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2.: d.;'@ = O;i .‘_62" +£&

Ccont)




2.11 Cont.

ng Ega-(b), we oflacn

2 Z 7z 2 z 1
Ix tg; + 0 :U;X+@Y*0;&+1@;+10;§+20;2

m 2
Ix +Jy v 0z = I —21,
w Aene
T, = Gt Gtz
Lo = Gonlyy 0t Oy Oy =Gy =G0y

W'o" 2105k o0 + 7085 =D (b)
W 2 (forenisi clipues) of Ey-B) ane

07 = 15467, 05 = 10043, J, = -4 530 tmpa) (e)

Fri e proncijent dikelin (R mn) acdscield) wath
aq, mmw

~0-467L-3m=0

—3L-194¢M +n =0 6
m-5.u1Nn =0
/Ql""mt-l"r)" = )
Do ol A Ep-@)
{=30.9874, M=t 01537, N=20.028I
[Cont.)




2’;0. z:'on‘l' SAM WM ‘/%
*’Q‘W@ aned sasreaded w
Wuw\DﬁA @) %WWWWM

Toway = L(6-7 ) = 10.0 MPa

Aty fy Bgo.C)anl 3. 22), we hrene
T loce= (GG G -G)+(G-6) = C 4204
" ?:)C-f =@, U5 MPa

12 b By Table P2.12b, Ty = 10 MPA, @y =S Mea, Gyy==5M1.

B

?L",_o;ﬁyy:z;j L, =Txxlyy = o';y__ =15, I,=0

Wence, 3T CoL,-L=0isr>750=0

s (5 sT=75) =0
50, d’,’: //.Qa-) 3. = 0, [;:——é.é_l(f @)
Ty B Hheny of ploe shaoe (592 )], Hho
20%
dan 26 = Fxf%y ~ 4%
oL

26 =146.3/°

Hene, 0= 75.15° 6+90°= 163.15° 5, %MW
et ane. Localed ot 8= 73.15° and) 6= 163,157 mesnuned

(Cont.)




E— By Ega. (@) and (239),

Toay = i,;(dT‘V;) = Lo (11-514+6.51) = o1y MP
Ak by Ege.(0) ol @.22),

G0y =06 )F (6-6G) +(G-65) = 50001
o TCpet = 7.454 MPA & Tyax = 014 MP

2Rel Fr drese Tax= =10, Oyy ==, Ga= (0
Txy =%, G2=3, and 0y5 =l, tho alitia Arverants. are
L==¢, L,=—129, T;=7I3

/

W 450 = 1290-7/3 =D
T =11-531, 47 =~5.705, Uy = ~10.332 [MPd] (o)
Fov Zhe priincton] 4liee 7 Ay prumegent apis
darecliin cotner £, i, M e Bho aollin of Ay folliy

—20.5374+ 2m +3n =)
g,f—-!b-537m+‘+") =0

34 + wiw — 5370 =D
f2 + m*+ nt =)

7 ) f;to.zgg} m=*o0.250, N=0.795¢

Whan, by Efs @) ard@-39)
Ay =4(07-07) = 1155 MPa

( cont.)




2.12 ¢ cont| By Epe @ ard@- 29,

p 2 S
T loct =0-0) ~(T-G) "+ (63 -53)'z 524

v
TOCt = 7.57 M?&L

Z.IEQI WW( Uxx =10, Jy' :0'2__&::-5; Txy—’@z:l, and
0;;-:0) %WWWW

I, =0, l::~$/3/1_';=,270
% - —_ 3 —_
J 0’5-——1,0'2'7‘ I’;_ﬂ"..-_[_j':(l_ 830 —2190 =0

The noste Q‘WWW“*} ane
U‘,f-:/o.glséj J; = = 5.00 @‘:,~55/54 QMPQ@

F”W/" oFreos T, wet fare

—0.51581 v am + an=0p
4 ~I1S518m =0
2l —15.5Isth=p
15+ mZ sz =|

Teste
T [=0.9%38 m=0.12L8, A= 0./2§

By Epe. @) and @-37),
ey = L(77-7;) = 8.01L MPe
MJ% Ege. @) ard (2-22),
Tl -0 56 ¥ (-G = 4780

v}
7;41‘ = LY39 Mra




212e | woth gz =10 MW%MWW,
e alzes cnymrcad ar

L =10, L,=L3z=20 |
Tenee

!

riIO Lo -0 =0
1
g 2(0~10) =0

A, %M%/M s

I =10, 0 =05=0 @)

Bef Eo.@) ard @39,
Tomay = L£(6-8;) = 5 HP&

wd by Epol) and @23, |
9 2’,,:5. = (07“0;/21"@" G)FE-6) = 20%= 200

ot /fpaf = .7 MPa




_IB_JO- -1,0 +I20' I3- II:O;X+0—j"y+0;}:0
Oxx

; :
o EE L S T e
Oy 0;’7 Urz Gz 0;; U2z 75 0] |55 ol 165 0 7
0-)()( 0;,}, U;Z 0 -75 -5§%
I3’ 0;7 }j /* :/—75 0 65/: 536,250
Oz /z -55 65 ©
g3 12,875 - 5}4,250 =0

0, =130.3% MPa 5 05 =-76.7/ MPa ; U3=-53.63 Mfa

a, - .
T = 225 i 130.3%= L76 7 - 103,53 Mfa

Sttty 0=0, = 170 3'7( MmPa inro Eps (21F)
-130.394 -T75m, -5%n,=0

954 - 1303¢m, FeSm=0 p 05789 m, =-0,6055 ;h=-0.59¢2
-S54 4+ éfm —/}0 370, =0

ﬂ +m/ + 1, ,./
»XMW g=< U '-—747//1/74 /n-/o £gs. (,213}
‘ —an =
76,7145~ T5m3 ‘
— 158y + % 7/m3y +65N, =0
- 55, 65 Mg + 76.7/n3
(3 + p
13 + My +)’l =
Sohitate T=02 <5363 MP M7 Egs, (2.18)
53630, -T5my = 55 hy=0

— 754y +57,6Imy+ 657y =

- 52, + é5m, + 576}))7:
2

Z:*ma n, =/

2’

- 05493 ; my= 0.1736 ; 1y =20.L330

£,=0.5637 ;w=-0.186% jn=0.80%6

Z.IftAIT/n direction (osines are Iistee] i Table 2.2. JSubstitution /nto

Eq5. (15 ) and [,217) }:ups

Ogx = Oxx (OS5 26 +0;, sin %o+ Z(ij sme cose

O_-YY :0“)()( J‘/n 29 + gy s 29 - 2 7 }/0& (s e

Uzz = Oz

Udy - -’(O‘{ 0;7) S//) (2] (0)’9 + xy (('05 o - ;//) 9)

Uxz =9
Jyz =0

These eguations are tdentie) with Eps. (2.30).




2.15]1, = Goc + Uy + Uz = 110 -86+55 = 79
o o 12 L S ST
o 0 f;’/u— H1%0

0_9 v Oyz U2z yir Oz ¢o ~%6 I%Y
T x U}y % 1o 60 o

L2\ % Gy x| <[40 66 o |=-718,300
U;(z- }z Uz2 o O S§

0 —770’ —//)7900”4— 7/8’,300:0

g = 1269 MPa | U§=~/02,‘7/‘7F4,’ O =55.0/Mta
Substtate T=0 =1269M nto &1 (21§)
(110-1269)0 +60m, + (@)1, =0

602 +(~86-1269)mH2)n =0 Vg ane -
(0)8 + (0}0),+(5-5—_/25'¢/n/:0 - ET) /ﬂ,:a Z} n =
/, 24— m,2+ f7I2: /

5uz/>f‘f/'7"a7“€ g - U’=-~/02,7MP¢ into Ey;, (,?.Iﬂ/

(//ouoge)f +460ms +(0)N;=9
608y +(-86+ 102YMIONET S g p 2712 ; my=20.9625 5 7570

(0) 45 + (o) +(55+02.9)0y =0 -
I; + m;_ + nz =

Substiture 0=0;= ffaw« mte 75 (2.18)
(1o -55).2, + g0m, +/0)”

604, +(% -55)m, - 0] ’0 Pp=my =2 ; nzsi._QO:Q_O
(o/ﬂz CLA #(ff"ﬁb"-'
g el =/ Ons ) = @8—03_. 1269-CI2D 11y, 9 pip
_2_.16_) o;x+0‘ /o‘,, 0;,) //o -96 M; 12+ 119.9=126,9 Mfa
73,. -//%9--/05,9%@
03 = Uiz = 550 /1fa

Tomax = OTrmxa-U”mm _ 12, 9‘1(/024) 119.9 MPa

20y 2(60) . - 5=0 2797
tan 26-= O;x-(ryj - 110+gé o 6122

J= (a6 =09625; m,>= Cos (E-¢)=sho=0.2712 ;=57 =0




1207 F4 (a. (/) gives, With J= coal-T)= TR, mzden(TI) =3, =0,
Oxx —["7) (90) + (- E}( 10) + 2(Z)-£) (49) = 30,36 Pa
Egs. (2.10) g1ve

Ogy = 2 (90)+ (-5 )(eg) = 57.97 1%
%, - G tws) +(-5)()= FT.671%

0)7
Eq, /.z) gives —
2 2 2
Txy ﬁ’? +0;2+ Go-Gf = /5799 % 3949 -30.3 = 3,30 IMFa

2
7 = 2003”00 * /(——__—Q?”Oe*/a ) +(50° =150+70.7= 2207 MFa

G =150-70.7= 793 MPa
0, =0 _
_ Omay -Omir _ 220.7-0 _ 1o, MFx
[may - 2. - 2
20,  _ 2659 _
Can 26, :"*"%L" T 200-100 =,000

-0
6 =-0.3927 rad

X- M,5 /omfed 0 3927 raa/ c/0<ku/ue fram X-axiy

2.19]
7= 90550 N /(’—'705,‘5—0)2+ G0 - .20+ 92.2 = 2.2 MA

0,=-20-92.2 = =/12.2 [1Fa

0, =0

r - Tmax = Onwn - _Z,Z_ﬁ'__/!_z,_é 2.2 M
max 2

Tan 26, . 8%y _E_Q‘ZQ——:-'O,SS'W

G -0y = ~90-$0
g,=-0354%3 rad

X-axrs /0647‘?4 0,3643 rad C/OCAWISF? -rZrW’J X—axs




2.20 |

g, =42+ @aﬂ)+ 30° = 40 +50 =90 Mfa
0y = 40-50==/0 /1

O—} = -0 MPa

Omay - 0min q0- (~60)
ey = Az Tni2 - 0L 75t

- 2% 2 ~

o - 0.3216 rad

X-axiy Jocated 0.3216 rad (aunferc/acéwzfe FHrom X-axls

2.21

Q

_150+70 , 150 -70)% e
r;__i_é_t_,J, (LOE_,Q) +(-45)" =110 +60.2 = [70.2 [MPa

Uo=110-602= 998 Mba
7 = 80017

Timar = ST 1102280 - 1251 e
tan Zglz_é__flﬁ-,_f_(:ﬁj—— _[ 1250

0, -0y  /50-70
©,=-0422] rad

K-axis Jocated 09221 rad clockwise From X-axis

2.22]
Gy =200 03 2 0.5000)+ 100 5in Z-05000) + 2 (-50) o5 (0, s09) s1n (-0.5000)
=219.] MPa

gy == (200-100) Cos (L0.5000) 517 (<0.5000)-50 [cos Lasooe)-stm 20,5000

= /5‘, / Mpa
2.23 | ) _
gy = =90 €05 (0.1S00)+ 50 51 200,1500) + 2.(60) cos(o.1500) s (0.1500)
= -9/ /7{7“

. 2 - 2
gy =- (-0-50) 05 (0.1500) 511 ©.1600) +5o[cos (0.1500) =510 [ﬂ./f&@)]

= 780 Mk




2.2¢4

=-39 Mta

=239 MPa

Gy = 50 cos “(-1ooon) + 2(30) €05 (16000) 3in(~[0000)

T =80 o5 (-0000) 510 (~(0009) + 30 [cos ZHWW— sin 2(—/yoo4}
XY

2-25 | 2 -2
Oy = 150 €05 (07000)+ 70 510 (0.7000) + 2(+#5) cos (0.7000) 51n (0.7000)

¥ 29,

ﬁi(

%y

=72,5 MPa
. 2 ) .
Opy = -(I50-70)¢ 05 (0.7000) 510 (0. 7000) - 45 [ o5 (0.1000) - 517 0 7,00)]
=-Y7] Mfa
2.26] Oxx+0yy _ 200+100
o= =——F— =150 /1/a
0‘x = 2 2 200~100 2 2
= E__Z—é—li +0;7 :AV 2 )‘{'('5-0) 6——0;7:200’\1%,——)1 A
= 70.7 MPa '
From P;—oé/émz./g, 26,=0.7859
0
2o = 26 -26,=2(0.5000)-0.7857
=0.2]%6
Gy = OC+ R 05 2% = 50+ 70.7 (05(0.21%6)
=2/9.( Mka
Tyy = R sin 2 =707 S0 (0.2194) =[5.1 ME

2.27] T = '
oc =22 2% 290250 . oo ma

2 2

= 9p.2 Mfa

From Frozﬁ/{m&!qj 26,=0.708

2o =20 +20 = 07086+ 2(0I500)
= 1,0086

Uyy = 0C-R €05 2 = 20 - 92.2 o5 (L.008¢)
=-69 | MPa

Oyy =R sth 2 = 92.2 5/ (,9984)= 78.0 1y




2.28 |
_ Oxx_ 80 _
oc = > <5 =40 MPa
0 2 8012
R = \/(‘329"03‘7 = /(&) + 30
= 50MPFPa
From Problem2. 20, 29:0-6’7‘32 0 c
P =TT -26,-26=3 141606732~ 20000 ’ 2« JETT O
" | 3omp
- 0.Y78Y% 28 y
Oxx =0C- R cos ga= 40 -50 ¢os (0.9984) P
:—},9 M FPa e— (- _= BOMF.
Oxy = R sin 2% =50 sih (0.493%) -
- 239 Mk Xy
‘&2%]( MZ: BELT = Jjo /1P
£ 20570 s Oxx = 150 MPa
= 603/’”70_ e—U;X
- P
From Prob lem 2.2!,253—0.2‘/9‘2 07}——
P =T-26-26 =3 141608442000 Xy Y5 Mt
-0.8979 o l
‘ Of}(
Gy = OC-R¢os 2 = /10 -60.€ (05(28979 ¢
= 72.5 MPa
U;), =-Rsin2L=-40,2 5/n (Ofﬂ‘ﬂ
=-¥71 MPa
Txy
230
Due to free fc/f'ﬂ(e =0. Since @ 1Is
positive and 0"7 0, £gs. [-230)7,%?
Ocy = Oxx €o5 20 = (00 <95 %6
o
- - y & &
Opy = - (Fix) 517 0 cos 0 = =02 27 £ );{‘ G
O/%X a;ry '




L:;!_.[Smce é g pOSffl'V.eJ F?}.(2,30) 7;Ve
XK = Oxx €056 + Oy 5i7 %6
Uky ==(Gxx~Y5y ) s51n © co5 6 y
- q9 16
70 =~(Gox ~%y) £ % Oge = 120 MPx
6
Gy + /6054 = 3000 HN
[60%x - 16 U'y7 =-2333.33 ’
EFU;(X = 664,47 l
Oxx = 26.7M1% g‘y’
Tg4 - 172,57

2.32] Since 6=60°, Egs. (2.30] give
Oey = Oxy €05 % + 0;7 sin%0 +205, 5106 (058
Oxy =~(Tex = Ugy) 5106 €058 +0xy (€05 % - 51 %) 4 X

120 = 40(0.25) + 075 Tyt 0866 Uxy _

-50 =~(40-y4)0.933 - 0.500 Uxy Gy = 120 MPa
0.5'64,03 + Oxy = j27.02
0.8640gy ~Uxy ==65.36 4o mpa |3
/.7}2097 = 6/bb 6}

= 35,4 17
0;73_4__“ |

U;(j:

__Zi—is\s;nze 5/‘029 :‘7§‘4n¢{ cos @= -7‘-}3-/ f}s./z.jo)/o/'re y
Tay = Oxx (05 4 Gy 51020 4 20y 510 & 056
Tk y :~{@x~0}7)>’//)5 o5& + ()‘;7 (<05 % - 51 “0)
2% 60
50 G 222 025 v2 0y )

e ég y-25
-— - - /. ev —_— /y -
60 = (Gx ~0)- 735 ) + Ty 5
1,200 Oyy - Oy, =- /12100
0.5090xx +Uxy = ~ 65.0¢

/. 704 Oxx = -1 86.0%

Oxy = =109.2 MP2

Gzy = =100 MPa




2.34]

e e -
- ’** ) /(._u ) = /”g*é% (k) 50° 220+ 9% 3= 7.3 /1P

a5 = - 20 773—-//43MP4

Omay=Omin _ 7431173 _ g4 3 Mz

[may'—’ = 2
2 2 2
- T 2L 0,260 = fmoie) s o
Tyer = 4 lTn=Tog ot G+ Gy 1657 = 5/Cr00-60)'+ (1o - 0™+ 459
= 77

235 2
R %y, (BB’

2 180490 /7180-~9p]B. 2 =
2. 18 (B3 50" = 13546 7.3 = 202.31Fs

0'2:/}5_'427557.7/"'”4

G;=0
nay = s £RT - 012 nhe
Zodrjl- (@x-o}di@xz+ 0'2+60;72 é— (180-90) + 180 %, 20 +6(F0)
= §4%1 MPa

- xx* / hox - 7/ a* ‘”0 70 /W——//owal-—ﬂ‘/’m

o5 =-110- 72.0 = —/82./ M Pa
g, = UE; = %0 MPa
Zmay - x‘ymm _ 9‘07‘;8’/?,/: I M |
2 2 2
Coct = m) G (T 40F =150+ +(70-19) (00 +150) +6(40
=92.0 MFa

2. 37]
P+ By /5’“ %)% Gy = $007, (80235), us®= 225 +130- 55 ME

@szz.r-mo:M
0; :0-_;* :"‘90,0 /‘774\.

O;nq'U;m') 96 1“5'&,5_: 730 Mk

Z/hdr = 2 - 2

2 2 2 2 2 2 2
Zoer = 3/ (0" 03y) 4 (B~ G W50+ 6Ty = f30+35) + (35+50) +(50-80) +6(#9)

=68.7 MFa




_Ox«_ [I0, 2 /195)° 2
U"'__e_,g (_zx_’.()+a;7 :._?..5:.4— (iai)«l-(—ff) :L/Z;‘f' 7£7:/202MP4-

—

0- — -
[max = maxaﬁan _ /EO.E;—ES“,E: 72.7 MPa

3 3 > 2 2
Lot = 5/l + GoF + (T -0+ 6035 = % Ja5 % 60% (40-15) + 659
=596 MPa

239\ =0xx + 7+0',;%=~/20+/90+46=86
T O J G - -l |-120 25 - -
S S B T s

’y U}j Oxz Uze U}i Oz T 9y )0 25 66 -65 6L
Oy Oxy Oxe| [-120 45 25

1,20y Opy Gpa|=[ys 140 =65 |= 967, 200
Ox2 O}a Tee 25 —6%5 66

77 8405 22,3550 + 949,200 0 |
G = 180.2 MPa U = 40.06 M1Fa 5 G5 =ci34.3 P
Suéff/.fue o=0, = |80.2 Mra inte E-?j (2./8/

(120-180.8)8, +YSm, + 25h =
yse, «(140-02)m=65m =0 (4 . m, = . p,=-049773
=0.09)3;m=08790, /=2 ""J

25, - 65m, +(66-180.80=C ! 7 /

g .2
pé+m-+n-=/

I
40,06 1P into F75. (218)

Substitue T = Oz =

(-120- ‘/004)[ + Y5m, 4+ 250520
‘= - n,=0.95 89
L'Isig 1‘(/‘/0 7006)”)5 6{/73,— /@:Qﬁgﬁ‘/; /172—0,7"/22} la
BQ@ _ 6 S m + (6 1008)P27C
2 2
Substitue 0=0y=-139.3Mpa into Egs (2.(8)

(-120+139.3).6, +45my  TE50; 20
459, +(/40+/37})m7——69”7'0 7,=09578 ;s = =-0,2062; ;=190
29/, 65 my +66+1399177

2 2 p ~

,0} +mj + Ny =/




2.4

II:: U‘XX+577+ 72z~ 100 M Pa

}'Cfxx OL,/ /o;,( Oxz +}°}y Ugb} ~/ o ~¢o| |0 %o |100 35
Uge Upa| [-60 100 +j50 o/f;%‘ 0/

01"7 0;7 Oxz U;Z
=-7325
Txx Oxy Oxs o -40 SO
Ij: Ox g Qy Jy2 -60 100 35‘1:—9601000
Oxz: Oyz Jz2 50 2¢ O
g'3¢/oo(re—73250'+%0,000:0
O =129 M=
7 = Y6.9 17/
O} :—76,0 /"IPa.
2.4

I, =0xx + Ogy + 05 = 120-55-85 =-20

77

} Txx 0‘) gy o;t)_llzo—?l ’120 -5 |-5% 33
°7‘y Oyy |~ 1Oz Ogz| 105z Oez 55 -55|"|-75 -85 +) 33 —,95}

=-21,869
Oxx Uy, Uxe 120 =55 -75
= Txy 0'7 =55 -55 33 |= 1,269,070
0}407] (%-z - 75 33 =85
2 9,070 =0

o’y e00°-218690 - /, 2 6
g, = 162.5 /Fa

0, =684 MPa
g, =zl MPa

_ Omax -Tmyp _ 1625+ 141
Gy = A 2 s 385 M




2.42
I, = Oxx + 05 + Gee= =90 ~60 +40 = =110

7 700 16,1000 128,000

G = 9.2 1172

O = 43 /10
05 ==1625 1%

O Or -
¢ may-Omin - 9/.2 + /6%
may =y TG £ - 1303 Ml

Oxx Ox Gyy Uyz ~90 70| 1-90 -$5[ |-60 - %0
B 18 3
Oxy U'y; Gyz Gzz| 10 Gzz] 1 70 -601 1255 90| |-y0 ¥
:-/07/25_
Oxx x¢ Uxa -9p 70 —5%
I,- Cfxyg;/ Oy [ =] 70 ~40 ~#0|= 653,500
Tyx v Taz -5% gy Y0
2
o100 =10,1250-657,500=C
Ty 24980 Mfa
gy 7 MHB-SE
0 ~Omip
iy = 20t - BAHLLA s ur1Pn
L 43
II :O}x—f 77 7Z_z:'-—/S'o +80 =~ 70
- Txx 0_7] Txx )7 y 2 ~150 -Y0[ [-I59 50 o 0
é )O}y 0;7 /07(5 032/+/ @2; } Y0 O/+/ 50 6’0}+/0 é’Of
:—-/é} /100
. O}xOG"ij' —is0 -Y0 50
I xy 1y 7% =|-Y0 o) o < /23‘)000
Ory Gya Gz} | 50 0 80




2'”@ gL =-10 7, =30, T

By Fi5.-2.12, 0C= Tty .

By €3-(2.3¢9), R = @%ﬂz*@z = 25. By Fz.@
a)
( T/= 10425 =35, 7= |p-25 = —/5. By Eg-(23¢)
tonze, = 2%L - _ 075
O;X—d;}/
28, =2.4q809, ~0.64350
= 143.13°, - 36.87°
and
G3s), B, = 74565, ~18.43°
L G
~ 15
\\_)o_\'jla‘\:wgl\‘_—m |0 2Bz -36.87
/ ((J::-IS) = y %g(r‘o
) J’3o \ ( 015)
20=143.13 /|(7
(b) @-;Y>M4x: R: 25 ° ~~—— /(XYBMAX
F:g-a-
”?y
2.45 Im MP& ”?40 —/00 JX,._-"‘ZO/ f;g. d; =
@ By e¢-. Q? 7!)} T, = 3¢o/ L,z (7600, J_3 =
Gy E4.Q-20), - 3400 176000 = O
Yo Tz 0, O340+ I7600=0 —> 5= 1701 106:30

S 0= 2730, 03 =63.70, I3 =0

By £60@-37), with 05,= 0320,

T = 4o HP 4 24000 5> = 70+ (06, 3= 276,30
2.

(o = |70 — 106.30 = $3.70

o =0

(b) By Fig 212 ank £4.(2.39), (C = _,-21_/70 R=/06.30.

o 07 = OC+R = 27,30, (-0C-R= 6370, Fig. 2
(Cot.)

41



25 cntond] 5. £p (3.3), T 28, = 5 = ) ia2g.
' xx~Vyy =63.7
T A0i= 2.2870, ~0.8520 rd = 131,19° - 45.5/° 7%
q

4, = 65.57°, —24.38° (Fiq.b)

559° (gt.co,—ao)
24.33° -é——] t——-—> 240
(100, 30y 100

*Yimpax

(») ' (b)

Q‘

Ox

Y
(€) By Fg.a, @Y)MM: R=106.30

Bj Ef . (J 23), 77, ﬁ[{- = (77-07) -{-((T’-V—) (7 - f)
= (A%.3-437) + QB3+ 3.7)= 125598.2

S Toct = 118413

246 | With x=r, 4 =6, E=2, wehene L=, B=1, Y=].
- = A ‘

AU 5r) ¢ Bo(0) + B (r%r) — G g7 +7Br =0

ol
Y'Dd__L' +V;rr+;"(ozr) 1”"—5—-‘"“ + rGr =0

%+1%@+90’r+07r
whech X%W”ﬁ Ef‘@”)

W W an Eft.(3-50).

ol dp0 .l—-Br’D




247 W*ﬁ\ X =V, #:B/ 2:¢Jwe?'"jp<:l)p‘—'}: (erﬁ.
Then, Ay fret o£ e Q-ub) peelds |

Dt i, ] +45 [ ren o) + 35 ) ~ree) G
~V gy 2 (ra8) + e )Br =0

2
~ %, »y 05 . 0
Rr@wb)qrr +r@4MB)_Z_'§f+ Y'@aab)(l9r+r@m9)»92E

) . .
+r’a‘f“ — 1 (i B)lpgp — 1 (2end) %4-;»@&,9)5":9

2.4 ,
8 W/Vte\ X3y, 4=6, %:2},{:/),a=r) y;(J and

Toa® Ora =05z = W02 =0, Ay pirdt of Epa.Gub)ylly

(rdy |
_aﬁf'ﬁl'f-%—%!‘“@p—%—?-l-r@r =0

N
Ufr*-?”%‘-'@: +>0;r — O+ rBr =0

g
dy
__2___2;.~ +J,;229g£+0_&7:_@+5,,:0

W Auich 44 %W ,ﬂ Epe.@-S#).

Lowiledy, #hy ascond Efd-@-%)%(—é% s doernd o ER 459
%W'ffﬁ-@-‘%);ﬂ B,=0. 7




2. 49

= ds ds* I T4 57 ()

By Bhe fired A Epe- @éé))
A e g+ Gmr 3 (b)
By Epe- @ and (b), we dare
f*jl—gi“ =(1+3)4 +%—;—m+%%n (<)
B; E}-[ﬂ-é—?))
%_Sg = | té& @)
Wence, by Epa. €) ard(d), we oblawn
‘(l+fs)f*=(/+%‘§)!2+%}m+%n &)
Epuilipy(@) 40 hy M%Efd@ég In 4
Egv. -




2.53} Before deformation, volume = Lbh =(5000)(100)(200), ATrer

deformation, let width dimension be increased The

depth dimension becomes (h+2$). The final volume < (5020)(so+3)emd

Setting the rwe volumes e?ua/ gives
5020 (100 +<,r)(zoo+2¢g)= 5000 (100)(299)
(2, zo0§ + 39,8406 =0
$=-0.1994 mm

The displacements ta
u ==~-0.00199% X

o.001999 ¢
04000 Z

ke the Lorm

Vv Sz
w = 0.9

@) For 5mzz// Q/{’jp/éffl‘n?ﬂff'
= 2Y . 0001979 ] €4

dwr
. =2 =20.00%000

Q

By * Tyz = Yzx =9
) For large cisplacements

2
Jur | /dwr
- L7 s [==) = ,00400
€z dz+2(dz) 0.007908

ﬁ-’ﬂﬂwe direction cosines o4 X-axis are NV
4 =(os 6; m, = cas(£-6)=s5m6; n =c0sZ =0 . X
Equation (z.6!) 71'1/85
x

2
éXX: €xx 4, +€77 m12+£€x7 £, m, |
= Exx Co5%0 + €y sin % +2€xy (050 $In6

+E& - ,
:Uxa + —-——-——Maé COs 26 + é"? sin 26
The directron costnes of Y-axis are
_ r
,@2 = CO)’(’a' re}:-jm .9/' my = €05 63 Ny = CO5 _lle:
Fquation (271 ) gives
!
Exy = 5 b’x7= Exx b0, + €49 mmz + €x7 (g m, + %, m)
=~ €Exx SIn 6 C05 6 +€77 SING (o5& + €xy(<4529 -f/hae)

:_(W—éxféé’V) 10 20 F éx7 cos 26
Fheretore

For pl'/"’C/P‘*/ direction éXY:OI‘

ran 20 = E&
éYY - 677




Ju o
By = 2Exy = 7y g;—f: ~0,0020
2 2
(b)Q(X:ﬂ, Exe t M (77;‘26:72”7/ )
-0 00eo (0.866) + 0.0025(0.50) + (-0.0020)(0.84¢)(0. 500)
; ~0,00/7‘/
éX)/: éx)( +é7f' (X,(/ =

-0,0020 +9.09 25 +0 0017

= p(-0.0020)(0,84¢ )(-0.509) + 2(0.0025)(05000.544) + 2(-00

_ 0. 00270

| 2.5 7
For X-avis, £,=08; m=0&; 0=0C / mm
For Y-axis, £;=-0-6} mp=0.8; 0220 \4 I T/‘l/x
|
@) u=0.0025 X im y |
3 |
v =-0,0010 4 25 mm > K
) €, =§l~‘:0.0035' € =9 point €. 2l(dn, I {
x "2——; 79Ty T ——) x7-2(77—+9; =0 Im x
€XX :‘0: Exy T éyy *Eéxyf,”b
2
=0,0025(0.3) p (-o,aom)(a,é)
20,00(2%
éyy: g?()( +677“EXX
- 0.0025 ~0.0010 —=0.9012%
= 0.00020
Byy= 2 bxy = €A% b T EMTE €y
= 2 [t0.0025)(0.5 1(0.6) +(0.0010)(0.9C 9 [
=-0.00736¢
2.56 |
Smma & - - B &5
Fo+r X-axis /@,:0.366' m = 0.$00 ; =0 T:R" ]:,‘“F nn
4 7 / Y ! 35mm /"
- - m,=0.866 N, =0
For Y~a¥15} /02- 0.;00} Ly = ) \ 2.5 mm | X
U =-0.0020 x-0.0030y ‘\ g
- |m
- 10 x4 0.0085 : ‘ \
v 0;0 X 70’ | PR
W o . - ov _ > \
_d& . _9oo = 5==0,00 77 _ 4
@) = o 00020 5 &y = 3 0002 it
mm

Yy = 2éxy = 46 Exc tEM &y +(L e Hlpm,)Exy 2
dﬁé’d T (0}7(1)17’7




2.57
Zan 26 = LExy - 360,0010) - 0. Yy
€xx - €yy  =0.0020-00025

g - 0.2091 rad

€ = Exx = €Exx COSZQ + é” ;1’/325’ +2§xj $ind 05 @
2(-0.0010)(0.2074)(0.978¢2)

- ,0,0020[0. 778’2)a + 0,002;(0,2074)

=-0,0022/
€57 €xx *Egy € =-0,0020 +0,0025 +0.0018¢
=0.00271
2.58]
(@) u = 0.000667 Xy 1Y 3 mm g
I B b
V=0.00i333%Y AA'(,—/’ 1'63""‘
At pa/'fHL B 5 ]
du | P X ]
= = = a
Exx T Gy X=1.§ 0.000¢6 7L3/J 0.0029 ;
g3 ‘ 3m f
d"f- _ - i ]
Eqy = -;;fx;/f- 0,001373(15) = 0.90299 |
A , |
- _/ql _d,’.l_r = - |
Yoy = 2bxy (55 o’x)x:/J 0.000667(15)40.001333(3) !
= 0.00500 g7 ) |
—"‘, / .
() Foy XK-axis Q/:/-;_:, m= n=90 . 1.5 m -
2 * X
éxx - éxx ﬂ’ - 677 mlg+ 26;(75”’/ o ¢
- 0.00200(F) +0.00200 (L) +0,00500C5;
= 0.00%00 |
2.59 se
y _2€xy _ -0.0022
= ? =-0.7639

tan 26= =
Exx - €97 0.0018§0-(-0.00108) )

0=-0.3242 rad
2 . P
€, 7€y = Exx (05 6 +E€g sin e * EExy SINO cos &
2
- 000180(0.9473) =0 50108 (0.320%)%0,00220(0.9973)(-0,320%)

000217
= €x t €y~ Exy = 000 180 +(-0.00108) = 0-00 17

€p

=.0.00175




2.60] ] = €, * éyj F €2, =0.00180+(-0.00108)+0 = 0.00072
= 2 2
1;35‘(* 677*‘ Cyy €ag + €y é*z“éx; - 92 - &y

4
= 0.00180(~0.00108) ~(~0,001/0) “= -0.000003 /Sy

Cxv by €xz| [0.00180 ~0.00100 O
L:|€vy by €, |7 [-00010 -000/08 of =0
é)(!- é7+ étl— [ 0 o

€2-0,00072 €%-0.000003(5¢ ¢ =0

61:0,002/7)' éez_Q_ 5 63:__0.&0]45'

2.611 1 =&, 4—677 + €z, =0,002667 +0.002000+(~0.00200) = 0,002667
2

- 2 2
IE = E>(>( éyy + 677 62--& + éﬁa-émf - éXjr - éyl' - éEX
= 0.002667(0.002000) + 0.002000 (-0.002000)+ (~0.002000)(0.002667)
2 2 2
~(0.002667)." ~(~0.00/500) *- (-0.0000 33)" =~ 0.0000 1336 %0

Exx xy ez | 0002667 0002667 ~0.000033
T2\ by €yy &z |2|0.00266T 0.002000 -0.001500|2-0.0000000021511
€xr €9z Cxe| [N0.000033 ~0.00]500 —0,00200

€2-0002667€%-0.0000133640€+0,000000002181] = O

€,20.905170 ; &= 0.00p58; €57 0002662

»

1 2.62; Eguation (27 ) gives zy =(/+éE/J(/+é£2)(055*

_dst_ds _ _ df;-dfz_ V4 A dsz C
where €, = ’4),' 0, €y * 7, - AC -L A 9}01
#_ cc* L~
and cos © = 5/5,=d5,'* ST
At et et &
< = - tan « B
Tzx AC  A*® T 4c , B < |D
\\ |




2.63

T units of p= 1078 €xx= 2000 €y = 400 bxy=—F00

@) €= éx_t_rL+ L fGroyren, = 200014 4

2SN

= —got 1500
;€= 700, Eg=-32300 R=1500 0C= —300:

ha 29 = 224 _ 290 _ _ 075

Exbyy — —200-400 o ]
A8 = 06435 —2-498] aed = 3681, - [43.13
.8 = 18.43° —71.57°

i

Retevence

- 0 g. Element
(CXY)MM R= 1500 g o= ;344-;5; @)

Mox. Shear &34,
Stral nfﬁ ‘t ement
orie

entation REFERENCE

(b) ELEMENT

(©

______ Since €xx 1s negative, line

’ Clements 1n the X -direction

—Deformed ,

Element Conch‘f Qnd sSince éy},
cberence Fo.s.élvc [ihe clements 17

'Mém"”'tx the y- clnrea‘um e[oryd‘e

) Also, 6/ncc 2 &=l -._..9"

a (V@ He an &
IS %ea:éer thamn T/.Z where 6“%3 the 74“"‘41 “Z:?e;‘f

between the [ine e/emen'ﬁ m:éml( along the X~dxis and
the [ine element tmt:a.(/y alonj ﬁe/v ZX/.S (Frg.¢)e

Lsee Boresi and Chong, 2000, £¢-.@-8:L), page 894




2.64

mewm, !-/ml«m; Ma aide, 4t ahoon e
M difrmel plone Haim ek (Fig. a), (%4* BFC0S
y!‘rl 11-5-”)»1
A* *
(2.5mm § 1+ —”\B
A P
\
\
\
\
\
\ *
| | e
e = —m T T L 12.5 mm
0,0 ¢ b
Flyure a 25mm
(A Limce undon th, Jetvmatin liasight Lines son Th

f/@a/t/\ww 2 b1, T Ly Ao W&Wo ]
conpmar o0t ity o i 2 e
we Aihe

U =dy+0,5+A2) +RsXY, U= byt bx+ byrb,xy @)

%Mwwu,% “0/4.:4%43”‘0‘4"
v, bo,bf)bz) 63 AR W}a{ Efd.@L)ﬂ/b“e
%Mwofwo,ﬁ,qwc.
Thas, by E¢.0) and Fig.a,
wlo0)=p =4dp
ully0) = po2s =a,

u(,N=0=4a, ]
Uiy =—0.0125‘=o.01§+43 ( )
o 4y = — 00375 Cont)

i V\\‘«



264 cont.

viob=0=b, V(0,0)= 0-0125= by
U1, 0) =0.0125= by, (1= 0.0128= 0.025D + b

", bs = =0.0125
i /

Uy = 0-025X —0.0375 Xy

(c)
V'(xy) = 0-0(25Xk +0.0125y —0.0125KY
(b) By Ego.€).
G4 =0.025 -0.0375y, L = 0.0125-0.0135Y 5

- D.0IZSX
4= 00375k, BL IS
b4

By E9.68) and Q- 62), Hhs Kneon hitix Compepunih ars.

- u > 1) ~ 0.
Exy* %—-{-i-[@%) {67) ] 00253706250 038{9375)’1*0.00078:15)}
- 2V L LU U] - 4. —0.01265 G215 X +0.0007TH3S X
¢y y = 47 +[BY B = 0-0u57805 65k + o
Exp =L ($+ Q4+ BRI DID)= 4. 00b 328125 — 0.01924875 0
7 % / X%) ~D.005328125) +0.00078125X)
Ezz:éx?.:-éyz, :0 '

(€Y For Lowe 0BCFig-6>, Htha, dinechion cotonte ane
X—_—-__CZ:. w:g- m=0 G)

2 ) A
By Bpe-@(H anf @.61), With x=y=1m dpsnt G,

M:lzéxx*"’”léﬂ +2hméxy = —0.02U375 €

CC onf-)




2.6 Y cont,

&) By Ega.(d) 21 R2-81), Ay ham WMJA %n emad

y anl
Exy = 4 = 0.025 063755
Yy - 03

éxy = (8 +§)=0.00426-0-01875%-0.00625 y

ﬁWﬁ, x=y=1 MEy.@wJW

Cxx = — 00125 éy},: 0, €xy =-0.0187S (L)

Compared do A Ynren. trast WCE%@)],

Epx = 0012422, €, =D-0007D3, by ~0.09516
€) Gy 549 ard((}, ﬁ"m"'f""f“‘m"‘%#’ ool Sog id
M =Ly Mgy +2AM bxy = —0-025"  (5)

7“”“‘*;%%% Ao Breay dain
6t pocut B [54-6)] and e amall Hiain

o ogmeticidipn [E§ ]
(=0.0243759-(0-025) 1 = —2.507
| =0.0243175)
265
@) False
(b) False
&) Trve

&) Troe




2.66 %Wwojf E;oa,u?p& 2.l arg

Eax TCy(Lod), €y = Dy(Lox), Yy =26, =-CsD)ty) @
Ahte, By Zhe furel of Epo. (2:93) A adiaine

6 lsne liavn 4L
Dk | Dy _ 4 2P
P ol 173: (E)
D . o EpL- @) i Efi(b) spiclhe
0 +0 = 0
Henee, by lrasi W ant W%IZ%
267 | By 2L, Kait and H s~
iaplieimed nlatimas fri tvmall-Deiplonomand flore sk,
W Jank

Cxr= % = A(L-X) @)
gy,=§§_'= B(L-X)  (b)
2 by :%%ﬂt% =0 (c)
bligritin of Epo- @) and @) gpeelde
W= AlLx-47) + Yis) @
U= B(Ly-xy) + X9 (&
Where X (x) and Yiy) w/;%gémf. of XM;/,W.
Lokldim o Ege-(d) avd) @) inlo EF-- le) yieldy

(Cont)




2.6 cont.

rL
d _By :-—-9(_.)-<-:C=£ﬂod;,,,f'
dy dx
Thersfre
- X - —

\/(y)::‘z—B)'?“-{-C)'f-D «
X(x) = -Cx+ E

where D and £ ane tonadenl . Henee, by
Ept. (d), @) and§), we oblo

u= A(Lx - Lx3 +-%By”+(:y+b &)

= B(Ly-xy) - Cx+E : )
By Ete(p) and (h) onid Mo codidibne w=0=p g
K=y=0, we fend
D=E =0 (¢)

and bt Epo.(8), R), amd(i), pud) 2by Comdilies
%’%%ﬂxrf—:m we fond
£ =0 ()
Ao, Ay 92-7), 8,0, and @),
U= Blx-Lx)+L By
r=B(Ly-xy)




£:65 For %w sz\‘/"lafé{}}(_—:r; ﬁ:él z2=2,
b Xz, p=r, y= |, W/%W%uﬁ%fyd(zg@
W%WW%L:’?,« 95) ay frtlpesrt:
S g et O
v
oo b L35 HE SRR < ek B
L el s
w, A, Mo d thort %Efd.@.g#—) ;ad/ Dot~

Ak of B fa. (2 55).
2691 Fm ea) condinalie, =1 =6 2=6¢ aud iz,

A1, ¥z rams, Doty foint Boe of o0 3.60) peild
A, Fout thoee of Ep9. @ 56) o frollyeon.:
LB 0 - 3
So *FLo6 tremSe L 9F ] :'%‘+JF%

R _5__%” U Drew 8) , V- dremed= L Eafﬁa—-l*:‘a%g
E2aZrmpl2e T OF L j Frr rao 0F

Aersilyfy g fel B f £ 659 el T Lol e
E¢s.(2.9L)

2.70 FMWWW&/X;—: ) ';(':‘9/ Z:Z/%’:l}ﬂ:f’,‘

Y51, w= 302 =0, ank u=u;p), v=vrs). Yy, Eps. (3-5¢)

rpield

o0 _ L
| YA T 10 PR B L L
Zémrf“lf%*_;”ﬁ kgr r?’efj roe or r

;(WJ érz. :éﬁ-g- =0




2.71(

(@ ﬂMW%@,Lz)W’W
U= ¢XEg, U‘:czya, W= C3 Z
fro wrmall Hasins, Ega.@) and @.51) pield
:%ﬁch éy;’“%"z:c z, 6}5=%£’-?C

ay =3y = A5 = 0, Yxa= 365 G5+ =0 =26 7 5=y
A pocut E, By Fig-E2-8,

=[S, y=lom, 2=2.0¢ ()
Dy Epe(B) and (g,

Exx = %

A

) €yy T2Cay €z =6

(d)

(b LA X anpce bee aﬁowf%%fam!;?éa

Iy dineclion ca—au/ww.nf EC o
R ==06, M=0 n=-03 ©)
By Et+.@),), (361 aud@.52), Hho magniticds of. €xx

AL

Exx = E 2+ €z N+ 2 Exzdin

= 2, (C04) + Cy (-0.8) + 1-56(-0.6)(-0.9
= LWk C + 0bYCy

(c) Lt the X aru Lie alorng he Lot EF and He'y
Ay Aot MED(FIJ.E‘Z-?). fn Lo EF,
Xl: -, M,=n=z0, an Line ED, !.2':')1:0/ mzz..l.
Thon, Ay Eped) and (2:7¢d),

-—

yxy =2 6xy = 26y fm,=2éxy =0

(cont)

)




2.71 cont.

d) For ¢, = 0002 m=' cr=0.004 m=' cs=-000k, by

M@) G, aMa?(C) we oflacn

Exx = 0:004, Eyy = 0008, €y, = —0-004
)/xy.-.,zéx, 20, Yyp=26xz =0.003, Vyp= 26y = 0-004

Exx = 000032, Yxy =2€xy =0

272 - the amiall Diai W,

-~ .:' 23 - 2-

Ex =HZ, Eyy Bx/ Gz = Cx* G
é_xy = DXY/ éxz-=EKZ/ é’z"‘ FXZ

Egu- (4) and @.53) gield

7 0 5 '

0% +9 Cxx - 29 6x D
T ,_2___1_ __725-[-0 2D B=
'beaf*‘béxx Z?@@-;?,Hf-}-éﬂ% L{EZCD)B;

-2z %02

9% sz z?—c
Zyz &4 LYY Tol 7ﬁ=='>0+0 0

Vaz , 3% éxy _ € )¢ F=0
Z 22 L7 xRy 06y o zx + 0= F+0
Yx 2y )2* dedx :?0 '

0y | WY

+ €xe -zéxy 4_2 € 2 =0+

> T——yl 3y>% XV :?04’0 0+ D
)Léxx e Y

v el L LG =
0y40T - TRxE x?) 5 ; -Q70 t=0+0

Hence, Compilidilily o poasihl, Ladonly of

BZD, E =158, and C=F =0,




2.73] B4 Efo.(b)'f E;cnm?u& 212, fn 6 =455

Exy = €a, Eyy= €c, Exy = L (26, €a- &) @)

By Egv.@ and Ew.(e)a,wc{)(f)qﬁ 1:7764/»7&»& 2. 10, we M
(6ot €r) + L [(€a-6)+ (26, €am&) 17

(e —bleaet (26 -6

ﬁvxl? - lé‘xz — 2éb_'64_"' ec

é"k N éyy ea - C_C

2.4 By Ege. b) uf pra,w?b& 2.12, ﬁ 6 =60

Crx = €a, €yy= 2ELE Eea ", 6y e @

By £40.-Q0 and Epe-(©) and(f) of Epamaly 2.10, we otlen
gl = §&_+_.36.b_f_§1 + —13"[(264_-(:5— é¢>z+. 3(619"6(,)1]{/2

= Sartert - Slaargoe] et
By £g0.@) 1ud Ep- @) o4 Eponpd 210, u? Dure

Rnlﬁ __1__62_“1— - ﬁ(fﬁéc)
)t)c yy Jéa,-éb—éc_




Fm%/wmm% Wil Ea
JMW oy B, pocilions 5 apee of (1) drbe

() .
Exx = €x , éf] SHC @( Eﬁ.(2.7éb) with ¥ =m =a-?Lm¢p'ﬂ-'—'D/

= Léri&r UL by, or by = €~ (et €)-

Honee, tam 26 = 258 = 2§ =&
é;g(-éyj €, —€c

© By ep-©f £ropl 210
R ‘L[éu 677 +6§7——- Ka c\ +€2€ €q E)]
R = J‘[(,& &) +RéE- éd—ég]

By Fy.Eaa,

€. = LGt 6y) R = £ (&H&)-K




2.6

?.) Qy Ft\j.a—} 'f’ke Oll;f?Cfléy\
Cosimes of nosette arms a, b ¢

are [—l Mg =My =0 jk___ 'M rﬂb-o.

’ec'-‘—‘——/h’l V— 7, = 0.

Thcvc;arc by Eﬁ(z. /é'a-, b, C))

<

Ep = C—’x)( @)
¢
& = ﬁéﬂ f%% ﬂg_gxy @

By &go.(b) and ),

L-(26+26.~60) ) Exy =75 (G- &) @

Sy =
ﬁercocﬂre,% . 2Ex9 - V3 €€
and € xx~ 5’7), 26A°éb- Ec

© By €360, Exarpl 210 ok EFL @) andd) abore,
Y.
R=[Erifoy = e wefrs@ed]” ©

By Egv. (o), ) wd) of Example 2-10, omd Efs.@)andd) above,
é[ = 'é_‘(éxx"‘éyy) +K = ’LC64+Eb+€c> +R 67)
C L(entby)- R = hlarare)-R

WkGrf R 1< JIVCH by Ef—(f) dbove.

(( ont)




2.76 |continved

S“ _L c _ ) -
mce 1CC1<;;"'677) = '(é"(éa'f‘é},féC) and R 1S gven b/

E¢-( above, Mohir's circle for the deffa resette
Is  shown n Fig. b.

— 3ot 606, )

b)

2771 Given € = 24Som, & = 1360, €= —1310M , pi= (D"
in e wmits, Egf), Prob.2.76 apields

R = % [@xauso - 1360 41310)* + 3300 +1310)2] %= 2233.81 (@)
By €ga(p) andh) of Prob.276, With Eg.@ above we harc
€, = L (2450+1360-1310) + 2233.91 = 3067./¢

€, =L (a4sot 360 _1310) —2233.81 = 1400-4%

By Eg-@), Prob. 2.76,

tan 26 = E(IBBO-&-BID) - 5.953C
2(24sD) = 1360+ 1310

26 = 07010 nad = 43.CH° (Sex Fiyb, Prob. 2:76)
e = 21.82°

(6xy)y,, = R = 223331




2.78

When

a/onj Hhe Po:/r;l"‘yq’ of the Vcc,{aryu/ar rosette ;s dipected

the posits WV X=axis, the arm < s directed alon

The posttivg Y-AXIS, Therefore . = il G o 7
n 0C=J_(é’ 2 XX~ " Syy = Cc -

(Fig. a)/ = (Exxt€yy ) = ’7(; (€a tEc). By Mohr's circle

& R s (0% 24) =R Cos 2d=

#y = Rsin28=\CD = 0D-0C = éb—‘;lffé‘a-féc_)
=L-(2€,-6-6)

. XX)I: léxy: 2 éb_, € —€




/&«&%7 Ep @ andy Eps. @) and b) st

EE =(-YI0 —v({itd)a;
E€, =(1-VI0. — v (1tV) 7

M gp.@fﬂ 77 and 75 mmgewg

(d)

we- o8

U'"

r_( )é,fb’G]

£,
S = CH’){ =2} LY = VJE;_]

Fro E=2006P0 a4ud P=0.29, Egs. €) asd @) focpme
T = (2305€, 4 107056 )x107 (Pa]

(MY 0S5€, +262.09 E;_);;iaq [FPaf G)

( ! H’)(l 2¥)

(e)

-'1.

7, = 107.05( €, +He ) x 107 [Fa]

Fov poct | in Todle P3.1, 6= 008 0ud) €,= ~0.002.
%J EMC‘H W
7= 198262 MPa, U7 = 332.22MPa, 05 = 642.30 MPa.

cont.)

i

|




I 33_ | zant. Em Mazl é';‘ — ﬂ-ﬂﬂd;j 6‘2 = -~ 0. 003. T»ﬁ.hr_? Egdé:_l

Yl 07 = 125136 MPa, 03 = ~ 143,97 Mew, T = 32115 MPa. |
Tilosin fr poinds 3,4, 20d &, wt Rane

| PouT 3. €, = —0.007 € =—0.008 |
| d7 = — 2691.03 MPa, 07 = — A¥4L. 67 MPR, 0= = (L0575 tipa, |
Powt 4: €, = o0-004 , €E3= —0-008 u

0 = S13.1l MP4, 0] = —8R2-2SMPa, 0} = -107-0S MPa.

fomtsS: € =0.009, €,=6.002
0 = 287291 MPa, 03 --fq—g;’éama. -!}7755“MP¢

I——a—l B%MA J ﬁiwng 7078 Té. E=7Z26Pq

V=0.33. dles, by Eg.3.32), %y forem M,ﬂwcy-af
/mmwb%w“?m M i

J = [t-7¢, + v € f—JJé} @) |

GH)H-}P)
& E___ Ve, + MV E (b)

L G;,_G.H?)[f-_zf)[_yﬁ 4—& J 2 3] L

Lﬂéf-ué F (1-7) €& ] (c)

:tnv)(:-r;)

<\
3
§§
3
1
2
F4

_ lcot) |




3.2 cont: W Ep-() ot Efa - (@) and(®) we fond

0 =155 (6408), G =FErlbre) @
Frn E=726P% and V = 0.33 Egd @ gsdd) frconz

=(80. 90 €, + Zé-éééy_)x{ﬂ? [ Pa]

()
g, = (26.LC€, + go.goc—l)xlbq [Pa]
e &= —04925 (€ + &) &)

FnM T P3.2, €, =~0.004 and €, = - 0.006. Thon,
Ege () ) (3) sgae b

a;:ucrﬁs 2 MPa, a; =—594 Ma, &, =0.0049.

Wﬁqwzauwfwm

Pout-2: €, < p. 008 €3=0.001

= 691.7 mpa T, =37%.TMPa, €5=—0.0041.

Poit3: & = 0006, €, = 0,002
7, = 538.0 MPa, 73 =321.L MPa, &3 =-0.0039

Pt 41 € = —0.005 &, =-0.008
O = ~6l1.3MPa, (7 =—-T1%.7MPa, €&,= D 00bY

Pomt &1 € = 0.002, € =-0.002

o7 = 108.3 MPa, 05 =-108.3MFa Ex= 0




J
=0 =-L el
€99 =0=F Uyy = F Oxx
Tyy = Y Oxy = 0.29(500) 195.0 MFa
- Vo - _S00 027095
Exx 7 Ysx T F 0;7 T 200,000 200,000 ~ QM

6;2- E (Xx 77)_ ;)000 - L__?_g

L= 800 (},0022‘?0)= 800,83 mm

L,j: y00 mm

L?: /0(/-0,0ﬂﬂ?7,r) = 7'76] mm

3.4 I
Sl'n(e égg - égx = 627—‘—0;(7:0 anz/ éXX:EéYj
_ | V % '
g’(’(‘f@)‘—"fo}‘i-?—o—&%zzé}j
/ % Vv
37 2’5’@7’?%‘?0}*
{ Y

2
Oxx (1+2V + )/2) _ 5‘00[/+2(0,27)+(0.2?)]

Uyy =27 v V2 2+0.29-(0.29)°
= 317.2 MPa
Tsz = V (Gix + Tyy) = 0.29(500 +777.2)

2544 Mfa




3 Witk Gux =0y = T2 = = P and T3 %z =ya =0

7(:&., arse — 4 ann Abfaz&rmf.w)lf f:f&(}.lﬁ’);
T T AECFAGEy , €Exxtbyyt by,

*f’”kﬁ*lﬁ-fy’y @)
*—F = A€ ‘}-it;ﬂéf“z'

- 34 = (3x+28)e
: i !::-*Kﬁ'
W dkene - SARE B
K= =5 3(1-29)

= VE/La-29) ok G = E/[2£1#9)]

36) wmwwwﬁeﬁuv&hVﬂ!

s rretcme of Ay dfpprmad ccke s
V= (1€ ) (1 F &gy Y1+ E3)
] +c—x;+éwf—(ﬂ+,ﬂ¢;&mm
@Czﬁwm wrtme ap, willh Efe-.(3.30)

AV=V - Vﬂ - éx}t ‘Léfﬁf’l"éz-z-_-* [xﬁff-ff-




EXE
fan 26= 204 _ ZE50) 4 poo
Tex-0Ogy  250+50° "
o--0.3927 red
- Oxe g /_____UU;"'O_ & e 250-50 2S0+50
=2 +(2 )*f’_’fj = === ( > ) (-/m)

!

= o0+ 212 = 3121 [Mfa

0 =100 _p2.1 12l e
T, =0
ort7-27 e oomers

3. |
8G‘ E_ . 5200 _ 30,590 MP
2(+y) ~ 2(1+0.35) ~ ~ 7 0 Mia

oz 20+ £ Gaa - Oux + 0py)
Oz2 = 0~35(%—5‘o): 140 MPa

o )
0. 35(5¢0+19.2 :M

€ xx :T.rl“o’—““ (Tyy ™ *")‘W 72, 600
(g 5y £ (s )= 155, - S —cot0ies
Yoy = & Gy = -3-51%0 - 000229
3:9
Eéx = 2EEy, [j = 2(Tyy - Oxe)
6’77 (Tyz(i*j)/) R 5’00&2[;;7) 545 O M
€ xx :Z‘/’UT" - )ééO;] N 202;00000 - 022“22?;00) = 0,00200

ses0 029009 -y g0100

d )%
:"_G" - XU =~
é77 EVy T e T 200,000 ~ ppo, 000

Con ==L (Tx +0yy) == 555 (00 +795:0) =20.00122
L, = §00 (1+0.00200) = 80L.60 m
Ly = 800 (/* 0.00/00) = 80080 77




3.10

From Frob @.78), Yay = 2€, = €4

&, = 0. Ze =
b 0100140, Ec = ~0:0012526,, Y =0.001SS. By Table |,
A‘Pf@nc{l'x A) E=72.0 &POL) Yy=0.33.

@) Seney %-o’yzﬁa;a 0, Eﬂa.@.mm:ﬁ

€c. With €,320.00350 €

~ 1%000
?V/«Wa) Tix = —— oA [a 0025 + 0.33(~0. 00/.25)]- 168,67 MPa

= 72,000 ¥ _ - . ) _ 3154 MF&
d._Y)’ ,_0,33=.I 0.0012S +0-33C 00250) ]

- 72,000
G;q - =
2(1+0.33)

By Ef.@ 37),
¢ = i@"*%’) f V;,‘ (‘gx“@)r)z* 0;;

= J{(H;Q.Q?-BQBL}) + UTI‘ 8'";7[_*3“'“!}1"" 4/'75-7_
67.16 + 109.83 = 176.99 MPa
;= 6706 — 10983 = —42.67MPa

(0.00i55) = 41.95 MPa

)|

B trnz6 = 2T = 04133 20=0.3919%d=22.45°

Gix = Oyy 30
i
e B = (].A3° w
Reference
Elament
Principal
Stregs
Element

(cont)




3.10 |continved

QO Copery = + (Coeay = i) = 4 (67 - 05) = 5 (176.97+4267)

bal mox- = 109.83 MPa .
(&) Gf Tone = 11.25+45°= 54.23°
Mox. Shear o
Stress Element %ﬁﬁf;?:cte
3-” ) —
Wt 0, = o MPa, 0y, = 120mPa and Gy = SOMPA,

Egs. (3. 30) y:‘a”
s =L——0 (30 = 0.295120) = 0.00022b

Jooao (”w" e
0

.29 (50) =
E ,zooooﬂ (69 = 0.000333

B:f Ef«d-(@) am,aQ(f) of E,\'an{/)/e 210 the FVMC{'Pa( sframs

elative +o (% y) dxes are

é = gXK + GYY
s ——— "'Uﬁ (éxx- €yy) +'éx7

- 0.000226 + 0-000¢84 + VWW’} 0.00033"
2,

A

— 0.000355 X (-0003Y438
€= 0.000703, €;= 0. 00000 7

TI\QMM%/WM €22 :"‘(‘f" >

l - — 0.21 = -
€ = xoo,ooo(g 0 +130) = = 0-00027




3.12 Fow‘30") /(—[: /rﬂ"‘& m=0. Then byg/@“)
é3 o —_—_ﬂléxx t+-m éy)/ + 24 M Exy
= (%1(0 o0022L) + (L) p.0o04s4) 2(8 k) (0-00032 3)
N
630 — 0.0000 08
3.13

B% 55’.@.37)) % prin c:‘f?ﬁ[ Stresses y'e/af:‘ye fo
CX.“I) axes are Ziven b)/

:O:‘—X"’G + z
a ‘—;J—VCM;“ r Oy

- —80+100 + V D ot
Z (512)"r

= 10 f 10296 = 11296, —92.96 MP~
Tha lewpf/lwsafa/ shewe £ T7,=0- OM
WW ot Bart

T/ = 11396, 5 =0, G = —F2.96  [MPa]

By 640030, the iy o] il

= *é‘“(JT - Y7, ’)70;> :: ——l—~ (HZ-% +0'27"72'7L):D.000700
€, = _E.(o; Vo =2 0) = (oqum L +o0- qu‘iz‘l{,) ==0000029

(0‘ v -7 0) = Mow( 9296 -0-2<1294) =, =0~ 000 6256

71



3.1 From Prob. 343, the stress Comp&ne/ﬂ[S are, /1 Mre,

Tyx = = 80, Tyy = 100, Txy= S5O, Oxa=0pa =0za=0"

o~

B] Efa.@.BO)) the Correspmo//iz/o 57‘r4/iy Cam/mewzzs

are

En = 3y (80 028500 ) = = 0:0005%5
Epy = h7p (100 +0.29x%0) = 0. 000610
Epa :—%(ggoﬂao) = =0.000029
Exy = :7%/%5(50) = 0.000323

GXZ‘ = éyz = O
Fo 7%1 cfﬁec{fm Izoo Coowﬁrc/ac[’ Wis e J(rvm ﬂte X—ﬂz}(l'&‘}

A = Cos0° = 0-7397 = smp°= 0.34y20, M=O.
T}\tre;core, bj Eﬁ.(;{,é/))

é:zoo = @.4377)7-<, 0-000545) +(0- 3420) [. 000615) + 2(6-9397)b 340y

€rpr = — 2016 x10"¢

315 |aThe foct Hut b does not change means that

677 --.-.é(d;,-/«f;x):O. o Oy = V0 5 03352003 66 MPa
b e, =22 = L (G -V0)) % S (200 —0. 33x6L)= 0.00248

S TTe MM, A g LG = 000484 .
(_C-) The d\anye i cross sectiénal area. is dve to The Strain
in the Z—CIIPCCJL[‘D'VI ( L {o the P/4n€ Of Zhe ﬁfare),']ﬁm%ze/
€aa = F(Ga~Vx-rly) = 50 (0 = 0334 200-033 xbb) = ~0.00122
The vedvchion 1n dimensiont i the Z- direction is
0-00122.x 200 = 0. 244 mm, and The change I1n arca is
0.24¢ x200 = 48,8 rm’ (redoction).




