancement over the 
traditional design philosophies. Unlike working stress method, which is based on calculations at 
service load conditions alone and unlike ultimate load method, which is based on calculations on 
ultimate load conditions alone limit state method aims for a comprehensive and rational solution 
to the design problem by considering safely at ultimate loads and serviceability at working alods. 
The limit stte philosophy uses a partial safety factor format which attempts to provide adequeate 
safety at ultimate loads as well as adequate serviceability at service loads by considering all 
possible limit state. 
 
2.2 LIMIT STATE METHOD 
1. The Accepatatible limit for the safety and serviceability requirement of structure or structural 
element before failure occurs is called limit stte. 
2. In this structure is so designed that it carry the loads with sufficient degree of safety and 
serviceability and structure will ot become unfit for use for which it sis to be designed. 

Two main Limit State 
Limit State of Collapse Limit State of Serviceability 

1. To satisfy this limit state, the strength must be 
adequate to carry the loads. 
Limit state of collapse includes limit state of 
(i) Flexure 
(ii) Compression 
(iii) Torsion 
(iv) Shear 

1. To satisfy this limit state, deflection, 
cracking and vibration must not be 
excessive. 
2. Excessive deflection can reduce the 
efficiency of the structure and must be 
avoided 
3. Cracking causes ingress of water 

 
2.3 CHARACTERISTIC STRENGTH OF MATERIALS 
The Strength of material below which not more than 5% of the test results are expected to fall is 
known as the characteristic strength of the material and denoed by fck 

5% of
results

Strength
1.65

Frequency

fck fm

 
Deflection Curve for characteristic load 

fck  = fm  1.65  
2

S X

n 1
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GATE QUESTIONS 
 
 

 
 

 

1. Two rectangular under-reinforced concrete 
beam sections X and Y are similar in all aspects 
except that the longitudinal compression 
reinforcement in section Y is 10% more. Which 
one of the following is the correct statement?  

[GATE - 2018] 
(a) Section X has less flexural strength and is 
less ductile than section Y  
(b) Section X has less flexural strength but is 
more ductile than section Y 
(c) Section X and Y have equal flexural strength 
but different ductility  
(d) Section X and Y have equal flexural strength 
and ductility  
 
2. As per IS 456 : 2000, the minimum 
percentage  of tension reinforcement (up to two 
decimal places) required in reinforced-concrete 
beams of rectangular cross-section (considering 
effective depth in the calculation of area) using 
Fe500 grade steel is ___________   

[GATE - 2018] 
 
3. A singly-reinforced rectangular concrete 
beam of width 300 mm and effective depth 400 
mm is to be designed using M25 grade concrete 
and Fe500 grade reinforcing steel. For the beam 
to be under-reinforced, the maximum number of 
16 mm diameter reinforcing bars that can be 
provided is     

[GATE - 2018] 
(a) 3   (b) 4 
(c) 5   (d) 6 
 
4. According to IS 456 2000, which one of the 
following statements about the depth of neutral 
axis xu, bal for a balanced reinforced concrete 
section is correct? 

[GATE - 2017] 
(a) xu, bal depends on the grade of concrete only 
(b) xu, bal depends on the grade of steel only 
(c) xu, bal depends on both the grade of concrete 
and grade of steel 

(d)xu, bal does not depend on the grade of 
concrete and grade of steel 
 
5. Consider the singly reinforced beam section 
given below (left figure). The stress block 
parameters for the cross  section from IS: 456-
2000 are also given below (right figure). The 
moment of resistance for the given section by 
the limit state method is _________. 

M25

4-12
Fe 415

200mm

d

xu

0.42xu

0.36f xck u

x  = 0.48du,max

for Fe 415

 
[GATE - 2015] 

 
6. Consider the singly reinforce beam shown in 
the figure below 

LL

P P

L/2

X

X

 
 

At cross section XX, which of the following 
statements is TRUE at the limit state? 

