4-1 The agsembly consists of a steel rod CB and an alu-
minum rod BA, each having a diameter of 12 mm. If the rod
is subjected to the axial loadings at A and at the coupling B,
determine the displacement of the coupling B and the end
A. The unstretched length of each segment is shown in the
figure. Neglect the size of the connections at B and C, and
assume that they are rigid. E, = 200 GPa, E; = 70 GPa.

PL 12(10*)(3)

p=—= —————-——=0.00159m=159mm Ans
AE %(0.012)2 (200)(10°)
3 3
5, = ZE - 12(10°)(3) + 18(10°)(2)
AE %(0.012)2 (200)(10°)  5(0.012)2(70)( 10%)

=0.00614 m =6.14 mm Ans
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4-2 The composite shaft, consisting of aluminum, copper,
and steel sections, is subjected to the loading shown.
Determine the displacement of end A with respect to end D
and the normal stress in each section. The cross-sectional
area and modulus of elasticity for each section are shown in
the figure. Neglect the size of the collars at B and C.

Aluminum . Copper Steel
Eym10(10%) kei B =18(10%)ksi K, =2%(10%)ksi
p ) ) Ay =009 in? Apc=0.12in? Acp=006in3
o =—28=_"_=22ksi (T) Ans
A 0.09
B 5 .
Opc ==X ="~ =417 ksi (C) Anms
% T A 012 ©
PBC 15 . A
O =—= — = 25.0 ksi C ns
L " A 006 ©
2xfp
Sup = gPL___ 208 Ly 15016 = Ry 2 7
AE  (0.09)(10)(10°)  (0.12)(18)(10%)  (0.06)(29)(10%) Kip 35%7P
2 T wip
. Foc =
= — 0.00157 in. Ans 2 oKip

The negative sign indicates end A moves towards end D.
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4-3 Determine the displacement of B with respect to C of
the composite shaft in Prob. 4-2.

Alumimmm Copper Steel
Eym 10109 ksi B m 18(10%) kei Ey=29(10%) ksi
A= 009 in? Apc=0.12in? Acp=006in?

ER ) 3.5k _
——c—:ﬂi__ Pec =S b
—> 3.5 hip

PL - 5)(12) .
Swe = —= —— 2D _ _50278in. A
CTUAE T (0.12)18)(10%) " s

The negative sign indicates end B moves towards end C.
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*4-4 The copper shaft is subjected to the axial loads shown.
Determine the displacement of end A with respect to end D
if the diameters of each segment are dag = 0.75 in., dgc =
1in., and dcp = 0.5 in. Take E,, = 18(103) ksi.

‘78() in. 150 in. 100in.——l
5 ki i N
8 kip . <2kp 6kip

N D
A skp B c 2kp

giD'— he=8 Kip

8 K 5,{;', { K,
— ] ez
S kip Y kg
Rp6" L —1—*
Sup = PL _ —8(80) + 2(150) + 6(100)

I— =
AE :1(0.75)2(18)(103) 45(1)2(18)(103) 1—'(0.5)2(18)(103)
=0.1111in. Ans

The positive sign indicates that end A moves away from end D.
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4-5 The A-36 steel rod is subjected to the loading shown,
If the cross-seéctional area of the rod is 60 mm?, determine
the displacement of B and A. Neglect the size of the cou-
plings at B, C, and D.

5. —xPL _ 16116(10°)0.75) 104 (10°)(1.50)
? TTAE 60 (109)(200)(10°) ~ 60(10°5)200)(10°)

= 0.00231m = 2.31 mm Ans

8 (10°)(0.5)

04 =0 ————
A= 08 0092000107

= 0.00264m = 2.64 mm Ans
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4-6 The 2014-T6 aluminum rod has a diameter of 30 mm
and supports the load shown. Determine the displacement
of A with respect to E. Neglect the size of the couplings.

PL 1
Oup =S = - 3
wE =0 AE[8(4) +4(2)-2(2) +0(2)1(10°)

36(10° ! T
_ (10°) =0.697 (1()'3) =0.697 mm Ans Fhw A

T X0.03%(73.1)(10°)

—t
24N &N

N e §
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4-7 The steel bar has the original dimensions shown in the
figure. If it is subjected to an axial load of 50 kN, determine
the change in its length and its new cross-sectional
dimensions at section a—a. E;, = 200 GPa, v, = 0.29.

PL_ _ 2(50)10°)00)  _  5010°)(350)

Sup =E— =
A0 = SAE T (002)(0.05)(200)(10°)  (0.06)(0.05)200)(10°)
= 0.129 mm Ans
3

dye =FL_ __S0UNGD __ _ 405917 mm

AE . (0.06)(0.05)(200)(10°)
epe =22 QOO _ 0008333

Loc 350
Eime = —VEiong = — (0.29)(0.00008333) = —0.00002417

k = 50 — 50 (0.00002417)
w = 60 — 60(0.00002417)

49.9988 mm Ans
59.9986 mm Ans
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*4-.8, The assembly consists of two rigid bars that are orig-
inally horizontal. They are supported by pins and 0.25-in.-
diameter A-36 steel rods. If the vertical load of 5 kip is
applied to the bottom bar AB, determine the displacement
atC, B,and E.

