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*3-1. A concrete cylinder having a diameter of 6.00 in. and
gauge length of 12 in. is tested in compression. The results of
the test are reported in the table as load versus contraction.
Draw the stress—strain diagram using scales of 1 in. = 0.5 ksi
and 1in. = 0.2(107) in./in. From the diagram, determine
approximately the modulus of elasticity.

3-2. Data taken from a stress—strain test for a ceramic are
given in the table. The curve is linear between the origin and
the first point. Plot the diagram, and determine the modulus
of elasticity and the modulus of resilience.

3-3. Data taken from a stress—strain test for a ceramic are
given in the table. The curve is linear between the origin
and the first point. Plot the diagram, and determine
approximately the modulus of toughness. The rupture stress
is o, = 53.4 ksi.

Load (kip) |Contraction (in.)
0 0
5.0 0.0006
95 0.0012
16.5 0.0020
20.5 0.0026
255 0.0034
30.0 0.0040
345 0.0045
38.5 0.0050
46.5 0.0062
50.0 0.0070
53.0 0.0075
o (ksi) | € (in./in.)
0 0
332 0.0006
45.5 0.0010
494 0.0014
51.5 0.0018
534 0.0022
a (ksi) | € (in./in.)
0 0
33.2 0.0006
45.5 0.0010
40.4 0.0014
51.5 0.0018
53.4 0.0022
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*3—4. A tension test was performed on a specimen having Load (kN) Elongation (mm)
an original diameter of 12.5 mm and a gauge length of
50 mm. The data are listed in the table. Plot the stress—strain 0 0
diagram, and determine approximately the modulus of 111 0.0175
elasticity, the ultimate stress, and the fracture stress. Use a e LilZLL
scale of 20mm = S0MPa and 20 mm = 0.05 mm/mm. s P
Redraw the linear-elastic region, using the same stress scale 136 0.2490
but a strain scale of 20 mm = 0.001 mm/mm. 53.4 1.0160
62.3 3.0480
64.5 6.3500
62.3 8.8900
58.8 11.9380
3—5._ A tension test. was performed on a steel specimen Load (kN) e
having an original diameter of 12.5 mm and gauge length
of 50 mm. Using the data listed in the table, plot the 0 0
stress—strain diagram, and determine approximately the 11.1 0.0175
modulus of toughness. Use a scale of 20 mm = 50 MPa and 319 0.0600
20mm = 0.05 mm/mm. 3;3 gigﬁg
43.6 0.2490
534 1.0160
62.3 3.0480
64.5 6.3500
62.3 8.8900
588 11.9380
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3-6. A specimen is originally 1 ft long, has a diameter of
0.5 in., and 1s subjected to a force of 500 Ib. When the force
is Increased from 500 Ib to 1800 Ib, the specimen elongates
0.009 in. Determine the modulus of elasticity for the
material if it remains linear elastic.

3-7. A structural member in a nuclear reactor is made of a
zirconium alloy. If an axial load of 4 kip 1s to be supported
by the member, determine its required cross-sectional area.
Use a factor of safety of 3 relative to yielding. What is the
load on the member if it i1s 3 ft long and its elongation is

0.02 in.? E,, = 14(10°%) ksi, oy = 57.5 ksi. The material has
elastic behavior.

*3-8. The strut is supported by a pin at C and an A-36
steel guy wire AB. If the wire has a diameter of 0.2 in.,
determine how much it stretches when the distributed load
acts on the strut.

E}o Ib /ft

| 0 ft
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*3-9. The o—e diagram for a collagen fiber bundle from o (ksi)
which a human tendon is composed is shown. If a segment
of the Achilles tendon at A has a length of 6.5 in. and an 4.50 \
approximate cross-sectional area of 0.229 in*, determine its 3.75
elongation if the foot supports a load of 125 Ib, which causes 3.00
a tension in the tendon of 343.75 Ib. 295 /
1.50 /
0.75
0.05 oo < (/)
3-10. The stress—strain diagram for a metal alloy having an o (ksi)
original diameter of 0.5 in. and a gauge length of 2 in. is given 105
in the figure. Determine approximately the modulus of - -
elasticity for the material, the load on the specimen that causes 90 1\3\
yielding, and the ultimate load the specimen will support. 75 / A
60 [*] - T
45 fr
Ans. 30
15 /
e (in./in.)

