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" 4.1 and 4.2 Knowing that the coupie shown acts in a vertical plane, determine the

N
PROBLEM 4.1 stress at (&) point 4, () point B,
'2 in2in.2in,
M = 23 kip - in. SOLUTION Y

For

(a)

()

A
Bl l2in A ' '
I:‘J-Jﬂj:l.sm.( £ 3 } 1
2 in. N R y
S : A

< ¥

D

o)

= bh’

V‘eo“'ama ’e

Fov* LY OsS seo"'loma) avea

£ I' 4 Iz + I = Ti—-(?)(l.g)s + 73 (2)(55) +

£ (2)(1.5V = 22.954 in"

Wz 2.76ia 6T ";J - -%‘Q . 239 ksi .
Ye = 0.75 in Gy = - ";'EYE e - (2252(;;5) - ~0.650 ksi -

4.1 amd 4.2 Xnowing that the couple shown acts in a vertical plane, determine the

PROBLEM 4.2 stress at () point A, (b) point B.
M=30Nm _ . SOLUTION
W, = 4ol = 15 mm Y\‘:'iLal“rzomm

1= 'E(V‘:' K 'E[‘ (20“ - ’59)
= £5.903x/0° mm' = 85.903 %10 wm*
- . - M_y.___ _ (oo )(0.020)
(@) y, = 20 mm = £.020m Sa 95 903 210"
=~ 114 #10® Pa = - 116.9 MPa -
) i} . My _ (500 Y6.018)
(b\ .YB'" ISMM 0.0’5 m GB I - 85 qos,'O..,
=~ 87.3%(6° Pa = =~ 81.23 MPa, -




4.3 The wide-flange beam shown is made of a high-strength, iow-alloy steel for which
0y =345 MPa and g, = 450 MPa. Using a factor of safety of 3.0, determine the largest
coupte that can be applied to the beam when it is bent about the » axis. Neglect the

\
PROBLEM 4.3

'} | . 18 mm effect of fillets.
: _;. SOLUTION
z 360 mm ;T II-_ é‘bh3+AJt
B | 4D 4mm  *  (250)(13%
l— 250 mm —] IBInm @_J_ +(2850)(18 X171 )
— = |31 T706 %10° pm?

I,7 75 ()@Y = 28.344x00° mm'

L= I, = 131.706x%i0° mm!
I = L+, +I,- 29.7620mm" = 291,76 x/0* "
G = Mf& where Cz%-f-e-'ISo-m-: O. 180 m
. , Py )
Cup = % z 3*%’-;—"9_ = 150x10° Pa
G I (150 xio" W(291.7¢ x 107™) 3
= = = 4 O N.
M - T 243 %) m
= 242 kN-m —ng
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4.3 The wide-flange beam shown is made of'a high-strength, low-alloy steel for which
% = 345 MPa and o;, = 450 MPa. Using a factor of safety of 3.0, determine the largest
couple that can be applied to the beam when it is bent about the 2 axis, Neglect the

PROBLEM 4.4

(]

r
[

o

(3

S

B

effect of fillets, :
4.4 Solve Prob. 4.3, assuming that is bent about the y axis, }I
SOLUTION |
r__,AfD I,= &08)as0)?
L2 = 22.438x10° mm? f
!
2 I, = 3 (324)(i0)?
- f
= 27 x10° mmt
I, = I, = 22438 s’
I_Y II + J::_ + ..‘[3 H4¢£.90% Kfo‘ MML’ = 4. %3 y[o-‘ M“ ’
c = -—-------22'5.D P e T RS M = O 125 e i‘
c 4§ x 1ok “
I = 1Sox10° P
GGJI F.-S. 3-0 5 a, I
Me G T (150%10° N 46.903 x10™° )
6= L MJ = c = 0.12§ !
= 56.3 )(’0‘5 Nema = £¢. 2 kN'h‘l -l l
4.5 Using an allowable stress of 16 ksi, determine the largest that can be applied to
PROBLEM 4.5 each pipe.
SOLUTION l
=F 0 -r") = F(06"-05")= s2.7%10° ¥ [
C = 0.6 in )( s) _i
. &l (16)S2. 710 ;
G:}% v M=eE 0.6 [
= ’.405 kl‘P‘in. L] T
) I=E(07% 0.5 139.49v07% 0" 1 |
= 0.7 in ) |
Me _EI  (16Xi31.49x107)
6 ==+ M= 0.7 \
> 3.!? kl‘P-iﬂ L




I

—

L1 1

1. .

T
[

1.

[

4.6 A nylon spacing bar has the cross scction shown, Knowing that the allowable

PROBLEM 4.6 stress for the grade of nylon uscd is 24 MPa, determine the largest couple M, that can
y be applied to the ber,

R SOLUTION
~< c 80 mm I = Tes = Lo
M., ‘

r=25mm’ = & bh®*~Fr'
| 4
o0 = &+ (oo )80 - F(25)" = 3.9599%10" mm”
= 3.9599 10" m"

c= B = 4o mm = 0.040m

- Mc L €T (24xi0f)(3.959 % 10° ) .
© I M= c B 0.04%0 ~ R.33wjo Nw

= 2.38 kN-m et

s T e s A e s s
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4.7 and 4.8 Two W 4 x 13 rolled sections are welded together as shown. Knowing

PROBLEM 4.7 that for the stecl alloy used o = 36 ksi and g, = 58 ksi and using a factor of safety of
3.0, determine the largest couple that can be applied when the assembly is beat about
the z axis,

SOLUTION
Y
“ —AT 'Pr*oper‘ﬁ' es of W 413 rolled section
2}% . See hppendix B
2.08 ' , .
oY, Aveaz 383 in°  Depthz 416 in
Iy = 1.8 int

For one rolled Sec-"‘n'ou_' moment of inertia. abouvl ais d-a s

I = Le+ Ad = 113 +(2.83)2.08)" = 27.87.a"
For both seetions Lp= 2T, = $5.74in*
c = Jep'l'h = 4.1& in
b = =3 3o - 19.333 s, 6= F
Myp = St | (19.333)(S5.79)  _ oq poia —
c H.16
4.7 and 4.8 Two W 4 x 13 rolled secti Ided i
PROBLEM 4.8 that for the steel alloy used al;o = ‘;6 ksi :nn; fyc =“;% ksi :ti:dm:ll;?ngai m&m&
3.0, determine the largest couple that can be applied when the assembly is bent about
Yy the z axis,
SOLUTION
— X e
2080  Properties of W HxIZ volled section
Yy t=" |- See Appendix B
1030
h b Avec = 3.83 n Width = 4.060 v
Iy = 3.8 in?

For one volled Sec:Hev.J

moment of inerfia about axvs b-b is

I, = Iy 4 Aol> = 3.86 + (3.88)(1.030) = 19.643 in’

For both gections

c =

Catt = %’*g =

Maur

- X _ (19.332)(31.286)

wid ‘Hn =

I,=2I, © 39.2%6 in"
4.060 in
58 - ‘ = M.._..c’...
o - 19.333 ks, & T

187. 1 k(pu'n

<

4. 080
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4.9 through 4.7.1 Two vertical forces are applied to a beam of the cross section shown.

PROBLEM 4.9 Determine the maximum tensile and compressive stresses in portion BC of the beam.
SOLUTION
Y, e
[— } A. = -'é-r" = -;:E(ZS)Z:' a8 mml
® = 4y
- - S
— 4 7 31-&' = :‘;)TS ) - 10.610 mm
‘ ® Ay bh= (50X25)= 1250 mw®

- =._h .25 _
lit"'_"i W 2 "!2-5“‘1'“

|

A+ AB (a91.7)00.610) 4 (1250)(- 12.8)
A AL T 481.7 + 1250

- 2.334 mm

akl

1

I,=1, --A,Q,z = Ip'- A,Jg‘f = 2(28) - (921.7)10.€10Y = 42.38¢%10* mw’
d* 4,-4 = to.cio-(-2384) = 12,944 mm
I, = I,+Ad"s 42.86x0" +(a81.7)02.999)* = 207.35 /0% mm*
-:fa = “\iibh% 7'{(30)(25‘)3 T £5.104%0° mm”
d, = | a,- ‘;‘ﬂ _=I-12~S—(-2,'53‘f)] T 10,166 mm
1,- .-fz'e A;d:a 65104 x10° + (1250 X10, 466 )Y = 194, 238%}0" wm"
I=1+I, = 40116 xi0®mu' = 40).16*0 " m"
Yop = 25 2,334 = 27.334 mm T 0.027334 m
Vot T - 25+ 2.83¢ = -22,666 mm -0.022666 m

Po= (4xi0® ) 300%10°%)

M-Pa = O M
‘ |30 N-m

n "

P P
. o
M

= 8].76 %10° Pa

1]

- - Mym . _ (1200)(0,027334)
She L 30116 *1o™7

1

~31.8 MPa -

R .

1]

67.8 MPa e
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4.9 through 4.11 Two vertical forces are applied to a beam of the cross section ihmm.

PROBLEM 4.10 Determine the maximum tensile and compressive stresses in portion BC of the beam.
3in, 3in. 3in, SOLUTION
o
o 1A T Y| Ay
y ®i8 ! & 90
13 kips 15 ips \
. ® @18 | 1 18
—% 3136 Jog
Y -
’@ Ya = ":3_06-8_ = 8 ;ﬂ
] Ned‘mf &YX 'S ,pie.s 2 '
7 2 obove +he base.
. ‘
2
=it
2
T b+ Ad e (Y (18)2) = 126 "
I, = Tlﬁ"-l"z."’zg"+ Az"?:= 7 (0¥ 182y = 78 in"
I-= I\"’ I.‘_ = \26 + 78 = 204 in"
Yap T Sin Yot ® = 3in
P
‘l M M~ Pa = 0O
‘ ?D M= Pa = (I5)40)= 600 kip-in
6;%' = -% - _@2@‘ - - 14.7] ksr -
1 204
Goit = ~ —Pﬁiﬁ . _.C_C?%%QD = 8.82 kes -
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4.9 through 4 11 Two vertical forces are applied to & beam of the cross seclion shown,
Determine the maximum tensile and compressive stresses in portion BC of the beam.

PROBLEM 4.11
SOLUTION
{ i ¥ | A ..)7“ ,A;?
a o) ®|8 |15 | co
® ®|c|H 24
Ll NV @ 4 | o5 2
> 118 i 86
bV, 8¢ :
Yo = Té_l = YH.17R '
Nevtrad oxvs Pies H.778 inm
Q.:bﬂve_ +l\€ l?ﬁ.se.-
3;5 [ ) I,= tbhis Ad>= w08)0) 4 (8)(2.722) "
» #/@ = 5?.?‘* l‘h Y
4778 | .
! P I,= dbht+Adls &P+ @ (0178

= R1.6% inq
I,= & bs\,,_: + AJJ; = '-’-JZ—(‘{)(I)S v () 4218) = 73,854 "

I=1I+I,+I,- £9.99+2063+ 73.5% = I55.1C int

3{;.,,.:3.2’,12'.".
P

M

| l i)
P

Yi# * ~4 778 in

M- Po =" O -
M= Pa = (25)(20) = 500 kp-in

v = - ﬂ%*:r . (5"";;(?2“‘ = - [0.38 ks —t
Gip = - M¥ut o o E00KATIE) o ysdo ks —

T 165. 16
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4.12 Twa equal and opposite couples of magnitude of M= 15 kN-m arc applied to the
channel-shaped beam AB. Observing that the couples cause the beam to hend in &
horizontal plane, determine the stress (2) at point C, (b) at point D, {(c) at point E.

PROBLEM 4.12

SOLUTION
Yb e o A.a-h“‘:' ;(.‘o,vmm A‘Ka,mml
' ol ORI L Lo | 120xi0"
) ® 3060 | 15 | usawo’
®!| 00 | 50 |120%10°
H 5 | 1860 285.9 x(0°
- 285.9x0*
o e 3.374 T NEee - H6-87iwmm
Q_| Yo 2 =86.37% mm * = 0.08637¢ m
o ! Y 3= 100-36.374= €8.626 mm
T 0.83626
@ |

Ys = 30-36.37Y r =~ G.371F mm
= -0.00637% wm

d, T S0~ 36.37 * 13,628 mm
dy T 36,374 ~I5 = 2/.37¢ wmm
d% N d\
= Iy= mbh AL = d—(z#)(loo)’-t(zuoo)(m.czc)‘ = 2.4956 %0 mm*
7 bhaAd s 0230+ (3060) (213" = 1E2T K 10* wm”
I=I+1,+I,- 65187 x10¢ww? = 6.5187710°° m*
M = I§x)0" Nem
. - o My, Uswo? )(-0.036374) - ¢
@) Foint €1 G =~ -i.i"' = - WAL E LTS = 83.7xl0° Pa |
= B3.7 MPa -t
B) Poit D: Gow-M _ 05x0)(0.068620) __ug yxiot Pa
*T oz e.SI1g7 *(0
T ~146.4 MPa et
&) Point E: 6“.-...%!&-_-_ (15x10")60.006374) | 1y g1x10* Pa
6.5i187 xl0""

= 14,67 MPa vy

[




—

| I

[

b

1 3

1

r

I

] 7

L1 [

Qo

4.13 Knowing that a beam of the cross section shown is bent about a horizontal axis
PROBLEM 4.13 End that the bending moment is 8 kN - m, determine the total force acting on the top
ange.

SOLUTION

The stress distrhution over the entine
cross seckon s given by the bending stress

';.DOV‘ MU-’G.

where is a coordinate with i+s ongin on
G} 'T the nectral axis and I s the moment oFf inevtria
atis o) 30mw ot +he entive cross sectronal avea. The fovrce
on the shaded v calculated Frow +his stress
distribubion. Over an avee elewment dA the fovce is

G'F = 6‘,} dA = “"'—l\.%x a.A
The tstal Force on the shaded avea is +hey

F=dF = -(HedA = - BfydA- - 3°Ar

where y‘* s +he centroidad coovehimate of +he
shaded PoH‘fou and A¥ is its avea.

T, = igbh’s A dl= ()08 « (7538)(30)* = 1.0336 %10 '
I

bbbt = () = 0.1139 % /0

< 4

L= I = ), 0336 %[0 wm'
AT, ATy m 2081 x10° wmm' = 218107 wm

I-

A* A¥ = (28)18)Y = 1125 mmt = Has» (o m®
‘ -}
:i?”"‘“' 3* z B0 mm =t O.020 m

- - M¥A _ @xfo’)Co.oso\CHZleo“)
L Fe T 2. 1811 xjO™°
= ~ 123.8x10° N = -123.8 kN —t
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4.14 Knowing that a beam of the cross section shown is bent about a vertical axis and
PROBLEM 4,14 that the bending moment is 4 kN - m, determine the total force acting on the shaded
portion of the lower flange.

SOLUTION

The shress distrbution over the entive
cross Seckion is given by the bending stress

Lormolda

-
where v is a caobdfnd“e. with i+s omgin on

the nedtral axis and I is the momevit of inevtra,
of +he entive cross sectional avec. The Force
on the shaded i caleuloted Frow +his stress
distribuhion, QOver aw arec eDewmaent dA +the force is

dF = S dA = «-L"ii AA
The 4otal Force on the shaded area is theu

F=(dF = -(MydA = - BfydA - -2 5N
¥ s +he centroidal coorchinate of t+he

where
shaded Par‘HﬂM and A¥ is its avea.
= g bh’ - T'z“(m(?ﬂs T 0.52734%10% !
= Gbhd = HE@ISY = 0.01256 x10° wm'
I.= L= 0.5273x)0°
I=I+I, +I; = [,0072%10%mm' = [.0672 wlo

A N

(37.5-72.50(18) = USO mm = 450w 10 "

>
k o
]

| ;é* 1(282.5 + 7.8) = 25 m 3 0.0225 m

1.,
' aoxy S

MY (4v10? )(o.0225)( 450 % 10¢)
I ).6672x(0°¢

M

1

|. = 37.9710° N -  37.9 kN e

i;s?JJ '—
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PROBLEM 4.15

4.15 Xnowing that a beam of the ¢ross section shown isE_tMMM;
and that the bending moment is 3,5 kiprin,, determine the total force acting on the
shaded portion of the beam.

SOLUTION
F0.4 .

¢ | odm ‘The stress distribution over the entine

| vain. cross Sechion is given by the hending stress
0.8, 0.8 . 0.8 in. formola
-
where i o coordinate with i+s amgin on
the neotral axis and I /s the momevt oF inevhia
we_ [0 ® @) ot the entive cress sechronal avea. The force
on the shaded s calevlated Frow +his stress

T=1+I,+1,

= h(0.8)(0.6)"+ £(0.8) LAY 4 & (0.9)0.6 = 0.21173 w*

®,

distribution, Qver an avee. - @lememt JA Hhe force is
dF = S dh = --"%Y dA
The 4ted force on +he gshaded area is they |

FefdF = -(hedh = - BfydA- -3

whare 5" s +he centroidal coodn‘h&\l‘e oF +he
shaded Porﬂf“t'au and At is its avea..

= -é—b,h," + 7’55,1\:‘ +',~£'EJ;

Ak - A - A
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4.15 Knowing that a beam of the cross section shown is bent about & horizontal axis

PROBLEM 4,16 and that the bending moment is 3.5 kiprin., determine the total force acting on the

shaded portion of the beam,

Y
4.16 Solve Prob. 4.15, assuming that the beam is bent about 8 vertical axis and that
e the bending moment is 6 kip-in,
L 0.4 in.
c 0ém  SOLUTION

.l ; - The stress distribotion over the entive
08in. 08in. 08 in. cross Seotion s given by the beneling stvess
Lormuda
2 S = - —“_%1
:é- where is & c,aord:'uﬂ"e with i+s origin on
[1®] +the neotral axis and I is the momevt &F inevhia

oF the entive cross secfroval avea. The force

L=

©
=

Pis

on the shaded s calevlated Frow this stress

dF = &; dA = '—-'\%z dA
The total Force on +he shaded area is Fhey

Fa(dF = ~(MYdA = - B(ydA - - BA3"nr

where 3" is +he centroidal coovdinate of +he
shaded Par‘Hom and A* is ils avea.

IL+I,+1; = Tjgb,h,a-i ;%‘b,h: 4 ‘\“,:BJLS

= 75 (04)(0.8)° + H(0.6Y(2.4) + £ (0.1)(0.8) = 0.7253 in*

3*A* = ?ﬁA‘- * 55A5
= (0.2 0.4 Yo.4) +(0.6Y(e.3)(1.2)
- 0.243 ;na

e MITAY L eXo.248)
I 0.7253

2 - O\S' k\‘P_S -~

distribuhon, Over on avee. element dA the fonce is |




i

-l

L.

1

1 —1 [ ]

1

[emis

PROBLEM 4.17

1.0in.

0.25 in.

1.5 in.

0.25 in.

o e T

0.25 in./|

\0.25 in,

4.17 Knowing that a beam of the cross section shown is bent about a hordzontal axis
and that the bending moment is 6 kip-in., determine the total force acting on the shaded
portion of the beam.

SOLUTION

The stress distrbution over the entine
cross sechHowm s given by the bend.nj stTvess
Pormula

where 18 & caoﬁd:aﬂ!‘e WI'H\ H-s omsgn on
+he neotral axis and I s the moment of inevtia,
of the entive cross sectronal avea. The fovce
on the shaded s calevlated From +his stress
distribobon, Over aw avee. efement dA +he force is

dF = 6 dA = -—'\%1 A
The -{d‘aﬂ Force on +he shaded area is they
FzfdF = -(HvdA = - Bfydd - - gpr

where 53* s +he centroidad coorshnate oF +he
shaded par“f‘t'am and A* s its orea.

I I|""'I't.

u

® - @

"

'\la: bu h.s"'l'lfl’.ehzs

axis

® @
/AN

= i:’,: (I.S)CQ.D)j

- w(1.0X1L.5Y
0.7f875 in?

|

JHA: Bhar T A

N

F

= (L BBN0.8)0.25) + (0.5¥0.25)(1.0) = 0.23438 /»?

MY'AY  (€)(0.23493%) . B
= o = = " ?5'7 | ol
I 0.11%75 1.987 kips
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PROBLEM 4.18

n

axis

4.17 Knowing that a beam of the cross section shown is bent about a harizontal axis
and that the bending moment is 6 kip-in., determine the total foree acting on the shaded

portion of the beam.

4.18 Solve Prob. 4.17, assuming that the beam is bent about a vertical axis and that
the bending moment is 6 kipin.

SOLUTION

ossm The stress distrbution over the entine

cross sechion is given by the benal.'nj stress

Lormuda, .
&= -
where is o coordinate with i+s ongin on
the neotral axis and I is the momewt of inertya,
& +he entive cross secfional avea. The force
on ‘H\g shaded is calevloted Frowm this stress
distribohon, Qver ow avee efoment dA theforce is

JE = S dA = -_"%X AA
The dotal Force on the shaded area is +hey

= (dF = -(HvdA = ~B(ydh - B yAr
where ¥* s the centroidad coovelinate oF +he

shaded Por‘Ham and A is its avea.

I It"Is.

Lbh? - gbh

E RSP ()00

)
®

0.4375 W’

f

‘ S*A* = 3&A@*35A5

= (0.375 Xo.25 025 + (0.625)0.78 )(0.25)
- 0.1875 inl

_ MF*A*_ (@ )(0.1275) B}

F = I - o'q375 2.57 k‘\'rs. walil




4.19 and 4.20 Knowing that for the extruded beam shown the allowable stress is 120
PROBLEM 4.19 MPs in tension and 150 MPa in compression, determine the largest couple M lhlat can

: L

be applied,
48 mm
| _ SOLUTION
& 7
A)mm' \71;_, Ll A‘?,J wnvv.3

© sol:d rectangle | Hoos 42 | 221184
® squave cuteut |~129¢ 3 |- 3R380

z | 332 182304
Y = l%?f—"* = S5O04 s

Neutral axis Qies 55 04 wmm ohove bottom..

Yiop * I ~-55.04 = 40,96 v, = O.04096 w
Yt = ~55.04 jm = < 0.05504 m

T, = i hh!a Adts T (48)96) + WRNAW)7.04)1 = 3.7¢73 #1605 wm?
I,7 whh 4+ Ad" > b GeNeO’ (3cXs)(25.04) = 0.9526 % 10 mm’

Iz I -1, ¢ 28147 0" mm® = 28147 w5 m*

- Myt . N
st=l2) M= oS
¢ i
Top : tension side M= umx(;ooc)}%zw? %0 ) = 825 x/0% New

= (150¢10°)(2.8197x10*)

, ‘
o 55304 TE7+ O N-m

Bottow : cOMP'\eS‘Sc'on“

Mg is the smaller vadue M= 7.67%/5 Nwm = 7.67 kN-m
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4.19 and 4.20 Knowing that for the extruded beam shown the allowable stress is 120

PROBLEM 4.20 MPa in tension and 150 MPa in compression, determine the largest couple M that can
be applied.
SOLUTION
A,mml ya,mm A;.) VMM‘
@ ®} Ao 27 S332o
@ ®@| 1080 | 36 28880
T 1 8240 97200
T . 27200 . 30
Y * 3140 30

The neutvaf axis. fies 30 wm above Hhe botrow.

S54-30 = A4 mm ® 0.0% wm

Jep ©
jm = ~Z0 mm T - 0.080 m
I, < Lbhl+Ad® = F (SN + (oXsu)8)* = 5. 32%[0°
T,> bh, +A * j-zCHO)(S‘!)”%(%\(Sﬂ(G)’ 2 23, 84%16% mm'
T I,4T, 5 758.0€xI0"m' = T5B.IE i m?
G
s = |Hy] \M\el—jll .
fop: temsion side M = (,zoy;%;(;lsa_.lc 12 2 < 3.7908510" Now

15010 )( 788,16 *10™ )
beHom: CompresSron M= ( 5. 030 . = 3.7‘!08”02 N. m

Choose +he swallor as M Myt 27908 210" Nn = 379 ko

N
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4.21 Knowing that for the extruded beam shown the allowable stress is 12 ksi in
PROBLEM 4.21 tension and 16 ksi in compression, determine the largest couple M that can be applied.

0.5 in. 0.5 in. 0.5in.

_.' l_m_l m.’ r_ SOLUTION

Al v | AY,
5[ I—G;l [6 ®]2.25 [ v.25 | 2.8125
.. & @l 2.25 | 0.25] 0.5618
4.50 3375

? - %g = 0.15 n

The nevtval oaxis Jies 0.75 in. above botrow.,
Jep T L0 -075 = 12§ in ,

I = gbhivAd® = FON08Y + (2.25)0.6) = 0. 954515 1t
I, mbht4 At ik (as)os® + (2.25)(0.8) = 0.¢09315 WY

I =T +1I,° /.592375 "

jhf = - 0.7F% |n

M =
61 =[] M = |53
T-:PI C.Dmpr-ess:'an. M- GG?.(Q";S"H?S) = 204 Kp-in
BD'H'DM : +€V\3t'ou\ M - C!Z)oé.;gq-g?:) - 25.5 k:p-l'h
Choose the smaller as M,y Mt = 204 kip. in, —~




4.22 The beam shown is made of a nylon for which the allowable stress 24 MPa in

PROBLEM 4.22 ten:lslion and 30 MPa in compression. Determine the targest couple M that can be applied
to the beam.
'<— 80 mm —-I
I SOLUTION
30 mm 5
al - -

4 d = 60 mm AJM ngM"ﬂ Ayﬂ.? mm

® ©| 2400 4s 108 00O

L——|40mm @ @| 1200 |5 18 0OO

I = | 2e00 126000

= {26000

The nevtva? axis fies 35 mm above the bottom.
Yiop = GO -85 % Ao mm x 0.0 m | Yy = =385 mm =z ~0.035 m

T.= mbhls Ad’ e & (80)(30) +(24003(10)°

I, = fbh 4 Ad) = 7 (40Y(30)°+ (1200)(20)"

420 %102 pmm?

1]

S70 "'10’ v |

I= I,+I,7 990%C wwm' = 990 % 1O
- et
o= 3¢ M= |57
& -
ToF: +ev\sfom sia‘e M':" (:Hx'oo )o(:;oxlo ) = G50 Neom
' =4
Botom : COMPMSS:‘OM M = (.SDXI'g 3)(;?07”0 ) - 4G Nem
Choose smabler valve M= 849 N-m

L)

‘ ] _ )

-

1
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4.22 The beam shown is made of a nylon for which the allowable stress 24 MPa in

PROBLEM 4.23 tension and 30 MPa in compression. Determine the largest couple M that can be applied
to the beam.
t——BOmm——-i
I 4.23 Solve Prob. 4.22, assuming that 4 = 80 mm.
0 SOLUTION :
4= g At | T o] ATo mo?
) oy mm Yo, mm
0 ® | 2400 65 156000
40 mm T @ | 2000 25 Sooe0
g‘ ' )M ® Z | Y4o0 206000
4 - 206000
o oo = 46.82 mm

The nevtrel axis dies 46.82 ma above the bottom.
Yoo = BO- 46,82 5 338 mu = 0.03318 m
Yot = = 46,82 mm = ~O0OHAR m

T

0.973 23 x10% ™

B b+ Ad = 5(s0)(80)* + R400)(12.18)*

e dbht e Adts (050« (2o00)( 8

R
|

1.26939 x1o0° "

I=1I+I,7 2342x0" mm® = 2392x10 m"

(M - lel
1= 1Y M= S
*Y(2.34 “)
ToP.‘. tension side M= (qué?olg'}: 2xo "/ = I.GfW xtos Nem
Bottom : CGMPT‘CSS!‘M M = csoxé"c:gé;fqz”d‘} = [|.50} wlos N-m

Choose smallev wjue, M= 1.501%] Nom = 1-501 kN-in ~a
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4.24 Knowing that for the beam shown the allowable stress is 12 ksi in tension and 16
PROBLEM 4.24 ksi in compression, determine the largest couple M that can be applied.

- —f— SOLUTION

| 0.8in.

-_L @ '-i‘rdo{"q,v\-jﬂe @ L K@y Cb‘.lf‘dd-pﬂ/‘ GJ‘"O‘J’
A = (LeXos)= 1.28 iat

Ay= T(0.8Y" = 0.2927 ju*
A= 128 -0.3927 = 0.3373 in'
gl 2 O y¢_= %1'? = ﬁ%‘%&'&: 0-2122 in
v - ZAQ{ - (1.28 )(o.4) -(0.3‘727)(0. 2!12) = 0.4831 in.

0.8873 -
Nevtrald axvs Bies 0.4831 im above the boHowm

Mow ent of inertia about +he base

T, =4bh-Ir? = £(.c%08Y- L(0.5)! = 0.24852 in*
Centroidal moment of inerbia

T = I, - AP = 0.24857 - (0.3373)X0.4331)"

= O.ou 44 at

Yiop = 0.8~ 0.433] = 0.31¢9 in Yot = ~0.4831in"
= | My - | €L
el = |5 M l\y \
Top: tfension side M= “%fg;f;“"“ = .56 Kip.in
i : - (1e)(0.04144 T
RBottowm ! compression M = ( 0{4331 ) = [|.372 k'P""

Choose +le smaller vafoe M= 1.372 kip-in. il
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PROBLEM 4.25

4.25 Knowingthat gy, = 24 ksi for the steel strip AB, determine («) the largest couple
M that can be applied, (8) the corresponding radius of curvature, Use E = 29 x 10° psi.

SOLUTION
L= bk = hEYRS - vizowis®
G = _:.:‘:_C c= £(B) = 0.09375 in

= _6:.,...-1- - (ZQXIO'})C"\\?.tho")
c 0.09375

A

r J05.5 Ab-in

Ec . (29%194Y0.09375) = 12.3 in et
24 |03 ’

— 1 1

—

(1

—
J S
i

3

4.26 Stralght rods of 0.30-in. diameter and 200-ft length are sometimes used to clear
underground conduits of obstructions or to thread wires through ancw conduit. The rods
are made of high-strength stecl and, for storage and transportation, are wrapped on
spools of S~ft diameter. Assuming that the yield strength is not exceeded, determine (@)
the meximum stress in a rod, when the rod, which was initially steaight, is wrapped on
a spool, (5) the corresponding bending moment in the rod. Use E= 29 x 10° psi.

SOLUTION
=4td = -k(o.%o) = 0.5 in

v\
T=%v"- Zo.us)': sa7.6/%15° in”

D= SH = 60 in /o = -ﬁD = 30 in
C,= V" = 0./{ IR
. Ec (29 xt0* }(0.15) R ,
(Q“) 6_1-* ™ /O Zo ’45#’0 Pg, - }‘JS' k$| et
()  ®.= 5/;{ @ax104) (2976 6T . g5y ppin -




4.27 It is observed that a thin steel sirip of 0.06-in. width can be bent into a circle of

s, 3 . \ .
PROBLEM 4.27 4 ~ in. diameter without any resulting permanent deformation. g thet E= 29
0.06 in. x 106 psi, determine (@) the mm:.imum stress in the bent strip, (3) thcm "m"iwﬁm g
couples required to bend the strip.
SOLUTION
I - ‘i!i'bhs - (0'06)(0.005)3 - 625 g/o""' _I“q

iz
(2) = 0.875 i

c=4h = 0.0025 iu

(@ G > ES = (2"";"3%""’“) = 198.8 %[0  pai = 198.3 ksj =a

®) M=EL - (2ax10 X e2510™") _ 5 pugs Ibein —

0.8%15

—l 1 i1

I I S

-

— 1

(— 1 1

4.28 A3 kip-in. couple is applied to the steel bar shown. (a) Assuming that the couple
PROBLEM 4,28 is applied about the 7 axis as shown , determine the maximum stress and the radius of
curvature of the bar. (b) Solve part a, assuming that the couple is applicd about the y
axis, Use E= 29 x 10° psi.

SOLUTION

3 kip - in. () Bemiinﬂ auLaJ" 2 - axis.
4 } Y. o4 3 : ¥
' I = T{'Bh = |a(o-ﬁ)(|-5) = 0,253/3 1
s = -kh = *,l:(‘l.Sj = Q.75 n

G = Me . {3*103)(9-751
I - 2.25313

£.87 "103 ps;
8.89 Koi o

i

I M 3)403 . g !
£~ EL ~ @0 (0.25313) HoT Mo w
P = A4so m T Ro¢ P -

(b\ Be.nJ;nj 4_.\900'} j-am‘s

I=%bh?=g08Y0aP = 0.0%128 it
c=%h= %(0.9) = 0.45 in

Lo M . 3 xJjo8 - .
P EI ~(29r10°)(0.07125) 1135 % /o™ in
p = 3Blin = 73.4 Fh -

L1
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429 A coupie of magnitude M is applied to a square bar of side a. For each of the

PROBLEM 4.29 orientations shown, determine the maximum stress and the curvature of the bar.
SOLUTION
e L bL3 - L s _ at
(o) I= L bh=facd = &
; VA - Q.
|a.] axis (4/{2 I c= 7
(a) o a
"////r/////_{ S‘W = .m.. = 1212- - :5__3_ -
e e o o I 12, a
.,<v-.‘-_._; ] U _L/'—-‘ - M R ’2 M -
7. F E %5- Eat
(B
) ) ‘@ ;.";-E Fof‘ one +v~\'a.n pe 'H’te Momem.f o‘Y
ax\s NN L imertia a.looua its base s
@ i 3 o\ 4
_ I, = mbh = aWia)g) - &
. _ at
fao. I,= I = 2 i
I=-I+I, = 17
= -g'- = ._M_Q-. - M alfz - 612 M
< 'k G Ir - avia, -~ o -
L .M M 12 M
= = L - ~at
£ EXT E%E Eal
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4.30 A 24 kN'm couple is applied to the w200 x 46.1 rolled-steel beam shown. (@)

PROBLEM 4.30 Assuming that the couple is applied about the z axis as shown, determine the maximum

stress and the radius of curvature of the béam. (5) Solve part a, assuming that the couple
is applied about the y axis. Use £ =200 GPa

SOLUTION

For W 200%46.1 volled steed sectio
I = 455 %10 vm* = Y5 8§ x 104 "

Sy HY48 x JO® mm~ = 4y xjo"C W3

Iy= 15.3%10° mm™ = [5.3x/07m"
Sy = 15) ¥ 10% mm® = IS O m?
@ M= 24 IN.m = 24%10® N.m
3
6.- -’\Si = ;z'qig—,";{;%_—‘ = 53.6x/0°FPa = £2.6 MPa ~—
_‘_-_.ti- qu lo.’ G? -% -
P ~EI "(Qooxiot)(4s.5x10") R.€37 X1 m
P T 379 m -t
&) My = 24 kN.-m = 24 %10* N-m
& = -Z:‘- =75%‘%%%;—-— x 158.9%(0° Pa = 158.9 MPa, —
L. M 24 x 0% - 84 xjo= o
r EI = ooxio?)15.3%(0¢) 784 x ™
P 127.5 w _ el




PROBLEM 4.31

_ 10 mm

80 mm

-—”-—80 mm ———| |--—_r

5 mm 5 mm

10 mm

4.31 (a) Using an allowable stress of 120 MPa, determine the largest couple M that
can be applied to a beam of the cross section shown. (b) Solve part 2, assuming that the
¢cross section of the beam is an 80-mm square.

SOLUTION
() L= I, +4L,  wheve I, is the mome-t of
inevtia of aw B0-mm squave awd I, is He
momest oF inertia of one of the U
pv—o+rudfn1 eays.
I, = gbh®= 4(20)(80)° = 3.4/33%10¢ v

I, = gbh + AJd" = L (51012 + ENUE = 101.6e7x/0% wm®

T= I,+4I, = 3.82¢[05mm = 3.82xI0 “m?,  C=5Dmm= 0.050m

- Mc . M

1

.61l _(120%104)(3.82x(0°¢)

c

() Withot }he ears

M. =

= 9.1€8%10° N-m

0.050 9.17 KN-m -

T=I,= 3923xi6° m |, C=40mm= 0.040 n

J

6I _ (120x10°)(3.4/33%10°)
C

10.2% ¥ 10° Nom = J6.24 kNem ~=it

0. 0%




PROBLEM 4.32

ZI:EN

4.32 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 diagonal by a couple M. Considering
the case where h = 0,9k, , express the maximum stress in the bar in the form o, = kg,
» 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 k.