5 kip
(" .
g A T v
A ‘ 1 Te,
bl'l 4
b
5'4’44||9

(FIM =0, Tp(12)-5(6)=0
Tp =2.5kip

T = 0.5 kip

! 2/ :
(+IMp=0; 25Q)-Tc(10)=0 ST; tj e
1

PL_ 25(1512) .
PL__25U9UD) 05565,
SwE = JE = H02P@OI0) "

=Pl __05@UD __ 0084297 in. = 000843in.  Anms
AE  £(02572(29)(10°)

5= (726) 5c = %6(0.0084297) =000169in.  Ans
8p = 85 + Opg = 0.00169+0.0316 =0.0333in.  Ans

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may be
reproduced, in any form or by any means, without permission in writing from the publisher.




4-9 The coupling is subjected to a force of 5 kip. Determine
the distance d’ between C and E accounting for the com-
pression of the spring and the deformation of the vertical
segments of the bolts. When no load is applied the spring is
unstretched and d = 10 in. The material is A-36 steel and
each bolt has a diameter of 0.25 in. The plates at A, B, and
C are rigid and the spring has a stiffness of k = 12 kip/in.

Skip
(% J{ ki

M

e

25k~ AShe

3
scenter bolt = E = —w = 0.028099 in. T
AE 45(0.25)2(29)(106)

3
8 side bolts = PL_ ”—25(19—)—(—6—)—-— =0.010537 in. 4
AE  X(0257(29)(10°)

8, = P_3 _041667in. 1
k12

& d = 0.41667 +0.028099+0.010537

5d=0455in.

d =10+0.455 = 10.455 in. Ans
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4-10 The bar has a cross-sectional area of A = 3 in?, and
E = 35(10%)ksi. Determine the displacement of its end A
when it is subjected to the distributed loading.

I'— pa— 4[ w = (500 x')ibin.

-~ — -—

-— — —— |

P(x) = j:wdx = SOOJ:x%dx = %xg

= (1500 | 3. e
AE  (3)(35)(10%) 70 4 ’((3)<35)(106)(4))(7)(48)

5, = J‘:P(x)dx _ 1 4(12) 1500 S 1500

8, = 00128in.  Anms
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4-11 The truss is made of three A-36 steel members, each
having a cross-sectional area of 400 mm?. Determine the hor-
izontal displacement of the roller at C when P = 8 kN.

8KN
0.8m
Sml c
EBY) ’|b o0-6m |
osTRA 7429
ﬁe=‘,-25ék'ﬁ_w

7429 K"

By observation the horizontal displacement of roller C is equal to the
displacement of point C obtained from member AC.

FCA =5.571 kN

Feal 5.571(10%)(1.40)
ac = =

= =0.0975 mm Ans
* AE  (400)(10°¢)(200)(10°%)

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may be
reproduced, in any form or by any means, without permission in writing from the publisher.




*4-12 The truss is made of three A-36 steel members, each
having a cross-sectional area of 400 mm?, Determine the mag-
nitude P required to displace the roller to the right 0.2 mm.

{+ Ma=0; -P(0.8)-50.8)+ G, (1.4) =0
G, =0.5714 P +2.857
P,
4 4ns
+T2ZF =0, Cy—Fsc(g)=0 Fa.
F5C=1.25Cy (\j
Y EFR=0, ~-Fc+125G06)=0

Fic =075 C, =0.4286 P + 2.14286
Require,

(0.4286 P +2.14286)(10°)(1.4)
(400)(10°)(200)(10%)

6(;,l =0.0002 =

P =21.7kN Ans
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4-13. The truss consists of three members, each made
from A-36 steel and having a cross-sectional area of
0.75in%. Determine the greatest load P that can be
applied so that the roller support at B is not displaced
more than 0.03 in.

&5, =003in. = 0PA6I2)
(0.75)(29)(10°)

P=680kip Ans
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4-14. Solve Prob. 4-13 when the load P acts vertically
dowaward at C.

2.877 P
. 24
Require, -
- 0.2557 p
/v /}
55, =0.03in.= 0.2887 P(16)X(12) . b ¢l

(0.75)29)(10°)

P=118kip Ans
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4-15 The assembly cousists of three titanium rods and a
rigid bar AC. The cross-sectional area of each rod is given
in the figure. If a vertical force of P = 20 kN is applied to
the ring F, determine the vertical displacement of point F.
Ey = 350 GPa.

Fan=r2 & o= 8%~
R Y
2.Sm l g. 7r~
Fep =20 !
A = EE = 12(103)(2000) =1.1429 mm
AE (60)(10'6)(350)(109)
6c = E = 8(103)(2000) =1.0159 mm
AE  45(10°%)(350)(10°)
3
8pE= Il = —M— =1.1429 mm
AE 75(10’6)(350)(109)
Og =1.0159+ -(-)-'-7—5(0.1270) =1.092 mm
1.25
5}: = 65 + 61:/5 0-Swm N 0-75m
1059 _—‘____L?iﬁ_______j
=1.092+1.1429 {

/(429 ~(006% = 0.(220
=2.23 mm Ans
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*4-16 The linkage is made of three pin-connected A-36
steel members, each having a cross-sectional area of 0.730 in2,
If a vertical force of P =50 kip is applied to the end
B of member AB, determine the vertical displacement of

point B.
6N
Tn
50 kip
PL_ 3125(5)12) .
dup = by =— = —20D__ 4088574 B s3/259
wP T W THE T 07130)29)(10%) " b 250 25

PL 50(6)(12) .
Spp =— = —=N28) 17005 in.
M TAE T (0.730)29)10% 005 in

¢= 90°+tan“‘G) =143.13°

sin@ sin 143.13°
—_— = —— ;0 = 36. °
60 60.08857 36806584

B = 180° — 36.806584° - 143.130102° = 0.06331297

I 60

sin 0.06331297°  sin 36.806584°

64 = 0.11066 in.

