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Abstract

In recent years, the deep and ultra-deep seas are recognized as the last remaining regions on the planet where oil
and natural gas resources are discovered and produced. In order to develop such natural resources in an environ-
mentally safe and cost-effective method, various engineering systems and technologies are being developed. In
keeping with this direction of development, there is significant worldwide interest among major offshore structural
and system operators in examining the possibility of using high-strength steel for long-distance gas transmission
pipelines and risers. In particular, riser pipes using high manganese steel are often made by longitudinal butt weld-
ing, In order to make a riser, which is a large pipe structure, it is necessary to do pipework to bend the plate. At this
time, welding is required in the longitudinal direction of the riser, and this welding is the longitudinal butt welding.
But studies related to the prediction of residual stresses for this are insufficient.

In this paper, the residual stress values of longitudinal butt welding of high manganese steel using the hold drilling
method were measured. Furthermore, the residual stresses in various directions were calculated using a precise ther-
mal-elastic analysis technique, and comparative verification with the measured values was conducted to see if this
method is valid as a residual stress prediction method.

Key Words: Riser, High manganese steel, Longitudinal butt welding, Residual stress, FEA, Hole drilling
method, Hoop/axial direction
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Fig. 1 Typical steel catenary risers (SCRs) and SCRs manufacturing
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Fig. 2 Tensile test specimen for sour resistant high manganese steel

Table 1 Tensile test results (nominal stress and strain)

Data Yield stress Ultimate tensile stress Fracture strain
No (MPa) (MPa) -)

1 536.30 922.67 0.5569

2 547.49 930.22 0.5465

3 542.82 935.36 0.5803

Average 542.20 929.42 0.56

Max. 547.49 935.36 0.58

Min. 536.30 922.67 0.55
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Fig. 3 Specimen after longitudinal butt welding

Table 2 Dimension of test structure

Length O.D. tp
Shape (mm) (mm) (mm)
Longltudlnzq butt 12,000 533 13
welded-pipe

HE7L 2Pass oty 72t &3 Welded-pipe &34l
o] Al83lE FCAW(Flux Cored Arc Welding)=}
SAW(Submerged Arc Welding)< AR&-3slt). &
SAHAZJALFA (WPS, Welding Procedure specficat-
ion) & o}lle] Table 3 “gAls] el=o] Qltt.
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65+ 5°

Outer=10 + 1 mm

Inner=6 + 1 mm

65+ 10°

B Groove Shape : Double V (Inner : 6mm, Outer : 10mm, Root : 2mm)

B Welding Method : FCAW (Flux Cored Arc Welding) + SAW (Submerged Arc Welding)

B Welding Consumable : FCAW (PT-400MT ®.2, 100%CO,), SAW (PC-800HM / POS-CF1)
B Number of Pass: Inner 2 Passes, Outer 5 Passes

Fig. 4 Welding detail of test structure

Table 3 Welding procedure specification of test structures

. Current Voltage range Travel speed Heat input
Welding .
Polarity Ampere range (A) V) (cm/min) (kJ/em)

252 - 320 25-32 54 - 61 92-11.4

FCAW DCRP 225 - 280 23 -29 38 -39 8.1-12.8

550 - 650 28 - 30 35-55 18.0 - 28.0

SAW DCRP 550 - 650 28 - 30 35-60 18.0 - 25.0

550 - 600 28 - 30 35-60 18.0 - 25.0
3 MR 338 AZ A Fig. 5 = & =98 e £ W3F (Longitudinal
direction) &5l we} ~E#Q Aox|7} Fatd
31 8¥o| o5t AE2H HS 268 nelest A ol §08 v 2z
AolAel B2 922 vephn sl BFed A
Sl o3 27 &8 Sl vke ol A8 AL 95 (Hoop direction) & 2 A= wgko
o & d7e £ =48 WY (HDM, Hole Drilling 2 ylo]T WS Eg =9t} 1He] AL nE =4
sy 2Edel Aol ¥ AHel FHel € W 0.2 mm oA 71

HE ]7i (ASTM E251)9)E & Aot SAEMY. AldTEEe] 54 SRl o
gk A FEE Fig. 6 o Al EMS’J\D}.
3 BASAQ 40 R o|Fo] 7] wiiel o

Parent pipe*

Fig. 5 Hole-drilling measurement equipment and alignment of longitudinal directions
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Table 4 Dimension of test structure
Material Young's modulus Yield stress Ultimate tensile Poisson ratio Elongation
(GPa) (MPa) stress (MPa) -) (mm/mm)
High-manganese
glmang 200 540 920 03 0.58
austenitic steel
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Fig. 8 Material properties (Mechanical and thermal)
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