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INTRODUCTION 

The t o p i c  of environmental  t e s t i n g  of bituminous 
coa t ings  covers  a broad spectrum of tes t  procedures and 
ma te r i a l s .  A s  r e f e r r e d  t o  i n  t h i s  paper ,  environmental  
t e s t i n g  inc ludes  u t i l i z a t i o n  of both n a t u r a l  and a r t i f i -  
c ia l  environments i n  t e s t i n g  programs o the r  than in -  
s e rv i ce  t e s t i n g .  The t e r m  "Bituminous Coatings" a p p l i e s  
t o  coa t ings  d i r ec t ly  der ived  from petroleums, c o a l - t a r s  
and g i l s o n i t e .  The environments of concern inc lude  
atmosphere, water  (bo th  f r e s h  and sea w a t e r )  and s o i l s .  
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PURPOSE OF ENVIRONMENTAL TESTINGS 

Each environmental test  program must f i rs t  t a k e  i n t o  account 
t h e  purpose f o r  conducting t h e  tests,  so t h a t  reasonable  ob- 
ject ives  may be e s t a b l i s h e d .  L e t  u s  f i rs t  cons ider  some o f  
t h e  purposes t h a t  could motivate a test  program. 

Production Qua l i ty  Con t ro l :  This  i s  probably t h e  least  
f r e q u e n t l y  encountered reason f o r  an environmental  tes t  pro- 
gram, because t h e r e  are v e r y  f e w  environmental tests t h a t  
y i e l d  data quick ly  enough t.0 be of use i n  c o n t r o l l i n g  pro- 
duc t ion  q u a l i t y .  One a p p l i c a t o r  of p r o t e c t i v e  c o a t i n g  f o r  
underground p ip ing  does u t i l i z e  such a test i n  h i s  m i l l .  A 
number of samples of coa ted  pipe are c u t  out  of each pro- 
duc t ion  run. This  run is  not r e l eased  from t h e  m i l l  u n t i l  
t h e  samples are tested i n  a sal t  w a t e r  s o l u t i o n ,  under cath- 
odic  p r o t e c t i o n  f o r  a 24 - 48 hour pe r iod .  Disbonding of t he  
coat ing due t o  t h e  ca thod ic  p r o t e c t i o n  must not  exceed cer- 
t a i n  l i m i t s  s e t  up by t h e  a p p l i c a t o r .  W e  are no t  completely 
convinced of t h e  value of t h i s  procedure,  due t o  i t s  h igh ly  
a r t i f i c i a l  environmental cond i t ions ,  bu t  i t  does r ep resen t  
an e f f o r t  t o  c o n t r o l  t h e  end-qual i ty  of the product  through 
an environmental t e s t i n g  procedure.  

