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Synopsis :

Investigation has been made on the properties of continuously cast 38 mm thick SLA37
steel plates for LPG storage tanks. The crack arrest toughness KCA of the steel plates
manufactured by Kawasaki Thermomechanical Rolling (KTR) and Multipurpose
Accelerated Cooling System (MACS) processes was higher than 600 kgf/mm3/2 at —
50°C. In vertical MIG, TIG, SAW, and horizontal SAW of steel plates manufactured by
the quenching and tempering (QT) process, and in EGW with a high weld heat input of
65~115 Kd/em of QT, KTR, and MACS steel plates, bond properties measured at the
fusion line of welded joints are 7 kgf*m and over in vE—50°C, 0.3 mm and over in —
50°C COD value, and 470 kgf/mm3/2 in Kca. The foregoing results proved the technical
feasibility of the production of SLA37 steel plate for LPG storage tanks by using the

combination of continuous casting and QT, KTR and MACS processes.
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Synopsis:

Investigation has been made on the properties of continuously cast
38 mm thick SLA3T stee! plates for LPG storage tanks.
arrest toughness K,, of the steel plates manuflactured by Kawasaki
Thermomechanical Rolling {KTR) and Multipurpose Accelerated

The crack

Cooling System (MACS) processes was higher than 600 kgf/mm?/?
at —50°C. In vertical MIG, TIG, SAW, and horizontal SAW of
steel plates manufactured by the quenching and tempering (QT}
process, and in EGW with a high weld heat input of 65~115 k]/em
of QT, KTR, and MACS steel plates, hond properties measured at
the fusion line of welded joints are 7 kgf-mn and over in v E_gq00, 0.3
mm and over in —50°C COD value, and 470 kgf/mm¥?2 in K,. The
[oregoing results proved the technical feasibility of the production of
SLA37 steel plate for LPG storage tanks by using the combination
of continuous casting and QT, KTR and MACS processes.
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QT: Quench temper
KTR: Kawasaki thermomechanical rolling
MACS: Multipurpose accelerated cooling system
ACC: Accelerated (Controlled) Cooling

DQ: Direct Quenching

Fig. 1 Schematic diagram of manufacturing process of SLA37
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Table 1 Charucteristics of chemical composition

Type of .
Process | chemical Purpocsizrﬁfeéltlioymg Characteristic
composition | ’

. Cu, V and Ni addi- | The carbon equiv-
ticns contribute to | alent is shightly

QT raising the strength, | high value because
« Ni addition improves Dcfld(-jp’ V ;)md I}\I'
low temperature additions, but the
Low C-Cu- toughness low temperature
V-MNi g ’ toughness is supe-
-REM and Ti addi- | rior.
. tions prevent the
KTR toughness deteriora-
tion of the high heat
input weld joint.

« Nb addition contri- | The carbon equiv-
butes to raising the | alent is low be-
strength. cause of raising the

T | strengh  through
The effec't_of“reﬁn the Nb  addition
ing the grain size by i 14l 1d
Nb  addition im- | O 80 the we
proves the low tem- | 8 ility is superior.

MACS | Low C-Nb perature toughness.

- REM and Ti addi-
tions and the reduced
Si content prevent
the toughness de-
terioration of the
high heat inpat weld

| joint,
30
Atzeo-z0c = 230sec
g 20r
)
o4
=
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T
=
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0 | ] |
] 0.1 0.2 0.3
Si(wt%s)

Fig. 2 Lffect of Si contenl on absorbed energy at —40°C of
synthetic heat affected zone of 0.09%C-1.4%Mn-Ti.
REM steel

20
0
1%
-0
=40 230 wee
_ 1 L 1 1
50 0.01 0.0z 0.0
NBE (wt75)
Fig. 3 Effect of Nb content on V notch charpy fracture ap-

pearance transition temperature of synthetic heat al-
lected zone of 0.079,C-1.5%Mn-Ti-REM steel
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Table 2 Chemical compositions of materials

