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FLLL RS ME RIEEREE OME
. Mean Daily .
A & Min. Temp. (°C) # & & m (0
1 EHKBED Operation Condition 0~—-2 (\B X) —-30~-32
HTB, HDB
(FALsaE ) Transit Condition -30 4 K —60
2 W%y —-v v FENRAFER Yy — _ _
(e kit m) DARIBE 50 AN 60
3 2/ AL /By PETBMEEAR 0~-2 (& k) -30~-32
59 b7 4—L
(ssEm) /8y b PIDISERARE | —50 * 80
4 a=Hrryy
¥7a=. } 7 8 4 1% & —50 A %) -60
(e b )
( ) ) e
%112  Evaluation and future in each types of drilling
. Evaluation
Type Operating Future
Depth for for all-seasons
Ice Wave operation
1. Artificial island
Shallow Sea © O O —
Gravel
Caisson | Shallow Sea © O O | Soow rcte ses
2. Landing
Gravi Shallow Sea A A A —_
ravity
Jack up Mediam Depth A © A -
Sea
3. Floating
Ship or Deep Sea O © A -
burge
Semi-sub Deep Sea O © A 3/:2: :z‘a’e for

© Very strong O Strong A Weak

|



( #1.13 Evaluation and the future in each types of
production pratform
. Evaluation
Type Operating Future
Depth for for For soft | Technical
ice Wave foundation | completeness
Artificial To be used continu-
1o "% | Shallow Sea | © O O © | Sitihorein the wre-
island tic ocean
2. Jacket Mediam Depth O © @) ©
To be limited in the
3. Gravity Mediam Depth O O A © sea with solid
faundation
4. Floating (Temporary) O @) © ©
High-Comp- A O @ O TJo be used practi-
5. liance Guyde- Deep Sea cally in the other
Tower TLP A O © O ses ores
wilt d 4 in th
6.S.P.S Deep Sea © © © A deep sea
\_ © Exellent O Good A No J
(
#1.14 General trend and required properties of
~well and drilling
— Trend — — Requirement —
. Deep well 1. High strength
2. High strength(at elevated temperature)
. Low ambient
temperature 3. Thermal shock resistance
. Variety of compositions 4. High collapse strength
(Sour, Mixed)
5. H.S.C.C resistance
. Directional drilling b. H.LC resistance
7. Corrosion resistance
. Enhanced oil and gas 8. Non magnetic properties
recovery
(Water, gas, 9. Low temperature toughness
chemical, fire---)
\_ _J




#1.1.5  Required properties of steels for off-shore
structures and ships
It Drilling and Transportation ship and
ems production structures supply boats
. Thickness ~100, ~200mm ~100mm
. Strength os 50~60, ~80kg/mm? os 50, 60kg/mm?
Toughness Service temperature Service temperature
) ~~-50t, ~—-60TC —-50T ~ —-60C
. Fatigue Corrosion fatigue property in
the sea water
. Corrosion Corrosion resistance for steel
resistance without coating for ice breaker
Toughness for the varety of Toughness for the varety of
. Weldability welding heat input welding heat input
No preheating No preheating
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Opccstional Limits Extended Summer la Pack lce;
Year-round in Landfast lco with
Tcebresker Swppoet

Wiater Depth Ronge [GOf-400[¢

Cunliguistion Ice Reinlorced Dreill Barge 1l
with Swiveling Surret at Moonpool

Ballase : No Requirement

1. 1.6 Dome's swivel drillship

B41.1.7 Monopod £S5 > + k—4

Ice
S N \
AN A\ N\
1.1.8 Cone EX% 5 t k—4 Operational Limits: Year-round in Nearshore Arctic
Water Depth Range: 7 130 ft
Consteuction: Steet
Configuration: Stope-sided Rectangular Hull Supporting Rectangular
P on Two Col, :
Daltast: Seawster

B4 1.1. 11 Offshore Go.’s Arctic Drill Barge



Py

Tenterting Profile of Cherron's AMDS

Hearey Tool Siormpe
Dvith ¥ oot
Frpe Stovege
Wely [Mud Pump Room
Cenmrated Room]| M1 50oF B oinrg B
You|
Elncoiatly Heated Bew. /1 Vord 30 Dla.
4 (3 n-100 1) 9|
{Hot Water Meaded Ebev, Vo-az | Blagrneen
n-
on-is ';)nn-u e HE T H G .
itan Lal? o3 8 B E3 L DA N
L 250 11 Din 1]

Operational Limits:  All [ce Conditions in Nearshore Envi

Water Depth Range: 1S -60 Mt

Construction: Steel
Configuration: Conical Hull Supporting Rectangular Supperstructure
Baflast: Seawater

(4 1.1.12 Chevron's Amds.

£41.1.13 Examples of designs of

T.L.P. and T.T. P,



Thickness
(mm)

200"

411,141

Variety of Steel Materials for Offshore Structure
Application




1.2 RHYRVBREICAT IRANORK L SEHORR
1.2.1  Ao4E8:E FAsH
(1) RBRBEMA(1ACS)

NEESSHKERI N LEMHMIE, 5§08 254D 1959 4C UR. No.l “ Requirements for
Hull Structural Steels " & LT IACS ( International Association of Classification
Societies ) TH—HAWLIN .

COMK—Itid. BREMVOBEHMMARAT N TWANBICL >, TAKE BB D LB DN, 1/ T0HD
ERAMMORBICKAKFEELTV A LRI N 2,

UR. No. ! THEZIhi 5 EAOEMH ( Grade A, B, C. D. E)id, HMOIHEIROBN E ¥ FIRIC =
WTRHOBIHEIC EEE 524D THh, TOHEL LTROFREANTN 5.

(@) (LFHEB OS> &I
b #o =
e) v+ re—HRICPFTHERERz A L¥—ff

®IC, 19714 C#—{tEh 7 UR. No. 12 “Requirements for High Tensile Hull Struc-
tural Steels " iCid, 2 FEHOMIBRKRA( oy 32kgf /met, 36kl me) KL, ThEN TR
B R% 556 MEIORERENAM (Grade A32, D32, E32, A36, D36, E36 )M EINh TV A,

SEHOMEEROm2 O RAKA BRI, SHMAICH L THE—DOERBIN: A v ¥ —HCH T D>+ 1 E
~HRBAT(AH: 0C., DH:—20C, EH: —40T) 2L, $ BB TAREZLL (BELZLLD
O I —FBRERBEELHE ) 2 TRL TS ETH S,

19794 (CiE, M—RAIE 4 —BBEIh, BEMHEBENEM L 1 DK LwA UR. W11 " Normal
and High Strength Structural Steels ™ 2A&xTbhr, R1.2.11, BITUR. WILBRAl0o &%
NMPOMETH Y, RERLALOBRBSRAMIKMY AN LbhTni,

Fuf T, $dicst T 208, EEFORGSHE-CBERT O M - WBIC L Y BHOX % 6T BIERFH S
Bl E NN SE > TETWVE,

(2) 1ACS REO#MH ‘

BAOBSKAIC + W THEM L YRARI QD055 TMCPHIL, 48, BHFEMEWFTOMEWATEHM L L
THEC T EMRAIEML TE Y, RETH SO+ o RBENBHOS0 LU LO G EHLILE T 5o
Lo Et, TMEGEERNEH ( TMCP M) 81, B Z WhUFOoE TRRYEGRNMAH KKK EZE
hOOBHIBhTHELETEMIRRL A LERL TV A,

IACSIHWTH, T LTMEGBERNEH T RITO UR. W11 IKRAL L9 ¢ X OWIEKKIRDEA TH D,
REFATH 1986 FEORFTEAIEL T5,

KICTMBESGRNAMO AP H5RER (198541 ) LOoEZEREIEET.

(i) sapoEH
BT UR. W1l KT, a2 6L O W ICBEHBIEZ “ Controlled Rolling " 23 DHAANRIK

BoLhTn5BH, Zh ERBKIC“ Thermo-Mechanical Rolling (TMCP) ™ #:DH & U EHIRIC

DAL G L LERIFON NI S MBFELE L TEHLN D LOWETh L EHD 5,

ZDroitid, “ Controlled Rolling " & “ Thermo-Mechanical Rolling " OE#H % HEK

LzdhidZ 6%\, £1.2.242, # Rolling BEILDOVWTOEEEZRLTHY, “ Thermo-Mechanical



Rolling ” & L THIEXEE & KGSHEIBMEEED 2 DOHEAHARIN TV bo
(i) BERNBHICERI I 5 B0E
£1.23d, BEABRICHTHERBABRGLLERDF, REGLTRELAIDOTS Y, HE%
HLOMDIT Y Thermo -Mechanical Rolling ” 2% Grade KB LN HZ L ERL TV 5o
PlEORIC, BIRABRK KUY + v € — KRB O b BITOWT, “ Thermo-Mechanical Rolling ™
T L ABSEEICRE - RIRERENRH I N TV D,
(3) MEBE~OHEH
IACS UR. S6(1978) “Use of Steel Grades for various Hull Members * Til. UR.
W11 CHEL 7@ REICG U TFR 1. 2.4 TR+ Class 1, 0, I, N, VOSs#ACESL, thbeh
S0 R RES 0. 4 LIADOEBH & £ h LSO BHICATICEBT 5 X 9, R1.250 L5 TBIEL T bo
121, #1125 TRENEHDBH* BUEBERIKENTRLALSD TS Do

N KHENC 3Tk, UR. S6 ITH-S (St @ERIE S ( —RA0408 ) KT 5 WiEA 1982 FifTbh /e

1. 2.6 CARNMHICH T A ERNEE RTo & db, RIRICHTS“ Material Class in 1ACS "L,
#1241k b Class EH%8%K T T RL TN 5,
ZOUR. 86 MY AniCid, BIRIFEEMncFiEs LTEE LTKEEIC L 2RHEIME 5N TV 5o
o1 b,
TG O — (1.21)
Thhit, DHEEERET(EHIENE AR I4EnD) T, BHBEAREL 2V EELBTILTD 5o

FRIC 37 2 ERBEROPEE KL, K=1 (o, a) & LTHREBHICHT2EMTHe (8 BEREICH)

RUBRBREa #METHC LI HWBEETN B,

37, RHEHIMMAKe it, Kc=g (oy, vTrs, t. T) ERBl kD5 MO RUERRR 0y, #
HOWELBEE vTrs (¥ » v E—HUEME) , MHBORE Lt RURHBET ¢ 5258 TROLN 5,

