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FOR EWORD
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EVA LUATI ON OF THE CORROSION exposures c i t up to approximatel y 4 Years ~fl f resh-
RESISTANCE OF A L T E R N A T E  R EVETMENT water and IS months in brackish water.
WIRE FABRIC M A T E R I A L S  IN THE
LOWER MISSISSIPPI RIVER Approa ch

1 
Ihis studs was conducted in tour phases candi-

INTRODUCTION (ta lc material select ion and screening, exposure
tests , sensit ization evaluation tes ts , and laboratory

Background corrosion assessment tests.

I he I . .  S \ rncv ( cc rp ’ 5 ci t Engineers has been sac- Material .Seleetsou and .Scree,:in~’
ces st uIl~ res cit  irig the I ci er h_ inks id the lower
Mississippi Ru er s~ nh ,i rt ictilat ed mats liii niauiv lhret ’ elass ibcation .s at wire tabric materials ssere
yea rs I he res et ntcn ts .t r c coni posed i t  w ire tah r ic es aluated— ---sta t nle ss stee ls. himetallics , and organic
t Fiiz ure I I cast into concrete slabs iii form articulated coatings si l t  plain carhoi~ ste el Candidate materials
units 1- igure 21. I hese U nih a t e  ~~~~~~ bled i c c  t ic rnt a tram probable t5 ’t  ure supp liers were se lecte i and
concrete mattress it t he dc -s ire d length and s~ idth screened fo r eompaancc with the established me-
ihese mattresses ,irc t hen secured i s the prepared chariieal propertie”. specified for revetment fabrics .
riser banks w i t h  stee l cables and placed as shown in as listed in section 2 of the appendix. Except for the
I- cure 3. Ihe .t nucul .t ct Ire required for the galvanized wire, which tailed the wrap test , only ma-
annua l res et  me~ : program is between 8() and I “(I terials meeting t he requirements were selected for
niilliicn linear feet 24 to S 2 million meters) . further study. A standard low-carbon steel and the

materia ls current ly perm itted in the specitication
[he s ire used in the res etnie’nt fahrcc nttist were also tested to provide data for comparison.

possess carr isicin resistan ce and high strengt h. liii- (‘hapter 2 presents intormat ion on the specific ma-
t ia lls . ori ls twit  mate l .iis cc crc accepted tar this terials tested , as a elI as back ground information on
applica~~’it A ine rican I rail kind Stee l Inst i tute the corrosion resistance of the three material classi-

\ lS I )  til l siaunies’ steel, an d copper-clad carbon flcations studied.
stee l - - —sp ec i t ic a l lv  sipperwcld * cc ire, However, the
rising cash st nic kul and cscppe r and recent techn ic- 1 vJ t ( t ~I~ri ’ I e c t s
logical ails a aces in ne~ n ici t t r ia ls have prompted in-

e-s t igati o ns si t t hi’ )tc ssihlc exi stence ccl other , less Since the best methix l iii evaluating a material’ s
cos t ly ma teria Is cc hich ccitt meet the same require- corrosion res ista ne- i’ ti c a specitic enviricnnlent Is no
ments. Accept  .cnce of additional materials would in- subtect it to that environment . corrosion nests were
cre ase t he number at cc ire tahric suppliers , thereb y made in the Mississt ppi River. [he selected materi
further reducing costs. As an initial result si t  these als were fabricated Into specimen blocks and es
te s is . t he spi’ii bcat tons f u r  the tabr ic v.e re expanded posed to the Mississippi Rise r for time tntervals
to include sta inles s s teels \ 151 .21)1, .\ 151 431). AM railgitig front I to 55 months, [he exposure s were
36 t and Armco Its 2. S ix t ~ s ix hundred squares at made at l)elta Point, LA (near Vickshurg. MSI atid
A ISI 201 are nocc scheduled tic be furnished under a si ne near Nesu Orleans. The Delta Point samp les
an existing tcih ric con t rac t .  a crc lost In the I ~~‘3 spring floods Additional v. ire

s pecimens , including Some that cc crc spot-welded .
Objectiv e acre prepared and exposed in a brackish aa ter  s i te

in the Michoud (‘anal loeated near New Orleans
I he objec tis C ci t this study is to  evaluate candidate

wire tabra mciti r i, ils as ,il te rna t i s  is t i c  Cupperweld Af ter  exposure for the desired time, the specimens
and A ISI 30l stainless si c -c l iii articulated concrete cce re removed and returned to the u S ,  Army Con-
reui’tment mattress es I hi’ pi~ ’pose of the phase ci t struction Engineering Research L,aboratory ((‘FRI.)
the studs documented iii thi s report was to asses s t he for evalu ation. Results were compared w ith those tar
corrosion resistance and strengt h ci t alternate ma- the standard low-carbon steel and the materials cur-
teria ls based on short - term electrot hemical lahora- rently permitted in (he wire fobruc s~cecitìca (ron.
tars’ tests, laboratory sensitization evaluations , and —

.S jie. s/ i  ,s, s ,, ss /or I us! F s i tu t%s r s ‘ s t% , is F,,ru,.uI ,znc! Stri,s~ hi
IS U , 5  Ssilic iici i is ,n Ni . 1)A( W(iti - ‘(t R.(JO~s(t (C orps s it g neel’\

( ippt’r*i(st I’. - I trctili _-ni.ii . 1  I ss t ct)c’rwt’iil ( ss,- p ss r . dIcohl  Meiniphis I l iars I I o)~ ~~
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(‘hcipter 3 desc ribe - ’. s peccuiten t t , s l ’ r t c  a f l s i l t  anul t t i i ’  t i c  the format ion if .iii adherent , pass ive sur f a ce
eva lua t i c  in proe’e’d lire’ in d ut .c i l  a uid Piuse’ i t t  the re layer. > H na-ever , cun- ruc st uc n i we (irs whenever t here is
s uits ot the es l cu l s u i t e  t es t s , a breakdown in this passive film.

S s ucli i :cit is ,,, I I O l i u O I l s ii I s i / S  Pit ti u ig. the tilost common is pe itt e c s r r i ’ s c s s n  in
SIa i  nless steels . gener;illv c wcurs in hiu~h -cli b ride

Ss i i s , i t i , s u t i c n if s t a i n le s s , S t i s !  is a l~ c ,ul i ,e ’d e r r  ens lriinnle’nts. Pi t t i ng is a se ’ l f — in ut i ated a t tack , c har
s i s i t i  .c l t .u c k guner .dlv ass uct ’ia i ,d cc tb the dep lct i uin of .i~ t .- r i ie’d hs sesere ’ lc ics i l i i ed corrosion. l a  s use ept i—
chrsiunt iuini in the heat - a t t e c t i ’il ione u t  .u sc u’ lelecl h i l i ls. of a s ta in less steel t i c p i t t ing is reduced hs the
cs ’ ni ponie’nt . [he’ areas . ic t t , i ee i i t  i s  ihi’ u’raui bs iu~ f , c addit ion u t  nic kel ,itid muclvhdenuni~ the higher
rh ’s ,ire - a i r , i ckec l . lcadii i~ i s  t , u i lure Ii s t u i c i n i c n c  nickel auste nit lc - stainless steels are the most re—
t he sens ituiat iiuui resi s tance ci t  t l i~ st a inless stee ls , as s istan t.
rece ise d . wel ch - u and inte ntt c t ia l l ’ s se i t s i i i ,e it  a ires
‘s i r, - t es t s ’ct c is nic t l te  tiS pe lee i i l  Ic s i I i t t ~ nitric cc ~ t OIlie r types at corrosion that attack stai n less
sir f l u e s  i es  Chapter 4 , h , t a i l s  this pruceed uic - and stee ls include cr c ’s - Ic in g .  stress corrosion . an d inter-
t he results s t s t , t t i i e d  granular corrosion after sens i t i /a l l i un  ( rev~cc a l t , ie k

ccnc ’ra llv ut-curs as a result if either ass geit dep le-
/ c > / ’ s P l / ’ I P l  ( s c u a s  t ’ ’ i ’ i i 5 i ’i ~ i i i i ’l l (  I ‘iii tion due I ’  aecuniulatuuin c f  organic material an the

sur f ace , or t he prese’ne- c’ of a stagnant environment
I ahiir, t~sr s t e s t s  cc crc a lso reqi l reul t~ ,ui te - e lu la te lv induced by geometr y . Loop-ended specimens ide-

c h.iractc - ri ,c the til l ic - ri ds e’si r rlisliiul r i ’ s/ st .> t ic - u  and scrihed in ( hapter .3) cc crc ’ used in an attem pt tic
pros ide inf i riii , it i~si i rac hec)  Iii p i lmu t  rc i t iu s i ia l  coin form a stagnant layer in the region where the cc ire’
P~irlsiiul I t h e  c irl c i S lu i lu  c l i i i  uc te r i s t i c s  I di) terent c uc n i , icted i tsel f .  Stress corrosion cracking. wh ich
m u n ina Is I tn c i i  s / c m  rc’s ista nec c it the s ta in l ess  generally occurs in highly stressed coniputnents in an

usas st uu l icu l  ilsing the elec - t l ~~ h is - u t ic a )  n i s i h a u t  ,iggre’s s lse environment , has been found ti c he a
in the . i f i s i r . i t i u r s uniter s i t  ‘ c c us c i is  ir icuni unta l c iii- problem with stai n less steels in saltsu .ute r ens Iron-
s h i i t c iiS . ( haptur ~ dc -s c ri bes t his rnethud and if ic ments ; however , no stress corrosion tests a-crc’ cciii-
,s i i l t s  it t the- ie ’s i\ ulucted in this study .

Bimetallic Materials
2 MATERIALS

Flimetallk’ materials are widely used cc here’ corro-
I .ch ’ l ’  I l i s ts  t h e  n i s t - t  ,tls li s I id  aii it their s uc j i  sian resistance is required. l’he himetallics c’hosen

pin t  .i i s )  I ablc’ 2 gise ’s irk c , t i t i i nu i i , it i u i i  l i e  for evaluation cc-crc carbon steels clad cc uth e’ iihier
t t l iu iccu ng se’ct l c i i l s  hi t h e  s.))i’ c he m;ui s ri,ils i’s a lu- clipper or zinc. I’he ,inc-c lad specImen , cc f i tch s.S ,ls

. i t e s t  in e, i~ Ii i t  the thu- c mat -n il c lass itic ’at ui t i is and used es e ic though it fai led the cc- rap test,  cc as l. S.
ii’.’ usc c’u ’ne’r;u l char ,le t c n s i i c s  s f  the i si r r i’sion bu’ - Ste ~’I I’ype ( - ga lvaniic ’il cc -nrc ’ . and the copper-clad

has lii i s t  d i -  rnatcr i, i( is. ~ii. s cu re was the (‘ it pperweld material currently in use’
f it’ revetment t’,c lirics . -\ standard low-carbon stee l

Stainless Steels cc as also tested t i c  provide data for comparison.

tb  st . ic n less stee ls itt un t i l  e~t in thus projec t a c r e  lii the cdtp l)er -c ’ lad s tee l , t he copper is used as a
losu e ss,l . prinu. ru ls lutcc - l i / c  ~.eI . s ta in les s  steels. I h i us ’ pr~ t ee t i5e ’  c s la t t n g tar the s ie’ul. l)ue ic c  a d if ference
au .t i  l i t t l e s i . l l i i ls s,s steels I \ 1Sf 2( 11 . -\ IS! 101, and in i’le’e’t r lw licuilical potential . however , t his combina-

-\rnlc - c i Its - .2t , ‘cik’ f u r r u l c e  s i,ui i i less s t e e l  ( -~ ISI 410 ) . ti uiil ca l l  cause ’ rapid corrosion where the underly ing
and one marte’nsi t ic s t I l l  nless steel -\ \1 31,1) i s i c  steel us e’ xp utse’ il - Ihe iinc coating, on t he other hand .

hhl i se ll / -\ ISI t I l l  is c i r i e i i t l s .  u sed iii res e l it ient inhibits corrosion in two wa y s:  1w protecting the
t , i lc r i c - s . t I able I cc i ’ s t h e ’  c- lie’niical e i t n i p s c s i t i c i c i s  c f  su r t ace ’ ‘f t he steel , and 1w corroding s . icr t f ic i . i I Iv,
the s ta inless s Ic- uI’, t hereby cathixlicallv protecting the steel surfoce.

I bus . a lthough none of the galvaniied cci res survived
Stainless ste e l s c -ui’ , to hi ’ ui a t c i - a c - t i s ’ ’  niate ’ rua l

I. Shrt’ir , ( ss r r s ss, s sn S s et I >J us t in 5Si tcv ,uss l S i n s, . I~t(, iiin ternis s i t  lenig. t&’rni c ,c rr* is,Iuc n I i’s~s t . i u u c ’t’ ,iiiul e a se 
~~

iii t ub r i e - , tu icn h~- co nvc ’ n h bc s lu , l l  nit ’ifni ls . I he c a l  t i  t i It I hhg, (‘ ,s o s s c c,, cl,luI ( s i r r s cs ss en  I s , i i i , s s /  i J s s h i i  55 l i c
suo ui r e s i s t a n c e  if st au r ulc ’ ss s tee ls  has been i t t r i hu i te ’if in,! sis cic . t~ ic tb

II)



the’ sc ra p t i-s i  sci i l i  then nile 5 - ’ a i i n g  l i lac - I . ti le’ h u e  I he ‘c M( II organic coating sun s applued at ( F R I  -

s t t l l  ‘It - i , - ,) p r c c i i ’ c t l s u u i  ahili’ the l’’c (  and p u i l vc ’ t h v le ’ n e -e c s i t c ’ i l  a ire s. ac-r i ’
pro cu re - h ,iire ’ ,ti hs. c(i , ltc ’i! -\ II coatings cc -Crc: .tpp lued

Organic Coatings pri1~r Iii c , us. t ing. I he 1’\ ( coated s ite ’eunle ns cu lt-

sis te ’d Ill rectang u lar sections cult fr ci uii mesh , cc t b
(‘ 55 un ~g s tee l  w ire us ith ‘rca iii’ ccnt ungs is II gnus) the s i ’s e r e c t  ends liii s ‘pun t i l  ex pu se’ the’ steel .  I he

ttie’t hi~ t it )  preidc ie ii i uz a btt ~ h stnc ’ngtl l . e c , r r s i s l s t i u -  I’ ~ c- us a t i n g \ua ’s generally nu u iu ui i f sc rm , ranging in
res is tan t  prisit i ut Of [ . s r ! l c uc i . l r  l i / i c - re - s i  are ’ t he’ us. - t hiekne ’ss front 0.010 to ( ( .01.3 in. (0 .2S tic ( ( . 31 mm).
Iiie’r c’oliiiilL’s . ah l c l i  lire’ cnipers iu ucis lit e li’c Irochc nui - au t h the ’ top surface ’ thinner than the bottom. 1.cu r~ c’
c i i i  e r r ’s / il, I i  i i i  i tc te ’n ic cr ,u l c ’ . anut genera l l y  ito drips acre preseiit in sonic’ instance ’s. [he thickness
nuc t re - i c - i  cc oh t h e  itri ,luc ’t t he’s c c s ,lL hi ou c’ce r . t s r  at the pal sc ’ t hvl e ’ nc ’  coa l i ng was  nominally (t . t )2 t s  ill

ct rC.inlc c’ c c .lt ings ill he’ p r a c t i c a l  ts c r t i) ’ i  Ic -at ioul 0 tO. ’I uiini and wa s. ‘s tre mel ’s uniform. I he’ qua luts
cc ire fah rce -s . ihes mu st it the’ c ccl  rig sc Its , exc’e llent. the hic k n ess of the

- - - - . \ M( H cutcu t i’ ig ranced tram 0.(X)b to / ( ( Its in. (0. 1 S
- Inhibit e n  t i ’ s / ni ‘ i s t - b sc- Ire’ iii both f resh-  . 

