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Design of Reinforced Concrete Structure

RCC Reinforced concrete structure :
Concrete : (Mixture of Cement, Sand, and coarse aggregate and water)
Reinforcement : Steel (HYSD Bars)

Column

Slab

Foundation

Typical RC Frame Building




Main elements/components of RCC
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Slab : A reinforced concrete slab is a crucial structural element and is used to
provide flat surfaces(floors and ceilings) in buildings. Slab transfer the
floor load to the beams.

Beams : RCC beams are structural elements are designed to carry transverse
external loads that cause bending moment, shear forces and in some
cases torsion across their length.

Columns : A vertical member carrying compressive load is called as column.
Column is a very important structural element as it transfer load from
slab/beam to footing.

Footing: The bottom most part of a vertical structure (column, wall) which
ultimately transfer the weight from walls and columns to the soil or
bedrock. Footing is basically part of foundation of any modern structure.

A stairway, staircase, stairwell, flight of stairs, or simply stairs, is a
construction designed to bridge a large vertical distance by dividing it into
smaller vertical distances, called steps. Stairs may be straight, round, or
may consist of two or more straight pieces connected at angles.


https://theconstructor.org/structural-engg/rcc-slab-design-and-detailing-guide/8219/
https://en.wikipedia.org/wiki/Vertical_direction

Concept of Reinforced Concrete Design

The design should ensure :

* Adequate safety in terms of strength and
stability.

* Adequate serviceability in terms of
stiffness and durability, and

* Reasonable economy.



Types of Structures

1) RCC : Reinforced Concrete
Structures

2) PSC : Prestressed concrete
structures

3) PTS : Pre/Post Tensioning Structures
4) Steel Structures



Important IS Codes for RCC Structures

IS 456 : Code of practice for plain and reinforced concrete.

IS 875:

Part —|: For Dead Loads
Part — Il : For Live Loads
Part — lll : For Wind Loads

Part - IV : For Snow Loads
Part — V : Special Loads and Loads combinations

IS 1893 : Criteria for Earth quake resistance design of structures.
IS 10262 : Guidelines for concrete mix proportioning.

IS 13920 : Code of practice for ductile detailing of RCC structure subjected to
seismic forces.

SP 16 : Design aid for reinforced concrete to IS 456.



Types of Loads

1. Dead Loads:

Dead loads consist of self-weight of the structure (weight of walls,
floors, roofs etc). The weight of the foundation and footings and all
other permanent loads acting on the structure. These can be computed
by finding the weights of cubical contents of the different materials
used for constructing the structure.

2. Live Loads:

Live loads consist of moving or variable loads like people, furniture,
temporary stores etc. It is also called super-imposed load.

The Wind acts horizontally on the surfaces of the walls, roofs and
inclined roof of the structure. That means it exerts uniform pressure
on the structural components on which it acts and tends to disturb the
stability of the structure.

—_

5. Seismic Load:

These loads are internal forces which act on the structure due to
earthquake developed ground movements.



Different Methods of Design

Methods of Design:

1) Working Stress Method (or Modular Ratio
Method)

2) U
3) T

Itimate load method (Load factor method)

ne limit state method.

4) T

ne experimental approach.



Difference Between WSM, ULM & LSM

This method evolved
around 1900

This method is based on
linear elastic theory

This method restricts
stresses in materials from
working loads.

The WSM uses factor of
safety 3 with respect to
concrete and FOS of 1.8 for
steel.

ULM

This method evolved
around 1950

This method is based on
Ultimate strength at
Ultimate load.

In this method, service
loads are enhanced by
load factor.

In ULM method different
load factors are used under
combined loading
conditions.

LSM

This method evolved
around 1973

This method takes into
account ultimate strength,
serviceabilityand
durability.

In this method, service
loads are enhanced by
factor of safety, and
checked for serviceability
and durability.

In LSM partial safety factor
of 1.5 is used for loads and
concrete and 1.15

for steel.



