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4-1. The ship is pushed through the water using an A-36

steel propeller shaft that is 8 m long, measured from the s s
propeller to the thrust bearing D at the engine. If it has an s s s E®
outer diameter of 400 mm and a Wall thiCkHeSS of 50 mm, 00 7 O
determine the amount of axial contraction of the shaft .
when the propeller exerts a force on the shaft of 5 kN. The © © (g c

bearings at B and C are journal bearings.

g:c o0

Internal Force : As shown on FBD. |

Displacement : f 8m {
s P —5.00 (10%)(8)
A TAE T T(0.4°-0.37) 200(10°) 50kl
=-3.638(10°°) m 5K
=—3464( 10'3) mm Ans

Negatve sign indicates that end A moves towards end D.

4-2. The A-36 steel column is used to support the
symmetric loads from the two floors of a building. Determine
the vertical displacement of its top, A, if Py = 40Xkip,
P, = 62 kip, and the column has a cross-sectional area of

234 in%
P, P,
Vot
P, P, 12 ft
B
/N 7N\ T
12 ft
C
<0 kip 40 kip 40 Kip 40 KipP
Internal Forces : Asshown on FBD (a) and (b) l l
Displacement : /
s ‘Z E _ -80.0 (12)(12) (=204) (12)(12) )
ATLAE T Ba290)(10) | 23.4(29.0)(10%) 62kip| |62 kiP
=-0.0603 in. Ans L
Negauve sign indicates thatend A moves toward end C. ’98' -80.0 kl'f
(«)
Pc=-204 kP
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4-3. The A-36 steel column is used to support the

symmetric loads from the two floors of a building. Pll lPl

Determine the loads P; and P, if A moves downward A

0.12 in. and B moves downward 0.09 in. when the loads are N 17N

applied. The column has a cross-sectional area of 23.4 in’. T

P, P, 12 ft
s
/N

IZ8\ T
12 ft
C
Internal Forces : As shownon FBD. ‘
Displacement :
For point A
P - 2B (144
8, = _L_; _0,12in,=_L)_
AE (23.4) 29.0(10%)
=2(P, +P) (12)(12)
(23.4) 29.0¢10%)
P
28275=2P + P, (1] Hl I
F int B
or poin h P \ /
PL . =2(R +PR) (12)(12) p
= — —0. S ——
b =2 5% 0%in = =@ 2900100 2115
212.0625= P, + A, 12 % ;
Solving Egs. (1] and [2] yields :
P, =70.7 kip Ans /ie : _28
P, =141 kip Ans PM*‘J(B*&)
*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 d 45 = 0.75 in.,
dpe = lin,and dep = 0.5 in. Take E,, = 18(10°) ksi.
T8O in. 150 in. 100 in.ﬁ
8 kip S:klp §2 kip 6 kip
A Skip B C 2kip b
PL -8(80) 2(150) 6(100) Kip -
Oup=X— = + + 8 _QRip
YP T TAE T 3075208)00°) | Z(1P(18)(10°) | X(0.52(18)(10°) — a8
8!0" 5K'P
.o kip
=0.111in.  Ans Foc=2 )
Skip ,Dcp:é P 6’4
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-sectional area of the rod is 60 mm?, determine _@_
=D

the displacement of B and A. Neglect the size of the
couplings at B, C, and D. 075 m
|| C
R
60° 60°
o 1.50m
o1
feostt 116 3.30kN 330kN
| | B
o s Ja 577
Fo =104 S IR> 0.50 m
33k 2kN A 2kN
Pyt
FAL P ~N S KN
8, =sFL - 16.116 (10°)0.75) 104 (10°)(1.50)
AE 60 (10°)(200)(10°)  60(10°6)(200)(10°)
= 0.00231 m = 2.31 mm Ans
8 (10°)(0.5)
8 =8 + ——F———— = 0 = 2.
A B + 6010)200) (109 000264 m = 264 mm  Ans
4-6. The assembly consists of an A-36 steel rod CB and a
6061-T6 aluminum rod BA, each having a diameter of 1 in.
Determine the applied loads P, and P, if A is displaced i A =
0.08 in. to the right and B is displaced 0.02 in. to the left -% > P
when the loads are applied. The unstretched length of each ‘ 2
segment is shown in the figure. Neglect the size of the 21t —+ 4t |
connections at B and C, and assume that they are rigid.
Internal Forces : Asshown on FBD.
Displacement :
For point A
Bolt ——
‘SA:ZE‘ 008 = = A(4)(12) (A -F)(2)(12) 7y,
AE F(12)(10.0)(10%)  F(12)(29.0(10%)
foc=h-h 3 4
2.618 = 0.2344 P, —0.03448P, (1] *—"‘:D!?}—*
)
For point B
5, = PL . _002= i”x -R)(2)(12)
AE $(12)(29.0)(10%)
18.980=P, - P, 2]

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

P, =16.4 kip Ans
P, =353 kip Ans
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4-7. The 15-mm-diameter A-36 steel shaft AC is supported
by a rigid collar, which is fixed to the shaft at B. If it is
subjected to an axial load of 80 kN at its end, determine the
uniform pressure distribution p on the collar required for
equilibrium. Also, what is the elongation on segment BC and
segment BA?

A

200 mm

35 mm
Bl

i

=/

500 mm

C N, |
180 kN

Equations of Equilibrium : FBD (a)

+TZE =0; p[%’(om2 - 0.015%) ]—80(10’):0

P=21.79(10°) Pa=21.8 MPa  Ans

Internal Forces : As shown on FBD (b) and (c).
Displacement :

Pyclyc _ 80.0(10°)(500)

AgcE  Z(0.0152)(200)(10°)
1.13mm Ans

8gc =

Peu L,
5y, = tealea _ g Ans

AprE

R.=80.0 kN

fur0
)

80 kd 80 kN
() by
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*4-8. The load is supported by the four 304 stainless steel
wires that are connected to the rigid members AB and DC.
Determine the vertical displacement of the 500-1b load if
the members were horizontal when the load was originally
applied. Each wire has a cross-sectional area of 0.025 in?.

L

Dl |
ST S y—

[
[

1 £t~
500 1b

Internal Forces in the wires :
FBD (b)
+IM, =0, Fc(4)-500(3)=0 F;=37501b

+TIE=0; Fy+3750-500=0 F,=12501b

FBD (a) Foe Fer
+IMp =0 Fp(3)-1250(1)=0 Fop=41671b T T o
+TEE =0;  Fpp+4167-1250=0 Fpp=83331b [L JJ ¢
Disl IR
isplacement :
Fi Fes
Byl 83.33(3)(12) . L T
5, = 2EDE - =0.0042857 in.
T ApeE  0.025(28.0)(10%) S7in C ]
| J
5 Ferler __ 467002 _ r e KA
= = =(. in. A
€7 AcrE  0.025(28.0)(109) ) 5001b
, 0.0021429 in
00214
Sk _ 00021429 ; 87, =0.0014286 in. | fe 2/t
2 3 Iy I 1.
. A _cgn {0
8, =0.0014286+0.0021429 = 0.0035714 in. Oy et e A
Fuul, 125.0(1.8)(12) >
Syy=—HAH T =0.0038571 in.
AnE  0.025(28.0)(10°)
0004286 in.
. L 3f¢ ey
8, =8y+ 8, =0.0035714+0.0038571 = 0.0074286 in. I , 1]
e P HIB—
Byl 375.0(5)(12 I J :
5, = (2clec | _3T500NUD) 035140850, LR H
ApcE  0.025(28.0)(10°) 3 -
T
5, 0.0247143 .
?' =—F— 8 =00185357in. 0024743 in.
8, = 0.0074286 + 0.0185357 = 0.0260 in. Ans
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4-9. The load is supported by the four 304 stainless steel
wires that are connected to the rigid members AB and DC.
Determine the angle of tilt of each member after the 500-1b
load is applied. The members were originally horizontal,
and each wire has a cross-sectional area of 0.025 in?.

DI |
T (<1 ft4—2 ft—
1.81t
| I
Al 1 B
3 ft——f=1 ft~]
Ys001b

Internal Forces in the wires :

FBD (b)
(+ZMA =0.  Fe(4-500(3)=0 Fz=37501b Foe Fep
+TIF =0; FE,+3750-500=0 F,=12501b 1 Tj @
FBD (a) F %
a,
ife | =M fe
+IM, =0; Fp(3)-1250(1)=0 FE,=41.671b Fan
‘f+ TIE =0, Fp+41.67-1250=0 F;=83331b
- |
Displacement : }- 35 Ift )’{
Y
Foel, 83.33(3)(12) 5001b
5, = 2EDE - O = 0.0042857 in. ®)
ApgE  0.025(28.0)(106)
0.002/429 in
LIS 2/t
F 41.67(3)(12
5, = ferker _ D _ 6 0021429 in. ) ] 1 C
AcrE  0.025(28.0)(109) v L Y
I Iy o
&, 0.0021429 o x
Ao, &}, =0.0014286 in. 2
2 3
8y = 8+ 8 = 0.0014286 +0.0021429 = 0.0035714 in. 00074286 in.
Ir 3¢ + /jt#]l

o = 2002142 a = 0.00341° A - Ao
= H = 0. ns s ittt e
36 JZ~~“~ 6’16 ! e

] T '

4

Faul, 125.0(1.8)(12)
S — TAHTAH _ 0 .
wH = A E 0023280 (105) 00038571 in.

8, = 8+ 8, = 0.0035714 +0.0038571 = 0.0074286 in.

5. = frclss __375.0(5)(12)

= = =0.0321428 in.
8= TAsGE  0.025(28.0)(105) "
0.0247143
tan f§ = T H B = 0.0295° Ans
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4-10. The bar has a cross-sectional area of 3in2, and
E = 35(10%) ksi. Determine the displacement of its end A
when it is subjected to the distributed loading.

e—x—— W =3500¢""Ib/in.
< « < )
A
—
41t |
— ?
—
Py = [Twdx = 500 5 dx = %"_Ox%
L P(x) dx 1 412) 1500 ¢ 1500 3 ?
8 = = X dy = () (5)(48)}
“ jo AE  (3)(35)(10%) "0 4 @osam@ P

84 = 0.0128in. Ans

4-11. The assembly consists of three titanium (Ti-6A1-4V)

rods and a rigid bar AC. The cross-sectional area of each rod D 4it ¢
is given in the figure. If a force of 6 kip is applied to the ring Acp = 1in? T
F, determine the horizontal displacement of point 21t
F
E 11t 6 kip
16t Agr=2in’
Axp = 1.5 inz i
B 6 ft A

Internal Force in the Rods :

{+IM, =0, Fp(3)-6(1)=0 Fep=200kip
LEE =0, 6-200-Fy=0 Fj=400kip

Displacement :

_Feplep _ 2.00(4)(12)

5, = = = 00055172 in.
C=ARE _ (D(ITa(ion _ 00sst7ain
_ FgLy  400(6)(12) _
=5 - =0.0110344 in.
TTAGE  (15)(17.4)(10Y) " Fes
Eplge  6.00(1)(12)
Spp = —F = = 0.0020690 in.
FE= A E T (7107 - 0020690 in 24t
5, 0.0055172 . _ For =6 kip
e TR e 8 =0.0036782 in.
2 3 1t
, . *‘_wﬂ
8 = 8¢+ 8, = 0.0055172+0.0036782 = 0.0091954 in. Fis
8r = 65+ 8pe 0:0055172 in,
= 0.0091954 +0.0020690 = 0.0113 in. Ans
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*4-12. The assembly consists of three titanium (Ti-6 A1-4V)
rods and arigid bar AC. The cross-sectional area of each rod

is given in the figure. If a force of 6 kip is applied to the ring T
F, determine the angle of tilt of bar AC. 2t
F
B Lt 6 kip
Agp=2in®
Internal Force in the Rods : ':P Aup — 15in? lft EF
{+EMA=O: Fep(3)-6(1)=0  Fop=2.00kip B 6 ft A

L3F =0, 6-200-Fz=0 Fp=400kip
Displacement : Feo

.00(4)(12
5C=FC"I‘“’— 200002 _ 4 0055172 in.

ApE  (1)(17.4)(10%) 2t

Fer =6 kip
Jfialas  AOOUD 610344,
A E  (15)(17.4)(10%) 1t

84

6=lan_16A -d¢ =um_l().()l10344—0.0()55172 F;o
3(12) 3(12)

=0.00878° Ans

0-0055172 in.

4-13. A spring-supported pipe hanger consists of two
springs which are originally unstretched and have a stiffness
of k = 60 kN/m, three 304 stainless steel rods, AB and CD,
which have a diameter of 5 mm, and EF, which has a
diameter of 12 mm, and a rigid beam GH. If the pipe and
the fluid it carries have a total weight of 4 kN, determine the
displacement of the pipe when it is attached to the support.

