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AUSTRACT 

TI"5 ,,"(Irk d~, 's wilh lite dc~ IOI!I"C '" of .11' ~ II"hl lCl" (0"""'" 11\: .. HII'Y IX uscJu. 10 ehM~ete, ,~ 11 -.; 
s.,<::\s dl<lf,buUon ;o,oll .. d d' SCOIII II,,, illC$ He,oce 10 S.,IIS(,' .he \)I" ' ~III~ I p.oole", of sims dis,"oorllo" .. ~ 
"-cll ;<S ~'du .. ' stress ll~,. fcnmi'lCd ;ofO\I<1d I lie bc""d,,'Y of holes.n ,)'" ,u. 

The melhod or :lU:l l~s js prese nted lotIO: j,,"oIH:s ,..,{II PC: IIUfb:;1I011 '" SI ,ess O:OI1(;tll,,:'"Oli f'ltlo, .10:01 

dtr"O("~ IIie siless disi rohlilion cO'= "II"g dl.phcd .~ Irw I" :~'d'holl Ihe pc:r"h"b.' I;on in 'he SilOS 
0'511;1)11 .. 0 11 ~pp.;:ars dlle 10 lite p . C5t.:"CC Of ' Qot!u:,1 SIfCl$. tl~11 .el,,;uud ancr erealing t loe hOlo: :,,,d 
' cnlO""II ;on 11..;: o: .~u;"~11 forces 

A '''''"C''C":I. ;l ' ~" ~$; ~ fi ' .'l pfl:ccoltd 10 5'~js r\· , too; gCllc.,, 1 501 lilioil of 51 fess di511'11)1111 0 11 ;l'OII"d ;0 hole '" 
pl;l l~ fOf a '";trlt1 ~ of bi" .~ la l Io;odin ll C"O,odilioHS TIl(" SlICS! d'st llLK,IIOIiS MC II..:" dcIC.",j"c fOf ",u mblc 
\';o l"es of 1«I;ongllln, coord'II :11cS r(jlfc~"lj"g Ihe Wldlh 10 IC lIl\ lh m l;O o r Ihe fi "ile pl:llC b';a •• b.. 
nondit"C llsio"~lj)"cd COI OCC''';''.!: a,.J 

Fllrthcn"o~ the proposed rO""III;o SI.,~~o:ssrlluY elll"'o~w 10 soh'C Ihe problC'1I or SI.ess d, slrib!.II'Oll 
~ loUl'd I. hole: II, 1I\(,,,;,e "I ~'~ "Older b; ~.~j:d st ~(C of SUtss. Mon~o'·c'. "'''' lCnc~ 1 r("$III($ prc,le"le!! OI'C' 

:0 '~OI .!:c ofbl~ .~I~lloMIIII!; coudil io ll5 ["Of" .. nroe ll" or IIQIIlIIII'CS lo,, ;olrl.e!! frIClOI. rln, (~. CO IICC fIllIl J: rio C 
hole ,nUII.!l 
C: OIII II;III50" of Ille fCSullS j"dlC.11~ (,eelle,,1 "greelllCIII mI ll .he kllown 5Oh,loOIl. 

KEYWORDS 
$lrc'ss diSllibllt.o". bl."" ':I. 'Q:1d lllg . • c:sid" .. 1 srfCS:I . botl"'~'ry or Ihe hole:. w en (:0'1(0:1111 :111011 f;><';IOI . 

INTRODUCTION 

11110:"1(:11011 bc l\\"CC Il ~\lC 11 hOl c a"d Ihc kJ...t/<II!: (ond" ,Oll sno"g ly dTec .s ll.c ~rdd'e llt or SltCn 
diSll1bulIOli 111(.i .cI" IW 1)11("0"'(11;0. T he alXOU1l1 of Ih, s ""ellonoC "Oll .s of 1>""00:; ;.lIport .. "ce fOI 

:ICC",,"'C 1;\·;o h • .1I ;on of slrcn ' CSISl:UOCC of Ihe " o;Hen;o1 of :l st'\lCl"~ COIII:l' II'''8 .1 CIICllt;II hOle:. WIo,le :1 
"·""bc. or lechmqucs ,>lIC"'IIled 10 II' cdoCf rl oc SlfW disl l1b"lioll fic:!d fo. ,,,.i ;l:>: i~1 .0.11.1"'1: .,u(1 

S~ """Cl ri( b.~ ~ .~. 10;,\J i"!I (oudlt;ons 11 -1 1. Ihe mOSI C"O" ,,"o .. ty " S:I.I tcehn;(!uc (0' d.,tn n'MI~SI S '" 
pl:otc.~ (O'''~''''"!: n hole bMed 011 the r", i,c cknoe,,, rcc:hll'(I.iC l .~· : ! 

