
Fatigue-Crack Growth in Inconel 718 
Weldments at Elevated Temperatures 

A "modified" vs. "conventional" postweld heat 
treatment results in lower crack growth rates and 

higher toughness that are thought to be associated 
with a more complete dissolution of the "brittle" Laves 

phase which forms during welding 

BY L A. JAMES 

ABSTRACT. The techniques of linear-
elastic fracture mechanics were used 
to characterize the fatigue-crack 
growth behavior of Inconel 718 gas 
tungsten arc (GTA) weldments over 
the temperature range 24-649 C 
(75-1200 F). Two different postweld 
heat treatments were employed: the 
"convent ional" (ASTM A637) treat
ment, and a "mod i f ied" heat treat
ment designed to eliminate the britt le 
Laves phase that forms during the 
welding process. 

Weldment specimens given the 
modified postweld heat treatment 
consistently exhibited superior fa
tigue-crack growth behavior relative to 
conventionally-treated weldments. In 
addit ion, weldment specimens treated 
by either process exhibited higher 
crack growth rates than plate spec
imens similarly heat treated. 

Introduction 

Inconel* 718 is a precipitation-hard-
enable nickel-base alloy that is util ized 
extensively where high strength and 
corrosion resistance are required at 
elevated temperatures. For these rea
sons, the alloy is employed in some 
nuclear reactor structural components, 
particularly where strength, swelling 
behavior, and creep resistance are 
important. Such structural compo
nents are often subjected to cyclic 
loadings in service, and hence the 
potential exists for subcritical exten
sion of cracks or crack-like flaws 
during service. 

*lnconel is a registered trademark of the 
International Nickel Company. 

The techniques of linear-elastic frac
ture mechanics are particularly useful 
for estimating in-service crack exten
sion,1 and considerable progress has 
been made in characterizing the effect 
of various parameters upon the crack 
growth behavior of structural alloys. 
The present paper addresses the fa
tigue-crack growth behavior of Incon
el 718 base metal and weldments at 
several temperatures, and wi th two 
different postweld heat treatments. 

Experimental Procedure 

Several heats of material were 
utilized in this study and are desig-

L. A. IAMES is a Fellow Engineer, Westing
house Hanford Company, Richland, Wash
ington. 

nated as heats A-F in Table 1. The 
chemical compositions of these heats 
are given in Table 2. Two different heat 
treatments were employed: the "con
vent ional" heat treatment,2 and the 
"mod i f ied" heat treatment developed 
at the Idaho National Engineering 
Laboratory (INEL).3 The heat treat
ments were as fol lows: 

1. "Convent ional"-annealed at 954 
C (1750 F), and air-cooled to room 
temperature. Aged 8 h at 718 C (1325 
F), furnace-cooled to 621 C (1150 F) 
and held at 621 C (1150 F) for a total 
aging time of 18 h, and air-cooled to 
room temperature. 

2. "Modi f ied"-solut ion-annealed 1 
h at 1093 C (2000 F), cooled to 718 C 
(1325 F) at 56 C/h (100 F/h), aged 4 h at 
718 C (1325 F), cooled to 621 C (1150 F) 

Table 1—Identification of Material Heats 

Heat 
identi f i 
cation 

A 

B 

C 

D 

E 

F 

Producer 
heat no. 

Haynes 
2810-9-9104 
Haynes 
2180-1-9345 
Haynes 
2180-4-9478 
Hunt ington 
52C9EK 
Hunt ington 
60C7E 
Hunt ington 
52B0E 

Product form 

0.5 in. plate 

0.5 in. plate 

0.5 in. plate 

0.5 in. plate 

0.062 in. d iam. 
filler metal 
0.045 in. d iam. 
filler metal 

Mel t 
pract ice" ' 