.16

Bbn Exwf& 3.7 AT = 100°C wed an Ancuede (+)
W . Nowr AT=106°C 44 a ducrtasg(-), AT=—i00°C.
w, w;ﬁﬁwwuw p =085 4 hPe.
Wtk Aaee changes, Ay frmuled durirs om I 3.7
m Ww@; oz Hhin - corll cplidert « Wues, Ly
Eq:—m?aé 377, we buare
Ugs =371k p +0. 9637&17) =3714(~0.069%)+0.€L39(~100) = ~ H RMPa
Ton = (348 ~0.8639(U )= 1245 C-0.450Y) ~0.3631(~100) = 77 TN
Gy = 42575.- 1.27908T) = 4-28L0.6919) —1-T78(-100) = |75 MPk
Oy = 10.uop = QAT = 10.40(-0-689%)~ [-9F4(~ip0) = | T2MPa

Bl ilates Chiinign Aicds s B5i caasg vany, hoo Bt
Codidnay). Foo ;za,y;,ej p =6874, AT'?_ma"c.

3.17

6; ﬂ’ff»d@uaomajm,

E=1036Pa, p=p.20 @ ' ,
Lt the &) apes croineds woith
W A. %A e 2]
W cn 150  Mipaionly(Frd). 5/,
" t’fﬁﬂ} MW \4-5°
Exx, &y, €xy, My 2rlonecrnel Hitina - .

W%M&fﬂpwab

Figure a
Ud ¢ are [4ee Epa@Ll)]

Ca=€Exx = 0.0008D

. 1\* . ___Z-

= Con BT+ s 2l B)moomi0 (5
Eq = é)'y = 0. 00046

So-e/v-th Ezr;(b) fo-w 6,;7, wr 68Lacin

Exy = € — L (€xx+€yy) =0.000i0- ii(o.oaospw.oamg) = ~0.005

(cont.)




3.17 . N«wbq, th Q«.y)mwi N

Exx = 0-00080, €yy =0-0004D, Exy = —0-0005 ()
Ga =0rz =072 =06 @
Whee 2 a2 Ay 2y WM/XS Mo gurfoce.
ﬁeam.t Aeas., WAk Monpere Ared W q;x‘@’w@'y ‘
Thon by Epa.@),©, and (3.320),

E
O;X =m(6xx+l)éyy) = F4.42 MPa

0}7 =',_!fﬁ’3_(v£xx + Eyy) = 6008 MPG.

Oxy -_-.7% Exy =~42.92 MPa

J’BQM%MMWMa_ .d,o(,i/aocz, )
Moy AT of Ttas 4 70 of fplass s i 5 (5y) olont
0;-12-:0;:‘5:0}-2-=0 (@

%} .% Efo. (3-32.@/ Zﬂwwmmw

ar c
O;X — }':p-i(ém ‘I"péyy)
E
Tyy = 7o (o +-Exy) (b)
£
O)Ty =78 Gx)'
Aone, E= 7,2&1’4_J V=0.33, Eyy = 0-0029 Gy = 00010, and

éxy = 0-001p, 574_ (L,)M
Tx = 188.26 MPa, 0y, = 13413 MPa, Oxy = S4- 14 MPa. (O

(C’oh’f-)




513 coit 198y E74©) apnd Ay Third) o Epe-3-37),

?:‘me = Ht(qx_dgy)"#o;;—_ = 60.53 MPa

2. 19 M%MWMM -«_ipzﬂ.u%a
flews dlneds opeds Ahee . By Ego. (5.322),
0= (6ve)

03 = 705 (Y6, + &)

By Tl Al E=1i06Fa, p= p3g Then, Wth Al goven
43& g_oao:s €, = 0-000¢, E—.'g-d.(a)zyobép
g = 209 T7MPa, 0, =1268.49 MPa

Mo % @a—m;x =Y, = 207.97 MPa. 7 200MPa. . W
Ao E,W O@m At G- mﬁ_zaﬂmFawwa

@)

2-201@) Funik wrt cobedlot #hy guaididis £, 9, adp as

(are Epo(z) of gv“@"f‘& 3.6] with Ep= 7.2.(.;. GPa, Eyg=3.506Fa,

VF: 0-30, }3&:0.3//} a,Mg f 5 0»70,
E = fE + - £JEq = 070(724) + 0.30(3.50) = §1.73 &Pa.

V= §fi +(:—HVR = 0.70(0-30) + 0:30(0-30) = 0:30 @
- §0-9)]u- VK) £ +(-Y, )._&_1-.::» hor L2 +..f_]
= 0.70(0.3) [(I- a.sa)%f‘—i +({|-o. 307(3 220 )4—1(0 30)(0:30) f-’,g i 7 ; ;zJ '

= 4.5%b

(C’oh‘t-)




3.20 cont. Wi, b5 Ego. (@) ancdl Ega. (L) 2wk () # Easupte 3.6,
WA Gp =276 6Pa awnd Gg = I 35 6fa,

AT T e = 0277 O
£ _ _ $113 « = |[|. 52 &P
22 = A-VE T 4.580—030" 2 (b)
e =2E_ - 630(5.73) - 3.4, éPa
I, o 2
B 1580~ 0+30
C..=6-=Cr6R __ _ 2030139 __ = y.046Pa
33 =
J%R +(1-f) b 0T0(£35)+D30(208)

GD) 5? Ef/.r b)) and Efd. @n)?’bymfjé’é /awm

aNL, W & = S00pm, €,y = = 3SUA, i’ = [000p4

Tox = Cp bt Cpyy = 5’2-'7?(5'99)1- 3.46(350) = 2760 MP&

B, ava ©
Tyy = Gabxx #0536y = 3uL(son) + 15239 = 5.7k
Ixy = C; 3 ¥xy = 4.04(1000) = y.o4 MPa
By Ege-©), A aTheas eI e
Gy~ Gy = 2i8 Lso @

I = xx"' }, = 33 BQ I xx
novla o Ay :
0‘3-120"7'-;-:10-_1; =0 (0%~ 33.3L0+142.45) = 0

oL
7y =23 32, a3 = 5,03 M, G =

e M%jm apet ane by nosle Ly, n;
L=1,2 03, 07"2»% —‘LW

(Cont.)




)?;,( f)*dﬂt@yjtwtq;z = /)
{; Oxy (7, y0) +M: 05 =0
{: s+ Milyn +Mi(G:70/=0
5+ Mg e =
(=1, 2, 3.
FnO‘: W"%Wwvﬁ\,tz ){i_@&,;:D
/P, (27.4-28:32) M, (§-08) = D

A, (401) + M (57-2830)=0
7 (-3¢32) =0

l ﬂl’r-'mlwd,?‘_. /

[ = 09848, M, =0.1754, N, =0
W fﬂi T=9 ard 0 = I3, W %._.,M:p
| jz. = =D 75§, M= 0984S, M, = O

i
[




S3.21

@) Bineg Exz = €ya =0, Hh Z-apit tan it
apis . W Ao picopef gy aopes- e 2 m&%&
WMWAWWCX-&}%%M?JM
% /ufw\hr ﬂ; Witk Exx, = 0-0003, Eyy 500003, 4‘«96}9, =y 0000 5,

- _L areo éxz —

A\ )
‘95.&&'1! = 22.5

(b) By Hh goren Hisss - Sliz liligma, with C, = 103678,
G =55 608, and Cy = 2T4 690, W dare

Tax = Cp Eap + Cu(€ yy t6yp)= 103(p.0003)+ 5510000200.000) = 4 74HFe
Oyy = Callnt & )16, €yy =575(0.0003+0.000)+10X0.0002) = 42 LMPe
Ty = Calbex £y #C, g =550 00300002 +(03(0:00%) = = 3T.3MFa
U_ 22( 65y = 2(27-b)(0:00005) = 2.16 Mpa
Oxe=0yz =0
(€) Zviee 055 = ya_0m2~m,¢1&Wm
Aoyan, %Q«AMM%;,W T (XY} Orte 15

Pricwe iy o iq prreve ﬂ7
= L
Gy T 3 il =0T

Bstress = 24.5°
Norce, e
froinspaat oped of aliose and oais do aifceinside.
(d) da i aa,uf &, Bstymy = 22.5° Fn %Ww
)
e %hmm ors [aee Ega3.29)]
= AC+AGExx, Tyy = et 266y, gp=Act26C2z

= X6bxy, Ogxa=R6€xz, ! Typ=26€yz @

Txy
(cont.)




3.2 cont. urﬁw} wh E =T726Pa awd V =0.33

= = 033(72  _ £7. 5y cpa
)\ [_1-)’)(!-2?) 1:33(1-0.66) _‘.5_’2 >¥

E__ = 7Z_ - 7.

(b)

€ = €y + Eyy+Esp = 0.0003+0-0003+0:0001 = 0.0006 . ()
Hewes, By Ege. @, (), auid),

= a
Oayx = 53-54(6.0006) + 2 (27.07)(0.0003) = #7.7T MP

O"yy = 52.5¢(0o00L) +2(z7.o7)(0.0002) = 41.35 MpPa

T3, = 52.54 (0-000L) + 2(22.07)p-000() = 36.74 MPa

Txy =2(21.07)(0.00005) = 2.707 HPa
Uxze =0yz =0

%’fﬂf o 7 aper 4 osfzwmyﬁ/ﬁaaaw Hue

e (x, V)f/&-M—( %W/WMM

Cotress =& ﬁ‘“’tﬂ ———-L ? ety 22707)
Fx=lyy 47714235

oL
@frcss = 22.59

m‘fﬂj ey prnpad anes of Hiea and) bz

Mﬁa Prosllen 321, 7y =
mwﬁm e “Wmﬁzw

@&wz&(@(, W/ﬂzd»mﬁd-ﬂ\( g Taln x,
5 frincsuaf ayeq 44, Wk Oxx = 7/14&,6;),-2!16\;:( Y/)ma.

Otyes; = 7 f-.;é —-J-mzw@ 4.47° (a)

Loonterclock wise
(Cont-)




3.22 cont. b). Wl Ly = (5920 Mpa, Ey= 1198 MPa., E3=T76SH P,

Vy 4326, Vyp = =041, ¥, =0.477 (v)
Z J
B (3.52) guel |
l) .
Yyx oV o 042k - 2780k10°5, Vag = Yxz _ pbst _ aco 5
Ey Ex 15,290 Eax e, - 5 24 = 2.950x1b
V. _ (e)
£l = —]{Lﬁ"_ _ 0697 — 5 3330”7

E. £ T ugs
Wtk Eﬁ(b) A"“{}@) andl TRy =7 MNpPa, Ty = 2.0 Mra, 0z, = 3-8MP2,
Txy =1EMP%) Guy= N3OMPa, Gxa = 1040 Hpa, Gya=240Mry aud
Ixe =0z =0, E%.G.SJ)M

Gy = f-.—?";x ‘-’)g-‘- Ty = ,’_2;8_0;&— L, T8N0 )21 ~(2- TSN 9)-0.0p84q
Eyy %’1 5 Ty ~ 2L, = s ] }+ — (5:833xI6)(-2.9) 70,0015
Craz-titq .’j}tﬂ;,, ?0;: ~(295K10")(1) = (””“07(‘ )+ 7%;)"’ ’?:;;ﬁz
Vxy = é!; Xy = T:.%- 0.001239
fm Xyz =

(©) With Epa ), e an roTadiin o Ty (x,9) e
(xyjm,%xgvdb‘ii;éﬂm% fpdﬂ'-'-f’“’“

= L ancey Yt - = & arction 0.000239___.
99(‘.?4;;1 &6 vy 2.000y8i§—0.003195"

Brtrary = = 12.27° (12.37° ebpebonries) (e)
@Wmﬁf Eﬁ.@) and (@) st That

ﬁsﬁes s 7:& %tmt'n

=




70/

Twe rewaTHs oF memsers RAD avp CD gre sovac 70 3000 mm. For A
GNEN DIsPLACEMRANT U, THE ELOMGATIon ofF smEeEmBEr 8D /s <«, gup
THE ELOMNGATIONS OF mEMBERS D mvn CO gre Eperc 7o &LCOS©= 0.§804
THERE FORE, /N GENERAL THE STRAMmS v MEMBERS 0, AD, svo CD 4rne

€po= 42400, €,,7 € = OF«/Fo00 = 0.69€,,
By summATIion OF forc€s ACTmNG on P DD, THE sopn  /s:

P(0sot 20, cos0) = (05,4 1€7,) A,

= S mm
Aup = M /S THE CROSS -SECT/ONMA e AR O LERCLY FoR.

For ¢« =~Rmm > Cpp = 0.000833 < €,, (6,- 0.00//95)’ 600 = Gca :0,000533<e}'

THEREFORE ALL BARS ARE ELASTIC AND
Opp = 21/400 (.000933) = /76./7 MPs

o

cD

o

0 = Vep = R1/900(.000533) = //2.75 /7P

tewce, P= (176.17 +([.6)I12,76)645 2 229 99 4nd

For «=9mm 3 ed’o = 000/662 > € , €,=C, = Cooro67 < €, .

A <o

Tiwds, BAR BD 4as YEDED, gor BARs RAD nvo CD ARE ELASTIC, AnD
Upo = 232.9+ /6900 (,00/667) = 260.57 MPs.
Uip = Vep = 21/900(0.00/067) = 228.%9 /7Ps,

P = (260.57+ (16)225.99) 695 = 400.78 kN

FoR = 4,989/ mm , €4,= 0.00/967 , €,45=€, = 0.00//95 =€,

Tgo= 232.9 + /€900 (100/567)= 263.95/Fs 5 Gp =, = ¥= 252.¢ MPa

¢

p= (263.95+ (16)252.6) 645 = 530.93 kL. (cont.)

By Fe. E4. /a, THE LENGTH OF THE MRODED mMen8ER BD )s 2900 ma)

Loy ERE cas© =CF, Up, Aavn Unp ARE STResses /~ memmers OO qun <0,




4. | (ConT/nuED)

FOR £ =8mm 4 €

so = 0.003333’ 6'90 = 650 = 0.002/33

Tpp = 232.4 + /6 900(.003333) = 288.73 MPs
Go= G, = 232.% 1 /6900(.002/33)= 265. 45 P

P= (29973 + (16€)269.95) ¢95 = %63.27 ki,

AT PLASTIC COLLAPSE 3 THE STRESS /v THE THREE GARs /s F,

rl

The FoRCE /v EACK BAR IS YA AvD FoR E@uiciBre; e

YA
F;?.,c= YA+ 2YAcose = Vﬂ(/+2cos9> Vﬂ#m .
> o B
s (252.6)(e95)(1+2 (a¥)) = 923.6/ k0 va

500 -/
LoAD -DeFIECTION CuRVE
960‘_
P (kw)
800 -
2004
100 4
} t { + } } 1 > 4 (mrn)
0 ! 2 3 4 5 ¢ 7 &
<.2
By Fis. E1.16, summiTion) OF ForCES rv Tire DirECT On Op
Grves: /o = 2Fcos® = 277 cose = 2(262.6)ev5(08) = 260.69 AN
. - __
9.3

4] Let svp<oript S deunste steel auwed svbcyipt f denote

a.IUMo;’NJM _rF(W .ﬁ\m AppenJ;)‘- A, ES = 0200 &Pﬂ >/$ = Z.SDMFA/

| £, = 72 MPJC M y s S0 MFPq. For a;,y@n Verfccp/

? dogf{aceman,'f‘ u of bcm ﬁtBC 'ﬁ.t Strains (4 ‘/’Ae Sléa!//
and alomorom bars Ar¢€, r*especfrej, £ = LL/L_; and

Ep = “’/LA' Thes, the Stresses v the bars are
G; = E:gé_s = E;“/Ls and df—)- = Ep €q = E,q“-/LA .

(C‘Mt-)




4 Contmued: Foy y/‘c/d 0)( +the steel bar-s, U= YgL_S/E_} or

w= 25061'5)/?00 =[.Q7S anm. For }’I‘C/(l DJC the alvm oy ba,y‘
W = %LA/E,,, = $00(1-D/72 = 8 333 amm. ncrcﬁrc/ the
S?Lce/ bars )//'C»/c/ %,};t. wWith us [-8 785 anm, The

Stress ih +h, stee/ bars 13 \/5 = 250 UFa, MJ‘FLE
S'FVCSS (v ‘H{( afumx‘hum ﬁar 15 a. = EA “/L/)" - 12(/-22:L~z;
A /2

MPq

(4.) At yl‘c/c/ DJL 7"‘-& steel bq_rsl s'um,oujéz‘mﬂ 075 rfor'fes
n m Ver‘l{'fcw{ C{l\V'CL'l[l.M 7/‘c/c{$ fftc V"e,su/f

P=F, =2 Vs #+ GA (229t jed = b1:25EN
® Simi lay I7 at )//‘cfc/ of the alomhom Ea”j
p- @___ZXSM_%A:[Z/WH;@Q@:/M%M

%5 | Crgude, Zép/,m/;‘__lz« Frg. 4, aubpd f daplocsmsd 4.

Fas 8 P " Fac
Fig. a
By f—ﬁww F= E*B+F(;c' Also, 77o strawm om
2oeh GFor <o E=U/L (L=10m). Thersfons, Fig =G h=Ee
= EAW/L. and f5. =05 A=E€A =EAL/L = Fig(as long as
AB rsmaine eloaBlic). At initodim 7%&% AB
Fas= Yagh=Fae - Thee, ol indald yaelf (unteneid,

Fog= e = Yigh = 250735 = 6.254N. Thenfre,
P=R, = fagtfac =2(6.25) = 12-5 AN, and

W= }{,BL/L:' = ,?5‘00)/200 = /.S mm.

Whon P= 20 kN, Fg= 6.2SAN s F = P-Bg= 375 4N.
(Cont)




r—
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Continved: Thew wu-= FacL/EA = 13.780)/ (300x25) = 3. 75 »m .
Uf-m\ w«e&mﬂvﬁ O 1 A3 :gww_ et when LU

A&.AM !.ZS"W;MA}MMW
WM%M%MM.&?}ZSM ‘éﬁaﬁ@fﬂ"}'m
U= .78 mm =2.50mm = 0. 25 7nm . Thesw F = =g, Zﬁ"ﬁffﬂ*&

TJge = E€ = 400(0.25)10 = S0MPa. Thue, ﬁwéf

Bor B W P R ve = 625 + SDxAS= —~5.0kN,
When P= —20AN, Pz—20= -25052S +Fpc. = B==I3T3M,

fnd = Foclfehy = =13-75(9 (avon2s) = — 3 TS mm

= .25 ‘QN M , P = .25 ={-28§ = S_-ﬁﬂf{t

For P=204N, F_= P-Fy=20- (.25=13.754N,
and again, W= Flfg) =~ 37509/ (200x25) = A 754 N

SUMMERY hi: T Lo 20,37%)
Pl “ew |
128 2S5
200 475 -3 3 u(mm
-5.0 60285
~JA0-0 =275 h
50 ~0:35 (-20,-2.75) =%
0 275 |




46 | dy thy Tnacm W%&Mwm
fon, 7=y, =0, G =-Tu Fu Hop Tonacin A,
07=0n, 0 =05=0. mMWW“MW
Blacyy f frs by frains 27
fw e (LG -7 20T
0p=7u

47 Swd;fd}é:o, Try=0 %aﬂ“?‘/ﬁ‘w-
Cupe - £:30), Hho orcainivy T i iaessn O

a., +d, >
0y = 2 45, = [0+ 70T = 105.99 MFPa

7, = 70z = —88.97 MPa, with q;x?aoMm,a;,:m;a,gf?o%

@) The rraximeen— M%/MCW 1 nlpeirtn

SFJ‘_‘ :Sd/': 5:@_440_ ,
(. ),m,c (F), 0, or SF 0‘__108.77_4/.2].

(&) By Epa-(4-S) vk ), with T = fbomPa,

7L=CSF)(J,_—VJ§)_0;___0. W

SF= Tu _ 460
— - - 363
gV [08.99—0.2 #8.91)

4"8 &A— . @/‘% N

an 4.7 Tan =0 .
L i ) #3 AL QWWM andl
w O;x—/QOMPA)%zﬁ/ d;z:éaMf’&,ﬂ-eaz‘&‘.m
0= 189 1 [Tisgi g = G0t 100 180MF,
T; = 80100 = —20M/a. Alss, 7=z =P

= - ‘ — du . 8§90 .
(DO = 6O = T == SF=F2oz 355 = 323




L/‘-g GIV&V\- O;X =z [50 MPa) Oj(y :égMP&) d;y:'ra_:d;_}:g%:

D.
/
W 0;&20 s & /nhc/fm/sﬂess. As 1h Prob. L;—.7/
the ofher T&mfuwmfa/mw
7, = L%QJr ,) %‘@}g;’— = 75+9%25 = IT4.25MPa
;= 75-79.25 = _ze.25MPa; alo 532 0%T0

- - \= 26 +24.25) = 9925 MPe
Ty = L (Gpcay ~ )= £(17425 17 )=

(@) The Thesen Wﬂ?””‘"’e"
. 1 . F-_X_:ié:o_-—::2247
(‘SF)%: 1Y Tt S "ZC’“;r 2(77'25-)

) 77, vt Meize crilerem W[Suey--(ﬁ'z'ﬂ

EHig-aTe G55 6= £V

Thfos 2y g ——

F - - * z ‘1—
4 [6-n)+ (024)')%@ 47)’:? l [74.25 @428 s

.

SF = 2.399

410 | wath €z27 O e b Top= Pl 1—4,‘,). #iso Oy, <60,

Tyy = 240MP, and T = ~§OMPa. Swice Exe =Epz =0, Tx93°
Tﬁ*ufrw 0oz 15 & Privcipal stress; gz, =0.29(601240) = 87 MPA..
Mao 04 50 frib. 4.7, The 0¥he WW%/MM
;Jf“ {; (J"‘?‘%Qf ‘/7@’—;_——02(:- d;;' = 150 * |20.42 =270.43% 29.58
oy My Ats0ne d; = 270-4rMPa, Iy =57 M, Oy = X9-SgMF4.
) -
0T, Tomay ™ (o =pui) = O-55) = 120-42 M. Tosre,

i} 0 _
6/:)%:0{—\/ N SF _‘%:ii_,_;.w&

2 (120-42)




Fa Wbﬁ\ 62_2,:0/ 0;-2. = ))(a;x‘f"d;)/) ﬂ‘d, V;}‘ ZéﬁMF‘L)

O';y = AWOMPa, avd Txy=—80 MPq. Mé,g,:g),z:@

Oxz =Uyz=0. T&uﬁa_) Tzp AL a.p.?A?'u/AﬁTa/; Witk ¥=0.29
‘Téa = 0.29(60+200) = §7 e, @

g = —i@;"rd}/)" /F‘Mf >L+- 0;;'

O = 1$0% 1242 = 27042, 29.53 [MFa] &

By Epa @ and (), phoncoy 2y prriisciplaliepss-, whan
T = AWUZ MPa, 7 = STHPR, 5 = A9-SENR ®

'3;,« A, rlibetrned hear-oliae cndodn 4B (439wl

(y-21], 5 ) Z
[z Ho-e)+@-6)% (G -6 1= 5 Y™

WJ ra %Mﬁﬁ wl Pane
SB[+ G-G)+ 590 ] = AN

By Epe.() avd) wilh Y = 490 MPL, W sblass.
ﬁy e = - 249

L(0-6,) 02 -85) " +(G-6,)*

Lo, thy octibelred heas, Hiass eriTorirn prudich o

M%M%W 57 (<ze Coollom %107

%z ayq — i_osé_]xw = 1085
A 03

Mo Mt prodicldHp Tho Masiinssme Aheas = hiase
CAinigy -

-

SF =




Wk 75 = (20 Mpa, Tyy = 50 MPa, asd 03y = SoMbx, Eg(2)

. g = 146.03, 23.97
Ondenig Ay fercsicfon lisasse , W e a7

T; = I46.03MPa, (7 = 23.97 MPa, J7 =D S

@) %MW Horar ol At Witk Ef-@),

Teg =5 (07-0;) = 73.01 MPa ©
%&”WWAWWJ@hmm@&ucﬁﬂhMAgwﬁkm¢§ﬁ$“F
P Tuey= %7 !
By Epa (0 el ), with Y =300 MFPA, W oftau
SF = .05

) Dy otihedria] hion - isss- cribiniim ia, 0t Lafdy foin SF
LA [or-ayea-aig-a7] = 5y* @

j«%é‘;«@)% Epe ) and qobrrp foo SF,

sF=2.21

WMQ, 7.%% ‘&J?"bﬂ"«v{ MMMM




4 1300ies O = 05 = iy, = Ty . Thow,

Wh Mayimuumm Lhear- Alour e, wa»%zaa/»?/mfzs}‘u

with £4(a)

(Sijm,c :_5_._5(0‘ 0.) = '2 (3]
ﬂm%au, ﬁ; Eﬁ ([9))
sF=-tm )

&) B?;d\, cctahediad haer - et crilorimn, wumu/»l;
fodn sF,
(@ -C e (-G P -6V ] = LY @)

Airee 0L=03, Ep -apiells

1’ y%/3 y

Mot , 2y 4 prme asfdy fact o oHlaid) s foda @ eud b
Efe-(© ard ().

$14] Eodt) coneaidr Ay recHanputen erree coelipn ”2&,
Lo tee - MWW#MWW Fug. &

= b — on e

Lo y -l 0-1h
L0 07 \ | ‘AL

T T

\S

%'ilrh El;?t: s o'lq h

aiuh . o.ibh
oo an —L

(cont.) To.th Figure o Tolh




4.14 cont. B/% F;ga,) %M—M Mw

M =2y [(o-1n)(b)(0-4sh] ¢ 2 [ 0-4n)B)($)(o-4h)]
O tmee b=Lh, wuTrmiof hand,

M= 0.0983F Y (%)
Ales, by Fig a, e Morzomum 2faty momest <2
| My:,zy[_li(o.sh)(b)(%)(o.sh)
0r am Aerma tf b and Y,
My = 0-0833K'Y (b
By Ege- @ and(b),

-——A-/l- = [ 24D
M

b
C LT_ |
In-%1 ‘,Lfi El?ﬁfcess \
pa
e |
[ ]
Th

Figure b




-1t Cont. By Fig- b, %M—MW@
M = 2y L8+ (4 ‘%"”

o1 M= 0-055‘7/1)’ ©

M)’ =2 Y[‘é’(%)('g_‘)( )] 4 (0 3)’][1'(""&)(‘@( 3X ]

My = 0-0492 WYy @
By Ege. () ared (d),

M -3
My

415 | ot ¢ ty - phadlic bt ok 48 oo are
Flgw%mw Croed Leclam | B;F»;a
fww/‘*"

e ] —
My=27(4)(2)(2) = -

= o158y @
vawm
/V“Mbmj/bd) [@ee Probo. 4. 14] )

My = 0. vgz3h Y (b
B Efd @ andb), /wdr ]

Figure a

i —T——*‘kﬁf

\%ﬁ’_ = 1.60
4
CConf)




415 ot | Ty fuslly— felodlic adrece ity for 2he T-shapad
Meenc i byt ax Fg. b. By Fig. b, Ty fully plaidie
W AL

M, =2/ + 2y ()2

b=bo
MP: 0.0(91;13\/ (C) k_\’l

P—

Sk
<

gl |~
dﬂ\(/nAa%¢'114¢4M4 g eaza‘: _ﬂ_h f—_j ¥ h
Moot AL (<eq Boob, 449 20 7
X - 4
My = oougzb’y @ n il m
) lo 10
: (), .
__A_/if. - .24 Tzho ‘——'l
M Y
Y Figure b

%16 For thy nrcllan croed Aelipn, by folly-
W/o‘b MPZ-%RS'HBY(M Prwlp./t{'/g),

oo claitic Sined diiliibedim oth M= Mp and

~ P ) - . g
Y M«W (Fga) +¢ Y0 Y_,1 -Dlj.
g = — My = ,__M.EZ- I i\
Ly Ty I N
er\m \
~h L <
Ti )= 'é'- ek ’ T (,Elas{'.'c
+ :_l_,.ka_-: s ,_;l‘ __‘_L Stress
12 4 2 q\
S, A olailie il Aickikdin L L
AL | h | 2 figy
p— a.l.zshyy__ Ny (m =
I'l?hu' h Figyre a




416 cont| TR, fudly ~ploile slmet AZale avd) Hue

MWW@ M=Mp 2 wlipwn 4iv Fp.a.
@WWW W-ﬁ&ﬂfz,wﬂd,
eili 4Biras atilee o thoem an Fig bbby lyl
ZZI,MMU’=0'5')’,WW- '
%Md‘i\/ﬁmmmwﬂm, %6;%
Neafudl alieae Mahibdirc . — - p—0soy
Fn%l*»duf.zﬁmm\/m
M-MBMMJ
Mp = 0-0610RY (2e Frob. 4-15). Y
T eloly Firee AicihTin, }-—y——s?/
with M= Mpard y poeilone <

"W (Fg. c)) AL |
g = — Mpy - k—o-s0y
L x Figure b

Whe —l ¢ ye it and

O A TS et S
’ L (A)Eh? ; SRNE ,

12. * 10

n
Ix = 0.0 24b hq

X

7‘&44{(/ mmm%&m 'l%’* — T
e 0 oé/oh3Y 2480 Y TJ L———]—L-
- 7 = A4
WY TTA ho 7 l_'%
Figvre ¢




0.2u0Y

N
N

L'l' ’6 Cbn‘t' @\'p

Ay

- —

N

N

Atniet aHake ]Z;L%A?-MF’ A thoet o Fig.d. D
Nedidurf M(%W-M' Alzot i
T +hoitie ctises 44

—|_f—0.2u0y

/éi—y—{

F:?we d

N,

AN

AN
—
=Y

— Y —4?/
N pd
f—o. 240y —  k—o0.240Yy

Figvre &

Aioner the Haae T £\ rven 2y croad delipn,
of Ay Newilaf itay -

/\W

4

MP: 315 'Z\N'm

@%%WN'NWW% Crrat
; ) M-cwam(ﬁ;. ). %
Mbmenly ahoid by NN apiv, wie ofZs,m A polly
MWM wTh VY = 260 MP4,

MP = \/):(o.zoo)[o .05D)(0.025) -0 200(0-05D)(0. 104 |

(Cont.)




.17 conk-

30 mm —> s

Figvre a

413 M%qu&mﬁﬁgwalﬁ,ﬁwﬂq

MMWM%M qﬁw(m&;,' i
- — Mp a

% Lx (% r-muy_J
200 mm ————w‘ lgamm F—vy —

. 3 Y —

N ! N F_\:

Y N
375mm __'I . 1 N | pletic

x - L
‘ C N Stress
\‘
162.5mm 200 mm N | plastic
\ [ <$fre 33

— N

N

N
S QU \ )

}(—‘ 17‘70y —_—
(cont.)

Figore a; y:zéonm\




Conl.
413 w henx +y, WM,MWWW
Al WMCH; a) ewd Mp M%M
W. 7?»«%'4!70«4&(’;6,

M, = 325 4N-w (Y
A = Area = 2(200)(ct) = 20,000 mm*

AY = 200)(55)(100) + @00} 58 (225) = 3.25x10° mn®
N = 025 mm (9

I, = r’,:(so)lzoo)3f—(gloo)(fv)(éﬂ-b’)" |
N -,I;_(Zoo)(go)3+ QOO)C9O)(62'S)L

T, = 113K 0F mt= LI3Sx0 b (@)
5’7 Eﬁ_@)}@)w@}/ %MWQ thulik Ad
oz = - 256.34x1b'y

- For 4 =0.0875 m (44\,35/, 7/@, bea),
0g = - 25D- 65 MPa = —0.9¢4 Y
ey V) = RboMPa. Fr y = =0.1625m 2y W?’ﬁyh@,

Ug = 46531 MPa = 1790 Y
dikratoq the cledi Hast from By placte Lo,
@ o8tz Ay didued heer Listihadine TR
Aot ain Fig. b
it 4, o 7%M Gg=0-036Y=9.36 Mo, and)
(Cont)




18 cont ] ot g 7’%4—&”’3 TR = 0-770Y= 205.4HPa

1; = |50 x ID‘mm'f - 15D)<ID"Lm‘f@

R
—ff—o0sey
___T_ ;
875mm
L
i Y
?a@mm:
—d L
71.7 mm
& {
' I“O-'I%Y—-q
Ftyvre (9
;;égizgxg((kfgaft%fﬁéﬁuz-%f77§’5¢4wtxb.&ﬂgizjfmmmuA
B Yol B.i,ﬂvm
Jotg et |
ﬂ% o Tha 200 MW
T L bh =3 (29500

G By et formalss; .

Ppmoid a4

c D00

- - N
m — b
with o= y: A40MPa,, ¥=100 M/ Area zf\. \ h,
T A M * l'

My = Y_Tx - (240)(/09[!5“155’_); ]30“4_",(5) F qure Q-

(cont.)




.19 cont. fsa W% ﬁﬁ'fdv Z o -

WE%WM,WT,&,MN—N, w den ey

WW%MMW DQM&#%WUZAL,% 50'4'2
A= i—[XOD)(Boo)-Jiblhz

A, =L bah, = A = 36000~ £bha )

— e

b, =z

hy 3
By Egs.(0
A =h= 15,000 mm "= 15x107 3 m

it Bge 0, ¢ 24 the frlly- plels s doitihtn

Ahoun ﬁ?.b.B}, Fy. b, —
wath V) = 240 MP@%}%M ——
MW%/\O;&\A,:A&) F,::f';)

MP': A,Y(0.0707l/+0.04(,\w7) - .

FZ:AJ.Y |

v hand —— ——

= Q_sm‘?[.zubxll)‘] (0.171L)
MMP-_- 42l 77 RN-M (e) 70Lw pm

X .
C) ) ﬂ} EP@) Ce.)/ T 46.1!;47»“4
W pftam 1 00 mm Dl e |
l yl.y2l mm —'J ,:-'A'Y
-
M |
= 234 Figore b ' Y —

My




420|901, QAWW?Z%M Croed deellipn a.

Loctzl) 133.33 mm%w»( Mo Bace %W(ﬁj‘g
%W evnentia ares.
e gl e ot oo @az;,,ﬂe wltye

Ix = L (100) (300)* + (100)(300)(16-bT) - 100 mm —

£ (59(300)°  Z(sH300)(33.3)"
7 IX = 3% /05mm't = 32510 m"'@:) : ]}
Riee e 2 area of Th Y| o |46LTmm b,
s Aoy At A4S OMH) :
N X — - bC _1 - _"ﬁf_'___x__ N

wheu -

¥, ;“"m m“ %-57)1, 133.mm b
dnta_ (22, 590 mp2) A4 v ! ‘[ ‘l'
%Maw[»«y%*ﬁm "_‘ 200 mm _i__,

and Yl 1y ai
5 T fxii N- N —-1-' “<—S50mm

Livideg Mo croeq 2oilon uly Figore a
,QM arcee (Fig.a). By Fap.a,
Ao area obore e NN and, AL
| ooh, + U-Izﬂ’lhz = 4-bhy +50hy = 22,500 ()

ey, ,37 Fig. a,
J00. - CL“'D& (c>
300 hz.

Doz 4l o E¢e.(b) and(@Q 2
(caysf.)




H.20 cwt.

b=158. 1y mw, hy = 174.54Z2mm (d)
Tlere

) h, = 300-h, = 125.658 mm €)

Do Btar dictihdan o #lo febly - floTloc croes
welipn i st o Fig. b By Fig- b, M felly-

— Y —
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572 |Let P be infinitesimal.
From C to B— M=VR(I-co56)

From B +o A—-M VR(fh””é‘) NO'FQ(/ co56)
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0
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0= T —2VR34E—5-E+I—ZE+£VR+’WR L

2

7 T2 MoR

_ Molm+2) _ Lo

V’W_Oliqgf =1
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=L < _ 42
Z‘(/’W) = 2 G o) =YL=k @5 7% = 0.012325 P = szfo
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From C 40 B — M =Mp+ipl+Ps-Vps HD¢
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D: 79

!E;f::'m B te € 2
A
M:Mg-;-‘cr}?;*/}/gf"*é‘

From B 1o D 70 C
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T
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5-80 | This Problem vs similar #o Example 5,18, with 3 spriigs.
Becavse 07( s mmevlr J Fhere are @;1/; Fwo onknown 5}”"“@‘ far('c’S
#= c, and B et the load Carr/'ac/ b/v Sﬁl‘lﬁj B be the V'cc/um/MZ[.
S ) = — - A _ 3
Then by < pilbicon fec <y @ine), ad B2 4
7776 benc{mi MJWI@V[{ 1 5@5,7["6\4 AB is /Vlw:_i_(ur[-ﬁ))(- "‘_JZ_L)

2~
bex e b, and 9M9= _%.W, MWJWW

L 2
U = 2 (L it B)x - X~ %o r2[P g 4)] ¢ Bl =0
/]

Infc/m{m{ and Soly ;17 for G, we Fond .
w

5 7% DJL W L‘f
= 2K +3?}z:ez )anJ A=C :Ji(u)’L—B): & T 125D
3 L3 L
2 U ZgEr % T 2eer
581 | Lot the force &ﬁghg roller L L . l&
be the redondant. 4 5 c
ILn Secf/[m BC/‘ The bmJM] ry;pmw’; TRB
— oM
{5 MBC—— Q){,) 7R—i‘-:0/‘ 0":)(,6—L- é)g—! X

hrke wise, the moment 1y section ABis |
Mo = QL+ (@ ~Ro)xg ) 2280 = _ X, j o5 X2l

L
foces 3 - e [ TaLe @t =
” _ 7.) _ 3 .
. @:i(_.i:. - (Q §B)L =0 ot 5Q—JRB-—0) RB'—?%.

582 | Let the SPer’ force P be The redondant. Thew the mtoment

Z
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O L X4 L) dnd 9 - X .

P oL
v PO —
Hence)_)_%—— JﬁL(Px—@fb)Jx + ﬁ( =0

5L ’ P “ﬂi‘/’
[ L_g___bt}-Z-‘f =0 .. }7: sel
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5-83 | Let the vertical reactim P at the rofller svopport be |
'H'lﬂ r"edwtcfwﬂ T‘Aem; 'H‘Lf /}‘Hanwujaj s scc:fft:w L 1S |

M = PR(1-Cos &) -QRsm@, 0% 8 A ;"'-_Jamg

_%/% - R(I- (o3 &)- Hﬂﬂrf’}
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s P zeed) @ oIR(1-Cos8)| Rdo=0
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PRBK—‘:—;T_*?\) = —é-_ 8,
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P
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| Re= Wk _ LRy, where L=litla. The bendiag moment |
N Section AB /S Mﬂgﬂﬁxj_%i o.ﬁx,ii.“mq{%ﬂ%g_:__%% _
5*“’;[‘“’_(}’; the moment 14 secFioy BC < S
Mgc ZRQ}E;“%&Jo.ﬁxlﬁLL!anJ%ﬂﬁ%:—%xl |
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; 73 = L, '
. = [ (kyr, - 28 ) v [ (R 2 ) T 0
o

IR /o
- _LRLE—EE‘EL IRE’_JL&L:Q l
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| and < o w( B4 CorgliL sl 15) = ol (3Ll +13)
B gL, Fllq J
585 |Let the reaction P at the vollen support Q

be the redundant. Then, the
| wynomeut 1n section BC s

Mge= PR(i~Ces o), 04641 ,and %
oM = RC""!:DS 9) gﬁﬂrfﬂ-r{?’; .f})l' rﬂ.ﬂﬁﬂt{lh sedfion B

F '
15 MH'B: Pﬁﬂ;@”{ﬂx; ﬂ-‘:.J(.ERJdH; %ﬂgﬁ_ﬂg R+X
- z _ 2 : -
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P
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S. 86 ] Fpowm Prob. 5381, Wt hawt My, = QX E’;;"i’gc_ ax,; 0£X %L, l
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| S =g [T@Ramady + & [ ReL-2e(t- 3N, |
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L ¢ SEL 7Y o |2 ET
5.87 | From Prob.5.83, we hant M= PRUI-Cos )= QR sin6= 20R(1osp)-tRsno]
3 -
s s, oeosy ek,
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) (A 2
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R 3 RE
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3

| Since P =0.307§§ (Sax Prob. S85), &) =0:0754 gk ;
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590 | Lot R, be the redondant. Lz 19 e

N ]
T}'\en, 177 Ei—v/'//ékiun/) Rﬂ=Kcz@‘Ka)/Z. A 3 2 <
The woment 1 section BC 15 Ra x‘ %
—K Mg . _ L Ly &
Yo * QEJX’TE_"Z' EXEZ TRB
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= 1055 N= [0:SSTLN
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e Ly Akpxi0™
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36T b,
592 | T = L(0)a0% 18RS K16 mumt = |, 8225 K10™ Y o= ET =115,
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R = oG Lswrtf gt ~ Az

¢ T gl Taxm)( 19-635x1-9 B+ A%
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I‘_-Whur q 400 o
II - -'fH !jlfﬂ-ﬂ)ﬁ{ﬂ) _"l
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= 19.2!331@4#&? o
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Tpg= =3, 309xi0 Smm¥ = 3. 30910 m¥

[ et 7:9 be ﬂ,g }-'fa(unc{ﬁlr{,_{' (ﬁ_j' fi}
71"—'41 " S?f:‘([r'm BK T :7— 2 Thk - = fﬂéﬂﬁ)

7 27, 3
L TW Sectim Kﬁ- TK&-*T-T APTI | 16,6607 \)’
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= fﬂ'—r_ 9!"( X
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Jooo o7 D
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l EB_(H ;‘ 600 Ig 4 &oo ar 27) el
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N 1200 L%!L 7‘ |28 éf’ﬂ )7'
| (122 = (L&
£5638 Tg = .zs.:'o'l_ —~» Tg = 0.58977 = .767744-n

@ T, -T = —t 2303 kb-m

: U 1353:)(5' “9[20) , [-ﬂf)
e Wiier "5 =15 6. 70 tf MBainCD (@

O:') 7 = -_;"'-fr_. - _@7(;?7)(392 = ;’.S_;C-i{-ﬁ’ﬂ{iﬂﬁi
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5-61’}[7"] f_e‘t E be ’“le rEg(unc{ﬂ.Pﬂé-

.

T_ 2_{56 :f' O, Eoo | m
@ 2T, . J
7:45=7;'TJ; 2748 « | (0,800 mn
7.
2 . B0
oY :ng—gﬂ ; g;-mx]mm _
T & / ==
- [)6d8e . | h.B300 _ T :
"[@7*#)7— vl /5) ) _
0134 x108 T, = 7.5672x067 T ozt vt m?

or Tl = 07467 T

(5)(BO/2). -
Tex = Tt LoTTRER = T7.14 MR

5.95 | Let R. be the Kedondant -

A

3 ¢
P ﬂ;; (89 = 57, S30x 10%mmt= 1530k nt

. = 26
Lac "';ig_(ma){:aw)iﬁ(ﬂﬂ)ﬁsfﬂz7371/9‘?-'“”%27???”"’ ' s
For Sechim BC, i 3
MBC : RC,XU Qéxrégé%ﬁ%%’i, TRC T 2T
AB~ #E
Fn SEL-léiﬂ‘H H'E} D }")H
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TAE,_':QREJQ&K_‘: *%Eﬂﬂ )
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7R, <’y EI.HE ﬁﬂﬁ .
R (2)° 4 (R C?)C-Zl i Rc-fz)j — =

) Q0010 )(Z0.767)(3) @mxmﬁ/ﬂ s3)( 3) (77.5xi0°)(2x 51:53)
H ence
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5. qé I Le‘é Ep be Vﬁcfunolal/[f

M = I%Z%_Ql = 20.358x10%mt — 20.35¢x/0~“m? ]\D
X

= 3 ('»»t-mq:; ; &
Typ = 15300120 = 4.320 K00 Y325 107} T TR
For section BD,

MBD=RD5J O YL 2 oMep

Ry =
!:Or Sec.ll(bvj /']'B} C
MHB = KD Xz ) Ofx_zf.f-g' zﬂ@.:xz X‘T\{\ TE‘:IBLN'M
Tas =T, #2K, ;065,215 28 S -
2R
Fov sectiom Bc,
Ry s c 1.5 2B =0
lae= lg ) 82%S :

/ 2,{}}

-5
© U - (c )y + A= (R e (G e
Ry ELp) 7°
(T, fzrep)ﬂ e’ _
_ Rty M +
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LT 4419 Ky =~ 19014 T
n Ry = —0.2555AN =asS 5N ( downward)
547 Let Vf; mc be the weduncfmi‘s At
Fov sectim BC, My = V¥ ~M,, 05X20; 3/_";,.; -X,, By C"DM
%ﬂ:/r 2—~{. For SCC'ét"PJ BB M'I’B‘"V(&H"g QK _‘/VIC Lo ‘—1 (—‘T ¢
0% S l-4) i = X +a ) 2B - TRy
e Me
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Z-
Ef"‘@""d(b yretd ’;TX’CL - VCLL::G;CLJ) (2L +a) e

The Solvtion of €ge-©) 15 M= Glal-2aLra) 5 W =923 Lr )1




5.986 I - T (i50) = 24.95x ;’pb,mﬂvi* = 0?4.3.5_/‘}0_{,4%*

2

B)’ the resvlts of Prob. 597, with L= 2m and a=55-2m,
= Q[2%-3(3) ) + (3] /2 =0.7407¢
- QlEE™- (3@ +@5j/,,2?- = 029630

< M = 027038 - T, = 10mpas (029630U75) 5 Q= 1118200

MM“% " - R4 85
599 | Let Hand v be the redondants. 2
T%m for sec.iﬁrm cD, V-SSR
oo =Va, vt s paen FTT o A2
el - % T‘I
For sectiom ,(34 Mae= V(LH‘J-szJaf_-xzeL. ﬂL‘; i

%’E‘E = L+xy, IMse _o.

For section fB Mﬁﬁ 2VL-QL+ Hxy, pax & L. %&’H L., 9””(__.45 Xy .
4 3'-/ = {O(J/-r;) X:JX,: +£[V”‘+X‘_‘g _a)_‘!][L{-;QJXl +[@VL- QL+{,(/}'3)&L)JX3 =0
0

Mg + V[Z) —%‘3—%5 eVl 290+ =0 0@

L
%% = j QUL-QUE HX3) X;dXy = O

. Yk -9_+Hf—a (b)
The selvtion of Ef—a@md &) i3
y=£06, H=30

5.100 The Mogimum wmoment ts -—'f—QL at C. o j20= _‘}_Q(S’N)(

A
since L= L @)1= 34dxiommt - o 35197 4= 35 ,?7‘@‘*3“’0
From Ppob. .5 99, Mpe = V(L) - sz) and Myg= AVl ~@LEHS; -

% =4 fify(uxl )~ @AJ (-Xz)dx, + L f"(,zyz,(?t_ﬂ#‘, W-D s = 8,
% ?;‘ (-17V+$Q -3H4) = éL( et +§ - -3:L)= 0. oqg@gﬂ = Z.L0mm= S
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_ 29 _ _ 2TL |
Tox = 2y 7mh P (1 AY)
Y o ATX
d;y ZAF}?' = TR (A 1
| Wd" f'lq b? h; q
n W 2T
Tnax = %=y| = TH60-AY
h
E B 475 mm—a-{_i
J=3 Ec’aé eh) =4 fa@rsty 1) J=55,300 mn? T >
mm
2T h (600, 000X4.5) _
C-max J-m‘u:' 553}5@ 97.6 MFa
(9] mm
o=l = 600000 . 000140 rad/mm
GT ~ 71,500(55, 300)
_ 0140 rad /m A5 mm
g i |
21 J I i - 95 /mm -
Tarig < (2b)eh;)” L

5 mn
[YO mm

q“mfﬂmm

fgmml‘gg.mm




.22 57 E—POM é.7/ a'}&vﬂ,«u T = S000 N-m MW
Ao o W 740x 220 T-Seern (Fg. &, NFiomone e
%%M anf) At Coneeilizhpns):

(& uee 53 (6-60) B calecl o SET.

(bhwe Ep.(6:62 T calelonts T,

(C) Uix Ty potos T= 6.077x 16 S b, = 266 mm

Ll win ATSC, 1997, [‘——'| | .
Q)CW 454“za M N | T § = v mm
i Pade @), b), ullcy 2
%WWWH d = 779 mm — *— tf, = 16.5mm

E?'— 6.7 W
o ' . —
@ 8y 57 (40 Figre o

T = -é—(zb)é?h)s (
Frn %{W [Frf.&)/ 2b=326L mm‘aw-wd? 24 =306 mm-

Dhatee, fo o flanpeu

7, = _37:,(2“)(30)3-_-_ 4,758,000 mm? (B

Fotly web, ab=d-at, =719 mm and 2h=165mm
ﬂw,‘;@m%ﬁ, web-,

T, = L (M) (16.sf = 1,076,600 mm* (@)
Lo, Aty Araconal condliid frr o asliin Lo oy Epe furd@)

“TJ= J”w_ ’l'J;L = 5.8’&54'(/0‘6?"4' (CU

QCohf-)




£:22 cont Hewes, w%mm%ﬂj ey #AYLir

ARBean A eed A4 (Wwﬂiv,zwfw;

= :LT—___&’_"_&‘__ = 2;500&2‘0'0/5_2 — 25 Pa (e
T J 5. 865K J0k = 25.56MPa. ()

_ T _ _svoo — ;
& = GT - @003[0%58‘5)”0“&) 0 0042é M/M()

(b) By Eg(6-63), 5
7= Slak)hy

Lot 5> Ay fonpes bl = 55672 10, we Tibs C=0.41.
Nouce, wocth Ep-€) A Trizened conotoit <o

_ -t
T=0.91 (S.gesxi0h) = $.337x107" M

Al d w Put a,

¢

/[/ — 2(5000)[0:0/5) = X8.1] MPa
oy S. 3374107
@)
__Sps0 = 0.00 045 nad)
& = @ooxm’)[[d 3xi074) m

© Wb T = 6.077x105 wm = £.077 500" Cm we brane

/K”“‘% L.077x1p~b + (h)
5 - __Svoo = 6.00411 ral/m
(200x10%) (6. 077x10“)

& by Comparng My neaully s Wies # Erammply 6.7
( Cuney 2737 MPe s 6 = 0-00451 vodfim) e ane

Arat 44, BT sC vabus of T Hutble The more W)
(Cont.




6220 licns of Tonay arif 8 ( amalln vrodecse).

W neults far b C"’WWM&M
ﬁf 55‘““7“& £7%7) thﬂdJC%7‘4l@wﬁﬁ%,Z»7un wrlsg of
/KWMQ%W% PMLM@WM
/@WWW/L/E?CM 6.7, WO At for

o, W(Pdé) wrd o g alloit (Pait &) wrabices

<,zg'l/ - 1‘*'48/\,(100 — 13.9%

A4.69
& pakhin acpnficad deffrsrer. T il of
Epenply 6.7 appea o B2 Aatonalle 2imate,
fornibd cohe nrginemaidy dome i e hisC

6.23 ) Fr epch 2o, blh7 0. Tlu,%u, for each aectis
T < gl B L[2(s0)(Gayrya (_%,&)f] = 0.1224 4t Heug,

, — T
?/““W - 27;_/m~x = 2T(38/lt) — 3.0442{-;

0.122a
¢ Glp.1224a4) at - I | oss
e o o %
’ Yy
/4 | - - 4
K 3af8 __ . e
N
[ 1 -5 y
e - -
5 e 5 A
N h —
(c)
— » le—3a/8 /4
- , Y ] ¥
IL Sa. N _T:/4 }# 5 =|I 7{1_/4




6-24 de Fga, Ll
I fg"”/"' 5
&b = 100 _g33. 0. Torpre €209, T
2h 7% Y r ] -

dnd J= .0_-5?-' [_176(103)-1-1[100)(I:9B: 158,220 mmt A 12

W) ﬂ? Eg -{5-43)} Wl T =135 N.m

200 mm

"2”' - 2T hmax :J(l35‘)(0.0al,)= 2.9 M
a:;“’( J v Ak Pa
T _ 1356
T =0.22] raJ/m
GT (a6 Tx0Y. -7
C Wi senxi) | —
_1\—
Figure a. m
.25
5/ Fig.a, fn%/&mp},%z%zggam |

Thastre, € = 0.9/, and T f——“‘—f

T= &2 [ 138(e3)+ 100(122)]=6|457.5 mmt
(@) Bince L=1.2m, T= 226 Nwt and 6219 Mpa,

Y=g =TL - 226().2) —.055 |l 6mm
CJ (T9x109)(6.1453%10°Y d qf“d» Figure a

150 mm

(b) a’&o, -A;( Fg.a awd Ep-(-03),

Tn, = 2L mex = 222)(0.012), - 3.255 MPa
J b.1459x1p°3




626 WC:I ,fru

MW[Fir-awb}. A b—)uf L]
0%«»1,%,7‘:44&:.7%%) T i I i
_A7E$..@.éo), ____________ JL ___________
To= tRbae-t)] gt
and | 3 3. 12 b
T, =5[abt’s (b-t) (2t ] & Figure a
@Fng =6, Ta T T, =JdaT =~ o
“ b)éja'cv:fbm 4T, b T O
B ™ Oy 1 2l = 2T, )y
a :rb

ol = Iﬁ(hb)mx T =
Ta, Jb U'la)ma,)c b 0 QDT




6.27 ,
The failure torque (s (F)T = kg(Eh)Bfmax = kf_(zh)jzg,f

T- 0.208(25)3(380)_ 3505 Norm
- 2.00 /3 - 2200 T

6.28 ' (i
'—A_! y2Pe 174y m = T r ircle) =0.5779 K (triangle)
= 2370 mm for circle

h= 55.27 mm for F?ui/m‘f’m/ friangle
Lh——ﬂ

. T _ _Looo,000 .
Z}j?&are) - KZ[Z/'i);- _20§(q3)3 - w
s - &000,_040(33.70_)@: Y782 Mpa_

lircle) =7 = 77 (23.70) %
. _ ISET _ 15V3(1,000,000) _
ZZf/'IQNy/e) T T 7R3 T 2?5_5_’5,’7/?“- 76.94 MFa
6.29|
R 1,000,000 - _
SGquare) ™ Kar = 0791 (42) Y3509 O 0000ET red/nm =0.0294 _rad/m
. . T _ 1,000,000(2) - -
Eccircle) = TG 77(27,7,0) ‘“(77};00) =0.0000260 rad/mm\o.ozéa rad/m

1587 _ 15V3(4000,000) _ 00000359 radfmm =0.0359 rad/m

O(triangle)” “p75 = (5%.27)%(73,500
©.30
Assume failare in 2m length (rectangle)

T( goxeo )=T,+Tz= ke(abJ(eh)zt'mx = 0.231 (40)(40)¥5)=997.9 N-m

T¢ 30x40)= 997.9-350.0 5 647.9 N.m

Assume failure (n |m feng th (3ox¢0 )

T¢ 30x 40 )=}q1(1b)(2 e Tmay = 0.3 (woXa0)(45) = 36126 N.m
T{ Yox6o) = 350+361.2( = 71.26
Failure O0ccurs (11 [ m /en?f/é,

Ir 40 x40) [(40 x60) box%) L(3°/‘4‘JJ

Angle of tuwis? =
hgre ¢ ol A?(fezfanf/e)(fé/(c"/v/zé‘fh 1‘7(3“‘»‘0)@")(2;‘)36'

- 7260 (2000) , _36[,260(1000)
0.136 (604072 100) ~ 0.178 (30)? (2%/00)(40)

= 0.06974+ 0.0693Y
=0.13908rad




6.3 | I@B? E‘f (é.éq—))

S
Tomsx = R, Goyan™ ()

Fro b/h =3%.1/3.7 = 3, 57 Taél b.], A.z-: 0.2L7.
M/ Wh T= 1357 Nowt, 3b=381mm, and
2 h = 12.7mm, Eﬁ'-@)«%d/ﬂl

7 = 1357 = Y4.7 MPa
max 2
6.207(0.038()(0.01Z1)

iice Vo o 2ppecal 5 s spil alivon, spirld 2 juil
m a/-{l ﬁv %76% &W/Mu )2.7MM-—-)| F.

(b)%m%wmafﬂu%% T
Ay <boit wide, indinchange @b asd@hy

‘ : 1 ~—"33.
/M:l Ef“ééétf) %I/J d% M o% y;iia/eﬂccf)é/j IMM
e abhort aide, Ly £p @) | J_

_ 1357

= =2'7T.6 MPa,
0-267(p. 0123)(o. 0381)2' 21

Fijvore @
6.32 37 E;.@.w)) wWith 2h

‘ =17 mm, Cinax = £ =2(207)=133 mm»,
and T=565Nm,” we Rune |

_ S8

Tim’ 132MP¢=&2 3_&_)_11_"‘5” ;5417_11.3413 (a)
1000\ j0op

s follpwi:

2
T oble > blh

R, (ByTable 6.1

9 1. 1o Teble ol) abh, By Table P32

vk . 100 | 0208 3.952 /A g
3% | 2.00| o 240 9.349 | Ef@acaley
510300 0.207 15.219 | Gfpreyim Ay
41.5 | 2.50 0- 256 12:160 | 2b=Y43 mm, """7
HYS5 .34 0-253 1. 250 i .
4.3 2.3¢ 0.2532 H. 343




ré.gg Far- the Vec.{w;:far Crose Section 1

T ED j}(:%_ |

| Tmas = B~ FAAR

I FOr fhe Crr‘cu{qy— Cross 5:,;%;3?;1

To  T@R_ _ 16T
| Tnay = 75 = ¥z 3 md3 Y |
| m%w; e L 17— gt 2
gk, kA h
|
Y3 a
" aq = 3:’-('£Hh[ﬁ'é:a) @)

AR Je Sa/m(f bj !
For o jr'y’d’}’l U“m_[uf OJC j{J Eﬁ"() wdy |

'ij—,r‘.g;/ a_hc{ e rrolr (See PFﬁ?b‘ 6-3‘2,)

6-3%‘ §£V€H A= 57 ot aud 2L = 38 [ s C'b: [?ﬂfﬂﬂfﬂ%%‘?{éég

ﬂﬁfﬂﬁﬂf?ﬁ?’ TJ«:J b>h, we hMiT -
e = +

- g e ;
| (% % T k(A2 ar- 34, (19.05) T

TE?VE ]CGP-CJ s ,ﬂ:gﬁﬁ-" - )70.91 @() f

P
M /é}- T (16(9)019-05)

EM (#) may be solped by .

Try h= (905. Then b/h =1 and 157 Table 61, ﬂ(;{‘b'

ﬂ@ﬂcg, ,ﬁ !q?--": 7§qff4f7§-4{. mﬂﬁ"&}@rf') h>b. |
/ =

7 : {66 W!'H’L
(aw,ﬁﬁfqm%f} Conayx 1S 6 btained bj Eg (& n

{ be
5 ﬂv’:'d(h 1:T1LEV£A¢MJ£J- Hlso baud N mvs

fﬂ{frﬁhwjdd ;;1 'a’_ﬁbfﬁ é“'l 77“{'}5;

T - TT'(S"!3 =2.97/ (Ej’)
L B ;;é?f &ﬂlﬂm |

|

T —

Ztrf‘,_a{ aMc( error .,

=

__.—-——-"_'—-_-'

ﬁ%% - z&l(,zh}if’?-b)}

| 'f,‘;«-[‘a{ QJV'LCJ E’«?‘H’VJ we j?b'f Ve

Ja!ut“Mj EE}’;(B) L’j




h W k(b Table6l) bk,

(.05 .00 0-208 . T

28.58 .50 6. 231 §.604L

31,16 R.00 0-Zifb g.373

3675 {929 0. 3439 g. 764

3677 [-930 0-A437 g 9T |
J6.78 1.93/ 0. A440 2 ??_3

T’f/l{'}"'e ﬂﬂ"ﬁ ﬁ = 775 -t

635 For epued trear ( wilh b =B the sgoare bar and |
d = d{'ame“{fr c:g[ fhe C’;‘Jf'c:u/ﬂi“ 55”“)1
@L)(MB = 44" = 1Y o d= 257K

J o
For b=t b/h=(, ly=0208 byTible bl
| %f > | I T -Mr%'féf |
My {.fg-ua.f-e bm-J - %1&6,}(2}1) (6‘ 25’313)”\ 4 |
-

T T = 0- 3L 55
{ me(cﬁ.mw{ar bcu-J I Y 7]'[4-19‘5%'53 4 |

F T"’“‘?ﬂ fb'ﬁumrf bﬂh) = /356 Z:“‘?‘C‘:‘T‘:"/‘”‘ bar) H

J = d.6ot2x0%[| - Z ;Lgtd"h ] 2 1.787x10" mm* (2)
.-n:J3

[ o -A‘? m é-{Jr WA Lg/h =1, J‘:f«,(lb)(lh)?':I-?ﬂ'?xw’;mm‘*,
(b) By Ege.(8) of Arclirn b-b, wilh 2h= 25 mm, 2b= somm, |
| and 66« T/7 [hyTp (69T, we hane

I (<. 3 M




.36

= — 40
5 =

—

2X

- JTX

m=143,5, - - _
(m-l)/2

[S (-|)6’-%Cos”£ sinh nft

Nn*cCosh nir

SiN=zs

]

cosh %’i:]

(&)

NI

Ty T

20 [ Cl)

Z
T =5, -

nL

Cosh nir

When X«} ER@, wth T = 100 A. m,

%: = 0.55% N/mm3

For ot B (x= 12:5 m, y=0, fi9.8),
Ega.(b) and () yetdd
Tz =0

! T
AScosh s{fJ;L

-

260

Y R T R
'(25" T [toshﬂ+ 96 R3T

C
13.99 MPa

50 mm

Fig.- a), Eﬂd—Cb)a/w/@) W
s T :
o] SRS,
i sh 1" 9 cosh 3T
Cos 5 souh ST
25 Cosh s

%,

-]

— [. 74U MPa.

