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Microstructure and Tensile Properties 
of 21/4 Cr-1 Mo Steel Weldments 
with Varying Carbon Contents 

Structure and properties of low carbon 21A Cr-1 Mo 
steels are influenced by the level of carbon at both room 
and elevated temperatures 

BY R. L. KLUEH AND D. A. CANONICO 

ABSTRACT. Welded test specimens 
of 2'/4 Cr-1 Mo steel were made by 
joining 1/2 in. (13 mm) thick plates by 
the gas tungsten-arc process. Micro-
structure, macrostructure, room tem
perature hardness, and tensile prop
erties were determined on weld metal, 
transverse weld specimens and nor-
malized-and-tempered base metal for 
three laboratory heats of 2Vi Cr-1 Mo 
steel with 0.003, 0.035, and 0 .11% C. 
Welds were made with and with
out preheat, and the effect of post
weld heat treatment was inves
tigated. 

The multipass welding process led 
to variations in structure and hard
ness across the weldments. These 
differences were equalized by a post
weld heat treatment. The microstruc
tures, which consisted of bainite and 
proeutecto id ferr i te, were deter
mined by the carbon content: the 
higher the carbon content, the greater 
the amount of bainite present in the 
structure. 

Tensile tests on weld metal at 25 
and 565 C (75 and 1050 F) showed 
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that the strength was determined by 
the carbon content, with the steel with 
the highest carbon content being the 
strongest. For the transverse weld 
spec imens and base meta l , the 
0.11% C steel was always strongest, 
and at 25 C, the strength of the 
0.035% C steel was greater than that 
of the 0.003% C steel. At 565 C, how
ever, there was l i t t le d i f f e rence 
between the 0.035 and 0.003% C 
steels. All t ransverse weld spec
imens failed in the base metal. 

Introduction 

The ferritic 21/4 Cr-1 Mo steel is 
being considered for use in the tub
ing, piping, and headers of a sodium 
heated steam generator for the liquid 
metal fast breeder reactor (LMFBR). 
The consequences of leakage of such 
a system are known to be severe. 
Thus, the requirements for high integ
rity of the sodium heated steam gen
erator will far exceed the require
ments for fossile fueled or light water 
reactor steam generating equipment. 

Since all the steam generator de
signs involve welding shell and tubes 
to tubesheets and piping, the ' in teg
rity of these weldments in the struc
ture is of utmost importance. Accord
ingly, it is necessary to acquire infor

mation on the overall weldability and 
weldment mechanical properties of 
any material used in the structure. 
Additionally, since the LMFBR steam 
generator will operate at elevated 
temperatures of 290 to 520 C (555 to 
960 F), information on the creep be
havior of weldments is required, with 
special emphasis on assessing the 
susceptibility of both the weld metal 
and heat-affected zones to cracking. 

In the LMFBR secondary sodium 
circuit, the sodium provides a mass 
transfer path between the materials of 
the intermediate heat exchanger (IHX) 
and the steam generator. If, as pro
posed, an austenitic stainless steel is 
used for the intermediate heat ex
changer and the ferritic 2Vi Cr-1 Mo 
steel is used for the steam generator, 
carbon transfer from the steam gen
erator to the intermediate heat ex
changer is possible; the extent of the 
decarburization of the 2V* Cr-1 Mo 
steel will depend on the operating 
temperatures. One way that has been 
proposed to minimize decarburiza
tion is to use a low carbon 21/4 Cr-1 Mo 
steel. It was this proposal that led to 
the work reported here. 

Although there have been several 
reported studies on the effect of car
bon on base metal properties (Refs. 
1-5), no studies of carbon effects on 
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weldabi l i ty or on the mechanical 
properties of weld metal or weld
ments have been made. The object of 
the present study was to make welds 
in 21/4 Cr-1 Mo steel of different car
bon contents and determine the prop
erties of weld metal and weldments at 
temperatures similar to those en
countered in the LMFBR steam gen
erator and compare those properties 
with base metal properties. In the 
present paper the microstructure, 
hardness, and tensile properties will 
be described. The creep properties 
will be described in a separate paper 
(Ref. 6). 