Ke ERREANT LETFT 5506, Ke linKBEEFLC 22 L 9 AREHNKBE LRTBEBROREICK L
TRENCHLHBE(BR) L BB L2,

—7%. GAS-Code ( IGC-Code ) Ol fl% 21} #k b # = WA DMK BEICER T h 2 MO B AE S
B, RL2TICRT AV TH Y, —RONMEREZ VBHORIBEIIC U THBTRELZRELW@H O Grade
BIOHEIN TS, ThLORBUL, 1.2.4(3)Tih~<% 1ACS Recommendations No.7(1980) O
D “ Primary Category ~ K+ 2BERABLMHI ANASDTHYH, RRD “Normal Practice ”
L, UR. S6 OEMxE®T 5,

(4) BEBICHT LKA

B R UOERDNBHBICERIN ABERMRENL, TACS TUR. W4, W5, W6 MO WIZ & LTURIER
hTEh, ERBHBSAAMCIRY AN LN TVE, LALEDL, Zh oD TACSHAIR, ZEEHYBIEX
BREAME b, T ABANOEMIFEECEMELTNEZ ED L, BEXOROENOESICRE » 7 WIE
ENThbh T b,

—F, BEFABRBICENTI, RL28XD 162~ Lo, BORBEOERATI R, TnoTe
B, kL hE—HRAOHIENELIEZEMNL b EEI N Tnkbe

EHICDONWTIL, BED 1ACSITHWT “Welding Procedure Qualification Test ™ BT 28
MOKE—(LOBE 2D 5o



THhICBT BFEO 1 DL, AARBEBCERIND v+ VE—RIRT 5 o ¥ —{E5 8 b FiT b h 525, ]
RIURYRRDBA OB 6 BREBREBUHHAL T 572 0— WM~ ORARBEEOBEA % B4 bt T s Bk
KdbZlHb, BIEMCE > TTMEBRNBHIRMEOE CHRAMMESS I 5.

BT, NKRANC 30 2 SSRNBHOAARBES (BEEE, F. L., HAZ 1mm ) K3 5 Bk, i
FOHBEEICEVWT3. 5k  mUb L% T,

1.2.2 2> 7 Bk
(1) GAS-Code F$8# ( IGC-Code)

HKEABED0C~5 5 COBMBRBIH A ERID 2 > 2 BT, —RITA L5 FBIDSGER & T 0o Do
ALXNMFRELTILIS, ASTM FRHBOBUEN S 2755, BEEIL / ALWHIOBE IMO O GAS - Code O
S RUHEHIZT NI R b2 e R1.2.94%, £ v 2 BSHICH T2 GAS-Code ([ IMO Resolution
A328 (IX) “ Code for the construction and Equipment of Ships Carrying Liquefid
Gases in Bulk " J OB 4[EHKIE( 198346 A14H MSC/Circ 356 ) [T 28HREEHL % &
DTHBo 27, IMO © GAS-Code (X, 5% 74 SOLAS~ 83 Amendments ORZ)( 198647 A Fi)
DB, 1GC-Code (International Code : Resolution MSC.5(48) & LT#MEh ¢ &
H19834E6 A17AIFIRI ATV D,

NKHBRIC #nTix 1984 4, #lbd GAS-Code H 4[EKIEAE (Part N : ABEBICHEN) %K H A
ko d7c, MHOY + v € —FBRBEFR 1.2 10ICGRFBE L+ 5 L 5 AR ( K ) % 801 1 T 5o
BRICLD L, AHOY v v € —HBRER, BHORBLBHEEIC L VREIN D LK Do

(2) 1ACSHFO®HMH

GAS-Code A328 (IX) D6 FCHAEINTVA “ MUK UBE" KM+ AU, 1ACS UR. W1
(1975) “Materials and Welding for Gas tankers " # REMICKEMLA LD TH b, FD%D
UR. W1 SER(19844ERIT) 25A 328 ( IX)DE4OcEIAEh 4,

CD UR. W1 OSFFESICILE 7/ TMCP $ICBI+ 2 B3 HRONCII R OB R L Th ks - adis s, &
1.2.9 THES HMHICH 3 5 ERMMIE (Normalized or Quenched and Tempered ) DfEBTEr &
LT, RIFHEHMA)ITIE “ TMCP " Tiz%Z ¢ “ Controlled Rolling Procedure " #BwaE M #L T
bo L2L%ZDL, 2O “ Controlled Rolling Prodedure "3, #1.2.20W. 11. 5. 2(h) ©oE &I
£% " Thermo-Mechanical Rolling " # %7 24D LMRL, BEOBESIMELETS S “ Cont
-rolled Rolling” (W. 11.5. 2(j|) DFHE )RS EANLHEIN LA TH 2,

WoTo SHROMERE L TR RS ERHICT 270 OF—BRt IACS ATRHE T~ LBbh b,

3) BEELICR 3288

UALTLOUE AVLO A\ LAY VLR, B MU IR AR SRVC BE T S RKIADVBIE SN TWbde CDOBRNT
THRE ZFHRL, ¥+ v E-RBICHT L AR ORRUBAR 1 2.210RT 5 #FHTH b, BrHicd+ 5
HABE OFHBRx 4 1% —fEd, BHOKBRE LFA—DOBRE (X1 298/ ) TFTREOCLECERIATA
LT ETHD,

(a) BELEBPRE : 2.8ks- m LIE
(b) BRERUBALBE : B OB EBBEIL (RAICHL )
B OREJTUBIELL £ (et Bhicxd L )
Wo>T, RHOBE, REHOFEFEIBESIBLETFTICZ 2L 51 LATAE % &% 1o




FETHIC T, FEOGBEEKIRBICABL TV T, £ ¥ 7 AR UBERHINCED bR 7t
EBRUSBEBSBIEER LABYMNEL R L % Do

ce%lﬁ%ru.mwaﬁtvfwf~ﬁﬁ(ayﬁ%KKIOTm%%mﬁa§EEM)&ﬁw.7+w
BRSO m BICTE EE R B A BB (A (b) I TiR b S % EERLAEE) NS
&HK&ML,éﬁ&ﬂ11W¥—m#mmﬁKMﬁ&m%émm.%mﬁﬁwkmfhmTﬁ&ﬁvag—
SEEEG L VBT oA, v v C—HBICAKERAT LOREIN TV Lo

1.2.3  HCEEETH M
(1) A eata s MU

ARSI, BOAANT MW 60 2 A0S TR HE A O dsle TSt 0 (R 2 1 AOP—RT B LD, F¥h%
WS B, e R B Y T, PO RVAREE HISH T ORI L ML M AnBiGr b bcn, D
IR SHITLE U 72 S DALBR A D G AT LD %0

D EICONT, BRI E b2 L S WL T dnadt, ABS BT A B S DA MEUE

HUIADSMICH L TR L2 LA 8 CRIPIICIEE S0 & &t WSS O B AHAIITIS Uley v 2
— R MUTE TRROABREMN 2 HEL T D,

BIARERIE S O kg Amm VL OSHVCK T AUE L L T, TACS UR. W16 (1984) “High Strength
Quenched and Tempered Steels for Welded Structures " 280, 121 2 TR ~
IR % At e WD k2 Y, — ORI L2 DO SH & BURIL L T B2t 4% UR.
W16 KAS BB A LTV b b

i HETEAREIC e T, B T RIS 2N+ DG IERET I L, WiF T A 5 T o T OB G
S OB T T A M 0+ 20 A D be TS N KB SR E R 1. 2.13 1T Kto # 7, lid
FROBMA 4+ T L TYWL IR 4 & %o

(2) #HEEROB

SRR TR0 KPR ) O W E RS A AR SN DD b b K1.2.1482, L LTCH HD i TS+
DTSR L TRSR S 22 MR OB 3 L/t 3 DT H So

AAEEE, —20C~—50CRETS ), #MfotEcL TEr » v v—HABOfbic, —HomEwT
2 CODRBAIMGIN TR B, COC ODHRBIL, WHRHAICL ZERPH L LTL vixtrLOFHE (Ht

_ﬁﬁ%)oﬂ&%xa@ot&ﬁénéo
thKLb.7¢wa—ﬁ$ﬁﬂwﬁﬁm«08hﬁt&UCODE&@%M@.ﬂﬁ&Uﬁ%%%%@%
Lok bR BT LA D, M ELSER R CE BTN O RHICRYEE T B2 WBRCH 5.
holML, HEMOBRCH T 2 2VEDF@EDO @A Si, FRANAZHEOMEENFLZIOT L0 E
9 MERRLT ATTEOWIER VI MENTNE L 4L LV Do
(31 #pi G~ 0® A
B SO IS, TOF BEA G L Secondary, Primary R Special O 38D Cate-

gory CHMENTWwdHo F1.2.151%, TACS Recommendation No. 7 (1980) “Quide for the

Use of Hull Structural Steels for Prolonged exposure to low Service Tempera -

ture " DR THEI N 28O ERAXMCBT BRETH o
W%u,%M%T&%<@ﬁ%@5otwwn&ﬂﬁﬁﬁ&%mtr&ﬁﬁ&—s0@3?@&@&%&@@

PEE (vTrs )&DNBR LCEDHA DT, BEXKOS RET, S oSEmLoRE. LIegklt, BEMcH+

»



ANDE (non-destructive evaluation ) %® Production Factor & - THBREOHBE L LR

OEERTALOBEINTV S,

R1216 CBHRRBEOMPOERE I CHETLRHFEE-30CK+T1PETR+. BRREISHAL &
YIITRBEO O L R Th b

NKHAANZ 197 8FERBEINTE Y, OB WES 3003 (CHERIIR) CLsBBHh¥NFEELH
WTRBREI AN TWD, chiz, CODEBIEICLBbDT, D2 b,

3 < Jc ................................. ( 1.2.2 )

Thhid, DLRERHT TRREEELREL 20 L0 E N, Tv 2,

FIRIC 3 2 BRBRBIAE 012, 2ZRS %49 180m ( BSBH ) X O 120 m ( BRI ) . 3 2fE M
mﬁ&OQUY(Semmduy),04oy(Prmmry)&UOBUY(Spuial)t%h%?ﬁ%f?%c&m
I bRo, HHRFEHT (#H D Grade, FEHEE ) TR T HTREERNEME S . KT 5 KELHBER
BrLTHTWA,