Merits and Demerits of WSM, ULM & LSM

Merits

Simple in concept and
application uses linear part of
elastic curve.

Large sections give better
serviceability.

WSM forms part of limit state
design.

De Merits

WSM gives heavier sections.

Uneconomical sections

ULM

ULM uses non-linear part of
elastic curve.

This method gives slender
section.

ULM forms part of limit state
design.

ULM gives thinner sections

Economical sections but fail in
durability.

LSM

LSM uses both linear and non-
linear part of elastic curve.

This method gives section
which are good in strength and
durability

This method utilizes good
features of WSM and ULM.



Limit State Method

LSM:

The acceptable limit of safety and serviceability requirements,
before failure occurs, is called limit state.

LSM is an ideal method which takes into account not only
ultimate strength, but also, the serviceability and durability
requirements.

Two categories of limit states are considered in design :

1) Limit state of collapse : Flexure, compression, shear, bond,
torsion and tension.

2) Limit state of serviceability : Deflection, cracking, vibration,
fire resistance and durability.




Characteristic Strength of Material

The term characteristic strength means that
value of strength of material below which not
more than 5% of test results are expected to

fall.

<

5% of
results

Frequency
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Characteristic Strength of Concrete

The characteristic strength of concrete is denoted by f,,(N/mm?2) and its values for
different grades is given as per IS Code 456. In table M stands for mix.

. . Characteristic Compressive
M10 1:3:6 10

Ordinary Concrete M15 1:2:4 15
M20 1:1.5:3 20
M25 1:1:2 25
M30 Design Mix 30
M35 Design Mix 35
Standard Concrete M40 Design Mix 40
M45 Design Mix 45
M50 Design Mix 50
M55 Design Mix 55
M60 Design Mix 60
M65 Design Mix 65
High Strength Concrete
M70 Design Mix 70

M75 Design Mix 75



Characteristic Strength of Steel

The characteristic strength of steel is denoted
by f,(N/mm?) and its values for different
grades is given as per IS Code 456.

Example : Fe 250, Fe 415, Fe 500, Fe 550 etc.



Characteristic loads

The characteristic load is defined as that value
of load which has a 95 percent probability of
not being exceeded during the life of the
structure.

Load (S)




Partial Safety Factor

The characteristic strength and loads are
modified by using a factor known as “partial

safety factor”
Partial safety factor for loads : Y, = 1.5
Partial safety factor for concrete : Yc = 1.5
Partial safety factor for steel : Ys =1.15




Stress — Strain curve for Concrete

Curve 1: Represents actual curve

Curve 2 : Based on assumption that the concrete in structure developsa strength of
only 0.67 times the strength of cube.

Curve 3 : It is design curve obtained by using partial safety factor of 1.5
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Stress — Strain curve for Mild Steel
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Design curve
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Stress — Strain curve for HYSD Bars Fe415 & Fe500
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Stress block Parameters
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The block, which shows the variation of stress across the depth of a beam is
known as a “ Stress Block”.

The stress block according to limit state method is rectangle up to X, from upper
fiber and parabolically reaches the zero value at the neutral axis.

The above figure shows variation of strain along the depth and the stress block.



Balanced, Under reinforced and Over reinforced section

Balanced sechon  Under reinforced  Over renforced



Balanced, Under reinforced and Over reinforced section

Balanced Section Under Reinforced Section | Over Reinforced Section

Here strain in steel and in
concrete reach their
maximum values
simultaneously.

The depth of neutral axis
Xu =Xu.max.

The percentage of steel in
balanced section is known
as critical or limiting steel

percentage.

In under reinforced section
the strain in steel reaches
the yield point before
concrete.

Here the actual neutral axis
is above balanced NA
Xu < Xu.max.

In under reinforced
section, the steel
percentage is less than
critical or limiting
percentage.

The under reinforced
sections give warning
before failure. Hence this
type of structures are
preferred.

In over reinforced section
the strain in concrete
reaches the yield point
before steel.

Here the actual neutral axis
is below balanced NA
Xu > Xu.max.