2
Ty

-/
~

sm 3L coshYC
q cosh 3T

LsinECost,z _
-

200y,
O, = 125(0-5594) — 77.1(0 5596) o

/
-]

X 5.2(7 MPa

sin §I cosh
A5 Cosh 51T

oL
-

zy

(cont.)




6.36 cht-\ Em WC(X-.-@ﬁ:.zs-mm,‘ H;.a,)/ Ep<-(b) avd(c)

g =

200 4 l
o=~ 22 (05590 [tanh T - £ Tanh 3T + e tanh s Ltanhir--)

n
Ozx % 10.40 MPa

dined]

U

)’
ﬂ Gy F . &, L
j“‘”“"““mwﬂv B R —

FM‘“’WW%‘

2* '35,404,0 360 mm

W@Wu

%,= 00309 5 P
Wﬂv ciral - Lt
%%@W “ r Figure a

T =hi(2b)(2h)’ |

= 0.305( 270)(30)

270 mm

Y

—
I B SR

o
Jre = 4,252,410 mm? .

Fo 24, WW blh =185/20=7.25 4, =0.310.
So, %WW%%MMW/«M

Ty = A (QHGRY = 0.310(370)(40)= 7, 340,500 mm¥
Fo d\,w% b/h=14s/7.5 = 19. 35, Thesfiet, k, 0.333.
Than, The Triteond W;@ My web a4

T = k (2b)(2h)3=0.333(299(15) 325,924 mm

(k)




6.37 cont-| Thuefne, s Trssiimad eonelintof Te croce

T = Tre+ TBF-I-J'W = 7, ?1‘7/334'mm"= 7.7/7/(/0"’;11?[4)

(&) 5;; Ege (@) a«wD(é.LS), WAL T = Gpoo N-mM 6l
hmay =20 mm = 0-020m, Ay Maypemen dhian ey

Ad

AT Nmay — A (S000)(0. 020) 0.1L M
ey = 55 7 91900076 - < oM

(b) By Ege@ and(6.69,00b44), with T= 5200 N-w awd
& = 200 GPa , o angle &W@Mﬁnﬂ 2y

6= T S0oo0
v Qooxlov(‘? 7/7)(!0"‘)

6.38 By Fn; X, b/h=100/50= 2.0. fene, By T2l b,

&, = 0.229 00k k, = 0. 246. y
@) 53 E;.Cé-ézf), wath Z'Maxz <0 MFPo., ,;1;,",
L, (ab)AR)  0.2ub0.20)0.10) i X
Nencee,
T = 9%40 N-m 100 Wm
| |
B By cg-b-tw, | e~ 100mm
T _ 9940 Fiqure a

i £ G@2b)(2h)° 0229 (20010%)(0 20)(0.10)°

6 =0.00107 ned/m




§.39| a7y, dia ot lemerdt of the
W’?&W a/vwéM rde af thy

W%Mmf Mnﬁpi’LMWWF;a«
By Fig. 4, MWE—AO/W
wm%mw
2 =T (td2)- -, (t,d2)=y

i 2

/C;tl :sz

E- U0 Ty erped anctiyn of tho Hrricn
WO&WMMM:; l‘_"‘).

@ Moven At t/D = 0-10, m /ZZ’
Df%JMM_L [.50 w M%

Aﬂmw@d%mm
D« T = 40 MPa, weoblau. ks

IG:LM T, 4’71:7—.(6.66), ads

T= 24Tt = 2(LoY(woxiv4)(s.100)
When,, tcrce D= 50 mm, T = 795.4 Nt
iy, /;,c-,@é‘/) wth 6= 77§ 6P

jf - _(yox10%) (M) (0.050)
= 2&» A77.5x10) E(o. 0507

Figure a

= 0.0206 vad/m

Ao

) = 6L = (0-0206)(1.5) = 0.0310 rad

(cont.)




~Heot] 5y tactioty Huaey, Eg 619 pictde withpg a,

_J 10
T= —== = %-33%_—[_(0_.055)‘*—.@. o4)¥ 1= 793.25 N.1m

bk by Eg (613,

I G6J I~

X - Yox ID"
= = 00206 d
Gr  (77.5%/09p.015) 0-0206 rad/m

4[0%0(_/ LIU =6L = 0.0,204(!- 5) — 0.0310 vad
%ﬁm@,&) s, WW@&MO{MW

-
-y

6-41 Tt Crotd anclisne a ,Q/Mfﬂev,[) dog. 5y o an
Mo allowotble Bewr Frecr ard 2, Ahear msdibdid ar
W) Lay = OMPA cod) & = 27.0674. Z
%%, Allrnpbl Torgose
of%mam,

Ty = 3% [e-0w)™ f0.059)"]
= 5.030x16 8 m4

63,= (27.0x0)(6:030015")
=1353.0N-m> (@)

Then, by £ -(.64), T, = 2ATE = 2(F D)7 = T (0.080)" (ooxt0°)(0.002)
o T, =300-57N-m (b

Figure b

L e, |
3, =1 T[0-0upt-(0.0391] +5 L0000 (0.0354]

3, =4-515x1079 + 5.039x10"'0= 7. 500" m4

QConi')




6.41 cont. | 2 ,%ma,() 1o Fy b
GJL =@1.0x107)(7. SSuxlb's) = 2037.L N-m™ ©)
7=Gk = Ul @
W{W.qu Mﬂq;’,’"m‘wjtfﬂm
Ulfue o
T, =dAg=2n T, t, (nag Tt)= J[{Dy(éwlo")(o-ooz)
o u)ﬂ D:D'OQ'DM,

—T; = 301.59 N.wm (e)
Contpariion of Efa- @ and Q) sfentle
Tb =1.50 [ﬂ
Aimibuty, 4, % Bl %
= (®)
Ta

Gg) B; Eg-d), 2’2 =60 MPa 72:“ Lo e T=30l.S7Nm,
7\‘%, W,Cd f& =2 mm gud t-q. :um.m, E’f-@{)/y/,v%

=t27 2040
Zl-“t,f 31-4160)~30MF0~

i Ty - ps0 - 4)

T

(cont))




s L[ €) Epeciter($) thians 2ot i Triedns)
AL mease crodd 4 ohion an Fg b <L 507 Lanper
Alran Wofof% Crozd geclion an Fg - However, E4-@
g Bl 2ock ey allaime o —moapinm thoan
/ﬁmu—of 60 MPA when T = 30I.5 NM. Lo, Zhare 41 10
P Sl B st AP Y

0?6( BOZW%MZE;««—( MWWP
%} Mwwmwmfﬁfa,
Moo, lipwever, 2l of Tty enpl f Aaridl o coprded
one woel Spwe B Totre Hnd oy sctrend; Liing 22,
2l g ikirn ufl‘:(j-b&'ﬂﬁ,%v arcd Bereer redlecens
L‘Q._‘Biﬁga,;{ﬂw
Meanm WVM«M{MW <A,
A = 0.080(0.060) = 0.004-3 m. .
Whe hear plowr g =28 *™
4 Condlent in di wa

Aese occune vt L, -

Amadlesd ual] thickmess - 80 mm |
t=0.002m. y%,u)xﬁ |« . 4
T=0.002mMm, Figore &

%= Tmﬂt = 0-002 Tyay
Thew, 8y Egde-b), withT= 950 N-m,
T = 2AF = 2(0-0048)(0:002 Ty ) = 7500 N-m

Z,

oy = H94-3 MPa




6-43 @ @% F;;.au, i area 2uclpeed AX%MM

A

A =0.100(0.150) + 4 T(0.100)* = 0.0139 > (&)
Mo, e A, heor flrr 3= Tt Lo conilant, the
/MWMMWT ax = S5MPa scecnnd i A
0-004 wm hick wall. ’#m,%:%(ééé),

T=2h8= ZA Ty, - . |
oL ! *!
TT:" 2 ( 0. [} [ 87)( 5 S X lo‘){a.wlg Tf— } S N R R S R TR R R g B
=836 N.m .

% =&s)(0. ooq) :Z}(o.oo_y
hean Bieas i thee
0005 m Yok wall. Lo i the 0.005m Thuih wall, H
WW A 7’ —-ll-LfMPa, W%%M—QMW

e 0.004 m WM Z,=55MPa .
64t \TWhe areo. erclyoed by e onear frorimelic 44 (goe Fig)
A = 0.050(0.150) + o.ow(o.oSD) = 0.00 7567” &)
By Eg.€.66) 2nd(@), T= ARg, oV
% = I T (b)

Figure a

" 0.019
57 Eg 667, wilh @z [ p=0.12rad sk T= F/t = tonilland,
LB=0.12pad = ch&nt) (<)

Where L= ,ZMM%Q%M%%WMz‘ 20.0025 M, !_05’00;9;‘.34)




bl Cont | "Mrnfre,, by B9 @) arcd €),

50 . 0% 10%(0.009s)(0.00
42 (20(2)(27.0x 10°)0.0095)(B002S) _ 12 0 oii )

0. 500(2..0)
Oy £5a.(b)adld), o IAger T oy
T=0019% = 2924.] N-M
Ao, by Eg.€), wilh §= 74 thowasge

150 mm
C-=8.-1539 —¢[.53 Mra
0.0025
Y
L 100 mm J
- |
Figure

645 ﬁy{‘,}.a) e anea owelyacd)
/7 ean Lercueln AL 5

Pt = 0.030(p-140) = 4 F(o.060)~ : 3
=0-0076 m* @ = T

jm%wwmdmw 140 mm
Fecund on he 0.004 m Thik

wall, «37 Ef-@’ 64), with T=3p00N-H,
T =R A Tyt; = 300080 ()
Thew, Ly Epe.)ard ),

__3000 - = /49, . i L SRR e
7/;(47( " 200-0076)(0-00¥) #7.3¢ UPa | ' s0mm |

f___?4:%.6‘:@‘47_5%109(0.00Lj—):/7z4 &N /m (C)

60 mm

Figure a

(ent)




645 cont.| By Fi9.a, M mean percmelly bon b
wall o/{m t,=0.004m o /ﬂ»/{

A =LTD = 0.0307 =0.09425m @)

tnd oy psan M W}f’% MMWZ}:&M&M
AL

A, =03% m (@

By Efo- @,(0),),@) a4,

__% (,Vn {2\ 1974107 0. 074 0-322)
v = AR \ T, ‘Lt—z " ALz p.oo7)L 0.0 0y 0.005

& = 0-0477 rad/m

87 FF;.O\,#\,(M -

—_— . qo 0-0‘15 +‘_' - a“ it)

A = 00083387 m* (a)

45 mm
‘ﬁ’—'?’z‘:u@—M 2, -
Meapismann Mhaan 4Tees pocne Fiqure a
o Hh, M%(‘b =0.003m).

T%M»,Zo’w, Witk Ve = €O MP2, the aheon Pl 4a

% = Tmaxt = G0x109)(0-003) = 130 4N/m  (b)
By Ega-@), k), and(6-64), %&wc;m th,a& Lo
T =2A% = 2(0.008337)(190x103) = 3. 019 kN - m




64N 6y Ry o, d=6) Ar=b y
T}"’"? '37 Eﬁ"@'ég)) !

T:z%Azf}[:,z[blfﬁblﬁ;% 4b g @ @ "
e=t

i %
wMg_%gﬂmad& -~
e - b !
| avd 2 ane <Honlcad Mones,

Figure a

b=
Q)%xWWM%WMM%W
el are W’

/K’m&':-—_?:'— ‘fsz' ) /C/LUC@ %' = u =0
(b) hr cmit angple of Xl <y, 4y EF 16.49),

0= zisl B +BB4] ;54

l
6 <oz (%)= Azc,(z—-;n—z;-)wg,;:t

6-438 F:;a % Problem 6. 47, wwmvﬂ?@»/f 2k

e | 47 ef C-bb), T=2a7t = Yo 2t 7=z
By Eg.(6.67), with b= iy,
S

9—36-/9 =,25.A<llb"t')( b) 466t

.49 B Fig a, 7}7,.0[,/%447 WAMJWMMWM a I

atd, Eb‘ €.L2 M%WJW T=L eyt = 248
Aoy thuk 6 b/t 10 T, by Eelé-63),

- t/2) - 1
ST - ) - T

Tmax =
awd

.
—~—

& =

o
E\“‘

Vars



6-50 e egocilelinad Tiongle welh
MW fﬂwwbzgwmm A4

L (25-§)( 25U x tenbtf) = 279.36mm> (@
By E4 (6-64))

-1 |
T":?TE (b)

Wdﬂ\ T= A0 N-m and t= 2.5L}mm) %Ew@)w@)}w&
Ararne

T = 20 = 14.09 MPa.

2 (279.3Lx155)(3- Sux1073)
alo, A,; E¢ - @ £7),

H= T,? Q#-o‘ixlo")(ho.o,zsu)
A6R  a(a7.bxi0?)(279.36x10°Y)

= 0.069b rad/m

.51 anw of Hhp coreudon Tibe (Fig.0), A 2guote

Aeke (Fg.b), and thy Tianputn Xibe (Fip. o), t
TTD=Y4Ls=3L+ @)

With Egs.@) The ancas ma(,m‘.eﬂ_ by Ahe

B Ag= I ag = L5 =107, Tr‘—LT(g-Lr)zﬁf_Q

w (a.
b wdetndgle € 1 d T, dewstt X Coreidon, f— Ls)—-l
Afrare MMMMW,W
%WW#;&&@ W‘/@JW’
/42'# %)m&" ‘. LL) rAl

=T I .3 I 18T
/32 2Bt %Z”ZS " ZAst E‘%"t’ =

Tewce,




6.5V cont| | pyipcie, My Ep-€:67), with L =D, Hh umet

o TP _
be = .zch vo‘t“

b2) =L 4,
Gt p3 .
fs = -26—145 ﬂ{l’ztrf)(mb*) =T-r1— 5

T JG'AT ST BIT*D*t (fs’TT"D’) “met '-377-%'53

WWMMM i Figore a

PR rl |
s et = bs st " Thedfne T, [T, = As [4, ==L
‘f"&‘“""‘*&?f?; bt with 23 =2, =7, dg= b, Mﬁs-cfb |
@“ "'T!c :2T %4995:?‘?5—21

é-33]q; oy ahear Apetes on mmmm
v Pasllen' 4. 52 wﬁm'ﬁ.zy MWZ) 6MM;

Momedy, wfﬂww’&; Ep-(btt), T=2R T t = 285 Ts - oy

T
:E‘i—: g‘ . Buj/fy Fro b lem A.SZ, ACNTrb sl frs = b I'/W)
_/__Z_f_ :7%: =0.785




6.54 . 2
”_A—I:-é(L;OJZ;/n 1}: 692.8 mm f

5’0%

m

ym
T =2ATt = 2(692.8)(20)(4) = /10-EN- 1

=L - _200)(49) 0.0 \[
6 =57 5 03,00067.%) 00055 rad/mm

- 0.0559 rad/m

6.55 | e 14/
A=a5(141)=13,395 mm® 7

T ém )
(F)T = 2ATy Emiy = 24 7t Al mm " g e

2(13,395(360)(5) 7 mm
= VI =/3.92 kN.m i ‘

- .. _ 360(5) _
(fF)c]_Z;/fmm] 7-m~5—/7,é/v/mm

> € O

9 < b 57/9.6 fel) (%), 2695 -0.0000182 rad/mn
8= 745 ;, &~ 2(3,395)(77,5001° 579 ] ' o

-0.0/82 rad/m

| 6.56,24, S2Az=AR3 thickness T=const.
6= sgaz[4(2+ 2 (- 1) 2 +(1-7) 2]
* zetgel 253 (e-0) 452
orh 7 (% (84 1)+ (5 9) 5 +(%-2)2]

UE+3) (1-0)840-9)8 =2+ )+ (3 -9)5+(7-9)%

— £ o~ £

©

e o sfe -+

Al

7 =9
UE 2 m 2 )p a9t =5 [a )G e)2 4 (5 0)4]
AR

Since %°9%=9) 7he 5/§€ar/'n/a stress in the ioner walls

mu st be zero.




65"" 200 mm g0 mm
Al:aooﬂzo):gt/;oﬁammaj' Aa:ié%sﬁ);%’ﬁﬂmmz I'(_i nm l‘

T- Smm 9,
T=2A4 + 24, 7339’3/0”07/*7500‘73 |20 mm 9. Ymm->
>l bmm
- [ 5209, 12009 -4,) L ¥ ) 5mm
'2&(25000)[ 5 Ty ] !
- f 2004, , 120(9-9,)
‘a&(%’oo)[ 5 "7 g ]
q =(.33804,
T 211,000,000 = 48,000(13380 4, ) + 76004,
q,=149.0 N/mm 5 G =13780(149.0) = 199.4 N/mm
g [99.4
Coay = F2—5F—=319 Mt
- 3000 520(199%) , 1201994143007 _
g QL’2(£7,/00)(34,000J[ = “+ ‘ =0.05/3 rad .
PropLEM 6.58 Follows PROBLEM 6.60
6.59 3 3
A Yolew)” | 260(15) " L4
min =5 ) + 15)_65680/.000 mm

3 3 3
T=5[210020)"+ er0(20)™+ 260015)" | = 1,733,000 o ”
g =t [Elni - 280 [200,000(65,660,000) _

= = mm
cvia 2 1 1,773,000(77,500) /385
L 8000 _ . _Ta . 7,000,000(1385)_
g 13gc-5.79>2.5; Mmay = < 225 = 3463 KN.m
- Ttoay 7,000,000@0) _ . ey 3Y4.430,000035)
may = —57%= $7 55,000 3019 Ml O;,QX__Z,_IM =32, 640,000 =[92.9 [1%%

6.60 3 3 3 3
T—J_ 60(80)  5%(68) _ ¥, _ 120 68(s) y

T =4[600e)’+ 60(e)’+ 689’ ] = 13,556 mn*

_h [EI4 _ 74/7?,00—7(57—2‘55)-
a=z JG T 2 /3j5‘35(3'5/00)"34/'5mm

L -8 : _Ta _ [00PE4Le _
Ea—zlfle—éjosl)ii-;) Mg— h - 77 ""_326'5P (/V’/D/”)
Myz  MxC 326.5/”(30) /500p(q0)
- 92 - — _
Omax = T3, * "I7 7 168,400 * | jus, 000 - O/ #61P =160/
P =10385 kN




¢.58 @#MW }gt‘, :ht;_j f,w LVWQ m-u&lﬁv\d
AAees o%j&( oo mm(mﬁy-m ard b)) weha,<

A= 2(240)(8) + A(120)(8) = 2(340)t, + 2(120)t,

240t =120t, &
Whe 2pleirn ol Efe @) A4
t,=6mm, t=12mmH (k)

(b) Liince thne rnrkevip whwan alies fr cochmomber
~4
T = 700 MPa (c)

7 Foe memben vin Fp. o, we uane by EF -(6-44)
Weth Fr =@Re9(120) = 26,800 mm” the arca cnelyad by
A, M)

T, = AT t, = 2(0.0288)(70x10(0. 008) = 332 AN - m

ma %J F'o((bzw*t‘\ "'1'[',:? :W
E—ﬁ‘--@-%),uﬁ?&w AR A

T, =2 AT t = 2.(0-0288)(70x168)(b-00L) = 24 . 15 4N- M

wAse Vo = Up, = TOMPL | tomer Tz bmm Lo Lees Bhpm by= 2 mm.

L 240 mm X L b=240mm
I~ i " 7l

%F lg tll }ZOmm

Figure & Figure BT

T




66 / /Z’m&)‘ 2Th max T i‘mﬁ

150,000 (6)
J - 3, 536 el ug MPa

By Table 6.2 aund the c{a'{‘& in Prob. 6.60,
/150,00 = $7ﬂ0(
~g—5_(1,-zoc) _,_5_"__/[/400 2024l.8)] = 0-4se7 22

27100 (13 53¢)
6.62|@ t95
K
F»z} LR L N
a F"" Fo;;l 5,1- 6)1. g’,l
h Bl Rl B ROBl T Xl
2 h Flj A
II¢ e J h= S
/8 8 a T 7

Tn terms of the stress Fonctios nodal valves FL',J', the torsizral
fimife—-c{f fHoerence 65’4&7{15—71. (s LER-(6.92) and (6.93)7

2.
(728, =L oyt = 4y 8 + Bl =790

By Sfrmn'lefrj) on/y 2 fut{r?ler of The cross section need be

Covz:://ergc/ (F/j /4) Eﬁ—w'//m (@) mvst be evalva fe{ at the
/”04/8 Pom‘/SJ U)U/ (J )J - ﬁus’ ﬂﬂzln/v flﬂ/% FB’ Jﬁ- B

on the bounc/a,rj Are 2ero [ see Eg.@.w]) we have

Chyf=tl: F +F —~4hk, +h,tE, = ~266h" or
4F, + 26, +2F, ==2664" &)
Slmf[ar/y/ we o0btamn
2

=l,;l=:2‘- Fu ""f Hy _l_vZF.:I y AZ&QL’ ¥
. . 1
é:,?,i:[ . F;l‘ —q’EZ,I razﬁ;lf—él/:_,zé—ﬂh (a)
ey a7 b )
32, SRE 4Gyt Fa = R
[:3) ;’:;: fj), — 45, +—2F + F = *‘25"% )
(=3§=2: Fa. +E, —‘/‘3,;7“5,1:“’7‘/’”‘ &)
L‘:L},}:’: fJJ, 441/1"2/:9}2\ = ——-16’9;}1 (h)
(20122 B g r R = R o O




é-é&t(ﬁanf,\

Weth the Vzo{‘a'{'fow r =a, F;L: b, E?,/:C) 6,1 :O(J /:3;/:61

i

F;;z: 7C1 F‘f;(:;} and F‘bl= h/ we mey Wats Eﬁ‘“’)_(d as

— Y &+ Ab+AC = —2688
A - 4b +2d - _z2e6h
A -4C t2d+e = -as6h”
b vc-4d+f = -266h (})
< —ge4+2f +g = —266
P2
d +e —¢f +4 = —2soh
e -¢% +2h = -aseh
fo4g — 4h = —268h

57 TK Solver or ay\a(/ they\ 6;4/4,7[/&»1 Sofverj the 50/071/034 0][
£40{) is

a=Ff, =3.587315¢ ¢=F, = 303697
b=1,=A7077835 = F,, = 3126852

C = Fﬂﬂ = 3.4670078 §=F,, = 2.05S214
d = Ezll =2.L2%64 | h= F‘hL = 1.57197¢/

The MoaXimom Shear 57LI’€SS ocecvrs ot node (,’:1}4{:3_
nerffare/ with a foorth-order backward-difference formola

( Boresi aud Chong, 1991);
¢ _ L. — )
=28 g h I TR, —74531._[+50/;J

&x ‘27 = 5y RS
Fe [ = - =
or ( I}}‘% 0:2-:)( - qﬂ'(lﬂ#){) . ﬂ"‘tj[arcl w‘+L\ ,g‘:ﬁ./l]-/
. - =
G~ Tty "6 6 = PP # TR = TS+ P F [ Gon
i 252 (o — 3A AW+ TAX SIS = Tord T35 30

e ai—‘x(m.,) = —0.9/98313 Goa o ?mez 0,7/753/3(5;9@)
oht.




6.62eont. N
M(QFOV h e A/g )] fh@ /YY’eSh [ .)’r}bC/l‘l//‘a/cJ furf'he‘/ W {TI’\ _th
! e resolt

“’{- ﬁxe_ 0:[/10(/
e PDIVI+5 i both 4

AA Joué/e /7/%6(. we ohlein 32 e a;/,m e X twc/j’ donctZrra
Hhat most be solved 4 feearios C8x, Compared €o furte)
P % ye r no:/az/ ya/ue5 o;fgﬁ. AM[o/ous fa
ayt & E¢. @ 7/&6/45
C.t ezl —44 +2b+ 2€ = —260h” ﬁ:,:a
C=1,4220 A —ubrcwf= - 26h Q’Zzb

. ) ) 4 =C
“~’;0‘!=3' b -wc +d +2g = - 266h FJB:J

L:l) ;‘:q’f -‘{'J ‘f'aZL) = "‘16‘9‘) F;:l‘{:e

(=2, 1=l A —ye +1f+( = 2664 Fa =f
(=2,4=4- b+e —4f+5t4 = —260h" f” :i

L= =% <+ g thek = — 2600 F:*_L'
[=2{=4 d+g-wh+d = -200h o=

6‘23 ~:l, _ 2 6;3 :ﬁ

) 1 -‘C’LHf-:Z,—Lf-/m = —24%h <

O S S ) -
Z:Z,f:3; ?"'} — 4 +J)+ o = —25’9/7 Fep> ™

=y =4 Ath-wlrp = - 266h Fy3 =0

(=4, =12 b—Agmp2m+§ = _26th Fug=f
Ceyp 4=20 Ftm—yM+0+0 = _266h° Foy =7
(=443 A+ A-qo+prs = ~2684° ™

b=y, g= 4 I+D‘—4f+ t = 268K ',:.:'} :_5

=5, 4= 11 M-4F 42N +L = ~260h° ;,r
L\_E,;‘.:l'- Nt F 4 +5+07 = —2&9/17' Ff”,_-_w
(26§23 Ot n—¢sptrw = ~260h | BT
(=5,4=¢ prs—atrx = —2604° iy =X

L'-:CI %:( ; %-—LH/{ 1‘,’(0_'1—; = —-;\76961 F71 9 4

L=b, }:22 N+ U=Vt +Z2 = ——}é’ﬁhL ,Zz_@m)

[=(, {237 StU-ypIrx+@n = -6k 2

T o | B

(2 f=¢1 Erw-ux b (W) = 268k i =€)

(=7, 7=17 U- LY F22 +E€9 = ~26-«9h Fm =dd)

(= 4= ~42 +@d)$dd) = - 206h" ¢ =(e)
(=17=3 o+ L Zalen) hhie9 = -2600 3

(=7.F=4" X +@s)—ylbby +{¥f) = -208h " é(f)

(cont)




£.6 2. b cont.

(=8, £=[2 y-4lco) + 2(4d) =

(=8 §=1; 2 rCec) — $(dd) +Ee)= —266h
(=8, $=31 (49) +d)-Ylee) +HEH) = - 266H

(=8 4= =y (bb) +ce) - ¢[F)

Bj TK Solver or any other eﬁ—uwfrm 5@/Ver 'l‘/\e solotiom of These

3a élfuan[/mas (g%

14.518555
13.631189
14.40592
10.952108
13.527047
6.4327478
10.872248
6.3894416
14.051032
13.198832
10.620394
6.2527709
13.400543
12.596854
10.157724
6.0012483
12.357434
11.630318
9.4123999
5.5944985
10.768556
10.154583
.2670597
.9643459
.4076236
.9523977
.5369101
.9958255
.9571432
7104747
.9323576
.4820458

N XECCSCAHNRAQTODSEHHRUHDTQAMQADOT D

o
[+
NWRa AW NNOLAO®

* These nvmerical Valves
are ~/:0Y‘ 6‘9/’71:[

—2&&&,‘

= 208k

The maximom shear stress s

= =L [cF -32E +72,
y;x /f,:l,{:‘g- JZ;(MAX)—IZQPI [é L bz H>

— T F,+S0F,s] n Fis= %)

U;C ):o(w,[éa‘ -32b+72C~ 96d 1‘50><0]59hl
X (M ax,

For hz &/% and with the nomerica| meueg
for a, b, ¢ a/;,,,ﬁa’) we have
/. — 092749 68a o

X(max) —

#n /m/rwem&rﬂ[ on this resu/z‘ may be
sbhtamed 177 Eﬁ(é'mo)/ wi Ph

M= 8 S, = lnag = 092147 602,

’)’7, = lf} SI - ﬁnﬂ?: 07/753 Y o

m Vs /’711 S~ s,

h [@ 4)/’20—7.271/7) —1b (0 C]l??3)]@94

by — 16
= 0.9300 G6a

This vesolf @grees woi th the exacf
So/u'tL:M (0.9300 GQA);IVCV\ by

Tmshenl/a and @ooJ«er, ’_heory o{__[ssAdE Gty
Me Grew- Hill 1970 (2ad &d.)




b3 G_Mwamwﬂwmw
Aediin WA%WW bMv(QMMWMWG‘O

%W%awwtwww
“mwl 767?7\44044/4 %LW ‘W

(@%MM&M#WM
i o= o wg ahpwn on P17

By Ef@./s)J w b,
T=L (b-a¥),

T+ Iffr(_-b-——";“") @

y " 7T/b Lat)

Hewao) by £¢ g1y,

B "’Y = 2Ty
(o (b a")(d Figure a

L) Ao the T gene icrtants X m%ww
by(ﬁy-/o).%aﬁv%mug&}n MMJ@M«/iMZi“
b Egele- 1) by =20 TR Ao,

4
«&? b, w Ww»(/tf\ Ef-C),

by _ ty _ 8

b2

7~ /%a/n;/& W)WM’
b8y

Ad
G =

&

2k




6.635 cont-

With B (c) wa(J), we find
%) ‘{:erms Of T}’
_ JBTX

- nbyc—(b‘f,as*) @

(€) The elastic twestng i omten T
T is dve o the Shear stress
from r= a to I= [7 CFg.b).
By Eg-(6- 1S) with J’ 7"(4;* at)

we Fmvc

_ T (h-aY
Te ’?Q)Zbd— 7, @) Figure ¢
y -
The plestc torgue Tp due to the shear stress 17 the yielded (lastid)

Y"Cflol/l 0][ fhc ba_r ('»Z'by) is
b

7;,: £r2‘;(27fr)4r _-_2_7’,'2;,(1)3});) ;_nf (b blz}:) (%)
7
mCVCJCOVC’/ ;
— 4 Y.
Tep=TerTp = AL [T 4 éﬁ;ﬁ"‘)j )
Y

@) Thc J[U f/kﬂ(:c Vnomen[’ IS ;(vcn by /ei‘i‘;h/ b - a,
'W‘E?-{h), F:‘y.c. TAVS Since T;_P—-)T AS 6),'*4 /:f[h)/u:/c/;

—— _2an% bl ba’ _an% 3 43 ()
o= (_,—-b ) = Y ([ b>-a>)
Dpyic/ufaj Eg.(i) bg Ef (4) mﬂ yeas$em£//hf/ wt ob*/aul;
oy b4} :
-]—L_ - 3 Li—at T (})

Ntﬂfe +h A—é as a—>9, 7,:_"7 %—Ty [See Ef@), EXAmf/c é.lz],

(¢ont)

“u f)



6.3 cont,

€) When the limibing valoe of the moment T, s released, the tvbe
Springs back (vnwinds)elas 7["6“//‘)!) and the Shear Shress-Strain
cuorve will }o”ow’ a path similar Tto CA v Fip. bga.
Since T = 4% b(64) T the elastic stress rewvery at r=
3 ptat Yy
s /[1 =& b(;,?-al_)z-‘y_ Syce the vecovery 13 elastic, the

b'-at
3 3
yecovery at r=a s /g‘;-_—-‘_‘é‘.f‘; =_‘§, a{b{é;a;) Ty'

b

HCMe, i’hc r‘e.st'c/w«/ ;%FESS a'é r=b Is

— (624 7
IZ/b(resia/ua/) - _g-bz';é:f’; Z}’ +£/

T YY) L L i U ()
bC/Ic:tJua/) [ ST ] y

ovr

and the vesidval stress at r=o IS |

3
?;L(Ae.c/'a'ua/) = T}’ - '3"— %.{b'fj:';)’ Z)’

- [ta) s [y, W
F(b*at) 4

Note thet s a—>0, Ego.(h) and (f) reduce to
Topnesidonl) = =L By (see Fig- 6129

wherc ‘[’he —_ .97}7 o(ena'fc’s a shear sfrcss m Z%c 0/’/05/;‘3

Sense of the or;‘/fmz[ shear stress Z}/)

and
= z 5.4& 19 . Eéa .
Tat Crcsi:/ua./) Y ( Fg Re)

(cont.)




$.03 cont.

&) Frn a =0 awd b=lib,weMzz,,éz,M

J\IA«/%
- 27
Eg—«%(_b)—? Z;: = 776; |
Epetor Ch) = Trp =2, (1L) =2.029 6T,
oL

Top=@0ab)[ —117—‘% )= 12927,
%W 17'7;,;- agreed wilh Ef (<) of Ledirn 4.10.
AN }w&vx )@7: Fg. 6.30b

e @ By £p.(.0), e marimen dean Tisin ia.
WAh L = 10°= /5 aud, b=Dj2=0.050m, aud L= 1.5 m,

- b - e
ym’% = 2y = L’_’e_gz{%:): 0.005318  (a)
W agimun~ 2ladlic dhean asic it, Wilh Ly = 15D M2
and & = 77.56Fa,

Y, = & o dsosith 5001935 (b)
/! & 775x10%
v b1

Mhon, by Ep-@ of oot 6.1, 5 radliun af Hhesloile -
m ﬁ—v«md&/? L, WALA Eya.@)ouj@),

ry= b__;/z_: 0.016L3 m | (C‘)
ey
oL Dy = 2% = 0.0332Tm @)

Bot( Ege-103) and @),
TeT= (Z Da__%’p;)zy = 38.9/ N.m (€)

(Co)’lf)




€.64 cont,

(5) at reb, 2y mopimum 1ledts ohean it
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W ot Comprcdscnt aiees (120 MPDS occund afthe

-@%ﬂoff'dym af z=am.

1213 | B Tably 4.5 of Appendliy h, Ty fr Hog amph 42l

CEyg Q) 41
T = 4:20x0°mm = 4. 20x107 Tt @y

dnid. i area <4 (b
A =lzomm®* = o0.00l(2 m* (b

Toses, o arta smpmesd=of cvadin. of B, crred aoclin 4,
WA B30 (&) 2 (b) and Fip. a,
I, = 4 T+ u(0-00112)(0.0508) % i% (0.010)(.209)°

o1 ‘I\X = 3.738x1075 m4 €)

77[%&) ,@7 e /&ym{%f%ﬂ%, will 15, =606 Mra,

b .
MMA.)‘ = @ - &oxw ](3-733,/05)
v D~100

n Mpay = 2243 &N

200 mm




1.14] G, prqpentiee of Ky C1505 17 Chamnel gne gy =111 mm,

Ac = 470 mm?, Y = (3./mnf, Ly = 04375108 mm?t, Frn Al
VW 310x 33 T_—AzJ«;n, d= 313 mm, >7I= 156-S mn, ,4_.,_-=4/5¢mmj-
Ix = 650xi" mmt (2ee Fg.a). M/ Stle T aria
pf’mr crvazy 4eipt it A= At Ap=6650mm™ Thou,
The coiliriled ania of Bho erses aalin Lol id 5 from He
oo af:d;,,@em,aoWM(F:g.ab

AT 64505 = #4180(158-5) F 2470(313+11.1-13.1)

o ¥ = 2139 mm

%,,ﬁyﬁfﬂjmmmwufofwm : o/%
T, - Tx+ 4l6o(213.9- 156.5)"
3T+ 24 (97.0)°
" T, = 1.02Sx0°mmt = 1.025 0" tmt (o
fg/Ez« @ and Fig. a, weth My = 20.0 kN M, b 2y bl 1/%
_ M}#=g=o.2/57mn«,mmw Aovndl, elige ie
0;2-: %—Y-: 9’-/-7‘+MP¢J Tension

af 2 Ziffzﬁ, Beam, $==110.2 MM, Tho Magimun Compeosire
- O, =Y = -21.50HPa, Compression

X
C150x19
. y =
E'MM | .Lyc_ 13.] mm
. Y o
I U 97.1 mm
. :
33mm X
S ¥=2/3.9 mm
Yp=156-Smm W310x33
} — L

Figvre @




1.15] 973,

W&A

beam At 2liypid o Fi
Pashlon 7.13, th, arca. mmoment

WWW R.=R,=1.5P (Rg.a). “thu

7 b. By
of Mo

Keam crras wedim (Fig.c) sa 1,=3738x 0"

. demee, Ay Figo.t

ovd ¢ and

: e ot

A»«xff,ﬂ;f A (P Newtons)
() =— Mmegy CP) (- 100)

= I-Jm,« Ix 3.739x Ip~5

Aice Myz0 ab Ty cntis of Hhe

= 2.675x 10> P [n/m*]

Aeam, thy fleyure dliase <t ¥
per0 o e Cons of 15 B i~
200 mm | pq _ ,_ | 10 mm
My x
; L /L64x64x9.5
- “‘&F‘:sure Cc
P P P
l 1 4
y 1.0m 20m o 20m . 1.0 13
"R, ! R |
Figvure a
]
: r |
My | | |
i ‘ —
| !
' \/
~p +

Figure b




7.6 @7 Y of%lw(ﬁgﬁ)}l(ur):zokm
W= ID&M/M-%M&“W%% Seam 4o
At s Fig. 6.

lP:ZD&N
w w
. 1.0m 9 1.0m 9 1.0 m B 1.0m X
l‘ e e e g
Flgore a

C150x19

Figure ¢

Uhe croed. aecliom of/th,]—mu/.zﬁwﬂa&wﬁf@ wMJ?o%c
Nt ulls A @’MM?.IL},

G 22139 mm, Ty= 1.025x 10" 't

CCont)




716 cont| ot 1S am fromt M ,&/}M of e beam, Wz 10kN-w.

d/%/éid?m (4=0.2139m, Fig.c). dfce

o . = Mxy _ Qo xw)0-2139)  _ 2p.57 mpa
22 Lx  J.oaSxpT4

and) m/”w/)mnw W dheas afm_,to';ﬂ[gr--a'llOZm)

A4

o—-— - MXY _([Oxloa)(—p.“02> - -—10-7§ MPa
22 Ix = T o25xm ¥

47@,4.4/(/‘1) Aame, M= 16 bN-m,

o o Met _Lsan(e2B9) gy sy,
A [02&8x(0™4

_ oy (sxiod(=0-102) _ 03 mra
Tez = _f; =

}.oxs x 1074
.17 XM%M%%MW[R;@W
wach Lo 3030 mum™, Wy Ahichimesst of B doy boem
AR aq :

Area = 2(50)t + 2(1m-2£)t = 3020 mm™
O 4t — 382t + 30200 . Thewfrie, t = 8.L98 mm

L fmm 80 mm
) >
N _J
e T jf— 6.1mm I 111 mm
X T >
A
T (cont)

9.1 mm Figqure a




717 Cahf' F(ﬂ /m.( I"/J'C"W‘( ‘ Wﬂm&m«fﬂ . _,W

MF'?'@,MWW% ane necloy, :

, z;_) 7 ) f% f‘l""m
I, = 870410 mm% = g.70x (o“’mgb

I)' = 3.1x0°5mm¥ = 311 x ID"’m\‘ (*
From by fon T purspedios, Tx = 432110%m9 anh
Lyy =302 0108 mmt, wheih cincludes oy condiilulin
of'dv/d&tz.
For Zh, boy Beam., wilh t=%.692 mm,

T, = %839 10° mmy = 4.337x1p" m?

4
Iy

Dhre 2re m@aﬁww,mw&%%w-w&
oo A, oﬁ%u);,#\d; cadl, geothng 15°

wediaf (Fig. b). 2

Conarde fordd 2, weidienf -
tporciliry . Fn iy cace , th, i

(b)

= 2.922% 10 Cmmd = 2.822%(57° m¢

|
|
|
|
|
g = M - @MX2~>(63-5> |
. z, 8.70x 10~6

= 58.37 MPa thureb
ANl oy Box feomt, Tns = My = $#000)(2)(55.5)

(Cont.)




717 cont. Fnquw Of—k Wﬂ;ﬂal’f/SD, MWIWMJA&
< Mo angudar elocily At Ho Kop +f Mo deong (Fig-b). Hemee,
,&y Fig. b,

Zf;. =T — I} Cod ]5":0/- T=hCmis® =3.864 &y
%«.J ,‘? F’.C,
M, = =@ 8k cer 1592)= —T.ULS kN-m x 9

—/ ’ x
M, = —(3.864 dis°)(2) = =2.000 AN-M Beay s
v ( ){> Gomlerling T=3.864 &N

M,%ﬁ AW ISDJ't&_P,ﬂLW yre c
ﬂlwx M Areas. i By T-feam x,':y
MMy tpien— it 2 lieey pcourd Opevrer i

My

a = My _ Mx C74653(=63.5) L. 2009) (43.9)
mx T, I, 3.7030F ERTITE0

= 95.32 MPa.

T

= Mt Myx (~7465)(=55-8) _ (=2000)(0.040)
Tx T, T 4.939x007" 3.822x10°®

. .
O;Mx = [13.97 MPa

Tt\u,ﬂ—ﬂm I-beam %M%&%f% A4

_ASO  _. 2.
SF =t = .62

bnd fr 2y Bor- Heam
SF= 7‘3;5—8-7- = 2.19
o St casts, thy T-Beam has 1ty bergon ofely fodlit, and Hhe

Magimams fopone abias io Lergen 4intly durenty poedin fo
Soth heome, ~ !




7./8 3 }<—\-250 mm s

_250(300) _ 4
o —-—(———_ 562,500,000 mm | 3
I - 00(250} - 390,600, 000 mm” \\ N
_ Licotd 743 AT -
I 1 T e I
n
§=0.2986 rad 4’\ —;
A
M:%:/OOOP(Mmm) \*3
Y
My=M s $=1000P0.9898)= 985 P Plane of loads
Y _ MK(% X4 Can )
U = SF = Iy
P - Y Ix - 25.0(562,500,000) - 314 kN
SF(935)(44-xa tan «)~ 250985 [150-Ci2)0.2539] ~ =
719] 1, = bhYz ; I4=hb712 Ny —
Iy 2 kb7 A b x ; /
2,20 |A =300(25)+275(25)=1%375 mm= L
¥ D
Xp = Y = 300(25)(!/55)7;2757_5(&5)(/25)_ 8Y.24 mm <P/ane of loads

2 2
ILo=Iy= EZQQOJ_ 3”(29 + 300(25)(65.7) # 2752571 74)
=24, 400,000 mn 7

IX7 = 200@2S)(71.79(65.76)+ 275@2SN78.2¢)(70.74) = 73, 95/, coo am?
LT N Plane of loads
p=z; (07 4=0 A_"ﬁ

Ly — 73,987,000

tan € = =2 53— —= = 0.5997 n
Iy /86} ’7’00;000 P
ol = 0. 5365 Rrao X Loy
o [ Jyo
M = - PL=-16,000(2500) == %0.0 kN.m =I"x T Ak
g. = Mx(9a= *aTan ™) _ -40,000,000[215.7 (52290, 5947
A Iy “Ixy Tan o~ |2% 500,000~ (73,91,000)(0.5977) y
- 99.8/ Mblx

~40,000,000[8%2Y - ~(-8¢29)(0. 5%7)]

129, "00;000 23,959,000 (0.5977) -¢e.23 /12

T =




7.21

A= 300 X285+ [ 75x28 = [/ §75 mm?

IPL”NE
306(25)(s2.5) + /75 (25) /2.5 A F‘L oF Lonzs
X, = /7 875 = 49,37 mnm I
/175(26)/2.5
y, o 300ENEOLITS(2)2S o0 g,, | n
1,875
3 53
I - 25/;300 )+ /7/52(z )+ 300(25)(50‘662) . /75(25)(86_8?2) J
0
I, = /08,700,000 mm” X '—J[ —
X
3 3 7.
T = 30"(25"),,L 25(175%) + 300 (25)36.85 + 175(25)63.16° ; | °
y /2 12 | 1
.
I,= 39200,000 mm” 7 Xo | 3
Luy = 300 (25)(-50.66)(-36.8%) + 175 (25)(86.89)(63.06) = 3£ 00O, VOO srum * 4
-0 - - = Lz _ 38009000 _
8272 [ cor$ =0 ; Tavx= T = JooT0s =0.969¢
X = 0.7699 RAD
My=M==-PL= -/6000(2500) = ~4%0.0 kN-m
My (Vn = -f-m)(x) -‘/0,000,000[-200.614 —(-2+.3 Y)(O.9é97y
U’n = = = 2&.5¢ Mpé
I.- 2‘,/ 7RIK 109,700,000 ~ 38000,000(0.969%) —_— 9.
- ooc 35— (-992.3%)(0.962¢
T 40,000,000 99 ( (¢ )7 — s 92 r9Py
/0%, 700,000 - 38£0030,000 [0 969%)
T22| Q< /50x50+ (00X50 <= /2 500 mm 2 n A
150(80)25+ 00(50)/20 <
o= ( ) ( ) = 55 mm x 1
/2, 500 yd
X g
3 3 .
T, = So(150%) | 100 (50%) = /5 104 000 rm d )
12 /12 ’ i ¢ 7
150(50°) . s0(s00%) 2 2 4 \
n
T, = 532 + S92+ is0(s0)(s5-26) + /00(50) (100 -55) .
- 9 2z ° y
I,= 22,609,000 mm . Z,, =0 , ¢=7G Rap =40
- I, Gor - v 000 (1.19/
Ta0 X = = Corf 15,001,000 (119/8) 0 s
I, 22,609,000
x= -0.6725 rap = -3853°
Mx=-2000P sip g = -/286 7~
g, =)= SF(M")(&_XR T””“)
A
Tx
yo (1 000
M= -izgcp = — L Ix _ 20(15,10%,009) = ~/5257000
SE (Ya- xp 7Ans)  2.0(-75-(-58)(0. 7945)) PP




7—2—3——1 ;o(lfoj 2 y Plane of loads
= 2[ 2278 4 i50(50)(59° | = 65,636,000 ma \ k80 mi 507
Ig—i(f%g?l 12,500,000 mm” \/ i
Ix7 - 2(/9‘0)/5‘0)(25‘)&50)_—45 750,000 on* 100 mm
¢“ + Can _//gg_ 2.03%Y rad . @ —t
ban &= Iﬁ Iy cot ¢ :—/8!7501000-45é}ajoap(%.s') L\}H\\)
Iy-Ixycotd ™ 12,50%000~(18,756,000)C05) o \
= 4.500¢8 150mm
«=)3522 rad )
h Y
m.—%é:fz’ﬁ%@oﬁé'):aoa kN.m 5 My=11sin ¢ =769 kN.m g A
o = M (9n- Xa tanw) _ 1,789, 000 [125-(350)(y 5008)] )
L _Ixj Canx 55}510 00()—(-/375‘0 000)(4 5008) 917 M=
7.2
——%—(ﬂ ~18,750,000 = 65630, 000(~0,390¢) _
N X 0, 000- -(~18,750,000) $0.6020 ; x=0.5%/9
799 0, 09)(-0.3¢1¢)
My =M s ¢ = 2.0000.9%63)~ 893 kN.m
93,000 125 - (-S5O, éozo){
Z Z?é;’@ 000-(-18,750,000)0.6020) - 3. 82 MFa
.25
VE tean2 = 11071 rad k_gjmm,l
R cor¢__ 8,8710,0000.5) _ _, i B
TT T I, T o300 L.ooso ¥
o« —/ Y802 rad /
M_""L M 2.00 KN.m A
/
My=rMsmm @ =2000.894¢) 1,789 kN.m oty 178 mm
0 - My (=¥ tane)_ 1,789,000(87- 137(-110050) XY [/ 0
A Ty 8 870, 000 ¢\/
Z %8.36 Mfa
— /
o - h789,000[-89 - ~(-393) (-110050)] /
8- 8,870,000 y
=-105.18 /Fe . \
/ A -+
n
- [3.7 mm
Plape of /Oac,(g




7.2 6’ 10min > = 8%0mm
Iy= +2(3~?/ 000)+ 2 (11Y8)(83. 8) zy,ommn_f 9‘
T
= 23,570,000 mm" /‘\ J/A’ I 100 M
3 f
I - LO_’QEQQ).-J' 2(312,000)+ 2 (1148)(3%) [cx 7 538 J
¥
= 4,490,000 mm"? x 1 ;
¢
Ty 22[349,000 <1148 (838139)] = 7, 240,000 mm” \7/[
) A
7a

$=tan "2 21,1071 rad
7,240,000~ 23, 57, 000(0.5)

Loy~ I cot d
- XY X - L
tan & Iy ~ Ty ot 4,490,000 -7, 295000(0.5) /

lane of lpads

2-5.22Y/

& =-13817 rad
z
M: zé - w(;ooa) 0w (klin); Myt 50 §= 1 789 (kbim)
v SEM( Y -Xa Lan o)

OZ )/ IX— 7 fan ol J

30023, 570, 000~ 7,2 40,000(-5.28 ¢1) _
oz 2500 789 000)[/00 94(-5.229]] ~ =6.97 Mmm = 6.97 kl/m

100 mm
- 00|

J

7.27 | 3
1o0(200)’_ 80160 = 39,360,000 mm i

) g—
T

q g%0, 000- (% Voa/, 000(0,7323)
iy 0. 2613

o =02557 rad

=26, §70,000[~/00~10(0.2613)]

Ix =75 2
2
0(/30_) 1800 _
Iy« 2 ,g = 9,890,000 mm 20 1t
— 4

Ly, = 2(80)(eo(50)(0) = 1, 400,000 mm w |

—- [~'4
=125 rad “/(\f/ 200 mm
CTan o = L7 L c0f¢5 20/»/77 20 mm

Iy ~Lxy C07‘¢ [_

- 14,900,000 -39, 760, 000(0.3323)
T|<— 100 mm b

/

/P/ane of loads
M /7[_:_/45.000(2000):-28’,0 K/ij' MX: I sin ¢:—-26.57 kM. m

T - /'7)((7A‘XA Tap o) _
4- I, - L
x ~Lxy Tan a7 39,360,000~ /4, 400,000(0.2613) ~

7

- 7t0 h1Pa




7.28 | Plane
Y 30//0)(/9)+/.2000g02(d+5000g(2r: 80mm  OF joads  f=0m™ A

Yo - 30(10)(35) +(ﬁd)ﬂ02(2l‘/’5&00)@: /7.0 mm n r; \ <10 mm ="
\‘/0 mmi\_|
I- 30}/2/01 /01(2@ 50(’”) + 30(/0)(/3) ¥ 2o(lo)( 3) +5009)( c‘J T —— —t
o , 'zO \ Omm
/JOOM/W BE__XQ__I;Omﬂ—J_F
I, - 1oz o zou f /0(7@ 300909 *+200)(19% 5209 = 189, 300 30"

Ty = 300( 318+ 200(8)(3) +500(7)12) = ~66,000 mm *

ban o= T = ot ~gg,000-18300(-0.1763)
Iy - Loy 014 189, 790—(—447000)(-0,/%})
M==PL==1150(1000) ==/.15 KN.m; My = M sip =-//5(0.9848)= - /133 kN.m
Ta = My (Ya —Xa Can o) _ =1, 133,000 [-23-(-12)f0.1886) _
Iy - Ixy tan « /34 3?0 (éé 009)(-0./88¢)

_ -4 133,000(18-17(0.18%6)
/ssf} 700~ (-6¢,000). 188¢) ~ 758 T

M_J 1 60(10)(30)+ 60010)(5) + 60(10)(40) + 2000) (557 _ = 280 mm b0mm — g

:-'O.Igfgéj o ==0.186Y rad

= /66.5 MPa

2000 —_— 7 omm 11
Y- 600/0)(6S, _ﬁgo_(/g)(;oo)éww)(57+2@@ - 35.0mm 30 1 domma
' 70 oy
i _/QZQ”i L/@ Jﬂ"— +600(39) S 400(59% s00(39 s 20 /5727 T
y +
=}, 330,000 mm JLl 10mm |1 R
___WO _05_2/” /0“0) 08, 4005 500(—33)+540(/4}+200(z7) l*— 2omm {202
/
_ q 7
= 917,000 mm /

I, - §00(39(2)+ 600(5)C2)) + 600(3)12)+ 200L IS XET) = 30,000 nm” lp ’7”3 of
_ -_— oa
fan %= dxy - Ly (01O 30,000 -1, 330,00000.1725) ’
Ly —dy cotd ~ 9/7, 000-30,000(0.1725)
&} z~02/53 rad
17/ - .
M= _f/_L_ o SO0 - pso hm ; Fy= Msi §=2.500.9859 2,969 Ko
T < Ml =Xa tanst) _ 2,%Y,000[35- #2(-0,2/87)]
Lk ~Zxy tan o« = 1,330,000 - 30,000-0.2/87) ~

0y = f,;w, 000[- 35 (250 287)] __ g pip
s 330,000 - 30, 000 (-0.2187)

-0.2(87

= 8.5 MFa




1.30 3 3
T < bh _ 75029 . y 4
T, = 2 - _%l 3,600,000 mm Plane of (oadss./
3
_ b’ _120(75)" ¢
PR T _/,306,000 mm
2
_ B 9020, y i
Ly =57 = g1, 125,000 77 y oL
7 120
#an o = Ixz‘Ix(Ofds:;Z}z: /2 /Efzggg -0 800! l{ mm
Iy "IXj;OTé I7 /7('(%) ¢ ‘J,_
& z=Q0.67%8 ra C
n L?jmm-———’j
M= My==PL ==Y000(leso) =~ 5.00 kH.m Y
Ja -~ M (Y Xa Zan &) ‘5:000’000[:80”(‘25)(0’300/)]: /1.1 MPa
AT T, “Ly Cano 3,609,000 -1, [25,000(0.§9%" —
0= = 25,200,000 [%0 -50(0. 800)] _ 5
c- %Zaa}oao-} 250, 200.890/) "~
.3) | a 2 215 mm —1
A, = ¢o30 mm/' Az = 3?3ommj' Ay=3000 mm ké35mn o i7.7mm
. ———— \'5
¥ - 0030 (63.5)+ 3930 (191.3) #3000(150) _ 54 | om
0" 12,960 S
4
O e
_ co30(t2 5] r 3930 (162.5)+ 3000(5) _ 126.0 i
To- 12,760 e 305 mm
2 p_ % X1
Ix - 90j 300,000 + 53 700}000+ 30/200) + 6030 (-34,5)% 10 °
+ 3930 (-34.5) + 3000(121.9)= 201,220,000 mm
3 2 Yo i
I,z 3,700,000+ 1,610,000+ 19020, 4oso (04)” 3 PRt ?
+ 3930 (77.2) + 3000259z 75 225,000mm? KO T gp5mm "
Ixy = 6030 (-36.5)(60.5) + 3930 (~36:5)(~77.2)+ 3000 (121.0)(259)
:—1272/7]()00 mm ?
¢=157/ rad
Liy-Lr ot Ixy -12,217,000 .
tan = I, Lyoie %, = ans,a00” 0148 X200 1657 rad
Pz My s L 200000 00 kN
_ M -Ya zan<) jo.ooa,000016,0—/2%//-0-/668/9_
04 = Iy-Ixg tanol 207y 220,900~ (~]2, 217 y D0O)-0. /668 =63 Tt
T, - 90,000,000 [-189.0~(~90.9)(0.668)] _ 4923 17/
B~ 20) 225,000 - (~I2, 217,090)(0./668) ~——




| 7:32 l 2 \ 1633.0mm->1

Azl148 mm JAURN
A le _\k
7 |

Ix :Iy = 629,000 mm § 8 g"[?’)

¥ [
Ley=-371,000 mm n”ft \
¢- _27:_r+ tan—/—————‘—g‘eo/;i"'/ = 2.1355 rad 4)\ \
tan o Do L cotd _-37/,000-629,000(-0.6335) ~0.0697 S

L, -y ot~ 629, 000-(37, 000)(<0.6333)
oL=0.069¢6 rad

z 2
M =~ 50,000/(38.0-22) 4 (22.1+3) =-] Y86 kN.m

My= M50 @ =~ 486(0. §447)= -1.255 KN.m

A Ic-Ley tanw ~ 17987 €29,000571,000000.0¢97) —

1.3>

547 30(60Y

I3 = — = 540 000 mm 7
72 12 2, 30mm n
L) 1/
¥y~ 12~ J2 =133 \
7,0 , ¢= 110°= /.92 rap x ¢omm
o T cot§ _ -8%0,000(-0.36%) o5 9 ; \
TAv X = = =7
I'y- I‘rcot¢ 135,000 \ K
. x= 0.9689 rRAD / \ﬁ
n
R 22009 . 14kp . R, = ek A\
Plane of
anx Z09O00R, = /12 k-m s Mx= mm“s;h ?{ = /052 k- 4o 2d's

0. =Gz Mxlr =Xy Ten) - /,osz,ooo[aows(/.‘/sé)]

mAx A g
I - Lyy Tamu 540,000 = 100.99 /77




.34 1

L=I,7 7z Ly=20

3

Since I,‘= Iy 5 ARY PAIR OF OrR7THOGOAAL CEATROIDAL T n
| —
AXEsS /s 4 SET OF PRINC,PAL AXES. z‘/f/uce, A-1 ” ] h
Co/WCIDES W/TH THE AX]S OF BECD/AG, n Y
A
a} CowsipER omiy O%¥P2g0° }
Mx=Mcas ¥ , X= ¥
L= Ly Comox h%a
Umax = é;))’—:] <S%‘f’rcos 9‘)
° &M
b) P=0": Tnax= 53
6/ 2.379M
P= 16  Tmax = (r.2277) = —';,'3/
) g.7985M
=45 Toay = ‘/"’ (1-419) = ——h‘;/
¢ _ L4 -
25 Ix= /1/254, Iy- f)/{é, I“'V @, k—%—»{
n
G= Y+90° . cot = —tan P, M= Meoef 7
a.) Cowsi0ER owity O<£ P2 90° h
\IJ
Lxy— Lx cod “/y (""3""77} )
- =Xy exTORP 24 -
SNXT LT, wors W NG
= ¢ = Mx(VA‘XA ta‘no’) - M cu?’(%—('%>4ta4—;?’) o
qf:mx" A~ I -T. tonx = > A
x Xy /)/27
2¢M /4 : >
G;’mxz -AT /2 coe¥ + Sen®P b4
o 2M 2M o. &. 7
B) $=0% Toap= s (%)= 23 260" 210 (lneo) = 227524
. 24M _ 223%2M . M _
$=30% U= "hs (0-?3305‘—7,:—— P=90" Trme = g5 (10) = 2L
—_— —_/_6____
¢ 29 26. 55C/7)




7.36

a,.. = /2oMPa y Fron M / &

C /]

T,= 2(7,4,:(/05)(203) * /ao(ZO)(éo‘D + /5( 20)(/oo3> = /£ 200000 mm*

x

¥\
M/

I,=2 ( 7 (20)( /oo’)) 75 (100)(20°) = 3, 400,000 mm 7

I,,=0, ¢=¥+3°=/10°

L/ !
- €(-035397 +
tomo= Lo Leco¥d 82205 3‘6 7 - 7392 / A
I, - I, cotd 2.4x1D n I
x = g0.03°
M.z Mcoap =Q9397M
- B —(-50)(l.73%=2
G,‘stq‘ _ Mx(y& xﬂtamo(> _ 0,9377/‘7( (- )( 3 >>=/20A//2
A Lo~ I, tonx /6.2x/0¢ e

M= 13,200,000 N-mm = [3.2 kN +m

.37

O;»u=/50/‘7’% 3 F/”D M

y, =| 50 (200) )00 + -50(200) (225)_-] / 2(50)200 = /62.5 mm

I, = 4 (200)(s5%) + 200(59)(62.8'+ Vf(50)(206") + 50 (200) (62.57)

I,.= /13,540,000 mm? Txy =0

2

Iy = ’{z < 50 (205)34— 200 (503)) = 35,420,000 mm?

= -10°+90 = §0°

tanx= Ixg= L cot @ -113.59xi0° (0.17£33)

= = -0.5652
35.92x/0%
I, I,, co®® <

= -29.98° , MX=MC¢:¢§U=O785’5’M

g =q = (% tomw) _ 0.979M(1625-(26)(0.5652) _ Y s
Iy~ Ly tomx /13.5% x/o%
M = 97,910,000 8-m= 97.9/ k- m
09%9%(97.9/ x/o‘) (*97.5/(—/135)60.55255)
F BT =/22.08MP.
NOTE - 073' //3_59)(/04 M 2<0;




138 @, 90MPa, Fan M.

bh /00(/50> _
I,=2% = —————————36 =9375000mm? L, =O

I 2[ 4B hb } [/50(56!) Bom)(”)] 3,/25,000 mm?