[GATE - 2015] 
(a) The variation of stress in linear and that of 
strain is non-linear 
(b) The variation of strain is linear and that of 
stress is non-linear 
(c) The variation of both stress and strain is 
linear 
(d) The variation of both stress and strain is 
non-linear 
 
7. For a beam of cross-section, width = 230mm 
and effective depth = 500mm, the number of 
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CHAPTER - 3 
LIMIT STATE OF COLLAPSE IN SHEAR 

 

 
3.1 INTRODUCTION 
The section of a structural member may be subjected to shear force due to flexure, punching or 
torsion. Accordingly, the shear may be flexural shear, punching shear or torsional shear. 
 
1. Flexural Shear 
(i) The shear associated with change of bending moment along the span is known as flexural 
shear, or simply shear. 
(ii) Flexural shear force present n beam is given by dM/dx= V 
(iii) The horizontal and vertical shear stresses are to be accounted for in the designs of beams. 
(iv) Exact analysis of shear in a reinforced concrete beam is quite complex, several experimental 
studies have been conducted to understand the various modes of failure. Which could occur due to 
possible combination of shear and bending momentum acting at a given section. 
 

2. Punching Shear 
(i) The shear associated with the possibility of punching a thin member by a concentrated load is 
called punching shear. 
(ii) A slab carrying a concentrated wall load, beamless floor slab supported directly by columns 
(called flat slab) or a footing slab carrying a concentrated column load are subjected to punching 
shear. 
(iii) For the member subjected to both the above types of shear, the flexural shear is referred to as 
one way shear, where as punching shear is called two way shear. A foot in slab carrying 
concentrated column load I subjected to both these shears. 
 
3. Torsion Shear 
(i) When a member is subjected to torsion, it is subjected to tensional shear. 
(ii) The beams are usually subjected to flexural shear, and sometimes to torsion shear also. 
(iii) It the shear failures take place before flexural failures, they are brittle and occur without 
warning. If the flexural failure takes place prior to shear failure, the ductile failure of the beam is 
ensured. 

  

 Concrete is very strong in compression and also quite strong in shear however, the 
combination of the vertical and horizontal shear stress along with tension due to 
bending produces diagonal tension which is quite serious and will be now examined. 
The complementary diagonal compression should also be taken into account.
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CHAPTER - 4 

WORKING STRESS METHOD 
 
4.1 WORKING STRESS METHOD 
1. This was the traditional method of design 
2. Both concrete and steel are assumed to behave in linearly elastic manner. 
3. Stresses within the materials are not allowed to exceed the permissible stresses. 
4. Working stress method of design used to be the basis of design for all RCC structures in the 
past. But these days it finds application in calculating serviceability requirement like deflection 
and crack width under service load condition. 
5. It is also used in the design of few structures like liquid retaining structures and highways 
bridges and chimney. 
 
4.1.1 Deficiency in Working Stress Method 
1. It may not be possible to keep the stress with in permissible stress. This is because of  
(i) term effect of shrinkage and creep  
(ii) Effect of stress concentration and other secondary effect. 
2. All such effects result in significant local increase in stresses into inelastic range and 
redistribution of the calculated stress. 
3. In working stress method actual margin of safety is not equal to the factor of safety used in 
WSM because the stress strain curve is nor linear upto collapse. 

3. Actual margin of safety here is given in term of factor like 
collpase load

working load
 the F.O.S. on the other 

hand is 
characteristic stress

permissible stress
 

4. WSM fails to discriminate between types of loads that act simultaneously, but have different 
degrees of uncertainty. This may sometimes lead to signify scantly conservative design 
particularly when two different loads have counteracting effect. Example, if dead load and wind 
load produce counteracting stress but if they are simply added, the design load would be much 
larger. 
 
4.2 PERMISSIBLE STRESSES 
1. In working stress method, the stresses in materials are not exceeded beyond their permissible 
values. The permissible stress in a material is given by  

Limiting strength
Permissible stress=

Factor of safety
 

2. The factor of safety in the case of tensile steel reinforcement is approximately = 1.82. Hence, 
the permissible tensile stress in steel is st y0.55 f  

3. For concrete, the factor of safety is higher than for steel. This is so because concrete suffers 
from higher degree of variability regarding its strength and properties than steel which is produced 
under well controlled conditions. 
4. The factor of safety for flexural compressive in concrete is = 3. Thus, the permissible 
compressive stress in concrete in flexural compression is cbc = 0.333fck 
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GATE QUESTIONS 
 
 
 
 
 

1. A simply supported reinforce concrete 
beam of length 10m sags while undergoing 
shrinkage. Assuming a uniform curvature of 
0.004 m-1 along the span, the maximum 
deflection (in m) of the beam at mid-span 
is___________.   

