
Weldability of VAN-80 Steel 
VAN-80 is readily weldable, with over 9 5 % joint efficiency, and weld toughness approximates 
that of the base metal, as does fatigue life after gas metal-arc welding if reinforcement is 
removed 

BY B. P O L L A R D A N D A. H. A R O N S O N 

ABSTRACT. VAN-80 steel (a V-Al-N, 
high strength, low alloy steel which ex
hibits 80,000 psi minimum yield strength 
in the hot rolled condition) was suc
cessfully welded using both shielded 
metal-arc and gas metal-arc processes. 
Metallographic examination of the welds, 
as well as hardness, tensile, bend, 
Charpy-V impact and fatigue tests were 
used to interpret the effects of welding 
and to provide VAN-80 design data. 

Hardness never exceeded DPH 280 
(Rr 27.1) and no cracking occurred, 
loint efficiency in tension ranged from 
95-100%, with all gas metal-arc welds 
at 100%. Shielded metal-arc welds at 
heat inputs of less than 50,000 joules/in. 
also gave 100% joint efficiency. Bend 
ductility improved with increasing en
ergy input, from 2T at 25,000 joules/in. 
to IT at 45,000 joules/in., due to a 
softer heat-affected zone. The impact 
properties of the heat-affected zone were 
similar to those of the base metal. 

The results of reverse bend flexure 
fatigue tests on butt-welded specimens 
showed that defects in the weld metal, 
or the stress concentration resulting from 
the weld reinforcement, provided the 
sites for failure. No failure originated 
within the base metal or the heat-affected 
zone. Thus, when the weld reinforcement 
was ground flush, this became a weld 
metal fatigue test and the gas metal-arc 
welds were always superior to those made 
with the shielded metal-arc process. 

Introduction 
VAN-80 steel is a V-Al-N, high 

strength, low alloy steel which exhibits 
80,000 psi minimum yield strength in 
the hot rolled condition. The steel 
derives its properties mainly from fine 
ferritic grain size and precipitation 
strengthening by vanadium carboni-
tride.1 Fusion welding produces a 
varying grain size across the heat-
affected zone, and the thermal cycle 
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affects precipitation strengthening. In 
a weld, however, the zones of varying 
structure are very narrow and often 
tend to balance each other in proper
ties. This investigation was undertaken 
to determine the most suitable condi
tions for producing ductile, high 
strength welds for a variety of welding 
procedures. Metallographic examina
tion of the welds, as well as hardness, 
tensile, bend, Charpy impact and fa
tigue tests were used to interpret the 
effect of welding and to provide 
VAN-80 design data. 

VAN-80 steel is produced on a hot 
strip mill as a coiled product in gages 
from 0.100 to 0.375 in. thick. Manual 
shielded metal-arc and automatic gas 
metal-arc welding processes were 
therefore selected for the investiga
tion, as both processes perform effi
ciently on this thickness of material. 

Welding Conditions 
Material 

Welds were made by joining 18 in. 

long X 6 in. wide plates in thicknesses 
of 0.194, 0.250, 0.312 or 0.322 in. 
The weld was parallel to the rolling 
direction. Chemistries and mechanical 
properties of the material used are 
given in Tables 1 and 2, respectively. 

Joint Design 

Various designs of butt joints were 
tried based on a 60 deg vee edge 
preparation — Figs. 1 and 2. A Via 
in. land was machined on the edge of 
the plate except when a backing strip 
was used. 

Electrodes 

A type 10018-G electrode was used 
for shielded metal-arc welding. This is 
a readily available shielded metal-arc 
electrode which matches the 95 ksi 
minimum tensile strength of VAN-80 
steel. For gas metal-arc welding, E 
70S-G and AISI 8620 electrodes were 
used. Their compositions are given in 
Table 3 

Table 1 -

Gage, 
in. 