ACC~ I)tcd NQv~nober 2:<; . IQQ6. 
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1\",,1.'11(;:01 soh" 'on lor Sl feSS tlj ~lr;t"" ,nils arollllll Ihe hOIl"tlMY or;1 hnle ~lluj<:Clcd 10 :1 '":I riel" or bi:l.\lal 
1n;lIling C(lud,.ions in 111:ucs .s ~ 1I'00le ili Ihm has rClIIlIIIICU IllIsol ve<.! "el. AI p, eSC lu . Ihe 0111,' "'" 
0'" '5b,' ",.ess fiOUClioli repdl"1 etl in I ~ I .. hoclo e;II. V'"O\'c ~lrcssdiSlriblU lOu in a Ihin. inro";IC pl~lc \\"illl:1 
ellc"la' hole s II0}Cclcd 10 IIIIia.~ i;"\ 1 ""s ilc Io;,di"g co"d ilion 0,,1\'. 

FUllhemlGre. SIIW dist'lblllio" ;I.o"ud Ihe bon,l!I:IIY or a hole ," finite plates SIIbjeclcd to " qrlCl~ 0( 

b':I ," I"I IO:llhn!: (0 .... 1111011$ 'n' lI$ OU' 10 be much compliclled th:1I\ c.~peelcd. However. ""dc. Ihi5 ' ~1JC of 
Ia:,din!: (Ouditiolls Ihc ~ Iress f""C'IOII$ .cponcd in Ihe :w: .. lablc lile ' all"C is lI,s llmcie"I to soh"C IIIC 

proble'''I'>I . 

COIIsiucring Ihe s he~f!II ," Oper"l,ons. such ~s .hn! in p,erelllS or drillin!;. 1C.1d 10 residual slresses Ihm 
ren",in witli Ihe ,1I:lIllIrae lllfcu p,H1 ;If"ler il derofllocd 1101 . '''Iorcovet. tesld",,1 Stres.s IIlny remmll ".oll"d 

Ihe oolll,d:lry of a hole subJecled 10 a slale of load,"!; eOlidillO'15 nne. rCllloYilig ~II C.~leTllnl rorees. 

The rcsid\l:ol SITC55es on Ihe s"rfm;c ,!lId III lillCflO' of a "'Clal p;o(( eO ll s .dcrcd 10 be \IIu.JcslfiI"Ule occ;msc 
IIIC\" l(lwer Ihe f.:O CtIlI C Slre"!;lh of Ihc 1);111. Tile fcsiull<l1 SHes.:; Gill ;,lsO lea<.110 slfess cr:ICklllg or strCSS 

(0'(05'011 cr~ck ing over :1 lillie 111-1~ I Mos( of Ihe "";I,I;lblc lileralurc eOllecrucd with Ihe lIIenSUfelllCIU 
of reS,d\L,1 Siress by IIo e hole·drolli"g Icch'''(jlle (I ~ IC,I. 

Therdo(c. i. is woroh while 10 fortll"I,,(e a stress C(j\lalioll 110:11 nI~~' SIl lI sry Ihe nde of Ihis .vpc of Iooding 
CO"tl.IIOU.~ . Thi~ \0("",1:1 UI :I ~' t;Ike 1111(1 CQusidel:oli('l" the .ctTC(IS (lr IC~ ld"nl )t ress ren,~i'ICd "ncr 
rc"IO" i,,~ 1111 Ihc c:o.lC,nal rO.CC5 

FORM ULATIO N OF HI E I'ROBLEM 

II \\";'5 cs..~n. j ~H~· ev,de." , h.11 .he SCICCliOIl or ;. Sl~~ componelll fo r 11\1$ p;"l ic "I~. P'OOIeIlO .s d illieull 
si"ct 11011 o( Ihe :Iv;o il;,ble suess f",>cliolls is s;uisb Clon' To o .. ercOll1e IIIIs d.fficlill y. il .oeilioo o{ 
SilIlC:rllosilioil Io ns con'lnonl" ocen !>sed wh ic h e"'plovs '''0 d, lrcrcu( su ess eOluponellls. 

The SIn:ss C!lllniio ll "':oy be "dnpled (0 reprcst'" 1I>c Slrcss d'Slni>l ,1I0rl when lite plnlc is in II eond'lion or 
IIlIilorlll b\:o .~i nl IO:IlII"g. cOlIs.ocrlllg (hc clrcel 0( ICsidwil s (.cs.s Ih;I\ relll:lllied "ne. rellIO";lIg all Ihe 
e.~ l er l' ; " forCeS. 

