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Using Stress Relaxation Tests for Evaluating 
and Optimizing Postweld Heat Treatments 

of Alloy 625 Welds 

A stress relaxation test method is favorably compared to more conventional, 
but time-consuming, hole-drilling strain gauge techniques 

BY M. J. DIEHL A N D  R. W. MESSLER, JR. 

ABSTRACT. Alloy 625 (UNS NO6625) is 
a solid-solution-strengthened, nickel- 
based, chromium-molybdenum alloy 
used for its high strength and excellent 
corrosion resistance. Stress corrosion 
cracking (SCC) resistance and, to a lesser 
extent, strength can be enhanced by pre- 
cipitation of intergranular carbides by ap- 
propriate heat treatment. In welded 
structures, dissolution of carbides near 
the fusion line in the heat-affected zone 
renders denuded regions susceptible to 
preferential SCC attack that is greatly ag- 
gravated by residual stresses. To reduce 
the propensity for SCC in weldments, 
manufacturing practice typically in- 
cludes methods for reducing residual 
stresses, usually using postweld heat 
treatments (PWHT). With appropriate 
heat treatment, grain boundary carbides 
can be restored and welding-induced 
residual stresses can be reduced at the 
same time. 

A series of heat treatments was per- 
formed between 1050 ° and 1800°F (566 ° 
and 982°C) to determine effectiveness in 
relieving welding-induced stresses. 
Stress relaxation testing of all-weld-metal 
specimens was compared to residual 
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stress measurements in full-scale weld- 
ments using a hole-drilling strain gauge 
technique. The much simpler stress re- 
laxation method provided an excellent 
measure of residual stresses and proved 
to be an expeditious way to select opti- 
mum postweld heat treatments for re- 
ducing those welding-induced stresses. 

Introduction 

Alloy 625 (also designated UNS 
NO6625) is a wrought austenitic nickel- 
based alloy used for its combination of 
high strength, excellent corrosion resis- 
tance, and good fabricability, including 
weldability. The alloy gains its strength 
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from the solid-solution effects of molyb- 
denum and niobium in a nickel- 
chromium matrix, with the chromium pri- 
marily enhancing corrosion resistance 
(Refs. 1, 2). Primary carbides of the MC 
type (e.g., NbC) are uniformly distributed 
in the matrix and impart additional 
strength to the alloy. Still further strength- 
ening can be imparted by the precipitation 
of y", a body-centered tetragonal Ni~Nb 
intermetallic, by aging between 1150 ° 
and 1500°F (621 ° and 816°C) (Ref. 2). 

Grain boundary stress corrosion 
cracking (SCC) resistance in Alloy 625, 
and other austenitic nickel-based alloys 
such as Alloy 600, 690 and X-750, de- 
pends strongly on the presence of car- 
bides of M23C 6 and M6C types, espe- 
cially Cr23C 6 (Refs. 3, 4). These are 
usually developed by heat treating in the 
range from 1600 ° to 1800°F (871 ° to 
962°C) following solution treatment. Be- 
sides microstructure, the magnitude of 
combined residual and operating tensile 
stresses that exist in a component during 
service also strongly influences SCC re- 
sistance, with higher stresses leading to 
more rapid and severe SCC. A major 
source of residual stresses is welding. 

Welding-induced residual stresses 
arise from volumetric shrinkage in the fu- 
sion zone (FZ) accompanying solidifica- 
tion in a restrained mass and from 
nonuniform thermal contraction ill the 
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A B C 
Fig. 1 - -  Ntetallographic evaluation of  Alloy 625 HWGTA welds using an optical or transmission electron microscopy (TEtvl). A - -  Optical pho- 
tomicrograph of the 1050°1:(568°0 condition with a heat-affected carbide-denuded zone. B - -  Optical photomicrograph of the 1600°1:(871 °C) 
condition with complete grain boundary carbide decoration in the heat-affected zone. C - -  TEM photomicrograph of the 1800°[= (982°0 condi- 
tion with M6C and NbC carbide precipitates. 

heat-affected zone (HAZ) arising from 
steep thermal gradients. The most com- 
monly used procedure to reduce these 
stresses is postweld heat treatment 
(PWHT). By raising the temperature, ma- 
terial yield strength is temporarily low- 
ered. When the yield strength falls below 
the level of the residual stress, localized 
plastic flow occurs and the stress is re- 
lieved to that level. A 1550°F (843°C) ex- 
posure for 30 min reduces a maximum 
as-welded residual stress of approxi- 
mately 53 ksi (365 MPa) in Alloy 600 to 
approximately 10 ksi (69 MPa), well 
below the yield strength of this alloy at 
this temperature (Ref. 5). After residual 
stress is decreased to the yield strength by 
localized plastic flow, further decreases 
are attributed to creep (Ref. 5). 