.194 

.250 

.312 

.322 

Ch< emical Analyses of VAN-80 Steels, % 

C 

.18 

.16 

.18 

.18 

Mn 

1.26 
1.35 
1.20 
1.09 

Si S 

.41 .013 

.47 .010 

.46 .009 

.39 .012 

P Al 

.004 .072 

.006 .077 

.010 .12 

.003 .048 

Total 
V N 

.082 .018 

.13 .024 

.13 .023 

.096 .022 

Dissolved 
N 

.011 

.012 

.008 

.010 

Table 2-

Gage, i 

.194 

.250 

.312 

.322 

Mechanical Properties of VAN-80 Steels 

n. Direction" 

L 
T 
L 
T 
L 
T 
L 
T 

Ultimate 
tensile 

strength, 
psi 

109,000 
109,300 
107,500 
111,200 
109,300 
111,500 
101,600 
102,500 

0.2% yield 
strength, 

psi 

87,600 
92,400 
87,200 
92,600 
86,700 
92,500 
80,600 
84,900 

Uniform 
Elongation elongation, 
in 2 in., % 

22.5 
20.0 
26.8 
21.0 
24.5 
22.0 
26.5 
23.0 

% 
13.0 
12.5 
13.5 
13.0 
14.5 
13.5 
14.3 
14.4 

aL—longi tud inal , parallel to the roll ing direct ion; T—transverse, perpendicular to the 
roll ing direct ion. 
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Type 1 

I l~Is£Ll \ 
Type 2 Type 3 

Type 4 Type 5 
Fig. 1—Joint designs used for shielded metal-arc welding. Numbers indicate pass sequence. 

Weld Restraint 

A preliminary evaluation of the 
effect of weld restraint was made by 
shielded metal-arc welding test plates 
to a 2 in. thick mild steel strongback. 
The test weld was made with a very 
high heat input (91,800 joules/in.). 
No evidence of cracking either in the 
weld metal or the heat-affected zone 
was observed by visual inspection and 
metallographic sectioning, or by sub
sequent tensile and bend tests on spec
imens cut from the plate. All further 
welds were made without any re
straint other than normal clamping 
pressure. 

Shielded Metal-Arc Welding 

Shielded metal-arc welds were 
made using direct current and a wide 
range of heat inputs. The electrodes 
were used from a freshly opened can 
or after baking for 1 hr at 700° F if 
they had been previously exposed to 
the atmosphere. Open cans of elec
trodes were stored in an oven at 150° 
F. All rust and scale was ground off 
the plate edges immediately before 
welding. Typical welding conditions 
used on VAN-80 steel are listed in 
Table 4. The use of a backing strip 

was found to be convenient for experi
mental purposes. The backing strip 
was removed before specimens were 
cut from the weld. 

Gas Metal-Arc Welding 

Gas metal-arc welds were made 
using direct current, reverse polarity 
and the spray mode of metal transfer. 
Argon + 5% 02 (flow rate 30 cfh) 
was preferred over argon + 2% 02 

(often recommended for low alloy 
high strength steels) because it gave 
better wetting between the filler and 
base metals. A copper backing bar 
with a Vg in. wide groove was used 
to assist in producing full penetration 
welds. Typical welding conditions for 
VAN-80 steel are given in Table 5. 

Experimental Method and Results 
Specimens for metallographic ex

amination and mechanical testing 
were cut from welds which had accept
able weld geometry, i.e., full penetra
tion, minimum undercut and moder
ate weld bead reinforcement. Tests 
were performed as described below. 

Metallographic Examination 

Transverse sections of both shielded 

Type 1 Type 2 
Fig. 2—Joint designs used for gas metal-arc welding. Numbers indicate 
pass sequence 