Experimental Procedure 

Three 300 lb (140 kg) heats of 21/4 
Cr-1 Mo steel with different carbon 
conten ts were p r e p a r e d by the 

Bureau of Mines, Albany. Oregon. 
The carbon contents were varied to 
represent low ( -0 .01%) , medium 
(~0.04%), and a typical commercial 
composi t ional level of this grade 
( - 0 . 1 % called "high carbon" in this 
study). The low and medium carbon 
heats were prepared by induction 
melting the individual constituents 
that nominally are found in this grade 
of steel. These induction heats were 
then vacuum arc melted and cast into 
ingots. To prepare the high carbon 
heat, a bar from a commercial heat of 
2Vi Cr-1 Mo steel was remelted by 
vacuum arc. The ingots thus pro
d u c e d w e r e s o a k e d at 1093 C 
(2000 F) and then forged to 3 in. 
slabs prior to hot rolling to 1 in. plate, 
after which they were air cooled and 
cleaned by sand blasting. Upon re
ceipt by ORNL, the plates were hot 
rolled to 1/2 in. (13 mm) and then nor-
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Fig. 1 — Macrograph ot low carbon (0.003%) 2'A Cr-1 Mo steel multioass weld, showing 
hardness (DPH) variations 

Table 1 — Chemical Composition of the 2'A Cr-1 Mo Steel Plates 

Heat C Mn 
Chemical composition, wt % 

Si Cr Mo Ni 

LowC 
Medium C 
HighC 

0.003 
0.035 
0.11 

0.33 
0.30 
0.33 

0.41 
0.20 
0.27 

2.6 
2.4 
2.4 

1.14 
1.17 
0.97 

<0.02 
<0.02 

0.24 

0.008 
0.016 
0.011 

0.002 
0.022 
0.0095 

Table 2 — Influence of Pass Sequence on the Hardness of 2'A Cr-1 Mo Steel 
with Various Carbon Contents 

Carbon, Weld 
Steel 

LowC 

Medium C 

HighC 

wt. % 

0.003 

0.035 

0.11 

pass 

Last 
Early 
Root 
Last 
Early 
Root 
Last 
Early 
Root 

Diamond Pyramid Hardness Number 
Heat-affected zone Weld metal 

Base as ,a, as 
metal welded PWHT welded PWHT(a| 

145 

140 

200 

250 
175 
— 

230 
195 
— 

364 
291 
— 

— 
— 
— 

175 
140 
— 

228 
215 
— 

250 
200 
180 
300 
225 
215 
390 
283 
343 

— 
— 
— 

197 
175 
180 
228 
212 
215 

(a) PWHT — postweld heat treatment: 1 h at 704 C (1300 F) 
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malized and tempered: austenitized 1 
h at 927 C (1700 F), air cooled; tem
pered 1 h at 704 C (1300 F), air 
cooled. The chemical composit ion of 
the three plates is given in Table 1. 

A single V weld joint preparation 
was selected that provided a 90 deg 
included angle, a zero to 0.010 in. 
(0.25 mm) root face, and a 1/16 in. 
(1.6 mm) root opening. To assure a 
fully restrained condi t ion dur ing 
welding, the plates to be joined were 
welded to a 2 in. thick (51 mm) strong-
back. Material was removed from the 
1/2 in. plates and processed to 0.125 
in. diam (3.2 mm) rod for use as filler 
metal in welding the respective plates. 
Manual welds were made, using the 
gas tungsten-arc process with cold 
wire feed. The welding parameters 
were: 100 to 120 A for the three root 
passes and 180 to 200 A for the fill 
passes. Approx imate ly 24 passes 
were employed to complete the weld
ment. For those weldments without a 
preheat, the interpass temperature 
was less than 95 C (200 F). When an 
initial 150 C (300 F) preheat was 
used, the interpass temperature var
ied between 150 and 260 C (300 and 
500 F). 

