1-1 Determine the resultant internal normal force acting
on the cross section through point A in each column. In (a),
segment BC weighs 180 lb/ft and segment CD weighs
250 {1b/ft. In (b), the column has a mass of 200 kg/m.

(a) ship
+TLF=0; F-10-3-3-18-5=0 [[J"\
F, =138kip Ans L (o) Go)
il 2,8 *ip
I i
xip I 3kip
UL 1w
‘{/ 05 4=
Fa
(b) BKH
6" 6
+TZF =0, F-45-45-589-6-6-8=0 ;
F,=349kN  Ans 45kR ' 4.5
PRy,
.5‘”."
Fas
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1-2 Determine the resultant internal torque acting on the
cross sections through points C and D. The support bearings
at A and B allow free turning of the shaft.

M. =0; T-250=0
T =250 N.m Ans T

ZM,=O; 7;):0 Ans
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1-3 Determine the resultant internal torque acting on the

cross sections through points B and C. A 600 bRt

A\

n
,< 350 bt

In
c
{6 500 Ib-ft
ZﬂB/
N

50 16-f¢

=
SN

M, =0; Tz+350-500=
S0 b4t
T,=1501b-ft  Ans 0 -

<

M, =0; To~-500=0

A .
T-=5001b-ft  Ans %ﬁm tb-ft
x
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*1-4 Determine the resultant internal norma! and shear
force in the member st (a) section a—a and (&) section b-b,
each of which passes through point A. The 500-1b load is
applied along the centroida! axis of the member.

s 50016

(8)
5EF =0, N,-500=0 a
N, = 5001b Ans 500" #‘ "
+lEZF =0, V=0 Ans L
(b)

FLF =0, N, ~500cos30°=0

N, =4331b  Ans 500 Vb
..?.T\ »
3o N‘

+#3F, =0; V% -500sin30°=0

¥ =250 Ans
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1-§ Determine the resultant internal loadings acting on the
cross section through point D of member AB.

J75N
{ \
—— ) 3
13258 Papm hj\
21875 N
115K Y
Np
13ha8¥ My
Segment AD -
LEF =0, Np+13125=0; Np=-13IN Ans
+lEZF =0, W%+175=0; VY =-175N Ans

Q-ZMD =0; Mp +175(0.05) = 0; Mp=-875N-m Ans
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1-6 - The beam AB is pin supported at A and supported by
a cable BC. Determine the resultant internal loadings act-
ing on the cross section at point D.

6=tan”"! (g) =36.87°

(10
¢ =tan ](—8—)—36.87" =14.47°

%

Member AB :
(+ IM =0 Fyc sin 14.47°(10) - 1200(6) = 0

Fge = 288146 b

Segment BD :
-721", =0 —Np — 2881.46 cos 14.47° ~ 1200 cos 36.87° = 0

Np = ~ 3750 1b=-3.75 kip Ans

NEE = 0. W + 288146 sin 14.47° — 1200 sin 36.87° = 0

W =0 Ans

(+ TMp = 0: 288146 sin 14.47°(6.25) ~ 1200 sin 36.87°(6.25) ~ Mp = 0

M, =0 Ans

Notice that member AB is the two - force member ; therefore the shear force and moment are zero.

g 51—

;a /200 173
i)
)
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1-7 Solve Prob. 1-6 for the resultant internal ioadings act-
ing at point E,

|~——4ﬂ—+‘——6ﬂ—-'

6=tan" (g) =36.87°

¢ =tan' (%’ )— 36.87° = 14.47°

Member AB :

(+ My, = 0, Fyc sin 14.47°(10) - 1200(6) = 0 ,52\\/
N,

E Mgt
Fge = 2881461b
Segment BE :
S IF =0 —Ng — 2881.46 cos 14.47° ~ 1200 cos 36.87° = 0
Ng = = 3750 1b =-3.75 kip Ans

XN+ ZF, =0, W + 2881.46 sin 14.47° ~ 1200 sin 36.87° = 0
V=0 "Ans
(+ }:ME =0; 2881.46 sin 14.47°(3) — 1200 sin 36.87°(3) - Mg = 0

M =0 Ans

Notice that member AB is the two - force member ; therefore the shear force and moment are zero.

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




*1-8. Thebeam AB is fixed to the wall and has a uniform
weight of 80 Ib/ft. If the trolley supports a load of 1500
1b, determine the resultant internal loadings acting on the
cross sections through points C and D.

.‘—fn——1 uhr i 0o =T
I O I IR WA T 8
4 07
Segment BC:
CIE=0, N =0 Ans
v
+TLF =0 ¥-20-15=0 Ne "(‘Ih _ 1 150016
M 4 12-5° "i‘:z-s’
V= = 3.50 kip Ans / l~5K“P

25(0-08) =2-0%7P
(+IMc =0 —Mc- 2(12.5)-1.5(15 = 0

Mc = —475kip-ft  Ans

Segment BD :

:—ZF,:O; Np =0 Ans »

Y,
Np =t
Mp r5 '
0.08(3) = 0-24 K7P

+TZE =0 %H-024=0

W = 0240 kip Ans
(+ IMy =0, ~Mp-024(15=0
Mp =-0.360 kip- ft Ans
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1-9. Determine the resultant internal loadings acting on
the cross section at point C. The cooling unit has a total
weight of 52 kapand a center of gravity at G.

From FBD (a)

(+IM =0, T(6)-523)=0: Tp=26kip

From FBD (b)
(+ZMp=0; Tpsin30°(6)-26(6)=0; T =52kip

From FBD (c)

+

- XLF =0 ~Ne-52cos30°=0; Nc =-45.0 kip Ans ‘ I e

+TXZF =0 V%+52sin30°-26=0; -V =0 Ans

GEM=0;  52c05 30°(0.2)+52 sin 30°(3) - 26(3)~ Mc = 0 — :
Mc =9.00kip- ft Ans _; ém i
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1-10 Determine the resultant internal loadings acting on
the cross sections through points D and E of the frame.

Member AG :
(+ IM, =0 ng (3) — 75(4)(5) ~ 150c0s30°(7) = 0; Fyc = 1003.891b

(+ IMy= 0 A (3) - 75(4)(2) - 150c0s30°(4) = 0; A = 373.200b

B 75 1b
53FE =0 4A- 3(1003.39) +150sin30° = 0; A = 52733 1b l
. S R
A‘;. ! H
For point D : —
AT Brait4
. \BEE 4 it .
—-XIF =0; Np +52133 =0
’ A? 150 b
Np = -5271b Ans
+TEF, =0 -31320-% =0
V, = -373b Ans
(+ IMp =0: Mp+37321) = 0
Mp = -37131b-ft Ans
For point E :
. ) Ne Moy Y T
SIF =0; 150sin30 - Ng= 0 € 133 .
Ne = 7501 Ans %
E - 34t 3
+TIF =& V- 753) ~ 1500830 = 0 1sott
W =355 Ans
Q IMe =0, —Mg— 75(3)(15) - 150005 30°(3) = 0;
Mg = —72Thb-ft Ans
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1-11 Determine the resultant internal loadings acting on
Lhe cross sections through points F and G of the frame.

Member AG :

1501
4 .
(rzm = 0; Far(3) - 300(5) - 150 cos 30(7) = 0
Far = 10039 1b
For point F : Fer 75(4)=300/b
+IF =0 V=0 Ans A . Vel
/ X £ : “ N
N l
\+ LF. =0, Ne-10039 =0 3ft 1z2ft]zye
1501b
Np = 1004 1b Ans
(FEMe=0; Mp=0 Ans
For point G :

LEZFE =0, Ng-150sin30° =0
Ng = 75.01b Ans

+TZF =0 V¥ - 75(1) -~ 150cos 30" = 0-

W = 2051 Ans
G ZMs =0 —Mg - 75(1)(0.5) - 150 cos 30°(1) = 0
Mg = —1671b-ft Ans
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*1-12 Determine the resuitant internal loadings acting on
(a) section a-a and (b) section b-b. Each section is located
through the centroid, point C.

\+ZF=0; Nc+5091sin45°=0

Nc =-3.60kip Ans

AZIF =0, V+5091cos45°~24=0
Ve =-1.20 kip Ans
(+ IM:=0; — Mg —2.4(2)+ 5.091 cos 45°(4) =0
Mc =9.60 kip - ft Ans
(b)
CXF=0; Ne+24c0os45°=0

Nc=-170kip  Anms

+T2F =0; V- +5091-245in45°=0

Ve =-339kip  Ans
(+IMc=0;  -Mc-2.4(2)+5091c0s 45°(4) = 0

Mc =9.60kip- fi Ans
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1-13 Determine the resultant internal loadings acting on
,the cross section through point C in the beam. The load D
.has a mass of 300 kg and is being hoisted by the motor M

with constant velocity.
— 1\
P [ 3 —F 0
Tz./m T 2/m /- 9a.
S5886kn 3e0(9.81)
2983 kN
3 = 2.9¢3KN

M 29435 0-lm ‘oo
Nc “éﬁ
W6

2-943 N

CIF =0, N:+2943=0; Ne=-294kN  Ans

+TIZF =0, V-2943=0; 1 =294kN Ans

§+):Mc =0; ~M--2943(0.6)+2.943(0.1) =0

M;=-147kN-m Ans
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1-14 Determine the resultant internal loadings acting on
the cross section through point E of the beam in Prob. 1-13.

— ZF =0 Np+ 2943 = 0

N = —2.94kN Ans M¢

+TZIE =0, =2943-% =0

W = —294kN Ans 29421
(+ IM; =0 Mg +2943(1) = 0

Mg = ~294kN-m Ans
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1-15 The 800-b load is being hoisted at a constant speed
using the motor M, which has a weight of 90 Ib. Determine
the resultant internal loadings acting on the cross section
through point B in the beam. The beam has a weight of
40 1b/ft and is fixed to the wall at A.

PP v
41t in i

0.4 412
Ms
Ng 3 !
v’a./gﬁ#
2' '233 T
¥ 2lls
5LFE =0, -N;-04=0
Np =—-0.4kip Ans
+TEZF, =0, % -08-016=0
W = 0.960 kip Ans
(+ IMy =0; ~— My — 0.16(2) - 0.8(4.25) + 0.4(1.5) = O
Mg =-3.12kip- ft Ans
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*1-16. Determine the resultant internal loadings acting

on the cross section through points C and D of the beam
in Prob. 1- ) S,

M

1"4ﬁD——I-‘4ft—-L3(f:t«[—3ft-J-‘4ﬂ

For point C :

CIE =0, Ne+04=0; N

= - 0.4 kip Ans
+TZF =0, %-08-004(7)=0;, VW= 108kip Ans
(+IMc = 0; - Mc - 0.8(7.25) - 0.047)(3.5) + 0.4(1.5) = 0
Mc=-6.18kip-ft Ans
a2.09 Lip
'_4_&
Ca
N N -
P M >
% 0-04Ci) Kip
For point D - l o-gxip
]
74t 7zsfe |
« IF =0 N =0 Ans
+TEF = 0;  %-009 - 004(14) - 08= 0 W= 1.45l&p Ans
(+ IMp =0

= Mp - 0.09(4) - 0.04(14)(7) — 0.8(14.25) = 0

My =~15.7kip 5% Ans
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1-17. Determine the resultant internal loadings acting
on the cross section at point B.

LLFE=0, MNg=0 Ans
1
+TEE =0, %--(48)(12)=0 '
’ ? 43:5/;4, L@gin)
Y =2881b Ans Ve -~
Bediz S~

My =0 Mo - Leagi12ar = 0 ”s«q(: e

fEM=0 M- @8I = -

My =~11521b-ft= ~1.15kip-ft Ans
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1-18 The beam supports the distributed load shown.
Determine the resultant internal loadings acting on the cross
section through point C. Assume the reactions at the sup-

ports A and B are vertical.

Ans

LZF=0, Ne=0
+lZF=0; V+05+1.5-375=0
W =175kN Ans

Q IM:=0; Mc +0.5(1)+1.5(1.5)-3.75(3) = 0
0'5(3) =I-5";_ $0033)G3) =05k

M- =850kN-m Ans
::“,.’f’.::— b /N 0 333 ki),
375K4 %
KAl Y F A

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




1-19 Determine the resultant internal loadings acting on
the cross section through point D in Prob, 1-18.

LXK =0, Np=0 Ans

+TZF =0, 375-3-2-% =0

Vo = ~125kN  Ans
(+ZMp =0, Mp+2(+3(3)-3.75(6) = 0

Mp = 950kN-m Ans

S.254n
Tan 24N
_ 1°.us7AuL_“
;“}.ﬁ .'— —;qzo:lu.l/m,\
2,75 kg v, >
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*1.20. The serving tray T used on an airplane is
supported on each side by an arm. The tray is pin
connected to the arm at A, and at B there is a smooth
pin. (The pin can move within the slot in the arms to
permit folding the tray against the front passenger seat
when not in use.) Determine the resultant internal
loadings acting on the cross section of the arm through
point C when the tray arm supports the loads shown.

2N

N 2
M‘:- A Ar:’l S /.S'I.As /50
30
Ne A 7
4
A 00 mmy
N
¢
M
/ Ne
X

/A-ZF}:O; Ne +9¢cos30° + 12¢c0s30° =0; Ne = -182N  Ans

0; ¥ -9s5in30° - 12sin30° = 0; V¥ = 105N Ans

#

N2

0; ~Mc ~ 9(0.5cos 60°+ 0.115) ~ 12(0.5cos 60° + 0.265) = 0

#

(+ZMC

Mc = —946N-m Ans

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




1-21. The metal stud punch is subjected to a force of 120
N on the handle. Determine the magnitude of the reactive
force at the pin A and in the short link BC. Also,
determine the internal resultant loadings acting on the
cross section passing through the handle arm at D.

(+IM, = 0; Fyc cos 30°(50) — 120(500) = O
Fgc = 1385.6N = 1.39kN Ans

+TZF =0; A - 13856~ 120c0s30° = 0
A, = 1489.56N

S TE =0, A -120sin30°=0; A =60N

F, = /1489.56* + 60?
= 1490N = 1.49kN Ans
Segment :

N LF =0, MNp-120=0

Np = 120N =0.j2kN  Ans

yiﬁv =0 =20 Ans
(+ IMp =0, Mp—120003)=0
Mp = 360N -m Ans
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1-22. Solve Prob. 1-21 for the resultant internal loadings
acting on the cross section passing through the handle
arm at E and at a cross section of the short link BC.

120N

Member
@G My =0 Facoos 30°(50) ~ 120(500) = 0

Fac = 1385.6N = 13856 kN
t: )
Segmen rns

yiﬁ.:(}; NE-‘:O

%N IF =0 %-120=0 % =120N Ans

(+IMp =0 M- 120004)=0; Mg = 480N-m  Ans

|- 3856 kA

z‘-q
XT¢
<

Short link : Ans

+LF =0 V=0

+TXF =0 1386-N=0 N = 139kN Ans
Ans

(r=My=0 M=0
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1-23 The pipe has a mass of 12 kg/m. If it is fixed to the
wall at A, determine the resuitant internal loadings acting on
the cross section at B. Neglect the weight of the wrench CD.

LE=0; (Ng)=0 Ans

LR =0 (%), =0 Ans

ZE=0; (), -60+60-(0.2)(12)(9.81)— (0.4)(12)(9.81) = 0
(%), =70.6 N Ans

IM =0;  (Tp); +60(0.4)—60(0.4)— (0.4)(12)(9.81)(0.2) = 0
(Tp); =9.42N-m Ans

IM =0 (My), +(0.2)(12)(9.81)(0.1) +(0.4)(12)(9.81)(0.2) - 60(0.3) = 0
(M), =623N-m Ans

IM,=0; (Mp),=0 Ans
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*1.24 The main beam AB supports the load on the wing of
the airplaie. The loads consist of the wheel reaction of
35.000 1b at C, the 1200-1b weight of fuel in the tank of the
wing, having a center of gravity at D, and the 400-1b weight
of the wing, having a center of gravity at E. If it is fixed to
the fuselage at A, determine the resultant internal loadings
on the beam at this point. Assume that the wing does not
transfer any of the loads to the fuselage, except through the

beam.

IF, =0, (Mhx=0 Ans
IF, =0 (1\",4)y =0 Ans
£E =0; (W), - 1200 - 400 + 35000 = 0

Vi), = -33.4kip Ans
IM =0; (M) — 1200(6) + 35000(10) - 400(12) = 0

(My), = 338 kip- ft Ans
IM, =0, (T), + 1200(1.5) - 400(1) = 0

(T1), = —1.40kip-ft Ans
IM =0 M), =0 Ans
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1-25 Determine the resultant internal loadings acting on
the cross section through point B of the signpost. The post
is fixed to the ground and a uniform pressure of 7 Ib/{t? acts
perpendicular to the face of the sign.

S 75’
7(5ia)z/05%
Vo) ¢y
N (Vl),' v
’)‘) WO);
( * %’l){
TE=0 (), —105=0; (), =1051b Ans
LF=0; (%), =0 Ans
h F;_ = 0, (NH& =0 Ans
IM =0, (M) =0 Ans

IM, =0, (Mp),-105(7.5=0; (Mp), =788lb-ft  Ans

IM =0 (Tp), — 105(0.5) = 0; (Tp), =5251b-ft Ans
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1-26. The shaft is supported at its ends by two bearings A
and B and is subjected to the forces applied to the pulleys
fixed to the shaft. Determine the resultant internal loadings
acting on the cross section located at point C. The 300-N
forces act in the —z direction and the 500-N forces act in the
+x direction. The journal bearings at A and B exert only x
and z components of force on the shaft.

IE=0; (%)+1000-750=0; (%), =-250N ) Ans
IFE=0; (Ng), =0 Ans
IF,=0; (%) +240=0; (%), =-240N Ans
IM =0; (Mc); +240(045) = 0; (Mc); =—108 N-m Ans
IM, =0, (T), =0 Ams

IM, =0. (M), -100000.2)+750(045)=0; (M), =-138N-m Ans

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




1-27 A hand crank that is used in a press has the dimen-
sions shown. Determine the resultant internal loadings act-
ing on the cross section at A if a vertical force of 50 Ib is
applied to the handle as shown, Assume the crank is fixed
to the shaft at B.

501

LR =0, (WK):=0

LF,=0; (Ni)y, +50sin30°=0; (N,), =-251b
LFE =0 (Va), =50 cos 30° = 0; (Vi), =4331b

IM =0; (My),—50co0s 30°(7) = 0; (My), =3031b-in.

Ans

Ans

Ans

Ans

IM,=0; (Tx), +50cos30°3)=0;  (Ti), =—130Ib-in. Ans

IM =0 (My), +505in 30°(3) = 0; (My), =

Ans
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*1-28 Determine the resultant internal loadings acting on
the cross section of the frame at points F and G. The con-
tact at E is smooth.

Member DEF :
(+ IMp =0 Nz (5)-80(9) =0

Ng = 1441

Member BCE -
(+ IMp=0; Fyue (-45-)(3)— 1445in30° (6) = O
F,e = 1801b

- ILE=0 Bx+180(§)"144(:05 30° =0

B, = 16.708 1b

B, = 7201

For point F :
"ANIF=0; N =0

IF =0, %-80=0; V =80Db

G IM=0, M;-80(2) =0. Mr=160Ib-ft Ans

For point G : J
5 ELF=0; 16708-Ng=0: Ng=1671b Ams ;o 00 ¢
-I:%— N
Y, " a
+T EF; =0; VG"'72.0=0; VG=7201b Ans q".‘ m‘

7201,
(l- IM; =0 72(1.5)-M; =0; M;=1081b-ft Ans
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1-29 The bolt shank is subjected to a tension of 80 Ib.
Determine the resultant internal loadings acting on the cross
section at point C.

