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o swmnv or RESULTS

43(). YHEOR!IT?CAL FOQMULAE HAVE BEEN DERIVED SHOVING THE ELABHC

THE r|R<T 1S A\MmTE?lAL CHARACTER! ZED BY
Y ARB!TRARY ISOTROPIC STRESS—STRAIN LAW. IN THIS CASE FORMULAE ARE
"' DERIVED FOR THE éEHAveon OF A CYLINDER UNDER THE RELATIVELY coqutx
T¢PE_OF DEFGRMATIQ' HERE CCNSDERED. FROM THE SIMPLE STRESS-STRAIN
: CU#VE«QF THE MATERTAL (N TENSION. THE SECONP ANC' THIRD TYPES OF
$M?£P1Al conc:ovnto ARE FART | CULAR CASES OF THE ABOVE; NAMELY, A , .
’i,‘ . MA’L’TJAI- WTH N‘J :’ﬁ’ﬂt’\r ﬂﬂ:’f‘ENING ANC A MA‘T[QML WlTH CON';TANT ,SvTRAIN >
v;q@‘_ HARDERIING . o : ’ | : N
O ,r00 EACH oF THESE THEEE MATERIALS ALL STRESSES AND STRAINS AT A
poeN* Sy BE- COMPUTED ' IN TEPMS “OF etas THE ’ANGENT!AL BORE STRAIN, fap
 THE ARy STRAIN, Py, THE EXTERNAL "APPLIED pn&5>uas, w, THE RATIO OF
7 INITIAL OUTSIDE DIAMETER 70 IITIAL INS1DE ouAMETER AND-MTHE RADIAL
: DISTANﬁfygF*YHE POINT DIVIDED BY The BORE RAOlq N PARTICULAR THE j
PRESSURE FACTOR, 1.E., THE PATIO OF THE .PRESSURE. DIFFERENCE TO™THE YoELD
. STRESS, THE OVERALL AXTAL FORCE, AND:THE FLOW FACTOR; I.E,; THE RAT10
IN chEAsf or INSIDL D»AMETER 70 INCREASE OF OUTSIDE DJAMETER MAY BE

FOUND FROM FORMULAS 1; 2), (1922}, 122, (25), (.6), (30), AND (32).

W

PR ., 1N ORDER TO OBTAIN Tug CASE OF A CYLINDER YIELDING ONLY PARTIALLY
o THE CORRESPONDING SOLUTIQN FOR THE ELASTIC DEFORMATION OF A CIRCULAR

| CYLINC’P 15 CON‘!OERED, AND A METHOD 15 PPES&QIED FOR MATCHING THIS, T

Etnsvtr SOLUTIQN 5 ANy of THE -PRECEDING PLASTIC ONES. ALL STRESSES . %

“wv AND STRAINS IN- soru THE/ELA ASTILC AND PLASTIC PopTIoNs or THE PARTIALLY ';5

‘"ﬂ,-.‘ 2. RAPHICAL Ad‘LzCAraons oF THESE FORMULAE WILL BE PRESENTED- -

. IN SUBSEQUENT REPORTS. g _ 3 ,N: .

\ e, ' s 4 .. - . ' 7 ’. . '}':_ wc,/, ‘,/ 4‘. . ::‘ ‘ ° )
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. EQUILIBRIUM EQUATION
_ INCOMPRESSIBILITY EQUAT JON
‘ : bTRESS—STRA!N EQUAT!ON _
Co% m
2. THE COMPLF‘TE YlELDlNG OF‘ CIRCULAR CYUNDERS

| STRAlN EQUAT L ONS g
' ) = AS A ruucrxou oF RADIU:

* STRAIN DIFFERENCE EQUAT1ONS
o AS A FUNCT1ON OF RADIUS -
~ /_ 7S A FUNCTION OF DISTORTION STRAIN

ousroarnou STRAIN I
AS A" FUNCT!ON or RADIUS

T smcss-ourrznzwcc EQUATIONS .
AS A FUNCTION OF o&sropruow srpAﬁg

X . RADIAL STRESS - & -
LT FORMAL sowution [ v T
. ' CONSTANT YIELD STRESS T
g . CONSTANT ‘STRAIN HARDENING '
ot mm wALLeo CYLINDERS
L Pnsssunc FACTOR ; S
' ~ FORMAL SOLUTION. T
- CONSTANT YIELD STRESS :
CONSTANT STRAINVHARDENING
AX .:Au;ﬁ'oecc. COEFFICIENT
- FORMAL™ SOLYTION .
-CONSTANT YIELD STRESS
CONSTANT STRAH) HARDENING.
AXIAL CONTRACTION Y
TO-BE FOUND. FROM F* = 0
T THIN WALLED CYLINDERS,

