Department of Mechanical and Materials Engineering
Florida International University
FRACTURE MECHANICS - EGM 6570

Spring 2016
Instructor: Class Schedule: _
Dr. Cesar Levy Initial meeting will be 1230-145pm Jan 12
Office Hours: TBD, EC3442 (new office) Room: please be at the first meeting EC1116

Phone (305) 348 3643
E-mail: levyez@fiu.edu

TEXTBOOK:
Anderson, T.L., Fracture Mechanics: Fundamentals and Applications, 314 Ed., CRC Press (2005).
Notes handed out in class

RECOMMENDED LITERATURE:

Broek, D., Elementary Engineering Fracture Mechanics, Kluwer Academic Publishers (1987).
Timoshenko, S.P., and Goodier, J.N., Theory of Elasticity, McGraw Hill (1970).

Hellan, K., Introduction to Fracture Mechanics, McGraw-Hill (1985).

Cherepanov, G.P. Methods of brittle Fracture, McGraw-Hill, (1979).

EXAMS AND GRADES: GRADING POLICY:
2 exams (25% each) 95-100 A 75-80 B- 55-60 D
Writing Assignment (25%) 90-95 A- 70-75 C+ 55 & below F
“Final Exam - (25%) ‘ 85-90 B+ 6570 C
80-85 B 60-65 C-

COURSE CONTENTS: ' .
Introduction to Fracture Mechanics, Conventional Design Criteria, Structural Failure in the Past

Theoretical Fracture Strength, Crack Modes, Fracture at Stresses Below Theoretical Fracture Strength,
Griffith Contribution

Energy Principles, Elastic Crack Tip Study, Review of Theory of Elasticity, 2-D Elasticity,
Mode III solution, Definition of Tractions, Solution of Laplace Equation using Complex Variables

Cauchy-Riemann Equations and Mode III continued, near and far field solutions, energy of
deformation .

Energy of Deformation for Mode HI continued, Energy of Deformation for a finite body using
Superposition, Crack Extension Force, Stress Intensity Factor

Crack Extension Force, Stress Intensity Factor for Mode III (continued), Plane Stress, Plane Strain
Problems, Mode I problem, Mode II problem,

Crack Extension Force, SIFs for Different Configurations, Compliance Change due to Crack, Constant
SIF samples

LEFM, Griffith-Irwin Analysis, Crack Tip Plasticity, Plastic Zone Shapes, Stress Redistribution,

0. Fracture Toughness Testing (FTT), Relation Between Crack Extension Resistance Curves and Fracture
Surfaces, Pop-in

11. Practical Aspects of FTT, Plate Thickness, Instrumentation for Fracture, Crack Opening Displacement
12. Sample Shapes, Introduction to the J Integral
13. J Integral Continued

14. J. Integral (Mode III), Eshelby Derivation of J .Integral, Theoretical Basis for Measurement of J
Integral

15. Experimental Determination of J Integral, J Integral for Elastic-Plastic Materials, J Integral as Fracture
Criterion
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16. J Integral to Describe Crack Tip Singularities (linear elastic materials, power law hardening materials),
Elastic Viscous Analogy, Nonlinear Viscous Materials, Plastic Fracture Mechanics -- Dugdale
Mushkelishvili Model

17. Dugdale Mushkelishvili Model (continued), Mechanisms of Crack Nucleation

18. Crack Nucleation and Slip Bands, Inclusions, Cottrell Theory of Brittle Fracture and Ductile Brittle
Transition in Steels

19. Cottrell Theory of Brittle Fracture and Ductile Brittle Transition in Steels (continued), Ductile Brittle
Transition Temperature (DBTT)

20. Grain Size Dependence of DBTT, Fatigue and Fatigue Design

21. Plastic Flow and Fatigue, cyclic effect, Mechanics of Fatigue Crack Growth,

22. Random Loading on Fatigue Crack Growth (FCG) Rate, Microscopic Aspects of FCG
23. FCG in Ductile Materials, Wertman Theory

24. Wertman Theory (Continued), Comparison to FCG rate

25. Hydrogen Embrittlement,

26. Thermodynamics of Hydrogen Embrittlement

Final Exam is will be announced

Note: This syllabus may be changed during the course of the semester. All changes will
be announced in class.
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FATIGUE - LIFE PREDICTION

The Basic Algorithm

a) Determine the initial crack size a, by measuring it, or by estimating it
based on the NDT resolution.
b) Determine the relation K; (a) for the given structure and loading

conditions.

