2.15 PROBLEMS

¥ NORMAL STRESS; AXIAL 220
STRESS

For all problems in Section 1.2, assume unknown axial
Sforces ta be positive in tension. As in Exvamples 2.1 and
2.2, label tensile-stress answers with (T) and compressive-
stress answers with (C).

Prob. 2.2-1. A l-in.-diameter solid bar (1), a square solid
bar (2), and a circular tubular member with (L.2-in. wall
thickness (3), each supports an axial tensile load of 5 Kips.
(a) Determine the axial stress in bar (1), (b) If the axial
stress in each of the other bars is 6 ksi, what is the dimension,
b, of the square bar, and what is the outer diameter, ¢, of the
tubular member?
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Prob. 2.2-2. The structural tee shown in Fig. P2.2-2 supporis
a compressive load F = 200 kN. (a) Determine the coordi-
nate yg of the point K in the cross section where the load
must act in order to produce uniform compressive axial
stress in the member, and (b) determine the magnitude of
that compressive siress,
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Prob. 2.2-3, A steel plate is welded onto each end of the
structural angle in Fig. P2.2-3 so that a load can be applied
at point R, where it will produce uniform axial stress in the

member. (a) Determine the coordinates yg and z, of the
point where the tensile load P must act in order to produce
uniform tensile siress in the cross seclion of the structural
angle. and (b) determine the magnitude of that tensile stress
if P =18 kips.
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Prob. 2.2-4. Consider the free-hanging rod shown in
Fig. P2.2-4. The rod has the shape of a conical frustum, with
radius Ry at its top and radius R, at its bottom. and it is made
of material with mass density p. The length of the rod is L.
Determine an expression for the normal stress, o(x). at an
arbitrary cross section x (00 = x = L), where x is measured
downward from the top of the rod.

Ry
P2.2-4 and P2.3-6

Prob. 2.2-5. A solid brass rod A8 and a solid aluminum rod
BC are connected together by a coupler at B, as shown in
Fig. P2.2-5.The diameters of the two segments are «; = 60 mm
and o> = 50 mm, respectively. Determine the axial siresses oy
(in rod AB) and e, (in rod BC).
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P2.2-5

Prob. 2.2-6. The three-part axially loaded member in Fig.
P2.2-6 consists of a tubular segment (1) with outer diameter
{d.); = 100 in. and inner diameter (d); = 0.75 in, a solid
circular rod segment (2) with diameter o>, = 1.00 in.. and
another solid circular rod segment (3) with diameter d, =
(.75 in. The line of action of each of the three applied loads
is along the centroidal axis of the member. Determine the
axial stresses e, o, and o in each of the three respective
segments.

P2.2-6

Prob. 2.2-7. At a local marina the dock is supported on
wood piling in the manner shown in Fig, P2.2-7a. The top
part, AB. of one pile is above the normal waterline; the mid-
dle part, BC, is in direct contact with the water; and the part
below C 1s underground. The original diameter of the pile 15
dy = 12 in., but action of the water and insects has reduced
the diameter of the pile over the part BC (a) If the axial
force that the deck exerts on this pile is P = 200 kips, what
is the axial stress in A B? Neglect the weight of the pile itself.
(b) An inspector estimates that the diameter of the pile in
segment BC has been eroded by 5%. What axial stress does
the deck load of P = 200 kips produce in this damaged part
of the pile? {c) If the maximum axial stress allowed in the
wood piles is 7.5 ksi (in compression), what is the maximum
deck load that this damaged pile can support?
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Prob. 2.2-8. A column in a two-story building is fabricated
from square structural tubing having the cross-sectional di-
mensions shown in Fig. P2.2-8h. Axial loads P, = 200 kN
and 5 = 350 kN are applied to the column at levels A and
B, as shown in Fig. P2.2-8a. Determine the axial stress oy in
segment AB of the column and the axial stress o, in segment
BC of the column, Neglect the weight of the column itself.
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Prob. 2.2-9. A rigid beam AB of total length 3 m is sup-
ported by vertical rods at its ends. and it supports a down-
ward load at € of P = 60 kN, as shown in Fig. P2.2-9, The
diameters of the steel hanger rods are d; = 25 mm and d, =
20 mm. Neglect the weight of beam AFS and the rods (a) If
the load is located at x = 1 m, what are the stresses oy, and
iy, in the respective hanger rods. (b) At what distance x from
A must the load be placed such that o; = oy, and what is the
corresponding axial stress, )y, = ey in the rods?
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P2.2-9

Prob. 2.2-10. A 12-ft beam AB that weighs W), = 180 lb sup-
ports an air conditioner that weighs W, = 1000 Ib, The beam,
in turn, is supported by hanger rods (1) and (2). as shown in
Fig. P2.2-10. (a) If the diameter of rod (1) is § in.. what is the




stress, ary. in the rod? (b) If the stress in rod (2) is to be the
same as the stress in rod (1), what should the diameter of rod
(2) be (to the nearest §; in.)?

7 7

W, = 1000 Ih

W, = 180 Ib
P2.2-10

Prob. 2.2-11. A rigid, weightless beam B supporis a load P
and 15, in turn, supported by two hanger rods, (1) and (2), as
shown in Fig. P2.2-11. The rods are initially the same length
L = 6 ft and are made of the same material. Their rectangu-
lar cross sections have original dimensions (w, = L5in., 1, =
0.75 in.} and (w, = 2.0 in., & = 1.0 in.), respectively. (a) Al
what location, b. must the load P act if the axial stress in the
two bars is to be the same. i.c., or; = o7 (b) What is the mag-
nitude of this tensile stress if a load of P = 40 kips is applied
at the location determined in Part (a)?
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P2.2-11

Prob. 2.2-12. Each member of the truss in Fig. P14-1 is a
solid circular rod with diameter o = (L.50 in. Determine the
axial stresses o, o, and ey in members (1), (2). and (3).
respectively. (See Prob. 1.4-1.}

Prob, 2.2-13. Each member of the truss in Fig. P2.2-13 s a
solid circular rod with diameter f = 10 mm. Determine the
axial stress oy in the truss member (1) and the axial stress
ar;, in the truss member (6).

P2.2-13

Prob. 2.2-14. The three-member frame structure in Fig.
P2.2-14 is subjected to a downward vertical load P at pin C.
The pins at B, C, and D apply axial loads to members BD
and CD, whose cross-sectional areas are A; = 0.5 in® and
A; = L0 in’, respectively. (a) If the axial stress in member
B is oy = 1200 psi, what is the value of force P? (b) What
is the corresponding axial stress, oy, in member CD?

P2.2-14

Prob. 2.2-15. The three-member frame in Fig. P2.2-15 is sub-
jected to a horizontal load P at pin E. The pins at C and D
apply an axial load to cross-brace member CD, which has a
rectangular cross section measuring 30 mm % 50 mm. If
P = 210 kN, what is the axial stress in member CD?7
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Prob, 2.2-16, The pins at B and D in Fig. P1.4-17 apply an
axial load to diagonal bracing member B If BD has a rec-
tangular cross section measuring (.50 in. > 2,00 in.. what is
the axial stress in member B0 when the load 15 w, = 220
Ib/fe?

Prob. 2.2-17. The three-member frame structure in Fig.
P2.2-17 is subjected to a horizontal load P = 500 Ib at pin
C. The pins at B, C, and D apply axial loads to members
BD and CD. If the stresses in members BD and CD are
o, = 1200 psi and e, = —820 psi, what are the respective
cross-sectional areas of the two members?

Rl =500 1

P2.2-17

*Prob. 2.2-18. A cylinder of weight W and diameter o rests
between thin, rigid members AE and BD, each of length L.
Friction between the cylinder and its supports is negligible.
The members are joined at their midpoint C by a [rictionless
pin. and they are prevented from collapsing by a restraining
wire D E of length b and cross-sectional area A. Consider W,
L. d.and A to be given, and determine an expression that re-
lates the axial stress in wire DE to its length b

Length (L)

§
_.JI:;

¥ EXTENSIONAL STRAIN

Where both undeformed and deformed configurations are
shown, the undeformed configuration is shown with
dashed lines and the deformed configuration is shown
with solid lines. Poinis on the deformed body are indi-
cared by an asrerisk(*),

Prob. 2.3-1. When the bungee jumper in Fig. P2.3-1 stands
on the platform. the unstretched length of the bungee cord
is L = 15.0 1. (a) When the jumper “hits bottom,” the maxi-
mum extended length of the bungee cord is L, = 41.4 i
Assuming that the bungee cord stretches uniformly along its
length, determine the extensional strain €, in the bungee
cord at this point. (b) After bouncing a few times. the bungee
Jumper comes to rest with the final length of the bungee cord
being L, = 32.4 ft. What is the final strain, €,7

P2.31

Prob. 2.3-2. Wire AB of length L, = 30 in. and wire BC of
length £, = 36 in. are attached to a ring at 8. Upon loading,
point B moves vertically downward by an amount é; = (.25
in. Determine the extensional strains €, and € in wires
(1) and (2), respectively.

