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¢ 1 UNITS COMMONLY USED IN STRENGTH OF MATERIALS

Tao change 1b. to Kg.

100 1b. = 100
2.2

100 1b. = 45.45 kg.

To change kg. to Newton

50 kg, = 50 (9.807)
50 kg, = 490.35 N

To change psi to kgfem®
100 psi= 100
2.2 (2.54) (2.54)
100 psi = 100 (0.07045)
100 psi = 7.045 kg/cm®

To change kgfem? to N/m? or Pa or KPa or MPa

500 kg/em® = 500 (9.807) (100)*
500 kg/cm? = 49035000 N/m?
500 kgfem® = 49035 KN/m®

500 kg/cm® = 49035 KPa

500 kglem® = 49.035 MPa

To change fe-lb to kg.m
2,000 felb = 2000 __
3.2 (3.28)

2,000 fr-1b = 2000 (0.1345) = 268.96 kg-m

To change fr-lb to Nom

300 ft-lb = 300 (9.807)
2.2 (3.28)

300 frlb = 300 (1.359)
5300 ft-lb = 407.72 N.m

To change psf to kg/m?
100 psf = 100 (3.28)°
2.2

100 psf = 489 kg/m®




Chapter 1
Simpie Stress

PROBLEM 103,

To change psf to N/m? Determine the largest weight W which can be supported by the twa
100 psf = 100 (4.89) (9.807) wires shown, The stresses in wires AB and AC are not to exceed 100

100 psf = 4795.62 N/m? MPFa and 150 MFa, respectively, The cmﬁ-geclinnal areas of the two
wires are 400 mm*™ for wire AR and 200 mm* for wire AC,

To change psi to Pa
100 psi= 100 (9.807) (100)?
2.2 (2.54) (2.54))

100 psi = 100 (6909.49)
100 psi= 690949 P; = 690949 N/m?
100 psi = 690.949 KP,

To change Joules to N.m = ton:
100 joules = 100 N.m Consider the FBD of joint A with x — axis through AR as shown
To change Jfs to warts e
100 joules/s = 100 warrs ACsin75° = W'sin 60°
C= :
To change N.m/s to watts [AEH SBT
100 N.m/s = 100 warrs ABros30° = ACcosd45% =  (0.897W) cos 45°
To change N.ms to hp AB = 0732W
400 N.um/s = 400 watts =
400 N.m/s = 400 = 0,538 hp for AC:
746 AC =  (200150)
I MPa=1N/mm? AC = 30,000N
0.897TW = 30,000
E, = 200,000 MPa for steel SN e
for AB:
AB =  400{100)
AB = 40,000 N
0.732W= 40,000
W = B54645N

Therefore the largest sate woight W = 33,445 N




PROBLEM 104 For CE. For BD:
: 135{1000) 96.15(1000)
: SCE ° —img Spp® =
For the wuss shown, calcutare the Hressdsin members BF. CF and ¢ 1200 <00
BD. The: crosssodtiong arfa @l fach grember 5 1200 R Iridicate SCE £ 1125 MPa(T) SBD = 801 MPFa (C}

tension (T Cumpression (0
FROBLEM 105,

Solution
Fou the truss shown, determine the cross-sectional anasz-:ﬂ bars BE,

Consider FBD of whole trss ® BF, and CF z,.;ilma-. the siresses will not exceed 100 MN/m™ in tfmn_n

v i or 80 MN/m® in compression. A reduced stress in compression is
r'—Mﬂ, 0] |I specified b0 avoid the danger of buckling.
R (10) 100¢4) + 20007 Lobytis.

1 8
R 180 kN Fass the cutting plane a - a through members
Consider FED of joint F BE, BF, and CF, and consider the FBD of the right segmani
| Zv |
i 5
B J l.-M = 'u]
': DF 180 ¥ ;‘ 403 + 5006) '3?
- = ¥
0KN L 2006N o ~Ea3e ke, |

D DF 225 kN (Y CF 52.5 kN (C) I \
Pass the cutting plane a - a through memters BD, CD, and CE and Resolve BE into its components at joint E
consider the FBD of right T,

; N TLOIE Somi o | l"MF = EJ
[EMp = 0] 3
CE(4) 180(3) 5 BB = 50(3) 3G
CE = 135kN(T) BE = 625kN (T)

Resolve BD into its components a1 B |3V = g)

M 0
¢ | ..E- BT = ;{EE.SJ = 40+ 50
3 o
T B {6 )+ ?-[h']_:‘g: 1806 lilj
y13
BF = 4272kN(T)
BD =  9615kN (C) i
AEAE:
The stresgos: . ;
Is = ) L
5] For CF;
I :
or i - 52.5(1000) = 656 Mt
: 225(1000) cF &6
“DF 1200 (s
! r BE:
311 - 187.5 MPs [y 200 kN Re=180 kN

62.5 (1000
AgE “ﬁufu_) = 625mm° KN SOKN




Far BF:

. 437
Bk il Isﬂfmmq

PROBLEM 10s,

= 427.2 mm2

™ :
e bars of the pin-connected frame shown are sach 30 mm by &0

mm in section. Determing

the maximum load P that can be applied o

mtth-mwmmnuﬂ 1mhmm3mm¢mmauuwmz

in compression,

Consider the FBD and force polygon for joint B E
BC = Poogg = 0.8PF(C)
AB = Psng = g4 P(C) |

Consider FED af joint A&

10 m Ei

AR

AC = (D6P)cosg = (0.6P)0.8) = 0.48p (T)

[P = ag)

for AR:

0.6P = (30x 60)a0)
F 240,000 N

for BC:

0.8p = (%0x &0)(80)
P = ls0000M

for AC:

0.48P = (30 x 60)100)

P = 375000N

AR=D &P

Ry

Therefars, the maximum safe [oad

P = 180000N =

180 kN

Solution:

PROBLEM 107.

A cast-iron column supports an axial compressive load of 250 kN.
Determine the ingde diameter of the column if its cutside diameter is
200 mm and the limiting compressive stress is 50 MPa.

(40,600 - Dlzh

g}

A

- T

Las,
250(1000) = 7 (40,000 - D;%) (50) i

5000 = :— (40,000 - DIE]

m_mﬁ_nli = 63662
D, = 1834 mm

FROBLEM 108,
Determing the outside diameter of a hollow steel tube thar will

carry a tensile load of 500 kN at a stress of 140 MPa. Assume the wall
thickness to be one-tenth of the outside diameter.

Soluton:

P
[8 = ﬁ]

140 - 2000

A = 35714mm?

A = T%-(080%] = Z(D?-064D%

I571.4 = ;{G.Eéﬂz}

D = 1124 mm



FROBLEM 111,
FROBLEM 109. A homogeneous 150-kg bar AB carries a 2.k force as shown in the
: ; mm-diam b
Fart of the landing gear for a light plane is shown in the figure, figure. The bar is supported by a pin at B and a 10-mm e,

Detaamine the compressive stress in the serut AB caused by a landing CD. Determine the stress in the cable.

reaction R = 20 kN. Strut AB is inclined at 53.1% with BC, Neglect i

wreights of the membars baRpes

Sohation : W = 150(9.B1)1000 kN
.
r EME' = ﬂl .I'.i.i'r-_-‘ﬂ r|uI|I l Eh‘B = 0 I
i = 4 _ 15009.81 :
P 36.125
FERH | T = 6839KkN v
A - ; !t'il?}lz (30)%) mm‘l" ~ Almm _ P = -
> Ba 30 kN ) }'
N = 5498 mm 2kN
6.839 (1000) = )
g i 4 T (10y% 4
- A 110
§ . .56.125(1000 § = B7.08 MFa
5494
S = 6571 MPa 2kN  W=150(9.81V1000 B,
Paiditl Fve g [
P . OBLEM 112.

A steel tube s r:qmljr .]?tachﬂtl between an .jlumr._num rod and a 4 Determine the weight of the heayiest cytinaer which can be placed
trtc-nz-.e r-l:_rd A ih-tt'!.lln in the ﬂq.ure Aowal loads are applicd at the pos- in' the ition shown in the figure without exceeding a stress of 50
ons indicated. Find the maximum value of P that will not exceed a in t zp?ﬂi he weight of bar AB. The cross-sec.
SUOOSE an alumanum of 20 MPa, in steel of 150 MPFa, cr in bronze of 100 MH/m in the cabie EC. HEMEP * -

MPa. tional area of cable BC is 100 mm®,
Solution
; ; Solution: ©
P A 1':':-;1:?“3"' A j“r::lrm 3 i
Fﬂrm . : e ™ A w
[T 1T 80 = 200
P = 6,000 N fme—e—— 2.5 m——
ar
2P 3"’—'———!
For Sueal: 150 =
P = 30000N
4P
F ; et T
or Bronza; 100 500
P = 12,500N (maximum safe value of P)

e E——




T = 50(100)= sppon

imﬂl = 0] -

P4) = s000(8)

p o oo - FROBLEM 1

Consider FBO of cylinder i As in the figure shown, a hole is to be punched but of a plate

W = Peoso g having an ultimate shearing stress of 300 MPa. {a) If the compressive
6 stress in the punch is limited to 400 MPa, determine the maximum

W = 10000(s) thickness of plate from which a hole 100 mm in diameter can be

punched. (b) If the plate is 100 mm thick, compute the smallest diame-

W = ﬁrﬂﬂﬂ!'? = the weight of heaviest cylinder ter hole which can be punched.

7

PROBLEM 13, ' Solution:
| Ml:’;@kqhﬂwﬁuﬂﬂhmmm:wuunﬁc ). EEy Al
L ! .llnhhithﬂmnlﬂduuqm:umzru;hnmmﬂ“ P = (100§
% ﬂﬁuu . Determine the magnitude P and location x of the largest addi- A ; e
// $onal force which can ba applied to the bar. The stresses in the cable; P = 1,000000xN
_ AC and EDmhmtudm]NHhdeﬂHh. respectively :
§ ution: From shearing of plate,
2 Ar = rDt = 100wt
-[r : AS] P = P = AsSs
A © (400)100) = 40,000N e 1,000,000 = (100 m t) (300)
Ty = (d00)50) = 20,000 N e t = 3333mm
2 P ' '
W = (1000)9.81) = 9aigN )P = AsSs Compressive urea
[E'.r 5 u} Fhrared avea wrMd
o P = (sDt)Ss l
+ =
Ta*Ty P = »D(10)(300)
P = mﬂm*?ﬂ.ﬂﬂﬂ—%lu F = 30007D
P = 501%0N from compression of punch .
M, = o P = AS
50,190(x) + 9810(1) = mmg}[ "
Y P = :D?
R = 0602Zm £ g
P = 100xD%
100rD% = 3000rD
D = 30.0mm
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PROBLEM 115,

| The end chord of a timber truss is framed into the
{  shown in the figure. Meglecting friction,
allewable shearing stress is 00 kPa; an
that the bearing stress does not exceed

Solution:

(a) From shearing

Ps = AsSs
Ps = Peos3®
50 cos 30% (1000)
b =

{b) From bearing
Pb = Absb
50 cos 30° (1000)

=

41.24 mm, say 42 pun

bottom chord as
{a) compure dimension b if the
d (b) determine dimension C so

Solution:

{150 b) (0.9)
320.75 mm, say 321 mm

FROBLEM 116.

In the landing gear described in Problem 109, the bolts at A and B

are in gingle shear and the one at C is in double shear. Compute the

required diameter of thesa bolts if the allowable shearing stress is 50
MPa.

P
[EMe = 0] A\ i
(P sin 53.1)(450) =  20{650) — -l- ey
F =300 M43}
= 36 125kN e &
[Zv = 0]
Ov+20 = 36125sn531°

Cv = B.B89KN
[EZH = 0]

Cy = 36.125c08531°
Cy = 21690KkN

Re = H2 * Cuz
= V(21.69) + (8.889)
Re = 2344kN

for balts at A and B (gngle shear);

P = AS for bolt at C (doubls shear):
1000{36.125) ={ & D% (50) 23.44 (1000) = (}nznmﬁ
D = 30.3%mm D = 17.3mm

PROBLEM 11

A 750-mm pulley, loaded as shown, in keyed to & shafy of 50-mm
diamater. Determing the width b of the 75-mm-long key if the allow-
able shearing stres is 70 MPa.



r

A1
Solution:
(a) P = AS
[IMe = 0] 3L177(1000) = (F 4%)(100)
P(25] + 6(375) = 10(375)
e & 1 d = 1992mm
5 man ®Ys = % (doubleshear)
60(1000) = (75b)(70) g = 52.984(1000
B = 1ldmm 7207 (2)
§ = B433MPa
PROBLEM 114,
G kM
‘ PROBLEM 119,
The bell crank shown is in equilibrium. (a) Determine the required
e The mass of the homogenous bar AB shown in the figure is 2000

‘l\f/ diameter of the connecting rod AB if its axial stress is limited to 100

2 . : :
MN/m®, (b) Determine the shearing stress in the pin at D if its diameter kg. The bar is supported by a pin at B and a smooth vertical surface at

20 mm: A. Determine the diameter of the smallest pin which car be used at B

Solniian: if its shear stress is limited to 60 MPa. The detail of the pin support at
D is identical 1o that of the pin support at D shown in Problem 118.

b R Sahution:

200P = 30 sin 60° (240)

P = JL17TEN W = (2000)9.81) = 19620N : /

(ZH = 0] B, = W = 1920N :

Dy = 31177 + 30 cos 60° [EM, = 0

a =

Dy = 46177kN

By, (8)+19,620(3) = 19,620(6)

[1-"'-' = |:|.I
| o B 0 5in ﬁoﬂ e 25 980 kN BH = ?55?-.5 N
¥ = B = 5
Rp = ..f ['45.]??]2 ¥ (25.98)% Ry -\,{?357.5} + (11524:]2
Rp= 52984 kN R se N
[F = AS] (double shear)
20954 = (3 d%(60)2)

d = 149mm By=19.620 N
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FROBLEM 121.

FROBLEM 120,
A rectangular piece of wooad, 50 mm by 100 mm in crosz-section,

is used as a compressicn block as shown in the figure. Determine the
maximum axial load P which can be safely applied 1o the block if the
compressive stress in the wood is limited 1o 20 Hﬂfmz and the shear-
ing stress parallel to the grain is imited 10 5 HH}D’JE. The grain makes
an angle of 20° with the honzontal, as shown. (Hint: Use the results of

Two block of weod, 30 mm wide and 20 mm thick, are glued
together as shown in the fiqure. (a) Using the free-body diagram con- V’j
s cept, determine the shear load and from it the shearing stress in the
glued joint if P = 6000 M. (b) Generalize the procedure of part (a) to
show that the shearing stress on a plane inclined at an angle 0 to a
transverse section of area A isSs = Psn 20 / 24 Froblem 120.)

Solution; &
ekl

(a) Shearing farce Fram compression

P = SA
¥ = Peozéle P - (20)(50)100)
Vs Boeagtt o P 100,000 N
V.= Zo0N From shear
Shearing stress e _Psn2@
A L R
= 2ZA8s
g 3000 sin 20
..ﬂ_sm = (20) P 3{50}{10[]]{51
: sin 409
T P = T771B6N
{b} Shearing force !
i e BEARING STRESS
Shearing stress
v PROBLEM 123.
55 = i
- In the figure shown, assume that a 20-mm-diameter rivet joins the
s =—Fond plates which are sach 100 mm wide. (a) If the allowable stresses are 140
= MM/m< for bearing in the plate material and 80 MN/m* for shearing of
o the river, determine the minimum thickness of each plate. (b) Under
Sp = Psin 0 cos 0 Sin20p the conditbons specified in part (a), what is the largest average tensile
A 2 5in 0 cos 0 stress in the plates
. Psn2¢
ol 2A Solution :



le

fa} From sheaving of rivet

P = pAsSs
P = 1207 (80)

- 3001000}
P = 25]33N (20)25)3)

From beanng of plate Sb 33.33 MPa

B = ABSH

P .
uim t siress in asch
P o= @S %‘l (c) Maximum tensile plate
9.0 |

25,133 = (20t) (140)

t = §.98 mm

A = (130 - 20)(25)

(b} Tensile stress in the Plate p‘:ﬂt = 27750 mz
o
: 8 2750

A y {!MFE oEY f%]{gqﬁj rprepecied aeea of rived Aole | -

5 = 1B818MPa
A 718 mm?
£ 25133

—'—--—ﬂ 5 PROBLEM 125.

S = 3500MFa

For the lap joint in Problem 124, determine the maximum safe
load P which may be applied if the shearing stress in the rivets iz limited
to 60 MPa, the bearing stress in the plates to 110 MPa, and the average
wenxile streds in the plate to 140 MPa.

