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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 Load {kip} |Contraction (in.}
the test are reported in the table as load versus coniraction.
Draw the stress—strain diagram using scales of 1 in. = 0.5 kst o 0
& & 5.0 0.0006
and 1in. = 0.2(10"3) in./in. From the diagram, determine 05 0.0012
approximately the modulus of elasticity. 165 0:0020
20.5 0.0026
255 0.0034
30,0 0.0040
34.5 0.0045
385 0.0050
46.5 0.0062
50.0 0.0070
53.0 0.0075
Stress and Strain :
. 5L U(kss)
G=I (ksi) g:.z-(m.im.) ,a-o—l-
Q
0 0 T
0177 0.00005
0.336 0.00010 15 -
0.544 0.000167 PPV B
0,725 0.000217 T 41
0.902 0.000283
1.061 0.000333 10 -+
1.220 0.000375
1.362 0000417 +
1.645 0.000517
1.768 0.000583 [ Ay o
1.874 0.000625
Modulus of Elasticity : From the stress — strain din
/ ¢ gram N—— et E Ginfn.)
131-0 o-0002 Q0004 a900h
E, =3.275( 10’} ksi Ans

sweror ™ 55004~ 0

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.

o (ksi) | e (in./in) sot
0 0
332 0.0C05
45.5 0.0010
40.4 0.0014
515 0.0018
534 0.0022

Modulus of Elesticity : From the siress — steain diagram

33.2-0

- _s N oy
= 50505=F 55.3(10%) ksi Ans

E
Modulus of Resilience : The modulus of eesilience is equal
10 the area under e lirear portion of the swess — swrain diagram
{shown shaded) .

. . 3 ;/' ! | & (in /-n 3
g b . b fin
n, = (330 (10°) [F )(@.0006 ;-n'l-)mg.gs 1’;—13— Ans o1 odvas oo ooois dociw 0wors
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#3-32. Fiberglass has a stress-strain diagram as shown.
If a 50-mm-diameter bar of length 2 m made from this
material is subjected to an axial tensile load of 60 kN,
determine its elongation.
3
o=t = S 30558 mpa
o (Pa) A #{00GA5Y
’ o= 300(10%)e"?
= = 300(10%e2

y 30.558(10°) = 300(16%)e "

fi £=0010375 mm/mm
: e({mm /mm}

& = Le = 2(0.010375) = 0.0208 m

§=208mm  Ans

3-13. The change in weight of an airplane is determined
from reading the strain gauge 4 mounied in the plane’s
aluminum wheel strut. Before the plane is loaded, the strain-
gauge reading in a strutis ; = 0.00100 in./in., whereas after
loading e; = 0.00243 in./in. Determine the change in the
force on the strut if the cross-sectional area of the strut is
3.5in% B, = 10(10%) ksi.

Stress - Strain Relatfonship @ Applying Hooke's law o = Ee.

a, = 10{ 107} (0.00100) = 10.0 ksi
o, = 10( 10°) (0.00243) = 24.3 ksi

F
Normel Force : Applying equation o= Ve

B = 10.0(3.5) = 35.0 kip
A, =243(3.5) = 85.05 kip

AP= P, ~FB =85.05-350=500kip Ans

3-14. A specimen is originally 1 ft long, has a diameter of
0.5 in., and is subjected to a force of 500 Ib. When the force
is increased to 1800 1b, the specimen elongates 0.9 in.
Determine the modulus of elasticity for the material if it
remains elastic.

o =L "500 = 2.546 ksi
PTG
o =t :30% =9.167 ksi
A DSy
09

Ag = — = 0075in.fin.
12

E= Ag - 9.167 — 2.546 _ 32,3 ksi
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3-18. The steel wires AB and AC support the 200-kg mass.
I the allowalle axial stress for the wires 18 oqpow = 130 MPa,
determine the required diameler of each wire. Also, what is
the new leagih of wire AB after the load is applied? Take
the unstretched length of AB to be 750 mm. Ey = 200 GPa.

Axial Force : The axiol forces exeried by wires AR and AC are
shown on FBD.