Internal Force in the Rods :

FBD (a)

025m025m

£+}:MA =0; Fp(0.5)-4(025)=0 Fp=200kN
+TIE =0, F,+200-4=0 F,;=200kN
FBD (b)

+TZF =00 Fp-200-200=0 F=4.00kN

N

Fep

h

Displacement :

R
4

Ferl 4.00(10*)(750
8p =6, = - T30 _ 6 1374 mm

AgeE  E(0.012)2(193)(10°)
@)
Feplep _ 2(10%)(750)

AcoE  H(0.005)7(193)(109) 03958 mm

S48 =6cip =

!
8c =8y +8¢p =0.1374+0.3958 = 0.5332 mm o0z5m | o.25m

Displacement of the spring 20 kN

o
F, 2.00
8,, ==L = —— =0.0333333 m = 33.3333 mm 1 L
g
|

k.
| )
]

k 60

8o = 8c +5,,
= 0.5332+333333 = 3387 mm Ans

!
025m | o0.25m |
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4-14. A spring-supported pipe hanger consists of two
springs, which are originally unstretched and have a

stiffness of k = 60 kN/m, three 304 stainless steel rods, AB Internal Force in the Rods :

and CD, which have a diameter of 5 mm, and EF, which has

a diameter of 12 mm, and a rigid beam GH. If the pipe is FBD (a)

displaced 82 mm when it is filled with fluid, determine the [+2MA =0,  Ep(0.5)-W(025)=0 Fp= w

weight of the fluid. 2
+TIE =0, F, +v2-‘—/-w=o Fip =¥

FBD (b)
w oW
+TZF =0 FEF-?—?=0 Fr=

Displacement :
Fepler W(750)
JD = 55 = =3 2
AgeE 7(0.012)2(193)(10%)
=34.35988(10°)W
F ¥(750)
a8 =8cip = colep = =

AcpE ~ E(0.005)2(193)(10%)
=98.95644(10°%)W

Sc=6p+8cip
= 34.35988(107°)W +98.95644(10™%)W
=0.133316(107 )W

é’% )
) Displacement of the spring
F W
w § == _2 1 =0.
s Fer B, = Gacron 1000 = 0008333 W

[ ;
IW 4! -3
' I 82=10.133316(107")W + 0.008333W
0.25m ozZ5m

A
0.25m | 0.25m W =9685 N =9.69 kN Ans

4-15. The assembly consists of three titanium rods and a
rigid bar AC.The cross-sectional area of each rod is given in Aokl sy
the figure. If a vertical force P = 20 kN is applied to the ‘
ring F, determine the vertical displacement of point F.

E,; = 350 GPa.
2m || 4,, =60 mm? 2m
E
A B a— C
0.5m>0.75m
PL 12(10°)(2000) - —
0= —=———————"——=1.1429 mm
AE  (60)(10°6)(350)(10°) gy = 75 mm® 15m
3
sc=PL_ 301002000 __ 4150 mm !
AE  45(10%)(350)(10°) l
P=20kN
Ore = j_zls" - 755(1)((;3)3()3(513)(:1):)9) = 11429 mm N
Faa=/2 fo= 85N

Oc =1.0159+ %(0.1270) =1.092 mm
1.25 2.Sm 0. 7S e
x
OF = 8p+8pE Fee =20
=1.092+1.1429 0-5m . 0-75m
1057 [ b ]

=223 mm Ans
/(420 ~( 0059 = 0.(270 mm
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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
0.730in?. If a vertical force of P = 50 kip is applied to the
end B of member AB, determine the vertical displacement

of point B.
PL_  31.25(5)12) .
Oup = Bwe =—= —————— = 0.08857 > e 91259
3 gt 3] M T TWETAE T 0730)29)(10°) " hop 325k AL

PL_ _ S06)12)

= 0.17005 in.
AE  (0.730)(29)(10%)

BB/A

¢ =90°+wan”’ (g) =143.13°

sin 6 _ sin 143.13 . 9 = 36.806584°
60 60.08857

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

84 60

sin 0.06331297°  sin 36.806584°

84 = 0.11066 in.

g
I

= 84 + 8ga = 0.11066 + 0.17005 =0.281 in. Ans

4-17. The linkage is made of three pin-connected A-36
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.

3t 3t S5=84+654=010in. (1)
e ; PL P(6)(12)
D C 8 =—_— —— = (0.0033103P
2 o A=y (0.75)(29)(10°)
4 ft
S :
+TZF =0, 2F(§)“P=0
F=0625P
0.625P(5)(12) F
Swc=8yp= 2220009 _g0017241p ¥
. 0.7529)10°%) b\ < 4
3
5
O = SNC(Z) =0.0021552P ?
From Eq. (1),
0.0033103P +0.0021552P = 0.10 “”"
} 4
P=183kip Ans. A &,
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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 B £ C
from 6061-T6 aluminum. Determine the vertical deflection ;\
of the bar at D when the distributed load is applied. 300 N/m
1.5m ‘\wj\
Y Y ¥V ¥V Y Y Y YVY VY VY
> ~9 D
- 4 b |
- 2 m e 2m -
5» IM,=0; 120002)- T:5(0.6)2) =0
Tep = 2000 N
Tee 200N
5n,c=£':=—wg—‘sl—=o.0051835 2R
AE  14(10°)(68.9)(10°) Ax T
Ay
(2.5051835)% = (1.5)% + (2)* ~ 2(1.5)(2) cos 6
6 =90.248°
6' = 90.248° — 90° = 0.2478° = 0.004324 rad
3
8 p = 6 r=0.004324(4000) = 17.3 mm Ans o —Z_ N] ‘ $
2
*4-20. The rigid beam is supported at its ends by two
A-36 steel tie rods. If the allowable stress for the steel is \J Y
Oalow = 16.2ksi, the load w = 3kip/ft, and x = 4ft, B b
determine the diameter of each rod so that the beam
remains in the horizontal position when it is loaded.
6 ft
w
A
4 T -
e x —-I
8 ft
Internal Force in the Rods :
+IM, =0; Fp(8)-120(2)=0 Fyp=3.00kip
+TEE =0, F,+3.00-12.0=0 F, =9.00kip
Displacement : To maintain the rigid beam in the horizontal Fas 3¢d)=/2.0 Kp Fes
position, the elongation of both rods AB and CD must be the I [
same. o —E —
845 =0cp L
9.00(6)(12) _ 3.00(6)(12) T —
T,E [dpE
From Eq. [1] dep =0.486 in. Ans
943y =3djs . dyy=V3dp n
Assume failure of rod CD
Allowable Normal Stress : Assume failure of rod AB 3.00
Oow = feo L 162= ——
. Fy . 9.00 aow = 2 L7 4
allow = A o= m dep = 0.486 in. Ans
dyg =0.841 in. Ans From Eq. (1] d,g =0.841 in. Ans
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4-21. The rigid beam is supported at its ends by two A-36
steel tie rods. The rods have diameters d p = 0.5 in. and
dep = 03in. If the allowable stress for the steel is U W
Oallow = 16.2 ksi, determine the intensity of the distributed
load w and its length x on the beam so that the beam
remains in the horizontal position when it is loaded.

>~
o

]
N 8 ft

Internal Force in the Rods :

(=M, =0 Fp(®) -wx =0

1)

2
wx
8Fp =5~ =0 (1]

(:)ZMC =0.  -Fy(8) +wx(8—§)=0
wx?
8wx——2——8f;}9=0 [2]
Displacement : To maintain the rigid beam in the horizontal
position, both elongations of rods AB and CD must be the same.

S48 =8cp
Fp(6)(12) - Fep(6)(12)
$(0.5)E £0.31)E

Fep =0.360 Fp (3]

Allowable Normal Stress : Assume failure of rod AB

Fis

B Fp=3.1809kip
05y 4

Tallow

o, 162-
AAB

Using F,, = 3.1809 kip and solving Egs. [1] to [3] yields :

Fep = 1.1451 kip
x=4.241t Ans
w = 1.02kip/ ft Ans
Assume failure of rod CD
Fep Fop .
Oallow = —— 162 = = F.p = 1.1451 kip
1l ACD 3(03_) cD

Therefore, rods AB and CD fail simultaneously.
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4-22. The post is made of Douglas fir and has a diameter
of 60 mm. If it is subjected to the load of 20 kN and the soil
provides a frictional resistance that is uniformly distributed
along its sides of w = 4 kN/m, determine the force F at
its bottom needed for equilibrium. Also, what is the
displacement of the top of the post A with respect to its
bottom B? Neglect the weight of the post.

Equation of Equilibrium : For entire post [FBD (a)]

+TIF =0, F+800-20=0 F=120kN Ans

20 kN

\7

et brg )

> > > > >

20 ka
Internal Force : FBD (b)
]
]
+T3E=0;  —F(y)+4y-20=0 i
|
F(y) = {4y-20} kN i
(y) = {4y -20} b lpm @)
Displacement : |
42)=8-0 K |
L F(y)dy | rim ll
8.8 = 1 m =1F . (4y —20)dv
1 ) m .
=_(2y__20y)‘ 20 kN
AE 0 F
_ 320kN'm
TTTaE -
_ 32.0(10°) ; )
T TE0.06Y) 13.1(10°) L
-3 44 1
=-0.8639(107) m -
=-0.864 mm Ans
Negative sign indicates that end A moves toward end B. F(;)
4-23. The post is made of Douglas fir and has a diameter 20 kN
of 60 mm. If it is subjected to the load of 20 kN and the *
soil provides a frictional resistance that is distributed along | ya
its length and varies linearly from w =0 at y =0 to ¥ Al
w = 3 kN/maty = 2 m, determine the force F at its bottom L A *w
needed for equilibrium. Also, what is the displacement of the 2m 4 ) 4
top of the post A with respect to its bottom B? Neglect the L1l
weight of the post. AL
po4
Equation of Equilibrium : For entire post (FBD (a)] o : ? 00
+TZE =0, F+300-20=0 F=170kN Ans
Internal Force : FBD (b)
1
+TXF =0; -F(y)+-—(§z)y—20=0
2\2 20 kW
3
F(y) = {Zyz - 20} kN
Displacement :
ER(yydy 1 (™3 ) (@)
ua ’L AME  AEJo (#°-2)a '
LY )" Hexz)=3.0 h
SAE(T T, <
_ 320kN'm
T
38.0(10%) (b)

T TT0.06Y) 13.1(10%)
=-1.026(10") m

=-1.03 mm Ans

Negative sign indicates that end A moves toward end B.
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*4-24. The rod has a slight taper and length L. It is
suspended from the ceiling and supports a load P at its end.
Show that the displacement of its end due to this load is
& = PL/(wEr,r ). Neglect the weight of the material. The
modulus of elasticity is F.

L+xo_x0. Xo = Lr NG
n nooon n-n i -
L-4
_ rp-n nl+(rp-n)x
B Thus, rx) =r + x = —1
L L L 1= Mix)
I
X
n I
Alx) = F(nL +(rz=r)n’ ' ___._JL_
I , r O]
Pdx  PL? (L dx
P P | e @)
AX)E mE o [riL + (r;— ry)x]
v __pL? 1 ]f_ PL? [ 1 _ 1
- * mE (rn -n)(nL+(rp-n)x)o #E(rp -n) nlL+(rp-n)L nL
P
____ pp 1 PL? r-r
mE(r, = ry) L rlL nE(r, = r) ronl
PL? - PL
= [2—1)= QED
nE(r, - ry) rnlL nErr

4-25. Solve Prob.4-24 by including both P and the weight
of the material, considering its specific weight to be 7y
(weight per volume).

&)
+TEF =0, Px)-P-W=0 Px)=P+W
From diagram (b)
L
Ltn %, -Ln
r n -
From diagram (c)
L ro = s Bt 0l o re
A = ZnL+ (- o)’ .
Z
x Lr x Lr, B
W= %,_—, (ML + (= r)a [x + - _'“1 - ’T(rix;—';)
- - 7% 3 _ 33
¢ = m“’n’-*(':-h)l] -nlLl’} L
P
5-[ Wdr _ Y Ll + (r —r)a) - il
TTARE T 3E(a - InL+ (- -3
b4 L Ll e dx
= —— L+ - dx -
3E(r; - '1)“’ fr ez =1l 3E(r; - ry) o [r L + (ra— )31 K.
R 37 L —
- 1 I L + ('1 —n 1| + "IL l 1l .
3E(r; - n)'“ * 2 % 3E(m -n) nL+(ra-r)xh (b)
* S _szz' * 35(7":", S nE
f2 - n r-n)n n
o G-k
L0 1
Y 2 2 2 mr —(ra=n) L) ‘
= ——2nL* + " - L) + ————[———
6E(r; "'I)I ! n ntl 3E(ry -n)’l ran L ! |
] -
H
5= ZL’(!; +n) yL*r} l‘ ™x. —1!—‘: A
6E(r; - ) 3Eri(r; -n) X —
Therefore, adding the result of Prob. (4 - 24) we have : ﬁ
2 2,2 \
5= PL . i +ry) yL'ri Ans (L) !
xErn 6E(r; —r,)  3Ery(r; -r)) '
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4-26. The support is made by cutting off the two opposite
sides of a sphere that has a radius ry. If the original height
of the support is ry/2, determine how far it shortens when it
supports a load P. The modulus of elasticity is E.

Geometry :
A=nr= 7 (rycos 9)2 = i'rr‘fcos2 ]
y=rysin€; dy =r, cos 8d6

Displacement :
5 = J'OL P(y) dy
Ay E
]
_21’ rocos 6 d8 -2 P ede P
E . 7 r¢ cos?@ - nrRE| cos6 M=l cosé
[

2P ]
= Te
’”oE[ln (sec 6 + mnB)]'o > ( ” %I‘ﬂ’:f;a}&

- [In 6 6
_n'roE (sec 6 + tan 6)]

Wheny = %o: 6 =14.48° P
2P ¢
§ = [In(sec 14.48° +tan 14.48°)] I
nrE
_osne z oyt
C nnE Ans x5 -4
Y

Also, 1 5:‘

Geometry :

A(y):rrx2=7r(r02—yz) p

Displacement :

5 =fLP(y) dy
o A E
n

_2P N dy 2P llnro+y
nE 0rg—y2 TE[2r, -y

P

n
T

o

T ElInl6s7 -1
_0511P

rrRE Ans
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4-27. The ball is truncated at its ends and is used to P
support the bearing load P. If the modulus of elasticity for r
the material is E, determine the decrease in its height when 5
the load is applied.
Displacement :
Geometry :
AW =al=n(r-y) 1
3
Displacement : When x = z , Y= i-£r
2 2 P i
| XA2y)%
5 < J'L P(y) dy
0o AD) E 7\ T
x

fJ,
A R

E 22

. _{3,’ y :
Pl1 r+y] &,

e P IV 7
rmE{2r r-yji-%,

[ lIn13.9282 — In0.07180 )

2nrE
2.63P
nrE

Ans

*4-28. Determine the elongation of the aluminum strap
when it is subjected to an axial force of 30 kN. E,; = 70 GPa.

