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ABSTRACT 

Information and data,accumulated over 
the  past  decade, on law-cycle fat igue 
behavior of large-scale HY-80, m-lOO, and 
HY-130 s t e e l  weldments and on the  e f f ec t s  
of various postweld treatments are  presented. 
Baseplate, tee- and butt-welded fat igue 
specinens are  covered, i n  addition t a  postweld 
treatments such a s  mechanical peening, shot 
peening, stress rel ieving,  grinding, and 
overstressing. The information w i l l  be espe- 
c i a l l y  useful t o  designers of welded s t ructures  
t ha t  are  subjected t o  repeated loads such a s  
s u h a r i n e s  and surface ships. 
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INTRODUCTION 

I n  the past  decade considerable research has been conducted 
a t  NASL and t h i s  laboratory on low-cycle fat igue of high-strength 
s t e e l  s t ruc tura l  weldments used in submarine h u l l  construction. 
Voluminous reports  covering t h i s  work have been issued and arg 
l i s t e d  in appendix A. I t  is the purpose of t h i s  report t o  con- 
sol idate  s ign i f ican t  data and findings from these reports  in to  a 
s ingle  convenient source fo r  future  reference in  designing 
advanced mi l i t a ry  submarines. The information presented covers 
low-cycle fa t igue behavior of large-scale HY-80, HY-100, and 
HY-130 s t e e l  weldments and the  e f f ec t s  of various postweld t r e a t -  
ments. 

DESCRIPTION OF FATIGUE MACHINES 

The low-cycle fat igue .data presented hereinwere obtained 
from t e s t s  conducted in plate-  and beam-type pneumatic fat igue 
machines. Photographs of t he  machines and specimens used appear 
as  f igures 1 through 6. The operating charac te r i s t i cs  of each 
machine a r e  given below. 

0 Two-eege support uniformly loaded p l a t e  machine 
( f igure  1) 

Loading mode 7 bending, constant load 

Operating mode - zero t o  maximm~ flexure 

. Speed range - 12 cpm,* maximum 

Stress ,  maximum - 140,000 p s i  on 1 1/2-inch-thick 
p l a t e  

. Specimen s i ze  - 32 x 29 112 x 1 1/2 inches thick 
( f i g m e  2) .  

0 four-edge support un:.formly loaded p l a t e  machine 
( f igure  3) 

- Loading mode - bending, constant lcad, 2:1 biaxia l  

Operating mode - zero t o  maximum flexure 

---- 
*Abbreviations used i n  this t e x t  are from t h e  8 0  Style  Manual, 
1967, unless otherwime noted. 



- Speed range - 12 cpm. maximum 

Stress ,  maximum - 120,000 ps i  on 1 1/2-inch-thick 
p l a t e  

Specimen s i ze  - 56 x 28 x 1 1/2 inches thick 
( f igure  4) .  

Uniform moment beam machine ( f igure  5) 

. Loading mode - bending, constant load 

- Operating mode - a l l  ranges of s t r e s s  

Speed range - 20 cpm, mwimun 

- Bending moment, maximum - ,800,000 in-lb 

Deflection, maximum - 16 inches 

- Specimen s i z e  - 32 t o  $ x 5 x 1 112 inches :.hick 
( f igure  6). 

In addition t o  constant cyclic-load fat igue t e s t s ,  the  above 
nrachines were a l so  used for  spectrum cyclic-load fat igue t e s t s  
under various spectra proposed fo r  t e s t s  on submarine models. 
The r e su l t s  of t h i s  work a re  not presented herein betause of its 
confidential  nature and since the  in ten t  of t h i s  report is t o  
cover r e su l t s  of constant cyclic-load fat igue t e s t s  only. A 
separate sununary report on spectrum t e s t s  is being prepared for  
submission a t  a l a t e r  date. 

DETAILS OF INVESTICaTION 

Conventions1 Welds 

Jo in t  dasicjn d e t a i l s  fo r  conventional t e e  and bu t t  weldments 
a r e  given i n  f igure  7. A l l  welding was done pa ra l l e l  t o  the 
direction of r o l l  by e i ther  the  gas metal a r c  welding (Q4kw) or  
the  shielded metal a rc  welding ( S ~ W )  process. 

