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. i = TF, = 0, written in terms of the unknowns F,  Section 37
' M_Mmmguwwﬂ_mi:on“_om P, m_.a two known angles & .»:n. B. .woﬁ these “M“”Nn shearing
mnog%.“now are possible, However, in this course E:m:« it £E. be found
advantageous to. proceed in a different way. Instead of cd»:nmw.. m.nonoMm
F4 and Fg directly, their components are used; and instead of ZF = 0,
M = 0 becomes the main tool. )
Any force may be resolved into components. For example, Fy
may be resolved into F,, and F4,as 1D Fig, 3-12(c)- Oo=<nao._<. _;, any
one of the components of a,directed force 18 known, the force itse f may
be determined, This follows from similarity of dimension and force
triangles. In Fig. 3-12(c) the triangles Akm wua mh.w are similar triangles
(both are shaded in the diagram). Hence, if F 4, is known,

Fy = (AB|DB)F 4

m?w»&. Fy4y = (ADIDB)F 4z Hovwever, note forther that AB/DB or
AD/|DB are ratios, hence relative dimensions of members may be used.
Such relative dimensions are shown by a little triangle on the member
AB and again on BC. In the wn.oEoB at hand :

Fy=(/3DFs, w4 Fa=Ful2

: Adopting the above ?.Ooomcnn of resolving forees, the revised
free-body diagram, Fig. 3.12(d), is prepared. Two components of foree
are necessary at the pin joints. After :.5 forces are determined by
statics, Eq. 3-5 is applied several times, thinking in terms of a free body
of an individual member? :

SM;=0Q +, +FuG+6 30 =0, Fu=+2kps
| Fy=Fuf2 =22 =1Kp,

F, =20/5[2) = +2.23 kips
@ Ve © . ® SM =00+ +3O + Fal) =0,
Fig. 3-12 Fog= =2 kips (compression)
SOLUTION . . : . Foy = Foy = =2Kipsre
’ First an-idealized free-body diagram consisting of the two bars pinned , o ‘ F _ V3(=2) = .IN.mu,Ewm
at the ends is prepared, Fig. 3-12(b). As there are no intermediate forces TR Te N
acting on the bars and the applied force acts through the joint at B, the , T - . —-2—2=0
forces in the bars are directed along the lines AB and BC, and the bars .. Check: ZFe=0  Fast Foa .
AB and BC are loaded axially. The magnitudes-of the forces are un- . : Mm, =0, Fy—Fou—P=1- (-2)—-3=0
known and are labeled F,, and F in the diagram.® These forcesmaybe . §° - : v . :
determined graphically by completing a triangle of forces F, Fp, and P. . : : AB:
These forces may also be found analytically from two simultaneous Stress in main bar : )
: Fu 223 - tensi
* In frameworks it is convenicnt to assume all unknown forces are tensile. . S4B = 4 = (0.25X0.50) 17.8 kst (tension)
A negative answer in the sojution then indicates that the bar is in compression. Co ~
78

. m«c TOTCY

EXAMPLE 33

A bracket of negligible weight shown in Fig. 3-12(a) is loaded with a
_ force P of 3 kips. For interconnection purposes the bar cnds are clevised
(forked). Pertinent dimensions are shown in the figure. Find the normal
. stresses in the members AB and BC and the bearing and shearing
stresses for the pin C. All pins are 0.375 in. in diameter.
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1.26 Two identical linkage-and-hydraulic-cylinder systems control the position of
the forks of a fork-lift truck. The load supported by the one system shown is 1500 Ib.

Knowing that the thickness of member BD is % in., determine (a) the average

shearing stress in the 3 -in.-diameter pin at B, (b) the bearing stress at B in member
BD.

g, Use one Fork as a free bedy.
P +DZ Mg = 0OF
24 E ~ (20)(IS00) = ©
E = 1250 Mb.—> V
t.ZF = o
E+B,=0 By= -E
B, = 1250 f) &« v

By - Ise0 = O .Bj = IS0 by V
B - {87+ B = 5o’ s 1S00° < 1952.5¢ Jb. v
| : B. '
Apin = Tdo - TG) - o 9¢38 it v

o = B _ 1a53.5¢
Apa  0.19¢35

E — 1S00 Qb

.94 x [o° psi v Yz 9949 ks, =

(\o\é Bear{nﬁ stress ot B.-
‘ B _ _las2.5e
At @&

5.2
AE gy

& < 6.25%(6 psi v €% 6.25 ksi @

Y%

: Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may !)e dis.pla.yed,."reproduced,' or
2+ distributed in any form or by any means, without the prior written permission of the publisher, or used beyond. the _hml'ted _dlsmbutlon.to.teachers
. and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission.







. Problem 1.29

129 The 1.4-kip load P is supported by two wooden members of uniform cross

section that are joined by the simple glued scarf splice shown. Determine the normal
and shearing stresses in the glued splice.

P = 14oo Jb O T 90°-40" = 30°
A.= (5.0)(2.0) = IS in®

G = P cos?O - (HDO )(c.as‘ 30")1
A 15

6‘:V7D.OF=L. “@
v = Psin20 _ (4003)singe
ARhe (@1

QL

= 40.‘f‘ps; <

Problem 1.30

3.0in.

P!

1.30 Two wooden members of uniform cross section are joined by the simple scarf
splice shown. Knowing that the maximum allowable shearing stress in the glued

splice is 60.psi, determine (a) the largest load P that can be safely supported, (b) the
corresponding tensile stress in the splice. : :

2

(5.0M3.0%= 15 VvV

A,

”"

.qop_coo - 300 v
Psin Bcos ©

Re .

v

A, (60) (15) _
P - Sin O cos & -.‘5;'1 3,00505300 2. 078b

v
) P 2.08 k(ps )

(@

n

L _ Peos’ ©® 20785 102 30°
B &= Ao a 15 v
Q= ;10_'3;‘7‘ Fs‘? )

s
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1.55 In the structure shown, an 8-mm-diameter pin is used at 4, and 12-mm-diameter

Problem 1.55
_— pins are used at B and D. Knowing that the ultimate shearing stress is 100 MPa at all
connections and that the ultimate normal stress is 250 MPa in each of the two links
joining B and D, determine the allowable load P if an overall factor of safety of 3.0 is

desired.
Top view
200 mm—»‘«—lSO mm-—‘m mm
i l—}: = ) : ) .
8"‘"‘<l__ g,_ Al ) Statics © Use ABC as Free ‘oocl\/.
T TR i c !

B

!

c
B L«-o.zo e-o.|8—~l( o

R R
P D HZMgz=0o: 020 F“-o.I‘RP =0
Front view Side view "
ST Mpa= 0: 0.20 Fgp-0.38FP =9
e |
Based on double shear in pin A- & It %
A=Td% = F(o.008) = 50.2¢6 QA0 EmT v > Tt = T
| - | FS |
Fa = 2?)? - tellee XS‘IO;)(SO.QGG 2o C)- = 3.351%)0% Nv 233.3M

p= RF = 30 x10* N v

Based on dovkle shean in pins «d B and D.
A= Ld*= Foom) = 30 %o & mt v
Foo = éfgé _ (R)(tooxéo;)(lis.loxlo“) - 784xI0° N v

P = 1% Feo 3.97 /03 N v

|

Based on compv-ession n Links BD.
-4 2
Fov one Rink A= (0.020)(0.008) = 16O %/O ™

s 25 - B nS) - 26T

P = T’a%Feo = 14704”0_5./\"/

A Yow ab e value of 2 is sma.jj(;,s"l“. I P=- 3.72 ’IQQ’N v

P= 3.712 KN el

-
-

=\







(2.9 The 36:-mm-diameter steel rod ABC and brost vod C0 of Use.same
diameter are joined at point C to form the 7.5-m vod AGCI. tor Ui fouding
shown, and neglecting the weight of the rod, determine the deflection {a) of point

C. (b) of point D,
Answer: 6, = 2.95 mm], 6, = 5.29 mm],

[ AL |

A

pi]
1‘ 50 kN

2m
Stecl: E = 200 G Pa

Avea = B00 o | i [ 160 KN

Stecl core (K = 200 Gy

‘ C ' Aluminmn
plates P

fe)}

Rigid

=
T_-:c:\,‘.

end plate

Area = 500 mm?
2.5m i

Drass: E = 105 CPa

_ 02,
T
RS

ks
ol

G
TNy TN

50 kN

,.
3
;

)

Fig. P2.10

Flg. P2.9 100 kN

200 i

' v
@ The rod ABCD is made of an alwminum alloy for which £ = 7T0Gra.
For the loading shown, and neglecting the weight of the rad, determine the de-

. Mection (a) of point B, (b) of point D,

- Answer: §, = 0.781 mm], 6, =571 mm]. . - j\
- /</ L ]
@ An axial centric force of magnitude P = 385 kN is applied to the com- 2() ..,..,\< /
! posite block shown by means of a rigid end plate. Deterine the normal stress in ¢ (RN X\S/
. i . , . : 20 nny
{a) lhc‘.sleel core, (D) the aluminum plates. . Fig. P2.26
Answer: 0, = —~175 MPa, o, =-01.3 MPa. _

Ane . . . . . e || e
2.37 The rigid rod ABC is suspended by three identical wires. Knowing that ; S
B e DEr AV e R PURATEAN 1
x'= 3L, determine (he tension in each wire due to the force I. i i eEb Ba DN

Answer: Ty = P/3, T, = P/6, T, = P/2. e AB A

-
P
Flg. P2.37 and P2.38



2.39 The rigid bar ABCD is suspended from four identical wires. Determine

the tension in cach wire caused by the load P shown.

Answer: T, = P[5, T, =2P/5, T,=P/10, T, =3P/10.

—
(2:.45 Determine (a) the compressive force in the bars shown after a tempera-
ture rise of 200°F, (b) the corresponding change in length of the aluminum bar.

Answer: P = =52 kips, ¢, =0.01241n.

0.02in.
]
RPN
Bronze Alminum
A =25in? A =3in?
£ =15 % 10% psi E =10 % 108 psi
=101 x 10°%°F =128 x 1070/°F
Flg. P2.45

v

@ Al room lemperature (20°C) a 0.5-mm gap exists belween the ends of
the rads shown. At a later ime when the temperature reaches 140°C, determine
{a) the normal stress in the aluminum, (b) the exact Jength of the aluminum rod.

Answer: 0, = —114.6 MPa, L = 300.34 mm.

(2.47 Knowing that a 0.5-mm gap exists belween the rods shown when the
temperature is 20°C, determine (a) the tesmperalure at which the normal stress in
the stainless steel rod will be 0 = ~ 150 MPa, (b) the corresponding exact length
of the stainless steal rod.

Answer: T' = 103.7°C, L = 250.18 mm, -

B by 4L D § S L TR G

A i C D
C )

l,

/,————l-—/,——|-—1,

Flg. P2.38
0.5 mm
i 300 nuan —235() nnn—*—!
‘ A
Al Staindess steel

A =800 mn?

A= 2000 nan?
= Fo= 10 G

o= 700

PSSR X S

Ca= 23 x 10 R0 o= 18 % 10 ee

Fig. P2.46 and P2.47



2.39 The rigid bar ABCD is suspended from four identical wires. Determine
the tension in each wire caused by the load P shown.

Answer; Ty = P[5, T, =2P/5, T,=P/10, T, =3P/10.

@ Deterniine () the compressive force in the bars shown afler a tempera-
ture rise of 200°F, (b) the corresponding change in length of the aluminum bar,

Answer: P = —52 kips, §, =0.0124n.

0.021in.
- 12 in——w] 15 in.
o | -
t AR LR,
é T
R R D A O T R SR
Bronze . Aluminum
A=25in? A =3in?
E =15 x 10% psi E =10 x 108 psi
=101 x 107%°F  «=12.8 x 107%°F
Fig. P2.45 '
A

(2.48° Al room temperature (20°C) a (.5-mm gap- exists hetween the ends of
the rods shown. At a Jater time when the temperature reaches 140°C, determine

{a) the normal stress in the aluminum, (b) the exact length of the aluminum rod.,

. Answer: 0,, = —114.6 M Pa, L = 300.34 mm.

- (2.47 Knowing that a 0.5-mm gap exists between the rods shown when the
temperature is 20°C, determine (a) the temperature at which the normal stress in
the stainless steel rod will be 0 = —150 MPa, (b) the corresponding exact lenglh
of tho stainless steel rod.

Answer: T = 103.7°C, L = 250.18 mm. -

s .

By 85 V3 § e CHE DA AT
7

Ak B C D
& >
T
et e [, et
Flg. P2.39

(1.5 mun

i 300 man ~—250) iy —
4
iy
s
A .
AMumiman Staindess sl(:('lA
A= 2000 non® A = 800 ana?
Fo= 70 G [ D F R Y

=i ReC e= g e
Fig. P2.46 and P2.47
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(2.9 The 36-mm-diameter steel rod ABC and u bros: rod G0 of the.same
diameter are joined at point C to form the 7.5-m rod ABCH. Vor the louding

shown, and: neglecting the weight of the rod, delermine the deflection {a) of point
C, (b) of point D.