M
'\..rl JI:E‘.'HLEM 124,

The lap joint shown in the fiqure is fastened by thres 20 mm
diameter mwerg Azuming that P = S0'kN. determine (2} the sheanng
siress in each nver, (b) the bearing stress in each plate, and () the
TEIMUm average tensile stress in each piate. Assume tha: the axial
load P is distributed equally among the three rivers,

Soludon:

(a) From shearing of the rivets

Solution: P = AS
£ w
(2) shearing stress in each rivet 4 503 i p 1_;|m R {m’z (60X3)

s = 1—__:[1—_& — | P = 56549N

i B 20 1 @ Rivers g: (b) From bearing of the plates
- |"".|'_.""||:'] U::H]" —=. - 3% E,
R =3 P = AbSb

g Vo1 (3) P = (20425)110)3)
a3 53.05 MPa P = 165000N



() From tension in the plates
P o= A,S

Rpey = (130 - 20(25) = 2750 mm?
P = (2750)(140)
P = ZE5000M

Therefore, maximun safe load
P = 56549N (shearing of the rivers govern)

PROBLEM 126,

In the clevis shown in the figure, derermine the minimum balt dia-
maer and Liu minunum thickness of each yoke that will support a load
F = 55 kN without exceeding a shearing stress of 70 MPa and a bearing
stress of 140 MFa.

Solution:

(a) Minimum diameter of bolt (double shear)

P = as
w55 KN

55(1000) = (7 4% (70)2)

d = 2237mm
Fo = AbSH

55
Pb = o = 7.6 kN (for sach yoke)

Ab = dy = 2237t
27.5 (1000) = (22.37 1) (140)
t = 8.78mm

FrROBLEM 127.

A 222 mm-diameter bolt having a diameter at the root of the
theeads of 186 mm is used to fasten two timbers ag shown in the
figure. The nut is tightened 1o cause a tensile load in the belt of 34 kN,
Dererming (a) the shearing steess in the head of the bolt, (b) the shear-
ing stress in the threads, and (¢} the cutside diameter of the washers if
their inside diameter is 25 mm and the bearing stress is imited to & MPa,

hER LT RTad

{a)' shearing stress in the head of the bolt

8 = lﬂu.
g, - B4(1000)
. 7 (22.2X12)

Sz = 40.625 MPa

k|

{b) shearing stress in the threads

o - 34(1000)
7 (18.6)(16)

55 = 36366 MPa
(c) outside diameter of washer
Pbh = AbSh

34(1000) = [d% —(28)%] (6)

22

ld% - (287 = 5666.67

d = 8944 mm

FROBLEM 128,

The figure shows a roof truss and the detail of the riveted connec-
tion at joint B, Using allowable stresses of Sg = 70 MPa and Sb = 140 MPa,
how many 19-mm-diameter rivets are reéquired to fasten member BC
to the gusset plate? Member BE? What is the largest average average
tensile or compressive stress in BC and BE?
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Ha?sffmn
e

Prg

Par

Solution:

Consider FBD of joint C
BC = 95kN (Tension)

Fass the cutting plane a - a through members BD, BE and BC, and con-

sider left seqment.

"EM.H. - u]
3 BC
gﬂE{ﬂ} = S60d)
BE = 80 kN (compression) AC CE
for BC: 96 kN
P = pAcsy
W
60000 = 2 (9P (70) )
= 403 rvets 5
i)
P = ABSb S
A .
80,000 = (19)(13)(140)n) CE
o = 231 dvess Ry kN ASHE

Uise 5 rivens for member BE

From Steel Manual {Appendix B of textbook)
BbH4 mm?
1780 mm®>

Area of 75 x 75 x &6 mm
Areaof 75 x 75 % 13 mm

‘Tenzile stress in BC:

A = 864 -(19)6) = 750mm

_96(1000)
- T 750

5 = 12B8MPFa
Compressive stress in BE:

L A3
sl:-,ﬁ,

5, = _80(1000)

449 MPa

¥y ]
[}

FROBLEM 129,

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

Soluton:
For member BC:
PEC = S@6,000N  (tension)
P = HAsSs

96,000 = Ezzz}ﬂq?nnn}

o = 561 rvels

F = AbShb

96,000 = [22){6)(140%n)
n = 519

Use & nvets for member BC
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Tensile stress

P
S, =

net =
Pree = 864 - (22)(6)

i, 2
et = 732 mm
g - 96,000
t 732
Sl = 131.15 MP3
For member BE:
FEE = B000D0N (compression)
P = pAsSs

Use 4 rivets for BE
80,000 = 7 (22)%(70)n) Compressive stress:
o= 3.0l rivets s, = &
P = AbSH s - 80,000
80,000 = (22)(13)(140)(n) ° 1780
n = 1.998 nvets S, = 44.94MPFa
THIN-WALLED CYLINDERS

FROBLEM 131,

Show that the stress in a thin-walled spherical shell of diameter D
and wall thickness t subjected to internal pressure P is given by 5 =
PD/t.

Solution:
F = pﬂ: F _N,P_'z
q
2
= p = "D
Py
« P
A
P xD%
== —4_
rDt

FROBLEM 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 sweel is mited to 140 MPa.

Solution:
F = pDL
= p (SO0 (S000)
F = 15000000pH
2T = F = 1,5000,000p
T = 750,000p
P
g
140 '?5&.CII}I]E
(2003000)
p = 11L.2MPa
PFROBLEM 133.

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

1 ]
Solution:
(a3} F = mTwe
2 -
T (O T S
m rE
2
F = (pnAry) g i
T r2
c
F = 2pAvt
P:o= 2 = pﬁvz



= =
b3
. PAY 2
o A pv
Substitute values,
140x10° = 7850v°
¥ = 133555 mfsec
() 200x10° = 785042
v = 159.62m/fsec
¥ N
w =Y - 15962 (1000)
Fa 250
w = 638,47 rad/sec
FROBLEM 134.

A water tank is 8 m in diameter and 12 m high. If the tank is to be
campletely filled, determine the minimum thickness of the tank plating
if the siress is limited to 40 MFPa,

Solution:
F = whaA
= 9810{12)(8)(0.001)
= 1. 70N
2Pp= F' = Q4174
P = 47088N
B
SR
470.858
40 = ——==2
(L) (1)
t = 11.77mm

FROBLEM 135,

The strength per meter of the longitudinal joint in the figure is
480 kM, whereas for the girth joint it is 200 kM. Determine the maxi-
mgm diameter of the cylindrical tank if the internal pressure is 1.5 MN/
me.

Crirah fndni

Soluticn: _ # ¢ Longitwdinal

For longitudinal joint
F = 2T

PDL = 2T
(1.5x lﬂﬁ}fD}[IJ

D = 06dm

Ferr girth joint,

2(480)(1000)

2
m
| ] P -fl_

= (aD)200)(1000) N

= T
1[3;_ = (wD)200,000)
(L5x10% 7 = 200000
D = 05im S FeprDPi4

Use D = 05%m

—
{maximum diameter) ]
Ly | 2

T 200) F ‘

200 kN=m !
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FROBLEM 136.

Solution:

A pipe carrying steam at 3.5 MPa has an outside diameter of 450
mm and a wall thickness of 10 mm. A gasket is inserted between the
flange at one end of the pipe and a flat plate used to eap the end, How
many 40-mm diameter bolts must be used to hold the cap on if the
allowable stress in the bolts is 80 MPa, of which 55 MPa is the initia!
stress? What circumferential stress is developed in the pipa? Why is it
necesary to tighten the bolts initially, and what will happen if the
steam pressure ghould cause the stross in the balts to ba twice the valus
of the initial stress?

() F = (35)()430)
F = 508270N

3 = Final stress — Initial stress
3 = B0'-55 (b) 2T = F = PDL
§ = 25MPa PDL
e
T = AS
T 5_ — ?
TE (40)%(25) A
~ PDL
T = 31.41& N 8 T E{IL}I
T-n = F E 5 EE
o . 508270 2t
2o g - (351430
n. = 1kl 2(10)

Usen = 17bolis S = YT5.25MFa

FROBLEM 137,

A spiral-riveted penstock 1.5 m in diameter is made of steel plate
10 mm thick. The pitch of the spiral or helix is 3 m, The spiral seam
iz a single-riveted lap joint consisting of 20-mm-diameter rivets. Using

S5 = 70 MPa and 5b = MPa, determine the spacing of the rivets alony

the seamn for a water pressure of 1.25 MPa. Neglect end thrust. What is
the circumferential stress?

ailution;

Shearing of rivets T S
T = AsSs . - b = 5n
T o= 2070 "",:’_w\ %)) |

T = 21991N Taligs

Bearing of rivets

T = 'Ab5b

T = (10)20)140)

T = 28000N

UzeT = 210991N

2T = F = FDL

2(21,991) = (1.25)(1500)L})

L = 2346mm

5 5586

L 3

o _SEHF-:'_"‘_Hle

S = 437mm

Cinrcumferential stress:

T = AS:

21,991 = [10N23.46) 5

S5t = 9374 MPa
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PRROZLEM 134,

PROBLEM 139.
i
R i { a i 5 : 5
2 0ire Ezl?lr prab Em 137, using a 2 mdmme“"r. penstock fastened with The tank shown in the figure is fabricated from 10-mm steel plate.
rmiameter isats, wita all other data remaining unchanged. Determine the maximum longitudinal and circumferential stresses
A caused by an internal pressure of 1.2 MPa.
5 ; Solution:
shrering of rivers
= AgSs
m
i (30)% (70)
49430 N
rfanng of rivets
BbhEh .
: ;}'.l.:.::\-r- 1_} ‘f
T = (30j(lo)lzn) 0
o0l g
T = H420C0N m"‘i(.L_E'__.._,,' 15
LT S
UseT = 42000N 3
2T = P = nint
e s ongiiudinal stréss
242,003 = (1.I5%200CIL R
[ ; F = pA
. .G TRm
L]
5 6.953 F o= (L2) [{400)600 + (400)%]
L 3
Circurmferaniial e F = 43879 N
= :':7'_%63. 334 reumierential ¢ ress
3 T = ASt F = ASe
5 77.59 mm 42,030 = (10)(33.6) 5t 438,796 =  [(600)(2)(10) + (400 m}{10}] Se
say 5 78 mm S5t = 125MFa Se = 17.86 MPa
Circumferential stress
F o= (1.2)1000L)
F = 1200L N
Ly 3 2F = F = 1200L
: ‘ i | n;_rl.gr T = 00 L
o iM\\y Q ! T = ASt
- J g 600L = (10 L)SH)
b Ym

St = 50 MPa
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cimple Strain

FROBLEM 140, PO EM 203,

The tank shown in Problem 139 is fabricated from stesl plate. ! During a stress-strain test, the unit gelmmmiun at a stress of 55
Determine the minimum thickness of plate which may be used if the MM/m? was observed to be 167 x 107 ° m/m and at a stress of 14C
stress is limited to 40 MN/m< and the internal pressure iz 1.5 MN/m®. -',m;mz it was 667 x40 m/m_ If the proportional limit was 200 MN/

:n?'. what is the modulus of elasticity? What is the strain corresponding
Solutiomn: 1o a steess of B0 MH.FmE? Would these results be valid if the proportion

al lirnit were 150 I‘-1h|."rn2?
From Froblem 139, eircumferential stress is critical, so it governs the

thickness of the plate. alution
F - f
pA AE (667 — 167)x 10
F = (15)1000L)
;e ool it
F = 1500L N AE = S00%10 5 m/m M) “ﬂ
2T F = 1500L
T = TERL &5 = (140 - 35) \
T = K&t i
e (XA A5 105 MN/m* ||
X5
i 2 187
8.75 mm = AS i T
[ E [T ] (0t mm)
i
g 106 x 10
E 500 % 10
E = 210%10"Nm*
5 = E&
a0 % 108 (210% 10°) €
€ 380.95 % 10 % m/m
PFROBLEM 04,
A uniferm bar of length L, crosssectional area A, and & unit mass
o i sepended vertically from one end, Show that s total elongation &8
;- pg 1.272 E. If the total mass of the bar is M, show also thaty =My
o [ T] 414 |
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dy

it

CROBLEM 205, If‘x..-’

W=

A steal rod naving a cross-sectional area of 300 mm* and a leagih

of 150 m is cuspended vertically from one end. It suppovts a load of 20
kM ai :he lower -:rnd If the unit mass of steel is 7850 kg/m” and E =
200 x 10° MH!m find the total elongation of the rod. (Hint: Use the
results of Problem 204, )

Salvic:s:

1 2
0 g -.';2
ZE
7850)(9.81)(150) (1000)
2 (200 x 10%)
.35 M
PL
AE

(201000150100

(300)(200 5. 10°
50 mm
4,55 = 50
54535 .am

L=150m =150 m

e i

20 kM

PROBLEM 206. /\—/

A steel wire 10 m long hanging vertically supparis a snsile load of
2000 N. Meglecting the weight of the wire, determine the nequirec
diameter if the stress is not to exceed 140 MPa and the tot: | elongation

i not to exceed 5 mm. Assume E = 200 GPa.

Solution:

from strass
pr = AL

200 =( 7d%)(140) &l
d = 4.26mm I
from elongation, e ,,_mim

. PL -
T 3 I
. - (2000)(10)1000) _}
(3 9°) (200 x 10%) b

d = 505mm

Uead = 505mm




PHORLEM 2085,

FROBLEM 207. : e s toiomal el O11 Sk e

B e e et L b
meter, is heated and shrunk cnto a sieel wheel 1500.5 mm in diameter - i
If the coefficient of static friction is 0.30, what torque is required to braed t:pamienl BUCESS:
twist the tire relative to the wheel. Use E = 200 GFPa.

Solution: AN 15 kM 1-::::1 H-J'-.Ir..N'
U ELR _mum_.:..uum—--'-—ﬂﬁm—
AR Solution:

y = n(1500.5- 1500) pr.
y = 157l mm ¥ B GAE
B =T ey
L = 1500rmm (160X70 = 10°)
A = (80)10) mm*® y, = 25mm
Ls71 - 01500 %) i) - AKNIOE)
(800) (200 x 107) (160)(70 x 107}
T: = &3IIZN ¥y = 1.786 mm
= F = pDL yg = ﬂmm{&u%}l
2(53,333) = p(1500) (B0) (160)(70 x 10™)
P 0.889 MPa ¥z = 0.536mm
N = (0.889)(w)(1500)(80) Total deformation
N = 33510lN ¥ = Fyt¥ac=¥z
F = uN y = 2.5+1786- 0536
F. = 0.50Rs3s5101) y = 3.75mm (elongation)
F = 100530N = 1005kN
Torgue = F (0.750)
Torque = (100.5)0.750) PROBLEM 209,

Tomque = 754kN.m
Solve Problem 208 if the magnitudes of the loads at the ends are

interchanged, i,e., if the ioad at the left end is 10 kM and that at the
right end is 35 kN,
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Solution:

: FL
¥ AE
; (10,000)800)

; Ll bl

(160370 x 10%)

= 0.714 mm
¥ 2 = ._{5':"}]{] [:H:H}]. | L] vy 15 knd I KN 15 kN

(160)(70 x 10%)
¥a = 0446 mm

—

L--'-"“m-—-'-r 1.dim. -I- T T
[[e] %

- | =

55,000)600
yg = E5000K600) i
(160)(70 x 107) I -
¥y = 1B75mm { 3
i B -l'- 1 (b yreryy - — ks - S =

Total deformarion,

¥ - ?| :.rz - 1’5
vy = 0,714 - 0446 ~ 1.875
y = 1607 mm (contraction)

PROBLEM 210, f"f

An aluminim tube iz fastened between a steel rod and a bronze
rod as shown. Axial loads are applied at the positions indicated. Find
the value of P that will not exceed a maximum overall deformation of
2 mm or a steess in che steel of 1460 Mh‘.-'mz, in the aluminum of 80
MN/m®, or in the bronze of 120 HN;‘mE. Aszume that the assembly is
suitably braced to prevent buckling and that Es = 200 x 1|::|3 I".'lr.’,-'mz,
Ea = 70% 10° MN/m?, and Eb = 83 % 10° MN/m2

Husbuticn
From total deformation.
y = ¥
Y~ ¥p— ¥3
(2F) (B00)
(300)(200 x 107
y = (267x107%)P
(3 P) (600)
(450)(8% x 10°)
yp = (482x107°p

w
Fa
5

(2 P) (1000)
(600)(70 x 10°)
v, = (@T6x107°)P

Brawe Alarminum
And¥imm?  A=brmm? A=

37

Seerl
LT

1 (15—

¢ = (267x107%)P- (4.82x107°)P — (476x10 °)F
y = —(691x107°)P (contraction)
allowabley = 2Zmm
2 = (691x10° )P
P = 259%4N
Fram strergth of each member:
[ = Az
for Bronze
Fb. = AbSb
Po= (450)(120)
P - 18000N for steel:
B, = RS
for aluminum: 2P =  (300)(140)
By = S8 P = 21,000

2P = (60C)(80)
F o= 24000N

Therefore, safe axial load
P = 18000M
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i Ps+ Pa = W
PROBLEM 211.~ 3
Ps w £ w e 'TL""“
The rigid bars shown in the figure are separated by a roller at C and é‘_’fm ey
pinned at A and D. A steel rod at B helps support the load of 50 kN, Py 2 W Leind
Compute the vertical displacement of the roller at i 3 =1 a0 iz
. PL e i
Solutipn: i AE SRt
3 m
E!.I[,H_ x U e ‘I"R = "|'a “ “":,Hx
P8) = 25(4.5) L=3m 50 kN (2 wyis) {2 w) (6) Ps £
3 =
F = 375kH {As)200) (Aa) (70) i
FL
e e Aa
2§ AE L & S
v, = (7500K3000) fose ]

