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SUMMARY

The research project of which this report is a part, has as
its objective the characterization of fatigue properties of high
strength steels in sea water under conditions related to offshore
structures. In conjunction with this activity a series of eight steels
with yield stress in the range 372-985 MPa (54-143 ksi) have
been obtained. These include two conventional, high toughness
quenched and tempered steel (HY-80 and HY-130) for comparison
purposes, a precipitation hardened steel (A 710), three
microalloyed quenched and tempered steels and three processed
either by control rolling or thermomechanically control processing
(TMCP). Each of these was provided as 25.4 mm plate with butt
welds in both the as-welded and ground and post weld heat
treated conditions. This report presents rnaterial properties for
these steels, as provided by the individual manufacturers. The
data have been grouped according to properties to facilitate
comparison between steels.
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INTRODUCTION

The overall objective of this research project involves
characterization of the fatigue  properties of  selected
(representative) steels with yield stress in the range 372-985 MPa
(54-143 ksi) and under conditions relevant to offshore structures.
Particular emphasis was placed wupon recently developed
microalloyed and thermomechanically control processed steels but
with the opportunity for comparison with more conventional steels
in the same strength range. Welding was performed according to
the best available technique, as recommended by the supplier, but
with the procedure being qualified by a sub-committee of the ‘
Technical Advisory Committee.

This report constitutes a compilation of properties for the
different steels employed in this prograrn. Table I lists the steels,
ldentifies the supplier and defines a designation systern which is
- hereafter followed.

Properties were determined by the individual manufacturers,
and ne limit was placed on what data should be developed. Hence,
the type and format of data is not always uniform. For ease of
comparison, where it was necessary, data is normalized . and
presented in a separate table.




Steel Manufacturer Desigmatic:nx
HY 80 Sumitomeo 1(HY 80)
ASTM A710 Grade A Class 3 NKK 2(A 710)
NKHITEN 62E NKK 3a(QT 80)
River ACE 80M Kawasaki 3b(QT 108)
EH 36 (ABS) Sumitomo 4(EH 36)
ASTM AB37 Class 2, Kawasaki \ 5(A 537 d.q.‘)-
direct quenched

ASTM AS537, accelerated cool Kawasaki 6(A 537.a.c.)
Pipe Line X 70 Sumitomo 7(X 70)

HY 130 Lukens Steel Co. 8(HY 130)

Table |

Test Materials and Manufacturers

* For the convenience of indexing test specirmens, steels were referred to

by numbers rather than by names.

wdentifisd by narme.
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Section I

Chemical Composition
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Section [I

Manufacturing Process




Steel Making
Stee] Casting
Slab Making
Heating
Rolling

Heat Treatment

Electric Fur;nace
Ingot Case

Universal Mill
Reheating Furnace
Plate Mill

Quenching

900°C x 30 min W.Q.
Tempering

670°C x 1 Hr A.C.

Table II.1 : Process Flow for Manufacture of HY 80 Plate

[




‘21eid 012 V JO 2INJIRINURIN 10] MO[] §5200.1g

- €11 21qel

$5$3009d

Hiw Burqgers it ybiy butgges
J0 00¢ 1 N0gy : sunjededwsy Buiyeos s11d Buyyeos sdA) Aem suo do 1 Buyyeos Durggels
SU0Y0G-9Z2  : yblam
W - : Bio
WW 350951 ¢ sumadssdws) Butnog Wi mmwm;mww : “uﬁ.m
Japmod atwasyyoxa doy} J1oH WW 00 | -0gy ° mmmcv_ﬁ.ﬁ
8z18100u Bur yew yobu
$58004 4 || Y Bussebag
g t
dv-IN Butuyey eipey
aB.eyoysuoy gz +
eaeuJIny uebAXo ojseq uoLepLX0aq
RIPPY | (3dAL ¥yl ) Butaans (eojueyosyy bujzyanydinsag
uoJj Bty Bupyely (ee1g
IHNA30044d SHLITDVS




¢

_.vwﬁcﬂcouv ¢ 11 21qe]

uoi}ledsuy s5800.4d y)

1oue) Joinduwion
379 7Y JuneJphy

e 00810511 ¢ sumeuaduis) bujesysy (¢
W 00G-G6 "4 7Y UMeq Joj sseudiy) qelg (2
W gopr-of | "4 'Y SRORULUOD S04 BEaUNIIN geIS (1

Wi 00€S-05891 © wibug
WWOeZ-08Z1 © WIPim

WU 0OG-G6 @ BB
005-56 A mﬁmﬁm -

8dAY tu-p JajaAsy oM

abneb ssauyoiyy Aes
HIW Y- saydul 59t 7
wa/bNost Jeywauq seoe SyneapARE

adeuun; Burjesysy yojeg
_80BuJny Buiieayad snontjjuoy

8.3J4835 ploD

Buiyno aweyy Jo Jesyg

+
*

4

7 1

4
4

4

UoLjeuLLIBNd ade)ung
Buijooy

Buyiansy Jou

Burioy

Buneayay
yoidadsul uoIsSUBWI( pue BoING

Buyyueag

Buiyind qeig

Butiou mery

34NQ300Yd

S LIV

$53004d




(" panunuosy z'q a(qey

LIEES) UD1}0805UT [ENGIA
1E35AY4 Pug UcisuBLLig

(5u0dnod 189 pue 038|y)
“oueid ause 4 Buiting

uop dadsuy §88704d U UOPIBUILIBNT 80B)UNG

+

J o §F D6 099 sunpusdws] Bup oy -BJBUJNY JUBLUER] 189Y Z TON Bujasduwis |

{3usydsouse az Ip Ix0-uou)