Mechanical property test spec
imens were of a buttonhead type 
with a 0.125 in. (3.18 mm) diameter 
and a 1.125 in. (28.6 mm) gage sec
tion. Two types of specimens were re
moved from the welds: longitudinal 
all-weld-metal specimens and trans
verse weld specimens that contained 
weld metal, heat-affected zone, and 
base metal in the gage length of the 
specimen. Tensi le tests at room 
temperature and 565 C (1050 F) 
were made on an Instron test ma
chine with crosshead speeds of 0.05 
and 0.002 in./min (1.3 and 0.05 m m / -
min). 

Results and Discussion 
Macrostructure and Hardness 

In addition to the mechanical prop
erty tests, the weldments were metal
lographically examined, and macro
graphs are shown in Figs. 1-3. Spec
imens from the medium and high car
bon steels were examined after a 
postweld heat treatment (PWHT), and 
these macrographs are given in Figs. 
2(b) and 3(b). 

Hardness traverses were made on 
all weldments and summarized in 
Table 2; typical hardness values for 
the various areas of the weldments 
are shown in Figs. 1-3. The influence 
of carbon is most evident when the 
as-deposited weld metal hardness 
was compared: values ranged from 
near 400 Diamond Pyramid Hard
ness (DPH) for the high carbon welds 
to about 250 DPH for the low carbon 
welds; the medium carbon weld metal 
was 300 DPH. 



In Figs. 1-3, the individual passes 
are readily noted. Postweld heat treat
ment had little effect on this macro-
structure, as can be seen in the sim
ilarity of Figs. 2(b) and 3(b) when they 
are compared with their as-welded 
counterparts in Figs. 2(a) and 3(a). 
However, there is a gross effect of 
PWHT on hardness (Table 2). 

The multipass welding technique 
has the effect of reducing the hard
ness of the previously deposited weld 
metal. This is the result of the numer
ous thermal excursions to which a 
weldment is exposed. The hardness 
of any location in the weld metal is 
determined by the temperature which 
that position has reached. The indi
vidual weld passes etch in a manner 
such that each is outlined as "finger
nail." The center part is as-melted and 
deposited filler metal. The lower por
tion (lighter in color) is previously de
posited weld metal that was heated to 
just below its melting point and has 
undergone a sharp temperature dif
ference over a small distance. Those 
areas that were completely reausten-
itized (heated above AC3 ) and rapid
ly cooled maintain a high hardness 
until they are "tempered" by a later 
pass. The region of previously de
posited weld metal that is heated 
to just below the Ac1 is tempered 
and has the lowest hardness. All three 
weldments show this behavior. 

The lowest hardnesses recorded in 
the as-deposited welds were 153, 203, 
and 256 DPH for the low, medium, 
and high carbon welds, respectively. 
These values compare with the 
highest recorded hardnesses of 266, 
307, and 394 DPH, respectively. 
These hardness differences reflect a 
strength difference in the various 
areas of the as-deposited weld metal. 

Similarly, a hardness difference is 
also noted across the heat-affected 
zone (HAZ). The difference is near 
100 DPH numbers for the high carbon 
weldment and 60 DPH numbers for 
the medium carbon weldments. There 
is essentially no difference for the low 
carbon weldment HAZ. 

