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1.7 Link BD consists of a single bar 30 mm wide and 12 mm thick. Knowing that
each pin has a 10-mm diameter, determine the maximum value of the average normal
stress in link BD if (@) § =0, (b) 6 =90

SOLUTION

Use bar ABC 20 kn
as -Free lOoJY

c

| () e

Areas

(o) '}ens:‘on“ Poao).'na

—
-

q0°

(0.450 sin 30" )(20x/0?) = (0.300 cos 30) Fay = ©

= 17.82%10° N

( 0.450 C.os‘ 30')(20&/03) - (0.3-00 cus 3>£>°3 Fg = 0O

(b) Coh,:ression

.S'tfhess es

(o)

®Y

&

c

tl

Fao

: -30 xIG°N

A= (0.030- o.'om)(o.ou) = 240 x/0 - wm*

A= (0.08e)(0c.02): 366 x/0™°

3 A .
e - B - maiet mave =
i& -z 3eioxkzloo‘s - -83.3x0° - 33.3MPa =




For
‘in
450-

fow
ce

PROBLEM 1.14 1.14 Two hydraulic cylinders are used to control the position of the robotic arm ABC.
o~ Knowing that the control rods attached at 4 and D each have a 20-mm diameter and

happen to be parallel in the position shown, determine the average normal stress in (a)
member AE, (b) member DG.

I S00N

SOLUTION
(o4
Use member ABC
os Tree baaly. . 1300;;

E 'f'ﬁ-’s. ©
Rf 8y

150mm 200 mm

|l OSMg=0 (0.150) 2 Fae - (0. 600)(800) = O Fie= thujb N

Aree of vodd in member AB i A= Fd*= F(20516°) = B 16 %I pa'

3
Strezz in rod AE: Cae = i‘r. = 3)7:‘7/60“0_:_6 = 12,73 %/0¢ o

8o N l (ay Cug = 12.73 MPa . &
(& }

Use com bined members ABC cund BFD as 'Fb*ee body\
Foa PZIMg=o0 |

E (0.450X ¢ Fae) = (0.200) (4 )

- (1,050 - 0.450)(803) = o Fos. = = 1500 N

Aves 5n vod DG

(A

A= Fd*= F(20010™)" = 314,04 xi10™ W’

S-)-nss " mof DG 606 = Z“’ = 3-'26;::,04

(k) 6py = - 477 MPa =

= -4.77%0° Pd

P
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(b) 6 =

PROBLEM 1.31

P cos'6
AQ

1.31 Two wooden members of 3 x 6- in. uniform rectangular cross section are joined
by the simple glued scarf splice shown. Knowing that the maximum allowable shearing
stress in the glued splice is 90 psi, determine (a) the largest load P which can be safely
applied, () the corresponding tensile stress in the splice.

SOLUTION Tonau 02
6 = q0° - 40° = 50°
A, = (3)e) = 18 in'
T = EEP: Sin X8
e 2L _ @Q8I(39) _
v sin 720~ sin 100° = 3290
P= 3290 b et
2. ©°
3290’8005 5-0 = 75-.5 6—= 75.5.P$l' -

PROBLEM 1.32
L eS—~

1.32 Two wooden members of 3 x 6- in. uniform rectangular cross section are joined
by the simple glued scarf splice shown. Knowing that P = 2400 Ib, determine the normal
and shearing stresses irl'the glued splice.

SOLUTION
O = 9o°-4o° = So° P = 2400 Jb,
A°= (2(6y = 18
_ _E 2 - (2"'00) wsz®o -
G = Aocose- Y S5 1
GC= &5 | psi -
f:f.-' .—@i?‘i)_?'—"/-ooc’: .
= 2R 540 T Sotey 657
t: 6.5;7 Ps} -
9:~50 (@*gj) (@( )&)Z&?ﬂz{ﬁtuzg
ILQ\F: (I—J:'O TXJ’—'O .
e = x4 G onfono) = Grew’(4B) = 55, pst
TX'"JI @_ 7),&» 20 + Cxa ColB

: ‘,P— D nc) 65,7 pst
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PROBLEM 1.41

1.4m

For the test bar

o

. o /)

1.41 Members AB and AC of the truss shown consist of bars of square cross sectit

made of the same alloy. It is known that a 20- mm- square bar of the same alloy w

tested to failure and that an ultimate load of 120 kN was recorded. Ifbar AB has a 1

mm- square cross section, determine (a) the factor of safety for bar AB, (b) t

dimensions of the cross section of bar AC ifit is to have the same factor of safety as b
AB.

SOLUTION

Le.na-“u o‘y MEMLeI‘ AB

Use enhire +russ as a Tree L:od')/ Ax W
s A

DZMc=0  \H A -0N28)=0 A= 15 kN
JZR =0 Aj-23:=0 A= 28 UN ¢
Use joiat A as Free body 28 kN
Ax Ay ;"Z F:)( =0 96'.%5;- FAg - Ax = O ¢ ¢ o
e P = QS v )

Fac +$ZF7/'-' o Ay- F—Ac‘%FAg= o
P = 28 -L28K17) o 25 4

A= (0.020)" = Hoox(O™ m* B, = 200" N

For the metenal g,z B - L20vyol - Boouiot P
(@) For bar AB Fs.= B Sy A (300 xi0¢)(0.015)}
Pre Fag [7x10%
. = 3,q7 -
y | P . GA 2 |
(b) For bar AC Fs. = 2 = 24 . G
’ F;C FA: FAC
ot = FSIFe _ (3.97)(a0xi0%) . 2T %06
v 300 %(D& : :
o= 16.27%/07° m 16.27 mm =

()
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1.59 For the truss and loading shown. determine the average normal stress
member DF,

' . 135 < I° ' |
Stress ¢ 5-5,: T T = -5‘**/04 Pa

PROBLEM 1.59 . knowing that the cross-sectional area of that member is 2500 mm-.
4. B SOLUTION
160 kN T
' 2.25m . . .

| ' —J- USWVA Vhe.‘H‘)oa‘ o‘{:dom'}‘s +o ‘Fmd Membew "row.cs
CH HD
> o e .

150 kN ‘ Joint B : AB aund BD are zevo fovce membewn
| 295m :
_L Joint A : Ly = {35225 = 395 m
E S SHE
" : 80
— ;
b am | £\ 130kn
| Fac Fa
. g
By Sim {«paf +v~:amﬁzpes F” !
' Fovce
F;.o _ |80 . ' — _
5:?5: 3 L FAD - 225 ,p‘:l lv*c\hj 'e

(compression )

Jo-'n‘f D »
225 Fes 87 sfm.'pqr ‘f‘m'cmﬂfcs
28 R Foge _ 225
Feo 2.25 ~  3.7%
" F;F = 135 AN (CDMP)
> = 135%10% N
A%eai An? T 2500 wmp" = 2800 ><IO'c e

"

2500 x (o™ ~54.0 MPy -
i |
Method of seching | |
. 180 | c . "'55“&0 ~360 (2.25) + (tmwgp).s:o
= = axke § 7PF Foc = ~ 135 kN
180 CE ) :
e F « Mok 1o Same Go adostt. ,
s
3
360 & $yos 60% T%S Dpe 552-57/_”&
Ups Yo5 2
@ hd suppek rachin (D et alemg red dune |

g,2




1.68 “Link AC has a uniform < x %- in. uniform rectangular cross section and is
made of a steel with a 60-ksi ultimate normal stress. 1t is connected to a support at A
and to member BCD at C by %~in.-diameter pins, while member BCD is connected to

asupport at Bbya T% -in.-diameter pin. All of the pins are in single shear and are made
of a steel with a 25-ksi ultimate shearing stress. Knowing that an overall factor of
safety of 3.25 is desired, determine the largest load P which can be safely applied at D.
Note that link AC is not reinforced around the pin holes.

SOLUTION
DT Mg =0 CYXEF, )-1o P = o
’ Fae = 2.0833 P P= 0.480 F,.

Lo B, -2 F,. =0
B« = R, - (§X20823P) = 125 P
e E -0 By+§}-A(_-'P'-'O
B, - P- #(208837) - - 0.666¢7 P
B:{B B* = L#&7P, P:0.705%8 B
ased ow s*f'ren,Ha of Jink AC: 66 = 60 U |
At = ()($-5)7 0.03125 Fayo = AL =(60Y0.03127 )= 1825 ke,

&
Pu = (0_480)((.37‘5’") = 0.900 ku‘p
B«Se.of on s‘f‘reuj+b 07t P;w a'f' Q : P"' T "JL '?fz(%)L z O. ”O‘f‘gl'nl
Toz 25ksi  Fpy @ ToApn = (25)(0.11048) = 2.76/ kip
P = (0.420)(2.7¢1) = 1.825 kip,
Based ow S‘*’Pe.nJ'H\ o F(v\ a,‘)’_ B: Af""' = 'gdz = "Z‘(r(és—’) 0.0 70 {fnm

By = TAp = (25)(0.07670) = 1. 9175 ki,

R = (o 70588 )1 7175) = - 11,3538 kip
Ao‘f«)o/ Pu 'S "Hue Sm ajjw'f N Pu =7‘”"O.'900 k\p N
C A)pouwape \{d.pue ‘Pow P ‘]:' = P‘J = %ZO_O = 0177 k‘.P,_?: 277 »\DL -‘

3,2,2,2,1

~ B
——
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load is applied to it. Knowing that £ = 200 GPa, determine (a) the smallest diameter

i rod which should be used, (b) the corresponding normal stress caused by the load.
SOLUTION
- PL _ (8.5%0%)(2.2)

—§ ES ~(aoox10%)(1.2x10%) * 7.92x0" m
- t . . M 72.92710°) -
A-}d : d~1/5?—=.vl( )(7?'30 -

9.9 %o~ m

= 9.96 mm -

3
) G =: = 75“;;;,',‘,’04 = 109.1x10° Pa = |09.) MPa -

PROBLEM 28 b oo ifé'fﬁﬁ?atli’&ii?ii‘mﬁﬁ?&%ﬁ%ﬁﬁﬁi&‘?ﬁfﬁiﬂﬁ?ﬂ‘oﬁi‘? o, detornin
(a) the maximum normal stress in the tube, (b) the minimum wall thickness for a load
SOLUTION of 1600 Ib if the outside diameter of the tube is 2.0 in.
@) T.S"" <22 = 0.90025
& = 5,—_5 = (Joxo*Yn.00028) = 2. ¢ /0% psi = 2.5 ksi -
b) G = .E. v A= -g; = —"_—_zﬁicro& = 0.640 int
A = T, -d;*)
dit=d) - T = 20" Bledt) L 5 oo . 1. 7847 i
L= £(do-d.) = ¥(20-1.7347) = 0.1077 in -
PROBLEM 2.11 2.11 The 4-mm-diameter cable BC i

s made of a steel withE=200(‘yP§. Knowing
€ must not exceed 190 MPa and that the

that the maximum stress in the cabl
elongation of the cable must not exceed 6 mm, find the maximum load P that can be
applied as shown. ,

