
DESIGN OF WELDS 
Design of Welds for Elevated Temperature SS 316 
Components 
S. C. Chetal 
Concern expressed in nuclear Codes for weldments creep and fatigue behaviour is brought to the notice of the users of non-nuclear design codes. 
Guidelines are provided in the paper for improving the life of SS 316 welded components for elevated temperature service. 

A. INTRODUCTION 

Trea tment to w e l d des ign for e levated tempera tu re serv-
ice in the non nuclear pressure vessel and piping codes 
l ike A S M E Sect ion ' , Sec t ion VIII Div 12 and Power 
Pip ing C o d e B31.13 is not comple te . T h e nuclear code 
case N-47-28 4 for e levated tempera tu re des ign does 
recogn ise the conce rn that we ldmen ts are inferior in 
c reep and fat igue in compar i son to the base mater ial 
wh ich fo rms the basic mater ia l propert ies data for 
des ign. T h e purpose of this note is to br ing to the not ice 
of users of the non-nuclear codes, the in format ion 
avai lb le in the l i terature on e levated tempera tu re des ign 
of SS 316 grade components . Recommenda t i ons 
g iven be low cou ld enhance the reliabil ity of compo-
nents or prov ide life longer than des ign life wh ich could 
der ive advan tage in life extension. 

B. Weldment Creep Rupture Behaviour 

Rat io of we ld meta l c reep rupture s t rength to the base 
mater ia l c reep rapture s t rength is a funct ion of tempera-
ture and t ime. For 105 hours, the basis of des ign in the 
above ment ioned non-nuc lear codes, the we ldment 
s t rength reduct ion factor in C o d e C a s e N-47 -28 is as 
fo l lows for SS 316 we lded wi th E 316 e lect rodes and ER 
316 we ld ing rods. 

Non-nuc lear Codes do not call for any such reduct ion 
factor. If one wan ts to avo id usage of this factor, the 
solut ion lies in improv ing the speci f icat ion of we ld ing 
consumab les . It is wel l es tab l ished that carbon and 
ni t rogen have a s t rong inf luence on creep res is tance of 
both base and we ld mater ial . N i t rogen is not speci f ied in 
A S M E / A W S speci f icat ion for SS 316 we ld ing 
consumab les . Speci f icat ion of carbon and n i t rogen in 
the we ld deposi t of m in imum 0 .11% wil l ensure we ld 
c reep rupture s t rength not lower than the base mater ial 
upto 700° C5 . S u c h e lect rodes for manua l metal arc 
we ld ing are not avai lab le in India. Ind ian weld ing indus-
try needs to deve lop and encourage use of these 
weld ing consumables . 

C. Weldabi l i ty and Structural Stabil i ty 

Non-nuc lear Codes do not call for any speci f icat ion on 
ferr i te content . It is widely recogn ised that we ld metal 
compos i t ion needs to be ba lanced to p roduce a smal l 
amount of ferr i te to contro l cracking. O n e also needs to 
take care of the de le ter ious ef fect of ferr i te on s i gma 
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Temperature deg. F(deg. C) Factor 

850 (454) 0.92 
900 (482) 0.82 
950 (510) 0.72 

1000 (538) 0.62 
1050 (566) 0.66 
1100 (593) 0.68 
1150 (621) 0.66 
1200 (649) 0.64 
1250 (677) 0.60 
1300 (704) 0.56 
1350 (732) 0.52 
1400 (760) 0.47 

phase fo rmat ion in austeni t ic s ta in less steel and 316 
grade in part icular. A S M E C o d e C a s e N - 4 7 - 2 8 calls for 
FN 3 -10 for SS 316 except that del ta ferr i te determina-
t ion is not required for 16-8-2 e lectrode. We ld i ng wi th 16-
8-2 type weld ing consumab les is to be prefer red over 316 
type as the we ld is stronger in c reep and has better 
structural stabil i ty but its commerc ia l avai labi l i ty is poor. 

D. Weldment Fatigue Behaviour 

A S M E Code C a s e N - 4 7 cal ls for a reduct ion factor of two 
on cycl ic life for the we ldments . Fat igue analys is is not 
ca l led for in A S M E Sect ion I and Sec t ion VIII Div. 1 
Power Piping C o d e B31.1 has covered fat igue analysis 
by provid ing a l lowable stress range for expans ion stress 
for p ip ing flexibil i ty design. Apar t f rom we ldmen t fat igue 
behaviour , we ld left in the as w e l d e d state is likely to be 
poor in compar i son to base mater ia l because of the 
geometr ic irregulari t ies of t he w e l d e d joint such as 
re inforcement , shr inkage, undercut ere. Solu t ion to th is 
lies in locat ing the we ld joint at spoo l s tage whe re piping 
flexibil ity stress is on the lower side. 

E. Shell Nozzle Junct ion Welds 

Nozz le to shel l junct ion is of conce rn in the pressure 
vesse l and p ipping industry. For crit ical appl icat ions 
f rom thermal fa t igue considerat ions, it is sugges ted to 
avo id we ld directly at the junct ion. I ns tead one can either 
go for a fo rged nozz le or shel l pull out. 
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