TN

x Ocv.Y6 /18
; /,
T l',:'-‘- 4 <
ra . —s 2
Z ..
® S4rese  Fuaeaton cbfx.s\ x
0 = od = -260
D”t abz 5
2@ on the Yoondor
A
Shess Oz = _Dj)_ (“”“““"\
O
G‘SL = - be
Ox
A
¢ - T/as

FOr o Cte\e:

@M’r

For an elipse :

&0,

(.39 - E?u:\a.-ke(a\ Tr:cmcd\e Coss - Sectian

Pl i S
.
. 2
.
t'.
.

SO (x-T5w - P/3)
. ((x»«v—iub-?’“/a)
-()Lﬂ“/s)

©

D&Q“e S = \'Lu

[CRES
Trmax = 593 T (ﬂ =T
aAW*® : GS



4 - The Prondd elostic- Membiare  MNatog

Ox* oOu*

cbs@ad: ¥ =h
x=-k
%=b
G =-b

GO(h*-x*) = 32G6h" .

2%
L T
) T L0 cos (R ) cosn("R)
RN Db (C Cosn ("Z2)

Derne I = Ko (20)3(2b)
Then 4= TGS
Mox sheor sitess (b >h)
Cwmax = GE(20N-("/n)
The Mox. <Sheor occors adt the
Shortest dmsdance 4o cendre ( ot X =W , BW=o )

locotion with Hhe

—I>
i b’h_ ‘-Q) 2_@ . en
T Az“"" 7 l ' ’ ,
L[ =P . i, @ Uy &-229 @.33%
Ly & ¥ " Ly ©. 108 @. 244 -¢.333
[N
)

e ,k 72

/i Kot Ko = Y3 _ .2t "



6.5 Woswow Tectonaulor Cross - section

b ?- \@h VL‘ = H.‘; = l/S
S = Ya(aw)®(av)
@ = T/Ca'S
- K‘ =
mzo;- = &(9';1\\ /K.; = G&Q-\\
= AGAW
Ctoss - section -
Feis Z'm
et e -t
!5 4— 27\'] | = m T ‘
= = Cmosx
“— e
2%
hnems doea.
4\\«:..»3\ way fhiekness
Shear sSicesses
Owe =@ G’z3 = 260 x
2
AN = RN Resottant oF the Sthear sicess
5 LIt ""_:_:_:_' totovah  Hhe ot thickness
xS 1392

Sommodicod of Shear Shcess .(W\omeﬂ-\r\

= T/g

I < 7
9
K\ ) = L..x
pr i3
\
\)

S = Yz (an)’(ay)

v b= 2T«
- r s = (V3 )2 M ak)?
2k



< = Yy (2w P(b)
+ (') (2h, )2 (b=)
+ (3)(2ha ) (ba)

LGEN,
1GEh.
me__‘ % £ l(:‘&“z
Zﬂ\c»\‘ = 36(9'}‘mmc
> 5 =)

S = "B_SL (9.\\3%&5
2n(s) °



MM

Oct.1g [ 18

Ta Tl = 750 YN -Mm

e Ieomi, T2 = oo r~-m

- o 3°nnc

] - = .

> 3 . (4 77.6 GPa
2 1.6 en = 7750@ Yo(mm*

Find Tomax ond Ofale of 4wt ofF dhe Free end.

Sclotion -
{ (%
el
For AB:
L_.]’( él/“'z = O
Tae &
“}r—_-—, -r‘ + T - Tge = C/)
T T
Tae = T,+T, =22 Tag= HS@ v ™
Foe RC:
<
Tac <1,,_.l ] ﬁ{“?-f@
1)—: Tae = T 2> Tac = ko »-o
For QA®: .
ﬁa'l?r ; :* 6®m«\ lb’ 6@ % k - \.‘5
& O A = 4o L2
len = 0% ‘% {3 /pamt = IMPa Ftom lable K, = @.1a6
\Nim? = | P K = @.231

@gg z Tag : 6 «o? gjgp’ = K‘(g&a\(g\\xz

GSan  (77-8)(0?)(752¢10) = (@.q6)(s0 y(ue)?
. f.az16 (10 *) = 782640 pmt
—C::Et = TA@ = KO xp> = Sl.q MPe

o (Y (an)? (o-an)60) (k6 ©



i1 = Lo
2% = 230

stm-.nz linearta dotrboted,

X = @796
Ke = @.2232

k. (au)(2n)?

(©.1776) (4@)(3e)?

¥

®

n
W

n

S 1Al v - 8 mm™

Boc = Tac = hooliv?)
C‘\S%c (77.5u@‘)Clmtw.§)
= 2.¢aoallo ) codlmm
m‘f‘ = Tac = . = L.y MPe
Ke (25)(20)"
= 5l.&4 WP

- Cmc»x.

A occoes 0 e P‘g Segme\\-\' .

/gcm = ﬁc/s + /39,/9
Pera = (BC'@rsc\ + (RB -fag )

=y (180253(3.63v2210°%) + (3602)( qa.9513 xa” )

O.\q6 — .14 = X, - ©.vul
1.5 - | 1-33% -\
= K,

Cad



.
CO—SQ l - AT. 64 men
ae” 14 SHenee

) 2 <
Cose & P T2 LMo me ~ omm
w < =
:1 O J_ 60 e o I\’ HO e
P e A ’C
l.__————-————‘—i'———_"
(-3 ) <

Exampie ©  Foc 4re gumen I - beam

) Find e Yorsionol  Coostont I

5) Fiad the Moximom —\occpue thot tnhe beom con tave

(R “he %:e\d Sheac sStcess TS T‘B = A ws;

Givea (o = 12 x\@® Ks:

o)
L ! io.sos“ \ s
S = (5)av)(aw
©.3qp" —¥| o.a” ; .
—— L—‘] 0.60s Tt O ‘(’53(‘3\(6'6@53 *Qd .-
" o * c-- + (%) (ea (o320 )®
2 D v.aq o
* B T - T ()
3
D Coox = T (@.605)
S

=2 Cwmoax (@-605) = ng
=
=> Tmex = [ 2w 1.0a | we-=n

\
o 65 )



6- 7 ’r—\ol\ow Ao - wan -‘vocs:ot\ membecs and
Motkiple — connecred  COsSS- Sect™N_

Wostcow feckanaoiac Cross - Secrion .

ax) ¢ ¢ 4 &

| IR N 1
——p — ~ —»

(‘Holtow )

- 5\'\@.&\' Shtesg s (P\*oc:—\—tco.u5 Consyansd ‘\’\\?003\\
e  wau  thicupess,

— Sheor <icess s pacavet +o “‘he \com\do.r% o¢

the section,
— i = C4 = Sheatr Flow

- CL = Consd.



