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Low-cycle f l e x u r a l  f a t i g u e  tests  i n  a i r  and 
in sea-water environments were c o n d u c t e d  on l - i n c h -  
t h i c k  5086-~116 a n d  9 5 6 - ~ 1 1 7  aluminum a l l o y  
weldments i n  the  g round  c o n d i t i o n .  The results 
i n d i c a t e  that f a t i g u e  l i f e  is u n a f f e c t e d  by t h e  
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T h i s  laboratory i s  pursuing a comprehensive program f o r  
c e r t i f i c a t i o n  of a luminum a s  t h e  h a l l  material f o r  hiqh per -  
rsm?anee surface sh ips ,  One phase of t h e  program, d i r e c t e d  
tcrd3rd the destroyer-tyge hull, i s  Lo d e t e r n i n e  t h e  Low-cycle - 
La- Lque p r o p e r t i e s  of 1- inch-thick aluminum plate. Previous  
c e F r ? s L v 2  describe the f a t i g u e  behavior of base  metal and 
as-welded p l a t e  specl rnens made o E 50%%~116 and 5&6-~117 
ai-crminun a l l o y s .  Th i s  report covers  the  r e s u l t s  of low-cycle 
f a t i g u e  t e s t s  on ground b u t t  and tee weldments of these a l loys .  

The aluminum a l l o y s  s e l e c t e d  for  t h e  i n v e s t i g a t i o n  were 
5035-~116 and  4j456-~11'T, con forming t o  i n t e r im  f e d e r a l  speci- 
f i c a t i o n s  QQ-A-00250/13 and QO-A-00250/20, r e spec t ive ly .  Typ- 
i c a l  mechanical p r o p e r t i e s  d e t e m i n e d  f o r  both alloys, t o g e t h e r  
with cosrespondiny s p e c i f i c a t i o n  requirements ,  are  ind ica t ed  i n  
t ~ b l e  1, I t  skouLd be noted t h a t  t h e  y i e l d  s t r e n g t h  of t h e  
5456-~1117 a l l o y  i s  s l i g h t l y  below tl ie minimum spec i f i ed .  

Al loy 

S p e c i f i e d ,  minimum 

ksi 

40.0 / 23.0 10 ,0 

46 ,O 

; p e r  squaEe inch.  

- 
% u p e r s c r i p t s  r e f e r  t o  s i m i l a r l y  nmbered e n t r i e s  i n  t h e  Techni- 
cal  References a t  t h e  end of  the  tex t .  
*Abbreviat ions  used i n  t h i s  t ex t  are from t h e  GPO S t y l e  Manual, 
1373, u n l e s s  o the rwi se  noted,  



B u t t -  and tee-welzed plate specimens of t h e  t ypes  desc r ibed  
i n  f i ~ ~ r e  1 were fabricated Sy the  Titanium and Nonferrous Weld- 
ing aranch, Details of t h e  welding cond i t i ons  employed are 
g i v e n  in table 2 ,  F i g u r e  2 shows the  joint des igns  u s e d ,  

Process  

Welding p o s i t i o n  

Number of passes  

Amperage 

V o l t  age 

Trave l  speed, in/min 

Sh ie ld ing  gas ,  type c ~ a s / f t ~  /h 

Fi l l e r  w i r e  d iameter ,  i n ,  

P o l a r i t y  

- 
W W  - Gas metal arc weld 

Butt F i l l e t  

F l a t  

o ,062 

D i r e e  t c u r r e n t  
ReverseJ p o l a r i t y  

Radiographic examination of s e l e c t e d  b u t t  and t e a  w e l h e n t s  
i n d j c a t e d  t h a t  t h e  quality of the  weld d e p o s i t s  m e t  t he  r equ i r e -  
ments of t h e  s p e c i f i c a t i o n ,  3 

WELD GRINDING 

The tension face on butt-welded specimens was ground flush 
by means of a &inch  p o r t a b l e  disk  sander ,  using XI-,100-, and 
280-grit paper i n  the o r d e r  i nd i ca t ed ,  Weld contours on tae- 
fillet-welded specimens wars machined smooth by means of' a 
2 /2 -  inch-diax , MK, high-speed steel, rotary burr, Machining 
marks l e f t  By the too l  were! removed by grinding w i t h  a 1/2-inch- 
diameter, 100-grit ,  sanding drum, Grinding an a l l  specimens was 