I·Sc\lem l ~llcfII:OIIVCS h~"e propo5cllio :;elee1:O 1I1!lIhcIIlII!ic;oI el"j"a(ioll 10 s;.t,sf" Ihe con(llliOll 
o j" Slr!;"Ss (IIS,"I)1I11011 aro"nd Ihc Ix>,ulda,)' of" cllcl"~r ho lc subjec ted to bi~:-;,alloil<li"g 

cOI\Clilioll$ Thereror. the nrsl strcss COIllPO'lC:III '""\' be sckclcd as rollo\\'~ 

i( k-2,,") (k ."") l q ,r =o;,f'I' \ 1+ ) +21- --,- COS2e
r 

1\ dc ' I, ;uio" of 11" 5 eqtl;n,oll mcludcd III Ap(lC II!!' ~· l 

Where k bi:l.~lallo: Kling r..110 (k=<1 ;' '' , I . 
r:,~ sl.ess <l15101> .. lIon :uo,,,,d :t hole 

n ." . Ihe .Ipplied Slfess 
:I. , rllHle UllllC IOSioll ,;"io (;I,y =1.1,/;0. ) 

I J ) 

2- Tile ~cco ,Kl Slrcs.~ eon'flO"clI( " "15' 11:1,'e :O~<OC"'lcd .~IfC.'<.~ Ihal ~msrlCs Ihc Slfes.~ .e""It"'''g 
\\"'Ihi" Ihe body :oroll .. d Ihe Imlllld ; l ~ or lhe ho le aner fClIIovi!>," Ihe e .... lernal forces TllltS . 
. mess comjXJllcn( reportcd in :lppendi.~ · 11. c:,,' clTeell,'ch' be Clnplovcd (0 t5!IIII:I!C Ih.e fCsio .. ,,1 
Slrcss as follows: 

(2) 

A (icrivalll;1II of (Ills e(]";I(ion included I!I "ppc:"(h~ - II. 

Where r 0 polar coo"di"ale.~ ~\'5 ICIl1 . 

~, radllls of the ho le. 
rad i:.1 d islan C'C (rOnl I he e tl b>t: o.-lhe hole. 

I' m''leri:01 PO'~'\(1,, ' ~ f:nio. 
k b i: ..... i;,1 I();.d;" , ' :1110. 
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Thus. Ihe ' eQUIred oUl U;lIIon lor Ihe Ofl gmal proble m oblJmcd by superposi. iOn of the 1i .S{ ;w d sccollil 
su ess coI"ponem. TOW;t rU5 I I " ~ e nd onc lIlav assumc Ihc folio\\' . 

. ( ' . 2,",) Ill' k+ "~) (11-,,,,)(,, .. ,)) ) CJu=a..,.\' I . . 2 \---- -l- - - -- cos20 
J 1 {I - Jtl (/. 

(3) 

n l;$ tqlO"uou :';'\'CS !he Siress d istn buuon sam(~'IIIK t llc b,u I;I' IO.1dIR!: condi t iou5 whe n the platts 
subJCtt«l 10 lens lon-tension. l~nsl on<omptCSSion Of compresslOn-COlllprcssIO" . In);. ,ug into "ccoum !he 
co rrespondLn~ res,d ua l strc;ss va lues remained ruter 'cnlO"ln ~ a lilhe e.~ t ~nl al fo .tes. 

MoreovCI the It"qu lrtd ((J '''ILiOIi ta ll be wn ucn as lollows 10 

dCle rnUIUlUo n o f SlfCSS d lsm bulion .IIOlllld a hole '" ;"ttl u tfi lule plme. 

I( ' ) r ( ') (1 1.1" ')("'- "') 1 0"" = 0:, .,., 1 ... -:; • . ;: 1- - ..,. --- --j cos 20 ~ 
I J .~, 1 ·~ ( I + ./I' a, I 

(4 ) 

CO" !.tt]ucmll . Ihe fu ll-nelll suess d iSlri bUlIOII Mouud the boundary of a ho le (or diffcrCIII bl l!.\laII O<l d, llg 
l:ond ill0115 ca ll be eOlllputcd b~ clIlplol, tng tJ I~ proposcd CQ II;nio ns which S.1 1J~ ly thC orogi l"1 1 preblel n III 
fm llC as "ell as " ,lin llc platcs.. 

EXPER IMENTAL VERJFIC.-\TlONS 

To cX/mu ne the nnp iJ<;;;1110n of the prOjXISo."<1 ~quali on. o lle of e.~ l S tlll!: e.>;penmcHlal method of ~ nal ys l s 

" ould ~onSldl: r Thus. photocl;\suc mallng let"hmqllC cm app r~' tOo , enf~ the In.alyl l("41 resul ts 117\ 

S",",,("IIIII:II1 photogr:lphcd to rtt(1 rd the rnnge p;UlCfIIS Ilkll rem'llned ;titer rt'IIlOvillg aJl lhe ~x.cnw l 

rorces Fi !!': . 1\ shows Lsochrol1l:w e fnnge ptltlc m s Iha l re nla med aller ertallng the hole lInei remo vlng .. n 
the e~lcmal fO.ccs Thc:sc fringe pallc ms com:spollel ing 100 Ihe resldu.11 stress renlil. locd around lilt 
bOllndan of Ihc hole 

l11C rcs.d ~11 SIrt:s.s d,stnbtulons around lhe ClICUlnftftnCe of thr; ho les \lcrc detCt ll ilne e.werm t<:nlllily by 
phOloc:laSllc C0311ng lC'Chlllque Strcssc5 ,Ill: ftJ:ltcd to blrcfringence by SlftSS opuc law I J 71 