15 mm 50 mm 6mm g5y,

-« ' g
30kN L T L 30kN
250 mme 800 mm <250 m

d= (2)—ﬁ——ln (—jl +i€
End, -dy) d, AE

_ 2(30)(10%)(250) ln5_0 . 30(10%)(800)
(70)(10%)(0.006)(0.05 - 0.015) 15~ (0.006)(0.05)(70)(10°)

=237 mm Ans
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4-29. The casting is made of a material that has a specific b
0

weight v and modulus of elasticity E. If it is formed into a by 7
pyramid having the dimensions shown, determine how far <
its end is displaced due to gravity when it is suspended in i
the vertical position.
/7(:)
L
A
V\,
gLa’A(z)e '
Internal Forces :
1 1
+TZE=0. P(2)- SYAZ =0 P(2)= SYAZ
Displacement :
_ L P(2) dz
CA() E
Ly
7YA
=| X224
AE
0
L
Y
= — 1 zdz
3E ),
e
=%E Ans
4-30. The pedestal is made in a shape that has a radius y
defined by the function r = 2/(2 + y'/?) ft, where y is in ‘
feet. If the modulus of elasticity for the material is 500 1b
E = 14(10%) psi, determine the displacement of its top — 0.5 ft

when it supports the 500-1b load. 1 T
So0lb r= 2
2+ yl/2
4ft \(\ e
y
P(y) dy sv0lb -
§=)——
JA(y)E ™~
1ft-
_ 500 j4 dy ’
14(10%)(144) "o m(—2)?
2+yi

0.01974( 10")j:(4+4y5+y) dy

3
0.01974(107) [4y+ 4(§yi> +%y’]8

0.01974(107%)(45.33)

0.8947(107%) ft = 0.0107 in.

Ans
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4-31. The column is constructed from high-strength

concrete and six A-36 steel reinforcing rods. If it is subjected

to an axial force of 30 kip, determine the average normal

stress in the concrete and in each rod. Each rod has a Equations of Equilibrium :
diameter of 0.75 in.

+TE’;=O; 6Pu+R:ou-30=o (1
4in. Compatibility :
30 kip 6" = 6““
_— £ (3)(12) _ Peoa (3)(12)
30 k;F 2(0.752)(29.0)(10%)  [£(82) ~6(5)(0.75)2](4.20)(10%)
B, =0.064065 £, (2]

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

B, = 1388 kip P,, =21.670 kip

Average Normal Stress :

0Fse o R 138 A
P.. 21,670
Peon Oy = 222 = =0.455ksi Ans

wn  X(82)-6(F)(0.75%)

*4-32. The column is constructed from high-strength
concrete and six A-36 steel reinforcing rods. If it is subjected
to an axial force of 30 kip, determine the required diameter
of each rod so that one-fourth of the load is carried by the
concrete and three-fourths by the steel.

. Equilibrium : The force of 30 kip is required to distribute in
4in.— W such a manner that 3/4 of the force is carried by steel and 1/4 of
the force is carried by concrete. Hence

30 kip
3 , 1 .
— P, =3(30)=22'5 kip P, =Z(30)=7.50k1p
Compatibility :
3t b, =0.0n
Ps( L _ Pcou L
A E. AcaEeg,
22.5A.,, Evqs
Au I a——
750 E,,
6(”)(12 358 - 6(F) d*]200(107)
1) " 29.0(10%)
d=1.80in. Ans

112




© 2008 by 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.

4-33. The A-36 steel pipe has a 6061-T6 aluminum core.
It is subjected to a tensile force of 200 kN. Determine the
average normal stress in the aluminum and the steel due to
this loading. The pipe has an outer diameter of 80 mm and
an inner diameter of 70 mm.

Equations of Equilibrium :

CEE =0 R+ -200=0 (n
Compatibility :
5al = 511
P, (400) P, (400)

£(0.072)(68.9)(10°)  Z(0.08% — 0.072)(200)(10°)

P

al

1.125367 P,
Solving Egs. [11 and [2] yields :

P, =94.10kN P, = 105.90 kN

Average Normal Stress :

Oy = —=————— =275MPa

Aql £(0.07%)
_ ko _ 94.10(10%)

st

A, %0.082 - 0.072)

Ans

=799MPa Ans

Oy =

i 400 mm i

200 kN <—@ —» 200 kN

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. Eg = 200 GPa,
E. = 25GPa.

800 kN

300 mm

v
N

Equilibrium :
+TIE =0, R +Rn=800=0 (1
Compatibility :
8t = Seon
Py (L) Fon (L)

4( %) (0.0182) (200) (10%) [0.32 -4(5) (0.0182)] (25) (10%)
Py =0.091513 P, (21

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

P =61.072kN P, =732.928kN

Average Normal Sress :

67.072( 10%)

= =65.9 MPa
4 (%) (0.018)

Ans

st

732.928(10%)
Ocon = =9.

[0.3:-4(%) (0.018) |

24 MPa Ans
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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 subjected
to an axial force of 800 kN, determine the required diameter
of each rod so that one-fourth of the load is carried by the
steel and three-fourths by the concrete. Egy = 200 GPa,
L. = 25 GPa.

800 kN

1
Equilibrium : Require P = —4—(800) =200 kN and

3
Pon = 7(800) = 600 kN.

Compatibility :
500[] = 55[
Fonl _ FoL
(0..32=A)(25.0)(10°) ~ A,(200)(10°)
0.09P,
Ag =
8Feon *+ Py

4|:(7_r\d1] _ 0.09(200)
4) | 8(600) + 200
d=0.03385m = 33.9mm Ans

*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.

- XIF =0 F, +Fc-16 =90 0))
§KN
By superposition : ﬁ-:mﬂa .
. " A‘
(=) 0= -Ac+ & L “f

o = T16G00) | Fe(1000) K
AE AE + .,,(;:.‘C
4‘_“&
Fc = 480kN  Ans

From Eq. (1),

F, = 11.2kN Ans
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4-37. The 304 stainless steel post A has a diameter of 5 kip
d = 21in. and is surrounded by a red brass C83400 tube B.
Both rest on the rigid surface. If a force of 5 kip is applied
to the rigid cap, determine the average normal stress
developed in the post and the tube.

Equations of Equilibrium :

+TZF =0, P, +PR,-5=0 (1
Compatibility :
551 = 8br 5 k‘-P
£ (8) _ £, (8)

£(22)(28.0)(10°) ~ £(62 - 52)(14.6)(10%)
Py = 0.69738 P, (2]

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

P, = 2.9457 kip P, =2.0543 kip PS(
Average Normal Stress : T
P
R, 2.9457 .
Oy = — = 7———- =0.341 ksi Ans
Ay 16 -5
P, 2.0543 .
dst=_:TT=0‘654 ksi Ans
Ast '4'(2-)

4-38. The 304 stainless steel post A is surrounded by a red

brass C83400 tube B. Both rest on the rigid surface. If a

force of 5 kip is applied to the rigid cap, determine the

required diameter d of the steel post so that the load is

shared equally between the post and tube.
Equilibrium : The force of 60 kip is shared equally by the
brass and steel. Hence

S kip

P, =R, =P=250kip

Compatibility :

55t = 6br
PL _ PL
Ast Est AbTEbr
A
Ay = l;Ebr
st
(n‘)dz _ "‘—"(62 -52)(14.6)(10%)
a4, 28.0(10%)
d =2.391n. Ans
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4-39. The load of 1500 Ib is to be supported by the two
vertical steel wires for which oy = 70 ksi. If; originally, wire
AB is 50 in. long and wire AC is 50.1 in. long, determine the
force developed in each wire after the load is suspended.
Each wire has a cross-sectional area of 0.02 in.

Equations of Equilibrium :

+TIE =0 T, c+T5-150=0 [1]

Compatibility : 7; ZC B C
+4) S,c+0.1=5,, A -y

T,c(50.1) +0]= T,5(50) (@) AT, initral

0.02(29.0)(10°) © "~ 0.02(29.0)(10%) ' | 1! <
- Ac
b 41 < -
S0.17, ¢ - 50T, 5 +58.0=0 (2] L,50 ] A A Finat
. CJP

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

T:‘C'—‘Ol70klp Ans

T,p = 1.33 kip Ans
*4-40. The load of 800 Ib is to be supported by the two
vertical steel wires for which oy = 80 ksi. If; originally, wire
AB is 50 in. long and wire AC is 50.1 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”.
Equilibrium : The force of 15.0 kip is shared equally by
the two wires. Hence

15.0 T T
= = — 1 AB Al
Tig =Tac 2 7.50 kip 81.1¢
Compatibility : Q) A initial
) lA_jolin.
1 d| 11 Iy

(+4 Sac+0.1=6,, o Ac Finat

7.5050.0 o 750(50) | A A !

(0.02)(29.0)(10%) A5 (29.0)(103) 15 kip
Asp =0.0173 in’ Ans

116



© 2008 by 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.

4-41. 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
vielding of any one of the materials.

P Require,
55t = 5br +0.001
A i1 mm

g F(025) __ P25
(0.05) - (0.04)2]193(10°)  m(0.03)*(101)(10°)

025m 0.45813 F,; =0.87544 F,, +10° (1) J
. +o.
J;,._l p ‘ . br 0.00|
+TZE =0, Fy+F,-P=0 (¥3)
w Assume brass yields, then i

80 mm~ 10 mm

(For)max = OrApy = 70(10°)(7)(0.03)* = 197 920.3 N

70.0(10° -
(er)or = 0y /E = 2200 _  6931(10™%) mm/mm P
101(10°)
Sor = (Er)orL = 0.6931(107)(0.25) = 0.1733 mm < 1 mm
| Fer
Thus only the brass is loaded. F
br
P = F,; = 198 kN Ans
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 in?.
(e
+TZE =0, Tap + Tip - 650 =0 ) Iy 'T”
84 = O4p + 0.008
Ts(32) _ T (32.008) 19
(0.01)(29)(10%)  (0.01)(29)(10°) 650

32T, — 32.008Ty5 = 2320 A A
- | Oﬁ
T (") oy
Ty = 3611b  Ans ',
&I A D

iy = 2891b  Ans
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4-43. The bolt AB has a diameter of 20 mm and passes
through a sleeve that has an inner diameter of 40 mm and
an outer diameter of 50 mm. The bolt and sleeve are made
of A-36 steel and are secured to the rigid brackets as shown.
If the bolt length is 220 mm and the sleeve length is 200 mm,
determine the tension in the bolt when a force of 50 kN is
applied to the brackets.

Egquation of Equilibrium :

53F =0, B+P-25-25=0
P,+P -50=0 [1
Compatibility :
6b =61
F,(220) _ P,(200)

$(0.022)200(10°) N £(0.052 -0.042)(200)( 10%)

B, =0.40404 P, (2)

200 mm —

25 kN 25 kN

25 kN 25 kN

220 mm —|

25 ket

& = %
25 kie— ¢ ’
Solving Egs. {1] and [2] yields :

P, =35.61 kN

F, =144kN Ans

*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 Ey, 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.

+TZF =0 P-P.-B =0 o))
b = &
BL_ AL, p _ AE, @

AE. nAE’ T nAE

Solving Egs. (1) and (2) yields

_=._A"_E:___P; &:—M—P
nAE + ALE, Er + AuEn
Normal stress :
P GrEieP) E.
o‘.:-—'-‘-: AE = = P Ans
A An nAE + AE,
nAE,
Grr—P)
¢’!=i= AECAE . = P Ans
n4 nAy nAE + AuE.

[— "~

Ny —>
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4-45. The distributed loading is supported by the three
suspender bars. AB and EF are made from aluminum and

} 1.5m J‘ 1.5m ——{
CD is made from steel. If each bar has a cross-sectional B
area of 450 mm?, determine the maximum intensity w of @ § @J
the distributed loading so that an allowable stress of B D £
(Fatiow)st = 180 MPa in the steel and (o,j10w)a1 = 94 MPa in
the aluminum is notexceeded. £, = 200 GPa, E,; = 70 GPa. al st al 2m
A C E
i 8 -
YYYYVYVYYVYVYYVYVVYVYY

(+ IM:=0; Fer(1.5)— F45(1.5)=0

Fep=Fyp=F
+TEZF =0, 2F+Fp-3w=0 (1
Compatibility condition :
84 =8¢
FL ____ Feol F=035Fcp @

AT0)(10°) _ AQR00)(10%)

Assume failure of AB and EF :

F= (Gallow)alA
= 94(10%)(450)(10°%)
=42300 N

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

Assume failure of CD :
Fcp = (Ganow)stA
= 180(10°)(450)(10™°)
= 81000 N

From Eq. (2) F =28350 N
From Eq. (1) w=459kN/m (controls) Ans
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4-46. The rigid link is supported by a pin at A, a steel
wire BC having an unstretched length of 200 mm and cross-
sectional area of 22.5 mm? and a short aluminum block
having an unloaded length of 50 mm and cross-sectional
area of 40 mm?. If the link is subjected to the vertical load
shown, determine the average normal stress in the wire and
the block. Ey = 200 GPa, E,; = 70 GPa.

