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FROVLEN (04

Far the wugs shown alul,

BD. The convsectional areq of each

tension (1) or compy

i {0,
Solution:

Consider FBD of whole truss

%

J..MA o]

R (10) 100@4) +  2007)
“F = 180kN
Cansider FBD of joint F

v 0|
- DF¥ 180

5

DDF = 225kN(C)

Pas the cutting plane a -~ 4 through members BD, €D, and CE and

consider the FBD of right segment.
1M, = o)

CEAd) - 180(3)

CE = 135kN(T)

Resslve BD into jts components at B
[pST a)

i— HD (6) » 200(3) 180(6)
15

BD = 96.18kN(C)

The streses

)
BT

225(1000)
Spr 1200

pe = 187.5 NP ()

For CF For BD:
185(1000) = 6.15(1000)
‘ i e o B
" the stress i in mombers F,CE, any
moar is 170 e’ lodieate Scp = UZSMP(T) £BD ROEME )

FROBLEM 105
For the truss shown, detarming the eross-sectional m;f bars B&.
BF, and CF 50 that the suesses will not exceed 100 MN/m* in tension
or 80 Mmm’ n eompression. A reduced stress in compression is
specified 10 avoid the danger of buckling.
Solgticu,
Pass the cutting plane a - a through members
BE, AF, and CF, and consider the FBD of the right segment

F |lM. = 0] Q
CF(8) =  40(3) + b0(6) H
e CF = S25KN(C) l
Resolve BE into its components at joint £
13Mp Rt o) e |
v 3 H
DR | sli(l) = 50(3) cl
sJ om ' Im
EF. - BE = 625kN(T) [H0EN  SOKN
15V = o) |
Rp=1g0 % are ;(ozs) = 40450 ®
I'F {0
BF = 4272kN(T)
The areas: X
1A= g
For CF:
Aopiens szsgum; = GEE e
For BE:

W00KN p,— 150 kv

_ 6250 £ 2
Age 'ﬁﬁM 625 mm'



427210000

Consider the FBD and force polygon for joint B

Peos =
Psng -

08P (C)
06P(C) <

Consider FED of joint &

AC =
(L
for AB-
0P =
P =
for BC:
o8P =
1240
for AC:
o48p =
P =

(0.6P)cos 0 =
As|

(06PX0.8) = 0.48p(T)

(30 x 60)80)
240,000 N et
(30.x 60x80) ~AQ
180,000 N

Ry
(30 x 60Y100)
375,000 N

n-"ﬂﬂ:lhm!h-mh.‘

Fim

1B0000N = 1ggiN

PROBLEM 107.

A castiron column supports an axial compressive load of 250 kN.
Determine the inside diameter of the column if its outside diameter is

200 mm and the limiting compressive stress is 50 MPa.
Solution:

A=R (Dzz 'Dlz)

. am

A = (40,000 - 0,2

[P = Aas)

250(1000) = 7 (40,000 - D, ?)(50)

5000 = 7(40000-D,%)

40000-D,% = 62
D, = 18%4mm

PROBLEM 108,
Determine the outside diameter of a hollow steel tube that will

carry a tensile Joad of 500 kN at a stress of 140 MPa, Amume the wall
thickness to be one-tanth of the outside diameter.

Solution: -

5= %

uo-rmiﬂl

A = 374mm?

[

0.1 08D

A = % -(pso] = T(p?-osin)

35714 = ;(ounz)

D = ll24mm
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PROBLEM j09,
Part of the landing gear for a Hght plane s shown in the figure.
Detamine the Compresave steess in the strut AB caused by 2 landing
feaction R = 20 kN. Strut AB is inclined at $3.1° with BC. Neglect
waghts of the members
Solutioy

1¥Mc = g
(Psin 53.1)(450; = 200650)
P - 36125kN

A TmoR - (sop2)

A = 5498 mm?

: P

z A

¢ 86,125 (1000

2 == 5493

S = 6571 MPy
TAOBLEM 110,

A steel tube s vigidly attached betweer an aluminum rod and a
teonze cod as shown in the figure Amal loads are applied at the poy-
fons indicated. Find the maximum vilue of P that will not exoeed a
suess in aluminwo, of 80 MPa, in sieel of 150 MPa, or in beonze of 100
MPa.

Solution
Alwminam St e
For Atuminum: B0 A0 A s g
200 s
P o 160008 L—‘..y+—:»~+~n..,
a,
A 2P LP
For Sisel: 150 = 22 . m
P = 30000N
S oal
For Bronze. 100 560

P o= IZ.Sooutm—m.uf-uluorr)

PROBLEM 111.
in the
homogenecus 150-kg bar AE carries a 2-kN force as shown in
ﬁqm: The bar is supported by a pin at B and 3 10 mm diameter cable
CD. Determine the stress in the cable.

Solution .
W = 150(9.81)¥1000 kN
M = 0f
1 81
+ e - MG
T = 6.839kN

—

s = ;I
6,839 (1000)
TP

2N

§ = B708MPa

2N W=150¢981VI000 B,

PROBLEM 112.
mm-wrammmmmu-numupw
in the lion shown in the figure withcut exceeding a stress of 50

MN/m® in the cable BC. Neglect the weight of bar AB, The cross sec

tional area of cable BC is 100 mm>.
r
#
sm /
Ak A
A,




e

T = 50(100)= Ss000N Ecacing St
M, = o) -

P4) = s000(8) - o

r = 100008 i O M

Consider CYlinder As in the figure shown, a hole is to by punched out of a plate
w s ’ having an ultimate shearing stress of 300 MPs. (a) If the compressive
e stress in the punch is limited to 400 MPa, determine the maximum

v o= 10000(f) thicknest of plate from which & hole 100 mm in diameter can be
punched. (b) If the plate is 100 mum thick, compute the smallest diame-
¥ T GO0ON- the weight ot hesvest cylnder 1er hole which can be panched.
PROBLEM 113, Solution:
L4
,.Almmhwimh_mmm (P = AS
O e S T i
,.'ua-mmm-hwwwnu.mmmnnu. P = 1000,0007N
7 muanummlmm-ulomw,,
/éd-ucn: From shearing of plate,
A = gDt = 100wt
7t P o= s
‘1-‘- (400X100) = 40,000 4 1,000,000 = (100 x t) (300)
Ty = (400X50) = 20000N S
W = (1000x9.81) - 910N (b) P = AsSs Comprege s
i) P = (aDu)ss e
Pew = ey S ﬂ\g
L 40,000 + 20,000 - 9810 P = 3000sD .
P = s01%N from compression of punch
B =) P = AS
s - o e
N P = 100wD?
100rD? = 3000sD
D = 300mm




FROBLEM 115

Thonddmddlm-hum-hfnudlmlhbomehe'dh

ﬁmlnthohn.”ﬂhahqlﬁcu’cn (a) com, 1
" pute dimension b if the
llnnhhlb-dq‘ l\ru:umkh.md(b)d-mmin.dhnmn IL"-:
thnmbun'-mh-lexnd?m
Solution:
(a) From shearing
Ps = AsSs
Ps = Poos30°
50c0s30°(1000) = (150)(0.9)
b = 32075 mm, sy 321 mm
(%) From bearing
P = Absy

5008 30°(1000) =

e =

(150¢) (7)
41.24 mum, say 42 man

PROBLEM 116.

In the landing gear described in Problem 109, the bolts at A and B
ate in single shear and the ome at C is in double shear. Compute the
required diameter of these bolts if the allowable shearing stress is 50
MPs.

Solution:

[ZMe = 0]
(P sin 53.1)(450) =
P = 36125kN
v = 0]
Cv+20 = 36125sn53.1°
Cv = BBSIKN

™ = 0

Cy = 361250085317

Cy = 2L6WKN
;P

Re = FH
=Y 6972 + (B.889)%
Rc = 2344kN
for bolts at A and B (single shear):
P = AS

20(650)

for bolt at € (double shase)

2544 1000) = & 0?) (502
D =

1000(36125) = ( ; p%)(50)

D = 3033mm 17.3 mm

PROBLEM 11
A 750 mm pulley, loaded as shown, in keyed to a shaft of 50-mm

diameter. Determine the width b of the 75-mm-long key if the allow-
able shearing stress is 70 MPa.

/\




»

10 kN
——

Mo = 0
P25+ 6(375) = 10(375)
P = 6OKN

P = as

60(1000) = (75b)(70)
b = 1l4mm

PROBLEM 115,

mwmdmmhmwnm.(a)mmmw
dismeter of the connecting rod AB if its axial stress is limited to 100
MN/m ,(h)lhum'aulluh-hgmulnthwnbiﬁum
is 20 mm.

Solution:

[ZM, = 0]

200P = 30s5in60° (240)

P = 3L177kN

(H = 0]

Dy = 31177+ 3001 60°
Dy = 46177kN

Zv = 0

D, = 30sin60° = 25980KkN

Rp = { 461777 + (25.98)%

Ry = 52984kN

(P = AS
SL1771000) = (%) (100)
d = 1992mm

®g - ; (double shear)

s 52.984 (1000;
e
8§ = BAIIMPa
FROBLEM 119.
il ‘The mass of the homogenous bar AB shown in the figure is 2000

kg. The bar is supported by a pin at B and a smooth vertical surface at
A. Determine the diameter of the smallest pin which car. be used at B
if its shear stress is limited to 60 MPa. The detail of the pin support at
D is identical to tat of the pin support at D shown in Problem 118,

Sahtion:
W = (2000(981) = 19620N b /\

B, = W = 19%620N

(2My = g

By, (8)+19,620(3) = 19,6206
I" = T73575N

Ry =y (735757 + 19,6200%
R.‘ = 20954N

[P = As) (double shear)

20954 = (7 4% (60x2)

d = 149mm




Mo

PROBLEM 120 PROBLEM 121.

- A rectangular piece of wood, 50 mm by 100 mm in cross-section,
rb‘:&d-wd,WMﬁdnndﬁmm,mM is used as a compression block as shown in the fiqure. Determine the
:; * .Tz‘mm-‘(-luiuymmh-m v’ maximum axial losd P which can be safely applied to the black if the
V\v d“;‘:“'u“‘::m': & and from @t the shearing stress in the mmmmum-wdu!unudwzomgnzmdmem-
elimr e A “;-nwanfhomrmofmmw lunmwaupuwuummwsn“ . The grain makes
shearing inclined 2t an angle 0 to a an angle of 20° with the horizantal, as shown. (Hint: Use the results of

transverse section of area A is Ss = P sin 20 / 2. Problem 120.)

Solunon

From compression P
P = SA
P = (20)(50K100)
14 100,000 N 120
From shear
_ _Psn20
Ll
2AS5s
% un 20
p - 2(S0X100K5)
sin 40°
P = T7IBLN
BEARING STRESS
PROBLEM 123.

In the figurs shown, assume that a 20-mm-diameter rivet joins the
olates which are each 100 mm wide. (a) If the allowable stresses are 140
MN/m? for bearing in the plate maverial and 80 MN/m  for sheadng of
the rivet, determine the minimum thickness of each plate. (b) Under
the conditions specified in part (a), what is the largest average tensile
stress in the plates.

Solution:




6

(2) From shearing of rivet

P = MSs

P o= 22070
P = 25133N
From bearing of plate
P Ab Sb

; :
P
R COL ‘%—-

25,133 = (201) (140)
t = 8%mm

(b) Tensile stross in the plate

bo 4
A= (100)8 98) - (20)(398) (pbecind arvs f rives ).
A = 718mm?

g« &

S = 3s00Mpa

)
A gOIUM 124

The lap joint shown fa the figure is faswened by heee 20.mm
Gameter nvets. Asuming that P = 50 kN, determse (%) the shearing
sues in exch river, (b) the bearing stress in esch plate and (c) the
frarimum average tensile stress in each piate Assume that the axial
igad P is distributed equally among the threg rivets

Sclution:

(a) shearing stress in each rivet i B o— b "T"
ket 20
AN 200 ¢ i

P
s = [(50)1000) >
S o 3) s
412973
55 53,05 MPa

17

(b) bearing stress in sach plate
i3

(20)25X3)
Sb = S333MPa

{¢) Maximum tensile stress in each plate
Bt s
Aoe

A = (130-20)25)
A = Z750mm?

safe
mmwmmmlummmw_
load P which may be applied if the sheazing strass in the rivets is limited
o 60 MPa, the bearing stress ia the plates to 110 MPa, and the average
tansile siress in the plate to 140 MPa.

Solution:

(a) From shearing of the rivets
P = AS
Po= 107 (oK)
P = S6549N

(b) From baaring of the plates
P = AbSH
P = (20X25110XS)
P = 165000N



@ :":"‘"“i;“'lﬁ" PROBLEM 127.
Am = (130 - 20)(25) = 2750 mm? A 22.2mm-diametsr bolt having a diameter at the root of the
P = (2750)140) threads of 186 mm is ussd to fasten two timbers as shown in the
P = 385000N figure. The nut is tightened 1o cause a tensile load in the bolt of 34 kN.
Determine (a) the shearing stress in the head of the bolt, (b) the shear-
Therefore, maximum safe load Inq stress in the threads, and (c) the outside diameter of the washers if

P 56549N  (shearing of the rivers govern) theirinside diameter s 28 mm and the bearing stress is limited to 6 MPa.

PROSLEM 126, . Solution
mmmm-uhmﬂ'm,am-'ua--nmm-u
meter and ymmdnﬂm:ht-lnwmalm (o Shewiq Bt R T R
rvssmmlmm-m-qm—olmrmw-nm 5 = L
strew of 140 MPa. "
: _  34(1000)
Salution 5 5 ez

8s = 40625MPa
(b) shearing stress in the threads
34(1000
7 (18.6)16)

Ss = 36.366 MPa
(c) outside diameter of washer
Pb = AbSH

8 =

(4) Minimum diameter of bolt (double shear)

P o= an 341000) = (4° - (28)%) (6)

$51000) = (¥ d?) (70x2) T18% -8 = ses667

¢ = 23mm 4 = B944mm
(b) thicknem of sach yoke
P = absy
PROBLEM 128,

55
Pb® o5t 275N (for each yoks)
Ab = 4t = 2237,
275(1000) = (2237 ) (140)
t = 878mm

‘The figure shows a roof truss and the detail of the riveted connec:
tion a1 joint B. Using allowable stresses of Ss = 70 MPaand Sb= 140 MPa,
how many 19-mm-diameter rivets are required to fasten member BC
to the gusset plate” Member BE” What is the largest average average
tensile or compressive stress in BC and BE?




Solution:

Consider FBD of joint C
BC = 96KkN (Tension)

Pass the cutting plane a ~ a thro
sider left segment.

