CEng 2051: Engineering Mechanics-I: Statics April 18, 2022

Engineering Mechanics — | (Statics): Final Examination

Allotted Time: 3 Hours

Part — I: Theoretical Questions. Give brief answers to the following questions.

1. State the differences between frame structures and truss structures. [5%0]
Answer:
e Truss members are two-force members, while frame members aren’t
e Truss members carry joint loads, hence bear no flexural loads

2. Using method of sections, show that the truss given below is unstable. [5%0]

P

& O

Answer: The vertical reaction at B, has no internal force to resist it.

3. Describe the factors that affect the moment of inertia of a cross-section. Accordingly, if all the
shapes in the figure below have the same area, which one is bound to have the largest moment of
inertia about the base axis (bottom)? [10%]

2 3

v

Answer: The moment of inertia of a cross section depends on the area of the shape and the proportion of
the area that is found at a given distance from the axis about which the moment is calculated.
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Part — I1: Computational Questions. Solve the following problems and show your computational
work clearly.

1. Determine the force in members GF, GK, and JK of the truss, and state if the members are in

tension or compression. And also identify zero force members, if there are any. [20%]

0 kN
40 kN

l—2m | 2m 2m |

—30 kN
3m
40 kN
m
Solution
Step-1: Compute the necessary support reactions
40KN 50KN
2m l 2m l 2m
1.5m
A K—BOKN
1.5m
I, fe—— 40KN
1.5m
A=K
(4 Points)
Ay
z M, = 0 (clockwise + ve)
41, —2+40—-3%x30—-15%40=0
I, =57.5KN (2 Points)
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Z@:O
I, + A, — 40KN — 50KN = 0

A, =325KN (2 Points)

Ay —30 —40=0:4, = 70KN (2 Points)

Step-2: Compute the required internal forces

40 kN Z Mg = 0 (clockwise + ve)
2m
21, + 15]/K =0
G -
GF JK = —76.67KN ; (2 Points)
cK Z My = 0 (clockwise + ve)
JK
41,4+ 1.5GF —2 %40 =0
GF = —100 KN (2 Points)
Z F,=0
2
F K| ——— K =
cExe <1.52 +22> +JK=0
Gk = 29.16 KN (2 Points)
Zero force members: AB, BC, ED, EF, JG, HG, HlI (4 Points)

2. The circular disk rotates about an axis through its center O and has three holes of diameter d
positioned as shown. A fourth hole is to be drilled in the disk at the same radius r so that the disk
will be in balance (mass center at O). Determine the required diameter D of the new hole (in terms
of d), and its angular position. [20%0]
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Solution

There are to be four cutout areas. Areas 1,2, and 3 are the small cutout circles of diameter, d. Area -4 is
the larger cut-out circle of diameter, D. Considering a coordinate system with the origin at O, then after
the final cutout, we need to satisfy: X = 0 and y = 0.

No. | Area X y AX Ay
1 nd? —r 0 nd?r 0

4 4
2 nd? 0 —r 0 nd?r

4 4
3 nd? rcos30° —rsin30° nd?rcos30° nd?rsin30°

4 4 4
4 nD? rcoso rsind nD?rcosf nD?rsiné

4 4 4

(2 Points) (2 Points) (2 Points) (2 Points) (2 Points)
A;x;
X 222;1-1 =0; ZAixi =0
L
nd?r nd?rcos30° mwD?rcosO
- +0+ 7 t——p =0

D?cosf = d?(1 — cos30°) (2 Points)

_ _ XAy
7 =Tt =05 ) Ayi=0
L
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0 nd?r 7wd?rsin30° N nD?rsinf 0
4 4 4 B

D%sinf = d?(1 + sin30°) (2 Points)

1 + sin 30

tan = ————— (2 Paints)
an 1 —cos30
0 = 84.9° (2 Points)
D =1.227d (2 Points)

3. The frame shown below is subject to a tension load of P. [20%]

'rm - p
)]
i
oD

a) Draw three separate free body diagrams for:
i.  The entire frame
ii.  The two members of the frame
iii.  The pulley
b) Find the resultant reaction forces at pins A, B and C in terms of P.
c) If the resultant at pin B was found to be 200kN. What are the resultant reactions forces at
pins Aand C.

Solution

a. Free body /ijiagrams

(3 Points)
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(2 Points)

b. Reaction forces at pins
From member AB:

From member BC:

From member AB:

(2 Points)

April 18, 2022

ZszAx—Bx+P=O

2.

E,=A,+B,—P=0

ZMA = 0 (clockwise + ve):2B, —4 P =0

By, =2pP (1 Point)
Ay = —P (1 Point)
Z F,=B,—Cy,=0
Y B =-¢,-B,=0
(1 Point)

C, = 2P

ZMC = 15B,+ 2B, =0

8 i
By =—-2B, = —§P (1 Point)
8 .
Cy = _§p (1 Point)
11 .
A, = _?p (1 Point)
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c. Reaction force valuesat A & C
For resultant reaction at B = 200KN,

B 4+ B} = (200KN)?
100
TP2 = (200K N)>?

P = 60KN

the following are the pin reaction force values.

11
Ay = —?P = —220KN

A, = —P=—-60KN

8
Cx = —3P = —160 KN

Cy = —2P = —120KN

Resultant reaction; point A: Ry = /A,ZC + A3 = 228.04 KN

Resultant reaction; point C: R, = /C,? + C} = 200 KN

April 18, 2022

(2 Points)

(0.5 Point)
(0.5 Point)
(0.5 Point)
(0.5 Point)

(0.5 Point)

(0.5 Point)

4. The figure below shows a rectangle of base, b and height a. The function y = kx? divides the
rectangle into shape-1 (top) and shape-2 (bottom). What must be the function such that the moment
of inertia of shape-1 about its centroidal x-axis is the same as the moment of inertia of shape-2

about its centroidal y-axis. [20%]

Set By: Gedion A., Mesay S., Natnael B., Woinshet G., Yonas S., Zetseat G,

Coordinator: Mesay S.



CEng 2051: Engineering Mechanics-I: Statics April 18, 2022

Solution
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