(%)
Process |m551mple l C Si 77\‘/[11 _P S Cu Ni V- 7N|7:» Al T N 771'\‘7E71\17 Wili\lw 7C‘:’:
oT Ladie ‘ 9.08 0.22 1.54 0.006 0.004 0.16 0.22 0.026 0.037 0.008 0.008 0.0036 0.36
Preduct 008 0.22 1.54 0.006 0.004 0.17 0.22 ©.026 0.038 0.007 0.006 0.0040 0.36
KTR Ladle 0.08  0.30 1.57 0.006 0.003 0.20 0.40 0.040 0.034 0.008 0.006 0.0041 i O"S;”ﬁ
N Product 0.08 .29 1.56 0,006 D0.004 0.18 0.41 0.040 0.037  0.007 0.006 ©0.0018 0.37
Macs | e 0.06 0.16 147 0.008  D0.002 ’ 0017 0019 G.007 0.006 0.0035 0.3l
Product 0.07 0.17 1.45 0.008 0.002 0.014  0.022  $.007 0.004 0.0036 0.32
. . 0.15 0.80
Spﬁgﬁﬁi‘g‘}" of <0.18 0.15; o <0.035 £0.035
Mn &  Cr Mo v
* Ca=Cmg o
oD X5 AR e LA EE O AR ST & TR L Ao Table 3 Mechanical properties of base metal
B bk A Table 2 4, S5 TR, 1500 LD fEFE -RH T nE = - == -
. . [ ) . Hmk Direc. Tensile test Dend test |V notch charpy test {3/, r}
LN 7 AL e >R - AL S L, P | D[ T -
] ety kg (%) | T 5
ar w | L 4.7 51.2 3 | Good | 3LL <120 <—12¢
‘ ; I8 4.3 52,7 1 | Good | M3 <-1m <10
3 ' I I e "
E$jﬁ& a8 L 41.0 008 a7 Good zﬁ,ﬁ —112 <—1JU
EIR I 125 52.3 3 | Gead | 1.7 —105 <—130
3.1 EAMEE Macs | 1 L 4.3 51.5 B Good | 275 —131 <=1
AR T A 45.0 51.7 M| Good | 222 — 8z — g
TJEE&QH#EUDL}HE, WFRE LUV o F e tn_@Iggﬁ%ﬁg%& ‘vpegf::\ll;?n of 37 5060 =20 15: | _ e_s —
¥ LT Table 3 iirt, vl fifiici T L5 EMELL ¥VS - -
=37 kgfimm2, TS=50 kef/mm? @ JIS MREMA ML L T4, F
R R LT N TR Th o V7w F ¥ e -
%‘t%ﬁ‘i%@i%ﬂ‘f&ﬂm&& §, —60°C ¢ 20kgt-mLlbTho, T Table 4 Fracture toughness of base metal*
L T &8 —90°C BTN & RIFAIICH o Fz T, KD s N _ O
iree point _
R EFEREE OT T Wl = & AE A BRF LD H S C(B%“{Ef" Deep noteh test E850 test % Double tensile test
Bt AU LT KTR 0 L C A PR R 55 & S N T A u“r o
o sl g | (sl i alf | B
fBo 7, MACS flicoy-Tit, QT e KIR ﬁmw-vh.w-m: (o | i | ey | G | | |y
R LTV B0, D OREEEREERERC S Y R s b ok Qr i 8.6 | G2tz | 190 | -3l ‘—m: 10| 5| —67
& T _| - B
FLoNDe TR e sis | 5505 | 600 %7?3(7103‘ w0 | -4 | —138
3.2 JhEEARE MACY LAt 56.7 | 380 G0 | —ad |—116] 700 | =74 | =101
T |
COD 2 it U & ¥ % G Ol BT ii 4 Table 4 W: 115::%:7(1(1_11 —huC
—T-\-TD COD AT BS 57520 ?:ﬂngL'tﬁ:L‘» DJKPHEEI’HT_H LjJ kWS G003
RE LR EMCVI Y 2 RS A L,
COD ffi >3k s, WES 3003 o [CH3 A I AE SR 1 T2 ALY viim
AhteaFRliEA fv b &, EIRICEDR X S PR 6. L, o= , .
ooty BRI BRI 0,237 kgl #5305 o »% B P47/ F RGBT D ST G WA 401 L
21 000 kgljmm? kb F o Tk D U AR S bdudc, 2T, (EURE Ol = 3L
3.850,, 1100 R A 4 B T B 7o I LR o ESSO $ LUr mi5 R
b= E x ag, T ( L AR A, MRS E r”ﬁ'ffl [ O IE W BT BIGI R
=020 (NG HE & ZHEIBE AT Kew) % T TR LY, B