Answer: §; = 2.95 mm|, 6, = 529 mm|.

2m
Steel: E = 200 GPy
U —
J 50 kN ' L5 m
’ Ares = KOO w2 ] -
' Im )]
e
. Avea = 500 i | T5kN 1L.5m
Brass: E = 105 GPa 2.5m
D
G S0 kN
r P Fig. P2.10
Flg. P2,9 Y100k

v
@ The rod ABCD is made of an aluminum alloy for which £ = 70 CPa,
For the loading shown, and neglecting the weight of Ui vod, determing the de-

... Mlection (a) of point B, (b) of point D,

-

Answer: 6, = 0.781 mm], 6, = 5:71 mmlj.

@ Anaxial centric force of magnitude P’ = 385 kN is applied to the com-
posite block shown by means of a rigid end plale. Determine the normal stress in
{a) the steel cove, (b) the aluminum plates.

Answer: o5 = —175 M Pa, o, =—061.3 MPa. )

2.37 The rigid vod ABC is suspended by three identical wires. Knowing that
x'= &1L, determine the lension in each wire duc to the force T.

Answer: Ty = P/3, T, = P/6, T, = P/2.

20 nn

Steel core (£ = 200 GPy)

Aluninuim

plates

(£ =70 GPy)

200 nm

Fig. P2.26

e
1

/<\'<
30

2} 1111:5/ )

vy

B P! [ [y

AR R T eI

Rigid

end plate

g _' e ‘N " (' %-.
: ﬁ)mm
x/ 7S

[y {6

D _AB

AT T TR

= C.

.
P B
Flg. P2.37 and P2.38
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2.7. A sbeaight picee of wire £°Q lies nlong the line y = mx as shown in Fig. 1'2.7,
Ihe wire is strained and displaced Lo the Jine y = nx in such o way that a point
originally at @ is displaced to x3/2. Show that the extensional strain at any point

along the wire is given by
- T
[ -mt®

(where 2 is the original coordinate of the point).

Flig. P2.7

2.16. The point s displaced to C* as shown in VWig. 12,16, The horizontal and
vertienl components of thin displicement e woand v Fxpress the avernpe ex-
tensional strains of AC wnd BC in terms of w, v and Lo 11w and voare siadl, what
are Lhe npproxinate expressions for these nverage extensional straing? :

< .
o, >o / A
LV LN,

. u -

Fly. P216. _ : Fig. P2.47

‘T'he 1)(.')inIL 12 in Fig. 2.7 is displaced verlically an mmount 014, Qblain
theapproximute (frst-order) average extensional strain of AL, BD, and CD.

2.21) The Lar 43 is rigid and is supported by two wires DJ3 and C8 as shown in
Figr12.21. 1t the bar rotales through n small angle 0, determine the averagre
exlensionad strain of DB and CI3. :

777 41

Alter

Beloro :
Fig. P2.21



@A thin triangular plate is deforined as indiculed in Fig. 2.32. Compute
approximately the shear strain v,(P).

Flg. P2.32 . Flg. P2.34

2.34. A thin plate is in the form of a 30°-60°-90° triangle and is supported along
its hypotenuse as shown in Fig. 12.34. It is subjected to the uniform strains,
¢ = 004, ¢ = 003. Compute the approxiinate value of v,(P).

2.370 A thin rectangular plate is deformed uniformly inte nnother rectangle as
shown in Fig. P2.37. It clongates 10 per cent of ils original length and conlrocts
3 per cent of its original width, Compute npproximately the shear strain v,.

t ) 3 t
———————— " : . : -
. ! |
W ’ ' "l :
45°, 49 ' .
2 J __J 30 V ‘-J
L | e —
o Fig, P2.37 : Fig. P2,38

2.38. A thin rectangular plate is deformed unil’orml'y'int,o-nnothcr rectangle as
shown in Fig, P2.38. The extensionnl strain along its length is .02 dnd the width
remains unchanged. Compule approximately the shear strain v,




1 1éhgih of (a) edge’ AD, (b) edge BC, (¢) diagonal AC.

¥

.256{ ‘A hom;)g’;cx;cous 'ph.\t(::‘ '_XDCD.is S\'lb:jcclc'(l lo'a biaxial loading which

Tesults ir;'lhé. normal stresses 7, = 150 MTa and @, = JOO MPa. Knowing that the

'iwlhlé'i'q.ixindc.of'stccl for which E = 200 GPa and » = 0.30, determine the change’

Answer: (a)s,, = 60pm, (Ndpe = 206um,  (e)§,. = 60.470n
Lpum= 107 b

1“'2;5_5_:7':'1‘.1\0 homogencous plate ABCD is subjected to a Vl)iuxinl loading as

~ : e

G nun

-_}m\}'n-,z_ﬂ is known that a, = g and that the change in length of the plate in the Fig. P2.56 and P2.57

tdirection must b

7 _ ¢ zero, that is, €2 = 0, Denoling by E the modulus of elasticity
1nd by » Poisson's

ration, dc(crming {a) the required magnitude of @, (b) the ratio

Jo/C;..‘.!"', " e - . R . . s
. L — B
Answer: (a)o,, = vag, (b)‘c’—? = iy

4.12, A steel member (JF = 30 X 10° psi, » = .3) is subjected o the stresses
. or = 15,000 psi, o, = <5000 psi, ¢, =0,
Tay = —8000 psi, 7., =0, 7, =0. .

Yelermine the principal straing und the principal directions.

Answer: €7 = 6.66 1071, €y = —4.3410"%, 0 =70.7°, 160.7°

413, Yor nsteel, B = 30 X 10% psi, v = 4. Delermine the state of stress which
E rresponds Lo tho following stale of strain if the malerial obeys Ilooke's lnw:

& = 001, ¢ = —.005 ¢ =0,
Yoy = ~72025, vy = —.0025, v, =0.

\nswer: Tpy = Ty, = -2.81 104, o, = ~6.75.101, ayy = —20.25 ', o, = =910

o

417. A sl.ul:; of plane slress (sec Prol).'4.7) exists ab the freo surface of u body.

" Slrain measurements are taken al o point P on such a frce surface by the 45° slrain

rosclte shown in Fig. P4.17. 1f the malerial obeys Ilaoke's law, compule the
“prineipal sbresses in Lerms of ¢, €, €3, I, and .

I\ f1swer: 0'1'2 = i‘tl_ri—l—/-j(el + 53) :l: }'(Tlfl%;)' [(El — 63)2 -|- (262 — €&} - 53)2] i/2

4.18. Ropent Prob, 4,17 for Uhe 60° sbain raselle shown in Fig. P4.18. ‘

L
Lot

/
\ psi
3
2
4
450
— 1s*
! |
PAST

b 6;2}) - (E|€2 -+ €1y |- 6263)]

3\ ] F
.\/w /
\Va

)

Fig. P4.18
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SOLUTION

In this case P(x) is variable. It is conveniently expressed as p,x if the
origin is taken at 4. Here again Eq. 4-29 can be applied:

_ n%mkvncn+ﬁ. 1 f= .& s Pox?
“TJ, AmE T T4E), Pt Q=T G

At the boundary B, where x = L, the displacement is zero, i.e., u(L) = 0.
This condition must be used to evaluate the constant of integration:
Cy = —poL*24E. Thus u = —p,(L* — x%[2AE and u(0) = —p.L2AE.
The negative sign indicates that the displacement u is in the opposite
direction to that of positive x. If W designates the total weight of
the rod, the absolute maximum deflection is WL[2AE. Compare this
expression with Eq. 4-33.

In this problem Eq. 4-32 instead of Eq. 4-29 could be applied.
With the gravity load acting downward and with the positive x axis
directed upward, the sign of the load in Eq. 4-32 must be negative, i.e.,
AE d*uldx® = —(—p,). As in the previous solution, one of the bound-
ary conditions is #(L) = 0. The second one is 2’(0) = 0, where ¥’ = du/
dx; this follows from the fact that at the free end P = 0. (See Eq. 4-30.)

If 2 concentrated force m.v, in addition to the bar’s own weight,
were acting on the bar 45 at the end 4, the total end deflection due to the
two causes by superposition would be

PL WL [P+ OV

bl =25+~ AE

EXAMPLE 4-10

A 30-in.-long aluminum rod is enclosed within a steel-alloy tube, Figs.
4-29(a) and (b). The two materials are bonded together. If the stress-
strain diagrams for the two materials can be idealized as shown, respec-
tively, in Fig. 4-29(d), what end deflection will occur for P, = 80
kips and for P, = 125 kips ? The cross-sectional areas of steel 4, and of
aluminum A4, are the same and equal to 0.5 in.2. .

SOLUTION

By applying the method of sections, one can easily determine the axial
force at an arbitrary section, Fig. 4-29(c). However, unlike the case in
any problem considered so far, the manner in which the resistance to
the force 2 is distributed between the two materials is not known. Thus,
the problem is internally statically indeterminate. The requirements of
equilibrium (statics) remain valid, but additional conditions are necessary
to solve the problem. One of the auxiliary conditions comes from the
requirements of the compatibility .of deformations. However, since the
requirements of statics involve forces and deformations involve dis-
placements, a connecting condition based on the property of materials
must be added.

Let subscripts a and s on P, ¢, and o identify these quantities as
being for aluminum and steel, respectively. Then, noting that the applied
force is supported by a force developed in steel and aluminum and that

N R | _\
H: 0 167
P P (d)

(a) ©

Fig. 4-29

at every section the displacement or the strain of the two materials is the
same, and tentatively assuming elastic response of both materials, one

has
Equilibrium: P, +P, =P or P,
Deformation: Uy = U, or £, =&

o /E, and

Material vmommnwomn £, g, = 0,/E,
By bomum thato, = P,/A, and 0, = P,/A4,, one can solve Sm three equa-
tions. From the diagram the elastic moduli are £, = 30 x;10° psi and
E, = 10 x 10°® psi. Thus i

Hence P, = [4,E,/(4,E)IP, = 3P, and P, + 3P, = P, =80k; there-

fore, P, = 20k, and P, = 60 k.
Applying Eq. 4-33 to either material, the tip deflection for 80

kips will be
= 0.120 in.

u= 4B " 4gE T osone

“ Aoksi /
i
200 Steel
150
. P .
’ H_ 100
dx )
* T Alumn
1 /
I s}
i m 4
H | 1
11 s |
45 667 10 ¢
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deformation

This corresponds to a strain of 0.120/30 =4 x 10-3 jn, per inch. In
-this range both materials respond-elastically, which satisfies the material.
property assumption made at the beginning of this solution. In fact,
as may be seen from Fig. 4-29(d), since for the linearly elastic response
the strain can reach 5 x 1073 in. per inch for both materials, by direct
proportion the applied force P can be as large as 100 kips.

At P = 100 kips the stress in aluminum reaches 50 ksi. According
to the idealized stress-strain diagram no higher stress can be resisted by
this material, although the strains may continue to increase. Therefore,
beyond P = 100 kips, the aluminum rod can be counted upon to resist
only Py = A0, = 0.5 % 50 = 25 kips. The remainder of the applied
load must be carried by the steel tube. For P, = 125 kips, 100 kips must
be carried by the steel’ tube. Hence os = 100/0.5 = 200 ksi. At this
stress level ¢, = 200/(30 x 10%) = 6.67 x 10~3 in. per inch. Therefore,
the tip deflection

u=eL =667 x 1078 x 30 = 0.200 in.

Note that it is not possible to determine u from the strain in aluminum
since no unique strain corresponds to the stress of 50 ksi, which is all that
the aluminum rod can carry. However, in this case the elastic sieel tube
contains the plastic flow. Thus, the strains in both materials are the
same, i.e., &s = & = 6.67 x 107% in. per inch, see Fig. 4-29(d).

If the applied load P, = 125 kips were removed, both materials
in the rod would rebound elastically. Thus if one imagines the bond
between the two materials broken, the steel tube would return to jts
initial shape. But a. permanent set (stretch) of (6.67 — 5) X 1073 =
1.67 x 107% in. per inch would occur in the aluminum rod. This in-
compatibility of strain cannot develop if the two materials are bonded
together. Instead, residual stresses develop, which maintain the same
axial deformations in both materials. In this case, the aluminum rod
remains slightly compressed, and the steel tube is slightly stretched,
The solution of such statically indeterminate problems is considered in
greater detail in Chapter 12. The small effect due to Poisson’s ratio is
neglected in the above discussion.