VIM-VAR 

VIM-ESR 

VIM-ESR 

VIM-EFR 

— 

Purchase 
specification 

AMS 5597 

AMS 5596C 

AMS 5596C 

AMS 5596C 

AMS 5832A 

AMS 5832A 

""VIM-VAR—vacuum induction melled, followed by vacuum arc remelting; VIM-ESR—vacuum induction melted, followed 
by electroslag remelting; VIM-EFR—vacuum induction melted, followed by electro-flux remelting; VIM-ESR and VIM-EFR 
are essentially the same process. 
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Table 2-Chemical 

Heat 
identi
fication 

A 
B 
C 
D 
E 
F 

C 

.05 

.06 

.05 

.07 

.04 

.04 

Composition, 

Mn 

.19 

.08 

.21 

.08 

.09 

.04 

Fe 

Bal. 
Bal. 
Bal. 

18.19 
17.97 
17.60 

Wt-% 

S 

.003 
<.005 

.005 

.007 

.007 

.007 

Si 

.09 

.07 

.10 

.17 

.18 

.19 

Cu 

<.01 
.04 
.02 
.11 
.10 
.05 

Ni 

53.00 
52.88 
52.63 
53.44 
53.84 
54.58 

Cr 

17.95 
18.06 
18.21 
18.11 
18.04 
17.91 

Al 

.46 
.51 
.54 
.49 
.55 
.49 

Ti 

.95 
1.11 

.97 
1.08 
1.01 

.99 

Co 

.07 

.22 

.30 

.03 

.03 

.04 

P 

.003 
<.005 

.005 
(a ) 

.010 

.011 

Mo 

3.16 
2.89 
3.05 
3.00 
3.00 
2.96 

B 

.003 

.004 

.002 
(a) 

.0042 

.0031 

Cb&Ta 

5.17 
5.04 
5.08 
5.10 
5.12 
5.08 

Cb 
!(a) 

(a ) 

(a ) 

(a ) 

5.11 
5.07 

Ta 

(a ) 

Ca) 

f a l 

(a ) 

.01 

.01 

"Not determined. 

at 56 C/h (100 F/h), aged 16 h at 621 C 
(1150 F), and air-cooled to room 
temperature. 

Weldments were made wi th the 
material in the annealed condit ion and 
then given either the conventional or 
modified heat treatments fol lowing 
gas-tungsten arc welding. All we ld
ments were of double V groove 
design. 

The ASTM "Compact Type" spec
imen was employed in the fatigue 
tests. The width (W) and thickness (B) 
were approximately 50.8 mm (2.0 in.) 
and 11.4 mm (0.45 in.), respectively, for 
all specimens, except for those num
bered 835 and above, which had W 
and B dimensions of approximately 
29.3 mm (1.154 in.) and 7.8 mm (0.31 
in.), respectively. The specimens were 
tested on an MTS servo-controlled 
testing machine employing load as the 
control parameter. The cyclic frequen
cy was 40 cpm (0.667 Hz) except at 
room temperature where frequency is 
not expected to be an important vari
able. Sinusoidal loading waveforms 
with a stress ratio (R = Kmin/Kmax) of 
0.05 were employed on all tests. Cracks 
in weldment specimens were centered 
in the weld deposit, and were oriented 

parallel to the direction of welding. 
Specimen identification is given in 
Table 3. 

Elevated temperature tests were 
conducted in an air-circulating fur
nace, and temperatures were con
trolled to wi th in about ± 1 C ( ± 2 F). 
Crack lengths were determined peri
odically throughout each test using a 
travelling microscope. 

Crack growth rate (da/dN) was 
calculated by dividing each increment 
of crack extension (Aa) by the number 
of cycles producing that increment 
(AN). The stress intensity factor (K) 
was calculated from a determined 
relationship^ using the average crack 
length for each growth increment. The 
results were then plotted as log (da/ 
dN) as a funct ion of log (AK), where 
AK is the stress intensity factor range. 