[EM, = )

3
SBE(B) = 964)

BE = 80 kN (compression)

foc BC:
P = psse

ugh members BD, BE and BC, and con-

961000) = Z19)% (70) (n)

2= 403 rivens

P = ABS

80,000 =  (19)(13)(140)(n)
0 = 231dves

Use 5 rivets for member BE

21
From Steel Manual (Append:ix B of textbook)
Area ol 7T5x75x6mm = Bﬂmmz
Arsaof 75x 75x 13mm = 1780 mm?

‘Tensile stress in BC:
P
S =
y Aot
= ~ 2
Agy = 864-(19)6) = 750mm
_ _96(1000)
SEERES
§ = 128MPa

Compressive stress in BE:

PROBLEM 129,

Repeat Problem 128 if the rivet diameter is 22 mm and all other
data remain unchanged.

Salution:
For member 5C:
Pae = 96,000 N (tension)
P = AsSs

96,000 = 7 (22/°C0Kn)

n = 36lrvets

P = AbSb

96,000 = (22)(6)140)(=)
n = 819

Use 6 rivets for member BC



Tensile stress
P A
t AM s
Aneg = 864 - (22)(6)
Ay - 732mm?
S, = 131.15MPa
For member BE:
Pgg = 80000N  (compression)
P = AsSs

80,000 = 7 (221%(70)m)

n = 3.0 rivets

P = AbSH

80,000 = (22)(13)140)(n)
n = 1.9 rivets

THIN-WALLED CYLINDERS

PROBLEM 131.

Uss 4 rivets for BE
Compressive stress:

E

Show that the stress in a thin-walled spherical shell of diameter D
udual.l!l*mutmw-dmimzmnlpwu P is given by S -

PD/4t.
Solution:

F = pa= p %2
= p xlp ’:72
Sty

A

prEDE
. o

Dt
D e

IROBLEM 132,

A cylindrical pressure vessel is fabricated from steel plates which
have a thickness of 20 mm. The diameter of the pressure vessel is 500
mm and its length is 3 m. Determine the maximum internal pressure
which can be applied if the stress in the steel is limited to 140 MPa.

Solution:

F = pDL
F = p(500)3000)
F = 1,5000000pN
2T = F = 1,5000,000p

T = 750,000p
P
8 e
140 = -120000p
(20)(3000)
p = 1l2MPa
PROBLEM 133.

Find the limiting peripheral velocity of a rotating steel ring if the
sllowable stréss is 140 MN/m? and the mass density of stael is 7850
kg/m>. At what angular velocity will the stress reach 200 MN/m? if
the mean radius is 250 mm H

Solution:
@ F = mTw?
2¢ v
LSl 8 SRR
L Ec
F o= prar) 2
F o= 2pa2
) e
P = ;o= pa’d

23
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P

5 = g
3= "-'}\—'2 = pv?
Substitute values,
190x10% = 785042
v o= 13355miwc
() 200x10° = 78502
v o= 15962m/sec
v = rnw
w =% - 15962(1000)
T, 250

<
w = 63847 rad/se

FROBLEM 134,
A water tank is 8 m in diameter and 12 m high. If the tank is to be

completely filled, determine the minimum thickness of the tank plating
i the stress is limited to 40 MPa.

Solution:
F = wha
F = 9810(12)8)(0.001)
F = 94176N
2P F - 9417
P = 47088N
»
s = &
40 - 7088

ma)
t = 1.77mm

Solutica:

PROBLEM 135,

The strength per meter of the longitudinal joint in the figure is
480 kN, whereas for the girth joint it is 200 kN. Detormine the maxi-
mum diameter of tha cylindnical tank if the internal pressure is 1.5 MN/

-z.
For longitudinal joint
F = 2T
POL = 2T
(1L5x16%m)1) = 2(480)1000)
D = 06dm
For girth joint,
2
= 2

4
T = (xDX200)1000) N
T

"

{wD)}200,000)

asx10% ¥ - 200000

D = 05%m

T
UseD = 057m (maximum diameter}

T=nD(200)
—_—

200 kNem}




|
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PROBLEM 136. PROBLEM 137.
A pipe cartying steam at 3.5 MPa has an outside dismeter of 450 A spiralriveted penstock 1.5 m in diamster is made of steel plate
mm and & wall thickness of 10 mm. A gasket is inserted between the 10 mm thick. The pitch of the spiral or helix is 3 m, The spiral seam
Mange at ane end of the pipe and a flat plate used to cap the end. How is a single-riveted lap joint consisting of 20.mm-<iameter rivets. Using
many 40-mam diameter bolts must be used to hold the cap on if the Ss = 70 MPa and Sb = MPa, determine the spacing. of the rivets along
allowable stress in the bolts is 80 MPa, of which 55 MPa is the initial the seam for a water pressure of 1.25 MPa. Neglect end thrust, What is
stress? What circumferential stress is developed in the pipe? Why is it the circumferential stress?
necessary to tighten the bolts initially, and what will happen if the
steam pressure should cause the stress in the bolts to be twice the value Solution:
of the initial stress” 2
7 Shearing of rivets 3,»;;0_
T = AsSe 2 =) S
T L3 As-!.—
T = 10 I )
L Ym—d
T = 21991N
Bearing of nvets
Sokulon: T = AbSH
T = (10)20X140)
@ F = @Sy 4 T - 28000N
F = S08270N \ UseT = 21991N
Bolt stress due to steam pressure = 2= F = PDL
§ = Finalstress - Initial stress 2(20.991) = (1.25)1S00)L)
5 = 8 -55 (b)2Tr = F = PDL L = Mabman
S = 25MPs - PDL s 5.586
TF X o
T = a8 K 2
T 5.586(2315)
- s = 2 »
T = I@0Pes) A 5 3
PDL =
T = 346N dim e 5 43.7 mm
- Cinrcumferential stress:
™= F PD
. %) s 2t T = /AS
31416 (3 5)430) 21991 = (10)23.46)5St
n o= 162 i i St = 9374MPs
Usen = 17boks s 75.25 MPa




PROILEM 138,

Repeat Problem 137, using 2 Z-m-diameter penstock fastened with
J0-rm-diarseter rivets, weta all other data remaining unchanged.

Soluton
Shezring of rivets
T = AsSs
" nr 2
T o~ 5307 (70)
49450 N

Fearug of nvots

= AbSH
T o= (30410)(140)
T = 42000N
UseT = 42000N
2= F. = pDL
242003 = (1L.25X20061L
L = 336mm
S esss
L 3
Ciccumlerential seress:
lﬁw T = A8
3 7749 mm 42020 = (10X33.6)5t
5 ¢ T St = 125MPa

PROBLEM 139.
‘

The tank shown in the figure is fabricated from 10-mm steel plate
Determine the and cil stresses
causad by an internal pressure of 1.2"MPa.

Solution:
wongitudinal stress
F = pA

F o= (12) [(400)600 + § (4001%]

F = 43379%N
F = ASe
43879 =  [(600)2)(10) + (400 =)}{10)] Se
Se = 17.86 MPa
Circumferential stress

= (1.2)1000L)
F = 1200LN
2T = F = 1200L
T = 60OLN
T = ASt
600L = (10L)SY)
St = 60 MPa

3



PROBLEM 130
The tank shown in Problem 139 is fabricated from steel plate.
Determine the minimum thickness of plate which may be used if the
stresq is limited to 40 MN/m? and the internal pressare is 1.5 MN/m

Solution:

From Problem 139, circumferential stress is critical, 5o it governs the
thickness of the plate.

P = pA

F = (15)X1000L)
F = 150L N

Y = F 1500 L.
T = 750L

T = A%t

750 L (t L)(40)

t = 1875mm

{

Chapter 2

Simple Strain

PROBLEM 203,

During a stress stzain test, the unit deformation at a stress of 35
MN/m? wias otserved to be 167 X 107 m/m and a a stress of 14C
MM/m2 it was 667 x 10 € m/m. If the proportional limit was 200 MN/
2, what i the modulus of elasticity? What is the strain corcesponding
16 0 stress of 80 MN/m=2 Would (hese results be valid if the proportion-
J) limit were 150 MN/m>?

luton
ag = (667 167)x107®
ag - 500x10 % m/m
45 = (190 -35)
as 105 MN/m?

J A8

B ZE

& 105x 108

¥ 500 x 10

E - 210x10°Nm®

s - E&

x10® - (mnxmc’u-:
€ 38095 x 108 m/m

PROBLEM 204,

A uniform bar of lengih L, crosssseetional area A, and 4 uait mass
i« suspended vertically from one end. Show that its total elancation is
3 1%72 B 17 the total mass of the bar 15 M, show also thaty =Wy




B
A
dy - Eafadn PROBLEM 206. /~
x A stoel wire 10 m long hanging vertically supports a “easile load of
e %i J. = 2000 N. Neglecting the weight of the wice, determine the mqm{'od
S dizmetar if the stress is not to exceed 140 MPa and the tot. | elongation
- &3 [.'ﬁ]L is not to exoed 5 mm. Asume £ = 200 GPa.,
x E 2Jo
2
- gL
2 PZ E Solution:
A from steess
= RILY VR
2E pAL
Jexa
vy = M3L 200 =( 2d%)(140)
ZAE
TROBLEM 205, o/ d = 42mm
A steel rod having a crosssstional area of 300 mm? and a leagth from elongation,
of 150 m s Juspended vertically from one end, It supports a load of 20 o Pl
KN at the lower end. IF the unit mass of steel is 7850 kg/m® and E = ¥ RE
200 x 10° MN/m?, find the total elongation of the rod, (Hint: Uso the I
results of Problem 204.) . 4§ = v
(7 %) (200%10%)
Sal A
B 4 = 505mm
TRl Usmd = 508mm
pgi?
¥ 2E
v 7850)(9.81X150)” (1000)
2(200x 10%
¥, © 435mm
Y, PL_
N
1 (20)(1000)150}{100: §
= (300%200:, 10°
Y;_, = S0mm
Y 433 + 50
v 5433 m
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PROBLEM 207.

A treel tiro, 10 mm thick, 80 mm wide, and of 1500 mm inside dia-
meter, is heated and shrunk onto 4 stee] wheel 1500.5 mm in diameter.
1f the coofficient of static friction is 0.30, what torque is required (o
twist the tire relative to the wheel. Use E = 200 GPa,

lution:
y = =(1500.5 - 1500)
y = 1571lmm
p =T
L = 1500 #mm
A = (B0X10) mm?
157 = TNL007)
(800) (200 x 10%)
T = 53333N
2r= P = phL
253,333) = p(1500)(80)
p = 0889 MPs
N = (0.889)(x)1500)(80)
N = 335101N
F = uN
F = 030(335101)
F = 1005%N = 100.5kN

Torque = F (0.750)
Torque = (100.540.750)
Torque = 754kN.m

PROBLEM 208,

An aluminum bar having a crosssectional area of 160 mm? caries
1:e axial loads at the positions shown in the figure. If E =70 EPa. com-
pute the total deformation of the bar, Assumo that the bar is suitably
hraced to prevent buckling.

RN 150N 0N 10N
-
A8m 1w 0o
Jolution
=L
L/ AE
({35000)(800)
bl
(16070 x 10°)
v, = 25mm
_  (20,000%1000)
Ve e
¥p *
_  (10,000)600)
R
(160)(70 x 10%)
yy = 053 mm
Total deformation
yi =t =y
y = 25+178-0536
y = 3.75mm (elongation)
PROBLEM 209.

Salve Problem 208 if the maguitudes of the loads at the ends are
interchanged, iz, if the ioad at the left end is 10 kN and that at the

right end is 35 kN.

3s



Soktion
Sclution ; From total deformation:
¥ L ) ¥
AE LI B '
__ (10,000)800)
y - oo . _@mE0)
(160)(70 x 10¥) Ys o°
y; = 0714mm iga gl
i v = (267x10°5%)p
500)(1000 . :
¥ S )'( :3 LAY AN (] L (3 P) (600)
(160X70 x 10°) b (asoyszx10%)
= 0446
v, mm y = @82x107%,
b = (35000(600)
P eoymox10%) Ta® __4znu°°°:!
¥ - 1.875 mm )

= (a76x10° 5P

Total deformation Ya s .
i v = (267x107°)P - (48210 %)P - (476 x107)P

Yy = ¥y -¥3-¥3 &

y = -(691x1077)P (contraction)
¥y = 0714-0446 - 1875

allowabley = 2mm
y = 1607 mm (contraction) _s,

2 = (691x107°)P

P = 28944N

Fram strer gth of each member:

( I ASI

PROBLEM 210, for Bronze
An aluminim tube is fastened between a sieel rod and a brunze R
tod &s shawn. Axial loads are applied at the positions indicated. Find P = (450)120)
the value of P that wili not exceed a maximum overall deformation of Tor swel:
2 mm or a stress in he steel of 140 MN/m®, in the aluminum of 80 P 18000N 0
MN/m?, or in the bronre of 120 MN/m?, Asrume that the assembly is L
suitably buscad 10 pegvent backling and that s = 200 x 10° ME/m?, for aluminum: 2P = (300X140)
Ea =70 % 10” MN/m?, and Eb - 83 » 10° MN/m® p. .« Yate
» a~a P = 21,000
2P = (B0C)H80) Therefore, safe axial load

4 24000N P = 18000N
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3K - 30
¢ Ps+Pa = w
PROBLEM 211, 3
| w 5 w
The rigid bars shown in the figure ace sepacated by a roller at C and
pinsed at A and D. A steel rod at B holps support the load of 50 kN, W=
Compute the vertical displacernent of the roller at C, 5
il
Solutign: Vo e
SR v, = ¥ WwoMy
P(3) = 25(4.5) [2 wX3) (f w) (6)
P = 37.5kN (As)(200)  (A3)(70)
L
y - M A3 _ 387
AE P
_ (37500)(3000,
Yb = 8 ,,,)“_4). SOEN
{200)(200 x 10%
Y, = 1875mm e
By ratio and proportion /
25kN FROBLEM 213,
Yo = Yb
45 3 ‘The rigid bar AB, attached to two vertical rods as shown in the
y, = 0878 . figure, is horizontal befors the load is applied. If the load P = 50 kN,
e @ ) determine its vertical movement
Y. = 281mm
< ialution:
PROBLEM 212 My = 0
A uniform concrete slab of mass M is to be attached as shown in THO) S 00
the figure, to two rods whose Jower ends are inicially at the same level, Fa = 20KN
Determine the ratio of the areas of the rods so that the slab will remain Ps+Pa = SO
level after it is attached to the rods,
Ps = 50-20
Solution: Ps = 30N
el
R
1‘.‘04s = 0] s
,000)/ )
P(5) = we) =, LS0R0E000 "°°°3_
3 (300) (200 x 10°)
= By v, = L5mm



0
y - (20000)4000;
A )
(500)(70 x 10%)
Yo © 2286mm
Yo=Y, = 078mm
0786 v -y,
PEHREEE ] it
3 2
g 2
YooY = [ (0785)
Y, < ABlae1s
Yp = l8idmm
PROBLEM 214,

