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2.1 A steel rod is 2.2 m long and must not stretch more than 1.2 mm ;;vhen a85kN
load is applied to it. Knowing that £ = 200 GPa, determine {a) the smallest diameter
rod which should be used, (b} the corresponding normal stress caused by the load,

,4 PROBLEM 2.1

SOLUTION
_ PL . - PL . (8.sxm0*)2.2) - - 4
@ S=xF AT ES “RooxloNirac™y T (1-92x0T m
- S or )
A=Fdt o 4 1/-71’.“.1 =_/m77'¥"’°~§ = 9.9 16 m
: = 9.9 mm -t
P g2.5% 0%
b} 6 4 7 Sageae 109.1%10° Pa = 109.) MPa -t
PROBLEM 2.2 2.2 A 4.83-ft-long steel wire of -l- -in, diameter steel wire is subjected to a 750-Ib
' tensile load. Knowing that £ =29 x 10° psi, determine (a) the elongation of the wire,
(b) the corresponding normal stress.
SOLUTION

(@) L= %38 = §7.6.in  A=Fd*= TN '-49.087x/5" in*

. PL _ _(750)(57.6) _ - 00303
S AR T (49.087%073 )29 x10%) 30.3%10° m =00303 w -

P o 3
(b) & = + - %—ﬂﬁ__j = /5.28 %107 psi = 16,28 ksi -
PROBLEM 2.3 2.3 Two gage marks are placed exactly 10 inches apart on a -ZL-in.-diameter

aluminum rod with £ = 10.1 x 10° psi and an ultimate strength of 16 ksi. Knowing
that the distance between the gage marks is 10.009 in. afier a load is applied,

SOLUTION determine (a) the stress in the rod, (5) the factor of safety.
(@) $ = 10.009 - 10.000 = 0.009 in
% - E_Ci' L6 [;.'-3 . (Io./s;'(/)o‘)(o.ooq) - a.09x0t pai
= 9.09 Wksi -
Yy F.S = %‘-‘1 : q—}f{;a = ].760 -
PROBLEM 2.4 2.4 A control rod made of yellow brass must not stretch more than 3 mm when the.

tension in the wire is 4 kN. Knowing that £ = 105 GPa and that the maximum
allowable normal stress is 180 MPa, determine () the smallest diameter that can be
SOLUTION selected for the rod, () the corresponding maximum length of the rod.

- . - Yxio* - < ey ™ 2
(@) (D--‘AE-- A—g’w = 22.222%l0™¢ m

A=gd% e 4= 3K . / (1(22. 222 ¥10™*) . 53210 m
) D N
= 532 mm -

< PL . . AES _ (z2.222x10°¢)(105%10* ) (3 x(0™*)
®) S‘AE « L P Gx{o*®

= 1,750 wm -t
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2.5 A 9-m length of 6-mm-diameter steel wire is 10 be used in a hanger. It is noted

PROBLEM 2.5 that the wire stretches 18 mm when a tensile force P is applied. Knowing that £ =200
GPa, determine (@) the magnitude of the force P, (5) the corresponding normal stress
SOLUTION in the wire.
Fe
@ A =Jd*= L(0.006) = 28.274x%0°¢ m*
I ¢ = BL . . AES (28.2749%10°“ X200 210" W 182102 )
: 41 AE h L ) a
- = [L.3Ix10* N = 1131 kN —-t
1
- P _ w3ixlo® _ “
{ (E) 6 = A 28.274 %[O = Yoo x| ’Pa = 4oo MPa -l
I
il

2.6 A4.5-ft. aluminum pipe should not stretch more than 0.05 in. when it is subjected

| PROBLEM 2.6 to a tensile load. Knowing that £ = 10.1 % 10° psi and that the allowable tensile
e strength is 14 ksi,, determine () the maximum allowable length of the pipe, (&) the
p
| { J SOLUTION required area of the pipe if fhe tensile load is 127.5 kips.
|
3
- @ §=%bL . [ = EAS | ES _ (0.1%0°)(0.08) _ 3. | . -
: [ j AE P & 14 %10
N
oL 3
! b) - 2 - P - 127.85x{0” _ >
- () 5= % A== BEXE - aqit -
] L[ PROBLEM 2.7 2.7 A nylon thread is subjected to a 8.5-N tension force. Knowing that £ =3.3 GPa
and that the length of the thread increases by 1.1 %, determine (@) the diameter of

‘ ~ SOLUTION the thread, () the stress in the thread.
1
D

o S L, L

a - = A _—=

...ﬂ ( } L Joo S q0.909 .

gl DPL . AL PL _ (8.5)(40.900) _ -9 2
[ -3

] A=Fdb o d=yIA = 0.546x07° m = O.5HG mm -
| P 8.5 ¢

) T e e 3% 10 = .3 M vl

~, ] ) G = & =t 86.3x10° Pa 36.3 MPa

I -
u PROBLEM 2.8 2.8 A cast-iron tube is used to support a comnpressive load. Knowing that £= 10 x
| ’ 10° psi and that the maximum allowable change in length is 0.025 percent, determine
! ; () the maximum normal stress in the tube, (b) the minimum wall thickness for a load
l | SOLUTION of 1600 Ib if the cutside diameter of the tube is 2.0 in.
| S _ 0.035

(a) -L...- = oo = 0.00025

*ﬁi

\ & = 7:5' = (Joxo* Yn.ooeas) = 2.8 x/0° psi ° 2.5 ksi —
o s=B o A= = o ogto

il A= %@, -d%)

'(ﬂ di= ao;.. %—{5' = ?-01- &)—%i\ = 3,851 in 5 di = L7847 a
‘U# t=d(d.-d.)= L(20-1.7347) = 0.1077 in. —t




2.9 A block of 10-in. length and 1.8%1.6 in. cross section is to support a centric
compressive load P. The material to be used is a bronze for which £ =14 x 10° psi,
Determine the largest load which can be applied, knowing that the normal stress must
SOLUTION not exceed 18 ksi and that the decrease in length of the block should be at most 0,12
percent of its original length.

j PROBLEM 2.9

CMS:’JM'V\J allowable stvess 6 = IS ks = I8 ¥10° psi

A=08)1¢)=288in" 6‘=-E-
P= 6A =(8%x3)(288)2 £.8»10% b

Constem‘mJ aﬂﬁoww‘:fc o)epol\mwﬁov\ -§— = 012 = 0.0012

L loo
= E'E_:. L P AE-% = (2.88)14x10%)(0.002) = 48.4 ~(o” b
Smaller vadue joue«‘ns P=ugdwio®* b = 48.4 kips -
2.10 A 9-kN tensile load will be applied to a 50-m length of steel wire with £ = 200
PROBLEM 2.10

GPa. Determine the smallest diameter wire which can be used, knowing that the
normal stress must not exceed 150 MPa and that the increase in the length of the wire

SOLUTION should be at most 25 mm.
Con 5t'a|ev~-'nj a).Pou cvlozpe stress S = |50 x/0° Pa
= -E ~ - _f_ - 7”!03 - Go ’(lo-‘ Mz'
=rn * A=g 5o «10% =

Con s;'afem'mj aﬁﬂoud/e Eapomjdion 8 = QSVIO-SIM
g-FPL . p- PL. (9x103)(50)

i,

= oo w0 mt

AE ES =~ (Roox09)(a5x1073)
L.cchr area governs A= 90 x/0" % mt
] A ‘ -6} -3
A = E_dt. d‘ iﬂ_ . \/(LH(‘?T(?x[O = 10.70 %S m

= |O.7© rmm ]
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2.1 The 4-mm-diameter cable BC is made of a steel with E =200 GPa. Knowing
that the maximum stress in the cable must not exceed 150 MPa and that the
elongation of the cable must not exceed 6 mm, find the maximum load P that can be
applied as shown.

& PROBLEM 2.11

SOLUTION

Lg = 1/ &t 4> =
Use bar AR as a Pree body

DEM, =0 3.5P - EVagm Fae)™ ©
P = O 7509 F"Bt

1 Fee
"
Considerne allowahde stress 6= 190%10° Pa Ay
Fd* = B(0.004) = 12.566x/0"" in”

& = %‘ L Fpr 6A = (90 w0\ (12.5¢6 x10%) = 2.388%10° N

FAY LN

2

PN

l-'r—4.0 m—->|

Con.s:‘alem'nq a}ﬂouwlaje eﬁov\jd-;gn §= ¢ x[o'sm

_ Pl £ . AES , (12.566x0°)(200 xi07)( 6 xi6%) _ 10>
3 NS Fac el 2. 210 = 2.09L %0 N

Swaller valuve qoveras F.= 2.09/%x10° N

=

0.950% R = (O.a507 (2. 00100t )= 1.983x[0°N v [.788 kN =

PROBLEM 2.12

P = 130 kips

2.12 Rod BD is made of steel (E = 29 x

10° psi) and is used to brace the axially

compressed member ABC. The maximum force that can be developed in member BD
is 0.02P. If the stress must not exceed 18 ksi and the maximum change in length of

BD must not exceed 0.001 times the length

of ABC, determine the smallest diameter

A=

rod that can be used for member BD.

SOLUTION
Fpp = 0.02 P = (0.02)0J30) = 2.6 kps = 2.6x10° 4b.
Cowaia!effna stress G = 18 ksi = I8 ’f[D" Psu‘

6':%0.‘. Aaﬁnr

S _‘:%5. = O, e W

Congidering deformation §z(0.000(14) = O-144 .
_ Fmlw. A= Fole _ (2.6x03 )(&4)  _ i
s AE A= ES -~ (@awoc)lo.lud) 0-03362 in
qu\jer ag»-ea Soue.rns A = O.ldu44 e
T - _ [FR [ aMoaqse) -
Zd d—J vlli I = = 0.429 in. et




PROBLEM 2.13 213 A single axial load of magnitude P = 58 kN is applied at end C of the brass rod

Lee _ ES _ La (osx10" N 3%/0™%) 1.2
ol il il

Age

Ltc-

ABC. Knowing that £ = 105 GPa, determine the diameter d of portion BC for which
the deflection of point C will be 3 mm.

SOLUTION

S, = T ~-__ 'P{LAB*_L.&_%

= 7 10w
58 xjo3 T (0.030)* 3.7834 %10 i
D.S

TR = -¢ 2
P - 27334 %102 T~ 32,7324 xio3 219.28x10° " m

LS -k
LY . -3
Aw=T dhy & dy- ’_..__[F_“_xw- = __l/(‘”(zf*ﬂfz"“’ ) L j6.52¢(0 m
= 16.52 mm -
PROBLEM 2.14 2.14 Both portions of the rod ABC are made of an aluminum for which £ = 73 GPa.

Knowing that the diameter of portion BC is d = 20 mm, determine the largest force P

that can be applied if 6, = 160 MPa and the corresponding deflection at point C is not
to exceed 4 mm.

SOLUTION

AM% = %(0-030)‘=‘ 706.86 10" m*
e = 1‘5(0.()20)": A4, 1¢ xjo"® m*

Conaiv’wina uﬁfoua.L.Pe. stress § = lco % 0% Pa

- -f. e
&= =
Portion AB
Portian BC

P= A6
= (706.86x15 ¢ Y(1¢ox0®) = )iz Ixi0® N

P=(3t4.16 x 10 )l eoxio®) = $0.3x10* N

Considerng alfowabde oleflection S, = 4xi07* m
S = Zf.& - _E(Lae SECN

ENAw Aa
- L Lee N & -3 1.2 0.8 -
P-E 8‘: (7\":5 Al fg:) =(73 wo")(l-}wo ) (706.86*10'6 ¥ 3416 Ylo“')
= G3.8 x(0° N
Smadlest vadoe For P qoverns P=50.3%(0 N = 50.2 kN -
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2.15 The specimen shown is made from a l-in.-diameter cylindrical steel rod with two
1.5-in.-outer-diameter sleeves bonded to the rod as shown. Knowing that =29 x 10°
psi, determine (4} the load P so that the total deformation is 0.002 in, (b) the
corresponding deformation of the central portion BC,

PROBLEM 2.15

SOLUTION ,
: - P.‘,L“ _E‘_
@ s=ziE -tz
L. T
= E§K'Zﬁ')' A= %d;
LJ n. d_, in A,,l‘ﬂz L/A_) ih‘l
AR | 2 | LS 7671 | 1\aig
R 3 l.o 0.785% | 33,8127
cu 2 1.5 l.767] 1.1318
6.083 Sum
-} !
P=(29x10 X0.002 1(6.083)" = q.535 0% b, = 9.53 kips =a
- E-—L&' - ‘P - Q.S&f*’(oi - '-3 M
() So= % . F E‘i T Ranaoe (3892) = L2546 in -
PROBLEM 2.16 2.16 Both portions of the rod ABC are made of an aluminum for which E = 70 GPa,

Knowing that the magnitude of P is 4 kN, determine (a) the value of Q 50 that the
deflection at 4 is zero, (b) the corresponding deflection of B,

lP
. SOLUTION
T r- @ Ag = Tde = F(0.020) = 219,10 w157 m*
odm 20-tom diameter Agc = %d; = B(p.0¢o) = 28274 %/ m*
5 Force in member AR = P tewsion

. = Pl _ (4x10%)(0.4)
E,po"‘}d‘lom SAG EA,,E (70—,101)(3,._'_,6 *IO-‘)
= 72.756 (0% m

&| 60-mm diameter
%

Foree n member BC s Q- P Compi MSSion

. 2 (Q-Plle_ (Q-P)(0.5)
Short o g S * E A.LJ‘(7owo°f)(2.sz7mo"3

T 2.8263 %077 (Q-P)
Fb\’“ 2evov a’e'}\jea“j’fov\ ot A S.Bc = gag
2.52¢3x10" (@Q-P) = 722.75¢ % 10°* .. Q- P - 28.8 xjo® N

Q= 28.3%/0° + 4xia® = 22.8xi’ N = 32.8 kN

)

A

(‘D) Sm < Sﬂ(, T Sg T 72.75¢ YIO—‘M = 0.0728 mm




&} PROBLEM 2.17

¥
Al
04m 20-mm diameter
1 Bl
0.5 m 2| 60-mm diameter
c d
i Bl S

Y]

SOLUTION
L &
@ Aw= Sdie = $0.020) = 814 1e xloC W"
A = Tda* = T(0.060)" = 2.8274 x/0™> m* o
Pge = P= ¢ »i0° N
Pﬁt_ = P-@Q= 6xio°- Y2 o = -
Liz 7 0.4m Lge 7 0.8 m
Sie Fabie . (6x10*)(0.9) o
PsE, (314 1¢x1067°) (7o % 10%) _
= 109.135 ¥io™% wm '
Re.
Se. = PscLsc: (-3¢+210° )(0.8)
&% AeE (132745 (7o x(o?)
s - 90,47 ¥ 1077 m
Sa T Opp * Sue T 109.13Cx (5~ 90,947 16 m = 18.19%10° w
T G 01219 vawn -l
- 9. 9% 10w = -0.0902 rmm -

Se * Se °

2.17 The rod ABC is made of an aluminum for which E = 70 GPa. Knowi
2 ; = . Knowing that P
=6 kN and Q =42 kN, determine the deflection of (a) point 4, (b) point B.

Www.lepnu.ir
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2.18 The 36-mm-diameter steel rod ABC and a brass rod CD of the same diameter are
PROBLEM 2.18 Joined at point C'to form the 7.5-m rod ABCD. For the loading shown, and neglecting
the weight of the rod, determine the deflection of (a) point C, () point D.

SOLUTION
| 2 A= Ed*= L{0.0%) = 1.01787»/0°% w*
Steel: E = 200 GPa -
* Portion] P L. E. | PiL; /AE,
St}kN .
3m A |50 kN | 2m |2006GPa| 1474 xjo™* m
BC | lookN | 3m |2006B| 1.474xi0™" m
€ i CD | 100kN | Z.5m 105 GPa| 2.239 %107 m
Brass: E = 105 GPa |§ ks (@) S, % Spg +Sae = LUTY G & 19410
T 2.94B %10 m T 2,95 ram -
D I
| (B) Sp= S+ Seo = 2.998 >0 " + 2.339 x5
100k T §287510m = 5.2 mm -
PROBLEM 2.19 2.19 The brass tube 4B (E =15 x 10° psi) has a cross-sectional area 0f 0.22 in? and is

fitted with a plug at 4. The tube is attached at B to a rigid plate which is itself attached
at C'to the bottom of an aluminum cylinder (£ = 10.4 x 10% psi) with a cross-sectional
area of 0.40 in®. The cylinder is then hung from a support at D, In order to close the
cylinder, the plug must move down through 2 in. Determine the force P that must
be applied to the cylinder.

Show‘f'enl'uj of brass tube A8

Lé 1S+& = 15.047in  Ag 0.22 in
B IS*10% pss

S = Plas = P (S5047) -
15.0in. b Eao Aa  (15%104)(0.22)

leua-}hem‘nﬁ of aduwminum cy?{wfef (@)

4. 5597210 P

Leo = 1S 70, Ag= 040in™, Eg=104%10" py

_ Pl _POsY -c
% = A Sloanot)(oey | -e0SEN(C

Ta‘l'J Ael)eﬁh‘au\ SA = %hﬂ ¥ dep

% = (4858597 x10° 4 3.6038x(0" )P . P = 574 xi0° Jb.
= 5:7‘4 k\'rJ.s e




2.20 A 1.2-m section of aluminum pipe of cross-sectional area 1100 mm? rests on a
fixed support at 4. The 15-mm-diameter steel rod BC hangs from a rigid bar that rests
on the top of the pipe at B. Knowing that the modulus of elasticity is 200 GPa for steel
and 72 GPa for aluminum, determine the deflection of point C when a 60 kN force is

PROBLEM 2.20

applied at C.
SOLUi‘lON
Rod BC Lg= 2dm, Ee =200 107 Pa
Aa = Fd® = T(0.01€)* = V16,715 %107¢ w

Scie = PLlec - (,60”03 )(.2-‘)
{e %7 BeAne  (200%107)(176.71Sx1074)

= 3.565%10™% wm

Pipe AB:  Laa™ 1.2m, Epg= 12210  Pa,  Apgg 71100 wmul= 110015

s - Plw . (Goxi0*)(1.2)
B/A ~ Ephm (Z2X107Yl100x1057¢ )

Se = Sem+ S s 909.1x10°°+ 3.565 %10 = U487 %10t = 5.4 Ty, =

G091 xI0°° m*

2.21 The steel frame (E = 200 GPa) shown has a diagonal brace BD with an area of
PROBLEM 2.21 1920 mm®. Determine the largest allowable load P if the change in length of member
¢ BDisnotto exceed 1.6 mm.

SOLUTION
Su ‘:'IJGX’O-S m B A&, = IC‘IZO I"V\ML = quo x,o-‘. M-L

L ac T-H S+ 6% = 7.810m , Es.® 200 10" P
g = F&r—'—nc.
B = A

B = Egc Axc Sue _ (2001410")(!‘72ox:o")(t-éxld’s)
T e 7.81

= 78.67%/0° N

Dse JOJ.V\{- B s a."PV‘BQ baJyI :-'ZF,( = 0O

%5 Fee - P =0
P _ .S - (8)(78.67 x10°)
P = 7 810 F‘;‘" i J.810
Fue Fac = 50.4x/0° N = &0.% KN -




L

2.22 For the steel truss (£ =200 GPa) and loading shown, determine the deformations
PROBLEM 2.22 of members AB and AD, knowing that their cross-sectional arcas are 2400 mm? and
1800 mm?, respectively.

225 kN
B SOLUTION
/u\ 25m s‘i-ﬁj_l|cs . Reﬁ,di’l‘ms are HH‘ k” UFVM ﬂ,‘* A ‘ C.
= D S0 4
_&— :é: MQM‘BW BD fS A Zevo 'Fb."‘(.& meqkef
L |
4.0m 4.0m !

Lag =‘,/4..O"' + 28T = U7 m

Usejoiwi‘AasaFveebo&Y: o Z‘ero \I‘-}-E—}:‘B E N

4,717
Fre Fae = 2IS.i6 KN
*}‘- = -....‘.!.t...._ -
FAD ZF; © Fm 7 F;G e
Fuo = LXAIS0) o 52,4 ki
||‘+ llN , B: S - FAGLMS - (21'5-.!0)([03)(4.7!7)
Member A o E A (200 %107 )(2400 % 10-¢ )
= LU0 m = 2.1 e
S0 = Fobls _ (1824x10° )(4.0) 2.08 ¥ = 2.08 ma -

E A (2o x10%)( 1800 %107 )

2.23 Members AB and BC are made of steel (£ = 29 x 10° psi) with cross-sectional

areas of 0.80 in” and 0.64, in?, respectively. For the loading shown, determine the
elongation of (g) member 4B, (b) member BC.

4 PROBLEM 2.23

L-—ﬁf't—*r—(ift
B _CT ,_T SOLUTION
/; s (&) Lp,s"" -{6 + 52 =730 = 93.72 i
.a ol E‘(‘ﬁ'_l' Use Joiwf‘ A as a Free boa’7 -
. L A9
25 kips ¥ 54 Lips 3 TZFY o zgto F‘a _ 28 = o A
Fre = 43.74 kyp = 43743 M, Fao

. Feln  (a74xio*)as.72) _ " 28 kips
e T Ehe " GaviocXo.ze) - Onl7é7 i

(b)Y Use join'f‘ R as a free boJY

BT_ﬁc S o
P K Fac = Lé—/f)(_;,%lﬂ= 33.60 kp = 33.¢0 xlo’ Jh
" Sec » DBabte | (Beoio)(72) = 01504 . -

E A  (RAx10%Y(0.6%)




PROBLEM 2.24 2.24 Members AB and CD are 1§ -in.-diameter steel rods, and members BC and AD

are % -in.-diameter steel rods. When the turnbuckle is tightened, the diagonal member

ACisputin tension. Knowing that £ = 29 x 10° psi and % = 4 ft, determine the largest
allowable tension in AC so that the deformations in members AB and CD do not
exceed 0,04 in,
A SOLUTION
%ﬁe, = Sao = 0'04 l"\ h: 4‘F7‘. - 48 I."I. = ch
Pep=Td*= F(112s) = 0.994902 "
S, = FEchn
co EAe
E - EApSee_ (29%10°)(0.99402)(0.04)
<o Leo 43
= 24.022 =10% Jb.
Use Joi.«'} C as a tree Loo&j Fec [
TZFR =0 FRo-fRc0 :FR.=%F, s |Fe

Foe = % (2.02x10%) = 30.0x15" Jb.
80.0 kips =

Www.lepnu.ir
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2,24 Members AB and CD are l-sL -in.-diameter steel rods, and members BC and AD

PROBLEM 2,25

are ¥ -in.-diameter steel rods. When the turnbuckle is tightened, the diagonal member

ACis putin tension. Knowing that £ =29 x 10° psi and 4 =4 ft, determine the largest
allowable tension in AC so that the deformations in members AB and CD do not
exceed 0.04 in.

2.25 For the structure in Prob. of 2.24, determine (a) the distance 4 so that the
deformations in members 4B, BC, CD and 4D are all equal to 0.04 in., () the
corresponding tension in member AC.

