*8-56. The 1-in.-diameter rod is subjected to the loads
shown. Determine the state of stress at point A, and show
the results on a differential element located at this point.

IF, =0, ¥+100=0 V= -100D
IE =0 N -75=0; N =75b
IF, =0 V-80=0 ¥ =80
IM =0, M +80(8) =0, M= -640b in
IM =0 T +80(3) =06 TL=-2400b-in.
M,

=0 M, +1008) -5 =0 M= - 575h-in.

@)a =ya= ¥ 1 05 = 00833’
ax 2
L =4 = 5" = i—'(o.s‘) = 0.015625x in* A

Ncrmdmu:a:f.;ﬂ..._‘;‘l_z <z
a 4

+ 0= 6.61 ksi (T} Ans

_ 1000.08333)  240005)
(s = “oiseml) * ooiix Up =661 k5t
/

= 1.39 ksi Ans
e o d
(da = 0 Ass PO
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8-57. The l-in.-diameter rod is subjected to the loads
shown. Determine the state of stress at point B, and show
the results on a differential element located at this point.

IF, = 0; ¥+ 100 = O;. Y= ~ 1001
B, a0 N -75=0 N =750B
IF, =0 Y -80w0; Y =80l

IM, = 0; M +80(8) =0 M= -60bin

801b

IM, =0 T, +3K}) =m0, T= -240kb-in
IM, =0, M, +100(8) - 75(3) = O M, = ~ 515Db-in.

A= ’;‘d‘ = ;(1’) -;in’

j=2Zta ;(as‘) = 003125 % in'
2

o 403 1 %0y o oosn i
@ = =5 Q0 in

Lel= Er‘ = ’:'(o.s‘) = 0015625% in'
Normal strezs

P My M
q-x+"+l’

B0 303 | L s76ksim 5T61si (O Ans

a7 oosesx 4

Shear stress &

o

ga.vg.nagslf
Ie J

Tc VQ _ 240(0.5) #0(0.0833)
(ty)a = —=~ *

22X i) 4 e = 1.36ksi  Ans
J ok 003125 0.015625x(1)

(Tals = 0 Ans
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8-58 The post has & circular cross section of radius c.
Determine the maximum radius e at which the load can be
applied so that no part of the post experiences a tensile
stress. Neglect the weight of the post.

M=Pe

"

Require o, = 0
G4 = = -—+ﬂ_c; = i (PE)C
mct Zed
e= ¢ Ans
4
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8-59 The masonry pier is subjected to the 800-kN load. For the range y>0.x>0,
determine the equation of the line y = f{x) along which the

load can be placed without causing a tensile stress in the pier.

Neglect the weight of the pier.

ki

47‘ BO0 KN

v
@474

X
A = 3(45) = 13.5m?
L = L(3)(4.5) = 2278125 m* !
12 i
(L M1= oo X
b= 115(4.5)(33) = 10125 m* M5=800
S— e %
Normal stress : Require 64 = 0

P My Mx '
Oy = — + —— + —I= A
A L
0 = —300¢ 10°) 4 800¢ 10%)y(2.25) . 800(10*)x(1.5)
13.5 22.78125 10.125

0 = 0.148x + 0.0988y — 0.0741

y=075~15x Ans
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*8-6() The masonry pier is subjected to the 800-kN load. If

x =025 m and y = 0.5 m, determine the normal stress at zf
each corner A, B, C, D (not shown) and plot the stress dis-
tribution over the cross scction. Neglect the weight of the — I——az;m
pier.
00 Knl
800 kN !9/'.6
- s,
foss
1]

¥
3
=
s
“w
~N
<
Q
x
-
2

A =3(45) = 13.5m°

-~
1]

é(3)(4.5’) = 2278125 m*

I = é(4.5)(33) = 10.125 m*

o=F My Mx
A 5

L

-800(10%) . 400(10%)(2.25) . 200(10%)(1.5)

g, =
A 135 2278125 10.125
= 9.88 kPa (T) Ans
o = -800(10°) _ 400(10°)(2.25) _ 200(10°)(1.5)
8 135 2278125 10.125
= —-494kPa = 49.4kPa (C) Ans
o = -800(10°) _ 400(10°)(2.25) _ 200(10°)(1.5)
¢ 135 2278125 10.125
=-—128kPa = 128 kPa (C) Ans
5 = —S0010%) _ 400(10°)(2.25)  200(10°)(1.5)
b 13.5 2278125 10.125
=-69.1kPa = 69.1 kPa (C) Ans
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8-61 The eye hook has the dimensions shown. If it supports
a cable loading of 80 kN, determine the maximum normal
stress at section a—a and sketch the stress distribution acting
over the cross section.

Toalb
Zfﬁ.ip
Fooll
dA
|4 = 21(3.125- /(31257 - (0.625) ) = 0395707
r
2
R= % =ZO85) 5 00343in.
42 0.396707
16 hst

M = 800(3.125) = 2.5(10%)

o= MR-D P U7
ArF -R) A €0.Ghst

2.5(10°)(3.09343-2.5) ., 800

=16.0 ksi Ans
7 (0.625)%(2.5)(3.125-3.09343) 7 (0.625)*

(G )max =

2.5(10%)(3.09343 - 3.75) L, 800

=-10.6ksi Anms
7 (0.625)%(3.75)(3.125-3.09343) & (0.625)

(O )max =
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8-62. The C-clamp applies a compressive stress on the
cylindrical block of 80 psi. Determine the maximum
normal stress developed in the clamp.

353429 1\
3 f.0%25.4 0,

35342940

| 2 02513 = 0055786
Ar 4

A _ 10.25)
R= e = el =4 48142
4 0.055786

P =0,A = 80r(0.375)* = 353429 Ib

M =35.3429(9) = 318.0863 kip- in.

- MR - 7r) . P
Ar(r—R) A
318.0863(4.48142-4) 35.3429
(0’ )ml = = 0. i
1omax (1X0.25)(4)(4.5-4.48142)  (1)(0.25) 838ksi  Ans
318.0863(4.48142 - .34
(O )maz = ( 2:3) 353429 =-6.96 ksi

1(0.25)(5)(4.5-4.48142)  (1)(0.25)
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8-63 The handle of the press is subjected to a force of 20 Ib.
Due to internal gearing, this causes the biock to be subjected
to a compressive force of 80 Ib. Determine the normai stress
acting in the frame at points along the outside flanges A and
B. Use the curved-beam formula to compute the bending
stress.

Normal stress due to axial force :
A = 2[0.5(3)] + 5(0.5) = 5.5in”

201b
P 60 .
= —= — = 109090psi (D)
A= AT 5s P
Normal stress due to bending :

7 =15in. rq4 = 12in.  rp = 18in

dA _ no_ a2 L 05wl 4 3m A = 03752,
Ej—r-—}:blﬂr—l——?’]ﬂ 12 ’ 12.5 17.5
rR=A - 33 _ ues83in.
[& ~ 03752

- R = 03417 in.

_ MR - rg) _ S9001D(I46583 ~ 1) _ g4 168 0 ()

T Ara(F - R) 5.5(12)(0.3417)

(AL

_ MR -rs) _ 59.0012)(14.6583 — 18) _ _ ¢9 9345 psi = 69.9342 psi (C)

(08)y = ArsG - R) 5.5(18)(0.3417)

O, = 83.4468 + 10.9090 = 94.4 psi (D) Ans

0 = 69.9342 - 109090 = 59.0 psi ©) Anps
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*8-64 The block is subjected to the three axial loads shown.
Determine the normal stress developed at points A and B.
Neglect the weight of the biock.

~ 250 (1.5) — 100(1.5) + 50(6.5) = — 2001b-in.
= 250(4) + 50(2) - 100(4) = 7001b-in.

&K
|

1 3 1 3 4
L = — @13 + 2(=)23%) = 741
12()( )+ (12)( )(37) = 74133 in

1 3 1 3 . 4
1L = —(3)8 22— 4%y = 181.
y 12( )8 + (12)(5)( ) 81.33 in

A = 4313) + 22(3) = 64 in®
oo P _Mx My

Al L
400 7004) —-200 (1.5
Oy = =~ — — +
64  181.33 741.33
= —~213psi Ans
400 700(2) -200 (—6.5)
Op = — —— — +
64  181.33 741.33
= —122psi Ans
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8-65 The C-frame is used in a riveting machine. If the force
at the ram on the clamp at D is P = 8 kN, sketch the stress
distribution acting over the section a-a.

M= 8(022%)
* 21808k M 8 KN

IXA _ (0.005)(0.04)(001) + 0.040.06(001) _ oo
4 0.04(0.01) + 0.06(0.01)

X =

A = 0.04(0.01) + 0.06(0.01) = 0.001 m*

= -115(0.04)(0.01’) + (0.04)(0.01)(0.026 - 0.005)*

+ %(0.01)(0.063) + 0.01(0.06)(0.040-0.026)" = 0.4773(107%) m*
1

P Mx 8(10°)  1.808(10*)(0.07-0.26)
(amax)l = -t — = + o
AT 0001 0.4773(10°5)
= 106.48 MPa = 106 MPa 1< Mpa
MpPa
| o P _Mc_ 800)  180810)(0070-002) q'”
(Cman)e = 0= = 3001 0.4773(10°%)
= —158.66 MPa = - 159 MPa P
X = 70—x’ x = 419mm
158.66  106.4
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8-66 Determine the maximum ram force P that can be
applied to the clamp at D if the allowable normal stress for
the material is o) 0w = 180 MPa.

TxA _ (0.005)(0.04)(0.01) + 0.04(0.06)(0.01) = 0.026m

ZA 0.04(0.01) + 0.06(0.01)

X =

A = 0.04(0.01) + 0.06(0.01) = 0.001 m>

I= 1—12(0.04)(0.01’) + (0.04)(0.01)(0.026 - 0.005)*

1
+ E(0.01)(0.06’) + 0.01(0.06)(0.040~0.026)% = 0.4773(107°) m*

g = +

» |

Mx
I

Assume tension failure,
180(10%) = P, 0.226 P(0.026)
0001  0.4773(10°5)

P = 13524 N = 13.5kN

Assume compression failure,
P 0.226 P(0.070~- 0.026)
0.001 0.4773(10°%)

- 180(10%) =

P = 9076 N = 9.08 kN (controls) Ans
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8-67. Air pressure in the cylinder is increased by exerting
forces P = 2 kN on the two pistons, each having a radius of
45 mm. If the cylinder has a wall thickness of 2 mm, deter-
mine the state of stress in the wall of the cylinder.

P

N
47 mm

P 2109 ™~
p T = B cvec— =

3 " ooy = J43013P ’

pr _ 314380.13(0.045)
O = = = R e LA
1= £ 5562 = 7.07 MPa Ans

o =0 Ans

The pressure p is supported by the surface of the pistons in the longitudinal direction.
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*8-68. Determine the maximum force P that can be exert- |
ed on each of the two pistons so that the circumferential stress ;
component in the cylinder does not exceed 3 MPa. Each pis- :
ton has a radius of 45 mm and the cylinder has a wall thick- |
ness of 2 mm.

_pr 6\ _ p(0.045)
o= 09 =%
p = 133.3kPa Ans
P =pA=1333(10%) (1) (0.045)" =848 N Amns
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8-69. The wall hanger has a thickness of 0.25 in. and is used
to support the vertical reactions of the beam that is loaded as
shown. If the load is transferred uniformly to each strap of
the hanger, determine the state of stress at points Cand D on
the strap at A. Assume the vertical reaction F at this end acts
in the center and on the edge of the bracket as shown.

10 xip

10kip 208)=/2 Kff

- e

&:: 1
S sft T

Iy S 8
7580 kip
lin 580 Kipia
o Kjp
CEM =0 12(3)+10(8) - £ (10) = 0
B = 11.60kip
1
7= 2A5025(2)°] = 0333in*
A = 2(025)(2) = 1in?
At point C,
P 25.80)
O = —~ = - .
c y i = 11.6 ksi Ans
=0 A
ns
Atpeint D,
op = L _Mc_ A580) _[25.80)(1) )
A 7 1 _—(—)—3_3? = —23.2ksi Ans
=0 A
ns
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8-70 The wail hanger has a thickness of 0.25 in. and is usea
to support the vertical reactions of the beam that is loaded
as shown. If the load is transferred uniformly to cach strap
of the hanger, determine the state of stress at points C and
D of the strap at B. Assume the vertical reaction F at this
end acts in the center and on the edge of the bracket as

shown.

10 ki .
’ i ke b2k

[
]

YL ) s T3 'IF

()

A
/5”‘[-?’
{in 5P kipin

(FIM =0, F(10) - 102) - 127) = 0; F = 1040kip

= 2[-11-2(0.25)(2)’] =0333in*; A = 2(025)(2) = 1in®
Atpoint C :
oc = ZP = @ = 10.4 ksi Ans
Tc =0 Ans
Atpoint D :
o =“§ - MTC= 2(51‘20) - [2(55;(;);(1) = -20.8 ksi Ans
o =0 Ans
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871 A bar having a square cross section of 30 mm by 30 mm
is 2 m long and is held upward. If it has a mass of 5 kg/m,
determine the largest angle 6, measured from the vertical,
at which it can be supported before it is subjected to a ten-
sile stress along its axis near the grip.

A = 0.03(0.03) = 0.9(10*) m?

2m
a
I= 113(0.03)(0.03’) = 67.5(10°) m*
N
Require 64 = 0 >
P Mc
O =0= -+ —
A I
_ 29%8lcos§  98.1sin 6(0015) W, &
0.9(107%) 67.5(10°) 5(9800(2)=98.1 0
Vv
0= —1111.11 cos 8 + 222222.22 sin 8 M=98.)5/ns
N =4g. /s
tan 0 = 0.005; @ = 0.286° Ans
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*8.72 Solvg Prob. 8-71 if the bar has a circular cross sec-
tion of 30-mm diameter.

A= 5(0.03’) = 0.2257(107°) m’ 9 i
- :1’5(0.0154) = 12656257 (10°) m*

Requireo;‘=
P Mc
o’A=0=-A—

_ —98.1cos@ _ 98.1sin §(0.015)
T 0.2257(10°%)  12.65625 m(10™°)

0 = — 4444.44cos 6 + 1185185.185 sin 6 N=981¢hs g
tan § = 0.00375
8 = 0.215° Ans
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8-73. The cap on the cylindrical tank is bolted to the
tank along the flanges. The tank has an inner diameter of
1.5 m and a wall thickness of 18 mm. If the largest normal
stress is not to exceed 150 MPa, determine the maximum
pressure the tank can sustain. Also, compute the number
of bolts required to attach the cap to the tank if each bolt
has a diameter of 20 mm. The allowable stress for the
boits is (‘Tallow)b = 180 MPa.

r 750
Hoop Stress for Cylindrical Tank : Since riaTy

=41.6> 10, then thin wall analysis can be used. Applying Eq.8~1 \ / 360MPa.

pr T
01 = Oultow = T
0;
150( 10°) = 2750 l
18
R
p=3.60 MPa Ans

Force Equilibrium for the Cap :

+115=0; 3.60(10°)[=(0.75)]-F =0
F, =63617(10°) N

Allowable Normal Stress for Bolts :

(o)) = 1

6.3617(10°)
80(1¢") = n[§(0.02%)]

n=1125

Use n =113 bolts Ans
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8-74. The cap on the cylindrical tank is bolted to the
tank along the flanges. The tank has an inner diameter of
1.5 m and a wall thickness of 18 mm. If the pressure in
the tank is p = 1.20 MPa, determine the force in the 16
bolts that are used to attach the cap to the tank. Also,
specify the state of stress in the wall of the tank.

Hoop Stress for Cylindrical Tank : Since ;’ = m

18
=41.6> 10, then thin wall analysis can be used. Applying Eq.8~ 1

.20 MPa
pr 120105 (750) l2oM
O == = e " = 50,0 MPa Ans
t 18
Longitudinal Stress for Cyiindrical Tank : l
1.20¢10%) (750, 165
r .
0 e H 2UDMD osomps Ans
b 2(18) 0:.1_5-0MP~
Force Equilibrium for the Cap : T =50.0MPa.
Fe50.

+TZR =0, 120(10°) [#(075%)]- 165 =0
R = 132536 N=133 kN Ans
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8-75. The crowbar is used to pull out the nail at A. If a
force of 8 Ib is required, determine the stress components
in the bar at points D and E. Show the results on a
differential volume element located at each of these
points. The bar has a circular cross section with a diameter
of 0.5 in. No slipping occurs at B.

Support Reactions :

(+ZM, =0; 8(3)-P(1697) =0 P=1414D
Internal Forces and Moment :

SHEE. =0, N=0
X+IE.=0; V-1414=0 V=1414D
("’Wo =0; M~-1414(5)=0 M=7071D in

Section Properties :

A =r(0.25%) =0.0625% in®
I= -’4—' (0:25*) =0.97656255(10™) in*
=0

0= ar= 4029

1 212 3
o [2 (m(0.25 )]- 0.0104167 m

Normai Stress : Since N = 0, the normal stress is cansed 5in,
by bending stress only.
v 1414 1b
_Mc_ 107025
% =T = o5r6s6asa(io) 0P Ans v M

My 7.071(0)

W B ————— T T =460 SL'
%8S T ™ 097656257(10-%) Ans Ey <
Shear Stress : Applying the shear formul, . \C//
vV Uy=576 psi
Tp= -—’?i =0 Ans

VO 1.414(0.0104167) .
Tp = et = e 3= |
S T = 09765625 7(100)(0.5) ~ 0P Ams
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*8.76. The steel bracket is used to connect the ends ot
two cables. If the applied force P = 500 Ib, determine
the maximum normal stress in the bracket. The bracket
has a thickness of 0.5 in. and a width of 0.75 in.

Internal Force and Moment: As shown on FBD.

Section Properties :

A =05(0.75) = 0375 in?
1
1= 5505 (015') =0.01758 n*

Maximum Normat Stress : The maxim:

ure normal s
occurs at the bottom of the steel bracket o
M=a418].5 1b-in.
N M
o N M N=5001
NP 5001b 2375 in.

- 500 . 1187.5(0.375) )
0.375 0.01758

=26.7 ksi Ans
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8-77. 'The clamp is made from members AB and AC,
which are pin connected at A. If the compressive force at
C and B is 180 N, determine the state of stress at point
F, and indicate the results on a differential volume
element.The screw D E is subjected only to a tensile force
along its axis.

Support Reactions :

QH:MA =0;  180(0.07) ~ Tpg(0.03) =0
Toe =420N

Internal Forces and Moment :

3EE =0, 420-180-V=0 V=240N TS JSmm S
+TLE =0; N=0 Z’j:: L——x————.. 0.03m
+IM, =0; 180(0.055) - 420(0.015) - M =0 aal

M=360N-m

At
Section Properties :

A=0.015(0.015) =0.225( 10”) m? _,__Cn.’_so*’
0-04m

1 -
1=5(0015)(0.015%) = 421875( 107) m

=0 ooi%m > 420N
VM\S/
Normal Stress : Since N = 0, the normal stress is caused ¥
by bending swess only. N
0;= 640 Mo,

oo Me _ 360(00075) CAOMP(C) A
T T aiEsaes ne

Shear Stress : Applying shear formula, we have

Vo

f,:-;—‘-so Ans
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8-78. The clamp is made from members AB and AC,
which are pin-connected at A. If the compressive force at -
C and B is 180 N, determine the state of stress at point
G, and indicate the results on a differential volume
element. The screw DE is subjected only to a tensile force
along its axis.

Support Reactions :

(‘+ M, =0; 180(0.07) - T5(0.03) =0
Tps =420N

Internal Forces and Moment ;

555 =0, 420-180-V=0 V=240N

Sm—
+1EE=0;,  N=0 1DT "Toam
+IM,=0; 180(0.055)~-420(0.015)-M=0 — ——p
2 M=360N-m Tem 160 MPa, I
X o
Section Properties : Ay

A =0.015(0.015) =0.225( 10°) o’
1= -115(0.015)(0.015’) =4.21875(107°) m*
0 = FA’ = 0.00375(0.0075) (0.015) = 0.421875( 107°) m’

Normal Stress : Since N = 0, the normal sress is caused Shear Stress : Applying shear formula, we have
by bending stress only.
o= Vo 240| 0.421875(10“)| 1.60 MP A
= - =l
o=t 3.60(0) Ans C" I T 221875(10-%) (0.015) 1 A

T T a3iErs(iony
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8-79. The wide-flange beam is subjected to the loading
shown. Determine the state of stress at points A and B,
and show the results on a differential volume element

located at each of these points.

Support Reactions : As shown on FBD.
Internal Forces and Moment : As shown on FBD.

Section Properties :

A=4(7)=3.5(6) =7.00in’

1 1 ;
I= 2 @(7) - 53.5(6) =51333
Q=0

G = LyA” = 3.25(0.5) (4) +2.00(0.5)(2) = 8.50 in’

Normal Stress : Since N = 0, the normal stress is contributed

by bending stress only.

Mc  7.20(12)(3.5) .
P ik A it AP 3 A
A 7 51353 5.89 ksi (C) ns
My 7.20(12)(1) .
= e— 2 — = ].68 ks A
] 51.333 1D "

Shear Stress : Applying the shear formula,
R m—— A
s T 0 ns

V0, 1.20(8.50) .
22— 2 e == ().397 k8 A
= T 51333(05) ! m

0:3Ub) =480 kip

-

T 3
[ 8r 1 en

0:304) 5420 Kip

~t Ma720kp 2
N=o

BT Vzl20 K;F
2'40&?

A
'Lﬂ-s in.

'ZL-Z-QM 8 || 1in|3in.

ﬁ,’-am] :Li“‘ sin.
:7‘:0-5;:1‘
kit

D U589 k50 *i! Jasl-ob k%

== 7107 K5
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9-1. Prove that the sum cof the pormal stresses
o, + 0, = 0y + 0, is constant, =t Uy

Stress Transformation Equations : Applying Eqs. 9-1and 9-3

of the ext
O, + 0, g, — O,
a_,.+ox.="—2’1-+ "2 L cos 26 + 1, sin 28

0.+0, ©,-0, )
-i-—'-i————'T-l cos 28 ~ 1,,sin 28

O, +0, =0,+0, (Q.E.D.)
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9-2. The state of stress at a point in a member is shown on
the element. Determine the stress components acting on the
inclined plane AB. Solve the problem using the method of
equilibrium described in Sec. 9.1.

x 3Msm4-o
" AF,
‘ AA.s-Mo 4&5_{
Ahcasao’ 34Acas4o' ""‘W"
JUC&}O

\+ IFf-=0  AF. +(8AAsin 40°)cos 40° ~ (SAAsin 40°)cos 50° — (3AAcos 40°)cos 40° +
(8AAcos 40°)cos 50° = 0

AF, = ~4.052A4

p/-i-):F,' =0  AF,.—(8AAsin 40°)sin 40° - (5AAsin 40°) sin 50° + (3AAcos 40°)sin 40° +
(8AAcos 40°)sin 50° = 0

AF, = -0.4044AA
% AF, .
Ux'—hmM_,o-Z; =-405ksi Ans
AF,. .
Ty = “"'“KA% =-0404ksi Ans

The negative signs indicate that the sense of 0, and Tyy: are opposite
to that shown on FBD
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9-3 The state of stress at a point in a member is shown on
the element. Determine the stress components acting on the
inclined plane AB. Solve the problem using the method of
equilibrium described in Sec. 9.1.

65 MPa jkbgﬁ‘ﬁ. €0s20°

/i-}: F.=0; 0, AA+20AA sin 30° cos 30° + 20AA cos 30° cos 60° ~ 65AA cos 30° cos 30°=0
o, =31.4MPa Ans

\+2F'=0' T"'AA+20AASiﬂ30 sm30 —ZOAACOS 30 Sl.ﬂ60 —GSMCOSSO sm30 -—"'0
Y 0 X’
tx')v =38.1 MPa Ans
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*9.4, The state of stress at a point in a member is shown
on the element. Determine the stress components acting
on the inclined plane AB. Solve the problem using the
method of equilibrium described in Sec. 9.1.

440 Mzoséo *

S¥LF; =0 AF,.—400(AAcos 60°)cos 60° + 650(AAsin 60°)cos 30° = 0
AF. =-387.5AA

N+ZE- =0 AK.-650(AAsin 60°)sin 30° - 400(AAcos 60°)sin 60° =

AF,. =455 A
AF,.
oy A Oﬁ =-388psi Ans
. AF,.
Ty = hmM_'o—A-;"- =455psi  Anms

The negative sign indicates that the sense of 0, is opposite to
that shown on FBD,
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9-5 The state of stress at a point in a member is shown on
the clement. Determinc the stress componcnts acling on the
inclined plane AB. Solve the problem using the method of

equilibrium described in Sec. 9.1. AASindo *
A 1 2 )
50 MPa 3/~ aneos30°
28 MPa
60 MPa

+ XFy =0 AF,- + 60 AA cos 30° cos 30° — 28AA cos 30° cos 60°

+ 50AA sin 30° cos 60° — 28 AA sin 30° cos 30° = 0
AF, = —33251AA

+L EZF,, =0, AF, -28AA cos 30°sin 60° — 60AA cos 30°sin 30°
+ 50AA sin 30°sin 60° + 28AA sin 30° sin 30° = 0
AF, = 1833 AA

. AF
Oy = hmAA_,o‘TA-A!— = - 333 MPa Ans
Ty = limaoo 222 = 183 MPa Ans

The negative sign indicates that the sense of o, is opposite to that shown on FBD.
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9-6 The state of stress at a point in a member is shown on
the element. Determine the stress components acting on the
inclined plane AB. Solve the problem using the method of
equilibrium described in Sec. 9.1.

90 MPa

S50 MPa

Jo ArasRp’

Asingo® 50M5/1130

dAsingo sy
aa°
yww AF,

/ AF, ’ y
Ttz

Z+EZF:-=0  AF,.~50AAsin 30° cos 30° ~ 35AAsin 30° oos 60° +
90AAcos 30° sin 30° + 35AAcos 30° sin 60° =0
AF,. = -34.82AA

4 F. =0 AF,. —50AAsin 30° sin 30° + 35AAsin 30° sin 60° -
—90AAcos 30° cos 30° + 35AA cos 30° cos 60° =

AF, = 49,69 AA
. AF,
Oy = hm“"OXZ =497MPa  Ans
AF,
Tyy =lim, vy —=~=-348MPa  Ans

The negative signs indicate that the sense of o, and 7., are opposite
to that shown on FBD.
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9-7 Solve Prob. 9-2 using the stress-transformaltion cqua-
tions developed in Sec. 9.2,

5ksi

o, = Sksi o, =3 ksi Ty, =8ksi 6=130°

o.+0, 0,-0,

=L =
2

= 5—+—% + i;cos 260° + 8 sin 260° = —4.05 ksi Ans

2

cos 26+ 7,y sin 26

Il

The negative sign indicates g, is a compressive stress.

0. -0,

Tey' =

sin 26 + 7, cos 26

= "(-5—;—2)sin 260° + 8cos 260° = ~0.404 ksi Ans

The negative sign indicates 7, is in the — y’ direction.
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*9-8 Solve Prob. 9-4 using the stress-transformation equa-
tions developed in Sec. 9.2.

A 400 psi

650 psi

R

O, = ~650 psi o, =400psi T, =0 6 =130°
g, +0, O,-0,
el 2 —
2
_ =650+400 . —650-400
2 2
The negative sign indicates o, is a compressive stress.

cos 26 + T, sin 26

x'

cos 60°+0=-388psi Ans

Ty = %% Gin26+ Tay COS 26
2
~650—-400, .
(0400, 600 =455 psi Ans

2
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9-9 Solve Prob. 9-6 using the stress-transformation cqua
tions developed in Sec. 9.2.

90 MPa

e vl

o, = 90 MPa o, = 50 MPa Tzy = =35 MPa 6=-150°

0:+0y  G:=O

e = ~~——2.cos 26+ T, sin 26
2 2
= 90;50 + 90; 30 c0s(~300°)+ (~35)sin(~300°)

=49.7 MPa Ans

6, -0
Toy =— L

sin 28 + 7., cos 26

20- 50)Sill(—:‘l()()°) +(-35)c0s(-300°) = —34.8 MPa

The negative sign indicates 7, acts in —y’ direction.

=~
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9-10 Determine the equivalent state of stress on an element
if the element is oriented 30° clockwise from the element
shown. Use the stress-transformation equations.

300 psi

—_—

950 psi

|

o, =0 o, =—300 psi Ty =950psi 0=-30°

Oy = g%o_,_ +G’—;E’—cos 20+ 1, sin 20
0-300 0-(-300
= — + %cos (~60°) +950sin (~60) =-898 psi  Anms

o, -0,

Teyr =—( )sin 20 + 7,, cos 20

0-(-300)

=—( 3

)sin (—~60°) + 950 cos (-60°) =605 psi  Ans
O, +0, e —
o, =222 _ 92—"’cos 20— 1,,5in 20

_0-300_ 0-(-300)
2 2

)cos (—60°) — 950 sin (-60°) = 598 psi Ans

59 pst

605 PS¢

838 psi.
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9-11. Determine the equivalent state of stress on an
element if it is oriented 50° counterclockwise from the
element shown. Use the stress-transformation equations.

10 ksi

o, =-10ksi 0,=0 1, =-16ksi
8= +50°

Oy + 0, -
Oy = .._‘_2-_,. + ._a_‘._i_a.’.cos 204 Ty sin 20
-10+0 -10-0
= -————2 + ...2_003 100° +(~16)sin 100° =~199ksi  Ans

Ox — .
Try = —(———2&)5111 26+ 7, c08 28

-10-0
2

=~(

)sin 100° + (—16)cos 100° =7.70ksi  Ans

=%t9, 9J:-0
2

-10+0 -10-0
= " (—-T-)cos 100° ~(~16)sin 100° =9.89ksi  Ans

Oy cos 20— 1, sin 260

28957
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*9-12 Soive Prob. 9-6 using the stress-transformation equa-
tions,

90 MPa

6=120° o, =50MPa o0, =9MPa 7, = 35MPa

o = Ix ; 5 4+ & ; 9% cos 26 + Tyy Sin 20
=% ;' 90, 30=90 s 240° + (35)sin 240°
= 49.7 MPa Ans

The negative sign indicates 0,/ is a compressive stress

o, — O, .
Tpy = — ——nLsin 20 + 7,,cos 26
y 2 3 4

50 —~

20 sin 240° +(35)cos 240° = ~348MPa  Ans
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9-13 The state of stress at a point is shown on the element.
Determine (a) the principal stresses and (b) the maximum
in-plare shear stress and average normai stress at the point.
Specify the orientation of the element in each case.

50 MPa

—

30 MPa

45 MPa

o: =45 MPa o, =60 MPa T,y =30 MPa

T P
a) um:o‘z ES (———"2 1) 41,0

45-60 45— (—60)
2

= 22 F ¢

)2 +(30)?
2

0,=530MPa  Ans 0, =~680MPa  Ams " 75Mh
Orientation of principal stress : 68 O0MPa 75M

SHA

1an 26, et 30 _osma £3.0MPa b0
PTG —0)I2 (45— (-600/2

6, =148, -75.13 e

Use Eq. 9-1 to determine the principal plane of 6y and 07 :

00205t % % 2% 45204 1,sin20,  where §=14.87°
: 2 2

_454(60) 45~ (800 . 29 740 4 30 5in 29.74° = S3OMPa
2 2

Therefore 8, =149° Ans and 8p; =-751°  Ans

b)
T, = \/(-—-——6‘ “9yeg,? = \/(————45-;'5 Oy 4307 =60.5MPa  Ans
mll".'- 2

L0:*0 _45+060 o mMpa Ans A
Ouvy = == :

2 7.5MPa £3.0 MPa.

Orientation of maximum in - plane shear swress :

tam26, =

(g, ~0,)/2 - -(45~ ((—)60))/2 175

Tay 3
é8ompa
8, =-30.1° Ans and 8, =59.9° Ans

By observation, in order to preserve equilibrium along AB, i has to act in the direction shown.
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9-14 The state of stress at a point is shown on the clement.
Determine (a) the principal stresses and (h) the maximum
in-plane shear stress and average normal stress at the point
Specify the orientation of the element in cach casc.

180 MPa

T 150 MPa

o, = 180 MPa o, =0 Try = —150 MPa

J; + O, O, — O,
a) /%] =__“_§_Liv('—2—-’-)1+f,yz

18(;»,01 (18‘;'0)1»,(-150)2

Mhe
oy =265MPa Ans 0, =~-849MPa  Ans LSMpq 844“';

Orientation of principal stress :

6, =60.482° and ~29.518°

Use Eq. 9- 1 to determine the pricipal plane of g, and o0, :

= 21%, "'—;“’-cos 20+1,5in28,  where 8=60.482°
= 18‘;*0 + ls‘;’ 0 0 2(60.482°) + (~150) sin 2(60.482°) = ~84.9 MPa

Therefore 6,; =60.5° Ans and 6, =—-29.5° Ans

b)
Lamn Y
= /(T %2 2 _"1_80_'_91 ~1502 = — Wrh
Tans, . = ( ) P+, o =y( 2 12 +(~1501 =175 MPa  Ans / )
~
a.v.="_*'_;_"z=1_s‘;_"°=9o.ompa Ans 155°

Orientation of maximum in - plane shear stress :

~(0,-0,)/2 _ ~(180-0y/2 _

tan 26, =
Tyy ~150

0.6

,=155° Ans and 0=-745° Ans

By observation, in order w preserve equilibrium along AB, f,,,, has to act in the direction shown.
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9-15 The state of stress at a point is shown on the element.
Determine (a) the principal stresses and (h) the maximum
in-plane shear stress and average normal stress at the point.
Specily the orientation of the element in each case.

30 ksi
o, =-30 ksi a =0 Ty =—12 ksi
a)
_0:+0, 0; -0, 7_—30+0 =30-0,,
g2 = t + Tyt = + -12)?
1.2 2 V( ) ) y 3 V( 2 P +(-12)
gy =421ksi  Ans o, =-342ksi  Ans

Orientation of principal stress :
B (0, ~0,)2 (-30-0)/2

6, =19.33° and ~70.67°
Use Eq. 9- 1 to determine the principal plane of oy and ;.

0:+0, L 0 -0,

gy = €os 28+ 1., sin 20
8 =19.33°
-30 30~
e = 2+0 + 3—(;—0505 2(19.33%)+ (—12)sin 2(19.33°) = ~34.2 ksi
Therefore 6,“ =19.3° Ans and Gpl_ =-70.7 Ans
b)
a, — 0, -30-0 ;
Toar, T \/( St = \/(-—2——)’ +(-127 =192ksi Anms
s 4.2 kS ]
Ouve =°*_‘2‘"_r=."_2L_=-15ksi Ans & , B 342K4
,5 KS(' f‘&k’l e
Orientation of max. in- plane shear stress : ) 93 ° 3
an 26, =—(cr,—o!)/2 =—(--30-0)/2=_L25 2570 .
Ty -12 192 Ks{
6,=-257° and 643° Ans A 257
. /Sks;
By observation, in order to preserve equilibrium along AB, /9 20 4.21ks5( or ¢
{

Taax has to act in the direction shown in the figure,
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*9-16 The state of stress at a point is shown on the cle-
ment, Determine (a) the principal stresses and (h) the max-
imum in-plane shear stress and average normal stress at the
point. Specify the orientation of the element in each case.

250 MPa
“— 1" 17SMPa
200 MPa
8 o, = -200MPa 0, =250MPa 7, = 175MPa
_o,+a, C: - Oy ;. 2
gz = + (=t} 4 1
- 2 " 370 Mpa
- 200 + 250 -200 -
- w1l 00 250)1_1_1_,52 21
2 - 2
o = 310 MPa oy = - 260 MPa Ans
260 MPa
Orientation of principal stress :
Ty 175
an26, = —2X— ;= e~ = T 0.7717
2 z
8, =~ 18.94° and 71.06°
25.0MPa
Use Eq. 9- 1 10 determine the principal plane of 0y and o,
o, = 2 ; D+ "% 0526 4 1, sin26 ZJSHP'ZS.aMPq
264"
6=16, = - 1894°
-200 + 250 -200 - 250
Oy = ) + 3 cos(— 37.88%) + 175 sin (~ 37.88°) = —~ 260 MPa = o,
Therefore 6,, = 71.1° 6, = —18.9° Ans
370 MPa
d, - G, - ~
b o = (EZed = \/(—2392—25_9)1 +1752 = 85MPa  Anms
io pltac °
741
285 Mpa
. + -
Ouy = "_2_": = _20221.22 = 250 MPa Ans

<Z6-1°

Orientation of maximum in - plane shear stress :

89"

@ -9 -200 - 250 A
w26, = ~ —ZT— = - T 1257 S-0Mpa 260 MpPa
Ty 175
8, = 26.1° Ans and -63.9° Ans

By obgervation, in order 10 preserve equilibrium, T, = 285 MPa has to act in the direction
shown in the figure.

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.




9-17. A point on a thin plate is subjected to the two
successive states of stress shown. Determine the resultant
state of stress represented on the element oriented as
shown on the right.

ssmpa  SOMPe
4s°

For clement g :
o, = g, = 85MPa Ty =0 6= -45

(Or)s = ‘sz—"L + 2'—;—2’—003284- 1, 5in26

B8, 5-’%'—’-«:.(—90'“ 0 = 85 MPa
2

() = ‘Ltz_"L - ‘L‘i_"zm 26 - 7, sin20

- ””’-E-z'—‘—’m(-oo')-oaasm.
2

(fuyla m - 222 ; % 4in 26 + 1,5 c08 20
- -1’—;—'-3-“-90'“0-0

Forelement b :
0, =0,=0 1, =60MP & = -60°

(ork = %—"L + i;—"Leuzn 1,y 3in 20
w0+ 0 + 60sin (-120°) = — 51.96 MPa
@)% = i;-"L - _°'_';‘.’Lm 28 - 1,, 3in26 "

2 0 -0~ 603in (- 120°) = 51.96 MPa 0'1,

(Tey)s = = L;-"Lsmze + 1,00828 Tt\’

s
= -E-;-a—ssin(—lm‘)+ﬁoeu(—120")- - 30 MPa ‘ ‘ A
0, = (Oc)a +(0¢)s = 85 + (~51.96) = 330MPa I

Ans

0, = (0y), +(0,:)y = 85+ 51.96 = 137 MPa Ans l

Ty = (Sry)e + (Try)s = 04 (-30) = -~ 30MPs  Ams
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9-18 A point on a thin plate is subjected to the two suc-
cessive states of stress shown, Determine the resultant state
of stress repr d on the el t oriented as shown on the right.

200 MP, 58 M
Forelementa : ! \ Fa

o, = o‘,_;& + gi—;—glcos 26+ 1,,s5in 28
~200 = 0.5(0;)s +0.5(0, )y +0.25(0:)s ~0.25(0y )s +0.8660(7;y )

- 200 = 0.75(0;)a +0.25(0) )a +0.866(T,y )a [¢))

350 MPa
~350 = 0.5(0,)» +0.5(0, )a +0.25(c, k ~0.25(0,), —0.8660(7,, )u
~1350 =0.25(0,), +0.75(0, )o — 0.866(1,, )a 2)

__%:~-9

Tyy =

sin 26+ 7y cos 26

0 =-0.4330(0;), + 043300, )a +0.5(7; )s 3)
Solving Egs. (1), (2), and (3) yields :

(0:)s =-231.5 MPa

(6,)a ==312.5MPa

(Tey )a = 64.95 MPa

Forelement b :
e = %t9 £"i‘-—o"—cos 26+ 1, 5in 28
2 2
oy =0 8=-25°

0=0.5(0,) +0.5(0, ) +0.3214(0; ) ~0.3214(0, ); —0.7660(t;, )
0=0.8214(0;), +0.1768(0, )s ~0.7660(, ) (O]

o,.=0 8=65°
0=0.5(a,) +0.5(g, )5 ~0.3214(0, )y +0.3214(g, ), +0.766(,, )s
0 =0.1786(0, ), +0.8214(0, ), +0.766(7, )s 5

Ty = -——;ﬁsin 260+ 14y cos 26

0=-25° T,y =58 MPa
58 = 0.3830(a, )y ~0.3830(0, ) +0.6428(5, ),  (6)

Solving Egs. (4), (5), and (6) yields :
{0 =44.43 MPa
(0, ) = —44.43 MPa
(T )s = 37.28 MPa

O = (0s)a +(04)s
=-237.5+4443=-193MPa  Ans

0, =(0,)s +(0y )y
=-312.5-4443=-35TMPa  Ans

Ty =Ty da + (T s
=6495+3728=102MPa  Ans

Note : This problem can also be solved by using o, = —200 MPa
0, ==350 MPa, 7,, =0, and 8= -30°
for elementa, and 0, = 0, 0, =0, 7, = S8 MPaand
8 = 25° for element b.
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9-19 The stress along two planes at a point is indicated.
Determine the normat stresses on plane b-b and the princi-
pal stresses.

45 MPa

J——oa;‘ x
g.-0, 0
2

Ty =— sin 26 + 1., cos 20 _— / & /
x d
~25= —91—"2:9 sin (=300°) + 45 cos (-300°)
o, = 109.70 MPa
(/3 =29 %-0 cos 260 + T, sin 20

2

_109.70+0 109.70-0
2

cos (—300°) +45 sin (~300°)
o, =121 MPa Ans

G +0 0.0
o121 = ’2 ’i‘/( ’2 LY+ 13,

_ 109.70+0+‘/(1o9.70-0
2 T 2

) +(45)?

o7 = 126 MPa Ans

0, =~-16.1 MPa Ans
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*9.20. The stress acting on two planes at a point is indi-
cated. Determine the shear stress on plane a-a and the prin-
cipal stresses at the point.

a
oy
AN ? Cy ,
\ T 80 ksi *
2 Shocok,
A ; s=fy°
60ksi‘/< T x
po i )
30‘_.,‘.
d; = 60 sin 60° = 51.962 ksi
Ty = 60 cos 60° = 30 ksi
o, +0, -
0, =20 %0 029 + Ty, sin 26
2 2
51962+0, 51962-
s0= =%, 20 . cos (90°) + 30 sin (90°)
o, = 48.038 ksi
o =~(Z "D )5in 20 +1Tcos 6
51.962-48.038 . .
= —(———T——-—-)sm (90°) + 30 cos (90°)
T, = =196 ksi Ans
_g;+0, . -0
O = ——ziiv (—XTL)2 +13
51.962 + 48.038 5196248
- 2 i{( . 8038)z+(30)2

0y =80.1ksi Anms

g, =199ksi  Ans
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9-21. The stress acting on two planes at a point is indi-
cated. Determine the normal stress o, and the principal
stresses at the point.

R e
Tt
Stress Transformation Equations : Applying Eqs. 9-3 and l
9-1 with 6=-135°, 0, =3.464 ksi, 7,, =2.00 ksi, 7,.,. = -2 ksi, %

and O, = G},

-a,
Tpye = —g—?—-'sin 26+ 7, cos 26

~3.464
2= -i_;_sm (=270°) + 2c0s (-270°)

G, =7.464 ksi x

¥ .
\5‘4"4 % 00msi 0—/

+0, 0,-0 . /3
A - E—cos 20+ T,,5in 26

46443464 7.464-3.464 ”
o, =1 ‘“’4;3 . cos (~270% + 2sin (~270°) 127

. , s.
= 7.46 ksi Ans Rk [113

In - Plane Principal Stress : Applying Eq.9-5, !

g, +0, (o',-o,, \E
{22} +12
) 7 )

.464 464~ 3,464}
=7.464-;346 : ,(7 23 J"z’

=5.46412.828

T2 =

o, =829 ksi o, =2.64 ksi Ans
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9-22. The wood beam is subjected to a load of 12 kN. If
grains of wood in the beam at point A make an angle of
25° with the horizontal as shown, determine the normal
and shear stress that act perpendicular to the grains due
to the loading,

L Zm I 1z K’.‘4m

L
r—ln—T—ln |
48577 513"
v=6851""
‘ ]l ’ M=13-114 kN-m

1= é(o.z)(o.a)’ =0.45(10"%) m* 4857
Q1 = YA =0.1125(0.2)(0.075) = 1.6875(10°) m® 112-5mm

_ My, _13.714(10)©0.075) _ 300mm
Y 2.2857 MPa (T) ”
o = VO _ 687500)16875)107) (oo 200mm
ATk 0.45(10%02) *

0,=22857TMPa  0,=0 1, =-01286MPa O=115°

0:+0, G.-0,

o= 3 co0s 20+ 1, sin 20
2.2857+0 22857~
= 27+ + 285770 230° 4 (—0.1286)sin 230°
=0507MPa  Ans - CIZ86MP . *
g=18"
o =0y . -—{» -l—» ! x
Tyyr = sin 28 + £, cos 26 )
7 2 ” zzasm,..‘
2.2857~-0 -

= —(———z—)sin 230° + (-0.1286)cos 230°
=0958 MPa  Anms
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9-23, The wood beam is subjected to a distributed
loading. Determine the principal stresses at point A and
specify the orientation of the element.

T )
TEmon 4 —
\ % I=A ——"H
-é.g e 1
Jay kN
l £.857 x o 5743
I= =(02)03) =04510%) m* ’ V= 6857 y
- ] ’ =13-7/4 ks-m
O = yA' = 0.1125(0.2)(0.075) = 1.6875(10"°) m® ::l M=137
0y =M _ BTIA0YO0TH) ¢os1™"
AT 04510%) = a (M)
112-5nm
VO, _ 6.875(10°)(1.6875)(10°%) (
Tp=——= =
“n 0.4510°)(0.2) 0.1286 MPa 300mm
0.=2285TMPa o, =0 =
oro; . : - Ty =-0.1286 MPa *—Eiﬂ;ﬂ;
Oz =’-—2'——i'V(—2—-’-) +7d
2.2857+0, [ 22857—
= :t‘/( 857 0)!+(—0.12)36)z
2 2
01 =229MPa  Ans
gz =-1.20kPa Ans -— O IB6MPa
T, -0.1286 """ | Y
tan 26, = 2 =
P (0. -a,)2  (2.285T-0)2 |1 2285Hp,
6, =-321° 7.20 NP
3.2°
Check direction of principal stress :
o;.:m-*uGOS 264.1‘,53“ 26 Q-Z’MP“'
22857+0 2.2857-0
=y #5005 (-6.42°) ~ 0.1285sin (-6.42)

=229 MPa
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*9.24, The grains of wood in the board make an angle of
20° with the horizontal as shown. Determine the normal
and shear stress that act perpendicular to the grains if the
board is subjected to an axial load of 250 N.

; 30 mm i 60 mm
250N =] ~ }Q, 250 N
K 25 mm"‘ k/
0=£" 250 = 166.67 kP
TA 060025y ol

6=110°
e = 1’—;—01 + &% o526+ 1,,5in26
166.67+0 166.67 -0
= — + 3 c0s 220°+0=195kPa  Ans
Toy = —( %% )sin 26+ , cos 26
166.67-0

=~( -——-5-———)sin 220°+0=53.6kPa  Ans

T
166.67KF% g=10"

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




9-25 The wooden block will fail if the shear stress acting
along the grain is 550 psi. If the normal stress oy = 400 psi,
determine the necessary compressive stress o, that will cause
failure.

Po— 58° R )
b @, = 400 psi

’

o0y . x
Ty = —(———2)sin 26 + 7., cos 26 T .
Y 2 Y \ 2 B=SE 9, 145"
_ doops(
550=—(L"9-°-2-"_’)sm 296° +0 S o6

)
. P
o, =-824psi  Ans
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9-26. The square steel plate has a thickness of 10 mm
and is subjected to the edge loading shown. Determine
the maximum in-plane shear stress and the average
normal stress developed in the steel.

S0 N

o, =5kPa g, =-5kPa Ty =0

Tans, = (g‘;;")’*-fx’y
"" - B I A
=\/(5—;5-)’+0=5kPa Ans G+ Bor
5 <R
a.v.=————-c'+c' =350 Ans [
2 2 SKPa
Note
w@n 26, = —(0;-0,)/2
Tay / \(5 £Ps
e
tan29. =-————‘(5+5)/2=w \ 45
0
0, = 45"
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9-27 The square steel plate has a thickness of 0.5 in. and is
subjected 10 the edge loading shown. Determine the princi-
pal stresses developed in the steel.

16 1bfin,

16 Ih/in,

o:=0 06,=0 1, =32psi

01,2=a‘+a’:t ,(Ux—ﬂ'y)z‘i.r}y et j&P-’(‘
P L
=01/0+322 —_—

oy =32psi  Ans

o, =-32psi  Ans _ . P50
6 =45
Note : 4s®
wn26, = —T2___ _32__ ]
(0:-0,)/2 0 32 psi
6, =45°
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*9-28 The sintply supported beam is subjected to the trac- &, ol

tion stress 7 on its top surface. Determine the principal ——
stresses at points 4 and B. ’
; i L -
fol ¥ Cprede
To ,A
S A — T, b

w2 —] A ey
‘étzil £,
VAPRY ! —
/ Tood A
Point A: o 14
Mc P _ (TobLdi9)dl2) TobLI2 _ Tl
= e — = =
GETT AT Lo bl d
Lo
Ta="% -

5t
A
Thus,
~toL oL 2 2
= ——F —"‘) + 7
T1,2 2d V( 2d 0
-ToL L 3
==t (—)+1 Ans
oz =g 20V

Point B:
Mc P (1obLdI4)(dI2) . TobL/2 - 215L
BET AT bl bd  d
24l
oy = 25-9-[-' Ans

d

[+ 73 =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.




929 The beli crank is pinned at A and supported by a short
link BC. If it is subjected to the force of 80 N, determine the
principal stresses at (@) point D and (b) point E. The crank
is constructed from an aluminum plate having a thickness of
20 mm,
Poit D :

A = 0.04(0.02) = 0.8(10"*) m®

I= %(0.02)(0.04’) =0.1067(10°%) m*

0p = YA’ = 0.015(0.02)(0.01) = 3(10°%) m’

Normal stress : 4"' 22.m gon
P
P My 6 7.2(0.01) Ay - Z

Op = — + ~=< = et =2 ~(),595 MPa <
A 1 08(107%)  0.1067(16°%)
oim
Shear stress :
Ve 48(3)(10°%) Fac =
e ———— = (.0675 MP: (14 .,
=TT Sa0en(10oy 007 | o5 MPe 812731 (4)
Bon
Principal stress @ o, = - 0.595MPe o0, = 0 1, = 0.0675 MPa V=4EN P .
= N=644 £
cru:a,i-dyt (g_'_2:'_;)z+,x1’ L—
. - M=72N-m Q——-'f
- 0.5925 +0 . (-0.5925 0., 00675 7 2-15m
Ly
gy = 756kPa Ans
6y = —603kPa Ans M:;ZB“/V-M
Point £ : —{-—-( V= B7.273 A
I= é(o.oz)(o.os’) = 0.2083(10™%) m* ”"""’I g /
87273n
QO = YA = 0.02(0.01)(0.02) = 4.0(107°) m® (¢
Normal stress :
op = My 32UOOLN _ 0s i ype

I~ 020831079 20675 MFa

Shear siess : ' D o5 MPbu
_VQ _ 812713(40)(10°%) _
St T Da0Ex109 000 | O T8kPa 2770 KP®

Principal stress : o, = 0 @, = 3770kPa 1, = 83.78 kPa

PR D 2 “ Efl
!

8378 kPa

0+ 377.0 0-1377.0
B ————
2 - 2

)+ 83.782

gy = 395kPa Ans

gy = ~ 17.8kPa Ans
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9-30 The clamp bears down on the smooth surfaces at C
and D when the bolt is tightened. If the tensile force in the
bolt is 40 kN, determine the principal stresses at points A
and B and show the results on elements located at each of
these points. The cross-sectional area at A and B is shown
in the adjacent figure.

J__ A
25 mm-’—EEISOmm
30 mm
I= 1iz(o.os)(o‘os’) =0.3125(10%) m* oo mm 200l 100 mm,
A
04 =0 =7 l ), S
0Oz = (0.0125)(0.025)(0.03) = 9.375(10 %) m® & 4[ [T "5 |
Point A : ’ " K
e 5 40103 Cy=/6 ¥ I 0,24
o, = “Me 7240000025 _ o) e J g0k I
I 0.3125(10°%)

Here, YM=24 Ke.m

o; =0 Ans o3m o /m , KN

0, =-192MPa  Ans 40" V=24

6%~

Point B :

Op = ? =0

3 » — /92 Mba
= YO _ 28000370 000 S
It 0.3125(10°5)(0.03)

0,=0 o0,=0 1,=-24MPa = Z¢MF .

0’1_2=ax;ayi ’(Gx';a'y)2+rxyz J

=0ty 0+(24)2

0y =240MPa  Ans
0; =-24.0 MPa Ans

H

tan2g, = — 22
(o~ a)2 0

= oo

6, =45 and 6, =—45°
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9-31 The cantilevered rectangular bar is subjected to the
force of S kip. Determine the principal stresses at points A

and B.

1= T‘Eaxs’) =54in*  A=(6)3)=18in’

04 =225(1.5)3) = 10.125 > Qs = 2()(3) = 12in’

Mz 4 4515

+ = 1.472 ksi

a2 o =(.1875 ksi
o ey

o, = 1.472 ksi o, =0 1, =01875ksi

0,+0, [ 00
au:_'_z__’i (__‘_2_’)14,-;,’2

_ 147240, [ 1472-0
- 2

)? +0.18757
2

EST

0; =1.50ksi  Ans
0, =-0.0235ksi  Ams

P ME A SO
A 1 18 54

=t 30D 6000 ki
I 543

o, =-0.6111 ksi g, =0 1, =0.2222 ksi

g, + 0, T, =0,
ga1= —‘Tz’i\/(—-{—’-)’*‘lﬂz

- —0‘621 +0 + (—0.61211 —0)z +02222

6, =00723ksi  Ans
0, =—0683ksi  Ans

—

0-187 ksi
{ -i-/- 7L Ksi

e 2.22E2 Kk

glis

O 6/171 AP
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*9.-32 A paper tube is formed by rolling a paper stripin a
spiral and then gluing the edges topether as shown.
Determine the shear stress acting along the scam, which is
at 30° from the vertical, when the tube is subjected 10 an
axial force of 10 N. The paper is | mm thick and the lube
has an outer diameter of 30 mm.

R
AR

30 mm /07 7‘ KP&
o= E = ——-———ﬂ—-——-— = 109.76 kPa

A 5(0.03% - 0.028%)

o, = 109.76 kPa o, =0 Ty =0 g = 30°

g, —0y .
Tyy = — ———2L5in 20 + T,, cos 20
y 2 34

10976 =0 in60° + 0 = - 475kPa Ans
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9-33 Solve Prob. 9-32 for the normat stress acting perpen-
dicular to the seam.

TR

30 mm

6.+ 0 O, — O, .
= = Y 4 ’2 2.cos 20 + Ty, sin 28

2
_ 10976 +0 10976 -0 (60°) + 0= 82.3 kPa Ans
2 2
- 20476 kPo.

I

xl

3"
rs
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9-34. A rod has a circular cross section with a diameter
of 2 in. It is subjected to a torque of 12 kip-in. and a
bending moment M. The greater principal stress at the
point of maximum flexural stress is 15 ksi. Determine the
magnitude of the bending moment.

J= ’2.‘(1)‘ =1.5708 in*

I= f;'(l)2 =0.7854 in®

12kipin.

f=-1;c = -—1—& = 7.639 ksi

J 1.5708

o, =M MO _ | 950m
7 07854

o, +0, 6. -0,
oy ==L 4 ————-“2")2+1:,,,2

5 (

15 1 +7.639*

1M ‘ﬂ—l.znzu
T2 2

M=873kip-in. Ans
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9-35 Determine the principal stresses acting al point A of

the supporting frame, Show the results on a properly ori-

ented element located at this point.

E‘————-BOO mm——~—-4. 28 m I
B

N=3-6 knl
; ~V=4.8kn I

M=5.2747 £7).m

|

300 mm

D4 _ 0.0650.13)(0.015) + 0.136(0.15)(0.012)
Z4 0.13(0.015) + 0.15(0.012) = 00991 m

y=

1
I= 3
12(0.015)(0.13 )+ 0.015(0.13)(0.0991—0.065)2

4

1
+ — 3
o (0.15)(0.012%) + 0.15(0.012)(0.136-0.0991)% = 7.4862(10%) m

Q=0

A = 0.13(0.015) + 0.15(0.012) = 3.75(107%) m?

Normal stress :

c = f. + &' —i ——— 70.8 MPa
A 1

o, = 236(10°)  52767(10%(0.0991)
3.75(10°) 7.4862(10°6) = -70.80 MPa

Shear stress :

TA = O

Principal stress :

% =0 Ans

0, = ~70.8 MPa Ans
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*3-36 Determine the principal stresses acting at point B,
which is locatedﬁusl on the web, below the horizontal seg-
ment on the cross section. Show the results on a properly
oriented element located at this point. Although it is not very
accurate, use the shear formula to calculate the shear stress.

TyA _ 0.065(0.13)(0.015) + 0.136(0.15)(0.012)
A 0.13(0.015) + 0.15(0.012)

y:

1= é(oms)(o.w’) + 0.015(0.13)(0.0991 - 0.065)*

+ iz (0.15)(0.012%) + 0.15(0.012)¢0.136 -0.0991)° = 7.4862(10"%) m*
1

3 2 08 m |
A = 0.13(0015) + 0.15(0.012) = 3.75(107) m™ 5 1 4y
) /L .
Normal sfress : X\
P Mc V=4.8kn 0.39908m
=3t T M=s.2767mm || |
g = - 3.6(10%) N 5.2767(10°)(0.130 — 0.0991) _ 20,834 MPa A,
3.75(107%) 7.4862(107¢) <
b kN
Shear stress :
% = e _ ~4.8(10°) (0.0369) (0.15)(0.012)(0.0369) _ _, ¢4 Mpa
It 7.4862(107€)(0.015)
Principal stress :
.834 —
Oy = (20.834+0) + \/(2083 o)2 + (2,847
' 2 2
e
'*!
oy = 21.2MPa Ans g._h ” 20834 MPa
== Z:84 MPa
o, = —0.3830MPa Ans
-2.84
tan 26, = PE TR
2
8, = —163° Ans
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9-37 The box beam is subjected to the 26-kN force that is
applied at the center of its width, 75 mm from each side.
Determine the principal stresses at point A and show the
results on an element located at this point. Use the shear
formula to compute the shear stress.

S 26 KN
5
Z
e
't
1 -1 3) = 18.38667(10°°) m*
= 1 0.15)0.15%) - = (0.13)0.13) = 18,
12 12
A=0152-0.13 = 5.6(10) m?
04=0
Ta = 0 \
P Mc _—2400°) 2820000075 4y yp,
Oa= 2T T56107)  18.38667(10°)
[+]] =111 MPa Ans PIS ) 117 NPQ
oy = 0 Ans
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9-38 Solve Prob. 9-37 for point B.

130 mm

i
130 mmEB} ;; :::
—

150 mm

I= %(0.15)(0.15’)- -11—2(0.13)(0.133) =18.38667(10%) m*
A=0.15"-013 =5.6(10) m*

Oz = (0.07)(0.15)(0.01) +2(0.0325)(0.065)(0.01) = 0.14725(107) m’

M=28.2 kKN-m 26 KN
P 24(10%)

g
/ 5
Op = ~— = ————— =-4286 MPa Ne2g* [+ 2
BTTA T 5.6(107) __<.. H_,L 2.075m T
L

_ VQs _ 10(10°)(0.14725)(10°%) _ !

Vﬂ: 0k N 3m
s = =
BT TR T T1838667(1076)(0.02)

004 MPa

o, =-4.286 MPa o, =0 Ty =—4.004 MPa

Up = -#-286 M ‘—r 4.004 MPa
am:a’;a’iV(G‘;G’)2+r,,2 @.o Ff'a‘”’-

Tey= ~4.004 MPa -

_-4286+0 \[(—4.226—0)2 +(-4.004%)

2
o, = 2.40 MPa Ans 0 = —6.68 MPa Ans
T, —4.004
260, = —2L = 0, = 6-68MPe
W =G =002 (-4286-0)2 “
6,=309° or -50.1° %= 59.0°
O:2-40Mpa

UseEq9-1,
6p1 =—59.1°  6,; =30.9°
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9-39 The wide-flange beam is subjected to the 50-kN force.
Determine the principal stresses in the beam at point A
located on the web at the bottom of the upper flange.
Although not very accurate, use the shear formufa to com-
pute the shear stress.

SO0 kN
l ; m s0*N
L4 Wt — 2}
 pagicins oty oimamiibgas sos opeeact| (1=
it 3 f 1] =
Ay y=50K"

12mm

10 ram N Izso mm
T

12 mm
f—
00 mm

[

I= %(0.2)(0.274)3 - —115(0.19)(0.25)3 =95.451233(10%) m*

04 = (0.131)(0.012)(0.2) = 0.3144(107)m’

3
<My 150000129 _ 196 43 vp, — /647 MPe

7 " 95.451233(10°5) ﬂ 196, 43 rPa

3 -3 -
- _@ - 50(10°)(0.3144)(107°) = 16.47 MPa
It 95.451233(107)(0.01)

Ta

o, = 196.43 MPa o, =0 Tyy =—16.47 MPa

O, +0), Oy~ 0y ., 2
= i‘/ )+ 1
01‘2 2 ( 2 y
_19643+0 ‘ﬂ 196.;3-—0)2 + (16477
2

o, = 198 MPa Ans
0; =-1.37MPa  Ans
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*9-40 Solve Prob. 9-39 for point B located on the web at
the top of the bottom flange.

S0kN

l_‘ 4 So-4N
1 i SmA

A 4 L=

=0 12 mm . %
mmmIZSO mm M=m“ = SO M

12 mm

T

200 mm

I= 1—12(0.2)(0.247)3 - I1§(0.19)(o.25)3 =95.451233(10°%) m*
Op = (0.131)(0.012)(0.2) = 0.3144(10%)

My 150(10)(0.125
g =2y . _150U0)O.125) __,5¢ 13 Mpa 1647 MPa

I 95.451233(10%)
—-—1‘ 196 42 MPu

W 50(10°)(0. -3 —
= Y2 _ S000)O0314(107) _c 1m vipa
It 95.451233(1075)(0.01)

(23

0,=-19643MPa  g,=0 1, =-1647 MPa

G, +0 0.~ O
01,2 = x2 ’:I:V( '2 L) +1,,2

-196.43+0 , [ 19643
=— * :t\/( 196243 9 4 16477

o, =137MPa  Ans
0y =-198 MPa  Ans
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9-41 The bolt is fixed to its support at C. If a force of 18 Ib
is applied to the wrench to tighten it, determine the princi-
pal stresses developed in the boit shank at point A.
Represent the results on an element located at this point.

c
The shank has a diameter of 0.25 in.

Lel= ;_'(0,125‘) =0.1917476(10™) in*

J= %’(0.125)‘ =0.383495(107) in*

aA=A_"—C=M—=23.47ksi
1 0.1917476(10°%)

fa= E _ 108(0.125) = 35.20 ksi
J  0.383495(107%)
a,=2347ksi, 06, =0, 1., =3520ksi
O, +dy 0: =0y .y 2
=2 :‘/ 2 Xyl
-1 7 ( 2 Y+ 1Ty
_Ba1s0, [BA0, n 2
2 2
o, =48.8ksi Anms
o, =-254ksi  Ans
35.20
1an 26, = Tay = e,

(O -0,)2  (23.47-0)/2
8, =3578° and 6, =-54.22°

Use Eq. 9- 1 10 determine the principal plane for 0 and 03 :

a,.=°'_';_‘i+%cosze+r,, sin 29 .
254 ks
=Eﬁiﬂ'—o+%——gcos71.56°+35‘205in71,56°=48.8 i \ 433 Jesi
By =35.78° 8,2 = ~54.22° 3s.3°
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9-42 Solve Prob. 9-41 for point B.

&
b4
[
L=L= %’(0.125“) =0.1917476(107%) in* e
J= ’5'(0.125)“ =0.383495(10"%) in*
Op = 0
Q= yA = 4(0'125)(1)(::)(0.125’) = 1.3020833(107) in’
kY4 2
o = V0 Tc_ 18(1.3020833)(107°) _ 108(0.125) _ =371 ksi
BT T T 0.1917476(1073)(0.25) 0.383495(10°%)
o, =0 o, =0 Ty =34.71 ksi
24T hst .
ad14sC
61.2=“‘+a’i\/(m;a’)2+fxﬁ 4¢°
2 »

=0%/(0)? + (34.71%

o, =347ksi Anms
o, =-34.7 ksi Ans
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9-43 The nose wheel of the plane is subjected (o a design
foad of 12 kN. Delermine the principal stresses acting on the
aluminum wheel support at point A.

8 150 mm

T 290 mm
300 mm

174N

W+EF, =0; 12cos30°-N=0; N=10392kN
S+ EIF =0, ~12sin30°+V=0; V=6kN

(+2MA=O; M-(12)0.150)=0; M=180kN.m

3
_P _10392(107) _ ¢ o MPa ()
A (0.03)0.04)

Y2 6(10%)(0.01)(0.03)(0.02)
TR 5(0.03)0.04)(0.03)

O, +0, 3.=0, 3
C12 = 12 yi\/( 12 1) 41,

:8.6;+0 N (8.62—0)2+ 7507

=7.50 MPa

= =4 33+8.66025
o, =12.9903#43.0 MPa Ans

o, =4433MPa  Anms
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*9-44 The solid shaft is subjected to a torque, bending mo-
ment, and shear force as shown. Determine the principal
stresses acting at point A.

L=1I = %‘ (0.025)* = 0.306796(10°°) m*
J= ’5'(0.025)4 =0.613592(10°%) m*

oy = Mec . _S000) _ _ 459 mpa

I 0.306796(10%)

g, = 562 P00, e33Mpa

J  0.613592(10%)

0. =4889MPa 0,=0 1, =-1833MPa

o,+0, [0.—0, 2
012 = x2 Y+ ( 12 )2+fxy

- 4'889+0:t ,(4'8829_0)2+(-1.833)2
2

o; = 5.50 MPa Ans
o, =-0.611 MPa Ans

/833 MPs
4+589MFa
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9-45 Solve prob. 9-44 for point B.

L=l = f (0.025)* = 0.306796(10"*) m*

J= %’(0.025)4 =0.613592(10"%) m*

Qp=yA = 1(93'%29(%)1:(0.0252): 10.4167(10°%) m

800N

YOy Tc _ 800(10.4167)(10°5) __45(0.025)

=-1.290 MPa
It J  0306796(10-5)(0.05) 0.61359(107%)

o, =0 o, =0 Ty =—1.290 MPa

Ci2 = g% iv(d‘,-—dy )2+,
2 2 ’@1/-290 Mp,
=01 /(0)? +(~1.290)? E——

o, =1.29 MPa Ans
6; =~1.29 MPa Ans
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9-46. The internal loadings at a cross section through the
6-in.-diameter drive shaft of a turbine consist of an axial
force of 2500 Ib, a bending moment of 800 1b - ft, and a tor-
sional moment of 1500 1b - ft. Determine the principal
stresses at point A. Also calculate the maximum in-plane
shear stress at this point.

800 1b-if -
)

—
1500 Ib-ft

A=n(3) =28274 in? X
J= ’5' (3 =127.23in*

I= :—'(3‘) =63.62in*

op=-L_Mec__2500 _800123) _ 1psi
A 1 28274 6362 ’

=== 4244 p5;

o, =—541.1 psi gy, =0 Ty =424.4 psi

O, + 0, o, — O,
Ci,2 =——-—'2 ’i‘/(_‘.i_’.)2+rxyz

~541.1+0 -541.1-0
= ——T— + ‘/(——{——)2 +(424.4)?

5411957

o, =233psi Ans
g, =~774psi  Ans

Ox — O,
x y)z+.rxyz

Tmax ={f(

in-plane

—541.1-0
= \/ (——)"+(424.49 =503psi  Ans
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9-47. The internal loadings at a cross section through the
6-in.-diameter drive shaft of a turbine consist of an axial
force of 2500 Ib, a2 bending moment of 800 Ib - ft, and a tor-
sional moment of 1500 1b « ft. Determine the principal
stresses at point B. Also calculate the maximum in-plane
shear stress at this point.

&
= 1500 1ot
A=x(3) =28274in*
I= ; (3% =127.23in"
I= :1’5(3‘) =63.62 in*
P 2500

Op=— == = =—88.42 psi

BT AT 28218 pst
tp= 2 15000UDB) _ 40y 40

J 127.23
=~ 424482 P37
B84z psi

0, =-8842psi 0,=0 1, =4244psi

G121 = _G, -;-0, tv (____0, ;d, )1"'1::2

- —88.:2 +0 + J (-88.:2-—0)1 +@2447

o; =382 psi Ans
oy =~471psi Ans

’ O;— Oy 4 2
T = it ) & 4 T,
max ( 2 ) xy

=‘/(.—--8-§':Lq)z+(424».42)z =427 psi Ans
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*948 The 2-in.-diameter drive shaft AB on the helicopter
is subjected to an axial tension of 10000 Ib and a torque of
300 1b - ft. Determine the principal stresses and the maxi-
mum in-plane shear stress that act at a point on the surface
of the shaft.

P 10000
= =—=3]
Ay 83 ksi
Te  300(12)(1) )
t=—=T N0 o)
T = " Fay 292 ksi
F
_0:+0, 0. =0, -
T L a %/
Tb
3.183+0 3.183 -~
=== t\/< L 02 4 229202 ip

oy =4.38 ksi Ans
03 =~-1.20 ksi Ans

0.-0, ,
= — 2 2
in‘?:hxm ( ) o

= \/ (3%3—19)2 +(2.292)

=279ksi Ans
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9-49 The box beam is subjected to the loading shown.
Determine the principal stresses in the beam at points A

and B. 8001 1200 tb
wl‘ 1200 b
4. ook relp et 8 [«
25 n—!-‘s ft L * L |
6in T3 12sesm 57 "
At &”/b [é40 1Y o J60
6in.IISin. v:-840'°
! b
= ] ) pesoo™t
S
1640
1 3 1 3 . 4
I=—(8)8)y ——(6 =
12( )(8) 12( )6)” =233.33in
04=0
=0
For point A :
Ty =0
M
== —-——-——300(12)(4) =61.7 psi
I 233.33 4 L7
/7 f T
oy =61.7 psi Ans
0, =0 Ans
For point B :
=0
My -300012)(3)
Op=—rm = —— = 1 -
R R N TR — B [—#6Ip30

o =0 Ans
0, =—-463psi Ans
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9-50 A bar has a circular cross section with a diameter of
1 in. It is subjected to a torque and a bending momeant. At
the point of maximum beading stress the principal stresses
are 20 ksi and -10 ksi. Determine the torque and the bend-
ing moment.

O, + 0, O,
G2 =‘_2,._’.t"( 7)14,1."1

In this problem o, =0

[-A Gz 2
zo=_.+‘/._ 412
2 (2) 4

2
O:2 _ Os 2
20- ) = X 41,
¢ 2) 2

2 2
O Oz 2
400+ — —200; = — + T,
At 4 7
400200, = 7,y ¢V
o, [+}
~10=2 (& en2
> < 2,
2
Os2_ Ox )
C10- =P ==X 4 1,
( 2) 2t

2 62
1m+9_‘_+100‘ =—‘+r,;
4 4

100+ 100, = .2 2)
Solving Egs. (1) and (2) :
o, = 10ksi 7, =14.14ksi

Tc T(0.5)
== 414 = ————
ey £0.59)

T=2716kip-in.=231lb-ft  Ans

Mc o MOS)
I (0.54)

M=098lkip-in=8181b-ft Ans
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9-51 The internal loadings at a section of the beam consist
of an axial force of 500 N, a shear force of 800 N, and two
moment components of 30 N - m and 40 N - m. Determine
the principal stresses at point A, Also compute the maxi-
mum in-plane shear stress at this point.

L= 1—12(0.1)(0.2)3 = 66.67(10"%) in*

Q=0
P Mz 500 30(0.1)
Op=———= - = =20 kP: —) = -
ATATT T 0002 66670109 3 G0 ke

T, =0

Here, the principal stresses are

g, =0,=0 Ans 0, = 0, =—-20kPa Ans
T max = ('qi__o'y)z"'fxyz
in- plane
-20-0
=1/( 20 12+0=10kPa Ans
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*9-52 The internal loadings at a section of the beam con-
sist of an axial force of 500 N, a shear force of 800 N, and
two moment components of 30 N-m and 40 N-m.
Determine the principal stresses at point B. Also compute
the maximum in-plane shear stress at this point.

L= lz (0.1)(02)° = 66.67(10°°) m"
1

L= Ili(o_z)(o_l)’ = 16.67(10")m*

05 =2 A' = (0.05)(0.1)(0.1) = 0.5(10™)m’

P Mx 500 40(0.05)
Og = — = +

+—_— =T ————m = 145 kPa
A I (0.1)02) 16.67(107°)

S 60 KPo
Y0 _ 800(0.5)(10) = 60kPa ‘_—{’ 195 kb
BT T 66.61(1079)0.1) l

O = 145 kPa dy =0 Txy =-60 kPa

O, + 0, O, — 0y .2 2
012 = 12 yiV(——i—_) + Ty

_14540 (1‘%-_0)2,,(_60)2
2

o, =167kPa  Ans
o, =-21.6kPa  Ans

O, — O,
T max = (__J')2+Tﬂz
in- plste 2
=1/( 145—0)2 +(-602 =94.1kPa  Ans
2
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9-53 The internal loadings at a section of the beam consist
of an axial force of 500 N, a shear force of 800 N, and two
moment components of 30 N - m and 40 N - m. Determine
the principa! stresses at point C. Also compute the maxi-
mum in-plane shear stress at this point.

L= 1—12(0.1)(0.2)3 = 66.67(10")m*

L= 1—12(0.2)(0.1)3 = 16.67(10"%)m*

Oc = (0.075)(0.05)(0.1) = 0.375(10*)m’

P M: 500 30(0.05)
Oc = ; + — +

L =(0.1)(0.2) 66.67(10°)

=47.5kPa

o o ¥%Qc _ 800(0.375)(10%) _
Tt 66.671090.0)

45 kPa

o, =47.5kPa o, =0

O, + 0, 0,=0
Oy = 12 yiv( '2 1) 41,2

_4as+0, [475-0,
2 2

T,y =—45kPa

+(~45)?

0, =74.6 kPa Ans
o, =-27.1kPa Ans

C; - O,

Tmax = 1/(

in- place

2 2
)+ Ty

[\

475-0
2

=1/( )2+ (-452 =509kPa  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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Because of the number and variety of potential correct solutions to this problem, no
solution is being given.
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*9-56 Solve Prob. 9-4 using Mohr's circle.

o.+a, —650+400

= -125
2

A(—650,0) B(400,0) C(-125,0)
R=CA=650-125=7525

Gy =-125-525c0s 60° =388 psi  Ans
Toy =5255in 60° =455psi  Ams

. 650 |
A ¢ p—+400

Z'(y Q S
‘ I

A
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9-57 Solve Prob. 9-2 using Mohr's circle.

== =4kst Skt
2 2
8 o
-1 _ %  =82.875
AR E )

20 =2(130°) = 260°
360° —-260° = 100°
a = 100° +82.875° - 180° = 2.875° .
- = 8.0623 cos 2875°—4 =-4.05 ksx :ns
Toy = _8.0623 sin 2.875° = -0.404 kst ns

) 130
4.0°
v
A S ‘é
4
Loy pprt -
7\ p
& ocd R 3
5
r
4.05 ksl
O.MISi
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9-58 Sotve Prob. 9-3 using Mohr’s circle.
65 MPa

O:+0y _0+65 _ ) s Mpa
2 2

R =/ (32.5) +(20)? = 38.1608

¢=tan"’ 20 _ 316075
325

o= 120°-31.6075° = 88.392°
O, =32.5-38.1608 cos 88.392° =314 MPa  Ans
Tyy = 38.1608 sin 88.392° = 38.1 MPa Ans

5 ' i 4
- FRA
0
R
0 IZOa
¢ o
o
R Z‘_ljr
7%
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9-59 Solve Prob. 9-10 using Mohr’s circle.
300 psi
9

6o’
‘—'_’ 950 psi
s S9Epsi
o.+0, 0-300
R 150 psi 605,ps;
. 898pst
R =/ (150)% + (950)2 = 961.769 psi P
x
-1 950 1

¢ =tan”! 2= = 81.0274°
150

a = 180°~60°-81.0274° = 38.973°

O, =-961.769 cos 38.973° - 150=—-898 psi  Ans
Tyy = 961.769 sin 38,973° = 605 psi Ans

0, = 961.769 cos 38.973-150=598psi  Ans
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*9-60 Solve Prob. 9-6 using Mohr's circle.

90 MPa

::6(!, :

B

s 50 MPa
0, =9%MPa g, = SOMPa 1, = -35MPa

A(90,-35)

g, + g, _ 90+ 50 10

2 2

R = /(90 - 70)2 + (35)2 = 40311
Coordinates of point B :

$ =tan" (2—(5)) = 60.255°

w = 300° - 180° ~ 60.255° = 59.745°
J, =70-40.311 cos 59.745°=49.7MPa  Ans

T, - = —40.311 sin 59.745° = ~34.8 MPa Ans

™
'l~‘l
~
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9-61 Solve Prob. 9-11 using Mohrss circle.

!
1 '
10 so° B
10 ks 100°
16 43 N "
w3 5 iy
[)’tg ’
O + 0y =—10+0=—5ksi _
2 - . |
2 - 210ks¢ 14.5 ket
R =/ (10-5) +(16)% = 16.763 ksi r
¢ =tan” 18 _1646° 9.89 4L
10)(5)

a = 100-72.646 = 27.354°

Oy =-5— 16.763 cos 27.354° = —19.9 ksi Ans
Toy = 16.763 sin 27.354° =7.70ksi  Anms

Oy = 16.763 cos 27.354° -5 = 9.89 ksi
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962 Solve Prob. 9-13 using Mohr’s circle.

60 MPa

45 MPa

o, +0, 45-60
2 2

R=y/(@5+157+ (30)* = 60.467 MPa

o, =60.467-17.5=530 MPa Ans
0, =~60.467-7.5= -68.0MPa  Ans

=-7.5MPa

8,, =tan"' 30
26,1 =20 54715
0, = 14.9° counterclockwise Ans
T max = 60.5MPa Ans

15~ plane
Gavg = —1.50 MPa Ans

90° — tan”’ _30

20n = @5+1.5)

8,y =30.1° clockwise Ans

72514 6

/]

y

rs

S
S
Vi

$3,0MPo

7.80 Mfn

0.5 Mba
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963 Solve Prob. 9-14 using Mohrs circle.

] l 180 MPa & %ﬂ) Aflsa, -150)
= 150 MPa /3
ald
A(180,—150) B(0,150) C(90,0)

@) \/ i) f0:07
R =CA = {/90? + 150 = 174.93

o, =90+17493=265MPa  Ans B8, 150)
o =90-174.93 = —-84.9 MPa Ans

Y (Mba.
tan 26, = %9; 26, = 59.04°

8, = 29.5° clockwise Ans

T mux = R=17493=175MPa  Anms 295 % doHPa
Oavg =90MPa  Ans 155"

8291t Z&SHMPa . 1% Mfa
26, =90-59.04

8, = 15.5° counterclockwise ~ Anms
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*9—64 Solve Prob. 9-16 using Mohr's circle.
250 MPa

175 MPa
28

200 MPa

A(-200,175) B(250,- 175) C(25,0)

R = CA = /(200 + 25)2 + 175 = 285.04

tan 26, = ___ o
(200 + 25)
6, = 18.9° Ans 3/0 MP4
18-9°
oy = 25 + 285.04 = 310 MPa Ans
0, = 25 — 285.04=—260MPa Ans <60 MPa
Tmax = R = 285 MPa Ans
in- plaze
200 + 25
tan 26, = ———— = 1.2857
175 25MFa
2B5MPA_ 25 Mp,
0, = 26.1° Ans

Pt 26-1"°
/ \ _‘B(L;o,ﬂ;)

/

7
/

J(Mbe,

i .