4-18. STRESS CONCENTRATIONS

From the preceding articles of this chapter it is seen that stresses
are accompanied by deformations. If such deformations take place at the
same uniform rate in adjoining elements, no additional stresses, other thasg
the cross-sectivnal area ot a member is interrupted or if the force is actually
applied over a very small area, a perturbation in stresses takes place
because the adjoining elements must be physically continuous in a
deformed state. They must stretch or contract equal amounts at the ad-
joining sides of all particles. These deformations result from linear and
shearing deformations involving the properties of materials E, G, and »
and the applied forces. Methods of obtaining this disturbed-stress distri-
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Problem 2.5 2.5 A cast-iron tube is used to support a compressive load. Knowing that £ = 69
o GPa and that the maximum allowable change in length is 0.025 %, determine (a)

the maximum normal stress in the tube, (b) the minimum wall thickness for a load
of 7.2 kN if the outside diameter of the tube is 50 mm.

£=CaGPe = 62107 Pa

selected for the rod, (b) the corresponding maximum length of the rod.

_ P P _ uxio® - _ e 2
La,) 6 A A = 6 - \SOXIO“ 22. 222*‘0 129
OA _ [(WMzz.222x00®) -2
A= TdY d=)EE -JL( ETPETE e

_PL _ AES _ (22.2220107¢ )(105 x107)(B %1 07*)
0 5= 1g L= B2 - L2 _

£ = %‘ _ 000015 b 5,00025 (1
L
(@ & = E r(éqx\o“\(o.ooozs'\ = 17.25%10° Pa (l) 5 = 17.25 MPa =
DS T S & TP S S VRS R
& &= 7% A= g = Tasxor 4. 3310 e (1)
(g ~ 2 L ($)(H12.3) 2
A = Fldo -4 ) 4. =ds - —Li,_-f—\— = 50" - i ~ [963.56 wm
b= 44368 () T = Uad)= F(so-4r.362) 0
t = 2. 282 wam -}
Problem 2.6 2.6 A control rod made of yellow brass must not stretch more than 3 mm when the
tension in the wire is 4 kN. Knowing that £ = 105 GPa-and that the maximumn
' allowable normal stress is 180 MPa, determine (a) the smallest diameter that can be .

A = 5.32 mm R

L = 1.750 m -

Problem 2.7 2.7 Two gage Marks are pl

the stress in the rod, (b) the factor of safety.

@ Sz |0.009 - 10.000 = 0.009 in.

- . ES . (16.1%x104)(0.000) _ s
g = L = T = T o q.09 % |0 psn

6= q.09 lese
by Fs. = % - = F.5s 1,760

" Propri . .
di:‘ ‘:z;‘ﬂary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or
uted in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers

cande - . . ' . .
L;ucators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission.

aced exactly 10 in. apartona %—in.-diameter aluminum

rod with E =10.1 x 10° psi and an ultimate strength of 16 ksi. Knowing that the
distance between the gage marks is 10.009 in. afler a load is applied, determine (a)

-
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Problem 2.8 2.8 An 80-m-long wire of 5-mm diameter is made of a steel with E =200 GPa and
: an ultimate tensile strength of 400 MPa. If a factor of safety of 3.2 is desiréd,
determine (a) the largest allowable tension in the wire, (b) the corresponding

elongation of the wire.

@y 6, yooxio® Pa A= Tdr=F) = [G.635 nwm = 19,7835 #10° w"

D, = G, A = (Hoox]0)(19. 685%10°°) = 7854 N

P 7354 e, =
‘) = e = - 54 ~ 2.485 l(N -

CPL . (2458Y(80) -+ so.0xi0"w
&) 5 AE (\ﬁ.&BS‘AlO"‘)(QooMO") 50.0x10

§=50.OW\_W\ )

Problem 2.9 2.9 A block of 250-mm length and 50 x 40 mm cross section is to support a centric
compressive load P. The material to be used is a bronze for which E = 95 GPa,
Determine the largest load which can be applied, knowing that the normal stress

must not exceed 80 MPa and that the decrease in length of the block should be at

A = (§0)(Ho)= 2000 et most 0.12% of its original length.
= 22070 m |
G, = 80 MPa: 80%10° Pa, E = asx/o” Pa
Con sia?,evffm») ou/?)?ow«}sie. ‘etress 2
6= 8 P:Ae= (axo?)(80x10°) = 160xI0 N

,Cons[.alem'nﬁ ojjouJa'Lle Je":owm»'{’fow:

S = % P= AE(R) = @wo) (a5 %107)(0.0012) = 228 %102 K

The smeller vadoe governs. Pz 160*0° N P=160.0 kN =

Probl 210 2.10 A 1.5-m-long aluminum rod must not stretch more than 1 mm and the normal
roblem 2. : stress must not exceed 40 MPa when the rod is subjected to a 3-kN axial load.
Knowing that E = 70 GPa, determine the required diameter of the rod.

L’—" 1.5m _
5= 'YIO'SMJ 6 = 4ox(" Pa, E= :70><10""ch) P=3xI0°N
) 03 ' -a . a
Stress - '-"E:— A”g—- = TS%'%“ = TE%[O m- = 75 mm
DC‘ForM u.f{ifuv\'- - 5 = ]:\—lé'-
pe BE o (@x10220S) L gy gaxictm T 62T e

ES ~ (ToxioN(xo?)
Laf‘j&r vaae o‘F A Sa\le\rns.

A= Tol* d =F§— a/@_(;li’ 4= .77 MM. -

A = 75 MM.'~

\.f







2.27 Each of the links AB and CD is made of aluminum (E = 75 GPa) and has a
cross-sectional area of 125 mm”.  Knowing that they support the rigid member BC,

determine the deflection of point E.

(4

F»’]\ T.Fc.o Use wiem ber BC as «
B(ﬁ . 'FY‘QQ. EDAY,_
1 SxjO>N
0! -(0.c4) 5y + (049)($%10 )= O CFae T 34375 N (D)

M
<
)
'
10}

(0.e4) F., - (0.20)(5x(c* ) = 0 =

15625 »[o° N (2)

FOV' /Piv\ks AB QMG‘ C‘D, A = IQS— mmt = IQ{xIO.G Mt
- Faalaa _ (3.43725410° )( 0,3¢ )

= - 132.00 %0 ¢ = 5 2)
EA (1500125 x 107¢ ) " J
Fole _ (hS62S x103)(0.36) -c -
= : = £0.00 %|D = 8. ([
EA  (Isxio")isx(0™) m )
_ S8-Se _ 2200 wst
Spope (S0 One = 0.0k,
Se T N5 x0T ved —
Cl
§g= Se_ + ’0&9
Deformation diaavam. = 60.00%10" + (0.44 )(H'LS’ x10™)
= 109.5%(0°¢ m Se=0.1095mm b ~a
Up —Du
= A ¢ : = 40?0. 2 —e———eeeee—]
Lge

/%q'

pr :;?a(lry Material. © 2009 The McGraw-Hill Companies, Inc, All rights reserved. No part of this Manual may be displayed, reproduced, or
é'du: In any fo_nn or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers
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Problem 2.41

Dimensions in mm

40-mm diam.  30-mm diam.

2.41 Two cylindrical rods, one of steel and the other of brass, are joined at C and
restrained by rigid supports at A and E. Forthe loading shown and knowing that E;
= 200 GPa and E; = 105 GPa, determine (a) the reactions at A and E, (b) the

deflection of point C.
ZF” RE-RA +lo+Yo 0
At C: E = 200x10" Pa ZAu=o
A= T (o) = 1.250c4%)0° mmo = .256c4%15 " m?
EA=

C+4 E:
A=g
EA

251.327*10° N

|08 > JO;a Pa
J06.86 MM

E -
FBo)' =
74,220 x)o® N

706.86%]0 " m"

-

cokn

4o kN

QA (0.[803

-

L= 180 mm O. 180 wm

25, 327%{0%
QA - GOx/0® L=
(Rp=60%10*)(0.120)

= 716.20%10"" R,

- -

1RO mm= O.I20 m

P = ? - Gox»|O?
(Q,, gox10>)(0.100)

1}

-1
251.327 = |0¢ Ha7,. 47 %10

L= 100 mm = O.100 m

N 100 x|0%
(Ra~

1.34725x 10" Ry - 0.

74.220x [O%
[O0 mm = O./100 m

L=

100 x(0* )(0.100)

= Spg + See

(a)

San + Sac

R [ML

thce Po'm'f“ E cannot move peletive o A
3.85837x(0 R, -

R, - loox)0*

~—
=

I .-lggﬁ

TEVIEY. 1, 34735 % Jo

2,85837 %0 ' Ry —

-+ co+ DE=
§A5=D

242.424% 10 = O 62.83Ix10° N

R

Bis

"

62.8%(0°= joox 0" == 37.2%x]0° M

116367 v (0"

—

Ry ~ 26.848x]10°¢

= (1.1e3¢ax10 MWe2.831x 10%) - 26.848 % [0°°

46 .2 % [0°° m

(2'\ S(~

e Tt s Telee » Bolo
A#E; A&Es An &

R, = 26.848x»10°°

QA - ]34.

242, 424x o> ¢

(2)

()

- CICI

&)

7%5 %0 "

(2
20

62.8 kN < -t

2372.2 kW« <=

HE.2 pirm — 2

s Bebe

Aoe Eb :

11,4}*-1 8o )(Io‘
AM, ES

. (Br-to) e . R-bo)e’  tooxs0”

Ape Eg & A‘PEb

Aoe G

0)
()

-3
(R, o) XI5 <100 X0 -0







Pr oblem 4.65 . 4.65 A‘couple of rt_\oment M=2KkN:mis to be applied to the end of a steg}
Determine the maximum stress in the bar (@) if the bar is designed with grog

havi‘ng sem'icircular portions of radius r = 10 mm, as shown in Fig. 4.65q, (b)i
bar is redesigned by removing the material above the grooves as shownin 1’?ig 4l f65-

For ‘OOH'\ conty %UV‘ a“r\‘w\s

D=150 mm; dz 100 mm

\O wm,

D _ Lse . -
—J-IEE‘(; .50 {
L -
4

r

de. = o.l0 |

joo

Fo'f' Lon “:{ 3 vy a,{‘f o (OJ) (@) ®)

Fig H.32 3EV€SK°,= ,21e 1
C.L}) \:\‘3.”.3‘ 31“&5. Kb: |7Q.

For C-av\'Y‘l.j oration

x»: T!"lbhz = T%<12>(10033 = I.SXIO‘ V‘OML‘ =

c=dd= 50 mm * .08 m

_ XMe _ (2.2 (2x10%) (0.05) )
o\ G- < - - Y 7
KMe _ (L.aay( 2xl *)(0.05 ¢ Ve
Ny £10°)(0-05) _ y1q 40" Pa= WA MPa

(Y 6 =
: I 1.5 xlo07°

© 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or
ans, without the prior written permission of the publisher, of used beyond the limited distribution to teachers
dent using this manual is using it without permission.
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Fig. 3-22. Thin-walled member of variable thickness.
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3.137 An 8-fi-long steel member with a W8 x 31 cross section i
Problem 3.137 «_ kip - in. torque. The properties of the rolled-steel section are giv:ns?nj'
Knowing that G = 11.2 x 10° psi, determine (@) the maximym sh
along line a-a, (b) the maximum shearing stress along line b-b, (¢) the
twist. (Hint: consider the web and flanges separately and obtain ‘g
between the torques exerted on the web and a flange, respectively, by'e
that the resulting angles of twist are equal.) ;

7.995
W8 x 31 F}amj-e: Qo= 7.‘775- |‘h) b = 0-435> % = 0.43:'
c,= G=3(1-0.c30L) - 0.329 e P = —lek

C,a kG

v ®

Ke = (0:3219) 7.995)(0.435 ) = 0.2188 i
W

eb? a= 20-02)0.435) = 713 in, b= 0.285 i,

’

C,= 30V -o0esedis 03249 o
13 GQu  _ GP
CZCLE L - Kw L

w-here Vw =

Ko = (0.32490(7.13)(0.285)* = 0.0863 n* o
\-_or ma:)'é.kfnj +_\J;'s+ aV\jjeS QD,: = qDM = QD Qo
Total Yorque. T = ZT; +T;,0= (ZKF+ Kw)%ﬂ

_G__Q - T,_.,, ' :——-&“K T :—-—-——ﬁ~——-}< T
L ~2.1(p+‘Kw > 'T Ae + K YT 2ot Ku

(0.2138)(5000) ©
Tp = o0 ;

= = 2221 Rbeia
QY0.2128)+0.058 2 221 i

T, = (0.05¢3)(5000) i 5'57’“
Y Q00.2133) ro.05%3
- T - 22 - 4570 poi = 46D ksl
G ab® (0.329)(7. 195 )(0.435 ) - '
Tw 557 ‘ ', ‘ :
) = = = 2960 ps 2.9¢ Wsig ~a
Cak* (0.3249)(7.13 )0.285)* 2960 i C

cl I N Y S
L7 2+ 1K, | G(RKet K)