Op = 84 + 8pa = 0.11066 + 0.17005 = 0.281 in. Ans
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4-17 The linkage is made of three pin-connected 304 stain-
less steel members, each having a cross-sectional area of 0.75 in.
Determine the magnitude of the force P needed to displace
point B 0.10 in. downward.

b—30——3n—

Y50 kip

83=5,4+53/A =0.10in. (1)

PL P(6)(12)

=—= 202 -(.0033103P
Sea=7E" Wm0
“c
x\ 4 ¥
ah A4
4
+TZF =0; 2F(g)—P=0
?
F=0625P
Suc =0up = w=o,om7z4w
we = owb (0.75)(29)(10%)
5 ‘gh(p
o= 54/«:(2) =0.0021552P } .
A M,

From Eq. (1),
0.0033103P + 0.0021552P = 0.10

P=183kip Ans.
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Because of the number and variety of potential correct solutions to this problem, no
solution is being given.
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4-19 The rigid bar is supported by the pin-connected rod
CB that has a cross-sectional area of 14 mm? and is made
from 6061-T6 aluminum. Determine the vertical deflection
of the bar at D when the distributed load is applied.

ﬁ TM,=0; 12002)-Tc5(0.6)(2) =0

s ‘l
Tep = 2000 N PPN N

AL T e
PL (2000)(2.5) _’Tf%

fo o RS - 0.0051835
Sme=7% 14(10%)(68.9)(10%)

(2.5051835)% = (1.5)* + (2)* = 2(1.5)(2) cos 8
0 = 90.248°
' = 90.248° —90° = 0.2478° = 0.004324 rad

8 p = 6r=0.004324(4000)=173mm  Ans

YA
-
2.1 I3
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*4-20 The observation cage C has a weight of 250 kip and
through a system of gears, travels upward at constant
velocity along the A-36 steel column, which has a height of
200 ft. The column has an outer diameter of 3 ft and is made
from steel plate having a thickness of 0.25 in. Neglect the
weight of the column, and determine the average normal
stress in the column at its base, B, as a function of the cage’s
position y. Also, determine the displacement of end A as a
function of y.

P
o =2 =20 . 590k
A I36 - 35.5%)

op is independent of y.
PL 250y

Oy =— = - ,
A AE ;—‘(362 ~35.52)(29)(10°) [0.307(107)y] ft Ans

250 KiP

ﬂIJU U

Fa *R50 kip
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4-21 The bar has a length L and cross-sectional area A.
Determine its elongation due to both the force P and its own
weight. The material has a specific weight y (weight/volume)
and a modulus of elasticity E.

YAX
*
a)
P
P(x) dx 1 (L
= = — Ax + P) dx
8 jA(x)E AEIO(Y
2 2
=-1_(7AL+PL)=ZI—'-+£[-' Ans
AE 2 2E AE
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4-22" The A-36 steel drill shaft of an oil well extends 12 000 ft
into the ground. Assuming that the pipe used to drill the well
is suspended freely from the derrick at A, determine the
maximum average normal stress in each pipe segment and
the elongation of its end D with respect to the fixed end at
A. The shaft consists of three different sizes of pipe, AB, BC,
and CD, each having the length, weight per unit length, and
cross-sectional area indicated. Hint: Use the results of Prob.

4-21.
P = 3.2 41800
SR
Px) =B+ 4000 *
Pot)=2o% 1,‘
l 22 4
I:\
2 Z0(2000) A0
GA=£=W=I3.6kSi Ans
A 25
0p= £ - 280000+4000_ 16316 Ans
A 175
0c=2-220 _3)ksi Ans
A 125
v 2000 5000 5000
5 o5 |P@dx_ ade (2.8x+4000)dx (3.2x + 18000)dx
° AME |, (12929109 |, (1792910% |,  (2.529)(10%)

=299 ft Ans
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4-23 The pipe is stuck in the ground so that when it is pulled
upward the frictional force along its length varies linearly
from zero at B to fmax (forceflength) at C. Determine the
initial force P required to pull the pipe out and the pipe's
associated elongation just before it starts to slip. The pipe
has a length L, cross-sectional area A, and the material from
which it is made has a modulus of elasticity E.

i r_lL
From FBD (a)
1
+TZF =0 P—-Z-(F,,," L)y=0
P= ——Fm;‘ L Ans (a)
From FBD (b)
1 Fmax F X L
+1 IF, =0 P(X)*‘“('——f)x_‘ﬂ—:o = Fmar L
2 L 2 p= =
FaxL  Fpay 2 /
P(x)= max - max /‘ x
2 2L L)
FrmaxX 1
L L L
=J.L f'(x)dx = andex__ Fmﬂx dex P(l)
o A(x)E o 2AE o 2AEL
(b)
2
=f:.l'_x_L_ Ans
3AE
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*4-24 The rod has a slight taper and length L. It is sus-
pended from the ceiling and supports a load P at its end.
Show that the displacement of its end due to this load is 6 =
PLI(wErary). Neglect the weight of the material. The mod-
ulus of elasticity is E.