The rigid bars AB and CD shown inthe!iylnmmwonedby
pins it A and C and the two rods. Determine the maximum force p
Mcanb-apnmaashmmnfiuvemw mavement is limited to
5 mm. Neglact the weights of all members

Solution:
IMe = ¢
Psie) = py3)

S e
i
M, 0
Pa(3) - pse6)
Pa = (;){‘6)
Pa = p

PL

AN e

P (2000)
(500)(70 x 10%)
v, © (5713x10"%)Pmm
(5 ) (2000)
(300) (200 % 165}
v, © (1667x10°%)Pmm
Y = Ny *v)
] B[S 1075 P e (1647 x 1075 P)
i - 65475%107° p
P 76,365 N

BLEM 215,

A round bar of lengtn [ tapers uniforaly £ om a diameter D at
ane end te a smaller divneter d a¢ the cther. De o uine the elongation

coused by an axial tvasiie } ad 1.

lution

= Rl
> ehe
Px
18 & smmieirec
gl E
16 = Li _.d_x_=
i 1
t _ D-d
% L
D-d
bRE
dx
a6 - i D-d _2
- {6 St = x]




2 2
b AL dax a = R 3lxohi o
23 SRR . S
"E dLe (@ _am? o2 . X
5 e y = B | 12Lx - x?) dx
ga s ATl f [dL+ (D - dyx] 2 dx 2E 2
TE o P"z .
2 -1~ —_— 2 X oL
4py 1 B LRt
§ = ———— dL+ (D dpx) ¥ |
Ep-g [@HD-am S 2E 3
5 apL? 1 ']L e pwiLd
7E(D-d) {l AL+ (D—d)x lJs 3E
o 4PL? [ 1 A_l_]
SO~y udLsm=d)L . TaL TROBLEM 217.
apL? 1 1
B e r=n L = ) As shown in the figure, two aluminum rods AB and BC, kinged to
rigid supports, are pinned together at B 1o carry a vertical load P = 20
T [B2 i £ 2 and E =70 x
A E(D —d) D4 ] kN, If each rod has a cross-sectional area of 400 mm* an: 3
Y 10° MN/m?, compute the deformation of each rod and the horizontal
6 = nirh and vertical displacement of point B, Assume 9 - 30° and o - 30°,
#E

PROBLEM 276,

A uniform dender rod of Jength L and crosssectional area A is
rotating in  horizontal plane about a vertical axis through one end, [{
the unit mass of the rod is P, and it is rotating at a constant angular
valrxitsy of w rad/sec, show that the total elongation of the rod is
pwlLi3E

P=20KN

Solution:
P = ma, X
bl =
P o= (pAqrw) Yas (20.000)(30003)
(400)(70 % 10
P (AR Fwd (400)70 % 10%)
Yap © 2143mm  (elomation)

2
BAW 2 20, 2000
P = 2Lx - x N
ol : 8¢ (Lmo)no: 16*)

PL 1 i
/ey~ Yge - 1429mm (contraction)




8

.44 2143

Sp
SB= 2143/Cosd
oy 142
Cos (120 - ¢) 5B
‘ 1.429
SB = S(120-9)
248 _ )
Cosé

1.5 cos (120 ~ ¢) =

cos @

1.5 feos 120 cos ¢ + Sin 120 Sin ¢]

1.5 -0.5Cos ¢ + 0.866 Sin d] =
~075Cos¢ + 1.298in¢ =
12998m¢p = 1.75Cos¢
1.7
Y 1.299

¢ = 5341°
sp - 2143

Cos 53.41
SB = 3.595mm

60 -¢ = 605341

B = 6587°

Sh = SB Sing

Sh = 35958in6.587° - O0Ml2mm (lefiward)
Sv = SBCosp

Sy = 3595C086.587 = 3.571 mm (downward)

FROBLEM 218,

Cos ¢
Cosd

Cos &

., Solve Problem 217 if rod AB s of steel, with E = 200 x 10° MN/
m3. Asumea=45°snd e = 30°; all other data remain unchanged,

Solution.
12y = .0}
AB sin 75° 20 1in 60°
AB = 17.932kN
(ZH 0]
BCecos 30° = 17 932cos45°
BC = 14 641 kN
PL
§ - s

AE




3
sap - (17.952)3000)
(400)(2000 x 10%)
SAB = 0672 mm (elongation)
s - (4s1x2000)
(400470 x 10%)
Sac 1046 mm  (contraction)
0672
Cosg b
- Lo
008 (105 - @) SB
_cosd 0672
cos(105 - ¢) 1.046
15570080 = o005 (105 - ¢)
1557 cos¢ = cos |05cosg + sin 105sin¢
1.557coad = -0.259cos¢ + 0.968sin ¢
1.816 cos ¢ 0.966 sin ¢
tang = —%—;g‘]‘:
¢ 62°
B o+ 45 #
8 62 45

] 17°

47
0.672
cosd

0.672
cos 62°

1.431 mm
Sv = SBeos

1.431 oos 17°

Sv = 1.369mm (downward)
Sh = SB snff

Sh = 1:431sn17°

Sh = 04l8mm (rightward)

a

w
<
1

FROBLEM 219.

A round bar of length L, tapering uniformly from a diameter D
at once end to a smaller diameter d at the other, 1s suspended vertically
from the large end. If P is the unit mass, find the elongation caused by
its own weight. Use this result to determine the elongation of a cone

suspended from its base.
Solution:
PL
B AR
o dy
¢85 AE

By ratio and proportion

x _ Dsd

¥ L

. ®-d

= R
L

jax o= duED=dy

L
w paV




' a8
For a frustum of a cone,

_ o
Vo= T R¥elipy
d+x

Vv = Z¥ dee g @
sallematenl 1SR =iy

T
v o= 7;’,(-4) [P+ 22 4d 4+ x)+ a2

W = g TP i d@ s x)ea?)
A= D@l
2! - Bay [(au)’m d‘xoa’J

(d+x)?

Butd+x = &%}1

w
¥oom [uuw-am’oa[uugn_amoa’
dL+(D - )y )2
Y }
w 2
L E!L{Idl-*(D—d)yl oduuu(mumvd’:.’]
(L + @ - d)y)?
w
I {(dn)zoadun-d)y'mm’y"'@u’*umd»'m
(dL+(D-dy |2
A} A o e ;
i ) { 0 dI(D - d)y + 3(dL)’ }
[dL +(D - dyy)
W c@-d%® + san 0 -ay?s san)?
X ,[ ¥~ +3(dL)°(D —a)y
e (4L« - ayy)? !
W o_ _po ID-dyvau)® - @)
A ﬁrﬂ—
P (D~ d)y + dz]
Sis {1 -y @
R :(n -d) (D~ ﬂlv*dla)’}
Substitute ;‘

[ —

3
i 18 LV P oy
3L(D 5 {[(D dyy +dL] HD_d,,uu.]z}
= ﬁm—m«nl— A iy
o -apae 1@ -dy +aL]
{l!D auvdl.z Lyl ey o
3(0 ~aPE A
3 5
D -d)L +dL, LE
e e

3
Lt A‘;gq
@w? .
. [ 2 (dl-)]
w2, ﬁf . safy
30 -0’8 g

2 e 2
o [D’L~2‘2; 3Dd ]

pusd 2% a-sod
6E [ o - 4% ]

? r(p-dyp®+a-24%)
%[ban mzd]

(-4
[o"' Dd - 24°

DD - d) ]

D(D+d) - 24 ]
DD -d)

1.2 [ D(D’d)]_ gng _25_2_ i
u—ez D(D - d) GE D(D-4a)J
pel?m+d) _ pgrla?

6E(D ) SED(D-d)

Of a cone,
0

pg L (D30 t? 0f
GE(D-0) ~ SED(D-0)
pat?

6E

49
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POISSON'S RATIO: BIAXIAL AND TRIAXIAL

DEFORMATIONS

FROBLEM 222

A sobid cylinder of diameter d carries anaxial Joad P §

change in diameter is 4 Pv/» Ed.

Solution:

(Assume & tensile load)

P
BSTR
.
sx = 'L
2
‘d
Sx 4P
na?
= o B
Y Ex
Ey = vEx
B ¥ (4F)
2d’E
Sy = Eyd
‘ar
b= - =
wd?
> 4Pv
= rdE
(lateral contraction
for a tenile load)
2
S oy AR [ 1
#E(D -4d) dL+(D-d)L

diameter &
rf——_,

wE (D d) DL
AL o D
LE AR P
_4 I‘I',._

w kb

| RO

dL

51

A octangular sluminum block is 100 mm long in the X direction,
min wilein the Y direction and S0 mm thick in the Z dicection Jtis

oo 10 a traxial loading

e foree

uading in
1 the original loading.

of a

-

160

ERREAAREN)

7f 200 kN in the X direction and uniformly distnbuted
ve forces of 160 kN wn the Y direction and 220 kN in the 2
v 13 and E 70 GPa, determane a single distributed
the X direction that would produce the tame Z deformation

s

(AT

THIT
M
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Solation:
For triaxial tensile stresses,
Er = lilsx"(su'sv” ;1
g = -200(1000) IRETALERR)
% = (s075) =
S, = S3I3ZMPa (4 Ly
s . leouoooy T
v~ {100X50) g
S, = 32MPa () om
s - 2200000
=~ (100y75)
S, = 2933MPa ()
B - — L 2989- L 33332
70x10° 3
Ex = -5206x104
Therefare the required load Rx is wensile.
Sy = (sox';:
)
e o
-
R, = =
il ] :t—
Ex = oxms)0x10%) = =
R
Ex = ._;‘
(S0X75N70 x 10%)
Bz = -vEx
1
Eonnies Ry
3 (50)(15)(70:1;)
R
-5206%10~% = — X
350)(75)X70 x 10%)
409,972 N

Rx’

STATICALLY INDETERMINATE MEMBERS

PHOBLEM 232

A steel bar 50 mm in dismeter and 2 m long is surrotinded by &
shell of cast jron § mm thick. Compute the load that will compress the
wombined bar a total of 1 mm in the length of 2 m. For steel, E = 200 x
10% N/m?, and for cast ircn, E = 100 % 10° l/m?.

240

Bolution

455
AE

10607 = 625 rmm? i

F 607 6250
275 n mm?

(625 ) (200 x 10°)
= 196350N
P,; (2000)

@75 moox10%)
» 43197 N
3 Pt Pd
P 196,350 + 43,197
f 239,547 N
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PROBLEM 233, Sokition
A reinforced concrete column 250 mm in diameter is designed to . Sw
carry on axial compressive load of 400 kN. Usng allowable stresses of Sw L
Se = 6 MPaand Ss = 120 MPa, determino the required area of reinforcing Ew
steel. Assume that Ee = 14 GPa and Es = 200 GPa. P 5
Solution: o 1
51 20 Sw
8§ = Sec whenSw = BMPa,
SL | SoL S = 20(8)
Es Ec
S = 160 MPa>140 MPa
S _ S
%" (steal fails)
8 = 14295 UseSs = 140 MPa
when Sc = 6 MPa 140 = 205w
S - (1429)8) Sw = 7 MPa <8 MPa (sife)
S = 8571 MPa<120 MPa [ Ps + Pu. = 1200 (1000)
Ps + P = 400,000 | As S5 + Aw Sw = 1,200,000
B 8oke =) 400500 ! (250 t(140) + (250)(250)7) = 1,2000,000
| t = S45mm
Ao = 22501 - As }
de & 168 x - Ak a1 | FROBLEM 235,
85.71 As+6(15625 n — As) = 400,000 A rigid block of mass M is supported by thres symmetrically
79.71 As = 400,000 - 6(15625 ¢ ) spaced rods as shown in the figure, Each copper rod has an area of 900
PURPR T | mm?; E = 120 GPa; and the allowable stress is 70 MPa. The steel rod
k23 an area of 1200 mm?; E - 200 GPa; and the allowable stress is 140
MPa. Determine the largest mass M which can be supported.
PROBLEM 234, ‘olution: when Sc = 70 MPa
. Ss = 79778 MPa <190 MPa
A timber block 250 mm square is supported on each side by a S5 =i W = ‘2P
steel plate 250 mm wide and t mm thick. Determine the thickness t so Ssls  _ Sole R
that the assembly will support an axial load of 1200 kN without ex- Es Ec w As S¢ + 2 Ac Se
cseding a maximum timber stress of & MN/m2 or @ maximum steel =
S: = (1200)(77.778) + 2(900)(70;
stress of 140 MN/m>. For timber, £ = 10 x 10° MN/m?, for ste, ‘%ﬁﬂ’ = s: 10 L SRR : KIo)
E = 200 x 10° MN/m®. MF81) - 219333N

S8 = LI1llSe M - 22358kg
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M
ULk ety
st | fcuper
P | s
e ]
Wy
0 T S - %
SL s
fec, feiylre Tant 5
Ss(l) ., Sois)
PROBLEM 236. 200 3 W 18,0000N
1n Problem 235, how should the length of the steel rod be changed S5 - 38555h
50 that each material will b stressed to its allowable limit? Pb ¢+ 2Ps = W
AbEb+2 A Ss 18,000)(9)
Salution ¢ X
900 Sb + 2(600)(3.855 5b) = (18,000§9.81)
Ll b Sb = 31.95MPs
Ss = 3.855(31.95)
Ss = 1232MPa
ROBLEM 238
PROBLEM 237, The daid platform i1 the figure has negligible mass and rests o
two aluminum bars_each 250 mm long. The center bar is steel and is
The lower ends of the three bars in the figure are 3t the same level 249,90 mm long. Find the stress in the steel bar after the center foag
before the rigid homogeneous 18 Mg block is attached. Each steel bar P = 400 kN is applied. Each aluminum bar has an area of 1200 mm
has an area of 600 mm® and E - 200 GN.’n‘!. For the bronze bar, the and E = 70 GPa. The steel bar has an area of 2400 mm® and E = 200
area is 900 mm? and E = 83 GN/m>. Find the stressns developed in GPa.

each bar.




b P (10,000) _PoQ1oooo) | .0
(2500)(200 x 10%) (25000)(200 x 10%)
Pt + Po 62,500
Pm 2P
fo  + Po = 62500
" 20853 N 7 Ao O
Solution: v ‘ j i
A AL
Rl EL
E 20,833 ot s
S8 = S-+0l0 T ] LSt Uy,
i (20)
o/ Qe 1
Ea E 3 010 66,31 MPa
36(252)_ - S55(249.90) + 010
70%10°  200x 165
Sa = 034986 53+ 28
Bi2Pa = 400(1000)
AsSs 1 2 AaSa = 400,000 bty Pu Py
2400 8s + 2(120040.34986 S5 + 26) - 400,000 I 1 ‘

S5+ 0.349.86 S5 + 28 = 166,67
Ss = 10273 MPa

PROBLEM 239,

T

Three stecl eye-bars, each 100 mm by 25 mm in section, are ta be

by driving 20 di drift pins through holes drilled

in the ends of the bars. The centerdine spacing betwaen the holes is 10

™ in the outer two bars but is 1 25 mm shorter in the middle bar Find

the shearing stress developed in the drift pins. Neglect local deforma.
tion at the holes and use Es = 200 GPa.

