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ABSTRACT 

The procedures f o r  e x t e r n a l l y  load ing  v a r i o u s  t y p e s  of stress 
c o r r o s i o n  specimens and a d e s c r i p t i o n  of t h e  t e s t  Specimens a r e  pre-  
s en ted .  An a c c e l e r a t e d  co r ros ion  tes t  method which c o n s i s t s  of 
a l t e r n a t e  immersion i n  a 3-1/2 percent sodium c h l o r i d e  s o l u t i o n  i s  
a l s o  desc r ibed .  The types of specimens desc r ibed  and t h e  methods 
of e x t e r n a l l y  load ing  and co r ros ion  t e s t i n g  the  specimens have been 
found t o  be r e l i a b l e  f o r  stress c o r r o s i o n  e v a l u a t i o n  of most aluminum 
a l l o y s ,  and have shown promise for  ferrous and n i cke l  a l l o y s .  
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TECHNICAL MEMORANDUM X- 53483 

PROCEDURES FOR EXTERNALLY LOADING AND CORROSION TESTING 
STRESS CORROSION SPECIMENS 

SUMMARY 

The procedures f o r  e x t e r n a l l y  load ing  va r ious  types of stress 
c o r r o s i o n  specimens and a d e s c r i p t i o n  of t he  t e s t  specimens a r e  pre- 
s en ted .  A widely-used acce le ra t ed  c o r r o s i o n  t e s t  method, a l t e r n a t e  
immersion i n  a 3-112 percent  sodium c h l o r i d e  s o l u t i o n ,  i s  a l s o  des-  
c r i b e d .  The type and geometry of t h e  m a t e r i a l  and the g r a i n  d i r e c -  
t i o n s  t o  be t e s t e d  a r e  some of the major f a c t o r s  t o  be considered i n  
choosing t h e  type of s t r e s s  co r ros ion  specimen. For i n s t a n c e ,  f l a t  
t e n s i l e  specimens a r e  normally used f o r  s h e e t  m a t e r i a l ;  threaded-end, 
round t e n s i l e  specimens a r e  used f o r  t h i c k  p l a t e ,  fo rg ing ,  and r o l l e d  
b a r ;  bent-beam specimens a r e  used f o r  welded j o i n t s ;  and "C" r i n g s  
a r e  used f o r  t ub ing ,  rod,  and t h i n  p l a t e  (Ref. 1). 

The types of specimens descr ibed and the  methods of e x t e r n a l l y  
l o a d i n g  and c o r r o s i o n  t e s t i n g  have t e e n  found t o  be r e l i a b l e  i n  y i e l d i n g  
r ep roduc ib le  r e s u l t s  f o r  s t r e s s  co r ros ion  e v a l u a t i o n  of most aluminum 
a l l o y s ,  and have shown promise for  f e r r o u s  and n i c k e l  a l l o y s .  More 
c o n s i s t e n t  r e su l t s  have L,een obtained wi th  the  threaded-end t e n s i l e  
specimens, s t r e s s e d  by cons t an t  deformation, t han  have LTeen obtained 
w i t h  specimens ( f l a t  t e n s i l e ,  beam specimens, and 'IC" r i ngs )  s t r e s s e d  
by c o n s t a n t  d e f l e c t i o n .  

The d a t a  on which t h i s  r e p o r t  was based showed t h e  need f o r  a d d i t i o n -  
a l  work on e v a l u a t i n g  the  l o s s  of app l i ed  s t r e s s  due t o  c reep  and on 
methods f o r  reducing excess ive  su r face  c o r r o s i o n  of aluminum-copper 
a l l o y s  i n  t h e  descr ibed t e s t  environment. 

INTRODUCTION 

There a r e  no s p e c i f i c  methods o r  s p e c i a l  t e s t  specimens f o r  
e v a l u a t i n g  the  stress c o r r o s i o n  cracking c h a r a c t e r i s t i c s  of t h e  common 
s t r u c t u r a l  m a t e r i a l s  such a s  those f o r  determining mechanical p r o p e r t i e s .  
I n  gene ra l ,  t he  i n v e s t i g a t o r  i s  a t  l i b e r t y  t o  choose t h e  types of s p e c i -  
mens and c o r r o s i v e  environments f o r  conducting s t r e s s  c o r r o s i o n  tes ts .  
T h i s ,  of course,  l e a d s  t o  c o n f l i c t i n g  published r e s u l t s  which a r e  con- 
f u s i n g  t o  t h e  des igne r  i n  a p p r a i s i n g  t h e  s u s c e p t i b i l i t y  of va r ious  
m a t e r i a l s  t o  s t r e s s  c o r r o s i o n  cracking.  