4) BwESCH A8

MRS AEH OB B ARRRI O A BB ERTIBICH T 5 BREOFIEER 1. 2.17 TR NVEINK
HAHMCH T2 ERE(R1L.288H) LT NEh[H—T 5255, TOERABEXNTHTRA TR, T b
o, ABSHREITRERGEN T 3 v —ERAICT T L ERMBER—-THLI00 > » v ~RBEENRE
b, BEIHO Category WILLTED A L5 BEIN TV B,

ZOXSICERMIBEDERBEIRZ » THLHRIKICEX, 8% IACSHTH —HALIh b M8 h
Ao

1.24 S#%OEBY

1982%® IACS WP/MW (Working Party on Materials & Welding ) TR ABEHBS L
TMCP OB B LA ERB I N TLCRE MR REA TR 2 RE 22 TN Tk, Zh bk 2 bbb ER1218
DEEHTHE,

LA L, Ch GIIBHILDUDIUEND TRIES TH b, TMCPH#L, 43 THEN T TRICHEBEY, kRS
Kﬁbnférwaﬁ,%%uDQ%t§m1mﬁ@%.ﬂmﬁﬁ,%%@%%«Mkéna&%zan.%@k
WICRERAOERBICIRIL (B LI 2 C AR TH B, FDKikE LTk, TMCP Mix EAE CHRIA,
SR (HATHE~NH I TOHEEO SO THLDT, T OBBILICS > THHMRT I SHETEFEBL T
5, ENERBR~BE T2 THD 5,

ED 7oy, BROKM — 7 —, MILEE, PrBMESGNILE > THIBREORE, HLOK#NRED
EHFCOARICLREEICT [ SHIEETRES ¥ 2085 5,

2 2 X MW

1) BEAEBBBESEE No. 178 (1982)
2) BAEHMARGS SR195 (BB S9N ) HER

e

e




R 5

Requirements for high strength structual steel(UR. WIL)

#*1.2.1
[. Designationt? A2 D12 E32 AlS nN36 El6
2. Mecthiod of manufacture As WIL2T AsWil2t
). Decoxidation Killedi» Killedt» Kitled Killedn Killedm Killed
4. Chemica! composition
(ladlck'n
C max. 0,18 0,18
Ma 0,90-1,60n 0,90-1,60Mm
St 0,10-0,50 0,10-0,50
P max. 0,010 0,040
S max. 0,010 0,040
Al(acid soluble) min, . 0,015 0,015
Nb —5 0,02-0,05t4
v —n 0,05-0, 10
Cu max. 0.3s 0,315
Cr max. 0,20 0,
Ni max. 0,40 0,40
Mo man. 0,08 0,08
5. Tensile test
Ultimate tensile strength 470-590 490-620
(N/mm?)
Yield stress 315 as5s
(Nfmm?) min,
Llongation (3{) on 22 Hm
5,65,/ A min,
6. Tmpact test
Testing temperature (*C) [} —-20 —40 0 -20 —40
Absorbed energy (J) min, (L) Nq(L) JI(L) 4 (L) 34(L) 34 (L)
22(Tyn 22(Tym 2 24(T)yn 24(Tym 24(T)
For plates ench For platcs each
piece to be piece to be
tested. lFor tested. For
sections, sce scctions, see
W11.4.9(b) W11.4.9(b)

7. 1eat treatment

Normalizedtto (v

Normalizedtio o Normalized

Normalizedoo 0o Normalizedtios 0 Normalized




321.2.2 Condition of Supply(IACS Draft)

W.11.5.1 All materials are to be supplied fn a condition
complying with the appropriate requirements of Tables 3 and 4. WHhen
contrdlled rolling or thermo-mechancial rolling is permitted as an
alternative to normalising these procedures may be used subject to

the special approval of the Classification Society.
W.11.5.2 These rolling procedures are defined as follows:-

(1) Controlled Rolling - this 1s a procedure in which generally
the Ffinal rolling temperature is contralled within the range

used for normalising heat treatments.

(it) Thermo-Mechanical Rolling - this a a procedure which involves
the strict control of both the steel temperature and the
rolling reduction. Generally a high proportion of the rolling
reduction is carried out close to or below the Ar3 transition
temperature and may involve rolling towards the lower end of

the temperature range of the intercritica) duplex phase region.

The fine grain size and strengthening of thermo-mechanically
rolled steels may be attributed to the lower Finishing
temperatures of this procedure as compared with conventional

controlled rolling practice

The use of accelerated cooling on completion of rolling may
also be accepted subject to the speclal approval of the
Classification Society.

[512]142.3 Condition of Supply for Higher Strength Steels(TIACS Draft)

.

Grades Grain refining Thickness Condition of Supply
elements used

A32 Nb, V < 12.5mm As rolled ;
A36 or Ti > 12.5mm Normalised, controlled or thermo-

mechanically rolled (2)
A32 Al £ 20mm As rolied
A6 nnly > 20mm < 15mm Ac rallad cnhiart *a emanrts

approval of Society (1)

> 35mm Normalised, controlled or thermo-

mechanically rolled (2)
D32 Nb, V < 12.5mm As rolled
036 or Ti > 12.5mm Normalised, controlled or thermo- f

mechanically rolled (2) ¢
D32 Al < 20mm As rolled : :
D36 only > 20mm < 2S5mm  As rolled, subject ta special

approval of Society (1)

? 25mm Normalised, controlled or thermo-

mechanically rolled (2)
E32 Any A1l Normalised, or thermo-mechanically
E36 rolled (2)




F1.24 Meterial Classes(UR, S6)

AT

£

Class I H I 1v v
Thickness
(mm) MS HT MS HT MS HT MS HT MS HT
<15 A AH A AH A AH A AH D DH
15<t<20 A AH A AH A AH B AH E DH
20<1<25 A AH A AH B AH D DH E EH
25<1<30 A AH A AH D DH E DH E EH
I0<r<35 A AH B AH D DH E EH E EH
35<t<40 A AH B AH D DH E EH E EH
40<<50 B AH D DH E EH E EH E EH
1
K125 Application of Material Classes(UR, $6)
Within Outside
No, | Structural member 04L 04L
amidships | amidships
Lower strake in longitudinal bulkhead
Deck plating exposed to weather, in general 1 I
Side plating
Bottom plating including keel plate
Streagth deck plating?
Continuous longitudinal members above
strength deck I I
(1) 1 Upper strake in longitudinal bulkhead
(8) | Upper strake in top wing tank
(Q) | Sheer strake at strength decks
(19 | Stringer plate in streagth deck*
(1) | Deck strake at loagitudinal bulkhead! v 111
@ Bilge strake? (11 outside
0,6L)

NOTES
1. In ships with breadth exceeding 70 m at
to beclass IV,

2. Dlating at corners of large hatch openings to be specially con-
sidered. Class IV or V to be applied in positions where high local

stresses may occur.

3. Mav be of class I1] in shins with 3 donble battom over the full

breadth and with length less than 150 m

4. To be class V within 0,4L amidships in s

ing 250 m.

least three deck strakes

hips with length exceed-

(Note) See [41.2.1




%1.2.6 Application of Higher Strogth Steels(NK)

le2)

MY

. _ . , g (e Material Class
B H &K & moR sur |peBz [ ncws | nems [news | weas
. SUT ¥ [256F (36T | 00T | 505F in IACS
pogp|  Lis230 AH DH EH v
LB 5050 oH | EH v
HA MO LIMP R —
" LB £ C b B0, 6LIY AH |  pu EH m
T AH DH il
]
s geon | ED MO T T
WM K b0 L]0 Dok AH b EH m
£ ® U AH DH i
GRS R U
ZHRET | AH DH EH v
o ap Li>150n L .
" | b2 A 11 0.4L1 IR E T
L5100 L0 AH DH EH It
82 % B ¢ o2 800, 6LKY AH DH EH I
GEME(FHEA L AU) gL 60. 4 L1 AH DH EH I B
boap| LS50 AH | pH | En v
o |0 4Lt L,>250 pH | EH 74
% N W IO R L e Y
" L4 K b 92850, LI AH | bpH EH g
Eo® % AH DH I
$9) M BGRR B rh RA50. 4 L I A | bu [ ew v
RAR T B — R a4k b RSR0.GLIA AH | pouw | EH il
91850, 4 L It aH | DH | EH )\ ]
1 lanrwwopgoma| £ & %
A mL KA vgOogs AH DH I
1, Lz kD) - B
LRt i oh S REO. 4 L 1) AH | bpH EH m
2 7P I % L850, 4 L I AH DH I
AE| wnTHRART 2% 42850, 4 L 1) AH |  bH EH m
R GESMRCRET A2 o 92850, 4 L 11 AH DH I
A XE S MY
% EHWVEI-HET b — 2 thrano 4 L8 AH DH EH m
1 [0 EolGD ALY
M- THE 20 P ILELO. 4 L1 AH DH EH | I
Iy WHME S HOOL . K
FOBHOBMRUILT | 240 15L L2 5 LD AH DH EH Il
o T, a0 4 LI ]
Wlx 9> 7v -4
(7 ¥ — & — > _ AH DH I
Blex7br755 014
o | ke #i AH DH e
FECIATFOOHA b4 U L aCim A Wi b A7 NPT AH J 1 J




2850, 0, ®
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14 1.2.1 Position of Various Hull Members in ANL1.2.5

*1.27 . Application of Hull Stecls at fl.ow Temperatures ( IMO A328(1X))
PLATES AND SECTIONS FOR HULL STRUCTURES
AREQUIRED BY 4.9.1 AND 494
Mini desi Maximum thickness {mm) for steel grades
nimum design lemo_,crature in accordance with 6.1.9
of hull structure (°Cl
A [ B [ D l ] AH ] DH l EH
0 and above(*) .
. 1
| _5 and above': Normal practice
-5 and below 0{") 15 25 30 50 25 as 50
—10 and betow —5 x 20 25 50 20 a0 50
-20 and below —10 x x 20 50 x 30 50
—30 and below ~20 x x X 40 x 20 40
In accordance with Table 6.2 except that the
Below —-30 thickness limitation of the Table and of taotnote!?)
do not apply.

