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Abstract: The steel for the production of welded pipes must possess good weldability to achieve high efficiency and effectiveness of the 
production process in production lines  (in line) and ground, during   welding of  pipes   in  long distance pipelines   and in lower 
temperature conditions. The main focu  of this research  was  on weldability  assessment  of API Grade X52 steel at low temperature (0°C), 
which is used for the production of welded pipes, respectively pipelines. Carbon equivalent (CE), mechanical testing and metallographic 
analysis of the welded joint were conducted in order to assess the weldability. The results of mechanical tests and metallographic analysis 
show that steel API Grade X52, at low temperature (0°C) has excellent weldability, so the pipes produced can be  welded in long distance 
pipelines, easy and unhindered, thereby ensuring high production efficiency and effectiveness. 
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1. Introduction 
The implementation of the welding technology in general and 

the production of welded pipes in particular, is enabled only due to 
the ability of steel to be welded, respectively its good weldability. 
So, weldability as technological property determines the application 
of welding production technology, which in recent times 
increasingly finds wide use in all industrial sectors. 

Steel is one of the main materials used for the production of 
welded structures in general and in particular welded pipes, thanks 
to the ability for welding, respectively its good weldability. It is 
worth mentioning that weldability is very complex concept  and 
depends on many influencing factors, starting from steel’s chemical 
composition through the history of production, namely its 
processing, welding technology applied to the interaction with the 
terms of the environment,  temperature, air humidity, wind intensity 
in an open ground and so forth. 

Therefore, in this paper  main focus was on the weldability  
assessment of API Grade X52 steel for line pipes, at low 
temperature (0°C), through carbon equivalent (CE) and the 
experimental determination of other mechanical-technological and 
metallographic characteristics  of the  welded joint  from  this steel. 

 

2. Literature review 
In literature there are different definitions of the term steel 

weldability, while according to the simplest definition and more 
concise one, by the word weldability it is meant the ability of the 
steel to be nicely welded without any mistakes [1]. It is worth 
mentioning that the welding ability, respectively weldability is a 
very broad concept and complicated because it is not only referred 
to the material but also to other conditions and activities that should 
be considered before the implementation of the welding process, 
during the realization of the welding process and after the 
completion of the welding process. During the welding of micro 
alloying steels, used for the production of pipes for pipelines, the 
term weldability means the ability of steel to be welded and to 
create welded joints without mistakes that meets the engineering 
and economic conditions [2]. In defining the term of weldability, in 
most cases it also includes the susceptibility to cracking  during 
welding or subsequent heat treatment, the establishment of 
hardened microstructure in the transitional zone (TZ) of the weld  
seam, as well as providing resistance to corrosion, resistance to high 
temperatures, resistance to low temperatures, etc. [3, 4, 5]. It is 
worth mentioning that all definitions which refer to weldability 

mainly focus on providing the mechanical characteristics of the 
welded joint and its microstructural homogeneity. 

Depending on the type of steel that is subject to welding and 
environmental conditions where the welding process is applied, the 
whole set of indicators that determine the meaning of weldability, 
changes as well. In this case, we must differ the weldability of the 
steel coils used for the production of pipes in production lines (in 
line) and the weldability of the same steel transformed into pipes, 
which are welded on the ground, in different constructive and 
environment conditions, assembled in pipelines for the transmission 
of fluids in  long  distance  and under high pressures. 

Methods for  weldability assessing  are mainly based on the 
review of the basic properties of the steel and the consideration of 
the respective welding process to ensure homogeneous welded joint 
and certain mechanical properties, to meet the using requirements. 
Weldability is evaluated not only by its basic properties, but also by 
the welding process and regime, complementary metal composition, 
welding flux, electrode coating, protective gas, welded joint 
construction and using conditions. 

For the assessment of steel weldability, it is mainly used the 
known method of carbon equivalent (CE), which is largely applied, 
especially in low-carbon steels [1]. Although it is believed that 
steels with low carbon equivalent (CE) are immune to the 
occurrence of cracks, this does not mean that these steels cannot 
have other failures in the welded joint, namely in the heat affected 
zone (HAZ) and the welded seam (WS). Therefore it is important to 
mention that the carbon equivalent (CE) is only an indicative 
parameter for assessing the weldability and should never be based 
on its values to ensure the integrity of the welded joint. 

