ME 323: Mechanics of Materials Homework Set 5
Fall 2025 Due: Friday, October 10

Problem 5.1 (10 points)

A simply-supported beam with a circular cross-section is loaded as shown in Figure 5.1(i). The
beam cross-section at location K is shown to the right in Figure 5.1 (ii). Point O on the cross-
section is on the neutral axis of the beam.

a) Determine the shear force and bending moment resultants on the cross-section at K.

b) Determine distribution of normal stress on the cross-section of the beam at K as a
function of y, the perpendicular distance from the neutral axis.

c) Determine the maximum (magnitude) of the normal stress on the cross-section at K.
d) Determine the shear stress on the cross-section at K on the neutral axis.

Leave your answers in terms of, at most: P, a and b.

Figure 5.1 (i). Figure 5.1 (ii).
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Solution:

(a) FBD:

Fig. 1.

From the equilibrium equations for the entire beam (Fig. 1):

Zszozwxzo.

ZFy=O=>Dy+By—P—P—2P=O=> Dy+ B,=4P. (1)
3
> Mp=0=3Pa—2P(30) + PQa) - By(4a) + P(70) =0 B, ==P.  (2)

From (1) and (2), Dy, = EP.

Fig. 2.

From the equilibrium of the left segment (Fig. 2), the shear force and bending moment
resultants at K are:



3 1
ZFy=O:—P+§P—P—V=O=> V=P

3 5
» M =0= M+ P(6a) ~5P(30) + P(a) =0 = M = —>Pa.

(b) Normal stress distribution on the cross-section
o= —MTCWhere M = —gPa,I = irrb“ and ¢ = y. Therefore,
5
Mc (—EPa)y _ 10pay

I N %n_bzl. B T[b4 '

(c) Maximum (magnitude) of the normal stress at K
Aty = b:

Io| _ 10pa
Olmax = b3 "

(d) Shear stress on the cross-section at k

VQ

T=—,
It

4b

=_lpr=1ppt¢ = - .0 = 7= (2p2) () = 2p3
where V' = 2P,I—4T[b ,t = 2b.The first moment: Q = Agemiy = (znb )( )— 3b :

3T
Hence:

_ Q B (0.5P) (%b?’) B 2 p

e (%EM) (2b) ~ 37bh?




ME 323: Mechanics of Materials Homework Set 5
Fall 2025 Due: Friday, October 10

Problem 5.2 (10 points)

Consider the T-section beam cross-section in Figure 5.2 below.

a) Locate the neutral axis of the beam cross-section.

b) Determine the second area moment of the cross-section with respect to the neutral axis
using the parallel axis theorem.

3a

: 6a

Figure 5.2
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Solution:

(a) Neutral axis of the beam cross-section:

6a
Fig. 3: Flange schematic.
From the flange schematic shown in Fig. 3:
Ay = (a) (6a) = 6aZ.

y1=0.

3a

Fig. 4: Web schematic.
From the web schematic shownin Fig. 4:
A, = (a)(3a) = 3a?.

_ _a+3a_2

Therefore, the y-coordinate of the neutral axis of the entire cross-sectionis:

_ Ay + Ay, (6a*)(0) + (3a*)(2a) 2
Y= T A v, 6aZ + 3a2 —3¢




(b) Second moment of area about the neutral axis

Iotaln = Iﬂange,n + Lwebns

and by the the parallel-axis theorem,
, 1 5 2 g
Iﬂange,n = Iﬂange,c + Aﬂangedﬂange,n = 12 (6a) (@®) + (6a)(a) 3 a—20),

1 2 \2
Iweb,n = Iweb,c + Aweb dweb,nz = 5(361) S(a) + (3a)(a) (261 - g a) .

Thus,

ltotain = Iﬂange,n + Lyebn
- L 60@) + 60@ (2a) +=60*@ + G @ (2a-2a)
—12 a)la a)la 3a 12 a a a)la a 3a
=Ea4.