Table 3—Electrode Compositions Used for Gas Metal-Arc Welding, % 

Electrode C Mn Si S P Mo 

E70S-G .10 1.9 .7 .018 .018 .5 
AISI 8620 .21 .78 .32 .023 .022 .22 

Ni 

— 
.60 

Cr 

— 
.50 

metal-arc and gas metal-arc welds 
were examined at magnifications up to 
X 1000. Macrographs of typical two-
pass welds in 0.322 in. thick VAN-80 
are shown in Figs. 3 and 4. The 
change in microstructure across a 
weld is illustrated in Fig. 5. The exam
ple shown is a single pass gas metal-
arc weld in 0.194 in. thick material, 
but the structure is essentially the 
same regardless of the steel thickness 
or welding process used. The base 
metal is extremely fine grained ferrite 
(ASTM No. 12) plus very fine pearl-
ite—Fig. 5 A. As one moves toward 
the weld, the first change in micro-
structure is a recrystallized zone of 
ferrite of a still finer grain size 
(ASTM 14) plus pearlite—Fig. 5 B. 
The grain size then increases rapidly 
toward the fusion line, and the mi
crostructure changes to one of 
Widmanstatten ferrite plus bainite— 
Fig. 5 C. The AISI 8620 weld metal 
consists of fine Widmanstatten ferrite 
plus bainite—Fig. 5 D. 

A comparison of the weld metal 
microstructures obtained with an 
E10018-G electrode and the E70S-G 
gas metal-arc electrode is shown in 
Fig. 6 and 7. The E70S-G weld metal 
had a finer structure than that de
posited with the E10018-G electrode, 
in both the as-deposited second pass 
and the recrystallized first pass. The 
recrystallized E70S-G weld metal, 
however, retained more of the pro-
eutectoid ferrite. 

Electron microscopic examination 
of thin foils was used to identify the 
eutectoid transformation products and 
to observe changes in precipitate dis
tribution and dislocation density. In 
the base metal the vanadium carboni-
tride precipitates were randomly dis
tributed within the ferrite grains with 
no apparent interaction between dislo
cations and precipitates. In the outer 
portion of the heat-affected zone near-

560-s | D E C E M B E R 1970 



Table 4—Typical Conditions for Shielded Metal-Arc Welding VAN-80 Steel 

Weld identifical 

A2M3 
First pass 
Second pass 
A14 
First pass 
Second pass 
A16 
B1M2 
First pass 
Second pass 
Third pass 
B4M1 
First pass 
Second pass 
Third pass 
B7M3 
First pass 
Second pass 
B14 
First pass 
Second pass 
B16 

" See Fig. 1. 

Jon 

Plate 
thickness, 

in. 

.194 

.194 

.194 

.322 

.322 

.322 

.322 

.322 

Table 5—Typical Conditions for Gas Metal-fl 

Weld identification 

A6-1 
A19 
Al 
First pass 
Second pass 
Bl 
First pass 
Second pass 
C3 
First pass 
Second pass 
B5-2 
First pass 
Second pass 

Plate 
thickness, 

in. 

.194 

.194 

.194 

.322 

.322 

.322 

Joint" 
type 

1 
1 

2 

2 

2 

2 

Joint" 
type 

1 

5 

4 

2 

3 

1 

5 

4 

Root gap, 
in. 

7.6 

Vt 

7s 

7.6 

7.6 

732 

Vi 

78 

re Welding VAN-80 

Root gap, 
in. 

v.« 
7.6 

Vu 

VM 

7.6 

7.6 

10018-G 
electrode 

diameter, in. 

V* 
7s 

78 
7s 
7.6 

7.6 
78 
7» 

7.6 
7s 
7.6 

74 
7a 

7s 
Via 
7.6 

P|^.n+ r A^n 

Diameter, 
in. 

.062 

.035 

.035 

.035 

.035 

.035 

.035 

.035 

.062 
.062 

Type 

E70S-G 
AISI 8620 

E70S-G 
E70S-G 

E70S-G 
E70S-G 

AISI 8620 
AISI 8620 

E70S-G 
E70S-G 

Current, 
amp 

140 
140 

125 
120 
240 

225 
140 
140 

225 
125 
225 

340 
130 

145 
225 
265 

Current, 
amp 

285 
225 

185 
190 

185 
190 

170 
170 

280 
300 

Arc, v 

22.5 
22.5 

20 
20 
21 

22.5 
22 
22 

22 
21 
22 

27 
20 

21 
21 
23 

Arc, v 

24 
27.5 

24 
24 

24 
24.5 

24 
24 

23 
23 

Welding 
speed, 
ipm 

7 
11 

7 
5.5 
7 

7 
3.5 

11 

8 
10 
6 

6 
5 

7 
4 
4 

Welding 
speed, 

ipm 

18 
16 

18 
16 

14 
12 

12.5 
14 

18 
14 

Heat input 
per pass, 
joules/in. 

