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11E ROLE OF DESIGT IX C@!?P<OSIOX Pm%yTIox 
~ a t t e l l e  blemorial Ins t i tu t e  

Pacif ic  North\;es t Laboratory 
1,)rl.e D. Perrigo 

INTRODUCTION 

During the design of various sys tens , buildings ' and equip!?lent, 
action sllould be taken to  avoid. col-rosion problem i n  subsequent 
periods o f ,  ope.~-atj.on by propel- spec i f ica t icn  of litaterials and the 

. use of anti-cur-l..osirs~i design pr inciples .  'i11e former i s  a conplon 
coilsideratio~l i n  nlost design e f f o r t s ;  the l a t t e r  is equally inlportant 
but frequently receives l i t t l e  attentioil .  Anti-col-ros ion design 
optiini zes the use of layouts, or ientat ion and configuration t o  reduce 
corrosioll a t tack.  I t s  ro le  call be appreciated when one real izes  tha t  
eve11 tlle best  specified sys tei!ls; buildings and equipnient can suf fer  
serious corrosioll dalnage or have u ~ l ~ e c e s s a r i l y  higll niaiiltenai~ce 
costs ~ u ~ l e s s  correct design proced1.1res a.re used t o  avoid corrosion. 
\\%at follo\vs is a design l~ l~ i losop l~y  \\;herein tire application of connnon 
anti-corrosi.on measures and tecililiques \\;ill reduce corrosion losses .  

DISCUSS ION 

Faulty design is often a major factor  lending to  corrosion. i\n 
understanding of the ro le  tha t  design plays i n  corrosion preventioil 
\ \ r i l l  help ensure tjlat the- f a c i l i t i e s ,  s t ructures  , and equipment designed 
~ \ i i l l  fulfull .  the i r  intended purposes. l11e desired systems \ \ r i l l  l a s t  
as long 'as ilecessary and a lso  r e t a i n  good appearance i n  those s i tua t ions  
where esthet ics  are a major concern. llle use of anti-corrosion design 
p r i i~c ip le s  also pro\iides balanced economics tha t  will produce a ~ninimwn 
cos t  wllen capi ta l  and operating expenditures a re  both consid.ered. .4not!ler 
s igni f icant  consideration i n  the examination of system econoinics i s  the 
lmoivledge tha t  appropriate remedial actj.011 during the design stage llas 
a rninin11.1m nverall expense; changes t o  the system or  equipment a t  a l a t e r  
date can r e su l t  i n  prohibitive costs .  

Tlle acceptance and use of design measures and techniques to  avoid 
corrosi.on has bee11 some~\;hat r e s t r i c t ed .  A major function i n  t h e i r  . 

slord acceptance and use has been a lack of uldel-standing of the i r  
elementary principles by des igilers and arclli t ec t s  . The primary tllrus t 
i n  conbating corrosion has been tl1l;ough the specif icat ion of r e s i s t an t  
materials.  Another factor  contrilbuting t o  the i r  limited use is \ \- l~at 



appears t o  be an occasional conf l ic t  between designer goals and those 
tha t  a re  of greatest  operator benefi t .  

Because the e f fec ts  of -  design have been recognized f o r  many years; ' 

generalized rules  have been evolved tha t  should govern the design of 
sys terns ; s t ruc tures , and equipnieiit ; these \-\fill be presented .* '.Subsequent .- 
discussion w i l l  be ce;'ntered on examples of good and bad design pract ice,  
remedies fo r  those unfortunate cases of bad design and d i f fe rent  system 
needs. 

No attempt w i l l  be made t o  enter  in to  .a detai led analysis of 
mechanis~ils . I t  i s  assuned tha t  a l l  a re  acquainted, a t  l e a s t  i n  
general terns ,  w i t h  the basic. foni~s of con-osion such as crevice 
corros ion, galvanic a t  tack, e t c  . Both detai led and s m l a r y  information 
on the types of corrosion can be found elss,~llere.  

Anti-Corrosion Design Rules 

Over the years,  experience has led t o  the formation of generalized 
rules  to  govern the design of systens and equipn~ent i n  s u d ~  a nwmer 
tha t  corrosion is reduced. 'I'able I l i s t s  these recommelldations, as - 
noted or s t ressed by Fontana and Greenc, Colburn, I-lopkiiis and Burton. (3-6) 

Table I 

/Inti- ~ o r r b s  ion Design Reconnnendations 

1. I\hen locating f a c i l i t i e s ,  choose the l e a s t  corrosive erniironment . 
2.  Avoid crevices.  

Join by welding rather  than r ivet ing.  

llesign for  easy draining and cleaning. 