43104 Yleay
D6 01 245006 suneusdws] Bupjoy YA BOBUINS JUelUlBaJ] 1894 | ON Buyousny
WaunBaLg 89y 34049q 838).nS 938id Jo Buleds-aq , JII5RIG JoUg Buriseig ous
Bupjuely wide
JFIIND BBY +
JO/pUB JBOYS (BDIURYDSL Bupiing ybnoy

4

JUNJ3204d EEL R 553304 d




23%[d 08 1D JO 2Im3veINUeA 10] MO[J $$2001 : ¢ 1] 21qer

10.3U07 48)ndwosy
3D Y dneapAH

Je 00T~ 0611 °

I g YR D BEIUNDIY 9Eyd alqeDddy

dumeJaduse) bujeaysy (¢
W 00G-566 © 474 Wteq Joj ssslpigy qeis (2
WL OGE-G6 © "4 " SNORUNU0D Joj BSIUNOIY) 8IS ‘(4

8dA} 1-p Jo){3A8] JOH

abned ssaundyy Aed
W - 69Ul G 91 Z
wa/byogy Janeadq sieds ayneapApl

aoeuJny Burtesysa ymeg
adeuJny Buriesysa snonupuon

53] 4228 plo)

BurpIno sweyy Jo veayg

JaUJ0D saBnbs | adeys

W pOeZ-GHGL - YIpim
WU 0GZ & ssauyy

(UOI3INPaJ YO8 Yim
adAy Buipuag jeaitaep) suyely
buisen snonunuosy Q88 | "oN

Buijoor

+

Buyisnatyon

Buyjoy

Buresyay

4

U01180SUL UoLSUBNIC PUB 8384.4NG

+

Butyieog

+

buining geig

Bunyses snonurjuon

Bunios ae1y

buggeig

]
vt

34NJI00Ud

31110V

$S300dd

a5,

Bk



(" 'panunuod) ¢ i aqqe],

uotjoedsyy 568204d Uy

365 FD, 029 sunjeussduws] Buipioy

s 0} 3, 006 : sunjessdwa ] Bupioy

JUsLLEa] TRy 940)3q 90RUNE 918D JO Bul|BIs-3Q

uo1}2808U} 589204d

Jaueyd swe|4

9DBUINY JUBWIIBRJY 1B3Y Z "ON

(9J9ydsouNe 82piXa-tou)
431[04 Y389y

YHA 90BUING JUSUILESJ) 183Y | 'ON

g_u.wummwn jous

Jsyny seg
J0/pUR JBIUS {BIjURYDSL]

(158
[eaisAyq

U011000501 [ENSIA
PUB UDISUBUI(

{suodnos 183} pue 218|q)
Bumang

+

UOIIBUIWIRR ] 908 NG

+

Bugasduis |

butysuany

+

Buriseig Joug

+

Buiyely wydeuy

+

Burny ybnoy

*

UoyIBUpLIBNT 908).nG

JUNJ3004d

SOV

533044

i1



Desulfurizing
v
Steel Making (Basic Oxygen Furnace)
RH Type Vacuum Degassing
Ingot Casting
Slabbing
Slab Conditioning
Reheating
Plate Rolling
Quénching (Quenching Temperature: 930°C)
?empering (Tempering Temperature: 615°C)
Ultrasonic Testing
Cutting ~——pp Sampling ——p» Mechanical Testing
Surface and Dimension Inspection

Marking and Stamping

Delivery

Table il 4

12

Process Flow for Manufacture of QT 108 Plate.




SteeMaking Converter
Steel Casting Continuous Case

Slab Making

Heating Reheating Furnace

Rolling Plate Mill
Heat Treatment Control Rolling

Table I1.5 : Process Flow for Manufacture of EH-36 Plates
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Desulfurizing

Steel Making (Basic Oxygen Furnace)

RH Type Vacuum Degassing

Ingot Casting

Slabbing

Slab Conditioning

Reheating

Plate Rolling

Direct Quenching

Tempering (Temperimg Temperature : SSDQC)»
Ultrasonic Testing

Cutting —® Sampling —® Mechanical Testing
Surface and Dimension Inspection

Marking and Stamping

v

Delivery

Table I1.6 : Process Flow for Manufacture of A 537 d.q. Plate.
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Desulfurizing

Steel Making (Basic Oxygen Furnace)
RH Type Vacuum Degassing
Continuous Casting

Slab Conditioning

Reheating

Plate Rolling

Accelerated Cooling

Uifrasonic Testing

Cutting —p Sampling . Mechanical Testing
Surface and Dimension Inspection
Marking and Stamping

Delivery

Table 1.7 . Process Flow for Manufacture of A 537 a. c. Plate.