27,000 
17,200 

21,400 
26,200 
43,200 

43,400 
52,800 
16,800 

38,100 
15,700 
49,500 

91,800 
31,200 

26,400 
70,900 
91,400 

Heat input 
per pass' 
joules/in. 

22,800 
23,200 

14,800 
17,100 

19,000 
23,200 

19,600 
17,500 

21,400 
27,600 

" See Fig. 2. 

ly all the vanadium carbonitride pre
cipitate had dissolved and the cement-
ite was almost completely spheroid-
ized. No measurable increase in pre
cipitate size was observed in the tran
sition area between this zone and the 
parent material, presumably due to 
the small size of the precipitates in
volved (100 A). Close to the fusion 

Fig. 3—Macrograph of typical two pass 
shielded metal-arc weld in. 0.322 in. 
thick VAN-80. Etched in 2% nital. X6 
(reduced 52% on reproduction) 

line both upper and lower bainite 
were observed. 

Hardness Measurements 

Hardness measurements were made 
at intervals of 0.020, 0.040 to 0.050 in. 
below the top surface of each plate. 
For two pass welds, measurements 
were also made at a depth within the 
plate where the first pass weld metal 
had been recrystallized by the heat of 
the second pass. Typical results are 
shown in Fig. 8. For a single pass 
weld, there is a 10% drop in hardness 
caused by annealing out of disloca
tions and dissolution of the vanadium 
carbonitride precipitates followed by a 
10-15% increased in hardness due 
to bainite formation. A minor peak at 
the outer edge of the heat-affected 
zone is due to aging. 

Hardness measurements across the 
top pass of two pass welds were Virtu

ally the same as for single pass welds 
because the heat input for the top pass 
with a V-joint preparation is always 
considerably higher than for the bot
tom pass. Hardness variations across 
the bottom pass were more compli
cated, the hardness profile depending 
upon the relative heat inputs for the 

Fig. 4—Macrograph of typical two pass 
gas metal-arc weld in 0.322 in. thick 
VAN-80. Etched in 2% nital. X6 (re
duced 51% on reproduction) 
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Fig. 5—Microstructure of single pass gas metal-arc weld in 0.194 in. thick VAN-80. 
A (top left)—base metal; B (top right)—outer edge of heat-affected zone; C (bottom 
left)—heat-affected zone near fusion line; D (bottom right)—weld metal (AISI 8620 
electrode) 

two passes; but in all cases featured a 
drop in hardness as in zone 3 of the 
single pass weld plus peaks due to 
bainite formation. The peak hardness 
values for the bottom pass of two pass 
welds were always lower than for the 
top pass. 

The minimum and maximum hard
ness values obtained at a distance of 
0.040-0.050 in. beneath the top sur
face of the plate are plotted as a 
function of heat input in Fig. 9. As 
expected, both maximum and mini
mum hardness decreased with in
creased heat input. In no case did 
maximum hardness exceed DPH 280 
(Rc 27.1), which is well below the R(. 
30 value often considered to be the 
maximum desirable value in fusion 
welds. 

Measurement of Joint Efficiency 

Standard 2 in. gage length, 0.5 in. 
wide tensile specimens, cut transverse 
to the weld, were tested at a strain 
rate of 0.2 ipm. Joint efficiencies were 
in the range of 95 to 100%, decreas
ing only slightly with increase in heat 
input for shielded metal-arc welds— 
Fig. 10. Failure in the shielded metal-
arc welds was randomly- distributed 
between base metal, heat-affected 
zone and weld metal at low heat 
inputs ( < 50 kilojoules/in.) due to 

the close matching of the weld metal 
and plate. At high heat inputs ( > 50 
kilojoules/in.), the failure was lo
cated in either the heat-affected zone 
or the weld. The gas metal-arc welds 
all had 100% joint efficiency, failure 
occurring in the base metal. 