I 40% Eff ic ien t  Welds 

Jo in t  deeigrl and welding d e t a i l s  for  40% e f f i c i e n t  double- 
fillet-welded jointn a r e  given in f igure  E .  Bfficiency, a s  used 
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i n  t h i s  connection, was defined as  the  r a t i o  of the s t a t i c  
strength of the  weld t o  the  strength of the s t e e l .  

Suhsurface Weld defects  

The two types of weld defects  del iberate ly  produced i n  the  
weldments were s lag  inclusions, approximately 1/2 inch long, and 
lack of fusion, approximately 1/4 inch long. Tne lengths of the  
par t i cu la r  defects  and +.heir locations i n  the  pla te ,  shown in 
f igure  9,  were determined so a s  t o  confcrm t o  ex is t ing  acceptance- 
rejection l imits .  The weld defects  were produced in each weldmont 
a s  described below: 

a Normal welding was stopped a t  the locations 
selected fo r  the  defects.  

a The current  was reduced approximately 50% t o  
amperes for  j/l6-inch-diameter electrodes. 

a A high crowned, co-vex head approximately 1 inch 
long was deposited a t  each selected location. 

0 Additional small weld passes were deposited along- 
s ide  and on top s f  the  convex nead t o  box in each defect.  For 
t he  s l ag  inclusion defect  only, s l ag  was del iberate ly  tamped 
in to  each boat-shaped crevice formed before covering the  defect .  

a The welds were completed with normal welding current 
and speed, except t ha t  a t  the  flaw locations a f a s t e r  speed was 
used t o  avoid penetration and washing out of the  defects.  Upon 
completion of each weldment, radiographic inspection was performed 
which ensured tha t  the  defects  were of the  desired s i ze  and 
correct ly  located along the  length of t he  p l ~ t e .  

WELD TREATMENTS 

Weld Grin* 

Tees 

Tke toes of these welds were ground t o  a radius of 3/8 inch 
w i n g  8 tapered-cup grinding arheel whose bottom edge had a 
radius of apptoxinatsly 3/8 inch. Rotation of the  w h e e l  was such 
a s  to  leave scratches p a r a l l e l  to  the  weld length. Theso scratches 
w e r e  then removed by grinding with a mall tapered etone, leaving 
the f inishing scratches normal t o  the weld. 



Butts  

Both faces  nF ihesn weldments w e r e  ground f lush  by means of 
a 6-inch por t ab le  d i sk  sander, using 180-gri t  papez f o r  t h e  top  
f ace  f i r ' i s h  and 240-grit  paper f o r  t h e  bottom face f i n i s h .  
Grinding was done so  t h a t  a l l  g r inding  marks ran normal t o  t h e  
weld length.  A smoother f i n i s h  was given t o  t h e  bottom face  t o  

I 
a ssure  t h a t  f a i l u r e  would occur a t  t h e  top  f ace  on which t h e  

1 required s t r e s s  condi t ions  are imposed. 

Shot Peezed Welds 1 
The apparatus  employed f o r  shot  peening weldments is shown 

diagrammatically in f i g u r e  1 C  toqe ther  wi th  d e t a i l s  of  t h e  peen- 
ing  procedures. I n t e n s i t y  of shot  peening was measured by means 
of hlmen s t r i p s .  I n  b r i e f ,  t h e  p r i n c i p l e  involved is t h a t  sho t  

I 
peening deforms t h e  metal on t h e  s c r f a c e  2nd produces a l aye r  of 
r e s idua l  compressive s t r e s s e s .  This  i n  t u r n  prcduces a curva ture  
in  t h e  s t r l p  which is propor t ional  t o  t h e  i n t e n s i t y  of  sho t  

I 
peening . 1 
Mechanically Peened Welds - 

I 

The mechanical peening procedures used f o r  t e e  and b u t t  
weldments a r e  descr ibed i n  d e t a i l  in  r e p o r t s  of  NASL A s i z e  