’ N

3 f\ 28p < (25,00 1'f,
R

A(-200,7TS) ™
\
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9-65 Solve Prob. 9-15 using Mohrss circle.

30 ksi

—emnneete 12 ki

Ex_;_‘isf‘o_"g:_ls

R =/ (30~ 15)% +(12)* = 19.21 ksi

0, =1921-15=421ksi  Anms
0, =-19.21-15=-342ksi  Ans
12

20,, =tan”"
r2 (30— 15)

;6 =19.3°

Tasx =R=192ksi  Ans

in- plane

Oavg =—15ksi Ans

20, =t —2—+00°; 6, =64.3°
(30-15)
34.2 A
T~ 19.3%
s 4.214s¢
L b .
1945 75 kst
643’
z)‘ﬂ“‘
n-Aline
4 1541
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9-66 Determine the equivalent state of stress if an element
is oriented 60° clockwise from the element shown.

8(0,-LY)

A(0,65) B(0, — 65) €(0,0)

56-3K50

R =65

X bo*

o, = 0~ 65cos 30° = ~ 56.3ksi Ans |
563 K5L

g, = 0 + 65cos 30° = 56.3 ksi Ans
Ty, ==65 sin 30° ==32.5 ksi Ans
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9-67. Determine the equivalent state of siress if an element
is oriented 60° counterclockwise from the element showr.

A(750,450)  B(-800,—450) C(-25,0)

R=CA=CB=y/715 +450° = 896.17

O, =25+896.17sin0.141° =~22.8psi Ans
Try =—896.17 c0s 0.141°=—896 psi  Ans
Gy =~25-896.175in0.141° = ~27.2psi  Ans

(b}" %) eme)
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*9.68. Determine the equivalent state of stress if an ele-
ment is oriented 30° clockwise from the element shown.

150 M2

“~ ap MPa

a, %)

A(350,~480)  B(230,480) €(290,0)
R = /607 + 4807 = 483.73

156 Mpo
o, = 290+483.73 cos 2287°=736MPa  Ans
Oy = 290 - 483.73 cos 22.87° = -156 MPa Ans
T,y 48373 sin 22.87¢ — =188 MPa  Ans

188 nps ZZémm
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9-69 Determine the equivalent state of stress il an element
is oriented 25° counterclockwise from the element shown.

550 MPa

A(0,-550)  B(0,550) C(0,0)
R=CA=CB=550
Oy =—550sin 50° =-421 MPa  Ans

Tay =—550 cos 50° =-354 MPa  Anms
0y =550sin 50° =421 MPa  Ans

AL0,-550)

G Tey), ]

c(0,0)

IGL)

U myy
BC0o,550)
Y(Mpa)

221 MPa
25"

354MPa

421 Mo
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9-70 Determine (a) the principal stresses and (b) the max-
imum in-plane shear stress and average normal stress.
Specify the orientation of the element in each case.

200 MPa

; [ 100 MPa

T 150 MPa

A(-150,100)  B(200,~100) C(25,0)

R = CA = /(150 +25)% + 100? =201.556 Uz

b(20g ~so0 )

1 <5 (25,0 bem Pa )
an 26, = 035 = 0714 26, 1
+25 A¢-150,100) s
6, ==14.9° Ans ¢
25 Towad -
e, )
o1 = 25 + 201.556 =227 MPa Ans Timpa )
0; = 25 - 201.556 = —177MPa Ans 227 Mpa
/49
1;3;:“ =R =202 MPa Ans -
m Mpq
Oavy =25 MPa Ans
150 + 25
tan 20_, = =
00 175
25 MPa

6, = 30.1° Ans
202M 26 Mpa
30.4°

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.




9-71 Determine (a) the principal stresses and () the max-
imum in-plane shear stress and average normal stress.
Specify the orientation of the element in each case.

10 ksi

%— §5 ksi

A(-15,8),  B(10,-8), C(-2.5,0)
8(10,-8)
R=CA=CB=/125+82 = 1484 ﬁ; 5y ’ T
ks,

) (%,o) 26 ‘ N 0‘110)
a
0, =-25+1484=123ksi Ans ACI58) a
("/7:'")

TEST)

0y =-25-1484=-173ksi Ans
8
w26, == 26,=3262 6, =163 Ans

b)
Tmax =R=148ksi Ans

in-plane

Guvg =-25ksi  Ans

26, =90-29,
0, =28.7°
.G K5T
25 11
25K
261"
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*9-72 Determine (a) the principal stresses and (b) the max-
imum in-plane shear stress and average normal stress.
Specify the orientation of the element in each case.

oo—t——> 30 MPa

A(0,-30)  B(50,30) C(25,0)

R =CA=CB = /25 +30% = 39.05

a)
0, =25+39.05=64.1MPa  Anms
0, =25-39.05=-14.1MPa Ans
tan 26, =3 26, =50.19° 6, =25.1° 64.1 MP
25 o P N Mympe
b) 254

Tmax =R=39.1MPa Ans

in- plane

Ouvg =25 MPa Ans

260, =90-26,
6, = ==19.9°
2Z5MFa
39.1MA
LSMPY
n4°
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9-73 Determine (@) the principal stresses and (b) the max-
imum in-plane shear stress and average normal stress.
Specify the orientation of the element in each case.

B ksi

12 ksi

B(-8, %)
A-12,4) B(-8,-4) C(-10,0) /7\
Y40

R=CA=CB=y/22+4& =4472 (€,0\ 260 & (q,0)
a)

G (ksi)

Y (ksO)

0, =-10+4472=-553ksi Ans A(-Z¢) = (u,, 5 Twmax)
0, =—10-4472=-145ksi  Ans

5-93Kst
tan 26, = :4- 26, = 63.43° 6= -31.7°
2
b) . a17°
ri.,'i';l‘.. =R =447ksi Ans /4.5ks7
Oavgy =—10ksi Ans
26, =90-286,
9, =13.3°
10 &ST
4.471K8(
13:3° 10ks;
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9-74 Determine (a) the principal stresses and (b) the max-
imum in-plane shear stress and average normal stress.
Specily the orientation of the element in cach casc.

30 MPa

e

e ,'7&‘)
A(45,-50) B(30,50) C(37.5,0) K4 A4S, -50)
R =CA=CB=y/75%+50 =50.56 aaf| % K% (5,0)
a) JMby

0, =375+50.56=88.1 MPa  Ans

~375-5056=—13.1MPa  Ans
o, =37.5-50.56 3 a Verhay B(30, 50)

tan 26, = 395- 26, =81.47° 6, = —40.7°

13:1MP
. ™

T max =R=50.6 MPa  Ans

in- plaoe ”,.
Cavg =37.5 MP2  Anms
20, =90-26, 881 MPa
6, =427°

375 MPa

b 526 MPa

I I 37.5Ma
_[_. 4.170
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9-75 Determine (a) the principal stresses and (h) the max-
imum in-plane shear stress and average normal stress.
Specify the orientation of the element in cach casc.

$0 MPa

—1 30 MPa

'

A(0,-30)  B(50,30)  C€(25,0) ' (25, - Tres )
A(0,-30)
R = CA = /(25 —0)* + 30° = 39.05
28 Cz50) FemP
a
oy = 25+39.05= 641MPa  Ans 01/ \>/\D_ (H12)
1
o, =25 - 3;.)05:—14.1 MPa Ans N 3(5.01 30)
tan 26, = =12
25-0
6, = 251°  Ans T (MPa)
641 MpPa

Ouvg = 25.0MPa Ans /4-|MPa
z5./"
1.",,,;, = R = 39.1 MPa Ans
an26, =2 =9 = 08333
30

25 0 Mpa

8, =»19.9° Ans
199°
250 MPa
39.1 MPa
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*9.76. Determine (a) the principal stresses and (b) the
maximum in-plane shear stress and average normal stress.
Specify the orientation of the element in each case.

— 12t

308} psi

A(300,120)  B(0,~120)  C(150,0) a(428) (
Uz \/ GI

R = /(300 - 150) + 1207 =192.094 ¢{is40) E(Psi)
L’ &8 »
oy = 150 + 192.094 =342psi  Anms .
\ A(308,120)
oy = 150 — 192.094 = —42.1 psi Ans ..
26 = 120 _og (156, Tzsa)
P 300 - 150 Ypsis
g, = 19.3° Ans
421 ps¢
Ouvg= 150 psi Ans 1#:3° .
342 psi
Tomax = 192psi Ans
- oo
300 - 150
26, = —————— = 125

e 120
0,%=225.7° Ans

150 p3L

192 P3¢

257° .
150ps¢
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9-77 Draw Mohr’s circle that describes each of the follow-
ing states of 'stress.

T 200 psi

@ @

3xsi
a__| B
C(15,0) A(3,0)
Al20) Bto0) ((/.!o)
200p50

b) ]
Lo [Al100g)
100 ps; , W

Alog,e) B(2dg o )
C(150,0)
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9-78 Draw Mohr’s circle that describes each of the follow-
ing states of stress.

5 MPa 20 ksi

5 MPa 20 ksi

®

a 5Mb,

4:51( (.f,a)

1

A(5,0) B(5,0) ((50)

v
b e TN
205 r
‘ A(-eeo)k yﬂm
7}

Ml l
g

Alzop) 8(20,0)

€€9,0)
e Alg-18)
- [fMPa
1" e
A(o,18) 80,18 ) \YJ
¢ (0,00 o 8¢e,i8)
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9-79 A point on a thin plate is subjected to two successive
states of stress as shown. Determine the resulting state of
stress with reference to an element oriented as shown on the
right.

——
= ~+ . 4— a,
For element a : [(‘7,)0, Tk
A50,0)  B(O,0) C(25,0) '
R=50-25=25
o(psi)
(G)a =25+25cos 60° = 37.5psi 502 P
(Gy)a = 25~25 cos 60° = 12.5 psi “ 40
(Try)a = 25 sin 60° = 21.65 psi
For element b : Wpsi) (e, (7;7)‘]
A(0,-45) B(-18,45) C(-9,0)
R=y/9*+452 = 4589
(0:), = —9+45.89 cos 1.31° = 36.88 psi
(0, )s =—9-45.89 cos 1.31° = -54.88 psi
(Ty Jp = 45.89 sin 1.31° = 1.049 psi
0. =(0,), +(0.), =37.5+36.88 = 74.4 psi  Ans
Oy =(0y)a+(0y)y =12.5-54.88 = ~42.4psi  Ans
Ty = (Try)a +(Tuy)p = 21.65+ 1.049 = 22.7 psi Ans
AC0,-45)

(G2

T(rsi)
[(0;)‘ Io;’)b]

Y ps)
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*9-880 Mohr’s circle for the state of stress in Fig. 9-15a is
shown in Fig. 9-15b. Show that finding the coordinates of
point P(oy, 7,4} on the circle gives the same value as the
stress-transformation Egs. 9-1 and 9-2.

) .+ G
A(Gx»rxy) B(ay s—'rxy) C((""'E_y')vo)

2 po
R = \/[a,-(o_x;_zy_) Ve = (0;2_21)2”3,

o) = o,-;o, +V(o‘;a’)2+r}, cos 6’ (¢))]

6’ =26, - 26

cos (26, — 26) = cos 28pcos 26 + sin 20psin 26 2)

From the circle :
a+ o,

€08 26, = —m—m—mtee €)
(=) + 7

§in 26, =~ @
( s 5 1)2 + szy
Substitute Eq. (2), (3) and (4) into Eq. (1)
o, = "*“;"’ + ""’2 % 0526 + T, sin20  QED
Toy = 1/(S‘L_;_i‘_’.)z + % sin@ )
sin @ = sin (26, - 26)

sin 28, cos 26 ~ sin 26cos 26,  (6)

Substitute Eq. (3), (4), (6) into Eq. (5),

L Bl sin 26 + 1., cos 20 QED

Ty’
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9-81. The grains of wood in the board make an angle of
20° with the horizontal as shown. Determine the normal and
shear stresses that act perpendicular and parallel to the
grains if the board is subjected to an axial load of 250 N.

A(lb6-6,0)
o =L= 250 = 166.67 kPa T (kpa)
*T A (0.06)(0.025)
R = 8333
Coordinates of point B : Yikray , <
o, = 83.33 ~ 8333 cos 40° td !
g, = 195kPa Ans ]E élg

Tey = —83.33sin 40°=—-53.6kPa  Ans
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9-82 The post has a square cross-sectional area. If it is fixed-
supported at its base and a horizontal force is applied at its
end as shown, determine (@) the maximum in-planc shear
stress developed at A and (b) the principal stresses at A.

8"

», 10807

» b4
x
z

1

I= E(3)(33) =6.75in* Q4 = ()()B3)=3in’
M )
os= ;x = 10207((5) 2) - 80 psi
- — 5889 psi

K04 _ 60(3) . ‘ Lﬁ—m—
Ty = 2L = = ‘
ST sy B89t —

A(-80,8.889)  B(0,-8.889)  (C(-40,0)

T max =R=¢402+8.8892=41.0psi Ans

{o- plane
01 =—40+409757=0976psi Ans
0, =-40-40.9757=-81.0psi  Ans

I v
@.,0 (0,0

C(-#40 st
A-80,8.699\ 28,

7¢Psi )
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9-83 The concrete dam rests on a pervious foundation and
is subjected to the hydrostatic pressures shown. If it has a
width of 6 ft, determine the principal stresses acting in the
concrete at point A. Show the results on a properly oriented TR
element at the point. The specific weight of the concrete is
v+ 150 Ib/IE.

i

100
W = 150(6)(5)(5) = 22 500 Ib .
2 nI ' |
1_2_443 .Ib/ﬂz T
F=1249.6)4)(6) = 29952 1b o
2 W
!
5 IF, =0, V-29952=0
V=2995.21b 25H P
Un }-#@\-—/.233#
+TZF =0, N-22500=0 ’M':f" sl £)- 24944,
N=225001b N 7
£rIM=0; -M+29952(13333)=0 .
M=399361b-ft e
o= b . My 22500 399360.5) ot oo o s n0n o
= — —_— = . =). S1
A 1 (5)6) ,iz—(6)(5)3 P P
2H A
VQ  2995.2(1.5)(2
Ty = 4% = ——1——(-——3(—)&2 = 143.77 psf = 0.9984 psi
It 17(6)(5)°(6) g 4302 ps;
_o:t+o, 0-54302 .
Oavg = 2 = 2 ==-2715 ps1 0.9994 45/
R = /(0.9984) + (2.715) = 2.8929 psi
oy =2.8929-2.715= 0.178 psi  Ans -
_ - . / 4 o.94 T4
0, =—(2715+2.8929)= -5.61psi  Ans , \ T
f X > %
20 = tan~! (%&) =20.2° . ‘ /
2.715 £l py =
8 =A40.1° r
10.49
/ 0.173p4
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*9-84 The ladder is supported on the rough surface at A
and by a smooth wall at B. If a man weighing 150 1b stands
upright at C, determine the principal stresses in one of the
legs at point D, Each leg is made from a 1-in.-thick board
having a rectangular cross section, Assume that the total
weight of the man is exerted vertically on the rung at C and
is shared equally by each of the ladder’s two legs. Neplect
the weight of the ladder and the forces developed by the
man's arms.

Al
i 12n
31n‘./$
-1 in.
Iin. b H_-gs_zl“ = 7755/6
V=8880"
27637 ¢’
6138l g1
A=3m =3’ 1= Z)3) = 225w
Op =yA'= (1)(1)(1) = lin’
-P My _-7155 35.52(12)(0.5)
Op = — — — = - - - .
P AT 3 25 120.570 psi
VOp _ 8.83(1) e 7907 pSi
Tp = —— = ——— = 3947 psi .
i It 2.25(1) pst 120.57 psj

A(-120.57, -3.947) B(0, 3.947) C(-60.285, 0)

R = y/(60.285)2 + (3.947)% = 60.412

(4} ~ 60.285 + 60.4125 = 0.129 psi Ans

(4] ~ 60.285 - 60.4125 = - 121psi  Anms
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9-85 A spherical pressure vessel has an inner radius of 5 {t
and a wall thickness of 0.5 in. Draw Mohr’s circle for the
state of stress at a point on the vessel and cxplain the sig- +50K5f
nificance of the result. The vessel is subjected 1o an internal 1

pressure of 80 psi.

4805

-t

Normal stress :

80(5)(12
or = gy =27 = BOUD _ ek

Mohr's circle :
A(4.80, 0) B(4.80, 0) c(,0)

Asc(#80) U

Regardless of the orientation of the element, the shear stress is T
zero and the state of stress is represented by the same two
normal stress components.
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9-86. The cylindrical pressure vessel has an inner radius
of 1.25 m and a wall thickness of 15 mm. It is made from
steel plates that are welded along the 45° seam.
Determine the normal and shear stress components along
this seam if the vessel is subjected to an internal pressure
of 8 MPa.

66é.¢7MP

”l
4o L'-' Hraam Py

Oy = = = ~———Z =333.33 MPa

0, =20, = 666.67 MPa

A(333.33,0) B(666.67,0)  C(500,0)

333.33 + 666.67
Oy = —mermreree e

> =500MPa  Ans

Ty = R =666.67-500=167TMPa  Ans

IA(.w.agaj 90 Bs.c19)

Tomm 0Oy, Tuy)

H
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9-87 The post has a square cross-sectional arca. If it is
fixed-supported at its base and the loadings are applied at
its end as shown, determine (@) the maximum in-plane shear
stress developed at A and (b) the principal stresses at A.

Section properties :

1 .
L=1I = E(3)(3’) = 6.5 in*

A=3(3) = 9in’ :
(Q); = YA = (D(D)(3) = 3in’° qo0lh
(Qa)y =0 G0l
) P My Mx prY) in
Normal stress : Applying & = 1 + ly + —IL 9i
x y
¥
900 , 4500(1.5) _ 3600(05) _ (1343 _
= - — - = . ps1 M, = ,
4 5 " Ters 675 3600 lin
M, = 4500 [kin
v A =900l
Shear stress : Applying 7 = T A I
400(3) . Z
Ty = = 59.259 psi x
= 6.5(3) o
yelin
ek BN A
Ty =0 ? 7 0-§in
Mohr's circle :
A(633.33,59.26)  C(316.67,0)
¢(3r6¢
R = CA = /(633.33 - 316.67)% + 59.26* = 322.16 m/ 5, |
3 Fees)
Tomex = R = 322psi Ans f}
in- plaoe
(30661, Vo, )
b) /T(PS / 7a-slane
i ¢ .3,
0, = 316.67 + 322.16 = 639 psi Ans ) J.:” st
£92 P50
o, = 316.67 =322.16 = - 550psi  Ams l

.y
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*9-88 Draw the three Mohr’s circles that describe each of
the following states of stress.

) =4 Ksi
a .
) S Lo a0
(0,0) 4.0) d
7 2,2)
) 20 MPa
E:D; =20NP4
J()HP‘ 0;=0
(19,0) G
0;=0 620,20 MPa
T (18,10)
Boopsi
</ goopst  0>=0= Boops
.
800 5
-,
' B2 =0 = Boopsi
7
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9-89 Draw the three Mohr’s circles that describe cach of
the following states of stress.

by =-15ksi

D'[rs(‘)
0= 15KsT

0,15)
Tewsi )

L)
/X e . O (R
@:Wsﬁ.\jwsrm

(0,65 )
T rtta)
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9-90. The principal stresses acting at a point in a body
are shown. Draw the three Mohr’s circles that describe
this state of stress and find the maximum in-plane shear
stresses and associated average normal stresses for the
x-y, y~z, and x—z planes. For each case, show the results
on the element oriented in the appropriate direction.

Tksi)
4
From Mohr's circle : l ﬁ‘“(
* 2457
For x- y plane :
Tosx =60ksi  Ans 15’( 38t F

Ouvg =~2.0ksi Ans
For x -z plane :
Toer = 3.0ksi Ans P

Ou; =70ksi  Ans

For y-zplane: 2
Tmaz =9.0ksi  Ans qksi .
Guvg=10ksi  Ans KX‘ kst
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9-91 The stress at a point is shown on the element.

Determinc the principal stresses and the absolute maximum
shear stress.

120 MPa

For x—y plane :

8(2,-150)
R = CA = /(120 - 60)> + 150 = 161.55 / s S
o, = 60 + 161.55 = 221.55 MPa V;‘\ < )%,
o, = 60 — 161.55 = —101.55 MPa X e
Three Mohr's circles Yempe
o, = 222MPa ©; = 600MPa 03 = —102MPa Ans
o o Omex = Omia _ 22155 - (10L55) _ o vpa Ans
= 2 2
s
T(Mpa )
T(Mh}
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*9-92 The stress at a point is shown on the element.
Determine the principal stresses and the absolute maximum

shear stress.

z Jomm
80MFPa

150 MPa

Fory-z plane :

A(0,-80) B(90,80) C(45,0)

Ao, -89)
R =452 + 802 = 91.79 )-8
0y =45+91.79 = 136.79 MPa (%, ’) 4

0, =45-91.79 = -46.79 MPa

Thus,
o; =150 MPa Ans
o2 = 137 MPa Ans
03 =-46.8 MPa Ans

- Omax ~ Onin = 150 (~46.8) =98.4 MPa Ans

2 2

Tabs
max

ey
544 0, =/371pa

T abs w‘ﬂ =/50Mf4
may 1
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9-93 The state of stress at a point is shown on the clement.

Determinc the principal stresses and the absolute maximum
shear stress.

5 kst

25 kst

For y-z plane : -4 KS1
yEP t—-s.:s:
AG.4) B(254) €250
o, =125+ 5.483 = 6.733 ksi
o, = 1.25- 5.483 = —4.233 ksi /7\A(5, -4)
6, =673ksi  Ans - o
0, =0 Ans (%,0 \< 250)IN¥,,0)

R =375 +4% =5.483 l
Thus,
0, =-423ksi  Anms

B(254)
i
oo, < STBHCAY g5k (a)
avg 2
_ Opax ~ Tmin = _6_7_§_i__-4_?_3—) =5.48 ksi Ans
e 2
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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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9-95. The solid cylinder having a radius r is placed in a
sealed container and subjected to a pressure p. Determine
the stress components acting at point A located on the
center line of the cylinder. Draw Mohr’s circles for the

element at this point.
————

- 0(dz)(2r) = fo‘p(r d6) dz sin @

a .
-0 =pf° sin 6 4@ = p(—cos a)r
4]
o= -p

’Ihcsnessinevcrydirecﬁonis =0 =0y = -p A
= ns
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*9-96 ‘The plate is subjected to a tensile force P = 5 kip. If
it has the dimensions shown, determine the principal stresses
and the absolute maximum shear stress. If the material is
ductile it will fail in shear. Make a sketch of the plate show-
ing how this fajlure wouid appear. If the material is brittle
the plate wili fail due to the principal stresses. Show how this
failure occurs.

P=5kip 2in.
7 2in, P=Skip

i
™\
12in. Q.5in.
P 5000
6=~ = - =2500 psi = 2.50 ksi
A @05 P = BERIAN

Ty, = % =125ksi Ans

Failure by shear :
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9-97 The frame is subjected to a horizontal force and cou-
ple moment at its end. Determine the principal stresses and
the absolute maximum shear stress at point A. The cross-
scctional area at this point is shown.

}.__,___A_A . ,\y)
- = R o 400 N

3SUN-m

150 mm

1

I= Tli(o.os)(o.ls’) = 14.0625(10) m*

O = 0.05(0.05)(0.05) = 0.125(10"*) m*

gy o Mx__ 450003 _ oo0ip
I 14.0625(10)

1..r I7/. HkR

&0 kA

o = -
A,71.11)  B(-800,-71.11)  C(-400,0)

R = /400F + T1.11% = 406.272 5¢500,-11.11)

0, = ~400+406.272 = 6.72 kPa g(kpFa)

o, = -400-406.272 = —806 kPa

Thus,
o, =627kPa  Ans
Oy = 0 Ans
03 =-806 kPa Ans
Omax — Omin _ 6.27—(—806.27)
2 2

T:bs

N0, ,0)
@;U@Mq N

Vikra)

=406 kPa Ans
G 2627 kPe

4’-——&:#4\ é; T

This material is protected under
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9-98 The stress at a point is shown on the element. De-
termine the principal stresses and the absolute maximum
shear stress.

90 psi 0 psi

For x-y plane :
A(70,-30)  B(-90,30) C(-10,0)

R =80 +30% =85.44

01 =—10+ 85.44 = 75.44 psi %,0)

4(70/-30)

r
0; =-10-85.44 =-95.44 psi (4
2 P 5(_70’30) 1,0 )
Here
o) =75.4 psi Ans
o, =-95.4 psi Ans

03 =—120psi  Ans

1:5': - Omax ;dmin - 7544 —2(—120) =977 pSl Ans
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9-99 The crane is used to support the 350-ib Joad.
Determine the principal stresses acting in the boow at points
A and B. The cross section is rectangular and has a width of
6 in. and a thickness of 3 in. Use Mohr’s circle.

A=63)=18in* I= 1_12(3)(6’) =54in*

05 = (1.5)3)(3) = 13.5in’

Q=0
For point A :
P My 59749 1750(12)(3)
[¢) R e S ——— e TN i +
= T < =-1200 psi —'] 1200 ps &
T4=0
o =0 Ans 63 = ~1200 psi = —1.20 ksi Ans
For pointB}:) “ —+ ‘+——33-/9 PS¢
7.49(13.5
Gn=—;=———¥=-33.19psi — TP 6Z ST
18
VOy 247.49
ta=—2 = 20 20,62 psi -33.4 -
r " 540) 0.62 psi A(-33.19 -4,
AW
A(-33.19,-20.62) B(0,20.62) C(-16.60, D) V3 = ;
R =/16.60? +20.62% = 26.47 g, Cetebon / e
01 =~16.60+26.47=988psi  Ans 8(g2062)
02 =~16.60~26.47=-43.1psi Ans

Tipsc)
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*9-100 Delermine the equivalent state of stress il an ele-
ment is oriented 40° clockwise from the clement shown. Use
Mohr’s circle.

10 ksi

6 ksi

A6,0)  B(-10,0) C(-2,0)

R=CA=CB=8
o =—-2+8cos 80°=—-0.611ksi Ans
Tyy = 8 sin 80° = 7.88 ksi Ans

o, =—2—8cos 80° = ~3.39 ksi Ans

@I, -7;1’/)

8(190) /\‘ AC6,0)
@ 8’ (s

&, Tey) TiKsT
I3 ks
788 ks{
40 Ll
041/ ks;
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9-101. The wooden strut is subjected to the loading shown.
Determine the principal stresses that act at point C and spec-
ify the orientation of the element at this point. The strut is
supported by a bolt (pin) at B and smooth support at A.

6, 3
Qc = ;’ A = 0.025(0.05)(0.025) = 31.25(10 ) m

1= -1—(0.025)(0.13) = 2.0833(10°%) m*
12

Normal stress : oc=0
Shear stress :
VQOc 44(31.25)(10°%)

= o= = 26.4kPa
It 2.0833(1076)(0.025)

Principal stress :
o,=0, =0 7, = —264kPa

6, + 0O G~ 0y 2, g2

O12 = = S - ('—'___'2 ) xy
=0 1,/()+(26.42

6, = 264kPa o, = —264kPa

Orientation of principal stress :

N
200 mm /,' B (\ 300 mm 200 mm 200 mm
100mm 100 mm

T !
100 wm | i/—sA
—

25 mm

ZoN SON 1on <fon

L1

1 + ] 1
(92 Tpemidaml g-zm 62m

—

4N 8é6nr
SON
V=44 N
C I)r4.—23~g_N.m

94N Olm

264 [<Pg

]

T

la.n29p = = ':ya,) = —o0

' 264 EPa
g, = +45°and -45°

Z

Use Eq. 9- 1 to determine the principal plane of &3 and O, / v
O = %t gf——z-gioo526+ 1, sin26 254 K
* 2
6=26, = —45°

o, =0+0+ (~26.4) sin—90° = 26.4kPa

Therefore, 6,, = — 45°; 6,, = 45°

Ans
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9-102. The wooden strut is subjected to the loading shown.
If grains of wood in the strut at point C make an angle of
60° with the horizontal as shown, determine the normal and
shear stresses that act perpendicular and parallel to the
grains, respectively, due to the loading. The strut is supported
by a bolt (pin) at B and smooth support at A.

Qc = ¥ A" = 0.025(0.05)(0.025) = 31.25(10°%) n?

1
= - 3 B
1 12(0.025)(0.1 ) = 2.0833(10°) m*

SON S0 doN Lap)

4 | d (|
oinlezmlszrlozmis s, 2m

940 g6n N oim

Normal stress : Oc=0
Shear stress :
r= Yo _ _4431.25)(10°%) |

It 20833(10%)(0.025) ~ 204 kPa e
— 4 EPa

s .
fress transformation : C: =0, =0 Ty = ~ 26.4kPa; 8 = 39°

= % +ao, +%-0
MZ Tcos 20 + Ty 5in 26

=0+ 0+ (—264) sin 60° = =229 kPa Ans

Oy

-_%~0
Tey ~-;2—-’sm29 + Ty c05 28

= ~ 0+ (-264) cos 60° = ~ 13.2kPa Ans
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9.103. 'The state of stress at a point is shown on the element.
Determine (a) the principal stresses and (b) the maximum
in-plane shear stress and average normal stress at the point.
Specify the orientation of the element in each case.

60 MPa

I MPy

45 M

2) o, =45MPa 0O, »-60MPa 1, = 30MPa

- L]
R -; a, + [(_"x_zﬂ):., 3 680 MP

53.0MP.
Ls-e  [BEC@
2 - 2
.
/49
o = 53.0MPa gy = -68.0MPa Ans
1, 30
an 26, = r:'—;- =T 05714
8, = 14.87°and - 75.13°
Use Eq. 9- 1 © determine the principal plane of 0, and 0y
o = ___L"-*z"’ + ——L"';" 0820 + 7, 5in20
826, = 14871° 750 MPa
op 2 BHECO 857 80 a5 040 4 305in 2974° = SIOMP 60-5 MPu
2 2 B
Therefore, 6,, = 14.9°; 6, = =751° Ans 7-50MPa
B fen = ‘[(‘L:—"L)u 2 = (B 01 - osMPr Ans
in- plane 2 2
g, + O, 45 + (- &0)
= = ———— = =750 MP2 Ans ,
T 2 CoSMPa
1 4.0 MPa
w-e use e 7.50 MPn :
wn2g, x -~ L & m—de = - 175 27 9
2]
8, = -30.1° Ans ad  599° Ans
L . A 75:/°
By observatioa, in onder 10 preserve equilibrium, Tas = 605 MPa has © act in the direction
shown in the figure.
LBoMpa
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*9-104 The state of stress al a point in a member is shown
on the element. Determine the stress components acting on
the inclined plane AB. Solve the problem using the mcthod
of equilibrium described in Sec. 9.1.

14 ksi ’
s x

o, AA

- e 2{} ki ,ZgAM’OSSo' 500 [’
: x
505

[ &

,J,AA

1FAA sin50°

7‘2&:0; G AA + 14 AA sin 50° cos 40° + 20 AA cos 50° cos 50° =0
O =~16.5 ksi Ans

\+}:F,' =0; Tey: AA+ 14 AA sin 50° sin 40° - 20 AA cos 50° sin 50° =0
Ty, =295ksi  Ans
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10-1 Prove that the sum of the normal strains in perpen-
dicular directions is consiant.

e, =215 L B T8 0s20+ 2 in2e M
2 2 2

E.+E & -

£, =
Y 2

€y cos 26 - 1'51 sin 26 @

Adding Eq. (1) and Eq. (2) yields :
€ + & = & + £ = constant  QED
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10-2 The state of strain at the point on the bracket has
componemts € = —200(107¢), €, = -650(10°6), ey =
-175(10'%). Use the strain-iransformation equations to
determine the equivalent in-plane strains on an clement ori-
ented at an angle of § = 20° counterclockwise from the orig-
inal position. Sketch the deformed element due to these
strains within the x-y plane.

= - —~6
£, =—20010°) g, =~650(10"%) ¥, =-175(10°)  8=20°

e +e &

v = + =2 2] cos 26 + Yzy sin 20
2 2 2
~200+ (—650) _ (~200)— (= -175 ] )
= 200*; 650, ¢ 200)2( 550) cos(a0?) + S 127 )Sin(40°)}(10%) =~30910°)  Ans
g = ErE &8 26 - T sin20
2 2
- ["2°°+2("650) - 2200~ C890) s a0 - ——-—(’1275 §in(40°)) (107) = ~541(10°%)  Ans
Y=y’ E — &

= - B 5Gh26 4+ Y2 o520
2 2 2

Yxy = [(=200—(-650))sin (40°) + (~175)cos (40°)](10°%) = —423( 10°% Ans

,’ 4

&d
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10-3 A differential element on the bracket is subjected to
plane strain that has the following components: ¢ =
150(107%), & = 200(107%), vy, = —~700(1075). Use the strain-
transformation equations and determine the equivalent
in-plane strains on an element oriented at an angle of 0 =
60° counterclockwise from the original position. Sketch the
deformed element within the x-y plane due to these strains,

v

V@ e

£ = 150(10°%) g =200(10°) 7, = -700(10°) @ = 60°

£ +E & —E Yy

&y = + Xcos 20 + ~=L sin 28
2 2 2
210+ 200 150 =200 o a0e 4 (T2 sin 120°] 1076 = ~116 (10°)
2 2 2
g = =8 5B 809 - Y2 ginog
2 2 2
o (150+200 150 - 200 oo — (7% Gin 120°1 107 = 466 (10°)
2 2 2
Yoy _ & T8 Grog + Y2 cos 26
2 2 2
Yoy = 20 === —2 290 in120° + (_7;)0 ) cos 120° 110°° = 393 (107%)

AN
A
’

7

N Epdx’

Ans

Ans

Ans
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*10-4 Solve Prob. 10-3 for an element oricnted 0 = 30°

clockwise.

Ex

Ey

= 150 (107%)

g, = 200(10°) 7, = -700(10°) 6= -30°

E + & &

& cos 20 + 7;’ sin 26

2

[150+200 150 = 200 0 600y + (T2 sin (-60°) ] 107 =466 (10™°)  Ans
2 2 2

BrE BT oas20 - 12 sin2g

2 2 2

(130+200 _ 1302 200 o5 (~60%) (7% in (-60°) 110 = -116 (10™)  Ans
2 2 2

B 5Gn20 + 2 cos26
2 2

211307200 i (-60°) + T2 cos (~60°) 1 10 = =393 (10°°) Ans
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10-5 The staic of strain at the point on the bracket has com

ponents ¢ - 400010 ), € :  250(10 %), ¥, 310010 *).

Use the strain-transformation cquations to determine the

cquivalent in-planc strains on an clement oricnted at an

angle of 0 = 30° clockwise from the original position. Sketch £
the deformed clement due to these strains within the x-v

planc.

€. =400(10% & =-250(10"%) 7, =31010"%)  @=-30°

£, +€ £ -—E
£y = ——2L + T —Lcos20 +
2 2

sin 20

ny
2

400+(250) 400—;_250)cos(-60°) + (E;—O)sin(-60°)] (10°%) = 103(10%)  Ans

£, = E"_-t_s_y_ - E{-—ELCOSZB— b.si_nzg
Y 2 2 2
- [400+ (=250) 400~ ;—250)308(_600)_ 3_;08in(_60°)] (10°%) = 46.7(10°)  Ans
2

Yoy o _ B T B ginog 4+ Yo o520
2 2

Yay = [~(400— (=250))sin (—60°) +310cos (~60°)](10*) = 718(10°°)  Anms

4
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Hl—é The state of strain at the point on the wrench
has components € = 120(107%), € = ~180(10° %), .,

150(10-%). Msc the strain-transformation cquations to
determine (a) the n-planc principal strains and (h) the max.
imum in-plane shear strain and average normal strain. In
cach case specify the orientation of the clement and show
how the strains deform the clement within the x-y planc.

12010%) g, = -180(107%) ¥, = 150(107%)

£

x £ — & 2 ny
R S et )
- - (= 2 2
=[120+2( lSO)f f(IZO 2(180)) +(120)]10—6

£ = 138(107%); & = -198(107%) Ans

Orientation of &; and &;
& — & {120 ~ (~180))
!
8, = 13.28° and ~76.72° 7 ‘1’

Use Eq. 10- 5 w determine the direction of £, and £;
£y = G L B8 0520 + 12 sin2e
2 2 2

6=6, = 13.28°
H

_ 120 + (-180) | 120 - (-180) 150 . - 2d
=1 3 + 3 c0s(26.567) + —= sin 26.56°] 10 3 A

\
138 (10°%) = & T \
)

¥ °
Therefore 6,, = 13.3°; 6,, = ~76.7° Ans — ,dl' Bs

Youns — 7
py el _ /s, & Ty
)] = (———2 ) (—2 )

=2y (BB, (l;i) Y 1107 = 335010 Ans

R 2

& ; & - {121"_2(:18&] 107 = -300(10% Ans

Eavg =

Orientation of ¥max
-{& - &) _ ~[120 - (~180)] _
Yoy 150

tan 28, = -20

6, =-31.7° ana 58.3°

Use Eq. 10- 11 10 determine the sign of yp,,
fer . ’ in-piape
== --—12 sm20+-?’-c0528

6=6 =-317°

Yeyr = 2

120 - (-180) . 150
——y——sin (~63.4°) + 5 cos (-63.4°)]10™° = 335 (10
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10-7 The state of strain at the point on the gear tooth
has components e, = 850(107%), ¢ ~ 480(10 %), y,,

650(107%)." Use the strain-transformation equations (o
determinc (a) the in-plane principal strains and (h) the max-
imum in-plane shear strain and average normal strain. In
each case specily the orientation of the clement and show
how the strains deform the element within the v~y plane.

€, =850(10°) £ =480(10°) 7, =650(10")

S EtE e,—£,1+ Yy 2
b= ELE L EZEY 22
8 480 850-480 2 650 2 .
=R BT (S0 000

£ =1039(10%  Ans £ =291(10%) Ans

)

Orientation of £; and &, : ‘a '1
Yoy _ 650
& — ¢, 850-480

an 26, =

, ~30.18° and  120.18°
-~

\

¢, dx’

P
-
Use Eq. 10- 5 to determine the direction of £, and &, : X’-\
P

A
\
E,A=E—‘ﬁ+f—‘—_ic0526+hsin29 éd ‘(
2 A
7
302

2 2 2
6=8, =3018°

&= [w + Eo—;is—ocos(wss*’) + E;—°sin(60.35°)] (10°%) = 1039(10%)

Therefore, 6,; =30.2° Ans 8,2 =120° Ans

Ymaz

1 piaae ,Ex & 2 Ysy 2

tooplage o J2X Yy o4 (22
2 ¢ 2 ) (2 )

=2 (—-——850;480)2+(6—;9)2](10“)=748(]0") Ans

b)

Ymaz =
1n-plage

£ +E, =(850;480)(10‘)=665(10'6) Ans

Eyvg =
Orientation of Ymay :

wn28, = - (& - &) =-(850-480)
Yo 650
6, =-14.8%and 752° Ans

Use Eq 10- 6 1o deermine the sign of ¥pm,x
in-plate

& _E’sin26+L;’—c0526: 8=6 = -148°

Yoo o
2

Yoy = [-(850—480)sin (~29.65%) + 650cos (-29.65°)](10™) = 748(10°%)
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*10-8 The state of strain at the point on the gear tooth
has the comppnents € = 520(107%), €, = - 760(10 ®). . =
-750(10°%). Use the strain-transformation equations to
determine (@) the in-plane principal strains and (h) the max-
imum in plane shear strain and average normal strain. In
each case specify the orientation of the element and show
how the strains deform the element within the x-y plane.

- . — ~6
£ = 52010°%) & =-760C10 8y 'y, =-750(107)

it

£+£' E, = Ey & 1‘11
g £ = EIE 4 (F) )

2 :
. 2 -
_ [szo+ =760 (520 -0 L 7503 g
N 2 - 2 2
)" Ans
£ = 622(10°%); & = -862(10 %)

Orientation of &; and &2
-750

Yo _ 10 . _oses: 6, = - 1518 ad§, =748%°
£ — Ey {520 - (~760)}

an 26, =

Use Eq. 10-5 to determine the direction of £, and €.
£ = Bt & +.€‘_:_ch0520+ Yo gin26

- 2 2 2

6 =6, = ~1518°

o=

520 + (-760) | 520 - (Z760) o 3p36°) + ’_7559 sin(~30.36%)] 107
2

= 622(107% = &

Therefore §,, = ~15.2° and 6,, = 74.8° Ans
Yensn PR R ]
in-plene = X pd + (___)
b) -—"-—2 (-—-———-2 ) 2
e T 750 2. -5
Yaups = 21 (.5_29-—5—7—@)4»(——)110‘:-1434(10 ) Ans
10~ plase 2 2
e, = 8B o [M] 107 = —120(107%) Ans
e 2 2
Orientation 0f Ymex : ‘a
ja-pisne ,
20, = =(& — &) _ - {520 - (-760)} _ 17067 6
=, 750
8, = 29.8° and 8, =-602° Ans o
Use Eq. 10- 6 10 check the sign °f|1;‘,'.‘;.' . g
Ty o T By Ycos20;  0=6, = 298 d '>/(/ N ) 9.8°
: : : €avg 9 AN Eauq X
¢ \| 2%
2 A

520 - (~760) _ -750 o110 = - 1484 (10°)
Foy = A=y sin (59.6%) + —— cos (59.6%)
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10-9 The state of strain at the peint on the arm has com-
ponents €, = 250(107%), &, = —450(107°) y,, = ~825(1075).
Use the strain-transformation equations to determine (a) the
in-plane principal strains and (h) the maximum in-plane
shear strain and average normal strain. In each case specify
the orientation of the element and show how the strains
deform the element within the x -y plane.

Yy = ~B25(10°%)

&, = -450(10°°)

£, = 250(107%)

L EtE g,__—£,2+ Ty ¥
2 = o i\,( 2 ) (2)

(250—;—450) )1 + (—3225 )2 1007

a)

250-450 +
2

={
g =441(10°)  Ans £, =—-641(10%)  Ans

Orientation of £, and & :
Vay -825

w2 S e T 250 (450

6,=-2484° and 6, =65.16°

Use Eq. 10- 5 to determine the direction of & and &; :

e = 218 L B8 094 D2 gin2e
* 2 2 2
=6, = -24.84°
22507450 250450 o a9.69% + Zigsm(-w.w)](xo“) = 441010°%)
2 2
Therefore, 6, =-24.8° Ans 6,, =652° Ans b )
b
Ymax =, 2 Ty 2
in-plase _ (51 Yy o+ (22
2 2 2 },
rot 2220, BBy ya0 = 108007)  Ans A
o 2 2 ¢ " dy’
fag = 215 2 (120_;159)(10"') =-100(107) Ans '
2

V 1]
- éa'l‘”~
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10-10 The state of strain at the point on the bracket has
components € 130010 7). e 280(10 %), vy,
75(10°%). Ust the strain-transformation equations to deter
mine (a) the in-planc principat strains and (h) the maxinmm
in-plance shear strain and average normal strain. In cach case
specily the oricntation of the clement and <how how the
strains deform the element within the x-y planc.

£ ==130(10"") g =280(10°%) 7y, =75(10%)

a)

_E*E (e,;e,)2+(1§,_)2

-130+28 -~ -
=22 = 2+ E a0y

£ =283(10°) Ams £ =-133(10"% Ans

Qrientation of £; and &; :

@n 26, = Yo . ___75_ ; 4
& - €& —-130-280

6,=-518° and  84.82°

r=-1
Use Eq. 10- 5 10 determine the direction of & and €; : '
& +E £ -¢ Yoy . !
o= 28 (B8 I
5+ 5 cos 20 + 3 sin 26 f______r__——-—— X
9=8, = -5.18° L1 { x’
58" .
-130+280  ~130-280
£ = [——2— e c0s(~10.37°) + szsin(-w.37°)](1o") =-133(10"%)
Therefore 6,, =84.8°  Ans 8,2 =-5.18°  Ans
b)
y, )
i | [ECE T, Ty ] !
2 2 2 ’
A X
oo [ c130=280, 750 L 6
e =2YC TP +(GPI0%) 24120107 Ans 71 % éag’d, ’
VY
& + & -130+ 28
fy == = (———zﬂ))(lo*) =75.0(10%)  Ans N0 X
L2
398
Orentation of Ypmay ©

“(& = &) _ {250-(-450)
Yy -825

tan 26, =

6, =20.2° and 6, = 1i0° Ans
Use Eq. 10- 16 1 determine the sign of ¥m,, :
10-pians

= BT

!% sin 20 + lz'lcos 20, 8=6, =202°

Yy = [~(250 - (~450))sin 40.4° + (—825)cos 40.4°}(107%) = ~1082(10™
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10-§{. The state of strain at the point on the boom
of the hydraulic engine crame has components of
€, = 250(10°%), ¢, = 300(107), and v, = —180(107%). Use
the strain-transformation equations to determine (a) the
in-plane principal strains and (b) the maximum in-plane
shear strain and average normal strain. In each case specify
the orientation of the element and show how the strains
deform the element within the x-y plane.

a)
In- Plane Principal Strain : Applying Eq.10-9, Normal Strain and S hear strain : In accordance with the sign convention,
- 2 = -6 - » !
AL (e, 5!)1...(&) € =250(10°) ¢, =300(10°) 7, =-180(10°%)
- 2 2 2
250+300 _ [r250~300 (-180V*| ¢
R o | o | e 10
[, (307,
=2754£93.41
€, =368(10°) £ = 182(10°) Ans

Orientation of Principal Strain : Applying Eq.10~8,

Sl -6
Ty . -18000%)
€, —¢, (250-300)(10-%)

tan 26, =

6,=37.24° and -5276°

Use Eq. 10~ 5 to determine which principal strain deforms the element
in the x’ direction with 8 = 37.24°.

& t+E

go= L4 ;E’cosze+%sinze

- =180 _
[359;0—0 +3£93-3ﬁ9cos 7448+ ——sin 74.4s°]( 10°%)

=182(10") =¢,

&

Henee, 8, =-528 ond 6, =312  Ans vt
b) E«vﬁir
Maximum In- Plane Shear Strain : Applying Eq.10~ 11,
Tamte (f, ) )‘ +(12 )’ SN x
2 2 2 Frees 7 ;74 x’
250-300\?  (-180V? |, ¢ —plre ""ém;dx’
7 max =2 ( ) +(-——') (10 ) P
in-plane 2 2 ]
=187(10°%) Ans

Orientation of Maximum In - Plane Shear Strain : Applying Eq.10- 10,

& —&, _ 250-300

tn28,=-2_2= =-02778
ey ~180 T
6,=-176° and 82.2° Ans

The proper sign of 7} mn can be determined by substituting 6 = -7.76° into
a-plage
Eq.10-6.
Average Normal Strain : Applying Eq.10~ 12,

Yty £, —E, ¥x
-2—’ = —T’sm 20 + —zlcos 20 g, +¢,  [250+300 s s

Eog =5 =[ 3 ](10 ) =275(10°)  Ans
Yoy ={~[250-300]sin (~15.52°) +(~180) cos(-15.52)}( 10°*)

=-187(107)
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*10-12 A strain gauge is mounted on the }-in.-diameter A-
36 steel shaft in the manner shown. When the shaft is
rotating with an anguiar velocity of w = 1760 rev/min, using
a slip ring the reading on the strain gauge is e = 800(10°%}.
Determine the power output of the maotor. Assume the shafl
is only subjected 1o a torque.

@ = (1760 rev/min)(~ 20 ) 27 1ad
60sec 1rev

) = 184.307 rad/s
E. =g, =0

Ex +E -
=278 ETE c204 Y2 gin 20
2 2 2

800(10°%) = 0+0+ Zzi’-sin 120°

ey = 1.848(107) rad

T=G ¥y, = 11(10°)(1.848)(107°) = 20.323 ksi

T(0.5) .
7.5y

Tc
T=—; 20323 =
J

T=3991b-in=33251b-ft

P=Tw=0.332.5(184.307) = 613 Ib-ft /s=111hp Ans.
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10-13 The statc of strain at the point on the support has
components of € = 350(107%), ¢ =400(1076), v, =
~675(10~%). Use the strain-transformation equations toffe-
termine (a) the in-plane principal strains and (») the maxi-
mum in-plane shear strain and average normal strain. In cach
case specify the orientation of the element and show how
the strains deform ‘the element within the x -y plane.

a)
- 350;4001_\/(350;400)2+(—6275)2
£ =713(10°)  Ams £ =366(10°) Ans
tan 26, = T o673
& —&, (350-400)
6, =42.9°  Ans
b)

(y:(‘y')max _Fm
2 ( 2 )+(7)

(Tey Imax _‘/350—400 .. —615,
I AT el

2 ‘/y

(Yry'Imax = 677(10°%)  Ans

_E+E, _ 350+400

Eavg = 3 5 =375(10"%)  Ans

—(ex— &) _ 350~400
Yy 675

tan 28; =

8, =-212° 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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115 Solve Prob. -2 using Mohr's circle.

£ =-20010"°) &, =-650(10") ¥, =—175(10"%) -’121 =-87.5(10"%)
6=20°, 26=40°

A(-200,—87.5)(10°%)  C(~425,0)(10°%)

R = [/ (=200~ (-425))? + 87.5% 1(10°%) = 241.41(10°%)
tana:——i's———; a=21.25°
~200- (~425)

¢ =40+21.25 =61.25°

&, = (~425+241.41cos 61.25°)(10°%) = -309(10°)  Ans
g, = (~425-241.41cos 61.25°)(10™%) = -541(10°)  Anms
‘72‘"' = 241.41(10"%)sin 61.25°

Yoy =—423(10°%)  Ans

g |
et égd'a \/ b )('
T \ 1 20°
P\ g
¢48*
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*10-16 Solve Prob. 10-4 using Mohr’s circle.

Yoy = —700(10°%) -7;—’= -350(10°)

e = 150(107°) &, = 200(10)

°

8= -30° 26=-60

A (150, —350); C (175, 0)
2
R = \/(175 - 150 ) +(-350)% = 350.89

Coordinates of point B :
£y = 350.89 cos 34.09° + 175

= 466(10°°) Ans
12L = - 350.89 sin 34.09°
Yoy = = 393(10°%) Ans

Coordinates of point D :
g, = 175 — 350.89 cos 34.09°

= —116(107%) Ans

A150,-350)

' K'\'<
2, 5

L wt)
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10-17 Soive Prob. 10-3 using Mohr’s circic.

£ = 150(10°) g, =200(10°) 7y, = -700(10)
6 =60° 26 =120° (Mohrs circle)

A (150, -350)10°° C (175, 0)10°¢

2
R=CA-= [J(175 - 150 ) + 350%]10°° = 350.89 (10°%)

a = 330 a = 8591°
175 - 150 B

B = 120 - 8591 = 34.09°

& = (175 - 350.89c0s 34.09°)10°° = ~116(10°%)  Ans
& = (175 + 350.89cos 34.09°)10°° = 466 (10°%) Ans

Yxy = 2[350.89sin 34.09°1107° = 393 (10°%) Ans

AQ152,-350)

y <«(1s,0) €0 ‘6

Yoy
2

2.

~350(107%)

% ”
=¥ (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.




10-18 Solve Prob. 10-5 using Mohrs circle.

£ =400(10°%) g, =-250(10"%)  7,, =310(10°%) ’% =155(10%)  6=30°
A(400,155)(10™%)  €(75,0)(10°°)

R = [/ (400=75)2 +1552 1(10™°) = 360.1(10”°)

= 155 ; o = 25.50°
400-75

tan @

¢ = 60+25.50 = 85.5°

£ = (75+360.1cos 85.5°)(107°) = 103(10™°)  Ans
€, = (75-360.1cos 85.5°)(10°%) = 46.7(10°)  Anms

2’2—’ = (360. 1sin 85.5°(10"%)

Yey =718(10°%)  Ans

ey 50 é,jx/

-4 2
< 5! . // X

P 4

W,,ggy VRLF

Ty o] (6, 42
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10-19 Solve Prob. 10-11 using Mohr's circle.

Construction of the Circle ; In accordance with the sign
convention, &, = 250( 10'6) V& = 300( 10") » and
% =-90(10"*) . Hence,

(&, +E, 250+ 300
oy 552 =( 5 )( 10°) =275(10°)  Ans
The coordinates for reference points A and C are

A(250, -90)(10)  C(275, 0)(107°)

The radius of the circle is

R={ (215250 +om2 }(107) = 93.408

In - Plane Principal Strain : The coordinates of points B and
D represent ) and €, respectively.

£ =(275+93.408) (107°) =368(107°) Ans
€2 =(275-93408) (10°) = 182( 107%) Ans
Orientation of Principal Strain ; From the circle,

90
w020y, = e <3600 26, = 74480

26, =180°~26,

180°-74.78°
6, = 5 =52.8° (Clockwise) Ans

Maximum In - Plane Shear Strain : Represented by the
coordinates of point £ on the circle,

T' lllplll
dacplage b 6
2 R =-93.408( 10°)
= ]
7 mu =-187(10%) Ans Y
Orientation of Maximum In- Plane Shear Strain : From the
circle,

tan 28, =

=02778
6, =17.76° (Clockwise) Ans

275--250
%

T
F2
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“10-20 Solvc Prob. 10-8 using Mohr's circle.

a) & =520(100°%) g, = -760(10°°) 7, = —750(107°) ZZL = —-375(10%)

A (520, -375); C (-120, 0)

2
R = \/(520 + 120 ) + 375t = 741.77
xl
€ =741.77 - 120= 622(10°%) Ans .
' 3TN f d"'\T”
3 —_;:\\/ ”J
—6 A
£ =-120 - 741.77 = -862(10™%) Ans ;
Cias,
i -—")
@n 26, = ——0 = 05859 PN
(120 + 520)
A(520,-375)
6, = 15.2° Ans < G190 L"" ) .
(&, 26, f(&.,0)
b)  Ymax = 2R = 274L77)
in-plane
max = —1484(107° Ans X (w®
in)fplnne ( ) b(/o )
Eavg =—120(107°) Ans
an 20, = 320320 _ ;2067 ,
375 $ 1
6, = 29.8° Ans
16t
o .
e N
g dr’
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10-21 Solve Prob. 10-7 using Mohr’s circle.
v

£ =850(107°) g, =480(10°%) 7y, =650(10%) % =325(107%)

A(850,325)(107%) C(665,0)(10°%)

R = [ (850~ 665)? +3252](107%) = 373.97(10°%)

£; = (665+373.97)(10°°) = 1039(10°°)  Ans 1

€2 = (665—-373.97)(10°°) =291(10™%)  Ans C(665,0) \ ¢,
125 € N 26p s
tan 26, = ———— J
850 665 AL CPRN A (850, 326)
26, = 60.35° (Mohr's circle)
8, =30.2° (element) Y ! )
YII'IIX

in-plane R L "\\ ’

2 &' . \\ X

Ymax  =2(373.97)(107%) = 748(107%)  Anms

in-plane

Eavg =665(10°)  Ans

26, =90°-26, =29.65°  (Mohrs circle)

0, =-14.8° (element)
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10-22 Solve Prob. 10-9 using Mohr’s circle.

£, =250(10"°) g, =-450(10"%) 7, =-825(10"°) ”2—’ =-412.5(10"%)

A(250,-412.5)(107%)  C(=100,0)(107%)
R = [/ (250 (-=100)) + (—412.5)2] (10”%) = 540.98(10"%)

¥
(g 75"
£ = (~100+540.98)(10%) = 441(10%)  Ans i A50,-4R2.5)
£, = (~100-540.98)(10%) = -641(10"%)  Ans €&, [ 2° 26,\ £,
((«uo,a) -6
412.5 €00y
tan 26, = —————
250 - (—100)
I et
26, = 49.68° (Mohr's circle) 20%)
6, =-24.8° (element)

X mlu
in-plage _

2

Ymax =2(540.98)(107%) = 1.08(10°)  Ans

in-plane

7
4 x
m\)em :
€avg =-100(107%)  Ans € dx> X

26, -90° - 26, =40.32 (Mohr's circle)
6, =20.2° (element) Ans y' 'f
]
61, d, >/ x’
f‘\
N 202"’
\Lxe)
€a vy dx !
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10-23. The strain at point A on the bracket has
components e, = 300(107°), € = 550(107%), Yy
= —650(107%), ¢, = 0. Determine (a) the principal strains
at A, (b) the maximum shear strain in the x-y plane, and

(c) the absolute maximum shear strain.

A0 -325)

oo T ,JJ’ ‘
64 E‘ é(/d‘

Breo)

- = ¥x : -6
£, =300(107%) &, =550(10°) 7, =~650(10 %) —2’- =-325(10")

A(300,-325)107°  C(425,0)107°

ety

Yz

R =[,/{825 300 + (-3257°110°° = 348.2(10°°) =
2) 768 euo

£ = (425+348.2)(10°)=773(10°%)  Anms R 7

e = (425-3482)10°9) = 68010 Ans L
b) '

Yous =2R =2(348.2)(107%)=696(10°°)  Ans

in-plane

9

abs 6
Lo 73000 71300 Ams
2 2 max
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*10~-24 The strain at point A on the beam has components
€, = 450(10°%), € = B25(107%), v, = 275(1076), & =0.
Determine (a} the principal strains at A, (b) the maximum
shear strain in the x - y plane, and (c) the absolute maximum
shear strain.

£, =450(10°%) &, =825(10°) 7., =275(107°) -"2—’ =137.5(107)

A(450,137.5)10°°  C(637.5,0)10°°

R = [/(637.5-450)2 + 137.52]10° = 232.51(10°)

a)
£, = (637.5+232.51)(10°°) =870(10°)  Ans
£ = (637.5-232.51)(107%) =405(10°)  Anms
b)
Yoar =2R=2(23251)(107%)=465(10°)  Ans
io-plane
c)
Ya S -6
mr M_); Yaps =870(10°)  Anms
2 2 max
) £}
2
-6
o
€\ 2% € €wh R €
Lo 405 ém
A4t 515) <
Ty %)
Z
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10-25 The strgin at point A on the pressure-vessel wall has
components e, = 480(107%), €, = 720(107%), vy, = 650(10"),
€, (). Determinc {a) the principal strains at A, (b) thc max-
imum shear strain in the x y plane, and (¢) the absolute
maximum shear strain.

3 ¢ Yo - 3250107
£, =480(10°%) & =720010 5y, =650(107) >

-6
A(480,325)10°  C(600,0)10

— -6
R = (//(600-480) +325%) 10 6~ 346.44(107)

Y -6 —6 A
£, = (600 +346.44)107 = 946(10 ) ns
£, = (600— 346.44)107° = 254(10°°)  Ans
b) 6 -6
Yaax =2R=2(346.44)107 = 693(10°%)  Ans
in-plane
(9]

T 946000, ~04600)  Ans
2 2 max

%
e
L "
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10-26. The strain at point A on the leg of the angle has
components €, = —140(1079), €, = 180(107%), vy
= —125(107%), ¢, = 0. Determine (a) the principal strains
at A, (b) the maximum shear strain in the x—y plane, and
(c) the absolute maximum shear strain.

g =-140(10"%) g, =180(10"%) 7y, =-125(10"%) 122 =-62.5(10"%)
A(-140,-62.510°  C(20,000°¢

R = (y/ (20— (-140))* + (=62.5)* ) 107 = 171.77(10°%)

a)
£ =(20+17177)(107%) = 192(10°)  Ans
£ =(20- 171.77)(10°%) = ~152(10°)  Ans

b.c)
Tabs = Tmax =2R=2(171.77(107%) = 344(10°%)-  Ans

max io-plane

S
A(-740,-625) a:

€ «(200) | €0}

g0
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10-27 The steel bar is subjected to the tensile Ioad of 500 Ib.
If it is 0.5 in! thick determine the absolute maximum shear
strain. E = 29(10°) ksi, v = 0.3.

500
T, = = 500 psi =0 =
303) psi o, g, =0
£ = l(cr,) =1 (500) = 17.2414(10°%)
E 29(10%) )

& =& =—VE; =-03(172414) (10°) =-5.1724( 10°)
£ =17.2414(10°)  £,5 =-5.1724(10°%)

Yabs = &1 ~ £ =(17.2414~(-5.1724))(10"%) = 22.4(10%)  Ans

max

&

-6
,  ew
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*10-28 The 45° strain rosette is mounted on a machine
element. The following readings are obtained from each
gauge: €, = 650(1076), € = —300(10°5), e = 480(1075).
Determine (a) the in-plane principal strains and (b) the max-
imum in-plane shear strain and associated average normal
strain. In each case show the deformed element due to these

strains.
|
I a
b
45°
<
_ 45°
¢(5é50)\ €00
‘ €
2\ |2 _, /%
/28

£, =650(107%) & =-300(107%) €. =480(10°% Ty ., 4 = /4 bﬁiﬁ

8, =9%0° 8 = 135° 6. = 180° },’ffﬂ/ A(480,865) 6‘7’ 2
~

Eo =& cos® 8, +¢, sin’ 8, + 71y sinf,cos6,
650(10°%) = £,C05°90° + & 5in’90° + 71y 5in 90° cos 90° z ,
£, = 650(10%) Edy’ 4
£ = E,CDSZ 0. +¢, sin® 8, + 71y s, cosb, ! ,
480(10°°) = £,cos’180° + £, 5in* 180° + 7,, sin 180° cos 180°
£ = 480(10°%) , ) R
& = t:,cns2 6, +¢, sinZG,, + Yxy sinfycos By Vs

- 300(107%) = 480(10"*)cos” 135° + 650(107*)sin® 135° + 7, sin 135° cos 135° P X

o = 17300107 7
Yy (107™) »\ g2 _,? .
77" = 865(107) G dx/

-6 —6 x

A(480,865)10 C(565.0)10 ’

R = [/(565- 480)? + 86521 10°° = 869.17(10°%)

a)
£ =(565+869.17)107° = 1434(10°%)  Ans
£ =(565-869.1710°° = -304(10°°)  Anms

un 26, = 03 _

565-480
26, = 84.39° (Mohr’s circle)
- 8, =42.19° (element)
b |

Jos, =R = 2869170107 = 173610°)  Ans é"'7dx T

€40 =565(10°°)  Ans

26, = 90°-26, =5.61° (Mohr's circle)

6,=281° (element)
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10-29. The 45° strain rosette is mounted on the link of the
backhoe. The following readings are obtained from each
gauge: €, = 650(107°), e, = —300(107%), .= 480(1079).
Determine (a) the in-plane principal strains and (b) the max-
imum in-plane shear strain and associated average normal

strain.
L=
('é“'al’ F2 )
‘;a, -865)
- & (1078
c(5650) €,
e)-
€, = 650(107%); & = -300107%); & = 480(10°%)
6, = 180° 8, =225° 6 =210°
Applying Eq, 10-15, ¢ = £,008°8 + €, 3in*@ + 7, 5infcosd
| R——
= (107%)

630 (107) = £,c05°(180°) + £, 8in’(180°) + 7,, sin (180°) cos (180°)
£, = 650(107%)

480(10°%) = £,c0s*(270°) + £,5in"(270%) + 7,, 3in (270°) o3 (270°)
€, = 480(10°%)

~300(10°°) = 650 (10™*)cns?(225°) + 480 (107)6in’(225°) + 7,,in (225°) cos (225%)
Tn = =1730(10°)

Therefore, £, = 650(10™%) ¢, = 480(10%) 7, = -1730(10°%
l;L = ~865(10°%

Mohr’s circle
A(650, —865)10™  C (565, 0107

R = CA = [(650 - 565) + 865310 = 869.17 (10}

8) & = [565 + 869.17]107 = 1434 (1079 Ans
€ = [565 ~ 868.17]107° = -304 (1079 Ans

b))  Faen = 2R = AB69.17) (10°%) = 173B(107°)  Ams

£aeg = 565(107%) Ans
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10-30 The 60° strain rosette is mounted on a beam. The fol-
lowing readings are obtained from each gauge: € =
250(10~%), €, = -400(107%), e = 280(10~%). Determine {a)
the in-plane principal strains and their orientation, and ()
the maximum in-plane shear strain and average normal
strain. In each case show the deformed element due to these
strains.

N

C(4334,0)
60° 3 ra
< 605 60° 22 !
£, =250(107) & =-400(10) g =280(10°%) Ty ¢ AX‘(__Z,M/ 37528)
6, = 60° 8, = 120° 6. = 180° WY (Cavy, _?\)

€, = E,coszo, +E s‘m’e, + ¥z Siné,cos 6,

280(107) = £,cos” 180° + £, sin* 180° + 7, sin 180° cos 180°
£, =280(10°%)

€, = £,005°6, +£,5in* B, +7,,5in0, cos, ’ ]

250010°%) = £,c05260° + £, Sin?60° + 7, sin 60° cos 60° |

250(10°*) = 0.25¢, +0.75¢, +0.433y,, m X

5 = £:005°0, +E,5in 6, +7,,5in6;,c058, ol

- 4000107} = £,c05% 120° + £, 5in*120° + 7, sin 120 °cos 120° B’ <

/\\
’ y ¢ d*
- 400(10°%) = 0.255, + 0.75€, - 0.4337,, @ édﬂ ’\ /,\V/ !

Subtrac_l‘Eq‘ (2) from Eq. (1) (28‘89 ']
650(10°°) = 0.8667,,
Yiy =750.56(107%)
£, =~193.33(10°%)
Yo o 37528010

2

A(280,375.28)10°  ((43.34,0)10°

R =[/(280~ 4334) + 375.287) 10~ = 443.67(10°%)

a)
£, = (4334+443.67)107° =487(10°%)  Ans
£, = (43.34-443.67)10°° = -400(10°%)  Anms

n 26, = 375.28
280-43.34
26, = 57.76° (Mohr's circle)

6, = 28.89° (element)

b)
Ymar =2R =2(443.67)(10°) = 887(10°°)  Ans

n-plane
Euvg =43.3(107°)  Ans

26, = 90°-26, =32.24° (Mohr's circle)
6, =16.12° (element)
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10-31. The 60° strain rosette is mounted on the surface
of an aluminum plate. The following readings are obtained
from each gauge: € = 950(107%), €, =380(107°), ¢ =
—220(107%). Determine the in-plane principal strains and

their orientation.

£, nS500107%) g =380(10%) & =-220010°)
s 8, o -60° 6, =~120°
. ' ) NS5t -3441)
£a =:,f°,15, +:1, sin?6, ‘Zg.‘ina.céf; - , (E‘ . Z" (éu o.)
980010 = £,c05°0° + £,3in° 07 + 7, 3in O° Cos 2,0 ) y . "
0, 8 &ne -

£, = 95107 9,¢)

£ = €,00828, + £, 5076, +71y8in6; cOSE,

3B(10°*) = £xc08* (—60°) + £, sin’ (~60°) + 7. 5in (—60°%) co8 (—60°) \

[$}]

380(10°%) = 0.25¢, +0.75¢, - 04337y,
£ = £,0087 8, + &, 3076, + 71, 3in0)c0s6) y:
~220(107%) = £,0053(~120°) + £, 3in (~120°)+ 7 8 (~120°) cos (~120°)

~220(10°) = 0.25¢, + 0.75¢, +0.4337, @

Subwaat Eq. {2) from Eq. (1)
600(107%) = ~0.8667,,

1ay 2692820107

&, =~210(107)

L;L = -346.41(107)

A@50.-34641)10°%  C(3T0.010°°

R =1/(950=370)" + 386.41°}10°¢ = 675.5710°%)

£ = (370+ 675510 = 1046(10™)  Ans
£ = (370 675.5107" = -306(10™).  Ans

34641
w126, = 550370
16, = 30.8° (Mohr’s circle)
9, = w= 154° {ciement) Anms
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*10-32 The 45° strain rosette is mounted on a steei shaft.
The following readings are obtained for each gauge: €, =
800(107%), € = 520(107%), e, = ~450(1075). Determine the
in-plane principal strains and their orientation.

£, = 8000107 & =520(10%) g =-450(10"%)
6, = ~45° 6, =0° 6, =45°

€ = E,Cnsl 8 + 'E, sinzo,, + ¥xy Sin6y cos B,
520(10°*) = £,cos70° + £,5in’0° + ¥, sin 0° cos 0°
£, =520(10"%)

€ = £,C0878, + & sin6, + ¥y $in6, cosb,

800(10°%) = £,c05*(—45%) + &, sin*(—457) + 7, sin (~45°) cos (~45°)
800(107%) = 0.5¢, +0.5¢, —0.57,, )

Ms20,-625)
£ =£,C08" 0, + £,5in° 0, + 7y, sinb, cosb, / 14
-450(10"’) = g,c0s45° +& sin®45° + 7Yxy Sin 45° cos 45°
~450(107*) = 0.5¢, +0.5¢, +0.57,, @ &.,2) €,0)

LS, o +
Subiract Eq. (2) from Eq. (1) (75’ / €w?)

-6
1250(10°°) = -,
Yoy =~125010"%)
g, =-170(10"%)

Ly - 625010

Iy, 4
2 Y
A(520.-625)107°  C(175,0)10°°

R ={y/(520- 1757 +6257110°° = 713.90(10°%)

£ =(175+713.9)107° = 889(10™%)  Ans 7 ]
£ =(175-713.9)10°° = -539(10%)  Ans

%
625 *[
in 26, = ——
’ " 520-175 ?
20, =61.1° (Mohrs circle) b
6, 2, m30.6° (element) 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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10-34. For the case of plane stress, show that Hooke’s
law can be written as

E

o= a—_—vz)(e, + ve,), oy = (—1{;—;55(5, + ve,)

Generalized Hooke's Law : For plane stress, o, = 0.
Applying Eq. 10~ 18,

e,=-‘l;_(a',—vo,)

VEe, =(0g,~va,)v

VEE, =vc:,—v2 o, i
i

£,=E(c‘,—vc‘,)

Substituting o, nwo Eq. [2]
Eeg, =-vo, +o0, '

Adding Eq. [1} and Eq.[ 2] yields, Eeg =-vo, +

E
l—vl(v£‘+£’)
= 2
VEE, +Ee, =0,-V'0,

: * v(l-v) v
=7 z(vei+e¥) (Q.E.D.) =EV£=+E£,‘-E£y+E£yV2‘
-V v(l-wv2)
E
=l—__—vz-(ex +ve,) (Q.ED.)
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10-3§ Use Hooke's law, Eq. 10-18, to develop the strain-
transformation equations, Eqs. 10-5 and 10-6, from the
stress-transformation equations, Eqs. 9-1 and 9-2.

Stress wransformation equations

o = F T L T % 0520 + 1, 5in 26 M
SRR 2
Tiy = U‘-Z % §in 26 + Toy c0s 260 2
o = B0 % o520 - 1, 5in20 @)
v T2 2
Hooke's law @
=% Y% @)
&% E
~-ve, O
&% " @
Ty = G¥o )
G m
200+ v

From Eqs. (4) and (5)
(1 - v)(o, + Oy)

&+ & = 8)
(1 +v)o, ~ 0y)

& & = ______E._..._!— ()

From Eqgs. (6) and (7)
E

-y, (10)

=t ae o

From Eq. (4)

=X an

E E

Substnute Egs. (1) and (3) inwo Eq. (11)
_U-ve+9y) (A +VXG: = %) cap
" 2E 2E
(1 + V)1, s5in26
L0 Wy STCT
E

12)

By using Egs. (8), (9) and (10) and substitute inw Eq. (12),
o= tE | &5 cog Pgin2e  QED
* 2 2 2

From Eq. (6),

E
o= A, ¥ (13)
Ty = G Yoy 0 Yxy

Substitate Egs. (13}, (6) and (9) into Eq.(2),

_E L _E&-5) mze+_..£__7 cos 28
Than T T 2w s 21+

Y o - B Bliazg s Ircos2s QED

2 2
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*10-36 A bar of copper alloy is loaded in a tension machine
and il is determined that €, = 940(10-6) and o, = 14 ksi,
oy, = 0, 0; = 0. Determine the modulus of elasticity, . and
the dilatation, e,, of the copper. v, = 0.35.

1
£ = E[G’ ~V(0y +0;)]

940(107%) = ——[14(10°) ~ 0.35(0+ 0)]

E., =149(10°)ksi  Ans

L= 5 v0, +0,)= 122039 1440400202820 Ans
14.9(10°)

Cey =
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10-37 The principal plane stresses and associated strains in

a plane at a point are oy = 36 ksi, 02 = 16 ksi, ¢ =
1.02(10-%), € = 0.180(10~%). Determine the modulus of
elasticity and Poisson's ratio.

;=0

1
£ = E[Cﬁ = V(02 +03)]

1.02(10°%) = ém— v (16)]
1.02(107%)E = 36 - 16v 6}

1
£ -‘-E[Gz ~ V(01 +03)]

0.1800107) = < {16- v (36)]
Solving Egs. (1) and (2) yields :
E=307(10")ksi  Anms

0.180(10°)E = 16 - 36v '9))
v=0.291 Ans
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10-38 Determine the bulk modulus for each of the follow-
ing materials: (@) rubber, E, = 0.4 ksi, », = 0.48, and (»)
glass, £, = 8(10°) ksi, », = 0.24.

a) For rubber :
K = E = 0.4 = 3.33 ksi Ans
3(1-2v,) 3[1-2(0.48)]
b) For glass :
3
¢ £ - 310 = 513(10°)ksi  Ans

T3 -2v) 31 - 2029)]
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10-39 The principal strains at a point on the aluminum fuse-
iage of a jet aircraft are ¢ = 780(10%) and &, = 400(1075).
Determine the associated principal stresses at the point in
the same plane. E,; = 10(10°) ksi, vy = 0.33. Hint: See Prob.
10-34,

Plane stress, o3 =0

Use the formula developed in Prob. 10- 34.

S(81+vEy)

o < E
1 1—
_10(10*)

* 1037 (780(10°°) +0.33(400)(10™*)) = 10.2 ksi  Anms

Ty =
1-v?

_10(10%)
1-0.33?

(g, +ve)

(400(107%) +0.33(780)(10°%)) = 7.38 ksi  Ans
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“10-40 The polyvinyl chloride bar is subjected to an axial
force of 900 b, If it has the original dimensions shown, de-
termine the change in the angle @ after the load is applied.
Epue = BOD(10%) psi, vy = 0.20.

T

900 1o i
Jin.

‘A: in
- 1'_”-_06 i“'—-_—*{nm ’

O 300 _ 300 psi 4% 6-00225in
3 .

g, =0 o, =0

g = %:[0', - v(o, + 6;)}
= ———1——[300 - 0] = 0.375(107%)
800(10%)
€, = l[a, - v(o, + 6;)]
* T E
= —-—1—-[0 - 0.2(300 + 0)] = ~75(10°%)
800(10%)

’ = 6+ 6(0.375)(107%) = 6.00225 in.

2
il

B o= 3+ 3(=75)(107%) = 2.999775in.

9= m“(%) = 26.56505118°

8’ = m"(3'29—971§) = 26.55474088°

6.00225

AQ = 6 - 6 = 26.56505118° ~ 26.55474088° = 0.0103°  Ans
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10-41. The polyvinyl chloride bar is subjected to an axial
force of 900 Ib. If it has the original dimensions shown,
determine the value of Poisson’s ratio if the angle 6
decreases by A# = 0.01° after the load is applied.
E,,. = 800(10°) psi.

lin.

= 300 psi o, =0 o, =0

O =

1
& = E {o: - Vpve (0’, + 0’,)]

1

300 - 0] = 0.375(107°
800(103)[ 00 - 0] (107™)

u

1

g = = [0, = Vi (6: + &})]
=L
~ 800(10°)

]

[0 = Vpse (300 + 0)] = =037 (107 Ve
3 "-Sl'n
a’ = 6+ 6(0.375)(107°) = 6.00225 in.
azg:n

B = 3 + 3(~0.375)(107)v,,. =3 - L125(107%)v,,.

6 = un ') = 2636505118° ‘ K
]

7

a
6’ = 26.56505118° - 0.01° = 26.55505118°

_ -3
an 6’ =049978185 = — L1BUT)Vpue
6.00225

Ve = 0G4 Ans
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142 A rod has a radius of 10 mm. If it is subjected to an
axial load of 15 N such that the axial strain in the rod is €, =
2.75(10° %), determine the' modulus of clasticity £ and the
change in its diameter, » = 0.23.

15
0, = —> = 47746kPa, 0o, = 0, =0
7 (0.01)2 y i

1
£ = E o, - v(o, + 6,)]

; 1
2.75(107%) = 5[47.746( 10%) - 0.23(0 + 0)]

E = 17.4GPa Ans
g =& = —ve, = —0.23(2.75)(10°%) = -0.632(10™%)

Ad = 20(-0.632(10°%)) = —12.6(10"%) mm Ans

1}
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10-43 The principal strains at a point on the aluminum sur-
face of a tank arc & = 630(10°) and €, = 350(10 *5). If this
is a case of plane stress, determine the associated principal
stresses at the point in the same plane. E, = 10(10%) ksi,
vt = 0.33. Hint: See Prob. 10-34.

For plane stress o3 = 0.
Use the formula developed in Prob. 10-34.

o1

o2

_ 10(10%)

N Vz(E‘ + vez)

o35 (630 (10°%) + 0.33 (350)(10°°)]

8.37 ksi Ans

N Vz(Ez + VEy)

10 (10%)
1 - 0332
6.26 ksi Ans

(350 (107%) + 0.33 (630)(10°%)]
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*10-44. The strain gauge is placed on the surface of a
thin-walled steel boiler as shown. If it is 0.5 in. long,
determine the pressure in the boiler when the gauge
elongates 0.2(107%) in. The boiler has a thickness of 0.5
in. and inner diameter of 60 in. Also, determine the
maximum x, y in-plane shear strain in the material.
Eg = 29(10%) ksi, v, = 0.3.

= 400(107%)

_ 02007
Y

€& = -é[az -V (Gl + 0'3)]

1 6' 21700
where, oy = 501 g3 =0
é‘= (4 (IO—‘)
400010 = ——[L 0, ~0.30,] RE
a2 Tt i Sy >
-6
oy =58 ksi g,'('ﬂ )
Thus,
=0t _3803) _0967ksi  Ams
r 30

£ = é{al -v(a1+0)]

where, 03 =0 and'a;=%=29ksi

1

= [ 58~0. = 1700(10°°
& 29(103)[58 0.3(29+0)] = 1700(10™%)

ily-l;ll.l‘ﬂﬂ - E1—&

2 2
Ymex = (1700-400)(10°%) = 1.30(10")  Anms
in-plane
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10-45 The steel shaft has a radius of 15 mm. Determine the
torque 7 in the shaft if the two strain gauges, attached to the
surface of the shaft, report strains of € = —80(10~¢) and
€ = 80(1075). Also, compute the strains acting in the x and
y directions. Ey = 200 GPa, vy = 03,

£ =—80(107%) . =80(107%)
Pure shear &, =€ =0 Ans

&x = £,C08>8+ €, 8in* O+ 7, sinb cos 6
0=45°

~80(10°®) = 0+ 0 + 7, 5in 45° cos 45°
Yoy =—160(10°°)  Ans

Also, 8=135°

80(107) = 0+0 + ysin 135° cos 135°
ey =—160(107%) '

E _ 200010°)

= = =76.923(10%)
2(0+v) 2(1+0.3)

=Gy = 76.923(10°)(160)(107°) = 12.308(10°) Pa

n
12.308(10%)(5 )(0.015)*
r=¥. QOO0 caN-m  Ans
¢ 0.015
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10-46. The shaft has a radius of 15 mm and is made of
L2 tool steel. Determine the strains in the x' and y’
directions if a torque 7 = 2 kN - m is applied to the shaft.

T =

Tc _ 2(10% (0015)
T

= 377.26 MPa
Z(0.015%)

Stress - strain relationship :

1, 37726 (109 _

Ty ="' 5030(107) rad
Yy =G T 7500109 >

This is a pure shear case, therefore,
£, =& = 0

X

Applying Eq. 10-15,

2 .2 . 8
g, = £,C08 8, + & sin 8, + Yyysin 8,cos 8,

Here 8, = 45°
£, =0+0+ 5.030(107)sin45°c0s45° = 2.52(107)

£ =€, =252(107)  Ans.
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1047 The cross section of the rectangular beam is sub-
jected to the bending moment M. Determine an expression
for the increase in length of lines AB and CD. The material
has a modulus of elasticity £ and Poisson’s ratio is v.