Results and Discussion 

Tests were conducted at tempera
tures of 24 C (75 F), 427 C (800 F), 538 C 
(1000 F), and 649 C (1200 F), w i th the 
emphasis being placed on the 427 C 
and 538 C temperatures where both 
the conventional and modif ied heat 
treatments were studied. The results 

Table 3—Specimen 

Specimen 
no. 

128 
158 
862 
162 
255 
835 
852 
840 
864 
130 
131 
165 
250 
251 
368 
369 
487 
841 
252 
486 

Identification 

Material 

Plate 
Plate 
Weldment 
Plate 
Plate 
Weldment 
Weldment 
Weldment 
Weldment 
Plate 
Plate 
Plate 
Plate 
Plate 
Weldment 
Weldment 
Weldment 
Weldment 
Plate 
Weldment 

Heat 
treatment 

Conventional 
Conventional 
Conventional 
Conventional 
Modi f ied 
Conventional 
Conventional 
Modi f ied 
Modi f ied 
Conventional 
Conventional 
Conventional 
Modi f ied 
Modi f ied 
Conventional 
Conventional 
Modi f ied 
Modi f ied 
Modi f ied 
Modi f ied 

Heat 
identi

f icat ion"" 

A 
D 

C/E 
D 
D 

D/F 
C/E 
D/F 
C/E 

A 
A 
D 
D 
D 

B/E 
B/E 
D/F 
D/F 

D 
D/F 

Test 
temperature 

24 C (75 F) 
24 C (75 F) 
24 C (75 F) 

427 C (800 F) 
427 C (800 F) 
427 C (800 F) 
427 C (800 F) 
427 C (800 F) 
427 C (800 F) 
538 C (1000 F) 
538 C (1000 F) 
538 C (1000 F) 
538 C (1000 F) 
538 C (1000 F) 
538 C (1000 F) 
538 C (1000 F) 
538 C (1000 F) 
538 C (1000 F) 
649 C (1200 F) 
649 C (1200 F) 

"Designations incorporating a slash mark mean: base metal heat/filler metal heat. 

are plotted in Figs. 1-6 where the 
behavior of a weldment at a given 
temperature is compared to the 
behavior of base metal given the same 
heat treatment. Although not shown 
in the present paper, additional results 
for plate material at other tempera
tures and with other heat treatments, 
were reported in the literature.5 

Tensile tests were conducted on 
some of the material/heat treatment 
combinations employed in this study, 
and the results are given in Table 4. 
More extensive results are contained 
in the literature." 

The crack in each weldment spec; 
imen was approximately centered in 
the weld deposit and oriented parallel 
to the direction of welding. As crack 
extension occurred during each test, 
the cracks remained roughly normal to 
the direction of applied loading (i.e., 
parallel to the direction of welding). 
This is in contrast to the behavior 
observed" for bimetallic weldment 
specimens (Inconel 718 welded to 
either Inconel 600 or Type 316 stainless 
steel, using Inconel 82 filler metal in 
both cases) where crack extension 
directions deviated considerably from 
the normal to the loading time. 

Figures 1-6 reveal that somewhat 
greater data scatter is generally ob
served for the weldment specimens 
relative to that in the plate specimens. 
This is in agreement with similar 
observations for weldments in ferritic7 

and austenitic" steels. Considerable 
scatter in the crack growth behavior of 
Inconel 718 weldments has also been 
noted at 538 C (1000 F),!' but in this 
case approximately the same degree of 
scatter was also noted in the results for 
base metal. 

