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e4-1. The ship is pushed through the water using an A-36
steel propeller shaft that is 8 m long, measured from the
propeller to the thrust bearing D at the engine. If it has an
outer diameter of 400 mm and a wall thickness of 50 mm,
determine the amount of axial contraction of the shaft
when the propeller exerts a force on the shaft of 5 kN. The
bearings at B and C are journal bearings.

Internal Force: As shown on FBD.

Displacement:

—5.00 (10°)(8)
7(0.4% — 0.3%)200(10%)

5 = — =
AT AE

—3.638(10"%) m

—3.64(107%) mm

Negative sign indicates that end A moves towards end D.

Ans.

4-2. The copper shaft is subjected to the axial loads
shown. Determine the displacement of end A with respect
to end D. The diameters of each segment are d 45 = 3 in.,
dge = 2in., and d¢p = 1in. Take E, = 18(10%) ksi.

The normal forces developed in segment AB, BC and CD are shown in the
FBDS of each segment in Fig. a, b and c respectively.

o

The cross-sectional area of segment AB, BC and CD are A 4p

Ape = %(22) = 7inand Acp = %(12) = 0.257 in%.
Thus,
5 _ EPiLi _ PapLap | PpcLpc PepLep
AP AE;  AapEcy  ApcEcu AcpEcy
6,00 (50) 2.00 (75) ~1.00 (60)
(225m)[18(10°) | 7 [18(10%)]  (0.25m) [18(10%)]

= 0.766(1073) in.

The positive sign indicates that end A moves away from D.

4 kN ]
_ta——%}—>

(b)

B=600KN
]

6 kip

= (3%) = 2257 in?,

<— 50 in. — 60 in. —

75 in.

‘ 2 kip 1 kip

Cc 3kip D

bs =6 k’P

A
6.00 kip
| q

B2 kip

@)

Ans.
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4-3. The A-36 steel rod is subjected to the loading shown.
If the cross-sectional area of the rod is 50 mm?, determine
the displacement of its end D. Neglect the size of the
couplings at B, C,and D.

Tl m »T 15m—F—125m—~

F\\\‘: | {Il [
P A 9kKN B C 4kN D 2kN

The normal forces developed in segments AB, BC and CD are shown in the FBDS
of each segment in Fig. a, b and c, respectively.

The cross-sectional areas of all the segments are
Im 2
— 2 — =6} 2
A = (50 mm?) (1000mm> 50.0(10%) m?.
PiLi 1
op = AE  AEg PapLag + Ppc Lpc + Pcp Lep
1
= {—3.00(103)(1) + 6.00(10°)(1.5) + 2.00(10%)(1.25)
50.0(10~°) [200(10°)]
= 0.850(10 %) m = 0.850 mm Ans.

The positive sign indicates that end D moves away from the fixed support.

Rp=-300 kN 76 gl

[ <

ch=-e-00 kN 2 kM
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*4-4. The A-36 steel rod is subjected to the loading e 1m——15m—-—125m—
shown. If the cross-sectional area of the rod is 50 mm? ‘ ‘
determine the displacement of C. Neglect the size of the
couplings at B, C,and D.

Ik I—>
C 4kN D 2kN

The normal forces developed in segments AB and BC are shown the FBDS of each i £

o . . By=-300k 2H
segment in Fig. a and b, respectively. The cross-sectional area of these two segments

1m 2
- 2 - -6y 2
are A (50 mm ) (10.00 mm) 50.0 (10™°) m~. Thus, @)
P,L, 1 . 4N
o= 2 (P i) oo 3%
1 (b)

- —3.00(10%)(1) + 6.00(10%)(1.5
50.0(107°) [200(109)]{ () =+ 6.00009(1>)

= 0.600 (10~%) m = 0.600 mm Ans.

The positive sign indicates that coupling C moves away from the fixed support.

4-5. The assembly consists of a steel rod CB and an
aluminum 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. £, = 200 GPa, E,; = 70 GPa.

18 kN

PL 12(10%)(3) rl
by == =0.00159 m = 1.59 Ans. P
BTAE T T (0.012)2(200)(10°) m mm s P12 =20
x 1B KN
s _yPL _ 12(10%)(3) 18(10%)(2) foum 18— ———
A AE  7(0.012)%(200)(10°) ~ %(0.012)*(70)(10°%)
= 0.00614 m = 6.14 mm Ans.
4-6. The bar has a cross-sectional area of 3in% and x w = 500x'7 1b /in.
E = 35(10%) ksi. Determine the displacement of its end A
when it is subjected to the distributed loading. ~—
A
—
4t |

* T 1500 ¢
P(x)=/wdx=500/ xédx=7x§
0 0 4

_[fPdx 1 1500 .o 1500 AV
o4 /o AE  (3)(35)(10°) 1 y V= ((3)(35)(108)(4))(7>(48)

6,4 = 0.0128 in. Ans.
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4-7. The load of 800 Ib is supported by the four 304 stainless E F
steel wires that are connected to the rigid members AB and e

DC. Determine the vertical displacement of the load if the T
members were horizontal before the load was applied. Each 4%t
wire has a cross-sectional area of 0.05 in”. " j

D f # 6
Referring to the FBD of member AB, Fig. a [ 2 ft 5 ft—

451t 800 Ib
C+=ZM, =0, Fpc(5) —800(1) =0 Fpc =160 1b
A
C+ZMp = 0; 800(4) — Fay (5) =0 Fay = 6401b B
11t

Using the results of F - and F,;;, and referring to the FBD of member DC, Fig. b F
CHSMp=0;  Fep(T) — 160(7) — 6402) = 0 Fep = 342.861b AH 8oolb

C+SMc=0; 640(5) — Fpp(7) = 0 Fpp = 457.141b

Since E and F are fixed,

Fpp L 457.14(4)(2
5, = —2LPE _ B _ 01567 in l
AE; 005280 (10%)]

FepLep 34286 (4)(12
5o = —CECF _ @2 011760 |
AEy  0.05[280(10%)]

From the geometry shown in Fig. c,

5
81 = 0.01176 + = (0.01567 — 0.01176) = 0.01455 in l

Subsequently,

Fau L 640(4.5)(12

S = A = 40D o460 in |
AE;  0.05[280(10%]

FpcLge  160(4.5)(12)

AEy  005[28.0(10%)]

dpc = = 0.0061711in |

Thus,

(+1) 84 =08y + 64 = 0.01455 + 0.02469 = 0.03924 in |

(+1) 85 =8¢ + 8gic = 0.01176 + 0.006171 = 0.01793in |

From the geometry shown in Fig. d,
4
&p = 0.01793 + 5(0.03924 - 0.01793) = 0.0350in | Ans.

k # ‘ Al 5H
D H k 5& 1

Y \ ______ m— “':B_@:g::::::“l{
0 [ 7

5005677 §,=0:01176in U= 03%8m  dy=0-01793
= ' / ,n|
b ) ()
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*4-8. The load of 800 Ib 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 load is applied. The members were originally
horizontal, and each wire has a cross-sectional area of 0.05 in’.

Referring to the FBD of member AB, Fig. a,

C+SM,=0; Fpe(5)—800(1) =0  Fpe=1601b

C+SMp=0; 800(4) — Fupy (5) =0

C+IMp=0;  Fep(7) — 160(7) — 640(2) = 0
C+SMc=0; 640(5) — Fpp(7) =0 For
Since E and F are fixed,
5, = Forloe _ 45714402 _ 0o
AEy  005[28.0(10°]
o, = Fer Ler _ 3286 (912 _ oo

AEy  005[280(10°)]

From the geometry shown in Fig. ¢

_0.01567 — 0.01176

5(12)

FAH = 640 Ib

E F
4 ft
H
D | cL
[ 2 ft 5 ft—
4.5 ft lg()() b
A B
1ft

Using the results of Fy - and F,;; and referring to the FBD of member DC, Fig. b,

= 457.141b

l

l

5
51 = 0.01176 + —(0.01567 — 0.01176) = 0.01455 in |

7(12) = 46.6(10"%) rad Ans.
Subsequently,
Sam = FA: EL an _ 60GN1D) _\ r6oin |
@ 0.05[28.0(10°%)]
Sp)c = FZC Lf pe _ 100G 6171 in l
s 0.05[28.0(10%]
Thus,
(+1) 64 =6y + 84/n = 0.01455 + 0.02469 = 0.03924 in |
(+1) 85 = 8¢ + 8¢ = 0.01176 + 0.006171 = 0.01793 in |
From the geometry shown in Fig. d
_ 003924 - 001793 _ (10°%) rad Ans.
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4-8. Continued

D H L 5f¢

e
Jp= 001567 in

S=0-0l17 in.
(c)

St
A B
(——ar
Sy '€¢ 8
§=003924 .

(d)

R

~

Je=o.o:795rn.

127



04 Solutions 46060 5/25/10 3:19 PM Page 128 $

© 2010 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 assembly consists of three titanium (Ti-6A1-4V)
rods and a rigid 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
F, determine the horizontal displacement of point £

Internal Force in the Rods: _ ‘62klp
1ft Agr=2in
. AAB =15 il'l2 l
C+IM, =0, Fep(3) —6(1) =0 Fcp = 2.00 kip B
B 6 ft A
BIF. =0, 6-200—Fu3=0  Fuz=400kip
Displacement:
Fep Lep 2.00(4)(12) .
8¢ = = = 0.0055172 in.
© AcpE  (1)(174)(10%)
F,upL 4.00(6)(12
5y = 2248 = X )3 = 0.0110344 in.
AupE (1.5)(17.4)(10°)
FerLgr  600(1)(12) .
1) = = = 0.0020690 in.
FIE™ A E (2)(17.4)(10%)
&) .
R W; 8% = 0.0036782 in.
2 3
S8 = 8¢ + 8k = 0.0055172 + 0.0036782 = 0.0091954 in.
51:‘ = 6E + 6F/E
= 0.0091954 + 0.0020690 = 0.0113 in. Ans.
4-10. The assembly consists of three titanium (Ti-6A1-4V)
rods and a rigid 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 Acp = 1in?
F, determine the angle of tilt of bar AC. 21t
F
Ef =it 6 kip
Internal Force in the Rods: .0
1ft Agr=2in
CH+3IMy=0, Fep(3)—6(1)=0  Fep=200ki Aap = L5 in” !
= ; — = = . 1 4
A cD cD p 7 oI Ve
BIF, =0, 6-200—Fa=0  Fup=400kip
Displacement:
Fep L 2.00(4)(12
dp = L2 = it )3 = 0.0055172 in.
AcpE  (1)(17.4)(10%)
Fap Lap 4.00(6)(12) .
Oy = = = 0.0110344 in.
AT AE T (15)(17.4)(10%)
104 — Oc _, 0.0110344 — 0.0055172
0 =tan  ———— = tan
3(12) 3(12)
= 0.00878° Ans.
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4-11. The load is supported by the four 304 stainless steel E F G

wires that are connected to the rigid members AB and DC.

Determine the vertical displacement of the 500-1b load if T
the members were originally horizontal when the load was
applied. Each wire has a cross-sectional area of 0.025 in. 35t
" S5ft
BI 1 C
(R -
1.8 ft
Internal Forces in the wires: J ! A 1
A B
FBD (b) \ 3 ft -1 ft-]
Y500 Ib

C+3SM, =0, Fpe(d) —5003) =0  Fye=37501b
+1SF, =0; Fay +3750-500=0 Fuy =12501b
FBD (a)

C+3Mp=0; Fep(3) —1250(1) =0  Fop = 41.671b

+13F, =0, Fpg+4167—1250=0  Fpp =83331b

Displacement:
FrrL 83.33(3)(12

Sp = DE™DE _ (3)(12) = 0.0042857 in.
ApeE  0.025(28.0)(10°)
FuL 41.67(3)(12

5¢ = CF=CF _ (3)(12) = 0.0021429 in.

AcrE 0.025(28.0)(10°)

&) 0.0021429
2H = f; &y = 0.0014286 in.

oy = 0.0014286 + 0.0021429 = 0.0035714 in.

F L 125.0(1.8)(12
S = — ot = WHAD)_ 1038571 in,
AanE  0.025(28.0)(10°%)

84 =8y + 84 = 0.0035714 + 0.0038571 = 0.0074286 in.

 Feglgs  375.0(5)(12)

85 = = = 0.0321428 in.
B ApGE  0.025(28.0)(10°)

8 0.0247143

2o 5 = 0.0185357 in.

3 4

8, = 0.0074286 + 0.0185357 = 0.0260 in. Ans.
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*4-12. The load is supported by the four 304 stainless E Fo G _
steel wires that are connected to the rigid members AB and R R N e

DC. Determine the angle of tilt of each member after the T T
500-1b load is applied. The members were originally
horizontal, and each wire has a cross-sectional area of 3
0.025 in®.
H 5 ft
D 1 C
T <1 ft4—2 ft—
1.8 ft
Internal Forces in the wires: J ! i
Al I B
fi -1 ft—
FBD (b) F—3ft tf
Y500 1b

C+SM, =0, Fys(d) —5003) =0  Fps=37501b

+1SF, =0;  Fuy +3750—-500=0  Fuy=12501b

FBD (a)
C+SMp=0; Fep(3) —1250(1) =0  Fep = 41.671b

+1SF, =0; Fpp+41.67 —1250=0  Fp; = 83331b

Displacement:

FppL 83.33(3)(12
§p = —2EDE _ G2 042857 in.
AprE  0.025(28.0)(10°%)

FerL 41.67(3)(12
5o = —SECF G2 6021429 in.
AcrE  0.025(28.0)(10°)

oY 0.0021429
7’{ == 8y = 0.0014286 in.

8y = 8y + 8¢ = 0.0014286 + 0.0021429 = 0.0035714 in.

~0.0021429

36 ; a = 0.00341 Ans.

tan «

Faul 125.0(1.8)(12
S = Al - (18)( i = 0.0038571 in.
AanE  0.025(28.0)(10%

84 = 8y + Sa; = 0.0035714 + 0.0038571 = 0.0074286 in.

_ FeeLpe  375.0(5)(12)

by = = = 0.0321428 in.
B ApE  0.025(28.0)(10%

0.0247143
tan B = T; B = 0.0295° Ans.
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*4-13. The bar has a length L and cross-sectional area A.
Determine its elongation due to the force P and its own
weight. The material has a specific weight y (weight/volume)
and a modulus of elasticity E.