3, ms mqrm YIELDING OF CIRCULAR. v mosns

C o BORE STRAIN u:go AS BASIS FOR COMPUT ING °
o -;:‘« UNKNOWNS. . IR ‘Eﬁé“ S
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S S Moo, mmoeucnou R /* o R
B pntvnou's Cﬁl;%ANC[ WORK. conccnneo\m TH  THe MATHEMATI L THEORY ofF -
mc pussnc FLOW OF HOLLOW CYLINOERS UNDER UNIFORM INTERNAL AND EXTERMAL -
SRS .msssuncs HAS BEEN GENERALLY BASED UPON THE 5ssunmo~ THAT THE CYLINDER |

MAINTAINS A FIXED LENGTH DURING THE DEFORMATION. COMPARISON OF THE RE— -
. SULTS OF ‘THIS SIMPLIFIED THEORY WITH EXPERIMENT. SHOWS A s:smnc&.m' OIS~
CREPANCY IN wmv PRACT 1CAL- CASES OF IMPORTANCE, THE PRESENT INVESTIGA= ;.
TION. HAS. BEEN UNDERTAKENWITH THE OBUECT OF OERIVING FORMJLAE FOR THE f
0 STRESSES AND DEFORMATIONS ALLOWING FOR CHANGES TN CYL INDER LENGTH,
A RETA IMKIG ONLY mc (\ssuwnon THAT THE LONGITUDINAL EXPANSION OR CON—
" TRACTION ncwxms THE SAME THROUGHOUT THE CYLINDER, THESE FORMULAE, -

- EXPANDED AND EXPRESSED  IN. GRAPHICAL FORM 1IN LATER REPORTS, - WILLY PROVIDE A
' nvpm\/:o CALCULATION ME:THOOS rop. . N \ S

[T oy ocsncﬁl mroamnon FOR COLOWORKING OF ‘GUN TUBES; He S
ST .  EFFECT OF "A CHANGE "IN THE RATHO QF YIELD TO TENSILE BRI

sl " STRENGTH UPON PRESENT o:s;gw DATA, RESIOUAL STRESSES  * ' -

"AFTER COLDWORK; . s

i ' 2. THE ALLOWABLE DEFORMATIONS AND STRENGTH OF GUNS ARD
SRR . SHELLS IN FIRING; THE MECMANISM OF BURSTINGj

¥, FUTURE SPECIALIZED PROBLEMS, - SUCH As\&mzm

© INTERNAL AND ENTERNAL LOADS. .

- THE osscussnou IN. THYS REPORT |sgo£vorco JO A MATHEMATICAL
77 ANALYSIS or‘;)_‘ ' : -

. v ' N P
" R N .- PR

b ;GENERAL PLASTIC smtssfSTnAm RELATIONS , I
L2 THE COMPLETE m:wms oF «;mcuua cﬂ.mbtns ) ‘ R
"3, THE PARTIAL YIELOING OF CIRCULAR CYLINDERS |

» a0
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. GENERAL PLASY!C STRtSS—STRArN»RCLATIONBt T

‘THE FOLLOWING ASSUMPT!ONS ulLL 8E MAUE~ IR ’.‘i"““-"

o THE MATERJAL 1S cousootsso TO FOLLOW THE VON MISES. conotrseu
AS EXPRESSED IN EQUATIONS (3) AND (4), AND THE CONDITION.OF, ..} “:
INCOMPRESS1BILITY, WHILE UNDER LOADING BEYOND THE YIELD POINTS
BELOW THE YIELD p0I~r AN?ggN Recovzﬂv OURING UNLOADING, THE

MATERIAL WILL BE ASSUMED T FOLLOW HOOKE S LAW WITH coupnzss~ j
1BILITY consnoeneo

:b ALL, QUANTITIES ARE SYNMETRICAL ABWT THE LONGITUDGNAL AXIS OF
THE CYL INDER :

c ALL QUANTITIES ARE INDEPENDENT OF POS!IJON ALONG THE LENGTH
OF THE CYLINDER.] .

