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8.1 An overhanging W250 x 58 rolled-stee! beam supports two loads as shown.
PROBLEM 8.1 Knowing that P = 400 kN, & = 0.25 m, and g = 250 MPa, determine (a) the
maximum value of the normal stress g, in the beam, (b) the maximum value of the
principal stress g, at the junction of aflange and the web, () whether the specified
r P shape is acceptable as far as these two stresses are concerned..

IV ey 2 U400 kN = 400310° N

Ml = (HoO »jo*)(0.25) = 100%(0* N-m

W 1 l_ For W250% 58 rolled steed section

& 1 _v N
J A 252 mm  bp =208mm o T 13,5 ww

= 'foa tue 2.0mm I, * 823xi0 ww' Sy = 643 %07 mm
(N m)

x = id 2 12¢ mm N C—tF?“,?.S ",

™M [oo x 0% ¢
6. - Whaw [00x10° 14y 2, /0¢ Pa
@ O 5 CIBxITC _ 44,3 MPa ——

=100 KN M

6= 26, - 125 (j44.3) = 128.284 MPa

c 7 Tze
Ar= bty = (R02)(3.5) = 2740.5 mm”

Yo * A (Cay) T 119.25

Q= Ay v 32.80%10" mm = 326.80x(0°wm°

- e . o) s -
R a/(%n)‘ v Ty = 197.97 MPa
6= T +R = 262 MPa -

Sinee 6., > 250 MP&., W25 %58 s not mep‘l’.\_UQ. —y
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8.1 An overhanging W250 X 58 rolled-steel beam supports two loads as shown.
PROBLEM 8.2 Knowing that P = 400 kN, a = 025 m, and gy = 250 MPa, determine (a) the

maximum value of the normal stress ¢, in the beam, (b) the maximum value of the
principal stress g, at the junction of aflange and the web, (¢) whether the specified
shape is acceptable as far as these two stresses are concemed. .

8.2 Solve Prob. 8.1, assuming that # =200 kN and a« = 0.5 m.

Wi,

1

200 kN = 2000 M

Mo, = (20010 N0.5) = |DO*IO° N-wm

v (kWD 200 For W250 x 58 volled steed section
H a = 252 mm bF" 203 mm tf-‘ = 13,5 ram,
4]' tws 8.0 mm Iz 87.3x10° mm’ Sy= 693 % 10” mwm’
oo C = %a‘ = 126 wm NS C-t,:= 112.5 mm
) 3
M @ 6, = Ml éoo”‘o_‘ = 194.3 %(0® Pa
/ Sx 3 x{O = [44,3 MPa -
R — Xy -
~j00 kW- 6;;— %6‘;‘ B _’-2__6- (H‘Lg) ~ 128.84 Mpa.

A bplp = (203)(13.8) = 2740.5 mm’
%ralcr i) = N9TIS wam
Qu= ArJe = 326.80#(0 mm’ = 326.80%10° m*

2, - Whae Qo (200%10% )(326.80%107) _ oo /6P, = 93.6 MPa

T, tw T (B30 x 1072 )
R - NB)Y+ 2 = 13zc3 MP
A AT . a
S - —
(b) 6= Z+R = 178.0 MPa
) Since 61%4 < 250 MPq,) W 250«58 |s Mcgﬁ‘g& ——




8.3 An overhanging W36 X 300 rolled-steel beam supports a load P as shown.

Knowing that P = 320 kips, a = 100 in., and oy = 29 ksi, determine (a) the

maximum value of the normal stress @, in the beam, (b) the maximum value of the

principal stress o, at the junction of a flange and the web, (¢) whether the specified
P shape is acceptable as far as thess two stresses are concerned.

PROBLEM 8.3

\V lm ® 320 kll[)‘

M\, = (320)(i00) r 82000 kip-in.

For W 36 % 300 rolfed steed beam
ki
Volim) o ae d £ 36.7%n be = 16.655in. Ze= 1.680 i,
1,=0.94Sn L= 20300 in® Se= ot
3ol s 1837 yrC-ter 1669 m
_ " ,
322 (@ &, Thme o 32000 . pg 5 ke, -
M (K.'r-in) ”
- B - (eeD - .
6‘5 ¢ 6-,.,‘ - (lg- 37}(?8-8) 26. 2. k‘br
Ap = b, = 27298 im*
- 32000

f

3,‘; E‘ (C-“\' jb}? [7.53 ‘m.
Q7 ApJp = 49044 007

o= Vha Qo _ (320 )(490.94)
¥ Lt (20800Y(0.94%)

@ GG JETTEAT « e o

B Bw® S, R = 22.5 ke

= £.18 ks

)

©) Since 28.5 ksi < O 3 W36x 300 s a.cc.eftile, ——ati
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PROBLEM 8.4

8.3 An overhanging W36 x 300 rolled-steel beam supports a load P as shown.
Knowing that P = 320 kips, a = 100 in., and gy = 29 ksi, determine (a) the

maximum value of the normal stress g, in the beam, (5) the maximum value of the

shape is acceptable as far as these two stresses are concerned.

8.4 Solve Prob. 8.3, assuming that £ = 400 kips and 4 = 80 in.

{Vlm-x. = Hoo k:lrs

\Ml,.., = (400)(80) = 32000 kip.in.

For W36 %300 volled steed sechiow

p principal stress oy, at the junction of a flange and the web, (¢) whether the specified

g

A= 36.74in be = 16.65Sim  Lp= 1.G90 in
X tur 0.945in. 1,7 20300 in" Se= 0 in®
C,%A__. 12.37 in Yo = C-t;’ 16.69 in
- B0 ]
I Mlec .
M (Kip-in) @) 6.~ = 3‘2[?20 = 28.8 ks
b
- X . (een - 2¢C. :
& = £ 6. 0_3.37)(28‘8) 262 ks
32000 Arc byt = 272098 in®
3¢ - 2(c+y)7 172.58 0
Q= A Y T 49049 in’
Whe @ . _(HooY44q0.49) .
= = = - 10.28 ks.
Ty I.t. (20300 }(0.945) ;

R -{(&V 7+ 2; ={aN" (o2 = 16.62 ks
® G DR = 227 kst

(©) Since 29.7 ks' > Qu

W 86x 300 s not accef:‘l‘a.ue

A

b




8.5 and 8.6 (a) Knowing that g, = 160 MPa and r,, = 100 MPa, select the most
economical metric wide-flange shape that should be used to support the loading
shown. (b) Determine the values to be expected for o, 7,,.and the principal stress
Oy at the junction of a flange and the web of the selected beam,

PROBLEM 8.5

50 kN 260 kN 250 kN
Reactions: B,= 375kM T | B = 375 kv 1

iV . = 375 kN

. Mo = 450 kN-m

"09m  09m  09m  09m

Ve IVl &t pend C 128 kN
315 v .
S o= Iy - L‘S-O""[O - - ,2 » -3 3
s i ——-&Gd’ Teorior T ABIRE x1eTm
" T 2812.5% 108 wam®
s Shepe Sy, U mm )
W 240 ¥ 176 5890 () Use
! -372 W 760 x 147 4410 W GA0% 125 —-m
M [(kV-s) Hso == W &90 2% 3510
3315, 337. S W Eiox |54 4120 d = 678 mm
W 530 %150 2720
= e DD vwa
W ugo #158 3340 L= 6.3
" W 360 x 214 3800 Tw s LT v

|M\m 450 » o3

S e e 128.2x/0° Pa = 122.2 MPa o
3 i ’
Vi, L 375 % (03 ¢
= b s = = A =
1, i T ST (R FITEY 47.3x/0" Pa 47.3 MPa —~=-
v 125 %0* .
M poiat C .= = Ty B 15076 %(07 Pa
v w  (678x0*)(.7x10 )
As  (678x107)( ) = 15,76 MPa
_Li_ 678 _ - -
C=xed= =5~ =339 mm Yo 7 C-1p = 339-16.30 = 322.7 mm
6 = Le.- (i@?)(m-z) > 122.0 MPa
R = /&) 7t = Jclo) (15.767* = ¢3.0 MPa
G * E+ R = ClLO+63.0 = 129.0 MPa —
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PROBLEM 8.6 8.5 and 8.6 (a) Knowing that gy, = 160 MPa and 7, = 100 MPa, select the most
. economical metric wide-flange shape that should be used to support the loading
shown. () Determine the values to be expected for o,,, 1,,.and the principal stress

Onaxcal the junction of a flange and the web of the selected beam.

Rs = S04.17 kN t g =504.17 )

Wl = 275 k¥

Ml = 412.5 Kiem
Sein T I—M'-'L‘ﬂe M = 2878 xl0" % W

S.ae icox|o* 2598 ¥ 10 e
" | Slmfe S (1P ww ) (@) Use
lwisorrs | sma | Weoxizs=
R £ I IR
M (N-m) W 36D % 21¢ 3300 ez 16.30 wim

2.5 ki-m

/\ twr “.-' e,
% .

3
6 < WMhe = 4125x10° | e 5ep,

" S 3isox e
12,5 kW-m = 12E MPa, ==
s IVl . WVl . A5 % 10% - ‘p - a -
T Aw ’ ot (678"[0'5)(“.7kto"3_) 34.7 (S Fa 1.7 MPe y

Ci%;,.@%& - 229 wm Lo T 16,30 mum Yo C- e 329 -16.30 = 322. 7wm

322.7 R
6.- Lg, - FLZY 175> 11185 MPa

R+ {@F T

G = G—-}+R

V(Es_ a25)% 4 (34.7)° = €5.8\5 . MPa

Y
J

55.925 + £5. 818 i21.7 MPa —-




8.7 and 8.8 (a) Knowing that g, =24 ksi and Ta =14.5 ksi, select the most

PROBLEM 8.7 economical wide-flange shape that should be used to support the loading shown. (b)
Determine the values to be expected for g,,, 7,,and the principal stress o, at the
junction of a flange and the web of the selected beam.

20 kips 30 kips
2 kipw/it Ra = S0 kips 1 Ro = 50 kips 1
BIY§ C
4 T R < ,E}D IV'M..,‘ = 30 kt'PS
T | .+ 200 kip B = 2400 kipein
™M Vnaag :alioo . 3
win = < = ,OO .
V (kips ) S W) A "
2o
\ Sl‘ﬂne 5(\‘*)
4w 24 % 6% 154 @y Use
W Al %62 127 ¥ &2 -
\ W I8 x7¢& 4 & W 2|
-0 —3D W 16 %77 134 d= 20.99 in.
W 12 x 96 103 2 O.615 n,
M (k1) W lo x 112 131 L "
o ; tw': O,‘#OO in.
‘ \/ 6= M . 2400 0 0 ks -
-200 ~-200 = S * 29 . !
- lVIh\-« - 20 = 5 k ; —
_T"‘ dts (2297 Y. 400 ) 3.57 ks
c:éa!:-g-oz'ﬂ:lo.uqs- . Yo T C-Lp= 10495~ 0.6l5 = 9.98 in,
- Yo o (988 - .
S = 26 7 (Gaes NIB.90) = 17,77 ks
R =./(§§g)‘+ T = (8.890) +(8.67)" =  9.586 K.

Chmn = é}i»R T 8.89C + 9.5926 T 18.48 ks -
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8.7 and 8.8 (a) Knowing that o, =24 ksi and 7, =14.5 ksi, select the most
PROBLEM 8.8 economical wide-flange shape that should be used to support the loading shown. (b)
Determine the values to be expected for a,,, 7;,,and the principal stress g, at the

junction of a flange and the web of the selected beam,
1.5 kipsAt

% 11ty L DEIMe = 0 -12R+0SX1BXRI= O R, -6.75 kips 1

S . ~] DIM, =0 128 +(sX2Xa)= O Ry -20.2§ kips 1
12 ft VY

Vs = 11.28 Kips

V{ Wips
e A Ml = 27 ¥p-FF = 324 Kp-in
g - ‘thﬁc_ 2214 . 2.6 in®
Shrp, = 6,” - 2.1 - 3. in
k.
Shape S (in) (@) Use
Wi2x 16 [
M (kip ) wBxIZ |52 | gz q.99 in,
( k. 1S4 kip £t W 6 x 20 13. 4

te¢= 0.270 in.
tw = 0.230 .

8 M ‘
By Gz g B 285 ks -
_ Ve 11.25 . ‘
z. - dte (9.99)e.230) Ao ks =
-27 kip-Ft

c=%ds LM = 4995 in
Y= ©- Le = #.995 - 0.270 = 4.725 in.
6: L6, = (ERNas5) = 22.2 ksl
R =J(§{Y + T = \/_(3‘3,;_3\\(4.?0\‘ = 2.0 ksi

G-..,..,‘ = % +R = 2—22‘—2- + 12,1 = 23.2 ks el




8.9 through 8.14 Each of the following problems refers to a rolled-steel shape
PROBLEM 8.9 selected in a problem of Chap. 5 to support a given loading at a minimal cost while
satisfying the requirement g,, < gy For the selected design, determine (g) the actual
value of g, in the beam, (b) the maximum value of the principal stress o, at the
junction of a flange and the web.

8.9 Loading of Prob. 5.81 and selected W41( x 60 shape.

From Problesm 531 6.y = 160 MPa

ML= 162 kN-wm of C amd D

IVI= 90 kN at Cand D

For W HIO x GO vodlecd <teed section

90 '
Co d= 40T mm,  bp = 178 mm , Lp = 12.80 mm
LD X tez2Tme, Ip7 216xi0°mm?, Sz 1060 %10 mm
_qo- ‘ C = Jﬁ_d = 20%3.5 mm
M (-m) _ M., 162 =i0% .~
162 G'M_ S - 1060,,“)" = 152.8 MPQ. il
63 yb = L - t-F = 190.7 wmwm

6 = .st;“ = 143.2 MPa

«  Ap = bplp 2278 mm’

J- F(c+y,) = 19700 mm

@ = Asy = (R278)(1972.1) = 44T X/0% wmm
VQ _ (3extor YHa9 xi0°¢)

T T3 @exio Yoy - %3 MPe
R =1/(%"=)l T s N6t 243t = 756 MPa
b= S+ R =16+ 756 = 147.2 MPa -
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8.9 through 8.14 Each of the following problems refers to a rolled-steel shape
selected in a problem of Chap. 5 to support a given loading at a minimal cost while
satisfying the requirement o,, < gy For the selected design, determine (a) the actual

value of ¢, in the beam, () the maximum value of the principal stress o, at the
SU KN Jjunction of a flange and the web.

PROBLEM 8.10

100 kN/m

8.10 Loading of Prob. 5.86 and sclected S 510 x 98.3 shape.

Brom Proble.. S.8¢ Gt = 160 MPa

1Ml

Vi =

256 kN - wm

ad’ Paiu‘f 1‘3
360 kW ‘w‘} B
240 Fovr S Slox 98.3 rolled steed section

%o d = -S-OBMMJ L>+-.~=l5“lmw\J tF: 20.2 mm

L= 2.8 mm, Tp= 4955104 mm") §; = 1950 %10 mm’

= hd T 254 mm
3
\-SGO Gfm_ lMlmm . RS6x |0

i Sy ‘lasox o *
A33.8

131.3 MPa )

(kN-w) Yo = C - te -

6, L6~ 120.9 MPa S & 0.4 MPa

Ap = b{: t.p = 3212 "hm.z

-256

J=zlespn) = 243.9 ma

Q B A{’3 = 783.4 N'Oa m..‘:

(3cox103)(783. 4 x107°)
(495 x107¢)(12.8 v (0 -3 )

)+
+ R =

=
e
"

= 44. 5 W™Pa

N
I

R = /(

Coen =

[d
£

= VYeo.4st+u4.8* = 75.0¢ MPa

»@ oA

Go. 485 + 75.0¢ = 135.5 MPa et




8.9 through 8,14 Each of the following problerns refers to a rolled-steel shape

PROBLEM 8.11 selected in a problem of Chap. 5 to support a given loading at a minimal cost while
satisfying the requirement a,, < o, For the selected design, determine (a) the actual
ki value of ¢, in the beam, (5) the maximum value of the principal stress ¢, at the
24 kips junction of a flange and the web.
l 2,75 kips/tt 8.11 Loading of Prob. 5.83 and selected W27 x 84 shape.

From Problew S.83 G‘,u= 249 ks

IML..,. = 320.6 klf)c'F"' b 3847 kl.P°ih

At B-  [Vl= 23.25 kips

For W 27x 84 volled steed section

d=2.Min, bp=a90oin, L= 0.640 i
y 23.25
tu= 04860 in, Lz 2850 in", S, = 213 in®
f—
-0.s] C= %o 13.355in
- Ml | 3847 .
En® = 7 S 18.06 ks, -
- 4§23 .
M (lipFt) Yo C-Tp = 12,75 in
¢ 370.¢
S ‘EQGM T 17. 20 ks/ %"8-60 ks
x Ae = bety = (9.960)(0.646) = G.3744 in”
A B8 c

=4(cey) = 13.808 in"

O

Ay = 83.09 in’

7= V& _ (22.25)(83.09)
I.t, (2350)(0.460)

R = /(%) + 1* = [8.66)240.47) = 8.72 ksi

= .47 ks

6... = 6-'5? + R = 2.60. + 2.72 ks = 17.32 ks —

Bl

-
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PROBLEM 8,12

8.9 through 8.14 Each of the following problems refers to a rolled-steel shape
selected in a problem of Chap. 5 to support a given loading at a minimal cost while
satisfying the requirement g, < g For the selected design, determine (a) the actual
value of g, in the beam, (b) the maximum value of the principal stress g, at the

1.5 kips/tt

junction ofa flange and the web.

8.12 Loading of Prob. 5.84 and selected W18 x 50 shape.

From Problem 5,94 Cup = 24 ks/
WMl = 1385 kip Pt = 1620 kip-in o B
Wi, = 18kips o B
For WI8%50 shape = 17.99 in |, byt 7495 in, 14 =0.570 in
tu= 0.385 , I, = 800" , S, = 83.9in" C=god * 8995 in
5. l%lm = 18.22 ks —
Yo = C-tp = 8425 in
6= L 6. = 17.07 ke % - g 528 ki
Ar = b te 4,272 in'
J = zlevy) s 27 in Q = A.pj = 32.2) in®
T = V? = (('::Cf)z’(z';g) 2.3C lsi
R:= J&) - = J8.535%+ 2.3¢* = 8.8SS ks
Coe = 4 R = 5.535+8.855 = 172.39 ks -




PROBLEM 8.13

14 kips

3 kips/ft

AN :

8.9 through 8.14 Each of the following problems refers to a rolled-steel shape
selected in a problem of Chap. 5 to support a given loading at a minimal cost while
satistying the requirement g, < g, For the selected design, determine (a) the actual
value of g, in the beam, (b) the maximum value of the principal stress o, al the
junction of a flange and the web.

