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ME 323 — Mechanics of Materials

Midterm #2 @ PURDUE School of Mechanical Engineering

March 30, 2022 UNIVERSITY
Name (Print) ) IJ
(Last) (First)
PROBLEM # 2 (25 points)

The beam BCD is fixed to the wall at B and supported by a roller at C. A concentrated moment M,, is
applied at D. The beam has Young's modulus E and second moment of area 1.

a) Draw a free-body diagram of the entire beam, and write down the equilibrium equations.

b) Use the second-order integration method to find the slope v'(x) and deflection ¥x) of each
segment of the beam. These can be left in terms of the unknown support reactions.

¢) Write down the relevant boundary conditions and continuity conditions for the beam.
d) Use the boundary/continuity conditions to determine the reactions at B and C in terms of M, and L.

e) Determine the deflection of the free end D. Sketch the deflection curve over the length of the beam. The
sketch does not need to be exact. Show enough detail to clearly indicate the boundary conditions.
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Exam 2: Q3

There are many different ways to do this question (6), so
the grading was flexible, but the general procedure is:

1. Find two equilibrium equations.

2. Find M(x) in two sections.

3. Put M(x) in terms of only the redundant load.
4. Enforce BC using Castigliano’s equation

oU 0 oU 0 ouU 0
— = or — = or — =
6Ay SCy OM,

5. Use the solved reaction to find other reactions.

6. Find the change in angle at C by using Castigliano’s:

0= [8Mc

Most common errors:
e Small math errors (just lose a few points)

* Taking the partial derivative without isolating for the
redundant load.

5, (Ayx + MA) * X
oMy _
8Ay(Ayx+MA) =X+ 54, =x—1L
* Limits of integration on the integral of U.
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(a) Example 1: Cy redundant, solve
from the right (easiest method)

M, M¢c
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=
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(ZM)Z=—M2+MC+ny—P(x—E)=O
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5M, M,

3c, = a5, = (2) |

L o e e e e e e e e DD — o !

o T T T T T T [

' oU — 0= (L) (2 py, M 1)t 5M,
: (2) S_CJMC:O =0 a (EI) Jo" M 8Cy dx + ( )IL/Z M 5Cy d
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Rearrange to make the integrals easier

O—( )f szdx+( )fL/z—Px +P()xdx

Integrate and multiply by El

L L
0=|G) o] + -G +P(E)7,,
0=G)er-rE)EYr+PE) G

Oe=p(E)e-p(Q)r —ic,=2p (1)
(2) —a,=8p (1)

I I

1\ (L/2,, &M 1) (L SM
) 2, =0 G B () B
|

——————————————————————

0=(5)[G) nyzlﬁ + (&)1 (%) Px+P(3) x]i/z
Gor-rE GGGV
G- @) e+ (@) ] = G G)re (1)




(a) Example 2: Ay redundant, solve
from the left (reasonable method)

C_f. M, (ZM) =M, —M,—Ayx=0
wSE > I
y =Myt (2)

5 Pl M,
MACI D
A

_____________________

I |

| OM; . %_ . [

:g—x L 8Ay_ L (2):

o T T T T T |

I 8U a1 (L/2,, My 1 8M,
' (2) [g],  =om L g+ () £ M ax
|

0=( ) L/Z[A( —L)+P()](x—L)dx
(EI) fL/Z[A (x —L) = P(x — L)|(x — L)dx



0= (%) fOL/Z [Ay(x2 —2xL+L*)+P (g) x—P (LZ_Z)] dx
T (%) fLL/z[(x2 — 2xL + L*)(A, — P)|dx
L/2

0= [ (-5t 4 2) () (5) - ()],

3
#[Gre - ) oy

-1, ()PP Q4 )P
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Ba_g By (2)
0= (2) 17 [y e — 1) + P (&) ax (2)

+ (%) fLL/z[Ay (x = L) = P(x — L)]dx
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