SOLUTION

(@) Staties: Use Qm‘n'\' B as a free boéy

F\('ow. S\w\\)ﬁf‘ "‘mam)ﬁe.s
Lna
Fao o Fe &
lh b

Fag = -\% Fee Force Tﬂanﬁfe G‘“""“{"‘/

For. eq val deform a+t'ous
= 2 Faah _ Fec b _ b C A
S‘B Se‘ -_E&%\Ta - ‘_EEEL}:; F'—ns - -E Asc F-Gc
Eqvuhhj ex press fons ov F;m
h = _ b A b A _ Ede | da
o Foe = W g Fue b7 A Tdet | et
h _ dee _ 8 _ g - - :
Y T s T 7 b = 3Fft = 36 /n.
h=2b = 2(3)= 386+ = H68 in -

(B\ S?fH’InO g&g = SQC_ = 0.0% (n

¢ - Fahb . F = ERuSe zaxo°) F () (b.04)
< ge E Aec - 8 b 3c
= lq.37€x[03 jb

Faa - h F" = (;q 376 x(G* ) = 24. 912 %10 M
FV‘OM +he '¥om'.e '}m‘o.v\glle

Fao= F. = Fo 4 Fag = 31.6 x10° b, ——




2,26 Members ABC and DEF are joined with steel links (£ = 200 GPa). Each of the

PROBLEM 2.26 links is made of a pair of 25x35-mm plates. Determine the change in length of (a)
member BE, (b) member CF.
180 mm SOLUTION
e
di 3 c (= Use member ABC as o Free bbelr
260 mm F-;:
W fesomn ] Fe  (0.2¢0)018x10%) ~ (0.130) i -
3
A’ Fc‘._. = (O.RCTQ’X;SHO ) - zéyloi N
I3 kN o
DZM.= 0 (2440 )18 »10°) + (0.130) Fge =0
(0.946)(15%10%) Avea For Dink made
FSE =- - Fo) leo = - q"}xlos N U-F +")° p)“}{-e‘s 3 Y
- A = (2)0.025Y0.085) =2 ).7S)D
- FMLQF (- Yy %IOQ)CO.ZVD) - _ -~& et
@AY Ber = EE T (oovion)(i75a107) = E0-2X10  m = ~0.0802 mu

3 -
() S = -_F%ﬁ%‘: = éffoﬂ?o‘?gg:%): 17.88%/0 ‘m = O.01783 mm =~

Www.lepnu.ir
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2.27 Each of the links AB and CD is made of aluminum (E=75 GPa) and has a cross-

PROBLEM 2,27 i -
determine the deflection of point E.

sectional area of 125 mm®. Knowing that they support the rigid member BC,

PN SOLUTION
l E&T IE.D USC Wit Eer BC at o
E_ X (. 8 free oy
B c R c
I-_—L_O.Z(}m 0.44m—-| l ‘5)”03 N
VM =0 -(0.64) Fy + (044)s*10 )= 0 Fas © 3.4378x0° N
DZMg=0 (0.4 F., - (0.20)(5x(6") = 0 Feo = 15625 %10° N
For Zinks AB auwd CD A= 125 mm = IQS-XIO-'G e
S,.. = Fia Lao = (8.43%5 +10* 3(0.36 ) = 182.00 ©)0°°m = Sa
"8 EA (15009125 % 157% )
S = Feo Leo < (hSQE x0%)(0.3¢ = £0.00 )0 wm = 8.
> EA (Tsxo' Y ny>(07¢ )
_ Se— Sc'. _ 7%. OD__,V!Q-E
S‘D::PQ 9 = _‘QM - 0.4,

Se= S + ,PECG

D E.'FD""Ma.. H on Jt‘&.ﬁnw\ =

= 109.5%0  m =

T 12,5 %i10°¢ vod

60.00 %10 + (0.44 )(112.5 »10°¢)

0. 1095 mm




228 Link BD is made of brass (E = 15 x 10® psi) and has a cross-sectional area of
0.40 in’. Link CE is made of aluminum (£ = 10.4 x 10° psi) and has a cross-sectional
area of 0.50 in®. Determine the maximum force P that can be applied vertically at
point A if the deflection of 4 is not to exceed 0.014 in.

A PROBLEM 2.8

SOLUTION
A TF“ o] Use menwcer ARC
(j: é j() os & tree bod
¢ i E
' P £
Y™ | D ZMe=0, MHP-AF>s 0, Feo = 1.5556 P
DZMazo S P-9F, =0,  Fu-0.855¢ P
e .5 . Fele _ (1.5856 P)9.0) <
“8 7 e Ew Aeo (15¥10°Y(0.40) 2.3333 15" P
Sc = 8p = ke fOsSEER)CO) O.cuioxio - P 4

Ece Ae  (10.4%10°)0.50 Y

Frow the cdefor ma'l‘;am a't‘q,j ra wa

-a
4 -1 B, Spope 8 = S;;S‘ = 2,‘37:3wo i

0.3305 =" P
Sﬁ = Sg *+ pﬁse

= 2.8333%10 P + (5)0. 3308 o) P
= 3.9858 xX10°° P

]

De-?or-ma,"'f ow D a,:lvravn

APPPY a’l'.srlpacew\e-\j ‘/piwx;’f' Sa = 0.0/1%5u = 3.98583x(0°° P

.OM
p- 0

" Bagsa w0 2.5V x10° Wb = 3.51 kips -




2.29 A homogeneous cable of length L and uniform cross section is suspended from

PROBLEM 2.29 one end. (¢) Denoting by o the density (mass per unit volume) of the cable and by £
O its modulus of elasticity, determine the elongation of the cable due to its own weight.
- SOLUTION {b) Assuming now the cable to be horizontal, determine the force that should be

applied to each end of the cable to obtain the same elongation as in part g.
(Y Fow e,pem e.n'} P Pofn'\' i ek Gw"’{-ri ed B\I mvﬁfnw‘}"& )/
T = weight o porhion below +le poind

i = P A(L-y)

N = Pdy _ pgAL-yldy q(L-y)

: d8 = /_’3_EK_L2’_ ﬁfiE_l_ af{

L _ . ) (L- )! - ) 2

5= (L3l - BT (Ly-£yY),
I = _‘;i_ z' L‘L -_— —L L’-
/D Bw-%) -z FEE -
- PL . EAS _E S -

F] (o) For &= g5 P-—Iﬁ-zéfg— = Lpql = dwW -
|
I rroBLEM 230 230 Detrminse dellsion b pes Lo aomogenns s osof g
c Al SOLUTION
3_C/ Let b = vadius
f of the bease and
] ] = mz)-‘us P §
‘i— edement section with
| Coom\:nde y
!l [ b
Ji“ =Y
)u Volome of 'po»-l-\‘on obove ezpe\meu\{' V= é"ﬂ'\"lj = 3““‘% )(3
! _ T b" 3 S X
}] P :Fj\/ = —,’E&;‘-‘y— h A= Tv ‘- _Fé_‘y-‘.h
| .5 Pay P dy wPqbtyd M - £y
;'1 S 2 EA So EA So It ETE y* 0'7 So 3€ "‘I
J; o _ 2 ‘fl h?.
i - &2 %L Y- =




231 The volume of a tensile specimen is essentially constant while plastic
PROBLEM 2.31 deformation occurs. If the initial diameter of the specimen is d,, show that when the
diameter is d, the true strain is € = 2 In(d, /d).

SOLUTION
I‘F 'H’IQ Voﬁum- AS cuv\s'l‘ah* 'EdlL = -—{I[ dlzLo
L. d°. (e!_s)‘
L,  4d°* d | G’
- L _ 2
&= g = M(F) = 247 -
2.32 Denoting by ethe “engineering strain” in a tensile specimen, show that the true
PROBLEM 2.32 strain is &= In({ + €).
SOLUTION
g = bl - &S o W4 Ef) s daCiee)
L. lo Lo
Thos € < In (14 8) -




2.33 An axial force of 60 kN is applied to the assembly shown by means of rigid
' end
PROBLEM 2.33 plates. Determine (a) the normal stress in the brass shell, (b;, the corrcspinding

deformation of the assembly.
5 mm 5 mm

20 mm

20 mm

Smn—33 _/ Smm  SOLUTION
N et Py = portion of axial force camved by bruss shedy
E = 200GPa R= Portion oF axiad Force caried b-/ steef core
et 8 . RL E,ALS
= 105 Grs 8 = A: E P, = bfibs

- RiL P. = BAS
AsEy $ L
‘ PrPtPr (Bds BANE
-s- T £ = P
L B A+ EA,

S
L
(@)

(b)

Ag = (0.020)(0.020) = Yoo x|D™* m*

Ay = (0.080 )(0.080) = (0.026Y0.020) = £00 %/ m*

=€ = 60 x10° = 452.8% x/0~°
(165%10% Y (500%107¢) 4 (2002107 Y(H400 %10 ) -83 x/o
o= Eve = (10Sx07N452.83%10 ) = 7.5 10" Pa
= 4.5 MPa -
S = Le = (2500 )#52.82%16%) = [18.2 /0% m

O. N321x/0°% m

" i
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PROBLEM 2.34

E = 105 GPa f mm

Y

As
A.

1}

(0.0200.020) = Hoo »x(0™° m

(0.020%0.030 ) - (0.020)(0.020) = 60 O™ * m™

2.34 The length of the assembly decreases by 0.15 mm when an axial force is applied
by means of rigid end plates. Determine (a) the magnitude of the applied force, (b)
the corresponding stress in the steel core.

SOLUTION

Let B = portion o axiad force canw el by brass shelf.

B = porhion oF axiald force carmed by steef cove.

:Eh.l; P:EA&E
5 A;Eb b l

- BL P - EAS
S-J_ET 5 —i.

Pz RsR =(BAEA)E

kN

0.15=1o”*

(@) Pz [(1055107)(500x10*) + (200 #10" (o0 x10¢) | 725

= 79.§ %0 N

k) &= K&

= 75.9 kN -
- B8 _ (200x07)(0.18 %10} | g5, 06 Py
1 250 % 1o°
= 120 MPa -
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{ 2.35 The 4.5-ft concrete post is reinforced with six steel bars, each with a 14 -in.
PROBLEM 2.35

diameter. Knowing that £, =29 x 10° psi and £, = 4.2 x 10° psi, determine the normal
stresses in the steel and in the concrete when a 350-kip axial centric force P is applied

to the post.
SOLUTION
Let B = portion of axial force cannied Lf concwete
PS - ?M""fah C,a_vv\\‘ecl L\( 'f'j'le -S;x S+¢C4p NJS
s Zx R EAS
- Bl = EAS
® ga R
P= ’Pc__*‘ P& =(Ec.Ac.+ E;-SA,SB%
£ = i = P

-

L7 EAL+ EA
As = 6 Ld' = STG.128Y = 594 in*

A. - %G,:.—A = %Clﬁlz-s'ﬁ“f = 248.§ in*

5
L= 45 Ff = 5% in
= - 350 x(0*

TP = -287.67 (0"
(#.2%104)(248.8 ) + (29 x/0° (5. 9¢4)

6 = Es€ 7 (2910 )(287.6710°) = = 8.34%0" psi » -8.34 Usi et

€ = Ece = (42:0° Yr2247x(07¢ ) r - 1,208 (G ps = = 1. 208 ksi =t

N B




PROBLEM 2.36 2.36 Anaxial centric force of magnitude P =450 kN is applied to the composite block
showq by means of a rigid end plate. Knowing that /= 10 mm, determine the normal
Brass core stress in (a) the brass core, (5) the aluminum plates.
(E = 105 GPa)
. TON
Aluminum plates Rigid SOLUTIO
(E = 70 GPa) end plate

—

Let B, = portion of axiad Force carnied by

) brass tovre
P = Porﬁ'on cavwed lo~[ two adosinom
PJO)“Q&
Pl | EALS
= Ll - e---b—......#.-—-
3 EhAu Pb = L
= P“-_!: = E“A“-s
°* A, TOE
P P+ B = (BA: BANE
£ = 2. P

L~ EAu+ EaAd
A, = (60)(40) = 2460 ww™ = 2400 x (07 m*

Aa = (R)BOXI0)= (200 mm™ = 1200 (0™ “m*

- U450 % 1°

= 1.3393 x/0"°
(105 %o 2400 %04 )+ (TO%{0" (200 * [07°)

@) G, = E & = (105107 )(1.23393x/0%) = 140.6%/0° Pa, = 140.6 MPa, =8

(b)Y 6. = E e~ (1ox0")(1.3393x6") =  9B.75x10° Pa = 98.75 MPa ==
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2,37 For the composite block shown in Prob. 2.36, determine (a) the value of & if the
portion of the load carried by the aluminum plates is half the portion of the load
carried by the brass core, (b) the total load if the stress in the brass is 80 MPa.

PROBLEM 2.37

Brass core
E = 105 GP,
( Y Rigid SOLUTION
Aluminum plates gl ) e e e e e e e o
(E = 70 GPa} end plate Let B, = portiow of axiad force cavered
b= p

e ) by brass cove

P = Pmﬂm camried by The two
adomiviym P)., es

L
%-_%1_ p‘_,,_%é}_s_

AL B AS
®* EA, fa=

(@) Given P - Jiﬂ

E\AsS | L ELAS
h L 2L
Aa=§"'§iAh
A, = Wo)eo) = 2400 mm" = 2400 x (0™ m?
. 8%
h = @iy T 18 . =
& 6= B
- A

P = AuS, = (Booxio X0 ¥10%) = 192x(0® N
Po= kP = 96w\0*N

P Pb“’Pa. s 238*!03 N = 288 kN --

i
J
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2,35 The 4.5-ft concrete post is reinforced with six steel bars, each with a 14 -in.

diameter, Knowing that £, =29 x 10 psiand £, =4.2 x 10° psi, determine the normal
stresses in the steel and in the concrete when a 350-kip axial centric force P is applied
to the post.

applied if the allowable normal stress is 20 ksi in the steel and 2.4 ksi in the concrete.

SOLUTION

Determine allowabde strain i each wotenod

Steed: &= So . 24O - 439,97 %10

E. ~Zaxioe
3
Conerete™ £_= % =% =571.43x)5°
o .

Smaller value Souems £ = % = £71.4% xjo"¢

Let Pc_é Pur’Ho«\ of focd caveied BY concvete

Fa = porbon carvied by six steed rods
= RL =
5= %&J Po= EAT = EAcs
s-BL | P- BAE - EAc
P=Po+ P = (E.A +EANE

AS = GEAS’.Q %E(LJZ,S)‘: 5:96*;,“'
Eda"'_ As = %OS)"_ $.%Y4 = 248.5 it

Ac
P= [ ($.2x10*X 248.5 )+ (22 =10¢ )(5‘.°r6+\](571.43x;c;‘3

= G695 x jo* fb - 695 Kips g

2.38 For the post of Prob. 2.3, determine the maximum centric force which may be
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PROBLEM 2.39 2.39 Three steel rods (£ = 200 GPa) support a 36-kN load P. Each of the rods AB and
' CD has a 200-mm’ cross-sectional area and rod EF has a 625- mm?® cross-sectional
area, Determine the (a) the change in length of rod £F, () the stress in each rod.

SOLUTION
Use member BED as a +ree Lasly

()

. I‘P‘S J'P jI\PCD By 5 rnmefw,_} ov lo»/ Mg =0

]
[} ’B.'.b = PAB
% TF <o
Pag+ Po + B - P =0
?‘ Z‘PAg"‘pEF

8,\3"- EA;& N gcu“ "‘E"—"';:-; 5 SEF = 1 gF =&F

Since LA& = Lcn and AAG =z Aa;.) g}.g = Sco
Since points A C, and £ are fived Sg= Spn, Sp= S0 ,-o¢ * Sgr

Fre Lae

Since mewmber BED s r‘fgfa’ 85 = Sn = Sc,

P_u Lae Pl A L 2 '
~Ae A8 . Teeloar . = Dae . Lex - Xoo | Yoo
EAA&, E AEF ™ PAB AEF LAE, PEF - GRS Seo &f

0.25¢ Per
P= 2P + Per = @X0.25)Pip 4 P~ 1.512 Peo

3

i

Pie = Peo = (0.256 ) 23.310x(6%) = 6.045 %10 N
. . (23.800 w03 ) (400 » 10°%) -¢
§ % Spp - (2105%101)( 25 x107¢) 7e.2xlo :07 2 -t
= 0.07%2 mm
oV 3 -8
§: g, =-(e0wxp )(S00xi0 L. 76.2%10° m

(oo % 10* (200 » |07¢ )

- . Pe _ c.oasvio® . € _
Su- G - Do SHEE L osutn sosHhm

- P‘I - 23810’(@ - - & -—
5'“ - Aep = 625*‘0“‘ = 38., xl0 Pﬁ. - 28,1 MP&-— -
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PROBLEM 2.40 2.40 A brass bdlt (E,=15x% 10° psi ) witha % -in. diameter is fitted inside a steel tube

(E,=29 < 10°psi) witha {;i -in. outer diameter and gl - in'wal] thickness, After the nut
has been fit snugly, it is tighened one quarter of a full turn. Knowing that the bolt is
single-threaded with a 0.1-in. pitch, determine the normal stress () in the bolt, (b) in
thetwbe. . _

- 12in | SOLUTION

The MOVErnen‘l' o'i: *Hue, nuf‘ a]ous ‘Hle bo.pf' a:Her a qmu‘r""'er ‘hN‘n s equq.p
to § > Pf‘f‘ah.

S =(F)0.1) = 0.025 in

Afse S = Sip + Srae  where Sppr = efonqation of He bodt
and Sioke = Show em‘n:) oF the Jube

let PoLp = axi al tensife force in +he bott
Piobe = axial Compressive Force jn the tube

Fov e.qu.'pnrlnn‘om of each end pr’/‘e Pott = Prae = P
Ap = Fd* = JT(2) = o.104s W
Apbe = %(G’:- a’;‘) 4 E((';')z“(g)‘) = 0.29452 n"

- Per & | _(PI(O2) - o<
Suk E Aum (1sx10¢)(o. 11045 ) = ray8ixo” P

Seie = Dl _ (P)(12)
i E Ant (29%10¢ X0.29452)

0.025 = 7.243) x)1o°P + |.Ho&o =10 P - 8.4l xj0* P

= L.Yo0586 <0 ‘P

P = 2.898x0° Mk

3

@) Gppr = — * Q;f‘:f:q’;“’ = 26.2x1Ppsi v 202 ksi -
3

B G ""T& '-""%%% 2 —9.azwo‘pn' +~9. 82 ks/ -
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PROBLEM 2.41

. 8in._, 10in. , 10in

241 Two cylindrical rods, CD made of steel (£ = 29 x 10° psi) and AC made of
aluminum (£ = 10.4 x 10° psi}, are joined at 8 and restrained by rigid supports at A
and D. Determine (a) the reactions at 4 and D, (b) the deflection of point C.

SOLUTION
1.8)5 AB: P = R‘ s L‘B = &8in
l%-in.d\iameter Ig-in.dimneter A"s = ‘Edl‘; = Jl;((l"zs)k = 0.99402 (nt
. r
Sis™ ER
8- ¢ &(f)o 194
-] — {1 (Jo.4x104Y0.99402.)

- PL |
Sec Er

CD: P:Q‘—
L=10 in

S = PL _ (R -32x0% )10}

T 0.7738¢ xj0”° R,

BC: P- Ry-18x10°, L=/o o A= 099402 int

(Ra - mxuf)(:o) _
(lo.9x210% Y0.9%402) ~

0.96732%10 R, = 17.413 %jo"3

13x10° - 14x10° = R, - 32l
A=Fd, = T(reas) = 2.0729 it

8AD: S,.3+$

(o) S,

H

H

EQACD

EA " (2avi0*)(2.0739

= 0.16627%10° R, - &.321x107"

et St LI0TEXOT R, — 22.733 w07
Since point D cannel meve relative += A %% = ©
() 1.907§ w16° Ry - 22.733»)5%= © Ra = 11.92%10" Jb, «— -
Ko = 32%10° - Ra v '20.08x10° Pb < -
Sas + Seo

1.7812 010 Ry = 17412 w10
(L7412 %107 )(1.92 2168 ) = 17.412x(6° = 3.3¢%0° in e
or § T Balee  (2003xi02Ki0) | . 3.34%167 in -

" (29x104)(2.0739)
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2.42 A steel tube (£ = 200 GPa) with a 32-mm outer diameter and a 4-mm thickness

PROBLEM 2.42 is placed in a vise that is adjusted so that its jaws just touch the ends of the tube
without exerting any pressure on them, The two forces shown are then applied to the
tube. Afier these forces are applied, the vise is adjusted to decrease the distance

SOLUTION between its jaws by 0.2 mm. Determine () the forces exerted by the vise on the tube
at A and D, (b) the change in length of the portion BC of the tube.
80mm B0 mm
Ra A 8 C D Re t '
‘—— ey e T .
42 kN 3o kN

For the tubke d:=d,-2L

=32 =(2H4) = 4 mm

A=T(d-d) = I(s2®- 24%)
= 350.86 mm = 35186 %15 mt
AR: P= R, L:=0.080m
S " EL . _Ra(0.080) = 1.1368 /077 R,

EA  (ooxio1)(35).8¢x16-C

BC: P= Ra+ 42x¢10%, L = 0.080 in

Ssc =

PL _ (Ra+ 2o )10} = 11368 %107 Ry + 47 74( «io"©

EA  (200%10% )(351.86 x/7¢)

CO: P = Ra+2xI10%, L =0.080

- PL _ (Ra+12x10* Y(0.080) A -
= e = 11368 %10 R+ 13.642x%16
S)co EA (oo )0 X351.84=107° ) 368 x R
Totaf: 4 = Sue+ SpetSep = 34104310 R, + &i.388xj0°"

Given Jjaw move ment Sap 0. Amm = O, A%

(@ =0.2%10""= 3.4/04xi0"" Ry + 6138810 . R, = -76.6 »io* N

e

= «76.6 kN ~u
= R, + 12x10% Ro 7 - 64.6 x10* N
: - 64.6 WV -

(k) Sg = (L1368x 10776678 ) + 47.746 %15° = ~3¢4.4 %10 % m

2=0.0399 mwm aah

C

eieren o
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PROBLEM 2.43 2.42 A steel tube (E = 200 GPs) with a 32-mm outer diameter and a 4-mm thickness

SOLUTION

g

is placed in a vise that is adjusted so that its jaws just touch the ends of the tube
without exerting any pressure on them. The two forces shown are then applied to the
tube. After these forces are applied, the vise is adjusted to decrease the distance -
between its jaws by 0.2 mm. Determine () the forces exerted by the vise on the tube
at 4 and D, (b) the change in length of the portion BC of the tube.

2.@3 Solve Prob. 2.42, assuming that after the forces have been applied, the vise is
adjusted to decrease the distance between its jaws by 0.1 mm.

80 mm , 80 mm | 80 mm

c v R

——r—a

—— [

For the tube d;=d, -2L

3>
u

ir

AR :

BC:

Co:

Total:

42 kN

20 kN

=32 =(2NH) = WMmm

z e
T(d -d) = T(z2°- 24%)
351.8¢ mm = 351.8¢wi0°¢ e

P o=
s

P -

-~

aBr.

C
= PL _ (Ra+12%10* (0.080)
Sco '

D40

QAJ L=0.080wm

PL- - B (0-080)
EA  (ooxo)(3s5).8¢x10C

= 1.13¢8 /0" Ra

Ra+ 42x10%, L = 0.080

PL _ R+ 12¢q0*Y(10)
EA (200x10% }35)1.8¢ x{07¢)

= 11368 %10 T R+ 4774 xia"®

Ra +12%10%, L = 0.080

. _ " y
EA ~ (200%i0° X351.8¢~10<) - 1. 1368 x10 R+ 13.642x16

= g‘eJ,gm* s‘b T 3,q;oqu;o"' P, + 6!.383!10"

Die + the movement of +he jaws Sac T - O.f mm = = 0.4 %10

(o)

(b)

0%l T s B4i04x10 TR, + C/. 388 x10°¢ Ry = - HT32a0Y N

Ro

Se

=~ "4y2. 3 RN -

- 25 3O N
~ 85.3 kN -

of

R, + 12xio*

T

- 6.45%)0

[1]
'

(1.126¢8%0° " W 47.322x | + 47.74¢ xI67¢

"
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PROBLEM 2.44

A and B with a diameter of % in. and a steel wire is used at C with a diameter of

l; in. Knowing that the allowable stress for aluminum (E = 10.4 x 10% psi) is 14

ksi and that the allowable stress for steel (E=29x 10¢ psl) is 18 ks, determine the
maximum load P-that may be applied.