SOLUTION ,
Lee =/ 65+ 4% = 7.201) m A
C Use bar AR as é.-PV‘ee béa’\/ - Pq-—.\(
k02— YVZM, =0 325P- (G)("):*Qun Fie)= ©
P = 0.9509 kg, - A
Con s:‘a/em'nj a,p,poqu'fe Stress 6 = IqOX\Q° Pa o |AY -
A= EdY = F(0.0ot)* = 12.566%0"¢ in*

6= 2 ¢ Fas 6A < (90210 2.5¢6x17*) = 2.338%10° N

C_Onsc‘dem'mj efbow chde ‘eﬁowjd‘c‘on &= ¢ .xlo‘: v

Foe Lae . AES | (12.566%107)(200 0% )(.6 ®) _ a1 i3
= L8 —=Re = . = XL.09l

S N Fa. le ™ 7,211 .09 x(0° N

Svna.”ew value 3ove»’~\>s, Le. F;;- R.09]/%x10° N
P

0.950% R = (0.9507 (2. 01Xt ) = L.983x(0°N ¥ [.988 kN




2.15 The specimen shown is made from a 1-in.-diameter cylindrical steel rod with two
PROBLEM 2.15 1.5-in.-outer-diameter sleeves bonded to the rod as shown. Knowing that E=29 x 10°
psi, determine (q) the load P so that the total deformation is 0.002 in., (b) the
corresponding deformation of the central portion BC.

SOLUTION

@ s-xgg-fza

P - ESKZ-‘%Y' | AHBJE‘
L-_\ in. d_, in A;.""z L/Ag ih.‘

AR | = s | 1771 | 1.\218

el 2 1o 0.7854 | 3.8147
eo| 2 1.5 | L7em | 11218
6.03% Sum
P=(zwo‘§(o.ooz)(6.ogs)" = q.535x0* Wb, = 9.531@';5 -

() & = %‘E = 'EE %:. T ———————?,:fif\xé?’(&z\w): L254XI0° in -

2.16 Both portions of the rod 4BC are made of an aluminum for which E = 70 GPa.
Knowing that the magnitude of P is 4 kN, determine (a) the value of Q so that the
deflection at A4 is zero, (b) the corresponding deflection of B.

PROBLEM 2.16

AP
A SOLUTION
T ] I 2 <
@  Ag = Tdae = 7(0.020) = 31406 x15" m
04m 20-mm diameter : A& - %G’.: = .'(O‘QGO)I= 1. 8274 >¢IO.'3 m"
5l Force in member AB is T +ensiov;)c )
y Bl Y
/pon dt‘on = P___L:_&_D = (L;XIO - - -
Efons M T E Ae  (FomoN(31M.16 x10°¢)
! = 72.7156 % (0™° m
05m &| 60-mm diameter
Force in member BC is Q- P Cowp rssion:
" . . (Q-Pllee . (R@-P)(0.5)
_L S‘;a P SL()"'{M IV\Q SBC E . ASL = (’70,(107 )(2’827‘*wlo-3)
u [Ta . = 2.5263%07? (Q-P)

For zero defdection ot A Sec T Sae
a.szesxno"’(Q-F") = 72.75¢ x10°F .~ @- P= 28.2x10° N

Q= 28.3¢/0" + Yxiot = 328xiS N = 328 kN -
(b) Sia = Sec v Sg = 72790 m = 0.0728 mm -
(a) Z&’b "'(P'@‘)'Ql ...'- Pl =0 Azhge L,=05
{ EA, TEA, AvzAga (,:0.4
(b) & = (?;Eg%g,
(L}

-



2,24 Members AB and CD are l-},- -in.-diameter steel rods, and members BC and 4D
PROBLEM 2.25

are § -in.-diameter steel rods. When the turnbuckle is tightened, the diagonal member
ACis put in tension. Knowing that £=29 x 10° psi and / = 4 fi, determine the largest

allowable tension in AC so that the deformations in members 4B and CD do not
exceed 0.04 in.

2.25 For the structure in Prob. of 2.24, determine (a) the distance 4 so that the

h deformations in members AB, BC, CD and AD are all equal to 0.04 in., (b) the
corresponding tension in member AC. '
SOLUTION
(@) Statics: Use Jofﬁ‘ B as a free booly
B e .3
Fvowm sividan ']'m'am),pe.s ; N\ /1,:,
- F F;o LBD "
Fae - Fee _ Fu Fof &° Fhs h Tae
PR S v , N\ Tl
Fec B
Fae = bb" Fec Force Trangle Geomatry
For equal o eFormations
‘ = .‘. _&a.h. = F b - b ._&2
SRR R N R A
Equa‘nj ex'o»ess toms "'FDV‘ FAB
_h_ _ b A,e hz - Ase - gdaez - a’A:
b ‘:;it. T h “:‘ F;c b* - Aece - :‘]"rae‘; g;:n.
h dee _ 5 _ _ - . '
T T T b= 3= s TN
h=3b = ;(3) = 2.86 H+ = 4.3

(b) Semeg 843 = Sge = 0.0%4 |n

ge = Fec b o-- Fec. = EAB& Se = (2%((0‘)'3_(78_)"(0.0,4)

E Ae b 36
| = 19.376x(0* Jb,

| Faa ’,' % Fa. = %(lq.s'ze'xw‘) : 24,912 x10> Ab
From the force '\l'V‘\"QVV\'ﬂJe

oo = Fio = Fac + Fra = 31.6 x10* 4 -

)
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PROBLEM 2.36 2.36 Anaxial centric force of magnitude P= 450 kN is applied to the composite block
rw . shown by means of a rigid end plate. Knowing that 4 = 10 mm, determine the normal |
; Brass core stress in (a) the brass core, (b) the aluminum plates. @ o
(E = 105 GPa)
Aluminum plates Rigid SOLUTION
(E = 70 GPa) end plate

Let B, = for‘\‘ion of wvad Force cavvied by
T brass core el
Py = Por‘h’on carnwed ‘r[ Wy JOM"V‘UM
P)u{‘@@
s - Bl P, = EsAS ol ackito
EHA'- L js‘eo Sf_’.’ﬁ'j wa&um.f’
S = E":"—&-ﬂ P.= -E:‘L,-_A—“—%— Somet w:ox'u PM& MorLs

Aa-uo‘mﬂzrd Samn deoftdecs
P= R+ = (BAMEAL) ‘E“ Qwﬁ“%‘b

E£= §- = P
L " "EAL+IELA,
Ay = (6a)(40) = 2460 m® T 2400 % (0™ m*

Aa = @(E6X10)= iy mm" = 00 > (0™ m"

£ = 450 x 1o° = 1.3393 x(O°
(105 %0 2400%(0°¢ )+ (TO %67 Y1200 * 107 )

@ G = E& = (losx07)(1.3393%/0%) = 140.6x(0° Pa = 190.6 MPa -

b)Y 6, = E, g~ (10x0°)(1.3298x16) = 93.75x10" Pa = 95.75 MPa. =8

Reconandel Wothed

or
Equlih; = Phr+ 2l

I TER fiel - PT‘*_L_ « Ry = EbrAu py "'70~ 26 Py
Corhbe  Eod Ay Ene At o 6

=24 Fal = bifs
oo P=bPa+2fu = 81

D o
Wl = Vg Re=3F
‘ : . 6" ]
G 2 EL“{ = _._0'75 (_‘[43;0}/0: lo 'éxmb N €y = 0:‘.1 = 1.3393x/0]
A, 2409 xi07 >

. ; Y b -
Tap 1“@ e (#.50x10 A/) = B N éﬁz = @ = /,3893x/0 *
Aup Lo xi07 6 m* 2

&

& =ey  amatl| ¢
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2.41 Two cylindrical rods, CD made of steel (E = 29 x 10° psi) and AC made of
PROBLEM 2.41 aluminum (£ = 10.4 x 10° psi), are joined at B and restrained by rigid supports at 4
8in. . 10in 10in and D. Determine (@) the reactions at 4 and D, (b) the deflection of point C.
1 ol : ol .

|
| I
=, | | ger=  SOLUTION

AB: P = R‘ ) L‘e = 8;"
Ars = Fdre = F(L125)" = 0.994062 in*

l -in. dmmeter l5 -in. diameter

’ (kl i) [ - = E__L;
? L EA_W TRp = Ra-32 She E A
18 “* . __Ra(3)
-— S | (Jo.4x10¢¥0.99402.)
R Fo = 0.7738¢ x[0™° Ra

BC: P:-R,-18x10° L=1/0in A= 0.99902 int
A ) b .

Sy = PL _(Ra-18x10°)Xio)
EA  (0.4x104)(0.994%02)

0.96732%10 - Ra = 17.412%10"°

CD: P = R -18xI0® - 14x10° = R, - 32xI0°
L=10iw  A=Fds = T(1.625) = 2.0739 in"

S = PL _ (R -32x(0°)(i0)
o = EA T (29¥10°)(2.0739 )

0.16627 ¥I6° R, - &.321xl0™*

Sio © ke * Sect Sep t 190780 R, - 22.733 07"
Since f?o(vs’,' D cannol move We,pa;}'a‘ve‘l‘a A S«, - O

() 1.907§ ¥10° Ra - 22.7337)6%= © Ra = 11.92%10° Bb, « -
Rp = 82x10° - Rp = 20-08x10°0b < -t
(v S, =f Sas + Seo
= 17412 %10 Ry = 17,412 %107
= (L1218 (1. 92 ¥ 162 ) = 17.412x(S° = 3.34X0° in  =-
or S < Role (2008x02XI0) - 334v)57 in -

E,A,,, T (29%10%1(2.0739)

oY . RA'Q’;” ( "/f;xlpj /Dll) 4 L 32/(/0 )X/DII) - 0 . - SPL

6 A6
o.4x0% Ay toutxto’ fyg x10®. Aye. (€

Ry =92 x0%5 R, =32X10" -k = 20.08 <707



2.65 A 2-m length of an aluminum pipe of 240-mm outer diameter and 10-mm wall
PROBLEM 2.65 thickn_css is used as a short column and carries a centric axial load of 640 kN.
. Knowing that E =73 GPaand v=10.33, determine (@) the change in length of the pipe,

L 640 kN (b) the change in its outer diameter, (c) the change in its wall thickness.