A PWHT tends to equalize the hard
ness across the weldments. For the 
high carbon weld metal, the DPH 
values ranged from 199 to 237; the 
medium carbon weld metal ranged 
from 164 to 211. A similar equalizing 
effect occurs in the HAZ. A PWHT also 
is known to reduce the high residual 
stresses that are present as a conse
quence of the welding operation, 
stresses that can approach yield point 
magnitudes. 
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Fig. 2 — Macrograph of medium carbon (0.035% C) 2'A Cr-1 Mo steel multipass weld, 
showing hardness (DPH) variations, (a) As welded: (b) welded and tempered 1 h at 704 C 
(1300 F) 
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Microstructures 

Photomicrographs of the normal-
ized-and-tempered base metal plates 
are shown in Fig. 4. The 0.003% 
C steel, Fig. 4(a), appears to be a pro-

Fig. 3 — Macrograph of high carbon (0.11% C) 2'A Cr-1 Mo steel multipass weld, showing 
hardness (DPH) variations, (a) As welded: (b) welded and tempered 1 h at 704 C (1300 F) 

WELDING RESEARCH S U P P L E M E N T ! 255-s 



eutectoid ferrite matrix containing 
small amounts of spherical carbide 
particles. The 0.035% C steel, Fig. 
4(b), is also primarily proeutectoid 
ferrite with some spherical carbide, 
but the microstructure also contains 
about 5% tempered bainite. Finally, 
the 0 .11% C steel, Fig. 4(c), contains 
55-65% tempered bainite, the remain
der proeutectoid ferrite. 

-L15907 

V-1144K 

b 

As a result of the complicated "heat 
treatment" given a multipass weld, the 
weld metal has a complex micro-
structure (Figs. 1-3). Microstructural 
constituents ranging from tempered 
martensite through tempered bainite 
and proeutectoid ferrite will result, 
giving rise to the types of hardness 
var iat ions d iscussed above. The 
microstructure of the low and medium 
carbon weld metal is primarily pro
eutectoid ferrite, but with a much finer 
grain size. The high carbon steel is es
sentially 100% bainite, with some 
martensite present. These different 
transformation products and grain 
sizes (from the base metal) are the 
result of the faster cooling rates that 
result when the small amount of weld 
metal is cooled. 

Tensile Properties 

To determine the effect of welding 
on the tensile properties of the three 
steels, the tensile properties at room 
temperature and 565 C (1050 F) 
were determined on weld metal 
(longitudinal) and transverse weld 
tensile specimens of each material. 
For comparison, the tensile proper
ties of the normalized-and-tempered 
base me ta l we re s i m i l a r l y d e 
termined. 

The weld metal tensile properties 
are shown in Table 3. Tests were 
made on weld metal before and after 
a 1 h temper at 704 C (1300 F). At 
both temperatures, the yield stress 
and ultimate tensile strength (with and 
without the temper) increased with in
creasing carbon content. After tem
pering, the yield stress and tensile 
strength for a given carbon content 
dec reased . The e longa t ion and 
reduction of area did not appear 
greatly affected by tempering. 

In Table 4, the tensile properties for 
the transverse weld test specimens 
are given (these specimens con 

tained weld metal, base metal, and 
heat-affected zone). In all cases, the 
yield stresses and tensile strengths 
are below those for the comparably 
tested weld metal specimens, though 
there is little difference in ductility. As 
for the weld metal, the yield stress 
and ul t imate tensile strength in
creased with increasing carbon con
tent and decreased on tempering, 
with the yield stress most affected by 
tempering (for a given carbon con
tent). Ductility was little affected by 
tempering. 

In Fig. 5, the yield stresses and ulti
mate tensile strengths for the as-
deposited weld metal and the ulti
mate tensile strengths for the tem
pered weld metal and tempered 
transverse weld test specimens of this 
study are compared with the range of 
properties for weld metal reported in 
Smith's (Ref. 7) compilation of the ele
vated temperature properties of com
mercial 2V4 Cr-1 Mo steel weld metal 
(0.07 to 0.15% C). Smith's results are 
for weld metal with assorted post
weld heat treatments. 

