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of Welded Cb-Microalloyed Steel 

The effects of resistance spot welding and GMA welding 

on the columbium precipitates in a microalloyed steel are investigated 

BY P. L. MANGONON 

ABSTRACT. Transmission electron mi
croscopy (TEM) of weld microstructures 
was conducted in 0.100 in. (2.5 mm) thick 
50 ksi (348 MPa) minimum yield strength 
Cb-bearing controlled rolled HSLA steel, 
as well as in 0.100 in. (2.5 mm) thick SAE 
1005 steel. The processes used were 
resistance spot welding and GMAW at 
heat inputs from 4.6 to 6.4 Joules/in. (0.8 
to 0.25 Joules/mm). 

In spot welding, the influence of hold-
time after welding on the microstructures 
and reprecipitation of columbium car-
bonitride was investigated. In GMA weld
ing, modifications in the columbium pre
cipitates were observed with changes in 
weld heat input. These modifications are 
similar to those observed in submerged 
arc welded plates reported in the litera
ture; they did not impair the notch tough
ness properties of the GMAW steel as 
measured by a specially designed ten
sion-impact test. 

Introduction 

Small additions of columbium (Cb) 
impart beneficial effects to the structures 
and properties of micro-alloyed HSLA 
steels. The effects are attained by con
trolled processing and may include: 

1. Austenite grain refinement during 
soaking. 

2. Keeping the austenite in the unre-
crystallized condition during hot-rolling to 
produce very fine ferrite grains during 
transformation. 

3. Increasing the hardenability when in 
solution in austenite. 
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4. Strengthening the ferrite by precipi
tating as very fine columbium-carboni-
tride particles. 

It is generally agreed that the carboni-
tride particles forming in austenite con
tribute insignificantly to the final strength. 
To be effective strengthener, the size of 
particles needs to be on the order of 2-5 
nm (7.9 to 19.7 X 10_y in.) when precipi
tating in ferrite. For strip products, this 
size can be achieved by controlling the 
coiling temperature. 

The optimum microstructures and car-
bonitride particles produced after con
trolled processing are obliterated during 
welding. Depending upon welding condi
tions the carbonitride particles may dis
solve or may undergo high temperature 
modifications. In a study to determine the 
influence of columbium and titanium in 
submerged arc welded carbon-manga
nese plate steels (Refs. 1, 2), plate-like 
eutectic-type carbide precipitates were 
observed at primary grain or dendritic 
cell boundaries in the weld. These plate
like carbides are apparently different 
from those carbides which dissolve dur
ing soaking at about 1150-1200°C 
(2102-2192°F). 

Rather than dissolve, the plate-like car
bides continued to precipitate at the 
boundaries of primary grains from 
1300°C (2372°F) to the solidus tempera
ture. These high-temperature carbides 
were also observed in heavy forgings and 
heavy castings of a steel containing 
columbium (Ref. 3). The plate carbides 
were considered responsible for the 
intergranular "rock-candy" brittle frac
tures in heavy castings. 

Columbium oxysulfides were also 
observed to form eutectic intergranular 
films in the HAZ and very close to the 
fusion line (Ref. 2). These sulfides 

appeared to have lower melting points 
than that of MnS and may have resulted 
in hot cracking and reduced ductility. In 
another study (Ref. 4), eutectic linear 
columbium carbonitrides and eutectic sul-
fonitrides formed between 1350-
1500°C (2462-2732°F). The latter study 
simulated the welding cycle by annealing 
specimens between 1200°C (2192°F) 
and the melting point, followed by slow 
or rapid cooling. These precipitate varia
tions prompted the IIW to limit the 
columbium content to less than 0.05 
wt-% as a precautionary measure. 

The columbium precipitates were 
identified by electron microscopy (Refs. 
1-4) after carbon extractions from frac
tured surfaces. All were observed in rep
licas made from either heavy forgings 
and castings or welded plates thicker 
than 15 mm (0.59 in.). The present paper 
reports on the observance of similar 
precipitates by TEM of thin foils from the 
2.5 mm (0.100 in.) GMA welded speci
mens. The substructures produced after 
spot and GMA welding are also 
described for both a columbium-bearing 
and a plain carbon steel. 