SOLUTION

I=41 + 21,

Y2 h h? + @& 2h, - 20 ) (h*)

Sh'+ 0l - 4h h® = 4h b - "

1)

n

&@Cb
||

g ho?

So ~ (Hh,-3h1h2
G= 0.950 €,

c=h
5 = M _ M . _3M
I #hh-h* " (4h-3R)0"
Eor the oﬁ'afna,p Squvar: h:ho , €= R

. ___3M 3M
o [@h-ghyhr e

h:’)’

" (the-Gorhyoghry - 0790
k = 0.950 et

]

\_J
I CJ 3 3

oN
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4.32 A portion of a square bar is removed by milling, so that its cross section is as

PROBLEM 4.33 shown. The bar is then bent about its horizontal diagonal by a couple M. Considering

the case where A = 0.9h, , express the maximum stress in the bar in the form g, = kg,

» Where 0, is the maximum stress that would have occurred ifthe original square bar had
been bent by the same couple M, and determine the value of k.

4.33 In Prob. 4.32, determine {a) the value of h for which the maximum stress g, is
as small as possible, (%) the corresponding value of k.

SOLUTION
I=4I + 21,
=(Xm) bk +(2)E)(2he-2h ) b ]
O @ & =%h"—§-h°h3’—%h3 = jtln,ln—hq
(D@V ¢ = h < = thht- h?
- %_"‘ is maximoum at fﬂi%hohg - h.?:] = O
Ehh-3h=0 h =&, -
2 3 _ 256 | 3 e Me _ 722 M
'E' - .:;t h°(‘t§h“> '(g\"") T 729 h, C= I 2% v 2

For the omdfnaﬁ Square h = "Ja c= ho Mg 3_Ib°3
s, = Me. - 3M

. I. h,*
S - .y 723 -
€% =3 ° i 0.949 K= 0.949 8




4.34 A couple M wiil be applicd to a beam of rectangular cross section which is to be
PROBLEM 4.34 sawed from a log of circular cross section. Determine the ratio d/b, for which (4) the
maximum stress g, will be as small as possible, (b) the radius of curvature of the beam
will be maximum.

SOLUTION

let D be the diameter of the ﬁoﬁ_
D= b+ At 4*= D*-b"

I=bd® c=%d L= Fbat

@y G, is minimom Wl’)ew —Ia- IS Mma ¥ MU A

J] B pewee - ey
b a%%.):ébz—-fb":o 'b=;;'3D
F =3 %,E pois mas imum whea L s wmemimuwm,
rlff ba® is magimunr  or b'd% is maxmum
(D= d)d° is manimam.
D'’ - 8d =0 J=§—D
b = Dz--.:?';D" = %{D %= J3 et

D S

| ! 3

J

-
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4.35 For the bar and loading of Example 4.01, determine {a) the radius of curvature
PROBLEM 4.35 P, (b) the radius of curvature o’ of a transverse cross section, (c) the angle between the

sides of the bar which were originally vertical. Use E= 29 x 106 psi and v=0.29,
O SOLUTION

L1

1]

From E)(a.mPPe 401 M= 30 kip- in T = 1.o42 "

J

]

- M _ (3oxio?) - -6, - _ , -
@) p = E T (2axi08)(1.042) 98210 in f = 1007 in.

/ <

]

T = = 2/ ;

N B e
! 4 _ AN
r i 'df, = {0.29 993 %5 ) in

288w p'= 3470 in —

L @) 0 = pe;ij, fave _ '1;-_ 3?{-?0 = 230%10  ped = 0.01320°
has

4.36 For the aluminum bar and loading of Sample Prob. 4.1, determine () the radius
PROBLEM 4.36 of curvature p’ of a transverse cross section, () the angle between the sides of the bar
which were originally vertical. Use £=10.6 x 10 psi and v=0.33.

—

SOLUTION
From Samph Probdew | I = 12.97 ' M= 102.8 kip-in
e - _tj__ - 103-83(}03 - 5 )O-‘ R
P EI (10.6 x10°)(12-97) oS "

-

1

@ L = b - (033185 x0T ) = 249x/0 i

P
—E "= Yolo w = 334 -
|| £ o - .

4.37 A W 200 x 31.3 rolled-steel beam is subjected to a couple M of moment 45
PROBLEM 4.37 kN'm . Knowing that E = Z006®a ,’ p=(.29, determine () the radius of curvature

p, (b) the radius of curvature o of a transverse cross section,

/M

SOLUTION

For W 200#31.3 wolled steef sechion

3

L

T = 31.4x10%mm® = BLYx10 " m

)

- M e x (of = 747%0 " !

@ £ EI =~ (Z00410%)(31.4x}0"%)
) p = 139.6 wm ol
(‘ S vf; = ©0.28Y7.17%15°%) = 2.07%(0 " w' plz 4Bl m




4.38 It was assumed in Sec. 4.3 that the normal stresses g, in a member in pure

PROBLEM 4.38 bending are negligible. For an initially straight elastic member of rectangular cross
section, (a) derive an approximate expression for g, as a function of y, () show that
y (O )se ® (/2PN @) s 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 the distribution of the stress o is still linear.)

SOLUTION

Devote +he width of the bewm by b and the
,PEnﬁ‘Hn Lyv L.

. L

©= %
Using the Free Cochy Gp'lc‘jrg'v above > with c,os-?— =

Y
25:0 6}51—"' ZSGG}\ons.‘a% = 0
Y Y
- 2
63,--I— Sing G,( Jj /’5--6— OGKJJ = —IOSCG"JJ’

Bt Gr=~ (B L

- B (7 N () O
€ pe S_C,J”'J' poc +

Y

T]‘)e WA f A U4 l/&uﬁd@ 6\} o UrS ajf y = D

R (S TV o { ¥ Ny -~
(§ )y = = 3pE = <L -

Q

[ S D B
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4.39 and 4.40 Two brass strips are securely bonded to an aluminum bar of 30 x
PROBLEM 4.39 30-mm square cross section. Using the data given below, determine the largest
permissible bending moment when the composite member is bent about a horizontal
axis.
Aluminum Brass
Modulus of elasticity: 70 GPa 105 GPa
Allowsble stress: 100 MPa 160 MPa

SOLUTION

Dse o fown invwm as the referencs ot eyiol
= 1.0 in alown o

@ ‘,n's_ n = Ehan < ||0.5/7O N 1.5 in bN_.TS
axis @ et LD For the Franstormes sectiow
I, = 2bh tnA Y
[ & LS

= LS @o)(6Tr (1:5)(EXE 18 Y = 88,29 /6%

T, = Zbht = L2G)EeY ¢ 67.5 /0" mm"  I,= I,

£8.29% 05 mm’

T =1+1,+I, = 2949.082/0° mm' = 249.08x/5 m"
- | M - &1

G = 100 %{0° P

)

A.puw«:hum: n= Lo N J T S mm = 0.018 m

M = (100x10° )(244.08x (0™ ")
T T (.0X0.015)

RBress® n= L§ YT Almmc 0.021 w

M = (Iéowo‘](:&%.ogxto"‘)
T .5 )Y (0.021)

Choose the smaller value M= 1.240 %{0° Mim = LIYO kN-w -

= 1.C27 %[0 Nem
, 6~ 160 x10° Pa

= 1.240 ¥ 6% N-m
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4.39 and 4.40 Two B4 IS are securely bonded to oyt alyniatme bar of 30 x

PROBLEM 4,40 30-mm square cross section. Using the data given below, determine the largest
permissible bending moment when the composite member is bent about a horizontal
. axis.
Aluminum Aluminum Brass
B Modulus of elasticity: 70 GPa 105 GPa
rass Allowable stress: 100 MPa 160 MPa
SOLUTION

Use afuminom as the veferewce materiat

N= L6 in aliwminom
o n= EJE, = 10§/70 = L& in brass
® “~ .o
o ) Fou" ‘H\e '}‘Po.ns-Formea{ .sedi'on
ety (3
- |, n, 3 'y
T L= gbhlenAd

£ 1.

1]

k3
L0 (30)(6) +0.0)(30X6 18) =  55.86 %/0° wm?
3 . 3 3 u - = o
T,= bh = AE(e0Xze) = 101.25%10" mn', L, =T, = §3.8¢ 510" mm
b

I=I+1I,+1I,= 218.97 WO W' = 218.97 %10 m

l6]= | 22X] - M = %

Advminum: Nz 10 | y= 2 mwm= 0.02m &= 100x/0" Pa
M = (\OOZ:.?);Bo(jl?')qmo-ﬂ = 1.043 (0" N-m

Brass ° = 1.5, y= I&Emm=: 0.015m, €= |¢ovie® Pa
M = 160 %10°)(218.97x1977)  _ | 559 %0 Nem

(.5 Yo.015)

Choose the smaller value M= LOWB*[OS Mm = LO43 kNowm ek

C

1 [T

D

—
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4.41 and 4.42 For the composite bar indicated, determine the permissible bending
PROBLEM 4.41 moment when the bar is bent about a vertical axis.
4.41 Bar of Prob. 4.39

SOLUTION
Use afuminom as refevence mateviat
N= L0 (n afowm mom
n= EW/E, = 105770 = |.5  in brass

For the transformed section

E n n, 3
’_(T.; i~ .5 I' ) TQ‘L b'h'
= 25 (e)30) = 20.25%/0% wm®
@ et-l.0 12
I,= 7=bh}
NG A 27 1’ Tl
= .1'?0(30)(30)3 T 8.8 w0 mm”
Is° L= 2025 %10 pn?
L= 14 IJ."“Ia = 108 %[0 mm’ = 080" m*
_|aM : . &I
\e1 = )"fj] - ™ ny

AMominum® = lo | Y= ISmm=00Sm, G= 100x)0°Pa

= (100x10°) (103 2)0") _ _
M (1.0)(0.015) 720 Vem

Brass N= 1§, y=/8mm=0.0ISm, G= /600" Pa

M = {goxo )(lo8 xto™) _

= N-m
(€ 3(o.015) 768

Choose tHhe smaller Vajdc M= 720 N-m el




PROBLEM 4.

4.41 and 4.42 For the composite bar indicated, determine the permissible bending
42 moment when the bar is bent about a vertical axis. -

4.42 Bar of Prob. 4.40

Aluminum

Brass

SOLUTION

Use alominom as we-ie‘re-f-:e maTevied

= .0 a aduwinde

n= E,/E, = [05/70 = 1.& in brass

Eor the Franstormed sectior

o " o Ls
(D',é - 1o 1= kb
@ = %(Gj(sol = |3-.-5_>‘}03 hrnr«-\u
g 5 _
L.O Iz = l—nﬁ-& bz.hzS = %(30)(3053 7 1ol.%8 mm
[ @] <
I, = I, = 138.5»0° i
T =1 +1I, ¢TI, = 128.25%0° mm® = 128.25%1G" w’
L oMy cEs
61 = I-—f—‘/l W = my
Mominom® Nz 1.0, y= 15mm= 0.08m &= 100 %|0° Pa
_ (100 10*)(128.25%107") —
M = (10Y(6.015 ) = 855 N-m
Brass - n= 1.5, y = 15 mm = 0.0(S'm) & = 160 xj0° Pa
_ (igoxiot 1(128.25 %107 _ ]
M (15 X0.015 3 UL N-m
Choose Yhe smadler o ldue M = 8545 N-m il
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PROBLEM 4.43

4.43 and 4.44 Wooden beams and steel plates are securely bolted together to form
the composite members shown. Using the data given below, determine the largest
permissible bending moment when the compositc beam is bent about a horizontal
axis.

Wood Steel
Modulus of elasticity: 2 % 108 psi .30 % 10° psi
Allowsbie stress: 2000 psi 22 ksi

...SOLUTION

Use wood as the reference matevriald
n= .0
4] .Es/Ew = B0/2 = |5 | gtee

in wood

iz

For the +va V\S'rowvh ed section

o). I = -E.g-b,b? i l.":iq(s)('of’ = 250 in”
== > Lx Bbh} = 3 @00V < ezs
2 w9 T.= I, = 250 ia®
RN »
I=L+I,+1,~ 1125 in
| - g1 |
o= ap] e Me S
Wood ¢ n=~ 1,0, \y=SinJ € = 2000 ps;
M= ((?%O)OC)?)'M\ = H45040° Jbein
Steed: n=15, y=Sin, &= Rk = 240" ps/
M = (22(:;0;‘(6)_()“25’ = 330x10° fhein

Choose the smallenr vadue

M= 330“’03 o“)w\ = 330 k-pln
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1

axis.

SOLUTION

in.

: Dse wood as the reference matenriat
4 N= 1.0 in wood
n= Es/Ey = 30/2 =18 in stesl

For the ¥vansformed section

GaX\S

K

1= %hh:'-'-'}?(ﬁ(w)’# 500 inY
L= I = |o34.4 i

“[’;’{Fals
I=T+T,+I,= 2569 "

'.Gl = ‘D_jl\:/‘.i\ - M:%

Woodl: 1N = 1O, y= & in

M = (2000)(2569)
(1-03CS)

IS, y=8&5in, 6= Z2ksi = 22v/0" psi

R 6 = 2000 Pt

= 1.028 *jo° Jb.in

Steel n

M = (?if:?z.)s(ig)cQ) = 685x10" 4b.in

i

4,43 and 4.44 Wooden beams and steel plates are securely bolted together to form
PROBLEM 4.44 the composite members shown. Using the data given bolow, determine the largest
permissible bending moment when the composite beam is beot about a horizontal

Wood Steel
- Modulus of elasticity: 2 x 10° psi 30 = 10° psi
Allowable stress: 2000 psi 22 ksi

n
o 15 I, = Bebh® + 044"
® o = S GV + 15X8) R )(:5.28) = 1084.4 in*

Choose +he smatler vadue M= ¢85« o° Phin = Q&S-‘kf,é- "




4.45 and 4.46 A copper sirip (E, = 105 GPa) and an aluminum strip (F,= 75 GPa)
PROBLEM 4.45 are bonded together to form the composite bar shown. Knowing that the bar is bent
about a horizontal axis by a couple of moment 35 N'm, determine the maximum
}e mm stress in (a) the aluminum strip, (b) the copper strip.
Pl ice  soLuTiON

I

Dse afummum as +he veFerence \ma.+e¢~'aap

n = 1.O N A)uvm'nuw\,

n= E./E.=108/75 = L4 in copper

axis

Slo

TransFormerd section

.A,mM‘L nA) MM’L ia_) n 'hA'\,'j",., MMS
®| 144 L 9 1296
@| 144 | 200.6 | 3 6o4.3
p2 345.6 1900.8
_ 1%06.8 _
Yo = aage - &S0

The ne-)"'V‘a! axis Hes 5.50 mm above +he bottom
I, » DouhdenAdis L2+ Eo)XEST = 2196 mn’
I, * hh’snAd- ir%(’H)(G)“r(1-4)(2‘0(4)(2-5)‘ = 18648 rm”

I= I +I,= #4ooo.d w? = 4, 0608077 m"
@) AMominowm n=10 y= IR-55 = 6.5mn = 0.0065m
==y - - 1:0)e8 HO-0065) » _ s owlo’ Pa = -56.0 MPa =
(b) Copper 0= (L4) Y 2 ~E5mm =~ 0.0055 m
6=—-'—’im 2 - "")hffos”ﬁ-g?f‘ - 66.4x10°Pa = GC.U MPo =
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4.45 and 4,46 A copper strip (E,= 105 GPa) and an alusinum strip (Eg= 75 GPa)
PROBLEM 4.46 are bonded together to form the composite bar shown. Knowing that the bar is bent
sbout a horizontal axis by a couple of moment 35 N'm, determine the meximum

stress in {4) the aluminum strip, (5) the copper strip.

mm SOLUTION

Use aﬂuw‘nuu as the velerenza waterad
n = |l.&  iw o..Puw'nUw\

axis O] 1.0 = EQ/E IOS/?S = L4 u copper
E__ g

Two.ns-Formea\ .seo'H on

Aymm' | DA, mm' .y-: mi| DAY, mm®
® 26 216 1.8 1620
®! 172 100.8 .5 1518
Z 316.8 17712

v = 11.2 5909

Y. 308 2 5.59°9 mm

The nevtrad axis Jies 5.5902 wmm above the botow
L= Dby nAdt E2(20)e T+ (L)@N@(200) = 2245.2 wm”
T, Db+ nAde ’m"‘(zq)(a)%(l.q)(aq)(s)(‘r.ovfoe)‘ = 1762.8 mm"

(3~ S 2
L=1I+I, = 4839 mm = 4008 x/o wm*
(@) Adsminum?! he O y® i2=E5900 « .40 mm ¥ O.0064909!

G = -_-.-.Y.‘-jme - C"'.»"Z%ﬁffjﬁj‘qw) z - 86.060 Fa * =56.0 MPa, ~at

(b) Copper PonT LY, y=~-8590%mm = - 0.008590% wm

n . :.4) S }(-0.0053902) _ co L
- _.L’li., TR = CBM4xI0° P = 68.4 MPa -
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PROBLEM 4.47

---/,00

GRS

L= § 20

The nco‘!’rmp axi$ »P.‘es

4.47 and 4.48 A 6 * 10-in. timber beam has been strengthened by bolting to it the
stecl straps shown. The moduius of elasticity is 1.5 x 10° psi for the wood and 30
x 10° psi for the steel. Knowing that the beam is bent about a horizontal axis by a
couple (;f moment 200 kip-in., determine the maximum stress in (a) the wood, (b)
the steel.

SOLUTION

Use wooai as Hne rnte\rgm,q w»%e{-'a/‘

N= LO nw wood
i = Es/Ew T 30/1.8 = 20 For steel
Transdormed gectioun
A InAl 7 | nAy.
®|leo | o | 5.5 230
@ 25! 50 |o0.25 2.5
b3 o 342.5
v - 342.8 _ .
Yo @ ST = 314 in
3.”4 n A,Lodf ‘H\e bo'H’om.

L= 2bhlanAd = S2(c)iol s 10)ko) 2.3%)" = g4Lcin
Ny Y A T _ e
Tt mhhl s AN s R(5)(E) 4 (20)25) (2,860 = HIL2in*
I= I, +I, = 1252.8 in*
(@) Wood: n=lLo y=I10.5-3.114 = 7.38 in
- _nMy __(.0Y(200)(7.38¢) _ _ .
S _.I.l ie7.% = 1.179 Ws -
(b) Steed: nr=20 y = =314
.. hMy | _(20)300)(-3.14) _ .
] I 1252. 8 9-94 ks -
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PROBLEM 4.48 4.47 and 4.48 A 6 x 10-in. timber beam has been strengthened by bolting to it the

steel straps shown. The modulus of elasticity s 1.5 x 10% psi for the wood and 30

couple of moment 200 kip-in., determine the maximum stress in () the wood, (5)
the steel.

SOLUTION -

Use wood as t+he peference matenmad
N = [.O in wood

h=E/E,= 30/1.5 = 20 i steed

Transtormed seai'.'a “

o A oAl Y% | nAS
O 6o (1] 5 300
@| 075 Is |1 15
® g ®|os| s | IS
T 9o 330

?o= %%‘o = 3,667 in
The nevtrad awis Dies 3.667 in. abeve +he beHom

L= 2bh s nAd = LYol (o2 = G067 in*
I,s I= frhhyendd s Z2E)RP(8)@&n = 117 i
I= I,vI,+I,= €30 in"
@ Woed : n=lo, y=/0-3.667 = 6.333 in
6= - ”;_4" - -U'°)‘—1§—333-1§;‘; 2 * - (.526 ks¢ -
®) Skeef: n=20  y= -3.67 n
6 = -ﬁlﬁl =_(x0)czgo;o)(-acc7) e 17.67 kei -

x 10 psi for the steel. Knowing that the beam is bent about a horizontal axis bya |.
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4.49 and 4.50 For the composite bar indicated, determine the radius of curvature
PROBLEM 4.49 caused by the couple of moment 35N-m,

4.49 Bar of Prob. 4.45
6 mm
6 mm SOLUTION

'See. SOJI’}IW to PROBLEM 4.4S Ffor 'Hli ba.pcuﬁu*‘ﬂ'on N I

LM, 38 ) . )
£ BRI Qsx10M)(4.0084p™ 0. 1149 m p= 8.70m -

4.49 and 4.50 For the composite bar indicated, determine the radius of curvature
PROBLEM 4.50 caused by the couple of moment 35N'm.

450 Bar of Prob. 4.46

SOLUTION

See solution o PROBLEM H.4¢ For cadeulaton oF I,
L. ML 35 - gy,
r I (#Sxio")(doosxony  O-Mem ;P 85Twm -

4.51 and 4.52 For the composite beam indicated, determine the radius of curvature
PROBLEM 4,51 caused by the couple of moment 200 kip-in.

451 Beam of Prob, 4.47
6in. °
I ,_ I SOLUTION

See solution +o PROBLEM 447 For calcodetion oF T.

i m 200x 03 b . -l
= = = 106.
P E,I ~(.5x0%1257. 8) 106.9x10 " i

,:5: 4396 in = 782 & et

4.51 and 4.52 For the composite beam indicated, determine the radius of curvature
PROBLEM 4.52 cansed by the couple of moment 200 kip-in,

' 452 Beam of Prob. 4.48
m' SOLUTION

See So)u‘\‘.‘ou 4o PROBLEM 4.438 L C&)CJPC\'L‘OV\ o} I.

S « 200%10% - -6 . ot
p E;I (I.Sx'0‘¥83o) - ’GOaGYIO in
P = 62285 wm = &§19 #. -
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4.53 A concrete siab is reinforced by 16-mm-diameter steel rods placed on 180-mm
PROBLEM 4.53 centers as shown. The modulus of elasticity is 20 GPa for concrete and 200 GPA for
steel. Using an allowable stress of 9 MPa for the concrete and of 120 MPA for the

steel, determine the largest allowabie positive bending moment in & portion of slab
1 m wide.

SOLUTION

_E_QOOG?&_O
h= B e <!

Consider a Section 180 mm wide with sne steefl vipd.
© _ %
As = Fd* = E(16) = 201.06 mm

NAg = 2.0106 % j0° mwm"

Locate the neotred oaxrs

Y G Jols]
e | 180 x ¥ - (100-x)2.0i106 ") = o
NnAs ==
90 x*+ 2.010LxI0*x -~ 201.06 ¥|o® =
Solving dor x  y = 2RO106¥10° + (2.0106x16°)* +(4) (90X 20 1. 06 iS™)
Vi . T o T LN <
A @)(90)
X = 21397 mam , [00-X = 62.603 wmm
3
T = £380)x* + (R.0106 x10°)lo0 - x)

$(130)(27.297)3 + R.0106 x10*)(&2.603 )"
= [1.018 X[0° mmt = oSO m"
= |nM . . &I
15} = l'Tfy'\ M vy
Conerete = N =1 |y =32397 mm = 0.087397 m , 6z 9x(0°Pa

0
M = (Gxo9)(oiBxiot)
d.0)(0.037397) b

- Steed: N= 10, y=62603mm =0.063C8m, €% |20%[0° Pa,

2.6516% (0% Newm

M = (120 «10°){11.018 % |57¢)

3
(101(6.062¢03) 2.1120 ¥ }0° N-m

Lloose the smaller vafue M= 21136 %10° N-m

The above is the a)jowaue iPosiHve momenT For a |80 mn wide . sechion.

1000 - ¢
TG 5. 5.

M = (5,556 (21205 ) = 11.23%10° N

]

For oo I m = OO0 mm wfc“']n) MUJHPL’ 1’:7

73 kN-m -~
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4.53 A concrete slab is reinforced by 16-mm-diameter steel rods placed on 180-mm

PROBLEM 4.54 centers as shown. The modulus of elasticity is 20 GPa for concrete and 200 GPA for

— steel. Using an allowable stress of 9 MPa for the concrete and of 120 MPA for the

sl,zcel, d;tecrmmc the largest allowable positive bending moment in a portion of slab
m wide,

16-mm diameter . | .. e

. 4.54 Solve Prob. 4.53, assuming that the spacing of the 16-mm-diameter rods is
increased to 225 mm on centers.

SOLUTION
n - .E- - M :]O
Ea AD GYo,
140 rem Lonstder a section 225 mam wide with one steed vod.

be——225 — B = Bd “= T(16)* = 201.06 mm"

X ﬂ nA, = 2.010é 210% o
axvs 'll IOO

| Locate +he neutrat axis

PAs s 225x ¥ ~(loo-xYa.0106x10’) = ©
12.8x" » 2.0106 % - 201.0éxj0® = ©
- _ = 2.0106X)0% 4 4(2.006%10°)* +(4# Y)12.5X201.0¢ ¥ [ o*)
Safwna for x X T 201253
X = 34.27%3 wnm [OO-X%X = &5.727

I= a8’ + 2.0106x10° (loo- )"
= +(228 Y(34.2723)° + (2.0106 x10* )(65.727) "

= 11.705 #I0¢ mm? = W.705¥0 ¢ m’
-~ |hM . _ &1
sl = | 2] 2 M- o

Conerete: n= |, J=3‘*.273 wm T 0,034273 w | 6= 9xj0* Pa

M = (q¥10% ) (. T08 % |07)
T T (N(o-033773 Y
Steel : N=10, y=6577m = 0.065727T m € =120 x10° Pa
(2o xjo* ) (1. 708 »10°*)  _ 2 3
= = 2.137 .
M (0)(0. 0657221 370710° N-m

= 3.0738x/0%° Nem

Choose +he smaller value M= 21370210 N-m
The above s the Jpowdjt Posfﬂ ve mamufﬁow a 225 mm wide Section.
For a |l m = 1000 mm sed’ria«\J mu,@Hpﬁ’ 17 J-:-f? = 4.yyyy

M =(uu4y)(2.1370%(0%) = 9.50%(5" Nom = 9.56 kN-m -
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4.55 The reinforced concrete beam shown is subjected to a positive bending

PROBLEM 4.55 moeent of 175 kN'm. Knowing that the modulus of elasticity is 25 GPa for the
: . concrete and 200 GPa for the stee!l, determine (@) the stress in the steel, (b) the
l R maximum stress in the concrete,
450 mm 1 somm SOLUTION
i Vdiameter
, 7 n = E: | 200 GPa 20
30 mm EC.. 25 GPa. )
{ 3 1 ER
As = Y- T = (9EYaY = 15205 %/0° wm

2

nAs = 12,164 x10° vom,
* 'Locm‘e 'H'Ie n&)‘h“&,ﬂ axis
A l

XS

4oo 250 X% -~ (12.164%)0* Y(4o0-x) = o

nAs .._._‘_i 125 x* + 12. 164 %[0 ¥ ~ H.3657 x)0° = o

= 12.164 %0 +,/(|2.ts4x 10°)% 4+ (4)(125)(#. 3657 % 0%

Solving For | (\(125)
X = 154.55 pam HOO - X = 248, 45 mm
3 250 x* + (12.1¢% x10* Yoo - ¥ \*

§ (250)(15%.55) + (12 164 x10% )25 48 )

b~
1

T Lo40Y " wm? = l.O%04 2 |07F m”

5 - -nMy
I

(@) Steel:  y = = 29545 mm = ~0.24545 m

G - - 8.0 x(o*)(-0.24545) _

[.oso# < jO~3 330x/0° Pa = 830 MPa

(b) Conerete : YT AISHSS ma = O.I54SE m

(103 (175 x10°)(0. I5455)

&=- l.040% ¥ |o-3

= -26.0x10° Pa = -26.0 MPa

——




M

f
[

L

1

]

S R

l )

] —/ /M

4.55 The reinforced concrete 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 stecl, determine (a) the stress in the steel, (b} the
maximum stress in the concrete,

PROBLEM 4.56

_ 4.56 Solve Prob. 4.55 assuming that the 450-mm depth of the beam is increased
to 500 mm.

SOLUTION

_E . 200 GFPa _
ncE T Eem T 80

As = 4 Fd* = (WF)22)" = 1.5265%16% wm

“ta

NAg = 12.16% xjo> mm
Low)f‘e the nedm! AX| S

250x 2 - (j2.16¢xj0* ) (450-x) = O

1]

125 £ + I:‘(-IG‘*'{JO‘x - 54738 %j0o° = o

i for x =
So!vmﬂ b ‘(2)025‘
X = iéc.f‘?mm) Y50 -~ X = 283, 8] mm

I= 1(250)%® + (12./e4x/0* ) 4s0-x)"

2

1 (250)(166.19)° +(12.164x10° ) 283. 1)
= 1.3623 xf07 mm? = 1.3¢73x/0° m"

_ _.nMy
& T

(a) Steed:  y= - 2838 mm = -O.2838] m

6 = - (8-0)(_ ¥ xl‘£)(‘0.2833') - 272“106 PQ - 2?2 HPQ‘
1.3¢23 x{o~3

() Conc_u‘e""e: Y T 166.17 mam = O.16619 m

I 6= - 0.0)(175%10% 0. 166 13) = =203 %10 Pa = —21.3 MPa =
1. 3623 x{o"3
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4.57 Knowing that the bending moment in the reinforced concrete beam shown is

PROBLEM 4.57 +150 kip-ft and that the modulus of elasticity is 3.75 x 10 psi for the concrete and
. 30 x 10° psi for the steel, determine (a) the stress in the steel, (b) the maxirnum
‘ 30 in, i Sin. stress in the concrete.
S SOLUTION
n:_E-_S..:3OX’O‘ T R.0
E. 3.75xj0% .

Ao = 4 3d* = 4(EY0Y = 3.09/6 "
AT 25133 "t
Locate +he nevtved avis

(3YSW (X +2.8) + f2x%
~(25.133)(l6.5 =%} = O

ISOx + 375 + GxX = 414.69 +25.133 % = o

Ex 4+ 115,133 x  -39.69 = o

Sodve For x « = =175.133 + J075.133)" + @ (o) 3%.4)
RYIEY
6. - % = ,6.275 in.

I, = khhi+ A = T%.{(%Kf)g + (3005 )(2.725)° = 142¢ .3 in?
Iz 3bC = 3(2X022sY = 0.1 i

T.= nAdy = (25133062750 = €EST.1 in®

= 0.5 in.

I = L[+I,+I, = 3083.5 in'
6=~ where M= iso k-'p-‘H‘ = |800 k.‘P-in-

(@) Steed n=3%.0 , Y= S16.275 i

_ (801(3003(-1¢.275)
2083.§5

(b) Conerete nz .o, Y * 5.725 in

G =~ (1:01(1200) (5,225
8083 _5

G =

=, 9.0 Uksi -t

= = }L163 Us: ~t

———
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4,58 A concrete beam is reinforced by three steel rods placed as shown. The

PROBLEM 4.58

determine the largest allowable positive bending moment in the beam.

SOLUTION

16 in. % -in. diameter
, . B | 3ot
T leeme] | A = 3 B4 = 3(EYEY = 18040 07
-8~ nA, = 18.040 in*
,‘( | Locote nestvad awis.
axy's ¥
14 37(35; - (18.0490)(14=%) = O
nAf#———L 4)(1+ [B.040 %% - 252.5¢ = O
—12.0490 + 4 18.0%0 +(4)(4)(352.5€)
= 8.005
Solve for x e 7SO
H -x = 7.998 in
T=4 8x*+ nA (Ut-x)" = $8)6.008Y + (18.04)(7.995)
= 17304 in"
= 1nM &I
el = |5 M= o5
Conerefe: n= 1.0, \yl= ¢.005 in, &l = 1850 psi
_ (\3§0)(1730.5) _ z . o
M= U-0)(¢.005) 3890 Jboiv = 389 kip-in

Steel - n=lo , lyl= 7995, & = 20%I° psi

- (oxio®)(1732.5) S i s o
M = (o )(7.245 ) = 423 %/ Jorin = 433 kip:i

Choose the smadder valoe M= 389 kip-in = 324 kip +t

modulus of elasticity is 3 x 10° psi for the concrete and 30 x 10° psi for the steel.
Using an allowable stress of 1350 psi for the concrete and 20 ksi for the steel,

.




4.58 A concrete beam is reinforced by three steel rods placed as shown. The

PROBLIM 4.59 modulus of elasticity is 3 x 10° psi for the concrete and 30 x 106 psi for the steel.

Using an allowable stress of 1350 psi for the concrete and 20 ksi for the steel,

16 in.

determine the largest allowable positive bending moment in the beam.

4.59 Solve Prob. 4.58, assuming that the width of the concrete beam is increased
to 10 in.

%-in. diameter

4 SOLUTION
7L E Zox%j0*
in. B -
-t NTE T TEwioe 10
2.
< 1o 44 A= 3Ed° = 3(EYE) = 1.8040>
X NAg = 12.040 "
axvs K
14 Locote +he neutrad axis
X - - =
_.__JL 0% 5 (18.040)(i4 - x) o)
Ex" + I8.0%0 x - 252.56 = o
. 218.040 + 4 (13.040) 4 1X(5%(252.56) - s cpq i
Sodve for 2 X = 20 5.529 .
f4-X = 3.47) in
T =40)x% + nA, (- x\" = £00)s52a) + (18.040)( 8.471)*

I

1857.9 "
h M . _&X
|l§] = l"i—i\ - M = Yy

Concrete: wnie O lyl = 5.829m 16l = 1350 psi

,Sf'eep :

Choose the smaller valoe ™M

M = 4250101357 9) 453.6 %/ Ib-in

(1.0Y(5.529)
n=jo lyl= 8.471 ia 16} = 20 x/0% psi
S
M = (20%10™Y(1857.9) - nas.cxo® Hboin

(1o)(g.471)

438.6 x [0 Mbain
438.¢ kv'p-:‘n
= 36.6 !»(Jp-‘F‘fT -

st
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PROBLEM 4.60

4.60 The design of a reinforced concrete beam is said to be balanced if the
maximum stresses in the steel and concrete are equal, respectively, to the allowable
stresses 0, and g.. Show that to achieve a balanced design the distance x from the
top of the beam to the neutral axis must be

. d
l+———d’E°

o.E;

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

SOLUTION
G, = ‘nMI(d-—XH Q:_'I*_/\I_g
%5_&: n(i—x\ - V‘-’?’Z _h
%’ l*'y%%: = l+§:gi
ol |+ Ec Gy
EsGe




. 4.60 The design of a reinforced concrete beam is said to be balanced if the
PROBLEM 4.61 n
stresses @, and o,

4.61 For the concrete beam shown, the modulus of elasticity is 3.5 x 10° psi for the
concrete and 29 x 10° psi for the steel. Knowing that b = 8 in. and d =22 in., and
using an allowable stress of 1800 psi for the concrete and 20 ksi for the steel,

d determine (g) the required area 4, of the steel reinforcement if the design of the
beam is to be balanced, (b) the largest allowable bending moment. (See Prob. 4.60

for definition of a balanced beam.)
- SOLUTION
_ Es _ 29xlo°  _
- v 8. 2857
?( 6.5:‘;_”}4.&‘)( 6. = “'\%
v T
djx %_i: n@dx) . qgd o
Y}As l e
— _ i 6 \ . pox|o?
‘gZ = |+ ne. T \ + 22857 rsoo 2.3410
% = 0.42717 d = (0.42717)(22) = 9.348 ..
d-x = 22-9.338 = [2.602 in
Locote nestred axis
bx % nAg (d-x1)=0
bx* @Y 9.398)" 2
= = Z.383% -
(@) As 2n(d-x) (2)(8.2857Y12.602) "
T = 1bx®« nA (d-x)" = F(8)(7.398) + (3.2857)(3.2835)(12.co2)"
= £665.6 in’
= nMy = €I
G = M ny

= .0

CDV\CV‘@"'Q‘: j = 9.378 4 G =

(1200 G665.6)

] 800 ’Js N

_ I3 »
M = BICRITS 1.277 2 |0* Ab.in

Steed ® Nn-= B.1857 I\yl = 12.602 ;. & = 20 (S psi
M = (zoxi03 )(6ceS.6) 1277 10% fbe i

T (3.285N(12.¢02)
Note ‘HMJI' |oo'H\ v«)ues P H\g Sqme -P.w bajq,uc.ec} o?e.srjv\

M = 1277 XIO° Kip-in = 106.4 kip-++

maximum stresses in the steel and concrete are equal, respectively, to the allowable

3

O
3

]

]
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PROBLEM 4.62

0.5in,

0.51in,

Dse

|
s n-

4.62 and 4.63 Five metal strips, each of 0.5 x 1.5-in. cross section, are bonded
together to form the composite beam shown. The modulus of efasticity is 30 x 10
psi for the steel, 15 x 10° psi-for the brass, and 10 x 10° psi for the aluminum,
Knowing that the beam is bent about a horizontal axis by couples of moment 12
kiprin., determine (a) the maximum stress in each of the three metals, (b) the radius
of curvature of the composite beam.