'N'( E 1("1 (5) 
a . a ' =' Zh) {I . p)) (') 
IsodH1JII~1hC ir lll!,'\: data rorrespondwg \0 nOIl -loadlng cond ilions wcrc then SIIb$HlutC UIIO cqua uon (5) 
10 <::\"j)l:fUnellla ll \" dClcrnli lle lhe residual s tress a round thc ooundill~' o( Ihe holcs 

.'l UMERJCA L R£SU L TS AND DISCUSSION 

.oI,llhou"h thc al1l1 l~'(l c ~1 resu lts arc obt.1l\loo (o r :t gClle ra l combined Io.:lding cOlld iliOns. (or thc s.lkc of 
511llp1tCII' () ( prCSC Ula liOn of UiH lle n c-,,1 results.. wc conSider some Sep3rnte IO:ldmg colld ll10 llS 
corrcspondellj; 10 rCSldual suess rc maLlled around Ihe ho les. d LSHlbt,j.OU or su ess 11\ fi flnc plates a nd 
d lswbut 'QIl o f siress :,rt!und a ho le 1\' illli Jlue pl <llcS n::spe<:ll \'c l~ The results a le presented on the form 
of ..,1 015 ot"StrCSS COI1Ce llll;l(lOn fa clOls over lhe cO lll pl ~le I.1 ngc o r cllcu l.1r ,lI lglc IJ (0 to 1112 ). 

The propostd equations II -' 1 were t mployed 10 compute the st ress d ls tnbUilon around c.tCttlat holes 
subJCt lcd to:'l va riet\ of bia.xml as well as ullla.'( ;;l1 load;II! condItions. Normll llUld Slrcss distribuuon III 
lillue pl:ucs (or d ilTc .cm b la.'<I;11 suess m(IO k such as k. " ~ :dso for k .· mdlca led in F'g. I 

Anal- lici l resu ltS 'lId \c;\\~ Ih;!t . the -:ha l1 ge on Ihc srfCSS milo k. has 1101 onl ... :'Irfcclcd the d is tri bu tion 
p.111cm of Stresses bUI also has the effece of Cn.111,!;m" thc ;lIl1pl'I Udc .llId d.rCCtlOll of the 5treS5C:$ 

B\ IIsmS tile proposed cqU.l l10ns Ihe lIormahzed res.dUld :>t l'C$S concentratIon a .ound a hole C<l n be 
reprcscnted Wllhm the d ,slance whic h IS !II Ihe range o( a/2 0;; ' '' ~, as s hown III Fig. 2 Thcse 
stresses e,oll$lIm.e Ihc tot:t! StreSS d'stnbulioll and the CORespondl llE- r(:SIeln .. 11 Stresses ~nl~ lll(d . .rou ud 
Ihe boIul(i.,,,,· of a IlOlc In linnc plale :.s mdlc;ttcd 11\ FI£.S 1 .1"d J Ch~nge5 In cllCUl11fcrcnce 
d lSlnbttlcd stress corres ponding 10 changes 11\ fil u[e dmlClISIOIl r.l1I0 la_, "'b,,/l'.) ,lIld IhJltdlllle'lSlolI:t l i~.cd 

laC lor rIa. ~'le:lI l~ Ilills mucd III F.S. J 
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II ,~ of tlla,,'IIC:11 ,ulcrC;;t 10 CO"'IWrc Ih~ "~tli i s Olll.lIlIo;l1 by "~101 ~ t h~ V'OPl)$ctl t(jllalloll willi the \.IJl.."!.S 

~ ClII : ,uon w l"uotl (oo· ~u c.., tlls tnbullon til finite Ill.llc ,qlOflC.jm 1')1 

a .. '" o.~" 1(1 - ~ cos 29) - (1-1 cos (28 - 11: II (6) 

ThC compari son oi Ihe olnalltcd n!s"Us noU'C;II C ,(l.:mOC;11 «(~"II 10 ' u ... a.~ ':11 looldu,S ~'O' td i l io" On Ihe 
.lI locr h:..,".:1 rc\"Cres lfe ,,,.1 secn III 01 10; ,c51O lIs oUl;lIIlCIJ ~ . ..:tl":U IOII 1(') .IS shown n, F ig. I. 

n ... 1 ll:~ 1 ~Iep 1$ 10 c.'-<lI ullOe lhc <l11t )hc;lbolu y o r lloe ,\c\".;IOI,.;Q ~'q";ll ill" ," soh""1: dlo,: p<Oblcm of SU<:'i.S 

1l1li/1'1o"I IOII In IIlfi uliC VI;oICS. T hc rc;dicr conlp" rc Ilic 11.( >(;111 (C~u llS '''' Ih thc .\;Sults obl,lIlIed b)' It''''t; 
(IIC a\';"laulc C(jn:lUOIl til I HC(~lurclgl 