Materials and Procedures 

The materials were taken from com
mercially produced coiled hot-strip 2.54 
mm (0.100 in.) thick Hi-Form 50 (Inland 
Steel's 50 ksi or 345 MPa minimum yield 
strength steel and described as HF 50 
steel in the balance of this paper); SAE 
1005 steels were also used. The compo
sitions and tensile properties of these 
steels are shown in Tables 1 and 2, 
respectively. The HF 50 steel was primar
ily developed for automotive application, 
and its processing, structures, and prop
erties have been described elsewhere 
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Table 1 -
Wt-% 

c 
Mn 
P 
S 
Si 
Cu 
Cb 
Al 
N 
Fe 

-Chemical Compositions of Steels, 

0.106 in. 
thick SAE 
1005 steel 

0.04 
0.33 
0.008 
0.017 
0.003 
0.06 

— 
0.005 
0.005 

Bal. 

0.100 in. 
thick HF 
50 steel 

0.06 
0.33 
0.008 
0.029 
0.081 

-
0.036 
0.046 
0.006 
Bal. 

(Ref. 5). 
The spot- and G M A - w e l d e d propert ies 

of HF 50 w e r e also the subject o f another 
presentat ion (Ref. 6). The electron 
microscopy that wil l be descr ibed here 
was carr ied ou t o n the materials used in 
that presentat ion. The resistance spot 
we ld ing condi t ions are listed in Table 3 
whe re the principal variable studied was 
ho ld t ime. 

For G M A we ld ing , t w o we ld ing wi res 
w e r e used; their composi t ions are s h o w n 
in Table 4. We ld ing p rocedure consisted 
o f spacing the square edges o f the light-
gage steels about 1.125 m m (0.045 in.) 
apart (the diameter o f the w e l d wires) in a 
flat posit ion w i t h no backing material and 
n o preheat. The we ld joint was made 
using a stringer bead technique to obta in 
comple te joint penet ra t ion in one pass. 
The we ld ing condi t ions are s h o w n in 
Table 5. 

Thin foils fo r transmission electron 
microscopy (TEM) w e r e p repared f r o m 
specimens containing the original hot -

Table 2—Tensile Properties of Steels 

Yield strength 
(0.2% offset), psi 

Tensile strength, 
psi 

Total elongation, % 
Uniform 

elongation, % 

0.106 in. 
thick SAE 

1005 
steel 

41,000 

54,200 

37 
23.5 

0.100 in. 
thick HF 
50 steel 

56,900 

69,600 

31 
20 

Table 3—Resistance Spot Welding Conditions 

Material 

Welding 
current, 

A 

Welding 
time, 
Hz 

Hold 
time, 
Hz 

Electrode 
force, lb 

Electrode 
diameter, in 

HF 50 
(0.100 in.) 

SAE 1005 
(0.100 in.) 

(D 
(2) 

(1) 
(2) 

15,900 
15,900 

10,100 
10,100 

30 
30 

30 
30 

50 
1 

50 
1 

1800 
1800 

1600 
1600 

0.375 
0.375 

0.375 
0.375 

Table 4—Chemical Compositions of 0.045 
in. Diameter Welding Wires, Wt-% 

Wire A Wi reB 

C 
Mn 
P 
S 
Si 
Mo 
Fe 

0.10 
1.19 
0.011 
0.024 
0.53 

-
Bal. 

