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Abstract: This paper studies the HV 10 Vickers hardness values measured on the end zones (beginning

and end) of the samples taken for approval of welding

technologies to analyze the situation less common

welding technology without end plates. These values are then compared with those determined by meas-
urements made in areas of welds means to assess the degree of deviation from the recommended values
for steel grade analyzed. It was chosen for homologating of a welding process a steel sheet of thickness
20 mm of P355NL1 quality welded by the processes 141 + 111 + 121. The work presents the macroscopic
and microscopic analysis of samples and preheats temperature calculation, calculation and estimation of
carbon equivalent maximum hardness in the heat affected zone when welding steel P355NL1. In these ar-
eas of the beginning and end of the seam, there is a situation similar to welding the weld below 100 mm
in length, where the thermal field propagates in welding non-steady state compared to the middle portion
of long welded row, where the heat propagates quasi-stationary regime.
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1. INTRODUCTION

Currently, the approval procedures for welding,
welders’ authorization or extension of authorizatio
certification of welders is performed based on d#ad-
ized welded samples with lengths of about 500mmd, an
the end portion with length of 20mm is removed. The
ends of the sample welds are not used for the, tests
lieving that they contain nonconformities due tangient
process of welding regime.

In technical literature [1], it is specified that these
beginning and end of line zones, the thermal figpa-
gates in a non-steady state, which is isotherms el
thicken, which can be proved by the colors appegaoim
the surface of sheets when cleaned and polished:tal-
lic luster. Thickening of isotherms is explained the
increase of temperature gradients, by the incredse
temperature gradients, by the increase of the ngohte
in these critical zones at the beginning and atetie of
the line, implicitly by the decrease of the timecobling
tgs,

But there are situations where, in the welding tech
nology, it is not possible to attach some littlatps on
which to start or finish welded seams.

The present article studies the values of HV 1kVic

WG welding.

100 mm, can be noticed.
We choose for homologating a welding process, a
steel sheet of 20 mm thickness, P355NL1 qualitydea
by the following processes: 141 + 111 + 121. Theedd
materials are the followings: CORBOROD Ma2 +
SANBAZ 3.2 + OS24 + FLUX OP121TTW.
Symbolizing of welding processes used for homolo-
gation
141 — inert gas electric arc welding with wolfram
electrode (WIG welding);
111 —electric arc welding with coated electrode;
121 - submerged arc welding with wire electrode.

EXPERIMENTAL PROCEDURE
DESCRIPTION

2.1. Specific features of P355NL1 base material
P355NL1 steel is steel for pressure vessels, a non-
alloyed, quality, fine-grained, with flow limit 355
N/mn¥, normalized, used at low temperatures.
The correspondence of P355NL1 steel to other equiv-
alent steel names is given in Table 1 [2]. P355Ntekl
has the following chemical composition at analysis
liquid steel for flat and long products (Table 2}3]:

ers hardness in these beginning and end zoneseof th > Added material used for welding

welding is made without putting on the technolobica
plates at the beginning and at the end, comparebeto
values of HV 10 Vickers hardness measured in thé mi
dle part of the weld.

In these zones at the beginning and at the enbeof t
weld, a similarity to the case of welding in shbines
and multilayer welding, with the weld length le$an
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P355NL1 steel

For homologation of welding probe, three welding
processes were used:

The root of weld was welded by 141 process- inert
gas electric arc welding with wolfram electrode VI
welding), using as added material, wire of CARBOROD
Mo quality, 2 mm in diameter.

