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A Study on the HSLA Material and New Type
Bulb Brackets for the Offshore Structures

Soo-Ho Lee

Department of Ocean Engineering, The Graduate School.

Pukyong National University

ABSTRACT

This study consists of “two main parts : the development of
basic material and optimized structural design. of a bracket for
the offshore structures:

The high-strength low-alloy (HSLA) steels have low carbon
contents (0.05~0.20% C) in order to posses adequate formability
and weldability, and they have manganese contents up to 1.7%.
Small quantities of silicon, chromium, nickel, copper, aluminum
and molybdenum are used in various combinations. The results
contained in this paper can provide the valuable information on

the development of -40C low temperature HSLA.



Minimum Chemical composition of new material 1S consist of
C 0.125%, Si 0.400%, Mn 1.160%, Cr 0.201%, Ni 0.924%, Cu
0.022%, Al 0.043%, Mo 0.053%, etc.

CE and Pcm of new materials are 0.411, 0231 respectively, and
the result of NDE is perfect.

Mechanical properties of new material are 456MPa yield
strength, 600MPa tensile strength, and 69.78] at the impact test
condition of -40°C.

Also, the new _material has elongation of 24.5%, hardness of
67.2% and CVN value of 70] at the -40C impact test condition.

Furthermore, the present experimental data will upgrade
620MPa tensile strength and provide important database for
casting steel materials of the offshore structure.

In other results of this. study, optimized structural design of a
bracket for the offshore structures has been' carried out by the
ANSYS program.

A new bulb bracket type 1s suggested, which made by rolled
and casting method comparing with conventional built-up type.

Materials for new type bulb brackets is used -40T low
temperature HSLA of 620MPa tensile strength and 450 vyield
strength..

For more optimized structural design of a bracket, we adopted

a circular shaped stiffener at the diagonal surface line instead of

_Xi_



faceplate.

A new bulb shaped bracket made by rolled method is able to
reduce size and weight by about 40% comparing to the built—up
type.

Another new type of bulb bracket made by casting method 1is
able to reduce size by about 20% and weight by about 50%
comparing to the rolled one.

Also, production method for —a rolled type bulb brackets is

proposed.
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Table 2.1 Types of offshore structures

Classification Description Remarks
- Bedtion of dilling system on drllship
Drillship - In 199 arder and huilding at the Kaea
- In 2007, huldng and ddivery of arctic drllship
SEMI- 1| ~ Gt of ki lover full, cm end prton | Laage scele
(Semi-Submersibl | e to Rl M
¢ Drilling Rig) Mg ystem
D . . . .
e |TLP = Smilar to Sani-sunersible type N noe thn effidecy
e | (Tension Leg | - Uke to tesion leg Mbaring system conpairg with Spar; FPO
p | Platform) - Ay to limited fidd of Mni-TIP
S - A platforn which consist of e colunmy. similar
e | guar behaviar characteristics with Semi— subnersible
a |P ~ Aply to radid Miring systemeand VIA
- (hanging Uassic G — Truss S. — Cell S.
- Floating type of production; storage, off-loading | The world best system for
F%S? & facility floating  type  of offshore
Pro é) uac tlino %1 » | - Maximum storage capacity due to Hull structure | structures
Storagk and | Apply to turret mooring system
01t-loading) - Demand of LPG FPSO, LNG FPSO
- Expect to increasing demand of GTL EPS
- Jack=up type platform (consist of deck platform and
Jack-up leg)
= Operation in-water depths of less than 150m
=Tpuss structure with structure pipes
g |k b to 002 ceg
h - Use of gravity and concrete structure-designed for
? GBS(Gravity| astrong wave condition
1 Base Structure) - Column shape structure is general type but possible
0 to hox-shape
W . - Shallow sea floating type of LNG storage and
S g tso rRa [gje( Float lar;]% regasiffication plant alternated for storage hase on
e ; the ground
S %rf i%)a sification ) High price multiple plant
- High market potential
; . - Developed for apply to sea space such as near
IE L IF SO(\aerty iL z;rg €1 seaport and airport
Structures) §1- In case of Japan, accumulate evidence structure
design, building and application evidence

* Data : ITEP(2005)




Table 2.2 Mega-trend of the naval architecture and offshore
structure
Mega Trend ~2012 ~2017 ~2022
Very large scale Ultra large scale
(15000TH cotairer ship 2K ING) (18,000TEU container ship, 360 K LNGC)

Commercial

Ice class technology

Tee breker tech (mure fren 400)

Extreme environment (below -40C)

Transportation for land resources

Transportation for ocean resources
(gas hydrate, etc.)

Transportation for land resources
(minerals, etc.)

. Port-to-Port Hub-to-Hub
ship
Diesel/steam propulsion Electric propulsion Fuel cell propulsion
Tourism /transportation Large scale cruise ship Very large scale cruise ship
(ferry,-Ro-Pax) (100,000-GT class) (more than 150,000 GT)
Small marine leisure boat Large marine leisure boat _—
(motor boat/yacht) (mega boat, mega yacht) W ey marine leisre fciie
Production |  Floating/land construction Tera technology Digital shipbuilding

Offshore
Structure

Large depth (below 4,000m)
Arctic technologies (below -20C)

Very large depth & arctic (more than 4,000m & below 20C)

crude oil and natural gas

ocean minerals

Sinplified furction
(dhlling or production)

Multi-function (drilling and- production; chemical plant)
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Not shewn in the bar charts are § FPSOs,2 production semis and 1 FSO that are offfield
and available for reuse. The3 FPSOs in the GOMare offshore Mexico, ? of which are
early well fest units.

Fig. 2.1 Operating area_of floating type offshore structure

(Data ; IMA, 2008. 07)
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Semi-submersible rig TLP

Fig. 2.2 Floating type offshore structures for deep-sea development
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Fig. 2.6 The largest offshore structure ; BP Thunderhorse

semi—-submersible drilling rig (top) and Agbami FPSO (bottom)
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+ Delivery time

- Price

« Qualities —— 1) Safety

— 2) Max. performances or capacities
below contract requirements

— 3) After service

Fig. 2.7 3(three) issues in construction market of the shipbuilding

and offshore structure
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Fig. 2.8 Drilling equipments for offshore structure
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Table 2.3 Comparison of section properties of each shapes

Classification

Dimensions

Area of section

Mass per unit

Modulus of

(cm) (kg/m) section (cm)
Flat bar 400x13 52.00 40.82 346
Unequal Angle |400x100x13/18 68.59 53.80 467
Bulb flat 400x13 7740 60.80 476
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Fig. 2.9 Each beam and shape
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Fig. 2.10 Section and detail of bulb flat
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Connection point
for upper deck

Tension line &
connection point for column

Tension line & i
connection point for <%
well equipment

Equipment

Fig. 2.11 Application cases of casting steel for offshore structure
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Fig. 2.12 Shape and section of the casting steel for knuckle part of

semi—-submersible drilling rig

_27_



Casting steel part
- High level of anti-stress
- Optimized design
- High-strength, low alloy

4l

Supplement of good mechanical and
chemical.properties for offshore
structure in the deep sea

Fig. 2.13 Comparison-between casting steel and built-up plate type
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Table 2.4 Chemical composition of KS D 4111 [Unit : max. wt%]
C Si Mn F S Ni Mo Cu Cr Total
SCPLL | 030 | 080 | 1.00 | 004 | 004 5 - 050 | 025 | 1.00
SCPLI1| 025 | 060 | 05708 | 004 | 004 - | 04606 | 050 | 035 -
SCPLIZ| 025 | 060 | 05708 | 004 | 004 | 20730 - 050 | 035 -
SCPLI3| 015 | 060 | 05708 | 004 | 004 | 30740 - 050 | 035 -
* Total is consists of Ni + Cu + Cr.
Table 2.5 Min. Mechanical Properties of KS D 4111
YS TS Elongation | Reduction Charphy impact test
(N/mrt) (N/m) (%) area’) | Tpeere(C)| Energy(])
SCPL1 245 450 21 35 20 918
SCPLI1 245 450 21 35 -60 918
SCPLI2 275 480 21 35 ~fff 11721
SCPL13 275 480 21 3D =100 11721
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Table 3.1 Chemical and mechanical properties of carbon steel
materials
Qua?‘gg& )of C Yig\l](; Isrtrllr%ss Elor(log%)a)tion Remarks
0.0 103 62
0.2 220 35
0.8 448 14

Table 3.2 Classification of steel materials

Classification Contents
Pure iron C>002 %
Chemical Pig“iron 25 <C<45%
properties | Stap] AR <C<20%
Cast iron 20 <C <66/ %

General steel

Cabm alloy sted induding S, My B, § ec ot the 80~
120C

Use
. Speddl dloy sted mdudng G, N, My V), ee far
Special steel Feric tods
E)(l)lted Sted prodiced by dling ad drawing' the seamiprodict
“tocl ded & recrystallization temperature :-800~1200C)
Rolling oold
. # Steel produced-by ‘cold rolling ~the hot rolled steel (£ &)
Production rolled 00)
method steel
Casting steel S.teell product. with ;pec1fled shape made by pouring
liquefied steel into casting mold
Forging Steel product made by forging raw material
+ Section shaped steel (R, E, N, L-shaped, rail, bulb plate
and sheet pile and so on)
Shape - Bar steel (circular, rectangular, hexagonal, octagonal, etc.
bar steel and so on)
Type - Wire rod (circular, etc.)
Thick medium, thin, hot-rolled or cold-rolled and surface
Plate
treated steel plate
Tubular Seamless, welded and multi-welded pipe
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Table 3.3 Properties of chemical element for carbon steel materials

(Classification

Contents

5 main
elements

Carbon (C)

. Imeaseﬂleweld/tmsﬂestrmgﬂlarﬂmm

Decrease elongation and section reduction

Silicon (Si)

» Residual element from pig iron and deoxidation agent
« Inprovement of ﬂexﬂmhty and castahility
- Deterioration of cold-workahility, Decrease inpact resistance

and elongation

+ Decrease city, weldahility and nelting
- No dﬂnpmlalésnmmm such as SIO, no effect on mechanical

properties

Mangan (Mn)

- Improvement of yield strength and rolling property,
+ Degradation of brittleness

- Increase depth of case hardening

* Promote quenching cracking and deformation.