_ [P()dx 1 L
5—/m—ﬁ£ (yAx+P)dx

1 [(yAL? ) vyL*  PL
+PL) ="+ —— Ans.
( 2 2E T AE ns

T AE

4-14. 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 * A
provides a frictional resistance that is uniformly distributed ‘ N
along its sides of w = 4 kN/m, determine the force F at its Yoo
bottom needed for equilibrium. Also, what is the displacement { W
of the top of the post A with respect to its bottom B? om— i
Neglect the weight of the post. b
i
Equation of Equilibrium: For entire post [FBD (a)] aeetETevs $$ $B raETevensT
+T2Fy=0; F +800—-20=0 F =12.0kN Ans. )

Internal Force: FBD (b)
+1SF,=0; —F(y)+4y—-20=0

F(y) = {4y — 20} kN

Displacement:

L 2m
F(ydy 1
1 = =— 4y — 20)d
A/B A AE  AE J, (4y )dy

2m

T 2o

_ 32.0kN-m -
AE

&)

...-.-,..---
-

3200109 +
©Z(0.06%) 13.1 (10%)

= 08639 (107%) m )

= — 0.864 mm Ans.

Negative sign indicates that end A moves toward end B.
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4-15. 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 * A
provides a frictional resistance that is distributed along its ‘ A
length and varies linearly from w =0 at y =0 to w = y

3kN/m at y = 2m, determine the force F at its bottom { t *W
needed for equilibrium. Also, what is the displacement of Sm
the top of the post A with respect to its bottom B? Neglect it
the weight of the post. 1 1

SR AEEE

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

+13SF,=0; F+300-20=0 F=170kN Ans.

Internal Force: FBD (b)
1 3y>
+ =0; - +-(=)y—-20=
1SF, =0 F(y) 2<2 y—20=0
32
F(y) = {37 — 20 kN

Displacement:

L 2m

F(y)dy 1 / (3 ) )
Sop= | —t = 23220 )
A/B l AOE  AE J, \4” y

B 1 y3 )Zm
_AE(4 20y

_ 380kN-m
AE

0

B 38.0(10%)
CZ(0.06%) 13.1 (10%)

= —1.026 (107%) m

—1.03 mm Ans.

Negative sign indicates that end A moves toward end B.
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*4-16. The linkage is made of two pin-connected A-36
steel members, each having a cross-sectional area of 1.5 in%.
If a vertical force of P = 50kip is applied to point A,
determine its vertical displacement at A.

k1.5 ft—~—1.5 ft

Analysing the equilibrium of Joint A by referring to its FBD, Fig. a,

3 3
BIF, =0,  Fue (g) - FAB(g) =0 Fuc=Fup=F

+12F, =0 —2F(§) -50=0 F = —31.25kip

The initial length of members AB and AC is
121

L=V15+22=(250 ft)(lifltn> = 30in. The axial deformation of members

AB and AC is

FL (—31.25)(30) .
== T = 002155 in.
AE - (1.5)29.0(10%) ] "

The negative sign indicates that end A moves toward B and C. From the geometry

1.5
shown in Fig. b, 6 = tan ™! (7) = 36.87°. Thus,

(54), - 5 002155

= c0sh  cos36.87° =0.0269in. | Ans.

% AL J=0021550n.
o

15 |

(b)
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*4-17. The linkage is made of two pin-connected A-36
steel members, each having a cross-sectional area of 1.5 in%.
Determine the magnitude of the force P needed to displace
point A 0.025 in. downward.

Analysing the equilibrium of joint A by referring to its FBD, Fig. a

3 3
5 3F, =0 FAC<§)_FAB<§):O Fyo=Fap=F

= 1.5 ft—F—1.5 ft —|

4
+13F, = 0; —2F(§) -P= F =-0625P

The initial length of members AB and AC are

121
L=V15 +2%= (250 ft)( 1f1tn) = 30in. The axial deformation of members

AB and AC is

FL _ —0.625P(30) .
= o T o 0.4310(107%) P
AE  (1.5)[29.0(10%)] s

The negative sign indicates that end A moves toward B and C. From the geometry

1.5
shown in Fig. b, we obtain § = tan_1<7) = 36.87°. Thus

)
§). = ——
@)y cos 6
0005 — 0.4310(1073) P
T c0s 36.87°
P = 46.4 kips Ans.

((SA,)V'—' 0'025 n.

, { AKX §=0431000% P

. A 0
A

afe| A
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4-18. The assembly consists of two A-36 steel rods and a
rigid bar BD. Each rod has a diameter of 0.75 in. If a force \ / _
of 10 kip is applied to the bar as shown, determine the
vertical displacement of the load.

3 ft
2 ft
Here, Fr = 10 kip. Referring to the FBD shown in Fig. a, o 125 f— - 1’ﬁ
10 kip
The cross-sectional area of the rods is A = % (0.75%) = 0.1406257 in’. Since points
A and C are fixed, f
Gs e
FapLag 3.75(2)(12) .
85 = = = 0.007025 in. | 1, O
POAE. 01406257 [29.0(10%) ] [25#t ez
Fep L 6.25(3)(12
§p = —2 D _ (3)d2) = 0.01756in |
AEq 01406257 [29.0(10%)]
From the geometry shown in Fig. b
1.25 .
or = 0.007025 + N (0.01756 — 0.00725) = 0.01361 in. !
Here, .
Be=10ki
Ferlg 10012 . EF P
Sk = = = 0.009366in |
AEy 01406257 [29.0(10%)] (@ )
Thus,
(+1) 8¢ = 85 + 8/ = 0.01361 + 0.009366 = 0.0230in | Ans.

%wmwwm &

AD=O‘0/756;;2.
k)
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4-19. The assembly consists of two A-36 steel rods and a
rigid bar BD. Each rod has a diameter of 0.75 in. If a force Ci / _
of 10 kip is applied to the bar, determine the angle of tilt of
the bar.
Here, Fr = 10 kip. Referring to the FBD shown in Fig. a, ’
C+ZMp = 0; Fep(2) —10(1.25) =0 Fcp = 6.25kip 21t
The cross-sectional area of the rods is A = % (0.75%) = 0.1406257 in?. Since points
A and C are fixed then,
FupL 3.75(2)(12
5y = 2B 4B _ @)12) = 0.007025in |
AEq 01406257 [29.0(10%)|
Fep L 6.25 (3)(12
8y = —2 D _ (3)12) = 0.01756in |
AEy 01406257 [29.0(10°) ]
From the geometry shown in Fig. b,
0.01756 — 0.007025
= = 0.439(107° Ans.
2(12) 0.439(107°) rad ns
fe feo
125 ft l o754¢
= (0 kip
Ca)
g k 2 ft }{
Vg%
G
\.B, - -.E._ —— —_—
dg=0-007026/n. b’
g=0-007026 in.
dp=0:01756 in.
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*4-20. The rigid bar is supported by the pin-connected
rod CB that has a cross-sectional area of 500 mm? and is
made of A-36 steel. Determine the vertical displacement of
the bar at B when the load is applied.

Force In The Rod. Referring to the FBD of member AB, Fig. a

C+3SM,=0; Fge (%) @) - %(45)(4) B (4)} =0  Fpe=500kN

Displacement. The initial length of rod BC is Lz = V3% + 4> = 5m. The axial
deformation of this rod is

Fpe L 50.0(10%)(5
Spc = ABC ;C = _3( )6) o7 = 2.50(107) m
scEs0.5(107%) [200(10%)]

3
From the geometry shown in Fig. b, § = tan™! (Z) = 36.87°. Thus,

dpc  2.50(107%)
sinf  sin 36.87°

(6p)y = = 4.167 (107%) m = 4.17 mm Ans.

1454 kN

foc

r‘-""i-..___

| - —
iy
| =~
ol

Y

s

Ax

F@m

Ay

(a)

¥
9.5’
Opc=250(103) m

(b)
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*4-21. 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)
C+SM,=0; Fep(05) —4(025) =0  Fep = 2.00kN
+13F, =0, Faz+200-4=0 F,5=200kN
FBD (b)

+1SF, =0,  Fgr—200-200=0  Fgp=400kN

Displacement:
FrrLpr 4.00(10%)(750)
dp = bp = = = 0.1374
PTOET TALE T (0012)2(193)(10°) i
PcplL 2(10%)(750
enLep (10°)(750) — 03958 mm

8a/8 = 8¢c/p = a
AB = 0D T A E T T (0.005)2(193)(10°)

d¢ = 8p + dc/p = 0.1374 + 0.3958 = 0.5332 mm

Displacement of the spring

F
7~ 200 _ 0333333 m = 33.3333 mm

% = % = 60

8lat = SC + Ssp

= 0.5332 + 33.3333 = 33.9 mm Ans.
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4-22. A spring-supported pipe hanger consists of two
springs, which are originally unstretched and have a
stiffness of & = 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 is
displaced 82 mm when it is filled with fluid, determine the
weight of the fluid.

Internal Force in the Rods:

oc

Displacement of the spring

F,,

8yp = T

W = 9685N = 9.69 kN

FBD (a)
w
+13F, = 0; FAB+7—W:0 Fap=—
FBD (b)
wow
+13F, = 0; FEF—7—7:O Frp=W
Displacement:
FrrLgp W(750)
ép = b = =z 2 9
AprE  5(0.012)%(193)(10%)
= 34.35988(10 %) W
i = G = Feplep _ 5 (750)
BT T AcpE T T(0.005)2(193)(10°)

= 98.95644(107%) W
= SD + 6C/D
= 34.35988(10 %) W + 98.95644(10 %) W

= 0.133316(10 %) W

w
2

60(10%)

(1000) = 0.008333 W

8lal = 6C + Ssp

82 = 0.133316(10 %) W + 0.008333W

Ans.
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4-23. The rod has a slight taper and length L. It is r
suspended from the ceiling and supports a load P at its end.
Show that the displacement of its end due to this load is .
8 = PL/(wEr,r;). Neglect the weight of the material. The
modulus of elasticity is E.
r,—r rnL + (r, — r)x 3
= + =
r(x) =r T 7
™ 2
A(x) = p(ﬁL + (ry = r)x)
L " o
5 / Pdx  PL? dx ip
AX)E  wE Jy [nL + (ry — r)x]?
PL? 1 L PL? 1 1
= | == - G
7 E | (ry — r)(riL + (ry — r)x) Jo 7 E(ry —r) L+ (r,—r)L rlL
T
1 L-%
N 2% {L_L]_ PL? {rl—rz] :
7TE(I’2_7'1) r2L rlL 7TE(I’2_I’1) }’zrlL : H{X} K
PL? ry—r PL N
- { 2 1} = QED 5)
7TE(r2—r1) r2r1L 7TEr2r1
*4-24. Determine the relative displacement of one end of AP
the tapered plate with respect to the other end when it is
subjected to an axial load P.
d2 - d1 dlh + (dz - dl)x
= + =
w=d; n X A
_ [P(x)dx P " dx
5= A(X)E E J, lan+ (d; - d)xli
_rn dx
Et 0 dlh + (dz - dl)x
h
__Ph / jx—d _Ph < di h ){ln(1+d2_d1x>ﬁl
Etdihly 1+% =4 = Fran\a, - 4, ah )
1
Ph d, — d, Ph di +d, — d;
=—————|In{1+ = In
E t(d, — dy) dy E t(d, — dy) dy
Ph dz}
— — |In=2 Ans.
Et(d; — dy) [ ", e
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4-25. Determine the elongation of the A-36 steel member
when it is subjected to an axial force of 30 kN. The member
is 10 mm thick. Use the result of Prob. 4-24.

20 mm

30 kN ul 30 kN
75 mm

| 0.5m 1

Using the result of prob. 4-24 by substituting d; = 0.02m,d, = 0.075m ¢ = 0.0l m
and L = 0.5 m.
PL dz}
6= 2{7 In—
Eqi(dy — dy)
B 2{ 30(10%) (0.5) n (0.075”
200(10)(0.01)(0.075 — 0.02) 0.02
= 0.360(10%) m = 0.360 mm Ans.
4-26. The casting is made of a material that has a specific S D
weight y and modulus of elasticity E. If it is formed into a <b° 7
pyramid having the dimensions shown, determine how far .
its end is displaced due to gravity when it is suspended in
the vertical position.
L
\\
Internal Forces:
1 1
+TEFZ=O; P(z)—gyAz=0 P(z)=§yAz
Displacement:
5 - /LP(Z) dz
0o AQR) E
L1
3 YAZ
= / Y dz
o AE
L
Y
= d
3E , zdz
_
= 6E Ans.
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4-27. The circular bar has a variable radius of r = rpe®
and is made of a material having a modulus of elasticity
of E. Determine the displacement of end A when it is
subjected to the axial force P.

Displacements: The cross-sectional area of the bar as a function of x is
A(x) = mr? = 7ry2e*™*. We have

B /LP(x)dx P /de
Jo AWE  wrlE )y &

L

0

P (i) o
2amry’E

e
wro’El  2ae*™

*4-28. The pedestal is made in a shape that has a radius
defined by the function r = 2/(2 + y'?) ft, where y is
in feet. If the modulus of elasticity for the material is
E = 14(10%) psi, determine the displacement of its top
when it supports the 500-1b load.

_ [P(y)dy
o= / AQ) E

500 /4 dy
14(10°)(144) Jo m(5+2—?

4
= 0.01974(107%) / (4 + 4y + y)dy
0

4
= 0.01974(10_3)[4y + 4(3 y%> + lyz}

3 27 )
= 0.01974(107%)(45.33)

= 0.8947(1073) ft = 0.0107 in. Ans.
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*4-29. The support is made by cutting off the two P

opposite sides of a sphere that has a radius . If the original l

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 =771 = 7(rycos 0) = 7 r}cos’ 0
Yy = rysin 6; dy = rycos 0 df

Displacement:
5 — / “P(y) dy
o AW E

5 P/erocosﬂde _5 P /9 do
E Jo mr§cos’0 7roE Jy cos@

(4

4 [In (sec 6 + tan 6)]

’7Tr0E 0

2P
- v E [In (sec @ + tan 6)]

When y = % § = 14.48°

S =

[In (sec 14.48° + tan 14.48°)]
mrgE

_0511P
) E

Ans.