- ¢) Calculate K;

d) Determine the crack critical size a_ based on Kic or K.
e) Determine experimentally or from handbook the appropriate fatigue-crack

growth rate equation e.g.,:

f) Determine AK; from the prescribed loading

g) Integrate from a, to a_

9.4
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TABLE 8.2 Faligue-Crack-Growth Calculations

_ : Aa
"~ 0.66 X 1078(1.98(A0)A Arvg) 22"

where Aa = 0.10 in. (2.54 mm)
Ao = 20 ksi (138 MN/m?)

AN

ag ar Aavg AK . AN >N
(in.) (in) (in.) (fesia/ T11.) " (eyceles) (cycles)
0.3 0.4 0.35 23.5 12,500 12,500
0.4 0.5 0.45 26.7 9,750 22,250
0.5 0.6 0.55 29.4 7,550 29,800
0.6 0.7 - 0.65 32.2 6,150 35,950
0.7 0.8 0.75 34.6 5,200 41,150
0.3 0.9 0.85 36.6 4,600 45,750
0.9 1.0 0.95 . 38.8 4,100 49,850
1.0 1.1 1.05 - 40.5 ' 3,700 53,550
1.1 1.2 1.15 42,5 3,300 56,850
: 1.2 1.3 1.25 44.5 . 2,950 59,800
( \/ 1.3 1.4 1.35 . 46.1 2,700 62,500
A 1.4. 1.5 145 47.7 2,550 65,050
1.5 1.6 1.55 49.3 - 2,350 67,400
1.6 1.7 1.65 51.0 2,200 69,600
1.7 1.8 1.75 52.5 2,050 71,650
1.8 1.9 1.85 54.0 1,900. 73,550
1.9 2.0 1.95 55.6 1,300 75,350 .
2.0 2.1 2.05 56.8 1,700 77,050
2.1 2.2 2.15 58.5 1,600 78,650
2.2 2.3 2.25 59.6 1,500 80,150
2.3 2.4 2.35 " 60.8 1,450 81,600
2.4 2.5 2.45 62.5 1,400 83,000
2.5 2.6 2.55 63.5 1,350 84,350
2.6 2.7 2.65 64.8 1,200 85,550
2.7 2.8 275 - 66.0 1,150 86,700
A 1in. = 25.4 mm
j 1 ksiv/I = 1.1 MN/m?3/2
Vel
@y
J
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LOG, CRACK GROWTH RATE

STRESS INTENSITY FACTOR

FIG. 1.0.17. _Schematic illustration of the functional relationship between
stress-intensity factor (X) and subcritical crack growth rate (da/dr).
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KiscdKc for Various Materials - Environment Systems

Material | Temp ['F] | o, [ksi] |  Bovironment | KooK
RT 160 Metharnol 0.24
RT 160 Freon 0.58
RT 160 H,0, (30%) 0.74
| RT 160 H,0, (60%) 0.83
6AI-4V-T; RT 160 NaCl + H,O 0.82
RT 160 H,O 0.80
RT 160 He - 0.90
RT 160 Aerozine 50 0.82
90 160 H,0, (30%) 0.71
90 160 H,0, (60%) 0.75
105 160 Mono-Hydrazine 0.75
110 160 Aerozene 50 0.75
RT 58 Air 0.96
2219 T87 370 66 Liquid Hydrogen 0.82
Alumina :
423 72 Liquid Hydrogen 0.85
4330 RT 205 H,O 0.24
4340 RT > 200 NaCl + H,O 0.20
RT 200 NaCl + H,O (spray) | > 0.70
6Al-4V-T; RT 235 NaCl + H,0 > 0.70
‘Weldments
RT 170 - NaCl + H,0 > 0.70