 [GATE - 2015] 
 
2. In a reinforced concrete section, the stress 
at the extreme fibre in compression is 5.80MPa. 
The depth of neutral axis in the section is M25. 
Assuming linear elastic behavior of the 
concrete, the effective curvature of the section 
(in per mm) is 

[GATE - 2014] 
(a) 2.0  10-6 (b) 3.0  10-6 
(c) 4.0 10-6 (d) 5.0  10-6 
 
3. The first moment of area about the axis of 
bending for a beam cross section is 

[GATE - 2014] 
(a) Moment of inertia 
(b) Section modulus 
(c) Shape factor 
(d) Polar moment of inertia 

 
4. Top ring beam of an Intze tank carries a 
hoop tension of 120kN. The beam cross 
section is 250 mm wide and 400 mm deep and it 
is reinforced with 4 bars of 20 mm diameter of 
Fe-415 grade. Modular ratio of the concrete is 
10. The tensile stress in N/mm2 in the concrete 
is      

[GATE - 2003] 
(a) 1.02 (b) 1.07 
(c) 1.20 (d) 1.32 
 
5. The working stress method of design 
specifies the value of modular ratio, m = 
280/(3 cbc), where cbc is the allowable stress in 
bending compression in concrete. To what 

allowance for the creep of concrete? 
[GATE - 2003] 

(a) No compensation 
(b) Full compensation 
(c) Partial compensation 
(d) The two are unrelated 
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WORKBOOK 
 
 
 
 
 

Example 1. A simply supported beam is 250 
mm wide and 500 mm depth is has 2 nos. of 20 
mm TOR bars going into support. If the shear 
force at the centre of support is 110 kN at 
working loads check safety for bond n this beam 
assume. M20 grade of concrete and Fe415 TOR 
steer. 
Solution. 

1
d 0

1.3M
L L

V
 

1. TOR steel is given so straight bar is provided 
Vu = 1.5  110 = 165kN 
M1 = 0.87fyAst(d  0.42xu) 

2

y st
u

ck

0.87 415 (20)0.87f A 4x
0.36f b 0.36 20 250  

xu = 120.59mm 
xu.lim = 0.48d 

d = 500  clear  
2  

Assume clear cover(d) = 25mm 

d = 500  25 
20

2
 = 465mm 

xu.lim = 0.48  465 = 223mm 
xu < xu.lim, section is under reinforced 
M1 = 0.87fyAst(d  0.42xu) 

M1 
20.87 415 (20) (465 0.42 120.29)

4
 

M1 = 93.54kNm 
For flexure bond 

1
d 0

1.3M
L L

V
 

Because there is no, anchorage length i.e.,  
L0 = 0 

y
d

bd

0.87f 0.87 415 20
L

4 4 1.2 1.6  
Ld = 910.22mm 

6
1

d 3

1.3M 1.3 93.54 10
L

V 165 10  
Ld = 736.5mm 
Ld(941.22) > Ld(736.5) 
This is not safe bond 
Use 90  bond 
L0 = S  
L0 = 8  20 = 160mm  

1
d 0

1.3M
L L

V  
Ld = 736.5 + 160 = 896.5mm 
Ld(910.22) > Ld(896.5mm) 
So this is also not safe in mode 
2. List U hook for anchorage  
L0 = S  
L0 = 16  20 = 320mm 
Ld = 736.5 + 320 = 1056.5mm 
Ld(910.22) > Ld(1056.5mm) 
Now this safe is bond. 
 
Example 2. A continuous beam 250 mm width 
and 200 mm deep carries 3 nos. of 16 mm 
longitudinal bars beyond the point of inflection 
in the sagging movement region. If the factors 
shear force at this point of inflection is 150 kN, 
check if the beam is safe in bond. Use M20 and 
Fe415 grade of steel. 
Solution. 