Design fo r  easy conlponent replacement \\rl~en rapid f a i l u r e  
i n  service is expected. 

Avoid excessive mechanical s t resses  and s t r e s s  concentrations. 

Avoid contacts between d.issiniilar metals . 
Avoid sharp bends i n  piping systel~ls . 
Avoid heat t ransfer  hot spots.  

Exclude a i r  from systeins. 

Avoid heterogeneity i n  s y s t & k .  



'iliere a re  exceptions t o  these reco~mi~e~~rlations ; f o r  e::ailple, 
ti. tanil.ui1 a!ltl s ta in less  s t e e l s  are  a-iore r e s i s t an t  t o  acids c o ~ ~ t a i n i n g  

' dissolved oxygen or other oxidizers. Such conf l ic t s  \<ill be - t reated 
i n  greater d e t a i l  i n  the section on d i f fe rent  system needs. 

Gootl. and 13ad Ilesign Practice 

Discussion of examples of good and bacl design pract ice i s  
subdivicl.ed t o  fol101.v the c l a s s i ca l  elements of design sucll as , s i t e  
select ion,  location, 'layout, s t r u c t ~ i r a l s  , j o i r , i ~ ~ g  vesse ls ,  piping, 
and f loors  . For presentation, an arb i t ra ry  d i s  t i ~ l c t i o n  llas been 
made bet\\ieen s i t e  select ion and location. 'llle former \\;ill deal \\iitll 
anticorrosion design co~:siderations involved i n  'placing, f a c i l i t i e s  
within broad geographic areas.  'llle l a t t e r  w i l l  focus on those aspects 
of design to  avoid corrosion i n  narroiily defined areas or even one 
spec i f ic  piece of r ea l  es ta te .  GI-ayhic display i s  given t o  csaniples 

- of those p<ob lemx most frequently encowlterecl i n  i'ndus t r y  and \ihidl 
a re ,  co~lsequently, of broades t general i n t e re s t .  Pa r t i c~ l l a r s  fol1.01~: 

o S i t e  Selection. 'Ihe location of f a c i l i t i e s  and plants is  
an inportant cons iderat ion i n  corros ion prevention because 
of the var iat ion i n  the corrosivity of various environn:ents. 
For s i t i n g  purposes these d i f f  ererlt environments may be 
c o ~ s i d e r e d  as f a l l i ng  into tllsee general c lass  i f  icat ions , 
j.11dus t r i a l ,  rural  and n :a~ i~ le .  'Ule e f fec ts  i n  a l l  are' 
primarily governed by moisture levels and oxygen, but a re  
accentuated by contami~lants such as s a l t  and a i r  pol lutants .  

?he ro le  of hroPer s i t e  select ion i n  reducing corrosion 
r nr-\ 1- h ,,,, U b  bc t t c r  ;;?ders too6 ~iliei; conparative corrosion losses 
a re  considered. Tl~e corrosion of s tee1 i n  the atnlosphere, 
fo r  example, can be 400 t o  500 times as great  on tile seacoast 
as i n  the desert .  ( 3 )  Atmospheric d.if f erences are fur ther  
accentuated by topogral~lli.cal, ~i~eteorological  , a i r  c ~ u a l i t ) ~  
and use differences.  Once recogl~ized these factors  can be 
used t o  reduce niaintenalce and operating problens froni 
corrosioll by j ud icious ly  placing plants \\;here these have 
the l e a s t  econoniic inpact. 

To rea l ize  the best economic balarice i l l  s i t e  se lec t ion ,  
the designer and corrosion special-is t mus t \\;ark w i t h  corporate 
p l a ~ u ~ e r s  . llle l a t t e r  use econo~iiic balances bet\ieen transportations,  
marketing, raw material and operating costs t o  locate f a c i l i t i e s  
and plants uithii l  broad geograpliic areas.  r e l a t ive  costs 
from corrosj.on and ~ i ~ a t e r l a l  losses a t  various candidate s i t e s  
nla). well a f fec t  estimated operating costs suf f ic ien t ly  t o  

. . /' 



influence s i t e  select ion.  To date there has been l i t t l e  
corrosion control input in to  these considerations, 

The ef fec ts  of climate and geography on corrosion 
have 10118 been recognized,. Some organizations, sucli as  
tile h e r l c a n  Society for  Testing and >.laterials (a4Sllt) , 
have conducted prograns over many years to  determine and 
catalog tile re la t ive  corrosion ef fec ts  of d i f fe rent ,  s i t e s  
tllroughout' tlie world. (7) Recently Rychterna and i\'6?mcovA (s) , . . 