Also,

Geometry:
A(y)=mx>=m(r5- )

Displacement:
5= / "P(y) dy
o AW E

0
7

0
2p [ dy 2P 1 roty
wE Jo 15— y* wE

B ZT(JnrO—y

0

P
= In1.667 — In 1
WrOE[n nil

_0s11pP
mrgE

Ans.
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4-30. The weight of the kentledge exerts an axial force of
P = 1500 kN on the 300-mm diameter high strength
concrete bore pile. If the distribution of the resisting skin
friction developed from the interaction between the soil
and the surface of the pile is approximated as shown, and e
the resisting bearing force F is required to be zero, '
determine the maximum intensity py kN/m for equilibrium.
Also, find the corresponding elastic shortening of the pile.
Neglect the weight of the pile. 12m

Internal Loading: By considering the equilibrium of the pile with reference to its
entire free-body diagram shown in Fig. a. We have

1
+12F, = 0; 3 po(12) — 1500 = 0 Po = 250 kN/m Ans. TF
Thus,

2
p(y) = %y = 20.83y kN/m

The normal force developed in the pile as a function of y can be determined by

considering the equilibrium of a section of the pile shown in Fig. b. @
or——T 1%
1
+13F, = 0; 5 (2083y)y = P(y) = 0 P(y) = 10.42y> kN \\
. PTACEN
Displacement: The cross-sectional area of the pile is A = n (0.3%) = 0.02257 m>. 0 \ | 2m
We have 4 :

B /LP(y)dy_ /12m 10.42(10%)y%dy
Jo AWE  Jo 0.02257(29.0)(10%) \

12m
= / 5.0816(10%)y%dy
0

= 1.6939(10%)?

12 m
0

=2.9270(10"%)m = 2.93 mm Ans.

)

f(w-w;)% kn
b)
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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
. . . 4in

to an axial force of 30 kip, determine the average normal | 7

stress in the concrete and in each rod. Each rod has a

diameter of 0.75 in.

Equations of Equilibrium:

+T2Fy:(); 6Pst+Pcon_3O:O 1]

Compatibility:

55[ = 5c0n

Py(3)(12) _ Peon(3)(12)
Z(0.75%)(29.0)(10°)  [Z(8%) — 6(%)(0.75)%](4.20)(10%)

P, = 0.064065 P,,, 2]

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

P, = 1.388 kip Peon = 21.670 kip

Average Normal Stress:

P, 1.388 .
Og = =—"—-=314ksi Ans.
Ay 1(075 )
P 21.670
Oeon = —2 = = 0.455 ksi Ans.

Acon 5(8%) = 6(3) (0.75%)

*4-32. The column is constructed from high-strength

concrete and six A-36 steel reinforcing rods. If it is subjected 4in

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 such a manner that 3/4
of the force is carried by steel and 1/4 of the force is carried by concrete. Hence

3 1
Py =(30) = 225kip  Peon = 4(30) = 7.50 kip

3ft
Compatibility:

65‘[ = 600“
PyL — PenL
ASIESI Acon Econ

_ 22-SAcon Econ
st 7.50 E,,
6(1)d2 _ 3[5(8) — 6(3) d?] (4.20)(10%)

4 29.0(10%)

d = 1.80in. Ans.
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*4-33. The steel pipe is filled with concrete and subjected 80 kN

to a compressive force of 80 kN. Determine the average

normal 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. £, = 200 GPa, E. = 24 GPa.

+T2Fy:0; Psz+Pc0n780:O (1) 500 mm

63‘[ = 6COH

Py L _ P, L
7(0.08% — 0.07%) (200) (10°)  Z(0.07%) (24) (10°)

P, = 25510 P,,, @)

Solving Egs. (1) and (2) yields
Py, = 5747kN P.n = 22.53kN

P, 57.47 (10%)
= =488 MPa Ans.
Ay 7(0.08 - 0.07%)

Og =

P.n 2253 (10%
= = = 5.85 MPa Ans.
T con Acan % (0072)

4-34. 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.
A
i

Equations of Equilibrium: 8in. 3in.

+13F, =0; Py+ P, —5=0[1] ‘

Compatibility: PN
P v "a W0.5 in.
6st = 6br

Py(8) _ Py(8)
7(29)(28.0)(10°)  F(6* — 5%)(14.6)(10°)

Py = 0.69738 Py, 2]

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

Py, = 2.9457 kip Py = 2.0543 kip
Average Normal Stress:
Py, 2.9457
=—=———>-=0.341 ksi Ans.
Obr Ap, %(62 _ 52) 1
P 2.0543
oq = =" = 0.654ksi Ans.
Ast Z(z )
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4-35. The 304 stainless steel post A is surrounded by a red 5 kip
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 _ l
shared equally between the post and tube. B
A
Equilibrium: The force of 5 kip is shared equally by the brass and steel. Hence 8in. b3 .
Py = Py, = P =250Kkip ‘

Compatibility: ~ Wo .
LD 1N.
6st - 6br
PL PL
AstEst AbrEbr
AbrEbr
A, =
st Est
(3>d2 _ 567 — 59)(14.6)(10%)
4 28.0(10%)
d =239in. Ans.

*4-36. The composite bar consists of a 20-mm-diameter

A-36 steel segment AB and 50-mm-diameter red brass 250 mm- 500 mm 250 mm-

(83400 end segments DA and CB. Determine the average 50 mm 20 mm

normal stress in each segment due to the applied load. 75 kN [ 100 kN
Fo—

ESF, =0, Fe—Fp+75+75-100 - 100 = 0 b A TSKN T100KN B ¢

Fe—Fp—50=0 )

& 0=4p-5p

B 150(0.5) 50(0.25)
T T(0.02)3%(200)(10°)  T(0.05%)(101)(10°)
Fp(0.5) Fp(0.5)

©T0.05%)(101)(10°)  T(0.022)(200)(10°)
Fp = 107.89 kN

From Eq. (1), Fc = 157.89 kN
P,p  107.89(10%)

= = = 55.0 MP Ans.

T Ay T(0.05) ? s
P.s  42.11(10%

=2 = """ =134 MP Ans.

TABT A T(002) a e
Ppe  157.89(10%)

= =-—"—""—""—-=2804MP Ans.

TECT A 2(005) a s
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*4-37. The composite bar consists of a 20-mm-diameter

. < | | N
A-36 steel segment AB and 50-mm-diameter red brass 250 mm 500 mm 250 mm
C83400 end segments DA and CB. Determine 50 mm 20 mm
the displacement of A with respect to B due to the | _ _75kN llOO kKN
applied load. IE : :
D | A 75kN e c

& 0=2A,-8p

~150(10°)(500) 50(10%)(250)
T T(0.022)(200)(10°)  T(0.05%)(101)(10°)
F p(500) F p(500)
©T(0.05%)(101)(10°)  7(0.02)%(200)(10°)
Fp = 107.89 kN
Displacement:

PusL.p  42.11(10%)(500)

B = =
BT AupEy  T(0.022)200(10%)

0.335 mm Ans.

4-38. The A-36 steel column, having a cross-sectional area
of 18 in?, 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.

+13F, =0; Py + Pepy — 60 =0 )

Py(8)(12) Peon(8)(12)
18(29)(10%)  [(9)(16) — 18](4.20)(10%)

65[ = 600}1;

P, = 0.98639 P.,, @)

Solving Egs. (1) and (2) yields

Py, = 29.795kip; P, = 30.205 kip Lo xip
P, 29.795 .
oy = A; =g = 16Oksi Ans.
Peon 30.205 .
on = = = 0.240k Ans.
O con Acon 9(16) ~18 0 0 ksi ns
Ps<
Either the concrete or steel can be used for the deflection calculation. T Peon
P, L 29.795(8)(12
=—2 = ¢ )(3 ) _ 00055 n. Ans.
ALE  18(29)(10%)
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4-39. 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.

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

PL _ PL
AC()H EC()I’I A.)‘I ES[

6C0ﬂ = 65[;

A = AconEcon _ [9(16) B Ast] 420(103)
st E, 29(10%)

= 182in?

5= Pal _ 308)(12)

- - — 0.00545 in.
AE,  182(29)(10% o

Ans.

Ans.

*4-40. The rigid member is held in the position shown by
three A-36 steel tie rods. Each rod has an unstretched length
of 0.75 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.

Tup=Tcp=T
+lSF, =0, Tgpr—2T=0

TEF =2T

Rod EF shortens 1.5mm causing AB (and DC) to elongate. Thus:

7(0.75) 27(0.75)
0.0015 = +
(125)(107)(200)(10°)  (125)(107%)(200)(10°)

2.25T = 37500

T = 16666.67 N
TAB‘ = TCD = 167 kN

Trr = 333kN

@

2

Ans.

Ans.

0.75 m

|

A ‘%O.S m—— 0.5 ma‘ C

0.75m
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*4-41. The concrete post is reinforced using six steel
reinforcing rods, each having a diameter of 20 mm.
Determine the stress in the concrete and the steel if the post
is subjected to an axial load of 900 kN. Ey = 200 GPa,
E. = 25 GPa.

Referring to the FBD of the upper portion of the cut concrete post shown in Fig. a

+13F, = 0; P, + 6P, — 900 = 0 @)

Since the steel rods and the concrete are firmly bonded, their deformation must be
the same. Thus

acon = 65[

Peonl _ Py L
Acon Econ ASl‘ ES[

Peon £ _ Py
[0.25(0.375) — 6(5)(0.02%)][25(10%)]  (5)(0.02%)[200(10°)]
Peon = 36.552 P,, @)

Solving Egs (1) and (2) yields
P, =2115kN P, = 773.10kN

Thus,

Peon 773.10(10%)
Teon = = p- 7w = 8.42 MPa Ans.
Acon  0.15(0.375) — 6(%)(0.022)

Py 2115(10%)

— > = 67.3 MPa Ans.
s 4(0.029)

bN
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4-42. The post is constructed from concrete and six A-36 900 kN
steel reinforcing rods. If it is subjected to an axial force of
900 kN, determine the required diameter of each rod so that
one-fifth of the load is carried by the steel and four-fifths by
the concrete. E; = 200 GPa, E. = 25 GPa.

The normal force in each steel rod is

~5(900)
st T 6

= 30kN

The normal force in concrete is

4
Peon = 5 (900) = 720 kN

Since the steel rods and the concrete are firmly bonded, their deformation must be
the same. Thus

Bcon = 65[

Panl _ Pyl
ACOl’l ECOH ASt ESI

2006% £ _3006YE

[025(0375) — 6(2 ?)][2506%] 7 d? [20006%)]
4957 d*> = 0.09375

d = 0.02455 m = 24.6 mm Ans.

copper alloy rods AB and CD of diameter 30 mm, a stainless
304 steel alloy rod EF of diameter 40 mm, and a rigid cap G.
If the supports at A, C and F are rigid, determine the
average normal stress developed in rods AB, CD and EF.

4-43. The assembly consists of two red brass C83400 ‘5300 mmﬂ h%o mm ——

Equation of Equilibrium: Due to symmetry, F 45 = Fcp = F.Referring to the free-
body diagram of the assembly shown in Fig. a,

BIF =0; 2F + Fgp — 2[40(10%)] = 0 5]
Compatibility Equation: Using the method of superposition, Fig. b,
(__t)) 0= _6P+6EF

_40(10%)(300) { Frr (450) (Fr/2)(300) }
T T(0.03%)(101)(10%) [ 7(0.04%)(193)(10°)  T(0.03%)(101)(10%)

Frp = 4248323 N

Substituting this result into Eq. (1),

F = 1875838 N
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4-43. Continued

Normal Stress: We have,

F 18 758.38
O'ABZO'CD:7=ﬁ:26.5MPa AllS.
Acp  3(0.03%)
F .
opp = —L£ = 4248323 _ e MPa Ans.

T A Z(0.04%)

F 400N

. R
>
F - 40UOON
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*4-44. The two pipes are made of the same material and
are connected as shown. If the cross-sectional area of BC is
A and that of CD is 2A, determine the reactions at B and D
when a force P is applied at the junction C.

DI~
NI~

Equations of Equilibrium:

ESF =0, Fg+Fp—P=0 (1]
Compatibility:

(B) 0=26p— 5z

pe) [ra) | Fah)

0=
2AE AE 2AE
o PL _3FsL
 4AE  4AE
P
Fg=— Ans.
B 3 ns.
From Eq. [1]
2
Fp= gp Ans.
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e4-45. The bolt has a diameter of 20 mm and passes \ 160 mm |
through a tube that has an inner diameter of 50 mm and an
outer diameter of 60 mm. If the bolt and tube are made of N
A-36 steel, determine the normal stress in the tube and bolt 40 kN 40 kKN
when a force of 40 kN is applied to the bolt. Assume the end
caps are rigid.

\_—150 mm 4»\

Referring to the FBD of left portion of the cut assembly, Fig. a
BIF, =0, 40(10°) — F, — F, =0 §))

Here, it is required that the bolt and the tube have the same deformation. Thus

8t = 8b
F,(150) B F,(160)
#0.06> — 0.05%)[200¢16%]  7(0.02%)[200¢16%]
F, =29333 F, 2)

Solving Eqs (1) and (2) yields

F,=1017 (10N  F, =29.83 (10 N

Thus,

_F, 1017(10°)

= = = 32.4 MPa Ans.
Ay, 5(0.02%)

gp

_F,2983(10°)

) 345 MP Ans.
A, (006" — 0.05) a s

40G0>) N
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4-46. If the gap between C and the rigid wall at D is 600 mm | 600 mm L 0.15 mm
initially 0.15 mm, determine the support reactions at A and | ‘ '
D when the force P = 200 kN is applied. The assembly |
is made of A36 steel. E D
f
50 mm B 25 mm

Equation of Equilibrium: Referring to the free-body diagram of the assembly
shown in Fig. a,

L sF, =0 200(10%) — Fp — F4 =0 )

Compatibility Equation: Using the method of superposition, Fig. b,

(B)  s=sr-s,
015 = 200(10°)(600) F p (600) Fp (600)
T T(0.05%)(200)(10%) 7(0.05%)(200)(10%)  7(0.025%)(200)(10°%)
Fp =20365.05N = 20.4 kN Ans.

Substituting this result into Eq. (1),

F,=179634.95N = 180 kN Ans.

200009 N
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4-47. 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.

+13SF, =0; Tuap +Tap—650=0 @
845 = 84 + 0.008
Tap(32) _ Tap (32.008) 008
(0.01)(29)(10%)  (0.01)(29)(10°)
32T 45 — 32.008T 45 = 2320 ‘ i
T 45 = 3611b Ans. ”@q v@w
T 45 = 2891b Ans.