(300)(200 x 10°) i

Yb = 1.B875 mm

By ratio and propertion:
PROBLEM 213. /

Yo ?b
4.5 3 The rigid bar AB, attached to twe vertical rods as shown in the
(1.875 figure, is horizontal before the load is applied. If the load P = 50 kN,
Y, = 5859) ey NS
o (%) determine its vertical movement.
?:: = 28] mm
alution:
P EM 2 1’-"’! : = —
ROBLEM 21 IM, = 0 [ Aluminum
= : el E=70 (P
A uniform concrere slab of mass M is to be attached as shown in Pa(%) ] f'—i‘n"_f““ i |
the figure, to two rods whose lower ends are inicially at the same level. Pa = 20kM A= 300 pen?
Determine the ratio of the areas of the rods so that the slab will remain Ps+Pa = 50 i
level after it is attached to the rods,
Ps = 50—20
Sﬂlutiﬂln: Ps I0 kN = 2 m = 3 m—d
T i—lé. P=50 kN
[EM, = o]
3000043000
PafS) = w(3) ¥een 0N "I
. (300} (200 x 107)
Fa = — W

5 v = 1.5 mm
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y. = (20,000)4000)

: (500)(70 x 10%) : P (2000)
Y, = 2.286mm Y (s00)70 x 10%)
¥~ ¥y = 0.786 mm , (5.714 x 10"} P mm
D'SE =il (3 o
(300) (200 x 1C7)
R ;fﬂ-?‘ﬁﬁ) (1.667 x 10 %) P mm
¥p = D3l4+15 Yy a(Ey, ty.)
Y Ldidom %[2(5.714 % 107°) P + (1,667 % 10~ 2} p]
6.5475x 107 P

o 76,365 N

PROBLEM 214,
i HLEM 215,

: The rigid bars AR and ¢D shown in the figure are supported hy
pins at A and C and the two rods, Determine rhe maximum force p
which can ba apelied as shown if its vertical movement is limiged 1
S mm. Neglect the weights of all members, p

A round bar of lengtt L capeds uniformly fomoa diameter D at
one end te a smaller dieneter d &e the othes, Do & vine the elongation

coused by an axial teasile §oad T,

Sﬂ]utiﬂ-n: I ticon
5 - B
Fs (& |
) Fi3) e e Y
3{.[ % *;}- E
p 4
Hoo e
2 4p 1%
. 1B '—-"_E: -
M, = 0 (e y)
Pa(3) = Psgs) R
P - L
Pa = 1
{2 N o-d L
..I -
Fa-= p L
4P dx
i 46 = —x
¥ AE T E [d DL d :r:ig




2
18 = 4P dx
aE o
[dL+ (D - d)x]
_ 4pL? .
B o= = L [dL + (D - dx] ~2 dx
4PL2 1t
b = — — dl, + ~d |
TE(D-d) [ (D —dpx} 1,
5 4FLS e L .
rE(D-d} I[(dL+(D-d)x |].;I
S 4PL? [ !
rE(D-d) LdL+{D-d)L. d_['.]
2
g s coawRhE J:_..l_ .._.!_]
mE({D —d) DL dL
5 4PL d-D
w E (D —d) [ Dd ]
4 P L
8 m E Dd
FROBLEM 216.

A uniform slender rod of length L and cross-sectional area A is
rotating in a horizontal plane about a vertical axis through one end, If
the unit mass of the rod is P, and it is rotating at a constant angular
velocity of w rad/sec, show that the toral elongation of the rod is
pweL23E.

Sglution:
0
P = ma ap
i

S _F —
w_ P

P = (pAx)(rwd) dr |
e e

P (pAx)(L- 3 )w?

2
P '”"—2“' [2Lx - 2]
PL

VS e

43

PAW® [2Lx — x°] dx

|E1_||'

ZAF
2 15
. pw r 2
¥ - _EE I|RLE'“Fdx
a
2
pw 3
m, S 2 3:-- =
y gEEx =T
w2
g = B o 8000
IE
FROVBLEM 217.

As shown in the figure, two aluminum rods AB and BC, hinged to
rigid supports, are pinned together at B to carry a vertical lead P = 20
kM. If each rod has a cross-sectional area of 400 mm* and E = 70 x
10% MN/m?, compute the deformation of each rod and the horizontal
and vertical displacement of point B, Assume 9 = 30% and o = 30°.

=20 kM

.
P=10 kM

Solution:
= L
L AE
_ {20,000) (3000)
L e
(40070 x 1¢°)
YAR = 2.143mm (elomMation)
¥ i qZDWﬂgiﬂﬂﬂ?
BC {400)(70 x 10°)
Yac = 1429mm (contraction)



g = 6587° 45

A
”'-f Zh = BB Sing
/

/f,;f Sh = 3.5958in6.587° = 0412mm (leftward)
: '.E‘r;_:r 1:'([; Sv.= BBCosg
.}i..,fﬂf_.*" 120" m:; 8y = 3595Cosb5RT = 3.57] mm (downward)
"'.I Cl
S PFROBLEM 218,
- Solve Problem 217 if rod AB is of steel, with E = 200 x 10° MN/
= m>, Assume & = 45% and o = 20°; all other data remain unchanged,
A = 2143
5B

Lreet

SB= 2143/ Cosd

B2 Gla
f=Jm
_ 1429
Cos (120 - &) =5
L.429 T}
5B = Cosilz0 - %)
2143 1429 i
Cos¢p  Cos{l20—¢)

1.5c0s(120 -¢)= cosg
1.5[cos 120 cos g+ Sin 1208in¢] = Cosd
1.5 -0.5Cosg+0.8B665in 8] = Cozé

Solution
075 Cosdd + 1.2098ing = Coud
1209 Sing = L.75 Cos ¢ |:,'_|,r = Q]
1.75 ABsin 75° = 20 sin60°
tan ¢ ﬁ'ﬁ
E J AR = 17.932kH
= 534
# : | ERH il |
Eroy e I . o _ -~ o
sB Cos 53.41 BCeoos30” = 17932cosdb
SB = 3595 mm B AL RN
PL
g = 60-¢g = 65541 5 —

AE




SAR {17,932)3000)
(400)(2000 x 107)
SAR 0.6%2 mm (elongation)
SEC . (14,641 2000)
(400)(70 x 10°)
SBC = 1.046 mm (contraction)
Cun - o2
cos (105 —g) = %—
cos ¢ . D672
cos(105 — @) 1.046
1.55Tcosgd = cos(l05 - ¢)
1.557 cosg = cosl05cosd + gin 105 <in &
1557 cosd = —0259cosd + 0.956cin ¢
18l6cosd = 0966 sin &
aralsC as
¢ = &7
1] 45 @
B = 62-45

0672

—

CO5 @

0.672
cos 627

14351 mim

SBeosf

1.43] cos 17°

1.369mm ({downward)
5B sin@

1:431 sin 17°

0418 mm  (rightward)

PFROBLEM 219,

A round bar of length L, tapering uniformly from a diameter D
at onge end to a smaller diameter d at the other, is 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 basa,

Solution:

F-
L] = —L-

AE

3 wdz
ds A E

By ratio and proportion

% Ere~d
¥ L

(D .1:{

i el

L

dL + (D —d) ¥
5

W pgV




e

For a frustum of & cone,
_ Tk
Vo= T{R2+r2+ﬂr}
v = A¥ d+gx 5 d 2 . d+x d
5 WS O SRS

- w
V: w@ 0vxPa@enye

W = pg -—[{d+x} +d(d + ) + 4]

A = 7 (dex)?

:_':= _5311 [{d+x]2+d{d+u}+d2J
(d +x)2

dL. +({D - d) ¥
L

W _ pay (4L +(D - djy)? ¥
I { - Wl +:le1L+fD—d}ry]+d

[dL +L.:n — djy ;EJ

L 1) By (G diy 1%+ dL [dL + (D - dyy] + a%.2
(dL + (D - d) y]2 }
1 2
A = B [WLIT+2dL (0 -d)y +(D-dy%y2+ (4L)+ LD - dyy + oL,
(dL+(D - dyy )2
L iy fo d)y®+ 3au(p - d]!r+3l'd1-.'l
[dL +(D - dh’] }
W (D -dPy® + 3dL(D -a}2
! sm-d){ + 3dL (D —d)® y? + 3(aL)%D —dhr}
((dL + (D - d) y}?
F ! &T;I.;; [(D - djy +dL]® - (ar)®
| ] '-d
b p-ayy + au)?
. [ (10— ay +du) - (aLy®
A 3(D —d} [(D - dhr+iLI2}
Substitute

S —

L1

3 .
d by 49
ﬁ%%_n {HD ~dw+dl] - 75 -dhr+dl.!2] E
3
B [jo-ay+al- —& oy
3D -d)"E @ [(D —d)y +aL]
o {[(D—d}yid]_.]a ] (dLy®
3(D ~d)°E 2 (D =djy +dL
3
(D-diL+dL]® | dL
(D - dﬁ:{ z (D —djL +dL

dL
@t .

2
{LI‘:‘LIZ ; 1‘%’? E;-'J ¢+ @y’]

3(D -d)°E
By AT s{dME]
3D -dYE 2 o ?

£ a2 2.2
t? + 2452 — 3pd%L
L [P 20t )

H
pgL2 [53 + 245 — 3Dd*

HE

D(D — d)?

pgL? [{D—dﬁﬂz+ﬂd—ﬁi}]

For a pone

6E D (D - d)?

pgLZ IDE'D:I—E:IE

HE D (D -d) ..I

pgL2 [L‘r{[ﬂdl-zdz]

6 E D(D -d)

]:-g12 D (D +d) g ngE [ 2&2
D(D - d) 6E L D(D-dJ

palf(+d) _ pgrie?

& E (D -d) 3 ED(D -d)

W

patim+0)  pgti?

6 E (D - 0) SED(D-0)

.:_L_L'E

6E
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POISSON'S RATIO: BIAXIAL AND TRIANIAL
DEFORMATIONS

PROBLEM 222,

A mlad: cylinder of diameter d carries an axial load P, Show 1s
change in diameter is 4 Pv/r Ed. .

Solution:

(Assume a tensile load)

AP
R
i)
gx = TT__E- diamerer. d
4—d me
Sx = EL
7d®
¥ = .o
Ex
Ey = -vEx
E:.r = = m
ndEE
3y = Eyd
B 4Pp
S5y = - ——-:zl_fd}
vd”E
4Fw
oo TR L
4 TdE

(lateral contraction
for a tensile load)

4 pL® - ] 1 ]
TE(D-d) L dL+(D-d)L dL

L ST A1
ak (D ) DL dL ]
APL . d D
aEAD d)
A 11,
a I Tul

PR M

cectangubar aluminum Liock iz V0 mm long in the X direction,

b sl an the Y dipection and 50 mm theck an the £ direction, It s
ulhpowied tooa trasal loadiog consisting of a uniformly distnbuted
Poiiide Toroe of 200 kN m the X direction and uniformly distributed
s forces of 160 kM in the Y direction and 220 kN in the 2

libociioi, If v 1/3 and E 70 GPa, determine a single distnbuted

B am the X direction that would produce the same 2 deformation

i the orepmal loading.




Solution:
For triazial 1ensile stresses,

1

Ez = E |3z - vf5=+sy}| ja:-
: 200{1000 _FT\[TTﬁ'H}" 5
x (50)(75) H g
o ) Ly - + 2
5. = S333MPa (+) "E 5
g = L60(1000) T
¥ (LOG0(50)
S,ﬁr = 3J2MPFa (=) 4 12l
g - 220(1000)
z (100Y75)
S, = 2933MPa (-)
Bz = o _[{-2933)- (5333 -33)]
70 x 10° 3
Ez = -5206x10 %
Therelore the required load Rix is tensile,
. i
x = (50%75)
5
= Sx
Ex E }e
Gy kUL E s P,
¥ T (50)(75)(70 x 10°) = -
R :
Ex = ——-_:"—3
(SONTS)(70 x 10
Ez = =vEx
I. R
o =
3 (50)(75)(70 x 10°)
R
5.206 x 1073 = .

3{50)(75)(70 x 10°)
R = 409.972N

STATICALLY INDETERMINATE MEMBERS

FRORLEM 232

M steel bar 50 mm in diameter and 2 'm long is surrodnded by a

sholl of cast iron 5 mm thick, Compute the load that will compress the
~'-'-l‘nt:-mm:[ bar a total of 1 mm in the length of 2 m. For steel, E = 200 x
10 H/m?, and for cast iron, E = 100 x 107 N/m?.

Boluition

PL_
AE

i 597 = 625 7mm®

i (60)2 6257

275 rm'rn2

Soi = 1lmm

5 = I mm

F; (2000)
(625 ) (200 x 10°)
196,350 N

P,; (2000)

(275 7) (100 % 10°)
43197 H
B+ P

5 Cl

196,550 + 43,197
239547 N

53
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PROBLEM 233,

A reinforced concrete column 250 mm in diameter is designed to
carry on axial compregsive load of 400 kM. Using allowabie stressas of
Sc = b6 MPaand Ss = 120 MPa, determine the required area of reinforcing
steal. Assume that Ec = 14 GPa and Es = 200 GFPa,

Salution:
5 = &
iﬁ__!:_ . Sl I
Es Ec |
gl S - 250 mm
200 14 J
5 = 14295¢
when 3¢ = & MPa 400 kN
Ss = (14.29%6) #‘
S5 = §5.71 MPa <120 MPa [T b5 =bic,
Ps + Fe = 400,000 | :
SsAs +ScAc = 400,000 ;.| i

|

Ac = T (25007 - As }TLT‘K"#::"
Ac = 15625 w - As

85.71 As + B[15625 7 — Ag) = 400,000
79,71 As = 400,000 - 6(15625 1 )
hs = 1323 mm2

PROBLEM 234,

A timber block 250 mm square is supparted on each side by a
steel plate 250 mm wide and t mm thick. Determine the thickness t so
that the assembly will support an axial load of 1200 kN without ex-
ceeding a2 maximum timber stress of 8 MN.’mZ or a maximum: steel
stress of 140 MN/m*. For timber, E = 10 x 10° MN/m?; for steal,
E = 200 x 10% MN/m2.

55

Wilition

84 L, Sw L Kar e

Es Ew ! 'ffi'ﬁiif‘j,; J:
gz . _Sw “th—250— -
2L 10
55 = 205w 1200 kN
when Sw = 8 MPa, Al 1
| N I L !a‘i:&ll
5= B | CRELELT N e g
i (116 T
55 160 MFa = 140 MPa Bl luEi j
{steel fails) = ﬂ“‘ - 2
Seal falls a kg
8 140 MP: (AW E‘
Use B = a | iF—'ﬁ"'l'Fd.“
140 = 205w gl
Ly 'l"'u.\,"k.‘
Sw = 7 MPa< 8 MPa (zafe) 19 ”1

Fs + Pw = 1200 (1000)

Nz 55+ Aw bw = 1,200,000

4(250 ) 140) + (250)250)(7) = 1,2000,000
= 545 mm

FROBLEM 235,

A rigid block of mass M is supported by three symmetrically
spaced rods as shown in the figure. Each copper rod has an area of 900
mml__ E = 120 GFa; and the allowable stress is 70 MPa. The steel rod
has an area of 1200 m.mz, E = 200 GPa; and the allowable stres is 140
MPa, Determine the largest mass M which can be supported.

luticn: when S¢ = TOMPa
S5 = TR.778 MPa <140 MPa
2% = 5
Ssls _ ‘Scle Yot Teralc
Es Ec W = AsSs+32 AcSc
Ss(240) _ Sc(160) Mg = (L200)(77.778) + 2(200H70)
200 120

M{9.81)= 219,333 N
S5 = 11118 M = 22.358kg
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PROBLEM 236, % {[;_1 5?-‘%"‘ 5)

35 = L8558 5b
Ph =+ 2P = W

W=LE D)

In Problem 235, how should the length of the steel rod be changed
50 that each material will be stressed ta its allows ble limit?

Solution: AbSb+ 2 As 53 (1800049
900 Sb + 2(600)(3.855 Sb) = (18,000)(9.81)
L 5b = 31.95MFPa
i R =
TP 35 =  3.855([31.95)

Ss 123.2' MPa

140Ls _  70(160)
200 120

Ly = 133.33mm

THOBLEM 238,

PROBLEM 237

The nqmd platformi v the figure has negligibie mass and rests on
iwo alumimum bars, each 250 mm long. The center bar is steel and is
24990 mm long. Find the steess in the steel bar after the center load
P = 400 kN is applied. Each aluminum bar has an area of 1200 mm®
md E = 70 GPa. The steel bar has an area of 2400 mm® and E = 200
GFa.

