Strength of Materials 4th Edition by Pytel and Singer
Problem 115 page 16

Given

Required diameter of hole = 20 mm
Thickne:ss of plate = 25 mm

Shear strength of plate = 350 MN/m?

Required: Force required to punch a 20-mm-diameter hole
Solution 115

Puncher
20 mm @ a
25 mm thick

Punched DLIt| “

25 mm

0

20

The resisting area is the shaded area along the perimeter and the shear force
Vis equal to the punching force P.

V=14

P = 350 m(20)(25) ]

P=5040778.TN

answerlP = H49.8 kN —



Problem 117 page 17

Given:

Force P =400 kN

Shear strength of the bolt = 300 MPa
The figure below:

P P

Figure 1-11b

Required: Diameter of the smallest bolt

Solution 117
The bolt is subject to double shear.

V=714
A00(1000) = 300[ 2( trd”)]
answerd = 29.13 mun —

Problem 118 page 17

Given:

Diameter of pulley = 200 mm

Diameter of shaft = 60 mm

Length of key = 70 mm

Applied torque to the shaft = 2.5 KN-m
Allowable shearing stress in the key = 60 MPa

Required: Width b of the key

Solution 118

0.20m

T=22KkNm <—>

0.06 m
T=003F
2.2 =0.03F
F=7T333kN

___ Resisting arsa
for shear

FBD of Pin



Where:

V =F="73.33kN

A= T0b

T = G MPa

T3.33(1000) = 60(T0b)
answerb = 1746 nun —
Problem 119 page 17

Given:
Diameter of pin at B =20 mm
Required: Shearing stress of the pin at B

Solution 119

40 kM

TA BEC/J"_H\

l s/ |

i 1L i == .

— 250 mm —}

Figure P-119

From the FBD:

M- =0

0.25 Rpy = 0.25(40sin 35%) + 0.2(40 cos 35%)
Rpy = 49.156 kN

SFy =0

Ry = 40 cos 35°

Rpp — 32.766 kN

Rp = /Rpy + Ry

Rp = /327662 + 49.1562

shear force of pin at Bfig = 59.07T6 kN —

double shearVeg = 7p A —
59.076(1000) = 7 { 2 [ 1x(20%)] )
T = 9402 MPa —

Problem 122 page 18

Given:

Width of wood = w

Thickness of wood = ¢

Angle of Inclination of glued joint = £
Cross sectional area = A

Required: Show that shearing stress on glued joint T = £ sin 26 /2.4



Solution 122

N
P i 4
— w oy P

4 <y

Shear area, Ahear = t{wescd)
Shear area, “ihear = twesct
Shear area, Apoar = A csc 8

Shear force, V= Pceos#

V= T-fl:al]ung

Peosfl = 1(Acscf)

_ Pszinf co=d

T = f

_ P{%zind cos0)
T= A

T = Psin28 /24

Problem 104

A hollow steel tube with an inside diameter of 100 mm must carry a tensile
load of 400 kN. Determine the outside diameter of the tube if the stress is

limited to 120 MN/m?2.

vlv P = 400 kN
P=cgA
P=cA
where:

P =400 kN = 400 000N
o = 1200MPa

A= 1zD? - 1z(100%)

A = 1m(D? = 10000)

thus,

400000 = 120 7(D? — 10000) ]

400000 = 307 D? = 3000007
D2 — A00 000+ 300 0007
30




D =119.35 nun —

Problem 105 page 12

Given:

Weight of bar = 800 kg

Maximum allowable stress for bronze = 90 MPa
Maximum allowable stress for steel = 120 MPa

Required: Smallest area of bronze and steel cables

Solution 105
T Ph PstT
L) . |

5m l 5m

W = 800 kg = 7848 N

By symmetry:

Py = Py = 3(7848)

P, = 3924N

P, = 3924N

For bronze cable:

-P:'J." = Jh."-’.lh."

3024 = 90 A,

answerdy, = 43.6 mm?” —

For steel cable:

P,,f = Og¢ _-"L,f

3924 = 120 4,,

Ay = 32.7mm? —

Problem 108 page 12

Given:

Maximum allowable stress for steel = 140 MPa

Maximum allowable stress for aluminum = 90 MPa
Maximum allowable stress for bronze = 100 MPa

Required: Maximum safe value of axial load P

Solution 108
Aluminum
A = 400 mm?  Bronze
-, Steel A = 200 mm?
A = 500 mm?
e
F b 2P
e 4p
" 25m | 20m | 15m
Figure P-108
For bronze:

Opr Ay = 2P



LOO(200) = 2P

P=10000N

For aluminum:

oAy =P

90(400) = P

P=36000N

For Steel:

J,,f_fl,,f = 5P

P=14000N

For safe P, use P = 10000 N = 10 kN —answer

Problem 125

In Fig. 1-12, assume that a 20-mm-diameter rivet joins the plates that are
each 110 mm wide. The allowable stresses are 120 MPa for bearing in the
plate material and 60 MPa for shearing of rivet. Determine (a) the minimum

thickness of each plate; and (b) the largest average tensile stress in the

plates.
P ! ) P
- €0 110 MM |r—
— 20-mm &
3 t " t p
WSS sl W | SRS
Ek\\I.\\"L\I.\\\\\\\I\\\\\\Iﬂ
Figure 1-12
Solution 125
Part (a):
From shearing of rivet:
P = 1A

P =60] %r{:fﬂj}]

P = G text N

From bearing of plate material:
P= ‘J-jrh-r.lf_J

GOO0T = 120(20¢)

answert = 7.45 nun —

Part (b): Largest average tensile stress in the plate:
 P=od

60007 = o 7.85(110 — 20} ]

answerg = 26.67 MPa —



Problem 129 page 21

Given:

Diameter of bolt = 7/8 inch

Diameter at the root of the thread (bolt) = 0.731 inch
Inside diameter of washer = 9/8 inch

Tensile stress in the nut = 18 ksi

Bearing stress = 800 psi

Required:

Shearing stress in the head of the bolt
Shearing stress in threads of the bolt
Outside diameter of the washer

Solution 129
d

R ——. %

9/8 in
< —

o

? <l

0.731
—
7/8

Tensile force on the bolt:
y T2

P=pid= IH[%E{;} ]

P = 10.82 kips

Shearing stress in the head of the bolt:
P 10).52

T=—7= 1.
A w(5)(3)
answerT = T.872ksi —

Shearing stress in the threads:
P 1082

A m(0.731)(2)
answerr = 7.538 ksl —

T

Outside diameter of washer:

'}P = Jf;} Ay

10.82(1000) = 8004 m[d® — (2)] }
and = 4.3nch —



Problem 130 page 22

Given:

Allowable shear stress = 70 MPa
Allowable bearing stress = 140 MPa
Diameter of rivets = 19 mm

The truss below:

E
C =
4ml 4m 4m l 4m
Y
96 kN 200 kN 95 kM

Figure P-130 and P-131

Required:

Number of rivets to fasten member BC to the gusset plate

Number of rivets to fasten member BE to the gusset plate

Largest average tensile or compressive stress in members BC and BE

Solution 130
At Joint C:
BC

C
AC CE

96 kN

Joint C
YF, =0
(Tension)BC' = 96 kN

Consider the section through member BD, BE, and CE:

-
}_:_':.',_E
4 CE
< 4 4,‘
Y

Ra 96 kM
Section through BD, BE, and CE
. My, =0
B(£BE) = 4(96)

(Compression) BE = 80 kN



For Member BC:
Based on shearing of rivets:

Where A = area of 1 rivet x number of rivets, nBC' = 7.4

96000 = 70[ 17(19%)n ]
say 5 rivetsn = 4.8

Based on bearing of member:
B = ap _J'lh

Where Ab = diameter of rivet x thickness of BC x number of rivets, n

96000 = 140] 19(6)n |
say 7 rivetsn = (i.02

use 7 rivets for member BC answer

For member BE:

Based on shearing of rivets:

BE=T1A

Where A = area of 1 rivet x number of rivets, n
BO000 = 70[ 17(19%)n

say 5 rivetsn = 4.03

Based on bearing of member:
BE = ap _J'lh

Where Ab = diameter of rivet x thickness of BE x number of rivets, n

80000 = 140[19(13)n |
say 3 rivetsn = 2.3

use 5 rivets for member BE answer

Relevant data from the table (Appendix B of textbook): Properties of Equal

Designation

Area

L75x 75 %6

864 mm?

L75x 75 x 13

1780 mm?

Angle Sections: Sl Units

e

Yty d
th

t = thickness of member
d = diameter of rivet hole

MNote:
A= Area —dt

Tensile stress of member BC (L75 x 75 x 6):
P 06 1000)

A 864 19(6)
answerec = 128 Mpa —



Compressive stress of member BE (L75 x 75 x 13):
P 80(1000)

AT 1m0
answerc = 44.94 Mpa —
Problem 131
Repeat Problem 130 if the rivet diameter is 22 mm and all other data remain
unchanged.
Solution 131

For member BC:
(Tension)FP = 6 kN

Based on shearing of rivets:
P=T14

96 000 = 70[ $7(22%)n |

say 4 rivetsn = 3.6

Based on bearing of member:
P = Jh‘-flh

96 000 = 140]22(6)n |

say 6 rivetsn = 5.2

Use 6 rivets for member BC answer

Tensile stress:
P 06 1000)
T =—= —————-"
A 864 - 22(6)
answero = 131.15 MPa —

For member BE:
(Compression) P = 50 kN

Based on shearing of rivets:
P =y, A

BOO0O = 70[ 3m(22%)n |

say 4 rivetsn = 3.01

Based on bearing of member:
P= Jh‘-flh

80000 = 140[22(13)n |

say 2 rivetsn = 1.998


http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/solution-to-problem-130-bearing-stress

use 4 rivets for member BE answer

Compressive stress:
P B0(1000)
am=—= —
A 178()
answere = 44.94 MPa —

Problem 136 page 28

Given:

Thickness of steel plating = 20 mm
Diameter of pressure vessel = 450 mm
Length of pressure vessel =2.0 m
Maximum longitudinal stress = 140 MPa
Maximum circumferential stress = 60 MPa

Required: The maximum internal pressure that can be applied

Solution 136

Based on circumferential stress (tangential):

SF =0
o
P )= 2oy Ly )
_»pD

T o

450"

60 — 21450)
2(20)

p = 5.33 MPa

Based on longitudinal stress:



%

140 =
1(20)
p = 24.80 MPa

Use p = 5.33 MPa —gnswer

Problem 137 page 28

Given:

Diameter of the water tank = 22 ft
Thickness of steel plate = 1/2 inch
Maximum circumferential stress = 6000 psi
Specific weight of water = 62.4 Ib/ft3

Required: The maximum height to which the tank may be filled with water.

Solution 137

g:; ||2 i

o = G000 psi = E]{]'[]'[}l’t:v,."inz{li in/ft)?

o = 864 0001h /ft

Assuming pressure distribution to be uniform:
p=vh==0(24h

F=pA =624h(Dh)

F = 62.4(22)h*

F = 1372.8h*



T = oy Ay = B64000(th)
T =864000(1 x &) h
T = 36 000k

YF =1

) F=2T
1372.8h= = 2(36 000h)
answerh = 5245t —

Problem 139 page 28

Given:

Allowable stress = 20 ksi

Weight of steel = 490 Ib/ft®

Mean radius of the ring = 10 inches

Required:
The limiting peripheral velocity.
The number of revolution per minute for stress to reach 30 ksi.

Solution 139

steel ring of
radius R rotating
through its center

N

FBD of Ring in Rotation
Centrifugal Force, CF:

COF = M7
where:
W ~V ~ A
M=—1"=
g g q
w=v/R
r=2R/w
AmRA fv\2 (2R
coF — YTRA (‘_) (_R)
q R w
2~y Av?
oF = 218
g
Eng (.'1;:‘
2y A = 2y Av
g
y 7_.'3
o —
g

From the given data:
o =20 ksi = (20000 Ib/in”)(12 in/ft)a?



o = 2880 0001b/ft*
5 = 4901b/ft”
190v?
32.2
answer? = 435.04 ft /sec —

When & = 30 ksi, and R = 10in

2880000 =

~y 7_.'3
0 = —
g".f
490=
. 92y _
30000(12%) = ===
v = 532.81 ft/sec
/g 03281
C 1012
w = 639.37 rad /sec
G30.37 radd 1rev Gl sec
W= » » -
S0 2 raud 1 min

answerw = 6. 105.54 rpm —

Problem 140 page 28

Given:

Stress in rotating steel ring = 150 MPa
Mean radius of the ring = 220 mm
Density of steel = 7.85 Mg/m?3

Required: Angular velocity of the steel ring

Solution 140
steel ring of

radius R rotating
/ through its center

ri'..l m
1
FBD of Ring in Rotation
CF = MW’z
Where:
M= pV =pAxR
r=2R/w

CF = pAn R (2R /)
CF = 2pARW?

o —

20A = 2p AR w

o= pR*

b

E
e

7

E



From the given (Note: 1 N = 1 kg-m/sec?):
o = Il!.':'[J'qIHIl"frl;

o = 150000000 kg - m/sec” - m*

= 150000000 kg /m - sec?

p=T7.85 Mg/m" = 7850 kg/m"

R=220mm = (.22 m

150000 000 = 7850((.22)% w*

answerw = G28.33 l'fL{il.l"i'i»(‘{‘ —

Problem 142 page 29

Given:

Steam pressure = 3.5 Mpa

Outside diameter of the pipe = 450 mm
Wall thickness of the pipe = 10 mm
Diameter of the bolt = 40 mm
Allowable stress of the bolt = 80 MPa
Initial stress of the bolt = 50 MPa

Required:
Number of bolts
Circumferential stress developed in the pipe

Solution 29

450 mm &

X F = qﬁl

F=3.5] 1x(430%)]

F = 50827042 N

\ P=F

(opoeA)n =508 27042 N

(80 — 55)[ +7(40%) Jn = 508 270.42
say 17 bolts —answern = 16.19

Circumferential stress (consider 1-m strip):



F = pA = 3.5[430(1000)]
F = 1505000N

- 2T =F

2[ o (1000)(10)] = 1505 000
answerc; = 75.250 MPa —

Discussion:

It is necessary to tighten the bolts initially to press the gasket to the flange, to
avoid leakage of steam. If the pressure will cause 110 MPa of stress to each
bolt causing it to fail, leakage will occur. If this is sudden, the cap may blow.



Problem 206 page 39

Given:

Cross-sectional area = 300 mm?
Length =150 m

tensile load at the lower end = 20 kN
Unit mass of steel = 7850 kg/m?3

E =200 x 103 MN/m?

Required: Total elongation of the rod
Solution 206

Elongation due to its own weight:
PL
~ AE
Where:
P =W = 7850(1/1000)3(9.81)[300(150)(1000)]
P =3465.3825 N
L = 75(1000) = 75 000 mm
A =300 mm?
E =200 000 MPa

0

 3465.3825(75 000)
3000200 000)
01=4.33 mm

Elongation due to applied load:

P=20kN =20000N

L =150 m =150 000 mm
A = 300 mm?

E = 200 000 MPa

E{J'{J'[J'[J'{:l!':{J'{J'[J'[J';:I
) Z‘S‘[J'[J'{:'E'[J'[J"[J'[J'[J';:I
02=50 mm

da =

Total elongation:
4 =dy + d
& =433 + 560 = 5433 mm —answer

W

w g/

e —3
w st

w oSt

¥
bz
20 kN vlr f



Problem 208 page 40

Given:

Thickness of steel tire = 100 mm

Width of steel tire = 80 mm

Inside diameter of steel tire = 1500.0 mm
Diameter of steel wheel = 1500.5 mm
Coefficient of static friction = 0.30

E =200 GPa

Required: Torque to twist the tire relative to the wheel

Solution 208

4 10 mm
1500 mm

¥ 10 mm

5 PL

- AE

Where:

6 ==n (1500.5 - 1500) = 0.57 mm

P=T

L = 1500t mm

A = 10(80) = 800 mm?
E = 200 000 MPa

T(15007)
BO0{200000)
T =53333.33N

Lom =



1500

10

8
ll:zvlfv\n‘
-
F
~

F=2T ‘
p(1500)(80) = 2(53 333.33)
p = 0.8889 MPa —internal pressure

Total normal force, N:

N = p x contact area between tire and wheel
N = 0.8889 x 7(1500.5)(80)

N =33521492N

Friction resistance, f:

f=uN =0.30(335 214.92)

f =100 564.48 N = 100.56 kN
Torque =f x Y(diameter of wheel)
Torque = 100.56 x 0.75025
Torque = 75.44 kKN - m

Problem 211 page 40

Given:

Maximum overall deformation = 3.0 mm

Maximum allowable stress for steel = 140 MPa
Maximum allowable stress for bronze = 120 MPa
Maximum allowable stress for aluminum = 80 MPa
Est = 200 GPa

Ea = 70 GPa

Ebr =83 GPa



The figure below:

Steel ENGE 4 Aluminum
A = 480 mml A = 650 mm A = 320 mmz
| ;
3P 4p <= p—
: - »< > > o
1.0m 2.0m 1.5m
Figure P -211
Required: The largest value of P
Solution 211
Pe=P
pe—{ &>
Py = 2P
P > 3P 51'—
Pa=2P
p — 3p Ap €= >

Based on allowable stresses:

Steel:
Py =04 Ay
P = 140(480) = 67200 N
P=672kN
Bronze:
By = opr Apyr

2P = 120(650) = T8 000N
P =39000N =39 kN

Aluminum:



-Prtﬂ = Oy -I-lrtE‘
2P = 80(320) = 25600 N

P=12800N =128 kN

Based on allowable deformation:
(steel and aluminum lengthens, bronze shortens)
0= 6#? - mu' i ﬁ'rtf

~ P(1000) 2P(2000) 2P(1500)
T AB0(200000)  650(70000)  320(83 000)
32{ 1L _1_ . 3 \p
Uit (D 11475 26 5ol

P =58461099 N = 84.61 kN

Use the smallest value of P, P = 12.8 kN

Problem 213 page 41

Given:

Rigid bar is horizontal before P = 50 kN is applied

The figure below:

Figure P-213

7

%

e

Steel
/ Aluminum L=4m |
/ L=3m A =300 mm? §
/ ,E & g::[‘i;r;wmz E = 200 GPa
b = a3 ’
A A i =8
o 0 ol
|<7 3.5m e I 2.5m 44

Required: Vertical movement of P
Solution 213

Free body diagram:



e————— 35m >

P = 50 kN

)
[t
[¥5]
E|

For aluminum:
YMgp =10

6P, = 2.5(50)

P, = 20.83 kN

_PL
- AE

4

20.83(3) 10007
S00(70 000)
& = LT8 mm

al

For steel:
YA, =0
6P, = 3.5(50)
P,, = 20.17TkN

5 PL
- AE ‘ X
20.17(4)10002
ﬂ'.ﬂ% = -

300{200000)
d = 194 mun

Movement diagram:

fk 3.5

1.78

i 1.04 — 1.78

3.5 ¥

iy = 0L0Y

dp = vertical movement of P
178 4 ¢ = L.78 + (.09
L.87 mun —gnswer



Problem 214 page 41

Given:
Maximum vertical movement of P =5 mm
The figure below:

Figure P-214 :
Aluminum
L=2m
A = 500 mm?
E = 70 GPa
kA 3im 3m B
! o o
O
v Steel
= L=2m
A = 300 mm?
E = 200 GPa

Y
(]

[#¥]

=
—|C
g

(%]

3

& |

Required: The maximum force P that can be applied neglecting the weight of all
members.

Solution 41

Member AB:

I[ A 3m Im B

FBD and movement diagram of bar AB



YA, =0

3P = 6F,

Ijr:ﬂ = EPHf

By ratio and proportion:

'5.3 _ f-!:irj:f

6 PL

op=248,=2|—

.B I'If ""IE IE

Gy =2 Pai EE{HH}}
500(70000)

‘5.8 = zﬁ}ﬁP‘uE = ﬁ{zpﬂf}

s 1

98 = =P+ ~movement of B

Member CD:

P
am am
lF

R

w
5
D 1

FBD and movement
diagram of bar CD

Movement of D:
0p =d4 +0p =
P, (2000)

PL 1

— b ===F
4376 8
AE |, J

dp = .:L,. :
b 300200 000) -~ 457 ¢
¥ i 11

&D o dﬁun:PH?