Other  uses  of s t r e s s  co r ros ion  c racking  t e s t  d a t a ,  i n  a d d i t i o n  
t o  the  s e l e c t i o n  of s t r u c t u r a l  m a t e r i a l  by the des igne r ,  a r e  i n  de- 
veloping a l l o y s ,  main ta in ing  un i fo rmi ty  of p roduc t s ,  and determining 
new a p p l i c a t i o n s  f o r  s p e c i f i c  s t r u c t u r a l  m a t e r i a l s .  It i s  doub t fu l  
i f  any s ingle  stress co r ros ion  t e s t  procedure would be s u i t a b l e  f o r  
e v a l u a t i n g  a l l  common s t r u c t u r a l  m a t e r i a l s  o r  a l l  s e r v i c e  environments. 
However, standard s t r e s s  c o r r o s i o n  t e s t  procedures  a r e  necessary  t o  
o b t a i n  comparable r e s u l t s  among i n v e s t i g a t o r s .  

Thre ade d-E nd Round Tens i l e  S pe cimens I 

There i s  l i t t l e  doubt t h a t  the  most r e l i a b l e  method of s t r e s s  
co r ros ion  t e s t i n g  i s  t o  expose the  m a t e r i a l  i n  the  s p e c i f i c  atmosphere 
of s e r v i c e  environment. This  method, however, i s  f a r  t o o  time con- 
suming, and it i s  necessary  t o  use an a c c e l e r a t e d  t e s t  environment 
t o  o b t a i n  r e s u l t s  w i t h i n  a reasonable pe r iod  of t i m e .  
mount importance t h a t  the a c c e l e r a t e d  t e s t  environment be r e a l i s t i c  
of gene ra l  s e r v i c e  cond i t ions  and y i e l d  r ep roduc ib le  r e s u l t s .  

It i s  of pa ra -  

The type and geometry of the m a t e r i a l  and the  g r a i n  d i r e c t i o n  
t o  be t e s t e d  a r e  some of the major f a c t o r s  t o  be cons idered  i n  choosing 
the  specimen des igns  f o r  s t r e s s  c o r r o s i o n  t e s t s .  I n  most c a s e s ,  s p e c i -  
men 
a t e d .  For  i n s t a n c e ,  f l a t  t e n s i l e  specimens normally a r e  used f o r  
t e s t i n g  sheet  m a t e r i a l ;  f o r  t h i c k  p l a t e  and f o r g i n g ,  round specimens 
can be used;  weldments g e n e r a l l y  r e q u i r e  r e l a t i v e l y  t h i c k  specimens 
w i t h  the a s  welded s u r f a c e s  i n t a c t .  Seve ra l  such specimens a r e  des- 
c r i b e d  i n  the fo l lowing  s e c t i o n ,  and t h e i r  advantages f o r  the p a r t i -  
c u l a r  type of m a t e r i a l  t o  be eva lua ted  a re  o u t l i n e d .  

des ign  must be based on the geometry of t he  m a t e r i a l  t o  be eva lu-  

STRESS CORROSION TEST SPECIMENS 

Round t e n s i l e  specimens normally a re  used f o r  t e s t i n g  the s h o r t  
t r a n s v e r s e  g r a i n  d i r e c t i o n  of t h i c k  (two inches  o r  g r e a t e r )  p l a t e ,  
f o r g i n g s ,  and b a r  s tock .  This  type of specimen which i s  loaded by 
cons t an t  deformation g ives  a more a c c e l e r a t e d  t e s t  and more c o n s i s t e n t  
r e s u l t s  than  those types of specimens t h a t  a r e  loaded by c o n s t a n t  
d e f l e c t i o n .  The major disadvantage i s  the h igh  c o s t  of machining 
the  round t e n s i l e  specimens and the r e l a t i v e l y  e l a b o r a t e  equipment 
necessary  f o r  loading.  The specimens normally used a r e  1 /8- inch  o r  
1 /4- inch  diameter  w i t h  1/2-inch gauge l e n g t h  and an o v e r a l l  l e n g t h  of 
2 inches .  The 1/8-inch diameter  specimen has  1/4-20 NC t h r e a d s  on 
both ends and the  1 /4- inch  specimen has 1/2-13 NC t h r e a d s  on both  ends 
(FIG 1). 



