Chapter 4



Problem 4.1

4.1 and 4.2 Knowing that the couple shown acts in a vertical plane, determine the
stress at {@) point 4, (5) point B,
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Problem 4.2

4.1 and 4.2 Knowing that the couple shown acts in a vertical plane, determine the
stress at (@) point A, () point B.
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Problem 4.3 43 A beam of the cross section shown is extruded from an-aluminum alloy for
which gy = 250 MPa and gy = 459 MPa. Using a factor of safety of 3.00, determine
the largest couple that can be applied to the beam when it is bent about the 7 axis.
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Problem 4.4 4.4 Solve Prob, 4.3, assuming that the beam is bent abont the y axis.

Yy 4.3 A beam of the cross section shown is extruded from an aluminum alloy for
* M i which gy = 250 MPa and o= 450 MPa. Using a factor of safety of 3.00, determine
the largest couple that can be applied to the beam when it is bent about the z axis.
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Problem 4.5

4.5 The steel beam shown is made of a grade of steel for which oy =250 MPa and oy

=400 MPa. Using a factor of safety of 2.50, determine the largest couple that can be
applied to the beam when it is bent about the x axis,
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Problem 4.6 4.6 Solve Prob. 4.5, assuming that the steel beam is bent about the y axis by a couple
of moment M,

4.5 The steel beam shown is made of a grade of steel for which oy =250 MPa and oy,
yg™My 16mm =400 MPa. Using a factor of safety of 2.50, determine the fargest couple that can be
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Problem 4.7

4.7 through 4.9 Two vertical forces are applied to a beam of the cross
section shown. Determine the maximum {ensile and compressive stresses in
75 mn portion BC of the beam.
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Problem 4.8 : 4.7 through 4.9  Two vertical forces are applied to a beam of the cross
section shown. Determine the maximom tensile and compressive stresses in
;‘..299.?.'.1.1.‘!,1 portion BC of the beam,
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Problem 4.9
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4.7 through 4.9 Two vertical forces are applied to a beam of the cross section
shown. Determine the maximum tensile and compressive stresses in portion BC of

the beam,
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Problem 4.10 4.10 Two equal and opposite couples of magnitude A4 =25 kN - m are applied to the
channel-shaped beam AB. Observing that the couples cause the beam to bend in a
horizontal plane, determine the stress at (o) point €, {5} point 12, {¢) point £,
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Problem 4.11
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4.11 Knowing that a beam of the cross section shown is bent about a
horizonial axis and that the bending moment is 900 N <m, delermine the total
force acting on the shaded portion of the beam.
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Problem 4.12
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4.12  Solve Proh. 4.11, assuming that the beam is benl about a vertical
axis and that the bending moment is 900 N - m.

4.11 Knowing that a beam of the cross section shown is bent about a
harizoptal axis and that the bending moment is 900 N - m, delermine the tolal
force acting on the shaded pordion of the heam.
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Problem 4.13

4,13 Knowing that a beam of the cross section shown 1s bent about a horizontal axis

and that the bending moment is 6 kN - m, determine the total force acting on the top
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Probi : 4.14 Knowing that a beam of the cross section shown is bent about a horizontal axis
blem 4.14 and that the bending moment is 6 kN - m, determine the total force acting on the
shaded portion of the web,
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Probl 1 4,15 Knowing that for the casting shown the allowable stress is 42 MPa
roblem 4.15 in tension and 105 MPa in compression, determing the largest couple M that
can be applied,
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4.16 The beam shown is made of a nylon for which the allowable stress is 24 MPain
tension and 30 MPa in compression. Determine the largest couple M that ¢mm be

Problem 4.16
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applied o the beam.
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(24x10° (61,378 % 10 )
0. 0125

T [IE.8 N-m

M =

Top  +ewsion side .
i

BQ‘H'OM-: C:()*"PHZSS.EROM° M T 0.0555

thoose smalber valse .

(Box1o¢) 6182815
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Problem 4 17 _ .
4.17 Solve Prob. 4.16, assuming that 4 = 40 mm,

4.16 The beam shown is made of @ nyton for which the allowable stress is 24 MPain

e A} 3777 e
-! | tension and 30 MPa in compression. Determine the largest couple M that can be

15 applied to the beam,
. of = 40 mm A}mm’" ,)_/aJ - A?o_) mend |
‘ 0 D | oo 2.5 | 9.8 %10?
P—— ; ®| so0 | .5 | Baswo’
® bERIR 25.75% [0* |
- _ 25715207

Yo® “Hipo = 23.41 mm
The neutres avis Dies 2341 mm avose The boTTom,
Yiop * 0w 23,41 = 1.5 wwm = H.0IG5F w
Yrot = = 234 mm = =~ 0.0234] m

Ll
1

Lbh®+Adt = H01057 (600 ) 9. 00 = 60.827 x 16% wom”

R
i

Lh b At 20228V 1 500)Clo 90

q

RS 556 » ij thq

T=1+1I,= 14.383%]0° wm? = 196.283%/0 " "

o
M - |led
isl = J-ij) M = , y )
. 6. 382 )
& " “"‘*:
Botfom * compression, M = <3oxéi)o;‘§$i'383 © '~ 1876 N-m

Choose .SMqﬂ,ﬂeV‘ choue. M= 187.6 Nom <t
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Problem 4.18

4.18 and 419 Knowing that for the extruded beamn shown the allowable stress is 120

MPa in tension and 150 MPa in compression, determine the largest couple M that
can he applied,

AJ mmm :)’:,' v A;l,,_’ V“M3 C{, laalial
@ M %o 21 53320 3
O @} lese | 36 28880 3
> | 3240 47200
7 - a7io0 _ 20 mm
A 2l4o =

The reotvel axis Bies 30 mm above the Lo'i"{'uw,

Yig = SH-30 7 24 i T 00T

Yit = =30 mm = - 0,030 m

I, = Fhhi+Ad® + 5 Go)s4) + (hoXsa)(3)*

i

SHY_ 32210 e
T, sebh, + A s g (40)(54) 4 Lan)(s9)(e)"

V3, 84505 mam
T2 I,+1, = 758.1%/0 man'
o1 - M) i~ (S )

¢ o™
+0PZ +etn'5{o»\ Side M = (‘!ZD yj% 3327*58-36 i - 2.7908 ?)Og N-wm

= 758,16 x/D '

. 1502108 (758,16 #15°
béH‘OM' CDMPPﬁSSr'Ow M = ( to ;(35—8-—-—-‘3 !D -)

3.7908 %15 N-m

Choose the swadlor as My, M= 3.7908 #{O° Newa

Mo 72,79 kllepe o
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Problem 4.19

4.18 and 4.19 Knowing that for the extruded beam shown the allowable stress is 120

MPa in tension and 150 MPa in compression, defermine the largest couple M that
can be applied.

) v-eo’mv\ﬁb. @ eiveolar cotouvt
o0 mm 195 mm A, = (150)(250) = 37.5%/0% mm’
! Ap=-T(50)" = 785398 x(0% wm
A= A~ A, = 29.¢4602 wio® .
150 mm :
5;‘ T O rmm | 150 mws I
5 e <50 m Wy
]’\,-1( /C' s —..,J:—X’
— =Ag 250 wm I
Y = 3—-—};;— l / . SOr)f\m
Y = (82.5x10%)(0) + (-7.85393 1> (-50) /.

29.C4602 wjo®
= (3.2463 mm
Lo = Z(I+Ad™y = I, - L,
= [ (1562(250Y° 4 (32.6% 103 3. 2462)" ]

B [ L (so)t+ 25398 %10 Y50+ 13,2463 )" ]

2 201.8G2%[0° -~ 36.3254x10" = 165.567%10 wm = 165,567 )5 w

Top t (Tension side) C=

125 = 13,2483 = Ji! 758237 wam = D11 75 i
= s M= L6 _ (165,5¢7x 157120 % 16)
r T c o 175

—t

= 177.79 %107 New

Botfom: (Compression side ) €= 1254 12,2963 = 38,2463 wmm

= O.IRRALE wm
s = Ma M= L& = (68 567x 1074150 x10%)
T z 613225

t

179. 64 > (07 Mawna

Choose the smaller, M= 177.8 %(0 Neu M=177.2 kNow, =




Problem 4.20

4.20 Knowing thal for the beam shown the aliowable stress is 84 MPa

in tension and 110 MiPa in compression, determine the larsest couple M that
P b p

40 1 >| can be applied.

20 mun

i @ ":V‘ﬁﬂf"ﬁﬂv‘}ge @ B @y Cf#‘&dﬂa{r .:,_m"odf

-8
1

(4‘3)(}‘3’) = Boo i =

o
l{-(l&)z T 226 2 M

=
s
¥

A = poD « 22622 = £72F

Gy = lomm g, = 4o - G)02)

= 3y T = Ko | bnon

7 - ZAY . ($o0)(16) e (226 2)(5w1)
ZA £73.8
Nevtrad axis Res [[cGmm  above the boHeom
Mowm Erf;f o'P t‘v\e-’“ha.f azl)ou‘f' +!\¢ Lpa,se
4
L= % bh? - Iyt = £ (40320 - Jgf-"(f;z.)’f = J6407S hats

Centroidal moment of lnertia

et

T = I~ AP = iogo7y = (OLRLTY"

fle T pama

= 22009 mmT

Yoop = 227 HeQ 2 £ol baim 5 ybbf:m!lvd’} N
= | M .|sZ
I t I ) M ]\y ‘ i
6y, hey
Tep+ Tension side M = m"’*éfgi%’z”?*q xfffm); 23604 N
~i}
Bottom : compression M :_-(Ho}(foé)i%?frz“i Xio ) =210 N
av
Choose e smaller valoe M= 210-9 m ot
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4.21 A steel band blade, that was originally straight, passeé over
200 mm diameéter pulleys when mounted on a band saw. Determine the max-
imwumn stress in the blade, knowing that it is 0.5 mm thick and 16 mm wide,

Use E = 200 GPa.

Problem 4.21

Bewnd blace +hickvess? 4 = o05mm

Raé‘fus_ of Puﬁj&i‘: v g = 10omm

Reelius O‘P C.QV*U&‘{'LJ,M .0'3:& cev\'}ev‘ a?i““\f. oF biofe:
F-:.é- v+t = 0025mm

0.5 mm *[ I*H

o o= -,S:t = M ZE nm

e oe25
= = = gt O L4 T4
B ~ t00-25 9109

Mook tau e STvary o
Meawintoi Shress o 8= E‘c".,h.: (2"01“9")(0"’33‘3'7"‘)

7 498§ MPa Gz 488 M2 i
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Probhlem 4.22

the l'u gest couple M that can be apphecf_ (&) the cmlupondmg radius of cur-
vature. Use £ = 200 GPa.

T=wbh® =(FE)@s)6) = doo it
Mec.

1‘* . o G &= "fn . = ('%:\)((ﬂj = 2 by 7
QJmm‘l ir - G‘JI . (‘Isrx’a&)(‘?’“‘?ﬂf;,ZJ
oy M= 2= = S
M= 24,78 N in -
. Som Ec . (220 )(uwe%)
(b) e = “3(‘ - " ‘
F E F 6_"""‘ 165 xs0® r 4
Problem 4.23

4.23 Straight reds of 6-mm diameter and 30-m length are stored by coiling the rods
ingide a dram of 1.25-m inside diameter. Assuming that the vield strength is nol
exceeded, determine () the maximum-stress in a coiled rod, (5 the corresponding
bending moment in the rod. Use £ = 200 GPa.

LE‘L’{‘ D = ;-“5!-’:)" ,pl'ame'+ef‘ p‘F Jflle arwm,

dicometer oF noa? c o= i-p])

P = V‘adiit)s U'F Cu\!‘\/«)’i’u\f‘{ O{'\ center »?fvxg
of V‘Dy,_s w-hev\ faem‘f‘.

Q.
t

} -
prab-3d4 = g(Las)-Llewo®) = o.c2am
il -1z
£ G(o.008) = 3017 0

R AT Ec  (ooxio"Y0.003)

- =5 - Kok = 965xj0° Pa G- 965 MPa ~#
EX (200xi0 "W 63.617%15"7)
‘) m r— — - - T -
(b M - o 20.5 Newn M= 20,5 Newn <
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Problem 4.24 4.24 A 24 kN nicouple is appled to the W200 = 46,1 rolfed-stes] beam shown. (@)

. Assuming that the couple isapplied about the z axis as shown, determine the maximum
stress and the radius of curvature of the beam. (B) Solve part g, assuming that the
couple is applied about the y axis. Use £ = 200 GPa.

For W200x46.1 volfed steed sectiow
T HE & % t0° wm™ = Y58 w 1O it

Sy = 4HZ x 0% mm = HYB 20 d

i

FAEN -m [

I+ 152 wi0® v = (5. 3x [0 %m"
Sy = 151 % 10% wm® = USI %O m?
(@ M, = 24 kVNow = 24%10% N-m
k.Y
6 = "'gl" 2 1% = S5R3.6x0° Pa = $3.€6€ MPa g
L =4 ,....m- - 24 x !DS - y ) ~ 4
P EI (looxioN){45.5 %107 ) R.C8T xS m
P T 379 m e,
) MJ s A% kMNewm = 24 x[0° N
“
6 = % = w;%f-::—i%—;z———- = 158.9%(0° Po = 158.9 MPa o
L.oM o 24 » jo* _ -3
r EXI  (ooxt0?)Wi5.3%x10¢) 7.84 %107
p = 1285 - o
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Problem 4.25 4.25 A 60 N - m couple is applied to the steel bar shown. (4} Assuming that the
couple is applied about the z axis as shown, determine the maximum stress and the

radius of curvature of the bar. (#) Solve part a, assuming that the couple is applied
about the y axis, Use £= 200 GPa.

F2 o

(a2 Bcu.clihq aJoou‘{' 2~ aaiS .

I

BON - m . % )
bt = L0220V g% 10 e

= 8xio T mY

1]

20 nune h

z o - %?_ = O mm = O, 010
. Mo o (Bo)(e-0i0) b o -
© I 8)@]0‘“? 75 0xl0 Fa " - MPQ,
_L:_ﬂ_ - Lo - - 37 &% o...'_!, -t - 2.7 -
£ EL (200207 (Ex(0~*) 7.8%(0 " P R6Tm

(b\ B&wa[noa a.,lauu’{' j—o-—:(\‘s.
T=

1 Y4
i
C= 2 = Cmm= 0,006m

oh® - T'i"(-'zv\(ms- 2,385 0  mm « 2,282 15" m

- Me  (go)(o.v08) | .
= = = IRS. 010 P = 25,0 MPp -
3 T 2 357 [0 g, 1 e G=12 Po,
{ M Go - -3 =)
—din -_ =40,
F T ET T (RooxioM(z.saxio D  OHITIe T

P F.60 m -
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Problem 4.26 4.26 A couple of magnitude A is applied to a square bar of side a. For each of the
orientations shown, determine the maximum stress and the curvature of the bar.

- - . ot
Ini—',:bhz’-,’zo_a_ = 53
1 eos
[+3
.»_i s;aﬂﬁg:m M;E -.GM ——
e o, Mx IM G Srmtt %
i
= - FE T L -[2aM el
r E E‘Qi"- P = Ea

;B/E For ore +wian pe , 1[“!:6 momew'i“ o‘?
, twertia ajs:&n)i its base is
i

] axs s Nl
@ i 3 a \2
I, = mbh = 5ia)E) = -9%—
. at
.Iio_ _Izz It" < at
I=TI+1I, = 77

©

i

—

- . Me | Mo/ pfat .49
= Ti Chax ™ T T V- 6;'%2 2 asM -
L. M . M 112
F°ET Ea £~ Eoa -
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Problem 4 .27 4.27 A portion of a square bar is removed by milling, so that its cross section is as
shown. The bar is then bent about its horizontal axis by a couple M . Considering the
case where /1 = 0.9A, | express the maximum stress in the bar in the form g, = kg,
where ¢, is the maximum stress that would have cccurred if the original square bar had
been bent by the same couplie M, and determine the value of £,

v

I =41+ 21,
St = YV b e @& 2k, - 20 ) (R
__ LR SR LR TR

o S et ]

H

o 1@ o c = h
OB P & = ’g“ -_-%’;Zfa_w 1(%?}*;\(‘)%1
- For the onginad squars, h=h, = h.
Co ’(%ifgh(,) T hr
& 3 3
_g_o i 'Z%Om%h}m B Omj(d?ﬂ(oﬁ)hv)(oﬁhf) =010
6= 0.950 €, kK = D.950 <
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Problem 4.28 4.28 In Prob. 4.27, determine (a) the value of /2 for which the maximum stress o,
is as small as possible, (5) the corresponding value of &.

4.27 A portion of a square bar is removed by milling, so that iis cross section is as
shown. The bar is then bent about its horizontal axis by a couple M . Considering the
case where i = 0.90, , express the maxinmum siress in the bar in the form ¢, = ko,
where ¢, is the maximum stress that would have occurred if the original square bar had
been bent by the same couple M, and determine the value of &

I=4I, + 21,
] =(NE) h? +(2)(E)(2h -2k Y h®
6@ ® = ght-ghh-gh® = Fhh-h
® |p|® c = h L= thh-
- L is meaximom ot S+l 2hb?- hl= o
Ehh-3h" =0 h=&h, -
Bodnhl -(3ny - 3w o-F-EE
For the om‘jfn«,ﬂ Square h=h., c¢= h, %ﬁxéhaa
6 = Me. - 3M

I. T h*t
& . 128 ) _ 729 )
Q - 258 3 - 745 0.5/4‘7 k« C?..Q"f? ~any
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Probiem 4.29

4.29 A W200 x 313 rolled-steel beam is subjected to a couple M of moment 45 kN -
m. Knowing that £ = 200 GPa and v = (.29, determine () the radius of curvature p,
{B) the radius of curvalure p° of a transverse cross section.

For W QOO £33 yolled steel se.fiom

T = 31410 wm” = BL4x[0 " w
- M 4w [OF = T !
@) & = 4 = = 7ATXIo T m
P EI 7 (2004100 (31.4x j0-%)
P =136 m <l
(b .l.lé.' - 2}%‘ = (0.29Y 7.7 %1 2) = 20750 W /;’:: &I ~=
Problem 4.30 4.30 For the bar and loading of Example 4.01, determine (a) the radius

of curvature p, (B) the radius of curvature p' of a transverse cross section,
(¢} the angle between the sides of the bar that were originally vertical., Use
E = 200 GPa and » = 0.29.

From Example 401 M= 3kNm, T = 34sovo min’
@ p E’% *(Za(fx:o{‘%zz’z“m”ﬂ T oresied pr 2 -
(b) a’=ya=%q-_. v/% |
;—}, = 2)7’; = (0.29 W 2<04167) in' = vevjrod m P 821 . s
&) 6 = pe;i§;;¥am %;1 =3%% e 2407 pad = 0.01350° -
Problem 4.31 4.3t Vor the aluminum bar and loading of Sample Problem 4.1, deter-

mine () the radius of curvature p’ of a transverse cross section, () the angle
between the sides of (he bar that were originally vertical, Use F = 73 GPa
and ¢ = (.33,

From 3amlee Probdew thd I = 438%0mn® M= jocj il
Lo Moo to- 1 # O3 - \ o
P EI (72x0% ) (438 %1676) Ot 037
(=1 ""i—, = ’.U;"o‘ - (0-33 )(O*(}gid’“‘? } T Oloteden g h;m
P" - qi’d? /v\jv, B )
ap E‘I .?G.V‘ : -
) €= w;‘:g;; = ,% = m—m;{f’f; = $264.2%10 “pad = Oeolgpe —t




Problem 4.32 4.32 Tt was assumed in Sec. 4.3 that the normal stresses o, in a member in pure
bending are negligible. For an initially straight elastic member of rectangular cross
section, () derive an approximate expression for g, as a function of y, (5) show that

¥ (&)= (12000, and, thus, that g, can be neglected in all practical situations,

(Hint: Consider the free-body diagram of the portion of beam located below the

surface of ordinate y and assume that the distribution of the stress o, is still inear )

Denote +he width of the beam by b and ‘Hc;
jenﬁ“ﬂ« LY L.

.
&= 7
Usinj the -F\ree bajy J;’mgrd.h a]sou‘e. 5 wx'Jr}‘ COS—% |
E%: O bL'f‘ S Gba’y Sln—i = O

gt ey o [ T

- 1161\!'»%% J - (6;)'“# =¥ (€K>!‘\# -
(0 %-s?éﬁgaja TS %w Wm(y e” .

The mantiimuw Ua-ju'e 6} oceurs al y = O

— (G:\"‘mcl - - SX wu-,ec tﬁ
Apc Zp

i

(L’) (.G\j\.}».&x
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Problem 4.33 4.33 and 4,34 A bar having the cross section shown has been formed by securely
bonding brass and aluminum stock. Using the data given below, determine the targest
permissible bending moment when the composite bar is bent about a horizontal axis.

0 wm  10mm

ONN

Atuminum | Brass
Modulus of elasticity | 70 Gita 105 GPa

Aluminum - Allowable stress 100 MPa | 160 MPy_
Brass - ] o,
s . Use ""V’?'JW\“"” Dun as e V‘(’;‘?u"’"? L ma?i_'(:'.’,m‘wg. :
FOV‘ ﬁ,p.lfw~;mdm ne= Lo

/A

e

Fow ‘Dr‘“ﬁ"‘i; n- E-E,/Ea T 105/ 70 & 1.8
Valves ot 1 zre shown on +he i
For +he J{v‘a«\a“;:ow‘ﬂec' szc:i"fou;

L= bh's Ay = B20oY o) +(.o)(4e)roXasY = 252935 x 0" mend

U,

5%

n 1.5
Lr I—f«fgahf’ = = (20}(‘{933 = (50 X107 e’
I, = 1“ = Z2863.333x% 07 wrna

T= I+ I, 1,5 €et.07 %0 mm = £685.57%10°7 put

=z
L nMy _|eL
\SI—I“i*is M~),.nj|

Morminoms = Lo Iyls 30mm= 0./ 30m . G = [00X0" P

\ = Lleo (0 (666.67% [0 )

(1.0 6. 030N = 22221 %10% Ne-n

Berass 2 M=l dyl= 20mm= 0.070m | 6= lgoxi0* T
-t
e x 0 6es. 6Tx 107 )
M= ( = B.EES56 %{0° Nem

(Ls)(o.020)

Choose the swaller yofoe, M= 2,22%10° Mm M= 2,22 khen -

Proprictary Material. © 2009 The MeGraw-Hill Companies, Yoc. Al rights reserved. No pan of this Mannal may be displayed, reproduced, or
distributed in any form or by any means, withowt the prior wiitten permission of the publisher, or used beyond the limited distribution to teachers
and educators permitted by McGraw-Hill for their individual cowrse preparation. A student using this manual is using it without permission.




Problem 4,34 4.33 and 4.34 A bar having the eross section shown has been formed by securely
bonding brass and aluminum stock. Using the data given below, determine the largest

permissible bending moment when the composite bar is bent about a horizontal axis.
8 mm 8 mun

|<—-[* o wryi Aluminum | Brass

Modulus of elasticity 1 70 GPa 105 GPa
Allowable stress 100 MPa 160 MPa

32 mm Dee alowinom as the referomey materiad,

FG'{' a,)tJM;ﬂt)h-\J Ko !-Q

Alumimm - Brass wa‘ 33'&-5":, n= Eb/Ea.: 105—/?0 = J.&
VeSoes of N ave shawn on the 'Fiju‘v“e--
For +He "i‘MV\S‘FQJ“Meo" section

= M 3. 1o 3 .
I' - T?{_-th; i ?(3\)(32‘} = Zf-igifé’g X[O3 pna T

M. , _
Lobht = 5(32)(32)° = 131,072/ vam"

'

2

I.= I = 20184953 %/0% mm’

T=IL+I, + I, = 1747626 %10" mm' = [74.7626 %10 "

LM _ 16X
6] - ’-»-¥—I ] M S

A}uw.-n'wuwn: n= 1,0 N l‘jl = L pam = 0.0fémj G = iooyiob Pa

(100 x 101747626 % [0™")

L
(.o Yo.o1ey = [.0423 %[0 Nepn

M o=

Brass 2 n=15, lyl=16wm= 0.0lbwm 6= 160x/0° P

(160 ¥ (0% )(174.7626 > (O7)

M= (Ls) (o016

1,165 [ x10% N-w

Choose “er Sma,?}ew \/a,;'?de. M= 1,692 x103 N-nn M=1.092 kN*Wl it}
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Problem 4.35

4.35 and 4.36 For the composite bar indicated, determine the largest permissible
bending moment when the bar is bent about a vertical axis,
4.35 Barof Prob, 4.33.

4.33 and 4.34 A bar having the cross section shown has been formed by securely
bending brass and aluminum stock. Using the data given below, determine the largest
permissible bending moment when the composite bar is bent about a horizontal axis.

10 mm,g 10 mm l =
Aluminum | Brass
_ "*] | lﬁ } Modulus of elasticity | 70 GPa__| 105 GPa
Aluminum 10 mm Allowable stress | 100 MPa__| 160 MPa

Use Q,QUM(AL)M as 'Haa wmte,.»e‘nce mdew‘mp.
n= Lo

Fow mguwx?mum_)

T | For brass, n= E,/E = [05/70 = 1.5
l«wfi{} mm—»' - .

; Vaﬂues cfir N ave shown on +the *Faaa»"e,
For the transtormed section,

b= L2 (20Y10%) = 106.6667 % 10% mm’

-

I, -
La

L.
T

o bohe + A = 2T (Y10 (15 YHo Yo YIS Y = 140X 167 wam”
L = 140 % 10 mm!

I +I, +1,

i

"

T 296,667 %0 wmm #

oL

"

295,66 7 [O—ﬁ Y

-—
-

51 = |55 M

Ao num T

|

ny

n = 1_0) ]j/’ = R0 mw,ro.ozo) 6 = l0ox/0° Pa
_ (0ot X386.667%10677)
M = (.o Y(o. 020Y = 1923 Newm
Brass”

n=1g) I:/i=20h«nq = 0,020 m, & = [¢o %0 Pa

-

(160%10%) 386.662%15") _
{1.8Y(0.0207 =

062 Nem

Cheose +he smaller valoe. M= 1933 N-w, M= a2 kN-m =R
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Problem 4.36 4.35 and 4.36 For the composite bar indicated, determine the largest permissible
bending moment when the bar is bent about a vertical axis.
4.36 Bar of Prob. 4.34.

8 mm 8
] n (] ] M
| ! 32 |_1|m ! i Mummdm Brass

Mododos of eﬂm\-{_;«lr 70 P« JO5 GPe
Adbowable stress foo MB. 160 MPa

32 mun
Use aduminum as the r\e‘)te«“e,mc._e preteviald

For efominom, n=hLo
z\lumiBmNI prass For {owa,ﬁ":‘sj Nn= Eb /E-a,;' 105/ 70 < 1.8
, Vedves of 1 ave shown on the Ffjwe..
For +he transformed section
I = Zh b 0 A d = L2 (X3 + (Lo)e)(8Y20Y = 103.7653%/0%

L= mrhb, = £202)32) = 131L072%10° m

L= L = i03.7653%(0° mm"

T=IL +I,+ I, = 333588 x/0°wma = 2332.52 /0 m'

. oM . &L
61 = By e 12|

2

Alpinomt  n=].0 iyls mms 0.0 m | 6% [00%]0" Pa

& -
(10G¥ 6% ) 238.59 0™ ) = U wi0® Nem

M =
(l.oYo.02%)

Brass: N f.S'J f\\jf‘«‘ 16 v = 0.0, ; &= lgoxto® Pe

" (L5Y (0. 0160 = R.ZE7 #j07 Naw

Choose the smatler vafoe. M= 1011 xi0” Nem M= LUt kiNom -
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- 437 Three wooden beams and two stee] plates are securely bolted
together o form the composite member shown. Using the data given below,
determine the largest permissible bending moment when the menber is bent

gbouf a horizontal axis,

Problem 4.37

i . Wood Steel
aris THHT i icd H
Hn Modutus of elasticity 14 GPa 200 GPa
Allowable stress 14 MPa 150 MPa

Dse wood as the velevence materiad

SRE RO Rap
a0 | 50 | B0

i mmE e F'DV" WOO&’ Vi = |
6 mm
For steel n= E/E, - 2ovfig = (29

PH:«P eoties of the qeo metrie section,
. ' A
Steed ¢ I, = -;%:((r) + {;»)(ZS“O)S = (£ bafXre ham

A %
Wood ©  Tw= 1z (Eortors0)(ze0®) = /1953721 )({‘oé p b

Tv"an s—‘;ov‘mea’ Se,c«‘h‘am
) ¢
Lbroms = Vs Ig + Ny I, = 0429 (15 625 516+ () (952125 k107)

. A Y
= Es b Xleé A

- oM s |61
Wood * =] 'fjf = {285 pim &= 1% mfa.

- (/}#Yfﬁ?é)(zf’/??ré xla‘"b) . e a
M= (Y {o-12.8) = 4& 7""0 A

Steed

: “N4$. exr07%) oA
M= Lo = 35 2w]0° N
(/4p9)C0i125)

n=l#e29 Wl =/2Cmm &= /K0 ppa

C,onoﬁe the sma}jev‘ \Icupue M= 25,2 )(/,_,3 A fa
M= 382 kN -
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Problem 4.38 4.38 Tor the composite member of Prob, 4.37, determine the Targest per-
missible benrding momient when the member is bent about a vertical axis.

4.37 Three wooden beams and two steel plates are securely bolted
together 1o form the compoesite member shown. Using the data given below,
determine the largest permissible bending moment when the member is bent
about a horizontal axis.

256 mim
" Wood Steel

- : Modulus of elasiicity 14 GPa 200 GPa

) fL- L ‘I B Allowable stress 14 MPa 150 MPa

%”'l s’i’fJ 50

N | mmj mm

& mm Use wood as the vefevence watewiad

Fo v wood n = I
For steef n= E./E, = 3—0“6//9}“ = (s

Properties of the gecmetnic section
Ttz L= & hb's fOSON(C2P = §8573500
Steel T = 7 h(B%- B*)= kGsi(e2?- 58) =23 (love o
Woool To= I, -I,= &ézizsv0 wa{:

!

rans Formed section

, . .
I‘Mna-'«' n.sI.s + N, Iw = [Nf’cl‘ﬂ[ﬁgéﬂ)a‘d) f-&)[é?élf?mﬁ)”ﬁ) = FAZ'OX.“) pfn

4

- oM .|&L
isl = ]“fil M = ‘ ny \
Woo o)t n= | '\\/{ = £ min &= fghfy

N (Mm‘”)(/z«:%:é")
™ () (ere D)

= 200 b % )C}% e

Steed T n=if29 ljl > 3ibin &= [$D M

M = (ILx0 ) (!}uxro“é\
U (01031

Go.fp w10 N

Choose the smatler vatue. M= 20-74 kNM
M= 2074 pNm -
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(@) Advwminom s

(b)) Steed

Problem 4.39 4.39 and 4.40 A steel bar (&, = 210 GPa) and an aluminum bay (£, = 70 GPa) are
bonded together to form the composite bar shown. Determine the maximum stress in
(@) the aluminum, (b} the steel, when the bar is bent ahout a hortzontal axis, with A =

12 mnT

12 mm f

200N m.