1
d 0

M
L L

V  

d

400

Section of point
of inflection

d < M1

v +L0

3#16

 
Here section has not taken as support hence 
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CHAPTER - 5 
BOND AND ANCHORAGE 

 
5.1 INTRODUCTION 
1. While analyzing and designing the reinforced concrete structures, the basic assumption is that 
there is a perfect bond between concrete and steel i.e. there is absolutely no slippage between the 
concrete and steel. 
2. It is this bond which is responsible for the transfer of axial force from a reinforcing bar to the 
surrounding concrete, thereby providing strain compatibility and Composite action of concrete and 
steel. 
3. If this bond is inadequate, slipping of the reinforcing bar will occur destroying full composite 
action. Hence the fundament assumption of the theory of flexure viz plane sections remain plane 
even after bending becomes valid n reinforced concrete only if the mechanism of bond is fully 
effective. 
4. The term bond describes the means by which the relative movement between concrete and steel 
is prevented and the intensity of adhesive force is called bond stress. 
5. Thus, bond stress is defined as longitudinal shear stress acting on the surface between steel 
and concrete. 
6. Bond between steel and concrete is due to combined effect of adhesive resistance frictional 
resistance and mechanical resistance (for deformed bars) 
7. The adhesive resistance is provided by chemical gum produced by concrete during setting. 
8. The bond due to friction is provided by gripping of bars due to shrinkage. The friction gives  
considerable bond resistance. With increasing force in bar the adhesion is lost first than the friction 
between concrete and steel. 
9. The mechanical resistance is provided by deformed bars only (not by the plain bars). The 
deformed bars have lugs are corrugations and give higher bond resistance by providing an 
interlock between steel and concrete. 
10. In deformed bar adhesion and friction become minor elements and the bond strength is 
primarily dependent on bearing of concrete against the lugs or corrugations. 

  

 If bond is absent, the stress at all points on a straight bar would be constant, as in a 
string or a straight cable.

 

5.2 TYPES OF BOND STRESS 
The Bond stress in reinforced concrete members arises due to two distinct situations. 
1. The change in the bar force along its length due to variation in bending moment in this length. 
This type of bond stress is called flexural bond stress. 
2. From the anchorage of bar in case of tension or compression. This type of bond force is known 
as anchorage bond stress. Anchorage bond is also called development bond.  
 
5.2.1 Flexural Bond Stress  
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CHAPTER - 6 
TORSION 

 
 

6.1 INTRODUCTION 
1. Torsion produced in a beam is classified as 
(i) Primary torsion or equilibrium torsion 
(ii) Secondary torsion or compatibility torsion 
(i) Primary Torsion: Torsion which can be determined only by using the static equilibrium 
condition is called 1  torsion or torsion induced in beams curved I n plan and subjected to 
gravity loads and also in beams where the transverse los are eccentric with respect to the shear 
centre of the x-section. 
Example. a slab cantilevered from a beam which is assumed to be fixed at supporting columns 
Slab load W induces a torsional moment of Wx in beam or a small beam BC is cantilevered from 
beam B1 Beam. B1  is considered fixed at columns. Here negative moment of beam BC will be the 
torsional moment of beam B1. 

Beam B1

Beam BC

(b) Cantilever BC supported on B1 (c) Circular beam

T

Column x

W

 
 

(ii) Secondary torsion: It is induced in a structural member by rotation (twist) applied at one or 
more points along the length of member through inter connected members, instead of by directly 
applied load. Twisting moment induced in this case is proportional to the torsional stiffness of the 
member. 
2. These moments are generally statically indeterminate and their value is obtained using 
compatibility equation, this is the reason these torsion are called compatibility torsion. 

Compatibility
    torsion
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WORKBOOK 
 
 
 
 
 

Example 1. A rectangular beam section of size 
230 mm width and 400 mm overall depth is 
reifnroced with 2 nos. of 10 mm dia bars at the 
top 3 nos. of 16 mm  bar at the bottom being 
tension reinforcement. It is subjected to 
characteristic load shear force of 
 18 kN as torsional moment of 1.2 kN-m, 
bending moment 18 kNm check for torsion 
reinforcement , material are Fe 415 M 20 
Solution. 
Mu = 1.5  18 = 17kNm 
Vu =1.5  18 = 17kNm 
Tu =1.5  1.2 = 1.8kNm 

d = 400  30  
16

2 362mm
 

(Assuming clear cover = 30

 

mm) 

u
e u

T 1.8
V V 1.6 27 1.6

b 0.230  
Ve = 39.52kN 

c = ? 