Equations of Equilibrium :

(+ZMA=O: 450(250) — £ (150) ~ £, (150) = 0
750—Fye - Fp =0 (1 Foc
100 mm 4 /50 mm _l

—

Compatibility :

G . Ax
Opc =6p l
Fg(200) Fp(50)

- . A (500
22.5(10-%)200(109)  40(10-6)70(10°) 450N
Fe=040177 (2]
8C D 5
Solving Egs. [1] and [2] yields :
F, =53503N Fae =21497N
=)
Average Normal Stress : —\ \
1
6 Jec V |lgommn
o, fp 33303 13.4 MP A
=— = —= a
°7 A, 40(10) s ]
Fac 21497
Oge =25 = ——— =9.55MPa Ans b

Age  22.5(10°9)
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4-47. The rigid link is supported by a pin at A, a steel
wire BC having an unstretched length of 200 mm and cross-
sectional area of 22.5 mm?, and a short aluminum block
having an unloaded length of 50 mm and cross-sectional
area of 40 mm’. If the link is subjected to the vertical load
shown, determine the rotation of the link about the pin A.
Report the answer in radians. Eg = 200 GPa, E,; = 70 GPa.

Equations of Equilibrium :

£+2MA =0;  450(250) — Fyc(150) — F,(150) = 0

750~ Fye = F, =0 (1]
Compatibility : B
100 mm 1‘ /50 mm
8pc = 8p i J‘
Fc(200)  Ey(50) — &
22.5(10-6)200(10%)  40(10-6)70(10°) l
B =040177 F, (2] 450n A |

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

b
Fy=53503N Fpe =21497N
Displacement :

RBL 535.03(50)
§p =22 = =0.009554 mm

ApE,  40(10-6)(70)(10%) ISom) 7L
= bp _ 0.009554

150 150

6 =63.7(107°) rad Ans

121



© 2008 by 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.

*4-48. The three A-36 steel wires each have a diameter
of 2 mm and unloaded lengths of L4c = 1.60m and
Lg = Lip = 200 m. Determine the force in each wire
after the 150-kg mass is suspended from the ring at A.

Equations of Equilibrium :

+ 3
STE=0. Rp-3Ry=0 Fp=Fy=F

wmiw

4
+TZE =0; 2(§F)+ac—150(9.81)=0
L6F + Fc — 14715 = 0 (1

Compatibility :

S4p = 0,ccos 6

4
Since the displacement is very small, cos 6 = 3
150(9.81) N 4
Sup = ga.qc
F(2) 4[F(1.6)
AE 5 AE
F =0.640 F, - (2]
Solving Egs. [1] and [2] yields :
Fic=727N Ans
Fig= Fip=F=465N Ans

4-49. The A-36 steel wires AB and AD each have a
diameter of 2 mm and the unloaded lengths of each wire
are Ly =1.60m and L,z = L4p = 2.00 m. Determine
the required diameter of wire AC so that each wire is
subjected to the same force caused by the 150-kg mass
suspended from the ring at A.

Equations of Equilibrium : Each wire is required to carry
the same amount of load. Hence

Fg=Fc=Fp=F
Compatibility :

84p = 0,cc0s 6

4
Since the displacement is very small, cos 6 = 3
4
Spp = gsAC
F2) _ F(16)
50002)E %di.E
d =0.001789 m = 1.79 mm Ans
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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 B D
is subjected to the force P.

d
G}:MA = 0. Fep(d) + Fer(2d) - P(E) =0

o
T
«—=
o}
+|E >
by
[

P
FCD + 2F£F = E (l)

+TZF, =0, Fp+Fp+Fer-P=0 (2

d 24

Sc ~ 8 _ %~ %

28¢c = 8, + &g

2Fcpl _ Fasl . Fegrl

AE ~ AE  AE P 1 lFo Fee
4 &
2ep - Fap - Fer = 0 ® Lo 1
o
Solving Egs. (1), (2) and (3) yields
7P P P
= — Fe = - Fep = —
Fo=7 feo=3 fF=3
7P
O = -l—ﬁ Ans
P
Ccp = 5‘— Ans
P
LS
OFF = 124 ne

4-51. The assembly consists of an A-36 steel bolt and a
(83400 red brass tube. If the nut is drawn up snug against
the tube so that L = 75 mm, then turned an additional
amount so that it advances 0.02 mm on the bolt, determine
the force in the bolt and the tube. The bolt has a diameter of

l< N
7 mm and the tube has a cross-sectional area of 100 mm?. ‘ L ‘
Equilibrium : Since no external load is applied, the force
acting on the tube and the bolt is the same.
Compatibility : !
St 4,
0.02=4,+6, —"'."“ Finak
P(75 P(75 \
0.02= (75) + (75) l‘nit/ial \— 0,02mm
100(10-6)(101)( 109) 3’5( 0.0072)(200)(109) B
P =116482N=1.16kN Ans
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*4-52. The assembly consists of an A-36 steel bolt and a
(83400 red brass tube. The nut is drawn up snug against
the tube so that L. = 75 mm. Determine the maximum
additional amount of advance of the nut on the bolt so that
none of the material will yield. The bolt has a diameter of k L +
7 mm and the tube has a cross-sectional area of 100 mm?.

Allowable Normal Stress :

Fy
%(0.007)
P, =9.621kN

(oy)s =250 (10°) =

- 6y = deyds
(6y)y =70.0(10°) = 1000105 I}~ Fina(
R, =7.00kN

initial
Since R, > R, by comparison he brass will yield first.

Compatibility :

a=6+96,
- 7.00(10%)(75) 7.00(10%)(75)
100(10-6)(101)(10°) ~ £(0.007)2(200)( 10%)

=0.120 mm Ans

4-53. 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 bolt is subjected to
a compressive force of P = 20 kN, determine the average
normal stress in the steel and the bronze. £y = 200 GPa,
E,, = 100 GPa.

+f2F,=0; P +P, -20=0 (1
651 =5br

PL____ P. L
£(0.012)(200)(10°)  %(0.022 - 0.012)(100)(10°)

Py =0.6667 Py, 2)
20 KN
Solving Egs (1) and (2) yields

P, =8kN P, =12kN

0, =—t=—""""__-509MPa Ans
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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)st = 640 MPa, and for the bronze (oy)p, = 520 MPa,
determine the magnitude of the largest elastic load P that can
be applied to the assembly. £ = 200 GPa, E,, = 100 GPa.

10 mm

20 mm

+*-Zﬁ,=0; Py +P,—-P=0 (¢))

Assume failure of bolt :

Py = (Oy)a(A) = 640(10")(%’)(0.012)

=50265.5 N
551 = 5br
Py L _ P, L
2(0.012)(200)(10°)  %(0.02% - 0.012)(100)(10°) P
P, =0.6667 P, &
0
50 265.5 = 0.6667P,, Ll
Pt
P, =75398.2N 1.
Poe

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

Assume failure of sleeve :
Py =(0y)p,(A) = 520(1()6)(%{)(0.022 -0.01%)=122522.11 N

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

From Eq.(1),
P=122522.11+81681.4

=204 203.52N
=204 kN
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4-55. The rigid member is held in the position shown by
three A-36 steel tie rods. Each rod has an unstretched length
of 075 m and a cross-sectional area of 125 mm?. Determine
the forces in the rods if a turnbuckle on rod EF undergoes
one full turn. The lead of the screw is 1.5 mm. Neglect the
size of the turnbuckle and assume that it is rigid. Note: The
lead would cause the rod, when unloaded, to shorten 1.5 mm
when the turnbuckle is rotated one revolution.

= e
T B D
0.75m
E
| |

AFO.SmaHO.Sm%—C

0.75m
F 4[
e
(+IMz = 0;  -Ti5(0.5) + Tep(0.5) = 0
.
Tw=Tp=T M P psm | psm (D
= . —
+lZE =0, T -2T=0 ]
Ter
Ter = 2T (0))

Rod EF shortens 1.5mm causing AB (and DC) to elongate . Thus;
0.0015 = 84p + OpiF

_ T(0.75) . 27(0.75)
(125)(10°%)(200)(10°)  (125)(10°%)(200)(10°)

2.25T = 37500

H
1]

16666.67 N

Tig = Tep = 16.7 kN Ans

Ter = 33.3kN Ans
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*4-56. The bar is pinned at A and supported by two
aluminumrods,each having a diameter of 1 in. and a modulus

of elasticity E,; = 10(10°) ksi. If the bar is assumed to be
rigid and initially vertical, determine the displacement of the
end B when the force of 2 kip is applied.
2 kip
Equations of Equilibrium :
(+}:MA =0, Ep()+Fr(3)-2(2) =0 [1]
Compatibility :
)
So=-=L
€73
Fop(2)(12) 1T Fp(1)(12)
AE 3| AE i
Fgp = 6Fp (2] 1 et_:ja'
it Al
. o 1t ]
Solving Egs. [1] and [2] yields : Fes -+ e "{5-7','5 ,
!
F.p = 0.21053 kip For = 1.2632 kip e /
»2 K-F l}( J ll
Displacement : Point B s it ‘/
‘—— | — "I’s __"I ¢ ’
% 3% ' i |
4 3 2 _L
5oots Ld[raROOd] A A
PTIETI Tmaoaoy |T Am Ay

4-57. The bar is pinned at A and supported by two
aluminumrods,each having a diameter of 1 in. and a modulus

of elasticity E,; = 10(10%) ksi. If the bar is assumed to be
rigid and initially vertical, determine the force in each rod
when the 2-kip load is applied.
2 kip
Equations of Equilibrium :
£+}:MA =0; Fp(1)+Fx(3)-2(2)=0 {1
Compatibility : J
l ®
8c= % s 8- 3 8’
3 ]
| ]
Feo(D(12) [ Ep(1)(12) Fer ft e | sy
AE 3| aE T +[7E
Fer = 6Fcp (2 1t /
*»2 K:F Z}t 4 ”'
Solving Egs. [1] and 2] yields : .}( <,
Fo 1
) “«— |+ S ¢
Fep =0.211 kip Ans it H
Fgp = 1.26 kip Ans . 1t V
Ax TOA
At
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4-58. The assembly consists of two posts made from
material 1 having a modulus of elasticity of £, and each a

cross-sectional area A;, and a material 2 having a modulus Equilibrium :
of elasticity E, and cross-sectional area A;. If a central load
P is applied to the rigid cap, determine the force in each +TZF =0, 2R+FK-P=0 n
material.
P Compatibility :
‘ d d =5 =
I v " §=6,=9,
A q AL AL g (LA, (2]
AE AE, YA
0 o
B DAL P Solving Eq.[1] and {2] yields :
R= Ak P A
V=124, +A,E, ns
L ]
&L a E = B P A
) (Mn E +AE "
F A A
4-59. The assembly consists of two posts AB and CD P
made from material 1 having a modulus of elasticity of £,
and each a cross-sectional area A;, and a central post EF d
made from material 2 having a modulus of elasticity £, and
a cross sectional area A,. If posts AB and CD are to be
replaced by those having a material 2, determine the A E q
required cross-sectional area of these new posts so that (1)
both assemblies deform the same amount when loaded. L
: -
P
+TEZE =0 2R+K-P=0 (1] 1
l ]
Compatibility : £ 3
5,=6,=6, ,7_ Fz-/ FI
RL A E
FI L - 2 Fi =( 1+1 )Fz [2] .
A\E  AE A,E, Solving for F from Eq.[1] and [3]
Solving Eq.[1] and (2] yields : A,
t (744'1 +A, )
E A,
R e A O ey
+A,E, + A2
. e s AL _(Emme  n
final — o~ =
ALE, Az 2 A 241 +A
__BL «(m)PL_ PL B Ez( 1 2)
"TAE ALK " 2A\E, +A,E, ,
2= = t e Requues‘ am = sfma]
bil Wh al 1 has b laced b, L PL
Compatibility : en materi as been replaced by =
2A\E 4
material 2 for two side posts, then 1B +AE, EIE(ZAI +A,)
Al = (—')A, Ans
Sfmal = 51 = 52 Ez
FL EL Al
== F=| |6 (3)
AE A Az
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*4-60. The assembly consists of two posts AB and CD
made from material 1 having a modulus of elasticity of E;
and each a cross-sectional area A;, and a central post EF
made from material 2 having a modulus of elasticity E,
and a cross-sectional area A,. If post EF is to be replaced
by one having a material 1, determine the required cross-
sectional area of this new post so that both assemblies
deform the same amount when loaded.

I

'-761 Y !

+TZF=0; 2R+K-P=0 (1
Compatibility :
5in =5| ='5l
FL EL AE
Bl Sl F = #)Fz (2]
AIEI A2 AZE.'

Solving Eq.(1] and [2] yields :

[ AE _ A
‘_LZAIEI +A 5, P\ E 44, E
A
s Bl _Gmeseg)P_ pL
" ALK AE 24\E +A B,

Compatibility : When material 2 has been replaced by
material 1 for central posts, then

O =01 =6,
RL FL A
=2 g = —')Fl (3]
AE,  AYE, A,

I
L 1
&L a
F A A

Solving for £ from Eq.[1] and [3]

R=(—2_p
P24, A

A
Rl ()P AL
final = 4" E, AE, E, (24, +A})
Regquires, in = Sfina
PL B PL
24,E, +AE, E (24, +A})
E,
Ay =2 A
o= (2 s
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4-61. The bracketis held to the wall using three A-36 steel
bolts at B, C, and D. Each bolt has a diameter of 0.5 in. and
an unstretched length of 2 in. If a force of 800 Ib is placed
on the bracket as shown, determine the force developed in
each bolt. For the calculation, assume that the bolts carry no
shear; rather, the vertical force of 800 Ib is supported by the
toe at A. Also, assume that the wall and bracket are rigid.
A greatly exaggerated deformation of the bolts is shown.

’-—2 in.*-‘

=

800 1b

+A—2 in.

£+ZMA =0, Fp(3.5)+ F(1.5) + F3(0.5)-800(2) =0 [1]
Compatibility :

ép B S,

35 15

8p =2.3333 5,

L F-L

bg _ )

05 15

85 =0.3333 6,
FL _ L

Solving Egs. [1] to [3] yields :

F-=1631b Ans
F,=3801b Ans
F3g =5421b Ans

130




© 2008 by 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.