Segment AC :
5 EF =0, Nc+80=0; Ne=-800 Ans
+TZF =0 W=0 Ans

(+ IMc=0; Mc +80(6) = 0; Mc =-4801b-in. Ans

bin
1o
bo 4
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1-30 Determine the resultant internal loadings acting on
the cross section at points B and C of the curved member.

From FBD (a)
/AZE. =0, 400cos 30°+300cos 60°—V; =0
% =4961b Ans
\+ZE-=0;  Ny+400 sin 30° - 300 sin 60° =0
Np =59.80=59.81b Ans

6 IMp=0; 300(2)-59.80(2)-My =0

My =4801b-ft Ans

From FBD (b)

MZIF.=0; 400 cos 45°+300 cos 45°~Np = 0

Nc =4951b Ans
N+ZE.-=0; -V +400sin 45°-300sin 45° =0
V=707 Ans

(+ IMp=0; 300(2) +495(2)-Mc =0

Mc =15901b-ft=1.59kip-ft Ans
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1~31 The curved rod AD of radius r has a weight per iength
of w. If it lie§ in the vertical plane, determine the resultant
inlernal loadings acting on the cross scction through point
B. Hint: The distance from the centroid C of segment A8 to
point O is OC = [2r sin (#2))/6.

\+EF;=O; Ng+wrfcos6=0

Ny =-wr@ cos8 Ans

+XF, =0; =V=wr@sinf=0
e

Vg = —wré@ sin@ Ans
- )
st
2r sin (/2 r zr/%‘
(EMo=0.  wré (cos 9y 2rsin B, | (Ngyr+Mp =0 \ |‘“ 9/\§
2 ) o

Mg = —Nyremwr? 2 sin (6/2) cos (6/2) N

Mp =wr’(Bcosf-sinf)  Ans 1
) %
Mg N
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#1-32. The curved rod AD of radius r has a weight per
length of w. If it lies in the horizontal plane, determine
the resultant internal loadings acting on the cross section
through point B. Hins: The distance from the centroid C
of segment AB to point O is CO = 0.9745r.

™

o
]

e

%—§m= 0, V =0785wr Ans

LF =0 Ny =0 Ans

™

ES
1
(=]

Ty - -2rw(0.09968r) =0 Tp=0078wr Ans

IM, =0, Mg+ %’ w(03729r) = 0; Mz = —0293wr’ Ans
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1-33. A differential element taken from a curved bar is
shown ‘in the figure. Show that dN/d8 =V,
dvV/dé = —N,dM/de = —T, and dT/d® = M.

T1dT
,.n»drl
Vv MedM
Mot 48
s de EN
Nmn££+Vﬁn£—(N+dN)m£+(V+dV)ﬁn—=u (1)
2 2 2 2 Ct‘
IF =0 p 1 ‘o
Ndnig—Vms-d-g+(N+dN)lin£2+(V+dV)m—=o 2 -
2 2 2 2
y de dé
Tml-dz-a+Msin£zg-(T+mm—z—+(M+m|in.z_=0 ) do
IM, =0; .
Tﬁn!—a-Mcns‘d—aé(T+mlind—e+(M+dM)mi-—9=0 4 do ’
2 2 2 2 13
2
de . . dg  do de

ince — — - g — =1
Smn:zusmdl,lhm:mz 3 cnlz

dvde
Eq. (1) becomes Vd6 ~ dN + = =0

Neglecting the second order term, Vd6 ~ dN =0
&y QED

de

dNdi
Eq42) becomes Nd6 + dV+ _2.._" -0
Neglecting the second order tenm , Nd6 + dav=0

Y__N @B

de
di
Eq.(3) becomes Md6 - dT+ d-—M—z-g =0

Neglecting the second order term, Md@ - dT = 0
T.u Q0

dé

Eg. (4) becomes Td6 + dM + £;—9 =0
Neghﬁinsdzmdomm.fdﬂo dd=0

M_.r o
7]
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1-34. The column is subjected to an axial force of 8 kN at
its top. If the cross-sectional area has the dimensions shown
in the figure, determine the average normal stress acting at
section a—a. Show this distribution of stress acting over the
area’s cross section. g KN

“1-82 MF,

A = (2)(150)(10) + (140)(10)
= 4400 mm® = 4.4 (10°) m?

= = = e = 1.§2 MPa Ans
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1-35 The anchor shackle supports a cable force of 600 b,
If the pin has a diameter of 0.25 in., determine the average
shear stress in the pin.

v o

¢eodl

+T 2F, =0;
V=3001b
= Y= 20 _6iiksi  Ans
A 0257
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*1-36 While running the foot of a 150-ib man is momen-
tarily subjected to a force which is 5 times his weight.
Determine the average normal stress developed in the tibia
T of his leg at the mid section 2~a. The cross section can be
assumcd circular, having an outer diamcter of 1.75 in. and
an inner diameter of 1 in. Assume the fibula F does not sup-
port a load.

P =5(1501b)=750 b

= - = e = 463 psi
AT HATR o eopst Ans
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1-37 The smajl block has a thickness of 0.5 in. If the stress
distribution at the support developed by the load varies as
shown, determine the force F applied to the block, and the
distance d to where it is applied.

F= I 0 dA = volume under load diagram

F =20(1.5)(0.5) + -;-(20)(1.5)(0.5) =22.5kip Ans
20kst

Fd= [ x(cda)

(22.5) d = (0.75)(20)(1.5)(0.5) + ;(1.5)(-21-)(20)(1.5)(0.5)
(22.5)d=18.75

d=0.833in. Ans
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1-38. The small block has a thickness of 5 mm. If the stress
distribution at the support developed by the load varies as
shown, determine the force F applied to the block, and the
distance d to where it is applied.

F= I 0 dA = volume under siress diagram
F= %(0.06)(40)(106)(0.005) +(0.120)(40)(10%)(0.005) + %(0.120)(20)(10‘)(0.005)
F=36kN Ans

Require
Fd =[x(cda)

36.0(10°)d = ~2(0.06)(% )(0.06)(40)(10°)(0.005) + (0.06 + %(0. 120))(0.120)(40)(10°)(0.005) +

0.06 + -;-(0, 120))(% 3(0.120)(20)(10°)(0.005)

36.0(10%)d = 3960

d=0.110=110mm Ans
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1-39 The lever is held to the fixed shaft using a tapered pin
AB, which has a mean diameter of 6 mm. If a couple is
applied to the lever, determine the average shear stress in
the pin between the pin and lever.

g 12mm F O 12 vnma

; 5 A \ ; fl 250maan | Fz_go,,,\,.hr
&—BOm—i‘ﬁomm——{ 20" 30”

20N 20N

(oz M,=0; F(12)-20(500)=0; F=83333N

g =Y =388 _r95MPa Ans
v w6 32
A (e
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*1-40. The supporting wheel on a scaffold is held in place
on the leg using a 4-mm-diameter pin as shown. If the wheel
is subjected to a normal force of 3 kN, determine the average
shear stress developed in the pin. Neglect friction between
the inner scaffold puller leg and the tube used on the wheel.

3an

+TIE =0, 3KN-2V=0; V=L15kN

== = 119MPa  Ans
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141 A 175-lb woman stands on a vinyl floor wearing
stiletto high-heel shoes, If the heel has the dimensions shown,
determine the average normal stress she exerts on the floor
and compare it with the average normal stress developed
when a man having the same weight is wearing flat-heeled
shoes. Assume the load is applied slowly, so that dynamic
effects can be ignored. Also, assume the entire weight is
supported only by the heel of one shoe.

Stiletto shoes :
= %(71:)(0.3)2 + (0.6)(0.1) = 0.2014 in

2

0= — = ——— = 869 psi Ans

Flat - heeled shoes :
= %(7:)(1.2)2 + 2.4(0.5) = 3.462 in’

6= — = ———— = 50.5 psi Ans
in

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




1-42 The 50-1b lamp is supported by three steel rods con-
nected by 2 ring at A. Determine which rod is subjected to
the grester average normal stress and compute its value.
Take 6 = 30°. The diameter of each rod is given in the fig-

ure.

5 EF =0, Fyccos 30°—Fypcos 45° =0
+TEF, =0, Fycsin30°+ Fypsin 45°-50 =0

Fic =36.601b,  Fyp=44.831b

Rod AB :

= >0 = 520 psi
I

o, = —
4T T35y
|
Rod AD : :

A
Gup = —4-4—£ = 634 psi 45 0°
£(0.37

Rod AC : i

36.60 .
Ouc = ———— = 146 psi Ans
¢ T 10257 P

it
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1-43 Solve Prob. 1-42 for @ = 45°.

— XF =0 Fyccos 45° - F4p cos 45° =0
+7 ZF, =0 Fyc 5in 45° + Fyp sin45°-50=0

Fyc=Fp=35361b

Rod AB :

50
Oap = ——— = 520 psi
%~ T0.35y P

Rod AC:
"

35.36
Oyc = ——— = 720 psi Ans
AT X025y P
450 45

Rod AD :

35.36 = 500 psi

g, = r—
T 03y Y
Q
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*1-44 The 50-1b lamp is supported by three steel rods con-
nected by a ring at A. Determine the angle of orientation 0
of AC such that the average normal stress in rod AC is twice
the average normal stress in rod AD. What is the magnitude
of stress in each rod? The diameter of each rod is given in

the figure.

-
o= —2_: Ty =(0.070686)04
T

Tac
Ouc =204p = —— Tic = (0.098175)04p
2(0.25)2

+

—Tup c0s 45°+ Tjc cos@=0 (1)

- XF, =0,
+TEZF=0; Ticsin0+Tpsinds®-50=0 (2)
Thus

— (0.070686)04p ( cos 45°) +(0.098175)0p(cos 6) =0
8 =59.39° = 59.4° Ans

From Eq. (2) :

(0.098175)04p sin 59.39° + (0.070686)04p sin 45°-50 = 0
Oap = 371.8 psi = 372 psi Ans :

Hence,
Cuc = 2(371.8) = 744 psi Ans
And,
Lis 0 _520psi  Ans

Cap = Pprapaey =
T0.352  Z(0.350
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1-45. The pedestal has a triangular cross section as shown.
If it is subjected to a compressive force of S00 Ib, specify the
x and y coordinates for the location of point P(x, y), where
the load must be applied on the cross section, so that the
average normal stress is uniform. Compute the stress and
sketch its distribution acting on the cross section at a location
removéd from the point of load application.

é
Jll
X
lz'l
] 1 1 12
- leyandd s ieandd .
x=12 A 1 =4in Ans
1oan
500
1 ¢ 2 1 6.
- tmanoxd s eune s D .
y =1 22 3 =4in. Ans
1)
P _ 500 . v 926 psé
0= — = ——— = 926psi Ans

A Toay
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1-46 The two steel members are joined together using a 60°
scarf weld. Determine the average normal and average shear
stress resisted in the plane of the weld,

3LF =0, N-8sin60°=0

N = 6928 kN 30 mn
YR =0 V-~ 8cos60°= 0

V=4 kN

8 Kk V o~
30 2 . (’
= (25)( ) = 866.03 mm I

sin 60° &’

S
1

3
o= N 69800) _gyp, Ans

A 0.8660(107)

Tovg = ~ = ——————tom = 4.62 MPa Ans
A 0.8660(107)
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1-47. The built-up shaft consists of a pipe AB and solid rod
BC. The pipe has an inner diameter of 20 mm and outer
diameter of 28 mm. The rod has a diameter of 12 mm.
Determine the average normal stress at points D and E and
represent the stress on a volume element located at each of
these points.

At

>

Op = L ﬂ{?___
A 00— ooz - B3MPa (€ Anms

4kd
— g ~TF e

gkl e kN
702 MpPa
At E:
P 8(10% :
O =—= ——2_ = 707 MP
* AT oo = Ans
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*1-48 The board is subjected to a tensile force of 85 lb.
Determine the average normal and average shear stress
developed in the wood fibers that are oriented along sec-
tion a—a at 15° with the axis of the board.

13" i5°

YLE =0 V-85cos15 =0

V= 8210b

N -85sinl5 =0

v
™
e |
t
=4

N =22001b

3
A= (1)(——) = 11.591 in®
sin 15

o= =220 - 190psi
A 11591 st Ans

fooY B0

BT AT Tiser OBt Ams
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1-49. The plastic block is subjected to an axial compressive
force of 600 N. Assuming that the caps at the top and bottom
distribute the load uniformly throughout the block,
determine the average normal and average shear stress
acting along section a—a.

‘}\
Alonga-a: N
y#EF =0, V-600sin30 =0 \ v .
Y Az bt
V= 300N dn wlm
. R 30*
AZF =0, -N+600cos30 =0 oo™
N = 519.6N
Oa.a = —‘i!?—g—i—" = 90.0 kPa Ans
0.05) 557
fow = —— X = 520KPa  Ans
0.05)(21-)

cos 30°
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1-50 The specimen failed in a tension test at an angle of
52° when the axial load was 19.80 kip. If the diameter of the
specimen is 0.5 in., determine the average normal and aver-
age shear stress acting on the area of the inclined failure
plane. Also, what is the average normal stress acting on the
cross section when failure occurs?

+/ZI'}=0; V-19.80 cos 52° =0
' V=12.19kip

A\ZIF =0, N-19.80sin52°=0

N = 15.603 kip
Inclined plane :
P 15.603 . Ans
d=z; 0’=m—62.6k51
sin 52°
\'4 12.19 _ . Ans
favg =Z; avg =m—48.9k§l n
sin 52°
Cross section :
o= E; o= 19.80 = 101 ksi Ans
A m(0.25)
Vv
Tavg = Z; Tovg = 0 Ans

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




1-51 A tension specimen having a cross-sectional area A is
subjected to an axial lorce P, Determine the maximum
average shear stress in the specimen and indicate the orien-
tation 6 of a section on which it occurs.

NEF, =0, V-Pcos8=0; V=Pcos®

Pcos 6 _ Pcos@sin@ _ Psin 20

Tt Asme A 24
dr - Pcos26 -0
de A
cos 260 =0
20 =90°
9=45° Ans
Tmaz = 2%sin 90° = —2% Ans
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*1-52 The joint is subjected to the axial member force of
5 kN. Determine the average normal stress acting on sec-
tions A8 and BC. Assume the member is smooth and is
50 mm thick.

\\ Q 5o

S kw

5 ZF =0; Ngicos30°—5cosd5°=0

NBA =4.082 kN

+TIE =0,  —Npc—4.082sin30°+55in45° =0

Ngc = 1.494 kN

3
O'BA=EE-=—4;(-)-M =2.04 MPa Ans

Aps  (0.04)(0.05)

3

3
opc = e _ 149400) _ o598 Mpa  Ans

Age  (0.05)(0.05)
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1-53. The joint in subjected to the axial member force
of 6 kip. Determine the average normal stress acting on
sections AB and BC. Assume the member is smooth and
is 1.5 in. thick.

6kip

+TLF =0 ~ 6 sin 60° + Ngc cos 20° =0

Npe = 5.530 kip

Y, EF =0, Nap—6cos60°-5530sin 20°=0

NAB=4-891 klp /5—&a‘

New _ 4891 _ ) 63ksi Ans

AW TeT Nes
200
Noc __ 5530 _ogioksi Anms ° Ny,

O8C = aee | (1.5)@.5)
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1-54 The two members used in the construction of an air-
craft fuselage are joined together using a 30° fish-mouth
weld. Determine the average normal and average shear
stress on the plane of each weld. Assume each inclined plane
supports a horizonta} force of 400 ib.

800 1o

N - 400sin30° = 0; N =200D

400cos30° -~ V= 0; V = 346.41 b

N 200 . Ans
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1-55. The driver of the sports car applies his rear brakes
and causes the tires to slip. If the normal force on each rear
tire is 400 Ib and the coefficient of kinetic friction between
the tires and the pavement is u, = 0.5, determine the
average shear stress developed by the friction force on the
tires. Assume the rubber of the tires is flexible and each tire
is filled with an air pressure of 32 psi.

p:.-N.; A=ﬂ=12.5mz
A 2
F 200 .
Tapg == = —— = 16psi  Ans
T R
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*1-56 Rods AB and BC have diameters of 4 mm and 6 mm,
respectively. If the load of 8 kN is applied to the ring at B,
determine the average normal stress in each rod if 8 = 60°.

8kN

+TZF, =0 Tpcsin60°-8=0
Thc = 9.2376 kKN
L XFE =0, 92376cos 60°-Tpz =0

Tig = 4.6188 kN

O4p = — = —————— =368 MPa Ans
Ag E0004)
2376(10°
oac = 2 < 2B _ 557 MPa  Ans
Asc | E(0.006)
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1-57 Rods AB and BC have diameters of 4 mm and 6 mm,
tespectively. If the vertical load of 8 kN is applied to the ring
at B, determine the angle 0 of rod BC so that the average
normal stress in each rod is equivalent. What is this stress?

Fys = 6Aw = o(m)(0.002)°
Fac = OAgc = o(7 )(0.003)

53F =0,  o(m)0.003%)cos 0-07(0.002)=0 (1)
+TZF =0, on(0.003)sin 6-8(10°)=0 2)

From Eq. (1) : 8kN
0.002 ,

cos 6= (——
o8 (0.003)

8 = 63.6° Ans

From Eq. (2) :
iy
8(10%)

= 2000y sin 36 - O MPa Ans
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1-58.

The bars of the truss each have a cross-sectional area
of 1.25 in’. Determine the average normal stress in each
member due to the loading P = 8 kip. State whether the
stress is tensile or compressive.

Joint A
o =788 2 B3 _ 59k
A 125
=ha 1087 a3k

Oup =—— =
A T4 L2

Joint E :
Fio 1067 )
O =22 = =20 = 853ksi
& 1.25
oes =188 = 50 _ 450 ksi
A 125
Joint B
Fye 2933
Opc ==—= "= = 23 5ksj
Agc 125 ksi
Fp 2333
[o] B D = ] .
A 125 0 137k

©

<

<)

Ans

Ans

Ans

Ans

an

0Isp

Fag = 12.23%77

Fig <r0.6751P
ki'f
Fea= 6P

r0-67%2 3 Fep =10.67°P

13-33%ip Vg P oy <2333
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1-59. The bars of the truss each have a cross-sectional area
of 1.25 in®. If the maximum average normal stress in any
bar is not to exceed 20 ksi, determine the maximum
magnitude P of the loads that can be applied to the truss.

JointA :

+TLE =0

3
~P+(=)Fp=0
+(5) a8
Fap = (1.66TP
4
—FAE+(1.667)P(§)=0

Fag = (1.333)P

Fes—(075)P=0

Fep = (0.75)P : J Fe z

(1.303)P-Fgp =0

o.v}
Fap = (1.333)P .
3 3
oo - 0.75)P~ (1.667)P(§) =0
z
4 Ft 4
Fsp = (29161)P 37 %
o
: L bLap f e,
015 P

Fye - (2.9167)P(§-)- (1.667)P(§) =0

Fye = (3.6NP

The highest stressed member is BC:

a

Osc =

P=682kip

67)P
1

=20

Ans

L)

015 p
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*1-60. The truss is made from three pin-connected
members having the cross-sectional areas shown in the
figure. Determine the average normal stress developed in
each member when the truss is subjected to the load shown.
State whether the stress is tensile or compressive.