(5ovo)(96) y e b og B
= - _ ~ .
? (1:210° [0 2135 0.568] -~ 58-6 ¥lo" red |

where L= 3 = 96 u,

3139 |
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Problem 3.148 3.148 A cooling tube having the cross section shown is formed from a sheet of
stainless steel of 3-mm thickness, The radii ¢; = 150 mm and €2 =100 mm are
measured to the center line of the sheet metal, Knowing that a torque of

magn'itude T=3KkN: mis applied to the tube, determine (@) the maximum

Avec bovnded 197 cen'}empt‘he,
Q=T el)= T80 - 108) = 39.27m0% me
T 227907 mt g

t

_T_. 3 x |o* - : :
Ernh (2)(0.003)(30.27%15 7y T R-T2HO B @ e 127 NP, -

0.003

(2retre) = a2we't s

27 (o. /50)1(0.003)0*2.73\40‘) = 5,46 %10° Nopm @
T =S40 kV. pn-

McGraw-Hill Companies, Inc. All rights reserved, No part of this Manual may be displayed, reproduced, or
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b3 be3 b1 +by03 byt + 26,83
SRETTFT S/ S B
(a) (b) (©) (d)

FIGURE 8.4.3. Thin-walled open sections, showing their shear stresses and torsional con-
stants Jz. In (a) and (b), dimension & is the length of the midline of the cross section.

when a bar is bent to form a helical spring, some corrections to these mo_,Bc_»m,”

may be necessary {8.3].
The membrane analogy permits a very useful generalization of the foregoing
results to other thin-walled open cross sections. Imagine that the narrow rectan

gular cross section of Fig. 8.4.2 is distorted into a C or an L shape, or attached.
" to another narrow rectangle to B&S a T or an I section. By visualizing the:
inflated membranes for these m:mwnm we decide that ¢ surfaces of all of them.

remain parabolic (excepting near ends and near reentrant corners, which w
discuss later). The total torque is the sum of torques carried by each part of th
cross section. Since Gf is the same for each part, Eqs. 8.4.5 Ea m 4.8 stil
m@Ev\ but with the b73/3 contributions summed to ﬁn&

-328

L»)I'—-
-t

where n is. the number of parts into which the cross section is divided for .

purposes of calculation. Examples of this calculation appear in Fig. 8§.4.3. In

angle and I sections, the part of greater thickness displays greater shear stress.”
Where there is taper, as in the cross section of a turbine blade or in flanges of

a rolled section, we can use

1 _
Jp = |Tu ds (8.4.11)

3

where ds is an increment of length along the medial line of the cross section.

More exact formulas are available [8.3]. These formulas, experimental results
" {8.5], and coefficient Cg in Table 8.4.1 suggest that, for standard rolled struc- .

tural shapes, J; may actually be some 10 percent higher than predicted by Egs.

8.4.10 and 8.4.11. Omission of this adjustment yields a conservative design :

under either a stress limit or a deflection limit.

(8.4.10)

There are several hydrodynamic analogies to the torsion problem: [8.1]. In this
section we outline one, without proof, and use it to draw :moDM conclusions
about shear stresses in twisted bars.
If a fluid without viscosity executes motion in the yz Ewsn S:: constant
vorticity, its motion is described by the equation :
9? 9’ A
IW + IMV = —2w S (8.5.1)
ay mN . .
where ﬁ is the stream m:sozos and w is the (constant) <on§Q mr:a <&cham
vand win Yy and z directions, respectively, are
_ .

oz w = Ia. s (8.5.2)

v

Clearly, Egs. 8.5.1 and 8.5.2 are apalogous to Egs. 8.3.5 and 8.3.1, respec-
tively. Thus fluid velocities are proportional to shear stresses. Lines ¢ = con-
stant are streamlines. The fluid boundary must be a streamline,. therefore the
boundary condition d¢ = 0 of Eq. 8.3.6 is met. Thus the analogy is complete.

Experiments have been done in the mozo;::m way. Imagine that a square
cross section is to be studied. A shallow square tank is painted black and placed
on a turntable. A camera, looking down onto the tank, is also attached to the
turntable. The tank is filled with water (whose viscosity is low, if not quite
zero) and aluminum powder is sprinkled on the water. When all is quiet, the
camera shutter is opened while the turntable is rotated about 10°. From the
viewpoint of the photograph, the tank is stationary while the fluid rotates with
nearly constant vorticity. The aluminum particles show as streaks on the film.
Each streak is in the direction of a shear stress. The length of the streak is
proportional to the magnitude of the shear stress.

Experiments aside, the hydrodynamic analogy has other uses. O:o is in aiding
visualization of torsion problems. Another is that known solutions for fluid flow
can be applied to the torsion problem. For example, consider an zlliptical ob-
stacle (Fig. 8.5.1a). Far from the obstacle the flow is uniform and horizontal,
sow = 0 and v = v,, a constant. Points A are stagnation points; where v =
w = (. Fluid theory shows that at points B, where z = =b; fluid velocities
are v = U,(1 + b/a) and w = 0. Applying these results to a mi».mﬂam bar, Fig.
8.5.1b, we conclude that stress is zero at the sharp external corners €. At the
root of the small elliptical notch, shear stress is approximately -

@ L
T=Tl1 4+~ - (8.5.3)

a 5.

where 7, is the stress that would prevail near the boundary if the ‘notch were
not there. The calculation is approximate because the undisturbed stress is not
the uniform value 7, unless the notch is very small. The quantity in parentheses
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Problem 4.7 4.7 through 4.9 Two vertical forces are applied to a beam of the croés e
shown. Determine the maximum tensile and compressive stresses in portioneéc

3in. 3in. 3in. the beam.
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4.39 and 4.40 A steel bar (E; =210 GPa) and an aluminum bar (E, = 70 GPa) are
bonded together to form the composite bar shown. Determine the maximum stress in
(a) the aluminum, (b) the steel, when the bar is bent about a horizontal axis, with M=

200N - m.
Uee elviminum as the veference mmeteviat.
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EMA 3702 | . QUIZ2A | March 29, 2012

You are allowed four sheets of 8 %2 x 11 inch paper with whatever you wish on the sheets
Print your name and sign the following statement:

I will not give nor take any unpermitted aid during this quiz I understand that violation of this
statement will lead to automatic fallure of the: qmz :

PRININAME °~ ~ SIGNNAME

Problem 1.

a) Given the following beam loaded as shown, find the lecation_of the maximum moment,
- given P=10 KN Take Q=0 KN initially. _ .2

b) Whatis the maximum stress oy and where can it be found, given the following information:
. Biteet = 206 GPa, Evooa = 10.3 GPa, for the cross-section below

¢) Now let Q=10 KN so that it acts at the centroid of the cross-section of the equivalent beam.
Where is the neutral axis now? What is the maximum stress 6y and where can it be found?
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Problem 2.

A beam is loaded by means of a torque, T, equal to 20000 fi-Ib at end C The cross-sectlon of the -
beam is given in the figure on the right.

I3

a) What is the maximum shear stress in the cross-sectlon and where can it be found‘? The -
beam is made of aluminum with Egyminum = 10 x10° ps1 and the Poisson ratio, v=03. .

b) What is the angle of twist at the cross-section located at B.

B

” _— C
A —> T ~
A | | |
- 35m —|[—o2in
O B T .

oue = Guct 20000 f1db *ﬁ: C
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20t 2184w 02in
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Florida International University
Department of Mechanical and Materials Engineering

EMA 3702 QUIZ2C March 29, 2012 -
You are allowed four sheets of 8 % x 11 inch paper wﬁh whatever information you wish on the
sheets
Print your name and 31gn the followmg statement:

Iwill not give nor take any unpermitted aid dunng this quiz. Iunderstand that v1olat10n of this
statement will lead to automatic failure of the quiz.

PRINT NAME ) SIGN NAME

Problem 1..

a) G1ven the following composite beam loaded as shown, find the location of the maximum
moment, given P=10 KN. Take Q=0 KN mltlally M, ob qu 2okl

b) What is the maximum stress oy and where can it be found, given the following 1nformat10n
Egeel = 206 GPa, Equmimum = 72 GPa, for the cross-section below.

¢) Now let Q=10 KN so that it acts at the centroid of the cross-section of the equivalent beam.
Where is the neutral ax15 now? What is the maximum stress ox and where can it be found?
com plecd o oL -

2P P — —
L \L o | Alumnnum

WY My
B
= ® ® F

13m | 3m | 3m |

Units of length for the
' = _ : fion are in cm.
| P Ty =12 < 2945t
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Problem 2.

A beam is loaded by means of a forque, T equal to 5000 N-m at end C. The cross-section of the

S '1beam is g‘wen in the figute ori the nght

L a) What is the maximum shear stress in the cross-section and where can it be found? The
' beam is made of aluminum with Ealummm}, —_— 72 GPa and the P01sson ratio, v =0.3.

b) What i is the angle of tw1st at the cross-sectlon located atB.
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Florida International University
Department of Mechanical and Materials Engineering

EMA3702 .oQuzZ2B . March29,2012

You are allowed four sheets of 8 ¥ x 11 inch paper with whatever y6u wish on the sheets

Print your name and sign the following statement:

I will not give nor take any unpenmtted aid durmg this quiz. 1 understand that violation of this
statcment will lead to automatic failure of the quiz. :

PRINT NAME SIGN NAME

Problem 1.

| a) Giventhe -folldwing beam loaded as shown, find the location of the maximum moment,
given that P=10KN. Take Q=0 KN initially. ahfhe wald

b) What is the maximum stress o, and where can it be found, given the following information:
Eatuminum = 92. 7 GPa, Eweod = 10.3 GPa, for the cross-section below.

, ©) Nowlet Q=20 KN so that it acts at the centroid of the cross-section of the eqmvalent beam.
Where is the neutral axis now? What is the maximum stress ox and where can it be found?
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Problem 2.

The angle bracket having the cross-section shown is to be formed from the sheet metal of
thickness 12mm. Each leg of the angle bracket is 24.6 cm long to the centerline.

a) If the angle bracket has an applied torque, T, of 2500 N-m, find the maximum shear stress
and where it can be found on the cross-section. :

b) Also, find the angle of twist.

The Young’s Modulus, E = 206 GPa and that the Poisson ratio, v =0.3.

%
- = 12w
24¢m ) I::é&-_—:l " :
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~ Florida International University |
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EMA 3702 _ QUIZ 3A April 17,2012

You are allowed seven sheets of 8 % x 11 inch paper with information to help you solve problems
Print youi' name and sign the following statement:

I will not give nor take any unpermitted aid during this quiz. I understand that violation of this
statement will lead to automatic failure of the quiz. ' .

PRINT NAME SIGN NAME

‘Problem 1. ‘ | ‘ ' '

a) Given the following beam loaded as shown, find the location of the maximum shear, given
P=10 KN, given the following information: Egeq =206 GPa, Equminum = 92.7 GPa, for the
cross-section below. Notg that the maximum shear may not be at the centroid.
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QUIZ 3A

Problem 2.
a) Given the following beam loaded as shown, find the deflection y as a function of x.

b) What is the moment at x=L/2 from the deflection equation y(x)?
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Florida International Univérsity
Department of Mechanical and Materials Engineering

EMA 3702 QUIZ3B April 17,2012

You are allowed seven sheets of 8 2 x 11 inch paper with information to help you solve problems
Print your name and sign the following statement:

I will not give nor take any unpermitted aid during this quiz. 1 understand that violation of this
statement will lead to automatic failure of the quiz. ‘

PRINT NAME SIGN NAME

Problem 1.

- a) Given the following beam loaded as shom find the location of the maximum shear, given
that P=20KN, given the following information: Egyminum = 92.7 GPa, Ewooa = 10.3 GPa, for
the cross-section below. Note that the maximum shear may not be at the centroid.
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QUIZ 3B
Problem 2.
a) Given the following beam loaded as shown, find the deflection y as a function of x.

b) What is the slope dy/dx at x=6m from the deflection equation y(x) ?
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Florida International University
Department of Mechanical and Materials Engmeenng

EMA 3702 QUIZ 3C ~ April 17,2012

You are allowed seven sheets of 8 % x 11 inch paper with information to help you solve problems
Print your name and sign the following statement:

I will not give nor take any unpermitted aid durmg this quiz. I understand that violation of this
statement w1ll lead to automatlc failure of the quiz.