.4
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20 50 100 200
000 | T T T .
) — |9
| 13Cr—8Ni—2Mo PH STAINLESS STEEL /
| Y n
[ Tys = |76 ksi. ]
500 —  seN CANTILEVER BAR J
| B _ | | ]
§ _ R | 0 //O I —1 10 2
o S cpm ° | ] ©
k= — /oo ] S,
A ° o ] Q
: AN
Z 200 |— L _ =
3 | AN
° (I =
= L)
c | 'Sr_:
= 100 — 2.64 } T
= b 3
a el — ] O .
< B v
s | S,
S 50— l ?{;j
W | W
3 — { —107° 3
}_. — —
<t . —
& - s . &
31
20 e
Q
o |
N
S
| —]
o N e |
10 | 20 50 00 200
STRESS —INTENSITY FACTOR RANGE, AK, ksi/in.
)

s FIG. 11.4. Air and salt water fatigue crack growth rate behavior of
13Cr-8 Ni-2 Mo PH stainless steel. | o

e



I f | [ ] [ T l | l l |
8 t— A/ .
2 X /
B A -
A
24
6 — « _ —
5—- ———
4—- ——
Q * - ]
o
>
Q 3__- ]
3 A
S — A/ _
k= a8
Iy /
Qg 2 b AA |
\o A a
"U‘ AAA GI
TaN a
LI:—J — AAA a 5 -
< d,
z a of
- £ /&
‘ o .
- & 1085 CORROSION -FATIGUE .
LID DATA AT 6¢cpm
< B - SN
pot © IONi-Cr-Mo-Co (.,
= 81— VIM-VAR —
© — ® [ONi-Cr-Mo-Co |
VIM-DOUBLE VAR
86— a HY-I130 —
A [2Ni-5Cr-3Mo
S - -
Ty
B 7 s
4 - J—
3 ] | | | 1 | 1 | | | | |
10 . 20 30 40 50 60 80 100

STRESS-INTENSITY -FACTOR RANGE , AKp ,Kksi+/inch

I3 .

FIG. 11.5. Fatigue-crfack-growth rates in air and in 3 % solution of sodium

- 4loride below Krscc for various high-yield-strength steel.

N

e,

7



, tnch per cycle.

da
dN

FATE,

//4 ™
[

CRACK-GROWTH

10 B | [ | l | ! [OIJI ] [ | [ i [ ]
8 /e/ _.ﬂ
- -~
61— 7‘ —
- Y __
/ ;o
41— /o | _
Lo
- ¢ ® _
/ | éo/’ o
@) O 0 /%
2.__ @) 9° ——]
0% 3
B O 93 4340 STEEL - £
o/ of® |
-5 | ¢ YIELD STRENGTH
(0 t— Q0 0 ¢ ]
- Oo : 130 Kksi 180 Xsi ]
°r OO ye + ® DATA IN AIR —:
. O o w )
6l— e 0 o DATA IN 3% ]
a NaCl SOLUTION -ﬂ
OO AT 6 CPM.
4 / —
o &
/ F .
10 ® :
| .; | O ksi /Tnoh =1.0998 MN/m3/2 )
Gl 1.0 inch = 25.4 mm ]
+ , .
- Kisce 7 Krsee : -
Tys = 180ksi Tys = |30 ks |
I.O-6 L L t ! | N | ] | | |
STe 2 4 6 8 (0% 2 4

STRESS-INTENSITY-FACTOR RANGE, A Ky, ksi «/ inch

FIG. 11.6. Corrosion—fatigue-crack-gfowth data.