N G-
/:’/J 2
T u
L-x
L I Moot
! X
/ i
r b)
X’L r
. N
Lix_*%. . Ln @)
r r r, —n
™ B +r2—r1x=r1L+(rz-rl)x
us, rix) = n 3 L
T
A@ = Znl+ (n=n )x)*
5= | Pdx _ PL* (L dx
T VAWE mEo[rL+ (rp- r)A?
PL 1 ]|L‘ PL? [ 1 _1
T RE (n -r)(nL+ (=m0 ®E(m —n) nl+(n-n)L nL

PL?

- SRS

1 PL? r-—rn
nE(r, - ry) rL rnlL nE(r, - rl) rzrlL

2 -
_ PL ["2 "1]= PL QED
nE(r, —r) rnl mEnrn
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4-25 Solve Prob. 4—&\))' including the weight of the
material, considering its specific weight to be y (weight/vol-
ume).

L PO

+TEF, =0 Px-P-W=0 P =P+W

From diagram (b) rb
L+x _X __Ln
2IRCB =/
L£] n n-n
From diagram (¢) . . L
rx) =n + -T = L
r
A = i";(nL + (=)o . S
L
W= T (nL + (- ol e+ =2y - Pyt A,
312 n-n 3 nn-n ]
= ——,—y—n-——([nL 4 (rg- r)A - i} .
3L(ry~- 1) (b)
o Hd 1 [Unltls- r)sl® - Al
T T ARE T 3E(r; - )0 L+ (r2= r)s?
33 o dx
S R | PSR A i
= 3E(r, - o 3E(r; - r) o In L+ (rz— n)sP
(ry = 1) 2 ~ G-+

= [rLlx+ (- rf

Y it + i [ 1 }{. !
3E(r; - 1) 2 b 3B —n) nL+(z-roxe i

o 2 33 1 1
- Y g2 g ol i PRI
T —r.)"‘L * 7 ) 3E(r; ~n)i L nl

P -(p-n)
s Y P 4 nl?-nlf e =
6E(r, - r,)[ ! 2 ! 3E(r, - ) rnnl
5= YA+ 1) yL*r}
6E(r; - 1) 3Ery(r; = n)
Therefore, adding the result of Prob. (4 - 24) we have
5= PL_ yLi(rs + 1) yLr} Ans

xEnrrn 6E(r; — 1)  3Ery(r; —ry)
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4-26 Determine the elongation of the tapered A-36 steel
shaft when it is subjected to an axial force of 18 kip. Hint:
Use the result of Prob. 4-24.

r=05in. =1 in.w r=05in.

—
1BKP | 4 it 20in. F4in~|

p
5:(2)_2‘.1_..,.&
nErr AE

___@a®@ 1820
7(29)(10°)(1)(0.5)  m(1)2(29)(10%)

=0.00711 in. Ans
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4-27 Determine the relative displacement of one end of the
tapered plate with respect to the other end when it is sub-
jected to an axial load P.

U B _—
d.

d, — d]x - dih + (dz— d])x

d1+

£
]

h h
P(x) dx P
5=jA(x)E j [dh+(d2-d)x]t

o ds

Et'o dih+ (dz—dl)x
- Ph h dx Ph ( )[]n(l+ x)]

Etdih’o | + dzd:hdilx Etdh d2 d] d] b

- d, + dy - d

P g e zdy . P @220y
« Efdy— dy) d, Edy - dy) d
= Ph [lnd—z Ans

Efd,- d) 4
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*4-28 Determine the elongation of the aluminum strap
when it is subjected to an axial force of 30 kN. E,; = 70 GPa.
Hint: Use the result of Prob. 4-27.

15 mm 15 mm
o
Lzsu | 800 m 250 mm—l
P
5=@2)—2t 4  PL

—_— +
E«d, -dy) d, AE

_ 2(30)(10)(250) (1n30) , ___30010°)(800)
(70)(10°)(0.006)(0.05-0.015) 15" (0.006)(0.05)(70)(10°)

=2.37 mm Ans
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4-29. Bone material has a stress-strain diagram that can
be defined by the relation o = E[e/(1 + kEe))], where k
and E are constants. Determine the compression within
the length L of the bone, where it is assumed the cross-
sectional area A of the bone is constant.

P

R —

P
P
|
P ox
o= —; E = —
A dx
Sx
€ P E(};)
7= e
dx
P PKE ox Ox
ATTA @R
P PKE _ &x
ATETO
8 L Pdx
ox=| ——af—
f“ J“’ age-2E)
A
PL
_—AE____PL
8= Pk, E(A-Pk) Ans.
a-=5
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4-30 The pedestal is made in a shape that has a radius
defined by the function r = 2/(2 + y!2) ft, where y is in feet.
If the modulus of elasticity for the material is E = 14(10%)

si, determine the displacement of its top when it supports
the 500-1b load.