The specimens are s t r e s s e d  i n  d i r e c t  t e n s i o n  wi th  t h e  a i d  of a 
f i x t u r e  (FIG 2a).  The n u t s  are  t i gh tened  u n t i l  t h e  specimen i s  h e l d  
snugly i n  t h e  f i x t u r e :  then ,  t h e  s i d e s  (wedges) of t h e  f i x t u r e  are  
squeezed i n  toward t h e  c e n t e r  u n t i l  t h e  d e s i r e d  s t r a i n  and corresponding 
stress i n  t h e  specimen are obtained.  The s t r a i n  i n  t h e  specimen i s  mea- 
su red  wi th  a n  extensometer  as t h e  s i d e s  are  fo rced  i n .  A s t r e s s i n g  f i x -  
t u r e  (FIG 3) i s  used so t h a t  both s i d e s  w i l l  be depressed  a n  equa l  d i s -  
t ance  t o  ensure  uniform stress a c r o s s  t h e  specimens. 

The round t e n s i l e  stress co r ros ion  assembly i s  shown i n  FIG 2a,  and 
t h e  components of t h e  assembly are shown i n  FIG 2b, 2c , 2d, and 2e. The 
components are made of aluminum a l l o y  6061-T6, which i s  r e s i s t a n t  t o  
c o r r o s i o n  i n  most environments,  and do no t  n e c e s s a r i l y  r e q u i r e  a p r o t e c t -  
i v e  coa t ing .  A f t e r  t h e  specimens a r e  s t r e s s e d ,  t h e  frames and ends of 
t h e  specimens,  no t  t h e  reduced s e c t i o n ,  are  dipped i n t o  a h o t  s t r i p p a b l e  
c o a t i n g  such a s  l'Maskcoat"f: 1 o r  2 t o  g ive  added c o r r o s i o n  p r o t e c t i o n  t o  
t h e  frames and t o  p r o t e c t  a g a i n s t  ga lvan ic  co r ros ion  between t h e  frames 
and t h e  specimens. A f t e r  t h e  frames are coa ted ,  t h e  reduced s e c t i o n  
of each specimen i s  wiped wi th  ace tone ,  and t h e  frames are p l aced  i n  t e s t .  

9CTrade name of Western Coating Company 

F l a t  Tens i l e  Specimens 

F l a t  t e n s i l e  specimens normally are  used f o r  t e s t i n g  s h e e t  material .  
The specimens a r e  easy t o  f a b r i c a t e ,  and t h e  s t ress  frames and method 
of loading  are  ve ry  simple.  Th i s  i s  probably t h e  most inexpens ive  
method of stress co r ros ion  t e s t i n g .  The specimens t h a t  a re  used a re  
ASTM s tanda rd  shee t  type (FIG 4 ) .  

The f l a t  t e n s i l e  specimens a r e  s t r e s s e d  by c o n s t a n t  d e f l e c t i o n  by 
u s i n g  a f i x e d  span snap- in  frame o r  a fou r -po in t  loading  j i g .  The f i x e d  
span snap- in  method i s  both  simple and economical. The main advantage 
of t h e  fou r -po in t  loading  method i s  t h e  uniform s t ress  d i s t r i b u t i o n  i n  
t h e  t e s t  specimen between t h e  two c e n t e r  suppor ts .  I n  t h e  f i x e d  span 
method, t he  l eng th  of t he  specimen i s  c a l c u l a t e d  so t h a t  when sprung i n t o  
t h e  frame the  o u t e r  f i b e r s  of the bent  specimens a t  t h e  maximum p o i n t  of 
d e f l e c t i o n  w i l l  be s t r e s s e d  t o  the chosen l e v e l  ( u s u a l l y  some pe rcen t  of 
t h e  y i e l d  s t r e n g t h ) .  
e q u a t i o n s  (Ref.  2 ) :  

The c a l c u l a t i o n  i s  made by us ing  t h e  fo l lowing  

e = 4(2E-K) IC-2E-K 1 1 
[2 12 ( H I 1  H 

Equat ion 1 

L = 2 H ( K - E )  + H 
2E -K 

where: c = s t r a i n ,  u s u a l l y  t a k e n  from t h e  s t r e s s - s t r a i n  curve but  
may be c a l c u l a t e d  by d i v i d i n g  L l w  d e s i r e d  s t r e s s  by t h e  modulus of 
e l a b  t i c  i t y .  3 



t = t h i ckness  of specimen i n  inches  

H = span of stress frame i n  inches  

L = l ength  of specimen i n  inches 

K, E = e l l i p t i c  i n t e g r a l s  f o r  va lues  of modulus, K. 