("")",. - cr . ... 1 1+ 1 cos 29 I (7) 

Til..: :I\)phc""ou of Ihis efll~l\lolI is 1i1l'lIctl 10 rol"c I h~ pfOhl~'II .:I f ~u ' UrlllllC 1 ,lr~e plrllC SI,IJ}'Xlc(I IO 
",,,:,,,.11 10.ldi ll!; .:1111\' Co' "pilnso" or III\; rcs"ll~ ,IIO\\"II '" F, !:!~ .i. () .1"1,l' 'rol,l'l':II C e.~ecllcl\l ~!:fC<~mclU 
1,,, "I":>~'al IO;lri,n J: condlllO" 

Th", Ihc .... ::SIIIIS of Ihc prcSC lllcd 'lIclhod 01 ;on" IYSI$ 1£ II lOr~ gC ll cml . ;Igrcc wilh II ICSC rc~lIhs as reponctl 
'" rel e rcnc" I ~ . ')I ror fllnlc ilS well .,s , ,,ti n,le plalcs Morco~~r. Ihe tI<::\'~l op,,;d Cf1"a llons n~lkc n 
Il"s.'"llie Itl p,ediel (lic SIIC)S dlSlriOlOllOIO III i i l) lI~ ;I ~ ,,"ell ,IS Inlini(C pl ,llcS under fl"la(;lc ~~I\lCS ofbw.\lal 
\Ife,s :i)'S lell l or IIl1ia.\lallo<uJillg coudiliOn. 

The ICS ldlS oOI;lI"cd CICMly illdlcalC Ihal Ihe prC;;(;II<;e (eSld 'l;d siress MOlind ,I IIOlc '" plalcs ~I IOfcc ICtl \0 
01:1 .\ 1:11 lo;Klillg $1"1(: of ,Ire.:>.> IlIcrC: 'SC$ Ihe SIres.:; b)' ,\ I : ,~ (or of S l'-'::~S CO 'ICClllf'IIIOIi. The prlmaf)' 
,lI.h "1II:\gc~ ol' , hc jlropo.sctl equilllot\ i~ (hal. I( I)fO~llJcs IIcall), wllo le·neltl CSIIII I;UIO Il o f SlrC,S 

(j1~ 1,,1J" 1 101l arOlilitl ,I hole willllil Ihe dis.WlIlC.1i 11K: 1I~1;; ll borhool,l ol" lhe hole :llId d lSIIIIICC Ih~1 IS C(I'~!I 

10 h~ ,,"rtIIS oll"~ holc. 

CONC LIJ SIONS 

I -A nlOlllcroc;11 mel hod of C~lInaUOIl oi Illc slro!SS cll slrIbuuon ,1I01l1ld ,I c irelll~1 hole In fllllle 

\)I:II C~ II lIder y:tnable h'mu,,! SI<I'C of st ro.:!oS PIC>C IIICd III IIIIS " " ... ...,II '~ lioll Thc I'rcsc llO mClhooJ 
o i . "~'I~i~ i5 1l.:"'S ":."(Icnded fOf mo,·c gCllc""llm l<.l iC ,li Ilro() l~ I"$ ' '' ''0 Ivi''5 SIf CloS dislnb"hOu 
.1fQIuod hoks 'It lU('''"C p t;'IC5 

~ · lJSIII~ Ih..: oc"clopco.l..:qu,u iou.'ilhc slrc~$IIiSlnb"1I0" .10 0II Old ;) hol~ C:II I ..:as . l~ roOUt 'UlC .tl 
dirrcre nl " al ues ofbl ~", a l ;IS ",.::I I as 1U1I.1."-lI IO-llh " S c""d.uou s F .. n hc rll ,o,e . " IS possl\)lc IU 

ob::"" II..: tCli,d",,1 SI[CS~ "round the bo\UlI~ ")' IIf J hCl ie. how..:,·c l ~ II ,'(!"lcn/.c Ihe Siale o( 

SH C5, .u"O<llId III" OOIlUtl" .... · of.1 hl}1c :ukr reuI0,'n1S;t11 .Ii..: c.~ I ~ ' II;1 1 fo rCl:S . 