0
0 005 010 0.15 0.20 025 030 035
0 0001 00020003 0.004 0.005 0.006 0.007
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3-11. The stress—strain diagram for a steel alloy having an
original diameter of 0.5 in. and a gauge length of 2 in. is
given in the figure. If the specimen is loaded until it is
stressed to 90 ksi, determine the approximate amount of
elastic recovery and the increase in the gauge length after it
is unloaded.

*3-12. The stress—strain diagram for a steel alloy having an
original diameter of (.5 in. and a gauge length of 2 in.
is given in the figure. Determine approximately the modulus
of resilience and the modulus of toughness for the material.

*3-13. A bar having a length of 5 in. and cross-sectional
area of 0.7 in” is subjected to an axial force of 8000 Ib. If the
bar stretches 0.002 in., determine the modulus of elasticity
of the material. The material has linear-elastic behavior.

o (
105
00
75
60
45
30
15

oL

0 0.05 010 0.15 020 025 0.30 0.35

ksi)

/

€ (in. /in.)

0 0001 0002 0.003 0.004 0.005 0006 0.007

—
8000 lb|
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3-14. 'The rigid pipe is supported by a pin at A and an
A-36 steel guy wire BD. If the wire has a diameter of :
0.25 in., determine how much it stretches when a load of PR
P = 600 Ib acts on the pipe.

3-15. The rigid pipe is supported by a pin at A and an

A-36 guy wire BD. If the wire has a diameter of (.25 in., B \ B
determine the load P if the end C is displaced 0.075 in. B
downward.
4 ft P
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*3-16. Determine the elongation of the square hollow bar o (MPa)
when it is subjected to the axial force P = 100 kN. If this 500 L
axial force is increased to P = 360 kN and released, find
the permanent elongation of the bar. The bar is made of a 600 mm
metal f.llloy having a stress—strain diagram which can be 250 L P \‘(50 i
approximated as shown. .
5 mm

' ' e (mm/mm)
0.00125 0.05
50 mm 5 mm

3-17. A tension test was performed on an aluminum o (ksi)
2014-Té6 alloy specimen. The resulting stress—strain diagram
is shown in the figure. Estimate (a) the proportional limit, 70 —
(b) the modulus of elasticity, and (c) the yield strength 60 ,,,f*“’r —
based on a (0.2% strain offset method. (
50
40 /
30 }
20 j
10 f
0 002 004 006 008 om0  ©dn/in)

LTA_ Co hoc vét liéu (215004) 7



. Chuong 3: BAI TAP_DAC TINH CO' HOC CUA VAT LIEU

3-18. A tension test was performed on an aluminum o (ksi)
2014-T6 alloy specimen. The resulting stress—strain
diagram is shown in the figure. Estimate (a) the modulus of 70 — —
resilience; and (b) modulus of toughness. 60 /,.f“””’; T
50 /
40 /
30 [
20 l
10 I
0 002 004 006 008 o0g0 < (n/in)
3-19. The stress—strain diagram for a bone is shown, and TP
can be described by the equation e = (}.45(1[]_6)0'4-
0.36(107'%) ¢, where o is in kPa. Determine the yield >

strength assuming a 0.3% offset.

e = 0.45(10 %o + 0.36(10 %o
<

P
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*3-20. 'The stress—strain diagram for a bone is shown and
can be described by the equation e = 0.45(107%) o +
0.36(107'2) &>, where o is in kPa. Determine the modulus
of toughness and the amount of elongation of a 200-mm-
long region just before it fractures if failure occurs at
e = 0.12 mm/mm.

*3-21. The stress-strain diagram for a polyester resin
is given in the figure. If the rigid beam is supported by a
strut AB and post CD, both made from this material, and
subjected to a load of P = 80 kN, determine the angle
of tilt of the beam when the load is applied. The diameter of
the strut is 40 mm and the diameter of the post is 80 mm.

