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Development of Heavy-Wall Forged Node for Use in Large Offshore Structure
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Synopsis :

With offshore structures designed larger and larger in size, the reliability of their
structurel members, particulary nodes, occupies on increased significace. A new
manufacturing process for havy-wall nodes was developed involving hollow-ingot
making, forging, normalizing/tempering, and final machining. Tests were conducted
using full-size models measuring 48 inches (1219.2mm) in outside diameter, 4 inches
(101.6mm) in wall thickness, and 220 inches (5588.0mm) in length. A comparison of new
hevy-wall forged pipe with its counterparts produced by the conventional methods
shows that the newly processed forged pipe has the following adventages: (1) No weld
seams, (2) Excellent lamellar tearing resistance and uniform tensile, impact and
drop-weight properties at any point in thickness direction, and (3) Low production cost.
Forged pipes made by the new process are advantageous for use not only in node cans,
but also in legs and shoe casing of platform members. They are expected to find wide

application to the principal members of large offshore structures.
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With offshore structures designed larger and larger in size, the reliability of their structural members, partic-

ularly nodes, occupies on increased significance. A new manufacturing process for heavy-wall nodes was de-

veloped involving hollow-ingot making, forging, normalizing/tempering, and final machining, Tests were con-

ducted using full-size models measuring 48 inches (1 219.2 mm} in outside diameter, 4 inches (101.6 mm) in wall

thickness, and 220 inches (5 588.0 mm) in length, A comparison of new heavy-wall forged pipe with its counter-

parts produced by the conventional methods shows that the newly processed forged pipe has the following

advantages: (I} No weld seams, (@ Excellent lamellar tearing resistance and uniform tensile, impact and

drop-weight properties at any point in thickness direction, and (3) Low production cost.

Forged pipes made by the new process are advantageods for use not only in node cans, but also in legs and

shoe casing of platform members. They are expected to find wide application to the principal members of

large offshore structures.
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Table 1 Chemical composition of API-2H steel

(wt %)
C 5i Mn* P 3
0.15 0.90
Element | Max.0.18 ! § Max.0.04 | Max.0.035
0.30 1.35

+Max.1.60% Mn for plates over 38.1mm thickness

| Mn+Cr+M0+V Ni+Cu

=C
Con 6 5 15

=043

Table 2 Mechanical properties of API-2H steel

Y.S.(MPa)|T.5.(MPa)! EN%) | v E_sslJoule)| Tipr(*C)

427
) ] Av.34 Max.— 40
Min.289 sbs | ME201 M o7 (351 No break

1 tangential
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Fig. I Continuous cooling transformation curve of heavy-wall forged steel pipe
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Fig. 2 Relation between strength and Cey on
Ferrite-Pearlite steel
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Fig. 3 Relation between fracture appearance
transition temperature and parameter
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Fig. 4 Relation between fracture appearance
transition temperature and Mn/C on
Ferrite-Pearlite steel
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Table 3 Optimum chemical composition of heavy-wall forged steel pipe (wt 25)
C Si Mn P s Cu Ni Cr Al N
Range 0.14 0.20 1.45 Max, Max. 0.10 0.15 0.05 0.010 0.0060
~0.18 ~0.30 ~-1.55 0.008 0.005 ~§.20 ~0.25 ~0.15 -0.025 | ~0.0090
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(Dimensions | mm]

,m 219.2 < t101.6
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A
QLA

[ $508x125.4

7 4 7 77

¢1218.2x1101.6

2500

$606.5 x138.1

¢609.6 x138.1
Section A-A
Fig. 5 Dimensions of manufactured node can for
test
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s EF ASEA SKLE process

|

Steelmaking

U

Forging

Huf
i

Heat treatment

Commercial tests

i

®30 ton hollow ingot used
Medium outside dia. 1 790mm
Core dia. 700mm
Body height 1680mm

Heat analysis

® 6000 ton free forging press
® Final dimensions of the forging
(1240 OD = 940112 5700].mm)