J-ThC p rolJOscd C\"jIl<llIOIiS prol'lde IIc:~ rl\" wholc·licl tl ~.I "\I : II,o n 0 1 .>lrCiS dislllbll(loll ;lro,"'" 
~ I hole '" li"ilc ~s well ,IS ("I i III Ie plales SIl IJIC<.:led 10 a " ari el)" oI"OI;", lal SlresS S'·,ICI U,. Hencc 
1;",lll;lle Ihc dClcrllOillilllon of SI rcss dis:nbo ll ,on III " ~i nl\Jle way ilS bei ll !; SUlfle icnlly .ICClifaIC 
for bl~'x l,,1 Slress S~S IC\ll Ihal Ils"<1I1~ C"ISI til aCII[; 11 pr.I~ lI ec 

J.Whlle I he l)r0po,cd Cql"l(ioIIS fneolll,He Ihe 11 ~le flll ll l : I(l on of Slress tliSlribll lioll ~round Ihe 
iloundary of circular holes SUOI{."CICd 10.1 1· :lI i~ly of 01il.~': 11 IOl1d ll l\i condiIIO'IS . Ye l. CflU;IliollS 
,",1' repo n ed ;11 Ilicralllrc n:slnelcd 10 SOIl!~ I;ulilcd IO:lIhu!:\ cond; li OIl , 
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'.~h;".· )) ... nd rloe: ... H 'I' .' F"'"e .. d eU ICIII Ic..;h n'q" e 10 ;"o:.l y~e I/.e d;II" . IIIc;o5l1fcd bv Ihe took o(/ro ll"'F 
lloe:~hoC . E.~ pcftn.etlt,,1 M«k" nu;.~ " \1) ,,2. I' un. !?=,". 1 I')· ... ') 
( •• ("ho •. Yn"!;.K~·n Fol i;ls ;""J e fl h"u ,occ S ."~ () '<IIC$.< field III" I; wulled COUOpMlII:: IJlOlle ,,,,11 ,, hule 
/); .SCii Oil :In h· , li"I 'e e le lllC ill " ",I hcx'" Pr("o,:ccdi"J;S Or the I " ' )J h"e"~'ho .. :.1 Mcch;m;c;1I E"!;UlCCfl" l! 
CO" !l r~;uw;l E.'II)()~lt io". p 11-12. jl·J·JJ). 
1.POl ~<"'I. "d. C G C: r .... " icr . MJ ;lIId S ... uh. D J. " P,«licuon 01 ,cs.d ",,1 SIrt.UCS !II enld ,\,orkcd hS'c llcr 
ho le~ IIsiliS Ihe fi nile cle ... ew ",c,l'ol.l" Dcs'!:" AU'I lys is Sy ... he .. ~,s:lIId Applic:1I10 nS. AnocliC;1II Soc'CI ~ 
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d.-eular holc·· ... Au;!l , sis nr I hc (01 l1,clhods ror lu);h ")()(\u',,s fibo:: rs :" ,ll to.npO!i" CS··: ASTM STP~Z I ' 
P iJ .1.tfiJ . (1 971). 
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I ;'('lI lhcy. W,H .. . II\d Gr:mll i. If A.F -f r:ICWrc ,,,cc h ... ,,es COils,def", iClil of IC$ ldu,,' S lrc~ IInro(/uccd 
~. cold " 'Ol kin, raslClIcr holcs- T,;",~ ASME. J Enes M;I\ , I) 1t< .. lx r· ( I,)RII) 
IJ ·Cot{lc~. Roger. 0 : JIKCVJ,. P~II/ F: "Surface ;IIId mler,,:!t e!:leks '" ;0 .csidll;lIly SHesscd pllllc" 
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I ~·Lcc T S . Choo. B K. Jeoll S '1' _;",<1 Moon. H A. · Mc;I.~I .. e IllC" I$ Of f(S,dulll S' 1'tSS ill ,Ioe: r'Cld (If lite 
sHeS$Il'Jdi ~ U1 0" ,hc hole d nl".,!; ",<;:lll1xf' Fr;oc,,, fC :\I 'U Strcllg lh E"t"tCCrIllS M:II( II :IIS '" ' t·;I2. Publ 
1J~' Tr:lns Tech. Pull l Zltrieh S",(J"pJ9~<';IV) (I'J'lI ). 
tr,·HaIllIMon.R W .\ltd Nelson. 0 V -'0", Ihe lise o( Ihc Ionlc.!lri ll tUg Ice)", iqloe: fo r .(:S ill .. ,.1 ~" c..\s 

" IC:ISUICUICilIS III thin pl~ 'cs' Journ';l l Orprt:$5uf(: VcsscI Ttclnoolog~·. "rr""""Clious of lloe ASME v 11 4. 

110 J. pl'12·2'J'J II'JII2) 
17·l.,ndillan F.- Pholtxl:1SIIC Coal l"!;S '- S. L S.A. n>oflograph. "0 .. ; publi shed b~' 10"01 SI;lle U,,;,elS,h 
(1 '177), 
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EOUATI ON FOR ,C) T Rf.SS OIST RILW TlO N S,\T1SFYING T 11~ 13IAX 1AL L OAIHN C 
CUNUITIONS 

If '. s''' :11I e.teul;" Imlc 1lI;1<lc III Ihe Illldd le or:1 pblc_ Ihc SlfesS d iSlribli l lo n aroulld Ihe hOle mil 
chau!;{c. T hcrefore. whl1 iou " ,a~' :'Ullpt m rep/esc"l Ihe su ess u,suihul'OIl a round Ihe hole SlIb uuucd 10 
'1IIIrOrll\ IlIa:-:i;.1 lo;'dillg condilio ns TIoIIS fOrllllll;l llO ll procedllrc wi ll Ocpc lld upon :t 5lrc:!.S ("llCllon 
c\prc&<ccl as the foHo wi" l; 