-

t

Ocn.1a/18

1 E"OMP\Q j

AT
@ @ ————\ 2w

()

() (b)

2 dhree thin oo members , find Fhe rayio oF +he \ac%es-(
Sheor sitess and  4he todto of 4he ofgle of dwist pec
LA lefgthn,

Sclodon \3 and . ore dhe Same

= '/5(3’\'(,") (QJ\XQ

=3 3%
}h—'s*‘

(> (e)
Foer () ouvter tadivs @ =+l

Tanec todius s O-
J. T 4
. = -—i&f-\r\\\ -—(‘-“‘\\“1
o~ E/l[<(*+4r?’+é(zh" JRTE S N h™) - (c» - L3k 4 é(z‘\z-l-\\r\\?’-f‘\“\:s
) (%’1)[%r3k+ geh® |
T Grern
o!\e«s\eo\'
Z_m:x = T/Sa'(r*')(\ C/ﬁt"“}\ z
c:n& = T/Sh (;\'\\ = ({3}21&1"(&\\) 3 $T¢-r\\7'

(Q_o Z-m:x = T gTlin?® =5 B_. k
Z o L&ch‘\\> 3T 3 r

L(-Tc:r"\\




0: &5 "> * where T, & dons Change .

(€
B . S o (Bawcany® = i(LY
Fv Sa [T NN 3

f Special cose -
T = OO wm 9\\'\: NS ™

Z—m:-: = ( >
Z—M‘:\x. 4oo

g (Y -
b 3 boo 657

t] 1 b > a

) Fnd dhe thar gheac SHiress N decos of -

T, o, b, &
b) I afq whot+ ore +the percentoqe
— Crrofs o  Twmox and (@
: € oswe 3 = (73)bY(a/3)? =f3’;)o?\a
Solotion: &)

5. 7§ (amy de

o S = AW =5 9y - & o
S o — 5

= b

&= S 4=y =» S = I/%jO (%S\%JS

(=) (2 =0)
3 v

> Zmox = 5 (AW ax (v Y =2le3)(Va)(b*) = TtagPb



A

= Covex = T/’S (9\\\5 e

=T 4 = 12T

(t"z)oz‘\: a®o
(9 s T = T = la“'
&3 G(5)o*h (403b

L) I =(5)eds
TS\-ec = (‘EI;SO}\J

Z-mr:‘;— = i * (l\"\ Mo
jrc:‘
o (5)
(‘/f,l"t\o.a’\) ?
= 12T
o*b
% I IRE
[/
— —
b



MO M
O,

Oct.25 18

T 7"*’ vaent dosdrapot ION
T 4e— T g Lk ]
k¢ ?—@ o T
l y ! Cwax = /53 (2H>m&,¢
—+ Ih ¥
bo>>
Uniforen

d:;k:bo«\-"ﬁ

i ’Z—'é ( sheor F\ou\

(L= const. (a\cm5 Yhe Cross Section)

"'\'\.\“’UQO\\\ Cg\'\“ée“'
(closed

Z.Fz-—‘@'.
-9de 4 g.de > G- .

Resotont of Sheor Fow ouvec the cross- sectian

: (nteraal

Focce & - lnlecaal Siress

<

EFez@ | £Fy -
£Mo=T

Pt




cﬁgds = g-cl-ris
“g- dSacra
Moo= g.20 - T
A: lhe area enctosed by the mMean

Pecimeter o the CCoss - Seciian

Qh%\e of  Juorsd per ound \en%w Q
x &

«_;7\:—47, \—fe T
b _ o

Tototion between end sectiong

B=1LG6
Wworw dohe 3% - ("5_>TB=(|/9.\TL4
Sitess cowponents - QOzx # @ Oy # @

Sdtar 0 eﬂevgs deos',«\—%
i 2z ~ .
Uo = VE (3:3 + Oz ¥ Uxe x - WE(GHD'% e Oxx02e 6\336'”\
+ 36Ot v Taet + T D
. t
=D 2t ( 6—221 ¥ 6':5? )
> 1

S tcain eneran  of Hhe Yorsional member

U-=35550.dv = S5 LU. 4n

f

L) SU.dt

$e5)

L§ ( S, ULodt 345 s
-18(5. %J*Wi\

iy




\?T/{iél = )Z‘C?/ §>’ZJS

pre)
S.ace i:l =5 6)"}__.&20(5

) § - ;_cqg§z«'JS \ (Qn%\e ot Jwist )

> f s mSglbds - L 5% ds
e O ds

TP
W

Det:te 5 - Lp?

i .
§/2(95 = 5/{ St dhe wall mean Qec.tnete ¢ \e‘\%-\—\‘\
6.*7.1 HO\\ow —{—\—1'~n—b\)o.\\ Member \ﬁcwu\e3 Seueta ! Comportments
9 9
/ ) - e
¢s )
C B - @&
7. J
(t‘ = iz * ?3 g P
%5 = €- ‘?z ;
o
@ g o6 §ZJ$

Comporament (O



Compaﬁmem-k
ﬂ ® ;}é,_g § ZJS

& Mmoust be the s<ame Foc
e ither comporiment.

\\’\%evﬂcd Tesulrant:

T = lp\(ﬁn‘* Qﬂzq,z




e Oct.26[13
4
E%amp\e PRI X1
1 .
\ ry '_ *"‘/2“ 6..“
Vu“——-t Ve I :
1\/ u X
A * ﬁyke Am (nean ocea)
fn

T = 5g we-n
nd e Moy Shess S4cess c\eue\oPed ‘n e cross - Section

fise tind he effective  pPolar momend of nectia .

. T
Solution . i = 2a_»(rean atea )

R- (%"/8 ‘(’R) A(é"/g-'/9> 2 42,

g = S@ we-n — 3: Iy 2 S Zmexe = 9
() 43n?) £
. Z-mo.x = 6@ —L—>=Q. 28“'
(2Y)u3)\ u
P va S
3 = Lpc ‘ ‘ y I&v;-‘m
| u *
§Z ds o - " R
ﬁB"/s— K" . WOTE :
§4ds-) ds+ § 5 s T ds
se
seee Rs = Ve S“(; - sp/é

st

= Yty (SP+PR+@A) + Yy (RS)
£
= W(g-g-uy )+ (6-Yg-1g) * (8-"rg -Vu) ~ Ag-1g-1g) - a5.5
and T = Lp* = _Hxu3.8° < 9055 inT
§i ds as. &

NG



_ i
(T T T T mm s, -
: * ‘T‘IH' ve™
' (' —
-» I L —b
' . .
Y {7 et .
L ' dm ‘ (\a‘s“\q“ cos
-’
6:(\ T

For the open section, Fnd T
3= 22 (A (an)?
:(‘/5{8“/8—'/u\+(6"lg'y8) + (‘&"/g-‘/ﬂl ~ (')® -
+ (36~ Yg-g)a)?