Steel Making

Steel Casting

ESOT Converter

Continuous Casting

Reheating 'Reheating Furnace
Roelling Controlled Rolling
Table I1.8 : Process Flow for Manufacture of X 70 Plate.
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Tensile Test Results
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THICK~ YP YP TS EL RA YR
NESS 3 2
(ram) Kgf/mm }0.2%,Kgf/mm Kgf/mm1 % % | ¥YP/TSx100
leL=203 2mm
L 64.5 74.5 21.0 73.2 87
65 2 75.7 21.4 14.0 87
_ 66.2 75.7 20.1 68.4 87
25 .4 c - 67.% 75 8 20.4 6£8.7 89
GL=80.0mm
Spec - 56/70 - =20 =50 -

L-Ladle, C-Check

Table 1III.2 Tensile Test Results for HY 80

Heat Treatment] Direction Mpaysksi MPaTSksi) FL % RA % T
L 563 (81.7) | 622 (50.3) 31.8 82.7
As QT T 563 (81.7) {621 (90.2) 31.9 82.1
YA e } 623 (30.8) | ———— | 750
PWHT L 546 (79.2) fe617 (89.6) 31.1 82.1
(600°C x 1hr) T 553 (80.2) {615 (89.3) 32.3 82.2

a) Tensile Specimen
125 mm diameter x 50.8 mm. gage length from the mid-thickness position

for 1 and T direction
10 mrm diameter for Z direction

by L Longitudinal direction
T Transverse direction
Z Through Thickness direction

Table [11.3 Tensile Test Results for A 710
19




‘ . Ys TS -
Heat Treatment} Direction | ,p, (ksi) | MPa (ksi) EL % RA &
L 537 (77.9) | 613 (88.9) 27.9 81.6
As QT T 533 (77.4) | 611 (88.6) 25.0 75.8
A e {610 (88.4) | e 75.5
PWHT L 528 (76.6) | 610 (88.4) 28.0 81.4
s
(600 C x 1hr) T 55% (76.4) | 609 (88.3) 24.6 74.7

a) Tensile Specimen
12.5 mm diameter x 50.8 mm gage length from the mid-thickness posxtzon
for L and T direction
10 mm. diarneter for Z direction

b} L Longitudinal direction )

T Transverse direction

2 Through thickness direction
Table [II.4 Tensile Test Results for QT 80

THICK~ YIELD TENSILE

NESS STRENGTH STRENGTH ELONGATION
mimm MPa Ksi MPa ksi %
{ipaminy
25.4(1.0]) 745 108 824 119 24

Table I1].5 Tensile Test Results for QT 108




THICK- YP YP TS EL RA YR
ESS : | 2 -
{Ifnm) Kgf/mm }0.2%, Kgf/mm |Kgf/mm’ % % | YP/TSx100
L 40.0 37.3 52.9 35.2 14 .6 70.5
39.6 38.3 52.9 3.6 75 4 2.4
44.8 42.6 B4.6 34.0 7%3.8 78.0
25.4 c 44.5 42.1 54.6 34.0 73.8 76.9
GL=50,0mm
Spec > 36 — 50/63 >=22 —_— S
L-Ladle, C-Check
Table Il1.6 Tensile Test Results for EH 36
THICK~ Y1ELD TENSILE
NESS STRENGTH STRENGTH ELONGATION
InIn
(inch) MPa ksi MPa ksi %
25.4(1.0] 500 73 598 | 87 28
Table II1. 7 Tensile Test Results for A 537 d q.

21




YIELD TENSILE
ONGA
Heat STRENGTH STRENGTH ELONGATION
Treatment
MPa ksi MPa ksi %
As received 452 65.9 551 80.3 30
PWHT 438 63.9 525 76.4 32
Table II1.8 Tensile Test Results for A 537 a.c.
YIELD TENSILE ELONGATION
Heat STRENGTH STRENGTH
Treatment
MPa ksi MPa ksi %
L 509 73.8 612 BB.8 45.8
T 534 77.% 613 88.9 44.6

Table I11.9 Tensile Test Results for X 70

[
]







Section IV

Fractufe Property Test
Results
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Thick- vEo kgfem | vE_ oy kgfem [VE g3 kgfrmi vE_,s kgfm
ness vTs
{rmma ) Ave. Ave., Ave. Ave. *C
9.6 27.3 28.2
8 28,81 29.4 - - 28.8 1 28,4 129.3128.3 «160
9.8 29.2 27.5
5.4 20.5 21.1 20.2
€ Al.4{21.2) - - 22.2 121,55 118.2:119.2 130
21.8 1.3 19.2
Spec. - - - 20.7 | >6.9 -
.
z
€ e :
3
¥
el
g
H
b
2
g
£
gt —

~Z00 «IBO -1860 ~140 -13C ~100 -80 ~60 4G -20 D
test temperatura [*C}

Table V.1 : Charpy Impact Test Resujts for HY 80




Thick- | Temper-
ness ature Result
(mm) °c
-us (D D D
o -120 ,
254 1O D D
s (@ @ @
NDT -120
Condition
Test piece : P1
Direction : C'
Energy : B3 kgf'm

Table IV.1a -
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NRL Drop Weight Test Results for HY 80
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Teble IV.2 : Charpy Impact Test Results for A 710

(2 mm V-notch Charp

I
.t

y impact Specimen, full size from quarter thickness position)