In general, Inconel 718 has very 
good weldability. However, in some 
cases difficulties have been encoun
tered achieving adequate ducti l i ty and 
impact strength, especially when the 
weldments are given the "convent ion
a l " heat treatment fol lowing weld
ing.31" These difficulties are apparently 
associated with the formation of a 
"br i t t le" Laves phase in the weld 
fusion zone, and the inability of the 
954 C (1750 F) annealing temperature 
in the conventional postweld heat 
treatment to eliminate the Laves 
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Fig. 1—Fatigue-crack growth behavior of Inconel 718 plate and 
weldments tested in an air environment at room temperature 
(conventional heat treatment) 
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Fig. 2—Fatigue-crack growth behavior of Inconel 718 plate 
weldments tested in an air environment at 427 C (conventional 
treatment) 
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Fig. 3—Fatigue-crack growth behavior of Inconel 718 plate and 
weldments tested in an air environment at 427 C (modified heat 
treatment) 

3/2 
STRESS INTENSITY FACTOR RANGE, AK, IbNin. 

J I , , I , , , , I 

10' 10" 
„3'2 STRESS INTENSITY FACTOR RANGE, AK, MN/lml" 

Fig. 4—Fatigue-crack growth behavior of Inconel 718 plate and 
weldments tested in an air environment at 538 C (conventional heat 
treatment) 
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phase. For this reason, the "mod i f ied" 
heat treatment was developed at the 
INEL.3 The 1093 C (2000 F) postweld 
annealing temperature and subse
quent modified heat treatment re
stores adequate ducti l i ty and impact 
strength to the weldments by dissolu
tion of the Laves phase. Similar 
conclusions were reached in Can
ada.10 

Since the nuclear applications of 
Inconel 718 are mainly in the tempera
ture range 427-538 C (800-1000 F), the 
present study emphasized this region. 
Both conventional and modif ied heat 
treatments on plate material and weld
ments were studied in this tempera
ture range. The results, shown in Figs. 
2-5, reveal several trends in the data. 
Least-squares regression analyses were 
conducted for each group of data (e.g., 
weldments in a given heat treated 
condit ion at a given test temperature), 
and are shown as linear or bi-linear 
lines in the Figs. 2-5. 

It wi l l be seen that, at each test 
temperature/heat treatment combina
t ion, the crack growth rates are some
what higher in the weldments than in 
the plate material. In some cases (e.g., 
Fig. 2) the differences are minimal and 
may not be statistically significant,* 
while in other cases (e.g., Figs. 1 and 3) 
the differences are appreciable. This 
observation of higher crack growth 
rates in weldments than in base metal 
is in contrast to most observations on 
the behavior of weldments in ferritic7 

and austenitic8 steels. 
Comparing the results for both heat 

treatments at a given temperature 
(e.g., comparing Figs. 2 and 3, or Figs. 4 
and 5) reveals that in all cases the 
modified heat treatment produces 
lower crack growth rates in a given 
material than does the conventional 
treatment. In other words, crack 
growth rates in weldments given the 
modified treatment fo l lowing welding 
are lower than those in weldments 
given the conventional postweld heat 
treatment; also, growth rates in plates 
given the modified treatment are 
lower than those in plates given the 
conventional treatment. In fact, the 
differences between differing heat 
treatments on the same product form 
(e.g., weldments) are often greater 
than the difference between different 
product forms given the same heat 
treatment. It is apparent, then, that 
postweld heat-treatment is a param
eter that must be given careful consid
eration. It is likewise apparent that the 
modified treatment appears to give 

M n ASTM round-robin test program" has 
established that a factor of two scatter on 
da/dN can be expected for intralaboratory 
tests on a single heat of material, and a 
factor of three for interlaboratory tests. 

superior results in both weldments 
and plate material. 

The limited results at 24 C (75 F) and 
649 C (1200 F) also show the same 
trend of somewhat higher crack 
growth rates in the weldments relative 
to those in plate. These results, 
however, are of less practical interest 
since the lower temperature is below 
that of most reactor applications, 
while the higher temperature is slight
ly above the final precipitation tem
perature, and hence overaging could 
result. 