Previous testing of hot wire gas tung- 
sten arc (HWGTA) welds in Alloy 625 re- 
vealed a significant change in material 
microstructure and characteristics when 
a 1600°F (871°C) heat treatment was 
performed to precipitate SCC-enhancing 
chromium carbides at grain boundaries 
after welding vs. prior to welding (Ref. 
6). With a preweld treatment, subse- 
quent welding produced a narrow car- 
bide-denuded zone along grain bound- 
aries in the region immediately adjacent 
to the weld fusion line due to precipitate 

dissolution. This denuded zone, with its 
lack of grain boundary precipitates, can 
reduce the alloy's intergranular SCC re- 
sistance (Ref. 7). A postweld heat treat- 
ment, on the other hand, produced in- 
tergranular carbides uniformly across 
the entire weld zone, including the prior 
denuded region, as shown in Fig. 1, and 
concurrently reduced residual stresses 
and, thus, stress corrosion cracking in 
service. During this study, traditional x- 
ray methods for measuring residual 
stresses were ineffective due to coarse 
FZ, HAZ and, even, base metal structure. 
Hole-drilling or trepanning techniques 
with strain gauges are semidestructive 
and unacceptable. 

Objective 

The primary objective here was to 
evaluate a simplified stress relaxation 
tensile testing method for optimizing 
postweld heat treatment for Alloy 625 
HWGTA welds to maximize SCC resis- 
tance by reducing residual stresses and 
redeveloping carbide precipitates. Resid- 
ual stress measurements performed using 
more traditional, time-consuming and 
damaging hole-drilling (or trepanning) 
techniques were used to verify the results 
obtained by the more expeditious stress 
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Fig. 2 - -  Schematic of  a typical narrow-groove weld joint in 
the full-scale hardware (a) along with a photomacrograph of 
a typical multi-pass, narrow-groove HWGTA weld (b). 

relaxation method. 

Experimental Procedure 
and Materials 

A 2-in. (5.1 -cm) thick 4 x 12-in. (10.2 
x 30.5-cm) rectangular weld test plate, as 
shown in Fig. 2, was fabricated for mate- 
rials testing. Also, highly constrained 
weldments were fabricated with six 3-in. 
(76.2-mm) thick, wedge-shaped Alloy 
625 segments welded together to pro- 
duce an annular ring as shown in Fig. 3. 
All fabrication was completed with one 
heat of Alloy 625 base plate and one heat 
of ERNiCrMo-3 solid weld filler wire with 
nominal compositions as shown in Table 
1. All welds were performed using auto- 
mated, multipass, narrow-groove, hot- 
wire gas tungsten arc welding 
(HWGTAW) with a joint design and typ- 
ical weld as shown in Fig. 3. The 
HWGTA welding required approxi- 
mately 50 passes with the following 
welding parameters: 300 A, 12.0 V, 6.5 
in./min travel speed, a 0.045-in. 
(1.125mm) diameter wire, and 95% 
argon-5% hydrogen shielding gas. Weld- 
ing of joints was sequenced to balance 
heat input and minimize distortion. Un- 
desirable end-effects associated with 
weld start-up and termination were 
avoided by employing end tabs. Visual 
inspection prior to welding assured that 
weldment components were properly 
aligned, while inspection between 
passes as well as upon completion of all 
welding assured there were no incom- 
plete fusion or underfill discontinuities. 
Periodic surface dye penetrant inspec- 
tion assured that welds were free of open 
cracks or cold-shuts. Through-transmis- 
sion x-radiography assured that finished 
joints were free of voids, pores, incom- 
plete penetration discontinuities, cold- 
shuts between passes, inclusions, or 
cracks. Together, these three nondestruc- 
tive inspection techniques ensured weld 
integrity. 