8.13 Loading of Prob. 5.87 and selected S12 x 31.8 shape.

From Problew 8,87 G,y T 24 ks,
IMluw = 84 kipFt = 648 kip.in ot C
At C INT = 18 kips

For St12x3].8
d=12.00 in, bp= 8500in, L=0.544in
Tw= 0.350in I,z 218 in', S,= 364"
¢ = %d= 6.00

L3 c_o s,“:-'—g:‘-: 5%‘% 17.20 ksi —

Yo = C-tp = £.45¢ ia
-S4 6, = %’*G.. 16,186 ks 5;:8.0?3 ks)

Ap = bty = 272 in"
Y 5 2(cy,) = 5728 ia
Q= Ay 7 15.58 it

7 %-t@: ((;'f;()(fg::’) 8.675 ks:

R = J(V+1* = fe.oas® s 3.615° = 5289 ke

= &+ R = 8093+ 5.889 = 16.98 ksi -




PROBLEM 8.9 through 8.14 Each of the following problems refers to & rolled-steel shape
8.14 selected in a problem of Chap. 5 to support a given loading at & minimal cost while
satisfying the requirement g, < gy For the selected design, determine {a) the actual

value of g, in the beam, (») the maximum value of the principal stress gy at the

45kips 8 kips 48 ldps junction of a flange and the web.
8.14 Loading of Prob. 5.88 and selected S15 x 42.9 shape.

From Problem &.38 Cunr = 24 ksi

IMlnew = 96 kip Tt = 1152 kip.in « D

MD ‘V\"' 38.4 k-'Ps.

V(kJPs)
X4 For S i1&§x 42,9 s;que
.6 d= 15.00in, bpz 5501in. b1 = 0.622 in

A & x

& ¢ > tws Otilin, I, 7447 in*, 5,7 §2.€ in?

~38.4

-3 £ = ‘kd: 7.5 in

. M
M(k!p H) g (S lsl = ‘éi-i T [9.33 ks/ -

n.z/\ Yor C-tp: 6.878 in
A X

& /c o F S, = %6".., = 41773 ks % - g.8¢ ke

~-9¢ AP = b‘F t{;- = 2 u4zi1¢c inL

g ilcry) ™ 7.08%n
Q= Ay = 24.60 i’

AC) (57.6(24.60)
T, ° - =TI = - :
® T Tf, (a4 (o.dn) T ke
R= J($)+ 1 ¢ 888>« 21" = .74 ks
Gw = (_5;9 + R = B.86 + .74 = 20.6 ks, e




PROBLEM 8.15

. .15 Determine the smallest allowable diameter of the solid shaft ABCD .
that 7, = 60 MPa and that the radius of disk B is » = 80 mm.

SOLUTION f\
|
53 = . boo i
le,ﬂ3= O T _IPV =0 1D= %;-.8O*K73: 7—5*kflv hﬁ
1
7.5 w10 . -
] s 375 %io* N :1
T g c ) r]
y
3,95x 10 3.5 % (0t - L

Mg = (3.75x10* Y(1s0%107* )

S62.5 N-m : = 5¢2.5 N-m le
/\ Bending oment )

\
e s
Coo .
Tquue U
A 8 c b "
\
Criticad section Dies af Pou‘w{' B M= 562.5 New 5 = GO0 N-m i
I (_-p/ M"+T’")-« _l\
—c- = 2 J (’D ¥
3 _ 2 YM*+ T 2 J(562.5)" +(600) -c 3 S
¢ = 5 T T con ot . B.726 {0 m
C : 20.88%(0* m d=2c = 41,2510 n = 412 e et

L

.
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PROBLEM 8.16

SOLUTION

b 4 ’ : 150 mm

£y \150[“!1]
I

T=600N.m

Cf‘\"l‘icmp seo‘how ,pies w{

(- =

-]
2 (M T )

8.16 Determine the smallest allowable diameter of the solid shaft ABCD, knowing
that r, = 60 MPa and that the radius of disk B is » = 120 mm

AD IZowo?
Sxio®
l Ra=R. = zP
) . .
ArA 8 CT D = 25100 N
2.5%16" Z2. 5wt

Mg = (2.5%10% ) (0.i150%(6°)
275 = 375 N-wm
/\ Be,vw“ma monaf

Goo

Tow:luc

A C D

P int B M= 375 Nem | T= 600 Nm

J -
c

Nie)

T

et = 2 YMEiyT?

W T
C = 19.58%(0°% m

2 {375%+ coor _

W 6o % 0% g

d=2c ® 39.221053m =

7.507 %10™°%

37.2 mm —




8.17 Using the notation of Sec. 8.3 and neglecting the effect of shearing stresses

PROBLEM 8.17 caused by transverse loads, show that the maximum normal stress in a cylindrical

shaft can be expressed as
¢ 2 2\ 2 2 2\t
O max = 7[(M}, + Mz) +(My + Mz +7T
SOLUTION .
i oy shos o 8 TR
Momimum torgionad stress T = %

Gm . MM ¢

= o
2 2I = :T'V"_"f'+ M, *

Ufsina Mohv s ¢ irefe

.
I : -
= R={E)r 2T - § (Mpm)e T

C 1 2 z
= 3—‘/1“'\] +Mz + T

[+ (M 22 TR -

c
J
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PFROBLEM 8.18

8.18 Use the expression given in Prob. 8.17 to determine the maximum normal stress

in the solid shaft 4B, knowing that its diameter is 36 mm.
SOLUTION
Y
J, Verticad Forces , kv
r :
1-—.17'; ->1 A
2.667 1.333 ‘
HCG. T Nejm Bema'm% momewt M,
M, = (0.175)(2.667 %16}
= 466.7 Nem
A C D B
2], TG lu Ham‘zo&'}aﬁ ‘FOV'C¢5) kv
A e 1 8 BM:nj momeut M,
Myo = (0. 175 )(4x10* )
700 N-m = 700 N-m
GO0 VM-w Torque
T = (6xl0®)(ieox (o)
A < D 8 = 600 Nom
M opent € MR M T 3504 967> = 583.3 Nem
= T737.%9 N-m

Al Fou"\",‘ D JMff M,* - -\/7002 + 233.3°

Porat D is criticel

C=1ds 18mm= 1840 m

J= Zct - 164.90x10% mm? = 164.90% (07" m"

E

Crrer

18w to~*

T Ved.9e % o7 "

-:‘.3[—[ B Y A N C IO ™ |

{ T7372.9 + J 7379 + 600“1 = 184, 4%/0° Pa
= \84. 4 MPq =-m




8.19 The vertical force P, and the horizontal force P, are applied as shown to disks
weided to the solid shaft AD. Knowing that the diameter of the shaft is 1.75 in. and
that 7y = 8 ksi, determine the largest permissible magnitude of the force P,

PROBLEM 8.19

SOLUTION

Let B, be in kips.
ZMam =0 6P -8R -0 P =%p
Torque oves portion ABC T= 8F,

‘%_ P-:. Pz % P‘L

": le Ic ") =S R
Bending in horizoated plane slgin e toin —le— 01—

Y, sh
t
“R Mg = 3P
Bend ina in Vew+t'CqJ fdne : = 3.."f.P1
3 P .3"1“4—-— ZOEn. -———’I 3
= UP,
4P, SC
Cr‘i'l‘l'ca,? Poiuf is J.US'* ‘}o 'H'\Q ﬂd‘F‘" o‘F Poin'i’ C.
T-'-'SPZ MJ:SPZ Mz"'ZP'-
d= .75 in c=td: 0.8375 in J= T(0.875)" = 0.92077 in*
o : * x
Ly TI—'JT2+ My + M,
= S22 J(BR)T+(SRI @R = e P
Po= 0.8373 kies = 873 .4b -




8.19 The vertical force P, and the horizontal force P, are applied as shown to disks
PROBLEM 8.20 welded to the solid shaft AD. Knowing that the diameter of the shaft is 1.75 in. and
- that ;= 8 ksi, determine the largest permissible magnitude of the force P,

8.20 Solve Prob. 8.19, assuming that the solid shaft AD has been replaced by a
hollow shaft of the same material and of inner diameter 1.50 in. and outer diameter
1.75 in.

SOLUTION

Let . be in ku']vs

ZMS'&;I% = O 6P| - 8Pz_ EN ) P. * % Pz
Towque oen For-‘f‘,'om -ABC T-= 8'&
ip Tp'l- af
Bendinj in hovizontald Pjam'" A lB c D MCJ: ,o.%?’_
lzinle— 10in e j0in — =5 P
0 5P,
' 'asoﬁ Mgz = 3 P.
Bena‘inj in verticad pfa.me.. = 3_%&
*I3in:—~—-———- A0 —— = 4P
26
4P
Cm‘i’fcal? Poiuf’ r's J'us'f’ to the Jet oF Poa’n‘i‘ C
T: 8Pﬂ Mj =5P2 Mz=2.fpg‘
Co= 3d, = O.875 in. c:= 2d; = 0.750 im

J: I t-c.') = 0.42376 in’

YW &\’T‘ + Mf-r Ma®

B = ?423.7'?; ¥ (8RY + SR + (2R = 1973 R

P, =0.402 kips = Ho2 Jb. —




™ 3 T

3 1 1 3 1 1

—

O

Behdw\i in honizontal P’P‘me

->3|v\|-—— 10 in —*L—Iom—-'

A B ) A B c D

8.22 Assuming that the magnitudes of the forces applied to disks A4 and " of Prob.
PROBLEM 8.22 8.19 are, respectively, P, = 1080 Ib and P, = 810 1b, and using the expressions given

in Prob. 8.21, determine the values of z;; and z; in a section {a)just to the lefi of B,
(b) just to the left of C.

SOLUTION

Frowm Prob. g.19q, shaft diametew = 115 in.
c=gd = O.875 in
J= 2= 0.92077
Tovrque over Po»’h'on ABC
T =@YWiogo) - 2)(gl10o) = 6480 tb-in

BEV\o\\'wa in verticad P-pane

L“QS'.PL rg‘b'“’ tos fb 1080 b T 1242 fb. 1 lIGZ A,

. |

4050 fbein 3240 b - in

@ Just 4o the Jebt of point B | V= 1080 fb. M= 3240 fh. .,
A 108 fo g = 90 T = 6480 M-in
(e §- /M" + T = 5?%77—5—;-/(32%)%(@480)"
= G830 Paf —

T = §{MespVe@GVe+T ) = E[4VerT]

= 5221 ] (51080 Yo.375) 4 6436 = G7e psi

LY Just h tHhe L} oF Po;nf ' V= J62)* +HoS Y = 436.2 Jb,

oz Fan’ _"}% = Z1.80°

| HoS fb. ‘
162 b M = /(1620 3" + (HosO)* = 4362 Ab-iw
Sheam 'Y.T-" 1"9\-. l‘basg = 2" 80-
1620 fo-in B = 707~ 21.8°-21.8° = 4¢.4°
é L= 5 Q815 _Jc430)" + (4362)* = 7420 pni =
3 2V + T = ($)(436.2X0.875)4 6480 = 6734 Jh-in
- M Meosf@+ 4862 cos 464 + 3008 Jb-in
- 0-375 - 1 -
Bgml,;ug T 0.92077 -{(300‘3) +(6784) 7010 pst -
Mmomen




8.21 It was stated in Sec. 8.3 that the shearing stresses produced in a
shaft by the transverse loads are usnally much smaller than those produced
by the torques. In the preceding problems their effect was ignored and it was
assumed that the maximum shearing stress iri a given section occurred at point
H (Fig. P8.21a) and was equal to the expression obtained in Eq. (8.5), namely,

C
TH=7\/M2+T2

Show that the maximum shearing stress at point X (Fig. P8.21b), where the
effect of the shear ¥ is greatest, can be expressed as

PROBLEM 8.21

c 2/, 2
x =7 (Mcosﬂ) + (ch+ T)
where £ is the angle between the vectors V and M. I is clear that the effect of

the shear ¥ cannot be ignored when 7z 2 7 . (Hint. Only the component of M
along V contributes to the shearing stress at X.)

SOLUTION

(b)
Shearing stvess at Fo{n-} K

Due 4 V: For a SQMI'C.I.NJQ Q = %Cs

For o eivede: cut across s cliameter £ =4 = 2¢

For o circular section = LQJ

. N o MEE) 2 ver

T Tt T @aNee) - S F
Doete T 2= L&
Since Hese ..s‘neawinj stresses have tha same om'ew'}d‘\'an

Ty * §(%Vc 4 T)

My _ ZMu

Bending stress af point K. S = F- = 53
where U is distance between point K anol the nevhad asrs,
Dz Csind = Csin@-L)" ccas B
&, = 2M3:.c::.s;8
Using Mohy's civcde
Tos R =&V 2y

= £ (Meosp ) +(5Ve + TV

cross-section

®

‘—:—)ﬁ_47,_.4——-4/—-4 -—-4,-—‘__,___.)_.__,4

P
| —

B NS s GO By .



PROBLEM 8.23

Bemlina moment al B

2 ST

Ky

k-

ST L

MZy (2)¥942.1* + 397.89*

8.23 The solid shaft ABC and the gears shown are used to transmit 10 kW from the
motor A {0 a machine tool connected to gear D, Knowing that the motor rotates at
240 rpm and that z, = 60 MPa, determine the smallest permissible diameter of shaft
ABC.

SOLUTION
£ = M = 4 N
- €O sec fmin - z.
_ P _ towxio* _
T = 2tF 7 (2w)4) 397.39 N-m
F, - T = O
T 297.89
= —_—r 2 =4y
F ey 442 N

F.‘
Mg = LoF = (Joox0"4421) = 442, N.m

3

2
Tm Toat
c = 18.479 %0 m

. -G
T (€O (0%) = 6.3108 %O m

d= 27 37.02(02 m = 37.0 wmm —

1
—

—
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PROBLEM 8.24

8.24 Assuming that shaft ABC of Prob. 8.23 is hollow and has an outer diameter of
50 mm, determine the largest permissible inner diameter of the shaft .

SOLUTION

Fu"om. ‘Pmb. 813

‘Power +MMI’+‘¢J - 10 kW
Motor speed = 240 vpw = HHz
Ty = 60 MPa
- _ _iowio®*
T _.RTT'F - (z.'ﬂ)("*\ = 3?78‘7 N-m
Gear A
Ff“ - T= 0O
. L _ 3972.849 -
F = At e eios © 44l N
F

Bana"{ﬂs moment af B

Mg = L F = (1003107 )} (H421) = 4421 Nem

Tu = % M=+ T™ Co= ddo™ 25%10°%m
:I. = TT (Ca"‘ C;“) - JMt "'T"
Ce z C. ) Tt
4 4 2o M+ TH ayd (2)(aswod)Y 99212+ 397.89%
ot s oot - A= = (28%107) - <
T Tt T (cox(0¢)

= 390.625x10°7~ 157.772%10"7 = 232.85xi0""

c: = 21.967%(07 m d:® 2C; = U3.GB X107 m = UB.T wm -




8.25 The solid shaft 4B rotates at 600 rpm and transmits 80 kW from the motor A/

PROBLEM 3.25 to a machine tool connected to gear F. Knowing that 7, = 60 MPa, determine the
smallest permissible diameter of shaft AB.
120 mm SOLUTION
160 mm
. 60 ypm _
b= 10 Hz
P . _80ox0® | 1292 .2 Newm
T zF Taaney T R2
Gear C k= %:—
1273.2 3
T = | 1O
ke gox(o~* 5.913 x N
T
GEG.V' D FD = ?\;-
_1273%.2 - 3
X F-D - QOX,O.._‘ 21.22‘ » lo N
3 T—~120 *8e %E Forces 1w verticad P.«?«ne.
M, = (zoxtd*WEF.) = 1336.7 Nem
12 - i
/\ MD?.= ;£MCZ = 572.q N vn
FD N . J
Forces 1A lﬂowzon‘}a P/ane
§ | = Qoxto’ WER)= 1782.¢ N.m
F‘ f 220 120 -] , . MD_} ( "‘ )(Jb 0)
’ io Fo mo \, _
Mcj’ 280 Moj s 764.0 Nem
/\ A+ C: ‘/M‘;‘" Mtl. +-|-3, - 1997, 9 N-M
AED: MPeMIaTE = 2264.3 Nom

Y © %(‘J M..Ta + M T )h‘%

s _ (Y M& + Mt T 2264.3  _ ¢ 1
%—' = fe” - i’l‘.u ' " T “eoxtor 37.738 x(0 " m
C = 28.85xI0 m A=2¢* 51.7%16%m = S57.7 mm —

7

~d 3

-
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8,25 The solid shaft 4B rotates at 600 rpm and transmits 80 kW from the motor A/
to a machine tool connected to gear F. Knowing that r,, = 60 MPa, determine the
smallest permissible diameter of shaft 4B,

PROBLEM §.26

120 mm 8.26 Solve Prob. 8.25, assuming that shaft AB rotates at 720 rpm

: 160 mm
M
. A
o 120 mm

SOLUTION

_ 120 vpm _
¥ - GOsec/min 12 He
P RO» 0™

T T T Ty ¢ /0610 Nem

Gear C F;=-¢'\:

- LT R= 22k - 13262 %10° N
Gear D Fo = %
A:\ < D 8 o= '—6%%';%, = 17,684% JO° N
Zp feiae e g0 ——-'—I.%E Forces in verticad plane
Me 11442 Newm Moo = (120»«[0’3X%E) = 11148 N-wm
Moz B2 M, = 477.4 Nem
R Forces in horizontad olawe
A c Dl 8 Mpy = (120167 NHE R )= 1435.8 Newm
%ch_.w—-—zso—-———a-'a-mo-*%l;; M, - %%Moj . €36.8 Nem
My 4855 Nm
Arc: MEamMtT = 1664 2 Nem
A+ D ./MJu M2+4T = 18%.797 N-m

Tt = §-<1/th+ M, + T ) -

-%-— = .;Lc's - (J M‘!':-EHM&\* Ta)h'« = lgsosf-'z‘ s_it'qqaxlo-é MB
c = 2718 % 10" m d= 2¢e = 5'-!.3::{0"3.,, = 5% 2 mm —




8.27 The solid shafts ABC and DEF and the gears shown are used to transmit 20 hp
from the motor M to a machine tool connected to shaft DEF. Knowing that the motor
rotates at 240 rpm and that z,; = 7.5 ksi, determine the smallest permissible diameter
of (a) shaft ABC, (b) shaft DEF.