FROBLEM 240

iy As shawm fn the figure, three steel wires, each 30 mm” in area,

ate used o lift a mass M, Their unstretched lengths are 19.994 m,

i W 19.997 m, and 20,000 m. (a) If M = 600 kg, what stress exists in the

O e longest_wire? (b) If Ml = 200 kg, deteaning Yhe stres in the shortest
S A wire, Use E = 200 GN/m?



()

Detormine first \h'fourzandl’xmhi»qalwimmahnnhvl

20,000 mm.

PL
it

{ Sore |

P

P 1(19,994)

(30)200 x 10%)
P, = 1800SN

P, L.

272

P,

e 2(19,997)

(30)(200 x 10°)
P, = 900.AN
wmmalquh:afd»ema-lhaumo.ed:wmemyequdhm‘

o
B Sha=ri=ty
3 3
p. - (6O0K9.81) - 18005 - 900.1 i
3 3 l i g
Py = 10618N

20,000 mn

P | L]
s = & 1

1061, S :
i e T Som g
M = 200kg
By 200(081) :u!oo.s 900.1
Py = 786N (ramains slack)
ez EOJ“L?L =0)

53095N

P = 530954901
P = 143L05N
s . lasios
1 30
'(’I = 4770 MPa
FROBLEM 241,

‘The Assembly in the figure consists of a rigid bar AB (having negli-
gible mass pinned at O and artached to the aluminum rod and the steel
rod, In the position shown, the bar AB is horizontal and there is a gap
d = 4 mm between the lower end of the aluminum rod snd 1ts pin
support at D, Find the siress in the steel rod when the loy o ond of the

aluminum réd is pinned to the support o D

61
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Solution: $in S -

Al L]

25s+85 = 4

s (S_EL"; 4 (SITL)A_ 4 Py L)

L, = 15m

0%, sos0

200x10°  70x10°

Simplifying,

78 1+ 10Sa = 186667

I = o

Ps(06) = Pa(12)

P = 2P

56(300) = 2(Sa)(400)

Sa = 03758

7 4 + 10(0.575 8s) 1866.67

10758s = 1866.67
Ss = 173,64 MPa

PROBLEM 242,

A homogeneous rod of constant crosssection is attached 1o un
yielding supports. It carries an axial load P applied 2s shown in the
fiqure. Prove that the reactions are given by R) = Po/L and R, =Pa/L.

Sclurion:

81 = §2

Ry (@) (P-R;)b
At heids it Uk
AE AE

Ria =P -Rn

Ri(a*b) = Pb
. ®
e
I
R, = P-R
qz . ==F
Pb R —L Ry
Rl i
_ Mo
Ry L I
= DL -]
R, = L
Y
e
IPROBLEM 243
A bar with a ional area of 500 mm?

attached to rigid supports. It carries the axial loads Pl = 25 kN and
P, = 50 kN, applied #5 shown, Determine the stress in the segment BC.
(Hint: Use the results of Problem 242, and compute the reactions
caused by Pl and P2 acting separately. Then use the principle of super-
position to compute the reactions when both loads are applied.)

R, L
[ 'L' %
W
E I
A B J

BN

63




Solution

Ry = R’ +R"”

Py b P,b
Hpsnaege Tats
Ly by
. {5)210) | oyos0)
1 2.70 270
Ry = 3611&N
Force acting on BC = 36,11 - 26 = 1111 kN
P
Bilsh
A
s - 11100
500
s = nawm
PROBLEM: 244,

n-wtmumawmuwmmmdm
stress caused in each material by applying an axial load P = 200 kN,

e
L et L
VGl 2008
Adome:  FMOOM
0w 5
&, ! 17
5,
200-R;: R,

Solution:

sl = 82

R, (200) (200 - R, ) (300)
"(500%%0) (1200%(200)
254R; = 200 -R;

Ry = S565kN

Ry'® [ A0-Ry

R, = 200-565

Ry = 1435kN

o= HSU00 . gpm

o w ARS0000) o

1200

FROBLEM 245,

Refer to Problem 244. What maximum load P can be applied with-
out axceeding an allowable stress of 70 MPa for aluminum or 120 MPa
for steel? Can a Jarger load P be carried if the leagth of the aluminum
rod be changed, the length of the stesl portion being kept the same?
If 50, determine this length.

Solution

ince S5 = L19.6 MPa = 120 MPa, therefore maximum
cad P = 200kN.

A lasger load P can be carried if the aluminum and steel portions will
reach the maximum allowable stresses simultasecusly.

SA = Bs

SALA_ _ Sils

E A Es

70 (LA) _ 120(300)
70 200

Aduieaen
$aT0 s

LA = 180 mm

65
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A
FPROBLEM 246.
For Bronze:
A rod s composed of three segments shown in the figure and 97(1000)  _
carmies the axial louds Py = 120 KN and P, = 50 kN. Determine the 30007 vir L Mes
stress in @ach material if the walls are rigid. Fos alnainn:
P 120 - Ry = 120-97
P = 23kN
23(1000)
SA 200~ 19.17 MPa
00 A0WD__ ilnen Forstecl:
# 5 o - 731000)
A Aty Tode ‘ o e T - men

A0 ' A1 ! A600 ma?

FHOBLEM 247,

Solve Probiem 246 if the left wall yields 0.60 mm,

b

Bolution:
514060 = $§2+83
®, (600) (120 - R,}400) (170 - R;)%00)
(2400y83) * % = “rizcoy70) (600)(200)
Frleon Ry = 38586KN
8 = 5+ 5 Ry = 170-R;
R, = 17038586
Ay {120~ Ry) (00) (70 - R) (300) Ry = 131414kN
e —_— (o (hockaivi
(2400)(83) (1200) (70) (600) (200)
| 38586(1000) _
sp - SBUKO) - yg08 M
et o _ 1000 o
1 AN Ss €00 219.02 MPs
Rz = 170—1'(1 For aluminum:
Ry = 170 97 P =ii20SRE
© TIRN ~ .
Rz P 120 - 38.586 s 314:;{:;000! = 6785 MR
P - BLAI4KN
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PROBLEM 248,

A sveel tube 2.5 mm thick just fits over an alumisum tube 2.5 mm
thick. If the contact dismeter is 100 mm, datermine the contact

pressure and tangential stresses when the outward radial on
the aluminum tube is p = 4 MN/m?. Fere, Es = 200 x 10° NAw?, and
Ea=70x10% Njm?.

Solutdon:

2Ps+2Pa = 4(95)1)
Ps+Pa = 190
S = Sa

>
0y
14
)

Sa » ———— = 197MPa

= 56.3MPy 1
F=4(85x(1)

S5 = === S63MPa e, < s
Pe > — s

Pe(100)1)42P0 = 4 (95)1) T

Pe (100) = 380  Z(49.24)
re = 281 MFa

PROBLEM 250.

In the assambly of the bronze tube and steel bolt thown, the piteh
of the bolt thread is 0.80 mm and the cross-sectionsl area of the bronze
tube is 900 mm? and of the steel bolt fs 450 mm?. The nut is tumed
until there is & compressive stress of 30 MN/m® in the branse tubs.
Find the stress in the bronze tabe if the nut is then given 0ne sddition-
al . How many tums of the nut will reduce this strems to dero?
£h = &3 GPa, Es = 200 GPa,

Bolution:

For one additional tum of the nut

080 = Ss+85b

040 - S4(600) | _Sb(300)
200x10°  83x10°

800= 4Ss5+9645b

Pb = Ps

AbSb = AsSs

9005b = 450Ss

S o= 2% Pe

100 = 4(28b)+9.645b

Sb = 4535 MPa

Total stress

Sh o= 30+4535 = 7535 MPa

To reduca Sb 10 2610, required number of turus

7535 _
g T

Py

by

=



e

YROBLEM 25). Pr(3) 26 = P(5)
As shown in the figure, a rigid bsam with negligible mass is pinned SPs + 6(14Ps) = 120(5)
at 0 and suppocted by two rods, identical except for lengeh. Detarmine Ps = 5263N
wnxwmmnmnp-xum. it ao
4 (630 (éﬁ)
SA _ SB
B - sE S = 1.75mm
SB = 175SA Dy ratic and proportion,
S 3
Po (2 L75P, (1.5 P < s
B . A (15) Lo
A% i 5(1.75)
Py = L3157, o = =g 2%2mm
BN ke PROBLEM 253,
Pa(2) + Py (35) = 30(2)
ZA : 2 A rigid bar of negligible mass, pinnad at one and, is supported by a
Fa * 3503125F)) = 60 ‘.«lm‘qud.muurodumm,mmﬂmmh"z'“""'
fa s a0k applied without excesding a stress in the steel of 120 MN/m? or in the
2
Py = 13125(9.10) xonze of 70 MN/m?,
Pp = 11.94kN I % 1 ;
PN " P.
PROBLEM 252,
A:lhminlheliquu,ndqiihummlhwgﬂammhm I
At one end and supported by two rods. The beam was initially horizon-
tal before the load was applied, Find the vertical movement of P if e
P=120kN; 1
B S
Solution: 2 B
45b
SA _ S S5 04
¥ i 55 (3) 04 5b (2)
SA = 28 G
Pa ) . 2B S5 = 0663Sb
(900)70)  (600)200) Vihen Sb - 70 MP3
r“ = 14Ps S 0643 (T0) = 44.98 MPa < |20 MPa
IMo = 0



¥
"
g
®

= (900%44.58)

= 40481N

AbSb

= (S00)X70)

= 21,0008

Ito = 0

P(6) = Pi(2)+Ph(S5)
6P = 40481(2)+ 21,000 (5)
P = 30994N

sy

PROBLEM 254.

Shown in the figure is a section through a balcony. The total uni-
form load of 600 kN is supported by three rods of the mame ares and
material. Compute the load in each rod. Asume the foor to be rigid
‘but note that it does not necessarily remain horisontal.

Soluion:

SA-S SB-Sc T g
—T.a—r- -Hr lz(
a—
SA-S= 3SB-3S 3
6]  om

SA = 3SB-28¢ 50

SPA < 18PB-1Fo
5PA = 18PB-12Fc
PA = 36PB- 24 Pc
IMA = o

PB (4) + Pe (6) = (600)3)

"B = 450-15PRc
PA + P8 + Po = 600
(3.6 PB - 2.4 Pe) + PB + Po = 600

46PB - 14 Fo =600

46450 ~ 1.5 Pc) — 1.4 Pe= 600
2070 — 6.9 Pc - 14 o = 600

Fe o= 177.01KN

"B - 450 - 18(7711)

PR = 18434 %N

PA = 36(184.34) - 24 (177.11)
PA = 23856 kN

MROBLEM 285,

Thres rods, each with an area of 300 mm?, jointly support the load
of 20 kN, s shown. Assuming there was no slack or stress in the rods
before the Joad wes applied, find the stress in each rod. Here, Es = 200
%10 7 N/m® and b = 83 x 10% N2,




Solution:
0. 3
Cos 30 is

Lb = 3464m
§b = Sscos30°

Sb(3464) _  Sscos30°(3)
B3 200

Sb = 0.2112685s
Ps+2Pboos30° = 10kN

Ss Ax+ 2 Ab Sb cos 30° = 10(1000)

S5 (300) + 2(300)(0.31126 Ss) cos 30% = 10,000
S5 = 2166 MPa

10kN

Sb = 031126(21.66) v
= 674 S0
Sb = 674MPa b
PROBLEM 256,

Three bars, AB, AC, and AD, ase pinned together to support a
Toad P = 20 KN as shown. Honizontal movement is prevented at joint A
by the short horizontal strut AE. For the steel bar, A = 200 mm?
and E = 200 GPa. For sach aluminum bar, A = 400 mm® and E = 70
GPa. Determine the stress in each bar and the farce in the strut AE.

Solution

"

SAB = §ACcns30°

PAB(S oox307) | PACeo30°(3)
(400){70) (200)(200)

PAR = 0525PAC

SAD = SNCcos4s”

PAD@/conds®) _ PAC(3)conds?
(400)70) « (200) (200)

PAD = O0O35PAC

PAC +PAD cos45° + P ABeos 30% < 205 AC

PAC + (0.35 P AC)cos 45° + (0.525 P AC)cos 30° = 20
PAC - 1L75kN

PAB = (0525(1175) = 6.169kN

PAD = (035K1173) = A&1I3kN
P

i

sac. = L”:D“;&"’J. = 5875MPa

AR = -_._l°~1°2£°°° = 1542MPs

SAD = —__(_.“‘:o;“‘” = 1028 MPa

ZH= 0

PAE + PADsn4s® = PABSIn30°

PAE + 41135n48° = 61695in30°
PAE = PI76KN
PAE = 176N
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PROELEM 257,

Refer to the data in Problem 256, and determine the maximum
valuz of P that will not exceed an aluminum stress of 40 MPa or a steel
stress of 120 MPa,

S AR LA
o1 30° e

SAC(3) . SAB(3/cos30% _ SAD 45
200

70 cos 30° 70 cos 45°
SAC = 38ISAB = S57ISAD
when SAC = 120 MPa
saB = 12 . 5 5 Mp<sompa
381
SAd = 43n 2102MPa <40 MPa
Therefore, use SAC = 120 MPa
SAB = 31SMPa
SAD = 2102MPa
P = PABwos30°+PAC + PADcos4s®

P = (!1.5)(400):9-30"2(lzoxmo)-(n.oaxm)euu"
P = 4085 MPa

THERMAL STRESSES
FROBLEM 261.

A stoel rod with a cross-sectional area of 150 mm? s siretched
between two fixed points. The tensle load at 20°C is 5000 N. What
will be the stress at ~20°C? At what temperature will the stress be
2er0? Assume a = 11,7 umfem®C) and E = 200 x 10° N/m?.

—E— - 17x106yac®) + 2000 z
200 10° 150{200 x 167)
S = 1269MPa.

@Y = N
A
(AL7x10~6(T - 20% = kL

150 (200 x 10%)

T = 42°c



Solution
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Yr = o, AT
PROBLEM 262, 3 = (117%10 5)(10,000)(T - 15)
A steel rod iy stretched between two rigid walls and carries a teasile T = 4064°C
load of 5000 N. at 20°C. If the allowable stress is not 10 excead 130
MN/m? at ~20°C, what is the minimum diametet of e rod? Assume v o= S o IR
@=11.7 um/(m °C) and E = 200 GFa.
5 - 5(10,000)
: 200 x 10
S = 60MPa
o SN
r—7
| E~j1 PROBLEM 264,
o n

At a temperature of 90°C, a steel tire 10 mm thick and 75 mm
wide that is 10 be shrunk anto a locomotive driving wheel 1.8 m in dia-

S meter fust fits aver the wheal, which is at a temperature of 20°C.
[etermine the contact pressure between the fire and the wheel after
the assembly cools to 20°C. Neglect the deformation of the wheel

VS e caused by the pressure of the tire, Assume a = 11,7 um /(m °C) and E =

200 x 107 N/m?.