Stress relaxation tensile tests (per 
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Table 1 - -  Alloy 625 (UNS NO6625) Base 
Metal and ERNiCrMo-3 Filler Metal 
Compositions (wt-%) 

UNS NO6625 
Base  ERNiCrMo-3 
Plate Filler Metal 

Ni Bal. 58.0 rain 
Cr 21.6 20.0-23.0 
Mo 8.96 8.0-10.0 
Fe 2.5 5.0 max 
Cb+Ta 3.65 3.15-4.15 
AI 0.2 0.40 max 
Ti 0.27 0.40 max 
Mn 0.25 0.50 max 
Si 0.25 0.50 max 
S 0.16 0.015 max 
C 0.02 0.10 max 

ASTM Test Procedure E 328) were per- 
formed on specimens extracted from as- 
deposited Alloy 625 HWGTA weld metal 
and specimens extracted from Alloy 625 
base metal, which received an anneal at 
2000°F (1093°C) for 24 h. The stress re- 
laxation tensile test method was chosen 
because it permitted the expedient char- 
acterization of the two materials' propen- 
sity for relieving stress during high-tem- 
perature heat treatments. The procedure 
involved: 1) applying an initial load to a 
specimen at a constant elevated temper- 
ature such that a desired level of strain 
was reached; and 2) monitoring the de- 
crease in load (stress) as time elapsed, 
while maintaining that strain constant. 
The final stress obtained was taken to be 
the maximum level of residual stress that 
could remain in a material following heat 
treatment at that temperature for that ex- 
posure time. 

Two stress relaxation tensile tests were 
performed for all-weld-metal and all- 
base-metal specimens at 1050°F 
(566°C), 1125°F (607°C), 1400°F 
(760°C), 1600°F (871°C) and 1800°F 
(982°C). Uniform 1/4-in. (6.35-mm) di- 
ameter, end-threaded specimens were 
machined from material extracted from 
welds and base metal in the radial (i.e., 
longitudinal) direction of the weldment. 
Prior to stress relaxation tensile testing, 
elevated temperature tensile tests were 
performed per ASTM Test Procedure E 21 
to provide data on the yield strength of 
Alloy 625 at the various stress relief tem- 
peratures. The initial strain for each test 
was defined such that the initial tensile 
stress would approximately equal the 
yield strength of the test material at the 
test temperature. 

Elevated-temperature tensile testing 
was performed on a Tinius Olsen 20 k-lb 
(88,960 N) servo-controlled, closed-loop 
system. Testing at temperatures below 
1400°F (760°C) employed a quartz lamp 

Table 2 - -  Elevated and Room-Temperature 
Tensile Yield Strength of Alloy 625 

Test 
Temperature Base Metal Weld Metal 

70°F 53.0 ksi 75.0 ksi 
(21°C) (365 MPa) (517 MPa) 

1050% 38.5 ksi 61.0 ksi 
(566°C) (265 MPa) (421 MPa) 

1125°F 37.9 ksi 61.0 ksi 
(607°C) (261 MPa) (421 MPa) 

1400°F 35.9 ksi -- 
(760°C) (247 MPa) 

1600°F 35.0 ksi 41.1 ksi 
(871°C) (241 MPa) (283 MPa) 

1800% 25.1 ksi 23.6 ksi 
(982°C) (173 MPa) (163 MPa) 

tube furnace, while testing at and above 
this temperature employed a resistance- 
heated, split furnace. Stress relaxation 
tensile testing was performed on a servo- 
hydraulic load-frame equipped with an 
induction heating coil. Strain and stress 
measurements were accomplished with 
a B1 extensometer and a 15 k-lb (66,720 
N) load cell, respectively. Temperature 
was measured using K-type, chromel- 
alumel, thermocouples attached to spec- 
imen gauge areas. 