Use wzum{n\)w\ o5 H«e V‘c‘faremc,e_ V"‘A}au’!‘a«'z‘

For aduminum n= |
$—e 36 mm- »;

For cteeld n= E./E, = 2l0/70 = 3

TV\QV\S':UWMEJ sed-;'om

@ n=) Agort | A e’ | Yoy AT o
® | H22 I2ac 18 22322%R
@) 432 hz2 & RE92
-3 1728 95 @730

S _ 7570 |
Yo T T5is 1§

T}we neu+w~j cuae»{ﬂ jies [S'MM a‘gaue “i"}\e E:)o"HoM.,

L= G bh s A= F(300R7 (290)(5)

H

27.216 % 163 am’

1. %bgh; neh,dy = 15 (26,0274 (@32)a)" = G076 x10® mwm"

I = I +I,= 62392 x16° wmm' = £7.372x10 "

Y]:' 1 j"f“,gmm:’—'o.of;h—\
S (o)~ 0.018)

T e aaagie o - U S16x10" Pa Gox 4. S MPa, ~a
: n=3, ¥y Gwom= 0.007m
G, = - (%3(200)(0.0}:‘1} 280, |25%x |0° Pa
67.292%{0

6:52-80‘! MPy -~
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4.39 and 4.40 A steel bar (E, = 210 GPa) and an aluminum bar (£, = 70 GPa) are
Problem 4.40 bonded together to form the composite bar shown. Determine the maximum stress in

19 rm {«) the aluminum, (b) the steel, when the bar is bent about a horizontal axis, with M=
200N - m.

]2“”““”“ lise q,pumfnum s 'H'\e V“E‘FEV‘e_mce Mdc_\l’fﬁj.

12 rmun F‘%)V‘ (A.ﬂt)w T bn 3 1= [

Fov steed, n=E/E.* Zlo/70 = 3

Tvanet o wnech se.c}!‘un -

2 2| = -
A, mm HAJ""“" Yoy Mt ‘f'UA‘\"a;"""""‘g

LS e

ER il O] 4322 432 & 25472

@] 18¢ 788 13 518y
@ tay W32 18 111¢
152 15552
Y, = ’%f’f? = 12.5 yom  The nevtved cuwis Jies 13:5mm chove the botlom.
T Bbhienad s 2(360020° + (432)(72.5)" = 29.484x 0% ma
T.m Boh en Al « (o) 4+ (2320 (05Y 2 o, 288 % (0% i
Ia= ;%’-bzhb A, el = %(f?)(i?‘f‘-’r (H32Y( .50 = 13,432 %[0 ma?
IT=I+I,+ I, = 52.704 2i6® mm* = 52.7049/0" wm*
M= 6o Nem
- - oMy
I
@ Afowinom?t  N=1  y==|3.5mm = =0.0035m
6. - & g?‘i;ﬁ;ilz'fél = £7.2%10% Pa Giv 51.2MPa, =8
(b) Steel n=3, y= 10.5mm = O.DIOS m
65"(3}%?31(3?;3“-: —(19.5x [0° Pqg Gz ~HA, 5 MPo -
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Problem 4.41

250

TEEIRE

\5(! X 12 mm
125 X }2 man

30 X F2 manT
2

TransFormed sec~ion,

6027517 §
Fib00-9
= 73 mm

Y =
T he heU"\L?*AA’ oaeis Sies

Distances 'Ff\um
nevtratd ax'g.

I,= hh® anAd"
n 3 .
a” FE”%L’? +‘hLA1",1

- D 3 T _
I, Tarbyhy + A dy=

e
—

L= 1I +I,+1I
M = Lo ENM
@) Woosl < n=|

o

-¢
491.53510° mm?t = 491-£3 %00

4.41 and 4.42 The 150 X 250-mm timber beam has been strengthened
by bolting to it the steel reinforcement shown. The madulus of elasticity for
wood is 12 GPa and for steel 200 GPa. Knowing that the beam is bent about
a horizontal axis by a couple of moment M = 50 kN - p1, determine the max-
imum stress in (&) the wood, (#) the steel.

Use wooe as +he veference watewrars.

me‘ Mao:{l h= |
Lo
Fow s“\'ee.)) n= -;,..E:::-; = 7—-2-—-» = 18- 647
Am | n Asmm Sz,mm V‘!A;;mms
© {37500| 37500 137 5137500
@ | 1200 | 200004 | 37 | 7400148
@ 1500 pd -0 R & 150603
825009 60275/7.5
73 i in ﬂ.ha\}e 4‘}1!, i_’!o H"'DM.
A, = 137 e 73 = bhmm
pa= |37 = 73 | = 26mm
Ola" ,5 - 7% {:é?’mm

#

Té-.(z.sa)(zso)ﬂ (37500) 64" = 348-94 x!oémﬁ

16667
e

i b7 (125)(12)* +(25000-5Y 67V = 112-53x16" b

(24)(56)% 4 (20000 - 4)( 36 = 3p-09%10" "

6
i

4

o 18%m

s
=

y ®26z2-73 < 189 mm

3
=189
G, = - m = - (1 (Soxo™) (o I?é )
I 49153 % 0™

bY Steet?

S

N o= l6bLT

— 19225 MPa Buru=192 mp; -.

hMy
T

yE - @073
3
- (is‘és?)(mw )(—;-073 L = 2377 MPa
4953 %10

Gy = 123:8MFq =8




Problem 4.42 4.41 and 4.42 The 150 > 250 nun timber beam has been strengihened
by boling to it the steel reinforcenment shown, The modulus of elasiicity for
wood is 12 GPa and for steel 200 (GPa. Knowing that the beam is bent about
a horizontal axis by a couple of moment M = 30 kN + m, defenmine the mex-
finurmn stress in (a) the wood, {£) the steel.

PDege wood a3 the ra'}feweuce_ ma}éf{c«?.
Fow wood n= |

For steed n= ES/EM = ?m}f;z, = {667

For C3311.85 hannef _sc,é{‘g‘am_,) A = 2[70 PR

ty_':fléhh) ‘:z-i/‘fc-'-'fn;m) Iy = £3$a00 Prin

For the c.amposf{‘e saert ton Hie centroid oF the
channel Pies m-r-—t_‘é'" 1o lp o 2612 pom
obove the bease. :f., = 2412 i Yor channes.

Tra,ns‘l:uf‘méj Szdf"l‘au Amz ﬂp‘ﬂmiﬂt s\;“i"‘mm hAj.)ms'-hg ~
. 13412449 D | 270 [36174 {24502 | 8725769
: ,73579&- ® |3750c| 37500 | {28 | 4687500
= {82/ hm : - : —
The me.«ﬂ’mj onis Jies 7367¢% : 134012669
[PY e ) moan chove Hhe bottom.

- ¢ u
L= n I+ n,A,df = (1607 ) ($38000 )+ (36176 ) (24102 = 182+ 1) T = 135032 %10 bt

. 2 6 f
T2 b,h, + N,Ad, =55 (IT0)(280)3 #(37X00)(182:] =12 ) ¥ 23T SE K16 por

I
T = I',;_,_Im = (}S}s‘?)(lo& h«,,mf(f‘
M

= fokNm &=~ 1y
(6 Wood * n= | y YT £.433 .
3 - 3
& = _f—h‘xln)(“/o“lﬂfxlo):‘}miMpﬂ 6, = Do | M Pq -l
- 4x3e9 K15

(b Steel : n= 1667 y© st S b 1826 | =738 bin

-3
5 = — (16- L7} S0 )wé)(’?;hr x/0 )

) 452G x5 ¢ == 1352 MPo B=-i353mfs <o
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Problem 4.43

12 ma

12 mm

L —— 36 mu »}

4.43 and 4.44 For the composite bar indicated, determing the radivs of curvature
caused by the couple of moment 200 N - m.
- 443 Bar of Prob. 4.39

Cee solution Yo Problew 4.39 for Cos,pc.u;?a,‘f“fam of I.

T = ern3gaxip™m? E, = 70 »]0% Pa

LM 2006 _ o
P ET - (70%10‘1)((;';‘3¢,2HG-~1} = H2,%961D

£ 236 wm e

Problem 4.44

12 nun

12 mm ~Steel

12 mm

e 3B M —*I

4.43 and 4.44 For the composite bar indicated, determine the radivs of curvature
caused by the couple of moment 200 N - m,
4.44 Bar of Prob. 440
See go}u'{‘{om to Ppoblew 4, U0 L c:s\/?r_:u/l’a_’h‘am 5 T

I = 52704 %10 w' E, = 70x10° Pa
M= 200 Ne-pa

io0
- = E5H, R m
(7o % [0®Y(E2, Toux 1673
/O T 1B HE -

-l

o.M
rf  EI

Problem 4.45

M - 250 mm

125 ¥ 12 mm

S0 X B2 man

4.45 and 4.46 For the composite beam indicated, determine the radius of curvature
caused by the couple of moment 50 kN « m.
4.45 Beam of Prob, 4.41

See Sopx)’]“ic)m 'f'o PV‘Q lnz?ew« L"t.{i ‘me Ca}c,uzgc.d"i‘:)u J{\I,

I = 4953w0 ¢ E,=/2 » 12 ra

M= Seoxnd w#

1M 50 %10?
P T EL T (zwxioT) (garss x5 )

/o NP S T A S R

- 247602 )0 m

{118 -

Problem 4.46

200 XIT

.

250 )

4.45 and 4.46 For the composile beam indicaled, determine the radins
of curvalure caused by the couple of moment 50 kN - m.
4.45 Bar of Prob, 441§,
4.46 Bar of Proh. 4.42.

See selotion fo Pablem 42 For cafevfetion oF T.

T = 4529%¢t mm 4 E.=126F4

M= £2ip/m

=
Soviv 0009 M

EI  (izx"Xac29¢s®)

f;‘-’-‘f@?e?ﬂx el




Problem 4.47

4.47 A concrete beam is reinforced by three steel rods placed as shown.
The modulus of elasticity is 20 GPa for the concrete and 200 GPa for the steel.
Using an allowable stress of 9.45 MPa for the concrete and 140 MPa for the
steel, determine the largest allowable positive bending moment in the beam.

400 yun 22 rom diameter

n= :& = _'f‘)'do )(m(? = D
?ni B  2exion 2
; 549 mm — 2 S
T A= 2 Fd - 3(5)6a) = 11404 e
F00

2
fe-250+ nAg = Ndod wmim
>‘< | Locete nevtwad axis.

axys i

oo 2«:’&?(%:’ - (o) Go0-¥V = ©
‘nA.

Apm——

/ez}>(7“+ ol 0 — A4KGiboo = O

1y
oy 4 [11%64* + (420000 (Rxtibep)]"" 16 ratm

2 (tev)
oo - X = 236

Solve Yo X x =

I=1%

i}

200 X* + nAg (400-x V= L a6 Y + 4o P)3LY
_ & 4
29675 K 10w

ol = |aMy] s oM S
Conerefer =10, \yl= (64mm, &)= 4 40mpy
M Ry e
Steed - n=10 , lyl= 23bmm

G = /Yo miy
M = (f4e 000103 (249615 %67 F)

Qo) 23L) = [Tl EN#m
Bhoose +he smaller vatoe

M= i7-| &N
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Problem 4.48

4.48 The reinforced concrete beam shown is subjected to 2 positive berding moment
of 175 kN - m. Knowing that the modulus of elasticity is 25 GPa for the conerete and

200 GPa for the steel, determine () the stress in the steel, (b} the maximum stress in
the concrete,

540 mm 25-mm

dinmeter

0= Es . 200 GPa

N i E. = 256Pa = &9
a0 As = Y- Fd° = (YEV25) = 19655 %10 wm”
k— 300 | nAs = 15.708 x10° mm’
| Xl ! locate the neu‘;“r‘aj ax1s,
2oN'S 4
430 Bo0 XE - (15.70820°)(480-2) = o
nhs m“ll’ 150 X+ 15,708 20" ¥ -~ T.S§3FR <)% = o
1570810 + (15 To%10* ) + (4)(156)(7.539F % I0°
SC”V(’_ For x., :
(2(150)
X = 177,87 mm ; B0 ~-% = 307 13 mm
I = % 300 %" & (45,708 x(0? )(ugo- x\*
= £(260)(177.87) 1 (16 708 210% ) 302,13 )"
= .96 0" wm’ = 189665107 m”
5 - - My

I
() Sfcegf d =~ BO2. 45 wmm F —~O.BO2HE
G - - (8.0)175x10%)(-0. 30245) _

_ © = 2172
1 9968 % |55 212xjo" Pa MPa  —=
&) Corerete : Y= 17787 mm = O NT787 mn
| oo W0UISXIN01718T) L e o L s 59 Mpaa
I. 9966 % |2 ‘ a = - &
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Problem 4.49

4.49 Solve Prob. 4,48, assuming that the 200-mm width is increased to 350 mm.

4,48 The reinforced concrele beam shown is subjected to a positive bending moment
of 175 kN - m. Knowing that the modulus of elasticity is 25 GPa for the concrete and

200 GPa for the steel, determine (a) the stress in the steel, (#) the maximum stress in

the conerete,
340 min

95-mm
diameter

___Gthmm

- _ B . 200 GPa  _
l‘-"I}S[)mm—'-I n= Ei - a5 &Pa = &0
i ) As = 4 T d* = (A(FN25)" 2 19635 %10 wm’
1 I nhy = 15708 xjo” om
Hzo
A _‘{ Lhotate +the nesdmd axis
n 5
= o 250w % - (5. 708 xj0° Y480 -x) = O
X 5. _
175 %™ + 15, 708%]0° x - T.5398%[0° = o
Solve o o e = 15 703%10% 4 o (15708413 ) +(3 (1 75C7. 5398 %10% )
YO 75D
X = ﬂ67,{43mmj Y82 - = ZBI2. 57 mm
I = $zs0 V% + (15,708 /0> )(4go-x)"
= 4 (350)(167.43)° +(15.708 x0* W312.52 )?
= 1.0823 /07 mm? =2.0823 x/C" m"
& = ~ nMy
I
(@) Steed: Y= = 312-82 ma = - 0O.31252 m
(2.0 175 <1BR Y- 0. 31252) c ,
= - N el ol e = H ettty
G YT 210x0° FPa = 210 HPa
(b) Concrete: Y T 6748w = OL1674B
oo 003075%103 WO 16743 |y 080/ Pa = — 11.08MPa ==
& 5 9B TIo = 1 08x(0° Pg = ~ [H.08MPa,
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4.50 A concrete slab iy reinforced by 16-mm-diameter rods placed on
Problem 4.50 _ 140-mm cenfers as shown. The modulus of elasticity is 20 GPa for the concrele
and 200 GPa for the steel. Using an allowable stress of 9 MPa for the concrete
and 140 MPa for the steel, determine the largest bending roment per foot of
wictth that can be safely applied to the slab.

16 mm .

9
Xto
n= Es . Z__:Q?__;i_ = /0
E. 2oxw
140

= Consrdev a section [#0 i wde.
40 mm '

B } : - T_T t‘_ 2 -
i 1/4() ey AS ) AS N E (/é) - %1 A ®
150 mm ld(}n;:f hA,s = 20ip M\.Z
M Locate The rnevival onis.
o 8.5 —f o % ~ (fo0-%)(2s10) = O
' 7//;’/7 ";l("' To x* 4 2010 %~ Zol600 = O

m“*‘“‘} = 4{;‘ __//j e Saf\f\'w? ‘FDV‘ » .

bis ] ,

: Hext W T Hfe | g Jou-X = $H%p i

NAs  femy — L

I = 30405 + (3e10)(100-5)"
= K (1)t IV +(2oro)(s89)"
=102 1o b Mt

. {nMy LIS
st - \ I I M- ny

Concrete: n= |l y = Helmm, 6 = T,

_ (10°:12 %15 ©) (9 % 10%) N
T (.o etk T 223t '

Steel s n= lGJ ¥ L8:G ptn | G (o 2y,

B (:‘o"llB)tlb‘G)U%Kfo") =
M= (lo) Cou’)\rfq) B }422(9 Wi

C.hoosc 'Hu: .sma,ﬂpe,w \Joupde as H-e. J,Pa‘u)w;je. h'\omz,w'f *R::f" o /({‘0/‘«/1’1\/
M!b“‘h.

M= 2236 Nim =2:24 Lyn




Problem 4.51 4.51 Knowing that the bending moment in the reinforced conerete bheam
s +200 kN + m and that the modulus of elasticity is 25 GPa for the concrete
and 200 GPa for the steel, delermine {g) the stress in the steel, (B} the maxi-

» 125 mm N
i mm stress in the concrete.

T30 m

I‘,

. Es Zooxn!
n= B . Zooxe oo
GO 1 Ec_ 2E ¥y P

25 -
chiametar

GOO naske
4 Ao = 4 B d* =4 (TYOsY = /2635 Am
T A, = /5708 me
e 30 > Lecote the neutvad avis

(750)(i2S) (1. 63-5) 4 360x /2
— (/PN G/ -~ x) = O

®

| L— ¥} —>] L
F2750 % + L8+ B — 6518820 4 15708 x = ©

h 9 /@ 2 ’
—‘*—’L o+ [o743F % =b6374¢wi= O

2 f,
Solve For x 5. Z107458 +{(109958)" G(19) (659445)) ‘
2 (i) =0 A
Gqiy - % = 409 rmna

I, = mhh’+ Ad’ = Té’"(’/:wmzr)g (IS5 128 Vo= 55716 Cxt 6 pnf
I 4b®= $(12X6) = 864 mrt

L= nAgdy = (£76834%s" = 2027, 50 pund
cf

_F-x*{u; o

I = L+1I,+I;, = 3:/34§ x;oﬁ It
6= -0 e M= gesinm

T
(@) Steel n=35.0 , ¥y® 0T A
\( 3} ‘éf‘ ‘7)( o".ﬁ
o - - LTI g -
(b) Concrete n= 10, y= /2]
o (LoY(zeswo3Y (o131 o
o 2o 184ex 073 = -F2mpa. -
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Problem 4.52

4.52 The design of a reinforced concrete bean is said to be balanced if the maximum
stresses in the steel and concrete are equal, respectively, to the allowable stresses o,
and o.. Show that to achieve a balanced design the distance x from the top of the
beam to the neutral axis must be

d

ok

ok,

X =

b+

where E, and E, are the moduli of elasticity of concrete and steel, respectively, and
is the distance from the top of the beam to the reinforcing steel.

n M{d-x) _ My
T & %

I
wﬂ(j~x\ = ¥ -é- —h

1 G E. G5

+ = I e

{ N Ve ‘ Es 6:-.
|+ E-Gs
E.S 6-;.
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453 For the concrete beam shown, the modulus of elasticity is 25 GPa for the
Problem 4.53 concrete and 200 GPa for the steel. Knowing that &= 200 mm and o = 450 mm, and
using an allowable stress of 12.5 MPa for the conerete and 140 MPa for the steel,
determine {(a) the required area A, of the steel reinforcement if the beam is fo be

balanced, () the largest atlowable bending moment. (See Prab. 4.532 for definition of
a balanced beam.)

- B _ 200>10%
n = * - e
T S - _&M_(Q’;X_)_ G. = }i%,
= I < I
SN n {d-x) J
*‘6;; v: = ﬂx - hn
d - L6 A e xiot
AT R T T 2. 40

W= 041667 d = {(0.1667)HSOY = 187.5 mm
locate V\,e‘)'}‘mft’ AL

ba&% ~ 0 A, (dex)

(@) A= bt _(Roo)(1R2.5Y”

< ps

= 16T vm (@ AT 16T e~
n (d-x) (2Y8.0YRe2. 87

I-= %Bx3+ nAg (Jd-xY

H

1 (200)(187.5V + 2.0016749)(262.5)°

= 1L 3C23 % 107 mm’

[

L3623 % 107" m"

5 o= m M._:__I_;;‘:_
I ny

Conevelet n=lo T 875 mn = 21875 m Gz i2.5x)o° Pa
M = (1.2¢22 xjo Y12, § ¥[0o*)

- SO, 8« SV
(1.oYo.1%75) fo” N-wm
Steels n=8.0  yT 2ALSmn - 0.2625 1 &= (4o~ 10 Pa
_ (1.3623 AT (14O 6% ) .
M (2.03(0.2025 Y = 90.8 ¥ 0" N-m

No‘*& TLL.:U}' l!.’?a‘;‘if\ \/cupues L. +L& Scewe ‘Pof l;a/QMce'P p?es:‘ah.

(b) M= 90.3 kN-yn —=l




Problem 4.54 4.54 For the concrete beam shown, the modulus of elasticity is 25 GPa for the concrete

and 200 (3Pa for the steel. Knowing that & = 200 mm and d = 450 mm and using an
allowable stress of 12.5 MPa for the concrete and 140 MPa for the steel, determine (o)
the reruired ares 4, of the steel reinforcement if the beam is to be balanced, (5) the
largest allowable bending moment. (See Prob. 4.52 for definition of a balanced beam,)

B _ 200 %107
nE R Taswier T 8
6 = AaMld-x) - M
s T I
Ge . n de-w) d
& T 7 Nx-ow
d . L& A oot -
x L+ v Zc% = 1 20 j2.5wlo* 2.40
Y= 0.6 Td = (041667 Yus0Y = 187,85 rm

Lor.cﬂle me\)‘l‘wa}? AL

b F - w A (d-x)

(3.0Y(0.2628Y

Note that both vefues are +ha sawme

@ A= b (200)(127.5)" 1CT vt (@) A= 1674 o e
T 2n(d-x)  (R)8.0)(262.5)
T=dba®s nA (doV= £ (2003127.5) + 3.001679)(2¢2.5)*
T L 2CR3 %10 mm' = LBERBH IO
- hMy - Is
& e M Wny
Conecrele : n=lo JF Iﬁ’?i.S’mm: O B8 m G = 12.5%j0° Pa
M= (1362302 5%10°) g o408 oy
(1L.oYo. 1878
Steed> =80y ALSmn - 02628 m &= 4o« [0° Pa
v = (2625 210 (140 x 1o*)

FO.B » 10> Nem
'pe»f“ LJmce-P ppes?av\-

(b) M= 90.3 kV-yn ~®




Problem 4.55 4.55 and 4.56 Five metal strips, each of 15 x 45-mm cross section, are bonded
_ together to form the composite beam shown. The modulus of elasticity is 210 GPa for
the steel, 105 GPa for the brass, and 70 GPa for the aluminum, Knowing that the

.- T beam is bent about a horizontal axis by couple of moment 1400 N - m, determine (@)
Ahuninur Ly the maximum stress in cach of the three metals, () the radius of curvature of the
Brass § 15 mm composite beam.
Stee 15 mm
Brass 15 mm ise aJum inuvm  as "Hﬂt V‘cﬁewemc.e M}e)ﬁ‘aj.
Aluminum | 715 m
T N = —--—E5 = 210 = 3.0 i steed
Ea,, ’(" o - i -
E |08
n=B . 105 _ 5 .y
. E.” 7o i bress,
@ “m™lo N = 1.8 ™ ajdu«-'wdm,.
\ @D &1i.8
axts
A Y. =N
@ &30 For the Hranstormed sgu‘h‘am)
B s
E>__#1lo

Ii = %bl\ﬁ'a + D\Ard:

1

f]

- ﬂ'i- » t 1-5 Yy FoeN s 2z
L= b+ A d, = 2(49005Y ()4 0s)(15)" =

%(HS\('S)EQW}{‘JS)O5\(3.’)\,1 = ¢g0.l6x10" v

. ;L 4
245 B0 % [ wm

I= 2hyh, = E(4s)8Y = 2747 %10
I,= I, = 246.80%10% pup” To= I, = 622.16% 0" wn”
I-= ii‘,; = LR %[0 et = LT7T7IRG %O
(@) Adominum * YT 375 ma T 0.0%375 m n= Lo
& = “;ﬂi:(f.oﬁg&jfg"g%,ﬁ’}’ﬁ = 29.6%0° Pa 6, 7 29.6MPa -
Brass ® YT RS mm T 0,925 n= Ly
G = D% - (EUHODIORT o 20 7x10 R Gz 26.7MPe
Steel - Y= ZEmm I 0.0075m h= 3.0
o= L - (3‘;’.23(7‘:‘;21(;;;?;75} = [7.78vI0 Pa 671773 Ml =
M Hoo

|
~  ET (Toxio® Y} 1,778 (0" %

= 11.287x%10"

L)




Problem 4.56

e the sicel, 105 GPa for the brass, and 70 GPa for the aluminam, Knowing that the
Steel 15 nmn beam is beat about a horizontal axis by couple of moment F400 N - m, determine {a)
. T . the maximum stress i each of the three metals, (b) the radius of curvature of the
Alumainam ! 15 mm N
= -1 compasite beam,
Brass 15 mm
Aluminin 15 1 :
Steel “lS am Dse a"p‘)m" Fiowm as -I'dhe \(‘ﬁ‘]‘\esf‘e,u\gg Wlaif‘e_v’ ! .9.
Stee!
I-r—flSmm ——-I Vo= __‘I:_f_g = .2‘10 = 2.0 ia 5'}‘6}?.‘?‘_
Eoa 70
] n= Lo, 210 & beass.
D d-se Ea. 0%
. __@ « Lo LTI P BN a/RUw;muM
axis P PR BN
““““““ I i -
B e For +he Fransformend Sec—‘*‘:‘am_}
&> 430

3 T o _|_.Q_ ~ & . \ - « 2
L= w2h,h, v Ad, = 57 (95305) + (LoHs ) )Oﬂ

4
B
ks
I,= =
I, = I,
=T
I'= 2 1
)

(e Steel:

- - 7R (¢ F G. = BRTM P i)
6 T 10690 % |O-¢ 38,7 Fe ' = .
f_\_/gum{mvm: Yy : 2.5 mmm T 0.0225 o= O
3
_ nMy _ (Len(iyve)o.0225) - . I -
6= F T 0th R O 7740 e G =7 T
Bress YT 7E mm =z 0.0075 m ne= L5
- P_’ﬁi = ("S}(HOO‘)CO'OOJIS) 2. 87w 0% Ps G'b= 2.R7T MPy, -8
T G .0890 ¥ [O78
M 1o o .
(b) 5 = = T4 ISR

EI 7 (7o x 0%\ (H.0690% 57 )

by
H

%’- blhl"'-;-» n A d”

H

S

! H 7 % - Y
ohy, = B2 (Ws)8) < 1B 98 %10 wam

= led. 5300 " Te= I, = 860067 %10" 1’

-1

y = B7.5 mm = 0, 03875 vt 3.0

nMy _ (@B.0)(1qee)(0.0375) _

]

4.55 and 4.56 Five motal strips, cach of 13 s 45-mm cross section, are bonded
together o form the composite beam shown. The modalus of clasticity is 210 Gia for

22 (45 Y15)* 4 (2.0YusYM20Y T = 1 800557510

-6
T 4. 0690 %10 mm T Y 06%0%10

-

'

U530 % mam

E)

'p“—' 203 i




Problem 4.57

Almninum ,
Jamm

Steal
— 4

10 mm

! 38 mm !

4.57 A steel pipe and an alumimum pipe are securely bonded together to form the
composite beam shown. The modulus of elasticity is 210 GPa for the steel and 70 GPa
for the aluminum, Knowing that the composite beam is bent by couple of moment 500N
» m, determine the maximum stress (@} in the aluminum, (5) in the steel.

Use a,?u:mfnc)m oS ‘Hre Ve;e\fewce mw}ew\.},j?
N=LO i adominom

= "E'"!""g‘i*q" = 2.0 i s“hze,.p

Ea 70
Steef: I, = n,% -1t) = (B.0)F(167-10") = 180,85 10 mm’
Adominom I (’\ r; ) (IO)T‘(IQ fé)' 50.38x10° pem”
IT= L+, 7 18073 x10” we' = 18.73500"7 w’

(2 Abominum:’
6': QM& -
1

(b) Steed:

Me
F =

=G pam = QO 1T m
(1.0 Y(500) (0.01]7)

f}

$2.3 210" Pa 52.3 MPa,

V81,72 x o™

J6 wm = O.016 m

4

(3,0)(500)(0.016) 135 y)otPa

EINETI ad 3.1 MPy
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Problem 4.58 4.58 Solve Prob. 4.57, assuming that the 6-mm-thick inner pipe is made of aluminum
’ and that the 3-mm-thick outer pipe is made of steel.

Steel T mm 4.57 A steel pipe and an aluminum pipe are securely bonded together to form the
composite beam shown. The modulus of efasticity is 210 GPa for the steel and 70 GPa
for the aluminum, Knowing that the composite beam is bent by couple of moment 500 N

-6 * m, determine the maximum stress (@) in the aluminum, (b} in the steel.

- 10 mae

Almmingm

Use &L;Puwn'nu%m as the v‘ePeweﬂct m‘i‘tu"s‘h-p

38 1y r] = [.O ; n G,PU'M “ﬂ U 223

— -E-’—sw - --2-'-—!-9— -3 3. |‘
n= E. 70 O $+ee-P.

steed: I, = n, BN -n) = 2.0)F019%- 16%) = 15285 %10% mm’
Momiavm: I,= 0, 500 -0*)=00)T06"-10") = 43, cax/0® mm*

I= I,+ I, = 196.27%10% wm"® = 196.27%10" m"

= 16 vm = O .06 m

@) Advminom ©  C
nMe _ (l.o)(Seo)o.018)

G = =
I V96 . A7 x| 0

(!D) Steel - C= 19 i, = 0.019 &
s = _n:_r::ﬂ_q =(3.0)CS‘oo’)(0.0H) - 145 20 = 1452 MP. -

40.8x10" Fa = Ho.g MPa -

i

i

126,27 =(0"
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4.59 The rectangular beam shown is made of a plastic for which the
vatue of the medulus of elasticity in tension is one-half of its value in com-
pression. For a bending moment M = 600 N + m, determing the maximum

Problem 4.59

+er
. («2) tensile stress, (b) compressive stress.
/B = LE, :
100 mm
+e
o v = *‘7; Oon Tne ‘}’L’M‘E«EOH' side oF |,,«,e._)jw~_f,§ audis,
80 I, 7= I on +L}Q cgmp Vs 5o 5[0*& -

LOCaJ\‘t he-)‘“m 1 ax i<,

n=t _—)*(- ) "
oxis | © JPb mbxX - nllo(ln—x\-l‘;—" e
nad | pox b - d b (h-x)" = 0
@ J 2 4 1 ;- )
X" = zi(k-x’\ x =7 Ch-x

e ammrn - ¥ = -
%"f?}?l h o= o.41421 |, B.421 w
h-x = &£3.579 wmm

=, b = MNEYEHL4Y = 11844 %0 mm
! , |
Nyt bh-)? = (@Yo )58.572Y = 16781 %[0° mm

I+ I, = 28595 %0" mm™ 28595 207" m"

i1

1,
L
I

(@) Fenside stress: n=4 , y=-88.57Fmm = -0.058579
My (0.5 (- 0. 0585
c = -1 . {085 Yeoo)(-0. 058579 _ ‘.
I 1. 8595 <10 €15 (0" T
Gr = 6. 15 MPa i
(Lﬁ cow\{;ressiwe STress - n=1I R j: 1421 wn = O, O0HIYZ !

- _noMy __ Goleooi(o.omigail) e o
o T 2. 8595 ¥IG < = -8.e4xlo” Fa

G, =-8.69 MPa
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*4.60 A rectangular beam is made of material for which the modulus of elasticity is

Problem 4.60 o ) : ¢ ;
E,in tension and &, in compression. Show that the curvature of the beam in pure
bending is

1M
p El
where
4E E,

()

Use Ey cs the reference modudus.

_,,_; | Thew Eo - nEs

Lo:oj‘e 'ne-1+v~mﬁ oaxis,
._LM “EX% - b.ll\'nmao\“"—“*hgx = 0

b nx* -(h-xY" 20 = Hnx =(h-x)
h . _ mh

ey hox = geaT
- 3, L (hoy)® =R TN h s
Lo = § b5 + $bG-x) [! (;’nﬂ )J'(J"“ﬁa )] bh
L+ ntyaa ] n(+An) 3 3
3(4774-1)3% 2 (fm+1y? bk -L(ﬁ”ﬁzbh
A = __..,M....._.. = M wheya = L ¥
R Ey Lo Ee T : L= b

E'F I = E-t Imqs

- Etlyes biy?
. T B bha e 3(4:,+n‘
HEs E/Ee 4 EeEe

[

(e + 1)~ Tty
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Problem 4.61 4,61 Knowing that the allowable stress for the bean shown is 90 MPa, determine (@)
the allowable bending moment Af when the radius r of the fillets is (&) 8 mm, (5) 12 mm.