- Pegradation of acid=resistance and anti-oxidation

* Restraint formation of FeS

Phosphorus (P)

* Improvement of weather proof

* Decrease impact resistance, weldahility~and cold-workability

- Induce tempering brittleness

+ Induce formation of harmful Fe3P without uniformed distribution

Sulfur (S)

* Dissolution at high. temperature (1300C)

Improvement of cutting property

+ Cracking factor during hot and cold machining in case of FeS

formation

Added
elements

Vanadium (V)
Niobium' (Nbh)

+ Increase strength after heat treatment

- Restricted addition rate by evaporation at higher temperature
-V - Disturbs grain coarsening at higher temperature

+ Nb - Inhibits stainless steel from corrosion

Nickel (Ni)

« Improve strength and hardness
* Decreases brittleness by addition other elements
+ Remarkable improvement of lowstemperature toughness

Chrom (Cr)

- Improve strength and. hardness
< -Surppress low tem%erature and hydrogen brittleness
- Induces tempering

~Improves heat treatment property

« Stainless steel (>10% Cr

rittleness

Molybdenum (Mo)

+ Hardness improvement (10 times of Ni)

Surppress tempering brittleness

- Increase temperature of grain coarsening

Tungsten (W)

+ Use for high alloyed tool steel due to high hardness

Cobalt (Co)

+ Improves strength at higher temperature
+ Use for high alloyed tool steel due to high hardness

Others
elements

Hydrogen (H)

* Decreases impact property .
+ Main factor of weld defect and cracking

Oxygen (0)

+ Important element when converted iron ore into steel -
- Decreases ductile and impact property when resided as acidic

non-metallic compound

Ntrogen (N)

* Increase strength, but decrease workability with higher contents
- Decreases elongation and impact value
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Table 3.4 Mechanical properties of standard microstructure

Classification Ferrite Pearlite Cementite Remarks
TS (kg/mr) 35 90 below 3.5
Elongation(%) 40 10 0
Hradness(Hb) 80 200 820
Table 3.5 Target Point for development of HSLA steel material
Classification Unit | DNV AR50 Target Test Test Spec.
supplyer | =~ Point
C W % 0.25 0.11 0.11 ASTM A751
Si W % 0.60 050 050 ASTM A751
Mn W % 1.70 1:40 1.40 ASTM A751
P W.% 0.035 0.015 0.015 ASTM A751
S W % 0.030 0.007 0.007 ASTM A751
C Cu W % 0.30 0.20 0.20 ASTM A751
h Cr W % | min.0.40 | min.0.20 | min.0.20 ASTM A751
e |Ni W % | min.0.40 1.00 1.00 ASTM A751
m Mo W% | min.0.15 | min.0.15 | min.0.15 RIST ASTM A751
1 \4 W % 0.12 0.05 0.05 ASTM A751
¢ |Al W% 0.050 0.050 ASTM A751
? N W % 0.009 0.009 ASTM A751
(max.) Nb W % 0.04 0.04 ASTM A751
B W % 0.0005 [ -0.0005 ASTM A751
Ti W % 0.05 0.05 ASTM A751
W/Sn W % 0.015 0.015 ASTM A751
CE - 053 0.49 ASTM A751
Pcm - 0.27 0.25 ASTM A751
M |YS MPa 620 600 620 ASTM A370
e |TS MPa 430 500 430 ASTM A370
fl Elongation % 16 17 20| oy [ASTM AT
4 | Reduction Area % 30 35 50 ASTM A370
n | 40T Impact test ] (0C) 32 68 68 ASTM A370
i Hardness Hvmax. 325 325 ASTM E92
c MT % Perfect | Perfect | Perfect
@ |NpE [UT % | Perfect | Perfect | Perfect | NpU | A0S PLL
(min.) RT 9% | Perfect | Perfect | Perfect '
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Fig. 3.6 Test equipment of chemical composition for specimen

a) Outside b) Inside

Fig. 3.7 Heat treatment facility for quenching
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a) Outside b) Inside

Fig. 3.8 Heat treatment facility for-tempering

Fig. 3.9 Hot mounting machine (left) and polisher (right)
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Table 3.6 Max. chemical composition table of test specimens

(Umt . Wto/o)

C Mn Si Cr Ni Mo P S
No.1 0232 | 1210 | 0420 | 0033 | 0035 | 0002 0.011 | 0.008
No.2 0.120 | 1.200 | 0383 | 0173 | 0900 | 0.091  0.013 | 0.010
No.3 0.050 | 1.250 | 0510 | 0334 | 1.090 | 0116 | 0.017 | 0.009
No.4 0.125 | 1.160 | 0400 | 0201 | 0924 | 0.053 | 0.018 | 0.009
DNV 0.250 | 1.700 | -0:600 | 0.400 | 0400_| 0.150 | 0.035 | 0.030
Table 3.7 Test condition.of specimens
Classification Anneal. Normal. (Wg‘zle ingz)i(r)lfng) (glingfgil?lgg )
DNV Fully | min. 550C min. 550C min. 550C
No.1 (0.232%) Yes Yes 850C / 2hr |450~600C / 2hr
No.2 (0.126%) Yes Yes 920:C /¢2.5hr| 580C / 3~6hr
No.3 (0.056%) Yes Yes 920°C / 2.5hr |500~580C / 6hr
No.4 (0.125%) Yes Yes 920C / 2.5hr 580°C / bhr
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Fig. 3.12 Molding process simulation of specimen by MAGMA



Fig. 3.13 Photographs on the production of the specimens
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Patten Marking

Heat treatment

Fig. 3.14 Production process of specimen

Fig. 3.15 Specimens after tensile (left) and impact (right) test
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Fig. 3.16 Chemical composition of test specimens

_76_



n EZQtedasielrd

rac.rist.re.kr

HARE BEA U7 SRS &332 8 TEL : (054)279-6950 FAX : (054)279-6459

Al & M ® M certificate for Test Materials

H4&pE 1 2008T00368-04 g8 &£ SE=Y Test of Specimens

oz (F)482% Sekjin Metal Co., Ltd.

= A 0 FAEHAl MG MBS 642-19

== ¢ 2008-02-25 22X ¢ 2008-03-06

A 85 % : M2 DA% Casting Steel Material Description : Low Temperature High Strength Casting Steel
Al =] = 1} Result of Test

Al& &= Chemigal “9 Unit 24 kgt Ratio AMEZE Method

¢ wt% 0.125 ASTM E415:99a(2005)
Si Wt % 0400 ASTM E415:99a(2005)
Mn wt.% 1.16 ASTM E415:99a(2005)
Cr wt.% 0.201 ASTM E415:99a(2005)
Ni wt.% 0.924 ASTM E415:99a(2005)
Cu wt % 0,022 : ASTM E415599a(2005)
Al wt.% 0.043 ASTM E415:99a(2005)
Mo wt.% 0.053 ASTM E415:99a(2005)
ol &t o Blank ul

Hl L) -
1 HOIXI = 1 HOIX
* 9 A8 M= AT NSE AIS0 Ot 0|0, EX 020 AE & 4 &L
* 9 BEMHE G AMBDIZS XS0 Q0| FF HRE MR = I E 4 sLIT
* 9| AR MHE SHAEI|20 382 M (International Laboratory Accreditation Cooperation) A& @15 & & (Mutual Recognition

Arrangement) Ol A28t BIR01EI|2(KOLAS)ZREH 221 22 =0 CHE AR ZDALICH

o |

i

Py
03 8

AL

B} 2008 A

AE R 201= S XML HeS Wg
Test : Y.J. Yoon 06%9proya| 1 S:W.Jung

w ESIAIQ| TSI L RIA}

President of the Research Institute of Industrial Science & Technology

Fig. 3.17 Certification sheet on the chemical composition of test
specimen

_77_



j- E

Fig. 8.18 Specimens.of materials before heat treatment
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Fig. 3.22, Fig. 3.23, Fig. 3.24, Fig. 3.25, Table 3.8
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Table 3.8 Min. mechanical properties for steel casting

DNV-0S-B101 Speci ¢
Classification peIc\}meE 0 Remarks
NV 550 W | NV 620 W 0.
Ys(N/mr) 355 430 456
TS(N/mr) 550 620 599.6
Elongation(%) 18 16 24.6
Reduction Area(%) 30 30 67.2
Hardness(Hv) 182.13
I T(C) 0 0 -40
mpact
Test Enérg 6l 32 32 69.78
Table 3.9 Comparison of CE & Pcm
Classification | . No.1 No.2 No.3 No 4 Reference
L ) ) ) (ASTM A751)
CE 0.450 0.423 0.411 0.411 Max. 0.490
Pcem 0.312 0.239 0.186 0.231 Max. 0.250
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Fig. 3.19 Comparison of microstructure (x200) of 0.232%, 0.126%,
0.056% before heat treatment

A ‘aiét\f-_ i 00
(x500) of 0.126% (top; 4, 5, 6 time
interval at the 580T), 0.056% (bottom; 500, 540, 580 C temperature interval
at the 6hours) after tempering

_84_



DAEWDD SHIPBLIGE DING £

MARINE CHNGINEERING CO_LTD fw i " 1=

Test Report
Sample name Material
Tast date: 2008, - Glient
Universal Testing Machine TIM‘I‘DD;D Sta Result data:
T F B | -l e <
| KH HAN 8 [ && ] uT.S ML E R.A a YL L1 Du
Imm] [mm Mimm2] | kK] J| Pl | pimn] | mm] ]
| P{EBOLO20+E30H) 1400 mgn‘a mz-i -o040 2418 SBE¥| sap22 ) 15| 6830 | B
| Eﬁsa«ezua-mﬂ; 1qm mr 8327 25.04 | 6443| a1 7E| TAaE|EBip] 835
nm:»anwa 153,99 ﬂm 5992« 9\224| 2727| @4o0| 4s172| 710B[7000| &40
; g e ;
700 7 | sstnsSa0-E30H)
L PP BsEn-a20.630H)
&50 i o LR COBE0-920-530H)
600 E \I
& sl e .i_ -
550 F-een i |
i I
500 I .j s
e LI 8 ’
E : / E
E 400 i
%350 i
£ 400
-

&=

@ 250
200
150

100

a0 f

H 1 i :

o i : | : i - e

000 1000 2000 300D 4000 5000 BOOD 7000 BOOD  80.00 10000
Deformation [ % ]

Fig. 3.22 Reference of stress strain curve for the specimen

_85_



700

600

500

400

300

200
Fig. 3.23 {

\4/’\

Comparison of min. yield and tensile strength

PP |

\ 3 No 4

/ .
/ ——Ra(%) —
/

/'\ —— Hongation(%)

//\'\

10

No.1

No2 No3 No4 Reference

Fig. 3.24 Min. elongation and ratio of min. reduction of area

_86_



350

300 —— Hv /

—8—Jat 40T /
250

150

100

No1 No 2 No3 No4 Reference

Fig. 3.25 Comparison/of max. hardness and min. Charpy V-notch test

A7 PR FDEE o OFF SHWRF < FF

Fig. 3.26 Result of radiographic test for specimens

_87_



V. T2 ES AN 72234 AE

I Z5-& Bracket 4

1.