In over reinforced section,
the steel percentage is
more than critical or
limiting percentage.

The over reinforced section
fails suddenly without any
warning. The code
recommends the beam
should be redesigned.



Limit State of Collapse : Flexure
Assumptions (IS Code 456 cl. 38.1) :

1) Plane section normal to the axis remain plane after bending.

2) Maximum strain in concrete at the outermost compression fibre is taken
as 0.0035in bending.

3) For design purposes. the compressive strength of concrete In the structure
shall be assumed to be 0.67times the characteristic strength. The partial
safety factor y. = 1.5 shall be applied in addition to this.

4) The tensile strength of the concrete is ignored.

5) The stressesin the reinforcement are derived from representative stress-
strain curve for the type of steel used. For design purposes the partial
safety factor Ym equal to 1.15 shall be applied.

6) The maximum strain in the tension reinforcement in the section at failure
shall not be less than: fy/1.15Es + 0.002.



Singly Reinforced Sections




Doubly Reinforced Sections

DOUBLY REINFORCED REAMS
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Flanged Beams
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Fig. 2.11. T-beams and L-beams.
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Shear stresses in RC Beams

When a beam is loaded with transverse loads, the bending moment varies
from section to section. Shearing stresses in the beam are caused by this

variation of bending momentalong the span.

Failure of RC Beam in shear may not lead to immediate collapse, but will

reduce flexural strength and ductility.
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Types of Failure In Beam

*ceusmno L %
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(a) FLEXURAL FAILURE (o) SHEAR - TENSION FAILURE
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SHEAR - COMPRESSION FAILURE

(b) DIAGONAL TENSION FAILURE

a/d =) TO 25

Fig.Beam failure modes (from ACI-ASCE Committee 426, 1973)




Shear Stresses in homogeneous beams

In case of a homogeneous beam (i.e. Concrete
beam without reinforcement) the shear stress
C at any pointis given by

C=V/l, AY
Tk

=

Cross section Shear stress




Shear Stress distribution in RCC beam

As per IS Code 456, the shear stress is called
nominal shear stress, and is given by equation

Cv =Vu/bd

Where Vu is shear force, b is breadth, d effective
depth.

Shear stress distribution for reinforced

T concrete beam of rectangular section is
[—]
= = — |4«—7 — Code
_ Parabol
Y47~ Elastic FAMEL
je . e theory
|
g ! NA_ B
l C EEEE R S
Ast
Yl e © o } : _
+ i
b q i
[ e k—b'
| C o
(a) (b)

Shear stress distribution
Fig. 5.2. Shear-stress distribution in RCC beam.



Nominal Shear Stress

40.1 Nominal Shear Stress
The nominal shear stress in beams of uniformm depth
shall be obtained by the following eqguation:

WV,
S
where
V., = shear force due to design loads;

5 = breadth of the member, which for flanged
section shall be taken as the breadth of
the web, 5_; and

d = effective depth.
40.1.1 Beams of Varying Deprh
In the case of beams of varying depth the eguation
shall be modified as:

._lmﬂ

where

<. V_. b and d are the same as in 40.1,
M = bending moment at the section, and

P = angle between the top and the bottom edges



Design Shear Stress/Strength

Clause 40.2:

The design shear strength of
concrete Ccis given in Table 19 of
IS Code 456.



Table 19 Design Shear Strength of Concrete, 1, N/mm?
(Clauses 40.2.1,40.2.2,40.3,404,40.5.3,41.3.2, 41.3.3 and 41 4.3)

1002 Concrete Grade
M IS M20 M2S M 30 M35 M40and sbove
(1) @ ® @ ® (®) m
$0.15 028 028 029 029 029 030
025 035 036 036 037 037 038
050 046 048 049 0.50 050 051
075 0.54 0.56 0.7 0.59 059 060
1.00 060 062 0.64 0.6 067 0.68
128 0.64 067 0.70 071 073 0.74
1.50 068 0 0.74 0.76 078 079
1.75 071 0.75 078 0.0 082 0.84
2,00 071 079 0.2 0.4 0386 0.88
225 071 041 085 0.8 090 092
250 071 082 0.88 091 093 095
275 071 0.2 090 0.94 096 0.98
200 - 0.71 082 092 096 099 101
and
above