“PRINT NAME SIGN NAME

Problem 1.
a) Given the following beam loaded as shown, find the location of the maximum shear, given

P=10 KN, given the following information: Esee =206 GPa, Ewooa = 10.3 GPa, for the
cross-section below. Note that the maximum shear may not be at the. centroid.
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QUIZ 3C

Problem 2.

a) Given the following beam loaded as shown, find the deflection y as a function of x.

a) What is the shear at x=L/2 from the deflection equation y(x)?
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PROBLEMS 777

17-15. The steel bar AB has a square cross section. If it is pin- 17-17. The stecl bar AB has a rectangular cross section. If it is

connected at its ends, determine the maximum allowable load P pin-connected at its ends, determine the maximum allowable in-

that can be applied to the frame. Use a factor of safety with respect  tensity w of the distributed load that can be applied to BC without

to buckling of F.S. = 2. Ey = 29(10% ksi, ay = 36 ksi. causing bar AB to buckle. Use a factor of safety with' respect to
buckling of E.S. = 1.5. E,, = 200 GPa, oy = 360 MPa,

Prob. 17-15 * F" Prob. 17-17

s its
yout

17-18. Determine the maximum allowable intensity w 6f the
iPa,

distributed load that can be applied to member BC without causing

member AB to buckle. Assume that AB is made of steel and is

. . pinned at its ends for x—x axis buckling and fixed at its ends for

B %17.-16. The steel bar AB of the frame is pin-connected at its  y~¥ axis buckling. Use a factor of safety with respect to buckling
* ends. Determine the factor of safety with respect to buckling about of E.S. = 3. E; = 200 GPa, gy-= 360 MPa.

the y-y axis due to the applied loading. Ey = 29(10%) ksi,

oy = 36 ksi. :

2in.

4 kip/f ’ \/) ’
plft -
/itﬁn.

AN

6 ft

_ Prob. 17-18

[ i 8 ft

. Prob. 17-16
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FINAL EXAMINATION-A
April 26,2012

General Instructions -- This examination is 150 minutes long. You are allowed your help aids

from previous quizzes, and any help aids attached to the examination. SHOW ALL
WORK!!!

Please sign the following:

I certify that I will neither receive nor give unpermitted aid on this examiination. Violation
of this will result in failure of the course and possibly other academic disciplinary actions. '

Print your name Sign your name

This examination cons'ists‘ of 3 problems with several parts to each of the problems. You are to
answer all the problems!

GOOD LUCK!
Problem # _ Breakdown by ‘ ‘ Scdre
Problem
1 | 30%
2 30% | '
3 40% |

TOTAL






Problem 1A

A bar truss, made of steel, is loaded by P as shown in the diagram on the left.

a. If each bar has a cross-section as shown below on the right
e find the value of the load P that will cause buckling to occur and
e find in which bar this buckling will happen first.

b. Suppose the dimensions of the bars’ cross-section were not given and the bars were solid.
What must be the minimum diameter of the solid bars if failure by buckling (c=P./A) and
failure by yielding (¢ =oy, ) were to occur simultaneously. Py, is the Euler Buckling Load

For part a, calculate the load P according to the following conditions:

All the bars are pin connected at both ends for buckling in the plane of the page and are
considered fixed at both ends for buckling out of the plane of the page.

Take E =29 x 10° Ib/in and ©,,=36000 Ib/in>. The dimensions of the bars can be determined

from the picture and are given in FEET.
/t=0.06 in

d=2in

S S——; |
p
foms o}
=y

s







Problem 2A.

A steel wire 200in. in length with
cross-sectional area equal to 0.25in? is
stretched tightly between the midpoint of the
simple beam and the free end of the cantilever
as shown in the figure. Determine the de-
flection of the end of the cantilever as a result
of a temperature drop of S0°F. For steel
wire: E = 30 x 10%psi, « = 6.5 x 107 per
°F. For both beams: I =21.3in? and E =
1.5 x 108 psi. '

30"

§g_ 3

e 30 e

e

A T
200" /Wire

L






Problem 3A.

You are asked to solve the following problem by your boss. Given a beam made of wood and
aluminum that is loaded as seen in the left figure and the cross-section as shown in the right
figure. ‘The Young’s modulus for the steel is Ec=198 GPa and for the aluminum it is E;~=72 GPa.

The loading acts along the y axis in the downward direction. You decide that in your solution
methodology you will convert the cross-section to aluminum.

a) Find the equation of the displacement function, y(x), in terms of EI

b) Find the location and value of the maximum direct stress,oy, and the maximum shear stress,
Txy- N

¢) If the aluminum and steel are held together with a bolt that can handle a load of 200N, what
would be the minimum spacing required of the bolts in the region x=6m to x=9m of the
beam. _ .

d) Find Tyex and opmax at a point x=3m, and 5cm below the top surface (hint: determine what

~ stresses are acting at that point, first).

ly
Herdim T R Em |
L.w.. A steel | 35¢cm
| 2.5m [1m|25m]  3m
Auminum| | Scm
i 5 m







762 Appéndix D. Beam Deflections and Slopes

Maximum
Beam and Loading Elastic Curve Deflection Slope at End

Equation of Elastic Curve

Y . .
L _pi? PL?

— —_ i( 3o 3L 2)
~~— [ 3EI 2ET Y= sm *

X - W a4 3 3
~—_ | s Y= Ty O T AL+ 6L

[
I N /%
" : : ] !/lm\x 2EI

T P}

 48EI

«éL—»l Yinax

Fora > b:
Pb(L* — b2)? g o PO =)
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FINAL EXAMINATION-C
April 26,2012

General Instructions —- This examination is 150 minutes long. You are allowed your help aids
from previous quizzes, and any help aids attached to the examination. . SHOW ALL
WORK!!!

.

Please sign the following:

I certify that I will neither receive nor give unpermitted aid on this examination. Violation
of this will result in failure of the course and possibly other academic disciplinary actions.

Print your name Sign your name A

This examination consists of 3 problems with several parts to each of the problems. You are to
answer all the problems!

GOOD LUCK!

Problem # Breakdown by Score
Problem

30%

30%

40%
;‘OTAL

Hw | |=







Problem 1C

A bar truss, made of steel, is loaded by P as shown in the diagram on the left. This load can
occur either pointing down along the —y direction or pointing up along the +y direction. So you
must solve for both cases. ' ‘

a. If each bar has a cross-section as shown below on the right of the structure,
e find the value of the load P that will cause buckling to occur first, the direction of P and

e find in which bar this buckling will happen first.
Assume a safety factor for buckling is 2.
Calculate the load P according to the following conditions:

All the bars are pin connected at both ends for buckling in the plane of the page and are
considered fixed at both ends for buckling out of the plane of the page.

Take E =29 x 10° Ib/in? and ©,,;=36000 Ib/in>. The dimensions of the bars can be determined
from the picture and are given in FEET.







Problem 2C.

Given:
Beam AB having a bending rigidity EI=1040 Ib-i in?
Wire CD having a cross-sectional area A=0.0001 i in?, an unstretched length of 30 inches, E=30

x10° psi, and 0=6.5 x 107 in/in-deg F

Originally the system is at room temperature, no loads are applied to the system, and the
unstretched wire CD is connected to beam AB at C.

a) Find the change in load in the wire CD if the temperature of the wire increases by 100 degrees
F. The beam is unaffected by the change in temperature. To do this, you will need to determine
the displacement of the beam at C, first. So,

b) Derive the displacement function for the beam y(x) if a concentrated load is 7 feet from the
left support. Use this function to find the displacement at C.

Note: 1°’=1 foot=12"=12 inches

|J . 7' l’ 3| y
L i 1 f‘
0 e =B
. ] ?Q*t.
j ‘,‘«; 1 257
N
of)
3‘.\—— D

78






Problem 3.

The 2-in.-diameter rod is subjected to the loads
shown. Determine the state of stress at point A, and show the
results on a differential elemept located at this point.

800 1b
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FINAL EXAMINATION-B
April 26, 2012

General Instructions - This examination is 150 minutes long. You are allowed your help aids
from previous quizzes, your notes but not your book, and any help aids attached to the
examination. SHOW ALL WORK!!!

Please sign the following:

I certify that I will neither receive nor give unpermitted aid on this examination. Violation
of this will result in failure of the course and possibly other academic disciplinary actions.

Print your name Sign your name

This examination consists of 3 problems with several parts to each of the problems. You are to
answer all the problems!

GOOD LUCK!
Problem # Breakdown by | Score ﬁ‘
Problem
1 30% J
2 ' _ 40% J
E 3 30%

TOTAL






Problem 1B.
Knowing that a factor of safety of 2.0 is required,

a) Determine the largest load P that can be applied to the structure shown and which bar will
fail first. Use E =200 GPa

Calculate the load P under the following conditions:
Each rod is pin connected at both ends for buckling in the plane of the page and are

considered fixed at both ends of each rod for buckling in the out of page direction.

0

SOV vy clinaele

iy e

b) Assume that the diameters of the three members are not given and the safety factor is 1.
For the load P found in (a), find the diameter in each of the three members so that the
bar(s) that are in compression fail in buckling and yielding simultaneously and the bar(s)
in tension fail in yielding.

Assume that oy, = 360 MPa






Problem 2B.
The T shaped beam is made of 2 steel plates 200 mm x 30 mm which are joined by bolts.

a) Find the equation of the displacement function, y(x)

b) If the allowable bending stress is 200 MPa, and the allowable shearing stress is 80 MPa
determine if the beam is able to support safely the loads shown in the picture both in shear
and in bending by determining the shear and moment diagram first, then finding the
maximum bending and shear stresses.

¢) Find the maximum spacing between the bolts if each nail is able to support safely 1500 N of
shear force.

d) Find Tmax and Opax at a point x=3m, and 3.5cm below the top surface (hlnt determine what
stresses are acting at that point, first).

l iT 0.2+ -

. 5
L i_*'".___: a0 . L TN ¥ 30
R R | . 02
3 e ,‘1'!:1'1}\ ll *E 2
AP T .

All dimensions in the left figure are in meters






Problem 3B.

SN
b
oo

N
e

Wire Two steel cantilever beams 4B and CD
" 60" . / are connected by a taut steel wire BC having a

length equal to 150 in. under initial no-load
60" conditions, see figure. Determine the stress
> in the wire produced by a 2-kip load applied
at C and a temperature drop, in the wire only,
of 100°F. For beams AB and CD: E =30 x
l 108 psi, and I = 24 in.* For wire BC: E =
. 30 x 106psi, 4 =0.1in2 and « =60 X
2 kips 10~% per ‘%‘. '

>
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3.53 The composite shaft shown is to be twisted by applying a torque T at end 4.

PROBLEM 3.53 Knowing that the modulus of rigidity is 77 GPa for the steel and 27 GPa for the
aluminum, determine the largest angle through which end 4 may be rotated if the

following allowable stresses are not to be exceeded ey = 60 MPa and 7, 45

MPa,
SOLUTION 72 mm
= = Q 54
Towe = G Ve = G Crax o B <
i Steelcore/\‘QJ.

(p = - . ‘a " '
—_l:-j! G Crige ‘FCV‘ QC‘LK/L\ Mdew p . Muminumjacket/LT/

Steed core? Tt = 60%0° Pa, Coezhd = 0.027m, G = 77%10" Pa

[ o
Loy GO0 = 28.860 (0" pud /m
L (77x107)(0.027Y :

PMowicom jacket:  Zupz 45210°Pa | Cuy=hd = 0.03€m | G=27x10" Py

[~
Qu . ___d5¥10 = 46.29¢%107° pad/m
L (22¢107 )(0.0%) -

Sm%ﬁf)ev \/a.pueb 30\}8\/"’)5 f%_{/ = ,’(L8.8é>0></0_3 vad /
APPow b Je anjpe oF +wist P = L C—f.ﬂ’ = (2.5)(28-860%(5%)
= 7215%0 T vad = 4.13° -

—(_e mwthgme_ #LDZ‘A

[ o
LTS

Lol

VR G, L



welded together at B as showr; in 'Fig.r P6.96. The twisting couples at A and C
" “are equal in magnitude when the couple Tl is applied at B. Determine the rela-
tion hetween the elastic moduli of the two materials. ;

2

Answer: G, = 0.592G,

3

1- l?d ¢|1 44 j3in. g c D
7 =" =,

. 7 ' ! 4 ] | .