‘S = ®' gL‘-%Qé Ky %

I PRIl .
/] ’, 44 D = jC\o;e + Sopen
71 aeses : OOEm ha | 5
/ y © Evede * (b))
(7 7777/ tds

187723 p7724

i dds ///// ! N = Delose + Sopen, + Soped 2

= 'l—_.@—z— . Va, (Ab)(AINY 3 ., Vo (2bY N2

& rre At rrr, §hds

e
=
|




&

Exomple : L6 mem Caven (&= 260 GPa
1‘ the max shear sSiress is
) NPa = Find the tox
Bm
6 wren ':v: ' ?. " T Jhe member Coan
7L J + 509?ov-¥-
‘l-.snv‘
: + —\
6@“\” 30O mm

_ < o
Ceu 1 : :——1 &‘ = :'{‘ge‘ § Zds = XY= &% ds
az_li ¢ (Te.-q. :
Swee R,: 4@ = 3eo
—_—

! -
g g | (<3 x ) {22 nco)]
Ceu 2: L 0,- Mawer = (a)(3@)?
9.2 “ j‘t; = kso

e 2

b, - 2 A, § % ds
—_ 23 -2,
= ;zc-,(usoic\[’{"‘t(w) +i%?—(6@)1

Snee @ o tigid \boés @. = (9-;
‘ [ . e + Q. -2z x 6@]

26’(3600) 4.5 e &
=) | [ 9 =+ 3@k + q.-9, (6@)}
AG(H5@ ®) 3 1.8
2 ¢ = lLa22eq¢,
q, «—
V\
Il © € 2. o= 9 Ce = Yo
74 u.5 3. &
. é <
—— 2 Z‘?’ - €|'%z
Z3 1-5
Z—Mc«x = Maode (Z: , T2 ,’Zé) - Lo

T = QQ\CL( + Qﬂz%z



Mo ™
O

Torsion Member witn restctaired ends . ocT. ?>®/l3

S\r\eo< ConcendCotion:

e - c“kns

Cusved surface

C\'\‘? - %e,t\d'.(\o\ oft SA’(O.’.S\\.\. BGO&T\S

7.1 - Fuodo.men*a\s ot beom\ \De(\dtncs

ANz

J..L\x

Homogeneous ond iscivegic (odesiol ossompion’)

fNo 4‘*’"5-\1“3 (00\3 \Oef\di‘\s ée@orm:&:on>

Rearm has o Summedrical plane

e, M%
-—p Z
x *Vs
< M
ze—c) E"z
/\L z /1
Ter - Mas
T




x 4

N

MY

$ v N x

YV" ’/ »
QK//; Ny

o)

Oea= — My Xx

Me o My x
e

(no dewisrivieg \

Yorces Px and P: oxe ()o—s_s:\\(3 Jr'\ﬁVOU%\«\ 4he Shear
center o ‘e beom .
¥ Sheoar Ccealre

- - e e -

| \ . o.o-\'.-S:m«\c.\g:c \
}_,‘ . - U 4

[
(=

1

c o\




€O onen
Exosmple - TSI TN A
! . l | E ____\ \@ wen
o=} —p Z x —F—
/ \ < ' 50
XY .2
> y t A (@ mm
et ' N
Yoo 300 300
L e "
Find the Mox +easite and Compress.ve Nocmat Stress
o+ the mddle Span of 4he ‘oeam,
Solution : 3 ﬁ = ﬂ. +~ 91
Oz (%, 9e) - Ax, + \Q;—X_;
A
W= Asr A,
A
Ix', I%l s Ix‘s(
= | Xt A
[« x 5'

Paratiel oxis dtheocem: 1 ‘ ] Iy = 4, bh?
T = Tx + ﬁg" h * I\s‘ = l/l:L ko 2
15= I, « Ax*® ﬁ—-\ Ig:@
]:ac.3 = Ix‘s\ . Q-x_g




Mo M

i Nou.t [19
- — N R
O‘(xﬂ;%l\ // /// \@
O (G, Be) x 4= -'o 6@
AR |
Q. - (Vw0 - 35, il
“
(o) le) = S N
Gl = (5@§l(@) = SO
g - AT, + A0, = soo(s)+ (32)3%) = 2@
Ao (520 + 569)
= Ii)-&— IE:_)

Lx
I® = I8 Ad®

= () s0)i10)® + (5e0)(2@-5)°
12 - IF) + ade

>
= ('Y \@3(5@\3 v ( 5@eN( 20-35Y

Ty = 3233Bd% o™ pen gen
_ L L = 232%0Q
Stamcs - y — " "
T ‘oo l Lao \ 3%1 0\7_ = 39 5@
* R
[} 9\1.
~2 Coce

( &\500.-: +Z Foce
%[ /7////!177 l’_'_'”té—
/%'_\l Ovtec normet
| j‘“l N
“
"

x
La 50 M
“
Ny X? 18X -3
77
(v ||z cticss > 2
3o
x ~2 Coxe

“w 23750




ENe =@ - My — (3250Y500) + (iIs0e)(10e)

Mx = Q780 W -mm

W ormal  S4cess

R"\' '\'\\Q 3(’0()) \s.—:.— Q@
Oz = Q%000 * (-20) = -5%.% MPa
333233

7-x Bendzﬂtl Sdtess W Yeams sopiected T Woa-symmettic bendirg

P - throvan Sheor Centec C
b
(Ao +waskina)

CP\cu\e Cross-%eckion remasn

Plove )

d;z = 6722 OlIO‘(:)

Resurant

SS bsz 0‘1(10\) = ¢ (Mo oxial Corce)
&
— W\ 4 Guedxdy = Mx

o
S§ X G322 AJLJS = 'MS



Cross -section fos o tigxd bod% TotoriON

he Arse. ot POt (I.g,z) Neovttal
o i g
k=0
Xz
V=g (X, 9,2) ¥

b= O{iy bd \(:»2) + ‘:BC(“E S Y

Sicoang Txx = @ |, Eay =@
CSzz = %%— = Qre) -\X\D'(Z) + 5C‘{Z>

EL,, = &(2)+ xb(z)+ nelzd

W

SAcess : Gz—z-

Sj V22 0\“0'5 = SS (Q(‘H +\)(Z—3 x » CL2) 5\ dx (ig
A e
= 0@ 1) dedy + 52§ xdudy + c02d Jephedy
) p

=D AUDpre = Up)F©
=> Uzz = B2Vx s CCZ\%

> 55 oTu dudy = 3 (brevesy <l drdsy
5

= ) dudy ¢ ()35 atdeky o -
. o

= b tdxd ¢ = =M
3;3 x d o + (C &) 5;5 X%dxdﬁ x

35 ot dxdy
A
395 x* a\x-o\ts

Decne Ty

BEN

T = X d

g =) Xy dxdy
— (bl Ty +« a1 Tx = My
bley Ty + CCaYIxg = -Mise

— };(z\ = = M{Tx+ M\c’lb;

P

% A 511—15 "Iy_,a"

FaN






Mo

@

Nov- 6 /18
(@
x ) —l o 1%@'96
X e L) 12 -
T e
€ L 4
Pt
0
ITx = .732 4@ * mm® A=Y
L-’\Ul-ﬂt
Ib = .3 )&\@‘mm"‘

I.‘ﬁb = @'qqgé K\@sm"\\\‘

Wocmal Sicess

UZZ = MXIS4 ststb - Mbjx +J\'\x Il’-b x_
o L
Heve, A= Iij_ Ix%;
LD o= l.glusu xigp Coam®)
Medy o MoTey - 1. 8353 x@™

Mg)jx. x H‘I‘B = 2,636\x‘@‘t

)S -( 2. 636t xl@‘lx

-Qusu x1g'?% )

= 0% '—'('»%353 x(@p't

1. UL @ ‘T

Gz = @.gqquua (o - Luzewx)

I. ('5 S 118 12 T2z : MPa
- ’
gz W - |.UBbUX = @
X & \
£5458 3a.7u Let: 7@.0\0( = (1.u3ék)D
S\ TN,
s K = 65.185 "

Q.rh 60-26( 7
A a7y, -2®.26)

O = @.qauuc(- 30.26 - 14364 xq.7u)
%('6@-26, BC{-?L&) = | GR/ED MPa
GB =

@ .aauug (3. 7u - 1. WILL x (-60-26Y)
e > 25,6 ML,



\)_21, = MIIS“'Mglx\b G Ooo—‘

JaN
oo - NbIr_ + N\Lj—xcl pl
pas
-y -x
Neuxtal ax:is:
Ve = @

H
= N = X e = @

ond 1&«»04 = Nbiw + My Ty
M)L—Ixa + N‘3‘1“5

4 The Norenal Sircess

O = MeTy v M Tuy (& - xdeore)

paN
(¢ Mx #* O
Oe = _Me (o -vtee)
I\g—I;\s)‘.a\O(

7.3 Derfleciions ©F Sitoight Reams Sobojected

to Qo0 sSommest: Cat bead ha .