The specimen l eng ths  (L) which are requ i r ed  t o  o b t a i n  d i f f e r e n t  
stress l e v e l s  are c a l c u l a t e d  by s e l e c t i n g  a r b i t r a r y  va lues  of k and 
corresponding K and E va lues  from e l l i p t i c  i n t e g r a l  t a b l e s  and by 
so lv ing  f o r  e ( s t r a i n )  i n  t h e  f i r s t  equa t ion  and L (specimen length)  i n  
t h e  second equat ion.  The r e s u l t i n g  va lues  of e and L are p l o t t e d  f o r  
d i f f e r e n t  ma te r i a l  t h i cknesses  ( t )  and span l eng ths  (H) as shown i n  
FIG 5. The specimen lengths  which are r equ i r ed  t o  o b t a i n  t h e  d e s i r e d  
stress l e v e l s  are r e a d i l y  obta ined  from t h e  curves.  The specimens are  
machined t o  the  c a l c u l a t e d  l eng ths ,  and,  then ,  they  are degreased and 
sprung i n t o  the frames. A t y p i c a l  f ixed-span stress frame i s  shown i n  
FIG 6. The length and/or  width of t h e  frame may be v a r i e d  t o  accomodate 
a l a r g e  number of a d i f f e r e n t  length  specimen. The frame i s  cons t ruc ted  
of aluminum a l l o y  6061-T6, which i s  r e l a t i v e l y  s t rong  and r e s i s t a n t  t o  
most exposure cond i t ions  and,  t h e r e f o r e ,  does n o t  n e c e s s a r i l y  r e q u i r e  
a p r o t e c t i v e  coa t ing .  

I n  t h e  four-point  loading method, t h e  specimens are  machined t o  a 
predetermined length  based on t h e  des ign  of t h e  s t r e s s i n g  f i x t u r e .  The 
d e f l e c t i o n  equat ion f o r  four -poin t  loading i s :  

S I  
D = ~a ( 3 / 4  12 - a2) = 7 ( 3 / 4  12 -‘ a’) = s 

6E I 6E I 6E C 
( 3 / 4  12 - a*) 

o r  e ( 3 / 4  12 - a’) Equat ion 2 

where: D = d e f l e c t i o n  i n  inches  
6C 

S = s t r e s s  on o u t e r  f i b e r s  i n  p s i  

E = modulus of e l a s t i c i t y  i n  p s i  

e = S/E = s t r a i n  (obta ined  from s t r e s s - s t r a i n  curve when 
ava i l a  b l e  

C = 1 / 2  specimen th i ckness  i n  inches  

1 = d i s t a n c e  between the  two o u t e r  suppor t s  i n  inches  

a = d i s t a n c e  between t h e  o u t e r  and inne r  suppor t s  i n  inches  
4 



The specimen i s  p laced  i n  t h e  loading j i g ,  and t h e  c e n t e r  of t h e  specimen 
i s  d e f l e c t e d  t h e  c a l c u l a t e d , d i s t a n c e ,  measured wi th  a d i a l  gauge, by 
screwing ou t  t h e  c e n t e r  suppor ts .  
i s  shown i n  FIG 7. 
commodate d i f f e r e n t  l eng th  specimens. 
cons t ruc t ed  of laminated f ibe rboa rd ,  and t h e  b o l t  i s  300 series s t a i n -  
less s tee l .  

A t y p i c a l  four -poin t  loading  device  
The l eng th  of t h i s  device  a l s o  may be v a r i e d  t o  ac -  

The o u t e r  arid c e n t e r  suppor t s  a r e  

Bent Beam Specimens 

The bent  beam specimens are used mainly f o r  stress co r ros ion  t e s t -  
ing  of welded j o i n t s ,  but  they  are sometimes used f o r  t e s t i n g  p l a t e  i n  
t h e  l o n g i t u d i n a l  and long t r ansve r se  d i r e c t i o n .  The specimens normally 
used are 1- inch wide, 8-318-inches long ,  wi th  two 11/32 inch diameter  
h o l e s  d r i l l e d  3 .5  inches  from t h e  c e n t e r  (FIG 8d).  
t h e  th i ckness  of t h e  specimens may be v a r i e d ,  but  i t  u s u a l l y  ranges  
from 114 t o  314 inch.  