As mentioned earlier, previous stud
ies310 had suggested that the higher 
annealing temperature in the modif ied 
postweld heat treatment produced a 
greater dissolution of the Laves phase, 
and that this in turn produced the 
improvement in ducti l i ty and impact 
strength. The dissolution of the Laves 
phase is dramatically illustrated by 
comparing the photomicrographs of 
Figs. 7 and 8 for the conventional and 
modified heat treatments, respective
ly. The Laves phase (the small whi te-
etching areas surrounded by the dark-
etching areas) present in the conven
tionally-treated weldment (Fig. 7) is 
almost completely absent in the weld
ment given the modif ied treatment 
(Fig. 8). Very similar photomicrographs 
may also be seen in the literature.1" It is 
therefore reasonable to speculate that 
the improvement in fatigue-crack 
growth resistance noted in the weld
ments given the modif ied treatment 
may at least in part be due to the 
dissolution of the "br i t t le " Laves 
phase. 

Three of the "convent ional ly" 
treated weldment specimens (spec
imens 368, 835 and 852) failed during 
fatigue testing. The fracture surfaces of 
these specimens were flat and devoid 
of shear lips, indicating a low-energy 
fracture. Taking specimen 368 as an 
example and assuming that the failure 
occurred at the maximum fatigue load, 
and using the final crack length (taken 
from the fracture faces), an approxi
mate final value of K may be calcu
lated to be 62.5 MPayTr i (56,900 psi 
y/m.). 

There are a number of reasons why 
the K value should not be construed as 
Klc since many of the criteria of ASTM 
E399-74 were not met: 

1. Since this was a fatigue test, no 
crack opening deflection transducers 
were installed as would be necessary 
in a facture toughness test. 

2. The final fatigue crack length was 
longer than that specified in E399 and 
"precracking" occurred at approxi
mately the same load as the failure 
load, rather than at the lower precrack
ing loads required in E399. 

3. The load rise t ime (one-half the 
fatigue cyclic period for a sine wave) 

B > 2 . 5 

was faster than allowed by E399. 
Nevertheless, it is interesting to 

make the calculation (per E399) to see 
if specimen 368 was sufficiently thick 
to produce a "plane-strain" fracture: 

(ir 
where B = the specimen thickness, 
and o"ys = the material yield strength 
at that temperature. Substituting 
K = 62.5 MPay-Tn (56,900 ps i - /m . ) 
and o-ys = 928.7 MPa (134,700 psi) the 
above relationship predicts that a 
thickness of 11.33 mm (0.446 in.) 
would have been sufficient to produce 
a "va l id" plane-strain fracture, pro
vided of course, that all of the other 
requirements of E399-74 were met. 
Specimen 368 had a thickness of 11.53 
mm (0.454 in.), slightly greater than 
that required by E399. This is a surpris
ingly low toughness for a test temper
ature as high as 538 C (1000 F). 

Specimens 835 and 852, which were 
tested at 427 C (800 F), also fractured 
during fatigue testing. Both failed at 
final K levels of approximately 57.7 
MPav/ rn (52,500 psi^/Tn.). The yield 
strength of the deposited weld metal 
at 427 C (800 F) was 933.6 MPa (135,400 
psi), and hence a thickness of 9.55 mm 
(0.376 in.) wou ld have been necessary 
to produce "plane-strain" fracture. 
The thicknesses were slightly less, 
approximately 8.13 mm (0.32 in.), but 
the fracture surfaces were nevertheless 
flat and devoid of shear tips. 

It is apparent from the above discus
sion that conventionally-treated weld
ments can possess relatively low val
ues of toughness, even at tempera
tures in the range 427-538 C (800-1000 
F). In addit ion, other results1" show 
that such weldments have low impact 
toughness at room temperature. In 
contrast, none of the weldment spec
imens given the modif ied heat treat
ment fractured during fatigue testing, 
even through the tests were carried to 
higher K-levels. The toughness of 
modified weldments is not presently 
known quantitatively, but J-integral 
toughness tests of weldments wi th 
both heat treatments are presently in 
progress at Westinghouse Hanford 
Company. 