PROBLEM 8.27

8in.

SOLUTION

20 hp = (20)c600) = 132 %10° in-tb /s
240

2"“9 rpm < 7 = l.,l Hz
LS
(@ Shat ABC T =gz < FEHS - 5252 itk
Gear ©  Fumq = 222 = s754 M

Bending momeat ot B Mg = (838754 ) = 7002 in db

T = %m
g- = Let - iﬂ,;:_'f‘ =1/(5257?;; (2003} L1eT) ind
C = 0.9057 in d= 2¢ * 1.8l in -,
(b)Y Shadd1 DEF T=VF =(385875.4)Y = 3064 intb
Beading moment af E M = WX(8785.4)° 3502 iu db
Tu= $AM+ T
J. I fl‘%‘; T 3/(350?;:3"“); = 0,620 in®
C = 0.7337 in d= 2¢ = .47 in ——

L~

(1

@)

3

-
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PROBLEM 38.28

Gear C

8.27 The solid shafts ABC and DEF and the gears shown are used to transmit 20 hp
from the motor M to a machine tool connected to shaft DEF. Knowing that the motor
rotates at 240 rpm and that 5y = 7.5 ksi, determine the smallest permissible diameter
of (a) shaft ABC, (b) shaft DEF.

8.28 Solve Prob. 8.27, assuming that the motor rotates at 360 rpm.

SOLUTION

20 hp = (20)(¢koo) = 132%10° in-db/s
260

360 vpm = o = & Mz
.
@) Shaft ABC T=2,ﬁ_~ = 'é?;‘cg - 350! indh
Fo® oo ° 22 = s33.6 M

Be'mjinﬁ momeu+ o B

Mg = (8)(583.6) = UHGCT in-tb,

Tiu* % M* ¢+ T*
o= Zet - —m%i-r‘ ® 1/%%3;:: 35017 - 5.77806 in®
c= 0.79 in d = 2 = L5882 in -
() Shaft DEF T=VF, = (35)583.6)= 2043 in db.
Bemolfnﬁ woment ot E Me = #)(S582.6) = 23349 in.db
Tt = %m
S . Teos - m— 4 2334 * + 2043°% 0.41362 n® |
c 2 T 7500
C= 0.6410 in d= 2¢c = 1.282 in -




8.29 The solid shaft AB rotates at 450 rpm and transmits 20 kW from the motor M

FROBLEM 8.29 to machine tools connected to gears F and G. Knowing that &, = 55 MPa and
assuming that 8 kW is taken off at gear ¥ and 12 kW is taken off at gear G, determine
150 mm the smallest permissible diameter of shaft AB.

SOLUTION

. 450
fe 6o

Torgue aﬂ:,?:esf' 4D

_ B . doxio® |
To Ty (211)(7,5‘) = H24. 4 N-w

7.5 Hz

Torques on qears C ond E

Tes £Tp = 169.76 Nom

Ts = %R? 2.5"’.65 N‘IM

Fovces on gears

_ Yo Hav4il  _
Fos 7os mietl = 4244 N
)€1 76
Fe.= %‘E'Tm = 2829 N
Fo= g2~ 215 = wzaq w

T;wques j Vaviovs Par—"‘s

Fovces in \ﬂor'\zon'}af ppamel

A A D E B

u 1 -\
4335 7329,y 268%

10DT7.9 N-m

Forces in vcr"‘icup pjane_
E

A C D B

>

4% Haud l 3295

Mﬂ“

AC : T=0
tD: T = 169,76 N-w
DE: T = 15465 N-wm
EB: T = O

Oru"}’u'cce,? Po_l‘v_n"' pi_es J‘Us‘} 'H\n V‘t‘ea,u F D

T = 25Y4.65 N-m
M_y: 1607.91 N-wm
Vi,= 313.8 N-m

(M4 + M+ T Dy = 10872 Nom

T = %('\/Mf“' Mzt*-rt‘}m

L. g, GHESMTT e, 10872

c “2°¢ Tt

S5 x10*
= 79.767 x {2 m
= 23.26 %107 wm
d= 2c 7 46.85¥ 0% m = 46.5 mm
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8.29 The solid shaft AB rotates at 450 rpm and transmits 20 kW from the motor Af
to machine tools connected to gears F and G. Knowing that 7y = 55 MPa and
assuming that 8 kW is taken off at gear F and 12 kW is taken off at gear G, determine
the smallest permissible diameter of shaft AB.

PROBLEM 8,30

8.30 Solve Prob. 8.29, assuming that the entire 2(_) kW is taken off at gear G.
SOLUTION
. Hso _
4= == = 1.5 Hz

Torque applied at D
- Aoxi0*

TD = nF = m = 429.9) N-m
Tovgque on qear E
Te = To = 424.41 Nemn

Forces ow Jeans D and E

- _Te _ 42441 _
Fo = o Toowigs 4244 N
- e _ A4 =
Ve o T onios 7073.5 N
Forces in horizontad Pﬁaue
A < P E 2
e B »® A | A
£ 2122 142% 2122
Fov\ces Wi ch"}’fcqu P;Pa,ne- 795,15 N-m

-

i ~318.3 M-m
[
Jc718.85
£48.31 Bemopins mamew’l‘s
530.5!

Mp = 4 530.51%4 795,75 = 956.4 N-m
Mg = HQS.82‘+ 318.23%> = 906.5 N-m

(IM+ T2 Do = {3569 4 529.41° = 1046.3 New

255 CEXR ™

T _g.s_ M +T>_ |046.3 o A

c T 2C T T Za " Fsxio® 1902916 m

C= 22.96%10°% m odrde = Y45.Gxi6 m = 459 mm s




8.31 The cantilever beam AB has a rectangular cross section of 150 x 200 mm.
Knowing that the tension in cable BD is 10.4 kN and neglecting the weight of the beam,
determine the normal and shearing stresses at the three points indicated.

PROBLEM 8.31

SOLUTION
DB = J.75% + 1.8°
4 QI;N = L9S wm
;4 = 4 ‘ Ver‘l‘n’cup coﬁohewf o'F T;O
I kv '
i [ -
N Hovizowl e d compouew«f ot Ton l‘?")(lo"{ a.6 kN

At section cw‘im‘m"nn \oo-‘«ds a, b > and ¢
P--9¢ kN 16~ 4 = 12 kN

0.6 mate— 0.9 m
0.3 m )

M = (1.8XAY-(0.6¥16) = =~ 3.6 kN.m
% Section Pmpew“'ies
¢ q.c kv A= 0.150)(0.200) = 0.030 wm*
2.6 kN-m . .
b 12 kN I = (0.150)0.200)* = 100 %107" m
c = 0,160 m
. __P _ Me _ _ 24xt0® (3.6x10%)o.100) _
A point o | Sea -t T 0.030 = 100 x {04 3.28 MPa —=
,l:td = O ety
. .M _ 96xi0® _ (3.¢xto’Yo.los) .
A+ PQIU\-‘ b : 6; = A + -.-r-c 0.0%0 IDO!ID" - -squ MPQ —-—
f,,j =0 s
3
M psint ¢ 6, = - -E = - ———qfo’;go - 0.320 MPa et
— ,
e Qrlsedioxe) s s0ritnnd < 50 015
1+ V& (2110° YIS0 0€Y | pp MPa -
¥ It (oo xio™*Yo.160y -
Ie-;so -

PN

C]

[

[

[—

TN
Y
1 [

AN R N e B

r

j

[




PROBLEM 8.32

§in.

f

T Geas 35° T
M=
A= (0.8)(3.0) <
I - L(6.8)3.0)°
W At point &, =
Ty *
k) At poind b S, =
Z,
(AT point € 6, *
Ty *

8.32 A 6-kip force is applied to the machine clement 4B as shown. Determine the
normal and shearing stresses at (@) point a, (b) point b, {c) point c,

81‘:1.—-1

G kips

35°

8in.

4 9149 leips

At the section containing Poiﬂ‘*’s a, b, amd &

(6 ein35)IE) = (€ cos35° H8) =

K949 (s, 744 X.5)

SOLUTION

thickness

G sm3g”

15,7494 kip-in,

2.4 inz

= .80 in

2 _Me |

A T .4
Q

e _ 49
A - 24
_ 3V . 3,344
S ZA 2 .
P L Mc o HAM
A I 2.4
- O

2.05 kst

215 kst

O.8 in.

2, 4418 kips

— .07 ks

\5.17 ks

bbb

A )




P
M

A
I

PROBLEM 8.33

]

(o) M point 4 6‘,:%;.1\_4_&_:
[b) A+ Fal'nf

(c) Alr Pot‘oﬂ‘

8in. 8in. i

€ cos385° = 4 9149 k.‘los

(& scn85°)(8) - (6 cos35°)(8) =

[N

(0.8)(%3.0) = 2.4 n

5 (6.8X32.0)% = 130 in*

6 kips

SOLUTION

tL\ "cknesﬁ ®

At the sectiow cum"'al'uf‘ncj points d, e, and ¥
V r €sin 35°

- 11,788 I(.'P- v,

4.9199 . (1.788)(1.SY _

I 2.4 .8
ﬁj =0
e 6 -2 = tuw
Ty = B¢ - %-————53';:' = 215 kse
g 6, =& + T = HH .2
Ty = o

2.08 kst

8.33 A 6-kip force is applied to the machine clement 48
normal and shearing stresses at (a) point d, (5) point e, (©)

i

- 2e)(1.s) _

2. 4““5' k\.PS

', =7 k&t'

- 7,78 ks/

as shown. Determine the
pointf

Y W Y T N
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PROBLEM 8.34 8.34 through 8.36 Member AB has a uniform rectangular cross section of 10 x 24 mm.
For the loading shown, determine the normal and shearing stresses at (a) point A, ()
point K.

SOLUTION

Fa ZF =0 B.=©

kv 2M, =0 By (120 sin 30°
- (g0 s 3" ) =0
? 8‘] = 4.5 kv

g

M He section can+ac'na'nj Poin*}s M oamd K

P = U5 o5 30° 7 3,837 kN Vz WS s5in30° = 2.25kV

(4.5 2 jo* )(uox107® sin 30°) = Q0 Nem,

™M
A = IO% 249 = 290 mm~ = leoxlo-‘mz
I

|

L ()24 = H.§2%UO° mmt = .S x107TT !

. §
(@) At point H G*’"TE‘ = - %%%‘?7 = -16.2% MPa s
- ¥ - R A - woc e -
. - . Mc . _ 3.887x10° _ (30)(:2xi5™)
(o) At point K 6, = { -Me . EEL L ene
-110.6 MPa -
’Kg =0 et}




8.34 through 8.36 Member A5 has a uniform rectanguiar cross section of 10 x 24 mm.

PROBLEM 8.35 For the loading shown, determine the normal and shearing streses a (a) oint , (b)
point X. .
SOLUTION
% PIM, =0
(120 e0s30") Ry = (60 5ia 36°)(3) = ©
Kya= 2.593
g T2ZR:o g-a=o By =7 kwt
+=2F,=0 2.598 - B,= o
K BJ B! = 2. 5‘?8 k” b
v
2,598 A the secfrow c.on‘l'm'm'w:l peints H omd K
q P Qecos30°+ 2.598 5in30° = 9.093 kv
V 5 Fs5inB0® —2.598 cos 30° =  2.25 kN

M= (a%0>)(4ox(0™2 5in30°) = (2.598x 0% Hu0xt5 2 cos 30" ) = 90 N-mm

A= |0v240 = 240 mm® = 290%(0° wt
I = &£00)P = 052 %0 mm' = 1.52%10"% "
3
(oY Mt Pol’n‘f H G, = "AE = - m__:ngfré?‘ T =379 MPa -
i .25 = (o> '
%-2Y - g.:qu:tF = 14,06 MPa -
. __P _Mc _ _d.013x0*  (90)1ax10"%)
(v At Pom+ K 5,, - A T - 240 % (O % l§2xto="
2;_-! = O -




LEM 8.36 8.34through8.36 Member AB has a uniform rectanguiar cross section of 10 > 24 mm.
PROB Fo? tth; loading shown, determine the normal and shearing swswat((a)) point H:n(x;)
point K.
SOLUTION
DM, = 0
129 Ra (AV(eosin30") - 20 R, = O
QA - 2.25 v
FEF.20  225c:m30” - B,=0
o Y By = [.F4H8C kN =
S 2.25 sin30° - G4+ By = ©
< By = 7.875 kN

l.a486 At the section Con+ar'n|'nj Pof"'}s H and K

1.87¢ P

1

7.875 cos 30% ¥ 1.9486 5w 30" = T.794 kN

V s 7.875 sin 30° — L.GY8EC cos .305 2.5 kN
M = (7.875 x/0*)(do x(c® siu 307 ) - (1.9486»(" Y(Ho x> cos 30° )} = 90 Newm
A = wx24 = 240 mm® = 24ox10° W

L o= ‘l},\‘(fo)(ﬂ'”} = ”.5.2;:[03 va = ‘I.SQ*IO_‘.‘M.'

s
@ At poiat H  Gz-f =- LIEMZ - _ 525 MPa —
- §_\_/.- = _-3. 2.25*[03 -
'z;J 2R " R340 0-¢ 4. 06 MPa -t
. _ Me _ _ Z.79¢xt0* _ (30Y 12 x(o°%)

(v At Fmﬂf’ K & = "E i 24oxio-¢ ~  11.§2 %1079
= - |26.2Z MPa ——
’z‘:ﬂ - O ik




k= 8in.,

PROBLEM 8.37

60 Lips

10 kips

8.37 Two forces are applied to the bar shown. At point

a, determine (a) the principal

stresses and principal planes, () the maximum shearing stress.

SOLUTION

At the section c_cm‘}a.\'m'mj Pm‘n'i' e, et Y.

Vv = o k-’PS P- ¢go kips

M= (8)¥i0) = 80 kip-im
A= X3)r 6 iat

1= 5(23¥: 4§ kpein

M Poin* [~ 63,-'—""'} =—%9 ::-fOksa'
ts 2R3 T 25k, im0
’r A
Use Mohp's c-‘rc,’e
Y 6;_ = "5 ks
.5 ks
:d 58/ C ¥ \A G R’VS"-!- 25* = 5590 ksv
5(9IP
6, G+ R = 0.5 ks —
%
\_/ 6; =6 ~R = -10.59 ks/ el
NPT o 18, - 25 = 0.5
Gp = 13.82°, (03.3 ° —
Tmo’, = ﬂ = 55.- Sq I(Sl. gy

CCOMP ession )

|

]

S

I

b
R e B

: T ]
B |
N i [S—

|
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PROBLEM 8.38

60 ips

SOLUTION

At +he section

co.n"a.'n(nﬁ Pon'n‘lls a amd b

8.38 Two forces are applied to the bar shown. At point b, determine () the principal
stresses and principal planes, () the maximum shearing stress.

[

V=10 kips , Pz 6o kips (compression)
M = (8Y00) = 80 kip-in.
A= (¥3)=s ¢t
I=502¥3)* = 4.5 i
At peint b 6x= 0

T

L.

1

(1

3
Yy

1.875 T

VO _ 10URN0.25(1125)

1.R75 ks

4.57(2)

Use Mo\\v‘\; Cyve )e,

G.= - N.ee7 ks

R = f1Lee?? 4 127" = 11,8164 ksi

}A G Co= S+ R = 0.150 ks
* 6 > G.-R* -23.§ Ks,
tan 26, = 1875 - 01607/

Gpr 4.86°, M6 °

Toue = R = H. 82 ksi

)

i

|

)




PROBLEM 8.39

s&

¥
3 ft

Te , va | (108)(7.5) R

J It

8.39 The billboard shown weighs 8,000 Ib and is supported by a structural tube that
has a 15-in. cuter diameter and a 0.5-in, wall thickness. At a time when the resultant

of the wind pressure is 3 kips located at the center C of the billboard, determine the
normal and shearing stresses at point H,

SOLUTION

At 5ca+c°ou c.:m“-a.{m'ns Poin'} H

P == k.‘Ps (comrjw&ssfon)

T = (3x3> = q k;P'-Pf = |08 kl'F- X

M, = =(1X3)= -33 kip- Pt = ~— 396 kip-in.
M, * -@)8)~ -24 k;‘,.H T -~ 282 kop.in
V = 3 kip

Seo'l‘ i oun PNP@I"‘“CS.

do= 15 Cu=i=75n ¢ CG-t=>7.0n

A= Tl = 22777 int

T = F(g'-ct) = 599.31 in”
J = AT = i198.62 in"

noo@r B6t-e3) s s2.583 B
-8 _Q88Y2S) . _( 35 3 co4

27 S99, 31

~ 3,96 ks, --m

(3Xs2.583) | 4764 0.268

]

0.938 ks, -—=m

h928. 62 (&99.%1)(1.0)
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PROBLEM §.40

Y|

8.40 The steel pipe 4B has a 100-mm outer diameter and an 8-mm wall thickness,

Knowing that the tension in the cable is 40 kN,

stresses at point AL

SOLUTION

pelig
A

225

]

2o kv

24.64 kv

, determine the normal and shearing

Verticed Forea
4o eog 267> 34.44 kv

Hovi zod‘aﬂ Forca
Ho sim30° = 20 kN

Point H Lies on nertred axis oF Lamol\‘ha

Section Py‘aper‘f‘fes

do = 100 mm Co:'al"por S0 wom Cit Co= b = 42w
A= T(el-c2)= 2.312%16° mm* = 2.312%)0°% po°
- _ P _ BH4.64x10°
6 =~ = "o T - 1498 MPa -
- . - o _ (2)20x10%) _
Fowr ‘I‘l‘nn FlPe = 2 A 2,319 = [Oo3 = 17, 2‘! MPOL el




& 41 The axle of a smal] truck is acted upon by the forces and couple shown. Knowing
that the diameter or the axle is 1.42 in., determine the normal and shearing stresses at
point H located on the top of the axle,

PROBLEM 8.41

10 in.