SOLUTION
By .symme"'rr Pa=Pg , and S5 = 8
‘A,Pso,' Sr_ = SA = s;g = %

Strair In each wire

En= Eac &, £.:8£ = 2&,

Ue:}_evrm;ne. af o sbode strawn
_ Sa iyt
AeB Ex= Er * Jooruis =+ 3462 *10°®
= 2 &= 2694 xio"

= . 18x10%
E. Afwwo°

En= € = f& = 0.3103x/5°

A)Joua/l:!e S'f'\f‘mn 'R»r w\re C 3ove¢~ns &

= 0.6207 x{o~*

6; = ngiog ps{

G; = E,g P = AnErg = T4 V(0.4 %10 )(0.3103x j5°¢)
= !39.¢1 Ub
Pe = /3’.6’ .’b

rbr.  P=AS = F(E)YUsxo) = 9807 4b
For equidi briom of He P!a‘h
PPt P +P. = 177.44 0 -

2.44 Three wires are used to suspend the plate shown. Aluminum wires are used at

¥ —
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2.45 The rigid bar AD is supported by two steel wires of -l’g -in. diameter (E = 29 x
10° psi) and a pin and bracket at D. Knowing that the wires were initially taught,
determing (a) the additional tension in each wire when a 220-1b load P is applied at
D, (b) the corresponding deflection of point D,

PROBLEM 2.45

SOLUTION

) 4 : o LEJ"' o) \oe V-H\e N‘l‘w oA o‘F (PP A%CD
L-.Zm-—L—an-—-—l?.in.—l Thew\ 83 = !Q e

D e L S = 246
S
?\g',\“ Csc. . - Pusler
TS AE
© O . EASer . (29710°) Bk ) (12 &)
A .‘Pse Pcr P & Les o
d = 106.77x10° &
Al B c é
> & = Rele
¢ TEA "
o . EASe . (mxno‘)%(é) (246)
°° " Tl 18

= }/8.62%x |06
L)s{nﬁ Tree baa'Y ABCY

DZM, o R +24Re - 3P = ©
(12X 106.77x10" 8) + (24)(118.63%10° 6) -(3¢Na20) =
4.1283x(0° © = (3¢)(220)
6 = 1.9185 ¥ [0 yad

(@ Pae = Uoe.77¢103 X 1. 185x0*) = 204.8 b -ty
P, = (V863 x103)(1.98S> (02 ) = 227.¢ Jh —t

B Sy = 3 6 = (1.0 = 9l xio” in
= O. 06kl ", -
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PROBLEM 2.46

]

1

2.46 The steel rods BE and CD each have a diameter of  in. (E = 29 x 10° psi). The

ends are threaded with a pitch of 0.1 in. Knowing that afier being snugly fit, the nut
at B is tightened one full turn, determine (a) the tension in rod CD, (b) the deflection
of point C of the rigid member ABC.

SOLUTION

Let @ be te rotation of bar ABC as shown

Then, Sg = 6O and Sc,"-‘ |10 &

Bat  Sg 7 Spm - PE:!;;

Poi = (Eug Ree X 94 - SaV/ Les
Lee = 75 F = 90 w. . .Sp = 0.1 im

Age = —E—A"-.- —E—(—%)": 0.3068 in -
P . (29x10° X0.3068)(0.) - € &)
BE 9o
= 9.888 x)0* - §%3.15x10° ©
- P L - - EAgc.
- Tep bep - EA S
" “Eha [ v
Bl > Py
ch: eft =72 ;") Aw= O.3068 "
Pc.n *«Uc

P = (29 x10°)(0.2068) (10 8
it 72

= 1.23872 »10° ©

‘DZMA=O eng "'!OP;D = D
(61(9.88¢ xI6°~ 593,16 ¥ I0®* B )~ (10)(1.238572%10*) © = DO

59,316 %10° - 15.916%x|0° © = O O = 3.72E8%10™% pad

(1.23572%/0¢ )(8.1268%10% ) = 461 =10*
= 3.6l Japs -l

10 & = (o W3B.72¢8x153) = 37.3 %[0 in
= 0.0373 m -




PROBLEM 2.47 2.47 The tigid rod ABCD is suspended from three wires of the same material. The
cross-sectional area of the wire at B is equal to half of the cross-sectional area of
the wires 4 and C. Determine the tension in each wire caused by the load P,

SOLUTION
+5ZM4=O 2LE +.LP@-'3—LP =0
z
Lz 5F-3F
WMo ~2tF-LFBTELPEo
]
Tg TPB TPG Foz 727
° J& : ’ LET AL gr ThE LENGTH OF THE WiRES
a4 £
P 3 Fam =i;(5/°-‘z"%)
Ry 24
%fgﬁw) £ z
A B c - x4 »{9
g' & = > Eﬁ( ’9)
5, Xsl 2}
8' < FROR THE DEFORMATON DIASRAM:
F)l
5,5 5,-5
OR Sg:%( 2t )
i £ /5, L 2o 1
jlc el 5r-7h 75720
S p.l - - -
S pesP; EghF P2 0, 200P

CHECK S
F;*—@H?_ /




PROBLEM 2.48

A

L T
T 7
v : . 4
CA A\

2.48 The rigid bar ABCD is suspended from four jdentical wires. Determine the

tension in each wire caused by the load P.

SOLUTION

Let © be the s.pope o bar ABCD aFten

Cm l A deFormetion
P
LL—J~L——I-—LJ Sa = S+ LO
oc = 554 2LO
A B C p
Al ™ & s S0 5+ 3L
6 Po= s,
o S e
A P ERs - EAs, ,282L0
PD"" %ASQ" E-’?B-SA-!-S%:'LQ
PV
HZF =0 B +Pe ¢ P+ P -P: 0
&%A'Sp. "‘Q"‘g'&' e = P
4S, + G Le = Ef Q
DM =0 LPy + 2LP + 3LP, - 2LP = ©

[l ai— vk oF

GEALg , MEAL,

L £ * 2LP
G Sa + M Le—-?‘--‘-:;’i (2)
Selving (1) and (D) simuttanesusdy Lo =& E2
S~ E
B o &P
B EsR - dF

o M~

A hob




2.49 A steel railroad track (£ = 200 GPa, & = 11.7 x 10%/°C) was laid out at a

PROBLEM 2.49 temperature of 6°C. Determine the normal stress in the rails when the temperature
reaches 48 °C, assuming that the rails (2) are welded t¢ form a continuous track, (b}
SOLUTION are 10 m long with 3-mm gaps between them.
(@) Sy = AL = (IL7x07¢)YH48-6)10) = H.ou x )5 m
-« PL _ L& _ (Y& _ =12
S? AE E T 200 xi0* Sox/o ™ &
8= S+ 8 T IS +50xI0" 6 = o 4 (= -983%0°Fh
2 =983 MPa, «
-z - -3
B S = S:+Sp = 4Ayxlo T+ Soxio 6 * 3Xj0

G- 3207 - 4INmO” | _ 293 “0° Pa = -38.3 MRy, -
JOXID—H'

Www.lepnu.ir

@ WW- _ifp g,
N2y
A
iy




PROBLEM 2.50 2.50 The aluminum shell is fully bonded to the brass core, and the assembly is
> unstressed at a temperature of 78°F. Considering only axial deformations, determine

aluminum shell.

Brass core SOLUTION
E =15X 108 psi
a =116 X 10°%°F
Aluminum shell AT T |8 =72 = |02 F

E = 10.6 X 108psi
o =12.9 X 10°%°F

25 in> v the bruss eove

For ea/w‘.pi brivwm widh zevo Fotat ‘pb/‘c.n.) +he Compress tve ‘Pow.-e

in the afuminum sheld s Po

Strains & = EP,Z + (4T | E, = “Ea- + O (AT)
by a/ e

Mcd'o'm'na_\ €y = & %A—h + 0’5(41_) == E‘F‘. + da(AT)

'éx-r -E-;'-’—A-\ Po = (Oa-o, YAT)
A= %6’13 *(ﬁz.: O.7854 in'

A = _11{_[(&:* a,v) = @'(2.'52—!.0‘) = 41233 in"
O ~ O = LBxjO™ /°F

i \ "
YOS <69oEi ) * (e voraae] B = (-3xio™)(102)

P = 1.23085 x10® 4b
- 3
S 71?"‘ - %’%ﬁ * LEG7x/0pai = 567 ks
N :

< -_By . o _hZBogxio® L3 :
6‘4 A 5. 1233 =-0 .R298 x /O P =-0.3298 ksi

|

Let T, be 'the tensife fonce ape\/e.pope.a’

the stress when the temperature reaches 180 °F (a) in the brass core, (b) in the

A




\
PROBLEM 2.51

Brass shell
E = 105 GPa

2.51 The brass shell (e, =20.9 x 10%/°C ) is fully bonded to the steel core (&, = 11.7
x 10%/°C). Determine the largest allowable increase in temperature if the stress in the
steel core is not to exceed 55 MPa.

SOLUTION

Let Py = axed force developed in the steeld cove

Fow equ-‘“lwiw\ vith zeve thoted Force , the
compressive che v the brass sheld is P

Stveuns = + OL(AT)
W 25 E‘s% %
EL - .. Eb Ab -+ db(AT )

(‘gf‘g * E—l;b)% = (o - as ) (AT

Al = (0.020)(0.020) = 400 %15 " W™
A, = (0.030)0.030) - (o.o,?oXo.ozo) = S00 w0 m°

Ol - Ol = q.2xI5¢ /oC

P.5= G;As

= (&6%)0° (400 % 1I5¢) = 21¥10° N

| !

EAY ELAL

= - + -
(200 %107 ) (400 x107¢) (108 %10* X S00x107¢)

= 31.55%10 N

(21.85 10"t W 22x10*) = (F.2x107¢)AT )

AT =

75.4 °C -




PROBLEM 2.52

1.8m

' i
240% MLO mm
Strains = €5

Matech n‘na :

&=5&

2.52 The concrete post (E =25 GPa and o, = 9.9 x 10%/°C) is reinforced with six
steel bars, each of 22-mm diameter (E, = 200 GPa and a, = 11.7 x 10%°Q),
Determine the normal stresses induced in the steel and in the concrete by a
temperature rise of 35°C.

SOLUTION

As
Ac

6 Fd - L (1) = 2.2808x10% = 22808415  m
240"~ Ag = 240 - 2.2808%0% = 55.32 x| mm

= S5, 32 x|0"E m*
Let T = tensife force de\uﬂ)[)a»? ivi the conencle
For equ:'.pa'lsm'-du« wi'Hl Zero 'fb‘"a»e -Po«\ce._) +he
c,ampress:‘ ve Force in the six steel pods is Pc.

= -‘E%xs + o (AT 5 g = E%q. + Ol (AT)

£ AT) = - B
=5t ol (AT) et o (4T)

(g5 + 25 )R = (k- @T)

|

\ .
[(25-’”0" XSss.22ax107%) ¢ (200 %07 )(2.2808x10~3 )] Pc = (1.8x10° )(3s)

Pc,=
R
A

G‘;:—-—S-z

R
A

21.6el x}J0° N
216

55.32% 1072 0.39h %I0° Pa. = 0.291 MPa =&
L
AbLlxlo— o _ 9 4rxiof Pa = -947 MPa -

2.2808 w0~
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PROBLEM 2.53

2.53 A rod consisting of two cylindrical portions 4B and BC is restrained at both
ends. Portion 4B is made of steel (E, = 29 x 10° psi, &, = 6.5 x 10"/°F) and portion
BC is made of brass (E, = 15 x 10° psi, @, = 10.4 x 10°/°F). Knowing that the rod is

— initially unstressed, determine («) the normal stresses induced in portions AB and BC
by a temperature rise of 65°F, () the corresponding deflection of point B,
. 11 -in. diameter
12 in. 4
steel SOLUTION
1 2L.in. diameter AAG s :Edgst * E(I‘ZS)‘-‘ /.227R ]nt
15 s Aac= Bele = TRasy= 39761 in*
Free thermal ex pansion
P St = Lpg%s (AT )+ Lg o, (AT)
= 02)e.8 x5 )65+ (s Yo 4x107¢)(¢s)
= /8.2 %02 in
Shof'f'em'na due to induced coM,stsfve Force P
: PL PL
Se = ~—mL , L =g
e Es AAB E_b Ase.
Y W s P = £88.69%/0
Gax10)(1.3272) ¥ (5% 100 X471 ) 6 P
P For 2ero net detdection SP = St
(£38.c9%)57)P = 1S.21x107}
P= 25.8¢x%10° 4b
o P _R5BY%IO® | oy i %10% per = -2U.1 Ksi -
(Q.\ Gﬁa AAG = 12272 | 2. - O Fs | [} .
2
6'&-__.__2_ :_m = —Q,on[ospsf = —=6.50 UWsi -k
AB:. 3.Q76 !
Pl
= + - )
(b) %3 EsAAe. Las O (A

_ 4 (25 8¢y 00 XIR)

4+ 3.64v0t m
(2ax (2 Y(1.2172.) ?

he. B.64x[0Tim t
= 0.00364 v T --m

+ ()2)(6.Sx10°¢ )(e35)




2.54 A rod consisting of two cylindrical portions AB and BC is restrained at both |
PROBLEM 2.54 ends. Portion AB is made of brass (E, = 105 GPa, &, = 20.9 x 10'/°C) and portion BC |

is made of aluminum (E,. = 72 GPa, &, = 23.9 x 10"/°C). Knowing that the rod is é _) /
initially unstressed, determine (a) the normal stresses induced in portions AB and BC ~ ,
by a temperature rise of 42°C, (b) the corresponding deflection of point B. ‘

60-mm diameter  SOLUTION ]

2 ) i
T Me = Tdig = %(60)" = 2.8274 %10 mu” = 28274 %15° m"
40-mm diameter AE:L - %’J.:- = Hno)"'— = 1, 2566 XIOSMM"- = L2560 > [G  m® . K

o Pum in g !

Free thevme d ex Pav\'st'on
Sr* Lag@h(AT )+ Lo, (AT

0.1 20.7 xS X42) + (1.3 (23. 97157 X(42) f‘
2.2705 X [07% m |

13m

b |

fl

S\now*e.v\ina cdue to jnduced compressive Fovce

. Pl | Ple
> ErAwm T Eihe

T S 1 W . - L3P n
P (Jo§%107)(282Mx15>) * (72%107X(). 25¢4 *10™3 g
= I8.074% O P ijﬁf

For zero net detlection Sp * 3, ..
18.074%c™" P = 2.2708 xjo~* |

P = 128,62 %I0* M

‘ . oP _ _mas.e2wis® - Y
(o) G.Ag S Aag, = m_s = Hy 4 xioc B 44,4 MPa wh

4

- - 5. > & - !
s -t - BB - - rooouthe oonR = ||

(b)) Se = + L _ | 0,(aT) |
E\,Am |

_ (rsaaxigd () - (1-D(20.9x 15 Y(42) ”f-

T (oS xioY W2.3274 %107 ) o

= ~500%[0" M = -0.500 mm ‘1

e. 0O.500 mm ¥ —




2.55 The assembly shown consists of an aluminum shell (£, = 10.6 x 10° psi, @, =

PROBLEM 2.55 12.9 x 10°/°F) fully bonded to a steel core (E,= 29 x 10° psi, &, = 6.5 x 10°/°F) and
is unstressed. Determine (a) the largest allowable change in temperature if the stress
I‘\ in the alominum shell is not to exceed 6 ksi, () the corresponding change in length
Sin. 075 . of the assembly.
SOLUTION

Aluminum shell

Steel Since o, > 0{5" 'H’le SLG}! & n COMPN.SSiOVI‘FDJ\ -5
1.25 in,

core posshive temperaituve wise
Lot € = -C ksi = -€ (0" ps;

An= F -4 = (128 098" = 0.78540 in*

As = Fd*= £(0.5) = 0.44172 in®

T = -6.AL = GA, whene P s Hhe demside Farce 1o the steed cone.,

- - S AL | (ex0®)(0.78540) ., €7 1S psi
bs = Nl SRTYEE = J0.667%/T ps
g = %—+ o (AT = % + Ol (AT)
S
- TY = g. - ...G-&'..
(ot = 0Ols ) (AT) E E*_, .
- :, -“ . 6 x 'D - ; -
(c.4x10™¢) (AT) = i%?:%@“ ‘g wjoe = O-1838/0”
(o) AT = 145.9L °F .
(k) g = iﬁ‘_g-g}-%i WSS )14S. 9L) = 1,316 wio ®
»®
ov £ = —1602'5;; +(2. 9610 ¢ Y145.91.) = F.-3'63*fﬁ>'3
S = Le =(2.00(1.31¢3 x10° ) = 0.01083 iw. -




253 Arod consnstmg of two cylindrical portions AB and BC is restrained at both
ends. Portion 4B is made of steel (E =29 x 10° psi, @, = 6.5 x 10"%/°F) and portion
BC is made of brass (E, = 15 x 10° psi, o, = 10.4 x 1(° 5 °F). Knowing that the rod is
initially unstressed, determine (&) the normal stresses induced in portions A8 and BC
by a temperature rise of 65°F, (b) the corresponding deflection of point B.

PROBLEM 2.56

2.56 Forthe rod of Prob. 2.53, determine the maximum allowable temperature change
steed if the stress in the steel portion AB is not to exceed 18 ksi and if the stress in the brass
portion CB is not to exceed 7 ksi.

2L-in. diameter
SOLUTION

A’PWWL-P?. Force n ea:.l\ rov"h‘ou

brass

= T (2) v 12272 m®
- 2.090 x(0% bb,

AB * Oge-Bka= -lswiosps-', Ass = 'QE
P = Gl = (-/8x10%)0.2272) =

BC: Ge=~7 ks = "7»‘[0"',03:‘; A.t.= Edg: = %(2.25)2 = 3.97¢/ in*
P = Gachae = (-7%)03)X2.97¢1) = = 27.833 x10° b,
Smabler GJOSOJJI'G vad ve qoverns - P = - 22.090 —*[osﬂb.

DeFormetion dve + P

S, = Plie , Pl
P EmAtﬂ Eo:Aer-

- 13.004x10°> |n

- (R2.090%10° }12) _(22.00x10° )
) (Z4%i04Y(1. 22727 (15x10¢Y(2.976 1)

Free + l'u evmald expav\ S104

Sr = Lo (AT) + Lg o4 (AT) = (12)(6.Sxic XAT) + (18 )(10.4 %157 AT )
(224 »107¢ )(AT)

Totad deforwmation s zZevo
%1—-\- SP = (23‘1*10" )(AT )- 13..00‘{;:]0-3

]
C

AT = S58.¢6°F -
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2.57 Determine (@) the compressive force in the bars shown afier a temperature rise

PROBLEM 2.57 of 96°C, (b) the corresponding change in length of the bronze bar.

0.5 mm

-—“-—035m —-1--——0.45m——-1E

SOLUTION

Calcolate Free thermald ex pansion
e

Ly@(AT) + Lala AT

Bronze Aluminum

A = 1500 mm? A = 1800 mm?

E = 105GPa E=173GPa
a=216xX10%C a=232x10%C

(0.36 ¥21.exi0°X36) + (0.u5Y 23,2 x16©
= 1.728 % 10" m

P P Constramed ex rq.nse'ow
-

S T 0.5 mm = 0.500x%)5"%,,

X96)

Showﬂninj dve Fo indoced compressfve Force P

Sp = 1-728xj0 - 0.500% )0 = 1.228%0 " m
Bu‘\‘o inw Yerms of P
- Pl | Pla
o A EL AaEa ( AL A E ) ®
___( 0.35 + o. 45 )P
Ascoxi10)(iesx10%) (1800 x(0™ Y72 %10°)

= Sed9e ¥ 7 P

(&) Equefing 5 Pz 210746 <0° N

= QT AN -

5.6496-10" P = 1.228%(0”°

- Pl
L, 0, (AT) ME

(0.38)(21.¢ *(0™)(T6) -

() S,

(217.4¢ x10>Y(0.38)
(/soe x107 )(iog > 0% )

725.76 % [0™% -

)

242.8% 10" m
= 0.2425 mm -

dg3. 2% %xj0” ¢ =
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PROBLEM 2.58 2,58 Knowing that a 0.5-mm gap exists when the temperature is 20 °C, determine {(a)
. the temperature at which the normal stress in the aluminum bar will be equal to -90
MPa, () the corresponding exact length of the aluminum bar.

0.5 mm
-I I-— 0.35m i 045 m i SOLUTION
Ga = =90%j0° Pa. A= /2000/0°¢ mT
Bronze Aluminum -t
el e P = - GQAL = (90%10°)(1860%107) = 162 %15° N

a=2168%10%C a=232x%10%°C

Shortening dve +» P

- PLB ‘PL&
F P %P EBAA- * EaAa

> e . (J62x10*)(0.35) (1¢2%10° )(6.45)

(Jos¥ 0™ X 1800x107* ) (73%10% )(1800x |5¢)
= TY.TI X0 m = 0.91479 mw
Avartable -‘Penj‘H'l Lor thermalt expansion

Sr = O-Smm + O mny = L4479 mm = LE4TE 1SS W,

But S,

Lo GL(AT )+ L 0l (AT)

(0.35 (21.6 10 ¢ ) AT + (0.45)(23.2 x10°* ) AT
18.00 x[0O™* (AT

"

H

Equating 18.00x(O7° (AT) = LW479%(0 " = AT = 78.¢ ‘e
= 20 4+ 78.6 = 98.¢°¢c =Y

B S, v Lew.Ar) - Die

EaAu

s
= (0.45X23.2%107¢ )(78.¢) - (e2 »10% ) (0.45)

(73 x10%)( 1800 *x[O°°)

= 820.58x10°°% = 559.79%10°° = 265.78 ¥/0°° m

Lot = hot S. = 045wy 265732107 W

T 0.450266 m = 456.0266 vom -




2.59 At room temperature (70°F) a (0,02-in. gap exists between the ends of the rods

PROBLEM 2.59 shown. At a later time when the temperature has reached 320°F, determine (a) the
0.02in normal stress in the aluminum rod, (b) the change in length of the aluminum rod.
3 m.
/ SOLUTION
14—12 in, —» 10in.
: g AT = 320 - 70 = 250 °F
’ A oy |
— A Free therwmal ex pansion
Aluminum Stainless steel = +
A=28in A=12in* or= L (AT ) + Ls (AT
E=104%10%si  E=280x 10%psi - -
a= 133X U0F om0 1000 = (12)(3.3 %10 )250) + (10)(9.€ * 107 X(250)
= 63,9%0°° in = 0.039 in,
P P Shovten ing dve o P fo meet constyucnt

| P

- PLQ ‘PLs La.
- v €~ w0 ki

Sp = 0.063% - 0.02 = 0.0439 in

= 12 [o _ ”
((1.3)(10.4):;0‘) ¥ (1,2)(13_0”05)) P = 709.71x10" P

E guating 709.71 x(0™ P = 0.0439 P= c1.857x0 fb
3
(a) Cu = - 2. - %‘%ﬁg = - 22.07 % (0% psi
* = = 22.09 ks -

= - Pla
(b\ Sa L“O‘“(AT) AA.EA

R ey

29.960 x10" % = 25 49%107% = 4.4 x10°° iw
= 0.0149! in -

i




2.60 A brass link (£, = 15 x 10° psi, &, = 10.4 x 10%°F) and a steel rod (E,=29x
PROBLEM 2.60 10% ksi, &,=65x10Y °F) have the dimensions shown at a temperature of 65°F. The
steel rod is cooled until it fits freely into the link. The temperature of the whole
assembly is then raised to 100°F. Determine () the final normal stress in the steel
2in. rod, () the final length of the steel rod.

i
%™ soLuTION
4
_{_1.5111. AT associated with diffevrence betueen 'Fm-J

0.005 in, "] L—IO in.—'l 1.25-in, diameter and  inl ‘Ha.g dimens ons
Steel b
tee .
LA Section A-A AT = oo - 6§ = 35 °F

Free thevmas expansion of eacd part
Brass fink (S1), = o ATYL) = (10.4x107¢ X28)(10) = 3.64%107% i
Steel vod (Sr)s = O (AT XL) = (6.8x107° Y(88)Y16) = 2,278 %1072 in
Pt He Fined +ew\pw~w}uwa +He Free ﬁanaﬁ o the steed vod

0.008 + 2.2 »I0"% « R.eYw/0"* = 3.63S5wi1o® i
-ponaev- Hhan the brass Pimk

Add equal but opposite Forces P +e
e.Pon3'~+e +he brass Piak and contract

E@ the steeld rod.