NOTE — The term A_is the aren of longitudinal tension reinforcement which continues at least one effective depth beyond the section

being considered except at support where the full area of tension reinlorcement may be used provided the detailing conforms to 26.2.2
ond 26.2.3




Maximum Shear Stress

Clause 40.2.3:

Under no circumstances, even with shear
reinforcement, shall the nominal shear stress
Cv in beams exceed Ccmax, given in table 20
of IS Code 456.

Table 20 Maximum Shear Stres, ¢, ., , Nimm
( Clanses 40.2.3,40.2.3.1,40.5.] and d1.3.] )

Concrele MIS M M2 M3 M3 M
Grade

=

fs

- 25 4] 3 33 3 0




Minimum Shear Reinforcement

Clause 40.3 : When Cv is less than
Cc given in Table 19, minimum
shear reinforcement shall be
provided in accordance with

clause 26.5.1.6



26.5.1.6 Minimum shear reinforcement

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

.‘ﬁn.
. osvf,

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

s, = stirrup spacing along the length of the
member,

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

f; = characteristic strength of the stirrup
reinforcement in Nlmm’ which shall not
be taken greater than 415 N/mm?.



Design of Shear Reinforcement

Clause 40.4:

When Cv exceeds Cc given in Table 19, shear
reinforcement shall be provided in the
following forms :

a) Vertical Stirrups
b) Bent up bars along with stirrups
c) Inclined stirrups



*e \ lo—— Vertical stirmaps
} = 74
S
5
N

R S, i1s spacing
stirrups
Bent up bar
Fig. 5.6. Bent up bars alongwith stirrups.
le—>
Inclined
stirrups /
45
.
7777

Fig. 5.7. Inclined stirrups.

SLAB TOP STEEL GENERALLY
PLACED QVER BEAM TOP STEEL

SLAB THICKNESS




s

Single Legged Stirrup Two Legged Stirrup

Four Legged Stirrup Six Legged Stirrup
Fig. 5.5. Vertical stirrups



P1) A reinforced concrete beam 250mm wide
and 430mm overall depth, is subjected to a
factored shear force of 45Kn at the support.
Use M20 concrete and Fe 415 steel. The beam
is provided with tensile steel reinforcement of
684mm? at a effective cover of 50mm.

Find a) nominal shear stress b) Design shear
stress and c) maximum shear stress.



Sol: Given Data : b =250mm, D = 430mm

d =D-Cover =430 —-50 = 380mm.

Foe = 20N/mm2, F, = 415N/mm?

Factored shear force = 45KN = 45x103N
Area of tensile reinforcement Ast = 684mm?

Percentage of tensile reinforcement Pt = 100Ast/bd
= 100*(684)/(250*380) = 0.72
1) Nominal Shear Stress (cl. 40.1) = Cv = Vu/bd
= 45x103/250*380
Cv = 0.474N/mm?




2) Design shear stress Cc (table 19 IS Code)
For M20 concrete and Pt =0.72

from table 19
Pt M20

0.50 0.48
0.72 ?

0.75 0.56

Interpolation :
Cc =0.48+((0.56-0.48)/(0.75-0.50))*(0.72-0.50)
Cc = 0.5504N/mm?




3) Maximum shear stress Cc(max) (table 20)

Table 20 Maximum Shear Stres, ¢, ., , N/mny
( Clanses 40.2.3,40.2.3.1,40.5.1 and 41 3.1 )

Concrele MIS M M 23 M¥0 M3
Grade

T mar N0 25 4] 3 33 3

=
=S

fs

For M20 Concrete
Cc(max) = 2.8N/mm?