¢:—3o°+909=600’ M’(: MCO@/?JT—' 0. §66M

- Iicot® _ -9.375x/0%(0.5773)
/—'—-'H__ —

Cama= Iy 3./25x/0€ =732/, 0= =60
- X _ s
Goan= T = (Ya=Xavormd) _ 0.9664 (50 - (50) (1:7327)) = 20
Lx 9.375 x /0% y

M= 132,000 N-mm = 7132 kM-m

7.39 | Redctions: T”y

X
L _ ¥m Skv) _ <
—_—>
A =O L B= 3AV-AxF 2.667 AN yh o
2m (3N ) ﬁ
ZMBX=O . HV: . = 2567//\/ T\z
EFY =0 37; gk/u-,q},z 5.333 kN By

s 75
MOMENT D/ARGRAMS < I= 5 o ( > = /553x/0 m?

10.667

Tr
, 5.333 Mr _1.926x10°(325)

My (/ﬁl\)-h\\) d /]\\ O;an(: I /. 853 x/0%
M (Tmnx: 2370/‘7/0&

By insPECTION, Up g GCCURS /W THE miobLE AT 2= 2ms

THIRD OF THE BEAM SPAN: MORE SPECIFICALLY n
AT A LOAD Po/uT ol AT MiD=PAR. Mx=10.667, M,=5.333 .
AT 2= 2m: My = /0.667 , /1, = 6.333
are=te i o o Z22 o 55
M://o.sg72+5.333‘ = /726 KVrm . e
O;,,M OCCURS AT X, +F0 ‘z11¢6.6°
AT _2=3m: My =M,=3 kN-m |, M= $yZ=(1.3/9 kwom (Ponr C)

AT Z=%m: M, = 5.333/my</o,gg7
AT 22 4m: /M = /[ 726 kNvm -

o= tan' T = £3.43°
Mmax , & THEREFORE (4. OccURS AT THE

LocATions of THE LOADsS. Oppg, OccUrRs AT Clgt Q0 = /53.93°
(PoinT ©)




.40

I = T/é OOO) (2003> = 66.67x)/0%mm ¥
T
%=

y

(1}

I, = 7‘2‘ (zao)(/ow’) /6.7 x10€ mm?

BY /NSPESTIon, Ty, . 0CCoRS AT POWT A withivy vus sorervar 2m < 2 2 %,

é
2 /w (m»m

y
¢ /7 (AU-M>
My (ko-m) | (=)= 2
tan?= /m,u ?-zz , $=¥+70°,
-z
cot p= cot (¥+90°) = ~tem¥'= Foz k =
) v
mm_%fi_(—?)(?-@)“ :iz /\‘7')/
My ( fa=Xptanx) (9—2)(/0‘) (s00 -(—sa)(ﬁ» A
Tg = Tx - 66.67 (10%) T Eviss y

12+150s) = 19,0 M P,

]

O;vmx: O;l/

2= 9m

— —
lﬂ_l AL _ Psin ¢ L 31,400(0.9848)4000) 4y
‘IXEI Y8FLx s/i(/z 000)(5’62540 g0oo) ~

W = -V tan « ==6.110.2579) = -/,5'/"/”/77

o =Vl vz hs9Zae) = 470 mm

—l/%!, Ay L ‘ /6,000 /efaa) -3 81 mm
JE(T, - j Tanal) 3(7/ 700/[/34 400,000~ 70,749,000(0. 5“53%2] R

Uz -/ Can o = -/3.3/(0,%35’) =-786 mm

= Julr nra:(ﬁ'/?%)i /3.8’/22 1.8 mm

7.43 l 2, L7 /@000(35'0@ = J6.17 mm
3E(, - [xy Zan o) ;(7/ 700) [/oz;m)wa 73’000 aoo(a%?m E—

VeVl
U = - Tan &= —/é./7/0,%7?) 2 =/5768 mm

Sl et te17 R 2 22,52 mm

s



AT
—__Psngl’ w000 (0,8948)(2000) =0.33mm
Y88 (L~ Ly an ) = %’//z/ 009)[¢ 5;¢70,000~(- 1%, 750, 007 5008]] ~=

Us-tan o = -0.33(4 5S008) = =199 mm

S /uz*uz = é/,sm/i(o,;z) =/ 53 mm

—7—%' Swsing L 5(100)(0. 8794)(‘/000)
T 38TELC T 38%(200,000)(3,870,000) -

U Z-n Tan « = ~/68(~1/,0050): |8 99 mm

J - VUl rZ s 1849 e [ 48° - 18,57 mm

= [ 68 mm

ol : ¥
7/‘/_: Sursih@ L a 5(6.5)(0. 8?‘/79(‘/000)7 =/ 58 mm
38% £(Lx —Lxy tanx) ~ 384(200,000) 23 570,000 ~1,290,600(-5.224)]

U - Tan o = ~/58(-5.22%1) = 8,25 mm

2 e
S ulr = /8,25 15852 890 mm

74T o3 14,000(0.9490)€000)

M:JE (Ly- Tx; Cana) 3(300 000)[37 360,000~14 qoo,m)/oaw}f 498 mm
U = - Zan « = -Y%98 /026/3)-—/30mm :
§= JuZrwls Jeiad v.98%: sus mm
sin & L 000
7 - 1250/0. %c/y){/ ) - 33./4

Al 3E(Ix-Ly Can) ™ 3(72,000)[18Y, 30—(~46, 000)(~0.1888)] ~
W == Can & = =3./6(-0.1886) = 46.25 mm

S = Ji P s fo25 % 55 0E = 33,79 »m

M ,75./,7(#[3

Nz

5000(0.955 4. 2000)° .
98 & (L ~Iny tan<] ~ Y8 (12,0091, 330,000~ 30,000(-0.2187]] - 883 777

Kz-alan o = —353/0.2/804.97 m m

3 z
S=Vulr v :ﬂﬁ + 9535 .73 m/m

7.50 I PL3

Py _ L/aoo(/aso) =y 92 mm

FE(Ix=Ixy Tan o) T 3(200,000)[3, 600,000-1, 125, 000(03001)
Uz-a Can L =-982(0.800)>-3.86 mm

S Ju% P s ferae) 4820 618 mm




7.51 07 Fig. «,
7_‘Fy‘=3— R,~R, =0
G ZMy= 1-5R, —~08(3)=0
The 2olliarn of Whiear 2pecaliiona 44

= 34N
R, = 14N, R, =16 AN f’
By Hg- b) Ol F3
= L (0-03)0.00)= 52415 m" ot m 0:7m —
I, =i500-03)0.06)= 5. 4xib 'm < %
-7
I, :#(0.01’)[0.03)3: [.35x/0° mY , ,E"",’” "
20"
L, =0, ¢ =00 . n
7 , T
TWM' \\ p
\ 7/
, X | 4:06m
Tond = 2 lroté _ysy Wi
I}’ "'-[-)(ont¢ Y /Q -;\\ |
,03m -
M & =@.96898 red =55.519° (Fig-b) ot -.’\K,,Rl
Figure b

Frn 04£2% 08 MJ%F,&,&M b,
Mx :(R‘CN—ZDO)E - 1315.L#& [.N'mjj z (ﬁme“ers

M
d*Vp X 13154 & ( ~2
s T = — & —l-llBXID Z
dz*? E(Ix“ xyttna(.) @oox10(5. x5 gq)

Aivce E =200 6-Pqand V] i Hhee MWM%)’W

Udepulipn of Ef @) spatdy

v, :—@-03021&/0"3)2’+ C,Z2+C, (b)

Fov 2.—:0, U;:D ‘W;CA:D' |
Fr 0.8 £ 2 £ 1.50m,F 0.0 and (b) specld

My =R, e 20°) % —(P&a3p°)(z —0.8) = 15035 E+2255.3  [H-m]
(cont.)

27/



i 4205 S
d 2z p A E(IX"IX ytA"J')
Uz =@.3202%107 )2~ . pyprnio- e % GEt+Cy

A z=lism, U3 =0; thufoe, 0y = [.54600072 1.5 Cs

={. 372lxto"j z - 2.0882x10"%

Neme, A =R-3202x007%) 2% -, ouq.,x/p_az“..[/,sp_z)g +FLSEUNT ()

ﬂ#&:O-?M/ UT:U; M({UT/J-ZZCJU;//Z%A%"LL
47 E¢d. (b) and €, we bare fn Uy = UL ata2=o08m
Cy = 16809107 % - 1.14.29C, Q)

: - of £ (b) 2l (¢, forv
dN/dz = dUa/de b z=08m, o Lume

Cs = 8.3528x(57 % C, )
Uor 4otTery 27 Eps- @) erd)(@) 4
>

C, = 3.5T30%1077 M, ; C3=1.1926x10 2 m/py

77\1447'1’@(, C%:-—z.zzxox/o’:' M. 50, 4y Ego.(b) and) €,

-3
= —2.0302%07° 2%+ 3. S730x 1073 Lml &

= 23202510727 = 1004002 S iy
—d-2280x 107~ Tm3] &)

ﬂmW of Ay beam 22075 and by Ep--)

U = 1.923 mm. Thuwfne, b, daplecemaid” u cn the
(o)




7.51 cmd: x duedom (Fig- b) 4

U, = -V Tandd = = 11823(1.458) = ~2. (s mm
Lo, Ty Qaplocomeit porpondicidin Jo e meude)
G M Fig b) <o

$= \’u,";.(f,"' = 3.22 MM

7-52. Fin ;(;C,.W croad Al of-Fig-a,
Ix: Iy':‘l’li‘lv‘_. IX7=0 (é‘) h
Wt Bg-@),

m = Ixy"“-_I__xcot‘P =._2:_5_ ot n
3 Ty - Ixycts Irc ¢x

o
tam L ==Cot § () Y S\
By Fg.a, & =yet® Houes, %

n

Cot ¢ = cot (y+7°)= Lot (¥+9p°)

. Am (P +90%)

= -"'—C':‘f"a‘-ﬂ. = — ‘{;MLP !

v by 58 Fiere
Cand = tau ey

%M%VJ L=, amd 2, newlia] dpienN Coinctyy
wi mwﬂf.ﬂwé'mcf (Fg 0. Qs by Fig.a,
Ag,{:Mww and by £570.20), mywm;zndwpf;;d\,

clzu—____ Mx =_IZM601‘))

—

d 2z ETy E K

(cont)




7.5 Coy){:.

dv_ _ L‘Eﬂ_@&fzi-cl

-

dz E h
r o= - _.____'H”;‘_ig’* 22 + 0,2+ (2

Aice vzo af 220, ;20 Alts gince M alope

Jv/dz =0 MLZ::O/ c,=0. CMM/ ajer,

%WW f%,@&mj ﬁqwawu
= — M ey )

Wil Efs. (O andd), ;Z;; LW Wu £

== Ut =—Ulony = @’-’g_—‘}f—,;"l-ﬂL" ®

Whow, with, Ego. Q) and€), o displocemerd § porpondionlin
Ao M, necitiol aper n-n (Fig.a) ie

Alsinilinely s st U arcn esmesd of wreli dve
y) 2y n-p <2 [vee Eg-B-10)]
In:Ix(gazl{J i—:I:),le}'“IxyMlLP =L

jZ

When, by ey omechranics off miToisls

z

L
g:.é.M EML

—
—

Elp, Eht




71.53 Bg /'—:lj a, l«— 100 mm —>|
L, = 5 [ootuw®= 800106 = 16.25 10° mm #T
20mm —> |
I, = 2[5 000 ] +H5 00 2010 ment ) 100 mm
Ix), - l 140 mm
¢ =y+7°=1/0° (b) HEshtn
I
Welh Ego. ~ ’
h Ego. 0) ad(bS, e Lotatim Figqure a

ﬁi\,/:\m] apq n-n <1 i il
fa,ﬂo( = I"V_;"cof¢ = - Fx oot = L7342 (o)
Iy ~"-lxyco-t‘#’ Ly ¢
A = £o,03°
B} I:tg-a., ‘MX =M G2 20° = l./.éff-g- N-m. SO 37 Efﬂqu)d@')

o

2
d°U — M« - _ 46935

—

d2* EIx (200 (0%)(16. 2x107) B

Where v~ 43 Tty compomint of #hy Acsplacened.

~4So1x 10”2

S'ﬁ:—t-usolxlo“; + C
o= —Tassxit z e ey ¢,

/med\,/o&fx dv/dz =9 atz=0p [%MM)) c,=0
CDWQ,/W—(‘,Q U=20 ajZ-:OJ CL:O- W) a}ﬂvfﬂ/&,
end (2=L=3.0m),

U= — 7.2501x107 ¢ (3.0)%= — C525X107° m (d)

(cont.)
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1.53 cont gff,, « (e pmend U of Ao Lisplacemad iy,

W Ege . @) andd)

U= —-UTandd= 6. 5256k 10720173y 2)
T

u= I.3167x 107°m @
. W MM g/(Z./ Wt EW-@JMCZ))

¢ = \} UsUr* = J3.0Lxlo"‘7§n =13.0b mm

Wiy, by homindlog mockonicof milal.
L ML

§= 2 FT, &)
Whne by Fig.a,

M, = M e (A-) = 5000 Cra 4.03° = 3825 54 N-m
amd) /@7 Ef..(B.ID),
T,= Lita®™ + Iysm'd —Ixysin ad
= lb.2x lD'GC'oa"(éo.os"){- 3.6 5™ 60.05%)
T, =6.-S742x107° m¥

%J ,47 cg¢.%),

2
S-— _',—@'875‘5‘9(3’0) = [3.0L mmpy
T 2 (200xi09) (¢. Squax0"")

R




()5’1‘ IAT AC 500 I'nme/' X = ES‘mm) yc_fmm
- 3001015 )+ 20010)(s,
YTz (OX )+ ) 7 ~

J000)(35)+ 20010)(20) - 29 mm

//mm

5 e 500

Ps - ArYd _ 500 (200)27.78)

- 1500 22.778 KN

Y0 (S) + 711303558 (57781 7.0577)
500

d = (- 74( )+ G- 9¢) -m?‘2778mm

n

o
L

Can f= 52— = 0.5833 5 £:0.528) rad; $=+7 22,0989 rad
(b) - - 30(1005) + 17//3(/0)(5)+ (5. 774)Qo)( 2) - 10.90Y mm
_ 3000)B5)+17.113018)e1. W3S )+ % (5. 779 (I0f10.9¢23)
97 = 50 2 =28.972 mm _
_ Y0(10)(30)+ 711 300)(5) + £(5.779)(10)(4-10) _ 17.113
xc= oo XED - 2509 sy
n

325‘0

!/
y, - 5203305 197) 250974 L (21967151970 22)

-421.%7# 53.033 9|
=16,5¢8 mm

_ATYd _ 2250(240)(%#9.00) _
foe =L Pos = eLzl kN
. _ ©3.73/-16.568 _
tan ¢ - 35300-17,678 - 2 €002

¢= 12679 rad

Z z
d:/(x7-~xc) *Gr-Y0 ://7,478-35.322) + (63.43/-16.568) =49./0 mm

Jc = =5.028 mm
2 2 2 2 —
d = flxr %) (9r-5.) = J10.904-25090) +(28,972-5.028) = 27.93 mm
Bo- ATLW_ 500%%27 83) - 2783 kN
tan § = ZTE = 0.5927; p:0.5750 rad ; $:p+ %= 21058 rad
- 120(7%7_ -
| .55 Ay < Ac = 189010 2250 mn i TR Il ) guess mm (
T:_;._L__—7>”f2‘/03”)-/7472mm /T
Y= 35097+ 5 8%853 = 6393 mm /| by
v - 53083651492 He 19690514 (30334 2174 q jw |
- 2250 |é¢/ ¥
=32.322 mm PYC 33:!7




8.1 Jlet V/xave magn/v‘aa’e of I.
e b,
I tlhezbl ;s (LK, b 2, 24, 4] 1

: h b
ATLERTES +

b/f/u ¢ bz.‘/;
QB qArbl‘a = é—-

A

At location 2, q-= f/(h+b *0) ‘I
3 C

F - /‘74/ t/(—/’g+bf ﬁ}dﬂ tbé’+35 L e

Foo By bihb, bgfb+ %4 Yy

Take mamenU about D, =2
Vo= Fah-2Fbobith bithb  BEH 282k 2bl F]

y T g 3 '
_z bz//7 [ 2b, // 7/72 ]
b[/ &)

25 yb?
2+——-—+-———— |+ < +3,‘,3

|

T
on
>~

e

wh

B.2 1Let V have magn/fo{de of I.

2tl t(h-2b)° h12
I.‘.‘ /E - I )+Efé(—2'}

2
:Léi[2+£+eé,(/_ab, 3/,2)]

bF
qA:tb(a e)*fézA ta

thh _ LA, tbh
2 2 Yot

"

h _
qA+ Z‘é-z =

T3
At /ocarlonbﬁ q-z‘p(g-[p +.€>

3
F=ado=¢ W uﬂ)dp- 6h_ th

F, = zA+zEb . Lbbh rb%

o -2 ww )

bli+ Eb’(/ ffé)]

€- 5
2b ¥5,°\
2+.._-+_z__t(/_ L4 I




8 3[Le+ V have mczgm“fade o/"I
T~ 52 pepls e (s) = Ebh 2 28, Tk ]

b Cebh =z
quz‘é-— ‘:—2—
qg:t‘é,—a':a"éA
- Z
Eﬁgq,q.é* CL/A
('.?./52/4
f =5 9pb =5
ve = (5 -F)k = ¢ééﬂ
s
2+%®+%

S.4Ller V bave magn/'fao/e of I.
I\zft@@ﬂ Er(ebiE-26,)°

2
_zh% 36, 3b° 4]
-3 (1+ S TS

q-= L‘ﬂ(,— 7’*26‘)
3

77 L4,
7-'/(5’ bos )4/ (o47_ L6

2
Ve =266 = LE4 (5. 2h

2
.- béﬁ %4
383 47
I+ 5 ~ 2t 5

.___JLef V have magnitude of L.
I- 2/(’(?,(//196) Rdb=tR [@ Sin & (05 6)
q:ét(RS/nq)}?do{ = ¢ R¥(cos § - cos 6)
IM=RdF=RqRd¢

Ve = 1

_2R(sih 8 -6 cos &)
T B —Sime Cof®

&
M = ER«z‘/((os ¢ _(0;5)4¢;59%/)«/,,9_6 5 6)
o

F

iy -*7 ‘



(8.6 [[et V /mve magn/v‘acfe of I

T-= t(ER+Zb> é(/ezf?) rethRYtR(%- sing cos L)
:}%@-[3#-}— %(b+é,)+s/—é’—i(3+—g—)

%= to(R+b~ %)

9= th(R-%) = tbR+£é

2
gy =g+ tbR = ¢4 R+£51-+f6/?

Gp = qg+t R{Cos§-cos Z)=tb,R+ 2 +z<émff?cos¢

dM=RdF = %,R’d(b
%
M=ctR®[ (Rb +Rb+ ’+R cos ¢)dd

2
- ZfRe(Rbrr ROT b

2 7+R")
@dﬂ - /(Rmb;— Q)c//
tRba+£_éL?
2 3

2
:b—-—wg :fb(ﬂ?b.;.ié’--(-ﬁé)

Ve s M+ 2R Fp-2bF =58 fe+%—r(b+b)+épa+/z L s
3
R[/2+ LUN7 +b)+éP2+IZ~éR—26’+3fr g‘, y Lt 55
317 + g(éféﬁ-‘f (3+ R)
For b 0 5
b b
R[’HET/‘R{»aPE]
7+
"R
For b=0 .
?R[wenﬁ né@]
317’+l/ *—/2~f+/£—é§

e:’

e =

b7, 4%
7o R¥




8.7 ,L@f‘ V have ma7ﬂ/1’ad€ of L.

Y0 mm—
/5‘(83) 38. 5(77/3 1503 _ 3 r(sﬂj - 4 y
[ = = e 720,800 rmm _,_F'—T—
g, = Yo(3)(9¢) = Yg00 N/mm/; 95:400)50):5600 N/ mn [,:3 on‘fIm
F :id(m) = 290040) = 96,000 N i%f .
= L9 = 1800(19) = 72,000 N viig
(7
V@ < gOF/ +éO/EZ
_ 89(96,000+¢0(72,600) _
e = 720,560 =/6.65 mm
8.8]ler l/ have mayniﬂ(c{e of I,
4 2 F—SOmm-AB
I- 52.5003._51 Y7.5(925)°, 2315525 _ 26.e5(428) —
E /2 /12 12 r GFJ
Y 2
=/ 09‘45—00 mm? AT50.mm
T ZS‘/::m‘L
G=25(2s)es)= 1563 M 5 g, = %fzs(zsj(ij-ﬂogﬂ/mm,le N »ie;f;;m#
D= G+ S0(2.5(50)=10,15% Mfrm 3 929, VC5)ES)< 13,281 Njfom V - _';
[ N 4
7"(257 —74@ 19,8501 ; [ = -L%o) 35%,550 v
[71) 3(% 70)](/00) [70 /5‘64— (/3 28/1-/0 /r;)](/doj [, 223,970 N
V(so+e) =100 Fy+ 50 Fy -50F
_ 100(351,550)+50(,223,970)-50(19,590)  _, _
e= /,07@5“00’ ! 50= 371y mm
,M[m‘ V fhave magnitude of I, 0% mm
L=147,100000 mm”; tan 6:=0.1000 d&» fr! S
- 13.53+(13.53+2 Tan e)m 1932 0 = T T s 13,53 —mr
= 2= 5 tan =
% wrs sz tan ) 20,:;7 /93,2 m
F:/ 9y dp:/j}@é/jaao A [ l
0 3
Ve = F cos —6- (2J(83.4) 13 In
15,021,00000.9988 )2 X188, Vv
e= /97 /0/0 &00)[ XY - 25.48
The mean f/an;e Fhrckness Is 18 m. Use é} (8.9) QQ\: —\%L
J(/é’/(% 75/




Z/ 477,137 mm”

2Ley . _ 2(1,997, 84 5) 6035
Ix‘fj 5,306390=1,477,137 -

6--0 %023 fad

I 1
L =72~ (ley) + I,

Tan 28:=-

g = 6, 158, g2y /pm/ _Z}, +I IX_624€03mm

Xg= Zg (05 &+ Yo 50 6 _—-?/.33(0,?/¢77)-67.33(—0.3?149:-56.543-/77/:7
Yo =Yg Os0-Xg s = - £9.93(0.91977) (- 9.38)LQ.30294) == 1001 vnm

A¢ distance ¢ from B for load L{, paralle/ to )/—ax/s)

q_._‘/r_ 7 == toflyl- 5 91w 9]
% 00 Y
F={qds = _‘ﬁ_[;aol Vi _%?ﬂ‘ﬁé’] 5040 vt
(0] Lx

SMy=0=V,y e -ISOF

C150(435 w9 (y)
& - 6/')‘5‘3)‘?1&[«

At distance D from B for load Vi paralle/ 7o X-axis,

-Y2.3g mm

Vy A'X
7= XIA y IV)X, to[¥g)- £ ws o]
/0 2 3./
) Vet T 2 P 0.9/977ﬁ _ e

SMpy=0=ke, -/50F

_ 150{139,920)(4)

% ==%17, ¢o3

= |24y .Bomm

Ix7 =400(-69.93)(-438) + 750(5.17)(8-€2) + 300(80.17)(33 462 )= 1,997 S 8us mm 4

| 5/0[A = I00(#) = 400/77/772 Ae- 750 mm e A3=300 mm < r_/oomm_j

8
- 400(150)+ 75005) _ g0, . \__ég_ °
07 1550 AR g
_ 400(50)-300C8) _ 4 \A s
1530 mm 3
x 9 s %
I, _/‘/’g(“)wao(éq sa) S'(’5“>+ 750(5. :7)+50(6)3 +300(80.17)" ! é /
¥ . 904 / |50 mom
- 5 30é 390 mm A l
(/o 0’ /m/f) 6( 5)° Dt
I +400( 4. 33)4- + 750(8. 62)+ + 300 (33, c,z) - y
N kXp
Y J




_il_.]Lé’f V have maanffl/de o-rf L.

[

30 mm->}z-30mm |

9p = 9p + S0(4)(25) = 28,840 N/mm

I- 3/5‘(@3) 2s. 158(57) 23, ;52(73/} 25152(37/_285 070 ==
9, 30(3)(30) = 2700 Nyorm ; % =3003)(20) = 1800 N/mm EOL””;— f 5 jofm
F:-%(JOJ:@-@):W,MO N ieea
= #30) = L5259 - 27,000 at F
Ve = 40 F - % F; —
€ 60(70255:?% T @529 - TETY e
__é__/g_lLer V have mayn/fude of I, 50 mm ]
= Wz,gm) (4/E - ‘/)(/O_L + 2(50f4)(75%) = 3,703,000 mm* /fE T F
a, =50(9)(75) = /5,000 N/mm ; 75:%+£5/Z-(7)(62.5j:£},35‘0 Mimm BF—T .
3 Smm

50mm

l

|

; |
F = 2 (sq) = 122292C2 - 375,000 N

S -120=Y2.28 mm

30,507,000

5=[75+32-(?p-7,3)](/m):2, 717,300 N 4

SMg=0=y(50-€)+|50F -50F f

o =50~ 50(47 7/2 3;3 0/05;0(379 2990)_ 8.50 mm \ k.

8.13|[er V ha ve maﬁn,mq/g of I

IE a(;) (‘ZJ il )’ + 2020(5)(120)% 35,507,000 mm* g 1 A,

9 200(5)(20):30/000 Njmm ; 5= G+ 1206X0120) = 92,000 N '*E:ao - _;._ L/;;

qp = 95 +120(5)(60) = 128,000 N/rnm l comn FILE

Fy =[75 + ;a—(f/p— qg)](zw) = 27,840,000 N )1; X o

SMe=0:=V(€+120)-/20F -240F5 Y
120(27, 840,000+ 2%0(6,720, 000) A ; Jﬁ




8.I4 From Tableg. /, F-ff. E,

YR v(zro)

ST T T = 318.3/ mm

x
R =25 nm

e
12

_ﬂ_]/_ef V have majn/faa/o of I
(80}} 2(5?5)(3)(70) = 335,900 mm?

95 = 90(3)(30) = 3600 Nfmm

=) 2500 76,0004

Vez=e60 F

£0(72,000)

€= 335 900

= [2.86 mm

k- 4O mm—
A

E
A2

!

Y Onm
30mml
¥

!

n
<<—$——({—

816

T, = 7z (30)a50) = L-£o(230)~ L (e’

+@GE 45X 16T+ @)(45#1p)30)?
H-S5. 6558 x 10 mm¥. Lt =T

f = 140F +ay0h —160F
V
= J40(5.226( x104) + 240 (S 7400 (0

U5.685g »x(0°
€ =39.17 mm

2

lzo L
- [ gt /M«M /f/e(aoM)Jx 7=
80 70 o= » Ec%
— gotd’ L tL /12—0 10 4-0(120™ i’o")w"[____f’z”" )] | ! !
i N
= 5.2264 x(0° ST e
%ﬂ = (H0x10)( g0 +42) = 404,000 .]
?B = gﬁ + (70X 10)x 120 = 40,000+ Y000 = |24,000
== »flE T
Ez - ?,;7"%(70) = 40,000;/24},000 (70) =5-.7¢00.X10" 3 .LA_T:,Q
50 50 50
Fy = / g4 =f,9"y"df—. f(50x/o)(3o)d1: 2.000810° %
0 0 0 v
zZ M, = Ve - 40F, - AEx70+ 1605 =0 ta. PR

6) - (60 (2-000)(/0‘)




8.17

By Fig.C, T<ble 8.l aud Fi; Ps.17, b =25 mm, b= 50mm
tur Tty = 3.00mm, and h= 100 mmt . (See also Frob.8.3).

For b=25 £ b=s0,

z
e =50 ’~(67’-) ]:{0.2307!/”1
R + R28) 1,,_(.apoa)

K4 F(HLO)

8.18] By Fis.B, Table 81 and Fiy.P5.19, b = 25mm, b= SDmm,

M= 100 o ond E= 2.5 mm. (See also Pob. 92). Therefore,

j+2@2[ - 22 )T
€ =350 — =5 - =29 49 mm.
5, 2
;w)+d [’ -2(% *i/'o%.)J

619) Let V=T ¢Fga)
T = L (ac)s2)* ,ii(zf)(w)i ,Jz—(zv)(w);— 5 (29)(23) = TEUTET et
B, = @S)QES)= 1250
%, = €N2)(125)= 625 25 m —]
F=49,s) :li(lzsv)[zs)= 15628

= 4§, (1) = 4 (C25)(35) = 73125

25
Ve = 50FI +25 Fz L
- Go)C1562$)+(,?sj(7g/;¢.5)_qwm .
9949¢.7 :

Fig. A

820 By Fig. A, Table 8. amd Fig- P8 20, we have

b= AS 2, b,:/Z-S‘MJ},: ASmm , anl t = 2.00 mm.

Tﬂe re forc,

/+,=2_C£/_52[1 ~ ‘:‘(/»? ) ]
C=AS ]
25 S+ 4329 P

= 0.8 »mm

—




821 Let V=1, Fig B, where

SO3
I:z/(r) (add) + 2(F )R e s6)°

le— 25 mm ——l
r ,Z(:o&ééxl)(l‘—f-wt% + 4&1&)2 A BT
vo T = 24025 mmt e %\( '

10-Sbb 10-5h( 10-5b6 P Ijzmao"zz
F o= /?—J,() /ZI'NJ? /@t)(:s‘—{)ﬂ s — : % m z
st ) 2 i (4443

- 2584 _ — ¥
= t[T‘Z’]O = 23173 - Y P 10-566 mm

ZMﬂ = Ve —QF(2s) =0

v = RROS _@E0(23128) — 4.83 mom
14 A4,942:S |

822 | Lot V=T, where (Fig A)
oz
L= 2{ (%) @df) +%£60)&)3
+ 2 (s0x2)(80)"
= 2(4;)/ M/r:- 0 + 536,000

]

= QLSY3C+40+1,536000 V

N T = 7500516 mem? ; § = (6ox2)x30= 1400
F=t gecao)=.zs? govo B

= ~lboF=0 1 F
ZMH. VC Flj H
a7 1ok - 160(293,000) _
= = [3.4l mm
€ |74 2,501,516

823] [t V=T , Fig. A, where

= 2 [ a0t B asil) 5 (60 SJJfaZ(MMS)(%o)l

’ (2 s)($0) = 5[15002 H?OV‘X - ’,93J 1—/56 25 +1489000+-{0b, 1607
it T < 1}041}744 mm

( Cont.)




3.25 cont.

8485.18

% 3— +—(_60x15)(u0) = 14,495.28

= G+ (029 a0) = )b 48538
Do = F5r 5 (T By)= 15918
= £ (150 = 63313

R = Bue)(80) = 1,265 459,

ZM,=Ve-590F —A0f =0

. p_ 8 OF,
sz BOBRYAL 48 97

82| (et vs =L, Ry by where

1= J LS Z) tds) +@( 5 t6) +Qlb)(3k
= r“f/;:ﬁb + éLtb +3th :»s.éo‘itg

g =0 (2h-4)=t(abd-L)
F o= Jj—dﬁ tj@?bf I)Jf
—t(bﬁi); -'ftb

ZMy=Ve+2Fb=0

L ga— 2hb -
v 5@077?53

2b

(E40b —0297p




&2
9 By SymMef'ry The centroid 0 and the shear center C are on
the X axis. The /oCa{mq of the centroid V'S (Fig.4)

% = (a)(s0)(a.5)(zs) — 12.50m From centen of the web. _1_
0 Ry(E)a-s) +(100)2:S) E l_r
Hence, I = -7’:C?-s)(/po)3+a)[;-¢)(z.s)[§o)7‘ l\§|= 18N} ||,
= 0.833(10%) mm? c] E |

T~ (092912 5" ‘IVI 2400 N]
+QR)(5)(2-5)(50) +Cz)(5v)(.?§)(m 5%

= 0. 130 (10°) 2nm?¥

M—
Fti'sf, we COVV(/r)%(’ 'Hte shear Sfress 7 due F ””"""
to Vx- For section B, Fig. B, we have J
7 =¥ GSW(375-L) s
ABLVx) £ 2c —I, |
’P A0 — 0. 69234 — 0. I} =
= I{(375- )mo = 0.69 30 —0.0092310 " (a)

'ﬁws ﬂ v,) 'S parobolic i
B ( 1 parobolic 1n The )[/ijfs s d?—»“(——sﬂ
qwr— I Wey

For sectiom BC, we have Tt H-;_B”g_,{ T”"""
2;36 ) =1z +@ 5,( (—IZ 5)(0 ,3omg> fas I 77.5mm
Fm

- //5375—0 230774 (B paw 0
Thaas, Ty, is Imear in BC.

77\8 Shear 5‘!;«655 Jzk'ér/‘};d//én m 7L}l€

Cross sectiow dve to Vx 1 ]
” ra E—
shown n Fr15.C. P
Fig. B

Cont.)




3-25 cont.

Next, we Compa{d the shear stress Jue ngp—4 238
to \/y. For section AB Fyg- D, we 11.5¢ ©
[fe = > > 35}
haye ~({t)(50) Yy HEN
% C% )50 o | 7
Z;BW/) =Z = 504 :% =0.008045 4 (© :
For Sec{lﬂl‘r) BCI we have * “ X
v
v _ f _D--g Z_):
CBccv,) =1 t (50<%2) e € A I
= 5.ypl +0-10%0454~0. 00/080%’/(’1”‘5* S

The shear distribuhim doe toVy 1s shown i Fif. E

Henee by Ego. @) amd ), 1-S¢ "12.98

S Z;wa) N (‘ﬂBC\/y) Fig.C
~ 2 a4
Tap= 0-5003~ 0-009231} (e) - A |
‘ 2 T ;_ oo y 25mm
Y by Egs &) and @), w“/——%g J _T _/T
A ~\ I _
/273(_ - (BC(\/X) *_ZBC ('Vy) 50-4 M =50mm
7 ' £ 0
7& = |b .94y =0, 122734 -0.00108045K " :
c
()
Fro section CD by Ege-@) omd©
C
= - 7 ] C—
(% Z;BCVx)+Zﬂa(/y) [
o S 0 mm
CCD = - 0.5%42 1-0.00723//( (3)
gD

T/’)C MJ Shear J/'S?“rl‘bu%/'ﬂ'ﬂ IES
Shown 1™ F‘j‘ F. /Yofe the /acm//MS 0][ the

Wax Mo Shear ,57Lre5r " edach 5@67[[571'

(cont.)




¥.25 (Cont.

- s
By Fr.@), e magimom W&Jf g oars s I O
¢=> —» — — 31
for %?ﬂz 0-5003 —2(0.00923)0 =0 ; ° )
T
> oh R = 4#3.3¢85 amm. e I '
Fe ZLf =
2 This vadue of fj Z;BCMM)_/ZMéM& y ; i
For /ﬁ;c/ 'L"/le Mblemym 7/7.«&«6 occors T
- . 1‘
at B ond Ctis Tge = 16740 MP, fle
[> E [f) Wl‘tl‘l ,P: f:"- - <« « D
J 7— J - S V
. 5..{
For fépj Ef(})y/dfw Fig. E '
47, | | “/73-335'
S s Toss #2(0-00923)d =0 “"’T"\g
16 14% | :s @
R Q= o).6437. For this valoc =
0‘)(‘ ,Q/ {77 E?@j/ ZD(ma:): - 1243 MPa ® 3- [ f= 80.70 mm
F = = 4
or A=8070, T3 =0 (Fg.F). AN
+
816 X
Let V=T. B
] ' C P=31-64mny
s 25 e T=2[Egesing])  suliSm==sgo
25"4/; T = ¢,690,000 mm* 4_:‘f\y
= r §=A'7'=b9)s)(72:6) T
= 45,500 MM Fiy. ¥
eonm  TZ.3mm T/A o z
\ l M:Z{f-R 48 = Z;R -g:us‘,sao[éo)"r
. = 514,590, 000 N-mm
AN Ve= M - €= M = SLIEE
y 6,690, 000
oy
— C=76-92 mm




827 Let V have magnitude of I The area F
of the T-section is 199 mmand its centroid

. , H 9 S
js located 6.99 mm from jts base. The area ‘}, " |

of the an;/p section Is 1% pmZand 1ts | k, £
centrowd 15 located 6,90 mm from 175 base. 7&\”\‘/3-30”’”’ 6.74mm

2 =4 F
L=z 2(1v6)(48.30) "+ 2 (149)(6/.7%9) = 1,779, 000 mm* 5| ,
q=197(6/74)= 8891 N/mm e 55 mm
Y
_ V [« s5mm

9= r 196(98.39) = /5,992 N Jrmm -A,.; i .’I
Fe(699+03)q =6.79(859) =59 725 N s =L RS

> “é.‘mem‘—M—J
Fo =(55-6.7)9, =429, 935 N

F} - é7% ?5‘7;5‘70/1/
F4:6,7c7a < 106,8/1 N

Vo= 2Ra(55) + 2Fy (49,30 2 F (55)-25¢.7)
21429, v35)(55) + 2.(106, 81)(98.30)- 2 (59, 925)(5) -2 (5%, 570)(6.7) _

¢= /} 777;000 “M
828 l Let V have magn/'v‘ade of _Z, The area
of each T-section s 1000 mm2and the centroid 5 F
110 mm
s located 20. mm from 1ts base, FLq i
-4 e
I=y(looo)ayro) =232, 324,000 mm” A T
F
g=1000(2%1.0) = 291,000 N/mm ¥ zromm
220 mm
F =(205+05)d = Z/,O(ZW)OOOJ:A;%//000/V , y l
Fz =//0q =26,5/0,000 N tea
Ve =y4yvor-2(W)F g £ AF
_ YYO(28, 510,000)- 2(110)(5,061,909) _ s
€= 232] 324,000 B mn




’_Qﬁ__[ Letr V have magnitude of I.
The area of e€ach angle section

s 278 mm?% and the centroid |s

located 77 mm from its base.

- Y
= 198,595,000 mm
9 (4 0)(170.5) = 272,800 N/mm

G, = (25)25)163.0) = (01,875 N[/mm
Let 9 be the shear flow befuween
the vertical web and Aj.

9, = q+278(191.8) = 312,220 N{mm

Le# 9, be the shear flow befwelen
the vertical web and A+

A :q£+278(/<//,5’): 191,295 N /mm

f, = 20549 =205(212,800) = 5,592,000 N
Fo =(100-8.7)q = 24, 907,000 N |
F3-8629 2,237,000 N
Fu=8795=2,7/6,000 N

F;: 13.0 72 =/, 72‘/} o000 N

F,=(lv0-8.7)q, = 7,301,000 N
Fp=8.29,= 835,000 N

FS’ - 9.7 qy :/722‘7/00O/V

T= 2(so)(sa)(170.5) % 2Ls) e 0% 471, 8)°

ve: 300(F-£ )+ 281,0(Fe~Fz)~100(2F; - 2F5)-8.7(CF, - 217)

- F
’ 100 mm —>te— (00 mm -J‘
Al
4 ‘73;4«}5 Bty 9y ':.)r
e P
A || I A
2.7 mm->| fe
hf
/é '0 /70.;”"”
f e 19,8 mm
je @ >
Y
4 {150 mm
46
Eadllir |
A [ 14
l §.2mm T
F
5 IE
= 28¥Y mm

206015, 606,000)+ 2836 (/,487,000)~100(8, $3¢,000) 8.7 (2, 0%, 000)

P
148,595,000




830 | Make saw cuts at A and 8 to make +two
beams (beam | at Jef* and beam 2). The shear

load V has let =1, and V=1
1 /7'/a7f)/'7‘MC/€5. JE ﬁé_@_’ﬁl}_li(/i/ 76 g08, 090 mm”

Fuo par?‘j

q, = 100(5)(50) = 25,000 Ny 9,=00(10)(100) = 100,000 A)fimm

9 = 9p -/—/00(20)(5‘0) 200,000 N/mm
.Sa/oek/'m/oo,re shear How s counterclock wise as
shown, Satisty &g (8.11) starting ar A

100,000
e [‘7,4 109,000 - 2(200 000~ /m}pooJZ”O [ 199,906 /ao

+[q, + i;-(fs;@oo)]%fﬁ
9,=28,57/ N/m m

>

{00 mm
., ]
- t
r /amm A

&)

[00mm

eZOmﬂ

F=L0019:2,550,000 0} £ = 2222 g 4) - 05000 N
F = [7h 930+ $(171,930-74,430)]200 =27, 619,000 N

Ve =200(F -Fz)+100 £

g+ 27 6/%000 /ao)
o = (2,550,000~ 40%,000)(209 (%) s 07 mam
36 6’6’?/,000 —_——

[Omm meg .
X ]
R R
< 714 mm28 b
\
K
L
l« o
V
F A

831 | Make saw cuts aF Aand B 1o make two
beams, The shear load V' has two parts; (et
V=1 and V=1, ih maqgn( tudes.

[= 2(?00+300X800)2: 96,000,000 mm 4

g,= 500 (200) = /80,000 N/mm ;4,2 300(200) = 60,000 N /mm

200 mm

Superimpose shear flow g, counterclockwise as

5‘0'7‘/5?? £7,(8.H ) 57‘4/’720} at /4 .

)'/Jaa//).

0=(9,~180,000)£52 + 29, 2924 (449 009 %22 5 g = 40,000 N/

1%

F; = 200(40,009)= 8,000,000 ; 5 = 400 000- $4.900)- 5,000, 000 N

/
Ve = 200/:;_"‘/00/:

200 (56,000,000) - %00 (5,0 00, 0d0) _
% , 000, doo

€= = 8373 mm




9 = 12,000 N /mm
F = 200(12,000) = &, 400,000 N
Fz = y00 (180, 000~ 12,000)= 47, 200,000 /¥

Ve: 200 Fs -Y00F
20047, 200,000 - 400(2, $00,000) _

e

.32
8.32 | For Froblem 83! ler +4o web thickness between the two
areas A, be ncreased to 2 mm. fqm'%} é},/B-U) starting al A

_ Y
0=(9, - 180,000 22 + 2, 2% 1 (4, + 40,000) 422

= /30.00 mm

?é 6,000, 000

o— L avn (" ~o.stu.—l

€=0.28848]_

Figure 4




B’f{' F,g.&) %M%MW%XWM
I = Lxpe + Lisc +IXAB (@
Ao, K?F,f_a, A b :_é_ 6vd 6 =19.47°% Heuce,

IXA{ - TL.L LBt sL
3 ]

Tysc = J¥h=[(5etds o L

...Q_ 3
=Lt
- - _Z_ '3

‘LKAB ‘Ixrac ':"'32 L t J

Hovar, £ B @)arhle)
Tx=2 Lt @)

oke ety ot pand € (kgp)

TEM, d\’dw« o

a2ligne HC ABC ane thpun y

TN .
e 4 JWMWAZ%Egd.Q}

-~

&
- -3 13

) @
8= 5=G)Y, =85O (35 - £)sime]

= —;;-(31.;-5‘)(-

(cont.)



.34 cont.| L, p
% =% okt @
Mg 3. (Fig. b)Y, we mmmwkw
A <n Fig.d - Ubeu by Eg-(E.10) 2w Fig.d, w
oFlam
OEIL =(5 2L +G + 28R L) =0 B
o @; Ege. ) @),rw/@),
%= Z(f-uf)=-&Lt (0

Fljure d

W'@V%z, T, WVQMU&' b W/ﬂ‘b
Mrmend MMB W (Gg. e)

Ve ~ F (1.sLam11.47°)=0 (%)
W Kere ,47 E¢s () and 1:7‘3:.(4)

V=V +l, = %Ef ) F=G%-%)L (B
CCani’.)




3.34 cont.

A R
,L\\\ 5L
F | \'@B X
N
=
c Y
Figure ¢
BA(% E4a.(4) andl), with Egs. §) aw/(/i), we obtauic
NENLYS ¢
o Lte _%Lt

Tﬁ'”""ﬁ"f?) 6’ = /.S LMI?.47°-€:0'7~333L

9:35 | $,4 Lyzl,=L;=05SM ad) ty=20mM, t,=ts = 16 mm

( Fi. P8.33). Dl 26biliy for Ay Localinf of Hhodhaan ontl
frllswrai Conaider Al @M%ﬂv Aoxbeam ( Fig 0.

By F‘f a,

A Y
=$M30°:_£__5 (a_) ' \ tl=l.5'mm

whee wlhy Fig.a ad BG . (Y C Figure a




$.3S cont:

3 b
Tope =75 (20(500)= 208.33% 10 mwm

_ 500 b
IXBC_.J,&"JA,V—L;-};s ds= | $6. 25K1b mm (c)

b

T yps = Ixpe % 156. 25105 mmt

Hene, Ay Ega.(b) 4d ©,
I, = 520.%3 %106 mm¥ d)

ko ety at A andl C (Fig.b). e phsan florrt av
Aeclipna RC ard) ABC are hown i Fig b, where

ta—

VFIM(,, \{,_:_LKBC+IMB &)

C

Fiqore b
%17 Fpale) amd Figa. a and b,
% = 2= A = £ Lt (4) = L2 (582) = 625 AN/mm
31 =AY, ::55[@.-51)4&\300]:3.755(1000-53 L&N/mm]  ($)

%, = % = 375s{i000-5) [&N/mm]

nd (cont.)




.35 (ol

?B = % {s:soa - tls:Eool = 937.5 LNjmm (P
ing g, we 08Tt My aRear flrwr diopron~ shom
n Figoc. TRew, fog Ep-@1) avd Fig.c, we oo

FE =630k S E (5,3 00k <0
Ao, by Ego ),0); and B, we oblavie §, au ‘
%;) = — 3U0-9| 4N/mm (0

1>

> E——

D
%o
c
Figure ¢
aboid ot B (Fig.d) specldy
Ve —F Lawm3zp® =0 )

WAhere 47 Ega. (c) and ), MFI?J- ¢ awdd,

(en?.)




3.35 cont.
V=V +V, = 520.¢3%x10° N

k)
i =(3 5= B)La L3439 v sw03 Jn)= 37879 x10%

& Ego.bf) ond () With Fig.d, €=1%0-§mm, or

gl Lan3p0_ 0 = ¢8.Lmm

A Q
\ L= 500 mM

300
D 1 |B X
e
/
C 2%
Figure d
836 | Oy Figa, ff' the weitica] aeclirn
ARBC, .
Ixz: 7';(5)(500)3: 5.2083% (D! mm4
Fou A, cemicircuwbon 2adin, , f 250 mm
m 2 5
Typ = [ y’-JA=j(zsowsy (5)250d6 o x
" b T \ 4 - B
Txs=1.2272x 16¥mm¥ 7\
H 5
T,=T,, +Ix, = |- 7430x0"mn* () dA c
y
Figure a-
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3.3 cont| M ol etical ey ot @ ond C (Fg. bD. £of

Ao ahron frodaV'= Txi am® V' = Lyz - Fo bhe el
/@u)&?y() Ao MWJB“)A?F’J’E/

7 -V ,4'7' = 5(250)(125) = 166-25 LN [mnt (&)

B

The hcan Hoor w ABC 4o parabpbic.

= 156.25 hNjmn)

Figore b

Frn Ho aeniciclpn 4eildn FOC, contchen an anc of 6 tedis..
ol anea A's 5(2508)=12506. Hhy Corllizd & of o are
& Locts] o 06 =50 9 0/2)/15/2). He ,

— - 7=y
v = 066l = 250[149“‘%‘”:‘) — 250 g
&

Thanepre, v 2y aemicined, |

6) = A'T = 312500 4rip = 312.54enp kifmm ()

(cod.)




8.36 cont. | F g0 Aadion ( Fig. <),

$ BLLyp - 52T - B+ 3 ) S22 =0 (4

WA,
$38dp = f(alzswe)(zsode)—;Blzso (@

Then,, by Ege-(),d), 2d (e)
%, = 81038 bkN/mm ()

M’/ ’zf ﬁf-C, WCMUJ&d‘.
Ega.(c) awd (),

(& 2 M= Ve~ [Ige)-g )rdsfr=o
A Wil r= 25pmm and)

V=T, =1748x102% N
S LTHSx (DS 4N,

e—lo

R f (312-500m1 5 ~81.035)d8

F/'ﬁure o

€ =132.4 mn.

%ijhfma check ,@753.6, MLMWW%W

V =0+ F)5m + fafr[( 5E)~Fy) e p] 250 39
0 with &84 (),©), ad §),

V = 92,605 AN + 32,198 4N = L. Tegx 105y = |T,| -

Mo, 2once by Ege.© ondll), § -8 =0 fr

215.03° and frr 6= 1L4-97°, 2he 2Rean «Tigas forwr i
(Con




3.36 Cont-

837 Fou A MWW #BODE ([ o)
Ty, = 2[L(Goo)( 5+ 300(5)(250)%] + L)Y 509°
Ly, = 2.395Gx [0% mm4t = 2.395F9x1p™% m¥4
Fr1 e aemicoculin aetin ,

— /2

Le= [yzcln = 2/0 (25D ¢ 8) " (5)(250d8)

ol

N Ty,=1.2272% 0% mm4 = | 2272%x 1074 m¥

T, :Ix,-i—Ixz-.:B.LHlengm‘f =3.023ix 10" mt (a)

(cont)




9.37 cont. M&WW&HMECHJQ
St v'=Tx, ank 300 mm
Vz:rxl'ﬂ\% ,LL ;]'

the hean o
fr he pa ke
af%mf
M%Mmd

@ follposs (with \ v f

VI‘ = Vl M _L | S mm

\/;l = Vz g’ & LT e
Ern Lo reclimpalan dA=50250d8)E

%%4244 y
W#M Figure a

7,8 G, 0 andt )
a/\&(F/(f A)I 2‘3: % = VA yl - 300(5)[,150): 375 ‘é—N/an

e~

%_? 5.5.;.1575(;)(125—) £31.25 AN/mm (b)
%3 = %E =0

FM%MCMQ.&,,,W K FE, comeidsr an are of 6 rud
ol onea p'= 5(2506)= 1250 6. Bho condbiril) 6 of The arc w0

~ 2504nlbE)  H Fig. b,
Located) ot~ 06 ) e vce, 4—7 ig

/y = 06 Cosi—-zso("“’" cng) . = 250 )6

ﬂb\*’a"«( an Moo wemicinedy, %M,ﬂruﬁw

G) = A'F = F25WeME = 3125 4wk 6 Lan/mm] ()
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8.

ff’ B _ / (314, 5‘4«; 6)(2500) _ 31250 {Nfmm @)
By Efe. ), D, a/u&(e)

Wene, ,&7 Fig.c, wa vt with Egs. (b),(0), W()(),
T
GZ My = Ve +9 [(¢o-5,)6008)250) ~ (5, +4 %5)()250)

T/Kl/\,%u Ve = —5 945 Tx00" + 6.2722x10° + S.6 2995 1p"°

ol

Thn, fro oo Atelion of Ay erpas seclipn (Fy.c)
%, AT — (9, + )00 ~ [ 8+ B+ 308 f,,](sﬂy(a%,)(a_}q

%a= — 103.87 AN/mm )

‘_,%: %

Figuvre b

| €3
- Lg— +h+ 2 [ o ;B)] (500)(300) ~( 5+3 BY30)(zs0) = 0

é LW5 ﬁ';q (lsbde)](zs‘o) =@50) / (3125 sip +]03.871)dp (&)

= &. 7457 X6 §-mm

+ 6. 1711x/0"’

€ = —8.695 mm

(cont.)
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%(Q =312.§ s, nb -;5;:5??%{_ ‘ ’ |

—_—

E \Jﬂ %‘f 7

Figvre

N aaa chech A4 Fig.c ME%.(IQ)M@), 2 guidchriom

Nenee,

[t}

V= (B 85+ 3 (05~ %) 600

_
= [ e -8 aims] 25008

V= I187bU48.33 - 174653 UL

V= 3.623x 104N = 3.623x 0®N = | I;,)




Il = Zdy. W:E, dA =t df = VT dy. Uomes,

— 80
Lx, = fy"cm = Zj 32(350’)') = Luwg x10°mm¥
0
Fo 7(;&( waew ,q,bc;é:’o%, |
Ly, =2 [56003)° GoX3)(30)*] + f (3160 4096 xIDhm¥

S0, for e enoes geim,

Ty = L, tdxa = 5 Suy x 10 mmt (a,)

80 mm 80 mm

A
3

Figure @

Wl e izl cte ot i and € and Ut 2, ahean bond
V! =(Td, o #ud V' = Tai e V= Txs- For acling AFE,
%MW& (with V,'=W),

F0 = L = Goa-Le) (25§

) = T600fZ — %LEXL (k)
(Coit)




9.3% cont: anmﬁmm, At, fean Lyt

=%, = Ve 4'y'= go(3)(89 = 19200 N [y

Ix=
ﬁa = %,B L ?0(3)(!.].0) = 13,800 N/mm (C)
?;} - ﬁ—E =0

Frv }W/Lt’:%‘ﬂ pf%mw (ﬁ}q.a_wc))

et A ok WJ ¢ocndiredshavice, Wl e

f‘g‘o’f :(ﬁ+ﬁ@%g+[ﬁ+5§w:z§.(%_%)]i§g
t(@Fut 5 F0) B+ 2 50[5;—5{1)]%& —

W«Buuzbr &)
o 7] [3,-01¥ = 754207 g, ~652667. 8 (e)
0

(d)

(Cani-)




8.28 (ot By Eg¢-©),(d), ad@),

%9 = — éS‘éQ- FL N/mm ()
Homee, b Fig. C, wa drars, wlbiBra. @ and(f),

(r=_ M = Ve- 2(%,+ 5 5)0000) -[ 0Bt 55 )l b0 k) = 0 (P

Thewtae, with v = T = 5 Suu x (05N, EG-(F) prebda

_ 5263 xll)s = GUi.9 mm
€= Scupx pe

Ae & chech, e Fig-C,
gor2 i 2
=F, = V-2 [ Dot R~ 530 50 =
With E4.(1),(0), and) (£), we foid
V= & 5uy vty =|Ix]

5 80 mm , 80 mm
A T 2§ <19.200 Nfmm
%
80 mm
R
A
%4: 29,3/00 NVyam
80 mm
: S :-ft’. _!L_.

\I'S%: 19200 N/pim

Figore c




8.39 | Frn e rectangelan aelirn ABGDE (Fg.a),

Ty = 2[00 500)(75)" ]+ K150 = 33755 810° mim
Fri atchion EFeha, widh y=s0+ 120
dxx = fyldA = ZJ' (50 + 2 Q)" (adf) + F2(8)(100)= |- 4529x10" mm$
0

%—%ﬂ&) ﬁ?%w«im
T,=Tx +Lya -_-4.5’194)(10" mm ()

Db wedsn)) <l aff onk E (Fig b), end LT .,

/WLW %m&m V',ﬂgW,&{IXLMW
V'= Ty, erd Vllzl_)(z. %}%WW,@#%J

teirns 1o Belirmoned) it follort (wih VY aud Y5V, )

IZFMM I 50mm N

! B 5
| y
8 El
75 mm
4 mm
Y
D
Figvre a
d (Conl‘.)
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8.39 il F/L%WWA%,&WWJ

%: 73 = _j\é_;_' AV = so(4)(75) = 15000 Nlmn

To= %o+ Ay = 15000 + 4(15)(37.5) = 26, 250 Nfum ()
?’» = =0 ‘ i
FnMEFG«Hﬂ,%MWAMM A2
il :i_\_/l_ Ay = @1)(75-!}1]: 3000 - 124* (e)
X2

By E4-©, fn X =25/
%= By = “ff" 8> N/mnf @)
G, = Fe HA'Y = 83893+ (SON2S) = 13,832.63 N /m

%Wﬂwwm,@ﬁg-c.

75 mm
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8.39 conl.| W"m” (FAg. C.) ny ot E, W‘Q}d
$ Il =(%+5%) 5 + Lot 3 (5 3o 52 + (v 50) 2

+ (e)
2572 S
+ 0 U I L5y 30 s 22 + gt
12
Whne flbf_;p 7(1)]4— f[g ~3000 + i f2] 24 - = 893582 - 41,6667 (£)

By Epe- (),0), @ andlf) we ford
B, = ~L119.45 N/ne (%)
Wonce, b Fig. ¢, Wit Epa.(b)(d), ard(3)
C+ZMy = Viessp)- [ - B+ 5 (5= 5) ool 50 -2 (g, + & 5.)(50)(75)
- [7%‘, t 5 (8- %) ](1s0)(125) =

Thonfoe, V(er5) = 4ot 7aux

Lomm

SOmm




839 ol | g with V= 4. 9254 x10° N, we sain

6
@ = ko8 ISUXD" i _ 3y 70y
4. g 254X1p8 "

JA a MJ J«y Flg C)
2872

V=2 l L 4@)- 8,1 2d0 + [(B5-%) + 2(3, - £.)](00
(% + Fot B ($o=- 3] (52)

1
V=l{.-82£’)<10b ’;\I);\

$.40 %W%%W

LNl bl e §
A =60+ 03041250 T2.8mm | '
% a}ﬁ ofI; u £0.3mm

T o 2[% 29+ 2sas)rz9)*] *

"I, x 66899 amm¥ @)
Hohe ancr ety ot B mnd D(Fs. b).
R ahean flowr wn aeclipe DEB 4
F= A" = 250572 9) = 4ssoo . (b)
D «Pear flowr in axctdn BD i pory. o
ww, /47 en ' 25mm
$out =594 B l)= 0

oL
% - N fe
B8 27, 673. 4 yrere ()

(cont.)




%40 cont. | I ,% F:g, e, wath Ega.(bardo),

G My= Ve~ [6-5960dger =0, orwith V= 6.esnsunsmrc[]

e = 201, 387,45‘0/6,687,700 = 30.1 mm
A & cheek, ﬂ? Fige. b awd c, will Egd.(b)esd (),
T
V= ;(ﬂ-%,a)@w(a)@oc@ + 2%4(12-8)
0

+ -, (121.2)

= 2,136,790 +1,/bl4, 800 +
+ 3,356, %45

Iz
V=666x10°N <|T,),




340 [Ty srea qpﬂ\,T-wizmuzwmm‘M Mi cexioed 2

Méww mm/w%iwﬁ"f@%w %F%M;/(eu%
WM/%MM wJAW‘%mm s aidea . 7%
%Mwoﬁmd&,zfﬂvT—Wu
I, = oZAb) = Z[IU—L})(él.W-) = 1,097, 80 mm*
& If&«, 2 AL () = 20u6) (830" = 681,204 vum?
.gome Hhe st 4echipr

T, = I, +Iy= 1,779 000 rim¥ @
%WW&X—HMBCFIIBB Thon,

F: - 5. Azy 145(48-3) = 7051.90 Hfam
| | e Croed el
UE.30mm 553 mm 55 mm » Jﬁ ’

(to base ,{.T) (to center of

+ 5} (48 30+ 6.70+6. 7D+ 2x 48.30
F6.T0+6.70 +42.30)/p.60

~ %, (6.70+2x48.30 +6:10)/0-60=0

~ % = ~¢12.92 Nfmw (O

J/@w, ﬂ’} Ffjs.ﬂané b,a/"ﬂ Ef<. &)
& (@Q, we Dare

(cont.)
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8.4l cont.

Cr EME =\e — gﬂ(uo X85S +U48.3x55 ~bT0xb.70+ 6.70x 4g.30
+ 670xyg.30 - 6.70X6.70 + 48.5x5S)
-4 (2x 6l 7¢x S5)+ 2(6.70xus’.3 + 6.70x 48.30)= 0

Lt o = 48 508,000
1,779,000

Uheon, 040 chuck, by Fig. b, we fart

= R7.27 mn

V= % (-67- 2x48.3 —6.70+110) + F; (2x 43.30)
Fg(2x6lTH)
e V = 779000 N =[Tx|




//w-m i Baace . %WW%X%E%
ceiipd of <u T - Aetidr A

= 00 +I0+ 1 +967 = 120.67 mm
So, Ak, W/M WW#%W%QT—WM
Ly =2 H,Y, = 2(324)(120. 67)* = G, U35, 690 mm?
Ty = 1AL 9:?- l[#oo)(lob)zz €,000,000 mmY
S0, e momendof mali of Tho ersed anie 44

-—x—Ix,“'Ix = 17436107 mmY (ay
2 -

30mm %MW ot
L Aad B (Fig.b).

fIl mm #M’ w;jﬁ V:Ix;
A 7= G29)12047)
g = A1, <ol 100)

l J
T 60 mm 7]

Figure a (C”'”‘L)
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8,42 conk

é—%df = Bt 3N (B + 7, (624105 4 (g %,)(LLt 200+ 11)
+ %(lo-b;f-boj = 0
‘}-ﬁ = 330-43 N/mny )

G Z Mg = Ve - §,(221x1 +60X110.5 = 10-5x11 + 11x100 +1Ix/o0
= 10:Sx 1l + 60x 110.5) + % (1 x100 + 11x100)
~ 7 (241.34x71) =p

= S 95 x10%. 5.9215x10% _
£ = V T xip? = 33.96 mm

U a cheek, ,ﬂ? Fig. b, we Rane
V = F, (aH-39)+ 8, (2a1-0) - B( w-fxl).f(ﬁ‘fn)lloa)‘—' [ T43Lx0"N
Al

o
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8-43 | By Fig-a, fn the aeclisn ABGDE,

Ix' - &Eﬁ(wo)“‘).!_‘_ 300(“)(150)2_]4' 7‘5:(4-)(5'00)3 = 1 T167x 108 mm
For «elipn A HE,

T, = 50)(500° = 4.1647x10% mm ¥
For wcctom £ Fp-,

(72
Lxz = fy ‘M"ZID(UD&DS&)"(S)(zsoJo):}.zz7zx103mm'f

M; {-ﬂ%ww

Ix:I-XlFI)SZ‘FLs 23-541)\108 MM‘/' @.)