Aid i n  t h e  Development of a N e w  O r  Modified Product:  A s  i n  
t h e  prev ious ly  desc r ibed  case, here  w e  a r e  f aced  wi th  t h e  
p re s su re  of a t t a i n i n g  r e s u l t s  s u s c e p t i b l e  t o  eva lua t ion  i n  
as s h o r t  a time as p o s s i b l e .  Frequent ly ,  a t tempts  t o  "acceler- 
a t e "  e f f e c t s  of environments l eads  t o  t h e  development of ex- 
tremely seve re  a r t i f i c i a l  environments. Unfor tuna te ly ,  t h e  
i n t e n s i f i c a t i o n  of one or more environmental f a c t o r s  does not  
produce t h e  same shor t - te rm e f f e c t s  as a less i n t e n s e  f a c t o r  
operat ing over a longer period of t i m e .  This  n e c e s s i t a t e s  
t h a t  such tests be developed with care, and t h a t  t h e i r  re- 
s u l t s  be i n t e r p r e t e d  knowingly. Obviously, however, each 
new development can not  be eva lua ted  by f u l l - t e r m  n a t u r a l  
environmental t e s t i n g .  I n t e n s i f i e d  t e s t i n g  w i l l  b e  used, 
sometimes y i e l d i n g  d a t a  of g r e a t  value,  o the r  t i m e s  m i s -  
leading the  i n v e s t i g a t o r .  Such t e s t s  may, however, be u t i l -  
i z e d  t o  determine weak p o i n t s  i n  a coa t ing  material  and h e l p  
determine i f  changes i n  formula t ion  s t r eng then  t h e  weak po in t s .  
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S u b s t a n t i a t i o n  of S a l e s  C l a i m s  : This  motivat ion l eads  
f r e q u e n t l y  t o  somewhat less than o b j e c t i v e  t e s t i n g ,  b u t  
must be mentioned because of t h e  prevalence of  test  pro-  
grams t h a t  o r i g i n a t e  from t h i s  need. There i s  no l ack  of 
e t h i c s  i n  p rovid ing  t h e  s a l e s  department wi th  d a t a  from 
environmental t e s t s  t h a t  demonstrate t h e  good q u a l i t i e s  
of  a p a r t i c u l a r  product .  Unfor tuna te ly ,  on some o x a s i o n s ,  
r e sea rche r s  have des t royed  t h e i r  c r e d i b i l i t y  by over- 
a t t e n t i o n  t o  a products  s t rong  p o i n t s  - o r  t o  a competing 
products  weak p o i n t s .  Th i s  can l e a d  t o  widespread i n -  
d i f f e r e n c e  t o  what may be e x c e l l e n t  d a t a ,  because t h e  i n -  
v e s t i g a t o r ,  no matter how h igh ly  p laced ,  i s  suspec ted  of 
l a c k  of o b j e c t i v i t y .  

Compliance wi th  Government o r  Other Purchaser ' s 

S p e c i f i c a t i o n s :  Environmental tes t  programs of t h i s  na tu re  
e f f e c t i v e l y  t i e  t h e  hands of t h e  i n v e s t i g a t o r .  The wide- 
spread dependence of  some governmental agencies ,  i n  t h e  
p a s t ,  upon s p e c i f i c  environmental t es t s ,  t h a t  a t  t i m e s  w e r e  
no t  r e l a t e d  t o  end-usage of  t h e  p r o t e c t i v e  coa t ing  l e d  t o  
widespread h o s t i l i t y  t o  c e r t a i n  environmental tests. This  
does not  reflect  on t h e  v a l i d i t y  of t h e  t e s t s ,  b u t  e m -  
phas izes  t h e  importance of proper  s e l e c t i o n  of tes ts  and 
knowledgeable i n t e r p r e t a t i o n  of t h e i r  r e s u l t s .  

S e l e c t i o n  of  a Coat ing f o r  a S p e c i f i c  Need: The remainder 
of t h i s  paper w i l l  be devoted t o  explor ing  t h e  use  of  en- 
vironmental  t e s t i n g  f o r  t h i s  purpose.  

ATMOSPHERIC ENVIRONMENT 

Laboratory T e s t i n g :  A number of  procedures  are a v a i l a b l e  
f o r  l abora to ry  eva lua t ion  of coa t ings .  Most of  t hese  tes ts  
u t i l i z e  a r t i f i c i a l  sources  of  r a d i a t i o n  t o  s imula te  sun- 
l i g h t  and fog  chamber devices u t i l i z i n g  high humidity a t -  
mospheres and/or pe r iod ic  spraying with w a t e r .  ASTM Standard 
D529-62 "Accelerated Weathering Tes t  of Bituminous Materials" 
covers  t he  ope ra t ion  of l ight-and-water-exposure appara tus  
f o r  t h e  exposure of bituminous roo f ing  and waterproofing 
m a t e r i a l s  having a minimum so f t en ing  po in t  of  200°F. These 
procedures  u t i l i z e  an enclosed carbon-arc  lamp and a water 
spray  apparatus .  