130 . _S000

= (1L7x10 y40)

200 x 10° (200 % 10%) 5 1
A 5 1374 mm? o
i - 1874mm’
d = 1322mm
~ PROBLEM 263.

Steel railroad rails 10 m long are laid with a clearance of 3 mm at &
temperature of 15°C."At what tempatature will the rails just touch?
What stress will be induced in the rails at that temperature if there
were no initial clearance? Assume a = 11.7 x 105 m/(m °C) and E =
200 GPA.




" soltion:

Y- vy
':"—E'= al AT

L = (1172100
750 (200 x 10%) i i
P = 122850N

2= F = pDL

PROBLEM 265.

At 130°C, a broaze hoop 20 mm thick whoss ingde dameter is
600 mm just ﬁunnﬁyo-—-mdieqli-nm,mhmwn
100 mm wide. &mmmmuﬂmhn—lhheq--h
the temperature drops to 20°C. Neglect the possidility that the inner
Ting may buckle. For steel, E = 200 GPa and a = 11.7 um/(m °C). For
bronze, E = 83 GPa and a = 19 um/(m °C).

Bolotion

s

Fe
2,
Y5~ Ygi® ot oys ,
(19x 108y - 207 - PRl
(20)(100)(83 x 10%)
(1.7 %10 Sy a3 - 20°) + — (L)
(15)100)(200 x 10°)

0.00209 - 6.024x10~%py = 0001287 + 353310 77y
?.PB = 2Ps
Pn = "
2.357x10 9By = 0000803
Py = BSBISN
PE0ON100) = 2y
p(60,000) = 2(85815)
P = 28EMPa
PROBLEM 266

At 20°C, & rigid slad having a mass of 55 Mg is placed upon two
bronze rods and cne steel rod as shown, At what temperature will the
stress in the seel tod be zero? For the steel rod, A = 6000 mm2,
E =200 x10° N/m, und a = 11,7 um/(th °C). Fer cach bronze rod,
A = 6000 mm?, E =83 x 10° N/m?, and & = 19.0umy(m °C).

Solution:

W = (55000)(9.81)
W = 539550N
Whan the stress in the steel rod is zeto,
w 539,550
AL ke e |

Pg = 2BH7I5N



Ya® Vg~ Tn

(@am), = (auAny ~(5E) |

107210753007 - 20% = (19.x 10-Oy250%T - 20°)
(269,775)250)
(6000)(83 x 10%)

T = 1292%

PROBLEM 267,

At 20°C, there is 3 gap 0= 0.2 mm between the lower end of the
bronze bar and the rigid slab supported by two steel bars, as shown,
Neglecting the mass of the slab, determine the stress in each rod when
the temperature of the assembly is increased to 100°C. For the bronze
rod, A = 600 mm?, E = 83 x 10° N/m?, and - 18,9 um/(m °C). For
each iee rod, A = 400 mm?, E = 200 x 107 N/mZ, and @ = 11.7 um/
{m ™€)

Solution:

Y, = aLfw
Yy = (189x10 Syga0)100° - 20%)

Y, =  1.2096 mm

8
¥, = (17x10 %@oox100° - 20°)
Y, = 0575mm

718 = 020 mm >v“

Bronge

Therefore, the bronze rod will be in compression and the steel rod in
tension. From FBD of slab

Py = 2P,

Y- 02 R Yeailie 5L,

7 APL)
1.209 - 0.2 - (@), 93075 + (amyy

Py (800) P, (800)
0.10385 = 2 + i
(60083 x 10%)  (400) (200 10°)
(27,)(800) ?, (800)
010385 = ‘
(60083 x 10%) (400)(200 x 10%)
P, = 245N
Py = 2,= 22465
Py = 4950N
P
8 =
2465
5, = A cl10mn
sy = %— - 8217mps
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59 PROBLEM 268.

An aluminum cylinder and a bronze cylinder are centered
secured between two rigid slabs by tightening two steel bolts, ay
At 10°C no axial losds exist in the assembily, Find the stress in
material at 90°C. For the aluminum cylinder, A = 1200 mm?, £ -
% 107 N/m, und = 23 um/(m °C). For the bronao oytinder, A= 1
mm?, E = 85 x 10° Njm?, and a = 19.0 um/(m 9C), For each
bolt, A = 500 mm®, E = 200 x 10° N/, and = 11.7 um/(m °c),

. 3319 |
Sp = e — © 81z
Solution- g, = 33];:;-9 = 18.75MPa
Y, = aLAT
Yia = (28x10 6y 78)090° - 1°)
Yo © 01%8mm
= ~ 6 © 0,
Y (19x10-5)100)90° - 10° IROBLEM 269,
Yp = 0152mm BE oy
ing there is a 0.05 mm gap
3 L g Resolve Problem 268 assuming
a (11.7x107%)215)90° - 10%) the cight efd of the bronze cylinder and the rigid slab a1 10°C.

R = 0.20! mm
b B B e e IR o Yg)

PL nn
0201 + == 0138 + Q152 . JL PL

AE AE, "AE,
P R Sl

—— = 0089
AE] AE, AE

P (215) : P (75) A P00
—) o, __POS sl L) e
(2500)(200 x 10%) 1200 (70 x 10%) 1800 (83 x 10%)
= 0089
P o= 33749N
o 33079

5, -‘L:'(W- 33.75 MPa



Sclution:

Yot 0 = iy ) (Ve o008
0201+ %, RAL38+ 0152 - (Y, + Yg) - 005

PL PL
e L. - 039
AEA AEB

P(215) h: P(75) . __P(ioo)

2(500%200 x 10%) 120070%10% (180083 x 10%)
P = 147884N

. 147884 _
S 7 soo)~ = 47s8MPa

1
Sp - R84 L 2sum

14,788
Sg = '_13:_4 “ B.216MPs

PROBLEM 270.

A steel cylinder is enclosed in a bronze seeve; both simultaneously
support a vertical compressive load of 250 kN which is applied to the
assembly through a horizontal bearing plate. The lengths of the cylinder
and sleeve are equal. Compute (a) the temperature change that will
cause & 2ero load in the steel, and (b) the temperature change that will
cause a zero load in bronse. For the stes) cylinder, A = 7200 mm2,
E =200 Gl’q2 and & = 11.7 um/(m °C), For the beonze deeve, A =
12x10% mm”, E = 83 GPa, and = 19.0 um/(m °¢)

250kN

250N

Pg+Py

@)

Solution:

() Py = o
Py = 250,000N
Y Yot v
(19.0x107 8L AT - (11.7x 1078 L &7 = _L”.i'%
(12,000)(83x10%)
AT(190x100 _117x1078) = 751x107%
AT = 3438°C  (increase in temperature)
My Py = 0
B, = 250,000
Yig - Yls =%
190x10 8 Lar - n7x 1074 Lar -—ﬂ‘%—z -
PACRIE S ( 7200(200 x 10%)
fr90x1075_ 11751076 = 173%6x107*

4T = 2378°C | (decrease in tempersture)

YROBLEM 271

A brorze sleeve is slipped over a steel bolt and is held in place by &
nut that i tightened “finger-tight"", Compute the temperature change
which will cause the szress in the bronze to be 20 MFa. For the steel
bolt, A = 450 mm”, E = 200 GPa, and a = 11.7 um/(m °C), For the
bronze sleeve, A = %00 mm?, E = 83 CPa, and & = 19.0 um{m °C).

87



Ll

O L

Solution:
S = 20MP
Pp = A3Sy
Pa = (900)(20)
Py = 18,000N
P, ¢ Py = 18000
Tigti Vyim iy Yy
017%1076) L or 4 —JB00OL
450(200 x 10%)
(190x10" "y ar - - 18000L
900 (82 x 10%)
(190x10°¢ _ 119210 4)ar - 18000 18000
450(200x10%)  900(83 x10%)
(13x10%) AT = sq1x10%
AT - 5041°

PONLEM 272

For the sieeve-bolt assembly described in Problem 271, assume the
nut is tightened 1o produce an initial stress of 15 x 108 Nim? in the
Dironza siseve. Find the stress in the bronze sloove after a tampevature
size of 70%C.

S, = 15MPa

L

*s, {15)(900)

"s, 13,500 N

'8y s,

s, = 13s00w

Yts'y:’ysl el I‘YIB'YB

Maxi0 Loy + b 185001
450(200x10%)  450(200x 10°)

0L 15105 Loy . TR

900(85 x 10%) 50083 % 10%

(819x107%) 4 (1111 x10 8By - (151074 - (L807x 10 )
“(133x107%) (1339x 1078 2y
o x10Byp - (1389x1079py = 41751074

L
Peililix10°8 « 13395 1078) - 84a17x107%
Py = 33BN

_ 54358 _
Sy —-;oo—- 38.175 MPa




% PROBLEM 274, o1

PROBLEM 273,
At what temperature will the aluminum and “sceel segments (0

Tha edmposite bar shown is firmly attached 1o unyiekding supports. Probleim 275t numencally oqual stresses®

An nxdat Wl P = 200 KN is applied at 20°C. Find the stress in each
matnal 2 80°C Assume o = 11.7 wm/(m °C) for steel and 23.0 v/

fm 2} for aluminum.
e
~ 200mm——r———
flolution;
Al Sied
R o p’:ﬁ:
Ass00 e A=1200 men? S, =

Solution: I E’ j
L4
Yo = (aLdT) &
s iz
20-Ry

A

¥

You = (2x1078y200860° - 20% ? rodipume

Y, = Olédmm

Y, = (1.7x10:y300)60° - 20°)

Y, = Oldoimm

R S R

i R{200X1000) _ (200+RX300X1000) o1u0s
900(70 % 10°) 1200(200 % 10%)

(200 + RY1.25% 10731+ R(31746x10°) = 03244
024+ R(125x1075) + R(3.1746 x 10~0) = 0.3244
R(1.25% 107> +31786%107%) = 03244 - 0.25

R = 16815kN

_ _168151000)  _
SA = 900 = 18.68 MPa
oy = ARORISHEIN0) g4

%a T
R __ (200 R

o M i =

4R = 3200 - R) Vs ”n}m

4R = 600 - 3R
7R = 600
R - 85714kN
Y = --E-"'
Al
v, . 85.714(1000)200)
A ey
900 (70 x 10%)

Yp = 02720 mm

Y. .- (200 2 85714)1000%300)

1200 (200 x 10%)

Y, = 014286 mm

Yoo Vg = NbY,

0.2721~ (235 10-8X%%90) Ar « (1177 x 10 Ey300) AT + 014286
0.2721 - (4% x10°) AT = (3.51x107%) At + 0.14286
fr351x10 34 46x107%) = 0.12924

ar - 1594° (Gaceaasa in temperature)

T = 20-15%°

T = 406°%C
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PROBLEM 275

A rod is composed of the thiee seqments shown. If the axial loads
Fl ami‘l’2 are each zero, compute the stress induced in each material
by a temperature drop of 30°C if (a) The walls are rigid and (b) the
walls spring together by 0.300 mm. Assume o = 18,9 um/(m °C) for
bronze, 23 wm/(m %) for aluminum, and 11.7 um/(m °C) for steel.

Ry
:‘1
A0 A=1200 e’

Solution:

@ Yg*Yp Gy = Vgt Yat Yy
(185x10 $yB00Y30) + (23 x 10~C)(500)(30) + (117 % 10°8)

(400X30)
R (800) R (500) R (400)
2400(83 x 10%) 120070 x10%) 600200 % 10%)
0939 = (133x10 )R
R = 705%mN
Sy - o 2941MEs
. 70592 _
r o= 50.83 MPa
70892 _
TR 1'17.65 MPa
(b) Yy + Vep * Yoo = Yt Yo + ¥ #0300
0939 = (133x1075)R + 0.300
R - 48045N
_ 48088 |
SB 2400 200 MPa
_ 48045 g 48,045
B e 5 = g - oo

FROBLEM 276

Solve Problem 275 if l'l and Pzw:b.aqunl 50 kN and the walls
yiold 0.300 mm when the temperature drops 50°C

Solution:

YutYeat Yy = Yp # Yp+Y, ¢ 0300

(18.9 x 10-8y800)(50) + (23 x 10~ Ex500)50}  (11.7x 16 ©)
{400)(50)

_ R(1000X800) , (50 +R)1000)(500)
2400(85 x 10%) 1200 (70 x 10°}
| oo~ leooo)(‘sonz e,
600(200 x 107y
1265 = 0.00402 R+ (50 + RY0.005952) + (100 + R¥0.00333)

1.265 = 0013305 R +0.63060
R = 47680kN

S0+R = ‘97680kN

100+ R = 147.680kN

P T S—
97,680 _ |
S‘ = 1200 ° B1 40 MPa

17,
s, B awisup
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PROBLEM 277

The rigid bar AR is pinned 'at 0 and connected to two rods as
shown i the figuse, [T the bar AB is horizontal at 2 given temperature,
determine the ratio of the areas of the two rods 5o that the bar AB will
be honzontal et any temperature. Neglect the mass of bar AR

Solution;

Spy = AP,
BapApEA AT - 4aAE AT
32BYALNT0) - A(11TYAN200)

_:: = 0516
i -%- s

Pa Pa

PROBLEM 278,
A rigid hogisontal bar of nealioible mass is connected to rwo rods
as shown in the figure. [f the < apem 1< initiali aresy fier, determne

the temprature change thag wili cause a tenmite stons of 60 MPa in the
steel rod

95

Pll

Belution

Mo = 0

Pel@ = B3

ngSp@ = NS (5)
(1200)(8gX2) = (900)60XS)

Sy 1125 MPa
- 8
Y E
vy = H25X2000) . 5o om
a5 x10°
v, = 00000 . oo,
20 ¥ 10°
LT = Y=Yy
2 s
Wig ¥t - = AY~Yy)
SYp=5% = 2Y -3V,

¢ .
B 2Y ZY‘ASYB

4189 x 10 %)(2000) AT + 2011.7 x 10-8y3000) &7 = 2(0.9) + 5{2.711)

02502AT = 15355

A

AT = 5924°%C  (decreise in 1omperature)




r
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PROBLEM 279 = £
Po = 150-2(80130)
For the assembly shown, determine the stress in each of the two PA = - 10281kN {compression)
vertical rods if the temperature rises 40°C after the load P = SO kN is 10,261 i
v = = 11.40 MP pression
applied. Neglecr the deformation andthe mass of the horizontal bar A 7 To00 s )

AB.
s, - 20 35ssup (nsion)
FROBLEM 280.