SOLUTION

do= 240 wmm L= 10 mm d; T do=2T = 220 wm
E(dot-d:* )= B(240%-220") = 7.228710° wmm*
1.2257 #10™2 m*
P = gHoxlo® N

@S c-tE-- 640 218 ) 2.00)
- AE (7.2287%10°%)(73 ¥ |OF)

>
U]

if

T

{4

=-2.427% xio'sm

= =243 mm -y
- .2______..:3‘7;‘ 1o - 1.2133 x Jo°°
Eop = -~VE = —(0.33)L2133x/07%) = 400.4 %o
W) Ad, = do€at (290X 400.4x107¢) = 0.0 wm -
(e At = Cepr = (iO)(QDO.lelO“) =  0.00400 mwm -“

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

SOLUTION

Consc‘a’ev‘ 'H\e Y‘O\Ler vlock on the m‘g, L't'. I+

carvies o SHeam‘ng) Jorce equal to 4P-

S5,
)
3

The s‘aean‘nj stress is T ~=.%£

3.2%|03 .
21:: =-(23)(2z«lﬂ = 7.2727 in"

ov rquirtd; A =

But A =GOk

Hence b = .‘34‘5 . 2,42 o -l

Vse br- 2.‘!2 m awd YT 210 psi

Shearing strain - 7V = & =522 = 0.12222

|g00
Bt T =2 |
Hes_nc.e. o = :%— :-'0(.)..9{2Q1, = 0.8!8 in. - vt




2.69 A 1-in. square is scribed on the side of a large steel pressure vessel. After
PROBLEM 2.69 pressurization the biaxial stress condition at the square is as shown. Knowing that £

=29 x 10° psi and v=10.30, determine the change in length of (a) side AB, (b) side BC,

7y =6k (c) diagonal AC
c) diagona .
W S ,
=] - SOLUTION sz 9270, Han
lin. | [ o, =12ksi
l — = Ex= é—‘(Gx- vg) = 2°ll>'ID° [lbao’ —(o.3o)(suw‘3]
P = 351.72 % o= |
| Lin—> g = -EL(G.')'—VG"\)E Zq'*“f{Qy;a‘_(o.go)(\zvlos)]
uswy A= A€ = 82.76 ¥10°°
@ S, =(ABLE = (.00 ) 85/.72%I0°) = 3517 ¥10™¢ n. -
(o) Se =(BC)gy = (100X BR7ex(0™) = 82.83%10° in. -

2

@ GEV= ST+ (BOT =/(RB, + 5y) +(8e, + S)
= J (1 + 352 x;o“?‘l (1+ 82.8%0° )

. = Ly1usz s dagpel Loglh
ougnd (REN, = B -(AC). = B307xIC* in -

or vse calewdvs oz Follows:

B ii . .

Loble sides vsing a, b, and ¢ as shown
o

b et a+ b
c _
N Obtaiv dillercntials 26 de = 2ada+ 2bde
Frow wehi <h de = %‘ do. + % e
Bot 0= |.OO in b’l.d)"t.ﬂ) c=,f5 ",

da = 3“3 = 351720 ° in ob = S5 = 82.8x 10°¢ in

Hﬁ“’ui € in Ay v » -
élv.“. = AC ACS . 307 %0 = RISX/0 o 25 _.i
Ac, 141428 o ‘ ‘

I

Sp = de = L2 (ae17 «em W 122 (82,8 10° )
= 307 %10°° w, ~

A
—

N



2.134
SOLUTION

- e arerasita menwy dVUWIL \U) OUIVE pall g, asSuImng uat ine noie at 4 18 not aruiea.

Maximum stress at hode

Use Fiq. 2.64 o Yov vadues of K

% = 1126.5—12 = 0.0697, K= 2.80 fum pg lo§ Fig2.6¥e
Puat = 02)112.5- (20 = 1206 wmm' = 1206 (G m* P o— .

. e O I‘>
Srur = K'AE'* B (2'f200>6<f?;.:0) T 134.7 % )0° Pa —

Mo mum stress ot -F.',Ue'f‘s : i’6"thw&,‘ M@lt Canse, :Ju_oo Cm&w‘ufw:ﬂ
Use Filq. 2.¢4 b

a D 1S . g
Fem o, 2. g K= 210 fuon p3io8 Fgd b
Avin = 02)(78) = 900 mm- = 260 %10™ m*
. wl . (20Xs8xio®)  _ ¢
Soew = Kgm Soprioc T 135310 Pa
@) With hole and Fillets Comw = 134.7 MPa -
(b) Withoot hole hut with filleis Gone = 135.3 MPa -
2.100 A centric axial force is applied to the steel bar shown. Knowing that g is
PROBLEM 2.100 135 MPa, determine the maximum allowable load P. _
15 mm —
SOLUTION —o

At the hoie: = 9 mm d:= 9a0-1% = 72 wam
£= 0. 125 From F'.'j 2.64a K= 2.6§
Ay = T ol = USIV= 1,08 X/0Pmm" 2 [LOBXIO ™ m -

. KP
G‘wm! Am'f
P = A"’;fh“‘ = ("osgslzo:;(mm‘) = &E5xI0* N = 55 kN

. _ - - |
At 'Hoe ‘:\]lej' D= 120 wmm ) d s 90 MM) % = ’—7%')‘ = /.333
r= 10 mm = 75 = Ol FumFg 2646 K= 2.0z

Aun = L d = U8)(90) = 135515 wm = [.35%/0°° m*

Sve” o ( )
= A Gone _ (135 x1572) (135 %10%) _
P = K T ~ 2.0% = 90%|SN = 90 kv

Smdﬁe_ﬁ valve For 'P controlds P = 85 kN el
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PROBLEM 2.127

(k)

2.127 The block shown is made of a magnesium alloy for which E = 6.5 x 10° psi and

v =0.35. Knowing that g, = -20 ksi, determine (a) the magnitude of g, for which the
change in the height of the block will be zero, (b) the corresponding change in the area
of the face ABCD, (c) the corresponding change in the volume of the block.

SOLUTION

N
~
1]

o

\Y
-~
[

F(85-260 =0

@) 6y= vy = (0.25 Y- 20 x |0®)

,%sz%mm Joid chings in ot .

2 g ys TG = =T koi -
£ = g6 -v6)= - ’)_CG;:"* \‘L)
- _(,g_ss)é;:tﬁ;@‘— 7x10°) _ | 4sas vo0™
£e= 2(8,-vg,) - —Rexiel —(0as¥o7x0%)
= -7 %o uly
A+ AA = L, (1+ ;,,\Lz(ue,) = Ll (1+e. . +8, + 5,80
But A, = L.L, ocugpul cun
AA = Ll (g, +5, +5,8) "
= (4o Y 1.0) (14538 %16 = 2.7%18° + smald Fere)
=498 210" int = - p.0OHI8 int | -
Sivee L7 s constaul

"

AV = L, (AA V= (1,375 )(= 4981072 )

-6.85 %102 W

n

- 0.00635 in® -

L ezextbyrly = (1085387} 0= 2.7x077 ) 2L 24725007
e= 4V

s AV - e,\/ . e (Lx~(7'£2) =-/9¥72 Y/a'-s‘(c/.i.?,].(.lj
= _/.z~/7z></o"3(s‘,5) s -bd5xw07

g =0 | el iy

TN
N

D



PROBLEM 2.126

36 mm

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

closed. Determine (a) the average normal stress in the tube and in the rod, (b) the

E |
25mmr

250mm

SOLUTION

Aivlvc = g (a‘:— 0"'1

A s
AT = 55 - 15

Stote = m + Lobu (AT) =

e, ...PL
vod = Erd And

= _4.850C %O P + 209v|0¢

o

5-}.,],( = S,.,,l + 5‘ 6‘44«% 1,;1/1«&, = CW//'M N’t(*%f/zwfuz{caf
| 2. 83IS x0T P + 23 v[O° = - 4.8505x |0 P 1+ 209 oS + 375 x]0
12.732 %10 P = 348 xlO - P = 25.342 wI1o* N
onde ou hare P Wwf«}{ T weng bf 'l appropreate A

S £,

Sred =" P

gt = %(is\‘ T 490,87 wmw = U490.87%I0  wm" ol

3, 88IS¥0"TP + 23¢wlo~C ;

P_ . __253Rx0d’

jl forced against the rod by rotating it one-quarter of a turn before it can be tightly

deformations of the tube and of the rod.

2.126 In Prob. 2.125, determine the average normal stress in the tube and the rod,
assuming that the temperature was 15° C when the nuts were snugly fitted and that the

final temperature is 55° C. (For alummum, o = 23.6 x 10%°C; for brass, o = 20.9 x
10%°C.)

)= T(36 - 28" ) = 402,12 v = 402. 12 %]0 m®

—x[ )
= 40 °¢c . Due fo Wduwﬁa 4 L/vuﬂs/wéc a sheso l/»sJ'U-/’ %,

P (0.250) Ve
(7o x10%)(402.12 ¥ 107¢)

- - P (o0.250) .250)(20.9%10°¢ )C4o)
+ La.en (405¥(O°)(4‘io.87vlo")+(0 20 )aeawto™ X

.S mn = O.8375 mm = BIS %10 m

3
25.342 ¥10° _ " 3.4 w10° fa = 63.0 MPq -
402,12 »10-%

. |
e e - .- = - . ’ 4
9037 <]0% 51.6 %10 Pa -3 6 MPa _

+ (0.250)(23.6 x16°6)(40)  f—
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maximum shearing stress. (b) Determine the inner diameter of the hollow cylinder, of
4-in. outer diameter, for which the maximum stress is the same as in part a.

PROBLEM 3.7

SOLUTION
(@) Solid shatt e=%d = +(2.0)= 1.5 in

- = AT _QX4) . ,
fMy 7TC3 - .,T<"S.)s - 7‘55‘51"50 il

(b) Hoblow shatT Cz:“:to) - 1(40) = 2.0 in,

L 4 _ ATee _ y  RYNo20) _ .y
C C2 " gL T 2.07 - T(r545) 7.25

C, = 1.74395 in d,=2¢, = 3,49 in

' 3.12 Knowing that a 0.30-in.-diameter hole has been drilled through each portion of
shaft AD, determine (a) the portion of the shaft in which the maximum shearing stress

PROBLEM 3.12
occurs, (b) the magnitude of that stress.

2T20 2 =40041200 +5pp +Tp =0
Tp=-1300 {b-in
500 1h - in.