P2.3-2

Prob. 2.3-3. A wire is used to hang a lantern over a pool.
MNeglect the weight of the wire, and assume that it is taut, but
strain free, before the lantern is hung. When the lantern
is hung, it causes a 50-mm sag in the wire. Determine the




extensional strain in the wire with the lantern hanging as
shown.

4m {
| 50 mm

P2.3-3

“Prob. 2.3-4. A “rigid" beam BC of length L is supported by
a fixed pin at € and by an extensible rod A8, whose original
length is also L. When # = 45°. rod A8 is horizontal and
strain free, that is, e(# = 457) = (. (a) Determine an expres-
sion for e{#), the strain in rod A B, as a function of the angle
f shown in Fig. P2.3-4, valid for 45° = # = 9%0°. (b) Write a
computer program and use it to plot the expression for e(#)
for the range 45" = # = 9(F,

P2.3-4

Prob. 2.3-5, When a rubber band s uniformly stretched
around the solid circular cylinder in Fig. P2.3-5b, its exten-
sional strain is € = 0,025 77, If the diameter of the cylinder
is el = 100 mm, what is the unstretched length of the rubber
band (i.e., length L in Fig. P2.3-5a)7 (Neglect the thickness

of the rubber band.)

e ——
e
{a} ([:1]
n«a‘s

Prob. 2.3-6. Determine an expression for the extensional
strain €(x) at cross section x (0 = x = L) of the hanging con-
ical frustum in Prob. 2.2-4, and (b) determine an expression
for the total elongation, . of this hanging conical frustum in
Prob. 2.2-4. The conical-frustum rod is made of material for
which e = Ee. with £ = const.

Prob. 2.3-7. For small loads, P, the rotation of “rigid” beam AF
in Fig. P2.3-7 is controlled by the stretching of rod AB. For
larger loads, the beam comes into contact with the top of col-
umn £, and further resistance to rotation is shared by the rod
and the column. Assume (and later show that this is a valid as-
sumption) that the angle # through which beam AF rotates is
small enough that points on the beam essentially move verti-
cally, even though they actually move on circular paths about
the fixed pin at C (a) A load P is applied at end F that is just
sufficient to close the 1.5-mm gap between the beam and the
top of the column at £ What is the strain, e, in rod AB for this
value of load P? (b) If load P is increased further until g, =
0.001 2% what is the corresponding sirain, €, in column DE?

P2.3-7

Prob. 2.3-8. Vertical rods (1), (2), and (3) are all strain
free when they are initially pinned to a straight, rigid,
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horizontal beam BF Subsequently, heating of the rods
causes them to elongate and leaves the beam in the posi-
tion denoted by B*D*F*. Point £) moves vertically down-
ward by a distance &;, = 0.20 in.. and the inclination angle
of the beam is # = 0.4° in the counterclockwise sense. as in-
dicated on Fig. P2.3-8. Determine the strains €, €, and e,
in the three rods.

*Prob. 2.3-9. A “rigid” beam AD is supported by a smooth
pin at D and by vertical rods attached to the beam at points
A, B, and C. The rods are all strain free when the beam is
horizontal (@ = 0). Subsequently, rod (2) is heated until its
extensional strain reaches the value e, = 80.0(10°") ™.
{a) Determine the wvalue of the (counterclockwise)
beam angle # that corresponds to the strain e, = 80.0(10°")
o, (b) Determine the corresponding extensional sirains e
and e,

Ly =Ly=30in,L; = 40in.,¢ = 20 in.. b = 60 in.

P2.3-9

Prob. 2.3-10. A rod AB, whose unstretched length is L, is
originally oriented at angle # counterclockwise from the +x
axis. {a) If the rod is free to rotate about a fixed pin at A,
whal is the extensional strain in the rod when end 8 moves
a distance u in the +x direction to point B*? Express vour
answer in terms of the displacement w. the original length L,
and the original angle 8. (b} Simplify the answer vou ob-
tained for Part (a), obtaining a small-displacement approxi-
mation that is valid if u <=2 L. (Note: This result will be used
i Section 3.10.)

P2.3-10

Prob. 2.3-11. Rod AB, whose undeformed length is L, is
originally oriented at angle # counterclockwise from the +x
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axis (the dashed line in Fig. P2.3-11). Both ends of the rod
are free to move in the x—y plane, while the rod remains
straight. (a) Derive an expression for the extensional strain,
€. in the rod when end A moves a distance u, in the +x di-
rection to point A* and end 8 moves a distance vy, in the +y
direction to point B* Express your answer in terms of u ;. vg,
L. and 6. (b) Simplily your answer for Part (a), obtaining a
small-displacement approximation that is valid if #y <= L
and vy, == L. (Note: The displacements i, and vy are exag-
gerated in Fig. P2.3-11.)

P2.3-11

Prob. 2.3-12. A thin sheet of rubber in the form of a square
(Fig. P2.3-12a) is uniformly deformed into the parallelogram
shape shown in Fig. P2.3-12b. All edges remain the same
length, b, as the sheet deforms, (a) Compute the extensional
strain €, of diagonal AC. (b} Compute the extensional strain
e, of diagonal BD.
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P2.3-12

Prob. 2.3-13. A thin sheet of rubber in the form of a square
(Fig. P2.3-13a) is uniformly deformed into the parallelogram
shape shown in Fig. P2.3-13b. All edges remains the same
length, b, as the sheet deforms, (a) Compute the extensional
strain €, of diagonal AC. (b) Compute the extensional strain
e; of diagonal BD.
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P2.3-13
¥ THERMAL STRAIN

Prob, 2.3-14. Al the reference temperature, three identical
rods of length L form a pin-jointed truss in the shape of an
equilateral triangle, ABC, as shown in Fig. P2.3-14. Determine
the angle 6 as a function of AT, the temperature increase of tie
rod AB. Rods AC and BC remain at the reference tempera-
ture. The properties of the rods are: area = A, modulus of
clasticity = E, and coefficient of thermal expansion = a.

P2.3-14

Prob. 2.3-15. Asshown in Fig. P2.3-15, a “rigid” beam AB of
length L,z = 30 in. is supported by a wire BC that is 40 in.
long at the reference temperature of Ty = T0°F. Determine
an expression that relates the horizontal coordinate vy of
point B to the temperature T of the wire BC in °F if the co-
efficient of thermal expansion of the wire isee = 8 % 107FF.
(Hint: Use the trigonometric faw of cosines.)
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P2.3-15

Prob. 2.3-16. A steel pipe (a = 8 % 107°FF) has a nominal in-
side diameter « = 4.06 . at 7O°F. (a) What 1s the inside diam-
eter if the pipe carries steam that raises its temperature to
212°F7 ( Assume that the outside of the pipe is insulated so that

the pipe reaches a uniform temperature of 212°F) (b) How
much would the steam-carrying pipe increase in length if it is
onginally 40 ft long, if its ends are not restrained against axial
motion, and if the temperature increases from 70°F to 212°F?
Prob. 2.3-17. The angular ornentation, 8, of a "rigid” mirror is
controlled by the lengths of rods (1) and (2). as shown in
Fig. P2.3-17. At the reference temperature, the rods are the
same length: Ly = L2 = 2,00 m. The distance between the rods
is @ = 1.2 m. (a) If the thermal coefficient of the rods is oy =
as = 14 % 10°%°C, determine an expression for the angle # (in
radians) as a function of AT, and AT5. (b) If the maximum tem-
perature difference that can be achieved between the temper-
ature changes AT, and AT of the rods is 30°C, what 1s the max-
imum mirror rotation angle that can be achieved?! (Assume that
the rods are uniformly heated or cooled along their lengths.)