2

st
3 (16)A 4100 100 0.72

bd 230 362
 

c = 0.55N/mm2 

2e
ve

V 39.52
0.475N/mm

bd 230 362
 

ve < c       
Only minimum shear reinforcement is provided  

Sv

v y

A 0.4

bS 0.87f  
Sv y

v

A 0.87f
S

b 0.4  

v

2 0.87 250
4S
230 0.4

 

Sv < 133.62mm 

(i) 0.75 d = 271.5 mm 
(ii) 300 mm  (iii) 133.62 mm 
Provided 6 mm , Sv = 130mm 
 
Example 2. Design A reinforced concrete beam 
of rectangular section is 550 mm wide and 750 
mm overall depth. It is subjected to an ultimate 
bedning moment of 150 kNm and ultimate 
torsional moment of 50 kNm. Use M 15 and Fe 
415 grade of steel determine the necessary 
longitudinal reinforcement. 
Solution. 
b = 550 mm  
Me1 = Mu + Mt 

u

t

D 750
T 1 50 1

b 550
M

1.7 1.7  
Mt = 69.51kNm 
Me1 = 150 + 69.51 = 219.5kNm 
Mu.lim = 0.36fckxu.limb(d  0.42xu.lim) 

d = 750  25 
20

2
 = 715 

Mu.lim  
= 0.36 15 0.48 715 550(715 0.42 0.48 715) 
Mu.lim = 581.87kNm 
Mu < Mu.lim, section is under reinforced 
Me1 = 0.87fyAst(d  0.42xu) 

y st st
u

ck

0.87f A 0.87 415 A
x

0.36f b 0.36 15 550  
Me1=  

0.87 415 Ast
st0.87 415 A

715 0.42
0.36 15 550   

219.5 106 = 361.05Ast(715  0.051Ast) 
219.5 106 = 258150.78Ast  18.41 2

stA
 Ast = 909.27mm2 
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Example 1. Design a rectangular simply 
supported beam over a clear span of 6 m, if 
super imposed load 30 kN/m is applied. The 
beam suspended from the upper floor. The 
width of suspenders is 500 mm, in each side use 
M15 Fe415grade of steel? 
Solution. 
Clearspan

10(Thumbrule)
d

 

Clear span 6000
d 600mm

d 10
 

Use 25 mm clear cover and 20 mm diameter bar 

D = 600 + 25 + 
20

2
= 635mm 

b = 0.5  D = 0.5  635 = 317.5mm  330mm 
Load calculation 
Deal load = B  D   = 330 635 25  
= 5.24kN/m 
Super imposed load = 30 kN/m 
Total load = 30 + 5.24 = 35.24 kN/m 

2
eff

u

1.5 35.24L
M

8  
Leff is minimum of 
(i) 6 + 6 = 6 + 0.6 = 6.6 m 

(ii) 6 + 
0.5 0.5

2 2
 = 6.5m 

2

u

1.5 35.24 6.5
M 279.16kN m

8
 

Check for d (for under reinforced) 
Mu  0.36fckxu.limb(d  0.42xu.lim) 
279.16  106   
0.36 15 0.48d 330(d  0.42 0.48d) 
d  639.35mm 
drequired(639.35) > dprovided(600) 
So revise the section take D = 700 mm 

D = 700  25  
20

2
= 665mm 

Deal load = 
D

2
  D   = 350 700 25  

= 6.125kN/m 
Total load= 6.125 + 30 = 36.125kN/m 

2
eff

u

wL
M

8
 

Leff Minimum of  
(i) 6 + 0.665 = 6.665 m 

(ii) 6 + 
0.5 0.5

2 2
 = 6.5m 

Leff = 6.5m 
2

u

2.5 36.125 6.5
M 286.2kN m

8
 

Check d for under reinforced section 
Mu  0.36fckxu.limb(d  0.42xu.lim) 
286.2  106   
0.36 15 0.48d 350(d  0.42 0.48d) 
d  628.56mm 

D = 628.56 1.05+ 25 + 
20

2
= 694.988mm 

Drequired(694.988) > Dprovided(700) 