Joint B : b 500 *
F 625 . Fae 2375
Oup =~ = —= = 417 8
e A 15 i @ Ans ‘ €
F; 375
Osc =-2€ = o5 -9 M Ans 3
Apc . Fag =625
fc :5@'5 1)
Joint A : 625
«_ Fie 500 . )
Ouc _ZA_C=O—.6- = 833 psi [¢y] Ans A r‘
A
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1-61 The uniform beam is supported by two rods AB and
CD that have cross-sectional areas of 12 mm? and 8 mm?,
respectively. If d = 1 m, determine the average normal stress
in each rod.

= p—
(+ EMA =0', FCD(3)—6(1) =0 'Iﬁ Im ]
FCD=2kN eku F
FAG (A4
+TZF =0, Fi-6+2=0 t o l T
A " B
FAB=4kN
3
O'AB=—FA—B=ﬁl—(-)—)—=333MPa Ans
A 120009
3
o =12 =209) _o5oMpa Ams
Acp  8(10°%)
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1-62 The uniform beam is supported by two rads AB and
CD that have cross-sectional areas of 12 mm? and 8 mm?,
respectively. Determine the position 4 of the 6-kN load so
that the average normal stress in each rod is the same.

(+ZMo =0 FpB-D-Fa@=0 D

- Fo
9772 T8
F.
Fip = 1.5 Fep @ ﬂ'gd |OFN 3.4 49
13 1
s -

From Egs. (1) and (2),
Fep(3—-d) - 15Fpd) =0
FpB-d-15d) =0
3-25d=0

d=120m Ans
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1-63 Thé railcar docklight is supported by the }-in.-diame-
ter pin at A. If the lamp weighs 4 1b, and the extension arm
AB has a weight of 0.5 Ib/ft, determine the average shear
stress in the pin needed to support the lamp. Hint: The shear

force in the pin is caused by the couple moment required for
equilibrium at A.

G-ZMA =0; ¥(1.25) - 1.5(18)~4(36) = 0

V=13681b

Tavg = - =7 =1l1ksi Anms

v
ZV -y = ——
44b

AN 1.5k
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*1-64 The two-member frame is subjected to the distrib-
uted loading shown. Determine the average normal stress
and average shear stress acting at sections g-a and b-b.
Member CB has a square cross section of 35 mm on each
side. Take w = 8 kN/m.

Atsetiona-a:

Og.a = 1510 =122MPa  Ans
(0.035)?

Tpa=0 Ans

Atsectionb-b:

5 LE =0, N-153/5=0, N=9kN

KN
+lZF =0, V-154/5=0; V=12kN 1573

3
Oy.p = __-—-9-(10—)———— =441 MPa Ans
7 (0.035)(0.035/0.6)

3
T = _1200)  _sggMpa  Anms
-t 0.035)(0.035/0.6)
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1-65 Thc two-member rame is subjected to the distributed
loading shown. Determine the intensity w of the largest uni-
form loading that can be applied to the (rame without caus-
ing either the average normal stress or the average shear
stress at section b-b to exceed o = 15 MPa and 7= 16 MPa,
respectively. Member CB has a square cross section of
35 mm on cach side.

(+ IM =0,  (@5)Fc(B)-3w(1.5)=0

24 FBC-4.5W=0 (1)

5%E =0, N-QGISFc=0; N=06F:c

+V ZF =0, V-(4/9Fc=0;, V=08Fc

o= 15(10% = _ 06Fc
(0.035)(0.035/0.6)

FBC =5104kN

Fae
7=16(10% = _ O8Fe h
(0.035)(0.035/0.6) 3

Fge =40.83 kN (conuols) N

From Eq. (1),
2.4(40.83)-45w=0

w=21.8 kN/m Ans
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Because of the number and variety of potential correct solutions to this problem, no
solution is being given.
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1-67. The beam is supported by a pin at A and a short link
BC. If P = 15kN, determine the average shear stress
developed in the pins at A, B, and C. All pins are in double
shear as shown, and each has a diameter of 18 mm.

1567 gk oM 20

165
3 a.(‘}’ ._l -.Snl I-YMIO.S' /fz.g&
g2.5*
Forpins Band C:
3 o RN
o=t =t= 22000 _gaamMpa Ans @’“
A g(mT)z 165 kn

SN

ForpinA :

Fy = (82.57 + (142.9)* = 165kN
(14

Ry
3
82549) _ 34MPa  Ans 165~

\'4
T ‘,—1_ :_'(_.L'...)Z X e

000
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*1-68. The beam is supported by a pin at A and a short
link BC. Determine the maximum magnitude P of the loads
the beam will support if the average shear stress in each pin
is not to exceed 80 MPa. All pins are in double shear as
shown, and each has a diameter of 18 mm.

(+ IM, =0; 2P(0.5)+4P(2) +4P(3.5)+ P(4.5)- (Tp sin 30°)(5) =0
T, =11P

L5 3E =0, A, -11Pcos30°=0
A, =9.5263P

+TZE =0 A4, -11P+11Psin30°=0
A, =5.5P

E, =4/(9.5263P)* + (5.5P)* = 11P
Require;

11P/2

v 80(10%)
T = =3 o m————,
A’ £(0.018)2

P=370kN Ans
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1-69 When the hand is holding the 5-ib stone, the humerus
H, assumed to be smooth, exerts normal forces Fc and Fu
on the radius C and ulna A, respectively, as shown. If the
smallest cross-sectional area of the ligament at B is 0.30 in?,
determine the preatest average tensile stress to which it is
subjected.

GEIM=0; Fpsin75°(Q)-5(14)=0

F =362351b

0=—=—-——=121psi Ans
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1-70 The jib crane is pinned at A and supports a chain hoist
that can travel along the bottom flange of the beam, 1 ft <
x <12 1L If the hoist is rated to support a maximum of 1500 Ib,
determine the maximum average normal stress in the 3-in.-
diameter tie rod BC and the maximum average shear stress
in the }-in.-diameter pin at 8.

({- IM =0 Tpcsin 30°(10) - 1500(x) = 0

Maximum Tzc occurs when x = 12 ft

Tac = 3600 Ib v ‘5“’
\

P 3600
o=2- 3% g5k Ans L)
A 275y
V360072
=Y. =587ksi A
A IG5y booAm

T
r’?i;?:_\ﬁ‘ﬂ

7 159201k
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1-T1 Determine the average normal stress developed in
links A8 and’ CD of the two-tine grapple that supports the
log having a mass of 3 Mg. The cross-sectional area of each
link is 400 mmZ

+TIF =0, 2(Fsin30°-2943=0

F =2943kN

(-'t- IM=0; P cos 20°(0.2) - (29.43 cos 30°)(1.2) +(29.43 sin 30°)0.4 cos 30°) = 0

P =135.61 kN

0= — = —————— = 339 MPa Ans
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*1-72 Determine the average shear stress developed in pins
A and B of the two-tine grapple that supports the log hav-
ing a mass of 3 Mg. Each pin has a diameter of 25 mm and
is subjected to double shear.

Prob, 1-72 30° 30°

F
5{;},):! 2943 4N

+TXFE =0, 2Fsin30°~29.43=0
F =2943kN

C+ IM; =0 P cos 20°(0.2) — (29.43 cos 30°)(1.2) +(29.43 sin 30°)(0.4 cos 30°) =0

P =135.61 kN
1/ V
135.61(10%
Ta= Tp=—=-—>— =138 MPa Ans
AT P T AT 500257 e
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1-73 The pedestal in the shape of a frustum of a cone is
made of concrete having a specific weight of 150 Ib/ft3.
Determine the average normal stress acting in the pedestal
at its base. Hint: The volume of a cone of radius r and height
his V = }ar2h,

RO ol B TP
s 1 Ten

1 1
V= 51:(1.5)2(24)- 5#(1)2(16); V=39.794 £’
W = 150(39.794) = 5.969 kip

O=—=——=844psf= 586psi Ans
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1-74 The pedestal in the shape of a frustum of a cone is
made of concrete having a specific weight of 150 Ib/ft3,
Determine the average normal stress acting in the pedestal
at its midheight, z = 4 ft. Hini: The volume of a cone of
radius r and height his V = {mr2h,

=41

)
. 15

W= E 7 (1.25)20 - %(n) (12)(16)](150) = 2395.51b

50

= — h=241ft
1

+TZF =0, P-23955=0

P = 239551
P .
o=F - B85 sgpst=339psi  Ans
A~ 72y
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1-75. ‘The column is made of concrete having a density of
2,30 Mg/m>® At its top B it is subjected to an axial
compressive force of 15 kN. Determine the average normal
stress in the column as a function of the distance z measured
from its base. Note: The result will be useful only for finding
the average normal stress at a section removed from the ends
of the column, because of localized deformation at the ends.

5 N
4-t
rioife-2)m
C98i)
G122
P

+TZF =0 P-15-9187+2297z=0
P =24.187 - 2297z

o= P BT -1z oag_menkPa Ams
A 7 (0.18)°
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*1-76 The pier is made of material having a specific weight
7. If it has a square cross section, determine its width w as
a function of z so that the average normal stress in the pier
remains constant. The pier supports a constant load P at its
top where its width is wy.

Assume constant stress 0, then at the top,
p

o = —; 0y
wy

For an increase in z the area must increase,

aw _yAd dA_

dA = T — = —dz
(¢3] [+ A o1
For the top section :
adA
ULy
4 A g, 0
A
In— = lz
Ay (o]
T
A= Ale( ol)z
A=W
A = W%

From Eq. (1),
W = Wy e[

Also see the method used in Prob. 1-77.
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1-77. The pedestal supports a load P at its center. If the
material has a mass density p, determine the radial
dimension r as a function of z so that the average normal
stress in the pedestal remains constant. The cross section

is circular.
Require :
_P+W _ P+W +aw
A A+ dA

WP W
i =0 m PW,
dw
dA=r(r+d)-nrt=2xrdr
P+w,tdw
aw = nr¥(pg) dz
From Eq. (1),
nri(pg) dz _ -
2xrdr

pedz _
2dr
pg [z rdr
Lo R T A
rla=]2
pgz r g
— =Iln-—; = $0
Ey . r=rnew
However, ¢ = L

rr}

l'lzﬁl'

r=r e( LI Ans
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1-78. The radius of the pedestal is defined by
r=(05¢%%"ym, where y is given in meters. If the
material has a density of 2.5 Mg/m’, determine the average
normal stress at the support.

r=0,5¢ 00

A = m(0.5) = 07854 m* IN
@V = n(r’) dy = 5(0.5) (002

3 N .
V= fo ©(0.5)* (e"f'“" )’dy = 0.7854 f:(e'“" )2 dy
W = pgV = (2500)(9.81)(0.7854) | ’(c=00%)2 4y
0

W = 19.262(10%) ]:(e'”"”)z dy = 38.849kN

oo W 330 _
A 07854 o2 Ang
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1-79 Determine the greatest constant angular velocity w of
the flywheel so that the average normal stress in its rim does
not exceed o = 15 MPa. Assume the rim is a thin ring hav-
ing 8 thickness of 3 mm, width of 20 mm, and a mass of
30 kg/m. Rotation occurs in the horizontal plane. Neglect
the effect of the spokes in the analysis. Hint: Consider a free-
body diagram of a semicircular portion of the ring. The cen-
ter of mass for a semicircular segment is located at 7 = 2r/w
{rom the diameter.

+{ £F, =mlagh; 2T = m(r)w’

20A = m(g'r)co2 o
T

SN
. _ 20.8), » : ?
2(15(10°))(0.003)(0.020) = mO.8)B0)——)e» A T

w = 6.85rad/s Ans
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*1.80. Member B is subjected to a compressive force of
800 Ib. If A and B are both made of wood and are %in.
thick, determine to the nearest %in. the smallest
dimension & of the support so that the average shear
stress does not exceed Tyow = 300 psi.

By 8oo't
h= 274in. !
s | |
Ne738 Béf

Va307.7 %
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1-81 The 60 mm X 60 mm oak post is supported on the
pine block. If the ailowable bearing stresses for these mate-
rials are ook = 43 MPa and opine = 25 MPg, determine the
greatest load P that can be supported. If a rigid beering plate
is used between these materials, determine its required area
so that the maximum load P can be supported. What is this
load?

For failure of pine block :

P 3
== 10%) = ————
My 25009 (0.06)(0.06)
P =90kN Ans
For failure of oak post :
P 6 P
=0 43(10°) = ———
=X (e (0.06)(0.06)
P =154.8kN

Area of plate based on strength of pine block :

154.8(10)°

o==—; 25(10%=

it
> 1M

A=619(10")m’ Ans

Pz = 155kN Ans
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1-82 The joint is [astened together using two bolts.
Determine the required diameter of the bolts if the aliow-
able shear stress for the bolts is Ta10e = 110 MPa. Assume
each bolt supports an equal portion of the load.

0 mm~ BSOKN
30 mm
20
Tanow = 110(10°) = 205(2(2)3) ZO‘H
4 ; ;}/E .
d=00152m = 152mm  Ans 40*"
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1-83 The lever is attached to the shaft A using a key that
has a width d and length of 25 mm. If the shaft is fixed and
a vertical force of 200 N is applied perpendicular to the han-
dle, determine the dimension 4 if the allowable shear stress
for the key is Tyion = 35 MPa.

200N ZaoN.

Q M, =0, F.(20) - 200(500) =0

F, . = 5000N
F, 6 5000
= 2L 35(10°) = ——m—
Tallow Aa_, ( ) d(0.025)
d=000571m = 571l mm Ans
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*1-84. The fillet weld size a is determined by computing
the average shear stress along the shaded plane, which
has the smallest cross section. Determine the smallest size
a of the two welds if the force applied to the plate is
P = 20 kip. The allowable shear stress for the weld
material is 7,0y = 14 ksi.

Shear plane A = 4 sin 45°(4) = 2.8284 4
20¢10%)
7

v 3
Tallow = =~ ; 14(10) = s
A 2.8284 4

a
]

0.253 in. Ans
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1-85. The fillet weld size a = 0.25in. If the joint is
assumed to fail by shear on both sides of the block along
the shaded plane, which is the smallest cross section,
determine the largest force P that can be applied to the
plate. The allowable shear stress for the weld material is
Tallow = 14 Ksi.

025545’
- L
Tatlow = !; 4= L 025 +*
A 1.414 0Z5in
P = 19.8kip Ans
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1-86 The tension member is fastened together using wo
bolts, one on each side of the member as shown. Each bolt
has a diameter of 0.3 in. Determine the maximum load P
that can be applied to the member if the allowable shear
stress for the boits is 7upow = 12 ksi and the aliowable aver-
age normal stress is oyjlow = 20 ksi.

W+EF, =0; N-Psin60 =0

P = 11541N m
/+ ZF =0 V—}'003600 =0

P=2V ¢
Assume failure due to shear :

|4

=12 = ———
Tallow 1 (2)%(03)2

V = 1.696kip
From Eq. (2),
P = 3.39kip

Assume failure due to normal force :
N

Gailow = 20 = ——
" 2) £ (037
N = 2.827 kip
From Eg. (1),

P = 3.26kip (controls) Ans
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1-87 The steel.swivel bushing in the elevator control of an
airplane is held in place using a nut and washer as shown in
Fig. (a). Failure of the washer A can cause the push rod to
separate as shown in Fig, (b). If the maximum average not-
mal stress for the washer is omsy = 60 ksi and the maximum
average shear stress is T,y = 21 ksi, determine the force F
that must be applicd to the bushing that will cause this to
happen. The washer is  in. thick.

F
o= 2010 = ——
A 2m(0.375)(%)

F=3,09251b=3.09kip Ans
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*1-88 The two steel wires AB and AC are used to support
the load. If both wires have an allowable tensile stress of
Gallow = 200 MPa, determine the required diameter of each
wire if the applied load is P = 5 kN.

+3F, = 0; ;;ac—rusmw:o o)

+TZF, =0 %FAC+ Figcos60° —5=0 @)

Solving Egs. (1) and (2) yields :
FAB = 4.3496 kN; FAC = 47086 kN

Aoplyi _P
pp yl.ﬂg Tajlow = a
For wire AB,
4.3496(10%)
200(10%) = ———~—-
X(dup)? s
ﬁb f{.
dig = 000526 m = 5.26 mm Ans 0 p
<
For wire AC, : lA
4.7086(10%)
200010°%) = ——— =
(109 Hdyc)? SKN

dic = 000548 m = 548 mm Ans
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1-89 The two steel wires AB and AC are used to support
the load. If both wires have an allowable tensile stress of
Gullow = 180 MPa, and wire AB has a diameter of 6 mm and
AC has 2 diameter of 4 mm, determine the greatest force P
that can be applied to the chain before one of the wires fails.

4

+LF, =0 gFAC — Fugsin60®° = 0 )]
+TIF, =0 %FAC + Fpcos60° — P = 0 @
Assume failure of AB : ‘
Fap 5 AB
Qallow = — 5 180(10°) = ———— 'a"
Hov T A %(0.006)° r i Fe
AB .
S
Fip = 5089.38 N = 5.080kN > «0 >
A
; A
Solving Eqgs.(1) and (2) yields - 1
Fye = 5509 kN ; P = 585kN ! P
Assume failure of AC :
Fyc 5 Fic
allow = — 3 180(10):'_‘_‘—'_
Gattow = e £(0.004)?

Fyc = 2261.94N = 2262 kN

Solving Egs. (1) and (2) yields :
Fup = 2089kN; P = 2.40kN

Choose the smallest value

P = 240kN Ans
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1-90 The boom is supported by the winch cable that has a

diameter of 0.25 in. and an allowable normai stress of

Tutiow = 24 ksi. Determine the greatest load that can be sup-

ported without causing the cable to fail when 6 = 30° .
Neglect the size of the winch.

9 305

R
3
£

T

P 3
=—; 24(10°) = ——;
°=4 10 =528

T=1178.101b

~1178.10 cos 30° + Fyp sin 45° =0

lvp
™M
=
1
L

+TEF =0, —W+Fypcos45°—1178.10sin30°=0
W=4311b Ans

Fup = 14429 1b
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1-91 The boom is supported by the winch cabie that has an
allowable normal stress of guow = 24 ksi. If it is required
that it be able to slowly lift 5000 1b, from @ = 20° to 6 = 50°,
determine the smallest diameter of the cable to the nearest
1 in. The boom AB has a length of 20 ft. Neglect the size

of the winch.
B
(]
201 ~
A Lzl
o) Y
f—— 12—

Ay

i }U /: v
2

20°
‘2 4/
Maximum tension in cable occurs when 8 = 20°,
sin20° _sin y
20 12
Se009(p
v =11.842°

Y LF=0; —Tcos20°+Fyp cos 31.842° =0
+T 2F =0;  Fupsin31.842°-Tsin 20°-5000=0
T=2069831b
Fup=228961b

20 698.3

== 24(10°) = =
7 =z

d =1.048 in.
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*1-92 The truss is used to support the loading shown.
Determine the required cross-sectional area of member 8C
if the allowable normal stress is oaiow = 24 ksi.

ool Y4k

AL 541.42 Ilb

y 548sK g47s ft

0,212 S 30°

Py
+ M, =0;  —400(6)-800(8.485)+2(8.485)XDy) = 0

D, =541.421b

+ TMp=0;  541.42(8.485)— Fpc(5.379 sin 30°) =0

Fac = 853.981b

_ 853.98

e

Q
1}
> |

A=00356in> Ans
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1-93 The beam is made from southern pine and is sup- | 200 b /ft
ported at its ends by base plates resting on brick work.