*4-48. Rod AB has a diameter d and fits snugly between / o
the rigid supports at A and B when it is unloaded. The p="Poy

modulus of elasticity is E. Determine the support reactions L
at A and B if the rod is subjected to the linearly distributed - > — —>—> ——>

axial load. A B
X

L

Equation of Equilibrium: Referring to the free-body diagram of rod AB shown in
Fig. a,

1
SIF, =0 Pl = Fa= Fy=0 ()

Compatibility Equation: Using the method of superposition, Fig. b,

(%) 0=23p 9,
0 /L P(x)dx  Fu(L)
)y AE AE

L
0= / P(x)dx — F 4L
0
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4-48. Continued

1( po Po 5
Here, P(x) = — (2 x Jx = =2 X2 Th
ere, P(x) > (L x)x oL X us,
L
Po 2
0=—_— dx — F,L
oL Jy T
3\ |L
Do [ x
0=2"(=]) -F
2L ( 3 > o A
L
F,= Doz Ans.
6
Substituting this result into Eq. (1),
L
Fg= % Ans.

\
\
i
\
\
\
\
1
\
\
i
o'l

&

(6)
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*4-49. The tapered member is fixed connected at its ends
A and B and is subjected to a load P = 7 kip at x = 30 in. |A .
D.etern.nne thef reactions at the supports: The material is 6in. P < T3in.
2 in. thick and is made from 2014-T6 aluminum. ¥
X
60 in.
y o _15

120 — x 60

y=3-0.025x

BSF. =0, F,+Fz—7=0 §))

SA/B = 0

30 FA dx 60 FBdX -0
- A 23 — 0025 OQR)(E) /30 23 — 0025 DQ2)(E)

30 dx 60 dx
~F — 4 F =
A 3-0025x) F /30 (3 — 0.025x)

40 F 4 In(3 — 0.025 x)|3° — 40 FzIn(3 — 0.025x)3) = 0
—F 4(0.2876) + 0.40547 F5 = 0
F, = 140942 Fy
Thus, from Eq. (1).
F, = 4.09 kip Ans.

Fp=291kip Ans.
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4-50. The tapered member is fixed connected at its ends
A and B and is subjected to a load P. Determine the location A
x of the load and its greatest magnitude so that the average 6 i*n. P < [3in.
normal stress in the bar does not exceed oy, = 4 ksi. The L
member is 2 in. thick.

X
60 in.
y o _15
120 —x 60
y=3-—0.025x

5 SF.=0; F,+Fz—P=0

§A/B =0

_ * FA dx 60 Fde —0
/0 2 — 0.025 D) 2)(E) / 2 — 0.025 )2)(E)

* dx 60 dx

—Ful — 4 Fy| =
A) 3-0025x) ) (3-0025x) 0

F 4(40) In (3 — 0.025 x)|§ — F5(40)1n (3 — 0.025x) = 0

.02 .02
FAln(1—0035x 0.025x

)= ~Fpln(2 - =20

For greatest magnitude of P require,

4= TA . p 404
T 23 - 0.025)(2)° A= o
4=L8. =24k

Ty TET TP

Thus,

02 0
(4870.4x)ln(1 7%) _ 724111(27 oolgx)

Solving by trial and error,

x = 28.9in. Ans.
Therefore,
F, = 36.4kip
P = 60.4 kip Ans.
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4-51. The rigid bar supports the uniform distributed load
of 6 kip/ft. Determine the force in each cable if each cable C

has a cross-sectional area of 0.05in% and E = 31(10%) ksi.
6 ft
6 kip /it
ST T T TN
b g
1 31t | 31t 3t |
2 2
6
— -1 _ o
0 = tan 6 45
Lyc = (3)* + (8.4853)% — 2(3)(8.4853) cos 6’
Also,
Ly e = (9)* + (8.4853)% — 2(9)(8.4853) cos 6’ )

Thus, eliminating cos 6'.
—L%¢(0.019642) + 1.5910 = —L},(0.0065473) + 1.001735
L%¢(0.019642) = 0.0065473 Liyc + 0.589256
Lo = 0333 Lie + 30
But,
Lypc = V45 + dpc,  Lpc = V45 + 8pc
Neglect squares or &' 5 since small strain occurs.
Ly = (V45 + 850)2 = 45 + 2\/45 8¢
Lye = (V45 + 8pc)? = 45 + 2V45 8¢
45 + 2\V/45 850 = 0.333(45 + 2V/458p0) + 30
2V/45 850 = 0.333(2\V/45 5,¢)

dpc = 365
Thus,
Tep V45 _ 5 Tes V45
AE AE
Tep=3Tcp
From Eq. (1).
Tcep = 27.1682 kip = 27.2 kip Ans.
Tcp = 9.06 kip Ans.
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*4-52. The rigid bar is originally horizontal and is
supported by two cables each having a cross-sectional area
of 0.05in% and E = 31(103) ksi. Determine the slight
rotation of the bar when the uniform load is applied.

See solution of Prob. 4-51.

Tep V45 27.1682V/45

T 0.05(31)(10%  0.05(31)(10%)

DC

Using Eq. (2) of Prob. 4-51,

= 0.1175806 ft

(V45 + 0.1175806)% = (9)> + (8.4852)% — 2(9)(8.4852) cos 6’

0" = 45.838°
Thus,
A0 = 45.838° — 45° = 0.838° Ans.
*4-53. The press consists of two rigid heads that are held 12 in. |
together by the two A-36 steel %—in.-diameter rods. A 6061-
T6-solid-aluminum cylinder is placed in the press and the
screw is adjusted so that it just presses up against the
cylinder. If it is then tightened one-half turn, determine
the average normal stress in the rods and in the cylinder. 2Tin
The single-threaded screw on the bolt has a lead of 0.01 in. |
Note: The lead represents the distance the screw advances
along its axis for one complete turn of the screw.
10 in.
BIF =0, 2F,—Fy=0
8y = 0.005 — 8,
Fo(12) o F,(10)
(D)(0.5)%(29)(10%) m(1)*(10)(10%)
Solving,
Fy = 1.822 kip
F, = 3.644 kip
Fy 1.822
Trod = = o aew 9.28 ksi Ans.
T Ay (3)(05)
Fy 3.644
= = = 1.16 ksi Ans.
Ucyl Aa[ 7T(1)2
NN
I S———
\J*“T} _}md Tortion
g -‘; by
initial fisitiar
0.005W.
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4-54. The press consists of two rigid heads that are held ‘ 12 in. ‘
together by the two A-36 steel %—in.-diameter rods. A 6061-
T6-solid-aluminum cylinder is placed in the press and the
screw is adjusted so that it just presses up against the
cylinder. Determine the angle through which the screw can
be turned before the rods or the specimen begin to yield.
The single-threaded screw on the bolt has a lead of 0.01 in.
Note: The lead represents the distance the screw advances
along its axis for one complete turn of the screw.

10 in.

BIF =0, 2F,—Fy=0

Sst =d— 8[1[
Fo(12)  _ Fu(l0) o
(D(0.5)%(29)(10%) m(1)*(10)(10%)
Assume steel yields first,
36= 1% . F, = 7068k
oy =36 = — ; v =1 ip
(05 t
Then F, = 14.137 kip;
14.137
oq=——5 = 450ksi
m(1)
4.50 ksi < 37 ksi steel yields first as assumed. From Eq. (1),
d = 0.01940 in.
Thus,
6 0.01940
360° 0.01
0 = 698° Ans.
~Fse
1
Forr
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4-55. The three suspender bars are made of A-36 steel

and have equal cross-sectional areas of 450 mm?.
Determine the average normal stress in each bar if the rigid
beam is subjected to the loading shown. . 80 kN

)
=i

‘kl ma‘kl ma‘&l m%&l mﬂ

Referring to the FBD of the rigid beam, Fig. a,
+1SF,=0;  Fap+ Fpg + Fep — 50(10°) — 80(10°) = 0 @

CHIMp=0;  Fgp(2) + Fep(4) = 50(10%)(1) — 80(10%)(3) = 0 @

Referring to the geometry shown in Fig. b,

Scr — Oap
Opg = 8ap + (7 ()

OpE = %(SAD + SCF)

Fpe & 1(FADZ . FCFL)
AE 2\ AE AE

Fap + Fcp =2 Fpe )
Solving Egs. (1), (2) and (3) yields
Fprp = 433310 N F,p =3583(10°)N  Fcp = 50.83(10°) N
Thus,
Fpp  43.33(10°)

= = = 96.3 MP Ans.
TBET AT 045(10°7) a s
oy = 1AL _ 3583(10) 79.6 MPa Ans

AT AT 045(1073) ' :
Ocr = 113 MPa Ans.

2
hl

Zm 2m
Fo 50k Re 80K E{ ! ] ‘F

E
X 2[ a:w A — ég_f___....-..- Jq:

J ‘D’ —-—-_.,______ il

= -
: | g,
m 1 im [ im |im fF

(b
(@) )
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*4-56. The rigid bar supports the 800-1b load. Determine
the normal stress in each A-36 steel cable if each cable has a
cross-sectional area of 0.04 in%.

Referring to the FBD of the rigid bar, Fig. a,

CHSM, =0,  Fpe (%)(5) + Fep (g)(m) ~ 800(10) = 0 )

The unstretched length of wires BC and CD are Lpc = V12% + 5% = 13 ft and
Lep = V122 + 16% = 20 ft. The stretches of wires BC and CD are

50— FpcLgc _ Fpe (13) - FepLep _ Fep(20)
Be AE AE b AE AE

Referring to the geometry shown in Fig. b, the vertical displacement of the points on

) 12 3
the rigid bar is 6y = ——. For points B and D, cos §3 = — and cos 6, = —. Thus,
cosf 13 5

the vertical displacement of points B and D are

(55), = dpc _ Fpc(13)/AE _ 169 Fpc
By cosOy 12/13 12AE

(50), - dcp _ Fep (0)/AE 100 Fep
bl cos b 3/5 3 AE

The similar triangles shown in Fig. ¢ give

(53>7 (50)7

5 16
1(169FBC> _L(IOOFCD>
5\ 124E ) 16\ 34E
125
Fpe = @FCD 2)

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

Thus,
ocp = Z—ZZ = 6(1;‘—023 = 15.37(10%) psi = 15.4 ksi Ans.
opc = Z—’;z = 4(5;;29 = 11.37(10%) psi = 11.4 ksi Ans.
164
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4-56. Continued

Ac 3 1 e
5t + 57t ¢ éﬂ”‘

Ay @)

“"‘;*?J? &
By, Tl
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*4-57. The rigid bar is originally horizontal and is
supported by two A-36 steel cables each having a cross-
sectional area of 0.04 in%. Determine the rotation of the bar
when the 800-1b load is applied.

Referring to the FBD of the rigid bar Fig. a,

C+SM, =0, Fpe (%)(5) + Fep (g)(m) —800(10) = 0 )

The unstretched length of wires BC and CD are Ly = V122 + 5* = 13 ft and
Lep = V122 + 16 = 20 ft. The stretch of wires BC and CD are

FpcLpc  Fpe(13) _ FepLep  Fep(20)

Spr = = = =
BC AE AE €D AE AE

Referring to the geometry shown in Fig. b, the vertical displacement of the points on
) 12 3
the rigid bar is 8, = oSO For points B and D, cos 65 = e} and cos 0p = 5 Thus,

the vertical displacement of points B and D are

(55), - Ssc _ Fpc (13)/AE 169 Fc
BlY ™ cos 0 12/13 12AE

(50), - dcp  Fep(20)/AE 100 Fep
Pl cos 6y, 3/5 3 AE

The similar triangles shown in Fig. ¢ gives

(63)7 _ (60)7

5 16
1(1691730) _i(lOOFCD)
5\ 12AE /] 16\ 3 AE
125
FBC_@FCD 2)

Solving Eqs (1) and (2), yields

Fep = 6147316 Fye = 454.69 1b

Thus,
100(614.73)
(8p)y = = 0.01766 ft
3(0.04)[29.0 (10%)|
Then
o - (QOTIRY(180) _ s Ans
16 ft -
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4-58. The horizontal beam is assumed to be rigid and 18 kN/m
supports 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 —_———
(original) length of 1.40 m. Take E, = 12 GPa.
A B C
1.40 m
} 2m } 1m—
C+EIMp=0; Fe(l) = Fa2) =0 @
+T2Fy:0; Fo+Fg+ Fc—27=0 ?2)
8g — 064 Oc— 8,
B = 3 N 383 - 6,4 = 26C
3FgL.  F, L 2FcL
- = ; 3Fg — Fy = 2F
AE AE AE B A c 3)
Solving Egs. (1)—(3) yields :
F, = 579kN Ans.
Fg = 9.64 kN Ans.
Fc=11.6 kN Ans.
4-59. The horizontal beam is assumed to be rigid and 18 kN/m
supports 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.
A B C
C+EMy=0; Fo(l) — Fa2) =0 i)
1.40 m
T+2Fy=0; Fo+ Fg+ Fc—27=0 2)
Op =084 _ 6c =84
5 T 3 b 3004 =26c | 2m ~—1m-—
3FgL.  FuL 2FcL AF F.—9F 3
AE AE ~ AE B AT 2alc 3)
Solving Egs. (1)—(3) yields :
F, = 57857 kN; Fp = 9.6428 kN; Fc = 11.5714 kN
F4L  5.7857(10%)(1.40)
84 = = = 0.0597(10"%) m
ATAE T T(0.122)12(10%) (107
FcL  11.5714(10%)(1.40)
8 = = = 0.1194(107°
CTTAE T 10129120109 (107 m
0.1194 — 0.0597
tanfh = ——(1079)
3
6 = 0.0199(10 %) rad = 1.14(10%)° Ans.
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*4-60. The assembly consists of two posts AD and CF 400 kKN
made of A-36 steel and having a cross-sectional area of
1000 mm?, and a 2014-T6 aluminum post BE having a cross- ‘ 0.5m 0.5m |
sectional area of 1500 mm?. If a central load of 400 kN is | |
applied to the rigid cap, determine the normal stress in each -
post. There is a small gap of 0.1 mm between the post BE
and the rigid member ABC.

Equation of Equilibrium. Due to symmetry, F,p = For = F. Referring to the
FBD of the rigid cap, Fig. a,

+13F,=0;  Fgg+ 2F — 400(10°) = 0 §))
Compatibility Equation. Referring to the initial and final position of rods AD (CF)
and BE, Fig. b,
F(400) N (399.9)
1(1079[200010]  1.5(107%)[73.1(10%)]
F = 1.8235 Fpp + 50(10%) Q)

Solving Eqs (1) and (2) yield

Fpp = 6456(1°) N  F = 167.72(10°) N

Normal Stress.

. F _167.72(10%) 168 MP A
Oap = Ocfr = As[ = 1(1073) = a ns.