NOTES

“x"* means steel grade not to be used.
{1} For the purpose of 494
(2} For the purpose of 4.9.1




#1.2.8 Welding Procedure Tests for ships(Automaticailly Welded Joints)

#s 48

7 # tx o B on .
mAl 8 = A B ] € [ AHI2 [ DK32 | EH32 | AH36 | OH36 | EH3E
= HREE (t) | — (O -10({~40| O |-20|-40| O |-20|-40
® & gif‘i - 2.1 yk 2.3 Wk 2.5 bk
+
*| s goa|® [
% 3Igon
N RiQxin | 1 L: 2.8 3k | L2132 | L: 35Uk
1 ¥-0F
v 2| me L5 @ -
£
o (kg-o) |88 | 3 T: 2.0 Ak | T:23WE | T: 2.5
(na)
} 2(O)
i | 3t
3 RS
@ | % 4| JAE 4% ]k 50 HE
2 (Kg/mm') ' ,
= “agx (t) |20 O | O |-20(20| O |-20| 20| O |-20
“la B 3.5 IRE 4,1 He 4.| HE
o
b s
i 3IBow &
glezsrle (D) — — —
3 ¥-0F¥ .
A wlma v | ES, EG, K2 (| ﬁ-_] (A ﬁ_)
£ 12 B2
B (Xg-a) | &8 @
o]
(aa)
L 1(O)
& | 3
wlu| ot 4] HE ABnr. 50t
143 (Kg/ mm')
= ur@z (t) [20| 0 |0 |-20]|20{ 0 |-20]| 20| o [-20
“la e 3.5 e 35 RE| 35 ME
++
= Aox | F.L
i " &f?ﬁ . : S5 anax. 303 SR 3.5 A
LN KES EG I RL-2
v |14 5 |2 , EG I RL-
? a ﬁ. ° fi
R|® e | s |3 [HAZQ, F'L'”*O) (R #] (7 )
o :
(aa) | 5
w3 .
" ii 2l3R3E & q_l e ko [y = 501.“:
4 (Kg/ma')

o oy

Y P R




#1.2.9 Steels for Low Temperature Service(IMO A328(IX))

PLATES, SECTIONS AND FORGINGS(*) FOR CARGO TANKS, SECONDARY
BARRIERS AND PROCESS PRESSURE VESSELS FOR DESIGN
TEMPERATURES BELOW 0°C AND DOWN TO —55°C

Maximum thickness 25 mml?)

CHEMICAL COMPOSITION AND HEAT TREATMENT

CARBON MANGANESE STEEL Fully kilted. Aluminium treated fine grain steel.
Chemical composition {ladie analysis}

C Mn Si S P
0.16% max () 0.70—1.60% 0.10-0.50% 0.035% max. 0.035% max.
Optional additions: Alloys and grain refining elements may be generally in accordance with the

following:

Ni Cr Mo Cu Nb v
0.80% max 0.25% max. 0.08% max. 0.35% max. 0.05% max. 0.10% max.
Normalized or quenched and tempered.(*) .
TENSIILE AND TOUGHNESS (IMPACT) TEST REQUIREMENTS
PLATES Each "piece’ to be tested
SECTIONS Batch test )
CHARPY V.NOTCH TEST Test temperatures 5 C below the design temperature or ~20 C

whichever is lower
PLATES Transverse test pieces. Minimum average energy value (E) 2.8 kgm
SECTIONS AND FORGINGS")  Longitudinal test pieces. Minimum average energy value (E)

4.2 kgm

NOTES

(1)

(2}

The Charpy V-notch and chemistry requirements for forgings may be specially considered by the
Society.

For material thickness of more than 25mm, Charpy V-notch tests are to be conducted as follows:
Material Thickness {mm) Test Temperature (°C)
25< 1 €30 10" below design temperature or —20° whichever is lower
30 <t €35 15 below design temperature or —20° whichever is lower
35 <1 €40 20° below design temperature

The impact energy value is to be in accordance with the table for the applicable type of test specimen.
For material thickness of more than 40 mm the Charpy V-natch values are to be specially considered.
Materials for tanks and parts of tanks which are completely thermally stress relieved after welding may
be tested at a temperature 5°C below design temperature or —20° C whichever is lower,

For thermally stress relieved reinforcements and other fittings, the test temperature is to be the same
as that required for the adjacent tank shell thickness.

{3) By special agreement with the Society the carbon content may be increased to 0.18% maximum
provided the design temperature is not lower than —40°C.

{4) A controlled rolling procedure may be used as an alternative to normalizing or quenching and
tempering subject to special approval by the Society.

Guidance:

For materials exceeding 25 mm in thickness for which the test temperature is —60° C or lower, the
application of specially treated steels or steels in accordance with table N.6.3 may be necessary.



#%1.210 Test Temperature of CVN Test (NK Draft)

Grade Thickness Test Temperature () Min, Design
t(nm) Temp. (T)

KL24A t<25 -20 or To -5 =99

KL248 25< t=30 -20 or Tp -10 -50

KL33 30< t§35 -20 or Tp -15 -45

KL37 35< t=40 To -20 -40

(Note) To Design Temperature (T)

Single-V butt weld

[’-— 1 mm minimum

¢ Specimen

Double-V butt weld

L r Ny |

¢ Specimen . - TARAL i
! '
Lo I\

12 45

1st welded side

Notch location:

Centre of weld
On lusion line
In HAZ 1 mm from fusion line

In HAZ, 3 mm from fusion fina

Nob W -

In HAZ S mm lram fusion lire

HAZ = heatallected 20ne

B41.2.2 Notch Location of CVN Test Piece(IMO A328(1X))



#1.2.11 Test Requirements for Other Steels(ABS)

Y:,ﬁd Rint | Sorice CVN Test Dyop Weight: Test:
Cegfmet) | 5 (EF | ibicrtion | 05 | T OO ST e hriation | WDTCO)
Semdary | T ) 205|520t | NDT £To -5
%< 6y €3] To |Pimey |To-l0 | 2.9 %E(h) O Ll L
St | To =20 Special | DT £ To-38
Secorddy | To sl(v)20.k|Secondoy | DT £ T -8
3246y ¢ 4| To Rimary | To-10 3.4 —%—E(u} Y- Rimovy | w07 £ To- IS
Special . | Tp-30 Spﬂd«?ﬂ MT £ To-3§
0 -30
—10 ~40
2o Pimavy- —*O Rimreg- | NOT < To-ls-
-30 -50
-40 : —60 af()208
g esyeno 2 135 |ZEW
0 —%o Af(1)2038
—~o0 —-50
20 | Speciafl |22 Special. | NOT £To-35
=30 —-60
40 —10
—£0 -80

A ARAA 1 E(L) 9 Bk(Et sHT e,
() E(W 21812 E(T), al(L&TD, NOT 9 93A [= 70 &1,

e R
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# 1.2.12 Mechanical properties requirements, 70 mm maximum thickness (UR. W16)

Mechanical Properties Impact test
Grade Yield Tensile Amin Average
Stress . Test
of (R or R ) Strength | Elongation ¢ cat energy
Steel eH °° "po.2 (R_) (L0=5.65J§) e'"p(’ic) ure ()
(N/mmz) (N/mmz) (%) Kv
Min Min
D 420 -20
E 420 420 530+680 18 -40 ;;:;;
F 420 -60 :
D 460 -20 4L
E 460 460 570+720 17 -40 27(T)
F 460 -60
D 500 — | aw ;
E 500 500 6104770 16 -40 27(T)
F 500 -60
D 550 -20
E S50 550 6701830 16 -40 g;:;‘;
F 550 -60
D 620 -20
E 620 620 7204890 15 40 ;;:;; p
F 620 -60 !
D 690 -20
E 690 690 7704940 14 20 ;‘;:'T‘;
F 690 -60
j
:
A 1.2.13 Requirements for Through Thickness Properties (NK Draft) "
iR B H ®m 5 & M R
H H & B
JXOKEH DEBK(X) JEKODPD I KD DH H () .
KA, KB, KD, KE
KA32. KD32. KE32 2551k 205 &
KA36, KB36. KE36 1
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#£1.2.14 Material Specifications for steels used at Low Temperatures(SR195)
AL O A 4R At 4 AR
a4 | AR | BERA| 9 AR | eakr | cwN B cop g
ts 48, (5 4) | AR .
Grade A5k | va6 | AR BAE
. 24 Wmﬂ( t¢2” ‘ 2.1 Kgm
*;@;K‘k . |)’,1$fj’; 32 hé/wnl 2°¢t £2.% f;\/{"p::s 2.8 kg-m —30°C | 0.2 mm
| Ak 4 —30°C M 24t €37 3.5 kg™ et
2 " < gt . . V"
3B 36 femt| 3t 9 5-5 kg M| gt)
ABS 4.1 kg
10| sypgm| e | A= | AE (P ';gj: Ac | A X
1,6 ka-'nl
¥tk X ~30°¢C E -Mob —_ -60°C | 2-8 kg™
% s | 772¢ ? | e . ? —_ —
ol ABS (-2°¢) el-Mop | — | -60C | 35 ks
V1650 |t & qamel —g0%c | 4.1 kg™
E}F&;X‘ MVELGO | L € 35mm| —40C | £ kg™ .
Ham | — _ase | T |MRso | £sgoml —0C | 411G
s WE3 | — |-40C [3.5K™
5777 |M RO [ 200 — & | 4.11Gm -2 | 0.27wm
15 2%#~31 Fyfed -6 | 2.8k™
AEx DAL |32~ K| — —5)‘.6.c 3.5k m - -
M |dthete | -156T a1 byt -6l 3.5k
LR 36 nfet| —¢s.6c| 3. 5kem _
ABS | 70 Kyt | 56| 3. 5%~
HAKR| 70 b/~ — ~95.4c | 3.5k — -
. virx| E, EH — —g90°C | 3.5Ksm|  — —
o 528K g R
541 | . -$0°C E-Hop | t>28m| —0%c | 2. 8kgm
(2opmpupi| ¥4 HE RV, | EHRHMOD) t >16mm| —f07C | 3 Slgw| -
=7 (-2°¢) BN +lbam| —C0°C | 3.5 K5
ABS (e P I T B A -
v DH36 —20°C | 3.5kym
fﬁké% N 1 o EH36 - 40C | 3.5k
25 (Aﬁ\;ur_v.) ATAb s0C - - - -
S od -2 ro7r 1 2 bleen
ABS CUAss 10 ~30°C| 3.5km
t<mm| —20%C| 357 — -
L —_ — il 26¢t €32 | - 307 —_ —_
TUP | 9b & 33-36 Kyfon §< _qsm 30c| 3857 e
. ° AS
| LR 32tk | —g02| 307 | =107 |5 ")
(PWHT)




#1.2.15 Thickness limitations (mm) for various design temperatures and
application catcgories (IACS Recommendation M 7)

Category | Grade Minimum design temperature (°C)
0 —10 —20 —30 —40 —50

A 30 20 10 X X X
B 40 30 20 10 X X
D 50 40 30 20 10 X

Secondary E 50 50 50 50 45 35
AH 40 30 20 10 X X
DH 50 S0 45 35 25 15
EH 50 50 50 S0 45 35
A 20 10 X X X X
B 25 20 10 p g X X
D 35 25 20 10 X X

Primary E S0 50 50 40 30 20
AH 25 20 10 X X X
DH 45 40 30 20 10 X
EH 50 50 50 40 30 20
A X pd X X X X
B 15 X bl b X X
D 20 10 X X X X

Special E 50 45 35 25 10 X
AH 15 X X X X X
DH 30 20 10 X X X
EH 50 45 35 25 10 X

NOTE

Interpolation of thicknesses for intcrmediate temperatures may be considered.