1200 1h - in. \

" SOLUTION
Hole: ¢,=3d, = 0.15in

.=0.9in. Shaft AB: TAE 400 fb-iw
C‘2= -%.dz = 0.30 v

00 i ¥
C
= 0.75 in J = IQE(C{‘—C,‘ ) :%[(0.304- 0.’54)
- = 0.011928 ;n")
: Ve = +&2 = “oo1(0.30) _ : .
* i Y J 5.oNaas - 106co pst
Shaft+ BL: T, = -400+1200 = 80O b+ iw C,=+d, = 0.375 in.
= 0.03026% in'

J= %(et-¢)= Tozs™0.5") =
= Te . (80o0)0.23785) _ .
f”*m F ° T 0.0%0268 - 9911 ps
-400 +]200 +500 = 1300 Jb: in

C,2td, = 04 in

. J=%
tm;.y = TC‘- - Q.@_‘?__)_Co—qg—)— - c”c,é Ps"

o &  ©0.062617

3.7 (a) For the 3-in.-diameter solid cylinder and loading shown, determine the
)

Answens J>(a.) shatft AB (b) 10.06 ksi
< ' :
/( A [T&w %Wdaogrm Tﬁ,p.‘,’:
' Tq; = )30







(b) Sheft+ CO:

ch: '.0 m
- L _
@cu e GJ‘ -

Pee = @Pq +

PROBLEM 3.36

30 mm

J.36 The torques shown are exerted on
shaft is made of steel (G =27 GPa),

pulleys B, C and D. Knowing that the entire
B, (b) Dand B,

determine the angle of twist between (@) C and

SOLUTION
(0)$hatt BC: € =4d= 0.0/5
Jee. = B = 79, 5220707 1"

Lge = 0.8 m, G=27%)0" By

= TL_ _ (4e0)(0.3)
?ac T (37xlo*)(79.522710")

= 0199909 ved = 8. 5%°

Jeo=F e = 169, 89¢ %)™
"500 u.m

C=4d = 0.018 m

Teo = 400 - 900 =
(~500)(1.0)

(27%10M(1c7.89¢ njo-1 - ~ 011230 rad

Pep = 0. 14904 = 0.1/220 = 0.02679 vsel = 2.11°

-l
T rﬁ.ﬂ"[ 2T=0 =D TAB :TDez a
A B 'l e
\ Svo
PROBLEM 3.89

For smaller shab+

3.89 Knowing that the stepped shaft shown must transmit 60 hp at a speed of 2100

rpm, determine the minimum radius r of the fillet if an allowable stress of €000 psi is
not to be exceeded. '

SOLUTION
F =200 35y,

P =
‘r=

B0 = (60X6600) = 396w(0® Jhiin /s

P__ 3% ot
an¥ T oam (3F)

I 8007 x> b in

T3
K = 7T
D . 25 _
d = 2§ © z
) = 0.184d

a

T
crhd= 0.425 in = KIe - ZKT
T (0.625)%(B0O0O) = ) 28
(2)(], 8oo7 nio¥ ) I
From Fu‘3 3.32 -5' = 0.18
= (0.0gO)CI.ZS'M)' 0. 225 in. -




3.39 Two solid steel shafts (G = 77 GPa) are connected by the gears shown.
PROBLEM 3.39 Knowing that the radius of gear Bis r ; =20 mm, determine the angle through which
end 4 rotates when T, =75 N'm.

SOLUTION

Caleodation o'F *‘ov*quz S.
Circomberenh'al contact fora befween

geaws B and ¢
Bk T i
-T;8=TA= 75 MM
Oﬁxo - -
-rc‘n: 0 0‘20(5) - 225” m
Twist in shat CD
Jo =T = 200,012 = 32.572%15" ", Le, = 0.900 m
TL __ (235)(0.%00) 5t
G = 77X10" Pa P 5T T (T70°)(32.572% 100" 35885710 ved
Retation an«o)e o C 9%' P = 35.885 2162 pacl
Cu"v\cum-rev‘?»ﬁ»p Jisp'acem%f aj“ c_an'l‘a:—f‘ ):)o:'fl’('s o‘l‘\ aeqws B a\'\a‘ ¢
S = ~r\c¢c = "\BCPB
. . Ve 0. 06 - . =S
Rotation angle ot BT @+ £33 © (35.235x16% )= 107. 654x16 " vad
Twist in shat AB: | |
4 T ¥ -9 4 L = 0 5-
Jee® FCu :-—(o,mo) = 15708x107" m*, ag = 0.500 m
- a (5)(0.500) . 2loodx]s
G=77x10" Pa, Qug~  TRIT)C 708715 004 X|0 " paol
Potution ot A = Pa+ Py ~ 188.7 %10 ol = 7.9%° ~




)

PROBLEM 3.57 . 3.57 and 3.58 Two solid steel shafts are fitted with flanges which are then connected
by bolts as shown. The bolts are slightly undersized and permit a 1.5°rotation of one
flange with respect to the other before the flanges begin to rotate as a single unit.

SOLUTION - Knowing that G = 77 GPa, determine the maximum shearing stress in each shaft when

a 500 N°m torque T is applied to the flange indicated.
. 3.57 The torque T is applied to flange B.

Shett AB 4 P ®

T = TAP_,J L= O.ém) C='\5570.OIS_M

- 4 PN -
Jae ® %C- = -‘21(0.015 e 79.52%00 7 Wt

- Taolaa
e G Jaa

- G 7710779524157 N
T = Sadtn g (77210701525 L

= [0.205x10° Py
Shart CD
T=To, Lo=0m, c=30=008m, Jos Xet= Z(6.012)7

oo = 16%.896 % 107" m"
q » '
_ 7o 8K HT Ly eg et @,

: =

T, = e g - 770

Clearancs rotation for Flange B Pg= 1.§7 = 26.13x107" ped
Torque Yo remove learance: T = (10,2051 ) (2618107 ) = 267.17 Nem
Torque T Fo cavse addianet rotation @ : T” = §00 - 267,17 = 232.85 N-m
T"= Tae +Teo |
232.83 = (/0.205%10° + 14.108x10°) Q" & Q"= 7.5768 %10 pud

TM}" 97,73 N-m

TCD 1}

(10.208 |0 ). 755 £(0"%)

(14108 %]0* ) (9.5765)0°% ) = (35,16 N-m

"

M o) om Sl’lcqm'n stress m AB

. Tesc (2¢7.17 + 9273 )(0.015) _ ¢ y
Tha = = oSt = 68.8x/0 Pa C3.8MPa -

M aximum Sheaw'nf) __S'Hess in CD

_ Twe _ (18s.10)(0.012) . |
T = T ° iddEicwge - sl Pa. 14,75 MPs, .




PROBLEM 3.135 3.135 An 8-fi-long steel member with a W 8 x 31 cross section is subjected to a 5
' kip-in. torque.  From Appendix C we find that the thickness of the section s ? in, and

that its area is 2.86 in®. Knowing that G = 11.2 x 1¢°

psi, determine (a) the
T maximum shearing stress along line a-a,

(b) the maximum shearing stress along line
b-b, (c) the angle of twist. (Hint: Consider the web and flanges separately and obtain

a relation between the torques exerted on the web and a flange, respectively, by -
b1rb expressing that the resulting angles of twist are equal.)

SOLUTION
W8 x 31 Flange: 0= 72995 in, b= oS, £ '-75%:—: = 18.38
L
¢,z G=3(1- 0.c30L) - 0.329 P = _L_'c;vc}
TF = Czabs 'G‘-QE = KF %Q where KF = Ga ba
Ke = (0.3209)(7.998)(0.438) = 0.2188 i.°
13
Web: a= go-@)o.485)* .18 i, b = 0.285 in %'1%2!5? = 28.02
¢ircy= §(1-o6sed]z 03249 ‘Pw‘a'%"p*
Tw= qab' &% - K E8 e K, - cab’
Kw = (0.3243)(7.12 )(0.285)® = 0.08¢8 in*
For m_a:)‘c\m'nj +uist omjjcs 4)# = CPov = @
Totad torque T=2T, + T, = (2Kp~¥ va%ﬂ
GP . _T - KeT -

c KT
N Ty S Ty L Py

_(0-U438)(s000) _ ias T, = (0-0563)(s000) _ 557 Jbei
Tk -(2)(0.2138)+0.os‘63 = 2221k iy Tw Z10.2138) +0.0563 "

(@) 7, = C'le =(0-322|°21)2<;.ﬁs)(0-435)" = HS70 pai 2 U467 ksl m
(k) n’c\l_t“ :(0-31‘\1?(7?.’13)(0.285)‘ T Rbopsi = 296 ksi -
& 82 . o s q9=51(;—ﬁ(:--m where L= BH = 96 .

P = (ll.ivsgf‘;jf((;),)((::';?)+o,s‘czj = 88.6 ¥I0 rad = S.08° ~

wWao T-= -I;i \/J'&wz_ T:‘sKw‘ﬂKf

for Tap dehe t = b S-S
Tl dake ¢ - bua = .28



FIUDLILIVE O.4VU

Aluminum

the allowable shearing stress is 25 MPa. Rod 4B s, %ﬁgog and has an outer diameter
of 25 mm; it is made a brass for which the allowable shearing stress is 50 MPa.
Determine (a) the largest inner diameter of rod AB for which the factor of safety is the
same for each rod, (b) the largest torque that may be applied at 4.