Lohe 2ocr oty ot Ravd E, 15 He ard ~

= o
Aeluin RHE (Fig.bY. £ot V' for ohe - A
btam be gl Syt 300 =

At V=T, G T ol ]
Vi=Lxs. Ahow, the 4 ;
hear, flrure Mmoo 250 mm
fr e tparatel
2elipre are g X
M oA t:.‘v
(with i 4 mm
Vll= VIJ VJ.,: Vz_ )
and V' = Vy ) D
Fre aecliom RBADE, Figure a
%, = % "'%"4.’7{':(300)(4)(290) = 300 iﬁn—“,; "
b
7& = 4 +@s0)(4)(125) = 425%
Fov aeellipn A HE
4, = n;?z'z.zso(q)(lzs) = 115% (¢)

(cont.)




A3 _(2509)(';) 12508. WVW& {fiew are 44 Lyeite]) oF
HE = (250 e 2 )/(9/1) Hener, ﬂng b, 7 ,4&@59; zso;uwo
%MWW ciction AFE 2t
Csnsaas (M Q)
$(5) =Ly = 302 T

When, fnwﬂm,fmmmﬁ%amw
$Ldl = (2241 - % (220 (7 + m?"*—m%@—om

PER = 5) 600 S0 )+ (LB (11385020
Where _ (T 3255m8(2s0ds) = 31259 hN/mm ()
f _53?;).41 ) [a 5 (

Fiqure b
ZL NV f&ya @) i, with kge.6), @), ard§)

%, = —147.32 AN /mu

%= $.672 Af[mm &
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g.u3 cont. WW/ ,6? Fige. o aud b, ard Egd. (b),(©), @] andg)

-
(r Z_My=Ve + fp [( $(6)~5,)(250d6) 250 —( &, +5 B, ) (300)(250)
—~ [ % t3p+ 5(Bg— Fn)]bo0)(300) -(5+ L8\(300)(2s0) =0

TW,
Ve = 3’.:(6‘8‘5‘)”0‘7 N mm

n wilh V=386lx08 N (=T),
E = 9.16 mm
4 a MJ ,&7 Figa. & aud b, and E¢o.0), (c),GU, M/@),

i
V= f [ (816~ )asnolasods) + (%, + 3 8,)500 — 5, (5o0)
g [%+8, + Z(%-%,) 0 = 3,561x10°N E|Tx) -

8.44 | Fru aeclion ABQDE (Fig. &)

T = 2175090003+ 80(3)(80)% 1+ L(5)1ho)’= 4-076x/0° mm$
For Aecliim AHE, Ixs =iz)(160)> = 1.3¢5x 106 mmt.

Foo aclign AFE, l|< 80mm , 80mm
1;3: f}ﬂ-dﬂj uﬂ\m : B —_
)’:-'g-f, dd= iz dy, :
da=3d4=31Zdy. 80 mm
Mencr,
90

L2 f y* (3rady) X A

0

= 1. 4ygxipbmm? e

So, for hy cuw Lo, | 80 mm
1: -Ixc"’rxz"lxg o

L7 6- 90905 mmt (@)
Figore & (Cont.)




8.4y cont. (ST, gawr cuts do Ao &#Mm%fo/%

A’};}Ehw V‘=1Ix|, ) W \/l‘=Ix|) \/7_I'-‘—IX7_) 4/\(\&
V, =Ty . @y LA V=V, o=V, and V) = V(R b).
Fro #edi-n ABQ DE,

I -1
b= By = —]‘_.—/:A, 7, = $0(3)(80) = 19200 AL

k)
% = Fp + 80(3)(40) = 1?,300#& (
Fro a2lion A HE,
T = @)s)(ug = 12, goo A 2

Fou wecbipn H-FE,,I?F/fs. a and b,

;&)%_3. A3 Y, = oz -R)(3>( 822 ) ) = %oolz — 32 (™ (d)
anwmmaf%owm Figs. @ awd b,
we Aane %ﬂ,d\,/w%fvﬂ»mo bray., sabing ot €

)\ V“’L‘ﬁ—' ~— 80mm—» %3: 7
' —_— o
A A - E==r
V. 80T mm | |
li/ » \lf b \80wmm
I
: / : ,. —— 4 T: Y
X /\H’O‘h N |. vy
I
: k ; |
. [A | |
X’ ’ .} . Dlﬁ? l'j‘im
e el \ —— Y
D
Figvre b




g.44 cont.

SEI (3,1 3%~ 3) 10 - (5445 —[ 545+ 2 (58, ] b0
~Fri%,)%2 = (e
Sww&véz @%W%MJM «aﬁdryaf-’?

o1z
gS—Z;dﬂzzf[w) ~519 L (5-5-28)% =0 @

whee, with £¢-@3,

fso[ﬁ%@) g% = ¢82,00L7 - 7502079, (D

By Ego.(b),(9, @), §), and @),
G =-2%64b, ¢ =1729% K &)
Whon, by Figs. & awd b,with Egs. 6@, ond &)
a -
0+ = Mg = V(804€) = (+38,-5,)(u0)60) ~ (4, +4 3,)(50)(50)
=[5+ %5 + 3(4,- )1 (160016 0y ~(8+: Ty Nooag=0

Mewee
V(%0+€)= 8.3027+108 N.mm

oL

e = 863::77:;;‘8 8 = 4L.S mm
WCM

3ol
V=2 ) [ (#)- )5 ]l + (5:+2%,~%) léo
)
+L G5 +2(Fp-Fp)1 160
. = 1,134,390 + 2,148,440 + 3,621,660

V= e t0rxioty ().




 8.45] /3?4 Fag Q)rff\/mm/ BDQEF,
Fr wedion ABHFG,

TRowefrz, for Tl Crodd arior,

MWWﬂ)ﬁx&,Wofm BHF (Fig.b) and LY
V' =L, 4o Mask V'=Txi dud V'= Tz Card bF

T, = 2[15(5006)*+ 506e)( 507+ J5 (X100)° = 2. 001 5x10Emmy
b
Txs =2[ 5.29)(5)° + 25(5X(50)+ L (6X(100= I O Z2KID mm¥

Ly = Ly, +Lxa -:3.04-40)00(’"1»1‘* (4)

ﬁrwmef/—mwﬂ. G
Wn,m;y ot pocnd £

0l

v V, =1, —125mm '«—50»'»1 —-.'
for asdliim BDGEG Ay 4 4o 1

Feb ) TETEAD o

%- 5’—;_%-’ A, 5064)(50)::502013';’; 5 ILm e T

7= frotes) = 23,500 2 >0 mm
Liiledy fo woln BBHFS, H ¥
Gl p Aol 25THsd= a0, 5 mm

7&: Bt 5o (£)(25) = 1250 _r%('c) >0 mm

. A

$E I =G +45)PI 55 -0 12
HGHERNER) + LT~ 2501 (42) = 0

4 = —~Ub87.5 N/mm

T«&m) 497( 5;,0. a aud b, weth Ege. ®),©) wm/@),w bane

Smm 6mm Figure @
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G Mg=Vve—1 F(25)(100) — (%, + £} (50)(1 0 )
~LH+Fet 5(F-3:)1000c50 =0

Ve =9.8438x107 N.mm

]“9"‘%4"’6) e — 7.343Cx107

3. ouyxipb

"

= 32:34 mm

XA « c@u 61 47 F;fb, W'me EW@)J@)/MG)/
V= LetFet %C?-@‘ $E\]wo +[$F‘+%'(?H-—i‘F) ~%;1 100
Y= 3.042x10% (= (T0) N

NS ————
=p




L] L, s e of By sl Beom, <3 hesri on

Hfa“f%zxonquwmﬂﬂhmJ&CMAumﬂmﬂbJﬂuM
Tjp = ASOMPA, We Wik B At reine Ao

W- [ a MWJ G,?ﬂ 44—,*& Ff'@'”),

_ M(B-rAm) A
Top = Ar(RA,—A) @

%a&wmtmp/{ A, R, and B firr o cr094 2T
iy 2., Crved el

M m 7 ( *'SMM‘+‘“ %o mm ——
A, and A, (Fig.0) l 10mm
Fon area 4, | . T ;'
(e Tabde 9.2), ’ 20mm —y 20MM, ,olhm
: —_

(.}l:ém Mml : | A S/ !

a;' 220 mm , '

b= Homm () Figure g

¢,z 35mm

R = 4tS - 27.5 mm
) 2

c - 22,
A»r,:[’t‘e"?{f"‘ 2235 mm

W,ﬁz Wer s (Fy.c of Tugl 7.2)

A, = €00 mm=
R,= 5275 mm (C)
mﬂ:“ﬂlmm

by

Then, Ay E§0.G.12)- (9.10) ond Epa (b) and ),
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CI. | cont.

A=A+h= 1200 mm~

R = R.A ¢ Ko ha = 40.14 mm (d)
A+ R, |
Am': Aml + '4"17. = 34-27 mMm

By Egs. @) anf) (d) w M

0. 005667 _ .
G5 = M [ 056eT —p o00(620)  (€)

M a N- o

Fou WW M, Hho opinane Lovalds it

Tpp oteund o r=a0mm (Fig.a). Mewce, Eﬁ"@’f&w
M =2.058x/0° N-mm = 2.058 kN-m (§)

Fru ’Mﬁmw M, ﬂvﬂ“wwm

Tpp ocewnd of v =75mm. Then, Eﬁ-.(@w

(M =2-893%10° N-mm = 2.393 kN-m (3)
7‘1"“*4 %MW A,@&—ww% W&i M= 2.055hN- W,

9.2 (a)d]l;, 6&0-7/’4«% %M‘/{ A-H %
M mlé/fiyﬁg a. ng:; a, ﬁf

2 R = N-P =10
GZMB:M—PR:D




4.2 cont. 5; E_g.@.ll))

_ N, M(A-rAm)
Ioo = A 7 TAr(Rat) (b)

whue 1 =T1d /4 amd) By Tokle 9.2, Am = = [at+4 ~ gy a= ]
MWonce, by £¢¢ @ end ()

e U e @

%MWWWW oA r= B (Fig.a).

Weissfre, by %30

—-151 o (3% )[4 416 (354 - [@h= 37 )] §@*)
o [2an+d) (2644 — Jlar+d= 49 - 47

@MW W ,4}\—744- ocewn Mz r = V’+d

ﬁwfm Ay E3-0),

T = 28() (b +d)][ - 4lu)(an+d- Wt =d2)] 3( s
( 9‘9) Max-Compressive. T9°¢" " 205+d)[2 (agrd)(ar, +d-|@ped)edD)~d"]

(b) anmeM%MM%
SIS MPA, Wbh 1 =75 mm aud d=SUmm, Eg-&) spuilde

375—;,,”;: = 0.010523Fy .4

<U;a W'x-'fens;c =

32/



9.3 1 (@) Dewidp oy crred aeclivn sndo Auro artad by and Ay

(Fig a). By Fig a ad Tkl 7. 2.,
A =50x285= (250 M) Ay =L (D)D) = 1259 mm™®
Ry= 14704125 = 1482.8 mm, R, =1420625+500) = ISU.Tmr ()
A= SO BEE = 0.84319 wom, Ay, = WA LU = 032095 mm

H-ence, bg E$4.4.12) -0 snd@),

’—‘Vmwmﬂﬁ—'(———lfmm—)lh—- 50 mm
|
| 25mm
50"'“4,(: D IE
! Al
ASmm
Figure a
=Rt By = 2500 mm™ = ppp26 m™
A = oy 4By = 16T oy = 0, p01(Tol w0 (b)
R = Rnﬁ'\l;l'«zﬂz = 1497.] mm = L4971 m
N
57 Flj IDJ Vv
M
Z}:—'y: VP aaenp =0
r
ZF:N-‘-PC&-ﬂﬁ:O 4;‘9_
¢ g ——
=] M
GZMz= PR-58)=M=0 Faore b 10N

o (cont.)




9.3 cout.

V= -Painp = —3000cnd ]
N=-Ftoe =-300csp (N] ()
M= PR(I1-Cosp)= 449,130 (I-cos8) [N-mm]

By B &), ©, Mé-/l)} et Dare

- N M (B-rAm)
U = +
4 Ar(Rin,~1)

Tpp = ~120 06 + (122 _ 3. 18)i—cosouis®  [4 Pa] ()

i Fn AMWWLN W}V’;&, d@p/c{é:.olnq)&tﬂ
E@-(d);
=0 an =77

Frn 6=0, 055 <1 a mincm W\_Mwéfﬂ(,evj Ty A0
A N Aplanionn_ [dee E# (d)]. I e = Jonedy
%FW hrese o 6=T0 anx, @7 Eg-@).
Frvr=I1410 m: 0o = 120429957 = 30.00 MPA: Tensim ot C @)
Frn r=lS4Sm: Gpp = 120 -50,778 = -50-8b MPa : Compression D 2
By E¢- () with 6 =Tz rad prdwilh Fg o,
For=lutom, G = 0+ I4RG=14-97 MPA ; Tension ot C (8
Fn r =l Susm, Jpp =0 — 5447 = =25 49 MPa; Compression af D @‘)

Wy raight feam Thonry, Wl hanst

__ M ‘
Do =~ ()

(cont.)




953 6»24 8? Fig.c ared H'M B,

y, = BiY +AsY, _ 1250012-8) + 1250(41.47)
A Z SDo

Ty = 5.(50)0s)® + 1250 (27.08-12-5)° = 330,825 mm¥

= 7.08mm

Iy, = ;% (Sb)(&.'o)3 41250 (z,fl.é?-il?.og)z = 439, 636 mm*

ot < 10" m
L, = Iy, +Ixa = 7.7052x0 ¢ = 7.7052x10 " m

For =1 (Fig.b), M=2PR=2(300)(14971) = $9%.26 N- M

>

(I\(&\Nﬁ{) ﬂ? Ef"(‘.))
Tpp=-Fbextdly (1) !

oL Y =—0.02708 m (WC
W F19.0), Eg(f) yilly

Tap=31-57 MPa., Grgard]
—Y
1 30-06Mpa bycoonmed,

Ibeam_:

Flyuv'e c
Foudt = 0-00192.m (ot D uii Fig. ), EF (4 ptlily
Upp=—55.97 mPa, Comtroned) > - S50.8L MPa by cunred feam

Fo b=R(Fgb), M=PR=449.13N-m - Herer, 4y By )

Tpp = — 5829 x 108y &)

Fon Yy=-o. 027ongc7ﬁo<;fc"»h Fig.- o), Eg- @J%é&é-

Too = 1578 MP, Comp aned To 14,97 MPL b cronmed) Besm Bhagay
Fn Yy 004792 ;m ( poiit D s Fig.C), G4 @)WUZ;‘””MP&,
Conprond 5 2649 Ups by coond bean Theory -

(cont)

4 <




9.3 cont.| ) C”’“f“‘“k% Lo Mty of- Example 1.2,
Ao mogiium Aowecdy s o € (Fig-0) st Aedeeed
'&7 ﬂffnw% Q8.7é—30.0L)xwo/33.7e:s;zzz,- /'/“W""’“)
e m spomann Comprredirt Shead A D (Fig.c)
A readed @? (~50-%b +37. 46 %100/ (- 37-4¢) =¥ 367 - Whioco arreata
M WW&DWWVM—MWJD-
© dn addibin b preachl crushay it D, Ty mdocgned
xwaf,}ﬂ Sae a «8447,% erged - weeliriod anea, 2500 mm*
Ml 2uop mMm?, et Seqniit anember. dA

94 mei@)vf&—% Aiagram of Ay hove
fﬂ.«?f‘ KFBC CFlg.O\. . /LA,M,W.WJ f’,—x,u_,vy\:cﬁo M’ )
We hant, vwhe, tdﬁhmfﬁvw) 4

m

ZR=P-| [plrido)tTamg =0

0
5z My

f:—f——' (0«.) A

vt

)
-

I

llou, Ay o free- boky A

QW o 7’
4%17 %%M&ﬁf& L y
w Lo s . * ﬁ
ZF;(=-Nsin9—VLosB+ fﬁ;fLCos¢d4>:o J A | r:
n Nsinb+yYcoso = f"/i‘MB ) Figure a

9.
ZFy = =Ncosp ey smp - prit [chpdqb
Nesp -Vsing=—prit(1-csp) ()
™ M= NR )




T4 cont| (L, eotidion of €70 (), ©, adlld)

N= prtll-Cos8) (e)

V= prit <mb @)

M=z p i RE(I-LosP) @)
euce, by £40.€), ) and @.10),

T5p = N o M4-rhAm )

R Ar(Rﬁ'm"ﬂ‘)
w
s = (-1t
Am=t 4o Lo (1)

L
R=%0k 1)

wnd by Ego.@),€), and(®)
N=LP(l-(lw5) (2()
M = L PR (- cnp)
A, by Epa.(B), (), and (7), ia mdg IF-F, v 1, ¥, and 8,

. = PU=40) {l+(n+ﬁ)<m-n—r%%) } R
¢  a(r,-n)t T“‘G*'i)h%—lcc—lfﬂ

@J Fr 1; = 60 mm, Vo = 180mm, arnd t= 50 mm, Eg. (gyy,‘w%

Tpp = Pli-Co58) (MO'C_WV — 0-00545) 2
Fou b=z, g0 gintdy
T5p= P ( a.lﬁlg — 0-000 5U5) @"J

(cont.)




6117( Cont. FnWMM/M WJ r=rv—==6omm,

(A

ety 02008 P Bl w05F ] ¢

F"? AN WW, =1 = 160 mm. T b
Ef-.(m)AM

@39) = — 0. 0060282 PE‘;!;,J:—ZMP[%J ©)

M. Compression
Fog=m, E;@)Afw{.u
L 202§
GGy = P (2302 - 0.00149)  (f)

Fr MWW/WM, r=r =60 mm. &,Eﬁé@;&%

@5‘)\”(")!' tenslm: 0-001LT P[ﬂ%g: 1690 P (%:] (Z’)
Frn wmayimoun CWMJ F=h=180mm, avg

(% i Compreati = —=0-000563 P 7o (3PP (r)

(©) Frn a otapimiimn. allprvaddliFonsd Mr/,;q,o;umw

A safedy fodleof 2.2, B @) puiddy the rapimnc slbostl
dond  P= 1145 4N.

W% abort ey to Mhozeof- Exampdle 9.4,

MWWMMLA:T




9.5 | A=1I0(40)= 400 mm 2

Am=10In§% = 10.986 nm
SEP) , SE(PXR+80)[A - raém]

(20 mm

3/

%GB:}/: A4 Arg[RAm -A] : TP lOmml

_LISP . 175PU20)[400 ~ 20(10.996)] _ 20 ellllllll
1502950 * ~woizifoqoreg 00T - O 1274 F ¥ pT
Pz 345§ N=3.958 kN S,

76 JAn=10 /2 =12.993 nm

y3g = LI5P  L75 P(120)[400-15 (12.93)] - 0.1355P

400 Y00(15)[35(12.993)-400]
P=317Y Nz 3,174 kN

Q_JA:_TL;S_O?.: /963,,,,,785/?:-2_0+25= Y5 mm P
Am = 21 [R-RE- B ] =enfus5-\fys2 252 ]= 41658 mm

P PRIA - lghm ]

%8I H T hnlean-A]
- 29,000 _ 20,000(4/5)0‘763—20(4/7._M&')] ’ //
963 196320 [ys(41.648)- 193] | /

=-138.0 MPfa

%8 }A: 25'a+/0(30_</;) = g12.5 mm©
p = 2slee £)+10] +80[25+2(10)]

325 +10) T60.00mm
_25(80)-10(435) , 80 _ = /0480 m
Am = §0-4%% /,775: 25+10=10 e Y S mm
P PRIA=15 Am]
Upog = o
°08* X+ ry (R - 4] T, o5
: ‘ |
25 c
150 = p N Pso)[612.5 - ’7’5_(/0“/3)] E +
§12.5 ~ 6125(%5)[60(10.48)-612.5]
=0.02045 P e——— §Omm
p=7335N="7335 kN




2.9 ]
A =15(30)= ¥5¢ /77/772/.' R - £0+-———575 mm *30”’””fl5nff'l<—30mr7~j1—r

Ami = 30 In 52 = /6.788 mm ' 304(- 0
:rf—-}(”") 353, V}mm /?2_20+/5‘+—~-50 mm L // —t

Ame = 2108 (50 /502 158)= 7. 235 mom

A=A +Ap= 50+ 35343 = 50393 mn % Am = Ami+ Pmp /6. 788+7235224023mm

_RA TR A 275(450)+ 50(3?3 “3)
R = ﬁ 20373 = =37490 mm

_ 1000 M (A =1 Am) _ (000 M [80343-2024.023)] _ p
Yeos Ay (Ran -A) 203 izreaziony o - CE e (11%)

_ J000Mx [803.43~ 4;(35/023)] )
Uoec =53 T A Rl My (1172)

2.0 IQZ: 6S+3) = omm/ (,=a+85 < /S/mnj e g5mm 5| 3] *(_ 35 mm

A= 18 (o) - 7012.50 mm ®
102 +20¢ '

R,: 9y [2(102)+ 637+ 18! [ ( 3)]_ /35,15 mom /ome

3(102+63) 63f"'”
Pma /02[/86/;;63’(%) /n L /5’ 102 +63= 53.6/56 mm /

&3 494,663 mm ; Q3 32 /49.337mm; 90,7928 rad

49, 663

A; =969 /0 7§28) -
. : Ylyy eaz) sin30,732¢
R,=148.337+ 3[:2(07828) sin 2(0,7428)] ~ = [ge.27mm

Ams = 2(199.337)0.7828)- 2(44.¢63)s1m 0.7828-TN19%:337% 44 663°

e e

2 2 -1
+ 2149337 = 44,043 sin

sin 2(0.7828)= 56414 mm ©

Y4663 +199. 337 (vs 07828
[4%.337+ 49 463 co5 argeg ~ > 0L76

A - ﬂ(S‘/in‘/); 2983,93 mma)‘ R, = %—%’;’—)?565‘/ mm

mi= 02+ f’—ﬂ(%~/% 31%) - 222 [0 317 5y "2 = 50.2538 am

A 701250+ 5b697%+2Y85.932/0,060./ mm Z’Am =Bé/fé+;0£%f}aeyfé’: 86.929 mm
p= 0. 50(135. /f)+/5‘0i</022(;% 27)+zm 47 (82.89)_ (251

Corg~ 5585 S e e a2 e
G = 55838, + Ol lniol rbrct] o




211 Ia2:28.00+/3‘.7‘7=‘//,77/nm
(= a+ H. 62 = 9 Y% mm

A, = 1000809 (g 2): 12t 3 mom?

2

Q- 4/,79[2(40.00)+/094]+ 9.4/ [90.00 +2(10.96)]

) 3(¥0.00+10.96)
Z¢/89 mm
_ %000(9/9)-10.96(%.79) |, .Y _
Am; = Y942 /N a5 - 40.00 #1096 = 20411 mm
6, = 0.56%7 ma’/’ a, < 82.76 mm; b,=10.29 mm
2 : 2 .
Ay = 10.290.5647)- L2220 Sin 200.5¢47) = 1. mm @

2

s
= 82,74 + — Y(10:-29) 5In70.56Y7 o, pe
Rs 3[2(0.5647)- sin 2(0.5¢47)]

Py = 2(82.74)(0.56%7) - 2(10.2%) s ar;w—rf/m
/”h =l [0.2Y+8§2.76 CO5 0.5647 _
teVEeTe —10.2Y" SIN e Py Cos oevy S 018 mm

8,:1.2072 rad ; @, =490 mm [ b, = 240 mm

2
A,z 2/.702{/,2072), —é"—gQ» sip 2(1.2072) = %00.6 mm o

y(2l40) sin’} 2072
3[ 2/, 2072)- 5in 2(,2072)]

Ami =2(45w0)([2072)+ 2(21,%0) 51 12072 — /w9905 2140°

e 2 =) pIYO-YFYD cos [ 2078
- Yeyo ~21%0 smn -
£V s 9990 21,4y cos 1.207F /.22l mm

Az 12643408+ Y00.6=[676.7 mm<

RI: Y240 — =3609 mm

| Am= 2Ly 10128 + ), 221 = 32,760 mm

_ 1264%3(6/.89)+ 11.§(92.05)+ Y00, 6 (3¢.09
K= 2 /67(6.7 G2 <594

20,000 . .00 (5599)[16767~28(32.760)]
Oees = 72767 * 0%, 7028 [srwa(i2re0)Tere7] - L1120 Ma

_ 30,000 . 30,000(55.9y) [16767- 972(32.760)] _ _7
Osoc = JE76.7 1676.7(F7/[559(32.760 ~ /6767 ~ 2767 N




A= %(‘"10):2700 mm°

R-£YLE5 - 950 pm

Am = 409({035) /n /;Sﬁ__ =60 = 38.875 mm

O - Y0000 40,000(155)[2700-45(38.575)] ‘
6B~ 2700 ' 27000951 [75(38.875)-2700] ~ 2928 1172 A fomm r
_ 40,000, 42,000(195)[2700- 135(38.875)] o 72
(- -t 3 . - L0
OGC " "2700 1 Zr00(/35) 75038 875) -2 700 ] - ~23s1nfa g

,————” 131 W=-2005m%5 = 1Yk, M= '200(75040575’) =-2/2 /32 KN-mm
b4

- 2 =
g=50(500>_25/000 mm® R =750 mm ) ﬁmsso,é,(/"%o>=37.65 Y

FRom Ea (9.4):
C rz 5600 mm

@ N o/oC0 rrm

:g/j’é-_oio _ 2/2,/32((25,000 -500(3.65)] 21 2/2,/32[25 000~ /000 (3%.65)]
2s, 25000 (500)[750(3%.65) -25 000] €0” 25000 ¢, (10aj[750(3965)-25000]

Joo =

= -0.00 - o
oo 566 - ©./3/9C Upg = -C.00566 + 0.08292

»
Tow = ~0/376" 2 = 1376MPs

A
U = 9.0772¢ 2:;2 z 722&6M~




UIY | From Exangh 9.1, Hy domsntiins of H, feam

dax 2l ann Fl?/ﬂ- a owd b.

.~ | ,
S By |
Y'

PT - A 1C
L

L7 I

R I |
100 mm 1 /"1 somm
30 M, lrsomnﬁo—som;n ._,I
Fiqvre a Figure b

@7 E%-@-m M@.I‘i)M E;;. a, wt Lraypr

= AP Al —HAAm
trA(RAm-4)

rvr ,q .trv
WA A F’? b, £143.29 e Epemple 9.1,

M @

r | r
Al 50dp = 50(r-36) [mm™] ;ﬂm=f50‘i’-° =504y £ [mm)
36 30 r 30

A= S0xsp=2500 mm*, Ay = S0 b B = 49.0415 mm [b)
R= 30+25= Ssmm, t =560 mnt
P-gspo N, M= Pliss) = 1¥72-8x 10° N mm
By Epo. @) and (b), wt oFlom

= So(r-30) s | 2500 (50 )~ S00--30) 100 Jx iz 5107
FToase0 S So(2500) V[ 55(49.0415) - 25007

Ty
m -
Oy = —I142-b16} - E‘_’%Z_é + T463.916 Lo ©
r-

Fr r:30mm,0;,.’4:0,ﬂwﬂ/ﬂ r=80mm, go = ly 4:0,%
ConL.




Q4] Fa o3 % Awu,f;d;w af r= 30 mm and
V' = 20mm, Ay W/g-e MOW&%WW Lo
{57 Ef-©, o amapomum valur of T, i dlomiied
é@* — RI107.75 _ THL3.91
dk — —--—;—z—- — -—~P-—L——,e”r+744r3;715:0
oL
An r = 3.82797, rz= u4s.9%Tmm ()

Bay By @ avd @,

() =195 MPa of rxus. 9t mm
may

W dabiddan of. 77, M«W%ramw

Fig.c and au Dbl A

20 T i
Tyy ‘
15 I
[MPaJ ’ | 19.75
10 + :’ ‘
|
51 ,
I %6.97
0 : ' +i—/ + N ~t
0 40 56 66 - o
Y Lmm]
Table A
Kfr 0 |15|19.0197519.1)14-9 (8:85]




g.15 B? F,fa M@ZZ[L&%Z‘, WW

Az L(e0)(90) = 2700 mm*
R :451—.’..[?0):‘ 75 mm (a)

~60(z4s+9o) 135 (p-38.375m
M /35-4§ l” =60 "

B’Z F:’j a aud ch" (7. ZO) we 1 45 mm , Cso;f;
0’% lﬂ' r=75mm (-ﬂ)fﬂ t—#amn» F<—— 120 mm —>]
A ..[dﬂ- /(" —10*70)({/’ 1500 mm*

/ (b
ﬁm:[&/’r %("zv‘%)a’/ 22597430 wm Figure a

H"WQ) /A’;{ W‘Ca)) @’)a Q’{Q)) M@l‘f}} MW

" AP AAm— A
=A &
trA(RA,~A)

M

tr

1500 0,000, 2700(25.92743()-1500(38.875]
Tpr = 2700)%5?75'7) 1) 150008 )[““"”"('95)]

L 40(75)(2700) [ 15 (38.8157)-2700]
Orr = 60.18 MPa




916 | By Prob.9:4,

ﬁ:ggj,q.jmmz/ A.M:,?LP-DZB mm, Rz374pmm
H’i:ﬂl :l}'so mm? ) 't': /Dmm Y =235 mm

ﬂ-,;:ﬁm, = [6.7¢8 mm

So _ _Ahw A Am
o Oy® f‘rﬂM(RAm-A) 000 My, (i, = [-m]

—  1000[(503.43)(14798) -4S0(2y-023)]
1035303433740 (24-023) -903.43]

= p.100ZMx L[MPaT




{ 9./7 | -
A, =180(60) = 10, 800 mm ;R =70+30= )00 mm

Amy =180 022 = 111427 ma

Az =60(180) 10,800 °; R, =130+ 70 = 220 mr
Amz =60 /n%’%:fi./‘/z mm

A= 10,600 +10,800 = 2,600 mn ©
Am=).427T+52./14¢2 =146 3. 569 mm

= L0,800(190) £ 10 %00(220) _ /10 0 iy

21,400
_v-sglf Y60P A~ 3 Am]
@)gpp= Y = 5F % MR oy —

?20= 51400 * 2} 400(10) 600167, 549-2), 6607 -
P=10.8 kN

(5 A'=4, - 10,800 mm 2/ A,;: Amy = 11427 mm

o - 1/0,800(460)[24600 (11.927)~16,800(1635¢%)] _
47 60(130)(2), 600) [1é0(1é7.567) - 2} 6207 §

) Yes

| 1,600 ~70(/63. 563
wP , Y[woR)[2),600~70(/63.5¢%)] Z0.002887 P

Y 1




7.48

2
o2 _ 157
rt —L/F(/o) =0.5

From Table 7.3, x=0878 and/?:/.ZJi
b;,:ab,,:o.gm(/;j:/;_g mm

A= [lo+2(i32)ig) 364 mm©

R = 40+s = 4%Cmr

Am = 36.Y /anbQ 8122 mm
Ap=5000)z 500 mm*

Ry =Y+ 0+ 25z 75 mm

Amz = 10 [n i;—g =6.93/ mm

AzAFA2=38Y + 500 = 86Y mm

Am=Ami ¢ Amz = 8.122+6.971 = 15053 mm

- RA+RA, _ w534+ 7f(fb0)_
R—‘—’—‘—/Z——‘—“— YA Z62.Y mm

s A o (FAm—A) ~ 869(%0)[62.4(/5:053) -§6% ]
2,500,000[84 Y- /00(15,053)]
T == - . %
C ™ 8¢y doo)62.4(15:053) ~ §6¢ ] c¥ey 11t

0 = §sules)fio Wisov7)-9e%]
O;x/max) =-B @8 - 1973 MA

5o . 22500,000(86Y- 45 (15.053)] _ 1S93 MPa

251.6-(1973) _ 2295 MPa

7o/ = Omax ~Omin _
mayx - 2 - 2

e 40 mm 1ok~ 50 mm ~¢1

x
X T- bp:/5'mm
YO0mm /0mm

i Z:

e (4~ phn) 2,500,000 [84-W0S.05] _ ot o pim

‘ﬂ’_]%e correc fed Cross Secriron.

Az 4 =304 mo®

Aoz Am = 8.122 mm

- Pu(BAn=Ahn) _ 2 500,000 30y(5.022) -364(15.053)]
CrA(RAm -A) /0(5‘0)(3;;7/[525/(/505-37_‘}2777*- 118.2 MPu




240 'FO)’ area A‘ ‘Ealnm;{/(/ |-<-3gmm+! er/h

=

b i =0.355; 4=0.932; B=0.957 iR *
Fe " 29(1v) 70 e, BT ! //bc 5,070 T

! m mm

bo; = «bpr = 0.932(12) = 1l.2 mp e 26

53 72 _L / 12 mm |
For area #j, 7:—;0—-'7—3-&):0.08((1{/0 Correctién)

-— - 2 P
A, = [/Z+2(//.Z)](/vj- Y8/.6 mm | T ZZH/.BM
R}:23+7: 29 mm 3%‘),,,,5/@ 3 (le
Ami =1+ 2(n 2)]/053% = /6,991 mm 4 7 /
2

Az = 32(12)= 38Y mm
Rs=3¢6+16 = 52 mm

Apg=12 In ég—: 72632 mm

Aj = 26(8)= 208 mm e
R5:43+4/: 72 mm
6
Am;rze/nz%-; 2. 832 mm |
Azfy+hs+hz= Y86 + 384+ 208 = 10736 mm"

Am - Ame +/4m€ 7"/4/77,7 z /é.‘?‘// + 76]2 +‘g.8qﬂ: 27465 mm

R A Rz}fé"’_k)ﬁz: 29(98/4)+ fggazw 20298 _ ys o4 mom

G = £ CIRPLA-Tsn] _ 121000, 65002,000[0730=22C198)] )5 4
AT ArgRAm -A] 10736 T 16736 (22)[4556(27 965)~T0T74] -

_ 12,000, 96.5¢(12,000)[[0716 - TE(27 465)]
0= £S) -
770736 " 10736 (76)[45.5¢(22165) 1973 £78 MPa

_‘7;L’J Use correcteqd cross séction.
2

A'zA = Y816 mm

Am = Ami 216.9%) mm

Orr < [y (8hm —A'An] _ 9656(12,0000[/0736(6.9%)- Y816 (27%65)] 9.7 Mha
TR A[RAn AT T 12(36)(10778) [45.56 (22.965) - Jo72 6 ] -




922 | fince My and N ane
e et f i eoesy s Rt b 0,

du = £ M Ode + £ Ng, Rde &)

Whewe O <t a nese it die A5 bt My audN. TM’
57 Ff'@'m))

_A[ AmMe N (b)
LA(”;%" ~-#) ’9]

Ao, J%C; @3) WA =R,
Ep = Ry -RO (<)

Wheew, with E;« 69) and(b), we waike Ep-(0) at
7 - l MX R HM
R €op TE Rén-A E mfé—ﬁ) *

Lo, bt Epe @), 0l @),

oy, f—&[ﬁ?:nﬁrn) 4]* N[?gn.;n ~F Sty *"ggj;da

olx

X (D

E ARAA)
ﬁ M <J5
E-’A(RAX -49\)~ ER Ul 3 45 (- M"’LNR)}
Fm My
{l ER AE(R; -4 } de

AmMe o (MeH
U = ,7;;‘*‘ e e @)

B 1t oot of o Hin W’Q‘ww%
£p-€) o Ao aeme at Ep-G.50).




9.23 ] 5
A=60(30)=/800 mm™ R=30+30=60mm

Am=30 In=32.958 mm
My [1800 ~30(32,958)]
On =V =-4Yz0: - &
max= Y =%20= T360GI0032.956)-(£90] OMOOS’:/?X
My = %96 KN.m

W

At angle 8, M=Mc+PR(I~cos 8) + QR sin &

v (2 Mo oM ~sonn
G-=0 = m X C/Q:ﬂ(ja'%—g)(ﬁw’mo) 20,012/ rad
oM | AE(RAn-4) M " 2(809)(e00,000)fe0(32955)-1805]
=9 T 1 W o - 32.958 (%940, 006)(60) 015 mm
& 70 Ab(ﬁ/}m —A) 2R 1800(200, 200)[49(32.758) - /ggq] T/
o U Zf/ﬁm My M 72.958('%, 960, 000)60) ,] 0.877 mm
P-op " ) AE (RAn -4) 0P "% " 1800(200, 7,000) [60(32, ?;g)—/mj —

924 [A=193 mp®] Am= 47698 s R4S mm P
M=-FPR sm & %-—R sih &
N==-Psme %:—5/09
V- ,D[Tcos & %: —ﬁcaf é ;
oo+ ey 35 oo [fe o[ B Fne
- Y7448 (20, doa)(‘/é'"')ﬂ'o aoo(os«;‘ﬂ 1.3(20,000)(5)1T

~ 1%3(72, aoa’[%[c/%«x)—/%}](J 72,000(1963)8) ~ 27,100(196 3)(2)
Z0.1184% +0.0100 +0.03%5 = 0./629 mm

9.25 [ A= 2700 mm?2

s An=I2815) R=75mn | I=48 < €00 215,000 nm ¥
O~120mm M=z=Pz NzO V= P
o-1 M=pP(120+R5m8) N=Pgh & V:Pcoso
120 l m 120 1
M I AnM_ ot N KV o &V gv
P 2/51: ap 2 */45(/?,4,,, HIpoet /AL— dPRdS+£/GAdeZ+ &A Jp R2¢
O
_ eLOLeoo)(/E(J)’ L I8 37>’(5’0;000)[’30 e 2 (1200924 157 ] 40,01 oao(?f)ﬂ
™ 200, 000(), 215, 000)(3) * 2700(200,090)[75(33. 475)-2700] 7022 200,000)(2)
2(1.5)(40,000(020)  15(%0,000)(76)T
2700(77,500) 2700 (77,500)(2)

Sp= 01§96 +1.2029+0.0087+ 0.068%+0.0338 = [.S0Y mm




| 726 [A=¢), 600mm | A =163.569 nm [ R=/60mm
A ﬁz?o(ﬂw }a‘o) 19,900 mm

M= P(300+R5in 6)+ QR $1 € —’-"1: R 5@

N=(P+g)smné aa? =S 6
V=(P+Q) cos & Y - cose
Am M % Vv v
9@ [EA(QAm-A) 2—4’5‘ /EA 95?5@%,4 aa 5a Rd6 240 mm

/(‘;)ﬂ 56?/{&6;00(%’60 [30%3)4' T ] T — 126,000(160) T jsz_m E I 12¢
i m mm

126,000 (f6O)TT ”
4Z,500(19, 90012 N weonr

Sq = 0.2786 + 0.0144+ 0.0517 = 0.3947 mm

Rz 50+20:= fd mmn

Pm = 271(10-/70%-20%) = 18.339 mm |
Since 7:1 = -S"- = —79 2[75€2, Eq.(9.3 ) I5 Va/}b’.
Moa“—"—(f H&_ - mP[!_ E‘(!ZS"() ].-IZfS’P(Mmm

R Am zr-
The mament at sectipn DF (s

MDF:"%F?"* Mo = 2l¥2 R (N,mm)

This memeant multiplied by SF will nitiate

y;';?/a’;'nﬁ at D.

_cry - SE(MOE)A-0AR] _ 175 (21828125 7-5008.339] s
= Y=520= L ]
Y ArolRAn-A] - 1257(50[100233%) -1257)] 000784 P

Pz=66.33 kKN




728 |let @7 &

M=z=Mp+QR[I-cOs &) jg_ R(i-cos &)
| N=-Q cos 8 aa:-"f:ﬂfé;
Vo=@ sin G ""}V_—smé

% _JT/
So ) Am M M M N N M o RV:::'V
5 = 4Q 'g/EA(RAm-ﬁ) Jﬁ?d‘?/&ﬂ Ma’ﬁ ﬁ__ Ma’é/ J&,Rdﬁ/ = R

5o = 2013 534N 10)-13,18(60, 06?{?)(?-?) é&,am{?ﬂ}(ﬂ -‘-ﬂ 2[- J313(£.-:? 200) gﬂr’é}ﬁwﬁj
i e WO(JES?)[?&M 739)-1257] mwar’;afg,

, 2o, 00N (7)1~ 2, + 26c00K10) T, 201 365 000)(70)iT
2(200,000)(1257)  ¢E0d, 004125 fy) E(77500K1257)(%)

dp =2.0298-0.0027 + 0.003( +0.013{+0.O44C = 2.0878§ mm

729 |A =300(@200)= 60,000 mm>: R=/S0+/50 =300 mm E

Am = 200 In2282 = 2/9. 72 mm

150 |
. F“FE’ _ 3o0P 260,000 71
Mo (1- [“Jaa(a’;ﬁ? ?3)}7] =63.08 P (V. mn)
PR

MofF = =5+ Mp =~ 86.92 P (N.mm) \_}Mbp

V@= =
0 < P, _Molh-t5Am) . 5150 ¢ 300mms

24 " Brg(RAm —A) //%m
- 4,000,000 , 63.08(%,000,000)[%0,000 -10(219.72)] _
" 2{eg0d) T "60,000(< ) [300 (219, 7~ 60, 900] =[e)S Mfa

-86,92(Y,000,000)[69,000- 150(219.72)] _
Ip=25 aac:{;m)i‘;m(gﬁ 78)—¢€0, 0007 —17%.6 M ta

ﬁﬂmﬁ

7.30

M=M, -QR(1-¢05 &) X <R (I~co5 &)
NoQ Cos 6 jf':cf?ﬁé
V= QsIn éﬂ = SN &

—

7z
Sp. Am M N M N & kv dv
2 9 /M(Rﬂm —-Afda?‘jg ﬁwa@dg'/m s ds */ Rdﬁ"/&ﬁ 70 k%

5 2(219,72)G00)[-€3.08 (4,000 9&0)(£ -/)4 MK ) 3(5-'aaa 000[-£3,08+ 222} f)]
P~ 72,000 (40, Jﬂﬂ)[jﬁg (219.7¢) ~60, 000 | 72,000 (60,000)

L %000,000(300) (I~ Z) L 000,000 (300) T 15(%000, 000)302) 7
ﬁ‘f,m'ﬁ (60,30C) 7€, 000(60,000)(%) * 2 7 Iﬂ?ﬂ?(éﬁ 000)(¥)

$p = 7.6519-0.0512+0.0556 +0.2182+0.8694=8.74/9 mm




LA =25 = 2827 mm? /?:9+3:7mm‘f—17-ﬁ’—4342 mmiT__ F

Anm :2”(7—¢72—3 =5.2%¢ mm/% L1847 < 2 Dom
Otol M= M, dégf,/ /\/:.2._ qq;mo <
Oto—T—r M Mo-fE(/ s 8) j//:—/ N:gcwﬁ T —
VZ:
i dz Am /1 N M d L=10mm
93(‘ EI 7ty ﬂ:A(R Am=-A) d/‘b e /54 Mo &
MOL 7 PR]T PR P C
=5 k(i ) NPy
_ Mo(10) Yeyy Mo TTP, TP\ _ P
0= 63.6¢2 +28.87[7(5{59L{)—32,27]( 2 7t 2) 2(28.27)
MD = C.704%5 P

Mpr =M -EEE:Z.??SS'P

_ v Mor(A-rém)
% = V'= ey (R )
_ 2so(es. 2n(W ey -28.27]
) 7955(28.27-4(424%)] S L2588 KN
| 9.32 | Pp“Yé(h 7)-Yéx=}/b(b*2x) L
X T > =y
M=Yb(h-(5 -5 Ybx(4-%
=Ybx(h-%) = F;D =YbD(h-2x)

= %w—/(ﬂﬂ i

2
h h®  h*=

MP
5.33
'_M'J M- Ysh B} 430(/5)(4/0) -120 B,
Pp = /4.33 kN
P
B /%33 . .
T 6.05 2.37
(934

Ar = Ac = 100(20) = 2000 mm ©

The dis7ance between centrowds of Arand fe (s €0 mm.

Mp = 60Ar Y = 60(2000)(280) = 756 kN.m




10|@) %« Ege. (1013 aud (10-15),

9:-—‘“%}5/33) %:”ﬁDﬁa- @
7% Kzf d.ozu/. a/pw()gﬁ—@ﬁ)/ W»{/tt\ F‘lf@
’;szm) “" 5/3% L)
\/7: Z Do e +a) “—zP_iD/éE ©)
R4 g
() :ﬁ% Bl= |R] =P
ol dipeide Mo Tttt
W&ong(b) y
g?g %W Fiqure a
= w[!(em) B/sz] ((’)U

W ()%A
Lom § (PS)A*[ Bylopsy - Baa 7.
9:5—30{ [ (Eg) ] Oﬂd% ()

1 Ao Epa-Band (0:17)

d= ’Mﬁ'ﬁ"‘[}iz, ‘Z0

W,/yﬁ:ﬁ@,w%




lo.2] By E¢.(f) of Exawple 103,

y:__fé @82—). Z‘ZD (Q)
37 Ego. @) and (0-17),
== J# = Mzoé——é—z"ﬂa—c/sz-

e thaan Vy it guven ainidily by Eg.6)of
Ex anph 10:3, with Epe. 0.1y and) (0.17),

(0.3 B,% Epe .(l0-16),

A B2/ . K
dd:é - jl»z[e'e (enpz+loap2))= -2 aui e

ot MA—:—Z/YB'&Z_

s'mi,,,,%

STz =g (¢ hnpe) = € mps ~ae e na

3
Tz_ﬂi =peRE(Uapz—nunp2) = By,

dc
dm} f- [5 P enpe ~Aipe)] = ~2807R%,  pa = ~25Ds 5

/5-2-
ddpf Gl

Cipe) =~ P (dipe +aups) = —p Ay




10-4 | Doy Ege (10126 R(10- 17, wibh Eg-.(10:S),

- dy PP dA 2
o 3'21'”571 ddi‘} = Eﬁ (‘lﬁ@a—)= "-Ef- Bsz ()
SM Ay Epo @) e (I0-14) , with 4. (1617)
- d_b., P
= 55 e Ol &),
o Mx - ZE‘ C,sa—
and ,&7 Efe.(0. 15)0«-&%), wh Eg (l6-17),

~dMx _ P P
=3z ‘fﬁ"&ddc =3 (%Be)= — L Daa

16. & B? L:74,(/0.l7),

7,/1 _
ddzf " 528 Ba) = 2l = - 270

“Bps _ d = b2 —
ddaz-% ‘5'3;(/36’&') _PJdCz = =3#"Dse

2z

d G _d (-2 Daz)= “1/34CE,__—'33 =28 hp2

dzr ~dz
i TGN EL SN

Hlase Measlly may abes e mﬂ, b Long
Proe of duiect bffonidiadin of Epe-(0- 1.




/0. é
- - -
J\ \/;00 000)(36,909, 00C) ~ 0.000698 mm

g - FE _ 170, wa(oaaawg)
max T ek T 2(7)

- 0w P _ 170,000 -
= '5 / /\/fl .
§.598mm,; Mnay: 97 Vg——./OOOOé?s/ 60.9 KN.mm

Percenta 7 ; — 00 £¥8-50%_
ercentage /ncrease In Ypa=/00 o7 - 68.3

Percen 7‘6279 m(r?ase /N Mmay =100 Z2== £0.9 5/5 /8.9

e =
0.7 | K =7k, = 7%(0.270) = 20.52 N/mm 2

B = Y 20.52
(200, 009)(5, 120, 000)
P8 _ go,co0 (o 00l¥9%) _

= 0,00/99¢ mm // L = %000 mm >2,5’ = 3/50 mm

Jmay = 4 T T 2ace) - A8 An
Mmay = - = 89999 - 1 63 ki, m

98 T Y(0.001496) ~

PwarC 10,030,000 (63.5)
U;ﬁax - /}: = )5—/20 000 = 124Y Mra

/ag

20, 5_2_.
8 /5772 009G, 125,000 - 090193 mm”

_ éoj 000 (0.00 /?3/)

/IF 7'4:75 THeN Zﬂ@yz = /‘f RIGL
-8By . -@¢
2 € Z(sinph~ es@% )= [+ e (sompr+ coe@l)
By NUmMERICAL STuDy, TKE ROOTsS ARE [BLSC Awp (L= /8595

LL=13s g‘s/@ L TRIVIAL SOLUT/om

(cont.)

Imax = T iagser - 4822 M7
- 60,000  _
Mmax = m 777 /(/V/T’
= _ 7770,000(63.5)
Unay = $1%0,000 - 763 [1fa
109 ] - 2(B ( > lP | lp
a) f,=2 L‘ 2/<) ,62( Rasy, ; : =
2:% " Plg |
o % |, 1%
Vs * y£=o+ YIz=L= 2k ('qp°+APL> 2/< (/-hqfu) 2, = 22




/0.9 l (conTmVED )

b) [F PelyEI=l, AwD k=/ | Thew 7 P

LEr 2, = D/STAMNCE FRoOMm LEFT LoAD To Po/NT @_ZI
Z2,% D/ISTANCE FRom RIGHr LOAD To Powr @ 2,

02z2s%: 2=%+2 | 2,7 %-z2
2>5 2, “%%+2 , 2,z 2-%%
w(2) = v(@)+Yv(2,)
y(2) = @/2[552’65%,52,* mﬁ%) + &_gze(sénﬂzz + <.<>¢ﬂ22>]

c) Deflection Plot, Problem 104

-0.20

-0.10 —.

0.00

0.10

0.20

Deflection, y

0.30

0.40

0.50
-40 -30 -2.0 -1.0 0.0 1.0 2.0 3.0
Position, Bz




| r040] 7771 - 7y e »
@ - =Tl - %(ZOOIOOO> 36.9’(/06 - FP299 rrm

FoR A sweie toap , ¥=0 @ @2=3% = == ;%s 23839 meny

IF wHEELS ARE SPAcsD @ >2=z s THEN THE TRHCK LIFTS <R

o AMiT WHEEL SPACING TO S= 5.S5m < 23

ErrATA: [N THE TEXT, THE momemrr OF /INERT!HR OF THE
TRAIN RAIL Sitowed G T= 36.9%/0% nyo?.

/O/IJI MQ@L y;oooojooomm“‘ M@U Jy7.2 kN

/
K = 200 ky = 200(0.029) = 5.80 N/mn?

-/

540 _
2= (12, 900) (350, 000,000) ~ 0099 7/ mm

f2,200007/9(1500)=/07/ ; HAgz =0.965/ ;  Cpz,=-0.1343

P 147.200(0.0007/4)(1+0,4651)
Yma x :E?BZHA;,},] = 1 (3(;083) =/3.27 mm

s o] < GG e v

oy = Wszaooo(/so)‘ 19.29 MR

¥$0, 000, 000
/- Yz
L2 =/500+ Zﬁ = 1500+ 2(0.0007%) ~ 8000 m

=& /0m




10.92] Let Q be the Joad i1h one of the rods of fength L.

_al  a . AE 770 8)%200,000)
=3 K KT Twmag o S 2934 &

:-LK-:M:VO,7 N/ @

e
K

Y K _\LV_—’—_WJ\' - __
F=\VyEx - 4(250,009)(11,000,000) =0.001467 a7} =500 < g S2le T
Y

P2 80.000(000!%47)
Ymay = 5o = 7/5/0 SHHEZ 2 1,08) mm ; Cmax = Kymay= 2, 360(108)) = 2.2 KN

Umex(rod) = Qmax = 25;(0/;’)0;4/) 2 565 Mra

/\7max~‘//; m 10.22 kN

Mmex € 10,220,000(76) _
O;?ax(béam) - T, -~ ;9000/.000 - 7_@_5&

/0.13 | L 7. 2500 (%) 800 (%) _
€= Q[A g " AzEJ" Q[m * W]- 0.0000928Q (mm)

-_a_.- [ - . K /0780
K=& 530005535 10780 N/mm; K= 5=L9T80 - 2,56 Nfmn®
y

2156 = O< =z = m
g = 7(205,460)(17,002,00) - 0.00125 1 mm- } 0=50 <% ¢2¢ mm

Ymay = EP: - éo‘oé’a(?il.afi)o Zﬂ)\ 1.7¢ mm 4 Enay = K‘)’max-/o 75’0(/77) /877 AN

Q/My 18,77004) _ 72 5 pin

0/—774\’(}'04} ~ - 7705)3 ~
- _____ - £§0,000 - KkN.
Mmax = 07 = grooresyy ~ [+79 AW-m

M 11,920,000 (78)
O;nax(ﬁea/n): /n;;; = /1,009,000 =82.8 My

_tody | T, = &2L2001° - 4o 00,000 mm
K= Kpltontact area)= 0,330 (100)(60) = [980 N/mm

. K _ 1980 2
K = T —oog - I 30 N/mm

- 3.30 - ;
B~ Y riioa ey =000 36 m 5 15400 <7 = €9E I ; yes
_ Iy I~ 90,0(490,000,909) _ p
Mmax = =2~ = 795 = 16,000,000 = SF o
oo (6,000,000(4)(0.001138 . 54 58 KN
2.50 £7.9¢ A%
Ps . 29050(0.001/36) - &,
V/Daw 7K - Z(%30) 570/ mm>

Maymam pressure = Ymey o= 5.0/ (0. 3}0/:/.657_’ MFe




10,15 IZF5=0=ZN sim 30°-Q; Q=N
_T597_ Y
ng“'b—‘,_?"‘}&é §00 mm
% Nt op 2l a

—

Y o0 PCAE 30 AF * K

AL _ 1) (zoo:om)
(= 2L~ Y(2)(%0dg) 18.59 4

N N Y
K 785y _
K= N (_700_00877/*///7”77 Y [——X
7 0.0873 - 7 -/ Q
7 verl,” Y(200,000) (306, §00) =0.000772 mm

QAssume beam fails firet.

Mmax € . 300(306, $00)
G— - )/ 5/: )( / Mde‘W /3‘//000 /Vm/ﬂ ‘//

p = u(0,000772)(45%000}?5'.(5’ KN ; Assume wire f=ils first.

2
. / T -

Oray = V= 5F 455 N=@ = 5508 < 15a5 W

PB _ P(o.ooo172)_

Ymay = 7K * 200,0873) - 0.009922P; @= Kymay = 78.54(0.00%22 F)=0.3Y73 P

P“E/—?g? Y3 kN, This 15 @llowabfe Joad

(b)/Q:é’_O_Q(?ﬂ——:/d/? nm  Yes
'2 Y ¢
10.16 lA =-’{-/Qﬂ: m(30)2. 706.9 m ml;r/ Z/D = ——(-'Q'- 39 760 mm"?
JU M IM ar? GRTT-
%G - /sz,aa R o Ay T A
2E Dy _ 2(200,000)(39,160)
K= /TR;‘ (. U(Jacgjl =876 N/mm
k=2 B2- 05909 N3 T, - é”f 17@)\/257470/7":7"'
- Y[ 03909 N -
g- N Y(200,000)(125,700) 0.001357 fmm

Max imum s$+ress n beam,

- P ___3000 _

Oy = 21282 = —f-’,—?;l%%f—g) §79Y /1%

Max/ﬁmm stress 1n corved beams.

Imar * ;f W# ¢77 mm ; Q= Kymax = |§25(597) = )/20 NV

BRc _ /2o //20{700)(/;]
Ona = A P E T et T3 vep 1283 Nfa




047 |
< -’~ . Q. 98 I, _ ¥8(200, 000X2% 000, 020)
qQ ngIx, K } K 70007 = 4553 N/’/V/T’

_ K _&53
k~ -—é—a“g—-/‘f?f/v///?m

z 14,22
& s/[zoci, 000)(2:/ c0d,005) ~ 0009923 mm ; 0=600 <—- =846 mm

- P 90000 - sys5 gl
In /ang é@am, HMmax = Y3 T Y0.000928) RET

Mmay C 24,250, 000(/o/5)
Omay = Ty ~ 27, 500 D00 :M“

Jmax = gpi =22 0030((/0510205783)- 2.937mm; (= Komay = 8533(2.937) = 25.06 AN

oL 25‘2060(3500):/&80 KN m

/
_ Mmay ¢’ 18,800,000 (i015)
Unay < T 249,000,000 =775 Mfa

| _[(0.]8 I
£ L 39, 7
K= s 2(757”%} % 4750 Nfmm

K 6750 . z
K——— Ty - 0.lea7 N/mm

/—/‘_—_——* —'.—
=Y 0.1227 = 0.00105T mm”; p.—m<72: 747 mo

V¥(260,009)(12.5,700) ~

Maximum: stress (n beam

Mnay = £ = - 3000__ - o N.
max = 98 " 9l0.00106) ~ = 713,600 N.mm

Mmay € voleo,
O}”‘(X = /_’;‘: = 7//?5% 700 /: 113.5 MPa

Maximum stress (1 curved beams.
0.00/057
Yoy = 22 ”OZ((O/ZE?;)_ 12.85mm5 @7 KYmay = 67.50(2.95)= 8619 N

_Q QR _ 8619  867.4(300)Is) _
Gmax TZt T, " 70639 * 37,760 = 999 M~

10..19 [L/ P
N 56 mm
o ferg bmm Mm” ) - #(?oaool?qg) =18.78 kN.m

Mpay € 780 ooo[/a/s)
Orar - n,r,,: . /8,27)8502/”0 =799 ¥ ; In . cross beams

P 9 (C.00198) _
Ymay = 2f e ) Mzd(/q z2) - 279 7 Q2 K Ymay = 8533(3.791) = JC.35 KN

Moy G- 263502290 - 24y 24 jim ; G- ”}x :ffé{)‘g;g”gé@m):/aae A
, 1o2.6 "




(0.20 '

SoLuTion IS PRESEATED FoR TWO bOrrpremr mermods s

/q> SpecrALize THe GEVERAQL SoLuTsen), 5q>,(/0-7>, FolR THxE
APPROPRIATE BovnDARY ComD/Tions ; s Skec. ro0.2.

5"> APPLYy THE MOmENT AS A covRLE of Tihp foRces
AVD ULSE SURPERPOS /IT/om .

MeTrwoo A:

AurisymmETRY COMDITIONS REGUIRE THAT :

3) OEFLECTIon AT THE APAD Po/wT /S RERO.

b) HALF OF THE RRPLIED /MOomENT /S RES/STED G@F THE
ELAST/C FOUNDATION ONDER WHALF OF THE BEA/
ForR WH/CH R =O.

F B O OF LOADED SEGMenr FRO. o0F RIGHT MALE OF G A
M,
My 2:(;—;}1—» 2 “ gli 3 3
T LN 1
~Z l | o
, |
7 f':ky

GEvERAL SoLuTion [ECP‘(IO.7)]: 7(2) = .sz(c3 safB2+C, c:os(@ ?)
COND Tiomw @): @2=0, y=C = O=-2°(C3S‘-'wo +C¢‘<"'—o>
-T
VU, Cy=0O  Awvp y(a) = Cs._< S @2
COND/TION 6): FeR EQU/LIBRIUM sV=0< Mfe/+ SP?EQ/% =0
(¢}
= -2 .
Mg = ‘L k2cC, F sn@2 2.

USE WT7EGRATION By PARTS, TABLES , OR SOF7wARE Scvcy AS Omreve
AVD TIATHcAD 10O EVALAATE THE INTEGRAL.

/
% = kC(zm:) > Cs= LB
. = -MpY PR . o -mp?
S 7 (2) .._T_.-a smBz - sz .

-~

3
6(2) é’e = ___ﬁ. CFZ J. M, (2) = -ET 25 c/} o /% D,G?

(cont.)




10.20 I (conrmwed)

MeToD [B:

Cowsiper 7wo toaos F , 7% AS Sgow~nt Y

F]

DeFlEcTions DUE 7o '? ;’f /Dz ARE, RE.SF’EC?'}VEL); a»r ‘
Eq (/0. 12): -F8 4

v, 2k 'P*

y 72T 2k ﬂ@(3+;>
- LEe -
TOTAC OEFLECT/ON, By SUPERPOSITIE? (s ¢ = Sf Apla»g) ,4‘03

4
Lisewnse, From Eq. (lo.3), (10./%), §(10.15) 1 o = B¢ [Bg(;_,ﬂ) - de

Me = ZF [C@(E“I-J) - Cpg]

V= -2 EOQCETJ) ‘Dpz]
LT IO Avn PI <, Ther rFor

220 AND FROM THE OEFS/neT /oo OF
A DERIVATIVE As A 4imuiT:
(2) = L PG| Ape+rz) “Agz | M ASAge _ _N.p‘
7 = J%c 2k 5 2k o2 P Bga |

i —(P3)E° [59(%74) - sz] - "/‘70(32 of Gg= A
() = gso & g i dz & Cee

L)

Lim  (PI) [ Cglerd) - CP?}

Mo O/Cga _ ,ﬁ:
M (2) = Fso 70 J 2

4@ Lz

-(pa)[ D@(ars) ~Dgz | _ -Mo of Dpa M
V,(2)= G ~Z Fy * Z e e

4€))

Bz

o (2)

Bz

0
Y
4
M, (2) z T '0\
Mo

fizd

V., (2)

2 -
'”l" . .
VY




10-21 39{ Ef-'C/O‘ZB), A, beam MM undet a

= 3{—[2- e crepa —ePasb) (W

Sesice s Al Mfpof food H, 020 ad % 2o

A of o H, b —>0° (ec Fig. 0.7), e” L, o
e 6"/65 -0 . W, =9 (a) M
i =".Z£ (b)

WWMM%W;WM,,%M@

«‘—7«4-@-15),(/0'%), MQO-27>) g d—»oe and) b—><P
6,=0, My=>0, ard V> 0.