developed a ~ o i - l d  c lass i f ica t ion  map t o  sho~v the r e l a t ive  
corrosion and degradation ef fec ts  for .  various geographic 
regiors .  United States  Neather Bureau fog maps, general 
r a i n f a l l  infomlation.anc1 seasonal precipi ta t ion data a re  
also useful i n  ~iiaking qual i ta t ive  estimates of the r e l a t ive  
corrosion beRa-\rior asse nlents . For example, the \t;ork 
of Thos!as and Alderson (3ysiio\ued tliat higher corrosion losses 
\\lere exyerienced than might have been expected from a~uiual 
r a i n f a l l  and ten~pe~atui-e data i n  Northern California . 
Use of fog maps and seasonal precipi ta t ion data as sho\vn 
i n  Figures 1 and 2 ~ o u l d  have helped t o  antj.cj.pate tllat 
losses would be higiler tllan those ex3)erieilced i n  Xew En~land 
and Korth Carolina where there a re  Iligller annual precipitation . 

r a t e s .  In the l a t t e r  txo locatioils r a i n f a l l  \\!as su f f i c i en t  
i n  tile swunei- to  wash off most of the deposited s a l t  fro111 
s t e e l  surfaces. In California moisture from fog and clew 
accelerated the corrosion at tack.  

Tile inforination reported by Yocom on fhe ef fec ts  
of a i r  pollution on corrosion and material degradation can 
be used by the designer and corrosion specialists . l l e s e  
adverse e f fec ts  a re  caused by S02, C02, ozone, H2S and 
moisture. In the l a t e  f o r t i e s  the U .  S. economic loss  from 
a i r  pollution degradation ef fec ts  was estimated t o  be 1-1/2 
b i l l i o n  dol la rs .  In England, material losses i n  heavily 
industr ia l ized areas \\:ere twice those encountered (as an 
average) e l s a d ~ e r e  i n  tha t  country. (I1) This vas a t t r ibuted  
to  a i r  pollution. 

Because i l ldustrial  concentration and topograplllcal and 
meteorological conditions d i f f e r ,  the a i r  pollution e f fec t  
varies tllroughout tlle \\iorld. Inf or~r!ation is  avai lable ,  
ho\~ever,  t o  help s i t e  plants to  avoid these problems i f  
corrosion losses become a c r i t i c a l  consideration i n  operating 
costs .  Charts a re  available l a t  give high pollution potentla1 
day forecasts f o r  the U .  s . (  18 '111ese shoii vhere hig11 levels  
of a i r  pollution can be ekpected over wide geographic regions 
because of s tag~lant  lligll pressure centers.  Such pressure 
centers tend to  beccrne s t j t ionary  over California and the 







Appalachians. . Tiley can become mljsually botilersome i n  
tile Los Angeles area,  f o r  e x a q ~ l e  , v;Ilkre topographical 
features prevent the movement of a i r  t o  the e a s t  and 
dispersiorl of ail- pol lutants .  

In  the colrtinental United Sta tes ,  these a re  many of 
tllese ty-pes of aids available t o  help estimate -he r e l a t ive  
corrosivi ty  of various geogr.p!lic areas.  These &sessn!ents I 

should be made and input supplied i n  the decision making 
process on plant s i t e  se lec t ion  so  t h a t  con-osion losses 
can be reduced t o  a minimuiil. 

o Loca.tion. .Anti-corrosion design considerations r e l a t ing  to  
the location of equipment and f a c i l i t i e s  a re  s imilar  t o  
those f owld con t ro l l i i~g  corrosion i n  s i t i n g  de terlninations . 
'rile geographic area of concern is l i n i t e d ,  howe~~er,  t o  
spec i f ic  loca l i ty  variables or even to  those encountered on 
a particulai- piece of property. In  addition t o  the atmospileric 
var iat ions tha t  Icere discussed i n  the previous sect ion,  there 
a re  var iat ions . i n  s o i l s  t ha t  are  of great  importance. 'The 
corrosivity of tie l a t t e r  a re  related t o  pI-l, moisture, 
pein~eabi l i  ty to  a i r  and \\;atel-, biological a c t i ~ i i t y  , con~posi t ion  
and s t r ay  currents.  --- - 