% ‘1——92

X z z *02
. S

My

M
B
L

x Rbd@x = d»%
dz — s (Ry *5\00—@36

¥



ot

Nocmal  Sdcarn

€zz = (p“g*‘b\d&p—d? =
Az

y

~ |

? S
Y z

| | £+

—_—

R‘s (J\ +(%\_i_*)3

Sthau decomration

oV L)
Oz
= \ = o'V = - &zv
R oz 0z*
=D - OV = €. = o
oz 5 Eu
S'-Y\CC Gzz = N!1\5 - M‘ﬁ-GC) Q4 - M\,\lx /KpIX;_ X
D
Le'\' X = Q@
Then - - OV* = MeTy s Mo I
oz £
Seecial cose * fxy =0

Pren = Taxly
= \_a‘v = My 4{ -ETY = M
|

oz* EIsx

e




The dotan deG\echTQ(\'-
(/(_ = -V JéaLOL

\Exo.mp\e
UG e

——

x
260w

hr X3

c 10

G wvean e

Fiad the ™Mox desltecton of tae beam
Solution Qo = 31-Q men
Te = 3a.€a x<\g*mn®

I‘b = 20.93 ~\@ cmm“




MOM

O,

% ‘1 WNou: | /18
From _a___.a"\) = _f_'\_ac___
(Mmr.\/ﬁ ‘6‘42 e Ex-
,‘L
Ccms+
Foc U Symmettical beom bend\(\%
—OV  _ _MxT+ MoTIx
Oz* N Mx o o  Fuaction ofF Z
0%V j Mo
dxt  E(Tx-Istae)
Since Ty = @ (Q\’\d P - 28 v
- 0%V - Mo
° .Qs
U] i
|
p 4
P
N
TN
S nce P';\ = Peostiery
V _ _P_:;_\':__ tron  table
Nox T TREI. &
L3 ¢
Umox B igec;sx(le) e
Vioe = (38%10%)(3 nw)(Cosi@) 13
: i . oL = 12.83°
(#8)(72 ~1@2)(3q.69 <@ ) e <o
= 6o'79 ™ S
:é\u = Mg:[x + M! Ix;
N)c'_[:3 . N‘s—lts
\
(B (5 - H PG
o
M, - (ﬁ\Pg'(%\ = 5 Pleston b |
boot = M3e - Caotsdo’) < 3a e, - @.aaer
Mx,-Ins WCst(mJ\ A B30 .73 w"/

CL = 12.@a "
oo Mox AgF\EC*TOf\
Vmox . 4.8

—T o = 6-q5MM

émmc = cosh : Ceox(12.83)




Ch.8 - Sheor Center

for Thin-waun Deom

CXos58s - S@ctrion

2.\ 9\\39\‘0*.00@*10(\ For Sheac 0 FMo-wal cross Sectroa,

Steer  centec B poar o e cross - secaton oF & beomn

-\z\’\VO\)%‘(\ Wwien +ne loads must PossS  for the beam +o be
Subiected o ':mu3 \Demd:og) deCocmation . Yo tocsion

“e Cauvsed \:_s e Acansuvesse \ocody Ao e ncowgh
e Sheac cea-ec.

~[C
- P

Sheor sirese v +he

e want
z 1° Shear Stcess s Qarvallel +o the
t
bou(\do.tu\\
¢ com 2° ehear <iress s vnifocm a\\mou%\ﬁ
P ‘\'\ﬁe o

4\‘\'\C\L\'\ess

The rtesutont of Yhe sShear sirtess throoak Hfhe ol

—Pnicbmess : ‘Cé = Z;é (sheoc (—‘\ow\

2L Sheor Flow @ Thin- wau
@ Sheor SAcess o

beam Crocg - seciion

<N genero\ cTossS-seciian

M

£M£’C/) . fod‘Nz ‘M&-ng?am

IV |
C T T Vs \

.



A
Uz; * &l G‘Z-:,

-SX 6—”—*5"0"3 * 35(@11*46\2;\31-45
‘ a

f

~Zdz -t - @
Z -t - 7 s’jgj, d:; Aedy



MO M-

Nou.a /18
37.6 mm,
Y
Find the locaricn ond W\o.c\smirude o dhe Moy pocnal
Shess n Ahe beam.
i/g x § = 6.2333 Kwo
SOIUJ'"OO : ./‘7" 4, ‘/ Yo, » 8 % 2.46%9 w2
. m z
5.333 k0 S
A
Ux
* ‘l'\:.s éM'ﬁ =@
“
@ M%—5.665»9\=@
My = 1@. 667 exa-:
g wo
Yo
xX Qm
ST
z
M - 1@ 669 KNt
i"er
1@ 66 T v Goservadior, mMox normal occurs
kro-to between Z2:=2, Z=k
: when 272
; P, Cen + Z (@-66F
N - M:dZ’) s % z
) 10.669
T 1©.66F up-n Mg(%\ = (6'1\(""4")

_—_A’Z

x
S.ace Je = I"S = (“a)wct R
= (Yu) % (39.5)"
= 1.5B3 x 1% ot AL2 el
%H\O& = MaTIx « Me Txg

= Ng =>

+ M‘.S Ix_5




Plrswot  veos o)

Q(~5n0L, (eos o)

Normatl SAtess

G-IZ 4 MIIS + N)‘ﬂ/;s - NSKJ, fN/fo x

aN D
( Ovece A=I»'I..3\ = My a - No
Zx T
( wherce :‘5 = or can use
foc citcuar Cross - ) - \ e e Woe
seciton G2 = M (& - x fanex )
s ~ e R
O - Me/ ( 5—x@>
- const.
Qe p ——I: (— rcos & ~ sk - danoe )

- N
T Cos ot . e
Gzz.@ N

z __Ig.;_ (rcosa~ (-csano) - fonoe )

A
= Mx.c .-

2 <
Ty Cos O
.c \
G'Zz(g) = M;-x " ecosot () L\:-u\m\
Simece My = 1@.66%7 2 KN = (@667 2 x 1°
Lt -
e = 1683 x10* mpu M 6ccuss (B 3000 wm ]
s B2 8 e Mox ocCcurs @ 2000 M, LOCOmm
K
7‘000( = -é-:z‘z‘ \) (6-2)1’Z {-2 021(26003 = GZZ (“@O@)
=> 288.© Mpo
z AT Z2=zocoo faoL = foo-2 = 2
Cosox = Z : Z