_ Fpp  64.56(10°) 43.0 MP A
TBET A, T 151077 o "

4004oIN F e

O] mm

‘ § e
0-5m4 0:6m
F &

(%)

Fy" . ke=F
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*4-61. The distributed loading is supported by the three
suspender bars. AB and EF are made of aluminum and CD
is made of steel. If each bar has a cross-sectional area of
450 mm?, determine the maximum intensity w of the
distributed loading so that an allowable stress of (o aow)st =
180 MPa in the steel and (o uow)a = 94 MPa in the
aluminum is not exceeded. Ey = 200 GPa, E, = 70 GPa.
Assume ACE is rigid.

C+ZMe = 0; Frr(1.5) — F,p(1.5) =0
Fpp=Fap=F
+12F,=0; 2F+ Fcp—3w=0 @
Compatibility condition :
84 =8¢

FL _ FepLl
A(70)(10%)  A(200)(10%)

F =035F¢p (2)

Assume failure of AB and EF:
F = (0aiow)a A
= 94(10°)(450)(107°)
= 42300 N
From Eq. (2) Fcp = 120857.14 N
From Eq. (1) w = 68.5kN/m
Assume failure of CD:
Fep = (Gaitow)st A
= 180(10%)(450)(107%)
= 81000 N

From Eq. (2) F = 28350 N

From Eq. (1) w = 45.9 kN/m (controls) Ans.
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4-62. 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:
C+=IM, =0, 450(250) — Fpc(150) — Fp(150) = 0
750_FBC_FD:0
Compatibility:
dpc = Op
Fpc(200) _ Fp(50)
22.5(107%)200(10%)  40(107%)70(10%)

Fpc = 040179 F),

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

Fp=53503N Fpe = 21497N
Average Normal Stress:

op = i—z = % = 13.4 MPa

opc = Fac o AT 9.55 MPa

Apc 2251079

J C
200 l’ITll’l’l
— T
FR1 50 mmJ ’
100 mm 150 mm
450N l
D
S
50 mm
1]
[2]
Ans.
Ans.
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4-63. 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. £, = 200 GPa, E, = 70 GPa.

Equations of Equilibrium:
C+IM, =0, 450(250) — Fpc(150) — Fp(150) =0
750 — Fpe — Fp =0
Compatibility:
dpc = 8p

F 5c(200) B Fp(50)
22.5(107%)200(10°)  40(10~°)70(10%)

Fye = 040179 F),

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

Fp = 535.03N Fpe = 21497 N
Displacement:
FpL 535.03(50
8p = 22 - GO _ 009554 mm
ApEa  40(107%)(70)(10%)
g = 90 _ 0009554
150 150

6 = 63.7(10° rad = 0.00365°

(1]

2]

Ans.

T C
200 r;\flm
73 T
—150 mm
100 mm 150 mm
450 N \
D | -
DR
50 mm
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*4-64. The center post B of the assembly has an original 800 kN /m
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. 100 mm -$=-100 mm
A B C 125‘mm
C+IMyz=0; —F 4(100) + F(100) = 0 800 kN /m
Fy=Fc=F @
+12F,=0; 2F+ Fg—160=0 ?)
&4 = 85 + 0.0003
F (0.125 Fp(0.1247
©125) LI )4 00003

400 (107%)(70)(10% 400 (10~5)(70)(10%)
0.125 F — 0.1247F 3 = 8.4 A3)
Solving Egs. (2) and (3)
F ="75762 kN
Fp = 8547kN

75.726 (10°)
op=0c=——""—— =189 MPa Ans.

400(107°)

8.547 (10°)
op=———-=214MPa Ans.
400 (107

*4-65. 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 } I }

the force in the bolt and the tube. The bolt has a diameter of
7 mm and the tube has a cross-sectional area of 100 mm?>.

Equilibrium: Since no external load is applied, the force acting on the tube and the
bolt is the same.

Compatibility:
0.02 =8, + &,
_ P(75) . P(75)
100(107%)(101)(10°) ~ 5(0.007%)(200)(10°%)
P =1164.83N = 1.16 kN Ans.
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4-66. 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 | L |
none of the material will yield. The bolt has a diameter of
7 mm and the tube has a cross-sectional area of 100 mm?.

Allowable Normal Stress:

P

=250 (10°) =
@) (10°) 7(0.007)2
Py = 9.621 kN

Pbr
o)y = 70.0(10°) = ————
@) (10°) 100(107°)

Py, = 7.00kN

Since Py > Py, by comparison he brass will yield first.

Compatibility:
a =68 + &
~ 7.00(10°)(75) 7.00(10%)(75)
100(1079)(101)(10°)  5(0.007)*(200)(10?)
= (0.120 mm Ans.
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4-67. The three suspender bars are made of the same
material and have equal cross-sectional areas A. Determine B

Q D\e F\e —
the average normal stress in each bar if the rigid beam ACE
is subjected to the force P.
d L
P
FCD+2FEF:5 @ L
+T2Fy:O; Fup+ Fep+ Fpp— P =0 ?2)
Oc —08p 04— &g
d 2
26c = 84 + 8¢
2Fcpl Fupl N FgrL
AE — AE AE
2Fcp — Fap — Fprp =0 ()]
Solving Egs. (1), (2) and (3) yields
7P P P
Fap =15 FCD_g Fer=15
7P
O AB — ﬂ Ans.
P
Ocp — g Ans.
P
OFfF = m Ans.

*4-68. 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'; = 60°F and
the tension or pull on the tape is 20 lb. Determine the
true length of the line if the tape shows the reading to
be 463.25 ft when used with a pull of 351b at 7, = 90°F. The
ground on which it is placed is flat. agq = 9.60(107°)/°F,
Eg = 29(10%) ksi.

87 = aATL = 9.6(107%)(90 — 60)(463.25) = 0.133416 ft

_PL (357 20)6325) ) so6 g
AE  (0.2)(0.05)(29)(10%

L = 463.25 + 0.133416 + 0.023961 = 463.41 ft Ans.
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*4-69. Three bars each made of different materials are
connected together and placed between two walls when the
temperature is 77 = 12°C. Determine the force exerted
on the (rigid) supports when the temperature becomes
T, = 18°C. The material properties and cross-sectional
area of each bar are given in the figure.

() 0=A;-5
0 = 12(107%(6)(0.3) + 21 (107°)(6)(0.2) + 17 (107%)(6)(0.1)
F(0.3) F(0.2) F(0.1)

200(1076)(200)(10°)  450(10~6)(100)(10°)  515(10~6)(120)(10°)

F = 4203 N = 420kN

Steel Brass Copper
E, =200 GPa E,,=100GPa  E. =120 GPa
ag = 12(107%),°C @, = 21(107) /°C ay, = 17(107) °C
A, = 515 mm?
Ay =200mm? Apr = 450 mm’ |
%
| 300 mm 1 200 mmﬂm

Ans.

4-70. The rod is made of A-36 steel and has a diameter of
0.25 in. If the rod is 4 ft long when the springs are compressed
0.5 in. and the temperature of the rod is T = 40°F, determine
the force in the rod when its temperature is 7 = 160°F.

Compatibility:
<__t)> X = 87‘ - 81:

1.00(0.5)(2)(12)

x = 6.60(1079)(160 — 40)(2)(12) — 7(0.25%)(29.0)(10°)

x = 0.01869 in.

F = 1.00(0.01869 + 0.5) = 0.519 kip

k =10001b/in.

k =10001b/in.

-
-

4 + LT o
Ans.
ke —

F= f—aﬂ""ﬂ kip

4-71. A 6-ft-long steam pipe is made of A-36 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 Ty = 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= 6T - (Sp
F(6)(12)

_ -6 _ _
0 = 6.60(107%)(275 — 70)(6)(12) T @0

F = 116 kip

Ans.
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*4-72. A 6-ft-long steam pipe is made of A-36 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
T, =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 7, = 275°F.

Compatibility:
X = ST - 51:‘

80(10%)(x)(3)(12)

x = 6.60(107%)(275 — 70)(3)(12) — @ = 3.5)29.0)(10°)

x = 0.001403 in.

F = k x = 80(10%)(0.001403) = 112 kip

hﬂtﬂ

Ans.

*4-73. 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.

Compatibility:
L
0=6r — 6p Where oy = / a AT dx
0
8ft
F(8
0=6.60(10"°) [ (40 + 15 x) dx — %
o A(29.0)(10%)
15(8)? F(8)
0 = 6.60(107%)| 40(8) + -
( )[ ®) 2 A(29.0)(10%)

F=1914 A

Average Normal Stress:

19.14 A
o=—

1 19.1 ksi

[;,.

Ans.
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4-74. The bronze C86100 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 T 4 = 200°F at A to Tg = 60°F at B, determine the — ‘ —
. . . . e e -2 > > > > —> —> —> b—> >
axial force it exerts on the walls. The pipe was fitted between — —
o A B ‘
the walls when 7" = 60°F. 1 3 ft !

Temperature Gradient:

8 —x

T(x) = 60 + ( )140 =200 — 17.5x

Compatibility:
0=08; —8  Where & =/aATdx

2ft
0 =9.60(10"°) [ [(200 — 17.5x) — 60] dx — F®
' 0 ’ T(1.4% — 19)15.0(10%)

2ft
6 F(8)
0=9.60(10"°) [ (140 = 17.5x) dx — —5—— 5
0 (1.4 — 12) 15.0(10%)
F = 17.60 kip Ans.
4-75. The 40-ft-long A-36 steel rails on a train track are laid ——5 & ——

with a small gap between them to allow for thermal
expansion. Determine the required gap 6 so that the rails just E%
touch one another when the temperature is increased from \ 40 ft |

T, = —20°Fto T, = 90°F. Using this gap, what would be the

axial force in the rails if the temperature were to rise to

T5 = 110°F? The cross-sectional area of each rail is 5.10 in’.

Thermal Expansion: Note that since adjacent rails expand, each rail will be

)
required to expand 5 on each end, or 6 for the entine rail.

5 = aATL = 6.60(107%)[90 — (—20)](40)(12)

= 0.34848 in. = 0.348 in. Ans.
Compatibility:
(B) 034848 = &, — &

F(40)(12)

0.34848 = 6.60(10 *)[110 — (—20)](40)(12) — 5.10(29.0)(10°)

F =19.5kip Ans.

177



04 Solutions 46060 5/25/10 3:20 PM Page 178 CE

© 2010 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.

temperature. Bars AB and CD are made of A-36 steel and
2014-T6 aluminum alloy respectively. When the temperature
is at 75°F, ACE is in the horizontal position. Determine the

*4-76. The device is used to measure a change in TO.ZS in. 3in.

4 ) [} >E§
vertical displacement of the pointer at E when the ¢ =
temperature rises to 150°F. E

1.5in.
Thermal Expansion:
(5T)CD = ayATLcp = 12.8(107%)(150 — 75)(1.5) = 1.44(1073) in. B L 1D
(87)ap = aqATL 5 = 6.60(10%)(150 — 75)(1.5) = 0.7425(10) in.
From the geometry of the deflected bar AE shown Fig. b, ( 6 )
T/e
(6)cp — (r).1s Wl
dr = (8r)an + s |32 / C e
-3 -3 i e R -
_ 07425107 + 1.44(10°) — 0.7425(107°) (325) |
' 0.25 ' A C N

= 0.00981 in. Ans. (JT)AB

*4-77. The bar has a cross-sectional area A, length L,
modulus of elasticity E, and coefficient of thermal X 4’{
expansion «. The temperature of the bar changes uniformly A | B
along its length from 7 4 at A to T’z at B so that at any point
x along the bar T =T, + x(Tg — T 4)/L. Determine the
force the bar exerts on the rigid walls. Initially no axial force
is in the bar and the bar has a temperature of 7 .

Ty Ty

S 0=A4r -5 @
However,
Tg—T
dAT:aAde:a(TA+%x—TA)dx
Ly, —T Tg—T, 1
Afa/ B Axdx:a{B Az}
T 0 L 2L L
TB_TA aL
= { 2 L}:T(TB_TA)
From Eq.(1).
al FL
0=—"(Tg—T4 — —
) (T 4) AE
AE
an2 (Ty — T Ans.
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4-78. The A-36 steel rod has a diameter of 50 mm and is
lightly attached to the rigid supports at A and B when A ¢
T, = 80°C. If the temperature becomes 7, = 20°C and an P—EH
axial force of P = 200 kN is applied to its center, determine \
the reactions at A and B. ‘

0.5m 0.5 m

Referring to the FBD of the rod, Fig. a

BIF, =0, Fyz— F,+200010% =0 @)

When the rod is unconstrained at B, it has a free contraction of
87 = ay ATL = 12(107°)(80 — 20)(1000) = 0.72 mm. Also, under force P and F
with unconstrained at B, the deformation of the rod are

PL 200(10%)(500
= AC o 109600 _ 0.2546 mm

AE 7(0.05%)[200(10%)]
_ FpLus  Fp(1000)

PAE T 7(0.059)[200(10% ]

dp

o = 2.5465(107°) Fy

Using the method of super position, Fig. b,
(B)  0=—6;+06p + dp,
0= —0.72 + 0.2546 + 2.5465(107°) F

Fp = 182.74(10°) N = 183 kN Ans.

Substitute the result of Fp into Eq (1),

F, = 382.74(10°) N = 383 kN Ans.

P-200 KN P=200 kN

& (—n
[ — —

—_——

I
¢"‘57

&
@) ¢

==
11—
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4-79. The A-36 steel rod has a diameter of 50 mm and is
lightly attached to the rigid supports at A and B when A c B

T, = 50°C. Determine the force P that must be applied to ég

the collar at its midpoint so that, when 7, = 30°C, the

\
reaction at B is zero. 0-5m ! 0-5m
When the rod is wunconstrained at B, it has a free contraction of P
8y = ay, ATL = 12(107%)(50 — 30)(1000) = 0.24 mm. Also, under force P with

unconstrained at B, the deformation of the rod is

_ PLac _ P(500) = 12732(10°%) P
AE  7(0.05)[200(10% ]

Since Fj is required to be zero, the method of superposition, Fig. b, gives
(B) 0=-5+6p @

dp

0 =—024 + 1.2732(10°%P

P = 188.50(10°)N = 188 kN Ans.