Test Condieion Tes Specimen | Tvpe P-l (ASTM T20BS

P

Drop Weight Energy 1 Bi32

Lieccrode ! NRL = § (KOBE Steel LTIDY

ERL Drop Weipht Test Resul:zs (Ax Q7)

Testing Temperature *C(*F ) KDTT
Direction =75(~103) ~B0(-111) -85(~12}) ~$0(-130) *CLF Y
L QOO0 QOO0 Cee seoe ~E5(-171)
Cri He Bresk | ®: Break
Table IV.2a

NRL Drop Weight Test Results for A 710
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i )
,.j Ld?;” ! j =
Pk
; " _Jg Lyt
.....1.......1 - 1 1 1 1 bavme,
3 s |2 fis fous
Dimension of Test Specimen #nd Notch Detail
CT0D Test Resulis {As Q1)
3 ¥ & Testing 4 Ve  Critical CYTOD
Dirvection mm wmn, Temp . *C{"F ) kg/m kg wm o Value rm(mil)
25 30 25.8 11.18 10 { 14) 58.8 B4iD s4.k *1.34 (»52.8)
I5 30 26.3 11.56 «10 ( 14) 5s2.8 FI0 »k LA *1.2% {»50.6)
25 0 28.0 11.33} -50 (~ 58) £1.1 - Bi50 k.4 *1.32 (+52.0)
L 15 30 26.1 11.40 =30 (~130) 63.0 7410 4.4 »31.29 (»50.8)
25 S0 25.5 10.96 -110(~166)} &7.8 B250 0.93 0.35 ( 13.8)
25 30 25.5 11.18 ~-130(-202) 71.2 2170 2.16 0.71 ( 28.0)
25 50 26.6 )}.79 ~1350{-238) 76.3 7180 0.0%  0.079( 3.1)
25 30 6.1 11.:0 170{-274) #3.9 §E50 O 0.650( 2.0}

Table IV . 2b © CTOD Test Resuits for A 710
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Table V.3 : Charpy Impact Test Results for QT 80

(2 mm V-nateh Charpy Impact Spacimen, full size from quarter thicknass position)
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Test Condition Tesz Specimen t Type P} {ASTM E208)
Drop Weight Energy ! B133

Llectrode 3 NRL-S5 (KOBI Sreel LTD}

NAL Drop Weient Test kesults (As QT)

Testing Temperature *C{°F ) KDTT
Direction ~40(-L0) ~45(~49) ~50(~5B) -535(-67) S A
i QOO0 COO Oes. eee -50(-58)

O Ko Bresk , ®: Freak

Table IV 3a : NRL Drop Weight Test Results for QT 80
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o

ot

Frem Tru anan L
-

-

13 *
- ~— yrw

| 25 fso fis 2 fous
Dimension of Test Specimen and Xotch Derail
CTON Test Resvles  {As Q1)
S T v Testing oy, P VYp Cricicel CIOD
Dirsction mm mm e Tewp. *C{°F } kg/mm kg ey Yalue mm(mil)
25 50 2%5.0 10.61 ~10( 14) 56,7 BOXD >L.4 »1,38 (>54.)}
25 50 24.3 10.15 ~10{ 14) 86 2 E320 ad.&  »l.bk (>56.7)
25 50 26.0 11.33 -50(~- 58) LB.6 TFEED i .k »1.31 {»51.6)
L 25 50 24.7 10,41 -70{~ $&) 0.3 8540 3.7B 1.1: ( 48.0)
25 50 24.%5 10.28 -90(-130) 62.4 7920 G.5} 0.2 { 8.3
25 50 26.8 11.96 -310(-166) 65.1 5610 O 0.048( 1.9)
| 25 50 26.3 11,56 -130(-202) 68.8 5210 O 0.037( 1.5
25 50 25.8 11,18 ~150(-238) 73.9 L530 4] g.e2( ©.%)

Table IV.3b ;. CTOD Test Results for QT 80




Charpy impact strength
Heat Test temp.
Weld metal HAZ Parent plate
treatment

C | “F | Joule ft-1lbs Joule ft-ibs | Joule ft-lbs

8.5 51.9 128.5 94.8
-20 -4 86.3 83.7 88.3. 65.1 —_— —

- 116.7 86.1 108.9 80.3

(93.8 (69.2) | (108.6) (80.1)

As welded

71.5 1.2 79.4 58.6 198.1 146.1
-40 | -40 78.5 51.9 85.3 62.9 224.6 165.7
70.6 52.1 68.6 50.8 224.6 165.7
{15.5) 53.1 1.8 B57.49 | 215.8 | (158.2
18.4 57.8 186.3 137.4 185.3 136.7
-20 -4 93.2 68.7 1582.2 141.8 202.0 149.0
142.2 104.9 201.0 148.2 190.2 140.3
- (104.6) T1.D §(193.2) | (42. (192.5) | (142.0)
65.7 48.5 165.7 122.2 . 194.2 143.2
-40 | -40 63.6 51. 160.0 118.0 214.8 158.4
57.9 42.7 165.7 122.2 130.4 96.2
(64. (47.5) | (163.8) | (120.8) | (179.8 | (132.&