P2.3-17

MEASUREMENT OF STRAIN

Prob. 2.4-1. A mechanical extensomerer uses the lever principle
to magnify the elongation of a test specimen enough to make
the elongation {or contraction) readable. The extensometer
shown in Fig. P2.4-1 is held against the test specimen by a spring
that forces two sharp points against the specimen at A and B.
The pointer AD pivots about a pin at €, so that the distance be-
tween the contact points at A and B is exactly Ly = 6 in. (the
gage length. or pauge length, of this extensometer) when the
pointer points to the ongin, O, on the scale. In a particular test,
the extensometer arm points “precisely” at point O when the
load P is zero. Later in the test, the 10-in-long pointer points a
distance = (.12 in, below point (. What is the current exten-
sional strain in the test specimen at this reading?

P2.4-1
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Ly = 150 mm

i.:l.w.*r_beam

“Pencil laser”

Target —

Lines on larget face -
A indicate anglesof —— 55

rodation about C of
0.0002 radians when
distance to target is
o, =500m

P2.4-2

Prob. 2.4-2. A “pencil” faser extensometer, like the mechan-
ical lever extensometer in Prob. 2.4-1, measures elongation
(from which extensional strain can be computed) by multi-
plying the elongation. In Fig. P2.4-2 the laser extensometer
is being used to measure strain in a reinforeed concrete col-
umn. The target is set up across the room from the test spec-
imen so that the distance from the fulcrum, C, of the laser to
the reference point O on the target is d,. = 5 m. Also, the tar-
gel is set so that the laser beam points directly at point O on
the target when the extensometer points are exactly Ly =
1500 mm apart on the specimen, and the cross section at B
does not move vertically. At a particular value of (compres-
sive) load P, the laser points upward by an angle that is indi-
cated on the targel to be ¢ = 0,0030 rad. Determine the
exlensional strain in the concrete column at this load value,

W STRESS-STRAIN CURVES L05

Problems 2.4-3 through 2.4-6. You are sirongly urged ro
use @ compurer program (e.g., MDSolids or a spreadsheer
program) fo plor the siress-sirain diagrams for rhese
problems. In some cases it will be advaniageous to make
two plots, one covering the initial few points and one
covering the enrire dataser,

“Prob. 2.4-3. The data in Table P2.4-3 was obtained in a
tensile test of a Hat-bar steel specimen having the dimensions
shown in Fig. P2.4-3. (a) Plot a curve of engincering siress,
o, versus engineering strain, €, using the given data.

TABLE P2.4-3. Tension-test Data; Flat

(b) Determine the modulus of elasticity of this material.
(c) Use the 0.2%-offset method to determine the yield
strength of this material, oy

wiy = (L50 in.

LL‘, = 2.5in. —

Thickness =1 =025 in.

P2.4-3
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“Prob. 2.4-4. A standard ASTM tension specimen (diame-
ter = dy = (.505 in., gage length = L, = 2.0 m.) was used o
obtain the load-clongation data given in Table P2.4-4. (a)
Plot a curve of engineering stress, o, versus engineering
sirain, €, using the given data. (b) Determine the modulus of
elasticity of this material. (¢} Use the 0.2%-offset method to
determine the vield strength of this material, oy

Steel Bar

Pkips) | AL (in) P (kips) AL (in.)
1.2 0L0008 6,25 (L0060
24 (L1 6 6.50 0.0075
36 0.0024 .63 CLOT 00
48 0.0032 6.85 0.0125
57 (0.0040 6.90 L0150
5095 0.0050 —_ —_
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TABLE P2.4-4. Tension-lest Data; ASTM

Tension Specimen

P (kips) AL (in.) P (kips) AL (im.)
1.9 0.0020 10.0 0.0145
38 [ Od0) 10.4 (L0180
5.7 0.0060 10,65 0.0240
7.6 (. OOEC 11.00 (L0300
9.0 0.0100 11.05 0.0360
95 0.0120 - -

iy '_"'l
m ' | m

dy
P2.4-4, P2.4-5, P2.4-6, and P2.4-8




“Prob. 2.4-5. A tension specimen (diameter = d, = 13 mm,
gage length = Ly = 50 mm) was used to obtain the load-
elongation data given in Table P2.4-5. (a) Plot a curve of
engineering siress, o, versus engineering strain, €, using the
given data. (b) Determine the modulus of elasticity of this
material. (¢) Use the (.2%-offset method to determine the
vield strength of this material, oy (d) Determine the tensile
ultimate siress, « .

TABLE P2.4-5. Tension-test Data

P (kN) AL (mm) P (kN) AL {mm)
0.0 0000 215 L.68
0.3 0.050 254 2.00

14.9 0.200 28.6 233
17.7 0.325 289 2.68
224 0.675 284 300
25.2 1.0 215 333
26.6 1.33 26.1 3.68

“Prob. 2.4-6. A tension specimen (diameter = o, = 0.500
in..gage length = L, = 2.00in.) was used to obtain the load-
elongation data given in Table P2.4-6. (a) Plot a curve of
engineering stress, o, versus engineering strain, e, using the
given data. (b) Determine the modulus of elasticity of this
material. {¢) Use the 0.2%-offset method to determine the
vield strength of this material, oy (d) Determine the
tensile ultimate stress, ey

TABLE P2.4-6. Tension-test Data

P (kips) AL (im.) P (kips) AL (in.)
0.0 0.000 12.5 0060
32 0.005 12.7 0.070
94 0.0049 129 (LO80
9.7 0.0110 13.0 0,090

10.0 0.013 13.1 0,100
10.6 0.020 132 0.110
11.3 0.030 132 0.120
11.8 (.040 13.0 0.130
122 0.050 12,6 0.138

Prob. 2.4-7. Tension specimens (diameter = o, = 0.500 in.,
gage length = L; = 2.00 in.) made of structural materials A
and B are tested to failure in tension. (a) At failure the dis-
tances between the gage marks are L, = 290 in. and Ly, =
222 in.; the corresponding diameters at the failure cross
sections are 4y = (L263 in. and dg, = 0.471 in.. respectively.
Determine the percent elongation in 2 tn. and the percent re-
duction in area for these two materials. and classify each
material as either britdfe or ducrife. (b) From these tensile

tests the following data are also obtained: E, = 10.0 x 10" ksi,
[ﬂ'-"}'l,{ = 5 ksi. {ET;;L‘ = 13 ksi; EH = 04 x lﬂ" ks, {rr,-}_,, =
73 ksi, (o) = 83 ksi. From the data given here, make rough
sketches (to scale) of the stress-strain diagrams of materials
A and B

Prob. 2.4-8. Numerous reference sources (e.g.. see foolnote
13 on p. 41) provide information on the mechanical proper-
ties of structural materials—aluminum alloys, copper, nylon,
steel, titanium, etc.—including e-e curves, like those in Figs.
2.12 and 2.13. You will find such resources in your technical
library or, perhaps. on the Internet. Obtain, for one particu-
lar material, a “room-temperature”™ stress-strain diagram
and any other information on the material that you are able
to find. {a) Make a copy of this information to hand in. Be
sure to write down complete bibliographic information
about your source (e.g.. see References on p. R-1). (b) From
the room-temperature stress-strain diagram, determine as
many mechanical properties as you can (e.g. E. o). (c)
Write a briel paragraph discussing appropriate uses for this
material. For example, a particular aluminum alloy may be
most useful in sheet form: another alloy is more widely used
for extrusions.

MECHANICAL PROPERTIES OF MATERIALS

In Problems 2.6-1 through 2.6-10, dimensions that are
shawn on the figures, or dimensions that are labeled with
subscript 0 (e.g., dy, Lg), are dimensions of the specimen
without any load applied,

Prob. 2.6-1. A tensile test is performed on an aluminum spec-
imen that is 0,503 in. in diameter using a gage length of 2 in., as
shown in Fig. P2.6-1. (a) When the load is increased by an
amount £ = 2 Kips, the distance between gage marks increases
by an amount AL = 00019 in. Calculate the value of the mod-
ulus of elasticity, £, for this specimen. (b) If the proportional
limit stress for this specimen is oy, = 45 ksi. what is the dis-
tance between gage marks at this value of stress?

I 2. _|
-
} |

0.505 1n.