The lower ends of the three steel rods shown are at the same level
before the force P = 600 kN is applied to the horizontal rigid slab. For
each rod, A = 2000 mm?, o = 11.7 um/{m °C), and E = 200 GPa.
Determine the relationship between the force in rod C and the change
in temperature 7XT, measured in degrees Celsius. Neglect the mass of
the rigid slab.

Solution:
L L
™, =0 N
PA@)+R(6) = 50(9) SR
. £ ‘-
P‘§2l’. = 150; Pa = 150-2P
Yut¥s . Tiat¥a
(3 3
2 ——
YutY x 2ty
P=600 kN » P, ”
(117 x 10~%)(400040) - P&Pﬂg) ¥ (] o 4
€7 (200x10%)
=
A28 x10-0y300ya0) + T {10%NC00) e
900 (70x10%) Py
1872+ 0.03333F_ 5.52+009524 Py e
0.03333P, - N09524P, = 3.648 R s Licic RO P=600 kN
0.03333P, - 0.09524 (150 - 2P) = 3.648 Yea JEC B
o

022%81P, = 1794
P, = B0.130KN
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FROBLEM 281,

Four steel bars jointly support a mass of 15 Mg as shown in the
figure. Each bar has 3 crosssoctional area of 600 mm”. Find tha load
carried by each bar after a temperatuse rise of 50°C. Assume bar after a
temperature rise of 50°C, Asuma a = 11.7 um/(m °C)and E = 200 x

Op*Yip) - (e +¥0) | (Fa ¥ Yp) - (¥ 4 ) 107 Nm?.
2

Solution:

3y -3y, = Via ¥, r?m =%

Np-2¥, = Yp+YVia-Yy

Wt ] . PA(1000)(5000)
g L .
2000(200 x 10%) 2000 (200 1 2000 (200 10°)

+(11.7 x 10~0)(5000) AT - (11.7 x 10~8)6000) AT
0.045 Py —0.03F, =00125 P, - 00117 4T

45Py - 30F, ~ 125, = - 11747 ({}]
v 0
PatPgtfo = 600 (2)
1Z5Py+125 Py 1258, = 7500
—125P, 4458, -30P, = -117 AT
57.5Py - 1750, = 7600 - 11.7 AT 3)
IMy =0
4Py vSPL = 600(3)
4Py = 600(3) - 67

Py = 4S0-1.5P, @)

Sutstitute eq. (4) and eg, (3):
57:5(450 - 1.5Pa) - l7.5?c'- 7500 - 11740
25875 --GﬁAﬁl’C l7.5?c = 7500 ~ 11.74T

~10375P,= 18375 - 117AT -
P = W soaTIAT W o= (16x10°)9.81)= 147,15CN
V= o
2P Cos45° + 2P, Cos 30° = 147,150

O.BlﬁSPli'z = 84957 + m



PROBI )
H=Lj Cos 45" Lhen
E;CE?;:ILCQJS' Solve Problem 281 if bars A and D are steel and bars B and C ae
L3-08165L; aluminum. For aluminum, « = 23,0 um/(m °C) and E = 70 x 10° N/m®
Y=Y Cosds*
Y2= ¥ Cos 307 T 3 Solution:
Y)_YCasds® W = (5x10°981) = 147,150N
¥2™ ¥ Cos 30 ve g
Y| =08165Y3 W=Mg g 2P, Coxd5® + 2P, Cos 30° = 147,150
Y1-¢L|AT+—L“A: 0.8165P, + P, = 84,957 i1}
v;.aL;n»%z H =L, Coeds?
% PL Al H = L,Cos30°
(LIx 10901 60 %2 =0 L) Cosd5® = L, Cos30°
s ) = 08165L
[(ll.'lxlﬂ‘ﬁl,z{SOhmm”oll] L, 1
.y " e ¥, = YCos4s®
PiLy =081
70200L) + P1L} = 0.8165 (7020017 + P3L3) Y, = YCos%®
(70,200 + Py) L} = (70,200 +P2) 0.8165 L2 .61 8 ¥ Cos 45°
(70200 + ) L = (70,200 + P2)(0.8165)(0.8165 L) Y, VCu3®
Y, = 08165Y,
70.200 + Py = 46,800 + 0.66667 P 1 65 Y,
PL
Py - 0.66667 P2 w . 23,400 Y= auar o+ L1
1.5 Py~ P2 =-35,100 o
08165 Py +Py= 84,957 Py
bt sl e S ol Y, = o +
23165P] = 49857 g %l aEy
P =21,523N i
0.8165(21,523) + P2 = 84,957 e 1y
P2=67383N ALIx1075 L) (hoyt e =1 T
2 s 600(200 x 10%)
P
. 0.8165 (23 x107°) L, (50) + L] ]
Pao=Pp=21523N=215 kN 600 (70 x 10%)

P =PC=67383N = 67.4kN (702004 Py)Ly = (136,000 +2.857P,) 081651,
(702004 )Ly = (138,000 + 2857 P,) (08165) (08165 L)
702004P = 92000 +1905F,
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Yorsion

PROBLEM 304.
P = L90SP, = 21500 (2)
Eq. (1) (08165 P +P,)(1.905) = (84,957)(1.905)

1555P; < 19067, = 161343

What is"the minimum diameter of a solid steel shaft that will not
twist through mtiore than 3° in a 6-m length when subjected 10 2 torque
of 14 kN. m? What maximum shearing stress is developed? Use G = 83

Eq. (2): P, - L90SP, = 21800 GNfm?,
msrl = 183,643
Solution:
P = TL876N
71876 -1905P, = 21,800 S ;:L
Py = 26207N
roy L 1406) (10005°
‘Therefore, 3 (m) T
S E3x10%)
Py = Pp = TIEN = TLOKN 4 ¢+ lsmm
Py = P ¥ 26207N = 263KN . deT
B (4 Jer
'd’
. 16(14)(1000)>
'(]Ili)3
Sg = 434MP
PROBLEM 305,

A solid steel shalt 5°m long is stressed to 60 MPa when twisted
through 4%, Using G = 83 GPa, compute the shaft diameter, What
power can be transmitted by the shaft a1 20 r/s?

Yution:
™,
B
G
T = r—-
R
b=




] fi_r :
946 | S
w T
e bl
Ge
d _ 60(5000)
2 (@3x10% ‘14:0 )
d = 104mm
_ let
e
0 - 16T(1000)
2 (1045
= 13252N.m
p = Tt
P o 13252 (20) (20)
P = 1,665295N. m/sec
P o= 1665235 Watts
P o= 1665MW
PROBLEM 306

Solution:

S
7

T

Determine the length of the shortest 2mm-diameter bronze wire
which can be twisted through two complete turns without excesding 2
shearing stress of 70 MPa, Use G = 35 GPa.

a8
7d®
16Ta000)
e (2)®
OlIN.m

o = Ik

4r = _011(000)L
@ 35x10%

L = 6280mm

FPROBLEM 307.

A stoel marine propeller is to transmit 4.5 MW at 3 r/s without
e:nndinglmnﬂnqnnusumﬂfmzurtw‘.anannlhm
1 in;knnhnfzsdhm.ln.comanhthmdhmtmilc=as

GN/m?,
Solution:
T 2nf
+ . ASxl0®
2n(3)
T = 28732N.m
. 18T
g Y
I'ﬁ
s = 16(238732)(1000
ra®
i = 290mm
T
¢ G
| G = 238,732 (1000K25 d)
%m:m’,
d = 347.5mm
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PROBLEM 308.
16T, 16 Tg
Show that a hollow circular shaft whose inner diameter is half the A e
outer diameter has a torsional strength aqual to 15/16 of that of a solid 16 2
shaft of the same outside diameter. 15
Ths ﬁfs
Solution
Therefore, the torque capacity (or torsional strength) of the hollow shaft is
8 = Gad 5/16 of that of the solid shaft.
J
For solid shaft:
3 ek
= =2 FPROBLEM 310,
For hallow shaft: Determine the maximum torque that can be applied 10 a hollow
3 = L“‘_D) circular steel shaft of 100-mm outside diameter and 70-mm inside dia-
32 meter without exceeding a shearing stress of 60 x 10% N/m® or a twist
i af 0.5 deg/m. Use G = 83x 10” Njm®
3= et ke
“ jalution:
L
3= e g
PR P
3276 R
Let § = maximum aliowable stress of the shalt material, The torque capacity 3 =gty
of the shaft is that value which will cause stresses approaching the maximum
allowable. The capacity is the measure of strength. For the solid shaft: (v é 100y — 7oyt
d
. et 1 = 7460x10° me?
o & .2x
$2 o ]
_lemg o = T{50)(1000)
=d® ‘ 7460 x 10°
For the hollow shaft: 0L,p‘ T = 8952N.m
d Pel TL
Ty (5) - | 0 = —
y :fs 2
e : 05 (- Tgow?
161, (7.460 x 10%) (83 x 10%)
. —
r =
'_|_5‘3 5403N. m
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PROBLEM 311

A stepped steel shaft consists of a hollow shaft 2 m long, with an
outside dismeter of 100 mm and an inside diameter of 70 mm, rigidly
attached o 4 solid shaft 1.5 m Jong, and 70 mm in diameter, Deteemine
the maximum torque which can be applied without exceeding a shear-
ng scress of 70 MN/m? or a tiist of 2.5 deg in the 3.5 m length, Use
G=GNm?.

Solutian:

For hallow shaft:

e X pt_A
1 3z (0" -d%)

3= =100 - oy

J = 7460 %105 mm®
Tr
Bg *toe
7o = T(50)(1000)
7.460% 108 e
T = 1044N.m
For solid shaft:
Sy
s &
J = 2357x10° mm*
e
o
70 = _T(1000)3S)
2357x10%

T = 4714N.m
- gl
0 I3

2_5(]—'5)- T (1000) I 200

1500
83x10%  7460x10°  2357x10°

T = 4004N.m
Max, Torque = 4,004N.m

PROBLEM 312,

A fexible shaft consists 0. & S-mmdiameter steel wire encased in
a stationary tube that fits closely enough to impose a frictional torque
of 2 N. m/m. Determine the maximum length of the shaft if the shear-
ing stress is not to exceed 140 MPa. What will be the angular rotation of
ane end relative to the other end? Use G = 83 GPa.

Bolution:
16T
1) Sg T  amm
i
40 = 16(2 L) (1000)
-
L = 1718Bm

wo = FE
. [Laa 1%
do Lm [,0000)2]

(180(1000) (52) (2) [,_2] 1718
m?(s)* @3 x10%)
o (l”)sSl)(lW)anslz

=2 & (&%)
o = 3321°

230

PROBLEM313:
n-ndu:m-m-ns:fsmsowu-mn%
15 kW removed at B, and 45 kW applied at C. Using G = 83 x 10
N/m?, find the maximum shearing stress and the angle of rotation of
gear A relative to gear C.

109
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Solution:
Tomikr
20
AB 20 (3)
Tap= 1592kN.m
- a5
5= e
Tae = 2387kN.m
16T
N e
for AB:
. 1605921000
% L] (507‘
Sg = 6486 MPa
for BC;
_ 18238700007
% #(75)°

Sg = 2882MPa
maxSq = 64.86 MPa

. gL 180
e a2
N 180 (1.592)(4)(1000)°
%ac T (@83 10°) [ 5ol
32
, (2387 (2)(1000)
sy v
32 (79)
= 8.225°

Oarcs =

it
PROBLEM 314.

A 0ld steel shaft is loaded 45 shown. Using G = B3 GN/m®, deter-
mine the nq;hddhn-r of the shaft if the shearing stress is limited
10 60 MN/m* and the angle of rotation at the fres end i€ not to axosed
4 deg.

Solution:

16T
3 500 Nemn 1000 Nern
LL) pAN

)

5 =

16 (1000 (1000)
wd
d = 439mm

R LT ! [10003)1000)? + s00¢2)10001%)

(334" xama0h)

d = 515mm
Umd = 51.5mm

PROBLEM 315:

A 5:m stesl shaft rotating at 2 r/s 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 anotfier 20 kW Jeaves the shaft at 1.5 m from the
right end. a) Find the uniform shaft diameter so that the shearing stress
will not exceed 50 MN/m?, (b) If a uniform shaft diameter of 100 mm
is xpocitied, determine the angle by which cna end of the shaft lags be.
hind the ather end. Use G = 83 GN/m*,

Jolution




8) Sg =

b 0

b

Spra

PROBLEM 3

A round stesl shalt 3 m long tapers uniformly from a 60-mm dia-
meter at one end to a 30-mm diameter at the other end. Assuming that
no significant discontinuity results from applying the angular deform.
ation equation over each infinitismal length, compute the angular twist
for the entire length when the shaft is transmitting a torque of 170

o 1.592kN. m

50 '
2n(2)

A0
21 (2)

16T

" ﬁ

16 (3.979)(1000)%
n(d%)

= 6964 mm

TL 180
3G B

180 (1000)°
350100} @3 x 10%)

= Z

= 0448°

16

N.m. Use G= 83 x 10° MN/m?,

Solution:

X -
30

y

D_
W
D

y*3
&0

3m

AW TOEW 20kW 30kW
(-\ —~ —~

(2.387)(1.5) + 3.979(1.5) - (1.

0.614 x 105 mm

&5 =
° - T
0y = Og

Tgl Tgh
(2.493)35) (0.614)(83)
Ty = 17127g

Tg* Tg =3
17121‘341'5-3

Tg = LI06kN.m

= 1.8%4KkN.m
.2
3
for Bronze:
5 - 1.894(37:6)1000)
2495 x10°
Sg = 2849 MPa
for Steel:
- 1.106(25X1000)
. 0.614x10°
SS = 4503 MPa
FROBLEM 318,

3 kNem

13

A solid compound shaft is made of three different materials and is
subjected to two applied torques as shown. (a) Determine the maxi
mum shearing stress developed in each material, (b) Find the angle of
routicn of the free end of the shalt. Use Ga = 28 GN/m”, G, = 63

GN/m?, and Gy, = 35 GN/m”.




1 .
i

6 Tdx

¢ 3 G

2

6 170 (dx)(1000]

® = ~
Js (550Y B3 x10%)

er= 170,000 (32) 6 dx
it 83w ]S

(1ox)*
© = 20862 (6 4
s
=3 6
o - zo0mw [X )8
o - .n.swzl'—l— I o
P 3
0 - o694z [-L —‘.]
©* @
0 = 002254rsa 2

™

9 = 1291°
PROBLEM 317.