The lower ends of the three bars in the figure are at the same level
before the rigid homogenesus 18 Mg block is attached. Each steel bar
has an area of 600 mm* and E = 200 GI‘-I.Fm"a_ For the bronze bar, the

area is 900 mm* and E = 83 GN."mE. Find the stresses developed in
each bar,




38 Pm (10,000) Fo {1L‘l,1:l':|'::|;|_lw . P
(2500 (200 x 105) (25000)(200 % 10°)
Fm o 'r:l?!}'l}ﬂ
P=400 kN ' 2 Po
i' 5 | (W] L l"'ltl . ﬁE.EI:H:l
o __ _:Eﬁ];ﬂ . 200833 H P o T
Solution: i l 1 *
E E E i+ L
= E 1
[Nl TR | 20,833 (S| L [
. ¥ = L i
Sa Ss 4 0.10 . T (20)? Jebl iy et Yo
8L _ 8L g .
Ea E s +010 ' &6, 31 MPa 25—t 25==0 5+
Sa(250) _ Ss(24990) | . o
70x10° 200 10°
Sa = 034986 5s + 28
Ps+2Pa " 400 I:]-{H:N}} 15 fhA .llﬁll 1l|:r_|
As S5+ 2 AaSa = 400,000 el - o e
2400 Ss + 2(1200)(0.34986 Ss + 28) = 400,000 1 | # 1 L
AU D, PO
85 +0.349.86 S5+ 28 = 166.67 J|'1 :
85 =  102.73 MPa 1o IIEWI.MI
P B b II|
PROBLEM 239, \ 5 “—t+pf
i —25-LasL2s
Three steel eye-bars, each 100 mm by 25 mm in section, are to be o i
assémbled by driving 20-mm-diameter drift pins through holes deilled okl v e 1.2 mi
in the ends of the bars. The center-line spacing between the holes is 10 ster et Wie
m 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,
iz As shown jn the figure, three steel wires, each 30 mm® in area,
we used to lifta mass M, Their unstretched lengths are 19.994 m,
Sm+ S = 125mm . - : = 60C hat stress exists in the
19.997 m, and 20.000 m. (a) If M = 600 kg, what stres
L PL -~ longest wire® (b) If M = 200 kg, determine Yhe stress in the shortest

125

+ —
AE m AE g wire, Use E = 200 GN/m*,



{b)

Determine first the fores P'z and Pl to bring all wires to a length of

20,000 mm,
P,L
gt leas s
S
2 Py (19,994)
(30)(200 x 10%) e | i
Py = 1800.5N @
P, L
o oabe
A, E,
M
S P2 (19,997)
(30)(200 x 10%)
P, = 900N

When the lengths of the wires are the same, each will carry equal loads,

1]

n

3

(600)(9.81) — 1800.5 - 900.]
i3

1061.8 N 20, 06K
P | Py
A |
F5
Grm s
106].8 :
= 3
a 35.39 MPa L_ ] S
= 200kg
ﬂ'.‘!_l:g._ﬂlfl 1800.5 - 900.1
3
TI86N {remaing slack )
200(981) - 900.1
; -
530.95 M

[

530.95 + 900.1

F'] = 143105 N
c . 143105
] 30

5 = 47.70MPa

I'ROBLEM 241.

The Assembly in the figure consists of a rigid bar AB (having negli
gible mass pinned at 0 and attached to the aluminum rod and the steel
rod. In the position shown, the bar AB is horizontal and thers iz a gap
d = 4 mm between the lower end of the aluminum rod and 1= pin
support at D, Find the stress in the steel rod when the lov oo ol of the
aluminum rod is pinned to the support at D

A i =l

=

Alusidfan

Serel Al prend
A=300 memt E=T0 (iFa
E=100 GFa

E=1.5m

FELD

1tm——




solution:

255+ 5a = 4

< t%}s EEEE]&: 1 Py Py
I‘a = 15m

285 (1500) | Sa(1500)
200x10°  70x10°
Simplifying,

T8 + l0Ba = 186667
EMo = o

Ps(06) = Pa(l.2)

Ps 2Pa

S5 (300) = 2(Sa}400)

sa = 03758

TS5+ 10{0.375 S¢) | 8hE.67
10.758 = 186667
S8 = 175.64 MPa

PROBLEM 242,

A homogeneous rod of constant cross-section is attached to un-
vielding supports. It carries an axial load P applied as shown in the
fiqure. Prove that the reactions are given by RI = Pi/L and R, = Pa/L.

Solution:
5l = 52
R, (a) (P—R;)b
LE AE

R]a' '-._.Fb—R!h

Fii {fath) = Ph
Fb
L il
- I
.‘«;2 = P R1 o
T Yo |y =
Fb Ri i
HZ'FT ———f——
FL - Pb i £x
Ry = == oy Sm— )
—g—t—
= =) LT
Ry = = L "
i o~ -
- Pa P-K, o R,
2 K A== |
FROBLEM 243,

A homogeneous bar with a crosssectional area of 500 mm2 is
attached to rigid supports. It carries the axial loads Py = 25 kN and
P, = 50 kN, applied as shown. Determine the stress in the segment BC.
(Hint: Use the results of Problem 242, and compute the reactions
cauzed by Pl and P2 acting separately. Then use the principle of super-
position to compute the reactions when both loads are applied. )

A B G n
oy P=F 7
i -L- J 2
OEDem T 13m " O0m
1 |
Ry Ryt
T Tim
= [ 74
R Ky
1. Blim T 00m
6,11 kN
PLAN kR
A B

Y kN

63




Salution:
Solution:
51 = §2

HI - Rl.. ¥ Rlll

Fi by Fy by ——Rl Gl = Haletlibid
R, = ) {900} 70) (1200)(200)

£

1 L 254R; = 200 -R,
_ (25)2.10) (50)0.90) =

il 290 s il

R, = 36.11kN Ry = 200-R)

Force actingon BC = 36.11 — 25 = 11.11 kN Ry = 200-56.5
g = ; _ R, = 1435KkN
sa = 22AU0000) . oy,
s - 1111 (1000) 500
=00 !
S = 143.?&:1300 = 119.6 MPa
& = 21.22MFa
FIROBLEM 245.
PROBLEM: 244, Refer to Problem 244. What maximum load P can be applied with-
out excesding an allowable stress of 70 MPa for aluminum or 120 MPa
The bar shown is firmly attached to unyielding supports. Find the for steel? Can a larger load P be carried if the length of the aluminum
red be changed, the length of the steel portion being kept the same?

siréss caused in each material by applying an axial load P = 200 kN,
If 3o, determine this length.

Nl bon

Since 8z = 119.6 MFa = 120 MPa, therefors maximum
load P = 200kN.

e M p— ey
= o B A larger load P can be carried if the aluminum and steel portions will
il pyryeep— Sacel P K reach the maximum allowable stresses simultasecusly,
E=T) (ify L PN
A0 g A=1200 SA = 83
200 &y SALA _ Ssls
E._;'_ T EA Es Lg==r - 300~
. e 70 (LA) _ 120(300) “Fo200 kN -
=t J0 T 300 Ry o Sree 2
L Enile = W
200K = o R 180 e ezl S=l 20

X0 =3



el il
[
[

FHOBLEM 246, i
For Bronze
.R rod is compozed of three segments shown in the figure and i S7(1000
mrnh: the axial loads F'1 = 120 kN and [-'2 = 50 kM. Determine the 949 2400 Rt
stréss in each material if the walls are rigid.
Far aluminum:
P 120 F'J. = 120=97
B = 23 kN
3 23(1000)
8= el
3 1550 19.17 MFa

My "_{"‘--TI'-"‘-" Hilinm

_ For steel:
:‘ W, | s = Q00 - 067 Me

EI .,,I-' -3] ..' l‘.il'lll:ﬂll'!wz |I ; s
ll-:ﬂ;:m- .: ?;J;,:ﬂ:",: A I:-r;.:; ::|:|:|: ﬁm
00 PROBLEM 247,
2
by
ﬁ Ml
,F_: '1'1'3“1.!'1__.1 lutiomn:
g — 51 +060 = S2+53
Ej a0 = -
i E i, (600) (120 - R, }(400) (170 — R, }300)
U B e o PR ke D § —
s (2400)(83) {1200)(70) (600)(200)
Solution:
R, = 38.586kN
S, = 5, + s B =L
R, = 170 - 38.586
R, (600 2
3. (690} 2 b2l =R (800) (170 - R, (300) R, = 131414 kN
(2400)(83) (1200) (70 : 5 ;
} (70) {600) (200) 38.586(1000)
5B = e = 16.08 MPa
R = 47
1 =8 Bg = E%‘E‘l = 219.0Z MPa
Re = 1T0-R
2 1 For aluminum:
R, = 170 - 97 P = 120-R;
R, = 75kN
2 P = 120 - 38586
; 81.414 (1000
sa = =il - 67.85 MPa
P = B8l414kN s




¥
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FROBLEM 250.
FROBLEM 248,
g, " In the assambly of the bronze tube and stesl bolt shown, the pitch
: A steal tube 2.5 mm thick just fits over an aluminum tube 2.5 mm of the bolt thread is 0.80 mm and the cross-sectional area of the bronze
thick. If the contact diameter is 100 mm, determine the contact tube is 900 mm< and of the steel bolt is 450 mm®2, The nut is tumed
préssure Innd tangential stresses whzm the outward radial e until there is a compressive stress of 30 MN/m? in the bronze tubs;
thl_alummma luhtzh P = 4 MN/m®, Here, Es = 200 x 107 N/m*, and Find the stress in the bronze tabe if the nut is then given one addition-
il 2 LA, L al um. How many turns of the nut will reduce this stress to faro?
- Eb = 83 GPa, Es = 200 GPa.
fation: el Ball e pbe

2Ps+2Fa =  4(95)(1)

Ps+Fa = 190
S8 = Sa
Psla  _ Pila
As Es Aa Ea
d i = 1
200 70
Ps+ = 2857Pa
2857Pa+Pa = 190 porEon:
F; = 4926N For ane additional turn of the nut
Ps = 2.857(49.26) 0.80 = Ss+8b
Ps = 14073N
e s:wng)f Sb (800)

g = E 200x10° 83x10°

. :.v-— B00= 48s+9645b

— ey letarmad Rl A i
Sa @O 19.7 MPa Pb = Ps
AbSh = AsSs

&g M—_ 56.3 MPy —l'!,—.—I

(2.5)1) F=4(95)1)| 9005b = 4505s
Ss = -f:-g'—ﬁ: 56.3 MPa P HE S e

; Py M0 = 4(25b)+9.645b
Contact pressure b = 45.35 MPa

'!s'

Pe (100)(1) + 2 Pa F{95)1) Fa i Total stres

Sh = 30+4535 = 7535MPa

Pc(100) = 380 - 2 (49.26)

— - - 05 g
re = 28] MPa F=4{95)1) PA100K]) T reduca Sb to zero, required number of tunis
7535
P, 8 R = s 1.66 turns
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YROBLEM 251.

Ps (3] + FA By = P(5)
As shown in the figure, a rigid beam with negligible mass is pinned iPs + 6[14Fs) = 120(5)
at 0 and supported by two rods, identical excapt for length, Determine Pt = B5263N s F”"
the load in each rod if P = 30 kN, 0 i
Solution: g (52.63) (4000 L"j-.\ e{ i L
SA _ sB el uslh Apl ]
2 35 2 ) S = 1.75mm e e e
B e "l"-l Hime :_l Ay 1:1* i
B = 1.75S8A | L s 1;‘_'.'_'.2 5’ By ratho and proporticn, R |
ot e S g
Paf2) _ L7S P, (1.5) }::2—-'-1._'-1._' = 2. S
=13 '
HE AE PN ™ ’
: 2T8) . 29omm
Pg = L3125P, ; ~§—Ls 292mn
EMs = 0
FROBLEM 253,
Pal2) + Py(35) = 30(2)
2 Fﬂ + 15(1.3125 pﬂ; = 60 A ngid bar of negligible mass, pinned at ane -e-nd is supported by a
2 steel rod and a bronze rod as shown. What maximum load P can be
Py = 9.10kN applied without exceeding a stress in the steel of 120 MN/m or in the
Pp = 1.3125(9.10) - - ronze of 70 MN/m*,
PB = 1194 kN J ﬁ' J l
Pudd gy

PROBLEM 152,

As shown in the figure, a rigid beam with negligible mass ix pinned
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

Lirel

E=20 GPs Frize

A=90 min’ E=R3 Gil'a

L=1m = MK mimd
]] Laldm

T [ B Imn{

-

i : Enlution:
P =120 kN; . P
-§§-— - —SE_ I!‘}
Solution: 2 5 ]1-_5— -
Y 8 = 048b ‘"“*'-Z::;;u_:if | 5]
TEr S ﬁl:gnw. oL ATl ; 45k (2 e f £
A =70 G s(3) _ O (2] e 2 U
SA = 2% £l et 200 =
Po3) _ 2Ps(4) Ss 0.643 Sh
(900)70)  (600){200) When 5h = 70 MPa
Pa = 14Ps et L 8s 0643 (70} = 44,98 MPz < 120 MPa
Mo = 0



B o= Asla
PFB = 450-15Fc Py Py P
Ps = (900)44.98) PA + PB + Pg = 600 i l % 1
Ps = 404B1N (3.6 PB — 2.4 Pe) + PB + Pe = 600 o, ”.J.‘
Pb = AbSH 4.6 PB - 1.4 Pc =600 e el S
Pb = (300X70) 4.6 (450 — 1.5 Pe) — 1.4 Pe = 600 [ m}kw" .}H gr
Fb = Z21,000N 3070 - 6.9 Po — 1.4 Fo = 600 3 ar.a{. 5] —l
EMo = 0 Pe = 177.11 kN | 4
P{6) = Ps(2)+Pb(5) Fe 450 - 1.5 (177.11)
6P = 40481(2)+ 21,000 (5) PE = 18434 kN
P = 309MN PA = 35.6(18434) - 24 (177.11)
PA = 2Z3856kN
PROBLEM 254,
MUOBLEM 255,

Shown in the figurs is a section through a balcony. The total uni-
form load of 600 kN is supported by thres rods of the same area and
material. Compute the load in each rod. Asume the floor to be rigid
but note that it does not necessarily remain horizontal,

Three rods, sach with an area of 300 mm?, jointly support the load
of 20 kN, a3 shown. Assuming there was no slack or stress in the rods
befors the load was applied, find the stress in each rod. Here, Es = 200
%10 ¥ /m? and Eb = 83 x 107 N/m2,

Solution:
oA = 30 5B = 5o
SA-5c= 35B-31%5 A L s e
G T fim T T r
SA = 3I85B-28¢ - ; m
Wy LEIpeS
PA(S) _ 3FPB(6 2 P (& .
i i —Am——ff—Zm—f \
AE AE | m _L1 o)’ r ‘*i |
SPA = 18FB-1Fc S O A S0 | K7
Ll i A S e fironze Broveze
S5PA = 1BPE-12Fc —3m -*'—-:'-m-—l . ! L 46dm
i
PA = 36FB - 24 Po COOEN
IMA = 0

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




Solution:

3
Lb

Lb = 3464m
Sb = Sscos30°

Sh(3464) _ Sseos30°(3)
a3 200

Cos 30° =

Sb = 0311268
H Y
Ps+ 2Pheos 30 = 10kN

Ss fis + 2 Ab Sbcos 30° = 10{1000)

Ss (300) + 2(300)%0.31126 5s) cos 30° = 10.000
Ss 21,66 MPa

Sh = 031126 (21.66)

Eb = &.74 MPa

PROBLEM 256.

Three bars, AB, AC, and AD, are pinned together to support a

load P = 20 kN as shown. Horizontal movement is prevented at joint A
by the short horizontal strut AE. For the steel bar, A = 200 mm®

and
GFa

E = 200 GPa. For each aluminum bar, A = 400 :'.r.u'n2 and E = 70

. Determine the stress in each bar and the force in the strut AE.

Haolunon

SAB ™= 8 ACcos30°

PAB(Sfeos30°) P ACuos30° (3)
{(AD0 )70} (200} 200}

PAB = 0525PAC

5AD = 5ACcos45°

P AD (3/c0s457 ) P AC (3) cos 457
(400)70) (200) (200)

PAD = 035PAC

PAC +PAD cos45% + P ABcos 30% - 20 5 AC

PAC + (0.35P AC)cos45% + (0.525 P AC)cos30° = 20

PAC = 1L75kN

PAB = (0525)11.75) = 6.169kN

PAD = (035)(11.75) = 4113kN

s - &

SAC. = -”—?i;nﬁ“m— 58.75 MPa

SAB = .fi"ﬁ:_;éﬂ} = 1542 MPa

SAD = E%JSLW.L - 10.28 MPa

ZH= 0

PAE + PADsin45° = P AB Sin30°

PAE + 4113¢in45° = £.169 Sin 30°

PAE = [.176kN

PAE = 176N
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FROBLEM 257,

Refer to the data in Problem 256, and determine the maximum

value of P that will not exceed an aluminum stress of 40 MFPa or a steel
stress of 120 MPa.