Some tests have been conducted at 
Westinghouse Hanford Company 
comparing the fracture toughness of 
Inconel 718 plate given both heat 
treatments.12 At room temperature, 
conventionally-treated plate had a Jk. 
toughness of 72.5 mm-N/ (mm) 2 (414 
in.-lb/(in.)2), whi le plate given the 
modified treatment had a toughness of 
146.9 mm-N/ (mm) 2 (839 in.-lb/(in.)2). 
These correspond to approximate K,c 

values of 120.5 MPav/Tn (109.6 
ks\^/Tr\.) and 171.4 MPa^/"rn (156.0 
ksiy/ln.), respectively. 

At 427 C (800 F), conventionally-
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Fig. 5—Fatigue-crack growth behavior of Inconel 718 plate and 
weldments tested in an air environment at 538 C (modified heat 
treatment) 

STRESS INTENSITY FACTOR RANGE, AK, MN/lmr' ' 

Fig. 6—Fatigue-crack growth behavior of Inconel 718 plate and 
weldments tested in an air environment at 649 C (modified heat 
treatment) 

Table 4—Mechanical 

Heat 
identif ication 

A 

D 

D 

D 

D 

D 

D 

D 

E 

E 

E 

F 

F 

Properties'" 

Heat 
treatment 

Conv. 

Conv. 

Conv. 

Conv. 

Mod. 

Mod. 

Mod. 

Mod. 

Conv. 

Conv. 

Conv. 

Mod. 

Mod. 

Test 
temperature 

24 C 
75 F 
24 C 
75 F 

427 C 
800 F 
538 C 

1000 F 
24 C 
75 F 

427 C 
800 F 
538 C 

1000 F 
649 C 

1200 F 
24 C 
75 F 

427 C 
800 F 
538 C 

1000 F 
24 C 
75 F 

427 C 
800 F 

0.2% yield 
strength 

1110.7 MPa 
161.1 ksi 

1037.7 MPa 
150.5 ksi 
925.3 MPa 
134.2 ksi 
893.6 MPa 
129.6 ksi 

1011.5 MPa 
146.7 ksi 
889.4 MPa 
129.0 ksi 
866.0 MPa 
125.6 ksi 
828.7 MPa 
120.2 ksi 

1017.0 MPa 
147.5 ksi 
933.6 MPa 
135.4 ksi 
928.7 MPa 
134.7 ksi 
970.1 MPa 
140.7 ksi 
872.2 MPa 
126.5 ksi 

Ult imate 
strength 

1366.5 MPa 
198.2 ksi 

1319.0 MPa 
191.3 ksi 

1139.7 MPa 
165.3 ksi 

1112.1 MPa 
161.3 ksi 

1325.2 MPa 
192.2 ksi 

1209.3 MPa 
175.4 ksi 

1182.4 MPa 
171.5 ksi 
907.4 MPa 
131.6 ksi 

1269.3 MPa 
184.1 ksi 

1119.7 MPa 
162.4 ksi 

1129.4 MPa 
163.8 ksi 

1323.8 MPa 
192.0 ksi 

1182.5 MPa 
171.5 ksi 

Total 
elongation, 

% 
20.5 

18.7 

17.7 

15.8 

11.2 

13.0 

14.8 

10.3 

14.9 

17.6 

14.6 

20.3 

13.2 

Uni form 
elongation, 

o/ /o 

(b ) 

17.6 

14.0 

13.9 

10.8 

11.9 

12.9 

6.2 

14.5 

12.7 

13.3 

(b) 

(b l 

Reduction 
in area, % 

<b) 

32.1 

30.9 

27.7 

18.0 

17.7 

24.4 

17.7 

17.1 

23.6 

22.8 

24.3 

18.6 

Notations 

(c t 

(c) 

(c) 

(d) 

(d) 