R4

& vhe} zol

Table 4.101 4 F-&

—
fite)

o

)

A4

A3t ZFE=FDWT) 2

W)

HoZ

A
==

]

;io

-
1

adl Hsstar glvh42].

94

o F2% 5

=

Bracket 9]

&5 =

3|
Z|

)\oﬂ

3

=
T

Fig. 4.10A <} Zo] 7]

e

O
RS

wK

0SS

)l

(=
fite)

el & o

=
[¢)

. TLP,-FPSO

).

B 7Fg - Z(Stiffened plate structure)”} oF W -+Z(Framed structure)

i A A

2 AgdEr, 3

o

| AR

)
—~

A ol M

B =

2

gl

A

A

_88_



o] Fig.

(Compartment) W2 H¢} 7|5, &

42%} Fig. 4.300 4 &}
3 Bracket 371

}(Typical type)S 7}zl =

A
o O

=z
LN

it

A =, el

A s

nlo} 7+o] W3 Bracket®} U

-
1

Fig. 4.4014 =

)
0

)

Bracket 9]

-
1

i lew, el ofd

B o]

=
=

I BA7AI el A2 A

Ak ALY
Hl-& 57}

wl
=

2]

~©

R

A7E =ZA o A

=
)

59

o

ng 29240 =2 Bracketdy FH] zHHo=

s,

=S

ol
HH

Mo

B

X
el

fvze)

Ho

e

Bracket#l| 2}l ¢tdojy 5

A

ol

}°o] Bracket©]

A
o O

=
RS

2!

=K

Aol A= Nesting

Hnoe=

.
=&

7}

Library©l

of mhE A %A}

e

2ol

ek!

vl
=

o] #A Nesting

)

=

o
A

=
T

B xdo] 7tsatRg AARd F2s £

253

_89_



Table 4.1 Comparison between the commercial ship and offshore

structure
Classification Commercial Ship Offshore Drilling Structure
Purpose - Transportation - Chemical plant
Max. volume - Capacity of production
Design Goal - Max. velocity - Min. weight
Stability, Efficiency - Stability for mooring
Surfaced unit - Surfaced unit or Fixed
Sameness
Steel structure - Steel_structure
- Stiffened plate +Framed structure
Structural ;
- Stiffened plate
type ;
- Framed + Stiffened
- Large scale - Large scale & Deep sea
Mega trend - High efficiency - Arctic
« Environment—friendly - New model
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Fig. 4.1 Comparison between commercial ship (left) and concept of
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Fig. 4.4 Example of interference between large size bracket and

equipment or outfitting
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Table 4.2 Materials and structural

modeling conditions

Name Material Nodes Elements
Structure DH36 118,296 58,954
Bracket 1 Casting steel 4,087 2,114
Bracket 2 Casting steel 4,087 2,114

Table 4.3 Comparison- between adopted materials-for the casting steel

Built-up bracket Bulb bracket
(DH36) (Rolled or Casting)
Young’'s modulus(E) 210,702.032 1,041,127.3
YS(MPa) 350 450
TS(MPa) 500 600

_99_




",

Fig. 4.5 Model cases of built-up and bulb bracket
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Fig. 4.10 Check of the displacement
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Table 4.4 Properiies between each cases of buili-up & bulb

brackets
Classification (H;Sirzfm) V\Eilgg)h t Disp(lraniflr)nent Remarks
Case 1 483.661 41.12 3.045 Built-up
Case 2 424.264 35.18 3.342 Built-up
Case 3 359.055 27.00 3.582 Built-up
Case 4 359.055 30.61 3.549 Built-up
Case 5 286:305 24.70 3.899 Rolled beam
Case 6 286.355 27.86 3.874 Rolled beam
Case 7 234.038 13.06 4.308 Casting steel
Case 8 230.483 13.85 4.319 Casting steel
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Fig. 4.12 Results of structural analysis for each cases of the

built-up and bulb bracket
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Fig. 4.13 Optimized results (proposed shapes) of structural analysis
model for the bulb bracket (top : rolled type, bottom : casting type)
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Fig. 4.15 Optional types of bulb design for the bulb bracket
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1.0

1.1

1.2

1.3

14

Scope and General

This document defines buyer’s minimum requirements for the
manufacture, testing, and inspection of High Strength Low
Alloy Steel Castings in the 355 ~ 620 N/mrif specified minimum
yield strength (SMYS) range for use in the fabrication of
offshore structures or manufacturer of marine equipment as
invoked by the Request for Proposal/Quote (RFP/Q), Purchase
Order (PO), Construction drawings (AFC drawings).

The requirements of DNV-OS-B101 Sec.4 Steel Casting shall
be applied for the classification society approval.

Lowest Anticipated Service Temperature (LAST)

The Lowest Anticipated Service Temperature (ILAST) shall be
0C for submerged” components. and -20C for. components
exposed to' the atmosphere.

This document supplements| buyer specifications which govern
the overall fabrication of offshore structures and manufacture
of marine equipment. Unless specifically - deleted/waived by
this ‘“document, all = provisions of the applicable buyer
specifications: =shall apply, including ~the requirement for
development-and implementation -of a quality assurance system.
The quality assurance system shall be in compliance with any
one of the following:

a. API Q1
. ISO 9001 or ISO 9002
C. ASME Section VIII - Division 1 - Appendix 10,

ASME Section VIII - Division 2 - Appendix 18, or
ASME Section III - NCA 3800

SMYS, LAST (if different than the default value given in this
document, reference Section 1.2), service category (reference
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1.5

1.6

Section 1.6), required Charpy V-notch (CVN) absorbed energy
for base-metal (if different than the default values given in
Section 6.3.2), required CVN absorbed energy for repair weld
procedure qualification ((f different than the default wvalues
given in Section 7.7.4.7), critical sections for mechanical
properties, structural weld thicknesses, and critical regions for
Non-Destructive Examination (NDE) will be specified on the
AFC drawing. Specific or proprietary chemical compositions
may also be specified in the RFP/Q or PO or on the AFC
drawings in order to restrict or augment the designations in
Section 2.3.

The fabrication contractor or marine equipment Manufacturer,
as applicable, may either use this document directly, with
specific requirements addressed in the PO to the casting
manufacturer, or .he may!| prepare a detailed materials
specification which is compatible with his specification format
and Quality assurance system. The materials specification
shall include all of the requirements contained herein as well
as specific chemical composition ranges, documentation, testing,
and other requirements. The fabrication contractor or marine
equipment manufacturer shall obtain buyer approval of the
materials. specification and any subsequent revisions. buyer will
treat  the . fabrication. contracter’s’ or marine equipment
manufacturer’s “material specification —as confidential. The
casting manufacturer and all facilities utilized in the casting
manufacturing process shall be approved by buyer. In the
event that buyer contracts directly with the -casting
manufacturer for the supply of -castings, then the -casting
manufacturer shall fulfill all the functions defined for the
fabrication contractor or marine equipment manufacturer in this
document.

Service categories are defined as follows:

Service category A: Not intended to contain, or form part of,
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1.7

1.8

19

structural weldments, other than repair
welds.

Service category B: Intended to contain, or form part of,
structural weldments.

Critical sections for mechanical properties (generally those with
the highest service stresses), critical regions for NDE, and
structural weld thicknesses, if applicable, will be designated on
the AFC drawings. If buyer contracts with the fabrication
contractor or marine equipment Manufacturer for the design
and/or procurement of castings, then the primary responsibility
for designating ™ critical sections for ~mechanical properties,
critical regions for NDE, and structural weld thicknesses lies
with the = fabrication contractor or marine equipment
Manufacturer, however, buyér -approval 1s required. In the
case  where buyer contracts directly with the -casting
Manufacturer for the supply, of castings, the buyer will
designate | critical sections for mechanical properties, critical
regions foe NDE, and structural weld thicknesses on the AFC
drawings.

Castings. shall ~be- manufactured and testéd. in .accordance with
the general © requirements  of ~ASTM ~A703-89 Standard
specification for- Steel Castings, General Requirements for
Pressure Containing Parts (hereafter referred to as ASTM
A703). Modifications to the above specification deletions or
identifications of non—applicable parts are given herein. Unless
specifically deleted/waived by this document, all provisions of
ASTM A703 shall apply. Some statements and/or required
values in ASTM A703 may be repeated in this document for
clarity or special emphasis.

Full traceability of castings and Qualification Test Samples

(QTS’s) relative to heat and heat treat lot, as applicable, shall
be maintained.
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1.10

1.11

1.12

1.13

2.0

2.1

2.2

2.3

2.3.1

An authorized signature shall be required on all certifications.

Unless specifically stated in the RFP/Q or PO or on the AFC
drawings, hydrostatic testing is not required.

The product marking requirements of ASTM A703 Paragraph
17 shall be applied except that a raised pad i1s not required.
The serial number shall be traceable to the heat number, heat
treat lot number, PO number, and pattern number.

Prior to the start of manufacturing, a Preproduction meeting
shall be held at the Manufacturer facilities. All aspects of the
Purchase Order and the Material specification for the castings
ordered-shall be discussed and agreed upon.

Process of Manufacture and Chemical Composition
Steel shall be made by the basis electric arc furnace practice
followed by either  vacuum| degassing (VD) or argon oxygen
decarburization (AOD):

Process ‘of manufacture shall be satisfied” with .the manufacture

requirements. of ‘DNV-=0S-B101, Sec.4.