This welding process-electric arc welding in ingas
medium with wolfram electrode is chosen especifidly
root welding, due first of all to a controlled pénagion
that allows an excellent control on the formatidnhe
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Table 1l
Correspondence of P355NL1 steel to other equivalesteel names [2]
EN Steel According to DIN Steel DIN United States of America Europe St.
Type EN Type No STAS 50072 ASTM, AlSI EU
yp 10027 — 2 yp : ’ EN 10025
A 36-207, A510, AP / FP, A299,
OL52-4kf A516 (70) (485), A573 (70) (485),
P355NL1 1.0566 TStE 355 17102 normalizéd A618 (Il), A633 (D), A678(A), Fe 510 D1
A707(L1), A707 (L2), A714 (l1),
A724
Table2
Chemical Composition of P355NL1 stee[2, 3]
c
92 o S . .
=) ) C Si Mn P S Cu Ni Al \%
Steel g 2 I % % % % % % % % %
go a max max max | max | max | max | max | max
a
P355NL1 FF Qs 0.18 0.50 0.90...1.65 0.025 0.020 058.50 | 0.020| 0.12

weld root, characterized mainly by protection afuid
bath offered by inert gas that is used.

Welding parameters for 141 process are as follows:
ls =100 A,U; =13V, Polarity: DC,
Welding rate: 8 cm/min,
Welding energy: 10.50 kJd/cm,
Electrod type: WL 2023.2 mm- Wolfram 20 Lan-
thanum 2%.

Five lines of filling the gap were welded by 11Dbpr
cess — electric arc welding with coated electrad®g as
added material, SANBAZ3.2 mm electrodes.

Welding process electric — manual with coated elec-

trodes, is characterized by a versatile quality #ick-
ness of base materials used, as well as weldinqus

Welding parameters for 111 process are as follows:
ls=129,U, =23V, Polarity: DC,

Welding rate: 19 cm/min,

Welding energy: 9.40 kJ/cm.

arc welding with wire electrode, having as added ma
terial OE-S2 4 mm in diameter wire, and as flux OP
121TTW.

Final layers are made by 121 process — submerged

3. RESEARCH RESULTS

3.1. HV 10 Vickers hardness tests to the welded

sample

We cut the edges of the welded sample without tech-
nological plates at the beginning and at the emthguan
alternative saw, according to Fig. 1. These havenbe
then cut off for the macro and microscopical analyas
well for making HV 10 Vickers hardness tests: F2g.
corresponding to the macroscopic map for the spatim
cut off from the beginning stub of the sample aigl B,
corresponding to the macroscopic map for the spatim
cut off from the end of the sample (crater area).

Further on, they have been metallographycally pol-
ished using abrasive paper (with granulation 401D, 6
800, 1000, 1500), after which abrasive powder (Tdpo
Topol 2 and Topol 3), with granulations from 3 td 0
pm.

After that, the polished surfaces were etched with
metallographic etchant specific to low-alloyed Kee
(Nital 4% for the macrostructure and Nital 2% fbet
microstructure).

In order to establish HV 10 Vickers hardness values
two test axis have been established on the samgpes-
sented in Fig. 4, on which three sets of HV 10 ¥isk
hardness were applied for each axis on the two base

The submerged arc welding (SAW) process is suitedmaterials BM1, BM2, on the two heat — affected zone

to make relatively thick welds, with easy accesweld-
ing position, with a high facing rate, with a highgree
of utilization of added material, with a very highality
of weld no matter operator’s skill, as there isigafossi-
bility of alloying the weld by wire and flux.

Welding parameters for 121 process are as follows:

ls=575A,Ua = 29 V, Polarity: DC,
Welding rate: 55 cm/min,
Welding energy: 17.40 kJ/cm.

HAZ 1, HAZ 2, as well as in the welded seam WShwit
the determined values in Table 3 (illustrated ig. i for
the set of data measured on the upper zone of ¢laed/
seam and in Fig. 6 for the set of data measurethen
root of weld) for the welded sample applied to sheci-
men from the beginning of the sample, and Tablé-4 (
lustrated in Fig. 7 for the set of data measuredhan
upper zone of the welded seam and in Fig. 8 fos#tef
data measured on the root of weld) applied to fezis
men at the end of the sample.
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Fig. 2. Macroscopical image for the specimen cut off the
beginning edge of the sample. (1:1.3 scale).

Fig. 1. Image with sampling from the beginning and from
the end of the welded plate for homologating the
welding procesd1:4 scale).