N Krc FOR
N 1:d STEEL B |
;xJ 4 ke coelinales haw
© hare wien KT:COD@ T
(&)
o |
d
- STEEL B ]
=z \&1
z
S H
= TEEL A
“ 1linch=25.4mm / S
ol
ot n
< da - A(BK
e dn AK)
L STEEL A
Q‘ .
Ll
IcC -
e | > 1.6x107> inch
| | hede STEEL B
= cwcu-w_*” { " {:
o gn K t
S| | XC < 1.6x10°2 inch
Q 9
< ] L
o I
REGION I| REGION IT | REGION IIT | ()
T gan

STRESS-INTENSITY-FACTOR RANGE,
AKy LOG SCALE

FIG. 8.4. Schematic representation of fatigue-crack growth in steel.

U K2
O Eo

= 1.6 X 107 m. (0.04 mm)

ys

K. = stress-intensity-factor-range value corresponding to onset Of
acceleration in fatigue-crack-growth rates.



&

1.6 I l I - o
| inch=25.4mm 5
1.5 p— / B
J
4
= .4 — 3
l4
£ d
_ = , S |
. s |
» = TEST STOPPED 3
G .2~ OVERNIGHT / ]
0
} o—w
e C -‘
.l '/r*A = —
o’ 115,000 CYCLE
‘/ DELAY
1.0 | | 1 [ ,
0 50 100 150 200 250 300

ELAPSED CYCLES, N x 103

FIG. 11.21. Retardation of corrosion—fatigue-'crack-grbwth ra't_e under
wet and dry environmental conditions for A514 Grade F steel.

1



6
& N o
4 ‘o .
@ 3 T
S
>.‘ o
Q
g 2
end
o
k=
=
]
S
~ j0°5 ,
W £ ' -
< 8 — 3/ FATIGUE DATA IN AIR
a _ - =~/ -~ AT 6= cpm < 600
3 ¥ / o SINUSOIDAL LOAD o
o) ° T -'"‘ A TRIANGULAR LOAD ko
v a4 o SQUARE .LOAD
O & ¥ POSITIVE-SAWTOOTH LOAD
= - [ & e NEGATIVE-SAWTOOTH LOAD
© 3 = £ | -
2 AR TR N N N S S O
10 20 '30 40 50 60 80 100

STRESS-INTENSITY-FACTOR RANGE, AK;, ksi -/ inch

FIG. 11.22. Fatigue-crack-growth rates in 12Ni-5Cr-3Mo steel under vari-
ous cyclic-stress fluctuations with different stress-time profiles.

W,



8 — o) —
N [2Ni-5Cr -3 Mo | o//
o STEEL %//o
6 — @) ] ~
R4 f
S p— OI% —
AI
O .
AN
4 /
2 4 oé%l / —
o /
> @} /
2 3 g’l //
— —
<= % a ;.
c A a v
" o . /
= 21 &g/
< ' / 4
- % Ct]/ )
s A AN
= S o,/ ' AIR DATA
- E / @3/
S /
- > Q @ aq /
5 ) / //
T o/ 1 C
= . a/s
= CH / _iCORROSION - FATIGUE
© 8H— ' / DATA AT. 6cpm —
5]/ O SINUSOIDAL LOAD
sl Q{P,/ A TRIANGULAR LOAD -
' . / O SQUARE LOAD
-/ : ]
5 f— [%
-/ . |
M // ' A Klscc
. / : ‘
3 ] | | | | |
10 20 30. 40 50 60 80 100

. " STRESS-INTENSITY-FACTOR RANGE, AKp,ksi~/inch
- FIG. 11.23. Corrosion-fatigue-crack-growth rates below Kiscc under sinu-

soidal, triangular, and square loads. Lo



We oty arte ‘ﬂ{é«é dok Q‘M"‘?“”C‘

,( ,__A_ﬁ- #CL&L(O% fd%.&zltﬁévmw ,A«tu Mol /\uad'Pa,qo;., el Cod fninns CL&WM% “w
- M(,«) e "%‘.Q m +o L\Mbwﬂf&, a3

R Taodome Moo, ASM 52 ((760)

- ..}.'. -
LA 04(&4«4 - @/MM ,94,70 (tow T- 5 Zé o772 )
— éoﬁ_l-__/w//i:wf[“—‘/ /w /7[745wj"m JJfW& jt -'- Asrd.