Distance from the sea is  a11 iniportant variable i n  reducing 
corrosion of equipinent and f a c i l i t i e s  i n  coastal  areas .  Data 
from tlle atmospheric test. f a c i l i t i e s  a t  Kui-e Beach, Korth 
Cai-olina, sho\i t ha t  corrosion losses ,  i n  s tee1 f o r  exai~ple,  . - ... . . . . 

arc highcl- 30 F n n +  Cronl en -0 f1-n.- + ~ > T \ \ I  - n  + ann Cnn+ 
L L L C  L l V l l l  'L 3 L L L  W l C U l  UIL). C L l L  aI. U"" L L b L  

fro!n the sea.  Sys terns should, then, be placed as  f a r  fro111 
the sea as i s  feas ib le .  l ' l~e ro le  of. prevailing \cind 'ca.11 be . . . . . 

. sI~o\\;n with F i ~ w r e  3 .  Tll~e s t ruc ture  near the \\;lnd\vard beach 
\\;ill suf fer  greater  corrosion than the do\,:ll:.\;ind faci l i t?r ,  
\ h i c h  is  equally as close t o  the shore but  on the leeward 
s ide  of tile peninsula. 14) . . 

rlTle in~portance of locatiorl i n  s o i l s  with a I.o\\r corrosion 
potent ial  can be i l l ~ t s t r a t e d  by the tlvo s i tua t ions  sho~\;n , 
i n  Figure 4 .  A s l i g h t  reloca't iul~ 01 t he  pipclinc t o  the 
preferred posi t ion \could avoid a particul.a~.-1.y bad area and 
a t  l i t t l e  or  no extra cost .  Parker (13) c i t e s  infoi~nation 
on an actual  case \\;here tile use of s t r i c t  l ine-of-s ight  
placement \vould have run the pipeline through s.evel-a1 slush 
p i t s  and one sal t -water  p i t  s imilar  to  those sholm i n  Figure 4 .  
In addition to  the obvious ad\?antages accruing t o  in s t a l l a t ion  
of tlle pipeline i n  the Inore desirable  locat ion,  there is  a 
nrdch lolver probabili ty of future corrosion problems. 
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Tile movement of airborne eff luents  i s  very comple:: 
and oovel-!?ed by t h e  interact ion of terrain,rr,eteorological 

.O 
conditions and design of e i e  e f f luent  discliasge source. 
PuSlished inforination on the disperal  of these ef f  1Ge;lts (11,12).' 
can be used t o  advantage by the designer i n  locating f a c i l i t i e s  
so  tha t  exyosure to  adverse conditions \<ill be kept t o  a 
minim~ml. O f  'great  importance i n  c c ~ b a t i n g  tile potent ial  
col-rosion ef fec ts  of a i r  pol lut ion is  h~o?iledge of \\rind 
direct ion persistence . These data a re  .comi!oilly compiled 
t o  sho\v the frequency a t  \\ihich viind blo\\ls i n  a given direct ion 
f o r  a specif ied nulber of hours.. Zle persistence data given 
i n  Table I1 are  used i n  Figure 5 to  she\\; the most desirable 
alcl l e a s t  dessrable locatiolls f o r  placing a f a c i l i t y  i n  
the close proximity to  a s ingle  s tack source of a i r  pol.lutiori. 
lillen several buildings a re  t o  be constructed i n  a coniplex, 
the building tha t  produces the corrosive funes should be 
located do~\nl\iind from the other buildings . 

Table 115 

6- 1 2  hrs  2 4 2 6 5 47 54 78 79 3 S 

Note: The data indicates the n w i h r  of separate instances i n  
a s ingle  );ear during v:l~icll the wind remained within tlle 
45 deg sector  indicated. 

"Taken fro111 ' Ref ~renr .e  1 2 .  
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fo r  blo closely s i tua ted  stacks . t h a t  haxle "do\\m\vash" . . 

or "creep" of the eff luent  do\~.rl the s tack.  l:lo\\iever, fo r  
,\:ell-designed stacks,  tlle exposure t o  these ulld.esirable 
conditions \ \ t i l l  be minimal, and equal stack heights \<ill . ' 
reduce the overal l  amount of a t tack.  

Tile nked fo r  proper access mal~ifests i n  several 
d i f fe rent  1ia)rs. Cleanliness, fo r  example, is an inportant 
variable i n  reducing corrosion. Operators and maintenance 
personnel must be able t o  reach equipmerlt to.remo\-e sp i l lage ,  
grime, e t c  . ' Further, t o  tlle point,  operztors and .sel-vice 
personnel w i l l  only clean a system or  plant routinely i f  
i t ' i s  easy to  clean. (5) 'Ule designer has the added ci~arge 
of making i t  easy - not jus t  feasible  or possible t o  clean - 
f o r  corrosiol~ prevention benefi ts  - t o  accrue. 