SOLUTION

TL\Q \Dewo\;na\\ w«owzevx+ c_uusfr\s nor‘wm/' 5+VC$S
a)l‘ Poin+ H s

M = (8750 =~ 6000 db-in.
50 th c = 4d-
T=Fc' = 0.19958 in",

35001k - in )
0. 71w,

J=2I=.0.29916 in'

- Me | _ (cooo Yo.71) _ _ I
NOI‘MA} S'}'N%S G} H GH' I O‘ \qqs 3 - 2 |.3 ™ Io P5|
= —-21.3 kSt. ]
A* +Le Secfhou\ cow‘l’aiv\-‘vxa Poiv\-"' H V =0 3 T= 2500 'PL fin
Te (zs00Y(0. 1) . .
T, = = -
T T 0.2341C €.23 ks
PROBLEM 8.42 842 A 1.5-kip force and a 9-kip-in. couple areapplicdat the top of the cast-iron post

shown. Determine the normal and shearing stresses at () point H, (b) point K.

SOLUTION dicmeter = 2.5 in.

A+ He section ccm‘l‘w'n;'mj Pm‘n‘i's b oamd K.

=0 NV = 1.5 Kips
T = 9 kip-in M= (.50 ® 18,8 kipein
d = 2.5 jn C,=‘ka"-‘ I.RS n
A=Tc = 4.909 in" I=%c* = 1.9175 in" J =2r1- 3.835 in*
For o semicivefe @ = "%Cs = {,302] n*
) A"‘ \Pm‘a\" H SH = O N
. Te, V& . (3)1.25) (1.5 )i.3021) g 4o
Th ® Tt Tt 3235 D 2.934 + o=__ 3'7.34 -
i - - Me o _03-5_)0-15) - - . N
(b)Y At Pom‘\' K YV T [a17s B.80 Ksi
’L‘Jk - ..T—-‘:-‘ - M - 2.3 ksi ct,

J 2.83%¢
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8.41 The axie of a small truck is acted upon by the forces and couple shown, Knowing
that the diameter or the axle is 1.42 in., determine the normal and shearing stresses at
point H located on the top of the axle.

PROBLEM 8.43

8.43 For the truck axle and loading of Prob. §.41, determine the principal stresses and
the maximumn shearing stress at point H.

j 750 1b SOLUTION

From the sodvtion of Prob. 3.4

‘-23 kﬁl-
. | Sy = - 21.3 ksi -
2300 1 _ _ ) __i. v %_ 21.3 ksy
50 b o Tu=  6.23 ksi ‘ l
6; 2 - —'--———2;'3 = - ’O.Gs- k%n‘
R o= J(B2) +e23)" = 1234 ks
6, G +R * .69 ksi -
6; = 6-;— R = -~23.0 ksi ll
10,68 —vhe-10.65 —!
ane ] Town = R 5 12,24 ks/ —t




PROBLEM 8.44

CO.] Po[n+ H

—_— 3,34 ks

Lo

- ————

(b) Point K

8.80 kst
—‘L’ 2.93 e
[«

ey L

8.42 A 1.5-kip force and a 9-kip-in. couple are allied at the top of the cast-iron post

shown. Determine the normal and shearing stresses at (@) point H, (b) point K,

8.44 For the post and loading of Prob, 8.42, detetmine the principal stresses and the

maximum shearing stress at (@) point H, (b) point X.
SOLUTION
l:v*ow; 'Hme 50.pu *l'om of Prob 8.42

(‘G-) S-H z Q TH= 3.34 kSr'

M
&Y & r-8.80ks’, Tnr 2.93 ks/

- =g % —H.4o ks

= J(B89) & zas> -

6-.':.
R
G, -
Gb
T

5-.?“-1 kSn'

+

O.89 ks,

(-3

6 +R
6. - R

1)
of

- 9.¢9 lksy

X
H
Ly
]

£, 29 ks;

A

i

A
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L.
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PROBLEM 8.45

YO N-m Yoy F00 Nem

Section Pro’oer+5cs o

8.45 The steel pipe AB has a 72-mm outer diameter and a S-mm wall thickness.
Knowing that arm CDE is rigidly attached to the pipe, determine the principal stresses,
principal planes, and maximum shearing stress at point H.

Y SOLUTION

Reploce *ha forcas at C awd
E Lj' an .e7w‘VcJenf Force -
c-_ou'p)?e 5554%4 aF .

Fo = 9-3 = Gk {

To = (9%10*)Y(120=15%)

+ (Bx10*)( 120 x107*)
= 440 N m

At the section contain ng Poin‘}s H and K
P=0 Vo=

B

M = (Exo*Nisoxto®) =

G kN_) T = |440 N-wn

FOO Nem

d, = 72 mm Co*® %Olo‘- 36 mm C£=C°—t 7 3l

A= T(er-C*)= 1.6524 » 10% mw" = ).052¢ x(0> m"

I = F(etct) - 593.94%10 mm' = 593.84 %0 "

J = 2L = L1877 x(0™° m?
For WadFpipe Q= 4(c3-c3)= 1.243x10% mn® = 112434107 m?
A‘f‘ Poin‘f H Poiw'f H j.‘ea on -H\e neu{m] axi'S a‘P Lenof{n‘j. 6",,, = O,
_Te, V@ _ (1440)(26x8) | (6x10*)(I1.243%(07¢)
LTIt T tansie Tt Grsae oy | oo-0 MPa
T
= S, = ©
T H l R = 850 MPa
— 550 MPa & c A g S, S.4R = 550 WVPa =
6'1,,: G.-R = -550 MPg, =~ =
I O,= -45° , 0= +48° ~
§5.0 —e—550 T = R = 55.0 MPa_ —




8.46 The steel pipe 4B has a 72-mm outer diameter and a 5-mm wall thickness.
PROBLEM 8.46 Knowing that arm CDE is rigidly attached to the pipe, determine the principal stresses
and the maximum shearing stress at point X.

¥

SOLUTION

?ePPace the Forces at C ond E Ly
an e7w‘va,pem'l force - cC:uP,fe
systewm ot .

FL-49-3= ¢k ¥

T, = (axio® Y1205 )
+ (Br 10120803 )

- )4’40 N-m
/ A+ ‘Hne seo'il‘:'om Con'}at'n:n-l Pop'm'fS H amd K
'\ P - o Ve 6 &V T= 1440 N-w

>

M = (ex102)(1s0%1G*) = F00 N.m

4o B-m o0 N-m

¢ kv
Section Pmper’lics! do = 72 mm Cozhdor 36 mm C.=C-C7 3lmm
A= (et-C2) = 10524 %10% mm® = LOSZYx(ot m

_ ¥
T - I(ct-c) > 598.84xlo3mm? = 593.8¢ /07" m

J = 2I = L1877 x{o " o

for hadiipipe  Q* 5@F-CP)= 1. 243% (0 mm® = 11.243%10° % m®
o - ]
Me _ (900)(3exlo2) _
A+ Po;'n+ K 6'“ = - (5“?3.97 V!O"‘) - 54-6 MPQ
2 SH.6 MPy, (1440 W36 xto™*)

Tx =

2 43.¢ MPa

T
Ie - =
J J.1877 » O
g
X 6, = - _\S_:'fﬁ_é = =27.3 MPa
\ R = ./(5__‘1{5)1*‘ 43.¢* = SI1. 4 MPq
‘1*\6- G,= 6.+R = 24.1 MPa —
{lm 6, 6.-R = =787 MPa -
.6
Y tan 26,7 2oy T 157
Lm.s*nﬂ B, §7.92°, @, -32.1°
Yoo = R = 514 MPa —

[I—
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8.47 Three forces are applied to 4-in.-diameter plate that is attached to the solid 1.8-in.
diameter shaft 4B, At point H, determine () the principal stresses and principal planes,
(b) the maximum shearing stress.

PROBLEM §.47

SOLUTION
12 ]lip
’ At He section Can‘}au'm'na Iao[n" H
g 2.5 kips 2.5 k"r’
P12 kips (c.:wpress:‘ov\\
VT 2.5 kips
T=@¥2.5) = §kp in
= e M= @X2.6) = 20 kp-in,
‘ d = L8 in c=%d=0.9
2okipi
P AxTet = 2.545 "
I=%Zc?'= 0.5153 in*
J- 2T = 1.0306& int
For a semfcfn.,!z Q= %Cs = 0.486 ins

Point H Jies on nevtrd owis of lbev\ol{nﬁ Sy = T o yng ks

A T asYs
_Tec , va _ (8Xeo.a) , (z5)o.486) :
Tw ° T* Tf ° o306 T(0.5152)(1.2) 5.676 ksi
4,715 Usi
—4> 5676 ksi G, = x(-4718) = -2.3575 ks¢
L H T R - J(T-%._E)‘+5.c7e‘ = G.1HG|
T @) G, =6.+R = 3.79 ks, —
Y T () 6= O.-R ~ -8.50 Us/ -
_ QYs.e78)
b 20p= LEE) 4 4os
| ] B, = 33.7°=a ©, < 123.7° —
A ¢ 6 (ks
N (b)Y Tow= R = 6.15 ksi ' —
A T
X
L-LI.THS—:-




8.48 A 13-kN force is applied as shown to the 60-mm-diameter cast-iron
PROBLEM 8.48 - ‘ 35 -0 post ABD.
M ?ht point H, determine (a) the principal stresses and principal planes, (5) the maximum
earing siress.

SOLUTION
DE = 125% + 300> = 325 mm
AN 300 mm A+ Po“"‘+ D FX =0

Fy = ~GRX13)=- 12 v
Fo= (B5)13)= -5 kv

Momen"’ of equ.‘vquemL -Fof“ce~Cuupje s:jsl'ew\
* oX C) +he centveiel. oF the section
Con’l‘au’nina Po{n‘l‘ +H

- Z i k
M~ O0.150 0.206 © = -l.00 L + o=.7$g - .8k kN-m
o] -12 -5
Section pruperties
0.75 kN-
12y " Prep
SkN 1.8 UN-m d = 60 mm C=%A= 20 mmn
1.0 kN-m A= TC = 2.8274x(0% mm”
H " I=%c'= 63.17x10° wm'’
J = 2I = 1.2723 x10° mm”
For o semi cirede QR = %C"s = 18.00 31103 mm°
.“ C_P_Me o_12xj0%  _ (18wet)Eows?) _ _
A poit H 6, -B- M oo dRHO e — = ~87.13 MPa

(510 )(18.00 % 107¢)

L, * Te , V@ _ (0.5 x0*)(3ox0*)

O IT T oot Feam o ey | 604 MPe
29.13 MPa . ” .
1 20.04 MPa \ I MPe
l H T Y R=J&YV YT = uz.zes MPy
Bty A e G 6.4R: .3 MPa -

61= &-‘R‘:‘-qs."‘MPQ —
% +av\ 29?-‘. % * 0-4"’?7

6, 12.1° , 8p7 102.14° ~~c

s

(B.) Loao = R = 48.9 MPa e
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PROBLEM 3.49

At

‘_J[

4i

8.49 Three forces are applied to the cantilever beam shown. Determine the normal and
shearing stresses at point H.

. SOLUTION

At the section com*m‘mn‘nﬁ \om‘n‘i‘s H amel .
Yhe mfcup P bheaw'mﬁ Forces awve :

. _ 3 kips verticsd
P= 24 ks 2 Vo= 2 kips hovizonted

The iae.moffna\ noment Compon e.m‘fs are -
about hov‘izam‘hlo vt M- (15s-4¥3) - 33 k.'p-i"

abost vertical axr’s M= (52 = 36 k- 1w

s 530+ I o P"bf:er‘)'n'c,s
d A @Me)= 24 in"
I, 5(E)? = 7R i’
~ 4. L ¢
2 kips 33 Kip-in Ij 12 (C')(Q) 32 in
30 k-P 1
point W Gys-f v Moo -2 BB < 0,975 ki -
Tﬁ%%v%{;—- 0.125 ksi —

—> 0.125 ksi

N “ 0.375 ksi

i




PROBLEM 8.50

Y
2 k
tps K
24 klps

8.50 Three forces are applied to the cantilever beam shown. Determine the normal and
shearing stresses at point X.

SOLUTION

At the section con'f*a.a‘n»‘nﬁ Pot’n‘fs H ama K

the oamiad awd sheqm‘nﬂ forces are

2 kips vertiesd

P=gildps, V= 0\ s horizantad

The be.na“nﬁ wom ent Componew'i‘s are
aboout hariz‘om‘*’a) axist M= CIS-‘*)CS)= SSkIP-in

thout V€W+§cJ an's - M ?053(7;) = 30 k;‘P-in

s Section Pmper-+fes
As (Y = 24 in"
Iz m6E)Y = 72in"
I_7= 1‘;(@)(4\3 x 32 in"
. 33 Kip-in
20 Kip-im

3'(;?51(
At Poin‘l‘ K
6y = —-E— —Mff +%—2— = —%-— ('"3_,%)(3) + ('32)1("25 = .792 ks =
AY = (O@) = 4 nt o RS in
/////rT
l 2 Q- A‘j : WY25) = lo ?
]
' . va | (e . . .-
3 v T, - ¥2 - '(CW)_ 0.1042 ki
ey

e O 1042 ks

‘——}' K 1.792 ksi




851 Yor the beam and loading of Prob, 8.49, determine the principal stresses and the
maximum shearing stress at point H,

PROBLEM 8.51

4in.

SOLUTION

From the soduvtion o Prob. 8.49

Gu = 0.37S ks :Llffjks.‘
i H
e Ll

6, = 225 - 0,187 ksi
R = {(2ELE) 4(0.125Y = 0.2253 ks
G =6 + R = 0.4i3 ksi o
G.x 6 -R = ~0.0278 ksi )
Toww = R = 0.225 ksi —
PROBLEM 8.52 8.52 For the beam and loading of Prob. 8,50, determine the principal stresses and the

maximum shearing stress at point K.

4 in.
SOLUTION

From the So,p.)“‘fovn st Prob. 8.50

3in. , R ' 60 = 1.792 ksi 0. 1082, ksi
| i} . .__i K
i.lkii)s H/lSjn_/"/ ’l,” = O- lOQZkSl L—?qz ks;
2in.
6, = %‘73. : 0.896 ks
- [.792\* L ,
. R = { 22 (0.1042)" = 0.902 k>

x © 6.- GL+R = 1798 ksi —
6= 6. -R = -0.00¢ ks —d
Tow = R = 0O.902 ks —




8.53 Three forces 1i
PROBLEM 8.53 shearing s > :::n atlpﬁ ted to a stecl post as shown. Determine the normal and

SOLUTION

P
"

(120)(60) = 7.2 %/0% mm? = 723165 v

fi(ﬂo)(IZD)S = 8,69 xld’mm" = R.C% NIO.‘W\“

by

40 mm

womm  1p= 200 = 2. 16 % 10° mm* = 2,06 % JTC

40 mm At +he 5:&“‘;‘014 con‘fa.[m‘na Po-in'}s W amd K.

¥ - 120 kN (caMPH,SSa'on)
120 kV Ve = =20 kN

20kV Vo = S0 kn
S0k

M, = (20x0°)(100510*) = 2000 N-m
2000 N-m Ho ‘ Mewm M7 (120%(0® X50x (0°*)

. + (5owie* Y100 x10*)
FoNgS Cooe)es = NoOOOC Nem

S-I-v-esScs a—'} Pat‘ﬂf H

_ _E - Mz . Mx _ 120 (14003)20 /5%) | (2000)( 3030 )
Gy = I,. ¥ I, 7.2%103  ~go4w 0 FRTYS

H

A¥ = (60)(60-20) = 2.4 % 10% mm®
= (20+ %) = O mwmm

2 Z
Q = AT v 9Cx/0* et 5 GExl0E
T - V Q (5’0"’03 )(Q5"lo-‘) ?. 26 MP@ ——,
M I. t (?.mxlO“)(soud’)
M.25 MPa

/;L;
L
9.26 MPa

= 16,6 MFo. ~28.46MPa. + 27.78 MPa = - 14.35 MPa ==




8.54 Three forces are applied to a steel post as shown. Determine the normal and
shearing stresses at point X.

PROBLEM 8.54

SOLUTION

A= (120060 * 7.2%1F mm = 22O W
I.= é(ﬁﬂ(ﬁ?oﬁsf 2.64%[0°mm’ = B.L4 XIS "
1, = 50120 eo) = 21620 mm’ = 216 %107
Ab Hhe section cOn'l-aim‘nj points H and K.

P 120 kN (compression )

v,:-ZO kN
V, = SO kN

=<
"

, = (20v10Yjoox16") = 2000 Nem

M, = (20x0* Y50 *165% )
+ (S0 xto*Yioox (o)
= 1000 N«m
Stresses ot Poiv\* K
P Mz, Mx _ _120x0 _ (1000Xg0ox(c?)

O = A I, * I, 1.2 7578 264 xlO™ + 0o

7 - 1667 MPa— 76.39MPa + © = =~ 93.1 MPa w—

]
’fu?—g—%:%%z 4,17 MPa ——t
54.9 MPa
4.172 MPa,




8.55 Two forces are applied to the small post 8D as shown. Knowi that the vertical
PROBLEM 8.55 portion of the post has a cross section of 1.5 x 2.4 in.,deta’mineﬂ:t:n]ﬁgﬁncipal s:ﬂses,
principal planes, and maximum shearing stress at point .

y

SOLUTION

Componen‘*s o'F 500 Mo force .
£ - (500)(1.75 )

G000 Th C 2% =140 B,
» . _(so0)(e)  _
Fy = 8580 = 4.

Moment arm of 500 Jb- Foree
- 3251 + (6-11§

Moue:ﬂ‘ o'p 500 ,ﬂg "Fod"-:..n.