£1.216

Application of Hull Steels used for MO, D.U (SR195)

Sevrvice / Desigm. Temp, 1 —-30 °C

Steels

Application
thesoﬁes

CLASS

Thickness t (mm)

20

2y

SN N

30

MS

Secondary

ILACS

NK

DNV

ABS

Pu

Primary

IACS

N K

DNV

A BS

Special

ITACS

NK

DNV

A BS

HT

Secondary

TACS

N K

DNV

ABS

HHN

Primary

TACS -

EH

NK

DNV

ABS

PHN

Special

IACS

NK

DNV

ABS

EHT

(4246¢$69)

Secm\cla)z

Primavy

Special

DNV

Px
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+F1.2.17

Welding Procedure Tests for M.O. D, U
(Automatically Welded Butt Joints)

LR mo# © 3] A T
mAl ® R A8 0 E | AH32 | OK3Z ] EW32 [ AK3G [ D36 | EH36
= ®rgag (v) | — | O [-|0}-40] O {-20|-40| o [-20|-40
. bER |- 2.1 E 2.3 JAE. 2.5 SAE.
t+
= sama | O
i5 I@oy
N Rlgzin|x 1 L: 28R | L: 3.2 W[ L 3 5AE
& Y-oF
vV @ | e v [{(@)] -
&
(Kg-0) |68 3 T:2.1AE | T 23 AL T 2.5 54
B
(as)
]
o | o sl 4 45 1E| 50 Ke
® (Kg/mm')
% RpEg (t)h
®la b 3.5 e | 4lmE| 41 e
+
= ;@,n@ * EERBAE (To:3851%)
| |38o8 Specia : To-30 ¢
gl@zinlpg |1 A .
A e . :;o)iﬁ N Primry To =20 °C
5 |® : ¥ 12 || Secondovy: o —10 (A %) (A %)
(Xg-2) | &8 k| i
2 : x HAZ ¢ &
_ (am) | 5
F
w3
@ }; Sl3R3L & 4_‘ L/\j: 4’-8 Mt— S-DLXJ:—
) (Kg/mm')
= “w&g () {200 |0 |-20]|20| 0 |-20| 20| O |20
& BiEs . .
ai Db 3.5 LAk 35 e 3.5 Kk
+
N nx|EL « AN SEEE
.. glazzale (D 3.5 Kk
N R u Z};o# = ‘2‘ _ X Yofeo) il [rﬂt)
£ % %1
K e-) |& |3
it
(rm) | §
F
g3l
a ;fé 313838 & 4| WE 48 Uk ko HE
@ (Kg/ mm')

— 30 —



£1.2.18 THCP BB LD Bk
iz} 79 3} TN S5%D0FT
JIs SPV. SLA(1983) SHA. SLN L& TiE
SH (igétdh)
IACS All, DN, EN 1986 FiIcETIE
(WP/MW C i i )
AS37 C21 WaN#4 1985 SFic B ME T
ASTM ASS3(9%NI) M 44 1986 SEICH LES @A T i
(ASTH AQL. 11 EZE A & TR D)
AP xR Ry BIR R THCP 12X AAPI/2014H %

(AP] Task Group on NDE Tk i)

M Rit T




2%Z TMCPILKEMMOEEABHOUR

TMCPHRADODEAMNEAS

21.1 TMCPOHE

MRD L 51T, £ & LTHrEOHE+ — 7 — TH Lt b ¢ 2 BRO FHEEERER, £ OREOBRS
L, FEKGHE KGR D . FIERE (A L—BOEMAERE ELFM I THABIBIEZ( Controlled
Roll BELT CREES IARE L2 SDOT, TDE LWEHO (L% /F L 7585 amT 7 1 ¥ 514 T HH e,
Lk, EBHORBRGAEEWADOS50kyf /on HEL LTEMAI N,

% EO ST EIEEEMT, BT ESEAT A ¥ 1 TR RBORBRBFEREMLLO=—X1 b, X
ﬁwﬂﬁm/—ﬂfﬂ%#ﬁbhfwk§®#%mek$®T.bﬁ@KﬁMT.E&&U%ﬁoﬁ%mmﬁt
LT, B ORE LML ODOB5D TS,

FEIEEREL, MTHMEE ( Thermo Mechanical Treatment ) ORENCET 2 DT, 3/ EX %M
LFL A, HAETIETMCP ( Thermo Mechanical Control Process ) &Ffith, H{mbTb
nTwnBCR(Controlled Rolling) EREHNIN TN S,

ARDOTMC P Mt 3 TsEEERAOREL, 1973 EURSIR TR By 3 v 7 ICHLT 514
LA —ORBIDNR L, A, 7 2ABOFBREBOR M T s EROGHO 0, WHICH T 2B8EZ, L
zﬁﬁﬂﬁﬁﬁib.Q%D%ﬁﬂﬁﬁmruﬁﬂLéh&#otth.%%.ChmﬁﬁﬁMEDMmﬁm.
ﬂkﬂ.ﬂﬁ&%105%$ﬁﬂﬁ.MﬁZ.W%ﬁﬁTm&QRN%OIMWOﬁHF.ﬁﬁﬁi%@ﬁ@.mm
'N,B%MnroAnoy@mﬁt%mﬁm.EEI%KFHb:yE;—ﬂ—Kxéaﬁﬂmﬁmﬁgmﬁxw
LBz LY BHEONEY D Do

1.2 TMCPOHKK

TMC POBMW, & RBERMHICE, MROBMETSY ., ELLT7 2 71+ OfML, RUWm28(~—7
4 b, ~AF4+F) OBMF HHEOER TS 50
ﬁ%ﬁ@wmmﬁ.%OﬁK&Eb.#OWﬁ&mLéﬁbﬁ-OQﬁm%&&%zBﬂ,@ZLl,®2L2
(7t Petch OMERD AL TS 2,
MW&@@%&@,Hﬁ&ﬂlﬁ@ﬁﬁ&%@ﬁ(~%&ﬂﬁfﬁﬁCtﬂ%hib.ﬁ%ﬁﬂ%ﬁﬁNb@ﬂ
mtmﬁof.&iEQQWOﬂm«tMﬁoﬁué%%.*—z?f4rﬁ&&m%6ﬁﬁwﬁmféﬁm,ﬁ
%&ﬁﬁﬁf@&ﬂ&@@ﬁk«&ﬁ&ﬁ#,m&&&wﬁﬁv.Eﬂlﬁﬁ%@&@ﬁ%@%ﬁ#%xifwm
#OL 3 TEORMALM D, & LIC— A THERO FIEIGEI~ LEA

A AR D > S RTETIE L | HIFAFEEO AR L AHBREIS S fol A, WERDCRE
ké(&ﬁotﬁfbb.ﬁ@mimﬁ.%ﬁﬁoﬁﬁﬁﬁf@mﬁm%.%ﬁmﬁ.ﬂ@&ﬂ.@mﬁﬂ@ﬁm
m%%%lor%nfﬁﬁO%@T.wbd.wﬁ&%#aoéﬁ%tlﬁﬂm.%RKlofﬁ6ﬂ6ﬁ%mﬁ
WA R 2 & E4 5.

TMCP@,*%&.#m%&&%bf.mﬁttlﬁw.%%ﬁ@ﬂﬁ&tiﬁ%K&%iKﬁWf%%@T
éé#.@2L3u.@&@Mﬁ&ﬁl&&%ﬁ&@%ﬁ@@&&itk&ﬁ@fé%oﬁ&@kﬂ-Wﬁ@ﬁm
. BIROL O EL LT 2 71 F ORBROBMILICL > Td2bEN 574, TOBMLIZELCRD 4 BHEO
EREI L - TiThbh %o




(1) 1B F2BME(950CLRIE)

SECHAI N, BKbLAar—2T+4bid, BENL - BEKOBRIVEL THKMARLI N b, ZOH
&, BEA(F18ME) T, EEXOBRRE NRYERHIR Y., F54 EMRHLL 2wy, BERBER
TOEREBA(FE2RME) T, ETIKLY, ROMMLE, NR TOBRMBE BSNOERICL Y, A —=xT34
PRALE N B,

2] HWIBBE, RELREE (9S50 C~Ar, BE)

FBEKK ( FIERS ) TOHED, BRESIRIICC, MUfeA —2TH4 + RICE . Th EREEHT,
HNWICES ( Deformation Band ) 23EM AN 5285, RRCEEH L, AHE 754 P BERY 1 + T
Loy, TNHOWMKRL, r—aBEORHEE 7, 71 tOELWEMEE b 763

(3) 284 &R ( 2 HRESE)

WABR, 1. a 2R TOFRTHRLTEOA — X7 F4 ik, Bl 2 (PR & L HIED REHHE L5,
~HEEEMET L7274 1, MIKI2ENBEOMESED, ¥y 77 v 4 yHER I 5. CORE.
HRESNHEE LT, SOICHIAC 2D K LZOBE, HREMARK{(100) <011 4583 +2006,
€ =R T, 6, RMBRFBERICtv—yar2iRobh b,

TMCPix, COLSEEREEMICENTRSAMICHN7 - 54 2B 220ICR2 1LV ICRTMBEETRY
BRALDTHY, $WE L Tiax 7 70BN L FHEREZORESHE IRICEDAZ LETH B,

A7 DEEMBL, X537 LT IBEOHR LI ZWHRREELKRS, 6L, Nb, Ti, AL,
VEHOR, BLWERTRTENL. NRROMEIROSHS Nb (C, N), Ti (C, N), AZN, V(C, N)
GOYLOBRH Bl U T, ILEVIWIO » REZ 480 GHRICL L 9 : T 3L 0T, bHBEOKR A — 5 T
% TR BB WfHED P D RBA T DA TR Bo 21,4, B2 1.5 3D, IASHTMC PO 25 7OMm
BABME & r K, WOICHNOBIE, MK EIETEEERLALDOTH D, 7 2 51 F OMR{LA, 8, 8
FE, & DB EICA S CIME L T B Z L Dibh 3.