Numbers in parentheses are the average of three specimens,

Table IV.4 : Charpy Impact Tes: Results for QT 108
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e

Thick« vEo kgfrm | vE .y kgfrm [vE ¢4 kgfem vE . ps kgf-m vTs
ness
(men} Ave., Ave, Ave. Ave. 't
2%.0 28.0
L 28.5) 28.0} 22.541 22.0 - - ~-82
6.5 17.5
25,4 27.6 19.5%
¢ 26,01 26.3119.01 18.8 - - - ~70
25.8 18.¢
Spec. - 123.5 -
Cc2.4
100 P e oS-
‘f & /»—‘%:’ ,,,,, . T
804 s
o I
tad ’
E 504 I/
L]
5
i
& 201
[P
i T ¥ T ¥ ¥ t T
30
q
25+
5 20—
oo
:
g 15
- J
¥ r
5 N
£ §
104
5«
G4 ; : : +
180 -84 B3 4} »ét} &
Test temperature {°C}
Table V.5 - Charpy Impact Test Results for EH 36
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Thick- | Temper~
ness ature Result
(mm) *C

-40 ICEA‘J:E% J:E%
=45 '[znxglls Al)ﬁ

A
v e e e
NDT -45°C
Condition
Test plece : Pl
Direction : C
Energy : 83 kgfrm

Table IV.5a: NRL Drop Weight Test Results for EH 36




Charpy impact strength
Heat Test temp.
Weld metal HAZ Parent plate
treatment -

C F Joule ft-1bs Joule ft-1bs Joule ft-ibs

178.5 128.4 120.6 88.3 159.8 117.9

-20 -4 175.5 129.4 104.9 77.4 146.1 107.8

150.0 110.6 111.8 82.5 13.5 4.2
(167.00 | (123.n | (112.4) 82.9 | (126.% 83.3

As welded

154.9 114.2 79.4 28.6 148.1 109.2

-40 1| -40 113.8 83.9 112.8 83.2 145.1 107.0

103.0 16.0 68.6 50.6 12.6 53.5
(123.9) 91.4 86.9) 64.1) | 021.9 (89.9

181.4 133.8 + | 1117 86.8 240.3 177.2

-20 -4 185.1 143.9 95.1 10.1 304.0 224.2

183.2 142.5 96.1 70.9 244.2 180.1
- (189.9) | (140.1 | (103.0) (75.9) | (262.8) | (193.8)
115.7 85.3 91.2 67.3 276.5 203.9

-40 | -40 111.8 82.5 122.6 90.4 249.1 183.7

139.3 102.7 51.0 37.6 220.0 162.3
(122.3 Q0.2 (88.3) (65.1) | (248.5 . (183.3

Numbers in parentheses are the average of three specimens.
Table IV .6 : Charpy Impact Test Results for A 537 d.q.




Heat treatment Temp. (C) Weld metal HaZ
Joule | ft-lbs Joule | ft - lbs
-20 236.3 174.3 220.6 162.7
As welded :
| | —40 166.7 | 123.0 | 216.7 | 159.8
—20 186.3 | 137.4 | 224.6 | 165.6
PWHT
—40 155.9 115.0 200.0 147.6
Table IV.7 : Charpy Impact Test Results for A 537 a c.
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Figure IV.8 : Charpy Impact Test Results for X 70




Section V

Hardness Test Results
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Figure V 1 : Hardness Test Resuits for HY 80
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Figure V 2+ Hardrniess Test Kesuits for A710
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Figure V.3 . Hardness Test Resuits for QT 80
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Figure V.4 . Hardness Test Results for EH 36
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FIGURE V.5 : Hardness Test Results for X 70
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Section VI

Microstructure



Section VII

Welding

A) Welding Procedure

B) Weld Properties




A)Welding Procedure




Welding Procedure Specification

1 Material HY 80
2 Welding Procedure
Welding Process S.ALUH,

Manual or Machine Machine

Position of Welding Flat

Filler Metal W543(4mm¢)

Flux __B2cM(Bond f1ux)
Welding Current 650Amp

Welding Voltage 38vVolt

Welding Speed 16.5Inch/min
Preheat and. ‘ 150-200 ¢

Interpass Temperature
Post Heat Temperature 600 Cx2Hr A.C.
Joint Detail

Edge Preparation Layer of Pass

o

S 37
- R ‘El'
< o 2N
- I 5 A

.

ﬁiso°~>N

Figure VII A 1 : Welding Procedure for HY 80
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1. Base plate
Plate No.2  ASTM A710 GradeA Class3 (oy : 70 - 80 Ksi )

Plate No.3  NKHITEN 62E (oy : 70 - 80 Ksi QT plate )

Note : The same welding procedure will be applied for
both plates.