Koger and Roebuck have described s)?stelns tha t  have been 
constructed \\~itll specif i ca t io r s  ca l l ing  f o r  the application 
of protective coatings. (16,171 111 one case it \\!as the 
supporting s t ruc ture  for  a shipboard and Ilelicopter landing . 

pad, and i n  tlle otller, a large container. 'lhe supporting 
s t ruc ture  consis tecl of a maze of inte-rlaciiig s t ruc tu ra l  
s t e e l ,  and the l a t t e r  had a s ingle ,  very small opening. In 
neitllcr case could specifications be met ; it  \\;as impossible 
t o  apply tlle coa-ting because tl-1.e designer had not provided 
access fo r  personnel and tlleir equipment to  con~pletely 
prepare tile surfaces and appiy tile protective coatings. 

bIa11y segments of indus tly are  110\,1 using modern operations 
.management tecllniques i n  the layout of process and product 
oriented production sys tens . Depending on t l ~ e  complexity of 
tlle layout problem, e i  tller graphic or  co~lputeri  zed procedures 
are  used to  provide the most econcmical r e l a t ive  layout of 
tile process. lkese have been described by ~ u f f a ( l S )  and a re  
ammendable to  anticorrosion design inputs.  Relative corrosion 
costs f o r  d i f fe rent  candidate layouts must be estimated and 
fed in to  tlle calculational process so  tllat the bes t  o\iez.all 
econonllc balance may be obtained. Relative cost  input should' 
be provided i n  tile logic  s tep  concerned \\:it11 t o t a l  handling 
cos ts .  Tllose interested. i n  anticorrosion design \could be 
renuss by not recognizing the v.se of advanced tecllniques 
such as this and applying appropriate costs so  tha t  proper 
r e s t r a in t s  a re  colnputed in to  tlle layout n:odels to  provide fo r  
reduced corrosion. . . /- 



0 Structurals  . Tees, cllannels,, 'angles, "I" bears,  sqpare beams, 
rectangular beains and t ~ b u ~ . a r  beam a re  used t o  carry 

. s t ruc tu ra l  loads and give sjlajje to  f a c i l i t i e s  and plant  
syste~ns.  ~ e c z 3 s e  of configuration, cer ta in  of these 
s t ruc tura ls  are  inore susceptable t o  corrosion than others.  

. 
Figure S show the more desirable shapes from an aliticorrosion 
stand.point. . The nlost desirable  aye those tha t  \\;ill not 
catch and 11ol.d .solutions and d i r t .  Ifllere those s t ruc tura ls  
such as tees ,  angles, channels, e t c .  'are used tha t  can retain.  
solutions or d i r t  , care should be Used to  or ien t  them so  tha t  
re taining edges a re  pointed d o \ ~ ~  as i n  Figure S .  

As aiodiel- c o ~ s i d e r a t i o n  fo r  tllc designer, box, rectangular 
and t tbular  beans cost less  fo r  equivalent strength capacity 
and a lso  to  sand b l a s t  and pa in t .  They also have tile feliest 
surfaces and the smallest number of poss ib i l i t i e s  fo r  "edge 
effect"  coating flow. '111e tubular beam is of course idea l ;  
tilere a re  no edges. 

o Joining. l3e  conmon joining procedures a re  l~e ld ing ,  bol t ing,  ' 

r ive t ing ,  and use of screi\:ed conr~ections . Tl~ese are. a source 
of concexn b e c a l ~ e  they frequently provide crevice or s t r e s s  
areas tha t  es tabl ish anoclic- catlloc1.i~ c e l l s .  L:blotl~er major 
corrosion problem ar i ses  from joining dissllnilar niaterj-als 
tllat .create galvanic c e l l s .  Landnun has idesitifiecl crevice 
con-osion ef fec ts  as tlle ]nost pre1:alent cause of equipment 
f a i lu re ;  care shou. d e exercised t o  avoid t h i s  problem in '  
j oining ~nater ia l s  . 'Ihese crevices become c e l l s  when 
they are  f i l l e d  with solutions tha t  have concentrations 01- 