d THE LONGITUDINAL 'TRAiN, e,, 15 A CCNSTANT THROUGHOUT THE
'WHOLE OF THE CYL! ER; AND™ALL PLANE caoss szcrtows REMAIN
+ PLANE DURING THE DEFORMATOON S ) i

v

THE APPLIED lNTERNAL AND EXTERNAL PRESSURES ARE ASSWED L~
UNIFORM, AND THE LONGITUDINAL FORCES APPLIED AT THE ENDS .
"OF THE CYUNDER ARE ASSUMED TO BE SO DISTRIBUTED THAT - -~
ASSUMPTIONS b, ¢} d, ABOVE ,"ARE. VALID., . -

LET pepnsssww THE RADIAL DISPANCE OF A cuvcu POINT FROM THE N
C¥ 1NDPICAL AXIS, AND LET: Sen Ses Szs £y €, AND €, BE THE TANGENT!AL,'
PAZ I, AND AXIAL STRESSES AND STRAINS RESPECTIVELY. CYLINDRICAL
C”’F”'NATE PLANES ARE- THE PRINCIPAL PLANES OF STRESS AND STRAIN, SO-
THAT AL SHEARING STRESSES AND STRAINS ACROSS THESE PLANES VANISH, By
THE ATSUMFTIONS ABOVE, ALL QUANTITIES ARE ruucruon< OF + ALONE, AND

O THE USUAL THREE EQUILIBRIUM ‘EQUATIONS FOR STRESSES ONLY o&e RFMA:NS R

o

¢
~

10 8F SAT!SF' ED:

. . R ’_ ‘ )
T Ses s o . R SR
. dr - r Ol o

FOR PLASTIC DEFORMATION UF\DER LOADING THE EQUATION OF 'NCCNPF!ESSS

¢ : IBlLITY MUST BE, SATISF!ED' ) .
et + ef‘ + e; = 0. " . . - ‘u' A _.‘ . \ ) .
: . ° . ) e ° N :
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IN A ssMbLt TENS!ON rcsv THERE IS A ocrnutrs FUNCTrONAL RELATION
. BETWEEN THE STRAIN AND' THE CORRESPONDING STRESS. IN A COMPLEX STATE
. OF STRESS AND. "STRAIN ‘SUCH: AS 1S PRESENT IN A YIELDING CYLINDER(@ '
SiMILAR QELATION BETWEEN TWO ANALOGOUS QUANTITIES OBTAINED FRON THE
COM81N€0 SYSTEM or sracssts AND STRAINS MAY BE WRITTENl BT

mo o segloe- sr>2 (50 - §o07 ¢ s, - suﬂ”‘g'ﬁf'f” e
AR N a2 T |
ew§hm~wﬂ+hy—nﬁ*h,fhﬁyﬂ~' | . (3m) il
o HHERE THE °OS|T(VE Q‘GNQ JF THE RAD‘CALS ARE T0 BE TAKEN TJE FUNCTIONAL
AN RELAT;ONSH&P BETwEEN THESE TwO- QUANTlT'ES MAY BE EXPRESSED BY B
‘ T s =sley i L ' S(3)

THE cdggramr FACTORS tN (3a) AND (3b) HAVE BEEN so cuoscu THAT S -
s THE SAME FUNCTION OF e THAT STRESS 1S OF. STRAIN IN A SIMPLE%IENQION S
TEST oF ’HE MAT€R|AL THUS T 1S POSSIBLE TN LATER FORMULAE TO SUB-

STITUTE T usuou TEST DATA DIRECTLY. . ° - T '

TW. ECUAT 1ONS MAY" BE. WRITTEN RELATING THE lNDlV!DUAL STRESS AND N
 STRANN CﬁMPONENTf {ONLY ONE OF WHICH 1S AN .Nazozuocwv CONDITION, o ﬁg
L ;'HOWEVER) o SR S e fg
3w Se _ Se= 8 . Sz =Sy A'“  Lo : x”,%

8¢ — € e, = f2 ey "“7 Y

Nl

SRR

THE PATIO INTRODUCED IN (W3*WHLL IN GENERAL VARY FROM POINT TO
POINT w6 MATERIAL; HCWEVER AT MUST BE CONSIDERED AS IN’RINSICA'LYH‘
POSITIVE 7 THE MAT[RlAL 45 TO DEFORM IN THE DtRECTION ol LOADING

saed da), (3b); AND 4 1T COLLOWS THAT . "'._ e
Se = 52, (32 Sk .
oSy = 5eT S TSy 7 R

—_ wrpmeea 2 YO

e e s = skl

. .
. . ? 2 ’
| (B ey - el () GIEENG
Y ( ee T&- R T T AN L St -
8¢ =502 9 ,0 ) =
= (St = 5e)\t 9 2 p ;
G&» . \et - er) 2 e\ . { ‘o \ ° 4 (5)
WHENCE Iy = Sp . 2 Sie) - ’ 5a)
v — e e o ;

. . . .,
L - A - - u —— 2 .