‘ . PL _ __PGo)
— Brass dink  (Sp)y = 1F = Q1.8 XI5 %[0 )
PR S = Mt xpe™ P

- PL_ PG
Steed rod  ($y) = AE  T(.2a5Y(29%0¢)

= 280.99 210" P

(Sp) +(Sp)s = 3635 ~¥1072
(392.10%x10™")P = B3.435>i0" P= 9.2705x/0° 4h
o 3
@) Fined stress I'h. steet vod 6; =--£‘- =-—-—%%-)§-§-%O—
= ~ 7.85%(0° psi T -~ 2.55 ks -
(B) Fined Jenghh of steed vod

Ly = [0.000 + 0.005 + (Sl (Sp )s
= |10.008 + 2,275 %102 -(280. qqxlo")(?.vorx 1)

= 0. 00487 ., ~-

/-

..4,
r 1
| SR
- T T e T

[

1 3

7N
/

[

[

L]

H 1
i I

| H
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2.61 Two steel bars (£, =200 GPaand a,= 11.7 x 10%/°C) are used to reinforce a
PROBLEM 2.61 brass bar (£, = 105 GPa, #,=20.9 x 10/°C) which is subjected to a load P = 25 kN,
When the steel bars were fabricated, the distance between the centers of the holes
which were to fit on the pins was made 0.5 mm smaller than the 2 m needed. The steel
bars were then placed in an oven to increase their length so that they would just fit on
the pins. Fotlowing fabrication, the temperature in the steel bars dropped back to
room temperature. Determine (a) the increase in temperature that was required to fit
the steel bars on the pins, (b} the stress in the brass bar after the load is applied to it.

e
{15 mm

(ay l?eqm'reol +em Pewa:l-we d)cmje for
0 Falowication

81 7 0.8 mm = 0.5%10m
(2) Tewmperatore chanqe requived to éupancl steed bep by Yhis amoudt

SOLUTION

Sr= Lo AT 0.6 %107 = (200} N.7x10 XAT), AT =

O.8%10% = ()N 7% 16°°) AT )
AT = 21.3¢8 °¢ 2.4°C -

(b) Once assemblpeJ, o tensife Yorce PY Jeveﬁops i the steed awdd
o. compressive Force P* o’eveﬂo’;s i the brass | ivm ovder +w

eﬁ’mawfe t+he steed and contract the brass.

Elsnqation of steed:  Ag=(2)sX40)% 400 mm" ® 400 %/07¢

= -,_:_-’:- - :P (a.OO) - 0-7 op*
(%?)5 = A.SE; ‘(Hoox,o-g)(zouwl{cc‘) — 25 X’
Contraction of brass: Ab = (4o)I5) = 600 mm = GO %XIO " Mt

.P'L _ P"(Q.OO)

= -9 5
(%P)b ¥ A, Ey T (oo xj07® YioS¥10%) 31.746 x|07" P
Rot (SP)S + (SP)L i.s.-eq'\)tj 4o +he l'ni‘}’l'aj a.w\ouﬂ'ro'? M}ZS'FV"‘

(Sp)s + (Sp)u= 0.5%16°,  Se.exS” P¥ = 0.540™"
P" = 5.81nxic® N
Stresses duve o fabrication
» 2 e
Steed: &= B 2 BBUXIO” . 50 5300 Pa = 22.08 M,

Ag Joo wo0~*
. LB 3.8Ux10% Ly 2v 10 Pa v =19.68 MPo,
Bmss. GL = Ab = o0 ¥ 10-¢ 19.¢8 PG.

To these shresses wust be added the stresses dve fo Ha 25 kN Joud.

continved




Problem 2.61 continved

fov the added )oaepJ +he az’a’f‘”fon&) o’e'FanJ‘fow is the same Lo
ba"‘h +}\Q 5')’96) and the brass , L€'|' 5l be the Qa'o’l'-l—l'o\qq!

Avs placement. Also, det P. awd Py, be +he additionat forces
developeed in the steed and bruss, res pectively.

s' = —-—-.-.%L = -—.——..P“L
AsEs AvE,L

R = ALE_,_ s = (uoox:g'.‘;)oc:!mxioﬂ S' = boxiot S
= AgEy §'= Leocoxio®)(10Sxi0" o _ ‘s’
Py Sah S o S 31.8w/0" §
Totad P= P+ P, = 25q0° M
Yowio® §' + 3L.5x10°§' = asxp® S't 349.¢5%10° m

1]

P = (4oxjo)(349.¢5 107 )
Bz (31.6x10°)(Bu44. 65 x10 )

13,98¢ /0 N

”

1. 1%0 % 16® N

3
5, = B _ 1zasexto 24.97x10° Pa

Aa i HQoo » 1%
6, = B - _l.Hoxio>

Add stress due o Folbrication
Gy = 34.97 %0 + 22,08%/0° = 57.0%10°Pa =  £9.0 MPa

8L * 18,86 i0" = WHe8x* = 368" FRa *  32.03 MPa =&

[ o . _lOm




PROBLEM 2.62

Brass

2.61 Two steel bars (E, = 200 GPa and &= 11.7 x 10°%°C) are used to reinforce a
brass bar (£, = 105 GPa, 4, =20.9 x 10°/°C) which is subjected to a load P =25 kN,
When the steel bars were fabricated, the distance between the centers of the holes
which were to fit on the pins was made 0.5 mm smaller than the 2 m needed. The steel
bars were then placed in an oven to increase their length so that they would just fit on
the pins. Following fabrication, the temperature in the steel bars dropped back to
room temperature. Determine () the increase in temperature that was required to fit
the steel bars on the pins, () the stress in the brass bar after the load is applied to it.

2.62 Determine the maximum load P that may be applied to the brass bar of Prob.
2.61 if the allowable stress in the steel bars is 30 MPa and the allowable stress in the

[

H

C_ i

.

brass bar is 25 MPa.
Steel ’

40 mm SOLUTION

See soluhon to PROBLEM 3.6! +o obtain #he Fubrcation stresses
6, = 22.08 MPa G = - 14.68 MPa

Albowakle stresses : G-s,,a.w: 30 MPa

Available stress increase From Loud

Cs 30-22.08 = 7.97 MPa
6L = 25+ 1468 = 39.648 MPa

GE‘{,&JI: 25 MPa

e

Corresp on of ina awveaifable s+ eins

6. 7.97 >10¢ e
s T T Tgoxid = 39.85~/0
G 29.£8x10%

- -6

8;"—“

Sh'nn.ﬁ'per‘ vatoe govesrns - =8 =3‘?.86'XIO"

As = RUEYX46) = 100 mm"
Ap= (US)IYO) = ¢oo mm™

YOO % |7 m*

CoOXIO™* m*

Aveas &

1]

#

il

P
P
Total wllowable additionad Force

= : 3.188%]0% + 2.8§1xlo = S 70vIDEN
P=R+R - 3 = &.70 kN

EbA, e = (logx 10"} (oo x 107 )(39.85 %15 ) = 2.511% 10 N

Es Ay g = (200x10" Ndooxi1c¢ Y(39.25%107° ) = 3./138 v N




PROBLEM 2.63 2.63 In a standard tensile test a steel rod of 7 -in. diameter is su.bjected to a tension
force of 17 kips. Knowing that v=0.3 and £ = 29 x 10° psi, determine (a) the
L.in. diameter elongation of the rod in an 8-in. gage length, (b) the change in diameter of the rod.
17 kips / 8 17 kips
|-—8 in.——l SOLUTION
. ES
P =T kip = XISt b, A-F 2= T(F) = 0.60132 in*
1703 G _ 28.27%10° -c
&= 'E Teoay T 28.27x psi BT T THawipe = T7%.axio

Sk = LEe= (802749 %io™* ) = 7.80x0 v = 0.00780 in. =

Ey = =¥ &= ~(0.3NF79.9%10 ) = = 292.5 157
Sy = dg, = (EN-292.5%10°) =-256 %5 in = -0.000256 in: b
PROBLEM 2.64 2.64 A standard tension test is used to determine the properties of an experimental

P

120 mm

15-mm diameter A

plastic. The test specimen is a 15-mm-diameter rod and it is subjected to a 3.5 kN
tensile force. Knowing that an elongation of 11 mm and a decrease in diameter of
0.62 mm are observed in a 120-mm gage length, determine the modulus of elasticity,
the modulus of rigidity, and Poisson’s ratio of the material.

SOLUTION

J,}d" = l;(ls)" T 767G me = 126N O
3.5 x/o®* N

6= f = 2SS = 19.800% 0" Pa

A
g,z -§!= Sl = qGlcezxio™

[
E = % = L{TZ‘::'@_, = 216x[0°Fa = 216 MPa -

H

0 °
H

Ey T == *()',—'sg'z— = - $1.3323 "IO—S
- - & . 4.383x0"
b g, Arecr o - 04801 -
E Rlex jO¢ ‘
G = = 74.5¢)0° Po= 74.5 MPa ~—

T2 | 201+ 6. 4500
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PROBLEM 2.65

'640 kN

eSS,

2.65 A 2-m length of an aluminum pipe of 240-mm outer diameter and 10-mm walt
thickness is used as a short column and carries a centric axial load of 640 kN,
Knowing that £=73 GPaand v=0.33, determine (a) the change in length of the pipe,
(b} the change in its outer diameter, (c) the change in its wall thickness.

SOLUTION

Q.
o
]

240 ww L= 1O mm d“ = do..zt Tt 220 vamm
= F(o-ob )= B (240°-220") 7 7.2257w10% mm®
T257%10™* m*

P = ¢Hoxio* N

PL_ lego w3 )(2.00)

>
i

1

-3
- - - =-2.422 %]0 " m
@9 AE ~  (7.2257%1073)(73 % |0F)
= «2.-43 mm -y
-3
) _ 2.427x10 - - -3
£ = T~ S I.2133 » Jo

Egr = ~VE = -(0.33)-L133% /0% ) = 4004 wjo7¢
o) Ad, = € (240X 400.94%107%) =  0.0%! wm -
ey At = Tear = (0400 4%10° ) =  0.00400 mm -
2.66 The change in diameter of a large steel bolt is carefully measured as the nut is
PROBLEM 2.66 tightened. Knowing that £ =200 GPa and »=0.29, determine the internal force in the

60 mm

!

— bolt, if the diameter is observed to decrease by 13 pm.
@ SOLUTION

"

~13%J0"° m d= 6Ox|o"*m

-b
I P R

Sy
&
8x= —% - M= 71‘7"3’([0"‘

0.29
(200107 W 747.13 %16 ) = (49,43 x10° Pa

J|

%(60\" = 2.827:{!0" = 2. 327 % lo™% m“

=(H‘/.43wo‘)(2.327x10“)v 42 10°> N
= Y22 kn o




2.67 An aluminum plate (£ = 74 GPa, v = 0.33) plate is subjected to a centric axial
}oad \.vhich causes a normal stress 9. Knowing that before loading, a line of slope 2:1
is scribed on the plate, determine the slope of the line when o = 125 MPa.

SOLUTION

PROBLEM 2.67

The s)ope ofFtenr de'porma:,'t'oh ig Ttan O = M

R [+ Es
S S0 -
€y = g - }7'15\“{31 T 16392 x/07
| Ey = ~vE, = ~(0.33X1.68a2%10°) = 0. 85574 > 107
2(1+&y) S
- 05574
/ - 2{1- 0,00 1.9455) —
tan © | + 0.0016392 155
+&,
2.68 A 600 Ib tensile load is applied to a test coupon made from -llg in. flat steei plate
PROBLEM 2.68 (£ =29 x 10° psi, = 0.30). Determine the resulting change () in the 2.00-in. gage
length, (b) in the width of portion AB of the test coupon, (c) in the thickness of portion
SOLUTION AB, (d) in the cross-sectional area of portion 48.
. l i 2.0in. {
A =(';T')('l(‘.-) = 0.03/125 in BUH] Tl et— . g (1) H
/1A
- P..eoe i
6= &~ sozag - 112 » 167 psi Lin
G 19.2 %0 -¢
T e oz AT = 2.0 >0
N S TavaT: ce2
(@) Bu = LB, = (0ME2.01x)0¢) = 1,324 IO . —

£, 4€,7~ VE, = ~(0.20)(6€2.07x15" ) = ~ 19862 %107

() Swun, = WoBy = (W-198.¢2%107¢) = - 99.3 %0 i, —a
(©) Suues® L8y = (£)(-198.62010° = - 2. 4ivicC -

(d) A= wt = w,(1+&)t, (1+vE)

Wobe (14 8y + &2 4 E 8,

AA = A-A, = wit (g +g, +£g)

G Y- 1996205 - 198.62157° + negligibhe erm)

T

- 12.4] x10™% in -




2.69 A l-in. sq is scribed on the side of a | teel essel. After
PROBLEM 2.69 pressuri zatil:n th: 122;?a7(;1t:'e:s c(;l:ldit?os;ll a? t?le asqﬁa:%: iz Zz slI:::z:;l.]rf{r\ltowin g that £
o =6 ksi =29 x 10° psi and »=0.30, determine the change in length of (a) side 4B, (b) side BC,
! (c) diagonal AC.
IS
T e - SOLUTION
lin. ] o= 12ksi
- [ - ..l. - ! >
| = - £es £ (6 - v§) = o 12010t <030 e i3]
HllH = B3&/1.72 = o~
tenname 1 i1y et} Y 4 - = l - 2
& E(G_} 26) qu"}[GYl& (0.30¥ 12340 )]
= 82.7¢ ¥i0"*
(@ S, =(AB L& = (oo )(35/.:72x(C°)Y = 35LT «10°% in. -
) Se =(BC ey = (l.oo W 82.7¢x/0"¢ Y v BLB%IOC in. -d
_ = p— = . e
(& ()= A8 + (&) =/(R8, + 5,)" +(ae, + 5,)°
=] (1 + 35ax10°Y + (14 82.8~10°)"
= L4145z _
(AE\Q = 2 AC —(AC)’ = 307%|0° in. -
or vse calevdus as -Fo”ws}
B
Lable sides vsing a, b, and ¢ as shown
e ‘
b ct:-a+ bt
T
SN Obtain differentianls 26 de = Zada+ 2bde
Frow which de = % da + % e
But Q= L.Loo ;hJ b=l.m t'ﬂ) C=E v,
da: S = 351726 in, db= Sy * 82.83x107 i
= de = L2 (ac17 e )4 £28 (82.8:% 104 )
Sp ™ e = = ( x| —5 (82.3:x
= 307 %107 \a. ~




269 A l-in. square is scribed on the side of a large steel pressure vessel. After

PROBLEM 2.70 pressurization the biaxial stress condition at the square is as shown, Knowing that E
=29x 10°psi and v=0.30, determine the change in length of (a) side 4B, (b)side BC, .
o, = 6ksi (¢) diagonal AC.
A' t t 1 ' t B 2.70 For the square of Prob. 2.69, determine the percent change in the slope of
T - | diagonal DB due to the pressurization of the vessel.
‘l‘“' ] [ o =12k SOLUTION
T f
H H B Label sidee @ and b as shown,
te—o71 in,——

. Theshpe is s=2

The c.hanﬂe n sdope is
cohevdated From Jz’-T-Pewemh‘g.,P

D o C
caﬁcu«?os
ds = a db - b da .d_p.é— 9_.._0..0”:-50'&. .‘.?’_6_9’_9_-
) o* °r & T % a* b a
A op-ma.e. 1" S,po}oe = _%x 100 %

da . g, = -‘-(s'-vsj,)a \ [\axio‘—(o.zﬂ\(ewoaﬂ

a E 29 %10*
= 351.72%(0°¢
Ao - L6 -ve) s i st - eaa)inxict)
= 82.76 x|o™°
dg— = 3851.72%[0°“- BLT7exI0O° = 268.9 xlo>"¢
To change in shpe = 268.96x0" %
= 0.02¢69 % -
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2.71 A fabric used in air-inflated structures is subjected to a biaxial loading that results
in normal stresses ¢, = 120 MPa and o = 160 MPa. Knowing that the properties of
the fabric can be approximated as £ = 857 GPaand v=0.34, determine the change in
length of () side 4B, (b) side BC, (¢) diagonal AC,

PROBLEM 2.71

SOLUTION

Ex = 120x/0° Pa, Gy= 0, 6, = ICo(D* Pa,

"

£ (6 - v - vs,)
= 8_7_>LTE’7 [ 120 x 0% - (o.sﬂ(lsowlo‘)]

754¢.02 % jo~°¢

n

s (060 v+ &) - g (e8X120100) + 1010t ]

= 1,370 w)o®

(@) 8= (AB g, = (100 mn )(754.02x15°) = 0.0754 wm -
(b)  Sec=(BC)E, = (IS )(1.3701 x 10°) = 0.1028 wn —
(o))
A 2 8 labed sides of vight friangle ABC . a, b, and @
A b et ata bt
Obtain oi¥fevential s by cadesdos
T 2 de = 20.da s+ 2b db
de = -g‘* da. + —g- db
But Q= 100 mm, b=z 100mm c=/160%76%) = 125 vam
da= S5 0.075Y4 wmm db = Sg = 0.1370 vam |
Sac = ol = 32 (0.o754)4 5~ (0.1028) = 0,122 mm




2.72 The brass rod AD is fitted with a jacket that is used to apply an hydrostatic

pressure of 48 MPa to the 250-mm portion BC of the rod. Knowing that E =105 GPa,

and »= 0,33, determine {a) the change in the total length AD, (b) the change in
- diameter of portion BC of the rod.

PROBLEM 2.72

SOLUTION

mm 600 mm Ex.—_.—'-cs‘,‘_vs:r_vs‘z‘)

it

2 T {" 43x )0 -~ (0.33)(0)-(0.33 )48 /)0 )]

- 306.29 vio~¢

gy x (-v6 + 6 -»6)

i Io-.s‘l"__x;oe1-(0-33)("'/8’!0‘) + 0 - (6.83)(- 48]

= - 80l.TV % j0~¢

(2} Cl\av\je v )&ﬂa'}‘la: Ondp\l Pow‘h‘ov\ ’fg& 'S 5+\M_;ng¢’. L= 240 mm
Sy=Lg = (4o X-36l. N %0 ) = = 0.0724 mm —
(s Chemjc in chiameter * d = 50 wm
Se= S, = o & = (50X-306.29xt07¢) = —0.0/53] mm -

2.73 The homogeneous plate ABCD is subjected to a biaxial loading as shown. Itis

PROBLEM .73 known that ¢, = & and that the change in length of the plate in the x direction' must be

Yt zero, that is, & = 0. Denoting by E the modulus of elasticity and by vPoisson’s ratia,
determine (@) the required magnitude of ¢, () the ratio g,/ &,

6‘2 ?(sx = vs& - 3262)':_5’"(6',, ‘”6;)

() 6= ¥E6, -

& £,=t(-26 -26 +6): (-2 -0+ 6)= FE
S - _E_ oY
g  I=»*




PROBLEM 2.74 2,74 For a member under axial loadmg, express the normal strain £ in a direction

. formmg an angle of 45° with the axis of the load in terms of the axial strain & by (a)
comparing the hypothenuses of the triangles shown in Fig. 2.54, which represent
respectively an element before and after deformation, (b) using the values of the
corresponding stresses o ‘and ¢, shown in Fig. 1.40, and the generalized Hooke’s faw.

P o s
hay T = 2% Q\Tm
—t— SOLUTION
7= 34
Flﬁ 130 @)
Jz R (1+¢")
] I-»&,

i ) 1\ +Ex

(a) RBefore detormation AFter deformation

i1

[z (i +£'):lz

201+ 28 42" )2 426, +&F 4l - 2uE «utES

(+8) + Qr-og)

S'*2£'z = 2€, +Ex‘ - 22Ty + v“&,’"
Negﬂeaf Squaves as swmalt Yg' = AEe ~2wvE,
e, —~
v, &8 _ 28
g = = =
. -z P
- E 2 A
| -
- 7E 6‘;‘
- -L-——"zv Ex wal




2.75 Inmany situations it is known that the normal stress in a given direction is Zero,

PROBLEM 2.75 for example &, = ( in the case of the thin plate shown, For this case, which is known 1 ||
as plane stress, show that if the strains £ and &, have been determined experimentally, e . |
a, we can express ¢, 0, and &, as follows: k) ,‘1
u_m_ Bt Gt e, _ v !“
:\‘ﬂ?@-‘ g ax - 1~ sz a-y - 1- V2 6 == T-__V(sx + gy) L‘ ‘|
== ™. |[lE=« sorurion al
e e |
&= E(&-6)) o §:g(-v6,+§) @ o
Hup'J'ip.p)fs'nj (2) L\/ ¥ and :w!J:'na +o (1) [ 1
1= E ~
Ex-i-l)é"-j = ""E"—‘G; or 6,=T:“;a'(E,+ 7)51) e, . ‘-
Mu.o‘f‘;fbpj “nq A LY v  and aw'o!fnj +o (2) - 3!
l
S . _E BE
EY+VE” T E 6..] or 6; f-;n.(s:j"' ?)‘E,) ~l L][”

- d v E
EZ = "E.—(-‘MG',,— '2)65) = “‘f-}:';*z( E,, +v% +EJ; + 2/&,‘) o ‘;
= - 2+ ¥ S watsy al
2ULA (54 8) = -2 (5,4 8,) |

2,76 In many situations physical constraints prevent strain from occurring in a given
direction, for example £ = 0 in the case shown, where longitudinal movement of the
long prism is prevented at every point. Plane sections perpendicular to the
longitudinal axis remain plane and the same distance apart. Show that for the this
situation, which is known as plane strain, we can express g, £ and &, as follows: I

o,=v(o, +0)) \:

1
£, = %[(1- vYo, - v{l+ v)a, ] &= Fl1-vMo, - v(1+ v)o,]

z" SOLUTION { !

£ = 0 = 'g::(,-vs'x-?)bs-l- 6'2) o 6,7 7)(5;(_,,6'&) -...ge. -

€, = -}:.-(6', -26y - 26,) = -é.—['s,,-vG‘} - 2% (6,4 63)]

-‘,':=[(1 -2*)6, - »(I1+2) 6, ]

"

L‘m
1

g (-vErS;-vE,)= 'El-‘[-VG', +6y -2 (64 6 )]
= [ Q-6 - 2@+»)6; ]

11

g
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2.77 Two blocks of rubber, each of width w=60 mm, are bonded to rigid supports
PROBLEM 2.77 and to the movable plate AB. Knowing that a force of magnitude P = 19 kN causes
a deflection =3 mm, determine the modulus of rigidity of the rubber used.

SOLUTION

Comsfder vppev l:npoclt o‘F rulnLe.-r. Tke-Fo.,-,_g
5 3P carried s kP,

The shearCnQ
stress s

4P . 2P
r j Je— P T A
A P B

where A = (ISOM»-)('GOM».)T IO.gitogm»:-‘ 10.81‘10-3 wo
P = 19x10% N
y= GEX) . 5.837963%10° Pa
10.8 % jO-%
7 = .f_ . Egg,i"fm s 0.085714
O'-

G: £= ZULSHO - 10.26x10% Pa = 10.2¢ MPa —
PROBLEM 2.78 2,78 Two blocks of rubber, for which G = 7.5 MPa, are bonded to rigid supports and

to the movable plate 4B. Knowing that the width of each block is w = 80 mm,
determine the effective spring constant, k = P/, of the system.

SOLUTION

Consrder the vpper block of rubben The
—>I"<% force cawried is *P.
—

h . The sheam'na& stress is
v e N
3P T = 3_.?-
) P A
l —>lP T -Fm,.,\ w—*chJ«

P = 2A7
The shearing atraln 1s 7= R fom which 5507

. : - . 2A7
Effective spring constamt kR = ‘g * Ny

No‘{':nj +£u+ T = G.Y\,_)

k = -2‘:5' = (2’(0-’3°0)g°£3°)c7'5"’O‘) = 617x10° N/m

c17x 10% kN /m -




PROBLEM 2.79

2.79 The plastic block shown is bonded to a fixed base and to a horizontal rigid plate
to which a force P is applied. Knowing that for the plastic used G = 55 ksi, determine
the deflection of the plate when P = 9 kips.