10.22 C'awo&mi&, L %MMC/'Z %Zﬁv
/::/ o Mpen (Fgad Bpbsdy gy,
ZF;W:IEZ::ﬁy—wféz) @ kbl
ZMy=0: Vy= dd";x (k) My <Vy] di’-,,"l"y"dl/;) M +dMy
Y
Bk Ly ER-- 0.0, TTT
M = - EL éjz (c) hydz
dz¥ Figore &

Henee Ay Epo-@, () end(C),

AV _ I o T L = Ay )
dz d2z 92

*
EIx Sk +hy=wiz)




10230, b anid Lornd 1t o Fig-ac . Qe omaripmacnn
%:&L(l/z) = (S N/mm (@)
By g (lo-23), |

Az, e
- W <B4 [~
%(%)‘j[k‘eﬁ@}a—f'@fsbb)&—%éﬂi v y
. © 7 A7 'J' Rl&
0L Ao W= b0 Nfomm and @ 6
A:b'—'é (Fg ), foey w3y, (42)
Figore o

Y4
%4)= Ll-5aapgy (o
Nesree, by E3s. @) andb), ﬁnmrﬁy”:éoll-f"ﬁéwﬁg):lf

ol

5»-/-’{ m,&é =0.75 ()
W oblion of B -€) <0

p_l;_ = 0.287(7 d)
Tﬂ“\, 137 E’g.@p.g})
YR (e
A= Viern

Lb Aty g @) ks E-() and aslrry for Ly e
o5z, 4

Lx :2.197.—%@
0-24 Ra.ﬂ,m, L Ag.a V/Pr‘obl&m 10-23 with Py, = W/, ‘rﬁw_,/

W Uy = w(i-e PR aepd),

ey =
g’ﬁg’l Co’.l,é-é_ = 0.375 (6()

Cont)




1024 cont] ., g .ot of EF@)

AL :#\/Tgr; [4) =0.3353 ()
Mrv;y Eg-(bD f;ﬂ Tx, we sflacn

4
T, = 47 g AL

16-25 %MMMMWM EO?Q&;{FI;M&

and ‘0'8/ /WMA', wath, L"::Q»M,
a=0,b=l=uym (@)

4&0, u)a}#\ E:ROO 6—Pﬂ—, 551’/3'/—-75 C_‘/- /. B 1

W, =20 N/mm

‘ N
Ix = 80x10°mm¥, and TTU/T—'\ X k
4 |
4= 80 N/ mm* ﬂ'p L
/ mo Wt Fi/eurc a

B= v(t?r, = 0.§946m™" (b)
%\37 Epa. @) o (b,

pa=0, pb=2.3794 (o
... by Skl 100,058 =4, and Ep- € (0-29)
and ((0-31),

fo/)s'zf 77 (Coam Gas = 28 L'Dar +14%)

i 1776 +0) = 6.3%08 mm
Y, = 0.26278( 1 + 01312+ 0-37% +0) =0
- Wy 1 - _ 7
M, "—J-?A‘ I (ﬂﬂq Aay, .Z,BLB/%)
n

M, =- 2.9731x10°( | + 0-002838-0.3052) = 2.07¢ AN-M




10. 26 ﬂMm Crsbleo 10. 25, ur® Lrons

L.l =y, E- 0P, T, = 20 x 104 mm¥

(-8
Wy = 20 Nfmm , and 4=2.0 N/um?® &
Wenes,
o -4 -1
B = 451', = 5. 946x10"% mm (b)
Fo f-r«v?a B, ,:Id?. a,
a=L= 4o mm, b =0 (¢)
(3; Efa- ) end @),
Ba=23764, Bb=0p ()

Then, by Aokl 10.1, Eo. (@), (10.%), 4xd (0-32), Weth B=H,
Op == 3F 1r(Dag= Doy =~ AL Rap #2582

"
Gy = — 0'9003115-[-0.04(.3—1 t Ad047$‘+4.7548)= ~4.001155 rad
uf'
4™

Vg = 3535.58(0-00 41t - 0 - 0-31205 - 4-7563)= —1 767 &N

T
Ws =20 N [m




10.27 RM%W 10.25, (R Rare

L =y, E= 200 67a., T, = px 10% mm'f
W;: 20 N/mm, and B = 3.0 N/mm*
7\(4444:()

q .
=\ = 5. - - a
A 4ET, UL x (077 mm (a)

FmWC (Fip-a), wnds %W’f 2 losd,
a=ZL' =267 mm b=1333.3mm ()

80.=1.59562, Bb=07927% (e)
When, A‘;n Tabl 10. [, Egalc),(031), and(0-3L) Wi, H =C,
Wwp

/
MC :—-8_;;.—)-!.;— Apa_"'ﬂlp‘,“ 28L Bﬁ/,)

0
Me =-2.9731x10° (5. 20130 —0.63543—1.53312) = 5.359 AN-m
- up ) ‘r., —
Ve = 35 7 (Baa—Bou t AL Gy, — 282
1

V, =3535.58(0.204% 0. 3223 ~0-01250=3.1712) =~ 1.4 7 h &/

m [‘“ o
8 )

iEI! H ——dy C »

O AR I S Ay Sy S A N 4 /7;
) x H"?
Li .

Figure o.




r0.28| (' = jp00 nmy B=0.001496 mo”; K =20.52 Njmm

_ P 60,000
W——Z,—-t——/jva—-_ éOO/V/ﬁ?/h

Bl = 0.00149¢ (1000) = [%9¢ < TT

The maximum deflection and maximum flexure $tress occur
at tvhe center gF L/.

pazfb =0.00496(500)=0.748 ; Dsa=03¢70; Bsa=0.3219

Smax = 2= (I-Dae ) = s (1-0.3470) = | 909

- 600(0.3219) _
Mmay“ 242 Bsa - Wﬁj}‘-?ﬂé’ kN.m

Mmay< Y 315, 000(635)
Omay = I, ~~ 5120,000 =53.5 f1fa

Mﬁ:am//% mm /, BL 20,0011 34 (000) =3408 >TT
The maximum Aen//fy moment occurs ourside the distributed
load at a location for which Ba s aperox/mately e7ua/ ol
pa= —';f}' pb=pgarpl=4173; B -0 3229, Bopz-0.0127

20(¥0,000,900) _ g 5y k. m

M
Umax = SF - m‘: =Y, Mnaxs 200(120)
wr[0.3224-(-0.0127 )]

Mmay :“W(B/a'gﬂb): 7(0.007730) é"/ 20
v = —L—J———'_Z‘;Zj”%ogo =123.2 N/mm
/0.3Dl
T = Zf P eos par 515 p2) 2 wrdz
a dzsle o
[T Tkt

- 5(00-05) 1 ]
6 }‘—y—"" i—ﬂ

NH / ef‘l((a; ,fi‘ "5//7/2)6/%

“‘/‘}/—‘2 (Blga'gﬂb)




10-31] k= 20.52 Nppm?;  f= 0001496 mm”™

Yma = EZg_ - 2(@0,002)0(0;080#/%) 8 75

The maximum moment Occuts where V=0 or where (ge=0.
In Table ro./ (;q=0 where /drg, 5,3420.3589‘

«/000/‘/%} =5¢5 mm

My :_ﬁggg___ 60,000(0722# 12.93 kN.m

7 T T 000/%%6
_ MmarC _ [2,930,000(635) _ ’
0—[];ay T - IX - 5‘ /30/000 M
10.32] §=0.001467 mm~; K=20,360 Njnn ; k=107 Wfom

In order to determine the maximum stress In rhe rods, it
/s necessary to determine 7he dellection of the beam at K
From lead P at? the end of beam.

?ﬁ: 0.00/“/26‘7(5'00): 0.3668; Dy, = 0.6470

Yeond rog) = zpfe% _ (1o, oco)g0707a/%77(m470)_ 1866 mm
Q = Ylong red) K = 1.866(20,360) = 26,000 N

Q 32000(4) - [493 MPa

Tmax(rod) = 3~ = =it/
FE 40,000(0.32¢2%)
gzMmax) - _
Mmax—- Y, 000/ 927 =-8.79/ KkN.m
Mmay < _ 8,79/,C00(76) _
Umax (boan) =~ mi = =7 0/00, Goo - e0.71%

16:33 | T, = _LZ_O). = 10,000 mm* Kk =15k, =is(0.200) =3 00 Nfmm*

Y/ K
- - ¢ 3,00 _ -, _
ﬂ \/_E;( L/[gg 700){/0}000)-0,005_518g mm 5 Mmay s MD (gpe E?‘ /0'38)

Mmax C 00 /00)(/ ) —

7
2Fs Sy 2(709)(0. oo;m) 2(0.005458) (.
4= 5 D S5 G- - A by ¢ 3.00 {oﬂ/’@(ﬂz LSl Gy -1 9 g

By tral ancl error Ymay ocCcurs at gz =0/0 approximately.

g0 _ , o )
7 oposvg = /02 My [gp= 07003, Cpz = O 8lv0

Ynay = 2.56/(0.9003) ~ [406(0,8100) = [ /67 mm




103 g= = Mmax ©_ (700200010) =y wipa; 8= 0.005% 28 mm~!

Mo TIx T 10000
F=2.56 Dyy—2812Cz; B;WMW) M ot
R R0G75. Tharne, 7 = 03T

7" T 0005483
Mence, Py = 2:501(0.2672)— 2812 (=0.0528) = 0.833 mml .

=159 MM}%;AZLH; c/’szz—a.oszg,

1035] G Bl 10:33, Al o vl o7 & i b
7%\;4,&7,2 af A <2 72210 ( F1g. @) ""b'fp
BV%WMMWM 10: 33 [;:—Efr—s

P=700 N, My=Pb=700b N-mm, =154, " Fgwre a7k
- _ 4
15(0.200) = 3.0 N/mm* @d 5 = 4)/% =0.0054G¢ ="

X

Whon, bz £ (0-37) and AL 10.1, 0 tf, 62 =0,

o=—2PET g | 4pin
A T /"E*-%stz
" for 70 hoge o A

0 ==2.008x1"°P + 2.2035x5” PL
; )

Note 2t They W%éuwfnw»?wp

b =9l onm




/10,36 h ::Z—.(..

5—*"' o.200 N//nm

Yk oy 0.200 - C5SH0 Y /A
& Y55 Vg (200,000)(2, 530, 000)«0.00 007 mm 2 p- 5'00<,//] = /Y0 mm
! _ Mmay < 3500(2000)(9) _

76—0(35"&0)‘ ~6.125 KN.m
- 258 éﬁ.ﬁ’.ﬂ z(zma(o N . _ 2(0.0005607) 4,125 920) ,
A 0.2¢0

c.2 (s 2
= 19,625 Dga+ 19,25 oz

The origin for the z-axi/s s 175C mm from load £ The maximam
compression occurs ip the fust spring for which #=250 mm and
Br=0.0005607(25¢) = 0. 1402 (g, =0. 8607; (4,=0.73%2) by tria/ and

error the mea x}mmﬂ Tension occurs ail 2=325¢ mm
B2 z0.co05607(3250) </ 8223 (%3:-0 04027 (g, < =0, 1967)
Yeomp=19.625(0.3607)+)%.25% (0,7;%):3/,,/“3}' Compression = 100(7113)= 3./ kN
Gren son = 1962500 [9.05(0. 1%7) =~ 4,517 5 Tenston = (20 (4975] = 4577 N
/0,37 | s

F :\5/7(72 e

= Y
), 000)(2,530,00C) ~ 0.0007238 ; £:500(

7 /085
- 20500)(9.0007238) 5 2(0.000 7258) (-GL/ZSMQ
9= 0. 200 Be 0.200 /2

225333 Do+ 32085 Cpa

Yeomp = 25,337 (0.8607)+72,088(0.73%)= $2. Y2.35mm (emp ression =i0(42.33) = 4,23 KN
| By 7ria/ and error the maximam tensson occurs at
| 2:2750 pm. 2200007238 (2750) 19905 (Dp, =-0.0556

yfgng/én = 25\;7}(*0 05—5—5)4-]2, 0??(—4 /gﬁ‘/) =~7/946 Mm

Tension =100(7.196) = 719.6 N

5 Ga=0.180%)

3 Opay = 1441 MPa a5t Problem 1030




1038 By Eg.- (019 and Thy Aty gron o Problen. 10-5¢,
We M
R =R w0 . 0. 200 N/mm2 (@

1 <00

By Eps.(0 S) 2 d@, R= ]/ e 8200 — = 4.0005607 mm"'
/»?vo,ﬂm.z,saa,aw)
Newen, ,&?( [‘5. (19 10)
4ﬁ 4(000%107) = 140l mm Z f =500 mm. M

«;{:@“ﬁz(c_}u«.&pi +Cy Gope), 220 (b)

Ww, %_7- =2 Cy ampe -C; oape) (e
%’5 = 28 P E[C,(4op2 tauipa)r ¢, (Grpa-aiypz)] (@
The M% cond it 002 (2inea M, = p)
M= - 42, 0 PeEL 2, @
Egeedlimg (<) @), M&@MW& E%.0-5),
C,=0, Cy= Jpaﬂ;( ‘ZzP | )

Yo, by Ep0. (b, (£), gumd0-10)
¥ =2 e = 2L D
W‘(M Coz doeo B T3 798 Ao also Ego.(0.34)
6wl (10-36),




10.39] 5 =0.0019%6 mm~; g4 =0.001496(1000)=1.%96 ; K=2052 N/mm?
A}gaza.aﬁrOE}; Bpa=0.£23%; Cpa =-0.2066, Dga = 0.0/ 68

A g’f[p‘ﬁa ¢ 2 0ga Dgars) * Cpa Caavg); Ymax OCcurs a? z2:0,

5 2 a
Yy = 22 O;fzf'g;j’ 8 0004 200.0068) > (0.206¢) | = 2.282 mrm

My = 71%((;; - 2 Dga B/E’(afe)' Csa Aﬁ’@**)z 5 Moy Oecers af g2,

_ 60,000 _ .0 P ol E
Plnay _Wé)ﬂwaa 2(0.0188)0.223%) - (~0.205)(0.290¢6) | = 10.95 KN.m

Mmay < _ 10,950, 000(635) _
Ohay = 5 - B 00— = 129.4 1fa

10.80] £=0.00/996 mm” ; A& < 0.001996(500)=0.1Y8; K=20.5¢ Nfmm®

Aﬂa:o_ééﬁ’q/; BﬁQ:O.SZJ‘?;' Cpa=0.0251; Dpa=0.3%¥70

Y= g—f— {_Aﬁg + 2@4& Dﬂ[ari) +( pa C.é"/a.u-}:[} Ymay OCCUrs Qt #=-&.
Yy - é@gﬁ%%&% [0.6689 +2(0.3976)(1.0000)+ 0.0251(1.0000)] = 3.036 mm
Lk Lfé[(ﬁ "2 Dsa Byara)~Cpa Agarar]; Mmax OCcars at E=0.

. 60,000 - ] -0,02506689)] = 7.62 KN.m
Mmay = m[w&o 2(0.3970)(0.3219)-0.0251(0.6685)] &

Mmay € _ 7,620,000(635) _
OB?RY = IX =7 — 5‘) /,20}000 = m

I0:81] B2 0.001967 mm"’;' Kzft?}féﬁ /U/mmj' K=490.1 Niam?
Ba=0.001967(750)= 11003 ; Aga=0.9474 ] Bpa=0.2967 ; C,a:—af‘ff‘?/: Dpa=0.1508

9‘: g[’dli i ZO}“ D"(ﬁ'*‘i‘) "'Ca’a (ﬂ(a{-;jj} ymay occurs at #=0.

2 2
D = —@f%‘fg;%?)ﬁ 0000 + 2{C1508) + (~0./459) T=1157 mm

G)may = Kymd)/ = 80) 350(1’:{5#}) S23l48 kN

A L ygo(¥)
U;hx(rad/ e “‘#ﬁ}]‘a"’» 72.7 Ml
f"’y:%@%*”ﬂa Bitarz) ~Conhparg]; Mmax occuts at gzo,

 resrs ) L = (~0.1¥5" -998 ki.r
Menay = 578 o 77777 L1000 - 2 0.1508)02557) - Coresy(asrn)] = 1.9

_ Mpar € _ 9,990,000(78) _
%Y' _I)r = ’f/,a_o!a}aaa - M




1042 | 50,0017 ™ K=20,360 Nfom K=90.7 Njm?
fa=0.00]47(250) 203648, Aa=08951, Bpa=0.298/; Cpa=03787; [hy=0 6970
7:;}4[’4/9**2@& ,Dé’(a+g) *‘(,ea(;(a,,y],' max OLCuts at zz-&.

Ymay = 108108951 +2(0.6¢ m)1002) 0. 5s9(100]= 2,798 mm 5 st rod 15 at 2=0,

2 2-
Ymax (rog) = 1081 [1.0000 +2(0.6470) + 0.7989 [ = 2,158 mm

Cmasx = K Ymaxrog) = €0, 369(2.15%) = 4394 kN

) 759v0(¢,
Crax (rod) = 72 = 2L 1927 112

p
Mx:75[(/68_ZDﬂaBﬂ(CU'E/‘*.C,?aAﬁ{QH)]}. Bg Tf'/a/ a/?CJJ Crror Mde
oCCUrs at 2= 650 mm agproximately. /££=0,?57é/'//4"4):/'3205
Cpz==0.0911 7 Boyye)=0.2587, Agrars) =0.325]

Mmay = 722999 [ 9. 091 —2(0,M7a)(0,2587)-0.575’7(0.32)"12]:- 5478 KA.

o [mey ¢ 5,678, c00(7%)_
nax(é?am)~ . - //000 Y

10 3
2.0 - -
/K 0000968 mm
JeT, - 7(200,00@(17070000) 7

- ZP/J

977k D, *EK[AA’&% 2052 By, (/“9(‘7”‘2)]/ 9””& occvrs at the
free end for which 2=0 and z,=-a=-2500 pm. pa = 29200
Apa==0.0079; Dsa=-00647; (-0 1255

_ 2(80,000)(0.000968) 80,000(0,0009¢8)
Yy = L 7.0 (l000d) + <= ((, 35 Z:0,007?+£(—0,06é7)(/oowj—0. (257 (looedf |

=12.9/-0.8¢ =205 mm at fres end

792 M#k

__ P P , ~
My = 7 Bt ?ﬂ‘[(ﬂ?‘ZDﬂa Brz)~ CGalpparz)l; By trial and error
M/nay occurs atr vhe Jocation o~ which =775 m and 22:—/725%:1
f2z =0.7502 and Bz =03220; £2,=16698 and (pz,=~0.2057
p(a+2)=07502 and Lyarz,)=0.3220, Py, =0.C676

-_ 80,000 80,000 [ .
Mmay == m(o, 3220) + W [ 0.205'9~2 (- 0.061)(0.3220)~(~0. 12T ok 74)] ==28.25 kiim

Mpax< - 28,250, 200 (42) _ -
Ufr}ay?-_f;"‘ 17, 07;)000 = 1142 Nfa_at 775 mm from free end




10.41] K =129(0300) = 33.7 N/mm?

- K - 38.7 -
= - = ¢ = co
F Vl%f’zx §(202,000) (75, 500, 00) 0.06084% mm

AL=0.000844(3000) =2.532
_ PA [cosh AL+cos PL+2T_ 270,000(0.000849)[4 329-0.820+2]7 .
Imax = Zk sirh BL+S/n AL ]' ’Z—(/i, 7 (75040573 21290 mm

-ﬁ[(o;Ajé—@fﬂ . _279.000. 6.329+0.8207 -
Mmav= 35510 20 wsmpL | Flo.co0s79 5 2sovasrs |- 780 KA

/‘7/774}((_ 3373002000(/5-3,3\): 134 ( /7%

/

Imay = I, ~ 95706000
10.45| K = 38.7 V/om*; £=C.0008%4 mn™; gLs 2,532
For =20 Uy = 293 52 Mnax 2 108 75
ps P
For BL:=3.0 Ymay =400 7¢ Mmay:/.zz;;

Using a [inear Interpolation for BL=Z532

) 24 Y20(270,000)(0.000 8% _ | -
Yrrax = 420 53 = 2557 = 1237 mm

- P LIs(270,000) _ ,
/V]//')QY‘ /'/f‘/ﬂ - 17//0'0&0394/) -~ ?/,?7 /fN,m

Mmax ¢ G1, 990,000(152.5) 1472 MPa

Onay = T, T 95 j00, 000
/0-46| 2
- A2 | 300°
W = =7 _20@000“}_0%060 nrn?
. A &b zo0000) | ~ 2
K—u aa———éz—aj—a“‘—JOO N /mm
2

_/3(1-0.29°) _ ~
C2ku | 2(500)(0.0060) _
<z 7" T 0.2979 = 20.89 N/mam

_ W 20,84
Mmav = 77 = 775 carg = /510 Mo

/7 ¢ , 50/ (/
O_,;m), mla.-y - /Z/(ZgﬂqSOJ(ZJ: 108. ¢ M Pa

(I




47 IT/u Cu/erqqe pressare Ly 5@/’&/@6/7 /’//77 and Cj//nc/{’r

!'5 71!/@/7 177 f/{p rg/af/an /D/ vé_%g_,m oo Mk

The /oaa/ lopr* 0{/)/7‘ /-‘.’n? A around The Cy///)a//r azo/a//eé/ é/u
7he r//z/a /s 208, This load 5 cz(c/a//éc/ to the C/U///ic/zr by
Fwo [ire /oac{s = —‘2—049 - éo_/y_?_o—)_ Yo N/m/‘n

I - Eheyt _ 72,0005

C‘ca;l z bgc2 =] 967 A//mm
a) ~0.73° .
ﬁ, 5‘5(/ Vel 36 €332) - 0.02570 mm /
Cy/ Cy/ 995’ ()

Under center [ine of km} Z2=/0mm d/)C//*E 0.02570(18)= 0, 2570
A/g C.7943; Cs2=0.55117
vo(2Na.5517)

MW&X: ﬁ(ZCQ):W:VJ?} A/-mm

U_zz(max) MIM = qf7’2§iﬁ(”2} = x1030MZ (Tension on /'/m'r/f)
_ 40 (0.025W)CJD. 944

Umay =~ _c’_kﬁ"(mﬂ‘y 2(/ 469) 2z 0 608 = 2 €g0

oo =~ GLE08 _ _ 1 071375 = Pe 96 ’/U; Yso 0330499

Y95 72, 72.000 72,000

Ope =(-0.00]335+0.000478) 78,000 = (2.1 Mz

o8 | or= 60 /V/mm/; P=0.02570 mm™; k=191 N/mm‘}' f2=0

J
o 80(1.0000) _
Mmay = /](/42_7_ 500.02575) - 77,2 M. mm
M 51 - .
Ozegmax) - —— /mx = 77607}-2_()3?(2)21/0%5 MFb (Tension on inside)
o(o, (L.ocoo
U max f-————ﬂ ;4"/52. - 3_%?/55204 ) ~-0.6995 mm = G 669
_ 0.699% Jsa V - e 033089
699—“‘77;"—000/4//-?‘?@2— 721000 W

Upe =(-0.001914 +0.000 83 C)(72,000) = ~ #0.2 M




(0-49 ]

Zy)30-v%) _ y/30-0.292) _ 4,0 e L 3T 3T .
p- a’h® TV (2o02)?(1)2 000 %0y w7y T " Jo.0070%) =253 mm
Cj//h‘(/‘vf- ,(*:0/3/ re
_pba _ 200 _ka
O;Q(Cj/)“ T = 10 = 8008 (M/DQ) U;&(;pé)—'z;;" - /OOP/ (/‘7/%)
/C( y \ Ia
Tzz(y/) :ﬁ~—8/7 = 100 p, (1) O;;(;{OA/,:%: 100, (M)
200
Uyl by pogleoop-oesfon)] Wsphzady = o o0 1F 0 22(op)
=L7/0p (fmm) =070 L (mm

Assame thar the C‘/”5/‘f’/~‘l(€/ﬂ?/77L Z for zero 15?05/1/-}7 mement
5 miduay betwern agy) and i
v = Doyl Psph | LTI0p -0, 7008,

| > - 3 0.502p (mm)
_ Eh _ 2o0,000{(10) _ y
K<z = 5P - 0500 A/,mm( )
- ~ 2wl . __ospop, (0seo) _
W= 05000 = =55 T Zigoaiey) T 1373 P (N /)

Mmay occurs at g2« “g" Bﬁ}70,723‘/ D/;_Z:O,]ZC"V

Nl 2(13.738)(0.00% 109(0.722 ¥)
(7 - P P

= o7 =0./161p (mm) From Eg(ie.36)

- _131p0.3229) . _yge 2 b /hmm) From E¢(r0.38
Mma)( < 7 BIZ'.L* -~ 0.005 |0¢ = . P/( ?’( )

Mmay € 1z g : Co
O.i‘i(b?ndm'y): ?Y - L/gi;/%‘("‘): 29.2,(11%) (Tenswn on J75icle)

Jz0 = q’f(cf/) + U‘;f(ﬁ'nf"/’ff) =(00p ET2R = 12720 (MPE)

The actual d/fp/a(emeof' of Fhe Cy//nc/e/' at the locatron

where Oz, 21272 p, I3 C’7¢cd/ ro (Z‘-(y/” k +7)

| € - Uey [~ u + Y - 17/0p,-0500p,+0. 161p
| (=1 a 2000

o = 0.0006855p(200,009)+0.29(122.20) | 7960, (1112 )
| ‘ ax ~Umin - 66 -(CR)_
At this location [pay = exsdnin. Gse O _/Zf-fz-(———_fl&,q

z0.000 535;3:02—9&— x Oz

z 2
At location n cy/fnc/er 2way From Junction,
Crmay = 059&'07”: Z”Or’"a‘("") =100.5 p, (MFe)

Ratio = %_;%:awq




.| = lE%M*y‘*& N, E=z200 6Pa, y=0.29, a=l0mm,
b=50mm, P =300MPa, amd o =0. By £g.Q.25) the

MMJMM Maf:«m(ja»«ffrw

U = gl [P Qf_"iﬂ__f] = 0-004 3T 4 0 LIS @y
4}7/&,//% Mufpa} r=10 mm ME}@)WM
U ctomm = 0-020L mm

W%MW@, r=506 mm ME}‘@)W

u'r=5'0mm = 0-006285 mm

1.2 6% Ex 1.2, E=726P, V=033 a=jop mm,
b= 400 mm, = 150 MPa., and 72 =0. "ZLWMM

A geven. By Ego.(1-20),(11-21), and (1-22). Fri f = 0 ared

r=b= 400mm,%w£p—«%m%ubo

Ty =0
2a% 2000)°  _
Top = O S g /bo.——-——-—oz e = 20 Mpg @9
las = £ 4% _ _ 100* - 10 M
22 ﬁ b-ar - (50 *\——4’01-/002_ 0 MPa

A Y misnns oo, Alieas an, ,47554.@) and (2.39),

Trray = T Omex=Onin) = % (20-0) = 10 MPe. (b)

By E¢-(1.29), With £ = P =0 and r=b=noomm, th, s
Oeaee am
m 0"‘@\ ﬂ,«.u\u&, A4 2
426 (2-9) _ 36, U60)°(uo0)(2~0-33)
Ad = 2Up=y, =26 E(B-a%) =300 72,000(406*- 100%)

“’ —
Ad=0.195 mm

275



(13 |@ with p =0, Epo.Wl-20) 2l ) redece Ao

a*(rz§) ary )
Gl emey (b a) (%

L r=a= omm, E¢o. 3 - =
= mm, Ego @M,wﬂf. = 200 MPa, 4= 00 mnf
amd b= 206 mm,

Ty = — 200 MPAa , Tgp = 333.3 MPa 6)

SM%, fm, r=150 mm,

= — 5l.gcMPa, dgp = [85.18 MPa (¢)

Ty
and fr vz 200 mm
T =0, 0op = 133.3MP8 @)

(6 By Ega- (6, ©, anedl), we magy plof 7o aud (g ),

Yoo +

4

300
Tpp

[MPA] 200

{00+

+ . ~=) Cmm]
100 15D 200 L

=100

- 200

Figore a




W] By ga (130 -(1-22), with a =100 mm, b= 250 mm,
P, =8vomMpa, and £ =0, We Dave sk y=a=100mM,
2 ¢

2 2
- a~-h _ - - _q_}t.b_.: M:“D.f
Tre = 6 i =-80MPa, Opp =17 p=ai 20 B

26p"-100*
at 1006 -~ _ .-
G;3=ﬂ?z:=30m—15v2ﬂ4p4
W -4, wr oy Tafudsle Ay dliinise
(nw%;»u.s) ’f ’ 7
Table P1I.§— Stresses 1n Mpa
F— |l 100mm | 125Smm| (SOmm | |75 mm ]| 200mm | 224 250
Trr |-80-0 |-us.7 |-271 |-159 |-8.6 |-3.¢ 0
Teo || 110.5 | 76.2. | 57¢ | #3 | 3490 | 341 |30.5
1.6

B?MM%PMM Ny end (1.6, LR byre q=l00mm,
b=250mm, '/J' = 80.0 MPe, ff‘)) E= zoo&m,w& y=0-29,
By Eg-@-l@,ﬁvW&wM Ua,ﬂwcﬂubafﬁ&“&

F=l, respectely, ang

_ o0 -, 2, (- 29D651)°T=6.004b
& = Zonow (zso"-!oo")lq 0.58) 90)(100) "+ 4 )] Yb mm

u =256 -0. 2, /1.29)(%0) {00 2] = 0.032( mim
b Zoo,ooo(.zsp’-_loo=)[ﬂ 0.5)(80)(i00)” + (! )

By £4..0/-15), with P=4T=0, At tppod aAhirine 1

6, = U=aha - o2 (80)Mwn)* _ 0o
22 T EB(p~av) 200,000 (2650100 ~

Weree, ﬂ,\,/&@m}aﬁm af A Rogh L= | om= [000mm g

62,:!0006.5& = 0.034Z mm
Honce, 2y frnad Qimoreiina. art

AT = 1000640 mmm, b= 250.0320mm, |7z 1600.032 mm,

73 Ego-U1-21) 24 d(j1-22), Wikl 4=10 mm, b=20mm, p= oy MPa
M%Z:HOMPQ)M P=0o, w= MJVZA: l{)r:\w,? !
2 2 2
o= = fia=0b . a%h" (. woliy-uo(t), 20 _(ow-us).
&6 "~ Tpr-ax :V‘l(b‘—a‘)(ﬂ* f»)'w*xo‘—w’ 'éra'g«
0, , = 14~ ob _1woli6)-40l20%) _ _ 5,40,

Jo*— 4™ 20— lo%




-2 1 %%W({Z,g.@) ad r=c, M inecreree
e Moy nadiis o, By Eg-(11:25), wilh p=p p -y
a=c aud bzh, A

2.b°
e B 6
5. "y )f‘”#\’ WW(H;.E% MLF:C)W&W

anm o nodeva A, Sy B .(125), Wy p=p p=p o=
M& L oc, "‘7 1Y /;_ f;; a,

_ Cff (. a¥c _ (b)
ur-.:(, - ”é‘i’( <2z V)

% Ego. (0D and(h) MQ&W;%WZJQW
olav afly aoms L pliffccalirn

cfy [2oU) s
£ L (b~)(%aY)

_ Es [(b=&)c*a)
ﬂ - C 2¢%*(b™-a?)

Fl'j vre b




1.9 By e Nesult of Crobloun 118 ard Wik E=200 ¢,
K =100mm, C= 200 mm, b= 300mm, awd S/c =0.00l, W farre

p - ES (b~ c’—a‘)]: .zao,oao/o,a,,)[csop"-zoo’?étoa‘—mo’-)
s~ < L zc*(b=a* 2 (200)* (305 165")

[ %WW’ A=100mmer < 200mm=C, will,
£=0, aud p=r s we Have, @75‘7"@‘2@

Go = St ) )
o) by Eps- @) ad(b), wre fondl

Frt r=a=100mm, (,,=—I/25 MP&

Frr = ISomm Opp = — 90. 28 mp4

} = b.57smPe (@)

Fr #, st clf/&;wﬂm, C=200 mm<re 300 mm = b,
Wi fi=p wd p-o, e have, b7 Eg.(l-2D),
Gpp = e (1 ) @
%/ by Fpo- @) cnd @, we otlace
Fri r= 250 mm | Upp = TS MPa

Frvrs b=300mm, 0,,=75MPa




.10 6( ﬂ:/ﬁﬁmM/CIISDMWI,uJ b=200mm.

77~w. ,&7( Mwm Prollew 1-8 Wit §=0. 12 mm,

E & [G=c*)c>aV] . r2008(0.125[206% 155> 150 % 106%) 1M
/sJ = .—E_‘[&clﬁ,’--al) D [105'0")(100" mo‘)] 7.122M7n @)

Fouk ft e Alormune o redidlual alinas < 2
WW%%M i
atv=c=150mm. Fn H, T T b=iomm

MMM/ ; : _,L()‘(Mf: a:loomijiamm‘l'

b &=,k fod by N

rf\w '&7 Ep @ M(b)’  Fiqure a
fro r=c =150mm,
(a‘R = - 77111’-‘9’——‘( +-i-°9f> = —25.28MPa (c)

28 Ninercy|. (t$50™—l00? Isp™
Fmdvm%lq with = £ /‘;_=0)‘4Ieﬁéapﬂ74
Eg (I1-2)

R -_ 2 T
Cﬁ@ )pp-}-ercy/‘— fS’ZETZ‘f(’*-}%_) (d)
m’”: 47 Efe. (&)M@l), foro r=c=I150mm,

R _ e)
( oker cyl. = T4 T2 MPA <

Negt tho Hisct (Ts)y prrduce] bop 2y tumen fireasuns.
F =200 MPa afr-a.-laomm Lo guven) by
(03@ (H— &)

b" x

(cont.)




(CIL:”IQ) With r=c = iso mm, B ) apiabde,
( ) = 185.2 MPa @)
7’(’1'%2 ibéym(/‘pm/_a} r=i1Somm £¢:

Co}&') = Cra)ﬁ @)ﬁ

Ihney cyl. iner cyf

=159.9 MPa
Fro Mo oudsd colidn by Ego.@) and ()

(' U‘f' c[ wacrc [4— O;Aﬂ = ’2179 MPpa,

LU Lot a=yomm, b=i20mm, C= 60 mm, af X 4e 2oy

Neeidd) Ties oX r=c. Lt ar becth,
Ln nadii r=cC =60 mm. Thon Wtk Eg QIZI)JZ 160 MP&

Mf =0, fn 0p IBOMP‘L)

b+a’_ R 120%40>_ R
O;‘Lzlsomm—- Hp A = G W0 =0, +200

Wu %WMM ME{% (i1.21),

TR = 130200 = ~10 W= —f Sogz(+ %)= = 3L 13
£, =28 = (2.94 MPa . Thew, 47 sy (1-28) Laecaloobrumel )1.3]

[ 4

n

Ar =

{bz &) [(l P)ﬁc +(_+V)fs b] E(Cz' 1){ -(I- p)ﬂc__.[)ﬂ))fa‘z.]

- 0.0323+ 00368 = 0-06F] mwm
Honce, My ostsidy Qeamelis of 2l smin g din il b
diameley = 2(C+4) = 2(60-0671) = 120.13¢ mm




H.{2 }
gy -7 -
Znax - _éé{a)a rr(e) - o) aar—'k(c)

pera’ 2c? _ o akc et pEc? %2.2%°
H b 22 - F; c2-ac "(-,D‘J - /3 C%z_az) + P, XAV “(’R)Ea'T(’b_zj;F)"("Px)
2 2 r4 2/, /8 2
1205 90% . 20607 w60 i) | jpher® ., w0X120%6d%)
ps = 3191 [MPa

- 3.9/
Ar - 0 069/ X =O. /3% mm

Diamerer = 2(60.113Y)=120.227mm

_ 120 2 90° 2(60%) N
Cmax = L [160 2205205 — 51,91 58 + 160] = 122.5¢ My
_ o 120% 408 2060%)
Goa) =160 157302 ~ P19 gpzgpe = 8512111
/[ .13] ,
1 ., bra® _ , 80%r 20% _
Joe =B 22 ° 603;0,_,—_—2-0—3- 8.0 Nk
Loy ] ‘
Jsota) = Oss ()

b%a? 2c2 ., a¥ébd) borc?
PI lb?_aa—faj CZ__aa _p/ C-Z((b?_dz) "’P5 b‘?_c?.

80 % 20° —b 2(50%) - 40 202(703+yoz}+ 0%+ 402
p02-202 P wea0? " Y90 g0 % 207 Bs 207-752

b, (6647 +16667) =68.0 -20.6

60

IDS = /.08 MPFa
_,, 80°+202 a20v0%) -
Ueé’(a} "éo 302_ 202 //agm = 355 MFa

-_C 2
ar= g [(9n, 0 b -z [0 b, ) 2,27

0
= 5 0‘/(8 757 [o.80(1.09(70%) | 20(108) 607 - Lo 7 O‘ZO 7 Fosgouog) 0¥/ eo(/waﬂ[zoz)]
z0.01434 mm

Digme ter = 2(40.0143%) = §0.0287 mm




(.15

By Eg (ll.25, ' =
y Ef-(1.25), with ¢ =(00mm,C;= (00 125mm, azo,

= - 3
b= 300 mm, E = 2005107 Nfppm* , V= 0,3, we /LW(AuaboExwlelLaj

/o0 [_@.7)[/4000) 4—(1-3)(%000)]/53 — J00. 128" LE—Q.B)(m.a.ﬁ,é

200x/0%(5p800~ |0000) R00x [03(100.125)

= 0.125 mm . ﬂercﬁre, f = ¢7.67 MPa . This pressure

the soter C.J//nclcr an d
WET

| an M‘fernm/ pre ssure for

an Zx'éernwl Pregjurf ;[oy‘ ﬁc 5}1

Thos for e shaft, by E70 (020,02
and (1.15), wth 4= 0, b= 100125 f=0,
f2=3747MF N AR ~8767 MP&,
OU’lC{ d;_-% =0 . /Jeyz(,g) f'/zg Fy-/;ya 770\/ ’)Zre.SS@j(Drc/ech)
o U;’: 0/ d;:dj/:—S‘Zé?/V/fa.

For the c///éc/e;; by Efo-@-Z%(//.zQM@.IS
Wf\% A=¢ =100 mm, b=300m}%:£}/€1=01
M.& r= A= Cy = 100 mm, Ojln:-fs - _77,;7,14&)

99:125/ /07-5‘7MF&J Ancl ﬂ;}:@. W

He ngsm (o deed) e

d‘;’-_— 109.57 MFPa, 0:: 0, @:»87-57/14?&.




//.Iél
@) The critical stress occurs at r=a.

) bz 2 2 . Uon~0. 2
Orr=-8; Voo =p b-z’.:%e‘foaﬁé/:’a—f 5 Cmay= 992 Y -@)52‘?42

|6 Part @) (s valid as long as 0z, £ 0pg OF -0z 205y

a?-p,b° b3a? b2,
R rr(/fiaej = Gos B2 - 225 P ey

2 ba P .
~Jze =~ %az_ Zze T rbi-ad) =0r =-p yi P :Tsz(Pe ~‘D,)

Thp,-p) £ P £ Tb%(p,-p,)

1-27] From Problem ||-16 with p,:/br

ba
Imax = Uy = (B ~ P pzae

2,2
Ib)/: ‘Z'—ché?f"—'"/ba

.18 ‘ b a?. _Upo +Urr al

Urr=-b; Uso=b popz; V2e=~—5  -P poaz

_ Z
Loct = 3L (Gse - Or) %+ (Ops - Uzz) (O - Urr)

) }(bfl'az) /(b2+az+ bz—ae) “ (b zv’-aa—a.e) a+ (a z+ba—a2)a

~3(b-a

TRCH

Py = SER Z1L75(140) = 295 MFa

2
Z-/Tlay = {— = PY E’Z%a
b°y-a’y =p, b2
e Qv 9%k00) _
b - Y-25, " Zoo-2(245) = €727
b=93y mm

Diameter 2b= E(?;’,‘/} = 186,84 mm




ﬂ%d _BY _ vEhyb°
OCT(/IMX)’ 3 "B(bé'_az)

be}/“dzy:ﬁp}/ba

_ Ja’y _/’7«27-’76702 B
o: Y-v3by T V6003 (2%5) ~ 739 mm

D/'a meter-= eb - 2(73,4[}: /478 mm,

(/.21 Y/'e/c(/'ny s ihifated at Inner radius where r:-=a.

. %a? 80%60°
Orr=-p :‘70,0/‘7/’61} @9:,5,;5'22?3050—2?20'2‘:/07-//‘7?4
a? P 60° 650,000

G‘-L—"zz :p/EE_,_a-E+ m = 30202_502 +7T(302—5@: 112.5 MFPa
At initiation of 7/’@/&//07 the [oads and hence the stresses
are /bcreafed 57 the Htactsr ofF m%’efj SF.

Y SF U/;yax~m77/h

(a) Z—ma Y < 2 < >
- 4 - 280 _
5F - Omay =Tmm ~ 112.5-(-300)" _/_%
2
) Loctman) = 5= = 5 /(000 ~0m)*+ (%a=0) * (G-T52) °
F = 2 (229 = 2.00

V(07.1+30.0%+ (112.5+30.0) %+ (112.5 - 102)) ¢

1-22 ] Use maximum principal stress fﬁeor—7 of failure.

_ T - boral
OZ{—SF 99-—5Fplb—3:——aa

_Gu bia® _ 1s0 30%15°
p = SF pira? T 700 302+ T 32.0 Mra

11:23 Ja) Let a=50mm, b=ISOnm, and C=75mm. Dae to infernal
pressure SF(p), the stresses at rza and r=c are found 7o be

s0¥75%1509)

Orr (o) == SF b, =—1.85p, Orry < 1858 S2rm2sg3 = = 0677 P,
] 1502 50% _ 597521509 _
0;9(54) =z /,5’5—,0/ J502-c02 " 2.3/3 P, %9[(} -/.35',0/ m =156 P

Superimposed on the above stresses the shrinking pressure
. R
p causes residual stresses UFr(a)anr/ 09_‘9'?&} at r=a and g

=4
anc( 059(() at r=c. (COW(:.)




1123 Continued

Pressure p is an external pressure for the ianer Cqlinder

R _ R . 75¢
OF?’(Q) =0 Bow =25 I52_gpd — 490

Pressure p; s an internal pressure fer 7he outer Cf/z’ndef—,

R _, 1502752
Uty == Joo ()= P 552752 = (-667Ps
The a¢7‘aa/ Stresses at r=a and r=C are
g,:,_(a) = =185 p, Oppqgy ==0. 677 £, —p;
Tos @) = 2317 p =3.600p, Toocc) = 1156 b, +1.667 p;

The maximum Meczmby stress 9/&/4/ condition states

7 Y _ Ussta)~Trra) . Pooc-Urrce) _ %/63F, ~JePps _ [.85p +2.66755
mayx = 2 = Ed - 2 - 2 2

PS = 0.369] P, '

Y _ 700 _ Y4/636 -3600(0.3691P)

2 - 2 - 2

p = 2410 N ; P =0.369/(2920) = 9.2 MFa

hAr- 2—09—00—077{,0—,@ Jorngiefx+1estzso 9]—2—07}0-0%3;@ Fornfaors?-1 z3u2)(s0%f

= 0.1959 ; Diameter = 2(75 1459)= [50-292 mm

//—'?-_LLI Let a=$0mm, b=ISOmm, and ¢=75mm. Withoat residual stresses
J )

150°% 50 . 5075 %1507
0;9@:9@'?'_—}:52:/-35./0/ %(c)‘pl.m- 0.625p

The shrin king pressure py Causes Circumfrential fesidaal
Stress 0;9(4) et = and 0;;((} at F=¢C. Fressure g, Is &n
external pressure for the inner Cy///w/e/— @nd an Interna/

préssure for the outer (7///7;/4/—,

R 2(75%) R 150% 7c
o =P 5z50 =408 Uasw = By fpagrr© LT A

The maximum /or/f}C/,'oa/ stress CHterion of failare STaTes
Opax =0u = %80 = L.25p ~3.6p =0.025p, +llTp; 5 pr=0167p,

4g0=125 p —26(0.11871)

p- §63.5 Mi; p = 0.1187(5835) = 693 MA




- b _ , Yeo , 2l0
Poz2Clying =25 Inz5 = 389, ¢/t

5F 3'0'0 = 1299 Mfa

2 2 2 2
- -a< _ Y60 2I0-90" _
CRERALE L e N AN

_ R 1878
SF =g+ 275 - LS
il.27]
Lyt = 2200 M Ty = g e 5T 56 i
pP:ZZ' nz b +2Zy2/n§ —2(3709)//7 +2(3’%v)//z—— 6675 /1~
/1.28]
@) T, 222 o5 18§ Bz 2(ees)zg = 19 1A 5 Gpg=2(225)(I-In %) 158.1 112

(£) Un/ﬁac/m/o ///?c)ar/y from o 7/(/65 T/fc«'arefz(a/ residual
circamferential stress O‘Qm

0_950)1136’.!—}//.‘750221‘-@— —3817 MFz

It 15 assumed +that the actua! residual Clrcamferential

5Tress /'s’ S0 of the theoretical, |

a;f: 0.5(-3817) = =[90.9 MPa
€)For pressure SF(g) with gero residual stresses,

- - Yo%+ 20
Tr-=-180p, Jpo = 1.89P, %‘%{5‘2—700@
Adding these stresses 12 residual Stresres gives
O =-1.80 p, Opp = 7.000p, ~190.9

which can be substitated ints the maximum Sshearing
stress y/}/c/ cendi*tién to obtain

~Or /. §0
oy = 4 = G Cir, 52 20008 JUBE) o ysos e

Wi thout the Fresidual 57‘/’?55?5; the maximam $hearing
sTress y/é/c/ Cé’OC//:/‘/c;ﬂ Ql‘ue"j

0 30005 —(-48%p) .
Z:ma)(: L/g = E( I)/' ’D/:m




Do = 25
€8 =" 200,29 Jn 22 190

Orr 205 Goz= Got Gir = =202.5 Mh

11.29] 2 9n 2, 0%
* 0.0000117 (200,009)(jo0) 250 10050100 2507 ..
Z [-In 756 - 1002 (250%-100%) Inze |=-212.5 MPa

.30 | .
@ Grr=0; Upo =03,=-212.575% = -2.125 Tp (117a)
7 O—u“ ~-(-Z . o
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For =0393Q 4.8 B_= 09108

TAMA) 720’L Clnmn BC/ Pw: 0.9108 = WZESI/L?C} or

T2 (260,000)(496.9) /400" = 0.910] = Q @ = CLLES AN, For

Colomn DF, R, = 0.373Q = M6I/L 5 7 Hofyma)freo*x 0393

R. - Q=355 bN. T}\eveacove,J colomn DF collapses first,

when Q= QR =3 550 4N




2

12.10 2 42
e F)E (i) = e o

[JU d) - - (IDI'L - 70./5) = I/ 51 ?S} 54 v
6% t ‘[ Lf ?

The vtz bradl fr the ppo <2
27 - ITZEI"_ 71(200,000)(/,‘175}9,';44)= /57‘5.({'4/‘(.
~ K (5000)*

~ ) i oneaass 4T
boy ABMM) “W”ﬂxmﬁ N

R = @00, 000)x 117 107 5 17514 (A7) =

Nonce

4.05 W) 4N .

P = Py 80 = g0+ 4 05D = 1575t AN

‘ rt
N AT = UIC, Thesfne, e W oF
WM % WW A 7—=a?0+/7./:3?f/°c.

24/ A= %‘('J:”ch) =—’;’:(10tf"—zoo‘) = 640.9 mm*
T g dY) = T oyt 100t) = 833,778 mmt
=7 (do-d) = T (100 100*)
@ Lot Ay porecane i 2, el 42 f- Theufoe, 2y
Pz 37;50':-/ 3 .747:(/00)7';0 = 73854 £ The crilizaforeit
¢ = I%L = T ¥a0000)( £33,79%)
Aya fr by yecael 4 R, =5 (7/1;2/2'
P = R039N = 78S¢p. Hermce, p= 2587 AN /222972 o

() H{W:«y} o = _P_%:,?0317 - 3(.7 MPa
s T 6U0-9

i



[2.12

The buckled jﬁurm (deshed [ime) s shown}v} hy@. | ;
The {rce—boc% d(‘a.frm of section AB 15 shown ‘

B N
tn Fig (B The mmw«j; of section x s ‘r“‘\<§§
iven by (see Fig.c) ‘
= Pe +~M® + Py =0 L ,I
I
n - _Py-Pe= Ty
M) y _;gﬁ__
EIJ”‘FPU = _Fe er () ‘éJ
j” + ,}_110‘( - _f% 5 "Q—L:E-PI (® Pe(ﬁe *
The S&/u]lta‘w of E¢.@ 15 .
Y= fawm bx + B Gzhx - € ® \
T he boona'a.rj Condibems are " At
y=0 for X=0 L 2, pe&-fj/P Y
Therefore, Ege.(b) and @ chﬂ/ (b)
A = @ (I~ Cos kL) sin kL , 5
fence, ‘ - Pm“)
;{09 C[’%‘%‘;"—' Sinkx t (os,&x"] @ X

As F increases, the c/».—,;[/ed[lm b 4% of xR pe Y
the colomn increases. When atéaris
vafves for which 4L =T, 27 ~-="7,

] becomes m/sze] larg €, since sin kL goes ‘o Zero
as AL y 2 o 7T, 2 -=-, 7. Srn AL ]CII'5‘7L be cpme S Eero

Whehun—mw?émﬁ '/ZPf

- TT¢eT”
Ve, = =5

—

L_'J—

©)




s shown (w F1g. b. Svummatisn of

A oreyile ﬂbduf 'F'ar-n{_ A ('F':f. L) g:'ffd'.i Yo
|
|

ZMH = PetPe-8L=0O; ﬂFB:Z?%
ZF =B=#z0 . p=f-= zie_ e i

h‘tﬂ?ﬂ@n{' a.‘LL SES.‘EI'M X {3 g—f“i”ﬁ“ EJ'

Hee 1‘::' , j+Cos L _ @ "W oepe :
ratio [_Eg. (d)] 'E:ﬁsii: 8 — HLH 5P .'fufs I"U/E

4

S i
(FIJ‘ ﬂ)' For nz ¢, the column buckles ru‘i‘b Foor fobes, ele.

C'Sfe th.fj ZMﬂ:“PEfﬂM@'ﬁPyI“’%R:ﬁ ﬁ? 5
&y if
MO = — Py + Pe(t-3E)= 1S @)
Hence, gt + 12y = he(l- ZE) (&) Pe%
: D B
hey e »&2: P/Er- 7742 §afw'éf.-:ﬁd of E#(a) iS L3
- I
‘g,fé‘)"—-'—-/—'}ﬁfnzﬁ.x 1—55415"5/"7" f("“gf)(b) ’
7):.: éaun J::Lr/y C:g-ﬂa/;i‘f!fﬁ??_f ar < A
. 4 AT
OYZJJJ For R 0 L © Pe.\Jr ’
3
Eﬁ-u&‘ét@S (L) and (€ i "‘E-“[C/ (b)
| g=ellrcasdl) pB--e ,.
Sen AL /
1 ﬂfrg)corf‘:’, Pm‘}
B _ ¥ —>1Pe
c‘?-[: e[% Smhx — Coskx 1 %] e) 5 a
1 :
s ih Prob. (212 the condition y—> o2 P;%;'lfﬁ /
}-:‘vﬁs the 6u¢£/1=‘~2j- Jaa..c{.:i, ;[or 535£L= Qi =
or /@L-r -'h"?T'J m=ly 2,---. [However, -;Cor' M=l 3,5 -~ (c}
. Hewnee, Zbe

q:.?"‘l“{ftp,,g [ﬂﬂ-C[ OCcers jcor" MN= X . T':IEH.J &L'-“-J-.’Tr ﬂﬂc{
F = TZEI_—— 4'?”_15_:. and the colomn bockles m‘{'ﬂ Two lo bes

[ZA3 | The dree- bady Jiagram of A B (Fyg. a) _ '

H ;

|

r




LW @) P Bocheling on B x dinecin, Hho colunon focchilen
andlo Ao bobee (Fg.ay. Hewce by EF-(R-1D, wlh E=726-Pa
anl L=18m, [ =y VTZLfI_x . By Fig.a, T,=L000)38P= 4572815 m¢

P =g J22x00)4ST2m07) _ i a
= y oM 4ollkhN @)

F—m,@o—%miﬁ,gwjﬂm
buuckly in one Lobe (Fip.b). Hener by | T
l
!

2.
Eﬁ’--(/l-/S')J E: W{gf_’ waﬁwzjy’ﬁg'bz bk 4
Tx =723 (100)°= 3, 166 7x10-“ m¥ on
100mp x
So) ¥ | -
P = T2 (720008)(3. 1467607 _ 674.54 AN Lz
(-9 /1
% Aece. fz_ < P“ /d‘,ﬂvwou,v T
le Figure a
B=P=u«ol.16 4N P
|
) X,w ﬂ\,mﬂﬂ—ww““ o
L4 A = 3% (100 = 3800 mm*= 9. 0p38 mz; ;
o <tiees vep A ' ——
J%w Lo d 4
Top = —5= = 10S.57 MPa. | ! iy T
| , 100mm’ 38 mm
%MW fre 7075 -T¢ adumincemc !

g Y = 500 MPA. So, Zho fregerlims) L
Lot 42 Figure

Op = 0-9Y = 480 MPa

7|Lm() UZPLJI;L— .

Ahrrefong A 1o »/EMAW“W'




218 @ The cnpad aoTim %%CM\MWM Fig. a.

B;{ E(?.A)
Ixx =I,, :{li-(lgo)"..l%_(loo)"':33.854—xlo‘ém'f (a)
e fecelilel Abape iy thawm an Fig b W, frrcd bvunmdary

/y:?//_:p a}X:(D @ lsin"}‘___ 125 mm) — ,| "_zs»w
Y af x= L
%MWM@@M&@aT I ,

EI"{“:A a)o')fZL (0 125 W 100 iy DL— 125 mm

100mm —p

A = A amhx+BoshrCx+D (@)
By Efpo- ®),©, adld), we slacin

¥y

A

DB gonesel arbiin Lo L

asll F——126mm —— 1

B'f'P:D, A D=-B A5 mm
= C = -Ak

Hh+C=0, o1 @) y ,

ARl +BeahltcleD=0 T

B tmdhl +Bazhl=0 r. B=-Flank [

ot 0 B C, audDon 2h L75m |
ﬂ“;j“f E§9.€), W forid) it Lims ‘
I

"Bt L RL=0 .
Tl gence A0, e
T k=4 L @) iqore b

Epfie hL=u4q3,

b=t =o0bom' (@

CC 0 nz[)




1215 _cont| T, wilh E= 12 56Pa (axTulle A1) and)

Efo- (@) andfp),
P, = RET =0:60) (12.5x10Y)(33.95¢.x10) = 15234 4N (4)

ij By Ft‘j~4, b, W-%&M%%W

4 A= u(126)(26)=0.0125 m* (O

A, Ay Efo BRadl), T = FPuft = 12.19 P %x,ﬁm

ﬂxa\,w of Tl Eaihn egecitiy By fo podlif G, e
MI&M
TpL > @ = 12197 .

216 /37;‘3? 4,70?4,0./\4407’%0\;44_4% %mo—ewt%

B =00)(150) = 0.01S > u(bﬂwﬂ\u-l- s.om.
Ao,
T,= ;‘{(/oo)(tso) 28. lz.sno ‘m4

Ty = 500 Cof>= 128D by ¥

Nevice, for berchbing ahoet -T

oy x Ayci , Ty (pleermn 4

frorned - Ty with - 8368 5pmm
(f?) ZE Lx _ T8 300Y28.125 %y -

BE T

(Pcm)x = Ly.0 AV 15 mm

ﬁm&/@&mwmx&% i

Chucllry abond Ao it 11i0) Hhe [ pop |
Ov&mvw&wﬂ o conithaied) Figore a

CP”) i ﬁzEIy _ T2(8.3x10%)(02.5x/5%) =79.01 4u

Y |esomm —

(Less)® (0-60x6)%

(cont.)




1216_cont-| Thonefone, (F), =€, . %Wﬂ%

F. (m = Ch0AN

(b e o) aliies v
oo = T _ 64107y 27 Mpa
crTh 0.015

i Moo frepoiton ol Liwid 20-T MPa 12 pracks Hiww . 27 MPR,
oy Eaiben g < W&

IZI'T WM—W % Cooblonc 12.15 Here, L4

,47%7—«% j2.1. ﬁy%ﬁ/&(,/zl %5%5,

M}M U’F MCI&WMM079L- 7/—24«;(_ . P
W iree s
_ Tl "
. (o) m ()
w(Fy a;i"/d/bba, %df T&‘—’ZSMM—“—* k__gmm
A= 4(12)(28= 0.0125 m™ (p) T
alds, I y
., :Iyyz 7 BSUrlr & 16om 12.5 mm
Wilh E=13§6P2 sndl=7.Lm, . m ol :
Eﬁd @') &)M(L’)M o
0, = T2(/32 3x1p33(73. 354 e) _ . 13.03 W
(07102 70)* (0. 0125) L.

7W ‘w"”%'\vmmv M 15MM l"_—_—’lsm”‘l_—’I TZSMM
MWPMMM F170V'€ b

Ip, > 13.03 MPa




12-18

N
w P =Tk TEE) | rEdt g, a safely
) (Ep e f

7C0-01(0P‘ 0)( 07-03, the Cofumn mas'['be c(:.sfjﬂ.ld'c/ +o CM’V
a load of 2(4o4n) = go 4N . ﬂe.re.ﬁre/

-

¥ ")(2-5) -7
- :._———--75‘/ £ i cf*'—'- M_-—-—--:{J-‘?oxmw#
FO\,. - g&“” [é Lz 77.3(20‘,‘!07)

ﬂ -
C!'f:: 12.90x {0 Tm«l‘f' = ]2.70//0§M‘f
C.'[. = 3370 mm.
Z-
(& ,4:11}2 T3T0) _ gq2.0 mm*

It’..
En pait (2, the calomn wres C[e-sr";/’”j 7 boekle
at 77%-‘-‘ 20 AN. To buckle e(a.sfc“m% ot

§o 4N the colvmn m«;ﬁe,r{‘a/ M,us'f have a
. 820° . £9.7 MPa

Mm% imuw pro,ovr'ériwa/ fomi € JJC a;:.z 892

12.14 By Fif- PIR-19,  p = 1s0xIS0— 285100 = 10,000 msm™

5{.
T. = T%I:smfs‘oj_ ;25,;003] = 31,770,833 =wremn
X

I)/ = ]_?—i-(.ZS‘)(fS‘D)B-f* !L,i(fﬂé)QSjBF; 14, (92, 708 v
For bucéll»ﬂf Ih The e C{:‘re&ﬁmj The CM;‘{;'C:L( fﬁﬂvc{ & ;r'Ven
by zfan: alm'ﬂ" with n=1 [ See Ex.,..?p[e j,?.l) Eﬁ-@)] ﬁcrcggr(;

¢

- Ty _ T 2(72000)( 31,776,883 _
P""’f,‘f) (Ep)® (4000/2.)* = (4.9 A&H

For Buckfl%j th The ¥- directiry (with two t’obcs)J Hie critice
IDa.c{ s (7:;'% b] ﬁML -'-'-':?"”7;': wi th m=2 . W

J
P — ILW?"EI) - ]GCTT)L(TRGOGJC!@; [?2)7_‘0_8_)* = ]q?,z .?-I£N .

o E": ch(y) —'-'-1“4?2” (&)M{ {TP:L: _.E:IL :i-’q:'—:%— “H.SMPa, ntinimon.