\I
N T A .
M =} 3.25 & O = ~2260 k Mb-in
140 =480 o
At He section con'}m'n.ina Poin‘l' H: P=-480 & V.= 140 U

V= -6000 fh. | M, =-2260 fbein | My =(4)6o00) 1 = 24600 Lhein.

As(.8)a9)~ 3.6 " I, = @Y= 0,675 in?

R Mg X _ 480 , (-2260X0.75) _ _ .
Cus BT T3e 6.0 = TAGHY psi l‘“’ lzsoo,os.'
H
= 3 Mo . 2 6000 _ g ‘ ’
Ta = IR 2 ac 2500 psi g
T
Y 6;_ = - 2244 = —-1322 Fs:'
R - 1/(7%“15')1 +(2500)" = 2828 psi
8 = A & Ca= 6.+ R 1506 ps: —~
T G, = 6 -R = -YHIS0O psi —
2500
. 2 . {;g'eﬁzfoﬂ__
< ton 280 = 78T ° “Zéaq = -3
< 2644 On = 3L1°, 6,= 12L1° -

W

T = R = 2828 pal —

L,



—/

—

N

8.55 Two forces are applied to the small post BD as shown. Knowing that the vertical
portion of the post has a cross section of 1.5 x 2.4 in., determine the principal stresses,
principal planes, and maximum shearing stress at point H.

PROBLEM 8.56

¥

8.56 Solve Prob 8.55, assuming that the magnitude of the 6000-1b force is reduced to
1500 b,

SOLUTION
ComPonen+s of 500 fb. forca

£, = 8eoXLS) | 4o M

6.25

FJ =_L_4____SOO) e) = -Ugo Jﬂ}-

©. 25

GOOO ks

\“\uheu‘} a“"h.‘\ of 500-?‘) forer

Lin) : Vo= 3250 + (6-1g
z —
~ Z k
M= {325 & o| = -2260 k Mb-in
4o ~430 O

At the section c.on‘}d.l'm'ws ’:ofﬂf H: Pz -4g0 M Ve = 190 Bb.

V, = -1500 Ab , M, = - 2260 Shein , M,z -(#)1500) = - 6000 fh-in.
1 3 _ o
A = (1.524) = 3.6 in I, = fIiCQ-"[ WEY = 0.675 in 26 pai
8o . (- N : :
Gom £ M o -2, (2UID - 204y pa j 625 psi
H
V. - :
s & - 35 - 65 s =
v 6. = 4Gy = - 1322 psi
R = (MY v29)" = 14e2 psi
¥
o= 6. +R = 140 psi —
e Ao
< / 6, 6.-R = - 2784 psi -
* . 24, . 2)es)
Yo 26, = &Y T Towq = 04728
6,7 12.7° B, jo2.7° -
-

Tex = R = 1462 pas




PROBLEM 8.57 857 Three forces are applied to the machine component 4BD as shown. Knowing that
) the cross section containing point H is a 20 x 40-mm rectangle, determine the principal
stresses and the maximum shearing stress at point H.

SOLUTION

Eqw'va.lm‘* force - to é s:{s"}e.w\ w+
section c.on-'fu-'m'ml pot‘nf H

Fr= -3k, R=-0.5kN, F=-2.5

M,{'-'O

2

My =(0.150)(2500) 2 37§ N-m
M, = - (0.e)s00) = =78 Nem

Az (20)40)* 800 wm: .
= 200107 m

Iz = #(HO)(ZOP * 26.667 %10% mm"

= 26.6€7 xlO" wm'

_ P ™M _  =3000 15X loxo®)
Sy = A~ __T::I °  Sooxice T ze.ecixio T 24.375 MPa
&, ~ 16, 12.18725 MPa
4375 —
\ 4. C875 R - (3—5——]‘4-(:;.48?5)‘ = 13.0571 MPa
6,6+ R = 252 MPa -
24.37¢
6. 6,-R =-0.87 MPa —
T
_ 2T (2)(H4.6815) _
ten 20p 7 &= e ° 0-3846

Y ea_-" lo.go) eb:' IOO.S'

t@Ag o T )
X

T [T




8.57 Three forces are applied to the machine component 4B as shown. Knowing that
the cross section containing point H is a 20 x 40-mm rectangle, determine the principal
stresses and the maximum shearing stress at point /.

PROBLEM 8.58

8.58 Solve Prob. 8.57, assuming thet the magnitude of the 2.5-kN force is increased
to 10 kN.

SOLUTION
0.5 kN

Equivdem'l' force- cwpﬁe 53/54ew\ at
section cowfm’n;‘na point H.

= -3 kN,

23N Fo= Fy=-0.5kN, Fz~lo kN

M,z0, My= (0.150)j0000) = 150D N-m
M, = - (0.150)(500) = - 75 Nem

0.5 kN

2 / A = (20)("{0) * 80O mmz
31 5 Nown : §00 (0% m”
1o kW

1S60 Wem

.= 7 (#0)(20)® = 2¢.667 710 mm'
T 26,667 %{0° W

G § - M g CRXeEd . s
T, = 3 I\Alzl - g"%%o—-s = 18.7S MPa
6, = 6y = 12.187§ MPa
8.5 R =\f(&"—;’:Z"‘_)l*(lﬂ-‘i'ﬂL T 22.363 MPa
e 6.2 6. +R = 346 MPa etk
(A 66 -R = -10.18 MPa, el
) fan 26, - 55 QUig75) . | g30¢
0, 28.8° , 6,= 18.§"
8 c : A o Tow T R = 224 MPa -
®




&.59 Three steel plates, each 13 mm thick, are welded together to form a cantilever

PROBLEM 8.59 beam. For the loading shown, determine the normal and shearing stresses at points a
and b.

SOLUTION
Equiu,fen'} force - covple s‘ydeun atf
section Con'l‘ain-'uﬁ Foin'l‘s o, and b,
Foz 9w, F=-13k, F= O

M, = (0.400)(i3H0®*) = £200 N-m
My = 0.4o0)(axio®) = 3600 N-im
M, =0

"}53 9 MM'L
4537 20" % m

¢ = 13 mm A= (2YU50Y(13) + (13)(75 - 26)

2

Y

I, = 2] %0s0)@Ps (50)()(325-¢.6)'] + h(13)(15-26)" = 3.9308 /0% mm”
- = 3.9303%x15° m"

I,- 2 ;Ji(_l?ﬂ(ISD)’ v E(15-26)03Y = 730510  mm T 7.3215x10¢ W
hj F int Q.= © Q 0
_'_na' or Poin -} = ly =
3 ' . \
L % For point b A* = (6o¥13) = 780 vam
C i| N T = 45 v 3 2 3] pawn
—»HSL = NG 24 18 %10 mm- T R4 JQVIO"CIM!
Qx"' AJ - - m *

s 3

QJ-.- Rx = -35. |10  mm® = ~35.1 x O m

H - Moponta 6= Mo M

. (5200)(32.8x16Y) _ (3600)(-7§xi0™*)

2.9%03 » lo~¢ T3AISxoe - 26.5 MFPq ~m
,l)a..= O _ )
: My My 3
T At point b 65:’3;1_ 7
[ e e} ) "
_ (5200)(82.5x107%) _ (3600)(-15%10%) _
o 3.q3‘03"to-‘ 7_32}5’ klo'& — S?.D MPQ_ el
e \ALON, . NIQ _ (Axto® ) 35. 1x10"°) . (12 %100 )(24.18X (0™ )
(W I_‘lt Iut (7.32!5 xlo"-)(lgw (o™3) (2.9503x10-°)(13x10°%)
= 3.32 Mpﬁ, + G185 MPa H 9. 47 MP&. Y

TN
\_




PROBLEM 8.60

150 mm

t=13mm

I =
I,=
| a e
 — - 77227 O
3l
)
L 1
o us e

2[£3150303)® + (50)(12)(37.5-6.5)" ) + 5 (8)(75-2¢)* = 3.9353 16¢ mmu’

204 (1300508 | + L(75-26X13) = 7.328 /0% wm® = 7.3245% 15 m"

For Foin‘} d A* - (60)(!3) = 780 mm
;(- = HE pam g = 2! wmm
Qx = A'y = 24/8%(0%mn® = 24,18%/07¢ m®
Q= A% = 35.1%16° mwm® = 351 %107
Fow Poin‘f e Q, =0 5 Qj =0
Az Poin‘|‘ d G, ~ Lﬂﬁi - %’i
(5200)(37.5 x10}) _ (3¢eo Y150 ) _
- 3. 9303 %j0"¢ %ils »lO°F = 42.2 MR "J
- IR | (9000)(38.1x(07)_ .
Doe Ve T It T (7.3u8 %07  K13x1078 ) 3.32 MPa >
IR _ (3000 Y2418 %107)
Doe += Vy 7y "Lt (3938 <0 Y303 6. 15 MPa <
Net Ta= 2.8% MPa g
o Moy My X (5200 )(82.5%(0) _ (3600)(15x(0%)
T I, i’J - 3.9303 *[D-% 7.3215 2|0 %
= 12.74 MPa ==
f{. = O =it

3.60 Three steel plates, each 13 mm thick, are welded together to form a cantilever
begm. For the loading shown, determine the normal and shearing stresses.at points 4
ande.

SOLUTION

Equivadent force -couple systew ad
section containing Poin‘fs a awd b .

Fe= AN, F =-BkV, F=0

M, = (0.400X13%10*) = 5200 N-w
My = (0.400)(9xl0*) = 3600 N-m
M.= O

1

A - (@YisoY3Ya (13)(75-2¢) = U537 mm

= 4537 %O m*

3,9308%x10°° m*




PROBLEM 8.61

Bed MPa
-&%5 MPa,

N
"

R

Crn = S + R
Gum = G - R
R =

i
4
"

-

8.59 Three steel plates, each 13 mm thick, are welded together to form a cantilever
beam. For the loading shown, determine the normal and shearing stresses at poinis ¢
and b.

8.61 For the beam and loading of Prob. 8.59, determine the principal stresses and the
maximun shearing stress at points ¢ and b.

SOLUTION

From the sodotion of Prob, 8.59

6,z 86.5 MPa Y. = O

Gp= S7.0 MPa %, = .47 MPa.

Point o T .
———] L ——s 368 d c
{ )

43.25 MPa
4325 M¥Pa

86.5 MPa ==

o 86.5

43,3 MPo =

6. r =+ 28.5 MPa
R =/CE +@un) =

30.03 MPa
B S+ R = 58,5 MPa —
Bunz= §.-R = -1.53 MPa e
& " Tew = R = 30.0 MPa ——




PROBLEM 8,62

8.60 Three steel plates, each 13 mm thick, are welded together to form a cantilever
;;‘bu?m. For the loading shown, determine the normal and shearing stresses at points d
e

8.62 For the beam and loading of Prob. 8.60, determine the principal stresses and the
maximum shearing stress at points 4 and e.

SOLUTION

From the 50)\)"“1‘0&\ o‘g Prob R.Co

kN
€4 = H42.2 MPa = 2.83% MPa
Ge = 12.74 MPa. Te= O

42.2 MPq

t SR Rn/("%}\ﬂ(?.sa)‘ = 21.29 MPa
6wy = G+ R = 42,4 MPa -~
. Cn = 6.~R = ~0.19 MPa, ~
O i T = R = 2.2 MPa —
\
Point €
ST '
1274 G = 3 6. 37 MPe
-] & |
’f R = 1A% . ¢ 39 mpe
m Gy = B +R = 12,74 MPq =
6 _6',“;“16',_-9=O el
U e R es7 P =




3.63 Two forces are applied to a W8 x 28 rolled-stecl beam as shown, Determine the

PROBLEM 8.63 principai stresses, principal planes, and maximum shearing stress at point a.

90 kips

SOLUTION
For WE %28 volled steed sectiow

A= 825", d=8.06 i, bp76.535
Lp= 0.465 i, 1u=0.285in, To= 98.0 in?

P=-90 k\'\os) V= 20 kips
M= (20)(a4) - (4.03)90) = 117.3 kip.in
Y 2hd-Le = 403- 0,445 ¢ 3.5¢S i
g Ses)
- - :gs ¢ '”-%?f-b“ = - 6.692 ks,
3’ : yd-gt; - 4.08- 0,238 - 3.797¢ in
7 At = bete - (6.535)(0.465) = 3.0388 iu*
'—_El Qo= Apy = 11840 i’
. VQ. _ (20XiL540) :
“7 Tt., T (900285 8.263 ksi
6.692 ks, . Aby _ (2)(-8.263) _
+an 26y - 6.- 6 YW R ~2.443!
L 6,= -34.1° , B = 559° -
8,263 ks 6.z - &&¥ . sy s
4 R- (_C_*_f;"!)’u(g_zes)‘ = 8.908 ksi
X
G...? 6;_+R i 5-5’8 ksi. ———
€ * 6. - R = -1223 ks —
8 A
c & ’[’m-.- R~ 9.9 ks,
y

A+ the SEfJHom c,om"}a.t'ninca Pofm"‘s a and b.




8.64 Two forces are applied to a W8 x 28 rolled-steel beam as shown. Determine the

PROBLEM 8.64 principal stresses, principal planes, and maximum shearing stress at point .

OMPS e x 98

SOLUTION

41-“‘N For W3 x 23 Y‘o}jecl S“‘ee,p sea‘["fon
\ .
A: 8.25?-'1) d- 8.06 v, b.p:‘ 6.535 in

20 kips
24 in.

Tr= O.H65 iw, 1.,:0.2850n, I.= 98.0 in'!
At the section con'l‘aiv\{nﬂ Poe‘n'f'a a and b.
P = - 90 kips, V = 20 kips
M= (20)(24)~(#.02)30) = - 117.3 Kip-in.

Point b Jdies on the nevhrad amis oF beno(.'na

A"' Po.lw'i b G = -A?— = -;7-?—;—)&— T = 0,92 kg,‘
W’ Part A(in‘) Sfin\ P&(in’)
N Flange | 2.03%8| 37975 | 11540
HodFgeh | 1.OIGTEITB2S | 811
z 12,351 Q= 13.85) iv
. V@, _ (20¥13.351) .
C— —— T TIt., (38.0)(0.225) 7.56 ksi

.20y (2¥-9.5¢) _ _
tan 26 6,-6, O+l0d2 L7509
B, -3.1° 6,7 59.9° ——

10,42 ke i
Q.SC k‘i;
T

S -%33 = —~ 546 ks;

¥

R =1/(L°€!3)"+(‘f-56)z = 110! ksi
Cpa = 6+ R = 5,55 ks/ e
B A Gin G- R = ~ 1647 ln; -
H.ob ksi -

f\ :
\z/ T
Y




8.65 Two forces P, and P, are applied as shown in directions perpendicular to the
PROBLEM 8.65 longitudinal axis of a W310 x 60 beam. Knowing that P, = 25 kN and P, =24 kN,

determine the principal stresses and the maximum shearing stress at point a.

SOLUTION

x At the section Can‘}'aa'nfnj Po-‘nfs a and b

M, = (1.8)(25) = 45 kV-wm

My= - (L.23(249) = - 28.3 kN - e
Vez - 24 kW VJT-ZSkN
For W 3]0 x 60O ro.erl .5"'ee,( section

d": 2303 e b_',-= 203 wmm te = 12,1 mm tw= 7.5 mm

L= 129%0% mm®= 129510 mt | I, = 18.3%/0% mm' = 18,2010 "
Normed stress ot Pon‘-\f oo A= - %ﬁ"‘?s 2 «R6.5 wmm
My y=%0‘= IS5LS mwm
My Myx _ @Sx10*)(is1.5x103 ) C28.8m0° )26 57167)
L i, 129 lo™¢ 18.3x (0%
My = 52.849 MPa - 41.705MPa = |1.144 MPq
S"\eab-'nﬁ s+ vess a/‘fl Foin'f o
\
"2 Tz <% AE VAT
B ¥ A= (5 xi07)(13.1 %1073 ) = 982515 m
— L — i-‘--%‘«*%’—@‘inm
5= 4-%: 144.95 s
o 200N 282.5M0C )G x?)  (-28w10° 982§ 107 (19495 w107 )
% 7T 08.8 o Y18V 2o ) (129 *[10°¢ ) 13,1 % (o™* )

= - G. 295 MPa + 2107 MPa = - 4.188 MPa

" IZ Gpe = 1 = £.572 MPa
e} i—-—h 1.1 - L4yt (@ 188 = 6.970 MPq
v R 'F(z )+
4./838
Guag ™ Owre+ R = 12.54 MPa —
Buin ™ G -R = «LNo MPa —
1'..\..*' Y T 6.97 MPa —




PROBLEM 8.66 8.66 Two forces P, and P, are applied as shown in directions perpendicular to the
) longitudinal axis of 8 W310 x 60 beam. Knowing that P, =25 kN and P, =24 kN,
determine the principal stresses and the maximum shearing stress at point .