-
t i c  ( (2 0  mn ;uud sc a s s e n ’ s  uni fo rm ; huccc es- er , en-

.ini) brackis h ucate ’ r  c i i’  t r s s i s i i l ilis .
~~~ 

- -traine d .uur - u ihbb es were ’ ~rcsett t I he’ ~c M( El coat-
2. He’ c’.c si ls c ipf ) lic ’u t 111g. a lthun.’ , . s  apparentlY brItt le , ‘su rvived the tensile

- t e s t s .
.1. He’ easil y t ,ihi ,ated

4. 1k 110111)1 c v ’  ,~‘, l’he s.c- ire speci nicns ac re then east i itt a tt in. ~
- t iii. ~ Itt n. ( 152 mm x 152 mm 0,0 iii ( c iuncre’te
~~. H i s  e’ gaisf adhen s liCe i s t c ’ c ’l . - - - -blacks. I able 4 give’ s the eucniposuiion si t  the cmi
Ii , \l,-~’t phss ic.uI requ iie ’ c t ce i i t s  I c r tiai idl iui~ ,uni l crete , su- hich was alkaline (p H 1 2 ) 1 , 1 1 0  iii,lc base ’ bee n

Ia unc ’h I ice s itn iewhat porous. since it cc as. ni l  S t it rated durunc
c ls t l utg .  1 he wires cc-crc embedded up to about s u e ’

He durable- 
ha lt the’ir length. ‘Nines a-tt h Ioitped cuids cc e’rc ’ set ‘ sus

ts . He cc ’ ‘ i iu s nu / ic .u iii te’rms c i  m i  a I citsi and ill? the loo p cc - It s exposed Iii the water , as s hoss n in
p1k .it lc ’ l i .  I:~guire 4.

Slast i t t  the u n r C a i l u c  c- s c ai lngs ,c~ ailablc’ mee t  these l iii’ blocks cucui tai ning the a i re s ucere ItI tced in
cr i ter ia  e x c e pt I s , !  .,ilhenc’nc-e aun t the phssic ’ aI re rac ks i f —i c u i r e  5) and luc we ’red into the ’ rise’r lit t h e ’  15c c
qulreuile’nts s h , u t c - u t  iii the appencl is .  I hne ’e coat ings test points. I)cue is i  late arris-al of sucme scunip les . all
a hic’h ec ndd possihlc l i / s i t  t h e ’  l i t l u t s c  re’quirenieilns e’ x p uc s ic res did utol begin at the sante time. l’he first
sce ne f isc i i i i t  - p is l c s  I n ’ s )  ch l i sn ic f c ’ (PV( . p i i lc e ’ t hs l i ’ iu c ’ . grou p, couici st lng s i t  car bon steel , A ISI .10! . ( s ppe’r
and ‘c M( H .u Pn s l cr ls  t a rs  s i u i c l  resin c ic lut i ng c i t  s u et > !  . A ISI 430 . gals-ani .’ed steel . putl ye’t hy leuie ’-
U nion ( ‘ar hide ( ut mpan’s f lue I’\ C auid \ M( II cicated cc ire . l’\’(’-coa te d cci re . and ~‘M( 1l -coated
c uc at u i uC s are applied hs uli1)~) luig ti le’ cuirnporueuit liii, cc- ire, b i ec at i  c’\jt cisl irc ’ in Mac I cr2 1 he’ second
t h e ’  liquid c a t  I l iC . ut le ’ n tc ih r ie - a t i i s t i  auiul he’ tt i ng the’ grou p. c- iu i i ta iu iu i lg carhati steel . A ISI  .301 , (‘ltppe’r.
u i / c s / u i / I  ihci i adheres cure ’ c c i i  Ihe ’ s a t  t ; uce ’ . . \ t t c i  ae’ld . AISI 2 ( 11 . -\ n i tccc i  lM-2 , and ‘sM itt _I, began
c u r / n w  t d rvi i ie c thit ’ c’ uiatiui ~ is rc ’ ,ic Is. f u r  cisc ’ Rc’puih- ex posure in Nics- c’uii ber I> ) ‘2. In date ’, t he spccume’ui
lic Stc ’ e ’ !’ s j c s u i c c ’ t h s  lens c-tin tIng. ciii the other hand . is hlctc ks hcuvc ’ been exposed for period s of I . .3 . Ic . 12.
e x t r u ded antic t h e  s k i r t ’  he) ore t ,sbc ruc  , l l i c s i /  P r i s m to 1$ . fl Itt . 4.3 , and 55 months able S gis cc t u e  date
cc tnt .io n, the si e ’el a Ire. s i/ I h ue -i’ is abraded and uct  urn me’ rsuiuui and length c ut  expos u re for eac h s pec
eos creu l s u it ii a mastic u uidere’ii,, ii iug. men block.

Evaluat ion Procedure3 EXPOSURE TESTS
Af t e r  s ’s pius/ re tan the desired time , t he specimen

Specimen FabricatIon and Placement bls ic ’ ks were removed and sent to ( I’ RL tar cm lii
at tan. (‘orrasuon resist a nce sca s t i rs t c’s .ul cia led by

I cc ’~ sets st cc- ire’ se ’gnie’ nts . Iif) pne)xul iuci t i ’ Is 1. 3 in. nIlie’ r l ) scu ) lt l e ’Iills. e ’sa ul i iu i ing t he c(tuiditii.lfl itt t he
I 1.10 mm) l i iu ig ,  s c m - i t ’  cut tr  iii eac h niate ’ u a l ( ) l le ’ s i t  ccu res  ust .itter re’uitucval t ’rutrn the cc ate’r . the remain
itt each ma te’nia I htud I Iii - cc ire’ s looped about them - l u g  suIt a net organic’ matter we ’re’ rem ccc c d - and the
se’ lsrs a! icll c ’ end whi le the other s.i’t cc ‘is left s t r . i ug i u t  cc ures were ’ e’ xaiiuined ton large pits. . c  rec ices . icr areas



c i t  l,ie ,ili,c’ul a t t a c k .  I he’ c u u , u t u i i C s  sc - i c ’ a ls u s c h e c k e d  iii 11w design of the structure it theu’e us a t ime’
f u r  a b r a s ic m t i . c r c c s ’ ~- sect i utu i ; i l .c t i , u e ’k . m d  ge’Ile’r~c l rellitc ’(l lutss ,tf stre’ngth i t t ’  due - h I l ls .  ‘ I he nueth utd scu l l
ul c’t C n c  in i t  u ito i’e’se ’a I t he presence at e’itrr utsi in u ndetec t i’d bs it t her

me.isuremc ’uits , since cornuts iutn anva-here along the
I lie’ cc I Ic ’ s.  cue -n - tile ’ ii nc’ iii si c i’d f rt till t is c i  ti le’ ret u ’ length affects the’ nice haii teal pru pert ics . It ntl ta i l  nrc

bt betc ’ks liii ti ir ibe ’r e ’ c . i n i I l l ; i i t c  ‘ i i  t h e ’ e - iutl re ’ it ’ nc t Ii c m i  a la l u c s ,~ ‘c’uJrs at the’ weakest point. Mechanic -al
e a c h st irs - cc us f u lly c - s . i u i i iu i e ’ c f  at a h iss. ui i ,u u~h i i t i s , i t i c c i i  prmtpert ies also indicate ’ the se c- e nl tv cf corrosion ,
I lOs. )  t c i i  pits ,uiiv sc l i e n -  a l i t lW thu hc ’iii,’t hi , crc ’s i c e  si ilic ’ there ’ Is initially a decrease in ductil ity hut
a t t a c k in the ’ lcti c p ’ e i ui te ’iI s j is ’c - Il i leuus . pre ’te ’re ’u i t m a l  l ittle ’ reduction iii strength. As the corrutsion prutcess
, i t t ac ’k csh e ’nc’ t h e ’ a / nc - s p e c / l i / e n  s ’ i i t e ns . ’ it liii - c - mtuic ’ rc ’ te ’ c’o ntuiuuies , t he ductu l its - remains b a  and the strc’uigtl t
ii i’ lit the ’ se’se ’i’c m I c ’ ’ is fs , ,t nc h t u m i ’ u l i , u i l u c i l  um l  c c ’ t r s c s . i u t lm  s i t  the component starts to decrease. ’
prixluc’ts ill t h e  s.c ’s. e u - I  en d s st he’ bimetall ic ’ lou d
utrgan ic -; t lhv cuc a ted a il c’s . lii ~c del i tuuc n , t h e ’ iii u4. i luuc ’ - \ t l e ’r macrutsco pic exam ination , t he ai res cc- crc

e c kl t t i lit s cc c r c ’ c l / c e  k c c I  tu i r  pc cr uts. I I v i l/ c l  res is tance  icc tesi ed in tension to failure. The maximum load
sp lit ii nu ~ cc li -re ’ c’ucrru isis ni I)nusd u k t s .  had ;tec ’ii m u ) , ,  ted. Ie ’iisi le ’ strengt h, reduct ion in area , and the’ strain at

failure ’ a-crc nieasuj red. The f’racture stirtaces sc ere ’
S peci mens cc i tt i  l)c’ c i i l l . ut ;il)11c’ ,lr.tiic’e’s , pa rt ie ’uu l;t rl’5 t hen inspected and t h e  location of the fracture

tile’ ~1u lsauiu,ed .cu uu l  e’;urhuci , st ee l  s c/re ’ s . s c ene ’ c’s - t i su te i t .  11w behavior itt ’ t h e  coatings on the himetlullic
auiii ii , - c l iii lie ’ ‘s c litl ii ill C e’le ’c’tr ,cu i iil i c -nc cs c - cip e ’ Si \1 I. lund icrga ruucallv cecated specimens during tes t ing  cc a s
-\ v isu ual  e’’c . i n l l I / I i l i uc n sc; i s .  .i lsc isei ’ fa rut le i t  priuulinilv also observed,

u s  d is c ern the ’ prese’ulc’e s i t  Lii 
~

s - ‘s~~,iIe’ es i r ruu s uui n .,uid
cc l sc ’i lie’r II ttc’clin i’ e’d • it Ii pa i’tic ’ uu l . n lu uc - a lo n. sue-h as Results
i t  the ’ st;igui;uiit l l c c c ’ r  Iii the ’ I ‘ , s j t c ’d - c ’uid s.pe’c inle’ i u’ s .

1 ahles h and 7 present the resistance measure ’-
W iie’nu c m c r i s i s / u r n  55 115 uch’,c’ rs c ’d , I (ic spec’tntelis nients f u r  the specimens in f ’reshccater and brackish

s c en t -  se’e’t iutn c ’e l ii ‘r uiie’ t a l lu ’ c ~r~ijt iiic’ studs - I ties tech- ccll t e’r , respect ivel y ;  Tables 8 through 1 7 give the re-
nu u qute cc as use ’u l extens ice l y  lu u assess the’ j crese uiee aut c t  s u Its of the mechanical property tests.
rate ’ u t  u lt ,ie - k  ii t h e  hurite’ta lh ic ’ a Ire’s.

,S’ iu i i , i lu ’ .c s
Me_ i ’~iii’iuig t he ch l ; t i l Cs  iii e ’ bec t r ic . i I  i’e’sistl i uiee’ th~u t  -

cw’c urre ’it u lcer  a Iuuiie lilt, - r c lii sc- Its t he’ secuind nieth iucd AISI 201. Corrosion data (In A 1SI 201 stainless
usc’u l h ut dete rmIne the presence iii co rr i is. lss i i .  Res ist-  steel exposed to the Mississi pp i River have been
a nci’ une’ ,isui rement s has e’ lie ’ ads a i lt l tCc ’ iii s.irn j cl lct ‘s obtained for tt .. 18- . .10- . .Itt- , and 43-month ex puc’
s i t  tec hniqu e arid repritd ilc’ IhIlit~ ci resu lts hiunge ’s. sure ’s. Although the aires acre hc’iv ily fouled with
that  ar ise f rau ’ e- s i r r c s s t u c n  result m i m i a e b iaui g e in the organic matter , macroscop ic and microscop ic cx-
cc ire’ c ross sec t i c  iii. lIs t Ii l i uc .- l i hu , s ’d c’uu r ru tsmss l l  ,unil tutu - anhiniuutiouis indicated nut pitting, even on the ends
t u rn a t / i ,  k e.~iese an iuu ~ ie  Ilse’ lii nt ’slstluilc ’e’ . In Cc li- cshere the wire samples cc-crc severed. Examination
cra b . c u cr nitsuuuu l p niuu t u icts til iv e ’ .1 miuchi hi~ her ehe ’ c t r t -  of looped specimens showed rio indication of ’ crevice
c;t I re ’ s i s l t su t s ’  t h l c lu i b i s  th i s .  i l ie ’ t als ‘n cchi i c’h t h e ’ s  tc ui’ni a t t ac k.
;irit f therefore ’ i t ,  h u t  l i ltc ’i ’fc ’r i’ cc - i t h i  res Ista nce ’ t aco s .
l ir u ’ uil e ’nts. ’ ic c’c .ut iuigs su e - ni - re ’ i uiu ss c’ut tr u c uim the Nut si gnificant change in resistance occurred
slle’ e uul ie ’ uus c u i l l t c ’ u t cc it hi org.iullc - uiu~ute ’ rua ls , and ie ’s ist-  during the’se exposure intervals I I  able tt) .

t i c s -  cc l i ’ s  rne’~is ureul w i th i  a m,Iliithm meter li luct ig
I Iii. ( I(t2- n lni( be ’ t ig t i i  c t  sk In ’ cc hichi ii,c’luideil the I)uriutg test ing. this niaterial did not exhibit a
reglu il si t  a l ie -  eniergIiiu.’ t i c  u nl the e’ c s l i c rc ’ ie bltie’k . s- meld point and strain-hardened to failure ; c’uc uise’-
Res.is i ,c nec u t te r  ex posu tnu ’ cu;t s tbeui c ic n lhca re ’it cc i ii q ue ult lv.  the tensile streu igth cc - Its equal to the t’ailure
res ls ta l icu ’  of u in e ’ s pu cs e t a- it - i’s. strength l Iable 8). In the exposed speci mens . tensile

strength (lid not decrease with exposure’ t ime. J’he
I he t hin t niett iuud f c m i  i lc ’ ie ’ rnt l  Ii / i i ~~ if c s cr n c u s i tuui fi ,,uI reduction in area cc- Its about the same as for unex-

uec uirr e f cc -as rneastt renie ’t it it c ilaiicc ’s , ill mechaiii posed cc- ire. Fracture generally occurred ahu ng the
cal properties . I bus m c t h t u ’ s I  is pa rt le - Ii lItr lv mnip uu rtant exp osed sec’t ion.

‘I -‘ t Pu. , , , s , , c , ’ I c  (‘c,,ts. ’ c m ,  / , s s i ’ s c  I s ’ ’ , - .1 s~~~
- ( ‘ti n W , u 5 - 5 ——— — —

.tn ut S ri- . ‘ii , ‘ .~~I-) ‘( hantp ietn , 
~

n 22’-)
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S .uiti~t bt ’’. c t  - \ ISI  201 u.’ s l / i m ’ s s ’.l u~ lie’ \ l te - huuuus ! Armco I$—2. Results has-c been cctc t , u u n e ’ ( l  fur
(‘ ,s i i . i I  lcr .te kis hi cc . , te ’r s i t s  cc e ’ t s ’ rcinie ’c e ’ it i t i t  IS - \n i t /c  s c  18- 2 utter f re ’st ’ tv,’’ate r ex posures id tt . IS. 30.

i i t us ; i t b ts  -I i’s ; csss / u ne - ‘u’s he’ i c ne ’ uI u uc s ’(l Ii ~l’’ the- sc ,,t i~ lit , anil -1 n i t t t t th ’s  N su r f ace ’  det c riorat iuuu i un the
the ’ spee-itile’ ils cc c rc’ t ue ,uc t ic enc ’nus Is - sI  cc >i ii nc ,u r u iue ’ f c  until u t  cu t lien pi t I ng on crevice attac k a-as found uun

it l ilt - spec’inie’u m s Sc ~‘i ” de~t 11cc 1 .1 uid c’s, , Ii itt - it t he’ a Ire’ surt .tc c’ s Resistance dud not change wi t h
c u s u i - .ll~ ; t i c ’  u i u ( t i c , t i i u c i c s  c i t  c s s r r s u ’ s t i ’ l i  a m - r e ’ tutund . e’x posuurc’ line’ , u i ; s t t c -a l i ng a lack iii cor ruislu mn .
I he’ re ’s / s t oic- c - viie ’ lusuini ’iiieui!s luilil I iech,i lll c ’ltl s i isp

e’rtmes t e s t s  e’t i i t t ’irnue ’ul thts f ’i t c s t i t i e  t he’ t e n s i l e ’ l is t s  I I able’ t’I) sh uu cc e’ul that this albums
hills cc d u ie ’ t i lu t s. and e’sse’nt ualb s ,ero reduction in

Spot - sc- e’lde’d spec ’lu itc ’uis c u t  PsI il l )  a c - i c ’ .u s ic c ’ s i rs - ,,, e i the r  hee’aut sc ’ t he sc ire’ sanip les scc’re’ heavil y
psc se ’et in Ilic ~ 1 c c i iu c i u i t  ( at i a l  bnl ickls b l su ,u t t t s i te. c s m h d - c c c m r k c ’ul . s i r  hecause u t  their small diameters.,
-‘c f t c n  cbeau li i lu Z , e \ t e ’ ! / s i c e ’  ‘rn ms/ ni .s I t , i ,  k cms uild he 1 he lack itt d uct ulu t % ’ could result in the material tail-
seen in the’ su e-l i ruglicn (F i g u u i c ’ tt) ; t hus cann uus,ui n tug the mechanical properties specificat ions.
prumgl - e’ss. e’sI m lii t he- i lt e ’ r ic s t  u t  the’ cc ire’ . “s s i  e - c ’ r r smsuu ’ t i
a t t a c k a-as see n else ’s c here I here cc Its s a c  loss of tensile strength (hue tic expu t .

suire . nor cul t ’s t here a decrease in ductility. ~~u s  cha~ige
AISI 34H. Fre’shcc lutcr e u , rr s m s.iu cui d ata f u r  A1 SI 31)1 in reducti umn in area as a t’unc t ion itt exposure tunic

has-c been cuhta ined for 1- . ~ - . hu~. 12- . 18- . 24 - . 1)) - wa s u hsers’ed .
itt - , 43 - . anui SS- muunth c x l i  ss . / t res , une ludung tes ls
m i l l  lated in the spri rig . in I  I,u II, I lie’ huc u uge ’ r te’rni c’s Specimens of A rnicuc 18-2 e’Y i ‘umsed tu ) the Michoud
posurc samp les cc-crc ’ heat t i c  cncrus ie ’s l sc i l  h si l t  and (‘ana l brackish cc liter cnvur u cr ’  lent shucaed minor
lure _manic’ nilutter , Hsm s.s c’s-c’ r . l ie-i/ bier t u i l ue t u ) — non mie nu c— cuirrosuan pitting on the surface t I e r  15 n utnlhs itt

scut pic e’x ;unlinalliin ri’s e;u led l i t/s. p11 t lug. Nc c r c ”  ice ’ ex putsure. l’his ind ication sc-as ve rified by a slight
at t lt c ’ k cc as 5 mhs c’ rc c’s )  in the ’ mu ip-enifed spec’ifl he’ns. etc ’ s  luiuuin ~n electrical resistance along the test sc’e--

tuon . ‘I’he tensile test ecn a strai ght su ite ’ specimen
The resistance ’ ( Ilutli I’, ab le tt) ~nu f uc ; ut e ’ u m uc s m g nu f ’i- shoa’ed a significant 48 percent loss in strength.

cant c’hange in re ’s/st si t e -c cu lt Ii t m ice c t  exposure.
Spat-su-elded specimens s i t Armcui 18-2 a-crc corn-

‘I he tensile tes t s  ( [ h id e 0~ r e c e d e d that ‘s 151 .1)11 pbcte l~ corroded through in the heat-affected zone
is a high s s t r l u u t i - r a t c -s . c -u l s i t l c e  ti > . u t e ’nial lit cc hich (Figure t t )  after 15 mu nths of ex l)uts ure’ in brackish
ductI l i t y can he grc’atl~ i i u e r e’ose’ ut dl very luta str lui il w Ither.  (‘orrosntn exten ded into the acId , leaving cmlx
rates , ,\ 151 .3( 11 did c’xh ibi t  a y ield pit mnt a’hich c’s - a holktcc a-ire surrounded h*,c an outer skin of ’ un-
eeeded its capuuhull is. tu m cc usr k ‘hIt rule ii; ces ils. e’ el(ient Is ,  e’Onrode(l material ,
t he’ st e hu l puuint a as e q uu/c - .lle ’ hl t t i c  the tensi le strength
ahile the trIte ins -  st re’ nt_ m th cc as s u c i t re ’cc hat litsc en Armco 18-2 us therefore not suitable tar Use tf i
I here’ cc li’s nut c lua rice iii red i,c- t uuu i l lit are ’,, cc l  thu t mnie; sal tWater environments.

t he’ fracture I uca I l iFts cc crc’ sut licuent ly ran situ t u t
preclude local iie’ut at I a ck  AISI 430. L)ata on Al SI 430 fill ’s e been obtained

after ex posure in t’res ha-ater for periods t if
’ 
I . 3, h. 17.

I’he brackish su ll en s . p u - e u i i c e uis s i t  ‘\ 151 .1(11 c c ere 24 . .1tt . and 55 months , Mluui~ of the ‘~pce’imen blocks
heas- ily cu ux- ere d a- ith ni,urune’ lu te ’  a-hen reni c uss ’ ul .  I huc ’ e’uint a inuucg this wire cc’ere heavily euicrusteel auth silt
specimens cc i re’ e ;tref u u l l s  C ’s ,  i i i  ieef l i ft en c’hea Ill iig. atid c uu ve ’re’d auth organic matter treni the n c  en.
hut nut c - s ur n s t s uu tn a t t a c  k cc .u’s c e c i l  Nis u sc In st rengt Ii Macroscop ic examination showed the surfaces to be
icr du ctul lts  had iuce uirne’d u t l e t  IS ti iu)uiths m c )  c’s ~~ 

tree ’ sit pitting and crevice attack ton each e’xputs ure ’

sUl e’ , and the electrical res Istance c lilues ,icnutss the I h i s  observation us supported by the resistance data
test section scere unehange’uL fu cn thus material (‘F able ~~). which show no signif icant

change in resistance after exposure.
Spot’ added spec - in cu s s i t  ‘s 151 It ) I sum ne l uc a s  l iv

corr(xled in the hc ’ lu t u t  h u t s ’s I /uuu lc ’ I ) u i x t  liii Is iu t i - the ’ ‘[‘he tensile tests perfi rmed on this material (Table
wel (t regiuun). (‘lose m ’ s a n c l i u l u h l s i n  sit  thus aIu ’lu revealed II) showed that it work-hardens to failure. No s-ue ld
that the interior metal was e’ tt her t ins.su ng (clirnuxied point a~is observed in the standard tests , nor was any
away ) or heavily utxidu ,u ’ ut I’hc sc-rid regions cce’re signi l icaiit chan ge in tensile strength observed. No
lightly attacked . Nuu e- ucr nu ts uuit i  sc~ts ut tcserved c ’bse ’ ch ange in duct i l i t y or reduction in area occurred.
where. Fracture generall y occurred either along the length
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cx pmts e’u l Iii tb te ’ ci ., t s r  sir a t  i t / i ’ c u s t l c  l~ ’ t ,  ‘¼ I t e m  t i l e r  e’ x l u cc s c ’ i l  iii the br~ie’kishi a- liter sc-crc also he~uv i ls - citu’
t , uc ’c ’ r c c c t m ’ c t  I 1- igu lne’ tt) . ( hu cse ’ inspee’tuuin of the’ cc ire’s af ter

c’ be ’ tn t  ii g i nil ic_ It te d se’s e’ re ci irrosuu in in the cce ld
I- xpu isuure ’ c ’t I 51 -4 ( l) s lt e ’ c ’uil ie’t is iii t c t  . ic . k  ist l cc 11 c r t ’ et_ m u ici l  h u l l  c’utuii plete ’ loss s f  matcri;,l ill the heat-

re’ 5u lted in uths. ‘u uu is i’s c u ’ ru ms lsuut ,u f h e - i  I _S , iuu t u itf is. i i~~u t i ’ .- , uf t i ’c ted ,sune c lose tu u t h e  acId. I he remainder u t  the