For line AB,
5 = My My _ 12My
T b h bk

E Ebh
4 12vM ¢t
= )2 - 2
Al = e dy Epn 0 Y
_ 3IvM Ans
2Ebh
For line CD,
o oo Mc_ M3 _ 6M
T Lbh bh?
v o, 6vM
ex = - =
E Ebh?
6vM
A = g = b
Lep Lep Ebhz()
- 6vM Ans
E R
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*10-48 The strain in the x direction at point A on the steel
beam is measured and found to be € = ~100(1079).
Determine the applied load P. What is the shear strain v,
at point A? E, = 29(10%) ksi, v, = 0.3.

; -b'A " i i el r A —t—x
—3n 41t .‘r 70 | f; L —é

(3in. dooes
e Ny 0 osr
05in. %; 0.5in. V=05 P
6 in.
l )M:I-SP e
> 3 7
05pP

1 3 1 3 .4
=— -—(5. =129.833
L N 2(‘S)(9) ; 2(5 5)@) in
Q4 = (4.25)(0.5) (6) +(2.75)(0.5) (2.5) = 16.1875 in®
o= Eg, = 29(10°)(100)(10°) = 2.90 ksi

o= M_)_" 290 = 1.5P(12)(1.5)
I 129.833

P=13945=139kip Ans

; os"
. . 5=
o= VO _ 0.5(13.945X16.1875) _ | o0, A Tgn
It 129.833(0.5) 05 I
5"
G E __2900) e
T21+v) 21+03)

= 11.154(10%) ksi

=L =" =0.156(107)rad  Ans
Tv=35 11.154(10%) (
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10-49 The strain in the x direction at point A on the A-36
structural-steél beam is measured and found to be & =
100(10~%). Determine the applied load P. What is the shear
strain vy, at point 4?

Section properties :

1 3 . 4
I=——612 =864m
12()( )

0 = YA =56)Q = 60in’

Normal stress :

o=E¢g =29 (10°)(100)(10™%) = 2.90 ksi

4P (12)4)

My 3
= — 2.90(10°) =
o T (107) 264

P = 13050 1b = 13.0kip

_ Vg _ 13.05(10°)60)

= = 151.04 psi
v T 864 (6)
Ty _ 15104 13.7 10°%)
T =% T ieae)

M=d4p dtik, V=P

Ans

Ans

Ql

“ ¢

.—ﬁ/: sin
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10-50 The strain in the x direction at point A on the A-36
structural-steel beam is measured and found to be € =
200(10-%). Determine the applied load P. What is the shear
strain y, at point A?

Section properties :

O = YA =56)2) = 60in’
1

I= o (6)(12°) = 864 in*

Normal stress :
0 = E&, = 29 (10°)200)(10°°) = 580ksi p

V=F
-2 )= 22020 {:‘_‘::_‘_"_‘:ll
o= — 5.80(10°) = — 227 =
1 o 864 H=4f <~I

P = 26.1kip Ans
Shear stress and shear strain :
1 26.1 (60 }———-}6;"‘
T, = TtQ = -WEQ) = 0.302 ksi
Y 3 —2."‘
_ 7 ot
4= L - -:p 127N
Ve = Ty _ 0302 27.5 (107
Xy — —— = = -
" TG T TLoaoh (107 rad Ans 1
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10-51 If a load of P = 3 kip is applied to the A-36 struc-
tural-steel beam, determine the strain ¢, and Yiy at point A.

3 kjp

V=3 6p
Me12.0 5 1

I 4 ft l

27
ElfTW e

Section properties :

O = YA =266 = 60m’
1 3 . 4

I = —(6)12°)= 864 in
12( W127)

Normal stress and strain :

(o9 666.7 -6
e,= 2 2 207 _ 530010 A
E 29 (105) ( ) s

rp = 22 300 €0 5y 05 s
It 864 (6)
%, 3472 .
L= B o 32 560 Ans
™ =% T Tloao (107 "
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*10-52 A material is subjected to principai stresses o, and
;. Determine the orientation 0 of a strain gauge placed at
the point so that its reading of normal strain responds only
to oy and not oy. The material constants are £ and w.

O + Oy . Oy — 0Oy

2

e

cos 28 + 1, sin 20

Since 7,, =0,

+ O, Oy — O,
=gi_.__y+_x_y_cos 20
2 2

n

cos 20 =2 cos’6—1

o, 2, Ox Oy
O, =—+-—2+(0,—0,)cos 6-—+—
" 2 7 2 2

=0, (1- cosze)+ Oy cos’6

)
= 0, cos’ @+, sin’ 0

6.+0, 0.~0,

Ony90° = 2 cos 20
=9 gz._(a_’ﬂ)(zcoszg..l)
2 2 2
o, O,
=& +&—(cr,—cr,)cosze+——-—’
2 2 2 2

= 0:(1 -—cosze)+ a,cosze

= 0, sin’ @+ o, cos’ @

1
E,,:—(a,,—'va,“, ")
E 920

. . 2
(0, cos’0+ 0, sin” @~ v &, s~ v G,cos°0)

|

If g, is to be independent of o, then
cos’@-vsin’8=0 or tan’@=1/v

0=tan'1(—l—) Ans

Jv
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10-53 The principal stresses at a point are shown in the fig-
ure. If the materiai is aluminum for which £, = 10(10*) ksi
and vy = 0.33, determine the principal strains.

26 ksi

15ksi

1 1 -3
=—(0, - ) = 10-0.33(-15-26))=2.35(10") Anms
& = 2(0 v(o, +0)) 10(103)( (
1 1 o ]
g = E(o:)'y -v(o. +0 )= 10(103)(—15 -0.33)(10-26)) = -0.972(10")  Anms
1 1 103
€& = E(Gz -W0,+0,)) = lo(103)(—26—0.33(10- 15)) =—2.44(107°)  Ans
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10-54 A thin-walled cylindrical pressure vesse! has an inner
radius r, thickness + and length L. If it is subjected to an
internal pressure p, show that the increase in its inner radius
is dr = re, = pr}(1 — }w»)/Et and the increase in its length is
AL = pLr(j ~ v)/Et. Using these results, show that the change
in internal volume becomes dV = mr(1 + &)2(1 + &)L —
mr2L. Since € and e; are small quantities, show further that
the change in volume per unit volume, called volumetric
strain, can be written as dV/V = Pr(2.5 ~ 2v)/Et.

Normal stress :
- Pr. pr

oy
¢ 2t

Normal strain : Applying Hooke's law

El=‘:§[01‘v(az+aa)]- o3 =0

1 pr vpr pr 1
T m i) = = (1~ - V)
E(r Zr) Et( 2
dreer=Pla-1y QED
r= 7 = e— -
! Et 2
1
EZ=E[02'V(UI+03)11 oy =0
clepr_ver -Lfl..v)
-E(Zr r) El(2
pLr 1
AL = L= - -V QED
£2 Er(Z )

Ves(rear)(Lral); V=arll

W=V -Vegri(lea)(+e)-n L QED

(i+ & Y =1+2& neglecte? em

(1+ & )2(1+Ez) m (142601 + &) = 1 + & + 2€ neglect £, €; lerm

i‘-/=1+sz+2£|—l=z1+2£.

n

0
l\
]
©»
!
~
<
=]
[<]
=
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10-55 The cylindrical pressure vessel is fabricated using

hemisphericél end caps in order to reduce the bending stress

that would occur if flat ends were used. The bending stresses p
at the seam where the caps are attached can be eliminated 3
by proper choice of the thickness ¢, and . of the caps and
cylinder, respectively. This requires the radial expansion to
be the same for both the hemispheres and cylinder. Show
that this ratio is t./r, = (2 ~ #)/(1 — v). Assume that the ves-
sel is made of the same material and both the cylinder and
hemispheres have the same inner radius. If the cylinder is to
have a thickness of 0.5 in., what is the required thickness of
the hemispheres? Take v = 0.3.

For cylindrical vessel :

0y =e_r; 0'2=pr
I 21t
1

£ =‘E-[O'1—V(O'2+0'3)] c; =0
1 pr vpr

S ler_very_pro 1,
E ¢ 21t E:
2
pr 1

dr=¢gr= 1-=-v 1

1 Etc( 5 ) (0Y)

For hemispherical end caps :

r
o =0 = 2o
h

1
£ = E[G: -v(o, +03)]; c; =0

1
- Llpr _very_ o pro
E 21‘,, 2 2El‘,,
r2
dr=¢r= t-wv @
ty

Equate Egs. (1) and (2) :

2 2
P_’(1_1V)=!’_’_(1_V)

E; 2 2Ey
. 20-%v 2-y
- = = ED
Iy 1-v 1-v Q
1-v)e 1-0.3)(.
= ( ) = ( ) 05 = 0.206 in. Ans

2-v 2-03
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*10-56 A thin-walled spherical pressure vessel has an
inner radius r, thickness ¢, and is subjected to an internal
pressure p. If the material constants are £ and v, determine
the strain in the circumferential direction in terms of the
stated parameters.

Principal stresses :
pr

0 =0; = 0= —; o3 =0
2t ’

Applying Hooke's law :
1
& =& = &= E[O'l - v(o;, + 03)]

1 -
£=E[G—VG]= Vo-

1-v pr r
=—=&)=L2a-y Ans

E 2: 2tE
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10-57 Air is pumped into the steel thin-walled pressure ves-
self at C. If the. ends of the vessel are closed using two pis-
tons connected by a rod AB, determine the increase in the
diameter of the pressure vessel when the internal gauge pres-
sure is 5 MPa. Also, what is the tensile stress in rod AB il it
has a diameter of 100 mm? The inner radius of the vessel is
400 mm, and its thickness is 10 mm. E,, = 200 GPa and vy =
0.3.

. . Tas
Circum ferential stress :
_pr _ 5(400)

" Note: longitudinal and radial stresses are zero.
Circumferential strain :

6
e=2 = 2000 ha0
E 200 (10°%)
Ad = ed = 1.0(107) (800) = 0.800 mm Ans
For rod AB :

N
—3IF =0, Tp- 5(106)(§)(0.82 ~01%) =0

Tag = 2474 kN
Tas 2474 (10%)

Oup = —— = ——-—= = 315MPa Ans
Asp Z(0.1%)

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.




10-58 Determine the increase in the diameter of the pres-
sure vessel in Prob. 10~57 if the pistons are replaced by walls
connected to the ends of the vessel.

Principal stress :
pr 5 (400)
O = — = 227 = 200MPa; =
1T 10 % o =0
1
gy = -2- 1 = 100 MPa
Circumferential strain :
1 1
€ = =[oy - V(0y + 03)]= —————[200(10%) - 0.3{ 100(10°%) + O
1=zl 2 3)] 200(109)[ (10°) { (10°) +0}]
= 0.85(107%)
Ad = € d = 0.85 (10™%) (800) = 0.680 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.




10-59 The thin-walled cylindrical pressure vessel of inner
radius r and thickness ¢ is subjccted to an internal pressure p.
1f the material constants are E and v, determine the strains
in the circumferential and longitudinal directions. Using these
results, compute the increase in both the diameter and the
length of a steel pressure vessel filled with air and having an
internal gauge pressure of 15 MPa. The vessel is 3 m long,
and has an inner radius of 0.5 m and a thickness of 10 mm.

Eq = 200 GPa, v, = 0.3.

Normal stress :
-Pr pr
Or = — oy = — o3 =0
t 2t 3
Normal strain :

1
Ecir = -E—[al = V(o + 03)]

1 pr vpr pr
=‘—(—— = e -
E : 2: ) 2Et(2 v) Ans

1
Elong = E[GZ = V(o) + 03)]

1 pr vpr r
= (k- - LEDy BT -
TRty i Ans

Numerical substitution :
15 (10°)(0.5)

= (2 03) = -3
2(200)(10;,)(0‘01)( 0.3) = 3.1875(107%)

cir

Ad= g d = 3.1875(10™°) (1000) = 3.19 mm Ans

15 (10°)(0.5)
eon = e _ _ 3
o 2(200)(109)(0_01)(1 2(0.3) = 0.75(107%)

AL= go55 L = 0.75(107%) (3000) = 2.25 mm Ans
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*10-60 Estimate the increase in volume of the tank in Prob.
10-59. Suggestion: Use the resuits of Prob. 10-54 as a check.

By basic principles,
AV =n(r+ AL + AL) - mr’L = n(r* + Ar* + 2rAr)(L + AL) - mr* L
2 (2L + rP AL + Ar*L+ Ar*AL + 2rAr L+ 2rAr AL ~r* L)

n(r*AL + Ar*L + Ar’AL + 2rAr L + 2rAr AL)

1}

]

Neglecting the second order terms,
AV = m(r’AL +2rArl)

From Prob. 10-59,

AL = 000225m  Ar = Ad 00159375 m
AV = 2[(0.5%) (0.00225) + 2(0.5)(0.00159375)(3)] = 0.0168 m’ Ans
Or use the result of Prob. 10-54
v _Pros-2y
V Et
av=Llos-2vv= _152——06)(9'5—)[25 - 2(0.3)]7 (0.5%)(3)
Et 200 (10°)(0.01)
= 0.0168 m* Ans
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10-61. A soft material is placed within the confines of a

rigid cylinder which rests on a rigid support. Assuming ™ \
that €, = 0 and ¢, = 0, determine the factor by which € = E[ .=v(o, +5,)]
the modulus of elasticity will be increased when a load is ) v v
applied if v = 0.3 for the material. B Z‘[ ( AL W )]
a,
“F[ -]
_a [ -v- ZVZ]
Normal Strain : Since the material is confined in a rigid cylinder, E
g, = £, = 0. Applying the generalized Hooke's Law, - g’__[(l +v)(1 —Zv)]
E
L +0,)
& = 'E‘["x -v(o,+0; ] Thus, when the material is not being confined and undergoes the same
0=0,- v( o, + a.) (1 normal strain of €, ,then the required modulus of elasticity is
l-v
1 =%
& =E[0,-V(Gx+0:)] s d-zamt
0=0,-v(o,+0;) [2}
The increased factoris & = £, L=y
Solving Eqgs.[1) and {2] yields : E (1-2v)l+v)
1-03
v T =20315 03
=% =T =135 Ans
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1062 A thin-walled spherical pressure vessel having an
inner radius r and thickness { is subjected to an internal pres-
sure p. Show that the increase in the volume within the ves-
sel is AV = 2par*/Et)(1 - v). Use a small-strain analysis.

r
g =0y =%
o3 =0

1
& =52=E(0'1"V0'2)
pr
£ =6 =——(1-V)
YT T o%E

£ = é(—V(m +ay))

7
tE
V= igr®
3
4 Az r3
V+AV= -;(r+Ar)3= zr (l+f‘_r.)3
r

where AV<< V, Ar<<r

Using Eq. 2-5,
4 3
Veav= 2T 387
3 r
AV Ar
eyo = — = 3(—
Vo = ( r)

2n(r+Ar)-2rnr _Ar

Since g, =€; =
2nr r

3
eyoy = 361 = -Z-f%(l -Vv)

AV=Vey, =

4
2T 1_vy  QED
t
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10-63 A material is subjected to piane stress. Express the
distortion-energy theory of failure in terms of o, oy, and 7,,.

Maximum distortion energy theory :

(6 - 010, + ) = o 1)
O, + O, G, — 0, 2
Opg = et . & 2
12 > + ( 5 ) + T3
_ O: + 0, _ o, ~ 0, 2
Leta = ~——*andb = () +4

oy =a+b oy =a-b»b

[
i

A+ +2ab; E =al+ b -2ab
010, =a2-b2

From Eq. (1)
(a2+b2+2ab— a2+b2+a2+b2—2ab)= o%-

(02+3b2) = o‘%,

2 2
(o, + 6 o, —
4y)+3( G’,)+3azy___o_§’
o+ 0 - 0,0, +37% = o} Ans
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*10-64 A material is subjected to plane stress. Express the
maximum-shear-stress theory of failure in 1erms of o, o,
and 7. Assume that the principal stresses are of different
algebraic signs.

Maximum shear stress theory :

tor — oal = oy ®
o, .+ 0 o
O12 = ‘2 L+ /(= 2y
- 2
'al - Gll= 2\/(&2——(—’1) + 13
From Eq. (1)

4 [(i‘—‘—;—ﬁf + 1=

2
(0. —0,) +47%, = o} Ans
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1068 The plate is made of hard copper, which yiclds at
oy =105 ksi. Using the maximum-shear-stress theory,
determine the temsile stress o, that can be applied to the
plate if a tensile stress o, = 0.50 is also applied.
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10-66 Solve Prob. 10-65 using the maximum-distortion-
energy theory.

0 = 0.56,

\

LY

O = O,

O
Oy = —

2
0’%-0'10'2'*'0'%'—‘0%'
oﬁ—% o (105

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.




1067 The yield stress for a zirconium-magnesium alloy is
oy = 15.3 ksi. If a machine part is made of this material and
a critical point in the material is subjected to in-plane prin-
cipal stresses o; and &y = ~0.5¢,, determine the magnitude
of oy that will cause yielding according to the maximum-
shear-stress theory.

oy = 153 ksi
Oy — 0 = 15.3
o - (~050)= 153

o, = 102 ksi 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.




*10-68 Solve Prob. 1067 using the maximum-distortion-
energy theory.

o} - 610y + 0% = o}
6 = 6,(-0.50;) + (-0.50,)% = o
175 6% = (15.3)

o = 11.6ksi Ans
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10-69 If a shaft is made of a material for which oy = 50 ksj,
determine the maximum torsional shear stress required to
cause yielding using the maximum-distortion-energy theory.

o1=%, O3=-1

0’ -010, +0%=0of
377 = 50°
T=28.9ksi Ans
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10-70 Solve Prob. 10-69 using the maximum-shear-stress
theory.

oy =7 Oy =—-17
161 -0, = oy
T-(-7) =50

T=25ksi Ans
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10-71 The yield stress for a plastic material is oy = 110 MPa.
If this material is subjected to plane stress and elastic fail-
ure occurs when one principal stress is 120 MPa, what is the
smallest magnitude of the other principal stress? Use the
maximum distortion-energy theory.

Using the distortion - energy theory :

0’%‘0‘10'2+0’§=0’27

i}

120° - 120 6, + 0% = 1107

1]
(=3

o - 120 0, + 2300

Solving for the positive root :
o, = 23.9 MPa Ans
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*11-72 Soive Prob. 10-71 using the maximum-shear-stiress
theory. Both principal stresses have the same sign.

The material will fai} for any o ,since
120 MPa> 110 MPa Ans.
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HK-73 The state of plane stress at a critical point in a steel
machine bracket is shown. If the yield stress for steel is oy =
36 ksi, determine if yielding occurs using the maximum-
distortion-encrgy theory.

12 ksi

> 18 ksi

0,=20ksi 0, =-12ksi T, =18ksi

0, +0, 0, -0,
Gz = "2 ’:t\[( "2 2y 241,2

0-C0,
2

=20-12i

012 3 ( 8

o; =28.08 ksi o, =-20.08 ksi

(62~ 0, G, + 07) = (28.08% — 28.08(~20.08) + (~20.08)")
1756 > of = 1296

Yes. Ans
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10-74 Solve Prob. 10-73 using the maximum-shear-stress 12ksi
theory.

20ksi

6. =20ksi 0, =-12ksi Ty =18Ksi

_'O',+Uy+ U,—Uy)2+r 2
O12= "3 —\/(-—‘—'—2 xy

20-12, [20-C1D, 1

O12 = 2 o (-——-—-E'—‘—) +18

o, = 28.08 ksi o, =~20.08 ksi

|oy — 0| = 28.08—(~20.08) = 48.16 ksi > oy =36 ksi

Yes. Ans
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W75 An aluminum alloy 6061-T6 is to be used for a solid
drive shaft such that it transmits 40 hp at 2400 rev/min. Using
a factor of safety of 2 with respect to yiclding, determine the
smallest-diameter shaft that can be selected based on the
maximum-shear-stress theory.

27 rad_ 1 mi
o = (2400 =Ly (2P0 LMYy 80 4 rad/s
min 60s

v
T==>=2" 20" - bin,

Applying £ = TTC

< (22 c 6600

et TR
The principal stresses :
0—1—6600‘ o) = —1 = 6600
! ~cd 2T TR
Maximum shear stress theory : Both principal stresses have opposite sign, hence,
Oy 6600 37 (10%)
01— O = —_— 2 = [ ———
l‘ I 7 Es. G ==
¢ = 04166 in,
d = 0.833in. Ans
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*10-76 Solve Prob. 10-75 using the maximum-distortion-
energy theory.

rev_ 2prad lmin)___ 80 & rad/s
o = (2400 E)( — LSrrve
P _ ey B0,

o 807 T

. Tc
Applying T = —~

e (2% ¢ - 6600
- %’-c‘ e
The principal stresses :
6600 G = -T= _6600
o =1T= —nz—c-a-, 2 e c?

The maximum distorion - €nergy theory :

(J'y2
0%—0'10'2*'0%:({{.'5_')

3 37(10%) 2
e
nc

¢=03971in.

d=0794in. Ans.
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10-77 An aluminum alioy is to be used for a drive shaft
such that it transmits 25 hp at 1500 rev/min, Using a factor
of safety of 2.5 with respect to yielding, determine the small-
cst-diameter shaft that can be selected bascd on the maxi-
mum-distortion-energy theory. oy = 3.5 ksi.

T= P 0= 15002n) -
@

50
60 i
- 25(550)12) _ 3300
50x r
Tc F 2
T= —, J=—
7 2¢
_ 5% 6600
Fet T rid
6600 .
o, = S o, = 6600
Tec 7':26'3

i o
Oy —0, 0, +O'22=(F._y_)2

S.
6600., _3.5(10%
()t = (228002
i) = 25 )
¢=0.9388 in.

d=1.88in Ans
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10-78 A bar with a circular cross-sectional area is made of
A-36 steel. If the bar is subjected to a torque of 16 kip - in.
and a bending moment of 20 kip - in., determine the required
diameter of the bar according to the maximum-distortion-
energy theory. Use a factor of salety of 2 with respect to

yielding.
I=7—l'.c4 J=7—l:c‘4
4 2
_Mc 20c 80
R RrT —7 SN
A
1]
Te_l6c_ 32 — =
TI1 Et et
Critical state of stress :
2 32 40
a2y o2y a0
red me? mel e
32 51.225
(—)2 (”C ) = g G o\ §
‘ :’7(—!0 / i U_
1.225
o1 _-:..42 _5_1__215. __9 (80 32 )
né =l ncl Hes ) Ted
5 o 40 51225 11225 Y
PT2E 1 ncl
o-allow——32'_'32—6:18k'SI

2 2 2
(6)" ~ 010, +07) = Galiow

. 11.225
QLBS,_ 91225 WBS) | U5 gy

mcl mcl el mc

¢=1.20in.

d=2c=2401n, Ans
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10-79 Solve Prob. 10-78 using the maximum-shear-stress
theory.

Critical state of stress :

80 32

32 40
—, =) B(0—3) . 0)
el mcd e e

%0 , 32, 51225
k= (7!—(;3-) +(7rc3) T orcd

40 51225 91225
O =—s+—— =

rd  ncd el

A(

40 51.225 -11.225
Oy = —r = o = ————

rd  ncl ncl
Oattow = 2= = = = 18 ksi

Iol - oZ‘ = Oallow

91225 _ ~11225

ncl ncl =18

c=1219in.
d=2c=2441in. Ans
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*10-80 Cast iron when tested in tension and compression
has an uitimate strength of (auy), = 280 MPa and (o), =
420 MPa, respectively. Also, when subjected to pure torsion
it can sustain an ultimate shear stress of r,, = 168 MPa. Plot
the Mohr’s circles for each case and establish the failure en-
velope. If a part made of this material is subjected to the
state of plane stress shown, determine if it fails according to
Mohr’s {ailure criterion.

120 MPa

100 MPa

220 MPa

L lmre)

oy =50+ 197.23 = 247 MPa
63 = 50-197.23 = ~147 MPa

The principal stress coordinate is located at point A which is outside the
shaded region. Therefore the material fails according to Mohr's failure
criterion.

Yes. Ans
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10-81. The principal plane stresses acting on a
differential element are shown. If the material is machine
steel having a yield stress of oy = 700 MPa, determine
the factor of safety with respect to yielding if the
maximum-shear-stress theory is considered.

50 MPa

Omis =80MP2  ©,;, =-50 MPa

Tabs =
max

Onaz = Omin = 80— (—50)
2 2

= 65 MPa

ay T
Tou =—2—’ =—g—0=350MBa
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10-82. The state of stress acting at a critical point on a
machine element is shown in the figure. Determine the
smallest yield stress for a steel that might be selected for
the part, based on the maximum-shear-stress theory.

The principal stresses :
o, + O O — 0y 2
Gz = L4+ I——2) + 12
12 R V( 3 ) + 1
8 ~10 8 —(~10) 2
= + 42
7 Hy¢ 5 )t

0, = 8.8489ksi ©0p = ~10.8489 ksi

Maximum shear stress theory : Both principal stresses have opposile sign, hence,
loy -~ ;ml = oy 8.8489 —~ (~10.8489) = oy

oy = 19.7 ksi Ans
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1083 The yield stress for a uranium ailoy is oy = 160 MPa.
If 2 machine part is made of this material and a critical point
in the material is subjected to planc stress, such thal the prin-
cipal stresses are oy and oy = 0.250y, determine the magni-
tude of oy that will cause vielding according to the maxi-
mum-distortion-energy theory.

ol -0,0, + 07 = OF

0F - (01)(0.250,) +(0.250,)* = of
081250 = ¢
0.81250," = (160)°
o =178 MPa 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.




*10-84 Soive Prob. 10-83 using the maximum-shear-stress
theory.

O [0
Tabs = — Tallow = bl N l@ = 80 MPa
mx ) 2 2

Tabs = Tailow
max

l%’-l:so; o, =160MPa  Ans
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10-88 An aluminum alloy is to be used for a salid drive
shaft, such that it transmits 30 hp at 1200 rev/min. Using a
factor of safety of 2.5 with respect to yiclding, determine the
smailest-diameter shaft that can be selected based on the
maximum-shear-stress theory. oy = 10 ksi.

o= 27 (1200) -

T=£ 40
) 60
3065002 4950
0r n

_Te 228c 9900

I PRt
2
9900 -9900
T TR
Oy

|6y — O0g| = ~——

RGN
25590, _ 10(10%)

il 2.5
¢=0.7945 in.

d=2¢=15%in. Ans
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10-86 Thec clement is subjected to the stresses shown. If
ay = 36 Ksi, determine the factor of safety for the loading 12 kst
based on the maximum-shear-stress theory.

4 ksi

o = ZE% 4 ¢ L) + 1%
2 -
4-12 4-(-12)
= * 24(-8Y
3 \/( ) )2 +(-8)

oy =7.314 ksi oy =—15.314 ksi

6,-0, 1314-(-15314)

Tabsg, — 2 = 5 =11.314 ksi
o 3
Tallow = hid 4 = — =18 ksi
2
F e 18 Ans
Tos 11314

max
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187 Solve Prob. 10-86 using the maximum-distortion-
energy theory.

4 ksi

o.=4ksi O, =-12ksi Ty =-8ksi

o, =7.314 ksi o, =-15.314 ksi

2 2 Oy 2
6l-6106,+0; =(==)
' Es.

Ans

3¢ =1.80
FS.= =1
(7.134)2 - (1.3 14)(~15.314) +(~15.314)

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.




*10-88 If a solid shaft having a diameter 4 is subjected to
a torque T and moment M, show that by the maximum-
shear-stress theory the maximum allowable shear stress is
Tattow = (16/md*)VMZ + T2, Assume the principal stresses
to be of opposite algebraic signs.

Section properties :

nds nd n ds nd
I= —(=) = —; J=—(-) = —
42 64 22 32
Thus,
. Mc M%) n2M
O=—=%a = p
1 e nd
Te T(§) 16T
T = 7: T =——d—3
3 7
The principal stresses :
Gu=a'+a’ (020’)+1ﬂ
2 2
. leM \/(16M 16T) _l6M 16 oe
7 -\ nd b - 11:d3

Assume 0, and o; have opposite sign, hence,

o -0 VMZ + Tz] 16
Tallow = ! 2 = "dg od —y M? + T?

2

QED
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10-89 Detive an expression for an equivalent torque T,
that, if applied alone to a solid bar with a circular cross sec-
tion, would cause the same energy of distortion as the com-
bination of an applied bending moment M and torque T.

Tc
T = —
J
Principal stress :
oy =% 07 =—T

1

2N - oo+ G
3E

ug =

1+v
(ka)s = 7E 37

3T
lrvi3tc,

2 2
¢
i

Bending moment and torsion :

_ Mc T'Tc
=T 7
Principal stress :
og = a:O+ o'-O) .02

o =a’ + b +2ab

2
g0y =a* - b

a§ a’ + b ~2ab
a{—ola,+a§=3b1+az

1+v

ug = SE(Gf"alo'z*‘O%)

1 1+v 3 a
(..‘),=%(3b’+a1)= S E (T+3rz+-4—)
LtV e e AT
=57 (F+37) = 3E S ﬂ)

() = (W)

3E i 3E Id

A+ 3ITE _daev) M 5_7_'1)

kY

M
K o
For circular shaft
x4
T.1¢ o,
1§t
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10-90 Derive an expression for an equivalent bending
moment M, that, if applied alone to a solid bar with 2 cir-
cular cross section, would cause the same maximum shear
stress as the combination of an applied moment M and
torque T. Assume that the principal stresses are of opposiie
algebraic signs.

Bending and Torsion :

_Mc_ Mc 4M _Te_ Tc ___2_1
T Et T g P PI TS
The principal stresses :
A M M
G, + Oy o, — O, ?2 5 3+ 0 \/7,':,«02 2T ,
Oy = + + 15 = + + (—)
12 = T T ) A= e YR 0
2
-—'-z—lll—i-—‘/M2+T2
 Ta T
2
Taps = O1 — Oy = 2[—— ¢V M* + T?] M
max IL'C3
Pure bending :
4
o Me_Mc_aMm.
I Lt b R
4M,

@

Equating Eq. (1) and (2) yields :
_i_ M2+ T2 = 4_]."1_‘_
rcl mcl

M, = yM + T2 Ans
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10-91 Defive an expression for an equivalent bending
moment M, that, if applied alone to a solid bar with a cir-
cular cross section, would cause the same energy of distor-
tion as the combination of an applied bending moment M
and torque 7.

Principal stresses :
M, c
g = Ti o, =0

1+;'
Y (& - oy + o)
1+V(M.zc1
3E P

)

(ughy =

Principal stress :

a+0 c~-02 2
= + (=) + T
0.2 T { 3 )

4 ot 2 g [ 2
== 4t e =—-{—+T
SRR *= 27 V%

Distortion Energy :

o =at+b -2ab

R -0+ =38 +ad

Mc Tc
A =25 =S
pply 0 = — 5
1tV 2 g 14V a’+301+31,z
Wi = EEXGR e = SNG4 2T 43
1+v 1+v M 3T
= F+3th) = —_— ——) @
58 3 =5 CE 7

Equating Eq. (1) and (2) yields :
(l1+v) M,cz) _ 1+ v MA? . 37

3E r 3 1 2

M _ M* 3T?

FTEtR

M= M+ 3.11(3)Z

For circular shaft
I3t 1
J fet 2

Hence, M2 = M? + 3 7'1(1 )1
2

M, =v M’+§T1 Ans
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*10-92 The internal loadings at a critical section along the
steel drive shaft of a ship are calculated to be a torque of
2300 1b - ft, a bending moment of 1500 Ib - ft, and an axial
thrust of 2500 1b. 1f the yield points for tension and shear
are oy = 100 ksi and 1y = 50 ksi, respectively, determine the
required diameter of the shaft using the maximum-shear-
stress theory.

~ 100 b 1500 1t

25001b

ot J= fc‘
2

b
It
q
LY
L
i
Y

P Mc _(_25_00+1500(12)(c) =_(_2£0£)+72000)

Oa K+—I—= mct zel met  mc
T 2300(12)() _ 55200
TA—_J_‘ Ez‘—‘ T nod

O, + O, o, ~ 0, ?
XY 4+ (;___1)4.13’

O12
2

72000, 55200
=_(25000+72000)i\/(2500c+ e 33200 "
2z ¢’ 2zl mc

Assume o, and 0, have opposite signs :
loy -0l = oy

)2 = 100(10%)

72
2\/(2500c+ 000,

55200
2zx¢? 3

+(
mc

(2500¢ +72000)? + 110400 = 10 000(10°)7 2 ¢*
6.25¢% +360c + 17372.16 - 10 00072 c® = 0

By trial and error :
¢=0.750 55 in.
Substitute ¢ into Eq. (1) :
0, =22191psi &, =-77 809 psi
o, and o, are of opposite signs OK
Therefore,
d=1.50in. Ans
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10-93 The internal loadings at a critical section along the
steel drive shaft of a ship are calculated to be a torque of
2300 Ib - ft, a bending moment of 1500 ib - ft, and an axial
thrust of 2500 1b. If the yield points for tension and shear
are oy = 100 ksi and 7 = 50 ksi, respectively, determine the
required diameter of the shaft using the maximum-distor-
tion-energy theory.

1500 b1
<2300 bt
— g c? =Fa4 gL
A=nc I—4c 2c sk
P Mc 2500 1500(12)(¢c) 2500 72000)
=t T =Gt ) Ga e
A T nc L
T 2300(12)(c) _ 55200
K l’zi‘- rcl
o + Oy o, — Oy 2 2
= ETD 4 f(EF—2) +1
o1 2 ( 2 xy
2500c +72 000 55200
=_(2500c+72000)i ( 500c + 2, (32 )2
2n¢? 2r c? we
72 000 55 200
Lot aw2500c+72000 bz\ﬁzsooH 200, , (3220,
2 c? 2nc mc

of = (—a+b)2 =a’+b* ~2ab
0,0, = (—a+b)(—a—b) = at-v
o2 = (~a—b)* = (a* +b* — 2ab)
o2~010,+07 =a’ +3b°

ol ~3,0,+07 = o

at+3b = 0%'
(2500C+72 000)2 +3[(2500(:+72 000)2+(55 2(3)0) 2] - (100(103))2
2n 3 2n ¢t e

25c% 4 1440c + 57300~ 394784¢° = 0

By trial and error :
c=072715in. d=2c=145in. Ans
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10-94 The 304-stainless-steel cylinder has an inner diame-
ter of 4 in, and a wail thickness of 0.1 in. If it is subjected to
an internal pressure of p = 80 psi, axial load of 500 Ib and a
torquc of 70 Ib - ft, determine if yiciding occurs according to
the maximum-distortion energy theory.

701h101

70 1b-1t

oo=bpr 50 80@ e85
A% m2IE-m2P 20.1)
; _E_-s-%z—)_1600p51
t (0.1
e= 162 _700DQD 455 686 psi
7 IR0 -2F
o + O, o, — 0, 2
0'12= zyi ( 2y)+1})'

_ 1188.12+ 1600 (1188.12— 16002 , (325 686"

o, = 1779.408 psi
6, = 1008.77 psi
& - 3, 0, + 6% = (1779.408)” - (1779.408)(1008.77) + (1008.77)* < [(30)(10"))*
=2.389(10°) < 900(10%)

Yielding will not occur.  Ans
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10-95 The 304-stainless-steel cylinder has an inner diame-
ter of 4 in. and a wall thickness of 0.1 in. If it is subjected to
an internal pressure of p = 80 psi, axial load of 500 Ib and a
torque of 70 Ib - ft, determine if yielding occurs according to
the maximum-shear-stress theory.

70 1bf1
500 Ib
70 1o-ft
oo=b o0 80D 18818 psi
A2 2R1P-m@RF 20.0)
L =E = 30 _ 1600 psi
: oD
Lo _0UDQD s 656 psi
7 Iaap-Iey
- 2
o2 = 22k (B2 4 4

1188.18+ 1600 . [ 1188.18 = 1600
- 2 )¢ 2

¥ + (325.686)
o, = 1779.408 psi
o, = 1008.77 psi

Since
o; =1.78ksi<30ksi  yielding will notoccur.  Ans
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*10-96 The short concrete cylinder having a diameter
of 50 mm is subjected to a torque of SOO0N-m and an
axial compressive force of 2 kN. Determine if it fails
according to the maximum-normal-stress theory. The
ultimate stress of the concrete is oy = 28 MPa.

A="0.05) = 1.9635(10*) m’
4

7="%0.025)" = 061359(10*) m*
2

o P20 _j019mpa
A" 196350107
= To . 500002 _ 2372 MPa

=7 = 0.61359(10%)

6,=0 o,=-1019MP2 75 = 20.372MPa

o, +0, G.=0y2. 0 2
o2 =" t (———'—2 ) +Tay

1-018 MM
0- 1'0181: (0‘(‘1-019))z+20_3721 4—’ 2037 MPa
Oy =——>"" 2 I [

: 1

0, =198TMPa 02 = -20.89 MPa fl

Failure criteria :
1611 < Gun =28 MPa 0K
{03} < Oyt =28 MP2 0K

No. Ans
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*H-97 If a solid shaft having a diameter d is subjected 10
a torque T and moment M, show that by the maximum-nor-
mal-stress theory the maximum allowable principal stress is

Tutow = (16/7d3Y M + VM? + T2).

o

Section properties :
_ndt wd
64 32

Stress com ponents :

_Mc_ M(z) 2M  _Tc_ T 16T
ST ES T RE J Edt nd

The principal stresses :

32 M I2M -0
- O, + Oy . (O', ; Oy )2 + t}_y= "d32+0t«?ﬂd3 )2 (16T)2

01.2 2 - 2
- 16 M 16 M+ T
nd® - nd

Maximum normal stress theory. Assume 07 > O
16M 16
Cutiow = Oy = —— + ——=y M* + T?
fe ! xd®  nd

———~[M +¢yM? + T?] QED
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10-98 Determine the bulk modulus for hard rubber if E, =
0.68(10) ksi, v, = 0.43.

B M)—— = 1.62 (10%) ksi Ans
k= 31 -2v) 301-2043)
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10-99 A thin-walled spherical pressure vessel hgs =n inner
radius r, thickness ¢, and is subjccted to an inlernal pressure
p. I the material constants are E and v, determine the strain
in the circumferential direction in terms of the stated para-
meters.

1
£ =& =€=—=(0C—-VO
1 =& E )

1-v 1-v pr
o= ——-——(E_)

pr
=7 =P . A
E 2 Tt Ams
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*10-100 The strain at point 4 on the shell has components
& = 250(10°%), ¢ = 400(107%), ¥y = 275(1079), € =0.
Determine (a) the principal strains at A, (b) the maximum
shear strain in the x—y plane, and (c) the absolute maximum
shear strain.

£, =250(10"%) g, =400(10°%)

A@250,137.5)10°°  C(325,0)10°°

R= [/(325 -250)% +(137.5)* ]10"S = 156.62(10°%)

a)
£ =(325+156.62)10° = 482(10"%)  Anms
£ =(325-156.62)10"° = 168(10%)  Ans
b)
Y max =2R= 2(156.62)(10°°) = 313(10°%)
~ plane
c)
Yabe  482(10°°)
2 2
Yabs = 482(10°)  Ans
ceies,0)
é €Ew®)
é& ,89,1 /
L %
1
7’( ") Al25E 7375)

Yey =275(10°°%)

151 = 137.5(10°%)

AN

[

g
bl
113

"

R

482

¢ (o)
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10-101 A differential element is subjected to plane strain
that has the following components: € = 950(1076), ¢, =
420(107%), yay = —325(107%). Use the strain-transformation
equations and determine (a) the principal strains and (b) the
maximum in-plane shear strain and the associated average
strain. In each case specify the orientation of the element
and show how the strains deform the element.

_&+E, | [E-F ., 2
£y 3 = el g (2 )2 4
12 3 ( 3 Y+ 7y

. [9502420 . {(950;420)z +(—3225) 2100%)

£ =996(10°) Ans g =374(10%) Ans

Orientation of £; and &; :
Ysy _ _—325
£.-¢ 950-420
6, =-15.76°, 74.24°
Use Eg. 10- 5 to determine the direction of £, and £;.

tan 26, =

&'= &5 +£—’%E—’cos 20+ Lz‘lsi.n 28

8=8, =~1576"

x

950+420 950-420
=1 -

> > (~31.52°)}(10°%) = 996(10°%)

c0s(~31.52°) +

(=325) .
2

6y, =-158° Ans 6,,=742° Ans
b)

Y aux —
o x =€y 1 Ty
=5 \/(——2 ) +(-——2 )
L =2[V(95—0';'@)2+(:32£) 1(107%) = 62210¢)  Ams

=55 ;" = (———9502420)(10") =685(10°%)  Ans

Euvg
Orientation of Y.y ©

~(€:=&,) _ —(950-420)

un 26, =
Yoy -325

6, =29.2°and 6, =119°  Anms

Use Eq. 10-6 to determine the sign of ¥ q,, :
In= pives

Ty =—&-——E—’-sin 20+ L'Lcos 20
2 2 7
0=8, =292°
(950~ -
Yoy =21 i-i)z—"ﬂ)lsm(ss,m + %cos(SSA‘)](lO")

Ty = ~622(107°)
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10-102 The components of plane stress at a critical point
on a thin steel,shell are shown. Determine if failure (yield-
ing) has occurred on the basis of the maximum-distortion-
energy theory. The yield stress for the steel is oy = 650 MPa.

340 MPa

o, =-55MPa o, =340MPa 1, =65MPa

O, +0. Oy —~ O,
012= 2 y‘—t ( 2 y)2+7xy2

‘55;'3401 (—55;340)2+652

o, =35042MPa 0, =—65.42 MPa

(6 — 6,07 + 657) = [350.42% — 350.42(~65.42) + (-65.42)"]
=150000 < of =422500 OK

No. 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.




10-103 Solve Prob. 10-102 using the maximum-shear-stress
theory.

340 MPz

55 MPa

0.=-55MPa 0, =340MPa  1,, =65 MPa

O, +0,
o2 = 12 2 £4/(

O, — O,
x y)2+ny2

~55 ~55—
-5 ;»340lL (5, e

oy =35042MPa 0; =-6542 MPa

|61 — 031 =350.42 ~ (~65.42) = 415.84 MPa < oy =650 MPa OK

No. Ans
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10-104 The state of strain at the point on the bracket has
components * & = 350(10 ), e = -860(107%), =
250(10-%). Use the strain-transformation equations to
determine the equivalent in-plane strains on an element
oricnied at an anple of 0 45° clockwisc {rom the original
position. Sketch the deformed clement within the x  y plane
due to these strains.

£, =350(10°) g, =-860(10°%) 7., =250(10"%) @=-45°

EtE e"——icos 20+ 7;’ sin28

* 2
- (330860 350~ (-860) s (-90%) + 22¥6in(-90%))(10°%) = ~380(107*)  Ans
2 2 2
g,'= e‘—;f-’— E€ c0529—72’5m28

350-860 _350-(=860) o (~90%)- 22 > 20, in(-90°)1(10%) = ~13010%)  Ans

=t 2 2

Yoy —-—e-’—leisin 20+ —y-cos 26
2 2

g =2~ (933—;—82‘9 in(-90%)+ 2 > 20,05(-907)1(10°%) = 121107°)  Ans
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10-105 The aluminum beam has the rectangular cross sec-
tion shown. I[ it is subjected to a bending moment of M =
60 kip - in., determine the increase in the 2-in. dimension at
the top of the beam and the decrease in this dimension at
the bottom. E» = 10(10%) ksi, va = 0.3,

In"general for the top or bottom of the beam :

Mc M3 &M
T Y Y
_ ve, _6vM
&= T Ebk
6vM
=g b= b
Ab = € Iy )
_ 6vM
ER
At the top :
ap = HOIE0 o107 i, Ans
10(10°)(3%)
At the bottom :
Ab = - 1.2(107) in. Ans

The negative sign indicates shortening.
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11-1 The simply supported beam is made of timber that
has an allowable bending stress of caiew = 6.5 MPa and an
allowable shear stress of 70w = 500 kPa. Determine its
dimensions if it is to be rectangular and have a height-to-
width ratio of 1.25.

8 kN/m B kN [m

L L
[ B @”’;zm”' 314527]
(N}
1256 /6 /6
b ‘I\l{\ %\'L_%

} t =%
L= Tli(b)(l.ZSbf =0.16276b* EW

Ouex = A" = (0.31256)(0.625b)(b) = 0.19531255’

Assume bending moment controls :

Mpay = 16kN-m
O‘ - Mmlxc
allow — ]
16(10°)(0.625b)
5(10%) =
650107 0.16276b*

b=021143m =211 mm Ans
h = 1.25b = 264mm Ans
Check shear :
Omax = 1.846159(107%) m*
1=0.325248(10)m*
VOnax _ 16(10°)(1.846159)(107%) _ 429kPa < S00kPa  OK
It 0.325248(10-3)(0.21143)

Tmll -
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11-2. The beam is made of Douglas fir having an allow-
able bending stress of o)., = 1.1 ksi and an allowable
shear stress of 7,50 = 0.70 ksi. Determine the width b of
the beam if the height & = 2b.

i-—:nw{- 60 + 3n— —,— # r L

1 7
3’ ]/._wl“ JIT

da® 8o %,

] new vitb 149"
»_,,...I 580
240
S ~-x
1 3 4 ~8os
L = —(b)(2b)" =0.6667 b
12 Hlib4t)
Quaz = YA’ = 0.5b)()(b) = 0.55° | -
i T T X
Assume bending moment controls : ~3éo
Mpax = 240010 ft
Ouliow = im;;‘_—' ~N2frr
1100 = 2400(12)(b)
0.6667*

b=340in. Ans

Check shear :
Oax = 19.65 in’
I=89.09 in*
VOnax  800(19.65
Toax = —omer L BOIIGS) o, 5 i< t00psi  OK

It 89.09(3.40)
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11-3 The timber beam is to be loaded as shown. If the ends
support only vertical forces, determine the greatest magnitude
of P that can be applied. Gaow = 25 MPa, 7350w = 700 kPa.

4m ‘ 150 mm
' e 3 T G=3pemm
s ]

B 120mm

R
Tmmm

_ (0.015)(0.150)(0.03) + (0.09)(0.04)(0.120)
- (0.150)(0.03) + (0.04)(0.120)

=0.05371 m

a1}

I= TIE(O' 150)(0.03)° + (0.15)(0.03)(0.05371 - 0.015)° + 55(0.04)(0. 120)% +

(0.04)(0.120)(0.09 - 0.05371)? = 19.162(10°%) m*

Maximum moment at center of beam :
Mawe =29 =2P

Mc

o=25; 25105 = ZPN015-0.05371)

19.162(10°%)
P=249kN

Maximum shear at end of beam :

y= [(0.15-0.05371) (0.04) (0.15~0.05371) ]
) 19.162(10°)

T= !Q; 70010°
J7

P =145kN
Thus,

P=249kN Ans
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*11-4 Draw the shear and moment diagrams for the shatt,
and determine its required diameter to the nearest } in, if
Gaiiow = 7 ksi and 7aow = 3 ksi. The bearings at A and D
exert only vertical reactions on the shaft. The loading is
applied to the pulleys at B, C, and E.

l4mT—20m —T—lsxn Tlm«l
S

| “4in | 20/n L/5m | Rin
L T 1

-
1 l J}lb Ar2diL 8otk o 1b YR
801b
1101b
Y lb)
82-2 =
224 3 i—ju* x
—f04
Mpaxc
Tajlow = _m[ix_ M(th-in)
18 "
1196 ¢
3 .
7(10°) = ) ; ¢ = 0.601 in. : { \¥/“—‘x
4 -420

d = 2c = 1.20in.

Use d = 1.25in. Ans
Check shear :
108 4(0 625) 0625
toan = mx@  JBCHIIMCET) g < 3ksi OK
It ;(0.625)“(1.25)
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11-5 The simply supported beam is made of timber that has
an allowable bending stress of oayow = 960 psi and an
allowable shear stress of 7uow = 75 psi. Determine its
dimensions if it is to be rectangular and have a height-to-
width ratio of 1.25.

5 kip/tt Skip [pt .
e
p——s6n ! 61 - i
é/ /
ks 15%p 155 ISk
L1 _1-q¥0
5 _ -

} Y M-60 £ip-ft
F 1

1 3 4
=L ®)1.256) = 0.16276b /
Tl T~ + x
4
1_0162766 _ o0 ~—_|

srcq‘d ===
0.625h M(K"P’(t ) 60

Assume bending moment controls : //:\
]

Moy = 60kip- ft
MI'IIIX

Oallow =
req'd

_ 60(10°)(12)
0.26042 b

b=142in.

Check shear :

Tnax = —— = ————————— =889 psi > 75 psi NG
A (14.2)(1.25)(14.2)

Shear controls :
1.5V _ 1.5(15)(10°)
A (b)(1.25b)

Tallow =

b=155in. Ans
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11-6. The, spreader beam AB is used to lift slowly the
3000-1b pipe that is centrally located on the straps at C
and D. If the beam is a W 12 X 45, determine if it can
safely support the load. The allowable bending stress is
Talow = 22ksi and the allowable shear stress is
Tallow = 12 ksi.

3000 b

- 24,0547 1 .
2 7ooll - 2700 i»
3 l L l 3’
ISMib 19mals

150016 150015

s so b J !
Dy « S - 2700%
\ 'st*l lz‘hlﬁh‘}\,sﬂ%.#

yaoth

1500%
v

]
ST,

‘7

P

M s8%
12501 L

he 1% 27001
w@n 20.055°

oM. 380D oikmicnks  OK
s s8.1

\4 1500
T=—

f=——— — =3lpsi<12ksi OK
A (12.06)(0.335)

Yes. Ans
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11-7 Select the lightest-weight steel wide-flange beam from
Appendix B that will safely support the loading shown. The
allowable bending stress is guiow = 24 ksi and the aliowable
shear stress is Tquow = 14 ksi.

10 Kip
10 kip § kip/lt

ool 4 ot
¥

.'iﬂ_..‘ : : [®]
b—a n-—‘—-a n—-[——————-su———-‘

625 P #625%F
v(kip) 30
f — x
-5 "——_]
-k2S ‘
Mip-ft)
, |
Assume bending moment controls. t + x
My.x =90kip-ft -Z5
M, 90(12) .3
oz max 2 =45in
Sl’"l g Oallow 24 -90
Selecta W 16 x 31

5.=475in" d=1588in. £ =0275in

Check shear :

Yaux ———L =687ksi < 14ksi OK

A, (15.88)(0275)

Tmax =

Use W16 x 31 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.




*11-8. The simply supported beam is composed of two
W 12 X 22 sections built up as shown. Determine the
maximum uniform loading w the beam will support if the
allowable bending stress is oo = 22ksi and the
allowable shear stress is 70w = 14 ksi.

Swn()n properties : For wi2 x22 (d = 12,31 . I_r =156 m ¢, = 0.260 in A= 6.48 m )

N 123
I=2[156+ 6.48(7—1)2] = 802.98 in* Fw
802.98
§e= o= 2278 _ in®
p 1231 65.23 in 12w e ol 12w
‘ . v &)
Maximum Loading : Assume moment controls, .
M= OaliowS ad
(72w)(12) = 22(65.23) I | J.:
w_l; -
M(kip-fe)

W = 166kip/ fi Ans 72w

Check Shear ; (Neglect area of flanges.)
oy = Joax _  12(166) t : —
A 201230)0.26) ~ F1ksi < tnew = 14ksi Ok
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11-9. The simply supported beam is composed of two
W 12 X 22 sections built up as shown. Determine if the
beam will safely support a loading of w = 2 kip/ft. The
allowable bending stress is o,ow = 22ksi and the
allowable shear stress is T 0 = 14 ksi.

28 ) = 4/1;‘/

= —ay
et VT A
Ao &;p ey
V{kip)
%4
X
-2
M(kff'lQ) ¢
744
x

Section properties :
ForW12x22 (d = 1231, L =156in* 4 = 0260in

A = 648 i)
= 2[156 + 6.48(6.155%)] = 802.98 in*

02.98
= —0 = 65.23 i
1231~ 6%23im

§ =

LY
o0

Bending stress :
Muow _ 144 (12)

Opyz = ——l o i
a1 S 65.23 = 26.5ksi > Gatiow = 22 ksi
No, the beam fails due to bending stress criteria Ans
Check sh?;n- : (Neglect area of flanges.)
max

Toay = ~—m = 4 - R
max A m = 3.75ksi < 10w = 14 ksi OK
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11-10 Determine the minimum width of the beam to the
nearest } in. that will safely support the loading of P = 8 kip.
The allowable bending stress is oyjow = 24 ksi and the
allowable shear stress is faow = 15 ksi.

P
61
| 60 3 61 4 lh _f i N
6in] | i e RN\ -
< =M [ - ‘f_‘——[‘
1o &
8.0 kip g0 cip
vikip)
&0
X
- 480
Beam design : Assume moment controls.
Mc _ 48.0(12)(3) M (Kip-§¢)
Tallow = 75 = 48.0
I 17(b)(6°)
b = 4in. Ans | v y
Check shear :

Yo _ 89O _ gsksi< 15ksi OK
T TOIGRT)

Tﬂlll
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11-11 Solve Prob, 11-10if P = 10 kip.

[ 7
- 1 - ft *J'
I r 7
10 kip 0 g;f /0 K"f’
V{Kip)
/0
[
) — x
M (kip-ft ¢
|
T — *

Beam design : Assume moment controls,

Mc. ), _ 60012)3)

Callow = —; T
17(6)(6%)

b= Sin. Ans

Check shear :

_Ye | 10096))

= 0.5 ksi i
It 3'7(5)(6)3(5) ksi < ISksi OK

Tmll
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*11-12. Draw the shear and moment diagrams for the
tse)=l§okip

W 12 X 14 beam and check if the beam will safely support
the loading. Take oy = 22 ksi and 7,04 = 12 ksi. )
sokipft I
|

Bending Stress : From the moment diagram, M, ., = 50.0kip- fr P o

Applying the flexure formula with § = 14.9 in’ for a wide- flange T ¢ L 6

section W12 x 14, 1347 kip 483 kip

. Mn\u
Omax = T V(‘:;f)
- 347

50.0(12
= 14(9 ) =40.27 k81> G0 = 22 ksi (No Good!)
'\ ww x(;{)

Shear Stress : From the shear diagram, V,,, = 13.17 kip, Using 5 —t
v 3 us~
t=— whered=11.91 in. and f, =0.20 in. for W12 x 14 wide 483
flange section.
S MeKpft)
max ‘wd
_ 1w
“02001L90) 71
3
= 5.53ksi < Tyqn = 12ksi (0.K /) -—,r ; /"?m\‘;‘ x(
Hence, the wide flange section W12 x14 fails due to the
bending stress and will not safely support the loading. Ans
~50-0
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11-13. Select the lightest-weight steel wide-flange beam
from Appendix B that will safely support the loading
shown. The allowable bending stress is o430y = 24 ksi and
the allowable shear stress is 50w = 14 ksi.

/5 Xigfsy
/0 b?é(

|
(A P
ISkip (sKip 75 xip
i Z

=3

1 V=0
1| ) M= 200 71

- 5>
75 kip

V(rip)

” \
Assume bending controls. g X
Maax = 240kip- ft '\l
Mmlx - 240(12) ZE0 -7

Sreqa = =225 = 22090 - 120p° MEipst) s
read Tatiow 24 " th

Selecta W24 x 62, ‘ t - x
, =131in° d=2374in. 1, =0.430in.

Check shear :
Toax = Yo = _735ksi < ldksi
A, (23.74)(0.430)

Use W24x62 Ans
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11-14 The beam is used in a railroad yard for loading and
unloading cars. If the maximum anticipated hoist load is
12, kip, select the lightest-weight steel wide-flange section
from Appendix B that will safely support the loading.
The hoist travels along the bottom flange of the beam,
1 ft = x =< 25 ft, and has negligible size. Assume the beam
is pinned to the column at B and roller supported at A.
The allowable bending stress iS oanow = 24 ksi and the
allowable shear stress is Tanow = 12 ksi.

12k
T L oY

“‘"‘” '44‘-(@

Maximum moment occurs when load is in the center of beam.

Mg, = (6kip)(13.5fy=811b-ft

81(12)

Sre q'd

H 24 =

Oallow =

IS

Seeqa = 40.5in’

Selecta W 14 x30, 5, =420 in®, d=13.84in, 4, =0.270in.

Atx=1ft, V=11.56kip

co ¥ 38 3 00ksi<12ksi
T AL (13.84)(0.270)

Use W14x 30 Ans.
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11-15 Select the shortest and lightest-weight steel wide-
flange beam from Appendix B that will safely support the
loading shown. The allowable bending stress is gajow = 22 ksi
and the allowable shear stress is Tajow = 12 ksi.

4 Kip 10 Kip b Kip

L1 |

—

|

_ = = =
|-—4n—~l——4ﬂ-—1-—4n—-l—-4n_~| [ 4se 2/t | 4/t U 4ft |

150 £ir 105 £p

y(kip?

poo—tsee
t f x
-4.50

~r8.§
M(Kip-je)
Beam design : Assume bending moment controls. oo
280 42.0
Seqd = _&'_‘. = ;‘Q‘M = 3273 in°
Callow 22 N 1 \

Select a W12x26
S, = 334in’, d = 1222in,, 4 = 0.230in.

Check shear :

= V1 374k < 12ksi

Aver (12.22)(0.230)

UseW1i2x 26 Ans
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*11-16 Two acetyl plastic members are to be glued together
and used to support the loading shown. If the allowable
bending stress for the plastic is omew = 13 ksi and the
allowable shear stress is Taiow = 4 ksi, determine the great-

est load P that can be supported and specify the required P 3 in.
shear stress capacity of the glue. l
Mgay = P(5)(12)=60 P

{ij:::;
Vour =P s n—l— A~l-sn———l B

G OT (3)(3)

1= 115(8)(6)3 +8(6)(3.7105~3)* + %(3)(3)3 +3(3)(7.5-3.7105)" = 304.22 in*

Bending :

o 2

Mc. _ 60 P(9-3.7105) it L i l y

1 304.22 r LI L=l
P = 12.462 = 12.5 kip s

It
At neutral axis :
_ P(3.7105/2)(8) (3.7105)

304.22(8)

P =177 kip

Also check just above glue seam.
_ P(1.5-3.7105)}3)(3)

P =107 kip
304.22(3)

Bending govemns, thus
P =125 kip Ans
Glue strength :

Vo 12.462(7.5-3.7105)(3)(3)

T= ==}  Trqa =
It ad 304.2203)

Treqa =466 psi  Ans
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11-17 The steel cantilevered T-beam is made from two P
plates welded together as shown. Determine the maximum
loads P that can be safely supported on the beam if the
allowable bending stress is gaiaw = 170 MPa and the allow-
able shear stress is Tyiow = 95 MPa. é f C I]

2l

p—
150 mm Zp Z m | 2Zm
t——{ { 15mm

:Wlmmm P P

M
| |
=7
-4r
Section properties :
5= ZyA _ 0.0075(0.15)(0.015) + 0.09(0.15)(0.015) _ 0.04875 m
IA 0.15(0.015) + 0.15(0.015)

I= —1-15(0.15)(0.015)3 + 0.15(0.015)(0.04875-0.0075)2

_ 4
+ l2(0.015)(o.15)3 + 0.015(0.15)(0.09~ 0.04875)> = 11.9180(10°) m
1

= 2 T (0.165-0.04875)

Ouax = YA = (-(0'—16—5_—0'04—872)(0.165—0.04875)(0.015) = 0.101355(107%) m’
2

Maximum load : Assume failure due to bending moment.
M, = GuiowS; 6P = 170(10°)(0.10252)(107)

P =29047N = 290kN Ans
Check shear :
-3
= Vaax Quas _ 2(29047(0.101353)(107) _ 500y < o 95 MPa
" It 11.9180(1075)(0.015)
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11-18 Determine if the steel cantilevered T-beam can safely
support the two loads of P = 3 kN if the allowable bending
stress is oanow = 170 MPa and the aliowable shear stress is
Tatiow = 95 MPa.

M=i8 kN-m (i “
I

V=bokn
Virmd)

Maximum shear and moment are at support.
Voax = 3+ 3 = 6kN My = 2(3) +4(3) = 18kN-m

Section properties :

- IyA _ 0.0075(0.15)(0.015) + 0.09(0.15)(0.015

y= ZIA_ ) OO0 _ 4 04875m
ZA 0.15(0.015) + 0.15(0.015)

1
I= E(0.15)(0.015)3 + 0.15(0.015)(0.04875 - 0.0075)*

1
+ l—2(0.015)(0.15)3 + 0.015(0.15)(0.09-0.04875)* = 11.9180(10"%) m*

. T _ 11918010

5=3 = 0.10252(107%) m?
¢ (0.165-0.04875) 52(107) m
Mmax 18(103)
Omaz = = .
TS T 010252(10) 76 MPa > 170 MPa
No Ans
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11-19. The simply supported beam supports a load of
P = 16 kN. Determine the smallest dimension  of each tim-
ber if the allowable bending stress for the wood is
Caiow = 30 MPa and the allowable shear stress is
Tatow = 800 kPa. Also, if each bolt can sustain a shear of 2.5

P i
Im ]
3
} &£ 4R S PN
' YCEN )

Section properties : # ﬁ r
1 3
I= T (@)(2a) = 0.66667 a* [ "
- &

Onix = YA = 2 (a)(a) = 054

2 ? M Kpm )

Pr
Assume bending controls.
Mlll X
Gattow = —222C . 30(10%) = M’_)a_ | )
I 0.66667 a* ! ! *

a = 0.106266 m = 106 mm Ans

Check shear

. = YO _ 8(10°(0.106266/2)(0.106266 )
It~ 0.66667(0.106266°)(0.106266) . K'% <Taitow = 800kPa OK

Bolt spacing :
Yo _ 8(103)(0.106266/2)(0.1062662)
I 0.66667 (0.106266%)

7= = 56462.16 N/m

_2.5(10%)

" Setezie T COMTm = M3mm Ans
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*11-20 The beam is to be used to support the machine,
which exerts the forces of 6 kip and 8 kip as shown. If the
maximum bending stress is not to exceed ounow = 22 ki,
determine the required width b of the flanges.

b=l | 05 1n, i
o.suiiﬂn, 6xpQ B : ., Lkip

T\D.Sin. J
L\
, 7
i ‘ ‘ —= | " +
b 61— &h 6 — le 1 8 1T g1
66 kip 7 44P
y(kip)
66 |
¢ lo-é <
i46) 74
M(kipd 29-6 444
Il 411 H <

Section Properties :
I= l—lz(b)(s3)— é(b—o.sxf) =14.083b + 14.292

I _14.083b+14.292

S=-cz—0on— =35208b+3.5729
c 4
M,
Seeard = max
! Tallow
3.5208b+3.5729 = 44':;12)

b=5.861n. Ans
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11-21 The steel beam has an allowable bending stress
Oallow = 140 MPa and an allowable shear stress of 7yuow =
90 MPa. Determine the maximum load that can safely be
supported.

VN) <P
P
rl «
M(Nm) “F
t ~
Section properties :
j= (10)(120) 20) + (150 R0) _ o5y 5

120(20) + 150(20)
Oumax = YA” = (0.05638)(0.02)(0.170 - 0.05722) = 0.127168(10*)m>

I= -1-15(0. 12)(0.02°) +0.12(0.02)(0.05722 - 0.01)* +

115(0.02)(0.153)+0.15(o.02)(0.o95—0.05722)2 =15.3383(10%) m*

-6
s=1. 1533830070 _ 41360050107 m?

c (0.170-0.05722)

For moment :
M= aa]lows
2P = 140(10%)(0.136005)(107%y
P=9520N =9.52kN (Controls) Ans

For shear :
R t
V'_‘Tallow( )
15. ~6(0.
P= 90(105)(w) =217106 =217 kN

0.127168(107%)
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11-22 The timber beam has a rectangular cross section. If
the width of the beam is 6 in., determine its height & so that
it simultaneously reaches its allowable bending siress of
Cugow = 1.50 ksi and an allowable shear stress of 7upow =

50 psi. Also, what is the maximum load P that the beam can
then support? P

!
—Ar

|————5 n—-—-l————‘s “—‘—"l

57t I sF¢

B
R

Section properues : ] '

6in.

?
2
Leyr'y = 05K o Ph.
= —(6)( = 0.
I 12( )
vV
3
S = .I. = (_)_2'. =K
¢ 0.5
Ph
Omex = 0.25h(0.5h)(6) = 0.75 n
| 4
If shear controls : s
Voax Omax (£)(0.75k%) %
Tallow = — = ——O.Sh—3(6)— ‘
" M (/5 ft)
z2s
150r = 0375 P o y
If bending controls : ' I .
G - Mmﬂl 1
allow s
105Ky _ .2
S =-= ™ =h
¢ 7
2.5P(12)
1.50(10%) = ==
1.50(10°)1* = 30P @

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

h = 80in. Ans

~y
]

3200lb  Ans
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11-23 The beam is constructed from three plastic strips. 1f
the glue can support a shear stress of Twow = 8 kPa, deter-
mine the largest magnitude of the loads P that can be ap-
plied to the beam,

-2p

Section properties :
Z)-IA _ 0.015(0.2)(0.03) + 2{0.15(0.3)(0.03)]

—_— = = 0.11625m
A 0.2(0.03) + 2(0.3)(0.03)

y=

= ]15(0.2)(0.03)3 +0.2(0.03)(0.11625-0.015)" + 2[—(0.03)(03)° +

4 0.03(0.3)(0.15-0.11625)*)
= 0.2174625(10°) m

04 = YA" = (0.11625~0.015)(0.2)(0.03) = 0.6075(10%) m’

Maximum load :
-3
Voax G4 . 8000 = 2P(0.6075)(107%)
1t 0.2174625(107%)(2)(0.03)

Tallow =

P=859N Ans
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¢11-24 The beam is constructed from three wood boards.
If the allowhble bending stress is ouow = 6 MPa, and the
glue can support a shear stress of 0. = 8 kPa, determine
the largest magnitude of the loads P that can be applied to
the beam.

P P
Zm 2m
? Jér
2P
v
+ — x
-2p
M
- T } [
'& 3(X!n£ -2p l
L -6p
30 mm~
Section properties :
5= Z_lé - 0.015(0.2)(0.03) + 2[0.15(0.3)(0.03)] = 01162m
ZA 0.2(0.03) + 2(0.3)(0.03)

I= 1—12(0.2)(0.03)3 + 0.2(0.03)(0.11625~-0.015)°

+ 2[1—12(0.03)(0.3)3 + 0.03(0.3)(0.15-0.11625)2] = 0.2174625(10"*) m*

Maximum load :

Galiow = M 3 6( 106) = w
I 0.2174625(10°%)

P = 1183N = 1.18kN

Check glue: Q, = YA’ = (0.11625-0.015)(0.2)(0.03) = 0.6075(107") m’

V, . .
e = Yo g 2P(06075)(107)
It 0.2174625(10-%)(2)(0.03)

P=859N Ans
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11-25 The beam is constructed from three boards as shown.
If each nail can support a shear force of 300 N, determine
the maximum spacing of the nails, s and s’, within regions
AB and BC.

8kn IZKN
S S
] o o C A 1 81 H c'
[ ...... - - - - ” M
200 b g r )
mﬂ 30 O N
}ISOOer_n 'Y L
omn’” S0 mm ' )
-8
20
0.01 . . . : d

0.2(0.03) + 2(0.3)(0.03)

I= 115(0.2)(0.033) +(0.2)(0.03)(0.11625-0.015)* +

2[1—12(0.03)(0.33) +(0.03)(03)(0.150~0.11625)°] = 0.2174625(10"*)m*

0 =yA" =(0.11625-0.015) (0.2)(0.03) = 0.6075(10"%) m®
Region AB :

V=8kN
_Yo_ 8(10°)(0.6075)(107%)

= 22348.68 N/
I 0.2174625(107%) "

300

§= ————— =0.0268 m = 26.
22343.68/2 m=268mm  Ans

Region BC :

V=20kN
Vo _ 20(10%)(0.6075)(10°%)

— =55871.70 N
I 0.2174625(1073%)

q:

, 300

§' = ——eee— = 0.0107 m = 10.7 A
55871.70/2 " mm e
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11-26 The beam is constructed from three boards as shown.
If each nail can support a shear force of 50 1b, determine the
maximum spacing of the nails, 5, 5, and 5", for regions AB,
BC, and CD, respectively.

8001 120016 "
1h 1200

oo™ s’ s

-+t o A—

5n

L
v ' . Y
nn..,%*‘”‘“"* R 1800" <00
. . in. W——_—.
Section properties : 6 i /

=i i, 1

0.5)8() +2[(4)(6)(D)] _ 261 —— 1«
= =2.01n.
8(1) +2[(6)(1)] ~800

)

I= Tli(s)(l’) +8(1)(2.6-0.5)* + 2(%)(1)(63) +2(1)(6)4-2.6)° =95.47in*

0=(2.6-0.5)(8)(1)=16.8 in

Region AB :
V=8001b q= —V—Q— = M = 140.8 Ib/in.
1 95.47
s= 0 =0.710in. Ans
140.8/2
Region BC :
V=100, gq=2 1000068 1760 1bsin,
I 95.47
s'= 50 =(.568 in Ans
176.0/2
Region CD :
y=200b q=22=200U68) 5, tbsin.
1 95.47
s'=—X_ _284in.  Ans
35.212
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11-27 The joist AB used in housing construction is to be
made from 8-in. by 1.5-in. Southern-pine boards. If the
design loading on each board is placed as shown, deter-
mine the largest room width L that the boards can span. The
allowable bending stress for the wood i8S Oayow = 2 ksi
and the allowable shear stress is 7,100 = 180 psi. Assume that
the beam is simply supported from the walls at A and B.

15016 L
4

M
Check shear : 752
_15v_15025) 5625 s6-25L

A (1.5)@8)

-+

28.1psi < 180psi OK

For bending moment :
Mu.x=75L

1 3 . 4
I=—(1.5)8) =64
12( )87) in

Miaz = GattowS
75L(12) = 2000(16)
L=356ft Ans
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*11-28. The simply supported joist is used in the con-
struction of a floor for a building. In order to keep the floor
low with respect to the sill beams C and D, the ends of the
joists are notched as shown. If the allowable shear stress
for the wood is T4y = 350 psi and the allowable bending F
stress is 00w = 1500 psi, determine the height A that will l
cause the beam to reach both allowable stresses at the same
time. Also, what load P causes this to happen? Neglect the

]
stress concentration at the notch. 78 T 57 ]
0s0p os50f

Bending Stress : From the moment diagram. M., =7.50P.
Applying the flexure formula,

v
Cullaw = Mm;lc 650
3o
1500 = 7~‘50P( 12)(5) . = x{ft)
=(D(10%)
P=555.561b=5561b Ans “e-50pP

Shear Stress : From the shear diagram, V.. =0.500P =277.78 Ib. M
0

|/750P\,
} — X(ft )
3o

3Vinax
Tattow = '—22—
3(277.78)
(DA
h=0.595 in. Ans

The notch is the critical section. Using the shear formula for a recangular

section,
T
%

350 =
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11-29 The simply supported joist is used in the construc-
tion of a floor for a building. In order to keep the floor low
with respect to the sill beams C and D, the ends of the joists
are notched as shown. If the allowabie shear stress for the
wood is Teow = 350 psi and the aliowable bending stress is
atow = 1700 psi, determine the smallest height & so that the
beam will support a load of P = 600 Ib. Also, will the entire
joist safely support the load? Neglect the stress concentra-
tion at the notch.

300l

ookt
3ocdb

600
The reaction at the support is T3 = 3001b

. 1.5(300
Tatlow = li",; 350 = —(——')'

A 0
h = 0.643in. Ans

= Muaxc _ 4500(12)(5)

Omax = = 1620 psi < 1700 psi OK
* I (2)(10)°

Yes, the joist will safely support the load.  Ams
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11-30 The overhang beam is constructed using two 2-in. by
4-in. pieces of wood braced as shown. If the aliowable bend-
ing stress is ounow = 600 psi, determine the largest load P
that can be applied. Also, determine the associated maxi-
mum spacing of nails, s, along the beam section AC if each
nail can resist a shear force of 800 Ib. Assume the beam is
pin-connected at A, B, and D. Neglect the axial force
developed in the beam along DA.

My = Muax =3P

Section properties :

1 3 . 4
=—(@4)4)" =21.331in
12( )4)

Mpax = Gatlow S
3P(12) = 600(10.67)
P=17778=178 b Ans

Nail Spacing :
V=P= 17778 1b
Q=@ =8in’

g=—= = =" = 66.67 Ib/in.
I 21.33
= __8921?_ = Ans
66.67 1b/in.
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11-31. Determine the variation in the width w as a
function of x for the cantilevered beam that supports a
concentrated force P at its end so that it has a maximum
bending stress o0, throughout its length. The beam has
a constant thickness ¢.

Section properties :

1 3
I=— =
12(W)(t ) S

t/2 6
Px
g, Ee—=
v = s “wels o
Atx=L,
a _ PL "
allow wo 1216 @)
Equate Egs (1) and (2),
Px PL

witl6 w216
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*11-32. Determine the variation in the depth of a can-
tilevered beam that supports a concentrated force P at its
end so that it has a constant maximum bending stress o ,jjow
throughout its length. The beam has a constant width b;.

Section properties :
1, 5 I
I'=z —bd’; S=-=
12o c

Maximum bending stress :
M Px 6Px

Cillow = == = = =

W bod? (n

Atx=L, d=h

oo o SPL
sllow = bo_hz' Q)

Equating Eqs. (1) and (2),
6Px _ 6PL

bod? bk

d=h‘/§ Ans
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11-33 Determine the variation in the depth & ot a can-
tilevered beam that supports a concentrated force P at its
end so that it has a constant maximum bending stress oqiow
throughout its length. The beam has a constant width b.

Section properties :

I iz(bo)d) _ bod?

1 3
I=—(bo)d S=z=-=2r=-— =
1220 ¢ dnr 6
M Px
Callow = — = 1
low =5 = 76 1)
Atx=L
PL
Tallow = 75— 2
1 bodl6 @

Equate Egs. (1) and (2) :

Px  PL
do216  body?16

d* = do . =
_(_L-)x, d=dp\/- Ans
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11-34. The beam is made from a plate having a constant
thickness ¢ and a width that varies as shown. If it supports
a concentrated force P at its center, determine the
absolute maximum bending stress in the beam and specify
its location x, 0 < x < L/2.

%
-z;((“:
=
%
b.
Section properties : ‘.___
bz, ‘ S
e
2 L‘/L
3
1=1(@x)’=b°_‘,
L 6L
bot?
s=1=3_'-'._"=?°_‘1.
c 5 3L
Bending stress :
P
G:%:;—L;—:}-P_Lﬁ Ans
srx

The bending stress is independeat of x. Therefore, the stress is constant
throughout the span. Ans
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11-3§

The tapered beam supports a uniform distributed

load w. If it is made from a plate that has a constant width
bo, determine the absolute maximum bending stress in the

beam.

————fe =~

= d

wIn®

Tl
ST
b —

[y

WK f‘;;j 73

-+

Section properties : ¢
y x h h
== - y==x
R L L /
X
h .3 _ bk 3

I= —(bo)(=x)° = 22—

;P = T L

bohaf 2

s=1_np* _ boh®

¢ z"—,_x 612

Opazx = — = —=—— = —— Ans

The bending stress is independent of x. Therefore,
the stress is constant throughout the span. Ans
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*11-36 The tapered beam supports a uniform distributed
ioad w. If it is made from a plate and has a constant width
b, determine the absolute maximum bending stress in the
beam.

wL
r-“—“"{“"'—“"z

Section properties :
- 2
L R P N TS )
x 7 L
2 3
I= —bhp(5x+ 1
o(L )

1313,2 3
S = r_ M = lbhg(ZH 1’

< 2(3x+ 1) 6 L
Bending stress :

1 oY)

s M_ Plx-4) 3w Lx- 2
s

Dom3(Ex+ 1)? bk CGx+ 1)?

do _ 3w Gx+ DAL - 20 = (Lx = A)(@)(Gx + D)

2 1=0
dx  bh} CGx+ 1)

&=

(%x+ 1)(L—2x)—%(Lx—x2) =0; =x=

Hence, from Eq. (1),

=2M]=£ Ans
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11-37 Determine the variation in the width b as a function
of x for the cantilevered beam that supports a uniform
distributed load along its centerline so that it has the same
maximum bending stress gunow throughout its length. The
beam has a constant depth ¢.

Section properties :

I=lbt3 S:-—::-:—b
12

Bending stress :

M 55 3w
Tajlow = ~— = ‘,-%— = e (1)

Atx=L,b = by
3wlL?

OCaliow = th: @)

Equating Egs. (1) and (2) yields :
3wxd _ 3wL?
£2b fzbo

b= ibﬂxz Ans
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11-38 The two pulleys attached to the shaft are loaded as
shown. If the bearings at A and B exert only vertical forces
on the shaft, determine the required diameter of the shaft
to the nearest § in. using the maximum-shear-stress theory.
Tellow = 12 ksi.

0" It a0 ™1t
£ A
\J,'C’
470“ 420" 420'% 350/6
M(lb-f¢)
490 7%
{ ' x
f T
Teib-fe 90
f—x

Section just to the left of point C is the most critical.

= JMP T2V = 2 e 7 s
¢ (7‘ Tlllow * ) (ﬂ(l2)(103)/[700(1 )] +[90(1 )] )
¢ =0.766 in.
d=2c=153in.

Used= lg in. Ans
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11-39 Solve Prob. 11-38 using the maximum-distortion-
energy theoty. Guow = 67 ksi.

Section just to the left of point C is the most critical.
Both states of stress will yield the same result.

c
(o} e} B
O'a,b=51 (5)2""'72 f /
05N
21
¥ Vioow
1201

LetZ-4 and ‘/(E)2+r2=B
2 2

ol =(A+B) ol =(A-B)
0,05 = (A+B)A—B)

02-0,0,+0; =A>+B*+2AB-A* + B* +A> + B> - 2AB
=A*+3B*
& . d

=—+3(—+1°
2 (4 )

= 0% +31°

2 2 2
Oz — 03 0p +0)p = Oaliow

@ +37" = Guliow m o e

o= Mc Mc 4M
I %4 rcd
r= Tc _Tc _ 2T
J E* mcd
From Eq (1)

16M> 121
_n_zc? +;rTc—6 = Oallow
16M? + 12T% 16 _ 16((700)(12))2+12((90)(12))2) 176
7 2((67)(10°))?

c=(

2,42
T 00w

¢=0.544 in.
d=2c=1087in.

Used= 1% in. Ans
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*11-40. The bearings at A and D exert only y and z
components of force on the shaft. If 7,,, = 60 MPa,
determine to the nearest millimeter the smallest-diameter
shaft that will support the loading. Use the maximum-
shear-stress theory of failure.

— } —x
T(Nm)
15¢
) —+—x
Critical moment is at point B :

M=/ @137 +(1474) =496.1N-m
T=150N-m
¢= (”:“’““,/'M—zfﬁ)”’ = (mm)”’ =00176 m

¢=00176 m = 17.6 mm
d=2c=353mm
Used=36 mm Ans
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11-41. ‘Solve Prob. 11-40 using the maximum-distor- .
tionenergy theory of failure. o, = 130 MPa.

The critical moment is & 5.

M= /A1TP +(1474) x496.1N-m

T=1S0N-m

Since,
L4
Oop = 3 g‘/(.;:)l +17?

a
let—sA -)? =
2 and (2) +fi=8

o} =(A+B) o' =4-8)
0,0, = (A+B)A-B)

Ol = 0,0, +0 w A + B + 248 . A2+ B2 4 A% + B* - 248
=A'+38?
@A P
— 3
= 4 (4 i

=437

0} -0.0, + 0 5 O
7437 a0, ) My(n-m)

Mc Mc aM
= 23}

o — T —
I $c* xed

Te _Te 21 i
x

T e B s W e T [} !