For convenience,  

The beam specimens are s t r e s s e d  by cons t an t  d e f l e c t i o n  of one s p e c i -  
men a g a i n s t  a d u p l i c a t e  by us ing  s u i t a b l e  b o l t s  and a n  "H" f i x t u r e .  The 
c e n t e r s  of t h e  d u p l i c a t e  specimens a re  p laced  a c r o s s  t h e  t o p  and bottom 
of the "H" f i x t u r e ;  t h e  b o l t s  through t h e  ends of t h e  specimens are 
t i g h t e n e d  u n t i l  t h e  specimens are d e f l e c t e d  t h e  c a l c u l a t e d  d i s t a n c e ,  
measured a t  t h e  c e n t e r  of t h e  b o l t s ,  t o  o b t a i n  t h e  d e s i r e d  stress on 
t h e  o u t e r  f i b e r s  of t he  specimens. The s t r e s s i n g  formula and t h e  
s t ress  co r ros ion  assembly are shown i n  FIG 8a. Both ends of t h e  asseinbly 
are dipped approximately one inch i n t o  a h o t  s t r i p p a b l e  c o a t i n g  such as 
"Maskcoat" 1 o r  2 t o  p r o t e c t  t h e  b o l t s  and nu t s .  The components of t h e  
b e n t  beam stress co r ros ion  assembly are shown i n  FIG 8b and 8c.  The com- 
ponents  are  made of aluminum a l l o y  6061-T6, which i s  res i s tan t  t o  most 
exposure environments.  Thin s t r ip s  of p l a s t i c  shee t  are i n s e r t e d  between 
t h e  mating s u r f a c e s  of t h e  specimens and t h e  l e g s  of t h e  "H" f i x t u r e  t o  
p reven t  ga lvan ic  a c t i o n .  

C-Ring Specimens 

C-r ing-type specimens are used f o r  stress co r ros ion  e v a l u a t i o n  of 
t u b i n g  and s h o r t  t r a n s v e r s e  d i r e c t i o n  of p l a t e ,  rod ,  and ba r  when t h e  
t h i c k n e s s  o r  diameter  i s  less than two inches .  Th i s  s l o t t e d  r ing - type  
specimen i s  prepared by removing a s t r i p  of meta l ,  which composes about 
60' of t h e  r i n g ,  so t h a t  when viewed from t h e  end,  i t  resembles a "C". 
The length  of t h e  C-ring i s  normally one-half  t h e  diameter  but  with a 
mininum leng th  of one inch (FJG9a). Gene ra l ly ,  t he  diameter  should not  

5 be less  than 314 inch.  



The specimens are s t r e s s e d  by cons tan t  d e f l e c t i o n  by means of a 
b o l t  and nu t  which are t igh tened  u n t i l  t h e  s i d e s  are pu l l ed  toge the r  
t o  g ive  t h e  des i r ed  stress. The b o l t  and n u t  are i n s u l a t e d  from t h e  
specimens with p l a s t i c  washers (FIG 9b) which are i n s e r t e d  i n  ho le s  
t h a t  have been d r i l l e d  through t h e  r i n g  w a l l .  The ends of t h e  r i n g s  
may be dipped, t o  a depth,  j u s t  above t h e  b o l t ,  i n t o  a ho t  s t r i p p a b l e  
coa t ing  t o  p r o t e c t  t h e  b o l t s  and t o  prevent  ga lvan ic  a c t i o n .  I f  t h i s  
i s  done, p l a s t i c  washers are  not  requi red .  The maximum t e n s i l e  stress 
occurs  i n  the  o u t e r  f i b e r s  of t he  r i n g  90' from t h e  b o l t  ho les .  The 
d e f l e c t i o n  equat ion  f o r  loading C-rings i s :  

A = OD - ODf 

where: A = 

e =  

OD = 

ODf = 

s =  

D =  

E =  

t =  

z =  

= - S D ~  o r  D2, 
4EtZ 4tZ Equat ion 3 

change of OD measured a t  c e n t e r  of b o l t  i n  inches  

- S = s t r a i n  (obtained from s t r e s s - s t r a i n  curve when 
E 
ava i l a b  le 

o r i g i n a l  o u t s i d e  diameter  i n  inches  

f i n a l  o u t s i d e  diameter  i n  inches  

d e s i r e d  s t r e s s  i n  p s i  

mean diameter ( O D - t )  i n  inches  

modulus of e l a s t i c i t y  of a l l o y  i n  p s i  

w a l l  t h i ckness  of r i n g  i n  inches  

cons tan t  ( func t ion  of r i n g  D / t ) :  see FIG 10. 

