So where did = T and sy = E cometoom

To anal yze how 2 robdion of conrdinales atfects He
|5t namLfenenfs we rust m/y?e Yhe Kinematics
I of ole-éfmazﬁzm In /)Z)/ .9;>imm, tHe casiast wtf?/
e dp Huis s o Consider T1he sim?b/es‘lé (LisF (acemerts
‘/%4‘7" five @s 4 ?Wb/ 2-D strain 511-448 at

& peint.. |

4 1 tr

S | tr(h=£ﬂ§,"—'”‘

Uioy=0-—

U gy
1

B

— 7 x
Fure rotation — 6,=76,
- ¥=0

¢ 1

7 7
1) /
Y /

4= Y

Tlere are other mlyinx/-ims of ui U Wuﬁm/d aleo ?Jve Y.

j Simfle shear strtin —>




&

So owr disphcoment Leld Hat gives « fewmj
%I‘L .S‘lta:,;'t?éels > ?

W= Exp kT Yzqf(’

2u v~
Motice W : Eyy - X ) 2#-’: 23(1
‘ 20’ pra
+ =
9! ﬁz ?M/ v:(/J ng
&, g,

Now #let’s Lird & and U’ in a mfwkléc’?/)
&eefo/«-nd:l'e S)'é'l'em

= LLWQ'FV'S(;/LE %'ﬂusls us'f‘asmfle

~wsin b + J toe b Veatsr msﬁmwt.mpf
\_/N

u)n[ have ’JL*
m) 5o e najj —,cfm.'l'emtsaf—z;‘?.

x = %'l —4'@;9 This is ansther simple
14' = Z’%@-}’%/Wﬂ : veetor m'éfm‘hm




- (2
(\é/z/i_@m& + fﬁuismé

| = anﬁ(x’mﬁ—q's&ﬁ) +X¥ M(%W*%W)

——~— 4 N———
| % %
'*%P“ﬂﬁffﬁﬁf?

= (2,,0@9 Jr‘sﬁ i’ + ‘(,a(, smﬁeﬂﬂ):w
t ( %zsmﬂmﬁ "'2?_75(4\-«96&%9 'f'X ﬂ>¥
| 15/4411)»:? —éwer ﬂefs |
Nas ‘%9[2,,,,4 (ZW’f{Sm&)*Kq(xswg*?mé]
*’Wﬁ ):‘Zﬁ (%smﬁ+_?’mz93]
ol = (e, sinbent Fepgsinbent - g 5ia%0) 2
, (2 Savzz?f'gﬁmzé X,%awﬂmﬁ >¥
| So what are £y Zry and X"‘?

we ugetlw@f z;,,,,zﬁ 2nd \/,,#




Zﬂ’f
.)(1',?,/2:: — __Zfﬁ-

2!
Epy = L in He »'-direetisn. = 2%/
Syt T Egy 02O T Eysin®E T Y,,# stnBeoed
£x - .
Exixt ~ ﬁ;, * %ﬁdﬂlﬁ t %}-%2&
- A . 207
po L /. o /
5?/?1 L n ? Jpre& érL 2?/

Z‘f’?' = £y 5th%E t Eyir®l 7 SenBioel
2(1',(/ = {—*ﬁ;ﬂt" MWZ& - %}_W 1
v’ u

— / / Y —
Xx’q’ 414 T o *2\% ]
XX«%I = ’(fn’«iﬂ)ZMmﬁ 1t X,;% (mzﬂ - ML&)

X,

sep 28 + —%40.22:9

Her Z,L,.z/ 3
He same ww/
ﬁ éw} His' is how 2

For Huis reason Zw{

. T

g, T,y E
Z?,‘,{/) % Vransdorm in exacti /7/
as

0’-/’(130’//>ﬂ4@0/ Oyt
sZaoml rrgmé -/ens»j%rm.ﬁcﬂax

is called He -tenssr shear st .




_
There is ome olter kinema}/v'c Yy of interest
1 (ok af'e He rotatisr . MJX |

| Lomémq ook at sur elements on
6,+8, = shear stvain (acvlzu//y %ﬂ@ﬁg&,/__iﬁ__)

| ﬂ,“éz ':-' % :, ’/’w}c_e m-]-zv}-:m 4.199;4‘/' e
%*Mis.

: Ajo'zl’zce ‘HLJ[’ &, s/wu/a/ /‘Z' Je,w«c/ on & (+he

— /, ’__._2,0_:1-—-_2&-": "2 CAhH_.—
N Za).-.—ﬁl 92" %! 2? D;?Suué b/Cﬂ = K;?

,lUc must be we&/ witth e /mlerprevlﬂzm
|Hhis ex‘:,m,ble

7 genen | Z2a, # =¥, . This ws just the
 tase In %s SFeAt-Qc exa,mPle
Y 80, =0 1 T Y

L

1 ¥
. V7

4

Seme Ae@rmﬁeﬂ) ditlerent rv'/zr/vms




Ta ovder 1o mescure The strain at a ram:/' o

the surfuce of 24 specimer we reed 3B messuremesls.
Strain ?a?:?s are cmfmsecl ot mevét/ wives that
clw,n?e Hieir rﬁesz'scl{v;%y cn 4 Freolic«/ué/e sy when
stre Jebhed .

e —
: %
vire dirgction. of stmin

measuremedl”

)41 @r/:&ulfm Jo 51Lmin. éa.vqe;

So one st e Can. Measuve asn ma’z/ stran in
one direction . A rosette is wused o ’m?asum
streine  in mu/wliP/e direaliens .