P2.6-1

Prob. 2.6-2. A short brass cylinder {(d;, = 15 mm, L, = 25 mm)
15 compressed between two perfectly smooth, rigid plates by
an axial force P = 20 kN, as shown in Fig. P2.6-2. (a) If the
measured shortening of the cyvlinder due to this force is
(10283 mm, what is the modulus of elasticity, E. for this brass
specimen? (b) If the increase in diameter due to the load P is
0.0058 mm. what is the value of Poisson’s ratio, »7
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P2.6-2

Prob, 2.6-3, A tensile specimen of a certain alloy has an ini-
tial diameter of 0,500 in. and a gage length of 8.00 in. Under
a load P = 4500 Ib, the specimen reaches its proportional
limit and is elongated by 0.0118 in. At this load the diameter
is reduced by 2.52(107} in. Determine the following mate-
rial properties: (a) the modulus of elasticity. E. (b) Poisson’s
ratio, v, and (c) the proportional limit, e,

Prob, 2.6-4. A tensile force of 400 kN is applied to a uniform
segment of an ASTM-A36 structural steel bar, The cross sec-
tion is a 30 mm = 30 mm square, and the length of the seg-
ment being tested is 200 mm. Using A36 steel data from
Table F2, (a) determine the change in the cross-sectional di-
mension of the bar, and (b) determne the change in volume
of the 200 mm segment being tested.

Prob. 2.6-5. A cylindrical rod with an initial diameter of &
mm is made of 6061-T6 aluminum alloy. When a tensile force
P is applied to the rod, its diameter decreases by 0.0101 mm.
Using the appropnate aluminum-alloy data from Table F2,
determine (a) the magnitude of the load P, and (b} the elon-
gation over a 200 mm length of the rod.

Prob. 2.6-6. Under a compressive load of P = 24 kips, the
length of the concrete cylinder in Fig. P2.6-6 is reduced from
12 in. to 11.9970 in., and the diameter is increased from 6 in.
to 6.0003 in. Determine the value of the modulus of elastic-
ity, £, and the value of Poisson's ratio, ». Assume linearly
elastic deformation.

pﬁ.: Gin,

P2.6-6

Prob. 2.6-7. A steel pipe column of initial length L, = 4 m,
initial owter diameter o, = 100 mm, and initial wall thickness
fy = 10 mm is subjected to an axial compressive load P = 200
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kN, as shown in Fig. P2.6-7. If the steel has a modulus of elas-
ticity £ = 200 GPa and Poisson’s ratio » = 0.29, determine:
(a) the change, AL. in the length of the column. and (b) the
change. Ar, in the wall thickness.

Prob. 2.6-8. The cylindrical rod in Fig. P2.6-8 is made of an-
nealed (soft) copper with modulus of elasticity £ = 17
10" ksi and Poisson’s ratio » = (.33, and it has an initial diam-
eter d, = 1.9998 in. For compressive loads less than a “criti-
cal load™ P, a ring with inside diameter d, = 2.0(6M in. is
frec toslide along the cylindrical rod. What is the value of the
critical load P.,?

s Ring

P2.6-8

Prob. 2.6-9. A rectangular aluminum bar (w, = 2.0in..f =
0.5 in.) is subjected to a tensile load P by pins at A and B
(Fig. P2.6-9). Strain gages (which are described in Section
5.10) measure the following strains in the longitudinal (x)
and transverse (v) directions: e, = 566u. and €, = =187 (a)
What is the value of Poisson’s ratio for this specimen? (b} If
the load P that produces these values of €, and ¢, is P =
6 kips, what is the modulus of elasticity, £, for this specimen?
{c) What is the change in volume, AV, of a segment of bar
that is initially 2 in. long? (Hint: e. = €,.)

|' Strain gages
* Specimen
P2.6-9




Prob. 2.6-10. A rigid, weightless beam BD supports a load P
and is, in turn, supported by two hanger rods, (1) and (2). as
shown in Fig. P2.6-10. The rods are initially the same length
L. = 2 m and are made of the same material. Their rectangu-
lar cross sections have original dimensions (w, = 40 mm,
i = 20 mm) and (ws = 50 mm, - = 25 mm), respectively.
Lgn = 1.5 m. (a) At what location, b, must the load P act if
the rigid bar B is to remain horizontal when the load is ap-
plied? (b) If the longitudinal strain in the hanger rods is
€; = &3 = 500u when the load is P = 205 kN, what is the
value of the modulus of elasticity, £7 (c) If application of
load P in the manner described in Parts (a) and (b) above
causes the dimension w; of hanger rod (2) 1o be reduced
from 50 mm to 499918 mm, what is the value of Poisson’s
ratio, », for this material?
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Prob. 2.7-1. Two bolts are used to form a joint connecting
rectangular bars in tension, as shown in Fig. P2.7-1, If the
bolts have a diameter of 3/8 in., and the load is P = 20 kips,
determine the average shear stress on the bolt surfaces that
are subjected to direct shear.

P2
£

P2.7-1 and P2.7-2

"Proh. 2.7-2. Two bolis are used to form a joint connect-
ing rectangular bars in tension. as shown in Fig. P2.7-2.
Determine the required diameter of the bolis il the
average shear stress for the bolts is not to exceed 140 MPa
for the given loading of P = 80 kN.

Prob. 2.7-3. An angle brackel. whose thickness is 1 = 12.7 mm,
is attached to the flange of a column by two 15-mm-diameter
bolts, as shown in Fig. P2.7-3. A floor joist that frames into the
column exerts a uniform downward pressure of p = 2 MPa on
the top face of the angle bracket. The dimensions of the loaded
face are L = 152 mm and b = 76 mm, Determine the average
shear stress, Tavg in the bolis. (Neglect the friction between the
angle bracket and the column. )

W SHEAR STRESS

PProb. 2.7-4. A 100-kip capacity hydraulic punch press is
used to punch circular holes in a 3/8-in.-thick aluminum
plate. as illustrated in Fig. P2.7-4. If the average punching
shear resistance of this plate is 30 ksi, what is the maximum
diameter of hole that can be punched?

P = 1) kips (max.}

~Punch
_;-r"" Plate 0.375 in.
L _I__._ = _'T_

P2.7-4

Prob. 2.7-5. The hole in a hasp plate is punched out by a hy-
draulic punch press similar to the one in Prob. 2.7-4, with a
punch in the shape of the “rectangular™ hole as illustrated in
Fig. P2.7-5. If the hasp plate is j-in.-thick steel with an
average punching shear resistance of 38 ksi, what is the
required punch force /7
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Prob. 2.7-6. A pipe flange is attached by four bolts. whose
effective diameter is 0.425 in.. to a concrete base. The bolts
are uniformly spaced around an 8-in.-diameter boli circle, as
shown in Fig. P2.7-6. If a twisting couple T = 5000 1b - in. is
applied to the pipe flange. as shown in Fig. P2.7-6, what is the
average shear stress in each of the four bolts? Neglect fric-
tion between the pipe flange and the concrete base.

C‘_‘, T = 5000 Ib-in.

Pipe flange —
pe flange ~,

Concrele base .

P2.7-b

Prob. 2.7-7. The high-wire for a circus act is attached 1o a
vertical beam AC and is kept taut by a tensioner cable BD,
as illustrated in Fig. P2.7-7. At C. the beam AC is attached by

Highwires  po5yn
r i e —————
v 1 m
Wiew g-a
Tensioner cable - fm

i

gm

P2.7-7
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a 10-mm-diameter bolt to the bracket shown in View a-a,
Determine the average shear stress in the bolt at Cif the ten-
sion in the high-wire is 5 kN. (Assume that the high-wire is
horizontal, and neglect the weight of AC)

Prob. 2.7-8. An angle bracket ABC is restrained by a high-
strength steel wire CD, and it supports a load P at A, as
shown in Fig. P2.7-8. The diameter of the wire CDisd, = Lin..
and the diameter of the pin at B is:fP = ! in. Determine the
tensile stress in wire CD and the average direct shear stress
in the pin at B.

=

i
:

VYiew g-a of B

Prob. 2.7-9. Two j-in. nylen rods are spliced together by glu-
ing a 2-in. section of plastic pipe over the rod ends, as shown
in Fig. P2.7-9.1f a tensile force of P = 500 Ib i5 applied to the
spliced nylon rod, what is the average shear stress in the glue
joint between the pipe and the rods?

3 in.