With the exception of the low car
bon tempered weld metal at room 
temperature, the yield stresses (not 
shown in Fig. 5 for the tempered 
specimens) and the tensile strengths 
for the tempered and untempered 
weld metal fall above or within Smith's 
scatter band. At both temperatures, 
the yield stresses (not shown) and the 
tensi le strengths of the low and 
medium carbon transverse weld test 
spec imens fall below the scatter 
band. When the results for the trans
verse weld specimens are compared 
with Smith's data for normalized-and-
tempered base metal (Ref. 7), only the 
high carbon steel falls within the scat
ter band at both t e m p e r a t u r e s , 
though the untempered 0.003 and 
0.035% C steels fall within the band 
at 565 C. 

c 
v-':. " 

Fig. 4 — Microstructure of 2'A Cr-1 Mo 
steel base metal with (a) 0.003% C, (b) 
0.035% C, and (c) 0.11% C 

Table 3 -

Carbon 
wt. % 

0.003 

0.035 

0.11 

- Tensile Properties 

Post
weld 

temper ( b ) 

No 
Yes 
No 
Yes 

No 
Yes 
No 
Yes 

No 
Yes 
No 
Yes 

of 21A Cr-1 Mo 

Temper
ature, 
C(F) 

25(75) 
25 (75) 

565(1050) 
565(1050) 

25 (75) 
25(75) 

565(1050) 
565(1050) 

25(75) 
25 (75) 

565(1050) 
565(1050) 

Steel Weld Metal (a> 

Yield 
stress. 

ksi (MPa) 

88.5(610) 
60.2(415) 
53.8(371) 
46.3(319) 

82.0(565) 
72.2(498) 
68.8 (474) 
55.0(379) 

135.2(932) 
90.7(625) 

102.5(707) 
66.0(455) 

Tensile 
strength, 
ksi (MPa) 

101.4(699) 
74.0(510) 
56.7(391) 
50.1 (345) 

104.5(721) 
86.1 (594) 
92.4(637) 
57.5(396) 

157.6(1086) 
101.6(701) 
118.4(816) 
68.6(473) 

Total 
strain, 

% 
14.4 
20.1 
12.1 
15.9 

15.7 
18.6 
17.8 
13.1 

14.5 
15.7 
13.1 
13.9 

(a) Crosshead speed: 0.05 in./min (1.3 mm/min). 
(b) Specimens were tempered 1 h at 704 C (1300 F). 
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In Fig. 6, the fracture strains for the 
weld metal specimens are compared 
with the scatter band for Smith's data 
(Ref. 7) (since there was little differ
ence in the ductility of the weld metal 
and transverse welds, data for the 
latter are not given). In general, the 
fracture strains for all three carbon 
levels are lower than those reported 
by Smith (Ref. 7), while the reduc
tions of area are as good or better. 

Fractures in both the weld metal 
and transverse weld test specimens 
were a ductile cup-cone type failure. 
The failures of all the transverse weld 
specimens occurred near one end of 
the specimen and consistently oc
curred in base metal. Measurements 
made along the tested sample 
showed that most of the deformation 
was confined to a region about 0.4 in. 
(10 mm) long, and that the failure was 
usually 0.15 in. (4 mm) or more from 
the fusion line, far enough to indicate 
that failure probably occurred in base 
metal that was unaffected by heating 
during welding. 

In addition to the transverse weld 
specimens discussed above, which 
were prepared without a preheat, a 
series of transverse weld test spec
imens was prepared from plates 
welded with a 150 to 260 C (300 to 
500 F) preheat, and the tensile 
properties were compared with those 
welded without a preheat. Table 5 
gives the tensile properties of the pre
heated specimens, and in Table 6 the 
strength properties are compared 
with those determined on transverse 
welds made without preheat. The 
properties are generally comparable, 
though it is interesting to note that the 
room temperature strengths for the 
specimens without preheat exceed 
those with preheat, while at 565 C 
(1050 F) just the opposite was true 
(the only exception is the ultimate ten
sile strength of the 0.003% C steel). 
Failures for specimens with preheat 
were similar to those without preheat. 