,p" " I~r) cos 2U 

The SHess (OtfI(:I,O";S Iho.;rdore . 

q,"" I .o\r' -l- 8, ' -l- C I" ;'" DI .COS 20 

The corrcspond"lt; su ess compollCnts_ h'I'c giVClIllS the follo\\"i llg 

.... , '" Il r ,"Iltv r .. 1Ir' ,1, \,/,'1 0 : 

"-t 2A -'- tiC/r'T ~O/r ;.0::05 2U 

,, ( 1A'" 128 r ;-I- (iC/r ') cos 2\1 

I". " . ,'/"r ( III , ..... I 'I;~II 

"I 1.'\ ~(,Br;· "CIr ' _ll)/r' IS, ,, ZI I 

The CO Il~I;IIII S o f 1III0000;1":IIIon arc no,," 10 Ix dCI CrIOli ll C frOnl tile C()IIUiIlOIl Ihallhc cd~ or Ihe hole IS free 
frOHi e.~lcrll;tI f"rcc< 

2A .. (,[,b ' -l- ~ Dlh: c "' ,w 
' 0 b 

1 2 :1 

2A -I- ('8 b: • (,en.)' , 2DIb; '" ..... r 

' 0 b 

! J\ ... (. B;-,: . (,CIa ' · 20 /a' '" n 

f 2 :t 

Soh 'i,,!; (lie ;\OO \"c C {] ":lIio" ~. we obla,n 

J\ .. '""'.,. B = II 

Sll lJ~ lil,nl1 'll lhcs<: e(1 I1 $I:1I11 ilil o C{]Ualio n (" I. \lC fillcd: 

,..,11, ~ ~n.,. I I " 1(:1,,1, ,,,' I COS llJ 

0 '" - " :0 -.". 

", 
f."1III hcrtIlOrC. Ihe ~ lress con'ponCll1 produ<x!1 by Ihe 11'" folll1 "I'Plicd ~(Tt SS '""' .. ,,. 011 tloe oule r lxIu"d"0' o r 
•• hoh: l1~lIJe in lhc plmc C:IU calc"lale as fo llows' 

,..,1" '" n ,,, , I 1+ (il/rl) '1 '" 
T he rcqlO J/OO soluhOu fo< Ihe ortgs"al problem ob(allled by SU[lcrpos il lon ~s foll oll's 

n ,. - ,.,1" ........ "" 

,OJ 
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Tloe: $1:111;: o( $ I~ al I he: b(}H .. tl ' I~' of Ihe hl'lle C:ln dcli .. e by :t Kl of lill"IS such as It. ," r. , ii" :1 .. ,n,u :1." 

Tile," rct:ucd 10 C.'lth ~ hcr b,' lhe (ollowln~ rel:ll iO',shiIlS' 

1~_2a,,) f, : , ~ ,', .. II 

Ik"'01 •• ) . ,, ' .. (, ,,,, ' .. II '" 
Where k 1$ Ihe r'lClor 111:11 I'Ci)lCSC"I Ihc blas l;,1 SI;,IC o r SI ,ess tk .. ro ::!('; , ) Ih,II So1 Ii s(" Il oe: rOOKh .. S comli l'OIl 
'n Ihe ,.,oI,d dUI;IIU;:C: nC;:lr the hole. Such " $ Il clI Ihc r.-.ctor a,~ (·bJ~, 1 rcprtse l",S the (j ' l1 le \\',dl" r:lUO ill 
finilC pl:o,,:. 
SubSI'",, !!,,: cqU:'UOIIS(C) j" lo cIlUm lOI1(d). thliS IhC m'\u;rcd SOtllti01' (or Ihe origit!;,1 ploblcm obt:uuctl 
:IS (ollo" 's ' 

J( '-2",, ) ('.n".) 1 a1r : o""1 I + J +2 I -~ COS21'1r (I-I) 

ThiS equ" l'on r efl rc~n .. ' lhe 1"" !;C" II:,1 ~ lrCl\SeS ,II lhc OO I Pl tl ~"· of:t ho lt ".:.de ill Ihe ' Ilidtl lc or:1 plale 
SUUjeC' lcd 10 IUIl " ,~ i, 1I "s \l'e ll :1 $ hi: l ~': " 10:ttlwJ; <:O ll tli l io ll$ 

APPEN JHX· II 

ST RESS F.:Q UATtON RF.:PRESENTTlI E RES IDUAl- ST RESS REMA INED AFTER 
ReMOVINC ALL " II E EXTERNAL FO RCES. 