Cv < Cc < Cc(max)



P2) A reinforced concrete beam 250x400mm
effective depth, is subjected to a shear force
of 100KN at the support. Use M25 concrete
and Fe 415 steel. The beam is provided with 2
bars of 25mm tensile reinforcement.

Find a) nominal shear stress b) Design shear
stress and c) maximum shear stress.

(Practice)



P3) A reinforced concrete beam 240mm wide and
410mm effective depth, is subjected to a shear force
of 30Kn at the support. Use M20 concrete and Fe
415 steel. The beam is provided with tensile steel

reinforcement of 700mm?2. Check for shear
reinforcement.

Sol: Given Data : b =240mm, d =410mm

Foe = 20N/mm2, F, = 415N/mm?

Shear force = 30KN

Factored Shear force = 1.5%30 = 45KN

Area of tensile reinforcement Ast = 700mm?

Percentage of tensile reinforcement Pt = 100Ast/bd
= 100*(700)/(240*410) = 0.711




1) Nominal Shear Stress (cl. 40.1) = Cv = Vu/bd
= 45x103/240*410
Cv = 0.457N/mm?

2) Design shear stress Tc (table 19 IS Code)

For M20 concrete and Pt =0.711

from table 19

Pt M20

0.50 0.48
0.711 ?

0.75 0.56

Interpolation :
Cc =0.48+((0.56-0.48)/(0.75-0.50))*(0.711-0.50)
Cc = 0.5475N/mm?




3) Maximum shear stress Cc(max) (table 20)

Table 20 Maximum Shear Stress, , . , Nmm’
( Clauses 40.2.3,40.2.3.1,40.5.1 and 41.3.1 )

e B A T T B R R R Y T 3 2 £ G S T T I e T S ™ I R T =y~~~
Concrele MIS M0 M 2§ M3 M3 M4
Grade

T

—1 25 28 3 35 37 40
S e e e I e R D e e e e S S T e 3 M o T e et e e S S S e

For M20 Concrete
Cc(max) = 2.8N/mm?

Since Cv(0.457) < CTc(0.5475) < Tc(max)(2.8)
Nominal shear reinforcement is provided.



Minimum shear reinforcement as per clause 26.5.1.6
A o 0.4
bs, O.87 F,

Asv : Considering 8mm two legged stirrups

= 2*(T1/4)*8% = 100.48mm?

Sv = Spacing of stirrups

100.48/( 240*Sv) = 0.4/(0.87*415)

Sv=377.89mm.

Spacing of shear reinforcement shall not exceed 0.75d
or 300mm which ever is less.



0.75d =0.75*410=307.5mm
300mm.

Therefore providing shear reinforcement
@300mm c/c.

|
— 8mMm@300mmc/c




P4) A reinforced concrete beam 230mm wide
and 450mm overall depth, is subjected to a
load of 10Kn/m including self weight over a
span of bm. Use M25 concrete and Fe 415
steel. The beam is provided with 3 bars of
16mm diameter tensile steel. Check for shear
reinforcement.

(Practice)



P5) A reinforced concrete beam 200mm wide and 400mm
effective depth, carries a udl working load of 25Kn/m
over a span of 8m. The tensile reinforcement consists
of 4 bars of 25mm dia placed in two rows. Use M20
grade concrete and Fe415 steel. Design the shear
reinforcement for the beam.

Sol: Given Data : b =200mm, d = 400mm
Fa=20N/mm2, F, = 415N/mm?

Shear force = wl/2 =25*8/2 = 100Kn
Factored Shear force = 1.5%100 = 150Kn

Area of tensile reinforcement Ast =4*(T]/4)* 252
1962.5mm?

Percentage of tensile reinforcement Pt = 100Ast/bd
=100*(1962.5)/(200*400) = 2.45




1) Nominal Shear Stress (cl. 40.1) = Cv = Vu/bd
= 150x103/200*400
Cv = 1.875N/mm?

2) Design shear stress Cc (table 19 IS Code)

For M20 concrete and Pt = 2.45

from table 19

Pt M20

2.25 0.81
2.45 ?