S04 b

s00ib

5= IP(y) dy
AOE
- 500 J’4 dy
14(10%)(144) "o ()2

2+yE

0.01974(10‘3)1:(4+4y%+y) dy

3
0.01974(10°%) [4y+ 4(—§y5) + %yzlé

0.01974(107%)(45.33)

= 0.8947(107%) ft = 0.0107in.  Ans
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4-31. The A-36 steel column, having a cross-sectional
area of 18in?, is encased in high-strength concrete as
shown. If an axial force of 60 kip is applied to the column,
determine the average compressive stress in the concrete
and in the steel. How far does the column shorten? It has
an original length of 8 ft.
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*4-32 The A-36 steel column is encased in high-strength
concrete as shown. If an axial force of 60 kip is applied to
the column, determine the required area of the steel so that
the force is shared equally between the steel and concrete.
How far does the column shorten? It has an original length
of 8 ft.

@0 K?lp

The force of 60 kip is shared equally by the concrete and steel. Hence
Py = Poon = P = 30kip

PL _ PL
Acan Ecnn AﬁEst

acau = 8

_ AconEeon _ [916) ~ A4] 4.20(10°)
T E, 29(10°)
18.2 in® Ans

Ay

1]

Pl _ 308D _ 40545in.  Ans

T ALE,  182(29)(10%)
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4-33 The steel pipe is filled with concrete and subjected to
a compressive force of 80 kN. Determine the stress in the
concrete and the steel due to this loading. The pipe has an
outer diameter of 80 mm and an inner diameter of 70 mm.
Eq =200 GPa, E; = 24 GPa.

80 kN

+TZF =0 Py +Pon —80 =0 @)
8:: = 51:01!

P L Peon L
T (0.082 — 0.07%) (200) (10°)  F(0.07)(24) (10%)

P, = 2.5510P.,n, ()
Solving Egs. (1) and (2) yields

P, = 5747kN P, = 22.53kN

3
Gy = L _ 5141000 488MPa  Anms
A, I(008 - 007
3
Goon = een = 233U _ 5esmpa Ams

Ao 5007

8oku

e
b foon
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4-34. The concrete column is reinforced using four steel
reinforcing rods, each having a diameter of 18 mm.
Determine the stress in the concrete and the steel if the
column is subjected to an axial load of 800 kN.
E, = 200 GPa, E. = 25 GPa.

Equilibrium :
+TZE=0; B, +P,,-800=0 (1
Compatibility H
6.:1 = ‘scon
£ _ (3]
4(§) ©.018 (200 (109)  [0.32-4(5) 0.018%] (25) (10°)

F,=0.091513 P, {21

Solving Egs. [1] and [2] yields :

P, =61.072kN P, =732.928kN - I =
Average Normal Sress : Fewn

5. < 870720109 6.9 A Pse
=T 65.9 MPa
"4 (2)(0.018) : s

L T32.9010% 824MPa A
Teon = g———r————— =8,
" [o3-4() (0.018%)] * "
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4-35. The column is constructed from high-strength con-
crete and four A-36 steel reinforcing rods. If it is subject-
ed to an axial force of 800 kN, determine the required diam-
eter of each rod so that one-fourth of the load is carried
by the steel and three-fourths by the concrete.
E, = 200 GPa, E, = 25 GPa.

1
Equilibrium : Require F,, = 2(800) =200 kN and

3
Pron = 5(800) = 600 kN.

Compatibility :

) con = 5;1
Pl ___RL
(0.3 -4, 025.0610°) ~ A,,(200)(10°)
_ 0.9,
o ' 8 Pcan +PJI

(@50

d=0.03385m=339mm  Ans
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*4-36 The A-36 steel pipe has an outer radius of 20 mm
and an inner radius of 15 mm. If it fits snugly between the
fixed walls before it is loaded, determine the reaction at the
walls when it is subjected to the load shown.

c
A R 8 kN q
‘F=; Esm

|- 300 rom —p———— 700 mm ————

5 3F =0; Fo+F-16 =0 m
By superposition :
. §KN
) 0= —Ac + 8¢ ‘:{%ﬂ’
| |
-16 (300)  Fe (1000) ! ﬁ‘Ac
0= + kN
AE AE
KN
Fc = 480kN Ans
+ e
From Eq. (1). &::ﬂ__—_:n——a

F, = 112kN Ans
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4-37 The composite bar consists of a 20-mm-diameter A-
36 steel segment AB and 50-mm-diameter red brass C83400
end segments DA and CB. Determine the average normal
stress in each segment due to the applied load.