s huist s s unt , tc ’e P h / n e ’  111111 shee p c s , u u ’ im s lsu i t  i t i t c s  the ’ a- Ire’ , l luch i C t he length ; , sc a ’ s  from the acid a-as a ls s i

unte ’ n l ss r  ‘t -\ S I  4 1 1 ) c s / i c  sh ttl lp lc ’s . 1—igi ure .~ s hiuca s. ,u t le ’ I ieu l v cuunnitde’d atid had Ii ~~itt0ti 5 tspituigehi ke’ )
c l u i s~~iup itt the i n t e n t - c s s n r c u s i i c im  its ’~ , u uuse ’ the ‘se ’ \e ’ t ’e’ a plde’ltrhtnc’e.
c’scrrsls ton i ll  , i 5 - k a mc usc is. In c ‘iii 11cc’ 4 - in. ( I  / / I I’ u i imms I

t e s t  se’c’t uui ti , l’ s ’ e’h lt t iCe lii e l e c t r I c - Ill re’s lshailce 55115 I he’se resu lts indicate’ t h iuu t AM .16.1 us u le t i r i i t e ic
nss i e ’cl J’ he t c ’ u i ’ , lb e ’ le s t  ne’’,i u l t s  I i t c h ’ I I )  shocc II 15 riot suited ts t r  use’ in salt aatcr .
perc’ent lass in st re ligh hi .u nd .1 CSi l i I  pbete h iss in
duct iii Is - 1J,, czt ’tu,lliu ’ Mu, It ’r ial,c

S ped - s.c s Ided spc’ e’ tn ue uts ci t \ I’ m l -I I) ) l- rgure Id) Low-Carbon Steel. Plain carbon steel cc ire’ cu ltS
were cuinl l)lc ’te lV c i t r i c  m o l d  thnuiug hi ;utter h _ S  nicst l l hs  tesicd xss le lv  as a standard for cutmparison wi th the
cit exposure iii hc r l lck ‘ii a ,u l s . /  I ‘~e cc ulnst co rrics uuln hlnuetallic materials . not as a candidate cc- ire fabric
Ill l,uc k oceturrcd In the hea’ - ,t tt e ’c’te ’d luc ite ui s l out- material. (‘onrils ion itt the carbon steel occurred
side’ t he’ a e ld. I he a c’ld l ( se ’ / cc lix l i t c us hells lx ciii’ - hu t teu hu shu nt exposure time in bath fresh . and brack-
nikled. and i t t  her ree l  c ‘ t i c  ahui mi g ‘he ls:ngt hi iii the ’ cu ne ish cc - ater ,  Microscop ic examination of f ’rcs hcu- huter
cc-crc cicrrodcul and puirous, specimens exposed for I month revealed the pres-

culce iii rust a lct uig the length exposed to the aater .
I hess ’ resu lts u i uu t  CII te -  that \ 15 1 43)) is not scui ted A f t e r  huinger time periods, t he rust a-as more promi-

)uur misc’ in s; ulb cc .i te ’r c’i lc I c t / un .  ills. mle nt , hind accelerated attack a-hi s ohserx’ed at the
regain cchere the’ sc- ire eunerge(1 front the concrete iii

AM 363, I - i  , -
~ ia,i i c r  cu urrc  s h ill dli I; c m i i  ‘u 5-1 hu .I, both f resh. and brackish scaler environments. ‘[‘ he

pr utp rle’ t hurc’  ~i l l u s s  cut  \ l leei ie’ nc I / i s l l l l n i . bil ls c’ mu cu su - acce lerated cttrrosion attack resulted in the torma —
hec’ui gahhe’rc’d t m  a 18 - . (Is , au iul 4 l-u i luunhh es p uc ’  t u tu cf a necked region (Figure 10). It su Its estimated
s ui re’s , N c i  I t ie r  p1111 t i S ’  h u n  c rc ’s. ice hi ll .ue’k cc c i  e d c -  I lilt I thIs uieckcd region could he cutmp letely cu rruxled
tecte if  ‘‘ii the ’ cc Ire ‘su rface ’ I s ) i s v  c x p i ms u urc ’. Resistance Inca’s in approximatels 2 years. High-niagniticatiutn
l ahlc’ 6) (till ns ml c’h,i iige cc ith time, c s c i l t  t r ill  i tu g t i le ’ Cxl i  mun;tt ion of the necked region revealed that the

v isuai lrislie ’c h mu uu i  results cuirrosion occurred in lasers  oriented along the
length sit the a’ure, Figure II shoa’s an SEM photu-

1 1cc’ tensil e ’ tests ‘1 tHe’ 12) inuia , c t c ’d i c c  hi ss iii grhu pil of this region. In c’ itntras t to the rap id at tack
tensu le s t rcn c th d uu r ing the ‘_ - x j s c s i l re ’ . i - r a e t t i i m ’s that ice’curree l aicung the’ length exposed ic c the a-titer ,
occ’uurre’ul In r,u nducni lc i~ ,u t u uu lis in Ihe’ aires, nut corrosion cc as observed along the section em~

bedded in concrete. [his was attributed to the alka-
AM (Ii I sam pIes m’ ‘s~ ic use d iii the u nIte k ish cu ll t e n  h u l l  s of the e u c u l c re te , b

e ncl nuunme ’ mlt ccer e ’ heat i ts - e’ i uc ’rusic ’d cc mb niariuic l i fe
and si l t .  ‘s lIer c le a n ut ug du ’e ’p pits c- u mu d s ) Ice’ se’e’fl at I- .lccfrica l resistance nteasurements on the pllulut
SI te”, cv hic’re’ hhiriiluc ’lc’ x huuid clams l . i~I lit t htc ’iie’(l I ht’ni. carbon ste’e’ l aires exposed in t’res hcc’atcr shoaed
se’lse ’s , I is’ a ri’s suer ,- tils icl b ie’ luc I t ’ s  c mui ’ lsK l e ’ u I l it the’ l i t t le ’ c’hange in the first .1 months. After 18 months
cli ipu’ st end e’ sputsed in I lii’ salt cc a Ic r. I lie’ it lte niul r s i t  s i t  e’XposUi’e. hocc’ec’cr , t he rc ’s, stan e’c had doubled,
t he’ w in ’  cuas  h,Imu)s I c- s cntp k’tc’ ls h,t lht ia’ed m c ii I. ccc i  iit~ 

I’he resistance uuierease’el rapidly as the aires necked ,
th~’ a-Ire’ a huunc ’htk e ’ i~ipi’,u rah ic e I l igutre ’ 54) , ‘i, su g t m, t ’i- ltec’aniing infinite in cc Ire’s a’hich had corroded court-
cant  hs u xs if s t r en g th  cc ,ts u le ’he ’c te ’u l ii the te u ist l u ’  test plelel y throug h. SImilar results acre noted for spec-
I I ,ubr l u - 12 )  Ni t t ha l i r r  c’haiu i_se’ in e l e c t r a  il res i s ta n ce ’  ulteiis exposed n brackish sca ler.
a- as uiuute ’u l in t bte ’ t t s c r t i u a t  test  ce ’e - i i u u tl; i i uu sc e ’ s e ’ i  . t h is
~~lt5 dii a n l u t a e - l itt tile’ I t c h  ii;r ’ t hs s u f . 5111 cm ’ t l te ’ belt’s u i ’ s  I he’ tensile lc’st s shoa’e’d t hat the material c x
corroded rs’t ,’ u u in a- his utu Is imIc ’ the Iluirmhul test  ce - u I tim . hihitc’d a definite ’ yield point , and wor k’hardencd to
‘l iii’ re s u st1 l u hu - i ’ s u m s  niuic ’h g h s ’ i l i l  t im the ’ l ilt ’ s t l s  eon- the put int tif fracture , th e load—carr y ing c’hl pac ’its-
ru stled regutun.

‘It It t ‘t ihui ~ I ‘ ‘ l 5 ’ , , 5 5 , c , r  Usc! i i” s is ’ i u i  I ‘s lu r ,’ , .I ( ‘ tu rn  5% ,le ’uA M  t Ic s[x’cun)cfls s~’htc bi scene ’ s p ur t  cc u,’ Ide’uf 5t nu i unit S ,’uu s / ‘~~ ‘ [dii 5 ’  ‘,1,’
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c t s ,’c i  i ’.tse ’u f r.u Phil Ic liii ~‘ s
~ m s / I  re IlIu m -s CI e l  t e n  t 1111 t l  that e’rv little deterioration occurs after 2 nears

1 2 niucnths I tt l ut i f t ’ c I ~‘ .i~~’c I ( c c  .‘e ’ rum t O . t t s c s um I sc ums as cc-hen the zinc wires are covered with silt . hut that
,u resu lt u t  c m i i i  i icuu mn I I able I . 11 .\ c tn c i l,ii boss in sc ’uthout the protective silt covering, the w ires corrode
uluict i h uts muccur ru_’d , ,t t l e r  t s u i i c s t i t h s  u t  e c h s c r s l u r c ’ , t ime extensively afte r 2 years of expos ure to the Missis-
duc’t u h i t ’ s  h.u~u d e e  Cc usC ) It ‘c u i u ,ti’ s s iuu I hue rc eult t ic sippi River. The cor rosion rate us antici pated lit he
I S percent . ,utcc t t r i m  IS t i m  2-4 / i i u u u l l h s  It huppr ulac’hed higher in the brackish wa ter , but longer exposures
/c r ’ lensile’ texts c c c l , - n u t  c’scnd u ic te d s ui t  the chunhuin are necessary bet’ore a definite conclusion can he
stee l speclnie’tls e ’x pcssed iii hnae - k ish cc li ct , hut reached .
simi lar rc’cul Its ,ui c c’s pe’c ’ t c ’d

Copperweld Steel. Data on the Copperweld cc m re
Galvanized Loc,’( arbon Steel. f ) ,u( hu s r i  the t,~hilc , i have been thtained for freshwater exposures t i l l ,  3,

nuled steel hi.ice ’ been i i t i / l u l l c c ’(I f u r  fresh cclit e ’r e c b) ic  6, 12 . 18 , 24. 30, 36 , 43, and 55 months as well as 1,5
sures iii I. 3, lu , 12 . 24 (Ii . ,u i ui l _S_ S months auief hrack niiunths at’ brackish water exposure. Examination sit
sb w ater e ’ x l s c s s u lns  c , t  IS niuuuil h/ s the surfaces of the wire test samples after exposure

revea led 5 cr y little deterioration anywhere along the
‘sI high nm,u~ m im t i c,utuuui t , u leep hil ls ccc i i ’  seen in the ’ length, except in the brackish water exposure speci-

exposed ga ls Iintle’uI spe ’ c i mu s ’ lu s , es pecial ly in the mens , No pits were found in the strai ght wires . nor
region cc here the cc ire’ e i l / e u e s ’ iI tr icn u the cucu icrete ’ , were crevice s found in the looped-end specimens.
Figure 12 she iccs this ss ’ e l Ie c ui c c l  II wine ex icu ts ed ton I Rap id corros ion a-as observed at the ends where the
year. Hucxc c’s. er pilting c m l the ’ / ine su r t ,uc e ’ , cxe n ‘s u d s  steel core cc’as exposed (Figure IS). The depth of’
a ls uc f uutm nd in uncupuc se ’sl cc rn e s f igure 1.1 is a lutsc - - corrosion unto the cu- ire was measured (Table 18) and
mhugnu f ic htt m u ui i  ~c huttsig rhip il u t  u f lex l i s ss c’et sc Ire’ ; Figure plotted versus time (Figure 16). The freshwater
14 shuuws a hugh nllI~ i i t t ’/c u / i - un phu t t usg r ~up h s it udne ol specimens initially exposed in November appeared
t he puts. Ii us he’lieve ’d t luhi t  - ii S c s i / i s -  It Isihuhlees I lie’s, ’ to have a slightly higher corrosion rate. ‘Fhe coi’ro-
pits extem ide ul I c ’  tIme ’ sui t . t s  m ’ uul t i le’ c lu i’lditti sl ec ’I cc ire , suot i rate of ’ the brackish water exposure specimens
I’ xamtna tuuu i i  uut the’ nime’ sui nt h ie e i . c ’ s e r  .ut l i ’ r ex pu iseine a as approximately double that of the freshwater
indicated that the’ pi tm s int t i . t l l x -  preseulu will de ’e peii specimens. Based (in these data , a rupture in the
hind uupe n unti l  the / l tue s i i r t , ie ’~ layer h o c ’  m i / /c ’ s uu is u uf - copper cladding would lead to corrosion comp lete ly
fiu,’tent I s s  it ih iha t  cs u rr u ss lu mmi sd t h e  ex ht ucse ’d steel , h u e  through the steel core in approximatel y 6 months in
prolected htte s i t  tb le’ ~‘, m / c , utui ic ’cI  scur e ’  us a ppruixuii i l itcly freshwater and less in brackish water. Localized
8 t i c  tO c-elm s , corrosion of ’ t he copper cladding was seen at the

eouccrete-water interface of specimens exposed in the
I lie ’ e l i c I t  m ea l  resust ,mul c e t l ielusurc ’nde’ luh s  I I u t i l e  tcl brackish water (Figure 17).

shiuae ’uf a s h utsc I n c re a se ’ sc uth e’’c psmsi l re ’  (i ln c ‘~ a lec the
line has ,s Cre - . i t c ’r c u u r t duic ’t ic Iv 1111111 the sued , t he’ re ‘I’he electrical resistance measurements of the
sls t l t ilce c h m lIlig e’ arises I n c c i t t  ( l ie u l i s s u c b u t i s s i i  c c l  h u e  ex posed aires ( ‘[‘able 6) showed a slight increase in
rat her than c ui r nu cxm ul n cut  th in  sled . Sinmil ar da t a sc-crc resistance a’ith respect to time of exposure. The
umhta uned for both fresh- auid brackish c cat e r  cxliii- cause of the increase is believed to be a uniform
su re’ specimens. loss in coating thickness , since t he copper is much

more conductive than the steel,
I)ata t s u r mhe tensile te ’shx l i ab le  1, i) inuh ic- ,u i o ’ list

h iss umf tensile streng th cc i i l i  l i t h e and net uf e ’c ’re ’his e’ in ‘I’he mechanical property tests on the Copperweld
duct i hits in tr e s hiccluis ’ m up t i m  t i c  n uu c i i t b us .  hl i tcces -e ’ i  , ii a’ire (Table IS) showed a slow loss itt strength with
21) percent loss fl ten si l e ’  strength su d s secru in the time in fresha’ater , Reduction in area did not change
tresha-ater specimen cu piuseul f u r  55 nuuuui ths . Al . appreciably with time of exposure. and tensile frac-
though tensile strength . due- tu h i t s .  and re i l uct ncu m mi tei res occurred at random locations alon g the wire.
area dud null change ,il i l/ ree ably up tic the 55’nionth Insuflicient data are available to draw any concteu-
exposure . there flilO. h,ucc lmccn a mild . Iu cahi,ed sl Im s on the strength loss of copper-clad specimens
at tac k at the region a te rm the sc - Ire ’ c ’me’rged I r im the ’ in brackish water.
concrete , since tens i le tnac ’t ure ’s occeirreul predicnci~nantl y hu t the in te r fa c e  I .sr lier res ts ’ have showui Organic Coalings

I ,,rr, , , c , , s i  / s m u  s s i  t I , i.uh s c  ilis ’ ~1ss s s . i uu ~ s~~i ~~~, ,,- PVC-Coated WI~ ,. Data for the PVC-coated
s t i r  ~~ii ri~~s r,m m ’ r ’ s  M,’ni1chis i u i s c u i c i  M c ss  l ’ u I ’ s i  aires have been obtainei for freshwater exposures of
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I , ~~, Is. 12 , 24 . and ~I m t tlu i fll h’s i l ls 1 t i m  hr,ue ~ ~sh w a t e r  bun ge to the assembly area cc-here they were to he
e ’ x p i s s u i n u ’ sit l.S i u u u m u i m b u s  i- s . t m i i u i i , d t / s s u i  sit the’ xpce’ i- cuiiuiiee ’ted to ot her squares tic form mhtttr cssi ,’s , ‘I’hc
ineih surtaccs .1 t en  e x h s c t s u i c e  n e c e’.ilc’d \ s uu il e ’ p ccn sts itx squares scene 1)laced tin the barge using a rectangular
in the’ e’ u ilu h i t i e , xc’ hie’It cc ,is pnssh ;uhlv r c e s e ’ h i t  cc bte ’ii t h e ’  frame cumnnected to hi crane’. ‘I’he frame. a’hich has an
(‘uc h itin g cc li ’s llpphied. I tie’ p uur s u s u I’, cliii n u t  c’s te ’ uuu l umutcrop of 20 fingers , fits over a stack of’ 13 squares
th rumuigh ti le ’ c’us .i t l t i g  lii h, S t e e l  a Ire’ . I x h l n l t r i . i ( l m i r l  si t  antI l i f ts theni simuil ianeousle by their uuutside aires,
t he’ e’xp sise ’el ett i ts  sh itss. c’c l r u s h  Iee/di l i i i la t lu ’ n;  a f te r  IS During the transfer, it a-his noticed that the lingers
months iii tre ’sbis.c , i h e i .  t he s c i luuuttc ’ e’’u ; l5uuislssi i  si t  the did not grhih each square individuaIl~’ , hut trans-
corrosic cii  prislticl cc ‘us s / i  ( /u, ’ i r b I t  I c C  s ; i I i h the e’ c u h utun g. t ’errcul most of the wei ght to t he wires in the humtton i
Reniuuv a b s it 11w c’ - ’ .u IIi l~ fn ic u i m b Ile ’ s t r ’cI uhmdersc i rc ’ re tuuur squares. At the end of’ this iuperation . a number
sealed rust uuu i the S i c ’” I h ear the c’s p5 sr - c l  c~is1s , due I c ’  of gouges (one su f them about 3 in. [ 76 mm] long)
cu-ater Se ’e’f’caL’e’ u nder t he ’  c i m sst ung .  I bc e h uuh i i l ( l t ’ s  u I ’ cu-cl-c obse rved in the coating, exposing the hare
rust under the e m uithing did n i t  appear l It  lte a detri- nleth ul. While at the assembly area , the squares ’ end
nient t i c  t h-,’ use of this coating. leo ps were tied together by hand while the longitudi-

nal bracket wires acre tied to a launching cable
The aires ’ e’ Iect n icah rex isla nce ’ I l ; i hcb e  61 cl i i i  n u t  usimlg a pneumatic ty ing tool , After ty ing had been

change a ith time. I he tens i le lests I able’ IS) m di- comp leted . more breaks in the coating were found,
cated that ris c loss at ’ s t rengt h s in dile’ I t l h l ’s  occurred, As a result at ’ these breaks , the polyethylene-coated
‘rhere cu d ’s ns’ e’h,urigc i i i  rc ’du i c t uu miu in area , and the cc - ire was judged unsu itable for use in revetment
locati ucri itt ’ t he tensile ’ Pac tunes alus rhurl duuni, I’c nsihe operations using current handling equipment. Since
and resistance tesis cc end h u h  e , s i u s t u c t e - c ) u n the sped - the polyethylene coating was the hardest of ’ the three
memus ex peiseul in the hrhuck msh cc ater . umr ghunic coatings tested , it a’as judged that t he PVC’

and VMCH coatings would also he too soft to survive
Polyethylene-Coated Wires. I’c u lve ’i luv le tt e ’ - c s i a te d current handling methods.

cu- ire’ spe’ctnle’ns acre u:-c;i luh iteul l itter t rc’s l ta h t tc ’r c’s
pumsuurc ’ period s of I - 3 . is . 12 , 24 . hind 36 niuut itb ls arid VMCH.Coated Wires. The VMCH cumating cu- his
a fter IS months e xp u cs m ir e i l l I i  teL ush a’ater , 1,hirge’ hm um nd to he porou s in some spots after 18 months of
an iucunts sf rust c c c ’r u ’ sm hs e rvcut dl the cmiii where ’ t u e  exposure in freshwater ; specimens exhibited cracks
stee l cc ire sc as e’xp si se ’s l .  I’his accumub at luun hhus n u t  in the cumatin g and corrosion beneath, l’he coating

~et been s tift i e lent t i c  cause ’ the ’ cuc hit l i i C t u c  sp lit. 1:5 man have degraded as a result of being applied tout
an li n liih ccn of the ’ surface ’ at th&’ Cc ‘.u~ / t i e  shocc-ed nu c th iuul v . u~r it may has e been scratc hed during speci.
deter ioration, When the’ c u s a l l i n g s  a c r e - renicis’ed tr us ni nle’n preparuutie)n. l)tie’ Itt this rap id dcteri umratio u i .
t he specimens . t he cu- ire cm ii, ,s t h i  Si Its t r ee ’  c r 1  ce crr osu iu ll es aluatmon ceased after the I 8.month exposure , and
hind there seas h Ilt’ pem ie t ra t h u m n sit rust i l i u m the’ a ire, the VMCH .c uated specimens ac re not exposed t im
1 he mastic unui c’ re ’utzu ting a Is m I , I ci  ill hu ll c ’blse ’s and the’ brackish a-ater environment ,
no see page under the ’ p iulc -eth x lene cc a s  tciund,

- l he’ re ’s is t 1ui/ ’e’ s t . t t h l  ,ieu ’ ulmii/ i l h i lcul tut l u t e  shuca muss 4 SENSITIZATION EVA LUATION TESTS
chhin~’c’ s.c-ith exposure ’ i ; ita -  I lue ’ rs ’sui h t s itt the teui ’ s u le’
tests I I able I “I sh t ua-e sl iii chane~e iii te u ux i le’ st rs ’ iu~ h b ( Procedure
sir uhuc t i h i t e  t s r  arts sit ml i i ’ c’ nh b icsso ’d t  spt’ c’utiui ’1i5. Nis
change in rcutuc ’tion iii ht re ’ a cc ith i  s ’xp uusure ’ ti nhe’ cu lls Sensitization umf ’ stainless st eel us a form of inter-
ev ident , hind the Ic’ s / e l m -  .c~ i c’s te’ r ids ’u t t s r  sm ee l u r  granular cuurrosiumn caused by changes in the vicinity
predomina ntIs ’ a lumng t h i s .’ Ie’ne tb ‘ ‘ sp -  s r  I Iii cc ater ,  - <ml’ the grain h,’undanies induced by precipitatiu)n s it

t he’ re’sistancc’ cha n ge aiiul t e nsi le  st r c ’tl C t his itt ’ t he carbides or interstit ia ls which occurs within specific
w ire specimens ex pucseu l ru hr ,uek us h cua lc ’ r cc-crc nsct tentperature ranges. 5 Significant dwell tinte in these
determined . teniperature ranges may occur during coo ling eif the

added wire,
Prit fmlen is score ’ c- x pe ’ nus ’ I ie - - r !  ill 