0] E_[mo:é

For Hhe rosette showrn assume tHat fa?el reads
200,€ y 2 reeds “GOuE and 3 reads 100xksf.
Tf E=21068 snd V=03, what is the
strese stale ot s Fp;af z

é'a?ei‘ f%’iﬂf 2e0 X jp ¢

Gage 2 g@: é"_;.i“’w _g‘_";ﬁm[@‘af, %Méﬁ)



le = ~Yorlo™®
loge 5 2= 0w Bt B )

Zs, 0.7 £, +025 (2oni59) + :,‘E‘

I\

Z,

- r — 4
5 = p35¢ ﬂ+— o.25[zmxlo‘> - :?x,c? = /mx/o"
_ Jz — —

Y_x% = /84. ?5/(5

=/
(48

t

42 = 03 (030, ~%4) tog

| ~

[;#cﬁ‘%‘/ﬂ& > o= M|

(v-"’—. — . ___é._ VE (
Hoolds Law —>  Ozz = T07 Exx T I S ekl
ey R LT T e
phe oy = ¥y ’,ﬁ




We will 5~Z¢¢J/y tases  where Vhe wal) Fidnes A
%e pressure .Vesse/ s 5;4:4// MWJ o ;4=
radius snd /eaf,«/%.

Precsure  Vesels

Spherical Vessel -

("
€«

WAa‘iL are the stresses in The vessel €
5 o

.
A A

This -FBb is if L
aaL ‘f%e *-)C/Iuél ou/‘}'
ot e yessel.

1\

< 4

A 2P view e be clearer:

2 J/

8 /8




lbZ
Mow we have 4o do an ej,;;/.ém analysis ot
Hhis .:'ILC/«JM? Fhe presure M‘[inf ot &l diternd
| orgedions.  Tasteed oF &u? it wte lae Conskler

| | & sfmf/er FBb.

flv . Z"b %pn L ﬁuc‘d

e

For +his FBD T have rot cudt Hee Lluid osut of
| He vewel. The P 4e ”V o Hee dashed [ine
lis Hhe Lorce P@rw?“m f{ﬂ% %eﬂé\/wd
| be low P/Mes pon e Lhad aipmf. ms FED

{lis 5j»</>/e., fo w//zf

2= pEEd = sl =o

for 7, assumi
7 £44R '?

- | o = -—7-:——5 dor a “Hhin- welled
2R 5f>lterica/ pressure vesse|

e Het et 58 toks cucthy lde A b in
o

| _ R
S He slrecs state is - 6‘@””2&




b 5t o g +he st e s
& uniborm presure an be W//zea/ Yo any

: ﬁl‘/' f 57%5[74 m/énm Flhuds are ref 2bk =
| ﬂsuﬁi/z/.'m Shesr stresses tnd = Vhe stress state
in a Lhud nwst b2 an ?m'/ﬁvmz/é/ pressure.

f’/,f
£ —> 7

|| 2 '
TAis is alled 2 ,.%béaﬂk'e/ or hydrostetre stress
5% /M? »w/zler M Foo sYress clemendt 75

Nirbeded e siress domponaits remein wochanged:

[()/u,‘/’ areé %e /te+ ‘ATCQS
dlce “IL’O ...F (% Me x- Mc/
%”be‘&d‘l‘fdﬂs c

N Consider an FBD of He Llid.

‘ ?




Bl snd R are the radhdds of He doree
due 4o e pressure erc e curved swtrtrce

in e x- dnd ?—olirealr:m;.

£7= 7’4 What +tis < /s thdt
T (I maeitude’ of e
F, 7= —-7‘>I4 resiltant feree is A'ué‘l‘
(' '
te pressre Lies Voo

pre J'ea/ea/ area oo Ve

Lo direction. The
Sl Jéfﬁﬂds e7t 7%2 &‘ﬂegééﬂ_

4/5&) ;w‘é %VL chma/ /'/f AE 7%-& #665

3

/

et He wa//,o/aaesm e 2ir. S Ve

Lrtes Mot 1Re air />/W5 sn e well 2re
aﬁws;%e 4 ‘Vhese. |

éy lin /ca,/ IDK?;SW (zésse/j

S o honaibuda] shve
A J, = fuds, stress
T

i O = hoop shress
\/&




. Or sE = P Grb®) — a;[Zr/it>= O

¢
pR
, 7= IF
-
Ty
o T a
O TN
(= 17 éF 7»(2/&L> o;,[Zt/_>:0
— &
;f"> 6/6 L &/: LR—.
S # =
EAA DL g=18

)/_Z/O/:,
%7C  Luwide pesto

| for 6B pc L5 s ve moke He
A/FFroxzmahle ‘-I/LJIL 0’,\"70

@



TL we unal 4 consider shear 4ailere in e
w'd/// we have '-é consider @M?L&kaﬂe rmé;sérht‘s
ot Hhe slres clenent /l/slv’mv%/ The resclt

: : _ PP
is very Smf:/iﬁ a;’%
= ] g2t
s A
On= :ng’ e—
=0 | L
max Pn’naifa/ s#gs — punrt />r7'm'/ ‘.574'655
Zoay = Z

" _
= '7;;{— for 5/>Aencn/ pressure vesse/

fw - gtE— {or ‘4» ey /'ILc/r/ca/ pressure vese/

0( \
EM/Q Sa ]

F= 0.6m _S\VX\ \ ‘

t= 18 mm

p=2%M Helesl weld 2) gt °

ol = §5° é) May :'Ib’flute 4
y=0.3 C) 24_ $ fﬂ ¢

d) Stresses on weld €







