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Module 1: Behaviour of RC Beams in Shear and Torsion:

Modes of Cracking , Shear Transfer Mechanisms , Shear Failure Modes, Critical
Sections for Shear Design , Influence of Axial Force on Design Shear Strength, Shear
Resistance of Web Reinforcement, Compression Field Theory, Strut-and- Tie Model.
Equilibrium Torsion and Compatibility Torsion, Design Strength in Torsion, Design
Torsional Strength with Torsional Reinforcement- Space Truss Analogy and Skew Bending
Theory
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1. Flexural and shear stresses in prismatic beams RN j“L

<l

| I {K)M I 1.5vpD
y -I—E ) . % Flexural (normal) stress fx
b = VQ/(1b)

I X £ = My and the Shear stress T at

any point in the section,
located at a

distance y from the neutral
axis, are given by:
0

My
Li=— 3

I = second moment of area of the section about the neutral axis I H’

0 = first moment of area about the neutral axis of the portion of the section above the layer at distance y
from the NA

b = width of the beam at the layer at which T is calculated.

< variation of shear stress is parabolic, with a maximum value at the neutral axis and zero values at the
top and bottom of the section.
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2. Modes of Cracking in RC Beams

LA T RTINS
méﬁm |

support Flexural-Shear

Flexural and Web- d
Flexural-Shear - Shear suppant

Web-
Shear

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 tensile

strength of concrete. Usually occur in I beams (thin webs)

“+» Flexure - Shear cracking is an extension of vertical flexural cracking and develops when the PTS due to

combined shear and flexural tensile stresses exceed the tensile strength of concrete.
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3. Shear failure modes in beams without web rebars N

Case1:a/d <1 DEEP BEAMS

tension crack
(eccentnc
compression)

crushing failure
in compression

chord
- e _.-.'::--"l ..... i ..!.T.,‘.‘ H-‘-"'\-\h‘
it i g ey s
L’ - e - )
T TIE -ARCH anft;t;]?jrrzge \\"‘"—-— tie failure by
FAILURE yielding/fracture

Deep Beams:a/d <1

< Without web reinforcement, inclined cracking transforms the beam into a tied-arch with tension element

as longitudinal rebars and compression element as cracked concrete

< The tension element may fail by yielding, fracture or failure of anchorage.

“» OR compression chord may fail by crushing of concrete 7/3/2026
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4. Shear Transfer Mechanisms

Shear resistance in reinforced concrete beams is provided by the shear transfer in the"

compression zone, aggregate interlock across crack face, stirrups crossing the shear

crack, and dowel action of longitudinal reinforcing bars crossing the crack in concrete

C

Intemal forces acting at a flexural-shear crack

< Interface shear (aggregate interlock) force Vq,
transmitted along the inclined plane of the crack, resulting from the friction against
relative slip between the interlocking surfaces of the crack. Its contribution can be

significant, if the crack-width is limited.
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5. Influence of Longitudinal Rebars content ; p:- 100 Ast / bd

< The increase in pt in the flexural tension zone contributes to enhanced dowel action V4 ,

and control the propagation of flexural cracks.

< This results in increase in the position of the neutral axis Xy _
d

0.87 £, A,

0.36 £, b.d

< The increased area of uncracked concrete in compression zone enhances contributions of Va and V.

 Thus the higher the percentage tension reinforcement, the greater the shear resistance in

the

concrete -up toa limit:  Xu/d = Xuma/d

< This contribution is given in Table 19 of IS 456 which are computed from
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6 Concept of Shear Span j‘L

With Mand Vas the applied bending moment and shear force at a section in the beam (b x d)
fx M /bd2 and T Vibd

; With beams in four point bending
iiﬂ'? M=Paand V = P

M/V = a -> Shear Span

P SHEAR SPAN

The dimensionless ratio a/d or M / V d enables the prediction of failure modes of beam in flexural shear
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7. Concept of Nominal Shear Stress

B L] | | N _ V/BD = (1.5 V/BD)(2/3)

9
DI {'u’ )M I E 15VvPD : | Average Shear
e e S T e . L. Stress
15 Ehy e =vamb) |

A. Members with Uniform Depth

The concept of average shear stress in a beam section is used in mechanics of materials is

used in RC sections also

T v =shear force / area of cross section = Vu/bd CL40.1

'Uvis merely a parameter intfended to aid design and to control shear stresses in RC members

It does not actually represent the true average shear stress as distribution is;guite complex in RC.
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8. Critical sections for shear computation

22.6.2 Critical Section for Shear

The shears computed at the face of the support shall

be used in the design of the member at that section
except as in 22.6.2.1.

22.6.2.1 When the reaction in the direction of the

applied shear introduces compression into the end
region of the member, sections located at a distance
less than d from the face of the support may be

Critical Section for Shear (22.6.2)
|
Support
JF Region
%
When a support reaction

introduces transverse compression in
the end region of the member, the
shear strength of this region s
_enhanced, and inclined cracks do
not develop near the face of the
support (which is usually the location of

Jesigned for the same shear as that computed at
distance d (see Fig. 2). -

NOTE—The above clauses are applicable for beams generaily
carrying uniformly distributed lood or where the principal load
18 lncated farther than 2d from the face of the support.

maximum shear).