To determine whether stress relax- 
ation tensile tests were providing reason- 
able values for maximum residual 
stresses following postweld stress relief 
heat treatments, actual residual stress 
measurements were performed on the 
annular ring test weldments. The ASTM 
Test Procedure E 837 blind hole-drilling 
strain-gauge technique was selected after 
x-ray diffraction techniques proved inef- 
fective due to the excessive base metal 
grain sizes associated with the required 
2000°F (1093°C) anneal and the coarse 
FZ and HAZ structure associated with the 
thick-section, multipass welds. In addi- 
tion, the hole-drilling strain-gauge tech- 
nique is more suitable for use in the field, 
when required. While semidestructive, 
the method is effective for measuring 
residual stresses near the surface by at- 
taching three strain gauges in a rosette 
pattern to the surface and measuring the 
strains associated with the removal of 
material (i.e., trepanning) during hole 
drilling at the center of the rosette. Mea- 
sured strains are converted to residual 
principal stresses through appropriate 
equations (Ref. 8). 

Measurements were made at ten lo- 
cations shown in Fig. 3. It was assumed 
that welding-induced residual stresses 
would be equivalent for each of the six 
identical and symmetrical weld joints, so 
two weld joints 180-deg apart were se- 
lected for testing. Five measurements 

Six (6) narrow groove 
HWGTA welds 

~ 3" (7.6 ¢m) thick 
Alloy 625 

o O  . 

inner  
~ m e l e t  

b O O  

Residual stress measurements 
• afler 1050-F (566oc) stress relief 
O after 1600°F (871°C) stress relict 

Fig. 3 - -  Schematic of the annular ring can- 
figuration of  the Alloy 625 HWGTA test weld- 
ments used to verify welding and other fabri- 
cation and postweld treatment procedures. 
Locations of  rosette strain gauges used in 
residual stress measurement by hole-drilling 
are also shown. 

(Nos. 1- 5) followed a 1050°F (566°C), 
7-h stress relief and five (Nos. 6 - 10) fol- 
lowed a 1600°F (871 °C), 8-h stress relief. 
The 1050°F (566°C) treatment has been 
found to be low enough to preclude al- 
tering the microstructure and properties 
of Alloy 625 base metal, and has thus be- 
come an industry standard (Ref. 3). The 
1600°F (871°C) treatment was selected 
as high enough to maximize stress relief 
based on the preceding stress relaxation 
testing, thereby reducing susceptibility to 
SCC. The 1600°F (871 °C) treatment also 
led to the precipitation of fine carbides at 
grain boundaries in both the unaffected 
base metal and HAZ (Ref. 6). 

In each set of five measurements, one 
was at the centerline of the weld, two 
were on opposite sides of the weld in the 
HAZ, and two were on opposite sides in 
the unaffected base metal. Micro-Mea- 
surements EA-XX-062 RE-120 strain 
gauges were spaced a minimum of five 
drill-hole diameters apart to preclude in- 
teractions. One gauge was always lo- 
cated on the radial axis, one along the 
theta (hoop) direction, and one 45 deg 
between these two. Blind, 0.062-in. (1.6- 
ram) diameter holes were drilled with a 
high-speed air turbine with a Measure- 
ments Group, Inc., RS-200 milling guide 
in 0.010-in. (0.25-mm) depth increments 
(to avoid heating) to a depth of approxi- 
mately 0.080 in. (2 ram). 

Results and Discussion 

Stress Relaxation Tests 

Figure 4 and Table 2 show the tensile 
yield strength of as-welded all-weld- 
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metal and base metal specimens of Al loy 
625 as a function of test temperature. The 
maximum possible as-welded residual 
stress in a weld is equal to the room-tem- 
perature yield strength of this alloy as a 
weld metal. The elevated-temperature 
yield strength of the alloy sets the maxi- 
mum residual stress that can exist fol- 
lowing a postweld stress relief treatment 
at any part icular temperature. Higher 
stresses would cause local yielding and 
be relieved to the yield strength level. 
Stress relaxation testing of weld metal 
and base plate was conducted to mea- 
sure the change in weld ing- induced 
residual stresses after various stress relief 
treatments were performed. Tables 3 and 
4 summarize results for the weld and the 
base metal, respectively, including the 
percentage decrease in stress from the 

initial stress prior to heat treatment. Fig- 
ures 5 and 6 present these same results 
graphically. At time zero, the specimen is 
at a uniform elevated temperature and 
the maximum stress at this temperature is 
assumed to exist and be equal to the 
alloy's yield strength at this temperature. 