+
sr‘ ? Consider +he
h j Ppas‘l'r'c. block .
£ N The 5lnear.‘m3
L Force cavried
e P 9mwod bl

The avea is A= (3.5)5.5): 19.25

* 1t
Skeam‘na stress 7 - 'E s Jdxlo 467.52 psi

S\'\e“"‘\‘hﬁ 5‘}(‘6'\5'-
Bt 7= 2

19.25
_ T _ Yel.52
'Y\ - G‘ - 55)‘"03 - O. 0085006
S h7Y = (22Y0.0085006) = ©.0187 im, -

PROBLEM 2.80

2.80 A vibration isolation unit consists of two blocks of hard rubber bonded to plate
AB and to rigid supports as shown. For the type and grade of rubber used 7, =220
psi and G = 1800 psi. Knowing that a centric vertical force of magnitude P=3.2 kips
must cause a 0.1 in. vertical deflection of the plate 4B, determine the smallest
allowable dimensions a and & of the block.

SOLUTION

Consider the vobber vlock on +he viq Wt I+
Carvits o Sheqn'nq force eﬂ)ua,f +o ’;’iP‘
The .sl-.eqn'nj stress e T = *Al,

3.2x 08

1Y, Rl b AN, %
2T "oy T FXTA7 i

ov rqyt'r!a‘ A =

But A =3BO0)b

Mence b = :BAC_) 2.42 . -l

Vee b= 2420 aud = 220 ps’

Skeqn‘nj s+r~m‘n A % = ziz = 0.122922,

1g
Bu‘l‘ T‘ = ?‘ST
Hewee o= ;S- = oo;::zq:g = 0.818 in, -
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PROBLEM 2.81

2.81 An elastomeric bearing (G = 0.9 MPa) is used to support a bridge girder as
shown to provide flexibility during earthquakes. The beam must not displace more
than 10 mm when a 22 kN lateral load is applied as shown, Determine (@) the smallest
allowable dimension &, (b) the smallest required thickness & if the maximum allowable
shearing stress is 420 kPa.

SOLUTION

Sh qun'nﬁ -va_e P = 22#!03 N
Slweaw'ma stress T = 420 v10° Pa

=R " '-.-_E.; axjo® -3 o2
(IR A = %EF'TB = 852,38/ X /O m

- 52.281 x[0° mm"

A = (QOOMH)(ID)

i 381 xj0°

3 -

But 'r - 5— g o= -%- = _lowm - 1.4 m il
Qa T O Hee.C? xS 2 "
PROBLEM 2.82 2.82 For the elastomeric bearing in Prob. 2.81 with b = 220 mm and ¢ = 30 mm,

determine the shearing modutus G and the shear stress 7 for a maximum iateral load
P =19 kN and a maximum displacement &= 12 mm.

SOLUTION

S\neawi\na force P=19xi6®N

Avea A = (ZOO uw.)(?ZO mm) T '-l'-lx}ox n....‘
T YYu ot mt

J 3
’L’=E= —El—%‘ = 431.9%1 v 10° Pa
> = 431 kPa -

Slnedwinﬁ s']'ra,.‘“ Y = % =~—‘-2~—2—"-‘- = 0.4%00

30 LY Y

Shearin 4 MoJJP\Js

o~ 3
G-z 232l - oo Pa

= |.080 MPs ==




PROBLEM 2.33

/ 99-mm diameter rod is made of aluminum with £ =70 GPz and v=0.35.

46 kN

46kN  SOLUTION

—

P> 4gxi0* N

Az ﬁ-o\"-“—' T(22Y = 38613 mui = 88013 %0 m

6;=%° = 21,01 ¥ JO° Pa Gy

?(&-vé‘;_va‘)= % 8J=Ez= _‘yE;g :"?}%&

Ec+ & + &, = ‘EL(G‘,*?JE}—'I)G,:)'-"Q;ZE?'{EE

Vo]uvne V= AL = (380,13 hm‘- W 200 wa ) = 7.0 *los o~

AV = Ye

e = (0.4)(12). 61 %10%)
= 100 (1O 1

]

5= o

11

Ex

e

f

(2) steel: = 242 > 0" ¢

AV = (76.626 %105 Y292 %107°) = (340 vam®

T - (o.3)i21. 01 x10%)
(k) ﬁjdu.-ndm. €= TovioT X

AV = (7c.026 »10® W S1ax10¢ ) =

= 519 V[Oﬂ‘

39.4 vam'

*2.83 Determine the dilatation ¢ and the change in volume of the 200-mm length of
the rod shown if (g) the rod is made of stee! with £ =200 GPa and v=0.30, (b) the

S W S

—
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PROBLEM 2.84
volume of portion AB from its final volume.

From PROBLEM 2.¢%
Hhickness = 1 in

#2.84 Determine the change in volume of the 2-in. gage length segment 4B in Prob.
2.68 (4) by computing the dilatation of the material, (b) by subtracting the originat

E = 29xio* ' A0 Th ol - () |1
P = 0.30 4 B
Lin
SOLUTION :
(@) A=E)Nk) = 0.08125 int
Vodume T Y, = AL, = (0.03128)(2.00) = 0.0625 in®
P - _60oo0 R _ _
Gy = ~ DP.o31a% - 19.2 x{O” psi 6§,=6,=0
19. 2 #10%

5,=§"(‘3}—v6“,,—v61\= %‘H e62.07 xjo™¢

29 v IOc

& = & = -V.& = ~(0.30)(662.07x107 ) = - ]98.62 #10™¢

e = £ vE + & T 264.83 %10 ¢

AV = Ve <(0.0625 )264.83%16°) = 16.55 % 10°® in?

(b)  From the sofofion fo PROBLEM 2.48
Sx 7 1.324xI0 " im, Sy T - 99.8%/0 in = -12.41x(0°
The dimeasions when vnder o 600 fb tevside loadd ave
demgth L= Lo+S, = 2+ L324w0™ = 2.001324 .
widHh  w=w,+8, = L 9932x0° = 0.4999007 ia
thickness £ = E ¢S, = £ -12.41%10°° = 0.06248759 in
volowe U = Lwl = 0.082516535 n®

AV = U - YU, = 0.062516539 - 0.0625 =

<.
tia,

- .3
16.84%107° |1 =




*2.85 A 6-in. diameter solid steel sphere is lowered into the ocean to a point where

PROBLEM 2.85 the pressure is 7.1 ksi {about 3 miles below the surface). Knowing that £ = 29 x [(?
psi and v=0.30, determine () the decrease in diameter of the sphere, () the decrease
SOLUTION in volume of the sphere, (c) the percentincrease in the density of the sphere. _

For o sokid sphere Ui =F 4% = T (6.00* = 13,097 i
6k =6 = 6, = —p = -7 xI0" pai

. o {04 Y7.1%10°) o
£, = %(gx*v-%-ys').-.--_i%lp= _& zc?ﬁ,cifi =-97.93 10

- 97.98 x/0°¢

1}

Like wise % = g,

e = gx,:.%, +E, = —-293.79 x jo~°

(@) ~Ad =-d. g, =-(c.00)(57.93%0°) = 58 >io"° . s
() AV =-Y e = = (113.0971(-293.09x10"%) = 33.2%/07% jn? -t
() Let m = mass of sphene = cowstaut.
m= PV, = pU = p2,(1+€)
Eife - Lo cglhey- - = e
=(t-exe™e*’+1... V=1 = —e+e*-e3,4.._
® _e = 293,79x10"¢
Ll ivo% = (293.79%10%)(joo %) = 0.0294 % -

&S

Www.1epnu.ir

o 112y,
M-

\\\K\/ _]

_,»/

Ol

3
[




85 mm

*2.86 (a) For the axial loading shown, determine the change in height and the change

PROBLEM 2.86 in volume of the brass cylinder shown. (b) Solve part 2 assuming that the loading is
hydrostatic with g, = g,= g,= - 70 MPa.
SOLUTION
1 (%" MR ho= 138 mm = ©.135 m
P E=105GPa
00 2 Fd, = T(35) = S 0745 %10% wm = 561455153 m

135

YV, 2 Ah, = 7€6.06%16° e = 766.06 %[0

(@) C;=0 , G=-88%IPa | & = O

2

& = 'EL'(“’S} +G}-v6;\= %
»
*-% = - $%2.38%)0°°
Aw = h,g, = (135 mm V(= §52.38 %10 ) B = 0.0796 mm et
- 34)(-58 % ICF
e LZ22(6 6y +6,) = L2 o (0.39)Cs8nich)
= - 1878/ x(o™°
AV = Ve = (766.06X(0° mm (= 1872.81xIG°) = = 45,9 mn® -
(b) 6, =6;=6; = ~ 70 %10° P 6x+ 6y + 6, = - 210 %10 Pa
gy = £ (=26 + 65 - v6,) = 122 g
(0.34)(-7ox(0%) _ -c
jos % (o7 = -ARe.67xi0
Dh = hy £, = (138 mm)(-22¢. 7% ) = - 0.0806 mm —~
-2 - (0.34)(-2i0oxi0f)
e = -I-E-E(G}+6'J_+ S, ) = ( ’22”0,, - ¢sox(o™"
AV = Ve = (1¢6.06x(0% pm® Y -680K17%) = = 52U mm® st




PROBLEM 2.87

*2.87 A vibration isolation support consists of a rod 4 of radius R = % -in. and a tube

B of inner radius R, = 1 in. bonded to g . 3-in.-long hollow rubber cylinder with a

SOLUTION

30im. vubber cy)fnder
P
@

L
h T
L

modulus of rigidity G =
be applied to rod 4 if its deflection is not to exceed 0.1 in.

Ltet v b2 o vadiad cosrzdinate.,

1.8 ksi, Determine the largest allowable force P which may

Over the hollow

R, <
Sheam'mj stvess T a.ch'mj
on @ c.y.P[hAm'c-J suvFace
of vrediusr s

v < R,y

_ P __P
T'? T anvh

T"Ie 5lneav-l.n3 .S+l"l4:lﬂ s

z __PF
- ‘i V=% " Znchr
%_- d$ Skeawfhj deformation sver V‘a.apl'o.ﬂ.penj'l'k dv
N .
A\ 7 P_d
\\ . i —!\
| \\\ JS s '}/‘ a’f‘ - ZTTGh ™
— —*’LJV‘ Teted deFormation

g =

P
[ _ P 2 g
Sp.as ':mGhS r

B v | - P

R
(ﬂn Pz - 49"1 ?l)

2nGh e 2WGh
P _ g B o_216hS
2TEh R An (R/R))
Pata: R =g =0.8% i | Ro=Loin k=320
G = [.8¥(3" psi, S = O.I ia

P - (an)(1.9x 0% )(30)(0. 1) _

A (1.0/0.275)

3.4¢ 0" Mo = 24C kips -
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PROBLEM 2.88

&

Re
R

-
™

*2.88 A vibration isolation support consists of a rod 4 of radius R, and a tube B of
inner radius R, bonded to 8 3-in.-long hollow rubber cylinder with a modulus of

rigidity G = 1.6 ksi. Determine the required value of the ratio R/R, if if a 2-kip force
P is to cause a 0.12-in. deflection of rod A,

SOLUTION

LC+ V' b2 o vadiad coor.:ir'naui‘e. Ovesr H\e ]ﬂnj}od
vubher cyjfnalef K€ v<R,

Sheqm'nﬁ stvress T a.c'J'ma
on o cylindricat surface
of vediusl s

_E . P
?_A

- 2N h

The Slneaw-e'na S+I"-¢u'n s

o~

V= -é:_ : RNGhr
Sf-\eam'nj Je'FoMmf'l'ov\ over V‘chafﬂenj'Ha dv

3 _
as -y

dS = 7V dp = =L %lr

R R,
5:S AS __QTT’PG'hS '2:;"

K R,
?.
: P (oo
2GR Ay o FehUn B - A R
___P (%
276 h Jo 'F'?_.z'
ZEP&hS - (17;)[1,5.?32(33-03(0-'2) = /.809¢
exp (1.801¢) = 6.1l ' -
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PROBLEM 2.89 2.89 A composite cube with 40-mm sides and the properties shown is made with

glass polymer fibers aligned in the x direction. The cube is constrained against
deformations in the y and z directions and is subjected to a tensile load of 65 kN in the
x direction. Determine («) the change in the length of the cube in the x direction, (b)
the stresses a,, o, and a,

A My

E,=50GPa v, =025
E,=152CPa v, = 0254
E.=152CPa v, =0428

SOLUTION

Stress-to - stram equa,‘,'(ons ave

T - e )
x I . E} E: va E.y
Vv O o V. o v v
XX Y 2y 2 e .
&, == + - 2 == == )
SR E s ) E, " E, ¢
i YOy 0,
£ :..74‘3_"__.‘_,*,._:. 3\ K&L_ V.,
: b‘x Lf‘y Ez ( [1- - E (‘6)

The cm.si‘ra-'u‘}’ conda*‘iuws awve EJ, = O P E, = o.

L)sina (2) and (3) with +he c.oqs“'rm‘n'l‘ oanof-'l’l‘ﬂﬂ-’ ga'vea

DR LA S
2 L Y
-._E._f Qj " Ez 6-2 -~ —E_{(‘EG; (3)

o2 Gy - 2B e, = SE6, or G- 0.4226; = 0.0772/¢ 6%
_olﬁ% + |_:_,;__l-_i 6;. - 0‘;_3351 G‘X ov _'0_42363 4 6-2-‘-' 0.0772}4 6:(
Solving simoltaneovsdy 6, = 6, = 0.134993 &%

. .. (R 2, e
US[H% (‘{\ P | (5\ 1 (‘) E,(': E;G:{ = -éiG:., - ?E_.G-Z
g, = é.’; [ | = (0.254 ¥0.134993) - (o. 254 )(o. 134913):( G.
_ 0.93142 6%
E

A
Gy

il

(40)(40) = 1600 mm~ = 1600 ¥[O * w’

P . esxyod

A - Tecoxio*t * 40625 %10° Pa

continved




Problewm 2.89 conhnyed

= (0.93142 )(40.625 x10°) -¢
€y S0 %[04 756 .18 =10
@) Sx = Lx Ex = (L)‘O ma Y?Sé .73*[0-‘) = 0.0303 mm ——
) Gk =40.625%10°Pa = Yo.¢ MPa -
6y = 6, = (0.134992 )(40.625%[0%) > &5.48 x[0“Pg
= .48 MPa -

*2.90 The composite cube of Prob. 2.89 is constrained against deformation in the z
direction and elongated in the x direction by 0.035 mm due to a tensile load in the x
direction.. Determine () the stresses o, a,, and a,, (b) the change in the dimension
in the y direction,

PROBLEM 2.90

Cow stratwt condi +ion

Load coneli froun

E,=50GPa v =03%
Ey =15.2GPa Yy = 0.254
E, =132 CPa v,y = 0428
SOLUTION
. VvV, v o
€x=?"_yx Yy _ “ub. C|)
X Ey Ez
V. o o g
g ==k - 2L (2)
E, B,k
V. o v o
gzz _ _ax 3z )’+qu2_ (3')
E, E E
£, =0
Gj = 0O

VoV
E, " E,
Yo Vo
Ey E,
Vax _i(‘z_
E E,

N

From equv}fim (2) 0 = -

e Ez
E.

e 23 L
E, & + E, S,

s, = s, = @.zﬂfg(:&m = 0.077216 Gy

continged




Problews 2.90 continued

Frow PQUa‘Hou (l) wi +h 6:7 =0
£ S

- L1 _ Vex - - Yn
8,( = xgx "::z— 62 S, Ex 62

(=
- 'fl": l6,- o.2546, 1 = %,[I- (0.25% Y(o. 077216)] G

- o-qtgfsg 5.

6, = Ex Ex

0,.8031
But & = %: = o‘ﬁfi:"‘ = g75¥10 "
@ 6. = (50*100222837qsx 197°) . 44,625 *10® Pa = U4.C MPa,
5-7 = O

6, = (0.07721¢ Y(44.626¢10°) = 3,446 ¥10° Pe = 8.4 MPa

Frow (R) g_,--—%e“, +56} ~---7"§1(>‘z

£,
- ©.as)(W4-c25x10%) | o - (0.423) (3446 %10%)
Lo x\0% I5.2% o1
= - 323.73 xjo °

Sy = L (40 mn Y- 323.73%10°) = ~ 0. 0129 mm

i
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PROBLEM 2.91 2.91 Show that for any given material, the ratio G/E of the modulus of rigidity over

the modulus of elasticity is always less than 42- but more than % [Hint: Refer to Eq.
(2.43) and to Sec. 2.13.]

SOLUTION
- E E .
G = Zem er = = 20+

Assome =0 For atmest q}j mav*ev\‘ajs and 2 < '& for a Fosih\u
budle wmodvdus

Appdying the Lovmds 2% & < 2(/+4)=3

Tw’(l‘ma tHe V\ec.ipﬁ:cwps % P~ —g-
o k€&

N WY

L

3
+
Z

-l

*2.92 The material constants E, G, &, and v are related by Eqs. (2.33) and (2.43).

PROBLEM 2.92 Show that any one of these constants may be expressed in terms of any other two
constants. For example, show that (a) k¥ = GEA9G - 3E) and (b) v=(3k- 2G)/(6k +
SOLUTION 26).
- _E - &
k = 3(1-23) and & “201+)
- E = _E .
() |+ 2 26 or 2/ T |
k = E - . R2EG - 2EG
3l -AHE-1] 3[26-26+46  13G-GCE
EG
= — -
96 - EE
K _ 2+
S 3(1- 2vY
3k-GCk» = 26+ 26
3%-26 = 26 +c¥
L = 3k - 26 -

Gk + 26




PROBLEM 2.93 2.?3 Two holes have been drilled t'hrough a lo_ng steel bar_that is subjected to a centric
axial load as shown. For P= 6.5 kips, determine the maximum value of the stress (a)
at A, (byatB.

SOLUTION
(@) At hole A Y"-?‘ﬁ"\i‘-'-‘lq{v\
d= 3‘* = 2.50 =
At = dt = (250X} = 1.25 "

6-”.-."‘2' s B2 o S.2 ksi

Anot" ]-.7..5-
ol ;zl./:‘o = G.10 From Fig 2640 K= 2.70
Crae = KG».».\ = (2-70)(5.2) = 4. 049 ks —

() M hole 8 r=308):075, d=3-1L5= 1.5,

= = 4y - v _ P &8s .
Apt =dt = 1.5X2) = 095 " 6o y Sl R
L85 =05 Feow Fig 2€4a K= 2./0
Gmag = KGM = (2.!OY8.€673 = 18,2 l(sf -
PROBLEM 2.94 294 Knowing that g, = 16 ksi, determine the maximum allowable value of the

centric axial load P,
SOLUTION

[T
At hofe A v=3 %= § iw

d= 2-% = 250 in X
- dt = (2.50 %) = 1.25 i

L 2010  Fron Fig2Lta, K =270

a4 25
. KP . - AtGre _ (.25)(46) _ :
quﬂ = -KEf T P - K = 2.70 = 7.4] k\ps

M hole B r=4(1.8§)= 0.7in, d=3-15= [.5in
At = dt = (8 WE) = 0.75 ',

5 = ?;’" = 0.5 From Fiq 2.64a K=2.10
P = An;: Cuar = (0-725:‘)0(,‘) .= S. 71 k-'ps
Smaller vatve For P controds P= 871 kips -

)

| —
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PROBLEM 2,95

2,95 Knowing that, for the plate shown, the allowable. stress is 125 MPa, determine

the maxinim allowable value of P when (a) » = 12 mm, (b)) r=18 mm,

SOLUTION

A= (COXIE) = GO0 mm = 40010 m—

@) ¢=12mm G cﬁ:: = 0.2 .
From P{gx. .64 b K= 1.92 G;“:Kr

P = AGuw . (3000 V(125 7108)

58 ¢ xjo®* N

15 mm K :
= 58.% kN el
(LY = (8 mm £"= lssot: = 0.30, From Fig 2.¢4 b K= 115
- L
P = ASwr . (oo ML) | cyrucin - chzun =

PROBLEM 2.96

15 mm

2.96 Knowing that P = 38 kN, determine the maximum stress when (a) » = 10 mm,

(b)) r=16mm,{c) r =18 mm.

SOLUTION
A = (COYI5) = 900 wm® = F00 X0 wm™
—3 = 122em 2.00
@) =10 mm £= %ﬁ—"ﬁ = O.|ec7
P
l:b“om, F\% .04 B I< = 206 6:...,: = KT’
Gw=(2'°$°§jf;ffs) = 82.0%10°Pa = £7.0 MPa wa
B V=16 mm ;,C = l:;:m = 0.2667
From Fiq 2.64 b K= 1.78
}
Gy * f';’:;ffli!c;f‘& -2 75.2%10° Pa, = 752 MPa -
© P=13mm 2 B2 2 030
Frow\ F\S Q.C"“o K 2 .75
Y
Grny ® ("Tgogfﬁ;io ) T 73.9%/0° Pa = 73.4 MPa ==




2,97 Knowing thaf thé hole has a diameter of % -in., determine () the radius r,of the

fillets for which the same maximum stress occurs at the hole A and at the fillets, (5)
the corresponding maximum allowable load P if the allowable stress is 15 ksi.

PROBLEM 2.97

SOLUTION
For the circudar hole Y‘t(-‘-)(i) 01875 v
d= 4-4 =35k  F*LEF= 00517

At = dt = (3 GZJ')(%)- 1.259% n®
From Fia 2.G4 a Khde = 2.82

G = Rt E
mar Auet
by P= AM’S-‘ - (!-sg?;azcm . 728 ki B

@ For RMet  DzHin, d=26in 3= EZ 7 1.60

A = dEt = (25X3) = 0.9375 "

37§
6'“.‘ - KA : P .o. KF.‘M - AthGM = LO 723{15) o I-‘?‘v’.f

Frow Frq 2646 Ewo@ = G 0.174 =(0.17)(2.5) 7 0.43 in ==&

2.98 For P = 8.5 kips, determine thé minimum plate thickness ¢ required if the

PROBLEM 2.98 allowable stress is 18 ksi.

‘\um SOLUTION
At the hofe: v, = Zin  dyz R2-10 =1L2in
l/:. -
-j‘-\ = 0.417

From Fig 264 a K= 2.22

s fo7 * HE ¢ TR

- (2.22)(8.8) _ ,
t- .28y 0.87 in.

At the St D=2.2m, dg= 1.6 in 2= 22 o )37

de 1.6
Yo= 3 = 0.3 i !‘t s 0B < 5 gauy
P
From FEQ 2.64 b K= (.70 Cuax = %:;n = a'%‘%

- KP__ Q.30) 8.8 _ "
tr &t Gewm®m - %P

The j’qwqer Vaduve is the \PBQU\NJ WAV MW P.Pw‘l‘e -H\ ieleness
t 0.87 in, -

[

M
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299 (a) Knowing that the allowable stress is 140 MPa, determine the maximum
allowable magnitude of the centric load P. (b) Determine the percent change in the
maximur allowable magnitude of P if the raised portions are removed at the ends of
the specimen,

PROBLEM 2.99

SOLUTION
D . 75 wm r_ 6mm _
4 S e .50 > 4 50 oo 0.12

From F"f] 2.64 b K= 2.]©

AM.‘.«\ =t O’ = (1580 = 750 - T 750 KIO-‘ "

. -6
@ 6= ‘if.. . P A...kG':.,,‘ - (‘LS‘ox;C)2 ?g?oxlo‘) = Soxldt N
' i 50 kN -

tl

b)Y Withovt prarlsed sechiowm W= .00

P = A S = (750x13° 40 x10°) = 105%1O° = 165 kN

jo§ - §©

2 [e—_— X 7 =

70 O&Mje. ( o ) OO /lo {10 70 ~ll]
2.100 A ceniric axial force is applied to the steel bar shown. Knowing that o is

PROBLEM 2.100 135 MPa, determine the maximum allowable load P.