2.5 0.82

Interpolation :
Cc =0.81+((0.82-0.81)/(2.5-2.25))*(2.45-2.25)
Cc = 0.818N/mm?




3) Maximum shear stress Cc(max) (table 20)

Table 20 Maximum Shear Stress, . .., N'mny’
( Clanses 40.2.3,40,2.3.1,40.5.1 and 41.3.1)

e B B P A S R G P 335 L T T T T e ™ ™ - =T e
Concrete MIS M0 M2§ M3 M3S M4
Grade

fg

- 15 23 3 35 37 40
e L s N e e e e e e S e 3 M N e e e o S e

For M20 Concrete
Cc(max) = 2.8N/mm?

Since Cv(1.875) >Cc(0.818) < Cc(max)(2.8)
Shear reinforcement is to be designed.



4) Design shear force
Vus =Vu—-Vuc = Vu-Ccbhd
= 150x103—0.818*200*400
= 84560N
5) For Vertical Stirrups :
Taking 8mm dia bar Asv=2*(TT/4)8%=100.48mm?
Vus = 0.87*Fy*Asv*d/Sv
84560 =0.87*415*%100.48*400/Sv
Sv=171.6mm



Spacing of shear reinforcement shall not exceed
0.75d or 300mm which ever is less.

0.75d =0.75*400 = 300mm

300mm

Providing spacing of 172mm.

Providing 2-legged stirrups 8mm @172mm

|
—— 8mm@172mmc/c




P6) A simply supported beam with clear span
6m, width Of 400mm and overall depth of
600mm, carries a limit state load of 175Kn/m
(including self weight, dead load and live
load). It is reinforced with four bars of 28mm
dia, tension steel which continue right into the
support. Take Fck = 20N/mm?, Fy =
250N/mm?. Design shear reinforcement.

Sol :



Given Data : i 175K n/tm

o —

B =400mm, D = 600mm, d =D — Cover
600 — 25 =575mm
Fck = 20N/mm?, Fy = 250N/mm?
Factored or limit state load Wu = 175Kn/m
Factored shear force Vu = 175*%6/2 = 525Kn
Area of tensile reinforcement Ast =4*(T]/4)*282
2464mm?
Percentage of tensile reinforcement Pt = 100Ast/bd
= 100*(2464)/(400*575) = 1.07

Ay

v




1) Nominal Shear Stress (cl. 40.1) = Cv = Vu/bd
= 525x103/400*575
Cv = 2.28N/mm?

2) Design shear stress Tc (table 19 IS Code)

For M20 concrete and Pt = 1.07

from table 19

Pt M20

1.0 0.62
1.07 ?

1.25 0.67

Interpolation :
Cc =0.62+((0.67-0.62)/(1.25-1.0))*(1.07-1.0)
Cc = 0.634N/mm?




3) Maximum shear stress Cc(max) (table 20)

Table 20 Maximum Shear Stress, . .., N'mny’
( Clanses 40.2.3,40,2.3.1,40.5.1 and 41.3.1)

e B B P A S R G P 335 L T T T T e ™ ™ - =T e
Concrete MIS M0 M2§ M3 M3S M4
Grade

fg

- 15 23 3 35 37 40
e L s N e e e e e e S e 3 M N e e e o S e

For M20 Concrete
Cc(max) = 2.8N/mm?

Since Cv(2.28) >Cc(0.634) < Tc(max)(2.8)
Shear reinforcement is to be designed.



4) Design shear force

Vus =Vu—-Vuc = Vu-Ccbd
=525x103-0.634*400*575
=379180N

5) For Vertical Stirrups :

Taking 8mm dia bar Asv=2*(TT/4)8%=100.48mm?

Vus = 0.87*Fy*Asv*d/Sv

379180 =0.87*250*%100.48*575/Sv

Sv = 33mm (very less spacing)



Taking 10mm dia bar Asv=2*(TT/4)10?=157mm?
Vus = 0.87*Fy*Asv*d/Sv

379180 =0.87*250*157*575/Sv
Sv=51.78mm

Spacing of shear reinforcement shall not exceed
0.75d or 300mm which ever is less.