P2.7-9

=1 in, =1 in.--‘

Prob. 2.7-10. Loads P (pull) and V (vertical) in Fig. P2.7-10
are exerted on the ball of a trailer hitch by the trailer it is
towing. The ball is bolted to a solid square steel bar which, in
turn, fits into a square tubular steel receptacle that is at-
tached to the tow vehicle. A steel pin transmits load from the
solid bar to the tubular receptacle. {a) Visit one or more
parking lots and see if you can spot such a trailer hitch. (You
might need to visit a trailer rental agency or a boat dealer-
ship.) Briefly report on whal you saw, including sketches that
indicate (approximate) dimensions of the hitch parts. (b)
Draw a free-body diagram of the solid steel hitch bar to-
gether with the ball, indicating how you think loads P and V
are transmitted to the tubular receptacle. Indicate specifi-
cally what loading the steel pin transmits.




Solid steel hitch bar
Side view
P2.7-10

End view

¥ SHEAR STRAIN

Prob. 2.7-11. A rectangular plaie {dashed lines show origi-
nal configuration) is uniformly deformed into the shape of a
parallelogram (shaded figure) as shown in Fig. P2.7-11. (a)
Determine the average shear strain, call it ¥,,(A}. between
lines in the directions x and y shown in the figure. (b)
Determine the average shear strain, call it y,.- (8), between
lines in the directions of x' and ¥ shown in the figure, (Hint:
Don't forget that shear strain is a signed quantity, that is, it
can be either positive or negative.)

¥ .

I-I."' om0 0in-

— o]

-

] :m

I

¥ A | B *

; 10 im. ,
P2.7-11

Prob, 2.7-12. Shear stress v produces a shear strain ¥uy (be-
tween lines in the x direction and lines in the v direction) of
Yuy = 1200 u (ie..y = 0.0012 7). (a) Determine the horizon-
tal displacement 8, of poimt A. (b) Determine the shear
strain ¥y, between the lines in the x' direction and the '
direction, as shown on Fig, P2.7-12.

Prob. 2.7-13. Two identical symmetrically placed rubber
pads transmit load from a rectangular bar to a C-shaped
bracket, as shown in Fig. P2.7-13. (a) Determine the average
shear stress, 7, in the rubber pads on planes parallel to the
top and bottom surfaces of the pads if P = 250 N and the di-
mensions of the rubber pads are: b = 50 mm, w = 80 mm,
and /i = 25 mm, (Although the load is transmitted predom-
inately by shearing deformation, the pads are not undergo-
ing pure shear. However, you can still calculate the average

shear stress and average shear strain.) (b) If the shear mod-
ulus of elasticity of the rubber is G, = 0.6 MPa, what is the
average shear strain. y, related to the average shear stress =
computed in Part (a)? (c) Based on the average shear strain
determined in Part (b), what is the relative displacement, 8.
between the rectangular bar and the C-shaped bracket when
the load P = 250 N is applied?

B

=

(#) Deformed rabber

(a2} Conhguranon of rubber
Toad-transfer packs. pad.

P2.7-13 and P2.7-14

"Prob. 2.7-14. Two identical, symmetrically placed rubber
pads transmit load from a rectangular bar to a C-shaped
bracket. as shown in Fig. 2.7-14. The dimensions of the rub-
ber pads are: b = 3 in.,w = 4 in.,and & = 2 in. The shear
madulus of elasticity of the rubber is &, = 100 psi. If the
maximum relative displacement between the bar and the
bracket is d,,, = 0.25 in.. what is the maximum value of
load P that may be applied? (Use average shear strain and
average shear stress in solving this problem.)

*Prob. 2.7-15. Vibration isolators like the one shown in Fig.
P2.7-15 are used to support sensitive instruments. Each isola-
tor consists of a hollow rubber cylinder of outer diameter 2,
inner diameter d, and height . A steel center post of diame-
ter «f is bonded to the inner surface of the rubber cylinder, and
the outer surface of the rubber cylinder is bonded 1o the inner
surface of a steel-tube base. (a) Derive an expression for the
average shear stress in the rubber as a function of the distance
r from the center of the isolator. (b) Derive an expression re-
lating the load P to the downward displacement of the center
post, using & as the shear modulus of the rubber, and assum-
ing that the steel post and steel tube are rAgid (compared with
the rubber). (Hint: Since the shear strain varies with the dis-
tance r from the center, an integral is required.)
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W DESIGN FOR AXIAL LOADS AND DIRECT SHEAR

PProb. 2.8-1. A bolted lap joint is used to connect a rectan-
gular bar to a hanger bracket. as shown in Fig. P2.8-1. If the
allowable shear stress in the bolt is 15 ksi, and the allowable
tensile load on the rectangular bar is to be Py, = 2 kips, what
is the required minimum diameter of the bolt shank in inches?

P2.8-1 and P2.8-2

"Prob. 2.8-2. A bolted lap joint is used to connect a rectan-
gular bar to a hanger bracket, as shown in Fig. P2.8-2. If the
allowable shear stress in the bolt is 80 MPa, and the diame-
ter of the bolt shank 15 mm, what is the allowable tensile
load on the rectangular bar, Py, . in kN?

PProb. 2.8-3. The pin that holds the two halves of a pair of
pliers together at 8 has a diameter « = 6.35 mm and is made
of steel for which 7y = 75 MPa. What is the allowable
force (P Vs (not shown) that can be exerted on the round
rod at C by each jaw, assuming that the corresponding force
P, is applied to the handles at each of the two places marked
A in Fig. P2.8-37
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% View a—a

P2.8-3

“Prob. 2.8-4. The brass eye-bar in Fig. P2.8-4a has a diame-
ter g, = (L5300 in. and is attached to a support bracket by a
brass pin of diameter o, = 0.375 in. If the allowable shear
stress in the pin is 12 ksi and the allowable tensile stress in
the bar is 18 ksi. what is the allowable tensile load P, 7

P
det)

(k)

%
Jpr-—

P2.8-4

PProb. 2.8-5. The forestay (cable) on a sailboat is attached
to a tee-bracket on the deck of the boat by a (removable)
stainless steel pin, If the allowable shear stress in the pin is
Taow = 11 ksi, and the diameter of the pin is d, = 0.25 in.,
what is the allowable tensile force, Ty, in the stay?

__— Cable stay

Boat deck
___r""

P2.8-5




"Prob, 28-6, A compressor of weight W is suspended from
a sloping ceiling beam by long rods AB and CD of diameters
d, and d,. respectively, as shown in Fig. P2.8-6a. A typical
bracket is shown in Fig. P2.8-6b. Using the data given below,
determine the allowable compressor weight, W, (Neglect
the weight of the platform between A and C, and neglect the
weight of the two rods. Also, assume that rod AF and the
pins at / and B are large enough that they do not need to be
considered.)

Rod CD: iy = 10 mm, oo, = 85 MPa
Pins at C and D: d, = T mm, T.ye.. = 100 MPa
a=07mb=050m

{B) Typ. bracket
P2.8-6

"Prob. 2.8-7. An angle bracket ABC is restrained by a high-
strength steel wire CD, and it supports a load P at A, as
shown in Fig. P2.8-7. The strength properties of the wire and
the shear pin at B are o, = 350 MPa (wire), and v = 300
MPa (pin at B). If the wire and pin are to be sized to provide
a factor of safety against vielding of the wire of F§, = 3.3
and a factor of safety against ultimate shear failure of the pin
of FS, = 3.5, what are the required diameters of the wire (to
the nearest mm) and the pin (to the nearest mm)?

d:l'
L

View e~ af B

P2.8-7

UProb. 2.8-8. Boom AC in Fig. P2.8-8 is supported by a rec-
tangular steel bar BD, and it is attached to a bracket at C by

a high-strength steel pin. Assume that the pin at B is ade-
quate to sustain the loading applied 1o it, and that the design-
critical components are the bar 80 and the pin at C. The
factor of safety against failure of BD by vielding is FS,, = 3.0,
and the factor of safety against ultimate shear failure of the
pin at Cis F5, = 3.3. (a) Determine the required thickness,
1, of the rectangular bar 80, whose width is b, (b) Determine
the required diameter, d, of the pin at C.