SOLUTION

At the sectiow Con‘i’a.fnfnﬂ points a and b
My = (L8X2a5) = 45 UN-wm
My = ~(n2)¥24) = -28.8 kV-m
Ve = - 24 kW, Vy = - 25 kN

FD‘* W?-J‘O'IGO v‘ujueal s+ee.J secj}'l‘(nq

A =303 mm, b 208 mm, Lt iR mm, LuT 75 mm
L = 128x10° mw' = 129%0 m" | L7 (8.3 5/0mm’ = 18.3%10° m"
Novmal stress st point b X2 O, yr-zd+lp T -1384 mm
My ™ (asic® Y ~128.4 ¥1*)
» o - My _ Mx _ (5w -13g8.4xic )
—=— S, = _I_,,I _fj— = 129 = (o°¢ o
- = -48.28 MPa
My
[ mwonsuowe § T y Sheqn'ng stress o Fon’n"‘ b.
v _ Vy A"y
=== - Ty = "h‘i
I : 4 w
- A* = Ap = bple = 2659 mm~
Ve = 2659 %157 m
E==tr=) '
: % =0, y--gdeily == 149.9 mm
(= 25%10%)(R659 w10 Y- 194.95 w0 )
T ™ (A2axio¢ (1.8 % (07%) = ~9.9¢ MPa
b |
S'“‘ z ——L!-&igg = -24. 14 MPa
—_—| .96
B * 48.28 R={EEV4LGa0" = 26,0
A
“ Bre = G+ R = 1,97 MPa sy
6-7-.;\-\ = 6:..;: "? T - 50.3 MPG- ~od
Towe = R = 26,1 MPa wd




PROBLEM 8.67

8.67 A force P is applied to a cantilever beam by means of a cable attached to a bolt
located at the center of the free end of the beam. Knowing that P acts in a direction
perpendicular to the longitudinal axis of the beam, determine (&) the normal stress at
point a interms of P, b, A, I, and f, (b) the values of 8 for which the normal stress at ¢

is zero.
SOLUTION
| e L= kbh® L rahd
X
& < M,(l’l/z) _ MYOD/Z)
y I. I,
My GMy _ 6M
bh* hb*
,.,Hw
= P-Sin'@z-PCosﬁi t = 4K
M= #xB - Ak (Psimp Z - Pwsﬁé‘) = Plesp L + P s:nﬁé
Mx = Pa?C.DSﬁ Mj = 'P.? sfn/g
_ 6PleosB _ CPLsinR _ EPI cosp i
(Q\ G' l—"hz h bt - i:h ][ h— - sb ] -y
B s mE-wmEo g b
fs = 'f'a.vu_l(];h] -

O_
(= J L—

7

| : |

—

[

L]

0

}
T AN g s

\
N
L

SN
-y

P

s R s S

L~




8.68 A vertical force P is applied at the center of the free end of cantilever beam 4B,

PROBLEM 8.68 (a) If the beam is installed with the web vertical (8= 0) and with its longitudinal axis
AB horizonta!, determine the magnitude of the force P for which the normal stress at

point 2 is +120 MPa, (b) Solve part a, assuming that the beam is installed with §=3°.

SOLUTION

For W250 44 8 volled steel section
S35 %10 mm® = S35H/(0°C

%
"

W250 X 44.8 9450 % (O° mm T 5O % [O7Cwm?Y

&
]

AY the section COH+QI‘MlInﬂ roiw'l‘ o3
Mg = Pa? cos ﬁ 5 Md = PL s:'nﬂ

Me . My P c.asﬁ PLsing
S, "5 S, 5
[ cosfp | s;tﬂ J"'

&=
A,P/Oau)w&,?e ,Qoaof PJ.( = -G-f

-1
@ p-o Pu = 200t Ly o] = ELYR0°N = 514 kN ==
. ae . 120 x%10% | cos 3° sin 3¢ ! - [YR—
() ﬁ -3 P - .25 ): ~lo© * ﬁioxlo“] 577 &




*8.69 A 500-Ib force P is applied to a wire that is wrapped around the bar 4B as
PROBLEM 3.69 shown. Knowing that the cross section of the bar is a square of side d = 0,75 in,,
determine the principal stresses and the maximum shearing stress at point a.

SOLUTION

Benal{nai Point a Jies on the hevtrad asas.

6= 0
Torsion: T = —-:,-—T,_ w heve az=b = c' P
l ca €, 0.208 for a squave section,
i 4
. - Pd . _P _ P
Sinee TTF Tt Gmigg T R4 R
Transverse sheaw : V=P 7= f’-% = 55,

Us-‘nﬁ SUperloosf‘l‘fav\ : T+ 2,904 -E;_ *  3.90% '&‘z * 3470 ps;

. GW = 3470 P'e-e‘ —,
T @ lL Cwin =—-34970 psf -8,

—_— 3"’70 ’LJ““ - 3‘*70 st ——




*8.70 A vertical 20-kN force is applicd to end 4 of the bar 4B, which is welded to an
PROBLEM 8.70 extruded aluminum tube. Knowing that the tube has a uniform wall thickness of 6 mm,
determine the shearing stress at points a, b, and ¢.

SOLUTION

I = 5{50)ioo) ~ £ (38)(88Y = 2.0087x10° mm' = 2.0087 %15 w*

Torsion : T = (20m10%)(80+425)(10°} = 2100 N-m

A = @NED T H13620° mm = 4 186%/0 Tm T
For Fo[n'!’s OLJ 6) anJ [
T 2100
"~ - -
LT zta 2 Yex o U136 =072 ) H2.31 MPa ==
Transverse shean: V = 20xi0% N
Point ¢ — on SJMMaI"r‘j oS bvT=0
Point b | Q= (z5¥(e Y47 .
) = 7.05%10% mm = 7.085%10 " m
W
3 VA | (loviobY2.05%107¢)

[ It ~ (Roo87xi0 )¢ 107%)
= 11,70 MPa
@, + (B)Na(2) = 12.858%(F mer
= 12.858 % (" m’

_ _ (20%10~)12. 858 % I0°°)
T Iﬂi- T (2.0087Txtlo Y ex (07F )

By
;.
-t
P
O
o
o

.89 MPa

Ne'\ Skeawina S"‘NSS: PO\'»\* &, T 4231 - O = 42,8 MPa et
Point b Tz H231- [|.7D T 30.6 MPa -t
Pint o023 - 21,34 = 2.0 MPa sl




*8.70 i . force i H A “q .
PROBLEM 8.71 A vertical 20-kN is applied to end 4 of the bar A8, which is welded to an

extruded aluminum tube. Knowing that the tube has a uniform wall thickness of 6 mm,
determine the shearing stress at points a, &, and ¢.

3.7 Forth_embeandloading.oﬂ’mb. 8.70, determine the principal stresses and the
20 kN maximum shearing stress af point b.

SOLUTION

Bending: ™M = (20x0*Wisoxig™*) = 3600 N-m

T = & (50W100) = 5(28)(88)° = 2.0087%/0° wmm"
= 2.0087%10°% wt

&= D - CRACEE -
TJorsion: T = (20x0*)( 804250 ) = 2100 N-m { |
A = W 99) 7 4136 %10° mu = 1361070 l
T ma (2\(sx:§)‘g<oq.asexro-=) T HR-B NP =
Transverse Shear * V= 20xi10° N

m:’? Q= EWN42Y = (4.1 xC° pw = 14 ) =W

J . YA (zoxio®)4.ax107¢)
e It - (2.0087x107° Y12 »10-2) [1.70 HNPa

Net skeq.p;nj stress T= 4231~ 1,70 = 30.6 MPaq

2y, 1170 .= 36 = 3285 MPs
| g 65- Y 2
E' L R -{ &)Y+ 7" - 7/{%:3)&(30.6) = 44,89 MP4

G .+ R = 772.7 MPa -

Cin= 5, - R = =12.64 MPa -

Town = K = HE. 3 MPa st
\>/ 6




PROBLEM 8.72

*8.72 Knowing that the structural tube shown has a uniform wall thickness of 0.3 in.,
determine the principal stresses, principal planes, and maximum shearing stress at (¢)
point H, (b) point K.

SOLUTION

At the section contarn "Wﬁ ‘:on‘n‘l"s H ome K
V= 9 kps M =(9)10) = 90 k-'r:- in,
T = (9X3-0.15) = 25.65 kip.in

. Torsion: R—
Bk A =(ET7)3.T): 21,049 int [jl |
T 25.65 . \ |
T= 2tQ (2)0.2X21.0%) 2.027 ks -l__h_*__‘___J
Transverse <hecv: . |
QH =0 g\\\\\\w 1-u---«-.- = -1
Qu = DM - (2.2K1.7)(0.85) ) | ! |
= 2.0985 int &_-’ _ )
I- -;'5(6\(4\3- .7‘5(5‘.'1\(3.‘-1\3 > |4,2132 '
VQa _ (2)(2.0785) .
Tw = O S TF C (takiYos) - 4218 ks
Be;ulinﬂi Gy = Me . j(‘:?;g“; = 1R.876 ksi 5 Cu=*©
(@) Point M : 6, = 1&218. ¢ 288 ki
R = J(1AS26) +@.027)" = 6.607 ksi
I Gz G4R = 12.90 ksi -
— 2027 kesi Gmin = O;- R = ~—0.32 ksi —
bon20p= B 5 - 03224 Gt -39°, 8110 ==
Poew = B = 6.6] ksr -
(b)Y Point X: 6= 0 P 20207+ 4.398 = £.425 ks!
< B ® G643 kss et
Ll Buin = = 643 s -
- 99 = * 4g° il
’Z:.....,,, = G. 43 ks.‘ P




OBLEM 8.73 8.73 (a) Knowing that o, = 165 MPa and 7, = 100 MPa, select the most economical
PROBLEM 8.73 wide-flange shape that should be used to support the loading shown. (b) Determine

the values to be expected for g,,, ,, and the principal stress o, at the junction of

OkN a flange and the web of the sel beam.
22kNm
+TM, = O
~72 Ry + R2W22X3.6) + (HOX2.7 Y= O
Ra = 22.92 kW

t 4.5m -~ 27m
VA = QA = 22.52 W
V (kW) R
22.92 Vg = 2292 -R2)4s5)= 13,02 kv
\‘m,o:; V; = 13,02 -Y40 = - 26.98 kv
F X Ve -26.98-(2.2)(2.7) = -32.92 kN
MA : O
~2¢.93
* = = . -
| -322 Me = O + %(22.92+ 13.02)(#.5) = 80.865
M (kNem) M, = O
80,265
. lM 3
Sune g - EREBI - g0,
% - T 490 % 10%  wmwm>
Sl\apg 5 (10° mw) Try W 3jOx 28.7 il
W 360 x 39 513 J
W3lo %387 544 « d = 310 mm te = LT nam
waisoxdd. 8| Sas tw = 58 mm
W 200 ¥ 52 Si2
Ma 20.865%10°
= T = /47,
5., S 5499 « jo-¢ 47.3 MPa -
Ve _ _32.92%10° _
Tw = dte  (3lomc*)EBRIGE ) 18.3f MPa, ~=
Cxhdr [55 mm Yo C=Fp = /55~ 27 2 J45.3 mm
_ {1453 -
6= £6, - (U3 142.2) - 138, MPa
_ V. . (ze.98~i0%) = 150 MP
A*.. Pol'ﬁ" B TN - dt‘ (31&“!0_3)(5_-8*’0“) - (-
R=1/(%)‘+ S = (69.05)405.0)° = 70.60 MPa
= § - , -
S 2+ R = G69.05+70.66 = 139.7 MPa, -




N

8.74 Knowing that the shear and bending moment in a given section of a W21 x 101

PROBLEM 8.74 rolled-steel beam are, respectively, 120 kips and 300 kip - ft, determine the values
in that section of (@) the maximum normal stress g,,, (&) the principal stress g, at
the junction of a flange and the web.

SOLUTION
M = 300 kip ¥ = 3600 kp-in V = 120 kips.
For W2Ix )0l shape d= AL3BCin  bez 12,290 in  Lp T 0.800 in
tu= 0.500in , I, 2920in", 5,7 227w, <c=4d= 10.68in
.M 3¢oo  _ ,
(Y Q. = T 7 g - 15. 86 ksi et
(b) Yo = C-L =7 9.88 in
6, = %56',,, = 4. 87 Ksi 7 236
Ay = bpt, = 9.832 in’ J=3(cry Vs 10.28 in
Q= Apy = 1010757

s Q. (120)(101.07)
7 T.te T (2420)0.500)

= 10,024 ks

R = 1/(9;*)‘+T.‘ 3 7/7.336% lo.024° = 12,421 ks
6w = B+ R 7 7336410420 = 19.76 ks -




8.75 The 6-kN force is vertical and the force P is paraliei to the z axis. Knowing that

PROBLEM 8.75 Tg = 60 MPa, determine the smallest permissible diameter of the solid shaft AD.

¥ SOLUTION
80 mm

o T

ZM,‘ = O
(Gr10*Y1s i ) - (goxio* 1P = ©
P = 7.5x%x10° N
Ovew Por“l‘?ovu gC
T=(6xlo*)7s» i) = 450 Nem

Forces in vertical P.Po.w\e

lGooo
A 3 < ‘.D]
K T
Hdoo FY-1~]
352LN-m
A e [ D

Forces in howizontad p}ame

Beund i ng moments

1500
l At B M=o 252%+ 240*
'y p - 424.0 Nem
2000 4soo > -
SHO N-w A+ C M = {5490° + 192
/2%‘/[\ = 57%2.1 N-m
A & c [+]

Criticad sectionis Joa'i' to the Lt ot qeas C

M= 573.' Nem T= 450 N-m JMTe T2 = 728.¢7 Nem
fdf = % JM’- "'Ta)--u
s (JHET T e 128.67 e s
% = .T’I_.C v T XL 12148 x[07° m
e = 19.77x107° m d= 2¢c° 32.6xt0 m = 395 mm —




PROBLEM 8.76

5041 1

Fovrces in hovrizoatalt p,’aue
333,33

T 666.67 a4z as l

876 The two 500-1b forces are vertical and the force P is parallel to the z axis.
Knowing that z, = 8 ksi, determine the smallest permissible diaeter of the solid
shaft AE.

SOLUTION
ZM, =0 Hs500)- 6P + WXSoo) = O
P B8G6.67 Ml
Torques: AB: T=0
x Be: T = 2(4Ysw0) = - 2000 in-dh
cD:  T=500) = 2000 indb

DE: T= 0

Forces in Ver+|'cap Pﬂane
c © ?

B
500 yI‘St:o Sool SOOT
/ 2500 - b

Criticad sections ave eithen side o

A
—

J o‘\'sk C.

T= 2000 indh. M, = 3500 in-dh
MJ:.- 4667 fn -’l)

+T* _ 4667+ 3s00%+ 2000

- T = 0.77088 in®

(578 in o~




PROBLEM 8.77

8.77 The solid shaft AE rotates at 600 rpm and transmits 60 hp from the motor Af to
machine tools connected to gears G and H. Knowing that 7, = 8 ksi and that 40 hp
is taken off at gear G and 20 hp is taken off at gear H, determine the smaliest
permissible diameter of shaft AF.

SOLUTION

&0 L,f, = (go)(ittoan
= 296 %/0* in - Mb /sec

{3 - GO0 VpPm

GO s2c fmin 10 Hz
Torgue on qear B
™ = P - 294 x 10°
8 T 2nf T n(io}
= 6302.5 indb.

Tov*qucs on 3eav~5 C MJ D

Te= £Ta= 4200.7 in- b
To= 2 Taz 2100.8 in b
Shaft tongues
AR: T, - ©
BC: Te = 6302.5 in-th
CD: T = 2160.8 indh
DE : TDE = O
Forces in vertict pfa.ne
A 1B c D & Gear torces
A i F:T: %:21003,"&
£12.7 l‘IOSb.-l 437.7 ® T Va 2 )
) _ Ta . _H20)7 _
e in I Fo= ¢ = =55 = loso.d )8
2450.9 i _ T _ Rioe.8 _ .-
Fom o= =5 = s25.2 b
A B 3 D E At BY ‘\]Mzz*' MJ: + T2
= J2450.9%+ £477.6° 4+ G302.5°
Ml::rce,:z:n :oriZom‘aJ plens —.-Jqsc;q in-db
L] O - y )
T ° S Y A Vi
h -
1 _ = -(g,gv_gh 3589.2% +c302.5*
A8 < B & = G495 indb (mamimom )
A 13 c
T Tws W T
. t L
3587. 2 _g.' z {.’CS . /M, +M., +T) ;':?5; [.1868 in®
G776
c=0.91 in o'? 2¢ = 1.822 in. -t

| ——

L

-
|

I_“WQ['

| S
i ]

M
-
i
|
1
8l
SN
/)
|
g
(
’
[ !
)
]‘
1
5
|
L‘



PROBLEM 8.78

8.78 The motor M rotates at 300 rpm and transmits 30 kW to the solid shaft 4B
through a flexible connection. Half of this power is transferred to a machine tool

connected to gear E and the other half to a machine tool connected to gear F .
Knowing that 7,y =60 MPa, determine the smallest permissible diameter of shaft 45,

Fovces iw

vertical P‘p‘“"e' 200
~
24591 13?7‘! t:e'zct
If A ¢ [ z)

M

Fav-cce. I howiZow‘i‘aj Pla\ne

122¢ 29717 l/ zcsi
| 1
" A C o [
530 5 N-w
2683 W

SOLUTION
SOOWPM = %’S‘?': 5 Hz
P _ zowx0® _ -
Tw = 7F = oy © 5T Nem

Torqucs o Seaws C awmd T
Tc = TD = ﬁTm = H77.5 N-m

S\ﬂa‘ﬁ‘ '\"W“i ves,

MA : Toa = 54,9 N-wm
AC: Tac = 954.9 N-w
CO: Teo = 4H477.5 N-m
D! Toa = O

Gear torces

Fo L. 925 | gqm N
= Vo  jaowio™S s

. Ta . 4725, .

Criticad FOM+ is Jus+ do the STt
of gean C

Tae = 9549 N-wm

M, = S30.5 N-m
M, = 265.3 N-m

SMI M 4TS = L29.d Nem

Cu ITC" Y M T

T . Ic 1/M,_ + M T
< Z Tt
_onzdll %

Tonlof T (R.735%[0 " wn

e = 22.85%i0°% m

d=20= 457%x102 m = 457 mm —-




8.79 Several forces are applied to the pipe assembly shown. Knowing that each
PROBLEM 8.79 section of pipe has inner and outer diameters respectively equal to 36 mm and 42 mm,
determine the normal and shearing stresses at point H located at the top of the outer
surface of the pipe.

SOLUTION
At the ser:‘"t'ovn Com'}ut'hinﬂ Poin+ H

P:C)‘J Ve = 10O N | \G:Q

M, ={0.450)(is0Y = = 67.5 Nem
My = (0250 Y100 ) = X5 N-m

Dimensions in mm M?_ - - (0.2‘25‘)(]00) T 22.5 Nem
M-
H %S do = 42 mm d; = 32 wmm
LS Nm
Co= Rl wm Ci = I8 rmwm
t T Lo CL = 3 mm
1ooN 22.5 M-m
A= m(et-ci)= 36757 mm = B67.57%/0°m'

=¥ -¢)= 103010 mm' = 70.30x10 " w' | T 2I= 140.59%(6 " v’

For half-pipe @< 5(ci-c2)7 286 xf0® mam> = 2. A8E k0w’
o My o (€28 )ixo?) . >
G, - ou ( CLS WD 2 = ; 20. 2 )MPa.
v o Te _(aas¥aixjo?®) _ - M
(-T:‘)T- J- - 'q.o.sq’ Io-\ 3.36 pﬂ.