4-62. The bracket is held to the wall using three A-36 steel
bolts at B, C, and D. Each bolt has a diameter of 0.5 in. and
an unstretched length of 2 in. If a force of 800 Ib is placed on
the bracket as shown, determine how far, s, the top bracket
at bolt D moves away from the wall. For the calculation,
assume that the bolts carry no shear; rather, the vertical
force of 800 1b is supported by the toe at A. Also, assume
that the wall and bracket are rigid. A greatly exaggerated
deformation of the bolts is shown.

Equations of Equilibrium :

Qw,:o; E (3.5 + F-(1.5) + F;(0.5-800(2) =0 [1]

Compatibility :
5 _4c
3515
5, =2.3333 6.
RL FL
—=2. —_ =2. 2
“F 4333AE Fp=2333 F; (2]
6y Oc
05 15
8y =0.3333 5, Ay
RL FL
— =03333 — Fz =03333 F, 3
AE AE 6 ¢ (3) Displacement :
Solving Egs. [1] to [3] yields : RL
s = 50 = —
AE
F-=162711b F,=379.661b F =54241b 379.66(2) o
= “‘1(0.52)(29.0)( 109 =0.133(107") in. Ans
4-63. The rigid bar is supported by the two short white 50 kN /m
spruce wooden posts and a spring. If each of the posts has l l l l l l l l l l l
an unloaded length of 1 m and a cross-sectional area of .

600 mm?, and the spring has a stiffness of kK = 2 MN/m and | |

an unstretched length of 1.02 m, determine the force in each A Il C B[
post after the load is applied to the bar. \\‘ \ ﬁ
»] ] k | “ 1m

Equations of Equilibrium : i

S p— ——

(+WC=0; R()-F(1)=0 F=F=F

+TZF =0.  2F +F,-100(10°) =0 (1 5010%)(2) = 10000 N
Compatibility : r“-"" -""-l
[ ]
(+1) 5,+002=5, A ]
__ PO o0 L A Fsp Fe
600(10-6)9.65(10°) 2.0(10%)
0.1727F + 20(10°) = 05 F,, (2)
.02
Solving Egs. (1] and [2] yields : oeml .
J.__E: :

F, =F =F=25581.7N =25.6 kN Ans

E, = 48836.5N
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*4-64. 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 1 m and a cross-sectional area of
600 mm?, and the spring has a stiffness of k = 2 MN/m and
an unstretched length of 1.02 m, determine the vertical
displacement of A and B after the load is applied to the bar.

50 kN /m

Y Yy A Y y A J

A C B

Equations of Equilibrium :

50(10%)(2) =/00G0>) N

(=0 BRW-RW=0 E=K=F
3 H L
+TZE =0, 2F+F,-100(10)=0 (1] [ f
Compatibility : /m m ]
B e
+4) 5,+002=35,,
A +0.02= L
600(10-)9.65(10%) ~ 2.0(108)
0.1727F + 20(10°) = 05 F, (2]
Solving Egs. [1] and [2] yields : 0.0m P
d' ——r-- "i‘:.::-: 55P
F=25581.7TN E, = 48836.5N g = v final
Displacement :
FL =X\
5,=8p=—
AE
25 581.7(1000)

=442 mm Ans

= 500(10-6)(9.65)(10°)
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4-65. The wheel is subjected to a force of 18 kN from the
axle. Determine the force in each of the three spokes.
Assume the rim is rigid and the spokes are made of the
same material, and each has the same cross-sectional area.

Equations of Equilibrium :

5 5E =0,  F,ccos 30° - F, pcos 30° = 0
Fc=FEp=F
+TZE =0, Fp+2Fsin30°-18=0
Eg+F=18 (1]
Compatibility :

8,c = 6,5c0s 60°
F(04) _ Fp(04)

os 60°
AE AE
F=05F,, (2]

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

Ans
Ans

5 = 12.0kN (D)
Fic =Fip=F=600kN (C)

4-66. The post is made from 6061-T6 aluminum and has
a diameter of 50 mm. It is fixed supported at A and B, and
at its center C there is a coiled spring attached to the rigid
collar. If the spring is originally uncompressed, determine
the reactions at A and B when the force P = 40kN is
applied to the collar.

Equations of Equilibrium :
+T2E =0 E+F+F,-40(10°) =0 (1)
Compatibility :

0=06,-085

_40(10%)(0.25)
"~ £(0.05?) 68.9(10%)

(R +F,)0.25)
£(0.052)68.9(10%) %(0.055;;.:(10*\ + 2000105

£ +E, =23119.45 (2]

R +F,

Also,

5,,; = 5ac
Ep FB +P;p

200(10%) ;(0.05’)06':.59(10’) +200(105)
F =27057F, (3]

025m

k = 200 MN/m

B
Fa
40 025m KA 40 kN
= +
E,a 0.25m
2 5
A & B
Fp

Solving Eq.[2] and (3] yields

E,=62389N
F, = 16880.6 N = 169 kN

Substitute the results into Eq.[1]

F, = 16880.6 N = 169 kN

Ans

Ans
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4-67. The post is made from 6061-T6 aluminum and has
a diameter of 50 mm. It is fixed supported at A and B, and
at its center C there is a coiled spring attached to the rigid
collar. If the spring is originally uncompressed, determine
the compression in the spring when the load of P = 50 kN
is applied to the collar.

025m

k = 200 MN/m

B

Compatibility :
0=6,-6,

_ 50¢ 10%)(0.25) ) -

7(0.052)68.9(10%)

| (B+E,) 025 . F+F,
$(005%)68.9(10°) " £0.059635010%_ 00, 10s)

0.25m

Fy +F, =28899.31 (n TEp

P

Also,

5,,. =685¢
E, F+E,

200(108) r(°-°5’)06.:-59(10’) +200(105)
F =2.7057F, (2]

Solving Eqgs.[1] and [2] yield

£,=T71986N F =21100.7 N

Thus,

7798.6
200(109)
=00390(107) m=00390mm  Ans

5,="Fn
k

P
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*4-68. The rigid bar supports the uniform distributed load
of 6 kip/ft. Determine the force in each cable if each cable C - 1
has a cross-sectional area of 0.05 in%, and E = 31(10%) ksi.

6 kip /ft

ézu,:o; Tc,(—z-)(a)-5«4.5)+rc,,(i)9=o M
5

Vs vE

Li¢ = (3)* +(8.4853) — 2(3)(8.4853) cos &
Also,
L3¢ = (9) +(8.4853)° - 2(9)(8.4853) cos &  (2)

Thus, eliminating cos €', i

— 12 =—L3 % Shhie Te

L3¢(0.019642) + 1.5910 = ~L5¢(0.0065473) + 1.001735 4 )
34 29
13¢(0.019642) = 0.0065473 Ljc- +0.589256 ASsH V0 eusd
Ay
Lic =0333 30 430

But,

Lyc = /45 + 85c . Loc = /45 +8pc

Neglect squares or &'s since small strain occurs.
L3¢ = (/35 + 8pc)? = 45 +2,/45 8pc

Lic= (/4—5. + 8pc)’ =45+2/4_5 Snc

45 +2/45 8pc = 0.333(45 +2,/45 Spc)+ 30

2,/45 8¢ = 0.333(2/45) 5pc

6DC = 36."
Thus,
Teo V35 _ oo 5
AE AE
Tep=3Tcs
From Eq. (1),

Tep = 27.1682 kip = 27.2 kip Ans
Tc. =9.06 klp Ans
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4-69. The rigid bar is originally horizontal and is supported
by two cables each having a cross-sectional area of 0.05 in?,
and E = 31(10%) ksi. Determine the slight rotation of the

bar when the uniform load is applied.

See solution of Prob. 4 - 68,

Tep = 27.1682 kip

_ Tp /45 21.1682,/45  0.1175806 1
0.0531)(10%)  0.0531)(10°)

6 kip/ft

Using Eq. (2) of Prob. 4 - 68,

(/45 +0.1175806)° = (9)? + (8.4852)" — 2(9)(8.4852) cos &'

€' = 45.838°

Thus,

A6 =45838°-45° = (0.838° Ans

4-70. The electrical switch closes when the linkage rods s
CD and AB heat up, causing the rigid arm BDE both to . HJ] N
translate and rotate until contact is made at F. Originally, o
BDE is vertical, and the temperature is 20°C. If AB is made 200 mm
of bronze C86100 and CD is made of aluminum 6061-T6, =1

¢ D

determine the gap s required so that the switch will close

when the temperature becomes 110°C.
400 mm

=

A B
}-—300 mm J

Thermal Expansion :

- = -6 -— =
845 = o ATL=17.0( 10 6) (110-20) (300) = 0.4590 mm T[T
= = - - = b
8cp = @ ATL =24.0( 10™) (110-20) (300) = 0.6480 mm 2oomm| | gt
!
Geometry : -
! ".‘" er~Jus
]
600 o
5=5AB"‘(5co"5AB)(T) i i
00 500 400 mn| o
=0.4590+ (0.6480 - 0.4590) (—) i
400 i
=0.7425 mm Ans IR

ol
o
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4-71. A steel surveyor’s tape is to be used to measure the
length of a line. The tape has a rectangular cross section of
0.05 in. by 0.2 in. and a length of 100 ft when 7'y = 60°F and
the tension or pull on the tape is 20 Ib. Determine the
true length of the line if the tape shows the reading to be
463.25 ft when used with a pull of 35 Ib at 7, = 90°F. The
ground on which it is placed is flat. ag = 9.60(107°)/°F,
Eg = 29(10%) ksi.

P €—t > P
'\ ~
0.2 in¥ j

0.05 in.

8 = aATL = 9.6(107°)(90 — 60)(463.25) = 0.133416 ft

s o PL_ 35 - 20)463.25)

— 7" = (0.023961 ft
AE  (0.2)(0.05)(29)(10%)

L = 463.25 + 0.133416 + 0.023961 = 46341ft Ans

*4-72, The assembly has the diameters and material
make-up indicated. If it fits securely between its fixed
supports when the temperature is 77 = 70°F, determine
the average normal stress in each material when the
temperature reaches 7, = 110°F.

2014-T6 Aluminum 304 Stainless
( C 86100 Bronze steel

|
| 4t ‘ 61t 31—

LF =0, F,=F=F

Sup=0; )
ve m(6)2(10.6)(10°) Fa

o

F(©6)(12) -6
= ——————+9.60(10"")(110-70)(6)(12
,,(4)2(15)(106)+ (10X )(6)(12)

F3)(12) -6
- ————— +9.60(107°)(110- 70)(3)(12) = 0
2R 2R 60(107°)( N(3)(12)

F = 277.69 kip

277.69
Oy = —6— =2.46 ksi Ans
n(6)

277.69 .

Oor = =552ksi  Ans

0u =2 niksi Ans
m(2)?
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4-73. A high-strength concrete driveway slab has a length

of 20 ft when its temperature is 20°F. If there is a gap of Yook

0.125 in. on one side before it touches its fixed abutment, Require ] Feaitron

determine the temperature required to close the gap. What ’ ¥ .\._f -

is the compressive stress in the concrete if the temperature Sr=aATL 2"

becomes 110°F? /" N2Sm T
0.125 = 6(107°)(T'- 20°)(20)(12) 29l Posih

T=107°F Ans

0.125 = 87— &5
_ F(20)(12)
0.125 = 6(107°)(110° - 20°)(20)(12) - —————-
(107X Y2012y A(4.20(105)

o=§=80.5 psi Ans

4-74. A 6-ft-long steam pipe is made of steel with
oy = 40 ksi. It is connected directly to two turbines A and B
as shown. The pipe has an outer diameter of 4 in. and a wall
thickness of 0.25 in. The connection was made at 7y = 70°F.
If the turbines’ points of attachment are assumed rigid,
determine the force the pipe exerts on the turbines when the
steam and thus the pipe reach a temperature of 7, = 275°F.

Compatibility :

( :’) 0=6r-6¢
0= 6.60(107%)(275-70)(6)(12)
F(6)(12)

AVANNY
U=

AW\
)

F =116 kip Ans

4-75. A 6-ft-long steam pipe is made of steel with
oy = 40 ksi. It is connected directly to two turbines A and B
as shown. The pipe has an outer diameter of 4 in. and a wall
thickness of 0.25 in. The connection was made at 7y = 70°F.
If the turbines’ points of attachment are assumed to have a
stiffness of k = 80(10°) kip/in., determine the force the
pipe exerts on the turbines when the steam and thus the pipe
reach a temperature of T, = 275°F.

Compatibility :

x =8;-8¢

x = 6.60(107%)(275-70)(3)(12)
80(10%)(x)(3)(12)

T(42 ~3.52)(29.0)(10°)

x =0.001403 in.

F=kx =80(103)(0.0014O3)=l12kip Ans
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*4-76. The 40-ft-long A-36 steel rails on a train track are +oft 0:34848 in.
laid with a small gap between them to allow for thermal

e
expansion. Determine the required gap 6 so that the rails just g::l E

touch one another when the temperature is increased from

T, = —20°FtoT, = 90°F. Using this gap, what would be the L lJT
axial force in the rails if the temperature were to rise to 2| —
T5 = 110°F? The cross-sectional area of each rail is 5.10 in?. Tg
+ J &
034348 in.
3 R F
ks 6k F
e oL
401t Compatibility :

‘ ‘ (=) 034848 = 5,5,
Thermal Expansion : Note that since adjacent rails expand,

5
each rail will be required to expand 3 on each end, or § for the 0.34848 = 6.60(10"%)[ 110 — (=20)1(40)(12)
entire rail ___Faoé)(12)
5.10(29.0)(10%)
8§ = aATL =6.60(10"°)[90 — (- 20)](40)(12)
=0.34848 in. = 0.348 in. Ans F=19.5 kip Ans

4-77. The two circular rod segments, one of aluminum and
the other of copper, are fixed to the rigid walls such that
there is a gap of 0.008 in. between them when 7'y = 60°F.
What larger temperature 7' is required in order to just

close the gap? Each rod has a diameter of 1.25 in., | o08in -
ay = 13(10 )/°F, E, = 10(10%) ksi, ae = 9.4(10°%)/°F, % %
E, = 18(10%) ksi. Determine the average normal stress in '—— 8in.

each rod if T, = 200°F.