Effect of Preheat 

Preheat is not required when weld
ing VAN-80 steel, but may be neces
sary when joining VAN-80 to other 
steels. The effect of preheat tempera
tures on joint efficiency was therefore 
determined by making single pass 
shielded metal-arc butt welds on 0.194 
in. thick VAN-80, using a heat input 
of 50 kilojoules/in. The joint efficien
cy was not affected by preheat tem
peratures up to 400° F—Fig. 11. 

Effect of Stress Relieving 

The need for stress relieving a 
weldment depends upon the expected 
service conditions and past experience 
in fabricating a particular structure. 
For a precipitation strengthened steel, 
such as VAN-80. the stress relief tem
perature should be chosen so as not to 
cause overaging of the steel. To evalu
ate the response of VAN-80 steel to 
stress relieving treatment, samples 
were subjected to the following ther
mal cycle: 

Fig. 6—Micrographs of weld metal in 
two pass shielded metal-arc weld 
(E10018-G electrode, max. heat input 
58,880 joules/in.) A (top)—second pass 
as deposited structure; B (bottom)— 
first pass recrystallized structure. Etch
ed in 2% nital. X500 (reduced 50% on 
reproduction) 

1. Heated to the stress relieving 
temperature at a rate of 400-750° 
F/hr . 

2. Held for 1 hr at a temperature 
within the range 700-1300° F. 

3. Furnace cooled at 100-150° 
F/hr to below 300° F. 

The results of tensile tests are 
shown in Fig. 12. Specimens stress 
relieved between 700 and 1100° F 
exhibited a moderate increase in yield 
strength (to 90,000 psi )and only a 
slight drop in tensile elongation (to 
22-23%) due to aging. At tempera
tures above 1100° F, strength de
creased and ductility increased, but 
the yield strength did not drop below 
the specified value of 80,000 psi after 
stress relieving at a temperature as 
high as 1200° F. 

Bend Ductility Testing 

Bend ductility tests were performed 
on both longitudinal and transverse 
specimens with the weld face in ten
sion. The longitudinal specimens were 
5 in. long X 2 in. wide, the transverse 
specimens 5 in. long X 1V2 in. wide. 
In both cases the weld reinforcement 
was machined off. Specimens were 
bent 90 deg over dies of successively 
smaller radii until cracking occurred. 
Cracks were detected with "Spot-
check" dye penetrant. 

For 0.194 in. thick plate, transverse 
weld ductility increased with heat in
put. The bend radius decreased from 
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two times plate thickness (2t) at a 
maximum heat input per pass of ap
proximately 25 kilojoules/in. to less 
than lt at 45 kilojoules/in. regard
less of the welding process used. 
Ductility of welds in 0.322 in. thick 
plate was still better. A radius of less 
than lt could be formed over the 
entire range of heat inputs used. The 
results of longitudinal bend tests were 
similar to those for the transverse 
bends. 

Charpy Impact Testing 

Charpy impact tests (l/2 size speci
mens, V-notch) were performed on 
0.250 in. thick plate, welded with the 
shielded metal-arc process. The im
pact properties of the base metal pos
sessed a shelf energy in the transverse 
direction of 30 ft-lb., which com
pared well with that in the longitu
dinal direction (50 ft-lb). The effects 
of welding on impact properties were 
only investigated for the transverse 
direction. Specimens having the weld 
axis parallel to the plate rolling direc
tion were tested with the V-notch 
located in the weld, at the fusion line, 
and halfway across the heat-affected 
zone. 

The fusion line was found to be the 
most critical position. The Charpy im
pact energy absorption, for 1/.2 size 
specimens with the notch at the fusion 
line, was identical to that for the base 
metal. The same was true for the 
fracture appearance, with the transi-

w HI 

; . • • • - • • . . ' • . . . • , ; • • • • v . : 

*mmmW^mWBi 

Fig. 7—Micrographs of weld metal in a 
two pass gas metal-arc weld (E70S-
G electrode, max. heat input 27,600 
joules/in.). A (top)—second pass as-de
posited structure; B (bottom)— first 
pass recrystallized structure. Etched in 
2% nital. X500 (reduced 50% on repro
duction) 

tion temperature for 50% ductile 
fracture (FATT) shifted—as expect
ed—upwards about 40° F with re
spect to the 15 ft-lb energy tempera
ture. 