Solution:
= SL
5 5
Ec DR _ _Sad
mﬁﬂﬁ cns#ﬁ-ﬁ
SAC(3) _ SAB(3/cos30% _ S AD (3/cos 45°)
200 ?ﬂmmﬂ 70 coz 45°
SAC = 3815ABF = S571SAD
whenSAC = 120 MPa
e
SAB = 255 = 315 MPa<{40 MPa
BAd = Sml_ 5] 03MPa<40MPa
571
Therefore, uwsa SAT = 120 MFa
SAB = 31.5MPa
SAD = 2102 MPa
P = PABcos30%+PAC + P AD cos 45°
P = [31.5)400) cos 307 + (120)(200) + (21.02)400} cos 45°
P = 40,856 MPa

17
THERMAL STRESSES

FROBLEM 261,

A stegl rod with a cross-sectional area of 150 J:r:Lm2 is stretched
between two fixed points. The tensile load at 20°C is 5000 N. What
will be the stress at ~-20°C? At what temperature will the stress be
zera? Assume a = 11.7 um/em®C) and E = 200 x 107 N/m2.

- l’. -
| —m— ] ——
Pl;mq 0
- _j'.___
® |
Ir M
[y |
iy |
[ =]
¥i
Solution:
{a) ¥y = ‘.:'T* ‘:’1
SL _ PLL
B al, AT + AT
g = (11.7x107%)40%) + ol -
200 x 10° 150(200 x 16°)
8 = 1269 MFa.
{b) '!T = ?l
wer - B

5000
150 (200 x 10°)

(11.7 x 1078y - 209

T SR e




T4

TR Nolution:
Yo = ol 5T
- PROBLEM 262, : &
: ¥ = (11.7x107 7y (10,000)(T — 15)
A steel rod is stretched between two rigid walls and carries a tensile T = 40649
load ur S000 N, at 20°C. If the allowable stress is not to exceed 130 i
M!H'."u:l at —20%¢, u.-hat is the minimum diameter of the rod? Assume Y = Sy
= 11.7 um/{m °C) and E = 200 GPa. = T e
T = 5 [lﬂ,tﬂﬂ; S
) . ’ 200 x 105 —y—
=l | 1 - 5 = p0MPa
Py S P
e
|
':Jf-l' S FRORLEM 264,

At a temperatune of '?D"‘:'E:, a steel tie 10 mm thick and 75 mm

Solution: wide that is to be shrunk onto a locomotive driving wheel 1.8 m in dia-
meter just fits over the wheel, which iz at a tamp-afat-um of 20°C.

Dotermine the comtact pressure between the fire and the wheel after

the assembly cools to 207C. Meglect the deformation of the wheel

¥ o= Mp¥ I 0
caused by the pressure of the tire. Assume a=11.7 am /(m “Cland E =

SL P,L 200 x 107 N/m=.

— +

& L AE

— B0 _ . m7x10-540 Sp00n: v

200 x 10° A(200 x 10°)

A = 1374mm*°

T2 = 137.4mm?

d. = I 3.22 Imm I. 1% I

- PROBLEM 263.

Steel railroad rails 10 m long are laid with a clearance of 3 mm ata
temperature of 15°C." At what temperature will the rails just touch?
What stress will be induced in the rails at that temperature if thers
were no initial clearance? Assume a = 11.7 x 1:;:“'5 m/{m “c] and E =
200 GPA. k
WHEEL TIRE




Al

Solution:
Y=
PLI
AE - a L AT
P RNl acn F
= (11.7x1078)90 _ 20) =
750 (200 x 10°) Yo— To= oy Ty
P = 1228%0N
= F = o (19x 10~ 2yLy30° - 20% Pp (L)
£ (20)(100%(83 x 10%)
2(122,850) = p(1800)75) 6 Ps (L
5 = (11.7 x 10~ Oy Ly130% - 20%) + 5(0)
: 3
(15)(100){200 x 107)
PROBLEM 265,
0.00209-6.024x 10 P, = 0.001287+3335x10 7 ps
At 'Wﬂ-ahﬂmhmzﬂmmtm-hmmmu P, = 2P
ﬁﬂﬂmlustﬁumuutyma:mdhuup 15 mm thick. Both hoops are i
100 mm wide. Compute the contact prezsure batween the hoops when PB G
the temperature drops 1o 20%C. Neglect the possibility that the innes 9357 x 1072 E‘B = g000803
ring may buckle. For steel, E 5 200 GPa and & = 11.7 um/(m °C). For P, = BSBISN
bronze, E = 88 GPa and o = 19 um/{m O¢), B '
p60ON100) = 2Py
p(60,000) = 2(B5B81%5)
o = Z2AEMPa

FROBLEM 266,

At 20°C, a rigid slab having a mass of 55 Mg iz placed upon two
bronze rods and one steel rod as shown. At what temperature will the
stress in the steel rod be zero? For the steel rod, A = 6000 mmz,

E = 200 x 10° I.‘-T..fmz, und & = 11,7 um/(¥ °C). For each bronze rod,

-
I 1 Jis b ] o
I'F__EH_E-" ¥g A=6000 mm;y E=83x 107 N/m”°, and a = }9.0 um/{m ~C).
1 e
Solution:
E ] W = (55000)9.81)
W= 539550N
- When the stress in the steal rod iz zero,
== 10 =4 [ T P W' 559550
E & 2
FB = 269775 N



. PL
I:I:Jui.-.ﬁrl‘.lE = I',{:L.E‘ﬂ‘}g —{E} B I
(117 x 10~®)300)T - 20%) = (19x 10”8y (250 )T — 20°) %
(269,775)(250) y £ ;if E ; §
= L] E
(6000)(83 x 10%) & RS
T = 1292°% o R i =
jd v“{ Yem
. I i | TR Lagr] | &
e s
[ 5Me | I |
palfs
oy I}lull
';f = % 250mm 5 HH
a 3 =
2 E Therefore, the bronze rod will be in compression and the steel rod in
.5 [ |50mm = & tengon. From FBD of slab
4 ..1 = Pp = 2P,
b 27 Sl S - i £ i
PROBLEM 267. 1.2096 - 0.2 - F_Lmté} L o {ﬁ}
B s
At 20°C, there is a gap J'= 0.2 mm between the lower end of the = Py (800) P_(&00)
bronze bar and the rigid slab supported by two steelbars, as shown, Saloba = (600)(83 x 100 % 400 52 3
Meglecting the mass of the slab, determine the stress in each rod when A : (#00) (2002 10
the temperature ug the assembly is increased to 100°C. For the bronze o (2 P:J (800) P: (800)
rod, A = 600 mm*, E = 83 % 107 N/m?, and & = 18.9 um/(m °C). For 10208 = ¥
each steel rod, A = 400 mm”, E = 200 x 10? Njm?, and @ = 11.7 ua/ (600)83 x 10°) (400)(200 x 10°)
(m ~C). =
P, = 2465N
Solution: PB = 21’“ = 2{2465)
Py = 4930N
Y, = oldr P
Yg = tlﬂ.ﬁxlﬂ"f‘m{mﬂ}um"' - 20% BLEE
Y, = 120% ms . g .—-i“;)"’ = 6.162MPa
Y, = (117x10 ®)s00)100° - 20%) -
Y, = 090575mm sg = ";’? = 8217 MPa

Y =  0.20 mm ‘?":"ls
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L

PROBLEM 268,

An aluminum cylinder and a bronze cylinder are centered and
secured between two rigid slabs by tightening two steel bolts, as sl'u:rwn
At 10°C no axial loads exist in the agsembly. Find the stress in each

material at 90°C. For the aluminum cylinder, A = 1200 mm?, E = 70 Fmas 1y
x 107 H.l'm"?, and a = 23 um/(m °C). For the bronze eylinder, A = 18000 I'J 'i“
mmz, E = 8% x 107 N,."mz, and a = 19.0 um/(m °C). For each steel —- e

bolt, A = 500 mm? E = 200 x 10° N/m?, and & = 11.7 um/(m °C).

ez
Y tFim
33,7479
e = 12 MPa
a 1200 “
Sﬂ‘]u“ﬂn X 3‘3 ?"’l?.? - 15 MP
SEIE e e A
¥, = aLAT
Yia = (28x1078y75)90° - 109
Y'-ﬁ = 0138 mm
= — g a
i (192 1077K100)(90° - 10°) PROBLEM 269,
Y5 = 0152 mm i 2 008 batween
= 5 Resolve Problem 268 assuming there o8 e %ap
Y (11.7x 107®)215)(90° — 10%) the right end of the bronze eylinder and the rigid slab at 10%C,
Yo = 0201 mm
."ls : Ts ¢ '[E::ﬂ y YtB} Z EYAJ' ‘fﬂ}
PL PL PL
0.20 = ‘ o e L B
I AE 0138 0.152 AE AE
Faman ai = of s
FL PL J !
AE AET CTRET ¢ 0089 R
5 A B W
P
P(215) P (75) P (100) E| H""
(2500)(200 x 10%) 1200 (70 x 10%) 1800 (83 x 10°) = - £y
- 0.089 %l
P - 33_'}'.1_?? N LRI
. 33,7479 :
5y T “(s00] ~ - 33.75MPa
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Solution:
""ts'r &Ts - wtf-'u. vtEJ - wﬂ ¥ 1IrE:' 0.05
0,201 + 'F-s Q138 + 0152 - (Y, + Yg) - 005
PL PL PL
. # = 0.039
AE T AE A AE B
P(215) : F(75) 3 P{1p0)

2(500)(200 x 107 1200(70 % 10°) (1800(83 x 10°)

P = 147884N

14,7884

S ° “apEoey;” - 4788 MPa

_ 14788 4

Sa = ogp— = 12324Mm

& = 14.788.4
E 1800 . 8.216 MFa

PROBLEM 270.

A steel cylinder is enclosed in a bronze sleeve: 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 a zero load in the steel, and (b) the temperature change that will
cause a zero load in bronze. For the steel cylinder, A = 7200 mmz,
E =200 GPaé and & = 11.7 um/{m °C). For the bronze sdoeve, A =
12 % 10° mm?, E = 83 GPa, and = 19.0 um/(m °C)

87

Y e
@.Tu O P J’“

g o F e

T e
®;, ,,m.._:[)

(@ P, = 0
Yo~ Y= Yp

250,000(L)

(19010 %)L AT — (11.7x10 8L AT =
(12,000)(83x10%)

Ar(190x107% —117x1078 = 2s1x107?
AT = 34389 (increase in temperature)
LS

- 250,000

L G P

7 5 250,000 L.
(19.0x 107 L AT - (AL7x 107 LAT ~ o oy 105

AT (190x10 ®_117x10°% = 1736x1071

AT = 2378%C {decrease in temperature)

250 kM
250 kM
|
"3'.1‘ | H Ay
[ah 5
18
s
FF.: PevPy

fROBLEM 271:

A bronze sbeeve s slipped over a steel bolt and is held in place by -a
nut that 5 tghtened “fOnger-tight™, Compute-the temperature change
which will cause the stréss in the bronze to be 20 MPa, For the steel
bodt, A = 450 m,—,—,EI E = 200 GPa, and o = 1 1.7 um/{m DC}. For the
bronze sleave, A = 900 mmz. E = 85 CPa, and & = 19.0 um{m “r,:],




HE

steel bty BUTRRE
bR
QE \
- £
: !
|-‘.'| =ty -I Pa
E—I—-ﬁ
; :-.'-j_-_h
Tio—-a]
J-:i::"{‘ e
Solution:
SE — E'DMF-H-
Pg = Agsy
PF £ [9{!}}{3{1]
Py = 18,000N
P, = Py = 18,000
Tyt Az Yip - ¥p
(L7107 L A + 18,000 L
450(200 x 10°)
(19.0x 10" "y 1 AT 18,000 L
900 (83 x 10°)

PICTHLEM 272,

For the sleeve-balt assembly described in Problem 271, assume the
it is tightened to produce an initial stress of 15 x 10° Him"™ in the
bronze sleeve, Find the stress in the bronze sleeve after a LEmperatue

1an of ',-"I}u'ﬂ:l
Buliad1on
I i
By 15 MPa .
P
B, = '§
L By Ay
o]
Funes
B, 13,500 N
Fs P
| Bl
|
Ps, = 13500N
?ls 4 'I"s - YSI - "I"EI " ?IE - \I.'H
(17210 8 70y + _F5 2t DR R00Y, L

450(200 x 10%)  450(200 x 10%)

13,500 L Py L
900(83 % 10°) 900(83 x 10°)

(8.19x 10" %+ (1.111 x 10 8 ks - (15x107%) = (1807 x 10 Yy

¢ (19%10~%) L7y

F(133x107%) - (1.339x 1078 Pg
(i x1078 e, + (1.339x 1078 Py = B417x 10

(190x107° _117x10 €y Ar = 18000

(73x107%) AT -
'

+
450(200 x 10%)

441 x 1079
60.41°

Bl By
18,006 Pp (L1111 %1072 + 1330% 1078y = 8417x10 4
%00(83 x10%) Py = 34,358N
S5 = —3‘;-;]5’;55—3“ 38,175 MPa
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PROBELEM 273,

FROGLEM 274, 9

ﬂ_: what temperature will the aluminum and sceel SEQMEnts in
Problem 273 higve numencalty equal strecses?

The eomposite bar shown is firmly attached to unyielding supports.
An wxia Wsd P = 200 kN is applied at 20°C. Find the stress in each
matinal 4% lﬂq{: Assume & = 11.7 um/{m It:"II.']l for steal and 230 um/

fm "_'C}f::-r ahurninum.

= L 11y e L
I ]
Alwminum 5.-;

SR e,
Fea
Solution: il TR |
¥ = (aLam s, [
A
B =]
6 L ¥i | ,
Y. = (23x107°)200)60° - 20%
TI:.H = [0.184 mm
Y, = (11.7x107%y300)60° - 20°)
Y, = 01404 mm
L YA = Ys 1 "'ts
s R(200)(1000) _ (200 + RY3001000) .0,
900(70 x 105 1200(200 x 10°)
{200+ R)(1.25x 107 2)+ R(3.1746x 107°) = 03244
0.24+ R(1.25x 10~0) + R(3.1746 x 10 °) = 0.3244
R(1.25x 107> +3.1746 X 10™°) = 0.3244 - 0.25
R = 16815kN
_ 16.815{1000)
5, = o 18.68 MPa
{200 x 16.815)(1000)

Halibion: Fia

R__ {200-R)

!
4R = 3200 - R) Yos VSN
3R = 600 - 3R
TR = 600

R = 85714kN

= Rl
L=y
v - B5714(1000)(200)
A
900 (70 x 10%)

Yﬂ = B.2721 mm
(200 — 85.714)(1000)(300)

?sa"

1200 (200 x 10%)
Y. = 014286 mm
"rA ?IH i -?ls i Y:

0.2721 — (23 % 10-84200) s = (117 5 10~ ®y300) AT + 0.14286
0.2721 = (46 x W0T5) AT = (3.51 x 10~y AT +0.14286
AT (3515102 + 461073 = 0.12924

AT o= 1594° (utcoaace in temperature)
T = 20-1594°
T. = 4069
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PROBLEM 275

A rod s composed of the three segments shown. If the axial loads
£y a11d']='2 are each zero, compute the stress induced in #ach 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 a = 18.9 um/(m “C) for
bronze, 23 um/(m “¢) for aleminum, and 11.7 umf{m DE] for steel.

_ B0 b L1 AU
=i mum mEmn
m _P‘J..-—I Fg-— I
Areet
W e RGR oGy
-i:l:l-m; i’ A= 200 man’ theGi o

Solunon:

@) Yoptlat T~ Yg*t Yot ¥

5
(189x 10 )8000130) + (23 x 10~ 8)500)(30) + (117 x 10~
(400)(30)

R (800) + R ({500} . R (400)
2400(83 x 10°) 1200{70 x 10°)  600(200x 10°)
09390 = (1.33x10 %R
R = 70592N
70592
Sp = —5m— = 2941 MPa
70592
Sp = “iago"" 9B.83MPa
70,592
| T —t— T
5, = 117.65 MPa
(b) Y.p+ ':"m+‘:"m = '.'B+¥H+'r5+u.3m
0939 = (L33x1077)R + 0.300
R = 48045N
_ 48,085
SB 5400 200 MPa
48,045 : - 48,045
Sa T 1200 R 5 T Tep | 00MPa
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FROBLEM 276

Solve Problem 275 if P1 and PE each equal 50 kN and the walls
yield 0.300 mm when the temperature drops 50,

R"'t. A IS0

10+ 8
30eR
R

a0 | soo | oam ]
s m LI - i

Solution:

Tt Yp* Y = Yp + Yy + ¥, + 0300

(18.9 x 10~ 4)800)(50) + (23 x 10~ ®)(500)(50) + (1.7 x 10 )

(400)(50)
R (1000)(800) . (50 + R){1000)(500)
2400(83 x 10°) 1200 (70 x 10°)
100 + R)(1000)(4
| 100+ RYI000)400) .0
600(200 x 10°)
1.265 = 0.00402 R + (50 + R)0.005952) + (100 + R)0.00333)
1.265 = 0013305 R +0.63060
R = 47680kN
S0+R = ‘97.680 kN
100+R = 147.6880kN
47,680
Sg = 5o~ 19.87MPa
_ 97680 _ |
Sp = —Thpo- = B1.40MPa
147,680
S,  gig— - 246.13MPa
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PROBLEM 277,

The figid bar AB is-pinned ‘at 0 and connected to two rods as
shown methe Tigure. If the bae AB is horizontal at a given temperature.
determine the ratio gf the areas af the two rods so that the bar AB will
be horizontal at any temperature. HNeglect the mass of bar AR,

Solution;
¥
t b 3
i A I Lm th A I.
PL
A ﬂ%’:
unLﬂT' = - Afminam Seerl
=7 (iPa Fu M0 G
-TIIAE e BT ] i 1T el s
Eskin - L&
Fa = opfgEaaT T
Ty = Y, ety o =]
P-E L r#ﬁ&: ?;L jl'd-
a LAT = ——=
2 T Ea

Mo = 0

3P, = 4P,

3apAE dT = daAE AT

B(2IYALNT0) = 4(11LTHA,)200)

A

= 0516

T e
Yo o
Vi tr

PROBLEM 278,

A rigid hogizontal bar of nealigible mass js connected to rwo rods
as shown in the fiqure, If the :yadem 15 injtalic o ressdiee, derermne
the temprature change thag will cause a tensile siorss of 60 MPa in ihe
steel rod,

Miiition:;
ZMo = 0
Fat2) = P9

Agig®l = AE05) Yun¥n Yo
(1200)Sg)2) = (900N60)(5) :

Sy = 1125 MPa

B
K E
¥ = PLESNA000) _ 5ot

83 % 107
'fs = {60X5000 = 0.9 mm
200 x 107
LY "‘."E ol ‘rs = ?:5 I:!'}
| - T a

2 5 — A -
g - Yg) = 2AY,-Y,) Fg s
9 T[E B'I"B E 2'!"5 :?ts
BT - -

1B+ ?Yh 2 Y= 5 wa.

