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ABSTRACT. The present work was to determine the residual stresses developed on
the surface of welded plate in saline water using X-ray diffraction method.

Weld beads were deposited on carbon manganese steel under a 200 mm depth of
both fresh and saline water using coated rutile electrodes type E 7012, Open air
welds were also deposited for the purpose of comparison.

The residual stress levels were measured and compared for welds made under
fresh and saline water with those obtained for normal open air welds made under the
same set of welding parameters.

It was found that the maximum sum of the surface stresses in fresh and saline
water welds were about 81% and 77% of the maximum sum of surface stresses that
developed in the open air welds, respectively.

One of the undesirable results of welding is the development of residual stresses in
the welds and welded structure. The reasons for the development of these stresses
are the localized heating and shrinkage of resolidified metal (Parmar 1978). In
weldments made in low carbon steel, the maximum residual stresses is frequently
as high as the yield stress of the weld metal (Masubuchi 1980).

Residual stresses are developed in all directions in butt welded plate (Noyan
et al. 1985, Ruud et al. 1985) but the important stresses are those parallel to the
weld designated o, and those transverse to it designated o,. (Fig. 1b) shows the
theoretical of the longitudinal residual stress ox. Tensile stresses of high magnitude
are produced in the region near the weld; these taper off rapidly and become
compressive after a distance several time the width of the weld metal. According
to Masbuchi and Martine analysis (Masubchi 1980) the distribution of the
longitudinal residual stress o, (Fig. 1b) can be approximated by the following
equation:

39



40 Salman Dawod Mehdi et al.

ox (¥) = O [1 — (%)2] e~ 00 (1

The distribution of the transverse residual stress, 0y, along the length of the
weld is shown in (Fig. 1c). Tensile stresses of relatively low magnitude are
produced in the middle-part of the joint and compressive stresses at the ends of it.

Parmar (1978) was one of the researchers who have drawn an attention to
study residual stresses in underwater welds. He found out that the maximum sum
of residual stresses which developed in underwater welds was about 75% of that
developed in open air welds.

This study concentrates on the surface residual stresses that developed in
welded steel plate and presents a comparison of the magnitude of these stresses in
both fresh and saline water as well as in open air welds.

Stress Analysis

X-ray diffraction has been used to determine residual stresses by measuring
interplaner spacings (d-values) in weldments containing residual stresses and in
stress relieved control samples. The relation between the residual stresses and the
interplaner spacing (d-values) can be expressed as follows (Barrett and Massalski
1980, and Singh 1982):

g,y -+ g = — % X %
= E [ ds—du
- v ( du ) @

Experimental Procedure

Weld beads were deposited on a carbon manganise steel plate of 8mm
thickness. The chemical analyses of the steel plate is given in Table 1. The
mechanical properties of this type of steel is illustrated in Table 2. Semi-
mechanized welding process was carried out with coated rutile electrodes of 4mm
core wire diameter in a downhand position as shown in (Fig. 2). The welding
parameters are given in Table 3.

Square specimens of 26 X 26 mm were cut from both underwater and open air
welded plate as well as from the original base plate. The weld beads of
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Table 1. Chemical composition of the steel plate and electrode wire used

Element % in steel plate % in electrode
C 0.13 0.16
Cr 0.20 0.13
Mn 0.70 0.56
Si 0.074 0.15
X ——] (L
a. Butt weld
Compression
-

b. Distribution of
ox along YY

c. Distribution of

Oy along XX

Fig. 1. Typical distribution of residual streses in a butt weld (Masubuchi 1980)
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Table 2. Mechanical properties of the steel plate used

Ultimate tensile strength 366.24 N/mm?
Yield point 294.30 N/mm?
Percent of elongation 23%

Percent of reduction in area 63%

Young modulus 2.015%10° N/mm?
Poisson’s ratio 0.28

Table 3. Parameters of welding process

Power source AC
Welding current 200 Amp.
Arc voltage 22 volts
Welding speed 6 mm/sec.
Electrode feed rate 14 mm/sec.
Height of water column for underwater welding 200 mm
Heat input equation = Ca v

approximatly 10 mm width of the prepared specimens were kept, as far as
possible, in the center. The original base plate specimen was annealed at 450°C
and cooled slowly. The reverse sides of the welded specimens and one side of the
annealed specimen were polished and lightly etched. The etched sides of the
welded specimen were marked with a line perpendicular to the weld direction in
the midpoint of it. A similar line was also marked on the annealed specimen.
These lines were further divided into ten parts as shown in (Fig. 3).

The specimens were tested by placing them in the diffractometre. As Mo ko
radiation was used, the best set of (hk1) crystallographic planes for back reflection
was (220) (Ruud et al. 1985 and Singh 1982) which carefully scanned. The proper
setting of the counter to the diffracted beam to give best result was at 40.50°. For
every point used on the specimens, different angles covering a range of (38° to
42°) were studied in order to get the value of (26) for Mo ko peak. The angular
positions were scanned for each of these points on the specimens at an interval of
(0.01°) and with ratio (8:26) for the specimen holder and counter, respectively.
The reading of the counter for each time was recorded for 100 seconds. The
recorded counter readings were plotted against (26) and fitted in its upper region
with a parabola (Barrett and Massalski 1980) to find the exact (20) for ko peak for
each point scanned. This is usually done by using three point data of the recorded
peak as is shown in (Fig. 4) and illustrated by the following relation (Barrett and
Massalski 1980):
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Fig. 2.Photographs of the underwater welding equipment
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h=x1— (3)

< ( 3a+b )
2 a+b

The annealed specimen was, firstly used to determine the value of (du) which is
the same at any point. The values (ds) were calculated for every point scanned
using the following Bragg’s equation (Verhovene 1975):

d =n\/2sin6 “)
The details of the exact values of (20) and (ds) for every point on the line in
the welded specimens are given in Table 4. Knowing (du) and ds-value for each

point, then, the sum of the surface stresses can be determined using equation 2.
The magnitude of the surface stresses are given in Table 5.