Dearden and O’Neill [6, 7] mentioned as first authors of the 
implementation of carbon equivalent (CE) for the assessment of 
steel weldability through the equation: 
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According to the International Institute of Welding (IIW) [1, 6, 
7], the equation for the determination of carbon equivalent (CE) 
have this form: 
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It is worth mentioning that in the literature there are also many 
other relations for the determination of carbon equivalent (CE). 
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3.   Experimental procedure 

In this paper, it is assessed the weldability of micro alloying 
steel API Grade X52 [8], the chemical composition and mechanical 
properties of which, according to the manufacturer's Attest, are 
given in table 1 and 2.  

Table 1: Chemical composition of steel API Grade X52 

Sa
m

pl
e 

 

Chemical composition (wt-%) 

 

C Mn P S Si Al Ni Cr Nb Zr 

 

% 

M
el

tin
g 

0.
08

8 

1.
07

3 

0.
01

0 

0.
01

2 

0.
24

8    
   

   
   

   
   

 
0.

06
8 

0.
02

0 

0.
01

4 

0.
02

1 

0.
08

2 

C
oi

ls 

0.
09

6 

1.
08

6 

0.
01

1 

0.
01

3 

0.
23

9 

0.
06

0 

0.
01

6 

0.
01

5 

0.
02

0 

0.
09

0 

 

Table 2: Mechanical properties  of used steel API Grade  X52 

Steel 
coils 

Mechanical properties 

Direction 
Re Rm Re/R

m 

 

 

A2
” 

 

 

KV 

 
ISO-V-0oC 

   MPa % J/cm2 

API 
grade 
X52 

Transversal 432 533 0.810 40.0 14.1 

Longitudinal 449 550 0.816 34.5 8.8 

 

Based on the chemical composition of steel API Grade X52, 
table 1, for the assessment of the steel’s weldability, it is defined the 
carbon equivalent (CE) by relations (1) and (2) for melted steel, 
respectively the steel’s hot rolled coils and the gained results are 
given in table 3. 

Table 3: Carbon equivalent values (CE) 

Carbon equivalent (CE) 

According to 
formula 

Chemical 
composition 

Carbon 
equivalent (CE)[%] 

1 

Melting 0.275 

Coils 0.286 

2 

Melting 0.270 

Coils 0.281 

For experimental  assessment of the weldability there were 
taken plates from steel API Grade X52, size (600x1000x7.92) mm, 
which after preparing the edges and after cooling (0°) were 
subjected to manual metal arc welding (MMAW), figure 1, with the 
welding parameters according to table 4. Two  options of welding 
were used: option-1, electrode alloyed  with 0.75% Ni, with  Rm = 
(560-620) MPa and impact toughness Kv = 60 J (-40°C) and option-
2, electrode alloyed with  0.35% Mo, with  Rm = 617MPa  and 
impact toughness Kv=94.8J (-30oC). 

 

 
Fig.1 Preparing and MMAW of steel plates 

 

Table 4: Manual metal arc welding parameters 

 
After welding, in order to verify the quality of the welded  joint, 

respectively to assess the weldability of steel API Grade X52, 
samples were  taken for: 

- tensile testing,  
-impact toughness testing,  
-hardness testing and 
- metallographic analysis. 
 
Tensile testing of the welded joint is realized in the universal 

testing machine MOHR-FEDERHAFF-LOSENHAUSEN, in order 
to determine the ultimate tensile strength (Rm). 

The impact toughness testing was conducted for the base metal 
(BM), heat affected zone (HAZ) and weld metal (WM) at the 
temperature (-40°C), in Charpy's pendulum, MOHR-FEDERHAFF-
LOSENHAUSEN. 

Metallographic analysis, respectively the macro-structure of the 
welded joint is realized in two selected samples, representing 
option-1 and option-2 of MMA welding. After the metallographic  
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standard sample preparation, respectively after grinding  and 
polishing, the samples were subjected to chemical attaching  with 
1% nitric acid alcoholic solution (1% NITAL), figure 1. 

Hardness testing (HV5/15) was conducted on samples prepared 
for metallographic macroscopic analysis, according to the scheme 
given in figure 2. 