J §et %O

From Eq (1) T(H-m) ,
156

16 M? ’ur’ ol
NI T pigh o Teltew ;

16M2 4 xzr'),,.
£20%..

e=m(

- (Jows6.1)’ + 1201508

lu-
Sy ~00izm

d=2emM3Imm  Ans
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1142 The pulleys attached to the shalt are loaded as
shown. If the bearings at A and B exert only horizontal and
vertical {orces on the shaft, determine the required diame-
ter of the shaft to the nearest } in. using the maximum-shear-

stress theory of failure. 0w = 12 ksi.

M b )

350
100
t T T
150123010 \ t
My (fb-f4)
2 bo0
j00 /b 400 b 300/b
S0 th-ft so -}t (4
r*[/\ 1 4“
T T
»/" TIRY £F¢ T2t Ly ,
3504 Aooib T T T }
Th-$t)
5{9_______;-0
: + &

Section just to the left of point C is the most critical.

M = /600% + 100° = 608.28 Ib - ft

T=500b-ft
c= [M‘"W /MEF T = [;r—(-l-E)z(l—Os)/[(608.28)(l2)]2 + [50(12)17]3
¢ = 0.7297 in.

d= 2 = 146in.

Used = l% in. Ans
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11-43 Solve Prob. 11-42 using the maximum-dis'onion-
energy theory of failure, oajiow = 20 ksi.

150 1 £
106 16 400 4,00
. S0 -}t
o S0 th-ft T/;/Z %{—r
7
L Ir 7
) TIrd s/t T 244 |
35014 Aooib, solh
Section just to the left of point C is the most critical.
M = J6007 + 100 = 608.281b-ft
Mt
T =50-ft 350
Both states of stress will yield the same result
a.,=§t s 190
i
! T T'i—
a! 2
let — = Aand -4—+r =B
My (1b41)
% =(a+B o =wu-5
bo0
6, 6,= (A+B)A~B) = A~ B?
o -0, 00+ 0 = A+ B+ 24B ~ A* + B*+ A® + B* - 248
& & 100
=Az+381=—4-+3(7+1’)=03+311 )
T u
R
0% -G, 0+ ah = O'fuo- T(h-ft)
&+ 30 = Fyn 0 — e
(Mo Mo M ———t—
°=7 et me? ,'
poTe T 2T
7 it me
From Eq. (1)
16M* 1217
=y .ﬂ-"‘_c; = Ufunu
= [16M’ + 121");
LA T ——.’r —_—
2 2 l or r
c= (16[(608.28)(12)] + 12{50(12)} );
{20(10")]? — -—

€= 07752in; d =2 = 1.55in,

Used = 15 in.  Ans
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*11-44 The shaft is supported by bearings at A and B that
exert force components only in the x and z directions on the |
shaflt. If the allowable normal stress for the shaft is apow = £
15 ksi, determine to the nearest § in. the smallest diameter £ =1001b 4
of the shaft that will support the loading. Use the maximum
distortion-energy theory of failure.

Critical moment is just 1o the right of D.

M= /2057 + 1229 = 2396 Ib - in.

T=1200%b-in.

Both states of stress will yield the same result. . Aoolﬁ-/n
[ o
= = +yf(=) + €

%s =7 Q)

Let — = Aand ;+11=B

# =(A+8) ot =@A-58
@i e " /33,57/5
6, Co=(A+ B)A-B) = A- B , (th-in)
£
o’.-a.a.+o%=A2+B’+7AB-A’+BZ+A2+BZ—2AB 257
=A2+351=§+3(-?+t’)=az+31‘ 77/
T : T ‘?
& - 6,0+ G = Ghitow
& + 3t = Sloe [$)) Mz (lh-in)
1586
Mc  Mc _ aM B 1229
o= — =3 a
I 2 e
S + , —
! ©one Critical momen¥ at pEop
From Eq. (1) T (h-in )
1eM? 1277
Bee T g e 200
bool |
_ [16M’ + 127’]5 . ‘
- 72 0%ow T T } ”
A6MP 12T e _ 16396 + 120200 e _ g 605 in,
It FAASHNN?
d=2c=1210in.

Used:li‘m. Ans
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1145 Solve Prob. 11-44 using the maximum-shear-siress
theory offailure. Take Tagow = 6 ksi.

K=3001b

T t ' 1’
Mz (lb-in) 1586
122
| b
Critical moment is just to the right of D.
} T : !
(2057 +(1229) = 2396 b- in. critical moment at pEP
T=12001b-in. T Ubein)
%
UseEq. 11-2, —__—_’ji__
2 13 600
c=( VYM2+T?) . , ,
7 Tallow T ¢ ¥ ¢
2 J (23962 + (12007 )" )
= (—————1/ (2396)% + (1200)* ) " = 0.6576 in.
RTONT)

dreqa = 2c=1.315in.
Use d= 1-3 in. Ans
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«11-46 The tubular shaft has an inner diameter of 15 mm.
Determine to the nearest millimeter its outer diameter if
it is subjected to the gear loading. The bearings at A and B
exert force components only in the y and z directions on
the shaft. Use an allowable shear stress of 7,04 = 70 MPa,

and base the design on the maximum-shear-stress theory of
failure.

I= —:f(c4 - 0.0075*) and J = sz(c‘ — 0.0075%)

2
o, -0
Tallow = (“—z_y) + 'r}y My (N-m)
75
Mc 2 Tc 2
w = o= + (—
Tallo (21 ) (J )
i
T T T .3
2 M2c? . 1202 M, (N.m)
allow '4"'12' ﬂ 7;
¢! -0.0075* )’ _aME 4T?
c ”  nt '
1
. . ) Tlarm)y '
¢ - 0.0075 - m
[+ 7 Tallow 5D
4 _ 4 } ]
c 0.0075 - 2 757 1 502 | 1 x
c 7(70)(10%)

¢t - 0.0075* = 0.8198(10°%)¢
Solving, ¢ = 0.0103976 m

d = 2¢ = 00207952 m = 20.8 mm

Used = 21 mm Ans
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1147 Determine to the nearest millimeter the diameter of
the solid shaft if it is subjected to the gear loading. The bear-
ings at A and B exert force components only in the y and 2
directions on the shaft. Base the design on the maximum-
distortion-energy theory of failure with ouew = 150 MPa.

S

150 m y

200 mm 500N

Leta=2p= §+11 75 .
2 4

G =a+b o; =a-b

Require, I
& - 010, + 0} = chan My (N-m)

a® +2ab+b" ~[a? - b ] + 0’ - 2ab+ b = Gen &

a’ + 35 = Gl

LA | T f x
T P AT+ )= o T(arm)

o + 37}: = Ghiow

Mc Tc 4 1
(-‘3:;) + 3(;;) = Oliiow 1] T x

1 4aM
7,[(-—)z + 3(—21)2] = Gitow
¢ z

3 16

1212
M2
B G

allow

4
"flla"rz

c={ (M + 372k

= —____4 - 2 2 1_
1(150(1045))2(,;)1 (4(75)" + 3(50)7))* = 0.009025 m

d =2 =00181m

Used = 19mm Ans
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*11-48 The end gear connected to the shaft is subjected to
the loading shown. If the bearings at A and B exert only y
and z components of force on the shaft, determine the equi-
librium torque T at gear C and then determine the smailest
diameter of the shaft to the nearest millimeter that wili sup-
port the loading. Use the maximum-shear-stress theory of
failure with Tyuow = 60 MPa.

From the free - body diagrams : |

T~
T=100N-m Ans ! L i

; t = x
Critical section is at supportA.
2 L 2 i “
c=1 VM2 + T2 = [————/225% + 150°)° g (M)
7 Tallow ”(60)( 106) 142-86
= 001421 m LN
1 1 T 3
d=2c=00284m = 284 mm 7 tarm)
Used = 29 mm Ans
/S'd____“'
t X
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11-49. Solve Prob. 1148 using the maximum-distortion
energy theory of failure with o, = 80 MPa.

From the free - body disgrams .
T=100N-m Ans

Critical scction is &t SUPpOrt A

e o
TR R
o
laa--‘;—'J'v—;-*'n'v

o =a+ho =a-b

Require,
& - 0,0, + 6} ©» Citen

g+ 2abs b ~[at - Bl 4o’ ~20b+ ¥ = L
al+ 3 = duen
a a

'y + 3(-‘4 + f.’-,)' ..

a4+ 31'.:, = Oliew
Mc Te
. (;_“.)l + ‘.l(}?) » Ghitew

1, 4M ., Wy o Pae
.-c:((—‘—) +3£‘)) A

PO YN .

uin--'l ”3“""

cm (-ﬂ,—‘—-(w’ +aryb

.t was?® + sasoint

4
[T
= 001605 m
d =2 = 0032im = 32lom

Used = Yoo Ans

My(mem)
235
12)
4 =
He (A-m)
4286
: +—t 1 4
T (M-m)
150
; 1l
T — x

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.




11-50 The beam is made of cypress having an allowable
bending stress of ouew = 850 psi and an allowable shear
stress of 0w = 80 psi. Determine the width b of the beam
if the height h = 1.5b.

75 1bifi 3001
FEESNNNY |
C N, [ :
} sn } sn i % | ﬁt'
1

I|:=L5b Y ograst 39375 "
s
v(ib)
it \
Pt + x
A5 7 ~937
M{s4t)
52734 44875
et =X

L= ila(b)(l.sbf = 0.28125 b*

Omsx = YA’ = (0.375b) (0.75b) (b) = 0.28125b°

Assume bending controls.
Myax = 527.341b-ft

Gutow = Mmiz€ g5  5213400)(0.755)
! 0.28125 b*

b=271in Ans

Check shear :

= 15.12in*  Quax = 5.584in°

VQnan _ 281.25(5.584)
It 15.12(2.71)
38.36 psi < 80 psi OK

TI'I!BI
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11-51 The cantilevered beam has a circular cross section.
If it supports 2 force P at its end, determine its radius y as
a function of x 3o that it is subjected to a constant maximum
bending stress oiow throughout its length.

Section properties :
1=Zy

4

I 5 _ns
S=-=~—=-¥

c y 4

M _ Px
Oallow TS' = 2;3-
1
y=1 4p ME Ans
7 Callow
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*11-52 The simply supported beam is made of timber that
has an allowable bending stress of oqjow = 8 MPa and an
allowable shear stress of Tapow = 750 kPa. Determine its
dimensions if it is to be rectanguiar and have a height-to-
width ratio of h/h - 1.25.

300 N/m

/m
Al —fle
L———am-———i——-—ﬂm‘—“

[t
=

From the free - body diagram of the segment :

Losoerc) = 450N

3o0n 214

+TZF, =0 300 - %(IOOx)x =0, x=2449m

2.449 e _ )
(+ IM=0, M+ %[100(2.449)](2.449)(——5——-) - 300(2.449) = 0; M = 4899N - m

I= I‘5(1;)(1.2517)3 = 016276 b'

4
Seqd = [ _ 016276 5" _ 96002
el ¢ 0.625b

Assume bending controls.

Mg . o _ 4899
Caliow = ) ’ 8( 10 ) 0.26042 b3
teq'd
b = 006172m = 61.7mm Ans

h=125(0.06172) =77.2 mm Ans

Check shear :
1.5Voasx 1.5(300)
Trmas A (0.06172)(1.25)(0.0617)

v(N)
300
. . X
-150
Mnm)
“4d,c0
—t ¥

= = = 04.5kPa < Tajow = 750kPa OK
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11-53 Solve Prob. 11-52 if the height-to-width ratio of the
beam is to be h/b = 1.5

300 N/m

M .
S -
=

From the free- body diagram of the segment :

1
+TEF =0 300—-2-(100x)x=0', x = 2449m

Fe%00yc2) = 4570

REEYY /son

2.449 P _
(-EM=0 M+ %{100(2.449)](2.449)(—3——) — 300(2.449) = 0; M = 4899N - m

Section properties :

= -11—2(1;)(1.517)3 = 028125b*

s =12 0.28125 b*
AT T 075b

= 03755

Beam design : Assume bending moment controls.

Mpax " 4899
= max . 10°) =
Oailow s,eq-d * 8( ) 0.375 b3

b = 00547m = 547 mm Ans

h=15(0.0547) =820mm  Ans

Check shear :
1.5Vhax 1.5(300)

Tmll

A N (0.0547)(1.5)(0.0547)

vin)

= = = 100kPa < Tanow = 750kPa OK
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11-54. Select the lightest-weight steel wide-flange
overhanging beam from Appendix B that will safely support
the loading. Assume the support at A is a pin and the support
at B is a roller. The allowable bending stress is oapow = 24 ksi
and the allowable shear stress is o,ow = 14 ksi.

e AR -———— 20 }—an —

Al - -] L -
; B — T q
= S 127t <7 1
20 £, bocp 22  zEp
2 kip 2kip
Virip)
4.0
2.0
t %
-2-0
Assume bending controls. MERr-f)
M, 16.0(12)
Sreqa = —2 = —— 7 = 80in®
= Callow 24 "
—t + x
Selecta W10 x 12 5
-8-0
/o

S = 109in’, d=987in., 1, =0.190 in.

Check shear :
Tavg = Smax _ 4 = 2.13ksi < 14ksi OK
8T Aves  987(0.100)  Con < M4k

Use W10x12 Ans
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11-55 The bearings at A and B exert only x and z compo-
nents of force on the steel shaft. Determine the shaft’s
diameter to the nearest millimeter so that it can resist the
loadings of the gears without exceeding an allowable shear
stress of Tye = 80 MPa. Use the maximum-shear-stress
theory of failure.

LACTY]
1250
<
i Al ! + 4 ’
Siew My (i)
i f — ¢
T(N-m)
378 375
—
, . —3

Maximum resultant moment M =/ 1250 + 250 = 127475N - m

1
YM*+ Tzlé = [——2——1/ 1274.75% + 375%]% = 0.0219 m

-~ #(80)(10°)
d=2c=00439m = 439 mm
Used = 4 mm Ans
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*11-56 Soive Prob. 11-55 using the maximum-distortion-
energy theory of failure with oggs = 200 MPa.

Maximum resuliant moment M = v 12507 + 250 = 127475N - m

M (umd
gy = z * 2:1 + % iy
2 <
1
=% p= \’gi_ + 1 l ' a’
Leta = 3" 4 £y
0 = a+b o = a-b Ma (Nm)
Require, L
2,
011 -G + ﬂzz = o%llov L d |
] 1 L
al+2ab+ bt —[a* —b) +a = 2ab+b = Ghtiow
a + 36 = Oluow TR
375 375
%j + 3(% + t5) = Glitow T v } ,'

& + 3t} = Oiiow

Mc. 2 Tc .2 _
(?) + 3(-;-:;) = Ohiow

1,,4M 2 2T = Piow
:;[(-”—) +3(”)] gl

RO SEVC I rt
L. Flion™
¢ = (2 £ 3T

nilow

= (41278797 + 3G9I

4
(200(10%))*(m)?
= 0.0203m = 203 mm

d = 40.6mm Ans
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11-57. Select the lightest-weight steel wide-flange beam

from Appendix B that will safely support the loading shown.

The allowable bending stressis oo, = 22 ksi and the allow- 8K 10kp Bp
able shear stress is 7,30y, = 12 ksi.

=
' L
Bending Stress : From the moment diagram, M, =155kip-ft e T pTRT R
Assume bending controls the design. Applying the flexure formula, 13-0 kip 13-0 k¢
-0 kp
s - Mmu
req'd G Vkip)
155(12
= 2(2 ) csassin®
130
. 590
elect  WIBx50 (S, =88.9in’, d=17.99in,, ¢, =0.355 in.) 5 — Fxqo
te
y =500
Shear Stress : Provide a shear stress check using t=-— fora =4
. td .
W18 x 50 wide - flange section. From the shear diagram, V., =13.0 kip.
Vmu Mh?ﬁ)
Tmax = 1‘_2.
_ 13.0 29 = &o
0.355(17.99)
=204 ksi < Ty, = 12 ksi (0. K /) ——
low L K ! o 1 7 T > X (G
s 2 30 )
Hence, Use WI8x50 Ans
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12-1 An 1.2 steel strup having a thickness of 0.125 in. and
a width of 2 in. is bent inlo a circular arc of radius 600 in.
Determine the maximum bending stress in the strap.

1M m=E
p EI p
However,
- ic - (Ellp)e - (E)E
I 1
o=2%2 50)10°) = 3.02ksi  Ans

600
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12-2 The L2 steel blade of the band saw wraps around the
pulley having a radius of 12 in. Determine the maximum nor-
mal stress in the btade. The blade is made of sicel having a
width of 0.75 in and a thickness of 0.0625 in.

Mc (Elip)c _ (E)E

0.03125 3(29X10°) =75.5ksi  Ans

g=
¢ 12
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12-3. Determine the equation of the elastic curve for the
beam using the x coordinate that is valid for 0 < x < L/2.
Specify the slope at A and the beam’s maximum deflection.
El is constant.

Support Reactions and Elastic Curve : As shown on FBD(a).

Moment Function : As shown on FBD(b).
Slope and Elastic Curve :

d*v
EI 2;i- = M(I)

—==x+C [l]
E,dl' 41 1‘

Elv =.f—2-x’+C,x +C; {2

dv L
Boundary Conditions : Duc to symmetry, === Oatx = 3

Also, v =0 atx =0.

PrLN? B PL?
From Eq[l] 0= Z(-i) +Cl Cl ———1-6—
From Eq.[2] 0=0+0+C, C =0

p

i

\_-_-_‘}-—___-—

A S

z FA
P
'zB, @) z
vix)
'E::d) Me=5x
=
£ (b)

dv P 2 .2

&7 (* L)
dv PL?

BA = - = m—
dxls=o 16E1

The negative sign indicates clockwise rotation.

= P aaap2
A

L
VU, OCCUrs at x =5

PL}

v,
max 43H

The Slope : Substimte the value of C, into Eq.[1],

The Elastic Curve : Substiute the values of C, and C, into Eq.[2},

Ans

Ans

The negative sign indicates downward displacement.
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*12-4 Determine the equations of the elastic curve using

the x4, and x, coordinates. EJ is constant.

d*v
El — = M(x)
dr?
Pb
M, = I—xl
2
gy Py
dn:  L-*
YRR 5 NS ()
an 2L
B = von + G @

6L

M; = [-,be; - Pl - a)
Buth = L — a.Thus

X;
M; = Pa(l - f)

dzvz x2
22 pay -2
E! % a ( L)
duvy 3
—_— = -2y + Cs
El : Pa(x; ZL) 3
5 3
= Y _By,Cx+ C
Elv, Pn(2 GL) 3% .

Applying the boundary conditions :
vy=0axn =0
Therefore, C; = 0,
vz=0ax =L

2
0=PaL + CiL + Cq¢

Applying the continuity conditions :
U\l,,.. = Uzlx,-n

Pb 4 at a°
— Cia = Pa(— - =) + Ga+ C,
6La + Gia ﬂ(z 6L) 3 .

) )
dx v dry lgma

2
a
’;’Eal..,cl =Pa(a—i)+cz

Solving Eqs. (5), (6) and (1) simultaneously yields,

Pa, .2 2
b . - i
6 = -ty G=-g@itd)
pa’
Cy = 3

3)

4

[&)]

M

o,
- 1
a b
|
|
L 1
-
S .
S~ - -
a e
£E ra
7 L
Iy oo 22
Pb
) Ml' L 7‘,
>,
£b
L
k4
!
M
h
My,
%
L
Thus
Pb
Elu, = ﬂ’x? - 6—L(L2 - Byxy
or
= PE - B Ans
GEIL
and 3
2 3 Pa Pa
Elv; = Pa(% - Z;—_) - g’:(ZL2 +ahn + e
v = —P—a-[ssz - x% - (2.L2 + a’)xz + azL] Ans

6EIL
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12-5 Determine the cquations of the elastic curve using the
x; and x; coordinates. ET is constant.

2
04U - M
dx;?

v
i

LI
Myixy =0;. E o) =0

du, )
EI=2X =C
P

w b

J_Q__‘ R

2.
Elv, = Cix + G2 3}

Ma(x) = Pxp— P(L-0)

2
E]d_l’l =Px; - P(L—a)
dxy?

dvs _ P

El = 3,,’ ~P(L-ax; +Cs 3

2
s _PU - a)
2
)Mo =0
Boundary conditions :
v _ t“?“’*

!
dx

Elv, = %x, + Cix + Gy @

Atx; =0,

From Eq.(3), 0=20C ? X
Atx; =0, v = 0 ’
0=Cs

o .
Conwinity condition : ; j Ms
dvy, _ _du |
Atxy =a x =L—-a; E&T_ o ‘_—“—*‘
From Egs. (1) and (3),
P(L~-a
2

_PL-a)?

2 _p-a'l: G -

G = -l

Alx =axn=L-auv=U

From Eqs. (2) and 4),

(P(L - a)
2

2 P - a® P(L-a)}
Ya+ Cy = e =

6 2

Pa(L-a} _P(L-a’

G = 2 3
From Eq. (2),
v = P eaL-ayin -3a(lL - &) -2L- a)’] Anms
6E]
P 2 Ans
g = ——— ~3(L-a)x]
v: = :
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12-6 The simply-supported shaft has a moment of inertia P
of 2/ for region BC and a moment of inertia / for regions
AB and CD. Determine the maximum deflection of the A [} c D

beam due to the load P.
oEn M
Mz(1)=§Xz = 4—J"4"L‘5—‘f
Elastic curve and slope :

2] '
E1%Y = ar
=

=240 0]

Elv =PT§L+Clx|+C; 2)

2
Y il L
@t 2

dw _P3 X
2E[~= = —=+Cy 3 !
de 4 j:t) M'(,)=‘ZE/)(I

2B = L"é +Cax +Co @ 1

Boundary Conditons : P/L
v =0 aa x; =0
From Eq. (2). C; =0 o IL ) Mp(l )= _%xb
X,

2

v _ L
E-O a Xz—; P/ZI

From Eq. (3),
2
0= ﬁL— +C
16

Contnuity conditions :
dvi dw
dq dy

N

at x=x=

From Eqgs. (1) and (3),

2 L2 1 PL?
PL ¢ PR _LPL
64 128 2 16
-pL?

128

1=

L
v =W at X|=Xz=;

From Eqs. (2) and (4)
3 2 3 PLE L 1
PL’ _SPL* L —ﬂ‘——l(——)(—)+EC4

768 128 4 1536 2 16 4

i

G35

P 3 2 3
= ——(32x3 = 24L°x; - L)
" 76851( : ¢
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12-7 Determpine the equations of the elastic curve for the
beam using the x; and x; coordinates. Specify the slope at

A and the maximum deflection. E/ is constant.

Elastic curve and slope ;

2
EIZ—;:-’ =M(x)

For M, (x)= Px,
2 v
AN

g
Eldl=P—£+C|
& 2

Ey =P—:‘—+C,x| +C;

Fot My{x) = Pa

diw
El—= =P,
= a

dv
El—= = Pax; + C: 3
o ax; +C3 (3)

P .
Ehy = %+C;x; +Cy

Boundary Conditions :
vw=0 a x=0
From Eq. 2)
Ci =0
Due o symmewy :
d—‘z =0 a = L
dn, 2
From Eq. (3)

0=pPats+c,
2

P,
Cy =20t
T

Continuity conditions :
visEwm & m=xnp=a

pa’ Pa’ Pa’L
—+C1a= —— - +C,
2
3 2
Ca- ‘=Pa Pa’L
2
dvy  dw a
=2 X =x =
dry  dny 1R
P
——+c,=Pa’-P_"L
2
2
¢ <fa_PaL
2

(O]

@

“

5}

! L —1
P
E) M,(x)= PX,
p R gf
YM )= Pa
D a i‘-a
Substitue C, into Eq. (5)
3
Ce= Pa
P g
& = 2El(x' +a“~al)
dv, Pa(a-L)
g, =2%] I8l
R Y Ans
P.
n = 6—;’[[:? +3a(a- L)) Ans
v =La.[:i,z(x-L)ﬂzz] ‘ Ans
6E!
Pa 2 2
- =P8 4a? 3L Ans
Yo =Wt = g4 300
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*12-8. The shaft is supported at A by a journal bearing that
exerts only vertical reactions on the shaft,and at C by a thrust
bearing that exerts horizontal and vertical reactions on the
shaft. Determine the equations of the elastic curve using the
coordinates x; and x,. EI is constant.

= =T

Xy r
¥ 1 b —-I
Elastic curve and slope :
Eldzv M)
= X bl
dx? f"r"i)' _?2{
e b1y =P, =)
a
ré 1
d?v, Pb *
= —xy
dx}
dvy Pb , +C ) ’u(‘);rz‘
—_— = ——X
e, 2a' ! (H.
P
El‘vl =_axl+clxl+c1 (2) }‘_X_T
For M, (x) = -FPx, “f
Eldzv2 =-Px,
dx}
dv, —Pxl
Eldz_z =+ G, ©)] Continuity conditions :
dvy _-dv,
. ‘ d!l = '-d-—tz— at X, =a X, =5
Ehy, =—24Cyxy 4+ C, @
Boundary Conditions : From Egs. (1) and (3)
vl=0 at x=0 _ﬂ,(az)+Pib=_ﬁz_g‘.c
FromEq. (2), C; =0 2a ¢ 2 7
vi=0 at x;=a P
FromEq. (2), G=- M
Pb \ 3 2
o= E&a +Ca Substitute C; into Eq. (5)
C = Pab
1= C = Pb®  pa?
»=0 a x=b . 4—-Tah——3 ,
FromEq. 4),
P -Pb 2
0=-—+C3b+C, 1= omlxi-ax]  Ans
Pp?
C3b+ Cy = —6— (5)

va= (-5’ +bQa+ )z, - 22+ b)) An
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12-9 The beam is made of two rods and is subjected to the
concentrated,load P. Determine the maximum deflection of
the beam if the moments of inertia of the rods are /45 and
I5¢, and the modulus of elasticity is E.

2
El ‘Lz——" - M)

M0 = - Px

d'v
El; = - P
8c i Xy

Elge — = ~— + ( )]

M,(x>=-Px,(T

Elgc v, =-Pﬁ—ﬁ +Cin + G 2)

My(x) = - Px
d*u,
Elp dx_zz = -~ Px,

S

Mx)= -pX,

P
Elg —t = - C:
1] ™ 212 +C , 3) &(
Elp v, = —2123"' Gx + G @ »

[ — e

Z
Boundary conditions :
Atx =L, ‘ﬁ =0
dx,
2 2
0=-PL.¢q. =P
2 2
Atx; =L, v=0
P} PU pPL?
0= —— 4+ —+ (4t C4 = —on
6 2 “ 3
Continuity conditions : C = l_'£ P_I’ - "_": ’;L_g - ff.
3 3
Alx =x =4, 2 _du e 3 D
dxy dry
Therefore,
From Egs. (1) and (3), 1 Px? 2 2 2
4 ), UX=F(‘L+[IB—C(-1+£L)+P—I]:,+,’_cff-b_C_P_L]_Plg
lsc 6 Iy 2 2 2 Te 3 T 3 T)
2 2 2 Aty =0, F——
2 [-_"ll_.+ ¢ = _L[_ﬂ.. + _P.L.] ! vileo = vn,
Ele.. 2 Els 2 2
Il PP e P2 PP
Umar = — {2 B L =P p_ e
2 2 2 whE =P - L - (2Byp
¢ = B PE P, PE Bbeha 3 ho 3377 3Ey, e
e 2 2 2
. P I
= —{(1-2)p
Alxy =x =1 vy = v, 3ELs Igc) } Ans
From Egs. (2) and (4),

1 fdid Iy 2 2 2 3 2 3
— - [E(_fl_ +P_L_.) + ﬂ][+ G} = _1._[_ﬂ L PEL_ U
Elc' 6 Le 2 32 2 ELs 6 2 3
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12-10 The beam is made of two rods and is subjected to
the concentrated load P. Determine the slope at C. The
moments of inertia of the rods are I 5 and /¢, and the mod-
ulus of elasticity is E.

2
El %’ = M)

M(x) = ='Px; P

d*v,

dx?

Elpc %‘ - --P%%- + G m Mo =-Px, ¢ 1

My(x) = - Px; X
d*v,y

Elw ot = -~ Pn

IR -gnh G o) Mx)=-PX,

dx

Boundary conditions : & (

Elyc = — Px

Axx;=L,i‘iz-=0

e l

From Egs. (1) and (2),

1 PP
—[~+ C) = —[-—+ /]
Elpc 2 Ehg 2 2

PR P PP
— +_] —
2 2 2
du,

At xy =0, Efye — = C

&

/
¢ = X~
he

Thus,
duv, 1 PP pPL PP
bk ) o

= = - —_—

dx ‘" Els 2 2 2pc

P 1. ., I
O = —[{—(L" =)+ —] Ans
¢ ZE[IA. Isc
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12-11. 'The bar is supported by a roller constraint at B, which
allows vertical displacement but resists axial load and
moment. If the bar is subjected to the loading shown, deter-
mine the slope at A and the deflection at C. EI is constant.

P

Elf:l’.‘_ =M, = Px, 4 JC
d} A - L4
dv, © P3 L

J—t = —= + ( L L

B2 o L—z——!-—f.__.]

El v, =f§‘-+cﬂl*cz lp
. L
. = - L
EI%’—=M:=%E i W ) 2
9% . .P_':x, + G P L/z/ “Ha I
de 2
pL ~

= PX =
Elv, = 54—"4 +Gn + G M, LS

ooy contins P) N —z——ﬂ)%

0=0+0+G; C; =0

dv:
Alx =0, — =0
2 .

0+Cy =0; Cy =0

Alx-L ;=Lv=ﬁﬁ=‘ﬁ
1_—2- 53 7 1 'd“ o

G(z)

Ly3 Lyl
P(s} . L - PL(T) + ¢
[ 2 4

2
P_(fl_+ G = -EL_(.Q; G = _.3.le
2 2 8

1,y
= ~—PL
a 48
Atxy =0
2
L 6, L Ans
dy 8 £
Aty = ’-
!
PE? 3., L
~ ~ (=PLY)(=)+0
ve =~ G LSy
-pL?
= Ans
ve = &1
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*12.12. Determine the deflection at B of the bar in Prob.

, p
El% =M, = Px, 1
' — ;&
win e | ke
P Lz Yy |

Elv, = f:l‘»cm + G

adu . BL Z
& TT P) x\( ” o
{_r'_: { )
ST g
a2 "‘__—‘X
t7

Elvx=%£+c,x,+c. P

Boundary conditions :
Atxy =0, v, =0

0=0+0+C: Cr =0

anme=o, .o

dn;

0+C =20;: G =0

L L dv, dvy
Al L el peu, .t
mey mERGMEWmTCR
P P
sl
PLI
LS (AP} S Tt
2 8
¢ = -Upp
pri
Atxy =0,
3
v e -.l.ﬂ. Ans
WET
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12-13 Determine the elastic curve for the cantilevered
beam, which 4s subjected to the couple moment My Also
compute the maximum slope and maximum deflection of the
beam. EI is constant.

Elastic curve and slope :

2
Elgx—: = M(x)

Me —

@ (=3 o=
EIP =-M, *T*-

dv
EIE =—MOX+C1 (l)
Elv = —AIZOXZ +Cix+ G 2

Boundary Conditions :

é’ =0 at x=0
dx

From Eq. (1), C; =0
v=0 aa x=0
From Eq. (2), C, =0

é\:‘ _ - Mox
dx EI
dv -MyL
Opax = o = _E; Ans

The negative sign indicates clockwise rotation.

v= —Mof Ans
2E]
M, L?
Vonax = === A
max ‘L-L 2E1 ne

Negative sign indicates downward displacement.
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12-14 Determine the equation of the elastic curve for the
beam using’the x coordinate. Specify the slope at A and the
maximum deflection. £l is constant.

Mg
G - —
= !
L hl
B4 - M M
dx? .
d*v x (I—.—.—!‘)M(x)=Mo(l'%)
B = mu-p -_x"
dvu 2 ML
El-; = Mp(x —-2—I_)+ C [¢3] L
Elv =MD(§_:_L)+ Cix + G )
Boundary conditions :

v=0ax=0
From Eq. (2), C; =0

v=0ax=1L

From Eq. (2),
L Mol
0=M(—~-—)+CL;: C =~—
0(2 6) | | 3
do Mo 2 L 3
dr E! 2L 3
6, =2 < ML Ans
dx|z=0 3E1?
EE _0=ﬂ(x i_ )
dr EI 2L 3

3 - 6Lx+ 2L = 0; x = 0.42265L

My

6£lL(3LX1 i) (4)  Ans

v =

Substtute x into v,
— 0.0642M, L
Vgper = ——El-—"——- Ans
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12-15 Determine the deflection at the center of the beam Mg
and the slope at B. E/ is constant.

OV A R . U
il
x
o = . ]
E’ET = M(x)
) M
v x
EI1Z2 = -z
o7 = Mot1-D) ( l
du 2
IS = Molx =200+ G o) L Mo
M, L
L
f
Elv = Mo(3 —zz)+ Cix + C; (2 M.
Boundary conditions : ( ‘ M =M )-ﬂ(_
v=0a x=0 1 ) (l) a( l‘)
1 x
From Eq. (2), C; =0
q; 2 &
v=0ax=1L L
From Eg. (2),

o
0=M(= -=y+CL; C =--20%
o (5 6) ) 1

dv _My 2 L
P Y ATy @

8, = L = 20
47 dxleeo 3EL Ans
g M, 2 L
& EI' 2L 3
W 6lr+ 2 =0; x=042265L

Mo 2 3 2
v= (3L -2 - 2L 4

6EIL( X x) 4) Ans

FromEg. (1) at x = L,

8 = ﬂ’. = ﬂﬁ' Ans
drlsut  6EI
From Eg. (2),
M2
v .= Mol Ans
=3 16EY
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*12-16. Determine the elastic curve for the simply supported
beam, which is subjected to the couple moments My, Also,
compute the maximum slope and the maximum deflection
of the beam. E7 is constant.

My My

(G
x

I |

Elastic curve and slope :

2
EI% =M()

d*v
El— =M M.
a0 (

=) u-M,
——t

dv
EI; =MoI+ C] (l) X

Elv= M;“z +Cx+ G ()]

Boundary Conditions :
v=0 at x
From Eq. (2), G =
v=0 at x
From Egq. (2),

2
0=-&2L+61L

[
Moo

MoL

lsllllll =|aAl =laﬂl = 2ET Ans

v=MoX Iy  Ans
2E7

N~

Due to symmetry, v,,,, occurs atx =

-MoLz
8EI

Vrmaz =

The negative sign indicates downward displacement.
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12-17. Determine the maximum deflection of the beam and
the slope at A. ET is constant.

x

o Mn

AR

——4—-L———4

A

B
p——a

M =0

d*uy . duy )
EtZ e 0! &, =
= 0:  EI I, G :: M,=0

l X
B = Gn 0 — ) R
e

At 0 v, =0 G =0 Mo X,

4oy
M = My ; El—= = My
&

duy
El—= = Myx; + G
= X2 3

Elv; = %Mq:} 4+ Cxy + Co

A:x,_-dﬁ=0 C,=—M°a
dx 2
dv du;
Atxy =g, 5 = 0, vy = 12
2 i vy P P
Cia=C,
C = “M”. ] Moo
2
At x = 0,
gl Mo
4 2
Moa
8y = e
A 26 Ans
a
Al xy = =
T2
1 z
El Vg, = =Mp(Z) - L’!'_“(") M““
2 4
2
Vmea = - Moa Ans
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12-18 Determine the equations of the elaslic curve using
the coordinates x; and x;, and specify the deflection and
slope at C. El is constant,

2
El %’ = M(x)

M,
For M(x,} = -'ro-*'l

2
gd . M,
dx,? L
g Mg 0
dx, 2L
M
Elv, = -zLixi +Cx + G @
d*v,
For My(x}) = ~Mg; EI-;Z-I- =—My
222 oy +C &)
dl'z 0X 3
El v, =—%x§ + Cix; + Cy @

Boundary conditions :
At x; =0, v, =0

From Eq. (2),
0=0+0+GC; C =0

Atg =xx =1L, vyyz=v; =0

From Eq. (2),
2
0= ML Lo, ¢ =ML
6
From Eq.14),
2
0=-ML  ciic, 5)

MASX): 'Mu

0 ll [ ] I M.,
=1 (I‘T**)M

! 2
M.
)

Continuity condition :
At =g =L o2
dn dx

From Egs. (1) and (3),

Mol Myl aMyL
—— +t — = —(-MyL + C); G =
2 r (-Mo 3) ) 3
Substmting Cy into Eq. (5) yields,
2
€, = Ml
6

The slope
dv 1 aMoL
2= —[-Moxy + =)
dx; EI 3

dvy aMoL
O = — = A
€7 dqlyeo  3EI m
The elastic curve :

M,
U = GE;L[.'I;“ + sz,] Ans

Mo 3 2 3
v = -3Lx; + 8L°x; - SL
2 6EIL[ 2 x; — 5L°] Ans
Ve = v - ML Ans
< 2 ;=0 651

The negiative sign indicates downward deflection.
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12-19 Determine the equations of the elastic curve using

the coordinates x; and x3, and specify the slope at A. £/ is
constant,

d*v
— = M{x)
B

My
For Mi(x) = —=~%

E'I{ = -k
]
J) Mo
gin . Mac o —
& 2L £« < | c |
sio = Mo G @ M N
6L L L
d*v,
= -M;: El ——= =-M,
For My(x) = —Mo: ant M@= Mo
dv, [©)]
EIS = Mgx; + G 1
. r— M
] X
Ef v, =-&x§ + Cixp + Gy @ )‘I b
2 M Mn
T M) =~ A
Boundary conditions :
Aty =0 vy =0
From Eq. (2),
0=0+0+C: Cr=0
Atxy =X =L, m=v =0
From Eq. (2),
2 Mol
0=-M°L + GL; C|=_§_
From Eq. (4),
2
o= -ML  cL+a ® .
2 The elastic curve :
vo= Mood v ) Ans
Continuity conditgon : 6EIL
du, dv,
Aty =x3 = L, — = ——=
T dx, dry vy = Mo {-3L5 + 8L%x, - 5L} Ans
6EIL
From Eqs. (1) and (3),
Mol MoL aMy L
—ag— r=- - “(-MoL + C3): €3 = —2 From Egq. (1),
3 dv, Mol
El—=0+C, = —6'
Substimting Cy into Eq. (5) yields, n
2
Ci = —lM;—L g, = du _ Ml Ans
A7 dq 6El
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*12-20 Determine the equalions of the elastic curve using
the coordinates x; and x5, and specily the siope and defiec-
tion a4 B. EI is constant. WJa

d*u P W,
E57 = M W™
Z Y x
z (=20 o0 = - rwax - e
W wa 1 2 ! "z
ForMy(x) = — —x{ + wax; - - ’.-—...]
a7
2
EI%=-—xf+wax|—1§— o
dv w wa ; wal I M,o‘)'— o
EIS2 = - gxz R e G (6]

wa o

w4 wa 3 2
Elvy = ==X + =—x = —Xi+ C1x +C; 2 F_+2_1'_.’
1 24 1 s 1 4 1 Wa d/l- /) Xl-d
d*v,
For My(x) =0; EI=—2 =0
2
El’fkﬁ =G 3
2 From Egs. (2) and (4),
Al = = =
Elv; =Cixp + Cy @ t G m=a U=
‘ 7] ‘ .
Boundary conditions : _Xa L wa wa | _wal, Co: Cu= wa'
duy 24 6 4 6 24
Atxy = 0, I =
1 The slope, from Eq.(3),
d) 3 N
FromEq.(1), C =0 85 = f = —-:;—I Ans
Atx; =0, v, =0 2
. Th . )
FomEq.(2): G =0 ¢ clastic e
U = 24EI[_X‘ + 4ax? - 6azxf] Ans

Contnuity conditions :
At a duy dv, wa

x =a, X = a; —_— 8 e -

! dy  dxy vz = ﬁ;("‘xz +a] Ans

L)

From Egs. (1) and (3), wa®

3 3 3 3 Vs = Uy = —(—4L
g e 6 == et T g A Ans

6 2
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12-21 Determine the equations of the elastic curve using
the coordinates x; and x3, and specify the slope and deflec-

tion at point B. El is constant.

2
El %’ = M(x)

1

W 3 wa
ForM,(x) = —'=xj + wax; ~ ——
: 2 T2
d*v, w wa®
Ere=l = - 22 ¢ waxy - X%
as 2T T
dv, wsi wai wal
Ele— = ~ 5] + —x] ~ =—x; + C
dx; 6" ! 2:; !
w4 way wal,
Elv, = RE7a e Balres Cx + G
2
For M) =0;  E1222 o
dxy t
a4 ¢
dxs

Elvy; =Cx; + Cy

Boundary conditions :
Atx =0, LATRNN
dx;

From Eq. (1),
0= -0+0-0+C;; C, =0

Atx =0, =0

From Eq. (2).
0=-0-0-0+0+Cy;; C =0
Continuity conditions :
Atg =a  xo=L-a; . _dv
dx dry
wa wa’ wa® wa®
—— o —— = =0y =+ 2
6 2 2 U
Alxy =4, x3 = L—g v o=y
+ 4 4 3
wa wa wa wa
c—t— =2 g .
24 6 3 g L+ G
The slope ¢
du, _ wa’
dx; 6EI
gy = I o wa
o T Ans

83}

@

A
p— LA I s
SE— 12\—‘L }—"::J
wx,
2

uJal *

1

of ——
3
3)
@)
The elastic curve
wx}
v =Eé—l[—xf + dax, - 6a%]

3
wa
Uy = —[4 -
3 2451[ X3 +a ~ 4L)
Ug = 1y = w“J( 4
neo = agple T 4L

-
N R - wat
b Mo = -Yx " wax, - <l

2

Ans
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12-22 The floor beam of the airplane is subjected to the
loading shown. Assuming that the {uselage exerts only ver-
tical reactions on the ends of the beam, determine the max-
imum deflection of the beam. EJ is constant.

Elastic curve and siope :

2
El‘—:—x; = M(x)

(LY

For M) (x) = 320x;

d*v
EI%2 = 320x
dxl‘ i
E® =608 £ € (n
dx,
Elv, =5333 +Cyxy +Cy ()]

For M; (x) = —40x3 + 480x; - 160

d’v 2

EIZ2 = _40x2 +480x, - 160 s
i R }y Mo=320%,
dvy 3 2

Er°2 = ~13332 + 24055 - 160x; +C. 3
I e RS 2248 %1 0(Xy-2)

Elvy = -3.33x} +80x3 - 80x} + Cyx +Ca @ . 2

N — 8ol

BoundaiyOCond:ons x » #& } M&(x) *320 XG-——:‘-
v = 1= - - L)

FromEg.{2), C;=0 ; 2’ %2 - -ﬁé f‘aﬂ)}_
320°° ~/60

Due o symmexwy,
-d—w—— = at x; =6ft
dx,
From Eq. (3),
—2880+8640-960+C; =0
C; =-4800
Continuity conditons :
di=d-—‘?- at xp=x =21
dg  dy
From Egs. (1) and (3),
640+ C; = ~106.67 + 960 - 320 - 4800
Cy =-4906.67
v =W al xn=x=2f
From Eqgs. (2) and (4),
426.67~-9813.33 = ~53.33 + 640~ 3209600 + C,
Ci =-53.33

= Ell(—a.aax; +80x ~ 80<% — 4800z, — 53.3%)
Venaz OCCUIS alx; =6 fL

~18.8 kip - fi*
Vouz =12 = —_—

Ans
N 236 El

The negative sign indicates downward displacement.
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12-23 The two wooden meter sticks are separated at their
centers by a smooth rigid cylinder having a diameter of 50 mm.
Determine the force F that must be applied at each end in
order 10 just make their ends touch. Each stick has a width
of 20 mm and a thickness of 5 mm. £, = 11 GPa.

F F F
X
0 “""Zt ;,—.z-_-'
——t
F 0Sm —L 05m 1F &

FL %
gr‘)nmuh

Slope at mid - span is zero, therefore we can
model the problem as follows :

d*v
El— = M(x)
ar

2
£ = Fx
e
51‘3='F*J+c. [4))
& 2
Ev=-F£+ClI+C1 2)

Boundary conditions :

¥ oo a x=L
&

From Eq. (1),
_F7?
0= FL +Cy
2
_pe
T2
v=0 at x=L
From Eq. (2),
_F7? 3
= FL +—FL‘+C1
6 2
FL?
G=-35

v= i(—):3 +3L%%~2L%)
6E!
Require :
v=-0025m a x=0

-0.025 = i(0+o-zL’)
6EI

0.075E7
3

where

I= ﬁ(o‘oz)(o.oos‘) = 0.20833(10"")m*

- 0.075(11)(10°)(0.20833)(10°%) -
(0.5%

F

1.375N  Ans
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*12-24 The pipe can be assumed roller supported at its ends
and by a rigid saddle C at its center. The saddle rests on a ca-
ble that is connected to the supports. Determine the force that
should be devcloped in the cable if the saddle keeps the pipe
from sagging or deflecting at its center. The pipc and fluid
within it have a combined weight of 125 Ib/ft. Ef is constant.

2P + F.~ 125(25) = 0

2P + F = 3125 Ldlla
A LTI
125 1L T

M= Py 222 P " \\‘—".J f

U oksfCTE jzeft ]

d2

EIZ:;Z = Px -~ l—izxz

125 Bfft v

dv _ P¢ 3 1 ¢4 ¥ 138 42
B = — —208335 + ¢y I } ) M=px-25x
Px F .
Elv = —6—-5.2083x4+C1x+ G, %
I F= 1963./0 15
At x = 0, v = 0. Therefore C; = 0 i P 254 R
la-;‘ ' ll-;" A
Atx = 125, v = 0,
P(12.5)?
0= —(—-—)-—5.2083(12.5)4+C1(12.5) (1
Avx=1250 2 -,
dx
P(12.5)2

0= Lﬁ-zo.saa(lz.s)hc, @

Solving Egs. (1) and (2) for P,
P = 58594 F = 3125 -2(585.94) = 1953.12 b

4
+TZE =0 2R(L)—1953.12 =0
12.54

R = 122461b = 122 kip Ans
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12-25 The beam is subjected to the linearly varying dis-
tributed load. Determine the maximum slope of the beam.
El is constant.

Wy Ky
X
d*v é 3
22 - M
B = M9 (5 )
=173 i3 3
. . X
Eldz_” =202~ l)Moo SULH A
a? 6L l:x !
Wil
2 4 (4
- 1"1(1”‘2-"—)4r ol )
6L 2 4
Wo Lza\»J a\j
Elv = —(—-=)+ Cix + C, 2)
A A :
Boundary conditions :

At x=0, v=0

From Eg. (2), C, =0

Atx=L v=0

From Eq. (2),
5 5 L3
o="L Ly, ¢ = Iwol’
6L 6 20 360
The slope :
From Eq.(1),
do _ wy LW X 7L“)
dx ° 6EIL 2 4 60
3
Opax = ‘—ig = ol Ans
dxlx=L 45E1

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.




12-26 The beam is subjected to the linearly varying dis-
tributed lodd. Determine the maximum deflection of the "o

beam. EI is constant, 'l lllll

e nn NN
» R E T T

!
d*v ! L i
EIZZ., = M(x)
AL VY L M
d* 6 .
!
L’Z x —
g - Yo XX iy ¢ ]
6L 2 4
2 Lol
o = 2EE _Eycxv g 3
6L 6
Boundary conditions :

v=0 at x =0

From Egq. (2), C;, =0 X

%)

v=0ax=L. Wl
6
From Eq. (2),
5 7 L3
_ﬂ’_(l.’__l_’-)+c,1,, C, =~
6L 6 20 360

15¢* — 30L%% + 7L* = 0;  x = 0.5193L

v = —% oL - 3t - LY
. 360EIL

Substitute x = 0.5193L into v,

4
Vman = - 0.00652wy L Ans
EI
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12-27 Determine the elastic curve for the simply supported
beam using’the x coordinate 0 < x < L/2. Also, compute the
stope at A and the maximum deflection of the beam, EI is
constant.

d*v
El — = M(x)
de?
2
EI.‘_i_v = —“/ié wox3
dx? 4 3L
EI.‘!_B = .Mi[-)-L-xz - -‘ﬂ)—xdﬁ- Cy 1
dx 8 12L
wol 3 wo s 2
=22 - X+ Cix+ G @
Ev==3% "L =
Boundary conditions :
1x=L D oo
Due to symmetry, at x = 2 I
From Eq. (1), ,
woL L2 Wo L4 . - — SWOL_
=__———-—-——-—+C9 C"' "LwoL
e S R TTATI ! 192 z
Atx =0,v =0 /,—’ i\‘\\
- —
From Eq. (2), L
0= 0-0+0+ Cy; C2=0 47/1’ r A/Zz
Wl Aol
From Eq. (1), “+ 4
dv Wo

a _ %241 - 16" - 5LY
dx 192FIL

3 3
6, = &l = _Swol’ _ Swol” Ans
47 drle=o 192E]  192E1
From Eq. (2),
v =% (4013 - 16 - 25L%) Ans
960EIL
A wolL!
Vmax = V| 1= Mo L 0 Ans
=3 120EI  120EI
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*12-28 Determine the elastic curve for the cantilevered
beam using the x coordinate. Also compute the maximum
slope and maximum deflection. £/ is constant.

- - 8
L 4
2
E[i.‘i:u(,); E[dz_“= - med
di? dy? 6L
du wox?
E[-= = - MoX
dx 2aL T 6 M
Erp= - ™%
Tv 120L+ Cix+ G 2)
Boundary conditions :
D mx=1
— = 0atx =
dx X
From Eq. (1),
0= - Mo . - Wl
WG G T
v=0axr=[
From Eq. (2),
0=~ M0_ys, Wl ; woL!
ozt DG Gos - %
The slope :
From Eqg.(1),
dv _ wy . 4
& Rt tD)
PR wol?
Tmax = = o—
drls=o 24E1 Ans
The elastic curve :
From Egq. (2),
_  w s 4
v = _ _ a4
lZOEIL( X + 5L°x - 4L%) Ans
L)
L]
Vpax = U = M
" =0 30E/ Ans
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12-29. The tapered beam has a rectangular cross section.
Determine the deflection of its end in terms of the load P,

length L, modulus of elasticity £, and the moment of inertia
Iyof its end.

Vb3 Ay 8% ok,
w e ox 1= 5ar= 2D

X
Moment function :
M(x) = ~ Px L
Moment of inertis :
b
[
Slope and elastic curve

2
El(x)% - M@

& . EdY e
E(%)XI‘E ==Px: Eb = PL

d )
E’“i = «Plx+ G @
Elv = 3%'1:’+ Cix+ @
Boundary conditions :

dv

~=s0ux=1L
dx

From Eq. (1), 2
=-PLl+C: G =PL

v=0, sx= L

From Eq. (2), -
s
- i G= -
2
PL 2 2
= (=t + Lx - L")
v ZElo(
%
ax=0 Uuna ™ “"0 = " 2%EL Ans

The neguiive sign indicates downward displacement.
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12-30. The tapered beam has a rectangular cross section.
Determine the deflection of its center in terms of the load P,
length L, modulus of elasticity £, and the moment of inertia
I, of its center.

Moment of inertia :

2b
W= —x
L

I= (00 = OO = (0

Elastic curve and slope : L) M) = -%X
d*v
EI(x)— = M(x)
()dxz ( =

EICZ=—4—I+C1 (1) ' A |
Elev = %I-‘.x} +Cix+C,y ) <@ :
“ |
Boundary conditions :

Due to symmetry :

é,=0 at x=£
dx 2

From Eq. (1),

2
0=££—+C1
8

The negative sign indicates downward displacement.
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12-31. The beam is made from a plate that has a constant
thickness f and a width that varies linearly. The plate is cut
into strips to form a series of leaves that are stacked to make
a leaf spring consisting of n leaves. Determine the deflection
at its end when loaded. Neglect friction between the leaves. !

Use the triangular plate for the cacuiauon.

M=Px

1. b 3
I= _15( LX)(I)

2

K
<

Px
E(G)(px?

-M—
EI

R|

K
)

<

o

2
br?

v
[

1

g
v
N

w

b,
2
“PPL e

be?

e K

6PLX1
= —x +C1x+ G
VS B T

dv

— =0 atx=1L
de
_-l2p?
' TEw
v=0 at x=L
6pPL?
C = ——
" Ebe
Whenx=0
6PL?
Vs =g AT
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*12-32 The beam has a constant width b and is lapered as
shown, If it supports a load P at its end, determine the de-
flection at B. The ioad P is applied a short distance s f[rom
the tapered end B, where 5 <€ L. EI is constant.

1= Loyem 0 = 2o wn’e s
12 3

dy M P(x) 3p x _k

T B EDbunfe 2Ebund P 2
_3F
2Eb an’@
dy 1

Yooy +C
i "(x)+ 1

where k=

Atx=L, Q:O.
dx
i =kH)
TR

y=—k(lnx)+£x+Cz
L
Whenx=L, y=0,
C;=kinL-1)
k
y=-klnx+zx+k(lnL—l)
Alx=3s,

y=—k(ln:)+%+l¢(lnL—!)

Since L>> s,
y=kin(Zy -k
k]

3P

L
=3 _mion A
Eoma sV A

¥
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12-33 A thin flexible 20-ft-long rod having a weight of
0.5 Ib/ft rests on the smooth surface. il a force of 3 {b is ap-
plied at its end to lift it, determine the suspended length x
and the maximum moment developed in the rod.

b

Since the horizontal section has no curvature the

the moment in the rod is zero. Hence, R acts at the end
of the suspended portion and this portion acts like a
simply - supported beam. Thus,

¥ PR/
EEIM=0  -3w+05)wWE) =0 ! j:;"‘_ﬁ = #
2 ) Wpax
'_ .

x=121ft Ans
Maximum moment occurs at center.

Mux =3(3)=91b-ft  Ans
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12-34. The beam is subjected to the load shown. Determine
the equation of the elastic curve. EI is constant.

M=-5<x-05°~(-12)<x-4> -3_(;-4 > (-12)<x- 12>—("—2-3)<x-— 1252

M=—5+12<x—4>-—3i<x-4>1 +12<.):—12>-|»%<:¢—12>z

Elastic curve and slope :
d’v
El—=M
a?

d*v 3 2 3 2
— =54 —4>-Z<cx-4>" +12<x- 12>+ <x=12>
EI S5+12<x-4> 2<.t x >

EI® «osr46<x-45? -% <x-43" 46<x-125% +-§ <x-125"+¢ m
dx

Elv=‘_——'r’x2 +2<x-4> -—-; <x-45*12<x-125° +% <x=125*+Cix+ G, {2)
2

Boundary conditions :
v=0 a x=4ft

From Eq. (2)
0=—40+0-0+0+0+4C; +C;
4C, +C, =40 3
v=0 a x=12ft
0=-360+1024-512+0+40+12C, +
12C, +C;, =152 4)

Solving Eqgs. (3) and (4) yields :
G =-24 C = 136

e [-258 +2<x-45° —% <x-4>* 42<x-125° +-§ <x-125>* -24x+ 136}kip-f¢  Ams
El
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12-35 The shaft is supported at A by a journal bearing that
exerts only Vertical reactions on the shaft, and at C by a
thrust bearing that exerts horizontal and vertical reactions
on the shaft. Determine the equation of the elastic curve. E/
is constant.

{ )y ‘
r,al . A -

. — Bb peattr F
i 1 a —
P(a+b
= ——<x-0> —(~M<x—a>) = —-f—bx+ (a )<x-—a>
a a a a
d*v
El— =M
dr
2
Eld—2 = - f-éx + ____P(a+b) <x—-a>
dx? a a
g o _Pba  P@D) g )
dx 2a 2a
Elo = - Pbe L PE*D) o L ax+ @

6a 6a

Boundary condition :
Atx =0,v =0

From Eq. (2)
0=-0+0+0+GCy; C, =0

Atx=a, v =20

From Eq. (2)
Pab
0=-2@v0+care; ¢ =2
6a 6
From Eq. (2)
v = -l[—fi’x3 + f(—ﬁ—bz <x—a> + -Pibx] Ans
EI' 6a 6a 6
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*12-36. The beam is subjected to the load shown. Deter-
mine the equation of the elastic curve. EI is constant.

eal‘h‘
6 ENfpn

U Gamim |
/'dSkN 27.7% &N

M= -g <x-05% ~(-125)<x-~15> —(—g) <x-1.5> ~(-21.75)<x—4.5>

M=-3¢+125<x~1.5>+3<x~ 15> 427.75<x~45>

Elastic curve and slope :
2
EIZ—; =M=-37+125<x-15>+3<x- 1552 +21.75<x~4.5>

EI% ==X +0.625<x-15> +<x~15>" +13.875 <x-4.5>* +C

Elv=-025c'+0208 < x— 155> +0.25 < x~ 1.5 >* +4.625<x—-4.5>* +C1x+ G, 1)

Boundary conditions :
v=0 a x=15m
From Egq. (1)
=-1.266+1.5C, +C;
1.5C; + C; = 1.266 2
v=0 a x=45m
From Eq. (1)
0=-102.516+5.625+20.25+4.5C, + C;
4.5C, + C; =76.641 3)

Solving Egs. (2) and (3) yields :
C] =25.12
G, =-3642 Ans

v= Eil[—o.zsx‘ +0208 < x~1.5> +0.25 < x~ 1.5 >* +4.625 < x~4.5> +25.1x~36.4]kN - m’
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12-37 The shaft supports the two pulley loads shown.
Determine the equation of the elastic curve. The bearings
at A and B exert only vertical reactions on the shaft. £/ is
constant.

A B
P ST S W S
Pl L] % T

2o 1 v 1 4pth
At 60 1h n 40'% o™ <0 éo

M=-10<x-0>-40< x-20> —(~110) <x~40>
M=-10x-40<x—20> +110<x-40>

Elastic curve and slope :
d*v
El-—— =M
dx*

2
Elg:; =~10x—40 < x—20> +110 <x—40 >

EIZ—E = =52 —20 < x~20>% +55 <x—40 > +C,

Elv=—1.66Tx - 6.667 < x—20>> +1833 <x~40>" +C;x+C; (D

Boundary conditions :
v=0 at x=0
From Eq. (1) :
G =0
v=0 at x=40in.
0 =-106,666.67—53,333.33 +0+40C,
C, =4000

v= Eil[-1.67x3 —6.67 <x—20>" +18.3 < x—40>> +4000x]1b - in’ Ans
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12-38 The, shaft supports the two pulley loads shown.
Determine the equation of the elastic curve. The bearings
at A and B exert only vertical reactions on the shaft. £/ is
constant.

'L/Z inl 24 ia 24 n
5014 10251b 304 275/

M= -50<x—0> — (~102.5) <x—-12>~80<x~36>
= -50r + 1025<x—12> ~ 80<x~36>

d*v
El e =M
a

d*v .
El— = - 50x + 102.5<x—-12> — 80<x~36>
dx

cx-125* -40cx-36>2+ C (1)

E'd_v = -25¢ + 1025
dx 2

25 5 1025
+ —_
6

Elv = - 27 <x—12>3-—?<x—36>3+()1x+ (o} [¢)]
3

Boundary conditions :
Atx=12in, v =0

From Eq. (2),
0= -?(m’ +0-0+120 + G

12C, + C; = 14400 (3)

Atx=60in, v =0

0= -2_35(50)’ + %(60—12)’ - 4—;)(60—36)3 +60C; + G
60C, + C; = 95040 @

Solving Eqs. (3} and (4) yields :
C, = 1680 C, = ~5760

The elastic curve. From Eq. (2),
vs= -’5[—8.33:’ F171<x~125" - 133<x-36>> + 1680x — 5760} b i’  Ans
El

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.




12-39. 'The shaft supports the two pulley loads shown.
Determine the slope of the shaft at the bearings A and B.
The bearings exert only vertical reactions on the shaft. ET
is constant.

M= -—50fx-0> ~ (~1025) <x~12>~80<x-36>
= -50x + 1025<x=-12> - 80<x~36>

23
EI% =M r -
B2 o sa 4 1025 cx25 - B0crm36> ] 127n) 24 in | 2877 "
@« 501k 1025lb 8o 27-5 2
E’% = ~ 258 + lo:'5<x—|z>‘-40<,_“>z+c‘ .
Bt = ’z?s“‘L.?“-lb’—?u-sbhc.n G @
Boundary conditions :

At r=12in, v =0

From Eq. (2),

0= -?33(12)’ +0-0+126 + G

126, + G = 14400 o
At x=6Qin, v = 0

25 102.5
0= --3-(60)’ v (60~12)° ~ —‘3-0(60-36)’ +60C, + G

60C, + C; = 95040 @

Solving Eqgs. (3) and (4) yields :
G =1680 G = 5760

du
BT =~ 257 + 51.25 <1257 ~ 40 < 13657 4+ 1680

At x= 12 in,

]
By = - (= 2 -
s EI( 25(12°) + 0 - 0 + 1680)

64 = e Ans

Altr = 60in.,
1
o=z (~25(80%) + 51.25(60- 12)* - 40(60~36)*+ 1680)

6120 - in®
B e——

6y
Er
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*12-40 The beam is subjected to the loads shown. Deter-
mine the equation of the elastic curve. EI is constant.

Zeif 4t.'p )
J l 4%ipft
¢ ﬁ)
— L7
Z'S"'Pg 8 8 3T5z7P

M=—(-25<x-0>-2<x-8>-4<x-16>
M=25x-2<x-8>-4<x-16>

Elastic curve and slope :
B o M= 250-2 <x-8>-4<x-16>
——— T = . — x— - x—
i

EI% =125 —<x—8>% 2 <x~165% +¢;

Elv=0417x"-0.333 < x—- 8>’ ~0.667 < x— 16 > +C1x+C;

Boundary conditions :

v=0 at x=0

From Eq. (1), C, =0
v=0 at x=24ft
0=15760-1365.33-341.33 +24C,
C, =-169

v= Eil[().um3 -0.333 <x-8>" —0.667 < x— 16> ~169x]kip- ft’

1

Ans
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12-41 Determine the equation of the elastic curve. E/ is
constant.

4 kip /A' . AK'P
& Kip-yt 6 kip-§
A ;-\) —-\‘ é \ (=4 !f’jfl
) * : Ira 7 7
[4 [d
g — 6):|1<I'L 6 kip T ‘_‘ 17 4 i
Lsn 8n 8n § 3t V3 T 84 .
0'S kip 4.5kip
M= -05<x-0> - (—6) <x~85% — (-6) < x~16>°
= ~05x+ 6<x—8>"+6<x—16>"
d*v
El— =M
dx?
2
EIEY = _05x + 6<x-85° + 6<x—165°
dxz
dv 2
BI— = - 025¢ + 6<x-8>+6<x-16>+C, 1)
Elv = —9'3—2§;.:3+3<;.:—t;>2+3<;.:-16>2+c.;.:+c2 %))
Boundary conditions :

Atx=0, v =0

From Eq. (2),
0=-0+0+0+0+ Gy C, =0

At x=241, v =0

0= -()—‘323(24)3 + 3(24-8)% + 3(24-16)>+ 24C;; C, = 80
The elastic curve :

v = -EI—I[-—O.0833x3 +3<x-8>2+3<x-16>" + 8.00x] Ans
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1242 The beam is subjected to the load shown. Determine
the equations of the slope and elastic curve. Ef is constani.

3 kN/m

HEREEN s i : isoum

1 — TTFLITTT
J —) ; 1711 |

) —-l H-‘l’- c 11T
t . | . | 4 kN / Kkal'l/m
05
M=—(—4. ~0>-3 <5052 =
(45 <x-0>-2<x-0> —(—10.5)«.:-5)—(73)<J.:—5>2
M=45c—1.5% +105<x-5> +1.5 < x— 5 >
Elastic curve and slope :
Eldzv—M 2
22 “M=45- 150 +105<x-5> +1.5< x5 52
dv 2 3
Eld—x =225x" -0.55 +525 <x-5>2 405 < x— 5 57 +C, )
Elv=0.75¢ -0.1255* + 1.75 < x—5 > +0.125<x-5>" +Cix+C, (@)
Boundary conditions :
v=0 a x=¢
From Eq. (2), C, =0
v=0 at x=5
0=93.75-78.125+ 5C,
G =-3.125
d_ -l~[2.25x2—05x3 +5.25 2 3
= , 23<x=5>"+0.5<x-5>*-3125]kN-m*  Ans
l A
v=—[0.752 -0.125x* + 1.75 3 4
T . A <x=5>740.125<x~5>* -3.125x)kN-m®  Ans
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12-43. 'The beam is subjected to the load shown. Determine
the equation of the elastic curve. E] is constant.

A
|
} on 150

¥

_ 116 3 1
M=-2(2)<x-0> —(—77.4)<x-9>—(—Z)(%sq)<x—9>3

M=-01111 +774 < x~9> +0.1111 < x=9 >*
Elastic curve and slope :
dZ
Elﬁ=M=—0.111113+77.4<x—9>+0.1111 <x-9>°

&
EIZ =~0.02778x" +38.7 <x-9>? +0.02778 <x-9>* +C,

Elv=-0.005556x" +12.9 < x-9 >’ +0.005556 <x~9>° +C,x+C, m
Boundary conditions :
v=0 at  x=9ft
From Egq. (1)
0=-32805+0+0+9C, +C,
" 9C +C; =328.05 @

v=0 at x=24ft
0=-44236.8+43537.5 +4218.75+24C, + C;,
24Cy +C; =~3519.45 (3)
Solving Egs. (2) and (3) yields,
C, =-256 C; =2637

1
v= ;z-l[—o.oossex’ +129 <x-9> 40.00556 < x~9>* ~256x+2637)kip- £  Anms
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*12-44. The wooden beam is subjected to the load shown.
Determine the equation of the elasticcurve. f E,, = 12 GPa,
determine the deflection and the slope at end B.

o kN
zEN/m

IRIRRERTRRER AN

-3

o* Z kN| e

2 2 -
M=-63<x-0>°—(-16)<l-0>—§<x-0>’ - <x-3>" 4cx-d5>

M=-63<-lﬁx-x’<-<x-3>’-4<x-—4.5>

Elastic curve and slope
ELY M =63 4162-2 + <x-35" —d<x-45>
a

Elé-vn—sk+8:’-f-¢%<x-3>’ —2<x-45>% +C, )
dx 3

.
2,805 .1..<x-3>‘-z<x~—4.5>’¢-C|x+Cz @
Efv=-31.5¢ 031 ll*ll 3

Boundary conditons
iv=0 a x=0
dx

From Eq. (1). &, =0
v=0 a x=0
From Eq. (2), C; =0

;‘i’..!.[-ﬂus.’—‘:d<x—3>’~z<x-45>’1 3y
& EI 3 3

4 3
ILPPEIN U U IS PO PYSVY TS 1% TL AN O B
veg R 3

I iz(o.znxo.w)’ = 1.067(107")m*
1
Atpoint 8, x=6m

0= JTISTS SIS0 4403r0--0705  Ans
8 iaen BT 12(10PXL06TX107%)

The negative sign indicates clockwise rotion.
-661.3 —661.5(10°)

e OL3UY) __ . _g0S170 = -S1.T M Ams
El 1200°XL067X107)

vy =

The negative sign indi dowaward di
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12-45 The beam is subjected to the load shown. Determine
the equatidn of the elastic curve. £/ is constant.

‘mf 28 kA
l‘ ﬁl
— ! ;
Lgm| 3m [7em?
4OkN 20 KN

M= -20<x-0>-(-20) <x~1.5>-(-20) <x-4.5>
= -200+ 20<x—-15> + 20<x-4.5>
d*v

El— =M
dx?
d*v
Elzx—z- = —20x +20<x-15>+20<x-4.5>
EIdv 12 2 2
= 102" + 10<x-1.5>"+ 10<x~-4.5>* + ¢ 1)
10 10
Elv = - ?xj + ?<x—1.5>3+-1§9<x—4.5>3 +Cix+ G )

Boundary conditions :

Due to symmetry, at x=3 m, Zx—v =0

From Eq. (1),
0=-10(3") + 1(L5)* + 0+ C;; C, = 615

Atx=15m, v=0

From Eq. (2),
10
0= —?(1.5)3 +0+0+67515) +C; G = —900

Hence,
1105 10 10
v = E—I[—?x + —j—<x—1.5>3+?<x—4.5>3 +675x— 90 kN - m®  Ans
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12-46 The wooden beam is subjected to the load shown.
Determine the equation of the elastic curve. Specify the
deflection at the end C. E,, = 1.6(10%) ksi.

.
A!é N lc 0 Tizis
e 4k
tx—g ! 9n bin 7. a'ah)/; /-6 &
f ~ i 6.3KP 5.4t A 'Pét

M=-03<x-0>-2(18) cx-05" -(-5.4)<x-9>-(-28) cx-9>2 1 0By | g
618 2 6 9

M=-03x-00148x +54 <x~-9> +0.4 < x~9 > 40,0148 < x -9 >

Elastic curve and slope :
dZ
El-d—x; =M=-03x-00148x" + 54 <x~-9> +0.4 < x~9 > +0.0148 < x—9 >>

d
Eld—: = -0.15x* = 0.003704x" +2.7 < x-9 > +0.1333 < x—9 > + 0.003704 < x~9 >* +C,
Elv=-0.05x" = 0.0007407x° + 0.9 < x~ 9 >° +0.03333 < x~9 >* + 0.0007407 < x=9 >° +C, x+C,
Boundary conditions :
v=0 at x=0 a

From Eg. (1)
C; =0
v=0 at  x=9ft

From Eq. (1)
0=-36.45-43.74+0+0+0+9C,

C, =891

v= Ei] [-0.058" - 0.000741x° +0.9 < x= 9 >° +0.0333 < x~9 >* + 0.000741 < x= 9 >° +8.91x]kip- f
Ans

Atpoint C, x= 18 ft

oo = —61229kip-f€ _ -612.29(12°)

=-0.765in. Ans
Er 1.6(103)(1—'2—)(6)(123)

The negaﬁve sign indicates downward displacement.
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12-47 Determine the slope at B and the deflection at C for
the W10 X 45 beam. E,, = 29(10%) ksi.

; «) .
s kip 10 1dp sap  SKP 10%* T=24pin%5 kiP

| le /|

" il § ) —_ 7
pI—— A ™ =
I et I e e SR 2|
10 i —f—10 1 —f— 10t —F—101
’l w0’ l Ve I 70"’ ‘[ 707
0%P 10 %7P
M=-5<x-0>-(-10)<x~10>-10<x-20>—{(-10) < x-30>
M=-5x+10<x-10>-10<x=-20> +10<x-30>
Elastic curve and slope :
2

E:g;"=M=—5x+1o<x—1o>—1o<x—2o>+1o<x-30>

£1£=—2.5x’+5<x—1o>1-5<x-zo>’ +5<x=3052 +Ci

Elv=-0.8332" + 1.67 <x— 102" =167 <x—20> +1.67 <x-30>" +C x4+ G, )
Boundary conditions :

v=0 at x=10ft
From Eq. (1)

0=-833334+0=0=0=10C, +C;

10C, +C; = 83333 @

v=0 a x=30ft
From Eq. (1)

0 = -22500+ 13333.33 - 1666.67 + 30C, +C;

30C) +C; = 10833.33 3
Solving Egs. (2) and (3) yields :

€, =500 C; =~4167

& L1257 45 <x=1052 =5 < x=2057 45 < x= 3057 +500]
dc EI

0=l 230 here 1< 248in* for a W 10845
dxles0  EJ
= 30004 6 0100rad=0574°  Ans
29(10°)(248)

v= E—'I(-oxsax’ +1.67 <x-105>° ~1.67 <x-20>% +1.67 < x-30>” +500x - 4167]

AtpointC, x=20ft

§3333 _ 833.33(1728) )
Ve = ez —— 2“0 20,200 0. A
“TTE T 900248 " ne
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*12-48 Determine the deflection at each of the pulleys C,
D, and E. The shaft is made of steel and has a diameter of
30 mm. The bearings at A and B exert only vertical reac-
tions on the shaft, F,, = 200 GPa.

(4 13
E 3
5 * H " r ,
J?-- = :
I— 250" mm —| —— 250 mm-‘ o 250 mm —-t 250 mm lZfﬂ,,,,] ZOmm q &5’0. 250 "~z|
N
150 N N 150N [BO¥ 150"  goN  1SoN 180

M=-(-180)<x-0>-150<x-0.25 >-60<x- 05> -150< x-0.75 >
M=180x~150<x—-025>-60<x-0.5>-150<x-0.75>

Elastic curve and slope :

2
EI%J—=M—180x 150<x-025>—-60<x-0.5>-150<x~0.75 >

EI% =90x* =75 < x— 0.25 >2 30 < x—0.50 >% =75 < x~0.75 >% +C; )
Elv=30x" -25<x-0.25> -10 <x=0.50 >* =25 < x-0.75 >* +C, x+x; @
Boundary conditions :
v=0 at x=0
From Eq. (2)
C, =0

v=0 aa x=10m
0=30-10.55-1.25-0.39+C,
C, =-17.8125

3}=El[90x ~75<x-0.2552 -30 < x—0.5 >* ~75 < x=0.75 > ~17.8125) 3)

y= E-1—1[30x3 —25<x-0.25 > —10 < x~0.5 >° =25 < x~ 0.75 >* —17.8125x]

_-3.984 _ -
ve = ‘1 93 o84 =-0.000501 m = ~0.501mm  Ans
cozsm BT 200(10°%(0.015)°
vp = V‘ = ————9—5'517———4 =-0.000698 m =—0.698 mm  Ans
r=0sm  200(10°)%(0.015)

3

-3.984
= = =-0. :
VE "L_O 5m zl 501 mm Ans (symmetry check !)

The negative signs indicate downward displacement
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12-49 Determine the siope of the shaft at'the bearings at
A and B. The shaft is made of steel and has a diameter of
30 mm. The bearings at A and B exert only vertical reac-
tions on the shaft. E4 = 200 GPa.

[ [ 2 13

] k r y
b e lﬁ 8
'—— 250 mm T 250 mm 250 mm l 250 mm 4 *

| 250 0m | < 5mm fas’n.] 250 ma
150 N 60N 150N /B0% 150N  goN  ISeN 180N

—3

M=~(-180) <x-0>-150< x~0.25 > ~60 < x~0.5 > —150 < x-0.75>
M=180x-150<x—0.25>-60 < x-0.5> -150 < x—0.75 >

Elastic curve and slope :
2

d
EId—xJ—v =M =180x~150 < x—0.25 > —60 < x- 0.5 > ~150 < x~ 0.75 >

EIZ—: =90x" - 75 < x~025>? =30 <x~0.50 52 ~75 < x~0.75 > +C, )

Elv=30x"-25<x-025>> 10 < x~-0.50 >* =25 < x—0.75 > +Cix+x, ¥))
Boundary conditions :

v=0 aa x=0
From Eq. (2) '

Cz = 0

v=0 aa x=10m

0=30-10.55~1.25-039+C,

C, =-17.8125
dv ]
d—x_-EI-[gox =75<x-0.25>* 30 < x- 05> -75<x-0.75 > ~17.8125] 3)
fiid -17.8125  -17.8125
e =-0.00224 o
drf, o El 200(1()9)4 (0.015)° rad = ~0.128 Ans

The negative sign indicates clockwise rotation.

=0.128° Ans

The positive result indicates counterclockwise rotation.
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12-50 Determine the equation of the elastic curve. Specify
the slope at A. Ef is constant.

L =

f
i | s
—Le nssnsunnil

. T,
M= - lwextos? -(—3“—"—‘)<x—L> —(—lw)<x~L>1 L
2 2 2

e}

2wt
= -lw + :-!-—WL<1—L> +lw<x-L>2 2, _b_\J_L
T2 2 2 v
d*v
E] — =
dxt
2
gy L s YexoL?
dx? 2 2 2
ead® o LTI Y S R P S ) m)
dx 6 4 6
Elv=-22+ WLyt + x>t 4 Ox+ G @
24 4 24
Boundary conditions :

Atx=Luv=20

From Eq. (2),
0= -2L* +CL+ G 3)
24

Atx=2L,v=20

From Eq. (2),
w 4 wl 3 w 4

= - —(2L ZZ@L - LY + —(2L -~ L)' + G (2L) + C:
24(2) + 4( )] 24( 1 2

4
= _3%9_ +UC + G @

Solving Egs. (3) and (4) yields :
3 1 L‘
o =" c--I

3 24

4
= —1—[--!-1‘+ WL<x-L>’ + X ex-L>* +!V—L—x—Zi Ans
El" 24 3 24
Atx = L,efrom Eq. (1),
3
7 P JL I ...
dx 6 3
3
Oy = ﬂ Ans
6EI
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12-51 Determine the equation of the elastic curve. Specify
the deflection at C. EI is constant,

— ’__ _I_I_m“‘

PR gl L
’ | ]
w
I ' FITTTTTTTT]
L
i 2 W s ey ex-Ls?
M= —5w<x—0> - )<x-L> (2‘”) I T T ’[ S
BRI WL aoL> + Y x>
2 2 2 3wl wL
d*v M Z 2
El — =
d
080 o b o P ers 4 deca-L>?
dx? 2 2 2
I ey R e LR )
e 6 4 6
wae wl 3 Yoex—L> +Cix+ C )
S ek # — <x=L> 4+ —<x-L> i 2
Elv 241 P 2 ‘
Boundary conditions :

Ax=Luv=0

From Eq. (2), 3
0=—1L‘+C|L+Cl ¢
24

Atx=2L,v=0

From Egq. (2),
0= -2ant + Whop -1y + 2L -0+ G + G
24 4 24
4
0= -%‘-»fzwwcz @

Solving Egs. (3) and (4) yields :

L} JwL®
=% G=-T
wl®  Twl!
v = l[_ix‘ P Y S L A T ]
EI' 24 4 24
Atx =0,
Twlt
Pbal Ans
Ve =T %4l
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*12-52 Determine the equation of the elastic curve. Specify
the slope at B, El is constant.

L = 4
i .
LITTITTIT]

171~

1
M= -%w<x—0>1 -(—3—';—L)<1-L> —(-Ew)<x-L>z TT1T1 .
1 5 3wl 1 2
= - + —<x-L> + -w<x-L>
AN 2 3wl wi
Z Z
2
E'd_u =
2
gt L M s Yy cxLs?
dx? 2 2 2
9% 2 ¥ e P 15t v BexLs? v G 4]
dx 6 4 6
Elv= -2 e ¥ i1 4 Xaxml>* + 0+ G 2)
24 4 24
Boundary conditions :

Atx=Lv=0

From Eq. (2),
0= -1 + QL+ G 3
24

Atx=2L, v=20

From Eq. (2),
0= -2on + M- e 2ar-vtraen + G
24 4 24

4
0= _3_“;_"_+2Lc. + G @

Solving Eqs. (3) and (4) yields :

3 Tl
C = wl' Gy = - 2
3 24
1. w4 wl 3 w P 2 Twl®
= —fe—ex* + —<x=L> + —<x-L> + —x-—}
v TS 24 3 2

From Eq. (1), at x = 2L,
w 3 3wl 2 w3 w o3
El — =——(2L)" + =—(L)" + —(L)Y + —(L
= 6( ) 7] (L) 6( ) 3( )
wlL?

8y == — Ans
12E1
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12-53 The shaft is made of steel and has a diameter of
15 mm. Determine its maximum deflection. The bearings at
A and B exert only vertical reactions on the shaft. E,, —= 200
GPa.

15 mm
A 1 [od " 8

Bis i = l

l—— 200 mm ~—l——‘ 300 mm ———-r 200 mm —-l o0 g g0 mm v, g"“!’l

250N BN o937 2SN Zo /4.3

M=—(-201.43) < x~0>-250<x-0.2>-80<x-0.5>
M=201.43x~250< x~0.2> ~80<x~0.5>

Elastic curve and slope :
2
El% =M=20143x-250< x-0.2>-80<x-05>

El% =100.72¢ - 125 <x-02>* 40 < x-055% +C)

Elv=3372" -41.67 <x-02> ~1333 <x-0.5>> +Cyx+ &3 n

Boundary conditions :
v=0 a x=0

From Eq. (1)

G =0

v=0 a x=07m

0=11.515-5.2083-0.1067+0.7C;
C =

dv_

& 1100727 - 125 < x- 02 >? ~40 < x- 0.5 >* -8.857]
& EI

ASSUME Vg,; OCCWrs &t 02m < x <0.5m

& 0= 11100726 - 125(x~ 02 - 8.857]
="'

24.28¢ ~ 50x+ 13.857 = 0
x=0.3300m OK

v= Ell[33.57x’ ~4167 <x-02>° -13.33 <x-0.5 >’ —8.857x]

Substute x = 0.3300 m into the elastic curve :

o
Voar = 1808N-m__ 1.808 =-0.00364=-3.64mm  Ans

Ei 200(10°)§(0.0075)*

a

The negative sign i
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12-54. Determine the slope and deflection at C. EI is
constant.