I 

While use of  t h i s  appara tus  w i l l  r e s u l t  i n  more rap id  coat-  
i n g  d e t e r i o r a t i o n  than found i n  n a t u r a l  environments,  t he re  
i s  no r e l i a b l e  m e a n s  of equat ing  t h e  t i m e  of a r t i f i c i a l  ex- 
posure t o  f a i l u r e  t o  t h e  t i m e  of  n a t u r a l  exposure t o  f a i l u r e .  
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I t  is quite possible t o  a r r i v e  a t  s u b s t a n t i a l  d i f f e r e n c e  
endurance rankings u t i l i z i n g  t h e  "accelerated" test from 
t h a t  which would be a r r i v e d  a t  under a n a t u r a l  environ- 
ment s 

Modification of t h i s  procedure by use of a xenon-arc type  
apparatus  has  yielded more meaningful d a t a  according t o  
Martin( 
r a d i a t i o n .  Martin u t i l i z e d  microtechniques t o  i n c r e a s e  t h e  
s e n s i t i v i t y  of eva lua t ion  of a s p h a l t  degradat ion by u s e  of 
t h e  change i n  absorbence of t h e  carbonyl f u n c t i o n a l  groups. 
I l e  found t h a t  h i s  ranking of degradat ion as obtained by u s e  
of t h e  xenon-arc compared d i r e c t l y  with t h e  ranking obtained 
by use of n a t u r a l  exposure t o  s u n l i g h t  w i t h  r a d i a t i o n  monitored 
by the  Bppley pyroheliometer.  H e  found d iscrepancies  between 
these  rankings and those obtained by t h e  use of the  carbon- 
arc. These observa t ions ,  toge ther  with h i s  demonstration of 
t h e  use of microtechniques s e e m  t o  be major c o n t r i b u t i o n s .  

who compared carbon-arc,  xenon-arc and n a t u r a l  

While t h e  use of weatherometer-type apparatus  has  i t s  l i m i t a -  
t i o n s ,  c a r e f u l  eva lua t ion  of i t s  r e s u l t s  can be u t i l i z e d  to 
s e p a r a t e  mater ia l  with g r o s s  d i f f e r e n c e s  i n  weathering re-  
s i s t a n c e  q u a l i t i e s .  

Others  have used a r b i t r a r y  labora tory  tests t o  f u r n i s h  a t  
least d a t a  that w i l l  provide a b a s i s  for a rough weeding of 
obviously i n f e r i o r  m a t e r i a l s .  
for t h i s  purpose. Ile u t i l i z e s  three t e s t s ,  as fol lows:  

1. Thickness: Minimum of 0.005-inch f o r  cor ros ive  atmospheres. 

2 .  Flaws and Holidays: Electr ical  r e s i s t a n c e  of a coated 

Flournoy( 2, suggests  a methcid 

4-inch by 2-inch panel must be  a t  least i n i t i a l l y  1,000,000 
ohms and must be a t  l e a s t  750,000 ohms a f t e r  24 hours of 
water immersion. 

3 .  F l e x i b i l i t y :  The t e s t  panel ,  after being bent  90" around 
a 1-inch diameter rod must have no obvious coa t ing  f a i l u r e s  
and must r e t a i n  an e l e c t r i c a l  r e s i s t a n c e  of 750,000 ohms. 

This  presents  r a t h e r  a r b i t r a r y  c r i t e r i a  t h a t  may be appl icable  
t o  c e r t a i n  circumstances.  The r a t h e r  s h o r t  t e r m  environ- 
mental t es t ,  immersing t h e  test coupon i n  water could g i v e  
a rough i d e a  of i n i t i a l  coa t ing  condi t ion ,  but a 24-hour 
test seems of l i t t l e  use o ther  than t o  e l imina te  coa t ings  
t h a t  w e r e  v e r y  obviously i n f e r i o r .  Undoubtedly, a r b i t r a r y  
tests of t h i s  na ture  could be of s i g n i f i c a n t  value i n  s p e c i f i c  
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i n s t a n c e s ,  but  would be of l i t t l e  genera l  u s e .  

Natura l  Environment T e s t s :  Exposure t o  a n a t u r a l  environ- 
ment s e e m s  t o  be the  best method of  environmental t e s t i n g  
of c o a t i n g s  f o r  atmospheric exposure condi t ions .  The major 
disadvantage seems t o  be t h a t  t h e  t i m e  requi red  f o r  a f u l l  
eva lua t ion  can be e x c e s s i v e ,  and t h a t  t h e r e  i s  some d i f f i -  
c u l t y  i n  knowing e x a c t l y  t o  what f a c t o r s  t h e  panels  have 

crease t h e  i n t e n s i t y  of s o l a r  r a d i a t i o n ,  toge ther  with a 
r o t a t i n g  mount t h a t  keeps t h e  pane ls  always f a c i n g  t h e  sun, 
both w i t h  and without  p e r i o d i c  washing wi th  d i s t i l l e d  w a t e r .  
H i s  s t u d i e s  i n d i c a t e d  t h a t  t h i s  system could g i v e  f a i l u r e s  
i n  14 weeks t h a t  would occur only a f t e r  3 years  a t  a 45O 
south  exposure.  