*4-80. 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 c
when post C is heated so that its temperature is increased
by 20°F. Each post has a cross-sectional area of 8 in2.
Y b R e

Equations of Equilibrium:

+13SF,=0; 2F+Fc—-80 =0 1]
Compatibility:
(+1) (6c)r = (8c)r = O
ﬁ - 9.80(107%)(20)L = m
8.5616 F- — 43103 F = 196 [2]
Solving Egs. [1] and [2] yields:
F = 22.81 kip F¢ = 3438 kip

average Normal Sress:

O'A=UB=§=%=2.851(51 Ans.

oc = % = % = 4.30 ksi Ans.
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*4-81. The three bars are made of A-36 steel and form
a pin-connected truss. If the truss is constructed when
T, = 50°F, determine the force in each bar when
T, = 110°F. Each bar has a cross-sectional area of 2 in’.

61" )ap — B )ag = (6r)ap + (6p)ap (€Y

However, 6 45 = 645 cos 0;

., _ Sap _ 5
AB ™ cosh 448
Substitute into Eq. (1)
5 5
1 (8r)a — 1 (8r)ag = (6r)ap + (8r)ap
5 _ F45(5)(12)
=16.60(107%)(110° — 50°)(5)(12) — ————=
4| 6:60(107)( 1G2) = T
_ F4p(4)(12)
= 6.60(107%)(110° — 50°)(4)(12) + —————=
620.136 = 75F 45 + 48F 4p 2)
S3F =0 gFAC_gFAB=0§ Fac = Fap
4
+1SF,=0;  Fap— 2(§ FAB> =0 3

Solving Egs. (2) and (3) yields :
F.p = 6.54kip Ans.

FAC = FAB = 4.09 klp Ans.
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4-82. The three bars are made of A-36 steel and form a pin-
connected truss. If the truss is constructed when 7y = 50°F,
determine the vertical displacement of joint A when
T, = 150°F. Each bar has a cross-sectional area of 2 in’.

81" )ap — (88 )ap = (6r)ap + (8r)ap @

However, 8,5 = 645 cos 6;

Substitute into Eq. (1)

%(5T)AB - %(ST)AB = (67)ap + (6r)ap

o e, - FasO2)
4 66001071507 = 50°)(5)(12) = 750
Fap@)(12)

= 6.60(107°)(150° — 50°)(4)(12) + 2(29)(10°)

23925 — 6.25F 45 = 153.12 + 4 F o

3 3
Fac— ZFap=0; Fyc = Fup

5 =0
SFo=00 ¢ E

4
FAD = 1'6FAB (3)
Solving Egs. (2) and (3) yields:
F o5 = 6.8086 kip: F ,p = 10.8939 kip

(04)r = (81)ap + (61)ap

10.8939(4)(12)

= 6.60(1070)(150° = S09)(4)(12) + =~ 555

= 0.0407 in. 1 Ans.
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4-83. The wires AB and AC are made of steel, and wire
AD is made of copper. Before the 150-1b force is applied,
AB and AC are each 60 in. long and AD is 40 in. long. If
the temperature is increased by 80°F, determine the
force in each wire needed to support the load. Take
Egq =29(10%) ksi, E = 17(10%) ksi, g = 8(107%)/°F,
ey = 9.60(107°)/°F. Each wire has a cross-sectional area of
0.0123 in”.

Equations of Equilibrium:
5 2F, =0 F 4ccos45° — F 4pcos 45° = 0
Fac=Fup=F

+1SF,=0; 2Fsin45° + Fup — 150 = 0 [1]

Compatibility:
(84c)r = 8.0(107°)(80)(60) = 0.03840 in.

_ (8ac)r _ 0.03840 _ ,
@ac)r, = cos45°  cos45° 0.05431 in.

(8ap)r = 9.60(107°)(80)(40) = 0.03072 in.
80 = (Bac)r, — (Bap)r = 0.05431 — 0.03072 = 0.02359 in.
(Bap)F = (Bac)r, + &

F,p(40) F(60)
0.0123(17.0)(10%)  0.0123(29.0)(10°%) cos 45°

+ 0.02359

0.1913F 4,p — 0.2379F = 23.5858 2]
Solving Eq. [1] and [2] yields:
Fac=F 3=F=1001b Ans.

Fap = 1361b Ans.
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*4-84. The AMI1004-T61 magnesium alloy tube AB is 25 mm @ 20 mm
capped with a rigid plate E. The gap between E and end C of u
the 6061-T6 aluminum alloy solid circular rod CD is 0.2 mm Section a-a
when the temperature is at 30° C. Determine the normal ) £ |
stress developed in the tube and the rod if the temperature

. o . .. b C f
rises to 80° C. Neglect the thickness of the rigid cap. A B 25 tm

a ol
0.2 mm
~—300 mm — 450 mm

Compatibility Equation: If tube AB and rod CD are unconstrained, they will have a
free expansion of (87)4p = amg ATL 45 = 26(107°)(80 — 30)(300) = 0.39 mm and

(ST)CD = ayATLcp = 24(107%)(80 — 30)(450) = 0.54 mm. Referring to the
deformation diagram of the tube and the rod shown in Fig. a,

8= {(6T>AB - (SF)AB] + [(ST)CD - (3F>CD]

F(300) F(450)
02 =039 - +1]0.
m(0.0252 — 0.022)(44.7)(10°) 7(0.0257)(68.9)(10°)
F =32017.60 N
Normal Stress:
F 2017.
OB = = 32 017.60 = 45.3 MPa Ans.
A 2 2
aB (00252 - 0.022)
F 2017.
E_ 200760 s Mpa Ans.

7P Aco 7(0.025%)

F =10744247 N

LC- ‘J.—.o:zmm

/“(551')»\3

dF)AB
F

s r\(CST cp

(&)
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*4-85. The AM1004-T61 magnesium alloy tube AB is 25 mm g@ 20 mm
capped with a rigid plate. The gap between E and end C of B
the 6061-T6 aluminum alloy solid circular rod CD is 0.2 mm Section a-a
when the temperature is at 30° C. Determine the highest b E |
temperature to which it can be raised without causing [
yielding either in the tube or the rod. Neglect the thickness 7 5.1€ o5 inm
of the rigid cap. a
1702 mm

~—300 mm — 450 mm

Then

F 107 442.47
Acp 7(0.025%)

ocp = = 218.88MPa < (oy)y (O.K.)
Compatibility Equation: If tube AB and rod CD are unconstrained, they will have
a free expansion of (87)AB = amgATL g = 26(107°)(T — 30)(300) = 7.8(10°°)
(T —30) and (87)cp = awATLep = 24(10°°)(T° — 30)(450) = 0.0108(7° — 30).

Referring to the deformation diagram of the tube and the rod shown in Fig. a,

8 = [(6r)an = (8r)as] + [(6r)cp = (8r)en]

107 442.47(300)
7(0.025% — 0.022)(44.7)(10%)

02 = | 7.81073)(T — 30) —

107 442.47(450)
7(0.025%)(68.9)(10°)
T =172°C Ans.

+| 0.0108(T — 30) —

" d=0:2mm

|
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4-86. The steel bolt has a diameter of 7 mm and fits
through an aluminum sleeve as shown. The sleeve has an
inner diameter of 8 mm and an outer diameter of 10 mm.
The nut at A is adjusted so that it just presses up against
the sleeve. If the assembly is originally at a temperature
of Ty =20°C and then is heated to a temperature of
T, = 100°C, determine the average normal stress in the
bolt and the sleeve. Ey = 200 GPa, E, = 70 GPa, oy =
14(107%)/°C, a, = 23(107%)/°C.

Compatibility:
)7 = ()7 = (B)r + (Bn)F
23(107%)(100 — 20)L — 14(107°)(100 — 20)L

B FL . FL
7(0.01% — 0.008%)70(10%) % (0.007%)200(10°)

F =1133.54 N
Average Normal Stress:
oy = Ais = ﬁ = 40.1 MPa Ans.
o, = £ = 113354 = 29.5 MPa Ans.

A, 7(0.007%)

4-87. Determine the maximum normal stress developed 5 mm
in the bar when it is subjected to a tension of P = 8 kN. 40 mm o ‘ Tzo mm
For the fillet:

w 40 r 10

h 20 h 20 05

From Fig. 10-24. K = 1.4

Omax = KUavg

= 112 MPa
For the hole:

r 10

—=-—=10.25

w40

From Fig. 4-25. K = 2.375

Omax = KUavg

8(10%) )

= 2.375 ((0.04 — 0.02)(0.005)

= 190 MPa Ans.
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Ta0w = 120 MPa, determine the maximum axial force P 40 mm
that can be applied to the bar.

0 mm

*4-88. If the allowable normal stress for the bar is 5 mm
ol
2

P «—

Assume failure of the fillet.

w40 r 10
W0 F a T

From Fig.4-24. K = 14

Tallow — Omax — Ka'avg

P
120(10°) = 1.4 (m)

P = 857kN

Assume failure of the hole.

10
=20 0.25

2 [~

From Fig. 4-25. K = 2.375

Oallow = Omax — Ko-avg

P
120(10%) = 2.375 ( )
(109 (0.04 — 0.02) (0.005)
P = 5.05 kN (controls) Ans.
*4-89. The member is to be made from a steel plate that is 0.25 in.

0.25 in. thick. If a 1-in. hole is drilled through its center,
determine the approximate width w of the plate so that it
can support an axial force of 3350 1b. The allowable stress is
Oallow — 22 ksi.

3350 1b

Tallow = Omax — Ka'avg

” — K[ 3.35 }

(w — 1)(0.25)

335K +55
55

By trial and error, from Fig. 4-25, choose L 0.2; K =245
w

| 3.35(245) + 5.5

w 55 = 2.49in. Ans.
r 0.5
Smce; =249 0.2 OK
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4-90. The A-36 steel plate has a thickness of 12 mm. If
there are shoulder fillets at B and C, and ooy = 150 MPa,
determine the maximum axial load P that it can support.
Calculate its elongation, neglecting the effect of the fillets.

Maximum Normal Stress at fillet:

r 30

h_@_O'S

From the text, K = 1.4

= Koy,

Aot

P =77142.86 N = 77.1 kN

Omax = Oallow

P

. P
150(10°) 0.06(0.012)

Displacement:

PL
5=3""
AE

77142.86(400) 77142.86(800)

.
L
r=30 mm / T
j«//
0 e
P

A 800 mm 200 mm

-

200 mm

Ans.

(0.06)(0.012)(200)(10°)

= 0.429 mm

(0.12)(0.012)(200)(10°)

Ans.

4-91. Determine the maximum axial force P that can be
applied to the bar. The bar is made from steel and has an
allowable stress of oyp0y = 21 ksi.

Assume failure of the fillet.

r
h
From Fig. 4-24, K

Oallow — Omax — KUavg

P

20 =173 e
73 (1.25 (0.125)

)

P = 1.897 kip

Assume failure of the hole.

r 0375
=== =02
1875 20

w

From Fig. 4-25, K = 2.45

Oallow — Omax — KUavg

P
(1.875 — 0.75)(0.125)

21 = 2.45 (

)

P =121kip (controls)

0.125 in.

—> P

1.875 in.

P <—

T

r=0.25in.

0.75 in.

Ans.

188




04 Solutions 46060 5/25/10 3:20 PM Page 189 $

© 2010 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.

*4-92. 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. | (1.25 in.
At fillet:
—  Q s
r 025 w 1875
—=——=02 —=——=15
h 125 h 1.25 T g
) r=025in.
From Fig. 4-24, K = 1.73 075 in.
P 2
=K|\— ) =173 ———— | = 22.1 ksi
¥ max <A> {1.25(0.125) } .
At hole:
r 0375
—=——=02
w1875 020

From Fig. 4-25, K = 2.45

2 .
Omax = 245 (1875 — 075)(0.125) | — 34.8 ksi  (Controls) Ans.

*4-93. Determine the maximum normal stress developed 5 mm
in the bar when it is subjected to a tension of P = 8 kN. 60 mm - ‘ r 30 mm
|
Maximum Normal Stress at fillet: P 04/9_»1)
= T
r 15 w 60 r=15mm
—=—=05 d —=_—=2 |
K 30 M T 30 12 mm

From the text, K = 1.4

.
0 max Tavg hit

B L5 R
= 14 0.03)0.005) | = 747 MPa

Maximum Normal Stress at the hole:

r 6
—=—=0.1
w 60
From the text, K = 2.65
P
Omax — KO'an = Km
8(10%)
= 2.65
(0.06 — 0.012)(0.005)
= 88.3MPa (Controls) Ans.
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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?

P = / odA = Volume under curve

Number of squares = 10

P =103)(1)(0.5) = 15 kip Ans.
P 15 kip

=—=——"—"""——="75ksi
Tor = 4 T Giny0siny oK

Omax 12 ksi
K = = = 1.60 Ans.

Tave 15 ksi s
4-95. The resulting stress distribution along section AB 0.5 in.

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?

Number of squares = 28 0.2 in.
P = 28(6)(0.2)(0.5) = 16.8 kip Ans. £
f B
P 16.8 4 6 ksi

== =" = 28ksi L 36 ksi -
Tave =4 T 2(0.6)(0.5) . o ksi
K =Imx 30 _ o9 Ans.

Oag 28
*4-96. 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

=~

— 5 MPa

Number of squares = 19 ~—30 MPa

P = 19(5)(10%(0.02)(0.01) = 19 kN Ans.

N LC L)
Tae T4 T 008001 a

Tmax 30 MPa
K= - =126 Ans.
Tuve 2375 MPa ns
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*4-97. 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.

Aluminum
1in.
2 in.

Steel

Equations of Equilibrium:

+13F, =0, Py+ Py—300=0 [1]

Elastic Analysis: Assume both materials still behave elastically under the load.
ast = 6al

PstL _ PalL
T(2229)(10%) T4 — 22)(10.6)(10%)

Py = 09119 P,

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

P, = 15691kip Py = 143.09 kip

Average Normal Stress:

Pa 156.91
Oa = =

Ay T(#-2)

= 16.65ksi < (0,), = 60.0 ksi (OK!)
Py 143.09
oo = Pt _
oA @)

45.55ksi > (0,)y = 36.0 ksi

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

g = (0y)s = 36.0ksi Ans.
Py = (0))sAg = 36.0(%)(22) = 113.10 kip

From Eq. [1] P, = 186.90 kip

Py 186.90 . .
= =_————-=19.83ksi < = 60.0 ks
Ta Ay T (42 _ 22) 1 (o'y)al 1
Then o, = 19.8 ksi Ans.
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4-98. The bar has a cross-sectional area of 0.5 in” and is A B 8kip C 5kip
made of a material that has a stress—strain diagram that ‘ _Sf ‘ _Zf,\
t t —
\

can be approximated by the two line segments shown. \

Determine the elongation of the bar due to the applied o (ksi)
loading.
40
20
. € (in./in.)
Average Normal Stress and Strain: For segment BC 0.001 0.021
P 5
—BC = =~ 10.0ksi

TBC T AT 05

100 20 0001

== _. = 22 (10.0) = 0.00050 in./in.
epe 00010 o= oy (100) in./in

Average Normal Stress and Strain: For segment AB

P 13 .
oap = A—jz = o5 = 260ksi
26.0 — 20 40 — 20

eqp — 0.001  0.021 — 0.001

e4p = 0.0070 in./in.
Elongation:
dpc = epcLpc = 0.00050(2)(12) = 0.0120 in.

