Crib for Parts zzpr Mw 3 €9

@ Fradma Plehones of  Melindy 4 STivduc
\/,Q_J ’LoZao——’Ll_F-_A_f,
QIO Wi flows gaakagrs  shows #hak A2 cracl
6‘ sb.rzn [.GIA can be «e—KofC.SS“’ L'\ an
”\ftn(e& g,(p]lg / —
AN 7
d’) \< 5
——
—. e = v -
7.‘-'\ /V\OO(C, I we Lﬂvﬂ- .
Oyqg = Mz 4 a6 JF + Xy € 4 oy 7 4
Jzwe
\ /ZLAUJI‘IV’\ t‘u"'\.
MotL M‘— Mmooy Sm-\./)&r [WS l\rWSCL Vearyl
in orher L M elabic trem to be 2,4,./&;
* i~ /6&, 9C/u..otw—’- and 7&/% C/Macw °!>9-'\t-)

ba%ta %»Qr&p‘og{'—’b

/3: Sm‘u incdubic 2oe moy exel oL

/(%3: Cfa Cu é’p / ()rocu/) %SM\ o h e

/QJJH"‘?Q of VDM mwo\ oCccun ond o wacl

Hp D/-asttc_ 2one) b AT Al o U /_‘ﬂ.\

MLLJOL%( wClin /66' ctack trp | ,(’JJ =t

Hemeee K o5 o vAd /Caa»‘-;q bamwl*xr




Cerb fr 2 C9 | zely- 2oz

“:) ;J'.F (.8 wm?q,\wt— }\ao a (/‘mA o ﬂ'\ﬂ
a onk ,ﬁ:)o-miui" B S PRITN (’W"“)/ Ok on

/

tl:o_ Cro Ci Ci be Suwmadsd by o
S—fiild il jor Ve g fild. O

Nobe (Lt~ 4- _E__e)"‘ i inbiinsie
Jy
ﬂ‘ﬁtm“g /qbt?\ ch& .

" I-_lﬁ a, (w-ay > 2.5 & A on o0 T
K- fidd easds cqh M cn bt wad o a

o _ Crol AN occun of"
e ke

6§

z/ 4, W-d\ > 2 5/Txe Craen
/ ) 7 25z

i T - ASId exsts apond (g gl Z"p.

NOvJ E 'I“_ L M-?EC. and So
28 T _ 25 14?; Ty - 25 9y ,(
e - —— =4
U'L/ O‘V‘L E E

' Se ?-F

/

250, 4 < A, ,@w-a) < 2.54

! (en  cn oA T - Lild exisls a/"\ﬂ&.a{%m
| crac t") Lok mf o At ]4-1[:"/@ e Ao~

e xusb |

G) If  a,p-ay < PTHL Aan Ao s no
Cro-Lie t)r :(-'7&&96‘ : A@c/ #"Q F rs raCie




C confd.

IL°

l 74 /[d”__z PLestnc C"@v""(

occu.o a~d r_) L Y pr.va*

":cawntw

= oq /{y,,,,\.,au)ok

Note” Ot 'anvﬁ—

~




ﬁt A S"“"u v akie "“7[ lé::' Ahe c
Zond I‘F A el 1 gakh e WQ?,EQ.-.(_

Fn D"”ﬂ Cae (‘F = 27 14:-—;
14 o5
- .
A =W v have 1z =40 Jo
J:.:

At K, > IZJ- ﬁ.( fy&jé;c Zons- _a_,(-_[',o\ob)







" 2Cy b | 2019 2020

2. Fan iy Zoads b Ohanad cbionss of

el st 0 nanpibde | Weldy cantoin”

A Cmsihe e stk redes Ak

) /&"V’ WE{J 9‘“6 “"ﬁ}sre - vac ks

| inibedion Aife and a4 ressed  Moel fr
a croch- 1N Creansy e Crot 3;_-5\4 Cn r-A® 5

R j)w ef""_/e_‘ln‘t'__;\ in /MQ AZ-J__' D\;z‘ tudé‘ f-‘-&!ﬂ\ﬁ .
: ! /)HRC_L_L; ) S
. M ™ v —
° kmﬂm._______ S ——
 New (sl A , Gack elose  mthonssns
o guch an  oyrda ook foushnax s\ ducoy/ vl
Hoswt | are ackNe ond ade. A
¢y Hre op Lning 3[ e ok Eip d—goh
(

