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In view of the importance of high strength low alloy (HSLA) steels, particularly for critical applications such as off-
shore plat forms, pipeline and pressure vessels, this paper reports on an investigation of how to weld this type of 
steel without cold cracking. Using manual metal arc welding process and Tekken test (Y - Grove test) has been car-
ried out both to observe the cold cracking phenome non, and to investigate the influencing factors, such as preheat-
ing temperature and energy input, as well as electrode strength and diameter. How ever the results of the experi-
ments show that there is a risk of cold cracking.
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INTRODUCTION

High strength low alloy steels were originally devel-
oped in the 1960s for large-diameter oil and gas pipe-
lines. Pipelines generally require steel of higher strength 
and toughness than mild carbon steel, and good welda-
bility, [1], provided by relatively low content of carbon, 
C, and carbon equivalent (CE). Therefore, remarkable 
progress have been seen in the development of High 
Strength Low Alloy (HSLA) steels for structural appli-
cations like pipelines, onshore/offshore structures and 
large ships. Further decreases in CE became possible 
with the intro duc tion of improved processing procedu-
res such as controlled rolling quenching and tem pering. 
Of course, other property requirements, in addition to 
weldability, have influenced HSLA steel development, 
e.g. the need to tran sport oil and gas safely and eco-
nomically over long distances.

AVOIDANCE OF COLD CRACKING

Cold cracks (CC) are accounting for more than 90 % 
of weld cracks in actual steel structures, [2]. Hydro gen 
cracking is also known as cold cracking or delayed crack-
ing. It generally occurs immediately after welding or a 
short time after, usually within 48 h. Moisture in consum-
able and/or material will transform into hydrogen gas 
(H2) in the arc because of the high temperature. The hy-
drogen gas ends up as hydrogen porosity in weld metal or 
even diffuses into the HAZ. As hydrogen cracks are often 
very fine and/or sub-surface, they can be difficult to de-
tect, [3]. Cold cracking in HAZ may cause serious dam-
age to welded structures, and its prevention is an impor-
tant subject. From a practical point of view, preheating is 

the most useful method to avoid cold cracking in HAZ, 
[3]. The cold cracking behavior is governed by the plate 
thick ness, the hydrogen content of the weld metal, the 
heat input during the welding, the residual stress state in 
the weld region, and the chemical composition of parent 
metal and weld metal, [2,3]. Understanding hydrogen 
embrittlement is still an issue on a global scale, [4]. Fac-
tors determining the size and the transformed microstruc-
ture of the coarse-grained HAZ are critical. It is important 
to note that relationships between weld metal micro-
structure, composition and welding conditions are even 
more complex than in the HAZ. For these reasons re-
search community has paid attention to redu ce the sus-
ceptibility of steels to cold cracking by controlling weld-
ing para meters, preheating, and applying low hydro gen 
level consumables and welding processes. In this paper 
the HSLA steel NIONIKRAL 70 has been used for the 
weldability testing and for the analysis of influencing pa-
rameters. This steel has been deve loped in “Jesenice” 
steelworks, as the alternative for HY 100 steel, with the 
yield strength min. 700 MPa, [5]. Chemical compositions 
of steel Nionicral 70 are given in Table 1.

Table 1  Chemical composition of the selected 
NIONIKRAL-70 steel 

Element % Wt
C 0,106
Si 0,209
Cr 1,257
Ni 2,361
Cu 0,246
V 0,052

Mn 0,220
Mo 0,305
Al 0,007
S 0,017
P 0,005
Ti 0,002
Sn 0,014
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EXPERIMENTAL PROCEDURE
Cold cracking in a steel could be formed as a result 

of three factors: microstructure, content of hydrogen 
diffusion and welding stresses. There are many empiri-
cal formulas to calculate the sensiti vity of a steel to cold 
cracking. Of many exp res sions, based on the carbon 
equivalent, CE, the most often used are those by the In-
ternational Institute of Wel di  ng (IIW) and by Ito and 
Bessyo, developed for this class of steel, [5, 6]:
CE = C + Mn/6 + (Cr + Mo + V)/5 + (Ni + Cu)/15,
CE =  C + Si/30 + (Mn + Cr + Cu)/20 + Ni/60 + Mo/15 +

+ V/10 +5B, respectively. 
Ito and Bessyo also introduced Pcm – the cracking pa-

rameter, which encompasses the in flu ence of chemical 
composition (given by CE value), the content of hydrogen 
diffusion and the coefficient of rigidity of welded joint:
 Pcm = CE + H / 60 + K / 40 ·103   
where H is hydrogen content (cm3 / 100 g), K stiff ness 
coefficient, for but joints K = 66 · S, S thick ness (mm).

The chemical composition is shown in Table 1, lead-
ing to the following data:
 CE (IIW) = 0,67
 CE (Ito & Bessyo) = 0,25
 Pcm = 0,38.
where hydrogen diffusion content of 6 cm3 / 100 g was 
used, and the stiffness coefficient is taken for the thick-
ness of 18 mm.