In Table 7 the tensile properties of 
the normalized-and-tempered base 
metal are given. When they are com
pared with the normalized-and-tem
pered data of Smith (Ref. 7) for stan
dard 2'/4 Cr-1 Mo steel, the data for 
the high carbon steel fall in the middle 
of the scatter band while those for the 
low and medium carbon steels fall 
just below the scatter band. 

Table 8 compares the yield and 
tensile strengths at room temper
ature and 565 C for weld metal, 
transverse welds (without preheat) 
and base metal. For a given carbon 
content, the weld metal strength was 
always considerably greater than 
either the base metal or the trans
verse weld specimens; the base metal 
had the greatest ductility. For a given 
temperature, the strength for the low 

carbon weld metal was greater than 
that of the high carbon base metal or 
transverse weldments. A comparison 
of yield stress and ultimate tensile 
strength for transverse welds and the 
base metal shows that, for a given 
carbon level, the strengths are about 
equal. 

Although there is a difference in the 
tensile properties of the 0.003 and 
0.035% C steels of the base metal 
and the transverse weld specimens 
(whose properties are also deter
mined by the base metal) at room 
temperature, there is essentially no 
difference at 565 C. The difference at 
room temperature is probably due to 
the difference in grain size, while at 

565 C the strength is determined by 
the ferrite, the primary constituent of 
both steels (Ref. 4). On the other 
hand, the tensile properties of the 
weld metal are determined by the car
bon content at both temperatures, 
again a reflection of the micro-
structure. 

Whereas the microstructure of the 
low and medium carbon base metals 
was primarily proeutectoid ferrite, the 
weld metal is primarily bainite, with 
perhaps some martensite. For these 
latter constituents, hardening is caus
ed by a fine carbide precipitate, and 
hence, the larger the carbon content, 
the greater the strength. Since the 
carbon solubility of ferrite is the same, 

Table 4 -

Carbon, 
wt. % 

0.003 

0.035 

0.11 

- Tensile 

Post
weld 

temper 

No 
Yes 
No 
Yes 

No 
Yes 
No 
Yes 

No 
Yes 
No 
Yes 

Properties of 2'A Cr 

(b) 

Temper
ature, 
C(F) 

25(75) 
25 (75) 

565(1050) 
565(1050) 

25(75) 
25 (75) 

565(1050) 
565(1050) 

25(75) 
25(75) 

565(1050) 
565(1050) 

-1 Mo Steel Transverse Weld Specimens 

Yield 
stress, 

ksi (MPa) 

38.6(266) 
32.3(223) 
31.3(216) 
20.5(141) 

47.1 (325) 
41.3(285) 
34.1 (235) 
22.4(154) 

68.3(471) 
58.1 (401) 
57.6 (397) 
41.8(288) 

Tensile 
strength, 
ksi (MPa) 

54.1 (373) 
55.2(381) 
44.2(305) 
44.3(306) 

61.1 (421) 
60.2(415) 
46.2(319) 
42.9(296) 

88.1 (607) 
82.6(570) 
58.6(404) 
53.2(367) 

Total 
elong. 

% 
15.5 
21.4 
13.5 
16.8 

16.0 
19.0 
15.9 
17.1 

15.2 
14.6 
11.9 
14.7 

(a) 

R.A., 

% 
71.0 
71.7 
67.4 
79.8 

81.8 
82.0 
85.7 
87.5 

79.0 
76.9 
82.7 
86.4 

(a) Crosshead speed: 0.05 in./min (1.3 mm/min). 
(b) Specimens were tempered 1 h at 704 C (1300 F). 