5it / l l . X
O b a —— b—2n ! 21:-J—zn——-l

——T )

ANNSAN RN

TS

Fig. P6.98 . . Flg. P6.97

6.97. An aluminum shaft is rigidly restrained at each end and loaded by couples

i . - : as shown in Fig. P6.97. If T} = 12,000 in.-lb and T2 = 10,000 in.-lb; compuie -
: the maximum shear stress in each section and the rotations of cross sections abt B _

and . o

v

Answer: ., = =2300 psi, ' Tpo = —433 psi; 7, = 1840 psi,

A
. = Lla o ‘R‘ TRLM\
T -Te=T. = ¢
gy RN Ter G
R Ay Y ] dq» R L.
sine. [TR):[Jo 99 ) T ® T‘%‘z%=% j Lyp=3h
TL— TOZ 'z: - 'D/Z :}‘ac =.n.ctf:,,-(_d"' LBL: L
= 3!
) Ry
G = Tl -3k L s
@ e fiazf-“. ', Gae |
a G & : Gae Gan = _.,..5:.‘71-46543.57246,54
:A;aé = 7" e

’

3,
W
[

5 432 A thin-walled tube has been fabricated by hending a metal plate of
ithickness ¢ into a eylinder of radius ¢ and bondiug together the edges of the plate,

¥
7,

igg;_térque T is then applicd to the tube, producing a shearing stress 7 and an angle

fof twist ¢, Denoting by 72 and ¢y, respectively, the shearing stress and the
: fa@’glé of twist which will develop if the hond suddenly fails, express the ratios mo/7, -
\A{Id ¢aldhy in terms of the ratio ¢/t o

iy

'tb‘c/kl,l =3 (—%)g

- 3 ' : " Fig. P3.132

: ‘ . - bk
3122 A 3.5-m-lony steel member with a W30 % 113 eross seetion s sub- !
ected to a 4.5 kN-m torques Kuowing that G =77 CPa wnd veferring o a

ppendix C for the dimensions of the cross section, determinge {a) the masinum
shearing stress along Vine a-a, (b) the maximuom shewing stress along line b-b, () the
mgle of twist,  (Hint: Consider the web and the flanges separately and-obtain o
relation between the torques exerted on the wely and u llnge, respectively, by
expressing that the resulting angles of Lwist arc cqual)

o S Walox 143, T,
‘3{;:"7 HP‘\ 'Zz"z(“zp‘\ /-I'{,Z'U Flg P3.122 Prean 18700 aa .






Town = FV oo Tow = T2eN
\m"/m;n
[(b-in) T = 63025. HP | | up
N (""’/min) -~ N
[b-p]T = 5252 - WP ( B;Lgo__\___
N ("%min) |

[N-m]T = 9540. P (k)

—'\Tznw/m'O

teat, | , |
D@S!% :A‘h'»’- {‘\ D) Hf sty aPM‘Mﬁm" Igﬂr"”"\
May. 9W L 8ovo Fsi
T: 6302S ﬁf - 4-3025‘!0: 3Lo Ib-"n

)8vo
Twap = 12 = 3505 = BN =800
T nc}z Ted
¢ 700 .33

T(g000)
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286 + CHAPTER 6 Bending

re connected by pins at C and D.Draw #6-16. Draw the shear and moment diagrams for the

6-13. The barsa
for the assembly. Neglect beam.

the shear and moment diagrams
the effect of axial load.
800 Ib/ft

B
800 Ibyft

Prob. 6-13 v Prob. 6-16

6-17. The 150-Ib man sits in the center of the boat, which
ht per linear foot of 3 1b/1t.
ng moment exerted on the
m distributed -

w6-14. Consider the general problemofa simply supported
beam subjected to n concentrated loads. Write a computer has a uniform width and a weig
program that can be used to determine the internal shear Determine the maximum bendi
and moment at any specified location x along the beam, and boat. Assume that the water exerts 2 unifor
plot the shear and moment diagrams for the beam. Show an- load upward on the bottom of the boat.

application of the program using the values P = 500 Ib,
d, = 5ft, P, = 8001b, d, = 15ft, L1 = 10ft, L = 151t

Pl PZ Pn

7.5t ————L—, 7.5 ft—————“

Prob, 6-17

Prob. 6-14

6-18. The footing supports the load transmitted by the -

two columns. Draw the shear and moment diagrams for -

the footing if the reaction of soil pressure on the footing

is assumed to be uniform. :
14 kip 14 kip

6-15. Draw the shear and moment diagrams for the
beam. Also, determine the shear and moment in the beam
as functions of x, where 3 ft < x =151t

1.5 kip/t
50 kip-ft

X

-—3 ft——‘——"’—" 12t

Prob. 6-15

Prob. 6-18
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Fig. 1 is given by o, =1000y~500z+800 kPa, 0,,=200z kPa, 0,,=0. "
What is the net internal force system on (his cross-section 7

Answer:  Fe 1920 N, V, =V, =0

F‘ha
"M, =-1600 N-cm., M,=-7200 N-cm.,T=-640 N-cm.
2. Suppose the stress distribution on a cross-section of the circular ,
cylinder of Fig. 2 is given by o, =0, =0, o =kvr, where k is T/ AT
) . R . v . N . . —— PO ,‘__,___ . —— - 'y

unknown. What is the value of k in this case? - S /Z| U /
.. Answer : k.= 7T /4xR7/2 ] y 6 Frg. 2

. = ) - r 2

} 6.4 For the given state of stress, determine the normal and : .

" shearing stresses exerted on the oblique face of the shaded triangular element ' 80 MPa.
shown.. Use a method of analysis based on the equilibrium equations of that Ll GO AP
element, as wus done in the derivations presented in Sec. 6.2, :

6.6 For the given state of stress, determine (a) the principal v
planes, (b) the principal stresses. ’ : o .\l}’-i

' -*\ 6.12  For the given state of stress, determine {a) the orientation

: AW Fig. P6.4
of the planes of maximum in-plane shearing stress, (b) the maximum in-plane '
-sheaving stress, {(c) the corresponding normal stress. C
K 6.14  TFor the given state of stress, determine the normal and i
shearing stresses after the element shown has been rotated through (a) 40° coun- ~ !
terclockwise, (b) 15° cloék(vise. ' : C 30 MPa

—

_ S . ' S - U
*6.56' For the state of pline strcs;&lunvu. determine the range of values of 8 ’ . ] i

o which the normul stress o is equad to o fess than +63 MPa.

R 80 MPa

. Fig. P6.6 and P6.10 %

f
1] H

- \“P 40 M P,
20 MPa it

e 30 MPa -

’ | l 60 MPa o

Lo , C e H4ONMTI

R —f— 33 M ;

o . i . Fig. P6.8 and P6.12 '

: : - Fig. P6.14 : i

P6.55 and P6.56. . : ' . ' 9 . ) o
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Florida International University
Department of Mechanical and Materials Engineering

EMA 3702 QUIZ 4B April 15,2010

You are allowed nine sheets of 8 %2 x 11 inch paper with whatever you wish on the sheet

Print your name and sign the following statement:

I will not give nor take any unpermitted aid during this quiz. I understand that violation of this
statement will lead to automatic failure of the quiz.

PRINT NAME | SIGN NAME

Problem.

" The following beam is supported as shown and has axial loads P= 0.5 MN applied at the centroid
of the cross-section.

1) Determine the buckling load for the system given E=25 GPa and the cross-section of the
beam is given on the figure on the right and whose units are in cm.

2) Determine the displacement under the vertical load.
The formula for the displacement of the neutral axis of the beam without axial loads P is
y(x) = Q(L — x)*x/(3EI) where x is the distance measured from the left end of the -
beam to the vertical load Q and L is the length of the beam.

1000KIN=(} - v
P_;,,\ e— P i 45 !l —i%
/]
v oo T
2] 4 | 3

units of length in meters

o
tn

20 |5






Problem 2.

Consider a hollow cylindrical tube of outer radius Ry = 140 mm and inner radius R; = 125 mm.
The tube has a flat end cap. The tube is fixed at one end and subjected to a torque of T together
with an axial compressive force of 68 kN as shown in the diagram. If the tube is also pressurized

to a pressure of 2.1 MPa:

What must the torque be if the maximum shearing stress in yield is 340 MPa?
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Florida International University
Department of Mechanical and Materials Engineering

EMA 3702 - QUIZ 1B ) - February 14, 2013

You are allowed two sheets of 8 /2 x 11 inch paper with whatever you wish on the sheet
Print your name and sign the following statement:

I will not give nor take any unpermitted aid during this quiz. understand that violation of this
statement will lead to automatic failure of the quiz.

PRINT NAME : SIGN NAME

P1. Thn,. beam is suppor ted by a pin-at A and a short
link BC. Determine the maximum maganitude P of the loads
the beam will support if the average shear stress in each pin
is not 1o exceed100MPa. All pins are in double shear as
shown, and each has a diameter of 18 mm.

Solve for support forces first.
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i P2 . The aluminum bar has a diameter of 0.6 in. and is at-
:tached to the rigid supports at A and B when T = 80°F. If the
-'f;l,temperature becomes T, = —10°F, and an axial force of P lb1is-
::'::_f,applied to the rigid collar as shown, find the value of P so that reaction at B
Liszero, F, = 10(10%) ksi, ay = 13(1078)/°F. Hint: find force diagram

Also, determine the final length of the 5 inch section of the bar.
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p3 . The A-36 steel bar AB has a square cross section.
If it is pin connected at its ends, determine the maximum
allowable load P that can be applied to the frame. Use a
factor of safety of 2. o for A-36 is 36 ksi All pins are sipgle lap jointed.
Bar CB is circular with diameter d=1 in.
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Florida International University
Department of Mechanical and Materials Engineering

EMA 3702 QUIZ 1A : February 14,2013

You are allowed two sheets of 8 % x 11 inch paper with whatever you wish on the sheet
Print your name and sign the following statement:

I will not give nor take any unpermitted aid during this quiz. I understand that violation of this .
statement will lead to automatic failure of the quiz.

PRINT NAME SIGN NAME

-P1 The uniform beam is supported by two rods AB and
CD that have cross-sectional areas of 12 mm? and 8 mm?,
respectively. Determine the position d of the 8-kN load so
that the average normal stress in each rod is the same.

n=2%
X =g 52.03
e 14.06

4
|4

q
1} ]

L C

—3m |
Don’t worry about the pins at B and D, here.

If bdth rods are made of steel with E=200 GPA, v=0.3, determine the strain in
the horizontal direction of rod CD
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P2 Three bars each made of different materials are cop. .-
nected together and placed between two walls when the tempera.
tre is Ty = 12°C. Determine the force exerted on the (rigid) sup-
ports when the temperature becomes T» = 18°C. The materig] -~
properties and cross-sectional area of each bar are given in the -
figure.

Steel Brass Copper

Est =200 GPa Ebr = 100 GPa Ecu = 120 GPa
b= 1200-6/°C  atpp=21(106)°C gy = 17(109)PC

=515 1n£n2

et

i Ay=200mm2  Abr=4s0mm? e

ot i

300 mm———~200 e

100 mm

What is the overall change in diameter of the copper portion of the bar,
assuming v=0.3?
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P3 The truss is made from steel bars, each of which has a
circular cross section with a diameter of 1.5 in. Determine the
maximum force P that can be applied without causing any of the
members to fail . The members are pin-supported at their ends.
E;, = 29(10%) ksi, oy = 36 ksi. failure is when 6 > o+
All pins are single lap jointed at A and D; and double lap at B and C.

41t
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Florida International University
Department of Mechanical and Materials Engineering

EMA 3702 QUIZ 2A March 4, 2010

You are allowed four sheets of 8 % x 11 inch paper with whatever you wish on the sheet
Print your name and sign the following statement:

I'will not give nor take any unpermitted aid during this quiz. Iunderstand that violation of this
statement will lead to automatic failure of the quiz.

PRINT NAME SIGN NAME

Problem.

a) The T shaped member, having the cross-section shown, is fixed between two walls and has
an applied torque, T, of 2500 Ib-in., determine the largest shearing stress and where it can
be found. The Young’s Modulus, E = 30 x 10° psi and that the Poisson ratio, v =0.3.
NOTE: The dimensions in the left picture are given in inches.

b) Find the maximum angle of twist, ¢, and its location.

18 ,1 . B ' > - — P " ;——,
= (R -
7 ! Taz -T -Te
l— st | 8 |
_ 18 Bep =0
al — —TA'L» 4 (’T'IA> Lye z0
stz 3 2B 76 I8
— N . C z =0
i I Jr = %7 4¢ = -Talwe ~Tlae ~Talae
2l g O = 28 3, .-)200
A7l A o = Tlee -222-

LaetLec
s . L -
Tz -Twe
Lan+ Lac

:Ez —»C =
kg2 g1

AV






Problem.

A copper tube 12 in. long and having a cross-
sectional area of 3 in.? is placed between two
very rigid caps made of Invar,* Fig. 12-6(a).
Four 12-in. steel bolts are symmetrically
arranged parallel to the axis of the tube and are
lightly tightened. Find the stress in the tube if
the temperature of the assembly is raised from
60°F to 160°F. Let E;, = 17 x 108 psi, E, =
30 x 10% psi, ag =0.0000091 per °F, and
oy =-0.0000065 per °F.







Florida International University
Department of Mechanical and Materials Engineering

EMA 3702 QUIZ 2C March 4, 2010

You are allowed four sheets of 8 /2 x 11 inch paper with whatever you wish on the sheet
Print your name and sign the following statement:

I'will not give nor take any unpermitted aid during this quiz. I understand that violation of this
statement will lead to automatic failure of the quiz.