0.75d =0.75*575=431.25mm

300mm

Providing spacing of 52mm.

Providing 2-legged stirrups 10mm @52mm c/c



7 10mm@52mmc/c



BOND

One of the most important assumptionin the
behavior of reinforced concrete structures is
that there is proper “bond” between concrete
and steel.

When a R.C.C. element is loaded, the load is first
borne by concrete and it is then transferred to
steel reinforcement.

“The force which prevents slippage between
two constituent materials is known as bond”



Mechanism of Bond Resistance

The bond between steel and concrete comprise
of the following three resistances :

1) Pure adhesive resistance
2) Frictional resistance

3) Mechanical resistance, it is provided by
deformed bars only.



Types of Bonds

Bond stress along the length of a reinforcing bar
may be induced under two loading situations,
and bonds are two types:

1) Flexural bond or local bond
2) Anchorage bond or development bond

ANCHORAGE ANCHORAGE
BOND . ) . FLEXURAL BOND ) BOND




Flexural bond or Local Bond

Flexural bond C, is one which arises from the
change in tensile force in bar, along its length.

Since this occur at a particular section, flexural
bond stress is known as local bond stress.

be - V/aZO ............... n— e ;
a = lever arm )

>o= Sum of perimeter of
Steel bars resisting tension



Anchorage bond or Development bond

The anchorage bond C,, is that which arises
over the length of anchorage provided for a
bar.

The anchorage bond T, resists the “pulling out”
of the barif itis in tension or “pushingin” of
the barif itis in compression.

- L >

‘J —» T
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Development Length of bars ( cl : 26.2.1)

The development length is defined as the length of the bar
required to develop stress in steel through bond.

The developmentlength Ld is given by
o,
L, =<

4Ty

@ = Nominal diameter of bar
o, = Stress in bar at the design load.
C,4 = Design bond stress as given in 26.2.1.1




Standard Hooks and Bends for End Anchorage

* The development length required at
the end of a bar is known as
anchorage length.

* The space available at the end of
beam is limited to accommodate the
full development length Ld.

* |n that case hooks and bends are
provided.



Bends(26.2.2.1. — b.1)

The anchorage value of bend shall be taken shall
be taken as 4 times the diameter of the bar for
each 45° bend subject to a maximum of
16times the diameter of bar.

T ‘od'M'N

LFL_{ _

(kel)d

t ——

IB Bend



Hooks (26.2.2.1. — b.2)

The anchorage value of a standard U-Type hook
shall be equal to 16 times the diameter of bar.




TORSION (Cl. 41)

Axial loads, flexure, shear and Torsion are the
basic loading situations.

Example of Torsional loading:

1) Peripheral beams in each floor of a
multistoried building.

2) Ring beam at the bottom of elevated circular
water tank.
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The figure shows L-beam, this is not
symmetrically loaded. This causes torsional
moment Mt. The torsional moment is resisted
by the rectangular portion only.

TN T

i

Mt




IS Code procedure for design for torsion (Cl. 41)

1) Equivalent shear (41.3.1)

V.=V, + 1.6%—
Vf = equivalent shear,
V = shear,
T, = torsional moment, and
b = breadth of beam.

2) Equivalent nominal shear stress:
Cve = Ve/bd



3) Design shear stress Tc (table 19 IS Code)
4) Maximum shear stress Cc(max) (table 20)
5) If Cve < Cc < Cc(max)

Minimum shear reinforcement should be
provided as per as per clause 26.5.1.6.

.'_‘.l’_ = 0.4
bs, O.87 7,

6) If (Cve > Cc) < Cc(max)

Longitudinal and Transverse reinforcement shall
be provided in accordance with clause 41.4.




7) Longitudinal reinforcement (41.4.2)

The longitudinal reinforcement shall be provided to
resist equivalent bending moment of Mel.