& °™  soLuTION

adominom as the vefernence muteriod
o‘
= Eé = -‘73—09—;-:-62 = 3.0 4 steed
= Eh ____—JSXID‘ = LE 1n bress
E& = o x’o‘ | \ ve.S
= |.O ™ c\jdw\:ndm.

v n
O &0

. @ &8 n
aAX\s _@ _“,-_\3.0
@ .5
® e .o

For the transtormed section

B, wnA d = £ (1) (05T 07500
0.7656 in"

I, 12bht + n,AdY = EE(sY0sP + (b5 075 Y0.5) = 0.3047 in’
I,= T%ba‘h = 22 (15K e-sY = 0.0%67 in
L = I, = 0.3047 ia Ie=I,= o.7c5¢ in"
&
I =21, = 2185 n"
[}

(a) Aluvwmirum: G = nJ!‘:’l_y = 0-02)'(3,,27:;{,‘25) C.8& ksi et}
Brass G = n;;u = ("“‘-2\'(!':7\5'0‘75) &6.17 kst -l
Steel: 6= “;X - (3.02)€;?}}(aw3 = 4ol Ksi -
L. M 2xie? = S4R.5T%O in”

(k) f  E.T  (loum0o*)Y2.1875) o s

L= 1823 m = i51.9 —t




PROBLEM 4.63

Steel FZ3S .3 in
Aluminum 0.5in
Brass .5 in
Aluminum 0.5in
Steel | 0.5in

© 430

_ ® o Y]

e

D e

{’ij “g 2.0

4.62 and 4.63 Five metal strips, each of 0.5 x 1.5-in. cross section, are bonded
together to form the composite beam shown. The modulus of elasticity is 30 x 10
psi for the steel, 15 x 10° psi for the brass, and 10 x 10° psi for the aluminum.
Knowing that the beam is bent about a horizontal axis by couples of moment 12
kip-in., determine (@) the maximum stress in each of the three metals, (5) the radius

of curvature of the composite beam,
SOLUTION
Dse C(ﬂl)lﬁﬁl.flo“') as ‘i’ll-& wcpe,we.v\ce, Ma)!‘ew'a\.?

- K . 3oxj0° _ \

n = —Eé;_ ]O*KIO‘ 2.0 \n 5+€€9
= E’l = |Sx1O¢ - LS n b

N E. " TJoxie " Drass

N = O nadvminum

For the Franstormee section

I, = 1bbh +nAd"

= 22(1.5Y 0.5+ (3.0 )(05X1-0) = 2.2969 in*

Ha 3 z l.o 3 = o .
IﬁT{EJ’u A A 75({,5)(0.5) + (1.0 Y0.75)(0.5) 0.203) in
I = %b.sh; 8 %("5)(0-5? T 0.023% Y
I,~ I, = 0.203] it Ie= I, = 22969 '

y
1—. = lZI,, = 5.02,3‘)"134*
.25 .
@) Steed: § = ”;’i = (3‘05?%;25‘ ) - 395 ks -
i - nMy | (.o )(12)(0.78) . | 797 Jess -
Alomino ST 50234 2 ke
) .My (s o.27) e kss g
Br‘a.SS- S = > = 56139 0.39 Si
(b) L. M 2ol = 2238.89 x[0°° |,
P EI (Jor|0°)(5.0234) '
41846 n. = 349 P —

P‘:‘-

Q

S

[T o

1

C 1

L1

| S
|

[ !
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4.64 4.64 The composite beam shown is formed by bonding together a brass rod and an
PROBLEM 4. aluminum rod of semicircular cross scctions. The modulus of elasticity is 15 x 10°
psi for the brass and 10 x 10° psi for the aluminum. Knowing that the composite
beam is bent about a horizontal axis by couples of moment 8 kip-in., determine the
maximum stress (@) in the brass, () in the aluminum.

Brass

SOLUTION

Aluminum

in. For each semicircle = 0.8 in

p

= Fpi= R LAy C ) >3 -
A =Zr'=100531inY  §, = gm = UarS = 0.33953 in

Tiwe = =r¥ = 0.16085in"

I=1J,-A ;«: = 0.166350~(].0653)(0.33953)"

]

0. 044957 in”

\\ Use a,pr.)lvn‘lﬂt)m as ‘f‘"}.e f‘e'PEWence m:xa‘ew-'a.ﬂ

[.o % a-/PUan()M

H

¥ n

d

l:‘ Ev _1810° / i bress
g_// 0 & T lorot 5w

Locate nevstrad ooas

A [0Ain* | Foin | 0ATe, ] 2197 | 5 ogri i
@ [ 100831} 1.50719¢ | 0.33953| o0.51200 L 2-.,+ y ,
y The wnevrved ais Adies
@ | 1.0053| 1.00531 |-6.38953)- 0.34133 0.06791 {w above +he
z 2.51327 0.17067 materral uterFace.
d, = 0.83953- 0.0679] = 0.27/€2in , d,=0.33953+0.0617) = 040744 in
L= al+nAd’s (.6)0.004957) 4 (5)(1.0053) (0.27/62)" = 0.17869 in*
I.= NI+ nAd>= (1.0)(0.04495%) (1.0 (1.00530)(6.46744 ) = 0.21185 in*
I= 1,+1, = 0.3905% in"*
(@) Brasst n=L5, y= 0.8-0.06771 = 0.73209 iw
. _hMy _(5)8)¥0.73207) _ _ ; -
G = T = 3.3%054 RR.5 Ks
(b) Afominum: N= 1o y=-0.8~- 0.0679 = - 0.8679/ in
c=- MMy _ | 0.0X3)0.30290) _ )79 ki —~
L 0.39054




4.65 A steel pipe and an aluminum ptpe are securely bonded together to form the
composite beam shown. The modulus of clasticity is 210 GPa for the steel and 70
GPa for the aluminum. Knowing that the composite beam is bent by couples of

moment 500 N'm, determine the maximum stress (a) in the aluminum, (b) in the
steel.

PROBLEM 4,65

SOLUTION

Use afominum as the vefewence mateyiad
N= {0 in a-pUW\r"‘IUM
Es _ 2o

n~ & o= = 3.0 in steed
Sted:r I =, 4 (nf-0") = (20)E(16"-10") = 130,52 mm"
Adowivom s I,= 0, B (R r*)=0.0)T(19%16") = o, 55 x10° poun*
T= L+I, = 1873 x10% wn = 131,73 210°7 on°

(.a") APUMl'nUM:-' e =19 mm = OO 19
&= oo LONe2N009) . 23xk°Fa = 523 MPa 4
() Steed: <= 16wm=0.0l&m

A _ (80)500)(0.06) a5 1yiotPu = 137 MP, -
¥ = P B1.783x 1%

4.65 A steel pipe and an aluminum 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 couples of

moment 500 N'm, determine the maximum stress () in the aluminum, (b) in the
steel,

4.66 Solve Prob. 4.65, assuming that the 6-mm-thick inner pipe is made of
aluminum and that the 3-mm-thick outer pipe is made of steel.
6 mm

10mm SOLUTION

’ Dse dumx'now\ as the v‘ePewenca ma.-"'-em“vJ
38 mm M=10.0 in a,?um:nu'wz

PROBLEM 4.66

- —.Eéi = —-—-2"0 = 3.0 ' 5'}‘88}.
Steed: I = 0, B0 -r") = 3.0)E019%- 16Y) = 152.¢5 X 10> mm
Aowinom: I, = nz%(ro"—r;")=(t.o)=,‘f(le"- 10°) = 43.62%/0° mm*
I= I,+ I, = 196.27%10% wm’ = 19€.27 x40 "

(@) A)uu?ndm : C= 16 mm = O.0I m
c= hMe l.0)(500 (0.0

L \96.27 x| 04
c=19 M, = 0.019 w
- HIM' e _ (3.0)(500 ) (0.0i12)

40.8x(0° Pa = do.8 MPa  -=

1]

(b) Steed ¢

145. 2510 Fa = 1452 MPa =

4

" j96.27x(0""

.....




4.67 The rectangular beam shown is made of a plastic for which the value of the

PROBLEM 4.67 modulus of elasticity in tension is one half of its value in compression. For abending
o moment M = 600 N-m, determine the maximum (a) tensile stress, (b) compressive
stress.
E =1LiE,
- SOLUTION
+e
1= "2‘ on the tension Si de oF ‘nedjrv‘a) VS
B n= | own t+he Cohpmsfr'ov‘- side

Locate nestrad axie.

o | X .
wis | © L ¢ n bk - nk(h-0 kX = o
weh | h-x Aot =L b (b)Y = 0
@ | | v . A v -
@ Xt = 2‘.(}.4\ v= 75 (hex)
%-_-_--f-il:.—'-l—' - o. 41421 L\ = '-H.’-Jil b
h-x = &3.8579 wmm
T, = 0, tbx® = (NEYENH4UY = 11844 x/0% mm
I, = Nk M)t s (YAYS0)8.57Y = 1LETSIx [0 mm”
I= I+ I, =~ 28595 »0° wmm® 285955007 m"

(@) Fensife stress: n=% , y=-88.57%mm = -0.053579 m
M 0.5 Y600 (-
c = - My (6.5 )eoo 0.088574) _ ¢
1 7.85 95 x|0-° 6.18 (0" Fa
= &. 15 MPG, el
(b\ c.omr)rcssive $+N55: n-= | R j = YLA42] e = O.0HIHZ[ m
. _hMy _ (.o Eoo) (0.0M4a )
G =- -~ - 2. 8595 Ao < = -8.69%/0° Pa
il

=-8.69 MPa




*4,68 A rectanguiar beam is made of a material for which the modulus of elasticity

PROBLEM 4.68 is E, in tension and E, in compression. Show that the curvature of the beam in pure
bending is
1_M
p EI
where
" (E+YE.)
SOLUTION
5 : Use Ep as the reference modudus.
Yie:h X T The, E. = nky
®© jx W Locate nestvad oxis
= | - ‘ _
_____Jt_l hbx% - b lh-x) -*—hzx = o
b nx* -(h-x)" = o Inx =(h-x)
S - . Aih
Cdl h-x = T+

i
b
G

1

' ‘ | 3 3
e + $bG-x) =[B {3 (] b
= n+ 0y aa a4 dR) 3 . 1. .n 3
- %(M+|ji bh TE (1) bh* = 'é-————-—(m”]zbh

L - _M - M coa - L L3
EeI = Ep Tvaw
E -Ehnm.\ !
B = —é—f— - L:Ir.ia''Et'—--5--—-------““5
LIEG‘-' E“-/Ef_-:_" - 4EcEc.
(-‘Ec./Et + | )z. ) (-JEC-l'—J_—Et\?‘

|
—




PROBLEM 4.69

8 mm

4.69 Knowing that M = 250 N'm, determine the maximum stress in the beam
shown when the radius r of the fillets is () 4 mm, (#) 8 mm.

SOLUTION

I= Zbh = (BN = 42,667 x10%m" = 42.c¢7 %10 Tt

C=20mm = 0.020m
D gOrmm
d " Yo mm .00
() % = %—i:: Q.10 From ’:;'3. 4.31 K= 1.87
Me | (1-87Xas50)0.030) ¢ - __!
Bl = K5 = T RIE LT R 219 x10% Fa = 219 MPa
® G oz 020 From Fig. %31 K= Lsa
' . kHMe _ (1-52)@2s0)(0.020) _ ok = 17 -
Gne= K T R ETR 176 xj0" Pa = 176 MFa
4.70 Knowing that the allowable stress for the beam shown is 90 MPa, determine
PROBLEM 4.70

8 mm

the allowable bending moment M when the radius r of the fillets is () 8 mm, ()]
12 mm,

SOLUTION

T= bk = YUY = 42667 210 mm = 42 67 x0T m

=2 20 mm = 0,020 m

BO ywm

4O mm
Fvom F‘;j- 4.31 K= 1.5Q
Eowe L _ (G0 x/0“)(42.¢67%|07)

= 2,00

Ke (1.503( 0.020)
= 128 N-m -
From 1:13 4.31 K= 1.3%
_.1
(q0%10% (42667 x10™) 142 N-m -

(1-35 )Y (o.020)




4.71 Semicircular grooves of radius 7 must be milled as shown in the sides of a
PROBLEM 4.71 stecl member. Using an allowable stress of 8 ksi, determine the largest bending
moment .

that can be applied to the member when the radius » of the semicircular grooves is

@ 3 in. (4 5 in.

SOLUTION

@ d= D-2r= 45 -RQYE) = 3.75m
L. s | r_ 0.875 _
a 335 720, Ftgas v ol°

From Fiq. #.32 K = 2.07

]
It

T=2bh®s 5 (P2 = 3.29¢ i’ c=4 = 1.878 in
&

 Me M= L _8)z29¢)

klp-;n
£ 025
430 = O.25

—————

Ke 7 (2.07)(1.875)
() d=D-2r= 4s5- @Y= 20, %:%:;
From Fia, 4.32 K= 161, I=tbh®

: &I (8)(.6375)
c :"RLJ = L& in M= Ko © Ter305)

c.79 it

b

M

7\5(%)(3-0)3 = 1.6875 in"

]

= 5—5q kl‘P-}H.  —

4.72 Semicireular grooves of radius r must be milled as shown in the sides of &
PROBLEM 4.72 steel member. Knowing that M = 4 Kip-in., determine the maximum stress in the

member when (a)r=% in., (B) r= 7?- in,

% in.
r SOLUTION

M

)/ @ d= D-Ar = 45 - (2)(%)7 3.75 in

D_ 4§ _ r . 0.3728 _
2" 395 ° R0, g7 gEg = O.lo

Frowm Fig. 4.32 K=2.07

I=kbht: %(3)Es) = 3.29¢ in", cedol = 1.875 in
c - K%_c_ - (z.o;)gtzﬁéf.s?s) 4.7 ks: -

) d=D-2¢ = 4.5-2XE) = 3.00/n, B=23 250 56052025
From Fig 4.32 K = .6l

I- T‘i bh? = 'i'%{ (_‘31')(3-00)3 = 1.6878 'J c=4d=1.5 in
_wMe . a.en@ (.5 . -
o k3= 1.6875 §.72 kst
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PROBLEM 4,73

SOLUTION

For Lo-H'n can'Ff qv a.,+{ ons

-

p
4
X
a

150 mm | el= 100 mm,
1S mm.

lo
-~ 15 <
- A5 = 0.5

For Con-Ftaum/ﬁon (a), g
4.32 gives Y= 1.92.

For C.on'l:‘n'aum;)‘nbn k) \:.'3

4.73 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. a, (b)
if the bar is redesigned by removing the material above the grooves as shown in Fig.
b,

(a) {B)

4.31 gives K, = 1.57.
I=%bh®- 7{-(12)(!00)3 s LExO  mmt = 1.5xj0  m?
C:';!{a,r SO mm = 0.050 m
o & Kl M- ECI - (83.’%:255;10") = 1LAS¥IO® New
= .25 kNewn -
k) M= 22 (3‘(’&‘3’°))((;j;;‘§") = 1.535(5° Nemn = .53 kNem




PROBLEM 4.74

SOLUTION

For both confy gor ations

D= 150 mm adz 100 mm

= 10 wwm,

P lse .

a = oo T .50
r - e .

d T{o_o' - O.IO

For con 'F.‘juw»’h'au (OJ)

Fig H.32 give Ko= 2.21

4.74 A couple of moment M = 2 kN'm is to be applied to the end of a steel bar.
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. a, (&) ifthe bar
is redesigned by removing the material above the grooves as shown in Fig. b.

M

{a) ®)

Fow cow‘:fjurm{';m('a)a F\‘a. 4.3 jg‘ve.s K= 179

T = kbhd = 5 08)100) = LExI0" wm' = 1.§x107" w’

C=',{:a'=50mm'~’ O.085m

ey G'=

KMe _ (z.21 (2210*)(6.05)

147 %0° Pa. = |47 MPa -

I 1.5 xjo™*¢

_ XMe _ (179} ( 2xl0%)(0.05)
(&) & I .S xlo™¢

" ql,qo° P = WA MPa -

-

—
[ | E—

|
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PROBLEM 4,75

M

4.75 A bar of rectangular cross section, made of a steel assumed to be elastoplastic
with oy =320 MPa. is subjected to a couple M parallel to the z axis. Determine the
moment M of the couple for which (a) yield first occurs, (b) the plastic zones at the top
and bottom of the bar are 5 mm thick.

SOLUTION

ay T

]

Ebh® = z02)05Y = 3,375 %/6° e’ = 2326210 "

€ 3%h =728 mm= 0.06075m
-
_6I  (320x0°W3.37510") _ .

(b) t=S5Smm yyccC-t=75-Fwm=25mm= 0.0025 m
M= M- 5%Y]
= 30 [1-3(3EV] = zoz Nem

PROBLEM 4.76

cC>
Jek

axis

4.75 A bar of rectangular cross section, made of a steel assumed to be clastoplastic
with gy = 320 MPa. is subjected to a couple M parallel to the z axis. Determine the
moment M of the couple for which () yicld first occurs, (5) the plastic zones at the top
and bottom of the bar are 5 mm thick.

4.76 Solve Prob. 4.75, assuming that the couple M is parallel to the y axis.

SOLUTION

@ T=hbh® =& ()Y = 2.1 x10 = 216506 '

C

%h = €mm = 0.006 m

I _ (32ox10¢)(2.16%07") _ )
My §Y_._c - YT 115,72 Nim =

(&) L= Swmm Z,»=C—t=6-5= | mm
M= M| 1 - $(&)]
%(us.z)[! - ;-&(%)’] 17,2 Nom




PROBLEM 4.77

4.77 The prismatic bar shown, made of a steel assumed to be elastoplastic with
;=42 ksi, is subjected to a couple M parallel to the x axis. Determine the moment
M of the couple for which {(a) yield first occurs, {b) the elastic core of the bar is 0.1 in,
thick.

SOLUTION

(@ I=bh®=g(0as)03T = 1.01285x10% i

GALS

=z h = 0.5 in
&I 2)1.0125%107%) :
MJ = ;_ = NG = 0.2835 kiyp-iw
= 283.5 Mo-in -
Bt
X
¢ _T b) z, = $L = £(0.1) = 0.05in
- im,) - 2 &)
- Iy 2
- - | R - .
:)L = 2 (2s2.5) - 3(2%) | = 405 fhoin =
loa oo
4.77 The_pr_ismatfc bar shown, made of a steel assumed o be elastoglastic with
PROBLEM 4.78 oy =42 ksi, is subjected to a couple M parallel to the x axis. Determine the moment

br—r—————

k0.3 —l

M of the couple for which (@) yield first ocours, () the elastic core of the bar is 0.1 in.
thick.

4.78 Solve Prob. 4.77, assuming that the couple M is parallel to the z axis.

SOLUTION
@) I=hbh®s 503045 = 2273115 n?
e=%h+ 0.225 in
Gy I (42} (2.2781x)0°*) .
.4 5. T - .
My = =5= = T = 0.425 ¥p iv

425 fb-in —

(1252 1- $(2EY] = 627 bhin.

—

-

L

]

J

)

1




b

—/ 3

—
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4.79 A solid square rod of side 0.75 in. is made of a steel that is assumed to b
PROBLEM 4.79 elastop!astic with E=29 x 10¢ psi and 0, = 40 ksi. Determine the maximum stressoan:
the radius of curvature caused by a 4 kip-in. couple applied and maintained about an
axis parallel to a side of the cross section.

SOLUTION

= bh® = £(030(035)® + 0.026367 in*
c=4h = 0.375 in

i - 0 7 R
0. 15in Mj’ %I' = (Ho)é.037;€36 ) = Z.8125 km‘p- n,

M = %Mycl-.é%‘:) or %‘=J3—2%

Toda-2f =y 3-F - osm

= E - —t .. i -—-—-E = (2 ”L .)( .3751 —— .
Y 5 pr 61— "IDHDS : = 27‘-88 in

- 0.75 n—sl

Do o
%
¥

< & P Pro = (271.88)(0.394H%1)

"

‘0702 ilﬂ
2.94 ~cd

PROBLEM 4.80 4.80 The prismatic rod shown is made of a steel that is assumed to be elastoplastic

- with E = 200 GPa and &, = 280 MPa. Knowing that couples M and M’ of moment
525 N'm are applied and maintained about axes parallel to the y axis, determine () the
thickness of the elastic core, (b) the radius of curvature of the bar.

SOLUTION
= 5 k= 28 = 116641100 mm" = 11664 %107 W
C:r2zh= Qmm = 0,009 m
_ &I @soxot (1.4 0")
My = = = o067 = 36288 Nem
z
¥
M= EM(I-5%) o X :J 3 - 2-{2
~ RUSE) = 32632 |y, =0.32632 ¢ = 2.9368 wm
t_cor\g= QJY = 5-87 "M an i
- EYe _ (o0 x100)( 29368 %i0™) _
P Sy 230 % (06 = 2.0Tm -




PROBLEM 4.81

4.80 The prismatic rod shown is made of a steel that is assumed to be elastoplasti
with £ =200 GPfli and ¢, = 280 MPa. Knowing that couples M and M’ of morgent ©
525 N'm are applied and maintained about axes parallel to the y axis, determine () the
thickness of the elastic core, (b} the radius of curvature of the bar.

4,81 Solve Prob. 4.80, assuming that the couples M and M’ are lied and
maintained about axes parallel to the x axis. appliee &

SOLUTION
T = gbh®= ;;;(19)(?4\3 = 20.726x 10" mm" = 20,786 %10 m'
c =2h = 12 mm = 0.002m
-
u o Or I _ (280x10°¥20.736 (0 ) _ )
My c 5012 483.84 N-m
- 3 2
M= iM(I-4 %) or L-y3-28%
- (2)s52 -
%‘-J?a - _l}'g)z_-gqil 0-710‘37} Yr © 0.91647 ¢ = [0.932 wm
(a} tcorc = zjr = 2L mm ]
' G E (200 %10 W10.932%10°)
) £ = X = oY o (200X 182%107) _
P E £-6 280 X [OF [
: 4.82 A solid square rod of side 0.5 in. is made of a steel that is assumed to be
PROBLEM 4.82 elastoplastic with E = 29 x 10° psi and oy = 42 ksi. Knowing that a couple M is
applied and maintained about an axis parallel to a side of the cross section, determine
the moment M of the couple for which the radius of curvature is@sf, (2t
—T_ SOLUTION
0.5'n
T e bt h05)05) = 5 2083x/5 in”
L—o.s:n_.—al C=4h = 0.25 in
_ G, I (4axjo®)(5.2083%107%) _ :
My = =g = 0.25 = 875 Jbin
. & . & . Ec (29 104 ) (0.25) .
& & ° E P e erars 172.62 in.
- 3 2
M= amy [1- 487
- - . () 2
(@ p= &H = 60 in M = %(875)[?- é‘(ﬁ'ﬁi)] = 1266 fh.in —
- . - 29 N1 - :
(b) p= RH. =24 in M = %(svs)[ |- gm)] = 1304 Jb-in. -

@)

'
’
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PROBLEM 4.83

¥

axis

60 mm

o]

/_/. '/ yays
42

MR

.

A0 many

10 mm

(b M= 2(Ry,+ Ry, )=

I—'fﬂw—l

4.83 and 4.84 A bar 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 moment at which (4) yield first occurs, () the plastic zones at
the top and bottom of the bar are 20 mm thick.

SOLUTION
(@)
C = ih = 30 mm =
My =
Gy
Lot P -
: = e
— QQ
AR
R, -4

il

-
-

=5.76 kN-m

T = abh®s oMol = 720 #16° v = 720 15”7 w"
0.030 m

6:I . (240x0°N720 107°) _ roe uic® News
c 0.030

]

G A, = (240x10%)(0.090)(0.070)

f92x0° N

10 wm 3 1O man =

0.020 m

S A, = (£ Y2400 }(0.040)(0.01 0"

H8 x10* N

Yo = 2(0 ram) = 6.667umm = 0006667 m

= §.322]0% N-m

2[(192x1* Y(0-020) + (48 % )03 )(0.006667) ]
= 8.32 UN-m




4.33 and 4.8¢ A bar of the cross section shown is made of a steel that is assumed to
PROBLEM 4.84 be elastoplastic with E = 200 GPa and o, = 240 MPa. For bending about the z axis,
y determine the bending moment at which (@) yield first occurs, (b) the plastic zones at
the top and bottom of the bar are 20 mm thick.

m{nm SOLUTION
) i 0 75 ) S bhd = 5 (40Y(60)" = 720 #/0% wmm’
\ ] ZOm!m Toost = m\ow= % (20 (20 = 13.33 [0 vm *
omn - |;0—" - 10 T = 7207(0°~ 18.32%/0° = 706.67 ¥ 10% mm"
" = 706.67%107 " wm !
c:ah = 30 mm = 0.030 wm
M, = 6 I _ Q’*DWO‘)(?OG.G%’IO—?)
oo T 0.030
= 5.6533%10% Newy = S.65 kN wm i
Y
—
7 X
arvs AN A RN e ‘7124
| S
R, = 6:A, = (240x0° Y(0.040Y(0.020) = 192x10° N
NI [Otms 1O mm = 20 wim = 0.020 wns
R, = T67A, = L (avo 1ot} 0. 020)(0.010) = 24v¢ 10° N
Yo : 5(10mm) = 6.6C7mm = 0.006667 m
Y M= Z(Q,y, + T?‘_y,\
- 21092+16° )(0.020) + (24x16°)(0.006667)]
* 200x10 Nowm = 800 kW-w -

Q

[ I

1 1

—
. i

r
L

]

1 ]

P ]
— | N |

]
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4.85 and 4.86 A bar of the cross section shown is made of a steel that is assumed to
PROBLEM 4.85 be elastoplastic with £ = 29 x 10° psi and oy =42 ksi. For bending about the z axis,
determine the bending moment at which (a) yield first occurs, (5) the plastic zones at

the top and bottom of the bar are 3 in. thick.

)
T SOLUTION
3in.
- —t (@) I,:kbhirAd - 0@’ BXE) = gra8 i
F _'C in.
~I ‘_3!; IL=wbh’ = @Y= 135 i
I
150~ ] 150 I.= I, = 8275 "
I=I+I,+L = 1885 "
c = 4.5 i
MJ' = GEI = C-}le.(si.gg-S) = 11589 k:p-l"’l !
&y
T R = 6.A = (2X=)X@) = 378 kip
V/, " R,
://J - - Y2 LS+ L5 = 3.0 in
axis \\\K\\\ (e ;Q
* K, = %:G;Az_ = %{42)(e)(1.6)

= 189 Wi
Yo = $U8)= 1o in

) M = 2(?.1. AR z[(svs)(s,onaea\(:.o\] T R6H6 kip-in -




4.85 and 4.86 A bar of the cross section shown is made of a steel that is assumed to
PROBLEM 4.86 be elastoplastic with E =29 x 105 psi and oy = 42 ksi. For bending about the z axis,

determine the bending moment at which (a) yield first occurs, (5) the plastic zones at
L the top and bottom of the bar are 3 in. thick.
1 5h sorumon
' : 5 z _ b 3 T .y
z_%LCE 3in, (e I\ = l_"-lb'h\ 4 Al”’l ST (G)(%) 4 (63(3\(3} =175.5 in
3in.

I, - bh = (XY = 615

I,z I, = 175.5 in"

I
1.5 in. ——-—l Ls—;-l |—- 1.5in.

I-1+1,+1I, = 35775 "

= 4,5 ;n.

61 |  M2)(357.75) | 3339 Kk iw
< 4.5 F

¢
My
G,
, Eé R, = GA, = U2 (3) = 756 kig
//f/‘//;»// ﬁl <£_| Yy L5 +1.5 = 3 in
3 (—-;

axis W %, R, £6A, = ¥(42)()(1.8)
= 985 kp
‘ :YZ = % (j_g) = l.O I‘vl.

1"

) M= R(Ry, +Ry.)- 2[5 X3) + @49)0101] = 4725 kip-im -

™ T




4.87 through 4.90 For the bar indicated, determine (a) the fully plastic moment M,

PROBLEM 4.87 (b) the shape factor of the cross section.
y 4.87 Bar of Prob. 4.83
SOLUTION
From PROBLEM W.83 E =200 GFa awd Oy = %0 MPa.,
z c 60 mm

A, - (40)(30) = 1200 mm

- -

1200 %[O ¢ m*
// Sy [ Q = 6“1 Al
%A’ ‘ — R 3 %
wis P = 7 = (240 x10° J(1200 % 107¢)
R a 7] | | c‘
— | - = 288x/0° N
— L
d = 20 mm = 0.0%0 m
(@ Mp = Rd = (288x10%)(0.030) = 8.64>]0°Nem = %.64 kN-wm=a |
P
&) I= Ebh® s Fu) 6o = 720%10° wm' = 720x/07 m*
C= 30 mm ™ 0.030 m
'3 -
Wy = S;C.rr L:zqogf;o;(o?mxto ) _ 5.9 UNewm
- M | 8y |
k M, 76 & —




4.87 through 4.90 For the bar indicated, determine (a) the fully plastic moment M,

PROBLEM 4.88 (b) the shape factor of the cross section,
y 4.88 Bar of Prob. 4.84
SOLUTION
20rTnm
——+ From PROBLEM 4.8% [z 200 GPa and G, =240 Mpa,.
z C 20 mm
20 mm
. __I I I I_ 1 Ry = GvAo
10 mm L——l 10m !
920 mm " 7(2'-10 x;o‘)(o.oqb)(o.ozo)
= (92 »10* N

Y: T 1Dmm + [Qwmun = 20 mm

= 0.000 m
P —

i’ — ?g Pﬁ = 6.'\"A‘I.
— —_— = (240 » 0% )0 020)(0.010)
= 48 »(o® N
| Y2 = 5U0) 7 S = 0.005 m

Me= 2 (?,J/, + ,fJ : 2[ (122 ¥10%X0.020) + (48 x[0% ) (0.008)
= 8.16x10" Nom = B./6 kN-m
(B) Tt =ihbh® = i (401(60) = 720w(0% mm’
Lot = hbh¥= tela0)(26)% = 12.33%/0° e, ?
L= Lo - Lehet = 720%(0° -13,83%0° = 706.67 %10> im”

= 706.67%/0" 7 m*
c=4h 7 30 mm 2 0.080 m

M, =S L . (240%j0%)(706.67x(0"")
r c -
0.030

T 5.6533 Nem

M 8.16
= —f - —tivenmaty =
W M, FreeT 1.443
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PROBLEM 4,39

¥

C:I—_si'n

4.87 through 4.90 For the bar indicated, determine (a) the fully plastic moment M,,
(b) the shape factor of the cross section.
4.89 Bar of Prob. 4.85

SOLUTION

Frow PROBLEM H4.85 E =29x10°psi and G = 42 Uksi,

' 3in,
'
15m.-| LE'! |- 156 R~ G A =(#2)(8X38) = 378 ki
Y2 LS +1.5 = 3.0 i
7
I : % R = GA, = (0(EX1L5) = 378 kip,
S \\\ \\\} > - ?1. * T f
‘: -—_ ,Yz: %(1.5\ = 0.75
— —
- L
Me = 2(Ry, +Reya) - zf(snxa.o\+(37z)(o.'75?] = 28385 Up.mn =8

) I,=rbhdeAd s L3P+ (sYaXE) = 27755

1,= hb.hy = #%(e)3Y = 12.5 "
I.S = I| =~ 82.75 /.7
I-= T +I,+ L = 1888 ia"
¢ = 4S5 |a

_ 6 I _ (42)(188.5) o
My = 222 = 2202200 = 17593 kpein

M 2835
< —£ = =
k My 1759.3 .61l -t




PROBLEM 4.90
y

~t T
Jin.

—HL
z c 3in.
3
3in.

1

axis \\\\

4/87 through 4.90 For the bar indicated, determine () the fully plastic moment M,,
() the shape factor of the cross section.
4.90 Bar of Prob. 4.86

SOLUTION

Frowm PROBLEM H4.86 E = 29%I0° awdl 6, = 42 ksi.

R, = 6:A, = @6 Xs) = 75¢ kip
3‘ * L8+ LS = 3.0 iw

- R,= OcA, = (42X3)(15) = 189 ke
b —1  y= %08 075
—\ R
> —

Me = ZCQ.J, + 1?,:,,) = zf(7se)(s.o)a(lsqxo.751] = H8I9.5 Kyp.in -

) I = mhh’ 4 Ad' = £ (86X’ €Y3XSY" = 175.8 in”

Iz" Pa':bzk: =

F(3W3P = 615 it

I, = I = 175.5 in"

1 = I| + II + I‘s = 357a75' ;n"

C = 4.5 in

M, = _Q'El._. L‘%ﬂ = 3334 k:P.iq

k- He

_ 4819.5

My

- = ld 443 il
3339-
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4.91 and 4.92 Determine the plastic moment M, of a steel beam of the cross section

PROBLEM 4.91 shown, assuming the steel to be elastoplastic with : a yield strength of 240 MPa.
T SOLUTION
50 inm
30{ Tetal arvea A= (50)(20) - {301(30) = 3600 yam™
mm
i
D A = 1300 wm
10 mm —=} [+— 10 mm 4 A o
30 mm %= 1 = gg T 36 mm
ZE — LR
w21 3 — .
AT AN ——
As s,
o
SAV.YNNE Ry—>

e b

1
1]

A, = (50)(26) = 1800 mn’ Ty, = 18w AY = 32410
Ay

Ag = (a0)(30) = goo ""“a Y3 ° 2 mm Ay 9.1

($0)(14)= 700w’ Y, = Tmm AY. = H9%I0% mm®

V7.4 % 10° wam

%

A, = (50)(10) = o0 hu‘_, Yo ©  H9 wam Au Yy 24.5%10° mm"

2

Ay + AT A+ A, T 79.2000 w2 79.2%107° m
Mp = 6 ZAy, = (R40%10¢X79.2%107¢) = 19.008x10° N m

= 9.0 UkN:wm —




4.91 and 4.92 Determine the plastic moment M, of a steel beam of the cross section

PROBLEM 4.92 shown, assuming the steel to be elastoplastic with a yield strength of 240 MPa.

. .

E)_'f‘m SOLUTION

imm Tetal arvea A= (25)o) + (2)(!0)(35) = 950 iy
1A=

IL—-L—O 25 mm———L—-—l RA | AL}75 m
o - - ZA _ 415 ¢ -
X = 2L = T 23.75 wmwe = 0,02375 m
AQ_ ™~

\/- - o <
om'f \%4 ,if',:*,;\/} T .
g g,
7 R
7

L

Je ©

= ?13. + ?25/?_ + 333

"

% (0.01125) =

.25 »m =

0.005625 [

R = GyA, = (240x104)(0.025)(0.010) = &O¥10" N

30-2315 ¢ 0.00625 m

6¢h, = (240r10*)(0.020)(0.01125) = S4xlo” N

= G A, = (240x15 )(0.020Y(0.02375) = N4x 10" N

0. 011878 m

= L corio® ) 0.00628) 4 {Euw 02 Y0.005625) + {114 10°)X0.011875)

= 2.0325%10° Nem =

2.03 kN.-m

1

-1

I |

3 CJ

1
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PROBLEM 4.93

0.6 in.
0.6 in

=
1T
T
Y

0.6in,

4.93 and 4.94 Determine the plastic moment M, of a steel beam of the cross section
shown, assuming the steel o be elastoplastic with a yield strength of 36 ksi.

SOLUTION

Totad area. A =(1.8¥0.4) ¢ (0.8)(1.2) = [.4Y4 1a?