1S kip

=

1284}
e, =221
T

_1.-225 -33 750
1) = = (——=)(30)(10) = —=1
IR/A 2( 57 )(30)(10) 7]

1125
Gy = =<2
TR

Ocn = 12530y 4 1222515, . =5062.5 _ 5062.5
2 EI 2 & £l £l

Oc = Oc/p + 6,
5062.5 1125 39375
BC | D DY
EI EI EI Ans

45
Ac =ltepul - =11
/A 30|am|

1, 225 1, 225
tem = ~(~2225(30)25) + 2 (=222 =-101250
25 (25) 2( I7; X15)(10) 5,

Ac=101250_45 33 750, _ 50625
EI 30 EI ' E
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12-55 Determine the slope and deflection at B. EI is con-
stant.

j——

A Rl S0 Zan o 24l Do ang - 'B
L 4
p
A
PL<I‘ 0
Py L
A L

s —F p
Ans : }
:& ,—/'
FI
1 -PL -PL} _ PL?
9 = - —— L = — Jp——
b = 3B = 2 T
63 = 04 = 6,
PL? 2
Op = — + 0= PL Ans
2EI 2E7]
1 -PL 2
Ag = ltgal = A(—=)ND)(EL
B = |taal 2( 57 ) )(3 )
PL®
= — Ans
3E1
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*12-56. Determine the slope and deflection at B if the A-
36 steel beam is (a) a solid rod having a diameter of 3 in.,
(b) a tube having an outer diameter of 3 in. and thickness

of 0.25 in.
1,-PL -pI* PL?
= o(—)L) = — = =
O = 20 2EI  2El _
6p = Opa + 6a M
; 8
PLZ +0= ﬂl_'z. #'
=25t T 2 | "
1,-PL . 2L _ PL®
Ap = ltaial = E(-—El—)(l-)(‘?) = 3% .

!
Numerical substitution : /
P =500 L =5(12)= 60in. —PL

a)
EZ (¢, ,
1= Z(1s% = 39761in* .
__smor ; l,
gy = 060" __ _ 000781 rad Ans Pqu :
® = 2(29)(10%)(3.9761) =
P L
Ay o —SWEP) o310 Ans
= 3(29)(10°)(3.9761)
W I= ’z'(l.s‘ ~ 1.25% = 2.0586in*
oo SO0° ____ 40151 rad Ans
® = 3(29) (105 (2.0586)
Ao W) oeu3in. Ans
B = 3(29)(10°)(2.0586)
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12-57. Determine the slope at B and the deflection at C.
Elis constant.

3pa Hy Pa J
g N
ff = 1
i J |
b C) T q 1
4
[5¢
== - :% tan A
'L tan tars
EL
i |
1
£
-3 4o
EL £1
1 -Pa 1. 3Pa 2Pa
85 = Opa = —(— # [ = - Z—
3 'B1a 2( £ Na) 2[ £ 57 Ha)
2
- 3Pa Ans
EI
1 ~2Pa 2 1.~Pa
Ac = ~(a a) + —(a)l{(=)—
c 2( )¢ i Ha) 3( )[(2) El](a)
3
- 4Pa Ans
3EI
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12-58 Determine the slope at C and the deflection at 8. E/

is constant.

p

y
M= la l
|

n

7

N\
— )
c]'(

2Pa 1
[2) = (——_— + —(~—)a = -
cia = ( £ )a ( )

6c = Ocia
2

6 = 5Pa
2EI

Ap = |tpal

Pa 5Pa* _ 5Pa’

2 EI 2EI 2EI

Ans
1, Pa 2a 1 Pa 2a 2Pa a
= 5(—5)(0)(—3-) + 5("5)0(“ + '5‘) + ( I Ya)(a + 2)
3
- 25Pa Ans
6EI
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12-59 1L the bearings at A and B excri only vertical reac-
tions on the shaft, determine the slope at B and the deflec-
tion at C. El is constant.

L
]

1, Pa a Pa’
t = e (~—YMag}~) = ~—
ws = OO = "em
3 2
GB=|tNBI =Pa I6EI= Pa Ans
2a 2a 12EI

3
(a)= Pa Ans ﬁ

a
Ac =6pa=——
C=UBAEEr T  2EI
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*12-60 The composite simply-supported steel shaft is sub-
jected to a force of 10 kN at its center. Determine ils maxi-
mum deflection. E, = 200 GPa.

200 mm
~.

1\20() mm

_ 62.5 1.62.5 1,1000
Apax =ltprcl = —=2(0.2)(0.3) + = (—=)(0.2)(0.3333) + = (—— X(O.
wel == 0.3) 2( T )(0.2)( )+2( £ )(0.2)(0.1333)
- 19167 _ 19.167

EI  200(10°)(7.8540)(10~)

=0012m=122mm Ans
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12-61 Determine the maximum slope and the maximum
deflection of the beam. El is constant.

14
FT
.3
FL
1
Mo L MOL
Ocia —E—I(Z) 2EI
fc = Bcia + 0,
0= Mﬂ!‘- + 6,4
2EI
_MOL MoL Ans
6 ax = GA = —_ = T
™ 2EI 2EI
Mo L L _ ML
Apay = ltmcl ==2(ENF) = ——  AnS

El 2 4 8EI
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12-62. The rod is constructed from two shafts for which
the moment of inertia of AB is I and of BC is 2I. Determine
the maximum slope and deflection of the rod due to the
loading. The modulus of elasticity is E.

© _ 1 -PL L -PL L . -PL L _ -S5PL* _ SPL
bwe = 3P E(E)(z) G Tem T emn

8, = Byc + 6¢

5PL‘ 0= sm.z

Omax = = + Ans
mex = P4 T T6EI 16E1
Apax = 84 = ItAICI
—PL_L_L -PL_L.L -PL. L L L
= — — — <} + (—= ) =)~ —-
2(251)(2)(3) 2(451)(2)(2 ) GEPG D
_3rl?
16E1
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12-63 Determine the deflection and slope at C. E/ is con-
stant.

té— i ] Yo
I

1.~M M,IL*
toa = —(—ﬂ)(L)( L) =~ 60EI

Ac = “C/Al —- 2| tgal

_IM,L?
0 0
Ic/a =—( )(L)(L+ )+( )(L)( )= El
2
Mo L MoL*.  5M,L A
= -Q)(—=)="—— ns
A== " OCer )= =Skl
6, = |28/al - MoL
ATTL T 6EI
ML _3MpL
Ocia = —("'——)(L) +( )(L) T SEl

Oc =0c/s+ 64
_3ML MoL 4MD L
2EJ 6ETI 3ET
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*12-64 The shaflt supports the pulley at its end C.
Determine the deflection at C and the slopes at the bearings
A and B. El is constant.

L
r

! = = <§C * 8 <
_&_
Y

Nt

1,-PL _ P

-pL’
Icia = ‘(—Z'EI')( )( ) SEI
L M
Ac = ltcial = (Plizal %
2
3
= _I.)_lf_ -2 ffj—) = _@— Ans ‘ .
8E1 48EI 12E1 }
: : L
8. = {taral _ 'P__s_s—_i _PL Ans o=
AT L L 24EI

\ -PL_L. _-PL* _ PL
= 32'2E12°  8EI  8EI

G = —m — —— = Ans
b = 3E1 ~ 24E1  12EI

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.




12-65 The shaft supports the pulley atits end C. Determine
its maximum deflection within region AB. £ is constant.
The bearings excrt only vertical reactions on the shaft.,

{4

o~

tanA

zp
M
El "
= |
- -bt
tB/A
Opia = —
)
LeLyePLycly L
l(fi‘)x = MM; x = 0288675 L
2 EI €))
1 P(0.
Amax = -(w)(ozssms L)(g)(0.288675 L)
2 ElI 3
3
A, = 0.00822PL Ans
ErI
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12-66. Determine the deflection at C and the slope of the
beam at A, B, and C. El is constant.

186 = =28
rm=§(Ei)(6)(2) I

18 -2 22156
tera = .Z.(E)(s)(s +2)+ (EI ¥3)1.5) B

9. . _156_9(48) 84 , o 3
Ac=|!cm|-g|tm|— £ SED El ‘ 8
tanc
¢ M
- |tB/A| = Ans E1
=" "m ‘
1
1-8,.  -24_24 '\__
= = TR —
/4 EIX ) El Bl -8
EI
7 =9n/,4+94
24 8 _ 16 Ans
b= Em Em
1,-8 -3 —48 _ 48
=16+ S =2=2
Ocia 2(El)( )+(El)() 5 El
6c = Bcia+64
48 8§ _40
=X .02 -= Ans
b= Em E
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12-67 The flat spring is made of A-36 steel and has a rec-
tangular cross section as shown. Determine the maximum
clastic load P that can be applied. What is the deflection at
B when P reaches its maximum value? Assume that the
spring is fixed supported at A,

I= -113(1.5)(0.1)3 =0.125(10"%) in*

o, = A_l‘.'; 36(10°) = _14P(0.05) P=6431b Anms
1 0.125(107%)

1 -90
Ap = tgss = ~(——)(14)(9.333+3
B = In/a 2( 5 )(14)( )

_=1770 _ =7770

= =2.14in. Ans
Er 29(10%)(0.125)10-%)
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+12-68 The acrobat has a weight of 150 1h, and suspends
himself uniformly from the center of the high bar. Determine
the maximum bending stress in the pipe (bar) and its maxi-
raum deflection. The pipe is made of L2 steel and has an
outer diameter of 1 in. and a wall thickness of 0.125 in.

1.51t

[——3“3[1—--1 /c
A T'? ¥ ] 3
(=) I 3ft {rs/q 3f¢ |
TR s 7516 TSIb

@

Mpax =75(3) =2251b-fi

I= -;-'(0.54 - 0.375%) = 0.033556 in*

Omax = —— = —————" = 40.2 ksi Ans
I 0.033556

402ksi < oy=102ksi OK

225 1 225 1244.53 1b - i
Apax = tye = (Z5)(0.75)(3.375) + =(=)(3)(2) = = —
AIC (El)( ) ) 2(El)( )(2) E7
3
= 2M3012) o Ans
29(10%)(0.033556)
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12-69 Determine the slope at C and the deflection at B. E£J
is constant.

P
l ) M, =Fa P
A AiB 3Pa 3 :\/ B
— 1 7 :
4 a | g !
0‘/4
tana
NG *‘/A
EAI tﬂ,
| . :
< -pa
elal 2pe E1
ET F1
2Pa 1( Pa
oen=(-257 @ +3 (-5 J
_ _SPa* _5Pa* )
2EI  2EI
6¢ = Bcia
o =+-5P—a2 <T
Y-}
1/ Pa 2a 1/ Pa 2a 2Pa a
so=tiwal =3(-g)@(5 )+ 5(-5 J@ o+ 3+ (57 J@(e+5)
3
=25Ptz 1 Ans
6EI
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12-70 The bar is supported by a rolier constraint at B,
which allows vertical displacement but resists axial load and
moment. If the bar is subjected to the loading shown,

determine the slope at A and the deflection at C. El is
constant.

~

AC ic A P
]

~|

e~
o "P—"lﬂ'
(2
==
v
ofR

Yy, <,
tan #
'f' = Ae tan ZD
e P S
] [§
. tn 8 )t
\PL_L._ PL L. 3PL P
Bum = (Y=Y + (D) = A
e =G D 53 s /s
3 Z
T
0 = Oup ZE.
2 2
= 3PL Ans I
8EI

tyn = E(E)(E)(g) + 'Z—E—I(E)('z' +

1PL L L PLL L L 1iPL}
4

48E]
PL L L PL*
1, = —— =) —) = ———
om = 55D = TeEr
1ipL? pPL* PL?
Ac=tyg~lc/p= —————=-—  Ans

4RFEI  16El 6EI
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1271, Determine the maximum deflection of the shaft.
El is constant. The bearings exert only vertical reactions
on the shaft.

a 5

e SR
E ]?'—i

!

P r
k& '/& s |
1 7°
a2t a1 a "/z:l
P P [4 P
(a)
“an 4 /4"_‘
‘L“/‘—“— S e i
'Z“mc
M (b)
53
fa
ZEI
. { ;
T L] 1 '
(c)
Apey = e
= _’1 f E a 1 Pa a. a
. (ZEI)(Z)‘(Z P 5(.2?’)(5)(5)
. lipa’
48E7 Ans
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*12-72 The beam is subjected to the load P as shown.
Determine the magnitude of force F that must be applied at
the end of the overhang C so that the deflection at Cis zero.
El is constant.

1, Pa 1, Fa 2 Pa® 2F4’
taa = =(—)(2a +-(-—)2a)(=a) = ——
BA 2(251)( )a) 2( El)( )(3) £l 3B

-~F, 2
tom = %(255—[)(2@(2(:) + %(—ET“)(za)(a +2+

1 —Fa 2a, _Pa’ 2Fa’
2 E O T

3
Ac =tc/a— EIB/A =0
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12-73. Determine the slope at B and deflection at C. EI
is constant.

e 22}
J 3
-
e 020

Oavc = l(” %)@+ 12 “)(a)+(—)(a)————

2 2 EI 4E1
7Pa®
= = Al

83 = Bwc = ns

1, P
Ac =1twcl --( )( W2 )+5(-2—E‘11)(a)( a+2)+

9Pa®
=)= A
)(a)( a+ ) 5 ns
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12-74 The A-36 steel shaft is subjected to the loadings
developed in the belts passing over the two pulleys. If the
bearings at A and B exert only vertical reactions on the shafl,
determine the slope at A. The shaft has a diameter of

0.75 in.
1 3()(1)"’
3001
yid
i
W12
EZ
L/E/"’ | 24 i |/Z/'ﬂ
| T ]
{ T l ', o
342861 Joote WS pooth ‘ e T
“. {]
zz
171 48
Ioia = l(6'17148)(18)(30) + = ( )(11.08)(20.31)
EI
2160231.8
+ (—7-2-0-9)(1292)(431)— pudabdutubinbiid
EI
ftwal _ 514341 _ 51434.1
0 =" T TEI | 2900(5(0.375)*
= 0.114rad = 6.54° Ans
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12-75 The A-36 steel shaft is subjected to the loadings
developed in the belts passing over the two pulleys. If the
bearings at A and B exert only vertical reactions on the shaft,
determine the deflection at C. The shaft has a diameter of

0.75 in.

L LAY )

-1

3RM 0% i poots

1,6171.48 1 6171.48

)(18)(30) +

51 5( T )(11.08)(20.31)

t; = e
8/A 2(

1 -7200
+ (22D (12.92)(431) = 21602318
2 B El

, 54 2
B = (tga)(—) = —M
2 El
1 6171.48 1 6171.48
fa = - 18)(42) + 1
1A 2( E] )(18)(42) + 2( 57 }(11.08)(32.31)
1 -7200 1.-7200 2333287.6
+ =( )(12.92)(16.31) + ~(Z2%0 - 23332876
257 )( ) 2( E7 )(12)(8) E
AC =lojp — tB'= ;444L
29(10°)(2)(0.375)°

Ac = (0.987 in. Ans
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*12-76 The 25-mm-diameter A-36 steel shaft is supported
at A and B by bearings. If the tension in the belt on the pul-
ley at Cis 0.75 kN, determine the largest belt tension T on
the puliey at D so that the slope of the shalt at A or B does
not exceed 0.02 rad. The bearings exert only vertical reac-
tions on the shafl.

1,0.24T 1 0.24T
= (—— X ~(——)0.3)(0.2 + 0.1
Bra 2( Z7 )(0.2)(0.1333) + 2( = 210.3)( )

1 -150 0014T 125
—(——)(0.5)(0.3333) = - —
* 2( EI HO3) ) El Er
8, = I8a| _ 0028T » %)
0.5 El EI
1024T 1,0.24T
= —(~—)(0.2) + =(——)(0.3
B4 2( £ )(0.2) 2( Z7 )(0.3)
1 ~150 006T 375
It ik 5) = —— — = LS kN 2T
N 2( EI )(05) EI El

65 = Oga + 04

%= " m Tm m
! 125
_ 00327 125 @
EI EI
For 9,1 = 0.02 rad _M.
£I
From Eq. (1) :
0.02(ED = 0.028 T - 25 0247
0.02(200)(10°)(19.175)(10™°) = 0.028 T — 25 2T
e
| :
T = 3632N
— /50
For 83 = 0.02 rad Tz
From Eq (2) :

0.02ED = 0032T - 125
0.02(200)(10°)(19.175)(10™°) = 0.032 T ~ 12.5;

T =2787TN = 279kN controls Ans
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12-71 The 25-mm-diameter A-36 steel shaft is supported at
A and B by bearings. If the tension in the belt on the pul-
ley at C is 0.75 kN, determine the largest belt tension T on
the pulley at D so that the slope of the shaft at A is zero.
The bearings exert only vertical reactions on the shaft,

300 mm f— 200 mm Ai

qpvi

!

Lw!‘ﬂ 3ocmmy ZOOmm ¢

[ |

,.!; o oBTHE 4y 12T-03
52

tang
% =S Tana A/L\L
- g ~ . e g 1 ¥
—C-/5 Ca)m
£r

Require 154 = 0.

o = L2150
'BIA 2 El
10247 2
+ =(===)(02)(5)(02) = 0
2( £l X )(3)( )

2 1024T
0.5)(=)(0.5) + ~(——)(0.3)(0.3
¢ )(3)( )+2( £ )(0.3)(0.3)

T = 89286N = 8.93kN Ans
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12-78 The beam is subjected to the loading shown.
Determine the slope al B and deflection at C. E/ is constant.

M,
M, “Ts
) A
i» { Ty = ) M, c
e S B et
f'&._ \\f\c _ﬂ_ » == 3 5
b—a— b | et e )
ath
The slope :
1 Moa
a)(- a)
ws = 2l g+ ) b))(
+ b ybya+ 2 )
2 EI( b) ‘E‘%
_ Mo(b + 3ab - 22°) oLk
3 ¥
g, = w8 Mo(b3 +3ab’ - 2a%) l\—]ﬂ
*Ta+b 6EN(a + b)? FLCars,
Thedeﬂection :
—=27_)(b)(= ) Mot
feis = 2[E1(a b) 6El(a + b)
b
Ac = (;z—-l-_l;) tap —lcip 3
Mob (B + 3ab® — 2a°)  Mob
- 6El(a + b)? 6El(a + b)
- Moa b(b-a) Ans
3EKa + b)
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12-79 I[ the bearings at A and B exert only vertical reac-
tions on the 'shaft, determine the slope at A and the maxi-
mum deflection.

-

17Pa®
3EI

1 Pa a Pa
= —(— 3 Y+ (—N2 +a)=
tp/a 2(EI)(a)( a+3) ( I)( a)a+a

Ans
Assume A, is at point D located at 0 < x < 2a

1 Pa Pa Pa® Pax
= =(— + (— = —— i —
S 2(EI )@ (EI ) 2EI EI

Op =0=0p/s+6,4

Pa® Pax ,~17Pd®
0= — +—— +(~——m
2EI EI 12E1

11
xX=~—a
12
Pa 1 (a-ia) 481Pd’
- =(—)2a-— + = ns
Amax ltB/Dt (EI)( a 12a)[ 2 a] 288El
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*12-80 The two bars are pin connected at D. Delermine the
siope at A and the deflection at D. EJ is constant.

M
r £a
L 2L
¥ L '
I L) L L4 11 .
0ps = L Py = P2
BA T 3 2Er 4E]
GE = GEM + 9,4
2
0= —Pa + BA
4E1
2
A = Pa’ Ans
4EI
Pa’
he =04 = —
BT 4El
Pa’
Ap = Opa = — Ans
0= URA=
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12-81 A beam having a constant £/ is supported as shown.
Attached to the beam at A is a pointer, frec of load. Both
the beam and pointer are originally horizontal when no load
is applied to the beam. Determine the distance between the
end of the beam and the pointer after each has been dis-
placed by the loading shown.

15 kN 20 kN

.1 |

c 94 ﬂg
A 4

<
t‘/q

Determine t ¢,
1,30 2
t =—-(—=)(2} -
c/A Z(EI)( )(3)(2)

40
tea=— Ans
EI
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12-82. The two A-36 steel bars have a thickness of 1 in.
and a width of 4 in. They are designed to act as a spring for
the machine which exerts a force of 4 kip on them at 4 and
B. If the supports exert only vertical forces on the bars,
determine the maximum deflection of the bottom bar.

For Alfgom pfa te

4 £ip 4t7p
A I ('C 1 .
fkip 4xip
ii‘N“- -l‘ma.x_“’;{:[t‘/t
M
g 3

_ 48 1,48
A-“‘ = = (— —(—
5/c (EI)(IS)(9+ 12)+ 2(EI)(12)(8)

_ 20448 _ 20448 i
El  29010°)Lx41%)

2.12in. Ans
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12-83 Beams made of liber-reinforced plastic may one day
replace many of those made of A-36 steel since they are onc-
fourth the weight of steel and are corrosion resistant, Using
the table in Appendix B, with cajjow = 22 ksi and fyji0w = 12 ksi,

select the lightest-weight stecl wide-flange beam that will s kip

safcly support the 5-kip load, then compute its maximum

deflection. What would be the maximum deflection of [ c 8
this beam if it were.made of a fiber-reinforced plastic with — —

E, = 18(10%) ksi and had the same moment of inertia as the
steel beam?

S kip

l-—~——|on~-‘——-t---—--» [Ty pea— v(¥ip)
25
sl
My.x = 25kip- ft MEp-pt)
M, 1
Sieqd =._'“‘_"_=2_5_(ﬁ= 13.63 in’ .
Callow 22 t -

(4)
Select W12 x 14
(5. =14.9in> I =886in* d=1191in. &, = 0.200in)

Check shear :
Tmaz = "'{‘La'l = "——2:5—_ = 1.05ksi < Tajjow = 12ksi OK
A, 11.91(0.200)
UseW12x 14 Ans
1,25 2 833.33 kip - ft’
Amu. = |, = —(=)10(=)(10) = ——— ~
[tarcl 2(EI)( )(3)( ) ZI

Forthe A~36 steel beam :
833.33(12%)

= ——————=— = (.560 in. Ans
29(10%)(88.6)

max

For fiber - reinforced plastic beam :
833.33(12%)

= 3 in. Ans
18(10%)(88.6)

Amax =
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*12-84. Determine the slope at C and deflection at B. ET
is constant.

Support Reactions and Elastic Curve ; As shown,

Wa
M/EI Diagram : As shown.
PR ef 13
Moment-Area Theorems : The slope at support A is zero. The Z (. - 48
slopeat C is ‘ a a
' %

wa?

1
Oc =|8cy] = E(L;:-)(ﬂ)*'(TH-)(a)

- ﬁ—@
>4
tanc f‘ {G/A

The displacement at B is \\
-‘_M- —
st oo 2ol .
- 2a
+..l.(—.'_v£)(a) (34) * : I x
3257 )4 e %
4lwa* e
= ?E-l- { Ans <EL
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12-85. The A-36 steel shaft is used to support a rotor that
exerts a uniform load of 5 kN/m within the region CD of
the shaft. Determine the slope of the shaft at the bearings
A and B.The bearings exert only vertical reactions on the
shaft.

Z0mm < KNjmn 8

191NN NY
g_—‘; orm |11
o € et |

_1 /w,.q Xop e 1 /00mAl
7™ 750N

156 4,805
6o = (IO + A58 6875 )0.15)+ 3(3—5—5-—>(o 19=222

4805 4805

A . T =0.00306 rad = 0.175°
El P)E001)*

6a=0pn=

Ans
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12-86 The beam is subjected to the loading shown.
Determine the slope at B and deflection at C. £/ is constant,

v v
)
L—a—-LgJ—g—j_—u—J

w w
PITT T
AL C g
il L L 4

J NEA LA N l

q

[/}
9. tan 8
L
&\‘\‘\\~IAC =Z a’l Itsk_
( f'llu
.F& 8¢
pA 2
ggl
' 1 +—t N
2 2 3
Twa
6rc = 22 (% + 2% vy =
b =512 355 P
Twa®
6 = B¢ = A
B B/C 12E1 ns

wa’ a a, 2 wa® 5
Ac =tgc = ——(-)(0‘*‘2)‘* —(—)(a)(ga)

2ET 2 3 2EI
25wa*
= Ans
48E]1
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12-87 The, two bars are pin connected at D. Determine the
slope at A and the deflection at D. Ef is constant.

|

Al o o o
oy [ I
|
T

~
it~
=

-pL?
£ = o — =
BIA 2( 2EI)( )( ) ET
2
6y = ltaal _ PL Ans
L 12EI
Thedeﬂection :
L -PL L L
1 = (——— -+ = —_(—
DIA 2( 2EI)( )( ) 2( 2EI)(2)(3)
_ _pPO
4EI
3L
Ap = ltpsal — (3-)ltgial
L
3 3 3
T WL

T %E1 T 2 12EI  BEI
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*12-88 Determine the maximum deflection of the beam.
El is constant.

a } a _T- a ‘!
w w
¢ | A\ D
. <2 <
e e e
wa wa
A, T
¢ </E tanE
e E =S ‘H’é
tang
M
T tand

-we® - wa?d
ZEl 2E1

ﬁ)(f)(f) = 1"“_4

4 =
YT 2B 274 T 16E1

wa
Ap =ltggl = ——

16E]

2 2 4

-wa“ . .a a, 1 -wa 3a Twa

e = (=) Na+ =)+~ =)=
e = e Qe P3O =15

4
Twa wa®  3wa

Ap =2 {tpel —|tgrgl = ——= - —— ==
YE T 16EI 16EI  8EI

3wa*
8EI

Apax =Ap =
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12-89, The W8 X 48 cantilevered beam is made of A-36

steel and is subjected to the loading shown. Determine the
deflection at its end A.

10%p

IS Kp s L= PR

- .
L sn l 68 —}
kgt 1057 1.18¢7n*
Eh
A ( r L 8
" ] F
e T e
I
l,okif
@) .-
(g kirft +

_sPL’ _510)12’) _ 1800
O == e  E

TEl T 281 EI

1800 1080 _ 2880

+l A=@n +Mhr = -ET+—EI— =“E

. .2880(1728) _ 6933 in,
29(10°)(184)

Ans
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12-90. The W12 X 45 simply supported beam is made of
A-36 steel and is subjected to the loading shown. Determine
the deflection at its center C.

%0 EiP-ft 5 e zs0m
C 1 A4
k= = - I
1
bk | T
1 2 K 12" 1
I ZKDP
PL}  12024°) 3456 T
A =-——_——_—_ had P Ld
Bk = m ™ e - B v -
Mx o=
8200 = G - 3Lce 21 5a“f fe
S A.(u
Atpoint C, x=£‘ g"l".—
2
M) L 2
A & sk
Ackh = GLEI(4 3L( y+2L%)

ML? 50(241) 1800

" \6EI 16EI  EI

_ 5256(1728)

= . = 0,895 in.
BA)350) 895in.d  Ans
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12-91 The W14 x 43 simply supported beam is made of
A-36 steel and is subjected to the loading shown, Determine
the deflection at its center C.

2 kip/it
40 kip-ft
= =
i > m T B
I 101t T[ 10 ¢ {
2 kipf¢
\ LTI *
3 &
ro4¢ o f¢
"
2£p/5¢
e, -
4
(A), dokpft
SwL*  5(2)(20* 2083.33
(Ac), =2k 2230 _ 0
768EI 768EI EI
Mx , , 2 40(10) . 5 2
A = X =3Lx+2L") = ———[10" - 3(20)(10) + 2(20
(Ac), 6m( ) 5205 (20)(10) + 2(20)*]
_ 1000
EI
2083.33 1000
A = (A + (A = + —_—
c = (Ach + (A¢), £l £
- 3083.33 Kip- 0
EI
Numerical substitution for W 14 x 43, I, = 428 in®
3
= 3083.33(12°) = 0429 in. Ans
29(10%)(428)
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*12-92 The W14 x 43 simply supported beam is made of
A-36 steel and is subjected to the loading shown. Determine
the siope at A and B.

2 kip/

— 7

Ao C
f 101t ! w0 -f
2kipfse
%,
> Yaorp-tt

N L%, .
|‘ /o]t il 0 F€ 1

1}
2 kigf#
| ———
™ L =

©, + ©y
ﬁ ’ﬁjwkiﬁt
@‘)u (95)0
8y = 641 + 642
_ Twl? L ML
384EI  GEI
_ 3340%) L 4002)(240) _ 61,200
384 E1 6EI 29(10°)(428)
= 0.00493rad = 0.283° Ans
8y = egl + 932
_ 3wl? L ML
12861 3EI
_ O | 4002240) 92,400
128 E1 3EI 29(10%)(428)
= 0.007444rad = 0.427° Ans
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12-93 The W8 X 24 simply supported beam is madc of
A-36 steel and is subjected to the loading shown. Determine
the deflection at its center C.

A O
5 kip-ft

M:(-»J(A‘), PP

had e PR

X

I=828in*
IR+ =g )
S~ (Ar) L,
=~ ld ) (£}

SwL* _ 5(6)(16%) 2560

(Ach = =
T68ElI  768EI EI

M;
A= ——x—(x2 ~3Lx+2LY)

6LET
Atpoint C, x:-_]:
2
M%) 12
Ac), = —2 2
Yoy 3L( 2T

_MLE 5316%) 80
16EI  16EI _ EJ

Ac=(Ach +(Ac), = gﬂ) 80 _ = 2640
EI EI EI
- 26400728) oo
29(10%)@828) ™ Anms
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12-94. The beam supports the loading shown. Code restric-
tions, due to a plaster ceiling, require the maximum deflec-
tion not to exceed 1/360 of the span length. Select the light-
est-weight A-36 steel wide-flange beam from Appendix B
that will satisfy this requirement and safely support the load.
The allowable bending stress is oy, = 24 ksi and the allow-
able shear stress is Ty0 = 14 ksi. Assume A is a roller and

B is apin. . 4kipin L
e
n g Syt o
I 12 T’ - er#- bzt —T
Vaax =36 kip : (4 35#.'
My, = 162 kip-ft .
N
Strength criterion : 2 .
m -
0’.",,'=S—A.£.. }/I‘i 36
req'd
162(12) *®
24=
an‘d

Sreqra = 8l i’

Choose W16 x50, S=810in’, &5, =0380in, d=1626n. I = 659 in*
Check shear.:
v

Awe b

Tallow =

6
142 ————— =583 ksi
(16.26)(0.380) ki OK

Deflection Criterion;
wL! @esa'a2y 1
Vimaz = 0.006563 =0.006563(————-"".) = 0.7875 in. € —— =
: El 29(10’)(659)) in. < 360(24)(12) 0800 OK

Use W16 x50 Ans
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12-95. The simply supported beam carries a uniform load
of 2 klp/ft Code restrictions, due to a plaster ceiling, require
the maximum deflection not to exceed 1/360 of the span
length. Select the lightest-weight A-36 steel wide-flange
beam from Appendix B that will satisfy this requirement
and safely support the load. The allowable bending stress
iS Oayow, = 24 ksi and the allowable shear stress is
Taow = 14 ksi. Assume A is a pin and B a roller support.

fhe
Mmu =96klpft SLV
ST DNENNE 1 e 27
Strength criterion : Y gl tept
114, .
4 24 fopr.
Cajlow = = Lr
req’d
2= 96(12)
Sreq'd
Sreq'd =48 in’

Choose W14x34, S=48.6in’, 4, =0285in,

d=1398in, 7=340in*

Tallow = ——
we b

22 ____ 6.02 ksi
(13.98)0.285) _ CU¢kst OK

Deflection criterion;
Maximunm is at center,

vons = 2L 2 PAOG)

38451 " Pegiag 19 - @ -@haz?

-1 526)* L. 33(8)
384E]

4.571(10%)
29(106)(340)"0000464‘“ <—-—-(16)(12) 0533in, OK

JseW14x34  Ans
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*12-96 The W10 x 30 steel cantilevered beam is made of
A-36 stecl and is subjected to unsymmetrical bending causcd
by the applied moment. Determine the deflection of the
centroid at its end A due to the loading. Hint: Resolve the
moment into components and usc superposition.

L=170@*, I =167in*
- Msin )L  45Gin 30°)15%)(12)°

2E], 220006 - 02032in.

mazx

_ Mcos 6)L _ 4.5(cos 309(15*)(12)°
2EI, 2(29)(10°)(170)

4, =4/090322-0.15372 =0916in.  Ans

Ymax =0.1537 in,
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12-97. Determine the vertical deflection at the end A of the
bracket. Assume that the bracket is fixed supported at its base
B and neglect axial deflection. E is constant.

Pa’h b
EI

(A =8(a)=

A = pL® _Pd’
Ba2 =35 =361

Pa’h Pa’ _ Pa*(3b+a)
Ba= B+ {8k =5 Y3 = T am

Ans
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12-98. The rod is pinned at its end A and attached to a tor-
sional spring having a stiffness k, which measures the torque
per radian of rotation of the spring. If a force P is always
applied perpendicular to the end of the rod, determine the
displacement of the force. EI is constant.

v

[ ]

In order to maintain equilibrum, the rod has to rotate through an angle 9
(IM=0 o-pL=g g-FL
k

Hence,
A‘=La=[,(.'1')=P_L2
k k

Elastic deformation -
1

All - PL

k]

Therefore,

2
A=asar= Pl PL a1 L
k 3E7 k
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12-99. 'The pipe assembly consists of three equal-sized pipes
with flexibility stiffness EI and torsional stiffness GJ.
Determine the vertical deflection at point A.

_PE?® _pp

Ap= =1L
3E]  24El
Ly3
4E] e
¢
BRI
g=TL_@PLIXG) P ..
G 6 4G i =~
_Bgr
. 4y = 3EI "1
(802 = 65y = L.
208G
8
A =Ap+(A4)) +(Ay), , PA
PL* pI3 pp? <
= g S~ 1A
24El " 24E1 * 8IG &+ B,

1
=PL(——+ L) Ans

B A
12EI ' 8JG C%i:j '
) - @a),,
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*12-100. Determine the vertical deflection and slope at the
end A of the bracket. Assume that the bracket is fixed sup-
ported at its base, and neglect the axial deformation of seg-
ment AB. EI is constant.

M=—=—""=x2" Apns

==t = Ans
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12-101 The wide-flange beam acts as a cantilever. Due to
an error itsis installed at an angle @ with the vertical.
Determine the ratio of its deflection in the x direction to its
deflection in the y direction at A when a load P is applied at-
this point. The moments of inertia are /, and /,. For the
solution, resoive P into components and use the method of
superposition, Note: The result indicates that large Izteral
deflections (x direction) can occur in narrow beams, /, <1,
when they are improperly installed in this manner. To show
this numerically, compute the deflections in the x and y
directions for an A-36 steel W10 X 15, with P = 1.5 kip, 8 =
10° and L = 12 ft.

Vertical

Yos = Pcos8L® . = Psing L’
max SEI, . ma x 3E1y
Psind L}
e L, Ans
Venax Pcosd L 1
IEI, 4

W10x15 I =689in' I = 2.89in’

= L5(cos0?)(144)° _

ax 0.736in.  Ans
Ym 3(29)(10%)(68.9)
: o 3

gy, = LSCsI0C49°

3(29)(10%)(2.89)
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12-102. The framework consists of two A-36 steel can-
tilevered beams CD and BA and a simply supported beam
CB.If each beam is made of steel and has a moment of iner-
tia about its principal axis of I, = 118 in*, determine the
deflection at the center G of beam CB.

- PL _1506%) 1,280
48E1  48EI I

AG = Ac +A'¢;
10240 1.280 11,520

EI EI ~ EI
_ 11,520(1,768)
22,020(1,768)

= 2(0°)118) =5.82in.l Ans
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12-103. Determine the reactions at the supports A and
B, then draw the shear and moment diagrams. Use
discontinuity functions. E£I is constant.

P
X l
A M !
'K
—
)
DER0 A0 Anm
+TIF =0 A +B~Pno
4=F-8 @ v
Gm-o My + B, (L)~ P(LI7) =0 -}'bLP
m=Zogr @ S
Bending Moment M(z) : M SPL

M(x)s—(~a,)<x-0>—P<x-§> = B,x-P<x-’—'> 32
2
Elastic curve and slope : /;\‘
’ T
B i) e /
ac 7

2,
El -—"-n,x-r<x-;-'>

de
d B2 P L
Elz-flz—--z-u-?’m o)
Z P L
Elv-&s—-z<x-3>’¢c.:+cg “@
Boundary conditions :
=0 x=0
From Eq. (4)
G =0
v=0 n r=l
From Eq. (4)
L_ro0
0. B _PL
e et @

:—:-O o x=L

From Eq. (3),

e
Solving Eqs.(5) and (6) yields,

B23r Am 6=

1% )
Substtue B, = l_’er into Eqs. (1) snd (2),

i1
A,.I;p Ans M--’g' Ans
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*12-104 Determine the reactions at the supports A and B,
then draw the shear and moment diagrams. E/f is constant.
Neglect the effect of axial load.

£
P
| v | .
e’
L_s l 2 e T 22 1
3L i L 1 Aa 67
M
(rzm=o M+B,L-P('5‘)—Ma=0 (1> M,(x)( E_—ja—ve‘

+TEF, =0 A+8-P=0 @ X

Moment functions :

My
M) = Byxy — My A:—{]%l) My (x)
A

My(x) = Axp - M,

Slope and elastic curve :
dv
El~— = M(x)
= 2
d*v,
For M, (x) = Byx; - My El_dx 3 =8,x - My _,Q
' 27
ATIE . A VARY
) 2
Elv, = B M‘_“J‘+ Cix+ G
2 -7
ForM;(x) = Axy - M, Z7f
dzvz -
Bt = An - M )
2
oY AR M+ G apL
dr 2 A iy

3 3
Elvy ='i~/_‘2__M.+c,xz+c.
6 6
l ]
Boundary conditions : ]
Atx =0, du =0
dx

From Eq. (3), _4pL L7
=0-0+C; C =0 ﬁ

Aty =0, v =0
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12-10§ Determine the reactions at the supports A and B,
then draw the shear and moment diagrams. £/ is constant.

~EE =0 A =0 Ans A

+TLF =0 A+B -wl=0 1) F L
L - 2 WL
(+):MA =0 M +BL-wl(3) = 0 @

(M =0 B - wil)) - M) =0 My mmmmm e e

M(x) = Byx - -“%

]
|&
"
X
&
Q:h—r
X
v
-
™
o

51_='_.--E—+C, (©)]

4
v=22 " cirq @
6 24

Boundary conditions :
Atx=0,v=0

From Eq. (4),
0=0-0+0+C;: C =0

ax=L®o0
dx

From Eq. (3),
2 3
0= _* L. )
2 6
Atx=L v=0
From Eq. (4),
3 .
0= BE wh alL )
6
3 2
Solving Eqs. (5) and (6} yields : Qw‘
3wl ]
B, = — Ans
8 A
|
o j T
' e
Substimting B, into Eqs. (1) and (2) yields : — Il (4
= S_WE Ans 5
8
2
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12-106. The loading on a floor beam used in the airplane
is shown. Use discontinuity functions and determine the
reactions at the supports A and B, and then draw the
moment diagram for the beam. The beam is made of
aluminum and has a moment of inertia of 7 = 320 in*.

SIF=0 B=0 Anms

+TEF =0 A,’B,—VTL-O: 3,-12’-'_& 3]
2 2

Ceman M,#A,L-%—-o u,.%_,“_ @
Bending Moroent M(x) :

M(x)=—(°4,)<x—0>—;<x-§>‘-&;—;<x-§>‘
Elastic curve and slope :

El‘ﬂ'-mx)

d?

Elgz—‘-'m{,x-:<x—£>’

d? 2 2

Ed_":i‘i-!<x—’;>”q [€)] - 16,

&z 6 2 w=30Y:,

L*2Z¥0:n

Elve i{—i <x-£ > +C)x+ G [O)]
6 u 2 A 8

L]
Boundary conditions : %" x L i
v m x=0 ,l &y ! l/b 1
From Eq. (4) L
G =0 MIT
va0 & x=L i’---- "'"': B‘
From Eq. (4) rr |.}—
AL L M,
(1] 3 3“+C.L (5} A: 5, 8
1v=0 a  x=L
dx
From Eq. (3) V(lb}
AL W 6
4] 3 = +C; (6} 594 |

Solving Eqs. (5) and (6) yield :

PN 3
1)
7 -5 3
A= EVL G = :,awL F‘ .
Substitute A, into Eqs. (1) and (2): 734
57 2o
B, =l—2-8wL M'-IZS wl' 5u‘

’n‘,_-
Substitste numerical vakues ; M ‘ 1 Iﬂ)

7
A4 =00 =4D  Ans pryt)

B = :_;amxum’ 320612321 kip  Ams

ol {
M= %(aoxuo)’ = 1215000b-in. = 122 kip-in.  Ans \\I
12
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12-107 Determine the reactions at the supports A and 8.
El is constant.

—IF=0 A=0 Ans
L wyl
+TEF =0 A,+B,-f§—=o A,=%—B, (1

2
(rzm=0 MA+ByL-ﬂ;_£(;-')=0 My === -B,L @
Bending Moment M(x) :

wox®

6L

Elastic curve and slope : F !

E1%Y  Mex) M= é’r' dox {
ad 6L

M(x) =B, x=

A
+Cy (3)

Elv=——-T+C|X+Cz 4)

Boundary conditions :

v=0 at x=0
From Eq. (4)

C; =0

v=0 a x=L
From Eq. (4)

BL wllie,

6 120

i‘-’=0 at x=L
dx
From Eq. (3)
2 3
0=£7_L__!ﬁ.+c‘ ©)
2 24

Solving Egs. (5) and (6) yield :
1
By = —wpl Ans
AT
wol?
120
Substtute B, into Eqgs. (1)and(2):

C ==

A, =§waL Ans

My = —1-wol.2 Ans
13
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*12-108. Use discontinuity functions and determine the
reactions at the supports, then draw the shear and
moment diagrams. E/ is constant.

WS | x4m

W
A 3
- =T 2 ﬂ, <
4 =t
e ZL
LLRsG G0 Am Z——I &
+TELF, =0, A+B+C-2wLl=0 [4))
G oMo =0 A QU+B,IL)-29UL)=0; B, c2wl-24, () |A f —[
Bending moment M(x) 7 B’
M(x)--(—A,)<x-0>--'2!<x-0>’-(-B,)<x-l.> ’
. - (KN)
A E;’+B, <x~L> 20
Elastic curve and slope 12,
d’v \
EIIJ--M(X) I
diy w 1Sm ‘\ Z-5m !\]
EI—~ =Ax-=F+B, <x-L> 20 ~te
as 2 Msim)
dr 47wl B ops 9
Eldl- 3 6 +2 <x-~L>" +C, 3) 9
E wx' B, 3 ll 4 A
Eve T -t s L <ol 4GaeCy (@) ¥ r
Boundary Conditions :
v=0 a x=0 -7/
From Eq. (4)
C; =0
v=0 at xe=l
From Eq. (4)
AL W
0= 6 % +C L *)
_d_v= ot x=L
dr
From Eq. (3)
2 3
o:ﬁzi-%w:, ®
Solving for Egs. (5) and (6) yield :
wi?
Cm--
48

A= %wL = %(a)u) Z120kN  Ans

Subistinie A, inw Egs. (1) and (2)
By = ;wL = %(8)(4) =400kN Ans

[ =§~L = -2(3)(4)- 120kN  Ans
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12-109, Use discontinuity functions and determine the
reactions at the supports, then draw the shear and
moment diagrams. EI is constant.

3 i/t 24 Kip
c TV T Cx
Al oy .“ﬁﬂ J] T -
b———380 - nn | A1 57 67
3EF=0 G=0 Ans
+TZF,=0 A +B,+(C,-24=0 n
(+IM=0 18 C, +8B, -24(4)=0 ()]
Bending Moment M(x) :
3 2
M@ = ~~C,) <x—=0>—(-By) <x~ 10> - <x-10>
3 <x-105
=Cx+B, <x—10>——-i<x
Elastic curve and slope :
£ - My =Cyx+B, <x-10> 23 ex-105
T ’ 2
Eff=._—c”‘l+§’-<x—10>2—l<x-10>3+c‘ 3)
dx 2 2 2
EIv=C’)'}+l—;1- <x-10>° —-l<x—10>4 +Cix+C, @
6 6 8
Boundary conditions :
v=0 a x=0 yekip)
From Eq. (4) 707
C =0 /07
v=0 at x=10ft : 1
From Eq. (4) 356
0=166.67 C, +10C, ©)
v=0 at x=18ft ) /33
0=972C, +85.33B, — 512+ 18C; 6 M (kip-ft! /9.0
Solving Egs. (2),(5), and (6) yields :
B, =144kip  Anms
G =-107 kip = 1.07 kip 4 Ans | -+ \i/lL
C, =1178 3
From Eq. (1):

A =107kip 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.

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




12-110. The beam has a constant E;/; and is supported
by the fixed wall at B and the rod AC. If the rod has a
cross-sectional area A, and the material has a modulus
of elasticity E,, determine the force in the rod.

c
+TEZF =0 Tic+B -wL =0 T

2
(% EMz=0 mamm—fgﬁ- =0

wL?
My = —EL—TACL. @

Bending Moment M(x) :

M()=Tc *'12{

Elastic curve and slope :

d*v wxt
El— = M(x) = Ty x—= ~—
= () = Tyex >

[ 2

Be b}, .

dv  Ticd wi Yy M) =T, x-nX
El— =2 AC
2 . +C) 3)

4
Blv= 2= -2+ Cuxe @

Boundary conditions :
_DicL,
AE,
om Eq. (4)
T
—E 1y ( ucla
AE;
-EsL L,
C; = (———=)T;
2 AoE, Yic
v=0 a x=l,
3 m Eq. (4)
0= nCLls - WLI‘ + 5111 L
6 24
dv

(7: =0 at x=1L,
F  Eq(3)
5 2 3
Fro.. o=ﬁ%’i—‘_"§‘_+c, ©
Solving Eqgs. (5) and (6) yields :
_ MzEz WLI‘
" 8(AE2LP +3E I, L)

V=

)=0-0+0+C,

Tic )

Tic Ans
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12-111. Determine the moment reactions at the
supports A’ and B, and then draw the shear and moment

Ld
diagrams. Solve by expressing the internal moment in the l l l l l 1 1 l l 1 ﬁ
beam in terms of A, and M. El is constant.

A i miiomhRiGA NN B
Y f
M(s) = Ay x=My == ! . |
Elastic curve and slope : WX
dv we Ma R S ‘sz.
EIZ; =M(x)=Ayx"MA"7 Ax ‘_‘ l) M(x):,‘,X ’/44"5—
by X
o g A’—*J-MAx—ﬁiu:, )
dx 2 6 v
4
EIV=£—M——{—W—X—+C11+C2 (2) ﬂ.'_'
1
Wi
Boundary conditions : M -
2
4—‘—, = at x=0 %’L_-
dx /_-\
From Eq. (1) t f
€ =0 . \]
v=0 a x=0 - Wl - we¥
2 12
From Eq. 2)
C, =0
‘—1! =0 aa x=L
dx
From Eq. (1)
L? wL?
=2 -ML-— 3)
0==5~M
v=0 at x=L
From Eq. (2)
3 2 4
oAl M Wt
6 2 24
Solving Egs. (3) and (4) yields
wL
Sy
2
My = -W_L— Ans
12
Due to symmetry :
wlL?
= —— Ans
T 12
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#12-112. Determine the moment reactions at the
supports A and B. EI is constant.

Support Reactions : FBD(a).
Ans

LEF =0 A, =0

wol m

2o=0
+T2E=0; A +B——

woL(L - @
G, =0 B,L+MA--2-—(§) 0

Moment Function: FRBD(b).

G M =0 M52} (5)+ B =0

Wy 3
M(x)=B,x -~ -G—Ex |
How
z
Slope and Elastic Curve: ----N.-i-
M S
ch W
— = M(X
- - Ax L J L
0.3 . — -
El —— =B,x ==X ) z :
dx? 6L [z 1
gi-Ba _2otec 31 ;
=2 u )
B, 4 Wy § c 4 . -i-(_‘__:.x)x
Elp =L ——=x +(x +C
6 120L %x #
) —_—
Boundary Conditions : M(x)c ]l
) w X
Atx=0,v=0. From Eq.[4] . C,=0 ) |
v.
dv
=L =—=0. FromEq ;3L
Atx =L, o
B,L} wl' .
0= "2
B, L* wol
G=—7 "

Atx =L v=0 From Eq. (4],

3
- B,L3 wol! +(_B,L’ +w°L )L

6 120 2 28
_woL Ans
5=

Substimting B, into Eq. (1] and [2] yields,

2wol wol?
A= i ot M, = T Ans
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12-113. Determine the moment reactions at the supports A
and B. ET is constant.

1 . f—
et =
owa=0= 220 )(L)+(—>(L)+-(w—")(5) L
3 8EI 2
gy =0 Egy =0
AL wil?
0=22-my - @ W
8 M,
1AL —wI? L L ( *
=0=-GoyL D)+ = (2
ta/a ( )( )( )+( )( )( )+ 3( RET )(2)(8) A’
AL M, wL? M
O L— = o —
6 2 3% =2 £l

AL
f FL
A= 3wl N T
32 \ L
| = SwlL Ans €1
192
3wl Swl? wL L
YEMy=0;  Mp+m()-22= PS5 a
C /3 b+ =3 {€) 97 2 (4)
Wiy
'z,
11wL? Eg .—-~~{ ----- Ms
g = Ans I?b(_ i x_)
192 T
3ulbL
> by
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12-114. Determine the momentreactions at the supports ;
A and B, then draw the shear and moment diagrams. E/ is
constant.

fa/ =0 &,
- A (YA,
Oann =o=(-'ﬂ)('—‘)+3('—"—L)(L)+(—g'IA)(L) 4

EI'"3 2 EI
M‘ Mn M
) ( N £ |
0=M 141 m, ) 7 A '
3 2
‘1
o= Moy Ly L L VAL L Mayg L
o _0_(51)(3)(3+6)+2(AE’1 X )(3)+( = X )(2)
Mo AL M y &
0= =t T @ & ﬂ-
Solving Egs. (1) and (2) yieds : ul T -I 1
4,=0 ?
Mo M t
M, = 3 Ans Ff
T
Due to symmetry : ' } p y
T
M,
MB=_3°' Ans
v

(2 &z

w
wl
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12-1158 Determine the reactions at the supports, and then
draw the shear and moment diagrams. E/ is constant,

r C l" tan A P fan & j
A [Tre— ._".“:Q—_ oot B4 Ay ~

A
1
M
1AL -PL_L £ By
6 —0-—-—L —L —(—)(= . £z
cra (=)L) +( XL)+ 2(2EI)(2) } _A&
PL N
0—-A,L MA—-—S— 6))
1AL ~PL_L_L
! _0_- L L g
Cra ( )( )( ) ( )( )( )+ 2(2El)(2)(6)
0=A_’_I.‘_ﬂ_il‘_ ¥))
6 2 48
P P P
Solving Egs. (1) and (2) yields 8 j pE
A,=P Ans 7 I P
2 [Z; {?:L /<"/
PL
My =— Ans
8 v
3
Due to symmetry : P‘/z
i
B,=§ Ans |
PL 7 P

MB—? Ans
M J2R 2

3 8
AN AN
N7 Ve N}
T PO

G =P Ans

L

8
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*12-116 Determine the reactions at the supports, then draw
the shear and moment diagrams. ET is constant.

k! 5K|P
b N R
. ‘\f == = = ‘
f—an—4 61t - 6 +—an—j | L L ‘f
Tl ¢ 7 67 141
skip " 5 tip
1 -30 =720 l =
(taBh =-2-(E;')(6)(4+4)=—E ;-E-\\\__,/ IE S e
§ Kip

1 104, 20, 333334, tans
= —(—ZY10)}(—) = ———2
(o) 2 E o 3) El (% 2,;/3 o

tys =0=(taa)r +(tasB)2

_-720 333334,
EI EI

0

A =2.16kip Ans
Due to symmetry :

G =2.16 kip Ans
B, =5.68 kip Ans

y(kip) ” S kir g kip
2
o 1 1
‘Z—J/L b il =568 kip kP
284 ’
M([f/"ft )
84 864
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12-117 Determine the reactions at the supports, then draw
the shear and moment diagrams. E/ is constant.

My Mo

Require :
M, L 1 -AL 2L
= =-——~L—+——'—(L(‘—)
tap =0 (EI)( )(2) 2( EI) ) 3
3
0= M - AYL A = 24—0 Ans
2E1 3E] 2L
Equilibrium :
3M
ﬁmm=o; 2 -G =0
2L
3M,
= — Ans
G 2L
M, 3M,
-0 2 270 -9
B, = 3_%’_ Ans
L
+IF =0 C =0 Ans

tﬂ/g=a ;

BT
ET
|
-AgL
EFT
2 4
m(l l)m
I 1
I Z A "]
by
v
aMo
2L
aM. :
A
Mo Mo

<

M
F2
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12-118 Determine the reactions at the supports A and B,
then draw the shear and moment diagrams. EI is constant.

L—
—-PL L 2L 2L -2PL 2L L 4L 2prL?
(tarah = E(EE—I_)(3 )(? ?) 5(—-3?)(——)(— ?) =SBl
B,L? PP
(aia)e = —(——)( )( L)< = tanh " 4
= f‘/A =20
ta/a = 0= (18,41 +(wa)2 tang
p it ¢
0o 2PL BL tat " - Wau),
9 ~ -~
EI  3EI (o), tan A A
2 Lan 8 M, Byt )
B, = -:;P Ans EMI 0 ,Jﬁ'\‘
From the free - body diagram, p—t—+ +
PL {& ,
MA = ? Ans SEL
4 M +
A=5p  Am m L
A=0  Ans 4'
v ET3¢
# £
- P L P
5 e 5 | r
M 2aPL “X
_EL; g M |A = iP P
g Y i 5P
{ \
T 1 T
-£L
£=
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12-119. Determine the value of a for which the maximum
positive moment has the same magnitude as the maximum
negative moment. £/ is constant,

-P(L-a) + 2L-a)

-P(L-a)*Q2L +a)

1
(k= E(T)(L ~a)(a )=

6ET

1AL A, AL
(twe) —2( £ WLX 3 )_3—EI-

twr =0=(typh +(tp):2

0= -P(L-aP*2L+a) +A,__L’

6E1 3E1
_P(L-a)’(2L+a)
As=—wp —
Require :
1My} = M)
Pa(L-a@L+a) _ Pa(l-a)L+a) £
213 - 2 4 (Lo
2L | 10 = ira)
a*+2a-1*=0 —J}
a=0414L Ans !
2(L-a)%2¢14) Pz,
J%—az 3 i (3t%a;

My M= fale-ar(eera)

VT2
B

Mb;%':) (t+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.




*12-120. Determine the moment reactions at the supports
A and B. El is constant.

a b
tana /fu
A % 8
L ‘

P

Reawle 1, Pb M, o
1 AL 1 Pb M e —
Oz = 0= E(-ET)L + 2( El)(b) + ( El)( ) 5 — _
AL* - Pb* —2ML =0 w
A
1AL 2L 1 Pb b £ Mt
=3\ Y (=)L - ) Iz
tyg =0 = -2-( El WLX 3 )+ 2( EI)( )¢ 3 /A
My, L
—AN (=
+( EI)( )(2) ;
!
24, 1° - 3PBL + PB — 3L =0 @ ™ -2
A
Solving Egs. (1) and (2) yields : 1 -
- ——
M, = _’;b_z_(fj—ﬂ; L-b=a %
Pab? " .
MA = Lz Ans L:‘T
¢ ) My
Pbt L "
4 =L+ 2a) L2 2 ran)
Equilibrivm : ,
Pab®  Pb M. =0
+IMy = O ‘zz - (gL + 24 + Pb - My

PbL* - PVL - Pal?
_ PbL’ - PVL - Pab

Lz
Pb(a + b)* — Pb*(a + b) - Pab’
= LZ
2
= fa_l_) Ans
L2
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12-121. The assembly consists of a steel and an aluminum
bar, each of which is 1 in. thick, fixed at its ends 4 and B, and
pin connected to the rigid short link CD. If a horizontal force
of 80 Ibis applied to the link as shown, determine the moments
created at A and B. E, = 29(10%) ksi, E,; = 10(10?) ksi.

«IFE=0 Py+P,-80=0 1
Compatibility condition :
A=Ay
P, L} _ PuL’
3E. L 3Eala
»3 (29)(10°)()(1X0.5%)
Py = ('—E “LY(Par) = ——_—LZI—_—T—P'
Eotlal (10)(10°)(53X1X(1%)
P, =0.3625 Py v}

Solving Egs. (1) and (2) yields :
P, =5872b P, =21281b

M, =P, (30)= 639 b-in. =0.639 kip-in.  Ans
My = P,y(30)=17611b-in. = 1.76 kip-in. ~ 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.




12-122 Determine the reactions at the supports, then draw
the shear and moment diagrams. EJ is constant. The bear-
ings exert only vertical rcactions on the shaft.

w

w
s " E —— | S—— - n]
A I l; Bl < % T 3
A ’ 1
!~ L -.L L——J A % ki
A 2 WLy swrt
768EI  48E] oy
. _ B(2L)® B T
48EI  6EI &
wrl
Require : W
=A-A A . ¢
+h o0=a-a ) ol ey
0= 5wl B L v
48El1  6EI 2
\ e
B = wLl B
), = 8w Ans ':-,_—-]
L
L s R
Fzm =0 WL(D) = Swl(L) - G(2L) = 0
M
wL wL
E e = —— A )
& 16 16 s %
+TEF =0, -wL-Z+ZwL+4, =0 !
16 8 -aL
7
A = RWL Ans
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12-123. The A-36 steel beam and rod are used to support
the load of 8 kip. If it is required that the allowable normal
stress for the steel is o,0» = 18 ksi, and the maximum V

deflection not exceed 0.05 in., determine the smallest diam- —[
eter rod that should be used. The beam is rectangular, having h
a height of 5 in. and a thickness of 3 in. i

ar - ab l——l ll—-——-l

FG)12) (8- F)sy -
AE 3EGHEXNSP

Assume rod reaches its maximum stress,

F
o=—=1810°
p (10°)

18(5X(12) _ 1179.648(8 - F) F
E E 4« r
F=7.084 kip ' \%‘: Id,
' F

Maximum stress in beam,

Mc _ (8-7.084)(48)(2.5)
I 5(3X5P

o= =3.52ksi < 18 ksi OK

Maximum deflection

5= 51._’ _ __(8~7.084)48)
3EI 3(29)(10°)(5)3)(50°

=0.0372in. < 0.05in. OK
Thus,
7.
a=T084 0.39356 in? = 1 7 42
18 4

d=0.708in. Ans
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*12-124. The beam has a constant E, I; and is supported by
the fixed wall at B and the rod AC. If the rod has a cross-sec-
tional area A, and the material has a modulus of elasticity
E,, determine the force in the rod.

w

"'*:-':rf'r«_v%

h

(STt

LI\_*_‘
4
Ay =2 s, o Tl
8E I ArE,
|
O = _LCL? wt :
3E; I
By supetposition :

= A=) -8,

Tacl: _ whi  Tiel}
AzEz 8E1]| 3E111

L, Lo owl

Tac( =) = —
AZEZ 3Ell| 8E1]1

- 3wA E; L}
8[3E| 11 Lz + Az EzL?]

Tic
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12-125. The assembly consists of three simply supported
beams for which the bottom of the top beam rests on the top
of the bottom two. If a uniform load of 3 kN/m is applied to
the top beam, determine the vertical reactions at each of the
supports. E/ is constant.

¢ = 86"
So=b+86:+85

wil/3) 3 PO
&, = ——2((LI3Y -
\ =%l ((LI3) - 2UL13Y +L°)

Sa L=8m, w=3kN/m

5 o 139062 I =

V= —r M &i'”\

JPOLGL) 2 Lo 1 -
& “eEIL) (L (31-) (31-)) &

3om
SaL=8m, PaR I3 __.?:7,
6]37.3:R 1 _g_ ‘1
A~

_PADGD 2 2,0 1.

&= =g ¢ -G-GO

Sa LaBm, P=R

- 8428 R 1

& El

Thus,

+
e $ 4
139022 1314R_B428R _R(E} 2
B H  H %" ? g}}g
R=6850KN + R

- 5P b e

A =8B, =9-6850=21SkN Ans b )
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12-126 Determine the reactions at A and B. Assume the

support at A only exerts a moment on the beam. E/ is con-
stant.

A 7 ( TJ B
‘/L ‘/p ﬂ:
L P s
= 1
== »
pL? 6.) _ ML i | e '
(O = _S_E_I; (84)2 EI -
i
By superposition : P
0= (OA)I - (GA)Z -
<(5’.), -7
PL* ML ="
0=<5 " E +
PL Ans Tt~
My = — H( — __..__j,
8 AU 1
Equilibrium
PL PL Mz =0
(+):Mg = 0 ry -
3PL
My = __8_ Ans
+3F, = 0; B, =0 Ans

+1T5F =0; B =P Ans
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12-127 The compound beam segments meet in the center
using a smooth contact (roller). Determine the reactions at
the fixed supports A and B when the load P is applied. E/

is constant.

' g
A } R
it ot e 3 S - 1
A,( Z L——-— ::::"_‘-_4-} B,
Mgy }& 4 Rj Mg
P-R)L* RL®
AC D e—————— T —
3El 3El
r=F
2
Member AC :
IFE=0, A= g— Ans
LF =0, A =0 Ans
IM, =0 M, = fzé Ans
Member BC :
IF =0, B = -}2—) Ans
LFE =0 B. =0 Ans
IM;=0; Mg = 5211 Ans
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*12-128. Each of the two members is made from 6061-T6
aluminum and has a square cross section 1 in. X 1 in. They
are pin connected at their ends and a jack is placed between
them and opened until the force it exerts on each member is

500 Ib. Determine the greatest force P that can be applied to P
the center of the top member without causing either of the A j
two members to yield. For the analysis neglect the axial force E
in each member. Assume the jack is rigid. d R
8g = 8¢ s - 60

[P~(R+50 )L’ (R+50 )L P
48 EI Ty P~(RASe ) ‘\%ﬁ'p
i

P =2R +100 lK-rSo

= e

R==-50 -

2z

Maximum moment occurs at center of each member.

Top member :
1 P
Muax = 5[(}’-(3—50 +56 )}(6)(12)=18 P
Bottom member :
1_P
My = E[(-2~—50 +50 )j(6)12)=18 P

Both memberss will yield at the same time.,

Mc
Omaz = —
I
1
37010°) = o).
Lay

P=343 1 Anc
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12-129 The [ixed supporied beam AB is strengthened
using the simply supported beam CD and the roller at F
which is set in place just before application of the load P.
Determine the reactions at the supports if EJ is constant.

& = Deflection of top beam at F

&'r = Deflection of bottom beam at F
5 = 85
b %f%s—) ?ﬁu) G -3LC)+ 2% =
ST
8PL-48M=90L (1)

9.4:0'.4'*'0“,4 =0

G MM e-or
6EI 3EI  16EI
8M=(P-Q)L )
Solving Eqs. (1) and (2) :
M=QL/16
Q=2P/3
S=P/3
R=P/6
M=PL/24
Thus,
My = M, —iPL Ans
AT
1
A =B, =-P Ans
6
1
(:y =Dy = 5 P Ans

S

;ﬂ.@

L_.:.__i_%

2G) 2l
48EI

M

';'”—4

‘1’

Y, by "
Lfr\,q#)

R#P—% E

L/+

g=(P-2)/,

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.




12-130. The 1-in.-diameter A-36 steel shaft is supported by
unyielding bearings at A and C. The bearing at B rests on a
simply supported steel wide-flange beam having a moment
of inertia of I = 500 in*. If the belt loads on the pulley are
400 Ib each, determine the vertical reactions at A, B,and C.

. 4
oo™
1]
)
\.‘__j{_ ===
8oo
For the shaft :
* o
8003)(5), 2 .2 13200 PP ~——
e il 5t 32 4 10%) = ~
(A 6EI,(10)( 5° -3 +10%) L
bt /
_B,10%) _203833B,
o = s EJ, .
l ’
For the beam : — -
A _B,(10%) _ 208338, j- S _,,/ﬂ
Y El 5
Compatibility condition :
+1 A =@ ~ (A
208338, 13200 208338, 4+ {3 7] & j
Y Y T

k= i’ (0.5)* = 0.04909 in*

20.833B, (0.04909)

=13200-20.833B,
500

B, =6341b  Ans
From the free - body diagram,
A =243Db Ans
G =7681b Ans
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*12-132 Determine the deflection at the end B of the
clamped A-36 steel strip. The spring has a stiffness of k =
2 N/mm. The strip is 5 mm wide and 10 mm high. Also, draw
the shear and moment diagrams for the strip.

SON

200 mm
Im@‘?ﬁ.‘ﬁ.‘ IR CE R s

B

k=2 N/mm

son ]L LIS 50~
7(,?:/%/-1 ‘}-_ _ 3 T E_'_A
24 T~ [
4]7»0"’ sott 1 =
Prid
V(N
o P
r J_ 1 ~~_ _l_@.)
—r T ; ~ 1
M(Nim) " ‘: ______ - :Eil)
|
e 1
ﬁ;’= kdy

I= 115(0.005)(0.01)3 = 0.4166 (10°) m*

3 3
(A = PL . >0(0-2) = 0.0016 m
3EI 3(200)(10°)(0.4166)(10°%)
3 2000A5(0.2°
(Ag)z = PL . S 5(0-2) — = 0.064 Ap
3EI  3(200)(10°)(0.4166)(107")
Com patibility condition :

+1  Ap = (Ap) - (As):
Ag = 0.0016 — 0.064Ap

Ag = 0.001503 m = 1.50 mm Ans

B, = kAp = 2(1.5) = 3.00N
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12-133. The beam is made from a soft elastic material hav-
ing a constant ET. If it is originally a distance A from the sur-
face of its end support, determine the distance a at which it
rests on this support when it is subjected to the uniform load
wy, which is great enough to cause this to happen.

o wy

.. - We
v F-’,l €
F‘

The curvaire of the beam in regi i
fegion BC is zero, therefore there is i . .
The reaction F is at B where it touches the sy o bending momentin the region BC.

e pport The slope is zero at this point and the deflection is A

A= oL-a) RUL-g)
8EI 3ET

¢ = wo(L~a)’ _R(L-ay

! 6EI 2EI
Thus,
8AETJ
R=(=——)!" Ans
0
\ L-a=(T2AEL e
. Wo
3
. 4
a=], —(y.l) Ans
Wo
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12-134 The beam is supported by the bolted supports at its
ends. When loaded these supports do not provide an actual
fixed connection, but instead aliow a slight rotation a before
becoming fixed. Determine the moment at the connections
and the maximum deflection of the beam.

PL? ML ML

pPI?
M=(——-a)(2E
(16EI @) (2ED)

M:(_}z‘.-—z_E!a) Ans
8 L
3 ML 2
Apax = A-A'= '}-)'L—' "2['—'(—2-)' [(L/Z)2 "'g-{‘— +2L2]]
48EI 6EIL 2

PL}* L? PL 2Elx

48E] 8EI 8 L

PL® alL
+ — Ans
192EI 4

max
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12-134 The beam is supported by the bolted supports at its
ends. When loaded these supports do not provide an actual
fixed connection, but instead allow a stight rotation a before
becoming fixed. Determine the moment at the connections
and the maximum deflection of the beam.

e |

| L
z

%

oot

PL} ML ML _

16EI 3EI 6EI

pPL?
M=(—-a)(2E
(16E1 )(2ED
M=E 2 g
8 L
3 ML 2
Apax =A-A'= i—z[—(—l—) [(L/2)2—§!‘—+2L2]]
48E] 6EIL 2

PL* L* PL 2Elx

"% T A8El S8EI 8 L
PL} «aL

= +— Ans
T 192ET 4
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12-135. The shaft supports the two pulley loads shown.
Using discontinuity functions, determine the equation of the
elastic curve. The bearings at A and B exert only vertical reac-

tions on the shaft. EI is constant.

P‘"‘, 5.._..
' A H
8 X ’
R
l2ln.—’-l2in.4'——36im~—-, T s
ot 387 )

1 180" z77.54 275"
-5

88 n

M=—180<x—0>——( 277
- .5)<x—12>-70< -
M=—180x+277.5<.t—12>—70<x~24> i

Elastic curve and slope :

Y oy
e =-1801+277.5<x—12>-70<x—24>

v
El— =~
- 90x +138.75 < x- 12 52 ~35(x- 2452 40,

Elv=-307
+46.25 < x~ 1253 “11.67<x-245% 40 14 G 6))

Boundarycondiu‘ons:

v=0 a g 12in,
From Eg. (1)

0=~51,840+12C1 +Cz

12C, + ¢, = 51 840 2

v=0 a x= 60 in. @
From Eq a

0=-6480000+5 114 880

~544 3;
60C1 +Cz = 1909440 20.".?3))Cl +Cz

Solving Egs. (2) and (3) yields :
C, =38700 G =—412 560

1
v= —[-307°
I[ 0x" +46.25 < x~ 1253 ~11.7 <x-24 5} +38 700x- 412 560) A
ns
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*12-136 Determine the equations of the elastic curve for
the beam using the x; and x; coordinates. Specify the siope
at A and the maximum deflection. EJ is constant. Use the
method of integration.

Elasuc curve and slope :

2
EI Z—; = M(x)

For M (x) =

i
2
dv _ —-wxd
a2

d _ o
dy

£l

EI +G 03]

4
Ely =22 405y +C 2
V= 1o +G (2)

Fot My () = L%

2
E]‘i_‘i Bt
d3 2
P i :#.

oy +Cs (3)

~wix)

Ely = +Cixg + Gy “)

Boundary Conditions :

w=0 at x =0
From Eq. (4) :

Ce=0

w=0 a x=lL
From Eq. (4) :

4
0=-°';—2L+C,L

3=

12
v =0 at xy =L
From Eq. (2)

0=-2tcL
=-ZigLecy ©

Continuity conditions :
ﬂ _ dv;
4y dg
From Eqs. (1) and (3)

Substtute C; into Eq. (5)
“
¢ = Iot
24
dw

w 33
=3
& "eEr Pt T

dw W 3
i " Ed T ©

, !
nel 6E]

e

w
w= 54—57(—‘: +8L%x ~7LY Ans

~TwlL!
24E7
The ive sign indi d d displ;

M )mgs =

x =0)

v = l-';-E'z-l(L’x, -x) m Ans

di
(% Jmax OCCUTS When ;v: =0

From Eq. (6)
L-3L4 =0
L

X3 = —
J3
Substitute x; inw Eq (7},
)aws = £
" /3 e

TwLt
Vaax = (V as =3‘:—H ©® Ass

®
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12-137 Determine the maximum deflection between the
supports A and B. EI is constant. Use the method of inte-
gration.

Elastic curve and slope :
2
ELY - M
dr
For My 0= =23
2
d°v;  —wxi w
g =70
de 2
T o, G (1) B
dx; 6 0
—wx! > xl A E X
Elv =222 1 Cix + G @ £
24 yan 1 ya l
_—wln | wLh
ForM; (x) = M. —
2 2 7
d*vy  -wlx
El—- V
dx 2 - 2
P e ﬁ"%_i.c3 @ 1)“(”_—,_%
dx; 4 ! 2
3
Elvy =222 ¢y, + G @ lé.;l ﬁ'
2 1
Boundary Conditions : ( ]
=0 at =0 St - -
g = Myx) = - Wg r
From Eq. (4) : X, WL
< 2 —=
Ci=0 2
w=0 aa =L
From Eq. (4) :
—wlL®
0= +GL
12
_wl
T
=0 at xy =L
From Eq. (2)
4
0= 1 ciLecy ®) o= Ll el
“ Tdxlner dylner 6E
Continuity conditons :
_ W s 3. g4
d_ﬂ - dvy al [ v = 2——45'( xy +8L°x; = 7L") Ans
dx;  —dx; 7wl
From Egs. (1) and (3) M )max = % (x =0)
3 3 3
- % +C, = _(_% + —WILT) The negative sign indicates downward displacement.
wL?
‘T‘ ) = -2 0 Ans
Substinte C; into Eq. (5)
C = _Twi? dv,
74 (¥2 )max OCCUrs when ;z =0
Cisl 2@t -2) From Eq. (6)
:"' 6Er =314 =0
Dy ¥ P -3Ld) © L
dg 12EI X = ﬁ
Substinte x; into Eq (7),
4
2)max = L Ans
1843 Er
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12-138. If the bearings at A and B exert only vertical reac-
tions on the shaft, determine the slope at B and the deflec-
tion at C. ET is constant. Use the moment-area theorems.

i
Support Reaction and Elastic Curye : As shown, : 1
A ] )
M/EI Diagram : As shown. © e ) 1
P P
z z

Moment-Area Theorems :

Osp = %(%)(“) = :;g

Due to symruetry, the slope at point D is zero. Hence, theslope 2 B is

A
05 =|6gp) = 3E Ans

The displacement at € is

i o —r +x
P
be=bilc=im@=5 T Ans I
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12-139. 'The bearing supports 4, B, and C exert only verti-
cal reactions on the shaft. Determine these reactions, then
draw the shear and moment diagrams. E is constant. Use the

moment-area theorems.

{13PL L L L 1PL L L
(uah = <(=X=NE + =)+ L BE Ly Ly PL L L SPL?
TS 6)+2(SEI)(2)(3)+4EI(2)(;)—48EI

1,3P,
(tcuh = _(_E)(E)(E’E + £)+ %(?ﬂ‘)(%)(z,) - IPL L
2

28617272 "8 2'8ET 16E1
1 ’ ) A 3
o)z = 5(32—1-1’—')@)(;:) - :l%f-_ :
! —
im ‘"*‘L_‘Zm“—l
1-
(tcu)2 = -(—B’—L)(L)(L+£')+l(ﬂ‘)(z,)(gu= -B, L mow
2 2EI 3" 27 2Er 3 2ET 4 8 c
234 = teyp F%ﬁ
ot
2[pradr + (a2 = Gcahy +{tciad2 P "
sPL? -B,I' PL® -BI? ?F: 9
2 (e )] = e o (D
[48EI+( 12E1 ) ISEI+( 2EI )
11
B, =—P
" 16 %ﬁ 4 1_ %
Thus,
B ——1-1(200)—138N Al
y = 16 = ns ‘7

As shown on the free - body dingmn.fz

L
4| & J‘!’J
-

A =813N Ans

G =188N Ans

gl2¢ (78
\ 2. 2 ’ )((M\\
~Uugs
(N-m
M fhes
x (")
-37¢
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*12-140 The shaft is supported by a journal bearing at A4, 801b

which exerts only vertical reactions on the shaft, and by a
thrust bearing at B, which exerts both horizontal and verti- 4in. B
cal reactions on the shaft. Draw the bending-moment ‘i }
diagram for the shaft and then, from this diagram, sketch I
the deflection or elastic curve for the shaft’s centerline. Xx——l 20 1b l 4|"' L,
Determine the equations of the elastic curve using the [7 | ’-’
coordinates x; and x,. EJ is constant. T 2in. T 12in,
For M, (x) = 26.67 x, PRI
d?v, "\' 1
EIF‘ =26.67x; J‘ I
1 I
W 67 26-67%
1
EI— =13.3342 +C 1
dr, 1T M M(lh=in)
Elv, =4.44x +Cix, +C; ) 320
For Mz (x) = —26.67XZ I
v l/'
EIEZ =-26.67x;

T3RO  plastic curve

El%i:—ls 3+ ) L

Elv; = ~4.44x} + C3x, + C;4 w === =
Boundary conditions : vV

=0 at x =0 M) ~2667X,
From Eq. (2) ﬁ‘}; C\l:

G =0 1% X

"0 & x=0 26T M) 206K, 26611

C4 =0
Continuity conditions :

dwy dvy

—_—=— at  x;=x =12

da de

From Eqgs. (1) and (3)
1920+ C; =-(-1920 +¢3)
C, =-C )
Vi =W at x=x =12
7680+ 12C; =~-7680+ 12C,4
C3-C, =1280 6)

Solving Egs. (5) and (6) yields :
Cj =640 C] =-640

y = Eil(4.44x? —640x,)lb-in°>  Ans

t
vy = E(—4.44x% +640x;)Ib-in®>  Anms
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12-141 Determine the reactions at the supports. EI is con-
stant. Use the method of superposition.

- wL 3 _ 2 3 w
Ap = Ac = gt T ODLAGL] RN ERNREEN

11w [ 2 A {0
12E1

Due to symmeiry, B, = G,
_ B(L)2L) I

Agg = A 3L)? - 2L - I*
BB cc 6EIG3L) [(3L) (2L) ]
_ 4B w
9E1 llTHllHLHLL
B, (L)(L) S . =
Age = Agg = 22N g2 12y ary? be <
BC ca 6EI3L) [ (3L)7]
_ 1B,L° 1
18EI Ao bes
By superposition : — =” .I. ‘_7{‘/~‘ :
+~L 0=AB-—A55—ABC e T T
HwL*  4B,L1° L ey
0= Uwl 4B L _ 7B, -
12EI 9EI 18EI1 A
ge Ace

1wl _§'""' ~~.
By = Cy = __w_. Ans o V

10 = -i' 7

Equilibrium :

I
3L 1iwl 11wl 3
+IMp =0 3wl(—) - ——(L) - —=(2L) —~ 3Ly =0
L ) "o T 3 - 46D
2wl
A, = wh Ans
5
T+ZF =0 M+—IIWL+——IIWL+D, - 3wL = Wl
5 10 10
T T = l"‘""""T
2wl ——
D, = _;v_ Ans ' N &
z A/LTL/L[' —
i LWL D
+ZF =0 D, =0 Ans A} /0 /0 d
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12-142.  Determine the value of a so that the deflection
at C is equal to zero. EI is constant. Use the moment-area
theorems.

.!_
1
~je-
—y—
wle-
.y
st E
X
f/
/
{
1
’
”‘H&
~
e
¥
A
\
¥

\
Tan ¢
M £L
) A/‘EI\‘
1,PL L 2 L _PL 4 + +
A =tye = (—=)EXS)N=) = ——
(e =we = 2exrdid) = £ |
1,-Pa,, . 2 Pal?
taa = —(—2LYE)L) =~
8/ 2(EI X )(3)( ) 35
_(~Pa L L 1-Pa L 2 L _-~5Pal’
lcm-(2EI)(2)(4)+z(wt)(z)(3)(2)- YT
1 Pal® 5Pal® Pal?
Ac) = ~ltgul - = =1
Bede = Jltmal ~ el = = e = Tem
Reguire : tans
+T  0=(@Ackh ~@Ach
o Pal} _PL “ 7 Tane Ay,
16EI _ 48E1 . el
o ?
a=£ Ans ﬁ_ l“ub
3 33 I
} i |
l\/.l‘ﬁ-/
~fa £33 4
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¥12-143.  Using the method of superposition, determine the
magnitude of Mg in terms of the distributed load w and
dimension g so that the deflection at the center of the beam
is zero. EI is constant.

w
Mo neIN1N! Me
(Ae), = Swa' (' < M 1)
N = 3R4E1 | A s L
T a T a 1 a ]
Mo£12 - i -
Ac) = (Ac) = T ~ o W
(Ac): =(Ach ToEl ~ [T -
4 ™ L1 -’£ 3
Ac=0=(Ach +(Ac): +(Ach (Ac)
(]
t@
_ 4 2 4 M,
+T o= 3ES§ZEGI+A;(;EHI — )’L\‘h ) ’
- a
Swa?® - u
M, = Ans (i} )
°= 8 My T}\"
¢ =
N
~N
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13-1. Determine the critical buckling load for the column.
The material can be assumed rigid.