Steel shall be fully killed prior to casting.

Chemical Composition

Chemical composition in below category shall be satisfied the
requirements of the table B1 of DNV-O5-B101, Sec.4.

Chemical composition shall conform to one of the following, as
applicable for the specified service category A or B, unless
otherwise specified:
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232

2.3.3

Service category A

ASTM A487 Grade 4, 6, 8, 9, 10, 11, 12, or 13
Sheffild Forgemaster CSN 355", CSN 500"

Georg Fischer M3N2DV50"

Lokomo 0S-340", 05-540", 0S-590"

Atlas Alloy 804", Alloy 806"

O O O(Korea) Oog?

Service category B

Sheffild Forgemaster CSN 355(1), CSN500(1)

Georg Fischer M3N2DV50(1)

Lokomo 0S-340(1), OS-540(1)
Atlas Alloy 804(1), Alloy 806(1)
0 0/0(Korea) AAND

Note: 1. These compositions are proprietary to the foundries
listed.
Note: 2. These items will be supplied by the new mill.

The chemical ~.compositions| listed above' are .not necessarily
equivalent “and “selection of _a specific ‘composition shall take
into consideration-the specific application as well as the ability
of the composition to meet specified requirements in the SMYS
and critical section thickness combinations required. Other
chemical composition specifications or proprietary compositions
considered suitable will be stated in the RFP/Q or PO, or on
the AFC drawings, as applicable. The chemical composition
specification and allowable elemental ranges selected shall be
approved by buyer.

Only those elements specified by the chemical composition

specifications given in Section 2.3.1 shall be added and any
element specifically limited by the chemical composition
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2.34

2.35

specification or intentionally added shall be reported. For
service category B, nitrogen, aluminum, niobium, and titanium
shall be reported in addition to those elements included in the
IOW Carbon Equivalent (CE) or Ito-Bessyo Composition
Parameter (Pcm) equations given in Section 2.3.5.

Specific deviations or modifications to the chemical composition
ranges of the specifications listed above shall be described in
the materials specification and shall be approved by buyer.
Unless more restrictive ranges are required by the chemical
composition specifications referenced above, the following
elemental limits shall apply to-the heat analysis:

Element Weight Percent (max.)
C 0.200
S 0.500
Mn 1.400
P 0.015
3 0.007
Cu 0.200
Cr min. 0.200
Ni 1.000
Mo 0.150 ~0.450
\Y 0.050
Al 0.050
N 0.009
Nb 0.040
B 0.0005
Ti 0.050
W/Sn 0.015

Note: Values listed for Ti, V, Nb, and Nb+V are maximum
allowables for intentional additions, residual levels shall be
limited to 0.010 weight percent maximum, each.

The CE and the Pcm, based on final heat analysis, shall
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3.0

4.0

4.1

4.2

4.3

43.1

conform to the limits specified in Table 235 for steels
intended for service category B. CE and Pcm shall be
calculated utilizing the equations given below:

CE = C + Mn/6 + Si/24 + Ni/40 + Cr/5 + Mo/4 + V/14

Pecm = C + (Si/30) + [(Mn + Cu + Cr)/20] + (Ni/60) +(Mo/15)
+ (V/10) + (5B)

Chemical Properties and Tests

The final heat-analysis for each heat of steel shall be included
in the documentation package. CE and Pcm ‘shall be calculated
for the final heat analysis of steels for use in service category
B and shall be reported in the documentation package for each
heat.

Heat Treatment

Heat “I'reatment shall be performed in accordance with the
DNV-0S-B101-Chapter 2, Sec.4.

Quality heat-treatment shalll be defined as the collective
sequence of heat-treatments performed to achieve final
properties, including the final austenitization, quench from final
austenitization (if applicable), tempering or ageing, and
quenching (if applicable) from tempering or ageing.

Heat treatment process control requirements for quality
heat-treatment and post weld heat treatment (PWHT) after
repair welding, if applicable, shall be fulfilled by the selection

and adherence to any one of the options listed below.

Quality heat-treatment and PWHT of castings and QTS’s
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432

4.3.3

434

435

44

conducted in furnaces meeting the requirements  of
MIL-H-6875G (US Military Standards).

Quality heat-treatment and PWHT of castings and QTS’s
conducted in furnaces meeting the requirements  of
MIL-STD-1684A except that the furnace uniformity tolerance
for tempering or ageing is limited to plus or minus 25C.

Quality heat-treatment and PWHT of castings and QTS’s in
furnaces meeting the requirements of British Standard
Mb4:1982 Category B for austenitizing and PWHT and
Category A for tempering -or-ageing.

Quality heat-treatment and PWHT of castings and QTS’s in
furnaces meeting the requirements of ~AMS-2750 except that
the furnace -uniformity tolerance for tempering or ageing is
limited to plus or minus 25C.

Quality heat-treatment and \PWHT of castings and QTS’s in
furnaces with load thermocouples attached to all castings and
QTS’s. All castings and QTS’s shall be maintained at the
selected  temperatures plus  or  minus® 30T / for quality
heat-treatment-and PWHT.| QTS temperatureshall be within
-10C of all castings- they are _to:représent for tempering or
ageing.

If it has been demonstrated to buyer’'s satisfaction that the
alloy to be tempered or aged has a relatively flat mechanical
properties vs. tempering or ageing temperature response curve
and can, therefore, tolerate a wider temperature range than the
-10C tolerance between QTS’s and castings for tempering or
ageing, then a wider furnace uniformity tolerance or casting
and QTS thermocouple reading tolerance, up to plus or minus
30C maximum, may be approved by buyer.

Quenching equipment, if applicable, shall be located in such a
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44.1

442

4.5

4.6

manner, and handling facilities shall function with sufficient
speed, to prevent the castings and QTS’s from dropping below
the Ar3 temperature for the alloy prior to immersion in the
quench medium. In addition, quenching facilities shall have
sufficient agitation and be of sufficient volume such that the
following are ensured:

If water or water-based (i.e. polymer) quenching is required by
the Materials specification, then the temperature of the water
or water-based quench medium shall not exceed 35C at the
start of the quench, nor exceed 50C at any time during the
quench. Additionally, castings-and QTS’s shall not be removed
from the quench medium until they have cooled to below 20
0C, unless otherwise specified in  the “buyer PPROVED
Materials specification.

If Joil-based quenching 1s required by the Materials
specification, then the temperature of the oil-based quench
medium shall be between 15C and 70C at the start of the
quench and shall not exceed 30C at any. time during the
quench. Additionally, castings and QTS’s shall not ' be removed
from ‘the quench medium until they have cooled’ to below 20
0C, unless otherwise specified in the buyer approved materials
specification.

Heat-treatment furnace records or charts shall be maintained
showing time and temperature for all heat-treatment operations,
including PWHT. These records or charts shall be available
for review by the buyer representative and copies shall be
provided, when requested.

Heat-treatment  temperature and cycle times, furnace
identification, and quench facility (tank) identification, if
applicable, as well as a description of the methods of cooling,
shall be stated in the documentation package for each heat and
heat treat lot for all heat treatment cycles, including PWHT.
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5.0

5.1

5.2

0.3

Qualification Test Sample (QTS)

A QTS shall be utilized to qualify the mechanical properties of
all castings on a heat treat lot basis.

QTS’s shall conform to the test block requirements of ASTM
A703 Supplementary Requirement S26 except that the
thickness, T, upon which the dimensions of the QTS are
based, shall be defined as the diameter of the largest circle
that can be inscribed within the critical section for mechanical
properties or the structural weld thickness, as applicable, at
quantity heat-treatment.—If-more than one critical section for
mechanical properties has been identified-for the casting on the
AFC drawings, then the thickest eritical section for mechanical
properties shall ‘be used as the basis for defining QTS size
requirements:. If more than one. structural. weld thickness has
been identified for service category B castings on the AFC
drawings, then/ the thickest structural weld thickness shall be
used as the basis for defining QTS size requirements. If both
critical sections for mechanical properties and structural weld
thicknesses" have been identified for service .category B
castings, then one of ‘the following options shall be adhered to:
Option 1) oné QTS based on the maximum thickness based on
the maximum thickness determined’ above, or Option 2) two
QTS’s, one with—a “thickness based on the maximum critical
section for mechanical properties and one with a thickness
based on the maximum structural weld thickness; or Option 3)
a stepped QTS containing thicknesses based on both the
maximum critical section for mechanical properties and
maximum structural weld thickness. In any case, QTS
configuration and dimensions shall be approved by buyer and
fully described in the documentation package.

QTS’s shall accompany the castings they represent through all

heat-treatment cycles, except that QTS’s are not required to
accompany the castings they represent during PWHT.
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5.4

6.0

6.1

6.1.1

6.1.2

For QTS’s cast integral to castings, partial severing shall be
employed as necessary so that final removal is by mechanical
means only.

Mechanical Properties and Tests

Mechanical properties and tests shall be satisfied the
requirements of mechanical properties and tests on the
DNV-0S-B101, Chapter 2 Sec.4.

Tensile Tests

One set of two tensile tests shall be obtained “from the QTS
after /quality heat-treatment, excluding PWHT. " Tensile test
specimens = shall’ be standard 12.7mm round tension test
specimens per ASTM E8-86. | Tensile test specimens shall be
extracted | from within thel QTS such that the longitudinal
centerline ' of all specimens fall within # x Tf of the
longitudinal centerline of the T dimension thickness of the
QTS, “where T is defined as in Section 5.2 and. Tf is defined
as the finish! machined thickness across~the designated critical
section for-. mechanical  properties or = structural weld, as
applicable, of the-casting. -Additionally, the entire gage length
of all specimens shall be at least 1T from any other
heat—treated surface.

Test results shall comply with the requirements of Table 6.1.2
for the applicable SMYS. For SMYS not listed in Table 6.1.2
but within the ranges given, linear interpolation is acceptable
for the determination of minimum and maximum yield strength
and minimum ultimate tensile strength requirements. If the
results from only one of the specimens fail to meet the
specified requirements but are no more than 6.9MPa below the
required minimum Yyield strength, no more than 6.9MPa above
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6.1.3

6.2

6.2.1

6.2.2

the maximum allowed vyield strength, no more than 13.8MPa
below the required minimum tensile strength, and no more
than two percentage units below the required minimum
elongation or reduction in area, then two additional specimens
may be extracted from material immediately adjacent to the
failed specimen, but still fulfilling the specimen extraction
location requirements specified in Section 6.1.1., and retested as
above. Results from both the additional specimens shall meet
the requirements of Table 6.1.2 for acceptance.