0.07 
1.77 
0.015 
0.012 
0.41 
0.42 
Bal. 

rol led surfaces; the w e l d e d joints, s h o w n 
in Fig. 1, are situated in the middle o f the 
surfaces. These w e r e g round to r emove 
equal amounts f r o m b o t h sides and po l 
ished w i t h one-mic ron grit d iamond to 
about 0.5 m m (0.020 in.), then chemically 
pol ished to about 0.05 m m (0.002 in.), 
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Fig. 1 — Weld cross sections: A — resistance 
spot weld: B — CMA weld. Base metal plate 
thicknesses are 0.100 in. 

and — finally — electropol ished to obta in 
the foils. Dur ing electropol ishing, slight 
etching occur red to del ineate the w e l d 
and heat-af fected zones w h e r e the foils 
w e r e obta ined. The foils w e r e examined 
w i th the Philips EM 300 microscope oper
ated at 100 kV. 

0.32 0 .40 0.08 0.16 

DISTANCE FROM CENTER OF W E I D , i n . 

Fig. 2 - The effect of one and 50 cycle hold time on the hardness profiles of HF 50 and SAE 1005 
steels (distances are in inches) 

Table 5—GMA Welding Conditions 

Steel 

HF 50 
SAE 1005 
HF 50 
SAE 1005 

Thickness, 
in. 

0.100 
0.106 
0.100 
0.106 

Welding 
wire 

A 
A 

Current, 
A 

220 
260 
240 
245 

Arc voltage, 
V 

26 
26 
28 
28 

Welding 
speed, ipm 

75 
68 
65 
64 

Shielding 
gas 

Ar + 1% 0 2 

Ar + 1% 0 2 

co2 
co2 

Shielding 
gas f low 
rate, cfh 

35 
35 
35 
35 

Heat 
input, 
J/in. 

4550 
5850 
6200 
6430 

14-s | J A N U A R Y 1985 



Results and Discussion 

Spot Welding 

Hardness profiles for the spot welded 
specimens are portrayed in Fig. 2. One 
notes that the hardness profiles of the 
specimens with a hold time of 50 Hz after 
welding were essentially the same. Since 
there was no filler material, this result 
indicates that the strengthening effect of 
columbium was obliterated at the weld. 
For the specimens with a hold time of 1 
Hz, the columbium steel exhibited signifi
cantly higher hardnesses across the weld 
than the plain carbon steel. 

The foregoing results can be explained 
on the basis of structures developed after 
welding and after the hold cycles. For 
comparison, the base metal microstruc
tures are illustrated in Figs. 3 and 4 for the 
plain carbon and columbium-bearing 
steels, respectively. The plain carbon 
steel exhibited relatively low dislocation 
density with carbides isolated within the 
grains and also at grain boundaries. In 
addition to a higher dislocation density, 
the columbium steel exhibited both 
degenerate pearlite structure (Fig. 4B) and 
columbium carbonitride particles (Fig. 
4A). 

While some of these features might 
contribute to the strengthening, the sig
nificant contribution to the strength in this 

Fig. 6 - Microstructures of spot welded HF 50 steel after 50 Hz hold time: A -martensite laths 
intersecting undissolved cementite; B —carbides, both undissolved and reprecipitated; C-bright 
field image of reprecipitated cementite; D — dark field image of reprecipitated cementite 

hot-rolled grade of steel is derived from 
the ferrite grain-size refinement (Ref. 7). 
The microstructures obtained after weld
ing and 50 Hz hold time are shown in Figs. 
5 and 6, respectively, for the plain-carbon 
and columbium-bearing steels. The simi
larity in structures is evident. Both steels 
exhibited highly dislocated, strained mar
tensitic lath and massive ferrite structures 
with dissolved and undissolved car
bides. 

In the martensitic lath structures, the 
dissolved, cementite carbides reprecipi-
tate at definite orientations within the lath 
because of auto-tempering, as pointed 
out by the arrowed lath in Fig. 5A. On the 
other hand the morphology of the car
bides in Fig. 6A suggests these were 
undissolved because they cross the lath 

boundaries. Another difference is that 
the undissolved carbides were generally 
larger and more rounded than the repre
cipitated plate-like carbides in Figs. 5B and 
6B. 

