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Schelde Exotech, Scana Subsea and Machinefabriek Amersfoort have joined their forces 

and knowledge to bring ID-cladding up to the next level.

Combining our many years of experience in special forgings, machining and weld overlay 

and using a specially developed internal bore cladding machine we can produce internally 

clad riser specialty joints up to a length of 19 meters and weight of 25 T

Repairs & Replacements are an evident consequence of our total approach. In order to 

prevent downtime for our clients, Schelde Exotech performs repairs on a 24/7 base and 

these can be done in our workshops as well as at customer’s location. 
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Lengths from 1 meter to 19 meter
Internal Diameter: 170 – 500  mm (optional ID 130 mm)
Outer diameter: Flanged up to 1400  mm  with overall diameters up to 600 mm depending on 
length to weight ratio
Weight: up to 25 T
Base Materials: Variety of Riser Forgings and Materials e.g  F22; A707; F65.
Overlay materials: Corrosion Resistant Alloys including Inconel 625, capable of meeting the most 
stringent industry standards
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SCR Stress joints in Steel 
with CRA ID-cladding, and you have the solution for the future 
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Abstract—A presentation of the experience from the last five 
years producing SCR Stress joints for the use in a number of oil 
and gas producing offshore facilities in the Gulf of Mexico. It 
includes references from manufacturing of forgings to machining 
and clad welding with CRA of both seal faces and ID 

Index SCR Stress joint, Low ally steel, Forging, Machining, Clad 
welding, ID cladding 

I. INTRODUCTION 
SCRs (steel catenary riser (SCR) is a common method of 

connecting a subsea pipeline to a deep-water floating oil 
production platform. SCRs are used to transfer fluids like oil, 
gas, injection water, etc. between the platforms and the 
pipelines).They have been used for many years, and the trend is 
that they are seen more and more as an attractive riser solution 
for deep water, and flexible floating offshore facilities (SEMI, 
FPSO etc.) compared to the fixed platforms (TLP). Due to load 
and environmental conditions, the predominant solution for the 
riser to vessel interface has been Flex-joints and Stress joints in 
titanium with only a relatively small number of installations 
with a steel stress joint. We want with this paper, to present the 
possibilities that are available with a (low alloyed) steel stress 
joint and the recent manufacturing capabilities developed.     

. 

II. REFERENCE PROJECTS 
The total number of deliveries referenced in this summary 

are qty 20 SCR Stress joints manufactured during the last 5 
years and all with the end use in the Gulf of Mexico O&G 
fields. The weight as forged range from 40 to 75 metric tons 
and length from 5 to 65 ft. length as forgings with a maximum 
length as finished of 62ft. Steels grades are A182 F22 , A336 
F22 and A707 GR 3W and there both welded and non-welded 
hang off designs. In one project, the steel stress joint replaced a 
Titanium stress joint. Design in the other projects was from the 
beginning with a steel solution in mind. The nominal pipe ID 
has been from 6” up to 12” with a wall thickness from 
maximum 9”, down to 2”, at end of taper. For values with the 
basic configurations and related mechanical properties; see  
Table 1.  

 

III. MANUFACTURING OF STRESS JOINT FORGINGS 
The manufacturing of large and long forgings has improved 

as a result of developments in steel making, forging and heat 
treatment practice. Which gives increased through cross section 
properties, in larger forgings of most commonly used low alloy 
steel grades. These stress joints forgings have a specified 
strength level of SMYS 80 ksi with good fracture toughness. 
These properties are achieved and can be maintained as well 
with increased yield strength to 90 ksi, and still meet tensile 
strength and hardness limits for sour service. It was proven that 
the strength of the steel is maintained, as well after CRA clad 
welding and subsequent PWHT. In FEA calculations, for load 
and fatigue life length, a lower yield strength is used after 
PWHT. Steel grades and manufacturing processes are available 
for even higher strength (SMYS up to 120 ksi with relatively 
good fracture toughness). This improves the ratio of yield 
strength to Young’s modulus. Which in turn impacts the design 
to give the required bending properties and improves stress 
joint design in non-sour service application. Both a technical 
and commercial interesting alternative to Flex-joints and Stress 
joints in Titanium. The development of CRA ID-clad welding, 
of long heavy wall forgings capability increases the 
competiveness of the use of steel as it limits the corrosion in 
high load and fatigue sensitive areas of the Stress joint, 
especially with high quality welds, see §6 VI for further 
information. Table 1 below displays the as-built mechanical 
data. 