250 mm:- 500 mm 250 mm-
- 50 mm 20 mm
B 100 kN B
—

+IF =0, Fo-Fp+75+75-100-100=0

-

ZSOM 500 mm mm

Fe-FB-50=0 )
0=Ap-§
- iy }_{{' "
0= 130(0.5) - 30(0.25) 7Sk /00 KN
£(0.02)%(200)(10°)  %(0.05%)(101)(10°) [&:ﬁ:g
Fp(0.5) _ F>(0.5) < I
1(0.05%)(101)(10°)  %(0.02)3(200)(10°) F_E:!:d
Fp = 107.89 kN W”#j‘ Pop=/07-85 KN

V7R ___ 75 Py =421 KV

From Eq. (1), Fc = 157.89kN

3
op = 1 _ 1078900) _ oo vpa Ans k
Aw | E005) el

s

3
Ous = P _ w = 134 MPa Ans
A %(0.02?)

3
opc = [re - DTBUC) _ gy 4mPa Ams

Agc $0.05%)
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4-38 The composite bar consists of a 20-mm-diameter A-
36 steel segment AB and SO-mm-diameter red brass C83400
end segments DA and CB. Determine the displacement of
A with respect to B due to the applied load.

+ O=AD'—¢SD

0 = _ 150(10%(500) 50(10°)(250)
z 2 -
+(0.02%(200)(10°)  %(0.05%)(101) (10°)
250mm 2¢Comm
- BGO gy j:::%’ -
$(0.05%)(101)(10°) £(0.02)2(200)(10%) / 4
A !
Fp = 107.89kN H = o
Displacement - F&, 7;w+ o

Sup = Pualas _ 42.1100°) (s00) g oL I—

AspE,, 45(0.022)200(109) 107.8900 7sA0
—{ ==t rvan

7Sk

"

0.335mm Ans
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4-39 The load of 2800 1b is to be supported by the two
essentially vertical A-36 steel wires. If originally wire AB is
60 in. long and wire AC is 40 in. long, determine the force
developed in each wire after the load is suspended. Each
wire has a cross-sectional area of 0.02 in2.

S8 = Oac ng TA(.
Tus (60) - Tic (40)
AE AE
nglb
15T = Tic

Solving,
TAB = 1.12 klp Ans

Tic =1.68kip  Ans
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*4-40 The load of 2800 Ib is to be supported by the two
essentially vertical A-36 steel wires. If originally wire AB is
60 in. long and wire AC is 40 in. long, determine the cross-
sectional area of AB if the load is to be shared equally
between both wires. Wire AC has a cross-sectional area of
0.02 in%

2800
=Tjp= — = 14001
Tic=Ts 5 1; e
Sac = Oan
1400(40) __ 1400(60) 2400k

©02)29)(10°)  A(29)(109)

Ap=003in"  Ans
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4-41 The support consists of a solid red brass C83400 post
surrounded by a 304 stainless steel tube. Before the load is
applied the gap between these two parts is 1 mm. Given the
dimensions shown, determine the greatest axial load that can
be applied to the rigid cap A without causing yielding of any
one of the materials.

I mm

|

T

025m| @

=

80 mm

L—-XO mm
Require,
6_” = 51,, +0.001

F;1(0.25) - K025
7 (0.052 - (0.04)2]193(10°)  7(0.03)2(101)(10°)

0.45813 F,, = 0.87544 F, +10° (1)

+T2E =0, F,+F,-P=0 ()]
Assume brass yields, then
(Fyr)max = OrAy, = 70(10%)(7)(0.03)* = 197 920.3 N

70.0(10°)

(eyp, = Ooy/E =
rhr = Oy 101(10%)

=0.6931(10"%) mm/mm

8sr = (Eyhp, L = 0.6931(107°)(0.25) = 0.1733 mm < 1 mm

Thus only the brass is loaded.

P=F,, =198 kN Ans
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4-42 Two A-36 steel wires are used to support the 650-1b
engine. Originally, AB is 32 in. long and A’B’ is 32.008 in.
long. Determine the force supported by each wire when the
engine is suspended from them. Each wire has a cross-
sectional area of 0.01 in2.

N/

T} Tae
650"
+TIF =0, Tup + Ty - 650 = 0 M A R
Sup= & ’MI
a8 = Oxp + 0.008 8
4 !

(0.01)(29)(105)  (0.01)(29)(105) + 0.008

Ts(32)  _  Tiw(32.008) LI: . Lo
32T - 32.008Ty5 = 2320

Tip = 3611b Ans

Typ = 2891  Ans
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4-43. ‘The center post B of the assembly has an original
length of 124.7 mm, whereas posts A and C have a length
of 125 mm. If the caps on the top and bottom can be
considered rigid, determine the average normal stress in
each post. The posts are made of aluminum and have a
cross-sectional area of 400 mm>. E,; = 70 GPa.

R LT

aaozq-zn 160 KN

(+ZM, =0 - F4(100) + Fc(100) = 0 I_L i y
; 1 ’% 00, ‘lt 700 lL
FR=F=F @) FAI 'mm F° L] Fc
+TEF, =0, 2F+FR-160=0 )
= 0.0003 ™ e 00003 m
5A 8B+ &1.«. .i.\xe

F (0.125) _ Fp (0.1247)

= 0003
400 (10°6)(70)(10%) 400 (10-5)(70)(10°%)
0.125F - 0.1247F; = 84 3)
Solving Egs. (2) and (3)
F =75.726kN
Fp = 8547kN
75.726 (10°)
= B e 189 MPa Ans
94 = 9¢ = 00009
3
op = 24UD) 51 ampa Ans
. 400 (1079)
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*4-44. The specimen represents a filament-reinforced
matrix system made from plastic (matrix) and glass
(fiber). If there are n fibers, each having a cross-sectional
area of Ay and modulus of Ef, embedded in a matrix
having a cross-sectional area of A,, and modulus of E,,
determine the stress in the matrix and each fiber when
the force P is imposed on the specimen.