This is of particular significance in
footing slabs where flexural (one-way)
shear is a major design consideration
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1. Torsion in RC members

RC membersare  also subjected to torsional moments in addition
tobending and shear and sometimes with axial forces also.

Torsional moments causes twisting of = the member

Torsional moments can be generated in two types of load transfer
mechanisms and are identified as

1. Primary or equilibrium or statically determinate torsion

2. Secondary or Compatibility or statically indeterminate torsion
torsion

7/3/2026
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A. Equilibrium torsion e
exists when external load has no alternative load path but must be
supported by torsion. In such cases torsion is required to maintain static

equilibrium and can be uniquely determined.

Example : 1. Cantilevered slab from a beam

Loads applied to the slab surface cause twisting moment m: to act along the
length of beam.

These are equilibrated by  the resisting L <
torque T at the columns. - D

In the absence oftorsional moments T/( —;/3/

structure will collapse Il

7/3/2026
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B. Compatibility Torsion

LY
S92

arises from the requirements of compatibility of deformation between adjacent parts off™
a structure

Torsional moments cannot be found based on static equilibrium alone.

Ignoring this will lead to cracking but will not cause collapse.

Internal redistribution of forces is forced and an alternative equilibrium path is found

Example : Spandrel or edge beam supporting a monolithic P

il |
concrete slab %ﬁ‘j /
A ?j':)_) B

Casel: Case?: T(Ifﬂ? l[ﬁ/

Torsionally stiff and suitably  Little torsional stiffness and

reinforced the slab moments inadequate reinforcement cracking
will be same as those for a will occur and the slab moments
rigid support. will be same as those for a

hinged support.
g . | |
L~ | " /\
V \V !/ \IV7/3/2026
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* RC design assumes perfect bond between concrete and steel

» There must be no slippage between steel bars and surrounding
concrete

» Bond stress results from variation of axial force in bars, caused by
moment variation

* Bond stress is affected by development of tensile cracks.

* At a point where a tensile crack crosses a reinforcing bar, all the
tensile force is carried by the reinforcement.

* At a short distance from the crack, tension is resisted by both the
reinforcement and uncracked concrete.

* Bond stress is zero at the crack, but may be large a short distance
away.
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* Note: If there is no bonding between the two materials and if the
bars are not anchored at their ends, they will pull out of the concrete.
As a result, the concrete beam will act as an unreinforced member
and will be subject to sudden collapse as soon as the concrete cracks.

7/3/2026 Civil Engineering Department




Mechanism of bond transfer

* Bond between concrete and steel bars 1s due to chemical
adhesion, friction and bearing of reinforcement ribs on the
concrete

 Adhesion and friction are lost when the bar 1s loaded in tension as a
result of diameter reduction due to Poisson’s ratio effect

* Adhesion and friction are neglected
* Bond 1s transferred mainly by bearing of the deformed bars
* Plain bars have a poor bond transfer and are no longer used

* Steel bars subjected to axial compression develop a better bond
because of Poisson’s ratio effect
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Mechanism of bond transfer Bar Bearing L]

Face of concrete

o p
S

C—
N

Reinforcing bar rib
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Mechanism of bond transfer e

h—= h
Longitudinal “x,ﬁn _—

jc) Componanis of force
on concrete,

tay Forces on bar,

-g——

\ Fams f?ﬂ{
R_\-.‘ DTN ‘
{b) Forces am“s. |

(d) Radial forces on concrele
and sphitling siresses shown
an a section through the bar.
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Types of Bond Failures o

m Forces in concrete have longitudinal and
radial components

m Wedging action of ribs against concrete produces
tension 1n a cylindrical section around the bars
(similar to a concrete pipe filled with water)

m Wedging action causes cracks (splits) to occur
around the reinforcement

®m Bond failure occurs by splitting of concrete
parallel to the bar

®m Splitting failure surface depends on cover and
bar spacing values
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Bond stress

p = Bond stress

T1="1s1Ap To = fsoAp

‘*

fso = fs1 + Afs

Bond stress results from AT=T -T =AM _ xnd xdx
- . . o gd ’

variation of axial force in -

jd = Lever arm
bars, caused by moment AM
variation =V =__ =uxnd

X jd dx
v
— U= s % jd 7/3/2026
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Development length L}

m Development length 1s the minimum embedment length of a
bar 1n concrete necessary to develop the yield stress in the bar,
plus some additional distance to insure toughness

m If the distance from a point where the bar stress 1s equal to
yield stress fy to the end of the bar (zero stress) 1s less than the
development length, then the bar will pull out of the concrete

A Tid 2
T:TZ—():AbfyZ
b f 4
= W, X7tdb X la
=/ g
d

4u,
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Thank You..
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