P=24001b, L=06ft, h=4f
Bar BD:b =1lin.. oy =3ksi, Pin C: 7y = 60Ksi

1 = thickness

P2.8-8 and P2.8-9

“Prob. 2.8-9. Solve Prob. 2.8-8 using the following data:

P=10kN, L=3m, h=2m
Bar BD:b = 25 mm, oy = 250 MPa.
Pin C: 7, = 400 MPa

"Prob. 2.8-10. A load W is to be suspended from a cable at
end C of a rigid beam AC, whose length is b = 3 m. Beam AC,
in turn, is supported by a steel rod of diameter ¢ = 25 mm
and length L = 2.5 m. Rod BD is made of steel with a yield
point oy = 250 MPa, and modulus of elasticity E = 200 GPa.
If the maximum displacement al C 15 (&), = 10 mm, and
there is to be a factor of safety with respect to vielding of BD
of FS, = 3.3 and with respect to displacement of F5; = 3.0,
what is the allowable weight that can be suspended from the
beam at C7

P2.8-10 and P2.8-11
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"Prob. 2.8-11. A load of W = 2 Kips is suspended from a
cable at end C of a rigid beam AC, whose lengthis b = 8 .
Beam AC. in turn, is supported by a steel rod BD (E = 30 =
10F ksi) of diameter o and length L = 12 ft. The rod BD is to
the sized so that there will be a factor of safety with respect
to vielding of F5, = 4.0 and a factor of safety with respect to
deflection of F§; = 3.0. The yield strength of rod BD is oy =
S0 ksi, and the maximum displacement at C is limited to

1 .

(B)max = 025 in. (i.e..{f-:.].,n.m = {—}1.“; :
required diameter, d, of rod BD to the nearest | in.

PProb. 2.8-12. A tension rod is spliced together by a pin-
and-yoke type connector, as shown in Fig. P2.8-12. The tension
rod is to be designed for an allowable load of P, = 3 kips.
If the allowable tensile stress in the rods is oy, = 15 ksi.
and the allowable shear stress in the pin is 7,4,. = 12 ksi, de-
termine (to the nearest ,';; in.) {a) the smallest diameter, o, of
rod that can be used, and (b) the smallest diameter, d,.. of pin
that can be used.

). Determine the

and by a tie-rod AB. Both the tie rod and the pin are to be
sized with a factor of safety of F§ = 3.0, the tie-rod with re-
spect to tensile vielding and the pin with respect to shear
failure. The strength properties of the rod and pin are: oy =
340 MPa and 7y, = 340 MPa;: the respective lengths are: L, =
I5mand L, = Ly = 2.0 m. (a) If the loading platform is to
be able to handle loads W up to W = 8 kN, what is the re-
quired diameter, ,, of the tie-rod (to the nearest millime-
ter)? (b) What is the required diameter, d,, of the shear pin
at € (1o the nearest millimeter)?

"Prob. 2.8-15. A three-bar, pin-jointed, planar truss
supports a single horizontal load P at joint 8. Joint C is free to
move horizontally. The allowable stress in tension is (o) 4 =
140 MPa, and the allowable stress in compression 5 (o) =
=85 MPa. If the truss is to support @ maximum load
P iiow = 50 kN, what are the required cross-sectional areas,
A, of the three truss members?

e = LR T

PProb. 2.8-13. The L-shaped loading frame in Fig. P2.8-13 is
supported by a high-strength shear pin (4, = 0.5in, 7, = 50ksi)
and by a tie-rod AB (d, = 0,625 in.. ey = 50 ksi). Both the

- 1200 mm -

P2.8-15

tie-rod and the pin are to be sized with a factor of safety of W COMPUTER-BASED DESIGN FOR AXIAL LOADS

F5 = 3.0, the tie-rod with respect to tensile yielding. and the
shear pin with respect to uliimate shear failure. Determine the
allowable platform load, W Let Ly = 3ft, L. = L; = 4 L.

d,

P2.8-13 and P2.8-14

PProb. 2.8-14. The L-shaped loading-platform frame in Fig.
P2.8-14 is supported by a high-strength steel shear pin at €
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For Problems 2.8-16 through 2.8-18 you are to develop a
computer program to generate the required graph(s) thar
will enable vou 1o choose rhe “optimum design.” You
may use a spreadsheer program or other mathematical
application program (e.g., TK Solver or Marthcad), or
you may write a program in a computer language fe.g.,
BASIC or FORTRAN).

“Prob. 2.8-16. The pin-jointed planar truss shown in Fig.
P2.8-16a is to be made of two steel two-force members and
support a single vertical load £ = 10 kN at joint B. For the
steel truss members, the allowable stress in tension 1 (orr Lo, =
150 MPa, the allowable stress in compression is (o )pew =
—100 MPa, and the weight density is 77.0 kN/m", You are lo
consider truss designs for which joint 5 can be located at any
point along the vertical line that is 1 m to the right of AC,
with vg varying from vy = 0 1o vy = 2m. (a) Show that, if
each member has the minimum cross-sectional area that
meets the strength criteria stated above, the weight W of the
truss can be expressed as a function of vy, the position of
joint B, by the function that is plotted in Fig, P2.8-165, (b)
What value of vy gives the minimum-weight truss, and what
is the weight of that truss?




(ei) A two-bar planar truss.,

25
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i 15
= 0 .
Wiy = 1258 N @ v= 0.80 m
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(7] Minimum-weight design for the two-bar planar truss.

P2.8-16

“+Prob. 2.8-17. The pin-jointed planar truss shown in Fig.
P2.8-17 is to be made of three steel two-force members and
is to support vertical loads Py = 2 kips at joint 8 and P =
3 kips at joint C. The lengths of members A8 and BC are L, =
30 in. and L, = 24 in,, respectively. Joint C is free 1o move
vertically. For the steel truss members, the allowable stress in
tension is (ory)u0, = 20 ksi. the allowable stress in compression

15 (o) apow = — 12 ksi, and the weight density is (.284 Ib/in’,
You are to consider truss designs for which the vertical mem-
ber AC has lengths varying from L; = 18 in. to L; = 50in. (a)
Show that, if each member has the minimum cross-sectional
area that meets the strength criteria stated above, the weight
W of the truss can be expressed as a function of the length
L, of member AC by a function that is similar to the one
plotted in Fig. P2.8-16h. (Hint: Use the law of cosines to ob-
tain expressions for the angle at joint A and the angle at joint
C.) (b) What value of L, pives the minimum-weight truss,
and what is the weight of that truss?

““Prob. 2.8-18. The pin-jointed planar truss shown in Fig.
P2.8-18 is to be made of two aluminum two-force members
and support a single horizontal load P = 50 kN at joint B,
For the aluminum truss members, the allowable stress in ten-
sion is (orp) . = 200 MPa, the allowable stress in compres-
sion is () e = — 130 MPa, and the weight density is 28.0
kN/m*. You are to consider truss designs for which support €
can be located at any point along the x axis, with x- varving
from x; = 1 mto x- = 2.4 m. (a) Show that, if cach member
has the minimum cross-sectional area that meets the
strength criteria stated above, the weight W ol the truss can
be expressed as a function of x., the position of support C,
by a function that is similar to the one plotted in Fig, 2.8-16b,
(b) What value of x, gives the minimum-weight truss, and
what 1s the weight of that truss?

W STRESSES ON INCLINED PLANES

In Problems 2.9-1 through 2.9-13, use free-body diagrams
and equilibrium equations ro solve for the required stresses.

Prob. 2.9-1. The plane NN' makes an angle # = 30 with
respect to the cross section of the prismatic bar shown in
Fig. P2.9-1. The dimensions of the rectangular cross section
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of the bar are | in. X 2 in. Under the action of an axial
tensile load P, the normal stress on the NN’ plane is o, =
& ksi. (a) Determine the value of the axial load P: (b) de-
termine the shear stress r,, on the NN' plane; and (c) deter-
ming the maximum shear stress in the bar. Use free-body
diagrams and equilibrium equations to solve for the re-
quired stresses.

Prob. 2.9-2. The prismatic bar in Fig. P2.9-2 is subjected to
an axial compressive load P = —70 kips. The cross-sectional
area of the bar is 2.0 in®. Determine the normal stress and
the shear stress on the » face and on the 1 face of an element
oriented at angle # = 40°, Use free-body diagrams and equi-
librium equations to solve for the required siresses.

-
Al PO

P2.9-2 and P2.9-3

Prob. 2.9-3, A prismatic bar in tension has a cross section
that measures 20 mm » 50 mm and supports a tensile load
P = 200 kN, as illustrated in Fig. P2.9-3, Determine the normal
and shear stresses on the n and ¢ faces of an element oriented
at angle # = 30F. Use free-body diagrams and equilibrium
equations to solve for the required stresses,

"Prob. 2.9-4. Determine the allowable tensile load P for the
prismatic bar shown in Fig. P2.9-4 il the allowable tensile
stress is o, = 135 MPa and the allowable shear siress is
Taow = 100 MPa. The cross-sectional dimensions of the bar
are 12.7 mm > 50.8 mm.

