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(3) CLOSE BOOK

1. For the beam and loading shown, (a)draw free body diagram and calculate the reaction forces
(15%); (b) draw the normal, shear and bending-moment diagrams (20%); (c) find the location
of maximum shear force; determine and draw the distribution of stresses over the cross section
area(20%); (d) find the location of maximum bending»rrioment; determine and draw the
distribution of stresses over the cross section area(20%); (e) determine the state of plane stress
on the neutral axis of point B; draw the Moht’s circle; determine the principal stresses and
maximum in-plane shear stress; specify the orientation of the element in each case(25%).
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1.

2.

Explain the meanings of following terminologies:
(a) Generalized Hooke’s law

(b) Saint-Venant’s principle

(c) Neutral axis

(d) Stress-strain curve

The pin-connected structure shown in figure consists of a rigid beam ABCD and two
supporting bars. Bar (1) is an aluminum alloy [E =70 GPa] with a cross-sectional area of A, =
2,400 mm>. Bar (2) is a bronze alloy [E = 100 GPa] with a cross-sectional area of A, = 6,000
mm?z. The normal stress in the aluminum bar must be limited to 70 MPa, and the normal stress
in the bronze rod must be limited to 90 MPa. Determine:

(@) the maximum downward load P that may be applied at B.

(b) the deflection of the rigid beam at B.

P

A wooden box beam is fabricated from four boards, which are fastened together with nails, as
shown in Fig. a. The nails are installed at a spacing of s = 125 mm (Fig. b), and each nail can
provide a resistance of Vf= 500 N. In service, the box beam will be installed so that bending
occurs about the z axis. Determine the maximum shear force V that can be supported by the
box beam based on the shear capacity of the nailed connections.

25 mm
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25 mm e o
40 mm T /
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4. Consider a point in a structural member that is subjected to plane stress. Normal and shear
stresses acting on horizontal and vertical planes at the point are shown.
(a) Draw Mohr’s circle for this state of stress.
(b) Determine the principal stresses and the maximum in-plane shear stress acting at the point.
Show these stresses on an appropriate sketch.
(c) Determine the normal and shear stresses on the indicated plane and show these stresses on a

sketch.
(d) Determine the absolute maximum shear stress at the point.
65 MPa
Al 42 MPa

N
55° 90 MPa

T
5. On the free surface of an aluminum [E = 70 GPa; v = 0.35] component, the strain rosette
shown in figure was used to obtain the following normal strain data: ¢, =980x10°,

g, =870x10°, and ¢, =400x10°. Determine the normal stress that acts along an axis that is
rotated at an angle of 0=20° below the positive x axis.
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1. Explain the meanings of the following terminologies: (20%)
(a) Yield stress;
(b) Saint-Venant’s principal;

(c) Statically indeterminate;
(d) Poisson’s ratio;

(e) Neutral axis;

2. For the beam and loading as shown: (45%)

(a) Draw free body diagram and calculate the reaction forces;

(b) Draw the normal, shear and bending-moment diagrams;

(c) Find the location of maximum shear forces, determine and draw the distribution of stresses over
the cross section area;

(d) Find the location of maximum bending-moment, determine and draw the distribution of stresses

over the cross section area.
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3. The state of plane stress at a point is shown on the element as following: (35%)
(a) Draw Mohr’s circle for the state of stress; Lo
(b) Determine the principal stresses; ‘ MPa Hper
(c) Determine the maximum in-plane shear stress; I f 0

(d) Determine the stress components acting on the inclined plane AB; B
(e) Determine the absolute maximum shear stress; v \® ‘

(f) Specify and sketch the orientation of the element in each case; ; l
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1(30%)
The steel rod shown in Fig, : has a diameter of 10 mm. It is fixed P=20kN 02mm~
10 the wall at A, and before it is loaded, there is a gap of 0.2 mm Al b o ) .
B N oo —4| B
C ii!
800 mm—-—+’

between the wall at B’ and the rod. Determine the reactions at A and
2" if the rod-is subjected to an axial force of P = 20kN as shown. T

Nzglect the size of the collar at C. Take E; = 200 GPa.

2 20%)

The piece of plastic is ongmally rectangular.
Determine the average normal strain that occurs along the
diagonals AC and DB. 2 mm B!
J oy BRSPS Ly == _F i)
2mm{ i~} !
?: /
i , {
300 mm| | A
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3. (30%)

Draw the shear and moment dia.grams for th
v e beam
and determine the shear and moment as functions of x.

A-(207:)

Using Mohr’s circle, determine the normal stress
and shear stress acting on the inclined plane AB. Sketch the

result on the sectioned element.

B s50pkPa
e
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1. | Determine the resultant internal loadings on the cross
section through point C. Assume the reactions at the 3kN/m
supports A and B are vertical.

| : P

n 0.5 m!

"05n

2. | Therigid lever arm is supported by two A-36 steel wires "\
450 mm

having the same diameter of 4 mm. Determine the >

smallest force P that will cause (a) only one of the wires| N
to yield; (b) both wires to yield. Consider A-36 steel ag
an elastic perfectly plastic material.

3. [The coupling is used to connect the two shafts together.
Assuming that the shear stress in the bolts is uniform,
determine the number of bolts necessary to make the
maximum shear stress in the shaft equal to the shear
stress in the bolts. Each bolt has a diameter d.

4. | Determine the equivalent state of stress if an element is 230 MPa

oriented 30° clockwise from the element shown. —

1

5}

350 MPa

480 MPa