A hollow bronze shaft of 75 mm cuter diameter and 50 mm inner,
diameter is dipped over a solid steel shaft 50 mm in diameter and of the
same Jength ay the hollow shaft, The two shafts are then fastened rigid-
ly together at their ends. Determine the maximum shearing stress
developed in each material by 2nd torques of % kN. m_ For bronze,
G = 35GN/m?, for steel, G = 83 GNjm?,

Folution:

= =L sy o oesor?
i = 55 l7st - sart)

3 = 2498x10°
Vg = 55 50t

Solution:

3

b)

16T
nd®

For bronze:

s - lersyioon?

st o
n (75

s, = 1811 MR

For stesl,
16(1.5)(1000)
(75)

S‘ = 1811 MPa

S,
5

1.5(2)(1000)°

For aluminum:
16(2.5)(1000)°

5, ¢

= (100}

S, = 1273MP

0 %, 330 V180
i ] v

a =r1.5(1.5x1w013
X754 35 x 10%)
7

_ 25@0000°  q1e0

e T
3 (100 (28 x 1%

0 = 0.289°

35075 (63 x10%)
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2 &

TE(42+42) = 44 KN,
Mg = 242+2) m
Mg = 44-38(2) =32 KN.m
My = - 32432(1) =0 (check)
Mp = 0+32(1) =32 KN.m G
Mg = 32 o%n.sxm Baie

Al

Mp = 576 KN.m I

Mg = 57.6 _lz(Asxu)

Mg =0

PROBLEM 441, A beam ABCD is supported by a hinge at A and a roller
&t D, It is subjected 1o the loads shown which act at the ends of the
vestical members BE and CF. These vertical members are rigidly
attached to the beam at B and C. Draw shear & moment diagram
for beam ABCD only.

Sol'n,

Tuy =0

Dy(7) + 4(2) +3(2) = 14(2)
Dy = 2 KN

Ay =412 =6 KN
Ay'= 3 414 =17 KN
Mp = —6(2)= -12 KN.m

Mgl = —12 -6 = -18 KN.m
Mg = —18-22) = ~22 KN.m
Mol = —22 + 28 = 6 KN m
Mp = 6- 23)'<0

PHOULEM £42.
IMR) = 0

Ryl = é Wb(zs—l..)

ol

-1 yy=0
6 2 .
WL 1 WX, . o
6 2 x‘L)
L _l‘.z=o
&
- 2
%2 = L

3
X =t

s

155
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PROBLEM 319 16T
R L 'd!
The compound shaft shown is attached to rigid suppacts. For the
bronze segment AB, the diamoter is 75 mm, S 60 MN/m®, and G For broaze:
35 GN/m®. For the steel segment BC, the diameter is S0 mm, § = B0 16 T, (1000)
MN/m®, and G = 83 GN/m?. If a = 2m and b = 1.5 m, compute the e = ORI
maximum torque T that can be applied, - (75)3
Solution TB = 31436N.m
For steel:
3 w28
s : s - 16T5(1000)
Siller Tt T ™ (s0)®
24 Tz Tg = 1%35N.m
248 3
T 59 - T T T
e o T = 19635 + 31436
ic T = S5107AN.m
A
Mo oo Th
I &g
20SL 24sL,
4G, © WG PROBLEM 320,
L el In problem 319, determine the ratio of the lengths b/a so that each
2 ot material will be stressed to its permissible limit. What torque T i
5502 _ Sg(19) .
75(35)  50(83) Solution;
Sy = 0A7M4
4 * s osL
when S = BOMPa T L
S = 04744 (80) 60() . BO®)
B 75(3%) 50(83)
Sg = 37.95 MPa <60 MPa (Ok) b
2 = L1se
RSy SE0 M . Use: S = 80MPa 5
60 = 047445g G . 1sT
Sp = "37.95 My il o
Sg = 12643 MPa >80 MP (Fall) *d
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For bronze:

60 = 16T (1000)?
n(75)°

TB = 4970kN.m

For steel:

s = 167510007
7 (50)

Tg = 1963kN.m

T = TB + 'l's

T = 497041963

T = 6933kN.m

PROBLEM 321,

A shaft of an segment and a steel
segment is acted upon by two torques as shown. Determine the maxi.
mum permissible value of T subject to the fallowing conditions: Sy
100 MPa, 8. <70 MPa, and the angle of rotation of the frae and is
limited to 12°. MG,’&SGPAMG" 28 GPa,

Solution:
s = J6T
was
100 = 16@TX1000) ~ A e
(50
T = 1227N.m
s0v=  J6.3T)(1000)
= (75)°
T = 1993N.m '
¢ = pIk

. _ Zr(a)1000 |37 (ax1000)
R ) I et
s 0 @sx10% % (758 x 10
1 16376 N. m

max, peemissible valueof T = 1227 N.m

ON M 322

A torque T is applied as shown to a solid shaft with built-in ends,
Prove that the resisting torques at the walls are T, =To/Land T, =
Tl How would these values be changed if the shaft were hollow”

' 2
Txl—l TZLZ *
29 d
T = T,
. b 2y
§i%a
+r e

11 the shaft were hollow, the same relations would result bacause J and
1 are sl the same for both segments.

19
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PROLLEM 323.

A shaft 100 mm in diameter and 3 m long, with builtin ends, is
subjected to a clockwise torque of 4 kN. m applied 1 m from the left
end, and to another clockwise torque of 16 kN. m applied 2 m from the
left end. Compute the maximum shearing stress developed in each seg-
ment of the shaft.

Solution:
B R
skNem  I6KNom
v - A2, 160 T
1 3 3
= 8kN. e
2! gaha ¥ Im—t—1|
. B W
T, Z T

. AW, 162)
T —sL‘ 5

TI = 12kN.m

67T
s wd’
For AB: T = B8kN.m
. 1681000
% 7(100)*
Sg - 40.74MPa
For BC: T2 B
T = 4kN.m
. 16(4)1000)>
. (100
Sg = 2037 MPa
For CD: T = 12kN.m
s - leaznoooy?
s # (100*

Sg = 6lL12wmP

FPROBLEM 324,

AMeomaonddngmnnAC.CD,mDanmmumﬁgid
supports and loaded as shown. For steel, G = 88 GN/m®, for aluminum,
G = 28 GN/m?; and for brouze, G = 35 GN/m?. Determine the mui.
mum sheasing stress developed in each segments.

Solution:

o T, (2X10007%
37 (2583 x 105

(Tp, ~ 100011000
P el
é (25)%35 x 10%)
Ta@ - (1, s015)

+ (T, - 300K1 5)1000)%
= (50 (28x10%

(1000 - T,)

(257%s3) 1s0'(28)
10.7%TA + I.STA—O50 + I.ZBT“ -
250951'4\ - 13,250 = 0

‘l'A = S528N.m

TA + TB = 300 + 700

'l'a = 1000 - 528

'?' = 472N.m

TAC = 528N.m

Tep = 528-300 = 228N.m
TDI = 472N.m

16T

ld!

For steal:

(2sy%s5)
12,8000 = 0

121
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16{528)(1000)
e v = (25)°
SS = 17210 MPa
For aluminum:
16(228)(1000)
W(s
Sa = 929MPs
Soeal
For Bronze Smme
16(472)(1000) 3m-—eb
#(25)°
Sb = 153.85MPs

S = T30 Rem Tys700 Nom

8b =

PROBLEM 325.

The two steel shafts shown in the figure, sach with cne 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. Determirie the maximum shearing stress in esch shaft after
the shafts ars bolted together. Use G = B3 GN/m® and neclect deform-
ations of the bolts and flanges.

Solution:

4 50w Py

123

T(2)1000)% By T ]
15 Go'eax10%) 5 40832 10%) 180
T = 12008N.m
6T
5. = J6T
= nis
; 16(1200.8)(1000)
S - od 9]
| = 48.92 MPa
s = JUW0BI000) | g
2 o]
FLANGED BOLT COUPLINGS

VROBLEM 326,

A flanged bolt coupling consists of eight steel 20-mm-diameter
bolty spaced evenly around a bolt circle 300 mm in diameter. Deter.
mine the torque capacity nfzthncmhngitmualou:&tm'

stress in the bolts is 40 MN/m*,
Solution;
T = PRa
PRI ¢ L
s

T 54"512 (40)0.150)(8)

T = 15080N.m
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PROBLEM 325, -
PROBLEM 327,
A flanged bolt coupling congists of six 10-mm diameter steel bolts
on a bolt ciccle 300 mm in diameter, and four 10-mm diameter steel A flanged bolt coupling is used to conneet a solid shaft 90 mm in
bohsan.enneﬂ\kkbo@dxdlﬂmlndmu.uminm diameter to a hollow shaft 100 mum in outside diameter and 90 mm in
Mun.whitmu-m&-whdmmmmmgamum ingde diameter, [l the allowable shearing stress in the shafts and the
of 60 14Pa n the boks? bolis i+ 60 MN/m*, how many 10-mm diameter stoel bolts must be used
on a 200-m-diameter bolt circle so that the coupling will be 25 strong 25
Solution the weaker shaf®
ad? Sohution:
L3 Pl 35
For solid shaft;
o= ;0060
5 = 16T
Pl = 47124N ud3
P, P,
Sie et s = 1670000
R, R, . (90)°
b, - A71240100) T = 85883N.m
2 150
Py 31416 N
. For hollow shaft:
s R el o
T = 47124(0.15)(6) + 3141 6(0.10X4) Ss - =35
T = S54978N.m o S
I o= == ((100)* - ro0)d
PROBLEM 329, 3z (C0r= 6oy
p 3= 5376250 mm?
Determine the number of 10-mm-diameter steel bolts that must be
used an the 300.mm bolt circle of the coupling described in Pro 50 = "s'°°°
328 to increase the torque capacity to 8 kN. m. 80
T = 40515N.m
Solution: UseT = 40515N.m
S
1= Ry 8y gt T 3 R B ia
i 10)%
8000 47124 (0.15)n,) + 3141 6(0.10)4) 40515 = _"L)_ (60)(0.100)(n)

n, = 95 say 10 bolts
! a = 86 smy9bolts
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PROBLEM 330.

Solve problem 328 if the diamater of the bolts used on the 200

mm belt eircle is changed to 20 mm.

Solution:

Pl=

gy =
L
Pye

8%y

rd®

ss
2
)

47124N

P2

8282

47124 PE

0

T ofuso 1 (207 ooy

P, =
T =

T a

12,5664 N
Panl +p
Ryn) + PyRony
47124 (0.15)(6) + 12,566.4(0.10)(4)
92676 N.m

PROBLEM 332,

A plate is fastened 1o a fixed member by four 20mm di
rivets arranged as shown. Compute the maximum and minimurm shi

ing stress developed.

Solution
S5 -
8=
J =

I

|2

RE( ¢ yY)
¥ a0 120507 + 2501}

15,707,963 mm*

= 16(300)(150)(1000;
X B = Tm‘st

max. S = 45,537 MPa

minSs=

min Ss

16(300)(50)(1000)
15,707&'!_‘_

= 1527 MPa
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PROBLEM 333, FROBLEM 334,

Six 20-mm diameter rivets fasten the plate in the figure to the The plate shown in the figure is fastened 1o the fixed member by
fixed member. Determine the average shearing stress caused in each three J0-mm-diameter rivets. Compute the value of the loads P so that
rivet by the 40-kN loads. What additional loads P can be applied before tho average shearing stress of any rivet does not exceed to MPa.
the average shearing stress in any rivet exceeds 60 MN/m??

Solution:
TIr
NG B

T = (40)(150)(1000)
T = 6,000,000 N.mm
¥ -{(suyz .« )

r = 9014mm

J = A t(xz + yz)

Bolution:

The center of gty of the rivet group is 100 mem from C
0A = 1(50)% + (75)

OR = 9014 mm

Therefore C is the most stressed rivet.

o Mool TP B
J = (2007 [4(75)" +6(50)%) ~
% 5

3 = 11,780,972 mm*
_ 8 000 (90,14 T = 225P N.mm
N 11,780,972 ¢ = 100mm
Sg = 4591 MPa
b) T = [250P - 150(40)] 1000 N. mm 3= AZ@ER4yR
G ;
CR 5= 00?2507 + (100 + 2751
o - 12507 - 6000] (1000) (90.4) J = 2,061,670 mm?
11,780,972 i
250P - 6000 = 78418 - z'."os‘:"'.sm
P = 5537KN

Po= 6AI4N
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PROBLEM 335,

A flanged bolt coupling consists of six 10-mm-<diametsr steel bolts
eovenly spaced around a balt circie 300 mm in diametor, and four 20-

diametor. What

bolts on &

Gg = 88 GN/m? and G, = 28 GN/m?.

Solugort

b g gie

]

o
"

4o -
"

4.
5
60
5,

- 4465,
= 1349 MPa < 40 MPa (safe)

3 00%e0) = 47120

7207 (13.49) = a239N

n
FR.n ¢+ PR

A712(0.15K6) + 4239(0.10)(4)
S937N.m

ue can be applied without exceeding a shearing
stress of. 60 MN/m? in the steel op 30 MN/m? in the ajumimim. Use
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TORSION OF THIN-WALLED TUBES; SHEAR FLOW

11 EM 338,

A tube 3 mm thick has the elliptical shape shown in the figure.
What terque will cause & shearing stress of 60 MN/m

T = 3IA%

nab
()]

A w 7 z

A = 88357 mm?

T = 2(88357)0003)(60)

T = 38INm

FPROBLEM 339,

A tube 3 mm thick has the shape shown in the figure. Find the
shearing stress caused by a torque of 700 N m if dimension a = 75 mm,




Solution
T
8 IRl
L 2 A[
= 1(10))z + 75(20)
A = 18142mm?
- mloooz
5 2(1814.2)(3)
S; " 6430MPy

PROBLEM 340,

F’mddindonainhoblen!ﬂﬂumofwon‘-wms
shearing stress of 70 MN/m?_

Solution;

PO

5% ZA,
t

A = 7010 + 204
7q - 5000

. 2100w + 20a) (3)
a = 557mm

HELICAL SPRINGS
PROBLEM 343

Determine the maximum shzaring stross and elangation in a helical

stoel spring of 20 turns of 20. i wire on 2 mean
radius of 80 mm: when the spring is suppocting a load of 2 kN, Use G =
53 GN/m?.
Bolution:
. 16PR dm -1 0615
A '—ds- ( T —n—)
L
d
R
- 16(2000)(80) 48) -1 0615
5, = ——= ( + )
' 7 (205 =1 8
5, = 12060MPa
% sapr%,
Gat
v = 54(2000)(80)°20)
(83x10%201*
Y = 987mm
FROBLEM 345.

A helical spring is made by wrapping steel wire 20 mm in diameter
around a forming cylinder 150 mm in diameter. Compute the number

133

of tumns tequired to permi} an of 100 vithe
@ shearing stress of 140 MPa Vso G = 83 GPa.