Table 4 v+ X 50 —00°C kit 3 60 007 1.2 [
edh, WO L Eha TENRIEAR AT A EERRLT
Vo

F o4 =7 o F AN, YR o4 160 mm,
DR AT iT oty Fa =77 o 7B
Ko 2k AT LA,

Jll\

st I mm

L
LA N 1304 SR

Ko=0, VI (e T e (29
o
o, WEPEMMERS 4 D R R AT TR S
W i ERIm
2er H)RAR
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WA DR A N T B Ao EREIBEE S X UTFR
fiti (4K, #dkanie, MEREAY Table 5 word-nh,  HEsHRI-
WEERREL R ot fods, AK O3l TR LT
(ASTM EB47-834 HEM)

_ . 47 (Eta) q 90,0
AK-B‘/W;X L) (0.88644.64cx—13.32¢x
1AL T2 B B?) <vee e (4)
da
[ — ¥
dN—C(dK)

D,
AR AR KRB b
AP BENEMH
B: R
W BB
G FRFEX
N {hRUE
s FERRE B
a: afW
F4:, QT & MACS koo Tk 4K, #Rbiht, FRE
Fu, 19 keffmm®? 25 ko8 16 keffmm?® 0% - 72,

Table 5 The value of m and C obtained in {atigue crack pro-
pagation tests

Material constants
Steel . U -y R,
i i C
QT 3.20 ‘ 5.71x 1071t
KTR 3.006 | 1.04 5 10710
MACS : 3.36 ‘ 3.35% 10-1t
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EEAT g o WA AV Ao B oA F L Table 6 o
Fo Fh, MO e — A AREETMY, SAW im0y Tikis
R, MIG, TIG, EGW f3xuf SMAW i LTk msg
AT E L,

4.2 HERFEOEFRMEAE

BEMFEOTE, s LUV s o F v A ©— TR R A
Table 7 i Tt HMEESRM S i+ EEM#R (118
G3126 SLAIT) R-ba-iile L0 B MFRSTE b5~ C BT 745
Wkt oto, £, £MFD ~50°C O BT =F 4 % — ik 7T
9. 0kgl-m Ll ERIFAESE - T D, KABEEO-HTHS
ECGW #Eil o —50°C k1T ML= & 4 F — i & IR o i
B IR, v Nt Lot HAZ #f 2 4, Backing side - 10kgf-m
LIE, Finishing side 7 7.0kgf-m [l1-, vT% o2ou 0L 417
=50°C LI & LT - foo

4.3 FEEFIIORRFE

BEEEMHFE —50°C ki s+ v Vi, HAZ [k X UEEEIT
(EGW} @ COD BEEER, Wb EY FHOF 4 —¥ /7 » ¥4
LU ESSO REaHES Table 8 ioi+, #%E#F 0 COD i 4
et 0.2mm BLLts b, Ey Fio 8 ik 0.3mm B,
HAZ 38e> 6 i 1.0mm LI E X RIFTH o fo,

AV FHOT 4 =72 o FRBEER L D, BOERIS i T
LA T Esb b D TH -, TRBICTAER T 55
HFETHL EGW BFE£ v FOBEMERE Ko of 436 kgf/mmd/2
Bl Eofd R L.