I 
2, type 2, pneumatic chipping hammer, confonninq t o  f e d e r a l  
spec i f i ca t ion  00-H-116a. was  used f o r  t h e  peening operat ions.  
A hemispherical nose-contourins t o o l  was used f o r  major metal 

1 
removal and a dress ing  t o o l  f c r  removing t h e  sphe r i ca l  impressions 
nade by t h e  contouring too l .  On b u t t  weldmen's a f l a t t e n i n g  t o o l  
w a s  used f o r  removing any sharp  r idges  t h a t  might appear a t  t h e  

I 
basep la t e  edge of t h e  peened area.  1 
Stresw-Relieved Welds 

The s p e c i f i c a t i o n s  f o r  stress r e l i e v i n g  HY-80 steel weld- 
ments were a s  indica ted  below: 

1 
, 

Place  in furnace a t  a temperature no t  exceeding I 
me F. 

1 

0 Raise temperature t3 1025' P and hold f o r  2 hours. i 

0 Furnace cool t o  a temperature no t  exceeding 300' F 
and remove. 

a ~ u p e r s c r i p t s  r e f e r  t o  similarly numbered e n t r i e s  in appendix A. 1 
w o r t  28-288 4 '1 



e Temperature rise and f a l l  no t  t o  exceed 150' F 
p e r  hour. 

0 Ter~~pera ture  d i f f e r e n c e  between coo le s t  and h o t t e s t  
p o i n t s  on weldment n o t  t o  exceed looo F. 

REVIEW OF FATIGUE RESULTS 

S i g n i f i c a n t  d a t a  c u l l e d  from t h e  mass of low-cycle, l a rge-  
s c a l e  specimen f a t i g u e  d a t a  generated over t h e  p a s t  decade a t  
NASL and t h i s  l abora to ry  a r e  sununarized i n  f igu rea  11 through 20. 
An index is provided i n  t a b l e  1 i n d i c a t i n g  t h e  bibl iography r e p o r t  
numbers from which t h e  f a t i g u e  data ,  shown on t h e  r e spec t ive  
f igu res ,  i n  t h i s  r e p o r t  w e r e  obtained.  

TABLE 1 
INDEX TO IDW-CYCLE FAT1 aJE DATA 

- 
T m  =f D a t a  

HY-30 1 14 
HY- 1W None ava i lab le  
HY-1% 11 

Butt Weld. -- 

I 13-16, 19 3 9 ,  19-22 
I;, 17 
It, 14 28. %. 46 i 

Effmct. O f  Shot and Mechanical 9r.oninp 
and S t r e s s  Ral ievinp - I 

I 1 15, 18 1 5, 8 ,  9 .  22. b7 
won. av. i l .LIe  
Won* ava i lah lo  

I 
---- 

Others ( W f - 5 0 )  

E f f e c t  o t  arerstr... ---- 



The f a t i g u e  d a t a  a s  presented i n  t h e  f igu res  a r e  discussed 
below: 

Figures  11 through 14 - Fat igue  d a t a  a r e  presented  
f o r  b a s q l a t e  and t ee -  and butt-welded p l a t e  specimens f o r  HY-80, 
kK-100, and H Y - 1 3  s t e e l .  I t  may be observed from t h e s e  f i g u r e s  
tha t :  

. The s c a t t e r  f o r  basep la t e  specimens is consider- 
ab ly  l e s s  than f o r  welded specimens and t h a t  t h e  s c a t t e r  f o r  a l l  
tends  t o  increase  a s  t h e  appl ied stress is  reduced. I n  general ,  
t h e  s c a t t e r  f a c t o r  f o r  t h e  f a t i g u e  d a t a  presented he re in  va r i ed  
from about 2 t o  10. 

. The f a t i g u e  l i f e  of  h igher  y i e l d  s t r e n g t h  base- 
p l a t e  is  s i g n i f i c a n t l y  longer than t h a t  of basep la t e  with lower 
y i e l d  s t r eng th .  However, t h e  f a t i g u e  l i f e  of s i m i l a r  types  of  
weldments is  e s s e n t i a l l y  t h e  same, r ega rd le s s  o f  y i e l d  s t r eng th .  

