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'l'd hy the r I, ie' : elY:IJ,,, l1'l';,;<;'Jl I'ch fL 
:.l);.I.!tiL' \'(111' j1:Il'\;ng. Sir,':: ,r l~. i;) :' t, h fi"l 

(.tI)l1<ll1. tll,r.: is :1 II l"I'I.:,t ~,im til,' lid, il~,.l':'.!'iJ"o[; 111-: 'I '1",tll tll \'.l 
Lllio "I' " "I I -;, .\1 ),),""'. :111 Ihis Ire 1,lltl\I,:rd, ~Ii:,l d j'1l"t1r, i') Ih.:~: :11I,i 

1,1 1'1'1: ',.,'1. I, i;l:IJ,,!",' ri.:ali,l,lOrr, ,"L"\' :1,h~C(l!11 ,'''':I'l',l ' 11~'ly 

I I' ' 1. \ I'); H 1:--. .. -· ... 1 ... ; .... ' l'.:r ~ :l j..::. I'll 1 " _"-I" r\,.l,d,k· ttl !'i lIply inlr(:h(, 

,it' I" ,t :ll,\'j lrt . ". 11.tni I,!:, 1..11,,"\;i\b~L'ln'e:'l1l"L' r,l' 
I,' (\"1 i.kr , ihel Ilh,,:h or;11 ".I';'<~ II I' ·I.lslit" !,)::d l ! I:, in~, ,':l':ILilY, I he 

,f 
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\\ L ~ .. L III. I'i".:d iri 

1"1 :11' ijlk tll jl'c"',lI!L " 
,\I'l"i'rl'll::l" is., j'r 

Pi',' IU':ld b) sllbj:cl'i'~ 1 

J1';I~'llilt ,I: III (,111 e 1,1: 'Ii, 
pI\. "'Uh,~ i !t-'k l .. d, r(,jl"h~ .. , ~ 

t ' k' 1 "'; l' l 1.. ,) ~ i! i ... ' t t. ~ \.'1, < I~' t ") 

l'-;' I 1.i .... 1'\ i I \. rl'~ 'Ij~ t. l'~l .... i ) ~1,': 

·\11 '~t' .... : ... l\"l.·:ljl' .1", :11· ... ~ '<..\1 
, ....... "\ t~) CI",'t '.t-" •• L til ... l j "', ,il"2 1..,'1\. l ..... 

" ' t:fli .. i,':' t, II 11 .. , lo,,' 1 1:1-' J ,;', ,': or (b:-
• 1 .tll dy II" aPl'liL:ll;,';) o f tll,' ;~\lt"rldl;\,-': 

'ul;cd fr(ll\l lurll.llt lti2h "i'L'Il,.'th I'l'Ikr':lk 
II a f-r\ ol.d·,I,:, Il i Ilial 'tr,'~\ d;s(1 ibll li ','!1 is 
\1' tl' ;(11 il1kn':tI 1"1(,,111(' llr ~I'JiI(' Il t 
.. ,1 t 1'1' al l ,lr [lie L') 1"11 .l.: r I'. til. \\ 11('11 (he 

s dI,' ~l·t up \' hi.h ,1',' L,l, lprc,s il'C IlLar 
lhl'lllll,iJe slllr;lt'l', III ,e 1,,:.Jual ~1:e'Sc':; 

\';', ": 11, "j :I,lli"~' ,t..:·,_s . 11',Is il\l,.(·.t'ill~: Iht' t'l::'lic Il';ld l oil,' iJl~'C.II'.'L'ilY 
l,j" Ii 'I. 