2. Welding procedure
(1) Welding process : Submerged arc {(Multi-passg)

{(2) Welding material

Wire : US~ 40 (Kobe Steel Ltd.)
Wire diameter : 4 mm

Flux : PFH- 558 {Kobe Steel Ltd.)
AWS Classification : FBP6~EA3-A4
{3} Current and porality : AC

{4) Preheat temperature :
Ambient t mperature

interpass temperature 3
200%C .
(5} Post weld heat treatment : 600 °C x 1 hr and As Weldeg

{6) Standard welding condition

Root pass { 1 and 6 )

500 A -27 Vv - 30 em/min
Other passes

550 A - 32V «~ 30 ém/min

U hmn® |

Back gouging : Are air
{profile 5 R =~ 35° ~ 12 mm depch )

Figure VILA 2 . Welding Procedure tor A 710 & GT 80
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Welding process

Material speciffcation “Aﬁlﬁmﬁﬁliﬁweaaixnlanzmw( QT 108) —
SAY o

Manusl or machine Machine e
Pos{tion of welding Elat S
Filler metal specification AxS A5 23 .

Filler metal and f1ux ctass{f!catian.*Elléﬁ;iﬁéﬁﬁ.xa;ﬁﬁﬁuxmgg-znsﬁ

Single or multiple pass Multinle
S{ngle or multiple arc ~Aingle_

Welding current AC

Root treatment fouging

Preheat and {nterpass temperaturs 100.200 ¢

Post heat treatment SE0-E00 T x ) hr/in

Velding Procadure

* {n./min.
Pass lElectrode :_Welding current Trave] Joint deta{}
no. stze Amperes Volts speed S
1 4.0y 550 28 10
P4 ' 20
§
5

Quged afler 2ng pasy

This procedure may vary due to fabrication sequence, fit-up, pass gize, ete.,
within the Vimitation of variables given {n 48, C, or of AWS L1.7, Structural

¥elding Code.

Procedure po, Manufacturer or
contractor , N

Revision no. Authigé?ed by _ Afif#éif
s

Dete Y2y 31 7 ; Dr ¥ozn Akakide
/ Senfor Researcher

Figure VII. A .3 Weid;’rzg Procedure for QT 108

55




1 Material EH 36(Aalloy type C.R.)
2 Welding proceéére
Welding Process S.A.H,

Manual or Machine Machine

Position of Helding Elat
Filler Metal W36 (4mm¢ )

Flux BL55{Bond Flux)

Electrode and Flux combination A.W.S. A5.17 F7AB-EH14

Welding Curvent Pass: 520Amp, 2-5 Pass: 600 Amp

Welding Voltage. 1 Pass; 2%Volt, 2.5 Pass: 32-34Vo1¢

Helding Speed 13.0 Inch/min

Preheating Temperature 75°
Interpass Temperature 75-125°C
Post Heat ) None(Sample No. EH3E B1-4)

60U Cx2 Hr A.C.{(Sample No. EH3E Al-2, EH36 (1-2)

dJoint Detai:

Edge i :poration tayer of Pass

\(so../

] b
F /—' Ni
o
= [ '"§”
o £
~ ,/\ fl
.

Figure VII.A 4 . Welding Procedure for EH 36
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Material specificetion __ _ASTM A837 ¢), 2

Welding process SAW
Msnual or machine _ .. Machine ‘
Position of welding Flat

Filler metal specification /oS A5.23

Filler metal and flux class*fication FBAS EG-G, KB-110 x xW-1018

Single or multiple pass Multiple

Single or multiple arc Single

Welding current AC
Root treatment Goruging
Preheat and {nterpass temperatyre 100-200 ¢
Post heat treatment BEO-800 T x Y hr/in,
Welding Procedure * {n./min,
Pass [Flectroda Yelding current | Travel Joint detail
no., ${ze Amperes ?oits speed™
! 4,0¢ £50 28 10 o Ho'
{ ¥ = " oulside
5 '§ Eu
g - ingice
LD M\
12

gonged ofler 2nd pogs

This procedurs may v-ry due to fabrication sequence, fit-up, pass size, etc.,
within the Timitatic: of variables given {n 48, C, or of AWS D1.), Structurs]
Welding Cade.

Frocedure no. Manufscturer or
contractor A LA
Revision nov oo ... Authorized by;§ﬂ£;§§Zl~m£2§Z£Lﬁszigrdqmm*_,m",
vatefday 31 /R4 Dr. Kozo Akahide.
/ Senfor Researcher

Figure VII.A.5 . Welding Procedure for A 537 d.q.
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Haterial specification ASTM A337 class 2 (TMCP steel)
Welding process Sl

Manual or machine Machine

Position of Welding Flatl

Filler metal specification AWS A5.23

Filler metal and flux specification F8AB-EG-G, KB-110xKW-1018
Single or muitiple pass Multiple

Single or multiple arc  Single

Welding current AC

Root treatment Gouging

Preheat and interpass temperature 100~200 'C

Post heat treatment 580~8600 Tx 1 hr

Welding procedure
: * in./min,

Pass | Electrode | MWelding current | Travel Joint detail

no. | size (mm) Ampares | Volis ! speed *

1 4.0 550 28 10
2 ” - 30 ”
3 # ” - ” e
ot
4 & ” # ” Q "ﬂ'
” Ao " L4 lg
S il :
* 0! §
— SR

Figure Vil A 6 © Welding Procedure for A 537 a.c.
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Welding Procedure

Process ¢ SAW (Wire dmm?)
Position : Flat ‘
Filler metal and flux classification .
FEAS-EG~-Ad (@ Wi9 x @ BL55)

FBPE-EG-A4
Welding current : AC
Root treatment t Gauging
Preheat temp. f  Room temperature (10 ~16°C}
Interpass temp. ! 150°C max.
PWHT ' 3BO°C x 1mr.