H7 /zo?w MA ﬁ/{wm/ _,f_____,,.,,,m@m&;, 7 cuchlh
/u% sx‘wms/z wa?‘&uaff 5 ‘57[.&,[., L il
| 51 /cw sﬁmm /ta“?w e eheten %&w/@;{ e .

R _( %3 Ced' 4 My A S Ferien )
bhaad "kMA—{J au,:aé Mﬂ‘ﬁﬁ\fwt/ /d/\&ﬁv ‘}'n ;Lc’("“ 7 /é e

Shatri ?@7‘& G TS oF ot ches  BAR. W WO H,
' : -v/u/oﬁ_@\-cuf'icw? St |
. ) e Tr\cx e

.Qac e t_\ e T
L/:/\L"Fi&:é(_\w\ : { -ﬂu), ('.,u*/l(,; 4,,(,

SRS B ST . e,

’ /// | J "F(,CLL,{LV\—‘— . | Sf?u]Ll:

-— e e . — _._...:_.... . e e . PP | - - ‘ B . ) . }\ " ; '
o _ o B 4Cw[9&{j}wv\ et q{“anM

MMA<€-I /ZO./I«’/ ﬂ/’["v R W'/ H,)’ dm,:( ‘/[iﬂ-'s\, A‘vft,ﬂrw L&' L("—LV"Lf
sul” a4 34“\ s f}{¢ }ﬁi})b\rz‘.wwfz‘ ‘

o :{_ — o Hz eNag CLuh :"v, v —_— Savve H CE{/}:’)(;‘(-\)Q/, .L‘\“v}—u
) ’Zi * ’I // » o ¢

o At k_ c,m\(‘z o sk Ha Sw»&%dw H(,J Ao :‘»f«»\ CL\&\,}:,A"WY ..
U

e f’( 0{1\7\22*

~y
P

~ ~

Hydosew Clign SN -
p / i g '




] el hu‘ <g e \“Lﬁ;f‘ »{« ﬁu’)[ /ﬁ‘l‘ }w/(ﬂ
- V@p!&ﬁ"«ic a fe $ulr - }p}) L\ H !\zn(q a‘fudll
2 B

| Jc\a oc;cw C”mcwﬁm%w |

'

AR
e (’)(7,__-. CL\C‘/\(\E. i~ ﬂ\&/v\ . f)vaLL l/vx - VGOTLima (;( BU’D ]:

IR 4 c{u‘&(‘f‘ﬂﬁ/’ © «sw\/cta comel Hp o

R e Lo oeveluedd. — ’W\LC(AWMCW(

R T —— fwfpu%uu LGAR A,ecm’/w L. __

T un N oA %,2 A

H{"‘ \MM . e ” .

—H, chaget — 7 e b 3F

Hy chonped — baled 052

S i ] o I
W : { ta (UD

_ S — E07 -& %acm LW) - " __

[\So‘{'c A cQo.c/( ((,{/4 i.H—e c)LJ - -

e ) L . ! [ SRt )

o ¢ lo

n&ct—/p 5’\,«(;‘{[”*4
/ft}:(m oda i ‘/5“&“
st L}&i!ul‘f‘t(;'f/ € ((

/ | |
'g’\Ao; c{,\, L e ) %t’f e (f{‘cv /r //2, ‘{u

,9
&
- g aade /“ﬂ r‘[& &\44.4 F



4

_ O b.S«E_{\_.w“.ﬁ.at(_.,.._.._.C,_L_Ogc.,,éu;ﬁ_mf_—:_—m. _.CA QC,LLS 7@\/\« o &1[’ /Luvf -7 _.'Vlo'{‘*clr.-_ o