The larger carbides were from the 
original base metal microstructures pro
duced during hot-coiling; these became 
more rounded because of the process of 
dissolution during welding. Both carbide 
morphologies are clearly evident in Figs. 
5B and 6B, while Figs. 6C and 6D depict 
bright-field and dark-field images of 
reprecipitated plate-like carbides. Figure 
6C also shows much smaller carbide par
ticles (right upper-half) which are presum
ably undissolved columbium carboni-
trides. The latter are relatively larger and 
are spaced farther apart than those 

@ 

Fig. 4—Base metal microstructures of HF 50 Cb-bearing steel: 
A—columbium carbonitride particles; B —degenerate pearlite struc
ture 

Fig. 5 — Microstructures of spot welded SAE 1005 steel after 50 Hz hold time 
showing: A — reprecipitated cementite in martensite lath; B — undissolved 
cementite in ferrite constitutent 
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observed in the specimen held for only 1 
Hz after welding —Fig. 7A. 

An arrow in Fig. 7A points to an area of 
very fine carbides. The carbides seem to 
be semi-coherent, because the surround
ing matrix appears strained. Together 
with their morphology, this suggests that 
these carbides are reprecipitated colum
bium carbonitrides. In addition, the matrix 
microstructures appear more polygonal 
and massive with some sub-grains being 
formed. Undissolved carbides were also 
observed (not shown), but the plate-like 
carbides were less evident. 

Hold time in resistance spot welding is 
the length of time the electrode is in 
contact with, and the electrode force is 
left applied on, the specimen after the 
passage of the weld current.* The elec
trode acts as a thermal sink to increase 
the cooling rate of the weld. This and the 
applied force induced the martensite for
mation which were observed in Figs. 5 
and 6. 

The martensitic structure with its high
er dislocation density is the only factor 
that will explain the difference in the 
hardness profiles of the plain carbon steel 
after 50 and 1 Hz hold time. The shorter 
hold time means that the weld cooled 
much more slowly to produce the poly
gonal ferritic microstructure. The similari
ty of the hardness profiles of the speci
mens held for 50 Hz after welding indi
cates that the dominant microstructure 
contributing to the hardness is the mar
tensite. 

Although some columbium undoubt
edly dissolved during welding, the fast 
cooling rate did not allow it to reprecipi-
tate; thus, it must have contributed to 
hardenability. However, the hardness 
(strength) of martensite depends only on 

*"Hold time" has been defined by the Ameri
can Welding Society A2 Subcommittee on 
Definitions as the "duration of force applica
tion at the point of welding after the last 
impulse of current ceases." 
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Fig. 7 — Microstructures of spot welded HF 50 steel after 1 Hz hold time: A — arrow points to • 
fine Cb particles reprecipitated in polygonal ferrite; B —other typical ferritic structures 

carbon content, and the hardness profiles 
reflect this. This explains the similarity in 
the profiles for the plain-carbon and 
columbium steels after the 50 Hz hold. In 
the slower cooled welds, the reprecipita-
tion of columbium carbonitrides, which 
show some coherency strains, accounts 
for the higher hardnesses of the columbi
um steel. 

GMA Welding 

The hardness profiles of the GMA 
welds are portrayed in Fig. 8. Considering 
Tables 4 and 5, the results show that alloy 
welding wire B and the lower input 
energy induced higher hardnesses in the 
weld than when the carbon steel welding 
wire A and higher input energies were 
employed. The use of alloy welding wire 
B and lower input energy induced more 
acicular structures. This can be discerned 
from Figs. 9 and 10, for the cases of alloy 

0 0.08 0.24 0.40 0 56 0 .72 

DISTANCE FROM CENTER OF WELD 

0.08 0.24 0 4 0 0.56 0.72 

DISTANCE FROM CENTER OF WELD 

Fig. 8 — Hardness profiles of GMA welds in HF 50 and SAE 1005 steels using conditions in Table 5; 
distances are in inches 

welding wire B and carbon steel welding 
wire A, respectively, used for mild steel. 