' I  
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been exposed. C a r ~ l ( ~ )  sugges ts  t h e  u s e  o f  mirrors  t o  i n -  ,I 

I 
Others  u t i l i z e  s p e c i a l  pane ls  w i t h  angles ,  crevices,  r i v e t  
heads ,  w e l d  s p l a t t e r  and o t h e r  severe s u r f a c e s  t o  s u b j e c t  
t h e  coa t ings  t o  t h e  most d i f f i c u l t  a r e a s  t o  c o a t ,  thereby 
providing a panel  w i t h  condi t ions  t h a t  lead t o  ear ly  f a i l u r e s  
i n  a c t u a l  s e r v i c e .  This  type panel  h a s  cons iderable  m e r i t  
and can l e a d  t o  e a r l y  e l i m i n a t i o n  of i n f e r i o r  c o a t i n g s .  
The  eva lua t ion  of c o a t i n g  condi t ions  on panels  such as t h i s  
i s  more complicated and time-consuming than t h a t  of f l a t  
pane ls ,  b u t  t h e  d a t a  obta ined  can be of corresponding higher  
value.  

Of course,  n a t u r a l  environments v a r y  s u b s t a n t i a l l y  from 
l o c a t i o n  t o  l o c a t i o n  and indeed over a w i d e  range of any 
given l o c a t i o n .  T h i s  n e c e s s i t a t e s  methods of eva lua t ing  
t h e  enonironmental effects t o  which a coa t ing  has  been 
subjec ted  over i ts  tes t  per iod .  

S o l a r  r a d i a t i o n  is  one f a c t o r  of major concern. The 
eva lua t ion  of t h i s  f a c t o r  i s  r e l a t i v e l y  simple and can 
be accomplished by t h e  u s e  of t h e  Eppley Pyroheliometer 
and appropr ia te  record ing  and i n t e g r a t i n g  devices. Gen- 
e r a l l y ,  records  a r e  kept  of t o t a l  l a n g l e y s ,  l angleys  over 
.823, and hours  of  r a d i a t i o n  over .823. Martin demon- 
s t r a t e d  a c l o s e  c o r r e l a t i o n  between t o t a l  l angleys  and 
a s p h a l t  ox ida t ion .  The pyroheliometer , toge ther  with 
f u r t h e r  development of  microtechniques,  seems t o  of-fer 
a pa th  f o r  v e r y  meaningful,  r e l a t i v e l y  short- term e v a l -  
u a t i o n s ,  u t i l i z i n g  n a t u r a l '  s u n l i g h t .  
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Other factors of major importance are temperature ranges 
r e l a t i v e  humidity,  and any atmospheric p o l l u t a n t s  t h a t  may 
be of major importance. Continuous recording of temperature 
and humidity are e s s e n t i a l .  Methods also have been devised 
t o  monitor s u l f i d e s  i n  the atmosphere. 

UNDERGROUND AND WERWATER EXPOSURE 

The success  of underground and underwater exposed bituminous 
coa t ings  or any  coa t ing  r e q u i r e s  q u a l i t i e s  not  absolu te ly  
necessary for atmospheric exposed coa t ings .  These environ- 
mental condi t ions  impose t h e  n e c e s s i t y  for g r e a t e r  physical  
s t r e n g t h ,  h igher  electrical resistance, and u s u a l l y  requi re  
much longer u s e f u l  l i f e  than atmospherical ly  exposed coat-  
ings .  These requirements v a r y  according t o  t h e  end-usage 
of t h e  product and t o  economic cons idera t ions .  Coatings 
for corrugated galvanized steel storm sewers do not  have t o  
m e e t  t h e  r i g i d  requirements appl ied t o  c o a t i n g s  used on 
thin-wal l  high pressure  gas  and o i l  p i p e l i n e s .  Any environ- 
mental t e s t i n g  program must, t h e r e f o r e ,  f u l l y  consider  t h e  
end-usage of t h e  materials t e s t e d .  For purposes of  f u r t h e r  
d i s c u s s i o n ,  w e  w i l l  consider  only those a p p l i c a t i o n s  where 
t h e  minimum length of coa t ing  e f f e c t i v e n e s s  i s  required t o  
be i n  excess of 30 years .  