@ _ (joo)(2.286xi0%)
%-E ) fﬂtﬁ.‘ﬁato"’)(g v ) 0. 54 MPe

Net 2, = 3.36 - 0.54 = 2.82 MPa e

Due +o torgque

Dve +o shear  (T))y

20.2 MPa

= 2.82 MPa

]
!




C 1 1
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PROBLEM 3.80

Fovces
250
A“' Poi wi

H
Cooples
N
H 5, =
7, = g-“:
27.3)

—{
i

< =

l H3.66

8.30 A vertical force P of magnitude 250 N is applied to the crank at point A.
‘Knowing that the shaft BDE has a diameter of 18 mm, determine the principal stresses
and the maximum shearing stress at point H located at the top of the shaft, 50 mm to the
right of support D

SOLUTION

Fawce-coup}e s\ys‘}ew\ at the centrovd oF the
section conlain |\v\3 Pofaa'}' H.

b= O 5 VJ:—-ZSD N, V, = O

M, =-{ 125 - 50 +25)(15*)(250) = ~25 N-wm

My = = (200 sin60°)(10° X250 = - 43.30] Nem
dz 18 mm C=gel= Tmm

T= ;IC" = 5,153 x40° mm’

43, %01 N-m = 5,153 210 W'
J= 2T = 10.306%/0 m'
MzY . (—25)¥axio™*) -
"__T_,,j R = 43.66 MPa
. (43.%)1)(ax107®) _ ,
) tto.soexz:)‘* = 3781 MPa

6": - %6:. - Ql.%g MPe
R - /(’_‘&2&5’)" +(22.81) = 43.66 MPa

G 6, + R~ £5.6MPa —-
G:= S -R = -2.8> MPa e
- 2% _ __15.82 _ . ..
tan 297 i 43,66 1. 7330
A G 6,= 30°, By = 120°
T = R = 43,7 MPa -




PROBLEM 8.81 8.81 Knowing that the structural tube shown has a uniform wall thickness of 0.25 in.,
: determine the normal and shearing stresses at the three points indicated.

SOLUTION
b 2 kips
1.2 k‘-":s ' l &0 ki;—hn f !30 k~'p-§h
' Shear Bam\inﬁ moment
Yy
b s Gin b‘; : b, -2 =85.5n
2 Fx oF 3in, h;, = h -2t = 2.5 in
I, = =(bhd-bh*) = €.8385 " I, = mlnbd-hb’) = 19.3385 in*
Normat stresses @) %?&—% = =1l6.491 ks enth
o Mex M,z (o)¥-2.75) _ (30)U.5) . .
€ - 1-1 I* (‘O) 19. 3385 G.3385-) 15.63 ks
(co)(0)  _ (30)(L.5 _ p —
©) e zzss C.3385 Tle ks
Shearing stresses (&Y Point a is an ovtsicle covwen; .= O —
Direction of slaea-r\'nj stresses
. - =g — S
= ~ ezl \ v
2 Doe 4o V, 12 Vps ¥ Due to V,

At por nt h . l

Jreste L

Qqp = (153025 ¥(2.875) = 1.073] i | QT (2.75)(0,25)(1.375) = 0.9453 i

Vi@  (3)1.0781)  _ 4 A oa L Vi@ (.2)(0.7953) _
ﬁ.ov,;-' T.E C(1%.3385)0A8) 0,65 kst Tb,\k' T L {G—'W) = O0.71¢ bs:

A3 Poin‘t c E A ?ofv\'} c (sjmdr‘y o-u.\’s]
' ’Zc)v,_ = O

Quer Qo+ @702 (H) ,
= 2.023% n3 Net SLeqow:) stress ot Po[.m't's _b_ and

C
v (3N2.0188) _ : .
Tew * f[i% = (aasnBan - 1% bsi Th= O.716- 0.66% = 0,047 kst~

T2 L256¢ ks -

=




[

PROBLEM 8.82 8.82 For the post and loading shown, determine the principal stresses, principal planes,
! and maximum shearing stress at point H.

SOLUTION

CaMponen'h of force of Poin‘f C.
Fe 750 cas30° = 43.20) kN
F, = -850 sin 30° =-25 k¥, F = - 120 kN

Section forces and coulo.pes at the section
Con'*a.infn-j Pol'n+s H oawd K.

P = 120 kN (caupre.sst‘av\)

Ve = 43.301 kv | Ve = =25 kN
My = -(25(0.275) = - 9.375 kNewm
MJ = O
*r - (42.20) ){(0.375 )= - 16.238 kiN-
120 kV M. ( )( ) | m
25 kN 9,375 kN

16.238 kN-m

A= (locYiso)= IS x 102 mm:

H 43,30] lw = 15 X[Oha Mg

Fovrces Cou 25’25
' I, = % 050)100) = 12.5% (0% m™
Stresses i Poin‘i H = 2.5 x [O°° m*
__ P Mz _ _(120x0% _ (-9.315x10° )Soxic?)
G. - A f" h Ls—,“o_al 'Q's‘,‘lo-‘ - 27-5 MPQ-
.3 Ve . 3 43 30 |xi0? _
/L:‘ = 2 "AE‘ 2 ’5*’0.5 L".33 MPO-
29.5 MPa,
N 6. = %6u= 1475 MPa
A 4.2% MP .
I R= (&) 4.38" = 15.37 MPa
I G, = 6¢+R= 30.1 MPq el
T
G, G.-R~ - 0.62 MPa et}
Y MZBPf%—:no.zase
H
8 = A_g O,=-82" 6,-3%.8° -
* T = B = 15,37 MPa et

i,




PROBLEM 8.83

¥

120 kN

50 mm
LI

a0°

8.83 For the post and loading shown, determine the principal stresses, principal planes,
and maximum shearing stress at point K.,

SOLUTION

Camponen‘l's of ‘pof‘c.e at po:‘n" C
Fx = 50 cos 30° = 43 ,30] WV
B =-50 sin30°= -25kV 6:*'20 leN

Section Fonrces and coopﬂes at the section
C‘.on"‘a.im'na Por‘n'f'a H and K.

P = 120 kN (compression )
Vi = u3.301 kN, V, = - 25 kN
My = - (25Y(0.378) = - 9.375 kN-ew
My = ©
M, = - (43.301)(0.375) = - 16.238 kN. m

120 kN
25 kv 9.375 kN-ws 5,238 kN-m
A = (100)Y150) = 15 %10 mm?
43,401 kN K = 15 %10"* m*
{
Forces oples I, = 7 (100)(156)% = 28.125 % 0% am*

Stresses ot ?oin'} K

T 28.125 = 1o7 wmt

120x10% (L (6.238% 1?75 x5*)

- - Mx _ _ - -
S = -E * Iz-:_ ) ISxio-* 28.125 ¥ jo~¢ = ~51.% MPa
- 2V _ 3 asxios
’tn 2 A S § Swio-® 2.5 MPQ.—
SL3 MPo.
=t» 2.5 MPa e = 56T -25.65 MPa
K - 1, 3\* - .
j--;— R = 7/(zii—-) +(2.5) 25.77 MPa
v G+ 6.+R = 0.12 MPa -
61"' SG'R’ “ Sl H MP&. ~th
tan 26p ,_2_6,2__ = 0.09747
Y }'&-—'6 B
) c X 6, 2.8° 8, 92.8° —
T = R = 25,8 MPa ——




]

PROBLEM 8.84

A= Te = 0.50265 in"
p I=- %= 20.106x10" in’
2500 Ab. e 1500 Jb-in 1500 Jb- in T2l qo.alqg[ds iy
Ferses -(-:2‘-’—?-1'55‘- For sem; eincfe Q= %c‘ > 42.2C7 %S i
(@) At point Ht  Gu= -E' * "?'Q : 'ofgc?:es: ('37;53';): 24.87 %10° par
Ta = 1—}-‘?- = 5‘—%}}?{% T 4. 92%(O° psi
4.92 kai Gun s 24B2 . 12438 ks
%Z‘F_{*-m kst R = J(ij‘é‘?)z'* (1.92)° = 19.423 ks
e ® Sae +R = 3.9 ks¢ et
G = Con =R = -6.99 ksi J—
O %:(5'»-“-6;:»} = 1942 ks —
(&) At point K: Gy = —E = —;%3—;;; = - 4.974 %10 pai
G T g0 UEREY. ] - conot
> 16,512 ks Guve = = ﬂ'-%"-ﬂ = - 2487 ks
_f K T ke R = LY s (e.52)" = 16,698 kss
- Goe = 6n v R = 14.2) kst -
Guin = Ouve - R = -19.18 ksi —
Loen = % (Goon -G Y= 16,70 ksi t

8.84 Forces are applied at points 4 and B of the solid cast-iron bracket shown.
Knowing that the bracket bas a diameter of 0.8 i., determine the principal stresses and
the maximum shearing stress (@) at point H, (5) at point £,

SOLUTION
At the section cov\'}m'm'nj \:oin+s H and K
P = 2500 AL (Compnssa‘on)

Vy = =600 fb W= O
M, = (3.5-1)cooY) = 1500 &b in
Mj = 0 M, = -—(2-53(600\) = - 1500 Ab.in

zJio’ = 0,4 n




PROBLEM

3.C1 8.Ct Let us assume that the shear V and the bending moment M have
been determined in a given section of a rolled-steel beam. Write a computer
program, to calculate in that section, from the data available in Appendix C, {(a)
the maximum normal stress @,,, (b) the principal siress o, at the junction of
a flange and the web. Use this program to solve parts a and b of the following

problems:

(1) Prob. 8.1 (Use V = 400N and M = 100 kN * m)
(2) Prob. 8.2 (Use V = 200 kN and M = 100 kN - m)
(3) Prob. 8.3 (Use V = 320 kips and M = 32 X 10°kip * in.)

(4) Prob. 8.74.

SOLUTION

W@ Qﬂfﬁf’{'ht SlVfﬂ \/C(/Ul?ﬁ O'F Vd?r?d M Ob?‘aln ‘Ffom HPPW:J;){ C 7%6

valves 6f d, by, ts  t,

PROGRAM QUTPUT Y

Prob. 8.1

Given Data:

v 400 kN, M = 100 kN.m

d 252 mm, bf = 203 mm

tf = 13.5 mm, tw = 8.6 mm
I 87.30 (1076 mm™4)

n

nn

S €93.0 (1073 mm"3)
Answers:

{a) SIGA = 144.3 MPa

(b) SIGM = 250.1 MPa <=
Prob. 8.3

Given Data:

VvV = 320 klpE, M = 32000 kip.in.
d = 36.74 in., bf = 16.65%5 in.

tf = 1.680 in., tw = 0.945 in.
I = 20300 in"4, 8 = 1110 in"3

Ansawerg:
(a) SIGA = 28.8 kei -~
{b}) SIGM = 28.5 ksgi i

_T) and § for the given WF 5hdf7@-
We Compute c=djz,

c-4,

U = /"1/5 ) GZ:' C;'(Q»A/C)

Qe
1

b Ty,
From Mohr's civale :

(/;,, - 2"— C + R
0\ ey :21 -l'\/( ‘6)&—'}2\;
Prob. 8.2

Given Data:

V = 200 kN, M = 100 kN.m
d = 252 mm, bf = 203 mm

tf = 13.5 mm, tw =" 8.6 mm
I = 87.30 (1076 mm"™4)

8 = 693.0 (1073 mm™3)

{a) SIGA = 144.3 Mpa <
{(b) SIGM = 172.7 MPa <}

Prob. 8.74

Given Data: L
Vv = 120 kips, M = 3600 kip.in.
d = 21.36 in., bf = 12.290 in.
tf = 0.800 in., tw = 0.500 in.

T = 2420 in“4, S = 227 in"3
Answers: )
(a) SIGA = 15.86 ksi <4
{b) SIGM = 19.76 ksi =

Y

]

—,

P

2T

O

,,,,,

LJ [

1,

1

[

— -



PROBLEM 8.C2

8.C2 A cantilever beam AB with a rectangular cross section of width b
and depth 2c¢ supports a single concentrated load P at its end A. Write a com-
puter program to calculate, for any values of x/c and y/c, (@) the ratios o,/
and o /0, where o, and o, are the principal stresses at point K{x, y) and
', the maximum normal stress in the same transverse section, (b) the angle 6,
that the principal planes at K form with a transverse and 2 horizontal plane through
K. Use this program to check the values shown in Fig. 8.8 and to verify that o,
exceeds o, if x = 0.544c, as indicated in the second footnote on page 499.

SOLUTION

Since fhe digtribution of the normal stresses

is “f’;{f-‘)\.f') We have = 0\”1 (g;/::) (1)
where O - Mc - FPxc 2
m= 7 I
_3FP/-EY) 3
WEU&@E?((S)»{)PQ ‘C‘.__Zi?if(! CZ)") ),
Dividvie (3) bcf (2): e 3:{ [~ (3re)*
” g, 2A Xxc
o, oiee I = BLOP - 1 T (S 4
A b (20 3 Upm /¢
Letting X =a/c and Y=4/c, £75 (1) and (4) yreld
=7 AN L2 48
P, “= Y Ry a
(/Fh:'n_\‘ Cinox U,jiﬂj Mohr's circle, we <alcol ale
/ R :‘/[%O)Z-I—(C\z
Al 1 ¢ ,
—onz
7I e
G a0 o ~
Z e ? mox — 1 m_IveR
d G 7K Gz
fa” 206 ::‘: - .IHY I ./”\f'z =1 - L’f ’
F Sf  ZX(v2) XY ?D zmq XY) Y -

NOTE
For 4 >0, the angle z9P is 5 which is oppo&n‘@-h) what

was arbitrarily assowed in Fig. P8 c2,

(CONTINUED)




PROBLEM 8.C2 CONTINUED PROGRAM OV TPYTS,

For x/c = 2 For x/c = 8

y/e Sigmin/Sigm Sigmax/Sigm Theta§ y/c Sigmin/Sigm Sigmax/Sigm ThetaD
1.0 0.000 1.000 0.00 1.0 0.000 1.000 0.00
0.8 -0.010 0.810 6.34 0.8 -0.001 0.801 1.61
0.6 -0.040 0.640 14.04 0.6 -0.003 0.603 3.80
0.4 -0.090 0.490 23.20 0.4 -0.007 0.407 7.35
0.2 -0.160 0.360 33.69 0.2 -0.017 0.217 15.48
0.0 -0.250 0.250 45.00 ¢.0 ~0.062 0.063 45.00
-0.2 -0.360 0.160 -33.69 -0.2 -0.217 0.017 -15.48
-0.4 -0.490 0.090 -23.20 -0.4 -0.407 0.007 -7.35
-0.6 -0.640 0.040 -14.04 -0.6 -0.603 0.003 -3.80
-0.8 -0.810 0.010 ~-6.34 -0.8 -0.801 0.001 -1.61
-1.0 -1.000 0.000 -0.00 «-1.0 -1.0Q00 0.000 -0.00

To check that Gma; >G if x<0.5%Fc we rvn the fﬂﬁ’f‘dh’l

for Z/c =0.54% and for X/ = 0.545 and observe that
Omax /¢, exceeds 1 for several valves of y/c in the frrst
case, put does not exceed 1 in the second case.

For x/c = 0.544

y/c Sigmin/Sigm Sigmax/Sigm Theta?
0.30 -0.700 0.9997 39.92
0.31 -0.690 1.0001 39.72
0.32 -0.680 1.0004 39.51
0.33 -0.670 1.0605 39.30
0.34 -0.660 1.0005 39.09
0.35 -0.650 1.0003 38.88
0.36 -0.640 1.0000 38.66
0.37 -0.630 0.9996 38.44
0.38 -0.619 0.9990 38.21
0.39 -0.608 0.9983 37.98
0.40 -0.598 0.9975 37.74

For x/c = 0.545

y/c Sigmin/Sigm Sigmax/Sigm Thetaﬁ
0.30 -0.698 0.9982 39.91
0.31 -0.689% 0.9%986 39.71
0.32 -0.67% 0.9989 39.50
0.33 -0.669 0.9990 39.29
0.34 -0.659 0.9990 39.08
0.35 -0.649 0.9988 38.87
0.36 -0.639 0.9986 38.65
0.37 -0.628 0.9982 38.42
0.38 -0.618 0.9976 38.20
0.39 -0.607 0.9970 37.96
0.40 -3.596 0.9962 37.73

[




PROBLEM 8.C3 8.C3 Disks Dy, Dy, ..., D, are attached as shown in Fig. P8.C3 to the
solid shaft AB of length L, uniform diameter d, and allowable shearing stress
7, Forces P, P, .. ., P, of known magnitude (except for one of them) are ap-
plied to the disks, either at the top or bottom of a vertical diameter, or at the left
or right end of a horizontal diameter. Denoting by r; the radius of disk D; and
by c; its distance from the support at A, write a computer program to calculate
(@) the magnitude of the unknown force P, (b) the smallest permissible value
of the diameter d of shaft AB. Use this program to solve Probs. 8.75 and 8.76.

P, D

SOLUTION z -

|, Determine +he ynknown Fore P by e7uaj’m3 fu Zerd
fhe svin ¢f Their fc)r«?l/es T, about the xaxjs.

2. Determine fhe CaVH/ODn‘én‘f‘s (@);aa’ad (Fg)imrdﬂ foregs.

3, ‘Déft?rmfr{e he cumf)onm ts /\;L anid Hé of reactitn at A
by sommiing Woments aboot axes B2’yz and By :

FM,z0: =Ry L-2(F) (L-¢)=0, AJ:——Z’- 20 ); (L-¢)

E M08 Ak r 2 (L= )= 0, Ap= - L Z(F) (L-¢)

4, gf’f:":i’;‘"’%fﬁ;’g)i >(/‘/1,_;)L.,dua/ forgue T; just fo the left
(Mg)z = A, c ¢ % (Ff)k <c - >

()= =Py E ) < -
7; =‘%7; <G~y
where < > indicafes a 5ivv3ularif7 funchion.
b The minimun diameter A required to the [e ft of D; Js
ob teuned by firsl Compuf'”gi%); £rom E? (87)"
() VORI
c i -

Call

(CONTINUED)




PROBLEM 38.C3 CONTINUED

4
6 Recalling that J=5T¢" end, thus, thf(g_')i:%

We hqve

c. =2 (J 3 , — l:
;=7 (D)7 and d; - 4 (T)"
This 1 The requ;‘red diameler just fo the et of disk D;
7, The required diameter just to the right of disk D; s

3
fic

]

L?

obtilned by replacing T With 721” i the above aomFuTa'h'on.