Specimen P r e p a r a t i o n  and Test Environment 

The specimens t o  be t e s t e d  are degreased w i t h  ace tone  o r  t r i c h l o -  
roe thylene  vapors ,  s t r e s s e d  t o  t h e  d e s i r e d  level ,  wiped w i t h  ace tone ,  
and then placed i n  t h e  co r ros ive  environment u n t i l  f a i l u r e  occurs  o r  
u n t i l  t h e  t e s t s  a r e  terminated.  P r i o r  t o  p repa r ing  t h e  specimens f o r  
exposure,  t h e  mechanical p r o p e r t i e s  of similar specimens from each l o t  
of material and i n  t h e  g r a i n  d i r e c t i o n  ( long o r  s h o r t  t r a n s v e r s e  or 
long i tud ina l )  t o  be i n v e s t i g a t e d  are determined. Except f o r  C-r ings ,  
d u p l i c a t e  uns t ressed  specimens usually are exposed under i d e n t i c a l  
cond i t ions  s o  t h a t  t h e  l o s s e s  i n  mechanical p r o p e r t i e s  of s t r e s s e d  and 
uns t r e s sed  specimens can be compared. 
6 



A t  least two types  of tes t  environments normally are used f o r  
stress co r ros ion  i n v e s t i g a t i o n s  so  t h a t  t e s t  r e s u l t s  from a t  l eas t  two 
environments are a v a i l a b l e  f o r  comparison. These inc lude  a n  a c c e l e r a t e d  
tes t  exposure ( x l t e r n a t e  imnersion i n  sa l t  water)  t h a t  has  found wide 
acceptance  and exposure t o  t h e  atmosphere. 

The a l t e r n a t e  immersion t e s t s  a r e  conducted i n  a F e r r i s  wheel-type 
tes te r  (FIG 11) con ta in ing  a n  aqueous s o l u t i o n  of 3-112 pe rcen t  sodium 
c h l o r i d e .  The F e r r i s  wheel cyc le s  i n  such a manner t h a t  specimens i n  
any of t h e  s i x  t r a y s  w i l l  be immersed i n  t h e  s o l u t i o n  f o r  t e n  minutes ,  
fol lowed by f i f t y  minutes of drying above t h e  s o l u t i o n .  The 3-112 
pe rcen t  s a l t  s o l u t i o n  i s  composed of 3 ,622  grams of sodium c h l o r i d e  
(2 .1 .4  Federa l  T e s t  Method Standard N o .  151, normally U.S.P. o r  Reagent 
grade)  d i s so lved  i n  100 l i t e r s  of d i s t i l l e d  o r  de ionized  water. A f t e r  
t h e  sa l t  has  been d i s so lved ,  t h e  s o l u t i o n  concen t r a t ion  i s  checked by 
means of a pycnometer o r  hydrometer ( s e e  FIG 12 f o r  graph of  s p e c i f i c  
g r a v i t y  vs.  temperature  and concen t r a t ion  range) .  The pH of t h e  so lu -  
t i o n  i s  then  measured and maintained a t  6.5 t o  7.5 by adding hydrochlo- 
r i c  a c i d  o r  sodium hydroxide ( 1  normal). The tempera ture ,  pH, and 
s p e c i f i c  g r a v i t y  of t h e  s a l t  s o l u t i o n  are  checked weekly and when t h e  
s o l u t i o n  i s  changed. The temperature  and humidi ty  of t h e  surrounding 
atmosphere a l s o  are  measured p e r i o d i c a l l y .  
b o t t l e  i s  used t o  main ta in  a cons tan t  volume of water ( cons t an t  w a t e r  
l e v e l  i n  t h e  Lasin) and i s  r e f i l l e d  as r e q u i r e d  wi th  d i s t i l l e d  o r  
de ion ized  water. The s o l u t i o n  i s  changed eve ry  2 t o  4 weeks, based on 
t h e  amount of co r ros ion  product  i n  t h e  s o l u t i o n ,  and t h e  appa ra tus  i s  
thoroughly cleaned and f lu shed  with water.  Access f o r  c l ean ing  t h e  
b a s i n  i s  accomplished by removing two of the  t r a y s .  The normal t es t  
p e r i o d  i s  3 t o  6 months f o r  aluminum a l l o y s  and 6 t o  12 months f o r  
f e r r o u s  and n i c k e l  a l l o y s .  A l l  s t r e s s e d  specimens are v i s u a l l y  
examined d a i l y  f o r  f a i l u r e .  