The heat input for Fig. 9 and the 
acicularity in the structure is probably 
accounted for by the use of the alloy 
welding wire. It is also obvious that 
cementite did not completely dissolve 
during welding. Figure 9A represents 
areas where dissolution of cementite 
occurred, but the carbon concentration 
has not diffused sufficiently. In this case, 
the high carbon areas transformed to 
twinned martensite (T), while the low 
carbon areas transformed to either low 
carbon lath martensite (L) or massive 
ferrite. 

When comparing the hardness profiles 
for the case where welding wire B was 
used, it is difficult to assess whether or 
not columbium has an effect. The reason 
for this is that the heat input for the plain 
carbon steel was considerably higher 
than that used for the Cb-bearing steel, 
i.e., 5850 vs. 4550 )/in. (230.3 vs. 179.1 
)/mm), Table 5. Undoubtedly, this affect
ed the cooling rates of the welds; more
over, the lower heat input induced the 
faster cooling rate, which would induce 
more martensite. Any dissolved columbi
um would have also helped to produce 
more martensite to yield the higher hard
ness. When the heat inputs used were 
about the same, the weld hardnesses for 
both steels were about the same —Fig. 8. 
The higher heat-affected zone and base 
metal hardnesses for the columbium-
bearing steel reflect the original proper
ties in Table 2. 

In addition to the microstructural dif
ferences demonstrated in Figs. 9 and 10, 
the columbium-bearing steel displayed 
changes in the columbium carbonitride 
precipitates with the changes in weld 
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Fig. 9 —HAZ structures of GMA-welded SAE 1005 steel using welding 
wire B and lower heat input: A — lath and twinned martensite structures 
indicating inhomogeneity in carbon; B —dislocated lath structures with 
undissolved cementite 

Fig. 10 - HAZ structures of GMA -welded SAE 1005 steel using mild steel 
welding wire and higher heat input: A — large undissolved cementite; 
B —dislocations in polygonal ferrite 

input energy. Figure 11 illustrates the 
effect of the lower weld heat input. The 
selected area diffraction (SAD) pattern 
pertains to Figs. 11 A, B and C. Figure 11A 
is the bright field image from essentially a 
two-beam diffraction pattern and shows 
the typical mottled contrast of a strained 
matrix. There is no apparent large scale 
precipitation in this image but the diffrac
tion pattern indicates otherwise because 
of the presence of extra spots. Indeed, 
when one of these spots was moved to 
the position of the transmitted beam and 
a dark-field image taken, fibrous-like pre
cipitates were observed as shown in Fig. 
11B. 

The interplanar spacings from the extra 
spots in Fig. 11 match those from the 
ASTM index card for columbium nitride. 
However, because there is very little 
difference in the lattice parameters of the 
isomorphous columbium carbides and 
nitrides, it is safer to say these are colum
bium carbonitrides in the absence of a 
quantitative energy dispersive x-ray 
data. 

The wavy nature of the fibrous-like 
precipitates suggests that they were 
formed at very high temperatures very 
close to their melting point. At this junc
ture, one recalls that eutectic linear car
bonitrides were estimated to form at 
about 1350°C (2462°F) (Ref. 4) along 
grain boundaries. The carbonitrides in Fig. 
11B are within the matrix and are consid
erably thinner than those reported (Ref. 
4). It is conceivable that the precipitate 
morphology shown might be the precur
sor of the larger eutectic structures which 
form at the grain boundaries. 

Figure 11C is the dark-field image of 
the strongest <110> spot in the diffrac
tion pattern. Clearly, this image shows no 
semblance with Fig. 11B and is further 
evidence that the extra-spots in the inset 
diffraction pattern are independent of 
the matrix. Figure 11D is a bright-field 
image from another area showing heavy 

dislocation contrast. Careful examination 
of this image shows some evidence of 
the fibrous-like precipitates, but the dislo
cations masked the strain contrast seen in 
Fig. 11 A. 