2 = Gooo deoce = 6039-% - U2 J
—_— pp——— z
G-2)*+ 2" fGooo-2y - 2* |

0p(d = (1©0.6652)2 xp?3

Moy

('w 5)

n (e ne®s / N
C Gn(%) - 4u.nq e S < ,\/(éooo-z)b-r z*

whnen

ACOCT e £ 2 & LeOco




MoM
@

Nov. 13/

£Fz=@5

SS(S&-‘dGzz\Axés -Mdﬂb - Z£J% =
“‘ A Tt

=g TH =~§§’I%’J‘JB

B 1

R o
T vaifocen
>
S.nee G2z = Mni\ . Nu\—i\pg\ o - MSI* + szn\ X
JAN PN
A dMx AMy d e -
o v - Balan | g, AET.,
dz A L
\DecOuse of 50“" - Vg ANy = -\g
dz dz
dz JAN L
\1‘31‘5’\)" ]—x.s N \UxTx +U~51xu\ x
A L
=> g - Z4 = SS gg—;f—o\xAS

0\

\}515 _\}x,IscLb APA% 4 \l!:it —\ij"‘fl al;,gl
——_— g s



55 Gledy = B' S

L
/6 ) XS xdedy - N %

v
- 3
2=Z—;é = \)5154— \ly_Iw; 9"6' + \NxeJe + \ISIY—&) e 7
P AN
| Ze¢ Tey- @, g- (\Jb/:um'g‘ +(V>¢/IQ A
[ 26 V-0 =(\J /TP
. Thin - Loau  oper Seciion

Cree eJ%e

\ Can = @ ( ¥nicwopesy very Stmaw)

¢ Zs 1S pafot e —&\\mog‘o -\v\mcwﬂess ot the wau

3° i = Z+4 : Shear ¢Clow
H° Sheoc Pow S zeco ot Yhe Tree edcée,

Qwo Postwve Sheas Flow:
5
the sSheor "Flow Pownts “ate the ofea

‘LZ =Z(s\



/ EXO\mple . Detecrmine +he Shearc
F\Ow A\ o C C\\o_“‘\e/\ Sect on d&e
to o sSheo¢ Force \)5 Jr\\(ooc\»)‘n (LS

Sheoas ceater,

a
D e = —
— S
g:zt = 22T
I, (94006 [(E)=) 6 + at-at] -2
= (¥3)a34 (at® << o)
On AR - A s Y- o
9
BIL < 9 (5. - S
/‘L._.s_l.,( a = \}"53 (S‘;é)['as = - 3\1‘3(5‘5
a 8/3a£ 8&\"
| ts a (whea © £ S. £
c o) at B, 5 =0

__3\ . -3V
To = et (o = -



On BD: /\\
: 8 A A 0 C_,}@:l\
® b Hl%‘ z X
S Sz I¢ |%O; \_—_’J/ o
x e \Vy —_
g5,y = 9o + Tf2de Re = 5. £
-3us Vs (g, S2/3) — _ ip. S
b —, > =g e &, = -(a-a)

U+

= ?)\)5 _—{- Sz >7—"§_z~ 1
Ry D S, - 2a

i‘) " i(;a—) - "%Ug = %Q
80..



MOM

NoU-‘5/|%
On gE
¥ A - (Vs /L N
| Z(ssy = (V2/2,) 03
® 1
]‘.‘ffi l AR = Al + B Q.+ Py
\ @5> ALY -2 [ RT RS - 0535
o%%——* = Gy 2 ALYy
Sero Taregroy s mBuy v VU Suf
>3 Ler %o‘st
= ’9)\13 + %\Jcs . é_'__a,_
R Ber =
@E, S3=OL
- LNV
Pe - %o crall N
J
?_J 5 ace ?6 = Bguf
x e & S Fo = Tqe cRB
= —‘9-\(3\“5\& TS V\ﬁ
v D s the momenyr Center
> F 2 - Uge
=> e - F(’ g\Ok = {6\}5 da = é?,
Vi Vg S

oy

=z

1 Xo Xontt 51 = E( Xe)



Fos 88 ( %+ bga -~ %)

@ /-3\s  _ [(9Vs) _ 3Ny
- 3 ga LL (V=% _?g;_
F, = -VNy

Exomp\e: Fd the Sheos Centec ofF o

C -Secrion .

I SO

bOwmen 'é = e

(@ @owen Soloton: ° Find the cepmrvoid

LD men
ond Momenr of ofea
E crbout centtoid axes
[R2Xr2X Y. N

Ix_ = ‘~7331(®6NM“

Ib = ®'8?6 )k\® 6 mm“’

I"b = -@.500 @ mn*

a° Find  interdal Sheoer flow  due 4o 4the  nterfat

Sheat Fotces NVsx and \J‘3

4+—
B o
o 6@ me At @< se e
o A = Sf
' “pas
Lo Centrord O, (S/2-25, -6@)
i(ﬂ = V‘bj"x;:’"hﬁ AG + ...
o £ .
l co + VUxdIx - VuIxa p'g
L
PYI =5 \13(@,8'45\(\@"\ - Vx (-2.500)((0°) .S (u\(-66)
(1.263 xip'?)

- Ux(1233)(10%) -\ ( -@.500)((@) S (W)(*%19)

(1-2638 x@'?)
> \)1[2-‘7336(5—56% au.s3c((10%) . \)(5[@,7926(5—5@3 -166.7a% 7] (@)



ResU\Jro\(\-\ oo AW -
F Ss: qsyds
'(CQ.!‘?SQL\J;: - @.2339\

L

n

N
4 QA

F= 01769y + @.2237 Uy

o ZIND = (@.1962\x +©.2237V4)(0®)
> » \ = \‘769~\[K + 22%‘7\]5
>® T %
hoY
® A Theat Force Vv and Ny
er £ My - \}‘93 + \héex
H’ = e‘5 = 7.8 om
, o
c = )
Ny x 22 .2%7 .
L
—e
o | E




Exam BO‘ Bea.m

1 foin Wa

1° X -oxs s Symmetcic AX'S

$° onloy “fitetnal Shear Corce

\}5 1S peeded

Tave Ub = T

4* cor ot pes

RV
Fe = 2.+ =0T
s % + (300N @) -350)

= 94 - 7500022
V te—
Zp * _I%Q S
(2, - 75000@) + (25@)(32)125)
%a - 1375002
, Pno- 2o . %8 ° %
v ‘Tt
T %= %e s AT

= @4y + (250Y10)(125)

A

L]

W

h

> @a + 23502

pt(\g\e o  dooist (pec vnix \eng-&h} :
§ - e $¥%dl - @
> S dd o+ Spomat - Jeedt S dl
ap (Y

Ba

> g dl - B lasdl o Eelwrdl ¢ m gl

il

%5(@,; + G o - 1200000 )(300)

dogdl = 520 +2,)(80)

[l

320 g4 - 185CC@ER



@

Sm 28 'EZ?;(%P + q%@*in>

é%’e'(q/g - 750000 + L}(ig»lB?S@@C/)\ + iﬂ ,75@®®@>
502 2a ~ 20321446 7)

