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Topics for today

Aintroduction to MathCAD: step functions

AShear, moment, torsion diagrams: examples w/singularity
functions

AProgress report specifications

AQuestions to ask (final project): e.g., location of
bearings?, distance between bearings?, attachments,
materials, load types and conditions, etc.
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Internal forces and moments
Shear and bending moments

Internal forces (determination of shear and moment diagrams)
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Internal: moments, shear, and normal forces at
point C
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Internal forces and moments
Shear and bending moments

Section at point C

Shear force

Bending moment
COMPONnenTs

Normal force
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Bending moment

Normal force

{ Torsional moment

Shear for¢e components
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Shear and bending - moment diagrams

A suspended bar supports a 600 -Ib engine. Plot the
shear and moment diagrams for the bar.

Method of sections:

\{'S plot using step
functions + MathCad




Shear and bending - moment diagrams
Method of sections: plot using step functions + MathCad

ME-3320, A 6 0Sction meeting, 01 Sept 6 0 9 Define moments function:
A suspended bar supports a 600-Ib engine. Ml =300z
Plot the shear and moment diagrams for the bar. M2(x) ‘= 300-x— 900
Input: MT(x) = 5(x,0) M1(x) - S(x,1.5) M1(x) + 5(x,1.5) M2(x)
Li=3
a::=-1:5
x:=0,0.001L.L
: : : 0
Define unit step function: .
4 —133 S =l
-150
S(x,z2) =f(x=z,1,0) f -200
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£ MT(x)-300
Define shear function: g jgg . =
450
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Shear and bending - moment diagrams
Singularity functions
Singularity functions:

*Definitions:

=< X=d

0 x#a

on<0* f,(x)=(x- a}ﬂ =y

’(x—a)” xX2a

.n:_>0: _f”(x) E(x—a)" = <

0 x<a

Integration rules:

¥

*n<0: .<x—a>”dx=<x—a>n

+1

OHEO: {<x—a>”dx: 1 ]<x_a>n+l
n+

*Remark: the subscript positioning of # when # < () is sometimes used to emphasize
the fact that the singularity function behaves differently from n >0
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Shear and bending - moment diagrams
Singularity functions

Main singularity functions and their use

Singularity function Graphical representation Loading
I
Joolx) = {(x = a), a a |
. w(x)= —Mw(x—a)_z f ’
(couple) " ~ . M .
\. ’ w \-.
¥
r
Sy = (v = ay., _'__EI_._I a
(concentrated w(x)=—Wix—ap ?“
load) T x L] x
| w |l
| ¥
I
Sy = v = a)? ..f_’..l 0 ..L..:
_ Cw(x) =—w, (.1' - a)
Y EREERNEN] - PTTEE
distributed load) x . t x
i v
fitx) = {x — a)’ [ ! a - | **7;*“!‘*“—"]
' o W, ; e
] ' w(x)=—-—"- <x = a> :
(linearly /ﬂ/ﬂﬂ b-a mn
distributed load) x w) x
L
. g :
o) = (x = a) a_y by -
wix)=——"—Ax—ay a w
(quadratic N (b-a)y’ ] /((({ ’
distributed load) w N
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Shear and bending - moment diagrams
Singularity functions

Loading function:  q(X)
Shear function: V(X) = fpI(x) dx

Moment function: M (X) = ¥/ (X) dx
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Shear and bending - moment diagrams
Singularity functions: in -class examples (loading functions)
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(@) Simply supported beam with (b) Cantilever beam with
uniformly distributed loading concentrated loading
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(¢) Overhung beam with moment (d) Statically indeterminate beam with
and linearly distributed loading uniformly distributed loading
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Shear and bending - moment diagrams
Singularity functions: example Al

Cantilever beam

200 Ib/ft
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Free body diagram

200 Ib/ft
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Shear and bending - moment diagrams
Singularity functions: example A2

Free body diagram
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