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ABSTRACT 
 
The development of new high-strength pipe steels 
place even greater demands on welding 
technology. Apart from the well-tried cellulosic 
electrodes, in the range from E6010-E9010, there 
are also low hydrogen grades of weld 
consumables, which are used in vertical downhill 
position - commonly called as BVD (Basic Vertical 
Down) electrodes. Beside the BVD electrodes, also 
the seamless flux cored wires, which are gaining 
prominence in the welding industry as a better 
solution compared to the conventional cellulosic 
electrodes, are frequently used. 
 
The development of BVD electrodes started as 
early as the mid-1970s. The reason for that was the 
desire to use high-strength TM pipe steels with 
relatively high toughness (e.g. X80). The 
requirements for cold crack resistance and 
toughness properties of the weld metal could only 
be met to a limited extent, or in part no longer be 
met by cellulosic electrodes. To a high degree, 
economical efficiency is determined by the 
achievable deposition rate and the possible 

welding speeds. The welding speed achievable with 
BVD electrodes is generally higher than with 
cellulosic electrodes. In comparison to basic 
vertical-up electrodes, significant time advantage 
of 40-50% can be achieved with the use of BVD 
electrodes for the fill and cap layers.  
 
Seamless Flux Cored wires for pipeline applications 
follow a different manufacturing approach 
compared to the conventional folded techniques 
and are much reliable with consistent performance 
in terms of weldability and quality. The seamless 
FCAW wires, offers a unique and trustworthy 
solution in terms of arc stability and low defect 
rates. Precise alloy and slag concept ensure 
excellent welding performance and mechanical 
properties with consistent values even in post weld 
heat treated conditions. These wires are also 
suitable to be used under sour service applications 
having been tested for HIC and SSC applications. 
 
Key words: welding, pipeline, flux cored wires, 
seamless, low hydrogen 
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INTRODUCTION 
 
Basic coated low hydrogen electrodes suitable for 
applications in the vertical-down welding were 
introduced in the 1970´s. Their development was 
launched by the requirement for the application of 
higher tensile strength thermo-mechanical treated 
pipe steel grades with high toughness (e.g. 
API Spec. 5L Grade X 80). The main reason for the 
development was the fact, that the requirements 
for cold crack security and toughness 
characteristics of the weld deposit were only 
partially, or sometimes not at all, met by cellulosic 
coated electrodes. Additionally, economic 
considerations for welding of these pipe steel 
grades have been also a strong influencing factor. 
To a high degree, economical efficiency is 
determined by the achievable deposition rate and 
the possible welding speeds. The welding speed 
achievable with basic coated vertical-down 
electrodes is generally higher than with cellulosic 
coated electrodes of the same diameter and the 

deposition rate of these electrodes is 80-100% 
higher compared to basic electrodes for vertical up 
welding (Figure 1). In comparison to basic vertical-
up electrodes, significant time advantages (40-
50%) can be achieved with the use of BVD 
electrodes. This experience was confirmed by a 
practical investigation, as shown in Table 1. For this 
investigation, made in our local welding shop, an 
API 5L Grade X 65 pipe (diameter Ø1225 mm, wall 
thickness 18,3 mm) was used. One half of the pipe 
was welded with basic vertical down electrodes 
(E8045-P2) and the other with basic vertical up 
electrodes (E8018-C3). The reason for time saving 
by welding with BVD electrodes is the possibility to 
use higher amperage during welding, but also the 
higher metal recovery of BVD electrodes 
compared to the vertical-up basic electrodes. 
 
 

 
 

 
 
 
 
Also for economic reasons, the use of cored wires 
for filler and cap layers is becoming increasingly 
important in the welding of pipelines. A significant 
advantage of these types is the possibility of 
welding in all positions with one parameter setting. 
For fully automated welding, only a simple feed 
unit with a weaving device is required. The 
supporting effect of the rapidly solidifying slag 
makes it possible to use relatively high currents and 
achieve high deposition rates.  

Two different types of cored wires are established 
on the market – seamless and folded cored wires 
(Figure 2). The seamless flux cored (FCW) and metal 
cored wires (MCW), offers a unique and trustable 
solution in terms of arc stability and lower defect 
rates. Precise alloy and slag concept ensure 
excellent welding performance and mechanical 
properties. Since they are seamless (fully closed) 
there is no moisture pick-up from the environment, 
which is a great benefit for welding of high strength 

Weld layer Electrode type Arc burning time 

Filler layer 

Basic vertical down Ø4,0 mm 45 min 
Basic vertical up 
Ø3,2 mm + Ø4,0 mm 

94 min 

Time saving 52% 

Cap layer 
Basic vertical down Ø4,0mm 22 min 
Basic vertical up Ø4,0mm 29 min 

Time saving 24% 

Filler and 
cap layer 

Basic vertical down Ø4,0mm 67 min 
Basic vertical up Ø4,0mm 123 min 

Time saving 46% 

Table 1: Time comparison between vertical-up and  vertical-down welding with 
basic covered elecrodes 

Figure 1: Deposition rates of different covered 
electrodes types 
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pipe steel grade. The low hydrogen contents of the 
seamless cored wires, reduces the risk of hydrogen 
induced cracks and porosity (Figure 3). The use of 
selected seamless FCW and MCW in sour gas 
applications is possible (according to NACE 
TM0284 and NACE TM0177). 