220 By Fig.a

A = I1SOXISp~125Xx100=0.01 m™

I, =5 (150x156°)- i (1as)iog) 3.77x16 S !
Ty = Z(25)(i50) ;5 (06)( 25 V= 141850 mn 25mm—) o \
X ZSmn

1SOmm

Fer «Qzﬂ&J«}n on by 42 Ainee 5w
Chocllons M%i orid), by T]yﬁ - l
v dength 41 L . Homee, F—reomn— T,
(P), = TEL _ (7210 3.17731575) Figore a
alx = @'0)7‘
(P,), = 27%.7 &N
Fou dflectip ain e x direclion (ochlpsy sboid L
Gy, wth Aaro Aebead, Fig. b, th sffsctos bngth i L/2

(&3 - EL, _ Do) ao ) N
T (L) T (4:5)%
/Z‘W@o\)r 70993,( ) %WWM%
P, = (&)X = 278.7 & N

B Wb critized Achibiy sTiret 2

_ RBr _279.7 _
Ter < - WY, =R7.31 Mra

tewey, A, W,».Z;,M} Lo 7oL
Mo geed

UI;I_Z Jep =27.87 MPa

(v g

F]g vre ‘5




j2.21 Under ff}e c{,CfJL“;"*J of 100@1 &, The {7ar at pimt B

Move s Jowhwmrcf o- cfr's'fahc,e. 4 awnd a:f‘ F’aTn‘{'C a offs?émce
0.6 8, Fig.(2). Sevem ation afnﬂﬂm:’n'f: Q
abool point : & l

wb point B gields o iSm o |3}

QR=F+06C @) - \Tc,* H‘?Fﬂ
()

where . terms of AJ

T~ EAL. — ¢ Tr’wat - =
[ £ _ngj J&—‘)ﬂ (g 0)(735¢) A _Hb,oqé’AC
b)
ngﬂééﬁ 2678594 , L wn ot
. _rd?t_ TR0 \
s (I= =le & & fof,23¢

!t

77\(: cretli C«:J /oa_cf ij- Colomn FH

_ TAEL _ mY72,000)(% 9873 _
o= Fecen = Tty = e s ©

ﬂeve,fore,' ipy Eg-. ), at Hus !r:mu:{J AT 28Y,638/113,098 = 2. 53 wom

S:Fm;fl.‘t,[]} -{—J\Q W’é;‘ca,? load -;Cvr C;J(c)mm ch 18

_ _ T2EL _ '
C;L =1 Pen..(cp} - -—-'E_—— = (37528 N Cd)

Therefore, by 40, at this load 4= 139, S28/7,959= 2.0 pm.
&msef*“-bﬂz%} Cafumn eh bvcf(fe& bgycore Co/:—rm“ FH.

By Epe. @ mA(6), With 4= 2.06 mm, Fhe Jeast
yalve of @ Hot will cavse one of the Colomns

to bockle (colomnCD) 15
(O = F+04C= (1309 ¢+ 0.6 478 57) (2.06)

n o = 31683 &N




12.22

@‘) Bj Prob. 12:21, Fand C, and therefore @, are
Prqparz‘m%m( to E. Also, Per '8 }’J’O(f?ar‘_{?a‘;\w[ to

Wﬂz} A=2.06 mm /47)'\ ﬁack/m}j af colomn CD.

#lso, §= FroeC, Where F:@Bo?a’d):;ig:
il C=(7959 £) 32 = 3835 4N

=T

£47.2 4N,
O = 4472 + 0-bx 3883 = 880-2 AN

(L) Since  both columns hewe the same CrosS —
5‘80‘&&:&[ Orea CH—-:. 78S ¢ M'z')/ ‘ﬂu: /ﬁrjesf‘
S‘)(rts_s‘ ¢ Eo/umn FD. ﬂcre,ﬁrq,"fﬁe Wtini mum

F}-groy—tf@nal If}qq.r-f % 'ZLD ensvire fAQYLﬁE CafuMHS

bve K{e 3/1.5 14@[}0 R

T A 4y .
J;L.. 7 o g2.4 MPa

12.23

By th‘ Pi2.23 b, A =@o)ioo)~EV)(T5) = 65D mm™
Tx = i [(o9te)’ —6O(75)¥ = 657552 mat? = Lmin,

__L}, = I-ET. [@a){zoo)3 -[79(53)3_7 = 7582083 mmé = Im‘a?(_

Bj Fig. P12.23 &, the foree m each colomn 15

P& _ — 24
vl

@ For Luck(:hj im the P[qngj the colvmns are
Pinned - C[QMF&C{- Therefore for in-plane buckling

Po= Q _ TEL T Y 206000)( ;75‘:5‘3.:2
X = 3 - o &N
cr = Iz (0.7 L)* (0.14 5000)* ota b

or &= 1497 &N
(b) For bvc{(‘n‘aj oot of the Plane, The colomns are
(Cont.)




7l£2ul360ht m {/uz ,(,Zwu%,& %M%M%

- @ _Ti? I
P, EXLy Trz(zomob)(?s’f2 033) _ = 149.1 RN

CRNED) (2x 5600 )
.y oceuns findd by

1 s 210-9 &N. CMM
/2.2Y4 t=0.-24 my and b =12.0mm, t/b=0.00. By Fy.12.1]

/{*woh&mf a—d—ff— fb@m lﬁr\, &= 210. S'.R'LN
t/b=0.00 ca en Th, 1e

T TN Ve b

b) ﬁ,% Fz; 12.11, wa?‘ t/bh=o. 01, T /q.s'o 1 7}3.0%;.1
- 0; X
G = 1.4 MPa beigg | |1
i
€)% cilewdad £y Aschiliy B Figure a

HArad [uwt& «g\mu 2y Ewgm -
A e {;M |<—x:3.oq mm
mmwwmm M-BJH';.A,

A= 1200.29) £ (12-0-24)(p. 24) = 57024 MM ™ = 5.70.2',*.v/0"mz

£ @

1206.29)(6) + (12-0-24) (0. 2¢) (0.12) =1 - €19 Tmaf = 1. 76187310 " m

X =
n X=309mn =V, JfW

— 3 3 z
I,x 7?.(/2)(0' zq)-;—)z(o.zu)(lo?'ﬁlzj + & (0-24)(12- D—b-ll()a

+ (12.0~0-24)(0-24)(3.03)*

7 Txx =83.86 mmt :_Ty), by SM'

Wleo, ,37 F/;
CZ 0)(0-24) (6= 3.09)(3.09-0.12)
+(12.0- 0-24)( 0.2.4)[-3.094.0.12) - 6124 309)

Ix, < 50.29 mmY

(Conf.)




1. 24 cont. W"WWWXYWJQ ugo%MM

Xyaw(m a). B;Ef— (8. 13)%44,‘/‘«%#“’“%'/
MWMMD{W M-—y)/'%d”

= L +Lyy _ ~I, )\t 2
Lyy Z (E**Tz;j,qu

Ui —_—
_Lyy = 33.57 mm?% = 33.57x [p71* m¥
MWence —
/ @:) _-& = LE—T# Tz(7‘l'-é‘xlo7)/33.§7xm"‘)
Euley — A ALz A
(5.202x10°9 (0. 557)*
ot C@)Edu: 13.95 MPG.«, CJM/M;,&Q ,6 VC—;: 1. 4 MPa
12.25

A= bt+Gb-t)(t)=1200.635)+1.3b5(0.635)= 14.83L8 mm™
"mnm. ﬁyF/j 2.1 Mch

12 (0.635)(0.3175) + 1. 3cs(a L35)(0-635+5.4825)
14.9369

T = 0.635(13) 2 11365 (0.435)
IXX"IYV T&Q +12(0.635)(6-3.2348) + \lz~)+ll.sbs(p.gzsj@ué-nj,,;

e
—
—

= 3.2360 mm

S A.367 mmt
I, -
Xy =12(0.635)(4~3.2 3@(0. 3(15-3.2306) + i1-3C5(0.635)(3. 2306 3175)fs.25 ‘_o‘m%
=-126.272 mmY
I . < Ly "-Iyr - 3
m‘“ ()(xI + Xy‘ MhlIxyl 34'??? MMV
Femey,

| ¢ SVY.9%¢
m = d.293 MWI _X —._.i = 233.L

F o 23937

prirage = Lox = I2E _ 2529 _

” (X/r)" (233-4)%
%WWJQ W Areed <3, J7:"7; 2.1 w
/b =283 9529, 4i Upp 2 12 RMPA compond A5 1347 Mpa..

The £y porimon alrees 4o 47‘1”47“”“”1’47 5. 579, Lo gy Tho srersge
Ry

— [3.47 MPa. .
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1226 AT, wm m&a A Lhpvm s By o
;CZ./W m&w

/WWJWZM- Cuwre ad a %mat;ﬂ
of/m (Fig- a\
Tangent -Modvlvs , GPa

N

300 »
\ /
><<
sfress-{t?y

AByern FA7. B. 8 Fy. b,

A= 1202-5) = :5omm1~zsoxw“"m"

I»(-r{(rzs)(tz)g = 1.3x10" T o
L7 P = 1953107 "mtf

Xmiwvrx, the ol horchbs shositthe x i

ol
N /
s 200 L \K\
w0 ‘ / 7 T?xngcn‘l - modulvs
) : /
N ‘ : /
& F 4 )%
/ !
100 £
/
/
/
/
/
0 v
0 0-002 0.00Y 0-00b 0.008
Strain
Figvre a

(c)% WM«WW 7”7%“16”@“’"‘”"%

y

i
12-5mm

|

a.010

b~ 12.5mn—]

Figore b (Cont.)




1220 cont-| Rime, Ao crnda oe W} K=0.50 (Tald 12.1).
Neorcr, tae value of K L/ry WWW%WMW

\/I" “V S0 o 3ubm = 3. mm

leD't

KL :DSCZSD) 3
n - sar = or!

Henee, by Fige 12-1% on Fig. 1215, 072 260.9 MPa and
For =05 A = 3914 AN.

12.21 5; Hf-%
A= 50(32) = (b00mmP= [.bx[07 2
3 -1
T, =50660)= 333507 ' m¥

I, = —'-(;o)[szf: I %SX10" " m Y o —
Mﬂu wriie Aire, Do onde Soum x
Ant K_lo(mu/z/) Herice,

o ‘waduug rF <L/V MW@W:
yE)E = 00?l4m-—?2¢mwiaw? : .
A —3Zmm —)
Awmer | = 500 mm,
El—_ = S4.13 Figure a
fy

W, by Fig-12:14a v Fig.z1s,
Tey 2 213 MPa

Thaefrs. P =0 A = 340 AN




A= 2(20)(8)+ £(25)= 325 mm™=3.25 XI5 w2
AT = 2(5)as)(4E) + 15(5)(£)=3 3125 m>  fe——25mm ——a\

ot X = 3_§____..12155 10.19mm = 0-01019 W - r! ﬁ[
Then,, ,87Flg a, * TL lSmmuj’sm:
Tx= & (28)s)+208) () 10)3 £ L5 :s) M Frmm l ‘zr's.mm
= ,:ze, 9271 mm¥ = 2.6927x (p~ % m4 T_l i
Ty = {5 05)(5%) +is(5)(10.46-2.5)" Sroan
+ Z (5)(29)° 2(5)s)(12-5-10. 19)% Figore a

= [8,946.3 mm¥t = LeFY6X 1078 my

wXMA.q/_LX7I71 M«%jmwﬁwéf apit, . Lo

the column M&wM K=0s0. dheo,
= = 4 1-9T6x) -
AE 5 = J iz T 0007638 m = 7.435 mm

WZ/ﬁ\ L=Yco mm
KL l_ = 29.41. %o, wilh KL[r, = 2%.47, Ao Fig. 12.5 ln Fig 12143),

W= M ~,237MP4.ML,);,444/‘§ et
5 2,

>

R, =0 4= ,?8’7;10‘(3@57/0‘6 =93.204W

Fer _
2 = 46 L3RN

\

desiqp




12:29 | (@) Wb atiess - dliawn Aiagram w4 plotted i Fig.a

(0 0t plottiong T hape of oo Brseiralivin, g
e W

oF et , o Xawgouf modilies

CuAnL /wwy/x W(ﬁy.a}

Tangent - modvlvs, G Pa

o 40 80 12.0 160 200
/D
- / V
N N
Lop -
5 X\
\b\
V)‘ » \*\
v
2 /
i
h 30p ]
200
100
0.002 0-00Y 0.00b 0.008 0.01D
Strain

Figvre a (C()hf-)




1229 cont. %Mj«,ﬂwmm¢mww
abyom m Fig.b. B4 Ry.b
A = 100(128) = 12500 mm*= 0. D/Z.S m* Y lesomc
T, =5 lwe)izs)*= I6. 226 x105mm* = 1.4 T2 x15 S

I, = L (125)l10e)* = 10- YT mm = 1021 T K107 mY (26mm .

MI 7I/M’,Z,7OC&M4M% 6£§mm

%Wpf% ordd !QZZ)—#M [ 100 um —

V” 28T mm = 0.02987T m Figure b

Sheen, wﬂ L= 1S m aud K= 0:5 (chomplend),

J<L 0-S(18) _ 2c.48 @)
0.02%827

pay waW £, = 20 6P~ am»«/m&yi;& = 20 6F4,
M%m /a?/_‘:dma&a_w(ﬁyza ~ U470 MPa.
n,/z;&,MWAMQ(o/EﬂL (2-45) 2l Eg- (A) w Harve
(Z LZ/gT) WC:Z':"?"?/)DZ) = 292.4MPA & 470MPA-
-
4
e o. econd) Tridd, Dt G =326P0 - Than, dy ho 4hiose -
Arann Ja‘uy/mn[ﬁj.a.), UF < %30 MPL and
Tie - T(32x00%) ~ ULE MPa > 4 30MPe . da o Hhirl)
(R~ GEmgr =" ,
W,M/ £ = 306P2 . Thew, d- 2 437 MPa ared)

TTZET» _ U‘(souo_"z — (38.TMpa x 437 MPa, Wb f
(kL/r) (25.95)*

<4 saonally clies. Henee

R =08 _WsTx (12587 = 5.46615 MN




12.30!

L W57 Qssume that FT:VSQ§00MPa n F/;,EIE.

Or = 2S¢ IM/a.

Cp TE ity s500) P
OrE T )27 .57 = 25y e (Checks)

3 and read

Fr=Grh = 257 (25)°= 157 KN

P SF@ . s a- SECP) _ mp? _ 2.00(810,000)
A A Or " 250

D=G0.47 mm
ZE
But P—r- ~—5F(P)

2
SE(R) 27 LA 2.06(810, 009){/000%)  D=90.47 mm (checks)
neEr 69 7 3(s0000) 7T T

—[-—Z—BL—Jaqume 1hat 57-6‘0,000/1/’& 1h Fig. €123  ansl read U =252 NA.

[ 1232 [Fron 3/0 =A(0.009306)" and 370<A(0.00600)" we obrarn

Iz n
@3B - (200600 )" | jg355 =1 393

n=0.533% and A=-5667

(b) 795 = 5667 g 05337
7(,45— L6748

€= 566 7.
For (oord/mzf€9 O =39s/Ma and € :0005262

- 0005262

d[f’ 5407(0.533%) _
- ang’ o 56700 = 39,970 MPa
Er= o 0052429 746 4

L - "golv0)  _
r= ./ //a(w)(w) = 11,55 mm

72
34470) -
Since  the (o/amn has FLixed ehc{}/ L= 2/35@-‘ 730 mm

FRER -
Lr varies frem & =£=72,000 MR to éT:j’g)qoa/‘?Pa.

ﬂ /f /77 “er 0/76“//?7
(A

-0.178y 72,000 = 419 ; +7 . =0 1784 /38,400 = 35.0

F min

_,__

Y imax




12.34

4 By Fg o, Tp= L(eo)(70)= 3645000 i’
: 4
T Knife ed -1 603: |, 6a0,000 mm
/‘/gcrm;iffff Berding 5 00 ) -
40 mom 4 nt c_xx-é.'r-co'f'rm«-) freaz A= G0)(60) = SU00 mm
l . mc,r-clcarf_, Y = .%-5- = 2898 mm
e éomm —{ ; :V’%—l_.—: 17.32
)
and L = 1060 - 38.49 ; NP VAL"
vy 258 *’;
'a/e,)

F"r bvcﬁffﬁqj .aloouf ﬂae X - AX(S (tooJarri 'H;e_ 60 mm S/
Kx:lj.'_ Ks L & 3849 :

r’ )
90 mm SfJ&J

.
For Bvc{éfﬁ,j abget the y - aXLS C‘(.‘owa_rcf the

Ke= 079, ._L__Kr[‘ - 0.7 xS174 = 4044
y

By Fig- 1314, The bueklisg stress for buekhing
aL,Jf the x-axis (with I_;__x_f:._,_m.w) Ps %xléa MPa. .

Therefore, Po =260 # =@éo(sv00) = 1404 &N

For 'buc,f(fmj a,bw% 'ﬁ'he \c-f- OXKLS (u)fﬂr ij_};_‘:_._-_, 4&0.441)J
? 4

j%r x 250 MPa - Tﬁemszg R, = @sti(syod = 1350 an.

Hew.cej 'fﬁe Ck;"érhCA/-f foq,c[ 1S P:!BSD ng-




500 -
= Tangent-modulus curve
400 j———
X L
< 30 Vb ¥nm %ﬁ-——x—- 70.0 mm
" l &5\\“ 35#‘“ 1
2 N\ -y '“
:;E; 200 - - 20.0 mm
E \<Euiercunﬂa
®
Fiqore o
100 OpL
B q
% a0 &0 120 1éﬂ 200 BY Rg- a, )
e A = Area= (D020 + 7030 = 3400 mm
Figure b | AY, = 090098 H20 7)(3S)
y = 169000 44T (4T mm
0 3§80 .

#lse by Fig-auwthone T, = L (10020 +{p0)(2)(19:53) +L(1ﬂ)(?¢f

F (20)(20)(20.47Y " = 2, 395}739 mmé and Ly = 73 (Iﬂi“:““’) +; (759(1) n

= ',-“33333 mmfT . T"'Er:,jco'r“t; Wt have

?‘HZV-%:—L = 26.0¢ and r}:v_-Ez = 2145 . HEHC& H

200 \= §8.60 .
KoL = 0.7 (2220 = 575 ond Ky - =07)" |
A
Nﬁu-l‘ JC"P‘- bucﬁﬁ[rﬁj &.éad{f +ft,€ X - MI‘SJ KI"; =-5'?.“1("; HJ" b
ields  Fe = 3spmpa = 2:8T% P .-:@oa)(s#aa): 08 AN,

For Eucﬁﬂmf ALW‘F “fha y-axXr's f_L - 6860, szb
yrelds Fﬂ o 267 MPA = _%"f’z s oy F’ —@M 303 AN

2

H{-‘Lnﬂﬁ fke C.H‘L(t Cnul c{ﬂ.gffh /wtc{ (LA:H‘H\ Jcﬁ.alcﬂk ﬂf 5‘.745{3

2+.8) is fi__mh- 363 4N. 1




{
2'36 B? Hyvre. a_ e —— 100 mMm ——— >
fr= Avea = (00(95)~ 62)(8Y= 4700 mm™ | = io0mm e
SRS S *
T« oot eutca Srpryinat [T vom
I,= L [(?5){'!00)’-@(3‘9}* 5,354,667 mat \ \
Hencef '\\\\ § 85.0 mm
= VI;« = VST _ 4 S \: : N -t
5 NS =N

N

r-oVIy - \|8523s0667 _
) R T B
1gore

L _ i
KE 207a631= 442, and by Ff- 214, Be o g3 mpa or

f-ipgg = 236 MPa. Thefczcwc) Px 362_5_9%3_@ =Ll 2ALH
; e

5:mf{ar[y -For' bug,{(/mj aéou’é the y-axrs, 5#:6-?0;551.2:45‘-6.
V4
Then by Fig. 12.144 % ~ 237.5Mpa = 3B or 52&.:7.5')(47001
A e
= 57¥-0 &N - #@nt‘.g ’ﬂﬂe O(E’,s,f‘jn [Otld 15 g:ﬂe“?h:gqq &N

12.37 | The Croet anclim of Moo Columm 2 4hsurt < Fig- 4. »

57 Fig. a, Area = P = S0xTS = 3750 mm?*

T, = i5(s0(75)°= 1,757,812 mm* 75w :
Iy = Las)(s)? = T8 250 mm?

Smce._T, Ty, bockling will occor mthe Plone of Fir.C '
By Fig-b, ZJF‘: AB+CD-Q =0, §=ABTCD o |
’ Fqure o.

2 Mg= 200 AB = 4o0CD =0; AB=2CD .
Therefore, (=3cD, cD=§ and AB=1R }'__i_’*‘
5} Fig- cljw.zf;,.& E= 706pa - or F :

AR
Stress from O to luoMPa, And E=35674 { Figure b |cp
ﬁr stress jrea{cr than 140 MP.

(Coh‘l‘.fnuec[)




i

[ s S N S
‘,‘2'37_[ (contin ved )

I .

Fﬂ?’f" -l’._i\'f: ]C:xec[-gcri‘ﬂcf C-ﬂfuﬁ'ﬂﬂ H’BJ f}lE but:f‘ff!ﬁ:'f /ﬁﬁc{f‘ﬁ"

A FEF  E7so/( 488"

(37s0) (142 }*

., CQFFESJDWG/IH\} Vq!uf Q-JC @ A}_%(ggg,?é):;gzé-f’&”

For the pinned- pinned
Cﬂ{vmﬂ CDJ F;J, G

%
200 mm —)-1 144[!13 mm »1
_ IEL ;
EPQ-DJ— ""1:“1'_"":‘ ﬁ“& ;E =

= T2y & A T
L e,

i
=7 (’?g_ﬁfji'w[l.fi) PRRROT 1f (- ! | | —— 140 MPa
(B750)Ctuoo ) + |

= 7343 MP& . | 1.40 m
| Sence 73434140,
(;dfumn CD Wf” |
| buckle el "‘5’4"5"”? ' p I n -
h ‘Tfu_, Crf-fff_ﬂ_,{ {MJ R Ty

for colompn CD i3 Figere. C Figured

210 MPa

Stress {MPa)

T eo)™ (73.43/(3759)
= 27535 4N .

The ﬁarrﬂjﬁﬂﬂdiﬁj volve of & s 3(275-33) = ¥26.1 AN.

Hence , both clomns bockle when &= %261 4N
ﬁﬂ[umn ﬂ‘B buckfes I‘NE.ZU'A'C@££} a.n,c( C;fumm c P

buckles e {U’éfaa.“y-

Sthee 293.7 > |40, the medvlvs =35 6P most be used.
L _ﬁ"lEreJQrtJ JCN.. E=356FP&, (= 7}'1(3&}&&&)(75’!,25*@ 1069 MPA > 140 .

+h
| Hence, FW“B) = A :anctq)(::'?_f;‘a) s LG T &N, gl The

2 »
| Farmﬂj = ?LEE : 77’19, c:ﬂrr--as,aana/;;fj f:l,r:,‘a_,p E‘I(‘}*EQS fsJ -,Far'" “
E = 706pPa, (J = Frarg) o FLFI:= 1;-‘{75;@@595@ = 293.7 MFA.

’1

|

i




._I_]TAP éac«nq’ar7 conditions are
wr =0 and dxa,a for x=0,a 0
/

d?
RS Qn(/ ;)—(;—2,0 fﬁrg O,b

Equa?‘/om (/) may be satistiéd 5/ f’qémg

Ty Ty
R I T ~ )

where vy, i35 a constant Fhat 15 Chosen fo satisfy Ea.(13.55)

J Y J%r Al _ Po . Tx Ty
77“7+8dx2d7€+ 57 D s == ;mb G

¥ X
QO‘ZT 5//7—-;/0—5 *221'“577:5/”— §10 574—-—5—4,—5/0 §/n %?- p" $in ——ﬂﬂj

- By 2 L/A/DL/ - & -
o S TID(a Ve zatbi by T max at x=z and 9"3‘_

Moments Myy and Mff are given by Egs.(13.54)
j) 172D <y (6% yas) s/n_Q( gmgf

T/VP f'(n—cﬁ/;maf f/sear- 7£0/'C€5 are y/;/¢n Ay f‘q;,(B.SH’)
7 € /sn

Vy:‘*D[Mx,‘,+(Z-V)WY77] = U D/a/; )[Z;(a )/)a (05 5/05?
3 e, 2f .

V“/ - —D[w777*(2‘)/) foyj = viA D/J/Z[a G V)b]ﬂﬂ X 605%2

T/"’ ma)(/'mam Vd/u? For VX oOCCUlS for X= a anc/ 7:%
V. _P0Cb%(2-vall  pats? _ pyab’pieev)a’y
Xmax) = T a7pZ T7D(a % 2a%6°+hY) ~ 17 (a7+2a2b°+b%)
The maximan value For //7 occars for Y= % and g0 b
Vomay < 7 pla e (2- )/)sz X _ pa z.é[aa+(z—y)éaj
7 _k asp? 7770(62‘/7%&26 SbY) T TMlatreadh )

My ‘“D("‘/x»(*)//"‘/ aZ b2
__ V 178Dz (a% vb%) /,,,,5,;7E_Z
/\//(/7 N D(’“/?j f’l/"‘/},r) ol "q———-'—'—’"—_—"’a 5 S b 6
The mavimum Values Fer Mex ardMyy oOCCUrs at X=Z “”"/7 e
72D (b % va') Po a’b? 2% %(b3va?)

MXx(ma y) - (%r EDICE +2a°b% +p%) - ;oz{a«;_,_eqzbz‘ggi)"
M _ 72D(a?+ Vbe) by atb _ Pa28%aZ+v b7

yg(may) ~ 2%k 2 7D (a i 2a2beibY) ~ 77‘5(4‘“[:'62,262*170

i



L13.2 {The bounc/ary conditions are

%
w =0 and FZ=0 for xz0,a

(1)
w20 and —d—;—,o for Y=g, &
Eguations U) may be satistied by taking
wrz ey sin ZIX ¢y DTS (2)

where <y 15 a constant that ii chosen 10 satisty £g.(13.55).

% - Y,
37(« Z()xdzdg O:f;; = % sin m/ryjm 3J
“fm’fy B sip AL 280 5 s; st.«.%”W;/n DT 5y A2 = ﬁ-;/n T 5o 24

ha*

“o = TiD(mY+2m?p® +n%)

T/‘)P /OCQ 7‘/0/75 wy # /77a>(//77«ﬂ7 de’f/ocﬁoﬁg' occur far va /u€> of x such
that x=a (4M-3/em (M /H.C/aiej 2!/ in fpjef, such that {‘/M'})/f(m) and for

va lue; 01?7 St cﬁ 7t 7:62(‘/4/-3)/3/7 (N arr /f;ffjfﬁ such thqt (?/V‘3)/<<h).
y

a
V% = z
may = 47p ﬂ_qg/mq+2mznzm4)

Momen?ts Myy and ij are given by Egs.(13.50),
TrZD,afo(m evn®) - omirx - 0Ty
a

5//7~—— sin —2=

(w +)/u

M77 - AD(””% *V"'/?rx) = I Dﬂi{g Vm) = sin

Maximpum values for My, and Myy occur at same [ocations as <inay -
_ pal(m%yn?)
MW"‘M) T TTe(mY+ 2 min2+n¥)

M _ pad(n®+vm?
19(74X) = F2(m7s pman+nY)

The Klechhott sShears are }/Ven 6y Eff (13.54)
. 2
Vie == D[wrexx + (8-, ] = Dol r(-¥)ma L (o5 BTX 1 LTY

Y n’+(a—y)m2n] - ry
V7:-D[W'777 +—[Z~V)M/)}Y7] 7TD 05} o mar(05 ZL
=0, far a// M<E<m
byalm ¥ (z-v)m n® K=CTm
Vtmay) = T (marzm2nZene) Tor y = a(c//v-f) when 443 ¢

a(n’+(e-y)m°n a(sw ~3) Y=
Vy(mayj - ﬂ‘l;om‘/ffc"’/; in7 +an for X= when o Lm
7'07‘,7“ for all Nén




[ /3.3 [The éoanc/arg congitions are

A0 aid —‘?’—f—“rﬂo for x¥=zo,a
dxe W

=0 and d; zo for 9:=0,b
Eouations O) may be satisfied b‘,f fak;hg

wrz wy s ZEX g 15”—9’ @)
where o 15 o« constant that 15 chosen to satisty E5.(13.55)

9 sf
S e e v ‘%’ el o ‘)

Y it
,_”7315,;; ’T’W;m T& 3"“'_"" a 7" F sl 597 %’q:fq—-—f—gjf sm’”wsm Zm &;m——-—"(;m —-L—y

__——-—-__“-_Z—W—_-—_ﬁ_
“o T m b % s nZn?atbirnat)0

The locations with maximam deflecttons occur o values of ¥ such

that x= d(‘{/‘f ,3’)/2’77 (/"‘f mc/ue’}' al// 1!7&7.»—5 such +hat f?ﬂ'}J/ZCm’and for
Values 47{7 5‘*‘-"’ 7he# Z= éfé{ﬂ/‘y/f"ﬁ(ﬁ are m?‘/yerﬁ sach that (4N~ })/e <h),

)boquq =
max = TUD(mp Vs emnia i nay) “ o

Moments Mxy and /‘777 are 7/:/?/7 57 If‘?f (13.54).

2/< Z
My =- D( +V 275 ) Wpai-%?aé H/”d};'m ;m——bj

2;e
,q/"( E+l//77.b) > omiy s KTy
M?’7: -D(M’;‘,yf-i/wxxj -2 —2 22hE 10 7] Ly

Maximum values Lot Myy @ne Iy occur at same fecations as “fnay-
- ppaim %% ynil)

Mk’k(max} T MY 2min2atbl i n b}
M _ pate¥nie?s ym©)

79(max) ~ T¥maem nab®+n 757)

The Kirchloft shears are jfvm by Lo5(13.54).

- o (% (2-v) mn %
‘D[f‘w’}z}{""fz'wwfyy]— TI‘DN[Q?b;_(“ ""-7( 5m7rxﬂn—gﬂ
1 pasy [12 2 () mn 6] §ur BIX cos niy

Vg ==D[+535 +(2-1)#5q]
g 7 7/7 ‘ig”:rn“é»a/fﬂém

P aba[m % e-vimn %8 ”

Vx(may)*ﬂ;:i Deom na—zb2+ﬂc7£y) 149?" UE _fih’_'v-! when —u(n
U - Po o (%2 %4 (z-3)n "Ib{] Z:%ﬁzz when '-{M <m
9K a2 o e b 0B

g0, 2 for ol Ns_n




13-4 The twisting moment ij Is 7/1/6’/7 67 Ly: 13.54).

a¥ T
[7 :—(/—V/ij where — /T ‘7/;70"’—5 Sip == 7” $1D _aj,
a?
__—SJW(LK) Cos 22 ]7y cos _9
Pod*(1=) - ]
(Mx}(mm OL/”C., for x=0,a and g-0,a

The maximam shearing Stress 15 given by Eg5.(13.35).
a— j2= ng 3P0 a—et(")/)
Xy =TT T Tpeps

IPo 71-
{a_’_(yfﬁmx)f: gﬁzi“"“‘aﬂ v) For

cos I a X cos —Z

- / -
Y_O]a a ncl y 0/4

13.S] The stress (0/7)/00/7(’/77‘5 are given by £os5. (13.35)
1 2
G, - gz Mo 3ppallirye ooy rmJ

Al 1% ?
- af’(w)z : m/
2% "pT?‘L = ’L b sir
122 My _ A/Oodlz(/ -)) & ﬂ'X 174
0;7: R ~ 7247 Cos = 09

M(CL) The ‘/Oﬂc/ /D()( y) /s given 67 the pela tion

plx,q) = Z Z Amn S/nw 5/,7%72 )
m=( Nzy R .

anel the c//'s,a/acemenf- ,a/'()(}y) /5 given 57 the relation

w (hy)= Z Z Whn sin 22 sin 274 (2)

In &5 (Z) é’a’c/w Whp 15 a constant that must be chosen o
satisfy Eg. (13.55).

J%r 3% 2% ) £ & - my nir
57 12 ogiage d;‘;——D—ZZ st T st 57 (3
m=t =/

The left ancl r/yﬁ# ¢ides of é} (3) contain an infinite pumber
of terms. (orresponding terms on each side of fthe eguation
are 1dentical with E?' ) of Problem 13.3 T/Seref'ore)

OO0 Do

il ZZWmn 20 *ea?bf —7)5//‘/ LGP -Ef‘_..z ZAmn $ih rn/rxf r;ly’. Thus

= n=i M=t A=

Amn :
Wm Q’D(rrr)na n) » (L/)




| 13.6 | Continued

(b) Iﬁ Ordef’ 1o (Q/CL(/Q‘(‘@ a/77 /Oa/'f/C.C(/af’ (‘0976)[’/(./(:/7/' Amlﬂl O.F

the seriés for 7hAe f’(/?r{f- side of f} (/J; we //'74«/7‘//5/7 both sides
' . T . .

°r E?'IT(// /37 /5//7 —Z—ic/y and //)/ejtra te frzof»h: 7o fz,,ﬂc fm/ab #ha #

g 5/h%-7j/nﬁz7_72¢/7 =0 when N#EN a”f/[ﬂbf;j” -——5—247:—2—

when n=n'.

6 -
fp(w) 517202 dly = 25 Ama’ 51 2 (5)
(@] m={

Now m«/ﬂ‘p/j both sides of £4.6) 57 S1A md'Lﬂ‘de anc/
lﬁ?‘o7ra'f€ from O to a, We obtain

& ’ ,
/ POW)J'”"Q}I;//?%@J)m/y:%éAmW

o0 Jo
Since /O(Y/7/ = P0) e obtamn for 545/4 Am'n'

a,b
Ca 4B - m'me 0T 7y
©) Substitue Eq.@) Into £g.(¥) and finally into £9.2) 70 obtasn

Qe oo

_l6p } Lomirx .- onry
M (%y) === ———7z SIN SN (7)
}7) ﬂ'éD ;’ ;;", mn _g%“’_g_z)a & p
d) For the uniform load p, the deflection surface must be

5ymm<’f/—/ca/ with respect to axes x:-g— and 7:-?-]’ 'I‘bere;"arey

all even number terms for mand n in Ea.C) mast van;ib. The

maxioum defloctdn occurs at the center of the [a/dfe‘

_lep, & z R
Mmay—m% nz’ mn(_%+£;)(/) ()

This series converges exfreme/7 fast. Using an/<1 the First
term for a Jguare a=ph) /o/afe we obtain

o Y
oy A Y52’ - 90042 Lo2

72D 0
.7 _ b _ . _Y _ 2%0_ _6M. <
[3-7 -E—,E—-:O,5) O";")’F —T—/VO_-?/ See Table 13.1.

2 : 2 ’ 2
_ pbS _0270(1000)" _ 5 10K p - [2hi1806) - 35 1 mm
M'/z(u«") Tie(1ro.5Y) i /Z'mm 6 LJ/ o - 20Lmm
¢
e 20032002 pb’ _ 0.032(-0.29Y 0.270(1009) ~= [ 37mm
may™ T ¥ EfI [0 7 200,000(30,)° T




/3.8 ] p, = SFlpl = 2.00(0.270): 0.5%0 MFa; See Table 13.1.

Mb B Pba ~ 0590(/000) _ ao 770 N.MmMm
¢ ~8(G+4xY) T g[3+905)*] ~

2 1
Mac 20009 p b (1+ 2% a®) = 0.009(0590)( 1009 [/+ 2(0.5) -0 J=6,990 N.mm

Mz Mpe+ VUMac = 20,770 +0,2%(6990) = 22,800 N.mnm

_ LM - _ Jé6(22.,800) _
Y—-/Tz) h—- —%%—*—'—_22,//7?/71

nay = 2L (1-0.29%) ©. 270(1000) " = 3.45 mm

1+059 200,000(22.1)7 ~
3.9 i 2 6My
L= My:MwaMQC:g’:,PYb(W) Table 13.1 5 Y==F= L/hz(rw)

_ _4ynt __9(eyo)us) i
& 2B " /5’002(/+029)‘0079"”7P€<— 794 kP

17
0./6 a/e _0.29%) 0.0749(1500) =241 mm

2
“may = /+2. ‘/oﬁ({ v )€h3 - 200,000(;5)>

3.0 We want fo show that

M/-_ZZ’D +A, +Azlayr+5,r +B,r 2/09r ()
Is a fo/on‘lon 07/ the a////erenf/a/ efuaf/on

4’ , L d Vdou, 1L do) B |

( 2 rdr)(???'+rdr ‘Do )
The £irs# derivative of £q.Ul s

der por? £ 2y

G“" —/2—5+A +an’+ZB F/ﬂqr‘-‘-ﬁz 2 (3

The second derivative of Eg. (1) (s

d% _ 3por® ]

Substi taute 57;, (3) and (#) into f:q. @),

d% 1 d r? o
FFE#?J—)('%L +HB,+$/BE+‘{B£/09F):—DQ

g Y8 x :
_ZE%_ L,/.aa*"z%*"zé:'ﬁq_ (verified)




3.4V For @ solid circular plare Az=5,20 i Eg. (13.73)

Y
,44/’:—55-51‘—/4,+E,I’2 ()

From 275. (13.74),

-—E—Mrr = Ay t V(%rr’(_ M_F/%ﬁ/\: 201+v) B, + G5 e

/6D @)
Ou+ w=Mp, 20 at resa
pa? 2 . “"
sapt At ha /w =0

Solve for A, eand B

B - - (3+y) bp2°
T Felv)D

A = (ﬁ)/)/baav _ ,boa“/ _ (g”V}’DOa(/
o320 D 69D T ey (1+rYD

Sab st/ tate, Fhese Into £gs. 4/ and @) and 1nto Znd of o5 (13.TY),

- /bar‘/ (S_f‘u)/%a‘/ (Z*V)lbgazlb ’» 5‘+V
T D +6‘/{/7‘)/)0 _3’2@)/)0 6</D [/ )J[{H/ =) ]

Myr :"DEZ(/* )3627‘(”)500 (5“/)/40] (3+V)["(§)]

2
- N[ _ 23npr? . 3t 2y(3+V)Rod
Moo =-DL7 HY ] D[/éO 32(1+Y D V760 32(1rvJ D

= poa [3+v ~(1+30)(£)°]
_/_3-/_.2] Eos. () and @ of Problemidijare valid,

P IE 6P$D+A +B,a°=

wk(a}://zop +2Ba =0

Solve Ffor A, and B,.

B __ Pl bpa?_ poa’  pa?
1 32p / J’ZD YD 6¥ D

Substrrate 7‘56’5? Into bgs. W and () abouve and into Znd of £, (1324

WS Parﬁ £o2”_ g,oaa?,i: ____paa?' - “Cf]a
T eYpD €90 690D 6¥0

Mer = =D[-2(12 1) B2 (300 221 jg’g 1= 225 1e v - (311)(£)°]

Z
fﬁga 7/’0” 2Vl
M&G— D[ f‘)/»kfrk] D /69 72D V/éD 32 D ]

- p°“ [1+v-(1+30)(£)°]




1313 | Start with Egs. {1377 ) and (3.78).

Vi) s-D[ e 05 Be-£E
() +20I O, DeT7 8D

2
Folt) =D ()28 + 28,000~ £ (3 20 g 6] + Co00e } =0 )
2
wi@) = A+ A, /oqa+9,0~a—%é“2/07“*%?0 (2)
o) = -DS-(-922 + 25 ) B2 sev o iog ] + SRHEE 0 Ne

E/imin are [BB [/fﬂ) M(HV)J -fram gg, a) ancl g)
"(/'V)'E'g [g(/“])/ 5]4(}+/:);0 (/ V) Az _ Po? Po [2(/+V)/oya]+ ()’*/Z)ga

A(1-V) i(ﬂbg z (32/)50 (b%a )-4- PP (/+v) /aqb

o rYR%%,  (1#)a?b ('+V Y
Ae = o Wﬁ%/qu { r] 7 ;)(-5) }

Substitute thiy value of As into !:q (H

VBT i) leg 2 P b Grulby B
28, (1+V) = 0 9 % - 3R L P00 ey 2(iey) g b~ 22—
(#1) = =55 62{(/»)%}2@75/ ] )R 75 By +el by bl =5

a 2 a2
Bal (809 a~ /ag b_E)0) 3ty legb 3V
B, = w{ 2[( Ty YR NEIE w/fy)(,—f)z}
_ Poa (&)%00 2 -/ é _ 6@ -/JS
&[] v 1rY(5)4
Subﬁ‘/?‘av‘e values of As and B mto £g. (),
£o_a/0 Q{ (wiflog & Gw) 3 (@) 1oq a ~logh _ (sw)[si-}
PTG B a0 L (EPIEET] T W)t
+ —';9-0— az/oq a - {}/‘%“
A = Ba¥ (/+V)/aq;/aqq (5’-M (3" /0 a ~fog b ZM -—’-—}
T BT WG T G T sleigE e
The deflection at r=6 15 given by £q.(13.73).

wrd)= A, +Azlogh + B, b +Bab/ayé+f:1;7} For &<2

A= B2 (014298 loga + 0.04167 log b +0.17548)

A,z 22 ‘o, 187372)

B, - a(o 166667 log @ - 00‘//44,7/076—03}77?3)} B,:- Poa{g}

wirte) = 225 (0.119499 +0.18 7370 log 2 -0.187375 log b) = 0.24917% '0“/7?17’




3.0 ] spa?

Omay = T = 7 RZ (From Table 13.2)

> Oy
[rpa? _ [3(0.690)(200° .~
W T T diseg) - LT mm
2 o
= 2 (1-y? pal _ 3(1-0.290699(200)" _
“max = 7 (17V2) 75 = Je(200,000)(15-q)0 - 2.2emm

h

i

/3.(5' From Taple lB.ZJ

Omay = 0w = Z(3+v) 55§ p=60(9.60)= 583 Kfa = 0.5%8 M

_ [30+y)pat _ 3(3+a20)(0.5‘gy)(/s'0) 3
/7-/7-—,;— 2 =327 mm

- 3 pa’ _ 3(1-0.20)(5+0.20)(C 588)(150)”
Mmay = 7 (FV(SHY) 5 < 7 (160,530)(31.7) =0.06/ mm

13.16 | From Table 132,
2 2
_3(3+0.29)(1.38)(250) = 176 MPa

(C() U-may (]f‘ V) /72 < 7252
_30-0.29)(s+0.29)(.38)E50)° _

(b) U.may = Y < 3:‘(3*‘)/)%2

_&Yh: g(210)29%
Pr 2 Soyat *alreoensaE - &Ll 1l

- -L
SF =5~ 755" 142

13,17} Use Egs. (13,81 ) and (i3.82) a/an? with Table 3.3

a‘ 300
- /00'300

2
@) %axzk,% = 2’15(01'(;02)(300) =193.5 Mba

v
_ . pa? _ 0.29300.1000) _
Amax = KeEg3 © “2ogoa003 - - /87 MM

ha

2 2
= [ga - 22/75(_)(g200jz = 0.)50 MPa =[SO KPa

\0‘

P 150
SF= —PL IR = /50




/13- IBI 2
_Ya? 29/(127)

. _ i , ey
Efva SENE T 2000000592~ >0 ) From Fj. 13154 , «'e read e )

2 ¥

for gz. 30l From Fig. I3.15L, e read g% = 0¢’ri’”‘" L.
_ 0K _ 10(200,000)(2.5%)"_

Pe=—a7 = 1277 = 0320 MA = 320 kE
- Ly - 30

p_JpY_3_/07kf’a

(319 | By trial and error h=20mm; SF=2=150;

bz SFp) = 150(73.%) =110.7 kfa. (alculate

y
pyat  011070127) Ya? 276(127)% . -
—l—“__h = 720000257 = 250 and T2 " 72, 000@0)2—/5.5’

Enter Figs. 13.15 o a0d b re;p@m‘u/e/yj with  these tueo values
and read same velues 7%/- Lnay

7 nd 1iating that h=2.0 mm
/3,20}
Tas . Ya?

=5z C :':‘/72 :zoifgog?/fi)a‘m 353 From F(g 13.16 & we rmc/ =37
&7
—fo:- 2.7?2 ~/O 75 From F/f I6b, we r'€ac/%z:25‘ for :",:},7.
£47 00,000)(12.7

py = 2520 55(2(1270)5)(3 ). 0,050 1A = 50 kA

Mgay = 3Th = 37(12.7) = 470 m
5.2 v 207 T22_ /03501270

~ _ 207 a=_ 270" _ _ ) . ,

0=z 5:=-5:1035 Mba, “a aaoaaouz.?/ﬂ’mgj From Fig./3.)ba

/

Py

we tead max - p.2s -——, /
7 for e 6’8

From Fig. i3-16b, we

read ﬁ__ _ﬂ’&f-
ea 5T C 7 for 7 2.25.
174
p= 7é'L = 7(20?%;:5)){:2'” =00)Y MPa = /% Kta

The rato of Y to O 15 200 while the ratis O/PY 7o p

/5 397 77% Tawo ta 7‘/'05 a/oa/c/ ﬁcu/é éﬁ‘en 7‘/{.’ sam é r(d/-

a ///;ear ,Ordé/pm. [a/—7e 4?75/,9(7‘/0./); ma ke f/fe[orﬂé/rm

non linear,




13.22 |

TaZ. Ya®_ _zy(121)°®
Ehe ™ £h2 T 200,000 (127)*

imax

=3.0l; From Fig. |3.J4q, we read —7ls

2 4
for L2230l From Fig. I316b, we read B5 =3,
o

_3E4% 3(200,000)(2.5%) 7 _ _
Py‘ = = Ok =0.096 MPa = 96 kfa

P oL g6
p‘SF = 556 =22 K Pa
[3.23 l

~ 7 . 022 _ ve® 1027 . .
SF -2 ‘/,5_0) EAE_EHE'BOC)}OOO(Z)Z‘/;'E/ Ff'Om II:/9. [‘3'66\.)

Ay z ,
we read *—f/.;’-a—y:.‘y—a‘m— %—%:/5‘.5’. From fig. 13.16b, we read

pya?
e =52
_s2ERY _ 5a(72,000(0)%. R
pY- rrae (1277 = 0.2703 MPa = 2IC3KFa

- _ 2303 _
P sF =75 (5% kfa




T_' I —— —

™. ]
; 4B _ ;
;?-E = 1.00, \/;: J6 = 4.00.  From Fig. l4-10, Scc cEa.25

1.2 | |
@)F—F,; =100, —/%-: V9 =200,  From Fig. 14, [0) Ser 227 1
Kb)\/-E:fﬂﬂ} ﬁlﬁ:J.ﬁﬂ, Fr;:rm F;?. }4&;{{}) 5(:(;-_— L

4.3 | 7
/%_: y"?:ﬂ{}ﬂ’; /;:_ A6 = 4.00, Fron F:'f; (4 .10

(a) .Sc{(j':_, = iz
b Secemy =3.2

3 |

= B; ﬁﬁ*@ﬁﬂe“{-a_,aniﬁ;ﬁq.gﬂf=£/5’ = ASmm, b = 100 ~2E = 7S e |

l (Also h:.;?{)mwﬂ) Mu, ﬁf: [.00 Mg_‘:%:;_qu

| Uy ot S 6 ccake f on Fig (410, we obitar

Se. =dbb. By o gt of Efe L4, I Ve = See Tn
O

E’E.ﬁtfﬂ
g = __g.:ﬂ - I dise, G, = (8F), "(SFjGE,[hJ'
ce Scc

T;LF_*r*e,Lor;e P = G;{.ZL)(PI) 3
/ dﬁ.&.’cﬁ'h @F}(Sc,;)

_ o TSRO — 47.97 4N
design @,S)Qféﬁ’) |

s th B
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and

Then

Let 6}: 0.00{00 be tho straiy at the bottom oF the prosve
le t Ea: 0-00032 be the shain far removed Fmﬁﬂeaﬁmm.

SCC :E”EZ—-_— t_é-? :_é_i :0-00{00 :3"25'
U; £ Ea €a 00032

The load P 3 given by

Pz 0, A= E& f}.-.ézaaxm’)(o.ooaaz)(ﬂ(mo)z
7 F:. 2.01 &N

4.7

3
By Fig.Piw.7 L. :iiz_(_r:o)(zwj —%{so)(rof’.. ,z(gp)(,o)(g‘-—dl
= 33,325,000 (W0 ly!) +16,000%'~ 25000

Fa_r ;{‘:.5‘0) Lo = 3!-309;((050%?

For ' =75 T,0= 28.425x10% amm® ,

Consider +he stress at‘;‘/’: d;,: _ (SEMS

@‘m‘-z" -—-_:E-?"
. e oy :G‘D)M{gb)r
or i1 50, Gy 130 WP = COMS ; Theufes
M= 2s.04 AN-m. )
- - _GoMe . M=is. (b 4N
f:OV‘ 3‘- 75; ﬁ?m,‘t - IQOMPQ W J

Check The Stress ot the coter frbers "J( the bear
' - oMo - M= SLAN-
For ¢'= S0, ot = JROMPa = =] M= 37.SEN-m

s e 3 _ Moo M= PYRIE Ll
For §' =75 d;,m,f 20MPa = D) A
the

ﬁwos/ +he [:Tmi‘ffn} yﬁomenf isﬁm‘frﬂ{/ef ;5? ‘
stress concent patim «F the dpilled nol& Roguming
'\55"‘?"‘{-3& at the ovter

ik Aby Conesidtim Ihas d

JC“?CY‘S.




143 |

*02:—7.(/'7?
Jp=305-0; = 3¢-75)-(-20) =205 Mp 3
Og= 30, -G = 3(-20)~(75)< _I5 [17% ~ OGrts
5014
4.9 | s - ) 7
o= = s
Coth &O'Z"manbdo' 5 - 5, %o o.éog7 ra
Sink 2ep=0.9167; (0sh 2= 1.0833; (0th 2dp< 2.6000
e*=/500; By Eg (14-34)
-10833-0.4167 + 2(2L L 7’){0%79
0526 = - r 7?) =0.2855
aa+7f.'
8-0690¢6 rad
By Eq (1+38),
20+7f2 - ?,
Onax = Gpinar) = B, =~ 5¢20-15) (1 * €-6000) =525 172
By £4.(4-35)5
20-75 .
o5 24 = /033~ s 20-,:7;)(‘9 ¥147)"7 0.3926
£=0 5837 rad
lu—:o] o - PP
. a , POy PO 2= gh
-G+ G1re - &2 ah (y_ﬂ’_ *
Spl B
=G (1+2 3 —-— = £
(28] = Br0-bF = < O
p
L1t | Take z-axis a/o:—:? axis of vessel Zh
D . D !
Toe=55 ; Uee =L % Opending 5

where w-»ﬁﬂz— Since = Dz ana/ IZE
DY
= L2248

a;

Ugending = = (ITD’h} =

For 5ma// hole at center top a:f tank,

D Pp 72 sp0  pL?
Omay = 3069 - O‘E-JP 7 ;z,'sfs +8ﬁb

The éend/m7 momenf at center of presrw—f vessel 13 «i

K

(cont)




{LL.H Co\ﬂf»

FmaMM d%mﬁm%duwl

d;‘“% = 30pp -—0’;}

. #D D e L*
%M’BL—‘# ___/oL__g’f__.ﬂ

Zh vk Fh 44 %

Iy.1\2

0 = See Me
e

— 3.3(15,000,000)(60)
10, 160) 000

0 = A91.7 MPa

i

See IS

— 2.1 (30,000,000)(60)
A0, 330,800

7]: = 185.7 MP&

7 +~JC—75_-")’“+’[7' = 146.9+234.] = 382.0 MPA
gy = 145.9-236.1=—-90.2MP&

O oot = @G- HG-G)HG-G)
=3 \r@gz.o+7o.z)1+(3‘3’2-o)1+'(‘w'7-)7'

ﬁ
F‘\
Il

A04. 7TMP & & Tya, = 236- IMPA




[4-.13 ;/3? F,dq.a, and Fig. 1416, we tane ﬁwﬂq%‘%&

L= itmm, d = 50-22 =28 mw, and £ =L= | mm . Houes,
Pl = 0.393. Then by Fiz.le i,

Sec = 1.5 ' ()

FM%MM, Pibmm,d= S0-28=22mmMm, avd
P/d = 0636 m,x,, Fig- 1416,

Scc = 2.1 (b)

Fn tee demicirnedon gurre, d = 25 mm,/o:(so-Zs)/qu-;m)
M Lsld =0.50 . TM)MF}?‘[L\-.IG,

, semicircular
p = 11 mm groove

Fnyure a
See= 1.53 ©)

@ %L ddbormice whon gl ot occuns, wt calealie

Fn %W, See Fretiet = Y Mrisiet » 01 With E.(0y, and
\/:27LMP& omdl Ui fmces 7 mm,
Peitlet =Q76x10%)(0-023)(0-007)/1.5 = 3. 04 kN [d)

P Ay circadon Iobe, Sec I:o,e:y;}ha/e»’n wbh E#G’)M
\/1276MP4. m&#idi«a,,_—/m,ﬂ)

P =@7bxi080-022)(0.007)/2.) =20.244N )
hole :

(Cont)




[4.13 Conf. Fm ;{%\’ [ N Z ’ .Q;C‘;W. /
n wth E«}..(c_)) 5“"

PW:-::g?bxlDL}(Oc02&‘)(0'007>A,g3 — 3).59AN ()L)

CMM #E%.Q),@)) ard ) Ao MM
P = 20.2¢ &N.

) T Akromiins thy arition trad frinit Bacomen foutl,
Flaile, we calele W friee Fep Mpuind lo cpinn
Lok 10t ipy Ay Kecome M;@W T hesee,
for Ay fitit

PFP = \/ A’fl-ue.t_ = @761(/06)(0v029)(0.007)= SU. 104N (z)
Fon B encudon fiste,

PFP= y/}hdc: @74“0‘)[0,012_)[0.907) = 42, 504N (4)
For X, d2mice, / ;

Py =Y Agapre = @060 0-025)0.007) =t €- 304N )
Comarion of €42 @), ) ond © b 2t 2y
Aeclim ot My chnehan fate s Ao fordd Zo
Mecome pokly pliatz for a Lrad P = 4250 V.




R @) e By aledipn f bl 141, yeevwap

Pf!/t = 3600 kN ad I3 W“3’ Sg AN (@)
New #%MM&&M%ZGMM
D=3 amm, d= sp-26=24m, aud fd = 0-SU2. Thow,

‘47 Fg-l1t, Sce==2.] aud Sl = VA hote 1 0"

Frole = @76”0‘)(0.02@(0:007)/1.[ - .9248 )
137 Efo- @) aid 13)
FM 1= 36-0LAN > B =3.57hN > F | -.za.crzlw.

[Fence, /%o(/%vﬁ WW&%M#@WP 23.924W.

() M,chﬁv%rmumm
Wr lwm {—E.A}M P felty BT ol

Hetvgl‘t WAV 5 Fep= fw 48.2 4N (<)

Nrw’%ﬂ y o M
Ep= Bole™ \/nho,;@"/"“o)(ﬁ 02t) (0. 007)= 5p. 234 @)

Compisrion of Efo € ok & whrerstut Hho firct

fﬂAM P=u¢.30 AN




14415 53_ Figs. Pr-/3 and(4.1), 2 =10 mm, d= K= 40mm ayd
Therefore f/d =025 Then by Fig. 416, Sco % 2.25.

/4"[‘ Fhe d d s "é : :—-—P—=-——P—-— =P
redece ectiov, G IR = gty = Toop Thys,

the maeimom stress s T = sao,;-,—_@.izé P - 350MPa -
o0

6
7‘/{’"‘"} F: 350 %[0 (N/mi))r/éa?mm". I(‘M_" = 2459 4N.
A RS 0 mmz

14.46 B(y Figs. P41y and (416, For the circolar hole, p=10 mm,

D=H = |20 mm d= 1_&2_:_&9_ = 50 mm . Tiwuf/u, Pld = 0.20.
7\/%(,2) bg F:j. ILL-IC) Scc ~ 3. 3. /4ZL the Circovlar /70/@,

7. = P . - Foooo N — _ _
” @4)(10) (100)(20) mm™> 40 MFa WPVP;OV% g;o,"S;cU;"

(R-D(0) = G2 MPa ot the hole.

Symilarl for‘ the JCi/{e'éS/ /: 10 mm, D= (20 mm,
d=h =00 mm, C=£=z10mm, and fPfd = 0. 1. Bg[‘;j/‘{'lé/
SCC ~ 179 . At the base o £ the F/‘f/efog=;(% or

0r = C_____f—«fgfoj’;a‘jwtz yoMPa. Therefore, Upe, = e =
(.79 40) = 7/.6 MPa. Ths, Omey™ 72MPa at the hole, and
0;“7( = 7.6 MP~ ot the 7Cl//€f"




17

Since H=ht2P , £=0.20h, we have f/h=0.20 and thh = 14
There fore, by Fig. 1425, Scc =159

1418

At the frilet, Oy = EE = 200x107x0.0008 = 60 MFPa .

T :
he nomima! stress s o, = Me _@ooomy¢ N

- T(30)f mm*
0, =84 83 MPa. T/)erefore See = Imax _ 160 = |83
7, T

19

By the ) o0
b4 Sémm meuuremenzls/ Scc: %_____f‘_fg.— 2.50.

At tHhe gage vemored from the notch,

g, =E€= 72x107 x0.001 = 72 MPo. .= _M:.E_C.

3

Geo)P)(75) _
_____,flwémm 72 MPa.. Hence, F= 274N .

