ME 323: Mechanics of Materials Homework Set 1 - SOLUTION
Fall 2025 Due: Friday, September 5

Problem 1.1 (10 points)
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The angled structure shown is loaded with concentrated loads and couples at locations B and D. You are
asked here to determine the internal resultants on the positive x-face of a mathematical cut on section OD
at location C. Please show the following steps in your work. The grading of your work will be based on
these steps.

L.

Complete the free body diagram (FBD) of section BDC of the structure.

2. Using your FBD from above, write down the equilibrium equations for section BDC.
3.
4

From your equilibrium equations, solve for the internal resultant components at location C.

. In the figure of section OC, show the internal resultant components on the positive x-face of this cut.

Show these resultant components as they actually exist with their correct directions. For this part of
the problem, please use My = PyL.

. Write your final answers as vectors for the resultant internal force and internal couple acting on the

positive x-face of the cut at C.

Leave your answers in terms of, at most: Py, My and L.
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Part 1 — Shown to the right. 2M —— ¢

B
Part 2 " lzpo o
YF,=F,—2P,=0 = F,=2P, f ’
YF, =F, —3P,=0 = F, =3P, MypycTFx
YE=E+P=0 = E=-P r e
YMc = (M+Mo)i + (M, + 2M,)j + M,k + ;{F/

(Lt + Lj) x (—2P,i + Pok) +
(LE) X (=3P,))
= (My+Mq + LPy)i + (My, + 2My — LPy)j + (M, + 2LP, — 3LPy)k

ol

i: Mx+M0+LPO=0 = Mx=_M0_LPO=_2LPO
Ji My+2My—LPy=0 = M, =—2My+LP, = —LP,
k =

: M, —LP, =0 M, = LP,
Part 4 — Shown to the right x
Part 5 2P,
F=(-2{-3j+k)p,
M= (2i+]—k)LP, C
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ME 323: Mechanics of Materials Homework Set 1 - SOLUTION
Fall 2025 Due: Friday, September 5

Problem 1.2 (10 points)
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A truss being made up on members (1)-(7) supports a block of weight W through a simple cable-pulley
system. Members (1)-(3) have cross-sectional areas of 4, whereas members (4)-(7) have cross-sectional
areas of 24. Consider the weights of the truss members and of the pulley to be negligible compared to the
weight of the block. Assume a frictionless pulley and a massless, inextensible cable. You are asked here to
determine the stress in each member of the truss. Please show the following steps in your work. The grading
of your work will be based on these steps.

1. Draw individual free body diagrams of joints C, D, H and K, as well of the pulley.

2. From your FBD’s determine the load carried by each member in the truss. Identify each member as
being either in tension, or compression, or carrying zero load.

3. Determine the stress in each member.

4. Identify the member with the largest tensile stress. Identify the member with the largest compressive
stress.

Leave your answers in terms of, at most: I/ and 4.

Part 1
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Page 3 of 7



Part 2
Pulley:

= W

Ke+W=0 = K,
K,—W=0 = K,=W

XE
XE
Joint K:

5
YE,=—-K,+Fsing=0 = F =K,/sing = ZW (T
2

—F, — K, —Ficosp =0 = Fzz—Kx—F1COS¢=W—GW

F == _F3 - Flsin = 0 = F3 = _Flsln = _W C
y

YFE. = —Fg+ Ficosp =0 = Fg=Fcosp = GW)S = %W (T)

Joint D:

5
F,=F+Fsing =0 = F;=-F;/sing ==-W (C)
Y 4

5

=7

YF = —F+F—Fcosp =0 = F=F—Fcosp=5-((w); =—3w (©

4

Joint C

ZFy:F7:

Part 3
R_s5W

01= 4 T34 (D
BR_1wW

92 = 4T (T)
F w

o=2=-2 (0
_ 5 iw

04 =304~ 727 ©
FE _s5w

95 =24 82 (T)
F _3W

% = 34" 82 (T)
_ 5

o ZA_O

Part 4

Member 1 has the largest tensile stress.
Member 3 has the largest compressive stress.
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ME 323: Mechanics of Materials Homework Set 1 - SOLUTION
Fall 2025 Due: Friday, September 5

Problem 1.3 (10 points)

} 3b I

; find shear
} 2b I stress on

this plane

A frame is made up of two members: BCK and HD, with these two members pinned to ground at ends B
and H, respectively, with pins having a diameter of d with double-sided pin connections. You are asked
here to find the stress in pins B and H, along with the shear stress in HD along the plane shown at G. Please
show the following steps in your work. The grading of your work will be based on these steps.

1. Draw individual free body diagrams (FBDs) of the two frame members.

2. Determine the reaction on BCK at B and the reaction on HD at H. Write your answers as vectors.
3. Determine the magnitude of the shear stress in pin B.

4. Determine the magnitude of the shear stress in pin H.
5

Determine the magnitude of the shear stress in HD along the plane shown at G.
Leave your answers in terms of, at most: P, b and d.

Part 1 — FBDs shown below.
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Part 2

~ . 3 4 86 \. -
ZMB=FHDbk+[(3b+8b/3)i—2bj]x(—gi—§j>P=b<FHD—EP)k=O
10
= FHD=?P
3 10 41
SF = Fyp — Psing+ B, =0 = By, = Psing —Fyp ==P—— P =——_P

SF, = —Pcos¢ +B, =0 = B, =Pcosp =P

Therefore:

B=Bi+Bj=-2Pi+=Pj = [B|=P (%)2+(§)2:§m
_> 10

H = Fypil =—P1
upl 3 l

Part 3
|B|l/2 1P 1 2 P
== =-—73 =——73
TBE T 723 (ndz /4) 3 d2
Part 4
|H|/2 1 |10, 1 2P (10
A 2 3 \nd?/4) mwd?3
Part 5

|H| 4P |10
T =T T h a2 |3

From Chapter 3 of the course lecture book:

2sin80° P [10

7 = ZLgin [(2)(40°)] =

2 T d?4] 3

Page 6 of 7



ME 323: Mechanics of Materials Homework Set 1 - SOLUTION
Fall 2025 Due: Friday, September 5

Problem 1.4 (4 points)

It is desired to punch a hole in a sheet of metal with the thickness

shown in the figure above. Consider the four hole shapes presented ? L
below of A, B, C and D. Here we want to determine which hole
shape will require the largest and smallest punching force.

Problem 1.4.1 sheet of metal
Choose the hole shape that will require the largest punching force: with hole punched
A. Hole shape A
. Hole shape B

B
C. Hole shape C
D. Hole shape D

Problem 1.4.2
Choose the hole shape that will require the smallest punching force:

A. Hole shape A
B. Hole shape B
C. Hole shape C
D. Hole shape D

TESY

b

A: square B: circle C: triangle D: composite

Let 7p be the shear stress required to punch the hole in the metal. Therefore, the punching force is given
by: Pp = Atp

A: Ay =4bt > Pp= A,1p = (4bt)Tp (LARGEST)
B: Ay = bt = Pp = Agtp = (mbt)tp (SMALLEST)
C:Ac=[b+2(2)b|t= (1+VE)bt=>  Pp=Actp = [(1+V5)bt]rp
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