S * - B

Voa, NADAI” oN TQE—MECHANICS OF THE PLASIlc STATE OF MEIALS ASME
TﬁausAcrnons 1930 Ve 500 (1)
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’éﬁ THE coanetﬁ*vchogxs‘or cancuuAn qunnotas R :}'j"‘,‘/f,:

LN

.

FROM AN uusmsssco s'rm:, THEN at FIRST ‘THE WHOLE gvt.moen Wikt ef:

DEFORMED ELASTICALLY. AS THE PRESSURE INCREASES THE!MORE HIGHLY '/ ,
STRESSED INNER PORTION WiLL Y1ELD PLASTICAL‘LY WHILE THE OUTSIDE STILL
REMAINS ELASTIC. THE TWO REGIONS WiLL BE scpmnco BY A CYLINDRICAL =
BOUNDAR™, rommc IN EFFECT, TWO. msrmcr ruacs. WEN STILL qu: ;
PRESSURE 15 APPLIED, THE musn REGION WILL INCREASE UNTIL nmu.v ,
‘THE WHOLE TUBE IS IN THE PLASTIC sm'c THE ANTERMEGIATE STATE ls | ;
TCRMED PARTIAL YlELotNG, IN CONTRAST To THE. FINAL.FTATE/OF COMPLETE
YIELDING

 THE CASE' OF COMPLE TE - m:c.omc WILL FIRST as TREATED IN WHICH
ONLY THE AﬂP‘?OPRtATE soumous OF THE GENERAL PLASTIC sm:ss—armm
s RELATIONS NCED BE FOUND. IN PARTIAL YIELDING, uow:vzn, THE sot.unou
 FOR THE cuxsnc CYLINDER WILL BE 0BTA INED. SEPARATELY, WH EREUPON T
. . MAY BE MATCHED WITH THE EARLIER PLASTIC. SOLUTION SO AS TO MEET THE

.....

CONDITIONS or THE PROBLEM, - o : e . %
‘A, GENERAL romAL sownon FOR. mrsnm. wam AN 'ARenRAmr W__gom’
o smcss-smam AW L . - -

o 7
CLET ulr) BE HE RAD!AL DISPLACEMEN? or A POINT DURING THE
" "DEFORMAT ION. THEN

THE mcoupm:ss;su.nv RELATION THEN eecouss o e T m
au  u. , : e . ,
ar *7 ter=0 4 T e e o *.5,.,, 7

SOLVING (7) FOR U(r), AND mnnc Cea ® THE rAusemm. STRAIN AT
THE BORE RADIUS ( r = a ),n =2, AND a, “ o THE STRAlNS mv BE
WRATTEN:

| ey ‘:5"[ ?;-r‘] "(   -‘ o l"r "

Ca eu A‘!z e

2 gy nsomppv I IS ucam om_v mn .I’HE mnm. mopenncs or t”
»ARE ]wocpcuocm or onccnon.u: ' e
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; e T

THE STRA N m FERENCES MAY THEN BE \FITTEN
e;,-e,.=-’~§(2+!,) g»'v!,‘z" |

——— ﬂ _n[’.. 3;.2' ,_...z,.x'l BV E
\ 3«'z*°t‘~""‘""+35z "‘T"j/ N
' FROY wu.H e MAY BE nmmmczv coMpu em N Tmms OF R, I
e -;.,,, §le Tdf ‘s ;"? T
Wfi‘y'rmg & =;5}|’ (xo) BECOMES - . .'/A : :?A - ;/‘ ,