A = 0.72 a7
- %A . 012 _ .
"lbr' x . - 0. = 1.2 in,
| _‘fx_ Neotrd onis dies 1.2 in bedow rhe +bf>
I .
‘A|='£'A =0-72 " 3 J('= %(LZ)= 0.6 /n
% A=A = 07in", §, =5(0.4) 5 02w
MP * G\’(An;j/ * A‘i-.ya)
= (36 [(o.n )(0.6) + (0.72 (0.2 f]
= 20.7 k;p-fn J—
: 4.93 and 4.94 Determine the plastic moment M, of a steel beam of the cross section
PROBLEM 4.%4 shown, assuming the steel to be elastoplastic witﬁ a yield strength of 36 ksi.
Ry SOLUTION
4in. ;!;.2
=Lin Totd area: Az @YXE)1+ (@ +@QGF) = 4.5 i
™ *A = 2.25 in'
A @&lﬁi—’ A, = 2.00 in"') Y, = 0.78, Ay, * 15O iw
7 - g
@? 2;5 A= 0.25 0w, §,=0.25, Ay, = 0.0625 m®
G- Ave L3S, oz 1S, A ).Sas e
Ayt looin,  F,=275,  A§y= 275 i’
M= 6 (AF, + AdGy# ATy + AuFe)
T (SQ(LSO*0.0GQS'# L5625 +2.15) = 2.8 Kip: in -l




"'4.95 A thick-walled pipe of the cross section shown is made of a steel that is assumed

PROBLEM 4.95 to be elastoplastic with a yield strength ¢,. Derive an expression for the plastic

moment M, of the pipe in terms of ¢, ¢,, and oy.

SOLUTION

AT,
Mp =

- 4.96. Determmc the plastic moment M, of a thick-walled pipe of the cross section

PROBLEM 4.96 shown, knowing that ¢, = 60mm, ¢, = 40 mm, and o, = 240 MPa.

()

Dm+ al

SOLUTION

See the So.pd‘l'fot: to PROBLEM 4,95 for derivation of Yhe
following expression for Mg,

Me= $6,(c?-¢c2)
Gy = 240 MPa = 2490 x)0* Pa
C T GO mm = O.060 m
C, = 0 mm * 0,040 wm

M, = £ (240 x0¢)(0.060° - ©.040" ) = 48.€Y ¥(o® N-m
= 4.6 kN-wm -
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4.97 and 4.98 For the beam indicated a couple of moment equal to the fully plastic

moment M, is applied and then removed. Using a yield strength of 240 MPa,
PROBLEM 4.57 determine the residual stress at y = 30 mm.
y 4.97 Beam of Prob. 4.83
] SOLUTION
c | 60mm Mp = .64 kN-w (See souTion +o PROBLEM 4.87)
I I = 720%10%" " 5 C = 0.030m
L—40mm——’ 6“ = M = -ﬂ&c— oj 2 C = 20 mm,
T 1 J
- 240 MPg i 360 MPa e 120 MPa
-
I
> + = ——
: &
p TPESS ES
LC’AD_IN!'? UNLOADING RESIDUAL STPESS

(8.€4x1%)(0.030)

= 3eoxo” P

' -
&= 720 w101
Gles

= 6'- 6y = 360%0°-2490%10°% = 120 x)0° Pu =

20 MPq




PROBLEM 4.98

4.97 and 4.98 For the beam indicated a couple of moment equal to the fully plastic
moment M, is applied and then removed, Using a yicld strength of 240 MPa,
determine the residual stress at y = 30 mm,

4,98 Beam of Prob, 4.84

y
I SOLUTION
ZOinm .
- { M, 8.16 kN-wm {See SoLUTION +o ProgLEM 4.88)
z C EO;nm F
- - ¢
l l 20};:“ I = 70cc7x10 m , C = O0.0%0 wm
o Mug Y . Mgc' 4 : e
lﬁmm—'-l I-—-| '—-lOmm 6 - T = T -2 y' .
20 mm . N .
v _ (8. 16v103(0.085 P
G - 706.67 £ 10T T 3464 >10° Pa
- 240 MPq 34¢.4 MPa, 7 106.4 MPa,
— =
] = ;;7
Nerrrerer—
LOADING UNLOAD ING RESDUAL STRESSES
Gres = G' - Gy = 34LHxI0“~ 240x10° = 106.4%[0° Pa = 106.4 MPa =




L]

S
®

L]

(.

™

1 1 1

3

1 3

0O

[
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4.99 and 4.100 For the beam indicated a couple of moment equal to the fully plastic

PROBLEM 4.99 moment A, is applied and then removed. Using a yield strength of 42 ksi, determine
the residual stress at y = 4.5 in.
y 4.99 Beam of Prob. 4.85
3;. SOLUTION
z 'C:l 3in, Me = 2835 kip-in (See SotuTionw & proBLEM 4.83 )
J ’ o I= 188.5 in* | ¢z 4.8 in
15in. I-—1-5in- f Mus Y M,c
- Ay - - ~
3in. & 3 '-—'—I ol y
o (28385)(4.5) .
g - 1285 = G677 ks
42 les: ———> 67.7 ks; ? 285.7 kst
e — 1
s
- ="
> + = ?
LOM;[NG NLOADING RESIDUAL STRESSES
s = &' -6, = €17 -42 = 257 ks ~—




PROBLEM 4.100
¥

t
15in. —>| ]-3——-| ]—— 1.5in.
m.

Lol
i -

- 42 ks
> +
LEOADING

4.99 and 4.100 For the beam indicated a couple of moment equal to the fully plastic

moment M, is applied and then removed. Using a yield strength of 42 ksi, determine
the residual stress at y = 4.5 im.

4.100 Beam of Prob. 4.86

SOLUTION

Mo = 4819.5 kip-in (See SoLuTion to PROBLEM Y90

I= 385775 in",
s' = MuwY MBC-

1 1
&' = (4819.8 (4.8)
351.75

= (O0.62 ks:
jrm————,

[

UNLOAD ING

= 4.5 /n
-F.,.r y = C

GO.GA ksi

7 )8.62 ks
s =
&

RES IDUAL STRESSES

GO.GZ - 42 = 18.62 lksy

)

j

(A R SOV R

T

.

J

T
L

[

]

—

1 1 LC

T

-




PROBLEM 4,101

¥

4.101 and 4.102 A bending couple is applied to the bar indicated, causing plastic
zones 20-mm thick to develop at the top and bottom of the bar. Afier the couple has
been removed, determine (&) the residual stress at y =30 mm, (b) the points where the
residual stress is zero, (¢) the radius of curvature corresponding to the permanent
deformation of the bar, -

4.101 Bar of Prob. 4.83

SOLUTION

See SOLUTION o PRoOBLEM #.83 Lon bend.‘nj couple awd
stress distribution aluv‘\"ﬂﬁ ﬁuad(nﬂ.

M = B,82 kN Yr = 0 mm = 0,010 w
E = 200 Gfa Gy = 240 MPa
I = 720500 m' c = 0.080 m
‘ Me ( 8.32 »10%)(0.030)
(a G = T 3207107 346.Txj0° T = 3%6.7 MPa
"> My . (83202)0o0l0) - g gxio* Pa: IIS.6 MPa
I T202 1077
At y=c G = G'-6G,= 346.7 - 24O = loe.7 MPa -
My Y G- G"-6, = 11§.6 - 240 = ~124.4 MPa
240 M = 34¢.7 Mfa 106.7 MPq
= 7 - 12484 MPa
+ =
» 1247 MPa
240 MPy -
it ] -i06. TMPa
LOADING UNLOADING RESIDVAL STRESSES
B 6wz O & HE-6&=o0
Yo * --—-IG;' = (7207‘104 )(quylo‘) = 20.77 rlo-sm T 20.77 mm
° M 8.32 x|o*
ans. Y, = - 20,77 mm 0, 20.77 mm o
) At y* Yr , Cpes = — 1244 x (0% Pa

s =-EL .. f”*—gi - 200x10")(0.010) g oy, -

f)

- la4.4 x[o*¢




PROBLEM 4.102
Y

20 :nm
i

20 mm

0 mm
1

b
lﬂmm—-l L——-‘ L—lOmm

20 mm

(&)

40 MPa

-

LOARING

(b) Grq, = 0 S
I6, _ (106673107 W@2¥0r0*) | o) 2w e

4.101 and 4.102 A bending couple is applied to the bar indicated, causing plastic
zones 20-mm thick to develop at the top and bottom of the bar. After the couple has
been removed, determine (a) the residual stress at y =30 mm, (5) the points where the
residual stress is zero, (¢) the radius of curvature corresponding to the permanemt
deformation of the bar.

4.102 Bar of Prob. 4.84

SOLUTION

See SOLUTIOM 35 PROBLEM 4.84 for Ben_ckvxj caupje and
stress distribution cluw'nﬂ opo!m“nj.

M = 8.00 kN-m Yr * JO pawm = OOl
E = 200 GFa G, = 240 MPa
I = 706.67%l0 m" c T 0.080 m
(g.oox10*){0.0307  _ . }
=oC ¢7 *io-1 = 339.¢x/0° Pa » 839.C MPa
(8.00% [0 Y(o.010F . - '
LRI 113.2x10° Pa. = 113.2 HPa
6. = G'-G, = 337.¢ -240 = 9.6 M Pa, —
G, =G"-Gy = N3.2 =290 7 ~126.8 MPa
2339,.6 MPa, 49.¢ MBa,
v - 12¢.8 MPa
+ =
126.3 MBa,
| _99.6 MPa
UNLOARING RESIDUAL STRESSES

T O

My. .
-

T

3’0 = M g.oo - lo,’. ~ 2'.2 I wn
arsy Yo © -2 mw, O 21.2 mm S
e M oy oy Gy = — 126. 8 x10° Pa
. _Ey __E (2002107 Y(0.010)
G 3 P —6-_1 12C. 8x[0° 1I5.77 m —
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4.103 and 4.104 A bending couple is applied to the bar indicated, causing plastic

PROBLEM 4.103 zones 3-in. thick to develop at the top and bottom of the bar. After the couple has been
removed, determine (a) the residual stress at Yy =45 in., (b) the points where the
¥ residual stress is zero, (c) the radius of curvature corresponding to the permanent
deformation of the bar,
4 4.103 Bar of Prob. 4.85

3in

’ ' ‘ t SOLUTION
z Xod 3in.
:
3 ;n

stregss distribuhon 4 ur(nj .?oc.oh'n:}

3in. S M

T 2646 kip.in Y= 15 in
E = 29xi0° Psxl = 2A%10° kst &, = 42 s
I = ,88-5 ;”'( C = 405- .ll"\.
v Me _ (2¢4¢)(4.8) £ 17 lai
() 6 = T T TSE T = €317 o
6“ - MJ! - L?G"fé.j(‘-s) -— 2'.06 ksi‘
i 188.5

M ysc s = -6 7 CB3.07 ~ 42 = 20,17 kse

Aty Gz GC"-6, =  21.06- 42 = -20.9Y ks:
177, 7 S— 63.17 ks Z21.17 ksc
e .
;' -20.94 Us’
-+ =

20.9F kss

—tp) _?l_[? kﬁ"

LOADING UNLOADING

RESIDUAL STRESSES
(b)) Gz ©O - ﬂl_y_ = G,

16, . _(188.51(42)

=2r 2.292 iw
M 2646

<
]

ons, Yo = =~ 2992 A OJ 2.992 iw

© At y=y,, G, T -2099 ks

E i . _Ey _ (29:«;03)(1.5) _ :
SR A e = e

= 173.] H

See SoLuTION 1o PROBLEM 4. 85 Hfor be»/\c].‘mj c..w's}e avd

-,

weull}




_ 4.103 and 4.104 A bending couple is applied to the bar indicated, causing plastic
PROBLEM 4.104 zones 3-in. thick to develop at the top and bottom of the bar. After the couple has been
removed, determme (a) the residual stress at y = 4.5 in,, (b) the points where the

y residual stress is zero, (¢) the radius of curvature correspondmg to the permanent
I deformation of the bar. .
3in. 4.104 Bar of Prob. 4.86
] I . [ s} SOLUTION
‘ 3*in See SOLUTION To PROBLEM U, 8¢ Hor heno\mﬁ couFJe and
¥ stress distribution

1.5in.—'-l l‘-\_};’-l L—l.Sin.

M= 4725 kip-in Yy = -8 in.
E = 29%10%psi = 29x)0° kei Gy = 42 kei
I = 35275 w' ¢ = 45 ia
(@) 6 = ]*;c. = w;;‘?g_)_f;‘g) = 5943 ks
G" = ﬁfi— * H;?;,)?(;S) = 19.81 ksi
At yr-c Cra = 6'=6,y = £7.43-42 = J7.43 ksi -
A ys vy G =G"- 6 = 19.31-42 = -22.19 ks
kst e > 57,43 Usi V743 W
= ? - 2219 Ksi
+ ‘ -
22.19 ks
> —17.43 ksi
LOARING UNLOADING RESIDVAL STRESSES
B G = O = L”iie-G}=o
yo = IMGf - (33';.:?(42) 318 in
ans. Yo T -318in, 0, 3.18in -

) At YT Y, Cres = = 2R 15 ksi

6‘ E hf P~ E - (29;{[03)(].5) = '
- - __.Y e f; b~ ..J - 72, 5 'qeo “
163.4 f1 ==
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PROBLEM 4.105

*4.105 A rectangular bar that is straight and unstressed is bent into an arc of circle of
radius g by two couples of moment M. After the couples are removed, it is observed
that the radius of curvature of the bar is g,. Denoting by py the radius of curvature of
the bar at the onset of yield, show that the radii of curvature satisfy the following

relation
1A 3 :
—— ~ 1-2£ 1-%—"}

e P | 2P 3\~
SOLUTION
#z.ﬁt) M 2MY(|-§-;,§1) Le+mJem+=-E,';
m:-\\%=.§(,-ﬁ;) . f;i- 3 -2m
Fl-fml s A1 240-389) -

PROBLEM 4.106

4.106 A solid bar of rectangular cross section is made of a material that is assumed
to be elastoplastic. Denoting by My and pr, respectively, the bending moment and
radius of curvature at the onset of yield, determine (a) the radius of curvature when a
couple of moment M= 1.25M, is applied to the bar, (b) the radius of curvature after the
couple is removed. Check the results obtained by using the relatioin derived in Prob.
4.105.

SOLUTION
L. M ' :
(a) o - EIL’ M’%Mr(\*é'g—rg) Let m = -m—rzl.zf
m = -,'%’,lr =3(t-%4.) ﬁ =f3-2m = o0.70711
B +=+-4 2 L oM | L _ L3S
fPe” P EI P TEI £ . Pr 0.76711 oy fr
- 0.1e42|
e reutllt

PY

- log T 6.09 Pr




4.106 A solid bar of rectangular cross section is made of a material that is assumed

PROBLEM 4,107 to be elastoplastic, Denoting by M, and Pr, Tespectively, the bending moment and
radius of curvature at the onset of yield, determine () the radiug of curvature when a

coupie of moment M= 1.25M, is applied to the bar, (b) the radius of curvature after the

couple is removed. Check the results obtained by using the relatioin derived in Prob.

4.105.
4.167 Solve Prob. 4,106, assuming that the moment of the couple applied to the bar
is 1.40M,.
SOLUTION
L . M -2 _Lpre — M .
(@)  ~ EI. M‘:_My(' 3"5?1 het M-H" s .40
S > N Pe el
™= F_’l_,. h E-(""SLﬁE) ﬁ 8-2m = 0.4472)
/O = 0.44721 /or . gl
W+ =L-M - L_mM _ 1 _wm 140
fe " p EL T p T ER r v 0. 44721 Py oy
O.SfoinT . Pe = 1.196€ py -t




4.108 The prismatic bar shown is made of a steel that is assumed to be elastop}astic
PROBLEM 4.108 and for which £ =200 GPa. Knowing that the radius of curvature of the bar is 2.4 m
when a couple of moment M = 420 N-m is applied as shown, determine (a) the yield
strength oy of the steel, (5) the thickness of the elastic core of the bar.

(1)
(14 £50)
be(ac\ (I ,ef_ﬁ:_n;,j

SOLUTION

Nf» ;Jlu )olm

12C
6, Bcz(l - £8)
w  be'sy (-5 L6y - Cobic equation For &7
Data: E = 200 2107 'an M= 820 Nom o= 2.4
b= 29mm = 0.024 m csdh = 8mm r 0.005 m
(1.583ex16) 6, |1 - 150%16% 6] = w20

GY[ | - 75010 6] = 273.u4 x10°

Solving by Fvial Gy = 2927/0° FPa = 292 MPa ~a
®) Y= sép ) uq;;ox :j‘o)‘i‘(gq) T 3.504%I0 m = 3,504 wmm
thickness of elastic core = 2\)/, = 7.0l wvam et




4.109 The prismatic bar AB is made of an aluminum alloy for which the tensile stress-

PROBLEM 4,109 strain diagram is as shown. Assumingthat the o-€ diagram is the same in compression

as in tension, determine (a) the radius of curvature of the bar when the maximum stress

is 250 MPa, (b) the corresponding value of the bending moment. (Hint: For part b, plot
oversus y and use an approximate method of integration.)

SOLUTION
(@ G, = 250 MPa = 256 x10° Pa
300
L1
] En= 0.0064 frow, cowve
200 ,/
r/ C=‘7':’n'~'50»1m'=0.030u«
100 / b = UHO wmam = 0040 w,
0 0006 0010 e '}5 = %’"— = Oéf)gg = 6.21333 wm
/o = 469 Lag it
(b)Y Stvain a't's+v~'Lu+t'an g =

~Bmf = -&U whee v F
Benflina L'.oupfe.
c < T ' 2
M ==l yohdy = 2b yloldy = 2bc" ) pIsldu = zbc* T

[}
wheve +he in+e3v~n) J s qiven By So v (6] do

Evafoate J vs'ng o method oF nuweriald \‘w+e3u+;on_ IF Simpson's
V‘u)e s t)se«\_’ +he in‘,‘e.arq.r"‘\'ou ‘an*mupq. ]

J = -‘%“—Zwulel

where w is o we.z‘aA'I'\'ua ‘Rex‘t’bf’ Usha Av = 0.25 we 3¢’+
He vadves givea the hlde befow

B £l |61, (MPa)| visl,MPY] w | wulsiMPa)
o} v] o (o) | O
0.25 |0.0016G llo 21.8 4 Vo
0.5 |0.0032 (-] q0 2 |80
0,75 |0.0048 225 16825 Yy G1S
l.o® | 0.00e4 250 250 { 2506
218 =4 T wulsl

"

J= (0.25%(\2'9 jO1. 28 MPe = 101.25'*10‘ Pa,

M= (2)(0.040)(0.030) (161.25%10°) = 7.25%10° Nom = 7.29 kN-w —~&

C
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0 4,110 For the bar of Prob. 4.109, determine () the maximum stress when the radius
PROBLEM 4.11 of curvature of the bar is 3 m, (5) the corresponding value of the bending moment. (See
hint given in Prob. 4.109.)

SOLUTION
(a) P"sh , ¢&-= O OB0 mamm = 0. 020
bt YO wmwm = O.040 m
200
1 & _ 0.020
o T e T o = 0.0
/ From corve C. = 21§ MPa ——
100
/
0 0005 000
(L) Stvain distebution e = -E...% s =8.U where U -él'

Benal\'na Covp le '
e &
M =-S YGhidy = ZLSoyls'l,lY . Zbc‘SO p)sldo = 2bc® T
where +he in+eav~q} J s given by S: u iel do

Evafvate J using o wethod of nuweriald \'n'\-eav-.;\'.‘un. I Simpson's
Y‘\)J! s ;)seo‘lJ the inf‘eam,-‘h'ov. &l‘muﬁq rs

J = -%-'—’-Zwuls‘l

where w s awu‘%‘h‘ua -R;-iv, Usfn:) Av = 0.25 we 3¢+
the vadlves qiven in the tlde bedow:

1 1& \Sl (MR uISI(HRY w | wulst (M)
O (o) ) O | Q
- 0.25 | ©.002% 1o Yo 4 lco
0.5 0.0050 254 127 2 254
Q.15 | 00,0018 266 199.5 ) 798
1.00} O.olo0 215 78 | 275
1487 -7 wulsl

H

J= (0.25)(1487)

2 123.9 %10° Pa

= 123.9 MPa

M = (2)0.040)(0.080) (123.9%(0% ) = 8.92+10° Nom = 8.92 kN-m -




4.111 The prismatic bar AB is made of a bronze alloy for which the tensile stress-
strain diagram is as shown, Assuming that the o€ diagram is the same in compression
as in tension, determine (@) the maximum stress in the bar when the radius of curvature

of the bar is 100 in., (b) the corresponding value of the bending moment. (See hint
given in Prcb. 4.109.)

PROBLEM 4.111

SOLUTION
o (ksi) (o) P = 100 wn R b=0.8i4 ) C = 0.6 iw
C 0.6 '
» E,.= — = =52 = 0.006
21>
0 ] r
/ Frow the curve €. 43 kst el

20 /
10

0.004 0008 ¢

(b) Stwain oh'sfw'Lv-h'on g = -Em-é  =&.U where U ';_J'

Benali;na coupfi |
M "S_,._JGL,AJ = ZLS,,yls-l,!y . Zbc‘s v)6tdo = 2bc* J

[+]
i
where +the ;,,-{-CJM,P J s qiven by S. v el do
E\Mfud‘g J- Usl‘ﬂg o. wethoe oF nuweral fn'\'&an“ﬁ‘alﬂ. I*F St‘mpwm‘s
Y‘t)jc s USQO\J +he iwf'ean,-‘h'om 'Fof‘w\.u?q. (s
J = -%L-’- 2 wulsl

w|nev-e W js o wct‘y‘.'l'fna -R.::har,_ Usfna AU r 0.5 we Se,‘l'
the valves given the dwlde below :

U tel [ e\ ksil vishksi | w | woisl, ksi
o) o o Q l o
0.25 | 0.001S] 2§ 6.25 H 25
0.5 | 0.003 | 36 13 2 3c
0.7 | 0.0045| 40 20 4 V20
1.00 | 0.006 43 43 ! 42
224 <<—2 wul€)

I- (o.zsg(zzw) > 1867 ksi

M = (2X0.8)(0.6)(i8.67) = 10.7§ kip-in -t

r“‘—] | S r I

1
|

—

!

1 i




4.112 For the bar of Prob. 4.11 1, determine (a) the radius of curvature of the bar

PROBLEM 4.112 ‘when the maximum stress is 45 ksi, (5) the corresponding value of the bending

moment. (See hint given in Prob. 4.109.)

SOLUTION

@y b= 0.8 iy e =0.6 i
6’“‘ = 45- k‘s-‘
From the corve Em T 0.008
L. -&_ﬂ 3 .Qﬁ?_g. - Wl
P c - o‘ G - Opo J 3333 ‘V‘
P~ 75 in ——

0 0.0_04 0.008 ¢
(b)) Strain distribution B T - E....% T =8.U whene y-= 7\:/'

Beml.'na cw(ak.
[ & . ] .
M= ysbdy « 2b{ yloldy < 2bc § visldo = zbet 7
-
]
where +he in+eav\q} J s qiven LY S. v I8l do
Ew.ﬂuu'l‘e J unt'hs o wethod of nuweral \'vs"'e.'an.'\'fnh_ If Sl"“'\rScn‘S
Y‘UJC s l)seoi_, the iwi‘eam,»"‘fon Formoda s
J = —Ag'?- 2 wolsl
w'r'ewe w s o wc.rﬁ‘}fna 'R.-,‘hl" .Us:'na Av = 0.25 we Se,'f‘
the vadves givea in the +\de bedow :
b lel 16l ksi | vish ksi| w | wol6], ke
18] 0. O O \ O
0.215| 0.002 32 . 4 32
0.5 | 0.004 33 19 2 28
0.75| 0.00¢& H3 32.25 4 129
1.0 0O.003 45 45 S 45 ]
244 =+ Zwu 6l
_ (0.25 X244%) _ .
J - 028 = 20.23 ksi
M= (2)(0.8)(0.) (20.238) = \|.7 kip-in -




4,113 A prismatic bar of regtangular cross section is made of an alloy for which the
stress-strain diagram can be represented by the relation, €=ko" for 0> 0, and €= -jko"|
for 6 <0. i a couple M is applied to the bar, show that the maximum stress is

14+ 2n Mc
o, = —_—
" 3n I

PROBLEM 4.113

SOLUTION

Stroin da's“}‘h'l:d'('fon £ =B 1 = -eh U where U '3%

Bend-'na couP)e.

™M= -S_:ys ba’\y
= Zbc'g uis|do

For &= K&, £z KB
£ =0 =(5Y 61 = G.u*
Then M= 2bc S UG, U du = ZchS L\h"T
- abe s L[ - 280 bete
G, = L& I
Qecadd L - phlel . 2y . 2%
R




O R

!

— 1 [COa [

PROBLEM 4.114

4.114 A prismatic bar of rectangular cross section is made of an alloy for which the
stress-strain diagram can be represented by the relation € = k. If a couple M is
applied to the bar, show that the maximum stress is

o =M
"9 7

SOLUTION

Strain JI‘S"'T‘!’L&J‘!‘;OW_ & =-E...i = —-&n U wheme U '-"-cz.-

BenA.’na coup)e

M = -ScbedJ = beylsldj = zac’jglclég

Q

'
= 2be’ go visldo

For &= K6 . Ew = KB

& \" . - +
£ -u-(§) ¢ 161G
1 \ \..*
Then M= 2be* [ 0G.0%do = 26865 8" oo
vil' 2n 2
= 2.bc‘ G...,. ..Zb:;..)o : -.?—a—;-’- ’oC. 6:..
. An+l M
Gn 2 be*
$ 2, d__ 2c
Recald %“’ ,‘!;i‘b'%&;‘)' = Fbe Ier 3T
. An+l Me
Em * “3n I
(2Y8)+) Mec . 2 Me
wWith n=3 6., = GO




4.115 Determine the stress at points 4 and P
PROBLEM 4.115 60-kN loads are applied at pointgo 1 and 2 only

6O kN

Gl kN

SOLUTION

N ]
(&Y  Losceina ‘s Ceatvriea.
-

P = 180 kN = 130xI0° N
A = (20)(240) = 2.6 #10% mm = 21.6 %10 m*
MAadR 6=-f < JB0MOT - 553,05 P

=-8.33 MPg -
(B) Eccem‘)‘m'c }oaa!t'nj
P =120 kN = 120x10°
M = (6ox%10 )(1% 1072 ) = 9.0 xi0° Nem

T= mbh = 5 (YXW0P = [63.78%10° wm® = 103.68 %105 m"*
C = |20 wem = O w :

-

M A G e-L- Me o _12060° _(.0.x0")(0.120) _ _ 5497 x/p* Py = - 1597 MPa, —a

A I e xlo-? [03.68 ¥iO0™%
3 3 »
M8 G-k tle . ol QOGRS - 4gcrjoPe e MPa

4.116 Determine the stress at points 4 and B, () for the loading shown, (b) if the

PROBLEM 4.116 60-KN loads are applied at points 2 and 3 are removed.

N 6k
’ SOLUTION

(@) Loacl-'mﬂ is centnre
P = 180 kN = 180x10° N
A = @)X 2490)= 21.6x10° mm = 2,610 % wm*

150 mm

150 mm

3
MAwd B 6:-8--B21C - _ 523,10t Pq

= = 8,83 MPa =
(%) FEecenhie pmu“ng
P: 160 kN = §o-*I0" N
90 mm M = (coxo?Y1Soxio®) = doxid® N-m

120 mam

T=gbh® = #(3)X240)* = 103.68%10° mm’ = 103,687 "
C - IQO M T Q. i?o Lig]

!

Mc . _coxto® _ (@.oxio® Y(0.120)

A A Gﬁ“%' 1 2605 10%.6ExIo< =13.19%0¢ fa = =13.12 MPe. =
P
y; M

3 ¢ 3
Me - _6éoxio® . (q.oxio")oa2) _ ¢P, = 7 cu -
T Lo | 03.48x(pt TétxotFa = 7.04 MPe

]

.,

1

(I

f ]
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4117 Knowing that the magnitude of the horizontal force P is 8.kN )
PROBLEM 4.117 stress at (a) point 4, () point B. Is , determine the

SOLUTION
A= (30)(29) = 720 wmm" = 720210 "
€= 45 -12 =33 mm = 0.023 =w
s hbh®s 5(30)(29) = 34,56 #10%mmY £ 34,5C w5 "\
A mm = O, 12 wm Pl'—' 8’/03!\’

0
" 1 ]

Pe = (8x10%X0.083) = 2¢4 M.m

-_B_ Mc_ _ g0 (269)0.12)
MA -3 T T 2wt %«E‘%‘

=-102.8 »10° Pa, =~102.8 MPa

B Me_ _8n0% | (269)(0.2) _ e _
M B &g A YT T Taowio< ? FqSgwigr © 80-6%I0°Paz 80.6 MPa  wm

[

| r— .ul -

_4.__4 T;;;.

4.118 The vertical portion of the press shown consists of a rectangular tube having

. | : .
& wall thickness ¢ = 7 in. Knowing that the press has been tightened until P =6 kips,
determine the stress (a) at point A, (b) at point B.

PROBLEM 4.118

SOLUTION
t=4 i P: 6 kips
A= @A) - 2X8) = Gt
I= A@N4P- 4@ = 115

c= 2in, €7 10+2 = 12 fw,

M= Pe = BXi2Y+: 72 kip.iw,
@ & = £y He. £, 000 g gp -
k) Gy = £-He - £ -0 .y 5, —




PROBLEM 4.119

4,118 The vertical portion of the press shown consists of a rectangular tube having

a wall thickness ¢ = % in. Knowing that the press has been tightened until £ =6 kips,
determine the stress (a) at point A, (b) at point B.

4.119 Solve Prob, 4.118, assuming that the wall thickness of the vertical portion of
the press is = 5 in.

SOLUTION

Qeo'l'av\gupq,r cutout is Zq‘ inX 3% in

Az @YY~ (225)(2.28) = 4.6B7§ in”

= HEP- La2s)(3.25 = 9.5¢35 in"

10+42 = IR in, M= TPe = ©¥12) =72 kp- v
c (72 )(2)

Y G = ‘E‘ + "I:%S = Gesrs T qmeas T 16.34 ks -
._6& _a=y | .
&Y Gg = “E = ";__c" ~ g8 aces - 1378 ks -

4.120 As many as three axial loads each of magnitude P =50 kN can be applied to
the end of a-MESE=2T rolled-steel shape. Determine the stress at point 4, (a) for the
loading shown, (b) if loads are applied at points 1 and 2 only.

W Z200% 31.%
SOLUTION

For W 200 %3).3 vollet steel slmpe

A 4000 mm* = H.000%[0"% m*
C=4d= $@0)= 105 pm = 0.108 m

T = 314 x10° mm? = 31.4 10" m"

(@ Centric foud
3P = S50 +50+50 = V50 kN = |50 ®j0* N

- P_ _wsoxio® _ ‘ - _
6= -5 s - 2205 =-3L8%0 Pa 37.5 MPa —
(b) Eccentrie Pou‘in: €= 80 mm = 0.080 m

2P = S50+ 50 = |00 KN = 00103 N

M= Pe =
. _ 2P
S~ -

(sox10%)(0.080) = 4,0x/0° N-m

MC - - ,00?‘!03 - ('I'.OV'O‘S)(OJOS) - o 38-4*’0‘ P{
I 4.0 x 03 3.4 w}o~¢

= =284 MPa e

o

]

]

C ]
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4.121 As many as three axial loads, cach of magnitude P = 50 kN _ can be applied
PROBLEM 4.121 1o the end of 8 WR2e2% mlled-stee] shape. Determine the stress at point 4, {a) for the

loading shown, (5) if loads are applied at points 2 and 3 only.
W 200x 31.3
SOLUTION x

For a W 200x31.3 volled steet shape

A = 4000 mm" = 4,00 % )0 ¥ mi
& = dd = i(ﬁlo) 2 |05 wmmm = QLIOS
I = 3Lyxlot w\Mq = 31'4-3}0" 'ﬂ'l‘.

(@) Centric joa:(fmg

3P = 50450+50¢° |50 kM = |SOx10% N

& = ..TP: - ‘% T «~3285%0°Pa = -32.5 Mfa

(b} Eccentrie .po-.o'inj €= 8BOmm* 0.080 m
M = Pe = (§0x10°)0.080) r 4.0x10% N-m

=-3P | Me_ _Jooxio® | (40x0°Wo.105) _ _ o° P
Sh ==& . e 4.0x10°3 " 314 xj0-* 6210 T

= - 11.62 MPa ——

d
P l P

W—‘ SOLUTION

4.122 An offset h must be introduced into a sofid circular red of diameter 4.

PROBLEM 4.122 Knowing that the maximum stress after
used.

h For centric ,paa.Ain-j 6. = ;
i P o
For eccentric ioulinﬁ Gy = -E + Bac
d
G':VQV\ 6¢ = 46;
290k

Phe _ -Pp . =_-’?’.-I__,(_3%h'“°‘_")_-_- A4 =034
sl W cA @ Fda*) e

J

theoﬂkctisinu'odwedmtmmumdﬁm
timmthestrmintlwmdwhenitwasstraight,detmincthelarmoﬂ%etttmmbe

—
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PROBLEM 4.123 '2-mm wall thickness, Knowing that the maxi

SOLUTION

d; = do-Zt 7 18- = % mm cC=dd, -

A F(A-dM): TO 1) 7 100.53 mmt

I= g(doq’-aliq}rg(lgq-l‘{q)’ 3-2@73)‘;’03th

For centrie 490~J‘-'n1‘ 6. = 'E‘J For eccertrie )o“‘l.‘na €°=EE+%__h-g'

' : = . Ph
Given G, = 46, = _E 4 EIhc - q..}\? - _ji__g
h= 3L . (8)(3203x0%)

T = 10,83
CA (2)(100.53) e

- 2F
= 38

)

4.124 A short column is made by nailing two 1  4-in. planks to a 2 x 4-in. timber.
PROBLEM 4.124

Determine the largest compressive stress created in the column by a 12-kip load
appliedasshcwnatthcomueroftbetopseaimofthetimberif(a)ﬂxcoolumnisas

12 k-'ps

—

12 kips described, (b) plank 1 is removed, (¢} both planks are removed.
SOLUTION
? |21¢-'p5 [LIQ kips
[y .
(@) (&)

(@) Centric ﬂoadn‘n\.: YinrUin cross sectipm

- 12 bess
G % ) = 0. 75 ks

k) Eccentre }ou’inaz Yin x3 i1 cross section

©

A== 16 it

A= E) = 12t

C = (.{.)(3) « 1.8 in €= L.L§-10 =2 0.5 n

T= &bhds 2N3P = 9 i

12

& - -£_Pec | _2 _(2¥esYys) _
AT 9

<) CEA‘IH‘C jotol{nj: 4in x 2 in cross sectiom

G:-A-E‘:-—-%?—‘-: - 1.58D k‘l.