If the allowable bearing stresses for the materials are
(Opinc)atiow = 2.81 ksi  (Ourick)aitow = 6.70 ksi, determine
the required length of thc base piates at A and B to the
nearest ; inch in order to support the load shown. The
plates arc 3 in. wide.

Prob. 1-93

PRI RL

zoo Wi

EL;J’cléer

pun—= |

Tm b sk ']
23101 4.90l=

The design must be based on strength of the pine.

AtA:
o=P.  2810=210
A L3
L =0.464 in.
1.
Usel=-in Ans
A2
AtB:
d:E; 2810=j4—62-(-)
A 3)
I =0.556in.
3,
Usel =~ in. Ans
8 4
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1-94 If the allowable bearing stress for the material under
the supports at A and B is (ob)anow = 400 psi, determine the
size of square bearing plates A’ and B’ required to support
the loading. Take P = 1.5 kip. Dimension the plates to the
nearest } in. The reactions at the supports are vertical.

ForPlate A :
3.583 (10°
Gultow = 400 = '_?(——'2 A
al
ay = 2.99in.
Usea3in. x 3 in. plate Ans
For Plate B : p? b . - .
6.917 (10%) 2NP 2R gKip gkip okip
Glllow=400=—.——z_— =2 5 L5 75’
ap i y
ag = 4.161n. A

’ ’
Usead}in. x 4!in plate  Ans * & &

I . )
Ra=3.583%7%  Rg=6.915'P
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1-95 If the allowable bearing stress for the material under
the supports at A and B is (0)atiow = 400 psi, determine the
maximum load P that can be applied to the beam. The bear-
ing plates A’ and B’ have square cross sections of 2 in. X 2in.
and 4 in. X 4 in,, respectively.

3xp
T
2k e 2he P
5' l,sr 51 l 7, rl l

‘* £M,=0; B,(15)-2(5-3(10)-2(15)-P(225)=0
B, = 1.5P +4.661

+TLF=0; A +15P+4.667-9-P=0

A, =4333- 0.5P
AtA:
4333-0.5P
400 =
0 2(2)
P =5.47 kip
AtB:
1.5P + 4.667
400 = —————
0 23)
P= 1.16 kip
Thus,

Pallow =1.16 k-lp Ans
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*1-96. Determine the required cross-sectional area of
member BC and the diameter of the pins at A and B if
the allowable normal stress is o0, = 3 ksi and the
allowable shear stress is 70w = 4 ksi.

1.5"F

086"
:'_.? 2/ +! 1 zijf o

=5 Rip

Member BC :

3
Tallow = 3(103) = M

K
Asc «,u& ¢
il
Asc = 0.577 in* Ans
PinA:
Fa = /(0866F + (15 = 1.732kip
Tatiow = 4(10°) = wl_)
fay
Rkt 1722k
di = 0.743 in. Ans /
o 0. f“&,',

Tatlow = 4(10]) = w
fidp?

% =0525in  Ans
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1-97 The two aluminum rods support the vertical force
of P=20kN. Determine their required diameters if the
allowable tensile stress for the aluminum is oyyew = 150 MPa.

g
- /

+TZF, =0 Fisinds® -20=0; Fup = 28.284kN Y20 KA

jZF; =0 28.284 cos 45° ~ Fyc = 0; Fic = 20.0kN

Forrod AB :
28.284(10°
Gutow = 22, 150(10%) = 22HI0)
Asp 7dip
dig =0.0155m = 15.5mm Ans
For rod AC :
20.0(10°
Gunow = 12€; 1500108 = 2220%)
Auc $dic
dyc = 00130 m = 13.0 mm Ans
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1-98 The two aluminum rods AB and AC have diameters
of 10 mm and 8 mm, respectively. Determine the largest ver-
tical force P that can be supported. The allowable tensile
stress for the aluminum is ognew = 150 MPa,

4
5}
; P
ths st Fac 45°
- A
i
! !l F

+TEF; = 0 Fusin45°—P= 0; P = Fup sin 45° (1)
+LF =0; Fapcos45° — Fyc= 0 (2)

Assume failure of rod AB :

Gutow = %:; 150(10%) = ;(%7
Fip = 1178 kN

From Eq. (1),

P = 8.33kN

Assume failure of rod AC :

Outtow = %C:; 150(10%) = 70,0087 0{?338)2
Fic = 7.540kN

Solving Egs. (1) and (2) yields :
Fsp = 10.66kN ; P = 7.54kN
Choose the smallest value

P = 7.54kN Ans
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1-99. The hangers support the joist uniformly, so that it
is assumed the four nails on each hanger carry an equal
portion of the load. If the joist is subjected to the loading
shown, determine the average shear stress in each nail of
the hanger at ends A and B. Each nail has a diameter of
0.25 in. The hangers only support vertical loads.

(+ IM, =0; Fp(18) ~ 540(9) ~ 90(12) = O; Fp = 330D

+TEIF =0 F,+330-~540-9=0, F, =300

For nails at A,
T, = ﬂ = ____:199___ 20008)= S401b
T AL 4(45)(0.25)1 1( ;-.Jz:(lo)(18)=90/b
= 1528 psi = 1.53 ksi Ans sttt --.-;:;
' 4 ki
For nails at B, g7 spl éfc |
o = _F_',; - 330 E -
T A 4(5)0.29)°
= 1681 psi = 1.68 ksi Ans
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*1.100. The hangers support the joists uniformly, so that
it is assumed the four nails on each hanger carry an equal
portion of the load. Determine the smallest diameter of

the nails at A and at B if the allowable shear stress for L
the nails is 7,0+ = 4 ksi. The hangers only support
vertical loads.

("'ZMA =0; Fa(18) - 540(9) ~ 90(12) = 0; . Fa = 3301b

+TZF =0 F, +330~540-90=0; F, =3001b

For nails a; A, 3008 ): $40/4
fuew = 45 410°) = 2 : 2010208)2 901
As 4(-‘5)4‘2 s e ssdm e o e,
{
dh = 0.155in, Ans Yo —
7/ RT E77 ]
For nails at B, F" F,
F
Tutow = 2 410°) = —0_
Ap A(5)d?
dp = 0.162 in. Ans
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1-101. The hanger assembly is used to support a
distributed loading of w = 0.8 kip/ft. Determine the
average shear stress in the 0.40-in.-diameter bolt at A and
the average tensile stress in rod AB, which has a diameter
of 0.5 in. If the yield shear stress for the boltis 7, = 25 ksi,
= 38 ksi,
determine the factor of safety with respect to yielding in

and the yield tensile stress for the rod is o

each case.
For boltA :
r=Ye 3 _ -239ksi Ans
A o
Fs=2=2 _105 Ans
T 239
Forrod AB :
6 =P8 - 06ksi Ans
A E05
Fs=2=3% _124 Ans
o 30.6

]
‘10.6(6 =487
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1-102 Determine the intensity w of the maximum distrib-
uted load that can be supported by the hanger assembly so
that an allowable shear siress of ryyow = 13.5 ksi is not
exceeded in the 0.40-in.-diameter bolts at A and B, and an
allowable tensile stress of oyw = 22 ksi is not exceeded
in the 0.5-in.-diameter rod AB.

Assume failure of pin A or B :

Tallow = 135 = "3—72‘;—’
700.4%)
hag:=7-5
= 0.452 kip/ft trols Ans
w p/ft (controls) 25w S
Cﬁ ot} ~ |
375w H
Assuming failure of rod AB : 000 e -
7.5w C, 6w
Gallow = 22 = v
HORD]

w = 0.576 kip/ft
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1-103. The assembly is used to support the distributed
loading of w = 500 lb/ft. Determine the factor of safety
with respect to yielding for the steel rod BC and the pins
at B and C if the yield stress for the steel in tension is
o, = 36ksi and in shear 7, = 18 ksi. The rod has a
diameter of 0.4 in., and the pins each have a diameter
of 0.30 in.

Forrod BC :
oL 1667 _ 13.26 ksi
A X0y T
o, 36
FS =2=_—-_=271
6 1326 Ans
For pins-B and C :
;oY 08333 1179 ksi
A Zp3y T
T, 18
F.8 =2=_— =153
T 1179 Ans

tw.is &ip

l667%ip

Fac =661 %P -
1
A= <TP ﬁ
A’0667 ! 0~5(4J=2"'
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*1-104 If the allowable shear stress for each of the 0.3-in.-
diameter steel pins at A, B, and C is 710w = 12.5 ksi, and
the allowable normai stress for the 0.40-in.-diamcler rod is
Tatow = 22 ksi, determine the largest intensity w of the uni-
form distributed load that can be suspended from the beam.

Assume failure of pins B and C:
1.667w

£(0.3%)
w = 0.530 kip/ft (controls) Ans

Taow =125 = 1ébm \ 7w

333

Assume failure of pin A :

E, = /w3 + (1.333w)? = 2404w

n292,
Tallow = 125 = '1—2'(2‘1 1201 W 72

£0.3?)

w = 0.735 kip/ft iy

Assume failure of rod BC :

Cutiow = 22 = 3.333w

2(0.42)

w = 0.829 kip/ft

Ay=13330 i4 W
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1-105. The compound wooden beam is connected
together by a bolt at B. Assuming that the connections at
A, B, C, and D exert only vertical forces on the beam,
determine the required diameter of the bolt at B and the
required outer diameter of its washers if the all wable
tensile stress for the bolt is (o, )anow = 150 MPa and the
allowable bearing stress for the wood is
(op)atow = 28 MPa. Assume that the hole in the washers
has the same diameter as the bolt.

From FBD (a) .
=M =0, RS+ L5(3) + 2(1.5) — Fe(6) = 0
45F —6F: = -15
From FBD (b) :
G IM=0  RES)-F@- 32) =0

55F -4F. =6

Solving Egs. (1) and (2) yields

Fy = 440kN; Fr = 455kN

For bolt ;

Fallow = 150 (106) = ﬂm

f(dgP?
& = 000611 m
= 6.11 mm Ans

For washer ;

Cutiow = 28 (10%) = __4:40010°)

22000y
$(d2 - 0.00611%)

4, =00154m = 154 mm’ Ans

m

¢))
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1-106 The bar is held in equilibrium by the pin supports at
A and B. Note that the support at A has a single leaf and
therefore it involves single shear in the pin, and the support
at B has a double leaf and therefore it involves double shear.
The ailowable shear stress for both pins is Tyew = 150 MPa.
If & uniform distributed load of w = 8 kN/m is piaced on the
bar, determine its minimum allowable position x from 8.
Pins A and B each have a diameter of 8 mm. Neglect any
axial force in the bar.

8 g(z-x) knd
A 81 i
5 ) 1
RN,
v =z~ X1l
2-%
Fa =z
X
(+ M, =0, Fp(2) -82- x)(3+§) =0
2F - 48 + 16x+4% =0 (1)
X
GIM =00 R -32-0G+ D= 0
20, - 16+4¢ =0 V)
y=F,
Assume failure of pin A
F, 3 ‘A
= 150(10%) = ———
Tallow AA > ( ) %(0.008)2
Fa
E, = 7539.8N = 7.5398 kN
Substitute Fy, = 7.5398 kN into Bq. (2), x = 0480 m
Assume failure of pin B V:FB /:.
) . 5
= 2 (10" = ————— :
Tallow Aa ’ 15 ( ) -4’5(0008)2 /\
{
Fy = 15079.6 N = 15.0796 kN J i
fa

Substitute F3 = 15.0796 kN into Eq. (1), x = 0.909 m

Choose the largerx = 0.909 m Ans
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1-107 The bar is held in equilibrium by the pin supports at
A and B. Note that the support at A has a single leaf and
therefore it involves single shear in the pin, and the support
at B has a double leaf and therefore it involves double shear.
The allowable shear stress for both pins is 70w = 125 MPa,
If x = 1 m, determine the maximum distributed load w the
bar will support, Pins A and B each have a diameter of
8 mm. Neglect any axial force in the bar.

(FIM =0, Fp(2) - w(35) = 0; Fp = 1.75w

+TEF =0 175w-w-F=0: Fy = 0.75w

For pin 4,
E
Taiow= 25 125(10°) = 0T _
Ay 2(0.008)>
w = 8377 N/m = 838 kN/m <m /5
For pin B,
Fz'i p 175w
Tallow = =5 125(10°) = —2
T A Z(0.008)>
w = 7181 N/m = 7.18 kN/m (controls) Ans
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*1-108 The bar is held in equilibrium by the pin supports
at A and B. Note that the support at A has a single leaf and
therefore it involves single shear in the pin, and the support
at B has a double leaf and therefore it involves double shear,
The allowable shear stress for both pins is 7, = 125 MPa.
If x=1m and w=12 kN/m, determine the smallest re-
quired diameter of pins A and B. Neglect any axial force in
the bar.

(+ IM, =0, F3(2)-1235)=0; F =21kN

+TEZE =0, 21-12-F=0, F =9kN

For pin A,
3
Tallow = Q; 125(106) = 2(103 FA F‘ /2’(’)
<@ [ f o
I ] 7
dy = 000957 m = 9.57mm Ans b . |
[ 2m T ssmi
For pin B,
By 210103
Tanow = 25 125(10%) = 2
T A 2(dy)?
dg = 00103m = 10.3mm Ans
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1-109 The pin is subjected to double shear since it is used
to connect the three links together. Due to wear, the load is
distributed over the top and bottom of the pin as shown on
the free-body diagram. Determine the diameter d of the pin
if the ailowable shear stress is Tquow = 10 ksi and the load
P = 8 kip. Also, determine the load intensities wy and wy.

ZM0 BKP Luq)

-
|-6833/
f=8 kiP
Wy
Pin :
+TEI'}=O; 8-15w; =0
wy = 5.33kip/in. Ans
Link :
+T2Fy =0, —2(%W2)(1) +8=0 V:‘:_
pa
w; = 8kip/in. Ans ‘—T';j}
¥
Shear stress Z
! :
P2
Tallow = T 10= ——
Xay Hay?
d = 0714in Ans
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1-110. The pin is subjected to double shear since it is
used to connect the three links together. Due to wear, the
load is distributed over the top and bottom of the pin as
shown on the free-body diagram. Determine the
maximum load P the connection can support if the
allowable shear stress for the material is 7,y = 8 ksi and
the diameter of the pin is 0.5 in. Also, determine the load

intensities wy and w,.

Tallow =

S A

B

8(10°) = —2
£(0.5)2

P = 31416 =3.14 kip

3.1416 kip = wy (1.5)

w; = 2.09 kip/in.

suate 1w
2

wy = 3.14 Kip/in.

a ] ) e
(T
iiiliii N

Ans

Ans

Ans

b

“,n S'm[/:nl

L

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.

© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,

Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may be
reproduced, in any form or by any means, without permission in writing from the publisher.




1-111. The thrust bearing consists of a circular collar A
fixed to the shaft B. Determine the maximum axial force
P that can be applied to the shaft so that it does not cause
the shear stress along a cylindrical surface a or b to exceed
an allowable shear stress of 7,0 = 170 MPa.

Assume failure along a :

P

ttow = 170(10%) =~
Fa 010" #(0.03)(0.035)

P =561kN (controls) Ans
Assume failure along b :

P

Tattow = 170(10°%) = e
! K10 = S 0580.09)

P =620kN
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*1-112 The-long bolit passes through the 30-mm-thick plate.
If the force in the bolt shank is 8 kN, determine the average
normal stress in the shank, the average shear stress along
the cylindrical area of the plate defined by the section lines
a — a, and the average shear stress in the bolt head along
the cylindrical area defined by the section lines b — b.

_P_ 8340 _ o empa Ans
A

o % 0.007
8(10%)

—_— = 472MPa Ans
7 (0.018)(0.030)

(Tave) =Y
avg /a A

8 (10%)

——— ———— =455MPa Ans
7 (0.007)(0.008)

it
|

1%
Tav ==
( g)b A
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1-113 The two-member frame is subjected to the loading
shown. Determine the average normal stress and the aver-
age shear stress acting at sections a—z and b-b. Member CB
has a square cross section of 2 in. on each side.

. %
A 300“"f¢ ’i5'7
* N /ééo
b T
7
Ay 8 go"
b 357"
VO/A 0"
Fora-a
135.716
o —f--l-£=339p51 Ans 7
AT 22)
Tga = 0 Ans
Forb-b
. 1357
S XZFE =0 N-1357sin30 =0 -f57
v
N = 67.841b N

+lZF =0 V-1357cos30 =0

V=1175b
Cb.p = —@—- = 848psi Ans
2
(2)(sin 30')
Tp-b 175 = 147psi Anms

T @GR
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1-114 Determine the resultant internal ioadings acting on
the cross sections located through points D and E of the
frame,

150 1/

0.15(8) /-2 5P

e T e

2" B
P
0.4 %P 5g K77
’5(’5)‘0245“1)3
IZK”’ ‘
04!:’@15 3,0‘
Segment AD :
L EE =0, Np-12=0; Np=120kip
+{ ZF=0; 1}+0225+04=0; =-0.625kip
(GIMp=0;  Mp+0225075)+04(1.5)=0
Mp =-0.769 kip - ft
Segment CE :
ALFE =0; Ng+20=0; Ny=-200kip
\tIF =0; %=0
(+zM =0, Mp=0

o

M‘

41

Ans

Ans

Ans

Ans

Ans

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




1-115 The rod BC is made of steel having an allowable ten-
sile stress of oujow = 155 MPa. Determine its smallest
diameter so that it can support the load shown. The beam
is assumed to be pin-connected at A,

15 (10%)

Ouow = 155 (10%) = ———
! (dyc P

dge = 00i1lm = 11.1 mm Ans

215 KN kN
C /5I :39(3)(’511"22.0 L05)08)211.25™

o
3

i
S T It
r5m Tl g 76 kA

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




*1-116 The column has a cross-sectional area of 12(10*) mm?,

1t is subjected to an axial force of 50 kN. If the base plate”
to which the column is attached has a length of 250 mm,

determine its width d so that the average bearing stress

under the plate at the ground is one-third of the average

compressive stress in the column. Sketch the stress distrib-

utions acting over the column's cross-sectional area and at

the bottom of the base plate.

50 kN

50 kN

417 MPa 1.39MPa

50 (10*)
12 (103
(1000)2

o, = f_; - = 4.167MPa

10'—0'
3c-b

4.167 (10°) _ 50(10°%)

3 0.25)d

d=0144m = 144 mm Ans

o, = %(4.167) = 1.39 Mpa
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1-117. The beam AB is pin supported at A and
supported by a cable BC. A separate cable CG is used to
hold up the frame. If AB weighs 120 Ib/ft and the column
FC has a weight of 180 lb/ft, determine the resultant
internal loadings acting on cross sections located at points
D and E. Neglect the thickness of both the beam and
column in the calculation.