~~~~~~~~~ 
( hue ’ pcm l s

e’t hvlenc ’ -coate d wires t s  ci hehil i s ’s I I t ,~ in Ni mc i ’ ll/l i e n ‘l’ut ev :’ Iu iht te whether the welded s t a i~iless steel
19’4 , 1 he aires a- ens : c l u s h m lii t u s i ’  2s it x 4 tt s. ” i nes acre sensitized , the 65 percent hailing nitric

( h~~,62 iii x 1.22 nit ‘ ‘ x u i i i . i r m ’s ” t im he sunu k i n ut u m the
Mississi ppi River, A l t e r  the ’ d us hl i ret i’  had cured at -

~ t (, 
~- 5 5 l l l d , .  , i lh it H t ) (hri’i’iui’ I ‘ , s r r , ’ m m , c m c  F iu~,’s~c, ’ , m i m i c ’

the casting yard. t he square ’s we’re truunuskrred t s 5  Met u, isu l t i (( . l ’ Sm ’I , pp
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luc id h r  Huie’x test i A S I NI ‘s i , uu u c lard \ 2iu ,’ ‘I ~, hm rhud ’ ‘I’he corroston rates of the welded sections a-crc
t ied (,

‘)“ cu h i s ti’,t ’if Ih ms e h i u . u i i h i i h l t i s e ’ t est, which sli ghtly greater than those of the as-received speci-
compares aeight b u ss ti c surface ’ ,,re’a , uu i sl ic /u t e s the’ men ’s at the same alloys , part icularly Iutr Armco 18- 2
susce ptibility s ct the’ ,il lsus  h i m  1t t h ,uc k  b e c a u s e ’ c c l  c h u m  mc-  and A ISI 201. On the either hand, little difference
nitum carbide pre’c iputat iumn. betw een the as-received and as-welded corrosion

rates was found for a lloys AISI 301 and AISI 430.
Ihe sta ndard test nmc’ t hi s I .  insists c i t imuiuersie)n ut f

stee l shinlp les is ce i g he ’uI . c leaned . line! diuiue n is tec ned ) The sensitization data were based solel y s mut sur-
in huiihing rehigent nitrI c ,s esc !  I HN( )1~ (, ‘ur t ’ise 45- houmr face corrosion and may not reflect the lifetime corrut-
pertu~is cu - i tb i  C hhtt rCc ” , iii f resh acid e’ c e’ns. period. (Iii sian rate. Since these were only screening tests and
this mn vesui ga tuucut , a s ing le’ 45 hiscuir penium(I a hus ti se ’sl a-crc much more severe than Mississi ppi River
for esa lu a tu u mmi .  I - \ e is l  s u m h u u h / i s i / s  lure plhice’ iI in I(X ~ )-ni h waters , t he results obtained indicate only relat ice
Fr lenimexe’r tllusks cc uuh es u l e l ’  IiIi~ c’i coiuite ’ iu cc ’rs , Alter sensitization resistance. ‘rhe actual sensitization
each period . samp les are rinsed, uu btrase m ntc ht l ly vulnerability of these alloys in fresh- or brackish
c ieaneul in acet omie , au m ut cceh C heu l u n  an aui ht ly t i cab water must be obtained by actual field immersion
halautce , tests or potentiodynamic investigations. However,

t he results do indicate that sensitization is not antici-
Specimen’s Ie ’sieut cu mu msistee l i t t  sta ut i less steel cc - ire ’s pated to be a problem in freshwater,

a c i ted us i rig s ant ou s lie hut in 
~~ 

is lurid Ti ui m hers of ’
etc hes , as-receive d cc - ire’ sIs~, k limit! cc Ires tt iIe ui t iuiht hul lv
sensmt i,eel by lhi fco ratuu rs heat Ireat me mil , ‘I uc insuire LABORATORY CORROSION
cumnu pui s utmom ual (liii t c ’ nu l /  is. - his- reed/s  c u t  ‘mdclii ills acre 5 ASSESSM ENT TESTS
thlke’ n fru mnt the’ a d d e d  cci re ’s .icc u Inst ut i t lie cc’elded
region. I he auste n umie steels acne se ius i t u ,c ’ d him ~S(I C Procedure
tu m r 2 hours auid t heui su ,u he - n LI ui e ’ m ue ’heut, I he ferrituc
and mantensutie stainless steels a- end scu is itized ‘[he corros ion resistance of the stainless steels ads
tuc r 1, 5 huturs at ~~t (  C huul d iuiimculi ate ’ lv w ater .  studied in the laboratory using the electrochemical
quenched. ° All spe’e ’mnit eni’s cc e ’re ie”,led sep l ir luhe ’ lv. method under various environmental conditions. ’

‘[he advantage of us ing the electrochemical tech-
(‘o rni ms is ut i rhite’s acne ca lcu bllle ’d us ing the tuur nm iu la : nique in cu)rruision studies is that data concerning the

e’ utnn ucsion behavior utf a given material can he easily
niils 

- 
~~~ ~~~ 

w 
sun 

mm 
— 

W and quickly ombtauned in the Iab tr uutu mrv. Good agree-
yr - “ - 

I)A I  ~ r 
— l )A h  merit hetse-een this method and the cansent ional

wei ght hu t s ss measu rement or field tests has been
a here W = a- ei ght h iss , rug demonst rated.

1) = densits utt aIls rs.
A lure / i , cm 2 l’he electrochemical technique involves two kinds

= time’ . huuur 145 h us i u rs  histi ling period). sit measurements. First, the ce)rrosio n current ts
measured umver a ver y wide potential range’ to deter-

Results mine both the aunxlic and cathodic polarization
behav iors. This type of test determines how- easil y a

‘ 1 able 19 summ hunule ’ s the resu lts it the ’ h u e ’s. t e s t s ,  give n stainless steel can be passi v ated and how stable
I’he corriisiu mn rate’s if the ’ se ’ uu s iti,i’ut sanup le’s were uuII the allo is, This us Important because the corrosiein
higher than thiuse smf the .ss i e - em - m ve d samp les . exce pt resistance sit the stainless steels depends entirely emit
tumr AM 3tt 1 I his al luix has a hug lue’ n esunrsm suuuru r,uid their ca pahihut~ to be passivated. Second . the f’ree
than the umthers because it hills s u i i l v  h l i t c mLi t 12 perce’uit corrutsuuin rate us measured by the linear polarization
chromium and has a niartensitic mueru cutre icture , technique, in wh ich the polarization rt’sisihince’ he-

- - 
tween the specimen and the electrolyte is deter-

- -  tk ls — c’iing Si u sem - i s r i hu t i i ~ iii tm ur ’ - r e’r sucuuula r -S m u ,  in S i suin (e’ ss mined. ‘l’he corrosion rate ot the stainless steels can
‘s im m -I s :  AS t M -\ ~i,2 - ‘(i~ I” “ t , ims i ,ss ! l I , , ’ ’ A  ,,~ ‘ I S I S !  ‘s i s c s s , / c s r c l c

t ’ , s m m  i~i
I ( c m  I I I . m t c u i m  , s us s (  I - ‘c i -  u . s . / 5 su /u ss c s ’ c p u ’ s I

(5 mm , / u/m i’,, ‘ii - c m ,  m m c i ! -  i s - s  i r i s, lu u, ,! 1 - c i s c  m’ s ‘ is’ S/ is ci,, ’ u,im ’i - ‘ ‘ ‘ S  ta umd arst t’S’tc’rc mmcc ’ Mnihucd t s r  Making Puti en nu um s ia i ui~ anti
Ie h m rss  ,~( K~’pssr i 54 m i s ’S ‘it  u , S iu l5 u s  r t  i t ’  S ‘s m  r r c s  5 s , Iu s ,nrui, th in t ’ c mlm ’ i mis s w i c n .u n mue ’ ‘\uiss ~t uc ’ Pemtar i,atu mn Measuirenme ntu .’’ AST M
I- cugi uite r unuu u R e ’  ,s rm h i  , s l m ’ ’ m , u i s m r c  N c c u s - i r iss ’m t ’ t ’ s u , pp ~l c r 5 7 2 ,  / V ’ Im ,4 ,,,,ueu/ R ms ss k mm / .1.5 1Sf  ,S’iumudarsli , Part i t t ,
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t he ’ u u he ’ c ilc - / u h.u te ’ it I ns u u t u tile’ s , u h m ie ’ st til e’ p ui lhu r i lhu m hsnui  l iguires 24 t i m  28 shuuse- the puutentiux l ynantic p u mlaru—
res ls t .umu c ih ihuu i n curves i t t  the ’ s ta in less steels in tap wh iter and

3, 5 percent s:ul t (Na(’l) a’ater. ‘I able 21) gives the
lii th i l s s~,iit s , ‘ p m ’ s il/c it’s sc h t h i .u kn iucc c it seu rt hi e ’e’ cumni pasut uutn at ’ t he tap water :  the 3.5 percent sa lt

,tre’ a ,inie! ,u c~s us ~t sl ur t i c -c’ cc c rc ’ f i r  ~t pns ’j i i r e ’u h I lie s.c-a ten had the sante cutniposutiumn plus 3.5 wei ght per-
s urt aee ’  a ~s puilmshcit I ’ m  a hI e r - i t  s ml ies m n car huule ce nt reagent - grade ( NaCI), In the case sit tap water .
f i u t is lt huit i l cbe ’.une ’el I .ueh s It es m i t / c u  a his immersed in the passivation proceeded almos spontaneously.
th~’ e’ k’e’tro lst e ’ , o ust Ihi e ’ impe ’ll c / n c  nut puitent ial  a ,us and no pitt ing a-as observed over a fairly cu- ide poten.
rr r e , i’ m u r e n t  it ic ’i It ‘ m i s  m i h i  /e’ul, ~~ cte ’iu h a l  cc ,ux t hen x ens.  tial range. A gain all the stainless steel s show roug hly
s huccu hv unc ’re’ huse ’eh , s~ 5 Ie ’dri,’,i ’ m m ’ ct Is 5 lubuuui t -# I fit) sin the same’ corrosion hehav uum r, In the ease’ of sh ilt

- 1 211 ~c un r’ ’ !e r r ’ntee ’ t im a s . itu i r .ute si  e’a hsime’l ele’e’ water , hosc-es’er , all the sta inless steels ~ crc severeR
Irish’ (S( I- I. -\ I t e s t s  we ’ re c i  m i iub u ic t e d  in acc um ru! ,u iiec - attac ked . and pitting appeared on the surface.
a miii A ’ s  I v1 Si ,um ie la rd ; S 

~2 ‘I bie’ Itutear p ic lhuri z a—
tion nieasunc’n ieitt cc ~u s cc s md u ic te ’ d  similarly , exce pt Figure 29 shows the results uf  a typ ical linear
m bn ,it the’ put te i u tu a l  sit the s h i e ’eliiielr vlunmed s ks a Iv  a’ith- polarization measure’ment for the AISI 301 stainless
in ± 1( 1 ni\ fnutni its ss p e ’n-c ircuit puutent iab. ‘[lie stee l after the specunien had been immersed in the
s le pe iii the potential c s curre n t pI t h  (cc ’hich usually thup cu’ater kin 7 days. ‘[‘he linear resistance . icr the
mx a st rhitg hlt h i l l e l  us re ’ Ih ut ed lit the tne’e cicrrosion rate slope of the curv e at the corrosion potential , can he
si t’ t he in (cr1.1 - rehhu ted t(m the tree cuirrosuon rate by

K
I he’ ehulvan lc esi u i p lmiig hetsc s ’e’ii the lo cu -c a rh uu mi corrosion rate (mpy) =

steel and either ccm lc pe’ r ((‘oppe’rweld) icr / ine I glib xl i  -

nuied sie’cl I Si l l ’s .i si c  I u S  c’s mighuted in tap 55 11 h c ’r, I’he
ut pen-c ’ mr c u i b t  pum tdnh t lhuls tu m r o uch se’t u s i mhiter ihsls— — w here mpy denotes mihs per year unitorni corruision.
stee l~coppcr ,uuie t stee ’ l-  lul l0 .und t l u e  current ti uca u mig K us an electrochemical constant depending on the
heta-een thent when e’ hectr uea lls. cucup led a c re  metal and corrosive , R is the resistance in ohms , and
measured to determine’ the’ e’ x t ent itt glulva nie es irnu m- A is the area ott ’ the specimen in square inches. For
sian sit cu upper-c lauf and ~huls. lu t i u/e ’5l stee l, t t s u,hu llv, stain less steels , t he constant K is approximate ly the
the coupling uuf Icc h r  s t i s ’ mm t im i la r  nieuals chaut Res tb t e u n sante in most environments , K sc’as acc urhitebv deter-
c’strr ul suui n he’has sir si gni f ic .cnu t lv .  mined by making a cc’2 ight loss measurement: a

~~~~ of ’ ,‘cISI 34)1 stainless steel of knocc n area and
Results wei ght was immersed in tap water tar a known

- - period of time and the cu-ei ght loss was measured,Stainlu’c .c ,S iu ’ u ’t i af ’te ’ r the immersion. Based on this measurement , the
(‘umr r ui sm uc nl assess ir~en t d~uta scene s ih t hum ne ’d uusing a constant K was determined to) be equal to 6(X), ‘!‘ahle

pu mte’nt i utst h ih anu l ss ’verhu l s ’ l e ci rs i lu tes iesur nu c s u s ’ n euivi- 21 shsccc ’s the results eif linear polarization measure-
rumnmenits), I-’iL’umre ’s 15 t i m  ~2 sbiuc s.c the’ pu t ten t is s l s  - niemits for the A ISI 201, AISI 301, AM 363, Armco
nam ic po laru lluiu s mn cu rses cci  t i l e ’ -‘151 201 , ‘151 301 , 18-2 . and AIS I 430 staiuiless steels in tap water after
-\ rn iccu l8~2 , -‘s ISI 430, anu l -\ ‘cI 31,3 st l i umu l e ss.  ste ’e ls umuiie rsmon t im c lays , ‘[he corru usto ui rates decreased
iii I N su ilfeir ie ’ actul (Ft 5 St ) , I hi nd I N 11 5 , I NI stehuet i l v initially, and stabi lized af’ter being im-
six liuni c-hlscride ’ I Na( Is s ui l u u t i ’ unis F’i guure 2 %  is hi nierseul for a tea days. The corrosion rates of all the
se ’ht ’nt mhut ic d ihugr bunh sit  the pur l~irhl lu lion hehhuv ucm r cml staInless steels tested are extremely lose- , These low
st h u un less str~ ls t u ur u se’ iii inte’rpnetine t h e s e  cu mrves , corrosion rates were confirmed by the tact that no
‘ cd l the suhu tn le ’ss slu m - Is s hose-ed rumuigh ls’ the sante detertu iratton i t t  any s i t  the stainless steels was de-

ac t ic e ’ passivi ’  (r.i lush ( I s  ill ri s u u l t mu ne’ .ueid . .u ml the tt’e’ted slyer a period of .1 years. in actu al freshwater

~~‘i m e ’r,ul shapes ct the’ c u r’s m’s  ire similar , inul ic ,uu iuug ununterstuin tests, I’hus , t he corrosion resistance s it all
that all iii ’ staunle’ss slc ’u ’ls stuiul ied have nutug hls the the’ stainless steels tested is hupproxtmate ls- equal to
sanhi ’ c’ s inn u su us n i be’hac sir ~i hills en u’ inuin m nue ’nt I hue ’ tha I umt the ’ A ISI 301 stainless steel. ‘[hey are there-
, u u ldutiuin c m i  Sh uhi • r 5 i he suulutian do / unIv al nhc si u’ uuti nu .’ ls. tore qualified as alternative wire fabric’ mater ials for
ut c ” s t n i  m c i i i  th u p,issic um s - in si mi l e ’  L,t ’mi ’s , l i i i lu c . i t t h l C  th h ut fre shwater appltc’at ions.
t his ’ F irs ts ’ s h i s ’ hInt ts s num u e’uf sill the ’ su u rt , ue ’e’ u d the
s~)Cl.’ l r mhc ’n u lu u r un m g ~~~~~ , mh i s ’ f l  cc ,u’, bmea ’, i Is , hitt ae’k c(l by — -

the’ chloride t ( I I ions , me ’ s s ih l in lg  iii sc ’sc ’ ue ’ pi t t ing h u t  - \ 4 (  ‘I I/usc, ’ ( 5 s 5 ’ m ’ s i s s s s i i  I ‘usur ,sm’ INuu uiumnal Associaliiun iii ’

th ’  s u u  ntaee O smr iumsui in Fiiguns ’c’rs . i~r’t t , p I t
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flu mumi ’la// iu 5! ii ‘ i c S  / ‘ duct i c m n si t  the general corrosion rates u t  copper arid
iinc, and ( 2) in the case of the copper-clad steel.

I .115 dIil~ e’smu u l ‘ ii m g b etas en Is s s.c .- .ui hs c ui s teel  ,u l ist significant reduction of the cathodic reaction (In the
cuuppe’r i n  .‘cnc Si is .u Is , ’ xi c i  me’u! t n .up cc , u l e ’r t i m  ,ussc ’ss i- sipper surface , so that the eff’ect us c area mit copper
t he c’uu ursms uu s n b t e ’ t l , ts  u ss r c i  ( ,r ~ ‘ m ’n .c c lcl lurid g.i lv~u cm cathode’) us ve’r5m’ small. Such an increase in the
nuie’d ste ’e’ l ‘I ui’ he ’ 22 s I r ,  r~s. c I he’ t i the ’ s mui lilt ’s ! sic ns i s is  ill value u t  the anode .to—c athode ratio would result in
ht imte ’fl t ihul ’s .unu t the’ tree ’ e’s m r n c m s i c m u /  u .u te ’ m sit lisa c -a r t m uuum the corrum s uuin rate it t  steel no longer being acceler-
‘mmcc l . copper . ,u mli i /i ne’ lit 1 .1 p c , s  ‘ -n I l / e ” s s 1 ,5 Ia i u ud u -  limed ‘[ci substantiate t his possibility, t he cou’rosiu)ni
c.itc’ t hhl I stee ’ I bee c r c ’s .ii .u ui d c ’  .u u I c m  ri ’m “ lu’s s u e  nu pote utt ia l itt a piece of Copperweld recovered tram
tie’uallv a he ut e’uuu lt lm - c ! u ,  e m  p ‘s - n  - a ) ‘  r he ’ u ric t r ee ’ s s uites the Mississi pp i River heavily coated with si l t  whux
hu t  .um ni ~ Ie’ ; u mu sl c’ ,u i i r ’ x lic.i lls c l  s i e ’~ is s tec h cc tc r-  lu cy measured in tap water , It a-as found that the open
are cs iu pbeet circuit corrosion potential dropped to about —0.4 iv

ISCE) instead of the u s ual value ( +0.007 VI fur bare
I bus u l i h c r i u ~~hr t hy ’ ch ,u ica ! i i ,t ’ uh cu res ’ t , c u l u r s  I c c  eempper ( ’[’able 22).

su urs us e lite ’ cii .i 1t hr ’ ’ m t P°’ ”~ 
I d c c c l ii hilt - ‘s~ c e i t / e , u i u c u u l

S i l t  it I imel r /l i l e’ C” m i  / l im e iilt . su ’t ,ic ’ s i ’leu ties I I /c e s m n nuc - I his et ’tect emt ’ su It covering may be one reason
skm rate ’ c i t  tI le Fins - t h e ’  s te el is pri c e  c c l  .i~ ~~~~ as most cit the copper-clad steel currently immersed in
the ’ iunc is present  I nu e’ut n t r ,ust , ceipper t ’ d , u ’ l  she - e l is freshwater us still relativel y uncarruxied. ‘[his effect
orils. pnu m te ’ete’e l cc iie’ui I t m  c ’ut / i l i mih1 lx tn lhuc t  would also exp lain wh y inspection of (opperweld

labnic materials initially placed in l9~~ near
I lie ,u nic iuutt u t  ,s e m l  ‘ ‘ : , t :t’ s l e l  r s i. t i  - c r  sh ies t c m i i  (‘eioc hie . LA (river mile 317 ,6) indicated that the

d e pend s largels. ill I lie ’ ,i i l u s it e c s  s ui hustl e , i re lm rh i t i cs , fabric was in good condition as long as it a-as cuin-
‘sfts ’ it l i  ( c s h ) pc ’ t a e - i c t . c i i i ’s hi t mu t s  tr hic, - muiuu l  ct l ie’ s te - c l is h in u iu cus bv immersed in water and ce)vered w ith silt .
uusuia lh m, e’S l m i  cse’st lii t ile’ ica t e n , ‘c c i  b t i . u  1 t i /c hire,s rati uc is while rapid detenuui ration due to t corrumsion was seen
ext re nte h~ sm/ill. Ibis us ,u c r c  unit s ’ s c c l  shut ’ si tu/Itl im um in cempper-c lad anchoring cables in service for as
i u m r the ste ’ e’l, cc huc’h cc ill eo rrsstl e r. ip mulh s. I l i ruc u ie ’ l i  c ot- l ittle as 2 years on the river banks,
t h ie ’h wut hi e’sm pp el lii ,i’s’se’ss i u , r c c  nhu pue l i m u situ hi c,- ss r nsu -

sh un can prcme e’e’uI . lhe’ e’ui rre’ut l fu rs rig b s o ’ ba i ’ e’n d c c ’
t rte’a hls cucup lesl steel , u m u ~I euu p~tei su d s lIl’ ’ ,ms i i re ut liii’ 6 CONCLUSIONS A ND RECOMMENDATIONS
tcc m m different uli lue’ s ‘I u I ’ l l  r:u muui . “mIn ce ’ h t u ~’ mm l/iguui -
tu(le si t the e’enu plui t g e’u u re ’ iuu cc i’s I c i u tuuc l  lii hue ’ u i iui eh Conc lusions
larger than the r ’ s. c i / l u / e m :  c / u r n s / i t , tile’ e’utn u’ u ’ s l cc i i  i’ ,s i c ’
cu t  stee’ l cu m i d s t  then he e; u lc - u j lat eub dirc ’c i Is. t r Im  the’ ‘l’he susceptibility sit stainless ste ’eb , bimetallic ’s .
m~ugnutude’ sr i the euiup li lie ciii n u t ,  I he results :und organically coated steel tei correisusin in the t’resh-
iFigune 34l( u nu tmc h u bc’ t iu , u t  the esur r u c s i m n l i  ,u te sit steel water Mississippi River above New- Orleans and in
increases nt’ua rke ’uIls when Ii ~5 c’ s u u l s l m ’s I  lii c c 5 1/ l ie brackis h water is presently being evaluated. Analysis
ha su mu g a ver y harc ’e suit i c c ,  ii c, I—s i r  C Ic IvI un i/eu l s i t  specimens af ’ter approxiniately 4 years i t t  expos ure
stee l, t he’ h i u l s d l e - t s u - e - /i li s le li ne/i ratio us u u ’ mu u, ull y vc~ s in freshwater and 15 months in s/ sIt water  and results
I/urge. I hue - h u e ’ t a il l i s t s ’ f s m r c  ‘ 1 1 c c , r i s . e ’ l x  p mmshc ’ e’t th e itt  lahuiratumn’y electrochemical and sc umstt u , . i t lsiui tests
c,’ ’t lt css e ’ uI sI te - I - hind m he c m rn i s i s  cit n/ l ie ’ i t t  t u e  ih iue ’ is have led te the following conclusions:
not signi lue ’aniis , c t t s ’e i u ’ s I bus.  o c c i u l . i s ’t  au t h the ’ steel ,