~2.00 Kks;

A= (‘f}(‘l) = 8 l'nt

-
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4.125 The two forces shown are gpplied to a rigid plate supported by a steel pipe of
PROBLEM 4.125 140-mm outer diameter and 120-mm inner diameter. Knowing that the allowable
compressive stress is 100 MPa, determine the range of allowable values of P.

i5okN] 0 mm 90 mm |P
| i SOLUTION
A= E‘(d:“d:)f :E‘(NOL- l?u‘): q_osqwosm: P S

= E(d - )= Llivot120")r 8.619 % 10%mm' = B.02ax15" m'

e fo,® 10 mm = O.070 m

F = 1s0x0*+P M = (0.090)(150%10* )~ (0.090 )P+ 13 5wi5’- 0.09 P
)
M A 6 =-E _M__USmPRHP  (1350%- 0.09P)0,070)
AT OUA I = TEosdsio® 2619 %1o-¢

"

~H5.CIXI0% + 48).08 P = -100x)0° =~ P = 94310 N

- Me - . (150x10°)+P $¢10°= 0.09 P N 0.070)
AtR  Gs f- T 4084 > (O +Las 8.C79 0%

2 72,188%10° ~ 970,72 P = =jopxi0° = P= 1770.3x03 N

4.8 k¥ < P < 177.3 kN tt

4.126 The two forces shown are applied to a rigid plate supported by a steel pipe of
PROBLEM 4.126 140-mm outer diameter and 120-mm inner diameter. Determine the range of allowablc

values of P for which all stresses in the pipe are compressive and less than 100 MPa..
150 kN 90 mm , 90 mm IP
1]

SOLUTION
A= % (de-di ) T{i4o™ 128 )" 4.084 %10 ma = 4084 %5 w"

Iz E(dtdi) E-(14o'- 120" ): 8.679% f0° mm? = 8.679% )57 ¢ m*
C = 3de T 70mm = 0.070 m

F-= | ISoxio® 4 P, M = (0.090)(1sOxi0* ) - 0.090 P = 13.§%10" - 0.09P
At A G - E _Mc | (sox10*)+ P (13.5x10% - 0.09 PX0.070)
A I 4. 08¢ w1073 £.€79 xjo*¢
= - I495.61x[0% + 481.03P = - 0O x|0* .~ Pr: 348xi0* N
Cu= ~145.¢Ix/0% + 481.03P = o P= 303 xio” ¥
Based on stress Muits o A 4.8 kN < P < 303 kv

-.E _  Me __(50x)o*V+P  (j3.5x 10~ 0.01 P} (0.070)
A“ B 63 * A + T 3,084 %03 + 2.¢79 <10=¢

= 12165 x10¢ - 970,75 P = - loo x0O° P= 127.3x0" N
Sa= 721SS410*~22.7¥ P =0 P= 749.3x(0* M
Bused on stress Limits ot B 74.3 kNg P < 172.3 k¥

Boased ow both Lrwits Q4.8 N < P < (797.3 kN -




4.!27Amillingopemﬁonwasmedtomnoveapadmofasoiidbuof UBTE CIGSS
PROBLEM 4.127 section. Knowing that ¢ = 1.2 in., d=0.8 in., and 04 = 8 ksi, detcrmimsqthe largest
. magmtudei’ofthcfomesthatmnbcsafelyappliedatthcccntcmoftheendsofthebar.

SOLUTION
A= ad I=%a0d® c=%d
ez $-4
¢ = ‘E‘ ¥ __P%g_ = a?a' * a«d’d
6L +30kd) . o
K = a.'d_T +'%%-d) ? (I.;.)COJ) 1 Ef)z(ﬁ.(tgf) = 2.604 "
P - % g = 3.07 kips -

4.128 A milling operation was used to remove a portion of a solid bar of square cross
PROBLEM 4.128 scction. Forces of magnitude P = 4 kips are applied at the cesters of the ends of the
bar. Knowingthata=1.2 in. and 04=38ksi, determine the smallest allowable depth
d of the milled portion of the rod.

SOLUTION
A=ad, I-=ad® c=%d
e:8.-4

ad*

2
P, Pia-dlid _ Pla-d
s Bee o B, PHaddd B 3Pacd)

oy 5."'-+E_P_J -3P=0

i b 3 A+ 351 (TS - 221

4= dn ] VBT (ee) - G0} oamr

—




O

4.129 Three steel plates, each of 1 » 6-in. cross section, are welded together to form
PROBLEM 4.129 a short H-shaped column. Later, for architectural reasons, a 1-in. strip is removed from
each side of one of the flanges. Knowing that the load remains centric with respect to
the original cross section, and that the allowable stress is 15 ksi, determine the largest
force P, (@) which could be applied to the original column, ($) which can be applied to
the modified column.

SOLUTION
@) Centwic poaai'-hi

A= (BUNCY= 18 i

6 =-% - PEA=0S)8) = 270 kips ==
(53 ECC.E»\“’V‘\'C. ./pba.e/l lhj

QEA veed cross se,c,'{";‘aoﬂ

YA A, irt] Foy in | AY, in] Vo= ZAY
ol 6 | as | zlo .
®| 6 | o 0 Sk
N @| 4% |-2.5 |-14.0 7 0.4378 ia
) S G 1.0

The centroid Pes 0.4375 in  Frowm He mielpoint o the web.

I,= w0+ 6V(3.0629)° = 5.773 i

I,+* '.‘5.0](6)3* (6)(6.4375)" = 14148 in"

I, » g (X4 ((39878)° = cazda i
IT=I+1I,+1I, = 138.27 ", C= H.4378 in
M = Pe- whlere €= 0.4375 in

R RN O

KW= Ly 8& o L (040)(T) ) oopy,

A I \& 138.27 "
= _ﬁ - _‘..:-L‘g—._u——- - : ’
P K ° Tb6.07654] 196.0 kips -




PROBLEM 4,130 Knowing thz_u the allowable stress is 135 MPa, detet:mine (a)_the largest force P th'at
can be applied to the element, (5) the corresponding location of the neutral axis,

4.130 A steel rod is welded to a steel plate to form the machine element shown,
Pr
' Given: Centroid of the cross section is at C and [, ~ 4195 mm*,

6-mm diameter

SOLUTION

Zz
13.12 mm Section g-2

‘ - =y

L--ls.u—-—l-w.ss -

(@ A= BNy FE@O = 2227 mim = 82.27%16° wm*
T = 4195 mwm’ = BIS %o ¥ m"
e = 1312 mm = O.0IT12 w |
Basecd on tensife stress oF Y- ~18.42 mm T = O0.01R12 ™
- P Pec
6— -~ A +

= (—L—+ _@f_)? = KPP

1
W 4o e _ fo.01312)(0. 01312 ) _ s .z
K - A ¥ —_-E— - 52-27’f0-6 + 41495 »|o- '+ E3. 188 ¥/ m
- % : J:!'gs;?so:los = R.8538¢0F N *  2.84kN —
(b) Lor.a.'i‘l‘ov\ neu‘f‘v\o,? auw'e, 6": O

SR My _ P _Pey . ey .1

SR "I T & T © T A
d 4198 » |0t

= 2.81%10%m = 3.87 ww -t

J - Ae ) (82.27 10" %)(0.012312)
The nevtved oyis fies 3-89 mwm do the le\'} of +he centvord
ot 1 7.01 mm fo the m‘gH’ of the fine of achion of He Lousds.

O

]

SN [ W D B B B

o

S




) 1 31 1 31 3

]
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4.131 Knowing that the allowable stress is 150 MPa in section g-a of the hanger
PROBLEM 4.131 shown, determine (a) the largest vertical force I* that can be applied at point 4, (¥) the
L corresponding location of the neutral axis of section a-a.

SOLUTION

L oc.a.‘}c_ c.&n‘}v' old

: A, mmt jo.) v A.:/o: e ? , TA -!o
| ® | 200 %o 36x10% ° A
3
21 400 20 %O = 50 mm

The centrotd Jies 80 e to the NQL‘I' of +he
Jett eoije of the sectiou.

Bené’fna c,ou.oje M= Pe
Section a-a e T Y0 +850 = FO mm = 0,070 w

I, = 75 (oY) +(1200)(20) = 840%(0° mm’
I, = & (60)(20) +(1200)(20)" = 520 x 10° mm*
I= I,+1, = L3xI0mn' = 13600107 0" A= 2900107 W*

(@ Besed on tensife stress ot fefd eoEJe: y = ~80 mm = -0.080 »,
=L -Pay - kP

A I
K = _‘__ - _Q_:[ - t - (O'O?O)(H o‘-oso) = 3.72‘ss‘xl°3 M“'q‘
A 1 2400 x {076 1.360 % [O~¢
P= S o JSoxel . 4o3x0® N - 403 kN ~
(L) Locatisn of neviraf axis : &=0

- Pey _ 4
c-fF-F:o0 = A

g

. I _ 1.2360 % |D"¢€
T Re - (2400 x10°¢)(0.090)
The neutrad aws Pies 6.30 wn to the NﬁH of the centvord
or 56.30 wwm Frow +le Jeft eolje

= G.3O"IO‘3\~\ = 6.20 wmam —




4.131 Knowing that the atlowable stress is 150 MPa in section 2-g of the hanger
PROBLEM 4.132 shown, determine (a) the largest vertical force P that can be applied at point 4, (b) the
o corresponding location of the neutral axis of section g-a.

4.132 Solve Prob, 4.131, assuming that the vertical force P is applied at point 3.

SOLUTION
Locate centrord
A, - S;o) it AS‘oz'”‘"'s v = SA*I;
®| 1200 30 3exip3 ° ZA
®| 1200 70 84 xi0® _ 120wi0®
3 2300
Z| 2400 120 x Jo . S0

The centroid Jies S50 ma to +?.e rigly oF
the Jfefd edje o the sechon.

Bena‘inq C.c-JP]e M= Pe
€r 80=-1202 ~70 wm = ~O0.070 m

T, = (206N + (1200 W(26): * S4OXIO® mmt
L'}
1.5 k(6o )20 + (1200 )(Ro )t = S20% Ip*
T- Il + 1:. T 1340 %x/0° mut = 1.360!1'[0" m? 3 A :2900:/0",.,"

(©) Baseed on stress at pe‘?‘l’ eoiae o sgo'}u‘on: Y = =80 mm = = 0.050 m
& = —E - m = K‘_P

A 1
- 4o &Y . | _Lo.070)(-0.050) - B et
KL' A ._'Ex = 2400 jor¢ 1.260% (O~ 2. 1569 %} v

P = & . -lsoxiof

: 3
K. = ~21561x(03 69.6 xio” N

Based on stvess of wiqht e.e}ae oF seehon * Y = 30mm = 0.030 1,

6:-;-.%&1:&P
T

- - = - ! ___!-Q 070110.0302 - » 03 -2
K‘? " * - AYoow o6 .36 x10°% l.9608¥¢ m
& _ _Isoewxio¢ 3
P s _K— " 1.9608x%( T 76.85 xfp Y

Choose the smaller valye P= eq.6xic* N = ©9.6 kN e,
(b) location oF nevtrad axs ° & =0
Pey _ ey
N

I
- L _ 1.3¢0 ¥ {0~ - S s 30
d B TQ: - (’Z‘ibbx[o“)(_’o_o;o) RO %o "m 8.10 mm
Nevtrad axis Ries S50~ 8.0 = 41.9 mm From Left edje., -




PROBLEM 4.133

Lo

I, = £(0(0.6) + (0.064)(0.72 - 0.4789 ) = #.013 x5 in*

4.133 Knowing that the clamp shown has been tightened until P =75 1b, determine

in section g-a (a) the stress at point 4, () the siress at point , (¢) the location of the
neutral axis.

SOLUTION

Locate centwvore

Part A_,fn" j.,_,in ATI."J iy.s ? _ Z/::—]fo
=
© | 0.064 | 0.72 | 0.0U4nR
_ - 0.07885
® o.mz: 0.32 o.;:;gz; .9__0"66*
0.
2| oee = 0.4739 n.

The cerfroid Fies O.473F 'w. chove ‘:ur-ﬂ .

Behaiihﬁ COuP,pe M= Pe
€= ~(2+0.83~0.47839) = ~ 2.326! in

I,= & (006)o64) + (01020 0.9739 - 0.22)* = £.22}1 %167 1w’
I=I+I,= 4aastxio™® .
(@ Stress of point A: y= 0.28-0.4739 = 0.326! iy
G- E-My . P_Pey . 75 _ @sX-23%l)(c.3261)
AR I A I b.16cd 939 x1o-5
= 6.8 x/0°® psc = 6.8 sy -t

(b) Stress af Fm‘d P y=T =0.4723 in = O.166! tn

. P _My _
& K TF =

P _ Pey . 15 _ (78)(-2.3261 )(~ 0.473%)

A I  0.léey 9,984 % (o~ 3
= ~T1.87 ¥/0® ps¢ T -7.87 ksi -
(@) Location of nevtral axis &=z0

I A - = Pey ey - L
c-x-F-EF-% -0

I

I %e T (o

lee4 )(~2.32¢1)

The nevh~al awis ﬂ?e.s 0.4739 - 0.0257 = O0.448 in. above

Pofn‘f D.




PROBLEM 4.134

4.134 A vertical force P of magnitude 20 kips is applied at a point C located on the
line of symmetry of the cross section of a short colurnn. Knowing that y = 5 in.,

determine (a) the stress at point 4, () the stress at point B, (c) the location of the
neutral axis.

SOLUTION

Locate cen*:'ro'.'d

Part | A in" |, In | AT, 10 = _ z Ay.
YT EA,
O 12 iy co o
@D| 8 |2 6 T Ze T 3B m
y Z | 20 76
2in. Ecceﬂ‘f’r-‘c"}\/ of ]aaa’ € =-5-3.8 = 1.2 in.
I, - EEQ+0(L* = 21,28 i
WS T I, - A @1+ ® 0.8 = 36.587 in"
2 in | 2 jn, 1l-= It+Iz = 57.867 in?
Lin, .
&) () Stress o A Cp= 8.8
- B, Pes . _ 20, eYa.2)3.8) _ . .
SR T et S = 0-57¢ ks —
(e} Stvess of B Cag * 6-3.8 7 2.2 iw
- _..E. - PeCﬂ - _.?-_9 _{29)0-2)(2.2) = | , il
6‘E = A I 2 ‘57-267 = T2 ‘(S
() Loc.aa“;om of nestret axts ! G =0
- .B | Pea s ga o
S 0 I A
I 57.867 _
= = = Lar
@ Ae (ZoY(). 2 d "

Neotred awis Jies

-
-

1.389

1L 4

2.4 fn. below cewdroid or 3.8 - 2.411
eNoua Paiﬂ‘f A,

fins wer [.38F iv Frow: lboiv\‘f A -t

P

D

]

C 3 3

I

]
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PROBLEM 4.135

stresses o not occur in the column.

SOLUTION

Locate centroid

4,135 A vertical force P is applied at a point C located on the line of symmetry of the
cross section of a short column. Determine the range of values of y for which tensile

A;'Int 3, \n AE[_J 'm‘ 3 - ZA,’“:
O 12 & 60 ZG—AA
D| 8 2 6 = %2 =88
Z | Re 76
ECCén'fn‘ah‘y oA food € =y =-388 in
N e+ 3.8 I,
I, = AP+ 212 = 2128 ia?
S I, = g (2)4)*+(8)(1-8)" = 36587 in"
T = I +1I, = ST8ET7 in?
IF shress of A equals zevo. Cp = 3.8 in
. -E Pee, - - & o
R Y e S
= L o S287 - 0,761 = 1+3.8 = 4.561
A vl v 0.761 ; y= 0.7%1+3 n.
I} stress ot B equals zero. Cp* 6-38.8=22 in
. -P - Pec . s 8% . .4
6oz - f - % ° <. -4
oL . 5% .
e - Ac& - (QO)(Q.Q.) - 1-3’5 1
Yy =-h315+3.8 = 2485 in

Answer: 2.48% |~ <J’ < 4.586/ in.

il




PROBLEM 4.136

4.136 The four bars shown have the same cross-sectional area. For the given loadings,
show that (@) the maximum compressive stresses are in the ratio 4:5:79, (b) the
maximuim tensile stresses are in the ratio 2:3;5:3. (Note: the cross section of the
triangular bar is an equilateral triangle.)

SOLUTION
Stresses
AA G o-E - Beo
-“--E-(|"+ Alec“)
MB Gg:-E 4 Pec
:.E.(Agc;_.)
A=a | I=m%a' C=C=4a, e-za
45, -2+ (@4 a)ca-a)) = -4% -
Ge = A(”?é‘z:ﬁ“‘ ) s 2% -
A,=me’ = a - E  I:=%c
6, - _E(‘+nc‘)(c ).- —S-E; —
6o § (TgeMed. ) = 3 F -
Ay o c=%o L= %o es ¢
o-B(1 i g
- £ (I - o F ~

“F-e 6= 37
6, - (H(iS?Svs)(i' ) = _q% —
s> ! -
G * ('(""'Sfé%?gl ) = 3-}:—* ——

— g

1




= 3

r
.

/M 3 3

—/ O

—

—

— 3 ]

—

PROBLEM 4.137

W= Ay EC
K-A+I =

LY

S
K

4.137 The C-shaped steel bar is used as a dynamometer to determine the magnitude
P of the forces shown. Knowing that the cross section of the bar is a square of side 40
mm and that strain on the inner edge was measured and found to be 450 y, determine
the magnitude P of the forces. Use E =200 GPa.

SOLUTION

At the stvas n .qeqe Jocation

§=E¢€ = (oom0?) (450107 ) = 9p x|
A = oYHO) = 1600 mm = 1600%1067% w®
I = & (90)40) = 213.83x/0° ' = 218.33%15 " ™
€ x 80 +720 = 10D mm = 0,100 m
C = 20 wm = 0.020 m

_ P M - P, Pec .
C=x*+T s

} (0.16.0Y(0.070)
[Coox|0™° 213,33 % {07

16.00 « [0 m™*

1200’;1"0::03 = 900xJ)O0°N = F.00 kN —




PROBLEM 4.138

y

€, =-400 x 10 in./in.

SOLUTION

Gg =
Centrc force F=P+@
Benﬁl;nj CoUP}g' M= GP - 6 Q
C = & .
I, = 273 in* s __E_ +Me __P+Q +_(QP—-GQXS)
AT A T 0.0 A3

—1.6%[0% = +0.00989 P - 05.20989 @

Gp=-f - . PrQ _(6P-¢Q)(s)
27 A T 6.0 273
-87x%10% = -0.2098% P + 0.00989 Q

Solvt'mj Y and (20 simuj‘}mneodsﬂj
P 4. 2x10° W =
Q= 57.3% [0 4b =

L“'L 2 l(lPS

573 kips

Stresses of A and B From stvarn gages

4,138 A short length of a rolled-steel column supports a rigid plate on which two
loads P and Q are applied as shown, The strains at two points 4 and B on the center
lines of the outer faces of the flanges have been measured and found to be
&= -300 x 10-¢ in./in.

Knowing that £ = 29 x 10° psi, determine the magnitude of each load,

Gp = Eg, = (29%10%)(-400x10"¢ ) = ~ |[. 2 %10® pas
E ez (2an108 X-300%)0°¢ )= - 8.7%10° pa+

M)

()

A

A

]

(

) ]

R S —— .

J

[—'—'r

TN
L
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{
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PROBLEM 4,139

lines of the outer faces of the flanges have been measured and found to be
€, =~ 400 x 10 in./in, € = -300 x 10" in./in,
Knowing that £ =29 x 10 psi, determine the magnitude of each load.

4.139 Solve Prob. 4.138, assuming that the measured strains are
£, =-350 x 10 in.fin, €;= =50 % 10 in./in.

SOLUTION

Stresses at A ons B frowm stva'r sases
N

IF}HI . Centric force F=P+Q

Benolfnﬁ couple M= 6P-GQ

A =100 in? c =85 n

M P+e  (6P=€Q)(5)
Oa = "f*TC b Ty o

-10.15x(0° = 0,00989 P - 0.20987 Q

6 = -E _Mc . _P+rQ _(6P-cQ)($)
& A I 10. 0 273

- L4 x10° = -0.20989 P 4+ 0.00989 Q

So’w‘hj (') aune (2) simuj'l‘ameousop)l
P o= azmao® dh = 920 ks
Q = ug.gx/o® Bb = 48.8 kips

4.138 A short length of a rolled-steel column supports a rigid plate on which two
loads P and Q are applied as shown. The strains at two points 4 and B on the center

Cp =E &y = (29010°)(-350%/07) = - [0.1S 10" po;
6.3 = Ef& = (29”’0‘)("50”/0—6)’- ‘LUS’I‘}OJPS;

)

(2)

A

A




4.140 An eccentric axial 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
€, =+350p g=-T0p
Knowing that E =200 GPa, determine {a) the distance d, () the magnitude of the force
P.

PROBLEM 4,140

SOLUTION

hz IS+ 45 + 30 F Q0 wmm
b= 25 wmm c=4xh = USmm = 0,045 m
A= bh7(25)(90) = 2255w = 2.2WO"
T= &bk~ ‘.’5(25](‘!0)3 = |.51875 %10% wm
= 1.51375 x10¢ wm*
Yy T 60~ HS =S mm = 0.0ISm , Yg * I5-48 =-30mn = ~0.080 m

Stpesses trom strarn qaqes o N and B
Gp = Eesr (200x10" ) 350%)07) = 70 x/0° Pa

6oz Egg= (200510 Y7007 ) = - 1410 Pa

& = 'E B MI (1
S ‘E - %ﬁ' (2}
Su’l:‘l‘rad"mj 6; -6, = - MGa-ys) CI ~Ye)
M= - L(6-6a) _ _(1.5!375”0“)(?%10‘) - -2835 Newm
) Ya - Ye ) o. 045

Molbipdying ) by Y and (1) by yg and subtracting
nGa-YeSh = (- ¥a)E
P = ASe-%6) (2.25‘xlo'3)L(o.oas)(-m x;o‘)--(-_o.os«:)(-’mwo‘)]

NS O.045
= 94.5 x ,03 N
. __M . _-2835 - .
) M=-Pdd = dr-F = -—geopr 7 0-030m BO mny -
b ) P = 945 kN-m et

e
[ T A

]

C_J

C



PROBLEM 4.141 4.140 An cccentric axial 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
€, =+350 u g=-10u
25 mm Knowing that E'= 200 GPa, determine (g) the distance d, () the magnitude of the force
P.

4.141 Solve Prob. 4.140, assuming that the measured strains are
g = +600 1y € =+420 1)

SOLUTION
90 mn

o IS5+45 +20 = 90 wim
b = 25 mm C =4h= 45 mm = O.045 m

A= bh= (25)(90) 7 2.25%1% mm = 225x16° "
T = bhs (s Y)Y

15 mm

W

1.51875 01 wm” = .18 10w

Ya < GO=-4Y5 = ]S mm:m = 0.0lSm) J' s 1545 7 = 30mm T —0.03O m
Stresses Prom strain gaqes ot Aand B
G, - E&, = (200%10')(600%10) = 120%(0° Pa

G, + Egs = (200%10" ) (#20x /0¢ )= 84%10° Pa

2
SUL“’NO\L:V\J 6'5‘587 -L/[—(-Il‘-—la)
M < _I(G.-&) - _{;,5:375:-:0“ V(36 %(0¢) - - ./le‘ N-m

JA“yg 0.045
Mu)+;pjyiua @) by yu and (1) by Yg aud aub#naﬁ'wj
YSe-YeSr = (Ya-Ya )%
P- ANaGg - gG) (a.zs»do"-‘)[(o,ocs)(84~10‘)-(—o.oso)(mowo‘)]

Ja-Ye 0.0%5
= 243 xj0* N
M =-Pd
A R Rt £ 10} N A = -
(o) . P " Tmxor ¥ [ M
(b) P = 243 kN -
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4.142 The shape shown was formed by bending a thin steel plate. Assuming thet the

PROBLEM 4.142 thickness / is small compared to the length a of side of the shape, determine the stress

L1

L]

L_1

(|

Lo

L._J

Lo

31 3 /1 3

N

(1 [

L i

o

C

= Eta’
A e 2kt
Avee A = (2ZEYE) = 2at i C't:_?_‘ﬁf_-_5
a_
(&) & = f---%§s= ﬁ&"nggéﬁ -2
O - 5%*%@@ . 2p
© & < & = "Ez_t

(ayatd, (b)ar B, (crat C.

SOLUTION

Momest of inertia abeut centvroid
c

/\\\t\ -—-;-m _CT}—,—
A 'zt L

T=3CEEY2Y




4.143 The eccentric axial force P acts at point D, which must be located 25 mm
below the top surface of the steel bar shown. For P =60 kN, determine (a) the depth

d of the bar for which the tensile stress at point 4 is maximum, (b) the corresponding
stress at point 4. )

PROBLEM 4.143

SOLUTION
A = bd I=rkbd?
c = %d e= 4d~-o
P |, Pec
S AT
i
- \ mEd-aYdd)] _ P (4 _éa
@‘%{;‘*‘ = “‘i,’%a d‘i

(a) Dep+h A 'Fof* ma.x;mum G'A.

D\‘?Fem-«}:w"e with Y‘e.spec/'} +o d.

6o x10° c)(zsx;o"')} - ¢ .
® G, 40:;0-3 { 75110*5 - &75,10_3)1 4o x)0° Pa = 40 MPa =

PROBLEM 4.144

4.143 The eccentric axial force P acts at point D, which must be located 25 mm
below the top surface of the steel bar shown. For P = 60 kN, determine (a) the depth
d of the bar for which the tensile stress at point 4 is maximum, (b) the corresponding
stress at point 4.

4.144 For the bar and loading of Prob. 4.143, determine (a) the depth 4 of the bar
for which the compressive stress at point B is maximum, (5} the corresponding stress
at point B.

SOLUTION
A= bd I = b bd®
c=5d e = +d -0
- Pec
Sp - 7? -
6, = _?_3 ) _az)(%a-a)&_ag} ] 35__:; *5375
g b (a d* b a  dt
@ Depth d For  maximum Gg: Diffeventiate with respest +o d
9‘5'.5_.35..2_-:_& - o ) = Ga = 150 mm -
dd b a* d4*
_ coxo® §_ 2 € Xasx*) | _ ¢ - -0 —
) G = e { s T soeioy ( C j0¥[0° Pa 10 MPa




PROBLEM 4.145

_ 4145 through 4.147 The couple M is applied 10 a beam of the cross section shown
in a plane forming an angle B with the vertical. Determine the stress at (@) point 4, (b)

400 Il - in.

point B, (¢) point £1

SOLUTION

I. = 5(0(0.2° = §7.6%10% in*
Iy = £ (-2 (04) = C.dovio™ in?

Ya=Ya = —Yo T O.6 i4

0.4 in.
ZA = _Z-B: _Zo =(’£')(O.4)= O-Ql\‘ﬂ.
My 2 HoO cas 60°= 200 dbia | My= = 400 o 60° == 846.4) Jb. n
c « MzY MEZA = _8re.91)0.8) |, (RooYo.2)
@) Gy I, i Y $.6x/0°% | Edonio®
= 9,86xO° psi = 9.86 ksi I
- _ MeYe MyZa - _E846.91)(0.¢) | (200)(0.2)
B) Ge I, © oy 57.¢v07 T etios
T - 2.64 %Ifpsi = - 2,64 Ksi —
__M Milz - _(-84¢c4)-06) , (200)(-0.2)
@ S .'E-.-.D i do ) $7.6xic™® * E.4orto~?
T = 7.86x(07pai = ~ 986 Ksi -
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) 4.145 thmgll 4.147 The couple M is applied to a beam of the cross section shown
ina plane fom.mgan angle g with the vertical. Determine the stress at (@) point 4, (b)
point B, (c) peint B,

PROBLEM 4.146

SOLUTION
I:= ‘Jz- (803G »

it

21R.495>10° wmr T = 218.45 (077 m*

T r i GR)E) = 1.36588 710 mm = 1.365EKIC"

1]

Mjr 300 cos 30° ¢ 25%.8) Nm M, = 300 880" = 150 Nem

)

6 = -M¥a . MyZa . GsoXlexto®) | (259.81) (Hoxio™S)
(a) AT I + - -7 218 ] -c
z Ly M %o 1.368533x 1O
= - 337 %jo®Pa = -3,37 MPa et
__MYe . MZe _ (150) (16 x1062)  (259.81 Y(+4o x(o™®)
) G T " T, AR .3653%x0-%
= — |8.60x(0°Pa. = —i8.60 MPa —
__MYe . MZ _ _ (150)(~ 16 x1072)  (25%.81 X=4ox10)
@ z " i'J i 218 45=107 * ). 36533 %107¢
= 3.37x/0°Pa = 3.37 MPa -




PROBLEM 4.147

Z — e
M = 250 kip - #n. §

10 in.

Web: I, = t5(0.3X9)°
I, = w(0(e.s)®

Toted ! Iz =

y’\ - y& - '—jb = gn.w. -.;
Ml = 250 cos 300 =

in a plane forming an
point B, (¢) point D,

(21(90.383) 4 12.225 =
I, = @XN21.283) + (.02025 =

4.145 throngh 4.147 The couple M is applied to a beam of the cross section shown
angle fwith the vertical. Determine the stress at (@) point 4, (b)

SOLUTION

Fjawse : Iz s ;é"(s)CO.S)"’ + (8)(o0.5 3(‘1‘.75)1

= 90,332 n’

I, = 5 (0.5)8” = 21,333 m*

"

18.225 "

H

0.02025 in'

198 .89 jn*
42.687 int
ZAz-ZB':_c.:ql‘h.

216. 51 k.',,.;,.

MJ 1 —RA50 sia 36° = - |Z& k’-‘p-im

() GA':-"ZM ++MZ‘ =

_{Ri6.81(5) {125 ) (4)
198.89 42 687

Mye , M7 (216.51)(5) (-125 )(~4) \

- - + —J—_B. - = l‘

&) Ge I, I, \q¢.8% H2.¢87 C-47 ke
< o MYe M (RieSNGS)  (-i2s)C4) 17.16 kar

(=) Ga I. N I__}f [a8. 89 + Q2.687 l *

= ~ 716 kst




PROBLEM 4.148

M=10 kip . in. BEF [
3in
2in.
Jin.

2in. 4in.

4.148 through 4.150 The couple M is applied to a beam of the cross section shown
in a plane forming an angle fwith the vertical. Determine the stress at (@) point 4, (b)
point B, (c) point €

SOLUTION

Locate centroid

“@ Aal‘h-‘. _2—_, n Ai}llha
©) 16 -1 |-16
® @ o 2 16
z vl 0

The cev)—l'v\oia‘ p.‘es A Po:'n‘f’ o
I, = &(2@7+ HEXE = g

I+ OEF ¢ @S T o

Yo = —ya-_- { in

ZA = 23 = _q 1T

Mz = |0 eos RO° =

o

My = |0 sia 20 7

) jn=_q;“

}

9.39¢9 kip-in

3.4202 kip. in

.M Myze _  (9.2960001) |, (B.4202)E) _ | Ksi -t
CQ) G'A P I:Yﬁ 4 ]‘:!Jl - - %2 A+ <y — 0.32, $
L) 6, - - Miys . Mjfs - (?.3‘;6; W-1) +(3.4§iz?f~‘” = _0.167 ks, -
) 6:- Mo My o (239600CHY , (89202)00) = (5 yp9 ksi  wa
() 1, I_:, €3 e




4.148 through 4.150 The couple M is applied to a beam of the cross section shown
PROBLEM 4.149 in a plane forming an angle Awith the vertical. Determine the stress at (¢) point 4, (5)
: point B, (c) point &,

M=9kN -in. 1Y

SOLUTION

L I,= "115.0”‘(“)3 - -,&(:oo)(ﬂo)-s = |,62667 ¥10° wam”
j__“ = 1,62667 ¥ IO w*

D
‘—_lmmm—j—\ I..‘( : #(cox\qo)a_ \—'2- (Lha\(loo)s = 5.3067 10° M

120 mm - [N
= £.3067%|0° ™

L]

Yo7 Ye T mYo 5 3O
ZA:_ZS.:'—ZD= GOMM

M, = (Ixi0%) sin 1§8° 7 7.3294 x10° N-m

My = (9x10% ) cos IS® = 8.6933 %107 New
) G, =-MaYs Myza _ _(2.32?4v103)(sox|o'3)+ (2.6333x10>Ycox(5™)
4 I, I, 62667 x 0™ S 2067 % |O¢
. 553 x10° P ¢ S5.3 MPa —l

(b) G- Mo, MZ (2.32949% 16 (3ox15°) | (8.6988 %10 )60 1S
e 1, f l. 62667 % (0™ 5 3067 * (0™¢

- - 1412 x(0*Pa = =142 MPa -t

@ 6 = -MYey Myzo _ _ (2.3294x10* )(-30x16°) | (86138407 Y- goxio)
° 1, I . 62667 x[07® 5. 3067 % 10™°

]

-85 3 x]0° Pa = -85.3 MPa sk
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PROBLEM 4.150

M =900 1h - in.

) 4,148 tllmngh 4.150 The couple M is applied 1o a beam of the cross section shown
in a plane forming an angle §with the vertical. Determine the stress at (a) point 4, (b)

point B, {¢) point 0.

SOLUTION

L Zet-(BNEE) = (- &)t

=(0.109157)(0.8)* =

44, 95¢ <10°* ¥

r=08in. Iyz ";‘Y‘q = '%T(O.S)" = IGO,ggxlo-s it
- = A 30,8 . - N
jA - .YD - :;Lﬁ - _(;1?0 < 0.33955% .
Je = 0.8 - 0.33‘353 = O.'-#éO‘-s"? fn,
ZA * ~Z, = 0.8 (la, 3 Za = O
My = 900 sin 80° = 4§D Abin
M, = F00 cos 30° = 77%.492 Ab-in.
My Za (779.421{- 0.33953) (4503(0.8) 5 ..
@ 6, =M %o = 8.12210° psi
A 1. IJ g 156 x| 03 166.35 10”8 =22 kff -
. Mye [ MyZe . (779.42) (o.4c0uT) (g ) __ . .
(b) 6'3 I + - = ‘-I'-I.‘ts‘(-x[o" ]ZE:B'S-XIO'S = '—7;‘!3*!0 PSI
* J T~7.98 ksi -
. _ MY MyZo _ (779.42)(-0.32353) | (450¥-0.8) "
©) G, -2y g2z Y == 3.68%[0 psi
I, IJ 44,956 = lo lco.85 « o = 3.65 Ks) -




4.151 through 4.153 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 plane, (b) the maximum tensile stress in the beam.

PROBLEM 4.151

W310 X 38.7 150 SOLUTION

For W 310%38.7 volled steel stqu,
I,= &.Ixlo w1 = BSAXIOTE Mt

T7.27 ®1Q° mm'* = 7.27?«10"6 v

QH
]

Ya = e = = Yo = =Y < (%1310) = 155 mm

Zn=Ze = —2g 2 ~Zy = (210165) = 828 mm
M,_ = {JGHO” cos 15° = ;5.45”03 N-wm
My = (Vewio®) sin IS° = #1411 x10° Nem
-1 . 85.)x10"* 0 -
A = =2 : 22l  tan ! T . 136
(a)  toan 9 T tin O ETTIIST tan IS 3 §
Q = 72.3°
Vest] -
ol-72.2-15 = §72.3 )

) Maximum tens’de stress occurs at Pot‘m'f =

G = - MiYe | MyZe _ _ (15.455 0 Y-155nis*) ECALL vic® )(g2.5%10)
£ I, I, 5.1 %[0 7. 27 %107

= 751 %0° Pa = 751 MPa —
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4.151 through 4.153 The couple M acts in a vertical plané and is applied to a beam
oriented as shown. Determine {g) the angle that the ncutral axis forms with the
horizontal plane, (b) the maxinum tensile stress in the beam.

PROBLEM 4,152

SOLUTION

For S 150 %|%.6 r‘o,'ij’ steed .s‘mo,fa-e

= U xS wmmt = A0 107" wm*

i)
[
1

= 0.7192%10° mm T = 0782 jo 5 m*

W
1

Ze = -~ =2y 7 2o “(FNBS) = HAE wm

...yb T oy :f’%\"}{;’fﬂ \ = T8 mmm

"

Ya = Ys
Mp= L&x0%)sia20° = 0.513083x10° Nowm
My = (LEx10%) cos 20° = [.4098 x[0> N-m

(@) +ah ? - _%:_7- -f-a.,\ g = ..q'_”_’(io——‘ +am (CIO"-ZO") = 32.007
J

0.782x l07¢
= ¥8.21
y P
o = 882U ~76° = 18.21° -,
N y
A\ 28
b of 25 — VA
70°
1

(b) Maximom tensife stress oceurs af Pm‘a‘fj)

MY Mz _ (o 51303010 - 7¢ v(0™%) . (1.4695x 15 W 42.5 x(5°)
T, AT 0.782 %{07¢

GD ’ Ir. I:I

1

§0.9x10° Pa = 80.7 MPa —a




PROBLEM 4.153

horizontal plane, (5) the maximum tensile stress in the beam.