Take D = 700  25  
20

2
= 665mm 

Check of Ast 

Mu = 0.87fyAst(d  0.42xu) 

y st st
u

ck

0.87f A 0.87 415 A
x

0.36f b 0.36 15 350
 

286.17  106  

= 0.87  415 Ast
st0.87 415 A

665
0.36 15 350  

Ast = 1443.10mm2 

Use 20 mm diameter bar 

No. of bar = 
2

1143.10
4.594 5

(20)
4

 

Use 5 no. of 20 mm diameter bar 

Ast = 
2 25 (20) 1570mm

4
 

Check of Ast.min 
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CHAPTER - 7 
DESIGN OF BEAM AND SLAB 

 

7.1 INTRODUCTION 
A beam is a horizontal structural element that is capable of withstanding load primarily by 
resisting bending. The bending force induced into the material of the beam as result of the external 
loads, own weight span and external reactions to these loads is called a bending moment. 

 
7.2 I.S 456 PROVISION 
 
7.2.1 Simply Supported Beam or Slab 
The effective span of a member that is not built integrally with its supports shall be taken as clear 
span plus the effective depth of slab or beam or centre of supports, whichever is less. 
Effective span (Leff) = L0 + d 

L0

w

d

 

Or Leff = L0

 
+ 

w w

2 2
 

Which ever is less  
Where, d is effective depth 
w is width of support 
L0 is clear span 
  
7.2.2  Continuous Beams or Slab 
In case of continuous beam or slab, if the width of support is less than 1/12 of the clear span, the 
effective span shall be as in (a) above. If the supports are wider than 1/12 of the clear spa or 600 
mm, whichever is less,the effective span shall be taken as under : 

Case-1. (If width of support < 0LClear span
w

12 12
)  

Then effective span is calculated same as for simply supported case  
Leff = L0 + d  

Or eff 0L L + 
w w

2 2
 

Whichever is less 

Case-2. (If width of support > 0LClear span
w

12 12
)  

(i) (a) For one end fixed other continuous 
(b) Both end continuous (Intermediate span) Leff

 
= L0 

(ii) One end discontinuous other continuous (simply supported) 
Leff = L0 + d/2  
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2
co t cp tV 0.67bD f 0.8f f  

Maximum principal tensile stress, 

t ckf 0.24 f 0.24 45 = 1.61 N/mm2 

b = 150 mm, D = 300 mm 
Compressive stress at  centroidal axis, 

3
2

cp

P 200 10
f 4.44 N / mm

bD 150 300
 

 
Sol.82. (c) 
The minimum clear spacing between groups of 
cables or ducts of grouped cables shall be great 
of the following : 
(i) 40 mm 
(ii) 5 mm plus maximum size of the aggregate 
 
Sol.83. (d) 
The load balancing concept is used to decide to 
decide the cable profile. The shape of B.M.D 
forms the basis for cable profile. 
In the case of udl, the BMD is parabolic so 
cable profile will also be parabolic. 
 
Sol.84. (b) 

 
Sol.85. (c) 
The stress varies from zero at one extreme fiber 
to c at other extreme fiber. 

P

"
c

c  
Sol.86. (b) 
Pretensioned prestressed plank can resist both 
compressive and tensile stresses. However, 
pretensioning is done to keep the stresses 
compressive throughout the beam. 
 
Sol.87. (c) 

The moment Pe will cause an uplift of 
2PeL

8EI  
 
Sol.88. (d) 

 
Sol.89. (d) 

 
Sol.90. (b) 

 
Sol.91. (a) 
In partially prestressed members, limited tensile 
stresses are permitted in concrete under service 
loaded with control on the maximum width of 
cracks. The untensioned reinforcement is 
required in the cross  section for various 
reasons such as to resist differential shrinkage, 
temperature effects and handling stresses. 
 
Sol.92. (d) 
Area , A = 45  103 mm2 
Section modulus, 

2 2Bd 150 300
Z

6 6
= 2.25  106 mm2 

Dead load = 0.15  0.30  1  25 
= 1.125 kN/m 
For bottom fibre stress to be zero 

DL LLM MP Pe

A Z Z
 

2

DL LL

(1.125 5) 8
M M

8
49kN m  

e 75mm  
6

6
3 6

49 10
P

1 75
2.25 10

45 10 2.25 10

 

= 392 kN 
 
Sol.93. (b) 
Due to high prestressing force, the possibility of 
diagonal tension crack is eliminated. 
 
