ME 323: Mechanics of Materials Homework 6

Spring 2024 Due: February 23, 2024

Problem 1 (10 points):

A wide-flange beam with an [-shaped cross section is subjected to three concentrated forces as shown in
the figure 1.

(a) Construct the shear force V(x) and bending moment M(x) diagrams. Mark the critical values
on the diagrams.

(b) Determine the flexural stresses at points A and B.

(c) Determine the shear stress at points A and B.

(d) Draw the stress elements to represent the stress states at points A and B.

Y 5001b 25001b 30001b

[ T, 1

3t 3ft 3ft 6ft Oft

_n
‘\I

F, lin
lin
_i 4in
z
ol
B __Iin
_1_]'1:1

Figure 1: (Top): Wide-flange beam for Problem 1; Bottom: Cross-section of the beam.
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Figure 2: Top: Pinned-Roller support beam Bottom: Cross section of the beam

TZ Fg:D : F -500—15’&0-30no+f31=
*-'

DZ M,.: o - ,5’05(33_ 2505('1) - 3::::&('5-) + F-LC?-‘-{):D
+

FL - 28-}'5 le
F. = 2126 lbs

Dvars SED & Bmp: [groepwcally /hmuﬂd]



0.

[

Ve = Fi = 2126 b

0L x¢3
T~ N\

X ?
V(%)= v(eD ~ f(D/Z)ch

o

= 3(25 Llbs
Xz 33
vz )= 212¢€
v(21) = 2125- Soo
= 2¢25 lbs
2L x 9.
X 3]
V)= v(3) + SP%)CLX
y)
- 262S lbg
x =9,

\/(_C{'\ = 2628 tb_s

v(at) = 2¢25 -2500
= 125 lbs

A x (5 .

éM(oﬂ: o lb.ft

X

MCX): M (o) + §V(x)dx

©

%
= 3\294‘
o

M@ = m(3) = A37TS (b Fy
M) -

a37s lb.€y

%

M(x) = M(2) + Svéx)&x

3

4375 4 2625x \x
3

\Soo &+ 2C2¢

M@EY: M(a): 25125 b f4



X o
V)= v(Q) + SP}{Q&X
q

= 125 e

VsY: vis) - 3o

= 287§ (\:s

1ISLx <24 .

A e~ A~

;< o
V(XY= v(is) + S%)&x
IS

= -2%75 lbs

X=2( .

CAANS——

V(2a) = —287s lbs

v(g') - -2875+F,

= o

M) = M) 25875

F e = M(@) + g‘vrx) dx

q
xR

T 25125 « \?—Sx\
q

= 2400 + 1285 x

\b. £4

X

§M(>~)= 26815 + [vcx)&x

\S
b .S

2G687S - 287S

-

'S

Wl

£Aooo -28 75

M (24 ) = M(2u™)

= o Qb€+






() Flewiral Shesses a& A& R YA = +3.5 in
IGJCle] - l!\_‘\j \ Bcg) = —LS (n
T

M(E Feet) = M)+ S\/ooo\x
=

M(R) = M(—B\) = (7250 Ab.feet = M12s0x12 fo.n

4l = = T «edw\j‘c - 21[«9_0\ b\oc.kj

= l(e)(ﬂs -2 I:\_ (g.g)(ﬁ)]
1

12

:> |7T\.§ — &5 082
=) lm.L\?_iw‘4

Sa =-M(A) YR _ _ 606 ke

Lol

4

6—3 = -M(E)j(%}z 2.6 ks
T

@ Suuoss Stresses ok A& 3.



At B Sheos, Shess = O EOUIJJ-‘» nAS St
frown v el

B: Te - V_&__B V = 2¢25 lbs
1t L - \aq.y2z ,mf/|
£ - 1
= 0.U4 kst h* .
&B =2 y A
= Hgd.or: +R"(dm
< :b— _______ - 20 }1\3
3 =0
3-\'\ 20 -----—--__n....-__7 (L\\
G lin
$ °F (33 lin
Y
(0 POM‘Nt A Point B .
W .
6.06 ks; > Tp= ouu ky
z <4
’ﬂ .
S 4_& 6.06kg
2P PP 1
s 4 6z



Problem 2 (10 points):

Shown in figure 2 is a beam supported by pin joints at A and D. It is acted upon by a line load that
increases uniformly from zero at A to B and maintains a constant value of 600 N/m between B and
C. It is also acted upon by a concentrated couple at E.

a) Using the integral approach, determine expressions for shear force V(x) and bending

moments M(x) between x =0m to x = 1 m.

b) Construct shear force and bending moment diagrams using expressions determined in (a).
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Figure 2: Beam system for Problem 2



Solution:

150 N

SN

—200 N-m

Ay B
o 01e7m  C0125m D,
7 R : > < > |
- 025m 025m  025m  025m
0.375m
Equilibrium: (1 point)
z My=0  —(75)(0.167) — (150)(0.375) + D, (0.75) + 200 = 0
D, =—175N

D B=0  Dy+4,-75-150=0

A, =400 N

Shear force:

p(x) = —2400x N/m (0 < x < 0.25m)
p(x) = —-600N/m (0.25 < x < 0.5m)
p(x) =0 (0.5m<x <1m)
V(0) = A, =400 N

0 <x<0.25m: (1point)

X X

p(x) dx =400 + f —2400x dx = 400 — 1200x2
0

V(x) =V(0) +f

0



V(0.25) = 325 N

0.25m < x <0.5m: (1point)

X X

p(x) dx =325 + f —600 dx = 475 — 600x

0.25

V(x) = V(0.25) + f

0.25

V(0.5) = 175 N

0.5m<x<0.75m: (1point)

X X

p(x) dx =175 +f 0dx =175N

0.5

V(x) = V(0.5) + f

0.5

V(0.757) = 175N
0.75m<x <1m: (1point)

V(0.75%) = V(0.757) + D, = 175 - 175 = O N

X X

p(x) dx=0 +f 0dx=0N

0.5

V(x) = V(0.75%) + f

0.75
V(1) =0N
Bending moment:

M) =0Nm

0 <x<0.25m: (1point)

X

X
M(x) = M(0) + f V(x)dx=0 + f 400 — 1200x2 dx = —400x3 + 400x
0 0

M(0.25) = 93.8Nm

0.25m < x < 0.5m: (1point)

X X

V(x)dx=93.8 + f 475 — 600x dx = —300x?% + 475x — 6.2

0.25

M(x) = M(0.25) + f

0.25

M(0.5) = 156.3 Nm

0.5m < x < 0.75m: (1point)

X X

V(x)dx=156.3 + f 175 dx = 68.8 + 175x

0.5

M(x) = M(0.5) + f

0.5

M(0.75) = 200 Nm



0.75m < x < 1m: (1point)

X X

V(x)dx=200 +f 0 dx =200

0.75

M(x) = M(0.75) + f

0.75

M(1) = 200 Nm

V (N) M (Nm)
400
200 b
325 156.3f==--==
93.8 7
175
0 : 0

(1 point)



Problem 3 (10 points):

For the loading shown in figure 3, determine the shearing stress on cross-section n-n at i) point a, ii) point
b.
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Figure 3: Left: Loading on the beam; Right: Cross section view n-n
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Problem 4 (2.5 + 2.5 points):

Identify the schematic that represents the deflection curve of the following beams:

Beam (A)

Beam (B)
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Figure 4: Top: Beam A; Bottom: Beam B.
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