With higher input energy, the mor
phology of the columbium bearing pre
cipitate is as shown in Figs. 12A and 12D. 
The contrast shows very noticeable 
rosette-like features which are associated 
with particles. These features displayed 
ring-like diffraction patterns in the SAD, in 
addition to the <100>„ matrix spots. The 
ring-like pattern indicates random orien
tation of the precipitates. 

Figure 12B is the dark-field image from 
a part of the ring pattern and shows the 
features to be an agglomeration of small 

particles. Separate small particles can be 
seen lighted up in the lower middle 
portion indicated by the arrow in Fig. 
12B. The interplanar spacings from the 
ring-like patterns match those from 
Cb(vX)S and some from MnS. Because of 
the inhomogeneous composition inher
ent in the short welding times, the precip
itates might be a combination of 
(MnCb)xS. Suffice to say, the columbium 
is associated with sulfur and possibly with 
nitrogen, as indicated earlier (Ref. 4). 

The presence of a complex (Mn, Ti, 
Cb)S was observed in columbium-bear
ing steels in the vicinity of the fusion line 
(Ref. 2), and the sulfides were in the form 
of a two-dimensional eutectic film. The 
features seen in Figs. 12A (the bright 

Fig. 11 —HAZ microstructures of GMA-welded HF 50 steel using low heat input; inset diffraction 
pattern is primarily two-beam and shows extra precipitate spots: A—bright field image shows 
mottled contrast due to strained matrix; B —tilted dark field image of fibrous-like precipitate; 
C— tilted dark field image of matrix; D-bright field of another area 
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Fig. 12 — HAZ microstructures of GMA-welded HF 50 steel using the higher heat input; diffraction 
pattern is in <100> orientation with ring-like precipitate pattern: A—bright field showing 
rosette-like features; B — dark field from ring-like precipitate showing agglomeration of particles 
around rosette-like features (arrow points to isolated particles); C —bright field of matrix indicating 
penetration into neighboring grain as incipient melting; D — more rosette-like features and 
discernible particles associated with them 

field), and 12C (the dark field ring of the 
matrix) suggest that this area underwent 
incipient melting of both matrix and pre
cipitate. The matrix indicated by the dark-
field image appeared to have melted, and 
the prior liquid was penetrating the grain-
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boundary in the lower right corner. This 
indicates that the temperature must have 
reached about 1500°C (2732°F) or more 
in this area. 

As indicated earlier, the presence of 
the eutectic type nitrides, carbides, and 

G M A WEIDS 

FORMABLE 5 0 - W I R E 
FORMABLE 50 WIRE 
F O R M A B t E 50-WIRE 

SAE 1005-WIRE A-CO 

B - A r + O . 
A - C O 2 
flArtO, 

FRACTURE 

B-BASE MATERIAL 
W-WELD 

- 3 5 0 - 2 5 0 - 1 5 0 - 5 0 
TEST TEMPERATURE. 

Fig. 13 - Ductile-to-brittle transition behavior of notched GMA welds in HF 50 and SAE 1005 steels 
using tension-impact specimens (Ref. 6) 

sulfo-nitrides induced some hot-cracking 
and reduced ductility of the welds and 
heavy steel forgings and castings (Refs. 
1-4). In the GMA welded specimens, the 
modifications of the columbium precipi
tates did not appear to impair the impact 
properties of the weld —Fig. 13 (Ref. 6). 
As shown in Fig. 13, the high-energy 
input-welded specimens exhibited a low
er ductile brittle transition behavior. The 
results in Fig. 13 correlate well with the 
hardness profiles in Fig. 8 where the 
high-energy-input welds exhibited lower 
hardness (strength). 

The reason for the precipitates (de
scribed in this paper) not impairing the 
properties could be ascribed to their 
presence in the matrix and not in grain 
boundaries. This difference could be due 
to the much lower heat inputs used here 
in the GMA welded specimens compared 
to the submerged arc welding heat 
inputs, which usually range from 40 to 80 
kj/ in. (1.6 to 3.1 kj/mm). More study is 
needed — especially when very high 
energy inputs, i.e., in excess of 100 kj/ in. 
(3.9 kj/mm), are contemplated in sub
merged arc welding —to determine the 
nature of columbium precipitate modifi
cations and their effects on the proper
ties of the HAZ, the fusion line and the 
weld metal. 