!

f

e = 0.45(10 %o + 0.36(10" %)
-

P

Al

A l
|

|
"0.75m '0.75m

t‘.‘l__ )
=}
-2-
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3-22. The stress-strain diagram for a polyester resin is
given In the figure. If the rigid beam is supported by a strut
AB and post CD made from this material, determine the
largest load P that can be applied to the beam before it

ruptures. The diameter of the strut is 12 mm and the
diameter of the post is 40 mm.

3-23. By adding plasticizers to polyvinyl chloride, it is
possible to reduce its stiffness. The stress—strain diagrams
for three types of this material showing this effect are given
below. Specify the type that should be used in the
manufacture of a rod having a length of 5 in. and a diameter
of 2 in.. that is required to support at least an axial load of
20 kip and also be able to stretch at most g in.

i

e
.

l

Al | C
*
Fo7s w07 m[p O™
o (ksi)
15
P
unplasticized
copolymer
0
5 flexible | O
/ (plasticized)
P
0 € (in. /in.
0 0.10 0.20 0.30 (in./in.)
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*3-24. The stress—strain diagram for many metal alloys
can be described analytically using the Ramberg-Osgood
three parameter equation € = o/E + ka", where E, k, and
n are determined from measurements taken from the
diagram. Using the stress—strain diagram shown in the
figure, take E = 30(10%) ksi and determine the other two
parameters kK and n and thereby obtain an analytical
expression for the curve.

*3-25. The acrylic plastic rod is 200 mm long and 15 mm in
diameter. If an axial load of 300 N is applied to it, determine
the change in its length and the change in its diameter.
E, =270 GPa, v, = 0.4

3-26. The short cylindrical block of 2014-T6 aluminum,
having an original diameter of (1.5 in. and a length of 1.5 in.,
is placed in the smooth jaws of a vise and squeezed until the
axial load applied 1s 800 Ib. Determine (a) the decrease in its
length and (b) its new diameter.

o (ksi)
80
60 T
40
20
€ (10°%)
01 02 03 04 05
h[‘ H
300N - 300N

| 200 mm |

LTA_ Co hoc vét liéu (215004)
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3-27. 'The elastic portion of the stress—strain diagram for a o(MPa)
steel alloy is shown in the figure. The specimen from which
it was obtained had an original diameter of 13 mm and a 400

gauge length of 50 mm. When the applied load on the
specimen is 50 kN, the diameter is 12.99265 mm. Determine
Poisson’s ratio for the material.

0.002 e(mm /mm)
*3-28. The elastic portion of the stress—strain diagram for a(MPa)
a steel alloy is shown in the figure. The specimen from
which it was obtained had an original diameter of 13 mm 400

and a gauge length of 50 mm. If a load of P = 20 kN is
applied to the specimen, determine its diameter and gauge
length. Take » = 0.4.

+3-29. The aluminum block has a rectangular cross
section and is subjected to an axial compressive force of
8 kip. If the 1.5-in. side changed its length to 1.500132 in.,
determine Poisson’s ratio and the new length of the 2-in.
side. E;; = 10(10°%) ksi.

LTA_ Co hoc vét liéu (215004) 12
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3-30. The block is made of titanium Ti-6A1-4V and is
subjected to a compression of 0.06 in. along the y axis, and its
shape is given a tilt of # = 89.7°. Determine ¢,. €,. and y,,.

3-31. 'The shear stress-strain diagram for a steel alloy is
shown in the figure. If a bolt having a diameter of (.75 in.
i1s made of this material and used in the double lap joint,
determine the modulus of elasticity £ and the force P
required to cause the material to yield. Take » = 0.3.

*3-32. A shear spring is made by bonding the rubber
annulus to a rigid fixed ring and a plug. When an axial load
P is placed on the plug, show that the slope at point y in
the rubber is dy/dr = —tan y = —tan(P/(27hGr)). For small
angles we can write dy/dr = —P/(2whGr). Integrate this
expression and evaluate the constant of integration using
the condition that y = O at r = r,. From the result compute
the deflection y = & of the plug.

_—
—_
-
—_
-_—
=
-
——
—
-

=
S
—
-—
—
-_—
—
-
——
-
——]
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*3-33. The support consists of three rigid plates, which
are connected together using two symmetrically placed
rubber pads. If a vertical force of 5 N is applied to plate
A, determine the approximate vertical displacement of
this plate due to shear strains in the rubber. Each pad
has cross-sectional dimensions of 30 mm and 20 mm.