Table 5 — Tensile Properties of Tempered 21A Cr-1 Mo Steel Transverse Weld 
Specimens with Preheat 

Carbon, 
wt. % 

0.003 

0.035 

0.11 

Temper
ature, 
C(F) 

25(75) 
565(1050) 

25(75) 
565(1050) 

25(75) 
565(1050) 

Stress, 
yield 

31.3(216) 
25.2(174) 
38.7(267) 
29.8(206) 
56.4(389) 
43.2(298) 

ksi (MPa) 
tensile 

54.1 (373) 
39.1 (270) 
56.8(392) 
43.3(299) 
79.6(549) 
55.4(382) 

Strain, 
uniform 

6.8 
3.8 
6.0 
5.5 
4.4 
2.5 

% 
total 

13 
13 
18 
16 
13 
12 

R.A., 

% 
67.5 
75.9 
83.9 
83.2 
76.8 
85.2 

Table 6 — Comparison of Tensile Properties of Tempered 2'A Cr-1 Mo Steel Transverse 
Weld Specimens With and Without Preheat 

Carbon, 
wt. % 

0.003 

0.035 

0.11 

Temper
ature, 
C(F) 

25(75) 
565(1050) 

25(75) 
565(1050) 

25(75) 
565(1050) 

Without preheat 
yield 

32.3(223) 
20.5(141) 
41.3(285) 
22.4(154) 
58.1 (401) 
41.8(288) 

ultimate 

55.2(381) 
44.3(305) 
60.2(415) 
42.9(296) 
82.6(570) 
53.2(367) 

With preheat 
yield 

31.3(216) 
25.2(174) 
38.7(267) 
29.8(206) 
56.4(389) 
43.2(298) 

ultimate 

54.1 (373) 
39.1 (270) 
56.8(392) 
43.3(299) 
79.6(549) 
55.4(382) 
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regardless of the carbon content of 
the steel, solid-solution hardening for 
the low and medium carbon base 
metals should be similar. Further
more, in the low carbon ferrite of 
these steels, only scattered, rather 
large, precipitate particles are 
formed, which means there is rel
atively little precipitate strengthening. 
The strength of the high carbon 
base metal is determined by the large 
amount of bainite present in the 
microstructure (Fig. 4). 

The elongations for the base metal 
were greater than those of the trans
verse welds, but this result is primar
ily a consequence of an effectively re
duced gage section in the transverse 
weld specimen. That is, the reduced 

sections (assumed gage lengths) of 
both specimens were equal, but the 
transverse weld specimen contains 
about one-half weld metal and one-
half base metal in the reduced sec
tion. Since deformation of the trans
verse weld specimen was highly local
ized in the base metal, most of the 
elongation occurs in a gage length 
bounded by the shoulder and the 
weld metal. 

Summary and Conclusions 

Microstructure, room temperature 
hardness, and tensile properties were 
determined on weld metal, trans
verse weld specimens (containing 
both weld metal and base metal) and 

Table 7 -
Metal 

Carbon, 
wt. % 

0.003 

0.035 

0.11 

- Tensile Properties of Normalized-and-Tempered 

Temper
ature, 
C(F) 

25(75) 
565(1050) 

25(75) 
565(1050) 

25(75) 
565(1050) 

Straight. 
yield 

37.0(255) 
18.1 (125) 
38.5(265) 
20.4(141) 
53.7(370) 
44.3(305) 

ksi (MPa) 
ultimate 

52.9(365) 
37.3(257) 
59.0(407) 
36.8(254) 
78.3(540) 
51.3(354) 

2V4 C r - 1 

Total 
elong., 

% 
20.0 
26.5 
30.0 
36.8 
22.0 
28.6 

Mo Steel Base 

R.A.. 

% 
87.3 
79.5 
83.3 
88.6 
82.4 
87.5 

n o r m a l i z e d - a n d - t e m p e r e d base 
metal for three laboratory heats of 2Vi 
Cr-1 Mo steel with 0.003, 0.035, and 
0.11% C (designated low, medium, 
and high carbon). The important 
results can be summarized as follows: 

1. The effect of the multipass weld
ing is reflected in the variation of 
s t r uc tu re ac ross the w e l d m e n t , 
leading to variations in hardness and 
mechanical properties. A postweld 
heat treatment equalizes these differ
ences. 