Thermal Expansion : To close the gap

+in.
& = oy ATL,+0a, ATL, ‘ :; Fa 008 in. I
0.008 = 13( 107°) (T, - 60) (8) +9.4( 10°°) (T; - 60) (4) N

, >

T, =116 °F Ans ‘
(JT)C&

Compatibility : 3—_—_—_———

0.008 = (5r)cu - (5,.-)cu + (5T)al _(5F)al

F(4) f\(d’;)cu
=9. 6 -60) (4) = ——————————
0.008 = 9.4( 10°°) (200 60) (4) T (810 2
+13(10°) (200-60) ®) - e __ 2
1(1.252)(10)(10%)
F =14.195 kip (éﬁ
Average Normal Stress : E
(JF)aL
F 14195 .
Ol =ch=;=m=ll.6k51 Ans
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4-78. The two circular rod segments, one of aluminum and
the other of copper, are fixed to the rigid walls such that

there is a gap of 0.008 in. between them when 77 = 60°F. | —| —0.008 in.

Each rod has a diameter of 1.25 in., ay = 13(10°%)/°F, Conper Aluminum

Ey = 10(10%) ksi, ao = 94(10°9)/°F, E,, = 18(10%) ksi. hﬁH _L .
Determine the average normal stress in each rod if ";4111'4" \ 8in.

T, = 300°F, and also calculate the new length of the
aluminum segment.

Compatibility :

0.008 = (JT)cu—(sF)cu+ (sf)al_(aﬁ')al 4in. 8 in.
0.008 =9.4(10) (300-60) (4) - et ) __ ' ' ‘: 0-008 in. ,
/{i [

7(1.252)(18)(10%)

F(8)

13(107) (300-60)(8) - 57—~ =
* ( )( '® £(1.25%)(10)(10%) '
F =31.194 kip ‘ (I1)ae
Average Normal Stress : 2
F_ 3119 _ AN
O3 =0 = o m =25.4 kst Ans é:;:___}:
a -ed
Displacement : /-\ ’
(6T)u_ -
Sa = (8p)al = (6p)al E
, 31.194 (8) R
= 13(107°) [300- 60)(8) - e
( )[ 1(8) 45(1_252)(10)(103) (é)uﬂ
= 0.0046247 in. )
F—3 S
Ly =L, + 8, =8+0.0046247 = 8.00462 in. Ans ~
4-79. Two bars, each made of a different material, are
connected and placed between two walls when the
temperature is 77 = 10°C. Determine the force exerted
on the (rigid) supports when the temperature becomes Steel Brass
T, = 20°C. The material properties and cross-sectional area Eg =200 GPa By = 100 G}Za
of each bar are given in the figure. ag = 12(107%) /°C ay = 21(10 )2/ C
{ Ay =200 mm? Ap = 450mm”™
s 300 mm 300 mm ——*
Compatibility :
() o0=5-6; ;jOOMMJT-?wM%
0=12(107%) (20~ 10)(0.3) + 21 ( 107*) (20- 10)(0.3) 2:::§
_ F(03) _ F(0.3) R
200(10-4)(200)(10°) _ 450(10-5)(100)(10°) I
a]’ N
F =6988.2 N = 6.99 kN Ans ———{ R’
N

a
7777777
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*4-80. The center rod CD of the assembly is heated from 0.7 mm
T, =30°C to T,=180°C using electrical resistance
heating. At the lower temperature 71 the gap between C and
the rigid bar is 0.7 mm. Determine the force in rods AB and
EF caused by the increase in temperature. Rods AB and EF
are made of steel, and each has a cross-sectional area of
125 mm?. CD is made of aluminum and has a cross-sectional
area of 375mm’ FEg4 = 200GPa, E, = 70GPa, and
ag = 12(1079)/°C, a, = 23(107%)/°C.

8¢ = (87r)a — 8, —0.0007

Fu(0.3) » F(0.24) ($00
=23(107%)(150)(0.24) - ——————— — 0.0007
(125)(1076)(200)(10%) (107130024 (375)(1076)(70)(10%) ]
] ¥,
12F, = 128 000-9.1428F [6)] T oos
+TZF =00 F-2F =0 @

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

Fap = Fegr = Fy = 423kN Ans f:%’l
st F e

Fcp = F = 845kN

4-81. The center rod CD of the assembly is heated from
T, = 30°CtoT, = 180°C using electrical resistance heating.
Also, the two end rods AB and EF are heated from
T, =30°C to T, = 50°C. At the lower temperature 7'y the
gap between C and the rigid bar is 0.7 mm. Determine the
force in rods AB and EF caused by the increase in
temperature. Rods AB and EF are made of steel, and each
has a cross-sectional area of 125mm?’. CD is made of
aluminum and has a cross-sectional area of 375 mm?.
Ey = 200GPa, E, =70GPa, ay = 12(10°)/°C, and
ay = 23(107%)/°C.

5;( + (6T)st = (6T)al - 5al - 0.0007

F (0.3)

— ST 4 12(107%)(50 - 30)(0.3
(125)(10°6)(200)(10°) + 12007 )03)

= 23010180 - 30)024) - —— 202D __ _ ¢
375 (10°)(70)(10°) = die ol

a ra
) L]

120E, + 9.14286F, = 56000 ) * @ =) initial
(57)51 o.kuoqﬂ

+TZF, =0, F -2F =0 )

Solving Egs. (1) and (2) yiclds :
Fig = Fer = Fy = 185kN  Ans i I i
Fae

Fep = Fy = 370kN
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4-82. The pipe is made of A-36 steel and is connected to
the collars at A and B. When the temperature is 60° F, there
is no axial load in the pipe. If hot gas traveling through the
pipe causes its temperature to rise by AT = (40 + 15x)°F,
where x is in feet, determine the average normal stress in the

pipe.The inner diameter is 2 in., the wall thickness is 0.15 in. LA 8t Bﬂ\
Compatibility : 8/t
L
0=6,-8, Where 5= asrar 2[1::[@
_ g [ 81t B F(8) Il
0=6.60(10°%) [ (40 +15.0) de - oo L@‘Jr
3 158 F®) gﬁ —
0=6.60( 10 )[40(8) M e R vEry YT
+
F=19.144A %
p—
Average Normal Stress :
19.14 A
= =19.1 ksi Ans
4-83. The bronze 86100 pipe has an inner radius of 0.5 in.
and a wall thickness of 0.2 in. If the gas flowing through it
changes the temperature of the pipe uniformly from
TA = 200°F at A to TB = 60°F at B7 determine the axial - —> ‘—» > > > > > > > ( —> —>
force it exerts on the walls. The pipe was fitted between the |4 o B|
r t gl

walls when T = 60°F.

Temperature Gradient :
140 75[

8~x

T(x) =60+ (T) 140 = 200 - 17.5x

Compatibility :

0=6;-8; Where &;=/aATdx

0=9.60(107) J;"[( 200~ 17.5x) - 60] dx | 8/t |
_ F(8)
T 5000 2@:-_—_—::[&

0=9.60(10) [*(140 = 17.5x) ax Il
0
_ F(8) Lq\‘;f
1419150100 %L -~
F =7.60 kip Ans + Lpd}
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*4-84. The rigid block has a weight of 80 kip and is to be
supported by posts A and B, which are made of A-36 steel,
and the post C, which is made of C83400 red brass. If all the
posts have the same original length before they are loaded,
determine the average normal stress developed in each post
when post C is heated so that its temperature is increased A C B
by 20°F. Each post has a cross-sectional area of 8 in?.

R ¥ (S -

Equations of Equilibrium :

£+£MC=O: FR(3)-F(3)=0 F =F=F

80 kip
+TZIF =0, 2F+F-80=0 [ 1
Compatibility :
(+ ‘L) (5C)F_(5C)T=5F 5ft 3}’*
F-L -
_feb __980(10%) 2oL = —tE A £ F
8(14.6)(10%) 8(29.0)(10%)
k
8.5616 F- —4.3103 F = 196 [2)
T
Solving Egs. (1] and (2] yields : initial . (dc),: ‘-' :'
§, l il
F =22.81kip F- =34.38 kip Fina(
average Normal Sress : ;
o, =0, —F—22'81—285ks' A
w=0g=2=——=1 i ns
F- 3438
== =4, i
oc " 2 30 ksi Ans

4-85. The bar has a cross-sectional area A, length L,
modulus of elasticity E, and coefficient of thermal expansion

o. The temperature of the bar changes uniformly along its —x —
length from T 4 at A to T'p at B so that at any point x along A B
thebarT = T4 + x(Tp — T 4)/L. Determine the force the
bar exerts on the rigid walls. Initially no axial force is in Ty Ty
the bar.
+r 0=24,~ O (¢))
However,
-1 x
dAr= alA,de = il T+ T x = T)dx é—*ﬂ’d"
A= af BBy e BTt ! A
T [ A 2L 0
]
- T, al A
= a2 = (5= T) + q&:
) EEEE—— S
From Eq.(1). 1 —=F
al FL
0=25(p-1)- L&
5 T A) i
F=22-1) Ans
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4-86. The rod is made of A-36 steel and has a diameter of
0.25 in. If the springs are compressed 0.5 in. when the
temperature of the rod is T = 40°F, determine the force in
the rod when its temperature is T = 160°F.

{1k =10001b/in. k =10001b/in. |.

41t

-
X

Compatibility :
+ —5 —‘5 {
() x=b-5 are g x
x =6.60(10")(160-40)(2)(12)
L0 + 0512 —
£(0.252)(29.0)(10%) I ]
x =0.01040 in. ¢ ,iﬁ
F = 1.00(0.01040+0.5) = 0.510 kip Ans ]
¢ + &
Y

F- /.a(z'fa;) kip

4-87. Determine the maximum normal stress developed
in the bar when it is subjected to a tension of P = 8 kN.

5 mm
ﬂ TZO mm

P €—

For the fillet :
A
w_4 ro10 s
h 20 h 20
From Fig. 10-23. K =14
Omax = Ko‘avg
8 (10°)
0.02 (0.005)
= 112 MPa
For the hole :
r 10
- = — =025
w 40
From Fig. 4-24. K = 2375
Omax = K(rm.g
3
= 2.375¢ 8107

(0.04 - 0.02)(0.005)

= 190 MPa Ans
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*4-88. If the allowable normal stress for the bar is
Taow = 120 MPa, determine the maximum axial force P

. S mm
that can be applied to the bar. 40 mm ﬂ TZO o

Assume failure of the fillet P «—
w oA o r_ 10 s
h 0 h 20

From Fig. 4-23, K =14
Tuliow = Omax = KO,y
120(10%) = 1.4 (—— )

0.02 (0.005)

P = 857kN
Assume failure of the hole.

=0.1§

T~
83

From Fig. 4-24, K = 2375
Oatlow = Omax = KO,y

120 (10°) = 2375 (—*P—)
(0.04 — 0.02) (0.005)
P = 505kN  (controls) Anms

4-89. The steel bar has the dimensions shown. Determine
the maximum axial force P that can be applied so as not to
exceed an allowable tensile stress of o, = 150 MPa.

N

20 mm
30 mm ﬂ ’/ 60 mm
v
p— —
A\

I—>r
[ L >

{ r=15mm
24mmJ L

Assume failure occurs at the fillet :

P €—

w 60 r 15
—==—=2 and -=—=05
h 30 h 30
From the text, K =14
Gmu = o.lllow =K6:v;
6 P
150(10°) = 1.4 ———
0.03(0.02)
P =64.3kN

Assume failure occurs at the hole :

12
=—=02
6

T~

From the text. K =245

0-mu = Ulllow = KUavg
6 P
150(10°) = 2.45| ——-———
(0.06 - 0.024)(0.02)
P =44 1kN (controls!) Ans
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4-90. Determine the maximum axial force P that can be

applied to the bar. The bar is made from steel and has an 1.875 in. . 0.125 in.
allowable stress of gy = 21 Ksi. | 125 in/‘
|
P <—| » P
Assume failure of the fillet. O‘
r_025 . ow_ 1815 1.5 T }'—" r =025 in.
h 1.25 h 1.25 0.75 in.

Oajlow = Tmay = Koavg
21 = 1.75(~L—)

1.25(0.125)
P = 1.875kip

Assume failure of the hole.

From Fig. 4-24. K =245
Cattow = O, = KO,y

2l = 245 (——————)
(1.875 — 0.75)(0.125)

P = 121kip (controls) Ans

4-91. Determine the maximum normal stress developed

1.875 in. 0.125 in.
in the bar when it is subjected to a tension of P = 2 kip. | ﬂ(
P <— Q > P

T r=0251n.
0.75 in.

At fillet :
£=9:3§=o,2 15=1—'822=1.5
h 125 h 1.25

From Fig. 4-23, K=173

P 2 .
=K(=)=1.73| —————] =22.1 ksi
Tmax (A) l 1.25(0.|25)]

Athole :

(=
w
=
wn

=0.20

Tl
—
)
[
[

From Fig. 4-24, K =245

Oumax = 245 2 |=348ksi (Controls) Ans

(1.875-0.75)(0.125)
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*4-92, Determine the maximum normal stress developed S mm
in the bar when it is subjected to a tension of P = 8 kN. 60 mm /‘ ’/ 30 mm
) .