8. The smallest f)er‘mfbsf'&k Valve of The diameter of the
shaft is the largest of the valves sblained for 4.
[A

PROGRAM OUTPUTS

Prob. 8.75
Length of shaft = 300 mm
TAU = 60 MPa

For Disk 1

Force= 6.000 kN

Radius of disk = 75 mm
bistance from A in mm = 80
For Disk 2

Force= 0.000 kN

Radiusg of disk = 60 mm
Distance from A in mm = 180
Unknown force= -7.500 kN

AY¥Y= 4.400 kN, AZ= -3.000 kN
BY= 1.600 kN, BZ= -4.500 kN
Just to the left of Disk 1
MY=-240.00 Nm

MZ=-352.00 Nm

T= 0.00 Nm

Diameter must be at least 33.07
Just to the right of Disk 1

T= 450.00 Nm

Diameter must be at least 37.47
Just to the left of Disk 2
MY=-540.00 Nm

MZ=-192.00 Nm

T= 450.00 Nm

Diameter must be at least 39.55 mm

Just to the right of Disk 2
T= 0.00 Nm
Diameter must be at least 36.51

mm

Prob. 8.76

Length of shaft=
TAU (ksi)= 8
For Disk 1

Force = 0.500 kips
Radius of disk = 4.
Distance from A= 7.
For Digk 2

Force = 0.000 kips
Radius of disk = 6.0 in.
Distance from A= 14.0 in.
For Disk 3

28 in.

(=N w]

in.

Force = 0.500 kips
Radius of disgk = 4.0 in.
Digtance from A= 21.0 in.

Unknown force= -0.667 kips

AY= 0.500 kips, AZ= 0.333 kips
BY= 0.500 kips, BZ= 0.333 kips
Just to the left of Digk 1

MY= 2.3333 kip.in.

MZ= -3.5000 kip.in.

T=  0.0000 kip.in.

Diameter must be at least 1.389
Just to the right of Disk 1

T= 2.00 kip.in.

Diameter must be at least 1.437
Just to the left of Disk 2

MY= 4.6667 kip.in.

MZ= -3.5000 kip.in.

T=  2.0000 kip.in.

Diameter must be at least 1.578
Just to the right of Disk 2

T= -2.00 kip.in.

Diameter must be at least 1.578
Just to the left of Disk 3

MY= 2.3333 kip.in.

MZ= -3.5000 kip.in.

T= -2.0000 kip.in.

Diameter must be at least 1.437
Just to the right of Disk 3 «

T= 0.00 kip.in.

Diameter must be at least 1.389

in.

in.

in.

in.

in.

in.




PROBLEM 8.C4 8.C4 ‘The solid shaft AB of length L, uniform diameter d, and allowable
shearing stress 7, rotates at a given speed expressed in rpm (Fig. P8.C4). Gears
G,Gy. .., G, are attached to the shaft and each of these gears meshes with
another gear (not shown), either at the top or bottom of its vertical diameter,
or at the left or right end of its horizontal diameter. One of these other gears
is connected to a motor and the rest of them to various machine tools. Denot-
ing by r; the radius of gear G, by ¢, its distance from the support at A, and by
P, the power transmitted to that gear (+ sign) or taken off that gear (— sign),
write a computer program to calculate the smallest permissible value of the di-
ameter d of shaft AB. Use this program to solve Probs. 8.25, 8.29, and 8.77.

SOLUTION
I, Enter ¢ in rpm and defermine fre7uenfj F=w/60
Z. For each gear, deternime The torque T, = P /274,

where P js +he power H’)Fuf- (+) or am’Pu-t (-)at the gear.

3. For each g ear, detfermine 7he force FL /g exerted
on the gear and its cOm[sawewi’s (Fy); amt(F)
4., Determine the COWIPDHen"fj ch emd ﬂ of reaction at A

15?’ Suwming monents gbhovl axes Bz’ //22 and ﬂg //g
ZM,=02 ~ApLe 2R (L-e) 70, Ay =L 3 (R), (L-¢,)

ZMJ,“D A, L+Z(F) (L-c:)=0, Ay = -2 Z(F) (L=c:)
5. Determine (M ); » (Mé);,) and 'f"ortfue_l;: vaf To the [eft-

of-g’ @L'
(M), = Ae, + 2 (R), < c-—-ck>’
(M ==~ Ay ¢ (r)k<c. >

Z <C¢ -Ck>

Where < > lhdnca!‘es a Sf‘mgula.rfﬁ/ functron.
(CONTINUED)




PROBLEM 8.C4 CONTINUED
§, The minimum g iameter ref/u;'rf'd To #he feft of C’fi I
phteded by firet computing (T/c3; from E‘f'(&-/):

TN z <2
}/(}"_1¢5'>I + (MQL‘ + Tl')

—

Z)

£ Call ]
£ , I
7. Recalling that J:é e’ and , Thus, Thal (E‘z)l‘ =5 fic,
|
we hae C =2 (I < and o = EAVAVANZ
[4 7r ¢ l‘ L‘ 7]_ \\E/L- @

Thie i< Ale r€7uir’r=z/ ﬂir'dmg’/erj--()s'lF o The feff _ﬁ?{gr@m- 62

B. The required dt‘a‘m«;efer\f'ugf fo the rignt of car & s
O btacned /57 fé;O/JC:'nj 72 Wi th T,E-H in The abore CamFUTaT!'&n ,
9. The smallest permiscible valve of the diameter of +he
Shaft is +He L@(¢ﬂ_ of the valves obtaived for d; -

PROGRAM OUTPUTS

Prob. 8.25
Omega = 600 rpm
Number of Gears: 2

Length of shaft = 400 mm
Tau = 60 MPa

For Gear 1

Power input = 80.00 kW

Radius of gear= 80 mm
Distance from A in mm = 120
For Gear 2
Power input = -80.00 kW
Radius of gear= 60 mm
Distance from A in mm = 280
 AY= 11.141 kN, AZ= 6.366
BY= 4.775 kN, BZ= 14.854
Just to the left of Gear 1
MY= 763.5%4 Nm
MZ= ~1336.90 Nm
T= 0.00 Nm
Diameter must be at least 50.75 mm
Just to the right of Gear 1
T=1273.24 Nm
Diameter must be at least 55.35 mm
Just to the left of Gear 2
MY=1782.5%4 Nm
MZ=-572.96 Nm
T=1273.24 Nm
Diameter must be at least 57.71 um
Just to the right of Gear 2
T= 0.00 Nm
Diameter must be at ,leasgt 54.17 mm

(CONTINUED)
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PROBLEM 8.C4 CONTINUED

Prob. 8.29
Omega = 450 rpm
Number of Gears: 3
Length of shaft = 730 mm
Tau = 5% MPa
For Gear 1 :
Power input = -8.00 kW
Radius of gear= 60 mm
Distance from A in mm = 150
For Gear 2
Power input = 20.00 kW
Radius of gear=100 mm
Distance from A in mm = 375
For Gear 3
Power input = -12.00 kW
Radius of gear= 60 mm
Digstance from A in mm = 600
AY¥= ~0.849 kN, AZ= 4,388
BY= -3.395 kN, BZ= 2.688
Jugt to the left of Gear 1
MY= £57.84 Nm
MZ= 127.32 Nm
T= Q.00 Nm
Diameter must be at leasgt 32.52 mm
Just to the right of Gear 1
=-169.77 Nm
Diameter must be at least 40.00 mm
Just to the left of Gear 2
MY=1007.98 Nm
MZ= 318.31 Nm
=-16%9.77 Nm
Diameter must be at least 46.28 mm
Just to the right of Gear 2
T= 254.65 Nm

Diameter must be at least 46.52 mm 4

Just to the left of Gear 2

MY= 403.19 Nm

MZ« 509,30 Nm

T= 254,65 Nm

Diameter must be at least 40.13 mm
Just to the right of Gear 3

T= 0.00 Nm

Diameter must be at least 39.18 mm

Prob. 8.77

Omega = 600 xrpm

Mumber of Gears: 3

Length of shaft = 24 in.
Tau = 8 ksi

For Gear 1

Power input = 60.0G0 hp
Radius of .gear= 3.00 in.

Distance from A in inches = 4.0
F¥= o
FZ = 2,100845

For Gear 2
Power input = -40.00 hp
kadius of gear= 4.00 in,

Distance from A in inches = 10.0

FY¥w 1.050423
F2 = 0

For Gear 3

Power input = -20.00 hp
Radius of gear= 4.00 in.

Distance from A in inchea = 18.0

FY= 4]

FZ = -,5252113
AY=-0.6127 kips, AZ~-1.6194 kips
BY=-0.4377 kips, BZ= 0,0438 kips
Just to the left of QGear 1

MY= -6.478 kip.in.

MZ= 2.451 kip.in.

T= 0,000 kip.in.

piameter must be at least 1.640
Just to the right of Geaxr 1

T= 6.3025 kip.in.

Diameter must be at least 1.813
Just to the left of Gear 2

MY= -3.589 kip.in.

MZ=~ 6.127 kip.in.

T= 6.303 kip.in.

Diameter must be at least 1.822
Just to the right of Gear 2

Ta 2.1008 kip.in.

Diameter mugt be at least L1.677
Just to the left of Gear 3

MY= 0,262 kip.in.

MZ= 2,626 kip.in.

T= 2.101 kip.in.

Diameter must be at least 1.290
Just to the right of Gear 3

T= 0.0000 kip.in.

Diameter must be at least 1.189%
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PROBLEM 8.C5

=

fe— > —f LQ——J'——FI

8.C5 Write a computer program that can be used to calculate the nor-
mal and shearing stresses at poimts with given coordinates y and z located on
the surface of a machine part having a rectanguiar cross section. The intemal

- forces are known to be equivalent to the force-couple system shown. Write the

program so that the loads and dimensions can be expressed in either SIor U.S,
customary units. Use this program to solve (a) Prob. 8.50, (b) Prob. 8.53.

SOLUTION

EnTEr: b arp b 2 2
Prosepr: A=bh Ifj: b 4/'2 122 bh A.?

For Rein7s on SURFACE, EENTEE uoany 7

No7é ﬁm: 2 AMUST f‘ﬂ?/;r—y CNE OF [FOLLrn 1!
2o Wy arnp B by (n
OR 2%= by A 3’ *e LY {z2)

[F Lr7mer () ore (2) ARE SATISFYED, o/ PUTE
F My2 Moy

T= -+
e I, I,

V7 "A/# THIREA PORT [5 ON VERTIEAL SLIFREFACE ahg
5(7 “/(E“’“-‘UE = b( L )

V, G2
= Y e
7 7. b

/F “er /):?/f y TR Laim 2 15 mﬂo/?fza/vmz 5L e Fﬁn— Ak
PN E IS sl b bl -2

VG @3
I,k

—

CONTINUED
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PROBLEM 8.C5 - CONTINUED l Y

Ego& & S L
Fapm K

Forcir-Coveié e min

F 24 kipe Vy= =3 kps Va: 7 kips
/‘»43: ~(2pp) 1) = B> Ao i, My ~ (GRS =417 )7 = F3 R fpity,

fars & y=Rin  gc-Zin
Problem 8.50

Force-Couple at Centroid
P = -24,000 kips
MY = -30.000 kip-in. MZ
VY =

=33.000 kip-in.
3.000 kips vz

2.000 kips
4+ + + 4+ o+ o+ + + + 4+ + + + + + F o+
At point of coordinates: Yy = 2.000 in, z = =-2.000 in.
sigma = 1.792 ksi
tau = 0.104 ksi

+ 0 #

_______________ R e I JE U,

PrRopler 5,52 %'a
pPonT H |

‘T
h

V=50 LN
Mys (0PN O 1om) = 2 BN oo
M= (12044 0.050m) (o RmXO M) = J)AN 2
Eonr rd \{j: 2O 2n 2= 30 meam

== 204N

SN CE - o p i e FEM

Problem 8.53 Force-Couple at Centroid

P = -120000.00 N
MY = 2000.00 N-m MZ = 11000.00 N'm
VY = 50000.00 N VZ = -20000.00 N
+ + + + 4+ + + + + 4+ + 4+ + 4+ + 4+ 4+ + 4+ A+ F A+ F
At point of coordinates: Yy = 20,00 mm =z = 30.00 mm
sigma = -14.352 MPa
tau = 9.259 MPa




PROBLEM 8.C6

(/20 mw) 38

N ]
(120 mm=d)sin30 t

8.C6 Member AB has a rectangular cross section of 10 X 24 mm. For

the loading shown, write a computer program that can be used to determine
the normal and shearing stresses at points H and K for values of d from 0 to
120 mm, vsing 15-mm increments. Use this program to solve Prob. 8.35.

SOLUTION _ sl—k- /Zemm  rpopac smeqmors

_ LN TER ' &
R4t A= (0.010 w J0.02%m)= 740 x16 m >

v o #
}[O.MOﬂIO.OZ‘r‘W)/Z-‘ /38.2%X10 s

.z
o = O‘S‘(O,ézﬂ'm).e [Z 10 o9

EOMPUFE REACTION g #,

QBN +)ZM8=0: ) -
(9-pom)120d) S1t7 2= Az lps = 0

/< 176 o = o e
pommd a=in 29 4 o

|

FI2EB Ropy FRem B 7o SECTION O TRININE FOPNZT A Bran KR,
ThN

Depwer  JF d<@omm 7HEN STP=] FLsF s7TRP=0

FPOLrAM FORCE-COLPLE  SYS TEM

(90 wm) 0520 /= —A s 30“- (9-AN )co.s 2°(e )
{ h/ Y= - Aces2” +( 0-m)sin20” (STP)
Y o
‘/}’M M= A (Eoomm)coszoa = (SRAYES 7w - ) STn 30 (57P)
(80 -cf) LD—’I\ f
- A7 POINT M T
V=t h = 2 v/A
AT PoINT K@

FPROLRAM OUTPUT

To=+Fh =M T=©

Problem 8,35

Strasses in MPa

d Sigmal TauH  Sigmak Tauk
m
0.0 -43.,30 0.00 -43.30 0.00
5.0 -41,95 3.52 -65.39 0.00
30.0 -40.59 7.03 -87.47 0.00
45.0 -39.24 10.55  -109.55 0.00
60.0 -37.88% 14.06 ~-131.64 0.00
75.0 ~36.54 17.58 -153.72 0.00
90.0 =2.71 -7.03 -96.46 0.00
105.0 -1.35 -3.52 -48,23 0.00
120.0 0.00 0.00 0.00 0.00




PROBLEM 8.C7 *8,C7 The structural tube shown has a uniform wall thickness of 0.3 in.

A 9-kip force is applied to a bar (not shown) that is welded to the end of the
tube. Write a computer program that can be used to determine, for any given
value of ¢, the principal stresses, principal planes, and maximum shearing stress
at point H for values of d from ~3 in. to 3 in,, using one-inch increments. Use

r
L

[ 3

this program to solve Prob. 8.72a.

L
SOLUTION 4 o

Rectangular tube of uniform thickness t = 0.3 in,
Outside dimensions

Horizontal width a = 6 in.

Vertical depth b = 4 in.

Find normal and shearing streses at
Point H {# = 4, ¥ = b/2)

Problem 8.72 Program Qutput for Value of ¢ = 2

Foves ~Cour F Sys7EM
FEANTER

y‘rsh&uu'¢
[ /l /(4};—'" (7/2’:’;.‘9)(?’0 f;'ﬂ-)
9 kips l‘/ P - ?0,@,;;, i,
7—:: / ?ﬁ\'f’;; [
]-—-—' a=ém. —-»-1 dJ
=
T [ —\l APEs ErcloSED 1.- === 7."_"‘1
b= I 7 =0:30m, ’ A= ((l.*'tXé-é) 7;_:: SoEARIIL ‘l T T
A ; — _ STRESS DVE
...‘.If_. L'"'““ _ T T’-" / = 7€ . T FEISIaA J.-‘__’ e — _,,_f
o T PR T
= i I o
° . A b _ —
T INSNNN JR—t Q:' ('z'" '5') ;o esr =P,
— - - ‘g »
b ' ‘7?' z 7= ab:ylz ~(r-22 b~ 2L & , %
J_ Z 7= VA Tz SHEMUN S Tk 4] j
b | Yy Tt ouk 70V s —p i T
‘4——— (B X
A (b) ...;-l—- T ™ 7‘.7‘ = TV
. _ e L2 e
Exioipe: T = < T i 1 Hooa
P TIneipL ST ESSES - . ; e
G;\vg_- .:;..(]-; ; Q'—'-V (a#) * ?;DMLM
. [y ot ’)‘nmu.) . G2, o
G;):a.j: q:wfe e ; Q-;ﬁn: 0—;‘“’ - £ ? @PE E LLGH Uzwe 2 7’-;0#: ( 2 ) * 77‘5714»

Vertical load P = 9 kips; line of action at x = -C

.85 in.

d gigma tauV tauT tauTotal sigmaMax sigwaMin tauMax theta p

in. kai kai ksl kai ksi kei ksi degrees
~3.00 12.58 -3.49 -2.03 ~5.52 14.65 ~-2.08 8.36 -18.49
~2.00 12.58 -2.33 -2.03 -4 .38 13.94 -1.36 7.65 -16.00
-1.00 12.58 -1.16 -2.03 -3.19 13.34 -0.76 7.08 -12.78

g (. Q0 12.58 0.00 -2.03 ~-2.03 12.89 -0.32 6.61 w8 .73 ——

1.00 12.58 1.16 -2.03 ~0.86 12.63 ~-0.06 6.35 -3.89

2.00 12.58 2.33 -2.03 0.30 12.58 -0.01 gig 232