Conclusion 

Transmission electron microscopy was 
conducted on thin foils of resistance 
spot- and GMA-welded columbium-
microalloyed hot-rolled strip steel. For 
comparison, the structures of a similarly 
welded plain carbon steel were also 
examined. The following conclusions can 
be derived from this investigation: 

1. In the short welding times em
ployed, the carbides — both the cement
ite and the columbium carbonitride —do 
not completely dissolve. This results in 
local heterogeneities in composition in 
the vyeld and HAZ. 

2. In resistance spot welding, long 
hold times (fast cooling rate) induce mar-
tensitic/acicular structures and prevent 
columbium carbonitrides from reprecipi-
tation. In this case, the hardness profiles 
of both the plain carbon and the colum
bium-bearing steels were similar across 
the weld, and the martensitic structure is 
the dominant microconstituent. At short
er hold times (lower cooling rates), re-
precipitation of Cb(CN) yielded higher 
hardnesses for the Cb-bearing steel. 

3. In GMA welding, modifications in 
columbium precipitates were observed. 
Fibrous-like columbium carbonitrides 
were observed at the lower heat input 
used, and rosette-like features associated 
with agglomerated columbium particles 
were seen at the higher heat input welds. 
The observed modifications in columbi-
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um did not impair the notch toughness. 
However, more study is needed to deter
mine the influence of these modifications 
when much higher heat-inputs are used 
such as those in submerged arc weld
ing. 
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Announcement and Call for Papers 
The 3rd International Conference on Aluminum Weldments will be held at the Technical University of 

Munich, FRG, April 15-17, 1985. The Conference will cover all phases of aluminum weldments, 
including design and construction, applications, material characteristics and welding technology. The 
WRC Aluminum Alloys Committee is a cosponsor of the Conference. For more information, contact: 
W. W. Sanders, Jr., Engineering Research Institute, Iowa State University, 104 Marston Hall, Ames, Iowa 
50011. (515)294-2336. 
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Fitness-for-Service Criteria for Pipeline Girth-Weld Quality 
By R. P. Reed, M. B. Kasen, H. I. McHenry, C. M. Fortunko and D. T. Read 

In this report, criteria have been developed for applying fitness-for-service analyses to flaws in the 
girth welds of the Alaska Natural Gas Transmission System pipeline. A critical crack-opening-
displacement elastic-plastic fracture mechanics model was developed and experimentally modified. 
Procedures for constructing curves based on this model are provided. A significantly improved ultrasonic 
method for detecting and dimensioning significant weld flaws was also developed. 

Publication of this report was co-sponsored by the National Bureau of Standards and the Weldability 
Committee of the Welding Research Council. The price of WRC Bulletin 296 is $16.50 per copy, plus 
$5.00 for postage and handling. Orders should be sent with payment to the Welding Research Council, 
Room 1301, 345 E. 47 St., New York, NY 10017. 

Proceedings for the International Congress on Welding Research—July 13 and 14, 1984. 

This Monograph contains the full texts for 9 papers and extended abstracts for 23 papers presented at 
the International Congress on Welding Research that was held just prior to the Annual Assembly of the 
International Institute of Welding, July 15-21, 1984, in Boston, Massachusetts. The theme of the 
Congress was "Welding Research in the World and the Challenges of the 80's" and was sponsored by IIW, 
WRC, AWS, WIC and ASM. 

The price of the "Proceedings" is $25.00 per copy plus $5.00 for postage and handling. Orders should 
be sent with payment to the Welding Research Council, Room 1301, 345 E. 47 St., New York, NY 
10017. 
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WRC Bulletin 299 
November 1984 

This bulletin contains three reports of work conducted under the guidance of the Subcommittee on 
Failure Modes in Pressure Vessel Materials of the Pressure Vessel Research Committee of the Welding 
Research Council. Funding for this three year project was supplied by the American Iron and Steel 
Institute and the Welding Research Council. 

