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» The applied shear force will induce shear stress across transverse

section of the beam.

» At each point on a section, the transverse shear stress will

produce a complementary horizontal shear stress.

» The longitudinal shear stresses will balance the variation of

bending stresses along the beam.

» If the bending moment is constant, there is no shear force and

hence no shear stress.

» If there 1s no variation of bending stress between successive

transverse sections, there can be no longitudinal shear stresses.



Shear stress. =~ S}”

F : Shear force across the section

AV - Moment of the sectional area above the point under consideration about

the neutral axis.
[ : Moment of mertia of the section about the neutral axis

b - Width of the section under consideration



Variation of shear stress across the section:

1. Rectangular section
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This shows shear stress varies parabolically.
When y == d/2, q=0
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where ¢, = o 1S average shear stress.

Parabolic
variation

Amax = 15 Gav

Thus in rectangular section maximum shear stress is at neutral axis and it is 1.5 times average

Fig.

shear stress. It varies parabolically from zero at extreme fibres to 1.5 ¢,, at mid depth as shown in




2. Solid circular section
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Width of element b = Z-i cos ¢
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Moment of this area about neutral axis
= area X 7
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Hence shear stress varies parabolically.
At y=14d0, q=10

4 F fe—b/2 —dle—/2—>

where ¢, = average shear stress.

Thus in circular sections also shear stress varies parabolically from zero at extreme edges to the

maximum value of 4 q,, at mid depth as shown in Fig.
3



J. Triangular Section
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Maximum shear stress (7___) occurs at the center of the section.



4. Diamond section
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Shear stress distribution diagrams for the different shape of cross sections:



Shear stress distribution diagrams for the different shape of cross sections:
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GATE CE



01. For a given shear force across a symmetrical © / * section, the intensity of shear

0l.

stress is maximum at the CE 1991,1994

a. extreme fibres b. centroid of the section
¢. at the junction of the flange and the web, but on the web

d. at the junction of the flange and the web, but on the flange

The shear stress distribution across the cross section of a symmetrical 7 section is

shown in fig. The maximum shear stress occurs at centroid of the section.




02. T-zection of a beam 1s formed by gluing wooden planks as shown in
the figure below. If this beam transmits a constant vertical shear

force of 3000 N, the glue at any of the four joints will be subjected to
a shear force (in kN per meter length) of

b i ——

LTy L
CE 2006
a. 3.0 h. 4.0 c. 8.0 d. 107
02. B
Shear stfress, T = FAV L
Ih E—-—- : _F,:,;’.“: -
=T !,__ e | A —_— B --J-
shear flow, g=1h = (45} i '
I - _lh s
p— = — .
shear force, F = 3000N _
Moment of mertia of the section about NA, Ty N . =o
V5o o5t #
~- i - - b= e
I= }ﬂiﬂﬂ —:z[l}ﬂ”ﬂ —:15{}:-:5{}:-:125:}

=(1.125+2.375)x10° =3.5x10°mm*
For any of the four joints, 4 7 =75=50=x125 = 468750 mm”

_ 3000x 468750
35=10°

=40 N/mm = 4.0 kN/m



03. If a beam of rectangular cross-section 1s subjected to a vertical shear force 7, the

shear force carried by the upper one-third of the cross-section 1s CE 2006
4. Zero b. w C. & d. L4
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04. The shear stress at the neutral axis in a beam of triangular section with a base of
40 mm and height 20 mm, subjected to a shear force of 3 kN is CE 2007
a. 3 MPa b. 6 MPa c. 10 MPa
04. c

Shear stress at neutral axis, 7, =7

Base of triangular section.B = 40 mm
Height of triangular section.H = 20 mm
Shear force, F =3 kN

Distance of centroid from the apex = % x20=13.33 mm

Width of the section at the level where shear stress 1s desired 1s given by

40 b

= ;. b=26.67 mm
20 1333




F 4y

Shear stress, 7=

Moment of the area above the section under consideration about NA,

Ay = %:{ 26.67x13.33 x% x13.33=789.8 mm’

. . 40 %20’
Moment of Inertia of the section about NA, [ = S 8888.9 mm’
3x10° x789.8
Ty = i = 10 N/mm?
" 8888.9x26.67
(or)
T4 3x10°
r@;:i.rmg:i.{:— - =10 N/ mm?
' = 34 3
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05. A symmetric I-section (with width of each flange =50 mm, thickness of each

05.

flange =10 mm, depth of web =100 mm, and thickness of web =10 mm) of steel 1s
subjected to a shear force of 100 kN. Find the magnitude of the shear stress (in

N/mm?) in the web at its junction with the top flange....... CE 2013
71.12

Width of flange,b= 50 mm e F
Thickness of flange, tr= 10 m | | |
Depth of web, 4, =100 mm ek ': I :“: )
Thickness of web, 7, =10mm :—J{L"'H:]‘I_ }

Shear force, F =100kN o AR



: . F.(Ay
Shear stress at any distance from neutral axis, 7 = j(r;’)

Moment of the area above the point considered about neutral axis,

(A7) =50x10x55= 275 x10? mm’

Moment of mnertia of the section about neutral axis,

20007 129X L S0x10x5s?
12 12

=833.3x10°+3033.3x10°= 3866.6x10° mm*

Width of section under consideration, b=10 mm

100x10° x275x107

3 = 71.12 N/mm?
3866.6x10° x10

T



31.The cross-section of a built-up wooden beam as shown in the figure (not drawn to
scale) is subjected to a vertical shear force of 8 KN. The beam is symmetrical about
the neutral axis (N.A) shown. and the moment of inertia about N.A. is 1.5x10°
mm®. Considering that the nails at the location P are spaced longitudinally (along

the length of the beam) at 60 mm, each of the nails at P will be subjected to the
shear force of CE1 2019

B

N 400

ot

All dimensions are in mm

a. 60N b. 120N c. 240N d. 480 N



31.C

. F. Ay
Shear flow at section 1-1, g=7.b = -

I i 1 M-e ol

Shear force, F= 8 kN
Moment of inertia about NA, I= 1.5x10° mm* se |
Spacing of nails along the length, [ = 60 mm

Moment of the area beyond the section under consideration about the neutral axis,

Ay=50x100x150

_ 8x10°x50x100x150
1.5x10°

q = 4 N/mm

Shear force resisted by each nail =g x/ = 4x60 =240 N
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01. The ratio of average shear stress to the maximum shear stress in a beam with a

square cross-sectionis :
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02. The transverse shear stress acting in a beam of rectangular cross-section,
subjected to a transverse shear load, is
a. Variable with maximum at the bottom of the beam
b. Variable with maximum at the top of the beam
¢. uniform
d. Variable with maximum of the neutral axis GATE ME 2008
02.d
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The shear stress across the rectangular cross section varies parabolically with zero

stress at top and bottom fibre and maximum at the neutral axis.