15 mm

SOLUTION

Ar the hode: V= Fwm  d= 90-18 = 72 wm
5: O.I125 From F‘tﬂ 2.6 a K = 2.65
A= Lol = USI7)= .08 K[ rm 2 |.OB IO v

CSwae * E—E-

And
-3 '
P = A"‘?Ks_hm = (|_03*;°6;('35Ho ) - 55xt0* N = &5 kN
. . - D . 1z
A+ 'Hne 'p-f!&'t @ A0 pam 5 d—- 90 mm) a4 o - 1.333
Pz 1O = ?'f% = o111 From Fig 2.64b K= 2.0z
Auw= £ d = US)90) 2 1.36%10" wm = [.B3Ex/O"° m™
S
-8 [
P = Au.;;(sum i (J.asx:oz-gglssxto) = q0%|ON = 90 kN
Smealler valve For P controlds P = 855 kN —




2,101 The 30-mm square bar 48 hasa length L = 2.2 m; it is made of a mild steel that

PROBLEM 2.101 is assumed to be elastoplastic with E = 200 GPa and Oy =345 MPa. A force P is
applied to the bar until end 4 has moved down by an amount &,. Determine the
“N'ﬁ; maximum value of the force P and the permanent set of the bar after the force has
been removed, knowing that (a) 4,=4.5 mm, (b) 4,= 8 mm.
N SOLUTION

A = (80)(B6) = @ug wm" = 90O #)0 "
Sy = L = BX o QRAUNBIE10N) | 3 500,00 = 5795 o

3 200 ¥ |01 -

4 IF S 2 S¢ P = A6y = (900 215  XB4swi0° ) = 310,50

P Unlotding §'= }E&L- - §E:L- P Syt 4715 mm

Sf * SH-S"

@) Sp= 45 mm> Sy P2 8/0.5%10* N = Rlo.S kN -
Sperm 2 45im = 8.7 i = 0.70€ -
() Suz 8mm > Sy Por Bl ¥’ N = 8310.5 kv —
SP‘ T £.0mwm =~ 3, 798 . ] h208 mm )

2.102 The 30-mm square bar AB has a length L = 2,5 m; it is made of mild steel that
is assumed to be elastoplastic with £ = 200 GPa and &, = 345 MPa, A force P is

applied to the bar and then removed to give it a permanent set é;, Determine the
T T |8 maximum vaiue of the force P and the maximum amount &, by which the bar should
be stretched if the desired value of 4, is (a) 3.5 mm, (b) 6.5 mm.

PROBLEM 2,102

SOLUTION
L A =(30)(86) = F00 mm" ® F00x%107 *
Sy = Leg, = LSy _ (25¥avswiot) _ W B12E% 0 m = 4,312 smm

E oo wid?

When S. exceeds Sy, Hhus Pruclum‘nj a Fewmanemf‘
stretel of Sp, the maximum Force s

Po = AG, = (900 %107 )(B4Sw10°) ¢ B16.5%ITN = R10.§ kN -
Sp= Sm-5"= S.~% = Swm = Sp+ S

() SP: 3.5 mim Sm® Bt 4.2/28mm T 7.81 rm

A

Su® 6.5wmt B3125 mm * 0.8 mwm

A

(b‘ SP * 6.5 L
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PROBLEM 2.103

o % -in. diameter

60 in.

2.103 Rod 4B is made of a mild steel that is assumed to be clastoplastic with £ =29
% 10° ksi and &, = 36 ksi. After the rod has been attached to a rigid lever CD, it is

found that end Cis 3 -in. too high. A vertical force Q is then applied at C until this

point has moved to position C’. Determine the required magnitude of Q and the
deflection &, if the lever is to snap back to a horizontal position after Q is removed.

SOLUTION

Since the 'vod AR s fo be stretehed Pemaneqtﬁ,,
He Peak 'PDV‘LE ivu‘H\e rod s P = PY, weh.awa

Py = A6y = T@)(3¢) = 3.97¢ kips
Qe;eﬂ"l'nj the Free low\y J.‘aam-» o Never €D
SM, = O 33Q@-22P=o0

Q= ZP-LBURIK) - 245 kps -

’Dwinj Un}oaopfna_) Fhe sph'nﬂ heek ot B is

Se= Laglr = ‘LEG‘ B (62?53!3:“"'!&>’ 0.074§ i

From Hie defornmation J.‘a:\mw\
Shpe 6= —g—%: % o B %3; Sa = O. HI7 jn e

2.103 Rod 4B is made of a mild steel that is assumed to be elaStoplastic with E=29
x 10° ksi and &, = 36 ksi. After the rod has been attached to a rigid lever CD, it is

found that end Cis £ -in. too high. A vertical force Q is then applied at C until this .

point has moved to position C°, Determine the required magnitude of Q and the
deflection J, if the lever is to snap baek-to a horizontal position after Q is removed.

2.104 Solve Prob. 2.103, assuming that the yield point of the mild steel used is 50 ksi.

SOLUTION

Since the vod AB is to be stretched Permaneni'ff,
+he Peq.k Forece «» the vod s P = PY, wrhens,

P, = AGp = F(3)(s0) = 5.522 kips,
Re-Pern'na to the Free bo&-{ J.‘aa\ram oF Jever CD
ZM, =0 33Q -22P =0
Q- Bp-@UESR): 354 -

Doning Unfoa.a'inﬂ, the sprng back o B is

Lae Gy _ (60)(50x3) - i
Sg = Lag €y = LE L (29)5?0:' ) - 0.1034 iw.

From the deForwmahon a’l\ﬂﬂmﬂ\

Soope e = % = é%‘- 5. = %32’531‘ O.1552 in =




PROBLEM 2.105 2105 Rods AB and BC are made of a mild steel that is assumed to be elastoplastic
with £ = 200 GPa and &, = 345 MPa. The rods are stretched until end has moved
down 9 mm. Neglecting stress concentrations, determine () the maximum value of

— * the force P, (b) the permanent set measured at points A and B after the force has been
—1 %C removed.
; SOLUTION
- 45-mm diameter . 2 - 1 . T . -3 1
12m Pus = Fl0.088Y = 962.1m10750]  Pgc= T(004S) = 1.590w /5"
; e Poun = A..6y = (962.1»15 W 34s ¥ 10*)
—-——N—‘B = 831.93 % JO*N = 332 kN —ty
-mm diameter N t PL L3 P = L L
08m | pr35mm dismete (e) Spnnﬁbaek = Fﬁ;'*'&'%‘; ‘E‘(ﬁ*i\
5 = 33).98 x1° 0.8 . 1.2 )
—7 200 * |03 q¢2.1 x(o"¢ = 1.5904 x 1073
g = 2.63%x18%m = 263w,
M point A Sp= 80=-5'% Tmm-263wmm = 6.37 mm <8
At poirt B! No ylcj‘”na in BC; heace Sp=0 -
PROBLEM 2.106 2,105 Rods 4B and BC are made of a mild steel that is assumed to be elastoplastic

with E = 200 GPa and &, = 345 MPa, The rods are stretched until end has moved
down 9 mm. Neglecting stress concentrations, determine (@) the maximum value of
the force P, (b) the permanent set measured at points 4 and B after the force has been
removed.

2.106 Solve Prob, 2.105, assuming that the yield point of the mild steel used is 250

MPa,
SOLUTION
A= T (0.085= 9621x16wy A =F{0.045) = 1.5904xi0™
T— Y78 -
: Q) Poag = Avi 6 = (9621 %107 ) (28502 10%)
08m | |- 3%-mm diometer = 240.53x16° N = 24| KN —
. ' Plaa Plee - E La Ly
xLa (b) Spnna}.mdc S R + e < E('Aﬁ +L::)'
i ' = 290,5‘3:/03( 0.3 -2
oo x |01 962, | xjo=* ~ [.§904 Ho’-")
= 1.908 x [0 %m = |.908 mwm.
At point A Sp= $,,-S" = Amm- 1908 = .09 mm -
At Fm'-\'l' 13’ no \/id&:na 1n EC‘; henee 59 O -




PROBLEM 2.107 2.107' Each of t]w three 6-mm-diameter steel cables is made of an elas.toplastic .
material for which o, =345 MPaand E =200 GPa. ‘A force P is applied to the rigid
bar ABC until the bar has moved downward a distance & = 2 mm. Knowing that the
cables were initially taut, determine (e} the maximum value of P, (b) the maximum
stress that occurs in cable 4D, (c) the final displacement of the bar after the load is
removed. (Hint: In part ¢, cable BE is not taut.)

SOLUTION
For each cable A= F(0.006) = 28274107 L*
S+ml.'\ a:" l‘w",'l.ﬁu' 710’0’:\«-}

e, = €, _ _34swi0¢
Y T E T 200%X107

= |,725 %1073

Stvain (n cubles AD and CF2 g = &, = S - 2mn le 25 w0

Lao - GO mm
Stravn in cable BE ¢ Eog = % = -ﬁ%ﬂ-‘":m = .50 xj0~*

Sinee €< €, Sz E&ag e (70001)(1.356°) = 250 %10° Pa

Since Ege > €y, Ege= 6, 7 345x/0° Pa

Forces? Tag = Per = A G = (28,274x107°)(250210%) =2 T.0685 »I1S° N
Pez = ABae = (28.274 %107 }(345%10%) = 9,784 »10% M

For equidibrivw, of bar ABC Pao+Pec+Pr -P = o

@) P= Fap+ Pag+ Pp = (7.0685 + 9.7545 + 7.0635 )x 10> N
= 3.9 r(o® N = 23.9 UN -

(b)Y Qpp = 250x10° Px = 250 MPa .
Aften w.ﬂadzua P= o

Cable BE is not +aut Pes = ©

By symmetry  Tap = Pe

For equidibrivm Pp=Be = ©

(C) I:.'nqﬁ dispf’a.cemenj S s c0n+ro,pfelp Iz 'Hw ‘Fl.ndzp jenaHﬂ
oF C»L.Pes AD awd CF. Since +hese calles Were never
perw\qnenf}?l a’e'Pofmeo', the 'p;uaﬂ J\B‘pfpc\,cemeu"' s

S"Sw:sqzto wuh




2.107 -Each of the three 6-mm-diameter steel cables is made of an elastoplastic
material for which & = 345 MPaand E =200 GPa. A force P is applied to the rigid
bar ABC until the bar has moved downward a distance 5= 2 mm. Knowing that the
cables were initially taut, determine (a) the maximum value of P, (b) the maximum
stress that occurs in cable 4D, (c) the final displacement of the bar after the load is
removed. (Hint: In part ¢, cable BE is not taut.)

PROBLEM 2.108

2.108 Solve Prob. 2.107, assuming that the cables are replaced by rods of the same
cross-sectional area and material. Further assume that the rods are braced so that
they can carry compressive forces.

SOLUTION

For each rod A = F(0.006)" = 28 274 xIG m*

[
Shrain aJL in:"'l‘kp Yie/pa’fna Efr' %:%%{% = I.?ZSXIO-S
Streain in vods AD and CF: &, = Eo = 'L%, s 162;;"“” = .25 xto™®

S 2 mm

-3
Too = Toomm - %500

Strain in red BRE : Eae T

s

Since Epp < &, Ca = E&p = (oo xt0"¥(1.25x10% ) = 250 x{D* Pa

Since gz > Er , Ops = 6, = 345 10 Po.

Forces: P = Pc,,' = AGy = (28.27x10° Y (250%10%) = 7.0685 xI6° N
Pag = AGae ~ (22.274%10°°)(345 xI0¢ ) = 2.7545x (0> N

For eqvfpu'bn'am of bar ABC PM, + PBE + B, - \‘P =0
@) P =PotPactPe = (706851 2.7545 + 7.0688)x/0°N = 23.9 kN —a

) Gpp = 250 x10° Pa = 250 MPa | )

Let 5' = 'o)\anae i A.‘spﬂacemem'f Jun'nj unjoa.olu'nﬂ

' a < + 4
Pro * —"ﬂ g« (200010 N2890") o0 5 cauupt 8 = B,

1coo » [O~3
, q) . 0'6 i i
By - EA g'- (200xlot 1281 YS! - oessx ot S

For aquidibriom P'= Po + Paé + Pc:- = 14.137 xi0° S’

Bt P-P'=0 P'= P = 23.89%10° N
¢ . A3, 8% x jo° _ ' -3
2 TR 1.690 % |D m

Permaneat disp,pac.enenf oF bawn

St © Swm=S'F 26107 - | ¢qoxl6® = 0.3lox16° m
= 0.8]0C wmm -
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2.109 Rod 4B consists of two cylindrical portions AC and BC, each with a cross-
sectional area of 1750 mm®. Portion AC is made of a mild steel with £ = 200 GPa and
& =250 MPa, and portion $¢ is made of a high-strength steel with £ = 200 GPa and
&, = 345 MPa. A load P is applied at C as shown. Assuming both steels to be
elastoplastic, determine (g} the maximum deflection of C if P is gradually increased
from zero to 975 kN and then reduced back to zero, (5) the maximum stress in each
portion of the rod, () the permanent deflection of C,

PROBLEM 2.169

SOLUTION

Dfsrﬁaceme«\f oF C +o cause yie)apn'ma of Ac
= helue | 0.1990a5009 | 4 2376%15> m

Be,r = LacEpae = = 260 "0

Corresponding Fovee Fae. = A Gyue = (1785016 )(250 %154
= Y828 w0 N

e -3
Fie = Ef Se - - (:zoovw"c))(tlv;r;:wo )(0.237Svk> ) - _437_5,,103 N
2R -

Fov equi}.LP:um of edement ot @
P -CRatRITO R Fo- P g15 510" N

P )
Since f«pieop Do A P- 975-’403 N > 87§ x/0 UJ
portion Aa(_f Yie).fs.

Fia = Fae = P = 437,5%10 ~975 %10’ N -= = $37.8 ¥1O* NV

. - Fale, (622.5x10%)(0.190)
(@) S = -EgA (20 %109 }(17150 » 1O"*)

C

©.29/79 %[0 m
= 0,272 mm -
(b} Mawimum Stresses Cpg = G".',)M = 250 MPa g

ST EAE" z = % 2 = B07.M4%I10° Pa = ~307MPs, -8

(c‘ De;"tv*i“ Ena’ -pol"c_e& 'PO/‘ U“‘podu’-'nﬂ
't _ B ’L ’. . ' ! ‘1:& o .
S'= e =-%@_ t Pyr-R.{% - -R
P'= 975x10° = Pl - P = 2P B = 4g7.5 15" N
' = (487.5 x10® ){0.190)
(200 % 10* ) (1150 %107¢ )

= 0.264CH x /P m

Sp= Sm=8' * 0.29179%0™ - 0.2¢4eS = 0.02715%10 ™

= D.ORT rm =l




2.109 Rod AB consists of two cylindrical portions AC and BC, each with a cross-
sectional area of 1750 mm®. Portion 4C is made of a mild steel with E = 200 GPaand
& =250 MPa, and portion Be is made of a high-strength steel with £ = 200 GPa and
&, = 345 MPa. A load P is applied at C as shown. Assuming both steels to be
elastoplastic, determine (a} the maximum deflection of C if P is gradually increased
from zero to 975 kN and then reduced back to zero, (b) the maximum stress in each
portion of the rod, (¢) the permanent deflection of C.

PROBLEM 2,110

2.110 For the composite rod of Prob. 2,109, if P is gradually increased from zero
until the deflection of point C reaches a maximum value of &, = 0.3 wm and then
decreased back to zero, determine, (a) the maximum value of P, (b) the maximum

stress in each portion of the rod, (c) the permanent deflection of C after the load is
removed.

SOLUTION

Disp?acemenf ot C is Sm= 0.30mm. The cavwcs‘aovwl.h'a stvane ang

 Se . 0.30 me _ -3
Epe = Le - Ja0wm T 1.8789 »lo

Fon s = 2m o _ 0.30mm
ce les 190 mm

Strains ot fm'll‘a‘p yi?ﬁo“nj

. Sy . 25Dx10°

= - 1.§789 x10°°

-3 e .
SYJA; = E > 200 » 109 = 1T.AS xIO <)/le.pcpm:‘)
-_ 6 e -3 )
Epep =- =5 oSO -y 12600 (elastic )
) Forces:  F = AG, = (7180107 Yaso=i0*) = yar.exi0™t v
Fa = EAEq = (200%10%)1750 %0 }(=1.6789% 10 )= -552.¢ 10 M

R e-,ui.p.'lv:uua oF element ot ¢ FM‘-" FC-B ~-P=06
P= Fac- Fo = 437.5 %10+ 382.6x10% = 990.1 x 10° N = 190 kN =&

b) Stresses:  AC Ca = Orae = 25D MPa -

- . .6
ce G- Bao Smewt o e

©) Deflection aud Forces Fon Un.?ouJ.‘n-‘

-P.LK“P;GL . v ":_&__
Sl‘f"ﬁ_"?ﬁs L T s P’M—/_“* Pac

P's Pu-P = 2P, =990 x/0° N & PBlL= ua5.05%0° N
5! = (49508 x(0*) (0. 190)

T 0.8 %O m = 0.26874 e
(oo x(0?)( 1750 %|0 ~¢) i "

%r’ = 5-«-—5' = 0.50 mam ~ 0,287 mm = 0.03] mm -y

]
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2.111 Two tempered-steel bars, each 75 -in. thick, are bonded to a % -in. mild-steel

bar. This composite bar is subjected as shown to a centric axial load of magnitude P,
Both steels are elastoplastic with £ =29 x 10° psi and with yield strengths equal to 100
ksi and 50 ksi, respectively, for the tempered and mild steel. The load Pis gradually
increased from zero until the deformation of the bar reaches a maximum value 4, =
0.04 in. and then decreased back to zero. Determine (g) the maximum value of P, (b)

the maximum stress in the tempered-steel bars, (c) the permanent set after the load is
isin removed.

PROBLEM 2.111

14 n. SOLUTION

For +he wdd s+ee) A, T (‘-.li)(l\ t .00 "
s, = L6w (14 Y Soxo?)
b4 e

-

E T 29 «|O°®
Yor the f'empered' steed Az = 2(',3" Y2) = O.75 (a2

Sea = ,Lgra - (“12‘70’?%:!03) = 0.048274

Totad avec, : A = A, -l-Az = |-7$_'iug
Sv < Sm € S The mld steel yi‘e/Js . Tewmpered steel is elashe.

(@) Forces Pz A6, = (.00)(Sox1* ) = &0 %10 ..

. EASm | (2a%i0%)(0.75)(6-0%)
P L 14

= 0.0241328 in.

.
in,

6214 wjo® y/3

P= P+ B = Naxjo®* b = 112.] kips -
(o) Stresses ¢, = -13-— x Gn T Lox)0° pst = &D ks
G, = % = ?;lj 4P - 82.86#10%si = 82.8€ ksi -
[N .

. t_ PL _ (\IQ.\'-InIOz)(l"n
Unﬂa@g‘nj g -

EA - Riroc)(l7s) - ©-083071 un

il

&) Permaneat set 5= S,.-5' = 0.04 - 0.0309¢

= 0,00706 iwn,




2111 Two tempered-steel bars, each -,%-in. thick, are bonded to a + -in. mild-stcel

bar. This composite bar is subjected as shown to a centric axial load of magnilude P,
B{?lh steels are elastoplastic with £ = 29 x 10% psiand with yield strengths equal to 100
ksi and 50 ksi, respectively, for the tempered and miid steel.

PROBLEM 2.112

2.112 For the composite bar of Prob. 2.111, if P is gradually increased from zero to
98 kips and then decreased back to zero, determine (a) the maximum deformation of
the bar, (b) the maximum stress in the tempered-steel bars, (¢) the permanent set after
the load is removed.

1 SOLUTION

Aveas: Mild steel A = @)Y = 100 in*
Tempeved steed A,z 2(% X2} = 0.75 n*
Totad ' A = A *A,_ = L75 Wt

To+a-p ‘Po-r‘ce ’I‘o yn'esz ‘er m(a?op s‘}‘eeﬂ

6n = o o Pz MGy » (L7 ) E0xc®) = 87.50 x1o* 4.

A
P> Py, Heelore midld steel yie,peﬁs.

Le’f* P, = -pof\c.e caNf‘eJ by m,,u s‘f‘eef
P, = Force carred by +empeved steel

P,z A G = (1Lod)(50x%10%) = 50x10° Ib.

Pi+P =P, Bz P-PB= 98xo*~Soxc® = ug»0® 4
S - Bl _ bgxio3) (14)
" =

n e
(@ ER.  (29%0°)(0.75) 003090 in
3
B 6, = % = BEL - iy 4 ks .
N )

. . PL _ (@sxo® ) (14) _ .
Un.pod:hj ) ER T (2axiofy(L7e) 0.027703 |,
@) S = Sn- S T 003070 - 0.02708 * 0.003K7 in. —

|
wf
o

L

o
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2.113 Bar AB hés a cross-sectional area of 1200 mm? and is made of a steel that is
PROBLEM 2.113 assumed to be elastoplastic with £ = 200 GPa and &, = 250 MPa. Knowing that the
force F increases from 0 to 520 kN and then decreases to zero, determine (a) the
permanent deflection of point C, (b) the residual stress in the bar.

SOLUTION
T 440 mm A= (200 mm> = lzoovlo"' o
Fonce +o Yicfap Por‘{‘t‘a\n Ac : P = AG} = (1200 %0 (250 »10°)
Pac P = 300 x{03N
[
< —F o~ Fow e7ubp-“>h’um F + Pc-s -~ P = ©

Fos = Pre - F 2 300x10°- 520 x15°
= - 220 x10® N

$e = - Rela | (20x0*)(0.440 -0,120) = 0.293338 x(5° m
EA (200 %10 T)(1200 x107¢)
. Fa | 2000 _ <
Geg = A7 e oS 183. 332 ¥10" Pa
Unpan'inel
%’ = Pﬂé Lac = - P:éch = (F.- Rm:')l-atb
< EA EA EA
! _I:_A__ L _ FLcB
Pe(EA*ER )" &
P = Fhe o (520x0°)(0:440 -0.R0) _ ;5 1500c%
Lhc ";Lc& 0.‘-!40

Pa' = Pac- F = 378.182<(0° - S20x(0° = <141, 818 %10° N

‘ ! 8.132x ({03
Gnc. b= —1;& = 377\0052:;-4 = 315,182 xloc Pq,
! 3
Cpe = 7:“ = - ’,‘*,2’('35’3[’;‘2 = ~18.182%/0° Pa

v _ (378.182)(06.120) - 39097 %10~ m
S i— (RO© x10)|200 xi0¢) ™ O.! !

-2 -3 -3
a) = - S.'7T 0.293333 0 = 0. 130U %10 = O 142 X0 m
. SCP S . = 0. IO‘-H? Mw
(b)) Guevea= Sy = Gl = 250 xi0* - 315,152 x<IO° = -55,2 x(0° P4
-65.2 MPa -
—E65.2x10° Pg
-~ €£5.2 MPa. ==

Geg.res = Gea ~ O = - 133,333%10°+ 118,182 x10°

TR |




PROBLEM 2.114 2.113 Bar A8 has a cross-sectional area of 1200 mm? and is made of a steel that is

- assumed to be elastoplastic with £ = 200 GPa and &, = 250 MPa. Knowing that the
force F increases from 0 to 520 kN and then decreases to zero, determine (@) the
permanent deflection of point C, (b) the residual stress in the bar.