Fig. 3. Macroscopical image for the specimen cut off the
end of the sample (the crater area). (1:1.3 scale).

Fig. 4. Graphical representation on two axes of the zohbardness sampling for P355NL1 steel.

Table 3
HV 10 Vickers hardness values applied to the specan cut off from the beginning of the sample
Zone . BM1 HAZ 1 WS HAZ 2 BM 2
AXis | Sheetiron 20 mm| Sheet iron 20 mm Sheet iron 20 mm| Sheet iron 20 mm
289-290-288 302-303-301 319-314-310 299-298-288 75-276-271
270-272-271 296-294-297 302-307-305 295-291-289 77-217-275

320 7

310 -
w 300 A
§
£ 200 -
E 280 - ® Left side basematerial BM1
=
=270 - mLeft side HAZ 1
=

260 A = Welded seam

250 1 ®Right side HAZ 2

240 T T . . .

BRight sidebasematerial BM2
1 2 3
Set of datameasured on the upper zone of the welded seam

Fig. 5. Graph of the values of HV 10 Vickers hardness mesison the upper zone of the welded seam (axis 1)
applied to the specimen from the beginning of dragefor P355NL1 steel.
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310 A
300 A
£ 290
"-5 B Left cide bagzematerial BM1
= 280 - .
S B Left side HAZ 1
E 270 = Welded seam
B Right side HAZ 2
260 A . . .
B Right sidebasematerial BM2
250 T 1
1 2 3
Set of datameasured on the root zone
Fig. 6. Graph of the values of HV 10 Vickers hardness messon the root zone of the welded seam (axip2) a
plied to the specimen from the beginning of the@arfor P355NL1 steel.
Table 4
HV 10 Vickers hardness values applied to the specian cut off from the end of the sample
Zone BM1 HAZ 1 WS HAZ 2 BM 2
AXis | Sheetiron 20 mm| Sheet iron 20 mm Sheet iron 20 mm | Sheet iron 20 mm
295-298-292 321-322-318 322-324-321 312-317-317 94-293-289
279-281-283 307-312-308 319-317-318 306-318-319 93-2D4-296
330 ~
320 1 B Left side bazematerial BM 1
<310 -
'.'é‘ B Left side HAZ 1
= 300 1
= " Welded
> 200 - Welded seam
=
280 A ERight side HAZ 2
270 T T
1 2 3 B Right sidebagematerial BM 2

Set of datameasured on the upper zone of the weld seam

Fig. 7. Graph of the values of HV 10 Vickers hardness meakan the upper zone of the welded seam (axis 1)
applied to the specimen at the end of the samplE365NL1 steel.
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Set of datameasured on the weld root zone

B Right sidebagematerial BM 2

Fig. 8. Graph of the values of HV 10 Vickers hardness megison the root zone of the welded
seam (axis 2applied to the specimen at the end of the safoplE355NL1 steel.

In order to compare, if we measure the HV 10 Vick- zones of the weld bead, compared to the valuefef t

ers hardness values in the middle part of the Wweld,
according to Table 5, illustrated in Fig. 9 for thet of

data measured on the upper zone of the welded ardm
in Fig. 10 for the set of data measured on the odot

weld, we notice an increase of the values of the 1V
Vickers hardness measured in the beginning and end

HV 10 Vickers hardness values measured in the middl
part of the weld bead, as well as an increaseef#tues
of hardness for the end zone of the weld (cratain-
pared to the values of hardness corresponding ¢o th
beginning zone of the weld.