( 4 )  Laboratory T e s t s :  The U .  S. Department of Reclamation 
u t i l i z e s  a series of tests t o  eva lua te  coa t ings  f o r  use  i n  
submerged serv ice .  These tests include:  Fresh w a t e r  
immersion( 5, ; sal t  spray box( 6, ; outdoor weathering ex- 
posure(') ; and weatherometer(8).  I n  cases  where s p e c i f i c  
problems exist, t h e  Bureau designs s p e c i f i c  tests. 

While t h e r e  have been a f e w  s tandards developed for t h e  
eva lua t ion  of t h e  q u a l i t y  of c e r t a i n  s p e c i f i c  bituminous 
c o a t i n g s ,  w e  lack s tandard iza t ion  of tests f o r  comparing 
performances of var ious coa t ings  t o  each o t h e r .  General ly ,  
i n v e s t i g a t o r s  develop t h e i r  own tests and procedures i n  
much the  same manner t h a t  t h e  Bureau of Reclamation has  
done. I t  appears t h a t  t h i s  s i t u a t i o n  w i l l  not  change i n  
t h e  immrdiate f u t u r e .  

L e t  us cons ider ,  t h e r e f o r e ,  t h e  development of a test pro- 
gram t o  eva lua te  the  r e l a t i v e  merits of p r o t e c t i v e  coa t ings  
f o r  underground s t r u c t u r e s ,  with t h e  understanding t h a t  a 
good coat ing  must perform w e l l  f o r  at least 30 years. The 
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s t r u c t u r e  t o  which t h e  coa t ings  i s  t o  be app l i ed  might 
poss ib ly  be c a t h o d i c a l l y  p ro tec t ed .  

Usual ly  t h e  i n v e s t i g a t o r  i s  faced with a v a s t  array of 
proposed coa t ings .  H i s  f i r s t  problem then i s  the  develop- 
ment of a method for  "weeding" t h e  g ross ly  i n f e r i o r  m a t e r i a l s  
from those t h a t  may possess  some m e r i t .  The judgment of an 
experienced i n v e s t i g a t o r  gene ra l ly  i s  t h e  fastest  "weeding" 
mechanism; however, he most f r e q u e n t l y  must s u b s t a n t i a t e  h i s  
judgment with test d a t a .  

The l f s a l t - c r o c k l l  test ,  o r  a modi f ica t ion  of i t ,  most gene ra l ly  
i s  appl ied t o  t h i s  s t a g e  of t he  i n v e s t i g a t i o n s .  While t h e r e  
a r e  i n f i n i t e  v a r i a t i o n s  of t h i s  test ,  i t  c o n s i s t s  e s s e n t i a l l y  
of placing a coa ted  specimen i n  a con ta ine r  of s a l t  water .  
The e l e c t r i c a l  r e s i s t a n c e  between t h e  sample and a f i x e d  e l e c -  
t r o d e  i s  then measured; t h e  measured r e s i s t a n c e  must exceed 
an a r b i t r a r y  value t o  q u a l i f y  t h e  coa t ing  f o r  f u r t h e r  con- 
s i d e r a t i o n ,  and must con t inue  t o  main ta in  an a r b i t r a r y  mini- 
m u m  r e s i s t a n c e  over an equa l ly  a r b i t r a r y  per iod  of t i m e .  
The du ra t ion  of t h i s  tes t  is g e n e r a l l y  s h o r t ,  i n  t h e  order 
of 3 - 6 months. I n  some cases  t h e  sample i s  maintained 
e l e c t r i c a l l y  nega t ive  t o  t h e  s o l u t i o n  i n  which i t  is immersed 
i n  order  t o  g e t  some eva lua t ion  of i t s  performance on a ca th -  
o d i c a l l y  p ro tec t ed  s t r u c t u r e .  