P2.9-4

Prob. 2.9-5. A bar with rectangular cross section is subjected
to an axial tensile load P, as shown in Fig. P2.9-5. (a) Determine
the angle, call it 8,,,. of the plane NN' on which 7, = 2o, that
is. the plane on which the magnitude of the shear stress is
twice the magnitude of the normal stress. (b) Determine the
angle. call it #,,.. of the plane on which o, = 27, (Hint: You
can get approximate answers from Fig. 2.34,)
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"Prob. 2.9-6. A brass bar with a square cross section of di-
mension b is subjected 1o a compressive load P = 10 kips, as
shown in Fig. P2.9-6. If the allowable compressive siress for
the brass is o, = =12 ksi, and the allowable shear stress is
Taltow = 1 ksi, what is the minimum value of the dimension b,
to the nearest {; in.?

P2.9-6

Prob. 2.9-7, A 6-in.-diameter concrete test cylinder is sub-
jected to a compressive load P = 110 kips, as shown in Fig.
P2.9-7. The cylinder fails along a plane that makes an angle
of 62° to the horizontal. (a) Determine the (compressive)
axial stress in the cylinder when it reaches the failure load.
{b) Determine the normal stress, or, and shear stress, 7. on the
failure plane at failure.

P=110kips

Prob. 2.9-8. A wood cube that has dimension & on each
edge is tested in compression, as illustrated in Fig. P2.9-8,
The direction of the grain of the wood is shown in the figure.
Determine the normal stress o, and shear stress 7, on planes
that are parallel to the grain of the wood.

P=35kN, b=10mm, a=55

P2.9-8




YsProb. 2.9-9. Either a finger-joint splice, Fig. P2.9-9a, or a
diagonal lap-joint splice, Fig. P2.9-9b, may be used to glue
two wood strips together to form a longer tension member,
Determine the ratio of allowable loads, (P)uoe/(P) i for
the following two glue-strength cases: (a) the glue is twice as
strong in tension as it is in shear, that is 7. = 0.5, and
(b) the glue is twice as strong in shear as it is in tension, that
B Tylow = 200 { Hint: For each of the above cases, determine
Poitow 10 terms of oy, using the given glue strength ratios.)

P, I3 fa) (b)
P2.12-1

Prob. 2.12-2 The normal stress on the rectangular cross sec-
() tion ABCD in Fig. P2.12-2 varies linearly with respect to the
y coordinate. That is, o, has the form o, = a + by, varying lin-
early from o, at the bottom edge of the cross section o o,
at the top edge of the cross section. (a) Show that M, = 0 for
this symmetrical normal-stress distribution. (b) Determine
an expression for the axial force F in terms of the stresses
i, and e, and the dimensions of the cross section, width b
(k) and height &. (c) Determine an expression for the correspon-
P2.9.9 ding value of the bending moment M.

Prob, 2.9-10. At room temperature (70°F) and with no axial
load (P = 0) the extensional strain of the prismatic bar (Fig.
P2.9-10) in the axial direction 15 zero, that is. ¢, = 0.
Subsequently, the bar is heated to 120°F and a tensile load
P is applied. The material properties for the bar are: E =
10 % 10° ksi and & = 13 % 10" °FF, and the cross-sectional
area of the bar is 1.8 in”. For the latter load-temperature condi-
tion, the extensional strain is found to be €, = 900 x 10 2,
(a) Determine the value of the axial tensile load P. (b) De-
termine the normal stress and the shear stress on the oblique
plane NN'. (Note: The total strain is the sum of strain asso-
ciated with normal siress o, (Eq. 2.14) and the strain due to
change of temperature AT (Eq. 2.8).) La) (b)
P2.12-2

Prob. 2.12-3. The normal stress on the rectangular cross
section ABCD in Fig. P2.12-3 varies linearly with respect to

© Gage measures
extensional
strin €,

P2.9-10

W STRESS RESULTANTS

Prob. 2.12-1. The normal stress, o, over the top half of the
cross section of the rectangular bar in Fig. P2.12-1 is o, while
the normal stress acting on the bottom half of the cross sec-
tion is 2. (2) Determine the value of the resultant axial
force, F,. (b) Locate the point R in the cross section through

(a) ib)
which the resultant axial foree, F,. acts. P2.12-3
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position (v, 7) in the cross section. That is o, has the form
ir, = d + by + ¢z. The values of e, at corners A, B, and C are:
ooa = 12 ksi, oy = 8 ksi, and o, = 12 ksi. (a) Determine the
value of o, the normal stress at corner 0. (b) Determine
the axial force, F.. (c) Determine the bending moment M.
Prob. 2.12-4. The stress distribution on the cross section
shown in Fig. P2.12-4a is given by

A 2
ay=at+by ; fu:f[(f) _}'] gl

Determine expressions for the resultant forces F, and V, and
the bending moment M. in terms of stress-related quantities
a. b, and ¢ and the dimensions o and & of the cross section.
(See Example 2.13.)

[
I-_

() The stress resultants al x.
P2.12-4

"Prob. 2.12-5. On a particular cross section of the rectangu-
lar bar shown in Fig. 2.12-5 there is shear stress whose distri-
bution has the form

Ter =T, [I —("-v'“)z
av neak m

where v is measured in mm from the centroid of the cross
section (Fig. P2.12-5b). If the shear stress 7,, may not exceed
Taow = 30 MPa, what is the maximum shear force V, that
may be applied to the bar at this cross section?
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200 mm | 20 mm

* T = Ty (=0}
() ik
P2.12-5

Prob. 2.12-6. On the cross section of a circular rod, the shear
stress al a point acts in the circumferential direction at that
point, as illustrated in Fig. P2.12-6. The shear siress magni-
tude varies linearly with distance from the center of the cross

T o
F

section, that is, 7 = . Using the ring-shaped area in Fig.

P2.12-6b, determine the formula that relates 7., and the
resultant torque, T.

far) {3
r2.12-6

Prob. 2.12-7. Determine the relationship between 7., and
T'iL instead of acting on a solid circular bar, as in Fig. P2.12-6,
rm:lp

the shear stress distribution = = acts on a tubular

cylinder with outer radius r, and inner radius r;. (The cross-
sectional dimensions are shown in Fig. P2.12-7. See Prob.
2.12-6 for an illustration of the shear stress distribution on a
circular cross section and for the definitions of T and p.)

P2.12-7




*Prob. 2.,12-8. If the magnitude of the shear stress on a solid,
circular rod of radius r varies with radial position p as shown
in Fig. P2.12-8, determine the formula that relates the resultl-
ant torgue T to the maximum shear stress 7. (See Prob. 2,126
for an illusiration of the shear stress distribution on the cross
section and for the definitions of T and p, and use the area
shown in Fig. 2.12-6b.)

T
1.2 Tyl
I r i

L

w2

=l e

P2.12-8

W STRAIN-DEFORMATION EQUATIONS

Prob. 2.12-9. (a) Using Figs. P2.12-9 and the definition of
extensional strain given in Eq. 2.35, show that the change
in length, AL of a thin wire whose original length is L is
given by AL = [Fe(x) dx, where €,(x) is the extensional
strain of the wire at x. (b) Determine the elongation of a
2-m-long wire if it has a coefficient of thermal expansion
a = 20 % 107°°C. and if the change in temperature along
the wire is given by AT = 100° (°C).

-

J
I L |

{a) Before deformation.

|-— diil +¢€,)
—
|

]

L T AL

() After deformation.
P2.12-9

Prob. 2.12-10. The thin, rectangular plate ASCD shown in
Fig. P2.12-10q undergoes uniform stretching in the x direction,

r§*1

c

A
| b |

{a) Undeformed plate.

{B) Deformed plate,
P2.12-10

so that it is elongated by an amount §. Determine an expres-
sion for the (uniform) extensional strain ¢, of the diagonal
AC. Express your answer in terms of 8, L, and the angle a
Assume that § << L and see Appendix A2 for relevant
approximations.

Prob. 2.12-11. A rectangular plate ABCD with base b and
height Jr is uniformly stretched an amount §, in the x direction
and &, in the v direction to become the enlarged rectangle
AB*C*D* shown in Fig. P2.12-11. Determine an expression
for the (uniform) extensional strain €, of the diagonal AC.
Express your answer in terms of 8, 8. L. and 6, where
L = Vb + I and tan # = Jvb. Base your calculations on the
small-displacement assumptions, that is assume that 8, <= L
and 5, << L. (See Appendix A2 for relevant approximations.)