'tenlperatures tha t .  are  dif  fei-ent. from bulk process copdi t ions . 
Figure 9 shows good and poor lielding pract ice for  

joining support plates .  Continuous welds on both s ides ,  
altllough more expensive, avoids the cl-evices created by 
skip ~t7el.ding. The l a t t e r  may be .a n:nre economical fabricat ion 
technique, but i~iaintel~anre C.OS t.s can easily o f f se t  t h i s  
i n i t i a l  advantage i n  ally corrosive em;irolm.ent. .A s~iiooth 
surface on the butting edge of the upright p la te  sho\v;n i n  
Figure 9 wil.1 help avoid 111-ob lens . -A.II)J weld porosity 
with a rough 'p la te  edge, as skown i n  the "poor practice" 
case, could lead to  a severe corrosion problem. 







o I~esse l s .  Vessels are  an integral  pa r t  of tile process 
ind~ts t ly  and transportation system. Tiley are  also 
frequently des iFeb so tllat tile poss ib i l i t i e s  of Ii:a\;ing , 
corrosio~l  problems are  enllu~ced ratiler t l ~ a n  avoided : ' 
In Figure 10 .conmmon tedmiques fo r  removing l iquids 

'. are sho\~~l. , .  llle discharge l i n e  sllould be located s o  
tha t  tlle vessel iiiay be co~!lpletely -drained; otllenjise, 
sludges or  solutions of d i f fe rent  conce~~t ra t ion  can 
accwnulate . These could cause galvanic corrosion. 
'lhe heel l e f t  a f t e r  draining i n  tile "poor" design 
cases would' a l so  lead to  perferent ial  a t tack proble~xs 
Similar d i f f i c u l t i e s  could be encountered i f  baf f les  
ancl d i ~ r e ~ t e r s  \\;ere not located c.orrec.tl y and. d.esi gneri 
t o  allolbi co~nylete drainage. 

Figure 11 sho~\is good, f a i r ,  and poor pract ice 
procedures for  use of concrete supporting pecles t a l s  . 
Use of a cor~tinuously welded co l l a r  supported by a nietal 
saddle adjacent t o  the concrete w i l l  reduce corrosion froni 
sp i l lage .  Use of only the welded col la r  adjacent t o  tlle 
co~lcrete support. n~ay be acceptable i f  t l ~ e  exl~ec ted service 
l i f e  of the tanli i s  co~nparatively lo!? or tlle environment 
is  not overly aggressive. Direct contact bet\:;een the metal 
t a ~ d i  and the concrete offers  a potent ial ly  serious maintenance 
problem whcrc there is an opportunity fo r  s p i l l s  01- frcqucnt 
ex-posui-es t o  c'orrosive sprays or  mists. For tanks \\;it31 
tile long axis ve r t i ca l ,  frequently a cro\\illed, concl-ete pad 
is used t o  avoid problens . Additional protection can be 
ob tailled by having an acldi t iona l  layer of s tee1 at tadled with 
a cont inuo~s  weld to  the bottom of the tank as sllo\\;n i n  
Figure 1 2 .  

o Piping. Piping is  a ubiquitous pa r t  of industry. I t  is 
usecl t o  transport  fluicls and slul-rizs of clifferent 
corl-os i v i  t i e s  through indus t r ia l  , 1-ural and ~narine 
envii-omnents , and tllrougll d i f fe rent  s o i l s  , a l l  of \\;Ilid-, 
have dif  fel-ent corrosion ef fec ts .  'l%e general tenets of 
anticorrosion design tha t  reduce tlle poss ib i l j  ty  f o r  
corrosion i n  these cases a re  sko\\r71 i n  Figure 13. Inpingenlent 
and turbulence sllould be avoided \cIlereves possible. Deadlegs 
or  s t a p a n t  flow regions are  also undesirable. Ins tru~nent 
sensing l ines ,  fo r  example,, should enter from the top of 
a pipe rather  than from the. bottom. 'llle l a t t e r  s i tua t ion  
creates a deadleg tha t  ntay'iead t o  severe corrosio~l  i n  

. aggressive solut ion envil-onnients. Avoidance of deadlegs 
becomes even more important i n  those systems \\;here chemical 
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c l e a i ~ i ~ ? g  nay be necessaq7. L ~ ~ i c h  (Zo) wd ?errigo 
have described the problems tha t  can be encomtered 'If 
solutions ca1n:ot be readily introducecl and remo~red. One 
of tile most. frequently encoiultered sources of deadlegs is 
the mismat&'ina of process area l ines  \\;ith ' the i r  con t in~~a t ions  
i l ?  yard balds .'772) Tliis ~ i o t  only involves dimensional errors  
but leads t o  ujuecessary t?\;ists and t~n-11s on one s ide of a 
match l ine  t o  111eet a point on the other s ide .  

