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ABSTRACT

The severity and the extent of non-polygonal/acicular ferrite stru-
cture has been varied by altering the Molybdenum content in the weld—
metal. The degree of acicularity was estimated by measuring the grain
size and also by comparison of dislocation densities which in turn
influenced the residual stresses, Behaviour of toughness and strength
properties of parentmetal, heat affected zone (H.A.Z) and weldmetal
were studied at room temperature and sub=zero temperatures and these
were co-related with their microstructures., Besides, the critical
crack lengthswere estimated for the parentmetal and weldmetal of a
pipe samples at various temperatures., Furthermore, the minimum re-
quirement of Charpy V-notch energy to produce crack arrest by the
parentmetal was also estimated.

Higher toughness properties of the yeld zone were ensured even at
lower temperatures when the crack propagated by forming very fine dim-
ples. In comparison, H.A,Z, toughness was severely affected by louwer
ing the temperature uwhen the crack appeared to be nucleated at diff-
erent planes in a brittle manner.
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INTRODUCTION

One of the important considerations for the line pipe welding is

that the welded joint should have adequate toughness and strength

and it is also desirable that these properties are retained even at

sub-zero temperatures. In the case of louw carbon steel such unique

properties can be derived by having an acicular/fine grained ferri-

tic structure. The degree of acicularity is controlled by the ext-
ent of micro alloying elements that are added to low carbon steel and

?ubseguent processing history as observed by Smith and co-uorkers
1971 °
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It has often been noted that even after achieving a most favourable
microstructure in the yelded joints, the material fails in service
congition. The reason being no welded joints are free from defects,
Moreover, these areas are generally associated with higher amcunt

of residual stresses. Under such circumstances, any physical dis-
continuities locsted in this critical zone will cause stress concen=
tration which leads to a catastrophic failure. In order to guaran-—
tee the performance of such welded joints in service, it is therefore
necessary to establish certain guide lines for preventing crack ini-
tiation leading to an unstable fracture. For example, the critical
crack opening displacement values measured at different test temper-
atures can be used for estimating the allowable defect size that can
be present either in the state of through thickness or in buried
form. In addition, Maxey's (1974) empirical relation was used to
estimate minimum Charpy V-notch energy required by the parentmetal,

if a crack emanating from the weld zone has to be arrested by parent-
metal,

In thie paper it is intended to show that by varying the Molybdenum
content in the weld wire the acicular ferrite structure can be
varied in the weldmetal and this in turn affects the mechanical
properties. The various mechanical properties were evaluated for
the parentmetal, welcdmetal and heat affected zone at different test
temperatures and correlated with their microstructures. This will
enable to establish a suitable microstructure which will provide
adequate toughness and strength properties in the weldmetal,

EXPERIMENTAL PROCEDURE

7.2mm thick API X-52 grade Hot rolled coil having a chemical analysis
as given in Table I was used in the present investigation. The

edges of the cut out plates from the coil were prepared in such a

way that the included angle between the faces was 45°. The plates
were clamped together in a cross seam welding head of the spiral weld
machine, For each assembly, a different electrcde wire was used

with a Lincoln 761 flux and maintaining a heat input of 0.8 KJ/mm.
Altogether three electrode wires were used having 0.60%, 0.41% and
0.328% molybdenum content, The chemical analysis of the wires used

are given in Table 2;and Table 3 gives the details of submerged arc
welding conditions,

TABLE 1 Chemical Analysis of API X-52 Grade Hot Rolled Coil.