B mm

v, I=kbk- L @)oY = 42667 x10%mm’ = 42.667x10" m
) C= 20 mm = 0.020m
D _ BOww _
d Yo mm 2. 00
y §= &2 = o2 From Fiq. %31 K= 1.50
6 - kM . M= Gl (doxjo )(4r-ce7x (o)
st i Ke 7 (1.s0){0.020)
= |28 N-m i
) 5= &= -0.8 From Fiq 431 K= 1.8§
(qox10% 42,667 xto™)
= = 142 N- =
(.35 )Y (0.020) "~

Problem 4.62 4.62 Knowing that M = 250 N m, determine the maximum stress in the beam shown

when the radius » of the fillets is (&) 4 mm, {5) 3 mm.
e 8o

e |
H

Hhbhd = T‘l{ (BUUOY = 42,667 510 mm’ = 42,6720 T’
yd

u._
9]

20 wim = 0,010 wm
&0 e e

NG ot = A.00

o

(o) ~§- = mz 0.0 From F:;j_ 4,51 K= 1.87

G = X »;c N O'i?ﬁi‘;?fgﬁ“” = 219 %10° FPa = 219 MFo. -

(bY 'g'“ = -q%t‘-"‘ 0.0 From Fig. %31 K= .50
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Problem 4.63 4.63 Semicircular grooves of radius » must be mitled as shown in the sides of a steel
. memmber, Knowing that M= 450N - m, determine the maximum stress in the member

¢ when the radius r of the semicircular grooves is (@) = 9 mm, (B) 7 = 18 mm.

@) d=T-2v: [03=-(2)(4) = 20w,

B _ 1o _ v _a _
d-——-—q—*—*{; .20 d-%—O.I
Frow Frq. 4.32, K= 2.07
T = hbh®= 208)a0) = L0935 %0 mn = 1L0985x 10w’
p o= hd o 45 wm T OLOHE w
6., - K - 2.0745000.09) _ 3 5000 R (L~ 393 MPa
b = Ty T = N - 2. 103 -
1y = D=2v = 108 -(WBY = T2, T TS5 yE g5t 028
Fezwn i:lhi}‘q'%p\) W= .Gl &= "';,\cp = JZ v T OL 036 1
T=F08(72)° = 559.87%10% mp = L5987 %07 pa?
Ae . ysoYo.o
G_W»m = Ffl?f == ! 55{;‘2 ;'7 XCEOO“SG\} = Lllé-é"‘foé Fo.  Gumye= 16.6MPa. =

Problem 4.64 4.64 Semicircular grooves of radius » must be milled as shown in the sides of a steel
member. Using an allowable stress of 60 MPa, determine the largest bending moment

that can be applied to the member when {&) r =9 mm, (b} r = 18 mm.

18 vun

(e d—:D"QV"" fOS—(-’ﬂ(ﬁ'ﬁf GO par

D o8 _ . 9
= !AQO d° '%0—' = 0|
F\/‘Ow“ f:l'..j, 4.39\‘:. K= .07

1= l-‘,ias)(qo\” = 1.0925% [0 mmm'
= f.O?%S'x[o‘"G w,?

c=z1d = USwm T 0.04S W
K Me _ &I _ (eox108Y i oa3sxig) _ )
= —x : M= = (2.07)(o. 045 704 M=T04 Nem=
- - o _ 108 _ - .18 _
) d= (0% -Q@X18) = 72 wm ‘_}‘ 185 A T
€ = fol = 3Cmm= 0.0%6m  Frowm Fig. 433, K= 1.6

L 8)(72) 7 £59.87 %S men = $69.87%/0 "

_BI  {(coxto®)559.877(07") |
M= Ke = (1.6t M eo.0%6) =530 | M= 580 N-m -

=
H




"4.65 A couple of moment M =2 kN - m is to be applied o the end of a stee! bar,

Probien} 4.65 Determine the maximum stress in the bar {¢) if the bar is designed with grooves
having semicircular portions of radius r = 10 mm, as shown in Fig. 4.65a, (b) if the

bar is redesigned by resmoving the material above the grooves as shown in Fig, 4.650,

M
M

For voth Covx{:'{%uva%f&n‘s

Dr iS50 mw, dz 100 mm

4

P o0 wme

D- - LS!?. P 3 gl

3 = oo - .50

f"__ o 18 mm
L= 2 - oo

For cum&'guvafi‘“;w @),

: ) @ (h)
piﬁ !%-32 31‘153‘(5;_:: 4.210 ( j
Fow c'm«spfjovmi;om_ ii.}j \:{‘3- 4,3 3(\!&3- K,,"" .74,

T = -}ilo}-ﬁ = ﬁ(!g)(foa)g + LEXIOY wam = LLExi0T" Wt

c=dd = 50 mm = 0.25m

KMe _ (z.21.(2x10*)(0.05"
I 1.5 %o ¢

¥

oy G'= = |47 #0° Pa = 147 MPa -

) s - KMe | (1793 ( 2%10%)(0.05)

= 40" Pa = WA MPo e
T TS 119 «0 Te " a
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Problem 4.66 4.66 The allowable stress used in the design of a steel bar is 80 MPa. Determine the
largest couple M that can be applied to the bar (@) if the bar is designed with grooves
having semicircular portions of radius r = 15 mm, as shown in Fig. 4.654, {5 if the
bar is redesigned by removing the material above the grooves as shown in Fig. 4.654.
b7 )
M

For bholh Con¥v‘ﬁua+50ms
D= 1450 mm el = /ﬂOMrnJ
Y= 15 mm.

D .

S

;f - .50
15
oo

Y -
A

For Con“lta'ﬂu'ifo/‘}‘iom (e}, Fig
4. 32 gives K= 1.99.

= 0.15

18 mm

For Cc}r.*{'\fﬂt_)ra')‘fcm G): ‘i':fﬂ fa) *)

481 aives K, = 1.57.

[

I= bh® - £08)100) = L5x0% mm® = 1.5%/0°¢ m

C:%A:JOMMfO.%Om

. KMe . _G6I _ (80x109)(1.5x107%) _ .
o & T ™M Ko 192 (0,05 ) = LAS %D N-m

= [.25 EN-wm el

- & s -4
(b) M"‘i%% : (S?sx;?;>)((;.'gs;? L s 1532/ Nem © 163 kilm =

Proprietary Material. © 2009 The McGraw-Hilt Companies, Ine. Al rights reserved. No part of this Manual may be displayed, reproduced, or
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is vsing it without permission. _




4,67 The prismatic bar shown is made of a stee! that is assumed to be elastoplastic
Problem 4.67 with gy = 300 MPa and is subjected to a couple M paralle] to the x axis. Determine
the moment A of the couple for which (@) yield first occurs, {#) the elastic core of the

M bar is 4 mm thick.

-,
p \ @ I= fib}\g = ;3{({&}{8}3“ R e
= §12 w {0t
-%h'r Yom = 0,004

e =
M. = Sxl . 3001t 512x I o™
YU oe 7 O. O 4
= 23.4 Nem M, = 35,4 Now =
12 mm mm () Yo %CL{): 2 barn ié-: .%.. = 0.5

M= EM 1= 3] = B a)]i- Sesy] s s2E Nowm

M= 52,8 N-wm =

Problem 4.68 4.68 Solve Prob. 4.67, assuming that the couple M is parallel to the 7 axis.

4.67 The prismatic bar shown is made of a steel that is assumed to be clastoplastic
with oy = 300 MPa and is subjected to a couple M parallel to the x axis. Determine
the moment M of the couple for which () yield first occurs, (b) the elastic core of the
bar is 4 mm thick.

@ T=Ebh?= 50 < 1.152510% mn”

= g0 Wt
crths  mm F 0006w
G I  (3oox109)(1s2%0")
9 M'f c = O DO
£ 57.¢ Newm M, = 57.6 N-m g

(b] ‘Yt(-'. ‘&C‘”’ ZMM 1_1'-2 -—é‘ - -é?
M= %Mr[l - Jé(‘icif] = %(57..,5){f—- "é’( ~3f- ;':E' = 82,2 N

M= 83 2Nep ~
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4.69 For the steel bar of Prob. 4.70, delermine the thickness of
Problem 4.69 ~ the plastic zohes at the top and botlom of the bar when (&) M = 30 N.m,
{By M = 35 N.m.
8 1ot

4.70 A bar having the cross section shown is made of » steei that is
assumed (o be elastoplastic with £ = 200 GPa and o = 330 MPa. Delermine
the bending moment M at which () yield first ocours, (b) the plastic zones al

the top and bottom of the bar are 2 mm thick.

S m

[t}

g bh?= H(UN = 2G3 munn
c= %h = G nrum

b A - '—f‘l .
My = Gl o (sexod(3isXio ) . p 1oy,

My = 2816 N o

(@ M= 3oNm %i -é./z-n 2(3%9,}} = 09324

Vi ® (049324) (4) = 5¢732 mum o Lpr Y273 = 00X b

& M= 25 Nm Y. fa-2(25) = v

yw(m‘lr‘]dm):;‘ﬁ o Ly =Yy = 1374 -

Problem 4.70 4.70 A bar having the cross seclion shown Is made of a steel that is
assuimed to be elastoplastic with £ = 200 GPa and oy = 330 MPa. Determine
the bending moment M a which (a) yield first occurs, (B the plastic zones at

85}.“’1 the top and bottom of the bar are 2 man thick.
@ I=bh® = H(PUPY = 3¢ bam ™
L RRH C o= Ji = 4““% :

o . :
M, = &, I {534&0){%’ 3¥/0 ) = 28 0L/ A

o ool
g = 2B bA Ae.

) Y= e-Lp = F=2 z=mm
M? . %MY[ i - _!g(%,_)z] - %Cﬁv/é’j[“‘é‘(ﬁ——)z] M?: 3472 Wi -

Proprietary Material. @ 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced. or
distributed in any form or by any means, withouat the prior written permission of the publisher, or used beyond the Emited distribution (o teachers
and educators permitted by McGraw-Hit] for their individual course proparation. A student using this manual is using it without permission.




Problem 4.71 4.71 The prismatic bar shown, made of a steel that is assumed to be
clastoplastic with £ = 200 GPa and ¢y = 300 MPa, is subjected to a couple

core, (k) the radius of curvature of the bar.

y

12 mm (CL) I = ifi (010!2)(010/5')%—_— 3375 w Io‘qmv

o= —.fi(mms) = & OOTSE M

15 mm

My = 6yl _ (ooxio® V(337510 7)

c G I0TE
z = 135/\”’)
M= BM, )~ k02T
AN M J ‘
c 3 - QW T 3 - %(23‘2151) = 07746

YY {07744 \)(0-0675'\ = 5-5’!1(:&‘5»;
TI’\\'C«L(MQSG 9‘r g..ﬂq:}'gu‘c Cove 87

&y Ee = Fp ,
P JrE _ (531x135)(2¢>0x{o )
= =

300 % J0°®

Qy‘, = thé mm

P T3Im
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of 162 N + m paraliel to the z axis. Determine (&) the thickness of the elastic

]




4.72  Solve Prob. 4,71, assuming that the 162 N « m couple is parallel to
the y axis. '

Problem 4.72

4.71 The prismatic bar shown, made of a steel that is assumed to be
clastoplastic with £ = 200 GPa and oy = 300 MPa, is subjected to a couple
of 162 N - m parallel to the  axis, Determine (a) the thickness of the elastic
core, (b) the radius of curvature of the bar.

)
12 mim

M
Y y T= & (oaofs};{:):mz)a =208 % (5 Tm*

¢ = (3 )ewiz\ =0c006 b
- - S I - {300% fO'é)CJ"Iﬁ x/o’-q>
MY ) & ) PTYA

L

= 109 um

=3[~ 4]
i— —['3 2—“ ./3*- (23(6,?\’ = o« JE54

Yo = (o 1659 Yosoaé 3 -_-.q.?;#xro”é

Threkness of efastic cove Ry =2 MM
B yer Ep
- .YT - (?'?543(/0 )(,zaaulo - .
r S, 300 » 10° = 06636m
P = 01467 i
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4,73 and 4.74 A beam of the cross section shown is made of a steel which is
Problem 4.73 assumed to be elastoplastic E = 200 GPaand ¢, = 240 MPa. For bending about the

z axis, determine the bending moment at which () yield first ocours, (5) the plastic
Yy zones at the top and bottom of the bar are 30-mm thick.

s bh s L (oMY = 3.646710% wm = 3.£4515 ° m”

90 mm (@) I = T ‘D
C :-&h = 45 mn = O. 045 m

. My 61 . (RHOXDO)ELISXUTY _ \qudwio Nom
|<— &4 —»I < 0.6 1+5
G. My = 1944 kNom
—~
% —f:;w 2 e B} R = G A, =(240x0)0.060)(0.030]
axis  RNABNSY Ben B = = W3z x/0° N
* Yy T 1Swmm s & mm = 0.030 m
ke comcs R, = 2 G, A, =(H)(210x10*)(0.060)(0.215)

=10¢ x{0> N

Yo 208 mn)z 10mm = D.0lom

() M= 2(Ry, + Ry, ) = 2[(w32415* Y(0.30) +(188 % 10*)(0.010)]

= RB.o8A iOa' N-n Mz 281 KNeh -

Proprietary Material. © 2009 The McGraw-Hill Companles, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or

distributed in any foftn or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission.




Problem 4.74 4.73 and 4.74 A beam of the cross section shown is made of a steel that is assumed
. to be elastoplastic with £ = 200 GPa and oy = 240 MPa. For bending about the z

axis, determine the bending rmoment at which (&) yield first occurs, (b) the plastic
zones at the top and bottom of the bar are 30 mm thick,

340 mm
. ; - i %
—t @ I gbh, ®
x 30 mm = {3(30}(‘:’?5’\)3 « : :
a0 m T 8225 % 107 mea @, :
= L *
15 mom 15 v I@> 2 b‘* L”-
30 mm T 2
= (307(30\3 TSNS %0 e
I= Lo+ Ip=180x10%mn" = L8> 107w €= 4 mm T O.O45 m
SPN e v 0% YL 2T % 10™) ' -
My ZE = < 2 o:{cs — = 10.032(6" New
Iy
77 » R
//Af; < “ e
£ « : R
A RNNUA TN S = ,.y‘
L e Yo

R, = € A = (uoxio®)(0.020)(0.030) = 216 x10* N
Yo T IS IS 5 30 pen 2 0,030
R, 6. A, = 2 (2405 10Y(0.066)(0,015) = (08 x (o2 N

2 T B0SY = O = 0016

M. = Z(Q'Y’ + Riyz)
= .
= 2[(21e%10>Y0.030 )+ (168 x16%) (0. 015 )]
%
= 1602 %07 Newa M = 1612 kKNowy -
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Problem 4.75

25 nun

500mm (03

25 mm

1235 mm—»! I*——-—-——*l |-‘—--1.2.5 mm

nyis

50 mm

A .

'\\ o
A

4.75 and 4.76 A beam of the cross section shown is imade of a steel
that is assumed to be elastoplastic £ = 200 GPa and oy = 300 MPa. For bend-
ing about the 7 axis, determine the bending moment and radivs of curvature at
which (&) yield first occurs, (£) the plastic zones at the top and boitom of the
bar are 25 mm thick,

u

\

I

Is

il

Lbh® s A dF = L 088 100005 )(31:5) 5 2134376 mam

I
L= T’%:bzhj =k (fo)(50)2 = 520823 mm ¢

I, = 2724270 mn

?,

&

T=-I,+1,+I, =599702 mm”

¢ = £onem
6.1

N

I

" iz
(2o0x0 ) ($9PILEL xi0)
o5

T 35 kNm ==

R, = 67 A, = (300x(0)(0:075)(0:026) = $ 025" hepy
A

K.

1

2E DL 2 378 bm,

%@Az = é(%wxm“")(owr)(a-azs?
- f:??o.!’ kﬂf
£06)= 16L(7 huom,

1]

i

Yz

b) M= 2(}?,3, + ?zﬁ):..;Z[Kézeﬁ(o‘o;7&)+{M’?:Jr‘)(alo Iéé"?)j;;{(;g,jmam e
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4,75 and 4.76 A beam of the cross section shown is made of a steel
Problem 4.76 that is assumed to be elastoplastic ' = 200 GPa and oy = 300 MPa. For bend-
ing about the z axis, determine the bending moment and radins of curvature at
which (a) yield first occurs, (8) the plastic zones at the top and bottom of the
bar are 25 mm thick.

{2y I

"

Bbh’+s Al - (7€) [ix)%—(ﬂ) (25) (37.8)
= 273437 6w

= bh} = A (26) (50)3 = 260 417 prat
&

25 mm - J !< -“-4 L 25 mm

25 min

o)
»
i

I I, = 2734%75 mm
- ¢
I=1- Iz.;_];-:f;?g?fé’f g

C = Lo Mmin _ o
L GLI(3eerio?) (£727167 Xo )

MJ o 008 :;q‘-‘tl[’wﬁ»\‘d
Gy | ‘F
T A 174 R = 6‘\—4[\‘ = {Sooyio J(01075) /o\qzx)
e ) )

T S =862 5 LN
= R / Yo
R ESA, = ) o)
T 93 .7y kN
yl = % (25 = 1667 mm

tf

axis 5 25 ]ty m 37 bk

@ M= 2(Ry, + By,) = 2[56x003791 @379(001662)| = 4523 fuim. =
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4,77 through 4.80 For the beam indicated, determine (g) the fully plastic moment

M, , (b) the shape factor of the cross section.
" 4.77 Beam of Prob. 4.73.

Problem 4.77

From PROBLEM W73 E =200 5Fx axd Oy * it0 MPa,

90

A, - G60)(48) £ 2900 me

T 2000 %[O
] . R = &, A
Z/ﬁ////f; e @ Y 1
i C’,/?’;/V 4 P m'g = (240 xj0" W 2702 x107¢)

’ ;“;E B = g8 x0° N

d T /S Mg - 0.045
) Mo = Rd = (84802 )(0.045) = 29.16x10° Nem M, = 29.2 kN-m—a

By Iz fbh® = FEALY = 2645x10% v = 3.645x/07 %

C = 45 mmp T 005 e
6 I ) (2.695 % [0°°)
Sel | (2oxIoNadsxIe) Ll e e

MYT

o 7 O, 045
k = —g—ﬁ - leg‘eii k= | 500 =i
\f -
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Problem 4.78 4.77 through 4.80 For the beam indicated, determine {a) the fully piasnc moment
A, (B) the shape factor of the cross section,

4.78 Beam of Prob. 4.74,

_{
30 mm FPQ - PEO@ LiEwn .4.*?1;. E. = QOO C;-Pa_ gv-_c; {S;:: RHO M‘PQ;
30 mm |
30 mm @ Ql - GTKA[

if

(240210 )Y(o.030) 6. 030}

15 mm - L—~—*| ~—15 mumn

30 mim = Alex ,DB N
:\:(: = 30 .. oz 0.030 n
3, |
. -
AL SN R, = G A,
/// {’p LAY “
< R (240 x10° {0,060 0.018
T NN I — . s
5 = 206 x [O° N
S S— Yy T LS mm 7 0.0075 m,
6‘1’
Mp= R (p,:\;l 2R, Y ve 2 Lex 1033(0.030) 4 (26 % 163)(0.0075Y]
T B, 20 x (O N Mp= 16.20 kN-om s
&)
® To = m bbb’ HEe)(q0Y = L8228 % /0% mn”
e f@ Tk b h’ s 530130 = 67,5 %10% mm "
i i

T = I® + Ip v 189210 w2 1L8I% 0% wm"
E T HE = OLOYE

. 0% . A
M, = 6}{;.{“ N (ztfoxo{ Oé_}%@rwo = 0.08%[0° Nem

™M 6,207 (0>
- LR L - Y
K Mj jp, 03 x (O™ k= 1.607
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Probiem 4.79 4.77 through 4.80  For the beam indicated, determine (a) the fully plas-
tic moment M, (b) the shape factor of the cross section,

y 4.79 Beam of Prob. 4.75.

' From PROBLEM 4.76 E = 29%10° and 6, = 360 mfa

T

25 mm

R‘ = G,A, = (Bco;cff) (6-6785) (0 028} = £ 6I-SkN

125 mm—»i {Hm—)—[ |;]2.5 mm

j. T 25HI2LT = 3PS Aem

W, N o R,= Oy A, = (300 00" )(0:05)(0:025) =374 UN
SN < Ra )
OXIS \‘\\Az\\ e -~ jz = ;l;: (7_5’) = Ig,_{p M
i .

[ ]

Mp = 2(Ry, + Ryye) 3 2 [(£626)0-0379)# (375)0-0128) ] = K1 6 bW it

Yy v

&) T, 7 mbh’ s AdS = A0+ 0000615 20724375 pant
1, - g—ql:l)zl‘: = ALE0)ED) = d20813 pmat
I, = I, = >734375 o &
L=I1,+I,+I, =£989593

¢ = Sphom

_ 6 p3x05""
My = Seb L Geowe)(CITTEXE . 5 cq piym
M N
- .._.J?., o e ——— = r ‘
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Prablem 4.80 _ 4.77 through 4.80  For the beam indicated, determine () the fully plas-
: tic moment M,, (b} the shape factor of the cross section.
¥ 4.77 Beam of Prob. 4.73.
4.78 Beam of Prob. 4.74.
235 wrm 4,78 Beam of Prob, 4.75.
I 4.80 Bceam of Prob. 4.76.

50 raen

Frow PROBLEM Y475 FE :zma}{mqé‘ﬂa ol 6'.; - gcsaMPq_

23 mn

25 ——I |- mi-| |4-— 25 mm QI

Iy

) A, = (300x10 00T ) (0025 )= 2t g

25 i

S, y‘ 2 28 A1EE 2 3708 pos

R, ¢

:L//;A;‘ a!r’{;l - s QQ‘ = 6;A2,: {3&‘0 Kie )(6@2@)_@@25“)
NS e I = &t L '

XS \\‘A\\ -~ ez k > .

r R . Vo7 5 (2505 1205 b
: i
L

Mo = 2 (R, Y, + 'szz‘) -2 J'(J%M')(srvﬂs“)+(/§7hr)(aamzy);}' = 45*7 LA -l

k) I,=b, b3+ A = L ()6 (79) (00) (315) = 3734378 -
1,= b by = FOR)> = 24l e
I3 = I; = }7%“’{57{ fw\a"

Tz TaI,+I = 12967 mak

<= f@ [ TE 2T ﬁ!
o G, I | (Beowst) (£729167 Ko ) ~ _
My - < = s = i G BN

M 469 ,
k: ““ﬁf = m_ = L}ég
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Problem 4.81

4.81 and 4.82 Determine the plastic moment M, of a steel bearn of the cross section
shown, assuming the steel to be elastoplastic with a yield strength of 240 MPa,

Totad aveat A = (50M90)-(30Y(30) = Z600 wm-

TA T 1200 wmwm

Jwn
10 sy — ~— 10 ymm

2A 1800

3 wmm o M L = e T 2E mm
722 ) e .
'/A? * :—“____l I
NA AT ¥ — )

& \:\S;‘ : ] 0

7‘. ] ] £}

7 A g -

A Ry~

kb
A' = (50)(3!2) = 1800 Mm‘l) 5(—' T R e A‘§‘ = 32.4 x|o* \mma
A= ($0X()= 700w Y, 2 Tmm AN, T H9x10% s’
Aa = (Ro)(30) = GooO "'"""t; :73 T 29 mm Aa '.}_-’3 = 14 x !OS .
Ay = (80X(1eYS = S00 wul, §ut HA Auye = 24.5x 10"

3

AY, + Ay, s A s Ay, = 76 250 mm' = 79.2 %107 m
MF = 6?’ SA‘\\?‘

(240x10N79.2-00™*) = 19.008x10> N-m
MP: 9.0} k[\};w —
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4.81 and 4.82 Determine the plastic moment 34, of a stee} beam of the cross section

Problem 4.82 shown, assuming the steel to be elastoplastic. with a yield strength of 240 MPa.
- £
< a
36 mm A. 4 * -i----.-.--| —_—
MR LSAN } < . T nn
/Az ; zﬂ ﬂ_%
R'_’:
‘ e b ] o3
< 3} T ——| AB-
TEJ'{W:VP a_-peq_: A = _‘;“(9301(.35) = \5#0 I"‘-‘HM‘l
FAE 270wt = A
. {s]
Bj S par -{‘m'anjfes} :yb- = 33—&, L= f—j
; = 4 = 2 ~ 12
Sce Aciby s £5. g BA
Yy 5(2703 T ZE.H558 by L = 20,2132 mm
Ay = k(21 2032)(25.4588) = 270 e = 270%107° W7
Afk (121223026~ 25.4558) = 223,476 —— = 223. 676 x [O° Ml

& ES

‘t
.= A - A - A, = 46,324 = Yg, 3249 %07 w,

A
K: = 6, A, = 24oxj0o® Az

CH.8x 0 N o Ryt 53.6822x(0° N, RyT /11178 %O N

X
i)

J, 7 Yy T 84953 mm ot BuBEEA(07Y w
5,272 % [0 m

4
1}

Yo & % (26 -254858) T 51272 mm

1.0295 % [B

f
1)

Ya Z2(26-25.455%8) = 70245 mm

Mo = 411 Nom =a

Mp = Ry *+ RaYe + Rays © Al Nem
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~ Problem 4.83

4.83 A thick-walled pipe of the cross section shown is made of a steel that is

assumed to be elastoplastic with a yield strength ay. Derive an expression for the
plastic moment A, of the pipe in terms of ¢y, ¢3, and oy.

e
C.‘i-/ ’
/'4// : -

&)

Problem 4.84

4,84 Determine the plastic moment M, of a thick-walled pipe of the cross section
shown, knowing that ¢, = 60 mm, ¢; = 40 mm, and ¢y 240 MPa.

See the 50}0'}'[01» ‘o PROBLEM 4.93 for o\er\'va\.'}’u‘uw oF ¥he
*Fo)“’auinfj e.x,)rc,ss iow For M‘P:

q 3 3
MP:‘ :3——6’?'(:( 'Cz j

Da,‘l‘a.-' 6-.( r g YO f‘-’l?& = 240 *]Da Pa
Q, T G0 m T O.060 m
C.z_ =z 4O mny, = 0.0_QO ¥

Mo = 2 (240 #(0° (0.060° - ©.040" ) = 48.6¥ (0" Now

Me= 486 kN-w -~
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Probltem 4.85

b T8 T e ]

56 mm

"lQS m;‘n!‘ :

VZRZ22, v
/?\ 2§

A
2 ///gj %g

4.85 Determine the plastic moment M, of the cross section showa,

assuming the steel to be clastophistic with & vield strength of 330 MPa.

Tokad cvecs A = (7)(12) + (50)(25) = 215D s

2N = 167 pnt Y * %& = —“;_:f * 43 i

3
- - ) 3
A=) 2 Joomm | y < j2e26mm, Ay, < Ho25 pom

. " o= ’ n — 4 >
A, =(6:25) (26) = 1526w’ Y, © 2,125 A_z}/z’ 288+ 3 g

A, = (4379 () = 1073 T YT AleB1Skn A, = 232K

Mg = ESY(A,l], + Ay, 4 Aayﬁ

g ‘
= Foxto®(l1oast 4883 + 229252 &) (1¥10 )= 11T EN

Probiem 4.86

;100G mm

b
i

7 0 12

L

-

12 i - T eun

e

12 man

B

50 mm

NA 3 iz X

N7 ¥
@é [2e%

4.86 Determine the plastic moment M, of e cross section shown
assuming the sleel (o be elastoplastic with a yield strength of 250 MPa.

2

Totd area! A-x (trex 12 )4 (76) 12 +({58)(11) = 2T00 Muim ’

z,
%A = [BEpD him

A, = 1260 maT, 3, 2185, Aaj; = 22200 !wwg
Ag= 150wty Y, 54025 A,y“z, 2 4375 pm®
Ay = 750ma’ Y =3k B, 52364375 wud
Ay = boo e Yo =8, AgJy = 4100 i

Mp = 6 (Ay, + AY. * Agy + Ae)

= (250%10 } {22200 + 9375 + 234 305+ 4100 ) (K107 ) = 219 kN ot
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Problem 4.87 4.87 and 4.88 For the beam indicated, 2 couple of moment equal to the full plastic
moment M, is applied and then removed. Using a yield strength’ of 240 MPa,

. determine the residual stress at y = 43 mm.

¥ 4.87 Beam of Prob. 4.73.

Mr T 29,16 *fo?’u-lm (See .Sopd'{‘fmns %Pﬂ:bﬁemﬁ 4_73@»«(‘%,77)

90 mm
I = s.cuswio®m’ | C T 0.04% m
Lig(}mmA 6’ - M-——fm“""«y = -—’\T}a—e cuf \y =& s "-LS’/ o

< 240 MPe iy 340 HPa, > 120 Ma

[ q +

S — >,
- - .
L ] é
LOADING UNLOADING RESIDUAL STPESSES
. R2.16xi0") (0. 018 ¢
T 360 x[O Pa,

¢ - 3. 645 x for¢
G, = 6'- 6 = B860x0°-240r10"= 120x]0° s 5, % 120.0 MPa, -
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Problem 4.88 4.87 and 4.88 For the beam indicated, a couple of moment equal to the full plastic
moment M, is applied and then removed. Using a yield strength of 240 MPa,
determine the residual stress at y = 45 mm. '

4.88 Beam of Prob. 4.74.

30 mm
30 mm MP 2 16.20%10 Nepn  Lromthe sodution +o
“““““ 9 PROBLEM 4,73
30 man e .
= . Ir = . B&® [0 ot
15 mm = "‘4_,’ <15 mm -
30 mm c - 0. 085 1
6= Maul . Mpco | (16.20%10° Yo. 045 )
T I L8 w 0"

= ARE.T #10° Pao = 2857 MPa

2HoM / 3357 MPr 7 [45.7 MPq

- é?

P

L AAAAADN

v

LOADING UNLOADING RESIDUAL STRESSES
At y =4 & = 240 MPa G'= 385.7 MP=
Resicluad stress G, G -6, Opesy = [35.TMPa, e
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Problem 4.89 4.89 and 4.90 For the beam indicated, a couple of moment equal (o
the full plastic moment M, is applied and then removed. Using a yield strengih
of 290 MPa, determine the residudl stress at {a) y = 25 mumt, (B} ¥ = 50 mm.
4.89 Beam of Prob. 4.75.
4.90 Beam of Prob. 4.76,

25 min

0 nom MF - ,‘(“/,é ga,/\f (Seg .SD-OUHOM:S o Pk Lowns L‘h?éovdq.go}

25 mm I :f‘?f"?fé)g le) & = 50 paum,

125 mm-—-—i |<m4 |<—,12.5mm ' M M, &
‘ & = ey . MpC Lo y=¢©

I 1
G = (51EK2)(008) o fiag 7 Mba,

£95axF Ty 1p-12

< dop Py 4307 Ml 7 7%6-7 Mfr
—— ,é
= = 7/*-*
LOADING UNLOAD ING RES IDVAL STRESSES

() A*jrﬁgm e &'k (4367 = 38 Mg,

Eree © =300 #0300 — B 60 Mfa, et
G Al y= éomm e R

Ghey = ~ Yoo+ Y307 = T 30T mpfa, -
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Problem 4.20 4.89 and 4.90 For the beam indicaled, a couple of moment equal to
the full plastic momemt M, is applied and then removed. Using a yield strength
¥ of 290 MPa, determine the residual stress at (@} v = 25 mm, (A v = 50 mm,

— 4.89 Beam of Prob. 4.75.

25 mm 4.90 Beam of Prob. 4.76.