Because of the increasing market demand for flux 
cored wires for pipeline welding, the focus of this 
investigation was the influence of the layer 
sequence, and the associated heat input, on the 
mechanical properties of the pipe joint in case of 
welding of a API 5L X 70 pipe. 

 
 

  

 
 
 
EXPERIMENTAL PROCEDURE 
 
For this investigation, API 5L X 70 pipes of Ø910 
mm diameter and wall thickness of 14 mm were 
used. The pipes were welded with two different 
layer sequences, as shown in Figure 4. The root 
layer for both pipes was welded by GMAW process 
using an ER90S-G Ø1,2 mm filler material and the 

filler and cap layers with seamless rutile flux cored 
wires (E91T1-M21A6-K2-H4) Ø1,2 mm, specially 
developed for welding of high strength pipe 
grades. All layers were welded in 5G welding 
position, the root layer with manual and the filler 
and cap layers with automatic equipment. 

 

  
Figure 2: Layer sequences – left: weaving beads (Pipe #1); right: last two layers with two beads (Pipe #2) 

 
 
 
The preheat and interpass temperatures were 
140°C for both welded pipes. After welding the 
pipes, investigation specimens were fabricated 
from different positions, as illustrated in Figure 5. 
Tensile tests at room temperature acc. to EN ISO 
4136, Charpy V-notch impact test at -20°C and -

40°C acc. to EN ISO 9016 and Vickers hardness test 
(HV10) acc. to EN ISO 9015-1 were performed. The 
round tensile specimens were fabricated in 
longitudinal direction, the location of the notch in 
the Charpy V-notch impact test was VWT 0/2. 
 

Figure 3: Hydrogen pickup of rutile cored wires Figure 1: Seamless and folded cored wires 
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Figure 3: Investigation program 

 

The welding parameters used for welding of 
the filler and cap layers for Pipe #1 and Pipe 
#2 are shown in Table 2 and Table 3 (the root 
layer and the second layer were not an 
interest of these investigations and for this 
reason not shown in the table). As shielding 
gas, mixed gas M21 (Ar+18%CO2) was used.  
 
 
 
 
 
 
 

 

 

Bead no. 
Amperage  
[A] 

Voltage 
 [V] 

Wire feed speed  
[m/min] 

Heat input  
[kJ/cm] 

3 200 – 220 23 7,0 13,9 – 15,3  

4 210 – 230 23 7,5 16,2 – 17,8 

5 210 – 230 23 7,5 17,9 – 19,6 

6 210 – 230 24 7,0 19,8 – 21,7 
Table 2: Welding parameters Pipe #1 

 

Bead no. 
Amperage  
[A] 

Voltage 
 [V] 

Wire feed speed  
[m/min] 

Heat input  
[kJ/cm] 

3 200 – 220 23 7,0 14,1 – 15,1 

4 210 – 230 23 7,5 15,0 – 17,5 

5 200 – 220 23 7,5 12,6 – 13,8 

6 200 – 220 23 7,0 11,9 – 13,0 

7 195 – 210 24 6,5 13,4 – 14,4 

8 195 – 210 24 6,5 14,0 – 15,1 
Table 3: Welding parameters Pipe #2 

 
 
 
RESULTS 
 
An overview of the test results is shown in Table 4. 
As shown, the higher heat input used for welding of 
Pipe #1 has a strong influence on the yield strength 
and impact toughness. While the yield strength of 
the specimens fabricated from Pipe #1 is approx. 
10% lower compared to those one fabricated from 
Pipe #2, from the same position, the decrease of 

the impact toughness is even more significant - 
about 30% for values at -20°C and 20-30% for 
values at -40°C, as shown in Figure 6 and Figure 7. 
The hardness values were on similar level in cap 
and root layer for both pipes. 
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Joint geometry 

  

Position 12h 3h 6h 12h 3h 6h 
Heat input  
[kJ/cm] 

13,9 – 21,7 11,9 – 17,5 

Tensile strength 
[MPa] 

674 699 681 666 686 689 

Yield strength  
[MPa] 

552 543 523 570 592 587 

Elongation A5 
[%] 

25,7 22,3 25,4 23,6 21,3 22,4 

Impact toughness  
@-20°C [J] 

71,6 61,0 60,0 109,7 92,3 91,0 

Impact toughness  
@-40°C [J] 

49,7 39,3 43,7 59,0 57,3 65,0 

Vickers hardness 
Cap layer [HV10] 

210 - 213 213 - 228 

Vickers hardness 
Root layer [HV10] 

217 - 199 203 - 203 

Table 4: Test results - Overview 

 

 
 

 
Figure 4: Comparison of tensile test results Figure 5: Comparison of Charpy V-notch impact test results 
 
 

 
CONCLUSIONS 
 
The influence of welding parameters and layer 
sequence on the mechanical properties at different 
temperatures was investigated for a high strength 
API 5L X 70 pipe in order to develop a welding 
technology with optimized mechanical properties. 
The investigation shown a strong influence of the 
heat input on the yield strength and impact 
toughness. After comparison the two different 
welding methods, better results were achieved on 
the pipe welded with two beads in each of the last 
two layers. Since the heat input is depending, 

besides welding parameters, on preheat and 
interpass temperature, but also cooling rates and 
layer sequence, a special care should be taken on 
that before welding. In order to achieve higher 
impact toughness, the heat input should not 
exceed 15-17 KJ/cm. The influence of chemical 
composition and welding parameters on 
microstructure and mechanical properties is not 
fully understood at the moment, but further 
investigations are expected to contribute to a 
better understanding. 
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