PRINT NAME SIGN NAME

Problem.

a) The thin walled open member with a small horizontal slit in the left wall, having the cross-
section shown, is fixed between two walls and has an applied torque, T, of 5000 Ib-in. at B.
Determine the largest shearing stress and where it is found. The Young’s Modulus, E = 30
x 10° psi and that the Poisson ratio, v =0.3. NOTE: all the dimensions of the left side figure
are in inches

b) Find the maximum angle of twist, ¢, and its location.

0.050" . 2

2 oA
.33 53
-~ Ty = 2507 > .3
Ty Tyt IS =
! i1 5.3
— ’
Ve (r '--. S L o_(






Problem.

A copper tube 12 in. long and having a cross-
sectional area of 3 in.? is placed between two
very rigid caps made of Invar,* Fig. 12-6(a).
Four 34-in. steel bolts are symmetrically
arranged parallel to the axis of the tube and are
lightly tightened. Find the stress in the tube if
the temperature of the assembly is raised from
60°F to 160°F. Let E,, = 17 x 108 psi, E; =
30 x 108 psi, «y = 0.0000091 per °F, and
oy =-0.0000065 per °F.
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‘Centroid Location:

Geometric Properties cf Line and Area Elements

L=;r*0-1sin 20)

L= §r* (6 +1sin 20)

ta—]

Parabolic area

L4
]x =6 nr
-1 .4
Iy=gmr
Quarter and semicircle arcs Quarter circle area
F—a— ~A=ln@+b)
_'Il_ { \x L=gmrt
J ‘ - J 1{2a+ b
ey s T
1.4
L= gnr
Trapezoidal area Semicircular area
_1,.4
Ix = 4—751’
_1. 4
L= gmr
= Lpp3
L= 5bh
= 123
L= 1zhb
~ L3
Ix = ggbh
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TABLE 8.4.1 Expressions for Maximum Shear Stress and Rate of Twist in

M _ | _ Selected Solid Sections [8.1, 8.4]
m : _.||v t x - Maximum Shear
& ; Cross Section and Area Stress Rate of Twist
_ _ b— ¢in mro x2 plane Ellipse
%\A“ T x - } 2a -
: ¢ in the xy plane 2T a2+ BT JdB
- : : T, = >b == — 7 =2
yd H /\lu. . ” 4 mab? (@>15) s 7’ G dx
B 8| (Tmax at Bif b > a)

FIGURE 8.4.2. Narrow rectangular cross section (b >> 1), with views of the
stress function (or inflated membrane). .

Area = mab

where C is a constant. Substituting into Eq. 8.3.5, we find
Equilateral triangle

~2C = —-2GB o) C =GB -(8.4.4) \% :
The torque is _ 3 P
h =32 v\ . oo 207 mla.wm - d6
. 2 br® 4 L S G dx
T =2 $dA = 2 ¢bdz = G — (8.4.5) . .
ared —1/2 3 ’
. - . Area = 0,433 a2
The maximum shear stress, found along the edges z = "*=1/2, is
d 4 r ) Regul
.= |22 = 2C - = Gpr (8.4.6) hexagon
0z _ .y 2 S - —
. 4 4 4 , . 1%
Substituting for B8 from Eq. 8.4.5, we find YOVP T, = WMM B = ﬁm% = M\mv
Tt 3T . WL 8.4 .J ‘
= ——— = a Z = - 4.
T be3/3  br? ‘ 2 Area = 0.8664>
Equations 8.4.5 and 8.4.7 can be writtén in the forms
C = T po—l T .db
#op- L ,-I (8.4.8) tCha S Cabd’ G dx
ax Gl Je : T
where b/a o 74/ Ta Ce
Rectangle 0 0.208 1.000 0.1406
b3 _llv 1. . . .
Je =5 (orb>>0) (8.4.9) xl.*Jl 1.2 0.219 0.935 ~ 0.166
, B, Bt a 1.5 0.231 0.859 0.196
These expressions for 8 and 7 are similar in form to the corresponding expres- —+ : 2.0 0.246 0.795 0.229
sions for a circular cross section, Eqs. 8.1.2 and 8.1.3. However, J, is em- 2.5 0.258 0.766 0.249
phatically NOT the polar moment of the cross-sectional area about the centroidal Area = ab 3.0 0.267 0.753 0.263
X axis. 4.0 0.282 0.745 0.281
If (say) b/t = 10, Egs. 8.4.8 give 3 and 7 values that are approximately 6.5 6.0 0.299 0.743 0.299
percent low. Accuracy improves as b/r increases. Aspect ratios in the range 10.0 0.312 0.742 0.312
o 0.333 0.742 0.333

1 < b/r < 10 can be analyzed with tabulated data obtained by other analytical -
or numerical methods (Table §.4.1). If the centerline of the bar is curved, as’




N
T T
I

— b-n | T

-

b3 b3 by 1} + byt3 by} + 26,13
Te =73~ Jr =73 e Tp=—m
(a) (b) () (d)

FIGURE 8.4.3. Thin-walled open sections, showing their shear stresses and torsional con-
stants Jg. In (a) and (b), dimension b is the length of the midline of the cross section.

when a bar is bent to form a helical spring, some corrections to these formulas

may be necessary [8.3].

The membrane analogy permits a very useful generalization of the foregoing”
results to other thin-walled open cross sections. Imagine that the narrow rectan-
gular cross section of Fig. 8.4.2 is distorted into a C or an L shape, or attached
to another narrow rectangle to Bmﬁo a T or an [ section. By visualizing the:
inflated membranes for these m:mwom we decide that ¢ surfaces of all of them:
remain parabolic (excepting near ends and near reentrant corners, which we’
discuss later). The total torque is the sum of torques carried by each part of the’
cross section. Since GB is the same for each part, Eqs. 8.4.5 and m 4.8 still-

%@G but with the b3/3 contributions summed to v;mE

~|_

where n is. the number of parts into iEnr the cross section is divided for .
purposes of calculation. Examples of this calculation appear in Fig. 8.4.3. In ;

angle and I sections, the part of greater thickness displays greater shear stress.

Where there is taper, as in the cross section of a turbine blade or in flanges of _

a rolled section, we can use

~ X
T = ,|Tw ds (8.4.11)

3

where ds is an increment of Jength along the medial tine of the cross section.

More exact formulas are available [8.3]. These formulas, experimental results

 [8.5], and coefficient Cg in Table 8.4.1 suggest that, for standard rolled struc-
tural shapes,J; may actually be some 10 percent higher than predicted by Eqgs.
8.4.10 and 8.4.11. Omission of this adjustment yields a oosmaﬁm:,\o design
under either a stress limit or a deflection limit.

M b} | (8.4.10) -

8.5 A HYDRODYNAMIC ANALOGY

There are several hydrodynamic analogies to the torsion problem {8.1]. In this
section we outline one, without proof, and use it to draw useful conclusions
about shear stresses in twisted bars.
If a fluid without viscosity executes motion in the yz plane with constant
vorticity, its motion is described by the equation
N mw
I.%J_.I&H —2w 8.5.1)
dy 9z
where ¢ is the stream function and w is the (constant) vorticity. Fluid velocities
v and w in y and z directions, respectively, are
_ 9% 9

92 w = l.@ 8.5.2)

v

Clearly, Eqs. 8.5.1 and 8.5.2 are analogous to Eqs. 8.3.5 and 8.3.1, respec-
tively. Thus fluid velocities are proportional to shear stresses. Lines ¢ = con-
stant are streamlines. The fluid boundary must be a streamline, therefore the
boundary condition d¢ = 0 of Eq. 8.3.6 is met. Thus the analogy is complete.

Experiments have been done in the following way. Imagine that a square
cross section is to be studied. A shallow square tank is painted black and placed
on a turntable. A camera, looking down onto the tank, is also attached to the
turntable. The tank is filled with water (whose viscosity is low, if not quite
zero) and aluminum powder is sprinkled on the water. When all is quiet, the
camera shutter is opened while the turntable is rotated about 10°. From the
viewpoint of the photograph, the tank is stationary while the fluid rotates with
nearly constant vorticity. The aluminum particles show as streaks on the film.
Each streak is in the direction of a shear stress. The length of the streak is
proportional to the magnitude of the shear stress.

Experiments aside, the hydrodynamic analogy has other uses. One is in EaSm
visualization of torsion problems. Another is that known solutions for fluid flow
can be applied to the torsion problem. For example, consider an elliptical ob-
stacle (Fig. 8.5.1a). Far from the obstacle the flow is uniform and horizontal,
sow = Oand v = v,, a constant. Points A are stagnation points, where v =
w = 0. Fluid theory shows that at points B, where z = =, fluid velocities
are v = v,(1 + b/a) and w = 0. Applying these results to a twisted bar, Fig.
8.5.1b, we conclude that stress is zero at the sharp external corners C. At the
root of the small elliptical notch, shear stress is approximately

1+ b (8.5.3)
a

1

T =T,
where 7, is the stress that would prevail near the boundary if the notch were
not there. The calculation is approximate because the undisturbed stress is not
the uniform value 7, unless the notch is very small. The anantin in —aznoat -



Appendix C. Properties of Rolled Steel Shapes

C Shapes
(American Standard Channels)

9480

C380 X 74
60 7570

%
?ﬁ

C250 X 45
37
30

22 8 2880

C200 X 27 9 3560
20.5 2660
2170

171

C150 X 193

15.6
122

C100 X 10.8
80

50.4

6430

5670

"4750
3780

2450
1980
1540

1370

757

A
219 202
224 197
19.9

12.9
12.5
12.7

+An American Standard Channe! is designated by the letter C followed by the nominal depth in millimeters and the mass in kilograms per meter.
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“."Fig. P3.108 and P3.109 : -

132 A thin-walled tube has been fabricated by bending o metal plite of
éthlgbess tinto a cylinder ol radius ¢ and bonding together the edges af the plate.
Ai'f&t_o:qug Tis then applicd to the tube, producing a shearing stress 7y and an angle
fttwist ¢, Denoting by 7 and b1, respectively, the shearing stress and thc.
"?l'n.'t:le of twist which will (lr\\mlr\i\ AN ot -

f;nd ¢/ in terms of the ratio ofe. -

=

»l 1.1 ! s 3.
sty it TN eSS ThO TGS T

«b;/d,’; 3(%)'“- ’

’

.3'122 A 35"“"“”&' steel micmber with « WAL X 13 cross seetion is .\’(ll);igv !
ected o a 45 KN “m lorque. Koowing that ¢ =77 GPa and referring o
Appendis C for the dimensions of the erosy section, determine (a) the wssinan
shearing stress dong line a-a, (b) the magimnm shaeaving stress wlong line b-0, {¢) the
mgle of twist.  (fint: Consider the web wnd Ure [hanges sepavately and obtain
relation between the torgues exerted on the web wud a flange, respectively, by

expressing that the resulting wngles of twist are equal)

W3O R 145 X

Mow 42 MP. A1
3“:.7\ Pa L4l gl Fig. P3,122

HW: Do 321 3.47 ¢ 3.53

N






) 3.87 The stepped shaft shown rotates at 450 rpm. Knowing tljxat r =10 mm,
PROBLEM 3.87 determine the maximum power that can be transmitted without exceeding an allowable

shearing stress of 45 MPa.

SOLUTION

A:,OOMMJ D=120 wm P 10 mm
9 = -—'—z‘—-cz = .2 R -g-‘:l—l—g- = O. IO) Frow F\fj 3.3z K=1.33
4 oo N ‘
: : - KTe _ 2KT
F;r Asma»j/‘/&/‘ SAOCP‘}' -C_ = —l,zc’ = O;OS-O_ m : . T = T = Tl
_ TFCl’LV,_'_ T(0.050)> (45 % 10¢) — C.C43 O Mem
52Kk = T &aEEs 2 _

£ = 450 rpm = .E Hz' .4.’450/60 o
Pover TP= 20fT = 20 (7.5Yc.c43x10%) = 313 x10° W = 313 kW &
: T= 95%0 P:) P- I_{‘J_ = 3{33510\!
: N

95%o L ‘ B
R T o — ¢ ——
1.3
1.7
1.6 .
TABLE 3.1. Coefficients for
/15 Rectangular Bars in Torsion . ,
L4 \ | a/b cq c, :
S N ~2=2 LO 1 0208 | 0.1406
1.3 \\\(\ D.95 1.2 0.219 0.1661
SN - s | 0231 | 01958 -
12 S ' ; 20 | 0246 | 0229
S AR . 25 | 0258 | 0249
Ll = : ' 3.0 0.267 0.263 c
. . 4.0 0.282 0.281 i
00005 000 015 0 0% 030 . o 50 | 0291 0.291
v rid . 10.0 0312 0312 - ' .
Fig. 3.32 Stress-concentration factors far i (o) 0.333 0.333 '

fillets in circular shafts.t o ‘ ) -



3.53 The composite shaft shown is to be twisted by applying a torque T at end |
‘ ) _ \ que T atend 4.
PROBLEM 3.53 Kno»ymg that the modulus of rigidity is 77 GPa for the steel and 27 GPa for the
alumum determine the largest angle through which end 4 may be rotated if the ¢
Siil)owmg allowable stresses are not to be exceeded t,,, = 60 MPa and T 45 &
a, e e

SOLUTION

’Z/M = GY;A% = .G CP‘C-XQ' 54 mm
L K
g)i{/ = Le Yor ecch woterald teel cor?/\%‘/

. .
-AJuminum jncket/l/

Steed core® Ty = 60x0° Pagj Cri=gd 7 0.027m | G = 7750 Pa
Quy _ - GOx10°
L (77x107)(0.027)

= 28.8c0 >"[0‘3 pad /o

A,pl)w.,‘m)m Jmokb"f‘: ’Z;g(-‘- 4sx10° Pa,') C;‘”'—lio"?_ 0.036 m G=27x/0" Pa
‘ Qv _ 4s % (0 ©
L (2x107)(0.0%)

= 46,296 %1077 pad/m

quﬂ)’)ef veluve governs Ly 28'_860></Of vad / s

i

Aﬂﬂowal.@ﬂe avxjpe o#.')’m‘s'f‘ | Doy - L S’é:‘.‘.’e (2-5)(23.360%0_"’)

- muot/("-‘m'ﬂa"lwﬂ |

= 7215 %(0 > pad = 4-13"_ —-a




2 |

Fig. 3.22. Thin-walled member of variable thickness.