42 1.6 02 SABHTMC P& UABET MC PORMEETER &R T2, BRI RO % o ICHH EE
th, WEKBIC Rk, BER UL BEABEHEIC DWW THPFRE L ko 24K 2 1.2, R 2 1.3(%, EMEHOIEKSE,
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LD ThHE, Chbit, XANICILK2 1.6 D3 DD 728 —vDnThHlTEL, BE&L L9 LT 4884,
HHICL ) 70 x5 2L I TEIIMNIOhDE0TH D, FHOMRHCL b HTOERIS S o5, H&E
HUEERE(R-OFTR2 LIKRT7e t aANELH->Tn b,

KERTMCPICL » THOhBESHBWMEIRCT S,

(1) |YEAHIo ¢ &% CHEED LD EN, T ABEOCRE LETH, RESBOETIC L 288 OB EATTFET

»H Ho
20 kG0t TLRESEDBEIHMHAFBTS 5o
B) KEE#H400CUTETHTOBE, RELNR0.26~0.3 28T, M, 21 BRLTFD Si -M, FHTHL,

5 0kgf/mm EOSIFEIABON B05, WEH1 2~8 02 2 TAMICE - TLBHAKEDI v Lo —2

EFEA THEEL Ko
THY, ChooRiE, K217, B2 L8V CRTL 510, BAICRITTHEANO r KB & HEEE & ©BF,
R UGEEE I E, AROEOMEG THRELRL. —F. Abo BIKBAL T Ar, BEAEK DR M ¥




ﬁfu,®2L9”®I5%&*%&#&(T%ﬁEH%HﬁEKﬁLTm&TbD.L#%CO%%,QQHE
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T LN B, 2 1412, bEEOKBEHOBEHIMHR TS5, ThEh I H LT b LETEEXE
HIHRET 530 TH 2, 2h LOERMIBEA—BYRANTORTVIID LD 2,
2.1.4 TMCPICL25EIRREO— RV
KERTMC PTEEE LABAHOH AN, TOMET et d, Thist A (LERIORRICLD,
—RENC IR D DT Hh B, _
(1) S 2cIBOER, Dt h 7271 DX LMNAL L. § 2 O 8 & ATCRO BIDIC & boRBED |5

® ® 6

HiHbh bo

chit, K%, MYFKBRZAEHRNTA2417AE300~60 0CRIFORIETKE:2HILT524 78
DA THIED FHAMIIRE D, AERS ~8kgf /mw, HHIRI~Skgl/mf D5IRBEIDOLR L% Bo 14T,
[ —3RME% FEIR T A DR EMBMIZNMRA L 5 TR, 50kl omwHOB &, A HIZ0.25~032%, &
#30.30~038%( Lloyd ) &% B, B2 110601z, K&K TMC PIC L 5BH & ¥ ROPEMREHIC
PAL CSREF R EAROBREE L ALD TH D,

(2) 3 7o MBROMKIL &3 FRAS OER I ~OEBDO 2 hEL L TCOREIK L YBM»rE LT 5,
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Technical details of TMCP from

rolling onward.
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Equipments for A ¢ ¢ type TMCP
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[42.2.1 Shematic diagram showing mechanism of HAZ

toughness deterioration with increase of heat input
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9222 Relationship between disoluble TiN particle size
and the voiume fraction and austenite grain size

in simulated HAZ test (Maximum heating temp.;14007C)
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An example of the application of high strength

£3.1.1

steel plates for vessels and offshore structures
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#3.1.4 Comparison of the toughness in double tension
test between RQ-T and DQ-TlO
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[43.1.9 Comparison of CTOD test results RQ-T
and pQ-T10)

13.1.10
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#3.2.1  Chemical composition of tensile strength 50 kgf,/mnt grade steel
plates produced by ACC process

C Ni Nb Ti N
AH36 0.13~0.17| — — — <0.0050
DI36 ” — — — ”
L1136 0.08~0.13| — — 10.005 ~0.015 %
ENI36-060 0.05~0.10 0.2 ~0.8 | 0 ~0.03 % ”
SLA3T ” ” % ” ”
lneasen enn o |
(heavy section ) ” % % ”
lligh Kca
SLA37 0.01~0.04 | 1.5 ~2.5 {0.01~0.03 0 ~0.015 ”
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43214 Vickers' hardness distribution

over the distance from the simulated fusion
line of steel plates produced by CR-ACC
process (Slab reheating temperature=1000°C,
Finish-rolling temperature=800°C, Cooling
rate=10°C/s, Finish-cooling temperature=600°C)
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B4 3.2.20 Results of y-groove cracking test
steel B: 0.112C-0.38%ZSi-1.442Mn-0.012%P-

strength and vTrs of steel plates
produced by ACC process
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0.0020%N,

t=40mm

steel E: 0.13%C-0.35ZSi-1.392Mn-0 .017%pP-

0.006%5-0.038ZA1-0.004XN, t=25mm
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Universal rolling Groove rolling

43.3.3 Typical rolling patterns

BD: Break down mill
',','.',{,'.',',',’,',’,',';L;,!','; Ur: Universal roughing mill
E :Edging mill

Uf : Universal finishing mill

Ry.R2.S) : Roughing mill
(Groove)
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F.SF : Finishing mill
(Groove)

V///77///773 - Controlled rolling and/or

accelerated cooling
Mill  layout
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spec. KA32 KE36 KL 248
size 200x90x9x14 400x100x13x18 | 400x100x13x18
Chemical _ _ _ _
composition Q.13C—-1.2IMn 009C-134Mn 0.0r\?g Q07C-1.25Mn
Welding
method MAW MAW MAW
Heat 33KJ/cm 33KJ/cm 35KJ/cm
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TeSf o —_— [-] —_ (-]
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m3310 2mmV Charpy impact test result

of welded

joint




k‘l

1A 4 L9V (9660°0 TO"CT|0O°€ET 8E"T | 6°CTT| LLT | 009TT| 8Bt | 00GTT| LL°T| $'ST| 8°€S{65°6) CT| v 8Ty €T/ 00TX00Y

S by 8EE| vTT1°0] 80°CT | V" 11 06°¢| €°1T| T1SC |0SSL 29t |ovye | 8t | ocer| €5y | v T 2 LT} 1) 00TX0SGE

g8° st G9C| 821°0] S8°1 [9L"6 ez | 8976 181 | 0TZ0S 65T | O¥6b | GL°T | €°TT] €°1%|L9°23|G°6 |6T|LT|ET|06 X00C

8 ¢t 62T 9E1°0[ 06°T j0OB"6 ogrC |eL'e 891 |[ObbY¥ SPZ JOLEY | 9L°T | O°TT| €°9¢€1¢Z°97|6°6 |6TI9T| 11|06 X00F€

S ee bLT| €ELT°0] €E6°T |BT"8 se"z |L0°8 081 |oL8C 8E€¢ [06LC 68°1 |66°8 L €L | 66°C71S°8 |LT|9T|CT|06 XO0ST

s 1t 6v1| ¢8T1°0| 86°1 (0¢C°8 vv°C {808 LyT |0esd £ETC |ObPbC | 26°T |19°8 P'6C |LP°L:]|S°8 |LT|ST|0T}06 %052

¢°6C |L°88 £€9¢°01 60°¢C |86°9 09°C {6E°9 STT (0621 00Z |o0teT ST"T [9E°9 £°€C |199°6° L |YT|PT {6 106 X00C

Ag Xz AT Ny A1 X1 AT ny A1 | xI 5 X3 | w/By | gwo
b ues g | Xu B | XY 2z |Tala |12l g x v
ﬁEU . wo :EU _ wo ) MHM
% W R E 1A TER_U BROVE | g |y
- wul
% & 2 bW
g
..uum

AL 2,

; g “ﬂ Ly

1 LN ~

/.. ; av _Hl..)’\ >

Y RIS NS

A Agibup ssausoly} jonbaun g
obupy [onbaun JO SUOISUBWIP [DUOIDAS 1t




$S900xd HBUTTTOY POTTOIzuo) Teroedg-a1buy JSY
23 HYH
§53900J adkl -
d ¥ = v 9dAL-7)ON
*be) mo7 yztm sadeys I03 sSS900Xg BUTTTIOY POITOIIUO0D AN
& ¥ H
S$59001 odA1 -
d 1 L I 9dAL-I)ON
ssauybnog poon UY3TMm T993S JO0J SS9003d BUTITTOY PSTTOIIUOD MMN
BuTrTTOy TROTURYDOW owILdY] dWL
Wy HE
BburTTOoy POTTOIUOD TEROTITIDISIUI S,To91s uoddrIN OIN
W & v a o c WY & a0 £ | —¢— ¥ p5xH