SOLUTION

} v ' . . - - Y
TE———1 >4 SeldredBc: T=18 JT=fc
You= 25 %10° Pa. =%d = 0.015m .
Tau = FC %y = L (0.08)P(a5%10%) = 1832.53¢ Nem = ’%I
Hollow vod AB: T.y = 50x/0° Pa Ty = 132.83%€ N-m
€, = §d; = %(0.025) = 0.0125 m =7
Tip = £l - T(c'- )
C:_ 7\ e
4. 4 _ Z2TwC. +  (2)(132.53¢)(0.0125) _ -a
&= ¢, TR - 0.0125 "~ — (5o 108 = 3.32083 %0 " ™
C = 7.579 210> m = 7.5%mm d = 2¢ = 15,18 mm -
(DAMov able torgue  Tay = 132.8 N-m )

k|

i o
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3.145 A hollow cylindrical shaft was designed to have a uniform wall thickness of

PROBLEM 3.145 0.1in. Defective fabrication, however, resulted in the shaft having the cross section
shown. Knowing that a 15-kip-in. torque T is applied to the shaft, determine the
0.08 in. shearing stress at points a and b.
7 SOLUTION
Rodiys of ovter evede = 1.2 im w |
2.4in. Rudivs of inner civede = 1.1 iw 0_ ‘&J: W(Roz+ er)
Mean radive = 115 1y a ) z
! - /»‘/‘%'1‘-/‘2
| . or T
- AN‘& bOU'\JCJ L\/ C e"\'}ff)lv\e w"'/ = e "325‘
.
0.12in. a = Tr":,:~ = Tr(l. /S)z = 4,185 in
; = 0.08 ; g S T =22 | -
At P”""} e £ * LTZEa (2)(0.08X(4. 155 ) 2.6 ks
| | T R
= 0, < = < .0"' ~t

3.146 A cooling tube having the cross section shown is formed from a sheet of
PROBLEM 3.146 stainless steel of 3 mm thickness. The radii ¢, = 150 mm and ¢, = 100 mm are
measured to the centerline of the sheet metal. Knowing that a torque of magnitude
T=3 k N'm is applied to the tube, determine (a) the maximum shearing stress in the
tube, (b) the magnitude of the torque carried by the outer circular shell. Neglect the
dimension of the small opening where the outer and inner shells are connected. -

o SOLUTION

” Area bounded by centerbing e lhgh s appesss fo be an open. é
Q= T(er-e) = (180" 108) = 39.27%10" mm  ©

Y

= 29,27 w[()"s m

t - 0.0038 m

S 3 x|0? _ . . -
@ T =225 * @)0.008)(F0.2167) 12.73 %)0° Pa = 12.73 MPa

(2wt o) = 2me t 7
27 (0.150)*(0.003) (12713 xjo* ) = 5,46 %x10° Nem

LY T,

1

de‘“‘f?\‘lﬂf& qug = £.40 WNem R
& I ’ = [Aer él . JA P, _ %&
I : N »\u\\\mx\v [(PEEN i~ ‘\ o
27 dA = td Y

2
=§7”c.c,.’c. c,db = Tte) . om

2.8

0

V) o

’
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4.45 and 4.46 A copper strip (E, -lOSGPa)andmallmunmnMp( =75 GPa)
PROBLEM 4.46 are bonded together to form the composite bar shown. Knowing that is bent

about a horizontal axisbyecwpleofmounemJSNm,dctmninetbemmmum
9 mm stress in (@) the aluminum strip, (b) the copper strip.

Copper—3# 4 4| 3""“ SOLUTION
I-—Mmm—ul
Use aduminum as the re-fewewco \ma.'\e.w‘a.ﬁ
n N =106 in a)uw\\'mum

axis | ® rg'.: n= E/E, = 105/78 = 1.4 i copper

Transformed .se_e&h'op “

Ayem ]l nA, mwmt] Yo, mm| 0AT0: amd
®| 2le 216 .8 | lezo
®| 72 100.8 .8 5.8

z 31¢.8 177,

Y, = 1%7'-2-_: z 5.5909 mm

The nevtrad axrs Jies 5.5902 mm above +he botom
L= Bbhsn Adt- @@+ 1.00aN@ (1,908 = 2245, 2 wm
o= febhy + nA Y = (24 (8704 04 )24 Y8 ) (0900

4o0p .
I= I+I = MBBA mm' T 4.008 /O m*

1762.5 mm”

(@) Adominum: N .0 YT 12-85409 = 6.409 mm = 0.006909)

= -NMy_ _ (.0)(85)(0.00¢469/)
I 4,008 v /O™

T ~86.0x/0 Pa = ~56.0 MPa,

(b) Coppevr PN LY, ¥y =558909mm = ~ 0.0655909 m
, 6_NmMy___Ut})(ss)(— .0055902) _ CB.4xI0" B

4,008 x[o~T = 68.4 MPQ_ el
Crratrd  Co 4 i -
Pper y f A 0 Ec b, = Euby
— 2 -&35 bt = /424
I PYY r v Al [}
=[5 ]us +[9.24)(7.5] s i,
— = 5.59 mum o
4 2t to
“IT +e |4 —e ru % z4q (n :sq) —

_ : e
Sinte Convontel 40 adum T =My o, (4 y= b B0 mm™ = 4,008 x 10" T m ¥

Por apper 2By My, ¢ Y559

)



4.9 through 4.1 Two vertical forces are applied to a beam of the cross section shown.

PROBLEM 4.11
[ 80 i SOLUTION
o v —
lin. d
= [o
JO,

25 kips 25 kips
' L1171
A B : . C. D
| |
i

Al %o | A%
® 8|15 co
|6 | 4 A4

Xo @| 4| o.s 2
z |18 86
Y,: £ . yos

o ®

59.99 in

\
—\,
H
»
t

R1.63 in

G.alaove +l\e ba.se, .

Y

I, = kbhis Ad?= £08)07+ @)2722)"

Io= thbshs + Aot = OOV + (4) 4218V = 73,54 ;0

I=I+I,+I,- $9.99+20.6¢3 + 73.85¢ = I55.1C in*
Yop = 3.222 in Yig T-4.778 in
'P
1 {5\ M-Pa= O
o ol M= Pa = (25)(20) = 500 Kp-in
6 = - My . _ (500)(3.222) .28 ks:
Hop = ) eI - 1088 kst
Gip = - Mywt . . (50064, 778)

I - . 155.1¢

15 4o ksi

Determine the maximum tensile and compressive stresses in portion BC of the beam.

tn

Nevtral axis 2ies 4778 in

Ebh + Adl = R (6)0.778)

7

9

;\N,‘r'



4.26 Straight rods of 0.30-in. diameter and 200-ft length are sometimes used to clear
PROBLEM 4.26 underground conduits of obstructions or to thread wires through anew conduit. The rods
are made of high-strength steel and, for storage and transportation, are wrapped on
spools of 5-ft diameter. Assuming that the yicld strength is not exceeded, determine ()
the maximum stress in a rod, when the rod, which was initially straight, is wrapped on
a spool, (b) the corresponding bending moment in the rod. Use £ = 29 x 10° psi.

SOLUTION

=4Xd = f(0.3) = 0.15 ia

e T0.s)" : 3976/ %15° in®
D =J1cf = 60 in /0=J§D = 80 in = 2.5,9' x]%"t:,wt}‘
C|-= V\ = 0./6’ /'n.
'3
e G = ES . (kaxot)e.1s)

3 . - .
= o = 145 %I0" ps; = |YS ksi =
/o
- ET . ¢ 7<) ,
o M= EX . Reao)@ard x| gy o, -
R 30
o LM o MzET 4 ()
R ~ &I R
) p ' -'—'-L H - y
Senie U‘M = _’;:_y_ with , @':l"..‘zm 2444.«:4 rwd = 0,181
4.7 and 4.8 Two W 4 x 13 rolled sections are welded together as shown. Knowing
PROBLEM 4.8 that for the steel alloy used oy = 36 ksi and oy, = 58 ksi and using a factor of safety of
3.0, determine the largest couple that can be applied when the assembly is bent about
y the z axis. ' ’
SOLUTION
—_ X -+ . .
200  Properties of W 413 volled section
Y= | ¥ See Appendix B '
:'1030
b b

Avee = 3.83 n° Wid+th = 3.060 in
Iy = 3.8 in?

For‘ one v"oﬂ’eo’ S@CA‘(‘OMJ momew+ o": incv‘h’tg a.bo\)'f ax\'s b-‘a i
I, = I, + Ad* = 3.8c+ (2.83)(2.030)" = 19.643 jn?t
For Bo"’k sections I,=2I, = 39.2%¢ in®

¢ = width = 4.060 in
. Gy . 58 . . - Mc
Catt = fg * 35 ° 19.333 ks, 6 T

- Sl _ (19.333)(89.288) _ 197/ kio.inm -
M = == . 060 -1 Kipem
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PROBLEM 4,74 Determine the maximum stress in the bar (a) if the ber Is designed with groove
, having semicircular portions of radius # = 10 mm, as shown in Fig. a, (8) ifthe b
SOLUTION Is redesigned by removing the material above the grooves as shown in Fig. 6.

For both cov\F\‘Swa{hows
D=150 mm dz 100 mm

= {0 wm,
= L& -\ g0

(11}

L2 = 0.0

. vo; cou‘Fn‘suv\rJfW @),
Fig 4.32 give Koz 2.21
Fow Con"?fjuvoj‘;m (L)’ F‘.ﬁ' 4,31 yafves Kb" .79

I= Hbh® « 4 08)i00) = 1.6xI0° mm' = 1.5x107¢ w"
c=dd =50 mm = 0.05m
@y G Mo | (2UBA0N(0.09 _ 1yq ot p = 147 MPo, -
' I 1.5 ¥|O _
. KMe (1.79)( ZYIOQ)((:).Q&]: - a. .D‘ Pe = W2 MPa -
(b)Y & T £ 10 KA e
bk (b) Hm (o)
-
4.73 The allowable stress used in the design of a stee] bar is 80 MPa. Dévrinii
PROBLEM 4.73 the largest couple M that can be applied to the bar (a) if the bar is designed wi
grooves having scmicircular portions of radius » = 15 mm, as shown inFig.-a, (b
SOLUTION ibfﬂwbarismdesigmdbyrgmovingﬂlcmmﬁalabqvethegrwvuuslwwninﬁ

For both COn'Fif)ua:\-\‘oms
D= 1$0 mm = (0o mm,
"= 15 wmm.

150

% = loo = L.5So
- A5 =
‘av\l loo ~ 0.1§

For contiguration (@), Fig
.32 gives K= 1.92. _
For c0n¥s'aura+|‘ov\ (L) :"ﬂ (a) ®)
4.31 gives K, = 1.57.

T=ghbh® « £0U8)I00)° = 1.5x10% mm! = 1.6%)07¢ m®
C=ddz &0 mm = 0.050 m
. XKMc . 6L . (80%09)(1.5x10") >\
() G = T .. M= Ke (l-‘lﬂ)(0.0S) ].RAS >|O V:*I "[.\'
= .25 kNewm N\ __ 4

_6I _ (soxi0*)(1.5%107¢)
k) M= Ke - (1.s7)o.050)

beter (@) Han(b)

= ].53%x/0° N-m = [.§3 kNew
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4.57 Knowing that the bending moment in the reinforced concrete beam shown is
PROBLEM 4,57 +150 kip-ft and that the modulus of elasticity is 3.75 x 10¢ psi for the concrete and

30 x 10° psi for the steel, determine (a) the stress in the steel, (b) the maximum
I 30in. i Sin. stress in the concrete.