1. "Engineering Aspects of CTOD Fracture Toughness Testing," by G. W. Wellman and S. T. Rolfe. This 
report presents a study of the crack-tip opening displacement (CTOD) test method as a means of 
evaluating elastic-plastic fracture. Correlations with Charpy V-Notch, CTOD, J-integral, and stress 
intensity (K) notch-toughness parameters were investigated. 

2. "Three-Dimensional Elastic Plastic Finite-Element Analysis of Three-Point Bend Specimens," by G. 
W. Wellman, S. T. Rolfe and R. H. Dodds. 

This report summarizes the verification of analytical procedures for use in flawed structures. As 
a first step toward analyzing the more complex structures of a pressure vessel, the three-point 
bend specimen was analyzed using both 2-D and 3-D elastic-plastic finite-element analysis 
methods. CTOD and J values determined from these analyses were compared to the experimental 
results of the five steels investigated in the first paper. 

3. "Failure Prediction of Notched Pressure Vessels Using the CTOD Approach," by G. W. Wellman, S. 
T. Rolfe and R. H. Dodds. 

This report analyzes the behavior of five notched pressure vessels tested at temperatures such 
that the failure mode varied from fully ductile to brittle behavior. Both 2-D and 3-D finite-element 
analyses were used to analytically develop curves of pressure versus opening of the flaw in the 
vessel. The internal pressures corresponding to the minimum CTOD values obtained from the 
vessel steels were within 7% of the actual burst pressures. 

The results of these works contribute significantly to the understanding and predicting of the 
different failure modes that can occur in pressure-vessel steels. 
The price of WRC Bulletin 299 is $13.50 per copy, plus $5.00 for postage and handling. Orders should 

be sent with payment to the Welding Research Council, Rm. 1301, 345 E. 47 St., New York, NY 
10017. 

WRC Bulletin 294 
May 1984 

Creep of Bolted Flanged Connections 
by H. Kraus and W. Rosenkrans 

In this report, a previous analysis of the creep of bolted flanged connections by E. O. Waters is 
extended to include strain hardening creep and an unspecified distribution of stress over the flange rings. 
The results are compared to a finite element analysis and to results obtained with Waters' equations. 

Short Term Creep and Relaxation Behavior of Gaskets 
by A. Bazergui 

This report presents the results of short term creep tests at constant stress levels, cyclic creep tests, 
and relaxation tests for four types of gaskets. 

Publication of this bulletin was sponsored by the Subcommittee on Bolted Flanged Connections of the 
Pressure Vessel Research Committee of the Welding Research Council. The price of WRC Bulletin 294 is 
$12.75 per copy plus $5.00 for postage and handling. Orders should be sent with payment to the Welding 
Research Council, Room 1301, 345 E. 47th St., New York, NY 10017. 
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AWS "Peer Review" Panel 
The individuals w h o s e names are listed b e l o w are part ici

pat ing in the "Peer Rev iew" Program of the Amer ican 
We ld ing Society as it pertains to the Research Supplement of 
the Welding journal. Participation consists of evaluat ing the 
technical content o f papers submit ted fo r publ icat ion in the 
Research Supplement and, t o this end , render ing judgments 
concerning: 

• Originali ty of the cont r ibu t ion . 
• Technical value to the we ld ing commun i t y . 
• Prior publ icat ion o f the material being rev iewed . 
• Proper credit t o others w o r k i n g in the same technical 

area. 
• Justification o f the conclusions judging by the results. 
• Degree of acceptabi l i ty for publ icat ion. 
It is considered that p rogram part icipants are render ing an 

invaluable service to the we ld ing commun i t y and to the 
authors of papers undergo ing rev iew. Others wishing to 
serve as rev iewers are asked to contact the Technical Editor 
o f the Welding Journal, P.O. Box 351040, M iami , FL 
33135. 
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