Vapor pockets ca; a lso lead t c  preferent ia l  corrosion. 
.4s shown i n  Figure 14 this  prcbleni may h e  avoided by su i tab le  
use of vent l i nes .  Pipirlg ~xuis should be sloped fo r  easy 
draining. llos t piping corrosion problems can be minllni zed 
by proper arrangement or orientatioil ;  these factors  a re  
completely controlled by tile design engineer. 

Burton and Landrum have described, examples of I ~ o \ J  
uneven heat  t ransfer  i n  f lues  call lead t o  sel-ere corrosion. (', 

-- - 721, suppol-ting ..mei?hers i n  Figure 15 a c t  as cooling f i n s  i f  
they are  !lot properly insulated. '151e localized cold.  spot 
can drop the tenq~ei-ature belo\< the dew point causing 
condei~sation. Sulfur oxides , i n  the f lue  gases w i l l  produce 
d i l u t e  su l fu r i c  2~1d sulfurvus acids i ~ h i c l ~  \<ill accentuate 
the condensate attack on 17iild s t e e l  surfaces. '  

o Floors. In th i s  discussion, f loors  a re  defined as a l l  
inilus t r i a l  s ti-uctures l~ilei-e people walk. Illis includes . 

concTete s labs ,  t i l e ,  acid br ick ,  wood, decking and grating. 

Industr ia l  f 1001-s , especially tilose e-xposed t o  corrosive 
sp i l lages ,  f reque~lt ly  receive l e s s  d e i g n  study than a11y 
other pa r t  of the building process. ( 2 3 )  The co~lsequences of 
i i ~ a t t e n t i o n  can be ser ious.  Production may be l o s t ,  the 
s tabil . i ty of s t l . - ~ ~ . t i  Ires cornproniised and hazards t o  attendant 
persolme1 created. Iiopkins notes tlla.11 an easy and ' inexpe~~sive 
method fo r  reducing f loor  at tack i s  t o  slope a l l  f loors  and 
provide su f f i c i en t  f loor  drains .  ('1 Zlonolitiiic concrete has 
advantages i n  cer ta in  s y s t e ~ : ~ ,  \chile f loors  \;it11 s a c r i f i c i a l  
t i l e  may be tile most useful solutioil t o  s p i l l  daniage i n  
others . >!eta1 decking \;itil isolated skid- res  is t an t  protrusions 
is much morc desirable tilan intex-locking diamond or r ing 
va r i e t i e s .  (I5) ' k e  l a t t e r  r e t a i n  solut ions,  \ i i~ich elllmlces 
corrosion of the surfaces.  







Fi,oure 16 sho\\;s s i x  c l e s i ~ s  of conmlonly used indus t r ia l  - - 
g r a t i w s .  These are  c l a s s i f i ed  i ~ .  t h i s  presentation according 

? 
t o  t h e n  design features fo r  avoiding or  pronloting the 
poss ib i l i t i e sTfo r  corrosion. The \\;eided ,orating Gariety 
sho\ill i n  Figure 19a contail-rs no crevices 01- solut ion holdup 
areas.  In .  its desirable form the perf&-ated p la t e  grating 
has s imilar  a t t r ibu tes .  Care si~ould be exercised i n  
selectioll  of t h i s  Y-al-iety t o  avoid those produced by 
punching processes that cup the metal e~lough t o  r e t a in  

' so lu t ions  a t  various places on the surface.  The ridged- 
medlallical joined, tile interlocking key, r iveted and in t e r -  
locking jo in t  1:arieties a l l  have crevices and some holdup 
areas.  'rile); sllould not be used i n  c o r r o s i ~ ~ e  atniosl5heres . 

Remedies 

Because anticorrosio;l design has nct been \;.idely used in  i!:an); 
i ndusg ies  ,many pool- designs ]lave bee11 placed i n  service.  Frequently, 
there are  oppor tw~i t ies  for  remedial actiorl where some or a l l  of the 
undes i rab le  e f fec ts  of these unfortunate s i t u a t i o ~ l s  can be avoided 
a t  a I I I ~ : I ~ ~  cos t .  Figure 1 7  sllo~qs hoic corrosion of t a i ~ k  support members 
resul t ing fro111 spi l lages ma); be nunin.;ized. (19) Sheet metal ma); be . - . . . . . 