- The f a t i g u e  l i f e  c f  b u t t  welds is at  l e a s t  two 
times t h a t  of t e e  welds. 

The f a t i g u e  l i f e  of b u t t  welds with subscr face  
weld de fec t s ,  wi th in  t h e  range of  c u r r e n t  acceptance/reject ion 
l i m i t s ,  i s  equal  t o  that of sound b u t t  welds. 

- The f a t i g u e  l i f e  of  weldments is considerably 
improved by grinding: and t h e  degree of  improvement t ends  t o  
increase  a s  t h e  appl ied  stress is decreased. In  general ,  t h e  
improvement vapied from about a f a c t o r  of 2 a t  t h e  h ighe r  stresses 
t c  a f a c t o r  of 10 a t  t h e  lower stresses. 

Figure  15 - Fat igue  dhta  demonstrating t h e  e f f e c t s  
of f a b r i c a t i o n  v a r i a b l e s  on low-cycle f a t i g u e  p r o p e r t i e s  of m-80 
p l a t e  specimens are presented graphica l ly .  Giving due consider- 
a t i o n  t o  t h e  inherent  s c a t t e r  found i n  t h e  f a t i g u e  r e s i s t a n c e  of 
weldments, f i g u r e  15 i n d i c a t e s  t h a t :  

There is no s u b s t a n t i a l  d i f f e r e n c e  in  the f a t i g u e  
l i f e  of  welds prepared by t h e  GMAW o r  SMAW processes.  

I n  general ,  stress r e l i e v i n g  does n o t  a f f e c t  the 
f a t i g u e  l i f e  of  welds: however, stress r e l i e v i n g  a f t e r  mechanical 

! peening has  a s i g n i f i c a n t  de t r imenta l  e f f e c t .  



- Shot peening produces no s ignif icant  e f f e c t  on 
the  fat igue l i f e  of welds. 

Grinding welds produces an appreciable increase 
i n  fat igue l i f e .  The fat igue l ives  of ground t e e  welds were a t  
l e a s t  s i x  times longer t h - n  thos3 fo r  t e e  welds in the  as-welded 
condition. 

The most dramatic improvement i n  the  fat igue l i f e  
of welds was achieved by mechanical peening. Mechanically peened 
welds exhibited fat igue l i ve s  of a t  l e a s t  20 times greater  than 
those for  welds in the  as-welded condition. 

- The fat igue l i f e  of 40% e f f i c i e n t  t e e  welds is 
s imilar  t o  t h a t  of double-bevel f u l l  penetration t e e  welds. 

The fa t igue l i f e  of m-80 cas t  t ees  t h a t  a r e  b u t t  
welded t o  rol led p l a t e  is s imilar  t o  t h a t  of cas t  p l a t e  bu t t  
welded t o  rol led p l a t s  and t h a t  of rol led p l a t e  bu t t  welded t o  
rolled plate.  

- The fat igue l i f e  of c a s t  t e e p l a t e s i s  a t  l a a s t  
f ive  times greater  than t h a t  of t e e  and b u t t  welds and about 
equal t o  t ha t  of as-rolled baseplate. 

0 Figures 16 through 18 - Fatique data and S-N curves 
are  presented fo r  both beam- and plate-type specimens tes ted  
under similar  s t r e s s  conditions. It may be seen t f a t  the  fat igue 
r e su l t s  obtained with beam-type specimens corroborate correspond- 
ing r e su l t s  obtained on plate-type specimens. Suff ic ient  
addit ional  confirming evidence t h a t  has been gathered over the  
years indicates t h a t  t he  considerably l e s s  expensive beam t e s t s  
can be substi tuted for  the  two-edge p l a t e  t e s t s  without adversely 
affect ing the resul ts .  