) 22an®
265 :
[ _' ¢’
0'7‘,"’12(602) sn4a P
Kif, 3 XS
zu-J;J}-z: A

oY ¢l )so. 72 Nip

onls)=208*" | e
2 ve
1 Leswscer |
— 054 z0.72%FP
o L gy 4%

Segment BD :
L IR =0, MNp+216 =0; Np=-216kip Ans

+lZF=0; %H+072-072=0; ¥%=0 Ans
(+}:M,,=o; Mp-072(3)=0; Mp=2.16kip-ft Ans

Segment FE :
« IF=0; V%-054=0; V;=0.540kip Ans

+l EF, =0; N;+072-504=0; Np=4.32kip Ans

(+EME=0; -Mg+0544)=0;, Mg=216kip-ft Ans
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1-118. The pulley is held fixed to the 20-mm-diameter
shaft using a key that fits within a groove cut into the
pulley and shaft. If the suspended load has a mass of
50 kg, determine the average shear stress in the key
along section a—a.The key is 5 mm by 5 mm square and
12 mm long.

F

f40.58
78 mm

(Mo =0, FI0) - 490505 = 0

F = 367875N .,
367875
fag =V 367875 gy S Y N
* T4 0005001z - OM3MP2 Ans 3678-75
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1-119 The yoke-and-rod connection is subjected to a ten
sile force of § kN. Determine the average normal stress it  SkN

each rod and the average shear stress in the pin A betweer ~ &
the members. b

40 mm

For the 40-mm — dia. rod :

SkN
Gag = — = ——— = 3.98MPa Ans

For the 30 —mm —dia. rod :

v 5010%)

G = — = ———— = T707TMPa  Ans s
T A E(003y 2
5K
- 25"
Average shear stress for pin A :
3
Tav =£_—2-i££2-— 09 MPa Ans
&7 A 200257
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2-1 An air filled rubber ball has a diameter of 6 in. If the
air pressure within it is increased until the bails diameter
becomes 7 in., determine the average normatl strain in the

rubber.

dy = 6in

d=7in

=47 _T7-6 _167insin. Ans
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2-2 A thin strip of rubber has an unstretched length of 15
in. If it is stretched around a pipe having an outer diameter
of 5 in., determine the average normal strain in the strip.

Ly = 15in

L = n(5in)
L-L -

e=Ltho _ 3715 b4, Ans
Lo 15
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2-3 The rigid beam is supported by a pin at A and wires
BD and CE. If the load P on the beam causes the end C lo
be displaced 10 mm downward, determine the normal strain
developed in wires CE and 8D.

-
AlLgp ALce
3 7 2 4 o
1 AL

Algp = %9-) = 4.286 mm to Dleg= 10 mm
ecp = 2keg = 10 _ 00250 mmmm  Anms

L 4000
esp = 2o _ 4286 (00107 mm/mm  Ans

L 4000
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*2-4 Nylon strips are fused to glass plates. When moder-
ately heated the nylon will become soft while the glass stays
approximately rigid. Determine the average shear strain in
the nylon due to the load P when the assembly deforms as
indicated.

y= tan’ (326) =11.31°=0.197rad  Ans
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2-5 The wire AB is unstretched when 0 = 45°. If a load is
applied to the bar AC, which causes § = 47°, determine the
normal strain in the wire,

=0+ L'ia ~ 2LL,p cos 43°

Lyg = 2L cos 43
€4 = Lig — Lug
Lyg

2cos43 ~ /2L
J2L

0.0343 Ans 47°

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




2-6 If a load applied to bar AC causes point A4 to be dis-
placed to the right by an amount AL, determine the normal
strain in wire AB. Originaily, 6 = 45°,

=~

L = \/ (V2L)* + AL2 - 2(/2 L)(AL) cos 135°

V217 + AL? + 2LAL

Lip — Lyp
EAB T e——
Ly

V207 + AL? + UAL - /2L

J2L

i

AL? AL
=Yyl+ —+ — =1
212 L

Neglecting the higher ~ order terms,

AL}
£ (I +-—=)2-1
48 L

1 AL
1+ E_L_ R | ( binomial theorem)

0.5AL
= 2 A
L ns Bl oir 48?

Also, AL

ALsin45" 05AL
= = Ans

Eap =
AR ﬁL 3
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2-~7 The two wires are connected together at A. If the force
P causes point A to be displaced horizontally 2 mm, deter-
mine the normal strain developed in each wire.

e AP

Lic = /300 + 22 — 2(300)(2) cos 150° = 301.734 mm

Lac —Lic _ 301734 - 300
Lyc 300

Exc =Epp = = 0.00578 mm/mm Ans
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*2-8 Part of a control linkage for an airplane consists of a
rigid member CBD and a flexible cable AB. If a force is
applied to the end D of the member and causes it to rotate
by 6=0.3" determine the normal strain in the cable.
Originally the cable is unstretched.

AB = /400%? + 3007 = 500 mm

AB’ = /400% + 300% — 2(400)(300) cos 90.3°

= 501.255 mm
AB’ - AB 501.255 - 500
Exp = =
AB 500
= 0.00251 mm/mm Ans
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2-9 Part of a control linkage for an airplane consists of a
rigid member CBD and a [lexible cable AB. If a force is
applied to the end D of the member and causes a normal
strain in the cable of 0.0035 mm/mm, determine the dis-
placement of point D. Originaily the cable is unstretched.

AB = /3007 + 400 = 500 mm

AB + £48AB
= 500 + 0.0035(500) = 501.75 mm

ABI

501.75% = 300% + 400° — 2(300)(400) cos e

a = 90.4185°
n
8 = 90.4185° — 90° = 0.4185° = ———0(0.4]85) rad
' 180
il = Ans
= = 600(——)(0.4185) = 4.38 mm
Ap = 600(8) =600(--0)
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2-10 The wire AB is unstretched when 8 = 45°, If a verti-
cal load is applied to bar AC, which causes @ = 47°, deter-
mine the normal strain in the wire,

AT = 3L

From triangle ABC,
sinc sin 135°

L JsL

a = 18.435°

CB

I

B = 18.435° + 2° = 20.435°

From triangle A‘BC,

sinf _ sin 20435° :
JSL L |

6

128.674°

¢ = 180° — 128.674° — 20.435° = 30.891°

A'B L

sin 30.891°  sin 20.435°

A'B = 1.47047L

AB-AB _ 147047L - J2L _ 0.0398

AB J2L

Ans

Erp =
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2-11 1f a load applied to bar AC causes point A to be dis-
placed to the lelt by an amount AL, determine the normal
strain in wire AB. Originally, ¢ = 45°. i

AB =/17+1? = /2L

From wriangle A’AB,
A'B = {AL? + (2L)? - 2(AL)y/2L cos 135° P

JAL? + 217 + 2L AL
A'B - AB
AB
VAL? + 212 + 2LAL - /2L

J2L

[AL AL
== +1+—=-1
212 L

Neglecting the higher order terms,

Eap =

AL !
£ = (1 4+ —)2 ~1
a8 = ( L)

L
1AL . . z
=1+~ -L— +...-1 (Binomial theorem)
7
A4l A
= (_)_S.Aé Ans
L
Also,
AL sin 45°

05A
= —é Ans

L

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




*2-12 The triangular plate is fixed at its base, and its apex
A is given a horizontal displacement of 5 mm. Determine y
the shear strain 7y at A.

L = /800% + 5% — 2(800)(5) cos 135° = 803.54 mm

sin135 sin 8 . 0 = 44.75° = 0.7810 rad

803.54 800
n 4 S
Yoy = = — 26 = = - 2(0.7810) H0m
2 2 " n'
= 0.00880 rad Ans Pt
1350 S
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2-13 The triangular plate is fixed at its base, and its apex
A is given a horizonta! displacement of 5 mm. Determine
the average normal strain €, along the x axis.

L = /8007 + 5% — 2(800)(5) cos 135° = 803.54 mm

g, = 20334 — 300 _ 00443 mm/mm Ans

800
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2-14 The triangular plate is fixed at its base, and its apex
A is given a horizontal displacement of 5 mm. Determine
the average normal strain - along the x” axis.

L = 800 cos 45° = 565.69 mm

&y = -—5—— = 0.00884 mm/mm Ans

565.69
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2-15 The corners of the square plate are given the dis-
placements indicated. Determine the average normal strains
¢; and ¢, along the x and y axes.

0.2in,

£ = ——— = — 003in/in. Ans
10

g = — = 0.02in/in.  Ans
10
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*2-16 The

corners of the square plate are given the dis-

placements indicated. Determine the shear strain along the

edges of the

plate st A and B, y
0.2in.

At A:

9 _ant (2L =43.561°
2 102

6 =1.52056 rad

A %’ ~1.52056

AtB:

g

0 10,2,

=0.0502 rad Ans v

/'\

% —ant (392 - 46.439°

97
18230,
¢ =1.62104 rad
AT
(Fadas =3 = 162104
n

« = —0.0502 rad Ans
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2-17 The corners of the square plate are given the dis-
placements indicated. Determine the average normal strains
slong side AB and diagonals AC and DB.

For AB :

A'B' = /(10.2) + (9.7)* = 14.0759 in.

AB = /(10)? +(10)? = 1414214 in.

_ 14.0759-14.14214
- 14.14214

En =—0.00469 in. /in.

For AC:

eac = 2420 _00200insin.  Ans
20

For DB ;

= _19_;_(;&) =-0.0300in./in.  Ans

€pp

Ans

0,2wy

- B
7714
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2-18 The nylon cord has an original length L and is tied to
a fixed bolt at A and a roller at B. If a force P is applied to
the roller, determine the normal strain in the cord when the
rolier is at C, ec, and D, ¢p. If the cord was originally
unstrained when it was at C, determine the normal strain
€cp when the roller moves to D. Show that if the displace-
ments Ac and Ap are small, then ecp = €p —ec.

Le = L+ 8%
= YL« A: - L
¢ L
A} Y
="_____—.—V‘+('L=_)L=‘/l+(-:-;) -1
L
For small Ac, .
1 Ak _1at
Ec=‘+§(z;)'l—§? Ans
In the same manner,
1 8b Ans
©=3p
‘ ‘/—T:"_ I+A—I€
JUevap- L+ ok _yl* ez o
_yL *8p- v Y6 - e
Ecp = ry

=
JL o+ 8t I+

For small A¢ and Ap.

aethouat gt - ah
Ecp = - s T+ ah
(1+i 9 e
AL - A b Ay & e QED
fcp = — = —(A¢ — Ap) = Ec ~ €

212 - AL W2

Also this problem can be solved as follows :

Ac = LsecBc: Ap = Lsect

£ = L_.gc_ﬂ_g_—__l:= secfc — t
L

pe = L ety - 1
L

Expanding sec 8

sech =1+ +

2R

56

o

For small 8 neglect the higher order lerms
=1+ —
sec 3

Hence,

6°

" i 8’
P
Ec 2

2

ap*

1 1 8!
=] 4 = == -
Ep 2

2

LsecBp — Lsecbc _
= o =

sec 8p
Ecp = o
d L sec 8¢

-1 = sec Op cosbe - |
sec 8¢

sec 8p cos 8¢ =

Neglecing the higher order terms
8 _ 6t
sec Oy cos B = 1 + —;— ?

2 92
—[|+9-;---1‘—]—|=

= £p QED
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2-19 The three cords are attached to the ring at B. When
a force is applied to the ring it moves it to point B’, such that
the normal strain in AB is €44 and the normal strain in CB
is eca. Provided these strains are small, determine the nor-
mal strain in DB, Note that AB and CB remain horizontal
and vertical, respectively, due to the roller guides at A and
C.

Coordinates of B ( Lcos@, Lsin8)

Coordinates of B’ (L cos@ + &45 L cos@, Lsin@ + &cp L sin6)

Log = (L cosB + 45 L cosB)? + (Lsin6 + £cp L sinB)?

Lop = L/cos?8 (1 + 2645 + €35) + si?8(1 + 2£cp + £43)

Since €45 and £cp are small,

Lpp = L1 + (2 £45¢0526 + 2ecpsin’6)

Use the binomial theorem,

Lpy

[}

L(t+ %(2 €4 COS20 + 2€cpsin’6))

L(1+ €48 COSZO + ecgsinze)

L( 1 + €45 cos’0 + £cpsin®6) — L
Thus, Epp = L

.2
Epp = EABCOSZG + EcpSin (7] Ans
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*2-20 The rectangular plate is subjected to the deforma-
tion shown by the dashed lines. Determine the shear strains
Yxy 800 yry developed at point A.

Since the right angle of an element along the x,y axes does not distort,then y
Yoy =0 Ans A v
@n § = 5.02
499

9 = 45.17 = 0.7884 rad

Yx'y' =

x

+
,"‘ 0.02in,

n

T _ 20
2
-;5 - 2(0.7884)

- 0.00599 rad Ans
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2-21 A thin.wire, lying along the x axis, is strained such
that each point on the wire is displaced Ax = kx? along
the x axis. If k is constant, what is the normal strain at
any point P along the wire?

P X
E=M=2kx Ans
dx
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2-22 The wire is subjected to a normal strain that is defined
bye =p‘!£where x is in millimeters. If the wire has an ini-
tial length L, determine the increase in its length.

L
AL = —lljJ.O xe_(le)z dx y /—t’:ée"}",
; x
i~
: L
e—(x/L)2 L !
= =—{1-Q1/
L— S 1-a/e)]
o
L
=2 fe-1] Ans.
e
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2-23 The rectangular plate is subjected to the deformation
shown by the dashed lines. Determine the average shear
strain vy, of the plate. ¥y

3
Yy =Ny, = — = 0.02rad
y Yry 150 i Ans
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*2-24 The rectangular plate is subjected to the deforma-
tion shown by the'dashed lines. Determine the average nor-
mal strains along the diagonal AC and side AB.

®
200 € ‘P
Biro 150
¢/ e T
% BA A
R N o~
Al
ForAC:
3
_ -1 —
9= tan (150)
6 =1.1458°

¢ = 90° + 1.1458° = 91.1458°

BA' = /(150)% + (3)? = 150.0300 mm

A'C' = /(150.0300)? + (200)? — 2(150.0300)(200)cos 91. 1458°

A'C’ = 252.4064 mm
AC = /(200 + (150)? =250 mm

Eac = 2524064-250 _ 0963 mm/mm  Anms

250
ForAB :

_ 150.0300- 150
- 150

EaB =0.000200 mm/mm Ans
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2-25 The piece of rubber is originally rectangular,
Determine the average shear strain y;, if the corners B and
D are subjected to the displacements that cause the rubber
to distort as shown by the dashed lines.

6, =tan 6 = 2 = 0.006667 rad
300

6, = tan 6, = —— = 0.0075 rad
400

Yy = 6, +6;

=0.006667 + 0.0075 = 0.0142rad  Ans
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2-26 The piece of rubber is originally rectangular and sub-
jected to the deformation shown by the dashed lines.
Determine the average normai strain along the diagonal DB
and side AD,

. ) ___Z? /z —
A—-—300mm—-|5| T30 e mve
2mm

AD' = / (400) + (3)* = 400.01125 mm

0= tan’ (%) =0.42971°

AB' = 4/ (300)% + (2)* = 300.00667 40,0112 S,

o =tan (=) =0.381966°
300 302,0064 7 .

a = 90°-0.42971° - 0.381966° = 89.18832°

DB’ =4 (400.01125)2 + (300.00667)2 - 2(400.01125)(300.00667) cos (89.18832°)
D'B'=496.6014 mm
DB = / (300)? +(400)* = 500 mm

_ 496.6014-500 _
B 500

Epa -0.00680 mm/mm Ans

e = J00U25-400 _,0981(10°) mm/mm  Ans
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2-27 The nraterial distorts into the dashed position shown.
Determine (a) the average normal strains €, ¢, and the shear
strain yyy, and (b) the average normal strain along line BE.

Somm

100 mm 7 ,‘—T
50 mm
Ko l .
Ap—80 mm —1F
Since there is no deformation occuring along the y and x axes,
£=0 Ans.
V125 + 10> - 125
T 0.00319 Ans.
! 10mm
fan ¥z = -R ? / " iSmm
7 12s il —
Yey = 0.0798 rad Ans ,25/"1 | s :'
'I
!
!

From geometry :
BE 1. g =gmm

00 125

Iy
20 mm "L\(

EE 15, EE’ = 6 mm

BE= /50 + 807 = /8900 mm

¥ =80+EE - BB =80+ 6~8=78mm

BE’ = /50* + 78 = /8584 mm

_ B'E’ - BE _ v 8584 - \/ 8900
S TBE T Jae0o

-~ 0.0179 mm/mm

Ans

Negative sign indicates shortening of BE.

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




*2-28 The material distorts into the dashed position shown.
Determine the average normal strain that occurs along the

diagonals AD and CF,

y —
rad L p
TN A
2 A |
i \ 4 :
t \W 4 '
y ! ‘St
100 mm 25mm 1 3 i
{ 7 \ !
! ’ I
! 7 \ |
{ Yy ]
4 \
x| IF A
B8O mem

AD = CF = /(80)% + (125)2 = /22025 mm

= / 20525 mm

C’F = /(70)% + (125)?

AD’ = J/(95)% + (125)% = /24650 mm

_AD" - AD

AD
v 24650 — /22025

) V22025

Eap

= 0.0579 mm/mm Ans

cor = CF - CF _ V20525 - /22025
© CF /22025

— 0.0347 mm/mm Ans
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2-29 The nonuniform loading causes a normal strain in the
shaft that can be expressed as €, = kx?, where k is a con-
stant. Determine the displacement of the end B. Also, what
is the average normal strain in the rod?

d (Ax) =e = ki . L 1
dx A Jr————————c 0
l-—x—-|
Lo, kL A
= k =2 ns
(A9)3 jo 7 ==
kL’ 2
Ax 5 _ kL
(Ex)lvs = S___lﬂ_ = .—3- = — Ans
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2-30 The nonuniform loading causes a normal strain in the
shaft that can be expressed as ¢ = k sin (—L— x), where kisa

constent. Determine the displacement of the center C and
the average normal strain in the entire rod.

. T
& =ksm(zx)

(Ade = J'OLIZ e di= J'uz

.1
k sin (=x)dx
. ks (L)

L 4 L2 L n
= k(= hod =~k (=)(cos — ~cos 0)
- k(ﬂ)cos(Lx)‘o ()05 7

1}

A&

Ans

0y = | ksin Tride

2kL
= -k(-f—;) cos (gx) z = —k(%_)(cos - cos 0) = ~—-

(Axp _ 2k
L n

Ans

Eavg =
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2-31 The curved pipe has an original radius of 2 ft. If it is
heated nonuniformly, so that the normal strain along its
length is € = 0.05 cos 8, determine the increase in length of
the pipe.

e = 0.05 cosf

AL = [edl

[°% (0.05 cos )(246)
0

. 90°
0.1]90 cos 8d0 = 0.1[sin 6] (|) ] =0l10ft Ans
0
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*2.32 Solve Prob. 2-31if ¢ = 0.08 sin &

dL = 240
e = 0.08 sin 6
AL = fedL
90° .
= [*”(0.08 sin 6)(2d6)
0
° 920°
= 0.16] " sin 06 = 0.16{-cos 6] | = 0161 Ans
0
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2-33 The Polysulfone block is glued at its top and bottom
to the rigid plates. If a tangentiai force, applied to the top
plate, causes the material to deform so that its sides are
described by the equation y = 3.56x'4, determine the shear
strain in the material at its corners A and B.

y=356x 7 :

o |
TN x
N 1 A
Prob. 2-33
y=356x"
& _ 0.890 x4
dx
&z
dy
AtA, x=0
dx
=—= Ans
YA p

AtB, FS -//)2/_':/

2=356x""
x=0.0996 in,

te = — = 1.123(0.0996)*'* = 0.199rad  Ans

&
dy
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2-34. The fiber AB has a length L and orientation 4. If
its ends A and B undergo very small displacements 1,4

and vg, respectively, determine the normal strain in the
fiber when it is in position A'B’.