R=kLO: F=kE6)
(=0 POW- R -FEG) =0

P(O)L) - kL2 6 - k(%)za =0

Require :
L L

P, =kL + k— = §-—’£—— Ans
4 4
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13-2. The column consists of a rigid member that is pinned
at its bottom and attached to a spring at its top. If the spring
is unstretched when the column is in the vertical position,
determine the critical load that can be placed on the column.

(+IM=0;  PLsin 6~ (kL sin 6)(L cos 6)=0
P=kLcos @

Since 8 is small cos@ =1

P..=kL Ans
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13-3 The leg in (a) acts as a column and can be modeled
(b) by the two pin-connected members that are attached to
a torsional spring having a stiffness k (torque/rad).
Determine the critical buckling load. Assume thc bonc
material is rigid.

(a) ®)

N

Ay k(26)

(+2MA = 0; —P(G)(g) +2k6=0
Require :

4
P, = ——k Ans

L
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*13-4. The aircraft link is made from an A-36 steel rod.
Determiné the smallest diameter of the rod, to the nearest
11-5 in., that will support the load of 4 kip without buckling. The

ends are pin connected.

4%p ;}1}]—————.—.5& 4kip
[ 18 in, — {

™ "

- TG
(1.0)(18)2
d = 0.551in,

N

9
Used = —ij .
16m Ans

Check :
PC T

Oep & —— =

= 16.7ksi < oy

4
£(0.5512)
Therefore, Euler's formula is valid.
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13-5 A square bar is made from PVC plastic that has a
modulus of elasticity of E = 1.25(10%) psi and a yield strain
of ey = 0,001 in/in, Determine its smallest cross-sectional
dimensions a so it does not fail from elastic buckling. It is
pinned at its ends and has a length of 50 in.

oy = Eey = 1.25(10°)(0.001) = 1.25(10°) psi

_ mEI
(KLY

cr

72(1.25)(10%)(ra*)

1.25(10°)a)* =
(10"3(a) (1.0G0))?

a=1741in. Ans
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13-6. A rod made from polyurethane has a stress-strain dia-
gram in compression as shown. If the rod is pinned at its ends
and is 37 in. long, determine its smallest diameter so it does

not fail from elastic buckling.
o ai)

«(in.fin)
0.003

E===2—"=2667(10% psi

Sy Xy dy¢
8010 (d12)* = 7 (2.667)(10°) (S
(1.037)?

d=258in. 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.




13-7. A rod made from polyurethane has a stress-strain dia-

gram in compression as shown. If the rod is pinned at its top

and fixed at its base, and is 37 in. long, determine its smallest e
diameter so it does not fail from elastic buckling. :

x}
£=339) _ 5 667(10% psi
0.003 o €@nAn)
El
p, = FH
(KLY

22(2.667)(105(E)2)
3 2 _ T L0070 NaXa)
8(10%)x (df2) ONGNE

d=18lin. Ans
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*13-8 An A-36steel column has a length of 5 m and is fixed
at both ends: If the cross-sectional area has the dimensions

shown, determine the critical load.

50 w

e

=

1
I= l—2(0.1)(0.05’) - é(o.oz;)(om’) = 0.86167 (10°%) m*

_ 7(200)(10°)(0.86167) (1075)
[0.5)5)?
272138 N

= 212kN  Ans
A = (0.1)0.05) ~ {0.08)0.03) = 2.6 (10°%) m?

P, = nPEl -
(KLY

i

F
Ocr = ’i;
272 138
< 22138 05 MPa < oy
2.6 (10°%)

Therefore, Euler’s formula is valid.
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13-9 An A-36 steel column has a length of 15 ft and is
pinned at both ends. If the cross-sectional area has the
dimensions shown, determine the critical load.

ol
I

1 3 1 3 - 4
= =81 - —(7. =
12( X7°) 12(7 5)6°) = 93.67 in

i )
L =2 (E)(O.S)(tf) + %(6)(0.53) = 42.729 in* (controls)

_ n’El _ (29)(10°)(42.729)
(KLY [(LO)(15)(12))?

cr

377kip Anms
Check :

A = (2)(8)0.5) + 6(0.5) = 11in®
P, 377 )
Ter = 7= F = 343ksi < Oy

Therefore, Euler’s formula is valid

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.




13-10 Solve Prob. 13-9 if the column is fixed at its bottom
and free at its top.

1 3 1 3 . 4

L = =@ ~ —(15)6°) = 93.67
12( X77) 12( )67) in

I = 2(-113)(0.5)(83) + I15(«5)(0.5’) = 42.729 in* (controls)

2 2 3

, _TIEL_nlQOA0NA2T) o4 pn
(KLP ~ (2.0(15)(12))

Check :

A = 2(8X0.5) + 6(0.5) =11 in®

o’c‘,=£=?§-'—4~=8.58k5i < Oy
A 11

Therefore, Euler's formula is valid.
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13-11 The A-36 steel angle has a cross-sectional area of
A = 2.48 in? and a radius of gyration about the x axis of r, =
1.26 in. and about the y axis of r, = 0.879 in. The smallest
radius of gyration occurs about the z axis and is r, = 0.644 in,
If the angle is to be used as a pin-connected 10-ft-long col-
umn, determine the largest axial load that can be applied
through its centroid C without causing it to buckle.

y

The least radius of gyration :
r, =0.644 in. controls.

rE

3
. BQ293U0) _ 8.243ksi < Oy OK
1.0 (120) 2
[ 0644

Ocr = K=10

P, =0, A = 8243 (248) = 204kip  Ans
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*13-12 Determine the maximum force P that can be
applied to the handle so that the A-36 steel control rod AB
does not buckle. The rod has a diameter of 1.25 in. It is pin
connected at its ends.

(+ IM: = 0; Fz()~-P3) =0
2
P = —-F, 1
38 1

Bucking load for rod AB :
I= %(0.6254) = 0.1198 in*

A = m(0.625%) = 1.2272in®
_ mEl
T (KLY
(29)(10°)(0.1198)
Fig = Py = —
[1.0(3)(12)?

= 26.46 kip
From Eq. (1)
P = -2 (26.46) = 17.6 kip Ans

Check :
26.46

G = &= ——— = 21.6ksi < oy OK
A 1.2272

Therefore, Euler's formula is valid.
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13-13 The two steei channels are to be laced together to
form a 30-ft-tong bridge column assumed to be pin con-
nected at its ends. Each channel has a cross-sectional area
of A = 3.10 in? and moments of inertia J; = 554 in*, I, =
0.382 in*. The centroid C of its area is located in the figure.
Determine the proper distance d between the centroids of the
channels so that buckling occurs aboul the x—x and y’ —y’ axes
due to the same load. What is the value of this critical load?
Neglect the effect of the lacing. £, = 29(10%) ksi, oy = 50 ksi.

2(55.4) = 110.8 in*

o~
1}

O~
"

2
2(0.382) + 2 (3.10)(-24) = 0.764 + 1.554"

In order for the column to buckle about x~x and y—y axes
at the same time, I, must be equal to I,

L =1

0.764 + 1.554° = 1108

d = 843in. Ans

Check :
d > 2(1231) = 2462in. OK

- PEI - 7 (29)(10°)(110.8)

PCK
2
(KL) [ 1.0 (360) ]2
= 245 kip Ans
Check stress :
g.. = fc_' F i =395 ksi
A 2310 oS <or

Therefore, Euler's formula is valid.
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13-14 A column is constructed using four A-36 steel angles
that are laced together as shown in Prob. 13-13. The length
of the column is to be 25 ft and the ends are assumed to be
pin connected. Each angle shown below has an area of
A = 275 in? and moments of inertia of [,, = I,. = 2.22 in%,
Determine the distance d between the centroids C of the
angles so that the column can support an axial load of
P = 350 kip without buckling. Neglect the effect of the lacing.

2
L =L =4[222+ 2.75(;)] = 8.88 + 2.75 d*

P, .
o = Fr 2 30 _gigkica, oK
A a(275)

Therefore, Euler's formula is valid.
_mEI

PCI’— 2
(KL)

7 (29)(10°)(8.88 + 2.75d%)

350 = ;
[1.0(300) ]

d = 6.07 in. Ans

Check dimension :
d > 2(2.068) =4.136in. OK
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13-15 , A column is constructed using four A-36 steel angles

that are laced together as shown in Prob. 13-13. The length y
of the column is to be 40 ft and the ends are assumed to be 0.932in, 2'063 in.
fixed connected. Each angle shown below has an area of 0.932in, 31
A = 275 in? and moments of inertia of [, = [, = 2.22 in*. 2067 =7 a3 < x
Determine the distance d between the centroids C of the BOR I, d
angles so that the column can support an axial load of
P = 350 kip without buckling. Neglect the effect of the lacing. c C
==
y
d:2 2
I =1, = 4222+ 275 (5 )] =888+ 2754d
P, 350 .
Oy = — = ——— = 31 8ksi< oy OK
A 4(2.75)
Therefore, Euler's formula is valid.
7EI 72 (29)(10°)(8.88 + 2.75 d%)
Fop = ——— 350 = >
(KL) [0.5(12)(40) ]
d =473 in. Ans
Check dimension :

-d > 2(2.068) =4.136in. OK
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*13-16. The W12 X 87 structural A-36 steel column has a
length of 12 ft. If its bottom end is fixed supported while its
top is free, and it is subjected to an axial load of P = 380 kip,
determine the factor of safety with respect to buckling.

W12x87 A =256in® I =740in* I = 241in* (controls)

K =20
3

P, = El - £29)10°)241) _ £31.63 kip
&KL}  [.0a)a2P
P. 831.63

8. = =L === =219 Anms

F.S P 380

Check :
A

=BL8 _sksi< oy oK
756
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13-17. The W12 X 87 structural A-36 steel column has a
length of 12 ft. If its bottom end is fixed supported while its
top s free, determine the largest axial load it can support. Use
a factor of safety with respect to buckling of 1.75.

W12x87 A=256in"° [ =740in' I =241in* (controls)

k=20
n2El  m*(29)(10%)(241) .
= 2 S E AT T - 83163 kip
(KLY 2.0012(12)P
Fe _BLE_ psiip  Ams
FS 175
Check
0u=L=25 _1g6ksicoy OK
A 256
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13-18. The 12-ft A-36 steel pipe column has an outer diam-
eter of 3 in. and a thickness of 0.25 in. Determine the critical
load if the ends are assumed to be pin connected.

..+

A = m(1.8 - 125%) = 2.1598 in®
I= %'(1.5‘ - 125% = 20586 in*

K=10
TEL _ 2Q9)(10)20586) _ 0, kip Ans

Py = ~—=

&KL}  [(10(12)(12)F

Check :

o, =fr = B4 3iksicoy oK

A 2.1598
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13-19. The 12-ft A-36 steel column has an outer diameter

of 3 in. and a thickness of 0.25 in. Determine the critical load
if the bottom is fixed and the top is pinned.

|
A= (152 - 1.25%) = 2.1598 in® zn
n 4 4 . 4
7=2015% - 125 = 2,058 in
a bl
K= 07

3
p, = TEL _ ZQ)UCIQ08E) _ o0 aps
&Ly~ {OD121DF

Check :

ac,=f;.t=_.5.§;°_=25.sksi<ar OK
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*13-20. The A-36 steel pipe has an outer diameter of 2 in.
and a thickness of 0.5 in. If it is held in place by a guywire,
determine the largest horizontal force P that can be applied
without causing the pipe to buckle. Assume that the ends of
the pipe are pin connected.

ey
P
12 /Z;l
-
p—sn— s
N 5
=0, =T—-P=0
~zk 13
r=2p
5
12
+T2h =0; F-[T=
12,13 12
F = =(=P)= =P
13 5
Bucking Load :
A = n(1? - 0.5%) = 2.356in’
1= %0 - 0.5% = 0.7363in*
4
K =10
_ El
cr = (KL)Z
Fel2p . 74(29)(10°)( 0.7363)
T s HLOY12)(12)?
P = 423kip  Ans
P.. = F= 10.16kip
Check :
Tee = & = ——10’16 =431 ksi < oy OK
A 2356
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13-21. The A-36 steel pipe has an outer diameter of 2 in.
If it is held in place by a guywire, determine the pipe’s
required inner diameter to the nearest %in., so that it can
support a maximum horizontal load of P = 4 kip without
causing the pipe to buckle. Assume the ends of the pipe are
pin connected

5
+IMy=0; 4(12)-F(=)(12)=0 H
(29377 (12)~ F3()12) v,
Fy =10.4 kip ,
12 i Fg
+TZE =0 A,-10.4(E)=0
A, =9.60 kip Ay
Section properties : F\’
Kon2 2 x4 d
A==2"-d’);, I==(1"-=
4 ) 4( 16)
Critical load :
x2El
cr=m; where K= 1.0
ey Bat - L)
9.60 = 4 16
(1.0(12)(12))?
d = 1.163 in.
Check critical stress ;
P. 9,
ou=ta 90 _okic<o oK

A E2-(L163))
Hence, Euler's equation is still valid.

Use d:l%in. Ans
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13-22 The members of the truss are assumed to be pin con-
nected. If fember BD is an A-36 steel rod of radius 2 in.,
determine the maximum load P that can be supported by
the truss without causing the member to buckle.

) / ) L
‘ '
4 F
’ &6
e’ 1 /e ]
P P P
FOD
2 R
4
(M =0, Fp(12) - P16) = 0 ' Ci ke
Fgp = ‘-tP P P
3
Bucking Load :
A= n(@) = 1256in’
1=2%2% = 4nin
4
L = 16(12) = 192in.
K=10
p o PEL
(KL)?
4 7(29)(10° )4 )
Fgp = =P = —————7—
3 1(1.0X192)]
P = 732 kip Ans

P., = Fgp = 97.56 kip

Check :

Oy = L = —— =776 ksi < oy OK
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13-23 Solve Prob. 13-22 in the case of member A B, which
has a radius of 2 in.

+TLF, =0; P—%FAB=O fag

PO NG

Fip = 1667 P

Buckling load : P
A=rm (2P =12.57 in?

P . 4
I1==(2) =4
4() T in

L =20(12) = 240 in.
K=10

_n’El _ 7’(29)10°)4r)
(KLY (1.0240))2

cr

= 62.443 kip
P.. = Fap = 1.667 P = 62.443

P=375kip Ans

P 375
Ou=2=—==298ki<oy OK
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*13-24, The truss is made from A-36 steel bars, each of which
has a circular cross section with a diameter of 1.5 in.
Determine the maximum force P that can be applied with-
out causing any of the members to buckle. The members are
pin connected at their ends.

I= f(o.75‘) = 0.2485 in®

A = m0.75%) = 1.7671 in?
Members AB and BC are in compression :

JointA : " <+ ,
+TZF =0 3 :

Shc-P =0 ¢ +—-&
Fie = 23’; 3’
&SXE =0 -458 L
Fas ( 3 ) ] #‘ s %2
Faz = b ! < “’ —‘I
Joint B : P F :
S =0 R T -Ho s ™
F},c - % F4¢
Failure of rod AB : P
K=10 L =812 =9in
_ mEl
T KLY e
Fip = 4P _ 7(29)(10°)(0.2485) 4 8
3 ((1.0)(96))? © 3
P =579kip (contols) Ans > e
Check :
P = Fyg = 7.72kip
0'“=ff-r-=—7—'7—2-=4.36ksi<0’ OK
A 17671 '
“*rod BC:
L = 512) = 60in.
. 72(29)(10°)(0.2485)
i [(1.0)(60))2
/9 kip
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13-25. 'The truss is made from A-36 steel bars, each of which
has a circular cross section. If the applied load P = 10 kip,
determine the diameter of member AB to the nearest %in.
that will prevent this member from buckling. The members
are pin supported at their ends.

e —

+TIF =0, -10+I-j“;(-z-)=0; Fyc = 16.667 kip i

S5 ZIFE =0, ~FEg+ 16.667(%) =0, Fyp=13.33kp 4 Fre

n’(29)(10’)<f)(r)‘

13332 —————
(1LO@®)Y12)Y

r=0.8599 in.
d=2r=172in.
Use:

d=12in.  Ans
4
Check :
Oy = — = ———— =554 ksi < oy OK
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13-26 Thg control linkage for a machine consists of two L2
steel rods BE and FG, each with a diameter of 1 in, If a
device at G causes the end G to freeze up and become pin-
connected, determine the maximum horizontal force P that -
can be applied to the handle without causing either of the
two rods to buckle. The members are pin connected at A,
B,D, E, and F.

(+IM = 0 Foe(4) - P(16) =0 ==

15 in. } 20in, {

FBE = 4P
(+ IMp = 0 Frg(6) — 4P(4) =0
Frg = 2.6667 P P —
For rod BE, 12
£

Pc,=£2—E—IE; K=10 ___2,?1\”1

(KL) 4in ‘J Fae e fin

et 8 N -
po POENUCIDHO5Y Ax ‘
- 2
[ 1.0(15) ] A1 D,a

P= 15.6kip
Check stress :
o’c,=fﬁi=4—(lﬂ=79.5ksi < oy = 102 ksi OK

A Z(1%)
Forrod FG :
P, = ”ZEIZ; K=10

(KL)

% [(29)(10%)] £0.5°
2.6667 P = (2910 )]“2(0 )
[ 1.0(20) ]

P = 13.2kip (conirols) Ans
Check stress :
o = oo o Z606TU3D) _ 0 < oy = 102 ksi oK

A o1

Hence, Euler's equation is still valid.
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13-27 The linkage is made using two A-36 steel rods, each
having a circular cross section. Determine the diameter of
each rod 1o the nearest { in. that will support a load of P =
6 kip. Assume that the rods are pin connected at their ends.
Use a factor of safety with respect to buckling of 1.8,

~
L
A}I\a
Nin
e
it
LY

Joint B :

—EF =0  Fipcosd5 ~ Facsin30 = 0
Fiz =0.7071 Fe [¢))
+TLR =0,  FipsindS+ Foccos30 ~ 6= 0 2

Solving Egs. (1) and (2) yields :
Fae = 4392 kip Fip = 3.106 kip

Forrod AB :
Fer = 3.106(1.8) = 5.591 kip
K210 Lg=32D  onerin
cos 45
_ 7PEl
T &Ly
ot
5591 = FEOUONTEE)
[(1.0)(203.649))
dyp =2.015in. Usedyp = 2% in. Ans
Check :
P, 5.591
Ogg & — = ——miniee = ], i
R n ;(2.1252) 158 ksi < oy OK
Forrod BC :
P =4392(1.8) = 7.9056 kip
K=10 oo =222 jeeogin
cos 30
_ PE
Y737
£yt
7.9056 = T(29)(10°) (22
[(1.0)(166.28)}2
dgc = 1.986 in.
Usedge = 2in Ans
Check :
_ Py _ 79056 .
O = i _;’5(—257 = 2.52ksi < oy OK
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*13-28. The linkage is made using two A-36 steel rods, each
having a circular cross section. If each rod has a diameter of
%in., determine the largest load it can support without caus-
ing any rod to buckle. Assume that the rods are pin-connect-
ed at their ends.

B3EF =0, Fusin45° - Fpesin 30° =0
+TEF =0,  Fyycos 45°— Faccos 30°~P =0 (A
y A5 ‘BC M4 30 Fec

Fip =0.5176 P
Fye =0.73205 P

12
cos 45°

12
= = 13.856 ft
fec cos 30°

= 16.971 ft

Assume rod AB buckles :
(KLY
2 6. . 3.4
7°(29)(10 )(z)(g)
(1.0(16.971)(12))?
P=2071b (controls) Ans

er

0.5176 P =

P 207
o'"=—-—=—————i=469psi<dl‘ OK
A 2(})
Assume rod BC buckles :
722910 5)¢3)*
0.73205P=— 4 8
(1.0(13.856)(12))2
P=220Db
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13-29 The frame supports the joad of P =4 kN. As a
result, the A-36 steel member BC is subjected to a com-
pressive load. Due to the forked ends on this member, con-
sider the supports at B and C to act as pins for x—x axis
buckling and as fixed supports for y~y axis buckling.
Determine the factor of safety with respect to buckling about
each of these axes.

Fee +had

4
fr M =0; 4(2)-Fac(§)(3)=0

Fnc =3.333kN
x - x axis buckling :
2 2 9y L 3
P, = n° El _r (200)(10°)(77)(0.025)(0.035) = 7,053 kN
(KLY (1.0(5n)*
S.= -7—92 =212 Anms
333
y -y axis buckling :
2 2 NS 3
P, = n“El _r (200)(10°)(77)(0.035)(0.025) 1439 KN
(KLY (0.5(5)*
FS.= Egg =432 Ans
3.333
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133 Deterimine the greatest load I the frame will support
without causing the A-36 steel member BC to buckle. Due
to the forked ends on the member, consider the supports at
B and C to act as pins for x—x axis buckling and as fixed
supports for y—y axis buckling.

Gem=0, P(2)-3(g)Fsc =0
Foc =0.8333 P

X - x axis buckling :

n2El _ 7 (200)(10°)({)(0.025)(0.035)°

P, = = =7.053 kN
(KLY (1.0(5))2
y -y axis buckling :
2 2(200)(10°)(:)(0.035)(0.025)°
p, o ZEL_ m'QO0NC)GIO0035)0025° | oo
(KLY (0.5(5))*
Thus,

0.8333 P =7.053
P =8.46kN Ans
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13-31 The beam supports the load of P =6 kip. As a
result, the A-36 steel member BC is subjected to a com-
pressive load. Due to the forked ends on the member, con-
sider the supports at B and C to act as pins for x—x axis
buckling and as fixed supports for y—y axis buckling.
Determine the factor of safety with respect to buckling about
each of these axes.

A dft 1 aff

4—4 ;
Ay T

e

3
(+ IM, =0 Fgc(-s-)(4)—6000(8) =0
Fyc = 20 kip

x-x axis buckling :

x’El _ x'Q9)10°) ({3

cr = = = 178. i
(KLY ( 1.()(5)(12))2 8.9 kip
178.9
FS. =—Z=38.
0 94 Ans
¥-y axis buckling :
_EEL 90031 1951
cr = = =
(KLY (0.5(5)12))2 ’
79.51
FS.=-""_=398
o Ans
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*13-32 Determine the greatest load P the frame will sup-
port without causing the A-36 steel member BC to buckle.
Due to the forked ends on the member, consider the sup-
ports at B and C to act as pins for x—x axis buckling and as
fixed supports for y—~y axis buckling.

r
A 0 up o |
"

Be

GEM=0  Fc@-PE=0
Fyc =3.33P

x - x axis buckling :

mlEl _ 7(29)10)FE)13)

e TV G v
y-y axis buckling :
Thus,
333 P =79.51

P=239kip Ans
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13-33 The sleel bar AB of the frame is pin-connected at its
ends. If P =18 kN, determine the factor of safety with
respect to buckling about the y-y axis due to the applied
loading. Ey = 200 GPa, oy = 360 MPa.

> P

————Jm——lA

I =]15(0.10)(0.053) = 104167 (10°) m*

Joint A :
E3IF, =0 %FAC—18=O 18k
Fyc =30kN
4 4 g
+TZF =0 Fu—§(30)=0 Fac _
Fp = 24kN
9 -6
- El _ m00)10°)1L04167) 107 _ o e = 5712 kN
(KLY [(1.0)(6)12
s = Fo o312 _ 538 Ans
Fip 24
Check :
3
0., = & = w = 11.4MPa< oy OK
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13-34 Determine the maximum load P the frame can sup-
port without buckling member AB. Assume that A B is made
of steel and is pinned at its ends for y~y axis buckling and
fixed at its ends for x~x axis buckling. E, = 200 GPa, oy =
360 MPa.

. 3
S3IF =0 _FAC(§)+P=0

5

FAC=—3-P

5 4
+TZF =0 Fig--P(2)=0

3 5

4

Fppg=-P

T3

I = %5(0'10)(0'05)3 = 1.04167(10")m*

I = 1 (0.05)(0.10)° = 4.16667(10"*)m*
12

2
P, = n” El
(KLY
x - x axis buckling :
-6
P = 7 2200)(10)@.16667)(107) _ o1 4 N
° (0.5(6) ‘
y -y axis buckling :
~6
P = 7% (200)(10°)X(1.0416110°°) _ o7 154N
¢ (16))?

y- y axis buckling controls
4

—-P=57.12

3

P =428 kN Ans
Check

o-cr.:-__————=11.4MPa < Oy OK
A (0.1)0.05)
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13-35. The A-36 steel bar AB has a square cross section. If
itis pin-connécted at its ends, determine the maximum allow-
able load P that can be applied to the frame. Use a factor of
safety with respect to buckling of 2.

: Fec
f mtisim Fa A 307
4k Q'
1.54n.
3 P

(+2M =0 Fc sin 30 (10) -~ P(10) = 0
Fpe =2P

+EF =0, F ~2Pcos30 =0
Fy = L132P

Buckling load :
P, = F,(FS) = 112P2) = 3464 P

L = 10(12) = 120in.
I= A sxis’ = 0421875 in*
12

P EI
P, = —-—-—-(K 3
10°)(0.421875)
3464 P = 7 (29)(10° )

[(1.0)(120))?
P =242kip Ans

P, = REN=17320242)(2) = 8.38 kip
Check :
Oy =~ = ———— = 372ksi < OY OK

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.




*13-36 The steel bar AB has a rectangular cross section. If
it is pin connected at its ends, determine the maximum
allowable intensity w of the distributed load that can be
applied to BC without causing bar AB to buckle. Use a fac-
tor of safety with respect to buckling of 1.5. E, = 200 GPa,
oy = 360 MPa.

Buckling load :
P, = Fyp(FS) = 25w (1.5) = 375w

1= — (0.03)0.02)° = 20(10°) m*

K =10
_rEl 5w
UKLy ""”'l"'""'
C] -9 3
278, - ZE0UCNDY F
' Fug 225 25w
w=1170N/m = L.17kN/m  Ans
P, = 438kN
Check :
3
O = &1 = M = 7.31 MPa< oy OK
A 002(003)
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13-37 Determine the maximum allowable intensity w of the
distributed load that can be applied to member BC without
causing member AB to buckle. Assume that AB is made of
steel and is pinned at its ends for x-x axis buckling and fixed
at its ends for y—y axis buckling. Use a factor of safety with
respect to buckling of 3. E,, = 200 GPa, oy = 360 MPa.

Moment of inertia :

L= é(o.oz)(o.of) =45.0(10")m*

L= 715(0'03)(0'023) =20010"°) m*

X - X axis : ‘i
P.. = Fyup(F.S.) = 1.333w(3) = 4.0 w I

- PEl
cr '(K' L')_z
- 72(200)(10°)(45.0)(10°%)

[(1L.OY)P
w=253552N/m = 555kN/m (controls) Ans

4.0w

y-y axis
K=05, L=2m
_ (200)(10°)(20)(10°%)

4.0w
(0.5

w=9870 N/m =9.87 kN/m

P, 45552)
On=-t=—22%  _370MPa<oy  OK
: A (002)(0.03) a<ar
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13-38 Determipe if the frame can support a load of w =
6 kN/m if the factor of safety with respect to buckling of
member AB is 3. Assume that AB is made of steel and is
pinned at its ends for x—x axis buckling and fixed at its ends
for y~y axis buckling. £, = 200 GPa, oy = 360 MPa.

Check x - x axis buckling :
L= -1.15 (0.02)(0.03)° = 45.0(10°) m*

K=10 L=2m

x2El _ m*(200)(10°)(45.0)(107)

P =

(KL} (LOY2)Y
12N
P, =222kN
C im ‘a.m
(+):MC=0; Fip(1.5)~6(2)}1)=0 T
Fyp =8kN Fop= §AN
» 4bN Ae

P.,s =8(3)=24kN > 22.0kN

No, AB will fail. Ans
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13-39. The deck is supported by the two 40-mm-square
columns. Column AB is pinned at A and fixed at B, whereas
CD is pinned at C and D. If the deck is prevented from side-
sway, determine the greatest weight of the load that can be
applied without causing the deck to collapse. The center of

gravity of the load is located at d = 2 m. Both columns are . N P
made from Douglas Fir. L

(G IM=0  Fa()-W3)=0

o

Fp=06W

+T 2[’} =0; Fcp+0.6w—w=0

FCD = 0.4 w
Column CD :
2 ° ) 4
s - n2El - m(13.1)(10 )(!2)(004) =04 W
(KL)Z (1(4))2
W=4.31kN
Column AB :
2 ) (< A
, _EEL_ 2T DUCGH00! oy
W= 5.86 kN

Thus,

W=431kN Ans
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*13-40. The deck is supported by the two 40-mm-square
columns. Column AB is pinned at A and fixed at B, whereas
CD is pinned at C and D. If the deck is prevented from side-
sway, determine the position 4 of the center of gravity of the
load and the load’s greatest magnitude without causing the
deck to collapse.-Both columns are made from Douglas Fir.

Column CD :

_ m2El
cr (K L“)"z
o 2(13.1)(109)(-‘12-)(0.04)‘

(Lo =1.7239(10*) N

Column AB :

_ 22030005004

F,
A8 (074

=35181(10°) N
Thus,
+TZFE =0, 17239(10°)+35181(10°)~W=0
W=52420(10") N=524kN  Ans

( +IMy=0;  5.2420(10°)(d)- 1.7239( 10°)5)=0

d=164m Ans
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1341. The beam is supported by the three pin-connected
suspender bars, each having a diameter of 0.5 in. and made
from A-36 steel. Determine the greatest uniform load w that
can be applied to the beam without causing AB and CB to
buckle.

‘O.?FU
2 2 60,‘-)'
/@ il‘

T

Ep

B, = =2E1 _ m229K10°)(£)0.25)*

&LE T (Logoyigy S o098

+T2E =0 2((60.93)(?))- Tp=0

Tip =73.176 b
(+ IMc=0;  ~73.176(8)+ w(8)4) =0

w=1831b/ft Ane
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13-42. The rod is made from a l-in.-diameter steel rod.
Determine the critical buckling load if the eads are roller
supported. E,, = 29(10%) ksi, oy = 50 ksi.

Critical Buckling Load : 1=2(0.5%) = 0.015625x in*
and K = 1 for roller supported ends column. Applying Euler's formula,

RE
fa= e

_ 72(29) (10%)(0.0156257)

B [1(20)}?

=35.12kip = 35.1 kip Ans

Critical Stress : Euler's formula is only valid if 6, < &y.

w

5.12
(2

|

™ |q®

=44.72ksi< 0y =50ksi (0.K!)

O, =

~n
=
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13-43. Consider an ideal column as in Fig. 13-12c,
having both ends fixed. Show that the critical load on the
is o P, = 4n* EI/L*. Hint:

column is given by fo Hint: Due to the
vertical deflection of the top of the column, a constant
moment M’ will be developed at the supports. Show that
d*v/dx* + (P/EI)v = M'/EI. The solution is of the
form v = Cy sin(V P/Elx) + Cycos(V P/Elx) + M'/P.

Boundary Conditions :

M
Moment Funciions : Atx=0, v=0  FromEq(l]. G= P
M(x)=M’'~Pv dv
At x=0, I=0. From Eq.[2), C; =0

Differential Equation of The Elastic Curve :
Elastic Curve :

d*v =’l’_' - ﬁ
EIE;Z-=M(x) v P[l cos[ EIX

d*v and
E[—E-M ~-Pv “”-M'Fs-m[ Px)
v P M « PY\E \\H
— e U = .E.D.
) EIU 3] Q )

The solution of the above differential eguation is of the form dv L
However, dueto s —= =
ymmetry o Oarx 3 Then,

v=C,sm(Ex)+czc°s(Ex)+M‘F' (B} sin[ P(L)] o o P(L
—[=}{= r

= — ..):mr wheren=1,2,3.

and £\2 EN\2
dv _ P P P ([P .
i G 7V 5 -G 7V g [2) The smallest critical load occurs when 7 = 1.
The }nlegmﬁon constants can be determined from the bbundary conditions, P, = ﬂ.’ (Q.E.D.)
ce Lz - Kae .
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*13.44. Consider an ideal column as in Fig. 13-12d,
having one end fixed and the other pinned. Show that the
critical load on the column is given by P., = 20.19 EI/L%
Hint: Due to the vertical deflection at the top of the
column, a constant moment M’ will be developed at the
fixed support and horizontal reactive forces R’ will be
developed at both supports. Show that dw/dx? +
(P/EIv = (R'/EI)(L — x).The solution is of the form
v =C;sin (VP/EIx) + Cycos (VP/EIx)+ (R/PYL —

After application of the boundary conditionsshow that
tan (VP/EI L) = VP/EI L. Solve by trial and error

for the smallest root.

Equilibrium : FBD(a).

Moment Functions : FBD(b).
M(x)=R'(L-x)-Pv

Differential Equation of The Elastic Curye :

d*v
H—Jx—z- = M(x)

d*v
HF =R (L—x)-Pv

d*v P
2-;5-+E,-u- --(L—x)

The solution of the above differential equation is of the form

. ' P ' P R
v =C,.ﬂ|‘\[ EX)‘PC:COS[ Ex)i— -P—(L"X)
dv , P ' P ,P [P R
= O Y —_x |- — — f—
=G E’cos( Elx) o E,sm EIX 7

The integration constants can be determined from the boundary
conditions.

and

Boundary Conditions :

Atx=0, v L

0. FromEq[l]. G, =

~IE

dv R
At x = 0. -Z; =0. From Eq [2]. Cl = -P—

Elastic Curve ;

AT )
S5 ]

(1

L=

[

However, v =0atx= L. Then,

P P
M(EL} f-E:lL (Q.E.D.)

By trial and error and choosing the smallest root, we have

FL—44934
5 L=4.49341

_20. 19El

(Q.E.D.)
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13-45. Thetcolumn is supported at B by a support that does
not permit rotation but allows vertical deflection. Determine
the critical load P,,. E1 is constant.

”®
h d

Elastic curve : v

2 A d
Elé-—?- =M= -Pv wm

dx?

2
.‘.1_3 +£—v= 0
dx* EI

P P

= i — x] + Cycos [{f — ]
v C,sm[vElx] 2 [EI]
Boundary conditions :

Atx = 0; v=20

0=O+C7_; C7_=O

dv

tx=L; - =0
At x o
v P P f
— = Gtf—cos[f —L]=0; Cotf— =0
z -V e ] i

P P

—_— =0; — L = n(-
cos [ IL] E7 (2)
Fi =1; P —._”i_
Y Y

2 EI
b= Ans
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13-46. The ideal column is subjected to the force F at its
midpoint and the axial load P. Determine the maximum
moment in the column at midspan. EI is constant. Hint:
Establish the differential equation for deflection Eq. 13-1.
The general solutionisv = A sin kx + B cos kx — ¢’x/k?,
where ¢? = F/2EI, k* = P/EI.

Moment Functions : FBD(b).

(+EMa =0; M)+ -::x+P(v) =0

F
M(x)=--2-x-Pv [1
Differential Equation of The Elastic Curve :

dtv
HE =M(x)

The solution of the abave differential equation is of the form,

vecal{Bhcl{T) L w wE ok

The integration constants can be determined from the boundary £ 0 M)
conditions. P

Boundary Conditions :

At x=0, v=0. FromEq.[2], C, =0
L dv
At x= 3 == 0.  From Eg.{3],

Elastic Curve ;

e (e
o (22 ol 7

. . L
L Maximum Moment : The maximum moment occurs at x = —. From
However, v=v,,, atx= 3 Then, 2 .

e a5 =5 o
e (e R -l ({55
-5 B=((Z2) =

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.




13-47. The ideal column has a weight w (force/length) and
rests in the horizontal position when it is subjected to the axial
load P. Determine the maximum moment in the column at

midspan. EJ is constant. Hinz: Establish the differential equa-
tion for deflection Eq. 13~1, with the origin at the midspan.
'The general solution is v = Asinkx + Bcoskx + C; + Cox + Cyx?y

where k2 = P/EL

Moment Functions : FBD(b).

L
QZM‘,:O; wxG-)-M(x)—%—-x—Pu:O

M(x)=-'21(x’—1.x) -Py 8)]

Differential Equation of The Elastic Curve :

a7 WL
v
E'Ex_z =M(x) ‘
4 p | H
By =5 (4 -15) -Po hep —
1 4
d*» P 2 7 4
e’ m ) 3 Zz Ll
A= &4z
. L (&)
The solution of the above differential equation is of the form
AL x
([P c ' P\ »a wL wE 2 r——--’——'i-fq
v =C,sin 7 +C,cos 74 Al T T ]

and v
dv P P P P w  wlL ’
— — X |~ — i —X o —x——— 3
il ﬂ°°s(v Ez") ‘Vas"‘(v Er’) PP 31 L F

The integration constants can be deterruined from the boundary conditions.
Boundary Conditions :
Atx=0, v=0. FromEg.[2},

wEl wE

0=G-5r =P

AlX'—"gy %:—’:0‘ FromEq.[3].
F FL wEl [P F’- +W(’~)_W’-
O=CygeoslVgz | Va™"\Ve2 [ 73) 2P

c _wﬂm FL
1P E2
Elastic Curve :

oSl Bl Bl 57

L
However, v = v,,, alx = 3 Then,

B R el 58] el
(T

2 __wi? Pwa ‘/FL PL2 .
=~_E.’[m(\/§£)_£_l] Ans v = \gi)wm

3 . L
Maximum Moment : The maximum moment occurs at x = 3 From Eq.[1],

Ans
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*1348 Determine the load P required to cause the A-36
steel W8 X 15'column to fail either by buckling or by yield-
ing. The column is fixed at ils base and free at its top.

Section properties for W8 x 15 :
A=444in’ [ =480in* [ =341in*
rr=329in. d=81lin.

Buckling about y - y axis ;
K=20 L=8(12)=96in.

n’ElL _ ’29)(10°)(341)
= - - 2 . 3
(KLY [2.0Y96)] 6.5kip  controls  Ans

—fer

Check : O =— =" =596ksi < oy OK
A 444
Check yielding about x - x axis :
rP ec KL [P
Omax = —[ 1 + —sec (— 1/ —
A[ r? ¢ 2rYEA 2
P 26
- = E = 5.963 ksi
A 444

ec _ (WA
7 (3291

KL [P 20(96) 26.5
—-—-v —= V =0.4184
2r Y EA  2(3.29) ¥ 29(10°)(4.44) 8

Omax = 5.963[1+0.37463 sec (0.4184)1 = 8.41 ksi < oy =36ksi OK

= 0.37463
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13-49. The W10 X 12 structural A-36 steel column is used
to support a foad of 4 kip. If the column is fixed at the base
and free at the top, determine the deflection at the top of the
column due to the loading.

Section properties for W 10 x 12
A =354 L =538in' 1 =390in d=989in

Maximum deflection :

P KL
Ve =esecv---——- =
3 [ (EI 2) 11 K=20

[P KL _ 7 2.0 (15)(12)
E172 “Vmumms 5 ) =08

Umax = 9sec(0.2882) - 1] = 0.387 in. 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.




13-50. The W10 X 12 structural A-36 steel column is used
to support aload of 4 kip. If the column is fixed at its base and
free at its top, determine the maximum stress in the column
due to this loading.

Section properties for W10 x 12
A=354in> L =538 r =39in d=98%in

P ec KL | P

Cuns = — 1 + 500 (5[ =

mr = U s G VER )
LA Sy e
A 354
ec 93
LA = 2926

rt 3.902
KL [P 2005312 4
Sy = ‘/ = (.2881
2r VEA 2(390) 29 (10°)(3.54)
Gmaa = L13[1 + 2.926 sec (0.2881)) = 4.57ksi < 0 OK Ans
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13-51 The wood column has a square cross section with
dimensions 100 mm by 100 mm. It is fixed at its base and
free at its top. Determine the load P that can be applied to
the edge of the column without causing the column te fail
either by buckling or by yielding. E,, = 12 GPa, oy = 55 MPa.

Section properties :
A=0.100.1)=00l m? I= 715(0.1)(0.1’) =8.333(10"%) m*
8.333(10°6)

=0.02887 m
0.01
Buckling :
nEl  m*(12)(10°)(8.33 =6
= EEL (1200)@333)(10) _ -\
(KL) [2.02)1*
P 61.710%)
Check : Cor=-L=""""" =617 MP
“TA T ool a<or OK
Yielding :
P e KL[P
Omax = —[1+—sec(—1/ —
A r? (2r EA il

ec _ 0.12(0.05) _
r2 7 (0.02887

KL /P _ 202 P
2r VEA 2(0.02887) Y 12(10°)(0.01) 0'006324/’7

55(10%)(0.01) = P[1 +7.20 sec (0.006324/;)]

By trial and error :
P=31400N =31 4kN controls Ans
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*¥13-52, The W14 X 26 structural A-36 steel member is used
as a 20-ft-long column that is assumed to be fixed at its top
and fixed at its bottom. If the 15-kip load is applied at an
eccentric distance of 10 in., determine the maximum stress in
the column.

Section properties for W 14 x 26
A =1760in" d=1391in I =245m' r, = 5.65in.

Yielding about x—x axis :

ec KL

P
Tmax = f {1+ ~—sec( — s K =05
A r?

2r VEA
1391
P15 gseksis 5= D - 2umene
A 17.69 rz (5.65)
KL [P _0500(12) 15 - 0087094
2 VEA 2065 | 29(10°(7.69)

= 1.9506[1 + 2.178714 sec (0.087094)]
= 6.22ksi < oy = 36ksi OK Ans

amn
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13-53. The W14 X 26 structural A-36 steel member is used
as a column that is assumed to be fixed at its top and pinned
at its bottom. If the 15-kip load is applied at an eccentric dis-
tance of 10 in., determine the maximum stress in the column.

Section properties for W 14 x 26
A=769in d=139tin. £ =245in® 1, = 565in.

Yielding about x — x axis :

P ec KL | P -
Omax = A [1+ —r-z‘sw (-5—'- 'ET;)]. K =07
1301
P15 _ ios06ksi: S = =) 2) = 2.178714
A 169 r? (5.65)

KL /P _ 0702012 13 = 0.121931
2r VEA 2565 | 2(10°)(7.69)

Oen = 1.9506{1 + 2.178714 sec (0.121931)]
= 6.24ksi < oy = 36ksi OK 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.




13-54. The W10 X 30 structural A-36 steel column is
pinned at its top and bottom. If it is subjected to the eccen-
tric load of 85 kip, determine the factor of safety with respect

to yielding.
Section properties for W 10x30 :
A=884in" [ =170in* r =438in.
d=1047in. I =167in’
Yielding about x - x axis ;

P ec KL (P
Opax = —[14+ = [y S,
max A[ rzsec(zr EA)]

A e 2.1830

KL [P _ 100502 [P _
2rVEA  2(438) 29(10’)(8.84)"0'040583/;

36(8.84) = P{1 + 2.1830 sec (0.040583,/F)]

By trial and error :
P=948kip controls

Buckling about y- y axis :

m2El  m*(29)(10°16.7)
Pop= o dECONA6T) e
KLy "o asunp Sk

R F. 1475
Check : a‘=,=—A—'=———=16.7ksi < Oy OK
8.
94.8
FS.=-r-=112
T Ans
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13-55. The W10 X 30structural A-36 steel column is fixed
at its bottom and free at its top. If it is subjected to the eccen-
tric Ioad of 85 kip, determine if the column fails by yielding.
The column is braced so that it does not buckle about the
y-y axis,
aecuon properties for W 10x30 :
A=88in" [ =170in* , =438,
d=1047in. I =16.7in*
Yielding about x- x axis :

P ec KL
Omax = ~[14 Zsec (=] .2
A r? (Zr EA )/
ec  §(1%47
=5 =-—1~—)=2.1830

r? 4382

KL [P @asyiz I3
2r VEA™ "2a38) | B(ioyaaa = 08166V P

36(8.84) = P[1 +2.1830 sec (0.8166,/P)]
By trial and error :
P =81.0kip
Since 81.0kip < 85 kip the column fails by yielding.

Yes. Anms
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*13-86. A W12 X 26 structural A-36 steel column is fixed
connected at its ends and has a length L = 23 ft. Determine
the maximum eccentric load P that can be applied so the
column does not buckle or yield. Compare this value with
an axial critical load P’ applied through the centroid of the
column.

Section properties for W12x26 :
A=165in® L =204in* [ =173in
r, =517 in. d=1222in,
Buckling about y- y axis :
n’El

Fep = ——
(KL}

2
PP, < 29)(10°)(17.3) = 260kip
[(0.5X23)}12)F

Check : a,=—=~——=340ksi <oy OK

Yielding about x - x axis :
P e KL|P
Cmax = —[1 +—sec (—1¢{ —
mer = U s (VB

ec _ 6(232%)

r 517

KL [P (0.5)23)12) / P
= =00 Y
2rYEA 2(5.17) 29(10°}(7.65) 283350 P

36(7.65) = P[1+ 1.37155 sec (0.028335/;)]

.= 1.37155

By trial and error :
P =112.7 kip = 113 kip controls  Ans
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13-57. A W14 X 30 structural A-36 steel column is fixed
connected at its ends and has a length L = 20 ft. Determine
the maximum eccentric load P that can be applied so the
column does not buckle or yield. Compare this value with
an axial critical load P’ applied through the centroid of the
column.

Section properties for W 14 x 30
A=885i° d=1384in. J =291in* r, =573, = 196i* ,

Buckling about y~y axis :

A a EIZ K=05
(KL)
3
P =  (29)(10 )(19.5) - 390Kip Ans
[0520)(12) }
Yielding about x—x axis :
14 ec KL { P
Omax = — [1 + = AP | e
A[ rzsec(Zr EA)]

P 6 () 0.5(20)(12) P
= ——[1
36 = gas 1T sz ol 2673 | 25(10°)(8.85) 1

Solving by trial and error :
P = 139 kip controls: Ans
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13-58 Solve Prob. 13-57 if the column is fixed at its
bottom and free at its top.

Section properties For W 14 x 30 . »
- 885in? d=1384in. & =291in* ro=573in. L =196in

Buckling about y—y axis :

= rEI K=2
(KL)
P'=P,= ’_'2_(33510—32(—1?;26—) = 243kip  (controls) Ans

[220)(12) |

Yielding about x — X axis :

P 1+ ecsec(&h f
—Z[ r? 2r YEA

P 6 (1384 2(20)(12) P )
36= oo 1+ 53 % (5573) | 290109 (8.85)

Solving by wrial and error,

P = 1084 kip Ans
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13-59 The wood column is fixed at its base and can be
assumed pin connected at its top. Determine the maximum
eccentric load P that can be applied without causing the
column to buckle or yield. E,, = 1.8(10%) ksi, oy = 8 ksi.

Section Properties :
A=104)=40i> L= 1—12(4)(103) =33333in' k= é(w)(t*) =53.33in*

Ty = \/§= Vﬂ = 2.8868 in.
A 40

Buckling about y - y axis :
n’El _m’(L8)I0°)5333) _

P=PF, = = 34 kip
(KLY [(0.7)(10)(12)1?
Check : O = ﬁ = m =336ksi < Oy OK
A 40

Yielding about.x- x axis :

P ec KL | P
=—[1+— i VY FL
Omax A[ +rzseC(2r) EA]
ec 5(5)
r? 28868

&L [P _07010)12) P _o0sa221/P
2 VEA ™ 223868) ¥ 18(10°)(40)

8(40) = P[1+3.0 sec (0.0542214/P )]

By trial and error :
P=735kip controls Ans
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*13-60 The wood column is fixed at its base and can be
assumed fixed connected at its top, Determine the maximum
eccentric load P that can be applied without causing the
column to buckle or yield. E,, = 1.8(10%) ksi, oy = 8 ksi.

Section Properties : 1
. 4
A=104)=40in* L= Tli(4)(103) =33333in* I = E(IO)(43) =53.33in

= \/§=\/3_3_3i3 = 2.8868 in.
a Vo

Buckling about y- y axis :
2 2 3
P=P, = x’El _=® (1.8)(10°)(53.33) 263 kip
(KLY [(0.5)(10)(12)?

P, 263 .
: 6,=—=="=-=658ksi <oy OK
Check n 20
Yielding about x - x axis :
P ec KL | P

Omax = X[1+r—;SCC(-2—r A )]

ec _ 5(5) -

r? 288682

(EI—“)‘/ PF _0500012) P =0.038729/ P
2 VEA ™ 22.8868) | 1.8(10°)(40)
8(40) = P[1+ 3.0 sec (0.038729/P )]

By trial and error :
P =76.6 kip (controls) Ans
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13-61. The aluminum column has the cross section shown.
If it is fixed at the bottom and free at the top, determine the
maximum force P that can be applied at A without causing
it to buckle or yield. Use a factor of safety of 3 with respect
to buckling and yielding. E;; = 70 GPa, oy = 95 MPa.

150 mm

10 mm —{ ]
m"“"} 2 'LlOmm
80 mm. T

iz (0.005)X0:16X0.01) + (0.085)(0.15)0.01) 004371 m
0.16(0.01) +0.15(0.01)

1
L= 1 0.16x001) +(0.16X0.01X0.04371 -0.005)" 4»3(0.01)(0.15)‘ -
12
(0.15X0.01)0.085-0.04371)" = 778070107 m*

L= L0016+ -l‘-z(o.m(o.m’) = 3.42583(107%) '
12

A = Q.16X0.01) + (0.15}€01) = 3.1(107) m®

: LA
Edld 0 K §
r, = JE =720 6 0501 m & \
*7¥a 310107 -
~
4
Hoa IR
Buckling about x - x axis :
Pab= ='E RI0)(10°X3.42583K10°%) 23668 N N 150ma
T 20X

Patow = ~P;—' =789kN  (conwols)  Ams

P _23668N
Check : Oy =— =

= =763MPs <oy OK
A 3.1(107)

Yielding about y-y axis @

P e« KL [P
[ le“:;wt(b)\’u]

e _ (00BTO007L) _ 64y

r? 0.05012

(5’;)1’.’; - _2_-‘_’(_’)_"___._’__—; = 677490107 WP
2 VEA  20.0501)Y 70(10°{3.1(107%)
95(10°)3.1)(10°%) = P[1 +0.6741 sec 6.11490107)/P

By trial and eqror :

45.61
P =4561 kN Pittev = 5 = 15.2¥N
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13-62 A W 10 x 15 structural A-36 steel member is used
s a fixed-connected column. Determine the maximum
eccentric foad P that can be applied so the column does not
buckie or yield. Compare this value with an axial critical load
P’ applied through the centroid of the column.

Section properties for W 10 x 15
A=441i® d=999in L =689imn' r =395in L =289in’

Buckling about y—y axis :
P EI _ 7 (29)(10°)(2.89)

P'"=P =P, = 2 3
(KL) [0.5(25)(12) ]
= 368kip (controls) Ans
ac,=£°-'-=3—6:§=8.34ksi<ay=36ksi OK
A 441

Yielding about x~ x axis :

P ec KL | P
O, = — [1 + —sec (——4/ ——
mx = g U+ s Gry g

ec _ 8(2%)

= = 2.561128
r2 (395)°

KL /P _ 05(25)(12) P = 005309 /P
2 VEA = 20395 | 290041

36 (4.41) = P[1 + 2.561128 sec (0.05309 /P)]

By trial and error,

= 42.6 kip
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13-63 Solve Prob. 13-62 if the column is pin-connected at
its ends.

Section properties for W 10 x 15
A =44l d=99in. L =689in* r =395in. I =289’

Buckling about y~y axis :
_ @ EI _ 7 (29)(10°)(2.89)

P =P =Pcr = 3 = 5
(KL) [ 1.0(25)(12) ]
= 9.19 kip (controls) Ans
P .1 . .
ac,=—=9—2=2.08k51<ay=36k51 OK
A 441

g (228
== o) _ 5 561128024
rP o (395)

KL (P 1.0 (25)(12) , P
—_—— = = 0.1061881 P
2rYEA 2 (3.95) 29 (10%)(4.41) 04 ‘/_

36 (4:41) = P[1 + 2.561128 sec (0.106188104 /P)]

By trial and error,

P = 376 kip

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.




*13-64 Solvé Prob. 13-62 if the column is lixed at ils bot-
tom and pinned at its top.

Section properties for W 10 x 15
A=441i® d=99in. L =689in® r =395in L =289’

Buckling about y—y axis :
_ @REI _ 7 (29(10°)(2.89)

P'=P =P, = 5 = 3
(KL) [ 0.7 (25)(12) ]
= 18.8 kip (controls) Ans
<:t',;,=i,E =1§§=4.25ksi<0'y=36ksi OK
A 441

Yielding about x — x axis :

P ec KL [P

Omax = — [1 + —sec (—1{ —

mx = g I+ s VR
999

ec _ 8057 _ ) se1128004

rt (395)°

KL [P _07(2502) ul = 0074331673 /P
2 VEA 2(395) | 29 (10°)(441)

36(4.41) = P[1 + 2.561128024 sec (0.074331673 y/P))

By trial and error,

P = 409kip
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13-65 The W 14 X 53 structural A-36 steel columa is fixed
at its base and free at its top. If P = 75 kip, determine the
sidesway deflection at its top and the maximum stress in the
column,

Section properties fora W 14x53 :
A=156i" L=541in* L =577in"
r;=589in. d=1392in.

Maximum deflection :

P KL
Vmax = e[sec(\/g—z‘) - 1]

PKL - 75 (2.0(18)(12)
EI2 29(10%)541 2

) = 0.472267

Vmax = 10(sec(0.472267)- 11=1.23in.  Ans

Maximum stress :

ec KL | P
Omax = —[1+ — sec (—1/ —
me =gl G Gy
P 75
— = —— =4.808 ksi
A 15

ec _ 10574

—i =2.0062
r? 5.89%
E _P_ _2.0(18)(12) 75

=047218

2r Y EA 2(5.89) ¥ 29(10°)(15.6)

Omax = 4.808[1 +2.0062 sec (0.47218)} = 15.6 ksi < oy Ans
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13-66 The W 14 X 53 steel column is fixed at its base and
free at its tgp. Determine the maximum eccentric load P that
it can support without causing it to buckle or yield. E, =
29(10%) ksi, oy = 50 ksi.

0in. T

Section properties for a W 14x53 :
A=156in> L=541in* [ =577in"
r,=58%in. d=1392in

Buckling about y -y axis :
n’El _m’Q910DGTT) _ oo

P=P, = = 5 kip controls Ans
(KLP  [(20)(18)(12)F ‘
P, 88.5 .
: =2 = —= =5.67 ksi <O OK
Check : Ocr 156 Y

Yielding about x - x axis :

P L KB L
Omax = T 2 0 VEA
13.92
e 10D 50062
r? 5.89%

& £ _200802) P =0.054523/P
2V EA ™ 26589 | 2900°)(15.6)

50(15.6) = P[1 +2.0062 sec (0.054523y/P )]

By trial and error :
P =204 kip
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13-67. Ther W10 X 45 structural A-36 steel column is
assumed to be pinned at its top and fixed at its bottom. If the
12-kip load is applied at an eccentric distance of 8 in., deter-
mine the maximum stress in the column.

Section properties for W 10x45 :
A=133in" L =248in* [ =534in*
re=432in.  d=10.10n.

Secant formula :
P
Omax = "'[l+e—:‘-sec (.Iil.‘ _}l) ]
A r 2rY EA

P12 090226 ksi
A 133 !

o 8D

rz 4322

XKL /_}’___:0.7(18)(12) 12 -0
2r'VEA 2432 | 29(10°)(133) 097612

Omax = 0.90226[1 + 2.16478 sec (0.097612)] = 2.86 ksi  Ans

=2.16478
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*13-68 The W 10 X 45 structural A-36 steel column is
assumed to be fixed at its top and bottom, If the 12-kip load
is applied at an eccentric distance of 8 in., determine the
maximum stress in the column.

Section properties for W 10x45 :
A=133in* L =248in" I =534in’
r.=432in. d=1010in.

Secant formula :

P ec KL [P
= —[1 4+ —sec (— __)]
Owes = 2+ 25 (N A

P 12

L =% 090226 ksi
A 133

10.10
e 85,678
r?2 4322

(55)1/_’_'_ L 05U8)d2 12 0069723
VN EA~ 232 | 2900°X13.3)

=0.90226[1 + 2.16478 sec (0.069723)) = 2.86 ksi ~ Ans

omll
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13-69 The aluminum rod is fixed at its base and free at its
top. If the ecceptric load P = 200 kN is applied, determine
the greatest afiowable length L of the rod so that it does not
buckle or yield. Ey = 72 GPa, oy = 410 MPa,

Section propertes :

A=n(0.1%)=0031416m* J= ;-’(0,1‘) =78.54(10%) m*

Fi 5 &
,=\/i=‘/zs_szﬂ_°_>=o,05m
A ¥ 0031416 P

5 mm
Yielding : T
» 200 mm ]
ec KL [P
Tmax = ;[1 + r-—’sec(-Z—;v a) 1
” L

P 200(10%) .

— = ==Y 2 6.366

47 031a16 03662100 Fa

e _0005(0.1)

ri oSy -

KL [P 20 200(10°)
(—-)\/— = —1}—-——..__ =0,
2r YEA 20595 72(10’)(0.0314]6) 0.188063L

410(10%) = 6.3662(10%){ 1 + 0.2 sec (0. 188063 L)]
L=834m (controls) Ans

Buckling about x- x axis :

=636 MPa < oy  Euler formula is valid.

>iv

_= 2EF
(KLY

cr

200010% = F0DUCNTB.5410%)
(oL

L=835m
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13-70 The aluminum rod is fixed at its base and free at its
top. If the length of the rod is L = 2 m, determine the great-

: P
est allowable laad P that can be applied so that the rad daes
not buckle or yield. Also, determine the largest sidesway 5 mm
deflection of the rod due to the loading. E, = 72 GPa, oy = —T
410 MPa.
200 mm
Section properties : . s
x "
A=n(0.1%)=0031416 m’ =x<o.1‘)=78.54(10 ym L
.54(10°¢
oL oD o005 m
A 0.031416
Yielding : L

Ouas = -—[1+——se=(~—\[_) 1

e (0.005)0.1) =02

rn 0.0

kL, 22 =0841000°)/P
SVE ™ 20 2005 | 72000 031416) 72(109)(0 031416)

~3
£10(10°)(0.031416) = P(1 +0.2 sec (0.8410(10 WP

By mial and error
P=320MN  (conwols) Ams

Buckling : . —a
pop, o TEL BAADAONEIOD _ 4q 0
T T Ly 0P
Py _348800) 1y ypy e o OK
Check : O = ~— = =

A 0031416

Maximum deflection :

P KL
= — )1
Vmax —elw(@ 2) 1
P KL 3.20(10%) (2.0(2))= 1.5045
El 2 72(10°X78.56(107%) " 2

Vana = S[sec(1.5045)~ 1] =70.5mm  Ams
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13-71. Construct the buckling curve, P/A versus L/, fora

column that has a bilinear stress—strain curve in compression
as shown.

o(lsi)

€(infin)

0.002 0.005

E = —> = 65(10°) ksi
0.002

By = —8= B _ _ 16667(10" ksi
0.005 — 0.002
ForE, = E;
P RE _ #(65(10) _ 64152
0’“=-—=_—--~=.__._—T—i———___..__._-’-z
A (&) ) %)
.5)(10° L
d’cr=l3=£_(6_5—)§l—-—); = =702
&) r
ForE, = E;
P P (16667)(10°) _ 16449
O = = = 2 = L 2
A (L) )
3
0, = 13 = 7 (1.6667)(10%) : L _3s6
r

Ly

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.




*13-72 Construct the buckling curve, PIA versus Lir, for a

column that has a bilinear stress—strain curve in compression
as shown,

o (ksi)
50
25
€(infin.)
0.001 0.005
From Fig. (a) :
25 3 .
y = —— = 25 (10°) ksi
0.001
B = —0 =2 _ - 625(10°) ki
0.005 — 0.001
ForE;, = E;
P TE
O = — = 2
A (&
7 (25)(10°) _ 247(10°)
= z = L2
%) ()
25)(10° L
0., =25= _”_2-(—-—)(;——); 2 =993
) 4
ForE, = E;
P P (625(10%)
O = — = ____.___E-——
A &)
_ 61.7(10°)
=
)
7 (625(10°) L _
O =25= ——5— = = 49.7
()

U(ks)
So+—~-—-—=-x
2+ &

3 E, ;[—
1 — &
000/ oS
]ﬂ(“i) 3
61-7(t0°)
L. 2=
K (4

-3 Y

497
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13-73 A column of intermediate length buckles when the
compressive strength is 40 ksi. If the slenderness ratia is 60,
determine the tangent modulus.

Our = & ; (5-9)=60
(KLY
7 E,
40 = ‘2
(60)
E, = 14590ksi = 14.6 (10°) ksi Ans
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13-74 The stress-strain diagram for a material can be

approximated by the two line segments shown. If a bar hav-
ing a diameter of 80 mm and a length of 1.5 m is made from 550
this material, determine the critical load provided the ends j“
are pinned. Assume that the load acts through the axis of //‘
the bar. Use Engesser's equation. /’ﬂ
100 7
A
o001 oo € (mm/mm)
10° —
g, =20 U9 50GPa g(MPa)
0.001
sso------ -
6\ _ 6 1
E, = 550 (10°) 100 (10%) = 75GPa x
0.007 — 0.001 ’ )
i
. |
Section properties : :
Il = EC4; A:ﬁ:cz Ezl
4 !
}
/
f06 - t
I Fct ¢ 004 96 .
=1 - =S -omm LE, [ ,
A mct 2 2 | [ é( MM/MI')/
0-00/ 0-007
Engesser's equation :
E - 1.0(L5) =75
r 0.02
0., = f.ﬂz_ BB _ 3506 (107 E,
&ty a5)

Assume E, = E; = 100 GPa
6., = 1.7546 (10°)(200)(10°) = 175 MPa > 100 MPa

Therefore, inelastic buckling occurs :

Assume E, = E; = 75GPa
6., = 1.7546 (107%) (75)(10°) = 131.6 MPa

100 MPa < o, < 550MPa OK

Critical load :
B, = 0,A= 131.6 (10%)(m)(0.04%) = 661 kN Ans
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13-75 The stress-strain diagram for a material can be o (MPa)
approximated by the two line segments shown. If a bar hav-

ing a diameter of 80 mm and a length of 1.5 m is made from

this material, determine the critical load provided the ends 530 T
are fixed. Assume that the load acts through the axis of the o
bar, Use Engesser's equation, e

€ (mm/mm)

0001 0.007

6
M = 100 GPa

0.001

1

E !
1 I

|
§
I
|

¥ (10%) — ‘100 (10°
E, = 53010 ~ 1000100 _ . op)
0.007 - 0,001

Section properties : /06—

n
I=-c4; A= Tmc

S

i
|
f
! |
TR

..
!
1
"
n
|
"
n
o
8
g

Engesser's equation :
KL _05(15) _ 175
r 0.02

(KLY (375)

Assume E, = E; = 100 GPa
o, = 7.018385 (10’3)1(100)(109) = 701.8 MPa > 100 MPa NG

AssumeE, = E; = 75Gpa
0., = 7.018385 (107%)( 75 )(10°) = 5264 MPa

100MPa < o, < 5500MPa OK

Critical load :
P = O A= 526.4(10°%(m)(0.04%) = 26459 kN Ans
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*13-76 The stress-strain diagram for a material can be
approximate& by the two line segments shown. If a bar hav-
ing a diameter of 80 mm and length of 1.5 m is made from
this material, determine the critical load provided one end
is pinned and the other is fixed. Assume that the load acts
through the axis of the bar. Use Engesser’s equation.

£{mm/mm)
100 (10°
E, = 1004107 = 100 GPa )
0.001 :
.550 (10%) ~ 100 (10°
E, = (109 ~ 1004109 _ ,56p, |
0.007 - 0.001 E |
<
Section properties : !
n |
I=ZC4; A=ﬂcz tos 1+ 1
L E, !
- } E é(mrh/mm)
£ X -00 0-00
reflofis o0 om o-o01 7

Engesser's equation :
KL _ 07(1.5) = 525
r 0.02

O = —5 = — = 3.58081(107) E,
Assume E, = E; = 100 GPa
.. = 3.58081 (10°){100)(10°) = 358.1 MPa > 100 MPa NG

Assume E, = E; = 7515Pa
o.. = 3.58081 (107*)(175)(10°) = 268.6 MPa

I00MPa < 0., < 550 MPa OK

Critical load :
P '= 0, A = 2686 (10°)(m)(0.04") = 1350 kN Ans
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13-77. Determine the largest length of a W10 X 12 struc-
tural A-36 steel section if it is pin supported and is subjected
to an axial load of 28 kip. Use the AISC equations.

ForaW10x12, r,=0785in. A=354in’
o‘=£ =—2—8— =7.91ksi
A 354

Assume a'long column :
12n%E
23(KL/rR

‘/' 127%E { 1272(29)(10°) _ 24
(~—~) = :
23 d.llow 23(7 9[)

(-——):—\[2"25 \/2,;2(29)(10’) 126.1, KrL>(_@)‘

Caltow =

Long column.
s
r
r 0.785) 107.86 Ans.
—l= B — = . n.
L =137,4( K) 137 4( I
= 8.99 ft Ans.
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13-78 Determine the largest length of a W 10 X 12 struc-
tural A-36 steel section if it is fixed supported and is sub-
jected to an axial load of 28 kip. Use the AISC equations.

ForaW10x12, r,=0785in. A=3.54in’

a=—P = ——8— =791 ksi
A 354
Assume a long column :
Ounon = JEE_
23(KL/r)?

2 2 2 3
(KL 127°E =\/ 12 72E _\/127: @A) _ 1304

r ' 2300w §230uew | 230791)
2 2 KL

(fé)c _.j2 Ez\[Zn' (29)(103)=126-1, KL o (KL

r Oy 36 r r

Long column.

K o134

B

0.785

r

L =137.4(=) = 137.4(——) =215.72 in.
(K) « 05 )

L=180ft Ans
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13-79. Determine the largest length of a W8 X 31 struc-
tural A-36 steel section if it is pin supported and is subjected
to an axial load of 130 kip. Use the AISC equations.

"Fora W 8x31, A=913in* r, =2.02in.
P_130
O == — = 14239
Ao ki

Assume a long column :
12%E

Caflow T —rm—re—mer
23(KL/r)?

KL 1222E _ [127%(29)(105)
("“) = V = V = g
r 23 Galiow 23(14239) 1024

KL 3 3 .
(=), = W" £ »/2" MR _ 1261, KL < (KL,
r Oy 36 r r

Intermediate column

(1~ X5 oy

Oaliow =
T+ ok -
14239 = U= H1136

B+ 1G5 - HE5)
3. KL
1.132(10 ’)(—r-)‘ +0.042344(K—L)—0.837655(10“)(K—L)’ = 12268
r R r

By trial and error ;
KL =89.71
r

2.02
L= 89.71(-]?) =181.21in.=15.1ft  Anms
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*13-80 Determine the largest length of a W 8 X 31 struc-
tural A-36 steel section if it is pin supported and is subjected
to an axial load of 80 kip. Use the AISC equations.

For aW8x31 A=9.13in*> r,=2.02in.
P _ 80

= — = —— = 8,762 ksi
o= A 913
Assume a long column :
_ L2z g
Gattow = 23 (KL/P
3

12 n%E Z 127 2(29)(10°) - 130.54

23 Oatiow 23(8.762)

[ / 2 %)
(___)c 2n2E 2% (29)(10 - 126.1
E > (-——): (Assumption OK)
r r
kL = 130.54

r

—13054(2—92) 263.7in.=220ft Ans
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13-81 Using the AISC equations, select from Appendix B
the lightest-weight structural A-36 steel column that is 12 ft
long and supports an axial load of 20 kip. The ends are

pinned.

Try Wéx12 A=3.55in° r, =0918in.
(___) \/27:25 27:2(29)(103)

=126.1

36

E - (1.0X(12)(12) _ KL KL
(r, ) BT 156.9, (r—’-) > (T)c

Long column

122°E  127%Q9)(10°)

= = 6.069 ksi
23(KL/r)? 23(156.9) kst

Oaliow =

Patlow = CailowA
=6.069(3.55)=21.5kip > 20kip OK

Use W6x12 Ans
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13-82. Using the AISC equations, sefect from Appendix B
the lightest-weight structural steel column that is 14 ft long
and supports an axial load of 40 kip. The ends are pinned.
Take o, = 50 ksi.

Try,Wéx15 (A=443in"  , =146in.)

(&)c =\/2n2E=\[21r2(29)(103)=107
r Oy 50

(&)= D s, >

Ty . y
Long column

2 2 3
127°E - 127 2(29)(10°) =11.28 ksi
23(KL/r)? 23(115.1p

Oallow =

Pallow = o-allowA
= 11.28(4.43) = 50.0 kip > 40 kip OK

Use W 6x15 Ans
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13-83. Using the AISC equations, select from Appendix B
the lightest-weight structural A-36 steel column that is 12 ft

long and supports an axial load of 40 kip. The ends are fixed.
Take o, = 50 ksi.

Try W6x9 A=2.68in" 1, =0.905in.

KLy, - \/Z”ZE = \/2" @A) _ 106
r 36

Oy

KL _05(12)12)
r, 0905

=79.56

Intermediate column

79562 :
{1~ 3G oy [1- 1228136 ksi
Oajtow = XL/ T KJr w31 15+ 3,7956y_ 1,7956+3

[§+%((Ku:)c)“i((1:u:')c) 1 G+ -sG@a)]

= 15.40 ksi

Finow = GanowA
= 15.40(2.68)
= 41.3 kip > 40 kip oK

Use W6x9 Ans
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*13-84. Using the AISCequations,select from Appendix B
the lightest-weight structural A-36 steel column that is 14 ft
long and supports an axial load of 40 kip. The ends are fixed.

TryWéx9 A=2.68in° r, =0905in.

(XL, _\/2::25_\/27:2(29)(103)_
reT - -

107

Oy 50
_K_L - 0.5(14)(12) ~9282
ry 0.905
KL KL
—_—< (—')c
Ty
Intermediate column

KL/
Cuow = e LTINS O-GCRRNS0
allow = - - »
B+ i) ~ @i’ G+iCh -G

Pa)low = a:llowA
=16.33(2.68)
= 43.8 kip > 40 kip OK

Use W6x9 Ans
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13-85. Determine the largest length of a W8 X 48 struc-
tural A-36 steel section if it is pin supported and is subjected
to an axial load of 55 kip. Use the AISC equations.

Section Properties : For a W8 x 48 wide flange section,
A=latin’ r, =208 in

Slenderness Ratio : For a coluran pinned at both ends, X = 1. Thus,

(E) = 1B o as08L
, ~ 208

r
AISC Column Formula : Assume it is a long column.

120E
13(%)°

55 _ 12[29(10%)]

141 23(0.4808L)?

Caltow =

L=407.0in.

KL
Here, E-E = (,4808 (407.0) = 195.7 and for A~ 36 steel, (———)

\fz”z \, 2"1[29“03” =126.1, Since ) s-—r-szoo

the assumption is correct Thus,

L=407.0in.=33.9ft 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.




13-86 Determine the largest length of a W8 X 31 structural
A-36 steel section if it is pin supported and is subjected to
an axial load of 18 kip. Use the AISC equations.

. 2
Section properties : For W8x31 7, =2.02in. A =913in

Assume it as a long column :

122E (KLZ_ 1272 E
Oaltow ~ ;;—(-_;__L? ' r 23 Oatlow

kKL _[1272E
T - 23 Oallow
18

P .
= — = — = 1.9715ksi
Here Oaliow A 9.13

3
KL _ /127229000 _ 9955 5 200
r 23 (1.9715)

KL
Thus use — = 200
r

1.O(L)
2.02

= 200

L = 404in. = 3371t Ans
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13-87 Using the AISC equations, select from Appendix B
the lightest-weight structural A-36 steel column that is 30 ft
long and supports an axial load of 200 kip. The ends are
fixed.

Try W8x48 r, =2.08in. A = 14.1in°

3
(KL)C - \/21:25 - \/27:2(29)(10) _ 1261
r Oy 36

KL _ 05(30)(12)
ry 2.08

= 86.54

KL KL .
(—-——r ) < (—). intermediate column.
r

y
Lo o2
{1‘7[75—;_)**]}0'7'
Cellow = rn e o
5 4 3¢ T i %
{§+§[(&) ]‘i["“‘(ﬂ) 1}

2
1 — L8654 36
= il A5 20 - = 14.611 ksi
G+ 5 - P 151D

lelow = oullowA = 14.611 (14.1) = 206k1p > P = 200hp OK

Use W 8x48 Ans
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*13-88 Determine the largest length of a W 8 X 31 struc-
tural A-36 steel column if it is to support an axial load of
10 kip. The ends are pinned.

W8x31l 1, =202in. A =913’

(""—)c =

KL \/2;:25 - \/27:2(29)(10’) = 126.1

r Ty 36
ﬂ 1.0L
ry 2.02
Assume KL > (ﬂ)c
ry r
S RPE KL _ [12A4E
23 (!(__é )2 ’ r 23 Gatiow
Here 0,500 = f = -19— = 1.10
A 9.13
KL [127:'229(103) KL
—_— L 3692 — i
~ 23 (110) > ( - ). Assumption OK
1.0
L) = 369.2
2.02
L=7459in. = 622t Ans
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13-89. The beam and column arrangement is used in a rail-
road yard for loading and unloading cars. If the maximum
anticipated hoist load is 12 kip, determine if the W8 X 31
structural A-36 steel column is adequate for supporting the
load. The hoist travels along the bottom flange of the beam,
1 ft = x = 25 ft, and has negligible size. Assume the beam
is pinned to the column at B and pin-supported at A.The col- .
umn is also pinned at C and is braced so it will not buckle out
of the plane of the loading.

ForW8x31, r.,=347in, A=913in’
Maximum axial load occurs when x =25 ft.

{(_E - (LOXYA5X1D)

=51.87
r 347
KL 272 29 10°) _ 174
0339 hgo y ki
: 1244,
Here 0< 51.87 < 126.1 hp
Intermediate column :
o [1- ';'(';D%’F)Z]Uy
aillow = " =
I3+ 3 Eme) ~ ¥t
1~ 1(51.87/126.1)%)3
Lk 4 Y36 = 18.2 ksi

e +[(3)(51.87/126.1)]-[ }(51.87/126.1)° ]}

a=£_ﬂ-l.22ksn<182ksx OK Ans

A 913
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13-90. The l-in.-diameter rod is used to support an axial
load of 5 kip. Determine its greatest allowable length L if it
is made of 2014-T6 aluminum. Assume that the ends are pin
connected.

Sxip

Section Properties :
A=1(05 =0.7854 in®
0.5
r=~=025in.
2 m.

Allowable Stress :

Assume long column :
54000
(KL/ry?

Oaliow =

KL_[5
KL _ 38000 _ [54000 o

r Gaitow 6.366

17»55  Assumption OK

55:92.1
r

L= 92.1(%%—5) =23.02in.=1.92ft Ans
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13-91. The 1-in.-diameter rod is used to support an axial
load of 5 kip. Determine its greatest allowable length L if it up
is made of 2014-T6 aluminum. Assume that the ends are fixed
connected.

Section Properties :
A= x(0.5%)=07854in"

s —

r= —-5- =0.25in.
2 Skip
Allowable Stress :
P S .
Cullow = 105 6.366 ksi
Assume long column :
54 000

&KL/

—’-‘—II = V 34000 = ‘/-5—4—@ =921 »55 Assumption OK.
r Callow 6.366

LY
r

Callow =

L=92. 1(90‘355-) =4605in.=384ft  Ans
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*13-92 The tube is 0.5 in. thick, is made from aluminum
allay 2014-T6, and is pin connected at its ends. Determine
the largest axial load that it can support.

P
Section properties :

A=@®)8)~ (N = 15 n®
1 3, 1 3 )
L=I = — = i
I 1f&@)1fna) 141.25 in

I [1a12
re=r, = ‘/, = ‘/-__5 =3.069 in.
A 15

Allowable stress :
KL 1.06(12)1
KL _1042(2) _ 1603 12 <KL (55
r 3.069 r
Intermediate column

Canjow = 30.7~ 023(§£)
r
=30.7-0.23(46.93) = 19.91 ksi

Pal]ow = Gajlowd
=19.91(15) = 299 kip Ans
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13-93 The tube is 0.5 in. thick, is made of aluminum alloy
2014-T6, and is fixed connected at its ends. Determine the
largest axial load that it can support.

Section Properties :
A=@®)@®)~ M =15in’

1 3, 1 3 in?
=L = — - (7)) =141.25
L=k = O~ O in

re=r, =\/z=‘/1—4}—‘2—5=3.0691n.
A 15

Allowable stress :
KL _05UDUD _ 5346 12 <KL <55
r 3.069 r
Intermediate column

KL
Oaltow = 30.7-0.23(—)
r
=30.7-0.23(23.46) = 25.30 ksi

Pl“ow = GnllnwA
=2530(15)=380kip Anms
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13-94 The tube is 0.5 in. thick, is made from aluminum
alloy 2014-T6, and is fixed at its bottom and pinned at its
top. Determine the largest axial load that it can support.

Section Properties :
A=@)B)—(T(T)=15in’

1 3, 1 3 . 4
I = Bt — — = .
[ =1, 12(8)(8 ) 12(7)(7 y=141.25in

T [14L
r=r, =]/_=1/-——12§=3.069in.
A 15

Allowable stress :

EE=%1—2—)—(—12=32.8446, 12 < EL- < 55
r 3.069 r
Intermediate column

K,
Catiow = 30.7 - 0.23(~—L) =30.7-0.23(32.8446) = 23.15 ksi
r
Pittow = OallowA = 2315(15) =347 klp Ans
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13-95 The bar is made of aluminum alloy 2014-T6.
Determine itg thickness b if its width is 1.5b. Assume that it
is pin connected at its ends.

Section properties :

CA=150" =T1§(1.5b)(b3)=0.125 b*

r =\/§=\/°‘125b4 =0.2887 b
. 1.5 B

Oallow = =~ = 72" 17

A 15P d
Assume long column :
_ 54000
Tallow = (KL/T)Z

0.5333 _ 54000

(1.0)(5H(12) 2
bZ { 0.2887 b ]

b=0.808 in.
r, = 0.2887(0.808) = 0.2333 in.

KL _ (1.0)(5X12)

e =257

ry 0.2333

kL >55 Assumption OK
Ty

Use b= 0.808 in. Ans
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*13-96 The bar is made of aluminum alloy 2014-T6.
Determine its thickness & if its width is 1.55. Assume that it
is fixed connected at its ends.

800 Ib

Section properties :
A=150

I = é(l.Sb)(b3) =0.125 p*

L _ [0125%°
r =1/—= =0.2887 b
YA 1.5

P_ 08 0533

Oallow = = = ——

A 158 B

Assume long column ;
54 000
(KL/ry?

Gallow =

0.5333 54000

T (05)(5)02) 12
¥ [ nwesl

b=0571in.
r, =0.2887(0.571) = 0.1650 in.

KL : (0.5)(5)(12
—_—= 056112 = 181.8, KL >55  Assumption OK
ry 0.1650 ry

Use b =0.571 in. Ans
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13-97 A 5-ft-long rod is used in a machine to transmit an
axial compressive load of 3 kip. Determine its diameter if it
is pin connected at its ends and is made of a 2014-T6
aluminum alloy.

Section properties :
. 4 4
A=24. 1=f(.4)=f_d_
4 4 2 64
.- ‘/7 _ |5 _d
A £
c _P_ 3 3820
allow A %dz dz
Assume long column :
KL _1.0(502) _ 240
r i- d
54 000 3.820 54000
Oeltow = 5 2 = 3
(KL) SN
d=142in, Ans
KL_2 _ 169555 (0K
r 1.42
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1398 Solve Prob. 13-97 if the rod is fixed connected at its
ends.

Section properties :

d* =nd
a=Za =26 =I5
4 4 2 64
,_\/7_ % _d
A Is 3
_P_ 3 _ 3.820
OCattow "Z"’ %dz “72——

Assume a long column :
KL _05(5(12) _ 120

r 4 d

54000 3.820 _ 54000

Caliow =

&Ly ey
d = 1.00in. Ans
KL _120 _a2s55 0K
r 1.79
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13-99 The timber column has a square cross section and is

d to be pin cc ted at its top and bottom. If it sup-
ports an axial load of 50 kip, determine its side dimensions
a to the nearest } in. Use the NFPA formulas.