AS a pre l iminary  "weeding" t e s t ,  t h e  s a l t - c r o c k  test has con- 
s i d e r a b l e  m e r i t .  There  are many f a c t o r s  t h a t  can l e a d  t o  
erroneous r e s u l t s ,  however. C e r t a i n  coa t ings  can no t  r e a d i l y  
be applied t o  s m a l l  coupons. For example, a heavy a spha l t -  
m a s t i c  p ipe c o a t i n g  app l i ed  by h a n d h a s  s u b s t a n t i a l l y  d i f f e r -  
e n t  q u a l i t i e s  from the  same m a t e r i a l  extruded on p i p e  by 
commercial machinery. A hand-applied sample could b e  expected 
t o  f a i l  i n  a s h o r t e r  pe r iod  of t i m e  than a machine-applied 
coa t ing .  Converse ly ,  some o t h e r  coa t ings  have much b e t t e r  
q u a l i t i e s  when hand-applied than they would when app l i ed  on a 
commercial scale. A shor t - te rm s a l t - c r o c k  test would reveal 
inhe ren t  p o r o s i t y  i n  a c o a t i n g ,  b u t  would n o t ,  i n  s ix  months, 
n e c e s s a r i l y  show a tendency f o r  mois ture  absorp t ion  t h a t  
could lead t o  f a i l u r e  i n  5 - 10 years. There i s  a l s o  t h e  
hazard t h a t  e l e c t r i c a l  connections t o  t h e  sample might b e  
d i f f i c u l t  t o  coa t  and e l e c t r i c a l  leakage caused by t h e  
connection could l e a d  t o  erroneous r e s u l t s .  

One method of conducting a s a l t - c r o c k  test  may be of some 
i n t e r e s t .  A s t anda rd  prozedure adopted by t h e  a u t h o r ' s  
company uses  a coa ted  p ipe  sample, p re fe rab ly  wi th  t h e  

" I 
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coat ing  appl ied by t h e  same equipment used t o  apply the 
p a r t i c u l a r  coa t ing  on a commercial scale. The sample i s  
Selected so t h a t  no acc identa l  f l a w s  e x i s t .  The coated 
Sample, genera l ly  about 18 inches i n  length ,  i s  placed 
c o n c e n t r i c a l l y  i n  a second uncoated pipe of a convenient 
l a r g e r  s i z e .  General ly ,  a 3/4-inch diameter sample would 
be placed i n  a 2-inch pipe.  A rubber s topper  t h e  s i z e  of 
t h e  casing p i p e  i s  c u t  so t h a t  t h e  sample w i l l  f i t  snugly 
i n  it. The assembly is  then made as shown i n  Fig. 1, with 
the space between sample and pipe being f i l l e d  with w a t e r  
made highly conductive b y  adding salt .  The electrical re- 
s i s t a n c e  between sample and casing i s  used as a measure of 
t h e  coa t ing  e f f e c t i v e n e s s .  High q u a l i t y  coa t ings  w i l l  
maintain r e s i s t a n c e s  of i n  excess of 1,000 megohms per  
square f o o t  of s u r f a c e  area f o r  long per iods o f  t i m e .  

If a value of about 10 megohms per square f o o t  i s  used as 
a c r i t e r i o n ,  most g r o s s l y  i n f e r i o r  coa t ings  w i l l  be detected 
i n  a f e w  weeks t i m e ,  and can be e l imina ted  from f u r t h e r  
t e s t i n g .  Higher q u a l i t y  coat ings can be maintained i n  t h i s  
test f o r  extended per iods  of t i m e  to  g ive  information regard- 
ing  long-term moisture  absorpt ion and performance under cath- 
odic pro tec t ion  condi t ions.  