Results of all tensile tests shall be included in the
documentation package for-each heat treat lot.

Hardness Tests

Brinell "Hardness determinations in accordance “with ASTM
E10-84 shall be. made neat as practicable to the center of at
least three of  the original cast surfaces of QTS’s and at
locations specified for the castings on the AFC drawings after
quality heat-treatment, excluding PWHT. If Brinell Hardness
testing in accordance with ASTM E10-84 is impracticable, then
portable Brinell Hardness testing in accordance with ASTM
E110-82-may be approved by buyer. - Other portable hardness
measurement - methods. may._ _be ~utilized when approved by
buyer. The average Harness units—of the average Brinell
Hardness units of the average Brinell Hardness of each casting
they are to represent.

Each Brinell Hardness determined in Section 6.2.1 on castings
shall comply with the range specified in Table 6.1.2 for the
applicable SMYS. For SMYS not listed in Table 6.1.2 but
within the ranges given, linear interpolation is acceptable for
the determination of minimum and maximum Brinell Hardness
requirements. In the event that a casting does not exhibit the
required minimum hardness level, the casting may be
considered to have an acceptable hardness if the measured
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6.2.3

6.2.4

6.3

6.3.1

6.3.2

value equals or exceeds the value given by the following
equation:

HBcast = UTSreq/UTSqts) x HBqts

where:

HB cast = minimum acceptable Brinell Hardness for
castings

UTSreq = minimum required ultimate tensile strength
for the applicable SMYS

UTSqgts = average ultimate tensile strength determined
by tensile specimens extracted and tested
from the QTS

HBgts = average Brinell Hardness “determined on the
QTS surface as discussed in Section 6.2.1

If PWHT has been employed after repair. welding, castings
shall be retested for compliance with Brinell Hardness criteria
at locations specified on the AFC drawings. Brinell Hardness
thus = determined shall comply with Table 6.1.2 for the
applicable SMYS or the equation given in Section 6.2.2 of this
document.

Results of-all hardness determinations, including failures, shall
be reported in the ‘documentation package.

Charpy Impact Tests

Three standard Type A Charpy V-notch (CVN) impact test
specimens shall be extracted from the QTS after quality
heat-treatment, excluding PWHT, and tested in accordance
with ASTM E23-88. Specimen extraction locations within the
QTS shall comply with the same requirements as the tensile
specimens. Test temperature for the CVN tests shall be lower
than or equal to minus -40C.

Unless otherwise specified, test results shall meet the
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requirements of Table 6.3.2(A) or (B), as applicable, for the
specified SMYS, service -category, and critical section for
mechanical properties thickness or structural weld thickness.
In the case where critical sections for mechanical properties
and structural weld thicknesses have been identified but only
one QTS has been produced (reference Section 5.2 - Option 1)
then Table 6.3.2(A) shall be used to define CVN requirements
for the critical section for mechanical properties and Table
6.3.2(B) shall be used to define CVN requirements for the
structural weld thickness and the more stringent of the two
shall then be used as the CVN requirement for the QTS. In
the case where two QTS’s (Option 3 of Section 5.2) have been
utilized in order to represent critical sections for mechanical
properties < and  structural weld = thicknesses, then CVN
requirements for the QTS or portion of-the QTS corresponding
to the critical section for mechanical properties shall be
determined from,Table 6.3.2(A) and CVN requirements for the
QTS or portion of the QTS corresponding to the structural
weld shall be determined frem Table 6.3.2(B). For SMYS or
thicknesses not listed in Table 6.3.2(A) or (B), as applicable,
but ‘within " the wvalues given, linear interpolation is acceptable
for the determination of | the minimum absorbed energy
requirements.’ -In-addition to the absorbed energy requirements
given in Tables 6.3.2(A) and (B),~CVN ‘Specimens shall display
greater than or equal to 50 percent ductile fracture appearance.
If the absorbed energy result from only one specimen from a
set fails to meet specified requirements but is no less than 0.67
times the required minimum values, or if the ductile fracture
appearance from only one specimen from a set fails to meet
the 50 percent ductile fracture appearance criterion, then three
additional specimens may be extracted from material
immediately adjacent to the failed specimen, but still fulfilling
the specified specimen extraction location requirements, and
retested in accordance with Section 6.3.1. Test results from
additional specimens shall meet specified requirements for
acceptance.
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6.3.3

6.4

6.4.1

6.4.2

7.0

7.1

1.2

All CVN absorbed energy and fracture appearance results,
including failures, shall be provided in the documentation
package.

Drop—-Weight (Pellini) Tests

Two standard P-3 Type Drop-Weight Test (DWT) specimens
shall be extracted from the QTS after quality heat-treatment,
excluding PWHT, and tested in accordance with ASTM
E208-87a. Test temperature shall be lower than or equal to
LAST. Both specimens shall exhibit “no break” performance.
If only one of the two specimens exhibits “break” performance,
then material immediately adjacent to the failed specimen and
retested” as  above. Both retest specimens shall exhibit “no
break” performance .for acceptance.

Results of all DWT tests, including failures, shall be included
in the documentation package:

Repair Welding

All  repair~. welding ~~and - qualification = of repair welding
procedures, welders,~and operators shall be in compliance with
ASME Section IX - Welding and Brazing Qualifications or
AWS D1.1-98 Structural Welding Code -  Steel or
DNV-0S-C401 and DNV-0S-B101 with
modifications/clarifications as defined by this Section.

More detailed and special NDE shall be required for the critical
part of casting based on design drawings.

Weld repair processes shall be limited to SAW, SMAW,
FCAW (gas-shielded only), or GTAW.
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7.3

7.3.1

732

74

7.5

7.5.1

752

7.5.2.1

7.5.2.2

7.5.2.3

Identification

A system of identification for each welder and welding
operator shall be established. The identification shall be unique
to an individual and shall not be transferred for the duration of
the work. The identification system shall provide assurance
that each welder and welding operator is qualified to perform
the particular repair welding operation to which he is assigned.
The identification systems shall be approved by buyer.

Each welder and welding operator shall present identification
upon request by the buyer representative.

Welder Qualification

Records of welderand welding operator qualification test
results shall bes submitted to the. buyer representative upon
request.

Welding Consumables

Low ‘hydrogen consumables, as specified in Table 7.5.1, are
required-for repair. welding.

For the purpose-of “this document, a production lot of welding
consumables shall be defined as follows:

SAW Fluxes: a production lot shall consist of all flux of one
type offered for delivery at one time.

SMAW Electrodes: a production lot shall consist of all
electrodes manufactured from one heat of core wire with the
same flux formulation applied throughout production using

chemically analyzed and controlled materials.

FCAW Electrodes: a production lot shall consist of all
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7.5.2.4

7.5.3

754

7.5.5

7.6

7.6.1

quantities produced from chemically analyzed and controlled
batches of core filler materials and chemically analyzed and
controlled mill coils, not to exceed 45tones of electrodes.

SAW and GTAW bare solid electrodes: a production lot shall
consist of the quantity produced from a single heat of metal.

Each production lot of welding consumables shall have it's
deposited weld-metal chemical composition, as—deposited
mechanical properties, and average diffusible hydrogen level
shall be determined and reported as the average of four tests
in accordance with AWS -A4.3-92.

Average diffusible hydrogen levels in depesited weld-metal
higher than those specified in Table 7.5.1 may ‘be permitted if
procedure qualification  testing. includes . controlled thermal
severity (CTS) testing in accordance with" British Standards
Institute BS 7363:1990 (BS 7363) (reference Section 7.7.6 of
this document) which shows that the particular
base-metal/consumable/preheat/heat input combination is not
susceptible ‘to delayed cracking at the lowest preheat, lowest
heat input, and highest weld-metal average diffusible hydrogen
level to“be pérmitted by the WPS.

The casting Manufacturer shall submit a consumable storage
and handling plan for buyer review and approval which will
ensure that low hydrogen characteristics specified for
consumables will be maintained. buyer may audit consumable
storage and handling for compliance with the approved plan at
any time. ‘This audit may include sampling of consumables
and testing for compliance with deposited weld-metal diffusible
hydrogen level requirements, at buyer’'s expense.

Welding Procedure specification (WPS)

Conditions under which repair welding is to be performed shall
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76.2

7.6.3

7.6.4

7.6.5

be limited to those described in a buyer approved WPS, which
shall include written documentation of allowable ranges for all
welding parameters and shall cover all essential variables for
the welding process. The test results shall be included in the
Procedure Qualification Record (PQR) and shall be submitted to
buyer for approval.

Joint details for repair welds, including minimum depth,
minimum root radius, and minimum length for excavated
cavities, shall be shown on the WPS.

A WPS written with more-than one supporting PQR shall not
permit optional™ processes, but shall ~uniquely specify the
process for each pass.

buyer approved WPS’s shall  be readily. available to each
welder, welding operator, and the buyer representative.

The WPS shall include the following, as applicable:

a. AWS or ASME and DNV base-metal steel class

b. Base-metal chemical composition specification

c. Thickness. range

d. Joint detail and eXeavated cavity: dimensions and tolerances

e. Welding position(s)

Electrode, flux, consumable manufacturer and trade-name

g. AWS or ASME and DNV welding consumable classification

h. Size of electrodes, voltage, current, travel speed, and heat
input for each pass

1. Shielding gas mixture

j. Bead width and pass sequence (bead map) for welds not
receiving PWHT

k. Depth of backgouging and method, if applicable

l. Preheat and interpass temperature requirements or limitations

m. Post-weld treatments

f.
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766  Essential Variables

Essential variables for welding procedure qualification shall be
as specified in AWS D11 or ASME Section IX,
DNV-05-C401 Chapter 2 Section 1 C700 and
modified/augmented herein. Changes to essential variables
outside the ranges allowed by this Section and AWS D1.1 or
ASME Section IX and DNV-0S-C401 Chapter 2 Section 1
C700 shall require requalification of the welding procedure.

