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1. Two concéptual problems (1.1 and 1.2):

1.1. [15 Points] Refer to Fig. 1. The points A, B, and C are located in a beam
subjected to the vertical load F, and the points D and E are located in a thin-wall
pressure vessel subjected to the internal pressure p. The state of stress of each
point is represented by a Mohr’s cycle with the principal stresses 0y = 0, > 0.
Answer the following questions:

(1) Identify the Mohr’s circle (No.1 - No.6) that represents the state of stress at

point A. _ .

(2) Identify the Mohr’s circle (No.1 - No.6) that represents the state of stress at
point B. A '

(3) Identify the Mohr’s circle (No.1 - No.6) that represents the state of stress at
point C.

(4) Identify the Mohr’s circle (No.1 - No.6) that represents the state of stress at
point D.

(5) Identify the Mohr’s circle (No.1 - No.6) that represents the state of stress at
point E. |

No.1 J No.3
O3 '
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1.2. [10 Points] The roof beams of a warehouse are supported by pipe columns, as
shown in Fig. 2. Each pipe column has a diameter D, a length L, Young’s
modulus E, and a fixed support at the base. Determine the critical buckling

load for one of these columns under the following assumptions: (a) the upper
end is pinned and the beam prevents horizontal displacement; (b) the upper end
is fixed against rotation and the beam prevents horizontal displacement; (c) the
upper end is pinned but the beam is free to move horizontally; (d) the upper end
is fixed against rotation but the beam is free to move horizontally. Answer the
following questions: :

(1) Which assumption ((2)-(d)) results in the greatest critical buckling load?

(2) Which assumption ((a)-(d)) results in the second greatest critical buckling

load?
(3) Which assumption ((a)-(d)) results in the third greatest critical buckling load?
(4) Which assumption ((a)-(d)) results in the smallest critical buckling load?

Roof beam
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{b) Upper end is fixed {c} Upper endis pinned (d) Upper end is guided
(with no horizontal {but no horizontal {no rotation; no
displacement) restraint) * horizontal restraint}
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2. [25 Points] Refer to Fig. 3. The assembly consists of three simply supported beams
for which the bottom of the .toﬁ beam rests on the top of the bottom two. If a uniform
load of 3 kN/m is applied to the top beam, determine the vertical reactions at each
of the supports (A, B, C, D, E, F). The flexural rigidity EI is constant.

3 kN/m

Fig. 3

3. [25 Points] A simply supported beam, as shown in Fig. 4, is 12 m long and
supported by a pin joint at B and a roller joint at D. Based on the given loads,

develop the shear force (unit: N) and bending moment (unit: N-m) diagrams
for the beam. Indicate the numerical values at points A to F, as well as the maximum
and minimum values, on both the shear force and bending moment diagrams,

respectively.

linear 100N 50N
30 Nim J 200 N-m
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Fig. 4
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[25 Points] Refer to Fig. 5. Arigid bar is pinned at its left end and is pinned to two
elastic beams, Beam 1 and Beam 2, at the middle and the right end, respectively.
For Beam 1, the length, Young’s modulus, cross-sectional area, and coefficient of
thermal expansion are denoted as L, 2E, 2A, and a, respectively. For Beam 2, the
length, Young’s modulus, cross-sectional area, and coefficient of thermal expansion
are denoted as 2L, E, A, and a, respectively. A point load F is applied to the rigid
bar at a position L away from the right end, directed in the negative Y-direction. The
temperature of Beam 2 is increased by a temperature change of AT, while the
temperature of Beam 1 remains constant. Assume small rotations of the rigid bar

and that no heat conduction occurs between the beams. Determine the axial

stresses in Beam 1 and Beam 2. Express your answers in terms of F, L, E, A, «,

and AT,

Rigid body, F
no heat conduction

Beam 2:
2L, E, A a

Fig. 5