 
(a)                                   (b) 

Fig.2. Macrostructure and hardness testing scheme  

4. Results and discussion 
Carbon equivalent (CE), table 3 is defined separately for melted 

steel and hot rolled steel coils. The maximum value of carbon 
equivalent  (CE=0,286%), calculated according to the formula (1) is 
lower than the referenced value of carbon equivalent (CE<0.4%), 
which according to the data in the literature [9, 10] means that steel 
API Grade X52 possesses excellent  weldability. 

Tensile testing results that show ultimate tensile strength (Rm) 
of the welded joint are presented in graphic form, figure 3. 

 
Fig.3 Ultimate tensile strength (Rm)  

Average values of the ultimate tensile strength for both welding 
options (Rm = 532 MPa-option 1) and (Rm = 534 MPa-option 2) 
figure 2, are greater than the minimum value of ultimate tensile 
strength (Rmmin=455 MPa), for steel API Grade X52, specified 
according to the standard of API [8] and approximately equal to the 
ultimate tensile strength of the base metal (Rm = 533 MPa-MB). It 
is worth mentioning that for both welding options, there are gained 
approximately equal ultimate tensile strength values, with a 
symbolic difference (about 0.19%). The fracture location, 
respectively destruction of all tested samples occurred almost in the 
base metal (MB) outside the welded joint, or outside the heat 
affected zone (HAZ), except in one  case when fracture location, 
respectively destruction has occurred in the heat affected zone 
(HAZ) and this is an additional proof for the excellent weldability 
of steel API Grade X52 and for appropriate selection of electrodes 
and welding parameters. 

The impact toughness (Kv) or Charpy-V-notch testing  
characterizes the resistance of the material to the action of the 
dynamic forces and in this case, the impact toughness (Kv) is 
defined separately for the constitutive  parts of the welded joint,  to 
the base metal (BM), the heat affected zone (HAZ) and weld metal 
(WM), figure 4, at the temperature (-40°C). Graphic presentation, 
figure 5, shows the average value of three individual samples for 
base metal (BM), weld metal (WM) and heat affected zone (HAZ), 
with  V-notch  of the samples positioned  in the transitional zone 
(0mm), in distance of (2mm), respectively 5mm from the 
transitional zone, measured along the central part of the thickness of 
the samples. The average minimum value for the heat affected zone 
(KvHAZ = 9.8 dJ/cm2), position (0mm), figure 3, in the temperature   
(-40°C) is greater than the average minimum specified value 
(Kv=3.5 dJ/cm2), according to the standard API [8] for API Grade 
X52 steel at the temperature (0°C). 

 
Fig.4 Charpy V-notch at the different parts in the welded joint 

 
Fig.5 Impact toughness (Kv) 

The results of hardness measurement (HV5/15) figure 6, show 
the change of hardness along the welded joint, for both welding 
cases (option-1 and option-2). Maximum difference (ΔH1= HVmax-
HVmin=187-158=29 HV5/15), respectively (ΔH2= HVmax-
HVmin=201-175=26HV5/15), shows a uniform hardness distribution 
along the welded joint, which on one hand, means that there were 
selected appropriate welding parameters, and on the other hand it is 
shown that the weldability of steel is excellent. 

The  metallographic macroscopic analysis of the welded joint, 
figure 1, reflects the cross section of the welded joint and shows 
good penetration between layers of welding on one hand and on the 
other hand also good  penetration  between layers of welding and 
base metal. Not observed cracking and other imperfections. 
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Fig.6 Hardness (HV5/15) 

 

5.  Conclusion 

Based on the literature review and analysis of experimental 
results, it is concludes that: 

-carbon equivalent (CE) of API Grade X52 steel is low, 
therefore the steel has excellent  weldability, 

-the weldability of steel API Grade X52 evaluated in terms of 
the mechanical properties of the welded joint, respectively in terms 
of ultimate tensile strength (Rm), impact toughness (Kv) and 
hardness (HV5/15), it is also excellent in both welding cases and it 
is carried out "overmatching" effect, 

-the  metallographic macroscopic  analysis clearly demonstrates 
good penetration between the welding layers and welding layers 
and base metal and there is not created cracking, respectively other 
structural imperfections, so from this aspect, API Grade X52 steel 
has excellent  weldability and can be recommended for production 
of  welded pipes and  long distance  pipelines. 
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