SOLUTION

= Es _ 30x10¢ _
in, n= E. ~ 3.5x0¢ 8.9

A = 4 4 d* = ‘r‘(g)(ﬁl = 3.14/6in"
NAg = 25133 it
Locote the nevtvad avis

n

Y
| 5 (XS (X +2.85) + 12 x %
r | i
wis | @ X ~-(25.133)1e.5 - %) = o
e 12 2l N
& y ISOx + 375 + G6x — 414.69 +25./33 x = o
hAsd‘/.“_’L ex" + 175133 % -37.69 = 0O
- . =175.133 + J(175.133)° + B (e)(39.64) _ :
Sofve For x X = NG = 0.225 in.

6.5~ % = 16.275 in.

L = mhhi+ A = £@YEY + 3o ) (27250 = 146 .8 in*
I,z 3bX" = $(12¥0.225)° = o, 10

N
L= nAds = (25.133)e.278)" = 6eST.) jn?
I = L+I,+I, - 8083.5 '

G = ‘%_tﬂx where M= Iso k'p-‘H T |300 kc'p-iw

(@) Steed n=38.0 , Y= ~16.275 i,

. _ (80)(8002(-1¢.275) . '
G = 2083. 5 = 29.0 Usi -

(b) Conerete n-= I.O) Y = 5.225 in

G =~ “’o)(a‘:gg\é‘s“zzé—) = - ).163 kse¢ -
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PROBLEM 4.133

neutral axis.

SOLUTION

Locate centvorel

Part | A in" | Yo, in Ao, v v = Z/:_ZD
i o 'z
® | 0.064]|0.72 | 0.0Us068
- ©0.07388
® o.w:zt: 0.32 o.;s?:; o 1eeq
. 0. .
2| 0.1 =0.4739 n.

The ceatroid fies 0.4739 in. ahove poral D.

Bemo“hj Cou‘)!? M= Pe |
e=-(2+0.3-0.4789)= -~ 2.326! in

I, = (oM(016) + (0.064)(0.72 - 0.4739)" = #.018 xi5™® in'

I,= % (0.16)¢0.64) + (0.1024X 0.47239 -0.22)* = §.92} %16° in’
I=I+I,= 4a.astxo®in’ |

(@) Stress ot Foi“\+ A: N 0.3-0.4739 = (O.326|] iy
6 £-M . P_ Pey . 75 _ (75)-2.3261)(0.3261)
A

T A T ooy 9.93% x10~=
= 6.18 x[0® ps; = B.1¥ ke
(b) Steess ot Fo\‘n"’ D ) -« 0, 4729 in = O.166} in
‘ - P _My_ P - _ (75)(-2.32¢1 Y(+ 0.4739)
%* & “:fd T A '%i ) 5’.’%5«,« 9.934 x |0~ 3
= -1.87 ¥/0* psr = -7.87 ksi
©) Locw“'ion of neui‘v‘aﬁ axis &=0
= £ - s .-E- - Pe [ = 31 - L
s=x-P- % <L =0 T " A
- L _ 9.934x0"% - -0 0257 |
J = Ae T (o.leeq)¢-2.3201) ©- "

The nevhmald axrs ,p.es 0.4789 - 0.0257 = O0.448 in. above
Pow\‘f D. . :

4.133 Knowing that the clamp shown has been tightened until P = 75 Ib, determine
in section a-a (a) the stress at point 4, () the stress at point , (c) the location of the
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170 \ )

c D

3 3
I?% =2e—i ‘IO.S'D -+ 5'0. lo.zo) + 'i% ‘70.'0’

. N
2RO e ® e 0,6192X/0 2"

0 +@) \——ﬂ@ﬁ’ |
¥ : 3 ¢ W
Q@ ®

Iyz = O + ®-10-40:20 O+ 04%0.0.4020= 8x0mm* o pers ey
- © @

G == (f-TrHe +H,I,a)j -+ (ifLIa +I7%H‘)a .
Tk ~Lys LI~

A(A.L MazMo So 2o M7

i

i

G = = (LMe)y +ZMoz Mochal e, Geo

3 i
Lyl - Zye LI -I}% Tyey + Zys =0
@ A 7:"045 il‘ws E = y:c“s 2;:07-{ -/ 8’!/23_,, 0‘ga:=o
Fooymes aas P YW R ey fom bl e

Tx = Mo [_‘I?'j"‘fye%]
I‘Irz—%‘i
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1.89E-06 6.14E-07 8.00E-07

Mo

iz lyz

Moly/deno Molyz/denom

732 2.65E+09 1.12E+09 a

solution 732 N-m

b

- 0O Q0

lylz-lyzA2 = denom

5.23E-13

0.045
0.045
-0.045
-0.045
0.005
-0.005

sigma
0.045 -68860782
0.035 -80048789
-0.035 80048788.6
-0.045 68860782
-0.045 -63591231
0.045 63591230.9
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4.170 The Z section shown is subjected to a couple M, acting in a vertical plane.

PROBLEM 4.170 Determine the largest permissible value of the moment M, of the couple if the maximum
stress is not to exceed 80 MPa. Given: I, = 2.28 x 10® mm*, I,,, = 0.23 x 10° mm*,
principal axes 25.7° - and 64.3° ~.

 TE—

SOLUTION
z AH. , I,= Te, = 2.28%00%wm’ = 2.28 20" wm"
10 mm 70mm—>‘ L—lOmm qu —-[u.;n': O.?S*lobhw\“? O.Q3XIO.‘ M»
v "“‘1A | My = M, ces €4.2°
Np?§1 Mu 4 My = Mo sin e4.2°
-+ / ‘ & = &4.3°
NS / T
- _ Ly
My | +an ¢ = I +o,n9
-l
o = 228U 4o, 64.3° = 20.597
V4 .
Q = 27.22°

Poite A awd B are Farthest From the neukb«/!.ax\‘s,

Dg =Yg eos GHB 4+ 7p Sin 618 7 (- US)cos 6137 r(IS) sin 6.3

Ng = Zg cos 64.3° = Y sin€4.3° = (-85) cos 643" = (-45)8ia64.3°

& 25.37 wmw

6'3 = - MV 03 ¥ Muvg_

v L,
vine = - (Moces (4.3°)(- 6.5 t0™*) | (M, sim €4.3°)(25.37 «(07%)
Foxio™ = - PRTET-58 0.23 xl0~®

~ 93.81 x 10*> M,

_ Boxlo*
Mo 109.1' x |03

733 N-m ot




PROBLEM 4.211

4211 Asmglevertwalforccl’lsapphedtoashortsteelpostasshown. Gages located
at A4, B, and C indicate the following strains:

€,=+-500 p € =-1000 p €c=-200 p
Knowing that E =29 x 10¢ psi, determine (4) the magmtudc of P, (b) the line of action
of P, (c) the corresponding strain at

theluddznedgeofthepost,wherex—-ZSm.and
z=-1.5in,
SOLUTION
I, = 582 = 11.25 in” 1:7
-\3 o . —-
I,= m@BXsY = 21.25 in Q;L\}
Po= M Mx =P;
A= X2) = \Sin" fu= 173 ) teste

here we tomsae  Pirbked el (x,0/2)
Xq = ~R.5in | Xg =25 in,

= 2.5in, % T -25in
ZA’= ‘05 fﬂ

, 26= .5 in, %e=-L&in, Zo= —IS&in
&, = Eg, = (29%10°)(-S00 ¥I0” €)Y =

6o = E €o = (2a%10°)=1000%]|07) =
G. = Eg.= (2axif )-200 xl0™¢ ) =

- \4S00 ‘,)sf = —~ 4.8 ksi
- 29000 psi = ~29 ksi .

- 5800 rsf = - $.8 Us:

oA -_---E— T Mf? + “ilf‘ : - 0.06667 P = 0.13333 M, = 0.08 M; ()

e =% _ﬂf__ze + _V_"i;l‘.& - —0.06667P - 0.13333 My + 0.08 M;
» a~

6, = “JZ" .___x_ * _i_ —0.06667 P + 0.13333 My +0.08 M, Q)

Soks+c¥u+m +ke valves For 6’4 6; and G inte Cl} @Y, and (3)

tomd Sb)um “the Simudtav eous’ ehuations gives
A d

My = 27 Kip-in, M= -90.625 kig-in, P = 152.25 Kips -t

- M, - = -90,6.5 _ N vl
w = e - 152.25 = 0.5‘75 M.
- M—-E = ______87 - ' =l
Z | = o - 0.857) .
6.7 -% - M{;— L"-Jz:f& = - 0.06667 P + 0.13333 M, -0.08 M,
= - (0.06¢67)(152.25) +(0.13333)(87) =~ (0.08)(+90.625)
= g.70 ksi et




TN
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5.77 and 5.78 For the beam and loading shown, design the cross section of the beam,
PROBLEM 5.77 knowing that the grade of timber used has an allowable normal stress of 1.75 ksi.

SOLUTION

Equiv«lewev\rf con centrated doud
P s (*)(Q \(),2) = 3.6 kips

Bev\J;v\ﬁ woment ot A
M, = (2Y(3€) = 7.2 ‘d"r‘H = 2¢.4 kipean

Swin = My - 264 4y 27 in®

. 3
fFor a Square section S ¥ ’GL a

a.-ae‘s

M . Opin© \/3 ©X4%.87) = 6.67 in, -

4.220 Knowing that the hollow beam shown has a uniform wall thickness of 0.25 in.
PROBLEM 4.220 . determine (a) the largest coupte that can be applicd without exceeding the allowable
stress of 20 ksi, (b) the corresponding radius of curvature of the beam.

3.25 in.

SOLUTION E=10.6»(0° psi

= & (8)(2.25)° - & (4.5)(275) = 6.5046 in*

- G I _ (20)(e.5046) _
c l.62S B

80. | /QCP-\'V\. —ty

b)Y .. = & 2 Se . - Ee _ (0.6 %x10°%)(1.625)
( iy /a E /O 6‘””,. 70 ¥ (O3
= 86/ in = 113 -u
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PROBLEM 5.91

2000 lh
soe | |

A e c

N

FOV‘ .Seo"'l'om cons n‘s‘“

\:DV‘Y e«.o‘- a,vxspe

5.91 Two L 4 x 3 rolled-steel angles are bolted together to support the loading shown.
Knowing that the allowable normal stress for the steel used is 24 ksi, determine the

minimum angle thickness that can be used, @1

SOLUTION

By symme“v\/ A=2¢C
+2R=0 A+ C - 2000 - (6)(200) = O
A = C = l‘lOO pb.