2. The m i c r o s t r u c t u r e s of the 
steels were governed by the carbon 
content. 

3. The tensile properties of weld 
metal, transverse weld, and base 
metal specimens were determined at 
25 and 565 C. The high carbon steel 
had the highest strength; for the base 
metal and the transverse weld spec
imens there was little difference be
tween the properties of the low and 
medium carbon steels at 565 C, while 
the strength of the weld metal in
creased with carbon content. For a 
given carbon content, weld metal was 
s t ronges t , w i th l i t t le d i f f e rence 
between the base metal and trans
verse weld specimens. The trans
verse weld specimens failed in base 
metal. 
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Fig. 5 — A comparison ot the tensile properties of the 2'A Cr-1 
Mo steel weld metal and transverse weld specimens with 
variable carbon contents with previous weld metal results as 
compiled by G. V. Smith (Ref. 7) 
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Fig. 6 — A comparison of the ductilities of the 2'A Cr-1 Mo steel weld 
metal with variable carbon contents with previous weld metal results 
as compiled by G. V. Smith (Ref. 7) 
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Table 8 — Comparison of Tensile Properties of 2'A Cr-1 Mo Steel Weld Metal, Transverse Weld Specimens and Base Metal 

Carbon, 
wt. % 

0.003 

0.035 

0.11 

Temper
ature, 
C(F) 

25(75) 
565(1050) 

25 (75) 
565(1050) 

25(75) 
565(1050) 

Weld metal 
yield 

60.2(415) 
46.3(319) 
72.2(498) 
55.0(379) 
90.7(625) 
66.0 (455) 

ultimate 

74.0(510) 
50.1 (345) 
86.1 (594) 
57.5(396) 

101.6(701) 
68.6(473) 

Yield and ultimate tensile strength, ksi (MPa), for 

Transverse weld 
yield ultimate 

32.3(223) 
20.5(141) 
41.3(285) 
22.4(154) 
58.1 (401) 
41.8(288) 

55.2(381) 
44.3(305) 
60.2(415) 
42.9(296) 
82.6(570) 
53.2(367) 

Base metal 
yield ultimate 

37.0(255) 
18.1 (125) 
38.5(265) 
20.4(141) 
53.7(370) 
44.3(305) 

52.9 (365) 
37.3(257) 
59.0 (407) 
36.8(254) 
78.7 (543) 
51.3(354) 
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"Ef fects of Porosity on the Fat igue Propert ies of 

5 0 8 3 A l u m i n u m Al loy W e l d m e n t s " 

by F. V Lawrence. Jr.. W. H Munse and J D Burk 
of the University of Illinois 

The current study is an inquiry into the effect of distributed porosity on the fatigue re
sistance of 5083 double-V butt weldments subjected to a constant amplitude, O-tension 
stress cycle. Porosity levels were recorded by normal incidence radiography prior to testing 
and measured directly on the fatigue fracture surfaces. This study is an extension of a 
previous study of the effects of porosity on the tensile properties of 5083 and 6061 weld
ments as published in WRC Bulletin 181. 

The results of the current investigation indicate that 5083-5183 welds subjected to fa
tigue are little affected by porosity if the weld reinforcement is left in place. The weld rein
forcement itself is the critical and fatigue limiting notch. Most welds tested with their rein
forcement removed gave longer fatigue lives than as-welded tests regardless of porosity 
level. Porosity most influenced the fatigue lives of the reinforcement removed tests at the 
lowest stress levels. The radiographic standards currently in use by the U.S. Navy were 
found to be effective in insuring superior results with reinforcement removed welds. Con
versely, few reinforcement removed welds which failed these standards gave shorter fa
tigue lives than porosity-free, as-welded welds. 

The publication of this report was sponsored by the Aluminum Alloys Committee of the 
Welding Research Council. 

The price of WRC Bulletin 206 is $6.50. Orders should be sent with payment to the 
Welding Research Council, United Engineering Center, 345 East 47 Street, New York, N.Y. 
10017. 
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