Lecture Notes

a) Sign conventions for bending moments and shear forces
Sign conventions to be used in this course for internal bending moments and shear
forces (see following figure):

* A positive bending moment M on the left face (negative x-face) of a section 1s
CW. A positive bending moment M on the right face (positive x-face) of a
section 1s CCW. Such a positive bending moment creates a concave curvature in
the deflection of the beam.

» A positive shear force J on the left face (negative x-face) of a section is in
positive y-direction. A positive shear force /" on the right face (positive x-face) of
a section 1s in negative y-direction.
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When making a cut through a cross section of the beam, the positive sign conventions
for the bending moment and shear force are as shown below:
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Sign conventions for external loadings on beams:

e Positive EXTERNAL distributed loads p(x) and EXTERNAL concentrated loads
Py act in the “+” y-direction:

® Positive EXTERNAL couples are in the “+” z-direction (CCW by the right hand

rule):
Py ( positive UPWARD)
'S
p(x) ( positive UP WARD)
y —
M, ( positive CCW )
ey,
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b) Equilibrium relations for bending moments and shear forces

applied loading FBD key relationship(s)
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The derivations of the above key relationships are to be added below:
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Geometric meaning of the equilibrium relationships for beams

dV
® T: ply) =

(x N
Y/ 1 The slope of the shear force diagram at any location x equals the value of the distributed
external loading p at that location.

XA
o J(xy)=V(x)+ j p(E)dE (integral form of the above)
x|

The shear force at point x, is equal to the shear force at x; plus the arca under the external

loading curve between these two points.

aM
——=V(x)
dx
The slope of the bending moment diagram at any location x equals the value of the shear force

at that location.

.\'2
o M(x,)=M(x)+ J. V(E)dE  (integral form of the above)
,\'l
The bending moment at point x, is equal to the bending moment at x, plus the area under the

external loading curve between these two points.

o JV(xT)= Vix")+F,

The shear force diagram has an upward step jump at location x where an external point force
is applied. The value of the shear force jump increase equals the value of the external point
force.

o M(xN=MxT)-M,

The bending moment diagram has a downward step jump at location x where an external
point moment is applied. The value of the bending moment jump decrease equals value of
the external point moment.
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¢) Bending-moment and shear-force diagrams

Three methods for determining the internal shear force and bending moment resultants:

e Using free body diagrams with cut sections, as demonstrated in the earlier

examples of this section of notes mvs ..:_7 m& Qw W Qv‘AQ'J

e Using equilibrium rclatlonshlps among applied loads, shcar force and bending

moments  derived her and summdrlzed dbove (integration and
discontinuities). E.(. ) cd“ ™M \OQé\\Y\ LY
e Using a graphical mct based on the integration and dlscontmmty cquations

from the equilibrium method. The description of this method follows.
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Graphical method for constructing shear force and bending moment
diagrams

Sign conventions:

, ) positive
~\ [7(1) distributed loading

allf

L I x

positive positive
bending moment M+ A1+ v+ V—I— shear force

Basic relationships (as derived via equilibrium relations):

dV b
—=p(x) = Vo=V, + J p(x)dx
dx - d

X,

M_yyy = My=M+ [V
dx - A

X
1

Concentrated shear force V,, applied at location x:

VixT)y=V(x")+ V7, Gump UP in shear force)]

Concentrated moment M, applied at location x:

M(xT)y=M((x")- M, (jump DOWN in moment)
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Example 9

Two transverse forces and a couple are applied as external loads to the cantilevered
beam AC. Draw the shear force and bending moment diagrams in the plot axes below.
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Example 9.3

Two transverse forces and a couple are applied as external loads to the cantilevered
beam AC. Draw the shear force and bending moment diagrams in the plot axes below.

A B C
6 fi N 6 fi

|‘

—

|4

A = L‘\“r‘ 10 kips 6 kips 4
N\:§= -3 \pfy&&. l

20 kip - ft

LA NN X

L
N |

=
<

Bedns: Mf/’ﬁm[{! ////)‘Al%-//fl)ﬁl Q',f,%’"{#féﬁ,i/;,rc(.»s Topic 9: 10 Mechanics of Materials



Example 9.11

Consider the cantilevered beam shown below that 1s loaded only by concentrated and
distributed forces (no external couples applied). The loading is not shown in the figure
of the beam. The internal shear force distribution in the beam is shown below. For this

beam:
a) Determine the internal bending moment M(x) in the beam and show M(x) in the

plot below.
b) Determine the external loading (both concentrated and distributed forces) acting
on the beam and show these on the figure of the beam below.
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Example 9.4

Draw the shear force and bending moment diagrams in the plot axes below for the
loaded beam shown.
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Example 9.4

Draw the shear force and bending moment diagrams in the plot axes below for the
loaded beam shown.
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