Aliowable Normal Stress @

Forwirc AB
1280.10
s
Gutow & FID( 1) = e
° HCIY
dyp =0.003541 m = 3.54 mm Ans
For wire AC
1066.75
Cptiowe = 130(10%) = —— =
e U
dyr = 0.003232 m = 3.23 mm Ans

Stress - Strain Relationship ; Applying Hooke's law

E 81280100 Ec 2fOGLTEN

Ei5 & E = W = 0.000650 mm/mm
x
Thus
851 = Lap = (Lagho + Eap (Lup)y
£ooC3g=1%624 =750+ 750(0.000650) = 750.49 mm  Ans
3-19. The two bars are made of polystyrene, which has
the stress—strain diagram shown. If the cross-sectional area
of bar AB is 1.5 n? and BC is 4 in?, determine the largest
force P that can be supported before any member ruptures.
Assume that buelding does not oceur.
P 3 ;
' af +TEE =0, IRy, -P=0;, Fy=16667P f1]
W e X 3
4
+EZE =0, Fe- 3(1.66671") =0; Fo=133P [2]
3R
. Assuming failure of bar BC ©
| From the stress - strain diagram (o), = 5 kst
e Fac
o= —] = ==;  Fye = 200ki
o {ksi} Age 4 e kip
%
] From Eq.[2], P = 15.0kip
20 1 Asstoming failure of bar AB :
s o ; From stress - strain diagram (G}, = 25.0 ksi }.gc
compression FA 2 a P )
wh! | o == 250= - Fy = 315kip < ot
; B L3
5 [y tension ! Z 3
N Co— ' Lot iy FromBgfl} P = 225kp 4
0 020 0.40 0.6) 050 Choose the smallest value };ﬂ /
P =15.0kip Ans P
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*3-24. The beam 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 the distributed load w if the end B is displaced
0.75 in. downward.

sing = 208, o _ pasgpe

10 577351

@ = 90 + 0.338}° = 50,3581°

AR = -—~l—9-—- = 11.5470 1t
cos 30°

AB = 102+ 577355 — 2(10)(5.7735)c0s 90.3581°
= 115782 ft

AB' — AR 11. - 1L
£ap = = 119782 — 1L3HI0 _ 0,002708 in.fin.

AB 11.5470
‘ Fio=2462 Lip

Gun = E £49 = 29(10°)(0.002703) = 78.38 ksi N
L 3

Fu = Gun Ay = 78.38(3-!)(0.2)2 = 2.462 kip A J_ ______
| sous J

+EMe = 0; 246250 30°(10) ~ 10w(5) = O 4

w = 0.246 kip/fi Ans

3-25. Direct tension indicators are sometimes used instead
of torque wrenches to insure that a bolt has a prescribed
tension when used for connections. If a nut on the bolt is
tightened so that the six heads of the indicator that were
originally 3 mm high are crushed 0.3 mm, leaving a contact
area on each head of 1.5 mm?, determine the tension in the
bolt shank. The material has the stress-strain diagramshown.

Stress —Strain Relatioship : From the stress — strain diagram with

0.3
— z—3—=0.1mm!mm>0.(}0|5mm/rmn

o -450 _ 600~-450
0.1-00015 0.3-0.0015

o= 499497 MPa

&(mm/mm}

03
Axial Force : Foreach head

P =gA=499.4971( 10°) (1.5 (107%) = 74924 N

Thus. the tension in the boltis

T =6 P =6{749.24) = 4495 N = 4.50 kN Ans
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3-%1. The shear stress-strain diagram for a steel alloy is
shows in the figuse. If a bolt having 2 diameter of 0.25 in.
is made of this material and used in the lap joint, determine
the modulus of elasticity E and the force P required to

cause the material to yield. Take » = (.3, N o
Modulus of Rigidity : From the stress — strain diagram,

#{ksi) 50 i
=2 = 125(10% ks
0,004 (10° ) ksi

o

Ty = 50 f
Modulus of Elasticity :

E
G= A1 +v)
E
25(10°) = e
15(1 ) 21+0.3)
E = 32.5(10°) ksi Ans

Yielding Shear: The boltis subjected o a yiclding shear of
Vi, = P, From the stress - siwain diagram, ©y = 50 ksi

Y
o=t
0= ,-.——f““:“
7(0.25%)
P =245 kip Ans

%332, The brake pads for a bicycle tire are made of
rubber. If a frictional force of 50 N is applied to each side of
the tires, determine the average shear strain in the rubber.
Each pad has cross-sectional dimensions of 20 mm and
50 mm. G; = 0.20 MPa.