YMa =0

6P, = 3P

P.u? = %P

By ratio and proportion:

op _ 9p

36

Op = 565’ = E{dzmz‘PHf}

ép = ﬁfﬂf

9= adum{EP}

P=76363.64N = T6.4 kN —answer



Problem 225

A welded steel cylindrical drum made of a 10-mm plate has an internal diameter of 1.20
m. Compute the change in diameter that would be caused by an internal pressure of 1.5
MPa. Assume that Poisson's ratio is 0.30 and E = 200 GPa.

Solution 225

oy = longitudinal stress
pD 1.5(1200)

Ty = — = ———————
Yot 4(10)

o, =45 MDPa

ox = tangential stress
~pD L5(1200)

Ty = — ; )
Yoot 2(10)
o, = 90 MDPa
_ % _ %
.
E( - thickness,
a0l 15
£ = —— = (). t = 10 mm
200 000 200 000
£, = 3.825 % 1071 X
AD
==
AD =&, D == (3.825 x 10~1)(1200) 1.20 m

A = 0459 nun —answer

Problem 227

A 150-mm-long bronze tube, closed at its ends, is 80 mm in diameter and has a wall
thickness of 3 mm. It fits without clearance in an 80-mm hole in a rigid block. The tube is
then subjected to an internal pressure of 4.00 MPa. Assuming v = 1/3 and E = 83 GPa,
determine the tangential stress in the tube.

Solution 227



Longitudinal stress:

o PP _ 4(80) Diameter, D = 80 mm
Yo 43 Thickness, t = 3 mm

J;} = M—: L Pa

The strain in the x-direction is:
r bt ) 150 mm

Ex= 0 =V =

@I E ] Y

“x = V9= tangential stress
or = 5(%)

o, = 8.80MPa —answer >

Statically indeterminate

Problem 233

A steel bar 50 mm in diameter and 2 m long is surrounded by a shell of a cast iron 5
mm thick. Compute the load that will compress the combined bar a total of 0.8 mm in
the length of 2 m. For steel, E = 200 GPa, and for cast iron, E = 100 GPa.

Solution 233
PL

3 =—
AFE

'5 - ‘5r:r1.u? iron T ‘5.ufr:rzﬂ = (.8 mumn

R:u.uf ?IDJL{E{HH}} _
[ $7(60% — 502) (100 000)
‘Pr:rr.uf iron L1 0007 N

Bearing Plate

5r:u:.uf I
Cast Iron,
t=5mm

Poreet (2000)
[ 37(502)](200 000)
Poieer = 500007 N

5.ufr:nf =

LWL 000g

<« 50—

Steel Bar
d = 50 mm

YF =0
P= P‘r:u.u? 1o i PH?r:r:E



P = 110007 4 500000
P=G100Ox N
P =191.64 kN —answer

Problem 234

A reinforced concrete column 200 mm in diameter is designed to carry an axial
compressive load of 300 kN. Determine the required area of the reinforcing steel if the
allowable stresses are 6 MPa and 120 MPa for the concrete and steel, respectively.
Use Eco = 14 GPa and Est = 200 GPa.

Solution 234
4:,*;r:n = *,;.u? =0
L\  [(PL
I]'E ] N 'I.lE at
al (oL
E ] E at
Jr:r:L o CerL
L4000 200000
1{Hh':rr:n = TJ.H?

When . = 120 MPa

1000, = 7(120)
0eo = 8.4 MPa > 6 MPa(not ok!)

When ., = 6 MPa lgm} L

I{H}{E]::I = To, o l S

Gt = 85.71 MPa < 120 MPa(okl) i
E i

Use oco = 6 MPa and ost = 85.71 MPa




Ry =10
Py + P, = 300

Ty -I.l.u? t O -I-lr:r.u = 30

B5.7LAst 4 6 [ 2m(200)% — A ] = 300(1000)

TO.71A,, + 600007 = 300 000
Ay = 13089 mm?® —answer

Problem 236

A rigid block of mass M is supported by three symmetrically spaced rods as shown in
Fig. P-236. Each copper rod has an area of 900 mm?; E = 120 GPa; and the allowable
stress is 70 MPa. The steel rod has an area of 1200 mm?; E = 200 GPa; and the
allowable stress is 140 MPa. Determine the largest mass M which can be supported.

_— 3 i

P57 D AN
Copper Steel Copper
160 mm 240 mm 160 mm
e, E’ﬁ/ﬁ;
i
L
Figure P-236 and P-237
Solution 236
l W = Mg
| e R T s 1
5 - - |
O | | P
Pl:l:l | P’S’. PED
*,;r:n = {,';H?
ol B ol
E ] - E at
Jr:nL o JH?L

120000 200000
1”ﬂ-r:n = HJM



When ost = 140 MPa
O = %{:1-1{}}
O.p = 126 MPa > 70 MPa(not ok!)

When ¢ = 70 MPa
o = 5(70)

0. =T7.78 MPa < 140 MPa(ok!)

Use 0co = 70 MPa and ost = 77.78 MPa

R =10
2P, + Py =W
owo Avg) + 05 Ay = Mg

2[70(900) ] + T7.78(1200) = M(9.81)
M = 223584 1{[_'. =answer

Problem 239

The rigid platform in Fig. P-239 has negligible mass and rests on two steel bars, each
250.00 mm long. The center bar is aluminum and 249.90 mm long. Compute the stress
in the aluminum bar after the center load P = 400 kN has been applied. For each steel
bar, the area is 1200 mm2 and E = 200 GPa. For the aluminum bar, the area is 2400
mm2 and E = 70 GPa.

I

PRIS
LLITTLILLITI Y
BIS

L
Figure P-239

Solution 239



\L{l.lﬂ

£
-+
&
-4
=1
=
53
4
i i
Re
frommt-|
e
e
P
P
rf
255
i 1
| 06°6+2 '
e
0SZ

dop =6, +0.10

al a Ll

— = | — (.10
( E ] E il {
0. (350)  0,(210.90) o0
200000 TO ) '

0.001250.; = 0.0035Ta,; + 0.10
o = 280560, + 80

P = 400 kN

(SO P
Py Pa Pe

YF =0

2P, + P,y = 400000

20 o Agi + Og Ay = 400000

2(2.8560, + 80)1200 + 0,4(2400) = 400000

02644 + 192000 = 400000
o = 2248 MPa —answer



Problem 242

The assembly in Fig. P-242 consists of a light rigid bar AB, pinned at O, that is attached
to the steel and aluminum rods. In the position shown, bar AB is horizontal and there is
a gap, A = 5 mm, between the lower end of the steel rod and its pin support at C.
Compute the stress in the aluminum rod when the lower end of the steel rod is attached
to its support.

0.75m o 1.5m _

A o] B
i L i
Steel Aluminum
A = 250 mm* L=2m
E = 200 GPa A = 300 mm®

E =70 GFa

s S R e

Figure P-242

Solution 242
aa v
4
C A=5mm H
o .’D’--
v W v W
YMo =10
0.75P,; = 1.5P,
P.u? =2 ol

T ot -I.l.uf - E“:'-rtf-'r.‘lrtf,:I


http://www.mathalino.com/image/242-bar-and-rods-assembly

. 20, Ay
Ot = —

_f"le
2 [(3000]
250
Oy = 2"10-“!

e =

"i’tf = ‘53

By ratio and proportion:

d4  Op
0.75 1.5
d4=1056p

G4 =056y

A=dg+0a

5 = dy + 0.50,

_ (2000 =5) [ aw(2000)

= — Wk —
250(200000) 300(70 000)

5=(3.99 x 107 %)g., + (476 x 107 %) oy
Ty = 105000 = (0L.83TY o

o, = 105000 - 0.8379(24 0,;)
3010960, = 105000

o, = HMBT2.6 MPa —answer

Problem 244

A homogeneous bar with a cross sectional area of 500 mm? is attached to rigid
supports. It carries the axial loads P1 = 25 kN and P2 = 50 kN, applied as shown in Fig.
P-244. Determine the stress in segment BC. (Hint: Use the results of Prob. 243, and
compute the reactions caused by P1 and P2 acting separately. Then use the principle of
superposition to compute the reactions when both loads are applied.)

qA B C D
] Py | P2
060m  1.20m | 0.90m

Figure P-244



Solution 244

From the results of Solution to Problem

243:
Ry = 25(2.10)/2.70

Ry = 1944 kN
Ry = 50(0.90)/2.70
Ry = 16.67 kN
RA — Rl ‘| Rg
R4 = 19.44 + 16.67
R, =36.11kN

For segment BC
Ppr 4+ 25 =R,
P + 25 = 36.11
Ppr =11.11kN

Ppe  1L11{1000)

ol
—ranswer

ORpC =

Problem 247

e 2.70m 4).1

A B C Dy
—75 — 50 kN
|
0.60m 1.20m  0.90m
A B D
R, — -+ R
i 25
o W =
0.60 m 2.10 m
A C D
R e — -—
i |50 kN
1.80 m 0.90 m
25 kN
a— —r —
R_.q FEC

The composite bar in Fig. P-247 is stress-free before the axial loads P1 and P2 are
applied. Assuming that the walls are rigid, calculate the stress in each material if P1 =

150 kN and P2 = 90 kN.

Aluminum Steel Bronze
A =900 mm® A = 2000 mm°| A = 1200 mm*
E=70GFa E = 200 GPa E =83 GPFa
A \
T e =
200 mm 230 mm 330 mm

Figure P-247 and P-248

Solution 247

From the FBD of each material shown:
datis shortening
d.tand Ourare lengthening

R 150 kn 90 kN B R,
— — «— —
© S00mm 250 mm 350 mm

Ry R
—> I
a1 "'_"'"
W
150 — Ry | e i
150 - R, |
Rz
s
—p —


http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/solution-to-problem-243-statically-indeterminate
http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/solution-to-problem-243-statically-indeterminate

Ry — 240 — Ry.
Fu=Hy

P, = 150— R,

P, — Ry — 20— R,

Oa1 = 04 + O
PL PL { PL
AE AE ot AE

Ry (500) C(150= Ry)(2 50)" (240 — Ry)(350)

900( 70 000) B 2000( 200 000) 1200(83 000)
Ry B 150 — Ry (240 — Ry)7

126000 1600000 1‘3‘32{]'[]'[}

[;.5R1 - mn:“f” o Rl) uu[ {24“ )

(o + mor + por ) By = g (150) + 50=(240)

Ry = 77.600 kN

P, =Ry =TT.60 kN

P, = 150 — 77.60 = 7240 kN
By, = 240 = 77.60 = 162.40 kN
o=P/A

77.60(1000)/900

Tal

o, = 86.22MPa —gnswer
O = T72.40(1000) /2000
Og = J6.20 MPa =answer

Ty = 162.40{1000) /1200
Ty = 13533 MPa —answer



Problem 249

There is a radial clearance of 0.05 mm when a steel tube is placed over an aluminum
tube. The inside diameter of the aluminum tube is 120 mm, and the wall thickness of
each tube is 2.5 mm. Compute the contact pressure and tangential stress in each tube
when the aluminum tube is subjected to an internal pressure of 5.0 MPa.

Solution 249
_ 0.05 mm
fis Steel Tube,
=] t=2.5mm
3
=]
. Alurninum,
2 t= 2.5 mm Center line of
aluminum at
first contact
with the steal

Internal pressure of aluminum tube to
cause contact with the steel:

. ol
doa=| —
o ( E )rtf

. o (122.57)
7(122.6 — 122.5) = li—’
/ 70 000
o4 E A7.143 MPa
p;t — 57.143
(1207
p120) oo
2(2.5)

p = 2.381 MPa —pressure that causes aluminum to contact with the steel, further
increase of pressure will expand both aluminum and steel tubes.

Let pc = contact pressure between steel and aluminum tubes



FBD for p = 2.381 MPa

EPH? i EH:E F
9P, + 2P, = 5.0(120.1)(1)
Py + Py = 300.25 —Equation (1)

The relationship of deformations is (from the figure):

Deformation of stesl

I:lzz's —sl \_r Deformation of aluminum

127.6 —>

Geometric relation of deformations

3. = 127.60
0 =6,,/127.6

S = 122.56
ot = 122.5(8,,/127.6)
S = 0.96 6.,

PL PL
—_— =096 | —
(‘d‘E>ui J (‘IIE> i

Pu (12357) _ o Pu; (127.6)
—_— — L -_—

2.5(70 000) 2.5(200 000)

Fa = 0.35F; —Equation (2)



From Equation (1)
P, + L3P, = 300.25
P, =22241N

P, = 0.35(222.41)
P, = TT.84N

Contact Force

Fc = pc(125.1)(1)

oy,

F = 5(120.1)(1)

E: i EPH?=F

p(125.1)(1) + 2(77.84) = 5(120.1)(1)
D= 3.56 MPa =answer



Problem 254

As shown, a rigid bar with negligible mass is pinned at O and attached to two vertical rods.
Assuming that the rods were initially stress-free, what maximum load P can be applied without
exceeding stresses of 150 MPa in the steel rod and 70 MPa in the bronze rod.

2m 1.5m 1.5m
i 0 | ﬁ
] =N i
l ; al s Bronze
Stesl e A = 300 mm?
A = 900 mm? E =83 GPa
E-200GPa B3 L=2m
L=15m
Figure P-254
Solution 254
XM, =0
2P =15F,; + 3R,
E.F': ]..!._J{Cr.“f _"'1.“?} { :‘;{Jr” _J"lll”.::l
2P = 1.5 [, (900)] + 3 oy, (300)]
2P = 13500 + 900ay,,.
P = (750, + 4506,
T . j O 1.5m 1.5m




When . = 150 MPa

. = 0L6225(150)
Ty = 93.375 MPa = 70 MPa(not ok!)

When @, = 70 MPa

70 = 0.6225¢0.,
0 = 112,45 MPa < 150 MPa(ok!)

Use o.: = 112.45 MPagnd g, = T MPa
P = 6750, + 4500y,
P = 675(112.45) + 450(70)

P=107T403.75 N
P=107T4kN —answer

Problem 255

Shown in Fig. P-255 is a section through a balcony. The total uniform load of 600 kN is
supported by three rods of the same area and material. Compute the load in each rod.
Assume the floor to be rigid, but note that it does not necessarily remain horizontal.


http://www.mathalino.com/image/255-balcony-supported-by-three-rods

Figure P-255

o

e 3 ——

Solution 255

dp = de + &y

0y = dp —d¢

151 . 152

6 2

5y = 36,

54 =60+ 6

G4 =00 + 3dy

b4 = dc + 3ép — i)
64 =36p — 20

PN g (PLY o (PL
AE ), T\AE /g AE /.

Py(5)  3Pp(6) 2P(6)
PJIE - AE AE
A

=3.6Pp — 24F- —Equation (1)

YF, =10
Py + Pp + Fo =600
(3.6Pg — 24P-) + P + P =600

1.6Pp — 1L4Py = 600 —Equation (2)

¥ 500 kN

——— J M ——>

.....

600 kN
B¢ - .
MR 8g = 8¢ + &



XMy =10
4Pg + 6P, = 3(600)
Pp =450 — L.5F- —Equation (3)

Substitute Ps =450 - 1.5 Pc to Equation (2)
4.6(450 = L.5Pn ) — 1.4F- = 6N
8.3P~ = 1470

From Equation (3)
Pp = 450 — 1.5(177.11)
Pp = 18434 kN —answer

From Equation (1)
Py = 3.6(184.34) — 2.4(177.11)
Py =23806 kN —answer



Problem 256

Three rods, each of area 250 mm?, jointly support a 7.5 kN load, as shown in Fig. P-
256. Assuming that there was no slack or stress in the rods before the load was applied,
find the stress in each rod. Use Est = 200 GPa and Eur = 83 GPa.

;&

1

] e ] e e i e s e ) e s o

2.75m
T
W)
h
‘\ ]
) -
7.5 kN Figure P-256
Solution 256
2.75
cos25° =
qu'
Ly, =303 m
o\ Ste fo e
92:', i & ; 2537, 25°
: ] P ;
® 0 B, L)
WP B Puf 2.75m

“..1 .-* Position of Joint A
.e..'*’\r-u after elongation



YF, =0 ‘
EHJJ'{T}:‘; 25° 4 FHf = T'_J{HHHH

Py = 7500 — 1.8126GF,,
O Ay = TH00 — 1.8126ay,. Ay,
o 4(250) = 7500 — 1.8126 [ ay,.(250) |

B - 26 - i
O =30 = LBL260w, —Eqation (1)

c0s25° = Oy
at

b — 000636,

(ﬂ) :u.s;ur;:a(ﬂ)
By \Eli

er(303) _ ) 0963 J—“*{“""’f’}

< 200
o = 0.34140; —Equation (2)

From Equation (1)
o =30 = 1.8126(0.34140,, )
o = 18.53 MPa —gnswer

From Equation (2)
oy = .3414(18.53)
e = 6,33 MPa —gnswer

Problem 262

A steel rod is stretched between two rigid walls and carries a tensile load of 5000 N at 20°C.
If the allowable stress is not to exceed 130 MPa at -20°C, what is the minimum diameter of
the rod? Assume o = 11.7 pm/(m-°C) and E = 200 GPa.

Solution 262

000 N




éfﬁT{énr Pr
a

98 WL(AT) + ==
o L{AT) 4 1

oc=aFE(AT) 4 E
SN

E

130 = (11.7 x 10-5)(200000)(40) 4
5000

- 137.36

T B

lrd* = 137.36
d=13.22 mm — answer

Problem 263



Steel railroad reels 10 m long are laid with a clearance of 3 mm at a temperature of
15°C. At what temperature will the rails just touch? What stress would be induced in the
rails at that temperature if there were no initial clearance? Assume a = 11.7 um/(m-°C)
and E = 200 GPa.

Solution 263

3
W

10m &r = 3 mm

Temperature at which dr = 3
or = a L(AT)

op = L(Ty = T;)

3= (1L7 »x 107°)(10000)(TF — 15)
Iy = 40.64°C —gnswer

Required stress:

4§ = dr

% =a L(AT) ‘

c=aFE(Ty - T,)

o = (1L.7 x 107")(200000)(40.64 — 15)
o =l MPa —answer



Problem 265

A bronze bar 3 m long with a cross sectional area of 320 mm? is placed between two
rigid walls as shown in Fig. P-265. At a temperature of -20°C, the gap A = 2.5 mm. Find
the temperature at which the compressive stress in the bar will be 35 MPa. Use a = 18.0
x 10% m/(m-°C) and E = 80 GPa.

Figure P-265
Problem 265
dr=8+A
2T
H ,5
i
L=3m = i p
[ [ i—
]
A=2.05mm
. ol
ﬂL{.ﬂT} = ? 2.5
L 35(3000)
(18 3 107 ")(3000)(AT) = —iL———;+ 2.5
’ ’ ’ SOO00
AT = T0.6°C
T =706 —20

T = 50.6°C —answer

Problem 267

At a temperature of 80°C, a steel tire 12 mm thick and 90 mm wide that is to be shrunk
onto a locomotive driving wheel 2 m in diameter just fits over the wheel, which is at a
temperature of 25°C. Determine the contact pressure between the tire and wheel after
the assembly cools to 25°C. Neglect the deformation of the wheel caused by the
pressure of the tire. Assume a = 11.7 1¥4m/(m-°C) and E = 200 GPa.



Solution 267

o
1E - ° L AT

P=aATAE ) ) )
= (11.7 x 107°)(80 — 25)(90 x 12)(200 000)

P
P=138996N

el

i}
P

Problem 268

The rigid bar ABC in Fig. P-268 is pinned at B and attached to the two vertical rods.
Initially, the bar is horizontal and the vertical rods are stress-free. Determine the stress
in the aluminum rod if the temperature of the steel rod is decreased by 40°C. Neglect
the weight of bar ABC.