Y-Groove test
Experiments were done with two batches of base ma-

terial with two kinds of Mn, Ni, Cr and Mo alloyed basic 
electrodes with yield strength up to 685 N/mm2 (T-75) 
and up to 785 N/mm2 (T-80), both classified as E 69 2 
Mn2NiCrMo B 42, after EN 757) and four preheating 
temperatures (20, 100, 150 and 200 ºC). Before welding, 
the electro des were dried at 350 ºC for three hours. Figu-
re 1 illustrates the Y - Groove assembly, [7]. 

Tables 2 and 3 show the basic data about welded test 
speci mens, i.e. Y – Groove test, with the results of 

Table 2 Results for Y- Groove test - batch 180079

BM Fill. mat. Samp.
code

Temp.
/ °C

Heat
Input /
KJ/cm

Metallo-
graphic
fi nding

180079 T - 75 
(∅ 4 mm)

4
20

15,0
5 14,3 CC - HAZ
6 13,7 CC - HAZ

16
100

17,4
17 18,3
18 19,4
28

150
23,6

29 20,6
30 25,4 CC - HAZ
40

200
20,6

41 22,0 CC - HAZ
42 23,6

T - 80 
(∅ 4 mm)

1
20

14,3 CC - Long
2 15,7 -
3 16,5 -

13
100

18,3 -
14 18,3
15 18,3
25

150
18,3

26 20,6
27 23,6 CC - HAZ
37

200
17,4

38 19,4
39 20,6
49 200 17,4 CC - Long
50 16,5 -
51 20,6 -

Note: CC - cold crack, CC - Long - Longitudinal cold crack

Table 3 Results for Y - Groove test - batch 180080

BM Fill. mat. Samp.
code

Temp.
(°C)

Heat
input
KJ/cm

Metallo-
graphic
fi nding

180080 T - 75 (∅ 
4 mm)

7
20

14,3
8 14,3
9 14,3

19
100

19,4
20 20,6
21 19,4 CC - HAZ
34

150
20,6

35 23,6 CC - HAZ
36 20,6
46

200
22,0

47 23,6 CC - HAZ
48 19,4

T - 80 (∅ 
4 mm)

10
20

15,0
11 15,0
12 13,7
22

100
18,3

23 19,4 CC - HAZ
24 20,6
31

150
22,0

32 22,0
33 23,6
43

200
25,4

44 23,6
45 23,6

Note: CC - cold crack, CC - Long - Longitudinal cold crack Figure 1 Oblique Y - groove test assembly, [7]
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metallo graphic analysis, indicating eventual presence 
of cod cracking. The metallographic indication of a 
crack, as an example, is shown in Figure 2, whereas re-
sults of hard ness measurements through the welded 
joint (Y - Groove test) for different preheating tempera-
tures are given in Figure 3.    

RESULTS AND DISCUSSION
Susceptibility of NIONIKRAL 70 welded joints to 

cold cracking has been assessed by the experiments pre-
sented here. This study indicates some (mini mal) differ-
ences in behavior of testing batches 180 080 and 180 
079, but no decisive effect of any of input parameters. 
Compared to the results of other probes (CTS, Chabel-
ka, etc, as presented in [5]), Y – Groove test proved to 
be more selective, indicating more cold cracking for the 
same experimental conditions. Anyhow, results provid-
ed by Y – Groove test, and presented here, are not con-
clusive. Namely, one can hardly point out the effect of 
preheating temperature, input energy and electrode 
strength level. It looks like as if the cold cracking is 
stochastic process, and the same holds for the other 
weldability test ing shown in [5]. Therefore, one can 
conclude that another parameter should be taken as the 
relevant for weldability assessment. Several possibili-
ties emer ge, related either to the fracture toughness or to 
the Charpy toughness, with separation of ener gies [8]. 
In the first case couple of parameters would be possible 
to use, either static ones, like JIc or KIc, or dynamic one, 
JId, or fatigue crack growth rate, [9, 10]. In the case of 
Charpy energy, separa ted into the crack ini tiation and 
propagation energy, the initi ation energy would be more 
relevant para meter, because it is more likely to in di cate 
welda bi lity, than the crack propagation would do. 
There fore, further investigation following this reason-
ing is recommen ded, [9, 10].

CONCLUSION
Taking into account the values obtained for CE (IIW 

and Ito - Bessyo) and Pcm, and the results obtained by 
the Y - Groove test, it can be concluded that there is a 
risk of cold cracking when welding NIONIKRAL 70, as 
a typical representative of HSLA steels with the yield 
strength over 700 MPa. No decisive relations could be 
estab lish between the input para me ters (preheating tem-
perature, input energy, ele c tro de strength) and weldabil-
ity, based on cold crack i  ng appearance. There fore, it is 
recommended to use parameters like initiation and pro-
pagation energy obtained by instrumented Char    py pen-
dulum, and/or different measures of fracture toughness, 
instead of, or together with weldability testing.
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Figure 2 Detected cold cracks in Y-probe (magnification 200 X)

Figure 3  Hardness distribution for Y-probe (batch 180079, 
electrode T-80, ∅ 4 mm)