® Horizontal type car-hottom heat treating furnace
@ Normalizing and tempering
(890°C X 6h air cooling; 610°C X 6h air cooling)

Machining

|

1Chemica] and mechanical tests

Stub installation

Inspection

Stress relieving

treatment, packaging

Rust prevention ‘

150mm wall thickness forging

® Tensile, impact and drop-weight tests

® Window type through-thickness
restraint cracking test

®Micro and macrostructures

® Austenitic grain size and product
anulysis

& Welded joint test

Fig. 6 Manufacturing process of heavy-wall forged node can
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Table 4 Chemical composition by heat analysis and steelmaking conditions
C Si Mn P 5 Cu Ni Cr Al N
Heat analysis (wt %) 0.14 0.2 150 0.004 0.004 0.15 0.19 0.10 0.025 | 0.0090

Steelmaking process

EF-ASEA-SKFI(L.R.F.)

Casting temperature 1595°C
Casting time 11min
Solidification time 3.5h

Table 5 An example of welding record in manufacturing nodes

Material Carbon manganese steel
Welding process SMAW
Welding position Horizontal
Electrode AWS No. Diameter{mm)
Welding material
KS70*, KS76LT E7 016G 3.2~5.0
. Preheat. . Electrode Welding
Location temp.(*C) Pass No. dia.(mm) current{A)
1 3.2 120
)] 125 2 4.0 180
337 5.0 240
1 3.2 120
@ 125 2 4.0 180
3~28 5.0 240
1 3.2 120
€)] 125 2 4.0 180
3 ~70 5.0 240

*1st pass only

Joint geometry

Lucation & sequence of passes

B660.4%150.8

oy

4 -
ii“---=.

32

3.2

BT W . = o

37.5°

Fig. 7 Welding record of stub installation
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Photo. 2 Final figure of node material
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Fig. 8 Results of the product analysis
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Table 6 Results of cleanliness of node can produced
by hollow ingot (Worst-Field Inclusion
Ratings, ASTM Method A}

Sampling Type A Type B Type C TypeD
position | pin | Haayy| Thin| Heavy | Thin| Heavy| Thin| Heavy
%t 1 0 1 0 0 0 0 0
At 1 0 1 0 0 0 0 0
Bt 1 ] 1 0 ] 0 0 0
Xt 1 0 1 0 0 0 0 0
1 1 0 1 0 0 0 0 0

Average | 1.0 0 1.0 0 0 0 0 ¢]
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Fig. 9 Tensile, impact and drop-weight test results

Microstructure

100 pm

Austenite gram size

Photo., 3 Microstructure and austenite grain size (}2! position)
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z BERERIZIHREL T3,
by 4360 © B -
= = — AT REERLRTTHY, as weld 35
£ 4op NP LU SR OAEE S L RIFABMIFERETL 72,
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Fig. 10 Results of y-groove restraint cracking test SO&Y R AT =T 1 TS T
and maximum hardness in weld HAZ L7zonid, DI siEL 722 Hio & DRt PEny
b, S B s L OB UL B R s D ks
Table 7 Welding conditions of welded joint
: Dia.of {Welding| Arc Welding | Heat- | Preheating
Welding Electrode 1:;:155 electrode | current | voltage | speed input | and inter- Sequence of
process o (mm) (A) (V) | (mm/min} | (kd/em) pas(s t)emp. passes
°C
1 4 180 23 150 16.56 125
2 100 34.56 125
§ 5 240 24 § | §
13 130 26.58 150
Shielded 1 ys 764 | Are air
metal LT ougin
arc welding gouging
14 4 180 23 150 16.56 125
15 100 34.56 125
i 5 240 24 { § !
16 130 26.58 150
*AWS AL5 E7016-G vE_4 2Av.3.5,Min.2.8
— -
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Photo. 5 Macrostructure of longitudinal section for cranfield test
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Fig. 12 Variation in mechanical properties by the change of cooling rate

from 800°C to 400°C (T direction)
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Fig. 13 Variation in mechanical properties by the change of austenitizing

temp. and cooling rate {T direc.)
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