T Mo m 469 ENM o (See sofotions to Pelifewms 475 0mdd 412

25 mm I - §72,5?fg7 W.W\tf T Epbam

25 maen - g-| L—>| |< 23 mm

25 6"= “td‘T“rﬁ‘!‘I = ‘fﬁi—g— afl‘ ‘Y"*’ L

¢ (469 x103) (008} ,
G = 559767 Kiow 1> _._4,36] wba.

— Ev‘oMﬂo&t A— 4M wfin _ . 57 4o MPa.

P G

LOAD ING T UNLOADING - RESIDUAL STRESSES
204.5 rfe .

M

@ At y=:28mm=4c 6= £(40

Ores = 300 + 2045 = =98 mfa. - =

&Y A+ Y‘E“Ofum:-.: _6‘_'.‘___ 4069 mba

1

Gres * — 300 + 409 = j09 M -,
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Problem 4.91 4.91 A bending coupleis applied to the beam of Prob. 4.73, causing plastic zones 30
mm thick to develop 4t the top and bottom of the beam. After the couple has been
removed, determine (a) the residual stress at y = 45 mm, (b} the points where the

¥ residual stress is zere, (c) the radius of curvature corresponding to the permanent

deformation of the beam.

90 mm

T

See SOLUTION +o PROBLEM #7383 fur bena}';nj touple awe
stress distribution c;ium'nﬂ .?m;){mg.

«— 60 mm -
M = Zﬁ-oﬁ%{oﬁ I\J'W\ jf = 1§ = 9, 918 w
E = 200 Gfa &, = 240 MPa
T« 3 ca48%la  m" C = 0.045 m
: Me (28.08x10*)(0.045) . .
(ay 6 = T = 3.?'-[5510“’ = 346.T»jo" T = 34¢.7 MPa
v . My - (28,08 10* Y(0.015) _ & -
53 T 2 Z9Cs [o-¢ = i15.6 x10° Pa= j15.6 MPa
At y=e, Guw-= G'-6G.= 346.7 -24H0 | Gy 106 TUPa  ~m
A+ j v yTJ G:C‘.n = 6“— 6—\,’ ¥ 1’5-6 -Q.'fo 6‘“‘ _qu‘ q.HP&
240 Mf e 34¢.7 HPa - 106.7 MPs
% o
% - 124.y MPa
+ =
> 1247 MPa
40 MPy f—
- - 106, T MPa
LOADING UNLOADING RESIDUAL STRESSES

(bY G—rcs = 0O - "E\‘;"\'é! - G‘r = 0O

. 16 _(Eeuszis)(290%i0°)
Yo M 7%.08x(0?
ans. Y, * ~-3L.15 L OJ 31,15 mim -

= 3L 1S %0 T B

Cres = — 1244 x [0° Pa

E)‘ . - EI (ZOOVfD')(O.OJ5)
= e F) T . - . P‘: 2"‘!. m -
6 6 - ili."f ¥[os V 1
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Problem 4.92 4.92 A bending couple is applied to the beam of Prob. 4,76, causing
plastic zones 5 mm. thick to develop at the top and bottom of the beam.
y After the couple has been removed, determine (&) the residual stress at
¥y = 30 mn, (B) the points where the residual stress is zero, () the radius of
curvature corresponding 1o the permanent deformation of the beam.

23 mm

50 mm

0 See soLuTION 1o PROBLEM H.75 Hur bm\:nﬁ covple and
B mm Stress distribotion

i-‘-- - 25 mm M

25 yvn = 483 LMM yr = 2k pna.
E = 2evdbfs G, = 300 Mfp.
T = £729/67 e = LD,

&' = Mc _ (S3mo)(o-05)

= — 395.3 4
I (ﬁ?}ﬁ/é’]xio r  fPa
v My, sz:oa)(u-ow)h 7
G L = - = 1977 mo
, I £ 67%18 " 7 A,
At y=ec Crs © 8' -6, = 3983-300 = 483 nfa L -

A'} J” y’f 6:.:._5’6."__ G“( - /q?.’,’,gw T~ fo2el M’Pﬁ}

Bopmf = ' > 398+ 3 M DL 2 M
ot -
SN , ~ 1023 MR
+ =
> 1022 Mbs
> —9$ 2 My
LOARING UNLOADING RESIDUAL STRESSES
6m=t) E %-\*/9-6; =0 .
16, ~ (emasrxid®(3o0%0)
= - = U~ M
GRS, Yo & =37:9mm, 0, 27Fmn =l
ALy ye, Gux -ro2 3mpn
6--£y - == EY | ©Geowel) (0028) _ 40,
r /O N fOre3 Klob

oy
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*4.93 A rectangular bar that is straight and unstressed is bent into an arc of circle of
Problem 4.93 radius p by two couples of moment M. After the couples are removed, it is observed

that the radius of curvature of the bar is pg . Penoting by py the radius of curvature of
the bar at the onset of yield, show that the radii of curvature satisfy the following

relation:
QL1 3e 1_1(1’_)2
pe | 2oe| 3oy

M = "% Mr( "‘3‘1"12'4l } let v dewtfe '5};"

Probiem 4.94 4.94 A solid bar of rectangular eross section is made of a material that is assumed o
be elastoplastic. Denoting by Myand py, respectively, the bending moment and radius
of carvature at the onset of yield, determine (@) the radius of curvature when a couple
of moment M = 1.25 My is applicd 1o the bar, (b) thic tadius of curvature after the
couple is removed. Check the results obtained by using the relation derived in Prob,

4.93,
L. M = B (- LB N
((1.) PY E.I 3 M RM!'(\ = P?‘l} Le+ ) = Mr-—'- 1.25
M N =
mfﬂ-%(’“éﬁ;) ﬁf%z-:am = 0.70671

p = 0707 Py st
12) L= i __.."ﬁ_ N _ﬂ_’ﬂ; - Ao m - i - !':3_;

- 0.16421
B Pr = 6.07 py . -
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Problem 4.95 4.95 The prismatic bar A8 is made of a steel that is assumed to be elastoplastic and
for which £ = 200 GPa. Knowing that the radius of curvature of the bar is 2.4 m

when a eouple of moment 3/=350 N - m is applied as shown, determine (&) the yield
strength of the steel, (#) the thickness of the elastic core of the bar.

M
s N
M?%My(l'éﬁz/
I 26 "
3G (1 -4 42)

2 6, blacy 1 P26t
2 7Z¢ ("éE‘c‘)

3 2
6 be® (1 - 4 £8%)
2 &
() bczs‘y ( ""’é&E";@.C.; = M C;)L;(_ e?z)a/{’r‘m« ‘pol‘ 6?
Defat E 72002107 Pa M= 820 Nom pT2Y
C=g2h = 8mm = 0.003 m

tH

16 mheany 20 mm

[}

L 20mm = 0.020 m

(t.28x10™) 6, [l—- WBoxjo 6,°5] = aso

6,,[ | - 750 210™" 61,3'] = 273.44 xIo°

Selving by Hvial Gy = 292 *i0° Pa 6, = 292 MPa  —a

. Sep 232 x10¢)(2.4) _ A -
B yem 5 Toowio T 3.80Y%I0m = B.50Y wmm

thickness of f?,J}qs"‘-'c_ core T ij = 7. 01 vamn
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Problem 4.96 4.96 The prismatic bar AR is made of an aluminum alloy for which the tensile stress-
strain diagram is as shown. Assuming that the o-¢ diagram is the same in
compression as in fension, determine (a) the radius of curvature of the bar when the
maximum stress is 250 MPa, (b) the corresponding value of the bending moment.
(Hinf: Far part b, plot o versus y and use an approximate method of integration.)

40 mmn B

M

N,
o (MP) 0 wm
ol (@) G, = 250 MPa = 250x10° Pa
4’-——- | o
// £ = . 0064 Frow, rorve
200 /1
rd
7 € = 4h = 30mm = 0.080 w
| L oo Ex _ 0.,0064 -
0 0.005 0010 © = - “0.630 O,.21333

p= o

1

(b)Y  Strain distribution. £ T - Em:\__; “ &, U where U= 'z"\_i

BQhJina chfafe.,
M "§£J554j : Zbgoyfﬁ’fo’y = Zbcf'go picldo = 2b2" J
where +he ih*&jrq! J is ﬂ\'a_lev\ by SD o |61 dv
Evaflvate J vsing o method oF nomeviaf imteqration. If S:‘mf:ch‘s
\“Ul! s Useo\J +he i'w‘f'eJr\Q.‘!'fon forwpda s
J = %9 2 wulisl

wheve w je @ w#..‘a,z‘,‘}'{nﬂ 'R:,'fbr, Usina AU = 0.25 we ag.‘}
the vealves 3ivev\ w the tuble bde-u N

0 3 &, (MPaY | uvlol,MPy| w| wulsl{MPy
o O ] o ! O
0.25 [0.001C 1o 21.5 4 1o
0.5 |0.0022 180 G0 2 180
0.75 |0.004% 225 168,75 4 G158
Loo |o.00e4 | 250 250 ! 250
| 218wt T wu el

T - (o.zs;(\zfs) s J01.25 HMPa =~ ]01.25 x10° Pa

M= (2Y(0.04903(2.030) (101,25 = 10° | = 7.29% 10" Nem YAZ 7,26 N o~




Problem 4. 97

4.97 The prismatic bar AR is made of a hronze alloy for which lhe len-
sile slress-strain diagram is as shown. Assuming that the o-¢ diagram is the
same in compression as i lension, delermine () the maximum stress in the
bar when the radivs of curvature of the bar is 2.5 m, (&) the corresponding
value of the bending moment. (See hint given in Prob. 4.96)

M

o (MPa) ” 30 1nm {a) f3 = 2000 pm, b= 2o i, C =[5 g,
. C Iy
0 EwT = T ==— = 0.006
— M /O HEOO _
280 =]
/ Fvowa the curve .. 300 MPa. -

210

140 /
olf
o 0004 0008 e

(b)  Strarn aln‘sfu*n'lw'l'{on g = —'Emeé T -8, U where U -,-3._1-

Béndi;aa Lowp le ,
) ¢ . o . ' 2 f
M =-5-cy6‘loaf\y = ZBS;yISIJy = 2bc Su visldo = 2be® J
w\\?m +he En+e3v~mp J s qiven ,bY S: u s do

Evalvate J vsing o wmethed oF nuwmeria? luteavation . IF Simpson's
Y‘UIQ i Usgv\J +he iv-l"ear-\,-ﬁ'on 4;:'“»1-11?4. ‘s

J = “%E)“ZWUIG'I

W‘\EV‘Q W s a W&{'%Ah‘\ﬂa .‘Rx.;i'él" Uanj AU r O.25 we. Se’.f.
He vatues Jiven i the dwlde bedow _

U tel  [le), m|u 6], x| w jwoi6l, M
o) 0 o O ! o
0.25 | 0.00}1¢ 78 438 I (7%
0.5 | 0.003 202 izg 2 142
0.75 | 0.0045} 2P0 (0 [ S¥o
1.00 | 0.006 500 o0 i Loo
| 1567 S wo |6

J= (0-25'33("\'@57) : [20.4 MPa
M

s}

(2)(0:02)(0e0i5)" (120 xw&) =7 EA A -




Problem 4.98

498 A prismatic bar of rectangular cross section is made of an alloy for which the
stress-strain diagram can be represented by the relation £ = ko for o> 0 and £ = ko
for o < 0. If a couple M is applicd to the bar, show that the maximun: stress is

N 14 2nr Mc
n f

n

Stron o}fs'}‘r(}a«){“{omi £ =-EM-¥ = -8, 0 whers U =.g.-

Bemo‘-‘na coop)e..

M- -§, 00 by
26c* { uls] do

[

1

11

Dl

2§ ylsldy = 26’ ¥ Is1 &

[}

!

For &= " £.. = KE.,
£ -0 =8 = i6)= Gt

K&

/ ! ]
Then, M= 2be* { 06, 0¥ do = 2] 07 dy

244 !
< 2be o 2| 2 bete
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Problem 4.99 499 Determine the stress at points 4 and B, () for the loading shown, (b) if the
60-kN loads are applied at points 1 and 2 only.

60 kN

HG RN
LE0mm . ";é“ . a0 kN
!l j i’\t"“—-i'if}nnsn (e L‘M"CE:W% 'S C'E‘ﬁ;}ﬂ'c“
P =z |80 kN = 1B0x10° N
A = (Go)a0) = 2.6 ¥’ Mm‘- = 2LE w0t wmt

MAwdr 6=-F - 180207 g 5300 P
=-5.3%3 MP&. =it}

)
120 mm ™

kN
£20 1 90 in p - 120 i\'N . IQO “fDa
M= (6owi0? )15 %107 ) = 120 i’ Ne-wm

T= mbh® = H (Y W0P = [63.85)0% wm” = (6368 %)0°° m*
L = |20 wwn = Oaii@ v

(W)Y Eccentric Poadia 1

& a3 N
MOA L Ge-f e s Bode Q0meR0120) L iser kot Pas 1597 MPe

3 . = 3 \}
MRk B R SRRSO - a0t P s e

4100 Deternine the stress at points A and B, {a) for the loading shown,
{b) if the 60-kN loads applied at points 2 and 3 are removed.

Problem 4.100

kN @y Loading s centric. P=il8s kN
150 mm __ >\* \“GUEN A = (é'ﬁ?}(&"i‘?‘) = praZlh e
1 Ny
g 1) e A+ A MA 8 - “§
3
e L fBoxe - -
6 = WYY Gz ~8-3 Mfa
() Eccewtric toading . P= bo kN

M = (600 E) = 9 LAm

-G
T = b bh® = EoresP = 10368 g0 m*

120 i T /I

120 \!3(') ram C o ddm
._P _Me _ _ 50}(193_ ¢9xeod)od2) 13 = /%2 g
M A G B T T T Teoile” 53 kst hpa G Mt
3 3
-8 Me _ _ boxiot  (GxoiMod2) _ 4 |




Problem 4.101 4.101 Two forces P can be applied separately or at the same time to a plate that is
welded to a solid circular bar of radius r. Determine the largest compressive stress in

the cirenlar bar, (@) when both forces are applied, (b) when only one of the forces is
applied.

o

AN For o sodid circolar secdiom A’-‘T"nz,\ I- "fir y &F Y

COMpﬁcgs?ue. Stress &5 = -;E\m
£

(@ Both forces _af:__p).gie). F=2P . M= 0O
§=-2P/mpr> ==

() One orce awppﬁ{ea’. s P_, M= Py

- - 4Pr :
&= % T = —SPpt -

4.102 Knowing that the magnitude of the vertical force P is 2 kN, determine the
stress at (a) point 4, {b) point B.

Problem 4.102

r
‘ A= @NU812 432 mm® = 422%10 wm

2 FEDUSY 1], 664 %10 wm”
= 1,664 %[0 m"

L]

c

%(fg\, = Fmy T 0. 009 m

£8 mm

]

12 mm e %(53)‘*’ o = HG pam = O.OHF wm

12 mun

M=* Pe = {2x10%)(0.049) = 4% Nem

Mc 2xie? 4 d8Y0.009)

SN G u (=S
@) ST TR YT T Tispeo® Y iLegiwio = Thoxtol P |

G = 7.0 MPa. -

- -P _ Me . _2xl0% 78)(0. 00% )
) O = =y - T ° T Qa0 T E;.ngxc;o-q = - 80.2x%/0% P4
g - B0 MR -
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Problem 4,103

4,193 ‘The vertical portion of the press shown consists ofa rectangular tube of twall ,

thickness 1 = 10 mm. Knowing that the press has been tightened on wooden planks
being glued together until =20 kN, determine the stress at {a) point 4, () point B,

r(ﬂf—-" bw‘-’)ulﬁdf Cu'!’o\){' I's ’-Oww; o f.l\D g
A s (’S')}(é()‘] - (CJOYQD\:’ ,?,"{‘}{IO MM P ’{ L]);}D VY)

Sf}mn* i B M/GD (803 - ‘lLf(q‘D'}(gﬁ\)g = 1.34“}OE V\qw\lf
= g4 =0

. S

200 min 80 mun

Section a-n

2o O v m0.0U0m @2 200+ 40~ ZDmu = (1,240 m

M= Pe = (20x10°00.280) = K.84/0° Newm

P P, Mo _ 2ox%[0* (480> o.040) ¢ ¢
A - ] e e b — X
(Q_\) GA p‘ J: ?,t'{)l]()”'s—f“ !:Eq ” }O”‘ ”'2.7‘/0 Pﬁ\.
_ | Ga=117.8 HMPa -
i3 4
. P Me | 20¢]0 _ (ex(ct Y0040 Lo
® &7 X7 2.4 % (o™ 8« 107" 96-0 Io” B

6"@:—,96-0. MPr, et}

Problem 4.104 4.104 Solve Prob, 4,103, assuming that r = 8 mm.

4.103 The vertical portion of the press shown consists of a rectangular tube of wall
thickness ¢ = 10 mm. Knowing that the press has been tightened on wooden planks
being glued together until =20 kN, determine the stress at {g) point 4, (5} point B

Qeo{ CU”H’UPQ( cu‘lau“f 16 Othmp w HY mm
A= (8o)(<,o ~ (64 4d) = 1.98Y %[0  mim

= L9840
Section a-a I‘ = *1—1{(60‘}(30)21‘3(1{4)(@&()3 = -"-SC-’EBF'V‘IDG hmsz

G4 nun

|+ 80 mm -*»| g

f——— | <-—4—I

200 mm 80 mm. = L5988 % {OP‘W\*
. RO0X Yo T 290 maw = O, 240
Mz Pe » (20x10°) 0. 240) =

C= Ho i = O.00H uy

H, 8« [o?’ K-t

v Y
@ 6 =04 Mo o 20MO L (4300*3(0080) _ gp 000 P,
A T Lagisig’d 1.5988) % [¢
6;: 120, 2 MPa, ==
P Me zo¥(o® (4.8% 10% (0, 0*07
B e e = -
( Ca A T Lagd»io™ 59881 % (O =110, pxj0 Pa

Ge =—~110,0 MPa. -=.




Problem 4.105

4.105 Portions of a 12 X 12 mm square bar have been bent to form
the two machine components shown. Knowing that the allowable stress is 103
MPa, determine the maximum load that can be applied to each component

3
-
| I Pigm
_ (=
M= P

The viasivion stress occuvrs at Fo{w‘)f g
(o) l |

Sg = =105 Mpa
//// ) Je=ern e b
// lémm RS S

P
F
whert ¥ = -;;"4_%&

P i

2 roan

Pec -
= KP

-6 .
A = (0012)(0012) = 1h4xio ",
= ..L/ \lporz)? = -9
(o) e I (o0r2) (@or2)® = 1728 %15 m?
A
12
c= "«T“‘{m"’ € = 01024 m
NeA. 27 ¢ i
(a C T 0oh m
_ reas\ln
12mm V2 o K = 4+ for024)(p008 )

-
l##xm" 1728 w71 7 F02178 m
. Ga _ _ (ro5x %)
- ¥ - F0277-8
Pz 1e3 N -y
® ¢ = 222

- m
",T;'J—"' Oroo 843

For a Squale I /s 4he mame
for wll ceatvoidal oaes,

IT= 1728w lo"?m"

K v/i}ffx‘io‘ n7z8wlor? T22:2 m™
Pz _Ga_ . (-ro5x1)
T K 247222

P = Baz N <l




Problem 4.106 4.106 The four forces shown are applied to a rigid plate supported by a solid steel
post of radius ¢, Knowing that P = 100 kN and & = 40 mm, determine the maximum
stress in the post when (&) the force at D is remaved, (b} the forces at C and D are
removed.

Fo:r o su)x'ai 'c,[v*cui?qw SEaﬁ-a'uv« 0‘5 v\ao?fuﬁ 2,
A= Ta* I=fat

() Ceniric wcmr:,:g-. o=y
G F 4P

vl - — r—

R

L) Fo_n"ce_ at D s V‘Emavafri.

F= 3P My = - Pe., M, = O

6‘_m£__M_{_%m_§E_—PQ~G,>T_ZE

@) Forces 2 £ ard D are '{'EW.OV’E.'J,

F: ?_P Mx‘-: "'PC}- Mzz_pa

QES&)F'}LQVZ'} ' b&no‘fﬂj ;ou[j&? M o= mgi-‘ .MZL = ‘E P

F _Me _ _2P _ faPan _ _Rish p 2
K =T T TR Tar T gt m AT A

& - -

Nowmericaw? detez P= 100xj0 N = 0040 e

(Yoo xio?)

Answers? (o) @'= T (6.0007% ==79.¢ ¥ 10° Pa =196 MOa -
(! .
P S S S

39
@ Gf-(z"*g;ggi’:w e 152.% %[0 B ~152.2 MPa .

Proprietary Material. © 2009 The McGraw-Hill Companies, Inc, All rights reserved. No part of this Manual may be displayed, reproducced, or
disiributed in any form or by any means, without the prior writien permission of the publisher, or used beyond the fimited distribution 1o teachers
and educators permitted by McGraw-Hifl for their individual course preparation. A student psing this manual is using it without permission.




Problem 4.107

4.107 A milling operation was used to remove a portion of a solid bar of square
cross seetion. Knowing thata= 30 mm, =20 mm, and o,y = 60 MPa, determine the
magnitude P of the largest forces that can be safely applied at the centers of the ends

of the bar,
A= ad, I=ted® c=%d
- !
ez % -4
. B Mo B, gPed
N I ad od?

] 3P -4 4 -d)
& = % +-—-—-—-E‘ -———--) KP h}}\m K_hadi- ac;"‘
Da:{'a,'- A= B0 mm= 0,080 m ds 20 mm = 0.020 v

N ! (ZY(o. 0107 _ -2
_—(().o.?;o}(o.o:ao) (0.c30\ (0,020 HICET XIOT m
@ oot
P = “g" -Hl.f(c;'-cj;itos_ 14, 40 ¥ (0" N P=14.90 kN -=

Problem 4.108

4.108 A milling operation was used t¢ 1emove a portion of a solid bar of square
cross section, Forces of magnitude P = 18 kN are applied at the centers of the ends of

the bar. Knowing that ¢ = 30 mm and ou = 135 MPa, determine the smailest
allowable depth d of the milled portion of the bar.

A = 0.58) L-= Tia'o‘dsg C’%,’A
e=%-2
O 2 4 ,P_ﬂ_% - f_ . res f_+ P*(Q'd)*d - i ‘- 3P(a-d)
A I T ad I ad Tad? 22 ad*
6= 2E- 28 or 5a%+ 283 ~3p =0
SJV!’W@ four o’) d= %?J@g\z + 2P - %EZS
Datat a=0.02 m, P=18%0>N, 6= 135x/0¢ Pa
= } ANEIN N p QI8 ¥ (o)
d (2‘}(135”04“) %J[ 6.020 <+ \208‘”0 )(’35’{20 )

-
-

16.0% w Jo~3

0.030

= 16. 0% mp, ~w&




Problem 4.109

4.109 * An offset & must be introduced into a solid circular rod of diameter o.
Knowing that the maximum stress afier the offset Is introduced must not cxceed $

times the stress in the rod when it is straight, determine the largest offset that can be
used.

. | | . .Fow ceatric ﬂoarffnﬁ . =

N
A
For eccentric }oa;f}{ne\f_’ 6“1: ..E + PII'IC

G';‘-’Qﬂ Gg = \56

<
P Phe P
+ = -
AT Sa
Y
Ph‘:_q.ﬁ - hrﬁ_@&%dy’h__l_d_ogoog. -
T A ' c T =y T2 o
L A )
4.110  An offset b must be introdueed into a metal tube of 18-mum outer
Problem 4.110 diameter and 2-mim wall thickness. Knowing that the maximum stress after the
offsel is introduced must not exceed 4 times the siress in the rod when it is
d straight, determine the largest offset that can be used.

c= %d = Tamm
C‘: th = G- 2 = 7MM
A= u(c?-ctY= n(9"-7*)
= ;@U,gm»«?
I= ()= F (a7
T 326703 ™

For centr ,?oaaffné Swﬂ" "E‘ Fow ec:.ev_rf'm‘c jowﬁ‘ma Geee = "% 4 mph

c
X

53«.':46;“ ow ‘E‘*%‘g'=q‘§'
he _ 3 . 81 _ @Yzelxws ™) .
I A h Ac ] {[60-SX5% ) 0:009) h=/0:§ hum
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Problem 4.111

30 -

24 mm}/

45 55

L

15 mm y

 Fzxro

!
{ e
. - 1 4 &
Whe"—e K "'\ .I
P =S - Tox10°
K B6BO-6
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4.111 Knowing that the allowable stress in section ABD is 70 MPa, determine the
largest force P that can be applied to the bracket shown.

A

i

@03\ (o024 T2x16

T = & (ewod)(oo24)® = 2456 x 107 e
e = 3 lozd) = o0tz m

e. 75.045‘..,9.'.255_*7 o-02im

G = £+ X<

- . P -
T = at-g- = PK

L (0 021\ (pr0!2)

-1
2456 wio”1 8680-6

P = giob kN ),




Problem 4.112 4.112 A short colunmm is made by nailing four 25 X 100 mm planks to

a 100 > 100 mm timber. Determine the largest compressive stress created in

64 kN the column by a 64-kN load applied as shown in the center of the top section

of the timber if (@} the column is as described, () plank I is removed,

(c) planks | and 2 are removed, {d) planks 1, 2, and 3 are removed, (¢) all
planks are removed.

(6) Centric Josdi ng . M= = ._KP_
/] /((:/// A = (108)0d + ANGEWD = ZxtoFmm™
A A %
B o e s

(\ﬂ E&CEW""Y‘I.C- joar.}fng, M= Pg = -; - n%,_g—wc«
p2:5 ] ’C’:/,, I A A = (00\(06) + (B25\g00) = 17500 i e =3
ALl :ic - o ZAY _ @ed(z8) _ pn, -
' J T OTRT T T s -

I = S(I+AL*Y = 505000+ Us0Yonp-73Y + & (0G5} + (od\(as) (53.75)*
b= 21'05){{0{’}5”%4 ' '

4¥10% (b)Y (809 330 )(56.9 3507

- - = = 5 2b MPa
17560 x;'g" 20058100 2
WRELLLN () Ceuntric zpoa.e)ﬁ'f‘r_xj. M=o G'= “"E‘
17 A
ioomr{ ;{/%,: A= gsoV(re) = 15aes o
3
G- _.6::;;?. G = - 42MPa -
h__.__»img’“h‘ (d) Ewe e.n'i“m'c poao] }nj. M= Fe o= "LE' - E‘%“Q’“
?%/// A = (00)gao)+ (N (0o)(z5) =Rt mm’  @= R
4? ca/ o0 i ’;C = 825 - 80 = puS e
4 71 / T = 7k (100)(28Y® = 16274 k00 brmt
X G = - b4 % 0% _ (bhx| 0> Vo025 ) prob257)
tLA. EQZ-SM:: 25y 1073 1(}.375_7{10“5
o~ 82 HMfa ]
©) Ceutric /Poaai'mi, M= O & = .-...-g-
[e0 mm '
[ — A = (foa\@aa) = M mm®
o~
foommi 1, 64 (03
LLL S = ~—mr = o— bk MPa -




Problem 4.113 4.113 Knowing that the clamp shown has been tightened on wooden planks being
glued together until P =400 N, determine in section a-a () the stress at point 4, (5)
_ the stress at point 13, (c) the location of the neutral axis.
Wmm, 4mm '

"]

N L ac c.;!-e. [t 21 ‘]’.m:x ra’.

- Pert] A, mm®| Fo,mm| AT, mm’
Section ¢-o — v
®| 4o E 770 7 o= 123
o
@| o4 3 512 o

The centroid Jies 11.846 mm above poist D.
Eac;m+¢\~¢:47: e ~(L0+20- 1.RYL)=~58.154 ram

Bewding couple: M= Pe= (400) (-58.1s4x15")
= =~23.262 Nem

A= 104 e = 104 (T
T, = 1k bhY s Ad? = R0 + @) (6.059) = 1.5682x10% et
I, = 5 bhte AT = (06" + (61(a.39¢) = 23120 %G mm®

=L +I, = 2.8%02x16%mm’ = 3.8302x 10" m"

@) Stress of poirk ALy T 20- 11346 = 8.15Y mm = 5154107

_P_ My Yoo (-23.262X8i54x15) _ .
6; . A ]: - fO‘h!O“’ . 3. 3302‘ Iomq 52-7)‘!0 P‘ﬁ.

Ga=32.7T MPa. -

(2 Stress at peirl Do yx - 1lL.846 mm = w1 BHE S

e - By My Hoo (-22.2620(=11.846 % jo~% )
AT I Jeyxiot 3. 8302 |01

= B7.2%10° Pa
6;5 T b7, ZMPa.  -m
€Y Locction of nedrad anis. & =0
. B _My . P _Pey .
N A - e

I
T 2.3802x (07" Y
T o w642 *|0O
J Ae (JoyxoW=38. 154 v |o? b 10w

=z -0, 642 ivin

Nestrad axis fiee 1. SY4C -0.£%2 = 11.20Y mm H.Zom-# ehove T -




Problem 4.114

) -

o 7777
T
. . % R7. S mu,
idpnt N
o"? :;J‘ng'} Q
N
N &7, Srans
N

4.114 Three steel plates, each of 25 x 150-mm cross section, are-welded together to
form a short H-shaped column. Later, for architectural reasons, a 25-mm strip s
removed from each side of one of the flanges. Knowing that the Joad remains centric
with respect fo the original cross section, and that the allowable stress is 100 MPa,
determine the Jargest force P {a) that could be applicd to the original column, (b) that
can be applied to the modified column.

() Cem{'ﬂjc l?u”f’{‘nj & :W“?\E
A~ (3}('150)(25}‘—' H»?_‘foD‘st"—;
- GA = =(=100%i0% (M, 25 x jo7%)

= [, 125w 0" N Pz {25 kN —=

-3 2
1L 25% 0

(b)Y Fecentric ﬁoao;s‘u.a (vecluceot cvoss Sgcﬂ*'[om\

_ ‘ A)fo’*mﬁ 5,} Wik A‘y (ID Mm) e})_ ¥l
@ | a.75 8.5 | 328 125 76.5625
@ | 275 O 0 10, 9378
@1 2.50 |-87.5 |-21%.5 93,4375
T | Io.oo \oa. 275

_TAY | 109,315x10%
Y TA T oooxie® T 10. G375 ram

T'na Ceh'il‘v*ofcg /fa;‘:s !0.5?375 ikn ‘Fv'\ow\ ‘{'fne Mz'azf)m'v\'f" o‘F ‘H\e Web,

= “-5‘[9,\'1?4-
I??T%bﬁlas#\ A=

Ad = C

Y (25Y050 )+ (3.75% 107 10.9375) " =

15025+ (3.75 % 10° 1(76.5625) = 22.177% 10° vam”

T 480 ¥ 105 e

o= % bbhs + Ad, = L0100 (25 + (2.50 %13 QB3I ) = 24355 (0 pom”
T= I,+I,+ 1,5 54.002%0% pm' = 54.002%10° pa’

C = (0.8375 + 15+ 25 = [1O.4375 wwm T O. 1107375 w

M= Pe  where @ = [0.4375 wmw = [0.4375%]C" v
6":—-;-—-%13: -;:-%%’é—‘:— - =KP A= 10.00%10 " m?
K 4+ + &= w_oo[,{,o.w (““’m;,,f:’;t'iizf.yWS) = 122.465 w
P:n%=~%§i}—@3wm$w - Pea kN -




4,145 In order to provide access to the inlerior of a bollow square

Problem 4.115 tube of 6-mm wall thickness, the portion CD of one side of the tube has
' been removed. Knowing that the loading of the tube is equivalent to two
100 mm equal and opposite 60-kN forces acting at the geomeltic centers A and E of

the cnds of the be, determine (a) the maximum stress in section a-a. (b) the
stress at point F. Giver: the centroid of the cross section is at € and
I = 2 % 10° mm*.