Average Shear Stress : The shear force is V=50 N,

50
0.02(0.05)

1’:-‘—,= =50.0 kPa
A

Shear Stress —Strain Relations hip : Applying Hooke's
kaw for shear

T=0GYy
50.0( 10°) = 0.2{10°) ¥
y = 0.250 rad Ans
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3-39, The rigid pipe is supported by a pin at C and an
A-36 guy wire AB. If the wire has a diameter of 0.2 in,,
determine the load P if the end B is displaced 0.10 in. to the
right. By = 29(10%) ksi.

Geometry !
1
sin = '2? 8 = 0.05968°
o = 90°+ 0.05968° = 90.05968°

AC =96 1an 30° = 55.4256 in

96

AB = =110.8313 in
cos

300

AB' = /961 + 55.42582 ~ 2{96)(55.4256) cos 90.05968°
= 110.9012 in.

Normal Stress and Strain :

AB' -AB
AB
_ 110.9012 - 110.8513

- 110.8513 —y
=0.4510( 107} in.fin. 50%1

Eqp =

Applying Hooke's law Eedinb5lh
8t
Osp = Bty p =29.0(10°) 04510 107) = 13.08 ksi
Thus.
Fip = Gpph = i3.08(103)[25{0.22)}:410.85 I L Cx

Equation of Equilibrinm :

( +EM, =0 410.855in 30°(8) ~P(8) =0
P=2051b Ans

%3-40. While undergoing a tension test, a copper-alloy
specimen having a gauge length of 2 in. is subjected to a
strain of 0.40 in./in. when the stress is 70 ksi. If oy = 45 ksi
when ey = 0.0025 in./in., determine the distance between
the gauge points when the load is released.

= (.0038389 in./in.

Elastic recovery = 70(0'3225)

Permanent set = 0.4 — 0.0038889 = 0.3961 in./in.

Cn
B

0.3961(2) = 0792 in.

Feo
1§

24 0792 = 27921 Ans

aom
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3-43, A tension test was performed on a steel specimen

having an original diameter of 12.5 mm and a gauge length Foad (kM) | Elonpatien (mm)
of 50 mm. Using the data listed in the table, plot the
stress-strain diagram and determine approximately the 0 0
modulus of toughness. Use a scale of 20 mm = 50 MPa and ;&é ggégé
20 mm = 0.05 mm/mm. 38 01020
40.9 0.1650
436 (.2490
53.4 1.0160
62.3 3,0480
64.5 6.3560
62.3 8.8900
The modulus of toughsiess = Total azea under the curve, By counting squares we have 58.8 11,9380
{approximately)
n, ={188.3 squmes)(ZS,ﬁO" -&J(&ozs ﬂ)ml 13(10")1"T Ans
m’ m m*
Firred
*344, An 8-mm-diameter brass rod has a modulus of
elasticity of Ey,; = 100 GPa. If it is 3 m long and subjected
to an axial load of 2 kN, determine its elongation. What is
its elongation under the same load if its diameter is 6 mm? P 2010%)
¢ === = = 39.789 MPa
A $(0008%)
)
L O _ 39785(10°) _ 0.00039789
E 100(10%)
§ = € L = 0.00039789(3000) = L.1I9mm Ans
3
¢ = ?. = 2(10°) = 70.735 MPa
A 5(0.006%)
&5
e = 2o I _ g ggor0735
E 100({10°)
& = g' L =0.00070735(3600) = .12 mm Ans
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