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Topics for today

* Introduction to MathCAD: step functions

* Shear, moment, torsion diagrams: examples w/singularity
functions
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Internal forces and moments
Shear, Normal, and Bending moments

Internal forces (determination of shear and moment diagrams)
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Internal forces and moments
Shear, Normal, and Bending moments

Section at point C

Shear force

Bending moment
COmponents

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

ME-3320: example in Mathcad Define moments function:
A suspended bar supports a 600-Ib engine. ¥l =200
Plot the shear and moment diagrams for the bar. M2(x) = 3002~ 900
Input: MT(x) = 5(x,0)- M1(x) - S(x,1.5) M1(x) + 5(x,1.5) M2(x)
L=3
a=15
x:=0,0.001L.L
: : : 0 .
Define unit step function: -5 |
Z100 N ; il
S@,2) = £(x 2 2,1,0) g g TR /
3 -250 ‘
£ MT()-300 i //
Define shear function: 5 g N ]
450 ; - i
V(®) = —300-5(x,0) + 600-5(x, 1.5) -500 | :
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Shear and bending-moment diagrams
Singularity functions
Singularity functions:

*Definitions:

<o X=d

0 x+#a

on<(0*: [fi(x)=(x- a}ﬂ =y

’(x—a)” X2a

'HEO: f;; (x) = <Jf— a>" = <

0 x<a

Integration rules:

x

n<0: '<x—a>”dx=<x—a>n

+1

0n20: A;<x—a>”dx: 1 ]<x_a>n+l
n+

*Remark: the subscript positioning of # when # < 0 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
J
Sy = (x —a) ., a a |
. : n’[.t)z—;‘/;‘(](x—a)_z | !
(couple) ' Pt . =M .
\\_. W \-.
¥
S
Soxy = (v = a)., __a_‘_l a
(concentrated wx)=-W,(x—a}, T”
load) T x . .
| w |l
| ¥
o
Jolx) = (x — a)” —ty o A
orml w(x)= —u-‘o<_r—a)
o [TTTETTet - T
distributed load) x ‘ I x
| "y
| S
filx) = {x = a' I[ a : I a : |
' 1 "—""': wl 1 *—'l
] : w(x)=-—2" {z - a) !
(linearly /ﬂ/ﬂﬂ b-a mn
distributed load) -\' " x
L
. S ;
fix) = {x — a)’ a | - " < >2 .
wix)=- x—a a w
(quadratic . (b-a)’ | ¢
distributed load) w B
¥
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Shear and bending-moment diagrams
Singularity functions

Loading function: ¢q(x)

Shear function: V(x)= jq(x) dx

Moment function: M (x) = [V (x)dx
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Shear and bending-moment diagrams
Singularity functions: in-class examples (loading functions)
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(a) Simply supported beam with
uniformly distributed loading
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Shear and bending-moment diagrams
Singularity functions: in-class examples (loading functions)

Vi l v [
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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 E1

Determine and plot the shear and moment functions for the

simply supported beam shown:

a

4" w(x—a)’
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/1; T x :
R R 10 1

—20

(a) Simply supported beam with
uniformly distributed loading
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Shear and bending-moment diagrams
Singularity functions: example E1 - MathCad

T generate the shear and moment functions over the length of the beam, equations (&) and
(=) must be evaluated for a range of values of x from 0 to 7, after substituting the abowe
values of O, O, By, and By m them For a Mathcad solution, define a step function 5
Thiz finction will have a value of zere when x 12 lezs than the durnmy variable z, and a
value of one when it is greater than or equal to z. Tt will have the same effect as the

singularity function.
Range of x x = 04r,001.0.F
Tt steg fanction Sx,@)=iflxz 2,1,

Write the shear and moment equations in Mathcad form, using the function & as a multiplying
factor to get the effect of the singularity fiunctions.

Fix) = Rp-Six, 0im) (x - 0)0 —weS(x,a) (x — ajl + Ko S (x D (x - f)D

M(x) = BpS(x, 000 (x—0)) — E-S(x,aj-(x )l RS x—Dt

Plat the shear and motnent diagrams.

(&) Shear Diagram () Wloment Thagram
20— 1aa
i s 75 /\
] =
:::‘ 1
e 20 % 50
2
o
=40 = 25
~i0 g 5 10 oy 5 10

Dhstance along beam, x - in Distance along beam, x-in | 1eering Department K




Shear and bending-moment diagrams

Singularity functions: example E2

Determine and plot the shear and moment functions for the
cantilever beam shown: ' z

oo

(b) Cantilever beam witl
concentrated loadin,

(a) Loading Diagram
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Shear and bending-moment diagrams
Singularity functions: example E2 - MathCad

To generate the shear and moment finctions over the length of the beam, equations (&) and
() must be evaluated for a range of values of x from 0 to J, after substiuting the abowe
values of Oy, T4, Ky, and A7 them. For a Mathcad sclution, define a step function 5
Thiz finction wall have a value of zero when x 15 less than the dummy variable z, and a
value of one when it 1z greater than or equal to z. It will have the same effect as the

stngularity function,
Eange of x x o= 04n, 00177
Tt step function Slx,zy=ifx=zz2,1,00

WWrite the shear and moment squations in Mathcad form, using the function 5 as a multiplyng
factor to get the effect of the singularity fanctions.

Fix) = RpSix, 00 -(x — CI]ID - FSx,a)(x— cz]ln

Mixy = -M;Six, 0 (x - CI]ID + R Sx, 0dm) (x - 0)1 - FHx,a)(x— a}l

(B} Shear Diagram fe) Mament Diagram
50 0
B
—_ .
540 g
B & =50
2 w
T A =
5 B
- 5 100
L0 -
] g 150
210 &
2
=
o 5 10 ~200 5 10
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Shear and bending-moment diagrams
Singularity functions: example E3

Determine and plot the shear and moment functions for the

beam shown:
[
A o= (a) Loading Diagram
a w(x—a)’ 100+ 4 .
%
501 R" g
M, (b | - 0 )
* W
(x—=0)"° ~50) -
(c) Overhung beam with moment ~100 T '|S' o II|(-}1_

and linearly distributed loading
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Shear and bending-moment diagrams
Singularity functions: example E3 - MathCad

To generate the shear and moment functions over the length of the beam, equations (&) and
i) must be evaluated for a range of values of & from 0 to /| after substiiiting the abowe
vales of O, Oy, &y, and By inthem For a Mathcad seolution, define a step finction 5
This function will have a value of zero when x iz less than the dummy vanable z, and a
valie of one when it 15 greater than or ecqual to z. It will have the same effect as the

singularity fianction.
Eange of x %= 04r, 00054 ]
TTnit step finction Slx,z)y =iz = 2,1,

Wite the shear and moment equations in Mathoad form, using the function 5 as a multiplying
factor to get the effect of the smpulanty functions,

Mixy = R;-S(x,cz)-(x—cz)n— E-S(x,a}-(x—a}2+R2-S(x,I}-(x—E)D
. 0 1w 3
Mixy = M; Sz, 00 (x -0 + K 2x,a)(x—a) —E-S(x,cxj-(x—cz)

+ R S(x hix— E}l

fB) Shear Dicgrass fe) Mament [iagram
1o 200

i
o

/

Shear, V- Ib (y-direction)
Moment, M- 1B in (z-direction)
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Reading assignment

* Chapters 1, 3, and 9 of textbook
* Review notes and text: ES-2501, ES-2502

Homework assignment

* Author's: posted in Website of our course

* Solve: posted in Website of our course
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