0

Area A= (2)(foe)(L)+ (98)(4)
= 1728 mm>

M= Pe = (60)(0:05-—*0:&35) 7'.0&81{' k’Hﬁd

Moot v dien, 54‘.‘)-555 sccurs of -f'up of secdion

P M boxio? (8o} (o006
= + -—-—i -
Crwe rY X J"if:e‘:?:u&?“’ir Zxip @

6:,.%:' é[“ éM"Fﬁ 4!‘

6= v My fowe , (Fedowsd) o o ygpp, -

I [28x0% s¥1 07 %
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Probiem 4.11

25 mm —.—| I-‘ 250 mm *{

REE 25

Section g-n

Dimensions in mum

Shresg?r &

Temslye S‘*r‘ess :

The bem:f;n? mam-_ew‘f’ about dhe centroif is

B My P, Pey .l &
A -f£~ A‘F"fi* = KP wheee K"A+31i
Ti’lam P:%

&

6 4.116 Knowing that the allowsble stress in section a-o of the hydraulic press shown

is 40 MP=z in tension and 80 MPa in compression, determine Yhelargest force P that
can be exerted by the press.

nim

locate cend poid o FATRT -2 .Sec;,':‘an_

Yo Ao Jomm AT, , mm®
M]ez50 | 185 | T3L25 %107
ﬁasvstmgrf @| e250] 262.5 |1 cv0628 ¥j0*
R Z |17500 24 ABIS % 10¢
" YI7T x [O?
Yo = 2-11250;* = g3 .78 mm

The centrocd lies ad pofnf C.

I, = mbb e Ad’ = - asi2s0) e (6250)ea 180"
62.093 v [0 °©

o,

L
rra

I, =% b, hlv Adt= ;é-(f?ﬁ"o)(%}s»}(é:tf{o‘)(ge.,yg\z
= 79.3¢7 ¥ [0O° mm'

T =T,+I,= 8219900 wm® = a4 60010’

A = 12500 mm~ ¢ 2.5 X107 m*

Emgﬂ%m‘a;iy €r 300425 4+ 250 ~193.75 = 381, 25 pmm

-

M = ~ Pe,

He ¥ 10° Pa.

) 81.25 % 107 m

\y&‘

=3 . L%
T R L AL
P = »;%%;%l 56,8 «Io* N
Compressive stress? = -30x0¢ PA y = =193.75 %62 m
K= 12.5‘“0"% {331,z§f2;§;1!a§:35x39'3) = =T28.25 m
P = ZESXC - Ho.exio'N
Choose the smaller value P= q6.oxip* N P 9.0 kN -




Problem 4117

4517 The four bars shown have the same cross-sectional area. For the given
loadings, show that («) the maxinmum compressive stresses are in the ratio 4:5:7:9, ()
the maximum tensile stresses are in the ratio 2:3:5:3. (Nefe: the cross section of the
triangular bar is an equilateral triangle.)

Stresses
MA G --L - Peo
=-R (s £E)
M B "c-fga_% 4_?_%%_
:.E.( Agcg N ,)
A A= at, I- 4o’ C:Ce-da, "'e'=_;%a. |
™ A3 S o Rt
e % ((az)étff"“’»\) - 2% -
@ {AR*"JTC"‘--Q" se=2  I,-Fe
e A -
{ G = %((H%’;c)c)_ 3) - 3_& -
A_ZE A, t ~ c-Bo I S or o
“ S G- (Hﬁfn;g)(%)) ) _7§3 -
B Ss - ‘E‘ @)5aX3ly y - s -
A, =2 E) - B L - 2s@s)y - £
A Ca-’%ﬁs’%fe Ca* 5
MEW G, = ;\’i (z-.-(_.i._s :)Svsx% ) = -9 d -
AN e R (@G . s -




Problem 4.118

4.118 Knowing that the allowable stress is 150 MPa in section d-a of the hanger

shown, determine (a) the largest vertical force P that can be applied at point 4, (b) the
corresponding location of the neutral axis of section a-a. -

Locate centyord,
A

- - N - .
V A, mml jo.: e A:\/g, Winn ? : ?A”: fa
. O { 1200 20 6w 0 e zZA
fLm »,4 - B} mm—-----*l—t;() ,,,,H.J 1 [20 %! os
mms . <L) e 2 O -’o -
D 120 : B4 ’03 A4o0
D
Z1 40 o F DN = 50 wmm
20 60 The centroid Pios &0 . +o The e Wt of the
I‘ ‘L AdeFt ed 52 ol the sectiow. :
i
6 ”'“"'“"’%(m, Bevding cegpdel M= Pe

Section a-a e = LJ'O +50 = ?O mar T 0. 070 m

st

7‘[5 (20 \(€0) + (1200) (20Y

I = 840 % 10° yam
I, = % (60)(20) +(1200)(20)*
l =

L

520 %j0° mm®

I, +1, = Latox]0 un = L36ox10™ m? A= 2400x10° "

() Based on tenaide siress ot fofi eelje: J = 80 mm : -0.050 w

&= 5 -Fer - Kp
K= p-%- :wogomys - ?ﬁiﬂﬂ?—‘f‘s"‘ = 37285 w0% wT
P = ,,g: r% = H40.3x10° N = 40.3 kN -
(b) Locetion of nevtra? ants: G2 0
e ‘
JT AIe. i} {14:3-:??0:'20.070) E g,soyoxm TGS e

The neuvtrad avis Pies 8.30 wan +o +the m‘jH ot the centvord _ -
or 56.30 mmw frowm e Jeft Face. ‘
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Problem 4.119

4.119 Solve Prob 4.118, assuming that the vertical force P is applied at point B,

4.118 Knowing that the allowable stress is 150 MPa in séction a-g of the hanger

shown, determine (&) the largest vertical force P that can be appled at poini 4, {(5) the
corresponding location of the neviral axis of secliong-a.

Locate centro'd.

. A, - §o)w,m A;,to,ram’ - SAT,
_,,.,,u__._a_lq__g(),,,\l,_ ......... ,,.| .......... a,I L= ‘.___X...
40 mim 40 min Ot (700 a0 RGx i ZA
3 DT @ 1200 | 720 | B4x10° - 170 %i0*
. Z1 2400 120 ¥ jo° 200
’ = 50 v
0 m _
****** 1 The centvoied Jfies S0 mm o The eglt oF
B the fedd eﬁije ot the section.
<G} mmw»L‘»I
20 mm
Scotiou a-a %e\n&“nq Q":")F'je" M = Pe

€ 80« 120 = =70 pm ¥ =070 m
'It‘-' '\-‘5(20\(60\3 +(\200\(20]1 =~ ‘S'a‘.Dx{O?’ MM“
T,7 (6o ) (2o + (1200 3@0)> = S20% 10° wm’

IT= I+ I, = 1.360xi0° wnt = l30v0%wm" A = 2400510 S m”

@ Basect ow s—}»eﬁs at Pe¥t éajtse o sectiom: Y T =50 mm = = 0.0§0 m
G = —«Eu- -~ M = KLP

A
s L.oey . | _(o.o70)(-0.050) _ 4 2
KL_ A I ° 4oox|ot 1.360x% [o-© = 2. 456FHICT
. & ~lsoxios a ‘
P = W, ~  ~2.4560xlo3 T 69.6 *lo” N

B0 mug 0.630 1

i

Bastd on Stress o W‘ﬂiﬁ‘} eaz'je F sechon * J

6=f-F - kP

- L _&y - ! ~L0.070)0.030} L
K”" T A I Idoox tore .36 x [ © = [.960B¥I0" m
. & . lsexiof | 1,
P T ¥ T 1.9608x 103 = 6.8 x[p v
Choose +he smalier vadue P= 69.6x{0° N = 69.€ kN -y

Go) LQC#L'{'I‘Q\A a'P ﬂes)‘fv\aj axys ° 6-."— (&)

. P . Pey ey -
crE-T e Fox
- X _ {.360 ¥ L™ ® _ a
‘Y T Ae T (ZQbox(o“‘)(“b_o7°) " - B.lo %o o - B./0 wm

Nevtrad axis JDies S50~ 8.10 = HI.O uw From BF+ ‘Fa.ce,,




Problem 4.120

4120 The C-shaped steel bar is used as a dynamormeler (o determine the
magnitude P of the forces shown. Knowing that the cross section of the bar is
a square of side 40 nvm and the strain o the inner edge was measured and found
to be 450 ¢, determine the magnitude P of the forces. Use E = 200 GPa.

AL the strdin geqe Pcaw‘i"&)v\

o,
G = Ee =(380x00 ( 4500
= = 90 MPa '
40 mm

I
i

(0 X 40 = (b muad

I = m(@0)(40) = 9133333 it
e x M+re = do i,
CoT e b,
P, Mc . P, Pe |
= gy ode . Iy e
& Kt T N T KP
- N eec | 7(0‘/)((,‘3?0’1) - N .1
K> X* T Tigoono? T Hizsraxgr = (ooeo m
S 2000 %103
P = k {o0T O = GoooN

P=9eN -
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4.121 A short length of a rolled-steel columnn supports a righd plate on
Problem 4.121 which two loads P and Q are applied as shown. The straing al two points A
and 8 on the center line of the outer faces of the flanges have been measured
and found 10 be

€, = —400 X 107% mun/imm €p = —300 X 10 mm/mm

Knowing that E = 200 GPa, determine the magnitude of each load.

Styesses af A and B Frow straimn gages

Gy = Egy
Ga = E &g

(an)((oq)(-‘foo 2107 ) = —&o Mfa,
{(zo0 mo’*){—Soo xlo"")«‘ ~ &0 My

"

H
]

Centrie force F=-P+@
Beno“nj c:oupfe M= P - 6Q

A = 6450 mm® C = 125 boba
= 114 % 10% mn?

By

o Me o PrQ | (0P - 0.5@ Yoizy)

SA = A X 5‘;“'\2‘5)((.;6 o A
Poxre’ = AL p~319- L4 o)
Gg = - E _Mc __P+rQ _("'lrp—ﬁ"er)Cﬂ'fof)

® A = Ly svxio® Higx 7o~ 8

&

~boXio T = 319.85FP +94Q K}

Splu{ni () and @) simuof"‘aneods]j

3

A

P= /9354 IN

A

Q= 256 &N
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Probiem 4.122 4.12'2 Al‘} ecccnt‘ric force P is applied as shown to a steel bar of 25 x 90-mm cross
section, The strains at 4 and B have been measured and found to be

25 mm\

£ = 4350 gp=-T0

Knowing that E = 200 GPa, determine (o) the distance d, (b) the magnitude of the

30 mum force P,

h= 15+45 + 30 © 90 wm

br AL prm 'Q:-ﬁh - ‘-}-Smm3=- 0. 0495
A= bh = (2590) 7 225 wm” = 2.2850° w”
T= b= & 25390} = 151875 %10% ram

= LEIB7S %10 wm*
Ya ? §0~ Y45 = )5 mm = 0.0I5m 3 Y ¥ 15 =48 = =~ B T = 0. 030 m

15 mm

Stresses drom stvan g=g9es o A and B
Gar Ezpr (200710" ) (350007 ) = 70 %/0° Pa

GCeg~ EEg= (299’10‘?)(4-70 Yio_‘)‘-“—l‘iyjoa Pe.

= % ) M%L | (N

Be - ‘E ) ﬂiﬁ— (2}
Svbtracting G, -G, = - .’i.%:_:igl )

M= W : '("S-Ig?gféﬁz)(gw'oc) = -2835 Nem

Moﬂ‘}nr}/m:} (23 L/ Ma and (1) Ly 3/8 @ o S\JL‘}’v.*a.c,'}"va
YrGa - Ye©a - (IJ’A".YB)‘E‘ | | |

J

= AOATRN 1Y . (2.25_110"3)1(0.015')(-1? K[O(')“'-‘_(TQ.OB.?.)(;?QY[ o")]

Yo~ s O.045
= 945 x10° N
- . .M -2825 -
() M - PO’ - O’ = B WH O,?BOM d =230.0 mm -k

b P= q4.5kN -




Problem 4.123

4.123 Solve prob. 4.122, assuming that the measured straing are

£4 7= F600 p eg=+420 u

23 mm\

4.122 An eccentric force P is applied as shown to a steel bar of 25 % 90-mm cross
section. The strains at 4 and B have been measured and found 1o be

Eq4= +350 F 24

eg=-T0pn
3 m

Knowing that £ = 200 (iPa, determine (a) the distance d, (b) the magnitude of the
force P. ' S :

e 15445 +230 = G0 wm _
b= A5 mm c =hh= 485 mms 0.045 m
A= bh=(@8)30) 7 2.25%10% e = 225516 "

15 mim

, _ . - ¢
T=abh @) = 1519950 wmm” = 151875 210 m”

Yo T 60-45 = IS mm = O.0IS W | Yy T IS - HE T = 30mm T ~0.030

Stresses Ftrom staarn qages ot Aand B

Q

- Eg, v (200 %10} (600 %jo " = 1207 10" Pa
Gy = E€s = (200x10")(#20x10“ )= 84xi0° Pa
2. M (i)
S
6 = ‘E‘ - ﬁi& (23
T (o)
Subtraching, Gp-6g = - m_%,ﬁg,, |
™ = TG =62 - _{Ls1875x107¢ Y36 v;o_‘) e = /215 Nem
JA-Ye G.045

Mdﬁ’i‘?ﬁvj ;Ma (2) Ly Ya a.b‘k:l (i) by )/3 el Sdé-‘!’Maf“ij J
YSe - :/'86; = {Ya = Ye \}%
P- A (a6 - Ye&a) - (2.25 %10 ) (0.015 {gx10°) = (-0.030)(120 vio¢) ]

Ya-Ys D.045
= 243 ¥Jo® N
M= -Pd
. . ___f“'_l - - 215 - -1 - s -d
@  tdT T gy SO o= 5.00m

() P= 242 kN -




Problem 4.124

4.124 The eccentric axial force P acts at point D, which must be located 25 mm
below the top surfuce of the steel bar shown. For P = 60 kN, determine () the depth
d of the bar for which the fensile stress at point .4 is maximum, (8) the corresponding
B == 40 mm stress at point 4,

/{r; = 95

e = %d e= td-a
\QQU mm G'A = "‘E -+ E]%—g'-
6, -2 fL, (2Gd ~aYid)] _ __Fj__%ji ___Q_q:-;
L (4 d* b [ d d4*

(a) Dep"ﬂi\ A “F_u‘f“ Mny;m P IT G - . ;-W‘eva-_f:g:;e wil "l'lﬂ me*a?ec‘{ “}'D CL
Jﬁluﬁi-i.;.l?ﬂ -0 x = ——
3"&“ S a4? % : d 3a rcy mx

' . &Ox 103 i (€ )( iS‘y{O'j ) } - & _ J—,

(b) 6’* T Hoxio=3 { 15 = jord (75 ¥ 1073 )* 4oxjo" Pa = 40 MPa

Problem 4.125 4.125 For the bar and loading of Prob. 4.124, determine (@) the depth d of the bar for
) which the compressive stress at point B is maximum, (b} the corresponding stress at
point B.

4.124 The eccentric axial force P acts at poiat D, which must be located 25 mm
below the top surface of the steel bar shown. For P =60 kN, determine {«) the depth
d of the bar for which the tensile stress at point A is maximum, (#) the corresponding
stress at point A4,

o = 25 mm

l)

Rl
N N

o

A

<,

20 min C = - d a
. _P_ PEC
_PLa (r:z)(u a}id) __.? Ga
%= vl a2 } a ;’F}
(=) Depth d For Maxfmum P D.“H‘en»wim'\‘e with rospvc‘f o A,
ﬁ--ﬁg 2 2o | _ = Ca = 150 mm -
dd T % | 3 "“ﬁ"} =0 47 Ga

H

. coxjo* § 2 (6 ¥asxt) | _ io
() Ge 4o % to™3 { izoxios (15610 =-10¥l0"Fa = -I0 MFPa




Probiem 4.126

—

S nm

M= 20N m
40 mm 40 mm

Mj’ - 25D 5ia30° ¢ - 125 N-w

) 6; :wm;}. m
I, I,

4.126 through 4.728 The couple M is appliedtoa beam of the cross section shown
in a plane forming an angle £ with the vertical. Determine the stress at (o) point 4, (b)

point B, {¢) point 1.

T, = 7(8Xieo) = 6,6667 %10 wm” = 6,646 T (T '
I, = & 00)(#0Y 7 266 Tx i o = 4.2067% 15" o
% ":....ys - "'_Yb = EDrm
'ZA:ZB? -~ 2Zn =’7“OMM
M, = 250 cos B0% = 216.51 Newn

_ (us.61)(0. 0500

(~125 0. 040

6. G&HeT wio™®

~ Z.Bo ¥[0% Pa

H 2667w i
- 2.80 MPa ==
125 (0. 0403

- g . _ (216.51) (-5 050}
(k) Gg 7 -~ I, | tecernio G 2607w [O°¢
= 0.452#[0°% Py 0.452 MPo
) G=-MYo, 2o .. (216.51) (-0,050) (~125 (-0, 0%0)
? I, T, 6.CCLT RO Y26l 7x (¢
= 2.30x[0° Pa 2.80 MPa -
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Probiem 4,127 4.126 through 4.128 The couple M is applied to a beam: of the cross

section shown in a plane {orming an angle B with the vertical. Determine the
stress al (a) point A, (B) point B, {¢) point [,

M=A3N.m

&
= é‘[ﬁo)(;a)f’:zzgoa Antin
IJ = 712,(39) C[O); = 2500 s B

15 mm

. Y= Ya T Yo T C

m

24 < —Z-B: -Zo :(—é—)(}()) = (mm.

M:{ T 4 eos 607 = Z'QJS’NM) : _sz‘-' - by sia g0° T Z9 N

(@) Gy~ NEh MBS0 | 22) (ores)

z Ly - 21IDD Y g 28vox oI
| = 7/ MPQ il
(b.) 6-’6: *—M 4 M! 2‘5 - _("‘gq)(oeo"s—) (ZZ‘Y){'O‘OOS‘)
I‘L IJ : 22‘&'0"0\‘((0’”’ 2 Lo %{0"_.'1
==A9MmPa et
@ 6, =-thl 4 Mi—_‘-"" o o X (omols]) (22-5)(- 000 )
b I, " 22820 Y1077 2800 k(o1 &
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Problem 4.128 4.126 through 4.128 The couple M is applied to a beam of the cross section shown
in a plane forming an angle f with the vertical. Determine the stress at {a} point 4, (b)
point B, {c) point D,

B = 50° M=53kN -m

M, = ~% sin H0° = = 3.2/4 Kiik

MJ - & ocos Y0¥ & 383 EMm
25 = = - = " m
62 mim | 62 mn e .yA y‘B .YD 75
o5 mm | 125 men ZA - Z@, - 20 x 125 mm

I, 1 (zs0)(s0) - 2[F T = 697x0% mm

I, = & BOED° - 2 (LAY 26z 1 = 187250 mm
LMY . Mf 2y~ . (IuaXewrsy . ( 3930) (01250
@ 6, I, * 5 9 7x0® (37,2516
= §able MpPa 5;\:- Loz MPa =2
™. Ye My Ze (-2204) (0 0757 (2830)(-8:125)
T <+ = — — e
&) G L 1y 87.7%2* 187.2 %1076
= O MFa G'B =09 MPx R
N MyZo [~ 320 4){-0+075) { 3880\~ 0-125)
v . + - —
©@ & I, I b7 %06 * (g2 xivé
= —beoll MPa Cp = — 4102 MFa <
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Problem 4.129 4.129 through 4.131 The couple M is applied to 2 beam of the cross
section shown in a plane forming an angle B with the vertical. Determine the
stress at {a) point A, (B) point B, {c) point D.

M= 10N -m

v

Locate centroid

z Lol 3.
B O] A mm 2, man Ai, b
o | @ ipovoo | -1 SAQGY- T
DR ®
S0mmn 100 me @ SBOO ’g‘o 250 oD

5, |/Sove O

The cegtroid Dies ot Pm‘nf c

i . . & &
5 (£0)(260)% + 75 (Joo) (§0)7 = 34-37X Ko mim

=
»N
1

IJ = @L(;zw)(nj?’q—%(;a)(/w)} 2 285x00% pn .
Ja = Y8 T e, Jp T A EP i,
Zy = Zg T oAO@Mon Zp = O

M, = { cos 20° = 674 ENm
My = | s 20° ¢ 0392 kN b

@ G, o Mays Mz (4so)(0e025) | Ger)(-ort) _ 2.0Cmp, -

k) Gg= - MYo | MyZg | _ (F40)(-0:025) |\ (342)(-0-0) . _ 4. (B4 MpY
L. L 3der s w107 T _
tcy 6.=- Mo, My2 . _ (e)on) , (342)(0) _ 5.92 % -
° 1, Ly 54375 v 07¢ T ik

Proprictary Material, © 2008 The MeGraw-Hill Companies, fne. All rights reserved. No part of this Manual may be displayed, reprodueed, or
distributed in any form or by any means, withowt the prior written permission of the publisher, or used bevond the Hmited distribution to teachers
and educators permitted by McGraw-Hill for their individual conrse preparation. A student using this manual is using it without permission.




Problem 4.130 4.129 through 4.131 The couple M is applied to a beam of the cross
section shown in a plane forming an angle 8 with the vertical, Determine the
stress al (a) point 4, (b) point B, () point D.

B=3a0

o

250 mm

Flange : T = 1 (200) (1) + (300) (12) (19)"
({’

.

M =25 kN - m k
Ve

&
i
s
T

B S 5 2 ; 4-0 /< 260 i
I“""""Qﬂ@ — J - 12 mm
Iy

Web: I, = 1x(8)(226)- LISt ¥
¢

B (1) (200) = §x0® b F-

1

I,: & (26)(8)} = W43 b

Tohed: I, = (2)0%01S200) + 769545 = 75705817 nunn?
Iy = (H(Fw0) + 4¢3 = [boogld mm?

Yo Yo T Yo = [2S hte; Zy = -2 T =Z =00 ptn .

=z
N
]
\‘Q
Sp

cos B0° = ME3tT LM .
sia B30 = ={4 [

X
Le,

i

LY

o

: e 3) 0e
(@) G, = SMaly | Mot o Pexced) 0 ”’Y)+ Loliexeo’) (0 31_:-12171(M4°&) s

TET258x x0T H660T6%1%s5

) 65: - Mate + &1_2__3_ = ‘(}42\;’0)(0612&‘) + (- lgooo )(~0-() = 41 Y ila -

T Ty IeT25 8 vt T F600T6F1xig T
@ Gyp= -Yale, M . Grs)Co s [ﬂmm%o'% = 1278 M, -
1. Ly 7872885 x 1o 1600762 xsy’ -
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Problem 4.131 4.129 through 4.131 The couple M is applied to a beam of the cross section shown
in g plane forming an angle 5 with the vertical. Determine the stress at () poiat 4, (&)

point B, (¢} point D).
M= 15kN  m

%
I,= % (o)1) ~g020)(50Y = 2.7517 %10 rm’

o 1l B L,
[ - e ¥
0 mm 5(){;;‘{;2 : : T AIE[THIDTT m
— gcn o % .
il o L)) - (50)(120)® = 8.8067%10° men”
IM 120 mn -—-l ‘Y

= B9oC7¥lo  m?

< ——14{} mm ——=

jf\ = ja = "'J/m = 355«"!#‘\ = Q.Ogﬁ'm

Zp T =2 F "Zy T 0w T 0,070

M, = Msin 1§° = (I5#10") sin 15° = 3.3823 210" Nem

Mj“ M ces Is° = (fb'x fos\)cag,_ Is - 14, %88@&!0?’ N e

My Za _ (3.28223%10>)(0,035) | (14.4389 2 10*)(0.070)

Mz Ya
2.7517 % |o7¢ & roe7 XIO™

b}

1}

65.9%]10° [a
6;"-'3 £5. 3 MPa, -

by &6,z -~ MiYe | MyZs . _QE.SEQEM{:}:")(‘QQ&S} ‘L(lq.%%B‘?xlD%)("O.O?O)
= I, T, 2.1517% 10°° 2.R067% (O™

- 64,5 xJo® Fa

3]

Gy= —164.5MPa. =&

3
5, ¢ ~tade . M2 o (533230G)(-0.085) | (14,4889x(0°) 0.070)
1. L 2.7817%/0 2.8067x%/[07°

- 658> 10° Pa
- Gp = - 65.8 MPs, &
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Problem 4.132 4.132 The couple M acts in a vertical plane and is applied to a beam oriented as
shown. Determine (&) the angle that the neutral axis forms with the horizontal, (5) the
maximum tensile stress in the beam.

W310 X 38,7 50

-

For WRI0%38.7 volled steed shape,

M= I5kN . m I = 85".’)(]0& mml’

g = 8BS Ixj0™® Wt

C.
1]

Iy= 7.27%10" mm' = 22707 *
\iéﬁmm y,‘ = :/B = “yp £ -,\ye = {%KSIO'} = 185 mm
= Ze T —25 = =2, = (F1165) = 8285 mm

(16%]10%) cos 152 15, 455 % 0% N-mn

=
~
4

i

i

(\ew10®) sin 15 ° 49491 % 10° Nem

=
L4

+a - .'E.‘!.. T 8_5'_] ”..!..D..—._‘. wlg® = os
() "9 T tan B = SEeT—fas s 8.136¢
g @ * 72.8°
% _ Jert
ol=-72.3-15 < 3572.38° —t
/ N\ Ve
77.3°
ihmf. o
k 15°

) Moaximum tens'de sthress accors ot Po"n“f E,

_MYe  MyZe (154850 )issxis®) (g rai) xi0® )(82.8 %107 )
L I, 5.1 %[0~ T A7 107

mq

= 754 %10 Pa Cp= ISt MPg -
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Problem 4.133 4.133 and 4.134 The couple M acts in a vertical plane and is applied to a beam
: oriented as shown. Determine (@) the angle that the neuiral axis forms with the
y horizontal, (8} the maximum tensile stress in the beam.
102 ’

€200 X 17.1 _
A For C200 %171 volled steef -SL-&P(J
M - 28N £ \57 i
2 = 4 - £
- B I, =0.538%10%mm = 0.53% %/0 v
D
(TP I, v 13.4xi0fwm’ = 13,4 vi07° m
44 X
Ze T 2p7 ~2p w —~Zp T %(103\ = 018 mm

Yo © Y T - 3.9 wamm

Ye T ya T 87144 £ 426 mm
M, = (2.3%10% Y zos 107 = 2. TETECIO> New
My = (2.8410*) &in 107 = 436,21 Nom

@y tan @ = ~I-z— dam 8 = %%&'}“aw 2% = 0,007074

y o Q= O.4055°

to* o= 0% 0,4086° A= G.5G° -

NA

q‘
ol

(b) Mamivaom teasife stress occovs of poml D,

& o Mo | Myzo | (2757510%)(-14.4x1S7)  (486.2L)(0.1018)
Iz t i 0.538%|o0"¢ 12,4 wjo©

73.807¥i0%+ 8. 682 »fot =~ T7.85%10° Pa
G, v 17.8 MPe -

H
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Problem 4.134

with the horizontal, (#} the maximum fensile siress in the beam,

For Si5oX i%b volled steed ::"mre.

= Gl x:oé’mm(‘%

.
:I'.J * 0»782.%106W(ﬁ

Ze =2 T —Zg = Zp = {85 = 42.5 hun_

H

Ja T Yo = =yo =Ye T 552 = Tl bin

M,= I sinz0” - eS8 kN m

My= 1] cos 207 = lefp kN~

- I:Z — q‘” o £ - N
@) +an P = g tan © = 0="I?z+nw (90°-20°) s2:0

Y

P = 8¢-2.°

o= gg2-70" = (§-2°

B Mo mowm Fensile stress occcors o Po:‘a‘f D.

I

Mae , Myzo __ (B815)(-0:076)  (lfoo)(0:0425) _ |
Sy + 4 - - { " = C7!"6
) z '['J ‘f‘ X iﬂ.—é o182 Kt o""@ W‘?
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4.133 and 4,134 The couple M acts in a vertical plane and is applied
o a beam oriented as shown. Determine (&) the angle that the neutral axis forms

i

wil




Problem 4.135 4135 and 4.136 The couple M acts in a vertical plane and is
applied t0 a beam oriented as shown. Determine (¢} the angle that the neuiral
axis forms with the horizontal, () the maximum lensile stress in the beam.

22 ramn
\ = P *4¥io f%M?’ Ijr‘*-z”}?{foéhmé‘
' ¢

< y/%ﬂ‘lﬂ; o~ 100 mm Zﬁ- a ZB T 72 B .
100 rom \1?0 n -

20 = ~foot 22 = —~T&

T,= 2.8 X 10°mm?
L= 8.9 % 10° mm?

Ja T ~loom, Ys=loOm, Yo = ~i2mmm
My = e sintse = — (98 LS.

My = 28 cos 45° = [P k&I m

o

v P

Y3 . of

(Q) '+6.v\ S) = % +ﬁws 6 - ""‘(?:i 'l-cpq (*‘f.;") = “3‘"78’47“

]

~72.8°

72.5%°-48° =  29.8° —t,

fse
215
L .
(LY May mom feﬁs;’fe stress occuvs at Pofn"‘ D.
6— - Mzio x MYZD - - (IQPFO) 6"0"0[2’) ("‘[‘720)(‘"0‘07‘9)
il i ) - G Kig & J.J}x/o-—é

y
78 Mfy -

i
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Problem 4.136

A

M= 180N m

P

/
Ea0e 6

4.135 and 4.136 The couple M aets in a vertical plane and is applied to a beam
criented as shown. Determine (a) the angle that the neutral axis forms with the
horizontal, {b) the maximum tensile stress in the beam.

gy

53 )OO mmlm 5BE% 10T

!