1~mgtS-i. Photographs of t'fie ground specimens appear: i n  f i g u r e s  
3 m d  14, 

Low-cycle Eat icpe da ta  p re sen ted  here in  w e r e  ob ta ined  from 
tests conducted i n  p l a t e  f a t i g u e  machir.es of t h e  t ype  shown in  
f i g u s e  5, I n  these machines t h e  p l a t e  specimen i s  simply sup- 
po r t ed  a long the long edges, i s  f r e e  a long  t h e  s h o r t  edges ,  and 
is  u n i f o r a l y  loaded over t h e  whole lower su r f ace  w i t h  compressed 
a i r .  Each specimen was set up i n  t h e  machine and sub jec t ed  t o  
c y c l i c a l  loading,  zero  t o  maximum f l exu re ,  a t  t h e  r a t e  o f  approx- 
irnakely 12 c/m, A l l  specimens w e r e  cycled u n t i l  a  c rack  s u f f i c -  
iently large t o  cause a 166% i n c r e a s e  i n  d e f l e c t i o n  beyond in-  
i t i a l  d e f l e c t i o n  was developed. 

All specimens were eva lua t ed  i n  t h e  ground cond i t i on ,  
e i t h e r  i n  a i r  o r  i n  5ea water ,  which was ccn ta ined  i n  a  w e l l  
erected wi th  s e a l i n g  compound around t h e  c r i t i c a l  s ec t ion .  
Na tu ra l  sea water ,  ob ta ined  from t h e  F r a n c i s  L. LaQue Corrosion 
Labora kosy, Wr igh t sv i l l e  Beach, North Carol ina,  w a s  used and 
was changed t w i c e  d a i l y  t o  main ta in  t h e  s a l t  concen t r a t ion  a s  
cons t an t  a s  p r a c t i c a b l e .  

WSIJLTS AND DISCUSSION 

Resalts of low-cycle f a t i g u e  tests conducted on welded 
a l u n i n i m  alloy p l a t e  specimens i n  t h e  ground condi t ion  a r e  sum- 
m a r i z e d  i n  t a b l e  3. The f a t i g u e  l i v e s  of  t h e s e  specimens, bassd  
on 109 i nc rease  i n  d e f l e c t i o n  over   the i n i t i a l  d e f l e c t i o n ,  a r e  
p l o t t o g  i n  f i g u r e  6 toge the r  w i t h  S-N curves  f o r  as-welded spec- 
imens,; A va lue  of  10s was s e l e c t e d  a s  a c r i t e r i o n  of f a t i g u e  
f a i l u r e  because it r e p r a s e n t s  s u b s t a n t i a l  s t r u c t u r a l  damage t o  
t h e  specimens and t h e  s t a r t  o f  r a p i d  inc rease  i n  d e f l e c t i o n ,  a  
warning oE impending f a i l u r e ,  I t  nay b e  seen from t h e  b u t t -  
welded data t h a t  t h e  presence of s ea  water  has  xlo s i g n i f i c a n t  
e f  fest on t h e  low-cycle f s t i y u e  p r o p e r t i e s  of  t h e  aluminum 
a l l o y s  i nves t iga t ed ,  



TABLE! 3 
S'atWRY OF F H T X W ~  RESULTS FOR ALUMINUM 

ALLOY WaLDcD SPfiCI*%NS, GROC%D 

Pjo~nina 1 Numbcr of S t r e s s  C y c l e s  Thickness -.--" -- 
S t r e s s  f , ? i t i a l  $ I n c r e a s e  i n  Deflect ion inch 
hi 1 -- 

Crack 19 1 10c> - 
Butt Welds  - A i r  

181, goo 1 84,720 / 127,950 
33 t 070 

B u t t  Welds - Sea Water 

Tec! Welds - A i r  - 

I f I 

TsThsible  poros i ty  after grinding.  
m F  - 5456-~117 alloy 

ft i s  readily apparent from t h e  S-N curves t h a t  gr inding 



I t  i s  reel-i t h a t  f a t i q u ~  l i v e s  of ground tee- ~ n d  butt-welded 
s p x i m e n s  ara ,  a t  least  two and f i v e  t - h e s  longer ,  ~~~~~~~~~~ly, 
t3an t h e  ? i v e s  of corresponding as-welzed specimens. 