joij;ed by a coi;ti;T;ss ;;cld t- ';Ile ta;-..< ?;- a c t  2s a drip s];irt. 
Protection may be g i ~ ~ e n  to  s t ruc tu ra l  members by d r i l l i n 0  holes i n  
the xebbing a t  freqlrent intervals  as slioim i n  Figure 2 1  .TI9) -Also, ' .  . . - 

packing and protective coatings ]!lay be ~ t se fu l ly  einyloyed t o  cover 
crevice and l~olcluy areas.  Care m u s t  be exercised t o  ensure tha t  the 
crevices ancl lloldup al-eas a re  tiloroug11l.y covered, ho!iever, or more 
serious prcblen~s could r e s u l t  . ?la11)7 hot spot corrosion problems can 
be avoided by rearranging tile location of the Ileaters ~ ' t h  resllect 
t o  vessel \ ia l l s  or a~:oidlng d i r ec t  flanie impingement. (Ib) Cold spot 
heat  t ransfer-  induced corrosion problems may be a\-oided by addir~g 
insu1ati.011 t o  tuiks and piping systens.  Vents may be irs tal led 
on niost piping c i r c u i t s  a t  a nuniniuln cost  t o  prevent corrosioll a t  
liquid-vapor ~ n t e r f a c e s .  '1Ilese e s a n ~ l e s  s1101i hol\? eas i ly  cel-tain poor 
design problens ma); be overcolne. lllere a re  other solut ions,  and 
probably n;any of these have not been recorded. rI?lere a re  many other 
s i tua t ions ,  ho~iever, \\-here remedial act ion is excessively expensive 
and no' feas ib le  action is possible. 
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Different Sys ten1 Requirements 

The anti.corrosion design principles tha t  has been presented 
i n  tlle foregoing sections do not const i tute  an absolute philoso1111)7 

, 

tha t  can be foll.o~\:ed \ ~ i t h o u t  tl~ought. Different needs and d i f  f el-ent 
. . systens can lead to  d i f fe rent  approad~es t o  tlle problem of how t o  

design t o  avoid corrosion. 

Perrigo has noted tha t  Burtont s (6) reco~mand.ations for  the 
use of stand pipes i :~  process equipment' cannot be r ead i l )~  applied 
t o  some nuclear systens . In the process ind~1stl-y system tlle standpipe 
was used t o  avoid velocity \\:asl~ing and attendant corrosion. Tlle 

'. prcferent i s l  deposition of radioactive material i n  s1.1c.h an area could, 
however r e su l t  i n  re la t ive ly  high radiation f i e l d s  and thus r e s t r i c t  

A 
contact maintenance. 'Ilze .ab i l i ty  to  perioclically f lush tile area i n  
the nuclear case could have l i t t l e  e f fec t  on reducing racliation 
because of tlle tenacious nature of many of tllese deposits . 

Tlle need for  large surface areas t o  promote more e f f i c i en t  
heat and mass t ransfer  also produce conf l ic t s .  Turbulent ratller 
than laminar conditions are  preferred and these can r e s u l t  i n  higher - 

corl.osio~l. I?rainage and cleaning problens can be expected. Tlle 
econoniics of operation n u t  be balanced to  produce tlle bes t  design 
under these conditions . 

By applying simple and straightfon\rard principles to  tlle design 
of systens,  buildings and equipment, operational corrosion problenis 

' may be seduced or avoided. lllese anticorrosion design principles a re  
I collcerned \,;ith pronloting tlle use of or ientat ion,  layout, and configuration 
" t o  avoid the holdup of solutions,  abrupt flow changes, inipingement and 

i stagnant areas.  Cl i~nat ic  conditiorls and t e r r a in  a re  important s i t i n g  
considerations i n  reducing atmospheric corrosion of buildings and 

1 f a c i l i t i e s .  A de te r~n inede f fo r t  is  needed t o  broaden tile understanding 
! of anticorrosion design measures and principles because these a re  not 

\\lidel)? lao~\rn and recognized by designers and archi tec ts  . 

l11e helyful suggestions and experiences of S. "Bud" LeTourneau of . 

General Paint of Canada, Ltd., Vancouver, Br i t i sh  Colwnbia, and I T .  C .  
Koger, Ci t ies  Services O i l  Company, Tulsa, Oklahoma, have been of 
invaluable assistance i n  tlle preparatibn of th i s  a r t i c l e  on anticorrosion 
design .' 'Ihe a r t i c l e  i t s e l f  is  based on work performed a t  Battelle-Kortll~ves t 
under United States  Atomic Energy Conm~ission Contract AT (45- 1) - 1830. 
Penlussion t o  publisll is grateful ly  ackno\\;ledged. 
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