Welding Condition

Welding Condition

Speeimen ; Pass No. ] Current Volitage Spead . ,
3 Betail
(a) (v} {emsmin. ) oint Detai
1 520 34 11
A 2,3 640 34 31
4 600 | 35 3 g
N -r
3 5 .. 7 640 34 11 -
oF
1 520 14 11
2,1 540 34 31
4 600 15 31
< g
5 640 14 31 E
6 §40 34 27 n
7.4 640 14 11
i
; !
; :
i {

Welding Procedure for ¥-70

S}
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B)Weld Properties




B1) HY 80 and EH 36




o

Tension tesgt

Tension test

Thickness T8 Position of
Steel wmm PHHT kgf/mm? fracture
25.4 79.4 M.H.
HY 80 B80.0 M.M,
25.4 - 58.7 W.M.
EH 36 E o 54,7 W.M.
Charpy impact test
Charpy impact test
vE_ 2, VE . 4g VE.g5
4 Thickness
Steel o PWHT kgfem SA kgfrm SA kgf-m 5A
4 4 %
25.4 o W.M . 60 3.6 28 2.0 8
' . 60 3.8 34 2.1
. 62 4.4 35 2.3 i3
BOND 6.7 63 3.0 is 2.6 13
HY 80
8.8 68 4.0 48 2.7 18
10.4 78 4.8 51 l.¢ 21
HAZ 18.9] 100 19.31 100 2.6 25
1mm 18.9} 100 19.5] 100 2.7 25
22.0: 100 19.6} 100 3.6 42




Charpy ilmpact test

vE_ 138 vEwu g
Steel ?higiﬁess PWHT gt ia kgt iA
25.4, - W.M. | 16.3 86 13.5 74
16.2 85 14,1 76
14.1 74
BOND | 10.8 70 13.3 66
15.4 74 14.3 68
13.2 64
EH 36 HAZ 12.4 72 6.5 46
1mm 10.7 66 5.3 42
4.9 38
o [w.M. | 16.8 72 13.5 54
15.9 70 5.5 32
1.7 20
BOND- | 7.5 54 2.8 38.
5.9 50 3.1 36
4.5 42
HAZ | 5.9 36 4.5 42
Lmm 7.1 48 4.0 18
3.9 38

oy
o




Hardness test

Hv 10kg

300

280

260

NN

240 PUHT
220——-}——&%;%5:'*5:'9':";(;%%,—5'5 '3“5*33'1554’”%1—-4»«-—
HAZ ? W.M . THAZ TMUM

M.M
BOND - BOND

Hardness distribution - HY 80

3,
200} Surface ff},‘ \?~ . / \

180+ M -
P /.. hd . o--..:,,
1604 7;‘ : e
oh t . .
& / As veld |
i
& T :
200} Bt/
Surface _ \
180+ - o ,’Ma_\___“é/ \
ﬁf? f, 1‘ . » Mémm
1506 ‘qu’i ; L ..,__«‘_m_“é,"p".'“'*té‘ 7

LT 3

H
PP

b MM ~%— HAZ — W.M “# HAZ -~ M.M

Hardness distribution - EH 36
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B2) QT 80







1. Forwargd
A study on corrosion fatigue in saline water is being
conducted between FAU and Steel makers cooperatively,
NIPPON KORAN K.K. (NKK) studied two steel plates of
NE~HITENG2E and A710«Gr. A-Cl.3.
This report is to describe the test results on the

mechanical properties of the welded joint of NK~HITENG6ZE.
2. Tested Steel Plates

Table 1 Chemical compogition of plate
{(wt %)

c Si Mn P
ladle 1 0.08 /0,25 11,341 0.01310.0063 - 0. 46
QT 80 check | 0.08 | 0.23 [ 1.40 ] 0,010 | 0.002 | 0.01 | 0. 42

Cr Mo Nb Ti B sol Al

N N
0.10 | 0,06 0.041 | 0.006 0.054 0.0031

0.09 | 0,06 [0.00210.040 ]0.005 | 0.0001 0.051 0.0026

3. Welding Condition
{1) Welding Method : SAW {Multi-passg)

(2) Welding Consumables
i) Wire : US-40 (KOBE STEEL Ltd.)

ii) Flux : PFH~555 (KOBE STEEL Ltd.)

*

AWS classification : FBPG-EA3-A4

Table 2 Typical chemical composition of wire-electrode

Brand C si Mn P s 5 Mo }

Us40 6.13 ] 0.04}1.80 ) 0.011 G.GIGf 8.52]

4mm in dia.




(3) Preheat : room temperature
Interpass temperature : 200°C

{4} Dbead sequence and welding condition

F e g Backing Passes (1 and 5)
T 500 ~5508 ~ 27 ~32V
. -30cpm

Other passes
500 ~550A - 27 A 32V
~30cpm

Back Gouging Profile
5R - 35" - 12mm depth
Fig.l Bead sequence
{5) PWHT
As welded _ ) -
PWHT 600°C x 1 hr

cooling rate 600 to 300°C : 42°C/hr.