The dec is ion  t o  g i v e  f u r t h e r  cons idera t ion  t o  a given coat ing 
t h a t  performed w e l l  i n  t h e  s a l t - c r o c k  test  must a l s o  consider  
the physical  requirements f o r  t h e  coa t ing .  Resistance t o  i m -  
p a c t ,  shock and sus ta ined  loads  must be determined by appro- 
p r i a t e  t e s t i n g .  Resistance t o  underfilm w a t e r  migrat ion should 
be evaluated by t h e  use  of samples with scra tched  or impacted 
a reas .  The sa l t -c rock  tes t  can be used f o r  t h i s  eva lua t ion ,  
although e l e c t r i c a l  resistance measurements, s i n c e  t h e  under- 
f i lm-migration path may i t se l f  be high i n  electrical r e s i s t a n c e .  
General ly ,  t h i s  test i s  conducted both with and without  cath- 
odic pro tec t ion .  The c a t h o d i c a l l y  pro tec ted  samples would 
be a f f e c t e d  by the  physical  p ressure  of l iberated gasses  and 
high pH condi t ions  a t  t h e  pipe sur face .  The use of u n r e a l i s -  
t i c a l l y  high vol tages  f o r  t h i s  test could y i e l d  v e r y  mislead- 
ing  da ta .  

Coatings surviving t h e  above tests can next  be considered 
f o r  f u r t h e r  t e s t i n g  i n  environments s imulat ing,  as c l o s e  a s  
p o s s i b l e ,  those' c6ndi t ions  t h a t  w i l l  be encountered i n  ser- 
v i c e .  Engineering judgment may a l s o  lead  t o  t h e  beginning 
of in -serv ice  t e s t i n g  a t  t h i s  t i m e .  Where service condi t ions 
are such t h a t  high s o i l  stress condi t ions may be expected, 
tests s p e c i f i c a l l y  designed t o  eva lua te  s o i l  stress condi t ions 
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may b e  used. Samples can be placed i n  a b e n t o n i t e  environ- 
ment t h a t  i s  a l t e r n a t e l y  wetted and d r i ed .  The performance 
of t h e  coat ing can be eva lua ted  e l e c t r i c a l l y  by measurement 
of t h e  r e s i s t a n c e  between t h e  sample and a ground reference.  
This would be supplemented by phys ica l  examination a t  t h e  
end of t he  t e s t  p e r i o d  o r  when e l e c t r i c a l  measurements i n -  
d i c a t e d  t h a t  f a i l u r e  had occurred. 

This  method o f  t e s t i n g  seems t o  be worthwhile only i f  ex- 
t r e m e  s o i l  s t r e s s  c o n d i t i o n s  are expected. Otherwise coat-  
i ngs  t h a t  might perform w e l l  , and economically, under a c t u a l  
s e r v i c e  cond i t ions  may be unwisely el iminated.  

Natura l  Environment T e s t s :  Where p o s s i b l e ,  i t  s e e m s  b e s t  t o  
test  the  coa t ings  under cond i t ions  as c l o s e  as poss ib l e  t o  
those  encountered i n  s e r v i c e .  One approach i s  t o  use an 
outdoor t e s t  box f i l l e d  wi th  s o i l  t y p i c a l  of t h e  a rea .  Such 
an arrangement i s  shown i n  F i g .  2. A permanent box i s  con- 
s t r u c t e d  outdoors.  An aluminum f o i l  l i n i n g  i s  p laced  i n  the  
bottom of the  box. T e s t  samples are i n s e r t e d  through s l eeves  
i n  t h e  box, wi th  p l a s t i c  cas ing  space r s  on t h e  samples where 
they pass  through t h e  s l e e v e s .  S tandard  rubber casing end 
s e a l s  are then used t o  seal t h e  space between sample and s l eeve .  
The box d s  then c a r e f u l l y  f i l l e d  with t h e  s e l e c t e d  s o i l .  
coa t ing  extends t o  t h e  ends of the  p ipe  samples. S t a i n l e s s  
s t e e l  guard r i n g s  are clamped on t h e  pipe about 6 inches ou t s ide  
the casing seals. If t h e  coa t ing  inc ludes  g l a s s  f a b r i c  or f e l t ,  
the guard r i n g  must be i n  con tac t  wi th  t h e  bottom layer of f e l t  
o r  g l a s s  f a b r i c .  These r i n g s  have t o  be i n s t a l l e d  v e r y  care- 
f u l l y ,  and a r e  e s s e n t i a l  t o  r e l i a b l e  readings.  