!

b

P2.12-1

Prob. 2.12-12. A thin, square plate ABCD undergoes defor-
mation in which no poini in the plate moves in the y direc-
tion. Every horizontal line (except the bottom edge) is
uniformly stretched as edge C0 remains straight and rotates
clockwise about 2. Using the definition of extensional strain in
Eq. 2.35, determine an ¢xpression for the extensional strain
in the x direction. €, (x, v).

¥ ¥

0.1a
: ] |

{a} Undeformed plate. i) Deformed plate.
P2.12-12 and P2.12-13

*Prob, 2.12-13. Using the definition of shear strain, Eq. 2,36,
and using the “undeformed plate™ and “deformed plate”
sketches in Fig. P2.12-13, determine an expression for the shear
strain y,, as a function of position in the plate, that is, y,,(x. ¥).

109




Prob. 2.12-14. A thin, square plate ABCD undergoes defor-
mation such that a typical point P with coordinates (x, y)
moves horizontally an amount

u(x,y) = PP* = ﬁ{a - x}(%)l

The undeformed and deformed plates are shown in Figs.
P2.12-14a and P2.12-14b, respectively. Using the definition
extensional strain in Eq. 2.35, determine an expression for
€,(x, ¥), the extensional strain in the x direction.

() Before deformation. b Adter deformation.
P2.12-14 and P2.12-15

*Prob. 2.12-15. Using the definition of shear strain, Eq. 2.36,
and using the “before deformation” and “after deformation™
sketches in Fig. P2.12-15, determine an expression for the
shear strain v,, as a function of position in the plate, that is,
determine y,,(x. ¥).

*Prob. 2.12-16. A typical point P at coordinates (x, v) in a
flat plate moves through smalfl displacements w(x, v) and v(x, v)
in the x direction and the y direction, respectively. Using the
definition of extensional strain, Eq. 2.35, and using the “be-
fore deformation™ and “after deformation™ sketches in Fig.
P2.12-16, show that the formula for the extensional strain in
the x direction, €,(x, v), is the partial differential equation

i) After deformation,

(@) Before deformation.

P212-16
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¥ HOOKE'S LAW FOR ISOTROPIC MATERIALS:
DILATATION

Prob. 2.13-1. When thin sheets of material. like the top
“skin” of the airplane wing in Fig. P2.13-1, are subjected to
stress, they are said to be in a state of plane stress, with o, =
7, = T,. = . Starting with Eqgs 2.38, with AT = (). show that
for the case of plane stress Hooke's Law can be written as

Prob. 2.13-2, Figure P2.13-2 shows a small portion of a thin
aluminum-alloy plate in plane stress (o, = 7. = 7. = 0).
At a particular point in the plate , = 600y, €, = =200, and
¥y = 200u. For the aluminum alloy, E = 10 % 107 ksi and » =
0133, Determine the stresses o, or,, and 7, at this point in the
plate. (Note: Start with Eqgs. 2.38, not with Eqs. 2.40.)

P2.13-2

Prob, 2,13-3, Determine the state of strain that corresponds
to the following three-dimensional state of stress at a certain
point in a steel machine component;

o, =60MPa, o, =20MPa, «,=30MPa
7., =20MPa, 7,.=15MPa, ,. = 10MPa

Use E = 210 GPa and » = (.30 for the steel.

Prob. 2.13-4. The flat-bar plastic test specimen shown in
Fig. P2.13-4 has a reduced-area “lest section” that measures




0.5 in. % 1.0 in. Within the test section a strain gage oriented
in the axial direction measures €, = 0.002 2, while a strain gage
mounted in the transverse direction measures e, = —0.0008 |2,
when the load on the specimen is £ = 300 Ib. (a) Determine
the values of the modulus of elasticity, £, and Poisson’s ratio,
r. (b} Determine the value of the dilatation. e,. within the
test section.

{2" e m' Elﬁdl'il:i] u_sﬂ'
. leads

P2.13-4

Prob. 2.13-5. A titanium-alloy bar has the following original
dimensions:a = 10in.. b = 4 in.,and ¢ = 2 in. The bar is sub-
jected to stresses o, = 14 ksi and o, = —6 ksi, as indicated
in Fig. P2.13-5.The remaining stresses—er., 7,,. 7, and 7. —
are all zero. Let £ = 16 x 107 ksi and » = 0.33 for the
titanium alloy. (a) Determine the changes in the lengths: Aa,
Ab, and Ac, where a* = a + Aa, ete. (b) Determine the
dilatation, e,

Prob. 2.13-6. An aluminum-alloy plate is subjected to a bi-
axial state of stress, as illustrated in Fg. P2.13-6 (o, = 7. =
7. = 7 = 0). For the aluminum alloy, £ = 72 GPa and
v = 0.33. Determine the stresses o, and o, if €, = 200u, and
€, = 140w, (Note: Start with Eqs. 2.38, not with Eqs. 2.4(.)

P2.13-6

Prob. 2.13-7. A block of linearly elastic matenal (E, ¢) is
compressed between two rigid, perfectly smooth surfaces by
an applied stress o, = —ory. as depicted in Fig, P2.13-7. The only
other nonzero stress is the stress o, induced by the restraining
surfaces at v = (1 and y = b.{a) Determine the value of the re-
straining stress . (b) Determine Aa, the change in the x di-
mension of the block. (¢) Determine the change Ar in the
thickness 1 in the z direction.

P2.13-7

Prob. 2.13-8. A thin, rectangular plate is subjected to a uni-
form biaxial state of stress (ir,. er,). All other components of
siress are ero. The initial dimensions of the plate are L, = 4 in.
and L, = 2 in., but after the loading is applied. the dimen-
sions are L3 =4.00176in., and L% = 2.00344in. If it is
known that er, = 10 ksi and £ = 10 % 10" ksi, (a) what is the
value of Poisson’s ratio? (b) What is the value of o,?
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Prob. 2.13-9. At a point in a thin steel plate in plane stress
(o.=r,=1,.=0)¢ =800 e = =400, and y,, = 200u.
For the steel pIate. E = 200 GPa and » = 0.30. (a) Determine
the extensional strain e, at this point. (b) Determine the
siresses o, o, and 7, at this point. {c) Determine the dilata-
tion, €. at this point.

P2.13-9

*Prob. 2.13-10. A block of linearly elastic material (£, ») is
placed under hydrostatic pressure: o, = o, = o, = —p;
T =Ty = = ), as shown in Fig. P2.13-10. {a) Delermme
an expressmn for the extensional sirain €, (= €, = &.). (b)
Determine an expression for the dilatation, €. (c) The bulk

"

v

. i

(Stresses on hidden faces not shown. )
P2.13-10
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modulus, k. of a material is defined as the ratio of the hy-
drostatic pressure, p. to the magnitude of the volume change
per unit volume, le,l, that is,

Determine an expression for the bulk modulus of this
block of linearly clastic material. Express your answer in
terms of £ and ».

Prob. 2.14-1.  You arc to evaluate a new concepl for an envi-
ronmentally friendly building product, a laminated composite
floor panel. This composite panel will use a new material con-
sisting of a recvcled polymer filled with recyeled wood parti-
cles. This recycled material has an elastic modulus of 6 GPa
and is produced in sheets 2 mm thick. These are laminated
with thin, 0.5-mm-thick sheets of aluminum, E,, = 70 GPa.
The two different materials are firmly bonded by a strong ad-
hesive to create the laminated compeosite panel. The final lam-
inated composite panel contains 10 sheets of aluminum and
11 sheets of the recyeled material in alternating layers.

Use the techniques discussed in Section 2.14 to calculate
approximate values of elastic modulus in the plane of the lam-
inated panel and through the thickness of the laminated panel.
Before you begin your calculations, be sure to draw a simple
schematic of the laminated composite structure, and use this to
help you determine the valume fractions of each maternal.

Prob. 2.14-2. Consider a polymer matrix having £, = 2.8 GPa.
which is reinforced with V;, = (.2 volume fraction of ran-
domly oriented. short glass fibers having £, = 72 GPa.
(a) Calculate an approximate elastic modulus, £,. for this
composite material. (b) Would you expect the actual elastic
modulus to be higher, or lower, than your approximation?
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