raom (9) IT IS EVIDENT rw THE s:swor oy -fe,,, HENCE OF o
5y =37, AND HENCE OF 9—51' ) 1S THE SAME WROSGHOUT THE CYLINDER, . 1y
' DEPENDS ONLY UPON THE sups OF eqa AND OF 2 A 2o 1F THE CYLINDER
1S UNDER LONGITUDINAL 'TLNg!ON, WLTH NO oy ERNAL -AND EXTERNAL PRESSURES,
& = -2, OR eta = - é- ez, AS WOULD BE 3 (TED FOR. A MATERJAL WITH
POISSON'S RAT [0 0F 0.5. FOR THE CASE OF -F¥t1 SARY INTEREST, BORE EX-
PANST N UNDER #N° ERNAl PREsSURE, era WHL BE FPOSITIVE, AND &s mu, BE
GREATER TriAN THIS VALUE OF — 2. b7 WiLL $E ASSUMED, THEREFORE, THAT
- BOTH eq4 AND 2 + &; ARC POS 1 TIVE THROUGHOW™ THE REST. OF - rms "REPORT ..
| THE DEVELOPMENT 1S 1WND SENSE LIMITED ‘BY_THIS ASSUMPTION, BUT MAY .~
BE APPLIEN-TO THE MOST SENERAL CASE (TNAT.IS, FOR ANY COMBINATION OF N
INTERNAL OR. EXTERNAL PRESSURE‘ R n:nsnons) Wi TH ONLY MINOR Cﬂkmt‘i“ T
m SIGNS, . : ‘ B s .
» THE STRAINS (HENCE e, AND. S’ }) HAVE m)w‘stm 'EX?REssEﬁ AS- ’
vruncrmns OF R, THU‘: FeoM (1) AND (Sa) 1T s EvaDEN‘r THAT s,. 'AND
THE REMAINING smsssrs MAY READILY BE rouuo N TERMS OF R. RATHER
oTHAN DO THIS DIRECTLY, ar Witl BE MoRE CONIVE NI ENT TO EMPLOY. & AS mr ,'
«Nocpmoe:m VARIABLE. ‘B WiLL THEREFORE BE. E:tmsssso AS A FUNCTION

OF é‘ FROM. (IOa). THUS , ’ \ R "
T s 2+8 0 o
o u r{éz - e e).l/? o ) ,: . "o i

‘ o oo O s
:ﬂ:‘“_ L ‘:‘A‘Ag‘k?u, LT e



VHFROM (9), THEPEFORE,
TRX eg.V5(!3'- & 2)”2

B ey

AND’(13).

g, 2s(e) a2 é';)//?

.= w) TO A POINT P, vrtlos BY (12),

WHERE By 15 tHE EXTERNAL PRESSURE -ON. THE CYLINDER, e,, IS THE VALUE or
T & AT THE OUTSIDE WAL, alVEN FROM: {102) BY '
o L 2 172

s & = :‘ -37\@ -~ & e 2;!

C eaies

WHILE & 1S c.wz/u IN TERMS or R IN (10a). S IS STILL A FUNCTION oF
e (= eq &) IN (15). THE SCALE MYST THEREFORE BE cauvcnrzo, IF THE
INTEGRATION 15 "TQ BE PERE, ORMED NUMERICALLY .OR GRAPHICALLY. IN. usnnc
HE "BARRED" STRAIN EXF esswns, RELANVE STRAINS HAVE BEEN IN-
TRODUCED, THAT IS, STRAINS PER UNIT oF BORE;EXPKNSION. THE FUNCTION
'S, HOWEVER, DEPENDS ON THE TOfAL EXTENT OF STRAIN ?T A GIVEN POINT,