Figures 13 and 14 illustrate the 

results for 0.250 in. thick plate. For 
transverse specimens the 15 ft-lb and 
50% FATT occur at 0 and +40° F, 
respectively. No variation in energy 
absorption with weld heat input was 
observed when testing fusion line sam
ples with heat inputs in the range 23 
to 92 kilo-joules/in. Toughness of 
specimens with the notch at the mid
point of the heat-affected zone was 
superior to that of the base metal. 

Fatigue Testing 

Transverse reverse bend flexure fa
tigue specimens were machined from 
welds on surface intact 0.312 in. thick 
VAN-80, made with both the shielded 
metal-arc (E10018-G electrodes) and 
gas metal-arc process (E70S-G elec
trode). Details of the test specimen are 
shown in Fig. 15. The underside of all 
specimens was ground smooth. Half 
the specimens were tested with the top 
weld reinforcement intact and half 
with it ground off. Testing was per
formed on a Warner & Swasey fatigue 
tester, Model No. SF-1U, at a rate of 
1800 cycles/min, with a symmetrical 
tension-zero-tension load cycle. S-N 
curves for each weld are shown in 
Fig. 16, together with data for the 
base metal with an as-rolled surface. 

Gas metal-arc welded specimens 
with the weld reinforcement removed 
had an endurance limit (stress for 107 

cycles without failure) of 42,000 psi, 
comparable with the lower level of the 
base metal range, while gas metal-arc 

Weld <fc 

Z£N_E_ 

1 

2 

3 

4 

5 

Parent Material 

Aged 

Overaged 

Bainite Formation 

Weld 

-.80 -.60 20 .40 .60 .80 
DISTANCE ACROSS WELD, In. 

Fig. 8—Hardness profile of single pass shielded metal-arc weld in 
0.194 in. thick VAN-80, heat input of 43,400 joules/in. Measurement 
made 0.050 in. below top surface of plate 
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Fig. 9—Effect of heat input on heat-affected zone 
hardness of shielded metal-arc welds. Measurements 
0.040-0.050 in. beneath top surface of plate 
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#GMA, 1 Pass, 0.194" Plate 
• GMA, 2 Passes, 0.194" Plate 
TGMA, 2 Passes, 0.322" Plate 

O SMA, 1 Pass, 0.194" Plate 
• SMA, 2 Passes, 0.194" Plate 
A SMA, 1 Pass, 0.322" Plate 
V SMA, 2 Passes, 0.322" Plate 
+ SMA, 3 Passes, 0.322" Plate 
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MAXIMUM HEAT INPUT PER PASS, K joules/in. 
Fig. 10—Effect of maximum heat input per pass on joint efficiency 
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TEMPERATURE, °F (1 Hr.) 

Fig. 12—Effect of stress relief temperature on room temperature base 
metal properties 

welds with weld reinforcement on 
were 20% lower. The endurance limit 
for the shielded metal-arc welds, with 
or without reinforcement, was lower 
than for either batch of gas metal-arc 
welds. With the reinforcement intact, 
failure occurred at its intersection 
with the base metal (toe of the weld), 

as is expected, and with the reinforce
ment removed failure always occurred 
in the weld metal. Weld metal failures 
were usually initiated by micropores. 

The superior performance of the 
gas metal-arc welds was due to a 
much smoother weld surface and few
er and smaller pores. Raising the weld 

o ^ 

> 
z 
LU 

u 
u_ 
u. 
LU 

1UU 

95 

cm 

A 
T 

i 

• 

i 

i 
<r 

1 
£ 0 100 200 300 400 

° PREHEAT TEMPERATURE, °F 

Fig. 11—Effect of preheat temperature 
on joint efficiency. Single pass shielded 
metal-arc butt weld in 0.194 in. thick 
VAN-80, heat input 50,000 joules/in. 

metal tensile strength from 100 ksi to 
120 ksi increased the fatigue life at 
stresses above 35 ksi, but did not 
affect the endurance limit—Fig. 17. 