6AB = SABLAB = 00070(5)(12) = 0.420 in.

1ot = Opc + 845 = 0.0120 + 0.420 = 0.432in. Ans.
Utkse) (0-021,40)
FO e d
(G, 26 :
20T [(o-001, 20) -:
f (&4 10.0) .E
{-€cim,
9| a.001 o0u
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4-99. The rigid bar is supported by a pin at A and two o
steel wires, each having a diameter of 4 mm. If the yield Eig/ Dig/
stress for the wires is oy = 530 MPa, and E = 200 GPa, T
determine the intensity of the distributed load w that can

be placed on the beam and will just cause wire EB to 830 mm
yield. What is the displacement of point G for this case? A A
For the calculation, assume that the steel is elastic A B%\ C%\
perfectly plastic. e G
Yy VY Y w
} 400 mm 250 mm—{ ‘
150 mm

Equations of Equilibrium:
C+=M, = 0; Fpp(0.4) + Fcp(0.65) — 0.8w (0.4) =0

0.4 Fpr + 0.65Fcp = 0.32w 1]
Plastic Analysis: Wire CD will yield first followed by wire BE. When both wires yield

Fgg = Fep = (Uy)A

= 530(106)(9(0.0042) = 6.660 kN

Substituting the results into Eq. [1] yields:

w = 21.9kN/m Ans.

Displacement: When wire BE achieves yield stress, the corresponding yield strain is

7y _ 33000 0.002650 mm/
= = o_=0U mm/mm
T E T 200010%)

8pr = &, Lgr = 0.002650(800) = 2.120 mm

From the geometry

% _ O
08 04
8 = 28zr = 2(2.120) = 4.24 mm Ans.
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*4-100. The rigid bar is supported by a pin at A and two ——
steel wires, each having a diameter of 4 mm. If the yield E Dy
stress for the wires is oy = 530 MPa, and Ey = 200 GPa, T
determine (a) the intensity of the distributed load w that

can be placed on the beam that will cause only one of the 800 mm
wires to start to yield and (b) the smallest intensity of
the distributed load that will cause both wires to yield. For G A B c %\

the calculation, assume that the steel is elastic perfectly I 1
plastic.

~——400 mm———~—250 mm-—
Equations of Equilibrium: 150 mm

0.4 Fpp + 0.65 Fep = 0.32w [

(a) By observation, wire CD will yield first.
Then Fep = 0, A = 530(106)(%)(0.0042) = 6.660 kN.

From the geometry

SBE 8CD
—BE_ XD, =162
04 0655 Ocp = 16250
Fepl FyrL
Wp — 1625 —
FCD = 1.625 FBE [2]

Using Fcp = 6.660 kN and solving Egs. [1] and [2] yields:

Fpp = 4.099 kN

w = 18.7kN/m Ans.
(b) When both wires yield

Fgg = Fcp = ((Ty)A

= 530(106)(%)(0.0042) = 6.660 kN

Substituting the results into Eq. [1] yields:

w = 21.9 kN/m Ans.
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*4-101. 'The rigid lever arm is supported by two A-36 steel P
wires having the same diameter of 4 mm. If a force of
P =3 kN is applied to the handle, determine the force
developed in both wires and their corresponding elongations.
Consider A-36 steel as an elastic-perfectly plastic material.

Equation of Equilibrium. Refering to the free-body diagram of the lever shown
in Fig. a,

C+3SMy = 0; F 45(300) + Fep(150) — 3(10%)(450) = 0

2F 4 + Fep = 9(10°) ()]

Elastic Analysis. Assuming that both wires AB and CD behave as linearly elastic,
the compatibility equation can be written by referring to the geometry of Fig. b.

300
Oup = (ﬁ)%y

S48 = 28¢p 2)
FapL 2(FCDL)
AE "\ AE
Fap=2Fcp A
Solving Egs. (1) and (3),
FCD = 1800N FAB = 3600N
Normal Stress.
F 1800
ocp = A—CD = = 14324 MPa < (o), (0K,
co %(0.004)
F 3600
oap =22 = T — 28648 MPa > (ay)y (N.G)

Aap - 7(0.004?)

Since wire AB yields, the elastic analysis is not valid. The solution must be reworked
using

Fap = (0y)y Aup = 250(10(’){%(0.0042)}

= 3141.59N = 3.14kN Ans.

Substituting this result into Eq. (1),
Fep = 2716.81N = 2.72 kN Ans.

F 2716.81
oep =2 =0 = 21620 MPa < (o), (OK.)

Acp 7(0.004%)

195



04 Solutions 46060 5/25/10 3:20 PM Page 196 CE

© 2010 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.

4-101. Continued

Since wire CD is linearly elastic, its elongation can be determined by

_ FepLep  2716.81(300)

Spr =
L AcvEa 7(0.004)(200)(10)

= 0.3243 mm = 0.324 mm Ans.

From Eq. (2),

Sap = 26cp = 2(0.3243) = 0.649 mm Ans.
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4-102. The rigid lever arm is supported by two A-36 steel P
wires having the same diameter of 4 mm. Determine the
smallest force P that will cause (a) only one of the wires to
yield; (b) both wires to yield. Consider A-36 steel as an
elastic-perfectly plastic material.

Equation of Equilibrium. Refering to the free-body diagram of the lever arm shown
in Fig. a,

2FAB + FCD = 3P (1)

Elastic Analysis. The compatibility equation can be written by referring to the

geometry of Fig. b.
300
dap = ( >3CD

150
O = 28¢p
Fapl 2(FCDL)
AE "\ AE
1
Fep = EF AB )

Assuming that wire AB is about to yield first,
Fag = (0y)y Asp = 250(106){%(0.0042)} = 3141.59N
From Eq. (2),
1
Fep = 5(3141.59) = 1570.80N

Substituting the result of F,z and F, into Eq. (1),

P = 2618.00N = 2.62kN Ans.

Plastic Analysis. Since both wires AB and CD are required to yield,
Fap=Fcp=(oy)y A= 250(106){%(0.0042)} = 3141.59N

Substituting this result into Eq. (1),

197



04 Solutions 46060 5/25/10 3:20 PM Page 198 CE

© 2010 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.

4-103. The three bars are pinned together and subjected
to the load P. If each bar has a cross-sectional area A, length
L, and is made from an elastic perfectly plastic material, for
which the yield stress is oy, determine the largest load
(ultimate load) that can be supported by the bars, i.e., the
load P that causes all the bars to yield. Also, what is the
horizontal displacement of point A when the load reaches
its ultimate value? The modulus of elasticity is E.

P = 3141.59N = 3.14kN Ans.

When all bars yield, the force in each bar is, Fy = oy A

BIF =0, P —20yAcosf —oyA =0

P =o0yA(2cos6 + 1) Ans.
Bar AC will yield first followed by bars AB and AD.

Fy(L) O'yAL 0'yL
%A =040 =" T T uE T g

6AB (TyL
Sy = = Ans.
A7 cos® Ecosb ns

*4-104. The rigid beam is supported by three 25-mm
diameter A-36 steel rods. If the beam supports the force of
P = 230 kN, determine the force developed in each rod.
Consider the steel to be an elastic perfectly-plastic material. 600 mm

Equation of Equilibrium. Referring to the free-body diagram of the beam shown in

’.;

Fig. a, A4 A B
+13F, = 0; Fap + Fgp + Fep — 230(10°) = 0 @) L Jﬁ

400 mm—~ 400 mm 400 mm-—~|
CH+IM,=0; Fe(400) + Fcr(1200) — 230(10%)(800) = 0

Fyi + 3Fcp = 460(10°) @)

Elastic Analysis. Referring to the deflection diagram of the beam shown in Fig. b,
the compatibility equation can be written as

Scr — 3AD)
= —+ —_—
e = a0+ (024 o)

Spp = =dap + 0
BE 3 AD 3 CF

Fpel g(FCDL) . 1<FCFL)

AE 3\ AE 3\ AE
2 1
Fpp=ZFap + S Fcr A
3 3
Solving Egs. (1), (2), and (3)
Fep = 13142857N Fpp = 6571429N  F,, = 32857.14N
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4-104. Continued

Normal Stress.

F 131428.57
ocp = A—CF = 2200 _ 26774 MPa > (ay)y (N.G.)

cr - 7(0.025?)

F 65714.29
opp = —2F = 220 _ 13387 MPa < (o), (0K
Age - 7(0.025?)

F .
ap _ 3285714 oo o) MPa < (Ty)y (0.K.)

T Aan 2(0.025)

Since rod CF yields, the elastic analysis is not valid. The solution must be
reworked using

Fep = (0y)y Acr = 250(106)[%(0.0252)} = 122 71846N = 123kN Ans.
Substituting this result into Eq. (2),
Fpp = 91844.61 N = 91.8 kN Ans.

Substituting the result for Fand Fy into Eq. (1),
Fap = 15436.93N = 154 kN Ans.

_ Fpe _ 91844.61

opp == v = 18710 MPa < (o), (0K
BE 1(0.025 )
F 15436.93
oup = AAD = = 3145MPa < (ay), (0O.K.)
AD 1(0.025 )
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*4-105. The rigid beam is supported by three 25-mm
diameter A-36 steel rods. If the force of P = 230 kN is
applied on the beam and removed, determine the residual
stresses in each rod. Consider the steel to be an elastic
perfectly-plastic material.

L4()0 mm-—< 400 mmJ» 400 mm—

Equation of Equilibrium. Referring to the free-body diagram of the beam shown in

Fig. a,
+13F, = 0; Fuap+ Fpp + Fep — 230(103) =0 @
C+3M,=0; Fe(400) + Fcr(1200) — 230(10%)(800) = 0

Fye + 3Fcr = 460(10°) b))

Elastic Analysis. Referring to the deflection diagram of the beam shown in Fig. b,
the compatibility equation can be written as

Ocr — 3AD)
= + —_—
Ope = Oap ( 1200 (400)
2 1
Opg = §6AD + 3 dcr )
Fpel g(FCDL) . 1<FCFL)
AE 3\ AE 3\ AE
2 1
Fpe =5 Fap + 5 Fcr @
3 3
Solving Egs. (1), (2), and (4)
Fep = 13142857 N Fpp = 6571429N  F,p = 32857.14 N

Normal Stress.

Ferp 13142857

ocp = = 200 — 26774 MPa (T) > (o), (N.G.)
Acr 7(0.025?)
F .

opr = 25 = 6571429 _ 133 87 MPa (T) < (ay)y (0K
Ape %(0.025°)
F .

oup = —22 = 3285714 _ o6 o4 MPa (T) < (oy)y (0.K.)

T Axp 7(0.025%)

Since rod CF yields, the elastic analysis is not valid. The solution must be
reworked using

ocr = (oy)y = 250 MPa (T)

Fep = ocp Ack = 250(106){%(0.0252)} = 12271846 N
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4-105. Continued

Substituting this result into Eq. (2),

Fgr = 9184461 N

Substituting the result for F ., and Fy into Eq. (1),
F 4p = 15436.93N

F .
_ Pee OI8O og 16 Mipa (T) < (ay)y (0.K.)
Ape - %(0.025?)

F 15436.93
oap = 22 = 072 3145 MPa (T) < (oy)y (0.K.)
Aap 7(0.025)

O BE

Residual Stresses. The process of removing P can be represented by applying the
force P’, which has a magnitude equal to that of P but is opposite in sense, Fig. c.
Since the process occurs in a linear manner, the corresponding normal stress must
have the same magnitude but opposite sense to that obtained from the elastic
analysis. Thus,

ocr = 267.74 MPa (C) ogr = 133.87 MPa (C) oyp = 66.94 MPa (C)
Considering the tensile stress as positive and the compressive stress as negative,
(O'CF), = OcF + O'/CF =250 + (726774) = —17.7 MPa = 17.7 MPa (C) Ans.
(0BE), = o + o = 187.10 + (—133.87) = 53.2 MPa (T) Ans.

(Tap)y = Tap + 0lap = 3145 + (—66.94) = —35.5 MPa = 355 MPa (C)  Ans.
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4-106. The distributed loading is applied to the rigid F—4ft—f—4 ft—
beam, which is supported by the three bars. Each bar has a
cross-sectional area of 1.25 in? and is made from a
material having a stress—strain diagram that can be
approximated by the two line segments shown. If a load of
w = 25 kip/ftis applied to the beam, determine the stress
in each bar and the vertical displacement of the beam.

o(ksi) —

60

36

4

o

0.0012 0p  <lin/in)

C+3ZMp = 0; Fe(4) — Fu(4) = 0;
FA = FC = F
+13F, = 0; 2F + F — 200 = 0 (0))

Since the loading and geometry are symmetrical, the bar will remain horizontal.
Therefore, the displacement of the bars is the same and hence, the force in each bar
is the same. From Eq. (1).

F = Fp = 66.67 kip
Thus,

66.67
O =0 = 0¢c = E = 53.33 ksi Ans.

From the stress-strain diagram:

5333 -36  60—-36
e —0.0012 02— 0.0012"

e = 0.14477 in./in.

8 = eL = 0.14477(5)(12) = 8.69 in. Ans.
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4-107. The distributed loading is applied to the F—4 ft——4 ft—
rigid beam, which is supported by the three bars.
Each bar has a cross-sectional area of 0.75 in? and is
made from a material having a stress-strain diagram
that can be approximated by the two line segments

o(ksi) —

60

shown. Determine the intensity of the distributed st
loading w needed to cause the beam to be displaced
downward 1.5 in. 36 A B c
H
e 8 =
0.0012 0p  cn/in) w

C+IMp=0;  Fced) —Fs4) =0,  Fy=Fc=F
+12F,=0; 2F+Fz—-8w=0 @

Since the system and the loading are symmetrical, the bar will remain horizontal.
Hence the displacement of the bars is the same and the force supported by each bar
is the same.