WFTL2a LOBATRI ONLOTRIHBYE Cc o



m+m~\02+om\uU¢oﬂ\>+om\az+oN\:U+oN\=z¢om\ﬂm+U = WOg

ST/(nd+TN)+5/ (A+OW+3D)+9%/y+D = "bad

0Tx0T | €2~ s°ge | 8°€€ | 0s- 002 | s€€| L tv| 862 81
p1°0| 8z2°0| - - | €00°0| v10°0| sz°1| zz'0| Lo"0O 00TX00b
0Tx0T | 2L~ veze | vrez | os- 00z | 0°8z¢| €°s¥v| 1-8€ £T
gvZIA
0TX0T | 08~ €°6Z| 8°8Z | 06~ 002 | s te| ¥ Lvy LrsE At
v1o0| oc o - - 1600°0| 9t0°0| S¥P°T| 2Zz'0| 90°0 06 X007
HIxg-L| 98- 9°6T | £°6T | 06~ 00z | 00t S°9¥ | 8°L€ 6
0TX0T | 06- c€'8z | 1°LZ | Ob- 00z | §°92| 9- 16| 0"2¥ 81
671°0| 9¢*0 - - |S00°0| vio°O| ¥s 1| 9z'0| o010 00T%00V
0Tx0T | 66- proe | Lotz | ov- 002 | s*12] 1°55| 8°9% €1
0TX0T } 6L~ £°6Z | €£°8Z | Ob~ 00T | Z°vZ| 8°€5| L 9¥ 81
910 | T€-0 - |920°0 {€00°0{ Z20°0| ¥E"T| S1°0 | 60°0 001X00b| 9€aY
0TX0T | OL- 9°8Z | §°9Z | 0%- 00Z | 9°TZ| 6°95 | 8°8Y : €1
01x0T |00T->| 8°sc | €-5¢ | op~ 00Z | 0°1Z] 9°0S | 9°¥Y vl
- ¢1°0 | zg* 0 |9so0 - {b00°0|0Z0°0|TV' 1| 92°0 1} LO"O 06 X002
0Txg L) 26~ g-zz |s 1z | 0b- 00z | 0"6T | 9°vS | 6°6b 6
0TX0T {£6- LU gz | 1-2e 0 00z | s*LZ| v 2es |G €Ey 81
0Z°'0 | 2¢°0 - - |€t10°0|vToo | ¥T 1| 9Z"0 | €T 0 00TX00V
0Tx0T |ev- LT [ €°pt 0 00Z | 0°8Z | v TS [O°€Y €1
ZEVN
0TX0T |Lv- z2°9z | T vt 0 00Z | 9'%Z 605 | b 0¥ LA
61°0 | £€°0 - - |voo'o|et00{te 1| 2T'0 | €T 0 06 X002
01x5° (|05~ 8761 | 9°61 0 00z | 8'1Z|0°2s |1-2¥ 6
ww O, (w-33y|w-38y| O, wu § |/ I3y |/ 3 3y (MII)
b6} Wgq A aN S d uy s o)
‘b
_ Wegede | DR | 0 | HWE °2
£ = a
s1ga N ‘13 sl dx 4 sl
Lo kg | G Fil gy | -1 | W
(% Im) 172 bl 4. ol
HEHP-2 v Bow F s

31bue JgoWL Fo sor3iasdoad TeoTueyossw pur uorsodwos TEOTWAYD Teotrdiy,

£E e




£3.34 TILABEERINARLER
25
10 13
—H+ ~H-
:ET
il S [ B
K
ot - f )
Y
f Sl — 300 —
~— |50~ 150 =150 — e L
357150 —t (B )
500
2 " n32 . KEse ShOWE | RE S | ShE(s)
. . B ThEX
+ 4 X 400x100x13x18 ZEWh | BERAR /
BRI A ER 16~18%C/100g PR
_ TENE
A # 16"'2OKJ/cm BiE S W RS
( 5tm ) THE
R B®EE 0°C . -5°C
| ¥ A
8 o] vax gﬁ e HhE ¢ BimIhA"AE
°C xkim | Wigm | 1 2 3 4 5
LI o OO O |0 |0
ka3g | 400x200 E®| o o O[O 1O1O]|0
x13/,g 1o o o [O1O1O0O010
-5
I n TOTO IO IO TO
] [ [o]o]o]o]o
o lwoaol {10 ] 5 |0 [O]O[O]0O]O
x13/1g 1o | o o OO0 10O]0O
-5
1w o | o |O|lO|O|O|0O
O : @WhrnrL




H1#H TMCPICKE50+F0RSRIBIROMBMANDHIF A

15 REERILBEHIOIREMTFOSIRYEX

@11 ", Y2 Sunk L3 8005 0+ RTMC PRI, £hERORSICHL Tik ¥ 5 RESERE
T, FCB, FAB, EGKIUCESEBRLAMFOREBRRICE» SR L - AEIEEBRKEEY RLTH 2,
wmceq PEVEE, KIEBOZIRES 0T PRI (5T Be E51C, CeqdELTY CRAD A <,

AZ3NE (e B ERSIES SR B, TMC P TRROBEN S RABL 21, hick o BHEE (3IERS, BR
B)YRLERZEIEMBEGTMCPRATLL Y, BERKRY A 7 K IDBNEFHBVIBAKIL, LR ERDBEHHBA L
HEL, (ELFBRA THREShLIAFIEREC T, AEBRO—SBCRETTEC &0, L1 liEREN S,

12k, ABRELSSIREICRETESY, R/ — YBRFIIREBH ¥BVCTHERLERYFIRT 5. o0 K
HBREN L7212, BFREIBZERL TS, ZBH2 Ceq=0.25%FDAH3 2HTHLH, [LBEOHE
WiILAH3 6 OBBLEBLLTBI LB bI D,

L2 HTRILSY SUBFOSIER 23, REBEMTCHT HEES ~ DPIRS 68 b1k L 510, HILKIGE
BELIHFET SHATHOHRIC LY, RILBEOLODSIKRBMEL VS KE (D, TOMH, KILEE (H,)
B2 () (=BHE S )P/NEL BB RE 5. 1.3, BRAAABERFONME XL BALLRTHY,
Ceqti®{icniE, MEIP/NEI AN EDLND, FILHBRNE W) /IREX, HABEELILERDER
EHERIRE X LB Edibd 5, Tl b,

XZT, 500 RTMCPRIDIBE, W/ 1 B LORE LAAnIERIRE A LB 00BN T 520, F-—8k
FEAT, HAZEKILS, BRSESDOSIERRI LUBY T S BFIRABIRBCT b TV AR %
PUELfco ZDHRERLLICRT B AN, BEL THOCeq MEVIBAKE, LB e 22 F31EH IR L
HLTV5D, CeqtiB B LEMEE LT HBIRMEBIBALERET, ULAECKE o TV 36D RS2
na,

COEFRAR, BLIKRLALLIXCeq B DL HAZKIERH O K2 {bicv o, B LD VILEBHE
ERC L OHEHRIAMOCE LD DGR TR B, 1, RO D 2 o THFFIEMR ZIME e o TV
50, RY—VHEBRELTRLTHH5W=3 0mDRRK D, NVEATDLDTHBIcH, AABC L 58EH
KA, COFBRR TRELTVHOTREVILELORD, Tihbb, NVAATOFr—vEIR, 31t (1Y)
121+B(B I BEC—IME)DRIVHEh ,ThY, BHAFHOETRREIZ 1 UT CHo. —F, oRY
—VHBR TR, SHRFEHOETBEIR I 1L o T to TOKR, BB TREZBOMIILFBA &
HAZBRERKREO LD, NVE2ATTRESF—JHEBR LV 5 THRATDOHMEISEAL TV 2L Ex B,
LRDOILINFEBREIEL LD ELLR S,

Ceq O{EVH3 2 8 (HRIBSIERME 1 4 8kg f/am) T, —SINKU 2 ABHBA THEBEE LD 55
D, FRHBR(W=200m) T, +BBEEL T, HI3 68 (BHIIERE 15 0kgf /on ) DBEKY bil
BLTVB 60855,

TibbCeq MEVEY TR, & X BBIERBRH TREBAME LB I L b, RABOHKSBFFERIC
EBYSa VIR —vEHBA T, KELTHEBBEEYBATIORNLDBZ EMH 5,



LEHT, RAEERTFORS — /RBA OsIEES o) ofpEcBLTe, KBS D 0By bLic, UToM

1.3
22" mexontuvs,

1 I | t i t
—————(0p — 0. ) (— — Xo) +0 — >
(1-%o) (%8 8 w ° B (w Xo)
o) =
u . (1L1)
I
O (ngo)
[ ! 0.976 <r<
+ 0.
i . ¥t 13 (0=r=r.)
GHAZ = 9 (1.2)
“ 1

= +0.976 <
13.271'3 (r T)

+ 1.0 (0<<r<yr,)

+
ol 3.8 6 (L—T2)08
U HAZ 2
g, (1.3)

1
—_ + 10
386708 (r:<r)

Il

1

1 2
rl = 2 13
132(K~-0.976)

{ 1 1.25
24—
386 (K—1 )}

M / HAZ
K:ou/ou (15)

L (MEBRLSY A TR ERF TR,
W HRRE
oY A (BHHDCABESR ) 051N
o) 1 w= 1 oRtmroRFIIRS S
o, HEEUE L Ex R s R OBTF KM S
Xo | RS LEXLTI vt /WORAE
KEGBREBTFCML T, (1.1 ) XD XeH, 70Ni%ﬁ§#ﬂ&mvm9%NiﬂfuozL”.itLraﬁ

BHEBEAYBA2--HT — R DML A S L ) crlhst X das. n v T2 A o Ll e n . . 1.4)
. - - PN - v ayacrs = v oa v, Cth D v

(14)

T2

ba

AT, RLIDTF—SRERLT, (11)ROXe BN FETRDIo 12120 (1.5 ) Koo e LT, 84
HOVIABREBDOSIEAREDEVHOEYAVIce TOERXTO LD, ZDOERIIN L SIS LU—C bR AR &
REALLBILGECS T ERRLT D, CORBELT, (11)~( 15)R, WFHe #0EH (KILD) O
, BEEDDIEORE L, BFI/ B IGELLBATS, &1 0 KEUERSMEHICEC KL 5 RECTrh
1bDTHY, FETHREL TS LI RBEED DS £ 0 RIS A, BENIIEBICEL -85, BELCS
JEALTRHINLBFCL AR, KEH (BHH5QEESR) 0L (BIE) 5 KS (i), TOREE

—100—



LT(1L1)~(LS)RTEAONIROBEHRIEC L B DTRIEVILEZELON D, LK 5T, £
OIS HBRYEX - L TORTFERSIVCHBHEE Y SERETILEVHD .