Fiqure P-268

I Steel

IL=09m

1 A = 300 mm?

1 E = 200 x 10° N/m?

|

Aluminum
L=12m

A = 1200 mm’
E=70= 10°N/m’
o = 23 um/(m-=C)

1o = 11.7 um/(m-°C)
I B

O e e e e e e i e i

e 0.6 M —= 1.2 M ———

Solution 268

Contraction of steel rod, assuming complete freedom:

{5]’*{”} =alL ﬂT
drery = (11.7 % 107°)(900)(40)
O(ary = 04212 100m

The steel rod cannot freely contract because of the resistance of aluminum rod. The
movement of A (referred to as da), therefore, is less than 0.4212 mm. In terms of
aluminum, this movement is (by ratio and proportion):

04
= 4,12
06
64 = 056,
A Pa Fa
r uu AR I P W bt o - o
Srist) T A .ALEAﬂ\ Bl .,}-rsm
B = 0.6 m > 1.2m 4’[
' ¥ 2 ?r________ 1.2 m
A 4 R e
— al



*,;TfHH - ‘j.uf = “*E’ﬁrtf

PL PL
0.4212 — = (L5
("r.lE).u? J ('IIIE)HE

P (900) 0.5 | Pt (1200)
-_— |
300(200 000) 1200(70000)

0.4212 —
28080 — P,; = 0.4762F,) —Equation (1)
Y Mg =0

0.6P, = 1.2P,
Py = 2F,; —Equation (2)

Equations (1) and (2)
28080 — 2P, = (0L.AT62P,,

P, =11340N
P, 11340
(T = =
A 1200
o, = 245 MPa —gnswer
Problem 269

As shown in Fig. P-269, there is a gap between the aluminum bar and the rigid slab that
is supported by two copper bars. At 10°C, A = 0.18 mm. Neglecting the mass of the
slab, calculate the stress in each rod when the temperature in the assembly is
increased to 95°C. For each copper bar, A =500 mm?, E = 120 GPa, and o = 16.8
um/(m-°C). For the aluminum bar, A = 400 mm?, E = 70 GPa, and a = 23.1 pm/(m-°C).



Copper
Aluminum

Copper

e e

Figure P-269

Solution 269

Assuming complete freedom:

dr = a LAT _

07(co) = (16.8 x 1078)(750)(95 — 10)

O7(eoy = LOT1 mim

Or(ary = (23.1 x 107%)(750 — 0.18)(95 — 10)
Oy = 1472 mumn

2F
s _F_ _________________ i ___i ______ yoa _F ;
t—Final Position Sria aj:‘am
! ’ vbﬂw}
)
Initial Position . |

From the figure: _
ﬂT{rtH - drtf = ﬂT{r:n‘.l i d’r:n

1.472 — fL)” = 1L.071 4 ié)m

EF{T!.':{J'E—{LIH}_ - F(750)
0070000) T 500(120000)
0.401 = (6.606 x 10-°) F

F =6070.3TN

1.472 —

750 mm

¥



P, =F =607T0.3TN
P, =2F =12140.T4 N

o=P/A
- GOTOL3T

Ty = = 1214 MPa —
) S answer
12140.74
g = — 7 — 3035 MPa —
A0} answer
Problem 272

For the assembly in Fig. 271, find the stress in each rod if the temperature rises 30°C
after aload W =120 kN is applied.

Solution 272

XMy =0

4Py, + Py = 2.5(80000)

4oy, (1300) + o.4(320) = 2.5(80.000)
16.250y, + o, = 625

o4 = 625 — 16.250,, —Equation (1)

Figure P-271 and P-272 $l
Bronze
L=3m
Steel A = 1300 mm?
L=15m E =83 GPa
A = 320 mm®
E = 200 GPa
i



http://www.mathalino.com/image/271-272-rigid-bar-supported-by-bronze-and-steel-rods

A 2.om T 1.om
: W = 80,000 N
—r—
&ty + Ot ____———J_ELW______ J
Brjbey T O

O7(at) + 0t OT(br) + Oy
N 4 _
O7(st) + 0 = (.25 [ﬂ'TI.'fu".l f ‘jl‘u']

. ol . al
LAT — = (125 L AT, —
{(l .-:IHf { ( E )H? ) {{l _.:IrJJ { ( E )f“_}

l{m.s; x 1079 (3000)(30) 4

0w (1500) _ 1o
2000000}

0.5265 + 0.007 5e,; = 0.425 25 + 0.000 0oy,

0.0075¢,; — 0.00004a,, = —0.101 25

0.0075 (625 — 16.250y,.) — 0.009 (4ay, = —0.101 25

16875 — (L121 8756y, — 0.009 ey, = —0.101 25

178875 = 0.1309150,,,.

Ty = x‘“JrJHi’fﬂQ {]answer

oy (3000)

11.7% 10-5)(1500)(30°
(1.7 )(1500)(30) 83000

o = 625 — 16.25(36.58)
Oy — J0.58 {i{‘j_‘;: {]answer
Problem 275

A rigid horizontal bar of negligible mass is connected to two rods as shown in Fig. P-
275. If the system is initially stress-free. Calculate the temperature change that will
cause a tensile stress of 90 MPa in the brass rod. Assume that both rods are subjected
to the change in temperature.


http://www.mathalino.com/image/275-bar-connected-to-two-rods
http://www.mathalino.com/image/275-bar-connected-to-two-rods

Figure P-275

o

Brass

L=2m

A = 1200 mm?

E =100 GPa

a = 18.7 pym{{m-°C)

=

Solution 275

Eﬂf.’nu_:_.lr: support — 0

By, —3F., =10

I0p -I.lfu' - :g‘gr:n -I.lr:n =0
5(90)(1200) — 30.,(1500) =0
., = 120MPa

MI
g
Im —sf=— 2m —>
Copper
L=3m
A = 1500 mm’
E = 120 GPa
o = 16.8 um/(m-°C)
P A
i
ﬁm |
L— 3m 2Zm »
-_______________ T
E"T(cn) - E‘m_— =,




5 al
=z ‘

EJ{}{E{HHH

oy = — = L.Bmin
LOCH OO

. 12{}{3{!!}3 )

dop = ——— = Jmm
120000

‘-,;Tfr:rf.l - J’r:n . *,jhr - {’;Tﬂu":l
3 a 5
rJ{,-;Tfr:rf‘.l - 5{’.;“” = :gﬁ'hr - :g{,';TI:'fJJ'l:I
5(16.8 x 107°)(3000) AT — 5(3) = 3(1.8) — 3(18.7 x 107")(2000) AT
0.3642AT =204
AT = 56.01°Cdrop in temperature answer

Problem 276

Four steel bars jointly support a mass of 15 Mg as shown in Fig. P-276. Each bar has a
cross-sectional area of 600 mm?2. Find the load carried by each bar after a temperature
rise of 50°C. Assume o = 11.7 um/(m-°C) and E = 200 GPa.

Figure P-276 15 Mg



http://www.mathalino.com/image/276-load-supported-by-four-steel-bars

Solution 276

h = L sin45°
h = Lo sin 607

h=h

Ly sin 45% = Lo sin 60°
L, =1.224T7L,

&y = dsin 457

iy = dsin GO

6;  dsindb®
da  dsin 60O°
&, = 0.81654,

P Ly ) PyL»
L, AT = 0.8165 | aL,AT
o Ly i 15 13 [ﬂf g i 1E ]
. Py . . PyLa
11.7%10-8) L1 (50)+ ————2 = 0.8165 | (11.7 x 10~6)(50) + ———"2
(1L.7x107%)Ls (50)4 GO0(200 000) " [{ 7> 107°)(50) 4 GO0(200 000)

T0,200L; + PyL; = 0.8165(70, 200L, + PyLs)
(70,200 + Py)Ly; = 0.8165(70,200 + Py )L,
(70,200 4 P;)1.2247L, = 0.8165(70, 200 + P5)L,
L.5(70.200 + Py ) = 70,200 + P,



YR, =0

2( Py sin45°%) 4 2( Py sin 60°) = 147.15(1000)
Fi sin 45° 4 P sin 60° = 72,575

Py sin 45° + (1.5P; + 35, 100)sin 60° = 72,575
(0.7071P; + 1.209P) + 30.397.49 = 72,575
2.0061P, — 42, 177.51 Lo
Py =21.024.63 N

Py = 1.5(21,024.63) + 35,100
P, = 66.636.94 N

Py = Pp =P, = 21.02kNgnswer



Problem 304

A steel shaft 3 ft long that has a diameter of 4 in is subjected to a torque of 15 kip-ft.
Determine the maximum shearing stress and the angle of twist. Use G = 12 x 10° psi.

Solution 304

167 16(15)(1000)(12)
D% 7 (4%)

Tinar =

Taner = 14324 ]:}";1

Timaxr = 14.3 kﬁianswer

TL 15(3)(1000)(122)
CJG T Sw(4h)(12 x 109)

f = 00215 rad

g =1.23" answer

Problem 305

What is the minimum diameter of a solid steel shaft that will not twist through more than
3°in a 6-m length when subjected to a torque of 12 kN-m? What maximum shearing
stress is developed? Use G = 83 GPa.

Solution 305
TL

f =
J

T}( T )_ L2(6)( LOOCE)
CoAIs0e S Lrdd (83 000)
o = 113.98 mmanswer



16T 16(12)(1000%)
md®  w(113.98%)
= 41.27 MPagnswer

Nnaxr —

Yo

Problem 306

A steel marine propeller shaft 14 in. in diameter and 18 ft long is used to transmit 5000
hp at 189 rpm. If G = 12 x 10° psi, determine the maximum shearing stress.

Solution 306

- P 50000396 000)
C2mf 2m(189)

T'=1667337.51b - in

16T B 16(1 667 337.5)
Td* w(14*)
Tnar = J094.6 psianswer

Nnaxr —

Problem 307

A solid steel shaft 5 m long is stressed at 80 MPa when twisted through 4°. Using G =

83 GPa, compute the shaft diameter. What power can be transmitted by the shaft at 20
Hz?



Solution 307
TL

f =
Ji

-1”( T )z T(5)(1000)
180° (83 000)
T = (.1138d"

16T
Tinax = ﬁ ‘
16(0.1138%)
()= ——=
el

d = 138 nunanswer

P

T=—
2nf
F

0.1138d* = -

T 2r(20)
P = 14.3d" = 14.3(1384)
P = 5186237 285N - mu/sec
P=518623728 W
P =519 MWanswer
Problem 308

A 2-in-diameter steel shaft rotates at 240 rpm. If the shearing stress is limited to 12 ksi,
determine the maximum horsepower that can be transmitted.

Solution 308

16T
wd®

. 16T
9 —
12(1000) = 2]

T'=18849.561b - in

Tmar =




P
T=—
2nf
1884056 — P{Z%E!E]{HHJ'
T T Tor240)

P =T7L78 hpanswer

Problem 309

A steel propeller shaft is to transmit 4.5 MW at 3 Hz without exceeding a shearing stress
of 50 MPa or twisting through more than 1° in a length of 26 diameters. Compute the
proper diameter if G = 83 GPa.

Solution 309

P 4.5(1000000)
nf 27(3)

Based on maximum allowable shearing stress:
16T
Timaxr = j
16(238 732.41)(1000)
el
o = 289.71 mun

i) pr—

Based on maximum allowable angle of twist:

TL
0=—

JG ‘ ‘
r}( ~ )_ 238 732.41(26d)( 1000)

180° 35 md? (83000)

d = 352,08 mn

Use the bigger diameter, d = 352 mm answer



Problem 310

Show that the hollow circular shaft whose inner diameter is half the outer diameter has
a torsional strength equal to 15/16 of that of a solid shaft of the same outside diameter.

Solution 310

Hollow circular shaft:
167D

(D1 —d4)
16TD
w [ D — (3D)]
16TD
F{%Dlh
162T
157D+

Tinar—hollow =

Tmar—hallow =

Tinar—hol low =

Tmar—hollow =

Solid circular shaft:

16T O N
Tmar—aolid = — 7
15 [ 162T D
Tmar—aolid — T ;
' 16 | 157 D®
_ 15 -

Tmar—aolid = 5 = T.lrrru'.—.’.'nffnwok!

Problem 311

An aluminum shaft with a constant diameter of 50 mm is loaded by torques applied to

gears attached to it as shown in Fig. P-311. Using G = 28 GPa, determine the relative
angle of twist of gear D relative to gear A.


http://www.mathalino.com/image/311-three-segments-aluminum-shaft

Figure P-311 e

Problem 311
800 N-m 1100 N-m 900 N-m @00 N-m
—| fee— ] e
D 2 m C 3m B 2m A
T i i
800 N-m g
LI oaNm
M
—300 N-m
TL
/=
G
Rotation of D relative to A:
1
Oria — —YTL
Bra—Ta
Op/a = [800(2) — 300(3) + 600(2) ] (10002)

a5 m(501)(28 000)
“;D,."A = (L1106 raud
Upsa = 63 gnswer

Problem 312



A flexible shaft consists of a 0.20-in-diameter steel wire encased in a stationary tube
that fits closely enough to impose a frictional torque of 0.50 Ib-in/in. Determine the
maximum length of the shatft if the shearing stress is not to exceed 20 ksi. What will be
the angular deformation of one end relative to the other end? G = 12 x 108 psi.

Solution 312

Tmar =

20(1000) =

m(0.20)

T=10x1b-in

T

0.501b - in/in

107 b - in

(.50 1b - in/in
L =20min = 62.831n

TL
JG

=

If®8=dB, T=0.5Land L =dL

1
i =
/ R T

-

i
- / (0.5L) dL

-1]

10072

=m(0.201)(12 x 10°)

g =1

15234 rad = 30°answer

\512
0.25(207)% = 0.25(0
2 L] f(;[ 3 J (0)°]

Steel Wire

Stationary Tube



Problem 314

The steel shaft shown in Fig. P-314 rotates at 4 Hz with 35 kW taken off at A, 20 kW
removed at B, and 55 kW applied at C. Using G = 83 GPa, find the maximum shearing
stress and the angle of rotation of gear A relative to gear C.

55 mm 65 mm ¢

e——— 4m ——— 2 m —3{

Figure P-314

Solution 314

P
T7T=—

2r f

—35(1000)
Ty = EJE—{H = =1302.6 N - m

—20{1000)
Ip = EE—{H = —THHEN-m

EE{I{HHH

_ —_— = 2 y s
T 2m(d) 21884 N -m
Relative to C:
1392.6 N-m 795.8 N-m 2188.4 N-m
A 4m B 2m C
1392.6 N-m

2188.4 N-m


http://www.mathalino.com/image/314-compound-steel-shaft

16T
Tmar = o
16(1392.6)(1000)
7 (55%)
LG(2188.4)( TOH)
TBC = 4 - ( — = 40.58 MPa
'.'T{EJ!._:I'!':l

& Tmar = Tap = 42,63 MPagnswer

42.63 MPa

TAB —

"1 TL

Ouio0==E—

e i ‘ ‘
1 1392.6(4) = 2188.4(2)
BI000 | S5m(551)  5w(65)
0470 = 0.104 796585 rad

040 = 6.004°

040 (10002)

answer

Problem 315

A 5-m steel shaft rotating at 2 Hz has 70 kW applied at a gear that is 2 m from the left
end where 20 kW are removed. At the right end, 30 kW are removed and another 20
kW leaves the shaft at 1.5 m from the right end. (a) Find the uniform shaft diameter so
that the shearing stress will not exceed 60 MPa. (b) If a uniform shaft diameter of 100
mm is specified, determine the angle by which one end of the shaft lags behind the
other end. Use G = 83 GPa.

Solution 315

P
r= 2w

—20{ 1008
Ty =T = {— = —1591L.56 N - m
27(2)
TO(1000)
= 7 _ 557042 N -

Tn E:gi‘i BOT0AZ2 N - m

—30{ 1000
ITh=———— = =238T.32N -m

27(2)
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Problem 316

A compound shaft consisting of a steel segment and an aluminum segment is acted
upon by two torques as shown in Fig. P-316. Determine the maximum permissible value
of T subject to the following conditions: tst < 83 MPa, ta < 55 MPa, and the angle of
rotation of the free end is limited to 6°. For steel, G = 83 GPa and for aluminum, G = 28

GPa.
Steel 2T Aluminum
50 mm @ T
L\
Figure P-316
Solution 316
= 21 e T
900 mm ——>le— 600 mm —>

T

| e

Based on maximum shearing stress tmax = 16T / d?:

Steel

C16(37)
Cow(B0%)
T=679042.16 N - mun
T=670.04N -m

Tat


http://www.mathalino.com/image/316-compound-steel-and-aluminum-bar

11

Aluminum
16T .
Tl — —————=— — )
TR A0

T =691 15038 N - nun
T =0691.1N m

Based on maximum angle of twist:

TL TL
(m) | (m)}m} T(600)

z"'"_"‘-a

37!
) SHm(500)(83000) 5w (404)(28 000)
J1I6.32N - mm
32N -m

tal
5=
i
-
i

51
=
1l

Use T =679.04 N-m answer

2m 1.om

+ 3978.87 N-m .

1.5m

238?.32 N-m

—1591.55 N-m

Part (a)



12

16T
Tnar = ?
. 60— L6(1591.55)(100G0)
el
d =013 mm
For BC 60— 16(3978.87)(1000)
T
o = 6Y9.6
LG{2387.32)( 1000
For CD Gl = J{ ! }{ )

wd?

d = 58T mmn

Use d = 69.6 mm answer

Part (b)

TL
JG .
Opra = NE YTL
1
55 m(1004)(83 000)
0 = (0LOO7 813 rad
Opa = 0.448°3ncwer

=

Opa = [ —1591.55(2)4-3978.87(1.5)+2387.32(1.5) | (1000?)

Problem 317

A hollow bronze shaft of 3 in. outer diameter and 2 in. inner diameter is slipped over a
solid steel shaft 2 in. in diameter and of the same length as the hollow shaft. The two
shafts are then fastened rigidly together at their ends. For bronze, G = 6 x 10° psi, and
for steel, G = 12 x 108 psi. What torque can be applied to the composite shaft without
exceeding a shearing stress of 8000 psi in the bronze or 12 ksi in the steel?
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Solution 317
] Hollow Bronze _/
D=3in,d=2in
&,
) ( JG )hr
HfL TFJI'L

Hm(24)(12 x 108)  La(31 — 24)(6 x 106)
at o b

192 » 106 390 x 10° _}Equation (1)

Applied Torque = Resisting Torque
I'=71, + T, —Equation (2)

Equation (1) with Tst in terms of Ter and Equation (2)
192 x 10°
I-|f.l:l" { I-|f.l:l"

= 300 % 10°
T,, — 0.6701T

Equation (1) with Tor in terms of Tst and Equation (2)

200 % 105
T = T,u —-TJ:I"
ST IR

T, = 0.3200T

Based on hollow bronze (Ter = 0.6701T)
GTrn
:lrrru' - T{Dd . {id :_
16 {} EJrUlT {3

BN} =
L{Lad — 21




0789.321h - 1n
32

T'=5
T'=4232.441b -t

Based on steel core (Tst = 0.3299T):

16T D
Tinax = ;
1?%1“551"‘
H0.329977)
12000 = ————=
w(2%)

T =57137.181b - 1n
T=4761.431b - ft

Use T =4232.44 |b-ft answer

Problem 318

A solid aluminum shaft 2 in. in diameter is subjected to two torques as shown in Fig. P-
318. Determine the maximum shearing stress in each segment and the angle of rotation
of the free end. Use G = 4 x 10° psi.