/

i

Fig. 3. The divisions of the marked line of the polished sides of welded specimens
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Results and Discussion

Table 5 shows the differences in the interplaner spacings of the stresed
(welded) and the unstressed specimens [the (ds-du) values| along with the
calculated values of the stresses for fresh and saline water welds and for open air
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Fig. 4. Parabola fitting at three points data to a diffraction peak (Barrett et al. 1980)
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welds. These values of the combined stresses were plotted against the distance
(y-y) axis as shown in (Fig. 5). These stresses distributed along yy-axis include
both longitudinal and transverse stresses which are disgnated as o, and Oy,
respectively. The sum of these stresses is as high as the value of the yield point of
the weld zone in carbon manganized steel (Masubuchi 1980). Fig. 5 shows that the
sum of these stresses is a little lower than the value of yield point of the metal that
used. A similar result was also obtained by Parmar (1978). This is attributed to the
stress level which introduced due to the cutting and grinding through specimen
preparation. Cutting the specimen into a smaller size, as in the present study leaves
it with a low value of transverse stress o, (Parmar 1978). The grinding process used
on the surface of specimen can also leave it with some compressive stress which
decreases in the magnitude as the distance increases a way from the surface
(Masubuchi 1980). Rubbing the surface with paper that contain abrasive particles
creates a compressive stress on the surface to the extent of about 60 N/mm? (Barret
and Massalski 1980). Thus, the values of stresses that given in (Fig. 5) is the
resultant of all the above factors and appears-in magnitude to be longitudenal stress
Oy.

On a comparison of patterns of the stresses for the three types of welds, it was
found that the maximum of the sum of the stresses (ox+oy) developed in fresh
water welds is 18.7% lower than that of the open air weld and those in saline water
is 22.3% lower than that of the open air welds. Furthermore, the stresses
developed in the saline water weld is 5% lower than those of fresh water welds. It
was also noticed that the stress in the fresh water weld and in the saline water weld
were confined to a smaller zone, compared with open the air, to the extent of
22.7% and 26.5%), respectively. The results of the present work agree with that
found by Parmar (1978). Fig. 6 shows an abvious difference between the width
underfresh and undersaline water weld zones. It is clear that the heat affected zone
(HAZ) is narrower in saline water weld than in fresh water weld as it was
illustrated in (Fig. 6). It was also found that (HAZ) is narrower in fresh water than
in an open air weld. Same observation was found by Brown and Masubuchi (1975)
and by Khan and Lai (1978). All above changes in the width of the weld metal and
heat affected zones can be attributed to the effect of cooling rate during welding
process. Cooling rate is higher in saline wter than in fresh water and it is lower in
open air than in fresh water. In saline water, the presence of the salt causes a series
of small explosions (Reed-Hill 1974) to occur near the hot surface and therefore
violentily agitates the cooling medium in the vicinity of the weld plate and
increases cooling rate. This means the heat sink is higher in saline water than in
fresh water and than in the air. Therefore, the heat accumulated due to the heat
source during welding operation on the welded plate is lower in case of saline
water compared to that of the fresh water and the air. This gives lower distortion
and results in lower residual stresses in saline water weld compared to fresh water
and open air welds.
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Fig. 5. Stress patterns of welding under different circumstances
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Conclusions

The surface residual stresses of the carbon manganise steel weld metal were
examined with following conclusions:

(1) The maximum sum of the surface stresses developed in weld metal made
under fresh water and under saline water are about 81% and 77% of
those values developed in the open air weld, respectively.

(2) The maximum stresses developed in under fresh and under saline water
welds, are confined to a narrower zone by the extent of 22.7% and 26.5%
compared to that of an open air welds made under same set of welding
parameters, respectively.

(3) The maximum stresses developed in a weld made under saline water is
5% lower than that of weld made under fresh water.

Nomenclature
o, (¥) = Longitudinal residual stress
oy (x) = Transverse residual stress
o1 + Oy = The principle stresses
om = Maximum residual stress at weld region
b = The width of the tension zone of the residual stress
y = The transverse distance from the center of the weld
ds = d-value for stressed sample
du = d-value for unstressed sample
E = Young’s Modulus of the material
v = Poisson’s ratio
h = x-coordinate of the vertex
X1 = Position of first data point

c = Interval in the x-direction between data point
Differences in the vertical coordinate (y) between the middle data
point and data point on either side of it
Diffraction angle

= Interplaner spacing (d-value)

Mode number (integer 1,2,....)

Wave length of X-rays (A)

Current (Amps)

Voltage (volts)

Welding speed (mm/sec.)

a = Arc efficiency (0.75-0.85 for coated electrode)
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