SOLUTION

For CR®%ILS volled m“eeﬂ slm,ae

2 /‘WD\./*‘/A I,= 1.82 in* | Iy=32.6 w*

0571 in. Zg = Zy 7 OMin , ZeTZ = = 0.4 {n
Yo £ Y= ~O-ST71im
Ye =Y~ 2.26 - 0.57) = \1.689 \n

My = 25 sin 20° T 8.8505 kipin

M, = 25 cos 20° = 23,492 Kp.in.
@ tam@ T —f_j- tan © = -3'—2:7’% fan 20° = 0.014737
Y v QT O0.844°
ol= 20-0.89% - 19.16°
1
70°
h/
L
yh
&
() Maximom +ensife stress occuwrs af Pou‘v\‘f’.D
G o= Mo , M2 | _@3.490(-0.571) | (g8.5505)( %)
© I, T, ) .32 32.6

L

o162 + |.049 = .21 ksr

4,151 throagh 4.153 The couple M acts in a vertical planc and is applwd to a beam
oriented as shown. Determine (4) dleanglcﬂlatthenemal axis forms with the
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PROBLEM 4.154

4.154 threugh 4.156 The couple M acts in a vertical plane and is applied to a beam
oriented as shown. Determine (g) the angle that the neutral axis forms with the
horizontal plane, () the maximum tensile stress in the beam.

SOLUTION

I,= 176.9 %)0% vam® = 176.9 %1077 m*

IJ': 28 % (0° wm? = Z28Ixi0" m*
Ye T18-57 mm,  Zg = 25 wm
E
1857 mm \/50 M; = LIDO cos 30° = 346,41 Nem
I.= 281 X 10® mm? Myo T 460 sinm 30° = 200 N-wm
Iz.=17e.9>< 10° mm*
, 2 -
(@) +an g) = L. taa B I__G."_w___.-fun %0° = (0.32634C
I\y. 281 % o7
@ = 19.97 °
ol = 3°-19.97° = J0.03° w—
{b) Maximounm +EMSFJ¢ $+V‘e35 ocecrs Q..‘l‘ Fofn?" E
G -~ Ma¥e | Mz | _ (3464NC1857015) (200)(25 »io™®)
o -

. '3,

17¢6.9 % o~ 231 » jo~%
54.2 xj0° Fa

= 54.2 MPa et

= 36.3¢x[0° + 17.79%j0° =




PROBLEM 4.155

Mj‘ 2 — 25 sin 45°
M, = 25 cos 3§°
(@) tan @ < :.l-'l.' taw 6

Ly

v

zl
bse
h

4.154 through 4.156 The couple M acts in a vertical plane and is applied to a beam
oriented as shown. Determine (4) the angle that the neutral axis forms. with the
horizontal plane, (5) the maximum. tensile stress in the beam.

SOLUTION

Tp= 2.4 in" I,=6.74 "

J
2/ 24 = 0.857 in
Zo = ~ 44 0.85%in = -3.0%] in

Ja < -"}in) Ye = qfn) ‘}(D = ~O.25 tn
s -~ 17.678 k.'P.fm

- 17.679 &.‘F. D

204 el -
- - - - . '7
T Jon (-45°) 2.175)
P = -72.5°
g ol = 72.8°-4§° = 27.8° -
gh

(b) Mayiwom tens'de stress occovs at POI‘V\'I' D.

6 = - Mado My %

I, g

_ (17.678)(-0.25) | (-17.678)(-3. M)
214 .74

]

0.2065 + 8.238 = 8.4 ks, ]

]

S,
i
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4.154 through 4.156 The couple M acts in a vertical plane and is applied to a beam
PROBLEM 4.156 origated as shown. Determine (4) the angle that the neutral axisap il':)rms w?th the
horizontal plane, (5) the maximum tensile stress in the beam. ’

SOLUTION

I, = 3-15 (120)(30)> 4 (2 )(120X (301 40 - 23.83)"

+ & (120 A(Y + (120)(26) (22,33 - 15)*

= o %X 10% ! = Ll T S W

L, = 23 & (80)e0)® + (0)eo 2}

h

5,40 % 10° mn® =S40 #10C wt

Y © ~23.83 mm 2

it

6O mm

Mzr = (4 x(03) cos 25° = 3.6252x16° N-m

My = (Y x10®)sm 25° = | gaosxio" N-m

-G
(@ tan@ = L fane = MUXIOE L oce o 6. 095822

S.goxjo®
P = S. 4718 *°
A v
o= 25°-&.475° = |4.52° -
26"
cs° N
h d
KN
zI

(b) Maximum tensife stress occurs at P,.‘.«‘} E

& =-MYe , MZ (3.6252~r03)(-23.33vzd3J+ (LEqo5 #1560 x (072 )
€ I, I l.t1x1o0™¢ 54ox(o™*

it

76498 »[0° + 18,7183 x/0° = 95.0x(0° Pa

¥ 950 MPe -k




+4.157 and 4.158 The couple M acts in a vertical plane and is applied to a beam of the

PROBLEM 4.157 cross section shown. Determine the stress at point 4.
SOLUTION
US\r\a MDL\V’..S c.um)e G\Ef}'e\(‘w\\ ne ‘H’t-e \wc.‘faj
aAdes and P\r ‘N (JA/P mome.m'*'s oF mertia
IJ'L
F v,
D [ AN P f I-Y.:
\ 29"
! z
-le - \ /
2 .3
R=+ 7.9%+83 = (.46 '  fan20.= =EE - B2 . posoc
0. 23.2° I, = 166146 SMn" T,=16.€+10.96 = 28.06 in?
My = M sin 6. = (60)sin28.27 = 28.6% kip- in
M, = M cos O = (GO) cos 28.2° = 5818 kpein
Uy, = D cos &, + Z; 3in O, -3.92cocs 28.2°+« .08 si- 2%3.2% = -4.,08 in
Vi ¢ ZACOSQ... = Ya S0 6, = - 108 c082%.2°4 392 8/n 23.2° = 0. 5852 in.
6 = - MU Muve (56.15)(-4.08) , (23.64)(0. £52)
A I, I, 23.06 AT

= 10.48 ks-‘

s T S L s R
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*4.157 and 4.158 The couple M acts in a vertical pl i i
PROBLEM 4,158 cross section shown. Determine the stress at pointp/ﬁne aad s applied toabeam of the

v SOLUTION

40 mm Using Mohr's c,\'f‘c.)-e.J q'e:l'ervm'm +he Pr\'nc.{paf
10 mm ates and ‘HM Fn‘ncfpa) ynoments of vmevtia,

M=12kN. 40 Tom
4 L,

10 mm T0 mm——l |<—10 mm

Iy = 1894 X 108 mm*
I, = 0.614 X 10° mm*
I, = +0.800 X 10° mm*

1

J

L

Y (1.874,0.800) %10 mw’
Z (O.Gl'-f, O.Soo)x;o‘ wim

E (1.254, 0 ) /O“ mm" z

R<y EF*4 F2° =4 0.c40+ 0.800% xI0° = 1.0245 <)o" o

<

T, = (1.254 - 1.0245)% Jo¢ wm’ = 0.2295%16° mm’ = 0.2295 %15 m

l

L, = (1.25% 4 ).o245) %[0 wm' = 2.2785 ~ 10° = 22785 % [0 m "

1}

FZ 0.800 x 0 °

! , - _— = 25.67
an 26 = Lo [o° 1.25 By,

My = M cos B,

(1.2%10% ) cos 25,677 |.O81C x]O° Nem

My = = Msia B, = =(L2%(8% ) 510 25.47° = =0.51487 /0" N-m

L
1

Uy = Yh eos Ou =2, 8inbm = HE cus 2567~ 45 sin 25.¢7° = 21.07 mm

Vﬁ T Z Cos B, + Ya 5in Bu. = U5 cos 25.67°+ 95 s 25.47° = 60,08 rm

. _ (10816 vj*)(21.07%15) | (-0-5198 x10* X 60,08 xt0™*)

6- —_— M, Ua + MUV‘ =
A T, 1, 0. 2295 x10™¢ 22788 % (o€

= 113.0x10°Pa = 13.0 MPa -




PROBLEM 4.159 *4.159 A4 x 10-in. timber has been trimmed to form a beam of the cross section
. shown. Knowing that the couple M acts in a vertical plane, determinc the stress at point

\m SOLUTION

1in.

1in. Deing Monr s circle deterwro Fle
Lin. m‘ncfpax) axes amnd Pw‘v\c-‘pa) own 2.8
. of inertia.
lin. 3in. linlin  3in. lin.
L
Iy=291in“
L= 393in*
Iyz=--22.5i114
Y (291, -22.5) in" z
- 259 & T luU
Z (3.3, 22.5) =" 7IE I I,
E (1e5.15,0) in? Y
FZ 22.5
B, T < :
ten 20 EF ~ 125.85
= (0.]7878

.= 5.07°

R = 1/E‘F'°+ Tzt = /125,85 +225% = [27.85 in'

Iy = 165.15-127.85 = 37.30 in”

I, = 165154 127.85 = 293.0 jn’

Up = Ya cos B, + Z,5n0, " 2 cos 5.07° +85 sin &.07° Z.434% in

1l

Na = 2y cos B - Y, sin B T Scos§5.07° = X sin &07° 4.804 in

My = I8 cos £07° = [4.9% Kp-in

My = 1§ sia 5.07° 7 1.32¢ kip. m

&, = - M, O, MoVe - _ (4.94).8234) | (1.326)(804)

T T, 37 30 793, & = - 0,953 ks =

Y

—

—
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4.160 A rigid plate of 125-mm diameter s attached 1o a solid 150 x 200-mm
PROBLEM 4.160 rectangular post, with the center of the plate directly above the center of the post. Ifa
4-kN force P is applied at £ with 8= 30°, determine (a) the stress at point 4, (&) the

stress at point B, (c) the point where the neutral axis intersects line ABD,

SOLUTION

P s 4xjo* N (cbmpresﬁl'0n3

M, = - PR sin 80° R
= = (4x)o* )(1a5xi0™2) sin 8o
= m 250 N-m

Mz - PR Cos 30' .
~ (4x10®*)128 =10 } cos 30°

= = 433 N-m

L)
i

> -G
I, = 7 (200)(150)* = 56.25 %10 mm' = $6.28 s6 "
b4
A I, = & (1803(200Y = [00 %10 wm” = 100 %107¢ p*
A & B
b4 Xy T Xg T 100 mm
Zp = Zg = 1§ mm
" -2 2
A = (200)(1507 = 30%(0° mm® = BOX/O m
-8 -1)
. MeZy o Moka - _ 4%10° _ (<250M785w0™) | (-483 )= 100 %/5
(@ Ga= _—AE * fg * I, ~  3oxic® &6, W x[0"¢ + 100 t{O™¢
= €33x)0° Pz = 633 kPa -
- -3)
M, 2 MeXe _ _ 4xi0® (250 )(75w5") , (-433)C loo xio
&) Gg-= h‘AE’ 1:3 * I, = 3oxcd £56.25 x jo° + 6o x |o™¢
= ~233x10% Pa = —R33 kPa i
@) lLet G ke fhe Poi'n'f on AB  uwhent nevtraf osels wtensects.

?
€, =0 Zg = 7S vam o = -

- _F _ MyZs . sze, - D
65 = A T + .Iz

X, = _"-T_az_{i?_ M,,Zc,} . 160 xio“{ 4xio® (-Z,Sb)('?suo"‘)}

M, Is ~433 3ox103 T4, 25 % O
= Yg.2 wlo‘sm = 6.2 nm
——
Poi'-\‘t & jfcs l"fé-z (T ‘Flbu. Pou‘w‘f A




4.160 A rigid plate of 125-mm diameter is attached to a solid 150 x 200-mm
PROBLEM 4.161 rectangular post, with the center of the plate directly above the center of the post. Ifa
4-kN force P is applied at E with 8= 30°, determine (a) the stress at point 4, (b} the

P 4kN stress at point B, (¢) the point where the neutral axis intersects line ABD,

R = 195 mm 4.161 InProb. 4.160, determine () the value of @ for which the stress at D reaches
£ its largest value, () the corresponding values of the stress at 4, B, C, and D.

x SOLUTION

@) P= 4xio” N

PR = (Llr)os)(rzswda}: 500 Nem

My =-PRsin ©7=-800sin ]
My = ~PRcos 3= -S00cws 8
2
D <
T, = = (200)(156 = §0.25%/0 mm” = 56.25%/D7 m’
*
A 8 1,= 5 (150)(2000 = 100 %[0 mm" = 100 07 m”
z Lp = 100 mm Z.v:_75”“"‘
A = (200)(iS0) = B0 x[0° met = BOX[C mT
P Mz . Mx _ _pf{L.Rzsind, Rx cos 8
S = A- Iy +Iz - P{A Iy Iz
For & + be o wmaximum ;Lg = O wth Z = ZDJ ¥ = Xp
46 _ . 5 . Rzocesd | F?x&sinej A
do Plo Ix I,
S5nb _ - 1z 7o . (Iooxlo“)(—isxlo-s) - 3
Cos® ten® = T4, (S6-25%07 Yloox1o") g
5|'n9,= o.8, cos © = 0.6 o= 533° sl
Y G, = P Maza, M a0 +(Soo)co.83(75x:a'3) _(500)(0.676!00;:{0"}
(b AT T A I P oI TEowe® 5¢.25 > (o~¢ ipo X [O™®
= (~0.13333 + 0.53333 + 0.300)%10° Pa = D.7oox|0 Pa = Joo kFa~a

4

53" ("0. 13333 + 0.57333 - 0. 300 )x{0° Pa 0. loox]o" Pa = 160 K o=

)

6, = (-0.13383 + 0 +6) %10 Pa - 133.3 kPa -

G, » (- 0.133823 - 0.53333 - 0.800)% {0 Pa = =0.967%[0" Fa = ~FE7k TR

i w\

(
OJ
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4.162 The tube shown has a uniform wall thickness of 0.5 in. For the given loading,
PROBLEM 4.162 determine (a) the stress at points 4 and B, (b) the point where the neutral axis
intersects line ABD.

SOLUTION

AJO\ j— am.e_-} Z2- a¥Xes os SLO‘VV\\

1= @Y -5R@X = 20.588 i,

Iy = a()BY- MR < 8.5382 in'
Y
= (R)SE) - @X4) = To int
37///,//// A= ¢( ) - @)4) 0
2. //’ Resuftant force and be»m{;'ma c:oup/es
A 7 [ »
7 Z 1/ P'-‘~3+G+G-"-'!5k-‘ps
LT I? :
Mo 7 M, = =(2.5)(8) +(2.5)@) + (2.8)6) = 2.8kip-in
] .
A Gz 7 My = ~Q-8X8) ~(1.8)(6) + (1-8)(6) = -4.5kip. in
. P _My M2 15 _ @28)(~2-5)  a)(.8) _
(@ 6, X I=z + *th;" : ‘ﬁ" RIS S ega = h 0 ks =
- P _M My2e _— 15 _Q@zs)(2.5) |, (-48)(1.8) _
€a Y :Il:,_a +—L—IJ‘ = (20 S3i TTg.szia ~1,376 ks —-
(b) L&+ o;n'f H L! +J|¢ Dfm"’ IAJ"LI@I‘E ')Llle. neu‘}"w\ﬂ axr' s I‘vt‘J‘fV'SC'c_fSa AB_
P P

Zy= 15, y,=% , G-:=o

O: _AP_, - Mz !H;_._ szﬂ

. "3
P MZ - R0.583) 15  anl(1.8) | - - :
( ) H —-——22,‘5 { 7 + 2.5333 L2411 in.
2.5+ 1.744 = B in.
Answer? 3 781  jn. above Pm'nf A, it

LS



PROBLEM 4.163

JK’ = 2.5;h

b}

_ P My
I e

I M, Y«
4
% My ( I,

.S+ 0.718

4.162 The tube shown has a uniform wall thickness of 0.5 in, For the given loading,

determine (a) the stress at points A and B, (b) the point where the neutral axis
intersects line ABD,

4.163 Solve Prob. 4.162, assuming that the 6-kip force at point £ is removed.

SOLUTION

Add y- cnel 2- axes ag Shown,
L= % (XY - @A = 20.883 in'

I = ($)3Y - ()@Y = #5838 &'

Yy
ol 7 S A= (@)Y - @)4) = Tin
PN S 7
I‘R;& ,’ Resuitant Force awd c.our/e.s
1z ; 2 P 284+ 6 = 9 kl'f“
7 7
g Z M,: -(25)(®) + (280 = 7.8 kip-in
4
2 My =0.5)2) + (1.6)(6) = 4.5 kip-in
I M2, . 9 _{(2.8%-28) , (4-5)i.s) _ ;
@) 6a= g —_lija +—f;4 = 3 - Gsis ' ossss - <18 S
_ P MYs, M _ A _(s¥28) |, (45)0.8) _ .
6a= K- TN T T T T zeses tassss - Nk T
) let Pou'n'l K be the Pau'nf where the neutrad axts intevsects BC.

-2

M:z %
IJ

- _P_) . B.5833 5(7_5 Y(2.5) _ 9
A

= =-0.715
s | 20,583 7} 0. 715 in.

= 2218 in

AhSwe/’: 2,215 wn +° +he f‘!'j[q'l' oF ?o|‘n+ B et




PROBLEM 4,164

__P _ M M, Z -
GA = A Iz +ﬁ—ﬁ-\y G‘A

P -

4.164 An axial load P of magnitude 50 kN is applied as shown to a short section of a
W 150 x 24 rolled-steel member. Determine the largest distance a for which the
maximum compressive stress does not exceed 90 MPa.

SOLUTION

Add 7" and Z - axes.

For W IS0 % 24 vollec- steed section

Az BOLo wmd = BOLOXIOD
T,7 154500  wm' = 1340007 "
I = J. 83 %1% pam’ T 1. 83xi5 W’
d = 160 mm b = 102 mwm

Yo oL -80mm, z B8
o= 0% N

M, = = (56x10* W75 x107%) = = 3.75 x10° N-m

MJ= - Pa

-9p »(0° Pa

My = 2 BELR 6

it L

Lagxio™ § (35xi0° }(-80x5*) L Soxi” (—?ox(o“)}
5 %103 V3.4 x| 3060 ¥ [O” ¢
-
= 'gl-g—f}{—‘oio—{ +22.388 + 16,340 - qa}xm‘

H

- 1.8398x 10>

N-m

_ - 1.8333x10°

-5
C.% x[o =
5o »io® 8 * "

36. & wmm




PROBLEM 4.165

lP = 30 kN

4.165 An axial load P of magnitude 30 kN is applied as shown to a short section of a
C 150 x 12.2 rolled-steel channel. Determine the largest distance a for which the
maximum compressive stress is 60 MPa.

SOLUTION

Add y- and Z- axes as showwn

For C 180 % 12.2 volled steald section

A = 1540 mm" = 1540%)0°¢ W
d = ISA mm
b'F = 48 mm
Lo® Sl mm ey
R I, © 5.85%10° mm® = 53507 m
Iy T 0.2%wi0 wwt = 0.226 %107 v
f 77 77 ZA 2 v 12,7 e
/
2 Line of action oF force P S 1y <
/ dr-_-..a, ZegT X~-2Lw= 10.15 mm
4 P = 30x10° N
—>;¢-'L~ T MJE' "PZP = -(souo‘)(lo.:s'xto"")=-304.5N-m
4 o ¥
%4 i | M, » -Pa G, T —60¥[0° Ta
PH— -
l ? Ja -.'.--*J 2 =78 mm Z, = X = 02T mm
v Yz
Als k
= =B My, My2Z
S A . ir
I { MyZs _ P }
- 2 —-‘L—' - 5
Mz sYA I:’ M A A
_ 5.35x10"° | (- 304.8)012700%)  zox08 R coxto"g
T KO8 0.276 » [o™¢ 1540 ¥%10"¢
_ S.SS—Y,O-‘ { - 14000 —~ 19.481 + Go}glo‘ Z - '_86@?’03 N-m
Tevlo™?
Q= - }_4?_: i _Gstsflé;t‘os) = 62.2%I6%m = 62.2 mm -

@)

.

[.

o 0 g g L L4

—
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4.166 A horizontal load P is applied to the beam shown. Knowing that a =20 mm and
PROBLEM 4.166 that the tensile. stress in the beam is not to exceed 75 MPa, determine the largest
permissible load P.

SOLUTION
Locake +he certroid
J

D .
. CL—@,*—*A

‘\l: o \x @ P
20 Mg - — p —
Dimensionsh)mm\lJ ___wﬁl? "‘"‘1 39""‘" AY, m _ 'i/ = —2—%7-

®| 2000 | 16 | 20 loi 32%103

@| 1200 | =10 [=\2x»10 * 2700

Z | 3200 - R e s 2.5 wm

Move coordinate ovigin o the centrovel.
Coordin ctes of Doad Poin'\'-? Xp = a 5 Ye = - Rl mm

BMJMS CGUPJCS Mx = jf? M‘y = "'G:P

| . .
I, = & (100)(20) + (2000)(28)" 4 #r (o) (20Y +(1200)X(12.5) = ©0.4066 710" m’
= 0.406€7 % lo™ m

2]

L (20)(100)’ + H@MW e = 2.0267 x10° el = 2.0267 10" wm*

G = %{-.%1-% -.-:P{-‘-!A—Jhliﬁ[gi--t-%{} = KP

Iy

For point A Ka = Zooxios O.40BLTRIO | ZOoAE7¥Io"
= 821.28 m"
P %:— = ;fly;:‘ = q.3x0° N 7 9L3 kN ~




4.167 A horizontal load P of magnitude 100 kN is applied to the beam shown.
Determinc the largest distance afor which the maximum tensile stress in the beam does
not exceed 75 MPa.

PROBLEM 4.167

SOLUTION
Loeat e +he ceatrord
y
®
& b4
P
® A _
5. ZAy
e - A— % ZA
Dimensions in mm 20 AJ mm yh nw \Yg mm - 8’”03
®| 2000 10 20%15° S200
@ 1200 | -0 |- 12210 T 2.5 mm
Z 1 3200 gAL0 |

Meve coora‘fvm,"‘& ovigin to +he CEA“.hN)fﬂ!
Coow\-’m«‘fes af P.,._J FD:‘AT-‘ XP = & 3 .YP B -2-5- Mg

Bend u'viﬁ c:ou’)ies My = :/?P Mj" -aP

1= & (100 )(2) =(2000)(7.5Y" + (@0X20) 4 (1200)(12.51" = 0.406¢7x10° MM
0.

408872107 't

T, = & (@0Yioo) 4k (e)(4s’ - 2 2.0267210% mm = 2.0267 %107 W

P M, X ' . 3
6= 5+ M_fff - —ﬁ_ 6,15 * 0 Pa | P=io0%10° N
My = ;S(L{ P, Mw}l G':g For peinT A %= SO mu, ¥ = =25 mu

22,0271 ] 100%10° | {-2.5)(ooxI0?)(-2.5715)
Mj = +

2
.
Sox1o7® Zloox I0™¢ O.406C7 % [O-¢ - 15x%0 I

- 2;”»52*}0-‘{ 2125 + §.537 ..'75}*10‘ = ~ 170 00 Newm
[~ 4 1» g

A
o= - --d————g—’-w”“ma' = 471Kl = U7t mam ~
I oo ¥ 10

L]

U

L e

(I
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4,168 A beam having the cross section shown is subjected to a couple M, which acts
PROBLEM 4.168 in a vertical plane. Determine the largest permissible value of the moment M, of the
couple if the maximum stress in the beam is not to exceed 12 ksi. Given: 1, = 1, =1 1.3
in*, A=4.75in? k_, =0.983 in. (Hint: By reason of symmetry, the principal axes form

v Y
0.5 in. an angle of 45° with the coordinate axes. Use the relations I, = A k‘im and I, +1,..
—Lm—l_“" =] +I
/ } | 143 in.
— g - r Y
T Mo

M, = M, sin 487 = 07071 M.
1.43in._‘3L_ My = M, cocds® = 0,707 Mo

5 in, ———n

0 \ 5 in, SOLUTION
0.5 in.

Low ® Akes = (4,760,983 7 .57 in"

4
!
1]

I+ I, = L, = 1.3+ 1.3-459~ 18,0/ in*

-3.57 coa US° + 0.93 sin 48" = ~ L8 n.

o=
&
"

.y‘ Cob 45. + 23 Sin qsb

Ve = ZG cosS 450 "".Ye Si= 45° -0, 93 cos 45' - (-3.57)51'».450 = 3182 n

- - M\l Ug MuVe =.0.7071i M I_ e + Ve _l
68 IV * IU -7 I o Ilm'n Ihd

- _(-1.266) | 2.182| - M,

= 0.70711 M,I o T ,g‘m] O.41 24 M

. _Gs N s et
Mo = Sihizg T o412y 29.1 kipriw ,




4.168 A beam having the cross section shown is subjected to a couple M, which acts
in a vertical plane. Determine the largest permissible value of the moment M, of the
couple if the maximum stress in the beam is not 1o exceed 12 ksi. Given: [, =1, =113
U y ‘ Mas in', A=4.75in? k,,, =0.983 in. (Hint: By reason of symmetry, the principal axes form

PROBLEM 4,169

O'Ei in. an angie of 45° with the coordinate axes. Use the relations [, = A knz]m and I, + 1.,

=L+ 1L

4.169 Solve Prob. 4,168, assuming that the couple M, acts in a horizontal plane.

SOLUTION
My = W, ces 45° = 0.7671 M,
My = =M, sin45° = - 0.70711 M,

Lo = Akeo =(4.75)(0.983)* = 4.59 in*
Towr = Ly+ I, = Lw = 1.3+ 1.3-4.52 = 18.0] in?

Up = Yo tos 57+ Zp sin4S° = 0.3 tos95° 4 (- 3.57 50 457 )7 1866 in

Vo T Zp cos US® -y, sin #5° = (- 3.57)cou H8® - (6.a3) sin 45° = 3,/82 in.
M Ue M \Y; [_ UD VD
= - ilyto MuVe - o.70711 My~ =2 + —=
65) I-V ¥ Iu Im‘n L-x

- (-i.8¢6) , 2.182 1 _
= 0.7071) Mo[. e + aol 0.4124 M,

G __1\2
04124 . 4124

M, = = 29.1 k“p-fw el




4.170 The Z section shown is subjected to a couple M, acting in a vertical plane.
Determine the largest permissible value of the moment M, of the couple ifthe maximum
stress is not to exceed 80 MPa. Given: I, =228 x 105 mm®, I, = 0.23 x 10 mm?*,
principal axes 25.7° « and 64.3° ~.

PROBLEM 4.170

o 4L A
T My ‘J L
10 mm 70 mm4~| L— 10 mm

SOLUTION
I,° Tuww = 2.28%10%mn’= 228 %107 m"

Tp> Lo = 0.23%00 mm* = 0.23%10° "

v A Mv B Mo oS G4.3°
Nh | My = M. sin 64.2°
i _
* S & = e4.3°
b‘\.lbo _ Iv
tan @ = - tan
= % tan 64.3°= 20.597
) 23%|0-
v
Q= 87.22°

Poivts A and B are -Far')“es‘ll Fraw the neui‘m).ax\'s,
Ug = Ygcos G4.3° + 7g sin G4.3° = (- 45)eors 64.2° +£35) sim €4.3°

= = 5L 05 ww

Ng = ' 2y tos 64.3° Y sin'€4.3° = (‘35)605 64.2° ~ (‘*S)Sf-\ 64.3°

T & 25.37 wmw
V
A
e _._ (Moces ¢4.3°)(- 6Los xto™) 4 (Mesin 64.3° )(25.37 «107%)
3o¥lo™ = = 2. 2B Ao~ © 0.23 ¥ 10 ~©
= 93.81 xjo* M.,
M, = 80Xt . 933 N.m —

T o9.1 xi02




4,170 The Z section shown is subjected to a couple M, acting in a vertical plane.

PROBLEM 4.171 Determine the largest permigsible value of the moment M of the couple if the maximum

10 mm—-

W,

stress is not to exceed 80 MPa. Given: I, = 2.28 x 105 mm®, [, = 0.23 x 10* mm?*,
principal axes 25.7° ~ and 64.3° .

4.171 Solve Prob. 4.170, assuming that the couple M, acts in a horizontal plane

SOLUTION

T
i

M,= M, cos 64.3°

I..= 0.23 x10f " = 0.23 /0% Wit

<

I

Tp = 223510 mm*= 2.23 % 10° m”

c

My

"

'V‘]° Ein G‘t%o

© = 64.37

+aan = —% +0Me

_ 0.23xi0¢
2.28x(07¢

? = 11.849°

tan 6%.3% = 0.2096 1

Points D aud E ave -qu*‘l\es'l‘ﬁ'Ffum the wedtrad axis.

UD = ‘yo £os 25-79 - 20 i 25—.7° E L—-S}CQSRS.'PD - ‘E Bin 25"79

—
=

Vo

H

)

- 24,02  mm

Zp cos 28.7° + Yp &iv 2579 = UE coe25.7°+ (S ) sia 215.7°
28.58 wmm

MVUD + M"Vp =
I,

]

(M, cos 64.3°X- 24.0200) | (M, 5in 6437)(38. 38x15°)
Iy L : + prs
T 0.23 *|o™® 2.28 ¥ [o

£0.48410% Me

1.3823 %x10° Newn = [.323 UN-w —n
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4.172 An extruded aluminum member having the cross section shown is subjected to
a couple M, acting in a vertical planc. Determine the largest permissible value of the
moment M, of the couple if the maximum stress is not to exceed 12 ksi. Given: Te =
0.957 in, I, = 0.427 in‘, principal axes 29.4° » and 60.6° ~.

PROBLEM 4.172

SOLUTION

4
[=
11

ey 7 0.9857 00"

0.6in. L5in. 06in. 1, - Im.‘: = A7 oY
v My= M, sf 29.4° My = My cos 27.9°
0= 214"
fan @ = T o < ZH fan 27,0
= 0,254 P = NI

Poivd A s 'Fa,ﬁ‘i"LéS"’ ‘F;ﬁ:w -f"!ne Y‘QJ;V'G,) Y-

jﬁ S o- 0.75 ;n ) Z,. T 0.75 ",
UA - .YA oS 2?-4""’ ZA 5“"‘-'2.?‘?. - - !.02.16 n
Vp T 2, eesZ04° - iy s 247 - - 0.2B520m,

My Up , MuVa (M, cas 22.4)C1.021€) (M. sia 29.4° W -0.2852)
Ozt g 7 - 0.427 0.957

= 1.9381 M,

Ga .. R
1.9328 |

Mo =

T 19331\

G.19 Isi il




PROBLEM 4.173

V] ¥

Usina Mohr's circte

4.173 A beam having the cross section shown is subjected to a couple M, acting
in a vertical ptane. Determine the largest permissible value of the moment M, of the
couple if the maximum stress is not to exceed 100 MPa. Given: I, = I, = /36 and I,
= bY72.

SOLUTION
4 go'f
L= 1, = 3 * 3¢ = 0-360 %0k’
- -b-"l - ___6 ¥ - w 6 ¢
Ij;‘ 72 7 ONBO ¥ 0" vam

Pw'nc{fmﬂ_axes are sj(mme'}r?( axes..

delermine the ‘Pru‘mc.‘paj ynoments of ne~tia.

L. Y
. R =11,) = 0.180%10° -

e’ 1. Libe
A o
ek = 0.540 %G mm' = 0.5HO X0 m

- dy+ T

Iu - "x"%"—" - R

‘7 = O.I3OXIOCwm\“"- O.IBOMIC;'.W:+

Mu = M., sin48° = 0. 70711 M, 5 M, = MOGDSL‘SO = O.7071t M,
o .4 . 0.§40 x15° o _
6= 4§ +an @ = 'I—:' tawm 6 N T tan 45° = 3
P = 71.56°
Poiat A'. UW=90. V= -."'20-E.hm
. -3
e oo Mebh, M o o (07070 Mo )it o ) <ot M.
A I 1 0.i80 %[O
- -Sa _ =looxio*  _ N -
Me = “fitmos = 7 Dt xio® Qoo Nim
PO'I‘A" B: UB: —-?‘T: m ; V& = %ig- Aana
_ L MUs , Mo __ et Y-%>6") , (07070 M 2167%)
s I * I, 0.540 %o o. 180"
= N x(0® M,
Cs _ looxlo® . ‘-
M.; = "l.’ll“lo--, - TTHT x|p3 "’]OO N,M

—-

_—

—

__.j

7
:
et

=
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4.174 A couple M, acting in a vertical plane is applied to a W 12 x 16 rolled-steel
PROBLEM 4.174 beam, whose web forms an angle # with the vertical. Denoting by &, the maximum

stress in the beam when &= 0, determine the angle of inclination @ of the beam for
which the maximum stress is 24,

SOLUTION

For W 12216 velled steed section

IZ = log ;ﬂq IJ = 2\-82 inY
q d = .99 ia by = 3.990 /n.
= = b
" /Y ‘% ' Z= 2
+an qj = -T-J ton & = i2033?. tan ® = 26.§2 tan B
7 ¢ Point A s Far+hes1’* 'FMM.':Lhe neu-hl\e\j ay (s,
N .
g Mj = MDSI‘n e My_: Mo cos O
A Mah , MZ . b
LT - :-Mkd-Q-I-M"f.SMG
i b » 2. 7 T ar
- d T. b
- ‘Q&I—z-( l + I d +dn 9)
i:ov’ e —‘T'O G, = %“%’
Lbr
6;: 6-(’ ]:;dp‘f'aue):QG‘
- Dd | (230001.99) | 5 05273 = 4.70° -
Tan O I,bp ~ (l63)(3.190) -032 6
4.175 Show that, if a solid rectangular beam is bent by a couple apglicq in a plane
PROBLEM 4.173 containing one diagonal of the rectangular cross section, the neutral axis will lie along
the other diagonal.
b \B SOLUTION
/\ fon B = =
' ) -9, - h
Mz= M cos 8 N M, = MsinB
T.- wkh® I = hhb
L, EbhY b h

‘]’aw@: ':f;'f'tme _T!ih\sa h N b

Thus nel)‘h“hp o.xiS paS3es ',’I‘llvm)ﬁla cormer A —




PROBLEM 4.176

4.176 A beam of unsymmetric cross section is subjected to a couple M, acting in the
vertical xy plane. Show that the stress at point 4 , of coordinates y and z, is

v, -zl
2 z
Ll -1I,

where I, I, and [, denote the moments and product of inertia of the cross section with
respect 1o centroidal axes, and M, the moment of the couple.

n==

SOLUTION

The stvess 6, vanies ,P.‘neqmpy with +ha

C-DOV‘Q-);J\&.{&S J a.wo? Z2. Sivee +'|\e, &y\"aj

Force s zevro | the - avel Z-axes awne
]

v
‘tentvol dal axes.

ES‘A = é' y + ¢,z where G, omd C, ave covatants,
My= $z6dA = CSyzdA s C.('z*h

= T,.C + Id ¢, = o

Cp= =32 C

i ¥
MZ:_SJSAJZ = —C,Sysz + ngjsz

= —T‘_C,*'Ixa;;[ﬁ'c.

b 4 I.Y
I:f MZ. :"(I:(IZ'”IJZZ-) cr
. I M, - ¢ LeMs
C. - I, fz - L.t Ca= T, 1, - 1™
6A - - .-sz "Ixty M, J—

IJ I:_ = Idz_t'
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PROBLEM 4.177

4.177 A beam of unsymmetric cross section is subjected to a couple M, acting in the
horizontal xz plane. Show that the stress at point 4 is

zl, -y,
“rr 7
Li-I. "7

where 1, I, and ], denote the moments and product of inertia of the cross section with
respect to centroidal axes, and M, the moment of the couple.

a‘=

SOLUTION

The stress Gy van'es Dineard; with +he
Coored inates oval 2. Sinece +the ayved
‘FOV‘c.e. 12 Ze_w:J ~]~ke, 3— o_v-._d Z-oxes aye
centvrordal axes.

b—fr - C‘y + Caz wkene_ C‘ omd‘ Cz oL f:.ov-.s"‘av"‘;"s.