Maximum Normal Stress at fillet : P. ‘(Q' P
r 15 w 60 ! ‘ L r=15mm
-=—=05 d —=—=2
R 30 R T — [ 12mm

P
Omax = KO'“' = Kh_t
= 810D __1 - 747 mpa
~7(0.03)(0.005) |
Maximum Normal Stress at the hole :
6
.2 -0l
w 60
From the text, K =2.65
P
= K = K——-
amu davg (W —2r)t
3
=2.65 810)
(0.06 — 0.012)(0.005)
=883 MPa (Controls) Ans
4-93. The resulting stress distribution along section AB 10 mm

for the bar is shown. From this distribution, determine the
approximate resultant axial force P applied to the bar. Also,
what is the stress-concentration factor for this geometry?

20 mm <
Number of squares = 19 l ~«
P = 19(5)(10°:0.02)0.01) = 19kN  Ans I
9%10° — S MPa
g == U0 375 MPa
A 008(0.01) 30 MPa
Ko Oms _ 30MPa oo

Guv; 2375MPa

4-94. The resulting stress distribution along section AB
for the bar is shown. From this distribution, determine the
approximate resultant axial force P applied to the bar. Also,

what is the stress-concentration factor for this geometry?
& y P= I 0dA = Volume under curve

0.5 in.

Number of squares = 10)

P=10(3)(1)(05) =15kip Ans

=22 Z " 160 Anms
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4-95. The A-36 steel plate has a thickness of 12 mm. If
there are shoulder fillets at B and C, and o,,,, = 150 MPa,
determine the maximum axial load P that it can support.

Compute its elongation neglecting the effect of the fillets. Maximum Normal Stress at fillet :

r 30 w 120
—=—=0. d —_ ——=2
T ™M TR
=30 mm
~_c - 00mm Fromthetext, K=14
120 mm i ’ P
rj: 30 mm
B - g, ax = Callow = Kdivg
60mm_ g,)( J_/J ) s il
2 s 10°) = 1.4
Py J_/  80mm~ 200mm 150(10°) [0.06(0.012)]
- — P =77142.86 N =77.1 kN Ans
[ 200 mm
Displacement :
5=1
T TaAE
_ 77142.86(400) . 77142.86(800)
7 (0.06)(0.012)(200)(10%)  (0.12)(0.012)(200)(10?)
= (.429 mm Ans
*4-96. The 300-kip weight is slowly set on the top of a post
made of 2014-T6 aluminum with an A-36 steel core. If both
materials can be considered elastic perfectly plastic, determine
the stress in each material. Equations of Equilibrium :
+TIE =0, B +P-300=0 {1

Elastic Analysis: Assume both materials stil! behave elastically

under the load.
l . ;\luminum AL 2 : % PL 300 Kip
. @rlin. 2(2)2(29)(10%)  F(42-22)(10.6)(10%)
!
Steel P, =09119 B,
Solving Egs. {1] and [2] yields :
B, =156.91kip B, =143.09 kip P
Average Normal Stress : T P

o = Py _ 15691
a _Aal - §(42_22)

16.65ksi < (0y)y =60.0ksi (OK!)

W

143.09
o)
45.55ksi > (0y), = 36.0 ksi

I
Oy ==
Aq

i

Therefore, the steel core yields and so the elastic analysis is invalid.
The stress in the steel is

O, = (0y),, =36.0ksi Ans
N,
B = (0y), Ay =36A0(Z)(2~) = 113.10 kip
FromEq. (1] P, = 186.90 kip
Oy=t =" =1983ksi< (0y), =60.0ksi

Then o,y = 19.3ksi Ans
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4-97. The 10-mm-diameter shank of the steel bolt has a
bronze sleeve bonded to it. The outer diameter of this sleeve
is 20 mm. If the yield stress for the steelis (oy )y = 640 MPa,
and for the bronze (oy)y,, = 520 MPa, determine the
magnitude of the largest elastic load P that can be applied to
the assembly. Eg = 200 GPa, Ey,, = 100 GPa.

10 mm

20 mm

+TEZF =00 P-BR-P =0 m
. P(L) _ AU
*T 0 20012)(200)(10°)  (0.022 -0.012)(100)(10°)
P, = 0.6667 P () P
Assume yielding of the bolt: I
B = (0,)rA = 640 (10°)(£)(0.01%) = 50.265 kN famal

T
Using P, = 50.265 kN and solving Eqgs. (1) and (2) : [
P, = 7540kN. P = 125.66 kN v

Assume yielding of the sleeve: F.
P. = (Op)or A = 520 (10°)(£)(0.02% - 0.01%) = 122.52kN L p
<

Use P, = 122.52 kN. and solving Eqgs. (1) and (2) :
P, = 81.68 kN P = 20420 kN

P = 126 kN (conuols) Ans

4-98. The weight is suspended from steel and aluminum
wires, each having the same initial length of 3 m and cross-
sectional area of 4 mm?. If the materials can be assumed to
be elastic perfectly plastic, with (oy)y = 120 MPa and
(oy)a = 70 MPa, determine the force in each wire if the
weight is (a) 600 N and (b) 720 N. E, = 70 GPa,
Ey = 200 GPa.

Fy M Fy
Aluminum Steel
\\ P )

~ |
H

Equations of Equilibrium :
+TZE =0, E+F-w=0
Elastic Analysis : Assume both wires behave elastically.

(1

5, =6,
BEL _ EL
A(70)(10°) ~ A(200) (10%)
E = 0.350F, (2

a) When W =600 N, solving Eq. [1] and [2] yields :

F, =444.44N = 444 N Ans
F =15555N =156 N Ans

Average Normal Stress :

Fy 155.55
oy = Z; = 2000105 =38.88 MPa < (oy), =70.0 MPa (OK!)
Fi 444.44
= =m =111.11 MPa < (o), =120 MPa (OK!)
The average normal stress for both wires do not exceed their respective yield
stress. Therefore, the elastic analysis is valid for both wires

b) When W =720 N, solving Eq. {1] and [2] yields :
F,=533.33N F, =186.6TN

Average Nomal Stress :

E  186.67
% = 3 = Toa(io; = 46-67 MPa < (0y)y =700 MPa (0K )
o, =t _ BB 3 33 Mpa > (o), = 120 MPa
T A, 400109 ' ra ’

Therefore, the steel wire yields. Hence,

F, =(0y) A, = 120(10°)(4.00)(10°%) = 480 N Ans
From Eg. [1], E, =240N Ans
240

Oy =m—)- = 60.00 MPa < (ar)al (OK!)
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4-99, The bar has a cross-sectional area of 1 in”. If a force
of P = 45 kip is applied at B and then removed, determine
the residual stress in sections AB and BC. oy = 30 ksi.

+TEF, =00 F+F-45=0 m

Assume both segment AB and BC behave elastically.

45(3L
A +~L 0=Ac~5ci (4).—_.."2‘1:
AE AE
% I s Fe = 33.75 kip
L From Eq. (1). £, = 11.25kip
B
11.2
lL | du=fi=—~—5: 11.25ksi < oy = 30ksi  OK
4 l A 1
¢ 45 Kip
Opc = %C— = ————33175 = 33.75ks1 > oy = 30ksi
TF; Therefore segment BC yields and the elastic analysis is invalid.
LLL4277 g Lot
5.7 § 3, Plastic analysis : Assume segment BC yields and AB behaves elastically.
Fe = oy(A) = 30(1) = 30.0 kip
From Eq. (1. £ = 150kipand o4 = -11—5 = 15.0ksi < oy= 30ksi OK
€
r4s 7 45kip A reversed force of 45 kip applied results in a reversed Fc = 33.75 kip
and Fg = 11.25 kip Which produces ogc = 33.75 ksi (T) and
Oap = 11.25 ksi (C). Hence,
LA
77 A I A i

(O48)y = 15 — 11.25 = 3.75ksi (T) Ans

(ogc), = — 30 + 3375 = 3.75ksi(T) Ans

*4-100. The bar has a cross-sectional area of 0.5 in? and
ismade of a material that has a stress—strain diagram that can
be approximated by the two line segments shown. Determine
the elongation of the bar due to the applied loading.

A B 8kip C s5kip
Average Normal Stress and Strain: For segment BC
b 5t 26t ]

. Bc _ 5 .
ksi Ogr = — = — = 10.0 ksi
olksi) 5= A 05
40 — N
—— X 2 0.001
= 00,2 0 = 22 10.0) = 000050 in.in.
_ gpc  0.001 20
0l
/ Average Normal Stress and Strain: For segment AB
] =50kp )
, e(in.in.) Py 13 , hac DN
0.001 0.021 Opp = =5 = 260ksi priso kP 8 kip
A8 2[3.0 K
A e = "
26.0-20 40-20

€15 ~0001  0.021-0.001
(ks

€45 =0.0070 in./in. (0-021,40)
L :
Elongation: (é“)z\_é,o E
8pc = €pclpe =0.00050(2)(12) = 0.0120 in. 20-—-I Co-001, 20) i
845 = £apLag = 0.0070(5)(12) = 0.420 in. L (e 100) i
] z 1

. ‘ i_ﬁ(in,
81 =85c+ 3,5 =0.0120+0.420=0432in.  Ans 5| oa0; .y
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4-101. The rigid bar is supported by a pin at A and two
steel wires, each having a diameter of 4 mm. If the yield
stress for the wires is oy = 530 MPa, and Ey = 200 GPa,
determine the intensity of the distributed load w that can be
placed on the beam and will just cause wire EB to yield.
What is the displacement of point G for this case? For the
calculation, assume that the steel is elastic perfectly plastic.

£y DQ/T
T
800 mm

4 >

A BB CA

' Y VYV VY VY VY VY Y
<400 mm 250 mm—»

Equations of Equilibrium :
55 F;P
<+}:MA =0; Fg(0.4)+Fp(0.65)~0.8w (0.4) =0 [ o4m TO'””’ Yo.15m
A A
0.4 Fyz +0.65F-p = 0.32w 3] — ;
Plastic Analysis : Wire CD will yield first followed by
wire BE. When both wires yield AJ‘ o8 wW
Fpr=Fp=(0y)A
3 = Fcp = (Oy) . . | o4m | 0-25m |0/5m
=530(10°)(Z)(o,004~) =6.660 kN AI” Is Te ¢
Substituting the results into Eq.[1] yields : B Tl
¢’ T4
4]
w = 21.9kN/m Ans
Displacement : When wire BE achieves yield stress, the
corresponding yield strain is From the geo
metry
oy 530(10%)
=X=___""_-yp S,
&= 5000107 0.002650 mm/mm _%=‘(5)L4
8¢ = £y Lyg = 0.002650(800) = 2.120 mm 50 = 23“ =2(2.120) = 4.24 mm
. =% Ans
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4-102. The rigid bar is supported by a pin at A and two
steel wires, each having a diameter of 4 mm. If the yield
stress for the wires is oy = 530 MPa, and Fy = 200 GPa,
determine (a) the intensity of the distributed load w that can
be placed on the beam that will cause only one of the wires to
start to yield and (b) the smallest intensity of the distributed
load that will cause both wires to yield. For the calculation,
assume that the steel is elastic perfectly plastic.

E ar T/
800 mm
A B C
D |
v Y L4 4 y v |y Yw
f———400 mm 250 mm I
150 mm

Equations of Equilibrium :

(+ IM, =0,  Fyg(0.4)+F5(0.65)—0.8w (0.4) =0

0.4 Fyp +0.65 Frp = 0.32w ) Using £, = 6.660 kN and solving Eqs. [1] and [2] yields :
Fyp = 4.099 kN
a) By observation. wire CD will yield first. w = 18TKkN/m Ans
_ _ s\ (T 2y _
Then Fp = 074 =530(10°) (7 )(0.004°) = 6.660 k. b) When both wires yicld

From the geometry
Fag=Fp= (o)A

85e _ e 6 (”) 2
i = =530(10") - 0047) = 6. }
o Toes O = 16256 (10%) I (0.004%) = 6.660 kN
Fopl Bl
AE 1.625 AE Substituting the results into Eq.[1] yields :
Fep = 1.625 Fyg {21
w = 21.9kN/m Ans
foe  Fe
o4 m T 025m j‘a-/;ﬁ
Ax | /l\ 11\ j] [LA;O“"”’ {:-ZSM ’!J%En_]j .
—y A== y L
——— i e e
Sl |
At 08w €T
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4-103. The rigid beamis supported by the three posts A, B,
and C of equal length. Posts A and C have a diameter of
75 mm and are made of aluminum, for which £, = 70 GPa
and (oy), = 20 MPa. Post B has a diameter of 20 mm
and is made of brass, for which FE,, = 100 GPa and
(oy)pr = 590 MPa. Determine the smallest magnitude of P +T2F =0 B +2F-2P=0 m
so that (a) only rods A and C yield and (b) all the posts yield. @

IMy=0:- Fy=Fc=F,

Post A and C will yield,

Fy =(0))aA f P
= 20(10°XEX0.075)
=88.36 kN

l l Fa Fir F(,
_ (ona _ 2000°) -
(€a)r = T | 0.0002857

P P

al Compatibility condition :

B C
al ‘ br ‘

Sor =8y

|-—21n—-\-—2m—-\-—2m—-\-—2m—-{ =0.0002857(L)

Ry )
TonzraeNw - VL

F,; =8976 kN

For = -8—.27—‘1@ =286MPa< oy OK
$(0.02)
From Eq. (1),
8.976+2(88.36)-2P =0
P=928kN Aans

(b) Al the posts yicld :

Fir = (Or)uA
= (S90X10°X(§)(0.02%)
= 18535 kN

F, =8836kN

From Eq. (1) : 185.35 + 2(88.36)-2P =0
P=181kN Ans

*4-104. The rigid beam is supported by the three posts P
A, B, and C. Posts A and C have a diameter of 60 mm and

are made of aluminum, for which FE, = 70 GPa and l l
(0y)a = 20MPa. Post B is made of brass, for which
Ey. =100 GPa and (oy)p = 590MPa. If P = 130 kN,

determine the largest diameter of post B so that all the A " ‘ B br ‘ ¢ .
posts yield at the same time.
}-—2 m—+—2 m—-|-—2 m—-\-—2 m—-{
+TZEZF =0, 2F)a +Fx —260=0 (1)
By =(0y)a A
= 20010°)(5)(0.06)" = 56.55 kN
From Eq. (1),
2(56.55)+ Fx —260=0
Fyr = 146 9kN
130 KN 130K~
146.9(10°)
Opdor = 590(10°) = ———— [
o Fdp)? 1(; Te f
al)Y For (Fal)‘(

g =0.01779 m = 17.8 mm Ans
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4-105. The rigid beam is supported by three A-36 steel
wires, each having a length of 4 ft. The cross-sectional area
of AB and EF is 0.015 in?, and the cross-sectional area of
CD is 0.006 in?. Determine the largest distributed load w
that can be supported by the beam before any of the wires
begin to yield. If the steel is assumed to be elastic perfectly
plastic, determine how far the beam is displaced downward
just before all the wires begin to yield.