1. 77%16% w2 14,775 107

-

IR0 min TD° 112,763 Ne=wna

s o 1R Y 18 min P
et o My = 120 zos 707 = 4. OHR Nem
Y @y 8 = 207,
?I
. -I:z‘ L .b-gé X{D’? ’ P
T, e ¥ e Tan LD
Tan @ I, an = o T
M dl = ].3208%
z "'
, NL.A. P T sz g71°
=
o = 52.3717- 20° ol = B2.q° -
Y The o imiwm tewmside zfress occouwvs ot Pm‘ﬂ"f E.
L e e T = D010 zL om0 o 0.010 m
Je 3 g
o = - Meve | MyZe _(112.763)(-0.21¢ ) (41.042)(0.012)
£ 1, L. 53.6x(0"" M. 77 % (077

i

Gl.HYg ¥ 10" Pa G =614 MPa -
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Problem 4,137

i‘mm,.l

*4.137 through *4,139 The couple M acts in 2 vertical plane and is applied to a

beam oriented as shown. Determine the stress at point A,

Iy

T, = 2f - (0)(186) + (40080 Y303 = 77.76 x20 mm®
T,,= 24(o)(180)(30)(30) } = 19-44s 320

2{ ‘é‘ (180 )( 50)3} = 2542 X{AL mm

4

U.Sr'nj Mohr's circle dotermine +he

60 mm 60 mm Prg‘nc_(‘oq)e aFes gad fi’}r}(lff-?—g
é o Vo smants ofF inartia.
YT (2892010 me, 11440 mem )
A (77-76)&10‘%14")-f‘%#—#!w‘mm 1’) A 20 = DYy . 1%44%
Er (sl.xélxw‘mm*) o) 7 DE T 25z
28,,=36.377 &, =/3435°
Ty
y
I; A
E={DE*} DY = zz4xso’ mm®
L #
Yoz (51 94-32-4)18 ::I%M-x!cfmm
Ly = (518% +32-4) 106
= 84. 24350 mm
My = 4 sini8435° = 443 kNm

Mys 4 cos 18,4367 = 133 124

1&}\(‘ K

\em 1
. Ya * I20pm
Ua\ 2 \k_‘ J'_
=
|l
2o bomm

Uy = 8</Z cos 18,4357 4 0 0bsim 13.H35 7 =5.4328.m

W7 = 0+12 5in (R.H35° + 006 cus [B. 435 "= 0:61RT] 1

A

H

My i

_(13300)(0-1325)

+ T,

( 4430)( 0°51897)

42457075

7444 %10~

~ bk k MPa - Gz~ tbbptPa

£




Problem 4.138 #4137 through *4.139 The couple M acts in a vertical ptane and is applied to a
heam oriented as shown. Determine the stress at point 4.

f . . ..
40 rim Dsin Mohr's :nra,hs a’eﬂ"ermme +he Prmmpaﬂ
ades 3\'(‘.("!‘ ‘Hﬁ 4 Pf\‘;ﬂ [ -Pa A ome\/\‘is a{ v ew} !\&,

e e

M= 1.2kN . m ) 340 mm
I Ijz

| L{ZFIEH 71} mm--—l |* 10 m

1, = 1.894 % 10° m*
I,= 0614 % 100 mm?
1, = +0.800 % 10° mm*

Y (1.894,0.800) %10 wam Ly

z (0.6, 0.800)x (0° -

E (1.254, 0 )» JO° mm” z

R=y EF 4 F2° = 0.640% 4 0.800% 10 ° = 1.0245 10" mm’

T, = (1.254 - 1.0248)% /0% mm = 0.2295%10° mm’ = 0.2295 %10 m"

I, = (1254 4 1.029§ ) <0 mm? = 2.2785 % 07 mm™ = 2.2785 % (0 °

&
FzZ _ O. 800 wj" _ .35 B, 2 R&5.67°

L4

]

. f‘.‘Q - -
tan 20 FE 0. ton [0°

|.0816 x]6° N-ws

1§

U-K*!Or’)cus 25.67° =

. 05148 > [0° Newm

i

My =~ Msia B, = -{!.Zu,{oq‘)stm A5.67°

U, = cos By = 7, 8in b, T HE cus 25-.670- .43" 5w 2567 21.07 imm
’ % )

Vo™ B cos B + Yy 5 Bm S 4S os 2547°4 95 5ia R5.47° = 6005 mm
A Ya

6« o MyUn , M _(loiewiPN2o7xjo”) (-0-5198 x15° Y Go.08 xt0”” ¢
A T, I, 0,95 x0T 2.2788 xj07¢

= 1132.0%10° P 6, = 113.0 MPo, —a
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Problem 4.139 *4.137 through *4.138 The couple M acts it a vertical plane and is applied

t¢ a beam oriented as shown. Detennine the stress |t point A.
¥

18w, }4« - F7 mim

52 mini US H‘\a MOI’W‘ 3 C‘.\J‘cje de+e¢m‘ ne 'H\-E f" WC!F&]
-+ 150 riim oxes Q”J Pvﬁ Vie '04,? mame.m'*s a‘?‘ A8
{ - 15 mye I_"I- [fﬁ‘) M(f

3 S 5 4, tr 5
- 100 gan -z

f,=363% 108 mat
1, =101 % 10° mm?
Ty = 345 X 10°

Y

Y (Ssé( 3 M’)[a ﬂw‘f \

7z {iosi, 34 ot
E (6‘5’7&, ©) fo% prit
TE = 26228 W0t 44T
F& = 30 0 piob mmb

t T u
1785 ../3:.‘-!.2.3’2 +g.,q,¢3‘ - 4"72-&{'0 M""“"q -fqn 29 FZ— = 3 4 66?P

EF Y :
O 22x°  I,=(6 97.: frsn)fo -2=m’m M T, =G-8+ 472165 = 1106165

=
e

H
i

(é’g') sin 28.5*
M, = (éw?? cos 28.5°

2 kNo
b3t EN A

Yh cos & + 2y sin B, =<9 s z;»se’-ms'ng £z - fooeé -

B

"
¥

=
it

=

Z,c089, = Y, sin B = ~X] (o5 22.8° -+ & Sh23.L° = [(F’*}MM

6, = - Ml | Mo | _(6240)(~0cl00lS | (37I0) (02143
IV Iu /[eéx‘]‘;

Y fS:r')(/Zé
Tae | mbn - | -
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Problem 4.140

4,140 For the loading shown, determine (&) the stress af poinis A and
B, (b the point where the nendral axis intersects line ABD.

Maf y Mt[ Z omes as shourut,

A= (7&0)(‘1“5) = Y500 fapn® "

T,= &L100)(¢5)3 =S98 fasn ©
P Iy = & (#)(150)3= 3751 10" moi”

GOO N

200N

THon N

Resoltant Force and f::enaf.’né couPJes
P- boo+2000 +lood = 3600 N
A -

M, = [~ (§00)(0e125) + (2000 )(0: 225V 4 (fo09 =125 \]{ Ivio)

z ' XS VN
-—(éwtm) (ve08) + (‘ZOO:}) (0465} = Clovoy[or0x)

P = Faiim

_ My, Mz 3éeo (S”({—)(oeozuj (f0)(oe05)  _, -t
-]:?. * I-j 4’13&}{/ 5 7;-?37{‘(/9—1} '730(/ oy - 6@ 7LF%’?‘

£
A
- P Mivs, Myze _ 3tee  _(SHN(er0229) 320Ye2) _ /e
Ge A —f:m+ J; e T KT T + 18T/

(L) Lnfensetion oF neu'}.mj Gt is wil’hi_«p:'ne AR or its entension.

6= 0 j'—'D'OZZ»S/ﬁ«_,zc?
o= T MhY, My P fﬂf“)(o'omji2+ aoz%
A L. .y 4svoxs” AN EYARIL 3.CKIO

—or&ﬁ/ﬁ?¢+9~/~32 Z = Z =oce0270 m

Intersecds AB ot J2» XM M Foou, A -8
Ih‘le"seé"ibm of net)‘!’n& s wi‘“\ Live BD or i-ls %‘f’e.wsiom,

5 = 0 z = —Lomm. Jf - ?
g < __E, - !‘Ez + My z = gwﬂ_,g," thw-%fh)[’dw‘?
A 1. Ij 4SSO xio”  TSATISKY 3.0

= 8<2667 ¥ 6% =T)e 11/ y =0 y T -0 00275

Trtersects BD ot 7270 pm- Frow D -




Problem 4.141 4,141  Solve Prob, 4.140, assuming that the magnitude of the force
applied ut & is increased from 1O KN o 1.6 kN,

4,140  For the loading shown, delermine {«) the stress at points A and
B, (1Y the point where the neutral axis intersects line ABD.

AAJ j eoned 2 edes s quaw'n,,

GO0 N 45 mm

A = (f0X¢8) = ¢S00 mm™

2000 N
I, - C/ﬂ)(til:s“)ﬁ“’[m?ﬁ-{mm(f
Taon N
5 fﬁ(#x)cfoabgm 2T 6 st
A J 8 Result a.n'{‘ :ﬁome arw’ Gena"{m) caupﬂes
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M, == boe) (0w 228D+ (200 0)(0:0228) 4 (162} (046 225
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- P M MyZa G100 (émd’)(a ozuj {m)[cwf) '
@ &= ¥ % * T Geooiry 7@%7@«0“’ Czaswet dookfy =
- o P MYe y M I (é?cr)(o»azw)+ (@)LM@ 7
63 ~ -I& .I:) g};crat{-.j‘ 7@;1(}(?&{"}.” 3‘75}“ b = j75MPCiV£

(9] Iaf;'!‘avsea'!'iov\ oF nedlfmﬁ aNis with ,pfme AR ov {'lrs ed“}emsfow4

S = O,l' J: 3.9 in, ‘2=.?
o P oMy Mz Y200 *(@7'x)(mon>2+ £z
T, I, CPieelY  7E927NB T 2Texe b
- o666 Tt + 123333 225 2 =008 m = o mm

Noes m_ff intersed AR -
I;r*ewaec:h}m ot n;ufmﬁ axis with dine BD o rs ex}lews:'ov;.

s=0 Z = ~2 . y= <
' P M.y MI?" | #4260 - 1Yy (%0 )Cﬂﬁﬁng
o o - + = —_ +
A L. :“:‘J OBl Y 7-(‘7%’?5)({5“1' 278 Ktc'"é
b
loX 0266677 - 888887 1) > © Y= ocoodm = 3hm,

.In“l'ersecx“‘s 122)] a‘f ,?bf finoim ‘Fvba-\ 8 -




Problem 4.142

e

25 kN 125 mun

4.142 The tube shown has a uniform wall thickness of 12 mm. For the loading given,

determine (g} the siress at points A and B, () the point where the neutral axis
intersects line ABD.

AJJ :)’" avdd zZ~ axes as 5L\awv\. Cvone mectinm
18 & TS v X125 pamn rc,a;f-amg‘?e with a
Elwam R 101 mamn r@u’{’@nju&w‘* cutout.

P ;( T L= g0s)025) = % (8100 = 7.8283 710 pw
A = 7.82823 %107 !
B Y I,= (2575 V= 5 (01)51 = 3,2781 %10  wnd
> ¥ N
/j//’/./?( - 3_?78!#‘!04\'7\?
/ 2
f 2 A = (95)025)-(ENe1) = # 24 x10% wm
Z 3 K = Y224 xjo ¥ m’
Yl /)
MY 7
/// / Rasuﬂ?‘}am* 'i:c)v"ce anet Bev\af(n::l c.ouffes.:
///_e'f{g'é - 3
A P - 14128+28 = 70 kN T Toxjo®N
M, = ~(62.5mm Y19 kN2 (62.5 mm Y28 kN) + (E2.5mm)(28 kN)
= RL25 Newn
My = = (37, Soar Y14 &N 4 {37, S {28 kW) 4 (32.50m 1{28 kW)
T ~E5E Neom
P M My 2a Joxjn® (2625 W= 0.0625) (~525 Y 0.0275)
(@) &, = A I * Iy 4,224 xio"3 7.8283x)p7° 3.2781%/0"°
= &}, 54 %10* Pa Ga = 3.5 MPs, 8
s - L MY | MyZs 7oxi0®  (2625)(0.0625) (-525Y(0,0375)
R S » §.229x10° 7.823%%[0°C¢ ENS LT

-~ 10.39% {0 P Sg = = 10.3 MPa,

by Let Feir\"} H iae,'}*k_z ?o{n"‘wl\em the nevtved axie mtevsects AR

24 = 0.0375m, Yu = °, Gy = &
- P ﬂz.:;iu. + M
R S i
. Lz (.E s Mz o 7.8283% (0% | Jow|0® (—6‘?25'}(0,0375\.]
I M, LA IJ 2628 LH‘.?Mxio"a 3273 x|o""
= 0,035l m T 3.5 rmnm
20,51 + 2.5 T  GH.0 wm Answer 4.0 me, above point A, =&




Problem 4.143 4.143 Solve Prob. 4.142, assuming that the 28-kN force at point E is removed.

4.142 The tube shown has a uniform wall thickness of 12 mm. For the loading given,
determine (@) the stress at points 4 and B, (b) the point where the neutral axis
intersects line ABD,

Add - and 2. opes as shown.  Cross secfiow

\‘T iIs a TShmm¥% 115 men V‘ed‘l‘awalt with a
125 wmm ET vann # 1O Tto{‘ah@u}aﬂw GV'F‘O'J'!".
1>1 I = #0835 = £ 101)% = 72R283 X105 "
F e 7B
25N i = L8282 %1072 b7
y T, = m(R8)7s Y -5 (o) (51> = 2.2781%10°
B .
;////////' = 2.2781 ¥ 10" W
M \é ¥ A = @sNias) - (B1Y01) & 4 2245107 e
%
, 3\‘ '; T4 2R % 0 e
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z e, = |44 28 = 42 kN = HRxlo®
N = P *f o* N
M, = = (62, Smm Y LN £ (67,5 )(28 kN)
= 875 News
¥
My = - (37.5 me UG UMY = (32,5 ma)(28 kv )
= L£25 N-w
y =P M, Mz B2<10>  (875)-0.0625) (525 )(0.0315)
AR Y T, + T, T o R229xl0°d T.828%%[o"¢ 3.2181= o™ -
T 22.935%[0* Pa 6y =22.9 MPa. -
& =P _ MYa, MyZa _ _H2x103  375)(2.0635) (525)(0.0375)
B A I, I, M2 > (o3 7.3233 xlo™ 3. 278\ %o
= 2 9a3ixjo° Pg Gp= B.96MPa. =B

(oY  [ef Poin" K be the Po;‘-\'} wheve the neuvhrad catrs interseets BD.

"zK:,?) jk::ooé.QS'm) Sy = ©

P MY , My
9 Tk I T iy

L (M“ f_) _ 3.2281%16 ¢ [(875 )(0.0625) _ 47 x |o®
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T o~ OLOIBYEE m = ~ 1B Y65 mim .
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Problem 4.144 4.144 Anaxial load P of magnitude 50 kN is applied as shown to a short section ofa
W150 x 24 rolled-stecl member. Determine the largest distance a for which the
maximum compressive stress does not exceed 90 MPa.

TH

Add y- and 7. axes,
For W 1SO% 24 yolled- steed seotion
A= 2260 wm® = Z0EOXIO -

T,* 12.9%10% met = 12950070,

y IJ = ], 83 %D L BERID T Y
— d = iéo YA 5 b‘F = 102 vryvm
d . ke . -
z - Yo=-D 80w, = E
P P: soxi0® N
A FE— \ ” .
ool M, * = (50x10® W78 *107%) * = 3,78 x10% N-m
M:{ = - PQ.
- P _ M MyZa T )
GA A I, + j:; Ga F0 *{07 Ya
Ly Mepn . P
My = “15 =t 4+ 2+ G,
J Zs 1, A A.
82 xo § (3.75%10° )(-8oxic®) Soxio® .
YIS [oi % V3.4 %)0"" *+ Lo x(O™° + (_QD*!O )

_ LB3*lo -
51 =107

= - 1.8378x10° N-m

a
o= - %‘I = - “\15-0837;”0 = 3C.8 %[0 m a=26.8 mm -k

{ +22.388 + 6. 340 - fio}xlo"
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Problem 4.145 4.145 A horizontal load P of magnitude 100 kN is applied to the beam shown.
_ Determine the largest distance & for which the maximum tensile stress in the beam

does not exeeed 75 MPa.

bi
O
o] ¥
@ il A
20 5. 2ZAy
60 -
N IN 7 - A""‘ M.& ZA
Primensions in mm ;,?)\ 2 1 yb e ‘Y“ " . B hc
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D 1200 | =10 |- 122007 T 2.5 e
s | zooo Bxio®
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[
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2 (20)(ooY 4 (20)4s Y ¢ 20267210 e = 2.0267 %107 m?

I -
6 = % - %_j - ff'i_;ii Gur IS ¥ (0 Pa | P lo0%i* N
LY B o, M \} : - .
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Eoxjo® o in* O YOELT wiot j‘
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LDy~ : ~ )
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4.146 A beam hiaving the cross section shown is subjected fo a couple
Problem 4.146 M,, that acts in a vertical plane. Determine the largest permissible value of g]e
moment M, of the conple if the maximum stress in the beam. is not 1o exceed
84 MPa. Given: [, = I, = 47 X 10° mm, A = 3064 m®, ky, = 25 mm
{Hint: By reason of symmetry, the principal axes forin an angle of 45° with
the coordingte axes. Use the relations [, = Akhy, and Ly, & L= I+ L)

12 mm

125 man

} | My = M, sin 487 = 070711 M,
|
Sﬁtmn--—-{ P MV = .Ma Cos ‘1‘55 = OQ7O7I Mb
{eeee 1L pipTIL -

Lo = Akl = Gobl) (2595 1-915K16%mm¥

-
;
[

I«J + I, - I,..,-,,- = (4T 44T = |- Fexdiob = T 4&T Lio¥ mn ¥
Ya cos #5° 4 Zy Sin 45° = — &9 c@4§°+ 9’(/‘ Sin48° = — b i

S cos 45° =~ (~8Dsinlgs = Fomm.

&
&
y

" Zg cos¥5° =Yg sia ST

<
-
"

Gg = ™ Myve | Mo Vs = -0.707 M,[--— Ye Y
¢ IV ’[U , Imfn ~ 1:‘.‘,(

= 0.70711 M, ~(“"‘“%’g+ 008 | = 24543 m,
RS Y 3T Ay V.

- Ca - 91{’3'(10'L _ LN ;
Mo = vyn T Syt T TR ENM —-
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Problem 4.147 4.147 Solve Prob. 4.146, asswining that the couple M, acts i a hori-
. rontal plane,

M 4,146 A bean having the cross seciion shown is subjected (0 a couple
U ¥ ]f M, that acts in a vertical plane. Determine the largest permissible value of the
% am i

moment My of the couple if the maximam stress i the beam is not © exceed
84 MPa. Given: [ = I = 4.7 % 10° mm", A = 3064 mn®, &, = 25 wm.
(Hint: By reason of symumetry, the principal axes form an angle of 437 with
the coordinale axes. Use the relations Ly, = Ao, and T, 4 T, = 1, 4 1}

[ i
38 mm
. 5

125 s

i

36 mm e MU - Mo eos "’SD O.ToT Mo

e P2 frrr) —e

My = =M, sia #8°

2

- Q707 M,

T = Al = (30L4) (5™ = Lays %104 mm ¢

Toue = Ly + I = L = 1o (14 4o7¢ Loas5)= 748 210" prm?
Up = Yo cos#57+ Zo sin 45° = 2 eos 9574 (- 89 sin 457 ) G bbh

V, T Zp cos 45° = Yo 555 Hg® = (= S"I)cm*-&?"(}‘{’\'sin 4§° = Pomm

6;: *m = M = O, 671} Mo{“y‘“?— + Yo ]
Iv Iu Im‘m

§

0.7071 o [_C'“*”*"‘H'})_,_ gr of ] -
o071} M 1ass 310 sy x ok 2483 M,

N T _ . |
Ma "}‘?’rq’; “94\5‘{1"5 = _gelfl /CHM . oty
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Problem 4.148 4.148 The Z section shown is subjected to a couple My acting in a vertical plane.
Determine the largest permissible value of the moment My of the couple if the
maximum stress is not to exceed 80 MPa. Givern: Ly = 2.28 » 108 mm", L = 0.23
x 107% mm®, principal axes 25.7° =% and 64.3° .

¥
EHETY

,:,—;-1- T 10 man
Jop T,= Lo = 2.28%0%mm's 228 %0 m"
10 mm-~-» -‘—7{]111111—"| L—]Umm Iu': I...;.. - O,??}ﬁfﬂb\mm“:‘ 0.23)”0-& M“
A
0 MV T Mo cons @‘}.Bu
)
M } Mo * Mo sin 64.3°
B & = &4.3°
\“,S,
‘el ™
Yan @ = =L far 9
77 F
-y
= % tan 64.3° = 20.597
P = 87.22°
Powte A awd B are farthes? Frowm +he nevkvat axie.

Hy
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= =505 win

Ng = Zg cos 64.3°% = ¥, 5in 69.3% = (-35)cos 64.37 ~ (-¥5) 871 64.37

"

4+ 25,27 wmw

6.3 - Mv UB x P?:’VB
I, Ay
$ o} -3 . [ o P et K
Sox[0® =  (Macos €181 BLas xt07) | (M, sim §4.3% (25,87 107"
I nio™" O.23 rio~"
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. Boxio®*
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i

M= 7133 N et
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Problem 4.149

4.149 Solve Prob. 4.148 assuming that the couple M acts in a horizontal plane.

““ 4.148 The Z section shown is subjected to a couple My acting in a vertical plane.
-

40 i Determine the largest permissible value of the moment M, of the couple if the
AU mm

4 maxirum stress is not to exceed 80 MPa. Giver: Jnae = 2.28 % 107 mm®, Jni =0.23
e . - HEmm x 107% mm®*, principal axes 25.7° =% and 64.3°c7 .
40 nun
L
10 mmesi <70 m.m»] !« 10 mim I\, = I,,;,‘ 2 0,22 x 10" mm = D22 %10 Wt

J ] Il} = Imay = Q«KSX{O‘,W‘-W‘%"’ 2,‘23 w jOG mq’
Mv = M, eos 64,32 °

Mu‘:‘ MB SFV\ GLf',:z)”

£ = 64.3°

tan @ = % taun ©

_ b.23xjot
T 2.28x0°°

? = 1].8Y°

fan 64.3° - . 20961

Poinis D and E ave ~qu+'\¢$+~'rr0h the weviral ax\s,

Up T Y, cos 257° = 2, 8 25.7° 5(~5)cos 25.7° ~ 45 8in 25.7°
= = 24.92 mm

Vp = Zp cos 25.7° + Y, 61w 25,797 U5 cos25.7°+ (-§)sin 25.7°
= 38.38 mem .

6. - M, Mk _ (M,cos64.3°K-24.02016%) | (Mo sin 64.3°)(38.38 210}
O To 0.23 * 16~ % 2.28 x [o~*

Boxte® = go0.48x10° M,

M, = 1.328 x10® New. | M= 1,323 kN- o =8
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Problem 4.150 4.150 A beam having the cross section shown is subjected to a couple Mg actingina
verical plane, Determine the larpest permissible value of the moment M, of the
couple if the maximum stress is not to exceed 100 MPa. Given: f, = I, = b*136 and Iy

= Y72

T D.3e0 (Déwxn*

] 9 :
L' . ,.E;_?\Q-. z 0.180 ¥10% wm

-Princ,}:a}) axes are sjmme‘}r-f oYX es .

US;V\S Mohv's cirede deternine the 'Pf:iﬂ.c-'pq/‘ vrnoments o vnertia,

1y Y
) R=1L,]s 0.180%10% wm
14 : Iy = Il , R
2.
] / _ v 17 .
¥rte a2 0.540;45...,.:’ = 0.5%0x 0 m
. L+ I
Ty = =5=-R
z = O.saoxeocwﬁ= O.!Saxio—{ rm“

My = Mo sin#5” = 07071 Mo | M, = M cas457 = 0.70711 M,

o - & - 0840 5" o .
6= 4% fan@ = T~ a6 a.mmad‘%““ 457 = 3B
P> 756"

Part At D=0, v, = - 207imm
-3
Mot M oo, @7 MERExOT) gy ety

Ea = 1, I, - 0.180 *lo~¢
oy = foo ¥ JO°
.~/ - - = .
M. AT RIS 700 N-m

Eff'\“B: Uszw?"‘g I V&Z*‘zﬁg‘h«\m

.. Mg + MuVe ““(0.79?”H9Y—%"(0-3} N (0.7671 m\(%’x!a")
I, O.54o ™" o.180 (0™

mUz.

H

HILWxo® M,

Ga _ Jeox(o®

Mo = fiiieio ~ TiL <02 00 M-

Choose f‘"i\n; smaj]ev- value. M, = Goo MNepy -~




Problem 4.151 4.151 A couple M, acting in a vertical plane is applied lo @
W30 > 23.8 rolled-stee] beam, whose web forms an angle @ with the venti-
cal. Denoting by o the muximum stress in the bewm when ¢ = 0, determine
the angle of inchuation € of the beam for which the maximum stress is 2oy,

Favr W 2J0X23<6. volfed steed section
1, = 227kl pm L,

i

16 Xroémfwf’-‘

H

d = 206 mm by = lar mm
Ja= "‘% = s

_ Z
']"ahg):%'}anma:%'fdﬂsf,;é‘&f tan 8
Point A is Farthest From +he nevtrad ayis.

Mj'—”' M, sin & M,=MocosB

. I - M MgZ& - M 5’ s M,;l) "
Ox : I"J+ I, —-_b “ﬁ"_:aj:; cas & + —._....2:; sin®
= M I
| (’*"’“"‘f‘lya tan )

!
<
5]
H
O
a
H
T

- -] * = s )
T bp (427 )(io1) ocobaolf 6= a0
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Problem 4.152

4.152 A beam of unsymmetric cross section is subjected to a couple My acting in the
vertical plane xy. Show that the siress at point 4, of coordinates y and z, is

BZINEE -1
O, = e M

4
10,17

where £y, 1., and I, denote the moments and product of tnertia of the cross section
with respect 1o the coordinate axes, and M, the moment of the couple,

The stress O varies .,vaté‘_af‘/ﬂx’./ with +ha
Ceovg jaales Y snd 2. Since the ouwcals

‘Pm"cﬁ s zema +he J- amel Z - axes @il
centvol at}v:u) AML5,

&, =

C; ‘Y + C;,'Z ur;\r\ewa C, o ok C,_ 2R ¢Qw5+a,m+s, .
My= Sz6dA = ¢, CyzdA + Co(z%lA
= Ijzc| + IQ{ Cz = O
' - — Ly2
- -dme
ZC Syt A + Gy dd
- Izcl - l&z "I'Iﬁ Cl
I
Ij M, :"(IXIZ-" .I.:,:) C, '

C‘ - I‘g Mz Czr + IIZ..ME
I:)l IZ - ‘l-jlz. ‘IJ IZ _I\YZ‘L

I

M, = = Sy Gaolz

H

=N ILYy _Iyzz
6A -IJ Ir. - j:d?—?" Mz =
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Problem 4.153 4.153 A beam of unsymmetric cross section is subjected to a couple My acting in the
horizontal plane xz. Show that the stress at point 4, of coordinates y and z, is

2l -yl
7, : 7 )1”" 11’17‘,
11, -1

where J,, 1., and 1,; denote the moments and product of inertia of the eross section
with respect to the coordinale axes, and M, the moment of the cou;}le,

The stvess € vanles Dinears WIH‘ *Haé
Codvel inalds angl Z. Since +‘c\e ey ad
-Fo%c.e ig zewod +he N ord 2-oxes are
2 entvor ma) AR es,

-8

6;,' T C\b’ + sz v hevre C‘ am0i Cz R f.:.uv—.-a";'aw*: .

Mz: - Sj@;a’A = “C,SJ]"@‘A - C2 SJZO’A
"‘Izc} ""'Id;‘cz = O

¢, =-==c,

3]

MJ’ = SZ(S;O,A = C;SJ’Z dA + ngzza‘A
= Ijz C! + IX CL

-1 "'E"l’f‘cz v I,c
LM, (L,I,- L.,) &,

I M, LMy
C" I.yrzu Ig:‘ C; - -I:{-ILMI__YZL

6. = L2 -Tpy My o
IJIZ' - I.zl :
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Problem 4.154

4.154 {a) Show that the stress at comer 4 of the prismatic mentber stiown in Fig,
P4.154a will be zero if the vertical force P is applied at a point Jocated on the line

X -4
ROV VRV
bi6 hi6

{b) Further show that, if no tensile stress is o occur in the member, the force P must
be applied at a point located within the area bounded by the Iime found in part @ and
three similar lines corresponding to the condition of zero stress at 8, C, and D,
respectively. This area, shown in Fig. 4.154b, is known as the kern of the cross
section.

I, %hb I, = & bh’ A= bh
} b
Z, = -4 Koz =2

M, =-Paxp My = Pz,

i

I
o
W
1<
X

<
X

N

il

bh s hb? & bW’
- .....E. Fi i x&_ Zr
b b/ b /g
L X2z X 2z .
For € - Ve, e
Aﬁ- Fcfﬂ"}" E: Z =0 .. XE‘ = b/é
A point F: x=0 ' & Ze= h/s
I‘F ""Le pv‘lﬂ? D'r a.cn(‘;c)m (xf’_, ZP) 4'9!‘6-8
A within the PoH‘ion marked Ta, a densi Lo
/ w{ff oot exi corres A.
Ejé B-y c.ovnsfelﬂh‘nj 6.3”02 6;"‘0} ool G;;'—"—O)
. R the othev For‘Homs Pmafdo?nj tenside stresses
/é:\ avre ;’d’ewi{pfe.,l.

/2
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Problem 4.1565 4.155 (o) Show that, if a vertical force P is applied at point 4 of the section shown,
the equation of the neutral axis BD is

itk L=

where £, and &, denote the radius of gyration of the cross section with respectfothez
axis and the x axis, respectively. (b) Further show that, if a vertical force Q is applied
at any point located on line ED, the stress at point 4 will be zero.

>

De*‘.iﬂt"\t‘t)m,fz: k,(z =

(o) My = (PZA Mz = - Pxa

6_"“"“"-’*{- M%E_MKZE - _E - PXAXE___ 732‘25
I I. A A Ak,

TR [i " )Xg +(”‘")Z{l =0 F E Des on nesndaws,

!+(-ﬁ.{)x +(%)2=o) -;iz)x%fﬁ;_)z:-j et
T . (2 »

4 sz‘ — Me 2, - _E — PxeXa - Pz: 7,
L. L A A KT Ak

= (0 foy f?di+r'ou frowm Part (Q)- ' —-

(b) Mx = ,P.Zg' Mz = "PX’E
i
A

N
!
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Problem 4.156

4.156

For the curved bar and Joading shown, determine the siress point

A when (a) r; = 30 mm, () r; = 50 mm.

A= (35 Bo)= boo M

V< Emdn
i 21

h= 2emhn
) V‘i': A min
h
R = =
.
v =
e v - R
Yo = 29.15 - 30 352,!'5 potan
6 = ~ MYs . (68 (o0 0A5)
A Aeva oo Kf_&‘){oqoa BE)(0107)
Y Y‘l*:: «gbf'“-%\ v«\x:_ 709‘!4/%\
h . 2e _
R= ™ 17 ET &Y i
(4] IZ"' 5
F‘: '%‘(V\,-&Y‘z) TG@M,
€= V-R= 056 mm.

Yo ERUG - £ = qe Gl b
_ My, (68) (o 00944

AT

Insy

= "é‘_(V‘lJ» V‘t) = 4—(9%‘“

085 mim
V"A = V"i - 3¢ AN
—~ 0T ML

0] Ay -

Vo= V= EDaim

A’_

Aerﬁ = _(',696?(165)(0’ o6 ﬂﬁ)fcjao_y)

= - 38,2 MFy

- 282 MFy =R
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Problem 4.157 4.157  For the curved bar and foading shown, delerinine the stress points
A and B when py = 40 min.

" h=2zomm = 40inm = gomm,

1 20 mni

2]

A = (3c)(re) = bce mm*

30 15 — h - 2o . -y .
R R 493261 Fiim
"7 oy

Vo= d(nen) = Lomm,
e = PR = 06739 mm

Yo v 43260~ 40 = 932460 mom Vy = 40 o,

i (7S, (6§ Y0 009%281)
oAer (booX15°) (0:0006729 ) (0c o11)

= ~29%2MmPa

‘.3%2’”/@@ -

Yo * #932bl~bo == 0r 6739 Ny =bomm

1]

6, - Mye o (6B)10- 6739107

- - Ae.\f\g v m{m Xf;b)(anooﬂé{’]g?)éo'bg) = .3—-—‘7”? [M/f??

29 g M
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Problem 4.158 4,158 For the curved bar and loading shown, determine the stress at points A and B
when & = 55 mm.

24 mun
i h= Sj'mm; Vi 50 v N, T 108 w,
.\ ,", ! ' A = (@4)5s) 7 1.2R0x07 pow
GO0 N - m O T HON T R h 55 - e 13025
= v - =y = . 1y
B lex
For g T 775 e
ez v-R = 32 3.97C pam
AL 12025 = SO = 24.1302F wmwm Vi = 50 mm
; -3 .
6 - - Mya [ GooN(14. 13628 x1©™) - L5 %10 P

Aev, ~ h (1.220 %107 YR, 3Ca 75 ) (Boxio™)

6;:—-—653 MPa, =

Ye = TY. B3OS « o5 = = 30.86975 mnm Vg = 10§ mna

Mys _ (6e0)(-30.8697%(G™)

- _ : = 297 %10 Pa
Ae vy (3200 Ya3ea75x 157 oS 15™)

G = 227 MPa, -
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Problem 4.159 4.159 For the curved bar and loading shown, determine the stress at point A when {a)
A =50 mm, (&) &= 60 mm.