76.6.1 Materials

76.6.1.1 The base-metal chemical composition ~specification shall be
considered-as an essential variable.

7.6.6.1.2The proprietary steel name for. special non-standard chemical
compositions or .proprietary modifications to' standard chemical
compositions shall be considered as essential variables that
shall be included on the WPS.

7.6.6.1.3The  CE and Pcm (reference Section 2.3.5) of the base-metal
for which the welding procedure qualification results remain
valid shall be-limited to no more than"0.025 weight percent
above those. which were _successfully tested in the procedure
qualification.

7.6.6.1.4Consumable (electrodes and flux) manufacturer and trade-name
shall be considered as essential variables.

7.6.6.2 Preheat/Interpass Temperature
76.6.2.1Preheat and minimum interpass temperatures shall be
established to develop the specified properties in the weldment,

but shall not be less than those recommended by the
consumable Manufacturer or Table 7.6.6.2.1 of this document.
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76.6.2.2Preheat or interpass temperatures lower than those specified
in Table 7.6.6.2.1 may be permitted if procedure qualification
testing includes CTS testing in accordance with BS 7363
(reference Section 7.7.6 of this document) which shows that
the  particular  base-metal/consumable/preheat/heat input
combination 1s not susceptible to delayed cracking at the
lowest preheat, lowest heat input, and highest average
weld-metal diffusible hydrogen level to be permitted by the
WPS.

76.6.23The maximum interpass temperature for production repair
welding shall not exceed that-recommended by the consumable
manufacturer or -5C above that which. was achieved during
welding of the procedure qualification test weld, whichever is
lower, on a per pass basis.

7.6.6.3 Welding Parameters

76.6.3.1The mode of metal transfer; across the arc shall bel considered
as an essential wvariable.

7.6.6.3.2The type of welding~current and polarity shall be considered
essential. variables.

7.6.6.3.3Weld procedure-. qualification, Telative to Charpy testing
requirements, is limited to a plus or minus 25 percent variation
in heat input per pass. Voltage and current shall be
determined with calibrated meters and recorded for each pass
during procedure qualification test welding. ‘Travel speed shall
also be recorded for each pass. These data shall be included
in the PQR documentation. A wider tolerance on qualified heat
input range may be achieved by successfully testing procedure
qualification test welds which have been made at both the
highest and lowest heat inputs to be allowed for production
welding, as governed by the WPS. Changes to heat input
outside the plus or minus 25 percent discussed above, but
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7.6.6.4

77

7.7.1

7.7.1.1

7.7.1.2

77.1.3

7.77.1.4

within DNV-05-C401 Ch.2 Sec.l C700, AWS D11 or ASME
Section IX allowables, will require supplemental procedure
qualification testing relative to Charpy testing only.

Post Weld Heat Treatment (PWHT)

Procedure qualification is limited to a plus or minus 40T
tolerance on PWHT temperature relative to the temperature
actually utilized during PWHT of the procedure qualification
test weld(s).

Repair Weld Procedure Qualification Requirements (PQR)
General

Repair welding procedures ‘shall be qualified by NDE and
mechanical testing as specified in AWS D1.1 or ASME Section
IX and modified/augmented by this Section.

DNV-0S-B101 Ch.2Sec4 A1100 “Repair’ shall be
applied for the casting repair.

Procedure qualification welding, NDE of procedure qualification
test welds, and. specimen layout for mechanical ‘properties tests
shall be witnessed_by. buyer or_a+vbuyer approved third party.
Mechanical testing “shall be performed by a buyer approved
testing laboratory

The results of testing, original photomacrographs, and copies of
certificates for base-metals and consumables shall be included
in the PQR documentation.

Test plates for repair weld procedure qualification testing shall
be at least 40mm in thickness and grooves for repair weld
procedure qualification shall be either single V-groove or single
U-groove, either with or without a backweld.
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7.7.1.5

172

7.7.2.1

1.71.2.2

PWHT

If PWHT is to be specified in the WPS, then the qualification
test weld(s) shall be either; (a) cycled through two distinct
PWHT treatments or (b) held at the required PWHT
temperature for 3-3.5 times the required minimum hold time.
Actual hold temperature and time and method of heat-up and
cool-down shall be recorded and included in the PQR
documentation. PWHT temperature shall be between -5C and
10C below previous final tempering or aging temperatures for
the base-metal.

Non-Destructive Examination (NDE) ofProcedure Qualification
Welds

Procedure  qualification  test =~ welds shall receive Visual
Examination (VE) over 100 percent of the length of weld
surfaces.  50mm at the beginning and end of each test weld
may 'be disregarded. Acceptance by the buyer representative
or '‘buyer ' approved third party shall be required prior to
sectioning of test welds for mechanical testing. /Test welds
shall meet the same requirements for weld profiles and VE as
that specified for production repair welding.

Procedure qualification test. welds shall be examined by the
NDE methods given below with 100 percent coverage except
that 50mm at the beginning and end of each test weld may be
disregarded. NDE shall be performed after a minimum waiting
period of 48-hours for test welds to be left in the as-welded
condition or after PWHT for test welds receiving PWHT.
Test weld NDE results shall be accepted prior to sectioning of
test welds for mechanical testing. Repair welding of test
welds is not permitted.

77221 Test welds shall be either Radiographically Examined (RE) or

Ultrasonically Examined (UE).
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7.72.22All test welds in the PWHT condition shall be examined by

UE.

7.7.2.2.3Test welds shall be examined by either the Liquid Penetrant

(LP) or Magnetic Particle (MP) methods.

771.2.2.4 Acceptance criteria for NDE of test welds shall be the same as

7.7.3

that specified for production repair welds.

Tensile Test of Procedure Qualification Welds

773.1 Weld-Metal Tensie Test

7.73.1.1A weld—metal tensile test in accordance with AWS DI1.1,

Figure 4.18, shall be  extracted-and tested- from the procedure
qualification test: weld for each combination 'of base-metal and
welding consumables. The longitudinal axis of the tensile test
specimen shall coincide with the procedure qualification test
weld axis: The tensile specimen Ssize and location within the
procedure qualification test weld wall thickness shall be such
that a, minimal amount of HAZ and base-metal is included in
the specimen - gage length; however,~the .largest Tensile
specimen per AWS D1.1, Figure 4:.18, that fulfills this criteria
shall be utilized.

7.7.3.1.2Percent elongation and percent reduction in area for the

weld-metal specimen shall be greater than or equal to the
minimums specified for the base-metal. Yield strength for the
weld-metal specimen shall be no more than 5 ksi below the
specified maximum yield strength for the base-metal and not
more than 20 ksi above the specified maximum yield strength
for the base metal. If results from the weld—-metal specimen
fail to meet the criteria stated above, then two additional
weld-metal tensile specimens may be extracted from the test
weld and tested as per Section 7.7.3.1.1. Results from both
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7.71.3.2

774

7.74.1

7.7.4.2

7.774.3

77744

7.7.4.5

7.7.4.6

specimens shall meet all specified criteria for acceptance.
Reduced-Section Tensile Tests

Reduced-section tensile test results shall meet or exceed the
specified requirement for the base-metal with respect to yield
strength, percent elongation, and percent reduction in area.

Charpy Impact Testing of Procedure Qualification Welds

Test locations for Charpy V-Notch (CVN) specimens shall be
as shown on Figure 7.7.4.1. Six standard Type A CVN
specimens shall” be machined and tested in accordance with
ASTM E23-88 from each of the locations shown.

Test temperature shall be lower than or equal —40C for fusion
line, and HAZ specimens (test locations B, C, and D) and
weld-metal specimens (test locations A and E).

Absorbed ' energy, lateral expansion, and fracture 'appearance
(percent ductile fracture, for fusion line and HAZ' weld-metal
specimens) shall be reported in the PQR documentation for all
specimens tested.:

Fusion line and. HAZ tests -wshall -be conducted for all
base-metals to be qualified. Weld-metal tests shall be
conducted for all combinations of base-metals and welding
consumables to be qualified.

The longitudinal centerline of each specimen shall be
transverse to the weld axis. The base of the notch shall be

perpendicular (normal) to the test piece surfaces (see Figure
7.74.1).

The scribing of CVN specimen blanks for machining of
V-Notches shall be accompanied by:
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77747

175

7.7.5.1

a. Machining over-length specimen blanks out of the test weld
at the specified depths from the test piece surfaces

b. Etching the specimen blanks with a 5-10 percent Nital
solution to reveal the location of the weld-metal, fusion line,
and HAZ

c. Scribing the notch centerline by using the fusion line, as
shown on the plane of the specimen perpendicular to the axis
of the weld and the test piece surfaces, as a reference.

The second lowest absorbed energy value from each test
location shall be designated-as-the Characteristic CVN for that
particular location. For repair welds in-regions designated as
critical for ' NDE which do not receive PWHT, each location’s
Characteristic CVN shall equal or exceed the “value given in
Table" 7.7.4.(- as applicable for the maximum exXcavated cavity
depth to be qualified and the base-metal SMYS. ' For repair
welds in regions designated as critical for NDE which receive
PWHT, or all repair welds jin regions not designed as critical
for | NDE, each locations Characteristic CVN shall equal or
exceed the CVN  requirement specified for the base-metal
(reference Section 6.3:2). In addition, no more than one CVN
specimen, from. each test location of fasion line, HAZ, and
weld-metal-specimens. tested at_minus 40C shall display less
than 50 percent ductile fracture appearance.

Macrosection, Microhardness Survey, and Bead-On-Plate Tests
of Procedure Qualification Welds

Macrosection Evaluation

7/15.1.10One macrosection shall be extracted from near the middle of

the procedure qualification test weld. Macrosections shall be
polished to a metallographic finish and etched in a 5-10
percent Nital solution. Evaluation of the macrosection shall
show full fusion at the root, no cracks, and thorough fusion
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between adjacent layers of weld—-metal and between weld—metal
and base-metal. Photomacrographs of macrosections at
approximately three times magnification shall be included in the
PQR documentation.

7.75.1.2For procedure qualification welds in the PWHT condition,
macro-section evaluation shall include metallographic
examination at a minimum of 200 times magnification of the
HAZ and weld-metal for any stress-relief cracking.
representative photomicrographs shall be included in the PQR
documentation.