Discussion and Conclusions 
VAN-80 has been successfully 

welded using both shielded metal-arc 
and gas metal-arc processes. No heat-
affected zone cracking occurred. The 
welds had good bend ductility, high 
joint efficiency and the impact proper
ties of the heat-affected zone were 
similar to those of the parent mate
rial. 

The freedom from heat-affected 
zone cracking without the need for 
preheat is due to the low carbon 
equivalent of VAN-80. The heat-
affected zone cracking tendency of 
different steels can be compared by 
calculating a carbon equivalent or 
cracking parameter, Pc, using the for
mula derived by Ito and Bessyo.2 

Pc = %C + %Si/30 + %Mn/20 
+ %Cu/20 + %Ni/60 + %Cr/20 

+ %Mo/15 + % V / 1 0 + 5 % B 
t, mm H, cc/lOOg 

+ ^K~ + 60 60 

where H = diffusible hydrogen in the 
weld metal and t = plate thickness in 
mm. 

Pc was calculated for VAN-80 steel 
and quenched and tempered alloy 
steels of similar strength level for 
arbitrary values of t = 0.25 in. (6 mm) 
and H = 1 cc/lOOg. Two values were 
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calculated for each steel—first, for a 
typical composition and, secondly, for 
the maximum alloy content permitted 
by specification. A typical value of 
Pc for VAN-80 steel is 0.27 with a 
maximum of 0.31. Typical values for 
quenched and tempered steels are 
within the range 0.33 to 0.37 with a 
maximum of 0.45. It can be seen that 
VAN-80 steel should therefore have a 
lower susceptibility to heat-affected 
zone cracking than quenched and 
tempered steels of similar strength 
level. 

The bend ductility of VAN-80 
welds improved with increasing ener
gy input, the bend radius decreasing 
from 2r (?= plate thickness) at 25 
kilojoules/in. to lt at 45 kilo
joules/in. This results from the softer 
heat-affected zone at higher energy 
inputs. Even at the low energy level, 
however, weld bend ductility matches 
base metal values for plate thicker 
than 0.25 in.i 

During the welding of VAN-80, 
changes in the properties of the heat-
affected zone result from annealing 
out of dislocations, overaging, grain 
growth and changes in microstruc
ture. It was not possible to separate 
the individual contributions of the 
change in dislocation density and 
overaging to softening in the heat-
affected zone, as both effects occur 
over the same temperature range. 

Grain size clearly had little effect 
upon the hardness of the heat-affected 
zone, as the finest grain size occurred 
in the zone of minimum hardness. 
Likewise, since there is only a small 

Fig. 15—Reverse bend flexure fatigue 
specimen 

percentage of pearlite in the structure, 
it is improbable that the spheroidiza-
tion of cementite contributed signifi
cantly to softening in the heat-affected 
zone. In those portions of the heat-
affected zone which exceeded the Arl 

temperature, the hardness increase re
sulting from the formation of bainite 
more than offset softening caused by 
change in dislocation density and 
overaging. 

Due to the narrow width of the 
overaged zone, joint efficiencies are 
higher than would be indicated by the 
hardness profile, e.g., a single pass 
weld in 0.194 in. thick plate, with a 
heat input of 43,400 joules/in., re
sulted in a 6% drop in hardness but 
only a 1 % drop in joint efficiency as 
measured by a tensile test. Joint effi-
cencies were all within the range 
95-100% even with heat inputs as 
high as 91,800 joules/in. VAN-80, 
therefore, offers the fabricator great 
flexibility in selecting welding condi
tions and the possibility of utilizing 
high heat inputs for maximum welding 
speed. 

Joint efficiency was not affected by 
preheating to 400° F. Stress relieving 
between 1100 and 1200° F did not 
lower the yield strength below the 
nominal value of 80,000 psi. 

The Charpy impact properties of 
specimens tested with the V-notch at 
the fusion line—the most critical 
region of the weld—were found to be 
very similar to those of the base metal 
in the transverse direction and, within 
the limits of experimental error, inde
pendent of energy input. 