(d) 

(c.d.e) 

(c.d.e) 

'Strain rate = 3 X 10* s"' 
'Not determined. 
'Average of multiple tests. 
'Specimens oriented parallel to direction of welding and were comprised entirely of deposited filler metal. 
'From the literature." 
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treated plate had a J,,. toughness of 76.2 
mm-N/ (mm) 2 (435 in.-lb/(in.)2), and 
the modified treatment plate had a 
toughness of 126.1 mm-N/ (mm) 2 (720 
in.-lb/(in.)-), again corresponding to 
approximate Kk, values of 116.4 
MPav^m (105.9 ksiy^Tn.) and 149.8 
MPay^fn (136.3 ksi v/Tn.). The above 
value of equivalent K„ of 120.5 
MPa-i / l r i (109.6 ksi-^/Tn.) for conven
tionally-treated plate at room temper
ature compares favorably wi th the 
value of 109.9 M P a ^ / m (100 ksi v ^ n . ) 
that has been given for plate materi
al.11 It has also been found that Klc of 
Inconel 718 weld metal at room 
temperature was 54.9 MPai /Tn (50 
ksi-v/tn.).18 

It wi l l be noted that at each of the 
temperatures where conventionally-
treated weldments were studied (Figs. 
1, 2, and 4), fatigue-crack growth rates 
tend to accelerate at the higher levels 
of AK. Fatigue-crack growth curves 
over wide ranges of AK are often 
observed to be sigmoidal in nature, 
tending downward toward a vertical 
asymptote at low values of AK as the 
crack growth threshold is approached, 
and tending upward toward a vertical 
asymptote at high values of AK as the 
onset of instability is approached. 
Therefore, the upward slope tran
sitions observed in Figs. 1, 2 and 4 at 
the higher values of AK probably 
reflect the rapid acceleration in crack 
growth rates as Kmax in the fatigue test 
approaches the material fracture 
toughness. 

One possible explanation for the 
increased crack growth rates in con
ventionally-treated weldments relative 
to those in modified weldments, could 
be that the "br i t t le" Laves particles 
could be fracturing in the highly-
deformed area ahead of the crack tip. 
The fractured Laves particles could, in 
turn, initiate microcracks in the matrix 
material which could then interact 
with the main fatigue crack. Such a 
mechanism has indeed been observed 
microscopically by Barnby1"' studying 
the role of carbide particles in the 
fatigue behavior of thermally-aged 
austenitic steels, and the same mecha
nism has also been suggested as 
responsible for the degraded fatigue-
crack growth behavior of thermally-
aged austenitic steels at room temper
ature.1" 

The tensile properties of the as-heat 
treated weld filler metals are shown in 
Table 4. Comparing the two heat treat
ments, it wi l l be seen that slightly 
lower strengths are obtained with the 
modified treatment. However, perhaps 
the most significant observation is that 
although the ducti l i ty parameters 
(elongation and reduction of area) of 
the conventionally-treated weldments 
appear to be quite satisfactory in the 
tensile specimens, these results mask 
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Fig. 7—Photomicrograph of weld deposit in 
specimen 368 showing Laves phase (small 
white-etching areas surrounded by the dark 
areas). A (top)-XlOO; B (bottom)-enlarge-
ment of an area in A, x 750. 10% oxalic acid 
etch (reduced 50% on reproduction) 

the relatively low toughness possessed 
by these weldments in the presence of 
a sharp crack. Hence, it is wise to also 
consider properties other than tensile 
tests when attempting to evaluate in-
service behavior of these weldments. 