I. All t he sta iu i l e ’ss steels tested have niucre’ than
[‘hese stud ies indicate ’ t h i/ i l  ( 4  s h ip :u ’scelui net g/ u hc hi enumug h strengt h auid corruision re’s ms t , ui mc e in the

nuteul steel wi ll  pe rt ucrm u i sa iu ’ m t , u s - is mr i hv u~~m l s .  a bt e ’ n tIme ’ Mississipp i River al t im ve ’ New Orleans ( f resh w ater
ca pper Cr u/ui  rug is ru b ,ut I sir a h hu’nu a d. i r c~u,’ puurti utn cc l  ents ironment) to qua luts theni ,us substi t u te, cc Ire’
t he tine Cstat if lg is 1 u h c ’ x c ’ nm t ,  Fr ’  ‘ i / i  tilt’ COt r s c x u s m r u  rate ’ thubric material s , ‘[‘he only stai n less steel which nuas
measurements . cumpper e s i / u t h u i g  sun thc c m r i l e m  iii (( . (~~(ft he questionable as a t ’ahri c material us Arrnc uc I~ 7 .
in. 10. 1 52 mutt 1 thick sh uiui lu l h i s  I’ hi l i f t ’  si t  hu l i u m ul t 8(1 which has go xl esirromsuuiul resistance hut c cry lose
years, and uunte ’ c ’ ui ; s tuu ig of ’ ths’  c m n s ls ’ n m l  () ,( K14 in. uiuu ci i ln t mu ,
(0,102 mm) thick sh umuul d l as h ,ulcu ~ui t  1( 1 ~~‘ ,ir’. list cu -
t ’ce ’r si lt c i s s n ’ ru n u g  cs. t i t e ’h uisu iah lc  s s t e ’ u us ii i lie ’ 2. 1-spui suire tests sit the stainle ss steels lii hruuck-
botton’u ct t he rive t , ca n - m i e ’ i u u llu- ,i i it l s, intcI e lse the’ Isti whi ten show-ed tb/ u t A ISI 430, AM lh1 , huui d “cnnlhc ,’ci
pruc uected l i f t ’  [)epc netung s i t u  the ’ s lc ’t ’ uc ,’e’ of c u s s e’r u m u g .  18 2 are unsuitable for use in m b u s  ens iranment,
suc h a silt haven can h ic e cmnt i 1 ) l i s h  ta- ui th t uugx -  ( I I  re’ Similar exposures of spot.welded stainless sie’t’I wires
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ne’xui lie- ut iii se ’s crc ’ se’utsu t uj .u ii u cmi ,u much lu te /u luieel ci c u’ ru i- Recommendations
s u m  near t he’ welds , -\ II s i ,u uu i less steels tested hire
unscu ited fu ur cc elde’ui use’ i t i  lm rac k ish cc /tier ens inum n- ‘I lie following recuinumeiidations are based on the
metits , resu lts and conclusions of this investi gat ion:

3. I he ht nuet1 ih lue ’ ui u. u te ’ r i. u Is c’s. hihu i ,i te ’ u I pe’ntuinuited I A number of square s shuculd be fabricated from
s l i t hs tac ’ t sc nilv cc ith r e s p e c t  t i c  e’ iirruisie)mi nestst a micc in A ISI 201 , A ISI 430, AM .Th3. and Arn icum 18.2 stain-
fre ’s hse Ic Ier , biocc Ci e m . si lt c c i i  e’nung i’nha,ic’ed t h e  less steel alloys and field tested in f resha ’aten.
c’ s inns is is tnt resist/ i net’ s i t  suinie ‘m l hese ru/i ten d Is, lxii ,
pnu bk’ms e iucs u uintc re ul  ulu urim ig nizuc ’hu uie’ h~unidl imug s i t  2. If the stainless steel squares pertutrni sat ist’ ac-
hese’ matenh ,ils Ill is. e l iu ise ’ Ii iii .1 sir  ch t /uut ge in the ta rtly iii the field, the specification pertaining t u u the
espee’teel l i fe ’ of the csu nup utn e nt, ‘1 1w gals aniied cc- ire tYpe of t’ahnic material (Part II. Sect ism n 1 -02) should
appears tei he e’specialh suus c ’e’ptible as a result cit in- he expanded t( m include all of ’ t he staunbess steels
adequ / ume hudhe’reuuce ’ c m i  the line lit stee l. his evi denced examined in this studs,,
hs. failure at the’ cu r/ u i) test ,  Simi e ’e’ t he worst  trehutme ult
sit t he’ ci ire’ i,ibnie’mu ix-eurs during hianuil iumg in the’ 3, Modifications that would he required ir the’
d usting 5 lit’d. ~usscuii hliuug into revetments , and handling equipment in circler to use the organically
launichimig. t his cucul d be’ .u cause’ f u r  neje’ctioni. coated fabrics should he determined, and whether
(‘ui ppe’r.clad steel a- ire ’s exhibited c ’s treuiie’lv na1)id these modit ications sc’uuuld he csist-etiectic’e whe n
cumrros ion w henie ’s e’r the cimpper cladding was  rup- used in conjunction wi th  organic e’sma tings should be
tuned, ‘ l’he re’suu lts s luuca-ed that t hrumug h-t hick m iess ascertained.
corn ts i diii e’uiu let s us,’e’u r cc i t  hi ii It iii u in t its huller CX pC i—
sure in fresha .iten and less t i  hr/uckish cc /t ier 4, ‘h’he i.tnc-coated wire sheiuld he considered un-

acce ptable as a substitute tahric material unless the
4 , Fxu -ept t im \ ‘M(’H, the cr n e ’ , uuu lc ,  cs mhutul igs eva lu i- l i ft ing and launching equipment are moditiecl to

lilurI pni wucl e lu e lequ h ute ’ c i t rn i ssuss iu  resistance’ f u r  minunii,e the flaking of the zinc coating.
e’,ir himn u steel wire him tile’ ‘SI ls su ss ip fii RIcer Hast e’s. e’r ,

the coatings arc ’ Is isu su It s c ccj t hs l lumi d the curre’nI 5. l’he nolveth ylene-coated a-ire should he con-
hand ling methuids, Ma hsur niu,dif ’ie’ation uc f ’ t he hami- sidered unacceptable as a substitute fabric material .
u t h im i i ,t equi pntenut us uue ’ce’ss~urv tmef i ur e they can he a unless handling modifications are made tot eliminate
viable s uhi s tu t cu is ’ for niethul l ic wires , stri pping ot’ the coating.

S , S e  nis i t i / l i tu s mm i tex i s  resu ,s led that  welding a l lc tss ( ,  Research should be conducted to ascertain the
AIS I 2 tt l  - AM ,Th ~~, and A rm m ue ’ u t 18- 2  euiuld result in ef fec t  eif bimetallic junctions on the corrosion e)t the
sante. Is st ’hih u/e’(l c s c r n s i s iuu m l a t tack  in the welsh I’e Lsion, composite strut-lure. Bimetallic junct uum ns u~~cur
Welded samp le’s cut ‘S 151 3(11 ,u u mu l ‘\ lSl 431 ) had a’henever copper-clad steel tue . w rap. and atichetr
d s m r r u u s u s c ni rates s iuitilhu r h i s  thuuse sit una-elded shuntp les . aires are used with stainless steel w ire fabric mats,
l—.xcept l i i  -‘sM 3h3. f urnilice - sc ’nst t hle ’uI sanup les had
hug hu’n c u mrr s isuu uu m rates t h 5 uu u lus -r e ’ce ’ i ’s ed specimens. 7. Electrochemical data should he ohtaiuied for

the various candidate wire t~ibnic niaterials, ‘[he
ti, 1’ le ’e ’t nise bte ’ imi ie ’IIl c ucr nu ,s uumn i tes ts  indic,uted that electreilyte used should he Mississi ppi River water

t he umpeni curcuim i e’ cm r ns usisu nu rates si t u e  si.i iniless steeds taken hit various locations ,
in iap water  lure’ sunti l / un, I he’ presence st e’hlomride
increases t tie ’ c i  urrum siutit r~u I cx so his ma nit i/i l Is - 8. ‘I’he et’t’ect and extent of silt covering as well his

th~ eft ’ect of the anode-to-cathod e ratio on the corro-
,,ils. luuiic cuiup lurig it ’sts inducl ine mi t / i l  the e- c cr rsc -  st u n rate sit ’ a’ire fabr ic - iuu~ut n iate nuals shouid he in’

suon rate c u t  steel is hice - s - l L ’ n al e ’ u t  t iinuuu gh c o n t acm w i t h  x- e’st ig .utee l to exp lain t he rapid corrosion at ’ copper-
copper, tiuic , ciii this ,’ scuh er iiauisl . c.ifl i isuu a l bs prs ut ect clad steel wires periodically wetted with water versus
ibu m ’ steel e ’t t e ’ e- t i se ’ Ix us hent thie i w u m  hunt ’ c lecin uc/u lls the sluma’er csmrrosuoin rate observed in continuciuslx
coup l ed. imn iersed wire.
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9. Additional new’ materials should be sought for NA CE Basic Corrosion Course (National Association
use as mat fabric wire hind for the wire s , ‘Fable 23 of Corrosion Enginee rs , 1971).
contains .u partial list cc l materia ls suitable teir evalu-
at us un for either application. R epo rt on Corrosion Ted of Metuls in the Missi~-

sippi Ricer (Corps of ’ Eng ineers Memp his District ,
REFERENCES May 1939).

(‘hanipion. F . ,.\,. (‘uirru,’ciuun l u s t i n g Pr oe’u ’d ur u ’s. Shreir. 1. L.. Corrosion . Vo l 1 (John Wiley and Sons .
(John Wiley and S ucui ’ s , l%5). 1963).

Cox , E.. C. Hahin. and J. A leszka . Evaluation us ) .Speaticari ons ~i r  End Twis t Wires ( Wire Forms)
A lre rna tu ’ Wire Fabric Materials (or Art i c ulated and Straight Wires , Solicitation No. DACWbb-70-
Conc rete Mattrs’s ,ss’.s . Technical Repoul M-1h9 R-0050 (Corps of Engineers Memphis District .
A DAOI89SI i t J .S, Army Cutnstruction Engineer~ 1973).
ing Research Laborator y . Nstvem he r 1975).

“Standard Reference Method for Making Potenti o-
“Detecting Suscept ibility t u u  Intergranular Attack in sta tic and Potentiodynamic Anodic Polarization

Stainless Steels .” AS’FM A 262-70 , 1976 Annual Measurements ,” ASTM G 5-72 , 19 76 Annual
Rook ci( ASTM Srandards , Part 10. Book of ’ASTM Standa rds , Part 10.

Fs’uuitana . M. (j and R. 1), Greene, Corro,cio,u Engi - Uhhig. H. H., Corrosion and Corrosion Control (John
p mu ’s ’ring (McGraw-Hill . I%~). W iley and Sons, 1963).

Table I

Maierlala and Suppll.n

Material SuppI l.r

-s , t ’mt 201 Siaintesc Sleet U 5 Stee t
‘ m IS t  201 Stainles s Steel Cenunat Stee l and Wir e Co.
fc rmcsc IS 2 S tainless Stee t Arm uss Stee l
AIS I 43(1 Stainless Steel (‘e’ntrat Steel and Wur e C s s

-‘iM ,l4m,3 Stain less Steet Alteghenis- Ludtum
(, c rhc c n Steel US Steel
s ;alvan iied t vpe C Siect US  Stee l
( scpperwcbd Sice t (‘sslt lmcrsceluj ( uir1i
I” rls .vumc s .I C Iutcmr,do’ - ( ssauc”i Sneet (‘ocuming I- ngmnet’rmn~ Cs mrp
I’m s heet hyt e mus ’ ’ Cumaied Steei R(’Jmuchlie Slee t
V M(’H - ( suaned ‘au- s I  I.’ c cu s um m 4, ‘ arhude S cm r ~r
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Tab le 2

Wire Coslea
Wire (‘oat In Dollar s / Pound )Doll a,s/Kt Iogyam(h

Produce r Alleg heny .Lud lumc Copp erweid Corp.~
1 Armco Steel U.S. Steel

- O ,i4i.ln . 0, 160-In, 0.I4t -l n . 0.t611.in. O.14t .in . O.160’in. 0,i4l .ln. O.I60’ln,
Mater ia l - (3.Oinm( (4.1-mm) (3.6-to m) (4.1-mm) (3,6-mm) (4.1mm) (3,6-mm) (4.1mm)

~~ . die, wire dia. wire die, wire dia, wire die, wire die, wire die. wi se die, wire

.51S t 2usl  t , , T h 5  I 25 ’S -- — —

I h i lt  7 is—i I

.5 1 5 1  tO t I .  )im~~
m
’ I 2M ’~’ - —- — 1.18 i t S

3,01) 2, 541 (2.h0u u2 , S4) -

“ m rm u uc ss 1 .~-2 — — - —- 1.1 3 t , 19  —

(2 ,491 (2 ,h2)

AI S I 4th I ,2 2 R I (195 1,18 05 1.02 0,99
i 2 ” O )  12 ,4 11 - —  — ( 2,tmo) (2 ,3 1) (2 ,25 1 12. 18)

SM (is ) I 4tc I 31$ — — — — —

I t 12  1(14 )

( sippc rw e’td 0,534 ) 0,524 — — —

1,83 ) 1 52 )

(, ,clc s u sie’s ) Sic’c ’t - — — —- 0,2225 I) , 22 25
( 1)4 9) ( ( 4 9 )

( arh,sn Sie’cI - — — — — 0,t ’ 2 5  0 ,l ” 25

(1) 15) 1) 351

i s  cs m st  da ia /urr presenui’s) mr tie’ Psmt ~eht iy ICn~”e’usale ’sI aid because it ‘s num singer pnsiducecl by Re’publmc Steel iii’ fsc r
Ihe’ 1 s i s ) v s  mc c l  e’ htc ’ ruute ’ - c s s ,ilm ’, t steel which us mmcsi e’u rre ’uuitv .~~

h iirices a re as it “m Irti I I ~5 S

~ “ill price’s FOB t)uunkirk I’A nuinui muuin u scr eter t ( I ,IKX ) tm 45b tm ki~I . 5(1.02 wrappi ng and pac kaging
d t h ) ) N K ) Ih (1 3 imi)5 k gl (s aS m ’ . plus S pere-cu mi t cm rs rna l te ’ r  ucnulers ; packaging additiu mnal ,

Table 3

Typ ical Chemical Compositions of Stainless Steel Test Specimens

Carbon Chromium Nickel Manganese Phosphorus Sulfu r Silicon Nitrogen
Specimen (( ‘ I ( r b  (N ih )MnI (Ph (S( (SI) (N) Other

‘ m i S t  301 0 iS  is (( 1 5 ( 1  c u l l  M i )  2.0 Ii (t~tS 0 03(1 I I )  —

A 151 201 iii F’ c m ii Mu 1 S F ’  5 F. 5 ”  5 0.tism( ) 0.030 t ( I 0, 25

Armi.-u c Is 2 ii It ( 18(1 t h  12 )i — — —  (1 54) ( (34
A IS I  410 ii 12 ( S ) i  I M i )  t O  ((( 141 ) 0,03(1 I I)  —

SM t(m 1 (iii 11, 5 4 S — — hi Si) I’miancui m
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Table 4

Composition of R.vetment Concrete

Material Batch Weig ht , Percent
lb(kg (

I I’ r r ’1 m ss  r r s ~i m5 ’,
), cm sst  ( e’nm me’nub I .19 5 s r i .  4 )  15

I-rus s ’ . \ e g m r i .r , u l e ’  5 9 1 2 5 1  5) Sl IM

‘ ‘ s i - sc ‘meg rega le ’ M ’2. 4 i 15) 5 “ I 52 , 11
W aier 11)1 ,1  ) i m  5 )  ~i, h S

l Ot  - ‘ ml c r 4 2 “Sw 4s  11(1,1(1

II ‘m r s r i c r s ’ I u s i a
\uuu t iue ’ rr t I e.ili t me’r ,ihui rc.’ ‘2 ’ 1 122 ( ‘1

uls ’re h e’ lini rm ’ r,ulure’ “2 F- 22 (‘ 1
S ,sm cs l . ‘ mg5~r ‘ g u i ’ R , m ui s m I S S ml ’’ .

‘m’m’ ,ulm ’i (‘ enie’mui i - t a l us  ii “4 5% r ’ r g ) r r

pl-l i2

Table S

Summ ary of Espoaure Test Parameters

Length of
Block Began Ended Espos ure , Specimen Typ e of

Numbe r Fsposure Espo.uue Month s Group a Specimens

I Isisi in “.1 s h ur umug flucu iet ci I )e’Il, u Piumni A Stra ight
2 cmi s l r .s gr ‘mi ss Orleans .5 S nraig hu
3 Ici’.i in “ .1 s p rumug t ius uci ci 1)e’lha Pmum ni A Stra ug hi
4 um a msr,c em ’ ‘mi’ , OrIm,’a mu ’ . A Lsisrpc’uI
5 c mi sum s r , s gm - ‘m’s .s hera as s Lx perunu eni Sl ut ri ms I W I- . SI “is Looped
Sc mu si s u rage ’ — V~’ I S ~‘m 1.uusspeit

\I ,r~ “ 2 \~ug ~2 3 r\ Straig hi
ii M r s  ‘2 M i s  4 24 .5 Sn rau g hl
‘1 S I r s  “2 \ ..s “2 cm 5 Stra ig ht

u I  SI .ss  ‘2 \ s -~ ‘2 .1 5 l.ucs ipcd
I t  51. “2 SI .s s ‘S ltu 5 l ooped

2 SI ,us ‘2 I i r s  “is F’S -5 I.cmccpt’d
I 1 in Su i ’ r ,  s i r  - C I t’l l ‘c 1.umuipt’ii
I I tum si in 4 s l urumi g tI,’~~

) mi s i l l s  Psmc ni ‘5, 1.smmmpcei

‘I lius m mum r iser , S )i rmm mg i’4 mr .5 I ms m pt’ui
I ts S i m s  “I lussI mu r i s e r .  S p rimu g h 5 ) ” c s ‘5 Looped

lost in * 1 s Prr m ici ilsss md at I )eh t ss i’ m r in l  S i_ sxmpesi

5 los t in ‘.1 spruu mg t1ou,~t ml I )cli a i’s rm nh ‘5 Looped

19 M,~. 2 icc 1k’ “2 I ‘S L_ sxm pcsl
11) Sl ,~s “2 M.c~ “1 12 ‘S Looped

‘ms s i - u s pee’i ncr m rs  a ‘re sm i c r  , s r s ’ sl nt us is cu r grc st u ps ulesu gm ia i,’d hs “us 13. (‘, anui I) ‘Fhc nia ir’ ruat s exposed
mu each e’ ‘ m ui j i  arc tisi ed he l m  a cmi Ihe’ , rd. - r ml I hi’ i m s t  ht ucuk

l’) ,u r r r m., rh s rm ,  sc ec ’t . ( ss t m Ix ’1s ~ m ’ ) i l  - 5151 .1(11, ‘ m I S t  4 1( 1, (,.ils cni ,r,’it , Po ivethctene’ -csuated, 5 5 1( 13-
i u . i l s ’ s t  I’’m, 5 - i,’ ‘,i m m ’ s ?

K t ’ Iuicr m c, , rh ,s nm sim i ’ I . m ’I i l m’rweid , ‘s IS I  tilt , 5151 ,25ci . .‘s r m m r s m m  IS 2, AM  It,.)

( Plain ~arhon s i ’ s- I ( ‘ sm ppe’rwelst , 5151 1(0 , 5 1 5 1  2i i l  , Arm s ’ s ’ Ic e 2 ‘sM lt. I, A iS i 430, ( ;ak, cm u c ,ed .
Pmm iieeth ’ i len m ’- c r ’ ,c i r ’ mI , J’Vt ’ ,sscunesi

F) ~l r i m i c m m  l ’s  2 . 5 1 5 1  W i t  51S t  21)1 , ‘cM Iii 1, S I ‘m l 414 1 c l i  st Ihese s l mee ’m n m u e ’ n s w e’re spumi ieclded ,
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Tabl e S )
~~s m u r i  i t s

Summa ry of Exposure Test Parameters

Lengt h of
Kios k Began Ended Ex posu re , Specimen Type of

‘mu mbe r I’scposure Exposure Months Group Specimens

71 ‘ ml, . ‘2 ‘mi s ’ , ‘4 24 A l issipest
22 Mis  “2 ‘cI, us ‘1 1 2 ‘c SI— aug ht
23 S1,u~ “2 ‘m ’ s  ~‘2 is ,\ Straig ht
24 ‘sIm s  “ 2 J u n e ’ “ 2 I .5 Slrai ghl
~~ ma mu ” I s p m i ruci  t i sm u ms l m l  1)e’li.u I’s i i u i i  Ft Lucoped

5 ’ l sss i  mum ~1 s ) s r i I m g f l ’ s )  ci  I )e’ l i.s i’ us un i B 1.iiu ipeet
2” t ,i st iii “ I sprung tl isss d al I )e’Ihis l’ssu nb It t .sco pesi
‘ ‘~ ‘s ,,s “~~ ‘mi s s  ‘5 lii Ft I sisiped

7’ s ‘s ’ s  “2 ‘ c i , s s  “4 IS B I. ims mpeui

141 ‘s, ” “2 N s r u  “S 31-i B I.siss pu,’ul

II m i s t ’  ‘I . s gs ’ ( t R I  B
12 ‘ml i i  “1 h r ’s “is 4 1  B l, sms)pee l
II S i r s  “I I ic~ “u, 4. ) B I,ums s ped
I I Is s’ si ui “ 1 s) rr iu u u ,! llmss md al 1)e’lia I’ui u rul II Slracg hi
)S Isisu ui “3 sprimug tliuuxt .ct l)s.’ Ii ,c t’is in h  B Siraug hi
li-s Ism ’ sl ui “I s prumm e th is’s) ci l),’ lh ,c t’uuun i 13 Siraug hb
I” N. ’, “2 Mis  “1 Ci ii Siraug hi
l’s N ‘ “2 Sl u m “.1 Cc B Si raugh h
l’s ‘.,s’ “2 ‘ m l i i  “ 4 11$ B Siraig hi

4cm mm s i , ’ m , u u ,’ r ’  5 5 1 5  H Si ra ig hi
4 1 m u m sI ,  ‘r igs ’ WI 5 Ft Straig ht
4 .’ mu siimr .ige - W t 5  B St raig hi
411’ S,

~ 
“S l)ec “)r iS  C ’ Siraug ht

44 S ip  “S i)ec “1 IS (‘ Slraug hi
4~ Sr ’~

m ‘5 I )cr. “Cc I” C Siraug hl
41-s ‘m~’l- s “~~ I ir ’~ “Ci I~ (‘ Siraug hl
4 ’’ ‘s r ’)i “5 is- i’ “is IS  ( ‘ S i r c m e ’ t r r
4” Ss ’~r ‘