24 mm
’iBi_"' CO.} ht:. 50 v V= 50 maee "(\2'-'-“ 100 vama
. 7117’ ’ i ’ _
A
50 mm A - (2‘4){5’0} . L:ZODK[O?. e
GO N . \'('J'/__ AHON -~ T h =
& s
R = = T 72,1345 mam
ﬁf\ % ,py] %Q.,g .
?‘-‘ %\(7\4-7\11 = 75 mua
er ¥ -K = 2.8652 wvms
Ya ¥ 77213478 -8 = 2203475 s vy = 80 mm
& o o tya (€00 )221397S *15*) 77,3 %I Pa
A AeVa {1.200%107> W 2.8652%10°3) (50 % 100 %)

G,z ~77.3 MPa, -m

(6) h= 60w | 7 50 mm, ¥z HOmn A= (24)(cey- 44D x| G

.
K- )hv"‘ e 22 = 76, 0719
ng A
¢ o= g(N+v) = 80 me = 7F-R = 3.90204 wm
YA * 7¢.09796 - 50 * 26.09776 ww (y 7 50 pam
e - Mun o _ (oo Y(26.69196 » (7 - o £r Tel0f Pa
" Aev (18 =107 Y (3. T020% (G Y(E0x )

ﬁ;ﬁ ~ &5.7 MPa ~=
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Problem 4160 4,160 The curved portion of the bar shown has an inner rading of 20 mm. Knowing
that the allowable stress in the bar is 150 MPa, determine the largest permissible

distance a from the line of action of the 3-kN force to the vertical plane containing
the center of curvature of the bar.

o= Y ram kN

25 mrk
/ Reduce the internal forces
j Henswmithesl acvass secfion AR

25 mm +V o -Pme "“CGUPJQ S‘]S‘f‘em at fh‘
) centroid of the secfion,., The
b@no“ﬂﬂ coupfe is

P M= P(a+i)

For He rectangular sechon , Hhe neutral
axis for Lawjinj couple onty Ries

Rrﬁr‘%— Aso e=F-R
The waxt nom aompma,S:‘\/e. stress sccurs
et l:w{n‘f A ITH s aiuen b1
6, = B _Mw . _P _ PlatPlVa

A Aer A Aewv,
:ﬁ-K% with yy = R- W,

- (Q'*TF)(R"F:)
Thes, K= 1+ e,

Data: h:ZSMMQ \(‘,-:20;“..3 V‘z="fs'mmo ?\=3Z~5‘MM

25
R= gy T 80.3288 mm @ = 81.5-30.8288 T 16712 mm

" 75
b = 25 mm, A=bh=Q5¥25)= €25 mm = 8AEHO W™
R - ‘(L: = IO‘ 8238 M

Pz 3%x0° Nowm 6, = -~ 150%j0° Pa
K = - 6. A - 150 x]a"){Ci.S*lO-‘) 2).25
v - EETCE ’
- (K-1)ev,  (30.25)(].€112)20) _
atr s e 10.228% = 93.37 =

o = 93.271 - 32.§ o= 0.9 pw, =




Problem 4.161

4.16] The curved portion of the bar shown has an inner radius of 20 mm. Knowing
that the line of action of the 3-kN force is located at a distance @ = 60 mmn from the

vertical plane containing the center of curvature of the bar, determine the largest
compressive stress in the bar.

r = 20 mm P=3kN

25 mm

j‘) Rec!dc,e +he iwdernal Forces
Ivans wi tted] acvoss section AR

23 e +'° [~8 ‘FDY\CC“CQUPIQ- s 5'}&&*\ d?f' *Hve

: centroid of the section. The

bending t:oup!e is :

M= Pla+7)

For the rectanqular secfion | the nevtvad
axis For Lenjinj couple ondy dies at

Rr%‘—’fgj. Mso e-F-R

The waxtnom aompmssiv'e stress occurs

ot lom'n‘} A. I+ s ai\leﬂ ‘n~l
- P _Mw __P _PlatPrYs

A Aer, A Aew,
:“K% Wt""l\ dﬁ = R"‘ ‘!h,
K= |

: (CL'!—F)(Q“P:)
Thos, ¥ ev,

Data: = 25 mm, ¥, = 20 ww, V=45 mm € = 325 hm

K= E% = .ao_'s;zsg‘ma e 3].5~-36.8288 = [.6712 wm
M Zo

b = 25 mng A'ﬂ' Bh:(ﬁIS‘)(ZS‘)-" 625- Mmz = GXS‘XIO*(’ V"‘?—

it

o= 60 mm CH—‘F‘”:?Z.SMMJ R v,
W= g (92.5)(10.8238) _ 54 g
(.61 20)
P = 3x* N

16.8288 inm

Sp = - ‘}f’ - - (zog?x)g,_f(os) = —148.6 %[0 Pa

Gp = -148.6 MPa e
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Problem 4.162

4.162 TFor the split ring shown, determine the stress at (@) point 4, (b} point 8.

[O0N 1 R
\{\] T FHO T 20w , \{‘1 = %(ﬁu\ = 5 sy
80w

40 mm

h = \’;‘uv’“ = 25mw1

A= (14X(25)> 350 wum
h 25 ,
14 mm R o= v e = ZBO082B8 wm
= s It —E
F = —;,;_CY\ + PL\) = 32‘5 s )
e = ~R o= LTI vm

Reduvce the intevnad ~Fz§v*¢e's tra nsmiHed acvoss
section AB 4 a powce-ﬁ‘.odfﬁe sys’?‘em o
the centrotd of dhe cvoss szetion. The
L8malfn3 C_Dufs,ﬂe 'S

M= Pe = Pr
{(2500)(22.5% 10" )= 81,25 N-m

"

@) Paint A2 V= 20 mm
Ya= B0.8233 -~ 20 = [0.828% mm

6 - P _ My _ 2500 _  (81.25(15.8288x15" )
A A AeR 350 % O~6 zso 0 cna ko a0 xio? )
= ~87.4 xlo° Pa ' G = ~BLY MPa -
(Y Point B: Vgt H5mm Ye© 308183 -4S T — M.1712 mm
& =B _Mye _ 2500 ®1.25Y(= 1412 = {o ™)
o -

A Rery 3soviof | (3560 Yo <GS0

= 366 % /0" Pa 6g = 36.6 MPa <=
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Problem 4.163 4163 Steel Hoks having the cross section shown are available with dif-
ferent central angles 8. Knowing that the allowable stress is 100 MPa, deter-

mine the largest force P that can be applied to a link for which g = $0°.
6

]
] s

gfi

.

nuti Redoce section Yorce +o o Yorco -
}E\’ Couﬁje S-‘)l Sf’ew\ at G'J Hhe centpsid
i

i \\{"ﬁ‘\l// 15 mm 0? ¥ € cviess SGU‘—;GV‘ AB
[, H
N
] 22 mmw,u_,_\.;, _______________ _,W_,._,E_
[

o= v (|- CO5§)

M The Lemdf-;mﬁ ;:.aup'pq ic M= ~-Pa

f:ov‘ "H\e. Peu[‘a,wdulpa.f sec:h'omd ‘Hﬁe nw}w»?
anrs Foe h&vso‘nna C‘.ou“?je ahf& ,?a“es a-j

- ﬂnh?:!* . ,:\‘1930 e"-"ﬁ"?
A”‘ Po;‘n'f A He {-&3;’?9 steess i

P Me - R, Paye - P, 0h)s P
Stk dew TR hew Toalran)TH

vhere Kz L+ GHE el oy =R,
p= A%

T K
Data® F=z2mmn V¥ = (Emm

, Yy=3omm, h=1&me  biz bnm.

2 g
K= (15)(6) = Gomm’, ng;% SEY T

= 22— 20 bl = 0-26 hag , Yo T 264 l5 = bl

= 2z (1 -cos H5°) = G4 mm
bt )( b6

ST ra— =
(©-20)(5) #-92

- : !I-P
P (-'—?“as(/o“‘)(mf}x{o): 1609 N = 1 LA
¥eq2
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Problem 4.164 4.164 Solve Prob, 4163, assuming that f = 60°.

4163  Steel links having the cross section shown are available with dif-
ferent central angles 8, Knowing that the allowable stress is 100 MPa, defes-
mine e largest force T (hat can be applied o a link for which § = 907,

Redoce section ?ume-l-o o Yavce -
couple 'S'}is.{:e.ua act G, +he cewtyoid
of the cross seetion AB.

! A
{ \(fﬁ\, “

e
! 22 mimn N, 7

e L a= v (|- cos £)

The Lema?mj cadp’?{z e M= ~Pa
|

f’ P ’ For the red‘mauﬂm sechion; the nevtvat

p \\;‘5? ¥ anis Fow he"“’l‘“ﬂ C.C-,,)F}g an.@a, Pies a«'f

.ﬁ
Ai_' Pal‘id+ A Hhe '}'@Aﬁff&im s

G- Bog = By Pan - P(h, 2yl

N R”ﬁz‘,x:*. Also e=7"-R

a
where K = i*""é%f* omd Yy = R-T
. AG
P K
Daka: F=22mm, Gz Kmm, (= Jomm, W= I{mmy be brm

5 }Tg 2 %%
i ,
Q@ = 22— bl = p-3lbnt Ya ® U b6~ 15 = G bY tmq

a = 2% (|- cos 30%) = 2+495 i .
- -y bbe)
K= 1+ =35m0 — = 462l

-~ b
P o= @{muaé)ﬁf&'ﬂwo) = [A¢X8 N = [F945 pad. —t
4o 577

R= (6)(IY) = Goomm® Q»:bf‘: b i
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Problem 4.165 4.165 Three plates are welded together (o form the curved beam shown,
For the given loading, determine ihe distonce ¢ between the newtral sxis and
50 rm the cenuroid of the eross section.

12 mm

2
fﬂlﬂ

ttzmm R - EA . gbéh; = Z A

f] Y zg;_g,,.%t_u Zh, bl
!

Y1TEE
A

=

75 mm 75

i
MM
>

i

v
s T Lcad ML Mol I L L Lt

&7 © 7 iz (9o [H-13: X5 |8 [T72%00
D) 7l @ |12 Lo |boo | L4429 |12 (7200
id ‘ & | o |12 oo |4 1983 |ie3 | §5800
b 1. = 3100 (2077187 223900

= = lofer7 M = 2EL708 07 &
2071787 v Moo o7 &7

e = P-R = X hm oS fony




Probiem 4.166 4466 Three plates are welded together fo forin the curved beam shown,
For M = 900 N - m, defermine the stress at (o) point A, () point #, (c} the

50 mm centroid of the cross section.
c 12 mm
12 mrn - - 50;!1"1
“..'..;!{';12 mm R - ...,?,,_15__,_ - s h_i» h’: _ A |
T 75 mm s G LdA Sh falinn Ty fal
{ ¥ _ " "
P e 2AL
ZA
e -
(3 _
o7 O |79 | iz |960 |[H-13:5 |81 12900

o © |12 | o |Goo |Lageq |12 | 67200

- . .
_ <o boo |4 1983 |143 | §5800
o 1 49 ® Xa |

1= aleo |20:7787 22590 0
. oo e 22B%00
= = f - - ©
or 7957 G077 prry R A Frrrelc {47 87 ham
e = V-R = (.Chm M= - G060 N

(@ Y= R-t = (0007 =78 = 26087 b

C oMy (0000 .
Gp = Aer, —  (Heowgt)(owoes)(oeTs) T 21«"7 Mo
() j& T - rz. - /0/:’67“/49 = - 47093

L. Mye . (reed-oewray B
G Aer, (3160¥(66) (0:004€) (0149 = 2.2 Mfa

o.M - %00
Aef Aeq AR~ (dooxio?)(oe10757)

= L MPy e

G'C:‘MY:"‘“Meh
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Problem 4.167

4.167 and 4.168 Knowing that M =20 kN - m, determine the stress at (@) point A,
() point B.

150 mm

om @ - ZA_ . _Twh . 3
T ESRPA Fam £ b fa '
Z Ay
36 nan 2" A&
- v:;l\ —— —
Vo Pt b.,m“?lh,»w A s 519’1\?,7:mm Vomm | AR wm®
{50
D108 | 45 | 4860 | 28,3353 | 172,5 | 228.35 «/0°
@ < T PO S| :
50 D 36 1135 | 4860| 18.939 | 262.5 |1274.75 »io®
5 9720 | 47.2747 aviy.og -0}
. 720 = _ ZJiH.1xfo® _ '
R S ¢ 203.606 wm f e = AT S e
&= F~-R = [.87% mm. M = 20510% Nem

(@ Y, v R=-¥% = 205606 - 150 = £5.403 mu

L [Z20v 055606 4 107> )
Aer, (97201071894 x 157> J(150 = 107 )

N
F‘

1

- 64 ¥10° Pa Ep = —CH.1 MPa -k

b)Y  yo = K-V, = 208606 ~330 © - [24.397 wm

31

o Mys {20 %(0% )~ 124. 394 %1072 )
T Aev, ~ (2007 1 (1,894 16 W 230 v 10 )
= 652 xiof Pa Gy = G&.2MPa ~a
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Problem 4.16G8

4,167 and 4.168 Knowing that 34=20 kN - mr, determine the stress at (@) point 4,

(b)Y point B.
150 mm
. 135 mm R _ “'i‘A . E'b: I"-«: _ —E‘A&
: 45 mm - - N .
B @T ?gv‘ra’ﬂ :z_b;ﬁn% zb;)ﬂ_f_tﬁg_
36 mm ﬁ — ?—A‘: ..!‘.f
ZA
. omm . 2 Ve - -
p 1350 bywinf V) vom| A v | b0y ?f-: v Ty om | AT no®
255 M| 36135 | Hgeo| 23 1067 217,85 1. 05705 vin®
_ p: _
1z |© [ 108] U5 | 480 158852 | 307.5 | 147445 f0°
b3 9720| 38,9314 2.5515 1o

8770 - &
Rz 728 Z.GIS e T = 2:8515% 10

33-“’}3‘73 b 262-5 ety

9720
€ = ¥ ~R = 12 885 mm 5 M =z 20x/0% New
@y, = R-v, = 249.615 = 150 = 29.8/5 wmm
6. M __ (20x103¥W 99.665 2 107%)
A Aer, (G720 %107° Y12, 885 %103 V(150 » [o~2 )

= - |06.1x{0° Pa Ga= ~106.| MPg =

() Yo = R-V, = 249.615~ 330 = - 30.335 mm

Iy :_m = - (ROKLOS)C’BD-33S¥fO—3)
B4 A (4720 *io™* ‘)(li’.SBSxio’g)CaSD x> ©)
= 38.9%]0° Pa Cp= 28.9MPa—4
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Probiém 4 169 4,169 The split ring shown has an inner radius 7 = 20 mm and a circular cross

section of diameter d = 32 nun. For the foading shown, determine the stress at {a)
point 4, (&) point B,

25 kN

e = ial T {Gwm N ‘ZO'W‘} V’-’z‘r“'{d T K2 mm

Rep|Fa/pr-c* ] 1136 + /3 rej\

e = ¢ -R = |.8755 v

pie
i

F(82) = 804.25 ww = BO®.Z5%/07

P = 2.5x0> N M= Pr =(2.5710%)26%52 Y= 90 Nem
(0) Point A:  yp = R-T, = 340245 - 20 = 141795 mw
P My 25k (G014 . 1245%1072)
G, = A Aer, T go425xi0 ¢ (So'f,ls‘x;o"}(i_g'yg;gfo-s‘)(gog,o")
= ~45.2%]0° Pa G, = - 5.2 MPa
() Point B ¢ Y= R-¥y = 341248 -82 & =17, 8755 mm
' P _ Mys . _ASxi® (a0)(~17. 8755 n o)
P hevy  Sodasxo®  (8o¥. 2Sxig Y. 8755 xp07> M (Eax o> )
= |71.Y0 xt6” Pa G, = 17.40 MPg =
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Problem 4.170 4.170 The split ring shown has an inner radius 1 = 16 mm and a circrilar cross

section of diameter d = 32 mm. For the loading shown, determine the stress at (a)
point 4, {b} point B.

35kN

cokdz bwm, N=lbmm, Yy = ird =4g. mm

"

vy, +C * 32 men

Jﬂ; + AP ]=-‘i\—_32+4322-16 2]

¢

®

= 29 G4 mmr
e = ?'f-a = 2. 1436 pmm
A= LA™ = L(32)"2 304.25 mm = 80%25%10° m"
P = 25 ~0° N M= Py = (2.5x10°¥32=157) = 80 N-w

(a} Poin+ Az Ya = R-—V‘, = 29.85¢4 - 16 = 13.8564 mm

e = P My 28500 (902013, 856t »(5™>)
A A Aer, 504.25 »io™® (804,25 ¥ 157 W2 Wt xlo > ) 16 % 1072 )
= ~43,3%10° Pa Gp=-42.3MP, -
®) PoirtB*  y 7 R-v, = 29.8569 -~ Y8 T ~[B.1436 mm.
6 e-L_Mye ___25xi0f (80)(- 18. [436x 10~ )
8 A Aelfy  Sohaswxo* (8o 25%10" W 219367107348 x |03 )
1443 %/0° Pa Gp= 14.43 MPa, ==
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Problem 4.171 4171 The split ring shown has an foner radius r, = 20 mm and a cir-
ctilar cross section of diameter 4 = 15 mm. Knowing that each of the 500-N
forces is applicd at the centroid of the cross section, determine the stress at
KON L 500 N (a1) point A, (b) point 8,

= ‘%(V‘A'i' V"@\:_z‘?-;mm c::-,-.i-al:"']._s’h’am

=z W(?‘f\z o f?é? mm"" -Fr:m Soﬂ(ol ﬂl‘f“,dqu"' '534:::{‘(0‘-\

O - 1 T —é[z7-5+ J(:zs‘)“-('i»s')’*] = 27 mm

L= foo N FEeEF e P-aq o P=tsoN
™M

= 0 Mze2pn@ = (Y0278 500) = =27.5 Nn

MV, - R) - 2o | (-275)(s:02~0:027)
Aeva  1767x107 (176-7%007€ Y(2r0005 Yo 02)

11-77 104 pa

RS,
1
>0
+

11

Cp =/11:8 Mifa -

b) 2 V= 35 mm

6= 2, Mre-R) 20 (- 275 (o035 = 0027
B A Ae q 1747 %10 © (1'75'7}(/0“5)(&:4005")@;035)
- é§e32x [0°

4

6;:.* — 483 My
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Problem 4.172

00N 500N

I

.;‘S
H

V", = [Emm

WQ: r&"—d: Iy 4+ 20

S
1

D >
1

DZM,y 0 ArQ +M=0

Cab Y\= V\A = [5’71#]
s, = P M-

(s 0y = Zsmnm
s "]}‘C1 = T(l10\ = 3t mm?
-%[F + P —c’“] =4[ 264 1/(25»31_{/0)1] > 24 mm

e T -R = 25- 24

4.172 Sclve Prob. 4.171, sssuming that the ring has an inner radius
7, = 15 mm and a cross-sectional diameter d = 20 mm.

4,171 'The split ring shown has an inner radius ry = 20 mm and a cir-
cular cross section of diameter 4 == 15 mm. Knowing that each of the 500-N
forces is applied at the centroid of the cross section, determine the stress at
(a) point A, (b) point B.

K i
' Af Ve

—&__1
C B

= 35 mm
=3d = [Ohn

for sobid civevdanr sezfion,

! tm

are—

+3F, =0 P-Q=0 P = S50 M

M-:_-ZV:Q? -(_2,‘)(0-06])650&\ = =-f Nm

So6 (=215 = pi024)

A Aevy
2-56f o ;o‘ Pa

it

k) = Ty = 25mm

M(¥g-RY _ 500
24165165 (314 16%155) (000 1Y (01035)

6= 1

h

F\e VA@,
- 059 xjof

NI L (141658 (o%00 1 Yer015)

6, =35 MFPa =

(= 1) {p035 - 20 24)

Ca=-0bHfa ==
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Problem 4.173

hocate ecentraid.

4.173 For the crane hook shown, determine the largest tensile stress in section a-a.

35 mum
e 25 =
| | Fyee] 45,
T @ ®| 1050 63 xjp3
Section g-a @ 150 GO % (O b
2| 1800 102X |10®
losxlo” C8_3233 .

35— v

Fam:e~Codp,?e 5j5+e.m at centroid:

M= =Pr = =(J60°)(68.283 %57 ) = -1, 025 %10° Nom

R - % \'lm( b: + b:.)
(.biv\'l- - va‘t)«gVI "%’;’ - h(h* b&)
N (0.8 )60 (35 +25)
[(35)(1'003 = (25 X402} A ."ff - (60)(35+25 )

e = ¢-R = 4452 wm

Maximum tenside stress ocevrs ad paiat A,

Ja v Q—-'V‘, = 23.878 mm.
P _ My, _ _'5x10®

P = 15xi0® N

63.878 wm,

~(.025 »10* ) (23.878 ¥ (0 )

—
= -

AT A T Red,
84.7 X[O‘ Pa

.
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Problem 4.174 4.174 For the curved beam and loading shown, determine the stress at (a) point A,

{#) point B.
R I~+ “ 20 mm
1;] 7
36 ;nm LC’C&:\'& - Qe_n‘*\fbfo‘.
w “ A - f - vy 3
WON-m 250 N ;107)’ 3;!1][11 A:”f“’z 1) mm A\(‘, bl
R O [ [ 21
' ® ®| 200 | 55 | 16.5x7
: | _ S| 900 |- 4#3.8 x jo?
e . : ' _ w0}
- +h (b’:“'b"\ r= i%f"'ol("{"" TOHR. 333w
(bt - b, r Y = hb,- b,
_ 0.5 )2 (Ho +20) 2 46.8608 mm
[(403(e8 ) = (2)(38)] M £X ~ (3340 - 20)
e = p~-R = 1.4725 mm M =-250 H-m

@ y, T R=-¥ = 1].808 mm
Mya (~250) (1. 2608 xIC" )

"7 = - =z g3.9vic’ P
Oa Aev, (Goo vio=*Y(1.u725 xio"* Y} BS =107*) & | a
: G, = 63.4 MPs, =
(b) Ye = Rty = = (81392 mm
j -3
het, (qoox (T )1 47285 # (00 W65 1072 )

Gp = =~ 5.6 MPa -
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Problem 4175 4.175 Knowing that the machine component shown has a lrapezoida)
cross section with @ = 90 mm and & = 62 mm, detesmine the stress al (o)
point A, (/) poini B,
E LS BT

Locate centvoid

‘ [ - ~
A we | F, o] AV, md

Lise | i50 |fiojBxre®

i

)
150 mm }.O(?mm Gz Jo @ dbse | 200 |093 % I(.?é
Z | Hgoe 1942500
v f242£00 . L7004 pn,

[t o0

Q- 4 bk, + by)
(b - et B = bbb,
_ ms‘)aro)% G0+ €2)
[(T0)(250) ~ Cbz)(to0) ] 55 ~ (1e) (Go~b2)

e = v-R = ] : M= GEN

= 1693 mm

@) yor R-F, /5931002 593 im

G =~ MY eegrenosany o Mig
§ Aew, ' Uthooxé)faeorin (o-1) :

(b) Vo = Ry = /89:2= 28D 2w GocT tapn .

6y = - Mys . m“ii(”gwwv = Z5:§ MPa )
hAev, (U460 X127) (0co H1){6-25)
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Problem 4.176 4176 XKnowing that the machine component shown hag a trape-

zoidal cross section with ¢ = 62 mm and b = 20 ram, determine the siress at
{a) point A, (B) point B.
) HGN . m

Locate centvaid

. ~ . %
At Av,in

po80 | 750 | g8

Bt
5

- @
150 mm  HOO mum L7870 2o | f3Kro

Ml B S

e oo DOLILDO
p o= 22U 179, 6 pin
{1 oo

- W2 {b,+ b
(BN B % - (b, b,)
o) (170)" (624 40 |
= [{G:LJ{M‘&J-»(%)(;M}]%% - (r5) (£2-F0) = /68 ¥ b "

e = v -R = {2 pan M= 9LN
() ya = R-¥, = 68 pmn

Gy mm MM o (F020)(0-0bF%) - 4> M

= - -
Bev, (o015 EY( O ol (o 1)
) Yoz R-v, = —~ Bl
o MYs . (Aovo)(-0-0816) _ -
6& AE‘. V‘t CI/Q‘M)(jo—é)(o'alf:z—)fgtLg') - }; Mﬁ
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Problem 4.177

62111;!;[
~L !

-
-
P CT
ol |

TSmm R .|
BO mn T

i=o PR e
FG mun .
75 mm

.

at {a) potat A, (5} point 8.

p-g
t

Lbh = L(e)(78) s 2228w

L£o+25 = TE pom

-
3}

b, = éZPM“) ¥, = Ebmm, b, = O, 1, =128

Use ¥owmul’¢ ‘Fav_r ‘f'm;rygwa'ﬁ? with b;z = 0O,
R ) 7;,-._"(1')_ (bl"‘ bz)

GV R TR

fo-&) (75 (b1 40)

LO62)0126) = (0) (50)] tn ZE = 75( L2- 0)

1y
"
51

- 336 pm

= 14 tm

M= Sho Ne

@) Yo T R-0 =2 ig pown

6. ey -..f_VLYf_..:
A Aev,

(f::) :‘{5: ’R”ﬁ, =

(o) (0 02u¢)

T (2326w %) {0:00638t)(0-05)

= =26 bMfg g

- 5280 mom

(bo) -0+ 0535E)

T (2335%5%) (si00 286)(06<125)

H

2 b Jupy —
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Problem 4.178 4177 and 4178 Kuowing that M = 560 N - m, determine the stress
at (@) point A, (D) point B.

62 mm

Z‘V
1 (62)(18) 2228 mm
P S2 +SD = oo hiy

-
n

o
L

O, W :fDhun, b =62mim v, = (20 pona,

Use 'Fov’*mu)q *Fo\f‘ "‘}MPQZ&:\'&J with b., = O,

R - "Llhl(b:"‘bz)
(B¢, - byt ) La? = h(by-by)

. (e5) (76) (ot 62)
T [ - (SO - 5 Lo - 62)

= Gbed pne
e s Vv~R = 3lom M Lo A

@ y,= R-0 = Hbe bt i
Ga = S MY (S8e)(0:0%C%) = = b3-] MFa .

Aev,  (23:5Wp6)(0r0036)o-0%) -
(b) jﬁ: R-Y‘z r 280
Gy - Mys (SBo) (=~ 6:0286) - 153 MPa -

Aev, (rzisxia®)o-0o36) (0 125)
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Problem 4.179

- — 1'2 ﬁ—vm—r*
|
e i »f

Note 4”151‘]" Yor eao/n.

4.17% Show that if the cross section of a curved beam consists of twe or more
rectangles, the radius R of the neutral surface can be expressed as

A
# by by
AR EANEA
h ) h
where A is the total area of the cross section.
0. _3IA . A
- “i._ . - s b . r;;.!
? S v C)A 2 & /QY\ Y‘,;
. A ) A
= = -l

Z n (G)"

V.
'"‘f"l-taly\ Vews
'b&r;‘?‘-’ = b
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Problem 4.180 4.180 threugh 4.182 Using Eq. (4.66), derive the expression for R given in Fig, 4.79
for
*4.180 A circular cross section.

Dse Foﬁaw coa*ﬁ:i(md}‘e. ﬁ a5 shown _

4 ; 4 widthe w = Zcsin g
- ! Y Y\ = ﬁ ha CQOSf)
¥
dv = 2 sin F A48
AN AT T I xR, 4
4 E_;"B/?’ dA = wde = 2e%sin’B dE
i3
S ,.G_’.A. - S 2 Cl Bin G‘fg
T © v - C f:osﬁ

[ j“c“(nm%)%_zfw-wf,fzww <)

o ?—CC&S,@ Y - & cosfp

=2} (T+eenp)dp - 2“1"’-‘)&, v ihﬂc eos B

1t

- T -
A L + 2c sinf3 L
2 Jvr —cr tanld
'f'ﬂ.n

- 2(F -t e Ao vt C
:2;‘("1'—0)+2c(0—'07— Yo/ ¥v2 - e* wuo)

2TY - 2m+/e* -2

= e’

A
R = A Te’
4 AN = 2T T e

"_"."-I— C'Z - P ‘}—/i;\m* C"—
2 Y = V“L__Cq. "YT + ‘;;\2_ _CT.
1y - T \ -
- L e (F + fFrex) _ oL 2(¥ + JFioer)
2 e - rren?) A o




Problem 4.181

L+ b0 h
A

4,180 through 4.182 Using Eq. (4.66), derive the expression for R given in Fig. 4.79
for

4.181 A trapezoidal cross section.

The se-tiow widldth w  varies )(v\enw)v& with .
w = C,+C
web ot V=¥, aws w=b, af V=V

b, = Co+ G
b, = Cot+ C ¥y

b -k, = cn-v)= ~¢h

b -b
C‘-‘-.....__LH_,_..A_

rt?.,l')a - V\I bz

}

(V\z“r‘:)co = hco

e, = wzb,;w,io,
(A (Mg, - (et y,
v T ¥ r, v
‘, ¥z s
= codnv| o+
= Caé?ﬂf'?" + cl(v‘z‘r\s)
o b_j—'v\' /g — _bJ.;—..b_z...h
= Yabolio ;""% ﬂn% = (b, - k)

%L\lfbi“' bﬁ)

Q'ﬂg%&

(b, =6y 2 B — b (b, - b, )
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Problem 4.182 ;.180 through 4.182 Using Eq. (4.66), derive the expression for R given in Fig, 4.79
or

4,182 A triangular cross section,

The section width w varies ,Q{me.wjj with ¥V,

w

i

C, + ¢, 7

s h aTP=V, avd W=0 af f= 1,

H

Co + C, YV,

i

Cox ¢, T,

W
b
r O
b

i

C.,{V‘,-V‘L) = - C.h

Cl = —'% O-VIA Cg = “CI r\z = EV".',

T S
3 T, - e o
= = ¢ Anv| s ovll
v = Codn B+ C(0-1))
= b:‘ B %—— % h

= bV Ve = h i N
‘"\;"},QMV:: - b= b(ﬁﬂwﬁ*‘f
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*4.183 For a curved bar of rectangular cross section subjected to a bending couple
Problem 4.1 83- M, show that the radial stress at the neutral surface is

od! dletance v and compute the value of g, for the curved bar of Examples 4.10 and 4.11. (Hint:
At v JIQP I's consider the free-body diagram of the portion of the beam located above the neutral

M ( y-R j surface.) -

8— Aev‘ . /q-\wwu»---~~»AA4,-4_~MAURM.._..._.._.
- M _ MR :
Ae Aer

Fov orhm oabove the neuirat
axis 'Hst resyltant force is

H - 56;4/1 j Gy b o
Mb ¢ Ji@.bga“d*‘

i} he jvz r T
R MbR o B
= Hbg-n)- HBP & - 22 (-7 -4

Q?Svﬁ’i‘ﬁn‘!‘ o‘c Gwne
. S GP ces ﬂ dlf\
0
. j: € cos B b Rdf
T3

£ ST .
e lF} = ‘mw}‘f'aw"' 05}
N G,

For e.gu;'j? Drivm s ]:r\ ~ AHsing = 0
| ZAMBR [y VW _ p. R e .
26} BR 51N %'ﬂ 2-—;—:(‘ -F'él‘ ;p ‘r)jfm = 0
(l...,,v-n n%\ S | ey
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Problem 4.184 4,184 and 4.185 Two W100 x 19.3 rolled sections are welded together

ag shown. Knowing that {or the steel alloy used oy = 250 MPa and o, =~ 400

MpiPa and using a factor of safety of 3.0, determine the largest couple that can
y be applicd when the assembly is bent about the z axis.