Section properties :
2 P 50
A=a Callow = 0= — = —
A a
Assume long column :
_ 540
Caliow = -(—ETL—)Z
50 540

= T Aoz
a2 [( )(n X )]2

a=17.15in,
KL = QM =23.5, KL < 26 Assumption NG
d 7.15 d

Assume intermediate column :

1 KL/d ,
OCantow = 1.20[1 ~ = (———
11 { 3( 26.0)
1.0(14)(12)
50 1 —F—.
—=120[1 - = (—F——
2 [ ( 26.0 )
a=7451in

— =2 =2253, 11« E <26 Assumption OK
d 7.45 d
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*13-100 Solve Prob. 13-99 if the column is assumed to be
fixed connected at its top and bottom.

Oallow = O =

> 1
28

Assume long column :
540

(KL/dp

50 540

= = saeHun

az (____a___)z

Callow =

a=5.056in.

KL_050902) _,ccis KL 26 Assumption N.G.
4 5056 d

Assume intermediate column :

1,KL/d ,
atlow = 1.20[1—=(——
AT [ 3( 26.0) |
0.5(14)(12)
50 1 ——Z.2
= =120{1- - (—&¥——
a? [ 3( 26.0 V]
a=672in.
KL = gw =125, 11 < KL <26  Assumption OK
d 6.72 d

Use a=7.001in. Ans
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13-101 The wood column is used to support an axial load
of P = 30 kip. IFit is fixed at the bottom and free at the top,
determine the minimum width of the column based on the
NFPA formuias.

Section properties :

A=6d, Cillow = — = — =—

Buckling about x - x axis :
d<6in.

Assume long column :

oo o 340
How = 715
&

5_ 540
d (2(82(1 2) )2

d= 69%in > 6in.  Assumption N.G.

Buckling about y - y axis :

d>6in.

KL = 20128 =32, 26< KL <50
d 6 d

Long column

540
(KL/dy?

Oailow =
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13-102 The timber column has a length of 18 ft and is pin
connected at its ends. Use the NFPA formulas to detérmine
the largest axial force P that it can support.

KL .
—= ——-—(1 0X18)12) =432, 26< E <50
d 5 d
Long colamn

_ 340

allow (KL/d)Z
= 340 =(.28935 ksi
43.22

Pallow = GgjiowA
=0.28935(6)(5)
=868kip  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.




13-103 The timber column has a length of 18 ft and is fixed
connected at its ends. Use the NFPA formulas to determine
the largest axial force P that it can support,

KL (0.5x18)(12
£ =—_5_Q=21.6, 1<K 96
d
Intermediate column
1 KL/Ad
Callow = 120[1'_(_ 2
3 26 Yl

1,216
=1201- 12162, _ .
3( % )°1=0.92393 ksi

Pallow = Oaliowd
=0.92393(6)(5) = 27.7 ki  Ans
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*13-104. The column is made of wood. It is fixed at its bot-
tom and free at its top. Use the NFPA formulas to determine

its greatest allowable length if it supports an axial load of
P = 6 kip.

Assume long column :

Citiow SO = ;‘ = ’—E-' =0.3333 ksi

6(3)

S0 g-20 d=3in

Culiow = m
0.3333 = ——-5——-—
T o

L=6037in.=503ft Ans

Check :
.K—L = M =40.25, 26« Edé <50 Assumption OK.
d 3
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13-105. The column is made of wood. It is fixed at its bot-
tom and free at its top. Use the NFPA formulas to determine
the largest allowable axial load P that it can support if it has
alength L = 6 ft.

K=20 L=6(12)=72in. d=3in

E:Zﬂ@:48,26<&<50
d 3 d

Long column

o, =—z42—=i49-=0.23Mbi
allow (KL/d)z (48)2

Paiow = OattowA
~02344(6)(3) = 422kip  Ans
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13-106 A 16-ft-long column is made of aluminum alloy
2014-T6. If it is fixed at its top and bottom, and a compres-
sive load P is applied at point A, determine the maximum
allowable magnitude of P using the equations of Sec. 13.6
and Eq. 13-30.

Section properties :
A = 2(0.5)(8) +8(0.5) = 12 in’
1 3 1 3 . 4
L = —(8)9%)— —(7.5)8%) = 166 in
12( )(97) 12( )8

1 3,, 1 3 . 4
=2(—)(0. — .57) =42.75
I =2 12)(0 5)(8)+ 12(8)(0 ) in

r, = ‘/§= ‘/f@ﬂ =1.8875 in.
A 12

Allowable stress method :
KL _05016012) _ <56 13 KL <55

ry 1.8875 ry

Gunow = [30.7-0.23¢KEy)
;
= [30.7 - 0.23(50.86)] = 19.00 ksi

P Mc

Omax = Oallow = — + I
X

25)4.
19.00 = lﬂ L PE25@s5)

166

P=957kip Ans
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13-107 A 16-ft-long column is made of aluminum ailoy
2014-T6. I it is fixed at its top and bottom, and a compres-
sive load P is applied at point A, determine the maximum
allowable magnitude of P using the equations of Sec. 13.6
and the interaction formula with (o3)enow = 20 ksi.

Section properties :
A =2(0.5)(8) +8(0.5) = 12 in®

1 3, 1 3 . 4
Ix=—8 9 -_— 75 =16
12( )X97) 12( )87) 6 in

1 a1 3 . 4
1 =2(— . — 3 =42.
y (12)(05)(8 )+12(8)(05) 2.75 in

77}
ro= e =25 s 1 ss75in.
A V12

Interaction method :

KL 0.
—= 0_5(16)(12) =50.86, 12 < EE <55
ry 1.8875 ry

Gutiow = [30.7-0.23(5)
;

=[30.7- 0.23(50.86)]
= 19.00 ksi

O, = P = P =0.08333P
A 12

Op=— =————~ =0.1152P
A 166

[o + Op
(Ga)allow (Gb)allow

=10

0.08333P . 0.1152P 1
19.00 20

P=986kip Ans
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*13-108. The W8 X 15 structural A-36 steel column is fixed
at its top and bottom. If it supports end moments of
M = Skip- ft, determine the axial force P that can be
applied. Bending is about the x—x axis. Use the AISC equa-
tions of Sec. 13.6 and Eq. 13-30.

Section properties for W 8x15 :
A=444in” I =480in* r,=0876in. d=81lin

Allowable stress method :
L{E - 0.5(16)(12) = 109.59
ry 0.876

2 2 3
XKLy - 27 E=\/2n @003 _ oy
r 36

Oy
KL KL
_<(‘—‘)c
Ty
(O Daon = U-3gmlor  _ U-3CEPYB6 oo
T Bl - i) B -1 GED)
{i ) ( 13

P Mc
Omax = (Oaatlow = ; + —I—

5(12)(&L
127 = £ 30250
FUVRRT

P=296kip Ans
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13-109. The W8 X 15 structural A-36 steel column is fixed
at its top and bottom. If it supports end moments of
M = 23 kip - ft, determine the axial force P that can be
applied. Bending is about the x~x axis. Use the interaction
formula with () ayow = 24 ksi.

Section properties for W 8x15:
A=444in® [=480@' 1, =0876in. d=81lin.

Interaction method :

KL = 0.5a6)12) = 109.59

7, 0.876

y

. =‘/2an=‘/2,,2(2;;)(103)= 1261, Kk o (KL
r

Oy 7y r
DU e .21 AN Lt 1y > w0 I DT
a allow [;_ T %((:ll//:)c )~ ‘:'(ﬂf_l’j;"i);] [% + %(‘l%s,]g)" ‘;'(!l%%%)’]
a.=L=L -o02sp
A 444 -
211y
0, = M _BUDG) _os 316 ki
I 48

Oq + Oy
(Ua )lllov (ob );Ilow

022527 23316 _
11727 24

P=148kip Ans

g, _02252(1.48)

= =0.0285<0.15
(aﬂ )lllow 11727

Note :

Therefore the method is allowed.
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13-110. The W8 X 15 structural A-36 steel column is
assumed to be pinned at its top and bottom. Determine the
largest eccentric load P that can be applied using Eq. 13-30
and the AISC equations of Sec. 13.6.

Section Properties : For aW8x 15 wide flange section,

A=4Min® d=81lin. [ =480in* 1, =3.29in
r, =0876in. ‘

Slenderness Ratio ; By observation, the largest slenderness ratio is
abouty—y axis. For a column pinned atboth ends, K = L. Thus,

=137.0

(KL) L1032
,~ T 0.876

r
Allowable Stress ; The allowable stress can be determined using

KL 281E
AIS C Column Formulas. For A=~ 36 steel, (—7—) = -
3 Y

- f2n3[29( 10%)} = 126.1. Since (E) < E <200, the coluran Maximum Stress : Bending is aboutx —x axis. Applying Eq. 13- 30,
36 rl r we have
is a long column. Applying Eq.13~21,
Opus =0, =7 + Me
o - 12”2E maz — Yallow ™ A 7
" m s POCE

_ 1223(29.0)(16%) ' 4.4 48

T T 23(137.09)

= 7.958 ksi P =8.83 kip Ans
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13-111. Solve Prob. 13-110 if the column is fixed at its top
and bottom.

Section Properties : For a2 W8 x 15 wide flange section,

A=4s4in® d=8.1lin. [ =480in* 1, =329
r, =0.876 in.

Slenderness Ratio : By observation, the largest slenderness ratio is
abouty -y axis. For a column fixed at both ends, X =0.7. Thus,

(KL)] _0.7(10) (12)

= e =2 95,89
r 0.876

Allowable Stress : The allowable swress can be determined using
KL) 2mE
<

AJSC Column Formulas. For A= 36 steel, (—r— -;r—

- ’2;;1[29(10’)] =126.1, Sincefl—'< (f.’:) , the column
36 r T Je

is an incermediate column. Applying Eq.13~23,

i

2
: "'(Ey‘:)";‘l Y Maximum Stress : Bending is about x - x axis. Applying Eq. 13~ 30,
= 2(KLIn; we have
Gew =3 S(RLI _ (KEID?
37 RKLIn, 8(KLI ) P, he
1 (95.891) (36) Omaz = atjow ; T
2(126.1%) P P
= ¥ 13.49) = 4 it 2 2
_5.+ 3(95.89) _ (95.89%) ¥ T4 m
3 8(128.1) 8(126.1%)
=13.491 ksi P=15.0kip Ans
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*13-112. Solve Prob. 13-110 if the column is fixed at its bot-
tom and pinned at its top.

Seetion Properties : For a W8Xx 15 wide flange section,

A=d444in® d=8.1lin. [ =480in' r,=329in
¥, = 0.876in.

Slenderness Ratio : By obsecvation, the largest slendemness ratio is
abouty ~y axis. For acolumn fixed at both ends, K =0.5. Thus,

(ﬂ) _0SU0D) _ oo
rJ),” 0876

Allow able Stress : The allowable stress can be determined using

KL 2mE
AlSC Column Formulas. For A- 36 steel, [—r—) p
¢ b 4

23
- ,}ﬂ%}ﬂ = 126.1, Since °E < (-Iff) , the column
r r Je

is an inrermediate coluran. Applying Eq.13-23,

Maximum Stress : Bending is about x — x axis. Applying Eq.13~-30,
[1_ (KLin? ] we have
o = 2KLIDE] T
low =g 3(KLIn  (KLIR?
3V RKL, BKLID? (A
[1 (68.497) 'lm) P PE(%Y)

a, =

maz Alow =

Mc
4 —
I

>

B —_-2—-(—1-—26'—1?)- 16.586 = 4“4‘4+ yr)
T 5 3(6849) (68.493) )

3V 86D 8(126.1%) P=184kip Ans
= 16.586 ksi
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13-113 The W 10 X 19 structural A-36 steel column is
assumed to be pinned at its top and bottom, Determine the
largest eccentric load P that can be applied using Eq. 13-30
and the AISC equations of Sec. 13.6.

P

20 kip

Section properties for W 10x 19 \
A=562in> d=1024in. L =963in
ro=414in. r, =0874in.

Allowable stress method :

KL _1.002)(12) _ ¢4 76

ry 0.874

2 3 KL KL
(_KE) _ 2n’E _ [2m2(29)(10°) _ 1261, KL 5 KLy,
re Oy 36 Ty r

2 2 3
S 12n%E _ 127 (29)(1(1)=5_501 i
alallow = HaKL/r)? 23(164.76)

M.c
L

+

Omax = (02 Jattow =

>

P+20 PO
e

5301=—+5 96.3

P=391kip Ans
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13-114 The W 14 X 22 structural A-36 steel column is fixed
at its top and bottom. If it supports end moments of M =
10 kip - ft, determine the maximum allowable axial force P
that can be applied. Bending is about the x—x axis. Use the
AISC equations of Sec. 13.6 and Eq. 13-30.

Section properties for W 14 x 22 :
A =649 d=1374i’ L=199in* r, = 104in

Allowable stress method :
_K£= 0.5(12)(12) = 69.231
ry 14

&, - \/2”2’5 = \/2”2(29)“03) - 1261, Lo (&,
r 36 r

Oy ry
Hence,
[1_%((' )loy 169231 2
x,? 1 .
(Caattow = Ml B [1 - 7 Crzey ) 136 = 16.510 ksi
g (%) 5 4 369231y _ 1 69.31)
[g. + %__.(%)‘ - %-—%)3] [3 7 (Gze1) — v (e ]
P Mc
Omax = (Oa)atiow = X + Ii,
10(12) (152
16.510 = i + _()_(_2__2
6.49 199
P = 803 kip Ans
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13-115 The W 14 X 22 column is {ixed at its top and bot-
tom. If it suppprts end moments of M = 15 kip - ft, deter-
mine the maximum allowable axial force P that can be
applied. Bending is about the x—x axis. Use the interaction
formula with (ap)anow = 24 ksi.

Section Properties for W14 x 22 :
A=649in* d=1374i L=199in' r, = L04in.

Interaction method :
KL  0.5(12)(12)

= 69.231
r, 1.04
3
KLy _[2PE _ ‘/2#(29)(10) - 1261, KL o (KL,
r Oy 36 ry r
Hence,
L
=z G £1 - 1 (52231 )36
(Cadanow = —— = 2 _1z6l = 16.510 ksi
s 3 = [; + 1(69.231) - 188231 )1
[ + 3 _-—(E,l')c §—-——(ﬁ):] 37 g \1261 8 L1261
P P
O, = — = —— = (.15408 P
A 649

15(12) (134
oy = Mc _ 15U2(57) _ 6.214 ksi
L 199

O, Op

+ =10
(Ga )a]low (Gb )n]]aw

015408 P 62141 _
16.510 24

1.0

P = 79.4kip Ans
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*13-116 The W 12 x 50 structural A-36 steel column is
fixed at its bottom and free at its top. Determine the great-
est eccentric load P that can be applied using Eq. 13-30 and
the AISC equations of Sec. 13.6.

Section properties for W 12x 50 :
A=147in* d=1219in. I, =563 in*
r,=196in. b =808in.

Allowable stress method :

KL - 2.0(10)(12)
1.96

=122.45

ry

2 2 3
(g;g)c _\/2:: E=\/2n @10 _ 1o |

Oy 36
KL
(_)c
Ty
[1 _( KL/r )Z]O'
(O Dattow = (KL/r)¢ Y

i 3, KLir KL/r
[3 ((Kl./r)c) 8((KUr)c ]

[1-3(3% )2136

I,y < 99k

..+(

126 1
P M,
Omax = (Caatlow = — + _yf
Al
sos
9920 P+30  PUOTHH)
14.7 56.3

P=593kip Ans
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13-117 The W 12 X 87 structural A-36 steel column is fixed
at its bottom and free at its top. Determine the greatest
eccentric load P that can be applied using Eg. 13-30 and the
AISC equations of Sec. 13.6.

40 ldpP

Section properties for W 12x 87 :
A=256in" d=12.53in,
L=21in* r, =307
b=12.125

Allowable stress method :
EL_ - 2.0(10)(12)

=78.176
ry 3.07
2 2 3

KLy =\/2;: E___‘/27: @9010% _ o, KL KL

r Oy 36 ry r

1 (KL/r)?

PN Ul 1 - L A L G- 2 RPN

a Jallow = = : ETR = .

3y - LU S (R - F T

Gutow = =+ 22

allow a Iy
15.56 = P+40+P(16)(—-—‘2~;25)

' 256 241

P=317kip Ans
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13-118. The W14 X 43 structural A-36 steel column is fixed
atits bottom and free at its top. Determine the greatest eccen-
tric load P that can be applied using Eq. 13-30 and the AISC
equations of Sec. 13.6.

Section properties for W 14x43 :
A=126i' d=13.66in.
I =452in" 1, =189in.
b=17.995

Allowable stress method :
-I-{-Ii = ——-————-2(10)(12) =126.98
1.89

Ty

[ KL
&, = 20%E _ [277Q®) _ ey 9005 K5 (AL,
r Iy 36 ry r

2 3
(O)enow = 12n%E _len 2919 _g 26 ksi
alallow T oKL/ 23(126.98)

P M«
Omax = (0, )-llow_= ; +"‘17"
P+40 PQOZED)

926 126 YY)

P=407kip Ans
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13-119. The W10 X 45 structural A-36 steel column is fixed
at its bottom and free at its top. If it is subjected to a load of
P = 2ki

= 2 kip, determine if it is safe based on the AISC equa-
tions of Sec. 13.6 and Eq. 13-30.

Section properties for W 10x 45 :
A=133in"* 4=10.10in,
L =534in* r,=201in
b =8.020in.
Allowable stress method :
KL 200042 194
r 2.01

(5_1:) _Vzuzzs:‘/zzz(zm(m’)
r <

=126.1
Oy 36
KL KL
—< ("")e
r r
KL/ry?
(- Fgior (1= 3387136 .
(ca)lllov s 3 XL (KUr)’ = S !19‘)__(“9‘ = 1037 ksi
3 ?(Tu_) W&y 3 +3(i367

P M.
(Tohaitow = =+~
4

2 8.020
1037222 42 2016)322)
B3 53.4

10.372556 OK  Columnis safe.

Yes. Ans
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*13-120. Check if the wood column is adequate for sup-
porting the eccentric load of P = 800 Ib applied at its top. It
is fixed at its base and free at its top. Use the NFPA equations
of Sec. 13.6 and Eq. 13-30.

Section propertics :
A=36)=18in L= -115(3)(6’) =54in*

d=3in.
Allowable stress method :
—I{E = ———————2'0(6)(12) =48in, 6 < E—l—‘ <50
d 3 d
540 540
o hilow = w——— = —— = 0.2344 ksi
(G attow &L/, @8y 1
P Mc
Omax = — +—
I
=08, 0363 _ ;2667 ksi
18 54

Omazx > (Tadattow
The column is inadeguate

No. Ans
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13-121. Determine the maximum allowable eccentric load
P that can be applied to the wood column. The column is fixed
at its base and free at its top. Use the NFPA equations of Sec.
13.6 and Eq. 13-30.

Section properties :
A=6(3)=18in" L= %5(3)(6)’ = 54in*

d=3in.
Allowable suess method :
ﬁ:%:nmw 26<.K.£<5{)
d 3 d
(O attow = 540 i‘—(]- =0.2344 ksi

KL/dP  (48)

M c
Omaz = Tatlow = ;+T
023u =L PO
18 54

P=0703kip=7031b Ans
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13-122 The 10-in.-diameter utility pole supports the trans-
former that has a weight of 600 1b and center of gravity at
G. If the pole is fixed to the ground and free at its top,
determine if it is adequate according to the NFPA equations
of Sec. 13.6 and Eq. 13-30.

KL _2018)(12)

=432in.
d 10
26 <432<50
Use Eq. 13-29,
Outow = —20__ 340 _ 2894 ksi
(KLid) (43.2)?
P Mc
Omax = — +—
A T

_ 600 (600)(15)(5)
A0 (S TO)

max

Omax = 99.31 psi < 0.289 ksi OK

Yes. Ans
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13-123 Determine if the column can support the eccentric
compressive foad of 1.5 kip. Assume that the ends are pin
connected. Use the NFPA equations in Sec. 13.6 and

Eq. 13-30.

3
A=12(15) = 18in®; L= 1—12(1.5)(12) = 216 in’

d = 15in.

KL _1000) _

d 1.5
26 < E < 50
d

40 _ M0 0.2344

(Ca)attow = —— = — =
Ky 48y

P M.c
Omax = — +
A I,
1.5 1.
=13, L36XO) _ 4508 ksi
18 216

(oa)allow > Opax
The column is adequate.

Yes. Ans
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*13-124 Determine if the column can support the eccentric
compressive load of 1.5 kip. Assume that the bottom is fixed

and the top is pinned. Use the NFPA equations in Sec. 13.6
and Eq. 13-30.

3
A=12(15) = 18in*; L= 112(1.5)(12) = 216 in*

d =15in

KL _ 07(6)(12)

= 33.6
d 1.5
26 < —KL— < 50
d
540 540
(aa)nllow = e—— =

5 = —— = 04783
(&)  (336)

M.,c L5 . 1.5(3)(6)

I 18 216

Omax =

>
+
]

= 0.208 ksi
(o'a )allow > Omax
The column is adequate.

Yes. Ans
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13-125 The wood column has a thickness of 4 in. and a
width of 6 in- Using the NFPA equations of Sec. 13.6 and
Eq. 13-30, determine the maximum allowable eccentric load
P that can be applied. Assume that the column is pinned at
both its top and bottom.

Section properties : 4+
A=6(4)=24in* I =—(6)@4’)y=32in"

=1
12 x 16"
d=4in. A

Allowable stress method : /
III
E - 1.0(10)(12) =30,
d 4
26< E <50
d
540 540
O, Dstlow = ———— = — = (0.6 ksi
(Ga)sn KL/~ 30
Omax = (O, )a]low = f +MLC
AL
06=L P
24 32

P=576kip Ans
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13-126 The wood column has a thickness of 4 in. and a
width of 6 in. Using the NFPA equations of Sec. 13.6 and
Eq. 13-30, determine the maximum allowable eccentric load
P that can be applied. Assume that the column is pinned at
the top and fixed at the bottom.

Section properties :

A=6(4)=24in"° I = —(6)4>)=32in"

1

12
d=4in.

Allowable stress method :
KL _0.7(10)(12) _
a7 4

21

11<-K—L <26
d

1 KL/,
Ga ow=1~201_"‘—_ =120[1--
(Ga)an [ 3( 6 )] [ 3

1,21

2 .
—)°]1=0.9391 ksi
(26) ]

+

>
G~ I~<§
o

Omax = (Oa)allow =

0.9391 = P + PO
24 32

P=90lkip Ans
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13-127. The member has a symmetric cross section. If it is
pin connected at its ends, determine the largest force it can
support. It is made of 2014-T6 aluminum alloy.

Section properties :
A=4.50.5)+4(0.5) = 4.25 in®

1 3 1 3 .4
I=—(0. = — A =38
12(05)(45 )+ 12(4)(05) 3.839in

r= \/z=v-3—8-3—9 =0.9504 in.
A 4.25

Allowable stress :

KL _106)2) _ 314
r 09504

-IEE>55
r

Long column

Fitlow = Canowd
= 13.55(4.25) = 57.6 kip Ans
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*13-128 A steel column has a length of 5 m and is [ree at
one end and fixed at the other end. If the cross-sectional
area has the dimensions shown, determine the criticai load.
Ey = 200 GPa, oy = 360 MPa.

1
2.04m o.am!
i 0-01 m
1
0-06m X
U
Section properties :
A =0.06(0.01) + 2(0.06)(0.01) = 1.80( 10’3) m?
5= ZyA _ 0.005(0.06)(0.01) + 2[{0.03 (0.06)(0.01)] = 002167 m

A 0.06 (0.01) + 2 (0.06)(0.01)

3
L = —115(0.06)(0.01) + 0.06 (0.01)(0.02167--0.005)2

3
+ 2[T15 (0.01)(0.06 ) + 0.01 (0.06)(0.03-0.02167)’] = 0.615(10°°) m*  (controls)

3 1 3 .
I = 1—12(0.06)(0.08) - E(0.05)(0.06) = 166 (10 m*
Critical load :
Pcr = iﬁ;lz'; K = 20
(KL)
_ % (200)(10°)(0.615)(10°°)
- 2
[20(5) ]
= 12140N = 12.1 kN Ans
Check stress :
O = B | 12140 coiMpa < oy = 360 MPa
A 1.80(107)

Hence, Euler's equation is still valid.
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13-129 The square structural A-36 steel tubing has outer
dimensions of 8 in. by 8 in. Its cross-sectional area is
14.40 in? and its moments of inertia are I; = I, = 131 in%. If
a load of 120 kip is applied at its top as shown, determine
the factor of safety of the tube with respect to yielding. The
column can be assumeéd fixed at its base and free at its top.

Section propertigs :
A=144in*; I, =1 = 131in

;= ﬁ _ 1/ﬂ = 3016161
A 144 -

Yielding :

P ec KL [ P
Omax = ~ [1 + —sec (—=4/—_ - =
ma e (2r EA)], K=120

>

ec__34
rr (3.01616)2

ﬂﬁ_f_ _ 2(12)(12)W
2r YEA  2(3.01616) ¥ 29 (10°)(14.40) = 0073880 /P

36(14.4) = P[1 + 1.319084 sec (0.073880,/P)]

= 1.319084

By trial and error :
P = 160.70 kip (controls)

Buckling :
p=p - TEI_ 7(29(10°(131)
o = 5 = 5— = 452kip
(KL) [2(12)(12) ]
P _ 452
Oy = — = " = 1 = 1
4 1ag = 3l4ksi< oy =36k (OK)
160.70
FS. = —— =1
20 34 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.




13-130. The steel pipe is fixed supported at its ends. If it is
4 m long and has an outer diameter of 50 mm, determine its
required thickness so that it can support an axial load of
P = 100 kN without buckling. E;, = 200 GPa, oy =
250 MPa. »

|

]r

!

a

o

1=Z(0025 - .4
4
Critical load :
2E]l
Pcr = 7 ; K =05
(KL)

100(10°) = 2290 l0’)[§(o.02254 - Y
[05(4) ]

ri = 0.01908m = 19.1mm

1=25mm - 19.1mm = 592 mm Ans
Check stress :
o=teo 100 a0’ =12

A 700257 - 001913  '“2MPa < or=250MPa (OK)
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13-131 The structural A-36 steel column has the cross sec-
tion shown. If it is fixed at the bottom and free at the top,
determine the maximum force P that can be applied at A
without causing it to buckle or yield. Use a factor of safety
of 3 with respect to buckling and yielding.

150 mm

IOmm—-l-r'—H—-—lem

100 mm (A
—[I 100 mm

m 100 mm
16 mm
9

Section properties :
LA = 02(0.01) + 0.15(0.01) + 0.1 (0.01) = 45(107%) m?

TxA _ 0.005(0.2)(0.01) + 0.085 (0.15)(0.01) + 0.165 (0.1)(0.01)
A 4.5(10%)
0.06722 m

x =

~
)l

I, é (0.2)(0.01%) + 0.2 (0.01)(0.06722 - 0.005)°
+ 1—12 (0.01){0.15°) + 0.01 (0.15)(0.085 —0.06722)°

+ 1—12(0.1)(0.01’) + 0.1 (0.01)(0.165-0.06722)°

"

20615278 (10°°) m*

o~
il

1 3 1 1 1 3
— (0.01)(0, — (0.15)(0.01%) + — (0.01)(0.1

12(001)(02)*’ 12( ) )+ 12( )(0.1%)
7.5125 (10" m*

3
20615218 (105 _ ( ncrecie
4.5 (107%)

Buckling about x— x axis :
PEI_ m(200)(10°)(7.5125)(107)

P = 3 5
KL) {204 ]
= 231.70kN (conrrols)
go = Pt 2 BLIAD) | g sripa < oy = 250MPa

A 4.5(10°%)

Yielding about y -y axis :
P ec KL

P - - =
Tans = 211+ ﬁsw(r\’a)]. e = 006722 - 0.02 = 00472 m

ec _ 004722 (0.067222) = 0639815
r (0.06783648)

ALJE . 204 L = 1965511 (10°%) /P
2r VEA = 2006783648 | 300 (10°)(4.5)(10)

250 (10°)(4.5)(107) = P {1 + 0.689815 sec (1965511 (167°)/P)]

By trial and error :

P = 379.8kN
Hence,
Ptow = i;"’i) = 772kN Ans
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*13-132 The structural A-36 steel column has the cross sec-
tion shown. If it is fixed at the bottom and free at the top,
determine if the column will buckle or yieid when the load
P = 10 kN. Use a factor of safety of 3 with respect to buck-
ling and yielding.

Section properties :

ZA = 0.2(001) + 0.15(0.01) + 0.1(001) = 45(107%) m*

Z3A _ 0005(0.2)(0.01) + 0.085 (0.15)(001) + 0.165 (0.1)(0.01)
IA 4.5(10%)

x=

= 0.06722 m

-
3

= ﬁ(o.zxo.m‘) + 0.2 (0.01)(0.06722 - 0.005)°

- é(0.0l)(O.IS’) + 0.01 (0.15)(0.085 - 0.06722)°

+ ]%(041)(0.01’) + 0.1 (0.01)(0.165-0.06722)* = 20.615278 (10”%) m*

o~
kil

- 10w
L 001(0.2% + L (0.15)(001%) + - (001)(0.5%) = 7.5125 (10°%) m* 10 mm 0 mm
12 12 12 100 men] 14

3 100 mun i
ﬁ o fRERBOACD o m mim
A 4.5(10°%)

Buckling about x - x axis :
_ PEIL _ 2(2000010°)(7.5125)(10°) _

fy

Fe. 3 T 231.70 kN
(KL) [20(4) ]
Oy = fﬂ = w = 51.5MPa < oy = 250 MPa (OK)
A 4.5(107%)
Pitow = EL = 1:2—7‘ = 772kN > P = 10kN
FS 3

Hence the column does not buckle !
Yielding about y -y axis :
ec KL | P

P
o, = = [l + —sec (—tf — = 0.06722 — 0.02 = 0.04722 m
A T A
P = E = 3.333kN
3
3
P _ 3338009 _ o007 MPe
A 4.5(107%)

ec _ 004722 (0.067222) - 0639815
r? (0.06783648)

il_._ Ll;’_,= 20(4) ’ 3.333 (10%) = 0.1134788
2r Y EA 2(0.06783648) ¥ 200 ( 10°)(4.5)(10°%)

Omer = 07407 (1 + 0.689815 sec (0.1134788)] = 1.25 MPa < oy = 250 MPa

Hence the column does not yield!

No. Ans
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13-133 The W 10 X 45 steel column supports an axial load
of 60 kip in’addition to an eccentric oad P. Determine
the maximum allowable value of P based on the AISC
cquations of Scc. 13.6 and Eq. 13-30. Assume that in
the x—z plane K, =10 and in the y~z plane K, = 2.0,
E,, = 29(10°) ksi, oy = 50 ksi.

Section properties for W 10x 45 :
A=133in* d=1010in. L =248in’
re=432in. r, =201in.

Allowable stress method :
(K_L) _ 1.0(10)(12)
r 432

=278

KL~ 20(10)(12)

(T)y 501 =1194 (controls)
KL 272E 2 3
KL c=¢ T =‘/27r @A) _ 0
r Oy 50
KL KL
-_—> (—)L‘
r r
127 2E 2 3
Oadattow = b E__ 1227 @OU0) _ 6 474

BKLAY  23(119.4)7

P Mc
Omar = (Ga)aliow = — +—
A 1
10.10
loar - PO POCY)
13.3 248

P=250kip Ans
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13-134 The W,14 X 53 structural A-36 steel column sup-
ports an axial load of 60 kip in addition to an cccentric load
P. Determine the maximum allowable value of P based on
the AISC cquations of See. 13.6 and Eq. 13-30. Assunme that
in the ¥~z plane K, = 1.0 and in the y~z plane K, = 2.0,

Section propertes for W 14 x 53 :
A=156in> d=1392in.
L=541in* r,=58in r,=192in

Allowable stress method :
KL - 1.0(10)(12)

(_‘)x =20.37
r 5.89
L .

(5—. ) = .2_9(_1.2)@ = 125
r 1.92

(EI:)C=‘/2n:2E=\/27:2(29)(103)=]26.1
r r 36

y

KL K.
(_)y < ("é)t
r r

1 (KL/r)?
(G atiow = U ramplor | U-3GRrDBS oo
a/allow = T T § 43,125 \ 1,125 "
:54_+g_(lfLL//rr -%f:ff,?), il )

Omax = O, —P+MC
max allow n 7

P 8 13.92

955=f.+_6_(_)+_(_)_(._z__2
15.6 541

P =342ksi Ans
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14-1. ‘A material is subjected to a general state of plane
stress. Express the strain energy density in terms of the elas-

tic constants E, G, and v and the stress components o,, O,,
and 1,,.

Strain Energy Due to Normal Stresses : We will consider the application of
normal stcesses on the element in two successive stages. For the first stage, we
apply only o, on the clement. Since g, is a constant, from Eq. 14 - 8, we have

) av
U), = | =dve—e
[UAN J’VZE 2E

When g, is applied in the second stage, the normal strain £, willbe strained

by e, '=~ve, = —!%’-. Therefore, the strain energy for the second stage is

Since o, and g, are constants,
14
W), = 55( G -2v0.4,)

Strain Energy Due to Shear Stress : The application of 7, does not strain
the element in normal direction. Thus, from Eq.14~11, wehave

1}’ dv =Ei’.!

U)y=| ==
)y 2G 2G

The total strain energy is
U, = (U, +(U), + (W),
v V

2V
=TE-+E-E(o§-2va,a,)+-ia—

v @2V
=-2—E(di+0§—zvﬂ',6,)+'—2,a—
and the strain energy density is

A 12
-Ué=—l-(af+a§—2va,a,)+-2- Ans
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14-2 The strain-energy density must be the same whether
the state of stress is represented by oy, o, and 7, or by the
principal stresses oy and oy. This being the case, equate the
strain-energy expressions for each of these two cases and
show that G = E/[2(1 + ¥)].

U—J‘[l (02+02)—!aa +—1—-12]dV
v2E Y ETTY a2 Y
1 2 2 v
U= — (0 + 0;) ~ =0, 0, ]dV
IV[ZE(l ) ~ = 610

Equating the above two equations yields.

LeneL o vom-Y M
——Tpy = — (6 + O3) — — O] O
262 2 T T ETT

o, + O, [o,-0,2 2
However, 0y, = ’2 Y+ (”2 Ly + 1

: 2 : 2 2
Thus, (01 +G2)=0,+0, +271,

1 (2 2) v
— (O, + O - — 00, +
2E »vog T

2
0103 = 0,0y — Ty

Substitute into Eq.(1)

( 2 2 2 2) v v 2

6, + 0, +21,) - —0,0, + —Ty
¥y xy E ¥y E 3

1 1 v

—_= 4 =

26 E E

1

Lo lasy

26 UtV
-_£ QED
21+ v)
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14-3 Determine the sirain energy in the rod assembly.
Portion AB is steel, BC is brass, and CD is aluminum. E;, =
200 GPa, Ep, = 101 GPa, Ey = 73.1 GPa.

IRN

2kN \ SN 1
300 mm ———— 400 mm

—

/Ugg =3 sn
3kN -
___,_.——‘
2k Neo = 7AN
A
2k N
Skal ep = ~3kA
24 2 kA
2 KA SkN
2
;= Z.I_V—E
2AE , ,
3 (10%) ]2 0.3) . (7(10°) 7 (0.4) . “[-3 (1032)] (0.2)109
= 2 (£)(0.015)(200)(10%) 2 (£)(0.022)(101)(10°) 2 (£)(0.025%)(73.1(10%)
= 0.372N.m = 0.372] Ans
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*14-4 Using bolts of the same material and cross-sectiona)
area, two possible attachments for a cylinder head are
shown. Compare the strain energy developed in each case,
and then explain which design is better for resisting an ax-
ial shack or impact load.

Ry

Iu

@)

Since Ug > Uy e, Ly > Ly the design for case (b) is better able to absorb energy.

Case (b) Ans
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14-5. Determine the torsional strain energy in the A-36 steel
shaft. The shaft has a radius of 30 mm.

fa=0
ﬁf( o T ™3™

% 3 Teo™ | D-m
/\fxrl-w

ZRNm

2
U = EZT—J—g = —Z;—G[o’(o.sn ((3X10°)%(0.5) + ((1)(10°))*(0.5)]
_ 2.5(105
TG
2.5(10%)

75(10°)(2)(0.03)*

=262N-m=262] Ans
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146. Determine the bending strain energy in the A-36 struc-
tural steel W10 X 12 beam. Obtain the answer using the

coordinates (a) x; and x4, and (b) x, and x3.

b ki
6 kip 6 F
=
12 #t éft
3 kip qk;f’ Qk;';
L M dx Y
U," =
a) fo 2E1 E[‘M:-sx’/”
2 2
o [ ) dy | (2(<6x) du R irn
!o 2E] +Io 2E1 ’,’ MezmeXh ™
-0 18 3 7
2E1 3  2EI 3
_ 6718464 y = oXy-43L
RS R in. Ans ¥ ;
: I
b) My = 6x — 432 - jj )/
744 in L
M, =9x - 6(x; + 72) = 3x; - 432 5KI-P qk;P

2
I:44(3xz - 432) dx, +!72(6x; - 432)2‘1’:3
0 2E] 0 2E1

U, =

- J‘Ml (93 - 25921, + 186624) dv, .4_-"72(36;,13 - 51841y + 186624) dx,
0 [

2E] 2EI
1 3 2502 2 Gir
T304 - ZZ04a) + 186624(144)
3 s184 2
+1272) = =(72) + 186624(70)) M, 3;(&-43@( I
§718464 \/J X, | 72in i
T R Ans IKip
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14-7. Determine the bending strain energy in the beam due
to the loading shown. E1 is constant.

s

(e

]
ﬂj Lz L/z, M,
L
—1) ||l
X, I ('L’&, Ho
L

T i

o 2E7

1 (2 -My u2 My o
B — [—c dx -—

ZEI[IO ( I x1) 1+Jo (L X2 ) dxz

_ML

24E7
Note : Strain energy is always positive regardless of the sign of the moment function.
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*14-8. Determine the total axial and bending strain energy
in the A-36 steel beam. A = 2300 mm?, I = 9.5(10°) mm*,

ENNTINNNNY

15 ¥fm
/S'IN
[P ..... o4
7¢ KN /0 m 7 en
1§ X
S B 20l
N=rs= -
P
75

X
M=75 0 - /5(::: )ré

Axial load :
2
Wy = [P s _NL
0 2EA 2FA
{(15)(10°))*(10)
Ua i = = 2.
@ 2(200)(10°X(2.3)(10°%) Hsed
Bending :
LM%dx 1 p10
U ; = —— T : LIV 3\ 2.2
W), fo ST ZEI'[o 1(7.5)(10%)x~ 0.75(10°1x* ) dx
_ 1 fwo 6 2 -~ .
= —ZEIIO [56.25(10°)x" + 562.5(10° 1x* ~ 11.25(10°1°) dx
0.9375(10%)
Upk = s = 493,
W) AP)O.5105) 49342107

U; = (Ua)i +(Up )i = 24456 +493.4210 = 4965 Ans
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14-9. Determine the total axial and bending strain energy
in the A-36 structural steel W8 X 58 beam.

N=2 Sﬂﬁd
30
f X2 3Kip

MG} =75 x, 4"'?
Moy 257,

1
2‘5#7‘0

Axial load :
2
Wy = P& _NL
02AE 2AE
2
2 (17.1X29)(10%) = 1.6334 (107") in - kip

= 0.1361 (10™) ft- kip
Bending :
LM? dx 2 (1200, 2
W) = | =— = — :
») Io 2ET ZElJo (25x)dx
_ 36(10% _ 36109
EI 29 (10°)(228)
"0.5446 in.-kip= 0.04537 ft-kip

Total strain energy :
U= (Ua)i + (Us)
= 0.1361 (10™*) + 0.04537
= 0.0455 ft- kin= 45.5ft-1b 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.




14-10 The simply supported beam is subjected 1o the load-
ing shown. Determine the bending strain energy in the beam.

w
[y
-~ %o \ X,
7L
2L 5
8
wiq
- “1l _ 3w, wh
8
Xz
3wl
8 - WX
=" (—
X,
WL
8
2
.-jLMzdx=—1—[Im(3Wsz _WE +IU2(%x_1)zdxl
iT30T2El 2EI70 8 2 0
3 LZ 2
_ 1 ILIZ(9WZL2112+WZXZ4_3WZLX2 )dx2 +jl.l2wz6___zidx1]
Y 64 4 8 0
275
_ooounwLt
El
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14-11 Determine the bending strain cnergy in the A-36
steel beam due to the loading shown. Obtain the answer
using the coordinates (2) x; and x4, and (b) x2 and x3. [ =
53.8 in®.

8 kip/t & I;P/l <

)
1 /20" T xst
/0"!’ Sor'l’
2 M= 40 ~5X2 200

LM%dx 1 _(120in. 60in. |
U = = —10x; )2 (—=xlZ)
jo 2B 2EI[J-0 (~10x; ) dxy +jo ( 3X4) dxg}

_ 37.44(10%) _ 37.44(10%
EI 29(10%)(53.8)

=24.00in.-kip=2.00ft-kip  Ans

b)
LM%dx 1 (60in. 1 120
U= ftMax 1 12 2 in. _ 2
; jo o7 2151[jo (40r, ~ =15~ 1200)%a, + ]o (10%, - 1200)2dx, ]
1 reoin. 1 4 80
= 55! jo o' -3—x,’ +2400x5 ~96000x; + 1440000)dx; +

120 in.
fo ™ (100x7" - 24000x, + 1440000)dx, ]

_37.44010% _ 37.44(10%
EI 29(10°)(53.8)

=24.00in.-kip=2.00ft-kip  Ans
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«1412. Determine the bending strain energy in the simply
supported beam due to a uniform load w. Solve the problem
two ways. (a) Apply Eq. 14-17. (b) The load w dx acting on
the segment dx of the beam is displaced a distance y, where
y = w(—x* + 2Lx* — L3x)/(24EI), the equation of the
elastic curve. Hence the internal strain energy in the differ-
ential segment dx of the beam is equal to the external work,
ie,dU;, = -12—(w dx)(—y). Integrate this equation to obtain
the total strain energy in the beam. ET is constant.

Support Reactions : As shown on FBD(a).

Internal Moment Function : As shown on FBD(b). '
Bending Strain Energy : a) Applying Eq.14 17 gives r ;
! 3 -
U= LMidx 1
T Jo 2H A K L
1 [eerw nP Wi LY
- z'a[f., (-] “‘] T W z
w? !" 22, 4 s -z
= e L’x*+x'-200%) de £
iz ] =
wils ’ !r.““-”-l Iv“) 'Lf ( xl )
== =% (x-
30 Ans n Jme =3
. X
b) In ] = - -
)} Inecgradng U, 2(wd.x)( y) _‘%L_ G)

. w 4 3_ g3
dU,--i(wdx)[ soer (st 2L~ L x)]
2
W

dU, = ——
TBE

(z‘—~2£.::+L’x)dx
wt L 4 3, .3
U‘~=38—H~fn(x -2+ Lx) de
wiLl
~ 2407
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* 1413, Determine the bending strain encrgy in the can-
tilevered beam due to a uniform load w. Solve the problem
two ways. (a) Apply Eq. 14-17.(b) The load w dx acting on a
segment dx of the beam is displaced a distance y, where
y = w(~—x* + 4L3x — 3L*)/(24EI), the equation of the
elastic curve. Hence the internal strain energy in the differ-
ential segment dx of the beam is equal to the external work,
ie., dU; = %(w dx)(—y). Integrate this equation to obtain
the total strain energy in the beam. E7 is constant.

x wWx

"_24_‘

O
Sl
f——

Internal Moment Function : As shown on FBD,

1
B i 1 . . b Inee; i = - .
ending Strain Energy : a) Applyu\g Eq.14-137 gives ) graing dU; 2("'&)( y)

I w
du, = dx[—-—-—- et ardy_apé
(s 3(wd)| oo (' +aL’x 31_)]
o 2Ef whooo, 3 4
1 | w o7 dU"'?a'ﬁ(‘ ~4Lx+3L*) dx
=38 3] &
wirer , wi (L,
[ U= e —ar? 3
851“,““] ; 485rf.,(" 45 +3L') dr
wirs wiLs
T 0E Ans by Ans
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14-14 Determine the shear strain energy in the beam. The
beam has a rectangular cross section of area A, and the shear
modulus is G.

2 dx
= PEYE L S ) a
o 2GA 2GA "o
2
= f IL WL + Wi — WL x)dx
2GA0 4
-—L-WZLJ
24GA
. 6
For a rectangular section f = -
3
i = WL Ans
20GA
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14-15 The concrete column contains six 1-in.-diameter steel
reinforcing rods. If the column supports a load of 300 kip,
determine the strain energy in the column. E,; = 29(10°) ksi,
Ec. = 3.6(10%) ksi:

300 Kip
Fesn
f Pst
Equilibrium :
+TZFE =0, Peogc +P—~300=0 m
Compatibility condition :
ACOIIC = Asl
Pconc L —_ Ps!L
{7 (122) - 67 (0.5](3.6)(10°) 67 (0.52)(29)(10%)
Poone = 11.7931 P, 7))
Solving Egs. (1) and (2) yields :
P, = 23.45 kip
P.one = 276.55 kip
NL (23.45*(5)(12) (276.55)X(5)(12)

vi= zﬁ - 2(6)()(0.52(29)(10%)  2{(m)(12?%) - 67(0.59)](3.6)(10°)

=1.544in.-kip=0.129ft-kip  Ans
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*14-16. Determine the bending strain energy in the beam
and the axial strain energy in each of the two posts. All mem-
bers are made of aluminum and have a square cross section
50 mm by 50 mm. Assume the posts only support an axial
load. E,; = 70 GPa.

xnN

24
T i
A
Frose 2 4 o Pf-f/z
80" A
Y M=r200Yx - 408> 7*
X
JeoH
Section properties :
A = (0.05X0.05) = 2.5(10"*)m?
= -l-‘i(o.osxo.os)3 = 0.52083(10)m*
Bending strain enesgy :
IM2dx 1 g3
Uy =M _ 1 2010212
=[5 m{fo(u(m’)x 410 dx}

1
= EE-;[I:(I44(106)::2 +16(10°)* - 96(10°1% )]

- 64.8(10%) - 64.8(10%)
EI 70(10°)(0.52083)(10°5)

=17771=178k  Anms
Axial strain energy :

LN*dx NPL 12(10°X1.5)
Y =8,6)
J‘o 2EA  2EA  2(10(1°)2.5X107) B.6/]!  Ans
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14-17. Determine the bending strain energy in the beam
due to the distributed load. EI is constant.

L)
i " .......lll.--_.k
i PO Apro=-rooss] |

fig . vv!
W
A [I :]: : _1‘ 8

v Lot
3 - 2L
We X § o=

M= ZeL cr:L_::r

s ==

2 275
u =!LM dx -LIL(W"‘J)zdx: wo?L
o 2EI 2EI'0 6L 504 EJ
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14-18. 'The beam shown is tapered along its width. If a force
P is applied to its end, determine the strain energy in the beam
and compare this result with that of a beam that has a con-
stant rectangular cross section of width b and height . b

Moment of Inertia : For the beam with the uniform section,

For the bear with the tapered section,

1(b\, o bi 1
l=—| = ey = W
12(L")('l ) =g = T*

Internal Moment Function : As shown on FBD. For the beam with the uniform section,
Bending Strain Energy : For the beam with the tapered section, U= J-LMldx
applying Eq. 14~ 17 gives i 28
1 J'L 2
Ly =—071 (-Pr)'dx
p= [ (M 2E), J,
o 28 P
L - J——
1 | (=Px)? 6El,
S | ———dx
% [} %"
PL b The strain energy in the tapered beam is 1.5 times as great as
=1 xdx that in the beam having a uniforra cross section. Ans
2El, J,
_pp _3pp
T 4E. T RWE Ans
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14-19 Determine the total strain energy in the steel
assembly. Consider the axial strain energy in the two 0.5-in.-
diameter rods and the bending strain energy in the beam,
which has a moment of inertia of J = 43.4 in? about its neu-
tral axis. Eq = 29(10%) ksi.

‘asolﬁ
by e 2001
I X |

Bending strain energy :

__[Lﬁlf_ = (2)-] 42 9500 dx

Up)i
Wi =, SEr 2EI0

_2.304(10°) _ 2.304(10°)

= =1.831in.-1b
EI 29(10°)(43.4)

Rods strain energy :

=———"—-=0395in.-1b

J’LN2dx 2N2L (250*(3)(12)
0 2EA 2EA  29(10%)%(0.5%)

Wa)i =

Ui =(Up)i +(U,;); =1.831+0.395=223in.-1b  Anms
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*14-20 A lqad of 5 kN is applied to the center of the A-36
steel beam, for which 7 = 4.5(105) mm*, If the beam is sup-
ported on two springs, each having a stiffness of k=
8 MN/m, determine the strain energy in each of the springs
and the bending strain energy in the beam.

SkN

o
1 I

[ =5 * g kN
lp‘f ﬁ'f 25

‘) M=25010%) A
x
25CroYN

Bending strain energy :

_ LM?dx _ 1 3. 2
W) = Io 5 (Z)Z—E_I‘[o (2.5(107)x)"dx

_ 56.25(10%) 56.25(10%) 6251  Ans

ET - 200(10%)(4.5)(10%) -

Spring strain energy :
=T 0.3125(10%) m

WUisp = U )sp = %kA,,} = %(8)(106)[0.3125(10'3)]2 =0.391J Ans
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14-21 The pipe lies in the horizontal plane. If it is subjected
to a vertical force P at its end, determine the strain energy
due to bending and torsion. Express the results in terms of
the cross-sectional properties [ and J, and the material prop-
2rties E and G.

Ml T de

2EI 2JG

2 P L2
) “-% (px)dx+j-L (Px)zdx+j'L(T) dx
o 2EI o 2EI o 2JG

P L31 P L} P

= — ——— (L)
2EI'2 3 2EI3 8JG
oprL> P L

T M8EI  8JG

9 1

- p2g3 - Ans

=Pl [— +
P [4351 8JG
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1422 Delen:nine the strain energy in the horizontal curved
bar due to torsion. There is a vertical force P acting at its
end. JG is constant.

ro1-58)
T d
P &,%
r o 1 [/
~oe

T=Pr(l-cos 8)
Strain energy :

LT%ds
=l w6

However,
s=r0; ds = rd@

i

2
<[°Trd8 T (™ py (1~ cos 6)1°d6
o 2JG 2JG7o

2.3
=P r _[m(l—cos 8)de
2JG o
2.3
=P r _[m(l+cosze—2cose)d0
2JG "o
2.3
= Pr Im(l + _____00529+ ! —2cos6)do
2JG o
2.3
=P r (17-[—1) Ans
JG 8
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14-23 Considgr the thin-walled tube of Fig. 5~30. Use-the
formula for shear stress, rivg = T/2A,, Eq. 5-18, and the
general equation of shear strain energy, Eq. 14-11, to show
that the twist of the tube is given by Eq. 5-20. Hint: Equate
the work done by the torque T to the strain energy in the
tube, determined from integrating the strain energy for a dif-
ferential element, Fig. 144, over the volume of matenal.

- | A4 _ T
T vag tAn
Thus,
2
v=f —L—av
v 812 ALG
_ _ avee L I
842G’V t’ 8A,,,G A% 8A,,,G AR
However, dA = tds. Thus,
2
U = T°L J’ds
8AG
1
U, = =T
3 ]
U. = U
1 T3L [ds
_.T¢ = I
2 8ALG
TL
= ED
¢ AALC Q
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*14-24. Determine the vertical displacement of joint C. AE
is constant.
somnt C 2
5ZF =0 Fegeos 30° ~ Fegcos 30° = 0
Fep = Fea

+TEZE =0  Fousin30°+ Fepsin 30°-P =0

-

Fep=Fey =P
Conservation of energy :
U =y,
lPAcaz._Ni
2 2EA [
1 L 2 2 e
~PA¢ = ——[Fep + F 4
5PAC ZEA[ cr + Fca)
ks f
L 1. .2
PAc =—(P"+P
c EA( )
Ac=£!: Ans
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14-25. Determine the horizontal displacement of joint D.

AE is constant.
° c
’ : v (=B ¢
‘ L osL v sbL
|+
|7 AY]
A% : 4 P
p——t8 L ——— 8
-4e s P
o-75p o8 018
Joint B :
+TEF, =0; Fc=075P Fac p
+ D e ]
«—LF =0 Fg, =P Foa B8
0I5P
Joint D :
+iEE =0 Fpu=0
L5F =0, Fpc=P
P FJC
Joint A : P
3 } F"A
+iZF =0 gFA'-“O"’SP:O
Fye = 125P

Conservation of energy :

U, =U;

2
lpa, =3 ML
2 24E

%PAD = -i‘l—E[(o.75P)z(o.6L) +(P)2(0.8L) + (0*)(0.6L) +
(PH(0.8L) + (1L.25P)X(L)]
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14-26 ‘The cantilevered beam is subjected to a couple mo-
ment Mg applied at its end. Determine the slope of the beam

at B. EI is constent,

Mep, ()Mo
¥ X l
2 2
U= [PME L [hyzg . Mok
o 2EI 2EI'o 2EI

1
U = E(Mo 6z)

Conservation of energy :
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14-27 Determine the slope at the end B of the A-36 steel
beam. 7 = 80(105) mm*. 6kN-m

A
70
M= —-750x
2
1M6,= J'LM dx
2 o 2EJ

I (<750 x ) dx
Q

2 (6(10Y) 6, =
2 2EI

)y = 16000
200 (10°)(80)( 107%)

= 1(107) rad Ans
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*14-28 Determine the displacement of point B on lhe
A-36 steel beam. [ = 250 in*.

- LM dx =_1_j”“2)(8x)zdx= 62208000
o 2EI 2EI0 El

1 1
U =tpay=Ltg),=4a
;PAs=13 JAp B

Conservation of energy :
U, = U,‘
_ 62208000

4n
2 El

- 15552000 _ 15552000 215in.  Ans

A = =
# El 29(10°)(250)
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14-29. Determine the displacement of point B on the A-36
steel beam. / = 80(10%) mm*.

L A Cu

o4
| 3m T S B
1.5 <N 75+

E‘ ) Me1z2-std’x,
E

1

rsowr)  Hepsuryy, (! =
% 3N
27

 _[tMPdx 1 3
u; -fo T fo [(12.5X10°)0x; )P ety + f:[(7.5)(10’)(x2)]24‘2 - 1.87;10’)

1 1
U, = EPA = 5(20)(10’),1, = 1(10°)a,

Conservation of energy :

U, = U;

1001094, = 1.875(10°)
El

4y = 187500 187500 0o
EI 200(10°)8010%) M7 m=1l7mm  Ans
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14-30 Use the'method of work and energy and determine
the siope of the beam at point B in Prob. 14-7, EJ is con-

stant.

L. L L J
L 3 T 3 “1
Mo
b = »
‘r 4 ar
=
Z
L
=iy M= -ty
Xy
Lo M-Lley, qz;
e 1t
L
J’LMzdx 1oz M,
0 261 " 2E T "')‘1"1 +I (~Xz)dxz]
_MiL
24E]
1 1
U,=5M9=5Moe,,

U, = U;
2
Ipg,0, < ML
2 24E7
ML
0 = 2~
B E Ans
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14-31 Determine the slope at point A of the beam. EJ is
constant.

U = j'LMz‘l” - _1-[[0 (-MoYdxy +f:(0)dxz +J: (-}-'z"—xs)zdx:]

o 2EI 2EI
B 2M¢a
Y
U, = lyre = lMo 6a
e 2 2
Conservation of energy :
U =U
2
1 _Mga
Mo = 3g;
4Moa
= Ans
=35

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.




*14-32. Determine the slope at point C of the A-36 steel
beam. I = 9.50(10%) mm*.

Support Reactions : As shown on FBD(a).
Moment Functions : As shown on FBD(b) and (c).
Bending Strain Encrgy : Applying 14—17, we have

L Midx 12 KN-m
U‘ = s
o 28 | .}
1 4m 2 4m . 2 ] - |
=ﬁ[j“ (~3.00x,) dz.+]o (-120)*dx, | T— —
3B4LN ' Jokd  zoKd
a a

o 3BA%) L iNm V(O
200(10%)[9.50( 10-%)}
IPLESE 30X,

External Work : The external work done by 12 kN - m couple moment

is J %
3ok G)
U= %[xz( 10’)](95) =6.00(10°) 8, 12 K
Moxos-zkin{ )

Conservation of Energy : %
@

U=
6.00( 10°) 6. =202.11

8¢ =0.0337 rad = 1.93° Ans
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14-33 The A-36 steel bars are pin connected at C. If they

each have a diamets
at E.

2kip

Y

er of 2 in., determine the displacement

C

AL

i sy

F—60——

E
B_ﬂ—-

6 ~——10 0 ——80—]

lz,'ﬁr’ _}o o
P b
/ Kip | &t

v
=1El
e
e
Xy /K'l’

M=()x,
LM?dx 1 s, 124416
= = (2)—— dx; =
0 2E1 )2EIJ0 Gdn ==

v =tra=loa, =4

e 2 2 E E
Conservation of energy :

U, =U;
_ 124416 124416 4in.  Ans

Ag =

El 29005Hah
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14-34 The A-36 steel bars are pin connected at C and D. If
they each have the same rectangular cross section, with a
height of 200 mm and a width of 100 mm, determine the ver-
tical displacement at B. Neglect the axial load in the bars,

S0ON

A e

o) I T
P P Y R

SoonN

JO0ON- ™
CAr* D : =) G
i A 1 | i
;orzmlznﬂ I am I 3m l
0
A~

SoON
M= 500)(( h%l———‘-
X

Internal strain energy :
LM? dx 1 f2m 2 0.3333 (10%)
Io 2E1 2E1"-o [500x 1" dx El
External work :
1 1
U = 5PA,; = 5(500) Ap= 250 Ag
Conservation of energy :
U. =y
6
250 Ay = 0.3333 (10%)
El
Ap= 1333.33 _ 1333.33
El 200 (10°)(5)(0.1)(0.2%)
=01(10)m = 0.100mm Ans
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14-35 The A-36 steel bars are pin connected at B and C. If
they each have a diameter of 30 mm, determine the slope at
E.

300 N-m
A “,_‘-‘.-Hm D
b 3m—2m - 2m —p— 3 —]
175"' S3oomm u—“g”’
=71 7
22sHm ER LS oy 75N
7N
M=75}f/
N .
< EI)M 75X,
X
’ 7$N
LM*dx 1 ¢3 2 1 (2 2 65625
P L 2y — (750 Py + (2)—] (<75, P dxy = ——
: J’o 2E1 ()2EII0( ) ()2EII0 ? El

U, = ;—(M‘)G = ;—(300)95 = 1506

Conservation of energy :

U =U;
625
15085 = &
oy = 1135 _ 473.3 =00550rad =3.15°  Ans

EI  (200)(10°)(£)(0.015%)
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*14-36. 'The rod has a circular cross section with a moment
of inertia 1. If a vertical force P is applied at A, determine the
vertical displacement at this point. Only consider the strain
energy due to bending. The modulus of elasticity is E. ’

N
v

P & ~(1-Cos8)

Moment function :
(+2M,,=o; Pir(l—cos@] ~-M=0;, M=Pr(l-cos8)

Bending strain energy :
s M2

vi=[ME 4o ras
0o 2EI

e M rdeé r s 2
- = Pr(i-cos@) ] do
Jo 2E1 25110[ r(1-cos6) ]

pr

= =" (1+ cos® 6-2c05 6) dO
2EI%
2.3
Pt 128 s ey e
2EI 2 2
2.3 2.3 2.3
- Per J‘l §+COS29-20089)d9 - Pcr (én)= 3xnP°r
2EI0 2 2EI 2 4E1
Conservation of energy :
i 3xPr?
U =U; -PA,=
R Y-
3
A= 3rPr Ans
2E]
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14-37 The, rod has & circular cross section with a polar mo-
ment of inertia J and moment of inertia /. Il a vertical force
P is applied at A, determine the vertical dispiacement at this
point. Consider the strain energy due to bending and tor-
sion, The material constants are E and G.

T=Pr(1-cos 8); M =Prsin g

Torsion strain energy :

v=[ T _[oTirdo
02GJ "o 2GJy

Sy :
2677 Fr(1 ~cos8)'dg

= P2r3j'n 2
267 Jo (1 +05°6~2c0s0)dp

P’r3 s c0s26 +
= 1
2G7 fo (I+ =——~2c0s6)dp

7= Proctcos ey
M= Prisino

_ 3P% 3y
4GJ

Bending strain energy :

s M2
U= [rMds

o 2ET

= aMzrdG_ r (= 2
o 2EI —2731-’.0 [Prsing)°de

= P2r3J'g I‘COSZG PZI'JJL'
287 % (T 0=
4E]

Conservation of energy :
U =y,

lPA: 3Pzr37r+Pzr3,;

2 4GJ 4ET
_Pr3:r 3 1

= Sy

7 'GJ E-'I) Ans
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14-38 The load P causes the open coils of the spring to
make ah angle & with the horizontal when the spring is
stretched. Show that for this position this causes a lorque
T = PR cos @ and 2 bending moment M = PR sin 8 at the
cross section. Use these resuits to determine the maximum
normal stress in the material.

Iid

T=PRcos b, M =PRsin@

Bending :
o _Mc _PRsinfd
™ 2
Tc PRcosG%
Tmax = —— = e
J 580
o’, + 0, O, — O,
Omax = 2 + ( y) + txy

_ 16PRsm9 \/(IGPRsmB z ., 16PRcosG)2
- nd? rd rd

_16PR

o [sin 6 + 1] Ans
4
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14-39. The coiled spring has 7 coils and is made from a mate-
rial having a shear modulus G. Determine the stretch of the
spring when it is subjected to the load P. Assume that the coils
are close to each other so that 8 = 0° and the deflection is
caused entirely by the torsional stress in the coil.

Bending Strain Energy : Applying 14~ 22, we have

=I‘£= P*RIL _lﬁP’R’L P
267 16[£ ()] G

However, L =n(22R) = 2nzR. Then

_ 320P%R)
1T TdG

T-pPr
External Work : The exiernal work done by force Pis

1
U, =~PA
2
Conservation of Energy :
U' = Ul‘

1 203
Yoas 32nP2R
2 diG

_ 64nPR?
= —_—d‘G Ans
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*14-40 A bar is4 m long and has a diameter of 30 mm. If
it is to be used to absorb energy in tension from an impact
loading, determine the total amount of elastic energy that it
can absorb if (a) it is made of steel for which E,, = 200 GPa,
oy = 800 MPa, and (b) it is made from an aluminum alloy
for which Ey = 70 GPa, oy = 405 MPa.

6
9 ep=2 28009 4107 mim
E  200(10°)

U, = %(O'y)(s‘y) = %(800)(106)(N/m2)(4)(10'3)m/m = 1.6 MI/m’
= 5(0.03)2(4) =0.9(10") 7 m?

u; = 1.6(105(0.9)(102)r =4.52k]  Ans

b)

(3
gy = 20 2 305U0Y 5 26107 m/m
E  70(10%

u, = %(ay)(sy) = %(405)(106)(N/m2)(5.786)(10'3)m/m =1.172 MJ/m’
V= ;—’(0.03)2(4) =0.9(10 )7 m>

u; = 1.172(10%0.9)(10*)x=3.31kJ  Ans
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14-41 Determine the diameter of a red brass C83400 bar that
is 8 ft long if it is to be used to absorb 800 f1 - Ib of energy
in tension from an impact loading.

Oy 10 -3, . .
=2 -1 _ 068493 (10™) insin.
T E T 1460109 (107 in./in

1 1
=~ ovey = 2 (10)(10°) 2 (0.68493)(10™*) in./in.
2 2 in?

= 34247 %
iﬂ3

V= f(dz)(smz) = 75.398 4

800(12) =3.4247 (75.398 d°)

d = 6.10in. Ans
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1442 The collar has a weight of 50 Ib and falls down the
titanivm bar. If the bar has a diameter of 0.5 in, determine
the maximum stress developed in the bar if the weight is (a)
dropped from a height of & = 1ft, (b) released from a height
h =0, and (c) placed slowly on the flange at A. E, =
16(10%) ksi, oy = 60 ksi.

s

0sin.|

a)
WL 50(4)(12)
Ay = — = ——— L =(.7639(10"} in.
‘TAE T F05P(16(10% (107)in
/ h
Frax = W1+ 1+2(—)]=50[1+ 1+2(—9)(—12-)-._)] =89121b
Ay V 0.7639(10°%)
o = Poax _ 8912 -4 ) )
max = = W = 45390 psi = 454 ksi < oy Ans
b)
/ k
Prax =W[1+ l+2(z~)] =50[1+y/1+2(0)] = 100 Ib
St
Pmlx - 100 .
Omax = = - %05y =509psi < 0y Ans
c)
Oz = W 0 __ 254 psi
mln-A—m— 4 psi < oy Ans
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14-43 The collar has a weight of 50 Ib and falls down the
titanium bar. If the bar has a diameter of 0.5 in., determine
the largest height A at which the weight can be released and
not permanently damage the bar after striking the flange at
A. Eq = 16(10% ksi, oy = 60 ksi.

o

T

0.5 in. |

A =L _0MAD 46300107 in.
AE ~ E05)X(16)(10°)

Pous =wn+‘/1+2(i) ]
Asl
6010*%)(0.5%) = 50(1 ‘/1 At
( )(4)( ) [1+4/1+ (0.7639(103))]

235.62=1+y/1+2618k

h=21.02in.=1.75ft Ans
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*14-44 The mass of 50 Mg is held just over the top of the
steel post having a length of L = 2 m and a cross-sectional
area of 0.01 m2 If the mass is released, determine the max-
imum stress developed in the bar and its maximum deflec-
tion. E, = 200 GPa, oy = 600 MPa.

n=[1+\/1+2(z\h—) I=1+/1+2(0)=2
st

50(10%)(9.81)
0.01

Omax = N0, = (2)( )=98.1MPa < 6y Ans

WL - 50(10%)(9.81)(2)
AE  (0.01)(200)(10%)

114

= 0.4905(10)m

Amax = nAy, = 2(0.4905)(107°) = 0.981(10°*) m = 0.981 mm Ans
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14-45. Determine the speed v of the 50-Mg mass when it is
just over the top of the steel post, if after impact, the maxi-
mum stress developed in the post is 550 MPa. The post has a
length of L = 1 m and a cross-sectional area of 0.01 m?.
E,, = 200 GPa, oy = 600 MPa.

_[

The maximum stress :
Pmll

Omaz = —=

A

550 (10%) = -zﬂé-ll; Pouz = SSOOKN

A = Foax Here k=ﬁ=w=z(m’)nm
(1} 3 k L 1
= 350000) _ 50 167 m
2(10°)

Conservation of energy :
U =0

1 m + WhAnay = lkAﬁ..x
2 2

. 2
%(50)(10’)(&) + 50(10%)(9.81) [2.75 (10°")] = %(2)(10’)[7_75(10 H

v=0499m/s Ans
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14-46. The composite aluminum bar is made from two seg-
ments having diameters of 5 mm and 10 mm. Determine the
maximum axial stress developed in the bar if the 5-kg collar
is dropped from a height of £ = 100 mm. £, = 70 GPa,

oy = 410 MPa.
5 — - m]mm
-LDOM
A
10enm —- ,
_GWL_ 50.81)02) SOB03) _ _ge13010% m
Au=top= £(0.005%)(70)(10°) Y Eo0000)
[ k
Praz = W1+1/1+2(—) ]
Ay
= SOBD[1+1/1+ 2t )] = 7051 N
el 9.8139(10°%)
G =12t = 181 _359MPa < o, OK  Ans
A 20.005%)
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14-47. 'The composite aluminum bar is made from two seg-
ments having diameters of 5 mm and 10 mm. Determine the
maximum height h from which the 5-kg collar should be
dropped so that it produces a maximum axial stress in the bar
of o qax = 300 MPa. E,; = 70 GPa, oy = 410 MPa.

|

200 mm

-Lm mm

S mm —~

W am —

_gWL___SO8DOD 5(9.81)(0.3) 98139009 m
Bu =20 T T0005)(70)10°)  $0.012X70)(10°)

[k
- (e
Prax =WI1+4/1+ (A")]
61 F30.005%) = SOBD1 + 1/ 1 +2Aeeei—r- ]
300(10°)(ZX0.005°) = 56. T

120.1 =1+4/1+203791.6 h

h=0.0695m = 69.6 mm Ans
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*14-48 A steel cable having a diameter of 0.4 in. wraps over
a drum and is used to lower an elevator having a2 weight
of 800 ib. The elevator is 150 ft below the drum and is
descending at the constant rate of 2 ft/s when the drum
suddenly stops. Determine the maximum stress developed in
the cable when this occurs. Ey = 29(10%) ksi, oy = 50 ksi.

i = AE _ F(04%(29)(10%
- ————————— e = g
L 150 (12) 2.0246 kip/in.

1 800
o ek 2 1
2Ty HA2) ¥ + g004,,, = 5(2.0246)(103)A,3,.,
596.27 + 800A,,, = 101229 A2
Amax = 1.2584in
Pruax = kAm" = 2.0246 (1.2584) = 2.5477 kip
Omay = Tmax _ 25477 .
E “45(0_4)2 =203 ksii < gy OK Ans
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14-49 Solve Prob. 14-48 if the elevator is descending at the
constant rate of 3 ft/s.

K

150 &

2 3
g AE _ EODONA0) _ ) 046 kiptin.
L 150 (12)

Uz = Ui

1
lmvz + WAm,.; = "ksznax
2 2

1[___8_90_][(12)(3)12 + 800 Agax = 1(2.0246)(103)A.2,,.x
2°322(12) 2

1341.61 + 800 Apa, = 101229 AZ,,

Amax = 16123 in.

Pouy = kAmax = 2.0246(1.6123) = 3.2643 kip

oo = Faux _ 32643 _ 260ksi < oy OK  Ans
max —

A 204}
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14-50 The steel chisel has a diameter of 0.5 in. and a length
of 10 in. It is struck by 2 hammer that weighs 3 ib, and at
the instant of impact it is moving at 12 ft/s. Determine the
maximum compressive stress in the chisel, assuming that
80% of the impacting energy goes into the chisel. Ey =
29(10%) ksi, oy = 100 ksi.

-

10in.

e

k=—=2 " -569. iD/1
- S 569.41 kip/in.

08U, =U;

0812 (————)((12X12))* + 3Amas ] = £(569.41(10%)A 2
2 (32.2)(12) meRd T g max

Apax =0.015044 in.

P = kAp,x = 569.41(0.015044) = 8.566 kip

Omax = —— = ——— =43.6ksi < Oy OK Ans
y
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14-51. The A-36 steel bolt is required to absorb the energy
of a 2-kg mass that falls # = 30 mm. If the bolt has a diame-
ter of 4 mm, determine its required length L so the stress in
the bolt does not exceed 150 MPa.

. ! WL 2(9.81)(L)
Maximum Stress : With A" = A—E- = mo—o)—l-
i 004

’ W 2(9.81)
=7.80655(10°) L and 5, = 7= o0 1.56131 MPa, we have

’ A
Opu =00, wheren=1+ 1+2(-A—)
n

150( 10°) =[1+ 1+2(-—-°'—°3——) [1.56131(10°)]

7.80655(10-6)L

L =0.8504 m = 850 mm Ans
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*14-52. 'The A-36 steel bolt is required to absorb the ener-
gy of a 2-kg mass that falls # = 30 mm. If the bolt has a diam-
eter of 4 mm and a length of L = 200 mm, determine if the
stress in the bolt will exceed 175 MPa.

Maximum Stress : With
A, = _IZE - 2(9.81)(0.2)
" AE  §(0.0042)[200(10°)]
- =Z= 2(9.81)
“TA 7(0.0042)
Applying Eq. 14~ 34, we have

h 0.03
=144 1+2{ =l+¢l+2(-—-——-—-——-— =
V (A,,] 1.56131(10-6) 197.04

=156131(107%) m

=1.56131 MPa

Thus,
Toax =N, = 197.04(1.56131) = 307.6 MPa

Yes, o,,, exceeded 175 MPa. Ans
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14-53. The A-36 steel bolt is required to absorb the energy
of a 2-kg mass that falls along the 4-mm-diameter bolt shank
that is 150 mm long. Determine the maximum height # of
release so the stress in the bolt does no exceed 150 MPa.

WL 2(9.81)(0.15)

P f : Wi el rrwyyrre T rvwrered
A scimum Stress : With 4, AE  3(0.0040) [200(10%)]

W 2(5.81
= 1.17098(10°°) m and cr,,_=-=—5-§—)-= 1.56131 MPa,
¢

Opax =NnC, wheren=1+ ‘, 1 +2(L)‘
All
150( 10°) =[1+1f1+2(ﬁ;0-§§(—1-0—_;5)l[1.56131(10‘)]

£=5292(10") m=529 mm Ans

we have
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14-54. The composite aluminum 2U14- 16 bar 1s made from
two segments having diameters of 7.5 mm and 15 mm.
Determine the maximum axial stress developed in the bar if
the 10-kg collar is dropped from a height of £ = 100 mm.

15 mm—eif 300 mm

TZWm
~l

15 mm

A = 2L 10981)03) + _ 10981)0.2)

2
00075 ) (BDOIC)  £0.015) (73.1)(10%)
= 1063181147 (10~%)

1+]/1 LA :
+2A7)] = (14 ‘/1 a2 e

10.63181147 (10-5)

1
[}
—

Omax = RO, HEI'EG', =!.—_ M_ =
C = 500075 = 2.22053 MPa

it

Omax

138.16 (2.22053)
307MPa < oy = 414 MPa OK
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14-55. 'The composite aluminum 2014-T6 bar is made from
two segments having diameters of 7.5 mm and 15 mm.
Determine the maximum height ~ from which the 10-kg col-
lar should be dropped so that it produces a maximum axial
stress in the bar of o, = 300 MPa.

7.5 mm— p- 300 mm
Tzoo mm
h
15 mm j—
b

1098103 _ 10(981)(02)
AE 200075 ¥ (73.1)(10%) 20,015 Y (73.1(10%)
= 10.63181147 (10°%) m

; % A
n=lbeyls it \[l * AT (109 |

= [l + 41 +188114.7h]}
w 10(9.81) _
Omax = NGy Here Ou =; = W = 222053 MPa
3(1)(106) =1+ 41 +188114.7 h] (2220530)
h = 0.09559m = 95.6 mm Ans
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*14-56. A cylinder having the dimensions shown is made
from magnesium Am 1004-T61. If it is struck by a rigid block
having a weight of 800 Ib and traveling at 2 ft/s, determine
the maximum stress in the cylinder. Neglect the mass of the
cylinder.

Conservation of Energy : 1he equivalent Spring CONSIANL kUT we puas

X062
s k= A SEN[648U00 =10.1788( 10°) Ib/in..

L 1.5(12)
U, =Vl
o’ = e
[%(‘:'2%)(22)](12) = %[10.1735( 10°) JAZa

Bgue = 0.01082 in,

Maximum Stress : The maximum axial force is
Fois =kb gy, = 10.1788( lO‘) (0.01082) = 110175.5 Ib.

= 2 = e = 3897 psi=3.90 ksi Ans

Since Oy, < Oy =22 ksi, the above analysis is valid.
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14-57 The wide-flange beam has a length of 2L, a depth 2¢,
and a constant EI. Determine the maximum height & at
which a weight W can be dropped on its end without
exceeding a maximum elastic stress omay in the beam.

1 1 L
ZPA- = 2(— ~Px)?
2 A=A Jo( Px)’dx

%
Y

h
n=1+1/14+2(—
(A)

at

Omax = 105t max (an)mlx = WTLC
Omax =[1+1/1 +2(—h—) ]-‘KL—C
v Ag 1
[of
( mlx1_1)2=l+ 2h
WLe Ag
A Onaxl
h o= ZStp_mmax” 1 2_ 1
> [ Wic -1
3
= _‘VL [( Omax] )2_ zamuxI] = amnxLz{ amaxI_Z] Ans
3E]  Wic WLc 3Ec Wic
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14-58. 'The diver weighs 150 Ib and, while holding himself
rigid, strikes the end of a wooden diving board (% = 0) with
a downward velocity of 2 ft/s. Determine the maximum bend-
ing stress developed in the board. The board has a thickness |
of 1.5 in. and width of 1.5 ft. E,, = 1.8(10°) ksi, oy = 8 ksi.

Static Displacment : The swtic displacement at the end of the diving
board can be determined using the conservation of energy-

1 LMrdx
EPA'fo 2E )
1 aft 10 5
%(ISO)A“=-2-EI[I° (-3751‘)’,11:,»«[0 ( lSOx,)d.rz]
20.0(10%) Ib- ¢

st H
70.0(10%) (12%)
—— T
1.8( 106)[-\‘—2-(18)(1.53)]
=13.274 in.
150 1b
i : The ivalent spring constant for the
Canservatwwn of Elr;)rgy e equiv p M- s, o
board is k = —— = ~—— = 1130 Ib/in.. N v
A, 13274 . z 3
'y -—-*x| x"
U.=U R £t ot
. 750 szsm
-;»muz-l- WA = 5/:Af,m
17150y, 2 _1 A2
[i(ﬁ)(‘t )](12) +1504,,, 2(11.30) fax

Solving for the positive root, we have

Bgax =29.2538 in.

Maximum Stress : The maximum force on the beam is Prax = kBmax
= 11.30(29.2538) = 330.57 Ib. The maximum moment occurs‘ at
the middle support. My, =330. §7(10)(12) = 39668.90 Ib- in.

_Muyc39668.900075) _ g7 = 5.88ksi  Ans

Fmas =7 T T (8)(15Y)

Note : The result will be somewhat inaccurate since the static displacement
is so large.
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14-59. The diver weighs 150 Ib and, while holding himself

rigid, strikes the end of the wooden diving board. Determine

the maximum height & from which he can jump onto the

board so that the maximum bending stress in the wood does

not exceed 6 ksi. The board has a thickness of 1.5 in. and width X
of 1.5ft. E, = 1.8(10°) ksi.

Static Displacment ;: The static displaceraent at the end of the diving
board can be determined using the conservation of energy.

Yopn (Ml
2 o 2E
%( 150)4,, = %[I:"(-s'/sx, Yds, +];°"(-150x2)dxz]
_700(10°) b £
= _EI—
70.0(10%) (12%) 1501

TR (18 (15)] M= -375%, MOk
= 13274 in. x 2

3 L
"X, 4 ‘:(,, 1

Maximum Stress : The maximum force on the beam is £,,, . The R 05

maximum moment occurs at the middle support M, = £,,, (10)(12) 354 sesm
=120F,,,.

M.
cau= .'“
120A,, (0.75)
6(10°) = e maz 7
(1) (18)(1.5%)
P =3315D

Conservation of Energy : The equivalent spring constant for the board is
w 150

k= —— = ———=11.30ib/in.. The maximum displacement at the end
4, 13.274
L Pous _ 3375 _ .
of the board is Am“ = P = Tl—s-a = 29.867 in.
u=u

1
W(h+d,,) = EkAfm
150(h+29.867) = ;( 1130 ( 29.867%)
h=3.73in. Ans

Note : The result will be somewhat inaccurate since the static displacement
is so Jarge.
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*14-60 A 40-1b weight is dropped from a height of & = 2 ft
onto the center of the cantilevered A-36 steel beam. If the
beam is a W 10 X 15, determine the maximum bending stress
developed in the beam.

From Appendix C:

3
A = PE _ABAD T 44137 (107 in.
st ey

3ET  3(29)(10°)(68.9)

2(12) = 183.49
n=1[1+ \[1‘;2(’——‘)141 * \/:2(144137(10‘3))]

G = —=;  Here M=40(5)(12) =2400b-in.

ForW10x15: [=689in* d=999in.

2400 (4.995) % = 4995 in.