... Ii. :'Ii., :,lr~ hol\ c ,lll.iiul 111,' 11 1~,li c I', tI ~t~lutiL)J1 in lL'rJl1S or Ih :.' 
~II" _, . ~ I .ll, : J1~ :I",:"i:lte.i I', illl lhl' o\<. 'r.:in ur thid,-\'.;"I c~ li nlil' r>. 
J hl' I'j:: '!I', 111\\l'\ll'. :1'': I'lill';),ily bl'~,llln Ille Trl'SL',1 yield cril,'ri,lil 

I I l:l!I"",'lt i" I': l.y el' "1'.lri ,"1 . II ,': 'It' " Iil'lellll) ill,lcc'urate as 
c.. 1 1 If~~l ttl t1 ) , ' l": .. .i {n t1 ... : \l'i1 \fi:, : I I l~j:\.rj()Il . l 'J"\:"t)rt111l~tll·ly. 

',d , tl 't .: \,r I"~ \, 1 \1:,;, L1;!, ;l n II. ".l ' i'- i 1 \c'r:, LlI,ll,ll,,\ rd,lii,lil ' 
It!, tl ( 1" ..... ,; \I t tlw (,It ~_ . 1. .. d !fl l'!tI .... d ftlrQ1. 

I he' l·'Tcr:,1 ".I".tl <I',!:, ,;r:!I: l)",1' :1. '1 plll.:d.-',: II L:,lil,d:rs. h~ P:Jst 

o \' L R S I R" 1 ~ 0 I ' III (011 - SIR I :-.: (; I II 0 I' I :-- - I :-\ I) (: Y I I " IJ lIt S .\.1 7 

ha , bl'L'1l primarily limited tll Il1\l"· strl'llgth Illd tl'l i,lI" h\ tlld ;t ~', "I:llld.IH k 
COI1','qllc·,ll ly. Illllch urthe lid!.1 is ill,\Cllllatc dlltl iJ1l'tlilild,1<: \',h:ll :Ippli-:d III 
currt Iii high 5t rCl1gth 111:ltni;tls. 

'J 1 'Iref SUl1lmal ill'S" pOI' 1 or the re~lI lts (lr"ll "~'p"lii'll"Jl!. " j"ll)1'r:JlIl 
a" ,1 with the ~ tlldy (,r, r'\e r~traill of' t llil'k-\\.tll Lylind er, ill Ihe 
tF rat io range of 1.·1 'Ilomillal ~i-:ld slllllgl h Inel of 1(i5.;J!iO 
r ' rimcllt: t1 lLlta a re 1 ·d for the prl' ~,',\IJ'e r"ljuirl'll ror. :llld I he 
d, 'I1tS aS5l1cia1l'd \'. flO pCrll'llt ll\elsll.li:l c,lndilil' n, l '·ilg 

til J 'Iel:ttiollships, th l' ,1\ r, r Ihe ojlCIl-l':ld l~ lilld l' r n'p ,'11 

lhil1~~ i;'" '.1.' 11 :.lisL'S L'litcrillll I j 'd1 ' Simplili,',] r,'bli llbi1 ips ,11 

:lT1d lOI ,'ared to thl' c\pcliml'llt;t! d,ti, ' ,)[h Ih l' ~trl"'l'S ;llld disp: .. , 1:; 

ill Ihe ; ~ l,tic .lll ti l'1:tstic pl)Jti(l ll. 
III :I,l.Iil iolll0 thn:.,' ~lIhj"l' t S cn"'l'r" 

" Iy "f n\erstl .. iJl~d lhid.'\'. :.11 () lind, 
in thi , r'aper, pthe r pi 
" ullck, \1 :1)' and II ill I 

'I ll:n d.!te: . l J1llu,kd arc e\pcrilll': ,', I (','krminlltil)IlS of II 

,~ tii<1 i\'lIti1.1il, L'lrl'L'h or m:!t, ri: tl 1'1:111(1\:11 :I!ld teJllp,:r,lt. 
tic Qrcllgl h, ilnd pll\Jessil'e strl";S tbn',,!gc ~(lIdil.'s . 