G, = 0.20 MPa.

3-34. A shear spring is made from two blocks of rubber,
each having a height h, width b, and thickness a. The
blocks are bonded to three plates as shown. If the plates
are rigid and the shear modulus of the rubber is G,
determine the displacement of plate A if a vertical load P is
applied to this plate. Assume that the displacement is small
sothatd = atany = ay.

3-35. The elastic portion of the tension stress—strain
diagram for an aluminum alloy is shown in the figure. The
specimen used for the test has a gauge length of 2 in. and a
diameter of 0.5 in. When the applied load is 9 kip, the new
diameter of the specimen is 0.49935 in. Compute the shear
modulus G for the aluminum.

4
=4
&y
= g

. 7 gy o gy ¥ LT
L"-.".L L_-L"-f'.n"‘-l."-.";"‘-

o Vg
(=i Pl

-

€ (in. /in.
0.00614 (in./in.)
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*3-36. The elastic portion of the tension stress—strain o (ksi)
diagram for an aluminum alloy is shown in the figure. The 0
specimen used for the test has a gauge length of 2 in. and a 70
diameter of 0.5 in. If the applied load is 10 kip, determine

the new diameter of the specimen. The shear modulus is

G, = 3.8(10%) ksi. l

-
-

e (in. /in.)

0.00614

3-37. The o-e€ diagram for elastic fibers that make up a(psi)
human skin and muscle 1s shown. Determine the modulus
of elasticity of the fibers and estimate their modulus of
toughness and modulus of resilience.

35

11+
T e(in. /in.)

1 2 225

3-38. A short cylindrical block of 6061-T6 aluminum,
having an original diameter of 20 mm and a length of
75 mm, i1s placed in a compression machine and squeezed
until the axial load applied is 5 kN. Determine (a) the
decrease in its length and (b) its new diameter.

LTA_ Co hoc vét liéu (215004) 15
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3-39. The rigid beam rests in the horizontal position on
two 2014-T6 aluminum cylinders having the unloaded lengths
shown. If each cylinder has a diameter of 30 mm, determine
the placement x of the applied 80-kN load so that the beam
remains horizontal. What is the new diameter of cylinder A
after the load is applied? v, = 0.35.

*3-40. The head H is connected to the cylinder of a
compressor using six steel bolts. If the clamping force in
each bolt is 800 Ib, determine the normal strain in the
bolts. Each bolt has a diameter ofl—gg in. If oy = 40 ksi and
E, = 29(10%) ksi, what is the strain in each bolt when the
nut is unscrewed so that the clamping force is released?

220 mm 2}0 mm

3m
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*3-41. The stone has a mass of 800 kg and center of gravity
at . It rests on a pad at A and a roller at B.The pad is fixed
to the ground and has a compressed height of 30 mm, a
width of 140 mm, and a length of 150 mm. If the coefficient
of static friction between the pad and the stone is p, = 0.8,
determine the approximate horizontal displacement of the
stone, caused by the shear strains in the pad, before the
stone begins to slip. Assume the normal force at A acts

1.5 m from G as shown. The pad is made from a material
having £ = 4 MPa and » = 0.35.

3-42, The bar DA is rigid and is originally held in the
horizontal position when the weight W is supported from C.
If the weight causes B to be displaced downward 0.025 in.,
determine the strain in wires DE and BC. Also. if the wires
are made of A-36 steel and have a cross-sectional area of
(0.002 in2, determine the weight W.
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3-43. The 8-mm-diameter bolt is made of an aluminum
alloy. It fits through a magnesium sleeve that has an inner
diameter of 12 mm and an outer diameter of 20 mm. If the
original lengths of the bolt and sleeve are 80 mm and
50 mm, respectively, determine the strains in the sleeve and
the bolt if the nut on the bolt is tightened so that the tension
in the bolt is 8 kN. Assume the material at A is rigid.
E, =70 GPa, E,;, = 45 GPa.

#3-44, The A-36 steel wire AB has a cross-sectional area
of 10 mm? and is unstretched when # = 45.0°. Determine
the applied load P needed to cause 6 = 44.9°.
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