2.114 Solve Prob. 2.113, assuming that @ = 180 mm.

a = 120 mm
440 mm SOLUTION

D= (200 mm® = (200 2107 =

Force +w )lfe,fu Por‘h'w\ AC : 'PA.:. s AG} = (I'ZOOKIO“)EZS‘OVIOGE
= 300 x0° N

Fcu/‘ G7U:p:bf;UM F+ Pce, ~Fac ™ o

Pac 7
-3
-] —>» F I—; P = P = F = 3oox(0”- &20 »10°
= - 270 ¥(O* N
¢ » _ Pales _(owoWO440-0.180) _ 238333 %/0°° m
©°  EA  (200x10")(1200 x|T°7)

3
6, - Be _ __220x0° _ - 183.2833 % |0° Pa

AT 1200 xjo°

Dn pod;hj
g '= Pac' Lac - - Pd;l.cs = (F" Pac) Les . P Y Lac . Leo ) - Flee
“ EA ER ER ) A \Er ' EA EA
t_ Fle (520 x10* Y0440 - 0.180) 3
P = Lactlen 6.49%0 = 307.273x10° ¥

Pea = Pu~F = 2072.273x(0°- S20 » j0° = -212.727% (" N

s/ - (307.213%10* Y(0.180)
¢ Qoowxo?)(1200 ¥107¢)
' Pr' _ 307.273x/0 *

0.230455 %I °

G = = o e 256.061%10° Pa
t 3
cic Bl 222 g et

(@ S, = S.- S 0.232333 /5% 023045 xS”

0.00788 %02 w
0.00788 mm =

) GCpms = Se- 6. = 250x10°- 25¢.061 %[0 = - .06 %10 Pa
T -6.06 HPq, -

[}

. ¢ é - <
Gé,m = G- 6 T ~13RBE O + 177773 XIO¢ = - £.0¢ %[O Fa
= = £.0f MPa -

]
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2.111 Two tempered-steel bars, each <% -in. thick, are bonded to a ¥ -in. mild-steel
PROBLEM 2.115 bar. This composite bar is subjected as shown to a centric axial load of magnitude P,

Both steels are elastoplastic with £=29 x 10° psi and with yield strengths equal to 100
ksi and 50 ksi, respectively, for the tempered and mild steel.

*2.115 For the composite bar of Prob. 2.111, determine the residual stresses in the

tempered-steel bars if P is gradually increased from zero to 98 kips and then decreased
3 in. back to zero.

14 n. SOLUTION

Areas : Mild gteet A = E)¥2)= oo ,*
Tempew-eof steel Ag_ » CZX%XZ) = 0.7 w*

Totad: A= A +A = .75 int
Totald force 4o ya‘dai the midd steed
&y = -1;1 L Py= A6y = (L1sX 501G ) = 87,50 %0° bb,
P> Pry theehore mild steed yiedols

ket P, = furce carvied by wm dd steed
T2 = Porce carried by tewmpered stee/

Po= A S, = (1.00)E0ow0?) = spwio® Jb.
PemsP,  BrP-R: xS soro’ - ugact A

= B _ 4sxio® cix10® oov
S AT 10" ps:

Unboading 6= —:— = x0T . sp ot
Residval stresses
midd ste) 6], = G- C'= Lox5-Sex0" = -6 (0™ par
= =g ka
Yempered eteed = 6,- 6, = 64x0”- 5¢x(C*

= 3*[03'35; 2 8 UWUsi —a




2.111 Two tempercd-steel bars, each -,% -in. thick, are bended to a % -in. mild-steel

bar, This composite bar is subjected as shown to a centric axial load of magnitude P.
Both steels are efastoplastic with £= 29 x 10° psi and with yield strengths equal to 100
ksi and 50 ksi, respectively, for the tempered and mild steel.

PROBLEM 2.116

*2.116 For the composite bar in Prob. 2.111, determine the residual stresses in the
tempered-steel bars if P is gradually increased from zero until the deformation of the
bar reaches a maximum value &, = 0.0%4 in. and is then decreased back to zero,

4 in. SOLUTION

Fov the mild steel A, 1"(%)(2) = .00 "
G 14)(So>10%) :
2 S * LEV = ( )Z(EHZ‘ = 0.024138

For the +emPered steel Az = 2(;%)(9\ 2 075w

S, = L& _ (#)(joo¥i0%)
L~ 29 % 10¢

Totad avea: A=A+ A, = 175"
Syy € Sw< Spp The mild steed yiedds . Tempered steed is ehstic.

= 0.04827€ in

Forces P, = A6, =(looX&0x10>) = Sox10" Ih
P - Eﬁzs.. - (zqwol‘;)(o.vs)(o.oq) = 2.1y wio® Ab
S‘+resses 6" = “'A—L = Srl < So >‘103 fs{
6, = £ - 6?(5‘7"5"’03 = 82.86x10° psi
. - P o_ Haddt L S .-
Uh.pecw,mj S = A " Tis 4. 08 r{o Foi

Pes (aIUA,f 5"‘#‘:5565

res = 6 -6 5 50x10°-€4.08x10° = - [4.08%(0° psi

~ 14.08 Ks;

I8.78 »10* pss
18.78 kst ~-

|

1]

S‘:ures =0, - G'= %2.3¢ x|0 ~ 64.08xl0®
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PROBLEM 2,117

2,117 A uniform steel rod of cross-sectional area 4 is attached to rigid supports and

is unstressed at a temperature of 8°C. The steel is assumed to be elastoplastic with &,

returned to 8°C.

SOLUTION

Detevrmine -}-emp_ewufgm up\i-a,nje +o cause y:’e‘ﬂa‘{nﬁ

S = -FF +LalaT) = -S4 La@T) = 0
- S o 250 X107 G.838° C
(AT), Eot (Roox107)(11.7x107%) 106c.8
Bot AT = 165 ~8 = J57°¢C
(@) Yn'e}u[nj oeccurs = G=~6y = - 250 MPa

Coo;p;nﬂ (AT)’ = 18§7°C
$'= s, +Sr= -PL L laaT) = o

AE
! [
G’ = {— = - Ex(AT)
= (20007 W 1. 7%10°°YV(1§7) = — 367.38 xj0° Pa
(b} Che = ~6p +6' = - 250%I0° + 3¢7.382x10° = [17. 38 %10° Pa

= 7.4 MPa

=250 MPa and G =200 GPa. Knowing that #= 11.7 x 10%°C, determine the stress
in the bar (a) when the temperature is raised to 165°C, (&) after the temperature has

=l




2.118 A narrow bar of aluminum is bonded to the side of a thick steel plate as
shown. Initially, at T, =20°C, all stresses are zero. Knowing that the temperature
will be slowly raised to T, and then reduced to T}, determine () the highest
temperature T, that does 7ot result in residual stresses, (b) the temperature T, that
will result in a residual stress in the aluminum equal to 100 MPa. Assume a, =23.6
x 1¢-%/°C for the aluminum and &, = 11.7 x 10%°C for the steel. Further assume that
the aluminum is elastoplastic, with E =70 GPa and &, = 160 MPa. (Hint: Neglect
the small stresses in the plate.)

PROBLEM 2.118

SOLUTION

Determime -l-euqfema‘-ure c.l'mhje o cause yie,?aiinel

s = Ee o+ LoudT) = Los(am),
Tz 6 = - E@a-06)ATh = -6
iy _ By _ |00 ¥[0° - _ R
(ATY) = Flon o)~ (10 110 oo Ty000) \20.04°C

@ Tar = T,+AT)y = 20 + t20.0¢ =

A‘H’W \/ u'eju ;nj

® = % + Lol (aT) = Lo (AT)
CODBJng
§' = % + Lol (AT) = Lus(AT)
The res;‘o’ug! s+y-e55 ts
G = S =K ¢ 6~ Eleoe) (am)
Set 6 = -6,
-6y = 6y - E(da- 0 YAT)
o _ _ 26 _ 2100 2{0 %) .
At T E(d-ds) T (70 %107 )3 17 )(]0%) 290.1"¢
(&) T, = T, + AT =~ 20+ 2406.1 = 260.1°C _‘

IF T, > 260.07C, He alominom bar will most Jikedy

_ yie.fol it c.ompw,ssfon,

140.0% ° C -

S
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2.119 The steel rod ABC is attached to rigid supports and is unstressed at a
temperature of 38°F. The steel is assumed elastoplastic, with o, = 36 ksi and £=29
x 10° psi. The temperature of both portions of the rod is then raised to 250 °F.
A=070i2 A=10i? Knowing that # = 6.5 x 10%/°F, determine (a) the stress in portion AC, (b) the
deflection of point C.

PROBLEM 2.119

SOLUTION

Se/m * SB/AJp + sg/AJr = 0 Ccons‘l'\miv\'\‘)

Determne AT 4o cause 7|‘e.pobfn3 ‘v AC.

i P - Plae - Ples Lo L (AT) = o
- [<— EAAc. EAcB ' re (

— ._.P___ LC- Lc.
(AT) = T E.ou( Ao v )
A'-}- Yllel?&i |‘H3 P = AMG-Y

- = _ Ay (L Lcs) _ (0.70X36x10°) T
(AT )Y T L E oL (7&1 * Acs w(:zt](zcywo‘](G...:rwr:)")(5.:11;» + TT)

= 152.7185°F
Actvad AT = 250 - 38 = 212°F > (AT), =~ y,—d.ﬂrnj oeccuvs.,

6;“._ = —61, = =36 ks -

P= 6,A, = (8x10°¥o0.70) = 25.2x10° th

S = - Sc/a = “E"Lfs - Lc_g OZ(AT)

_ (zsaxo*} (W)
T (zaxi0° Y (1.o)

0.012176 = 0.019292 =-0.007116 in

- (14 )(6.5%107¢)(212)

S. = 0.007!2in% -




2.119 The steel rod ABC is attached to rigid supports and is unstressed at a
temperature of 38°F. The steel is assumed elastoplastic, with & =36 ksiand E=29
x 10° psi. The temperature of both portions of the rod is then raised to 250 °F.
Knowing that & = 6.5 x 10°%/°F, determine (&) the stress in portion AC, (b) the
deflection of point C.

PROBLEM 2.120

A= 0.70in?

A=10in?

#2.120 Solve Prob. 2.119, assuming that the temperature of the rod is raised to 250
°F and then returned to 38 °F.

E P c

| |—-7m.-—L— l4in.—B-| |

SOLUTION
o Saa = Same * Sgur ~ O (conatraivi)
i Determine AT 4o cavse yielehng in AC.
- %LEL %LT&"; + L ol(AT) = ©
AT = T;PE'E ( %\i ¥ %ﬁ)'= (2129 xro‘)(c.gx;o“ ) (D_Z;TD * T.l_;-)

= 6.0629%)5° P At Y.‘e.J,l;nj Roe 6y A = (36208 Yo2) = 25.2%10° b

(AT)y =(6.0629 /0> W25.2210% ) = 52,788 °F
Actval AT = 280-33 = 212°F > (4T), -~ )’fe}oil‘nj bceuvs,
61:_ = - 6} = "‘36 )([OS rs.'

S, = ~Sgj. T LB - g ol(AT)= @520 ) _ (143 5 57 )(212)

EAcs (292105} 1.0)
= 0.01217¢ - O0.0I192%2 = - 0.007!16 in
. — 0 r_ AT - 212
Coopmj Al = 212 °F P = G‘0G27¥[O_3 = . 062 103
e - _AT _ 212 _
P’ = Zocmwos " cocmwios = 34-967x10% M.
(o) Resl'lrda) stvess 1w AC
- P’ s . 349¢7x10° s
G;CJ'\“ ‘Sr +'A:; = =~ 3Cxjo 4+ —T = 13,98 %/o psi
) |3. q,s- kSI‘ gl
{
5. = - Spe T-Lke 4 g(Am
EA? ]
_ (34.9¢7 xjo® XIY cxic®
GasioSN (o (141 (e.§ x5 Wz
= - 0.01C881 + 0.019292 = 0.002411 1w

Sch = Sc + Sc‘ = = 0.00MI¢ + 0.0024)) = ~ 0.0047) in

0.0047] \vn - -




2.121 Therigid bar ABC is supported by two links, AD and BE, of uniform 37.5%6-
mm rectangular cross section and made of a mild steel that is assumed to be
elastoplastic with £ = 200 GPa and &, = 250 MPa. The magnitude of the force Q
applied at B is gradually increased from zero to 260 kN. Knowing that o = 0.640 m,
determine (a) the value of the normal stress in each link, (b) the maximum deflection
of point B.

SOLUTION

Statics: IM, =0 0-540(61“1335)" 264 P, =0
Deformation 2 $5,22.646, Sg=ad=o0.¢40 &

EP&.S‘HC Anajrsa‘s“
A = (27.5)(€) = 2285 mm> = 225 IO " m"

- E _ Qoosio?) 22510 . c
PA:: - T_ﬁ SA = 1.7 SA-ZC.‘I7 ¥ JO 5‘

= (26.47%)0% ) 2.64 6) = £9.88x/0° B

5]
. 3 Gho = = - z10.6 %107 6
S e 9 -&
A . EA. _ (200x0M)22510%) ¢ _ c
Poe = T %" -6 %o = #5110 5

"

(45%10¢ Y(0.640 8) = 28.80 x/0° O
6;,5 - Ea. - 128 x107 6

From Stafics Q= Poe + 2 £4

= [23.80 %10%+ (4.125)(69.88 %) | = 317.06%10° ©

t P = P+ 4125 P

O, ot yielding of Fiak AD G = Sy = 250%I0° = Bl0.6%/07 O
8, = 804.8% xio ¢
Qy = (217.06 x10° )(30%.89%10°) = 255.2 %10 N

Sirce Q= 260 xf0° > Q. , Loak AD Yie,sz. Gao = AR50 MPa ==
P AS, = (225%0¢)(2s0x107¢) = 56.25%10° N
From Shibics Pegs @= %125 Pag = 260 /0 -(40251(5¢.25% 10° )

Fee _ 272.97%10% .
P = 27.97xi0°N Gop = = = RLIXO. o oy 2¥io” Pg
8e €A 225%10°° 104 2 Mpa -

S, = Yee an= (27.‘17*(0‘3\(’-9) = ¢21.63 ,qo" v
€° TER T (2oovoT)(2a5x107¢) = 0.622 wm =




o

2.121 The rigid bar 4BC is supported by two finks, AD and BE, of uniform 37.5x6-
mm rectangular cross section and made of a mild steel that is assumed to be
elastoplastic with £ = 200 GPa and & =250 MPa. The magnitude of the force Q
applied at B is gradually increased from zero to 260 kN, Knowing that 2 = 0.640 m,

determine (@) the value of the normal stress in each link, (b) the maximum deflection
of point B.

PROBLEM 2.122

2.122 Soive Prob. 2.121, knowing that a = 1.76 m and that the magnitude of the
force Q applied at B is gradually increased from zero to 135 kN.

O, ot yie,pol{nj F Pink BE
710. 2% %10~ ¢
Qv = (178.62%10° Y(740.23~10°¢) =

Oy =

Since

Q= 13§x16°N > Q,,

Q ’ SOLUTION
Bt Stehies: ZM. 20 176 (@~ Py)~2.4 P, =o
I o TP“ IC‘Y Deformation: §,= 2646, S,= 178 ©
lQ Efastic Analysis
| ) A= (872.8)(6) = 225 wmm" = rmswo“ ">
'5-- Sg = ? =£§ S, = Lﬂoo’qf?)(mswo“) S, = 26.47%(0° S,
=(26.47x10% )(2.648) = C9.88 x/0¢ ©
Gro = PA& = 3lo.6 x10"
P = B, = B00xi0suo®) g ugcts, < (usnio (1.7 8)
= 79.2x10° 6 Cep = %ﬁ = 352%/0" 6
From Statics Q= Py + %‘% P = Pee + 1.500, P

[73.8 xi0* +(11.500 Xe2.88%104) |6 = |78.¢2v/0% o

6-35 = 6-:( = 250 YIOG = 3523’[0" er

126,86 %10° N

vk BE yic)JS 688 ="6'Y = 250 MP, --

Pee = A G, =(225x10°) (250 %j0f) = 56.25 x10° N

Ff‘oh S+‘)h‘cs PAD = E‘,};_o (Q - ng) = :52.5. "’03 N
- P . 5285 x1o® ¢ . P —
G'ﬂb = —iz T W = 2833.3x(0 233 MPa
Frowm e.pa.s*"c avnda s's of AD e T X TG = TSI.QQx(O-'s rad
Ser 1L7¢ 6 = L302 %6 m = 1.322 s -

) N

r

1 3

—

D
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_ 2,121 The rigid bar ABC is supported by two links, AD and BE, of uniform 37.5%6-

‘W PROBLEM 2.123 ‘mm rectangular cross section and made of a mild steel that is assumed to be

D clastoplastic with £ = 200 GPa and & = 250 MPa. The magnitude of the force Q

applicd at B s gradually increased from zero to 260 kN. Knowing that a = 0,640 m,

determine (a) the value of the normal stress in each link, (b) the meximm deflection
of point 8. Finad

*2.123 Solve Prob. 2.121, assuming that the magnitude of the force Qappliedat B is
gradually increased from zero to 260 kN and then decreased back to zero. Knowing

that 2 = 0.640 m, determine (a) the residual stress in each link, (b) the final deflection
of point B the residual stress in each link. Assume that the links are braced so that
they can carry compressive forces without buckling,

SOLUTION

See sofution to PROBLEM 2,121 for the normal stresses in each /?ivel'
and +he deflection of Po;‘n‘i‘ B  aften foad{nj

Spe T 250 #IO° Pa Cee = 124.3 x10° Pa
Se T GRL.E3 WO “m

The eﬁas*‘-n‘c anjysn's 3iven in Fhe Saapu"’iovx'ib PROBLEM 2.12] a_flp}.‘e_s
+o +he Uhpouo!:nj

Q = 317.06x%0° B

3
r._Q _ _Rco ¥/O _ 2
e ) 317.06 x{o* 217.06 %o = Blo. 03 %O

[

e,]; * 30,6 xI0" & = (210.6x07)(820.03%10° ) = 254.70%10° Pa
g = 128 %107 6 = (123x107)(820.02xIG°) = |04.9¢% 10° Pa
S = 0.640 O = 524.82%/0 m

(@) Resid el stvesses

B = Cro = Gpo = 250%10° = 259,70 x10°C = - 4.70 »(0¢ Pa
i = -4, 70 MPs -

Hl

124,83 (0 = 104, 96%(0° = |9.34 %[O
= 19.34 MPa. A

!
GBEJM = 6-85— GEE

B21 53 >0 - S2y4.82 ¥(o0~¢

!
(k) Sg, = 53-8
P . = N A = 0.0967 mwm ——




PROBLEM 2.124

28 kips

12,

2= 2.25 in.
18 in.

- PL
5‘5A

r .

G = A .

Requiwcf area 18 He z?q.rjer«

28 kips

2.124 The aluminum rod ABC (E = 10.1 x 10° psi), which consists of two cylindrical
portions 4B and BC, is to be replaced with a cylindrical steel rod DE (E = 29 x 10¢
psi) of the same overall lerigth. Determine the minimum required diameter d of the
steel rod if its vertical deformation is not to exceed the deformation of the aluminum
rod under the same load and if the allowable stress in the steel rod is not to exceed 24
Ksi.

SOLUTION

De‘Foerf“l‘on o‘? G.)dw\"nuyv\ mé

sy T Ple f(le, L)
A A“E A&r_E Aﬁﬂ
- R8xip*{ 12 g z_ '
o1 %10 (_-%(J_S):- + .E(Z.zs)l) S 0,031276 1w
S+e€p V‘QJ S = O°03’376 '."
PL _ (23 x10%)(30)

A =

0.92317 in"

ES (29 ¥ 10°4){0.021376 )
. P 28 x10° _ Ca
A = E: 29x10b 1L1GET in
valoe A= 1 1¢6€7 >
JC”V"§467) 1.219 n. -

d =

Www.lepnu.ir
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2.125 A 250-mm-long aluminum tube (£ = 70 GPa) of 36-mm outer diameter and 28-
mm inner diameter may be closed at both ends by means of single-threaded screw-on
covers of 1.5-mm pitch, With one cover screwed on tight, a solid brass rod (£ = 105
GPa) of 25-mm diameter is placed inside the tube and the second cover is screwed on.

| ___ L Since the rod is slightly longer than the tube, it is observed that the cover must be
forced against the rod by rotating it one-quarter of a turn before it can be tightly
. f ‘ i el closed. Determine (a) the average normal stress in the tube and in the red, (6) the
25 mm deformations of the tube and of the rod. :
250 mm '-———’l

SOLUTION
A = F(do-4)= F(3c" - 28%) = 402,12 wm™ = HO2.12%/0° 1"

PROBLEM 2.125

36 mm 28 mm

Aptd = ;E' A" = % (ZSY. S HIO.B7 T = 4F0.87 %[O wm

Spube = f&ﬁ: = (7fxt(§;§(§§2).12x10‘6)= 3.8815 %10 P
Spod == EZLAM =(!015=¥(t(09‘.§(s:?:>.87k10") s—4,3508 % j0" 7 P
$* = Fhm ¥ LS mm = 0375 mm = BIEXIOTE
Sihe = S + Sk or Spe -Spu= §
3.3815 < |0 P + 4.8505x107 P = 375 xjo°¢
P 0.375 ¥ (o™ . 2.7.308“103 N

T (3.3815 + 4.2850<) (o)

' 3
@ Giye -P—— = 17,308 O = 67.9 =lo® Pa = 67.9 MPa. -}

"Bo2.12% D¢
- P - 7. 303! ,03 - _ . & -
6:od~ = _V‘—onf - W 6:5:(‘”0 PCL S5.6 MPa, -

B Spe = (8.3315 ¥ 15722368 %/G7) = 242.8%10 m = 0.242F mm =

Spet = -(4.8505 % 1077 W22, 308 %107 ) = =182, 5¥I0 m T-0.I325 mm —=




2.125 A 250-mm-long aluminum tube (£ =70 GPa) of 36-mm outer diameter and 28-

PROBLEM 2.126 mm inner diameter may be closed at both ends by means of single-threaded screw-on

covers of 1.5-mm pitch. With one cover screwed on tight, a solid brass rod (E = 105 -

36 mm 98 mm GPa) of 25-mm diameter is placed inside the tube and the second cover is screwed on.
Since the rod is slightly longer than the tube, it is observed that the cover must be
l 1 povn forced against the rod by rotating it one-quarter of a turn before it can be tightly
closed. Determine () the average normal stress in the tube and in the rod, (b) the
; deformations of the tube and of the rod.
l 25 mm f T | '
| 250 mm - 2.126 In Prob. 2.125, determine the average normal stress in the tube and the rod,

agsuming that the temperature was 15° C when the nuts were snugly fitted and that the
final temperature is 55° C. (For aluminum, ¢ = 23.6 x 10% °C; for brass, o = 20,9 x
610
SOLUTION 10%7°C)

= g (o -di) = §(36*-28") = 40212 i = 402, 2 %J0° m

3

Bt = L (25 = 490,37 mud = 490.87i0"" i

>
H

AT = 85 ~ |&5 = #0 °¢

_PL _ P (0.250)
%+0$¢. = gmf Ld“- (A7) = (70 xi0? Y(402.12 % 107¢)

8,881 10 TP + 236 wjo™¢

. _.PL - P (o0.250) 0.250)(20.415° ) (40)
Svod Evd At *+ Ld""(AT) ) (4oswto")(4‘?o.87vlo“)+( ° -

= _4.8350C %O P 4+ 209v]0°°

+ (0.250)(23.6 10" ) (40)

1t

1

S x Fhum xS T 0,875 mm = B2 IO

S-M»g T Spd * §*

8. 8315 %10 P + 28 ¥ (0" = - 485058 P + 209216° 4 375 » 0"

13.732%10" " P = 348xi0° P = 25.342 wio®* N
3
Cite = ﬁ - %%‘ = B20x0°Fy = 63.0 MP —
G‘Vba’ :n—A%'.: --4—2—-05'83;2———*%‘65—.: = —SI_GYIOG Pq, = —ﬂ.BMPa. —
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2.127 The block shown is made of a magnesium alloy for which £ = 6.5 x 10° psi and
PROBLEM 2.127 v= 0.3?. Knowing that o, = -20 ksi, determine (a) the magnitude of & for whll?ch the
y change in the height of the block will be zero, (b) the corresponding chaynge inthe area

of the face ABCD, (c) the corresponding change in the volume of the block,

SOLUTION

Sy =0 & =0
E,'—‘EL.'(G;—z)G;):o
@) 6y = ¥G. = (0.35 X-20x/0*)

= = T7xI0pai = =T ksi -

€. = g (-6 - w6 - 2(6c+ 6y)

E
5 2
- LO.%SB&;_R&;’? - 7xl0 ) = 1.4538 Y/O-a
. A _ - aowo® - (0.35 )-7%103)
Ex = E(Gx"vs-r) = G.5 %ot
= - 2.7 xjo73
Agp AA = L+ gL, O+8,)= Lel, (1+g, &, + BE,)
B(A- Ao = L)‘LZ
AA‘: Lxl—i<€x+sz +E>(EZ.)
= (1o Y10 (14538 %15 = 27518 + swmadd Feme )
= 4 98 %[0 in® =z - O.O00H4T8 int -

Sf‘sce L?; 'S Coo\a"‘du«'f'

AV = Ly (AA V= (1,375 )(- 4981073 = -6.85 %07 i)
= —0.00685 in® -




2.128 The uniform rods AB and BC are made of steel and are loaded as shown.

PROBLEM 2,128 Knowing that £ = 29 x 10° psi, determine the magnitude and direction of the

deflection of point B when £=22°,

SOLUTION

Boe = Peosb = (250 Veos 227 = 23.18510° M,

a - feelee _ (R31BxiOPYH5) _ |
) E bpe  (R3¢103)(0.8) 0. OY496 in

_o.oMik o Pag= Psia 0 =(25x10° )8 227 93652 b
o.oomsw/ Cralua  (9.365¢0%)(25)
=1 = Lic] = . X9 = |
B’ Sas E A (2ax10°)01. 0-00613 in.
0.00673 o
tan @ = Fouqqe = 049¢ @ 8517 ¥ -
S -.,/ 0. OH49¢ * + 0.00673% = 0.0455 in. -

5

218.20%(0

PROBLEM 2.129

2,129 Knowing that E = 29 x 10° psi, determine (a) the value of & for which the
deflection of point B is down and to the left along a line forming an angle of 36° with
the horizontal, (b) the corresponding magnitude of the deflection of 8.