For all temperatures, the rate of stress 
relaxation was higher for the base metal 
than for the weld metal. The lower creep 
rate of the weld metal may be due to its 
dendri t ic microstructure, wh ich  was 
much coarser than the grain size of the 
base metal. For test temperatures less 
than 1400°F (760°C), stress relaxation 
occurred very rapidly, wi th more than 
50% of the relaxation occurring wi th in 
the first 30 man. Much slower and less 
dramatic reductions occurred after pro- 
longed exposure. After 8 h at tempera- 

T a b l e  3 m A l l o y  6 2 5  H W G T A  A s - w e l d e d  W e l d  M e t a l  Stress R e l a x a l i o n  Test  Results 

Temperature 

1050°F 1 1 2 5 ° F  1 4 0 0 ° F  1 6 0 0 ° F  1800°F 
Exposure Time (566°C) (607°C) (760°C) (871 °C) (982°C) 

0 man Stress (ksi) 53.0 61.0 56.8 38.4 29.6 
(MPa) (365) (421) (392) (265) (204) 

1 man Stress (ksi) 51.8 55.7 41.0 13.3 5.9 
(MPa) (357) (384) (283) (92) (41) 
% Reduction 2% 9% 28% 65% 80% 

5 man Stress (ksi) 50.8 55.3 32.2 9.7 5.0 
(MPa) (350) (381) (222) (67) (34) 
% Reduction 4% 9% 43% 75% 83% 

30 man Stress (ksi) 49.4 53.3 24.9 8.1 4.2 
(MPa) (340) (367) (172) (56) (29) 
% Reduction 7% 13% 56% 79% 86% 

1 h Stress (ksi) 48.6 54.6 23.1 7.4 4.2 
(MPa) (335) {376) (159) (51) (29) 
% Reduction 8% 10% 59% 81% 86% 

8 h Stress (ksi) 46.0 46.7 16.5 5.1 2.9 
(MPa) (317) (322) (114) (35) (20) 
% Reduction 13% 23% 71% 87% 90% 

30 h Stress (ksi) 43.0 42.5 9.5 2.9 2.7 
(MPa) (296) (293) (65) (20) (19) 
% Reduction 19% 30% 83% 92% 91% 

ture, the remaining stress in the weld 
metal was 46.0 ksi (317 MPa) or 87% of 
the initial stress at 1050°F (566°C), 5.1 
ksi (35 MPa) or 13% of the initial stress at 
1600°F (871 °C), and 2.9 ksi (20 MPa) or 
10% of the ini t ial  stress at 1800°F 
(982°C). These values are much below 
the alloy's yield strength at the stress re- 
l ief temperature, especially for higher 
temperatures - -  Fig. 4. 

The results of stress relaxation and el- 
evated-temperature tensile tests showed 
that stress reduction occurs in three 
stages by three mechanisms. In Stage 1, 
stresses are very rapidly lowered during 
material heat-up due strictly to localized 
plastic f low in the presence of lowered 
yield strength. In this stage, residual 
stresses drop to the level of the yield 
strength of the material at the tempera- 
ture to which the weldment is raised. At 
the end of Stage 1, at time t = 0 for the 
stress relaxation test, Stage 2 occurs 
wi th in the first 0.1 h of exposure. This 
stage is simi lar in appearance and in 
mechanism to the region of primary 
creep in a creep test, exhibit ing decreas- 
ing decay of the residual stress due to dis- 
location exhaustion and work-hardening 
(Ref. 9). Following this is Stage 3, which 
is similar in appearance and mechanism 
to secondary creep, with linear, slow-rate 
stress reduction. The mechanism during 
this stage is diffusion-controlled viscous 
creep (Ref. 9). Nearly all of the stress re- 
duction that occurs during stress relief 
occurs during Stages 1 and 2, with both 
as-welded weld metal and base metal re- 
sponding similarly, as expected. The re- 
sultant residual stress was lower and the 
rate at wh ich  stress was relieved was 
greater as the temperature at which stress 
relief was accomplished was increased. 
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Residual Stress Measurements 
Table 4 - -  Al loy 625 Base Plate [2000°F(1093°C) /24  h] Stress Relaxation Test Results 