3utt-welded spechms w;th v i s i b l e  surEace p o r o s i t y  -E te r  
yrir?dt, i n q  exhibi.ked f a t i c p e  l ~ v e s  essentially similar t t hose  
<aE as-welded b u t t  welds, It appears ,  t h e r e f o r e ,  t h a t  i f  i m -  
proved fat igue l i f e  i s  t o  be achieved by removal of the r e i n -  
& ~urcezent ,. notch, exposed s u r f a c e  p o r o s i t y  must be e l imina t ed .  

I n  t h i s  regard  t h e  Titanium and Nsnferrous  Welding Branch i s  
cu r r en5 ly  i n v e s t i g a t i n g  means f o r  p r ec lud ing  p o r o s i t y  i n  alum- 
i n m  a l loy  we 1 h e n t  s. 

T h e  fol.lot*ring conclusioria a r e  baaed on t h e  low-cycle f l e x -  
u r a l  f a t i g u e  d a t a  p resen ted  h e r e i n  on 2-inrih-thick 5086-a116 
and 5456-~117  aluminum a l l o y  wclclments: 

+ Grinding s i g n i f i c a ~ t l y  improves t h e  f a t i g u e  behavior  
o f  aluminam a l l o y  weldments i n  f l e x u r e  provided t h a t  t h e  ground 
s u r f a c e s  a r e  f r e e  of po ros i t y .  

@ Ground weldments . ~ i t h  exposed s u r f a c e  p o r o s i t y  
have fatigue l i v e s  e s s e n t i a l l y  equa l  t o  t hose  f o r  welchents  
i n  t h e  as-welded condi t ion .  

e Low-cycle f a t i g u e  l i f e  i s  una f f ec t ed  by t h e  pre -  
sence of  sea water. 

The completion of low-cycle f a t i g u e  tests  on welded alum- 
inum p l a t e  specimens i n  t h e  mcehanical ly  peened ar:d postweld-arc  
remel ted eondi t ior is  i ~ s  planned f o r  t h e  Future ,  w i th  submission 
of 3 r e p a r t  abou t  June 1974. 

1 - Macco, S.G., "LUW-Cycle F a t i g u e  Behavicjr of 5086-~116 and 
5456-~117 Aluminum Al loys ,  " RSRM: Rept 28-54? ( ~ e b  1973) 

2 - Macco, J.C,, "LOW-Cycle Fat igue Behavior of 5386-~116 and 
5L~56-~117 AZuminum Alfoy Welc?rnents," NSRDC R&cD Rept 4151 

( 3 ~ 1 ~  1973) 
3 - "x-Ray S tandard  for  Bare Aluminum EPectrode welds," 

MIL-STD-437~1 (9 3ec 1958) 
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Figure 1 
Typical Welded Plate  Specimens 



Double V - F i l l e t  
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*First pass was baclcqraund to remove traces of unfused m e t a h  i n  
the root of the weld. 

Figure 2 - Jo in t  Design for Aluminum A l l o y  
T e e  and Butt Weldments 
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Low-cycle f l e x u r a l  f a t i g u e  tests  i n  a i r  and i n  s e a - w a t z r  e n v i r o n m e n t s  
were c o n d u c t e d  on I - i r i c h - t h i c k  5~86-~116 and 5456-~117 aluminum a l l o y  
weldments i n  t h e  ground c o n d i t i o n .  The  r e s u l t s  i n d i c a t e  t h a t  f a t i g u e  
life i s  u n a f f e c t e d  b y  t h e  p r e s e n c e  of sea w a t e r  and  t h a t  g r i n d i n y  
s i g n i f i c a n t l y  e n h a n c e s  f a t i g u e  behav io r  p r o v i d e d  t h a t  t h e  ground s u r -  
f a c e s  a r e  free of p o m s i t y ,  Work on this program is c o n t i n u i n g  t o  
d e t e r m i n e  t h e  e f f e c t s  of m e c h a n i c a l  p e e n i n g  and  p o s t w e l d - a r c  m e l t i n g  