KTR 3%, MACS $fic0 EGW T4 FaiR Lo QT ol
SAW HEF A v KO IT - 7o BSSO sk Frr, Table 8 12
ALk i, ARIERM T —66°C LUF & BIR ML, o Bae iR
Ltre E70, BIEMEE Y P ERAEREB L 0 & Lo T
NOBE L WL, FE v NSk - CEBe TR TR L
Foo XSV A REHEL s TRIFNC AR S 2 b, RO
B RERAVN VGRS THMIC AL L L h, EROEBEIED
BEMLT ARG EL D THD, FRNA Y FILiE» TIRIEL
e Z EOFMNE L TBEREIE NS F L b

dors LPG iz 10 U 23 G olfeb 2o R Ao 2w T Ll b
Bt s, s s BRIGHEMNBIEIE LTEL, FHENR
OGN ED Y2 RIS bR s 0T, BEFNNOREBH#FT
WTELL, EGW T2 2ok %, LPG LI Y S0 06
—50°C ki 5 COD el 4 Mo T sk,
Fofiity 0.2mm Th ot £y Fickid s COD offio iz Kl
0.3mm Ll Ed~vohy, o2 TILREES R OO COD [ 0.2 mm
THGTERET D,

Tl FRITEEE & LT, BRPERERE o Wi b ik d BE LR
33mm ALY, MW LLT 15mny/1000mm, EiEldg & LT
b AT A, S0 L5 OB, Hare Tk, R
HroarltadeliolEtss,

COD # il fo WEER B 56 x5 R PR & & LT,
FIAR M £ WES 2806 oJiika-filv- 3,

HWEREAT+25E e bk, AN THLbRE,
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Table 6 Welding conditions
Welding Welding - Current Voltage Speed Heat inl-;.tii
methed Steel material Side (A) %) (emfmin) (kJfcm) Shape of groove
K N Back 126~131 21.0~22.0 5.9~3.2 26.8~33.0
M-3
MiG QT 1.2 mmgh N e A -
Finish 122123 ?21.5~22.0 6.3~5.4 24.4~30.0
Back 29~ 288 10.0~10.5 5.5~4.9 31.3~37.0
- - KT-50
re Q1 1.2 mmg B
Finish 300~ 280 10.0~10.5 5.5~4.9 32.8~35.9
T
© Back 380 40 3.5 107.3
. EG-518
EGW KTR 1.6 mmg
_'MACS Finish 80 4n 13.2 69.1
Back 486 26.0 4.0 18.7
- KW.50C
SAW Qi KF-400H ) -
Finish 480 26.0 40.0 18.7
Back 160 25.0 7.2 33.3
K3-81LT
SMAW OT o e
Finisl 118 24.0 6.3 3386
Table 7 Mechanical properties of welded joints
Tensile rest¥ Bend test V notch charpy toughness
Weld- - Surface Charpy absorbed energy (kyf -m)#* [ v Tes
ing | Process TS El Frac- Sid bend - By -
method (kg ;(;l;:! liesd — Backing side Finishing side leckmg side | Finishing side
mm* ) (%) i Rc ey
tion (3 | sult| WM Bond | HAZ| WM ‘Bund HAZ | WM B(md | Haz | wM |Bcnd HAZ
. . . e w3 wr|mo]| . S e _
MIG L QT | 54.7 21.5 WM | Good | 38.1 | Good (47) o ! (3) () | (38 | (o) —52 a 80 56 56 |<<—80
TG | QT | 56.1 47.3 WM | Good 40-4 | Good 5y l-a,) W f‘_,’; TS ) < —sug a0 < a0 -7 |< 80
e — S | —_—
. HAZ- ) 132185 28153 w0208 ., [P P I I
Q1 ‘57 144.7 BM Good | 26.2 | Good ey | oy | o8y |20y | (n) | e G2 60 |« —80[< —80 —52 76
HAZ. 2| 108|186 [15.0 | 7327 | _on| _sr| _oad _os | _ss |
EGW | KTR | 57.0 40.7 M Good | 1R.7 ‘Goud 0y | (38) ! 8y | e15) | () | (a5 il 57 73 75 55 57
ol e HAZ - | sl s |5 oo | we | o | P e _
iMALb} 54.3 43.4 LM Good ' 17.5 | Good (25) 4 €2y 4 oy | c1oy | my | o) 7l 58 | < —80(<C —80] —G8 |< —80
R S R . { R — = IR _ S
3 o = r H:\Z ~ 5.4 | 150 | 246 G4 0179|253 - am _ _an | —5 _ g0
SAW \ QT | 36.6 45.5 BM Good | 21.5 | Good oy | 2Ry | oy | 4 50 G5 |« —80 —50 7 (<
T P wazl . | 14.8 | 215 4‘ 8.4 217 I A N RN I
bM-\W" 1 7.3 43.9 1M Guod | 18.1 . Gead o3y | am (U) ‘ (17) | (7 (” —062 | < S(J‘I< 30U 80 73 | —8¢
; | N