7.75.2 Macrosection Microhardness Survey

7.75.21A Vickers microhardness survey shall be performed on a
macrosection from the test weld.. Microhardness measurements
shall be in’ accordance with ASTM: E92-82 or ASTM E384-89.
Weld-metal and unaffected base-metal (reference Sections
71522, 17524 and 7.7.5.3.2) hardness determinations may be
Rockwell 'A, B or C hardness measurements, as applicable,
made in accordance with ASTM E18-8%9a. ASTM E92 with an
applied load ~of 10 “kgf is preferred. Conversations from
Rockwell. hardness to Vickers microhardness shall be in
compliance ~with- ASTM E140-83:+ "converted hardness values
along with the -actual readings determined with the hardness
measurement technique utilized shall be noted in the PWR
documentation.

7.75.2.2The location of microhardness determinations for the
microhardness survey shall be as shown in Figure 7.7.5.2.2.

7.75.2.3The traverse lines for the microhardness survey shall be
approximately 1mm from both outer surfaces and approximately
at the 1/2 T location of the test weld, subject to the
limitations given in ASTM E92, ASTM E384 or ASTM EI8,
as applicable.
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77524A minimum of three equally spaced determinations shall be

7.77.5.3

made in the weld-metal for each traverse. In the HAZ,
microhardness determinations shall start as close as practicable
to the fusion line. A minimum of three HAZ microhardness
determinations shall be made on each side of the weld for each
traverse. One additional reading shall be taken at least 20mm
from the fusion line on each traverse in order to represent
unaffected base-metal.

Bead-On-Plate Test

7.75.3.1 A bead-on-plate (BOP) weld pass and-Vickers microhardness

survey shall be made on each base-metal to. be permitted by
the WPS. The length of the deposited bead shall not exceed
the minimum permissible bead length for repair ‘welds. This
pass shall be made with the lowest permissible heat input and
preheat temperatures applicable to the repair welding procedure
being qualified.

7.75.3.2Location of hardness readings shall be as shown in Figure

7754

176

71522, Hardness measurements shall be in compliance with
Section 7.7.5.2.1.

The maximum —aceeptable ' microhardness for the hardness
traverses required by Sections 7.7.5.2 and 7.75.3 shall be 350
HV10. The minimum microhardness shall not be lower than
that specified below for the applicable SMYS.

SMYS 50 151 HV10
SMYS 60 168 HV10
SMYS 70 185 HV10
SMYS 80 202 HV10
SMYS 85 210 HV10

Procedure Qualification Cracking Tests
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7.76.1

7.76.2

7.8

Delayed Cracking Tests

If the casting Manufacturer wishes to utilize consumables with
average deposited weld-metal diffusible hydrogen levels in
excess of those allowed by Section 7.5 or preheat/minimum
interpass temperatures lower than those allowed by Section
7.6.6.2, then CTS testing in accordance with BS 7363 shall be
performed as part of procedure qualification testing in order to
show that the particular base-metal/consumable/preheat/heat
input combination will not be susceptible to delayed cracking.
Tests shall be conducted utilizing the lowest preheat, lowest
heat input and-highest weld-metal average diffusible hydrogen
level to be permitted by the WPS. Both. top and bottom
blocks for CTS testing shall be 40mm.

Stress Relief Cracking Tests

If PWHT is to be specified by the WPS, then the delayed
cracking test assemblies specified in Section 7.7.6.1 shall be
cycled through a simulated  PWHT cycle prior to examination
for ‘cracks - in order ‘to show that the particular
base-metal/consumable combination will“not be susceptible to
stress-relief. cracking:.. Test assemblies 'shall be prepared by
first welding, as-speecified in BS “7363,-and then subjecting the
welded test assembly to a simulated PWHT cycle prior to
examination for cracks. The simulated PWHT cycle shall
employ holding of the welded assembly for 3 to 3.5 times the
specified minimum hold time at the specified PWHT
temperature, plus or minus 35TC. PWHT of the welded
assembly shall not commence until the lesser of either 7Z2hours
or the specified maximum allowable elapsed time prior to
PWHT, as allowed by the WPS, has transpired.

Repair Weld Workmanship and Technique
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7.8.1

7.8.2

7.8.3

7.8.4

7.8.5

Preheat and interpass temperatures shall be as required by the
buyer approved WPS and Section 7.6.6 of this document.

Preheat temperature shall be measured a minimum of 75mm
from the edge of the weld bevel. The interpass temperature
shall be measured within 25mm of the weld groove. Interpass
temperature measurement shall be made adjacent to the
weld-start location of the subsequent pass within Zminutes
prior to commencement of welding. Temperature indicating
crayons shall not be marked on weld bevels, weld beads or
surfaces to be welded.

Preheat shall be applied to establish and.maintain the required
temperatures for a distance equal to thethickness of the
casting “at the location to be repair welded, but not less than
75mm in all directions (including through-thickness) from the
point of welding.

Electrode and flux moisture control (baking, storage ovens,
exposure times, etc.) shall be in accordance with Paragraphs
53.2.1 and 5332 of AWS DIl.1 and Section 7.55 of this
document, except that redrying or bakeout temperatures shall
be superseded-. by the temperature ranges specified by the
consumable- Manufacturer(s), ~ Baking shall ' be mandatory for
EXX18 low hydrogen electrodes- and--exposure time shall be
limited to 2-hours. Exposure time for EXXI18 electrodes may
be extended, subject to buyer approval, if moisture resistant
electrodes manufactured and tested in accordance with
MIL-E-0022200/10A(SH) are used. In these cases, the casting
Manufacturer shall submit a test report showing initial
moisture content and moisture pick-up characteristics for the
consumable.

The use of manual slag hammers, chisels and lightweight

vibrating tolls for the emoval of slag and spatter is permitted
and is not considered peening, except that excessive mechanical
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7.8.6

7.8.7

7.8.8

7.89

7.8.10

7.9

79.1

79.1.1

working of the surface that may mask surface defects or
otherwise inhibit a proper visual inspection is prohibited.

Arc strikes outside of the weld groove shall not be permitted.
Repair of inadvertent arc strikes shall be done by grinding
followed by VE and MP or LP examination, including a
written report.

The removal of weld—-metal or portions of base-metal may be
accomplished by machining, grinding, chipping or air-arc
gouging. Oxyfuel gouging shall not be permitted.

The root side~of complete penetration—-repair welds shall be
backgouged, using grinding, air-arc gouging or chipping, to
sound metal before any weld is applied. to the “backside. The
groove shall' be prepared by ‘grinding to. provide the proper
shape and bevel for the welding procedure. Oxyfuel gouging
shall not be permitted.

Surfaces produced by carbon-arc gouging or cutting, or
surfaces showing carbon deposits due to oxy-fuel heating shall
be dressed by blasting, grinding, brushing, or/ chipping, as
required;.to remove carbon or oxide residue.

Excavated cavities “in regions not designated as critical for
NDE will not be required to be repair welded as long as their
depth does not exceed 3.2mm and as long as dimensions
comply with AD & PL or AFC drawings tolerances.

Unwelded cavities shall be faired smoothly into surrounding
base-metal.

Non-Destructive Examination (NDE) of Repair Welds

VE of Repair Welds

Excavated cavities for repair welding shall receive VE in
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79.1.2

79.1.3

79.2

79.2.1

79.2.2

79.3

7.9.3.1

accordance with Section 8.1 of this document prior to welding.
Acceptance criteria shall be the same as that specified for
base-metal in the same region of the casting and the
applicable criteria of ASME Section IX or AWS DI1.1 and
DVN-0S-B101.

Repair weld areas shall be properly dressed or blended flush
with base-metal to conform to AFC drawing requirements.

Completed repair welds shall receive VE in accordance with
Section 8.1 of this document. Acceptance criteria shall be the
same as that specified for-base-metal in the same region of
the casting and the applicable criteria of ASME Section IX or
AWS Dl1.l¥and DNV-0OS-B101.

NDE /of Repair Welds for Surface Defects

Excavated regions for repair welding shall be examined for
surface defects in accordance with ASTM A703 Supplementary
Requirement S10.

Completed repair welds shall be examined for surface defects
in accordance -with Section 8.2 of this document. Acceptance
criteria shall ‘be thersame as_that: Specified” for base-metal in
the same region—of-the casting and the applicable criteria of
ASME Section IX or AWS DI1.1. For welds receiving PWHT,
NDE for surface defects shall occur after PWHT.

NDE of Repair Welds for Subsurface Defects

Completed repair welds shall be examined for subsurface
defects in accordance with Section 83 of this document.
Acceptance criteria shall be the same as that specified for
base-metal in the same region of the casting and the
applicable criteria of ASME Section IX or AWS D1.1. For
welds receiving PWHT, NDE for subsurface defects shall occur
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7.9.3.2

7.10

8.0

8.1

8.2

after PWHT.

All completed repair welds subjected to PWHT shall receive
UE in accordance with Section 8.3 of this document, after
PWHT.

Repair Weld Record Management

Repair weld charts, documenting all major repair welds and all
repair welds in regions designated as critical for NDE on AFC
drawings shall be prepared for each casting and included in the
documentation package. Repair welds shall be considered
major when they are made to correct-leakage on hydrostatic
testing, or-when the depth of the excavated-cavity exceeds 20
percent of the -actual wall thickness or 25mm, whichever is
smaller, or when the extent of the cavity exceeds 6450mm.
Repair weld charts shall be sketches or photographs or both
showing the location and major dimensions (length, width, and
depth) of excavated cavities.

Non-Destructive Examination (NDE) of Castings

The NDE for the .casting shall -be applied in accordance with
DNV-05-B101 ~Chapter 2 Section—4 Al000 and below
requirements. The most severe requirements in DNV and
below requirements should be applied.

VE of Castings

VE with 100 percent coverage of each -casting shall be
conducted in compliance with MSS SP-55, except where
surface defects will be removed by subsequent machining.

There shall be no porosity on surfaces designated for painting.