1(18.9 % 10° ®y2000) AT + 2(11.7 x 10~ By3000) AT - 2(0.9) + 5{2.711)

2550 AT 15 355

AT = 59.24% {decreaze in e mperator)
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PROBLEM 279
For the assembly shown, determine the stress in each of the two
vertical rods if the temperature rises 40°C after the load P = 50 kN is
applied. Neglect the deformation and-the mass of the horizontal bar
AB.
Alaminem Steel
o d=dpy
eIk T i o ] v
Im- —3m J——-
A —
Salul[-;:u_j:
m.ﬂ =L
P,(B)+P (6) = 50(9)
Pot2P, = 150; Py = 150-2P

Tig* Ya i ?tH+TH

6 3
?l:*Ts 5 ETm*EYA
P [l 4
(11.7 x 10 Sya000)a0) + il COONA000)
¢ 1) (200 x 10%)

2(23x 10-Cy300yd0) + _ a 1O00K3000)

900 (70 x 10°)
5.52 + 009524 P

1872 +0.03335F,

0.03333P, - 109524 P, = 3.648
0.03333 P, - 0.09524 (150 - 2P) = 3.648
0.22381F, = 17934

Py 80130 kN

Py = 150 - 2(80.130)

Py = —10261kN (compression)

s = 1362‘]51 = 1140MPa (compression)

5, - i'%é% = 133.55MPa (tension)
FROBLEM XED.

The lower ends of the three steel rods shown are at t'l'.u.: same level
befora the force P = 600 kN is applied to the horizontal rigid slab. For
each rod, A = 2000 mm?, & = 11.7 um/(m °C), and E = 200 GPa,
Determine the relationship between the force in rod C and the change
in temperature 5T, measured in degrees Celsius. Neglect the mass of

the rigid slab.
e
B E |
LT [ ]
Sm
|
= iy — Ty e
g >
| — A i  — -
1
[ 4
i .’ln—J
1
E T 1
P=600 kN

(rripingl Pariion

e L e e .
Yin { _.P_j;' 1t
Yo 5

¥a J T e -
|

=
_____
-

— Final Pogthicr
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Soluton:

O+ Yiph~ (e +¥o) . (Fn +¥a) - (Yot o)

2
Wp-BY, = Yar¥,-¥.-Y,
Flp=Fg 0 Yp V=T,
3PR(1000)(6000) 2 F, (1000)(6000) P 5 (1000)(5000)
2000{200 x 10%) 2000 (200 x 10°) 2000 (200 x 107}

F(11.7 210 2)(5000) AT — (11.7 x 10~8)(6000) AT
0.045 Py — 0.05P, =00125 P, - 0.0]17 AT

45Py — 30P - 125P, = -1L7AT (1)
iv= 0
PotPy+Pn = 600 (2)
1258, +125P; ¢+ 1258, = 7500
~125P, #45Pg ~30Ps = 117 AT
575Py -~ 175P, = 7500-1L7AT 4{3)
IM, = 0
4P+ 5P = 600(E)
4Py = 600(3) - 6P,

P, = 450-1.5P, ()

Subsdtute eq. (4) and eq. (3):
57.5{450 - 1.5Pa) — 17.5F = 7500 - 11.74T
23,875 —86.2 EP;: - 17.5P, = 7500 — 11.74T
-103.75P~= - 18375 - 11.74T

F[.'_' = 177.11 + Q11277 AT

PRroiLEM 281,

Four steel bars jointly support a mass of 15 Mg as shown in the
fiure, Each bar has a cross-sectional area of 600 mm?. Find the load
carried by each bar after a temperature rise of 50°C. Assume bar after a
temperature rise of 50°C. Assume a = 11.7 um/{m °C} and E = 200 x

107 N/m*,
solution:
W = (15x10°)9.81) = 147,15CN
Ee= 0
EPIEn545¢+2P2ENSD° = 147,150
0.8165PF, +P, = 84957 « (1}

I &
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H=L| Cos 45° FROBLEM 282.
H=La Cps 30°
L2 Cos 30" =L Cos 45 Solve Problem 281 if bars A and D are steel and bars B and C are
L5=08165L aluminum, For aluminum, « = 23.0 um/{m °C) and E = 70 x 107 N/mZ,
Y| = Y Cos 45" . 3
Y2 =7 Cos 30" P, . ‘TP, Solution:
Y] _ ¥ Cos4s’ W o= (15x10°)981) = 147
Y2~ Y Cos 30° { N%.81) 150N
== 9
Y] =08165 Y2 i WaMg 2P) Cosd45% + 2P, Cos 30° = 147,150
Yi=aL AT+
( I AE 0.8165P, + P, = 84,957 (1)
TE:uL:ﬂ.Ti-%z H = L) Cos4s®
H = L,Cos30°
(117 x 10°6)L) (50) + —— = = 08165 2 =R
600 (200 x 107) Ly Cos45° = L, Cos30°
P
(117 % 10°6) Ly (50) + — 22— L, = 0.
| : 600(200 x 103) 2 AL

¥, = YCosds®

70,200 Ly + PiL| = 0.8165 (70,200 L2 + PaLa)
Y, = ¥ Cos30°

(70,200 + Py) L1 = (70,200 +P2) 0.8165 L3 o
L = ¥ Cos 45
(70,200 + P1) L} = (70,200 + P2)(0.816510.8165 L) Y, ¥ Cos 30°

70,200 + P| = 46,800 + 0.66667 Po Ty = 0BiesY,

P| - 0.66667 P2 = . it
1 2=-233400 Y; = ulLl.ﬁ.T e
1.5P] -P3 =- 35,100 A%y
08165P) + P2= B4.957 P
2y A )y
23165P] = 49,857 3 T el
AE,
Pj=21,523N e
0.8165(21,523) + Pp = 84,957 y = Pily
P2=67383N - 3 (11.7x107%)L, (50) +
600(200 x 10%)
Therefore, 7 —-—-—._FEL
PA=Pp=21523N=215kN : URENIG X 102, (60} + ; ]
600 (70 x 10°)
PR =PC =67,383 N = 67.4 kN i -I:'?ﬂmi-l’lll.l = (138,000 + 2.857 leﬂ.ﬂlﬁﬁ-l.z
(70,200 +Py) L) = (138,000 + 2,857 P,) (0.8165) (0.8165L, )

70,200 + F'1 = 92000+ 1.905 Py
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Torsion

PROBLEM 304,

P, — 1905P, = 21,800 (2)

Eq.(1):  (0.8165P; +P,)(1.905)

H

(84,957)(1.905) What is-the minimum diameter of a solid steel shaft that will not
twist through micre than 3° in a 6-m length when subjected to a torque

1.555P) +1.905P, = 161,843 :
: of 14 kN, m? What maximum shearing stress is developed? Use G = 83
Eq. (2): P‘1 — 1.905 F2 = 21,800 GHfmz_
2555 P = 183,643
Solution:
P, = 71876N e
71,876 - 1.905P, = 21,800 § L
P, = 26287N it
Therefore, 3 (155) = —-1';4{6”‘“”'”‘3
5@ (83 x 10%)
P, = Pp = 7L8I6N = 7L9kKN d : 118mm
Py = P & 26287N = 263kN 5 16T
::rd3
16(14)(1000)%
g
m(118)°
Sg = 43.4MPa
PROBLEM 305.

A solid steel shaft 5'm.long is stressed to 60 MPa when twisted
through- 4%, Using G = 83 GPa, compute the shaft diameter. What
power can be transmutted by the shaft at'20 ofs?

Huticn:

. Tl
D‘_JG
p = 956,




T = Ers.‘l
0IG  _ SgJ
L
r

Po= Eﬁl

Go
d _ 60(5,000)
T 4

(83x10°) (jgo)

d = 104 mm

16T
3 B
0 - L6T(1000)

7 (104)°
T = 13252N.m
p = Tarl
P~ 13252 (2r) (20)
£ = 15665295N. mfsac
= 1,665,235 Watts
P = 1.665MW
PROBLEM 304.

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

Solution:
16T
S =
5
nds
70 = lﬁleﬂmt
(2P
T = 0llHm

o
¥ JG
4r = _0:11(1000)L
w
75 (2)* (35 x 10%)
L = &280mm
FROBLEM 307.

A steel marine propeller is to transmit 4.5 MW at 3 /s without
u:ﬂ_ﬁding a shearing stress of 50 Mﬂfmz or twisting through more than
1" in a length of 25 diameters. Compute the proper diameter if G = 83

GN/m?,
ol ion
= Py
2wt
_ 45x10°
2n (3)
T = 238732H.m
R 1
g =
7 d®>
50 = 16(238,732)(1000)
wd®
d = 290 mm
R
ol
1 .-—i] _ 238,732 (1000)(25 d)
180 I:Id
m
'3—3={331103}
d = 347.5 mm

Used = 348 mm
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FROBLEM 308,

Show that a 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 outsde diameter,

Soluton:

Tr

L S
For solid shaft:

- an S
J 32:[

For hollow shaft:

= e Sl
J == (d*-p%

2 SXo e

3= g-rdt- G
@ a

Bt 32 [d“_ 16
m 15
wte )

Let 5 = masximum aliowable stress of the shaft material. The torque capacity
of the shaft is that value which will cause streses approaching the maximum
allowable, The capacity is the measure of strength. For the solid shaft:

d
Telz5)

g = —*—'—_: Eq
Ed
16T

5 = 8
:nis

For the hollow shaft:

d
Ty (5)

Si= x .15 d"
32'76 ° )

16T

B = 15 :
o —-ui3

16 =

107
llf:Th ! ll:':|"f'S
15
T'E;"ds le3
15

theretore, the torque capacity (or torsional strength) of the hollow shalt is
15716 of that of the solid shaft,

FROBLEM 310,

Determing the maximum torque that can be applied to a hollow
circular steel shaft of 100-mm outside diameter and 70-mm inside dia-
meter without exceeding & shearing stress of 60 x 10 I«I.fn'l2 or a twist
of 0.5 deg/m. Use G = 83 x.10° N/mZ,

1T 4

LR B
1= 5 otodh
y =) 4 4
J = 73 |[1CICI',| —{'?I:l]]
J = 7.460%10° mm?
L
:‘?5 - J
so = T(50)(1000)
7.460 x 108
T = B952N.m
oL
Ve
i T (10002
0.5 {'l‘éa =
(7.460 x 10%) (83 x 10°)
T = S403N.m




PROBLEM 311.

A stepped steel shaft consists of a hollow shaft 2 m long, with an
outside diameter of 100 mm and an inside diameter of 70 mm, rigidly
attached to a solid shaft 1.5 m long, and 70 mm in diameter, Determing
the maximum tergue which can be applied without excesding a shear-
ing striess of 70 I'»u"l.fm2 or a twist of 2.5 deg in the 3.5 m length. Usa
G = GN/m?,

Solution:

For hollow shaft:

S A
J = (Dt —dh

= S £ 4
J = 7460 x10° mm?

= = ]
Bl
70 = .1{50)(1000)

?ﬁm v lﬂ& T AT oy
T 0 ';f
T = 10444N.m = i =
For solid shaft: — ; """" ;
8 | - TR

B 3
I o= = (70)
J = 2357x10° mm?

Tr
%~ T
75 = 1 (LOOO)SS)
2357 x 108

T = 4714N.m

2 IL
B = E G
25{.“_.} - T (1000) i _lﬂm - 1,5000 |

B! =
80 83x10° 7460x10°  2357x10°

T = 404N m
Max. Torque = 4,004 N. m

PROBLEM 312,

A flexible shaft consists c. a 5-mm-diameter steel wire encased in
a stationary tube that fits closely enough to impose a frictional torque
of 2 N. m/m. Petermine 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,

folution:
16T
a) Ss = e
nd.a
140 = 16(2L)(1000)
- (5)°
L = 1718m
-
b) © e
" (2L) dL 180 . 57
dq,=f _{_5]433 -~ [—]-T-flumyj
s 33 {5)° (83 = 107)
e i) [LE] 1718
(m? 5)* (83 x10%) o
0 = flﬂ:}{ﬂi}{lmm“‘?m]z
{(m)* (5)" (83)
¢ = 3321°
PROBLEM 313:
ThuruﬂMt:hnwnmumatErﬁwithEﬂkﬂmkmuﬁatﬁa
15 kW removed at B, and 45 kW applied at C. Using G = 83 x 10
I'-I'.i'mz, find the maximum shearing stress and the angle of rotadon of
gear A relative to gear C.
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PFRORLEM 314.

Solution: A solid steel shaft is loaded as shown, Using G = 83 Gﬂj’mz deter.

30 kW 15 kW il dud mine the required diameter of the shaft if the shearing stress ix limited
A Cn by to 60 MN/m? and the angle of rotation at the free end is not to sxcesd
T = 57 - " 4 deg.
30 S :
= Solution;
Tap 27 (3) 7 D= “ﬂ‘— ’"'—‘I:
Tap~ ) LE%2R.m 102 khem A g = n
: 45 add 500 Nem 1000 Nom
- —- | o -
BC= r®) p g J
foo = 2387kN.m _ 60 = —o(R000(1000) i ,
; x d?l 2 Fin—
5 = 16T
3 d = 439mm
for AB: o =3Ik 180
JG w
53 1 .E‘H'Hlﬂmlz 180 1 2
i == [1000(3)(1000) + 500(2)(1000)%]
4 3
Sg = 64.86 MPa r.—d N83x107)
for BC: d = 5l5mm
2
56 16(2.387)(1000) Umd = 51.5mm
7 (75)°
ES = 28.82 MPa
maxSe = 54.56MPa PROBLEM 315;
~ wn TL 180
Qo = B2 —— :
A J5 1 A 5-m steel shaft rotating at 2 ¢fs has 70 KW applied at a gear that
180 (1 .592](4}{!@'013 s 2 m from the left end where 20 kW are removed. At the rightend, =0
uA.ﬂ: = m.’ kW are removed and another 20 kW leaves the shafe at 1.5 m frosm the
E{Eﬂf‘ right end. a) Find the umt'mm shaft diameter so that the shearing stress
will not exceed 60 MN/m*. () If a uniform shalt diameter of 100 mm
(2387 (2)(1000 is specified, determine the angle by which one end of the shaft lags be-
~“? (75 hind the other end. Use G = 83 GN/m?.
S o
QMC = 8.225 Solution:
'[" = .-L..
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0.614 x 10% mm*

0 kW TOEW Z0EW 30kwW
G R W 20kW 30kY =
TAB —2"{2} 1.992kN. m |'|»"| ;\“ [\ 0 =
T2 =2 = F979kN.m ' o e e 0g = g
BC 2r (2) i
- 2m—r—1.5m -r—l.:'im—' ’ T.-L TEL
30 e e e 3 kNem 3 kNem
= E— = 3197 - s ——
TeDF Awmy T Sw T (2.498)(35) peNes) C
16T | T, = 17127
a_} 55 - —
3 [ | n _
i | -1.592 J Iy 4 SRR st
i 16 (3.979){1000)* r I | 712Tg + Tg = 3
| P = .‘ll -
7 (d%) To = LIOGKN.m
d = &964mm TL-L - 1.894kN.m ] =B
¥
TL 180 |
by 8 = Z E“' 3o .‘:5 = T}—r TS mim S0 mm
180 1 ; tor : .
Opa = & 3 ( “'3”1'3 1 (2.387X(1.5) + 3.979(1.5) - (1.592(2) for Propas: I :
35 (100)}(83 x 10°) 1 1.894(37:6)(1000) L
g Stes
2.493 x 10°
o 5. = 2849 MPa
Opia 0.448° 5
for Sreel:
2
1.106(25)(1000
PROBLEM 316. 5y = RN
0.614 x 10°
A round steel shaft 3 m long tapers unifermly from a 60-mm dia- S5 = 45.03 MPa

mater at cne end to a 30-mm diameter at the other end, Assuming that
no dgnificant discontinuity results from applying the angular deform-
ation equation over each infinitisimal length, compute the angular twist
for the entire length when the shaft is transmitting a torque of 170
N.m. Use G = 83 x 10° MN/m2,

