


The surplus wall thickness, required on the mother pipe in order to meet with the minimum 
specified wall thickness on the final bend, can be located on outside (OD) or at inside (ID) of the 
mother pipe. Figure 6 shows possible bend end preparation in order to match abutting line pipe 
and bend for girth welding.

Figure 6: Typical bevel preparations for girth welding of pipe-to-bend connections

If tight gauging requirements (pigging) have to be fulfilled on the finished bends, mother pipes 
for bends should always be ordered to a constant ID (Figure 6 a). In any case a minimum wall 
thickness of the mother pipe must be considered in order to avoid buckling during bending. 
Figure 7 gives an overview of minimum required wall thickness in combination with the desired 
OD and radius to be bent which is possible at Mannesmann Bending Plant.  

Figure 7. Bending Program of Mannesmann Bending Plant  
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Elements that increase the hardenability generally influence the weldability as far as heat 
affected zone toughness properties are concerned. Therefore necessary care must be taken during 
the design of the chemical composition to consider the requirement of the customer for the 
finished material.  

Toughness Properties 

 For mother pipe production, special attention must be paid to the welding consumables used for 
the SAW. Generally the toughness of the weld is mainly influenced by the heat input, the oxygen 
and nitrogen contents in the weld metal, the chemical composition of the weld metal and the heat 
treatment applied on the final product [11]. The most favourable microstructure for SAW seam 
welds is acicular ferrite [12].

The seam weld has to provide sufficient strength and toughness properties following the 
complete heat treatments during bend fabrication. The decision whether the mother pipe should 
be welded using the two-pass technique with slightly basic flux or the multi-layer technique with 
highly basic flux is dependent on toughness requirements.  

The multi-layer welding technique leads to excellent Charpy-V-Notch (CVN) toughness results 
for test temperatures down to -50°C. For the test temperature range between -20°C and -30°C it 
depends on the actual requirements, wall thickness and type of bend (with or without tangents), 
whether the two-pass welding technique is still sufficient or not. For two-pass welds, the plate 
chemistry strongly affects the weld metal properties, since the amount of dilution of the weld 
metal by the base plate is approximately 60–70% [12]. For bends with straight tangents, the weld 
metal has to fulfill the toughness requirements after tempering (tangent) and after bending and 
tempering (bent area). In the weld metal, microalloying elements such as V, Nb and Ti are in 
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solution in the as-welded condition. During tempering heat treatment (or stress relieving) these 
elements lead to precipitation hardening which influences the toughness of the seam weld [12; 
13].

Vanadium forms precipitates beginning at a tempering level of 450°C–500°C and getting to their 
maximum of precipitated V-carbonides between 550°C to 650°C [14]. Niobium precipitates start 
at a higher temperature level, therefore the hardening effect is not that detrimental to toughness 
of the weld metal at the same tempering temperature level.  

For different post bend heat treatment (PBHT) possibilities the welding consumables and 
welding technique of the longitudinal seam weld of the mother pipe have to be chosen carefully.  

For low temperature applications (-30°C to -50°C) a low heat input welding technique (multi-la-
yer) using highly basic flux is the most efficient way to maintain high toughness results on 
finished induction bends. The excellent toughness of the mother pipe in the as-welded condition 
can even be improved by the subsequent heat treatment of the bends [15].

For test temperatures down to -20°C and common impact energy requirements of 30 J/40 J (sin-
gle/average) the use of two-pass welded pipe (high heat input) is suitable up to a wall thickness 
of 30 mm, using a slightly basic flux and preferably TiB-alloyed wires.

For test temperatures of -10°C and higher, the normal MnMo-alloyed wires in combination with 
slightly basic flux using the two-pass welding technique is suitable.

Attention has to be paid to the dilution of base material into the weld metal, especially the 
contents of micro segregating elements on dendritic grain boundaries [15].

The change in the toughness in two-pass and multi-layer welds after bending using different pro-
cess related heat treatment conditions is shown in Figure 13. In two-pass welds the transition 
temperature is shifted to a higher temperatures from the as-welded to the tempered condition. 
The toughness level for multi-layer welds in combination with the use of high basic fluxes is 
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clearly on a higher level (Figure 13). The toughness results measured on the finished bend and in 
the as-welded condition of the mother pipe are in the same scatterband. Low toughness values 
sometimes achieved on CVN-specimens with the notch located in the coarse grained zone of the 
fusion line (FL) are definitely improved on a bend. As can be gathered from the micrographs 
shown in Figure 14, the heat affected zone (HAZ) is completely transformed by the heat 
treatment during the induction bending process.

a)       b) 

Figure 14 a) as-welded b) bent & tempered. Microstructure of the HAZ of a 
SAW two-pass weld in the as-welded (a) and bent & tempered condition (b) at 
magnification x 100 

On the bend tangent, the HAZ of the mother pipe is tempered which leads to an improvement of 
toughness (Figure 15) and a reduction of the scatterband. In the bend area, where the HAZ is 
completely refined (Figure 14), the CVN-specimens with the notch located in the fusion line 
(FL) show excellent test results (Figure 15) and are on a comparable level with the base material 
results.

Figure 15. Change of toughness level for the HAZ on a SAW two-pass weld from mother pipe to 
finished bend 
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Summary

For hot induction bend fabrication it is not only the geometry of the mother pipe that has to be 
considered. The chemical compositions of base and weld metal of SAW large diameter pipes as 
well as the welding technique are important to fulfil the customers needs of the final product. If 
these aspects are taken into account when ordering pre-material, the advantages of lean alloyed 
TMCP heavy plate material can be utilized for induction bend fabrication. With the correct 
design of the chemical composition, it is possible to produce HSLA induction bends with 
excellent properties. For induction bends, it must be considered that rolling effects on TMCP 
plate are reduced or even lost during the short-time austenitizing cycle of hot bending (above 
Ac3 transition temperature). The material grade to be achieved can only be influenced by adding 
the necessary alloying elements to the chemical composition to guarantee adequate hardenability 
of the material during bending. Special attention must be paid to the longitudinal seam regarding 
the toughness requirements to be fulfilled. The toughness and strength levels of a hot induction 
bend depend on the design of the mother plate and pipe are the results obtained presented herein. 
The dynamics of the thermal cycle must be matched with the kinetics of the important 
metallurgical reactions to ensure that final mechanical properties and physical characteristics are 
suitable for the intended application.
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