A water r e p l e n i s h i n g  

The long  t e r m  a tmospheric  s t ress  co r ros ion  tes t  i s  used t o  supple-  
ment t h e  a l t e r n a t e  immersion tes t .  The specimens, exposed t o  t h e  atmos- 
phe re ,  a r e  i n c l i n e d  a t  a 30 degree a n g l e  f a c i n g  south  wi th  a n  exposure 
p e r i o d  of from 1 t o  2 years .  V i s u a l  examinat ions vary  f o r  t h e  f i r s t  
month from d a i l y  t o  approximately two weeks a f t e r  s i x  months of expo- 
s u r e .  There i s ,  however, no s t r i c t  schedule  f o r  v i s u a l  examinat ion of 
specimens expos?d t o  t h e  atmosphere. 

Cracks normally are r e a d i l y  v i s i b l e  u n l e s s  t h e  specimen i s  badly  
cor roded .  A badly  corroded specimen which i s  suspected of be ing  cracked 
i s  d r i e d  with compressed a i r  and examined wi th  t h e  a i d  of a viewer ( 7 X  
t o  30X). The d u p l i c a t e ,  uns t r e s sed  mate i s  removed from t e s t  a t  t h e  
t i m e  of f a i l u r e  of t he  s t r e s s e d  specimen, and t h e  mechanic21 p r o p e r t i e s  
a r e  measured. S t r e s s e d  specimens t h a t  do no t  f a i l  are removed a long  
wi th  t h e i r  d u p l i c a t e ,  uns t r e s sed  mates a t  t he  end of t h e  t e s t  p e r i o d ,  
and the  mechanical p r o p c ’ r t i e s  a r e  measured. 
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DI S CUS SION 

The major problem encountered with stress corrosion testing of 
aluminum alloys by alternate immersion in salt water is excessive 
surface corrosion of the aluminum-copper alloys (2000 series) which 
interferes with stress corrosion evaluation of these alloys. This is 
very pronounced with specimens having small cross sections. For 
example, 1/8-inch diameter round tensile specimens of alloy 2024 lose 
up to 35% tensile strength in 15 days when exposed in the unstressed 
condition to alternate immersion in salt water; 1/4-inch diameter 
specimens only lose up to 20% tensile strength in 15 days and 30% in 30 
days of exposure. It is difficult to assign a maximum allowable loss 
in tensile strength resulting from surface corrosion to a stress cor- 
rosion test method. However, a maximum allowable loss of 30% in ten- 
sile strength resulting from surface corrosion of unstressed specimens 
seems reasonable. 
mens exposed under conditions identical to those of the stressed specimens. 

This is obtained from duplicate unstressed speci- 

It has been found that the constant deformation method of exter- 
nally loading (round tensile specimens) is a more accelerated test 
than the constant deflection method (flat tensile and, C-ring specimens). 
This might be expected since constant deformation loading results in a 
uniform tensile stress across the entire crqss sectional area of the 
specimens; the stress on specimens loaded by constant deflection varies 
from maximum tensile stress on the outer fibers on the outside surface 
to maximum compressive stress on the fibers on the inside surface. 

CONCLUSIONS AND RECOMMENDATIONS 

The types of specimens described and the Eethod of externally 
loading have been found to be reliable in yielding reproducible results 
for stress corrosion evaluation of most aluminum alloys and have shown 
promise for ferrous and nickel alloys. 

The constant deformation method of externally loading specimens 
(round tensile specimens) is a more accelerated test (accelerates stress 
corrosion cracking of specimen) and is more reliable in yielding repro- 
ducible results than the constant deflection method. 