0 Figures 19 and 20 - Data demonstrating the  e f fec t  
of overstress on fat igue and residual  s t resses  of EN-80 s t e e l  
tee-welded beam specimens a r e  presented. The various e f f ec t s  of 
overstressing a r e  a s  follows: 

. Tensile overstressing causes a reduction in the  
high i n i t i a l  t e n s i l e  residual  s t resses  usually found a t  t he  toe  
of the  weld, even introducing benef ic ia l  compressive stresses.  

Tensile wars t resu ing  produces a s ign i f ican t  
increase in the  fa t igue l i f e  of tee-welded beams t h a t  a r e  
cyc l ica l ly  s t ressed 5.n tension. 



Compressive -vc r@t~ess ing  has no s ignif icant  
e f f e c t  on the i n i t i a l  t ens i l e  residual  s t resses  a t  the  toe of the  
weld nor on the fat igue l i f e  of tee-welded beams t h a t  are  cycli-  
ca l ly  s t ressed,  e i t he r  i n  tension or  compression. 

SUMMARY 

The primary objective of t h i s  report ,  as  or iginal ly  defined, 
was t o  accumulate and review fat igue data on HY-80, HY-100. and 
HY-1% s t e e l  weldments generate3 over the  past decade, and t o  
provide information for  use i n  designing advanced mi l i t a ry  sub- 
marines. Sucn information has been furnished in the  t e x t  and 
w i l l  not be restated: however, t h e  most noteworthy observations 
are  summarized below: 

0 The s c a t t e r  factor  fo r  the  fat igue data covered 
herein ranges from 2 t o  10. increasing in magnitude as  the  
applied s t resses  decrease. 

0 HY-1% and HY-100 s t e e l  weldments show no advantage 
over HY-80 s t e e l  w s l h e n t s  i n  fat igue behavior a t  design s t resses  
applicable t o  HY-80. 

0 Mechanical peening produces a substant ia l  improve- 
ment in the  fat igue behavior of HY-80 s t e e l  weldments. Tests 
recently completed on two contour-peened t e e  weldments indicate 
t h a t  t h i s  may also  be t r u e  for  H Y - 1 3  weldments. 

a Grinding s ign i f ican t ly  enhances the  fat igue behavior 
of HY-80, HY-100, and HY-1% s t e e l  weldments. 

0 The fa t igue l i f e  of butt-welded p la tes  is  a t  l e a s t  
twice t h a t  of tee-welded pla tes .  

0 The fat igue l i f e  of HY-80 cas t  t e e s  b u t t  welded t o  
ro l led  p l a t e  equals t h a t  Of rol led p l a t e  b u t t  welded t o  rol led 
pla te .  

i 
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Figure 1 
TPro-Edged Support Uniformly Loaded Plate Machine 
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Figure 2 
32- x 29 1/2- X 1 1,'2-Inch 

Tee-Fillet-Welded Plate Spechen 



~KKMESS OF RATE-I* INCHES 

Figure 4 
Typical 56- x 28- x 1 1/2-Inch 
~ee-~illet-welded Plate Element 
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F i g u r e  5 
Uniform Moment Beam Machine. 
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TEE WELD 

BUTT WELD 

Figure 7 
Joint Design for Conventional Tee- and Butt-Weldments 



WELDMEM L - AYOUT 

PROCEDURE 

BASE K T A L :  W - 8 0  
ELECTRODE: MIL-E-1 1018, ~ " D I A M E T E ~  
PROCESS : MANUAL METAL ARC 
PREHEAT : 225' F 
INTERPASS TEMPERATURE: 225'-250~ F 
CURRENT A N )  POLARITY: DIRECT CURRENT, REVERSED POLARITY 

-1 
POSITION: VERTICAL 
HEAT INPUT: ao,ooo JOULESIINCH AVERAGE 
VOLTS : -0 

' 3  
C L  

AMPS ' 110 

WELDING TECHNIQUE 

BACK STEP FROM TOP WWN, IN 9" TO 12" INCREMENTS. 
BOTH SIDES OF WEB TO PREVENT PULLING OFF CENTER 

INSPECTION 

WELDING BALANCED ON 
7 

MAGNETIC PAflTICLE INSPECTION OF SECOND AN0 FINAL WELD LAYERS. 7 



28" 

LEGEND 

A AND D : SLAG INCLUSIONS, APPROXIMATELY IN. LONG. 