~~‘ I is ’~ “Cm IS ( Shracg hh
4’i in ‘.1 1,5 c m ’ W I S  ( S m r auc,~hi
541 mc s l s r m ’ ,s i ’e ’ 5%’) 5 1 ‘sir , i ig hi

“' I ’ m  i I l ” r ,  ‘ r i C s ’  551 1 ‘ml r . ui t hh
5 5 ,5 iii sl u g s ’  Vs I S ( ‘iir,,igh~

‘s’s I Se p “S I )r’~ “Is h~ 1) ‘sir,c u sdri
5% 7 Sm’ 1 r “S I )cs IS I) S Ir , cs g ) l i

‘s’s 1 Sip ”S I )s ’,’ ~5 r I” I) Sir,c m~~hi

hs pes’un ue .mi s m 4 )  h r r s s r u u i l r  45 i r s , )  ~s
5s ’ I Ihrsuug h Vs I ac re ’  r - s ) r s s s , ’ s I in a )r r ,s~ t i c ) ,  is a i r i -  ls ss -a ii ,sn in ihe’

‘miii h u r l  C , s m r , u I  t ue _ cr  N ,’,, i Irle ’ isi’ ,
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Table 7

Fiet’tuim ’al Resistance 1)ata for Wires Exposed In Brat-kish Water

Resistance Resistance After IS Monihs of Exposure, mU
Before

Ma terial i’,s posurr , mU Bloc k 45 Bloc k 4$

5151  ‘ ci (  4 4 )5 I I  1 14
‘ mISI  (( it 1, 11’s ls il I, liii

S r  i r s , ’  l ’ s  ‘ I i  “ I I  IS  IS II 5”

“s I S I  41(1 ,r )~~~5 7 ii ”

‘ml Ic , ) 1 1 5 1  5 IIiu 311 ”
I -r i ) ’ ’  s i r ‘s r , ’ s ’ l I Cull 2 , I S  2 . iiS

I s , c l s , u s u i , ’s ’m I 7 7 s  2 “fi 2 “Is

1 1 1 , 5 ,  5 7 ”  )

Table 8

Tensi le Test L)at a—AISI 201 StaInless Steel Wi re s

Max Imum Tensi le Reduction R, t’ Failure s ,~
Load, Stren gth , In A rea, Location

Specimen Uhf ) “~ I ks l )MPa) percent

I Slu ’ \ I r s r ss ’it ‘ m r , r r , , l . s m , l  I - 4’ ,‘“ 12 i h 1 2 ” l I ’ S I 2 2 ” i 14 - ‘ ‘ 4 7
7 4 •— ’ . i  , r 1 , r 15 I “ ‘5 171.1 ,  1,1 — I

4 caX I I  Sli, I r I Is I ‘ 1 2 - IS’  :1” I r 41r

4 .4m,sJi l ‘1 5-Oil I ‘ ml  ‘ I  ‘45’ 15 5 5 4 ’ s

‘ m i m i - s ,’, .4 ’.m,~i 1 2 ) 1 1 7 ) 1  PSI’ 1 1 2 4 1 s  IS S — i) 44

II I’ rm’ ’ .hss , c i m ’ s  I ‘

Cu u’uismn ihs ‘III , I, sir , -14 ” ” ’ l ’i ’  i c r ” ,  “1, i t 2 l . l i  11 1 5 5 5 5 5  a _ s l u m  ii 441

IS nussnit us ‘ I l l ’ s  is ) ‘il (“ “I) ‘ 2 1) 12” i 155 1 1 2 4 1 1  l’ cm I II smu ,c i , ’s 114 ’
11) nis mfl h h s rR i ,s , lu ‘Is, -1-414 ’ ‘ I ’ S ’ .  ‘ I ’  I “c m 1 ‘I lu ‘ m S  ii ‘its ‘s ’S
15, n u s m u u l t i s  1) 11’ ’ ,  h I ,  — 41s4 i  I l’il’i i ’ mr I “ S ‘ I  2~~ ” 5 Si( 15 )5 is i S , ’ , Is S i

4 1  i , u s s l l i ) m ’ , l 5 ] - ~~(, I_~l 4 ’s( S I I 71ic Il ls) III)’ 124 1 i IS I II 5)5 a d I r  5 5  45

I I I  II, , m , k u - I ,  ‘s4s , , li  r t ‘I’’ ‘ ‘ sl urs ; ’ .

r mu s mn l t u’, ‘III , is 151 . 1 — 1 4 5  ) 2 ( WII s , i ‘III 124 1 )  3$ , u.~ Il lS aa ie ’ u 1 455

a ll IS’ ) m r s 4 “S n u l l  s t r , s m u m s ’ i s ’ c ’ 111)2’ . Si) fl ‘ I l l r r , r r s ’ I ur i s ’ . ’ .  s e’s ’ h i , s i l ,
t ’ K.il s s s  s s i  st r s ’ mug i tu ‘ s ’  h ’ . ’  s lim’ s 055111 ’ .  is ’  c s m ’r.cgs ’ sc re’mugi t i ‘‘I l I r s m ’ \ j s s s ’ . m ’sI s i , i Iui t~c u’ its

~ I rue sh r , cun  s t I r i s  i r u r m ’
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Table 9

Tensile Test Data A ISI .~0t Stainless Steel Wire d

Maximum Tensi le Reduction $4 , h Failure
Load Strength , in Area, Location

Specimen Ibf (N b ksi ) MPa) percent

I I. nn r ’ ’s ;m ss ’ ,s ’ sI S n . u r l s l , u r s l  I 4! Mc ) 1 1 5 , — u ) ’  ‘Ill 1 l”’s, 11, — 0. 4”
2 4 1 1il I IIsI2ts i I’S” ‘ l l ’,lS I 11, 114 ’ s

4)5 ”” 1 1 5 1 2 1 , 1  195 S I  144 , 14 5 - 42
4 III ’’ ‘ I S I  r e , , 19S 11144 1 1” II 4u,

5 , 5 1  .uu,’u ‘ $ 1 1 2  I I  ‘ s C u l l ,  I’ S ” ‘ I  ISirm 15 , ” - ‘ - 0.44

F re ’sh a s i r - i -  I ~1,, r ’- l , r ’es

I nusm r m i h B li ss_ k 1 5 5 5  4 114 I ’ l ’ ” ’i,’I ( 5 5 7  ‘ I  In ,4 , IS1 , 11, 5)” s’,_d It’ r i 5 ’ I,.l
1 umumm ru i hn, S BI u s s ’k “I 15111 II - 14” l III ’ II 7)4 1 ,  lIm 2 II ‘15 ad ler 0.45

i-s s m r s s s , t t i’, iitlis’k ‘II i ’ Sc l l  1 ‘ 1 4” ) l’ s ’ 1 2 545 Ic, 2 1 1 5 1 5 -  ss , s r m ’r (1 .4’s
is r iu ssn mh s BIs ’ s ’ k 151 42) 11 1151 ,52 1 7(5 1 ‘ I  iSs, , l’-( us I 1)2 aa ie r 0,22
2 muunrhs l B I u s k  7 2 1  4 1 ’S  5 ( i r S ” , i ,  71 11 ‘ I  3” ’i ’ 1 5 1 )  1 . 02 csu nc rele ( 1 .4 1

i ’ s  uns r t l ’ .  I (-Il ’s_ k 1’.) ) 4 tcc i l )1,ir ”i54 i t’l’4 ii 1”7i 1—4 5 I Ill s,’ss fl e’rChC 114,1
‘-4 nussm ui hs 5BI~’, is ‘ 5  41 1 51 1 11141 ) 14 1 I’i4 ‘ I  115, I” — 55 ’ 4 5  ‘.‘sing re’le ’ aaie ’ r 0,4”

unie- rtacc
15, nussr iths ‘ t3 l ’ s ~ is 7)41 (~~S(I I I  ,5~Sc 54 ’ 2 112 I I  )‘I 11 NA  1, 03 N- S
is, fl uusfl lhs sIll s’. k I I I  4 111 1 1 1 5 7 1 ” , h5 )~ 1 1 .144 1 N. ‘5, I III N ‘c
4 1  mll ,,ni ihs ‘ I1l ’~~k 12 1 -III 1.1 ‘ I  ‘‘5 4 1 ’  15 12 II 174s 15)51 51-lI, a’a ier 11.51
55 r n c rs , nhs IBI s ms ’k 12 i  4 11, ” s i S S . l’s r 15)1’s 1 lis S5 3 ) 4 ( 5  1, 01 s_’cs ngreic t),4S

I~ n r s , ’ , , t hs IF3l ,5 - k 4 4 51 ”iS I 1~~1(1,1) 15)4 I I  l1” r i c e s )  0,9’.h c us ns_’reic Ii 41’s

iss i cmi 4 14 5 1 , 5 5 1 1  , l i , su m ru ’ c e ’r il l  ‘ I  ‘ss
~ 

in II 14 - Oli n, ’ I s , ~i5’.5 se’s,- Iiis n.
I s , ’ ’? s i renerl ,  s t esp .ss i ’il s 1sm’ e lmmu, ’uis is) ,iir ’n ,,gs ’ ‘ .nre’ , , s t n ? l  ‘i su f l e ’X l lsS ’ .s’sl standards .

‘.‘ t r u e ’ . n r .s s r i  u i  i r s ,  s i n s ’

Table 10

Tensile Test Data -- - Arn ie’s, 18.2 StaInless Steel Wi re ’5

MaxI mum Tensi le Reduction R , t ’ Failure
Load , Strength , in Area, Location

Specimen Ibf( ~~I ku )MPa) percent

I I sI r ’ ~ is. ’.’’ I Siansj, mr ,l I ‘II’lu I , ‘u25)s,s 2i,S 1 ) 47” ) I t  — - (1
2 2-12 ” I I 5 5 ”Msm) 10’.) 1 7 1 . 1411 I) -~ (1
1 2 lc~~l ‘ lu- i ’ s ’, Il lS 1715i11 5 I) — I t
I 2 ISP ‘ 1 5 5 - h  5 ’  299 u20i’m2) (1 - - (I

A s ,’rage 744 14, (1)26’ s 25 ) 1 121) 71)) 1) (4

) r,’s lua ml, ’! i -x 1 u,ss iu r m’ ’ .

i’s n~~m rmt h ’ , m13(ss s , is  151 ‘lid 111)1 , ’”) .445, 12 1 III) II 1 . 514 s s I u s i ’rS ’ ls ’ 1)
Is  ‘ n ’ s , s , r ) s ’ .  i ( 3 l , ~~ k (‘S I 2 (‘sil 11)4 ’s II 299 s 2 i S c s 7 I  (I I 152 aaier (1
((I f l mss l i l ) s ’ .  I Hi’ .  ‘Ml 2 4 u S d  I I(Ws ”Cui .1414, 211 0)  NA 1 ,04 N’ s  55
Ic, ruuss r i I h~, iB is’s),  1(11 21111 (11 ) 2 lOs 2145 lt’(Sti ) t) I Ill ad ler  I)

4 )  n ism nih’s uI l ls ~ is .121 221)3 5 5 5 “ (5) 1 2”~ II 59”)) 1, 11 1)544, ,‘s ’ m ,u ’rcte (1.01

I I I  Kr,,’.), ishi Vi’a is ’ r I x t ssssu dr e

IS s r i,,),’, HIss  is 45 s I , ~s M l  (5 . 44 ) 4 )  I “II 1 1 ( 1 , 441 II I) ‘m2 aaier (I

I ’ S ’  in (2 . - I’  nincls lianuci ,’r . ‘ , S i c ull sq mu m ’~ I nmni 5 ) c rs ss ’ s ‘ss ’ uh Isu l d .
Ii (-C s n , , , , , )  S i m s ’  u g h  h ‘ 5 )  n 

~I ,’ .~’ I s~x’u i t s ’ s - i s ’ .  u s  as m ’ r ,t gr ‘,i rc ngth sm l dine ’s psis ed sisa ns t ard s ,
I rc j u - s t ra i , m it ts , s ,  l ist ’
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Table II

l’enslle 1 e.t i)ata AIS 1 4,10 StaInless Steel WIre d

Maximum lenalle Reduction II I’ Failure s ,’
Load , Str ength , In Area, Location

Specimen hf N, ksi lMPal percent

I lIr ‘.~‘ ‘ - ‘ . l ‘s m ,inl,l .ur , I  I 4 ) S t I  1 5 1 2 1 , 1  I l ”  5 94 - ’  42 — S I  l ’s

2 - 4 5s ,u I I I ’ S l’ .Sls I I ’S  I iu’.5~ 12 d l  l ’s

5 . 4 5  l ’  1 - 5 - 4  I,’,, II’S ‘S’~l’ II) , ,  is ,
4 44 ‘d l  ‘ i’Ns ls i l’  14 1 ‘l ” 7 ’  i i  — l~ 01

\u ,’ r .sL ’ ,.’ -I lm .’ ‘ -I’ - ‘ ‘ I l’s ‘ ‘ s ’ S I  41 . 2  I I

I i  I n r ’ , l l i u .,l,’r I ‘ i i  -
I rn m’ rui tm II ‘ . 1 ’ ’ ’  - I l l s ’  . ( 5 ~~l” 5 1,11 ‘ s l  2’s ” I i’ i 4  _ . iLlS

ln n ; ’ s r , r ln s HI ’s-k ‘I 4 2 N d  , l5u ,~ ,’ ’ 1 5.1 P4 2 5 1 1  I I  ‘ic ad l er  1 5 7 5 )
Is n,;s ’ r , r l , ’ .  Ul, ’, is ’ S ’  4 _’—al  , l ’ s ’ i c ’.I, I i ’ s  ‘ ‘i ll  - 1)5 .4 Is ”)” ad l e r  1 45,

17 nn , , ’ r , i l , ’, Ill,~~k 22 1 -i .’’” ‘ i c I~~5l I I’’ ‘i s’s - 3l, S 1 5 5 ) 5  cisne- reir’ 55 51cr  1 u-s
in t m 5’) 5,

74 511 ,5 ,11 k ’ .  ‘III ’. is ’ .  4 1’ ssI ‘s—s I P Ill , ‘iI ” I 259 I l ’ Ms  s, us ncreie adl er  “4
nt cr1 as _ c

l’s r , s ’ s , l I,s (II.’, is I I I  4 ’ ’” I I ’ d ’ i S I  i ls , r ’ i d i r I  ‘ m S  II ‘Os 5,’, N-S
“S nu’snt h’, ‘ ( IL ’, is 1 2 1  4 1 1 .1 I l’ s 11ss4 .4 ’  sM’S’ 44 5 095 cs’ne’re’he ii 42

I I I  Hr ,,,k~’.l’ ’m% ,cts ’ r (  s ; ’ . ’ ’ , , i r ’ ’ ’.

I ” n i n t h ’ .  ,I-( l ,~~ k . 4 — - 7 s, ’ Ns  ( I  i ’Hs’sI  5, ” 55151 7 5 )  II cr2 s’. ,u Icr l u ( ( 2

~l, 7 c w 1 . , r ,  ‘ ‘s ninm iduarr ue’l,- r , i S l I I l - ’sq in. 1 2 11 1 ninI’) ,rs” .’ .  ‘ss ’ , i i i s l u.

I’I~~i l , , . .i ‘ . l r m’ !n c r l ,  sit , ‘.~~i ”.,’~ I spc ” . i m is s ’li’. Is ’ , ,sm ’ n,sL ’m ’ ‘ .i rs’ , s s ,’lh is)  uinex p’ssed ‘ , ia luetards.
I r Is,’ ‘.n r ii ii ,s I It,,, I 5

Table 12

Tensile Test Da ta — AM .34)3 Sta inless Steel Wire’s

Max Imum Tensile Reduction R, h Failure
Load , Stren gth , in A rea, Locat ion

Specimen Uhf (NI ks l ) MPss b percent

I u s ’ s ’ . ’ ’ .’ I Sl ,, , s s) , cru l I 4u,i )u i I ’1(4 5, I  I 124 55’ ., 4’s 5 111,5

2 41,5 11 I _~i O i l ,  I,’4 ~SSI  SI I —

41s1 1) 7 ) 14 5 , 1 1  ( 2 4  d M 5 5 5  4 5 5  I l l s ’

-I 4 5 5 1 1  21)44,11 I 2 1 ,S’ .S  I 455 5 1) 5,5 )
5 , , ” , , ,  4 i, iSl  121)41 ,1) 124 I S SS I  4 5 5  — 11 Cc ”)

UI t ’ r ,’sl ,s,,c i ,’, I , s .’ ’  i n s

Cc rn,s ,uth s ((l ’s is III 4” 1 _~ll I—l i ,  1 2 1  l5’s”~ 4” 7 (( . 99 ,‘ s ’ n , ’r s ’ Is ’ si - s ir
l’s s im , ’ sss ) , ’ . ’ K ’ ’ s -  I’ll 4’7) I I 71511161  1 2 2  154 1’ 4’S 5 I l - i S  s_’ ,snc retc adle r (I 1,5,

s mu is ’rt,s, ,‘
i4 p s,, ‘ Os ’ .  ‘ ilI’~ ‘s n I 4 ‘S ‘m i- a s 2-I sS ’ .~~’ NA 1) 99 5.5

ti’s i s - m O s s  ‘Hi -- I 4 4 55 4 i’ ll  I I ’i,’ IS( I I” 5 145 1 ” , ‘4 15 )4 a-atcr I IS
4 4  ‘ ‘ rh’ . I i i ’s I 4 2 i  4 ,’ ( I l  I IS ” 2u ,, 11 4  “515 ’ 5” I 1) 92 ,,‘,mns,-rs’ is’ 0 55

III (It ,, ’ .), ‘,ti ‘mS’ s 1 s t  I ps ss udres

- - i , ,s s, n h’. SlIIssc k .l’’ ( 9 1 $  I I  ‘-4 94 1 I l l ’s ’ I ” III  ‘Il ’ OS’ , az,i,’r ( 5 49

54) 71 - irs l ’ s  “I r u s u m n d , t , , c m r s , ’ l r ’ u  S I l l ’  ‘ .s( us, I .’ I Is im,m ’Is,’rcmss si-i m n s I s i

si s t r m’n gt tu  ‘ ‘ I s~~ ~~~~~ 
I s) is ’ ’ . s s s l n - m n ’ .  i s  , S ’ s ’ 5 ii5s’ ‘st re ngit i mt m u s i s ’ c ) r s ’ s m ’sl  s l ,si i,t ,d t , ts

‘.] rut’ s i r , ss , ,  c l  Ir,,, s i r s
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Table I .4

Tensile Test Data — Carbon Steel Wire ”

Maximum Tensile ReductIon
Load , Strength , In Area, Failure

Specimen l bf( N) ksl )MPa) percent K, 6 LocatIon

I t ’ n m m ’ s~ss sss- i t Si .c nu ,t,s rsI I 422 ”  l I 5 ”’)lI 2( 15 ‘ 14 13 )  2 .4 . 6 — — (I 7”
2 4 18 (1 5 ( 5 5 ( 1 ,  20 . ) 51 4 ( N)) IS S — 0.2(1
.4 4 2 2 5  I I S ”’il, 705 1 1 4 1 4 1  19 ,0 — — — - 0 2 1
4 4 1””  I II,’s”Ils 2113 114 111) 19.0 — — (1.21

‘ m s s’r~iu”’ 42)1 1 II )46141s( 204 114 11” ) 21)1) - — - — (1 72

II I- ru’s h,, ,, l i- i’ I ‘s b~ 55i5 r,-S

I mm s ’sn t h I Ellis’), I’S) 4 5( 615 ‘ I  “ S’O) 192 1 1 1 2 4 1  I’9 . Id 11. 94 concrete w at er (1 22
interface

.5 n,s ’m r sh s I Hiss ,’), ‘I 5 .1511 I I  49(111 11,5 I I I  “51 26.5 (( .811 conced e alter (1.3 1
inter) ace

1, nuusmmul hs ( K Iss , ,’), 91 .145(1 , I S ’ ,4l, s Sm ” 1 1 1 , 6 1)  21s.S (1.82 a’aier 0.31
1151,,,, is 45 I .11161) I I  lSlmi,I 414 111 12 1)) 29 .15 0. ‘3 a’aten’ I) 45

I 2 on, ‘II hs I BIsu,,’), 21 il 21,”” 111595 1 1311 1596) iS 2 (1.154 concrete waler Ii 4,)
interlace

(Is mssnth s  S K I ,, is 155, SIll “11251 7’ (53 11 5 1 . 2  0,314 concrcic ’ water O. ’2
i nter lace

24 rsrsun ihs iBl ,m’.’k -~s l5 I II 1 ( 15 5 ) (1( 1 ()
Ill nui s mu uh s I Ills,’.-), ~ , ,l II 101 I) 10) — 1) —

Ii, msm f l m) m ’, iBlus, 4, 11)11 11 (0) (1 50 ) — 0 —

15 ,  152 sri ‘ 4 II nssml i lp c mnsm ’i,,-r . 01)71 ‘sq un. i I .i.3-rn nu ’I c r i ms s se ’ c lus ’n u . c rrue Strain at t’raclurm,’,
b Hal r,’~ s( ‘ , i rs’ nghh sit expisscd s p c c d nmen ’s I s ’  ,cs i-rage’ ‘sIrength ssfunexpsssed siandards, d Cssmpletelv cerrsxled un iss  ta’s’ pieces .