Salution:
i FHOBLEM 318.
y+3 171k Bsm
_3% R aH A solid compound shaft is made of three different materials and is
y = 3Im subjected to two applied torques as shown. (a) Determine the maxi-
mum ghearing stress developed in each material. (b) Find the angle of
% = rotation of the free end of the shaft. Use Ga = 28 Gﬂhnj_ G, =83
: GN/m?, and Gy, = 35 GN/m?,
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114 TL
2 1G
o o i s
3 JG /\ 1.5 kNem
2 : i~
g = ﬁ {:?n q;dr}{lmn}s s fi]
~ (3zD)Esx10% s
1 .‘im——l
(1ox)?
0 208627 f& x " dx
3 Soluton:
-
x 6
9 208627 | = | 3 aa 16T
¥ o
o —D.ﬁ?S‘lEI_ A '] A i
- X T For bronze:
16(1, 2
0 069542 [L _ ..1__] 5, _E_Mgﬂ
©r @? 7 (75)
5. = 811 MP
0 = 0.02254 rad @ s ;
@ = 1.291° For steel;
< 16(1.5)(1000)%
PROBLEM 317. - "‘W—-‘
A hollow bronze shaft of 75 mm outer diamerer and 50 mm innee 5; = 1811 MPa
diameter is slipped over a solid steel shaft 50 mm in diameter and of the For aluminum:
same length as the hollow shaft. The two shafts are then fastened rigid- Lo
: : : : 16{2.5)(1000)*
ly together at their ends. Determine the maximum shearing stress s, i
developed in Emh material by end t-::zque; of 3 kM. m. For bronze, m :iuﬂ}s
G =35 GN/m™; for steal, G = B3 GN/m~, r
3, 12.75 MPa
Soluton: = . TL 1580
L o= <X sy 4 1.5(1.5)1000)° 1.5(2)(1000%"
T 7135 x 10%) 75183 x 10)
32 32
4
'IB = 2.-193:-:'!05 TR 3.5{3“1@}5 1ED
=z 4 | T
g = == (s0yt < (100]"(28x 10

0 = 0.2892°
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=R o ) kb
My = £(42+2) = 44 KN.m - " . :
B35 I'Illlll PROBLEM 442,
Mo = 44— 38(2) = -32 KN. m a : | EMR, = 0
San
MH. = - 321‘32“} =ﬂ[chuck} R=12 kN . !':_d[' - %WL{E—L}
Mp = 0+32(1) =32 KN.m gl
_ WL
Mg = 32 + %{1_5;(32} (343 kbdim Ry = L
A
Mp = 57.6 KN.m -
F '|.l a1} WL .E
® K, W
Mg = 57.6 —— (48)(24) .
L =%
ME = u : ) H
L

PROBLEM 441. A beam ABCD is supported by a hinge at A and a roller max. M isat ¥=0
at D. It is subjected to the loads shown which act at the ends of the i
vertical members BE and CF. Thess vertical members are rigidly Wi 1
attached to the beam at B and C. Draw shear & moment diagram R Y Xy =0
for beam ABCD cnly.

Sal'n. L %— x("¥) = o
l“n = D II xz J ﬂ
Dy (7) + 4(2) +3(2) = 1432) 3 L
Dy = 2 KN %2 1

3
Ay =412 =6 KN
Ay =3 +14 =17 KN s O
i3

Mg = —5(2)= -12 KN.m

Mgl = —12 —6 = —18 KN.m
Mc = —18-22) = - 22 KN.m
Mci =—22+EB=ﬁKN.m
HD=E|_E{3}=EI
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PROBLEM 319, ' 16T
The compound shaft shown is attached to rigid supporns. For the “ds
bronze segment AR, the diameter is 75 mm, 5 = 60 MN/m® and G = For bronza:
3% GN/m™. For the steel seqment BC, the diameter is 50 mm. 5 = 80
?-Tﬂfmz. and G = 83 GN/m®. If a = 2m and b = 1.5 m, compute the 2795 = i (1000
maximum torque T that can be applied, - (.35]3
Solution: TB = 3Z1436N.m
= For steel:
) r
s = = Al 16 Tg (1000)
3
gl " (50)
z2J ; Tg = 1963.5N.m
245 1
T S T = Tg+ Tp
o TL = 19635 + 31436
- T = 5107.1H.m
U’B = GE
TL TL
JG B JG p
2J5L  _  2J5L
diG o dJG . FROBLEM 320,
2 - In problem 319, determine the ratio of the lengths b/a so that each
B i3 material will be stressed to its permissible limit. What torque T is
Snl(2) _  S:(1:5) required.
T5(35) 20(83) Solution:
SB = DT 55
8L, . .. BL
when Sg = &0 MPa dG B dG 3
5 = 04744 (80) 60(a) _ 80(®)
= 76(38) ~ 50{83)
Sg = 37.95 MPa <60 MPa (Ok) b
when S5 = o0MPa Cpieh 1.186
B Lse; S5; = B0MPa
60 = 04744 SS 16T
Sg = ~37.95 MPa. 8 —
Sg = 126.48 MPa >80 MPa (Fajl) nd
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2T (15)(1000)° 3T (2)(1000)°

For bronze:
“ A egyd I T aed 3
¢n = 16Tp(1000) 75 (500" (83x10%) == (75)'(28x 107)
m (75)° 1637.6 N. m
Ty = 4.970kN.m
B mak, permissible value of T = 1227 N. m
For steel:
2
ag = 16Tg (1000)
3
7 {50 PN EM 322,
Te = 1963kN.m
M A torgque T is applied as shown o a solid shaft with buiit-in ends,
Prove that the resisting torques at the walls are T, = Th/L and T, =
= 4970+ 1.963 /L. How would these values be changed if the shaft were hollow?
T = 6933kN.m
Balution
W I QE
FROBLEM 321.
I II_] : T,L,
A compound shaft consisting of an aluminum segment and a stesl W G
segment is acted upon by two torques as shown, Determine the masd. Bt o Ei
mum permissible value of T subject to the following conditions: 8g = 1 al = T, (b) L
100 MPa, 5. = 70 MPa, and the angle of rotation of the free end ig: b L e )
limited to 12°, Use G, = 83 GPaand G, = 28 GPa, ! Ty = =t &
Solution: Iy + 1 =T
Sl 16T . Iy + TE =T
7 d° 'j'?d.aT2=a'T
100 = M} Iy fa+b)=Ta
5
w (50 Ta
T = 1227N.m L
o= 16 (3T)(1000) .= (R
F:{TE-}S a L
= : Th
T 1933 M. m ' 'y e
= ¥ AL :
Qi = o It the shaft were hollow, the same relations weuld result because J and

5 are still the same for both segments,
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PROLLEM 323,

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

Solution:
Ty = Z —EE
4 L;Ii':l:‘m H:;er_\Nh-un
1= 42, 18l
1 3 3 |
Ty = BkN.m =100 mns”
Im ' im Im
= Ta
T, = I
1) . 16(2)
T> 5

=

%)
=
rull
=
3

16T
35 m -:I3
For ABR: T = B8kN.m
55 16(8){1000)%
7 (100)°
Sg = 40.74 MPa
For BC: T = 8 - 4§
T = 4kN.m
s = Lo 1000)
m (100)
55 = 2037 MPa
For€D: T = 12kN.m
g - len2yio00?
s b |‘_l1’-II|1!I,'|3

Es = Bl.12MPa

PROBLEM 324,

A shaft composed of seqments AC, CD, and DB is fastened to rigid
supports and loaded as shown. For steel, G = 83 GN,-"mz; for aluminum,
G = 28 GN/m?; and for bronze, G = 35 GN/mZ. Determine the maxi.
mum shearing stress developed in each SETMEnNLS,

Solution:

Oam = 0
T
ﬂﬂ;"ﬁ = X E
A Ty {lemnﬁ_ (T, — 300)1.5)(1000)2
= it
5 {zs}.“{as x 10%) <5 (50)* 28x10°)
(T, — 1000)1)(1000)
35 (25135 x 10%)
T, (2) ) (1000 - T,)
- —— e — = i}
(25)%(83) (50)*(28) (25)%(35)

10,795 TA + I.ETA - 450 + IE.BTﬂ - 128000 = 0
25.095T, - 13,250 = 0

Tﬁ = 528N.m

T.H. + TB = 300 + 700

TB = 1000 - 528

",'B = ATZN.m

TA.E = 52BH.m

Top = 528-300=28N.m

TDB = 472HN.m

g = 16T
:rrd3
For stesl:
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s 16({528)(1000)
S 3
m (25)
33 = 17Z10MPa
For aluminum:
16(228)(1000)
s m T 000 Mem T 700 Mem
(50) . r o~
O @l:]:f
Steel
For Bronze: - |:’J. '4{‘,-,.”,;:";"
i 16(472){1000) b—3m—t—1:5m——Im
m (251
Sb = 15385 MPa
PROBLEM 323.
The two stee] shafts shown in the fiqure, each '.'.rlith one end built
into a rgid 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° mismigich in the location of the belt holes, as shown in
the figure. Determine the maximum shearing stress in each shaft after
the shafts are bolted together. Use G = 83 GMN/m? and neglect deform-
ations of the bolts and flanges,
Solution:

Solution:

T(2)({1000)%
(50)%(83 x 10%)

- 12008N.m

16T

m d3

16(1200.8)(1000)
a(507°

16(1200.8){1000)
m(40)°

123

T 1000 Sat
a 18
73 40)"(83 x 10%) -
= 48.92 MPa

95.56 MPa

FLANGED BOLT COUPLINGS

PFROBLEM 326,

A fanged bolt coupling consists of eight steel 20.mm-diameter
bolts spaced evenly around a bolt circle 300 mm in diameter. Detec-
mine the torque capacity of the coupling if the allowable shaering
stress in the bolts is 40 MN/mZ2,

= 16,080N.m

—”Jﬂf (40)(0.150)(8)
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PROBLEM 324,

A flanged bolt coupling consists of six 10-mm-diameter steel balts
on a bolt drele 300 mm in diameter, and four 10-mm-diameter steel
halts on a concentric bolt circle 200 mm in diameter, as shown in the
figure. What torque can be applied without exceeding a shearing stress
of A0 MPa in the bolts?

Solution:
2
- ol
By = e te
s 2
P, = 5 (10)%(60)
Pl = 4T124 N
R Ry
£t 4712.4{100)
- 5o 150
Py = 31416N
T = By Ry $aR ety
T = A47124(0.15)6) + 3141.6(0.10)(4)
= 54978N.m
PROBLEM 329.

Detarmine the number of 10-mm-diameter steel bolts that must be.

used on the 300.mm bolt circle of the coupling described in Froblem
128 to increase the torque capacity to 8 kH. m,

Solution:
T = PlF'lnl + PEREWE
BOOO = 47124 :u.].ﬁ]{nl': + 3141 .6(0.10%4)
oy = say 10 bolts

PROBLEM 327,

A flanged bolt coupling is used to connect a solid shaft 90 mm in
diameter to a hollow shaft 100 mm in outside diameter and 90 mm in
ingide diameter. If the allowable shearing stress in the shafts and the
bolis is 60 MI*I.sz, how many 10-mm-diameter steel bolts must be used
on a 200-m-diameter bolt circle so that the coupling will be as strong as

the weaker shaft?
Solution:
For solid shafe:
5 = 16T
] |:I3
o = 16T (1000)
(90>
T = B5883N.m
Far hollow shaft:
Ay
Sg ¥t are
r = 5S0mm
o 4 4
4 3z [(100)" - (90)*)
I = 3,376,230 mm*
6o = _T(1000KS0
3.376,230
T = 40515N.m
UssT = 4051.5N.m
_ K .ui2
TSR

2
40515 = 3%5.'- (60)(0.100)(n)

B o Elﬁl say 9 bolts
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PROBLEM 330.

Solve problem 328 if the diameter of the bolts used on the 200.

mm belt circle is changed to 20 mm.

Solution:
2
md
bl Sg
2
p . T(0
T (60)
P, = 47124N
B o Py
ARy AR,
47124 : P,
i (0%us i 20?00
P, = 125664 N
T = R e
= B ¥ BRon,
CT = 47124 (0.15)6) + 12,566.4(0.10)4)
T = 92676N.m

PROBLEM 332,

A plate is fastened to a fiwed member by four 20-mm diameter
rivets arranged as shown. Compute the maximum and minimum shear.
ing stréss developed.

16 kN
150 mm

| WL

o | I
e

Soluton:
Tr
55 - J_
I = AZ(? + 99
2
3= 720?250 + 2(50)]
J = 15707963 mm®
= 16{300)(150){1000)
mnax, SE = W
max. Sg = 45,857 MPa
: _ 16(300)50)(1000)
mm.Ss = —-—-u—.___._m‘?U?I%S

IThARE. 55 = 153279 MPa




FROBLEM 333, FROBLEM 334,
Six 20-mm diameter rivets fasten the plate in the figure to the The plate shown in the figure is fastened to the fixed member by
fixed member. Determine the average shearing stress caused in each three lﬂ-mdiml:nﬂar rivets, Cﬂlﬂ:]}'l.lu the value of the loads P 5o that
rivet by the 40-kN loads. What additional loads P can be applied before the average shearing stress of any rivet does not exceed to MPa.

the average shearing stress in any rivet excesds 60 MH.JmE‘?

al kN

Tr

a1 &0 L
1
(40)(150)(1000) _
& 000,000 N Hulution:
r (] - mim
’Jtﬁﬂ}z + (75)2 The center of gravity of the rivet group is 100 mm from C.
-|' ] 2

AZ(x% + g4 OA = 90.14 mm
m 2 2 Therefore C iz the most stréssed rivet.
i (200 [4(75)° +6(50)?) 1)

S —] —
11,780,972 mm 5 1
6,000,000 (50.14) T = 225P N.mm

11,780,972 e
45.91 MPa
| 250F — 150{40)] 1000 H. mm ¥ o= A\E [12 g ‘.l"z}
Tr
¥ 1= 200?250 (100y? + 275)%1
[ 250P ﬁﬂﬂt; Lt;gm (90.4) § e
11,780,
o 225 P (100)
250F — 6000 = 78418 = W

55.37 kN

P = 414N
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PROBLEM 335. TORSION OF THIN-WALLED TUBES: SHEAR FLOW
A fManged bolt coupling consists of six 10-mmdiameter steel bolts

evenly spaced around a bolt circle 300 mm in diameter, and four 20-

mm-diametepmalurmunum bolis on a concentrie bolt circle 200 mm in

PRCHIEL 1M 338,

diameter. What tﬂrzquﬂ can be applicd without exceeding a-shearing A tube 3 mm thick has the elliptical shape shown in the figure.
stress of: 60 MN/m™ in the steel or 40 MH-‘rmz in the ajuminwm. e What torgue will cause a shearing stress of 60 Hﬂfmz?
Gg = 83 GN/m? and G, = 28 GN/m®.
Bubiation
T = 2AS
A = mab
A [ 7 H z )
A = 88357 mm*
Soluddbr = 2(8835.7}0.003)(60)
T = 3181M.m .
8, i s,
GR, ~ GR,
By e e S PROBLEM 339.
83(150) 28(100) |
S, = 44465 A tube 3 mm thick has the shape shown in the figure. Find the
: - 2 shearing stress caused by a torque of 700 N. m if dimension a = 75 mm,
when S[ = &0 MPa
60 = 44465,
§, = 13.49MPa < 40 MPa (safe)
P, = 3 00%60) = 4712N ' b
= W .
Py = g (20)°(1349) = 423N ]
= n
¥ P;Riﬂl ki PHRH a
T = 4712{0.15)6) + 4239(0.10)(4)
T = 5937N.m
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HELICAL SPRINGS
FROBLEM 343,
Solution:
Determing the maximum shearing stress and elongation in a helical
PR ¢ steel spring composed of 20 turns of 20-mm-diameter wire en a mean
- ZA, radius nf-zal:l mm: when the spring is supporting a load of 2 kN, Use G =
L 2 A3 GN/m=,
A= w(10Y + 75(20)
A = 18142 l'l'||'|'|2 Holution;
h 70041000}
5 = 7004100
5 2[13!4_2}[3} 5 = 16 PR ( 4m -1 % 0els I'I
; - 3 dam —4 m
S, = 64.30 MPa wd
| o L 2R
| d
| 2 (80)
PROBLEM 340, | M o A=
: st 0, . _ 16(2000)(80) 4(8) - 1 0.615
Find dimension a in Problem 339if a torque of 600 N. m causesa 55 T e { By -4 & B :]
shearing stress of 70 MN/m?. ~ 7 (20)°
§ 8, = 12060MPa
Solution:
¢ y - 84PR%y
et ) cd
s - ZA 3
t v - E4(2000)(80)°(20)
A =m0+ 204 (83 x 10%)(20)4
7q, = 600(1000 ¥ = 98.7mm
. 2(100m + 20a) (3)
PO FROBLEM 345,

A helical spring is made by wrapping steel wire 20 mm in diameter
around & forming cylinder 150 mm in diameter. Compute the number
of tums required to permit.an elongation of 100 mm-without exceeding
a shearing stress of 140 MPa Wsa @ = 83 GPa.

fsixlkion:

16 FR
rrd.3
E = 75=+1D = 85mm

d
“+1_R}
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wo'x TERGESE b 4 a0

(85
(2007 55
P = 24435N
= 64 PR n
e :
Ggat
64(2443.5)(85)° n
100 = —(——Lq—.:..
(83 x:107)(20)
n = 1383 tums

FROBLEM 349,

A load P is supported by two concemtrie stee &prings arsmnged as
shown, ﬁ'l'ha inner spring consists of 30 turns of ®W-mm-diameter wire
on a mean diameter of 150 mm; the oter spring has 20 wms of 30-

mm wiré on a mean diameter of 200 mm, Compute the maximum load

that will not excead a shearing stress of 140 MPa in either spring.