B AND C ; LACK Of FUSION, APPROXIMATELY 4 IN. LONG. 

Figure g 
Location of Subsurface Weld Defects 



PEENING PROCEWIE 

I. I W %  SAlURA1K)N 

O o o  D 0 0  O * O  7. I H O l  ISlEELI 
o c  0 0 0  0 0 0 0  1.1 SAE 33C S W 1  1.033" M4l 

0 U o O 0 O  0 0  1b1 10 - SSO ROCKWELL C 

Sl€€L SHOI 3 ALMEN INlENSllY : I-1OCl I 0  093" 1MlCK SltIPI 
1. ?MSSURE : COMPRESSED AIR 

I O I  10 nl 
I b I  70 CFM 

S MANUALLY DIRMIED 
6. MASKING CROSS-SECllONAL FNES ONLY : GRADUAL 

FADE OUT ON FILLET AREA 

MANUALLY MREClED 
fL t * I IL I  HOSE 

Figure 10 
Shot Peening Apparatus and Procedure 
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Figure 11 
Gaseplate Fatigue Data on HY-80 and HY-1% 

Two-Edge Support Plate  Specinens 
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- 1  F i g u r e  13 
! Tee-Fillet Weld F a t i g u e  Data on RY-80, m-100, and m - 1 3  

Two-Edge Support Plate Specimens 



NUMBER OF CYCLES TO 10% INCREASE IN DEFLECTION 

Figure 14 
Butt- and Tee-Weld Fatigue Data on HY-80 and HY-130 

Four-Edge Support Plate  Specimens 
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I b i  HY-I00 TEE-FILLET WELDS \ ' \ 
\ 

. OW\ \ 0A \ 
STRESS CYCLE-ZERO TO MAX. FLEXURE 

\ -\ 

1 I i , 1 0 1  I l l l l l  I 1 . 1  1 1  1 1 1 1  I I 1 1 1  

103 104 105 
NUMBER OF STRESS CYCLES TO P% INCREASE IN DEFLECTION 

Figure 17 
Comparison of Fatigue Data for HY-100 Steel 

Beam- and Plate-Type Specimens 



SP - SHOT PEENED 
MP- MECHANWLY PEENED 
G - GROUND 

CYCLES TO FALURE (100 Ye NCREASE N DEFLECTION) 

Figure 18 
Comparison of Fatigue Curves for 1 1/2-Inch HY-80 Steel 

Tee-Fillet Welds Beam- Versus Plate-Type Elements 
(Stress Cycle-Zero to  Maximum Flexure) 
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Figure 19 - Effect of Overstress 
on Residual Stresses a t  the Toe of HY-a0 

Stee l  Tee-Fillet Welds 

I 

Figure 20 - Effect of Overstress on Fatigue Life of 
As-Welded W-80 Stee l  Tee-Fillet-Welded Beam Specimens 

Rrsldutl Stresses at Weld 

WELD 
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Information and daLa,accumulatedover t h e  p a s t  decade, on low-cycle 
f a t i g u e  behavior  of l a rge - sca le  HY-80, IS-100, and H Y - 1 3  steel weld- 
ments and on t h e  e f f e c t s  o f  v a r i o u s  postweld t r ea tmen t s  are presented .  
Basepla te ,  t e e -  and butt-welded f a t i g u e  specimens are covered, i n  
a d d i t i o n  t o  postweld t r ea tmen t s  such a s  mechanical peening, shot  peenin 
stress r e l i e v i n g ,  gr inding,  and overs t r e s s ing .  The i n f o m a t i o n  w i l l  be 
e s p e c i a l l y  use fu l  t o  des igners  o f  welded P t r u c t u r e s  t h a t  are sub jec ted  
t o  repeated loads  such as submarines and s u r f a c e  sh ips .  
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