200 Ibft
i
¥
( ‘\.., 800 Ib-ft
2 ft _,|<7 3ft —

Figure P-318

Solution 318


http://www.mathalino.com/image/318-solid-aluminum-shaft
http://www.mathalino.com/image/318-solid-aluminum-shaft

15

200 Ib-ft 800 Ib-ft
'-U:: «—I _»|

2ft —fe— It —>

200 lb-ft
600 |b-ft

16T
Tinar — 5
For 2-ft segment:

16(600)(12) )
Tinar2 — % = 4583.66 1

m(2%) answer

For 3-ft segment:

16(800)(12) _
Tinazl — T =06111.55 1
m(27) answer
TL
i = .
Jl(x
# = ¥TL
Ji .
= . —[BO0(2) + 800(3)](12%)
ﬁr{?'ljl{-’l X ml*}[ (2 (3)](12%)
f = (L0825 rad
# = 4.73"answer
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Problem 319

The compound shaft shown in Fig. P-319 is attached to rigid supports. For the bronze
segment AB, the diameter is 75 mm, t < 60 MPa, and G = 35 GPa. For the steel
segment BC, the diameter is 50 mm, 1 < 80 MPa, and G=83 GPa.lfa=2mandb =

1.5 m, compute the maximum torque T that can be applied.

Figure P-319 and P-320

Solution 319
fe=2m «— 1.5m —3|
A B C
t Bronze Steel ’
7 T \
The Ta
M =)

=T, + T, —Equation (1)

'Hu' = H.ﬂ?
( L TL

JG ), \Ja ),

Tp(2)(1000) T, (L5)(1000)
H(754(35000) g7 (504)(83 000)
Tj, = L.6011T,; —Equation (2a)
T.u? = {jE‘IEiE‘IT}H _‘Equation (Zb)

16T

Tinar = D



http://www.mathalino.com/image/319-320-compound-shaft
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Based on tor £ 60 MPa

16T},
60 = ——r
7(75%)
Ty = A0T0097.75 N« mun

4970 kN - m —Maximum allowable torque for bronze

b

T, = U.E]?-if]{-i.fi?ﬂ:ﬂ ~*From Equation (2b)
T, =3 1MEN-1m

Based on tor £ 80 MPa

16T,
80 = —=t
=(50%)
T, = 196349541 N - nun
o = LOGI KN - m —Maximum allowable torque for steel

Ty, = L6011(1.963) —From Equation (2a)
T = 3142 kN - m

Use Tor = 3.142 kN-m and Tst = 1.963 kKN-m
T = 3.142 4 1.963 —From Equation (1)
T = 5.105 kN - manswer
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Problem 320

In Prob. 319, determine the ratio of lengths b/a so that each material will be stressed to
its permissible limit. What torque T is required?

Solution 320

From Solution 319:
Maximum Tor = 4.970 KN-m
Maximum Tst = 1.963 kKN-m

Oy =0

(TL

l| .lr{f at
9734(10002) T 1.963b(10002)

%r{?: H35000)  H(501)(83000)
b/a = 1.187
T= ]-;IJ.".'I?I'I I | TH? TIT
T = 4.970 + 1.963
T = 6.933 kN - manswer
Problem 321

A torque T is applied, as shown in Fig. P-321, to a solid shaft with built-in ends. Prove
that the resisting torques at the walls are T1 = Tb/L and T2 = Ta/L. How would these
values be changed if the shaft were hollow?


http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/solution-to-problem-319-torsion
http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/solution-to-problem-319-torsion
http://www.mathalino.com/image/321-built-in-shaft-ends
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-~
=

=

Figure P-321

Solution 321

EM =0
I'=T, +7T, —Equation (1)

(1) - (),

Tia  Tub
JG _;.I(;
T, = =T,

a? _tEquation (2a)
[

b _tEquation (2b)

Equations (1) and (2b):

T=1T1 4 iTl
b
T b+ Tia
t fJ"T
T (b+a)Ty
b
r_ L
b
17 = Th/ Lokl

Equations (1) and (2a):
t

=27, 4T,

il

Thb+ Tha

1

T =
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bt a)Ty
B a
n LT,
a

Ty = Ta/Lgk!

If the shaft were hollow, Equation (1) would be the same and the equality 81 = 62, by
direct investigation, would yield the same result in Equations (2a) and (2b). Therefore,
the values of T1 and T2 are the same (no change) if the shaft were hollow.
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Problem

A solid steel shaft is loaded as shown in Fig. P-322. Using G = 83 GPa, determine the
required diameter of the shaft if the shearing stress is limited to 60 MPa and the angle
of rotation at the free end is not to exceed 4 deg.

A
25m —>k— 25m —>| 1200Nm

Figure P-322
Solution

Based on maximum allowable shear:

16T

Timar = —D?


http://www.mathalino.com/image/322-shaft-supported-at-one-end
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750 N-m 1200 N-m
] —
20m —— 25 m —>

450 N-m

[T

For the 1st segment:

450(2.5)(1000?)

60 = — 3

D =181.39 mm

For the 2nd segment:

1200(2.5)(10002)
‘.'T_D:!'
D =251.54 mm

i) =

Based on maximum angle of twist:

=
Jlf;
= YTL

JG

* () = g

P 1 —_ ; 5 k!
180 5™ D83 000)
D =51.89 mun

Use D = 251.54 mm answer

|

1200 N-m

I

[450(2.5) + 1200(2.5) ] (1000%)
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Problem 323

A shaft composed of segments AC, CD, and DB is fastened to rigid supports and
loaded as shown in Fig. P-323. For bronze, G = 35 GPa; aluminum, G = 28 GPa, and

for steel, G = 83 GPa. Determine the maximum shearing stress developed in each
segment.


http://www.mathalino.com/image/323-three-segment-shaft
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Te= 300 N-m Tp =700 N-m
C Aluminum D

F A Bronze
| f TE
50 mm b -
i
i [P P i

Figure P-323

Solution 323

Stress developed in each segment with respect to Ta:

Te = 300 N-m Tp =700 N-m
C  Aluminum D

[ A Bronze f Steel B
Ta ( { . ) Ta
A 25 mm b \T v 25 mm & A

30 mm ¢

[e— 2m —&—— 2 m ——>—— 25m —*

Ta — 1000

| T, — 300

Ta

The rotation of B relative to A is zero.

Oap=10

(>

) =1
A/B

T4 (2)(10002)

{TJL = 300)(2)(1000%) (T4 — 1000)(2.5)(1000?)

%P{‘jr 1!{ i {HHH { 501 H:"F'H {HHH ‘ %T{EE{}I{HH {HH}::I e
- r’{TJl - ~5{J-[J': 2.5(T4 — 1000)

{25-1}{:55} { ”1 )(28) @503

16Ty ‘--"[J'{TJ1 — ll[Jl[J'[J':I

;r 33

ll.aTJl 1 ITJL_._ m!].TJl_w:“

hrrz.

11[,3”]”.4 = 201678

Ty

=J297TN - m
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XM =0

Ty + T = 300 + 700
34297 + Ty = 1000
Tp =6T03N -1

Ty, = 3429TN - m

T, = 342.97 — 300 = 42.97N - m
Ty = 342,97 — 1000 = —657.03 N - m = —Ts(ok!)
16T
Tinar = 5
16(342.97)( 1000)
e = gfﬂ{ L — 111.79MPa
m(25%) answer
16(42.97)(1000)
rat = JUZIDU000) _ 25y,
m(50%) answer
16(657.03)(1000)
T — (651 M{ L = 214.16 MPa
m(25%) answer

Problem 324

The compound shaft shown in Fig. P-324 is attached to rigid supports. For the bronze
segment AB, the maximum shearing stress is limited to 8000 psi and for the steel
segment BC, it is limited to 12 ksi. Determine the diameters of each segment so that
each material will be simultaneously stressed to its permissible limit when a torque T =
12 kip-ft is applied. For bronze, G = 6 x 10° psi and for steel, G = 12 x 10° psi.


http://www.mathalino.com/image/324-compound-bronze-and-steel-shaft
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Solution 324

16T
T = D%
For bronze:
16T,
8000 = ——2
T b

T, = E{H}ﬁﬂjfr Iby - in

For steel:
16T

12000 = —=2
m st

T, = 507Dy 1b- in

YM =0

Iﬂhr i T.u? =T

Figure P-324
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T, + T = 12(1000)(12)
Thr + Ty = 14400010 - in

S007D; .+ 7507 DY = 144000

Dy, = 288/7 + 15D —Equation (1)
'Hfu'z'ﬁ‘l”

(TL) B (TL)

JG /. G ),

]}JJ{E.‘I} o Tgf{i}
w0, (6 x 10°)  g5mDE (12 x 10°)
T  Ta
Dl 3D

0T Dy 7507 D5,
Dt aph

br

D, = 0.5D,,

From Equation (1) .
.ij: = EHH..-"I‘.-T - I-E{U‘EDI'JJ'::'I!I

Dy, = 4.26 in.answer

D, = 0.5(4.26) = 213 in.gnswer

Problem 325

The two steel shaft shown in Fig. P-325, each with one end built into a rigid support
have flanges rigidly attached to their free ends. The shafts are to be bolted together at
their flanges. However, initially there is a 6° mismatch in the location of the bolt holes as
shown in the figure. Determine the maximum shearing stress in each shaft after the
shafts are bolted together. Use G = 12 x 10° psi and neglect deformations of the bolts
and flanges.


http://www.mathalino.com/image/325-compound-shaft-connected-by-flanges
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2.0 in. dia.

222

6.5 ft 3251

Figure P-325

Solution 325

'Hn_f 6.5 ahaft i 'Hn_f 3.25' shaft — 6”

(TL) { (TL) E"’( T )
. -} — 0 —r
JG of G6.5° ahaft JG of 3.25° ahoft 150°

T(6.5)(12) T(3.25)(122) =«
=m(24)(12 x 105) © Lm(1.54)(12 x 108) 30

T'=2817321b - ft

16T
=%

Tmar =

16(817.32)(12)

= (243.86 psi

Tof 6.5 shaft = T
w(2%) answer

16(817.32)(12)

= 14 800.27 psi

Tof 3.25° ahaft = TN
m(1.5%) answer
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Problem 214 page 41

Given:
Maximum vertical movement of P =5 mm
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The figure below:

Figure P-214 :
Aluminum
L=2m
A = 500 mm?
E =70 GPa
A A am im B
. o af
Steel
~ [=2m
A = 300 mm?
< 8 E = 200 GPa

IF’E = =
c 3im l 3im D
Fl

Required: The maximum force P that can be applied neglecting the weight of all
members.

Solution 41
Member AB:
Pal
|[ A 3m T 3m B
=] =] al
a

-——————--_____I_?:L___ O

FBD and movement diagram of bar AB

YMy =0

:g-PrtE = EjPH?

-Prtf =2 at
By ratio and proportion:
0p _ b

° PL
dp =26, =2

B el AE

il
5. _o| Fa (2000)
B 21 500070000)
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-Prtf = = {EPH?:'

b= 1 1
dp = BT B750

poo— 1 —
08 = Iow Pt movement of B

PstT
Im im

A

! | D
Fl
| =

FBD and movement

Member CD:

Bt

diagram of bar CD
Movement of D:
i i ) PL
O0p =04 +o0p = o {;-r,PM
‘ AE o 13TE
_ P, (2000) )
{,"‘-D = f - kN { 437h at
300(200000) 47
Op = -lzlqimPH*
Mo =0
6P, = 3P
PH? = %P
By ratio and proportion:
op  dp
d B 1“' 1 11 y
dp = 30p = 5(moms Fat)
:_ 11
Op = :-ls-%m]lﬂ-’:
5= gro05 (3 F)

P =T6363.64N = 76.4 kN —answer
Problem 213 page 41

Given:
Rigid bar is horizontal before P = 50 kN is applied
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The figure below:
Figure P-213

Steel

i&u?inum L=4m

= m = i 2

R 5 A = 300 mm

c = ?[-] GFJ;-Im E = 200 GPa

= a

A B =
[e 0 al
|<7 3.5m }; 2.5m 4:-{

Fr

Required: Vertical movement of P

Solution 213

Free body diagram:

1

C
[ © |
«———— 35m "€ 25m —f
P =50 kN v

For aluminum:
YMg =10
6P, = 2.5(50)
P, = 20.83 kN
5 PL
 AE
200.83(3)1000°
“C T TR00(T0000)
8, = 1.7 min

For steel:
VM4 =0
6P, = 3.5(50)
P, = 29.1TkN
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. PL
§=—

AE
20.17(4)10002
T 300(200000)
d, = 1.9 mum

Movement diagram:

] f'l - § 2.5 C
1 — | E
= —— 1 &

i 1.94 — 1.78

3.5 6

y = (LY nun

dp = vertical movement of P

dp = L78 4+ y= 178 + 0.09
= L.BT nun —gnswer

Problem 211 page 40

Given:

Maximum overall deformation = 3.0 mm

Maximum allowable stress for steel = 140 MPa
Maximum allowable stress for bronze = 120 MPa
Maximum allowable stress for aluminum = 80 MPa
Est = 200 GPa

Ea =70 GPa
Eor = 83 GPa
The figure below:
Steel Bronze ]
A = 480 mm?* A = 650 mm?* Aluminum :
A =320 mm
3P 4p <= ;
" > - 2P
10m 2.0m T 1mm

Figure P -211
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Required: The largest value of P

Solution 211
P.=P

pe— >
Po = 2P
R > 3p E{—

Pa=2P
pe— = —»3p p=—] >

Based on allowable stresses:

Steel:
F.u? = 0g -'r.l.u?
P = 140(480) = 67200 N
P=G72LkN

Bronze:

-Ffu' = Opy -I.lfu' )

2P = 120(650) = 78 000N

P=30000N =39 kN
Aluminum:

-Prtﬂ =0 -'r.lrtfx

2P = 80(320) = 25600 N

P=128MN =128 kN

Based on allowable deformation:
(steel and aluminum lengthens, bronze shortens)
b = 5#? p ﬂ-'fu' i ﬁ'rtf

~ P(1000) 2 P(2000) 2P(1500)
T ABD(200000)  650(TO000)  320(83 000)
G 1 1 40
3= {!3131“] 11376 { 26 .'rl'j]f:l P

P =546G1099 N = 84.61 kN

Use the smallest value of P, P = 12.8 kN
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Problem 206 page 39

Given:

Cross-sectional area = 300 mm?
Length =150 m

tensile load at the lower end = 20 kN
Unit mass of steel = 7850 kg/m?3

E =200 x 103 MN/m?

Required: Total elongation of the rod
Solution 206

Elongation due to its own weight:
PL
~ AE
Where:
P =W =7850(1/1000)3(9.81)[300(150)(1000)]
P =3465.3825 N
L = 75(1000) = 75 000 mm
A =300 mm?
E =200 000 MPa

i

. 3465.3825(75 000)
L 300(200000)
d1= 4,33 mm

EIongann due to applied load:
*TAE

Where:

P =20 kN =20 000 N

L =150 m = 150 000 mm

A =300 mm?

E =200 000 MPa

5, _ 20000(150000)
7 73000200 000)

da= 50 mm

Total elongation:
a 251 | {i'_}
& =4.33 + 50 = 5433 mm —answer

W

w g/

e —3
w st

w oSt

LI
bz
20 kN wlr f
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Problem 205 page 39

Given:

Length of bar =

Cross-sectional area = A

Unit mass = p

The bar is suspended vertically from one end

Required:
Show that the total elongation § = pgL? / 2E.
If total mass is M, show that 6 = MgL/2AE

Solution 205

PL

b =
AE

From the figure:
o =dd
P =Wy = (pAy)g
L=dy

{ pAy)g dy

rlE L

pg oy
= —= yiy = Pq l?

1]
ﬁ_ﬂ[L — 2]

4 = pqL /2Egk1

Given the total mass M
p=M/V =M/AL

M )
LY A
- 9F  2F

__'IHQL
~ 2AF ok!

Another Solution:

PL

d =
AE

=z
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Where:
P =W = (pAlL)g
L=L/2

[(pAL)g|(L,/2)

. , AE
4 = pgL=/2E k!

cq
W 1

For you to feel the situation, position yourself in pull-up exercise with your hands on the
bar and your body hang freely above the ground. Notice that your arms suffer all your
weight and your lower body fells no stress (center of weight is approximately just below
the chest). If your body is the bar, the elongation will occur at the upper half of it.
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Problem 208 page 40

Given:

Thickness of steel tire = 100 mm

Width of steel tire = 80 mm

Inside diameter of steel tire = 1500.0 mm
Diameter of steel wheel = 1500.5 mm
Coefficient of static friction = 0.30

E =200 GPa

Required: Torque to twist the tire relative to the wheel

Solution 208

4 10 mm

1500 mm

%: 10 mm
5— PL
- AE
Where:
6 =m (1500.5 - 1500) = 0.5 mm
P=T
L = 1500t mm

A = 10(80) = 800 mm?
E = 200 000 MPa

T(1500m)
800(200000)
T'=53333.33N

(Lom =
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)

1500
F
10
T
F=2T

p(1500)(80) = 2(53 333.33)
p = (L.888Y MPa —internal pressure

Total normal force, N:

N = p x contact area between tire and wheel
N = 0.8889 x 7(1500.5)(80)

N =335 214.92 N

Friction resistance, f:

f=uN =0.30(335 214.92)

f =100 564.48 N = 100.56 kN
Torque = f x Y»(diameter of wheel)
Torque = 100.56 x 0.75025
Torque = 75.44 kKN - m
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Problem 222

A solid cylinder of diameter d carries an axial load P. Show that its change in diameter
is 4Pv / nEd.

Solution 222
Y
of - of ;
02 > 0,2
o — — |82
o,
T A
P || | P | d
................................... X,
5,2
The load P can be compressive or tensile
L= —l
Ex
Ey = —VE,
JJ'.
Sy = oV —/—
6, ~P
d  AE
P
v Lod? B
5 -1}3:;
Y nEd ok

Problem 223 page 44

Given:
Dimensions of the block:
x direction = 3 inches
y direction = 2 inches
z direction = 4 inches
Triaxial loads in the block
x direction = 48 kips tension
y direction = 60 kips compression
z direction = 54 kips tension
Poisson's ratio, v = 0.30
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Modulus of elasticity, E = 29 x 10° psi

Required:

Single uniformly distributed load in the x direction that would produce the same
deformation in the y direction as the original loading.

Solution 223

For triaxial deformation (tensile triaxial stresses):
(compressive stresses are negative stresses)

fy = E[U.u — oz + o)
P Ak
Tr = ” I = 9 = Ej”l‘mi
-‘1_4,13 1{"‘:' (tenSion)
By _ 60 o
J.{-' = - — = —/ = a1 .
Ar A(3) (compression)
P, 54
0o= = = —— =00ksi
Ary  2(3) (tension)
1 1 |
0= 57 1““[_5{1-[1-[; — (.30(6O00 + 9000) ]
£, = —3.276 » 104

“wis negative, thus tensile force is required in the x-direction to produce the same
deformation in the y-direction as the original forces.

For equivalent single force in the x-direction:
(uniaxial stress)

s
[y —
Ex
—vE, =&,
O

_p—' —

Ey
E
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030 [ —Z= ) = —3.276 % 10—
20 % 100

= 31666.67 psi

= " = 31 666.67

O
P, = 253333.33 Ib(tension)
P = 253.33 kips(tension) —answer

Problem 224

For the block loaded triaxially as described in Prob. 223, find the uniformly distributed
load that must be added in the x direction to produce no deformation in the z direction.

Solution 224

1 .
£, = E[ar2 —vio, +o,)]
Where
Ox = 6.0 ksi (tension)
oy = 5.0 ksi (compression)
0z = 9.0 ksi (tension)

=

£, = m[mm — (L3(6000 — 5000) |

g, =207 x 107*
€z IS positive, thus positive stress is needed in the x-direction to eliminate deformation in
z-direction.

The application of loads is still simultaneous:
(No deformation means zero strain)

e: = glo: = vlos +0,)] =0
o, =vio, +0,)

oy = 5.0 ksi (compression)
0z = 9.0 ksi (tension)

Q000 = 0.30(e, — 5000

. = 35000 psi

CTadded GO = 35000
Tudded = 29000 psi
added
—— = 2000}
2(1)
-Prtrfrfr:rf - 20N 1L

23
232kips —answer

added =


http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/solution-to-problem-223-triaxial-deformation
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Problem 225

A welded steel cylindrical drum made of a 10-mm plate has an internal diameter of 1.20
m. Compute the change in diameter that would be caused by an internal pressure of 1.5
MPa. Assume that Poisson's ratio is 0.30 and E = 200 GPa.