Solution:
Tyl oty
3 A F
64P R *n, _ GAPRn,
4 4
Gdl Gdg
p]{m’{:m _ B, (100)%20)
(20) (30)
P2 = 32 :P] Tl
16 PR d
gle= (1 + =—)
s = oE 4R
16 P (75) 20
Mo = L 1 + T 1
a(20)° (75)
Py = 2749N
_ 16 P.,{100) 30
140 = ot i—
_J_a._ [1 + T{160) |
m (30)

P, = 694N

FROBLEM 351.

I p
1
Fa
Fa
It B,
G904
L5\

P =

2749 M

3.2{2749)

8796.8 N > 6904 N (fail)
BI04

3.2P,

21575N < 2749 N (safe)
+ F2

21575 + 6504
90615 N
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A rigid plate of negligible mass rests on a central spring which is 20
mm higher than the symmetrically locared outer springs. Each of the
outer springs consists of 18 turns of 10-mm wire on a mean diameter of
100 mm. The central spring has 24 turns of 20-mm wire an a mean dia-
meter of 150 mm. If aload P = 5 kN is now applied to the plate, deter-
mine the maximum shearing stress 0 each spring. Use G = 83 GN/m”.,

Pe5 kN
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3 3
SRRy alsRina

20

Gy, Gyt

64 P, (75)°(24) 64 P(50)°(18)

+ 2D

@ x10% 20" (s3x10%) iy’

00483 Py = 01735k, +
Py = 35SEEE. 4098

P, + 2P, = 5000

(35552 P, + 409.8) + 2P, = 5000:

P, = 826N
Pl + 2{826) = 5000
P1 = IMMEN
. -16PR d
i
d
m P +4 B, = 6{98.1)
5 16(3348)(75) 20 ki
= z I w5 | P, *2P, =
m{20) ¥ Y
g 2l . =2
8y = 170.5 MPa 2 1
= o
Ssz ¥ 16{B26)(50) : 10 . | Y, 1
(10)® el 610R% 264 R0
4
s, = 2209 MPa Cat 94
Py = 2P
Py + 2(2P)) = 2043
PROBLEM 353, fy =R
P, = 2(58.86)
A rigid bar, hinged at one end, is supported by two identical P. = 11772N
springs as shown. Each spring congsts of 20 turns of 10-mm wice having :
a mean diameter of 150 mm. Compute the maximum shearing stress in E‘:5 = 16 7R {1 * -id_R]
the springs. Hegleu_r:t the mass of the rigid bar. nd®
Solution: max. Sg = e RLEk ﬁ%ﬁ ]
x (105
w = luf‘?alj = anl H mhan. 55 . 4.5_46 M—h
ZM = 0

A
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PROBLEM 355, , 3 = 0
Az shown in the figure, 2 homogenous 50kg rigid bleck is suspen- i
ded by three springs whose lower ends were originally at the same leve], EPl +ie PE = S0(3.81)(1.5)
Each steel spring has 24 turns of 10-mm.diameter wiré on a mean dia-
meter of 100 mm, and G = 83 GN/m?. The bronze spring has 48 turns SRR AR SN

of 20-mm-diameter wire on a mean diameter of 150 mm, and G = 42
GN/m?, Compute the maximum shearing stress in each spring. L

Solution: 1.6(3679-15 Pi)-14P, = 4905
16922 — 6.?1*] -14P| = 4905

P, = 367.9-15P

3

y = &4 FR™ n

agd? Py = 1448N

_ 64 P (50)°(24) P, = 367.9- 1,5(144.8)

'rl = 1 2

(83 x 10%)105 P, = 1507N
Y, = 0.23133P, P, = 1507N

64 P
¥ P,(50)°(24) ‘ Py = 36(150.7) - 24(144.8)

3 4

(83 x 10" ){10) Py = 195N

Y, = 023133F,
g - lePR (i » i
¥ o SARUEraY Sl [y
Fi

(42 x 10%)20) g 16 (144.8)(50) no+ -0
Yy = 019286 P, 1 w (10)° A00)
tee g = Ss, = 38.72MPa

3 1
= i 1 LTHS0 10
Yoo ¥ Y, - ¥)) 5g, = b)) bl v
=% = S35 7 (10%
L |
Y, = 3¥,-2¥
3 & e Sg, = 40.29 MPa
0.19286P; = 3(0.23133P,) - 2(0.23133 P, )
15(195)(75) 20
Py = 36P,-24P Sgg = ——— 1 + |
,,{2;;5} 9
ENeE
1 gl

P +P,+P; = 50(9.81) Sy = 9.93MPa

Py +Py+ (B6P, —24P,) = 4905
46P, —14P, = 4905
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Chapter g FROBLEM: 404 L..m..‘r_],.,_* m—e
M, = 0 ! :
=D 2 = B L‘?:f{' ¢
Shear and Moment in Beams Vi, + 40 = 10(7) A
: ", = 6KN Wrkri L L
Load Diagram Shear Dviagram Moment “2 10-6 1F_1'"
Increasing IS M, = 4 KN i
Decreasing . Vog = 10 KN
Inereasing = e = LS
: Vi~ = —10+6 = = 4KN
Decreasing _ BC 10kN

Mor =6(X-2)-10X
Write shear and moment equations for the beams in the following

: Mp~ = (—4X - 12)KN. m
problems. Also draw shear and moment diagrams, specifying values at all o
change of loading positions and at all points of zero shear, Neglect the Vep = - 1046 = — KN
mass of the beamn in each problem.

il Mep = 60X - 2) + 40— 10X
PROBLEM: 403 2 "3 Mep = (£4% +29)KN. M
~ E |
L ,1,* - q ‘[n
Ry=30kN I fi I IFROBLEM: 405

By iy
SOLUTIONS: M, =0
EM, = 0 16 Ry = 30 (2) +10 (10) (5)
BRE = 50(2)+20(7) Ry = 56 KN
Ry = 40EN i, = 30+10(10)-56
Ry = S0EN f Vpp = 74— 10X KN
Vapg = 30kN i o " Moy = 74X - 10 (X) (¢

' 3 = oy JKN. M
MAB 7 sﬂ‘-‘t KN.I’T'I e i nB_ E]
Vpe = 30-50= —20KN e Vgo = 74 -30- 10X
Mpe = 30X - 50 (X-2) —an-— Vpe = #4 - 10X %
Mpo = 100 - 20X KN.m A - - Mgc = TS M) i ol
Vep = 30— 50440 = 20 KN R M = (= § X2 + 44X + 60) KN. M
Mep = —20(7 - X) = 20X - 140KN. m e300k
or 5 kM

€ M), : r“—* m—klriﬁfj
Mep = 30(X) - 50(X-2)+40(X-6) A—p i

, = 30X - 50X + 100 + 40X - 240 | = c} i
Mcp = 20K — 140 KN. M PR e L
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PROBLEM: 407 il
. | 5ix+2)
EMp = 0 ‘{ o
5Ry = 30(2)(3) oL
Ry = 36 KN ¢
R; = 30(2)- 36 =
Ry = 24 KN 3
Vag = .24
Vge = 24-30(x — 2)
"'"Br:' =84 - 30X FROBLEM 411:
A
M= 24X — 30 (X - 2) =2 ‘|I R
BC 4= I 0ix-2) :
Yoo = iy [ M= (Bxdo WBEIIEEIL‘IL
Mep = 36(5 - %) ) i s
24 = - -'L — q . .
=22 =08 [ ] M (= ot
30 e e 5 ; *
i M2 =) :I H“"r--- -
\ % X = N 1 e o i
2 L_x L ———————————————— .
= T —-———
W
PROBLEM 408 °F ] 4 ¥ =ital \
X
EHA =0 ﬁlr v
6R, = 30 (2) (1) + 15 (4) (4) - | z_ W :
R, = 50 KN %o
R, = 30(2) + 15(4) - 50 e e z =¥ x
L

RI=TUKH
Vap = 70 - 30X
2 X
Man = T0X-30X ¢~
AB 2

Vo = 70 - 60 — 15 (X — 2)
BC i W W

E v=-lxMy —xMyL-x
Vpe = #0- 15X ) I J
Mpe = 70X - 60 (X - 1) ve_wx2- M. x

2L L
15 130~ =3

. 2) (X=2 m=-Luzdx - i

X =rty= 0667 M AT} 3 T
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2 2
- =R° WK X= W
M = =h Wiy A e Wyr oy

3 {L ) 2 {LH )

i

.l

PROBLEM 415:

K= &(3) -20

3 2
M = -...ELE = ‘ﬁ{L_}:}

51—

R = 20KN
M - 8(5)(2.5) -20(3)

v - WK wx? |, wxs M = 40 KN.n e

T2 2L .
Vop = —8X% L e
M- WK wx? _ Ak
o - 1"“\,_‘_ [
13 A
PROBLEM 412: S 3
X i i
- i1 — _Ex e
IMy = 0 AB !2]' *
6R, = 10(6)(5) = lm-
- Vpe = 20-8X il
R, =50 J A
S Mg = 200(% —2) -8X (2 =]
| = 6(10) - 50 2 i
R) = 10KN Mpe = 20X -40 g m—ﬂ
Tacie 10 r,1P£={-4xzfznx-4U] KN.m JRERNREERENS
AR A -
Mpg = 10X o
A

Vpe = 10 - 10(X -2)

Mpe = 10X ~10 (X —2) -“T—z} FROBLEM 416:
:‘.Hﬂ =.0

)= M2y,

R (L) = =Sty
2 T Iﬂm]”
i, A

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

WL
B, = 1L
z = 3 1._ Sl e lae
Mep = 108 -X)(2 %) Ry =¥ WL g ?
" 2 x5 WL
z | ==
e ;
" w r JN
¥ = i 1 WELAT WL
" L | T '
/ >
¥ = ey




6 6L L

.r. i
for max, M, V=0 £
0= WL _ wx?

& 2L
0= i EE

3 L
X =k

_I-'3
M = ll'..l- {_I-‘ i"l. f L_].‘i'

G i il
3 ik F

M = wLE . -"1[‘-?
M = _WLZ

93

PROBLEM 417:

Ry =Ry =1 jul, _ WL
1 2 2':}{2"'_

4
S L
X L
2
yo= WX

v - WL _ wx®

M = WL ¢ X @awx)

4 L
M = NLX _ wi?
4 3L
max, M isat X '—'%
F

WL L W .L.3

Moo= MLl W L

| {2} Ak {2]

8 24

2
M = WL
12

M= WLE WL

FIOBLEM 419:
M. =
L, =0
SR, = lzfsxm}fz;
Ry = 12 KN

Ry = !2{3,'!{20']-— 12

Ky = 18 KN
20

x 3
20

W MNim

=
R;




2

Van = 18— Ly (20X
£5 2"

1ox?
.

Man = 18% — L 320Xy X
AR r { % ]{3}
Z
= 10X
MAB ]Ex '""g—
‘J’E{: =3

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

e
18 10X“ =0
10%2 = 54
X = 2324m
3
max, M = 18(2.324) - E{%Ei}_
max, M = 27885 KN.m
PROBLEM:

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

Saln.

Ma = = PR{L~Cos )

FROBLEM 422;

SHp
Mg = -.g R(1- Cos )
Vpo = __;' Sin (180 - )
V.. = pSind
BC 2
o
Mpe = 5 R+RCos(180 -8) — PR Cos(180 - 0)
Mge —% R-RCosfl + PRCos @
- ER
Mge B 3-25 Cos# + PR Cos 0
i
Mpc =F—;‘{1+Eosf?}

or considering the right segment

MEE -

Ll

%{R - R Cos (180 -

-‘;!u - Cos (180 - 0y

Fiﬂf! ¢ Cos 0)

Pl

R-Hoos( | 80-8)
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tRUBLEM 427 PIOBLEM 430. In the overhanging beam shown, determine P so that the
. mament over each suppert equals the moment at, mid span.
lMB =0
Hey !DI.M"rrL &l
5Ry + 10(1) = 10(2)(2) Y lt, = P+5(d) = P+20

A
— i P P
Ry = 6KN *,m..#..mfh r My = Mg coay {

My = P{1) +5(1(0.5)=P+25 % “H*“U“H“H L

Ry = 10+2(10) -6 !
4 i E
Ry = 24KN Mp = (P +20%3) - P(4) - 5 (4X2) 4|m-3-—«u4-t£"ﬂﬁ
14 &, Ry

X = = = 14m M, JP+E0 - 4P — 40

M =20 —P
Mg = —10(1) = - 10 KN. m :

P25 =20-Pp
Mp = -10+14(1)= 4 KN. m h

P = 875 KN
Mp = 4% %{Mm.q; =138KN.n
Mp = 13.8 iﬁ[ﬁ}:‘ﬂ.ﬁﬂ}'- 12 KN.m
Mg = 12 - (6)(2) =0
E (2} MROBLEM 433,

PROBLEM 425 iy =1
e kN
3 - M =
IMy =0 - Ry + 200= 50(7)
§ kMU 1 -
IRy = 60(1) + 30(6) + 5(4)2) v grig
A Ii
R, = JOKN 0 T R, = 50— 30 =20 KN
2 -Im--'- —— ] i T E— ;

Ry =60+30+504).70 E, & Mg =2002) =40KN. m
Ry =40 KN Mgl =40 — 200 = — 160 KN.m

M- = 160 + 20{3) = — 100 KN.m

Mg ;.é:.m +35)= 375 KN. m 1 = — 100+ 50(2) =0

Mq = 37.5 -;(25 v 40)(3)

M,_- - 40 KN, m
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FROBLEM 434,

EMB =0

SR, + 30(1) = 20(3)(1.5) + 60

Ry =24 KN
Ry = 30+ 20(3) - 24

Mg = —3C{1) = -30 KN.m

=
b |
i

- 30+ lzfsm{l.a}

MF = 2." I{-H.m

M = 24 - 12124}&1,:;
M~=-12 KN.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)
+ 10{2)}5)

Mg = 30 KN. m

x:.m: 5
-0 0.5m
Mg = 20 KN.m
Ma = 20+ 20(1) =40 KN.m

My, - 40 40{1) =50 KN.m

My « 525 %{30}{1.5;: = 30

My - 30-30=0

My - 50+ %uuxam = 525 KN.m

PHONLEM 439, A beam supported on three reactions as shown consists
W two segments foined at a frictionless hinge at which the bemding

imomaent is zaro,

g = 20(4)3)
48 KH

= 20{4) - 48
32 KN

IM, =0

AL, = 20{201) + 40(2)
+32(5)

R, = 70 KN

By = 20(2) + 40 +32 - 70

I, = 42 KN

g = 32

=1
i b m

b kM
=
fm Lo AL
Hage t i In,'m
I B FH &"
Ar I =fire 1
i, By B
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=R o ) kb
My = £(42+2) = 44 KN.m - " . :
B35 I'Illlll PROBLEM 442,
Mo = 44— 38(2) = -32 KN. m a : | EMR, = 0
San
MH. = - 321‘32“} =ﬂ[chuck} R=12 kN . !':_d[' - %WL{E—L}
Mp = 0+32(1) =32 KN.m gl
_ WL
Mg = 32 + %{1_5;(32} (343 kbdim Ry = L
A
Mp = 57.6 KN.m -
F '|.l a1} WL .E
® K, W
Mg = 57.6 —— (48)(24) .
L =%
ME = u : ) H
L

PROBLEM 441. A beam ABCD is supported by a hinge at A and a roller max. M isat ¥=0
at D. It is subjected to the loads shown which act at the ends of the i
vertical members BE and CF. Thess vertical members are rigidly Wi 1
attached to the beam at B and C. Draw shear & moment diagram R Y Xy =0
for beam ABCD cnly.

Sal'n. L %— x("¥) = o
l“n = D II xz J ﬂ
Dy (7) + 4(2) +3(2) = 1432) 3 L
Dy = 2 KN %2 1

3
Ay =412 =6 KN
Ay =3 +14 =17 KN s O
i3

Mg = —5(2)= -12 KN.m

Mgl = —12 —6 = —18 KN.m
Mc = —18-22) = - 22 KN.m
Mci =—22+EB=ﬁKN.m
HD=E|_E{3}=EI