Table 14

Tensile Test Data— Galvanized Carbon Steel WIre”

Maximum Tensile Reduction
Load , Strengt h, In Area, Failure

Specimen lbf )N) ksl )MPs) percent R , (-’ LocatIon s i-

I L ’ n mc ’ s puis c s l Shandars l  I I “ Nl  ) “s.Sil I 1514 (10595 114 . 1 -— . — — 0.2(1
2 lMiNs 58( 5140 IS ’ S (11)96 1 15.5 — — — 0 .21

1511) IMO S I l  15(1 111031 l” .S —— — 0,19
- “ ‘ m i m er’ 15411 )5451 r I ( 5 ~) 11096 5 18.2 — - 11 . 21)

I- re’sha ,u ie r I ‘ . p s m s l , r n ’ ’,

I sr , ‘ nun ) , I Ills’s is 191 I MINI 18(514,1 IS’S I tO’S,) 25.t( I (S) cs’n,,- rt’ue’ a su er I) 255
inhi’rl,tee

4 mus t i t tu ’ , sI3l,~ is ‘ ‘ IS I S ’  154551 ,1 I S’S ( I I l ’ . ls md 22.5 1 . 15) cssn c re-t e- adler 0.25
unu he ’ r tace

1, r s s ’ ’ r s n ) , ’ ,  HI,, is Y r  1 14451 ISi llW’i i S’1 1118)1, 1 6.~ 1 (X ) csir is,’rcIe’ water 0,0”
unter lace

2 nu ,s nu hhs S H is s is 22 )  I 545) )S’N*m ) IS’S ) lO9ts ( 24 . 2 1 151 cu sn c r r ’h,,’ water 1) . 25
interlace

‘4 nuum , m n)us ‘ ( I I , ) ,  5, 15,44 ) 15 1-441 ) 152 )l II “I 2 1.5 I (12 eimncreie a-ater 11.24
interface

l’s, s r i s ur i ih ’ , lHI~, I Ii) ‘‘6 , “M’-s’,i 161 ( l I l t ) )  NA (( .9’) NA NA
55 r n ssnhh ’ , I HIs, is I ‘I (4 1-I I), l’Ml 1,441 15991 29 2 (( .51) water 0. 44

U K B r i s k sslu S%’ , , i s ’ r  I ‘ 5 Isss u r ’ ’ ’ .

IS ni,snths ( HI,,,k 455 i1 S14~~ 5 2 2  (5 ” I 24 11 i 1 1 m S 21  49 , 14 - — a ,,tcr 0,49

I ,‘)l in 1 4 0 5  rn,nII s t i a , r m , ’ m , ’r 0 ( i I i - sq u n ‘ I rnnu~),,’r,iss s,”.’im um n
(-4 ,, i i ,c st ‘ .sr ,- n ,gih s r i 5 ’ 5  

~~~~~ 
s p’s’ s ’ u ni erc ’ s ii , ,i ,e’r age sh rt ’nl g ih cul c int ’x psssec l stsunita rsts

~ I rio- strain ci  Iractt ,rt’
d~ ) I l , l s sm , 54 21 flim) dl, s nr s , ’ l m ’n 0,1)22 sq in. 14 II ninu’l ‘.rs,s s sexI s m,
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Table IS

Tensile Test Data - - (‘opp erweki Carbon Steel Wire ”

Maximum Tensile Reduction
Load. Strength , in Area, Failure

Spe’s-imen lb ((N( ksl )MPa) percent K ,t’ Location

I I , , m ~ss s’ . ,’ s I “ m ,,tus l a n ’ I  I 1441) ‘ ‘ 4 5 ) ” ,  IllS I”461 27 ,’) — ‘ — (I 42
2 144 1) ,m, 4 5 s ’ s l  tO M ( “ 4,61 25.’ 11 14

. 4 14 41 i  i s- I l l ’ s ’  Ills 1 4 ’s ,  2” . (  —. 11 12
4 14 441  5 , li,I I ( 5 5 5  s ”4S~ 2is . 4 — - s II

S s s ’ r ,us ,’, 14 11’s 55,191, 1 11(5 ( 4 S f  7 7 5  ‘ 11 .42

I I  I ~,‘ ‘ ,)la S I l t  I 
~~~~~~~~~~

I (in s Is t ’  Hi,sk I ’ S ’  I i ’ is  Im m I I I I ” ’  t Ic.) I ” h “ ‘ .44 ) 1 )  II’S.) ,‘,sncrcte’ a st e r  S I 46
n nt - rI sc, ’

iii,- ‘nitus I HI,s~’k ‘I (4 ( 5) m,-) 1 15) ISIS 5 “24 , 29 .2 II 9” a-ater 5) 1”
Is nrssn shs I HI,su,’k 55 .4611 ‘1,4,6)5, los “4 ’s ’  30.5 1 , 111 cus nc n’ t’ t e I I  .4”
Sc n i s m n n t ’us I Il ls ’s_ k 114 1 ( 4 1 5 1  I154051 11(5 I ”7 4 5 33. 1 II’S” ts,-a ie r 114 ( 1

12 s s u s s n i i h ’ , I B I s ’ s_ - is  22) 172 ’ s  I ‘4495 92 11534 1 47,3 0.85 c,sncre te 0. 1’-)
l’s s , l s ’ s r i h s  IBIs ”.’), 1 5 55 14 151 11,4115, 1)15 “24 1 25.6 II ’S” cc increie— 0. 44)
24 nss ’s un hs I HIss’ . I, 5 ’  14 111 I) s 7 ” 2 )  105 I “2 4 1 27 ,’) (1,98 water 0. 47
.5i nus ’ m un hs IBIs ’s_ - k 21’s ’ 1) 611  11,15151 1)14 I” I “ I NA 1) 94 NA NA
ii, n, usm u nhs ‘FII ’,k I I I  135(1 15(5)51 1(14 “I “1 N A  ))5)4 N A  S~’m
Its rns m rut hs 1111,,,’), 5115 1 1611 15,15151 104 s ” l ” I 44. 11 51 94 a’aler 11 ,65

nns irn nhs S Il ls ’s_ k 4 2 5 ( 7 ” ) )  1,56491 ‘iS ss, ”4 I 75.5 0, 1*1 waler 11, 14
5’~ nus sn sn hs S HIss ’ . is 1 2 1  12 611  I SSi,1I5 96 (5635 42 , 1 11 . 5”' water 0,39

III (In i is ,~I, 55 , m n n ’ n  I x 1 nsm ’ . rs r ,’’.

IS  n is ini hs I O I , ’ ,k 4 ’ s l  I lini, d l md l ” i,l 1 05 I ” 2 4 1 25 . 5 (5 , 95 wat e r  Is 1—4

“II I,11) un, S i.3 () - n mssis , l u ,s r mi e ’ ne’r , O.(I h .l.sq in,. 14 In - nlnl ’I,-r,,’.s scc iiss n, 
— - -

H 5 5 5 ’ ’ - ’ )  sI ri- ngl h ,mt ,’ ‘ s )s s  ‘st - s I a crest is , as e r -age su re’ng l h ii) u nexpsssed siandards.
I rust ’ ‘ . i r , s , m s si  Ii’ s , sure ’ .

Table lb

Tensile Teal Data— PVC-Coated Carbon Steel Wi re ’5

Max imum Tensile ReductIo n
Load, Strength , in Area, Failure

Specimen lbI)N) ksl(MP a) percent R, E~ Location

I I nu.’x pus”ecl Sta nc larul I 1411 1 5 1 2 ,  ~~
‘ 5.111 1,4 ,7 — - -—- II 4 4

2 .11(1 ( I . I”’Is ‘II 14 5 ,11 4S I - - — — 11 .5(1
. 1—Il) II “Ill ‘“ 15,115 52. 1) — — - II

- l .14.1 S1”2 1, l “S (5 ,15,) 49 ,4 .- - — (I s’S
III I I 4 M i s  “'5 5 S~~~) 45 1 - — - 0,81)

I I  l- ru ’ ’, ha,,icr I ‘ s i r ,  ‘ s l i t s ’ s

I ,usssss i iu HIss’ .’), t ’SS 4( 11) 1 2 , 1.145 IS  5469) I”. .) 11, 9(1 ‘usnct-t’te 5 1 4 ”
4 nu usn m h ’ , 114 (5 ’ s ), “ 5 12” 1 1 4 4 1 , 1  “4 (510) 215.’ (1 ~M cu’incrt’Ie’ water 0 .41

unie’ rt s,,,,
Ii rn,snths I Ills ’s I, ‘ S d  .154 ) ) ) ‘ s S ’  “1 5455 49.3 I 1)5 concrete 0.68

12 n i iss i i t hs sIll’ ‘s,k 721 151) 1 S5” ‘5) 54 ,6> 4(4 , 11 I 05 water 0,1,5

24 n,ss nlhs SH Iiw ’k MI  1 2 )  d l  I l ls  “I 149(11 51.1, (1, 94 water 1) “4
44, nns ,, s i) us IRis,,,’), II I 4’)) II SS’7 ( 5’ 5 (5(5) 1 N/i, 2.05 NA NA

“II II’S Sn I I  ‘NI ti m id ilu,, mnue ’nt’r . I )  i5 )4 .s ,q In , l2.14 - nsni ’ ) s _ ’ r,sss ‘ . , ‘ , l us ’ mu
K,,n i ’ s -I ‘.1 reflgh b u s t ’ I’’ ‘~ ‘s) Spes_’irnelu ’s i s,  ave rage si rt ’n gt h srI  s u n s , ’ ups si-cl ‘s i su ndards,

I:’ , rut’ ‘.ir,iln 11 Is , , ,  i s , rm ’
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Table 17

Tensile Teat Data— Polyethylene Coated Carbon Steel Wire11

Ma,,,imum Tensile ReductIon
Load , Stienith, In A rea, Failure

Specim en UbIlNI ks l)MPa) percent Rh  Location

I L’ nexpsssm.-d Siandard I 4 2 ” > ) 11599 .1) 21( 1 (14481 24.8 — -— — 11.2’)

2 42” )l I 1149’) 0 2 111 (144 5) 22. 5 — — 0 25’
1 42 61 ’  1 159(41 204 144 11 36,11 — — 5 5 4 ’ s
4 4 7 ’~’ 1159(14 ) 2 (8 ) 1144 11 24 .2 — — 11 25

‘\s e s a L ’ v  4781) I i14 ’s4 141 21)9 ,5 ( 1 444 ) 2” . 7 — — 0,32

II Fresh’s a he r I ‘sI’~”s iii’s ’s

I rnssn nh (BIss- k ‘4> 42 (115 I I 141,52 1 21)), 114 71 ) 1 29,14 (1,99 ,, ,,k-r 0.21,
4 months HIss,,’), “I 42-,1I I I  ‘c’il is) I 2115) 1144 11 2 9 2  I (S) waler 11. 15

Is m,smsnrh hs HIss,,’), ‘51 .41 (51  I ( ‘ 5 1 7 1 , 1  2 1 1  I (4 , 6 5 )  2 1411 1, 01 ,,‘sin,,-rch,’ a,c It’ r 0,3.1
inIert ’ace

1 2 nsmsn uhhs lBIsss, ’k 22 1 41(54 1 5154 ) 14 )  21)1 1 II i”9I 2’9 .2 II,9S csm ncreie w ater II .45 ’
unlertace

24 nuss nih’, IHIu’s,’k Mi 42 .61) 5159( 14 1 751’S 1 144 1) 215. 1, I (S) water II 4-)
Its rnsm nihhs (Bloc k I I I  4 I’ll 194 ,151 2I ’ 1 (I 5101 N-S 1.03 NA NA

‘il l 1151 sn , 14. 184 mm) dn am ener , (I . O20’sq in. I t _ i I - mni ’l c rs ’ss si’ ,,’ Is ,s nu
2’ Rats ,, mt s l r rng t h s it exp,’sed ‘specunuens iui average slrengih cit uncxps ssed standards ,
c I rue’ s tra i n s i  t ’rac lure.

Table IX

Depth of Corrosion In Copperweld Steel WlreaLi

I~,xposuie Depth of
TIme, Corrosion ,

Block months In. )mm)

I i- reshaaier Exposure’

I’S I 1 1 1 9” 11.19)
.1 11 (1117 12.21)

I I I  .1 15 ,0”’) (2. 1) 11
‘1 1, 1) 224 ISt,’Sl

2. 4 6 11 2I)S 15,2 11
1” Is II 71,4 (Ii , ’ II
114 Sm 0.2 51 , Its 5,4)1
21S 12 dl 1”4 4 , .’ )) >
22 12 0,2,16 (5.99 1
2’ S IS (1.51 2 (13(S))
ts5 is II 4 .1,1 III AS))
5 24 (1. 4.1. 4 ( J j  (5))

2 ) 24 (1 .4 .1,) ) Il(S))
151 44, (I l’S (9 .531
12 43 I) )s25 115. 1*15
.1,1 4. 4 1) . 5~ S) (12. ’ I

12 55 0.625 (25.88 )

I I  Brackish Water I- x l usssui r s ’

45 IS (I M’S 522 275
414 IS 1 151 (25.40)

“All pencirailsin steplhs s’.,’re meacured sin iti~ end s submerged
inc water ,
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Table 19

Asierage Corros ion Rate, of Var ious Stainless Steel. Determined by bS Percent
BoIling Nitric Acid Teal

We idlng Condition.

Electrode Seeondai~ CorrosIon Kate ,
Allo y State ” Lomdlng, lbf )N )  Amp. Cycle. mpg )mm/ yr)

-‘u t , n , ,’ ’ l ’ s 2 ‘5, 0 1 1 1  4 2 ”  ( I  i lls ’

1-”’ II 19(1 II ” lS I  “5511 1 I 44 4 I I  I U
.5 (4 i ’ I — ‘ ‘ 5 4  S I “SI

S’s ’ 7 I  I’S ) 
‘ I” i ’s I  11511) 2 4 91 II 75s

‘S RI ) ’  —. 4’) “ 1 1.1)1)
cu S s  d l  445 ) 1 1 ) 1 4 1  15 441 1 ‘51) ‘sI )

S ‘ 9” ‘ s 2 4 M 1

A I S I  155 1 11411 ’  - — — 2 1 51) SSs

Ws I) I45) 121,1,51 .445%) 4 22 ‘4 10 , 551

S RI  2 1 — — 1(4 .0 1(1.41,1
W( 71 “54 ) 5141,95 ‘~l1111I S 23 .2 11)591

SHi ll — — 19 .9 (0.511
W I II ‘54) 5341s’SI .154)0 5’ 22 “ 10.58)
.5 — — 49 .5 ( 2 . 26 )

-‘ui’ .l 2511 ,SRs I)  - — . — 44 . 1 ( 1.25 )
W I l l  “45 1 i l s ’sSI ( 4 (5 %)  4 ,6’, S 12,4 1,1
.50571 — — 45, 1) (1.1’ ’
55 s 7 ,  I t ’l l  1’s 2 )S 4 S “5111) 5 4” .I 11 20)
.505 is — —-- — 4.4 .8 1 1 . 1 1 1
Ws 11 9144) I 4)” l l  14(5%) ‘ “4. -i II Us)
5 — - . 4 9 5 )  1 24 1

. 5151 4 445  .50 111 - - - 45 ,1 ) 1 1  22 5
W s I I IsIt) 455 14 ) 14(11%) 4 4” 4 5 1 . 201
.5 ) 07 )  — — 414 ,5 II 2 ’ )
W I ,’ Ifl) 1,62195 11161111 49 .4 d l  255
iSO ) I s  — —. — - 4)s 1( 11.14 )
55’ , II ‘5,151 I42” ( S )  4)11%) “ Slt . t  11.4 181

— . “1 ,4 11.141 )

-SM 11, 1 A R, II - ‘ 2’1” .S ‘
“ 54’S

I i 981) (47’ S ))  IS(S) S 421, 9 (8.30 )
1 0 2 5  - — — NI) NI)
Wl ,’ I 5)5,1) 142’ Ud 11(5411 ) — .1211 2 18. 1_ I)
‘S RI 4 ( — . — .4 ,17, ’ s M 4 S 1

II ”)) 15 7(151 1115(51 “ 321s ’) ( ( 4 .401
S . - 2 ,11) , )) 55’ )‘, I

8 - a’, r i ’ s_ s ic ed , l’s ‘ ‘ s,, nss p l u s
W = ‘ss.’I i tm. ’ul , ‘ ne s ans p lt’
S = se-nsuim ,t’d . Issur s is nup k’s
5. Ii is - si a ta s,’, m i s s i s ’ mu s m’ r l’s rm s k i -

12



I able 20

T~picaI Tap Waite Analials (Treasedt

Quantity,
( hemka i log I

Ir’sti ( 1 ) 1

. 1 5 1  c u  I , ’ ’ , , ’

s i ,  s lu ms ,  l’s (I
‘5 ,1 ,5s ~i Is ’ ” , , 5 i i I  4 ’_ II

S s u i s , sssm su sunus I) II im, 2 II

‘sS lss _ ’,l
‘11,1, I IS

I ) , I s ’ r s , l , ’ 4 5 5

Suil t ,,s 1’ 35.0
NI i i , , l s  5 ) 4

P ‘s l k , u l s i i i i ,  4. 0
I \ ( k ah n u ui s  l I d )
I) a rst s,e”,s 8(1. 1)
I s s t a(  I )ussuslc ’ed SI ni-ru, I 1811.1)

‘I ,,rIs,,I s t , I I I)  U nits
( s I,, (( ( 1 units
Odssr S I l l  , i r l s i s

p H ‘III

Table 21

Open Clreull Corrosion Rate, of Stain less Steel, In Tap Water

Corrosion Rate
Material mpy (mm/ yr 10 - ’)

A ISI  201 II ISIS (0.203)
‘5151 .4411 0.034) (0.’152
.S’sI Is, ) 1 1 ) 4 ) 1  511. 51251
Suns , , ’  IS 2 S IA tI S 10 .20 .11

A ISI 4)5 ) l I (S )”  I)) I’S)

Table 22

Uncoupled Open Circuit Potential. and Corros ion Rates
of Low Carbon Steel. Copper , and Zinc In Tap Wate r

Corrosion Rate.
Material Potential, V (SCE) mpy )mm/,r)

I sw 4 art s s s n S b , ’ r l  - t ). i’,45 s 4 5 ) )  l’ s
(‘sipper 4 0 ( 5 ) ”  ( ( I I ”)  5 l ) 511 ’ 4 )
/ , 5 5 ,  — 1 1(1’ (1.34 (0(58) 1
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Table 23

(‘andldale Materials for MIsslasippi RIv er Revet ments

Percent Percent Tensile Strengt h,t ’
Trade Name Type5’ (‘hrumlum NIckel list )MPat

•\I’sl 4 5) ”  I’ I l l S  (5 ‘SI 11,2 11
‘ lit ) F - 12 (1 1,41 14 14 )

\ r s s I , ’ ,’ 455 ’ , F I I  .~ I) “II 4(4 ,1)
Sr,,,,, IS SN I’ (8 II 93 I5~4 I )
( ‘ _s rpcnier \~ I Jr I-’ 1 . 1 II SI, 541 5
(‘ .s rps_’nIer N) F 14 (1.5’ ‘XI )ti2I I

,sq ’s ’ i s s ~’r 4 1-1 11’, ( I”  (I 5845 (4 5 )  SS 7 . 5.)~ ’,)
(‘ rss l, ’c I ’ m I F - I’- l .2 S 9(1 15,2 1)

r uuc i b ls_ ’ 4 1 ) 1  I F I’ S 1) ‘II 148 .45
( russ - iblu’ Brug )un F - I F I 2 0,5 ‘II I48.U
( s i _ i b I s - ( - 1 I—’ II II “1) (4 5 4 1