4. Testing Results

4~1) Macrostructure

."‘!"» s ol
s Ry
'131}? ?*
:;Ia-

a"‘"»

As Welded

Microstructure of QT 80

64




4-2) Check analysis of weld metal

Check analysis of weld metal are shown in Table 3.

Table 3 Chemical composition of weld metal (wti)

c $i Mn P | s Cu Ni cr

Weld Metal ! 0,07 0.16 | 1.3310.610 | 0.007 [ 0.08 0.16 | 0.06

Mo Nb v Ti B sol Al i N
0.34 Tr. | 0.014 [ 0.0608 0.0005 | 0.00€ 0.0048 |

4-3) Bardness test results.

Vicker's hardness test was carried out on a8 weld area
cross section with transversge of 2mm from to§ and bottom
surfaces ang midwthickness_of the plate using iOkg load.

The results of hardness distribution. are shown in Fig.2

in as welded condition and Fig.3 in pwHT.
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4-4) Microstructur: of welded joint
Microstructures of weld metal, lmm and 3mm distance
from fusion line at a quater thickness in as welded
condition and PWHT are shown in Photo 2 and 3.

The magnification is 200 times.
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4-5) Result of Charpy test
Charpy test of weld portion was carried out in both
as welded and PWHT condition.
Test pieces were taken in 4 guater thickness of the
plate.
Table 4 shows the results of Charpy test,
Fig.4 and 5 show the Charpy transition curves in the as

welded and PWHT condition.
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Charpy test resull
As weld PWHT

v E-207 vE ~407 vTrs vE-207 vyE =407 vTrs
(. {J} e {J) {J} )

178 ‘116 160 110

Weld Metal 176 122 179 111
173 116 —48 206 94 =35

Ave. 176 118 182 105

210 108 254 284

Bond 155 121 291 254
102 101 =25 294 294 —79

Ave. 158 110 283 254

254 252 284 294

HAZ(1) 277 215 294 294
. 294 294 —ekd 294 254 =T

Ave, 288 254 294 294

294 180 294 294

HAZ(3) 214 g9 294 294
224 135 —H 294 294 < -8

Ave. 744 131 294 294

lst
U’
wmw}

Eondfm {Weld:HAZ=1:1)}

HAZ {

HAZ (3}

1)

Notch Location of Charpy Specimen
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{lmm distance from bond)

{3mm .distance from bond)
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4-6) Results of weld tensile test

Weld tensile test was carried out in accordance with
the specimen shown in Fig.6. wWeld reinforcement was

grinded and followed by blashing.

\ma*zzm

%{ %e

——— (WELD) _ ‘

ra12

Fig.6 Shape and size of weld tensile specimen

The results of weld tgnsile test are shown in Table 5.

Table 5 Result of weld tensile test

TS
MPa, Breaking
{Ksi) Position
645 Weld
As welded (93.8) Matal
€20
PWHT (883)




4-7) Results of CTOD test in accordance with BS5762:1979
CTOD test specimens were taken from weld metal and
HAZ., Fatigued side notch was adopted for the specimen.

The shape and size of test specimen are shown in

Fig.7.
t o8 163 58

Fig.7 Dimension of test specimen and notch detail

The transition curves of CTOD test are shown in Fig.8

in as welded condition and Fig.9 in PWHT.
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B3) QT 108 and A 537d.q.




ASTH A370 half size (1/4" dia.) round specimens were used to investigate the
tensile properties of the joints.

Tensile properties of the weld metal

Y.S. 1.5, El. | R.A.
MPa |ksi |MPa [ksi 3 %
As welded 684 1100 1805 1117 27 70

Steel | Heat treatment

QT 108 [ 664 | 97 |805 |117 | 25 | 3
As welded 569 | 82 |628 | 91 | 28 | 77
A 537d.q
PWHT 5391 78 (640 | 93 | 31 | .17

Impact strength was investigated by Charpy V-notch specimen. Location of
these specimen were at 2 mm deep from the surface of finishing side weld.
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Brittle area (%}

Absorbed energy {(kgf.m}
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S,

Test Results of Welded Joint

Tension and Charpy Test

Tension and Charpy Test

Tenzion Test Charpy Test
TS Fractured] Notoh Absorbed Energy vTrs
Condition o mm) at Position at -40°¢ tcy
{ksi) (L74e) {(kg-m} {ft-1b) {*F)
20.%
{149)
Waid 3.1 21.4 -4
Hetal (167} {185} {~1013
E7.4 Basa {iz;i
{95.9) Hatal
7.2
Bond 8.5 9.3 ~43
WHMBOY {62} {67} (~45)
8.1 Base (;AZSG;> 12.3
(96.9) Matal (89}
5.6
{41)
HAZ 17.1 13.9 ~-44
Bond + {114} {101 {(~47)
Lm 19.0
(138}
21.7
{137)
Wald 20.0 0.1 -80
Motal [145) {146} (-144)
8.5
66.7 Basae {134)
(94,9 Metal
16. 68
PWHT t129)
Bond 10.8 10.5 ~-38
wnsm) (78) {76) {-68)
66. 6 Base HAZ504 4.1
(94.7) Matal {310)
16.7
(E21)
HAZ 7.3 3.4 -40
(Bcnci +ﬂ) (53) (70} {-40}
1 4.8
{35)

[
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