Jew 940 = T(%a+ Z)(RR)

= 3@@(?0) _ 1195 0%0c0

S gdl = o (e s H9s - %)
= 8Q@ (9a) + 10414669 xip
=> G‘a){?@@zﬂ ~ I $508000 )
+ (3,)( 50@9a -(3O)(291466677 )
+ [)( 302 9, - jasgeece )

+ (7‘5)(5@@% + QU188 7\ = ©

—
> 7 - 305856 Slnm
—b «ZP = < had DU Y e %a - -106auLbl Y/mm
Do = -BULHKLL YO mm L = 6180586 rolmm
Do = 20555 wolwm
LUl by 205 556
w
s M e
{ \ J° Eol%e, (PQraue\B Sheat Force
1060 1t = \ s18ose

=> i vadra+t:c

5
1
18

, . -
2 — -~

T
\ \ 3° Edse CPet\)e(\d:cmar) Shear Tocce

. - —"_ ' = lineax
Uulmuy T A’ “"—i 8
 Lusuuu 306 656




F'-\’\d\ng Sheos Cender (stn% Poinq Q\

9( - Moment Center

te = 03.¢ w:\

HeYe Je = (3875@@@@@ tae M




Mo M

®©

Nov.jle/ig
B~ @ B —— R
r_- Fnd  dheac Tlow on 9_%
A ‘ © X (}— ©
MR 2
Ny b—T
|l — E
o 4+ °© © 1
Jr Vg «
5
D s the moment Center
- 4+ F0d Shear fuw on QR
B 9 sl
— e resoitant o0 AR
.}
F ey glevds
= Ct\}u +Cz\]5
o £ Ciemd C, oare  constants
4
S
I F s positve
. ¥
B—— g 8 A
L
— .
o E > ! F
a .'. -
Ve :
Method 1 -
S‘\'Q@ \: Cong-der Sheor (orce Vi O(\‘&s

— :de\\&if-x *he ltine ©fF ocition o¢ Ny
S'\'Q? 2. Cens.dec \)‘5 onty
s dendify Me vne of ocrien of Vo

—
_—



C\(\o@\.@c A - Corved Reams

9.] - lndroduetion

Ccoxne WNoow -

9.2 CircomPrential Stresses w oo Couruved beom

C\eome;\—n.x@ The Ctoss-secdion \'NO—S O ngme‘\""-c
AXi5, and e \Deo.\\\ \ho.s o Ssmme'\'t:c P\ane
@ Twhe oreo of CTOsSS-Section 5 constant

4\\\”0()3\\ e ax:s o€ +he \)eo.m-

E_ >5 = Shrazahy beam 4}\‘-,@3(:l
Rt [ See 2°) h

De(—ocmcﬂ:op :
I Plane  cross -seciions femean Plane acters lsod:ne

@'5 W wd 0’(9 ase SuG‘G:c:cﬂHg Sway




le‘|
F " ‘\
Neviral
TN
Teniteid H \_/C
do
|~
< G/)F 8 5 Doe 46 the Cotaition
T PG — poy
QQ' = TQ-do
T = Ra- ¢

QQ‘ = (Q\'\'V)Jd)
The Norman sttasnh o Yhe line segment e
Ceg = QG = (Ra-t)dd

Py cdf
Detne
o = dCb/A& => C’:@@, = P\n{-—-? w
Stess i (Ogg - ECgg = By 20oS
Stotics - Cross - sectton . RO
[}\/B ™ B 0/60
7 gy
- P Z\-_/C Ceadrotd -
, . _— -
N =) es dn
M = Sé W&a(n‘r\dﬂ
: Su\p IM ‘ado "'\'\Q above CC'D”\-S
3B Betyp - v ]
i c— m
() Ew Be=tf(a-c) df -m T2 Ew - NCTErS

|7



Ew = fm M- N }
R Y N
\Rn : M@ 1

Mo + N(A-REWY

Heee ! fm - JJ L do

—

N = ‘S;\Sdﬂ otea OF Ccross Seciton
> | Ggp = ra o+ M <9_—Gm\
B(RAw-B) \ €
Calcolate Bm - Ao - 55 T 40
dg h
—y b
S ; <_S—: o = j ‘? bAV = b QI\(C/QB
VUYL -
F—
28
L 14



MoM

Naou.23 /18
Qos:¥ive
Ao B8
\..__:,zs S D - moment centec
a/'bmo \“*e((\a\ Sheaxr Gocces orce Pos-tve
b
AU -p T_—_C
-v/_-—-_g..-l ,,,,, fycﬁ
: o)
5‘\'89 [ : Pos-tive Sheor Focee \x

i€ Sheer Flow s Pesitive | dhe line of ociton
o€ Nx 5 abeve D

) a8

e - o (%49 . 94) »BD

\J = P Srous € S

»i = Volo - NeTew 0'g' & Vade — VaTefiKQ

o A
(Vo @)
‘i 2 = \eTea f'g + VeTx X/"V’
JAN A l"“"'—"——'\
M &, A': o5t %——?
X' = 3y +a =7 '
"g;' = "¥4 x & % 3
ia = o.edaull Ue l,
e B, e = -@@1678 Vs >
the Cesorant T = B(9a s U + Gg) = 00163 K Vx
ted tine  d:sdance

e = F x QO = O O33R ™~
Use




Stee A - Pos:tue ntetnal  gheac Tortce \}‘3

‘___..’S Fa (%)

: 1€
el The resotont sheac flow on RR T
,\(——'/ :

"] Eé———— | & T2 oss Pos:kue)

A

x

2 o ' M \° cocued beam -\—\\CO(‘%

M __rn
R ': Oss = armpm—myi e ~ A=)
3 4
\ M: aresna bend‘-(\o\\ toment

e~ @ - o ’Z(,é_:' (’\ . oateo. of CVOSS-Se(:-}.‘oq\[ﬁ-,)é\nl
R 1 W * b D\ © ceqitoidal Tad:ros
\_._\ y P = 1] < db

- = ;@L(B,*_‘_‘/Z_)

B- Yz
COS@ _[)\_‘ = l
e
\ﬂf\cr Cadius O = Q’-‘;— = %
Ovtec tadios b: R.\._\a_ - %__
= b 7 3a
O - ™ (&,' ML(s})
i AJ(3) = kK c

Oy - M (j\_ _ QL@))
A (e -0) L ¢

Ak toner  Sutfoce , - = \“/a 3}



G@@,mm& - M -____‘_—___/ (2")«3\

S

A ),\(g)— t
= 9 08619 'g\'_'i = approxitnote  Solodon

Elosiicity :
’L‘M[az\)~%+\>£~(3+ah( P b - at ]
Q - Hatbr (BN - (bi-a®)
or U=
0gs = 2-321a? :\:‘L & exoct solution

» $—¥m"\o\h—\ Ream T\(\eoﬁ-—x :

- " Gmo.; = M . = \\
O ADARE Ty
— P "

Composite osea: = 6 )
] l-—c\ ! feclangquol otec:
(Q‘L Q\ 1]
] “ . aiie @‘ |; \3 I
Ry
%______‘% /\\Z c //
R .
C
Pu = (5 F dn RN NG

7 = Q(h =_§5 ‘TO\G A rpj ‘\;OQQ
7 - Qvﬂ = Qm. - \QmL
R = Q‘Q‘ * Q‘zaz

ﬂl“'gt




= 3D
E)‘QNE\G : o (o 8 ™o
P . !ﬁ Q) e
5P am

O men

De*e(\‘t\?ﬂe -‘r\\e Valve ofF ‘\’\\e Mo Leqs-ie ond Marx
Compresse  Siesses 0 ‘e Kame.