+TEF =0 P-P.-B=0 1) —

bn = &

BL_ KL, p_ AeEmp o)
AE. nAE nAE l

Solving Egs. (1) and (2) yields

AnEn nA ks
= ——— P B = P
o= AE +AE 7 nAE + AEn
Normal stress :
AnE.,
Om = E: ("A’E’+ A"'E"P) = Ex P Ans
"= A MAE, + AvEn
nAE,
oy = i ("A’E’i'l‘“E'P) = g P Ans
ndy ny nAE; + AdEn
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4-45 The distributed loading is supported by the three sus-
pender bars. AB and EF are made from aluminum and CD
is made from steel. If each bar has a cross-sectional area of p—1s m——tf—1.5m —
450 mm?, determine the maximum intensity w of the dis- )

tributed loading so that an allowable stress of (Ganow)sr ~ 180
MPa in the steel, and (oajiow)ar = 94 MPa in the aluminum
is not exceeded. Ey = 200 GPa, E, = 70 GPa.

(+ EMc=0;  Fge(1.5) - F4p(1.5)=0

Fgrp=Fpp=F

+TZF =0, 2F+Fp-3w=0 1))
e Feo Fee

Compatibility condition : 7 L$ Mo
I _‘ ...... :

5A = 6(,‘ 30.)
FL FepL
= R F =035 F
A(T0)(10°)  A(200)(10°) 5 Fep @

Assume failure of AB and EF :
F = (Catiow)alA
= 94(10°%)(450)(107%)
=42300N .

From Eq. (2) Fep = 120857.14 N
From Eq. (1) w=68.5kN/m

Assume failure of CD :
Fep = (Ganow)s:A
= 180(10°)(450)(10™°)
= 81000 N

From Eq. (2) F=28350N
From Eq.(1) w=459kN/m (controls)  Ans
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4-46 The beam is pinned at A and supported by two alu-
minum rods, each’'having a diameter of 1 in. and a modulus
of elasticity En = 10(10%) ksi. If the beam is assumed to be
rigid and initially horizontal, determine the displacement of
the end B when the force of S kip is applied.

(+iMy = 0;  Fep(3) + Fer® =502 = 0

3Fcp + OFg = 60 ()}

3
3

5Kip.

o[
“>
L
o
N
)
<«
prm——t
'
-

FepL) _ Fgr(L)
3AE 9AE

Fgr = 3Fcp )

. 3
Solving Egs. (1) and (2) yields

FCD = 2kip
FEF = 6kip

Rl 6412

8y =EEm = 2T T
ETTAE T EP10)10Y)

= 0.03667 in.

& = (1;2)(0.03667) = 0.0489in. Ans

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may be
reproduced, in any form or by any means, without permission in writing from the publisher.




4-47 The bar is pinned at A and supported by two alu-
minum rods, each having a diameter of 1 in. and a modulus
of elasticity Ey = 10(10%) ksi. If the bar is assumed to be
rigid and initially horizontal, determine the force in each rod
when the S-kip load is applied.

G- M, =0; Fep(3)+ Fer(9)-5(12) = 0 a

S &
3790 %e=36
FerL _ 3FcplL P L A
AE - AE MR A w01
Lt
FEF=3FCD
: Tep F
A «w EFF
From Eq. (1), “L x t Y i”“?‘
Ax

Fep=2kip  Ans

F'EF =6 klp Ans
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*4-48 The horizontal beam is assumed to be rigid and sup-
ports the distributed load shown. Determine the vertical
reactions at the supports. Each support consists of a wooden
post having a diameter of 120 mm and an unloaded (origi-
nal) length of 1.40 m. Take E,, = 12 GPa.

Gz =0 FMH-E@=0 @
+TEF =0 F+FR+F-21=0

=8 _ %=, 35 g -0
= : — 04 = 20c

2 3

3RL _EL _ 2FL
= - - ZC0 3R-F =2

AE AE  AE

Solving Egs. (1) — (3) yields :
Fy=579kN  Ans
Fg = 9.64kN Ans

Fo= 11.6kN  Ans

@

(©)]

18 kN/m

1.40m
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4-49 The horizontal beam is assumed to be rigid and sup-
ports the distributed load shown. Determine the angle of tilt
of the beam after the load is applied. Each support consists
of a wooden post having a diameter of 120 mm and an
unloaded (original) length of 1.40 m. Take E, = 12 GPa.