Geometry :

Lyg =/ (Lcos® —u, )2 +(Lsind +vy)?
= /LT +u + v} +2L(UpsinG —u, cosb)

Average Narmal strain :

Lyg =L
L

- ’h—uﬁ +v} . 2(vpsin6 —u,cosf)
L2 L

Eap =

i

Neglecting higher terms ui and uf,

Lsine 1 Y

1
2 vysind — u,cosb) Y’
Exp =[l+———-———-————-( 250 I “a )] -1

Using the binomial theorem :

1{2ugsinf 2u,cosé
eA,,=l+-i( "I +.o.0-1
_ vgsing _u,cosé Ans
"L L
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2-35. If the normal strain is defined in reference to the
final length, that is,

e, = lim <————AS, — AS)
=y As’

instead of in reference to the original length, Eq. 2-2,
show that the difference in these strains is represented as
a second-order term, namely, €, — €, = €€,

AS'- AS
*" 7 AS

AS'~AS  AS'~AS
AS Y
AS? - ASAS'—-AS’AS +AS?
= ASAS’
AS? +AST~2AS'AS
= ASAS'
(AS'-AS)? _(AS’-AS\(AS'~AS
= TAsAS -( A8 )( as' )

=£,&, (Q.ED)

&, —En =

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




3-1 A tension test was performed on a steel specimen hav-
ing an original dismeter of 0.503 in. and a gauge length of

2.00 in. The data is listed in the table. Plot the stress—strain T Losd Gdp)- | Hlo %
diagram and determine approximately the modulus of elds- (ki p) o nlgu'bn Qn.)
ticity, the ultimate stress, and the rupture stress. Use a scale e ! 0
of 1in. = 15 ksi and 1 in. = 0.05 in.f/in. Redraw the linear- 1% . 0.0009
. N : : . 650 0.0025
elastic region, using the same stress scale but a strain scale 850 0.0040
of 1 in. = 0.001 in. _ 9:20 0:0065
} 9.80 0.0098
: 2 2 120 0.0400
=1 o H 140 0.1200
A =77(0.503)" =0.19871 in" 143 . o250
140 0.3500
132 0.4700
L=200in.

o=%(ks)) &=4L(in.fin)
0

0
12.58 0.00045
3271 0.00125
42.78 0.0020
46.30 0.00325
49.32 0.0049
60.39 0.02
70.45 0.06
73.00 0.125
7045 0.175
66.42 0.235
32.71 3,
E,ppror = =26.2 (10°) ksi Ans
) re 0.00125 (10"
S0t '

i

i

|

5t :

i

1

] -

lL - i/ |l i ! é ( "}’r.,
0.08 010 o5 00 0-25
)

l 1 It -

T ¥ T
0.00] 0.002 0003 0004 0005

QT
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3-2 A tension teat was performed on a steel specimen having Losd Eion 5 (in.)
an original diameter of 0.503 in. and gauge length of 2,00 in. Goe) o
Using the data listed in the table, plot the stress-strain diagram 0 0
and determine approximately the modulus of toughness. 2.50 0.0009
6.50 0.0025
8.50 0.0040
Modulus of toughness (approx) 9.20 0.0065
9.80 0.0098
120 0.(1)4233
14.0 0.
u, = total area under the curve 145 0.2500
10 0.3500
132 0.4700

87 (7.5) (0.025) (D

in. - kip

= 163 ——= Ans o=F2(ksi) e=4E(insin)
0 0
In Eq.(1), 87 is the number of squares under the curve. 12.58 0.00045
32.71 0.00125
4278 0.0020
4630 0.00325
49.32 0.0049
60.39 0.02
70.45 0.06
73.00 0.125
70.45 0.175
66.42 0.235
>
301 '
|
4 1
1
{
5% |
o i
]
| -
A € (7,
0.0§ o-1o 015 020 0-25
'
1 1 : 1 [l L 3
M ) T T i \
0 0.00] 0.002 0003 0004 0005
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3-3 Data taken [rom a stress-strain test for a ceramic is
given in the table. The curve is linear between the origin and U-(M P
the first point. Plot the curve, and determine the modulus of e )

elasticity and the modulus of resili L
34 restience 4'0 R
o(MPa) | €(mm/mm) 55 0
(2’ 1]
29 , -
314 g.gg?: 2904
41 0.0016
3ss 0.0020
368 0.
200
'3
E = 2—29-(—1—0—) = 286 GPa Ans
0.0008 1507
1 i
u = 5(229)(10“) N/m?(0.0008) mm /mm 100
50
= 91.6kI/m® Ans
i 0.0008 0.0002 00016 0-0020 0-0024-
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*3-4 A tension test-was performed on a steel specimen hav-

ing an origina! diameter of 0.503 in. and gauge length of 2 .2
2.00 in. The data is listed in the table. Plot the stress-strain A= -}7;(0,503) =0.1987 in
diagram and determine approximately the modulus of elas-

ticity, the yield stress, the ultimate stress, and the rupture

stress. Use a scale of 1 in. = 20 ksi and 1 in. = 0.05 in./in, L=2.00in.

Redraw the elastic region, using the same stress scale but a

strain scale of 1 in. = 0.001 in.fin.

o(ksi) e(in./in.)

Loud (kip) [Elongation (in.) 0 0
0 0 755  0.00025
1.5 .
by Fyas 2315 0.00075
so0. oorzs 4026 0.00125
1180 0.0050 5536 0.00175
.80 0.0080
o | o000 5938  0.0025
e 95 5938  0.0040
21.50 0.2800 6039 0010
19.50 0.4000
_ 18.50 0.4600 83.54 0.020
J(ksc) 100.65  0.050
10820  0.140
98.13  0.200
1207 9310 0230

1001

(UY) approx = 55 KJ{

f
T ; 48
Eupprox = —— = 320(10°)ksi  Ans
| PP 0.0015 (10’
]
i
20+ '
]
i
!
¢ by -
p—t— : i + € (infiy)
0 005 | 010 0-15 0-20 025
o.ooni‘ 0.002  0-003 0.004  0.005
0-o019

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




3-5. The stress-strain diagram for a steel alloy having
an original diameter of 0.5 in. and a gauge length of 2 in.
is given in the figure. Determine approximately the
modulus of elasticity for the material, the load on the

specimen that causes yielding, and the ultimate load the — Jr
specimen will support. » -
ol 2
)l
of M
17
o
:i 7 Gaa)
o 0e 208 02 86 B, O3 W

Modulus of Elasticity : From the stress - strain diagram,
o = 40 ksi when £ = 0.001 in./in.

40-0
E,

3 .
ApproR = m = 400( 10 ) ksi Ans

Yield Load : Erom the stress — strain diagram, o, = 40.0 ksi.
L4 .
P =oyA= 40.0[(2)(0.5’)]= 7.85 kip Ans
Ultimate Load : From the suess — strain diagram, o, = 76.25 ksi.

P=oA= 76.25[(;)(0.51) ] = 15.0kip Ans
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3-6. The stress—strain diagram for a steel alloy having
an original diameter of 0.5 in. and a gauge length of 2 in.
is given in the figure. If the specimen is loaded until it is
stressed to 70 ksi, determine the approximate amount of

aksi)
elastic recovery and the increase in the gauge length after ® T
it is unloaded. o
sol2
it -
ol £
pr -
10}-4
0 L Gadin)
P Gasm)
e e LI P

Modulus of Elasticity : From the stress — strain diagram,
& = 40 ksi when £ = 0.001 in. /in.

40-0

E=s%1=0

=40.0( 10") ksi

Elastic Recovery :

] 70
i == = e = ), in. /in.
Elastic recovery E = 000109 00175 in. /in

Thus,
The amount of Elastic Recovery = 0.00175(2) = 0.00350 in. Ans
Permanent Set :

Permanent set = 0,08 ~ 0.00175 = 0.07825 in. /in.

Permanent elongation = 0.07825(2) = 0.1565 in. Ans
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3.7. The stress-strain diagram for a steel alloy having
an original diameter of 0.5 in. and a gauge length of 2 in,
is given in the figure. Determine approximately the

ooni)
modulus of resilience and the modulus of toughness for -
the material. ol \
Ji
7 ]
" /|
» %
Modulus of Resilience : The modulus of resilience is equal ok (/)
to the area under the linear portion of the stress ~ strain diagram. 9 R

b
(ur)appm: 3

= %(40.0)( 10°) (.—ur)(o.om E.) =200 E‘E}‘E Ans.

Modulus of Toughness : The modulus of toughness is
equal to the total area under the stress — strain diagram and
can be approximated by counting the number of squares.
The total number of squares is 45.

kip in. in- kip
4 uppon =45{10 S)omz)=18022 A
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*3-8 The stress-strain diagram for a steel bar is shown in
the figure. Determine approximately the modulus of elas-
ticity, the proportional limit, the ullimate stress, and the
modulus of resilience. I{ the bar is loaded until it is stressed

to 450 MPa, determine the amount of clastic strain recovery o (MPs)
and the perminent set or strain in the bar when it is $50
unloaded.
500 e
450
400
350 e
300
250
200
150
100
50 |
Op = 325MPa  Ans ol .
Our .= SO0MPa Ans o Moo oo 0%
Modulus of elasticity : Prob. 3-8
325(10%)
E=-——- =217GP
0.0015 2 Ans
Modulus of resilience
1
u = 5(0'0015 mm/mm)(325)(10%) N/m?
= 244 kJ/m’ Ans
6 6
Elastic recovery = 450007 = 450010°%
E 217(10°)
= 0.00207 mm/mm Ans
Permanent set = 0.0750 — 0.00207
= 0.0729 mm/mm Ans

!
!
'
i
1
t
H
'
i
¢

'
Eem
4 ;mm 029 240 )
900 oML 2903

0.0750
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39 The o—-e didggram for elaatic fibers that make up human
skin and muscle is shown, Determine the modulus of elas-
ticity of the fibers and estimate their modulus of toughness
and modulus of resilience.

o(psi)
55
Ll —
. 2729 € (in.Ain)
11 .
=5 5.5 psi Ans

= %(2)(1 D+ %(55 +11)(2.25-2)=19.25psi  Anms

u, = %(2)(11) =11 psi Ans
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3-10 The stress—strain diagram for a bone is shown, and can
be described by the equation € = 0.45(107%) & '+ 0.36(10-12) o3,
where ¢ i3 in kPa. Determine the yield strength assuming a
0.3% offset.

?P

€ = 0.45(10%)0 +0.36(10 1?)a3

L

£ = 0.45(10%) 0 +0.36(10'%) 6’
For 0.3% = 0.003 mm/mm offset
3000 = 0.450 +0.36(10°%) 6"

Solving for the real root yields

o=182MPa Ans
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u3-11 The stress—strain diagram for a bone is shown and can
be described by the equation € = 0.45(10-%) o + 0.36(10712)d%,
where o is in kPa. Determine the modulus of toughness and
the amount of elongation of a 200-mm-long region just be-
fore it fractures if failore occurs at e = 0.12 mm/mm.

1}’

e = 0450050 + 0.36(17 )0

b

When £ =0.12
120(10°) = 0.45 & +0.36(10°)0”
Solving for the real root :

6 = 6873.52 kPa

6873.52
U = IAdA = Io ©0.12-6)do

u = [ 72 0.12-0.45(10)0 - 0.36(107 0"y do 0.2
()]

=0.126—0.225(10"%)0% —0.09(10712)0*15*7>*
=613 kPa Ans

8 = eL=0.12(200) = 24 mm Ans
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*3-12 Fiberglass has a stress-strain diagram as shown. If a
50-mm-diameter bar of length 2 m made from this material
i subjected to an axia! tensile load of 60 kN, determine its

elongation,
a(Pe)
a=30K10%¢ 2
€ )

3

o= P = 8040D _ 2 558 Mpa
A m0.025)

o = 300(10%)¢'"

30.558(10%) = 300(10%)¢ */?
£=0.010375 mm/mm
§ = Le =2(0.010375) = 0.0208 m

0=208 mm Ans
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3-13 Acetal plastic has a stress-strain diagram as shown. If
a bar of this material has a length of 3 t and cross-sectional
area of 0.875 in?, and is subjected to an axial load of 2.5 kip,
determine its elongation.

o (psi)

o=9.510"¢'"”

€ (infin))

a’=£ = is—- =2.857 kSl
A 0875

6 =95(10%)¢'"
2.857(10°) = 9.5(10%)e"?
£=00272 in.fin.

& =Le =3(12)(0.0272) = 0.979 in. Ans
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3-14 A specimen is originally 1 ft long, has a diameter of
0.5 in., and is subjected to a force of 500 Ib. When the force
is increased io 1800 Ib, the specimen elongates 0.9 in.
Determine the modulus of elasticity for the material if it
remains elastic.

o =22 3% o sasksi
A Tosy
o =L 2890 o i67ksi
A T05)

Ae = 92 = 0.075 in./in.
12
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3-18 A structural member in a nuclear reactor is made from
a zirconium alloy. If an axial load of 4 kip is to be supported
by the member, determine its required cross-sectional area.
Use a factor of safety of 3 with respect to yielding. What is
the load on the member if it is 3 ft long and its elongation
i8 0.02in.7 E, = 14(10%) ksi, oy = 57.5 ksi. The material has
elastic behavior. o
FS. =3 = —2—

Oaliow
Callow = ﬂ—s- = 19.17 ksi
3
Caltow = 19.17 = -‘-1-
A

£ === —= = 0000555
L 332

o = Ee = 14 (10°)(0.000555) = 7.78 ksi

P = oA = 7.78(0209) = 1.62kip Ans
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*3-16 The pole is supported by a pin at C and an A-36 steel
guy wire AB. If the wire has a diameter of 0.2 in., determine
how much it stretches when a horizontal force of 2.5 kip acts
on the pole.

- -ﬁr-
o | |2
b = 2857 2.5%1P
4
Cx
Fu 2857 1
oup =22 = = 90.94 ksi
¥ a0z T O 4
(Y] 90.9
£ B e——
w = S = g = 0003136

San = Eag Ly = 0.003136 (11_22_)

i

e
(¥8)
£
oy
>
2
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3-17 The bar M is rigid and is originally held in the hor-
izontal position when the weight W is supported from C. If
the weight causes B to be displaced downward 0.025 in.,
determine the strain in wires DE and BC. Also, if the wires
are made of A-36 steel and have a cross-sectional area of
0.002 in?, determine the weight W.

3 .1
0025 & , ,
2 3
5=0.0417 in. a-awl j;o‘m.
EpE =§ = 0—0—4-]—1 = 0.00116 in./in. Ans
L 3(12
ope = Eepg = 29(10°)(0.00116) = 33.56 ksi
Fpg = OpeApg = 33.56 (0.002) = 0.0672 klp 1 &e - 0.0 7l¥"?
— A~
= ‘ -— ! + 3 = 0 ‘

@GFIM =0 (0.0672) (5) + 3(W) - Ny

w
W = 0112kip = 1121b  Ans

w0112

onc =~ = 212 _ 550445
A 0.002

eac =28 = 39 g00193insin.  Ans
E 2900
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3-18 The o—¢ diagram for a collagen fiber bundle from
which a2 human tendon is composed is shown. If a segment
of the Achilles tendon at A has a length of 6.5 in. and an
approximate cross-sectional area of 0.229 in?, determine its
elongation if the foot supports a load of 125 Ib, which causes
a tension in the tendon of 343.75 [b.

o (ksl)

4.50
375
3.00
225 /
1.50
0.75 1251b

0.05 0.10 € (in.Ain.)

From the graph £ = 0.025 in./in.

8 =eL=0.025(6.5)=0.162in.  Ans
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3-19. The two bars are made of polystyrene, which has
the stress—strain diagram shown. If the cross-sectional
area of bar AB is 1.5 in® and BC is 4 in?, determine the
largest force P that can be supported before any member
ruptures. Assume that buckling does not occur.

3
+TZE =0 31«;, ~P=0; Fj,=16667P (1]

4
+IE =0; Fc- 3(1.6667P) =0; Fe=1333P [2]

Assuming failure of bar BC :
From the stress - strain diagram (0 ), = Sksi

e,
4 ’

Be. 4.

- , -_

F‘BC = 20.0 kip
ABC

From Eq.[2], P = 15.0kip

Assuming failure of bar AB :

From stress - strain diagram (gz), = 25.0 ksi

o= -E‘—"; 250= f‘—"—; F,, = 37.5kip
5 15

From Eq.[1], P = 22.5 kip
Choose the smallest value
P =15.0 kip Ans
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*3.20. The two bars are made of polystyrene, which has
the stress—strain diagram shown. Determine the cross-
sectional area of each bar so that the bars rupture
simultaneously when the load P = 3 kip. Assume that
buckling does not occur.

3
+TLE =0 FBA(_S')_3=O; F, = Skip 2
4 ﬁ‘-
$IE =0, -Fo+5Q)=0 K =4kp D X
< 3
For member BC : )
F 4 ki F&q 3Ki
(Gmax)l = "-Bi H ABC = —'—E = 0.8 in2 Ans ’ F
Agc Sksi
For member BA : .
F 5 kip '
(G ax = "B_A", = = 02 2 A
made = 20 An = 35 o Ans
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3-21 The stress—strain diagram for a polyester resin is given
in the figure. If the rigid beam is supported by a strut AB
and post CD, both made from this material, and subjected
to & load of P = 80 kN, determine the angle of tilt of the
beam when the load is applied. The diameter of the strut is
40 mm and the diameter of the post is 80 mm,

A RO
H os
075m 075ml gp 7™

Tt TR

From the stress - strain diagram,

6
£=32200" _ 5510 Pa
Thus,
3
oup= 1A o 300D 5 g3 Mpa

6
eap = 228 = 318U 6 400885 mm/mm
E  3200)

3
aCD = -@- = :0(_10)2 = 7.958 MPa
Acp #(0.08)

_ Ocp _ 7.958(10°%)
Ecp= — = T

= = 0.002471 mm/mm
E 3.22(10%)

b4 = Eaplyp = 0.009885(2000) = 19.77 mm

dcp = Ecplep = 0.002471(500) = 1.236 mm

Angle of tilt ¢ :
a= E'5—3&; a = 0.708° Ans
1500

o (MPa)

100
95

80 compreasion

70
60
50
40
322
20

(cnsion

(S B G S B L O §

T

0 1 i L ((
0 001 002 003 CO04

L J

o

Vazcm | 2.7em

cp—40 kA)

m_,
—_— 1
PR Y & X 12
HPEE ’\*

M-T7mm

18.65¢ mm
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3-22 The stress-strain diagram for a polyester resin is given
in the figure. If the rigid beam is supported by a strut AB
and post CD made from this material, determine the largest
load P that can be applied to the beam before it ruptures.
The diameter of the strut is 12 mm and the diameter of the
post is 40 mm.

a (MPa)
100
95
80 compression
10
60
50
40
322

20

T T 7T

lcnsion

T

! t ¢ il «

g
0 001 002 003 004

Rupture of swtut AB : ‘f ! )
o = f‘_”; 50(10%) = .”_.P_/Z_z.; To7sm ' o gsm

A £(0.012) Foe2

P = 11.3kN (controls) Ans

Rupuure of post CD :

F P2
or = =2, 95(10°) = ——

Acp £(0.04)

P = 239kN
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3-23 The pipe is supported by a pin at C and an A-36 steel
guy wife AB. If the wire has a diameter of 0.2 in,, determine
how much it streiches when & distributed load of w =
100 1b/ft acts on the pipe. The material remains elastic.