..: 

'') l. S Ciz I I' I I ();, () I It'S I S ,\ ). \ i' I' ,\I' \J II S 

)/:"( ;1/1, '/IS 

111 .. ,Pc:'cill1ln <.,',)II1.il: ,nll':i,!-'d or:t (,I, J1 ",ili II 1 ill, 1 
'1 ,kl'[lhufI J il lli,I'll~,lh\''''\' .;Ul.:,i" 

'\.,:(ndtITcti t! II. {di,~jl1(·l\.r ' .... t;;:l ... ,1. 
,\11 p,,' i m('n~ \',el'e ,,1'1 :illL I rl'"m ,13-10 " .I ill, 1,,1\' ;JJ1d ,) 

ill l' :ne:llr \\hie'h \\dl' l'lIll dlilled ,In ti nil .,' (1 .!() in, kll~~lh' 'C 

k!l£ lh~ \'. cre hea t lr l':Ilt'd hy ;11I:,tcllili/ing at '5 F. ni l q ' ,:Ilchi!l;! 'l' 
It'I'i,'itlldill:d t.iirCL'lillil :llld iL'llljlL'ring at 10/5 I ' : 25' II ilh " 1\ I, 11 1 

Il(JJl1i'l; tI ~ il'ld qrl'Il~lh (11' I (,:;,noo p:-.i, F:1Ch h,'dl tre;llld h;l!' W:lS the ll rill;'.h 
J'l':t1l1 'd tn I ill. 1.]) . and lilt (Jl ohtain Ihr.::~ II ill. ~p(,L'iJllen, . T he rL'Jlnillin~ 
7 ill. l;, iltcri: t1 1'1'11\ itlllllLll tic .llld ckllpy ~1'L'L'iJllL'ns . 

n"I/J'ailliil(j Contain! 1'1' 

1'1L'lii lin:lI: (\1";.1 :llt:ll il1il \\'a~ cllJ1,llICkd 1I ,ill,-! "L'\'L l,tI ",',ce il'lcn" 
I !ll 'ill~: ill tli:t1lh'lt.'r rlll:d j"ll'il1 1.·1 to 2,-i, to lk kll11iJ1e Ihe l,niJ'''lIl';lY or 
<,(1: i,l ,t!f)n~! Ihl: 'f'l·,'!Jlll'll kll~!lh, Du e: 10 lhe ll:ttllr:11 illlh>Jll<',,'L'nlily of 
llI;!kr i:tI. ),'Iililu l:lil: :1 1 lhis hi,'h ~trl'J1g 1h Incl. Llrge \ 'Irialiolh ill I' b,tic 
.Iii : l:lli\ 1\t:rL' 11"llll. k'lh ;,kilg lll L' kngth all d Cil'ClIlllrL'J ,:i;"I:-, '!ll l·rl'j'l11l:. 
III iil'liI'e Il'lil'( ,Ill ,k1'11111t:11il'll lhrllll~lwt:l. L'\tcrlla l rl"llainili,,: ".lJll.JinL'l"s 
l'.l·ll· I iili/ed . Th".'l' lPdl :l illl'l \ t're: ,p lit a llhe hai r-I, 1I!,th Iwillt :'Ilti rtl,"'t''! 
10 a"\', ll.e "1 ' l'lil.!lil'll (ll' 

It!. l. 



J '. ,'i.' 

T . 1". Il.\ \"1 J)S()~ c{ til. 

, I , 

}':". I. \1 .. J • • 1 11,.\ , 

) '.. 
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:11",: 1 l'",i i' ,I' :Iil "cr' rill:;' alld :111 .1:'1, "Ikd 10:'0 ~tl:e! J ill::' {kit i, 
1'" l lil i,' I'~ '11'" hy t:" illlcrn:t1 pre '·ur<:. -I his l'(1IJ:I~L1i:llion \'.,h 

,',,' d' I' 1,:,'1 .1,1,1 111(1:>1 tI'IIUl llc-f're,' mn Ihe 1.111:-: 1.111';:': (If 
)"i', :-: '1,l iI ','l'!I,'iit5, :111d diamL'lel' J,'til'S l'!l'.·I'J'-lkr,,1 III 
II, 

1 ' ,\, ,h'.',11 ill 1 ;:,.~ \', .:,;1 :,,(j.()(j() p,.i 10 ill'/m::1 illt. :'"i,',r 

,,\., .1.iilOlI111r:Il'iIlI',·d 1'.,11.' Jltll.,'clci 11', i' ,·cril l ,.! ('( L r't"y . 