1

Set of datameasured on the upper zone of the weld seam

A

3

Table 5
Values of the HV 10 Vickers hardness measured in ¢hmiddle part of the weld bead of P355NL1 steel
Zone . BM 1 HAZ 1 WS HAZ 2 BM 2
Axis | Sheetiron 20 mm| Sheet iron 20 mm Sheet iron 20 mm| Sheet iron 20 mm
1 202-205-203 209-208-207 219-224-221 207-207-209 02-201-203
2 201-204-203 210-211-210 218-224-217 205-207-206 01-202-201
235 7
230 -
y 225
'_i‘:' 220 A B Left side bagematerial BM 1
= 215 - _
- mTeft side HAZ 1
= 210 7
E 205 A " Welded seam
200 -
195 - B RightzideHAZ 2
190 7 HRight sidebasematerial BM 2
185 A

Fig. 9. Graph of the values of HV 10 Vickers hardness mesgison the upper zone of the welded seam (axis 1)
on a specimen taken off the middle part of the weddresponding to P355NL1 steel.
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225 7 —I
220 I
o |

215 A

110 Vamr— B Left side basematerial DM L
w 210 1
w
= . HLeft side HAZ 1
= 205 1
= 7 -
: 200 17 Welded seawn
E 195 | mRight side HAZ 2

190 m Right s1de bazematerial BM 2

185 T T T

1 2 3
Set of datameasured on the weld root zone

Fig. 10.Graph of the values of HV 10 Vickers hardness mnembon the root zone of the welded seam (axis 2)
on a specimen taken off the middle part of the wettresponding to P355NL1 steel.

3.2. Evaluation of the quality of welded sample of e Fig. 11f - Welded seam. The dendritic microstruc-
P355NL1 steel taken from the end zones ture oriented in the direction of the heat flow. dvia
During the cooling and solidification of the builp fying power: 20&. Chemical etching: Nital 2%.

metal, a series of constituents appear in its caitipa,

which give it special properties and special betxavi  3.3. Establishing the preheating temperature, calda-

during service. tion of the carbon equivalent and evaluation of
Analysis was made by optical microscopy according maximum hardness in heat-affected zone for

to SR EN 1321:2000, STAS 7626-79, CR 12361:1996 + welding P355NL1 steel

AC: 1997 [1G-12]. By calculating equivalent carbon after the methéd o
The microscope used was Olympus GX51 equipped International Welding Institute for P355NL1 ste4]:[

with a software specialized in image processing

AnalySis. CooceMn NI (Cr +Mo+V)
Hardness was measured according to EN ISO 6507- ¢ 20 15 10

1 on surfaces that have been cut off and etcheld wit

metallographic etchant. Hardness was measured by Having in view that for welding P355NL1 steel we

Vickers method, using Shimadzu HMV 2T device, have chosen SANBAZ electrode, which is a basicezbat

under the fallowing conditions: 2&€ temperature, 60%  electrode, and according to the value of carborivegu

humidity. lent, to the P355NL1 steel is given weldability rhenl
Studying the microstructures in Fig. 1d5f, we no- - D classification [4]:

tice as follows:

= 0308 L

. . ) For C.=0.28+ 0.32= ls= D. 2)
* Fig. 11a - Base material: P355NL1 steel. The micro-

structure contains ferrite and pearlite situatetines For the calculation of preheating temperature the
because of the plastic deformation process (laminaseferian method was used [4]:

tion). Magnifying power: 208. Chemical etching:

Nital 2%. Ty = 35og/{c:t - 0255 [°C]. 3)

* Fig. 11b - Heat affected zone - HAZ (overheating).

An increase of the granulation in the adjacent zone C; = total equivalent carbon, calculated depending on
the fusion line is manifest. Magnifying power;: 200  the chemical composition of the steel and on theesh
Chemical etching: Nital 2%. thickness:

* Fig. 11¢ - Recrystallization zone in the HAZ. Fine C,=C.+C, . (4)
ferritic-pearlitic granulation. Magnifying power:
500x. Chemical etching: Nital 2%. C. represents the equivalent carbon:

* Fig. 11d — Normalizing zone in the HAZ. Very fine Mn+Cr Ni 7
ferritic-pearlitic  granulation. Magnifying power: Ce=C +T+E+%Mo =0391 (5)

100x. Chemical etching: Nital 2%.

where C represents the carbon introduced based on the

* Fig. 11e — Overheati in the HAZ. Oversi
9. -8 vernesiing zone In tne versize thickness of the material:

ferritic-pearlitic-martensitic granulation. Islandsf
martensite, Widmanstatten type acicular and matlifie
pearlite are present. Magnifying power: 20Chem-
ical etching: Nital 2%. wheres represents the material thickness, in mm.