4



ME 323: Mechanics of Materials Homework Set 5
Fall 2025 Due: Friday, October 10

Problem 5.3 (10 points)

A rectangular, hollow cross-section beam is supported by a roller pin at point A and pinned at
point C. A distributed load (force/length) acts of the beam with this load having a constant value
of w between points A and B, and is linearly decreasing between B and C, as shown in Figure 5.3.
The dimensions of the beam cross-section are also shown below in the figure.

a) Determine the reactions on the beam at A and C.

b) Determine the internal shear force and bending moment resultants at location D on the
beam.

c) Determine the second area moment of the beam cross section about the neutral axis.

d) Determine the normal stress and shear stress at point K on the beam cross-section at
location D on the beam.

e) Show the normal stress and shear stress acting at cross-section D on the stress element at

K provided below.
w h/8 3h/4  h/8
le>le ]
<1 ey
/ h\|\ ' i i H — -
! i h/4
A G : ' Vs
12 B A
1 D y
L L ' N RS
h/4 T
= 3h/2
y
* RRRY,

VA

Stress element at K

Figure 5.3
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Solution:

(a) FBD:
L L/2 L/3 L 2L/3
A wL %\;IVL
S | ! X

" D

L

A 4
r'y
A 4

Fig. 5.
From equilibrium:

YE =0= A, =0.

DB =024, + C-wL—05wL=0= Ay + Cy=15wl. (1)

4 7
EMA = 0= C,(21) ~wL(05L) — (05WL)GL) =0 = Cy=—=wl. ()
_u
T 12

From (1) and (2), A,, wL.

(b) Internal shear and bending moment at location D:



\'
Fig. 6.
For the left segment:
ZF—O:>11 Ll V=0o V= —wL
A A = BV
ZM 0o M4l L<L> 1 L(L)—o:>M—1 12
D= 2V \g) 12V \2) T 3w

(c) By vertical symmetry the neutral axis coincides with the Z-axis (y=0). From Fig. 7,
treating the section as an outer rectangle minus an inner void rectangle,

h/8  3h/4 k8 s -
i R ——
i) il

. 3h/4

h/4

h/4

y

y y
K
h/4TV T i
. ] 3h/2 z

3h/2

s

" h/4

3h/2

Fig. 7.

1 1/3\/3.\>° 175
Itotal,n = Iouter,n_ Iinner,n = E(h) (Zh)3 _E<Zh) (E h) = @h‘l-

(d) Normal and shear stresses at point K

Normal stress:




1 h
175 B4 o = h _ Mc _ (gWLZ); 32 wi?
)

c = = :
384 4 I 1754 175 h3
384

Mc 1
o= —T,M=§WL2,I=

Shear stress:

14 5 175 h
=2y =2w,1=ptt =2
It 12 384 8

Treating the section as outer minus inner rectangles (Fig. 8), the first moment above K is

/8 3h/4  h/8 h/8 an/4  h/8
f e e

_ S 3h/4
h/4 h/4

y h/2 Y /2 y h/2
hf4 h/4 R h/4
K4 Z 1 ¥4

Fig. 8.
0 =5 = 19, = (00 () (42)) () ) £+ 2) = 21 e,

_vo_(m") (@) _72w
Sl (1B @Ry R

384 8

(e)




ME 323: Mechanics of Materials Homework Set 5

Fall 2025 Due: Friday, October 10

Problem 5.4 (10 points)

A shear force V' and bending moment M act at a cross-section of a trapezoidal cross-
sectioned beam. Consider five points (i), (i1), (ii1), (iv) and (v) on the beam cross-
section, as shown in Figure 5.4. Match up the state of stress at each of these five

points with stress elements (a) through (o) shown below.
The state of stress at point (1) is:

The state of stress at point (i1) is:

The state of stress at point (ii1) is:

The state of stress at point (iv) is:

The state of stress at point (V) is:

y

v

(i)
___________________ .
____________ @ |

M

cross section of beam SIDE view of beam
@ (b) @ 1 (d) > (e) »
‘ 8 o —
— L — Le— — — « T o l
X x l x T x S
M 7 () (hy "¢ @M -’ Gy
— —t — K 2 —
AL | s | A | s | I
— o —] —» —
(k) n (m) »y4 (n) » (o)
T mE = —+ 4 NONE of the
'_|;'_T y 4&":‘% ’_l‘__fi , %’F_:l x | above
Figure 5.4
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Solution:

The state of stress at point (i) is: (a)
The state of stress at point (ii) is: (e)
The state of stress at point (iii) is: (g)
The state of stress at point (iv)is: (g)

The state of stress at point (v) is: (b)