 

IV. MECHANICAL PROPERTIES 
The achieved mechanical properties on the Stress joint 

forgings manufactured are displayed in Table 1 below. The 
properties shown as the average. In many cases also simulated 
post weld heat treatment (SPWHT) was performed which has 
proven, that the base material properties are maintained, also 
after welding and stress leaving. A significant possibility to 
improve designs with steel, if actual values are achieved 
instead of traditional material models in FEA work for steels 
structures. Figure 1 shows the actual yield strength drop, of a 
large number of forgings in steel grade A182 F22. And with 
the PWHT today, more information see §6, the YS drop is less 
than 2%, which results in 80 ksi yield forgings, are still 80 ksi 
also after PWHT. There is even room to increase strength, with 
the use of new steel grades and manufacturing methods. Steel 
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produced has a large range of properties. It is up to the 
designers to use the properties they need in their design. 
 

 

TABLE I.  STRESS JOINT SIZES AND MECHANICAL PROPERTIES 

 Stress joint design data  Mechanical test data (average as built) 
 

NPS 
[in] Length 

total]/ta
per [m] 

 
Taper wall 
thickness 
max/min 

[mm] 
 

 
Weight/ 
max OD 
[kg/mm] 

 
Steel grade 

 
YS/ 

SMYS 
[ksi] 

Hard-
ness 
[HB] 

 
Fracture 
toughness 

[CTOD, mm at 
-10°C] 

 

6 18.1/ 
14.6 

185/ 59 18120/ 
610 

A336 
F22 

84/ 
80 216 1.6 

5 18.1/ 
16.5 

152/ 32 9550/ 
650 

A182 
F22 

84/ 
80 221 1.7 

7 a 18.2/ 
16.5 

170/ 48 14050/ 
1143 

A182 
F22 

85/ 
80 211 1.6 

7 15.5/ 
12.8 

169/ 50 13360/ 
1143 

A707 
GR 3W 

85/ 
80 206 1.9 

11 18.2/ 
14.0 

98/ 21 10750/ 
1143 

A707 
GR 3W 

84/ 
80 202 1.6 

7a Stress joints produced with CRA ID cladding full length. 

 

Fig. 1.  A chart that displays the YS drop of a large number (qty 90) of 
SPWHT performed on A182 F22 SMYS 80/85 ksi with conversion of 

time and temperature to Hollomon-Jaffe parameter Hp 

 

V. MACHINING 
Today machining equipment are so well developed some 

machining these sizes of forgings with narrow tolerances are 

fully possible. Of course, there is experience needed to 
understand how the forgings behave in relation to the machine 
tools to keep control of cutting data and shape stability when 
you remove large amount of steel from a high strength forging. 

 

VI. CRA CLAD WELDING 
With the recent possibilities to do ID cladding with low 

Heat Input (<0.3kJ/mm), it is possible to PWHT with a 
comfortable margin to the tempering temperature of the Steel. 
This means a low Hp (Holloman-Jaffe parameter). In table I, 
for the stress joints NPS 7a the Hp used was 18,97 . This has 
very little impact on the base material yield, as can be seen in 
figure 1. With this PWHT, we complied with the sour service 
requirements of NACE. The PWHT temperature being 
significantly lower as the SPWHT to which the original 
material was tested.  

With reference to the clad layer after PWHT: the yield 
strength of the CRA after PWHT, was proven to be 90ksi, with 
an elongation of 44%. The tensile strength of the fusion 
bonding between the CRA layer and the A182 F22 base 
material was found to be on the same level as the base material; 
110 ksi. This is all in line with yield properties of previous 
tested CRA samples. These samples were welded with 
conventional GTAW (hot wire)  process, and a HI of 1.1-1.7 
kJ/mm. Yield strengths of CRA after PWHT; 90 ksi, or a little 
more depending on soak time in the PWHT procedure. All the 
CRA samples had a chemical composition well below 5%Fe, at 
base material FL+3mm (+0.125”). 

This internal bore cladding of stress joints is available for 
lengths up to including 18.5mtr. (60 ft.) 

 

VII.  CONCLUSIONS 
This short report shows that there is a great potential to 

further develop the design of SCR Stress joints in steel for the 
use with existing and new installations if the new 
manufacturing capabilities are evaluated and introduced 
already in the design phase of a new development 

.
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