C, = 00053[T, = 00391 (6)
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Fig. 11.Microscopical images of the specimen of the welsketiple made of P355NL1 steel:
a — base material: P355NL1 stebl:- the heat affected zoreHAZ (overheating);
¢ — recrystallization zone in the HAZ] - the normalizing zone in the HAZ;
e - the overheating zone in the HAZ: the welded seam.

C,=04301 =T, =230°C. @)

The behavior of weld joint to cracking is determine
by the calculation of maximum hardness from HAZ,

using the formula (8) [59]:

H._ = (189+67[C +507(P, ) -
-(01+711T -661P,,) GrctarX (HV10)  (8)

P, :C+§ +M‘+9+M +g +MO+X +5B= B27(9)
30 20 20 60 20 15 1C

X is calculated using the formula:

5 =109 tys+ (0501+ 790[C - 1101[P,,,)

(10)
0543+ 055[T - 076[P,,

log tg5 =37 C+W+X+M+w -031= 0946 (11)
13 6 40 10

X=-1439 = H_ =380HV10. (12

We notice that the value of calculated maximum HV

10 Vickers hardness in the heat-affected zonepsrsar
to the effectively measured values of hardneskéntwo
cases: the beginning and the end parts of weldsjedls
as the middle parts of welds.

4. CONCLUSIONS

For the steel we studied, P355NL1, by the analysis

and the control of HV 10 Vickers hardness appl@the
beginning and end of the weld bead, as well ashé t
middle part of the weld bead, measured on the magter
on the heat-affected zone and on the weld seanmowe
tice higher values of the hardness in the beginming
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end zones of the weld bead, compared to the mialaite http://ww. peacesof t war e. de/ ei ni gewerte/ste
of the weld bead. elindex. htm, accessed: 2014-01-13.
These end zones of the welded seam are a centre bff ™ The European Standard EN 10028-2:2008lat

non-conformities due to the transitory welding dend products made of steels for pressure purposes — Part 2:
tions. For this reason, the beginning and the ets pf Non-alloy and alloy steels with specified elevated tem-
the welded samples used for homologation of welding _ Perature properties. _ .
processes, for welders’ authorization or for prgmion (4] G- Zgura, G. lacobescu and otheTshnologia sudarii
of welders’ authorization/certification, are cutf afnd prin topire, (Fusmn Welding Procedure)Politehnica
samples for mechanical tests are not made. 5 Erﬁsl\jl Pgbl'Shl'nS Hocl>use, Bu_czlarest, ZOIO 7'd

The situation is similar to the case of repair Bldy [5] -L.M. Cotlrel, Hardness equivaient may lead to a more
ing, which is comparable to the case of short livetd- critical measure of weldability, M(_atal Constrl_Jctlon, 1984.
ing compared to the case of long welds, where tingee [6] E.l;?nuiﬁgﬁgf ;flfzg chi:gucl)?twdg dtgg mmgjzaz?é
sponding values of the HV 10 Vickers hardness meas- |y jace o Jormts '
ured on the beginning and end zones of the weld bea [71 J.C. lon a.nd othersA second report on diagrams of
higher than the values of the hardness measurédein microstructure and hardness for heat-affected. zone in
middle of the long welded line, measured in theezoof weld. Doc 1IW X 1326-84.
the base material, on the heat-affected zone anth®n (g | syzuki, A new formula estimating HAZ maximum
welded seam. We understand by long welded line the *  pardnessin welded steel, Doc. [IW 1X-1351-85.

welded line longer than 100 mm. [9] H. Suzuki, A new formula estimating HAZ maximum
hardnessin welded steel, Doc. IIW 1X-1409-86.
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