The 

Use of a s o i l  
and keeps the  
i n a t i o n .  The 
be exposed t o  
than would be 
is allowed t o  

/, 

box such as t h i s  s i m p l i f i e s  e l e c t r i c a l  measurements 
samples r e l a t i v e l y  a c c e s s i b l e  f o r  phys i ca l  exam- 
sha l low n a t u r e  of t h e  box causes  t h e  samples t o  
more severe wetting-drying and temperature cycles 
exper ienced  under s e r v i c e  cond i t ions .  If grass 
grow i n  t h e  s o i l ,  t h e  effects of r o o t s  would a l -  

/ 
so be more s e v e r e .  These f a c t o r s  must be weighed i n  eva lua t ing  
test r e s u l t s .  I n  one 7-year t es t ,  t h e  e l e c t r i c a l  r e s i s t a n c e  of 
h igh  q u a l i t y  c o a t i n g s  w a s  i n  excess of 50 megohms per square 
f o o t .  

Another approach would be t o  bury samples d i r e c t l y  i n  a t y p i c a l  
environment. If  t h e  e n t i r e  sample is bur i ed  i n  t h i s  manner, 
g r e a t  ca re  must be taken t o  a s su re  t h a t  t he  p i p e  ends and e l ec -  
tr ical  connections a r e  coa ted  a t  least as w e l l  as t h e  sample 

i 

f 
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boat ing.  This  can prove t o  be very d i f f i c u l t .  One 
arrangement i s  shown on Fig. 3. The most c r i t i ca l  fac- 
t o r  i s  t h e  encapsulat ion of t h e  ends and connections.  AS 
long as t h i s  is  ef fec t ive ,  t h e  r e s i s t a n c e  between t h e  guard 
r i n g s  and e a r t h  w i l l  be extremely high - any leakage of 
w a t e r  i n t o  t h e  encapsulat ion w i l l  be detected b y  a change 
i n  the  guard r ing  resistance t o  e a r t h .  O f  course it i s  
e s s e n t i a l  t h a t  the  test w i r e  i n s u l a t i o n  be perfect. While 
t h i s  test i s  probably the  most d i f f i c u l t  t o  set up properly,  
i t s  long-term r e s u l t s  a r e  probably t h e  most meaningful. 

Perhaps the  l a r g e s t  s c a l e  n a t u r a l  environmental test  pro- 
gram f o r  pro tec t ion  coa t ings  was conducted by t h e  American 
Petroleum I n s t i t u t e ( 9 ) '  
and involved d i f f e r e n t  coa t ing  s y s t e m s  appl ied t o  3-inch 
pipe at  each of t h e  test s i tes .  There w e r e  a l s o  19 coa t ings  
appl ied t o  14 working p ipe l ines .  The test program w a s  of 
about ten years '  dura t ion  ending i n  1940. Great progress  
has  been made i n  underground p r o t e c t i v e  coa t ings  s i n c e  t h e  
test  s t a r t e d  i n  1930, but unfortunatel 'y t h e  tests w e r e  not  
continued t o  inc lude  new coa t ing  developments. While t h e  
r e s u l t s  of t h i s  program a r e  not d i r e c t l y  a p p l i c a b l e  t o  
today ' s  problems, t h e  program i tself  i s  of i n t e r e s t  and 
could be used as a s t a r t i n g  poin t  f o r  the resumption of 
s i m i l a r  industry-wide tests. 

These tests u t i l i z e d  16 t e s t  sites 

Environmental t e s t i n g  of bituminous coa t ings  can pto-  
vide valuable  information. Extreme caut ion must be 
exercised i n  t h e  use  and i n t e r p r e t a t i o n  of "accelerated" 
tes t s .  Coordination of "Environmental Test ing" and 
' 'In-Service" t e s t i n g  i s  e s s e n t i a l  t o  t h e  i n t e l l i g e n t  
s o l u t i o n  t o  coa t ing  problems. 
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