My = - SysidA = -C Syrah - ¢, (yzdA

= ~-1,C, _I;fz.cz = 0

R Al

My= Sz6dh = € §yzda + C, (20

LMJ"‘

C, =

Gp =

= I:{-z. C‘ -+ IJ CL
~Ty -%_f; c, + LyC,
(I, I, - I.,") &,
IJ_ MY C - - Izz Mx
IyIz_ Iy: ' I_j .I,_“"-T._yz“
Iz N - I‘IZ 2 Mj{ ]
Id I?. = jzz




4.178 (a) Show that, ifa vertical force P is applied at point 4 of the section shown, the
PROBLEM 4.178 equation of the neutral axis BD is

(-

where &, and k, denote the radius of gyration of the cross scction with respect to the z
axis and the x axis, respectively. (b) Further show that, if a vertical force Q is applied
at any point located on line BD, the stress at point 4 will be zero.

SOLUTION
Defindions Ky = R, kT B
;:‘—-E . Mz%E - szé— = _E - PXXE_ 'Pz Ze
GE A + 1, hil A K- 1—&:2

= -..E.[| t(%\xs +(__i_:z) Ze] =0 T E Dies om nedl'wja.xf‘o‘.

I+(T’i§)x +(%z=o) (%)x%%)z:—l —
(o) My = Pze M, = -Pxe
- __“E szﬁ . My 2 - - B - PXEXA - PZEZA.
Ca= R F-"1, KT AE T RKS
= 0 b\/ G?Udfh'om ‘FV"OM Pﬂu‘"f (G‘.) ~
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PROBLEM 4.179

|

TAY

4.179 (a) Show that the stress at corner 4 of the prismatic member shown in Fig. (@)
will be zero if the vertical force P is applied at a point located on the line

X Z=1

b/6 K6

(b) Further show that, if no tensile stress is to occur in the member, the force P must be
applied at a point located within the area bounded by the line found in part a and the
three similar lines corresponding to the condition of zero stress at B, C, and D,
respectively. This area, shown in Fig.(5), is known as the kern of the cross section.

SOLUTION
I,= mhb I, = & bh’ A= bh
S ook
let P be the Joad Pofv«’l'
MZ‘=-'P'X.,: Mx = ?2(
6, = ~£ 4 MeXo  MA
POA I, i
= - -E + .(_"PXP \1"(“'23 - PZP "&'
bh UL & bW
- - B i | - Xe_ _ Z
* “bh b/e  hic
X - Z = SN S
V=377 Tk T2 ,s/a,"“h/e“
At point E zZ =0 5 % = ble
At point F Xx=01 & Ze= h/e

IF +he P-'ne of action (XPJ ZP) Dies
within 1"‘1_9 Povv)-ion marked TA) a -ICnsf.pe

w{jl ‘oeconl 4‘}‘ corner A .
B'y c.onsiafem'nj Gg =0, Q“D;. avd Sp =0 )

the other portions Fr‘oolt)ofnj tenside stresses
are l“ole-a‘h‘PieJ.
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PROBLEM 4.180

A = (20)(207) T 660 wm”

yp T 39.1523-20

4.180 For the curved bar and loading shown, determine the stress at point 4 when
(a) r, = 30 mm, (b) r; = 50 mm.

SOLUTION

@) ¢, = 30 mm n, = E0+20 =50 mm

K= h = 20 =
Rl

- k(ran) =
e=r-R

89.1528

v
e m»\.

= Q. 8477 mm

- %

= §OO*[O

F. 0543

LMy, _(18)(2.1528x107%) .‘ ‘_
S = Aer ~ (Goo %10 0. 28477x102 )(SDX[O‘S) - 45.0x10° Pq
= -45.0 MPy —-
f“ SOmm) = 50 +20=7OMM
h 20
R = = = 59.44027
Ja 3 AR
N SURT IR~
e = v-R = 085773 mm
Yo = S7.44027 - 50 = 2. 44027 wwa
__Mwo (75 )(9.44027 ) 42,2 %o
G Aew, (600 xto)(o. R

= «42.2 MPg -
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PROBLEM 4.181

c

Jn =

GA'-""‘

js £ 49, 3261 - Go

6, = - Mys -

49, 326 | - Ho

4.181 For the curved bar and loading shown, determine the stress at points A and B
when #, =40 mm.

SOLUTION

hz 20 mm ¥, 30 wm 1 = HO £ 20 = 65 wm
A= (30)(20) = GO0 mm® = &20XIG¢ W

_h LR
R=2l "0 %
o= 'Ji_(Y‘I-!-f‘,_) = 50 m-
e

H9. 32€] mm

= p=-R T 0.6739 mm

K. 361 mwn Y‘A T YD mme

. a5)(4.23260x10 )

o =~ 43.2%10° Pa
= ~ 43,2 MPa -

" T (6oox107CX0.6739(0"F )(Hoxio™®)

— 10,6739 wm

(75 Y(~10.8739%"*)

- =~ 33.0x{0° Pa
(606%10°¢)(0.673Ax16° J(60o* )5 *)

= 23,0 MP, =&




4,182 For the curved bar and loading shown, determine the stress at point 4 wh
PROBLEM 4.182 @h=2.5in, (5) k=3 in. ine the stress at point 4 when
1.2 in.
SOLUTION
| ) hW=25wm, =25 =8
N By oesm
5 kip - in. E"__-’ikip-in."“"f‘ A = (I.Z\(Q.S) = 3. 00 inL ) M=5 k"F' .
h 2.5
R=%0h " = 3-6vel
"V, " 25
r=s(n+n) = 378

|+
e=pr-R = 0.1433% in

Ya©  B.6067-2.6 7 I1.J0CT v Vp = R-8 im.
S R -3 1152 BV ST S -

Aets  (2.00)(0.1433%2.5)

B) h= 2 im, V=25 in #= 85 A:U23): 3.6 in"

N 3 :

R TR yiEs 3.8049 in.

v, 2.5

Fedren )= H0000in, e =7r-R = 0.1951 in,

jg - 3.80{'{7 - 2'5' = l.30“f°1 J-ﬂ Y\A = 2.5 fn

6' - - MYA e - (5}(].30'4") = - 3.72 ks‘- el
AT Ae (3.6 X0.1951)(2.5)
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4.183 For the curved bar and loading shown, determine the stress at points 4 and B
PROBLEM 4.183 when 2 =2.75 in. po

SOLUTION

h = 2,95 in. r= 2.5 in . 5.25 (»

2

A= (.2¥2.75)= 3.30in*, M= 5 kp in
wW . RIS

= © = 3,705 in.
R )V\%‘ jw ‘%fs_i °
f = oxlnanr )= 2,276 in e=F-R=* 0.1685 in
Ya = 37065 - 2.5 = 1.206§ in. Ya = RS in
6- - - M!ﬁ o = (5}(12,055\ - -y 3'_' ksf. g
A Aev, (3.30Y0.1685 X 2.5) )
Ye = 3.7065-5.25 7 - |.8§435 /n. ¥a = §.25 In
6-8 - _..M.!B - (5)("-54353 - 2 G‘f ksl. —

Aeva ~  (3.30)(0.1685)(5.25 )




4.184 The curved bar shown has a cross section of 40 x 60 mm and an inner radius
PROBLEM 4.184

r{r:sss mm, For the loading shown determine the largest tensile and compressive
stresses.

SOLUTION

h="10mw.) ¥ = 15 mm Y‘z='5;5'rnh
A = (60X} 40) = 2400 mm = 24900 <10~ "

W . e
1 )
n-ﬁ: P io

R = y = 36.786 mm

120N - m ?\ - J’:(f\' . r;. \ - as_mm
- My
= - T 4 = -
e ¢ - K 3,214 wm G Aer
AY v= 15 ms y * 80.78G — 15 = I5.786 mm
(120 )(15.786 » (072 )

G =

= - 'l.?.‘!‘i"'{o‘ Pa

" (2v00x07 Y(d2rtx(om Y15 ¥ 167 = —12.49 MPa =

At ¢ = SE y T 30.78 -85 < - 24. 214 pam

(120 )(= 2. 21¥x107%) = c2 .
- = 5.22710° P
(2400 %10 (4. 24 % 1072 W ST g% ) - '5..;;{ MPa "

G -

»

-3 a3

—1

-

—
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PROBLEM 4.185

4.185 For the curved bar and loading shown, determine the percent error introduced
in the computation of the maximum stress by assuming that the bar is straight.

Consider the case when (@) r, = 20 mm, (3} r, =200 mm, (c) r; =2 m.

SOLUTION

h= 40 wm , A 7 (60W40Yz 2900wl = 24900213 F
M = 120 Nem

T = Fbh®= 5(c0)(4) = 0.32x10° vm”

: 0.82%10m"
C:%,rl:' Qomn

Assuw\lv\ﬂ ‘H\a."r Hwe ‘oa» 'S s-hrm‘a)i\f

- _Mc _ _ (120320 xi0™*) ¢ o _ -
6, = T 5 327 ]0-¢ 7.5 x/0° Fa = 7.§ MPa
(aJ p, v 20 Laallog Y\" = QO WA A
__h_ Yo .
R. ~ Dn % Pm %% 36,4096 wm \f‘, R T -6, H40TE8
gt 40mam =¢-RP~ 25904 mm
- 4 %
6= M(n-R) | (2o )(f;qo?sf(o )1 = -1z w105 Pa
Aev‘ (zqulo (@-5"04)‘!5 XQO)‘IO- ) = 426 MPs
-1.42¢ - (-7.8)
& Ev = 00 % = - Q. A
7 error = — s x 100 349.4

‘;ov* par’i‘s () and (c) we get  the veloes in the Yabde bedowr i

iymm | Tymm) Rome | P e mm | G, MR | %ewor
@)| 2o 60 36,4096 HO 3.5904 | —-1\.42¢4 -34.4 7%
(b) {200 | 290 |214.272¢ | 220 | 0.074 |- 7.78% 6.6%
() | 2000 | 2040 [2019.93%0 | 2020 | 00660 | -7.546¢ 0.6 %




4.186 Steel links having the cross section shown are available with different central
PROBLEM 4.186 angles f Knowing that the allowable stress is 15 ksi, determine the largest force P
that can be applied to a link for which 8=90°,

0.25 in.

SOLUTION

Redvee section Force +o a doreo -
covple sy stem at G, +he centyoid
of the cvoss section AB.

a= v (l- G°S§3

. M The LemaPCna &.auf)r‘?‘? e M= - Pa
P’ e Bﬁ For the v‘edl‘a.w:lupaf section +he netva d
~. . pprs For be.no\mj c.o./r:)e onfa, fies of
/ \:-‘591 h "~
N R=m*“. Nz e=vr-%

1

At Poin‘f A He feasife steess is
. P a -y L
GA:%-—.M—:—’E—+ Pa._ya ,_,E.(|+_e_‘¥:‘_ﬁ K %

Ae v, A Aew,
a
where l'<‘: [ +E¥‘.L omd Ya = R -,
- AG
P K
Dota : I?\ = 0.9 m, V= 0.6 {n)\ y‘z: 1.2 ."“) h'-'-' 'O.I.G.’_e'\'-j. ‘\o‘.F—' 0.5 in.
A= (0.25)(0.6) = 0.5 ia", R= f—-"—f-ﬁ = 0.86562 jn-
) hoe -
e = 0.9-0.86562 = 0.03433 jn., Ya = O.86562 -~ 0.8 = 0.26562
o= 0.9 -ces 457 = 0.26360 in
- (0.26360Y(0.26562) _ 4l
K= (0.03438)(0. 6) = H.39
= (0.15)U5)  — 5 g2 ks = &1 4b s
P i 3943, S kips
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4.186 Steel links having the cross section shown are available with different central
PROBLEM 4.187 angles . Knowing that the allowable stress is 15 ksi, determine the largest force P
that can be applied to a link for which §=90°.

4.187 Solve Prob. 4.186, assuming that = 60°.
0.25 in.

SOLUTION

Reduce section Force 4o o Favce -
cocuple SJ s_fg,r:u ;a:l'_:_.G:.J.,Hg centyroid
of the cvoss seetion AB.

o= v ({- cos g)
The .Lema'{na boup:&z iss M= - Pa

P For +he V‘eo‘{‘maupar Sec:“c'owd +he nevtva
axis fov -be.v\a‘tna c.oa.a)e anﬂa, Pies af

h —
R=ﬂn% . Mso e=r-R
Ai_.' l::oi‘\a\”“ A He "'e.‘«s(,pe stres s

- =2, Pa = P 2h N
& T K A A el AR R

N

where K = 0 # LY omd Ya = R-T,

er,
P K
Data: ¥ =10.9in, ¥\=0.6in, V=12, W=o0l8n, b= 0.25
E Y - " T 0.6 P r
A= (0-25)(0.6).= 0,15 /0" , 2= mﬁ: 0. BC562 jn-
@ = 0.9.50.86562 = C.03433 ., Ya ¥ 0.86562 - 0.6 = 0.26562
a = 0.9(]- cos 30°) = 0.1205% in.
(0.12058){0.26562)
< = Z2.852¢
K I+ (0.031382)(0.6Y
_ {0.15)(15y _— - -
P oo 0.831 kps = g8/ Db




4188 4.188 The curved portion of the bar shown has an inner radius of 20 mm. Knowing
PROBLEM 4. that the line of action of the 3-kN force is located at a distance @ = 60 mm from the
vertical plane containing the center of curvature of the bar, determine the jargest
compressive stress in the bar.

SOLUTION

Reduce the intevnaf Forces

Iena wiTreel acvrass section AR
'\‘o R “?of’ce-c:oupje s 5+¢,M at ‘f-hc
centroid oF the seetion. The
‘oer.aiin_aj coupfe is

M= P(a+7)
For the rectangular sechon I+ke neutva

aris For Lem;ﬁ{nj c.oupJe om@, dies at

Reti.  AMso e:¥-R

If'lr\'

Tke. \mafomom X =1 ressive S‘f're.ss occurs

ot Poin‘!‘ Ao It s 3i\lev\ bT
6«._.__E__Mge:__1?__P(a.+?‘3\/A_
A A Aer, A Ae v
=k E  wth o pmR-W

Thes, K-+ |+(°'*"?;\T(.Q'P')

Detar  h = 25 mm, ¥y = 20 mm, Wy =4S mm, T =325 pm

25 | .
R= oag = 30.8288mm, = 375 - 30,8288 = 1.6712 wmn

L] 7353
b = 25 ma, A=bhz@S)H25YT 625 mn = BIEH(O "
o= 60mm, O = 2.5 ww R=-v, = 10.83288 mm

- (92.5)(10.82388) _ 3
K=+ 4Emscaey - 07

P = 3xo* N
S, = - _KAP_ - (30-€1«5$8K)Lg%ftcﬁ = -148.6 x[o° Pa
= = 148.6 MPa )

r



4.189 Knowing that the allowable stress in the bar is 150 MPa, determine the largest
permissible distance @ from the line of action of the 3-kN force to the vertical plane
PROBLEM 4.189 containing the center of curvature of the bar,

SOLUTION

Redvece the internal forces

Hema wmiTtedl acveass geckion AR
to e Porce -couvple Systew, at the
ceritroid of the seelon, The
bending couple is

M= P(a+F)

For the vectanqu far sechion , the neut
axis for Lenjinj coupde ondy dies

R*;;hg Aso e=¥-R

The. wmaximom compressive stress oce

ot Poin‘l' A. I+ s SEVem b1

= --E -.__..XLM _ ...__E - P(a-'l'?'\VA
A her, A Aewv,
=-KE  wth oy R-w

_ ; @+ FY(R-1)
Thes, K= |+ *E’.\".

Data: h= 25 mwm, ¥, =20 muy V=45 mn, 1 =32.5 mm
K= "3'%? = 20,888 mm . €= 31.5+30.8288 = |.6712 mn
L Ra v

b= 25 mm, . A=bhzQS¥(25 )= €25 mm = BAEX/O " m”
R - v‘u = IO. 82.28 MM

P = 3%/0° Newm G, = - 150%)0° Pa

K = - 6;,A - - GSo ¢ 1ot We2sx 10" ) _ 2 4c

Ax{o

a+pr = (K-1)er, _ (30.25)(1.6712)(20)

= 923.37 mm

R-1, B jo. 8288
a = 9%.37 - 32.§ = GO0.q mm -




PROBLEM 4.1%¢

‘4.190 Three plates are welded together to form the curved beam shown. For the
given loading, determine the distance e between the neutral axis and the centroid of the
~ cross section.

- _4

05in. SOLUTION

R—';SA.L _ E'b.;,h.;r- - ZA —
¥dA Zb;,gu-ra;u Zb Pa%
" e 0= P AR
T 5 pof] bl h| A | b
ae ®| 3 105] 1.6 o.ue2982| 3,25 4.375
@ e D | o512 | l.oj 0.225993| 4.5 | v.5
1 ®| 2 |o0.s| 10| O.17HOL3 | 5a5| 5.75
s | “Ts 3.5 0.9624¢8 |5, 125
R=_&_§£f@_§ = 4.08812 F-—-‘-'—%—-g—s--: H.82143 jn,
e = V-R = 0.26331 in -
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PROBLEM 4,191

4.191 Three plates are welded together to form the curved beam shown,
. . - " F =
kiprin., determine the stress at (a) point 4, (5) point B, (¢} the centroid of '?l:eﬂ;‘osi

Mu

e 1
|

IO

R = d.ﬁss.;ma
e= V-R-=
@ Y= R-1 =
Sa = Aer,

) vy = ®R-1
e ™" :clar,_

€Y Y+ K-v
Oc = _rey;

section.
SOLUTION
peZA _ Zhih _ ZA__
Z SdA Zh Bno%’ﬂ Zb, b %
F = ZAF".
Z A
v X A . ‘Q“"“"‘ - -
‘m_t-"}' b h R b v T\;- A AV‘
3
2. d- ® 0.5 1.8! ®.ue3ysl 3,25 4.378
55’ @) o5 2 | 1.0} 0.226993| 4.5 | 4.5
c ®| 2 |os| t.0] ©-174023| 55| 5.7S
>3 3.5 o0.9624¢8 |5 125
= 4 08I v 531?%3—5—-:: 4.32143 jn.
0.26831 in. M= -8 kip-in
4.05812 - 8 = 1.05817 in
(-8)(1.05812) .
= .06 k
(2.5Y0.26231%(3 ) s s -
405812 - 6 = - LA4183 in
(-2)Y(-149438) _ . -
(5.5Y6.2633TY(E) 2. 81 ks
.-..e ]
_ Me - _L - - -8 _ ' ——
Aev AF (35432143 0529 ksi




(a)

(B

PROBLEM 4.192 p;ln gz;nd 4,193 Knowing that M= 20 kiN-m, determine the stress at (a) point 4, (b)
SOLUTION
R - ZA -— ?b;h; - 7A~
ZS¥dA b aa R 5 b P e
- > Aive
mm A N
36 Z'Ah
v\)"“""lpq"" i z Y\."_".‘. — —
- b)mm!th A)mm biﬂnr;)mm ¥, o AV‘, "
@| 108 | 45 | 4860 | 28,3353 | 172.5 | 838.35x)0®
@ Va5 | — - - - -
250 @] 36135 | 4860| 18.9%% | 2625 | 1215.75 ¥ o>
5| 1720 | 47.27471 214, <10
. 9720 - - 214 pxio®
K= a7 © 205606 mm 0F e T A17-S e
e = ¥v-R = [].87¢% wm. M = 20%/0° Nem
ja = ‘R‘ th = QOS,GOQ - ‘SO = ‘5-5.€05 s
6, = - Mye  _ _ (2003 H585.606 x 107> )
Aer, (9720 x107¢ X 11894 x 1572 ) (150 » 107 )
= -¢4. 1 %0 Pa = -64.1 MFa -
Yo = R-Y¥y = 205.606 -330 7 - [24.39% mm
6= - M¥ _ _ (20%(0®)(- 124.39¢x107> )
& Ae v, (4720074 1(11.894 < 16> (230 % (0™ )
= &5.2xlof Pa = 65.2 MPa -




PROBLEM 4.193

_ 9720
R= 32.9399
e=¢v-R =

@ oy, = R-v =

LM
© = Aen,
(CY R 7
6‘5’_’*% -
Aev,

4,192 and 4.193 Knowing that M = 20 kN'm, determine the stress at () point 4, (b)
point B.

SOLUTION
R - -Z—A - Z-bzka: - SA‘,
203dh Thilly T o B
— _ ZhAiv
"= ZA.

= ﬂ»u - -
bovmm mem A}myn b)lﬂ W o vem| T, mm AV") now

36 | 135 | 48co | 23,1067 217.8] 1. 085705 %w*°

249.615 b

®
@ | los| U5 | 4850 153332 30675 | [L4gH445= 10*
Z

q720| 38.9312 2.5515 ¥ip*

_ . 2-85ISx10¢ _

37720 AE2.5 mam

12, 885 mm M = 20 x(0%* N-wm

1

-

7

249,615 - 150 = 97,815 wmw

(20%103Y 99.€15 « (7% )

- (G720 %107 Wi2.885 %1072 )(150 = (0%

- 106l x{0* Pa = -—106.1 M Pa. o

R-V, * 249.615- 330 = - 380,385 mm

(Zox (03 ) (-B0.385x ("3 )
(4720 *10"* W12.885 x )03} 330 X ()

28.9%|{0° Pa = 389 MPa __‘




PROBLEM 4.194

SOLUTION
= 16 wmm Pz 2416 = 28 mm
R = é’[f‘- + m]
=%123+m] 25. 4891 m
e=p-R = 28-2548%1 = 2.5109 wwm.
i occovs @t A is givea by 16,1 = Ae(.) Srom whieh
M = Aﬁ%:i&d Mso A zwecr = Tl = 804.25 mm
Data: ya = R-V, = 25.4891-12 = 18.4939] mm
M = (804. 25107 N2. 5107 %15 ) (12 2107 V(€O * 10%) (67,8 Now -

4,194 The curved bar shown has a circular cross section of 32-mm diameter.
Determine the largest couple M that can be applied to the bar about a horizontal axis
if the maximum stress is not to exceed 60 MPa.

12.489] xjOo~3

27T

K_/J'

e e

_
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PROBLEM 4.195

1]

(e

Sa

) 64=

50 1b

A:

4.195 The bar shown has a circular cross section of 0.6-in. diameter. Knowing that
a = 1.2 in., determine the stress at (@) point 4, (&) point B,

et =

SOLUTION
C = ';‘{al : 0.8 in,
R = -%{ v Rt
s0ih = 0.1708\ n
501k, e=v¢v-R -

‘5|

f7e ]

01

0.02919 in,

7 (o.3)* =

0.28274 int

0.8 in,

-Ji[oaJT-_E?l

Mz=-Pla+P) =-50(1-2+0.8)=-100 Lb-in

Yo R-" = 0.77081-0.5 =
'js’ R-w = 0.7708/- \. |
_E -« Mya - S0 (-loo\(o.z’l'cﬁﬂ
A " Aer, | 023274  [0.2827¢)(0.0217 Y 05)
P _Mya -._5° _ (=100)-0.337)
A Aevy  0.48274 (0.23279(0.029@)( 1. 1)

t

0.2708] in.
== 0,32919 in.

.14 )flol(:s\'

.74 VS[‘

- 3,45 x[S pai
- 3. “,5 k'all

waill




PROBLEM 4.196

30 b

4.196 The bar shown has a circutar cross section of 0.6-in, diameter, Knowing that
the allowable tensile stress is 8 ksi, determine the largest permissible distance a from

the line of action of the 50-1b forces to the plane containing the center of curvature of
the bar.

SOLUTION

e 0.5+0.3 2 O.8 in

R= -lp:r: i“-\ + ’\F'I._ ar ] = *IO.Z-&--JO,S"-O.S"’]
O

LT708! (.

C=4ds 0.3,

I

e=r-R = 0.02919 in.
2z

wne =

-Pla+?)

g
"

T(o.3)* 0.28274 'n®
M )

Ia < R—V\, = 0.7708( - 0.§ = ©.2708] i

P Mo - B, PlasPly o 2 ast
- %,W‘x‘ ‘A"[”LG;T,HL]

= ‘Kf whem K= | 4480
K = GT';A - (zwlo?éo.zsz'm = 45,288

a = (Kelew | (Lg.233)(0.0291)0.8) _ ‘n
xx Yo ' ®.2168] 2374 1
o .38 -0.%8 = 1.534 in —t

.

-
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4.197 The split ring shown has an inner radius r, =20 mm and a circular cross section
of diameter d =32 mm. For the loading shown, determine the stress at (a) point 4, (b)

PROBLEM 4.197
point B.

25kN

SOLUTION

‘P = 2.5x0% N M= PR =(2.5710%)(86x0™ = 90 Nem

(o) Point AT yu = R-T = 3HIIS - 20 = 14129 me

= -L- Mys __ 2.5xi0° _ (9o)(14.1245%107%)
o A Aef F04.25710°¢  [804.2S*1075 ) (1. BTSS > 1o~ (RO *IO0 )
= ~45, 2%(0°Pq = = 45,2 MPa
(o) Point B+ yg= Rty = 341295 =82 = =17, 8755 mm

6 = - P Mye . 2SxI0® (30)(~17. 8755 %10°% )
8 A Aev, go4as >0 (804 25 %107 Y 1. 3185 # 0™ 1(52x10°% )

= |T.4o 10" Pa = [7.40 MPa




4.198 The split ring shown has an inner radius 7, = 16 mm and a circular cross

PROBLEM 4.198 section of diameter d = 32 mm, For the loading shown, determine the stress at () point
A, {b) point B.
2.5 kN
SOLUTION
C=kd-= 6wmm, TN\= [6mm, ¥ = \n'.q.o! =Yg, winm
¥=0+e = 32 mm
R = "ii\?" s ¥ —C-"]- 2{32-\--/32‘ l62 ]

P = 250" N

(O-) Pofn‘f‘ A; '\YF -

>

"
s 5
P

L)

R-v, = 29.85¢%- 16 =

T (82)"7 304.25 mm = 80%.25%I0° w"
M= Pr (2527 W82x10*) = 80 Nem

13,8564 mm

6 s B _ Mg 25xict (9013, 85¢¢ #(7)
A A Aev, 204.25%(0°  (80Y.ZSx[078 Y2 \y3gxlo ) (iex 0™)
= = H3,837i0° Py = «~43.8 MPa Y
® PirtB:  yg® Rev, = 29.8564 - H8 = - {81436 mm.
6 - -PoMye _ | _25xi0C (80)(- 18- 143¢x10™ )
8 Aety ~  Qou.asxIo* (8oH.25%10™ ) (21436 %1672 ) (48 %102 )
= 13O Pa T 1443 MPa -

)
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]
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4.199 Knowing that the machine component shown has a trapezoidal cross section

PROBLEM 4.199 with @ = 3.5 in. and 5 = 2.5 in., determine the stress at () point 4, () point B.

)wwp,m_ SOLUTION

locate centvoid

) A);\ﬂt F,;fn Af‘,}us
--—é—-—""'" ®|10.5| 6 63
2.5 o) 35 @] 7.5 8 6o
Z118 |23
[ -’,—‘;’* : 6.8333 in.
_ L (b, +bsy)
(b7 -5t MR - h{b-b)
- (0.8)(6)* (3.5 +2.5) - c.3878 in
[(2.8Y010) - (2.8X4)] 9 4 = (§Y(3.5- 2.6)
= p-R = O.4452 in M=z 80 kip-in.
ya*r R-p = 6.8878-14 » 23873 w
o My _ __(0)(2.8878) . _ goag ke -
S Aew, (18)(0. 44521 (H) S ©
Yp = R-Yy = 68878-10 = - 3.6122in
6-' - _.Mig = - (30)(-3-6’22) 3.¢! Ksi e
B peta (18)(0.44523( 10)




4.200 Xnowing that the machine component shown has a trapezoidal cross section
PROBLEM 4.200 with @=2.5 in. and b = 3.5 in., determine the stress at (a) point 4, (b) point B.

) 80 kip - in. SOLUTION

Loca,'l‘e cem'hbofA

AJint 'F‘J‘m. A‘F,“hg
* ® * ®| 7.5 & HS
3.8 o) 2&5 @ 0.5 | 8 84
B s| 18 129
roz 229 . i
l S T.1667 n
Q< w2 (b, +b.)
(Birs - by B = (b, b,)
©.5)(6)* 2.5+ 3.5) — £.7168 in
(asN0) - B.S) )] 9a 2 - (6)(2.5-3.5)
e - ¥ -R = 0.449% 'n M= 80 Kp-tn
(@) ya= R-T, = 2768 in
6, == M o BONRIIEE] . _ g1 v -
hew, (18)(0.4422) () :
(o) Yo = K-V, 7-3.2832
Gg = Mys . __BN-3.2830) g gy ksi et

Thev. (3 Yo.44913(1 o)
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4,201 For the curved beam and loading shown, determine the stress at (@) point 4, (5)
PROBLEM 4.201 point B.

SOLUTION

loco=e centwoid

)
- — 3
250N -m 2BON .M © __*_ A)"""‘l ()mm ' AI"', e
_._.._._..T. ...... — . ® GOD % 2-’ 3'0!
®© Dl soo | 55 | 16.5x10°
T | qo00 43,5 % 10%
AV ® - s 2
R = ih (!"r‘*\"\ r= -q—gc—ffo—xe T 4. 333 v
(bvy - byt YR = h{by- 0
©.5)(z)" (40 +20)

, = 46.9608 mm
[(wo0(es) - @Y 85)] I & - () (%0 - 20) ’

e = ¢- S L4725 mm M ==250 Nem
@ y, 7 R-¥ = 1.8608 mm
-3
My (-250)(11.8¢08 %I5" ) = caaxict P
Ca Aev, (Goo »10"*}{(1.4725 (072 ) ( BE %1072 e3.9~ “
= 62.9 MPe, =
® Yz K-ty = = 181392 mm
5, = - Mys . _ (—2.50)(-:3.13?::?;0'33 - _5p.6x[0" Pa
Aewz (C?oogto-‘)(l,q-’?sxfo. )(6?‘[0“3) - _52‘6 MP&- e




PROBLEM 4.202

SOLUTION

La&d’e C.e.-a‘\“r‘oi'aQ.

4.202 For the crane hook shown, determine the largest tensile stress in section a-a.

ke 25— - -

Agpn | ¥y wm| AV, mm®

jos0| ¢o | &3 xi03
Section aa -

750 | 8o Goxl0O

| 800 163 % 10*

_ lo3¥io® _

= _“__jgoo = £8.333 vam.
Foce -—c.odp,Pa 5JS+£|M ot c.e.-a'}‘V\OEa’.-' P = 15x10® N

-3

M= =PF = ~(/5210°)(68.833 %) = -1, 025 % (0% Nom

_'% hl( b+ b:.\
(,blv\'l- - by_h)*?ﬂ % - h(h" b&)
. (0.8 Y603 (35 « 25 )
s Y100) = (25340)) fu 22 - (eo)(as+25)

r-R =

K=

= 63.278 wam,

e = 4 452 mm,

Maximum Tensile stress occeurs ad FoM'f A
Yo = R=¥, = 23.878 mm.
P M!ﬂ _

A Red,

15% (o2 -(.025v10%){(23.878 ¥ (0™ )

6" N igoox[07¢ (1200 ¥ O™ V(1452102 o x 10™* )

= 84.7x)0¢ Pa =

g4.7 MPa s

3

(.

r_ C




—

4.203 and 4.204 Knowing that M = 5 kip-in., determine the stress at (a) point A4, (b)
point B.

PROBLEM 4.203

SOLUTION

A= Ltbh = f£(zs)¥3)+

2.51n.

3.75 in’

v = 24+ = 3.00000in

b,z 28 v, = Zin , b20, {7 5 in

Use -Vowmuja_ -Fov* +m[>e;zm'.:i
1h* (b4 b2)

R = ‘
(b,lﬁ, = byt) P % - (b, -b.)
= (0.5)(2) (2.5 r0) = Z2.84548 in.
[(2.5)(&) - (0NR1] 2n 2 - (3)(R5-0)
e= f -R = 0.I§452 in M=z & kyp-in
@) y. T R-1 = 0.3%548 in
6, = - e o _ (5 )(084543 ) = - 3.65 Wsi -
A Aev, (2.15)(0.15452)(2)
B  yg= R-1 = -2.15452 in
6 = - Mye _  _ (BM-2.15452) - 372 Ksi —
& Aev,  (275)0.154521(5)




PROBLEM 4.204 p:::lto%and 4.204 Knowing that M =5 kip-in,, determine the stress at (@) point A, (5)

SOLUTION
A= % (25)8) = 3.75 in?
P = A4 R = 400000 in

by= 0, ¥,72in, b5k ¥,7 5 in

J

Dse 'Fov*w\ujq "Fof‘ "h‘apez,o.‘c),

% hl( b, + b?—)

R =
(b,m - bzh)g"f% - h(bl‘ bz)
. )® :
= (0/5)(3 \(OJ’ZS) = 2.85466 in.
LU -2.5)(2] 0y £ - (8)(0-2.5)
e = v~R = 0.14534 in. M= 5 kip.in
(@ ya= R=-Vi 7 185466 in.
LMY o __(5)U.85%6¢) - - 8.51 ksi -
Cn Aev, (3.725)(0. 14534 1) ) :
©) yg= R-¥p, = -~ 114539 in
6q- - Mys (5)(-1.14534) - 210 ksi —

Aer,  (375)(0.MS539)(S)




4.205 Knowing that P = 3.5 ki determine the stres i i
PROBLEM 4208 wing ps, Ine the stress at () peint A4, (b) point B.

SOLUTION
=32 in h=3.6m, Vo= Hin,

A=zbh::EY2e) =2 sy,,*

7

V\l = \f‘l-»k = 75 in. ﬁ = r‘ +§1'ln -y 5-2_ b

Redoece section Forces v a -\:orce-coupje s(;'s'fem ot the cemivnis)

P = 3.5 ,k;Fs M= Py 885)s52) = 8.2 kip-in
o . [} ' -Lh
For a ‘f‘f‘:amc;uﬂqw Section R = m 2 7
- Ehu -
= —L@5)BL) 557007 i

16 » 7¢c _
o ,pn-,_r— ]
e= v-R = 0.129493 ;n

@ Yo = R-r, = [.07007 ;n
-P_Myn _ _ 25 _ (18.2)(1.07007) . 7 5q L
O A Aer, S (54)0.12993)(4) ) ) =
(b)  Ye= R-71, =-2.52998 in
=~ Mys 38 | _(182Y-252998) _ )
Ca = A Aev, &4 (&5.4)0.12993)(72¢ ) .99 ks -




PROBLEM 4.206

4.206 Show that if the cross section of a curved beam consists of two or more
rectangles, the radius R of the neutral surface can be expressed as

A

=) ()]

where A is the total area of the cross section.