* Mean value of 2 test | pleces

# Mean value of 3 test pieces, Test temperature —30°C, {

Table 8 Fracture toughness of welded joints®

T T T T e gt Beading |
‘ 0D test _ (Bon

Welding [— 5
method | LToee % ("“_]1)_ o ('L':h

Wi Bond  HAZ | min¥)
MIG or 0650 136 | 602
TIG or 0.508 =1 82 . 59.1
EGW o 0.201 0,335 »1.843 | BL.4
FGW KTR 0412 0504 H1.675 | 478
EGW MACS | 0.204  1.250 >L.B24 | 426
SAW Qr L1170 >L.899 [ 479
SMAW QT >1.890 >1.330

* Test temperature, —\:0 °C

Deep Tetel test|

ud)

R
(kglf
mm**)

6019
Gul.

.1.
- Mmoo

(l‘h[f j -
mn* ~

I . )
s | < 100
40 =72
470 — 66

‘h() est (Bondj

(,I I\\Iru. AL

< — 1
=116
By

¢=e;+eé:tes

e BRI LAT|ThH AN,
mm? AARET S E, e1=6.67x 10~

OGRS E LT 1 kelf
LB,

31

3 Crystallinity percentage

& AFEHETIEICLATTH), BREe, D06HETELD
I e=1.06%x10"" Lin,

o IR RKC L AW Teh AN, AN, BfwEx Lol

BICERETAH L, e=1.05x107% k/pa, AELDE e=2.28x
107 2R 5315,

COD fif 6 £3E e (X /REE 1k @ EkoBRVHZ ST

B
6=3.5¢a
Li-Ai-, COD LT 0.2mnm #{FEETAE 24=50mm H:
FE By o OB AN B T R T
HE, HEDI=0.15¢=0 ELlyoRmaieR S 24 HJI'.': iﬁ

LT mm

Kerrh, ZOXdkELKpIFEERE CE R TEETE
RMf*D,f%ﬁﬂ%ﬁbwmﬂ&ﬁbfﬁﬁﬁhaLHBHﬁ

Z IR T AL TEB LR TES,
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Fig. 5 Relationship between fatigue crack propagation rate
da/dN and the range of stress intensity factor 4K at
EGW high heat input welding joints of steel plates pre-
duced by QT process

Teble 9 The values of m and C obtained in {atigue crack pro-
pagalion tests

Welding ‘ Noteh Material constanis
method Process lecation T
0 C

WM | 2.79 4.0 100

MIG QT Bond 3.07 1.193x 101
HAZ 3.23 5.89 % 10—u

WM 3.48 2.01x 101

TIG QT Bond 3.37 3.15x 10~
HAZ 3.57 3.31x 10~

WM 2.98 1.60x 10—1®

EGW Qr Bond 3.45 2.23x 100
HAZ 3.53 1 1.50x 174

WM 2.98 2.4%><1("“m

EGW KTR Bond 3.04 1.81x 1010
HAZ 344 2. 38 % 10—

WM 3.27 4.83% 1071

EGW MACS Bond 3.44 2,43 % 1018
HAZ 3.10 1.28x 10~

\VVI 3.41 3.33 w1071t

SAW QT | Bond | 2.91 2,48 5 16710
i HAZ 3.30 4. 19%x 101
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