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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
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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

[
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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 |
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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