The results of fatigue testing welded 
specimens show that defects in the 
weld metal, or the stress concentration 
resulting from the intersection of the 
weld reinforcement with the base met
al, provide the sites for failure in 
fatigue of VAN-80 weldments. No 
failure occurred in the base metal or 
the heat-affected zone per se, even 
though specimens were welded and 
tested with the heat-affected zone 
bounded by a hot rolled surface. 

Work by Radziminski and 
Lawrence3 has shown the deleterious 
effect that a mill surface can have on 
the fatigue life of high strength steels. 
HY-80, HY-100, and HY-130 data 
from plates tested without welds all 
lay on the same curve with mill sur
face intact, possessing an endurance 
limit (2 X 106 cycles) of just under 
40,000 psi. It is evident that the fa
tigue strength of surface intact VAN-
80, which, as a hot-rolled steel, is not 
prone to surface decarburization, is 
comparable to the weld metal used for 
gas metal-arc welding since the gas 
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metal-arc data with reinforcement 
ground off lie within the VAN-80 
surface intact fatigue scatter band. 
When, however, the reinforcement is 
left on, or shielded metal-arc welding 
is used, the notch effect or the defects 
in the weld metal make the weld itself 
the fatigue limiting factor. Failure 
will not occur in the base metal even 
with substantially overmatching weld 
metal. 

These results show clearly that gas 
metal-arc welding is desirable for best 
utilizing the built-in fatigue strength of 
VAN-80. If the weld reinforcement is 
removed, the endurance limit should 

approximate that of the base metal. 
Naturally, care must be employed to 
keep weld defects to a minimum, since 
flaw areas as small as 0 .1% of the 
weJd cross-sectional area can reduce 
fatigue life 18%.4 If shielded metal-
arc welding is used, and the weld 
reinforcement removed, fatigue life 
can be expected to fall approximately 
25% with respect to similarly pre
pared gas metal-arc specimens. In
creasing weld metal strength has little 
effect on endurance limit, although the 
stronger weld metal performs better 
at the higher stress (lower fatigue 
life) levels. 
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Methods of High-Alloy Weldability Evaluation 
Proceedings of a Symposium Sponsored by the 

Welding Research Council and Published in November 1970 

The Workshop on Methods of Weldability Evaluation was organized and spon
sored at the AWS Spring Meeting in Philadelphia, April 30, 1969, by the High 
Alloys Committee of the Welding Research Council. The purpose of the workshop 
was to exchange information on techniques and special apparatus used for meas
uring weldability of alloys. Emphasis was on methods, techniques and interpre
tation of data rather than on specific results. Although solicitation of several 
techniques was made, all but one of the submissions involved the Gleeble device 
and this one submission was withdrawn before the time of the session. 

Initially no written submissions were requested; however, as a result of interest 
on the part of participants in the workshop, speakers were asked to prepare 
written papers for publication as a WRC monograph. 

The papers included in the monograph are: 

1. "Development of the R.P.I. Gleeble Equipment"—W. F. Savage (Abstract). 
2. "Correlation of Hot Ductility Curves with Cracking During Welding"— 

W. Yeniscavich. 
3. "Atmosphere Chamber for Test Specimens and Modification of the Dilatom-

eter Control"—K. C. Wu. 
4. "Evaluation of Creep During Rapid Heating"—D. Hauser and D. G. Howden. 
5. "Multiple Thermal Cycles to Simulate Multipass Welding"—P. W. Holsberg 

and W. G. Schreitz. 
6. "An Evaluation of the Ductility of Simulated Weld Fusion Zones in Inconel 

718"—J. Gordine. 
7. "Aerospace Application of the Gleeble"—W. P. Hughes. 
8. "Dilatometric Measurements with the Aid of the R.P.I. 'Gleeble Machine' " 

—P. F. Martin and C. Rogues. 

Methods of High-Alloy Weldability Evaluation is $3.00 a copy. Orders should 
be sent to the Welding Research Council. 345 East 47th Street, New York, N. Y. 
10017. 
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