- / ) 1
| ineesa R G e croh fa3y I Emaia
oo = TV qrowlin 'rAa Is

ok _ 0 —
|

';,\';._1-&42«{3_""2_4: Ty I

. AL




&2 ol gl
e 0.®

C&ms(olb ’ﬂJA-qlqw) 7( o{,cmﬂ‘-l{ A ond
VG/(MZ atftan {‘

@d PNX""
t‘j‘JN in l=n  Sp Q_ua);} ,s'qﬂngfalm :X\
r e ,

Se ~ df7hR

s Unalive o mean Stvem G, suh 51:%—
f—lle ﬁ - g _Q)(’—)(’} G"!

d 7 Oy
Now’ CL& thS(/@E

S‘(f\re-w\ ot/‘-.la.ol ,éa
o Bp  scahn

£~ Tee ~ BRI
A Er
AS_SWHQ E ~ éq‘[ oA (= f

/rL"\ j} e~ = gf P

. 27[" e_xP(’sa;‘)
> Tze =  d

A_ e,xP - 1 Jh

£ 2y




—
h

o’

( QZ ('\ M = P('D~+ "\) L—\ t'q#(;q N\m“”‘b
= <
(v ]
A — Yl
/ X / _11'\ U = YL :_E ‘1
ru'/'l_, o
= u= Ph
L(w-—a)G‘
-\
U“) C""‘ A - |
( P &b (w -4y
= §C =N "I
Do &L,(w-«a\z'
G= 5P dc - P h
- L oo 2GhL (w-a)*




2[00 R mocobric Lowdng Q= K°

@e

N"KJ m/a-nJ 7‘6‘! Creecin b'p _

by ol Thin, A sheoms M

- Je

{‘W )Qm +77~r ___________._*--D‘v

A
we  ladse

and

OBt oS = (6 /(20.E)

wﬂ oA [l ot ____[-IP . G"}}“?ﬂ“fi

g&f!m&“lowy ,é

widle 2§ /2 ’ﬂ,,,... X e o e

":h: M.J Con G]NL [ise é‘j /“‘t cya

;AU%MA_ O

b qchle .

?.rawO\

- F'U_f'_ a__ Eami U“*:_ a.f_q ...*.7. O an DU él{a&
For oo Gaffi~bon, N @ o 00 = o
| N =0 o a
e -—-——&d:.? poec \ =
paxe ul - : - O = but'l\
o o . L Ja N
|} "'""--.."..'.___
) A7 - o
o a O R
O 1 _[oke
g - e . R - -




(o,

2 (k) Conlrt-
A‘\ ajci.rCSSN‘L nuttenme L™  cen Méo chrey
ColroSion U atulng 3 Hhsmrc L 447{;0«1. A MT
(o (5"), (\9147; e Crocle f-..e_.ezj Can
Coitode , /Qﬂ-ook:‘:) & W"d-lmj 9/ e,
Cres Ue 7[/(%%.( onc) Co on N Gtga v

s e e crecu t;P Py, e

3 (C“) ;D f.oO‘

Ffo.p\ A‘Vbﬂ. Lmul

J\—ef—f ‘i' 4 [ = 0.683 Tuuy JTa

“’b\é&/' D772 P 1S AN W foen

Oe 1S
Kg =T, @) 0682 YT a
A
= KK—:.-—O. egg 2;_ 3_1,: Q‘_!.h_
A

Aho K= l1x o® Jwa whee O
N /@W\ o ¢ e



().
ﬁ(f’)“—‘i’:__bd K= T a0 TR
N T _ P s i

K
- _ . /“"—M-o 683 i o3 a°
e s )
i /‘147
------ : H‘ ao aL
SE[ . Lz s0Jwa — o.6®lw 05 o't
Eoll Sl A
/ AN
— V. N
O Ao a_
_______ - 20
s Qs ola
( - o
Ay gl_°~‘ = C blL::M ?C\rlj Ko
anN o
< N lr?—ﬂo g - v -1 O\_ B ]
- > 0 o N IL: )_ A
, s— (/ N
.: N o o