C\ac 14 l7[K/flm e T cu[bw’}scl\. Tu;\es R,

R SRR 'FYK’-/\CW‘zg"' o

. 5\,1 p

- VLM f@ Y Iy TEN . . . ]
iz a !l‘l""‘ /:)Mf""‘ et R FE

it

Bsvofrner | crack
(N ITITATL NS

Amowarr

SR P ’Q.(u‘ hfc.._i;' plwh(ahé SRS f Q*’ Cw/Lw(

!

o e

. /TIME-'U/\/B e Load .. o o el sdubded

‘{ (’;)2 t/V\ /7‘76'(4 s
‘Létwtm

T‘H:U\u' JF [NCURBT (dn TIME - _ C'\CLC"L

NCUBATIIN  TIME

.~ CodTROLLED S~ L : M et
o BY H A L"G’\"LLSL on) ' , ’% -

w Fe (t@ﬁ(?,_e.

whiom H
CiCentern

- Aadheo ot v




Pan)

‘ ;7) 1 H (/\\« '(”6 .
Z

- .D L [ ‘, o C(/\L\/MM, V‘Ld\u e
Ao (e LTy K L : ' .
UM T e el

- | | .A '- : | - : . -Q e e et e e e _.-..._ e e JORST, 4 i e
G, W D>'D,,€M(9 (‘.‘:. ~ k'F) ST 7 é, N J{;ﬁlgiﬂ“‘"‘“‘”‘”‘“”

BV Y o et i

t.!"u&»?‘_vﬁftt»w kT } /&m’“’“ e ‘L‘/f’w” i/”» o *e.

_Lé’ WGPN’)(’ L\t’ [/% o _,,L ) 'eﬂfmw 5{\&'»*\@.:; %ML WA ‘ﬁ.«('f‘ d iﬂw;uv
N L

N

e _k, S S A SR S LA 7[/./\1,\(;{ _71 N _T
9200 el [awmele. ~ Q.
« chg(/ma;im

N 7%«/) Lo /zu'f/c/) e.:«’?ﬁ':q_»éi; 7/0 ft‘,l./ma.f Q

- - /;—I—— TS KINETC  ASPECTS.
- - | OF H, CEHARITTLEMENT

Recated  T0 U DIFpusHV -
(N e



5

T HELMODIN AMIcS IF _H;ULM)% B haittlomed .

1(3“,\

O . S
fif/[ow“ 0L, .7 mao /a JWLL Mo UmC_.é?!-..f%.bt.,d#ﬁf% e

,, w@rija( ba % Feoma ﬁfa?a_-&u( S _

P . .

e camCe,w'llwvAm ey . NO 7[5 été"@) _MO“/L e
Coeach oachied _vrlue

_ flblau% éf\wo o H comeambaSon.

Thua (;(/(} Acfé:ik_,_, TN /Ltgm:/’ / o/ it Z 4
/\? al(/L.oS'yL:/A‘\”_ f&u,d £‘m\ 1>< o M (cz'ffc . _
‘ A Iy ane wlc«w M'Mf(’ atra
¢ étlg Ly '-*fsué(’(.«s ad' Lotlees b llem

Cr'f 4¢ Aro e /LCJc e ‘7 7@ = 27(&, stk /a”u/}ﬂr;u__a
Méjf{ﬂ.()%hvﬁz Q(J’VLL//)/'W/)(,” | ‘Q“.ﬂ"‘t,‘:} .