ZBI(3) =27 kN

A 140m

(+ZM3 =0, Fo()-F(2)=0 (¢Y) -

- . 1

T+ZF, =0, F+FR+F-21=0 ¥))

znm /m
65_5":5(:-6"; 365 — 84 = 26¢ 'L; ’L; Fe
2 3
3L _BL _2FL. o g o oR B Er L Imy
AE AE  AE | 1
— ~—n
Solving Egs. (1) — (3) yields : Sl ﬂ‘ﬂ 3 S(_S.
Fy= 5785TkN;  Fp = 9.6428kN;  Fc = 11.5714kN -

3
5 = RL _ 5.7857(710 )140) _ 0 0c0710%) m
AE  £(0.12%)12(10°)

3
5o = FeL _ ILSTHA0)(L40) _ (110,100 o
AE (0.122)12(10°)

01194 - 0.0597

107
3 ( )

tan 6

6 = 0.0199(107%) rad = 1.14(1073)° Ans

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may be
reproduced, in any form or by any means, without permission in writing from the publisher.




4-50. The three suspender bars are made of the same
material and have equal cross-sectional areas A. Determine

the average normal stress in each bar if the rigid beam ACE
is subjected to the force P.

(IM = 0 Fool@ + Fesl2d) - P = 0

P
Fep + 2Fgr = 3 1)

+TIZF, =0, Fp+Fp+Fp-P=0 (2

8¢ -8 _ 84— 6 thi Feo Fee

ezl st ' o« 14 jI
.

28¢ = 8, + &g L lp

2FcpL _ Fral o Ferl
AE AE AE

2fcp -~ Fup - Fer = 0 3)

Solving Eqs. (1), (2) and (3) yields

Fip = % Fep = g Fer = %
Cap = % Ans
Gcp = 3% Ans
Ogr = T% Ans
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4-51. 'The rigid bar is supported by the two short wooden
posts and a spring. If each of the posts has an unloaded
length of 500 mm and a cross-sectional area of 800 mm?,
and the spring has a stiffness of k¥ = 1.8 MN/m and an
unstretched length of 520 mm, determine the force in each
post after the load is applied to the bar. E,, = 11 GPa.

Due to symmetrical system and loading

FR=F =F

+T2F, =0; F, +2F-120010)=0 ()

Spring equation :

Ep = k(5x+ 0.02)

F (0.5)

— 02)
800 (107°)(11)(10%)

= 1.8 (10%)(

= 0.10227 F + 36000 (V3]
Solving Egs. (1) and (2) yields
.F, = 40.1kN

F = 40.0kN Ans
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*4.52. The rigid bar is supported by the two short white
spruce wooden posts and a spring. If each of the posts has
an unloaded length of 500 mm and a cross-sectional area of
800 mm?, and the spring has a stiffness of k = 1.8 MN/m
and an unstretched length of 520 mm, determine the vertical
‘displacement of A and B after the load is applied to the bar.

60 kN

+TZF =0;  F, +2F - 120010 =0 (1)
Spring equation :

Fp = k(84+ 0.02)

1

F (0.5)
1.8 (10° 0.02
(0% (800 (10-8)(11)(10°) +002)

i

= 0.10227 F + 36000 2)
Solving Eqgs. (1) and (2) yields
F, = 40.1kN
F = 40.0kN

3
S.=8z= £L = w— =0.00227 m =2.27 mm Ans
AE  800(1078)(11)(10%)
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4-53 The 10-mm-diameter steel boit is surrounded by a
bronze sleeve. The outer diameter of this sleeve is 20 mm,
and its inner diameter is 10 mm. If the boit is subjected to a
compressive force of P = 20 kN, determine the average nor-
mal stress in the steel and the bronze. E,, = 200 GPa, E,, =

100 GPa.
lzo KN

'l
¥

10 mm 1 )
Yy
At

20 mm

Pbr
+jk2F,=0; Py +P,-20=0 1)
53: = 617!
P,,L _ PbrL

2(0.012)(200)(10%) B £(0.02? —0.012)(100)(10%)
Py, =0.6667 Py, )
Solving Eqgs (1) and (2) yields

P,=8kN P, =12kN

3
p=te s 800) o Mpa Ams
A, 0017
3
Oy = i = _12_(1_0)__ =509MPa Ans

A,  (0.022-001%)
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4-54 The 10-mm-diameter steel bolt is surrounded by a
bronze sleeve. The outer diameter of this sleeve is 20 mm,
and its inner diameter is 10 mm. If the yield stress for the
steel is (oy)s = 640 MPa, and for the bronze (ovy)sr = 520
MPa, determine the magnitude of the largest elastic load P
that can be applied to the assembly. Ey, = 200 GPa, Ep, =

100 GPa.
+1 ZF;, =0; Py+P,—P=0 (¢)) 10 mm
Assume failure of bolt : 20 mm

P, = (0p)ss(A) = 640(106)<§)(o.012)
=50265.5 N

6:1 = 5br

PS‘L _ PbrL
£(0.012)(200)(10°)  £(0.022 - 0.012)(100)(10%)

P, =0.6667 P,,

50 265.5 = 0.6667P,, Pse

P,, =753982 N r Por

From Eq. (1)
P =50265.5+75398.2
= 125663.7 N = 126 kN (controls) Ans

Assume failure of sleeve :
Pyr = (Oy)s, (A) = 520(10‘5)(2’)(0.022 -0.01%)=122522.11N

P,, =0.6667 P,,
=0.6667(122 522.11)
=81681.4N

From Eq."(l),
P=122522.11+81681.4

=204 203.52N
=204 kN
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