Solvion - _’C
3 - sectioN C
lnternal Forces n the Cross-s =
M ([ M- Rlattens part)
( \O - Posiive diceckon, lens:te )

centtoid oF tae Zross - sectio®

| O@mm R
Gp-2e- (%%2/2) = 5Bwm

P- asokN - 500

J
A
"

P(\@@+55> = U7 2502 vy ot

x

C:\eomekx R = 56mm
A= o~ < 250D wn:

ﬂm.- E&,\[C/a.\ = S@Rr\. %)

=> Qm = LA, ollS wm (Use au dec:matSB

Nortmal gitess

t_ﬂ_ 133
Gos = B + atmamow) (v - P

- As0G 4+ W728060 1666 'uq,o‘-ttﬁ)
_WB7EReR 3860

(
+9500 (15005((55 ta-outb - 3860Y) ¢

C

S - MO




By

GM = 3.¢< Q.4856(%0"—40.@m53

M+ 12 2@+ 80 -

C=ax

2 3@ wm

= @b. 9 MPa

RD

0ds - 3.8+ g.ags( (2522 - ua.ous)

]o
Zo

teuvictal

@

= —-qu,?) MPa

oxis 1 mn, z 52.5355“»

‘/
disttiborion of

O'&& in +he Tadial ditectton
\@6.2

No+ o s-ko.:%\\-‘ ine

c

Hq.3

1

LY



MoMm

G

WNov. 23 /18
V= 800 MPa
Faoad e Mor lcad +he Cane hoow Coon SoPPo Tt
Selution : Q, p\, Qm (Pﬁ qu -~ 39.53
Q= bo+qu = QU4
do = 8% = b =yu
nos Ak

b

- _uh lcaw)
R« = O 2 2 (3% 1; 73.81
02-h 0.(55'.(\(%) = 22.464

2+ T2{a-Jgripe ) ~w

R = n
A = Ui b0 = gl A, = bloo
R, = 19¢.¢2

g c [OO+a - 18u
(l(!\z = 6@16°7

\). >$% 3 \32: 3L

YW

\




p
Citcunas oce
£ h N\ ¢
B

A—A
5

ond O = \@O@ + A% + O -(3”4"5)

= 1576 > b
By = 11599
Ra - 186 0t
Pry = @.62

For  4vne Cxoss  Secdiop:

2 3.

g = g\ +Qz a Q".‘) = ‘78‘7\4‘@3 nmt

gm = Qs Pz 4 Qm—a, =
Ro= DR+ AR + DaBy

7%. 23  me
U6. 37 em

Slodies :




MO M

Nou. &7
Y~ =P
M = PR
Je = N+ M ./ A — QNB - v ovneal
f AR~ 7 (ve
Gc: D 4 M . G - gm\ 2'@,2)@@5‘2)59
& A(RAw - &) [ / .
27 Omox = @-@o130aP
B Ca/Fy - @ eereaP

BQO/A

P = 1Qeqo@ ™

@ - o\ PP

i\

C\‘\Q\P*e(‘ W The —\—\\'\C@—WQ\\ C%\l‘\de\‘
C‘leome-\—u5 B e wan c%\mc\er
wau  Hhicunesg 3 Cofstont
¥ Closed cyvnder @ with end cCaps
* open cylinder: WwWfe eand caps
\_oodm%: lntecnal pPresscre P
External Pressote P

Rxiel load, P

Dispocament -

Tempetatuce C\‘\Cx(\%e T (o

u(fndt?)
x £ V{58 7)

&JC(&Q‘ % \)

De focnation OXiSumamnedcic ©

Plxa.2) = p(c.6.2)




L= wle2)
V= @

= w(lc.2)

Consder he cross -seeton  far o Fom +he

i

end Caps

E A = O
Vo2 @
E?E = aw/a% = Cco0syY .

D:SP~ SACtarn

Cee = MWor = d¥/4c

Cog - * /ol + %—’” _-U—é-

Y

\

Ez: = Cofs+.

{
€v&=3(\,éu —5\)— -5*>’6
Con o 205 T G - o
\ O
Cee = 3oz~ ) ~ @

CONPCL-\—C«L‘O'-‘:*&S eguaticn
d/d\' (( 6@@> : Eve

Hooues Law
G —é(GV\”U(D/Gg +Gz—éw>+ oLt

6(9@ = —é_(O‘&G‘ V(OZ'L * Ur(\) ¥ UbT
Evr =+ (Tee - V(0ss « Tre)) + 0T

E@u\bcum egns :

()D’rc + OO0 4 + Occ- Too e
orc 7@; C

-> d‘»cr« . Un—O‘oa -

A :

+ L OCg + OGsr + dv0 - @
r ‘___—_”

= Co0sh

— =7 D6 oz ©



O0% + \ ke + OO « OfF = @
c (/o6 /o2 ]
Boundorﬁ Condyionsg -

At r=ac  Oe= -0,
()f‘\’ ""b‘ @’rr='Pz

= Find Orec wzy O“zzy w ond W
Seolotion For coastont Jempefatore
O = PO =P:bt _ o*%" (p-P)
bt- a® (*(b*-at)
Ggs = Po?-9P.b* - o2b® (P, -0)
b* - ot (t(b*-az)
Tr = Puot- Pabt P
- an T bt |
W= ° (1-29) (Prof - o) +(1ew 1 (4207) (0= 0a) - -
E (b*-0) [ TU]
H Example

Cylinder with ntermal pressuce P onla,

Fiad  dhe Mer Shear Siress

Solution:. Swwce P =@
Ui - Por - orb® g,
blor  fi(bor)
= Por (V- >
b‘L,O_‘L T
Q@S < P\oﬁ- (| + hi
\)’L_o_i K‘L
O = Pio
b*-a?

Qee. Ogo, Gz - e Principal  Stresses (0’00 > U2z > U\‘f\




-4

« Crox (Y = O6s - Qe = P, ot b?
& (bt-0*)(*
e oy  Sheas occurs o4 dhe  canec Sorfoce
where =
Z Mo = P‘ Bt
bt_o_‘b )
z
C noe = P. ( b/o‘)
(b/a\l' \
Cose Stody - bla = 2
P| P(odoceS 4he allowaolble o

> Zoax = (P)(9/2)
To maintain the mox Shear Zmo&v vadec  4he
few =nternal pressute 1.1 P dhe few cotinder
Shoutd  hove +he todie Plo:
Teooay = 110, (Pla)*
(Pla)* -1
=(P.). (%)
— .0 (b/aY - qlq
(bla)" - !
Gy Yfo = 6.7

A
Cose «— \ \_____, P G = ,P/P'
M ‘
¢
.......... v G . .
4“’\ 10‘ 1 g = P.o =05t
'-—*—-___—._._ \31'—'01
O’lbi e,
YQL ! (P‘ ? \

—Eo=e?)