From Eq. (1),

Fp=F =2.60667w )
From the stress-strain diagram:

1.
e = TlSZ) = 0.025 in./in.

o — 36 60 — 36

0.025 — 00012 _ 02 — 00012 ° o = 38.87 ksi

Hence F = 0 A = 38.87 (0.75) = 29.15 kip

From Eq. (2),w = 10.9 kip/ft Ans.
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*4-108. The rigid beam is supported by the three posts A, P P
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 A B C
(oy)pr = 590 MPa. Determine the smallest magnitude of P al ‘ br ‘

so that (a) only rods A and C yield and (b) all the posts yield.

al

}2 m——2 m%«Z m%«Z m»‘

ZMB:O, FA:FC:Fal
+1SF,=0; F,+2F,—-2P=0 @)

(a) Post A and C will yield,

Fal = (Uz)alA
= 20(10%)(%)(0.075)*
= 88.36 kN
(Ur)al 20(104)
Ey), = = = 0.0002857
(Ea) Ey  70(10%
Compatibility condition:
6br = Sal
= 0.0002857(L)
Fy. (L
% = 0.0002857 L
7(0.02)7(100)(10%)
Fy = 8976 kN
8.976(10°)
Obr = 7 3 = 28.6 MPa < o, OK.
700.02°)
From Eq. (1),
8.976 + 2(88.36) — 2P =0
P = 928kN Ans.
(b) All the posts yield:

Fbr = (o-r)brA
= (590)(10)(%)(0.02%)
= 18535kN

F, = 8836 kN

From Eq. (1); 185.35 + 2(88.36) — 2P =0

P = 181 kN Ans.
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*4-109. The rigid beam is supported by the three posts P P
A, B, and C. Posts A and C have a diameter of 60 mm
and are made of aluminum, for which E, = 70 GPa and

(0y)a = 20 MPa. Post B is made of brass, for which
E,, = 100 GPa and (oy)p = 590 MPa. If P = 130 kN, B C
determine the largest diameter of post B so that all the al ‘ br ‘
posts yield at the same time.

al

FZ ma%Z maFZ m+2 m{

+13SF, =0;  2(F))a + Fipr — 260 =0 (6))
(Fal)y = (O'y)al A
= 20(10°)(5)(0.06)* = 56.55 kN
From Eq. (1),

2(56.55) + Fyy — 260 = 0

Fy = 1469 kN
(0))pr = 590(10°%) = m
1(dp)
dg = 0.01779 m = 17.8 mm .
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4-110. The wire BC has a diameter of 0.125 in. and the
material has the stress—strain characteristics shown in the C
figure. Determine the vertical displacement of the handle at T
D if the pull at the grip is slowly increased and reaches a

magnitude of (a) P = 450 b, (b) P = 600 Ib. i[l
A B D
el
‘ 50 in. 30 in.—
P
Equations of Equilibrium: 7 (ksi)
C+ZM, =0; Fpc(50) — P(80) =0 11
80
(a) From Eq.[1] when P = 4501b,  Fgze = 7201b 01—
Average Normal Stress and Strain:
Fpc 720 . € (in./in.)
=——=——-=5867k 0.007 0.12
TEC T Ape T (0125 .
From the Stress—Strain diagram A
58.67 70
=— epc = 0.005867 in./in.
epc 0.007 Be / AK_@ = .:P
| 50in 1T Join. 1
Displacement: ] P
(Sgc = SBCLBC = 0005867(40) = 0.2347 in.
5 5 Tiksi) p s
D BC 8 . TR ST —— 043,40,
— = 8p = —(0.2347) = 0.375 in. Ans. 70 1- vl
80 50 5 '(o-co'l" 70) o, 7820 |
(b) From Eq.[1] when P = 6001b,  Fpc = 960 Ib P (G, m47) 5
Average Normal Stress and Strain: ; i .y
o!oof 0'}),

Fpe 960

SBC P 7823 ki
Ape  7(0.125) .

Opc =

From Stress—Strain diagram

7823 — 70 80 — 70
- = 0.09997 in./in.
epc — 0007 0.12 — 0007  “BC in./in

Displacement:

dpc = epcLpc = 0.09997(40) = 3.9990 in.

Sp  Ope 8 .
— == 6p = —(3.9990) = 6.40 in. Ans.
%0~ 50 D 5( 9990) in ns
| soin 1 doin

18 1
AL i de
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4-111. The bar having a diameter of 2 in. is fixed
connected at its ends and supports the axial load P. If the P
material is elastic perfectly plastic as shown by the
stress—strain diagram, determine the smallest load P needed A C B
to cause segment CB to yield. If this load is released,
determine the permanent displacement of point C.

21t ‘ 31t

o (ksi)

€ (in./in.)
0.001

When P is increased, region AC will become plastic first, then CB will become
plastic. Thus,

F,=Fp=0A=20(m)(1)* = 62.832 kip
5 SF,=0; Fo,+Fz—P=0 §))
P = 2(62.832) = 125.66 kip
P = 126 kip Ans.
The deflection of point C'is,
8¢ = eL = (0.001)(3)(12) = 0.036in. «—

Consider the reverse of P on the bar.

FAQ) _F5Q)

AE  AE
FA/ = 15 FB/

So that from Eq. (1)
Fy' = 04P
F, = 0.6P

Fyl  04(P)3)(12)  0.4(125.66)(3)(12) ,

5 = - - = 0.02880 in. —

¢ T AE AE 7(1)(20/0.001) n

AS = 0.036 — 0.0288 = 0.00720 in. < Ans.
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*4-112. Determine the elongation of the bar in
Prob. 4-111 when both the load P and the supports are

removed. I R —]

21t | 31t

o (ksi)

20—

€ (in./in.)

0.001
When P is increased, region AC will become plastic first, then CB will become
plastic. Thus,

Fo=Fz=0A=20(m)(1)* = 62.832kip
S53F. =0, F,+Fg—P=0 )
P = 2(62.832) = 125.66 kip

P = 126 kip Ans.

The deflection of point C is,

8¢ = eL = (0.001)(3)(12) = 0.036 in. <«

Consider the reverse of P on the bar.

FA'Q) _ Fg()

AE AE
F) =15Fy
So that from Eq. (1)
Fg' = 04P
F, =0.6P
The resultant reactions are
F,' = Fp'" = —62.832 + 0.6(125.66) = 62.832 — 0.4(125.66) = 12.568 kip

When the supports are removed the elongation will be,

_PL 12568(5)(12)

=—=——-——"=0.01201in. Ans.
AE ~ 7(1)2(20/0.001) m s
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*4-113. A material has a stress—strain diagram that can be a
described by the curve o = ce'/2. Determine the deflection
6 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.
L A
og=c s%; o’ =c%¢
a(x) = c%s(x) 1 8=+
P(x dé
However o(x) = 1(4) ; e(x) = I
From Eq. (1),
Px)  ,ds  ds _ P(x)
A2 Sax dx o A
1 1 [*
_ 2 _ 2
S = Azcz/P (x)dx = ATczl (yAx)~ dx
2 pL 2 3L
= lz / xdx = y—zx—
cJo C 3 0
373
L
6= Y 5 Ans.
3¢
4-114. The 2014-T6 aluminum rod has a diameter of 0.5 in. A B
and is lightly attached to the rigid supports at A and B when P2
o _ o —>
T, = 70°F. If the temperature becomes 7, = —10°F, and !
an axial force of P = 161b is applied to the rigid collar as Ps/zin ) 8in
shown, determine the reactions at A and B. ’ ‘ '
i) 0= AB - AT + 53
0.016(5) _ Fp(13)
=~ —128(1079[70° — (—109)](13) + ————
7(0.5%)(10.6)(10°%) (10701 ( as) 7(0.5%)(10.6)(10°)
Fg = 21251 kip = 2.13 kip Ans.
BIF. =0; 2(0.008) + 21251 — F, =0
F 4 = 2.14kip Ans.
4-115. The 2014-T6 aluminum rod has a diameter of s B
0.5 in. and is lightly attached to the rigid supports at A P2
and B when 7| = 70°F. Determine the force P that must k i
be applied to the collar so that, when 7 = 0°F, the P5/2 ) Qi
reaction at B is zero. - ‘ b
B 0=085-Ar+ 8
PO 12.8(107%)[(70)(13)] + 0
7(0.5%)(10.6)(10%) ’
P = 485 kip Ans.
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*4-116. The rods each have the same 25-mm diameter
and 600-mm length. If they are made of A-36 steel,
determine the forces developed in each rod when the
temperature increases to 50° C.

‘ 600 mm

Equation of Equilibrium: Referring to the free-body diagram of joint A shown in

Fig. a,
+13F, = 0; F op sin60° — F 4 sin60° = 0 Fyo=Fu=F
B IF, =0, F 5 — 2F cos 60° =

Fap=F @

Compatibility Equation: If AB and AC are unconstrained, they will have
a free expansion of (ST)AB = (ST)AC = ag ATL = 12(107%)(50)(600) = 0.36 mm.
Referring to the initial and final position of joint A,

SFAB - (5T>AB = (ST’) - SFAC’
AC

)
Due to symmetry, joint A will displace horizontally, and 6 40" = cosA6CO° = 26 4¢. Thus,

(BT’)AC = 2(8r)acand 6f,." = 28, . Thus, this equation becomes

OF,, — (5T)AB = 2<5T)AC = 284c
F 4(600 F(600
42 (600) —0.36 = 2(0.36) — 2 (600)
7(0.025%)(200)(10°) 7(0.025%)(200)(10°)
Fap + 2F = 176 714.59 @)

Solving Egs. (1) and (2),

FAB = FAC = FAD = 58904.86N = 58 9kN Ans.
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*4-117. Two A-36 steel pipes, each having a cross-
sectional area of 0.32in? are screwed together using a
union at B as shown. Originally the assembly is adjusted so
that no load is on the pipe. If the union is then tightened
so that its screw, having a lead of 0.15 in., undergoes two full
turns, determine the average normal stress developed in the
pipe. Assume that the union at B and couplings at A and C
are rigid. Neglect the size of the union. Note: The lead would
cause the pipe, when unloaded, to shorten 0.15 in. when the
union is rotated one revolution.

3 ft 2t

The loads acting on both segments AB and BC are the same since no external load
acts on the system.

03 = BB/A + BB/C
PG)12) | PO)12)

0.3 =
0.32(29)(10%)  0.32(29)(10%)
P = 46.4 kip
P 464
UAB:O'BC:zzﬁzlé‘skSi Ans.

4-118. The brass plug is force-fitted into the rigid casting.

The uniform normal bearing pressure on the plug is ~—100 mm 150 mm
estimated to be 15 MPa. If the coefficient of static friction
between the plug and casting is ug = 0.3, determine the
axial force P needed to pull the plug out. Also, calculate the
displacement of end B relative to end A just before the plug
starts to slip out. Ey, = 98 GPa.

Equations of Equilibrium:

BIF, =0; P — 450(10°(2)(7)(0.02)(0.1) = 0

P = 56.549 kN = 56.5 kN Ans.
Displacement:
PL
Op/a = AE
~56.549(10%)(0.15) /0-1“1 0.56549(10°%) x dx
Cw(0.022)(98)(10°) S w(0.022)(98)(10°%)
= 0.00009184 m = 0.0918 mm Ans.
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4-119. The assembly consists of two bars AB and CD of
the same material having a modulus of elasticity E; and B \e/ D
coefficient of thermal expansion «;, and a bar EF having a
modulus of elasticity E, and coefficient of thermal
expansion «,. All the bars have the same length L and L
cross-sectional area A. If the rigid beam is originally
horizontal at temperature 7', determine the angle it makes
with the horizontal when the temperature is increased Alal C
to T2. "

®
~
@

|

D)
=
9
|

Equations of Equilibrium:

g"rEMC:O, FABZFEF:F

+15F,=0; Fcp—2F=0 (1]
Compatibility:
S48 = (Bap)T — (BaB)F d¢cp = (Bep)r + (Bep)r

8pr = Opr)r — (BEr)F
From the geometry

6CD B SAB _ 5EF - 6AB

d 2d
28¢cp = 8gr + OB

2[(8CD)T + (BCD)F] = Oer)r — Bpr)r + (Bap)r — (Ban)r

FCD(L):|

2 T, —T\)L + ——

|:a1( 2 1) AE,

= T T)L L(L) T T L 7F(L) 2
=a(T, —Ty) —AE2+011(2_ ) T AR, 21

Substitute Eq. [1] into [2].

4FL FL FL
2a) (T, =T L + AE, =a(T, - T)L - AE, +a (T, -TYL - AE,
S5F F
AE, + AE, ay(Ty = T)) = (T, = Ty)
5E2 + El) AElEZ(TZ - Tl)(a2 - al)
222 T2 (T, — T — ay) F =
( AE,E, (T, Dy — ) ; SE, + E,

Bep)r = (T, — Ty L

AE\E,(Ty — T)(ap — ag)(L) _ E (T — T) (e, — ay)(L)

S =
@®er)r AE>(5E, + E;) 5E, + E,

o L(T, — T1)(SE, — Ey) — E1L(T, — T1)(o, — @)
Opr = (8EF)T - (SEF)F = 5E, + E,

Bup)r = a1 (T, — T)L

AE\E5(Ty — Ty)(op — ay)(L) _ Ey (T, — T1)(ap — eq)(L)

) =
Ban)r AE,(5E, + E)) 5E, + E,

ay L(SE, + E\) (T, — T1) — E;L(T, — T) (e — ay)
Oup = (3AB)T - (BAB)F = 5E, + E,
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4-119. Continued
Opp = 8ap = M[az (SEy + Ey) — Ey (o — o) — a1 (SE; + Ey)
S5E, + E;
+ Ey (o — ay)]
= M[(SEz T E)(on — ap) + (g — a)(Ey — El)}
SE, + E;
L(Ty = Ty)(e — ay)
L p OBt Bt BB
_ LTy = Ti)(a — a)(6Ey)
S5E, + E;
8 — 845 3ELL(Ty — T)(ay — @)
0 = = Ans.
2d d(SE, + Ey)
*4-120. The rigid link is supported by a pin at A and two i 12in. ‘
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 Ib.
Equations of Equilibrium:
C+=M, =0, —Fc(9) — Fg(4) +350(6) =0 [1]
Compatibility:
% _ %
49 3501b
Fp(L) _ Fc(L)
4AE 9AE
9FB_4FC:0’ [2]
Solving Egs. [1] and [2] yields:
Fp=286.61b Ans.
Fc=1951b Ans.
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