Two different heats of filler metal 
were employed wi th both postweld 
heat treatments studied at 427 C (800 
F). Although the number of tests and 

Fig. 8—Photomicrograph of weld deposit in 
specimen 487 showing almost complete 
dissolution of the Laves phase. A 
(top)-x100; B (bottom)—enlargement of 
an area in A, X750. 10% oxalic acid etch 

heats involved is much too small to 
make general observations concerning 
heat-to-heat variations, Figures 2 and 3 
show little or no difference in the 
behavior of the weldments employing 
the different filler metals. Similarly, 
there is no apparent difference in the 
behavior of plate specimens at 24 C 
(75.2 F) in Fig. 1 and 538 C (1000 F) in 
Fig. 5 fabricated from different plates. 
The potential for heat-to-heat and/or 
melt practice variations is currently 
being examined in the author's labora
tory. 

Finally, the observation may be 
made in comparing the results in Figs. 
1-6, that fatigue-crack growth rates 
generally increase wi th increasing 
temperature. This general observation 
has been noted in numerous previous 
studies on a wide variety of different 
alloy systems tested in an air environ
ment. 

Conclusion 

The fatigue-crack growth behavior 
of Inconel 718 plate and weldments 
given either a "convent ional" (ASTM 
A637) heat treatment or a "mod i f ied" 
(INEL designed to minimize the pres
ence of Laves phase) heat treatment 
was studied. The results of this study 
may be summarized as fol lows: 

1. In general, fatigue-crack growth 
rates in Inconel 718 plate and weld
ments tested in an air environment 
increase wi th increasing test tempera
ture. 

2. For the two heat treatments stud
ied, crack growth rates are generally 
somewhat higher in weldments than 
in plate material. 

3. For a given product form (e.g., 
weldments or plate), crack growth 
rates are generally higher in material 
given the conventional heat treatment 
than in material given the modif ied 
treatment. 

4. Conventionally treated weld
ments apparently exhibit relatively low 
toughness in the range 427-538 C 
(800-1000 F), whi le weldments given 
the modified treatment apparently 
have a higher (but unknown) tough
ness. 

5. The improvement in the crack 
growth and fracture toughness behav
ior of weldments given the modif ied 
heat treatment is thought to be asso
ciated wi th the more complete disso
lution of the "br i t t le" Laves phase 
obtained wi th that treatment. 
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AWS A2.4-76—Symbols for Welding and Nondestructive Testing 

Provides the means for placing complete welding information on drawings. Symbols in this publication 
are intended to be used to facilitate communications among designers and shop and fabrication 
personnel. Many changes were made from the previous edition in recognition of the increasingly 
international use of welding symbols. Illustrations showing brazing and its symbols have been added to 
more clearly define usage. 

Part B, Nondestructive Testing Symbols, establishes the symbols for use on drawings to specify 
nondestructive examination for determining the soundness of materials. 

The price of A2.4-76 Symbols for Welding and Nondestructive Testing is $5.00. Discounts: 25% to A and 
B members; 20% to bookstores, public libraries and schools; 15% to C and D members. Send your orders to 
the American Welding Society, 2501 N.W. 7th St., Miami, FL 33125. Florida residents add 4% sales tax. 

AWS A5.17-76—Specification for Bare Carbon Steel 
Electrodes and Fluxes for Submerged Arc Welding 

Prescribes requirements for carbon steel electrodes 

and fluxes for submerged arc welding of carbon and 

low alloy steels 

A5.17-76 covers Classification and Acceptance of Electrodes and Fluxes, Chemical Analysis of 
Electrodes, and Required Tests for Classifying Fluxes. Appendix A: Guide to AWS Classification of Bare 
Carbon Steel Electrodes and Fluxes for Submerged Arc Welding and Appendix B: Metric Equivalents have 
been added for your convenience. 

The price of AWS A5.17-76, Specification for Bare Carbon Steel Electrodes and Fluxes for Submerged Arc 
Welding is $3.50. Discounts: 25% to A and B members; 20% to bookstores, public libraries and schools; 
15% to C and D members. Send your orders to the American Welding Society, 2501 N.W. 7th St., Miami, FL 
33125. Florida residents add 4% sales tax. 
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