s m ,  Isle I / S1~~l F 12 II 81) SSS 2 I
i , s , ’ IsI , - I  1 5 1  I” I _ I II ‘(5 548.11
r,sc u)’ le 14 F l i . S  0 84) (5521

~~~~~ NC,iIl i1C IS F IS 0. 2 84) ISS2
HW I F 18 0.5 “II 5 45.11

J&’l 2 ) )  ‘s I ’  F 7)) 0 84) (552)
I’r~’~,’s ’i “II I” IS 0 ‘(1 5 4143)
Rc ps uNus _ 4441. I’ 18 . 5 II (45 ( 5865

‘sit’ 2 F 12 U. S 151 45,4)
4)0 - I F 1 2. 5 II S ‘S (SI ’S
I ‘ nil,,’,’ 144851 F’ 1,1 (1 95 s Ss5’t, l

t ’ nss ,’ ,s l IS I” I’S () ,2 ‘551 145 . 4 )

.Sr mi , , , ,  22 .4 - 4 5 21 I S  ISm4 I (1103 )
I r I , ’, 7 ’ s -S  .5 I 1.5 I’ll III ‘21

r h ,  il’S,’ Ii, I S m I  -\ It, I.)) lOS (‘24)
r us_ u ls l e 2 2 1  A II, OS, II)) ‘5’S)

“ , u r s ’ n i s s , 12’ ‘5 IS .5 20 ((427)
\ m i r i , s u s ,  11 Pu IS 1. 1 11 5 “9 .15

I ‘i i’,,, ts  (1 125 1145,2)
2Il~ .5 

- 
I’ 1 . 1 12S 1141,2)

I ‘~ terriiic slainle’ss steel , ‘s = aussie nuu inc st us i mnts p ’,’s stee l
~51 , , , , ld , ,~~,k ‘ u s ) , m i ’ s  (m r ienus ite s i r e n gt h~ can lx- g rea t l y eli-sated liv cssl s lusss r l ,
‘ ‘s ,u ss s ,  ,,‘, ‘S rmis s  s -  15-2 .
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FIgure 23. Schematic diagram of the polarization behavior iii’ sta inless steels , E. = corrosion

potential : L = corrosion current: L,., = critical potential : I, = critical current density,
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APPENDIX:
PHYSICAL REQUIREMENTS FOR WIRE
FABRIC MATERIALS

Solicitation No. DACW6 6-7O-R-0050

PART 11 - 1ECH~~CAL PROVISIONS

SE CT I O N 1 — GENERAL

1-01 . Gerueral , The intent of these speci~ 1ca tions is to secure noncor-
ros ive fa i r i c for toe rn~nufacture and às~cs ’ b ly  of a r t i c a l a t e d  concrete ma t t r e s s
revetinent. Art ic.il a tec , concrete mattress units or squares consist essentia ll ,
of 20 concrete blocks i n  which is cast the fabric to form an articulated uni t
25 feet by 4 eet. The fib r ic therefore is used as an assembly system for
ln t e t - co nt lec t i ng  the 20 co nc rete bloc k s o~ a concrete mattress unit. To provi~ o
long l ife , the fabric must. be manufactured from a material resistant to corro-
sion when subjecte i to air , or to water of the M ississippi River , whether alone
or in contact with galvanized or unga )van’zed steel , concre te , wood or other
debris , or earth . To provide suitable hand ’,ing and assemb ling cha racter ist~cs ,
the fabric must be sufficientl y stiff as to not be unduly deformed by norr~al
handling and yet OsUSt be sufficiently flexible to permit the concrete mattress
to conform to t Ie irre q ular - ities of the river bed.

1—02 . ],yp~, of Materials. (See paraqraph 2b) The fabric shall be manu-
factured froc ma~~ ri a l n~ v ing  corrosion “esistant characteristics equal to cr
better than tie A ISI , Ty ; e  301 chro m e-u ’ck el steel , or of materia l with a non—
corrosive metallic covering. Bi -n uetal li c wire shall have a min imum cove rir~of at least six trou sandths (0, 106 ) of an inch in thickness , and in addit i o n
shall bdv e a suffici ent th i c ke n s of covering to provide the equ ivalent pro ’.ec-
tion afford s- I t y  a co dtin l of com t’er ciallv p uire copper of 5~~ v th~’u sj ndth~ (0 .Cf lC~of an inc h pro , er  ,

- ippi i ed to the steel core . The coven nq met al must be per-
manentl y arid u t  . r a i l j  a t t a c h e d  to the core metal and must be uni ’orm , de n se ,
non—porou , and f r c ’ e  from inc lus ions , la ps , sea ms , splits , checks and slivers
and nodul es tending to separate or break away from the wire ‘~tse1f .

‘I r s i u s  5/ s e ’ s ti , utis sn l’s, / s /  I,- , 1% ~s ’ i’  i~. 5u ’ ,- / ‘c , ,  s sand , ‘s l ~ s i i ht  O r ,  s ‘ss,I i t ’ u ta t i ,ur i  N~ t )A (’W hI - ‘I) R-tX)5’( t

Ii ups - sI  t us g ifl u ’t’I~ 51’ T u p Fuis I) isc ri , u .
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Solic itation No. DACW66-70-R-0050

S~ CTI0N 2 - FABRIC

2-01 . h~ ’, ic il ‘ l l c n ’ s r t . The fabric shall meet the following require-
ments:

a. S i z e  of ~ i c-es. wi re used in rna ’ii fa ct u r in g the fabric shall have
a nor m al d la ” n ts - ’ r of  not le~~ ‘i an 0,162 inch non mo re than 0.225 inch. Prior
to beg inn ing  o’ ‘ r  ‘ ‘ i jr -  , the C on t r a cto r s i ll advise the Contracting Officer
of the dla -- ’ ts’r o’ ~ ‘ r’ ~~~~~~ ‘ -  tie ; - r - ; , -ses to u s .  A variation of 2 percent plus
or min u s fm ’-’ ‘.~ a; p “ - - j s ’ d  n - ) r ’ i r a l l i a : ’ - &- ’ i ’ m  is 11 be pe rmissible.

b . F i t - r i c i ”ion . ‘up re in ’nr c r,0 + u r ic  shall be manufactured in ac-
‘i ls Sn- an on ‘ n at t . i  0 d dr ,a~s ir i i ,  ~enial No. 14107 File

Cl/3l . 1. T1 i s ~ a i d  loo ps ~, lIdI I be pa ra l l e l  t i  ttis’ plane of the fabr ic ass e mbly
within a t - i c ”  - 10 - 1 ,;r ~es. ~‘.nn the er -d loop is formed by a mechanical
tie , ti ee l hi ir k r ’ a- i ri S l il l l u ,  m d  ud’’’l u ri ‘ ~ u n . Joints in longitudinal
wires of b - - u - ’ ‘lic - ns tr n ti - r u  s h i ll be r’ .ade so that the core meta l w ill to
cove red w i t 1  a minitluurn ‘ t ic~ ‘ uu ’ SS o’ ~s’n -thou sar ’lths (0.010) of an inch of non-
corrosive rui’t ~i l ,  ‘. :io’- ’.ton of ‘he weld ~~~ a h i- r ur tal l ic long itudinal wire shall
be more than 5 in r ” . ‘ ‘n~ nearest r ’- a cfrt ’’ wire. ~,amples of the proposed
joint sh all s s-,~l ’ - ‘ el r cppr . ,- u i  bef or e s t r i p  used. The joint or s p l i ce  in
the wire f i r ’  ing ‘ ‘ is ’ brac ket w in ’ shall be ‘ - i dn  at thin the middle third on the
bracket , i~r , i ( ka ’’i, - ‘ .ay I s ’  made fri two p ieces of wire instead of one , provided
that not rno rc- t O u r  2 per “n’ of the r c t .ul n’j rrt-i’ r of brackets suppl led are made bi
t h i s  meth . d.  ~-. r -i r k s ’ a l ’ s - S i c y  I-” t i s t I~nc’ i  to  the longi tudinal  wi re by rr,ecI’~ nical
or .‘:n~ded ‘‘es as ‘~~~~- ,. ~rs Iho ‘In iw ins’ i , Pu s ’p t  tha t weld ina of b i -n ietal lic w ire
tha t de~ troys ‘ F  ‘~~r -~ - r r - r~y,i ve qu l su l ’  t i e ’, if the wi ri’ will not be permu i tted. Non-
co r ros iv e  fbi h u r i l c a l  s - ~.‘l l  not e required. The limits of error permissible
in the c o r p - I  t s . i :  ‘ ibr ic s r i -  as ‘ - I lows :

Brac ket dimensions: 1/4 inch plus or minus the dimensions
shown on the drawing .

Spacing of wires in fabric: 1/4 inch plus or minus the
position shown on the drawing .

Overa l l  l in r i th: 1/2 inch plus or m i nus the leng th shown
on the drawing.

End loops : 1/8 inch plus or minus ~he specified inside
diameter shown on the drawi ng .

c. la r usi le ~t r e n~,th, (1) Wire used in manufacturing the fabr ic  shal l
have a brea~ i r- ‘, ‘ r r n ’ l t l i  of not less than 4,000 poun ds In at least 75 percent and
not less than 3,~ ii; pounds in the remaining 25 percent of the specimens tested.

(2) f , i h r r s at i o n  Joints. Any joint or splice in a longitudinal
w ire shall h i/u’ a t o n ri i s ’ ‘~t r+ ’ruq t ’h at least equa l to that specified for the wire .
At least 75 pa r ent of the joints or splices in wires used as bracket wire s in
the fabr ic s h a ll have si It - c a k i n g strength of not less than 3,200 pounds , and the
remaining 25 C u c ’ r u . c t u t of I l i i ’  joints or splices in the bracket wit-es shall have a
breaking s t r e r ’ ~ th of not less than 2 ,900 pounds. The end loops in the lonq i tudina l
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wires of t 5 r u ’ fabric shall de~ lop th e  saint’ breaking strenqth specified for the
wi re. Joints t ,i -~t e r uir i -; t h e  t r n u t i - t  wires to the longitudinal wires in the
ta rc r ic  sha l l  n i t  r~’sj~j e t in ’ spec i f i ed  b re ’ k in g  strength of the wi res to less than
3,600 pounds and sha l l  h,u~~e a shearing res is tance of not less than 100 pounds.

d. Bendiri~~, The wire from w h i c h  the fabr ic is manufactured shall
withstand a min i rrr ~riu if seven 90 degree bends without breaking and shall be capable
of being wra p; s- - i  a r o un d  i t s  OW r)  d i a m e t e r  8 c o n s e c u t i v e  turns w i t h  a p i tch sub-
s tan t i al l y  equal to the diameter of the wi re without signs of imperfect ions .

e. F l e x i t u i l i t , ,  The w i re  used in brackets shall have a permanent
deformation a r u - ; I u ’  l s - t . -.s ’- n 22 and 35 degrees when subjected to the modified IZOD
Impact Test prescri tued in para ,raph 2-02e.

2-02. Tests. Tne Pro tractor shall furnish a certified chemical analysis
of each heat 6f hi’ metal (core metal only for bi-meta lli c wire), from which wire
fo r use itr  f : b r i cd t i r i t the fabr ic  is drawn . In addit ion , and at the Contractor ’ s
expen s”, the f in is hed wi n shall be subjected to the following tests to determine
that it meets the requirements of these specifications:

Tensile Str er r~j t h. Te n s i le  tests to determi ne the break ing s trength
of the fab ri c w i re a r r i  v a r i o u s  port ions o f the fa bri c shall be made as fo l lo ws :

(1) Strai ght unjointed pieces of the wire ,

(2)  End loops in each end rf the long itudinal wire in the
fabric ,

(3)  Joints or s p l r c e ~ in the bracke t and long itudinal wi re ,

(4)  Pieces of w i t - c ’ On a5 u l C r r j o in ts  fastening bracket wires to
long i tudinal  w i r e ’ , have been made,

(5) Shear te -~t s  to determine the strength of joints fastening
bracket wi re- , to longitudinal wires ,

At l ea -  ursa ’  t s - r u - ,l Ii’ S t r c r , ’i, test of the wire  shal l  be made of each coil
of w’re a ç p r -  i c ia t su ly  1 ,000 pounds. Oie ‘. ;uare from each 1 ,000 squares of t abric
manufactu r s- u l ‘ t - ~l ) I s ’ s e l e c t e d  and a t~~isi1e strength test ria le of a t  l eas t  two
end loops i n tire cru d of c o .  long’ t u s d i n a l  w i r~ s; four jo i r u ts  i t I bracket w i re ’ .; one
j o i n t  or sp l i ce  in ths ’ longit u r liri al wires , and three pieces ot longitudinal wires
and th r ee p l c  t-s uf f - a u  t it  w i t - a ” . Or w h i c h  j o i n t s  fas ten ing  bracket wi res to
longi tudinal  w i re ’ - nav e  bEe n r ’ ,r lu ’ . Fr’om t h i s  same square of fabr ic , t hree shear-
ing s t re n—; th  t e ’r s of t h e  j o in ts  fas ten ing  bracket  w i res  to long itudindl w i r es
shall be made , Tests on end loops for-trued by a mechanical tie sha ll be made by
holding thu’ l i t - p i ’ - s d i n a l w i r e  and thu two portions of the bent rack bracket wi re
Included it r uui t i e in on e jaw of the l u s t i n g  apparatus. The c-nd loop shall he
subjected I)  a pull a ; ; l  i ci on t i e  end of the loop through a “U” shape d loo p o f
wi re having a nu nm nal diameter of r o t less than 0.195 inch nor more than 0.225
Inch or thr i di h any ap p a r a tu s wh i c h  w i l l  appl y the required pull on the end of the
loop ansi is so desi-:ned tha t its shape at the point of contact with the loop
simulates that of a wire of not le’,s than 0.195 inch nor more than 0.225 inch
diameter. Tests on end loops form ed by a welded tie shall be made by holding the
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longitud inal w i r e  u u t ~~ide the limit of the weld in one jaw of the testing appar-
atus and the rer 5 u r n i n g  ou r r t i on  of the test performed as described above. Should
any specimen f,i i I ‘ - u- c i t ~ne requi red tests , such additional tests as necessary
to detect afl } s u t h e r  u n s a t i s f a c t o r y  w i r n  or fabr ic  shal l  be made , and al l  wi re or
fabric fai l inq te  rieet the requirements set forth herein shall be rejected.

b. Bendin ; . The fo l low ing  tests  sha l l  be made from each coil of ap-
prox i ma tel y 1 ,U~- - pc~ nds of the wire f r o m  whi cri the fabric is to be manufac tured.

( 1)  A length of w i r e  sha l l  be held between jaws having edges
rounded on a 3/ B” r- - d ius , The free end of the w i r e  shal l  be ben t over the rounded
edges ba c k  and t-; r ’h th r- ph an angle of 180 degrees between l imi t ing pos it i ono
on opposi te S iP s’- , cut , and at r i u ;n t ang les  to , the or ig ina l  strai ght wi re . Speci-
mens sha l l be stra l int ir r d s h a l l  ex t + no approx i--uate ly 10 inches from the su.;~:uor ’ t .
Bends shal l  be “;~rr -ls’ at as neanl j a uniform speed as possible , not exceedin q 5f)
bends per minute and in no case s h a l l  the speed be so great as to cause undue
heatina of the w i re . Fach 900 movement in e i ther  direct ion sha l l  be counted as
one bend . Pus num ber of  bends shall ic counte -l until the specinuen is severed ,
Ihen fail ure occu r ’ 5 , 3 j  percent of toe specimens sha l l  have w i ths tood at le- ist  7
bends. Bi - m u s ’t , ill ic w rr e , when broken by repeated bending , s hal l  s how no se pa ra ti on
of the cover ing f u -o rnu the core metal.

(2) A length of wire shall be wrapped around its own diameter 8
consecut ive turns w i t h  a p i t ch  subs tan t i a l l y  equal to the diameter of the wire
without  si gns of iri u t ser -fe ction s,

Fai lure of these tests will result in rejection of the wire repre-
sented by tne samp le.

c. Qualit y of Co atin~~of Bi - Met al li r Wire. The following test o~ t~ u i’
quality of coati~~ b-i-md aIlic wire sh a ll be made on one specimen from each
200 pounds of wire:

(1) Lengt fus of wire after having been wrapped as prescribed in
paragraph ?-1i?t~~2) shall be subjected to a ferroxyl test to be made as follo.’.’s :

First: Samp les shall be irmnn ersed in a l5~- solution by
we i ght of ii y i . u rh lo ric acid for approximatel y
one hour or longer or in a 25 solution by wei ct~rt
of hydrochloric ac id for approximately 15 minutes
to remove ferrous contamination of the surface.
If surface conta m ination is still present , the w i r e
may be irrinersed for 10 seconds in a 5O~ solution of
nitr ic ac id .

Second: Samp le ‘ h a l l  then be immersed for one minute in a
solut ion of:

10 grants of Potassium Ferricyanide
1000 cc Di’ ,t i lle J Water
20 grants of Concentrated Sul phuric Acid



The appearanc e of b l - u s ’ spot~ or l i r e ’, on the samples indicates porosity , flaking,
cracks , or i ’ rs ’i res S’ -lu. i ng t u e  solut ion is in contact with the steel core .
If this occ u r’ - , ‘our ai d ’iti ona l spec i mens shall be prepared and subjected to
the ferrc lkyl teSt. F ail u r e - of any of these retest specimens w I ll result in
rejection of material covered by the tests.

(2) TIme wrapped -,oecirnen shall be closely examined to deter-
urine any i uu;r -m fection s i n  t ’ u s ’ wire. I~ any inclusions , sl i ve rs , cracks or
nodu les a r t .’ tou jri d in ‘‘me sun race ‘u e t al the specime n will be subjected to first ,
the ferroK ~ 1 teSt CS  -is: - ’,cribed in paragra ph 2-02c(l); then to a micr o sc opic
examination to Jr -c ” - l i”  t rue t c u i ; K r - c ’ ~s of sur~cce meta l at the imperfect r an.
Surface metal , rot i nc ludmnq th~ r ” ; e r fe c t i o n , should be of a minimum thick n ess
as required in par a-;r - ap ru l-P ,~. If the sp ”cinuer fails either of the tests , tour
additional spec in :eru s a’.ill be s ’x ,u ru ine d . F a ilure of any of the additional speci-
mens will re su lt in r e I r u tion of the ma terial covered by the test.

d. 1 t u i - s mue- ~ - -u ’ C o-a t i r i~~. Thic kness of coating of bi-metallic wire
shall be de~~- ’ - ’ -u ’ - - ; ’ - . u - ’ - of t o -- following methods on each 200 pounds of wire
from which f ,b ric is to be r uua r u sf w ,tur ’od:

(1) litter thoro- i-; f u i y cleatnng the test specimens with carbon
tetra clon ic , or O t O s  - ‘ ‘ ; ‘ s u i ,e remover , they shall be i mmersed jr nitric acid
for s p p r o x i m u u a t u - l - , 30 ‘ s - c o r n - i s  - Jr longer , arid then removed and quickl y i rrilmersed
in water t- - ‘~~~~~ 

‘ ‘ - ‘  ac ’ u: n o~ the acid. This cycle shall be repeated until
the d ian - eta -r of t r u e  w i r s -  ‘,na l l u , r vr ’ been ceduced at least 2 times the guaranteed
r u l n imu rn  t nic - tr u ss c, ’ t o ,-  : - ,, t, ,l]jc ~,u ,u ’r jn uJ for a length of not less tha n 1/2
inch . If p i t t r - - , should occur’ during this treatment , the specimen shall be
bu rnished ~ - tn st’ - l u ,r)Ol . or  truat part or the wire which shows a reUuct~~u ’ r
i m a dI,u wr tc ’n - ‘ 2 tiu ;se s the guarante ed m inrr’ u u nIi thickness of the copper co- Ieu ’inq
when riea’ ,u ra ’d w rt lu a mi croa - - a’ ~~’r , the ~nrc shall remain covered with the coatin o .
I f a’uj nor ’ -  usle ’-j I  st uou l: bL- , j - , i b ia’ at any point where the specime n measures
t w -  t u rv~’’, f - s  g 5 r ’  u ‘ “ed r i n r nu u u u , thr ry nes s of the covering less than the ori-
gina l d i du  r u - t s r , a n s i -,i 0- 5s u ; - u C u 5  - u S - s i “i a - r u t  of  a dup l i ca te  s p e c i m e n  sha l l  be ‘ ide -

Should t M’  mic rus~ u: pic r-u ~a ,ur c - l u s t, ‘ uOru, tn~ coverin ’ ; to be less than the p o o r -
anteed mm u - a r - ~~5~~~~~~~~~ 55 0~ the co- -er iny , (cue coil of wire which the speci me n
repu’ “‘- c ’ ’ r t  ‘ sh all he ~~~ - - en ti’ ij

(2) l. - u ’ cvm n y suf ficient oa t i ng  and accu r~’te ly gaping w i t h
suit aPl y a - - ‘ u ’ ” app a rat i s.

(3 )  (ut ’ n y off t he  wi re , -i rinding smooth , and etching i ts
exposed c ross  S i r  ‘ i r u , and Jap ing t ry su i tatly accurate apparatus .

(4) Us un g ele ct uc a l u n di c at ing instruments of suitable accuracy.

i- . f l r w i b i l i t j  (1) r”li teri al s for bracket wires will be further
tested for ‘l ’ - ~ L - ili r , . , r s ’ l i m i u r u r , investigations indica te that a modification
of the 1/0 Imp ar, r T ’-ct (APtfi , 123- 4’T , i n -po rt Testing of ‘tr -t alli c Materials)
will estai l i rn ‘ ta ’ sui ‘- n b i l i t  / r ) f  a ty ;ut’ of i’a teria l , strength and diameter , as
af fe c  tin , f 1 e~ ibi lit -

(2) t i r e  lis t sh a ll be made with a pendulum type impact machine
In the manne r prescri bed in A Y M , L 23-47T for the Cantilever Beam (IZOD type )



tests except  that the b low de l i ve red  shal l  be equal to that del ivered by the
T inius - Olsen a pp - u rat as (120 ft . br , I Z O D  c a p a c i t y )  when the penduli-m t rave ls
11 inches measured on t r ’ - -Jord (tu e T in ius  Olsen machine has a secondary
safety stop at  t iPs pos i t i on  on the  pendulur- a rm ) .  The mechanism for releas-
ing the pendulum f rom its initial position shal l  be such that it operates f reely
and permits a free start without i n i tial impu lse , reta rdation or side sway.

(3) The specim en shall be a straight wire of the material ,
strength and d i ~~~r ’t”r :ru pu ’ E ’ P .  P’e spec imen sha l l  not be notched. The length
of the specir os-’rn , ei t er:Jn ng out of t5 us ’ gripping device shall be 28 mm (1.102”)
and the str k;nQ u’ -ecrla ni srn shall deliver the blow 22 ruin (0.866”) from the edge
of the gripping devi ce.

(4) The striking mechanism w: l l be allowed to deliver only one
blow . If the ;u€’ n d- j l - su , passes completel y ove r the specime n , the specimen sh all
be reject~-d. The cpecinuen sha ll be removed from the vise after one blow is
de livered and t i r e rE- c ~lt ant deformation ~ueasure d . Onl y materials resulting in
a permanent defor u -u o tion ang le between 22 and 35 degrees will be considered satis-
factory . -

One flexibility test shall be made from each coil of ap-
prox imate ly 1 ,000 priu u ,r rds of w ire .

f . F requie c~ of Tø~ t s ,  A f te r  demonstrat ion of unifo rmi ty of qua l i ty
of productio n , ‘5 r - - f’ r - s - ~ros r ’cy of the tests prescribed in paragraphs 2-02a , b ,

c , d and e abov ’ -’ , :ru ay be t o - l ured to one test each for each 4,000 pounds of wire
froru’ wh i ch fabric is ~~- be manufa ctured and one test for each 4,000 squares of
f ah’~’c ~~~~~~~~~~ ‘ ‘o~ ’

2-03. Pac~~r -oi r u ’i , The fabric shall be packed in bundles of 300 squares
of fabric laid flat on a st- j ut cradle. The tabric shall be securely faste ned
or tied on t i ’  c r a - j i e ,  [tie rr ’udles shall be so designed and constructed teat
handling loo ;- - a~ ’ ucne ’1 tu C l i f t  un- u frame may be swiftly and easily app lie c to
l i f t  the w o o l ’ -  C r , r t l i -  a n d  tu os rije without damage . A l l  fastenings , ties , han-P-
l iny slinu ;s , tc., st ill be applied in such -~ manner tha t the fabric will not
be damaged or’ s- rt  j r handlin g .

A l l  cost of pac~~u rm q and preparing for shipment sha l l  be included
in the pr ice bid or the f ab r ic .
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