Table 5 summarizes residual stress 
measurements performed on the annular 
ring test weldments using the hole- Exposure 
dril l ing strain-gauge technique. Five mea- Time 
surements were made fo l lowing the 0rain 
1050°F (566°C) stress relief and two mea- 
surements fol lowing the 1600°F (871°C) 1 min 
stress relief. Only  two measurements 
were made after the higher temperature 5 min 
treatment since values of stress were 
found to be so low. The locations listed in 
Table 5 are consistent with those in Fig. 3. 30 rain 

Measurement location No. 5 was at 
the center of the weld and exhibited the 
highest principal stress of 47 ksi (324 1 h 
MPa), as expected in this region of max- 
imum shrinkage. The residual stress mea- 8 h 
surements in the HAZ (39 ksi or 269 
MPa, average) and unaffected base metal 
(10 ksi or 69 MPa, average), respectively, 30 h 
were lower, as temperatures during weld- 
ing were lower and associated contrac- 
tion was less. Figure 7 shows these mea- 
surements plotted as a funct ion of 
measurement location. The peak tensile 
residual stress dropped rapidly with dis- 
tance from the weld centerl ine, and 
should have been found to be compres- Location 
sive if measurements were made suffi- No. 
ciently far away. 1 

Residual stress measurements after a 2 
1600°F (871°C) stress rel ief treatment 3 
showed stresses were dramatically lower 4 
than fol lowing the 1050°F (566°C) treat- 5 
ment, i.e., 1 7 ksi (11 7 MPa), as would be 
expected due to both the lower yield 
strength and more severe creep at this 
temperature. There was little difference 
in stress at locations Nos. 9 and 10. 

Comparison of  Stress Relaxation and 
Hole-Dr i l l ing Methods 

Table 6 compares the residual stresses 

Temperature 

1050°F 1125°F 1400°F 1600°F 
(566°C) ( 6 0 7 ° C )  (760°C) (871°C) 

Stress (ksi) 38.8 43.0 36.0 28.8 
(MPa) (267) (296) (248) (199) 
Stress (ksi) 37.2 39.4 33.9 10.4 
(MPa) (256) (272) (234) (71.7) 
% Reduction 4% 8% 6% 64% 
Stress (ksi) 37.0 39.2 24.4 5.5 
(MPa) (258) (274) (170) (38) 
% Reduction 5% 9% 32% 81% 
Stress (ksi) 36.5 38.9 17.9 3.2 
(MPa) (255) (272) (125) (22) 
% Reduction 6% 10% 50% 89% 
Stress (ksi) 36.5 38.4 15.2 2.7 
(MPa) (255) (268) (106) (19) 
% Reduction 6% 11% 58% 91% 
Stress (ksi) 36.5 37.3 10.1 1.5 
(MPa) (255) (261) (71) (10) 
% Reduction 6% 13% 72% 95% 
Stress (ksi) 36.8 37.6 9.8 0.0 
(MPa) (257) (263) (68) (0) 
% Reduction 5% 13% 73% 100% 

1800°F 
(982°C) 

26.7 
(184) 

3.5 
(24) 

87% 
2.5 
(17) 

91% 
2.1 
(15) 

92% 
2.1 
(15) 
92% 
1.5 
(10) 

94% 
1.4 
(10) 

95% 

Table 5 - -  Residual Stress Measurements in Annular Ring after Stress Relief 

After 1050°F (566°C) Stress Relief After 1600°F (871°C) Stress Relief 

Peak Location Peak 
Principal Stress No. Principal Stress 

7 ksi (48.3 MPa) 6 N/A 
13 ksi (89.7 MPa) 7 N/A 
35 ksi (241.5 MPa) 8 N/A 
43 ksi (296.7 MPa) 9 17 ksi (117.3 MPa) 
47 ksi (324.3 MPa) 10 16 ksi (110.4 MPa) 

determined by the stress relaxation ten- 
sile test vs. the hole-dril l ing strain-gauge 
methods. As can be seen, results were es- 
sentially identical for the lower tempera- 
ture treatment and similar for the higher 
temperature treatment, thus validating 
the stress relaxation method (Ref. 10). 
The differences in residual stresses mea- 
sured by the blind hole technique after a 