Solution 225

oy = longitudinal stress
pD  1.5(1200)
¢ 4(10)

a, =45 MDPa

Oy =

Ox = tangential stress
pD  1.5(1200)
Ty = =

2t 2(10)
a, = 90 MDPa
L _ % %
L= -

i ' Ar thickness,
Ep = _ N g3 15 t = 10 mm
200000 200 000

£, = 3825 x 1071 X

AD
-J- N -D i i
AD =&, D == (3.825 x 10~4)(1200) 120 m

A = (1.459 nun —answer

Problem 226

A 2-in.-diameter steel tube with a wall thickness of 0.05 inch just fits in a rigid hole. Find
the tangential stress if an axial compressive load of 3140 Ib is applied. Assume v = 0.30
and neglect the possibility of buckling.

Solution 226 005"
Ty {T”
e = — — =2 =)
*=F "E
where : 314& Ib

Ox = tangential stress
oy = longitudinal stress

e
o

WA

fEn pIB

e e T
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oy =Py /A =3140/ (n x 2 x 0.05)
oy = 31,400/x psi

o, = 0.30(31400/7)
o, = 9430/ 7 psi
. = 2298.5 psi

Problem 227

A 150-mm-long bronze tube, closed at its ends, is 80 mm in diameter and has a wall
thickness of 3 mm. It fits without clearance in an 80-mm hole in a rigid block. The tube is
then subjected to an internal pressure of 4.00 MPa. Assuming v = 1/3 and E = 83 GPa,
determine the tangential stress in the tube.

Solution 227

Longitudinal stress:

o pD 4(80) Diameter, D = 80 mm
y —

WA= I

T 4(3) j Thickness, t = 3 mm
o, = *"—; MPa s

The strain in the x-direction is:
Ty
i =

b |

S

“y= tangential stress

|

e

O, =1

=

o, = -

B0
]
(!

o, = B.8IMPa —gnswer

Problem 228

A 6-in.-long bronze tube, with closed ends, is 3 in. in diameter with a wall thickness of
0.10 in. With no internal pressure, the tube just fits between two rigid end walls.
Calculate the longitudinal and tangential stresses for an internal pressure of 6000 psi.
Assume v =1/3 and E = 12 x 10° psi.

Solution 228
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= = —pL =0
B o, 22

O, =

_ pD  6000(3)
o2t 2(0.10)
oy = 90000 psi —answer

Tt

o = va, = $(90000)
o = 30000 psi —answer

‘T =01 “longitudinal stress
9+ =Ty ““tangential stress

Jin &

t=010in vy
&
L T R ;,
¢ &
F 1]
# &
¢ -1
] [
e
g X
g g
2 &
7 1]
¢r"f!.r'{f.r’ffr"ffr'/fr’/ff’f{f:’f’f{f:"‘
L=6in
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Problem 233

A steel bar 50 mm in diameter and 2 m long is surrounded by a shell of a cast iron 5
mm thick. Compute the load that will compress the combined bar a total of 0.8 mm in
the length of 2 m. For steel, E = 200 GPa, and for cast iron, E = 100 GPa.

Solution 233
PL
§=—
AFE

0 = dcaat iron = Guteer = 0.8 min

R:r:.u? JIDJL{E{HH}} — P Eearing Plate
[ 37 (602 — 502) (100 000)
Frast iren = 110007 N

f-!:'r:u:.uf o

Cast Iron,
t=5mm

& . PH?EEE{E{HH}} _
et T TI(502)](200 000)

Foieer = H0000T N

YF =0
P= R:r:.u? 1T i P.u?r:rzf
P = 110Nz + SO0

P=610007N
P =191.64 kN —answer
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Problem 234

A reinforced concrete column 200 mm in diameter is designed to carry an axial
compressive load of 300 kN. Determine the required area of the reinforcing steel if the
allowable stresses are 6 MPa and 120 MPa for the concrete and steel, respectively.
Use Eco = 14 GPa and Est = 200 GPa.

Solution 234

5r:r: = ﬁ'.u? =0

PLY  (PL
'I.IE [ale] - 'I.IE at

ol B al
E o - E at

Jr:r;L o JH?L

14000 200000
1o, = Toy

When @.¢ = 120 MPa
1M, = H{IEU}
Tpp = B.AMPa = 6 I":-IPFL(nOt Okl)

When ., = 6MPa lgm} kN
LO0(6) = Toy 5w
o = 85.71 MPalt; 120 MPa(ok!) 4 T R PRy N

L i
Use oco = 6 MPa and ost = 85.71 MPa 3 b dal
YF, =10

P,y + P, =300

Ot Agp + 000 Ay = ‘HH._.{ .
85.T1Ast + 6 $m(200)° — Ay ] = 300(1000)
70.71A,, + 600007 = 300000

A, = 1398.9 mm?® —answer
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Problem 235

A timber column, 8 in. x 8 in. in cross section, is reinforced on each side by a steel plate
8 in. wide and t in. thick. Determine the thickness t so that the column will support an
axial load of 300 kips without exceeding a maximum timber stress of 1200 psi or a
maximum steel stress of 20 ksi. The moduli of elasticity are 1.5 x 108 psi for timber, and

29 x 1068 psi for steel.

Solution 235

) teel — ﬂ-'h.lrrhr:.l'
E -\ E

ateel vmber
g.ﬂh:r:fﬁ J—{

20 x 106 1.5 x 108
l'ﬁgﬂh:r:f = Eﬂghmhr:r

Thronze

When otimber = 1200 psi
156 501 = 29(1200)
Cuteer = 23200 psi = 23.2 ksi = 20 ksi(not ok!)

When osteel = 20 ksi
1;5{2“ = I{HH” — EE-!Jhm-hr:J'
Tpimnber = 103448 psi 1 1200 1}:-;i(ok!)

Use osteel = 20 ksi and otimber = 1.03 ksi

Y, =0

F.u?r:r‘:E i Fh.lrrhr:r : S00

{U A)steet 1 {J Adtimber = 300
20[4(8t)] + 1.03(82) = 300

t =(.365 in —answer

t 8

-+

R

LS

B

=)

—

[EEEEEETEE

DN

A

300 ¢
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Problem 236

A rigid block of mass M is supported by three symmetrically spaced rods as shown in
Fig. P-236. Each copper rod has an area of 900 mm?; E = 120 GPa; and the allowable
stress is 70 MPa. The steel rod has an area of 1200 mm?; E = 200 GPa; and the
allowable stress is 140 MPa. Determine the largest mass M which can be supported.

— I L

5 Daie SNBSS
Copper Steel Copper
160 mm 240 mm 160 mm
R, o
7
Z

R

Figure P-236 and P-237

Solution 236

{)-;r'r- — {ic?

‘ol (oL
( E ] - ( E At
Tl o L

120000 200000
W, = Yo,

When ost = 140 MPa
Oy = %{:1.1{}}
O.p = 126 MPa > 70 MPa(not ok!)

When o0 = 70 MPa
Ty = %{jm}
0 = T7.78 MPa it; 140 MPa(ok!)

Use 0co = 70 MPa and ost = 77.78 MPa
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Ry =1
2P+ P, =W
oo Apn) + o Ay = My

2[TO(900) | + T7.78(1200) = M(9.81)
M = 22358.4 1{[_'. =answer

Problem 237

In Problem 236, how should the lengths of the two identical copper rods be changed so
that each material will be stressed to its allowable limit?

Solution 237

Use 0co = 70 MPa and ost = 140 MPa
ﬂr'r- - 6#?

(%).- (%),

T0L.,  140(240)
120000 200000

L., =288 mmgnswer

Problem 238

The lower ends of the three bars in Fig. P-238 are at the same level before the uniform
rigid block weighing 40 kips is attached. Each steel bar has a length of 3 ft, and area of
1.0in.2, and E = 29 x 10° psi. For the bronze bar, the area is 1.5 in.?2 and E =12 x 108
psi. Determine (a) the length of the bronze bar so that the load on each steel bar is
twice the load on the bronze bar, and (b) the length of the bronze that will make the
steel stress twice the bronze stress.


http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/solution-to-problem-236-statically-indeterminate
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Figure P-238

Bronze
Stee| Steel f*j
E
g
W = 40 kips |
2 ft 2 ft

Solution 238

(a) Condition: Pst = 2Pbr
YF, =0

2P, + By, =40

B, = skips

P, =2(8) = 16 kips

‘j-'u' — ﬁ'.ﬂ?
PL\  {PL
AE br - AE at
8000 Ly, 16000(3 x 12

1.5(12 x 10°)  1.0(29 x 10%)
Ly, = 44.69 in
b = 3721 —answer

(b) Condition: ost = 200br
Ry =10

2P + By, = 40

E{JH? -I-]'H?::I oy Apyr = 40

2 [{ighr} Ay ] oy, Ay, = 40
Aoy (1.0) + o, (1.5) = 40
oy, = T7.27 ksi

O = 2(7.27) = 14.54 ksi




"a L
Jiw NEJa4 . .
27(1000) Ly, 1T4.54(1000)(3 x 12)
12 % 108 20 % 10°

o P N =
B
S

Il
|

20.79 in
2481t —answer

Problem 239

The rigid platform in Fig. P-239 has negligible mass and rests on two steel bars, each
250.00 mm long. The center bar is aluminum and 249.90 mm long. Compute the stress
in the aluminum bar after the center load P = 400 kN has been applied. For each steel
bar, the area is 1200 mm2 and E = 200 GPa. For the aluminum bar, the area is 2400
mm2 and E = 70 GPa.

I

BIS
LLITTLILLIn) g
B35

b P
Figure P-239
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Solution 239

\L{I.lﬂ
EEII &8 T & BENmmmsRm i T
3|3
&
¥
G =80 4+ 0.10
ol ol
— = | — (.10
( E at E al {
J,,,J,{EEI{}} B c:ruf{i-‘lEi.EB{]'} L 0.10
200000 TN '

0.001250,, = 0.00357a,; + 0.10
. = 28560, + 80

lP:4ﬂﬂkN

YF =0
2P, + Py = 400000
20 A + 0 Ay = 400000

2(2.8560,; + 80)1200 + 0,;(2400) = 400000

0254 der 4 192000 = AN
o = 2248 MPa —gnswer

T Pa P;T
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Problem 240

Three steel eye-bars, each 4 in. by 1 in. in section, are to be assembled by driving rigid
7/8-in.-diameter drift pins through holes drilled in the ends of the bars. The center-line
spacing between the holes is 30 ft in the two outer bars, but 0.045 in. shorter in the
middle bar. Find the shearing stress developed in the drip pins. Neglect local
deformation at the holes.

Solution 240

Middle bar is 0.045 inch shorter between holes than outer bars.

Greatly Exaggerated
Position of Holes

5|""||-:I B"‘Ul‘l
PI:'.ILEr :
—K
P mid {——i‘W f
o W
0.045
YFy =10
-F:lrnrf =2 outer
Oputer + Gpig = 0,045
PL PL
= (L5
AE outer AE
-Prmh:r{:g“ = 12:‘ H””f{ §{} ® 12 — ““1 0,045
[1.0(4.0) |E [1.0(4.0) |E e

360P, 0, + 359.055P,,,; = (L18E
360P, ter + 350.955(2P, 10, ) = 0.18E

(For steel: E = 29 x 10° psi)
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IUTH‘HIRMJM:;- = ”“’ﬂi?(i s lﬂl’:l
Pouper = 4833.741b

-F..In;lrf = 2{‘1H:‘;:;.T‘1::|
P..q= 966748 1b

Use shear force V' = FPria

Shearing stress of drip pins (double shear):
Vo 066748

"= T ori_r1121
A 204n(E)]

T = 803854 psi —answer

Problem 241

As shown in Fig. P-241, three steel wires, each 0.05in.2 in area, are
used to lift a load W = 1500 Ib. Their unstressed lengths are 74.98 ft,
74.99 ft, and 75.00 ft.

(a) What stress exists in the longest wire?

(b) Determine the stress in the shortest wire if W =500 Ib.

Solution 241

Let L1 =74.98 ft; L2 = 74.99 ft; and Ls = 75.00 ft

Part (a)

Bring L1 and Lz into L3 = 75 ft length:
(For steel: E = 29 x 10° psi)

P PL
 AE

w

Figure P-241



56

For L1:

=, '-';I"
(75 — 74.98)(12) = F(74.98 x 12)

0.05(29 x 106)

P = 386.771b

For L2:

Lrf rJ‘-
(75 — 74.99)(12) = F(74.99 x 12)

0.05(29 x 106)

Py, =193361b

Let P = P3 (Load carried by L3)

P + P2 (Total load carried by L2)
P + P1 (Total load carried by L1)

YF, =0

(P+P )+ (P+P)+P=W
3P 4+ 386.77 + 193.36 = 1500
P = 306.62lb = Py

P, 30662

A 005
oy = G132.47 =1 —gnswer

oy =

Part (b)

From the above solution:
P1+ P2 =580.13 Ib > 500 Ib (L3 carries no load)
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Bring L1 into L2 = 74.99 ft
s PL
AE P (74.98 x 12)
. . 4.0 K La
74.99 — 74.98)(12) =
NS 00520 x 10°5)

P, = 103.381b

Let P = P2 (Load carried by L2)

P + P1 (Total load carried by L1)

YF, =10

(P+ P)+ P =500
2P + 193.38 = 500
P=153.311b

P+ P, = 153.31 + 193.38
P+ P = 346.69 1b

P+ P 34669
o= =
A 005
o =6933.8 psi —answer
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Problem 242

The assembly in Fig. P-242 consists of a light rigid bar AB, pinned at O, that is attached
to the steel and aluminum rods. In the position shown, bar AB is horizontal and there is
a gap, A = 5 mm, between the lower end of the steel rod and its pin support at C.
Compute the stress in the aluminum rod when the lower end of the steel rod is attached
to its support.

0.75m 1.5m
A Oi ‘B
‘% =N o)
1 Steel Aluminum
1A= 230 mm? L=2m
1 E =200 GPa A = 300 mm®
] | E = 70 GPa

Figure P-242

Solution 242

0.75m . 1.5m

ol o
et S 5

-,

o

. = o ¥ %
) /f.%_g
H PSL Rq '
o A=5mm i
YMo =10
0.75P,, — 1.5P,,
P.u? =2 il

Tt -I.l.uf - E{ﬂ-rtf-'r.‘lrtf,:I


http://www.mathalino.com/image/242-bar-and-rods-assembly
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. 20,1 Au
Ot = ——

A i
2 (oo (3000]
2500
o =240y

Oat =

4-}:;rtf = 58

By ratio and proportion:

b0y  dp
0.75 1.5
b4 = 0.56p

d4 = (.50,

A=dy+ 04

5= 4. + 0.58,

L aa(2000=5) [ aw(2000)

i)y = — A |
250{200000) 300(70 000)

5= (399 x 107 a,, + (476 x 10 %) oy
oo = 105000 - 0.8379 o,

Ty = 105000 — 0.8379(2.4 )
3010960, = 105000

o, = d48T2.6 MPa —answer

Problem 243

A homogeneous rod of constant cross section is attached to unyielding supports. It
carries an axial load P applied as shown in Fig. P-243. Prove that the reactions are
given by R1 = Pb/L and R2 = Pal/L.

Ri =rr —>F ‘-f'—'Rz
fe— 3 —»i—— b ——
« L >

Figure P-243

Solution 243
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Rlﬂ- — {P—Rl}b
Rlﬂ-: Pb—R]_b
Ry(a +b)=Pb

R,L = Pb
Ry = Pb/Lok!

R, =P — Pb/L
P(L—b)

L
Pa/Lok!

‘_".'_.'l:l
|

L=a+h

Y

Ry <= —>r

‘PR}_

{—a—}»q—' b ——

Re=—>: < *:

Ry Ri

Py |
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Problem 244

A homogeneous bar with a cross sectional area of 500 mm? is attached to rigid
supports. It carries the axial loads P1 = 25 kN and P2 = 50 kN, applied as shown in Fig.
P-244. Determine the stress in segment BC. (Hint: Use the results of Prob. 243, and
compute the reactions caused by P1 and P2 acting separately. Then use the principle of
superposition to compute the reactions when both loads are applied.)

944 B C D
i Py | P2

|
1.20m 0.90 m

S
F i

0.60 m

Figure P-244
Solution 244

From the results of Solution to Problem

243:
R, = 25(2.10)/2.70

Ry = 19.44 kN
Ry = 50(0.90)/2.70
R, = 16.6TkN
RA — R]_ { Rg
R = 19.44 + 16.67
R4 =36.11kN

For segment BC
Ppe 4+ 25 = Ry
FPpe + 256 = 36.11
P~ =11.11kN

~ Ppe 1L11{1000)

£ alH)
TR = 22.22 MPa —answer

e 2.70m 4).1

A B C Dj
—75 — 50 kN
|
0.60m 1.20m  0.90m
A B D
R, — -+ R
i 25
o W =
0.60 m 2.10m
A C D
Rz —— - [
; |50 kN
1.80 m "~ D.20m
25 kN
a— — —
R_.q FEC


http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/solution-to-problem-243-statically-indeterminate
http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/solution-to-problem-243-statically-indeterminate
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— 724001000} /2000
ol :Ii;f].%“{h{f;ﬂ}'—*answer

o = 162.40(1000) /1200
oy = 13533 MPa —answer

Problem 245

The composite bar in Fig. P-245 is firmly attached to unyielding supports. Compute the
stress in each material caused by the application of the axial load P = 50 kips.

Stesal
Aluminum A=2.0iIn
A=125I"  E =29« 10° psi

21 E =10 x 10° psi

= 15in " 10in b=
Figure P-245 and P-246

Solution 245
EFH =1 Ry . : R
Ry + Ry = H0OOM) - — 50" €—
Ry = 50000 — R,y
o EEE—
15 in 10in
Oqp =03 = & R
PL PrL 1 .
- -« —> R
(IlE)rtf (';!E at ':J 3
R (15) R, (10) —> 5 — )
1.25(10 x 10°)  2.0(29 x 10°) R, i 2

R, = 6.96R,

Ry = 6.96(50 000 — R,)
TO96R, = 348 000

Ry = 43 T18.591b
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CAg 20
Ty = 21 55930 l}ﬁi —answer

R, N 43 T18.59

Ry = 500N — 43 T18.59
R, = 6281.411b

R, 628141

Ay 125
o, = 002512 psi —answer

Ol =

Problem 246

Referring to the composite bar in Problem 245, what maximum axial load P can be
applied if the allowable stresses are 10 ksi for aluminum and 18 ksi for steel.

Solution 246

ﬁ'.ﬂ? — 4-/,J-'rtf =0 Ry

(JL) B (JL) =
E at E al ¢

JH?{IH} _ thf{lﬁj
20 % 105 10 x 108

—
13 in 10 in

o =435 0, ¢

= R

When oa = 10 Kksi
o = 4.35(10)
o =435 ksl =18 ksi(not ok!)

When ost = 18 ksi

18 = 4.350,,
o = 414 ksi It 10 ksi(ok?)

Use oa = 4.14 ksi and ost = 18 ksi

SEy =0

P=R, + Ry

P = Tyl _-f"lm! b O -".1#?

P = 4.14(1.25) + 18(2.0)
P=41.17 kips —

— s 5 e

Ry !

L,

R

Rz
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Problem 247

The composite bar in Fig. P-247 is stress-free before the axial loads P1 and P2 are
applied. Assuming that the walls are rigid, calculate the stress in each material if P1 =

150 kN and P2 = 90 kN.