I,i 1.1'- :1'11, ·,·Il";li,·.!l i"IlI,!li"l'!' I{!,):I \\illl ;I!ll\\ pr".,we ~,Ili;'l" 1:-

, ,!, i : :1,:' 1';"",111": nr lo.nOli r",j. 
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,: • '. I l ',iJ I,'ili"" :1 i,Il,'\'.n \ .... i~'I·t !'.lIll'tl'kd ('I: ,! 1'1",',' 
'1,'1 (l!' ! i': 1'1 (1,;, ,'" it', (ile 1I1l\:1l..,\'.il PI','·.,\:;',' \,.11; 11 I ill' 

'\1':1 ',,11 '11 , ... 1' II c'. I' inirodll'.,cI il'IOlh,' hlltllll1l (If\i',' ,\" "\1' "nd 

O\' I RSllt\l~ or llIGII-S'II~I:--(,111 ()I'I:--; - I:--;)) CYI.I:':IJII(\ ~39 

the pi,!nll nll.II,'d. rll'lll tile ],I1()\'.'n \'.,:i:'1Jl ~lIl'll'IlL',1 1,) til,' I,i.tllil ld-:I 

~J'eliii,'d :11','.1.111\' I'r,',;;url' l.11l be' (k[ iilc'd I,) :In :ll,·ur.t,·Y pro.! 1',· r"IIl. 

'J hcl;lll~"1l1i;:!,tr.:ill.lt thc,lubidc' II '. ·, !ulilli'thl·:ll'pli'dtillllt .(, t,.,: 

\Va, Illc,l,ur,'d b) ~ SR-l ty]': ,ti'ail1 

thc ~PL,illh'n :11 the midk:1!;!th an ' 

I I 

-: 
" 

\.. 

i I 
1 : 

I ! 

I , 

' .. ~it,I,·h,·d ll) the llUt' ide' d' 

11 11 

il1<ii,':t\('1' \"':\, lll,'d ,.,1 m,I,t 1-"-1\ rell' l'ic'aSUI'iil~' Ih:: Stl:lil1. ;\ p!Il'("!:,-I;lph or 

the ph),!, .. ! ,tr:.:,l 11:,.': ;','11c' t '<[I", i" :,h'\'.11 ill 1 I: ' . 1. SUI'I'i::lllt'11t:t1 d,lt;1 

\'.as (,ht.:itl:,1 , ill;' '1 '.~, :~l'~ \1.. ,:,.! 2<; :\- Y 1,·c'I'I',kr. '1 hi~ ,,'curd,'r 

~imlllt;llh"'lh!~ ilL "~I ;1il,1 plut\lll 11Ubi",' ~L1ir;ILl' ,11'lin :llld l'I'·"u:,'. 
1l was l.lld,!,!t,,' I'. , ,. 1"-: (11' :111 .lc,·lI1:lte ,hlllll 1',',i"\:llll',' ill (lllc ~111ll llr;1 

,l-;Hl ll bricl;-:. 
rile o\'·r.,llc'I',liIL ..... i1 :t,',\:1':I,':, "'! .·i~ ',·cI UI',11l the \1:111,' Inin ,'Lli .11lt! 