Holution:
L6 PR .4
D) e =)
b e &R
R = 75+10 = 85mm
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T {35 20 id = 2n
s 4:;; noe g i P~ 279N
(20 . Py = 32(2749)
P = 24435N P, = B796.8N > 6904 N (fail)
i 64 PRS0 It Py = 6904
cd 6904 = 32P
100 = 3.5%89)° n Py = 2IS25N < 2749 N (sale)
(83.x:10°)(20) Fom iyt 2
= 1585tums = 21575 + 6904

n
PROBLEM 349,

P = 90615N

A load P is supported by two concentris ste springs armnged as
lhm'n._'ml inner spring consists of 30 tums of W mm-dismetpr wire
on & mean diameter of 150 mm; the outer spring has 20 tumi of 30-
mm wire 0n a mean diameter of 200 mm. Compute the maximum load
that will not exceed a shearing stress of 140 MPa in either spring.

PROBLEM 351.

Anﬁdﬂ-l-duﬁiﬂnmmxsmamtrﬂswﬂmkz?
mm higher than the symmetrically located outer springs. Each of the

Solation: outer springs consists of 18 turns of 10.mm wire on a mesn dismeter of
100 mm. The central spring has 24 tuens of 20-mm wirs on a mean dia-
T Ay meter of 150 mm. If aload P - SN is now appled to the plate, decer
&4P. R, 5n 647,83 ‘mine the maximum shearing stress if each spring. Use G = 83 GN/m,
SR D i) ‘
ca? Gat P=5 kN
PSP | P, (10070
(20) 30y
Py = 2P
16 PR a
g w ORR g 4,
R iR
16 P (75) 20
O SRR SSRGS e )
o) (75)
P = 2749N
w0 = 1670000 43(?00) ] Solution:
n (30)°

P, = 694N
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3 3
6P R 64,
0 o 1S 290%2 . »
Gdl‘ Gdzl
64 P, (75 (24) urz(so)’(xa)‘. o
b B
@3x10% 20y (esx10% 10y
00488 Py = 017385x, *+ 20
Py - 3sSEREE, & 4098
Pl + 2P2 = 5000
[3.5552P, + 409.8) + 2P, £°5000.
P, = 82N
P, + 2(826) = 5000
P, - 338N
16 PR 4
5, 7 == (1 + )
Ny iR
% 16(3348)(75) % i o
. — - —_
! T 305
S5, = 1705MPa
2 16(826)50) 10
52 S — * ]

| e o
(10 i)
S5, = 2209MRa

PROBLEM 353.

A rigid bar, hinged at one end, is supported by two identical
springs as shown. Each spring consists of 20 turns of 10-mm wire having
a mean diameter of 150 mm. Compute the maximum shearing stress in
the springs, Neglect the mass of the rigid bar.

Solution:
W = 10(981) = 9%IN
™M A

A

2. 3R

P+ 2(2P)) = 243

P, = 588N
P, = 2(s886) -
Py = UIT2N
16 PR d
S, = —— (1 + )
‘ nd® 3
"ul_ss=l 117.72)(75; o+
# (105

max. Sg = 46.46 MPa

10
& (75)

137
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PROBLEM 355,

As shown in the figure, a homogenous 50-kg rigid block is suspen.

ded bytheexpriq-nﬁmbunmmoﬁjnmynmlmlﬂd‘

Each steel spring has 24 turns of 10.mm.diameter wirs on @ mean dia-

mater of 100 mm, and G = 83 GN/m. The bronae spring has 48 turns

of 20-mm-dlameter wire on a mean diamoter of 150 mm, and G = 42
GNhnz. Compute the maximum shearing stress in each spring,

Solution:

T Mﬂls n
cdt
5
v, - SAnEotey
(83 x 10%y10)"
Y, = oznsse
v, . HAPoren
A
(83x10°)10)
Y, = ozmse,
0 64 P(75)°(48)
(42 10%20*
Yy = 0.19286Pg
b T ke A
3 1
Ye=Ty =30 -1)

Yg-Y; = 5Y,-3V)
¥y = Svp-av;

019286 Py = 3(023133P,) - 20.23155 7))
Py = 36P,-24P

= o

P 4Py 4Py = 50(981)

P 4P, +(36P, 24P)) = 4%05

48P, - 14P, - 4905

Ny

SPlvaz = 50(9.81)(1.5)

= 0

3P+ 2P, = W55

Py = 3679-15P)

4.6(367.9 - 1.5P)) - 14 P, = 4905
16922 -69P; —14P) = 4905

L
L]
B2
o3
Py

s

1448 N
367.9 - 1.5(144.8)
1507 N

1507N

36(150.7) - 2.4(144.8)
195N

16 (144 8)50) 10
lequoxs) -,
(10 50

38.72 MPa

16(150.7X50) i 1o
»(10° 4(0)

40.29 MPa

muvs)m)] 20 :
e R
*(20%) 4(75)

9.93 MPa
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Chapter a PROBLEM: 404
L 0
Shear and Moment in g ¢ SRR
K, * 6XKN 10
Load Diagram Shear Disgram K - 10-6
Increasing e W, = 4XN o L
Decreasing Xty Vop = 10KN Y
Lise w2 Mup = 10X KN.m
Vi = —10+46 = —4KN R
Decreasing — "> Wi
Mye = 6(X—2)- 10X i
Write shear and moment equations for the beams in the fellowing My = (= 4X = 12)KN. m |
problems. Also draw shear and moment diageams, spacifying values at all 4 e i
change of icading positians and at all points of zero ghear, Neglect the Vep = ~10+6 = —4KN )
wmass of the beam in each problem. Mep = &(X - 2) + 40 - 10X Rk
. - WIN
PROBLEM: 403 ”m i Mep = (4K +29)KN. M
‘h—j
A
iy Ll
00N —r FROBLEM: 405
SOLUTIONS: 5 & ey, =0
aly =0 » 2 168, = 30(2)+10(10)(S5)
6R, = 50(2)+20(7) Ry = S6KX
Ry = 40KN » Iy = 30+10(10)- 56
R, = 50+20 40 Ry = 74KN I :
4 s
R, = 30kN Vap = 74 - 10XKN )
Vap = S0) M,‘5=7“-‘°(')§)mu
Mpg = 30 XKN.m =

vx = 74 - 30 - 10X
ku“_‘“ 1564
Mpc = 74X - 30 (X - 2) - 10K (X)
Mye = (~ 5 X% + 44X + 60) KN. M

Vpe = 30 -50= - 20KN
Mpe = 30X - 50 (X-2)
Mg = 100 - 20X KN.m

Vep = 30— 50 +40 = 20 KN o
Mep = —20(7—X) = 20X — 14OKN, w20k 5
or
€My 2 A
Mepy = 30(X) - 50 (X ~2)+40(X 6] 4] 3 i B

. = 30X - 50X + 100 + 40X - 240~
Moy = 20X - 140 KN.M




142
143
PROBLEM: 407
eMy =0
5Ry - 30(2)(3)
Ry = 36KN
R, = 30(2)- 36
Ry = 24KN
Vig = 24
Mpp = 24%
Vgo = 24-30(x ~2)
Voo = 84-30X "‘ PROBLEM 411:
1
Moo= 24X~ S L
B8C X-300x ‘)"a—’ " X g
Vo e “a Wiy 3
CD f—2 an M = (== L)
Mep = 36(5 - X) T3
A 2
-2 " M os
x=H-0s .
B R 4
L S
=¥ x
PROBLEM 408 b
EMAAD L]
6R, = 30(2) (1) + 1S (4) (4) 2m Z.W
R, = SOKN Xi T
' = 30 -
Ry = 30(2) + 15(4) - 50 , P
Ry = TOKN L
Vg = 70- 30X ¥x-Lxe - T

Mpp = nx»som:—)

Vpo = 70-60 - 15(X - 2)
BC e | L]
Vge = 40-15X VSRR —xiL-n)
Mpe = OX - 60 (X - 1) v ¥aox
2L L
- 15(X - 2)(X=2

~3)
O M= lzxzclxs )—Xy(—’zi)

"




2 2
ue KM X Ma-x

3 2

3L 2

M= W wx?
6L 2

PR S S o
a

PROBLEM 412:

My =0

6R, =10(6)5)

R, =S0KN

R, = 6(10) - 50

R, = 10KN

Vg = 10

Mpp = 10X

Vpe = 10~ 10(X -2)
= X2
=10 10 (x -2 ¥=2

Mae x-25 s )

Mg = 10X -5(X-2)%

Vep = 10(8 -X)

Mcp = 10(8 XN 92—'1)

Mep = - 58 -x)

MORLEM 415
= 8(5) -20
= 20KN

B(5)25) —20(3)

M = 40KN.n
Vpg = -8X
Mpg = ‘u(’zi)
Vpe = 20-8X

Mpe = 20(X -2) .ax(a’S )

. 2
Mo = 20X —40 -4X'

Mye =(- aX2 + 20X - 40) KN.m

FROBLEM 416:

—
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AR STREEADN
TN

x—o

ax
xa

W
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V=2t —;xv .
v R = X
Vo= WL Lo owx, 1S5 2,
TR il
WL 1 y2w)
v s ML _ wx? a 2 L
& 34
M =R, X1y X
: 7 wL _ wx?
= WLX 1 42 WX, sy % L
Sl eV t’ ,,anx_nx“_)?
M- WX wxd A
R LN WK _ L 2 qux)
for max. M, V=0 & L
0= WL _ wx? wx xS
6 2L EH T
vl xt vux‘lluntx=%
3
WL W LS
x=L 19 3 9
3
2
M= WL - :L
6 4
2
w3 WL
AL X =L
iy AT
PROBLEM 419;
-2 419,
/ 3> TR
9/3 M, =0
5k, = 2(3K20K2)
R, =
PROBLEM 417: 2 = 12 KN
Ry = L3xa0) 12
Ri=Ry = Liwyk) - wm
SR Ry = 18 KN
T
X L B 3(_;
2 x =
2wx ¥ = R

L




Van = 18-L

AB ricd

Van = 18 - L x (20X
AB 2 T

2

10%

Vpp = 18- 10X
Ap x

Myg = 18x -1 x@Xy X
A8 2(s)("')

2
= 10X
Mpp = 18X — T

VBC " —13

Mpe = 12(5 -X)
BC
max, Moccursat V=0

15 10%% =0
3
10%% = 54
X =2324m
max, M = 18(2.324) - _loj%!ﬁf

max, M = 27885 KN m

PROBLEM:

421, Write the shear and moment equations for the builtin cireular shawn. |
(a) the load P is vertical as shawa, (b) if the load P is horizontal to the

Soln.

Kot

My =~ PR(1-Cox0)
Vp =~ Psing

PROBLEM 422;

)
Vpg =Lsin 0
A =0
Mo =2 R(1- Cosd)
AB 2

Vgo = —%sm(lw-a)

Vac =.IL3_‘;M_9

"Bc‘f R4+RCos(180-0) - PR Cos(180 - )
"‘nc’% R -RCosl + PRCos @
MBC=P§-';—"Cu0»PRco.o

M, PR

ar considering the right segment
M < 2(R - RCos(180 1)

Mg = ?” - Cos (180 - ) AT

Mac = FRvcore)

149
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PROSLEW 427: IHOBLEM 430. In the overhanging beam shown, determine P 5o that the
Mg = 0 Inament over each support equals the moment at. mid span.

1oy 10 kN o

5Ry + 10(1) = 10(2)2) Iy = P+5(d) = P20

R, = 6KN My = Mp i s "
Ry = 10+2(10) -6 My, = P(1) +5(1§05)=P+25 mﬂ--u_m%g”
R, = 24KN My = (P+20X3)  P(4) - 5 (4)(2) B . t
X :i%:,_.,,,, Mg = SP460 4P - 40 i -
M}. - 20 P
Mg = -10(1)=— 10KN, m W e
Mo = ~10414(1)= 4KN.m
Mp =4+ LOayia)-1358KN.n !
Mp = 138 - —‘2(6)(0,60)= 12 KN.m
Mg =12 - (6)2) =0 PROBLEM 433
PROBLE 428 P, =0 e
B, -0 . o 5, + 200= s0(7) i
iy, R e e R, = 30KN & 2
Ry = 70KN R, = 5030 = 20KN
Ry = 60+3045(4).70

Iy =20(2) =40 KN. m

Ry =40 KN 151 =40 - 200 = - 160 KN.m
fc = 160+ 20(3) = — 100 KN.m

Mg =1(40+35)= 375 KkN.m Mo ==1004502) =0

Mg = 375 - quzsmaoxsx

Ne 60 KN.m
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PROBLEM 434,

IMg =0

SR, + 30{1) = 20(3X1.5) + 60
R, =24KN

R, = 30+ 20(3) - 24

R, = 66 KN

x = %; 18m

My = -36(1) = -30 KN.m
Mg = - 50+ lz(sa)nm

Mp = 24 KN.m

Mg = 24 - 12(24)'(1.21

Mo = -12KN.m

Mp = 12 - 24(1)="- 36 KN.m
Mp = -36+60 = +24 KN.m
Mg = 24 - 24(1) =0

PROBLEM 436,
R =10 +20(2) - 10(2)
R = 30 KN
Mg = —10(3) - 20(2)(1)
+102)(5)
Mg = 30 KN.m
=10
X 2 05m
Mg = 20 XN.m
Mg = 20 +20(1) =40KN.m

40 40{1) =50 KN.m
. 50+ %(10)(0.5) = 52,5 KN.m

" 525 - lzs (30)1.5) = 30

Ihoment is zero,

Iny =0

iy = 20(4)3)

Hy = 48 KN

K = 20(4)-48

" 32 KN

M, =0

AN, = 20(2K1) + 40(2)
+32(5)

K, = 70 KN

I, - 20(2) + 40432 - 70
I, - 42 KN
K=32a16m

20

153

o two segments joined at a frictionless hinge at which the bending

o

20 AN

==
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2 &

TE(42+42) = 44 KN,
Mg = 242+2) m
Mg = 44-38(2) =32 KN.m
My = - 32432(1) =0 (check)
Mp = 0+32(1) =32 KN.m G
Mg = 32 o%n.sxm Baie

Al

Mp = 576 KN.m I

Mg = 57.6 _lz(Asxu)

Mg =0

PROBLEM 441, A beam ABCD is supported by a hinge at A and a roller
&t D, It is subjected 1o the loads shown which act at the ends of the
vestical members BE and CF. These vertical members are rigidly
attached to the beam at B and C. Draw shear & moment diagram
for beam ABCD only.

Sol'n,

Tuy =0

Dy(7) + 4(2) +3(2) = 14(2)
Dy = 2 KN

Ay =412 =6 KN
Ay'= 3 414 =17 KN
Mp = —6(2)= -12 KN.m

Mgl = —12 -6 = -18 KN.m
Mg = —18-22) = ~22 KN.m
Mol = —22 + 28 = 6 KN m
Mp = 6- 23)'<0

PHOULEM £42.
IMR) = 0

Ryl = é Wb(zs—l..)

ol

-1 yy=0
6 2 .
WL 1 WX, . o
6 2 x‘L)
L _l‘.z=o
&
- 2
%2 = L

3
X =t

s
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