%C %Mn %Si %P %S &V

0.22 119 0020 0,03 0.03 0.04

ABLE 2 Chemical Analysis of Electrode wires

%C %Mn %Si %P %S %Mo
Type 1 0.1 1.2 0,12 0.02 0,02 0.60
Type 2 0.09 1.0 0.04 0.21 0.02 Ue
Type 3 0.07 1.18 0.05 0,02 0.02 0.38
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TABLE 3 Welding Parameters
Current Voltage Welding Speed Av. Heat
Type of UWelding (Amp) (Volt) (m/min) input
{K2/rm)
Spirally Welded Pipe 560 30 1.0 1.2
Hot rolled flat plates 400 30 0.9 0.8

After depositing the first layer the plate was reversed and a second
bead was deposited. Before collecting the test samples from each
plate, the entire length of the weld bead was examined by radiography.
After this examination, test samples were collected from each zone
and tested at room temperature and various sub-zero temperatures,

For comparison of mechanical properties the electrode wire having
0.38% Molybdenum was used for making a 608.8 mm diameter spiral weld-
ed pipe. Residual stresses were measured by single exposure X-ray
technique with CoK, radiation using back reflection photographs.

RESULTS AND DISCUSSION

Figures 1. a,b and c give the tensile properties of parentmetalas w221 2
heat affected zone and weldmetal respectively tested at various temp-
eratures. It is evident from the figures that unlike parentmetal

and weldmetal, the ductility of H.,A.Z. was severely affected when
tested at louer temperature yhile the strength did not vary much,
Interestingly, such properties of ueld zone fcr all three cases

showed reasonably higher value at all test temperatures and this was
further confirmed from Charpy V-notch toughness measurements as

shown in Fig. 2. Besides this, the highest toughness was achieved

when higher Molybdenum bearing electrode was used,

w

U.T.S.

60 | ;ﬂ‘-\'

Yield Stress

ol T s e e R T 40

130
30 Elongation

- ko -30 -20 -10 0 10 20 30
Test Temperature (°C)

Stress (kg / mm2)

% Elongation




1212

50 0:2 % Proof Stress

Stress (Kg/mm2 )

% Elongation

Elongation
10 r
0 10
i

L e 8 T . L 0
-40 -30 -20 -10 0 10 20 30
Test Temperature ( °C )

Stress (Kg / mm? )

—---- Welded with type 1 Electrode ( 0-60 % Mo )

10 —— Welded with type 2 Electrode ( 0-41 % Mo )
——.— Welded with type 3 Electrode (0-38 % Mo)

% Elongation

-0 -30 -20 -10 0 10! 20
Test Temperature (°C)

9]

Fig. 1. a,b & c. Tensile properties of Parentmetal (a) Heat affected
zone (b) and Weldmetal (c) at different test temps.

An increase in Molybdenum content also increases both the severity
and the extent of acicularity in ferrite structure as shouwn in

Fige 3. a,b & c. Similar observations were made by Bernard and co-
workers (1976). The average length and width of grain size were found
to be (3.5x0.87mm),(5.5%x1.25 um) and (9.0%x1.5um) with increasing
order of severity in acicular structure uwhen the prior Austenite
grain size in the weld zone was approximately 50 um ,

It has further been observed that with the increasing acicularity
caused by different levels of Molybdenum content the extent of dis-
location density within the ferrite grain increases to a considerable
extent and this has been shoun in Fig. 4. a,b & c. This is in agree-
ment with earlier findings of Tither and co-worker (1975). In addit=-
ion, very fine precipitates of £ 100 size were also observed and
these were identified as M02C by electron diffraction analysis.,
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Table 4 gives the residua
the welded plates and pip

showed that even at
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On the other hand,
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From these observations it is concluded that the appearance of higher
y is mainly due to the presence of stres-
ransformation, fine precipitates and due
during cooling.

1 stresses measured in the weldments of all
e sample, Higher values of stresses in the
weldmetal are found to be associated with the acicular ferrite stru-—

Fractography studies were carried out on broken samples and these
=40°C the fracture surface of weld zone was
rupture and the size of each dimples were very
all, the H.A.Z, consists of very coarse
bainitic structure (Fig, 5) resulting in very poor toughness, In this
zone the average grain size was of the order of 110 mm whereas the
parentmgtgl grain size was 11umonly. The lower toughness value in
this critical zone also reflected in the hardness value surveyed
across the weld zone as shown in Fige 6. Furthermore, these areas
are associated with higher degree of residual stresses caused by
thermal stresses and some of the typical values are listed in Table 4.