Sol.94. (a) 
In load balancing method, the applied load is 
balanced by the cable profile. Thus bending 
moment and shear forces do not exist. 
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WORKBOOK 
 
 
 
 
 

Example1. Design a isolated footing for square 
column of size 450 mm  450 mm reinforced 
with 8 nos of 25 mm dia and carrying service 
load of 2300 KN available bearing pressure is 
300 kN/m2 at a depth 1.5 m below the ground 
level assume M20 and Fe415 grade of steel for 
footing and M25, Fe415 for column.  
Solution. 
P = 2300 kN 
Allowable bearing pressure (A.B.P.)  
= 300 kN/m2 
Total load on soil  
= load on column + self weight of footing 

10
2300 2300 2530kN

100
 

Area of footing = 
Totalloadof soil 2530

A.B.P 300
 

= 8.43m2 

Size of footing = B  B = 8.43 
B = 2.904 
Take B  B = 3  3m 
Upward soil pressure =  

22530
281.1kN/m 300

3 3
 

Factored-net soil pressure = 15  255.56 
= 383.33 kN/m2 
Calculation of depth of footing 
Case-1.For one way shear 

 
V = w (1.257  d) 3 

v

383.33 (1.275 d) 3

3d  
 

c = ? 
Assume 0.25% of M20 

c = 0.36 N/mm2 
K = 1 

v < K. c 
383.33 (1.275 d) 3

1 0.36
3d

 

d > 0.657 m 
For two way shear 

0.45

d/2

d/2 0.45

d/2 0.45 + d

3 m  
Net punching force = fP  
= w[3  3  (0.45 + d)  (0.45 + d)] 
= w[9  (0.4 + d)2 KN 

Punching Stress = pf

Perimeter d
 

2

vpunching

383.33[9 (1.45 d) ]

4 (0.45 d) d
 

vpunching < kc c 
2

c ck0.25 f 0.25 20 1.118N/mm  

KS = 0.5 +   1 

0.450
1

0.450
 

KS = 0.5 + 1 = 5 1 
KS = 1 

2383.33[9 (0.45 d) ]
1 1.118

4 (0.45 d) d
 

d > 0.625 m 
Hence one way shear govern the depth of 
footing  
d = 657 mm 
Assume clear over 50 mm & dia of bar 12 mm 

0.45

0.45
d

y

3m y

(1.275-d)

3 0.45
1.275

2

w = 383.33 KN/m2

(1.275-d)
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CHAPTER - 8 
COLUMN 

 

8.1 INTRODUCTION 
1. A compression member is a structural element which is subjected predominality to axial 
compressive forces. Compression members are most commonly encountered in reinforced 
concrete building as columns (and sometimes as reinforced concrete walls). 
2. The column is representative of all types of compression members, and hence, sometimes, the 
terms column and compression member are used interchangeably. 
3. The code defines the column as a compression member, the effective length of which exceeds 
three times the least lateral dimension. 
4. The term pedestal is used to describe a vertical compression member whose effective length is 
less than three times its least lateral dimension of the code. 
 
8.1.1 Consumptions 
The following assumptions are made for the limit state of collapse in compression. 
1. Plane sections normal to the axis remain plane after bending. 
2. The relationship between stress strain distributions in concrete is assumed to be parabolic. The 
maximum compressive stress is equal to 0.67fck/ 1.5 or 0.446R fck 
3. The tensile strength of concrete is ignored. 
4. The stresses in reinforcement are derived from the representative stress-strain curve for the 
type of steel used. 
5. The maximum compressive strain in concrete in axial compression is taken as 0.02. 
5. The maximum compression strain at the highly compressed extreme fibre in concrete subjected 
to axial compression and bending but when there is no tension on the section, is taken as 0.0035 
minus 0.75 times the strain at the least compressed extreme fibre. 
6. The maximum compressive strain at the highly compressed extreme fibre in concrete subjected 
to axial compression and bending, when part of the section is in tension is taken as 0.0035. 
 