SOLUTION

ggc = 8 Cos 360

69 S
e

¥

o = Ehe Sec . (29x10°)(0.8) S cos 36°
B Lee Hs

= 417.09x10% S

o o EAwSe_ (29 x10¢)(}.2) § 5in 36°
he Lac 25

= R%8.20x%0° S

+an O = 3:?}-@‘;:‘{532 = 1.9¢17 0= 63.0° -

P= 25%10° -.-J(qn,oﬁw:o"‘ $) +(21%.20%0 S \" = 918.33%/0 S

S = 25 %1 0*
Gq13.%8 x}6°

0.0272 in- ~d
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2.130 The uniform wire ABC, of unstretched length 21, is attached to the supports
shown and a vertical load P is applied at the midpoint 8. Denoting by A the cross-
sectional area of the wire and by E the modulus of elasticity, show that, for §<< i, the

PROBLEM 2.130

| ! ! i deflection at the midpoint B is
i
SOLUTION
HP
P o Use a-ppwxim:-?l‘io»\
ha (]
S B %2 taw & & 15-
r S+¢*'l‘és 2_‘:7 = 0 QPAB smB - P =0
= P Pe
PAB PE Y- = ?s_
noration = DPuf . _PI*
EJPO 3&'}' SAB AE 2A ES
Deffection
y, From the w'ﬂlnf ﬁl‘anazle.
o BeSe) = 4t st
¥ 2
¥ SA& S = _f£%+ 24 Sas + '-Saﬂl "/p)

= 285 (14 £38) % 20 S,

x Pf¥
ABS

PL jf
AE T % L \RAE -

)
w
R




PROBLEM 2.131

2.131 The steel bars BE and 4D each have a 6x18-mm cross section. Knowing that
E =200 GPa, determine the deflections of points 4, B, and C of the rigid bar ABC.

SOLUTION
Vse Nau‘ol bar ABC 45 o Free boa’n
DI Mgz0 (15)Py ~@B00)(2.2) = o

PAD: '2-8 k”

i—’sz:'o —-P!,5-+3.24PAD = o
Pm; = |6 kN
D E¥ oV G/+|’0Ms

Az (GXI12)> 103 mm = |08%j0™° m™
-5, =S = pADLAD - (l?.%xtosytiooxlo“"_)

A T EA (260 x(61)( 168 1<)
R37.04%[0%m = 0.237 mm« —
Fle Les = (]G xto"’)(qooxlo")

EA (200 © Y108 x ]o"j
296.30 %0 m % 0.296 mm—> =

1

“ Sp= Seg *

o = Sa +Sa _(R37.04. + 296.30 )(107)
Lre 75 % {o=3

7,112 xjo~®

l

SC: SB"’ Lece

296.30 x 10"+ (oo X 1672 W7. 1 2% (0™*)

2.4297 %10 pn = 2.4 mw —m -

7]
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2.131 The steel bars BE and AD each have a 6x 18-mm cross section. Knowing that
E =200 GPa, determine the deflections of points 4, B, and C of the rigid bar ABC.

PROBLEM 2,132

2.132 In Prob. 2.131, the 3.2-kN force caused point C to deflect to the right, Using z
=11.7 x 10%°C, determine the (@) the overall change in temperature that causes point

C to return to its original position, (b) the corresponding total deflection of points A
and B,

SOLUTION

Dse nigid ABC as a Free \aody

‘9 2Mg=0 5 B~ (Bo0)3.2) = ©
Pao = /2.8 kN
2 TF=2 -Pu+32+ Py =o

S00 "De‘?of‘wm?“(ons :

< S5 S T Tolw ) (AT
Poe AT T EA *

(12.8%j0*Y(40oX(T™) | (400 wic>)(11.7 x15° WAT)
v, (200 <107 Y03 %1074 e
“‘ Pro 237.04%|0"% 4+ 4.68% 10 " (AT)

¥
I

~ St 8 T % -;"__'r+ Lysol(AT)

-2
B ((';’oi“:? o)‘ic)gf ooaxrl)o')‘- ) +(#oox16° X 1.7 %16 XAT)

ol le © = 296.30 % (0% + l-l*.(:.iichf"(xf&T)

Se =0 Sg =0.3008 =95,= 0.37§ &

L . 7
> -5, = S25 5, - .25 S,

~(237.04 %10+ 4.68%10° AN (1.25)[29¢ .30 w(S° + 4.8 xS ]

—10.83%0° (AT = QOLHIS XS E ... AT=-57.68% ¢
= -572.7°C —

Sa T R37.04x10 ¢ = (.68 S WETLRY.) = —32.92 %10 m
Sa = 0.032F wmm —> -

at - . " TA ‘
= Box(0 = (4.68x|0WI684 ) = 4 25.34%10°° m
s 296.%0 x| 2 e e -




2.133 A hole is to be drilled in the plate at 4, The diameters of the bits available to
PROBLEM 2.133 dril} the hole range from 9 to 27 mm in8-mm increments. {a) Determine the diameter
d of the largest bit that can be used if the allowable load at the hole is not to exceed
that at the fillets. (&) If the allowable stress in the plate is 145 MPa, what is the

corresponding allowable load P?
SOLUTION

112.5 mm

A He Fidlets V= GQmem Az 75 mm

)

_ D _ L2585
Pz 112. 5 vam a - e T |.5
£z ok 002  Fem Fig 2646 K= 200

Poin = ('75 )(\2\ = qo0 mm = 900 - = GO0 X[O-G V"\L

- w B . AinCon (00 x]O™ ) (145 »10%)
G'max - K Ap..‘.-. = 6-.;?@ - P,J_p K T RS

cLixto® N = 2.1 kN

M +he hode : At = (D=~ 2r) tJ '5_ = Dr:w

where D= 1125 wm v = vadus of civete T=12mn

K is '}'ﬂakev\ fP'POM Fu’j 2.64 a
et O
6'.;,.,6=K£:1_=6'.a ' P.u'—A_",.:"‘M“

Hole -’Cqm " d '=-D-2V“ v /el K Ahd (=

Q mm | 5 won| 103.5mm | 004350 2.87| 1202%16° w" | 62.7+(10° N
15 mm | 7.5 wm| G7Emem | 0.077 | 225 | N70md m | LT (S N

2 | 10.Svem| 4V S o |0. 115 | 2,67 [1098%10°0" | 59.6 x5 N

2T | 13.5mm| 85,5 mm [0.158 | 2.57 | 102610 w " | S2.9x10°N

.La.rﬁES“' hode with P> 62 kN is Fhe Fmm diameter hole -t

Alowable Forw Py = 62 kV -

®
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2.134 () For P =58 kN and d = 12 mm, determine the maximum stress in the plate

PROBLEM 2,134 shown, (b) Solve part a, assuming that the hole at 4 is not drilled.

SOLUTION 112.5 mm
Maximum stress ot hade

Use F“ﬂ' 2.69 . Yor vadues oF K

v 6 _ _

5 =T aeoz = 0-0897, K= 2.80

At = (12X1N2.5-12) 7 1206 we = 1206 %[O - wn®
L]

6., = KL = (ZBoXLxN gy 7,00 R

At 1206 »{o™¢
Masimow stress of Fillets

USQ F;s- 2464 b

a -
ﬁ: 75 T 0.2, -P-:—-!-Q’-—é = 1.50) K= 2 16
A

d 75
mie T U2)7S) 2 900 mm = Feo %107 m”

- N
Sy = KL < (210XSEXOY _ac 3000,

Amin Fo0 ¥ {O"¢
(e) With hole acad Fillets B = 134,77 MPa )
(b} Withoot hole Gouy = 135.3 MPa -t




2.135 The steel tensile specimen 4BCD (E = 29 x 10° psi and g, = 50 ksi) is loaded
in tension until the maximum tensile strain is € = 0.0025. (a) Neglecting the effect
of the fillets on the change in length of the specimen, determine the resulting overall
length AD of the specimen after the load is removed. (b} Following the removal of
the load in part (5), a compressive load is applied until the maximum compressive
strain is € = 0.0020. Determine the resulting overall length AD after the load is

PROBLEM 2.135

removed.
SOLUTION
Sy Soxi10°
a) £, = —/ = —— —— = O_0017
( r E 29 %) 0% © 2
Evay = 0.0025 > &, Yie.Pa‘\‘mj OCLUVS IWn Forffo\n BC

Gg¢ = GY = 50"!0‘3 ’J‘b:

Permanent stvain in BC

Ege = Eruw — & = 0.0025 - 0.001724 = 0.000776
Sac Lec E¢ = H)06.00077¢) =  0.00310 in. -
(o) G
6 | A_® In reversed ﬁouJ;nQJ ot Pm‘v\"' E

on stress- strain P}b'f

£ = - 0.00%0

1 o 1
- 3 (3 3 . )
0.0020 / 0.0025 o0s juven. Duw.nf) remouaﬂ o’F 'Hie
veversed Jdoad, the olnm:)e {vm stvain
s rs 6, /E = 0.00172%.
=1 =0y
E ? The permav-\cw\* straia 1w BC s

£ge = - 0.0020 + 0.001724= 0. 000274
Sae = L& = U)-0.000276) = - 0.001104 in, ==

No‘l’e. +‘m’l’ Por‘}ions AB awd CD ave a.,ouua.x/s epa.s“‘r'cJ +hos +thelw
deFormation s a’uﬁ‘vq ﬂoxa’iwj awndd u»-foad.‘ng do net contwhbute 4o

any  pefman ent de-rowmn\r‘{’fon.
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PROBLEM 2.C1 2.C1 A rod consisting of n elements, each of which is homogeneous and
of uniform cross section, is subjected to the loading shown. The length of ¢l-
ement i is-denoted by L,, its cross-sectional area by A;, its modulus of elastic-
ity by E,. and the load applied 1o its right end by P;, the magnitude P; of this
Joad being assumed o be positive if P; is directed to the right and negative oth-
erwise. (@) Write a computer program that can be used to determine the aver-
age normal stress in each element, the deformation of each element, and the
total deformation of the rod. (b) Use this program to solve Probs. 2.17 and

Element n Element 1

2.18.
SOLUTION
FOR EACH ELEMENT, ENTER

Ly ) AE) E;
COMPUTTE DEFORMATION

UPPATE AXIAL LORY P=P+P;

COMPUTE FoOR EACH ELEMENT
a; = P/A
5:' = PL,‘/A(E{

TOTAL DEFORMATION:
UPDATE THROUGH pn ELEMENTS

§=8+ 48

PROGRAM QUTPUT

Problem 2.17
Element Stress (MPa) Deformation (mm)}

1 19.0986 .1081
2 -12.7324 -.0909
Total Deformation = .0182 mm

Problem 2.18
Element Stress {(MPa) Deformation ({(mm)

1 98.2438 2.3391

2 98.2438 1.4737

3 147.3657 1.4737
Total Deformation = 5.2865 mm

]
i

T
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PROBLEM 2.C2 2.C2 Rod AB is horizontal with both ends fixed; it consists of n ele- E
ments. each of which is homogeneous and of uniform cross section, and is sub- p
Flementn  Element 1 jected to the loading shown. The length of element 7 is denoted by L., its cross- kf)
sectional area by A,. its modulus of elasticity by E. and the load applied to its )
right end by P,. the magnitude P; of this load being assumed to be positive if !
P; is directed to the right and negative otherwise. (Note that P, = 0.) {a) Write — !
a computer program that can be used to determine the reactions at A and B, ‘
the average normal stress in each element. and the deformation of each ele- ‘
ment. (&) Use this program to solve Prob, 2.41. 1

SOLUTION -
WE CONSIDER THE REACTION AT B REDUNDANT )
AND RELEASE THE ROD AT B -
COMPUTE §p WITH Rg =0 8l

FoR EACH ELEMENT, ENTER hl

L
Li ) Ay & |
UPDATE AXIAL LOAD [ |
p=PpP+P |
COMPUTE FOR EACH ELEMENT L

7 = P/A;
§; = PLi/ACE ol
UPDATE TOTAL DEFORMATION L |
d’B = 6—8 *+ é-i F
COMPUTE Jp DUE TO UNIT LOAD AT B |

UNMIT J; = L[/A.{Ef :
UPDATE TOTAL UNIT DEFORMATION er
UNIT fg = UNIT Jg + UNIT §¢ - )

SUPERPOSITION ']I
FOR TOTAL DISPLACEMENT AT B = ZEP |
613‘1# RB unNiT JB = 0 L
SOLVING: R
RB-;—J‘B/UN:T{B [

THEN: i
Rh:£P¢'+RB 1

CONTINUED i
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PROBLEM 2.C2 CONTINUED
FOR EACH ELEMENT

T = Tt Rg unmiT @
§= & + Rpumit 4

PROGRAM OQUTPUT

Problem 2.41

RA = =-=11.90% kips
RE = -20.091 kips
Element Stress (ksi) Deformation {in.)
1 12.002 -.00923
2 -6.128 -,00589
3 -9.687 -.00334

Www.lepnu.ir

N%p 2,
>




PROBLEM 2.C3

Element #

Element !

Fig. P2.C3

2.C3 Rod AB consists of n elements.
of uniform cross section. End A is fixed.
tween end & and the fixed vertical surface
i is denoted by L, its cross-sectional area
E,, and its coefficient of thermal expansion

each of which is homogeneous and
while initially there is a gap 8 be-
on the right. The length of element

exert equal and opposite forces on the rod. (a) Write a computer program that
can be used o determine the magnitude of the reactions at A4 and B, the nor-

mal stress in each element. and the deformation of each element. (b) Use this
Program to solve Probs. 2.53. 2.54. 2.57. and 2,59,

SOLUTION

WE COMPUTE THE DISPLACEMENTS AT B
ASSUMING  THERE t5 NO SUPPORT AT B:
FNTER Liy A, E;, o
ENTER TEMPERATURE CHANGE T
COMPUTE ForR EAcCH ELEMENT
b = w LT
UPDATE TOTAL PEFORNMATION

JB=JB+JI

COMPUTE g DUE TO UNIT LoAD AT B

UNIT §; = Li/A:E;
UPPATE TOTAL UNIT DEFORMAT 0N

UNIT [5, = UNIT {B + UNIT A"(
COMPUTE REACTIONS
FROM SUPEFPENSITION
Rg = (JB ~dy )/UN’T crB
THEN
R/\ =- Rz

FOR EACH ELEMENT

5§ = oL T+ RELL/A“[EE

CONTINUED

by A, its moduius of elasticity by




PROBLEM 2.C3 CONTINUED

PROGEAM OUTPUT

Problem 2.53

R = 25.837 kips
Element Stress {(ksi)
1 =-21.054
2 -6.498
Problem 2.54
R = 125.628 kN
Element Stress (MPa)
1 -44.,432
2 -99.,972
Problem 2.57
R = 217.465 kN
Element Stress (MPa)
1 -144.977
2 -120.814
Problem 2.59
R = 61.857 kips
Element Stress (ksi)
1 -22.092
2 =51.547

Deform. (10*-3 in.)

-3.642
3.642

Deform. {(microm)

500.104
-500.104

Deform. (microm)

242.504
257.496

beform. {10*=3 in.)

14.410
5.590




PROBLEM 2.C4

PMJ\
[
[
| [
o
!
. ! _g
4 g
Fod
/i
/o
LcLoPE
. i
/ ! > &,
) i
dm

2.C4 Bur AB has a length L and is made of two different materials of
given cross-sectional ares, modulus of elasticity, and yield strength. The bar is
subjected as shown to a Joad P which is gradually increased from zero until
the deformation of the bar has reached a maximum value 8, and then decreased
back to zero. (¢) Write a computer program that, for each of 25 values of §,,
equally spaced over a range extending from 0 to a value equal to 120% of the
deformation causing both materials to vield, can be used to determine the max-
imum value P, of the load, the maximum normal stress in each material, the
Permanent deformation 8,, of the bar, and the residual stress in each material.
(b) Use this program to solve Probs. 2.109, 2.111, and 2.112.

SOLUTION
NOTE i THE FOLLOWING ASSUMES (7)) < (7,),
DISPLACEMENT INCREMENT

d, = 0.05 (ry), l_/E2

m
DISPLACEMENTS AT YIELODING

6 = @), LJE &, =[5, L/E,
FOR EACH DISPLACEMENT
IF &, < G,
= & E/L
§in Eof -
= (é-m/L)(A,E,-FAzEz)'
A < §m< 851
T, = (Ty),
G-z = é_m EZ/L
Pn=Ma, + (In/L) A E,
[ F ffm = Ofg:
072(0}), O_2=(¢Y)z
Fn= AT + A, T,
PERMANENT DEFORMATIONS RESIDUAL STRESSES
SLOPE OF FifsT (ELASTIC) SEGMENT
SLOPE = (A E, + A, )[L
Sp= Em ~ (P /5L0PE )

(@ )pes = G ~ (E/Pm /(L store))
P
(T, )y, = T - (BaPm (L 500%E))

"

on 3V 29
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CONTINUED
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SIGM(1)
MPa

.000
17.250
34.500
51.750
69.000
86.250

103.50Q0
120.750
138.000
155.250
172.500
189,750
207.000
224,250
241,500
250.000
250,000
250.000
250,000
250.000
250.000
250.000
250.000
250.000
250.000

SIGM(1)
ksi

.000
5.000
10.000
15.c00
20.000
25.000
30.000
35.000
40.000
45.000
50.000
50.000
50.000
50.000
50.000
50.000
50.000
50.000
$0.000
50.000
50.000
50.000
50.000
50.000

PROBLEM 2.C4 CONTINUED
PROGRAM _ GUTPUT
Problem 2.108
DM PM
MUm kN
. 000 .000
16.387 60,375
32.715 120.750
49,162 181.125
65.550 241.500
81.938 301.875
98.325 362.250
114.713 422.625
131.100 483,000
147.487 543,375
163.875 603.750
180.2862 664.125
196.650 724.500
213.037 784.875
229,425 845.250
245.812 890,312
262,200 920.500
278.587 950.687
294,975 980.875
311.362 1011.062
327.750 1041.250
344.137 1041.250
360.525 1041,250
376,912 1041.250
393,300 1041.250
Problems .111 and 2.112
DM PM
10**=-3 in. kips
.000 .000
2.414 8.750
4.828 17.500
7.241 26.250
9.655 35.000
12,069 43.750
14.483 52.500
16.897 61.250
19,310 70.000
21.724 78.750
24,138 87.500
26.552 91.250
28.966 95.000
31.379 98.750
33.793 102.500
36.207 106.250
38.621 110,900
41.034 113.750
43.448 117.500
45.862 121.250
48.276 125.000
50.690 125.000
53.103 125.000
55,517 125.000
57.931 125,000

50.000

SIGM {2}

MPa

.000
17.250
34.500
51.750
69.000
86.250

103.500
120,750
138.000
155.250
172,500
189.750
207.000
224.250
241.500
258.750
276.000
293.250
310.500
327,750
345.000
345.000
345.000
345,000
345,000

SIGM(2)

ksi

.000
5.000
10.000
15.000
20.000
25.000
30.000
35.000
40.000
45.000
50.000
55.000
60.000
65.000
70.000
75.000
80.000
85.000
90.000
95.000
100.000
100.000
100.000
100.000
100.000

110

10**-3 in.

. 675

DP

. 000
. 000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.37¢9
.75%
.138
.517
.897
.276
. 655
.034
.414
.793
.207
. 621
.034
.448

SIGR (1)}
MPa

.000
.000
.000
.000
.000
.000
.000
.000
000
.000
.000
.000
.000
.000
.000
-4.375
=-13.000
-21.625
-30.250
-38.875
=-47.500
-47.500
-47.500
~-47.500
-47.500

SIGR (1)
ksi

.000
.000
.000Q
.000
.000
.000
.000
.000
.000
.000
-000
-2.143
-4.286
~6.429
-8.571
-10.714
-12.857
-15.000
-17.143
~19.286
-21.429
-21.429
-21.429
-21.429
-21.429

5

SIG(2)
MPa

.000
000
.000
.000
.000
.000
.000
000
.000
.000
.000
.00
.000
.000
.000
.375
.000
.625
.250
.875
.500
.500
.500
.500
. 500

IG(2)
ksi

.000
.000
-000
.000
.0Q0
. 000
.000
.000
.000
.000
.000
.857
714
.571
.429
.286
-143
.000
.857
.714
.571
.571
.571
.571L
571




PROBLEM 2.C5

2.C5 The stress concentration factor for a flat bar with a centric hole
under axial loading can be expressed as:

2r 2y ry
=300-313= )+ .66(‘“) - ._3(-—)
K 0 13(D) 3 D 1.5 D

where ris the radius of the hole and D is the width of the bar, (¢) Write a com-
puter program that can be used to determine the allowable load P for given
values of © D, the thickness ¢ of the bar. and the allowable stress a of the
material. (5) Use this program to solve Prob. 2.94,

SOLUTION

ENTE R

r, DJi‘J T,
COMPUTE K

Rb = 2.0 r/D

K= 3.00~-3%13RD+3.66 RO —1.53 R]"
COMPUTE AVERAGE STRESS

U’we = U"o”/K

ALLOWABLE LOAD
Pa\l = Q-‘o\ve (D-—Z;OI“){'

PROGRAM QUTPUT

Problem 2.94

Hole at A:

K= 2.573 P 7.773 Kips

Hole at B:

K = 2.159 P

5.559 Kips
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PROBLEM 2.C6

2.C6 A solid wuncated cone is subjected to an axial force P as
shown. Write a computer program that can be used to obtain an approxima-
tion of the elongation of the cone by replacing it by n circular cylinders of
equal thickness and of radius equal to the mean radius of the portion of cone
they replace. Knowing that the exact value of the elongation of the cone is
(PLY/(2 7¢*E) and using for P, L, ¢, and E values of your choice, determine
the percentage error involved when the program is used with (a)
n==6,(b)n=12.(c)n = 60.

SOLUTION

i\

FOR (=170 n:
L;= (i+05)(L/n)
!’(-‘-2c—c(‘-{/‘[—)

AREA: X
A= mr

DISPLACEMENT :

£ @+ PlL/n)](AE)

EXACT DISPLACEMENT:
2
— . E

gEMCT - PL/(E ome )
PERCENTAGE ERROR:

PERCENT = 100( & — JEWT)/JEMCT

PROGRAM QUTPUT

n Approximate Exact Percent
6 0.15852 0.15915 -.40083
12 0.158%99 0.15915 -.10100
60 0.15915 0.15915 -.00405
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