1600% (871 °C) postweld heat treatment 
and that predicted by the stress relaxation 
test, in which the measured residual 
stress was greater than the prediction, is 
judged to be due to effects of geometry 
and three-dimensional constraint in the 
annular ring weldments. The three-di- 
mensional constraint in the annular ring 
weldments did not permit as high a rate 
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Fig. 6 - -  Results of  stress relaxation tensile testing for all base metal 
samples of Alloy 625 exposed to different postweld heat treatment 
temperatures. 
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Fig. 7 - -  Plot of residual stress as measured by the hole-drilling 
strain gauge technique at various locations across an HWGTA 
weld in typical joints in the annular ring Alloy 625 weldment 
configuration. 

W E L D I N G  RESEARCH SUPPLEMENT I 1 1 3 - s  



Table 6 -  Comparison of Actual Residual 
Slress Measurements to Stress Relaxation 
Test Data 

Hole-drilling Stress 
Strain-gauge Relaxation 

Residual Stress Test Data 
Temperature Measurement after 8 h 

1050°F 47 ksi 46 ksi 
(566°C) (324.3 MPa) (317.4 MPa) 

1600°F 16 ksi 5.1 ksi 
(871°C) (110.4 MPa) (35.2 MPa) 

of creep as occurred in the uniaxial stress 
relaxation test specimens. 

Conclusions 

Weld residual stresses can be lowered 
by appropriate postweld heat treatment, 
thus reducing the risk of SCC in Al loy 625 
weldments. In this study, postweld heat 
treatment at 1600°F (871°C) for 8 h re- 
sulted in signif icant ly lower residual 
stress than a more conventionally used 8- 
h 1050°F (566°C) treatment. Heat treat- 
ment at 1600°F (871°C) and up to 
1800°F (982°C) also promoted the for- 
mation of fine grain boundary carbide 
precipitates (Ref. 6). 

In addition to the grain boundary car- 
bide precipitates, 6-phase (Ni3Nb) wi l l  
precipitate at temperatures between 

1200°F (649°C) and 1600°F (871°C) 
(Refs. 2, 4, 6). The formation of 6-phase 
is undesirable, and can be avoided by 
using an 1800°F (982°C) postweld heat 
treatment (Ref. 6). 

A stress relaxation tensile testing 
method performed prior to production 
welding (per ASTM E 328) was found to 
provide an excellent measure of residual 
stresses compared to more convention- 
ally used, but t ime-consuming residual 
stress measurements using hole dri l l ing 
and strain gauge techniques (per ASTM E 
837). Furthermore, the stress relaxation 
method precludes having to perform de- 
structive or semidestructive tests on ac- 
tual hardware. 
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Welding Procedures Committee of WRC 
Needs Industry and Government Agency PQRs 

Twenty-six Standard Welding Procedure Specifications (Standard WPSs) have been produced through a joint effort of 
the AWS B2 Committee on Welding Qualification and the Welding Procedures Committee of the Welding Research 
Council (WRC). These ANSI-approved standards are available from the American Welding Society, 550 N.W. LeJeune 
Rd., Miami, FL 33126. 

The Welding Research Council maintains a bank of Procedure Qualification Records (PQRs) which support the Stan- 
dard WPSs. Additional PQRs are needed by the Welding Procedures Committee for the development of future Stan- 
dard WPSs. The WRC bank of PQRs now contains a large number of PQRs for plain carbon steels (P1 materials). Ad- 
ditional PQRs are needed for all thicknesses and all welding processes for low-alloy steels (P3, P4 and P5 materials) 
and stainless steels (P8 materials); and for commonly welded aluminum, copper and nickel alloys. These PQRs will be 
retained at WRC Headquarters for use by the Welding Procedures Committee and will not be reproduced. The names 
of companies that submit PQRs will not be disclosed to the public. 

This is an opportunity for both Government Agencies and Industry to assist WRC and AWS in the development and ap- 
proval of Standard WPSs. 

Please send your PQRs to: 

Dr. Martin Prager 
Executive Director 
Welding Research Council 
345 East 47 Street 
New York, NY 10017 
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