[%.,20

Ju = 4SO MFa = 0’;,,_47‘ h = 1RS mm, =[S mm, SF=3.50

T = L (60)(250)°= 78125000 mm®.  Since p/h=0.12
snd H/h:zso//.zs‘ = 2, F,;./q.zs i/‘ekg
So. % 2.0 At the nolch gn=(sHMe/T , M=1EF
c=h/Z = 62.5mm. T/‘oerefore

Ty = U = 4SO MP2 = = CeO(SAM/L or

Y4 50 MPA = (2-0)(3.5)( 16 F)(éZ-S)/Qs. 126% 10%)

ﬂerefore,
P =5022 N




t__tﬁ_lo d |
- &% 50__ Gmm =3P ; ;:-flo-:adeo

From /—79. 14.16 , Sec=2.35

Sce =q(Scc =) #1 =083 -1) +1 = 2.0%

_OwA 9@t
hex Fo - 2ow - 98 " kN

1422 From  Problem 14-4 ). %c= 33 In 5€nt//n;a and J= 2,1 in 7otsion.
In Benc/zhj

Sce =q Lec—l)#1 =0.8(33-1)+] =289
Ln Torsion

)'(@:q[)’c( '/)f/ —'—0,5’[5'/’/) +/= )88

MC 8‘7/ /5_ 080, 000X60) _

T( /.88(30,000,900)(60)
=5 = 22650 =/66.2 MFa
7 EO)JéO) 000

Crmay =\ (20—) ,/ 257/ +166.2° =208 3 MFa M Fa

Opay * 20:’“ @foa = -25—/- + 2083 = 3338 Mtz
_5_

4.23
)= o0 JEs 2= 2yyr

From 7‘/4<7 nomogqraph (F/g. !LHOB., Sec< 2.5

P _ P _ jo,000
In= 2 =227 - 2Gagey 117 11

In Fig Er4.ya E=206.8GFa; thas,

—_Oi— '/7 ~ 3 . . .
€n = F '20———2_—6}800“0'000 71 ; Equarion (14.49) gives

a 2 -
Omax €may = Scc On €n = 8.5 (147)0.000711) = 0.65 3
The intersection of- #h; €7ac<7‘/a/7 with the Stress- srtraln

c/m7rqm /P FI? EFlyya ?wes 07714)(—25'?/‘7& and Emay = GO0253

_Omax 259 _
SCQ"‘&‘—;’T“‘ T 176




14-24] —

= fax _ 255 . . On . _ 235
On =52 = 770 = 235 Mta; €< F ° Zogg09 - 000196

Oy €may = S Un €n = 2.52(235/0.001136) = 1 649

/. 669 _
émax = o5 - C.0065




I5.1 ]
J = SFMC _ 400(5500,000(a)(c¥ = —~—J———~————-—23¥6//0;0} OOO[MPQ/"
£

A 2md?
) TC _ 4o0(5,000,000/(d)(32) _ 101,900, 00
57 3 - dalagenen 00D . ertgpn )
B} - 72 224,100,000 | []2249100,000)> 2
07 = %ay = (/_c: = /¥ = %-}W = -W’*ﬁV(JZ—ﬁZ)+/099aﬂjoda
d=122.0 mm

P ) - 7 Tc _TE)3e) _ 16T
O‘—A—,Zﬁda-gj S J T 2ardT T grd3

O;: (J_n-m;( :O:( = ZO:—I-/(%‘—/Z:I-Z‘&: —0—6;—'*/(%)24—(&

[:g-g(l
md% 5 I 7d’]
- "4q = L= md Ua
r / [ﬁ)@ A
/5. _ MxC
5.3 |, - - *MW*MZZEW = 0.000081Y9 Mx (M%) 'x A M
-C= GZX -'—"5.*6 :—M____ZL-—/ 20?}_(020507(55 2):—515’. 8§89 Mra i *
For T positive, 7= Unay occurs for & negative : fa
9:——%-ﬁ-/.0(500:-—0.5"708’,’44/}59-‘-—/./‘7‘/6 racl A Ig-g — - Sz
.~ .ﬁtﬂ
o 1850 = 200 2(-98.89 =9\ °
Tan 28 =~c- T 0zx - Uzz2 7/\@7@&
Mo = _ ¥4 5498 Nom
¥ T 0.00008149 T
o7 Czz g _ ay.75 [rava5)R 2
Go = Oy = B [B) 07 2475 [5)% o

=76.1% MPFa

. _ £ Hc
154 | 0ps = 5F ZL - 20007, ra:,;;soj(izi)(w): 17,3 MFa
— T¢C

¢ 1S . 300
C=5F 5= Wr((gg)ff = 0.00000 782T (17a)

) P L G, [[Ga)2 F2. 113, [(I3)% 2
O-;_.OTUQX (72(-/5“0_-—5——4— (—-851)4-2'——2—1#- (—T)+(
=700 MPa

70.
T=-129 — - g95 kN.m

T 000000 787

ﬂ_l C= {:22 0.00000782 = 0.0000[303 T

_ 70.0 i
T= o005 7505 = 537 KN.m

Iy



506 - a
I—J/\ -—2—

U= T Oy T ATaI9 "
p- A =145 (8)(150) = 1374 kN

3 _0.0605 FO)=1195; Ky = 23 (MAuim) = 23 1000 (HPa/im)

| 15T\ = &= = s0120; F) = 112

_ Kie _ 2347000 >
U"W_F(/\)—m—/ff/ a

D= 0A=I22.0(8050) = 1945 kN

15.8 |area =T (100 % §4%)=2310 mm®
a="750 mm
[44.5 mm

"

C

@ _ 750 _
A :——C-'_/qq’ﬁ,-O,Of/q

Q) = L.Of

Fa(l/uf'? /3 é‘/’/"ff/ﬁ {)’4C7‘al"( 5/0(€ éofA a 4/71 7‘[4/(/6/7(55 15 7,yea7‘e’."

than 6,7 MmM.
K1 23 Y1020 _ - 14,y ;1P

0=G7f4) ~Visnllol

p=UA = 1989 (e319) = 342.8 kN

15.9] Since both a and the thickness is less than 3L, the failure is
not expected to be brittle fractare since Ky s 9f?a7‘€r than
Krc. The lower limit fsr the failure foad 15 obtamed by
assuming that Kr=Kpe

K 7.
Tower e = sy 1984 25 9762 M Pa

f =04 = 496.8(2310) = 1,18 11N

owe - [1m 3

/5'/0|/\-2—&—:._.\ 0,133

F)=1.033
Kﬂzs‘q(/vPaf‘)»rf?c//EFb"(MFa Vi) = ~—2¢'—nfa)

21 hre 2(60)(303)(99Faoo) |




1S 5
100(250)” _ /30, 200, 000 mm*

3
T= o bW = 10002
e YT L RTAC130,209 900 _ 311y fuN-m

Yo o< ) 2.€ |

-.M.L:i’_'ﬁ-:w&g_%k[_

M = —<F 3.00

PL oM 5 P=H4M - #1038 103.9 AN
L ’ L. .0

- a _ 24

o) =102
_atc*Ree —?(/oo)@u')z(_zq’_l_@
My (isomn fmend) = Fiar ¥ iz (102

= 107)700,000 = 15—00(—'?;)

—
(l
=
™
O

PNS
z




I5-12|§1fef = x-4. Thew, x=r+a. Wﬂ%wma_

dndy B (529 spobly for P

. T~ () o Ta_ _ TIZ (@)
Yy \’r FAVa+a2-A* ara 'z

e _brant
N i L. ¢ (b)
Yo Narr K ia

e Ky = o f7a. Bl @) 42 Be il of Ega- (1523

) Fin = 0024, (b spictl
_ Tma
Oyy =

—— = DT ©
V.er(o.OZa)
ﬁ; Ef. (1522, yoth x =rta=|p20,

_ 97(1.02a) [d)
Ty =S.0747¢
vy Y(1.020)—a> w7

Oy B¢ acd Q) ZE‘PWW“ 5;7‘%5_ 100 = .47 5,
Fror=0.06a, 55;.@),7,@{,@

o
go. = = 2%37 0 (e
YY T V20000

Fot x= rvazl.0ta, Ef -(5.22)

Tpy = TLOLD 5 4164 e

Vi-068)*~ o0~
/3; Ega. (e.)cwﬁéfjl Lo poreendenis iq TOS=2381, ) 245 %

3.0l
Frn v=0.l0a, gﬁ,.ﬁb)/yw%
Tyy = =X 2360 @)

o
\J:l(o.(o)

(Cont.)




0y = 7 (l.l0a
ﬂl 10a)*—q*

2y Ege- (%) M@Q Mo Wwwo ) '7'*‘”” z Z3‘x/po= 6.332,

%MW%WW”“M% ,%/&zyamn

Claspen rolae of 1) woidd b sonscee gl ly andep (is.22)

15,13

= Z. 400 g h)

() by Sable 15. 2, lete 3, A= 4S mm, c=T7Smm, A= = 0.b.

Pence, weth o= 220Mpa, Kec™ 7 Tma 10y =220 {1 0.005) (130), 02
Krc= 1075 Mpa Jim.

B F‘”M“M a)«Qef&t/mM (5.2, Cade 1), KFoims,
Hoce, al Lractine Ky =Ky, and v Ko . lozs

= ls36Mm.
Ta - Vioy T(0.045)
Foi o 7'1/%340 mm wkhe Wil o oMM cential Crack, (ase 3
Wkl 1< 3,

A =4S M, C3 G0mm, ) = dfe =060, Lhen
Wl Kr=Kpe and f=1.19,

=Kz _ 10728
m!() ﬁ;(:oous-)(l./?) = d40.3MpPq, .

[5:14 | By Fig.(1520) and) Tp ) 15. 2., Coeebo, M = EGw)=Pw:0.2p IN-#f]
a=o0. 060MW, 2¢c= W= 120 mm , )\:-%-—050 I?;C«uzé/
fFoO=16z. T ,

o=t _ 1075 _ ;s5.8 Mpa ()
Yz #» Preo.p (162

d»&&,‘ﬂ?cwé wilh t = Bz 6o mm, M= P, e bare

g=3M -3PW . 3(0.129P (b)
ZBc* 2Bc? a(0-060)(p. oéo)"

%, .ﬁ? EW@ M@/
P=igse AN




5.5 1@ From Croflonm 1514, Koo =107.5 MPafim. By
E‘?“QS")/ wAth \/=950 MPa

JS(.’fITc)Lz 2. S(.Lg%oi) = 0.04m

Hence, B=0.06>0.04. TW a tfeceimin i

of B=60mm s Autficiend B Puaranlic pluis Hizia fruclon..
() By Eg-(16.0), e et fone

B=00¢> 2.5 (KIC) ;5(/075

Y =z Msmum

ﬂ‘-ﬁ W/UZWM/LZ:ZH AAd \/:673.7 MPa

oL

lS.th)Fm a4=5mm, >\':..$- _5;- 0.100. an (Wq. Qﬁ
Tahde 152, ﬂ»-z;g Fm.ﬁ.%g,,g, ‘c C
£00 = L.om. Hawes, F (Catelo of Tuhle 15.2),

R S 3(2)-5’?) - 0. o
O—'f@); .F® f Atc"“[ (\) A W)( ) 2(25Xo2$')7'({’0Z> 0.02303 P

ch:a"'.][@w? = 59 fivoo (Kic=57Toow fron Tablels 1
P=sqlion . = 204 4N

0.02303 J5m

&) Bra=10mm, x=2=1&=0.20. Fre Zowecin Lrakenip (Cose 14

of Takle 15.2, {—09,137 Fn Jw&ﬂﬂvy(wé of
Tobly (5.2 F,03=1-06 -

=P _a 3(225P). ()
TN 25(s0) €I-37) + 2(25')(25)” 06) =0.02379 I7

- 57 (000 = I3.94N .
P = 0-02399 V00




1517 @) Note that the crack /enyf/{ 2 and avidth of
beam f both faf/j%} @,(/5-38,)]' therefore, plane stran
cond itions are sat/sfred,

b) Ky = 52505/ £0)= 774080 11=2L 0 Sinte )= 522000, £0)= Loz

§cc?ke _ 8(25) 753)(77//’07 )
P =5 WC) 3(2o0o\i5T)(1.02) = g5.2 KN

/5.8 ] @) a,t >6.7mm FPlane stram condijtions are satisfied,

_8eclKie  8(25)(153)(€3v19%0)
b p 3L Tat(l) ~ 3(2ool) (ISTT)(1.02)

=/95 kN

1579 | pD  ¢lloao)

KE  26%(1000)

= 57 % 2z = IS0 Mia; Kie=0Vra ; a W’-‘W 9 56 mm
2a = 2(7.5)= 19.1_mm; a,t )67 Eg. (/5 38 ) 15 sat/sfed
/15,20 |
O:z‘ _Kic _ 26VI000 . 150 MPa - po
W T aser T e
‘a(sfg(zo) _ :
Yy, 12.0 11/
/
_52»LJ 2 29

For « *Z?mm, A= 577 355200933, For tension /aad//yg (Cese ¥
of Table /5-_1._)} £Q) =124 For bearm /dadzh7 (Case ¢ oF
Tab/e /5.2,) 7@(/{):/,05.

Y 3050 P) -
OB {(’U afca 557z fo(d) = 30G00) wGoe eV W(/'OEJ =0.000 478 2

Kic = O’f(f\) Ta = 93V1000 = 00008 478 P J/2gr

gIv/I000 -
P= T0.000975(/2877) ~ 656 KN
15.22.]
- P _3(122 P) _
THO) = 550555 (12 + 550 207 (192) = 0.000 417 P
Pz —22Yoe0 - 757 kN

TO.000HY(/PETT,




15.23

@ To check whether or nst Ke=$s MPat7 is mvelid for Kxes
we need to theck the dimensim B of the kest specimen. Thus,

? z
: K : 2 .
Dz 2s [—Lyc] = as[2 "= 1595 . Thos, Sence

B= 2.7 mr, K¢ #s not valid for Kre -

(6) The maximont valoe of Ktc +hat cah be measvred

IS given by the wnJc"é/'m

K 2
> 2. ‘___LC—-
0-0/17_25 ¢ 57

or
Kre £'49.1 MPaym ;o Q<Ic> = 495./ MPaVm -
max
for the mwfer:'avl rs "Hlere7[0r'c_

CC) T)\e ac‘éua./ KIC
g

3?6-&‘[:6'* Han 9.1 MPaim and less than S5 MPa.

Hence, -
49.1 Meavm < Ko cactoal) 2. 55 MPeim

ITf we use an arerage€ valve %(97.14,55-):—‘: E2MPaim ,

Wwe will be accorate to within 6%, , sihce ’S‘fff’xww&sx?,
2

a.nJ _5_%5_‘?_,‘[00 :5'772 .

7s frem 474 to 55 W€ need

large. Mcrefore,

(d) If the range of Kx¢
svffl‘cien‘f 17

4o wssvre that B 15
B Z J.S[’z%if‘]z: [S. 93 mm.




6.1
SF(Prmax) _
Tmey = ima - 220,%2000)(” w/,)sﬁzo (%)

0_(-17//7 < %ég Gmd)( =-0.625 07774/\’

Gmax = Umn = 205 5 1625 Umax =
Tmax = Om +UZz, /.ZJ/O—:(T

U—ax = /.83/0;_

2 Ua
+0a ; On =0.23/0a

o Om /oz;:f 2 Or-9,182,736 =
G (Om) . - (. 236 36 =0
o;m’“oz) /5 350 700 0 ; Ua #2620 7 7777

Ja = 3 Y541 Pa

Gonax = . 231 Ga = 1. 231 (3159 42521144
Since Tmax I3 less than Y; the mode of 7[’4,?“,.,, /5 féﬂ}ue,

Omax = ¥25.2= i‘é__{_{o

DZ

! D:=loz7 mm

|

16‘2
————-] D., . O,_ B 7_
) m (Ua.) /} / )

Ua = 270 MP“ Onay = 20a = 2(290)= 580 MFa
Since Y /s /efj #Aan O',,',QX' He mode of Lailure 15 ?mem/y/e/c/m7.

Omay =Y = %50 = i/—‘-%%é—o

D=998 mm




6.3 3
| 6.3 | 100507 _ 80(10%) _ (9, 250,000 mm’

L= Ié 12

. = SE(Ima)c 2.50(5.000,000)(75) _

™ T 73, 550, 000 - 1
Tmax = Omin = 20;; O—qu =0dn +0a =0min +20a
On=0a+ Y8-7

Ga 07" L - Ga, GrIET o gp =¥ 70/1A
Toam J 4o 200 J
Unax = 202 + Omin = 2(470) + ¥8.7 = 192.7 1Pa
Since Umax 7o less than Ou, the mode of failure is /’a;‘/yue,
SE(M
Umay = 142.7 = ——(—Iﬂ“—i)—c-
Ormay L _ 142.7(19,250,000) _
Mmax = SF(G) ~ 2.50(75) = /9.7 kN.m

__lé__‘*_]l-nyfab//fr fﬁeor7 for thih —wall pressure vessels indicate
that bu ck/m? 5 not a problem for an external pressure of

2.00 Mra.
/?

T = - & Omax ; 202.= Omax ~Omin = 7 Umax 5 Urnax = - Ua. = O + U
On = 5 Oa ,

0 _@1 2 . Ga ,[5'55 =] " lpz5302-599,/00°0
0—2;+(u T /90+9(«/30)] 5 O #2/850 4

0o =179.8 MPa Omay = & = %@:27?.7MPQ
Since Omax s less thAan ); the mode 07[’ /;/'/ur-p 15 /df/jue,
>
U;M:-27%7:5F§;
Oma

Y A 7677 B

16.5 Me
.75 (500 X80)d/(6¥
Og=’F+ = (zn)g‘/)(/() 7/3},000 (7]

¢ =sFL& 175 (so0)(55N0)3D _ es«;‘ 295,100 (1772)

- J erd“

/2 2 Z
o‘f(mfvd }i 2 Ut 240 e OZm /0 +3C
380 = 7} 713,000 +3(E¢5;/aa)

d=13.0mm

\

Ry
[ ¢



;
TesFas- SF—50-0(-f;o(/zf_»?:f—)@2 120.7 SF (M72)

7- 5FJ ~5/:—”-”_(_952L722Q—) yL5 SF (17)

77'[/5/7
Omay = Tmir = Omay = 20a ; Omn=UJa

Ga_ . [Om)2 G .
Lo (Z)% ) P () G Eensnel 21840020

Oq =192.5 M*ta
Oproy = 20a = 2(1ye.5)= P8O MF
Since U—/'T)ay /s /esy than Y, The mode of fa/lure I3 ﬁz?‘/yue,

Z;cf(max) Ve may = ‘/20—' +é? Omax =V 0T Ce3l

2350 = SF/I20.7 +3(<//.5)

SF=2.03
/6. 7
— NC _ 2.00(150)(2 %00 d)e4) _
- SF (zgr(d“/ )(@) 7 301000 (1)
,_. _200(50)3000)(4)32)
[= sF Lo £000 5;0)7§qu)( . 4,560,000 (jus,)

Coc“f(max) = 7/2—0:”,3 = %W) Tam :W
l, 0
350 = 20905500 7 33% 3(4.58)°

d=30.5 mm

| 16.8 | Mc
' _ 1.80(200PN15)(Y) _
g =5F7F = 4 1358 P (1/2)

T
TC . 180 (s0P )5/ 32) M
{ = = = 0. 09 /7“)

rT 7 Go)? 0.050%P (

Omax = Gmn = I é%x - 20z ; Omay < 12502 = +02 ; On

U /0m\%
O-:zar;) + Jl) =1 wo (ngfg) ! Ta 0% 25,6040a - 10,418,000 =0

O = 403.6 MPa 3 Omay = 1250 = 125 (9036)=5049.5 MPa
Since Umay 15 less +han Y} the mode ot failure 15 754.7‘/'76«?.

[oi=? 2
Loct(mar) = 5 (2 Tmax = %mj Omax=Jo% 3C°
Fo4.§ = P¢0.13Y82+3(0_0;0q)2

p=3.12 kN

-0.250 0«




ﬁ

re  L15(50P)N13.9(%) c 0.9057 P (1172)

T=5F 5 = 2T (170)7
C- spIe - LISEsPIsoX3e _ 2
sF L (DS 0.223(P (1%)
2
0 =% - J(5)% r2--0.077pP
Oray = JG-05 = 3(0.50%97) ~(~0.0987 P)= 16117 P =350

P=2357 N
| 1610 | When 7hs stress Concentratwn fs inclacled, Upq, = 1612
where R has a SF=175. When the stress cerncentration

15 pot included Omay =0 = O.5044F,
Sec = 0‘877@ 7 3.176; Sce= aGec-))#1)=0.9(3/66~1) #] = 2.8
Tninin) =0 Tam =a; Ongmay = O =0-509% P

O (e, : Ua
T = n;max} 02522 P, Uham :—;—C%nl :% =127.5 MPa

O7m U?la 2_ . 07’Q 5/-7‘2 a__ . 2 -

Tna = 124.6 M Fx = 0,2522 p

P-4949./ N

| 161 ] Scopy =0.85(2.50-) ] =2.28; Scorry =0.85(2.00-))+) = | 95

- f1¢ 3 P)1sI6Y) _ -
(= Sce(ry SF 2282 3%%’6 V9) - 0, 3785 P (1172)

_ lsseeo)IsoP(is)(32) _
T seetr) ST = LGB0 2. 1302 P (e

-
Cmay = *ST:\/(%JZ"?Z
o - p fETEEr 01787
P=87¢ 8 N




612 Nowminal Vo./ves of T and T are

%—:SFA"_S.._.%___Z;,?iF 0:16b0 P; 7= SFTC Moowﬂ?

/L:'Cma.x) I/ = P (a 'é“’ -}—0074,7 =0 I7F

See = Q2221 ’Wf’ - 2.098; G = 52 = ors”

o P
d;m:(n.a_‘ 0;1_4-— fa.)__{~ 0;11—_(.. "')z:] a
T T / Tgsy B0
- MFPa. .
d;:w.. +3357.7ma ~ 656,100=0. //W ,;SL gs. 2 MPo
g7 P = Bt EEELEEE /
/zf/n(m ) 2z
c Po= [.66 4N

16. 13| Witk {:keflu&y\ datae. amd Fig. /16 of The ﬁ@x'ﬁ d= D=2z 6010250 wn

5—010 By Fig.l41b, Scc & 248. Siice g-=0-8S, Ef-(14-43)

f/“”cls -SCc = [t f—-(S,_-c =) = [+ 095 (A48~ ~1) =AY406. SincCe
2024-T'4¢ Alvmiivm ﬂ//éy 1S 4 C{v&i[ /e M&'l[ef”lﬁal +he Gerber
velotion applies; thatis

Ty b _{_Cdgm \-L; [ (a,)

Tram \Ta/

AR s
d

— ™ N —
dgcw:q) = P; ~30hN_ - 30 MP (B

—@‘ 03)( 0: 0] )
Top comeg) = ’E%:" :-.o;(M)-i—l@a_ &
Tmam = Jon = T8 = 7897 4% @)
bito Sce ;
Sobstitution, of Epo. €) a.nd(e) wmto Ep.@) f”“’es 7gq7 70 =/

or a;m. + A8S571.3 — 220,000 = 0 . , nm:‘ 750 MPo..
By B[, Cumay = 30+ 20750) = |80 MPa, and thes,

_ = : 02)=IBAN
Pmavc - q:(mm) fF=]80(o 05)(06:02)=1 C&n-[lhuea()




16.)3| (contivved)

GJ) Assomin g Hat the stress concen zérm[;bn factor
Heecf be af//r'u{ on/y ‘o The d/fermu[:v cam/nte,(,?é
o £ stress, we heve (see the discossion ih Exanple
16-&, ﬁ//aw:h(j g (€) and ()

0 = T+ el =105 +(2-900(75) = 2854 MPa

moy
S G = 105 = Ce)S) = =TS PR

M = Tam
oot b =d D=4 6o-y0
Fug. Pléd‘#MFlj'w'l) D=dtap a L= == = [Omm
WP 10 _p.25 and by Fu- 1416, See = [ 9.
T w7
[ore [oad occurs aéf’e’ -

@) For 5744.*/1‘c /oﬁJL a7 the JC‘“.
M - 27‘?:7%,\(

T’f\ ,Core - P _ [ P ; =
ere g, >/ - 5“.‘;’;- = ’@;7)3?;5) ; 4 g

. e rS’/‘é/C’ [oa'c(
(b) For Comy[efefy reve o ;;—W - ,235".5’#"/
9

dZm:ZW MPa. = SCC’/,TJ

16.15 By ]7;"06 féJU/ SCC. =].9. Srnce 7. rs not Jiven, dssvme % =l0.

T hen. Sece = See. = 1T Congrder nomiia| stresses(see Fig.l6.¢)

U;l'(mfn) = —E”%l =0 @.4)
Tam = af-;tmi\) t0pa = Ima &)

T CW\D«x} = U::'Afms'n) + 307,41 ::'Zd;w,v &)

Tonam = _US_Z_M ':—‘3-‘—35-: (4 7-¢MPr @)
ce ‘

Vince UL is not Ziven, we use Soderberg's yelatim [EF.16-1)]

T a a- C€>

+ m M ':-l
Tmam

y :
5 (/A&Té-"éu‘f(o'w DJC Ego. Cb) and &) M“ILO EA @)l aC vétarn

7?7‘5‘- + Jae G = [03.7 MFPr.
- 350 Cc‘on{ﬁwe(/)




16.15) (Continved)

D P = Gl = 2103.7)(J600) = 331.8&N
At el o By Bivewasisro wn Sectim 6.1, the
Soder berg relation 15 conservative for doctile

VH&'é&[S for‘ FreJI'C%/d"ﬂ.S‘ 076%:,“. T/Ius; the acivmfﬁ
Lailore load for the member 15 probakbly grea 7 - z;n
3315 AN See alss the discuvssion i1 Exampic e T/

f£ollowing Efs€) and §)

le.l6 As tn Prob. 16.15, we define nemina| shresses

o= Pmn =02 _bas MPa (@)
nimin) A /600

(r’:m = O;;(mm) + a;a_ = 645+ 0;44. (b)
d;‘f’m"@ = Demin) + R U = —62:5 + R Ima CN
0. = Tim _ 280 — u7u MPa @)
awm _SC_:_, === = U7 ¢ a
a‘hd b] Soc[er'éer'f's re /a%/'aw [Ef.({é.l)j
Tra 4. CEAS+G) e)
1474 35S0 -
Hm% 2 MPa
Opa = 122
and ,
Fvex = Guoman) A :(—52.5+-,z¢,;&>,4
= (~6A.5+2x122.2)([b00)
or PMa.x = 27/ LN
See also the discosstén in Exa,mp/e /4-4) ]CD//W‘b_j

Eﬁd.@) MGO




le.17) g, Fig. P17, T = Técuo)(:oo)3:3,333,333 't

The momond ot +he fillet s M=S00 P. Therefore

the /nW Stress 2T the ff//ezé r's

I = T = 3, 333 333 ~
._Ij;:—QJS‘:/l'zg—“HJ
/00

B(y Fig. P67 ond /:;(j.v/cﬁ-o?(#)
2.8 _ p.125. Tﬁere;[w@ 5j Frp- 1. 8%

—
— et

L
h 100
<. = .58, and g = Gy %Y, = (1. S8)(0.0075F)=0. 0HES P,

%
th o §a§6£y factor SF=a.20, the workim g Stress Is

[

Wre

0’;— = T = 232 - o.0ljss F.. Tﬂere][orc} Fw_-:. z.u4 KN
SF 2.20 b J

TAQ /0&:1 Puf‘: g4y ﬁ[\[ 1S +[1€ fm‘[ur? 10&([ ase

wpon o S«,fc'éy fochor of & 20.

16. 13 By Prob. 16‘7) SCC =(.8%. S,hce 7, 18 /)-01‘ SFGCf‘f;‘e,aé
For a q(uc*/f/a

See £5.014.¢, let §=/0- Then Sce= Sec-
W&?lerm( Serber's pelafim is vdid. Written th Terms

0f nomzha/sfresses‘, /'7L/'s

z
Tpe. Cfim):/ @)
Tnant T
u)hewz.(ﬁ'y.lz.q) Bk s 6
O = Uiyt Onae = Tnae €
Inemor) = ooy F20na™ AP,
a, = Yam - 220 _ @)
nan Sce 1.58 [37. 2MF2 C
T = 590 MP« @)

C(;oﬂ{l'\ch >




1618 | (contrinved)

Svbstitotion af Epo ) @),MGC) ‘nto Eﬁ-@)o‘f[cﬂs

Cma, a z 2
f a
139.2 @MTD'): [ o Gpo + RS 0070, ~348,100 =0
) I’l'ere)torf) cma_, = (3.2 MPa , v 5mcmw-xj:: 33,,,4‘—'7244[#/‘4?0\.

On the basis of 4 Sa,fef/g factor SF=2.25

O;Cnmx):%## = 0.00715(2.20P) o1 P= 16.0 &N .

See also the C{/‘gcass/'p—n in Example [6.4, follocoi i g
Egd.(@) and (£).

(6.1
7 By F(y‘. PIL(q) I\"‘L‘(éD}CZOO)a: l/—D,Dﬂo,oﬂﬂqmm‘fa,{: ﬁ)enafc[y.

=l
The wnoment al the mafcé s M= 1600 F. ﬁereﬁrtj the
/ﬂ.miha// Sfresg 2l Hhe notch 1's 0= /%1?_5: (600 F109) o001 P.

5 40,00000

Yy Figvres Pib. 19 amd 425 wi th +he g/‘yen Cfaz‘l‘wJ
H — 2s0

B 2ol [-25 and _iqf_ - ,’;275_ - 0./28. Tbera;@.»cj é;
Fig- 14-25, Seo= 1.8, amd 0, = 8¢ =(.8)0-00¢ P).

weth a §a7[e7{7 foctor sSF=1%, the load P 15 grven

by
T I~ = |70 MPa = (S-F)(o.oo‘/zP):O,-S’)(D-DDZZP)

M ey - Tam

= 13.12 AN

or

i



(6,20

B, Prob. 1617 Scc = [.8 or with ?:I.OJ Sce =1 8.
#lso, for duc;//'/e rmmler/‘a/, Gerber's Fe /4,74439 1S valid

H?/v\u,/ l;/l 'ILCrM& Of r)mﬂ/)mj kaeSSes

G/:a, . [O;«m>2:/ @)
Tt Tu

wWhere ( Fig. l6.¢), the n

m/ha// shesses 4rc

r pend PY’HQ _—:p (b')
mimih) B CC_)
Tt om = mmiy) t%a ~ o

~ (d)
0;16/»“«) = d;zm)‘b?%}," A

- 170 - ayyu b ©
T am QOSE: _725,,7444Mb
T - 470 MFa &)

Wf\e"g ch 'S fo/fecf To J:m 0714 [&ez@mnf/,l/e/é-q»)_
Sobstitotion of epr©, @) andlf) it €7 @) piels

Ogm.) Ina \*= z
Ty + —Zﬁﬁ% =/ a q,;- + 233900, —220900= O

W/ T = 919 MPa , and wi th a.S'a,fe‘!—y
factor SF=18, The load P 15 Feven by

fmv - ,?0;’&:2(7/-‘?) = (0-008)6HP= 0-004 (1-9)P

= 0.0072F
P=2as.53 &N

or

See olso the drs cossion 1N Exmﬂc 6.4, f»//ow/ﬁj
E ¢o- (e) MJ()C)




16.2.1

Bj Fig. Pl6-21, The cross-sectioul drea at the L llet o5
The daﬂla. fli/&n i Prob. 16.14,

z

A =0)co) = 3600 mm®. By
E=72 6PA, v=0.33, 0i = 470 MP, and Yz 330M2.

6([501 T = ARO M FPa awc/ the 5&;4375 fpvo;zz;r 1 SF=2.20
t=23P= 30, P=10rmrey and

57 Figs- Ply.3l and 1416, i

P/d = lo/¢0 = 0. 167 . Therefore, Lj . 14./6
m V\DMIF\a/, S?L}"ng a,'LL +he ]/7“ /[e% 15

o= X _r - 27780 tF
m = g 3w
A - 4P =5 306" (P
nd 0":07,,,,,,( =< @, = [.9 | 2.7778x10 F =5 306sl0

P
— Tim _ A2° - 4/1/.6/46/
ﬁeheﬁrc F S 306Xt < 306l

oh load 18
The design loa P 41t 5R.5 AN
design - SF »4

16.

2 By Prob.l6.2[, s =191, A= 300 mm® 0, = 220 MP,
SF=2.230, and 07 = 470 MFa. Let ﬁ:/ Ie‘g-‘(lw-t/fb‘)]-
Then Sce=Sce- For a dvetile metal, Gerber’s velshim

1's applicable. To terms of pomiiand stresses it

) S

C‘_;M'>-{— U’;”"?)Z:/ [a)

maml T e

whevre ( Fig.l6.q) *the nomr nal stresses ar€

(Cnﬂgfb Veo[)




l6.22. (CM'I[IPJUQJ )

T = ‘

Mimwon) — ——P”—’;"—V’l =0 (lo)
O—mM - Jr:(mc«) 7_‘0;4. = 0,';’*’ ©J
Untmag) = O tomsi) + R0 = A a &

am Eoatil = [/S. 2Mfa [a)
whine Sce 15 applied to Tom only (see Erample 164)
&nd

0-—0-; = Y 70 MPa G[)

S whtiln of E0 2., nd ) into E- @) gt

Tme T \© 2
( m >-(- mb):/ 7l O;a‘-{—l‘]l'ZSdl;&_.zzplqm;a

d;l.&:. 10? MPA, dnd— U,,T[W)

T he load P 13 OQI‘VGA bj P: Zd;mf}:@ﬂ)(?éw)
= T84.¢€ AN, and the design lpad 1

:2%: 218 Mfa

1% _ P _ 78+8 _ 3547 4N

—

design - E'—F o2 2D




J6.23 wam s P/,40 = sl fl, T=PA el

€= [( ; ja-l‘ﬂ‘?a*

@ wth AL = Aogo/ (,J"W
P_PL s £o+AZ) (,+Al’o) s(ire) @

0 = T -'4;7;
) ‘- [f:fﬂdﬂo }foﬁ\fod ,Qﬁt\l,):lm(,{-g) (L)
b R %,
b
(b 23}( Ef_(a)% a&ﬁfuu»&u,m G ed S fo
2u Tiasns €= 1%, 23, b4, avd 105 o2 Tikdsted)

i Table o, W £, the diflerences Sl0on
e g € Mw;«ﬁuymwewmw
Takle b.

Tg_blg /. Table b
e |ag Jo=s e | € e-€ |
0-0) |{.0/S |o.01S 9-0l 10.0099515%15"5
6.02 11028 |o-025 002 [0-01980 |2ax/s~*
p-04- | [-04S 16.085 -0 003922 | 7.9x 1674
8.10 11.10S |0.108 040 100953 |u.b69x1073
©) Fou 4390 anmeadel) Hecd, we Leave 4y Ef- 16.7
r c
Ct _Ef_(,;ZN) *6{ (JU) (C.)

whe 07 and e;wwmwmw

W«g Lo wdlimate 2b, offed g gy
mkww@é) Tlun
J

Si=F awh =€ .o &
% N = 50531 | T paai

CCon{ﬂ




16.23 Honee, in M%wawwﬂm)
e Coefficiends an Eg-@ of Er 16.S wacid” 42
derded) Ko 1] ando.953, nely . Thee,

-0.57 —-0.)
éf - 0-5% (:-”\D L a.obéz(zN) 0.09

[-1 0. 9531
& €r =0.527(aN)"" T L p.o065(aN) ™" 7 (d)
Tence, Lo Crsat rren fregocenty < vBlined from E () numsly
o.s21eM, )" = g, v0s5,)”" 0

vl (JHCQO"/g: 31.077}: NC: u Tl 67&/@(4
%MW% ﬁc=é370¢yo&4mm;
s, ees. ad e hain <n Exangaly 14,5

Fo V= 10%cycha, EF-(4) pisths €,=0-00 207, comprel
1o € = 0-0020] 2in Ey/a,wjﬂ,& s Ao, %nét =0.01,
Ee. d) W N = lo4q /WJJGN:H?U—Q/J%
A E?‘ﬂwfle 1.5 . %4) € =0.10, EF.(dJ;;m o
W%«ip%@,awd&maﬁﬁﬁd
lﬂéoyf,éu, M;/mﬂy un dene it itey Ne . Zenee,
o ttn ¢MW%WMW,WEf-(/L.U
MW}.&& %—ﬂ"l MMM ﬂf»rm ‘ 0.10.
iy, 1 € = 004, @ fordl No = SbSDeelle
€ = b-0026y (40 20 =10%) and N=112¢ %@(@ét:o.oo}

Caw/w»d? N <6370 67(,&4.) € =6 .00 and N =184 cyo&(/

(cont.)




16.23 et Foo€=0.02, wt M ,(17 E%-@U/

N, = 6610 selea, €p= 0.00202(fr AN =10°) and
N= 1156 cycle (for & =0.0/), WMJ_W%
an EE-(16.7) 4 W»ﬂ/&ﬁwﬂwm"”c”m@z)

1o 24| Fr jouo deed, cd forpid, 7= 1500 0P8, € = 0,61, be-0uf
C = —0.57, @ard E=200 6P TM}@ Ept6.7),

€, =616 =0.6L(aN) " T 00075 N @)
@—) Fn N :/03) Eﬁ.(d) W@a 6t = 0~0/Déﬂjé’b=0-WZN; €e=0-002.5'8‘8
En N=0S ES.@ apitlly €,=0.001938; &g =0.000550¢; g =0 D0I3SY
Fr N= I07, £p. (a);ieu, & =0-00075ug, Ep =0-00004205, €o = 0.0007/27
Note that ag N cincrensed Ao 2lailic lisin €o becomee a
Langen fncotage of Mo Llel izin &
(&) 4t M Crpta-orer cycles, NN , €p= e - Honer, by
Ef@/
oL

0.(1 (ch)“o'“C7 = 0. 0075‘(2:\/(;)"0' &
@NN* %22 8133-- 5 Ny = 1335 pelag

Difre, 1t 2 albiaon ek aF W= e 4

~0.§ 0./
Gtc —0. é/(’zz 700) IZ,_ 0.007.5’(27, 700) ’ —j 0- 003582

Dhis sl of & bie Belivene Hipvalets of €y for Wz 10?
and N =105 aq it ahoull - |
(© Fn €x=0i01, E2.E) 4

0.0]=0.61(2aNY227 &)

+0.0075¢2n)~ 0" (Cont)




[6-24 coxt. %Mmdf Ex.(b) e N=113¢ igeleq.
Nole Zhat e €L =00l it getllen oo €p=0.010b
,ﬂm NM=1000, N= I13¢ u/&%%w/ooaﬁn €4 =0-01(dee
S5 & 16-10). |

1629 | . ’WW/ N =103 105 and 107 copelioe . Dhue

35 He, amd 160 Hafr V=I0] 105 ased 10T eqeldas.

| He,

> = T = 10008 = 16.6L dowra = 0694 daega
s = ___—_wo,looo: (0g00e s =1666.7 Jrane, = 6744 deye
t,, = _I?j_ = 075 = [-bE x1p e :5?#.5&74%14#@“
GD) Fov 36 H2 K/uew,
tp =400 = 2¢.575 =047t hovre =5 0-02 day
s
~ 9§ d
Epps = ——-—-1030'000:19575 - 4702 hovra= LTE C242
s

£, = 407 agsiys = WTZ haune B 9§ dagga
17 3¢

& Fr 160 HZ—%\,LW,
t 5= J.g-a—Q- =b.25s = 0-10} rocna = 00043 Jay/
1 S

t,5= 109000 _ (755 = I0-U &mzo-¥3‘&'f
I X3

'tio7 = —’(’2;- — 42605 = lot 2 hpun 43.qda,%

7



16.26| The Marasn wnivercel <Rope ,@W L

€, = .78 (ég.),q*""ﬁ D. S’(éﬁ'e)l\/‘o‘é s

Whene fov #3u0 anmealel el (5.7 827 upa, E= 2006-Px.,
andl é;f = 05_7) .
(ﬂ)m E7Oa»vv7b(1 [4.5 ey Ef-@&) /ﬂ U300 O
éf = 0. Séﬂ'wa'bmﬂ b = /:75(-‘%‘?—)#\1—' 612
and by €= €e W oMo N =3305 cyclry, Mo,
by B @), wth V= A = 3365,
€, =0-007236 (53¢ &)™ 4 5.3549578 (3305) " .00 544

G) For 2= 10° (N=5x105), B -@plhe

éf = 0.007236 (&% 105)-0"24— 0.356959( wa‘)—-ﬂééa-oolbs
(0) Fo =001, EF-@) ypeelde
0.0l = 0.00723( N’”"2+ 0.358%58 N‘0‘63 N = 745’%
c wg iy abgrt i dls w&d«jﬁ,uofgwa .,
\;szw Ao rabusoot ¢, apree foinly well: howeres,
ks of )
T F M ‘Q"#“ Ay @ folly of sppropiuatity 2.
valice of €y frediilil) By € @) for 2w = 106
“Mwwz,ﬂd; 19% froe Mean 202 puedidlhy Erenple 16.5
J _’&/&M"Z/ /'{7&,/% "'/1//92"0 /‘/L!W/g‘y F% (4]){4‘), é*:a.oj)
M K, 749 cpeles compared % 1 tycha. %74’%
daﬁww At B @) i more conaonilon A predielivg
foliput Lfe ; that a, i pradicks fooer eycles®s frailiai .




[6.27] | Slhe Marveme W/MLW /&ﬁw% A
é.l_. =178 (—‘—é.i)N_D"Z-}- o'séfeN-o.L, (CL)
Reworh. Problep 1b.24 g EF-@- Fru jouo <Xee/
44%047,4) S. = 62| MPA, E = 2006Pa, Méfz 0.93 .
() Dy plailie, baidic, aud ) Dz argpelilotee fo
Afe 25 N =105 105 and 167 Cycles ane colew hlid wasip
Ef-B) oy M«ﬁl

Frn N =
c—,, =056 N = 0.0075¢7
€ =175 () N='Z 5062372
ét— = éf Ee = 0007959
Fre N=10°

éf = 0. 0004787, €, =0-007850, €. =0-0008(56

Cd—wyd—a/v—(;b&, WW#W&W%MI‘ 24

(Ljﬁ%mm%&a N=Nc, €=¢€e- 7% £g @),
N = 11, 277_67/&4 (b) 47 s

W, ’&? Ego. @) aned (b), %WMW#
N=Nc 12 & =0-003547. Thia pofe beos fediren. 7,
nobca of &y for W= 107 Gnd W= (05 da il tbrcld.
©) Fr & =0.0l, B @ gielde N=712%cbe = 1000cychy.

Hiswe pBained i Prgllomw 16,4 -




170 ] R, ==<°; R =YY mm ; RZ=330mm/; R;:oo/' « =0
A N B VR B A B N V- S -
B-L{(Ra+ R,‘)+s/ (F?M_PE) “ZR, 200 G.001515 mm
A LN a-._‘__ -
A“/(Ra* r)- 77 R,) 2R “zpms - 001136 mm

B _ o005 _
A =~ 7.067776 - L2333
/2 2
Az 2(1-v3) _ 2(1-0.29%) ) - 0.003459 mm I

A+B  E (0001136 +0.001515) (200,000
From Fig. 17.16, C,=k=0.84, (p= 069, (7=0.23, and ( = 0.21.

b= yVPA = 0.8 iig,00000.00375%) = 6.08 mm ; a=2 b _602 72y mm

K o84
exg s Zg;-/m] £ O 2 1760 M
Umay = CqA:—om(/uo) 1215 7%
Lmay = Cr-ﬁ-ZO.Z}(IwO) = yos Mta
loct = 6@2_02/(760} -~ 370 Mfa
20 0.273(7.249)

For G:/,/‘/] F/g (7.8 ?/.VPS 2 =0.23. ZQ:W:%’Z/‘%

A'l" 91'9/6/; - Zmﬂy: _E}L:qyompa 4/76'/ _g: G)d)( ‘/‘/0 - 1413 /‘7PA

Cr o 27
b=19/13(000395¢)=6.6( mm = (;,\3/r'/:“P‘A' Z0.8¢ \/IF(//o,ooa)(o. 00795%)
3
SF = 6.6/ / -1 29

.89/ 110,000(0.00395%) T~

112 | For B/A<1.373, Fig. 170 gies Cz=2.2

§=Cs P A+B _ 2.2(110,000)(0.001/36+0.0015I5)
T bp T(1760] -

1731 B=A=I/R=1/loo=0.0l0 mm™ 5 BJA =100 C4=090

20-v9 _ 2l-0.29%) -_ 3. 43
A‘/‘HB I3 2(00/0)(&'00,000) 0'000“’5-‘?”’”’/”’/ b =, \/Pa

_ 090 Poooo%‘J_ /5—/\/"] (0_,047) (Z:af/; G019

Zf‘ 0.000458

3
Omay :"Cg-zb‘ :—O.éq(/fl)\/ﬁ:—77\3[}5— M Fa
Crmay < C(—Aé:O,Z/ (/57)\7/—; éa?fp’ M Pa

é}cf(may) =G 'aé = a./?(/f/}?/b' - 299B MA




(14 ] B=A=z/l2rR = /2000 = 0.005 mm™; B/4 =100, Cx:=0.90

ot 20y 2(m029%) Yy fo S

b . 0.90VPO000%6) _ o ¢ L o o
A~ 00009/6 =95 4 VP Ma y Cr=067; (7=0.21; (=019

Tnay = ~Cp 52-0.69(959)0P =~ 4/ VP 1A
0.21(359)P = 20VP MA
019(459B = 19VP M

il

{may = C(-g—

{!

f;d(/mfj z Cg-ﬁ-

o B = A—é F? F?z) 5(00 200

1 20-vY _ _ e(rroe9?) . ~
A= iE S T 2 v0es) (200,000 - 0.001832 PO b =CVBA

) 0.0025 mm~; —5_/00} Cy=0.90

- 090\/P(000/53;), ) o
0.001(832 50/\/_/‘7/’41 (=067, (Cr=02I; (g=0l17

ZY

Unay = ~ Co-aé =~ 064(60.NP =-38.5UP M
.

Cmay = Cz;i-': 0.3/[64/}\3/5 = 12.6NP MPe

1, 49P iz

A}

3
Zéa‘(ma,r/-‘ Q,Zé- - 0./5@0.INP

‘}7-é‘| Z_E"f R,’:Ré'-'ocj’ RZZ/OOID/D/' ,"\’,:30mm}' o(:-g-

L - - ) B 0.0k
5= ER’ 3(30) 20.0/467 mp” ; AF ZRZ Z(/oq 0.0050 mm / A 0050 =333
2 2
Azl 202 2(-0.27"] —0.0004227 PO i} (= 0.63

ArB £ T (000500+0,0147)(E00,000)
b=Cp VPZ = 0.63 Y500 (0.0009227] = 0.78] mm

b . 0,718 _ ; _ . _ . -

A 5000957 - (848 MPa) Cr=0.86, Ce= 0.581 Czj_aéé
Tmay == Co*‘a‘é‘ = -0.86(1898)= -1589 MFa

Ty = c(f . 0.28(1848) s 517 MPa

Z; T Cq b= 0.66 (0.781) = 0.515 mm




/7.7 | Let R, = R = oo, K, = =30 mm, R =/00, anel o=

m\:\

‘/(30 /00 _‘/(30 /00 V(’Q)(mg)ﬂﬂz[r 0021906 mm/

A= ‘{30 /-07)‘7 (3/0 /ao </(}/Q)(/ao 5/”3%:0000"?6/ ma

B _ 002906 _ 82.0;

A T 0000261 G =0305;, Cr=100; (7=030; (=080

A=l 20 2(-0292)
AvB £ (0.0214906+0.0002¢))(200,000)

-0.000923 mnIN

b= (s VPA :0-305‘\3/%00(0.0004/5;) =03780mm ; 236—:0.%50_5/’27 = 894 Ma
Tmay = ~Cp 2 = ~100(89%) = = 894 (1Fs
Tmay = (ol 030679j= 268 Mt

2s=Cos b = 0,80(0.3780)= 0.302

428 | Ri=5mm; R'soo; Re=R,=9000 nm; «=z0

-1 _f- dN L/ L L) ~ rm~
- 5(5+ /ea>‘z(5+sfooo} /0/00/35 mm
A - J B or0012s

“zp, T 2—-7(‘/0 0.000 IZ)"] yy m~ S0 ; (= 0.20, G =1.00
S ¥ Va l 1-020°, J-029 7%
A'/”B[ E T " 0.000125+0, 100125 LTT7,000 aoaooo] 00001275 )

Umay ==1400 :-(Gi :—/,002?

YA
3
b: /5/100004 = [400(0.000(25) = 0./785 mm = (p VP = 0.20V P(0.000 1275)

P=558 kN

17.9 -
=4 (L -’—:q':——— /- P S v, ~/
B=2(7*%) B 003125 mm " A=5g, = 5y 0-0¢500 mm
B _ o.0312s )
A " 0.02500 - L25; (p=0.83; Cg:067
1 20-vY 2(-0.29%) 5
RZB6  E (ooy/asmosz)(zw 20y = 0:000/628 mm /N
b FE . VP[.000762%) _ _
@ Tnax == Cr R =~ CrCp YA - 06‘?(083) 5007127 192195 M

©) Omax = -2758 =—192. VP
P:2.96 ki

b



17101

</

N [ -
B—g 5(/28)\ 0.03906 mm”'; z(p' 2) 7= 3220.03i28 mm
B . 003‘?06 )

A " 009185 - /55, k:0832Cp; Cg=0.69

A= 201-y 2(1-0.29%)
TA+B E (0.03 904+ 0.03125)(200,000)

In Problem 17-9 , Upay,=-2758 Mla and ellipse of contecc
has the same shape as that for this problem except rhar
the major axis oF the ?///,b;e /5 /Der/oenc//éa/ar ro Fhat

£0.0001303 mmIN

Ffor Zhis p/-oé/em, For this /o/-oé/e/n e_K -0-—?—3-/20 For

Problem 179 ©=Kk=0.83. Since 20y, = 2z, Fig. 11-6.6 g/ves
W20 =220 =0.950 Umay; 0. 995 Unay 2

0450 (2758) _ \//521

Tmax 2 = 5777 - 306Y /1% :—CO-A = =Co
- [306%(0.0001703) _
GF-= 047(05’3) ]0000/303 M
ke 21 l ,
B:A:Z__R': (25.)——0 020 mm
AE:/.ao/' (5= 0.90; C4=0.19
2 2
N AN BV -0.89° _0.33% T_ 3
A',ZTB'[“’ ] é(ooeo)[zooooo * 78,000 ]‘0'000?277 o W
3
L4 JRB
Zé(?‘(max)—\/—)/ ‘/—/50)—2/2//7‘0&-(6: —(C‘[b\/—z
_ 212.1(0.0009239)7° / _
PY’[ 0.190.90) Fovovese - 113N
17.12 | p
@p =+%=232 - ja, y; For £-/00, Cs=230
SE= 15~ ) ) Lsm <

(b)b = CoPE - o, 90 \T56(0.00092 37) = 0.393 N

b _ 0,393 -
A " 00009239 ~ 727 M

S = (4’“’3) - 2,30 116(22022) < 0,002 mm
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_ o 2(1-vE _ we)(-o. 292)_ 3 P
A= REF=: Fppee — - 0.0005¢67 mm N G =

_ /2 [2P0.000366%) b _ 000392/P _
b“/;iz‘ 2077 20.00392VP ; A-m-?ﬁ/ﬁ/ﬂz’z
Omay = =& = =933/ 117

Tmay =030 2 = 030(233F) = 2.80/P 117

Coct{max) = .27 Z—‘f— :0,37(?.33//") - 252/P Mt

L, = ﬂ%@e&: 0.25(733VP)= 2.33/P Mt

1Y 4]
@) Omay =~1380=-933/F ; P=(2% *< 2188 KW

(b) PW=;‘PE’—' L8 - g5 kN

_ [2R4A _ (8750)(0.000366%) _ -
b-l/h” __r S _0,3(95 mm
b

b _ 03195 _ , b
A ° Gocbiiey - 878 Mfa Umay =~ % = =872 MFa

‘7'/ 2 -
ApEFrECE ’*@é@{gqu 2 0.00806 mw
?PA 2(110,000)(0.00806) b 238 _ oo~
b = F / 1/0077 2238 mm ;) £ oEo 22953 MPa

Oy =~ Z\‘ 22963 MPr; Upay =9 305{2 =030(25.3) = §9.6 MPa

(b)Af' l//'é'/C/ Z;,,axz_—z}::‘{‘/a/“]ﬁa :0_7()_6..‘ é:/ﬁ‘é?ﬂ/’a

A7 A
b=1467(0.0080¢) = ]/.82 mm = f_/g.ré
2
/1.82%(100TT) _
P 2(0.00806) 272 MN
- & 2,720,000 _
SF - = 75600 < €48

=L 5 z (% * rd) =5 (5 r 5] =0t

. 2rvE) . 2(-0.29%) _
4= § £ T 0.Jl7(200,000) ~ = 0.0000 785 P ]N
2 PA

5. - -
Trmay = =000 == £ ;5 b =/000(0.0000785) = 0.0785 mm =7

_0.0185%U15m)
Pz 2(.0000785) ~ [.85 KN




J 7471 From Tab/pél?-l)’ Onay = =190 2 y Cmax = O’l’/%—f_/ and
Z-acf(/fmy) =0.368 .
2(/ Ve

2
A=R =% —%’00003664 mm N

ePA [(80 omj(@ 000366Y) _

15O 1T =0.3527 mm ;'

b oys2v
A - =7%26M%

0.000354¢ ~
Omay = —/.L/O(%a;) =~ [3Y8 MFa

Tnay = 0.975(962.¢) = 419 MPa

Coct (max) = 0 369(562.4) = 35¥ Mk

7.8}
@)k = /E—h}? /25(25000?736”) 0,001297 /P mm

6 _ 0001297P.
zr'mm 3.403 /P MPa; Omay=~1500 =~

p =525 )%= 194 kN

3403,

= ~7.4907/P

Do~

- b
Uzmx/ﬁ—‘%) :‘Rffﬂ?é Cmax (8=0) _ O'Y -0 796
Ofmzx{ﬂ:o) Range Cpax(p=13) 06742

Opay (5= //) 0.746 CIsoe) = < 1119 Mz = /m = [40(3403P)

(1119
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/‘7./'
a) () @x:=0,V=0 =
@ x=0,v=0 =

V(x) = a,x*

Lc') NO SIMPLIFICATION POSSIBLE

[LL‘) @x=0, V=0
@ x=0,V's0

v(x) =

3
szz"’ C3X

b U=F [ (V) oK

o Ll= -Pv(z)

) U= /Ez’rféaf o = 2ET QL
0 = -Pa, L’

w) U=% Ezj 6" /61_" (cos” /) I
n = -Ps

é[i) U= LLl/(C22+ G C,Cyx + 9Cix%)

U =261(ciL+3ccp0P+37 %)

= -P(c,1*+c,l’)

¢) i) M=261all- Pa,L*?

ST PL
Da, O F 2= LEr

_ EIr?
R A
T 3z2PL>

2b

(o) T=261(clL+ 36,6530 1)
‘P(Cz [3+ C3/_3)

PRIR
0C,

1L

dCa O F GEIC, +/2EILc,=PL (&)

SsoLviNGg (&) § (&)

PL _P
2% zZer 5 C3F BerT
0/) Z) V(X) = %,% X2
3
PL
v(e) = 9ET

7= 2etl (£)- Pi(£5)

- _ pé3
m 8FT
. 32pL3 rx
LL) V(X): EI,”A(/’COS 'Z—[>
32pPL°
(OENT
_ EIw” 3273/_3)’“ 32%3)
7= 5943(5177" ET "
T = - /6P2L>
ET?
) 2 £ 3
() vin) =Ly X - Zep X
- PL
V(L> 3EL
_ _P
T = 6ET

6> FowcTion (i{ (s FXRCT
AND HAS mMinimurm
POTENTIAL ERERGY.
Fowciion (i 1s A BETTER
APPROXIMATIen THANMN (
AS SEEr R COMPARIVNG
TIP DISPLACEMENTS AND
TOTAL POTENRTIALS.

=0 = 4ETc, +CETLC,=PL (a)
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2
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C> 'Z)P/zrl/z(2>(/> O 5 Apg T //2(2)(0’5>:Q52 ’qusz/?"quz_ﬂmazo'S
A//(O'S’O: '4;2350’259 /l)g(,,'s’/>= ﬁ;q’l?:o'z;; A{?:ﬁ/—;”j - 0.5
/9.3
[ 6 600 00000 0O0]
0/ 6 00 0o o0 0000 0
M = 0 © 0 0!l oo oO o0 o006
[#e] = 0660001/ 000o0O0 O
60 0 o0 01l 0 Oop oo
|06 © 60000 (| 0 006 O
(6000 1l coo00o0o0 o]
00 000 ] O 00O 0O
00 o0oopocoop! o0
{_'M;]: OO0 o000 OO 0006 01/
O o000 O/ 000 O0¢p
oo o0oco0o00 | 60 00|
roooo/oooooo;
ocoooo0o!loo oo 0o
jooo 0o oo 0! o0C¢©
[MJ-’OOOOOOOOO/ 0 o
0O oo oo o0QO0Co ! p
LOOOOOOOO oo 0 ]




(ssoLBWQNS [EpOoU gxg Ol pauolied) XUJe SSBULNS Pa|quIasSY — b 6L Wa|qo.d

- |
WM e |
|
|
owV\ + vM.VN mw»\ + mMV\ “
[
llllllllllll T
2 o
{
(
OW.VN mm& “
IIIIIIIIIIII |
1

9 €9
24 24 I
|
|

vs €5
& & ..m.
Ny 4 vT sz £7 |
A+ oA+ |
|
|
W ey |
llllllllllll 4
(
|
|
|
|
|
|
IIIIIIIIIIII 4
|
{
|
|
|
|
. |

o
G
w o
I
w
«wv\ mwv\

|
Ly sty
|
|
| %y sy
|
L
|
|
|
|
|
|
1
oo+ o0+ S+ +
|
|
1B+ %0+ S+
“ f + %y Ty + Sy
I
|
“ B + %y Y +
d
|
_ " R
|
{
“ VW.VN MMV\
T
|
R Ty + Ty
|
|
|
|

| |
“ NMV\ + NMV\ ﬂWVN + ﬂMVN “
| |
| |
“ qu\ + NM:V\ ﬂm& + AM.VN “
| |
r————"—="="~>"7"7>">=7">">~"— T
| 10 v |
[ v vl _
| |
| |
I ze iy |
| _
[T T
| |
L wew
| |
“ Sy + 75y Ty 4+ &5y “
b .+

NWV\ + NMV\ + vMVN ~MV\ + ﬂw.v\ + MM.VN
d
I |
I |
] |
| |
I |
I |
| |
R — Il
“ QMVN mmV\ “
I |
I i
_ VM.VN MMV\ _
| |

91
1




/7.5

b) Use swape FoncTiomws Givew gy £6.(19.5), Siwce x 0 &£ x =0,
x = /Uexﬁﬂsxs = %5(3+3F+~7 + f”z), Siwes ¥, =0 §r, =C 4
y= Matyt Ay, = Jy(3+ 5+ 3757 ).

S o= h(am) y Yo h(nn)
Won = 1(1r3) | 2= H(3+5)

) % M
l\T[ @ f‘o M0 = = /fg
’ 7y Vs
/W WATORAL COORDIMATES , ,C)pz = 2(2) =9

/N PHISICAL COORD/INATES | Ay = 2(z) - 2(72)2(,) =2

——
&t =‘Q/9: /2: /J‘/@f:O’fQ:O
' Ag




9.6
Use Eg. (19.57) To Fiup [3] WITH SHAPE FUNCTIONS FrRom K@ (79. S/)'

55 50N 55 = 500, S22 4(0)0em) , T2 =H(D(em)
=505, ¥ =z(/+s)(—/, ‘j”’ = %)) °”” 5(15)(1)

- L. A e Q/UJ__ _ -/
My Mg kY,
7 B 9) }”’TZ— - 5/; 27 /) )f; ’/7

2 QW 0 Y N 2x 2 om
-3t 35Tt F5-E k=0

oy L 72 77 - 3/1 '77 2 ’2/3
R TR ALY fJ]:[O J:{:r/=’/e;ff]=% ol

Z 2 o
2(-m)+ (%)(-%) o 1 [-5 o]
Bl o ofa)enla)| - | o
oCn)+ Ta(-ts)  2(H)« ()] |7 5]

/9. 7' SAmPLpe PoswT Locnrzms & we/ew/rs TAKEN FFIRO7™ Fi6 /9./0, § OIRSCTtor or2L ¥,
3) Exacr: I= (% x"- %%+ % xz‘z)/ _2% l-pomr: I=2(-2)=-4 (4% Erza’z?
2-rome 11 CRP)-4(%8)") 2(45) -2y —
HECBY) -1 B) s 3(5)-2y - 2 (exacr)
3 -Po/VT; I:5/9(é(_,l/?)3__9(_7/.va)2+ 3(‘1/,—6—‘)‘2) + ?/9 (‘2)
* 7906 (V2)V-#(42) s 3(VC) -2) = 5 (&xacT)

/
b) EXACT: I= S/.”/) ';'/ = 2.3506’02 /' 1-Pyvwr: I:Z(/> =20 (/52 EREOR)
=~/ h

2-Poswr: I = 1(1170359)+ ((1.17/393) = 2.3y2¢9¢ (0339, rror)

3-poswr: L= 5/9(/.3/.5303)+ 7,{/)~i %(/ 3/_5303) =z 2.350337 (00003‘70 EREOR)

’
C) ExACT - I:,,e_-g/_l = 2.350702 ,; 1-99/‘,7-; I= 2(/):2.0 (/sz EmOR)

2-ponr: T=/(0.56,3%4) v 1(179/312) = 2.392¢9¢  (233%, £rror)

3-porwt: T = 74(0.960990)r % (1) + %(2.16977) = 2.350337 (06037, £rror)




9. SAMPLING PRoswT LOCATIONS ¢ we/Gmqrs TAKENR Freorr /<6,

a) [xAcT L= (F/,u 5{//) (S/A)OZ //> - 2.83229%
=/

l-Pporwt: T=(2)(2)(N(H = 4.0 (97 % EKROR)

/9./0,

2-Point: I=4[()0)(0537%2)*] = 2.808386 (0187 % Error)

L= 4[(#) (e.74703)" ] + [ (35)(%)o-2rv703)(1)] + (35)(1)

I=0.6306/8 + /%757 + 0.790/23 = 2.9§32500 (o_oo7zm)

b) Exgcr. I = (:( %5 - % 5%2§>/ ] (senm [_[/ ) = (0.54535/)(1¢92999 20917799

3-POWT:

l-powr: T = (2)(2)() (1) = Ol
2-powt: 1= 4[(1N(1)(0.297%0%)(2.7379/2)] = ©.998%69 (8.8 % £rror)
3-powr: T =4[(%)*(04%9199) (0. 714703)] + 2[(93)(%)( o). 717703) |

v 2[R %) (045799) (D] + (%) (o)1)

T =043/6%949 +6 +0983/60 + 0 = 0.97/980%% (0.33% ERROR)

/9.9 By awseoGy 7o Eo. (19.79): S = JQ/ ;“g ]
X
T 7 pond
INTERPOLATE DISFPLACEMELT < St = 3' J“(’? [ U] / pc
des

B[R] B wmere (0] =[% %]
%=L,
B (1-%)
rx=L. P: =
A ; ‘? { PC(LZ,){a
9.0 l

By ArALocy 7o £ (19.72): Ol =

clx
[v]'g,
LR NG e wmene 0] < [1% %]

) 0L 2o
(e

[VTERPOLATE DISPLACEMELT : J W, = gJ 2:3 S
Ly

>

Ly-ly- “oha
_ _ L
gpﬂi? = io Lbz_[z
-4

o




19.11

By, Arvgrocy 1o Eq. (/9. 7‘/)'.

5 =

X =4C

/NTERPOLATE ROTAT/IoN AT X=/L.: oW = 555?7%[0_77 M.

- (R 0] A

)-(-':(c

wuere [NV 1s aver sy Eo. (/5. 63).

el(rz-u1)
% (L-Le)(e-3L2)
sel (13- L)

[i—'é-‘i (34— 2¢4)

{RJ =

19.12

SUBSTITUTE FOR

ELAST/IC FouwDAT/on:

/] o ¢ -
Guev: S = (50)ELG ctE + §, GOKV oLz

v, 07, (30)" From Ea5(/9.62) aus (19.692),

ow {5731 (0, T ez [8,]{ 7, o4 + {67 [‘[e'k w7 [} o5
i« 573 [ 1 [8,TerLBa] ob5 + § [0Y kW] o2 ] {73
VO [RT= [Re]# [E,F] wwere [Ky]is THe BEMOING STiFFuESS

[ || Lo7'% w1 45

AFTeER /INTEGRATION !

[ s
58 - -,
=
=
g
174 2 / 3
Ziot jos < <
9 154 P2 '3
56 ~ szo - 35 <
-13 2 - 3 - 2 L,z
4 20 ~ 730 % z/04 Jos & .

L{ s
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