Sheant Vj = 1900 fb.= 1.9 kips |
Ve =" 1900 - (@X302Y = [soo b = | kip
Vet = 1000 - 2000 = ~jooo fb = = | kip
Ves -1000-(3)(3oo) =~ 900 4 = - LA kip

Aveas: A+ B GX3)(.9+1)= 4.35 kipFt W
B C (2XN8)-1-19)>-9.35 ki £
Bemo‘;nﬂ moments Ma= O
Mg = O + 435 = 435 kip P
Mc = #35-48 = o

Maxiwmum M| = 4. 35 l&pH" = 452.2 kfp-l‘n

| Angﬁe section

L 4x3 x4
L 4v3 x4
L 43 x%

Gt = 24 ksi Q

ng oF two a.v\j\es Sﬁn T %1—\? %‘2—2 T 217§ in?
Swa = (XY2:178) T 1.0875 in®

S G

Swmallest cllowehle thickness

.84 a ’

.46 =% in -

\.00

B \/(\i/\’) ,.[/Ji‘l




5.97 Determine the largest permissible uniformly distributed load w for the beam
PROBLEM 5.97 shown, knowing that the allowable normal stress is +12 ksi in tension and - 19,5 ksi
' in compression.

SOLUTION

Reactions: B +C-36w=0 B=C (3w

Shear: V, = 0
Vg..: 0~ 8w = - 8w

Vgt= -8w + 18w = 10w
Ver: 8w - 20w = -10OwW
Vet = <low + 18 w = 8w

Vp= 3W—3w = O

Aveas: A+ B {()9)48w) =-32w
Bt £ (FXe)low) = 50w
Benalinﬁ moments Mp =0
Mg = O - 32w = -32w
Mg = =32w +850 w = 18w
'Cen+v~oi¢| and moment oFf inertia
Ourt] A (e )7 (0 A G| dint |AL G T Gin* )]
® [1.6875|2.c25 Bu297 | 0.75 .[ 0.949% | 0.0741
s ® |t @ |r.c875] V. 125) 118984 | .18 i| 0.9442 [ 0.7113
1‘— 1425 in = :

o , (3.378 z.3281 | .. 1. 898% |0.79/0
f g, L2280 ,
2.65 o Ve S = I. 875 in
l '-:;—s—@ 378 e C I=TAd+ ZI = 26894 in'
P ]
10,75 le
Top: = 1125 I/ = 23906 i
P . sechun W@w,
Boﬂ‘ou\}x yf-/-87f _ .I%y * = ).434%3 ;n3 }
Beho“ﬂ% moment ﬁu’m’}s - M= - G'I/y :-—(TS
Tension at B aud C - (12X R.2906) = - 28.687 kip- in
ComP. at Band C - (-19.8 )~ LU343)Y = - 27 969 kip-in. 3
Teusion ot E -(12Y = 1.4343) = 17.212 kip- in - =3
Compression ot E - (-19.§)(2.390¢ ) = 46.€¢  kip. i
A’OmeJe .Po«.o\ w Bs - 32w T ~ 27 9¢9 w= 0.87% k\'p /in _
v #v 10 E 18 w= 17,212 w= 0,95 Kip lin
Smellest  w= 0.87% kp/lin = 1049 kip /Pt -
S

~low

- e e . o =~ ——
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PROBLEM 6.59

Aluminum

n-=

Part

6.59 and 6.60 A steel bar and an aluminum bar are bonded together as shown to form
a composite beam. Knowing that the vertical shear in the beam is 4 kips and that the
modulus of elasticity is 29 x 10¢ psi for the steel and 10.6 x 10° psi for the aluminum,
determine (a) the average stress at the bonded surface, (b) the maximum stress in the
beam. (Hint. Use the method indicated in Prob. 6.56.)

SOLUTION

- 220psi o 22358 i steed

) 10.6x)0¢ psi

nAY (in*)

| in aﬂuminum

nA (5"’) :7 (in) A in) |nAd? o)

Adom.
Steef

nff (;n.')
1.0
0.3420

3.0 .
4,1038 2.0519

G.o 0.8665

Q.6335

2.2525
l.6%469

2.0
0.5

1.8e7

‘ ly‘\fss'
M in

ve

T: It

(\9) /-\+ He neu‘}ruo axes

2

(a) 'A‘l' the bono?&ol' .SUW'FG.CA

. (#)2.545)
(55D

7.1038 g8.0519 3.8994 l. 3420

ZnAy _ 8.0519
ZnA © T7.1038

I= ZnAo*+ZnI = &2H4 in"

Y =

s [.133%

Q = (1.s)(2)0.8665) = 2.5995 in?

1.328 ks

Q¢ (1)1.8ces)(LEED) = 26129 in®

(4)(2.6129) L2249 ksi

It

7. = YQ .

(EAWN(I.8Y
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o ~ PROBLEM 9.7

A J

(@) Efastic courue

EZ'MJ=D --?*-':+(WX)§+M-, o
= #WL"-%WX"
ETSY = wl - fwx®
EIj—i = Fwlx -Fwx® 4+
‘[x=o,j—iﬁ=o] 0o=0-0+C, C =0
ELy = gwlix -gywx’ +Cx + C,
[x=0, y:o 1 6:0-0+0+C, C,=o0

9.7 For the cantilever beam and loading shown, determine (a) the equation of the elastic
curve for portion 4B of the beam, (b) the deflection at B, (c) the slope at B.

SOLUTION

Usiu3 ABC as a Free boa\‘\/

4?2%:0 RA-%.;W%':C) R, =0
DM =0 =M (BEY e M

Usinj AT s a free Loo\y (Pow‘f'n'ov\ ARB onfj)

y = g (U -gx)
i!';f F ‘i_'l- ('&L‘X-g"X’)

Yo r BETRLET- m} W - kY

_ awlY - N wl!
T 384ET Ye 38‘4151r -
- Y2 L] . wlL® A

6 EEIHUE - HEVE: Fid -
. Swlid - _5__;_):. =T -
T Y8 EI O = Yyg e1 -

7

S
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PROBLEM 9.14

P = 20 kN

SOLUTION

BoE W150 X 18.0

EIL fr\t P (bx)

EI Y - %(%Ex )+ C 3

EL'y = —I_E(;i-bxs)-rC,x +C, @

[x=a, y=y] Egs(2)amd (4)

= Pl Lkat +
[x=t,y=ol E ()

¢, Bl
w  Eq (2)
L[ tead+

Meke x= o

Je ©
Data :

la-Fbla] =
EIL cba-ch ]

P = 20«0° NJ

Ls 3m , a= | m, b =

Ye =

9.13 and 9.14 Fof the beam and loading shown, determine the deflection at point C
Use E =200 GPa.

Let b= L-a
Rewctions: ?A’%r , Re

Beno‘(ns moments
[x=0, b o] [x=t, y:o]
[)(—- JJJ] O< <o ™M = %x
[x= a_ﬁ'Jj.Yl P
o-<u<l M= =lbx - L{x-a)]
0<% < & o< X<l

dy . P - L(x-
EI}l_xJ‘ = T (Bx L (x-a))
E;[i-:l = -E[-}Lx‘- -{-L(x-a\‘] +C,

EIjr
[x=0, j-‘D] Eq @) O r 040 +C,
[x= & .),l,c M:l Eqs. (N amd (2) "LE(:QL/b/O})-I'C

B+ CoarC,

Blebbe-aY]+ GxaCy @
o
0 < —Eli*a"* o] +Cax G C
0]+Lma +C  C:C=0

f[%w-lL(L a¥l+ CL = o
L(L-aY-%b1 =

_P
. Paq

(2)

B (48-4b1%)

P(ba®+ bla- L*ab)

E = 200 %]0" Po.‘) I
2 m

(201102 )LV + (23D = BY()()]

GETL

= 9.yvI%]0° ) C?.i?xlo" m! |

(Y200 x10")(F. 17x107°)(3)

= - 4.85x[0"*

.e

L[..gf MMJ; '
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PROBLEM 9.20 :ulp’:xt’l:‘rough 9.20 For the beam and loading shown, determine the reaction at the roller

SOLUTION
Reactions ave s'}a'hcq,u y indetevwminate .

Boonola\ry conditions are shown ot Peﬂ‘

ﬁ bl dr0] w = e (L-x)
W, X/L % W +Y£ (L-%)
y _’\VD %**V‘ -——(Lx—zx\)-*?
Ra v M= - ¥ (Ll -4x) + R,
EIqL = -—",‘_—"’—(-,%Lx’—elx’)-w?,.x
ET Ax = —%(éLs——x") + 2R x" + C,
EIy = -2 (HL3-x )+ERx* + Cx 4 C,
(\) [x=0, y=o] 0: os+s0+0+C, C, =0
[x=Lin1=o] -Ye(£L ELY) + R4 C, = o
C, = FwWl®-ZRL"
[x=1,y:0] N C A A I N +(wl®-3RLL =
G-DIRu= (44 d)wl
$Ry = @5 wl R gmwlt
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7.152 A single strain gage is cemented to a solid 96-mm-diameter aluminum shaft
at an angle #=20° with a line parallel to the axis of the shaft. Knowing that G =27
GPa, determine the torque T corresponding to a gage reading of 400 A.

PROBLEM 7.152

SOLUTION
y 3
Ay
— ,i;»—)( ,Q?‘K
_ _TC - 0 .t I
6’*=6‘d.:o Ex=EJ=°
3
Sketch Mohe's cincle for strain. ’/’L &
Ga.je direction s R choc kwise Hrom 2 e

Point G ia 2/3 chockwrise From X on Mohe's ciwcfc./ 1%

Eave

= (&1 8§)= O ¢
R = % Yy - ' 2—'
83 = Ean + Rain 2B = a')",q simdB = ﬁsmz,g
- Te _. - 447
26T Sm 28
. —. 26J & 1GCcE,
Sopvms for T ) = CoinZf s 2
L] .33 <) .
T oot o ue) g o0 e
‘ = 5.84 kN:m -
ol S +n$wnomA1 ?mdux.m shear sheea Hon an edoment on the Sudle Mll-,SLﬂWS
T Shesn shisate .
WEO TﬁL n M‘fﬁlol%wi‘t& 7‘5)
\ |

o shath TO/D =

NS P\ % |
- PR 0BT 1 T - (Gl )sin28
b-f T T J ] T
hEo . ; o
+- » .G)Xg:," 2 Tua' éTwaCﬂ Yo

R f\‘xf:’/ = ch“l'foo = 1.:9_ Cn“n‘OO

G

JG

¢ (140) =¢e2 (180 o) =cn 180 n o = - a0

Te ¥y T
-Cali0” €




PROBLEM 8.1 Knowing that P = 400 kN, a = 0.25 m, and g, = 250 MPa, determine (a) the

8.1 An overhanging W250 x 58 rolled-steel beam supports two loads as shown.
maximum value of the normal stress g, in the beam, (b) the maximum value of the

P principal stress a;,,, at the junction of aflange and the web, (c) whether the specified |
shape is acceptable as far as these two stresses are concerned..