Equations of Equilibrium :
(+IMc=0;  Ep(5)-FEy(5)=0 Fp=Fy=F
+TZE =00 2F+Fp-10w =0 (1]

Compatibility: The beam will remain horizontal after the
displacement since the loading and the system are symmetrical.

5.«3 = 5cu
F(L) Fep(l)
0015E 0006 E
F=250F, (2]

Plastic Analysis: Assume wire AB yields

Bv DW FEg 1
N N
4 ft
5 ft 5 ft %

AT C 3 E
o > 2 Y
Y VYV 'y Y YVYY Y Y Y Y Y Y Y VYW

Fe Fo» Fee

t s b skt

- .
b, i ___________ ]

nw

Plastic Analysis: Assume wire CD yields:
Frp ={0y)sA = 36.0(0.006) =0.216 kip

Using F-p, =0.216 kip and solving Eqgs. [1] and [2] yields:
F =0.540 kip w =0.1296 kip/ft

The three wires AB, CD and EF yield simultaneously.
Hence,

w = 0.130 kip/ft Ans
F={(0y)4A =36.0(0.015) =0.540 kip
Displacement :
Using £ = 0.540 kip and solving Eqgs. {1] and [2] yields:
FepLl  0.216(4)(12) .
= = = 0.0596 in. Ans
Fop=0216kip w = 0.1296 kip/ft AcpE  0.006(29)(10%)
4-106. A material has a stress—strain diagram that can be
. — 1/2 . . \
described by the curve o = ce ..Determ.me.tl.le deflection & o=ceh: o=l P(x)= SAX
of the end of a rod made from this material if it has a length )
L, cross-sectional area A, and a specific weight y.
oA (x) = cPe(x) 1
. However o(x) = f%: £(x) = ?E A
From Eq. (1),
Pl _ 246 d§ _ P'x)
A dx - Ay A? JAX
L A
_ 1 2 _ 1t 2
5= =[P ar= [ av'ar
8 € > Y
= KJszdx = K il
o ¢ 3o
273
s = 7'1: Ans
3c*
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4-107. Solve Prob. 4-106 if the stress—strain diagram is

defined by o = ce¥.
H
o = ce? e=Z )
o :
o3
However o(x) = ﬁf-)—; &(x) = gf
_ A dx
From Eq. (1),
L A 2 p
s _1p’ JEVER L3¢
dx cg Ag
0 ‘ 1 a AR
H L 2
8= [P e = — [ ania ¢
A (cA)s °
2 2 sL
= —— a3 6w = (D3 o
(ca)s 58
S = §(Z)§L§ Ans
5S¢
*4-108. The bar having a diameter of 2 in. is fixed
connected at its ends and supports the axial load P. If P
the material is elastic perfectly plastic as shown by the -«
stress—strain diagram, determine the smallest load P needed A C B
to cause segment AC to yield. If this load is released,
determine the permanent displacement of point C.
2t 3ft
When P is increased, region AC will become plastic first, then CB o (ksi)
will become plastic. Thus,
F, = Fy = 6A = 20(m(1)* = 62.832 kip
20—
L5 ZF =0, F,+F-P=0 )
P =2(62.832) = 125.66 kip
P=126kip Ans € (in. /in.)
0.001
The deflection of point C is,
8¢ = €L =(0.001)(3)(12) = 0.036 in. « A P z
— vt A== T
Consider the reverse of P on the bar. a < /';
+
. : P
Q) _ B3
AE AE ’
g’ 1 ‘s
FA' =15 FBI 6—7; —
(4
4 /s
So that from Eq. (1)
Fg'=04P
E, ' =0.6P
Fg'L  0.4(P 2 4 . .
5= BL_04P)3)U2) _ 0.4U125.603)12) _ ) 12880 in. —

AE AE (1)2(20/0.001)

AS =0.036-0.0288 = 0.00720 in. « Ans
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4-109. Determine the elongation of the bar in Prob.4-108

when both the load P and the supports are removed. o (ksi)
P
- 20
A C B
24t 34t | 0001 € (in./in.)
When P i8 increased, region AC will become plastic first, then CB
will become plastic. Thus,
F\ = F = 6A=20(nX1)* = 62.832 kip
S5EE=0 F+KR-P=0 )
P = 2(62.832) = 125.66 kip Fa
P =126 kij gy S e—
P > fe
The deflection of point C is, , +
8¢ = eL=(0.001)(3)(12) = 0.036 in. « fa P A
[ _puay SSSS———" s
Consider the reverse of P on the bar. 1
fa” "
E'Q@ _ BG)
AE AE
F'=15F'
So that from Eq. (1)
F,' = 0.4?
F'=0.6P
The resultant reactions are
F," = Fg" =-62.832+0.4(125.66) = 62.832 - 0.4(125.66) = 12.568 kip
When the supports are removed the elongation will be,
PL  12.568(5X12) .
d=—=—-—oo"u"_ =0.0120in. Al
AE ~ m(17(20/0.001) weo A
4-110. A 0.25-in.-diameter steel rivet having a temperature
of 1500°F is secured between two plates such that at this p
temperature itis 2in.long and exerts a clamping force of 250 1b % 2
between the plates. Determine the approximate clamping ¥
force between the plates when the rivet cools to 70°F. For Ar 8¢ A
the calculation, assume that the heads of the rivet and the i) (‘
plates are rigid. Take ay = $(1076)/°F, Eg = 29(10%) ksi. Is By supesposition; =T E +
the result a conservative estimate of the actual answer? Why
or why not? “d 0=4, -8 ‘F'
- Fr(Q2)
0 = 8 (10°°X1500-70)(2) — e
‘5(0.252)(29)(103)

2 in.

Fr = 16.285 kip

|

F =025+ 16285 = 16.5kip Anms

Yes, because as the rivets cools, the plates and rivet head will also deform.
Consequently, the force Fr on the rivets will not be as great.
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4-111. Determine the maximum axial force P that can
be applied to the steel plate. The allowable stress is
Tallow — 21 ksi.

Assume failure at fillet

5 = .0_25_ = 0.1 il = i =2
h 2.5 h 25
From Fig. 4-23, K = 2.4
Oaliow = Omax = Kcavg
P .
21= 24—} : P =5.47 kip
2.5(0.25)

Assume failure at hole

LA % = 0.1:  From Fig. 4-24, K = 2.65

2

Oallow = Omax = Kcavg

21= 2.65[-—P—-——-—]
(5 = 1)(0.25)
P =7.92kip
P = 5.47 kip (controls) Ans
*4-112. The rigid link is supported by a pin at A and two | 12in.

JE—

A-36 steel wires, each having an unstretched length of 12 in.
and cross-sectional area of 0.0125 in?. Determine the force
developed in the wires when the link supports the vertical
load of 350 1b.

Equations of Equilibrium :

(+w, =0, —F:(9)-Fy(4)+350(6) =0 (n
Compatibility :
P 4 350 1b
% _ % A E
4 9
(L) _F(L) Sin
4AE ~ 9AE
=d
9F -4F- =0 (2]
4in
Solving Egs. (1] and [2] yields : Ag
F = 86.61b Ans v Gin
F- = 1951b Ans 350 1b A’
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4-113. The force P is applied to the bar, which is
composed of an elastic perfectly plastic material. Construct
a graph to show how the force in each section AB and BC
(ordinate) varies as P (abscissa) is increased. The bar has
cross-sectional areas of 1in’ in region AB and 4in’ in
region BC, and oy = 30 ksi.

iZF,:(): P_F\B—FBC=O (l) P ;
?

Elastic behavior: + 0 = A¢— ¢ ; E
_ P _ [Fsc(z) . Fpc(6)
(HE (4HE (HE

&
@ ' Hﬁ

FBC = 09231 P

Substituting Eq. (2) into (1):
Fup = 0.07692 P 3)

Fas, Foc (Kip)

By comparison. segment BC will yield first. Hence,
(Fsc)y = oyA =30(4) = 120 kip ol <
1004— ) |
fac Lo
From Eq. (1) and (3) using Fgc = (Fgc)y = 120 kip 8o+ | ;
P = 130 kip: Fip = 10kip b0+ b
ot -
When segment AB yields, EL piaialr ol TR )
. . 2o+ [ "
(Fap)y = oyA = 30(1) = 30 kip; (Fec)y = 120kip I I N 1

[l il | el
20 4'5 o 3—5 2 /;'a/ 4o l’;
From Eq. (1), /30 P (Fip)

P = 150 kip

4-114. The 2014-T6 aluminum rod has a diameter of

0.5 in. and is lightly attached to the rigid supports at A and B A Pr B
when T = 70°F. If the temperature becomes 7, = —10°F, —>»"
and an axial force of P = 16 Ib is applied to the rigid collar P> !‘

Sin. | | 8in.

as shown, determine the reactions at A and B.

:)0=A3—Ar+(sn

0.016(5) 6 Fz(13)
= 7 12.5(107%)[70° - (-10°))(13) + —————
2(0.5%)(10.6)(10%) { (109113 £(0.52)(10.6)(10%)
Fz = 2.1251kip = 2.13 kip Ans
LEF =0, 200008)+ 21251 — F, = 0 £ ot 5 - 2/25kir

F, = 2.14kip Ans o w8 kir
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4-115. The 2014-T6 aluminum rod has a diameter of

0.5 in. and is lightly attached to the rigid supports at A and A B
B when T = 70°F. Determine the force P that must be P2 pm
applied to the collar so that, when 7" = O°F, the reaction at P2
B is zero. Sin. — | 8in.
"
. ‘%}:&
= 0=Ap—Ar + 3p % ' F4 4
=—=I——=2
% .
P(5) -5 t M
0= - 12.8(10 70)(13)] + 0 L.
(0.5%)(10.6)(10°) (OO0 §=ﬂ==;_-j\ﬁ’
+ .

P = 4.85kip Ans ==

*4-116. 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.

Equations of Equilibrium:

+TZE =0, P+P, —-60=0 (1
Compatibility:
55! = scon
B (8)(12) P, (8)(12)
18(29.0)(10%) - [(9)(16) ~ 18](4.20)(10%)
B, = 098639 R, (2]
Ron
Solving Egs. (1] and [2] yields : I
Fie

B, =29.795kip P, = 30.205 kip

Average Normal Stress:

Py 29795 .
gy, = — = ——— = L.66ksi Ans
A 18

St
_ Py, _ 30.205
on T A T [9(16)- 18]

con

(o =0.240 ksi Ans

Displacement: Either the concrete or steel can be used for the
calculation.

= — = ——-—0 =0.00548 in. Ans
A E  18(29.0)(10%)
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4-117. 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.

Equilibrium : The force of 60 kip is shared equally by the
concrete and steel. Hence

P, =P, = P=30.0kip

Compatibility:
Ocon =8y
PL  PL

A B AnEy

4 = Ao Eon _ [916) - 4,] 4.20(10%)
* E, 29.0(10%) el
Ay = 18.22in" = 18.2 in’ Ans ‘I‘
Ron

Displacement :Either the concrete or steel can be used for the
calculaton.
I P
PL 30.0(8)(12
§=-—= O _ o 0sasin.  Ans

T ALE, 18.22(29.0)(10%)

st “st

4-118. The assembly consists of a 30-mm-diameter
aluminum bar ABC with fixed collar at B and a 10-mm-
diameter steel rod CD. Determine the displacement of point
D when the assembly is loaded as shown. Neglect the size of
the collar at B and the connection at C. Ey = 200 GPa,
E, =70 GPa.

— =/2.0
300 Internal Force : As showm on FBD. fumizo

mm X

| Displacement : Rez200kA

mm _20.0(10%)(700) 20.0(10%)(500) By=20.0k)

27 7(0.01)2(200)(10°) ~ £(0.032)(70)(10) bt 4Rl _J 4
B 12.0(10°)(300)
£(0.032)(70)(10%)
mm =1.17 mm Ans
20k 20K R20KA
4-119. The joint is made from three A-36 steel plates that
are bonded together at their seams. Determine the Py
displacement of end A with respect to end B when the joint ~—C—— Pac = GH KN
is subjected to the axial loads shown. Each plate has a 4= g Pep= 4o &
thickness of 5 mm. <P
Pop =23*" !
2o R e————423
10‘Omm
46 KN — g 2= 5. gPL_ __ 46010°)600) 46(10°)(200) 23(10°)(800)
A\( T 5 23kN e AE  (0.005)(0.1)(200)(10°)  3(0.005)(0.1)(200)(10°)  (0.005)(0.1)(200)(10°)
| | |
" 600mm 200mm’  800mm |
= 0.491 mm Ans
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