‘//0=—-~_§w . ‘7;L +. St 022)

Mo Wcuw\,e— //ZUL/LK CM«—C , ﬂiuc(),m/?/cs cu/uw«

e - /}\LM..__ ('() — /LLﬁuK,C/Q < Ol < AC ‘:’// - \/C/Z“’L CG /_ . ﬂL.QZV‘L
. AL

Jh Cé. A,Am 7 . Ocaoé___ V\wcéaﬂ(fm B

%u 4{)1"‘,\)!/{5‘ka
W\’n Wttt w.off
ﬁ(e [”7%«// W/KQT

ﬁ"" &4“{ Mﬂ it
// 74) 7%&-,&0(2# i‘t»m
 ofgquatet Hp. ud

‘ 6\& eduae N:{u««té oot st
R S e e e gt g el «(uz/(.«

¢ , ' f » 42(
U 3 /< C CF 57 0 / L o0 ) 1ﬂm f“Jvé’ 7 i
- — - M /. ._./Q\A___‘...__._..._C/..\ e e — A /( 7L o R O/:Z. o ‘w 46 C ‘\' u ;

S . T _ '“""IéWt(p fﬁar%"”{lll‘[

M«Qw

L . | B f) O _m_{ (

T

Vv ’(-(77??

- {o‘ Af a4 jww e /m/auaﬁuu VA | jwv» .
%?ﬂ(/to?,w 2 S A 'ww/w’f S ..77»%. .g‘/u/@yu ,_/muc,[? »lw

I Vid CLoL_,*_&uﬁ e

&ma”

[Sp—— . - - - - - ' . X e e = - 3’/ s 'lb/.
S ROy T = ehad elen = é ’Z“

Bt 6:%-*'—0»\‘/}’-*-'7-‘..@.g,.»..f__..,_,K : 6_) = Cowid .
. ) L . ()7115’-}9 L’E’_/?' CdY\C,’MAr,f)M y/e’..c/,A)—\
So 7_&#’1 ' \/’&/\(cshﬂ f)xa?[' lu,a_ (@f SCerie 7T cwd G /

> Lot K{.



D[lé%}ﬁ’ “V'O‘l‘cé\

'/r>“4“‘ N . ) 0 : 3 ‘
i
B e T T e

//

td
O
o

,/'77 per bl onafel

mmef/tﬁr(fmo 7/4&4,{[ Wé’/‘uf* e //”1[7 _a r/ow 7 e
L e ’4‘5\1&‘{ / Iéavfm L C,:mc&wfztdm
o Aesandd) lons 7 V/Z»e _ YﬁM A mwf e T
Y 7_-__~77u AW C) % Com @%A«f—@q
L7Re ),_ e 7[ __7<9 _bu aﬁ AL - C.,f‘/\%a__ 4 //ﬁ/\-/

e

__:?‘/Mwa L /’y&/& Méww/ By 77144 ;740/4&«» cufa,z

ﬁé}au&q_ 47.__ﬂ/7ta~tc L who WC/ZMJCC/_L . Lo 9&40{ Sy & o

- beTR e 4414497‘ /w(’f_, e s W conconfido
//) v /é;au Lt 4 | | ' '



2 - 24 - '- e
0 Cent oo Based M __2“7//&,&0% ]/Z/z/ch fe 10 Foteey.

w1972,

) /’ " {c 4{: TN e e L
i
Ry P U/” J

TR

A 5@’730\!0‘_1/‘0“7 é’/wm,a e %9’ Cown C@/\A‘%’LR&%W 3 H |

F*i_c_u_ﬂve L *wv@% /@ Stame anoﬁ

T SM ,,,,, N0 / jx_ 5 4:%00.“ /L 76 C—&""!C@V‘JLLLZ& /4 i

gv._/._,, e e

L@u/« Sherees  Mow  comeon hele Ho g /—"-\/ |
Conve N A 'éckgmé/gckwféy %_ '(’0%4‘(&@;1 s
app e o= 44 e ‘VQ,C‘C &zi»( })—m\vx F 7 w S/r?-’«év)d/[j
Af /A/L??— 56/95%6\/7(6»\4 0" 2z ./U‘LU “sa 3o J
H o conc o s A - M) - oF .