IVl > o0 kN = Yoo x(0° N
IMl,.., = (Hoo x1o*)(0.257) = 100 % (0% N-m

kp)
v »‘ioo l- For W250% 58 rolled steed section
" — ¥
J d: 252 mm  bp s208mm  tp T 13.5 ww
- Hoo twr B.0mm ‘I!' 82,3 x10¢ vam* S& z 693 w0’ mm
M (kW m)

_ c = %J ] ’QG.MM j&= c-tfrll2.§ mea,

/ (@ 6. WM. [00x 100 14y 34/0° Pa

6= 26, - ZZE(44.8) = 12889 MPa
A4- o b_rtp = (203)((3.5) s 2740.§ o

Yo r A (cay) 7 1925w

QL, =
’l’,,_.,

R =S+ %y = 19797 MPa

®) 6.,
©)

;Ioo kN m

. IVhe Qo | (400%10°)826.80%(0°) 00 0 0"P. - 187.2 MPe

SE CA3x |oe - 144.3  MPa —

126

A?}# = 32@.80xl03 MM3 = 326.80"(0.60‘\'\3

It - (87.3x(0°)(8x(0°% )

= S+ R = 262 MPa —t

Since G > 250 MPa, W2AED %53 s not acceptekfe. —

)

Se= I = L
¢ 9

- t.‘. whea Ox ismag T=O
‘ L{ \ K G‘MW < 0.‘_:_{,(4‘](0-’_; )'\.* Tg

=6-)(

(‘\;\\\‘—3,
AN
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PROBLEM 7.87 7.87 The 1.5-in-diameter shaft 4B is made of a grade of steel for which the yield
* strength is oy = 42 ksi.. Using the maximum-shearing-stress criterion, determine the
magnitude of the torque T for which yield occurs when P = 60 kips.

SOLUTION

P= ¢co kips A = %A" » %(1.5)‘-‘ L7671 in"
.. P _ __60 _ -

6« A - e = " 33.953 ksi

S:Y: & 6'sz=.&(6‘:*€‘7)= és:

R = (858 2 = S5+ T

Al = 2R = J&F+ 4% = 6
N 2 - ( 2 2 ! 2 b
i1yt = G -G 7:3’ 27 6v - 6% = 51/_‘42 - 339537
= 12.36) ksi
‘ Ty
From tovrsion ?:'J B qu T = JC
c=2d = 0.75in J= 2c' = 0.49701 in*
0.49 12,361/ L
T - (0.4 207'2-('2 B6li . g.q kip- in —




~ PROBLEM 7.120

SOLUTION
V‘:%o‘f \ZSmm t’-‘Gmm
‘ - vy o_ (2Dd025) _
s'l - -Rt_ - --_—G,,h,i; N *‘“. G7 MPe IwOP
. PY . @0325) PO .
CA %? ‘((2—\(23— * 20,32 MPa.  avwl
Yos 14 T = 135+c = 131 "“r“"%"j:'"(l’:- f“)-‘ Y. 825 %)0° mm = ,.,.825”0-3'\;-
P __ asmo® . L
C ==K ~ “Fzesaos - - 13260 Pe - 9.226 MPe
Totad streszes: loma.4ual.‘n.,{5 G,= 20.82- 9.326 = |l.504% MPq

C{rcum‘ref ewh‘a}f 6)

T b (M?a)

7.120 A pressure vesscl of 250-mm inside diameter and 6-mm wall thickness is
fabricated from a 1.2-m section of spirally welded pipe 4B and is with two rigid
end plates. The gage pressure inside the vessel is 2 MPa and 45-kN centric axial
forces P and P’ are applied to the end plates.. Determine (@) the normal stress
perpendicular to the weld, (4) the shearing stress parallel to the weld.

]

41,67 MPa

bave = 5(6, 4+ 6,) = 26.585 MPa
'R T ql"lz._q’:

(@ 6y = Gave + K cos 7¢°

15.081

> 11,504 L

e 41, €7

# (214-141°)

- 2C.535 - I5.08] cos70°

= 21.48 MPa -
(b) Tx'y' = R sin70° = 15.081 sin70°
= 14.17 MPa —

6

i
L=k

(" ,
sl L%

ls

6= (65) + (55) ootk + }a/ s "4
-3 b
——— N
m‘,[w g«‘ Wrmdl. = J(UB%’)H-;"‘;/ = a_;_(z'_o._j when Tx:,':O

So G, = (03_;;_23)+ (6}_%{7)4,,(.75) =21.4HMf

Ty + Tyl - GeGy)siax « = (Bl )sal70) M7




5.123 and 5.124 (a) Using singularity functions, find the magnitude and location of the
PROBLEM 5.124 maximum bending moment for the beam and loading shown. (b) Determine the
maximum normal stress due to bending.

40 kN/m

SOLUTION
)| smoxs DM, =0

18 - 3.¢Ry + (-2)(24X40) -~ 27 = ©

Ry = 29.5 kN

V= 29.5 - #0{x-12) kv

Point D V=0 29.5 - 4o (Xg = 1.2) = © i ;c%{
Xo = 1.9375 m when V=0 Mo wpon me
M= -18 + 22.5x - 20{%= 125" kN-m
My = =12 kNem chch trd prok
My = - 18 + (22.5X1.9378) = (20)(0.737)" = 28.27% KkN-m

Mg = - 18 +(20.53(3.6) ~@N24) = =27 kNem  chok ol tnd pnnt

*’35 Meanimom |M| = 28.278 kM-m at x= LG375 m — -

"
\\‘

For S 810 x 52 V‘o-IIeJ sfee! section S= 35 x‘lo3 Ms
: = 6AS % [0”¢ m3

IMI 28.278¥(0*

Novmald stress 6= S 7 Casxie-¢ ~ 45.2 ¥10° Pa? 45.2 MPa ==

r oced wane (22'22)

-8 "%
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PROBLEM 6.33

‘4—100'mm -’\

6.33 Two 20 x 100-mm and two 20 x 180-mm boards are glued together as shown to
form a 120 x 200-mm box beam. Knowing that the beam is subjected to a vertical
shear of 3.5 kN, determine the average shearing stress in the glued joint (a) at 4, b)
atB.

SOLUTION

I 1 _;_%(l'-'w)&oo)s - .-};(80)( )% v

52.693 %/0° wwm
52,698 %0 m*

no1i

T

! (&) Q= (go)zo)(90) = 44 x]0* .
B R T R T TR Ak
}

0.040 m

Y,

t, = (2)(20)= HO ww =

- YGa o (3.5%I0®)(194%107¢)
S 7 (52.6A3 %10 (0. 040)

= 239%)0° Pa = 239 kPa -

(&) Qa= (1205(2?3(90) = 21Ex10% w® = 216x10°
F——
tg = (2)(20\ = 4O mm ¥ 0.040 w

VG _ (3.5x10%)(216x10%) 10 P
Te® Tt " (52.673%107)(0.040) = 359x10° Pa

= 359 kPa -
Tintrtants iy
S e SHEO 1sodade ¢,
o, —

| go |
WW
QA%‘- 90-20-‘30

cw?albsmv)}

AL
MW
Tp= \_lQb +'$=<
I{IB @B_

4 120. 2099
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PROBLEM 6.24 6.23 and 6.24 For the beam and load
stress in section -7,

ing shown, determine the largest shearing

25 kips 5 kips SOLUTION

QA = Rg = 25 kOPS

At section n-n V=25 kips.

Loca+e. centvord and ca.fcafaie moment oF inevnha

2 Part| AGn)| F6m| A7 D] dGnd | Ad2 G| T ()

O | 4875 |6.375 | 33.52 | 2244 | 24.65 0.23

;(I @ D [10.375| 3.cas| 3942 |1.006 | 1].01 47.¢8
Y zZ | 1ss 72.9¢4 3s.5¢ | H7.86

- ZAJ 72.94 .
Y = z_A - |5-7S ~ 4.63' n,

I= ZAd*+ 5T < 35.5¢+ 47.86 = 83.92 :n°

Lcwges'l’ skean‘na stress occurs on section ‘H\wooﬂk centroid oF
entire cross section.

Q= Ay = (34 (2L - g o2
¥ = % = 0.75 in.
7 - VQ _ (z5X38.042)

= 3.2 h
t T (82.40)(0.75) 3.2) ks -







PROBLEM 6.10

10 kips 10 kips

16in. "12in. 16in.

V(k(fos)
\©o
%
—'o
A,
(a N72:2774 S
2
A(‘/
(b) A
_f_

6.9 through 6.12 For the beam and loading shown, consider section s-n and
determine (a) the largest shy
point g,

shearing stress in that section, (b) the shearing stress at

SOLUTION

1.
Elﬂ.

Bj .syhnme‘"r:’ ?A = Q@,
W ZF 0 R4Re-10-10 = o
RA = PQ. = 'D k\‘Ps
From the shear J\‘anbam V=10 k(Fs ot n-n.
I &bh-kbh

=P £E@EY 5 \y.ssa g,

Q= Ay 4+ AJ s @UHISY+ QR0
| s 4,625 fhz
t s '7{‘ “"li = |,
VQ 10)(4.625 ) :

2:-»,5 = It = (l(‘-lsgg)(l) - 3. '7 kSl =t
Q= AF = WEIIS) » 25 i
t - % + %: = | in.

- VQ _ (oX3.5) ) -
T 1% " (9.583CT 246 ksi
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PROBLEM 6.3

_A
7

AL LI —{
. ]

.

.

gs = 2 Foie
— //////////7-/ '
.15 1V, 4—-,9..
e L/, 7 2.‘\875

6.3 A square box beam is made of two % x 3,5-in. planks and two % x 5-in.

planks nailed together as shown. Knowing that the spacing between nailsis s =
1.25 in. and that the vertical shear in the beam is ¥ = 250 Ib, determine (a) the
shearing force in each nail, (b) the maximum shearing stress in the beam.

SOLUTION
3 3
I = Tl{bzhz '-lla-b~h:

= 7'5(5)<533 - £(3.5)3.5Y = 39.578 in’

(@ A< EYE) = 3950
y,° 25-% T 235w
Q,= Ay, - (3.755(2.\253 * 7.9¢9 in®
g \/IQ. - (25;3'(;.79;4) = 50.84 1b/in
o s _ ($o0.34)(1.28) _
Faad ‘= 32_ : > = 31.5 Ab. -
B Q= @ + @015(3)0.875)
= 7.969 + 2.297 = 10.2¢¢ in'
t = @GF) s LS in

7 = VR . (so)iogse)
weS Ty (39.572)(1.5)

$+3.2 psi el