|2

b Whey o b s cqlielly Londed indo
the F/@rtfc erge wills 2 noa~22o moen
shem ) e oAl Wil propagnily shren
Y oY Ak Al 7 2ehan % [1e ' noan oteess, Tla

e Ao 1 0A reg e b9 ar’ep hevce (e Tron
(bcﬂfc, creep) or ““’td‘f\'-u:'\f\s‘

Cons (o Comporst™ wilh  a r_\_.o”bo(,
wnd 4 SM—%/CJI'; /é‘oc‘-clh Ak ot tjaQJc_
P/e-njf-‘c@m occan ot t‘;» nat A oot
17[ o - 2o 2o 7w s st
ot /‘ﬂfl' (\a'{,‘(j\ rc.c,tl C]..\cu\ 7&1 Y4
")f © o‘.r‘exjw% sCrecns  o~d Cies r /LQRX ey

Pe nzen stve onod  jnwfases (he (auk
,‘r\lt[‘tron /6/( .

£y 1 e
) ‘W ] N;:.:?Sy

=
g-&

— Ta

"y Len~ S(VCE ¢
(‘an)ce_g

/

t (eor l\])

Z paibic, e




I3

l—&_u’)_ A T -LL_ VF -
. _;‘__:___,@_ !

B Spax _ ™
o o _bE? = bt*
( -
B B A (7 R
B B WS I L R
o P
= A'Fo ’=, =) ﬂ = __’_
i S ) . P
.Irh'\
LA

-BC(J?M,\ /eﬂw 9 AO;N: 2(.__

#f —/"‘-I'L\ 2V 2ral /zo"“'kﬂ'\. of [%el OBT, .
7 7 - S d e

Hot —a Kok eyl (oo Sfom

O bo Fm

. _wfm'\_matm_va«._& Fu./'l.

/f"\w -DCJ"-' Fé)F_ﬂ_-

Mﬂqﬁ V'a-!‘sl J—?ff

I Y Y
Goowans (do 3 o0 = 20, (|- 0\
o G%s’




4.

~1
The 60, = 6 Fnk (J—-'SFJ )

b E* bt*0s

Naw consides ﬂlne:?) /Qa»v"_
wirfe AN e bt ke of wds of Feod
[onge btcen Fa od (Fo 4 dE, T‘daj

% - ’;(F,ﬁ) dF.

£
whee NT Is th bt ol  nowboer 3/ fjj‘?a

bo m’:C..re..
N
Mintd Mow 0{;" A0
N [7)

Re call (2= plEs) = excp (- £
/f‘“", L_J ﬂln‘t}.\ Xﬁ” :

oo

NT %
1= [ dn . j NE . pE) I
T NplFe ° N (F)
tfa
asqmdnt 5 = C
By  Baspunh  Las N, (o!“)
Hfr\cl Ha
1= [ (oo P(F....) 4 F.. - N
Ny Yo 1o
e Cy
w h ¢ "‘)(F.n) = "':-a 24(‘7(- F,..-\IE,)
ond S50, = 6 F-2X ‘(]__ 2 F £ %
bt bt *Iks




Comments by the Principal Assessor on candidate performance

Q1 Dugdale model for plasticity and the Williams stress singularity at a crack tip.

The least popular question of the exam. It was a straightforward question and candidates
understood the main ideas, but many answers lacked depth.

Q2 Residual stress effects in fatigue.

This popular question was generally well done. The first easy part (a) was answered in too
cursory a manner and students did not talk about the effect of mean stress upon both fatigue
crack initiation and fatigue crack growth. The more challenging part (c) was well done.

Q3. Infinite life design against fatigue crack initiation and growth, and on how to factor
in residual stress effects into a fatigue crack growth calculation.

Most candidates showed a good understanding of the fatigue crack growth threshold, and of
the notion of linear superposition of stress intensity factors. The derivation of the cyclic
crack opening was a challenge, and none sketched how Kmin and Kmax varied with crack
length in part (c).

Q4. Fatigue crack initiation under random loading.

Most understood the main ideas on ratchetting at a notch root. The analysis by beam theory
was well executed. Marks were lost in part (c) by not invoking the Goodman and Basquin
laws.