F‘ - (:“3 . .
T'\1{1&7‘_:_1’2‘{?2dx

| T»%IA: Tz%z =q shaar flrw
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-Fig.2-17. '_Slyoss'concehtrltnon factors for flat bars in tension .
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Floiida International University
Department of Mechanical and Materials Engineering

EMA 3702 QUIZ 4A April 19, 2011

You are allowed eight sheets of 8 /2 x 11 inch paper. None are to incll_lde solutions

Print your name and sign the following statement:

I will not give nor take any unpermitted aid during this quiz. Iunderstand that violation of
this statement will lead to automatic failure of the quiz.

PRINT NAME SIGN NAME

Problem 1.

The figure gives the beam with the loads applied to it, as well as its cross-section.
Find the largest shear stress, where is it located along the length of the beam, and its location

on the cross section.
1—45 —] y A YA
| 10 ' ..2'2.5 S sel2.§

_ p T 2 50 Y4$0 22509~
1KN :i. 1KN s ,'.‘__"_LLT.".??.ii 1 Kme S 7;;.27562.5
? l i[T T : You33 | 45 -
- D D O ) ! ) 1 ‘ -L Y-W,SSQ(Q) |
FLI " B ’ ‘{_; I—20—|~}—5_ 'JI_ | A JI;
ot 25m [1m{25m|  3m fes g PR @;ﬁ 4‘:’» s
» . . 2 .‘l‘.l'{.]o, ySo (l(. Bo %
A3ZF, = Pat1-1 +34Rg<0  Ra+Rp+3=0 () M
y - : Units of length for the cross section are in cm. %"”
"'ﬁ'MA~l2$-13$+4375+23‘1 o | :r(:q.lm
215 1Ry 920 = -2l S/ = ~2.389 kN (;) Q- Ay,@o.zaaxs)(v_o_ggs)= 4163335 e )
2
A o RA-"' Lum ) sEnsxtmt  (3)
“ 4 § V=2359 @ 9m & Np (0 <= VG . (238‘1)('“‘3 s x5 )
2389 It (% %178 ) (w16 )
< @ = 29255708 Fa
Bdln en ()
_S b/ X‘A‘OM
9o By i
4 MM]V Il
44y
11
3 O
S T






Problem 2.

A steel pressure vessel has a 20 inch outer diameter and a 0.25 inch wall thickness. It
~ acts also as an eccentrically loaded cantilever as in the figure. If the internal pressure is
/) 250 psi and the applied weight W=31.4 kips,

Determine the state of stress at the point A.
Show the results on an infinitesimal element.

Find the principal stresses and state whether the cylinder has failed using maximum
stress criterion.

Take E=30 x 10 psi and oy, = 60 ksi if needed

y
' relo-t = 925 @)
/ IR G=pR  05;- 0‘
4 ; é. : 2(47 c,- 4875p5i (0
™ T =‘)7'.>O[=$| 7] )
n (
- 30“ % 20 T=1¢C T= w-wt.qn = 3""00(“’)
T 5 = 314000 Jb-in
:3.!'4)"0; (IO) ' . Cal0wm=C Ci=z975u~
i | 0, =415 6286 T o (o) = 1528670
. = 2075 .551»«( W) 2 ()
(24 ‘Ib’* a, = L_j 0‘; =878 '
T EET e O
¢ v It .;l
" | P S
—— a1 *3 Q= ;@.-c?)gqs.nm’ )
3
ht T G EX)
g : T (229 T2 -7s048i ()
G;M,( G-+ That ) (l{.:)+t*1 /Z .
5
T Wus} “""‘8' uSpet
L S, suce. Qupy < i s
- a4 e APRPY A
B3 |
ydA “rsmo rdedf r/ ..a,al (_,_) . 22
Ly 2 > gl
sl an - T L i o donkl p 4 W
, fah  TRE 3T o G, T

%&wvﬂ"
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Florida International University
Department of Mechanical and Materials Engineering

EMA 3702 QUIZ4C April 19, 2011

You are allowed eight sheets of 8 %2 x 11 inch paper. None are to include solutions

Print your name and sign the following statement:

I will not give nor take any unpermitted aid during this quiz. Tunderstand that violation of
this statement will lead to automatic failure of the quiz.

PRINT NAME - SIGN NAME

Problem 1.

¢ The figure gives the beam with the loads applied to it. Also given is the cross-
. section made up of a horizontal plank 20 x90 cm and a vertical plank 10 x 90 cm

joined together by nails that can support loads of 700 N according to lab tests. Find
“the nail spacing required.

e What is the maximum shear stress and where is it located?

- . SA
1000KN 10 (40— '._i ;Io | {:'0 | :;m
- - 3, T 1] T 2ls \ o0 ‘ _Sg500 - ()
' (’ T _ P47 Zjoo 239505 Y I33
M e 0 |T 1A L d )1
T 4 — l L% 0° | 1Beo ‘MJ’""’ j m
2 | 4 | 3 20 I ‘:'jlzg;} : .LlHo Goo | LSBYS W p
units of length in meters [ — 90 — Aotatwinis "
+1ZF =’7VA - lozo kN =0 ® Vflmw:lits of length for the cross section are in cm. @ = —Y- A= G 33'"’)(”"%‘)@1 SR
+‘SZMA = My = - 1ok (4) = - 4oroktem )

mbxm ¢t (v)
28 3swv 007

T [ ] 3= 13- - oond (i
foso Velowi 4ot xsodtm - uge"350q2t0 X0
{ (3) )
! 37—‘?30)’ W §/

s
47 K, = TooN bwmm y zg"m
Bk = B ;qg_sq,ua‘—fy lz-)
’ ok 13y3047.25 - i
~Tz 9, = 54859.635Hm .
m—" :/m;‘ m

~t 3
Qg = 330704 10(333) > BILIS XIS 0

2
7= V& . (ounso) (3334615 %
TH  T2vortonvronB For o

-
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" "Problem 2.

Determine the allowable shear force for the composite beams of wood and two steel

plates having the cross-sectional dimensions shown in the figures. Materials are fastened
together so that they act as a unit.

Given:

Es=30 x 10° psi; Ew=1.2 x 10%psi. The allowable bending stresses are 1s=20 ksi and

tw=1.2 ksi

1y x 2"

8"

—

T

|

l /2”

X 6’:f '

—— V2

ynd -
5 =.?_‘3 s l{ M ‘M k )
Ew | () _tj A y A
R 75 1875
—— g s Uy o
2 3Lzl 154 3995 _
— — y= 4.90(
196 9615
12" l‘s“ N I | A 14 )l .
b * , (496 ! Lase)s)l 76 (490l ~.25) | 1é32.vy
lL 16 : /”'L by \I:E(s)(.z):} 9l }(&-s— v-10t) 139512
» 30, (50)(.5)1 25 (1275 - 494 1535.73
* 562,09 W2
Ts = YQ . Yo, Q,= 7-A= (13 -490L~26) (50)(:5) = 194.1in> 3
It It b= 200 v)
L&
200 = _V_(ﬁ"_.') V= 9305¢¢ b () I 5 hp
(4s82.09) (2)
[ 3 ' . 3 ,
2000 = V8 — @,- yA = (4-1‘03-»25) (ICD)(-S) = 3¥9.2m° (w)
Itl t;ﬂél;w
= V(3492) Ve @7s.z2lb (5) 1901k
(4st2.09)(¢)

Twz oy = \_,23 ol . 7“A“+ ?IA‘ = ('3"%%‘ ) ZS\(§0)(.S)+ M

It, = dpanen Y207 (1) 8(1:.5-:_-906)
é;a g.'.,
H#24.71¢
V (i) 193620,9
Up = —’('—“ V= sz"’ 5)
Cusir-09)(0) _—

= /p2. ézlu'f
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10-50. Plot shear, moment, and axial force
diggrams for the jib-crane loaded as shown inthe
figure. Neglect the weight of the beam. Ans:

. . 10-91. A 4 m long beam is loaded as shown
128.6 k-io. in the figure. The two applied forces act peyYpgm-
. dicularly to the long axis of the beam angA a£&
’ "* inclined 30* with the verticad. 1 these forces act
< "Tie rad through ll;c centroid of the cross-sectional afa
4K 60 find the location and magnitude of the maximuy m-
Pin l bending stress. Negleet the weight of the beagQ.
p 37 d 1%} - Ans: 1132 MN/m2, '
o Ul 1 {sae
(L Al gy
L

S T Nl
8 SHEL7737———— K

Section A-A -

40 kN
PROB. 10 - 50

—F /{ v_IIS() mm

100 mm

g :

-35. An aluminumFalloy block is loaded as
Shown in the figure. The application of this load
produces a tensile strain of 500 X 1076 mm. per
mm at A4 as measured by means of an electrical
strain gage. Compute the magnitude of the af-
plied force P. Let E = 10 x 108 kN/m?, All
dimensions given in the figure are in mm.

PROB. 10 91

£-28

/Zi:’)’. A rectangular cantilever 250 mm long is

loaded with P == 50 kN at the freec end as shown
in the figure. Delermine the maximum shearing
stress at the built-in end due to the direct shear
and the torque. Show the result on a sketch analo-
gous to Fig. 7-17(e). Ali dimensions shown in the
figure are in mm. Ans: 35.3 MPa,

PROB. 7 - 45

PROB. 7 - 35

1] e : ) ) 15 KN/m )
7-44. A tilted, simply supported beam with a - -
“Tepth to width ratio of 2 to 1 is to span 4 m and

is to carry o uniformiy distributed load c.>l' 15 kN
per lincar meter, including #s own wc»gl'\l, ap-
plicd as shown in the figure. (@) Determine the
" required dimensions of the beam so that the
maximum stress due (o bending does not'cxcecd
10, MN/m?. (b) Locate the neutral axis of the
beam and show ils position on the sketch.

£33
1347 . A cast iron block is loaded as shown in
the figure. Neglecting the weight of the block,
determine the stresses acting normal to a section
taken 0.5 m below the top and locate the line of

zero stress. All dimensions given in the figure arc
inmm. Ans: 4-24.6 MPa, 4£9.6 MPa.

10kN sp
50

00

.9:26, A bent rectangular bar is suhjcclevl <o

an inclined force of 3000 N as shown in ¢he
figure. The cross-scction of the bar is 12 mm b
12 mm, (a) Determine the state of stress at péfn
A caused by the applied force and show tl-e
results on an clement, (b) Find the maximum
principal stress.  Ans: (a) -1-333 MPay, 578 MP‘\

o~

e 2K iy,




B/b e | lziéo 2,50 | 2.0 | oo V
o | 0,208 | 6,231 [ o.960.257) 0333

lﬁ.—loo _'
p=l2 =2 o= 0.2¢b

< = _ 1250 N-m |
glwast — = e = 20,32 MF
ohb® 0.246 (0./0)(0,05)"' 52 Mia

B
Toge = a. l/___ F3

It . ]?—hs'b .
2 '
hb o Kb
z 7

T, = .’L\Z; 3-'5006010 = <
m‘“‘*" 2h 2 (0.10)(0.05) G

TW\M g ZO'B3MP‘1 -+ K M()« = 35'33]“4@&

!

G""H < +P-y _ Soooo. (0'25) (0"05‘3): 150 Mfx B oy = \2}15; (0'05)(0">5-l/,/ééx/5‘
B ET y.)b %0 : - 1T DR