T Pmyerh'es of Wioox (9.2 rolled] section
2'*03x See Appendix B
o Mzﬁ& Aven = 2480 mm® ‘Depﬂ,: fob b,
ITy=+ 4775068 ¥

For one roled SEC«"‘;WJ roment ofF inertia. about ais a-a s

L = IK + Aaz = HTTa0 {2%?9){52)" w fleg Tl }‘{6{0qu
Fmr LO'H’I Sev’,'l‘ahi _ IZ = 21‘&, w 2244 }(/09 M(F
C = JeP'H) = 166 Mm.

BL T 3o ¢ /3333 MA R
S. 133 32K105 N 2 2-5C K15 © - -
Mot = JC!I ___( K 5;&:}){5% L8700 7) - 289 LK m —
Problem 4.185 4.184 and 4.185 Two W00 X 19.3 rolled sections are welded together

as shown. Knowing that for the steel alloy used oy == 250 MPa and oy, = 400
MPa and using a factor of safety of 3.0, deterinine the largest couple that can
be applied when the assembly is bent about the z axis.

11_30 Propew.Hes a‘\; W l00519:-3 valled section

;*‘036 See ‘Af?peno'ix_B
'S

Avee. = 2p8o mm”  Width = (63 mm
Iy = le X0 hnin

For one volled seah‘omJ momeunt of inertia about axvs b-bL is

I = I + Ad® = rbrxeob s (2600)(S16)F = §187880 e

-

¢
For both Sc¢+fons Iz = ZIL = J6-278 ‘1((-06 frsta
¢ = width = 163 Aom.

= -(-S-:L = .40.-2— - T . :-.M....E’. N
St Fs. = 3.0 /2533 M By o I

Mar

1

6 ~¢ E
Cur L _ (133:33%10°) (/6375 %107) | op o fagpm . -
C Oclo




Problem 4.186

4.186 It is observed that a thin steel stvip of 1.5 mm width can be bent
into a circle of 10-mim diameter without any résulting permaneit deformation,
Knowing that £ = 200 GPa, determine {g) the maximuem stress in the bent
strigs, (P) the magnitude of the couples required to bend the skrip.

~4
I =4bh® s dles Weizs ¥ = Ze44 ko
p= 4D = F(20)= 10
C.. - ..ﬁl_. = O0v0 620 mn.

0y 6. - E& o @roxe{erebrsxig )
28 - o

* Y o= 250 MPy
) M =EL _ (eexipl( ze44x1076)
3

= GO 64ER N .
(;50(}’
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Problem 4.187 4.187 A bar having the cross section shown has been formed by securely bonding
_ ~ brass and aluminum stock. Using the data given below, determine the largest
& mm 8 mm permissible bending moment when the composite bar is bent about a horizontal axis,

R R 32 mm e
- i ‘ i ’| )1 - Aluminum | Brass
5 }8 mm Modulus of elasticity | 70 GPa 105 GPa
. Allowable stress 100 MPa 160 MPa

32 mm avis ' . : .
U'S-e. o ﬁuwn NJw a3 ‘H\e V*e*reurevme, mai}{ew a,zfc

Tomm For afominom ;  N=1.0

\Bmss Aluminum _ FDV' EW‘&.‘;SJ = Eb/Eg_'—' 105/70 = L5
' Vedoes o{ V' ave shewn on the sketch,

Fm" 'Hse +mwFormeai .SEc/‘f’ﬁM) 7
- n 3 - Iog 3 - . .
I,= mhh’ = 2203 " 82.768 %/0° wm'’

¥

Ly

)

LY 3 12y . LO 3 _
By (HP- b)) = 2 (3) (827 - 16®) = 76,4859 ¥ 10%
I,= I, = 32.7¢8 210 mm"

1

T=I +I,+I, = 14.995 x 10" mm® = 141,995 %15 o

st = [ 1 |5

Adurinvms N=1Lo Iyl |6 mm= 0.0[6m, &= [00%10° Pa

. (100x 10 )(14]. 995 % (077) _ .
™M NICC = 87.47 Nem

Brass® n= 1.5, 13'2 16 raun = 0016 | §'= l¢Ox[0° Ta

- (160%10°)(041.995 » 1077) _ 63 N-
M (.5 W o.016) 996.63 Nom

Choose +he swma e vaboe. M= 837 M-m —y
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Problem 4.188 4.188 For the composite bar of Prob. 4.187, determine the largest permissible
: : bending moment when the bar is bent about a vertical axis.

4.187 A bar having the cross section shown has been formed by securely bonding

8 8 mm brags and aluminum stock. Using the data given below, determine the largest
|——-—-»—|~* --------------- -32 mm -|<f+| permissible bending moment when the composite bar is bent about a horizonial axis,
I‘s mm : . Aluminum | Brass
""" Modulus of elasticity | 70 GPa - | 105 GPa
32 mm

Allowable stress | 100 MPa ~ | 160 MPa

B mm

Use aluminum as +he referemce mateviad.

Brass “~ Alomiraim

Fow aﬂ)w\;m}m, n= .o
For brass, = E/E, + 105/70= 1.5
Vadues ot v and shown on the skefcl.

For 4he trowmstormiedd 5694(0!»4}

L= fh(8-b)- L2 (22)(48%-32%) = 311.296 %/0® mm”
Iz = % 1’71 b; = %(9)(32\'&' = 2].g453 %o T

I.7 I, = 2/.834S3%10% v’

T=1I +1,+XI, = 254.99 510> v’ = 354.99%107 7 p"*

. [aMy ) }.6_‘;__
Alowinum N=1.0  dylz [6mm = 0.06m G= 100 »[0° Pa

M= oo 109 (354,99 (077)
(l.o){(0.016Y

= 2. 287 %/0% Nem

it

Rrass : n= .5 i:/i = A v = 0.024 &

(160 % j0° ) (354,99« [o™)
{i.5¥(0.024)

6o %10° Pa

M = = L5773 %102 Nem

- 3 -
Choose the smaller valse, M= 1.8§7773%10" New M= 1. 578 ke N-m =
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. 4.189 As many as three axial loads each of magnitude P == 40 kN can
Problem 4.189 be applied to the end of a W200 X 31.3 rolled-sicel shape. Peterming the stress
at point A, (@) for the loading shown, (£ if loads are applied at points 1 and
2 only.

Cov Wavo K33 A p.{;e ndiv C ?islas
. e
A = gooomm A= rlomm Ty d-dxie

At Foim'f A Y= Yd = joy ma .

- B . My

901[11‘1‘1;15'/ 6-' A I

90“’”‘?) ey Centric /{}oaa?{nﬁl F=zizo kN 5 M= ©
- /'Zc;m:zfib G = 36 MAn. -

0G0 X0
(b) EC_CCV\“\LP!‘C ,poarrpuﬂmﬂ Z F:": ZP = g'ﬂ /L/V M = »—C{»{})(U'ﬁ‘?) = 3’6‘%&;57
g 3 L3 .
& - %?g}g{{_w (=30t (b0 x) = 22 mPn )
X E 2k }(/9"(4
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Problem 4.190 4.190 Three 120 » 10-mm steel plates have been welded together to form the beam
shown. Assuming that the steel is elastoplastic with £ =200 GPa and oy =300 MPa,
determine (@) the bending moment for which the plastic zones at the top and bottom
of the beam are 40 mm thick, (b) the corresponding radius of curvature of the beam,

129 fﬁ'w*l

|4

A0 mm

120 nim

=g 10 mm

— 10 wmm

20
®- 320 MPa,
[ Iq'T“ ¥ R, -
= € <
_~ ”{—: R's -«
@P—— Glrvam ~
Sle { > 2
—i T
@ Y puny e > R,
— 4 ——> K,
g
Az (120)(10)= 1200 mw’ R, = 6, A, =(300x10)(1200 10" )= 360+18 N

o

A, (80)(10)= 300 mm R, < G,A, = (3oox(0f WBooxio* )= o= N

]

%E"fAz = %(3°O*f0‘)(3oouo“\
= Y R}jO® N

Ay= (36)(10)s 300 mm Ry

jf 685 mm = 65 %O m
Yo T U5 mwm = 4§ x o™ m

Yo 7 RO mm T 20 » 107 vn

@y M= 2(Rg Y+ Ruye ?Sj:) = 2 {(3co)(s5) +('?o)(4_s) + (45‘)(20)3

T 567G Nom = SE.T N —
Xy . & . By, _ (200x107)30x107%) _
(b) P - E P - —%\ - 300.’(“}‘ = 2.0 L 14) et
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4191 A vertical force P of maghitude 80 kN is applied at a poinl C Jo-
Problem 4.191 Vertl Profmagnitude 8U KN i applic point
cated on the axis of syminetry of the cross section of a short column. Know-
ing that y = 125 mn, determine (o) the stress at point A, (D) the stress at point
B, () the Tocation of the nedtral axis.

Lorate cen ‘{'rm.":j'

Parl | A pim 3, min | AY, mns T .‘Z*Aii-

| 7500 126 | 937590 ZA
= {E87sp
@] fvoe0 | $v |awwoso | "gye AL,
¥ 7 |lzgoo izﬁsaal

. Tmm {75 mm
—

Ecceﬂh‘;“é"}y of ,?o ad € = V=05 =30 A
¥

50 mm

1
%
00 min

I
L,
1

| : LR+ 9ot = 3125806  mm
L)oo + (s = 142917 %0

H

"

H

Ll

aftmm Y 3¢ mim

if

I+ I, =226 %r0% it

o () Stress of A Ca= G& mm,

6 - Lo Bgp - e, BeegeiGenn) - suqufs -
() Sivess of B Cg = 150 =95 = 3L mir.

6a v - F - Bt e feegomienn - pogup =
(& Loc;a/‘f‘iom of nevtved axis: G=0

G = -B +-.E§..9:-. = b [ef=2
A T © I
s I oz2bapt

Ae ‘(!2@36)(%): b0:3 man -

Neodred ayis Jies too3 bebowr cewlrod ov 98~ bo-3
= 34%7 ha ‘e Nova _P'oi'n‘f A.
CAnswer 38T e Prom Feinf A wth
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Problem 4.192 4.192 The shape shown was formed by bending a thin steel plate. Assuming that the

thickness ¢ is small compared to the length a of a side of the shape, determine the
stress{ayat A, (Byat B, (cyat C.

Momem'} oF ihertie about centvoid
o

3
. [ - aeEn(E)
- & 44 3
A ® S e 2t |
Avea A = (?EEY%) = 2ol 5 c= 53:"3

. B _Pec . P O_PEE __P
@) G g I 2at  Lte® %2
P, Pee B, PENR L AP
©) G W T T et ' gtas Vo
- et | ....----,_._._.,,,,..“FD il
e &, = G, Ce* " 2t
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Problem 4.193

r

= 20 mun

Yo ™ Yo % *%’?p =

Ye '—-. 10 - 8. 4883% <
Za T ~2Zy T 20 vem
M, = 100 cos30° =
My = (00 sin 30° =

I, T,
‘M’LYG " Mj Za

4.193 The couple M is applied 10 a beam of the cross section shown in a plane
forming an angle f with the vertical. Determine the stress at (@) point 4, (5) point B,
{c) point D,

T, = Tt (e = (F -5 v
=(6.10975 AV = 17.5611 216 me= 1, S411% (G ot

o,
\ _ o
L= T ot s T2 x 832010 ' = 62.332%(67 "

_ (4%%:;03 - ~.4883 wam

H. 517 ram

g T O

86, 60% Mem

50 N-m

_ _ (86.03){~9.4883x16%) | (50 )(20#0*)

H

i

17, 86 % jpd E283Ax[D"9
$7.8% xj0° Paq G, = 57.8 MPo ==
_ (866030011716 (5o )(o)
17.861) = o™ C2.232 %o
~56.8nl0¢ Pq G = ~56.73 MPa, -
- (36.603)(~g.u882 % [ A+ (50 ¥M=20 )
7. 561 % (o™ 6R.832x1p7"
25,9 %10 Pa C. = 25.9 MPe -
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(a

&)

)

Problem 4.194 4.194 A rigid circular plale of 125-mm radius is attached to a solid 150 x 200-mm
rectangular post, with the center of the plate directly above the center of the post. Ifa
4.kN force P is applied at £ with § = 30°, determine (&) the stress at point 4, (h) the
stress at point B, {¢) the point where the neutral axis intersects line 4580

s Yx|O® N (cumr)i‘csﬁilam)

M;‘: - PR Siﬂ 300 .
= = (4w)0* )25 %107%) 3iw 80
x = 50 N-m
Z = - (”HDT)C!QS’W'G'E}EQS Zes”
~ 433 N-m
B
[ ; { "-{ 3 o Y -l 4
1, = 5 (200Y(150)° = 56.25%10 pm' = $6.25 *10
X
i, = T%-C!SO\}('Q"OV = 100#106 mim = 100 ¥ 107° Wt
A & 8 _
4 _‘XA = XB = JOO ram
Zyp = € ® TE mm

A = (2e0)(ise} » 30 ¥ (0% mm" = BOx{O'z o

Go= -L o« MeZ g Maa o _ 4¥i0° _ (~250)(75¥i0") +(~‘f33'}(-loox/o'$)
g Iy X, 3oxrig? Se. 5w o 160 A{O™¢

. e P il

£y

= 633x[0° P T 43

f

G oo P Mhze , MeXe o 4wxio® (-250)(752¢5°)  (-433 ) oo xio™?
e A '1,« Iz Bovio™ L6 AT it jae x jomc

T 2322 xio> Pa = —233 kfa i

Let G ke the Fmr'n'? on AB  wrheve heu{‘m\f ox’s Interse ts,

Lt

g& = 0 Ze = 75 v Ao & 2
S P MeZa M. Y. - o
iy R G Sac
Ol& A Iy' -Iz
Xs 7 ““13"{-3 + MeZe | - 190 %10™° § o * (“250)(7551(0‘3?1
* Mz (A Ts ~433 Zowi” Th._ 25w Db
= Y. 2wl wm = T

Pm‘—\’f & .piés }"fé,.? M '[;'c)m Fol\«'f A -




Problem 4.1 95

40 mm

4.195 The curved bar shown has a cross section of 40 % 60 mm and an inner radius
7y = 15 mm. For the loading shown, determine the largest tensile and compressive
stresses in the bar.

h"-"'}t)mm: V2 [Emm ) T 55 me

\

i} A = {6o)H0) T 2400 mm T 2400 <107 "
60 nun S . |
/ | n qo
- = : .78 ™
f Rezs "amg = %
1208 . m “(‘\ - .ﬁ((\’ + {\1\1 T 25 mae
ez T =R = $24 wm 6= -4

At PR ‘yt

" Aev

30.78C — |5 = 15.78& mm
(120 Y(15,786 x (o7}

& o=

- (2400107 Y 4.214x (03 )(LS"MU‘S)

= ~12.47v " Pa
= —12.49 MPa w—ri

(/(‘_oﬂ restron M
i

Pt v = S Y T 30.786 -85 = -24.214 mm

(120 )= 24.21¢x107*)

N
6 <

(Moo 5107 J(L.2W x 107> WETx |2 )

= 5.22x(0° Pa
' = &322 MPa -
("}'E:ﬂ.'s?ov\\
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PROBLEM 4.C1

Aluminum

b

4.C1  Two aluminum strips and a steel sirip are to be bonded together to
form a composite member of width b = 60 mm and depth k = 40 mm. The
modulus of elasticity is 200 (GPa for the steel and 75 GPa for the aluminum.
Knowing that 4 = 1500 N - m, write a computer program to catculate the max-

@

inum stress in the aluminum and in the steel for values of @ from 0 to 20 mm

T

Stecl VTI; — 40 1 using 2-mm increments. Using appropriate smaller increments, determine
b t {n} the largest stress that can occur in the steel, (b} the corresponding value
: : of a. '
b = G man Abl
-SOLUTION
' £ ST
Tanscormep SEcvion  BLe steer) n=
— ELorome
p—b — 1 5
[ oo r_ " l ‘f”‘
‘ NECTRAL
h h-zen TTTTEYS

l

S

%(’hb“é) ~

e W

e e RSV AT I

T //i\\Qii\\\\\/ i A7 Po)u*? 7: T . M(t)

h o 4 h-ze. e AlLuks i_

l /k\\\\\\\ = AT Pos 2: I =T M/"%z“a)
o= R b TEEL __I

For_a= O 70 20 mom USINE Zomm [NZERVALS CCYop7E s n, T

b =60mm hed40mm M= 1500 N.m

Yavmn » Ysrsee -

Moduli of elasticity: Steel = 200 GPa Aluminum = 75 GPa
FROERAM OUTPUT a I sigma sigma
aluminum steel
mm mT4/1076 MPa MPa
0.000 0.8533 35.156 93.750
2.000 0.7088 42.325 101.580
4.000 0.5931 50.585 107.914
6,000 3.5029 59.650 111,347
8.000 0.4352 68.934 110.294
16.000 0.3867 77.5886 103.448
12.000 0.3541 84.714 90.361
14.000 0.3344 89.713 71.770
16.000 0.3243 92.516 49.342
18.000 0.3205 93.594 24,958
20.000 °0.3200 93.750 0.000
¥ind 'a’ for max steel stress
and rhe corresponding aluminum stress
6.600 0.4804  62.447 111.572083
6.610 G.4800 62.494 1311.572159
6.620 0.4797 62,540 111.572113
Max Steel Stress = 111.6 MPa occurs when a = 6.61 mm

Corresponding Aluminum stress

62.5 MpPa




PROBLEM 4.C2

TI

4.C2 A beam of the cross section shown, made of a steel that is assumed
to be elastoplastic with a yield strength oy and a modulus of elasticity E, is
bent about the x axis. {a) Denoting by yy the half thickness of the elastic core,
write a compiter program 1o calculate the bendmg moment M and the radms
of curvature p for values of y, from 1 4 to § d using decréments equal to i
Neglect the effect of fillets. (b) Use this program to solve Prob, '4.190

SOLUTION

Compose Momeny of iwerzm T,

szﬁ‘c Ix /;;, éc/ ”“[é;"-txd '?t)

be-t,. MARI M UM EL ASTIC MarMERT: M= y?—-

I///

Fonie YIELDING 10 7HE [FLANLES ( Eof sianR YPPER HALKE oF <1808 Sie r/o»«;) L= -9%
b —4
I ] Ly
~ " A 9Y
| 4

STIRECS AT JONCT oM OF WER AN FL AnEE

T= [42)- £

Yy Y
RESWLTANT
DETL oF STIESS DBAR AM FORCES

- 0 [ 4 2= )]

e f"é" =Ty bﬁ[ﬁv‘(c'td]
T Rys 4 b [y (=)

e 123": -QU;Z‘W(’C"Q)

i~
4 ®
} ' ‘
= ‘5’(@*"%7) BEMNDING PMOAEAMT
| .
0"7_= HY*E{E‘Y”(@_Q)J M:Zf e a,,
*
=/

Qg™ Iy~ %‘[Sv‘("" t*“)]

[Papius of CcLNR VA7 URE

= (e-%) @ _HK£

5P Fe3 (F v

CONTINUED




PROBLEM 4.C2 - CONTINUED

FoR NIELDING 1N THE WER ((orcipen uprep paur

{ ' éf '{ < Eﬁ/‘%’ SE o oy SELF oM
2 e = - Gntlety)
C"f m—% ,_jrlww %{ B
l 1 - o fa, | 7< 7y tardy
' T -K ,
2, b /
Qo= £ -5
!
aérf[ﬁy"" (e "f;):l
as 2
v 5 Jr
E - 7
EALIIN R fAEPAELTT AMa Z ﬁ;a?‘
el
/?ﬂpfﬂj OF cLR VAT UIE 57’-; e.:']D - _;tm P;— 3;;:

FTrcram:  KEY 10w EXPRESSEWS Fon. a, emd Ry, rormz/ 70 7
Fare Ym < 70 (c~Tp) A7 ~2efR  OECREMENIS ’ Yy £
COMFOTE  MERE R, ., Ker y=) 7o A (e = —6{— [ THES FUHLAT
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Flnspan ov U7

For a beam of Prob 4.1%0
Depth d = 140,00 um width of flange bf = 120.00 mm
Thickness of flange tf = 10.00 mm Thickness 0f web tw = 10.00 mm

I = 0.000011600 m to the 4th
Yield strength of Steel sigmaY = 300 MPa
Yield Moment MY = 49.71 kip.in,

¥¥ {man} M{kN.m) rho (m)
For yielding still in the flange.
70.000 49.71 46,67
65.000 52.59 43.33
60.000 54.00 40.00
For vielding in the web
60.000 54.00 40.00
55.000 54 .58 36.67
50.000 55.10 33.33
45.000 55.58 30.00
40.000 56.00 26,67
35,000 56.38 23.33
30.000 56.70 20.00

25.000 56.97 16.67




PROBLEM 4.C3 4.C3 A 900 N - m couple M is applied to a beam of the cross section
shown in a plane forming an angle B with the vertical. Noting that the centroid
of the cross section is located at ¢ and that the ¥ and z axes ave principal axes,
write a computer program (o c‘siculatc the stress at A B, C, And D for values

I*OéZXlOﬁmm) x[o?)
SOLUTION [NPUT CCORpiA7ES aF F, B¢, D
""""""" = o -2 o yu=ul)= 3€
! . 30 mm '? = z‘f't'—’j'-"go ag'i'"/&jrx 34
Q,* Fl2le-30  4p= 3(3) ~35"

L gl ] 2. ]
20mm 2 mim 20 mm
A A r T s A

My = ""MSM’F? ME;'MCQSCQ

Lo H5E pags 2780 ()~ Me 560, My 20n)
. 7 13

FRosrart: For @= 0 70 /0" vgmt 107 INCRErENTT,
Fole =/ T S USING A7 Jrecfirest 7Y,
EVaL oy £ 4SS AND FRINT  STREISE
EETirer
lee Totry

FEasrpr ou7Pu7

Moment of couple M = 900 Kim b &
Moments of inertia: Iy = 259X m ¥ Iz = 0<b2%Kf0 hn -
Coordinates of points A, B, D, and E ()’Ho'_;)
Point A: z{(1) = 3p: y{1) = 35
Point B: z(2) =-pHo: y{2) = 35
Point D: z(3) =-3u: yi(3) =34
Point E: z(4) = 3o: y(4) S T
- - - Stress at Points - - - 7
bedsn A - B D E
dtﬂ M Pa mPa M s M.

~E316) L6l  ExeM6] 2416
o —~Sl3gp 28577 45682 34.16¥
0 11Ty f1.-7i3 £ 883 - 8§53
j30 19961  H47.093 T4t 40358
180 2161 161 -2 161 -£2- (6]




4.C4 Couples of moment M = 2kN + m are applied as shown to a
PROBLEM 4.C4 curved bar having a rectangular cross section with h = 108 mm and
b = 25 mm. Write a computer program and use it to calcolate the stresses at
points A and B for values of the ratio r\/h from 10 to | using decrements of
i, and from 1 to 0.1 using decrements of 0.1, Using appropriate smaller in-
crements, determine the ratio r, /i for which the maximum stress in the curved
bar is 50 percent Jarger than the smaximum stress in a strainght bar of the same
cross section.

SOLUTION  MFur: h= /00 mm, b= 28 oman, M= 2B 2%

[ :{..-»ﬁ—'f: é’fj'“ 48 MPo-
For 7wy el T = s 60 =

Foliowme Movarmm oF Cie, $1S, KEY 1N TWE Foliowing s
tp=h+r, 3 t‘?fﬁ/,(a‘,(r}-n) i Fmatn ¢ £ VR A:.bér,?ﬂo@

sreecsees e U= pra(y -R)f(Ae n) gz G MR iaer)
imes A = OO I R I‘}/fp =/0} V= lootomom | ALSO r{/},:,@) v =00

Fhe eam: Fore 17 = 02T Fe fa AT e 00 Lo REMENTS
UStne f&rvppens o pivEs T App 7] £VALUGTE {}} RJ
Also swmtvares  ralo = U;/ Vs reassnr —
FE7vRN AND REFERT FOR 0= 00 7o A0 Ay =& DRCLEMERE

r:,?‘, U;ﬁ)fﬂ'r;

Frrsrenm o707

M = Bending Moment = 2. kN.m h = 100.000 in. A = 2500.00 mm"2
Stress in straight beam = 48.00 MPa
rl rbar R e sigmal sigmaz rl/h ratioc
jiute T mm mm MPa MPa - -
1000 1050 1049 0.794 -39 57 46.51 10.000 -1.033
200 850 949 0.878 -49.74 46 .36 9.000 ~1.036
800 850 849 0.981 ~49 .95 46.18 8.000 ~-1.041
700 750 749 1.212 -50.22 45.95 7.000 ~1.046
600 650 649 1.284 ~50.59 45.64 6.000 ~1.054
500 550 548 1.518 -51.08 45 .24 5.000 -1.064
400 450 448 1.858 -51.82 44 .66 4.000 -1.080
300 150 348 2,394 -53.03 43.77 3.000 -1.105
200 250 247 3.370 -55.35 42.24 2.000 ~1.153
100 150 144 5.730 -61.80 38.9¢0 1.000 ~1.288
100 150 144 5.730 ~61.80 38.80 - 1.000 -1.288
30 140 134 6.170 -63.15 38.33 0.900 -1.316
80 130 123 6.685 -64.80 37.69 0.800 ~1.3590
70 120 113 7.299 -66.86 36.94 0.700 -1.393
60 110 102 8.045 ~69.53 36.07 0.600 ~1.449
50 100 81 8.976 -73.13 35.04 0.500 -1.523
40 20 80 10.176 ~-78.27 33.79 0.400 -1.631
o 80 68 11.8013 -8€.30 32.22 (.300 -1.798
20 70 56 i4.18% ~100.95 30.18 0.200 -2.103
10 60 42 18.297 -138.62 27.15 0.100 -2.888
Find r1/h for (sigma max)/{sigmwa straight) = 1.5
52.70 103 94 8.703 -72.036 35.34 G.527 -1.501
52.80 103 94 8.693 ~71.998 35.35 0.528 ~1.500
52.90 103 94 8.683 ~71.959 35.36 0.529 ~-1.499

Ratio of stresses ig 1.5 for rl = 52.8 mm or r1/h = 0.529

{ Note: The desired ratio ri/h ig valid for any bean
having a rectangular cross. section. }




4.C5 The couple M is applied to a beam of the cross section shown.
PROBLEM 4.C5 {a) Write a computer program that, for loads expressed in either ST or U.S. cus-

|4,___ b"__l tomary units, can be used to calculate the maximum tensile and compressive
stresses in the beam. (b) Use this program to solve Probs. 4.7, 4.8, and 4.9.

SOLUTION
INPUT: GAENDINE PomEr T M

For = | 70 mi ENTER b, Ao Fy,

AAREA= b, ha (Prmv7)
o Ep= Loy +(;’9~.--:)/2 b b/
e | % [ iormenT oF BECTANSLE ABOVT BAE )
o a, A :(ﬂﬂfr?é‘ﬁ) A,
x 1 To,l Lo wHowE orossS S8 7‘/0/\']
! by |  Base Wizt Ao AREA S ARER +ARREA
LecaFion OF CEAMTRONW GROVE [2A7E
g= ’4‘??/;;”2,;.9 {Pr@’«""ﬁ
AFSIERT N pNERE Tidd AROUT A PONTAL & ENF/20MDAL AxIS
For =/ 72 Ll E, = a?vm:*‘(}’%—;)/z + /7?1 e
ALz b b0 + (s 1) G- 2s)
T= T+ 471 ' (FENT)
(ML TATIN  OF STRESES
. To8 FORL WEIBKIT FFoR =/ TB R
T poe
H .. 3 i : .
j STRESS A7 TOF
v | . |+~ H~G
Bo770M M == M~ g | (Perr)
SIIESS A7 RO TIEM
A a4 )

Eerzose” 7

SEE NERT PALE Forr FPwr surx

CONTINUED




FROBLEM 4.C5 - CONTINUED

Problem 4.7

Summary of Crosg Section Dimengionsg

Width {m} Height {(m)
0.225 0.058
0.075 0.15

Bending Moment = 60,000 Nm
Centroid is 0.075 m above lower edge
Centroidal Moment of Inertia is 79. x 10-6mt

~%24.103 MPa
56.462 MPa

Stress at top of beam
Stress at bottom of beam

F

Problem 4.8

Summary of Cross Section Dimensions

wWidth {m} Helight {m)
0.1 0.025
0.025 0.15
0.2 0.028%

Bending Moment = 60000 Nm
Centyoid is 0.1194 m above lower edge
Centroidal Moment of Inertia is  60.59 x 10 Sm?

Stress at top of beam = -T73.815 MPa
Btregs at bottom of beam = 118.237 MPa

PROBLEM 4.9

Summary of Cross Section Dimensions

Width {nm) Height (wm)
50 10
20 - 50

Bending Moment = 1500.0000 N.m
Centroid is 25.000 mm above lower edge
Centroidal Moment of Inertia is 512500 mm™4

Streas at top of beam = -102.43% MPa
Stress at bottom of beam = 73.171 ¥Pa

Proprietary Material. © 2609 The McGraw-Hill Companics, Ine, All rights reserved. No part of this Manual may be displayed, reproduced, or
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the Hmited distribution 1o teachers
and educators permitted by McGraw-Hill for their individua) course preparation. A siudent using this manual is using it without pernmission.




4.C6 A solid tod of radius ¢ = 30 mmn is made of a steel that is assutned

PROBLEM 4.C6 to be clastoplastic with £ = 200 GPaand ey = 290 MPa. The rod is subjected

to a couple of moment M that jncreases from zero to the maximum clastic
moment My and then to the plastic moment M. Denoting by v, the half thick-
ness of the elastic core, wrile 4 computer program and use it to calenlate the
hending momenl M and the radius of curvature p for values of ¥y from 30 min
to 0 using S-mm decrements. (Hint: Divide the cross section into 80 hotizon-
tal elements of -rmn height.)

\w—-\f;:-\\\«-.

SOLULION M, = ajf-;f,é (200D L (2r03)%= 15 Mpg

Py~ T ety B o3y = 10 el

COMSIDER TP hatr oFf Pef
4 LET L = NUMEEy GF 5L EENSS M 7ol MALF
D= HEL 72 oF Fack Fleren7: Ahe f—-

- Yy

P
ém;; -ty .
: 3 T = SIRessorm £iErENT
.
pill
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FoR =0 vo -1 sree

AFoRCE = Ty (AARER)
A rorpns = Arerics (w8 L
Mz Mt AP ors EMT

P= Y4 2/%
PRty Yy, M, AP,

Y= (A4 _
o= [c""'w { (?wa.s)zsf,\}q] ot P AT MIPKEISRT OF FLEMENT
KErrs7
IFy> Y4y &o 7o i00 sk
=T (nto)dh <~ STIRESS 1N ELASTI CORE " Iy® Fotam
Ty [ 7o
GLOTn Rob L yEo
q;::@} s STISEES Ay FUASTIC Poier ar 5huh
ARRER = 7 2/44) | DECREMENTS

o« >
Flrnmsrnm ov7rFur
Radius of rod = 0.03 m
Yield point of steel = 290 MPa
Yield moment = 615 MPa Plastic moment = 104.4 KNm
Number of elements in half of the rod = 40
¥y (mm) P {(mm x 103}

kiy 20.690

25 17.241

20 13.7493

15 10.345

ig 6.897

5 3,448

o [




PROBLEM 4.C7

T3 Frpn e
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FroaERam ovy AT

4.C7

The machine element of Prob. 4.178 is to be redesigned by re-

moving part of the triangular cross section. It is believed that the removal of a
sinall triangular area of widlh o will Iower the maximum stress in the element.
I order to verify this design concept, wrile a computer program to caleulate
the maximum stress in the element for valses of a from 0 to 25 mm using
25-mm increments. Using approprizte smaller increments, determine ihe
distance @ for which the maximum stress is a5 smmil as possible and the

corresponding value of the maximum siress.

SOLUTION SELE FIE 49 Fhck PP
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