8.1.2 Classification of Columns based on Type of Reinforcement 
Reinforced concrete columns may be classified into the following three types based on the type of 
reinforcement provided. 
1. Tied columns where the main longitudinal bars are enclosed with closely spaced lateral ties. 
2. Spiral column (spirally reinforced columns) where the main longitudinal bars are enclosed 
within spiral reinforcement. 
3. Composite columns where the reinforcement is in the form of structural steel sections or pipes 
with or without longitudinal bars. 
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CHAPTER - 9 
FOOTING 

 
 

9.1 INTRODUCTION 
1. Till now we discussed the different structural elements viz. beams, slabs, staircases and 
columns, which are placed above the ground level and are known as superstructure. 
2. The superstructure is placed on the top of the foundation structure, designated as substructure as 
they are placed below the ground level. 
3. The elements of the superstructure transfer the loads and moments to its adjacent element below 
it and finally all loads and moments come to the foundation structure, which in turn, transfers 
them to the underlying soil or rock. 
4. Thus, the foundation structure effectively supports the superstructure. However, all types of soil 
get compressed significantly and cause the structure to settle. 
5. Accordingly, the major requirements of the design of foundation structures are the two as given 
below. 
(i) Foundation structures should be able to sustain the applied loads, moments, forces and induced 
reactions without exceeding the safe bearing capacity of the soil 
(ii) The settlement of the structure should be as uniform as possible and it should be with in the 
tolerable limits. It is well known from the structural analysis that differential settlement of 
supports causes additional moments in statically indeterminate structures. Therefore, avoiding the 
differential settlement is considered as more important than maintaining uniform overall 
settlement of the structure. 
 
9.2 TYPES OF FOUNDATION STRUCTURES 
Foundations are namely of two types  
1. Shallow foundation  
2. Deep foundations.  
The two different types are explained below 
9.2.1 Shallow Foundations  
1. Shallow foundations are used when the soil has sufficient strength within a short depth below 
the ground level. 
2. They need sufficient plan area to transfer the heavy loads to the base soil. 
3. These heavy loads are sustained by the reinforced concrete columns or walls (either of bricks or 
reinforced concrete) of much less areas of cross-section due to high strength of bricks or 
reinforced concrete when compared to that of soil. 
4. The strength of the soil, expressed as the safe bearing capacity of the soil is normally supplied 
by the geotechnical experts to the structural engineer. 
5. Shallow foundations are also designated as footings. 
The different types of shallow foundations or footings are discussed below. 
1. Plain Concrete Pedestal Footings 
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CHAPTER - 10 
PRESTRESSED CONCRETE 

 

10.1 INTRODUCTION 
1. Prestressed concrete is basically a concrete in which internal stress of suitable magnitude and 
distribution are introduced so that the stresses resulting from external load are counteracted to a 
desired degree. 
2. A prestressed concrete is different from a conventional RCC structure due to the application of 
an initial load on the structure prior to its used. 
3. For concrete internal stressed are induced (usually by mean of tensioned steel) due to the 
following reasons 
(i) 
flexural members such as beams and slabs. Hence if the members are compressed prior to 
application of flexural load the cracking will not occur. 
(ii) Prestressing enhances the bending, shear and tensional capabilities of the flexural members. 
(iii) In pipes and liquid storage tanks the hoop tensile stresses can be effectively counteracted by 
circular prestressing. 
How do we apply prestress by means of tensioned wire? 
There are two way (i) Pretensioning (ii) Post tensioning 
 
10.1.1 Pre-Tensioning  

    
Prestress bed

(a) Applying tension to tendons

Jack

Steel Tendon

 
 

    (b) Casting of concrete  
 

(c) Transferring of prestress

Cutting of tendon

 
           Stages of Pre - tensioning 

1. In pre-tensioning system, the high strength steel tendons are pulled between two end abutments 
(also called bulkheads) prior to the casting of concrete. 
2. The abutments are fixed at the ends of a prestressing bed. 
3. Once the concrete attains the desired strength for prestressing, the tendons are cut loose from 
the abutments. 
4. The prestress is transferred to the concrete from the tendons, due to the bond between them. 
5. The stages of prestensioning are shown schematically in the following figures. 
 
 
 



 