a,b&ec, Influence of increasing Mo content in Ferrite Structure.
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TABLE 4 Residual Stresses in the Weldments of Pipe and Plate Samples

: Parentmetal HeA. Z, Weldmetal
TR e Wetding (Kg/mmE) (kg/mm2 ) (Kg/mm2)
Spiral Pipe welded with
Type 3 Electrode 27.5 40.4-48,1 234,15
Plates Welded with
Type 3 Electrode 23.6 Z6+5 4.13
Plate welded with
Type 2 Electrode 23.6 i3 8.26
Plate welded with
Type 1 Electrods 23.6 3123 33.09

In case of welded pipe samples the residual stresses of all thres
zones were found to be little higher compared to plate sampls., The
severity of stress at the weld zonse was found to be much greater

and was primarily due to faster cooling rate and use of higher heat

input of 1.2 K3J/mm,

Fige 4. a,b & c. Electron micrographs showing dislocation structure.
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Fig. 5. Light Micrograph of Heat affected zone indicating
the fusion line on right hand side .

The toughness properties of weldmentsof pipe samples were estimat g
by measuring the critical crack opening displacement values at varj-
ous test temperatures as shown in Fige 7, Such material infGrmatioﬁ
is progressively being used for computing the critical dimengjgp of
crack length that may be present in the weldments either in the form
of through thickness or surface defects. In Table 5 it is shoyn
how such values vary with different test temperatures forp the yelg-
metal and parentmetal, Detailzd analysis was carried out b ki
Chaudhuri and Ramaswamy (1979) for predicting the rupture and ng
rupture condition for a critical surface defect that may be presgnt
in the parentmetal by using the relationship given by Hahn ang
co-workers (1969) and Shannon (1974). It is important to nptg that
if the stress level, environmental condition and the dimensign g¢
defect are controlled to a sufficisnt extent it is less likely that
the crack will initiate from the existing defects. If any ong of
these factors go out of control, it may still be possible tq check

a disastrous failure by arresting the crack emanating from thg walde
metal at the weld - parentmetal interface. This is true only yhen
the toughness of the parentmetal is sufficiently high. Maxey (1974)
has proposed an empirical relationship by which it was Possible tq
predict the minimum Charpy V-notch toughness property requireq for
the X-=52 grade pipe material in arresting the propagating crack,

TABLE 5 Calculated Critical Crack Length Values (mm)

25°C a°c -20°C -40°¢
—
For Parentmetal 26.3 215 762 51
For Weldmetal 36.9 351 26.8 20,9
\
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At room temperature the calculated Charpy value from the Maxey's
formula was about 153 when the operating stress level uas 62% of the
minimum yield stress. The experimental Charpy Venotch value obtained
was 18] which means that such X-52 pipe material should not be oper=
ated beyond 65% of the minimum spscified yield stress if crack has to
be arrested successfully. Considering all the aspects of various
mechanical properties and microstructurs obtained the following
conclusions can be draun.

Welded with type 1 Electrode ( 060 % Mo )
---- Welded with type2 Electrode ( 0-41 % Mo )
—-Welded with type 3 Electrode ( 0-38 % Mo)
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Fig. 6. Hardness variation across the weld for three different
electrodes .
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Fige 7. C.0.0, values at different test temperatures.,
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CONCLUSIONS

1. With the increasing pet-entage of Molybdenum in the electrode
'ive the degree of acicular Perritic structure is increased. This in
turn increases the dislocation densities which give rise to higher
deysee of residual stresses.

24 Acicular ferrits structure is found to be superior both in
strength and toughness property even at sub-zero temperature as com-
pared to a mixed structurs of acicular and irregular ferrite. Higher
strength is ensured due to the appearance of very fine scale preci-
pitation of MDZC.

3 The toughness property of H.A.Z., is extremely poor and this
is associated with higher residual stress and very coarss bainitic
structurs,

4, An unstabla crack emanating out of the wslded zone could be
arrested in the parentmetal provided its toughness is high anough.,
For X-52 grade pipe steel at room temperature such crack may be
successfully arrested when the maximum cperating stress does not
exceed 65% of the yield stress,
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