\\·il,'.!btOIh.· I id~'" i:1 i'; ili"'1 re' ',1:','''\ ':.'tl'lll. ,Ind ql.lill ~'.I~"·" 

SR-! illcii, It'''. \-'1' 1,"_""'" "I: ,' ,1 '·I'.,·i1 Il", :,Iilj~' l'ql!il'Ill,'Il\ ill 
lile QI,lil1-ll1. i':,l I. .••• '" 111,' ,.t·'I,. \,,1 1'1'11'1. ilh',lldill!: tl,' hlllll:11l 
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Ckille-J'.!, \\':\- ;~I'r'r()\in" tel) 1 perccn! in !he !ll'c",lIll' I,' "I 

..J 1 . C~'l'! in the "rain II]" ,1Ii'l'lllL'l1 ! lirclIil. 

TC.I( I',l l Ii i'C 

,I, 

,r-:\i(l .. ,l; ,t:tll'd , all !he data intilis ~tudy \\,IS oi,t,lined Crl)m qlindcrs 
,u],p,)rtcd by fc,tr:)jr iilg contaillers during autc1frctl;lge. Thc 

, pC'rcclll bl'fl' L'1l1;ll1.',nf, lit \\;IS cOlltrolled by th·~ ol!t,ide di;ll1letcf 
.-:irlell. thlb cOlltlollit.1.. ;11e sub,equcllt e\l':lll,iLli1 lli" l'.~,·h ,pCl' i1llL'11. 
,.1 detumille \\hell tl.e' d, ired pncen! o\C)',train \\';15 Llbl.liIlCd, tile 

'f \I.IS ,!:din g.!~~,'d u ::'., SR .. ltype, 1\·7 ~':lges tall13t:lltially directed 
,·triully 0i'l'l) .. ·.::d;lt· WI' .!lsa long the kn:;lh L)ftile conl:lincr. \\'hcll 
: l't <:UbS(;\ilti,d rc':tdi· ~ ( I(,[,:llly between 100 and 2"0 /lill./in.), W;l$ 

1 Llil all l'llllt;lilll'r f. it was asslIllled t],:lt the spccimt: ll Ind 
'y CO,ll.,ded tL~ '. .' ',J uniform plastic: 111.1"\' ,j,.l,·C· ,d . 

5:", ; :-.'.' ,jin t> from [' 
[,1ell \\. i'e: rc,:orL~ld ,it .' 

lrom :',c ~ , "1, plots 

I i:t1 ,::azcs on tl c mi,I,. 
;~ 'ntcnals of indui' 
1 prc~sllrc \"S . ollbi 

• . i" 1 \lC the sl'cC' i· 
1 ,11 prCSSlli<. 

• ': ~.tJ'ain L ( 
~ .)lh :;1nb": "lial :.tr.1 i Il ~. 
On " f." [~~b, I.) Igit l 

l ri\:~: ... ! 'rl i, ~,. ::";:-\. 
P;.)si-:Jl J;., ensions 

.~ \ ..: I ... t{, '- 'for,"! Ir .] 

... . c 5-~~'?5 to d.l ~:LL_'tl.L,,,,,:, .... ,( 

6 -

7 -

z 

, ,.de ror incrcasing , 
III was m~:lsurc:d t 

l e, c,\tcrna l di:lIl1d,., 

<rtg I r(:~ ' 

Ie i1£itlldin~' 

• '';C , utilizing ,L'J'C'.\ Ill!" C mct~rs and dia l 
") . 

J_ 1l1. 

t ___ L _ _ l 

4 5 ~ 
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;\·12 1 . t· . j).\\·II)SO~ cf til. 

nl1l'ill~: 1",' tl··h. till' lil-I.I)' ()I' "~\;Il'ili',lli,'Il" r,'!'!"d fl)!" thl' J1l',':I'lI!"~IlI~nt 

of 111,' illli. 'I',l'nt of ~lr;liil j1i'l)dlll'cd 11) ;t prl""Uie III \I::',' \',:1 .. 11l,li!l\:linl'd at 
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