Gradescope to ensure that all work has been properly submitted. If for some reason you have
problems posting your HW on Gradescope, please email the instructor the PDF of your HW

before the 11:59pm (EST) deadline with an explanation. Your work needs to be presented with
a logical thought process and in a neat, easy-to-read style. Failure to do so can result in a loss

of points in your homework grade.
e Unannounced quizzes will be given regularly throughout the semester. Make-up quizzes will

not be given.

15 M 12-Feb Beam stresses — shear stresses Chap. 10
16 W 14-Feb Shear force/bending moment diagrams — determinate structures Chap. 9
17°F 16-Feb Beams deflections— statically determinate structures Chap. 11 HW 5
18 M 19-Feb Beam deflections - indeterminate structures Chap. 11
19 W 21-Feb Beam deflections — superposition methods Chap. 11
20 F 23-Feb Energy methods — Castigliano’s theorems Chap. 16 HW. 6
21 M 26-Feb Review
W 28-Feb Examination 1, 8-10pm: no lecture on Wednesday
22 F 1-Mar Energy methods — Castigliano’s theorems Chap. 16

Beams: Flexural and shear stresses




main span length

tower

main suspension

+— towar foundation

AT R D K IEEEY

Beams: Flexural and shear stresses



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 is
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.

y
| X
M Moot
yr
positive bending positive shear

moment force

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:

y M

M* Pt
[ ] < X
J r+

positive bending moment and
shear force at cut in beam

e e S0 SHeSSes X - N
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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)
- A
p(x) ( positive UP WARD)
‘ STy 4
MQ (pasztne cCw )
| |
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b) Equilibrium relations for bending moments and shear forces

applied loading FBD key relationship(s)
1)(.\‘) plx) Ax
L] el | L
l dx
x M(x) <5 M(x+Ar) W
Ax
K
K
X

M(x")= (3} u

< M,
— N .
x/ M(x™) M(x™)

The derivations of the above key relationships are to be added below:

se.g Ve el -Vl = £
Q5M> <MD -\-M(x;&) ~Ve)A - Q’(\L}kﬁ @3‘3 =0

Ve &) - V)
Ax.

2, = <- oY Y s} . el OO0 3 ~ P
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Geometric meaning of the equilibrium relationships for beams

ar l
e = p(Xx)

The slope of the shear force diagram at any location x equals the value of the distributed
external loading p at that location.

(integral form of the above] E \l({) V(&O

e

XA
V)=V x)+ [ pé)d
Xy
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
e E:
dx ()

The slope of the bending moment diagram at any location x equals the value of the shear force
at that location.

V(xy)=M(x,)+ J.l (&)d&  (integral form of the above)

X
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.

roo+ roo—
Vix")y=V(x" )+ P,

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.

M(,\ y= M(x )_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.

& (e

Vo
wt () Yoy
M@)\ R

2, B o oY Ay 2, cCtresses o ~ .
Beams: Flexural and shear stresses 7 Mechanics of Materials




\\\'(MT

¢) Bending-moment and shear-force diagrams

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

Using free body diagrams with cut sections, as demonstrated in the eaglier
examples of this section of notes %7

Using equilibrium relationships among aglicd loads, shear force and bending
moments derived earlier ,and summarized above (integration and

discontinuities). ._“:7 COM?\Q)( \00 QV .
Using a graphical method based on the integration and discontinuity equations
from the equilibrium method. The description of this method follows.

?S'm}( Q\(‘ S-'\A»‘\Q .

Beams: Flexural and shear stresses . - :
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Graphical method for constructing shear force and bending moment
diagrams

Sign conventions:
) . positive
~\ [7(~\) distributed loading

allf

L I x

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

Basic relationships (as derived via equilibrium relations):

v t

& p(x) = Vo=V, + J p(x)dx

dx - .

dﬂ =V(x) = My=M;+ j V(x)dx
dx - g

Concentrated shear force V,, applied at location x:

V(x")=V(x")+V, (jump UP in shear force)

Concentrated moment M applied at location x:

M(.\ )=M(x )z M, (jump DOWN in m()mult)7

L p
I()

Je===l) (& 1y

o r Vi S\’ Vs
W\ |

M, M,
g W
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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.

IOkegs ?(oka‘sv y
MA( N) Jokﬁl.'

B C
6 /i ‘|‘ 6 fi

E\T A +6-10:0 (1) ‘I(sg_lw |
K K "L“&Y.S V(x) | "

EA: M- 20Ndn 0 x
”\k ==~P ktf’“ -6+ — .

(‘r——->x 't /\\ |

“\A ::M") O -3 \
K =%y A -\ =0 -3
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. ll \tf
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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 /i | 6 fi

Pc = L\ \'6\&5 ’
M A= ~X k‘?‘“ ) 10 kips l 6 kips 4

—

|4

20 kip - ft

o e AV =§56

X
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Example 9.11

Consider the cantilevered beam shown below that 1s loaded only by concentrated and
distributed forces (no ex ied). The loading 1s 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.

&Eﬂ, as.

}:

lzo Tao
Vix) (kips) |

20

TSRS

10

L x {inches)

X (inches)
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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.

ye Laww
T JJL L J;L

2 kN

§
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A SO
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V(Y= V(o) »Se(x\& 3-3x. N
M= M)+ S\](,y&x 0 +S(’5 W = 3x - x2 V- 3-200
R
| WGy 33Y-35
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