Aluminum Stea| Bronze
A =000 mm?| A =2000mm? A= 1200 mm*
E=70GPa | E=200GPa E=283GPa

-

250 mm 350 mm

o

500 mm

L

Figure P-247 and P-248

Solution 247

From the FBD of each material shown:
daiis shortening
d9wand dnr-are lengthening

Ry = 240 — Hy

P =R

P, =150 — Ry

P, — R, — 20— R,

Oa1 = 0t + Oy

PL PL PL
('I.l‘E)rtf B ('IIE) AE
Ry (500) (150 — Ry)(25 m (240 — R,)(35
G00(TO000) 20000200 000) 1200(83 000)
Ry  150— Ry (240 — Ry)7
12 E 000 1600000 1992 000

Ry = g5(150 = Ry) + 555(240 - Ry)

1 =,
(%] ) { [FT :'Rl ml{l “} t o0 {ai{”
R, = T77.60 kN
P, =R, =77.60 kN
P, = 150 — 77.60 = 7240 kN
By, = 240 — 77.60 = 162.40 kN

R, A 150 kn 90 kN B R,
—>] — — —
© Ss00mm 250 mm 350 mm

Ry I 1
—> N [
aal"'_""'é
-
150 - R =i —
150 — R,
By
R:
s
—ped [P —
Sy
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o = TTH0(1000) /900
oy = 86.22 MPa —answer
Problem 248

Solve Problem 247 if the right wall yields 0.80 mm.
Solution 248

Aluminum  Steel  Bronze

i agukﬂ |
150 kM

o i
!

S00 mm 250 mm 350 mm

e
0.8 mm

e
150,000 - R,

_3"5?"-_

Bat

R;
e .(_
by — 0.8

5“! = dﬂf i {ﬁ'fu' i ”*H::I
PL\ _ (PL\  (PL\
AE ), \AE ), \AE ‘

Ry (500) (150000 — Rln{fﬂ 0) (240000 — Ry)(350)

900(70000)  2000(200000) 1200(83000)
Ry 150000 — R,  7(240000—Ry)

1%{1-[1-[1 1600000~ 1992000 o

LRy = (150000 — By) + 5 505 (240 000 — Ry) + 1600

% b o=+ g )Ry = g (150 000) + 52=(240000) + 1600

Ry = 143854 N = 143.854 kN

.-'--na—

'3'3

s
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P, = R; = 143.854 kN
P, = 150 — Ry = 150 — 143.854 = 6.146 kN
P, = Ry = 240 — Ry = 240 — 143.854 = 96.146 kN

o=PjA

o = 143854 1000) /900

o = 16984 MPa —gnswer
o = 6146 OO0 )/ 2000

o = 307T3NMPa —gnswer
Ty = 5353.1451{1{}[}(}};12{}(}

Ty = 80,122 MPa —answer
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Problem 249

There is a radial clearance of 0.05 mm when a steel tube is placed over an aluminum
tube. The inside diameter of the aluminum tube is 120 mm, and the wall thickness of
each tube is 2.5 mm. Compute the contact pressure and tangential stress in each tube
when the aluminum tube is subjected to an internal pressure of 5.0 MPa.

Solution 249
_ 0.05 mm
o Steel Tube,
= t=2.5mm
=
3
. Aluminum,
i t=2.5mm Center line of
aluminum at
first contact
with the steal

Internal pressure of aluminum tube to
cause contact with the steel:

. a L
P il
. (E)rtf

29 Bl
~(122.6 — 122.5) — 21 (122:57)
: 70000
o1 = 57.143 MPa
p;t = 57.143
pi(120)
0 '_.J‘lr:l:l =r;|ll.|].'1l.§

increase of pressure will expand both aluminum and steel tubes.

Let pc = contact pressure between steel and aluminum tubes

FBD for p = 2.381 MPa
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2P + 2P, =F
2P + 2P, = 5.0(120.1)(1)
Py + Py = 300.25 —Equation (1)

The relationship of deformations is (from the figure):

Deformation of stes|

.
)

l::uzﬁ —l \_‘_ Deformation of aluminum

127.6 —>

Geometric relation of deformations

5. = 127.66
0 =4,,/127.6

dg = 122.50

S = 122.5(6,;/127.6)
S = 0066,

PL PL
= (.96
('r.‘lE)rtf : (_I'IE)”

Put (12257) _ o [ Put (127:6)
_— = e ) _—
2.5(70000) 2.5(200 000)
Fu = 0.35F,; —Equation (2)

From Equation (1)
P, + 0.35P,; = 300.25
P, = 222 41N

P, = 0.35(222.41)
P, =77.84N
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Contact Force

Fc = pe(125.1)(1)

F|r: i EFM - F
p.(125.1)(1) + 2(77.84) = 5(120.1)(1)
p. = 3.56 MPa —gnswer

Problem 250

In the assembly of the bronze tube and steel bolt shown in Fig. P-250, the pitch of the
bolt thread is p = 1/32 in.; the cross-sectional area of the bronze tube is 1.5 in.2 and of
steel bolt is 3/4 in.? The nut is turned until there is a compressive stress of 4000 psi in
the bronze tube. Find the stresses if the nut is given one additional turn. How many
turns of the nut will reduce these stresses to zero? Use Enr = 12 x 10° psi and Est = 29
x 10° psi.

R R R TR

e P A TR A7

¥l o
> r |

L =40in.
Figure P-250

Solution 250

PH? = -H'u'
-I.l.u? Tap = -Ffu'gfu'
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3 _
TJH? = 1.5 Thr

T = EJHJ'

For one turn of the nut:
ﬂ'.ﬂf i ﬂ'fu' - %

a L { _FJL 1
E E 32
1

at ! b
JH?{'H” qu'{'iu,:'

20 x 105 * 12 x 108 32
Ty + 304, = 22656.25

20, + oy, = 22656.25

. = D129.72 psi
o = 2(5129.72) = 10259.43 psi

Initial stresses:
Ty = AN psi
T = 2(4000) = 8000 psi

Final stresses:
Ty, = 4000 4 5120.72 = 9129.72 psi —answer
T = 2(9120.72) = 18250.4 psi —gnswer

Required number of turns to reduce our to zero:
0129.72 -
Tl—m = 1.7T8 turns

The nut must be turned back by 1.78 turns

Problem 251

The two vertical rods attached to the light rigid bar in Fig. P-251 are identical except for
length. Before the load W was attached, the bar was horizontal and the rods were
stress-free. Determine the load in each rod if W = 6600 Ib.
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L rLrLrly
Figure P-251 B2
BERIRIEE
L=6ft
a -
4ft 4ft 2t

Solution 251
Eju:mu support — 0

4P, + BPp = 1{G600)
Py + 2Pg = 16500 —equation (1)

By ratio and proportion

04 dp

4 8

64 = 0.5dp

PLY _ . (PL
AE ), T\NAE)],
Pi(1) = 05Pp(6)

AE ~  AE

Py = 0.75P;

From equation (1)

0.75Pg + 2Pp = 16500
PB = GONH) 1h —answer

Py = {}.TE{E]{HH}}
Py =450 b —answer

W = 6600 ||:Ii

% s
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Problem 253

As shown in Fig. P-253, a rigid beam with negligible weight is pinned at one end and
attached to two vertical rods. The beam was initially horizontal before the load W =50
kips was applied. Find the vertical movement of W.

Bronze
A=2in )
E =12 x 10° psi Steel
A =0.5in
E =29 x10° psi—
: L=3ft L=10ft
- < 3ft
E i
' |
3
I = g ft s 4 ft .

Figure P-253 W

Solution 253

I:-'Iurp:'.u support — 0
3B, + 12P,; = 8(50000)
3P, + 12P, = 400000 —Equation (1)



http://www.mathalino.com/image/253-rigid-beam-supported-by-pin-and-rods

73

Ost _ Obr
12 3
a £ = 4‘5hr
PL\ _, (PL
AE ),  \AE/,
P.;(10) Py, (3)
0.5(29 x 108) 2(12 x 106)

P, = 0.725P,,

From equation (1)
3P, + 12(0.725F,,.) = 400 000
Py, = 34188.03 1b

_(PLY  31188.03(3 x 12)
C\AE )/, 2(12 x 108)

b

&y, = 00513 in

Sw _ O

8 3

-ﬂruf - f_;éhr

dyr = £(0.0513)

oy = (L1368 In —gnswer

Check by &st:
P,; = (.725P,, = (.725(34 188.03)
P,, = 24786.321b

_(PLY  24786.32(10 x 12)
*TT\AE ), 0.5(29 x 105)
A, = (L2051 in

Ow _ Out
512
dy = Sl
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S = 2(0.2051)
ﬁu' = (L1368 in —ok!

Problem 254

As shown in Fig. P-254, a rigid bar with negligible mass is pinned at O and attached to
two vertical rods. Assuming that the rods were initially stress-free, what maximum load
P can be applied without exceeding stresses of 150 MPa in the steel rod and 70 MPa in
the bronze rod.

2m 1.5m 1.5m

: = . |

@ =0 ]

l sl a Bronze

P

Stee] — - A = 300 mm?
.ﬂl. i [—]l]l] mmZ E = 83 GPE
E = 200 GPa lﬂ& L=2m
L=15m

Figure P-254

Solution 254

My =0

2P = 1.5P,, + 3P,

2P = I‘E{JH? -“'1.“?::' f :g{ghr -’Ilfu'::l
2P = 1.5 o4 (900)] + 3 o, (300) ]
2P = 13500, + 9000y,

P = 6750, + 4500y,


http://www.mathalino.com/image/254-pinned-rigid-bar
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5er' _ 5##
3 15

‘511' = 26#?

ol _9 ol

E b - E #
Jm.{i} —9 [Jgf{lﬁ)]

R4 200
e = G225,

When . = 150 MPa
obr = 0.6225(150)
oy = 93.375 MPa = 70 MPa(not ok!)

When o, = 70 MPa

70 = 0.62256,,
0 = 112.45 MPalt; 150 MPa(ok!)

Use 7. = 112.45 MPagnd o, = T MPa
P = (T5a,; + 4500y,
P = 675(112.45) + 450(70)

P =107403.75 N
P =107.4kN —answer
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Problem 255

Shown in Fig. P-255 is a section through a balcony. The total uniform load of 600 kN is
supported by three rods of the same area and material. Compute the load in each rod.
Assume the floor to be rigid, but note that it does not necessarily remain horizontal.

Figure P-255 % Iﬁ
B C
A
am G m
5m
4m & 2Zm &
:: im e im >
¥ 500 kN

Solution 255

dp = d- + dy
0y = dp —dc

iy B a

6 2

-I.’.l-']_ —_ :{’I‘g

{5_4_ = {i."—("" ‘i 51

&y = e+ dds

d4 =00+ 3dp — d¢c)

d4=30p — 20¢
PLY _,(PL , ( PL
AE ), T\AE /), “\AE)/,

Py(5)  3Pp(6) 2P-(6)

AE _  AE AE
Fa =3.6Pp — 24F- —Equation (1)

T = .
8 = 8 + &y 5 = 5 + 5,
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YF, =10

Py + Pp + Po =600

(3.6Pp — 24FP-) + Pp + P =600
1EJPB — li.F,j'v = [N —*Equation (2)

YMy =0
4Pp + 6P- = 3(600)
Pp = 450 — 1L5F —Equation (3)

Substitute Ps =450 - 1.5 Pc to Equation (2)
4.6(450 = L5 Fy ) — LAF, = 600

8.3P- = 1470

Pf‘_* =177.11 kN ——answer

From Equation (3)
Pp = 450 — 1.5(177.11)
Pp =184.34 kN —answer

From Equation (1)
Py =3.6(184.34) — 2.4(177.11)
Py =23856 kN —answer
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Problem 256

Three rods, each of area 250 mm?, jointly support a 7.5 kN load, as shown in Fig. P-
256. Assuming that there was no slack or stress in the rods before the load was applied,
find the stress in each rod. Use Est = 200 GPa and Eur = 83 GPa.

A

2.75m

7.5 kN Figure P-256

Solution 256

-
2.75

qu'
Ly, = 3.03 m

o0s 257 =
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A A A AN A RS AL A A FA AN,
A

Tl

275 m

«..1 _.* Position of Joint A
AM'aﬂer elongation

YFy =0

2P, cos25° + P, = 7.5(1000)

P,, — 7500 — 1.8126P,,

oo Ay = T500 — 1.81260y,, A,
74(250) = 7500 — 1.8126 [ 03,,.(250) |
Ty = 30 — ]..H].EE]CI]”. —+Equation (1)

08 257 = &fi
at

Eﬂ. = (.90634,,;

ol ol
— = (L9063 | —
E )hr : ( E )H?

oy (3.03) 0.0063 o.(2.75)
B 200
oy = 0.3414a, _"’Equation (2)

From Equation (1)

o =30 — LB12G(0.3414e )
o = 1853 MPa —gnswer

From Equation (2)
oy, = 0.3414(18.53)
Tpy = G.33 MPa =—answer
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Problem 257

Three bars AB, AC, and AD are pinned together as shown in Fig. P-257. Initially, the
assembly is stress free. Horizontal movement of the joint at A is prevented by a short
horizontal strut AE. Calculate the stress in each bar and the force in the strut AE when
the assembly is used to support the load W = 10 kips. For each steel bar, A =0.3in.?
and E = 29 x 106 psi. For the aluminum bar, A = 0.6 in.2 and E = 10 x 10° psi.

Figure P-257

Solution 257

cosdl)s = —— _
Lap: Lap=13.05 ft

cos 200 = —— .
LA_D; Lyp= 164 tt

YF, =10
Papcosd0® + Pye + Papcos 207 = 10(1000)
0.7660P g + Pao + 0.9397P4p = 10000 —Equation (1)

1’;_43 = (s "1””5_4(‘_* = “?EJEJ{MJLP

PL PL
= (.76
(-"IE')AE o (-"IE) AC

Pyp(13.05) 0.7660 Pac(10)
—_— — RERSLE T
0.3(29 x 10°) 0.6(10 = 108)
Pap = 08511P4~ —Equation (2)
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‘5AD = = Ei}véﬂc = {}[B.E[BT{!)AC

E = (L9397 E
AFE AD AFE AC

Pap(10.64) o[ Pac(10)
AR 09397 | —
0.3(29 = 10°) 0.6(10 = 10°)
Pap = 1.2806F4c —Equation (3)

Substitute Pas of Equation (2) and Pap of Equation (3) to Equation (1)
0.7660{0.8511 Py ) + Pac + 0.9397(1.2806 P4y ) = 10000

2.8003 P4~ = 10000

Py = 3502.23 textlh

From Equation (2)
P.p =0.8511(3502.23)
Pyp =2980.75 1b

From Equation (3)
Pap = 1.2806(3 502.23)
Pyp = 4484.96 b

Stresses:

o=P/A

oap = 2080L75/0.3 = 903583 psi —answer
oac = 3502.23/0.6 = 5837.05 psi —gnswer
oap = 448496 /(L3 = 1494987 psi —gnswer

YFg =10
Pip 4+ Papsin 20° = Py g sin 40°

Pyp = 2080.75 sin 40° — 4 484.96 sin 20°
Pygp=38214 b —gnswer
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Problem 261

A steel rod with a cross-sectional area of 0.25 in? is stretched between two fixed points.
The tensile load at 70°F is 1200 Ib. What will be the stress at 0°F? At what temperature
will the stress be zero? Assume o = 6.5 x 10 in/(in-°F) and E = 29 x 10° psi.

Solution 261

For the stress at 0°C:

&

. | 1200 |tr"$ _

1200 Ib J ere—]

or da E

— L —

& =dr + 8y

% =a L(AT) 4 %

oc=aF(AT)4 %

o = (6.5 > 1075)(20 x 10°)(70) 4 1200
/ ST 025

a=179%5psi = 18 ksi —answer

For the temperature that causes zero stress:
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pa—
o pL
a L (AT) =
AT) = —
o (AT) 1B

1200)
0.25(29 x 105)
T =95.46"C" —answer

(6.5 > 10=")(T = 70) =

Problem 262

A steel rod is stretched between two rigid walls and carries a tensile load of 5000 N at
20°C. If the allowable stress is not to exceed 130 MPa at -20°C, what is the minimum
diameter of the rod? Assume a = 11.7 pum/(m-°C) and E = 200 GPa.

Solution 262

5000 N

5000 hg]

— L —

i) E{’J'-T by PrL
o .

9 _aL(AT) 4 —
5 o L(AT) 4 1B

. P
=aF (AT —
& = ¥ { B i3

130 = (11.7 » 10200000 (40) +
5000

A=2""197 96
w4

S

__I'.

Lrd? = 137.36

1 _
1 —
d= 1322 mun — answer
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Problem 263

Steel railroad reels 10 m long are laid with a clearance of 3 mm at a temperature of
15°C. At what temperature will the rails just touch? What stress would be induced in the
rails at that temperature if there were no initial clearance? Assume o = 11.7 um/(m-°C)
and E = 200 GPa.

Solution 263
d=3mm
T
i L
{ e
10m &r = 3 mm

Temperature at which o7 = 3
or = a L{AT)

fJ-'T = ¥ L{Tf — T;:I

3= (11.7 x 10-°)(10000)(T; — 15)

Ty = 40.64°C —znswer

Required stress:
§ = dr
L .
% = o L{AT)
J%flE{Tf ~T;)
o = (117 =% 107%)(200 000)(40.64 — 15)
o =60 MPa —answer
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Problem 264

A steel rod 3 feet long with a cross-sectional area of 0.25 in.? is stretched between two
fixed points. The tensile force is 1200 Ib at 40°F. Using E = 29 x 10° psi and o = 6.5 A—
10 in./(in.-°F), calculate (a) the temperature at which the stress in the bar will be 10 ksi;
and (b) the temperature at which the stress will be zero.

Solution 264

(a) Without temperature change:

1200 ||:i_]

— L

P100
og=—= = ¥l
A 025 :

o = 4.8 ksilt: 1) ksi

A drop of temperature is needed to increase the stress to 10 ksi. See figure above.

& =61 + 6,
ol . PL
— = L(AT) 4 1E
x ‘ P_.-’ r
oc=aE(AT)+ —
) . . L1200
L0000 = (6.5 = 107%)(29 = 10°)(AT") 4 00E
aist)

AT = 27.59°F

Required temperature: (temperature must drop from 40°F)
T =40 — 27.59 = 12.41°F —answer

(b) From the figure below:
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1200 Iﬁa

b

— =a L (AT

ag ~ o L(AT)

P=aAE(Ty - T;)

1200 = (6.5 x 107°)(0.25)(29 x 10°)(T; — 40)
Ty = 65.46°F —3nswer
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A bronze bar 3 m long with a cross sectional area of 320 mm? is placed between two
rigid walls as shown in Fig. P-265. At a temperature of -20°C, the gap A = 25 mm. Find
the temperature at which the compressive stress in the bar will be 35 MPa. Use a = 18.0
x 10% m/(m-°C) and E = 80 GPa.

Figure P-265
Problem 265
dr =8 4+ A
-
A
L=3m ; o
[ ). i
—
A= 2.05mm
. al
aL{.ﬂT} = ? 2.5
o 35(3000)
(18 x 107")(3000)(AT) = 35(3000) f2.5
: ’ ’ B0 O
AT=487

T=487-20=467C° answer
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Problem 266

Calculate the increase in stress for each segment of the compound bar shown in Fig. P-
266 if the temperature increases by 100°F. Assume that the supports are unyielding and
that the bar is suitably braced against buckling.