R=

In

SOLUTION
o._3A _ _A
ZORIA  ZThodnl
- A i A
2 Gl R (R (R

]

P
p—
1 ]

]




PROBLEM 4.207 f:;lﬂ'T through 4,209 Using Eq.. (4.66), derive the expression for R giveninFig. 4.79
*4.207 A circular cross section
SOLUTION
Dse ?opa,u- coov&n'ma.'l‘e /?; as shown.
T : T width w = ZC.Sinﬁ
_ | v V=P - CQOS/??
¥ e
L dvi = - ¢ sin g A8
i e 5_;6&/3 dA = wdr = 2c2sm®B 4R
.\ ’ T
\'. ; / ‘SQA. - ) 3 C?. Sl.hzﬁ . a’ﬁ
\—L v o- ' —C c-.'osfg
L 1z 2
Siﬁﬂ j .c(-n-cas/s) QS -.-cm,e-(v» <) g
\ o  ~ceesp - C cospg
2C (- d G ‘)S
= So (m-c enp)df ~ 2 t-e - ¢ cop
I N
.-_2,/\/3, +2csinﬁ>l
- FCT: +4.VI v
._2('(\ - )mt +4—V) r+C
= 2r (T=0) + 2 (6-0) - 4§ ( -0 )
AMY - 2w/ e* -t
A = wet
R A _ Tet
S 2TV - W v® — v
=1 & . Pt e~ er
2y fpr == v+ AvE -t
1 R AFTeY | ef(f s JFEier)
T2 FT L (ft-c2) A - %
= 4 (74 JFE-c) -




PROBLEM 4.208

SOLUTION

A= Llbabh

f:l:Zﬂ‘? through 4.209 Using Eq.. (4.66), derive the expression for R given in Fig. 4.79

4208 A trapezoidal section
The sestion wiclth w  varmes ,P;v\ea,jv& with ¢
W= G, + Gl
w=b, ot Y=V, asd w= b, ot V=¥,

b, = Co+ G\,

bz’ C-O"'Clv\z.
b - b, = (W =V = ~-c,h
. _ b -bs
v h
nzl:). - V‘lbz - (V\,_«-V‘,)C‘g -~ hce
V\b"‘w,bg
Co = =3

- V\q_blgv\nbz /va‘r\_a - -*-'-———by:bl h
= %i-ﬁbz—,pn% "(bn'b'-'-)
’Lhz(b"" bz)

-:-A =
T

(Y\'z.b\"v\b?.\'o‘/‘ V;:. - h(b."bz)
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PROBLEM 4.209

SOLUTION

T

ﬁ;lr.m'l through 4.209 Using Eq.. (4.66), derive the expression for & given in Fig. 4.79

4.209 A triangular cross section

The sechion wiath W vavies )’Zinewj_) wth ¥

W = C,+¢T
v
L] |<__b
J’l. w= b a;H\=Y\ aned W=0 ot P=
7 Va
" b= ¢+ 0
.l*. - —_— O-: Co+ c'(“.
b = ¢, ("K-V.) = = ¢Ch
T <= -‘E and Co=—gr, = Bh'fz
B "w, e
_1 S¢ - Sr, e Sﬁ et ol
1§ '
= = & dav] varl,
W = Coﬂn%"'cst(v‘l V‘:)
-— bv‘z f‘,_
= ..b_r!— v\z — ¢ — nz V‘a
n zom—_l b = b(;‘ﬂm-ﬂ—l\
A= %bh
A 2 bh L
R = TA A _ 2 By
T B 1y




PROBLEM 4.210

SOLUTION

A+ ‘r‘a.oha.-? dlstance v

M{r-R)
Sy - [ -
- M _ MR
Ae Aer
' R
Fow Fov-‘}f?ou obove the neuvtvat
axis , +he resvHo.h‘!' force s b
H- § 6 dh = ew T
. Mb (% N_%g‘ de
le V‘. r
= l}%(:&-n) MRE L
Q‘esu,o‘}an‘{' of G
- 5 G C:“Sﬁ JA
j G eosB b RAA
£
= B¢ kR go cos 3 dB
L e _
© GroR simA g lF, = vesultant oF
: 26, bR tin 2 :
For e.q,u:'ji’orr'um ‘:r - QHSEnQ = O
26, bR sin2 - 2 ‘”bR(: LWEBY= 0
-%—(}—%—jﬂ%\ —

#4210 For a curved bar of rectangular cross section subjected to a bending couple
M, show that the radial stress at the neutral surface is

_ﬂ(l n mﬁ]
g, = R "

and compute the value of o, for the curved bar of Examples 4.10 and 4.11.
{Hint:consider the free-body dlagram of the portion of the beam located above the
neutral surface.)

Y
\_/

r 1




PROBLEM 4.211

4.211 A single vertical force PP is applied to a short steel post as shown. Gages located
at 4, B, and C indicate the following strains:
€ =-500 u € =-1000 g €c=-200 u
Knowing that £ =29 x 10° psi, determine (a) the magnitude of P, (b) the line of action
of P, (¢) the corresponding strain at the hidden edge of the post, where x =-2.5 in, and
z=-15in.

SOLUTION

-
*
"

FEN3 = .25 jn*
#BUASY? = 3125 in"

A = €)=Y = g ;nz

=
»
n

Mx = 'PZ M2.= = ‘P%
Xa = =25 | Xg =25 in, X = 25in, % T -25in
Zy= 1.5 in , 286715 in, Zez-l5in, Zo= —l-&in
G, = Eg, = (29%10°)(-S00 %10} = - \450 pst = — 19,5 ksi
Ca = E&e = (2ax10°) (=000 x|0™%) = =R2F000 psi = -~29 lks/
6. = Ee. = (2ax10° 3(-200 »107°) = - 5800 pei = -~ 5.8 ks,
Bp =i v D 4 MIz:*: s ~0.06667 P = 0,18333 M, =~ 0.08 M, ()
6a=-% - Meze | _'“ﬁial‘a = -0.06667P ~ 0.183323 My + 0.08 M, ()
I, 2.
--£ _M y MaXe o _0.06667P + 0.13833 M, +0.0% M =)
Ec »-p —FF v ™ 6667 =

SU L:S"}'l' +d+;"f)

the vadves For 6, Gg 'and G, into (1), @), and (0

M.Sb)ui\n%""_l\e Simudtav eovs’ ¢hiations give s

My = 27 Ri'P-:'it} M}=~F0.825 Kig-in, P= 152.25 Kips —

- _ _':]3 - = —=90.625 - . ot
X = . h—_hIS'Q.QS 0.5495 .
< -M— = 37 = 7)1 el
R S 0-87) in.
o= - % - Mizo 4 Mﬁ‘" > - 0.06667 P + 0.13333 M, -0.08 M,
= ~(0.06¢e7)(152.25) +(0.13333)(87) ~ (6.08)(=90.625)
= RB.70 ksi e
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4.212 The couple M, which acts in a vertical plane (§=0), is applied to an aluminum
PROBLEM 4,212 beam of the cross section shown. Determine (&) the stress at point 4, (b) the stress at
point B, (¢) the radius of curvature of the beam. Usc E=72GPa
y .

SOLUTION

\ﬁ} Labed oxes N and z as shown on the skedeh,
_______ w7 10 mm Iz - !_l?:(;o)(sﬂz’ + Q‘J@CI'OWUO‘)S

= 0.108332 %10  mm’ = 0.105883%]0° W’

M, = 300 N.m My= O
- = M:,W) = -70.9x10°P
Yo T 25 em G 1, 0./05833%10°* =_72",qua -
_ _ _ Mays . _ (300)E¥IO2) L |4 9% 10¢ Pax
Ye T Swm Ce =~ 3 0. 105833107 =—19.17 MPa =
- =&
LM . . EL (qauoT)ojosasirio Lo 254w -
P EL M, se0
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PROBLEM 4.213

M= 300N.m

4,213 The couple M is applied to a beam of the cross section shown in a plane forming
an angle A= 15° with the vertical. Determine (g) the stress at point 4, (b) the stress at
point B, (c) the angle that the neutral axis forms with the horizontal.

SOLUTION

Laked axes y and 2 as showr on the sketch
I, = (101500 + 2-% ()oY

= 0./085833%10° mm' = 0. 105338 /5w
I, = 210320 + 2- )10V

= 0. 025883 %0 mm’ = 0.025833 #/0 <t

For f2=15° M, = 800 =05 15° = 28%9.78 N-m
Mj T 300 sin 150 = T7.65 N-m
@ Yo7 25 mm | Zp TE mm
G = - Ma Y + MyZe _ _ (289.78)(25%10°%) . (77.65 V(= §xi0™)
A I, I, 0.105 823 = [5° 0.025833*/07¢
= ~ 83 .5%x/0°Pa = -83.5 MPa i
(b) :)’B Sm ,  Zg =<5 mm
G < - Mo . Mz _ (282.78)(Ex10) | (77.648)(=18x10)
¢ I, I, 6.105833 X (07 0.025833 % [O7
= -58.8%x)0° Pa. = ~58.8 MPa et
-Iz @] '05333?'“0-:'
= =z, = O : I5° = L0977
& Fan @ IJ +an B D 625833 15 +au ! .
P = &7.7° —
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PROBLEM 4.214

400 Ib

2.5

All dimensions i inches w/d=0.3/1.5 = 0.2
Frow Fiq 4.32 K= 17§
Bz SHE i’—"’-g?,g’::f; 2:75) = q33x10% par = 9.33 ki -
D/id = 8/1.8 =2 r/d- 0.8/18 =o0.2
From Fia 4,31 K= .80
Gree © 5—-—9- Li"%%%M = 8.00¢0° psi = 8.00 Ksi et

LUTION
00 SOLU

For cach case M= (400 2.6)= (000 Jbijn
A¥ the minimum gection

T = £(5)0.5 = 0.140625 in!
e T 0.75 in,

@) D/d: 2/1.§ = 2

4.214 Determine the maximum stress in each of the two machine elements shown

O

T
L




4.21.? The four forces shown are applied to a rigid plate supported by a solid steel post
PROBLEM 4.215 of radius a. Determine the maximum stress in the post when (a) all four forces are

applied, (b) the force at D is removed, (c) the forces at C and D are removed,

SOLUTION

For a sobid Qfﬂ?!ﬂr‘ section of mdivs o

- : - T o ¥
A=Ta I=fa
@ Ceotric force F=i4P, My,=M,= 0
B e 1 A 2
6= -7 7 -9 T -1.273 Pla

(b) Force at D is vewovesl

©) Forces af £ and D are removed
F= 2P M= =Pa, M, = - Pg

Resultant bemal;nj Caufzf’e M= o sz* M* = {z Po.

= - FE _Me | 2P _ fiPaq . _2:34K P _ 2
R N R T Sk -2 PR




4.216 In order to increase corrosion resistance, a 0.08-in.-thick cladding of aluminum
PROBLEM 4.216 has been added to a steel bar as shown. The modulus of elasticity is 29 x 10 psi for
steel and 10.4 x 10 psi for aluminum. For a bending moment of 12 kiprin., determine
(@) the maximum stress in the steel, (b) the maximum stress in the aluminum, (c) the
radius of curvature of the bar.

SOLUTION

Use s+eeJ? 25 +he V"E'Fe'l‘ew::« 'fﬂa,n’}ef..g)

Ngter = | ndu‘.\:%"’%j=0-3586

T ™ Loes * Maton Ltone

= = (.89)(1L30° + 0.3586 - 7'1[62)(1:5)3 ~(-8(1.34)° ]

0.43835 in?

C "-33-"-‘ = 0.47 in
&, = Mye _ (12)(0.47)

T, 0.43835 18.35 ksi —a
(L) Ya. L?_:."_ < 0.15 in
Ca, = 04%15: 0.3584%% = 7.36 ksi e
@ 72 :Ed_Mfm,T (Zcrﬂ:o“)[?o}fir%;.as} = 44107
L= o5 m = ®8.3 H —t

J_ ] L

N

|

|
;

[
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PROBLEM 4.217

= (8#!03) cos 5° =

= = (8x10%) sin &°

4.217 A couple M of moment 8 kN-m acting in a vertical plane is applied to a
W 200 * 19.3 rolled-steel beam as shown. Determine (@) the angle that the neutral axis
forms with the horizontal plane, (5) the maximum stress in the beam,

_ I
(@ tan @ = P tan O

hor.

Ky

(b)

50

vert

Y

SO

SOLUTION
For W 200%19.3 wvollos steel z2c-lov
T, & 16.6%x10% wm™ = 16,6210 w”
I, = 1S YDt mat = 1 1S (075 Y
YaT Ya = <X T —Ye ° 223 = 100,85 mw
Za= ~Zg = =Zo = Zg = 10_22_351 s
7.9696 #ig* N wm
= -0.5272 %15 Mem
JCEHOT 4y (o5) = = 12629
o ~-51.6°

o= 51.6°~ 8% = 46.6°

Maximom tenside stress oceurs at peint D

6, =

- Mz_)’o + My 2o

L

Iy

(7.9636 x10* (= 101.6%107")  (0.6972:10° )(51¥ 10~*)
6.6 xto=¢ .15 #10"¢

79.6 x10° Pa = 79.6 MPa




PROBLEM 4.218

4.218 Three120 x 10-mm steel plates have been welded together to form the beam
shown. Assuming that the steel is elastoplastic with £ = 200 GPa and 0y = 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.

SOLUTION
360 MPe
®
[ - I+ QY
@Y Ve R, ———1
Ry «—!
- Glrwm
32 "‘_ J‘\ L — QB
@7 Homm R— — R
1@// 1 4 [ - R
A = (120)(10) 2 1200 mm" R =6, A, (300 x10°)(1200%10"° )= 3eo~id® N
L7 (80)(i0)= 300 wm R,= 6,A, = (Booxto* ) (3eox(0™* )= Joxic® N
A,z Ro)(1e): BO0 mm. Ry =364, = 2 (200#10")(Boonio™)

@y

®)

y, T GE mm
Yo = HE mam
)/3 T AO mm

= 4Sx)0° N

= 65 )t m

48 % 10"t m

* 20 % 107 m

M= 2 (R, Y+ Ry, ?,y,) = 2 {(3co)(es) + (90)(4s) + (45X 20}

T 5.7 N = S6.7 EVowm —
- E?r . (rooxi0")(zoxi0™®) 20 _
P i " B 300 w0t - ™

(0
./

S

C 5 J
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PROBLEM 4.219

M, M,

1\1,7@“}
%. a
—

M,

4.219 Two thin strips of the same material and same cross section are bent by couples
of the same magnitude and glued together. After the two surfaces of contact have been
sccurely bonded, the couples are removed. Denoting by o, the maximum stress and by
# the radius of curvature of each strip while the couples were applied, determine (a) the
final stresses at points 4, B, C, and D, (b) the final radius of curvature

SOLUTION

L?.+ b B WCCJ‘Hn angf t = "H'H‘C,LCMQS.S O'F one .S""V‘:P.

Laaa{ina one 5-}-m"o M= M,
I,= i‘;;lo‘t.%J e=zt
- Mc _ e6M,
S S
L - M 12M,
P EL Ft2

After M, is applied to eacgh of the strps
the stresses ‘are Thosé given in the sketely
above . Tkej are

6a=-G,, Gg=6G,, & =-G |6 =G
The +otuf bending covple is 2M,.
A‘H’EV‘ gﬂu?naa "H'In‘s coupie s V‘ewroveci.
M'= 2M,  TI=gb(at) = Fbtt

e = t. Tle stresses rewmeved are

P - M' — __2M|it L= ..L.l's.M'!
S = ":T:'y T &bt® YA
! ! / ‘L t_ 8M, I T
S, = _—B%{ ;:—i—ﬁ;g 66 = 6;- < O_J 6:3'1\)1::. .‘LG:
(o) Frnal stresses : G, = ,...6" "(‘%G:) - -%61 g
Se.".'. s; -\
C. .= -6 -
69 - 6; —&6: = %6.: -t
Ao M 2M, - SM L)L
P T EI' T EFbt2 | EtT T tP
' 4 - 2L
(b) Final vadios 7.!- = ",!T, '# = ;‘6; “9-# ey
/o - _g-/o‘ -l




4220 4.220 Knowing that the hollow beam shown has a uniform wall thickness of 0.25 in.
PROBLEM 4. determine (a) the largest couple that can be applied without exceeding the allowable
. stress of 20 ksi, (5) the corresponding radius of curvature of the beam.

3.25in. = é .
M F  SOLUTION E=10.6»(0" pai

T = ghbh’ =% bh®= £06(225)° - & (4.5)275)° = @ 504¢ 1*
¢

. 3.5 :
9\ ~ LGZJ.S— m,
= Mec - 6T RoYe.5048) _ o .
(a) 6’!‘!14)( = ™M c l.C25 = go0.1 -‘le-ln. iy
® e, =< = Su . - Ec _ (0.6 x10%)(1.625)
a,, ° E /O €., 20 103

= 861 n = 7.3 & g

- 4.221 A beam of the cross section shown is extruded from an aluminum alloy for
PROBLEM 4.221 which E = 72 GPa. Knowing that the couple shown acts in a vertical plane, determine
(4) the maximum stress in the beam, (5) the corresponding radius of curvature.
10 40 10 40 10

M=3kN.-m o — __Lm SOLUTION
-g ] §20 '
& | ——10 ,
Dimensions in mm - For ooter V‘Ec/!‘aw\jpe: b= 110 mm 5 h= 40 mm

I, = &bh> (1040 = 0.52¢67 %10 mm®
For ove cotout reo“‘augope: b= Yo o h= 20
I, = &bh® = HC40)26° = 5.02667 *{0° mm”

I=I, - 2L = 0.53333 20" wm' = (1.53333 x10°% m*

M = -3"101 N- m C*20 mm = 035" m
= Me _ @x103Roxio™®) _ e -
@ € = T = e = H2.5x10° Pa = H2.5 MPa -
LM - EI _ (Z2x10¥0.53333%107) _
(b) P E © P T T 17.30 m e

_—

I R N e

1 1
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4,222 For the machine element and loading shown, determine the stress at point 4,

PROBLEM 4.222 knowing that (a) k= 0.9 in., (5) h = 1.5 in.
P 20016 -in. SOLUTION
A Lew B
h _ _ . _ : } .
(.a") h - O.q o, Y\l - 0.5‘“. TZ = I-q v
P
051n.// "'-“'-5-3;?.?1.‘ A = (O.Q\(O.CH = 0.54 ?nl
05in.} -1 .
i h 0.9
il st R = )n% = 7 = T a.8749\  in
h 2
0.5
/l/ . 200 Ih - in, \
» 7 or g0y £0.95 5a
e = ¢f-R= 0.07529 \n
M=-200Jbein | y, = R-¥ = 0.3
c = -M¥ . (-2001(0.27411 ) - .50 pa:
# Aev,  (0.59)(0.07539(0.5) A S et
& h=18in, =08, 6§ 20,
A =(0.6)(1.8) = 0.%90 in’
h .5
R = — T 5z - [1.08202 in
Ilﬂ '7? 407\ o.5
ror L (rer,) T L250n
e = -R = 0.1¢798 in.
M= - 2006 Jb in Ya < R-V = 0.58202 iwn
6 = - M Ya (-200¥{0.58202 ) -~ (.54p (0} oo
" Aer (0.90)(0.16798)(2.5) - l.E4o W&




PROBLEM 4.C1 4.C1 Tw? aluminum strips and a steel strip are to be bonded together to
form a composite member of width & = 60 mm and depth /& = 40 mm. The
modulus of elasticity is 200 GPa for the steel and 75 GPa for the aluminum.

Aluminum .Knowing that M = 1500 N + m, write a computer program to calculate the max-
_ri_ 1 imum stress in the aluminum and in the steel for values of a from 0 to 20 mm
It = 40 m using 2-mm increments. Using appropriate smaller increments, determine
_i_ } (c;) the largest stress that can occur in the steel, (b) the corresponding value
of a.
SOLUTION
t&v@pt
Teansrormep Secron (e s7rer) n= ———
b é;uuﬂ
,/f‘—'l 2
a l [~
) NELTRAL

ARLS

|t |

nb ———

F’(nb-é)
o b= b)
AT VNS IO
M A —m(h

| AONNN - . mM{E-a)
T AT Pont 2: \}STEA!— " H‘"E'—-‘

Fow o= 7"0-20 wmrrr USING Zeomm |NTERVALS CCPPLTE ¢ 1) I} U’&W , U}T‘ﬁ,‘_ .

b=60m h = 40 mm M = 1500 N.m
Moduli of elasticity: Steel = 200 GPa Aluminum = 75 GPa

M OUTPLT a I sigma aigma
FRO6 kA ur aluminum steel
mm m°4/10"6 MPa MPa

0.000 0.8523 35.156 93.750

2.000 0.7088 42.325 101.580
4.000 0.5931 50.585 107.914
6.000 0.5029 59.650 111.347
8.000 0.4352 68.934 110.294
10.000 0.3867 77.586 103.448
12,000 0.3541 84.714 90.361
14.000 0.3344 89.713 71.770
16.000 0.3243 92.51¢6 49.342
18.000 0.3205 93.594 24.958
20.000 0.3200 93,750 0.000

Find 'a' for max steel stress
and the corresponding aluminum stress

6.600 0.4804 62.447 111.572083
6.610 0.4800 62.49%4 111.572159
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 MPa

i
J

N




PROBLEM 4.C2

FN— |

d

[ VIELOING tX THE [LANLES : (c:.w SIDER \(PPEIR HALF oF </iass 54;47/0;«,) &= 5}.

Vi

.
[ T

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. (&) Denoting by yy the half thickness of the elastic core,

Y write a computer progeam to calculate the bending moment M and the radius
of curvature p for values of yy from } d to § d using decrements equal to 3 ¢,
Neglect the effect of fillets, (b) Use this program to solve Prob. 4.218.
x
f SOLUTION
by — COMPLTE MOMENT oF 1A ERTIA I,

/

NI \ngt; Z=b bd= Lo )d-2)
SN

L—AF—aI A,@-tw.l MarximMumt EL AasTic MorEnT Mv-:cr

T
Y d/z)

b by —

]
|

F4

b—0, —

I

RESULTAMNT

ImorRcES

RBEMDING PMOAIEAT
&
M=2 Z’ 3,
=

EapIus of cONRNVATURE

=& = q? by = --LJY—[:--
Y EHPT FP N
Y
CONTINUED




PROBLEM 4.C2 - CONTINUED
FoR NIELOING IN THE WEB  (rapeipen uprep Mok

< = df BE o fopens cELTron]
— % . =Ty bey
— ——— — et (<)
e a
I [S— A — ."_ﬁ"
" Yy rc:u7 % ~ Ry 2% Yy
A,z &£ -4t
& 2o
/
aé’.’?"[ﬂy*‘ (= ZLF)]
a -2
75
G’j
EENDIng JAormemT A= 2 7 a
“»nc g oA
IrApIpS OF cURVATUICE 57”{ £ o= ,Ef_ P_: ‘S'YZ:
3f> ya P q}
PFM#M ! KEY 10 EXPRESSls Lol @, eand 'Qw Forrn=/! To "7
Fore Y= 7 (v~Tp) A7 42 OFCLEAMENTS 'H -
ComPLTE  M=Z T o0, KoR. n=] 7Y AP p= '0{_" T AT
r
Fote 4= (c-2n) 72 a2 A7 ~2p/2 DFcrEsEN7S
P 7E A= 2 SR a, Feve TS 7‘0’).ﬂ/w€‘; ;. , THEN EEINT
' Y

INELT MUMIEIZI CARL RLUES D FEUN  [I2e08 temrra

Flosparm av7BU7

For a beam of Prob 4.218
Depth d = 140.00 mm

Width of flange bf = 120.00 mm
Thickness of flange tf =

10.00 mm Thickness of 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.

M (kN .m}

¥Y (mm) 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 ylelding in the weh
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

<::)
C ]

e

r !
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PROBLEM 4.C3 4.C3 An 8 kip - in. couple M is applied to a beam of the cross section
shown in a plane forming an angle 8 with the vertical, Noting that the centroid

8|y of the cross section is located at C and that the y and z axes are principal axes,

write a computer program to calculate the stress at A, B, C, and D for values of

- ' l— Bfrom 0 to 180° using 10° increments. (Given: I, = 6.23 in*and I, = 1.481 in*))

: SOLUTION [INPLUT CCoR D/ NATES aF £, _r_;,) c,D

_Oii 2= B8N 2 Yasuli)=/s
12 2ot B(2)m 2 yg=y(z)=r*
Zx2(3)2 -1 4= 4(3)=-L¥
'g’p: 2(9):‘ ! jp'::j.(-?)::-—/.f‘

[ |
I 1 I
0804 16 0408

Dimensions in inches

EOA MM TE ar M,

/Wj = = M Sfﬂﬁ M3= MC:O.‘:?F‘
é% "7.‘-5'3'/“:51:: Padrk T ) - M 5(”')_'_ My 2(n)
Z z,

FRcsRarr:  For @=O 70 Jeo usimd 18 NcrEEnTS,
FRR 212 [ 755 o USINE UMIT JnCpBiinTt,
EEVALLUATE Gy S5 AND FriNT ST ESSET
FETrzn
lee Toer

FRssrAM OUTPUT

Moment of couple M = 8,00 kip-in.

Moments of inertia: Iy = 6.23 in"4 Iz = 1.481 in™4
Coordinateg of points A, B, D, and B

Point A: z{1) = 2: y{(1) = 1.4
Point B: z(2) = -2: y{2) = 1.4
Point D: =z(3) = -1: v{3) = -1.4
Point E: z{4) = 1: y{4) = -1.4

_ - - - Stress at Points - - -

beta A B D E
¢ kgl kei ksi kei
0 -7.565 ~-7.565 7.565 7.565
10 -7.896 -7.004 7.673 7.227
20 -7.987 -6.230 7.548 6.669
30 -7.836 ~-5.,267 7.192 5.909
40 -7.446 -4.,144 6.621 4,970
50 -6.830 -2.895 5.846 3.879
60 -6.007 -1.558 4.895 2.670
70 -5.,001 -0.174 3.794 1.381
80 -3.843 1.216 2.578 0.049
20 -2.569 2.569 1.284 -1.284
100 -1.216 3.843 -0.049 -2.578
110 0.174 5.001 -1.381 -3.794
120 1.558 6.007 -2.670 -4.895
130 2.895 6.830 -3.879 -5.846
140 4.144 7.446 -4.970 -6.621
150 5.267 7.836 ~-5.909 -7.193
160 6.230 7.987 -6.669 -7.548
170 7.004 7.896 -7.227 -7.673
180 7.565 7.565 -7.565 -7.565




4.C4 Couples of moment M = 2kN + m are applied as shown to a
curved bar having a rectangular cross section with A = 100 mm and
b = 25 mm. Write a computer program and use it to calculate the stresses at
points A and B for values of the ratio r,/h from 10 to 1 using decrements of
1, and from 1 to 0.1 using decrements of 0.1. Using appropriate smaller in-
crements, determine the ratio r, /h for which the maximum stress in the curved
bar is 50 percent larger than the maximum stress in a strainght bar of the same
cross section.

PROBLEM 4.C4

T - SOLUTION _WPur: h= /00 mm, b:,?fwm Mz2 M

For 570 1647 GAR.

éM 2.
q;;%waw, ;S b = 48 MPa

FOLiowmef Mer78 Trery o SEC, ’?‘/5 Kg—}f PN THE Tl L el B
=h+r = F-r 5 A=bb=zs0 (T)

7 R h/jﬁ(r’ r') 3 r= Y;‘f‘):? 2
= ml-Rlre)  Tege Mn-p))taer:)
v, = /oot anm

STRECSEC: V;-—

SINCE ‘/7:/0077"’”, r;/h =/§/ ALSE C,//-,:/C)} r; = /00

FROCRAM:  Fop 1, =/000 70 100 AT - /0 pEcesminTs
Usiwe FRvaTion:s o pvEs T aypJl £vALvo7E r_-?J R, ¥ e T awT
AL so swivars:  yatio = G;/U;mnw -
FETURM FND RERERT FOR 1w 00 Too Jo Ay =8 DICIGEMENT”

Erogrear ol 7 e 7

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 gigmal sigma2 rl/h ratio
mm nm mm m MPa MPa - -
1000 1050 1049 0.794 -49.57 46.51 10.000 -1.033
900 950 949 0.878 -49.74 46.36 9.000 -1.03¢
800 850 849 0.981 -49.95 46.18 8.000 -1.042
700 750 749 1.112 -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
300 350 348 2.39%4 -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 38.90 1.000Q ~-1.288
100 150 144 5.730 -61.80 38.90 1.000 -1.288
90 140 134 6.170 ~63.15 38.33 0.900 -1.316
8¢ 130 123 6.685 -64.80 37.69 0.800 -1.350
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 91 8.976 ~73.13 35.04 ¢.500 -1.523
40 90 80 10.176 -78.27 33.79 0.400 -1.631
30 80 68 11.803 ~-86.30 32.22 0.300 -1.798
20 70 56 14.189 -100.95 30.16 0.200 -2.103
10 60 42 18.297 -138.62 27.15 0.100 -2.888
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1]
B
i

g

Find ri/h for (slgma max)/(sigma gstraight) = 1.5

52,70 103 94 8.703 -72.036 35.34 0.527 -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 is 1.5 for rl = 52.8 mm or ri/h = 0.529

{ Note: The desired ratio rl/h is valid for any beam
having a rectangular croes section. ]
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4.C5 The couple M is applied to a beam of the cross section shown,
PROBLEM 4.Cs (@) Write a computer program that, for loads expressed in either SI or U.S. cus-
b tomary units, can be used to calculate the maximum tensile and compressive

! | stresses in the beam. (b) Use this program to solve Probs. 4.1, 4.10, and 4.11.

h,

:E SOLUTION
; WVPUT: (32 MDINE AMoAEN 7= M
32I

«—by
L

I‘* l’lﬁ"l

by Fer M= | e FNTER !% Anp /7-,,

h"}: @ 7 AARFA= b"n hay (FPremT)
CL"")= Q?'l-l +(/79-;—/)/2 + /r)’h/z

hz[ P o O [MON/!-N:J" OF BECTANLLE ARgoVT /SﬁsE']
; 2, Am = [AARER) .,
"]: ° | Ta, LFor wHort crross sHEC7em ]
e b—] Bast Mzt A AREA T ARER +AARRER
LocBTion OF clA TROWD BEOVE 120cE
9= "farea (Fkr7)

APSIILENT O )NER Tri AROUT  Aorer Sasm el CENTR2IIAL AplS

ror_m=/ 78 7 Xy = aw-:""(hw—;)/.? + }7}; 4
AL= by b7 fg + by by ) G~y
L= T+41 (FRI7)

COMEL TRFIoA OF =7LESES

7R HEISHTT IFOR s ) B R

4

H=H*+h,
H
STRESS A7 TOF
v | M == M _"_’%_"ﬁ_ [reinT)
SHCESS A7 1Re7 e
Mg, - E_ TN T)

SEE WEXT PALE FOR FRW7 ours Ferr PRLIRENS Y., 4,00, 4,7)

CONTINUED




PROBLEM 4.C5 - CONTINUED

Problem 4.1

Summary of Cross Section Dimensions
Width (in.) Height (in.)
2,00 2.00
6.00 1.50
2.00 2.00

Bending Moment = 25.000 kip.in.
Centroid is 2.750 in. above lower edge
Centroidal Moment of Inertia is 28,854 in"4

Stress at top of beam = -2.383 kai
Stress at bottom of beam = 2.383 kei

T

Problem 4.10
summary of Cross Sectlon Dimensions

Wwidth (in.) . Height (in.)
9.00 2.00
3.00 6.00

Bending Moment = 600,000 kip.in,
Centroid is 3.000 in. above lowexr aedge
Centroidal Moment of Inertia is 204.000 in"4

Stregs at top of beam = -14.706 ksi
Stress at bottom of beam = 8.824 kai

Problem 4.11
Summary of Cross Secticn Dimensions

Width {in.) Height (in.)
4,00 1.00
1.00 6.00
8.00 1.00

Bending Moment = 500.000 kip.in.
Centroid is 4.778 in. above lower edge
Centroidal Moment of Inertia is 155.111 in"4

Stresg at top of bheam = -10.,387 kel
Stress at bottom of beam = 15.401 kei

)
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PROBLEM 4.Cé6

4.C8 A solid rod of radius ¢ = 1.2 in. is made of a steel that is assumed
to be elastoplastic with E = 29,000 ksi and oy = 42 ksi. The rod is subjected
to a couple of moment M that increases from zero to the maximum elastic mo-
ment M, and then to the plastic moment M,,. Denoting by y, the half thickness
of the elastic core, write a computer program and use it to calculate the bend-
ing moment M and the radius of curvature p for values of y, from 1.2 in. to 0
using (12-in. decrements. (Hine: Divide the cross section into 80 horizontal
elements of 0.03-in. height.)

T 3
SOLUTION /= q;-;’—',c,g - /4/21@:4)%[/-21‘»-) = 577 EBpr

7 .
/W_,o = g; ig‘..,cg= (42 Rsi % (1211 )= .8 Asp.in,

M .
z
CONSIDER TP tatr oF oD
4 LET = NUMBER or &L EmenTS v 7o ALY <
Z A h=HEETH oF Facw Flemen7t Ah= 5~
e =l \}';, P
. e,
c SIS S TREON - cly ‘ {TL___—: STRESS ON LLismr EMNT
7z

[or m=0 7o £-1

s7ere 1

Y= {d4)
gal<*- {C??-fa.:)ﬁb}?]

- T AT MIDHEIN T OF FéEZMENT

FEprs7
IF 4> Yy &o 70 100 Vaalle
INETA 2,
WLET (rtes)ah -+ STIRESS IN FLASTIE CSAE > Iy '
Y 'qé [ 7o
GO 75 ROD 47 ©
200 ARRER = Z2(A4) DECRE TS

AFoRecE = T= [AAQE—Q)
A A10rnEN T = AFOICF ( A 5} L
M= MFAMOMENT

p= 3,,2/0'),
Ermr Yy, M, AP,

NEXT

Flepsram ouv7rPU7

Radiug of rod = 1.2 in. .

Yield point of steel = 42 ksi . .
Yield moment = 57.0 kip-in Plastic moment = 96.8 kip.in.
Nuwmber of elements in half of the rod = 40

= 1.20 in. M = 57.1 kip-in. Radius of curvature = 828.57 in.
Egi §§ = 1.00 in. M = 67.2 kip-in. Radius of curvature = 690.48 in.
For yY = 0.80 in. M = 76.9 kip-in. Radius of curvature = 552.38 in.
For yY¥ = 0.60 in. M = 85.2 kip-in. Radius of curvature = 414.29 in.
For yY¥ = 0.40 in. M = 91.6 kip-in. Radius of curvature = 276.19 in.
For y¥ = 0.20 in. M = 95.5 kip-in. Radius of curvature = 138.10 in.
For yY = 0.00 in. M = infinite Radius of curvature = zero




PROBLEM 4.C7

2 in—sfe——3 in.-—-|
B

| a h->lrs

! 2 T
c:;__\_f;.(\: b,
— 1, _——~a1 _l_

FrOGRAM ou7 AT

4.C7 The machine element of Prob. 4.204 is to be redesigned by e-
moving part of the triangular cross section. It is believed that the removal of a
small trianguiar area of width a will lower the maximum stress in the element,
In order to verify this design concept, write a computer program to calculate
the maximum stress in the element for values of @ from 0 to 1 in. using 0.1-

#An. increments. Using appropnate smaller increments, determine the distance a

; for which the maximum stress is as small as possible and the corresponding .
* value of the maximum stress. ”

SOLUTION SEE FI8 419 Phct 289
N{:j/ﬁ.ff?"‘h, V'z.:\f}'n bza‘-‘z.{/.n

Foe A= O 70,0 AT O.) INTELVALS
h= 3 -a
n= 2 +a
b= 4 (a/(hta)
area= (b+8,)(h/z)

ot {1 bh(H)+ L 4y A(*, J/em
P Yp=(h-2)

258, + 45)
[érz‘éz"}')% _?' '}?/bf

- K
(r; -

R=

Bl

e =
T= M( )/[Mm(ex )

T,= Ml R,/[mea ()]
FPENT _AND RETHN

a R sigmaD sigmaB bl rbar e
in, in. kei ksi
0.00 3.855 -8.5071 2.1014 0.00 4,00 0.145
0.10 3,858 -7.7736 2,1187 0.08 4.00 0.144
0.20 3.869 =-7.2700 2.1689 0.17 4.01 0.140
¢.30 3.884 -6,8260 2.2438 0.25% 4.02 0.134
0.40 3.904 -6.7004 2.3423 0.33 4.03 0.127
" 0.50 3.928 -6.5683 2.4641 0.42 4.05 0.119
0.60 3.956 -6.5143 2,6102 0.50 4.07 0.111
0.70 3,985 -6.5296 2,7828 .58 4.098 0.103
0.80 4.018 ~-6.6098 2,9852 0.67 4.11 0.094
0.90 4.052 -6.75841 3.2220 0.75 4,14 0.086
1.00 4.089 -6.9647 3.4992 0.83 4.17 c.078
Determination of the maximum compressive stress that is as small as possible
a R gigmaD  s8igmaB bl rbar e
in. in. kei kai
0.620 3.961 -6.51198 2.6425 0.52 4.07 0.109
0.625 3.963 -6.51185 2.6507 0.52 4.07 0.109
0.630 3.964 ~-6.51188 2,6591 0.52 4,07 0.109

ANSWER: When a = 625 in. the compressive streas is 6.51 ksi