+EZMc = 0;  Fagsin 30°(10) — 0.1(10)(5) = 0;

Fip = 1.0kip

0=Eg 3183 = 2910°) £43;  £45 = 0.0010981 in./in.

St | 5S¢ i
dap = Eap Ly = 0.0010981( 120 ) = 0.152in. Ans F‘e ’
cos 30°
30.
— Pk |
{x ‘- T

; -/ (/0) h‘r
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*3-24 'The pipe is supported by a pin at C and an A-36 steel
guy wire AB. If the wire has a diameter of 0.2 in., determine
the disiributed load w il the end 8 is displaced 0.75 in, down-

ward.
A
sin § = 932—6-2—5-; 8 = 0.3581°
10 s TS H _
a = 90 + 0.3581° = 90.3581° RN e
c \‘N 00625 f1
io C,
AB = —2 _ = 115470 ft bt e
cos 30°
AB’ = /102 + 57735 — 2(10)(5.7735)cos 90.3581°
= 11.5782 ft
e = 2B = AB _ 115782 = 115470 _ 000 in.
AB 11.5470
‘ Fe=2.462 Lip
O = E e45 = 29(10°)(0.002703) = 78.38 ksi 4:
r [" \ .o_t__\r
Fi = G A = 78.38(2)(0.2)2 = 2.462 kip —* :

+ZMc = 0; 2.462 sin 30°(10) - 10w(5) = O;

w = 0.246 kip/ft Ans
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3-25 The stress-strain diagram {or many metal alioys can
be described analytically using the Ramberg-Osgood three
parameter equation € = ofE + ko”, where E, k, and n are
determined from measurements taken from the diagram.
Using the stress-strain diagram shown in the figure, take
E = 30(10%) ksi and determine the other two parameters &
and # and thereby obtain an analytical expression for the

curve. 0 (ksi)
80
0 - <
Choose, 20
o=40ksi, £=0.1 €(10-%)

00 02 03 04 05
o=60ksi, £=03

40
30(10%)
60
30(10%)

+k(40)"

+k(60)"

0.098667 = k(40)"
0.29800 = k(60)"

0.3310962 = (0.6667)"
In (0.3310962) = n In (0.6667)

n=273 Ans
k=423(10%) Ans
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3-26 The acrylic pleatic rod is 200 mm long and 15 mm in
diameter. If an axial load of 300 N is applied to it, determine
the change in its length and the change in its diameter. £, =
2.70 GPa, v, = 0.4,

300N l 00N
f 200 mm
o =P 3% ___ e97MPa
A E©OOI5?
(]
Ejong = g = };‘6"91&9—2 = 0.0006288
E 2.70 (10°)
O = Eogg L = 0.0006288 (200) = 0.126 mm Ans

Eat = —VEiong = —0.4(0.0006288) = -0.0002515

Ad = ga:d = —0.0002515 (15) = ~0.00377 mm Ans
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3-27 The short cylindrical block of 2014-T6 aluminum, hav-
ing an original diameter of 0.5 in. and 8 length of 1.5in., is
placed in the smooth jaws of a vise and squeezed until the
axial load applied is 800 Ib. Determine (a) the decrease in
its length and () its new diameter.

a)
o =Po 30 407437 psi
A Zosp
6 -4074.37
Flons = 2 = ol = — 0.0003844
8 T F T 10.6(10%)
8 = £longl = — 0.0003844 (1.5) = - 0.577(10%)in.  Ans
b)
v = 2 _ 35
Elung

& = —0.35 (- 0.0003844) = 0.00013453
Ad = g,,d = 0.00013453 (0.5) = 0.00006727
d’ = d + Ad = 0.5000673 in. Ans
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*3-28 A short cylindrical block of bronze C86100, having
an original diameter of 1.5 in. and a length of 3 in,, is placed
in a compression machine and squeezed until its length
becomes 2.98 in. Determine the new diameter of the block.

= 2002 _ 0066667 in.fin.

Elong 3

flat = —VEiong = —0.34(- 0.0066667) = 0.0022667 in./in.

Ad = g,4.d = 0.0022667(1.5) = 0.0034 in.

1.5034 in. Ans

4 =d+ Ad = 1.5 + 00034
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3-29. 'The support consists of three rigid plates, which
are connected together using two symmetrically
placed rubber pads. If a vertical force of 50 N is applied
to plate A, determine the approximate vertical
displacement of this plate due to shear strains in the
rubber. Each pad has cross-sectional dimensions of 30
mm and 20 mm. G, = 0.20 MPa.

fag == —5 ___ - 41666.67Pa
A~ ©003)X002)

p= X o A166667 _ 2083 rd

G 020109

& = 40(0.2083) = 833 mm  Ans
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3-30. A shear spring is made from two blocks of
rubber, each having a height 4, width b, and thickness
a. The blocks are bonded to three plates as shown. If r
the plates are rigid and the shear modulus of the 4

rubber is G, determine the displacement of plate A if
a vertical load P is applied to this plate. Assume that
the displacement is small so that § = atany = ay.

Average Shear Stress : The rubber block is subjected o 2

P
shear force of V= 7

v § P
S TRETT &
‘Y
Shear Strain : Applying Hooke's law for shear —
P
fomx. P
T=%°G6 “2bhG -£
Thus,
JI__.{.
4
5=ay =12 A
—aY-thG ns
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3-31. A shear spring is made by bonding the rubber
annulus to a rigid fixed ring and a plug. When an
axial load P is placed on the plug, show that the
slope at point y in the rubber is dy/dr = —tany =
~tan(P/(2whGr)). For small angles we can write
dy/dr = —P/(2whGr). Integrate this expression
and evaluate the constant of integration using the
condition that y =0 at r = r,. From the result
compute the deflection y = 8 of the plug.

Shear Stress ~Strain Relations hip : Applying Hooke's law with

¢ = P
T ITS
y_rA__ P
G 2mhGr Atr=r, y=0
dy P
= =—tan { ———— .E.D P
dr any (ZIrhGr) ©Q-ED) 0=—2”hclnr‘, +C
P
If y is small, then tan ¥ = y. Therefore, C=27rhGlnr'
dy P P r,
dr  InhGr Then, YE TR
P dr
Y ="3%kG | 7 Atr=r, y=8
=l r + C
Y= mnG PR
2rhG Ans
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*3-32 The sluminum block has a rectangular cross section
and is subjected to en axial compressive force of 8 kip. If the
1.5-in, side changed ita length lo 1.500132 in., delermine
Poisson's ratio and the new length of the 2-in. side. Ey =

10(10°) ksi.
8 Kp
o=P-_% _667ksi
A 215
frong = 2 = 22867 _0.0002667
E 100109
p o LSOOIB2 = LS e
15
y = “0:0000880 _ ), 4q9 Ans
20.0002667

K = 2 + 0.0000880(2) = 2.000176in.  Ans
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3-33 The plug.has a diameter of 30 mm and fits within a
rigid sleeve having an inner diameter of 32 mm. Both the
plug and the sleeve are 50 mm long. Determine the axial
pressure p that must be applied to the top of the plug to
cause it to contact the sides of the sleeve. Also, how far must
the plug be compressed downward in order to do this? The
plug is made from a material for which £ = § MPa, » = 0.45.

Elar = =% - 0.06667 mm/mm
v o Bu g o B 006667 41481 mm/mm
Elong v 0.45

p = 0= E &, = 5(10°)(0.1481) = 741kPa  Ans

8 = |€i0ag L] = |- 0.1481(50) | = 7.4] mm Ans
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3-3 The rubber block is subjected to an elongation of 0.03 in.
along the x axis, and its vertical faces are given a tilt so that
6 = 89.3°. Determine the strains ¢, €, and 7. Take s, = 0.5,

£ =OL_ 003 _ 0075 in.in. Ans
L 4

g = - ve = - 0.50.0075) =-0.00375 in.fin. Ans
.3 T T

y = = — 0 =2 - 89.3%(—) = 0.0122rad Ans

Yo =3 2 (180")

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




3-35 The ‘elastic portion of the tension stress-strain dia-
gram for an aluminum alloy is shown in the figure. The spec-
imen used for the test has a gauge length of 2 in. and a
diameter of 0.5 in. When the applied load is 9 kip, the new
diameter of the specimen is 0.49935 in. Compute the shear
imodulus Gy for the aluminum.

o (ai) -
70 ’ ﬁ

!

€ (in.fin.)
0.00614

From the stress - strain diagram,

E,=2 =19 _ 1140065ksi
e 000614

When specimen is loaded with a 9 - kip load,

=P 2 sssaks
A X05)
Elong = = = A58 00040208 in./in.
E  11400.65
&’ —d_ 049935 - 05 _
Elll - d - 0.5
v fa SO0 g
Eiopg 0.0040208
11.4(10°
Gal _ Eal - ( )

T2(1+v)  2(1 +032332)

- 0.0013 in./in.

= 431(10%) ksi

Ans
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*3-36 The elastic portion of the tension stress-strain dia-
gram for an aluminum alloy is shown in the figure. The spec-
imen used for the test has a gauge length of 2 in. and a
diameter of 0.5 in. If the applied load is 10 kip determine
the new diameter of the speci The shear modulus is
Gu = 3.8(10%) ksi. o tal)

) o l{
P 10

6= — = —— = 50.9296 ksi J

0.00614 € (in/in.)

From the stress - strain diagram

L 11400.65 ksi

E =
0.00614

o _ 509296

Eiong = = T T 0.0044673 in./in.
E 11400.65

E

) _ 11400.65.
A1+ V)

3.8(10%) = . v =0500
2(1+v)

£t = — VEigng = — 0.500(0.0044673) = - 0.002234 in./in.
Ad = ga.d = — 0.002234(0.5) = - 0.001117 in.

d’ = d+ Ad = 05 - 0.001117 = 0.4989 in. Ans
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8O kN

3-37 The rigid beam rests in the horizontal position on two
2014-T6 aluminum cylinders having the unloaded lengths
shown. If each cylinder has a diameter of 30 mm, determine
the placement x of the applied 80-kN load so that the beam
remains borizontal. What is the new diameter of cylinder A
after the load is applied? v, = 0.35.

(+ My =0, FR(3) -8 =0 F= %‘ )
(+ZMy =0, -F(3) +803-0 =0; F, = 80(3;"‘) 2
Since the beam is held horizontally, 8, = &5 8o~

P o _%
= - £ = — = A
A E E L
—
= 3-x
P
s=eL=(AL="EL A Fe
E AE
80(3-x) 80x
P (2200 _ %2(210)
AE AE
80(3-x)(220) = 80x(210)
x=153m Ans
From Eq. (2),
Fy = 39.07kN

B _ 39.0700°
op =24 = B0 _ 5557 Mpa
A 2003

=—=—————= = - 0.000756

— 0.35(~0.000756) = 0.0002646

it

Elat = = VEjong

dy= dy + d £, = 30 + 30(0.0002646) = 30.008 mm  Ans
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3-38 A short'cylindrical block of 6061-T6 aluminum, hav-
ing an original diameter of 20 mm and a length of 75 mm,
is placed in a compression machine and squeezed until the
axial load applied is 5 kN. Determine () the decrease in its
length and (b) its new dizmeter.

- 3
a) o= f = ”—M = - 15915 MPa
A 1(0.02)?
0 = E 1005 ~ 15915(10°) = 68.9(10°) €104,
Elong = — 0.0002310 mm/mm

8 = foggl = —~ 0.0002310(75) = ~ 0.0173 mm Ans

) v=-S. 355 - S
P 200002310

€12 = 0.00008085 mm/mm
Ad = €,,d = 0.00008085(20) = 0.0016 mm

d" =d+ Ad = 20 + 0.0016 = 20.0016 mm Ans
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3-39 The A-36 steel wire AB has a cross-sectional area of
10 mm? and is unstretched when & = 45.0°. Determine the
applied load P necded to cause 0 = 44.9°,

Ly _ 400
sin90.2°  sindd9’

Lyp = 566.67 mm

400
Liyg = = 565.69
"8 sinds®

_ Lag — Lug _ 566.67 ~ 565.69
T Le 56569
a = Ee = 200(10°) (0.001744) = 348.76 MPa

= 0.001744

‘+ IM, =0

P(400 cos 0.2°) — Fyp sin 44.9° (400) = 0 6}

However,

Fis = GA= 34876 (10°)(10)(10°®) = 3.488 kN

From Eq. (1), FAG ,

P = 246kN  Ans o \614,9

——

1 400 mm L
k P
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*3-40 While undergoing a tension test, a copper-alloy spec-
imen having a gauge length of 2 in. is subjected to a strain
of 0.40 in./in. when the stress is 70 ksi. If oy = 45 ksi when
ey = 0.0025 in.fin., determine the distance between the
gauge points when the load is released.

- 0(0.0025)

Elastic recovery = = 0.0038889 in./in.

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

é

0.3961(2) = 0.792in.

L

240792 = 2.792in. Ans
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3-41 The stress-strain diagram for polyethylene, which is
used to sheath coaxial cables, is determined from testing a
specimen that has a gauge length of 10 in. If a load P on the
specimen develops a strain of € = 0.024 in./in., determine the
approximate length of the specimen, measured between the
gauge points, when the ioad is removed. Assume the speci-
men recovers elastically.

o (kal)
P
5
4 o
3 "/ ° i
: [/
! P ].(K.f./; )
%0 00 Uole 003 o00% ook oom M 5 ] P
3.65 —%’ - ‘3 .
/ /
217 - —
Ry ! .
From the graph & = 2ksi, ¢ = 0.004in./in. | / = Lté Cinfin )
o 2(10% o3 I 33 ¥
E=2=""1 = 500ksi S 2 S ¢
[ 0.004 °
&e
€ = 0024 in.fin., o ~ 3.65ksi
L’ = 10in. + 0.024(10) = 10.24in.
Elastic strain recovery :
fe =2 =380 _ 40073 in.fin.
E  500ksi
5 =Le.. =1000.0073) = 0.073 in.
L=L - &=1024in. - 0073in. = 10.17 in. Ans
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3-42 A tension test was performed on a stee! specimen hav- Lod GY) | Hengation (mum)

ing an originaj diameter of 12.5 mm and a gauge length of 0 0

50 mm. The data is listed in the table. Plot the stress—strain 11 00175

diagram and determine approximately the modulus of elas- 319 0.0600

ticity, the ultimate stress, and the rupture stress. Use a scale 378 g}g:g

of 20 mm = 50 MPa and 20 mm = 0.05 mm/mm. Redraw the :g: 0.2490

linear-elastic region, using the same stress scale but a strain $34 1.0160

scale of 20 mm = 0.001 mm/mm, 623 3.0480
g | am
5‘3 11.9380

= 11(0.0125)% = 0.12272(10) *m®

6
E:ppmx = 1—'2—5-(‘10—) = 250 GPa Ans
0.0005

Gmpa?

SS0=F  (ue * 530 _MFY
530 —

S~

350 1

2oe

140

0.0008
VN

T
» 801

i

+ t t T
2-281 003 D-00f o008

ad.
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3-43 A tension test was performed on a steel specimen
having an original diameter of 12.5 mm and a gauge length
of 50 mm. Using the data listed in the table, plot the
stress-strain diagram and determine approximately the
modulus of toughness. Use a scale of 20 mm = 50 MPa and
20 mm = 0.05 mm/mm.

Load &N) | Elgogation (mm)
0 0
1.1 00175
319 0.0600
378 0.1020
409 * 0.1650
436 0.2490
534 1.0160
623 3.0480
645 63500
623 . 8.8900
58.8 7119380

Jie (wAl&e T(

The modulus of toughness = Total area under the curve. By counting squares we have
(approximately)

< crpe N ma 810t _N_
[u,=(188.3 squmes)(laxlo — 0.025 — 118( )m:
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*3-44 An §-mm-diameter brass rod has a modulus of elas-
ticity of E5, = 100 GPa. If it is 3 m Jong and subjected to an
axial load of 2 kN, determine its elongation. What is its elon-
gation under the same load if its diameter is 6 mm?

@M 2kN
2 kN m
P 2010% "
O =— S = 39.789 MPa
A Z(0.008)
'3
e =2 2327800 _ 00039789
E  100(10°)
5 = £ L = 0.00039789(3000) = 1.19 mm Ans
P 3
o =L= 20D 30735 Mpa
A Z(0006%)
6
g = & 2 103500) _ 60070735
E 1000109
8 = ¢’ L = 0.00070735(3000) = 2.12 mm Ans
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4-1 The assembly consists of a steel rod CB and an aiu-
minum rod BA, each having a diameter of 12 mm. If the rod
is subjected to the axial loadings at A and at the coupling B,
determine the displacement of the coupling B and the end
A. The unstretched length of each segment is shown in the
figure. Neglect the size of the connections at B and C, and
assume that they are rigid. E,, = 200 GPa, E, = 70 GPa.

= 1
Rg=i2 YT ~
o BN
foa=18 ~—CC—F—
3
5p=PL. 120003 _ _(00159m=159mm Ans
AE ~ E(0.012)2(200X10%)
3 3
5Pl 120000 18002
AE T E(0.0127Q00010°)  E001212(70)(10%)

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

Alumimm Copper Steml
Ey=10(10%) ksi £ w18(10%)ksi  E,=29(10%)kei
P ) ) A Ay=0.09in? Agen0.12in? Acp=006m?
AB H
Op =—=— =222%ksi (1) ns
T As 009
osc == > _417ksi (©) Anms
Age 012
Psc 1.5 .
Op =25 = -2 =250ksi (C) Anms
P " e 006 ¢
2Kl‘p .
5o = gPL___ 2018 L, _E92) 1516 = Ry 2 7
Y07 TAE T 009)10)(10°) T (0.12)(18)(10°)  (0.06)(29)(10°) xip 35
2 1 Kip
' '—%1 PBC =5
= - 0.00157 in. Ans —"3 5FTP

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

Mlnhn:n Copper Steal
Fue 110N ki B w1B10)kei £, = 29(10%) ke
Aup® 008 in2 Apcm0.12in2 Acp=006in?

by i 3.5k L
Fj'*?n =™

PL - 5)(12) .
Swe = —= —— D _ _00278in. A
BCTAE T (0.12)18)(10°) n s

The negative sign indicates end B moves towards end C.
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*4-4 The copper shaft is subjected to the axial loads shown.
Determine the displacement of end A with respect to end D
if the diameters of each segment are d 5 = 0.75 in,, dyc =
1in, and dcp = 0.5 in. Take E., = 18(10%) ksi.

‘-—so in. 150 in. 100 in.-'
5 ki i .
8 kip g 2 kip 6 kip

A sip B ¢ 2kip D
Kip .
8 —e ﬁﬂa =8 ald
8Kn'p 5"‘5’ ‘ )
e E
sap kP f4ad
L
Sup =2k . 8GO 2(150) 6(100)

AE §(0.75)2(18)(103) 45(1)2(18)(10’) 45(0.5)2(18)(103)
=0.1111n. Ans

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

Pk=10'4‘"‘
[ ]
o [1%
4

5 =2_1_’£= 16.116 (10°)(0.75) 10.4 (10°)(1.50)
7 TTAE T 60 (10%)200)(10°) | 60(10°5)(200)(10°)

]

0.00231m = 2.31 mm Ans

3
5y =05 + 8 (10°)(0.5)

—_——————— = 0.00264 m = 2.64 mm Ans
60(10°5)(200)(10%
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4-6 The 2014-T6 alumi rod has a di of 30 mm
and supports the load shown. Determine the displacement
of A with respect to E. Neglect the size of the couplings.