T e, c=
Ot 68.9

174.0 psi

Opax = 1 Tg = 18349(1740) .
= 31926 psi = 31.9ksi < Oy = 36ksi OK  Ans
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14-61 If the maximum allowable bending stress for the
W 10 X 15 structural A-36 steel beam is ouiow = 20 ksi,
determine the maximum height k from which a 50-1b weight
can be released from rest and strike the center of the beam.

ET
\r _

‘;’H_ —— |8
L 50 ll 5n-—————l

From Appendix C:

P 5015327

pL __S0B0D 1 _ 50171 (107 in.
3EI 3(29)(10°)(68.9)

Ay =

0. = ME.  Here M=50(5)(12) =30001b-in.
! I

Forw10x15: [=689in' d=99%in

Oy = 3000(4993) . - 99 _ 4995in.
* 68.9 2
= 217.49 psi
amax =n ost
20(10°) = n(217.49); n= 91.96

/ h
n=I[l+ 1+ 2(A—s;)]
P —Y
196 =11+ 1+ A 150171 (109

9196 = [1 + 41 + 111006 k]

h = 745in. Ans
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14-62 A 40-1b weight is dropped from a height of & - 2 ft
onto the center of the cantiievered A-36 steel beam, If the
beam is a W 10 X 15, determine the verticai dispiacement of
its end B due to the impact.

From Appendix C:

3 3

Ay = PL _ 405121 = 1.44137 (10 in.
3EI  3(29)(10%)(68.9)
h 24
=1+l +2 =[1+ /1 + 2(————— = 183.49

" Wi \/ * e aoy) !
From Appendix C:

2 2
.= FPL o _OBUDY 56634 (10°) rad

2EI  2(29)(10°)(68.9)
Omax = 16, = 183.49[36.034 (107°)] = 6.612 (10>) rad
Amar = nA, = 183.49[1.44137 (107%)] = 0.26448 in.

(A2)max = Amax + Omax L = 026448 + 6.612 (107%)(5)(12)

= 0.661 in. 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.




14-63 The steel beam AB acts to stop the oncoming rail-
road car, which has a mass of 10 Mg and is coasting towards
it at v = 0.5 m/s. Determine the maximum stress developed
in the beam if it is struck at its center by the car. The beam
is simply supported and only horizontal forces occur at A
and B. Assume that the railroad car and the supporting
framework for the beam remains rigid. Also, compute the
maximum deflection of the beam. E, = 200 GPa, oy =

250 MPa.
200 mm \

A 200mm_{k—

im
—

im

’

From Appendix C :
PL> 10(10°)(9.81)(2%)

=0.613125(10%) m

st

TI8EI T 28Q200)(10°(5)(02)0.2%)

W =kAp,, = 160(10%)(3.953)(107%) = 632455.53 N

M= WTL = ————-63245:'53(2) =316228 N-m

Omax = — = —————===237MPa < o OK Anms
T T 0202 Y

) -3 2
Amax = VA“VI = \/0'6131259(:; X059 = 3.953(10'3) m=3.95mm Ans
g .
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*14-64, The tugboat has a weight of 120 000 Ib and is trav-
eling forward at 2 ft/s when it strikes the 12-in.-diameter fend-
er post AB used to protect a bridge pier. If the post is made
from treated white spruce and is assumed fixed at the river
bed, determine the maximum horizontal distance the top of
the post will move due to the impact. Assume the tugboat is
rigid and neglect the effect of the water.

From Appendix C :

Pmu = 3E,(Ac)mn
Lsc)

Conservation of energy :

1 1
Emvz = Epmu (Ac)max

lmvz = l(S_.El(A—C);;'J.)
2 2 (Lsc)?

1/"“’2[&
Ac)mxz = | ——=t
(Ac), 3E

(Acdans = ‘/ (120 000/32.2)2)*(12)°
N (3)(1.40)(10°)(144)($)(0.5)*

=0.9315ft=11.177 in.

_ J140(1091GX6)4(11.177)

Pﬂll 2 3
144y

= 16.00 kip

0 = Pauslic _ 1600(10°)(144y
2EI  2(140)(10°)(2X6)*

=0.11644 rad

(A)mas = (AC)maz +6c (Lca)

(A)max = 11.177+0.11644(36) = 154 in.  Ans
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14-65 The W 10 X 12 beam is made from A-36 steel and is
cantilevered from the wall at B. The spring mounted on the .
beam has a stiffness of k = 1000 Ib/in. If a weight of 8 Ib is -
dropped onto the spring from a height of 3 ft, determine the

maximum bending stress developed in the beam.

Forwi0x12: I=538in' d=987in

From Appendix C:
PL
3EI

Avesm =

& _3ET_ 3 (29)(10%)(53.8)

= oy 5.2904 kip/in.

Fs,

Equilibrium (equivalent system) : $F,e,m = /-'s p
Ftp = Ream | E

kspA:p = KyeamApeam

5.2904( 10°

A,

i}

5.2904 Apeum 1)

Conservation of energy :
U =0

i 2 1 2
W(h+ A;y +Apean) = ‘Z‘kbenm Apcanm + EkspA-p

From Eq. (1)
8[(3)(12) + 52904 Apeum + Apeam]

- %(5.2904 N10M)AL uq + %( 1000)(5.2904 Ageam )
16639.37 Aleuq — 50.32 Appm — 288= 0

Apesm =0.13308 in,

Bewn = KpcamAvcam = 5.2904 (0.13308) = 0.70406 kip
M., = 0.70406(8)(12) = 67.59kip-in.

Maasc _ 67.59 (257

I 538
= 6.20ksi < oy OK Ans

Omax
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14-66 The 200:1b block has a downward velocity of 4 ft/s
when it is 3 ft from the top of the wooden beam. Determine
the maximum stress in the beam due to the impact and com-
pute the maximum deflection of its end C. E,, = 1.9(10%) ksi,

oy = 6 ksi.
Asd
4n/;1
T
ain
From Appendix C : A e DI“ i
51 18 Sh - 1';.'-.'1
_PpL |
"7 3EI
3yl 3
g 3BT 3A90A0NGUDAE) _ 539 4ipsin
B (5(12)»°
Conservation of energy :

U. =U;

%mvz + Wih+Agar) = le—kA,.fn

1, 200

22202

7796.27 + 200Amax = T6950A%,,
Amax = 0.31960 in.

X4(12)F +200(3(12)) +Amaz) = %(153.9)(103)A£.,

W = kA, = 153.9(0.31960) = 49.187 kip

M = 49.187(5)(12) = 2951.22 kip - in.

1 501218
From Appendix C:

‘-V-L—2= 49.187(5(12))" =7.990(107) rad
2ET 2(1.9)(10%)(&)(12)(18%)

g =

Ap = Apax =0.31960 in.

Ac =Ap+65(5X12)
=0.31960 + 7.990(10-3)(60) =0.799 in. Ans
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14-67 The 100-1b block has a downward velocity of 4 ft/s
when it is 3 ft from the top of the wooden beam. Determine
the maximum stress in the beam due to the impact and com-
pute the maximum deflection of point B. E. = 1.9(10) ksi,
oy = 8 ksi.

A
From Appendix C:
A= PL?
"7 3EI

3E1 309D _ 63 0o
2 512y

Conservation of energy :
U, =U
2

1
Lo 4 Wh+ Amax) = —kAmax
2 12

1100y 412) +1003(12) + Amax) = %(153.9><10’)Am1u
2 32.2(12)

3898.14+ 100Ama < = 76950A%, <
Apex =0.2257 in. = 0.226in. Ans
W = kA e, = 153.9(0.2257) = 34.739 kip

M =34.739(5)(12) = 2084.33 kip - in.

M'c _ 2084330) _
Cpax =~ % =

T 528

3.22ksi < Oy OK Ans
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*14-68 The weight of 175 b is dropped [rom 2 height of ok
4 ft from the top of the A-36 steel beam. Determine the i
maximum deflection and maximum stress in the beam if the

supporting springs at A and B each have a stiffness of k = T
500 1b/in. The beam is 3 in. thick and 4 in. wide.

From Appendix C :

. pL? 2 \ 2
beam = S0l - 8n ! 8§ p———ri
3001 3
- 48ET1 _ 4812910 )(1—2)(4)(3 ) — 17700 kip/in.
o (16(12))*
From equilibrium (equivalent system) :
2F;p = Fbenm iplﬂm
2kspAsp = kpeamAbeam T T
3
o= 1.7700(10 )Abmm FsP Fsr
2(500)

Asp = 1.7700Abcam mn

Conservation of energy :
U.=U
1 2 1 AZ
W(h +Asp +Abeam) = EkbeamAbeam + 2(‘2‘)ksp Sp
From Eq. (1) : i
175[(4)(12) + 1.770A¢cam +Apeaml = %(1.7700)(103)Af,,,m +500(1.7700Apcarm)
2451.5A2, .o — 484.75Apcam — 8400 =0
Apeam = 1.9526 in.
From Eq. (1) :
A,p = 3.4561 in.

Amax = Asp +Apeam
=3.4561 + 19526 = 5.41 in. Ans

Foeam = kyeamAbeam
= 1.7700(1.9526) = 3.4561 kip

Mo = FoeamL - 3.4561;16)(12) = 165.893 kip - in.
max 4

o, = Muaac 165.89305) o< o, OK  Ams

I @)
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14-69 The weight of 175 b is dropped from a height of
4 ft from the top of the A-36 steel beam. Determine the load

factor n if the supporting springs at A and B each hnve_ a
stiffness of k = 300 Ib/in. The besm is 3 in. thick and 4 in.

wide.

From Appendix C :

.o PL
TY>7)
48(29)(10°) ()43’
Focam = e _ @A Xz X )=l.7700kiplin.

N (16(12))°

From equilibrium (equivalent system) : r
2F;p =FKeam i peam
2FpAsp = kyeamAbeam ;

_ L7700(10%)
T 2(300)
Agp =2.950pe0m 1

beam F‘f FSP

Conservation of energy :
U =U

WO+ Bt +81p) = SHonsmBleam + 23Dk By
From Eq. (1) :
175[(4)(12) + Apeam +2.95Apeam] = %(1.7700)(10’)&,,.,,, +300(2.95A0e 0 )’
3495.75A% ¢ — 691.25A 0o — 8400 = 0
Abesm = 1.6521 in.

Fyeam =kpeamAbesm
= 1.7700(1.6521) = 2.924 kip

2.924(10%)
n= —————

=167 Ans
175
M
Omax = "(Gs!)mnl = "(‘_I—C)
=TS0y
Omax = 16.7 (M) =234ksi < Oy OK
7@3%)
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14-70 The.simply supported W 10 X 15 structural A-36
steel beam lies in the horizontal plane and acls as 2 shock
absorber for the 500-1b block which is traveling toward it at
5 ft/s. Determine the maximum deflection of the beam and

the maximum stress in the beam during the impact. The
spring has a stiffness of k = 1000 Ibfin.
ForW10x15: =689 d=999in. v=5 1
=R o
From Appendix C : !
_PL
T
48(29)(10°)(68.9
orn = BT BOO0ONED) _ 010

1A (24(12))3

Equilibrium (equivalent system) :

Fsp = Rseam
kspAsp =kyeamAbeam
_ 4.015(10%)
Asp = W‘Abenm 5’ F;’ =&
Ayp = 4015800 [¢))

Conservation of energy :
U =U;
1 5

1 1
Emv = EkbeamAgum +§kSP AzP

From Eq. (1) :
1,500
2'32.2(12)
10067.6A%, 3 = 2329.2

Aveam =0.481in.  Ans

)52 = %(4.015)(103)&“,., + %(1000)<4.015A§,...,)2

Focam = kpeamBbesm
=4.015(0.481) = 1.931 kip

Muwe = (232 )(12)(12) = 13905 kip-in

Muasc _ 139.05(%4%)

=10.1ksi < oy OK  Ans
1 68.9

Omax =
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14-71 Determine the horizontal displacement of point B on
Lhe two-member frame. Each A-36 steel member has a cross-

sectional area of 2 in2

-6 b

05776 "¢ )

Member n N L nNL
AB 1.1547 800 120 11085.25
BC -0.5774 0 60 0

X=110851.25
nNL

1-Ag, =X——

B, AE

_ 110851.25 _ 110851.25

= = 0.00191 in. Ans
AE 29(10%)(2)

B,
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*14-72 Determine the horizontal displacement of point B.
Each A-36 steel member has a cross-sectional area of 2 in?.

6oo Ib

_ 1(-360)(3)(12) -

= -0.223 (10 Y in.
B 2 (29)(10°) (107

= 0.223(107%) in. « Ans
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14-73 Determine the vertical displacement of point B.
Each A-36 steel member has a cross-sectional area of 2 in?

nNL
=3
1- As, AE
1.1662 (699.71)(5.831)(12)  ~0.60 (~360)(3)(12)
AB, = AE AE
_ 64872807 _ 4001121 ¢ Ans
2 (29)(10%)
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14-74. Determine the vertical displacement of joint B of the
truss. Each A-36 steel member has a cross-sectional area of
300 mm?2.

Member n N L mNL
AB 08333 6667 5 27118
BC 08333 6661 S 7178
AC 05 o 6 12000
I = 67556
nNL
188, =222
Ap, = —SB3UO)__ _go1126m=113mm  Ans
300(10°)(200)(10°)
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14-75. Determine the horizontal displacement of joint B of

the truss. Each A-36 steel member has a cross-sectional area of

300 mm?,
Member n N L aNL
AB 0625 6667 S ~208.33
BC 0.625 6661 S 208.33
AC ~0.375 0 6 ~90.00
£ =-90.00
1. AB. = E—u&
AE
~90010%) =~150(10")m =~1.50mm =1.50mm «  Ans

Ap = —————————
5 300(104)(200)(10°)
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*14-76 Determine the horizontal displacement of joi.m C
on the truss. Bach A-36 steel member has a cross-sectional
area of 3 in%

2 kip

15 kip

il bk

p——3n——
£, )
Bl 15 Xip (1) 5;_/5 kip [ RireT) € | Fip

1333 5P (1)

Member n N L nNL
AB 1.333 18.00 48 1152
BC 1.000 15.00 36 540
BD -1.666 -25.00 60 2500
CcD 0 0 48 0

I=4192
nNL
1 - Ach = EE
c,.=—£9—2——= .0482 in. Ans
(3)(29)(10*)
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14-77 Detetmine the horizontal displacement of joint B on
the truss. Each A-36 steel member has a cross-sectional area

of 3in
2kp
B C 15kp
an
A D
”}--——Jn——g
Kip
Y 974 19
) 15 57P(1) /5 Kip | Kip 8 ° ¢
~
N S N
A ", Y
NN = 0 Y 0
A < — ™
Q ~ x
A <
Ll

Member n N L (in.) nNL
AB 1.333 18.00 48 1152
BC 0 15.00 36 0
BD -1.666 -25.00 60 2500
CD ' 0 0 48 0

I =13652
nNL

1 . AB,, = ZTE—-

B, = —-—ﬂ—- =0.0420 in. Ans
O (3)H(RNI0Y)
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14-78. Determine the vertical displacement of joint B. For :‘"’ 2 2kip
each A-36 steel member A = 1.5in%

nNL
AE

1-4, = £

Ap. = _1—{(—1.667)(—0.8333)( 10) +(1.667)(0.8333)(10)
" AE

+ (0.6667)(1.333)(8) + (-0.6667)(~1.333)(8)
+ (=1)(0.5)(6) + (-0.5)(-3)(6) } (12)

e 6 __ _ o0132in. Ans

1.5 (29)(10%)
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14-79. Determine the vertical displacement of joint E. For
each A-36 steel member A = 1.5 in’.

2Ky

Ap =E
Y

L 1(-1667)(-0833)(10) +(1.667)(08333)(10)
AE

+ (066TY(13H(®) + (0SENCLINE)
+ (=1)(-0.5)(6) + (-0.5)(-346)}(12)

Ag,

648

- = 00149in Ans
1.5 (29)(10%)
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*“14-80 Determine the vertical displacement of joint C on
the truss. Each A-36 steel member has a cross-sectional area

of A = 300 mm?,

B0kN

Member n N L nNL
AB 1.50 450 3 202.5
AD 0 18.03 13 0
BC 1.50 450 3 202.5
BD 0 -200 2 0
cD -1.803  -5408 /13 351.56
DE -1803  -72.11 /13 468.77

I=1225.33

1- AC, = Eﬂ

AE
1225.33(10%)

C, = r——————————— = (0,021 =
300(109)200)(10°) 04 m = 20.4 mm Ans
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14-81 Determipe the vertical displacement of joint D on
the truss. Each A-36 steel member has a cross-sectional area
of A = 300 mm?.

20N IO kN

Member n N L nNL
AB 0 450 3 0
AD 09014 18.03 13 58.60
BC 0 45.0 3 0
BD 0 -200 2 0
cD 0 -sa08 13 0
DE 09014 -7211 413 234.36

£=292.96
1-4p, =22
AE
3
Ap 2929600) __ _ 488(10°)m =488 mm  Ans

-~ 300(10%)(200)(10°)
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14-82 Determine the horizontal displacement of joint B of
the truss. Each A-36 steel member has a cross-sectional area

of 400 mm?,

>‘KI~|
4™ 8 4™ . 1N 8 RN,
)
LLT -~ PJ( &
of 278 lism ol 1 %
ﬁ 4”(7) N) / N T, Q
) A D
l Z m I
Member n N L nNL
AB 0 0 15 0
AC -1.25 -5.00 25 15.625
AD 1.00 4.00 20 8.000
BC 1.00 4.00 20 8.000
CcD 0.75 =2.00 1.5 -2.25
X=29375

L g, =322

29.375(10%)

= = 0.3672(10")m =
= 400(10)(200)(10°) 2(10")m =0367mm  Ans
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14-83 Determine the vertical displacement of joint C of the
truss. Each A-36 steel member has a cross-sectional area of
400 mm2,

gKH ‘kN
KN B8 N l
4+ 4™¢(T1) ¢ 8 o .
)
o] Y }-5m 0 <
N
a ~
A p A »

Member n N L nNL
AB 0 0 1.5 0
AC 0 -5.00 25 0
AD 0 4.00 2.0 0
BC 0 4.00 20 0
CD ~1.00 -2.00 1.5 3.00

X=3.00

1 g, =

v AE
3.00 (10%)

¢, =————l _— =37510%m =00375mm  Ans
400(10°5)(200)(10°)
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*14-84 Determiine the vertical displacement of joint A.
Each A-36 stee! member has a cross-seclional area of

400 mm?,

40 kN

8 '
/80 *"(1) &N
RN /60
A S
) 3(( g Im
P
o MOPS 3o k) L4 kN
- 115
{ 15m 1 2m
s b *” 100"

Member n N L nNL
AB 1.25 50 2.5 156.25
AE -0.75 -30 15 33.75
BC 2.25 180 3.0 1215.00
BD -05/13  -s0/13 /13 1171.80
BE 0 60 20 0
DE -0.75 -30 3.0 61.5

T =2644.30

1. AA, = zﬂé

2644.30(10%)

* = 2000109)200)(10%)

=0.0331m =33.1 mm Ans
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14-85. Determine the vertical displacement of joint C. Each
A-36 steel member has a cross-sectional area of 4.5 in%.

L3335~ 133" G s F
Iy s <
E aﬁ Ere IS ""tb ot
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Ab_|033 |oass1] e {7280 7z i A
81 r00 Losenl s 580 K i &7 x5 K
B | 447 |-wBI3| e | 7o oxie ge7 87 6P 10"
8¢ | 18-81) #3331 | ree | 3584
cn | goo | 100 | 9B Jst
chb Vmer | sr3aa | ree | 258
dn L-gser|-0B33t Mo | 1000 o H o
S | rwwe | ose | HE | 50 T o L1 oG o =
DE_1/333 | sbuy| s | &80 7 17 [ NG, <
EG |-r657 \-0833] 780 | 2540 o # N ,_. x '5,’,»4;‘-_ 3 ‘%.44- °
1o o lmrl s 7 B LS Neld N
Fe |0 | o Ll o G 6T 7333 LS 1A TS
GH | 4233 |-96647) 7¢9 | i2de i 8 < » #6660,
W1 A =iss {acaiht 764 | 7286 L
. | EP
0.g XiP a.ﬁnf
nNL
1:Ac,= £
AE
21232 .
Ac = 0.163in. Ans

v~ 2529 10%)
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14-86. Determine the vertical displacement of joint H. Each
A-36 steel member has a cross-sectional area of 4.5 in’.

member] A N

[
708
AL_l7661 |-o83) 80
Al B33 14.865]) /14
TR A AN Sto
®o
Vind
798
44
/80
199

2 1-8-63 088

B [ 87 ] 1333
n 8o | o

o | 86141213
24 _|-467 |88
26 1000 | 0500
I | /333 \essky ) ny | 12fe
£G_| 44 [+8333] 180 | 2500

L

£ o 108 o
G & o Mt I3
Gu_ |-1333 1-08661) /t¢ 1286
AL 1-3.33 |-osker} M#e | rz8e
3] o o 14 o
£ L0348
nNL
Ay =X
18n = *7F
20 368 = 0.156in. Ans

54, = 2529 (10)
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14-87. Determine the displacement at point C. EI is
constant.

e,
l-——-——l-r'l"z"l—_"
——} M= Px,
P "7-" p
l-Aczj:%dx | .) M= Fa
4 R

Ac= z(E‘-I)[I:(gx. XPm)dn + [ Lo+ )Pan]

L
24E1 Z

hymed
i-% me%x,
; I) »tats,)
S

[
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*14-88 Determine the displacement at point C. EI is
constant.

) M- Fx, b
P11 X, ( ’
M= PX, f:
LmM ¢ | x& ‘
l'Ac=I ——dx
o El _J‘
Ac = =1 @)(P e + [ )P —
C—E 011 1 )dxy 0 2 2 Jdx; ’ 1‘;
? m=X
re = '
3EI § ' m’x‘( [
X
£
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14-89 Determirte the slope at point C. E/ is constant.

LmgMdx
10 =), EI

ec =j¢ (‘-})le dxl +Ja (I)PXZdXZ
0 EI 0 EI

Pa* Pa® _5Pa?

Ans

+ =
3EI 2EI 6FEI
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14-90 Determine the slope at point A, E/ is constant.

; e o« 1

'( ) Mp = i-2e

= 1) M= Px

a My =0 (‘::l P x ) | i
' '
M= PR, (=

X&
g, = [-meM
1 BA_JO El =
1 a X 4 P i
oL Io (-2 50pr +j0 O)Px;)dx, ) = E;% Ans
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14-91 Determine the displacement of point C of the beam
made from A-36 steel and having a moment of inertia of I =
538 in*

8 kip

¥ -

18 F m—.8x, =0
) T{ — (——
=~ b—xg _ — *3

~3=a %—- o-05x, } ( =%y

—1
- %= l"—""*—i .| x5 —

LS
LmM
tac=["2%n
¢ Io El
1 120
Ac =—[0 -
¢ =10+ Io (60-0.5)(4x,) dx; +0]
576000 576
= = 000 =0.369 in. Ans

EI  29(10°)(53.8)
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*14-92 Determine the slope at B of the beam made from
A-36 steel and having a moment of inertia of / = 53.8 in‘.

A ]

HIP
F NI AT A
.——sn } 0n : sn—-\

|Kip-f 8rr
( \’l 1 ':vf) M=8x,
o %P rﬂ-l""’ ! "n'

P e 45
”b'/.‘”"& (TF

< 0 KiF

LmgM

05 = EiI[j:(O)(sx1 Yx, +Iu'°(1 —0.1x, 4525 ]

. 2 2
- 6667kip-f’ _ _66.67(12°) _ ¢ 15310%)ad=0.353° Ans
£l 20(10°)(53.8)
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14-93. Determine the displacement of point C of the
W14 X 26 beam made from A-36 steel.

Bxip a2
|

{ 1 s 1
T’ 7 N
;}(61::;“ # ar.F“
L mM
1-4c = 0 ‘EEde A 4!
=p M7 '
e \”1 ‘- :
| SR ] 1
so (—5)(~480) U 3
Ac=0+2] s {'.‘_“’71_. etz
L L
o 864000 41%9in.  Anms
29 (10°)(245)
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14-94. Determine the slope at A of the W14 X 26 beam
made from A-36 steel.

3

(2t
9ft ) IP/t 1 S"t

L MQM
o= | MMy
V6=, 57

120 (355 — 1)(—480)
6=0+ j’o T

28 800

= 2 S8 = 4.05(107%) rad Ans
29 (10°)(245)
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1.4-95 Determine the displacement at B of the 1.5-in-
diameter A-36 steel shaft,

[t

3201h 3201b

1 10
3
274" w0 gt 598" p.sage'™ 04106
“—M=szzaex, _ El)mw&z%x,
X
327,06 l 052941

ﬁ",plg 65412 14706 X, ﬁl ) n=0529¢(2+4%, )
z X

s
zrogt <80”  M=sp2urt p OSeh
715994

m=o.2706 ¥, { ‘a
113
M= 889.41- 47061, (1 = g

3041041
e swge
m=0.470¢ (4trS) &
4o ts 0‘4106”’

I‘AB= L'—"_.de
o EJ

1 ¢2
Ag = E—][‘[O (0.5294x, )(327.06x, )dx, +_[02 0.5294(2 + x, }(654.12 + 47.06x, Yx; +

15
,, ]0 (0.4706x; )(592.94x, )dx; + j: 0.4706(x; + 1.5)(889.41 - 47.06x, )dx, ]

_6437.671b-f°  6437.67(12%) 1543
El 29009%075¢ Ans
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*14-96 Determine the slope of the 1.5-in-diameter A-36
steel shaft at the bearing support A.

3201 3201
’Ib-}t
(' .
27.06" o0 o 592948 onze'® onte'
i
l»),M:szzgé;(, ! (%17 Mg = I-0-176 X,
X, . ‘Ib
321.06" 0417 My=0-1761, ¢
Y-M=65¢.42 1 #7.06 x,, i
3 011748

27V Xa,
06" 280" M=59234y ,
327.06 A9 = w o My=oute(iits)l ‘ﬁ

oo’ X 15700741

M= 889.41- 47.064, )
¢ % sazsq

ngM
vo=l, e

1.5
6, = L] 2(1-0.1176x,)(327.06x )y + ]~ (0.1176x)(592.94x, ks
A El'"0 o

+ 20,1176z, +1.5)(889.41 - 47.06x: )dx: ]
Q

»

2387531 £ _ 2387.53012") _g0477rad=273°  Ams

EI ~ 29(105)(E)0.75%)
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14-97 D ine the displ at pulley B. The A-36
stee! shaft has a diameter of 30 mm.

N
4K 3 K
| -
kn i kN v 0. F286™
4357 4693 | osirg
= O'fdﬂf)(l
! YM=4.357x, -
X, 04296 K~
43575~ kN
4 El) m=0-£286( X, 104)
YM=0357x, 417428 RLREA
G m X, 04286 ™M
435758
M= 46437,
I st
Mer 6930, 11383 ¢
%09l kas

LmM
RN

1 - ’
Bs=— [f: 0.4286x, )(4.357x) )dxy +f: $0.4286(x, +0.4)(0.35Tx, +1.7428)dx,
7057140 )8.6435 )ty + [ 20,5714 +0.3)(1.6435 +1.3929),]

_037972kN-m® _ 0.37972(10°)

= =00478m =478 mm  Ans
EI 200(10°)(5)(0.015%)
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14-98 The simply supported beam having a square cross
section is subjected to a uniform load w. Determine the max-
imum deflection of the beam caused only by bending, and
caused by bending and shear. Take E = 3G.

illﬁlllllllllﬁg} 'ﬁml N

+ L vat
=

L
For bending and shear, i 3
) vy

L L
1-A=f de+f Vo
o EI o GA

Y2 ()(h)(8E - wx)dx

L2 1 yewly By
N

0 EI o GA
4 L2 (6 L2
=i(_"LI:x3_ﬁ) +£.5_2(_w_l:x-£)
El' 6 8§ lo GA 2 2 o
_SwLt | 3wl
384E1 20 GA
SwlL? 3wlL?

~ 380G L)a* | 20G)a

_ 20wL? + Iwl?
384Ga* 20Ga?

BIOGE) =
=== — =] += Ans
GJ/\a 384 \a 20

For bending only,

4
= _Si.[.é) Ans'
96G \ a
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14-99. Determine the displacement at point C. EI is

constant.

= M=M
« . )M.
L ] —
——*—4/ A !
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Le M £
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L mM
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*14~100. Determine the slope at B. EI is constant.

M. A i
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14-101- The A-36 steel beam has a moment of inertia of / =
125(10%) mm#. Determine the displacement at D.

18 kN-m 18 kN-m

/8“("1——.'_1’) M=8

_. 1)
X
/5'”’(" ' 1 4
— 7 piskn Rl Tpgkd
“+m X& 14 KN.re t
M= 18 C:::x) E Im=osx,
Pt i

LmM
Lo = [ s

81kN-m® _ 81(10%)
EI 200(10°)(125)(10°)

1
Ap = (2);3—1[103(().5):2 X18)dey) =

=324(10%)=324mm  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.




14-102 The A-36 steel beam has a moment of inertiaof / =
125(10%) mm*. Determine the slope at A.

18 kN-m 18 kN-m
!___Am_ﬁ*._:qm—‘i"‘—““—‘{'c—"m
[m.?; —t /gkh’(”':) M='8
N /5"'(" o ) Me/8
01661 " 0-1667 E_:—::}-—-i i
jEHD Fm K, 16 ke
(r_’: ) My =1 )
: M=18 (C=—=
‘ ( ‘ Ks l G l
0-{66T KN
ngM
.8, = dx
164 jo EI
. ‘ _ 126K m?
0 =l [ (008 ax )+ [ 166755 0801 = 7
J__126040) 504007 rad=0289°  Ans
200(10°)(125)(10°)
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14-103 The A-36 structural steel beam has a moment of
inertia of I = 125(10% mm*. Determine the siope of the
beam at B.

18 kN'm

A .. " b =
}-—-4’m—q*——3m+3m-‘|‘g'“"“l
'kl M= 1Th)™M 25005 m M=18 den) P
| S ( 1
( ¥, ) ( 4mn l Xa ])
M,-O LaN-m ‘L'l 1’(
i ) 1) ™Me*
:::::1) m,f__‘ —
thu
_ LmgM
1"9"'10 T
—~&x +1)(18)dx
93—0+—I( 12+ )( )
EI'0
3
_5_4_____5.‘1(_12.)____-0.00216 rad =0.124° Ans.
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*14-104 Determine the slope at A, E/ is constant.

HUHHHHH.V

Cl 2 A
I L . L
VLN
(F W o
L A 1 O . |
1% N i 0| ] [ )
= 7 \ f— =t il
r L [ !
C L V /1,
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e I ot

04" -1 (%)
0 El

dx

wit | vt} 3
_—BL+ 3 wlL

EI  24El
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14-105 Determine the displacement at C. El is constant.

A

L]

f L ] L
DY) S
M( Z >‘ W | } _
J 1 1 ]\)l i H‘{Al R l % | xm=X ,m-—
/ | |
— \ e e [ e—
L L o] | T T !
2, 1
LmM
Ac= jo E‘—I—dx
=" (-bc)(‘z")d,r
0 EI
=2_w_(£4_) = WL4 Ans
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14-106 Determine the slope at B. El is constant.

::., 3,%._ L._-__“ :
M(=-£2‘T‘.> o
UM 5 4 et
: 1
=l J \ }.—-;—- L_K-‘/ T =
) = b T 1%

ngM
% = Io El

dx

- (32

= dx
0 EI
4 3
= WL =.‘Y_£_ Ans
S8LEI 8EI
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14-107 The beam is made of southern pine for which E, =
13 GPa. Determine the displacement at A.

1S kN

4 kN/m
| (I,
At (BN C
—15m—i Im J,
130mmID
=
120 mm
{KN 15 kA 4 Khfpm
WATTITITITT 1y
\ rl'i KN 01‘5 KN k L f& ¢
: b otsm] Sm 1
= )m=x, 28.5%N Lg KN
X C 15t
m=9-5X 1 — M=15X
R — T T

L.mM
vansl

Ay = 721_1[ 1% ) 15x0 )y + j:(o.sz )22 + 1.5%)dxs
i}

_43875kN-m® _ 43.875(10°)
- El T 13(10°)(1p)(0.12)(0.18)°

=0.0579 m =579 mm Ans
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*14-108 Determine the displacement at B. EJ is constant,

Tas
PR

Al
o =l
B
p ’5 } L |
2 1
o T x |
e 1 S——
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P M e I A P Y
2
LmM
1-Ag= fo P de
2 4
ag= [FEREED,_»G)
T TET 8ET
= wl! Ans
128E T

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.




14-109 Determine the slope and displacement at point C.
ET is constant. *

{55
Eg‘ 1 a)x"
1) M=- WX,
1

e (25
o = J‘L MQde "_x:‘
0 EI w/a
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XJ a,
——[I O ds + [ W) we®
2a X3 wa?®
0 - 2y )
0 2a 2 — ﬁ)’
i e
2wa’ An 2 <
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3E] Irevo
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be= ‘[o -Ede s- 2 () \l
Pz l_é-; ( )
wid wid 2

1 a
= E—I[IO O )dx1+I () (22 ydy

2a _Xg waz
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— =
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e
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X} 3 @
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14-110 Determine the displacement of the shaft at C. El'is
constant.

LmM
t-ac= | 2% 4
¢ '[o ET
| L wol Wo 3
Ac = 2(—)|? (=x) (——x; - —x] )dx
c (“)I0 (F3)n = o,
4
= wol Ans
120E1
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14-111 Determine the slope of the shaft at the bearing sup-
port A, El is constant.

Yo
MM
| L L L |
) 2 I 2 1
, W,
rﬁ A _s
- i R
- P \ L2y :lf N
e * 3
1

l~94= IO
1 L 1 wol Wo 3
= — 1 -~ —_xy - ~———x} )X
64 El[jo( Lxl)( R 1
LI wolL wo 3
2 (~ —_xy -~ —x3)dx
+j0 (sz)( FRe Y R

5 WQL3
192E1

Ans
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*14-112 Determine the vertical displacement of point A on
the angle bracket due to the concentrated force P. The
bracket is fixed connected to its support. EI is constant.
Consider only the effect of bending.

tP
.‘:::Jf) M= PX,

msi
LmM
1, = s ’&I
1.¢L L L L
A, = ot [ 0P + [ ALxPLIR) , ,
4PL?
= e ns
3E]
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14-113. The L-shaped frame is made from two segments,
each of length L and flexural stiffness E1. If it is subjected to
the uniform distributed load, determine the horizontal dis-
placement of the end C.

1A =]
BT R
2 2
1.ft wxy L wL
= — ——)dx, 1L)(~—)dx
Ac, Ezdo“‘”( = e )
4
=.‘iwL Ans
8EI -
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14-114. The L-shaped frame is made from two segments,
each of length L and flexural stiffness E7. If it is subjected to
the uniform distributed load, determine the vertical dis-
placement of point B.

L
1'Ap' =Ia _E'"':}A!dx

_Loqe o wal L 2
45, = E—.—,IL O}=L)dr, + Ia (L‘-‘z)(w—zL—)d:z ]

2
wL*
=22 )
kO
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14-115. Determine the horizontal and vertical displacements
of point C.There is a fixed support at A. E/ is constant.

) Medeor,

M=12800

1-A =f:ﬂEMI—dx

1 3
be, =3l fo (0)200<2 )dx, + J’ol *(10~x,)(12,800)dx, ] = ;“&";.i_mﬁ Ans

1.¢8 t1 .
8¢, = 1] (2008} gz, + [ @x12.8000dr,) - L2880 & 8:10 LI S
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*]14-116. The semi-circular rod has a cross-sectional area A
and modulus of elasticity £. Determine the horizontal deflec-
tion at the roller due to the loading.

5F,=0; N-Psinf=0
N=Psin8

IM, =0, M-Psinfr=0
M= Prsin 6

TF, =0, n-1sin6=0
n=1sin 6

Q-zMo=0; m—(lsin 8 )r=0
m=rsin 8

_[FM PP (56 a0y = 2 Lo Lsin20) A
VA= T T E= El 2 4 o

3
= e Ans
A2[51
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14-117 Solve Prob. 14-71 using Castigliano’s theorem.

Member N aN/a P NP =0) L N(@N/9 P)L
AB 1.1547P + 800 1.1547 800 120 110 851.25
BC -0.5774P -0.5774 0 60 0

Z=110851.25

. 110851.25
AB.=ZN(§LV)_L_= 11085125 _ 5125 _ o

= 00191 in. Ans
JP AE AE (2)(29)(10%)

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




14-118 Solve Prob. 14-73 using Castigliano’s theorem.

Ay, = sy L _ 69971(1166(583)(1) | =360 (-06)(3)(12)
B oP’ AE 2 (29)(10°) 2 (29)(10°)

= 0.00112in. ¢ Ans
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14-119 Solve Prob. 14-74 using Castigliano’s theorem.

Member N aN/o P NP =0) L N(ON/a P)L
AB -0.8333P -0.8333 —~66.67 5 2717.78
AC -0.5P 0.5 40 6 120.00
BC 0.8333P 0.8333 66.67 5 271.78

Z=675.56

3
Ag, =z1v(ﬁ;-1!)—l‘- - 675.56 _ 675.56(10°)

= =00113m =113 mm Ans
JP AE AE 300(10-5)(200)(10%)
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*14-120 Solve Prab. 14-72 using Castigliano's theorem.

ey L Z360AD L 0223 (107) in.
Aan = ENCD) 2 T 22910

= 0223 (107%) in. Ans
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14-121 Solv; Prob. 14-75 using Castigliano’s theorem.

Member N aN/AP NP=0 L N@NAPL
AB ~(66.67—0.625P) 0.625 -6667 S -208.33
AC 40-0375P  -0.375 0 6 -90.00
BC 66.67+0.625P 0.625 6667 S 208.33

% = -90.00
AN.L -90 -90(10°) 3
cxn@M L 20 ) L 150107)m
s = NG = AE T 300(109)200)(10°)

=~1.50mm = 1.50 mm & Ans
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14-122 Solve Prob. 14-76 using Castigliano’s theorem.

z kip

8 P(T) < P
-
3
Q
)

413
T
N

44,

Member N dN/d P Np=:5) L N@N/3 P)L
AB —-(2-1.333P) 1.333 18 48 1152
AC P 1.0 15 36 540
BC -1.6667P - 1.6667 25 60 2500
CD 0 0 0 0 0

£=4192
dN_ L 4192
A, =EN(Z=)—==——2" _ _00482in. Ans
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14-123 Solve Prob. 14-77 using Castigliano’s {heorem.

2 Kip
P — < 15 KiP
~
L
<V
4! § o
3]
~
! 3 /7 t
Membe N oN/o P Np=1s) L N(BN/B:;I;
ember
AB 1.333P + 18 1.333 18 42 o
AC 15 1.0 15 3 2500
BC —(1.667P +25) —~1.6667 -25 60 5
CD 0 0 0 0
T =13652

NN L 3652 32 _opa0in  Ams
A, =ENGPYE™XE T 9@
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*14-124 Solve Prob. 14-80 using Castigliano’s theorem.

20 kN 0 kN

A2o*N P
ISP H‘l]: = 2o
gl LSpCr)_ Ye rsper) ).
~N
N ©
Q
A f
3
o9
P
Member N ON/GP  N(P=30) L  N@NAPL
AB 1.50P 1.50 4500 30 202.50
AD 5/13 0 sy13 /13 0
BD -20 0 -20 20 0
BC 1.5P L5 4500 30 202.50
cp -05/137  -05/13  -15/13 /13 351.54
DE -05/13P+5/13)  -05/13  -20/13 J13 468.72
I=1225.26

ae, =xn@hHE 1253600
dP AE  300(10°°)(200)(10°)

=0.02.04 m =204 mm Ans
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14-125 Solve Prob. 14-78 using Castigliano’s theorem.

4]

o ,,e’”’e

BT P

p BR
&

2kip 2"}9 2kip
-0.6¢67P ~/333 kip
CE
o s ) 2 i
S ek § W e
y : NI f =3
3 ]
o
- |
P
5 sep PR TB Gep
dN. L

Ag = TN(——)—

dP AE

= [(-1.333)(-0.667)(8) +(1.33)(0.667)(8)
+ (=1)(0.5)(6) + (-1.667)(—0.833)(10)

+ (1.667)(0.8333)(10) + (—3)(—0.5)(6)]1:—215,

576
1.5(29)(10%)

= 0.0132 in. 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.




14-126 Solve Prob. 14-79 using Castiglizno's theorem.

akip arp 2kip
~ /383K
P g A
'$ L ‘5 .5'# MO
b I
a3 Fip l °
Skp it lP 8t ocp
° -2 44827
N g Q|
/A o
et | ade
osp osp
oN.
Ap = znZH L
dP AE

= {(—1.667)(—0.833)(10) +(1.667)(0.833)(10)
+ (=1(~0.5)(6) + (-0.5)(-3)(6)

+ (0.667)(1.33)(8) + (-0.667)(~1.33)(8) } 12
AE

648

= m;)— = 0.0149 in. Ans
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14-127 Solve Prob. 14-81 using Castigliano's theorem.

05Pré0

LA

| 3m
L

#5(7) g

olsptéo
Member
em N w NP NP=0) L  NGNBPL
0 45 3
0
:12 025/13P+5/13  025/13 5/13 13 58.59
Be 45 0 45 3 0
2D -20 0 -20 2 0
“ -15/13 0 -15/3 /i3 0
-(025/13P + 20/ 13) -025/13  —20/13 /i3 234.36
$=29295

Ap, = Z N(—)

IN. L 29295  2929510%

dP AE AE 300(10-5)(200)(10%)

=48810°)m =488 mm  Ans
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*14-128 Solve Prob. 14-84 using Castigliano’s theorem.

40 kN 60 kN

Z225P
B _2zsp190 (1) ‘41 9o

I

Member N NBP  NP=4) L N@N/3 P)L
AB 1.25P 1.25 50 25 156.25
AE ~0.75P -0.75 -30 15 33.75
BC 225P+90 2.25 180 3.0 1215.00
BD ~(30/13+05/13P)  -05/13  -s0/13 {13 1171.80
BE 60 0 60 20 0
DE ~0.75P ~0.75 -30 30 67.5

£ =12644.30
IN, L 2644.30(10°
Ay =ENGDL = _ZOMNU0) 60331 1233 imm Ans

dP AE  400(10°5)(200)(10°)
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14-129 Solve Prob. 14-82 using Castigliano's theorem.

Member

AC

BC
CD

Ap, =ENCo)=2) =

1'om
L p
5-075P
N aNIaP  N@P=0) L N@N/3 P)L
0 0 0 15 0
-1.25P -1.25 -5 25 15.625
P 1 4 20 8.00
P 1 4 20 8.00
—(5-0.75P) 0.75 -2 L5 -2.25
£=29375
IN_ L 29.375(10%)

e =0367010%)m
AP AE’ 400(10°5)(200)(10°)

=0.367 mm Ans
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14-130 Soive Prob. 14-83 using Castigliano’s theorem.

4¢1)
3 p-3
Member N aN/oP NP =5)
AB 0 0 0
AC -5 0 -5
AD 4 0 4
BC 4 0 4
CD —(P-3) -1 -2
oN. L 3 3(10%)

Ac, =X M(

-—)
dP AE  AE  400(10-5)(200)(10%)

L N(aN/aP)L
1.5
25
20
2.0
1.5

woooo

=3

=37.5(10°) m =00375mm  Ans
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14-131 Solve Prob. 14-85 using Castigliano’s theorem.

J 2 - g
-
B
»
2 < b £
gesp BT 6530
T o) Do ierpi2es A
IR e b
. 1 5 L( v
0 ﬂ“,ﬂ ¢ e”ﬂ -
o8 - X
6467+ 78(7) /233 P78(7)
A Y ]
brosp & 5P ;P
Ac, =z L _ 2232 2m3
P AE - = = ().163 in. Ans
AE 4.5 (29)(10%)
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*14-132 Solve Prob. 14-86 using Castigliana's theorem,

T JJ 4 F) -
2R N P
osprp 6P 8T eTr YT

7 5 1 - opg 1410330 M

=3
P
-

((:
J

-

-~
3

2 5P 410,

Ry
L

Ky Q
72230 ¢ ‘Ge21)
7

0 3§
Iy
2 6‘6 7’9 ‘/‘lg

=

A

]

0 5pt10 beir g i

Ay = IN( _35) L _ 20368 20368

P AE  AE 45 (29)(10°)

= 0.156 in. Ans
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14-133 Solve Prob. 14-87 using Castigliano’s theurem.

et
L oy | Y L
p+£p’ e prip’
by M= prr X,
‘a&
ptsp’ P

/ !
:::__—{::5) pepL 5t 15
L 'I'xl
P*%’PI 2

M, = Px; Mz =PL
L OMdx 1.(L 1 vz L1
Ac=[ M= - (2)2':-1[f0 Pr)n )dx+f0 (PLIG + 5x2)ds2]

aP El
3
= 2& Ans
24 El
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14-134 Solve Prob. 14-89 using Castigliano's theorem.

™ 2. P+ Mo, ,
Pr % ™= (Ps "7‘:--);:| P

s ) ((—:____—‘:j') m'

m=m'+Pe,

SetM =0
L JdM dx
8¢ =j0 M(-J_I‘;')EI

fe Pr)Gxodn j° (Px; X(1dx
=l El o EI

2 2 2
=_P_a_.+£.a_.=éll~ Ans

3EI 2EI 6El
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14-135 Solve Prob. 14-90 using Castigliano’s theorem.

4
P N N I X< T 1
[ = j
}
} a 1 a 1
. P
M

MI

, 1

?
Pl <Pt

f !
) M= M- PX, - X,
! x,'lr ' b

pri
M= =
&L |
XZ.
é_y_l.:l-ﬂ- ih—!3-=0
M a oM
SetM =0
M, =-Px, Mz = Px;
6s = | M 2M)E - LifoCpay1-Eydn + [ (Pr)O)dr] = i
A= oM Bl Bl T 0 6EI
2
=-P£— Ans.
6EI
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*14-136 Solve Prob. 14-88 using Castigliano's theorem.

__..-—-aMl =X ale =X2
P P
SetP =P

M, = Px, M, =Px

| a
Ac= I:M(%%)dx= S Jo (PG +Jo (Px)(x2)dr2]

2P’
3E]

Ans
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14-137 Solve Prob. 14-91 using Castigliano’s theorem.

¥ kip

Lo
[“ o
L——sn——}- 100
gKP 1:538m*
A / s
{n JC
L ol
I—75’ l 70’ 4 s |
geir Z-0IM’  4-01M’

,_L__”) M, =B8X,
M, Mt O MAS 1';_:_(?

4-04M'
oM _o M\ 4y
oM’ M’
SetM =0

M] = 811 Mz = 4X2

M dx
= | M2
% jo G’ Er

= 1%1[ j'of(sxl YO)dx; + J’olo (4x, (1= 0.1xy )dx, ]

2
_6667kip ff _ 666712) _ o 1c 59 0353  Ans
El  29(10°)(53.8)

Ac = 05(5)(12) = 6.15(107°)(60) =0.369 in.  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.




14-138 Solve Prob. 14-93 using Castigliano's theorem.

8 idp 8 kip

sn——sn sn—-{-—sn—l
gxip Exip P
== = - =-8 M= - - .
’rg\m 85 N=-4p0 M’x] \DM\L /Ho
— i — = i T i
AN A Y
's}tak_c{z [—;ifek';!t—l U5t it U sfv g st |
4 | ¢ ¥
L oM dx 60 —480 (-%)
Ac= | M(EYyZ =0+ T2y
¢ Io Ny Io El
7 (480y(60%
=25 864000 = 0.122in. Ans
EI 29 (10%)(245)
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14-139 Soive Prob. 14-94 using Castigliano's theorem.

8 kip 8 kdip

, ' ’ “ 8kip
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" B 7 M= [y /| \ e
Sft foft sft! Tekt b osft Uy et
m! 5“1’ f Jl 5kif
L oM dx
6, = —_—) —
“ jo Mo E1

04 [ T80 ~ D, ~48013(RY) - 120]
0 EI EI

28 800

= = -3
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14-140 Solve Prob. 14-92 using Castigliano’s theorem.

M
#xip A P

|
l A i B ¢
4

P
’, )
L—sn-«}———-mn—————}-——sn—-l aﬁp 1Z2-0-IM 401 M
) M =8%,
X, M)
I !
M, M 141, -01M 4
X, ,
4-0-1M
?L’L: i@i:l_o,uz
oM’ M
SeeM =0

M, =8x M, =4x,

L aM dx
6= =
1.¢s 10 66.67 kip - fi?
- ~0.1xy)dyy ] = —————
Eltfowxl)m)dxl +Io (dx,)(1~0.1x7)dx; ] =
2
- 5667d2° 6.15(10)rad =0.353°  Ans
(29)(10°)(53.8)
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14-141 Solve Prob. 14-95 using Castigliano's theorem.

7‘3; :% a0t 640’ 59294
'\zn\'\ -$29¢ P 1 0-4706p
4 ﬁ | E‘ I M, =327.06x,+0.5294 Px,
SRE7
82706
\l to-sz3p
140 th c ‘ ; ) Mlzildaéf 25294p, e,
2z’ 1 /058 .
206 280° 0P 7 ésa.4z,
10-525p
3201h 320th
#, =53094X, 704706 |
A
59294
to4mwep
M =04706 Pr,-#706x, [ JH%
tonssp 1489.4) AT TE
M 05204, Mz _ 5004z, + 1.0588 bo 294
M 04706 2Ms - 04706k, +07059
apr P
SetP=0

M, =327.06x; M; = 47.06x; +654.12
M3 = 592.94x; M, = 889.41 -47.06x,

(L M dx
2= S5

1.2 2
= -E7[Io (327.06x; )(0.5294x; )dx; +_[0 (47.06x; +654.12)(0.5294x; + 1.0588)dx, +

t.5
Io (592.94%,)(0.4706x; )z, +j:(389.41 - 4706 (0.4706x, +0.7059)dxs ]

_6437.691b-f  6437.69(12%) .
= = — - =154in.  Ans
Er 29(108)($)(0.75%)
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14-142 Solve Prob. 14-97 using Castigliano’s theorem.

14"‘ | ljkﬂ
| |

3.5+0.9E6P P ss570574p

==t M=25x40.4286px,
. x'
357 0-4L8p 4m~l

} Y, =0428¢Px,,
1017 444.p -0-5x
O-em X 2
F5to4286p  © 114

M358 bosT8PA, 4
X3
3% 3.570.57p)
/14 =0 57/4/47‘0-/714,:,7‘

105X, /085 f'x" o
4 Sm

M _oaoser,  PM2 _04286x, +0.17144 sv0-smpl
P aP
‘“:’ =0.5714x, ‘“;‘ =0.5714x, +0.17144

SetP =2kN
My =4.3572 x, M; =0.3572x, + 1.7429
M; =4.6428x; M, = 1.6428x, +1.3929

L oM dx
Ap= Io MSHZ

1[04
= L™ 435720 )(0.4286x, )y +
S, 35720 )0.42865
f:"(o.asnxz +1.7429)(0.4286x, +0.17144)dx, +

|* (4.6428x,)(0.5714x; )y +j:'3(1.6428x4 +1.3929)(0.5714x; +0.17144)dx, )
0

_037944kN-m® _ 0.37944(10°)
EI 200(10°)5(0.015)*

=0.0478 m =47.8 mm Ans
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14-143 Solve Prob. 14-99 using Castigliano’s theorem.

LMy R

i MM, MP MaFx P
n ] : — : ; I
= — = =
w4 e e
a I 2

M
L M dx (a (3% (10 a My (1x)
Ac= ["MZ5Z . 5 d
c '[o GP E '[o El “Hfo Er -
—ziw."_a_z. Ans
6ET
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*14-144 Solye Prob. 14-96 using Castigliano's theorem.

e
; 3201 32010
/)
ane A 6™ 59044
-0 (176M’ 10 1176M
tEsb ) = zero6n,-0.n7em %,
X'
3zzaJ
~0-176M’
4 =53054 b 1 01IGPAY Ja
Xe
59294
+o-176M’
fg=o//76ﬂ2+ﬂﬂ“”'(lﬁf
~47.06X . x 157
#1.06x,1889-41 3 sl 3594
roIrem’
M, IM. oM
22 2 1-0.1176 2 -0, oMy _
o x - 0.1176 x; o 0.1176xy +0.1764
SetM =0
M, = 327.06x, M, =592.94x, M, = 889.41 - 47.06x
M dx 1 g2
0= | MEDHYE - 21| 327, -0.
=] G EI[IO( 065, X1~ 0.1176x; ), +

]0‘ ?(592.94%, (011762, ), +

3
jo (889.41 ~47.06x;)(0.1176x; +0.1764)ddxs ]

_2387.541b-fF _ _2387.54(12%)
EI 29(106)(2)(0.75%)

=0.0477rad=273° Ans
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14-145 Solve Prob. 14-101 using Castigliano’s theorem.

18kN-m 18 kN-m

A‘ _ e et - D.,—.;.'-
}—4m——-—’-—5 3m—~}—3m-—+—c 4m
I3
KN-m
9 18KN.m

(— e )
kl *8 lDTcl

[ #m | 3m '3~ | 4m ]

A~

[9"”'"‘ osp 0-5P
(—T)mM=8
I X J
1
I8KN~M
( ) m, = 8-05rx,
Xe,
0-sp
oM, M,
P 3p - 0om
SetP=0

L oM dx
Ap =| M(—)—
»=l MGG

=@ (18500, + [ (18)-0.53 )dx, ]
El% 1 o - IX2 JdXxz

JMNmE BIA0) 3 5400"% m = 3.24 A
El 200(10°)(125)(10-6) m=2c4mm - Ans
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14-146 Solve Prob. 14-102 using Castigliano's theorem,

18 kN-m 18 kN-m

M /8 &H.m
(i ’ ; — )

0.166TM=3  0-1667M"-3

M) ,
(M=

X
l '
N( ek ) M, = M oliiTMI, 131,
7
o-1661M -3 18 KAm
My=18 ()
x{
BM, aMz _ ___?_ =
M _ o My 01667 ,
oM’ M’ oM

SetM'=18kN-m

M, =18kN-m M; =18kN-m M; =18kN'm

4
Ly M dx L[ $ 18(1-0.1667x)dx, + | (18)0)dx]
Earc @04 L[t asy)dy +) 18(1-0.1667x)dx
GA—joM(HM’)EI El[jo( ! jo 0
_126kN-m? _ 126(10%) 504107 rad =0289°  Ans
T El 200(10°)(125)(10°%)
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14-147 Solve Prob. 14-103 using Castigliano's theorem.

18 XN-m

6 (~18) (k0 dx(10°)
My & [

0s = I M(aM' El

= 18 (6)(10°) = 000216 rad  Anms
= 6 (2)(200)(10°)(125)(107%)
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*14-148 Solve Prob. 14-100 using Castigliano’s theorem

A B cxMg
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G I /} 1
- 7 [ pe—
. % n *
% a

L IM_d e (R0
0, = | M Ey 2 o 0 e el g,
8 !o G B !o EI

Moa

3EI
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14-149 Solve Prob. 14-105 using Castigliano's theorem.

M‘—-Px-.‘ﬁ
2

om_

apP

SetP=0

LyoMdx 11 (—-)( 1)
I" JPEI Ia -

oo W L ¢
=2 (=2l Ans
2EI 4 4E]
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14-150 Soive Prob. 14-106 using Castigliano’s theorem.

-
L1l J,(JﬁL }
m w!
Tz.m. ey o
EIhyy,
M
1 Y, % 1
% v, e v M
L
-
T2
aM; _
M
M wx}
My=—Tx =
oM, =_12
oM L
SetM =0
—x dx wL?
L. oM dx L-—wxy X2 8% T Ans
- MV —0+) (——X )
6= MO DR
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14-151 Solve Prob. 14-107 using Castigliano's theorem.

1S kN
4 kN/m
,\[’ g Cﬂ 180 mm ID
[] (a4
—15m—rvy im | 10nn
P 4 KNfm .
*- LHLHHH]T:
’ J
L
U 75m r 3m
15P16 6-05P
1) M, px,
bT-., Xz,
l “““““ ~
M,-ex,-05p- 25 ({5
X
< 6-05p
oM M.
-3}7’ =X T =-0.5 X2
SetP =15kN
Ml = 15x1 M2 = -I.SXZ "ZX%
Ly dMdx 1 f1s 3
tu=]] MEDE = E-Y[fo (A5 )01 )+ [ (1.5 = 248)-0.5x, )y
_M8ISKN-m® _ 43.875(10%) 0.0
7 13(10°)5(0.12)(0.18)* 579 m

=579 mm Ans
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*14-152 Solve Prpb, 14-104 using Castigliano's theorem.
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T
T Il [

" 7 w
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\Yj L

~2

w

M does not influence the moment within the overhang.

M:——-x—M‘-'w;‘z'
L 2
BM__i__l
oM L
Setting M’ =0,
3 3
LypdMdx 1 wi 5_1) ol L
BA—IoM(BM’ EIl EIIO 5 26l 4 3
3
=--“LL—— Ans
24 EI
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14-153 Solve Prob. 14-109 using Castigiiano's theorem.
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5
Setting M’ = 0;
2
wxi wa wX3
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a oM dx
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¢ Io S E1
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2Wa we we P
= Ans . i
3EI f I .
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o wyttisp
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2P oP P [5’)(«1 —9—1- iy,
: -0 M P WA i
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w wxj wa P .
Ml:Tl M, =—i— M3=—2— ')M,- K:’:L ro5Px,
A/‘IL Ay
oM. dx nl.[ra-sF
Ac = |"MEE)EZ “
¢ Io GP E1
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2
—[I (—)(O)dn +I (—)(Xz)d’-’z * Io’ (55“—><o.5x3>dx31

4
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14-154 Solve Prob. 14-113 using Castigliano's theorem.

[ A ——
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w
L Lt 8=
Pfu)L
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z A
P
1
% wi®
N ] s e £
X| H :7 Iq‘a pl‘f Z PL"’%
=P WA
M= & Ptwl
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2
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aP ' 9P
Setiing P = 0
2
M =2y, WY
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L dMde 1 _tLwid Lwl? SwiLt
Ac=| M(—)— =— — — =
c IO (JP )EI Ellfo 3 (x )dxy +f0 > Ldr ) RET Ans
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14-155 Solve Prob. 14-114 using Casligliano’s theorem.

B—:t

Bo i 4
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M=pPx="E
2

oM
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9P
SetP=0

L dMdx (L wL® dx wL*
Ag =) M(—)— =] (-—)x)— = —— Ans
o= G ¥ T
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*14-156 Solve Prob. 14-108 using Castiglianos theorem.

(ST
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M=;%€_Px
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Mm_
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fp= [((Myd (GO w)
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o JP EI 0 EJ T 8ET
_owlt A
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14-187 Solve Prob. 14-116 vsing Castigliano’s theorem.

M = Pr sin@
M .
—— =rsin @
ar

L
A =j M(éb_l)é =I”Prz sinzO(LZ?—)

o 9P EI

Pri 1 1  ompr?
=—-9——smzel =

2% N,=%g Ams
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14-158 Solve Prob. 14-115 using Castigliano's theorem.

P 400 ”’/ﬂ
¢ \
87 ,
Io
A
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k =it ) M=%, #2001,
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ap  dP R N
! )200%,%
Setting P =0 %
My =204 My = 12800 M=10P-Pr”
+/2800
L., dM dx
Ac, =Io M=% P N1t iabo0
8 10 64000018, o
= L J¥ oot )0, + jo 12 80010~ x)dxy) = —————
El0

IM,
aP

=X

Setting P =
M, = 2005

Ac, =I:

= L1} 000 sy +] (12 800)B)dre] =
EI "o o

IM,

——

aP

0
M, =12 800

IdM dx

M(—)—

P EI
1228 800 1b - £

EI

Ans
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14-159 Determine the bending strain energy in the beam
due to the loading shown. EI is constant.

a a a IP
:ﬁlmm,
9‘—X~J P
ﬁ Y M<h
pot R
LM%dx 1 a 2 a 2
=) = P
u={ == 2E1[2IO(Px1)dx1+IO( a)dn,)
___5P2a3 . Ans
6EI
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*14-160 T!le L2 steel bolt has a diameter of 0.25 in., and
the link AB has a rectanguiar cross section that is 0.5 in. wide
by 0.2 in. thick. Determine the strain energy in the link AB
due to bending, and in the bolt due to axial force. The bolt
is tightened so that it has a tension of 350 Ib. Neglect the
hole in the link.

350"
190" o't
l Mr210
[§
/40'.' M’IMX[ ‘ﬂo'b
Bending strain energy :
LM2dx 1 s 4
Wi =} — = ? ?
=], o5 = il (40 Y + [ 210, V)
_ L176(10°%) _ 1.176(10°)

= =122in-1b=10.1 -
EI 90000502 flo Ans

Axial force strain energy :

U= [ R ML (507@®)

02EA  24E 2091095025 vl Ans
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14-161 The cantilevered beam is subjected 1o a couple mo-
ment Mg applied atits end Determine thie slope of the beam
at B ELis constant Use the method of virtual work.

=M,

‘J>Mo i e
s (‘— —

ﬁ

bam |1 MMy [1 (D Mo

o EI o EI d
M,

= o L Ans
EI
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14-162 Solve Prob. 14-161 using Casughana’s theorem.

s
r /A ]
m’ M ’
” =m )
(L i ﬁ)m
L N ——]
r L 7

L oM dx LM, (1
O = | mZM, & _ o (1)
IO (aM’)EI 0o E7 dx

. ML A
E7 ns
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14-163. 'The cantilevered beam is subjected to a couple
moment M applied at its end. Determine the displace-
ment of the beam at B. EJ is constant. Use the method of

virtual work.

M= I m=tX
Mo b A ’ M' ' -
s { —J) = " —
P S -1 b=
'r" L i I L !
L mM - L(lx)Mod‘
Ae= o-;i'_f_v‘dx—[" El
2
= MLl Ans
2E!
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*14-164. Solve Prob. 14-163 using Castigliano’s theorem.

fiLl.___rJ:j

L dM dx L M, (1)
Ay = M(—) ~— = ..o_._
g J.0 (aP)EI J:w Er dx
My L?
2EI

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.




14165 Determine the vertical displacement of joint A,
tich bar is made of A-36 steel and has a cross-sectional arca
of 600 mm?. Use the conservation of energy.

g ¢
75
Am
A /
| Ts kA
SKN ;kil rsm | opsm |2
SKN
Fag
Ao
s f]
Joint A : . ;_;p
+TZLF =0; §F“”5=° Fiz =6.25kN ckn
SEF =0 Fw—§(6.25)=0 Eap =3.75kN
Joint B :
+TZF =0, 2Fp-%629=0 Fp=625kN
5 5 & ke
HEE=0,  Fc-20)629=0 Fac=75kN A
5 59
625 F
Bd
Conservation of energy :
U. =U;
2
lpp-3NL
2 24E

%(5)(103)AA = Zi_E =[(6.25(10°)2(2.5) + (3.75(10*))*(3) +

(6.25(10%))2(2.5)+(7.5(10°))*(1.5)]

64375 _ 64375

Ay= = =05364(10°)m =0.536mm  Ans
AE  600(10-5)(200)(10°)

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




14-166 Detefmine the displacement of point B on the
aluminum beam. E, = 10.6(10%) ksi. Use the conservation
of energy.

3 kip

/5%5ip &ip
1:‘) M= /5X
1
/s Xip
Zdx 2239488
A =ILM = (2)—Lj'2(12)(1.5x)2dx=
o 2EI 2EI’0 El
1 1
U, ==PA==(3)Ap = 1.5Ap
2 2

Conservation of energy :
U = Ui

2239 488
1.5Ap = =22
# El

1492992

g El

0.5(7) (1) + @)6)(1)
7(1)+6(1)

=2.1154 in.

j=
I= 115(7)(1’) +(M)@.1154- 0.5 + Tli(l)(63) +(1)(6)(4—2.1154)" = 58.16 in*

1492992

= ——————— = 2, Ans
(10.6)(10°)(58.16)

B
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*14-167 A 20-Ib weight 1s dropped from a height of 41
anto the end of a cantijevered A-3nsteel beam I the bear:
o W2 XS0, deternmne the maximunt stress developed in
the beam

0.

44

1

ikl |

120 —~]

From Appendix C :

3 3
A, =PE 2002020 _ 549216107 in.

3EI  3(29)(10°)(394)

% H12)
= _—) =1 1+2 =235.74
n=lvy 1) =leyly Faznisi0®

20(12)(12)(-‘%‘2))
394

Gnx = NGy = 235.74( =10503 psi=105ksi < oy OK  Ans
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14-168 Determine the vertical displacement of joint 8. Ior
each member A = 400 mm?, E = 200 GPa. Use the method
of virtual work.

0 £ 2070 » F o E seee*) ,
-~ 1) o) \
NO/ZS PR I IS 2t
¥ X k.
Y ‘k'j\ 37(’ 5“ S m 0 5335 5 ob'b 5:
* 205 (1) o X 248647 e S,
> 8 > ¢ A 8 Fg
| Zm < —] M | kM
4_; N
Member n N L nNL
AF 0 0 1.5 0
AE -0.8333 -37.5 25 78.125
AB 0.6667 30.0 20 40.00
EF 0 0 20 0
EB 0.50 225 1.5 16.875
ED -0.6667 -30.0 2.0 40.00
BC 0 0 20 0
BD 0.8333 375 2.5 78.125
CD -0.5 -22.5 1.5 16.875
£=270
1-Ap, = s"NL
AE
270(10%)

— = -3 -
B, 00(10-5)200)(10%) 3375(10°)m =338 mm  Ans
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14-169 Solve Prob. 14148 using Castigliano’s thcorem.

F o E  oee67P() p .
E 0 E zpricc) B
2 ?m 3 } BV L0
0 § & Y e 31;“ gl |rsm
4 2-6667P(T) ) N A S0 X o ¥
) < " I3 | (4
gslP Z” [p 2m 10.-5? I zam 1 m‘a‘" L
95
Member N oN/oP NP =45) L N(AN/3P)L
AF 0 0 0 1.5 0
AE -0.8333P -0.8333 -37.5 2.5 78.125
AB 0.6667P 0.6667 30.0 2.0 40.00
BE 0.5P 0.5 22.5 L5 16,875
BD 0.8333pP 0.8333 37.5 2.5 78.125
BC 0 0 0 2.0 0
CD -0.5pP -0.5 -22.5 1.5 16.875
DE —0.6667P -0.6667 -30.0 2.0 ‘ 40.00
EF 0 0 0 2.0 0
=270

N
as, =INC L _ 270
P AE AE

270(10%)

S e = 337510 ) m =
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14-170. Determine the vertical displacement of joint E. For
each member A = 400mm?, E = 200 GPa. Use the
method of virtual work.

'kh’
F o E sorice) B E e lr.e 04667 P
3 ¢
S ‘d“-ﬂ o ) A6 O
0 g\"’# : y 3; rsm & 09;35 Y
4 e X 0 i 4 Y o681 %, =],
o
. s c &
I zm 1 £~ |
g5
Member n N L nNL
AF 0 0 15 0
AE -08333 315 25 78.125
AB 0.6667 300 20 40.00
EF 0 0o 20 0
EB ~0.50 300 15 ~16.875
ED -0.6667 300 20 40.00
BC 0 0 20 0
BD 0.8333 375 25 78.125
cD 05 -225 15 16875
£=23625
nNL
Ap =X—
1-Ag, =2
23625(10°) =295(10%)=295mm  Ans

A, = G10-4X200)(10°)
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14-171. Solve Prob. 14-170 using Castigliano’s theorem.

05PtL5 ¢ 9-5p1 &5
Member N oN/oP N(P = 45) L N(aNIP)L
AF ) 0 0 15 0
AE —(0.8333P + 37.5) —0.8333 =37.5 25 78.125
AB 0.6667P + 30 0.6667 30.0 20 40.00
BE 225-0.5p 0.5 22.5 1.5 -16.875
BD 0.8333P +37.5 0.8333 37.5 25 78.125
BC 0 0 0 20 0
cD -(0.5P +22.5) 05 ~22.5 15 16.875
DE ~(0.6667P + 30) —0.6667 ~30.0 20 40.00
EF 0 0 , 0 2.0 -0
X =236.
IN L 23625 2623
Ag =IN(—=)— = =222
JdP AE AE
__23625(10°) 295(10°>
A00(10-5)200)(10°%) =2.95( Jm =295 mm Ans
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A-1 Determine the location ¥ of the centroid ¢ for the
beam's cross-sectional arca. The beam is syrunetric with re
spect to the y.axis.

ZjA = (2)(6) (4) - (0.5)(1)(1) - 2.5)(3) (1) = 40 in’

LA =6(8)-1(1)-3(1) =20in’

= = — =2.01in. Ans
IA

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.




A-2 Determine ¥, which locates the centroid, and then find
the moments of inertia /y- and /, for the T-beam.

250 mm

25 mm

T yA = 125(50)(250) + 275(300)(50) = 5687500 mm®
T A = 50(250) + 300(50) = 27500 mm?*

. IyA 5687500
= e = ———— = 206.82 =
y A 37500 mm = 207 mm Ans

o= I15(50)(250)3 +50(250)(206.82 ~ 125)° +

T1£(300((50)3 +300(50)(275 - 206.82)° = 222(10°) mm*  Ans

I = 1—12-(250)(503)+-1-1§(50)(3003) =11510% mm*  Ans
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A-3 Determine the location (I, ¥) of the centroid C then
find the moments,of inertia /," and /.

PRp OB +ORA®) _ .. Ans
ZA 24 +(2X®)
-_ZA _ (DO +B)O) 5. Ans

T34 (6)(2)+(2)(6)

L= 115(6)(23) O -1+ 1—12(2)(63) +2(6)(3~2° =64in*  Ans

I = -115(4)(23 Y+ D)3 - 1P+ —115(2)(83) +()@8)@-3*=136in*  Ans

*A-4 Determine the centroid y for the beam’s cross-sec-

tional area, then find 1,". 25 mm v 25 mm

0 mm

50 mm
ZyA = 12.5(150)(25) + (75)(100)(25) = 234 375 mm®

3A = 150(25) + 100(25) = 6250 mm’

y = —=— = ———— = 37.5 mm Ans
L= 1—‘2(300)(253) +300025)(37.5-12.5" + 2[1—12(25)(1003) +25(100)(75-37.5%]

= 16.3(106) mm* Ans
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*A~4 Determine the_centroid y for the beam’s cross-sec-
lional area, then find I,". 25 mm y 25 mm

© 0 mm

S5 mm

ZyA = 12.5(150)(25) + (75)(100)(25) = 234 375 mm’

TA = 150(25) + 100(25) = 6250 mm>
Y= = ———— =375mm Ans
L= é(300)(253) +300(25)(37.5 - 12.5) +2[-115(25)(1003) +25(100)(75~-37.5)]

=16.3(10°y mm*  Ans
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A-~§ Determine J, for the beam having the cross-sectional
area shown.

L= l(25>(3003>+2[-15(100x2s3>+ 100(25)87.59] = 94.8(10°) mm*  Anms
12 1
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A-6 Determine ¥ which locates the centroid C, and then
find the moments of inertia J,- and /- for the shaded arca.

-
40 mm
4 mm
x

40 mm

40 mm

120 mm——‘

40 mm

LxA _ (20)(160)(40) + 2[ 100(120)(40)]
ZA

= = =68.0 A
* 160(40) +2(120(40)] mm ans

L = 5(160)160)° ~ 1:(120)(80)° = 49.5(10°) mm*  Ans

I =[{;(160) (160)° + (160) (160) (80~ 68.0)* ]~ [ 1;(80) (120)° +80(120) (100-68.0)"]

= 369(10°) mm* Ans
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A-7 Determine the moments of inertia /. and /, of the Z-
section. The origin of coordinaies is at the centroid C.

200 mm

20mm

20 mm

L= Tli(eooxzo)3 + 2(%2;(20)(2203 ) +20(220)(100%)]
=123.89(10°) mm* = 124 (10°mm*  Ans
I = 1_12(20)(60o’)+2(1—12 (220)(20)° +220(20)(310)*)

=1205.97(10% mm* = 1.21(10°) mm*  Ans
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*A-8 Determine the location (X, y) of the centroid C of the
cross-sectional area for the angle, then find the product of
inertia with respect 10 the x and y axes and with respect to
the x” and y” axes.

x=

A (HQAW+@A® 5. Ans
ZA 24 +)®

A _ (DO +GN2O) 5. aps

e B i e 2

I ©@+QX6)
L, = ZFA = ((2()E)QR) + (D-1)6)(2) = ~48 in*  Ans
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A-9 Determine the product of inertia of the cross-sectionat
area with respect to the x and y axes that have their origin
located at the centroid C.

Ly = Z5A = (LSG)E@D) + OOGHD) + (1LS3H@)(1) =36 inT  Ans
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A-10 Locate the centroid (X, ¥} of the channel section and
then determine the moments of inertia I, and /y.

—

% - (62.5)(2)(125)(15) + (7.5)(270)(15) =33.942 mm = 33.9 mm Ans
A 2(125)(15) +270(15)

=

Due to symmetry y = 150 mm Ans

U

.= -1'3(125)(3003)— 715(110)(2703) = 101(10>) mm*  Anms

Sl

= 2[%5(15)(125’) +15(125)(62.5 - 33.942)"] + é(270)(153)

+270(15)(33.942-7.5)* = 10.8(10°) mm*  Anms

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.




A-11 Locate the centroid (%, y) of the channel section and
then determine the product of inertia I,-,- with respect 1o the

y' axes.

(62.5)(2)(125)(15)+ (7.5)(270)(15) _
2(125K15) +270(15) =33942mm =339mm  Ans

. XiA
X= ——=
ZA

Due to symmetry y= 150 mm Ans
Ly = ZiA = (62.5 - 33.942)(150 - 7.5)(15)(125)

+(7.5-33.942)(0)(270)(15)

+(62.5-33.942) (7.5- 150)(15)(125)=0  Ans
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*A-12 Locate the position (X, ¥) for the centroid C of the
cross sectional area and then determine the product of in-
ertia with respect to the x’ and y" axes.

ZHA _ 25(50)(50)+ 100(50)200) _gq 1 A
TA

50(50) + (50)(200)
g DA _ COA00GO +25USNE0) _ 351,y pns
TA 100(50) + 150(50)

L, = ZijA = (-85 +25)(75 - 35)(50)(50) + (100 - 85)(-35 + 25)(200)(50) = ~7.50(10%) 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.




A-13 Determine the product of inertia of the arca with re-
spect to the x and y axes.

Ly = LiyA = (0.5)(4)(8)X(1) + (6)(0.5)(10)(1) + (11.5)(1.5)(3)(1) = 97.75 in’ Ans
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A-~14

Determine the moments of inertia /- and /- of the

shaded area.

L

1
= 1—2(40)(2003 )+ -113(200)(40’) =27.733(10°) mm*

1
I = E(200)(40’) + 1—12(40)(200’) +(40)(200)(120°) = 142.933(10°) mm*

Ly =0  (Symmetry about x axis)

L

y

L.

L+l

2

+I’—I’

c0s26-1,,sin 26

- [27.733 +142.933 . 27.733~142.933

3 5 cos 90° +0](106) = 85.3(106) mm* Ans

L+
2

_(27.733+142933  27.733-142.933
=[ 5 - > cos 90°+0](10%) = 85.3(10°) mm*  Ans

L1,

c0s28 + L, sin 26

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.




A-15 Determine the moments of inertia /,- and /- and the
product of inertia Iy, for the semicircular area.

(7 X60*) = 5.0894(10°) mm*

1
8

Ix=1y=

Ly =0  (symmetry about y axis)

L+, L -1 .
2 2.c0s260- I, sin 20

L= N
- [5.0894;— 5.0894 . 5.0894; 5'0894..os 60°-0)(10°) = 5.09010% mm*  Ans
L= é—%—’-’- —M§0s26+Ly sin 268
- [5.0894;- 5.0894 5.0894; 5.089430s 60° +0](10°) = 5.09(10%) mm* Ans
Ly-= E-b g 20+1,,cos 26

5.0894 - 5.0894
e T T sin60°+01(105=0  Ans

=[
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*A-16 Determine the moments of inertia /,- and /- and the
product of inertia Iy for the rectangular area. The x* and
y’ axes pass through the centroid C.

160 mm

L= .1!5(40)(1603) = 13.653(10°) mm*

L= 115(160)(403) = 0.853(10°) mm*

L, =0  (symmetry)

L+l I-1I .
L = —2—’- + T’cosZG-I,, sin 268

s 60°~0](10%) = 10.5(10°) mm*  Ans

13.653+0.853 13.653-0.853
=] + 3 co

2

L+l L~

cos2@+L,sin 26

13.653+0.853 13.653-0.853

> 5 cos 60° +0](10%) = 4.05(10°) mm*  Ans

={

L-I
Ly = 2’sm29+1,,cos29

13.653-0.853
= [—2———sin 60°+0] = 5.54(10°y mm*  Ans
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A-17 Determine the principal moments of incrtia of the
cross-sectional area about the principal axes that have their
origin located at the centroid C. Use the equations devel-
oped in Sec. A.d4. For the calcuiation, assume all corners to -~
be square.

L=ﬂé@mmﬁfH®mM$@4HM$ﬁ+émﬁﬁaﬁf=ﬁjﬁf

4=némwwfﬂmmmw}ﬂmﬁﬁ+éaﬁmmnf=n@m‘

L, = ZxyA = (—2+0.1875)(4 - 0.1875)(4)(0.375) +(0)(0)(7.25)(0.375) +
(1.8125)(~3.1825)(4)(0.375) = —20.73 in’

L+ L-}

[ (F2)2 412

=ﬁ55u1wiJﬁiﬁ;33%z

+(=20.73)
3 ( )

I, =641in* Ans
Ios =533  Ans
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A-18 Solve Prob. A-17 using Mohr’s circle.

/

<3¢78,0)

28, T
R

)
A55.55,-2.13)

L= 2[-11—2(4)(0.375)3 + (4)(0.375)(4—0.1875)2] + —11—2-(0.375)(7.25)3 =55.55in"

L= 2[%(0.375)(4’) +(0.375)(4)(2-0.1875)"] + ll2(7.25)(o.375)3 =13.89in*

I, = ZijA = (~2+0.1875)(4 —0.1875)(4)(0.375) + (0)(0)(7.25)(0.375) +
(1.8125)(~3.1825)(4)(0.375) = -20.73 in*

L+l _ 5555+ 13.89
2 2

= 3472

A(55.55,-20.73)
C(34.72,0)

R = {/(55.55— 34.72)2 + (20.73 = 29.387

Ipax =34.72+29.387 =64.1in*  Ans
Jnia =34.72-29.387=533in*  Ans
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A-19 Determine the principal moments of inertia for the
angle's cross-sectional area with respect o a set of principal
axes that have their origin located at the centroid C. Use the
equations developed in Sec. A.4. For the calculation, assume ~
all corners to be square.

1
L= =— 1
i 5 (80)(20°) + 80(20)(32.22 - 10)° + E(20)(100’) +20(100)(50 ~ 32.22)>

L =1 =3.1422(10°) mm*

Ly = BA = (-32.22+ 10)(50 - 32.22)(100)(20) + (60— 32.22)(-32.22 + 10)(80)(20)
=1.7778(10°) mm*

]
2)2 412

I -
/(=
2

_31422+3.1422 . [31423-3.14%2
= j:‘/( )2 +(1.7778) (105

2 2

Inex =492(10% mm*  Ans
Inin = 1.36(10°Y 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.




*A-20 Solve Prob. A-19 using Mohr’s circle.

Liy 0%
x Imin N ¢ (3./4'1..:, 2) - Lmax
20 mm ‘CDF 1 (Iob
R
A@3.1422,-1-7778)
1
L= == 3 '
v = 15 (80X20°) + 80(20)(32.22~ 10)? + 1—12(20)(100’) +20(100)(50 - 32.22)*

L =1 =3.1422(10%) mm*

A(3.1422,-1.7778)(10%
C(3.1422,0)
R=17778

Tmex = (3.1422+ 1.7778)(10%) = 4.92(10°

s - Ymm*®  Ans
min = (3.1422-1.7778)(10%) = 1.36(10°

Ymm* Ans
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