Aluminum Sheel

A = 2.0in A=15ir
E=10x10°psi  E = 29 x 10° psi
a=128x 10°°F a=6.5x 10%/F

Y
[ ]
= 10in 15in I
Figure P-266
Problem 266
dr = a LAT
Orpsty Oy
o
Ggt | Bal
T 15 in &

driary = (6.5 % 107%)(15)(100)
driay = 000975

Sy = (12.8 x 107°)(10)(100)
Sy = 0.0128 in
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‘j.u? i 5rt! = 4:,“;TI.'.M?".I i 5T{rt!‘.l
PL PL
i = (LDTS -+ (L0128
('I.l‘E).u? ('j‘lE)rtf -

where P = F,; = Fy
P(15) P(10)

— — = (L02255
1.5{253 Y l'[J'“} ?{l{} b l'[J'“} "
P = 26691.84 psi
P
o=—
6 691.84
O = —— " — 1779456 psi —
1.5 answer
2669184
Ty = —— = 1334592 psl —
st 2.0 1 answer
Problem 267

At a temperature of 80°C, a steel tire 12 mm thick and 90 mm wide that is to be shrunk
onto a locomotive driving wheel 2 m in diameter just fits over the wheel, which is at a
temperature of 25°C. Determine the contact pressure between the tire and wheel after
the assembly cools to 25°C. Neglect the deformation of the wheel caused by the
pressure of the tire. Assume a = 11.7 1¥4m/(m-°C) and E = 200 GPa.
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Solution 267

¢ 12 mm

2000 mm

r.12 mim

T
& = dr
PL
g @ L AT
FP=aATAFE
P = (117 x 107")(80 — 25)(90 = 12){200000)
P =138996N
F=2P

pDL = 2P
p(2000)(90) = 2(138 996)
p = 1.5444 MPa —gnswer

Problem 268

The rigid bar ABC in Fig. P-268 is pinned at B and attached to the two vertical rods.
Initially, the bar is horizontal and the vertical rods are stress-free. Determine the stress
in the aluminum rod if the temperature of the steel rod is decreased by 40°C. Neglect
the weight of bar ABC.
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Figure P-268

1 Steel

11 =0.9m

1A = 300 mm?

1 E = 200 x 10° N/m?®
1o = 11.7 pm/{m-=C)

B

|

Aluminum
L=12m

A = 1200 mm®

E = 70 x 10° N/m?
o = 23 pmy(m->C)

i e e

— 0.6 m —

Solution 268

1.2 m —————

Contraction of steel rod, assuming complete freedom:

(5]"“” =al AT

drary = (117 x 107°)(900)(40)

O(sry = L4212 1mm

The steel rod cannot freely contract because of the resistance of aluminum rod. The
movement of A (referred to as da), therefore, is less than 0.4212 mm. In terms of

aluminum, this movement is (by ratio and proportion):

— =3 ,1.2
0.6
54 = 0.56,,

A Pz Pa
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*,;Tf.u?‘.l — b = (.54,

PL PL
0.4212 — = (L5
('IIIE)H# J ('IIIE)HE

Poi(1200)
1 200{TOO00)

P (900
0.4212 — L = 0.5
J00(200 000

28080 — P,; = 0.4762F,; —Equation (1)

Y My =0
0.6P,; = 1.2P,
Py = 2F,; —Equation (2)

Equations (1) and (2)
28080 — 2P, = 0.4T62F,,

P, = 11340N
P, 11340
(T = =
oA 1200

o = 945 MPa —gnswer

Problem 269

As shown in Fig. P-269, there is a gap between the aluminum bar and the rigid slab that
is supported by two copper bars. At 10°C, A = 0.18 mm. Neglecting the mass of the
slab, calculate the stress in each rod when the temperature in the assembly is
increased to 95°C. For each copper bar, A =500 mm?, E = 120 GPa, and o = 16.8
um/(m-°C). For the aluminum bar, A = 400 mm?, E = 70 GPa, and o = 23.1 pm/(m-°C).
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% 3 \L‘ _ : —
AR

. E . £
o = 2 E
(=% E (= ]
[=] un
o ?:l': 3 F

x

e U s
Figure P-269

Solution 269

Assuming complete freedom:

op = a LAT _

O7(eoy = (16.8 % 107°)(750)(95 — 10)

Oy = LOT1 mun

Or(ary = (23.1 % 107°)(750 — 0.18)(95 — 10)
Oy = 1LAT2 mun

2F
TrCTTT I I N T LTI 0 !‘ ___________________ T
i _F_ _________________ ___?_ ______ voa Fa
-
t—Fin.al Position Bral ﬂfam
f OTica)
rl v
)
Initial Position . i
From the figure: _
4:}Tfrtf".l — g1 = {,-"Tfr:r;‘.l 8z
FPL FPL
1.472 — = 1.071 4
'I AL ol 'I 'I.IE)r:n
479 2F(750 — 0.18) - F(750)
o = =

100(70000) T 500(120000)
0.401 = (6.606 x 1077} F
F =6070.37N
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P.,=F =607T0.3T N
P, =2F =12140.7T4N

o=P/A
6070.37
., = 20 — 1214 MPa —
500 answer
12140.74
g = — "7 3035 MPa —
4000 answer
Problem 270

A bronze sleeve is slipped over a steel bolt and held in place by a nut that is turned to
produce an initial stress of 2000 psi in the bronze. For the steel bolt, A = 0.75 in?, E = 29
x 10° psi, and o = 6.5 x 10 in/(in-°F). For the bronze sleeve, A=1.5in? E =12 x 10°

psi and a = 10.5 x 10% in/(in-°F). After a temperature rise of 100°F, find the final stress
in each material.

Solution 270

I T T T TIA T TTTTTTTTATTTTTTTITTE,

R R R P it f/..-'—AF
2

t
Li
5

L

e L »
“x\— Steel Bolt

Bronze Slecve

Before temperature change:
-Ffu' = Opy -I.lfu' )

= 2000(1.5)

By, = 3000 1bcompression
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YEy =0
= F,, = 30N Itension
P,,,I.f'_fl,,, = 3'[]'[]'[]'}"[]'.?5
4000 psitensile stress

at
T ot
Oat

2000L . 4
= —=167T= 1L .
12 x 108 shortening

40001
= 1.3% = 1071L

b=dy4 = —
a0 % 108 lengthening

With temperature rise of 100A°F: (Assuming complete freedom)
dr = a LAT

drpe = (10.5 x 1075)L(100)

drpe = 105 x 107°L = a

S = (6.5 x 107°)L{100)
dra = 6.5 x 1071L

drpy —a = 1.05 % 107°L — 1.67 = 107L
Srpy — a = 8.83 x 1071L

b +b=065x 10710 + 1.38 x 10~1L
b +b=T.88 x 1071L

Oy, — @ > dra + b(see figure below)

2 ! Final
el e F Pasition
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drpe —a—d=b+ dr +e

— ‘ L ‘ .
(LO5% 10— L)—(L.6T=10~1L)— (%) = (L38x1071L)+ (6.5 = 10~1L) 4
b

PL
AE ),

. oy, L .
(8.83 x 107L) — —""— = (7.88 x 107%L) 4

0.5 % 1071 — By — Pt
L.5(12 x 108)  0.75(29 x 10%)

P,; = 20662.5 — 1.2083F,,. —Equation (1)

P,L
(.75(29 » 10°)

Equations (1) and (2)
P,; = 20662.5 — 1.2083P,;
P, = 9356.741b

By, = 9356.741b

o=Pj/A
9356.74 .
Oy = ———— = G2AT7.83 psl .
1.5 compressive stress answer

0356.74 .
O = o — 12475.66psi_
(.75 tensile stress answer

Problem 272

For the assembly in Fig. 271, find the stress in each rod if the temperature rises 30°C
after aload W =120 kN is applied.

Solution 272

YMa=0
APy, + Py = 2.5(80000)


http://www.mathalino.com/image/271-272-rigid-bar-supported-by-bronze-and-steel-rods
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Aoy, (1300) + e, (320) = 2.5(30 000)
16.25a,. + 04 = 625
o = 625 — 16.250, —Equation (1)

Figure P-271 and P-272 @
Bronze
L=3m
Steal A = 1300 mm?
L=15m E=83GPa
A = 320 mm?
<« 1m-»| E=200GPa
T .

e 25m ——>f— 15m —>

Or(at) +0st O (hr) + Onr

1 4

5]’"{#?‘1 by = 0.25 [61"“1:'3 f 5\‘1:"]
(v LAT ) 4 (E) =125 {{uL AT Yy, 4 (ﬂ) ]
E at E b
JM{IE{H}}

20000000
(L5265 + 0L007 by, = 0,425 25 + 0,009 Odery,,.
AT ey — L0098 0Mery,,. = —0.101 25
0.007 5 {E]E'L_J - 1!].250}”.} — (009 ey, = —0.101 25
46875 — (0L121 8750y, — 0L009 04y, = —0.101 25

- (3000)

1.7 10-5)(1500)(30
(11.7>107)(1500)(30)+ 83000

= (.25 {{1&.53 x 10~6)(3000)(30) 4
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4.7T8875 = 0.1309150,,.
Thy — :iE].!.':Hdcg: (:answer

o = 625 — 16.25(36.58)
Ty = 30158 {i(‘j_‘;: (:answer

Problem 273

The composite bar shown in Fig. P-273 is firmly attached to unyielding supports. An
axial force P = 50 kips is applied at 60°F. Compute the stress in each material at 120°F.
Assume o = 6.5 x 10 in/(in-°F) for steel and 12.8 x 10 in/(in-°F) for aluminum.

Aluminum Steel

A=2in’ A=3in’
E=10x10°psi  E =29 x 10°psi
4 _

15 in 10in #

Figure P-273 and P-274

Solution 273

Orary = (@ LAT)q
Spiany = (12.8 x 107%)(15)(120 — 60)
1’5]"{”“, = (L0011 52inch


http://www.mathalino.com/image/273-composite-bar

100

- | 511-?&
15in T—- Bal

Final Position
R + 50,000

OT(at) = {{IL&T}Hf_
drary = (6.5 x 107%)(10)(120 — 60)
Oy = 0.0039 inch

OT(aly — Ot = 0 — dr(ar)
PL PL
001152 — [22) = [2Z2)  —0.0039
’ (XIE)U:E (‘dE)H?
LM 224 — 6.525R = R+ S0 — 33930
84154 = 7.526R
R =11183.251hs

P, =R=11183.251bs
P, = R+ 50000 = 61183.25 lbs

P
0 = H
11183.25 ey
oy = ——— = 5591.62 psi
2 wer
oy — SIS 06301 49 s

3 answer
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Problem 274

At what temperature will the aluminum and steel segments in Prob. 273 have
numerically equal stress?

Solution 274

Tal = Ta .
Ry (50000 — Ry)
2 3

3R, = 100000 — 2R,
Ry = 20000 1bs

B
R, —t
— — Ry
15in ﬂ
Final Position 7;,1
50,000 — R, :
|
551 '_H BT:SJ!_;
M— 10 in —
s_ PL
- AE )
20000(15)

= _ (015 inc
2(10 x 10°) P

(50 000 — 20 000)(10)
3(29 x 10%)

il

at = = (LIS 45 inch

Oai = OT(al) = Out + O7(ut) _

0.015 — (12.8 x 107 ")(15) AT = 0.00345 + (6.5 x 107°)(10) AT
0.01155 = 0.000257 AT

AT = 44.94°F

A drop of 44.94°F from the standard temperature will make the aluminum and steel
segments equal in stress. answer


http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/solution-to-problem-273-thermal-stress
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CHAPTER FOUR:
SHEAR AND BENDING IN BEAMS
Problem 403

Beam loaded as shown in Fig. P-403. See the instruction.

L
A

1m im h 2m

Figure P-403

Solution 403
From the load diagram:
YMp =10

5Rp + 1(30) = 3(50)

Rp =24kN

YMp =0

5Rp = 2(50) +6(30)

Rp = 56kN

30 kN Segment AB:
Vag = —=30kN
Ar—— MAE=—3ﬂmkN-m
[—

X


http://www.mathalino.com/image/403-concentrated-loads-in-simple-beam
http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/shear-and-moment-diagrams%23instruction

i |, Segment BC:
L B g VBG == —3[} + 5’6
A ,.-ﬂ-,l : VBC’ = 26kN
e Mpe = =30z + 56(x — 1)
(ﬁT MBG=2'EI—5'EI{N-'IH
Rs = 56 kN

— " Segment CD:

30 kN 50 kN Vep = =30 + 56 — 50
Al B lc Vop = =24 kN
9\ > Mep = =30z +56(x — 1) — 50{x — 4)
| Mep = =302 + 56z — b6 — Bz + 200
1m 3m Mop =242 + 144 kN - m
Ra = 56 kN
To draw the Shear b 0
Diagram: ,I, B 1 c D
Load A | 7 =
1. In segment AB, the e S e
shear is uniformly 1 s K
distributed over the Tim | 3m To2m |
segment at a magnitude | Ry = 56 kN : Rg = 24 kN
of -30 kN. | ; | |
2. In segment BC, the : 25 l
shear is uniformly Shear ] |
distributed at a Diagram
magnitude of 26 kN. s | 24 kN

3. In segment CD, the
shear is uniformly
distributed at a
magnitude of -24 kN.

Moment

11.154 m /\
| -
Diagram ' i : '

To draw the Moment
Diagram:

, —30 kN-m
1. The equation Mas = -30x

is linear, atx=0, Mas =0and atx=1m, Mas = -30 kN-m.

2. Mec =26x-56is also linear. At x=1m, Mec =-30 kN-m; at x=4 m, Mgec = 48
kN-m. When Mgc =0, x = 2.154 m, thus the moment is zero at 1.154 m from B.
3. Mcp =-24x + 144 is again linear. At x =4 m, Mcp =48 KN-m; at x =6 m, Mcp =

0.



Problem 404

Beam loaded as shown in Fig. P-404. See the instruction.

2000 Ib
l M = 4800 |b-ft
B C
.l':|'||1 i_i‘ll 1
. J . 4
I 3t 6 ft T o3f 1
Ra R
Figure P-404
Solution 404
YM, =0
12Rp + 4800 = 3(2000)
Rp =1001b
YMp =0
12R 4 = 9(2000) + 4800
R4 = 1900 1b
A L Segment AB:
M Vg = 19001b
R, = 1900 Ib .'“r_JlE = 1900z 1b - tt

aq ] 2000 Segment BC:
"7 i ‘Lf'Bc = 1900 — 2000

l Bf'.' = —1(M} 1

R, = 1900 Ib


http://www.mathalino.com/image/404-beam-loaded-with-concentrated-and-moment-loads
http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/shear-and-moment-diagrams%23instruction

Mpe = 19002z — 2000{x — 3)
Mg = 19002 — 20002 + G000
Mpe = =100z + 60001b - ft

2000 b

mkg ﬁh__ﬁ __ﬂj

1}

“t M = 4800 Ib-ft
X

Rs = 1900 Ib

To draw the Shear
Diagram:

1. At segment AB, the shear
is uniformly distributed at
1900 Ib.

2. Ashear of -100 Ib is
uniformly distributed over
segments BC and CD.

To draw the Moment
Diagram:

1. Mas =1900x is linear; at x
=0, Mag = 0; at x = 3 ft,
Mas = 5700 Ib-ft.

2. For segment BC, Mgc = -

A

Segment CD:

Vep = 1900 — 2000

Vep = —1001b

Mep = 1900z — 200002z — 3) — 4800

Mep = 1900z — 2000z + 6000 — 4800
Mep = =100z + 12001b - ft

Ry

2000 |bl M = 4800 Ib-ft
B &

| o | D
N 6 ft < 3t
I* : g

= 1900 |b : ' Rp=1001b
: 1900 Ib ! i :

i i ~1001b | i
5700 Ib-ft ;

i 5100 Ibft |
300 bft |

Load
Diagram

Shear
Diagram

Moment
Diagram

100x + 6000 is linear; at x = 3 ft, Msc = 5700 Ib-ft; at x = 9 ft, Msc = 5100 Ib-ft.
3. Mcp =-100x + 1200 is again linear; at x = 9 ft, Mco = 300 Ib-ft; at x = 12 ft, Mcp =

0.



Problem 405

Beam loaded as shown in Fig. P-405. See the instruction.

80 kN
l 10 kN/m
ﬁl‘ir\r’vnr’v ¥ v ¥ Y \r\rnrv-r-r\rwr’\r’w.rlc
- ~1
Ra 2m . 8m R
FiFigure P-405
Solution 405
XMy =10
HOR~ = 2(80) + 5[10({10)]
Rq = G6LN
YMo =0
10 4 = B(80) + H[1O{10)]
Ry =114kN

10kN/m  Segment AB:
A 1'{4_3 =114 — 10 kN
|

Map = 114z — 10x(x/2)
M Myp =114z — 522 kN - m
Ry = 114 kN


http://www.mathalino.com/image/405-concentrated-and-uniformly-distributed-loads
http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/shear-and-moment-diagrams%23instruction

2m

F
A

13

R =114 kN

To draw the Shear Diagram:

1.

3.

For segment AB, Vas = 114
-10xis linear; at x =0, Vas
=14 KkN;atx=2m, Vag =
94 KkN.

Vec = 34 - 10x for segment
BCis linear; at x =2 m, Vac
=14 kN; atx=10m, Vec =
-66 KN. When Vec =0, x =
34mthusVec=0atl1l.4m
from B.

To draw the Moment

Diagr

1.

2.

3.

am:

Mas = 114x - 5x? is a
second degree curve for
segment AB; at x = 0, Mas =
0;atx=2m, Mas = 208
kN-m.

80 kN Segment BC:

B 10 kN/m I'ig(- = 114 — 80 — 10x
Var = 34 = 10x kN
x ¥ ¥ x ¥ ¥y  Mpe =1z - 80z — 2) — 10x(x/2)

? Mpe = 160+ 34z — 52 kN - m
¥

B0 kN
l 10 kM/m
'&I'.r w Y ¥ v W W W W W W W W W N L '-.-'I Lﬂﬂd
B C A Diagram
RPN ——
Rs = 114 kN Re = 66 kN
114 kN | i
194 kN :
14 kN i
Shear
Diagram
+ Moment
. Diagram

The moment diagram is also a second degree curve for segment BC given by
Msc = 160 + 34x - 5x?; at x =2 m, Msc = 208 kN-m; at x = 10 m, Msc = 0.
Note that the maximum moment occurs at point of zero shear. Thus, at x = 3.4 m,

Mgec = 217.8 KN-m.



Problem 406

Beam loaded as shown in Fig. P-406. See the instruction.

900 Ib
l 60 Ib/ft
Arrafvwv'r'-r‘-r'-fﬂwh ¥ ¥ v Y
0 & =1 )
R'; aft | 8 fi x.  Sft

Figure P-406

Solution 406

XMy =0
12R- = 4(900) + 18(400) + 9[(60)(18)]
Rc = 17101b

My =0
12R 4 + 6(400) = 8(900) + 3[60(18)]
Ry = G701b

60 b/ft  Segment AB:
Vap = 670 — 60z b
Myp = 670z — 60x(x/2)
X »‘ Mg = 6702z — 3027 b - ft
Ry =6701b



http://www.mathalino.com/image/406-concentrated-and-uniform-loads-in-overhanging-beam
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900 Ib Segment BC:
- 4ft4>lﬁn b Vec = 670 — 900 — 60z
L N Y

Ve = =230 = 60x1b

A Y ¥ Mpe = 6702 — 900(xz — 4) — 60x(x/2)

Mpe = 3600 — 230z — 3022 b - fi
Fi X —

Ra =670 Ib
N X *|  Segment CD:
900 Ibl Vep =670 + 1710 — 900 — 60z
60 Ib/ft Vop = 1480 — 60x1b
Ay v b v bbb bbb vey Mep =670z + 1T10(z — 12) — 900z — 4) — 602(z/2)

B C : :
T(, 4ft—»e— 8 1:t44A M-p = —16920 + 1480z — 302 1b - £t

Ra =670 |b Rc = 17101b
To draw the Shear Diagram: =l 400 Ib
‘l- 60 Ib/ft ,l,
1. Vas =670 - 60x for segment
AB is Iinear; atx = O, VaB= AIF AR EBEEREEEREEEREEEREEREERERERR -.,I I[_;:_rarl
670 Ib; at x = 4 ft, Vas = 430 B c 5; Diagram
Ib. Y —pe— 8§ ——> 6 —>
2. For segment BC, Vac = - Ra = 670 Ib ! Re =1710 Ib :
230 - 60x is also linear; at : : sty |
x= 4 ft, Vec = -470 Ib, atx =  6701b !

12 ft, Vac = -950 Ib. i i
3. Vceb = 1480 - 60x for Shear
segment CD is again linear; Diagram

atx =12, Vcp = 760 Ib; at x
=18 ft, Vco = 400 Ib.

—470 |b

To draw the Moment L b =i i

Diagram: !
1. Mas = 670x - 30x2 for :
segment AB is a second
degree curve; at x = 0, Mas
=0; atx =4 ft, Mas = 2200
Ib-ft.