PL 1
Sup=X— = - 3
WE [8(4) +4(2)~2(2) +0(2)1(10%)

36(10° ’QC“"
(10°) =0697(107)=0697mm  Ans g4 4

= 2(0.03)(73.1)(10°)

—
24N 2 kN

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

_sPL_ 26001072000 50(10°)350)

k) = =
P T TAE T (0.02)(0.05)(200)(10°) | (0.06)(0.05)(200)(10°)
= 0.129 mm Ans
Swe =k 2 0030 _ 02917 mm
AE  (0.06)(0.05)(200)(10°)
esc = 22¢ 0OP1T _ 4 0008333
Lec 350
£t = —VEiogg = — (0.29)(0.00008333) = ~0.00002417

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

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

5dp
(-
SR
" LT,
' 6/1 6#‘-
Ay .
Ship
(FIMy=0;  T(12)-5(6)=0
TB =25 kxp T
t 3 [
(+ZMp =0, 25Q)-T(10)=0 5 ¢t
o []
Te = 0.5 kip ®
e

PL_ 2501502 .
SPE_ 23U og45,
Ove = = T0 2P @90) "

be=FL. _05@UD __ _ 4084297 in = 000843in.  Anms
AE  302572(9)(10°)

8= (—1%) 6c= %(0.0084297) =0.00169in. Ans
63 = 65 + 65/5 =0.00169+0.0316 =0.0333 in. Ans
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4-9 The coupling is subjected to a force of 5 kip. Determine
the distance d' between C and E accounting for the com-
pression of the spring and the deformation of the vertical
segments of the bolts. When no load is applied the spring is
unstretched and d = 10 in. The material is A-36 steel and
each bolt has a diameter of 0.25 in. The plates at A, B, and
C are rigid and the spring has a stiffness of k = 12 kip/in.

—_ L A m ~
p E E 8in ::
‘ = = o | =l
6in. E =
=| = &
L 3 -
B o
_)l—ll- Z.S‘--p A.Ship
c
1 5 kip
PL 3
acenler bolt = — = M)—“— = 0.028099 in T

8d =0.41667 +0.028099 + 0.010537
8d=0455in.

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

p— ~ w = (500 x'7)ibdin.

. — - — —— —— 4]

—— P
=
P(x) = rwdx = SOOIxx;—dx = E.—ng
0 0 4
L P(x) dx 1 412y 1500 2 1500 3 2
by = = —x¥dx = (——————)(=)(48)?
4 ‘[u AE (3)(35)(106)‘[0 4 * ((3)(35)(106)(4))(7)( )

8, = 0.01281in. Ans
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4-11 The truss is made of three A-36 sicel members, each
having a cross-sectional area of 400 mm?. Determine the hor-
izontal displacement of the roller at C when P = 8 kN.

7429 <"

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

Fea =5.5T1kN

_ FeaLl _ 5.571(10%)(1.40)

—_— =(.0975 A
ST TAE T (00)(10°%200)(10°) mmAns
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*4-12 The truss is made of three A-36 steel members, each
having a cross-sectional area of 400 mmZ. Determine the mag-
pitude P required to displace the roller to the right 0.2 mm.

(+ My =0; ~P(0.8)-50.8)+C,(14) =0
G, =0.5714 P +2.857
N F P .
418
4 3
+TIF =0 Q“Fbc(g)=0 Fa.
Fpe=125G (‘7

=2 XLF =0 ~Fc+125G(0.6)=0
Fye =0.75 C, =0.4286 P + 2.14286

Require,

(04286 P + 2.14286)(10°)(1.4)
(400)(10-6)(200)(10°)

8¢, =0.0002=

P=217TkN Ans
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4-13. The truss consists of three members, each made
from A-36 steel and having a cross-sectional area of
0.75 in®>. Determine the greatest load P that can be
applied so that the rolier support at B is not displaced
more than 0.03 in.

by
<

o.866op

- 05Pa6)12)
(0.75)29)(10°)

6, =003in

(]

P=630kip Ans
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4-14. Solve Prob. 4-13 when the load P acts vertically
dowaward at C.

N
.
\ 0.€77 1
I e’
Require, 3 - -3
{7 ‘1 0.2357 p
0.2887 P(16)12) " , %
55, =003 in, = 22357 PU6X12) : ¢

(0.75)(29)(10%)

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

Fu=i2 < L
| |
0.5m l g. ’75’4-»
Fee = 20 kol
= PL_ 12010120000 _ 1.1429 mm
AE  (60)(105)(350X10%)
5c = PL_ 8(10°)2000) 1.0159 mm
AE  45(10°%)(350%(10%)
SrE = PL_ M = 1.1429 mm
AE  75(10°5)(350)(10°)
5= 1.0159+9'1§(0.1270) =1.092 mm
1.25
Or = dg+ sFlE 0 Swm " 0-75 m
1os59 It 3
=1.092+1.1429

1.(428 ~(0/S? = 0.(270 mess
=2.23 mm Ans

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




*4-16 The linkage is made of three pin-connected A-36
stee! members, each having a cross-sectional area of 0.730 in2,
1f a vertical force of P =50 kip is applied to the end
B of member AB, determine the vertical displacement of

point B.
6n
ra

50 kip

PL  31.25(5)12) .
5, =4 Se— — 2 = 0.0 3 . = 4
WP T WE T UE T 0130029010 8857 in by srasp e sr2s e

PL

g = 2L 300D 02005 in.

AE  (0.730)(29)(10%)

¢ =90° +tan! G) =143.13°

sin@  sin143.13°
—_ T .8 = 36. o
60 60.08857 806584

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

8a 60

sin 0.06331297°  sin 36.806584°

84 = 0.11066 in.

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

(fa
50 kip

S3=84+08p4=0.10in. 4]

PL P6)(12)
=——= 22 _0.0033103P
San=2E" 090900
[
\ A ¥
ad 4
4
+T ZF =0; 2F(g)—P=0
?
F=0625P
Suc=08yp=  2SBPOD 00172410
we = oub (0.75)(29)10%)
5 5‘(0
o= 54/c(z) =0.0021552P } W
274

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

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

l.]m— 300 N/m
[ gy

ﬁ IM, =0, 1200(2)-Tcp(0.6)(2)=0

TC3=2000N ZM)J"l

A:..TA) S _

PL (2000)(2.5)

——— . =0.0051835
AE  14(10%)(68.9)(10%)

dpc=

(2.5051835)* = (1.5)* +(2)* —2(1.5)(2) cos 8
6 =90.248°
@ = 90.248° —90° = 0.2478° = 0.004324 rad

8 p = 6r=0.004324(4000)= 17.3mm  Ans
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*4-20 The observation cage C has a weight of 250 kip and
through a system of gears, travels upward at constant
velocity along the A-36 steel column, which has a height of
200 ft. The column has an outer diameter of 3 ft and is made
from steel plate having a thickness of 0.25 in. Negiect the
weight of the column, and determine the average normal
stress in the column at its base, B, as a function of the cage’s
position y. Aiso, determine the displacement of end A as a
function of y.

P 250
Op =— = —————u— = 890 ksi
* T4 TI66 - 35.5%) '

op is independent of y.
PL 250y

5y === - 0a010?
" TAET 166 S maaeae) | LTI it Ans
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4-21 The bar has a length L and cross-sectional area 4.
Determine its elongation due to both the force P and its own
weight. The material has a specific weight y (weight/volume)
and 2 modulus of elasticity E.

T=Yax4P
{
IAX
*
a)
P
o fE L Lo
=L(2'_A£ p)=£+PL Ans
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4-22" The A-36 steel drill shaft of an oil well extends 12000 ft
into the ground. Assuming that the pipe used to drili the well
is suspended freely from the derrick at A, determine the
maximum average normal stress in each pipe segment and
the elongation of its end D with respect to the fixed end at
A. The shaft consists of three different sizes of pipe, AB, BC,
and CD, each having the length, weight per unit length, and
cross-sectional area indicated. Hint: Use the results of Prob.

4-21.
AR = 3.2 % +1%00
Lo
)=t 4ooo ;
PO=20% 1,‘
@Y+ 3
In
PR {0(2000)  Aq00,
o, =L 23200000+ 18000 _ ;i Ans
A 25
o5 =0 = 28O0 4000 _ 15346 Ans
A 175
0c=L=22 354 Ans
A 125

2000 5000 5000
P(x) dx 2x dx (2.8x + 4000)dx (3.2x + 18000)dx
6p=X + —t _—
1] 0

(1.25)(29)(10%) o (1.75)29)(10%) (2.5)(29)(10%)

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

!lﬂll r

From FBD (a)
1
+T ZF;, =0; P"E(FmaxL)=0

Frax L
2

P= Ans (a)

From FBD (b)

X FIIL
+lZF, =0 px)+ s fmanty, Foun kg = fmar
2 L 2 p= <o
A
J /
P(x)=lexL__ max /J x
2 2L L
}m;x l
L L L L
=f F(x)dx= ledex— Fm" “'de P(l)
o AE Jo 24E o 2AEL
(b)
=f£‘.x_L._z Ans
3AE
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*4.24 The rod has a slight taper and length L. It is sus-
pended from the ceiling and supports a load P at its end.
Show that the displacement of its end due to this load is 8 =
PLI(Eryry). Neglect the weight of the material. The mod-
ulus of elasticity is E.

ey
[}/J e
T -1
L-%
L i IVCX)—‘
| S
o x
~~ 0]
%,L /- !
L+XQ_x_0_' xp = Lr o \;‘_)
r ry rn —-n
- L+ (np-n)x
Thus, rix) =r + 2 I rlx =L LZ !
n
AW = S(nL+ (- r)x’
5= J’ Pdx _ PL*(L dx
T YAWE  wEo[rnL + (r— r)xl?
PL 1 ]|L_ PL? [ 1 _ 1
- n‘E[(rz ~r)nL+(rp =rn)x) o TE(r, =r) nL+ (rp =)L nlL
PL 1 PL? ri-rz
nE(ry — ry) r2L rL nE(r, —ry) ranl
z -
= PL [rz 7‘1]= PL QED
rE(r, - ) nrnl rEnrnn

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.

reproduced, in any form or by any means, without permission in writing from the publisher.

This material is protected under all copyright laws as they currently exist. No portion of this material may be




4-25 Solve .Prob. 4—&by including the weight of the
material, considering its specific weight to be y (weight/vol-
ume).

LX)
]

+TLF, =00 PX)~-P-W=0 PR =P+W

From diagram (b) [#9
Lim _m - LD
ry n rn-n
From diagram (¢) . L
_ +r1—r,x_r|L+(r;-r|)x
r(x) = n T = ———-——'—L
r
A(x) = %(HL +(r2— "l)“)2 [, S
Lr e 2. Ln X !
L - d —1y - L —)
W= inL+ a- e = - DG s L
= ii—(ln———){[nL +(rg= A’ - %} - ]
ry— T
1~ N (b)
o [F v nbrlc roal® ~ il
TUAME T 3E( -r)v [l + (m-roal?
373 dx
=T [MrL+ry - ds - L L
T3 ~ s 3E(r; - r) o [n L + (rg— r)sP
E(r, ~ 1) 2T ~ L-F

—

¥ 3o 2 b 3E(n -n) nl+(z-rxe !

-A
= (AR LN r,)L’] + il L L L
S 3G -m 2 3E(r, - il nl
L ~(r2-n)
= Y X 2~ n? + m ]
Eo L el o S T Tl A

_ yL’(n +rn) yLir
6E(rz - ry) IEr(rz - 1)

Therefore, adding the result of Prob. (4 - 24) we have
PL YL + 1) yLir} Ans
zErnr 8E(r; — ) 3Er(r; — 1)

&=
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4-26 Determine the elongation of the tapered A-36 steel
shaft when it is subjected to an axial force of 18 kip. Hint:
Use the result of Prob. 4-24.

.___@a3)@4 . 18Q20)
(29)(10°)(1)(0.5)  m(1)2(29)(10%)

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

dy - d]x _ dih + (dy — di)x

W=d1+ h h
P(x)dx P (h dx
5=j"‘"‘—=—j ik + (da- dpalt
A(x)E Eo_x;hz__l__

Ph k dx

Et'o dih+ (ds - dy)x

' dy - d 4
_ Pk PR ko o d
Etd1h01+i‘.zd;,:ilx Etdh dz—dl dih
1
- d +d~-d
I B TPY. Red B) PR R G A )
« Eddy - dv) dy ENd, - dy) d,
Ph d_z

Ans

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

50 mm 6mm g

1S mm mm
P w—
. ?-ﬁﬁﬁﬁ»—;,,

250 mm-L————B(I) mm. 0 mi

Edd; -dy) di AE

_ 2(30)(10)(250) U 30(10°)(800)
(70)(10°)0.006)(0.05-0.015) 15 (0.006)(0.05)(70)(10°)

=237 mm Ans
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4-29. Bone material has a stress—strain diagram that can
be defined by the relation o = Efe/(1 + kE¢)], where k
and E are constants. Determine the compression within
the length L of the bone, where it is assumed the cross-
sectional area A of the bone is constant.

P

.

&
£ P E('d—x)
o =Eq e e
dx
§+ 2 & -eS
PkE &
=E-—1)
Oy =
J. J. A(KE -
PL
- AE____PL__
8=—"F ~Ta-ro Ans.
)
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4-30 The pedestal is made in a shape that has a radius
defined by the function r = 2/(2 + y?) ft, wheve y is in feet.
If the modulus of elasticity for the material is E = 14(10%)
'si, determine the displacement of its top when it supports
the 500-1b load.

So6 b

sv0lb

5= [P
AOE
- 500 J'4 dy
14(10%)(144) "0 g(—2)?

2+y5

0.01974(10°) j:(4 +4yi+y) dy

0.01974(107) [4y+ 4( gﬁ) + %y’]é

0.01974(107%)(45.33)

0.8947(10™%) ft = 0.0107in.  Ans

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




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

éﬂ l?P

The force of 60 kip is shared equally by the concrete and steel. Hence
PJ‘I = PCO’I = P = 30kip

PL PL
5can = 551 ; ———m
Acan Ecnn AstE.rt
AcunEcan - [9( 16) — Aﬁ] 420( 103)
E,, 29(10%)
18.2in” Ans

Ay =

P,L _  30(8)(12)

= = = 0.00545 in. Ans
Ay E, 18.2(29)(10%)
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4-33 The steel pipe is filled with concrete and subjected to

a compressive force of 80 kN. Determine the stress in the

concrete and the steel due to this loading. The pipe has an

outer diameter of 80 mm and an inner diameter of 70 mm.
s = 200 GPa, E; = 24 GPa.

80 kN
BokH
+TZF;=0; P:I+Pcon_80=0 (1)
5:: = 5:01«
Pt
P L Pl te..

% (0.082 - 0.07%) (200) 10°) 200729 (109
Py = 25510P..,. (2)

Solving Egs. (1) and (2) yields

P, = ST47kN P, = 22.53kN

3
o, =Fr = STATA0) 458 mPa Anms
A, Z(0.08% - 007%)
3
Guuy = feen = 2233U0D _ sesMpa Ams

Acon £(0.07)

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




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

Equilibrium :

+T2E=0; B,+P,, -300=0 (1]

Compatibility :

8y = 6.
B, (L) _ P (D)
4( %) (0.0182) (200) (109) [0‘32-4(;-') (0.0132)] (25) (10%)
P, =0.091513 R, {2]

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

P,=61.072kN P =732.928kN

Average Normal Sress :

5 2 S102010) Pt
A B ————— . V’Pa
" a(5)0.018) Ans

L . 132.928(10% 8.24 MP A
Ceon ® rr——r————z = §.
" lo3-a(g) (0.018)] : "
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4-35. The column is constructed from high-strength con-
crete and four A-36 steel reinforcing rods. If it is subject-
ed to an axial force of 800 kN, determine the required diam-
eter of each rod so that one-fourth of the load is carried
by the steel and three-fourths by the concrete.
Egq = 200 GPa, E. = 25 GPa.

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

3
Pron = 5(800) = 600 kN.

Compatibility :
) con = 5:1
Ponl _ AL
(0.3 -4, M25.010°) ~ A,,(200)(10°)
0.09P,
All =
© 8 Pcon + F.’u

(@

d=003385m=339mm Ans

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




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

c

-1A g 8 kN 4
’.—.;-.—:;:E_—_Bm

- 300 man e 700 mm ———

> XF, =0; Fo+F ~16 =0 (&)
By superposition :
. §KN
(2) 0= —Ac + & ‘:.‘;E;Eﬂ
|
-16 (300)  F¢ (1000) i ﬁ:A‘
0= + N
AE AE k
KN
Fc = 480kN Ans
+ gl
From Eq. (1), tLl ] J—.):;

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

250 mm 500 mm 250 mm:
-1 50mm 20 mm
. 100 kN ;

Fc-F+75+75-100-100 =0

ZSOMT Lo mam mm

Fe-FB-5=0 (¢3)]

: 0=AD—SD

F\_»I i
7S5k [90 kN

0= 150(0.5) _ 50(0.25)
2(0.02)%(200)(10°)  Z(0.05%)(101)(10°) [&:ﬁ:é
R0 F(05) I
1(0.052)(101)(10°)  §(0.02)*(200)(10°) F——q:]:ij
P
/0] -
Fp = 107.89kN ’W’:’}j, Po=/729 &
10789 o 4211 KN
From Eq. (1), F¢ = 157.89kN 18 2t f
3 ° 75
Oup = Bp _ 107890109 _ 55.0 MPa Ans .
Ap 5005 P sSH9 % 79
Oxp = ) = ﬂ(—ms—)- = 134 MPa Ans
Asp £(0.02%)
3
Ogc = Poc _ 15789(107) _ 80.4 MPa Ans
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4-38 The composite bar consists of a 20-mm-diameter A-
36 steel segment AB and 50-mm-diameter red brass C83400
end segments DA and CB. Determine the displacement of
A with respect to B due to the applied load.

h 0=24p-4p

0= ”150(103)(500) _ _ 50(10%)(250)
#(0.02)2(200)(10%) 7(0.05%)(101)(10°)

I:hvv' 520 mm eomm
- o500y F5(500) ]
$0.05)(100(16) ~ 50.02)(200)(15%) 2::1:2
A "
Fp = 107.89 kN }—’ TSN 100 kn
!
TEN  soatm
Displacement - }é’ + poew

Sun = Pualas _ 42.11010°) (s00) g L ==

AwEe §(0022)200(10%) rordgml___ 5w
——"[:@*’/};#z-ukd

7Ska)

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

dan = Oac TM Thc
Tus (60) _ Tac (40)
AE AE
nglb
l.STAB = ’I:AC

Solving,
Tip = L.12kip  Ans

Tc =1.68kip  Ans
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*4-40 The load of 2800 Ib is to be supported by the two
essentially vertical A-36 steel wires. If originally wire AB is
60 in. long and wire AC is 40 in. long, d