E" i<lc"' ly scle<:lIo" of a slress r"ueltO!! ,h;,1 c:m e ll' pll'lY 1(1 COlll9l-1tc: Ihe residual $trcss. Howc"cr. 10 
S;,I,S(" ,he suess CQudiHon <HOllml ~ holc i , 1II"SI IX' ,k:pc"ds "pon ,he SUC$S'Slr;!in rcl;!lIon fo' the 111'0-
dll"e:nsio<,al 51>lte o f ~trcs.s . 

C()tISldcr Ihe Slram in ICri ll of slrc,"Ii :lud lhoc CO.,<;I;IIII .1"IiOCiiIICd wll h II _ Th\ls. the SIICSS-SIr;lIll rcl:tllml~ 
f(l r I" (I.Qi,Ucns,o"al or pi,,,...: Siale or Si ress C,~Wcs.tCd :,$ , 

t ' .. =( ..!.. 1t o~. -P CJ,.v) 
f: J' . 

£',' =( I~: Jo.. -!I U",) 

1;. .... ,'- 1. .. =(';/f}Oti,_ O,,') 
E, = r.'", - &1' 

~ntl 

. (' .. ") . t - : -- ° , r ' 
A,,u Ihe SlresS I" ll,iuCil)Ol 1 dm:c llOll &i"CII :lS 

''' =[ ;,)0'-1'0') 
T he nM,":" ' Ircue.'" "'", ,IUd "'u (:111 ~alths" b~' lIs"'g ' he: (OIlOl"IIIS «I11.11iO'1. whie:h IS ;oPP.lfC'" (10m 
;'" e_" .. "' '' ~ ''O'' or Mohr ' S ellcll;:: 

(tY .. - 0",) = (a, - 0':) cos28 ICI 

(J" a (J" co~ 2 f} 



Si l1l1l ;IrI~· 

I.', a I:", c052 tJ IU ) 

8r SIIU$tiUUIIIg (q,~,tio'~~(",I;tudlb) mlo CfJII:llIontd)" ' he I""'ci,,,, . SH!!!!! ;..s.soc ',, 'eIJ wilh Ih i~ 1>'''I\."i,1:1I 
SI ' ;li ll fllllCl ion SlIllplilicd;r~ tl,e: follo\\"ill~: 

-:- a a - m - pm)c.os28 (I"') . ( 1 ) 
", x F. 

( 
1 + ,,) . ( 1 ) ) -.-' a =Q - m-JI(Y! cos28 

I;. .t F. 

e: = Q(_'_Y e.( 1- i' e' I),"'2/1 
l +p A a" 

= Q[-'-Jmll-.Ilk ) casU} 
1+ JI 

= v[ 1- Jilt 1 t7l cosl O 
1 + JI 

,,' 
Thc ICfl" Q '~ :I CO"SI;1II1 I"CJ>' CSCrr'S corrcc.ion r;, ..... o, TI. is fac.or Q ,UIlS' ,ljI\l lied 10 .he " ;r lllc of 
11(;"" 11:.1 5 1f~O;C5 d iffc , ence :le.mg on the p.me Herrce 10 CSUIl';lIe the 'f"e v;lh,c of 1),ille'I,,,1 SI , :,i" 
diffc 'cncc Ihat w,1I cffce ' m;rgnih,1ie of Ihe 5'~ p,oduces ;II the "crghborlrood of the hole 00 .. ,0<.1;11)-"" 

Thi~ f;rc.o, II~'" C"- p' C;M :IS: 

V = ('",: r) 
II i~ c ... ilk,,, frolll .uo I11spcchorr or eqUaI.o"tl) ;rnti c'ltr<llion(e) t" ;l1 Ihe d reel iyc $1fC$S 111.1)" e...- press ;r~. 

Q>(/.- rX I-.uk
) meos2:0 

(I. 1+ JI 

" hCrt . ,.. , cOlisidcr 10 be the applred suess III the principle difc"rotl ThuS n , ·,., ..... 

,n 

til 

WtlCn . he StrCSS diffc,euce in Ihe su ess fiel d readl1;:$ Ihe IIra le"n! e l .~Slle lin li, o f lhe plnte Ihe rCS ldual
~ rC$. 1ll1l1,,11~ int roouC1::S reSll lting dnnu!; tlte forrU~liotl of the ho le Hence the remnlllcd SHess 
(<:<lislIlhl'led ~ (\ c r rcnlovin !c! ~II Ihc CX lcnml forces. 

In ;,'{:'lCr :1 1 lhe: leqll lrcd sohulon ror it continuous disl rr\)utiou o f Ihe fcsid ,mi Sln:ss tS a t ;1 eons ltIc .ahlc 

IJisl'u\C(; ",hieh is '" lhe r:rnge or :~.'2 \: r r;. :r. c:", be allpro"~ ;"laICI)' (iCle:nll;lIe ~ S " 

(a' -"X'-ak] (1, ,, '" 0;"" - -- --'- cos 2: 8 
,I- 1+ JI 

\(1 - 1) 
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-- Developed equa tiou (2) 
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-- Developed equation (3) 
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