NDE of Castings for Surface Defects
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8.3

8.3.1

8.3.2

Each casting shall be examined by either MP per ASTM A703
Supplementary Requirement S4 or LP per ASTM A703
Supplementary Requirement S6. Final examination shall occur
after final heat treatment, excluding PWHT, but may occur
after PWHT. Coverage shall be 100 percent except for those
regions designated on AFC drawings as requiring no surface
NDE. Acceptance criteria shall be per ASTM E125 Severity
Degree 2 or better for Surface indication Types II through V
and 4./5mm aximum for surface indication Type I Linear
Discontinuities, except for those regions designated as critical
for NDE on AFC drawings,which shall be subjected to the
acceptance standards of ASME BPV. Code Section VII
Division 1-Appendix 7.

NDE rof Castings for~Subsurface. Defects

Each casting shall be examined for internal, or subsurface,
defects by RE as per ASTM A703 Supplementary Requirement
S5 ‘or by UE as per ASTM A703 Supplementary Requirement
S7. ' Coverage shall be 100 percent except for those regions
indicated on - the AFC drawings as requiring -no NDE for
subsurface defects.

RE acceptance criteria shall be Severity Level 3 or better for
all imperfection categories except those regions designated as
critical for NDE on AFC drawings which shall be subjected to
the acceptance criteria of ASME BPV Code Section VIII
Division 1 Appendix 7.

UT shall be in accordance with ASTM A609-86a Method A -
Flat-Bottomed Hole Calibration Methods. Scan plans shall be
submitted for buyer approval prior to examination. Regions of
the castings designated as critical for NDE, as indicated on the
AFC drawings, shall be examined such that 100 percent UE
coverage from three mutually orthogonal directions is achieved.
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8.4

8.5

9.0

If, due to shape or configuration, critical regions for NDE
cannot be 100 percent volume inspected from three mutually
orthogonal directions using longitudinal beam, angle beam
examination in accordance with ASTM A609-86a
Supplementary Requirement S1 may be used, as necessary, to
effect 100 percent coverage. UT indications less than 25mm
apart shall be evaluated as one discontinuity. UT acceptance
criteria shall be Quality Level 3 plus no planar discontinuities
except for regions designated as critical for NDE on AFC
drawings, for which acceptance criteria shall be no planar
discontinuities plus Quality Level 1 to a depth of # T from the
surface and Quality Level-2-for the remainder of the wall
thickness. The VE acceptance criteria shall be based on
Paragraphs 10.2.1, 10.2.2 and 10.2.3 of ASTM-A609.

NDE /Procedures
All NDE procedures shall be approved by buyer.

NDE Record Management
Results - of all NDE shall be included in the documentation
package.

Documentation Package
Unless specifically deleted/waived by the RFP/Q, PO or

applicable buyer specifications, an additional copy of the
documentation package shall be sent to buyer.
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Table 2.3.5 Maximum CE and Pcm Allowables(1)
- service category B

Maximum CE and Pcm Allowables"” - service category B
Tt‘{ln.ec%ﬁ‘fisca(l)f CE (Max), Pcm (Max)
Section for
Mechanical SMYS
Fropertes 50 60 70 80 85
t < 1524 0.46, 0.24 0.47, 0.25 @ @ @
t > 152 4 O 47 O 25 (2) (2) (2) (2)

(1) These allowables may be further restricted by the materials
specification or by essential variable limitations on*CE and Pcm
ranges relative to the actual casting chemical analysis tested during
Repair Weld Procedure Qualification.

(2) The maximum allowed CE and Pem wvalues for these ‘cases shall
be proposed by the casting Manufacturer for buyer approval.
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Table 6.1.2 Tensile Properties and Hardness Requirements

SMYS(MPa)

345 410 480 - -
0.2 Percent Offset

355 430 480
(N/m)
Maximum
Yield Strength

480 620 620
0.2 Percent Offset
(N/m)
Minimum Tensile
Strength 480 550 620

(N/mm)

Maximum Yield
Strength To Tensile 0.87 0.88 0.9 = -
Strength Ratio

Minimum Percent

Elongation In

S0mm 18 18 ! - -
Gauge Length

(%)

Minimum Percent
Reduction in Area 35 35 35 - -

(Percent)

Brinell Hardness
Range 1407197 1677223 187735 - -
(HB)
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Table 6.3.2(A) Charphy Impact Requirements

| . CVN()

Thz:;e)ss SMYS(MPa)
345 410 480 550 620
127 33 33 33 33 33
19.1 33 33 33 33 33
%54 33 33 33 33 33
3.1 33 33 33 39 13
50.8 33 33 a1 50 55
635 33 33 49 60 66
76.2 33 13 56 69 76
83,9 37 49 64 79 8
101.6 41 56 70 87 %
1143 45 i v 95 104
1270 49 66 84 103 114
1397 53 70 91 1 123
152.4 57 76 9% 119 131
165.1 61 81 103 127 o
1778 64 &5 110 - .
1905 63 91 115 - .
203.2 7 % 122 - .
>203.2 - o - - .

* Service Category A is not intended to contain, or form part of,
structural weldments, other than repair welds.

* Thickness is critical section for mechanical properties (mm).

#x These CVN requirement will be calculated by buyer on a case-by
case basis.
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Table 6.3.2(B) Charphy Impact Requirements

_ . CVN(]))
Thickness SMYS(MPa)
(mm)
345 410 480 550 620
12.7 33 33 33 34 38
19.1 33 33 38 47 ol
254 33 38 47 60 65
31.8 34 45 o7 70 77
38.1 39 ol 66 81 89
44.5 43 o8 75 92 102
50.8 49 65 83 103 112
o51.2 %) 72 91 112 123
63.5 o8 77 98 122 134
69.9 62 34 107 134 ok
Jo % 66 89 114 ok ok
38.9 76 102 29 ok ok
101.6 34 112 ok ok ok
114.3 92 123 ok ok stk
127.0 100 134 ok *F stk
139.7 108 3k ok ok ok
152.4 o7 ok *k ok ok
165.1 122 *% sk ok *%
177.8 131 *ok Hok *ok ok
1905 sk sk sk sk sk
203.2 sk sk sk sk sk
>203.2 ok ok *k o sk

* Service Category B is included to contain, or form part of,
structural weldments.

* Thickness is critical section for mechanical properties (mm).

*#x These CVN requirement will be calculated by buyer on a case-by
case basis.
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Table 7.5.1 Maximum Allowable Deposited Weld-metal

Average Diffusible Hydrogen Level

Base Metal SMYS(MPa) SMAW FCAW® SAW
SMYS < 410 6 8 8
410 < SMYS < 480 5 6 75
32 (@ < 32mm) 4V 3?2 gV 4®?
SMYS > 480
35 (@ > 4.0mm)

NOTES: (1) Applies if:

a) t < 12.7mm and preheat-temperature > 15T
b) 12.7/mm < t < 286mm and preheat-temperature > 50T
c)t > 28.6mm and preheat temperature > 90T

(2) Applies if:

a) t < 12.7mm and préheat temperature <'15C
b) 12/mm < t < 286mm and preheat temperature < 50C
c)/'t > 28.6mm and Preheat Temperature < 90C

(3) Tests shall be conducted with the same type shielding gas

mixture as specified by the WPS.

(4) Weld-metal average diffusible hydrogen level for a
production lot of consumables shall be reported as the average

of four-tests as-per AWS A4.3.
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Table 7.6.6.2.1 Minimum Preheat/Interpass Requirements
For Repair Welding

Base-metal Min. Required Preheat/Interpass Temperature (C)
Thick t o
Loézﬁré(relsstoabe Susceptibility Index” (SI)

Repair Welded(mm) SK31  31<SK36  36<SKAL  AI1<SKAG  46<SIGL BICSIGE  56<SI

t <95 <18 <18 <18 35 110 150 160
95 < t <190 <18 18 65 105 135 160 160
190 < t < 381 18 85 iF'ts) 135 150 160 160
381 <t <762 b 130 150 150 160 160 160

762 <t 115 130 150 150 160 160 160

(1) Susceptibility Index (SI) = (12 x Pem) + logio (H)

where Pcm = C + (Si/30) # Mn + Cu + Cr)/20 + (Ni/60) +
(Mo/15)+ (5B); weight percent

H =" maximum allowable deposited weld-metal diffusible
hydrogen level; ml/100 gm
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Table. 7.7.4.7 Repair Weld Procedure Quailification CVN
Absorbed Energy Requirements

Pxcavared CVNL)
Cavity Deeth SMYS(MPa)
Qualified 345 41 480 550 620
12.7 33 33 33 34 38
50.8 41 53 69 85 95
635 49 65 83 103 112
76.2 56 75 9% 117 130
83.9 64 84 108 134 -
101.6 70 93 120 - -
1143 77 103 131 - -
127.0 8 113 - - -
139.7 91 120 - o -
152.4 o7 130 o . -
165.1 103 A *x ' -
177.8 110 ok *k sk w0k
190.5 116 sk %ok o ok
203.2 122 3k *k o ok
>203.2 - - - o o

* Repair welds in regions designated as critical for NDE which do not
receive PWHT.

* These CVN requirements will be calculated by the buyer on a
case-by—case basis.

#% Excavated cavity depth for double “V” or double “U” repair welds
1s defined as the total repair weld thickness.
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Appendix I

TEEAA
‘FEZEAA
‘TFZRAA
‘TZEAA
‘TZE A
‘FZEAA
‘TEZEAA
‘TEZEAA

Case 1’ &34
Case 2’ T34
Case 3’ T Z3)4]
Case 4’ TZ34
Case'5’ TZ 34
Case 6° 734
Case 77 +& 34
Case 8 T %34
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Equivalent Stress : 343.95Mpa
Displacement : 3.045mm
H : 483.661mm

Displacement : 5.342,3m
H : 424.264mm

o8

[ g 0

Maximum Shear Stress Equivalent Stress
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Equivalent Stress : 349.35Mpa
Displacement : 3.5817mm
H : 359.055mm

Equivaleny Stwess : 24° .7 Ipr

Displacement : 3:34%u...
H : 359.055mm

@ e e

Maximum Shear Stress Equivalent Stress
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Equivalent Stress : 338.77Mpa
 Displacement : 3.899mm
"H : 286.335min

] Equiyaleni Sivess 2 334 “pa

' Displacement : 3:.C74n.
H : 286.335mm

Lo g guu—u = am g EWM
Maximum Shear Stress Equivalent Stress
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Maximum Shear Stress_
f i
o5

]
-

Maximum Shear Stress Equivalent Stress
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