Mel = Mu+Mt
Mu = Bending moment of section

A, = T (l+1)/ l))
Mel= 537 fy Ay d(i -—f’j—}l-)
ck

Aste = Ast- tensile reinf.



8) Transverse Reinforcement (41.4.3)

T s V

vy Ryl u'

b 08T f,) 254, (08T f)

5 v

v

Assuming two legged stirrups.

Total transverse reinforcement shall not be less
than

(r\c N rC )b"v\'
(.87 £,



P7) A rectangular section with b = 200mm and

D = 350mm, is subjected to limit state shear of 80Kn and bending
moment of 25Knm. Design the torsional reinforcement for torsion
moment of 6Knm. Given Fck= 20N/mm?, Fy= 250N/mm?.

Take tensile reinforcement of 3nos -16mm dia.
Sol:
Given data: b =200mm, D =350mm, d =D — Cover
350—-25=325mm
Fck = 20N/mm?, Fy = 250N/mm?
Factored shear force Vu = 80Kn
Bending Moment = Mu = 25Knm
Torsional Moment = Tu = 6Knm
Area of tensile reinforcement Ast =3*(TT/4)*162% = 603mm?
Percentage of tensile reinforcement Pt = 100Ast/bd
= 100*(603)/(200*325) = 0.927



1) Equivalent Shear :(41.3.1) Vst i T
¢ u - h

Ve = 80x103 + 1.6(6x10°/200)

=128000N
2) Equivalent Nominal Shear Stress :
Cve = Ve/bd =128000/(200*325) = 1.97N/mm?
3) Design shear stress Cc (table 19, IS Code)
For M20 concrete and Pt = 0.927

from table 19
Pt M20

0.75 0.56
0.927 ?

1.0 0.62

Interpolation :
Cc =0.56+((0.62-0.56)/(1.0-0.75))*(0.927-0.75)
Cc = 0.6N/mm?




3) Maximum shear stress Cc(max) (table 20)

Table 20 Maximum Shear Stress, t, .., N/mm?
( Clauses 40.2.3, 40.2.3.1,40.5.1 and 41.3.1 )

B R T s e T S e e S M
Concrete MIS M20 M 25 M 30 M35

M4
Grade and
above

Te max » N 5 28 i) s 37 40

For M20 Concrete
Cc(max) = 2.8N/mm?

Since Cve(1.97) >Cc(0.6) < Cc(max)(2.8)

Longitudinal and Transverse reinforcement to be
designed.



4) Eqivalent Bending Moment :

Mel = Mu+Mt
= Mu+ 7. (—557)
= 25x10°+ 6x10°*(1 +350/200)/(1.7)
=34.705x 10°* Nmm

5) Longitudinal reinforcement: (41.4.2)

(. Ayl )
087 f, A . djl -—X
Mel = y % L bd fe

34.705x 10°=0.87*250*Ast* 325(1 — (Ast*250)/(200*325*20))
Ast =
Aste=Ast—-603 =




6) Transverse reinforcement : (41.4.3)

T.s V

'y ,

Uty
+....,.

b 08T f,) 254, (08T f)

v

Taking 2- legged 8mm dia
Asv = 2*(T1/4)8% =100.5mm?

100.5=  (6x106*Sy) +  80x103*Sv

200*%325*0.87*250 2.5* 325*%0.87*250
Sv=114.73mm
But Sv shall not be less than

{T..—T. ). s,
O.87 £,

Asv =




100.5=((1.97 — 0.6)*200*Sv)/(0.87*250)
Sv=80mm
114.73mm > 80mm OK

Providing 2-legged 8mm dia transverse
reinforcement @ 115mm c/c



P7) Determine the reinforcement required for a
rectangular beam section with the following
data : Width of section 300mm, depth of
section 500mm Factored bending moment
65Knm, Factored torsional moment 40Knm,
Factored shear force 70Kn, use M20 grade
concrete  and Fed1l5  steel. Tensile
reinforcement consist of 4nos 16mm dia bars.

(Practice)
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