A major problem that has been encountered with stress corrosion 
testine of aluminum alloys by alternate immersion in salt water has 
been excessive surface corrosion of the aluminum-copper alloys (2000 
series) which interfered with the stress corrosion eval.uatlion of 
these alloys. 
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The d a t a  on which t h i s  r e p o r t  w a s  based i n d i c a t e  the  need f o r  more 
information on t h e  ra te  and aggregate  l o s s  of a p p l i e d  t e n s i i e  stress 
r e s u l t i n g  from metal creep of specimens e x t e r n a l l y  loaded e i t h e r  by 
cons t an t  d e f l e c t i o n  o r  cons t an t  deformation. Fu r the r  work i s  a l s o  needed 
t o  s o l v e  t h e  problem of i n t e r f e r e n c e  by excess ive  su r face  co r ros ion  wi th  
stress co r ros ion  eva lua t ion  of t he  aluminum-copper a l l o y s  when t h e  
desc r ibed  a l t e r n a t e  immersion sal t  water t e s t  method i s  used. Although 
only  l i m i t e d  da ta  are a v a i l a b l e ,  it appears  t h a t  cor rodents  t h a t  are 
more r e p r e s e n t a t i v e  of genera l  s e r v i c e  cond i t ions  than boi l ing :  con- 
c e n t r a t e d  magnesium ch lo r ide  s o l u t i o n  and t h a t  y i e l d  r e l i a b l e  and 
r ep roduc ib le  r e s u l t s  are needed f o r  stress co r ros ion  t e s t i n g  of f e r r o u s  
and n i c k e l  a l l o y s .  Work i n  these  t h r e e  areas i s  now i n  progress .  
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FIGURE 2E. PROTECTIVE CAP FOR ROUND Tt NSTILE STRESS CORROSION ASSEMBLY 
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FIGURE 3. FIXTURE FOR STRESSING ROUND TENSILE SPECIMEN 
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FIGURE 9B. PLASTIC WASHER FOR C-RING STRESS CORROSION ASSEMBLY 

27 



28 



29 



? 

. 

3: 

c 

w u z 
0 u 
Y 

pc 
0 

3E 
3 
n 
0 
m 

w a 
CL) 

LL 

30 



' .  June 29, 1966 APPROVAL TM X 53483 

PROCEDURES FOR EXTERNALLY LOADING AND CORROSION TESTING 
STRESS CORROSION SPECIMENS 

By T. S. Humphries 

The information in this report has been reviewed for security 
classification. Review of any information concerning Department of 
Defense or Atomic Energy Commission Programs has been made by the 
MSFC Security Classification Officer. This report, in its entirety, 
has been determined to be unclassified. 

This document has also been reviewed and approved for technical 
accuracy. 

C. E. Cataldo 
Chief, Metallic Materials Branch 

Director, Propulsion & Vehicle Engineering Laboratory 

31 



D I S T R I B U T I O N  

R-P&VE-DIR 
R- P&VE -M 
R- P&VE -MM 
R-P&VE-MC 
R- P&VE -MN 
R-P&VE -MMC 
R-P&VE-MMA 
R- P&VE -MMJ 
R-P&VE-MMM 
R- P&VE -MMM 
R- P&VE -MCA 
R- P&VE -ME 
R- P&VE -MEE 
R-P&VE -MEM 
R-ME -MM 
B -ME -MP 
M S - I  
MS -H 
MS-T 
M S - I P L  
R- P&VE - R T  
cc-P 

D r .  Lucas 
M r .  K i n g s h u r y  (6) 
M r .  C a t a l d o  
M r .  R i e h l  
M r .  C u r r y  
M r .  W i l l i a m s o n  (12) 
M r .  Wagner 
M r .  D a v i s  
M r .  H e s s  
M r .  R o w e  
M r .  K e y  
M r .  M c K a n n a n  
M r .  G a u s e  
M r .  C l o t f e l t e r  
M r .  Wilson 
M i s s  B r e n n e c k e  
M r .  R e m e r  
M r .  A k e n s  
M r .  Wiggins ( 6 )  
M i s s  R o b e r t s o n  (8) 
M r .  H o f u e s  
M r  . W o  f f o r d  

S c i e n t i f i c  and Technical I n f o r m a t i o n  F a c i l i t y  (25) 
At ten t ion :  NASA R e p r e s e n t a t i v e  (S-AK/RKT) 

P. 0. Box 33 
C o l l e g e  Park, M a r y l a n d  20740 