RATHER THAN UPON SUCH A RELATIVE STRAlN
o 0




A SR o . .
. !5 . : ) . ;
X “ “‘ }f/_ “ ‘ . . N ‘ T\
""mt mrtmm méssmz‘ o m: C'\'Lmoca m 3 conPurto READILY FROM - o
(15). LETTING P, BE THE INTERIOR PRESSURE, AND P* = -ng—-—h  WHERE ‘!ﬁ
: y .
y 15 THE 4?taa s#ﬁtss oF THE MATERIAL, 34 FOLLows THAT | r
e "E ’ ol . J - - o . . ?
N o l a *® R K w
;Pf - ] - (17)
N 55&,‘[‘ A ‘ - - 33,
A "1 D ' e . ™ i ,‘;*z,
0, COMPYUTE - THE TOTAL tONGlTUDlNAL roacc OPERATING OVER THE ENDS .
or ruz’cvvtnnen Sy MUST BE |NT€GRATED OVER THE CYL!NDRICAL CROSS R
Tt SECTION. LET F BE THE TOTAL ENQISE FORCE, AND_SET F*'= g—’l—, 7
?HEN» - 2"‘” e e
P22 foasRoR : . o VIR 1 S
Sy 1 o= ';, . ) . _ " . ..‘
suesrrruraou FROM (12) AND (1u) GIVES, THEREFORE, ™ L v
€ - ,_‘- F. {Sr\ : S(!) {362 - .r(ea _ ! 2172 %% {2 + &;)BdE %} “9)
Sy &, ;- L - . V3 (e - e,z)- -
- THIS EXPRESSION4MAY BE SIMPLIFIED BY INTEGRATING THE TERM.IN S, BY PARTS, © =
fon aaecUSING THE ABOVE DEFINFTION FOR £ AND THE RELATIONS. (FROM (11) ) :
: 5% ~ T
‘ 1= 2% i r =
- 4 _ rlz D i et i "
V_ (é‘ W 522) . I ﬁ (!gz' ""”8! ) e ) ‘
A , 70 SIMPLIFY THE INTEGRATED /ERM;, THE FlNAL cxpasssaon MAY BE oerAnuco, e
R W = 1)+ EL—---L(Z + &) / = --n%,,s‘ea a& © (108}
C Sv ’ - . Voo
. - . : & &z ) R e
= - ONE' MORE “QUANT 1 7v ¢ INTEREST REMAINS. “THIS 1S THE SO~CALLED. FLOW Cy
FACTOR (FF); THAT. s, THE PATIOOF THE INCREASE OF THE INSIDE DIAMETER- -
AL THé‘lNCREASE OF THE QUTSIDE DIAMETER. THIS MAY EVIDENTLY BE MRITTEN e
=¢__€h_‘ ) * ) . - P i ~'-h:
T T THROUGH. CONSIDERATLON oF (6), WHERE ey 1S, TH£ VALUE OF eq AT R =W,
L 4
E LOY!N“ t.8 . S e
M& bd ), - é ﬁ" % "\/ % .
~ < (T2 4 By . v g
RS S o N
e JENE .. o ‘
B *Wﬂﬁﬂéﬁ FF == & w -1 - _ -
o L EXAM!NAT 10N OF THE FORMU.AE THUS FAR OBTAINED SHWS TMT F e“
:él ) .

pTHER STRES§ES AND STRAINS MAY

or PARTIAL YIELDING TO BE DliCUaSED LATER 4 - S
RO ‘ ' g o= T10- . | S

t

5%§uixfff‘ B R




3

'je,f., SQLUT IO FOR anmu. vucwmc u~ocn CONSTANT smess.f |

N THIS CASE, THE' runcnon s(e) ASSWES ns smpu:sr roan, Nmm
Se) = A cousmm YIELD STRESS, S,.. RN
THE roRmuE FOR s,. , F*, AND P* MAY THEREFORE BE EVALUATED ANALYTICALLY
" FROM THE INTEGRAL. roms (15),.(17), AND <(192).. THUS, FOR S, IS oenmeo -

: ¢N EXPRESSION:’ EQUIVALENT To ONE GIVEN BY NADA | AND LODEYs
LSk =Py 17} [cosu" (-h) - CosH-} (‘ )]
" FOR P* A U
LY & [cosk"l(-‘a) = cosn"(—t)
 AND FOR F* -
y Pols® - l,:.

F’:—.

/.

E

'SINCE THE FLOW FACTOR DOES NOT DEPEND UPON T;l[ PAR‘I‘ICULAR FORM
ASSWCD FOR" THE STRESS-STR‘IN LAW OF THE mTERIAL, wT WLY UPON THE
“INCOMPRESSIBILITY AS EXPRESSED THROUGH THE STRAINS, ™S cmmm wi
HAVE mc SAME wu.u: v*(ea) AS szroat. ‘ l

Tmr n-ns RELATION AGREES amca wm-l EXPERIMENT rmﬁm: CUSTGQARY
A»aoxlwnon ASSUMING - =0, - T
L€ sownon ron consnm STRAIN mno&mus-* L

N THIS. cases x0T Q"
Sle) =5, o VEe o

ERE E. |§ A SLOPE ANALOGUJS TO “FHC ORDINARY vouuh S WUS. ; ff .

3 roa cmmtmOML mposzs AT s orr:n o’ comtmm: m'w .
.3‘ ,' - ] :
" acurtou cosu" ( ) = Snert ( - 12 > S|
S l ) L
‘ " ‘A mou, PLASTIC ocmwm oF NUALS IN THE: Wlmm -
mn JQJRNAL OF  APPLIED msacs, w. isrt,. SRS

“AS HERE DEFINED; mmnm.mw‘
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PLASTIC DCM\IN iIN. PARTlAL YiELDlNG

' Es
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