\D — (b/a —, P \
Oss = —(;:\ﬂ'-F Yhe -aper Soucfoce, T =
Opg = -P.+0, - P :
Vés = p. - 2P |
L 2 Og¢s = - 2P,

/




MO M
O

-7 Qo-\c:\iﬂs Dise of Cocziand Thicunes g Wev- 3a /18

Geome—\ns - f = Cc:ms-\.) £ < <L \3 (ovtec tadios)

Stake ofF SAvess p\cw\e Sdregs & &xfsgmme_wss
GZr = 62,9 ?0‘22 = Qg = @

ond Ve ond Qee are Conctons of §

E vatiol OF Modon -

{/DG/ + ——-% ,%Mr’ Ore - O B&a +Prw® = @
ol
o + .L- OGTE
7f£ 75% ’/(L
+ thz = @

-5 AT/ J¢ + (Ge - Ogs)/c

Stress- s¥arn - ‘temperotore -

(T - e (€ - VEg) -EE
ng - E (&4e - Ve - ?_OCT
Stroin - disp -
o+ oo - Iufic
Cgs = v /og ¥ 4 = Yr

The Solution  ofF e c&{Sp\oceme(\-\— ) i)
u(‘-3 =z \%\ét sz (3 + MJL(TJ( + C‘(‘ +Cz[r
C, ond C, are LAUNCWN  Constonts |
g temp. chotge

The Siress
E d Eo(,‘r
o O a(: i f& g
E _ EO‘
Oes - "V‘[Vdalt = T

Cose 11 Sotid Disw @

(‘U/ Const. -\req\pe(o.-\u\'e . T=240T:g 3

_[—Yoc-\'-ot\ Free ot (‘=\D

%cmdo<3 condition ¢
P+ C=b, Oec = @




Gvr = Oxe{ + G'n:)«\ + Gz

(59‘3 = B’Dﬂj * @'\33\\\ + Tgz n

¥z = Oxz + Oz + Oz
Ope = @rr§*M1 Mo

NIYRE %;Wﬂ: M

Orz =

ferer  Sowing for C., e Move -
Ot {(BN)/%X Pz (b®- )

G(}& = [(3*’\J3/81 Pbiw? - (42\) Peoz ¢ ?

The d isplace tneht

Wiy = 38 pwt [(1-9)(3+uybie- (10t )ee

The Maxy Nocmal SAtess Tl 4 Yhe cCentel of +he
Sovid Jdisu

A4V
Ore , mox = 068, 00x = —7 PPW”
\’\w

Cose A: A disvw witn ¢ hote ond T =0 @\

ft r=a, Ox:0

Ax =Y, O = @
= Qe = 3;V Pw"[kz r0" - (}"(‘01 - (1]

+ 2 t+ 3V T
Qes - %%\J Pw’ﬂbi*a =+ Ot\zl - —‘—:ﬁ%’g~ U ‘&
(Uaa > T )

The Mmaximun  DoCMol
foc Qe ng‘:( =@

V = ’qob Oﬂ& ch\‘“&! = %\lj)wi(b-aﬁt

SAce5 S



&

Foc Qs -
MNax (s occos o+ =
Fav] c\V z
ond Gw,mn = ‘%‘)sz (b* + "57\;0 3

Cons.det Wwhen O — @
34V AW
0t o —+ (2 )pob

Special Cose - o —*

qvme\es

066, mae —s  plow)?

O = @lm Pz 7850 kalw?

b:=@ 3 Y = 620 Mo

E - 200 GPo ¥ Mar Sheos Gicess Crikerion

V= @.2q e dise s droction Tree o Tz ond T=b
T=@

Fad o) fe moyx otqular N etoct o W

b) ot ¥he @ietd \)e\oc:hi) whad s the Chonge

N Ihicuness W e (adiat dicectron.

“an Geg,mox X
_;LDJ“N\ [ Zmox = ‘_—J—I——— - x
= Cn&,mo)c = Y
‘ +\J L2 \- J
= 2pe pwi(bt ¢ 3y of) N

N W= @20.%9 redls

: w’ (-vY(3+0) ? z (L eV (3 +V) 0'1\)1__(\)2‘
b) Snce U(r) = PE [ 2 (b?+ 0*) v a4 L 4 i o,

B

ST PN
Uo = Wl = B/L;é_i.a, [((-\Aoj— ¥ {3+\))\Dz—l

- - CGEOINTS




AL c=b -

Uo = w(b)
Lwe,‘. b (»»))a? + (1-u\%?)
[=3 —~

"

\U

I

fbeQ)C/) +afa m

a - .
, New aner tadius
R H

v — New Outrer rod:us
H H
T Uy

CONew iewaessg 0 ihe tadiat ditecton
h'e b -ot s (halte) - (& U

D2+ - eoowlrqbta - ©.EeEICU

-
-

@. \qaaqaaalq m

"

O rUa
b‘\- Ub

0:
b(

i



MO pas
O

Nou.3e/i’
y 414
T\‘\eo(g ot EBlosgiiciry > '
+4d

Stcess , Sktann

Dise. (ixiq,2) Nlxoy, 2) , x5, 2)
S.\(ess; Gxx' G’Igs \ Gl’.‘l N Gs‘o , 6‘3—1 N GZZ ‘6 onUnovonh s
Stiono: Cxx ) é""b , Exa, é—s*s, é‘:\t ( Ez

S#(a-\(\ D‘ﬁ?i

Evw = OY% /o coo
‘/:l(au/a‘b*av/ah> “o o

=

S
Hooke s Law :
Crx < ',€ [qxx - 2)(6‘33'4 2 B‘S &=

Gy = g Oy o oee
E@u;\:brxom :
o0xx 4 30y, « &0xe =+ ber = @
Jx _5’: 0z

[34
[
[ 2

Bouﬂdcs.n3 CEndiTions -

DOLP:U_=E)U:\))(,U=5 -
Tox :§)c) O’e‘3=§‘3 )654 = ¥z

( 6

Ogp
Com@o:\cxbi\:’ri Coaddons

Cross - Sectiofh -

e TO(S?O(\ GE <% SQV\GTQ\
— Zemi- nverse methe d
SN Y = _@5% v = @X% CROSS -~ SECTIO™
’ ,

Stcess Fonction b (x. \wy -
ot « O = =26 D = corst alony  loounders

ox" et *T= 1 SRS d 44



#* Thicw Cg)\mc\ev and Vo—\'o_*:(\gs disw
* G, Goo , U=z
*  U(r)

Mechanics ob Maiterialsg Metheod -

T g L =
7 2 ‘3 ;E—“VG',‘ /4
R ey

3 4
Ope Tey

> ‘j 1.__—-0 P —vo-T
ve f ‘L\JB

X \
x > NX—! % H‘) y . lO
LY

G2zx .
jjﬂ Oee dbd = P w

SSA quc 0[9 = \J!

e Tew dt = Vo

SBP( NTaz 4R = M

Mo X T2z dp = My

3o (X2~ WSz)dp = T

* Thin — oot Mmemboer

[*  “docsion .E: open
Closed

2° bet\dz(\cs |