2. For BC, Mgsc = 3600 - 230x -
30x?, is a second degree
curve; at x = 4 ft, Msc =
2200 Ib-ft, at x = 12 ft, Mec = -3480 Ib-ft; When Mgc = 0, 3600 - 230x - 30x? = 0, X
=-15.439 ftand 7.772 ft. Take x = 7.772 ft, thus, the moment is zero at 3.772 ft
from B.

 Moment
' Diagram




3. For segment CD, Mcp =-16920 + 1480x - 30x? is a second degree curve; at x =
12 ft, Mcp = -3480 Ib-ft; at x = 18 ft, Mcp = 0.

Problem 407

Beam loaded as shown in Fig. P-407. See the instruction.

Figure P-407 30 kN/m

¥ ¥y ¥ ¥ ¥
A 1 D

B C
P Im ——— 2 m —3"51m4

Solution 407

YM, =0
6Rp = 4[2(30))
Rp =40kN

YMp =0

6R 4 = 2[2(30)]
R4 = 20kN

A Segment AB:
. 4,‘ Vap = 20kN

Ra = 20 kN Mipg=20xkN -m

30kN/m  Segment BC:
Im B | Vie = 20— 30(x — 3)
B | Voo = 110 — 302 kN
4



http://www.mathalino.com/image/407-uniform-load-applied-to-segment-bc-of-simply-supported-beam
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Mpe = 20z — 30(x = 3)(x — 3)/2
Mpe = 20z — 15(x — 3)* kN - m

30 kN/m Segment CD:
B | Vep =20 — 30(2)
il ?  Vop =—40kN

Mep = 20z — 30(2)(x — 4)
Mep = 202 — 60(x — 4) kN - m

A C

Ra = 20 kN
i :( T

To draw the Shear
Diagram: Al S —— i

B C I Diagram

‘Fi Im —==— 2m —‘Hﬁlm*T

1. For segment AB, the shear Ry = 20 kN : Rp = 40 kN
is uniformly distributed at 20 ;
kN. !
2. Vec =110 - 30x for segment |
BC;atx=3m, Vec =20 ,
kN; at x=5m, Vec = -40 :
kN. For Vec =0, x = 3.67 m i
or 0.67 m from B. 5

Shear

: Diagram
L o
0.67 m

3. The shear for segment CD
is uniformly distributed at -
40 kN.

Moment
Diagram

To draw the Moment
Diagram:

1. For AB, Mas = 20x; at x =0, Mag = 0; at x =3 m, Mas = 60 KN-m.

2. Msc = 20x - 15(x - 3)? for segment BC is second degree curve; at x =3 m, Msc =
60 KN-m; at x =5 m, Msc = 40 KN-m. Note: that maximum moment occurred at
zero shear; at x = 3.67 m, Mec = 66.67 kN-m.

3. Mcp = 20x - 60(x - 4) for segment BC is linear; at x =5 m, Mco =40 kN-m; at x =
6 m, Mcp =0.



Problem 408

Beam loaded as shown in Fig. P-408. See the instruction.

S50 kN/m

20 kNfm
A‘Iir'-r'-r\fnf\r’\f'\f\r W W W W W W
B C
14721‘:1—1--:— 2m—u—2m—4
Ra . Rp
Figure P-408
Solution 408
XM, =10
G6Rp = 1[2(50)] + 5[2(20)]
Rp =50kN
YMp =10
GR 4 = B[2(50)] + 1][2(20)]
R4 =9kN

S0kN/m  Segment AB:
Vig = 90 — 50z kN
ARy AL g = 90 — 50x(x/2)

] — O — 952 .
FK+ Mip = e — 252~ kN - m

Ra = 90 kN
50 kN/m
Segment BC:
r — I '
" c Vee = 90— 50(2)
B
L 2m —)|
Ra = 90 kN

le X


http://www.mathalino.com/image/408-uniform-loads-applied-at-two-segments-of-simple-beam
http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/shear-and-moment-diagrams%23instruction

Vae = =10 kN
Mpe = 90z — 2(50)(x — 1)
_'Urgc- = =10z + 100DKN - m

50 kN/m 20kN/m  Segment CD:
W Vep =90 — 2(50) — 20(x — 4)
' ¥ Y Veop = =20z 4 TOLN
1: B C Meop = %0z = 2(50)(x — 1) — 20({x — 4){(x — 4)/2
Ll Qtlzkr: ——2m _}| ‘ Mep = 90z — 100(x — 1) — 10(x — 4)*

¥ . Mgp = =102% 4 70z — 60 kN - m

50 kN/m

To draw the Shear 20 kN/m
i " 3 4 AR R WY ¥ wD
Diagram: A B : B .
= Diagram
1. Vae = 90 - 50x is linear; at x | ) zkm i 2 m 1
=0, Vec = 90 kN; at x = 2 et L . Ro=50kN
m, Vec =-10kN. When Vag ~ p20 KN i ; ,
=0,x=1.8m. 5 5 ;
2. Vsc =-10 kN along segment ! : e

BC. i '\,—\J Diagram
3. Vcp =-20x + 70 is linear; at —1l8m— | —10kN

X=4m, Vcp =-10 kN; at x
=6 m, Vcp = -50 kN.

Moment
Diagram

To draw the Moment
Diagram:

1. Mas = 90x - 25x? is second degree; at x =0, Mag = 0; at x =1.8 m, Mas = 81
kN-m; at x =2 m, MAB = 80 kN-m.

2. Mpc =-10x+ 100 is linear; atx=2 m, Mec =80 kN-m; at x =4 m, Mgc = 60
kN-m.

3. Mcp =-10x2 + 70x - 60; at x =4 m, Mcp = 60 kN-m; at x =6 m, Mcp = 0.



Problem 409

Cantilever beam loaded as shown in Fig. P-409. See the instruction.

Wi

Aww\r'u w W W W W
[

i
B cl.
< L2 e L2 >k qi’

Figure P-409

Solution 409

i Segment AB:
" \: Viap = —w,x o
- Myp = —w,x(x/2)

|‘7 X MADL = —Emn:::2

L Segment BC:
A¥Yy¥yywvywB Vpo = —w,(L/2)
. e
LEC‘ = —ET.L‘”L o .
«— L2 —> Mpe = —w,(L/2)(x — L4 We i
B 1’: "'Il a4 A E P S N P P P P P l_ﬂad
Mpe = —sw,Lx + zw, L~ | 5 c Diagram
l L.-"E b L2 > _,l

i Shear
| Diagram

Moment
Diagram

To draw the Shear Diagram:

P



http://www.mathalino.com/image/409-uniform-load-in-a-segment-of-cantilever-beam
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1. Vas = -woXx for segment AB is linear; at x = 0, Vas = 0; at x = L/2, Vas = -%2WoL.
2. At BC, the shear is uniformly distributed by -%2woL.

To draw the Moment Diagram:

1. Mas = -%2Wox? is a second degree curve; at x = 0, Mag = 0; at x = L/2, Mag = -1/8
W0L2.

2. Mgc = -Yawolx + 1/8 wol 2 is a second degree; at x = L/2, Msc = -1/8 wol.?; at x =
L, Mec = -3/8 wol 2.



Problem 410

Cantilever beam carrying the uniformly varying load shown in Fig. P-410. See
the instruction.

| 1Tk

1
|..- L .
[ >

I
<z

P }'

Figure P-410

Solution 410

¥ w,
& L
y— w, .
' L

Shear equation:
I_r' — ﬂ 2

—EL.L

Moment equation:

1 w
— 1,.F' — oy iy
.1I = —E:.- = —EJ.- (—ELJ.- )
M= 2240

-
6L


http://www.mathalino.com/image/410-uniformly-increasing-load-loaded-to-cantilever-beam
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To draw the Shear Diagram:

1. V=-w, x?/2L is a second degree curve; at x
=0,V=0;atx=L,V=-"wel.

To draw the Moment Diagram:

1. M=-w, x®/6L is athird degree curve; at x =
O,M=0;atx=L, M=-1/6 wolL2

| ¥ Tl

—F

Wa

¥

il

3" degree Al

Load
Diagram

Shear
Diagram

Moment
Diagram



Problem 411

Cantilever beam carrying a distributed load with intensity varying from wo at the free
end to zero at the wall, as shown in Fig. P-411. See the instruction.

Solution 411
y o w,
L-gz L
y = f{L — 1)
Fiza(w, —y)
Fy = %Jﬁ [w” %{L —:::‘J]
Fy = g:: [w“ —w,L — HE :L']
F]_ _ "0 :j

W

o

IHT T

= L

Figure P-411

—_
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Fy = .;11'; = [%{L —:::}]
Fy = f{L*: — z?)

. w, 1 ‘
V=-F-F=——1*-—2(Lx - 2%

uw u
V=22 _w,r+ —zx?
2L L
V= ﬂ::'2 Wy
)
Moment equation:
M = —%::;Fl — %:::Fg
2 w w .
M=—xr ( ”:::3) ~ 1 [—” L —:::33]
151 2L W 2 " L ( ’
—_———e 3 _ o 2 0
M= ,j,LJ H? xre ELJ,
M= "z 2
2 Gl

To draw the Shear Diagram:

1. V =wex%2L - woX is a concave upward second
degree curve; atx=0,V=0;atx=L,V=-1/2
Wol.

To draw the Moment diagram:

1. M=-wex%2 + wox3/6L is in third degree; at x = 0,
M=0;atx=L, M=-1/3w,L2

I3

|

o
\

e B
|< L

Load Diagram

2'@\

Shear Diagram —é wol

—3 Wl

Moment Diagram




Problem 412

Beam loaded as shown in Fig. P-412. See the instruction.

800 Ib/ft

.lﬁl| ¥ W ¥ L 4 L 4 y "nl-’ D’
) B C
I{ e }I{ -
r, 2ft 4 ft R, 2R

Figure P-412

Solution 412

YMy =0

R~ =5 [6(800)]

Re = 40001b

My =0

6R4 = 1[6(800)]

R4 =8001b

Ajl_r: Segment AB:
.,

PN Vap = 8001

R.I'l. =800 b _'IUrAE = ®Blke 1l - ft

s 800 Ib/ft  Segment BC:
x |‘_2 B : | Vee = 800 — 800(x — 2)
[

b Ve = 2400 — Bidx 1h
p———

R, = 800 Ib
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Mg = 800z — 800(x — 2)(x — 2)/2
Mpe = 800z — 400(x — 2)° 1b - ft

Segment CD:
Vep = 800 + 4000 — 800(x — 2)

i . Vop = 4800 — 800z + 1600
TFQ ﬁ;_}q—4ﬂ;4)T Ve = 6400 — 8002 1h
R, = 800 Ib Re = 4000 Ib Mep = 800z + 4000(x — 6) — 800(x — 2)(x — 2)/2
l . J Mep = 800z + 4000{x — 6) — 400(x — 2)* b - ft
To draw the Shear e
DI ag ram : A | ¥ ¥ W Y W W ¥ W ¥ W | L[.Z'Eld
B C D | Diagram
_ ) th 2 ft »e—— 4ft —4‘« 2 ft =
1. 800 _Ib of shear force is uniformly R, = 800 Ib R. = 4000 |b
distributed along segment AB. : | , :
2. Vsc = 2400 - 800x is linear; at x = 2 : ! | :
ft, Vec =800 Ib; at x =6 ft, Vgc = - : 8001b . . E
2400 Ib. When Vgc = 0, 2400 - 800x ™, |
=0,thusx=3ftor Vgc =0 at 1 ft , ' Shear
from B. | | i i Diagram
3. Vcep = 6400 - 800x is also linear; at x ' LR ' :
=6 ft, Vco = 1600 Ib; at x = 8 ft, Vac 5 5 i ;
=0. i ! : 1=2400 Ib !
5 | 2000 Ibft i :
To draw the Moment | & | |
Diagram: | | |
: I : Moment
o : ! ' Diagram
1. Mas = 800x is linear; at x =0, Mag = ;
0; at x = 2 ft, Mag = 1600 Ib-ft. \/
2. Mgc = 800x - 400(x - 2)? is second -1600 Ib-ft
degree curve; at x = 2 ft, Mgc = 1600 Ib-ft; at x = 6 ft, Mgc = -1600 Ib-ft; at x = 3 ft, Mgc =
2000 Ib-ft.
3. Mcp = 800x + 4000(x - 6) - 400(x - 2)? is also a second degree curve; at x = 6 ft, Mcp = -

1600 Ib-ft; at x = 8 ft, MCD = 0.



Problem 413

Beam loaded as shown in Fig. P-413. See the instruction.

100 Ib/ft
M = 1200 Ib-ft
‘ﬁ‘lw ¥ AR AERELEE LR N ] "':\i IE
D
A Al
2ft | 4ft 1ft l1ftd
Rg £
Figure P-413
Solution 413
YMp =0
GRE = 1200+ 1[6(100) ]
Rp = 3001b
EMEg =0
GRg + 1200 = 5[6(100)]
Rp = 3001b
100 Ib/ft  Segment AB:
A LR ijLB = =1(Hke 11} o
L= Myp = —100x(x/2)
= Myg = =50z 1b - ft
100 Ib/ft Segment BC:
I o O Voo = =100z + 3001b
A - Mpe = —1002(2/2) + 300(z — 2)
{_EHQT Mpe = =502 4 300z — 6001 - ft
Rg =300 Ib
g ¥
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100 Ib/ft

Af\r’\!\\r'!\'\r' ¥ Y Y Y YWY Y
[

AB C
— 2 ft ode—— 4ft —»-|

Rz = 300 Ib

3

Segment CD:

Vep = =100(6) + 300

Vep = =300 1h

Mep = =100(6)(x — 3) + 300(x — 2)
Mep = —600x + 1800 + 3002 — 600

e— 0y Mep = <3002 4 1200 11y - £t
M A oobr  Segment DE:
Vog = —100(6) + 300
Alf‘ir"if1 W W W W W W W W W W Wy l} I-D-E ; 11.-
= ‘np = =3001b
AB C, D DE . . .
2 ftfe—— 4ft .1_1*:1-’ Mpg = —100(6)(z — 3) + 1200 + 300(z — 2)

Rz = 300 Ib

Mpep = —600x 4 18 + 1200 + 300z — GO0
o Mpg = =300z + 24001b - f

To draw the Shear
Diagram:

1. Vas =-100x is linear; at x = 0,
Vag = 0; atx=2 ft, Vag = -200
Ib.

2. Vec =300 - 100x is also linear;
atx=2ft, Vec = 100 |b, atx =
4 ft, Ve =-300 Ib. When Vgc =
0, x =3 ft, or Vgc =0 at 1 ft from
B.

3. The shear is uniformly
distributed at -300 Ib along
segments CD and DE.

To draw the Moment
Diagram:

1. Mag = -50%? is a second degree
curve; atx=0, Mag = 0; at x =
ft, Mag = -200 Ib-ft.

2. Mgc = -50%? + 300x - 600 is
also second degree; at x = 2 ft;
Mgc = -200 Ib-ft; at x = 6 ft, Mgc

100 Ib/ft
M = 1200 Ib-ft
"E"IF WY F W YW W W W N W Y W W W W W 4":'\. IE
B C, Dw’ Load
e 2 ft 4ft — e’ —J»|4 1* 4 Diagram
' Rp=3001Ib ' Re=3001b
! 100 Ib |\\ i & 3
E\I : Shear
i 200 Ib : Diagram
. =T
b 300 Ibft \
: i : . Moment
: ' Diagram

—200 Ibt
—-150 Ib-ft

—900 Ib-ft



= -600 |b-ft; at x = 3 ft, Mgc = -150 Ib-ft.
3. Mcp =-300x + 1200 is linear; at x = 6 ft, Mcp = -600 Ib-ft; at x = 7 ft, Mcp = -900 Ib-ft.
4. Mpe =-300x + 2400 is again linear; at x = 7 ft, Mpe = 300 Ib-ft; at x = 8 ft, Mpe = 0.

Problem 414

Cantilever beam carrying the load shown in Fig. P-414. See the instruction.

4kN,-’rr1—x__
2kN/m l’[ ﬁ,
Y v W r\ﬂ[[lll v ".:;.
AI -.\,..
B C
e— 2m —xe—— I m ——>f
Figure P-414
Solution 414
2kN/m  Segment AB:
N e P I'{J.B = _EJ‘: kNI .
A Myp = —2x(x/2)
e x | Myp=-2kN-m
«—— 3m Segment BC:
F y 2
Fl. i I e 3 = a
2 kN/m " “,}I'____F Y= :5{‘; — E}
A‘ii a4 Er"ir’ W r"ill:‘sz}rm
— 2 m —se X —2



http://www.mathalino.com/image/414-uniform-and-varying-loads-in-cantilever-beam
http://www.mathalino.com/reviewer/mechanics-and-strength-of-materials/shear-and-moment-diagrams%23instruction

] [ et e e

I —
k=

|

I

=(x —2)]

I
Bo b b

—_ = E“:
Lfbe

—F]_—F".r

. l!.{" - 2}3

~(x/2)F} = 3(z = 2)F,
—(2/2)(22) — Ha - 2)[ Lz 2)*]

P R X P A
—z° = 5(z—2)

To draw the Shear Diagram:

1.

2.

Vag =-2Xislinear; at x =0, Vag = 0; at x = 2
m, Vag = -4 kN.

Vec =-2X - 1/3 (x - 2)? is a second degree
curve; atx=2m, Vec =-4 kN; at x =5 m; Vac
=-13 kN.

To draw the Moment Diagram:

1.

2.

Mag = -X? is a second degree curve; at x = 0,
Mag = 0; atx =2 m, Mag = -4 KN-m.

Mgc = -x? -1/9 (x - 2)% is a third degree curve;
atx=2m, Mgc =-4kN-m; atx=5m, Mgc = -
28 KN-m.

2 kN/m

¥ F W W W 'y

il

Al

B
le— 2 M —

] Load Diagram |

C

le——— I M —>

—4 kN

Shear Diagram

2
2™ degree

—13 kN

Mom

3™ degree

—28 kN-m
ent Diagram



Problem 415

Cantilever beam loaded as shown in Fig. P-415. See the instruction.

Figure P-415
20 kN/m _
A W W W Y W W N W W W W W W :
B = D [
e—— 3Im ——«— 2m A)AF— 2m —Jis
40 kN
Solution 415
_ 20 kN/m Segment AB:
1‘",| Vayp = =202 kN
Al 2 Myp=—20x(x/2)
e X 4,‘ Myg=—-1022kN -m
20 kN/m Segment BC:
\Hrvllllllllw x Voo = _2“{3}
N - 2 Vpe = —60kN
e 3 — Mp- = —2“{3}{.1‘ - 1.!._1:3
; 4 Mpe = —60{x — 1.5) kN - m
20 kN/m Segment CD:

RANIANRRRRRRRY. Vo =—20(3) +40

5 = ?  Veop =—=20kN
im -‘-: 2Zm
40 kN
X
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~20(3)(x — 1.5) + 40({x — 5)
= —6{x — 1.5) + 4z — 5) kN - m

To draw the Shear Diagram 20 kN/m

¥y

v
1. Vas =-20x for segment AB is linear; G B C =
atx=0,V=0;atx=3m,V=-60 e 3Im _H_zm4$,2m_,

KN.

2. Vgc =-60 kN is uniformly distributed
along segment BC.

3. Shear is uniform along segment CD
at -20 kN.

Load Diagram

To draw the Moment Diagram

| —60kN |
1. Mag = -10x° for segment AB is shear Diagram
second degree curve; atx = 0, Mag = |
0;atx =3 m, Mag = -90 kN-m.
2. Mgc = -60(x - 1.5) for segment BC is i
linear; at x =3 m, MBC =-90 kN-m; :
atx=5m, Mgc =-210 kN-m. 90 kN-m
3. Mcp =-60(x - 1.5) + 40(x - 5) for
segment CD is also linear; at x =5 m, —210 kN-m
Mcp =-210 kKN-m, at x =7 m, Mcp = - Moment Diagram  —2°0 kN-m
250 KN-m.

|
fsd
=
=
=
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