LaL, B1L2%2niE, W/t =160RBA TR, @IEmRR:ALBIEECI CRRFAES ERLTV2
L ER DN D EL T EDBiTXe=005, TbbW/ 1 =20 TRERKERALBHLEELT, RF—v
SEIERBI DOIEREX (1.1 ) ~( 1.5 ) RIVHEELL. ERELHBRLLERYH 1 4WCRT. LEN LD
EEE LA b b O T, HERRLBERSLLOL L TS,

ERNLIKS 04 B TMC PEAAABERFOERME S CH T HRANHNRCIKE, BATRITHEZALD
B, By —oRBITRLECT Y, B1L2IRLIL SKRFIIRRIFERTHILRALLTHY, HBRT
25 THEOBFIERRTHAONHBTIEE I, EMEYK ST DRI /S0,

S LmnLT, BY —SHRBARSH, W(HOBORERN E LT, TORRSRBME LEL LTV B0, 5
EamEE AT A BYOERHIR N TVH EEX T ke D,

sEXM
1) KBRAY, HAERY, =HETX TMCPHS 0 % e RERNABRAARBEYRFOFIRMEICOVT,

SR193WG2&X, mMis948/82408, AXESSR193-WaEG2—-—2—-38
1.2) (iR, DA BROBEOTESERY .5 UM OB IR 8T 5 ERPR, BRFESIE40-9

(1971) P88s
1.3) BXAERPIRGS  LNGESRORSERCHT 5 BAMRKES (X0 1), RR8 4 28L, W5 14

3R
1.4) AEBEROGMBLBNEALS I FAL  REBERFONFNESH L ME BT HHR, M5 041 1

A

-=101—



HBO? PIIIRERIEZVH TR

(%) (MII) ?2q

__ oo GE'0 0c'0 G20
() (M+N) SH(A+0W+40) S4un 2 49 = (H11) By P :
L AT e ATl 180 —
_ &
@
T
oy
(4
x
g 4
105 of i
=
R
UBRY s ST g -
0 O [Lh0~910] " &
A A~ [6F0~EI0] - ¢ w/
v v 2r0~0170 2
° O [b00~8070] -
R e FARL Ll




BXFOHBMLEDY N REF|ISEH 2 IR

(/M) E ¥/ Bl

gl A g 1 't 0
T T I I ]
(uw) M "By
00v 00¢C 00¢ 00l ot O
] T I I T gt
T T THRITIA - - T ]
j iy NN T T T T T T T e — == = — 91

(HA50G L H XY A8 5 8 S V) S ge N

M/ E1EG = 10 : S B S

(L0S)S3 u @ | O [7&L
Genava T v o (1) - 15
(bEHGId | & 0O | CEHY ,
o ﬁ:ﬁ E I SYkard AL
wo hig A -

—103—

(YERN) SIS Y



Weo 30 7 1/oH €1 R

(MID?2)
0v°0 S€°0 0¢°0 G20
[ T | T ] T T | T T T T T T T T T T T T
€9 2—6—C 0°0
_ , @ @ .
(i T2 g > ® ®
‘¢4 A°HEIH o o o g :
P L 3B e o O g 00 O
W@ EHR Y- N o o O o ~
°H /0/ o o @ A@u =S50
@
A © 3 o 2 -
SN o
= N
@sm\mﬂ, T ??M S -
= /// O @)) ]
103~ 18 P SUaIa] 8E <E | @ S~ ° 5 -
Zec-0]s0 03803 %[0 ____ ______ O~ oG- ==0)
[70~1t8]53093°804191 51 el] O
IR 1 1

1/°H

—104—



(kg f/mnt)
by N o
1 T T

Or
<
T

(experiment)
X

b,
5k

41 F

FCB|FAB |CES] Ef
w=12t1 O | @ | | O
w=5t [ATA|A]A
=3t [O | @ |P | O o ,/
w=wstlO |8 || /
Qb/
* ®
© o
¢ /%
®
m B %‘R
A
éz" )
s/ & ¢
S
¢ ® ©
* H324R

&5 & A
o ry
9}
g o

|

b
—

4
1/46

47 48 47 S"Lﬂ s/ 8L

a7 (estimate) (kgf/mm*)

1.4 #MF5I5RMES OEMLRRBROLE

—105—

&3

i



81 LS T] VES | buv |zsz | 8E5 [ 0%E L e TST gy 12D
| Ls Lzs | w.wm 984 Nuu mww $I | 0% 1 OV T 0l | Ty | HE0 | 90| ST
€95 LvS |z AL ANAR £
, . Ihs | esy | baz : . o G837 ,
H,mm m,m L w..mw : _,.m.w m: w.m. _ wwm TEE | 9L fT) U | €60 ) a0 | AE
r,m _.m P .,q .w.wu. Mwm T_M it w.mw Ly . & |umw
pwm be 155 U see !lgue | £59 1 7Sy | / ) ol aro| szl geu
cg 45 1T %5 $VTTET &8 ] bm 3 oy €€ ' €
: Kxa 75 | e < | &% 0 : . )
. R IR A AR R
3ls R AR A A R A R R T
bis 7§ 7 £s Eme T e b | € gy | (CHD feo | 9ro} S¢
by Vb | Lo | €9w | 0UE | LLS 17U ] ¢ : }
. o7 b5 | L'sw | € : Lo 2 gy | (4D
S+ 9%y ). oo m.wu | Lz 1 53 alk ARAA ] 00 | g0 | <z
9'09 YA S 4 ¥ Ty VToe ey 9 NS e
205 T sl 13E o es e s 0s | ese s S| CE |
Jg5 | 005 || m.m# | 4g7 lTez | Tl | sl 015 | O T O€L | yy bTO | IO ST _
. . |7 . Z2°b¥ 9% 1 TLT i 0 i 0 ; t g
MWW m.Nm N, . X 3 , L#b | 182 | Nww : mwm _ 4 “" w. 9CI (1 42) !
s L Mm ! Mww w.n.e P4LT 205 L 9LE | -23 120 | sr0] ST
. Ly [z] & 5y Tobe |5 | i 3 TER:
. . & . . £ : . 51
015 RESHEAEE AT I 2T bl R b 55
1S 8% 'z ! o'|g || 3% | L8T [ zZs | SEE | e PR
. . ; . 1o ¥OE'gh g ‘76 1 S " b . 0s)
N _,M AN | 3Ly |\ S04 . esy AR AP IR R %
’ . L 9'eY 1z by Ly SEL S Ly e e CED! |
e SO0S | _ley (vl o e iThla €ogEl L |TIEIT) g 52O M0 ST
L8 Qg 17O by L 9Ly T € yes €Ny L5 | §9¢ 1 € i _. W
. . . b i : s . QNAV _ _ - n . . . : . m 0 A-m_v H m N
T | sey oy iev Fen| % GG 4% 4R SSTI#¥lioa ||
} i : ;
(/g8 [ ( J/gB) | (smsryy) mmw.h_.mww.w w ?érm“ QQEV_?\@ E&V (/4B «..s\?_?_\mé Aﬁv (v 7o), () | (%) Lk w
W = = - ! 34, i . \
oot 2n§8~2 WK GG =M U OE=M _.z_ V2N 20 1m0 | W00 P W20 | o0 1 o [N @y 1@ w329 w 2 o
(HTE¥2A-00) 0 DEy|d LBy | DRI, ZaavH (FEIUE I FE B i I HE s | YW ;

HEREROW [ DNLUHEBo+ 05 11%



2EFE MmHEBESHLIEXRTMHE

2.1 BISHFHOREE
RRSHRBIZBCERINTELAARBEET, L bBRABROARBCEEINL, TMCPRS5 0 x ok
NBEEERT X FEO, V-7 257 A E—BILE A ¥— L BEARE L OBEY, B2 11c5RT,>" 2
Teds, 21DV -/, F 22 E—BExAAF—13, KA 28 - KA 3 6Bkl Tit vE2oT %, K
D3I2HE - KD36MRIKHLTILvBoc ¥, 2HKKE3 2R/ -KE3 6L T vE-20T %, £ h
ERRLE b0 Thoo Tibb, BEGHEBE (NK)BEY -/ » 75+ # C—MRAREBE ORI 3
AME—Y, FRNENFRLIEDTH B, FENSHELIIEZEL, TMCPHS 0+ o B RNBRBERFx
MOV -/ 555 v r C—BINz A A% —12, ABRBEI6 5 0KJ/mBETE, NKEHBE 2R LT 5,
—%, $02.243, SR193IPIRMWLT, WHMSTHEME S8FEFRXEHBLA, KARBERTFX >~ FEBOBRY)
R (RSRE ) A EReEe” ") ©5 5. ARTICE, RED, BEEFF FRCHTS 0 CTOERHEH
#ii[ Kdr), Bond (0°C) 14 RLTH 5. B220660kTL{, —BORKARBERF <K~ FEERBV TR

Ke(r), Bond (0C) ¥+ 2#RL TV 5,

2.2 BIEHMFBICLESHHE@E(VE)
221 KEB2YHALLWERROELS
BHBERES OB S, 6, BRSHKERTXeAGBOEERNLEL L, BBLTORY TH 5.
@ SHRH(ZHEH) L, BEBHOEMFYrER/L (o, TLHER LEAL R NEHNTURET Y
fsEL, TORISHIC L > CHERHRBYE | EREROUME (Kce(n)) Jx&ET 5.
@ READHCEMTS>HARCTOBELFTRO, BHEOKMEGEHER T 2HERNEE (Kc )2HE -2
BT 5,
@ LEODKcle, @DKec toLE»o RFHMRE LLRARPCHIERTF Y, RIS RBVEBHCERL
TRETHBIEI¥HET 5o
BRESHH VB EOBERBRFBCH LTOLBERAHRBAR, V-, 5y e re—RIBzAArF—(VvE) T
BEINTV 5. LEnLT, EADEXHICHE , TRNT 384K, vEthaamsaf:%z'z”'“z'S)
BDHBELILD,
2L, V-/ 772 rE—HBRABKRTO, FEORE[T (C) Ik 2B M2 rx¥—[ vET (k¢f *m)]

L, B A X¥—-BBEBE(vTre(C)] t 0BAEMN, (2.1 )'fcrc.to‘(-‘-?ienn\af's)

[‘T'VTI’E 1 . \

vET = J expi_é(;é%“_)'}d'p(kgf.m) ..................... (21)
-0 .

7t%, VTrEtSOBRUBEEBRE (vTrs) LRIEFLVG. 1, BEBRFR(Z TR, BELER
PETHLEXON K VBYHRETH)DVvTrs [vTrs, Bond(C)IH, BHvTrslvTrs,
Base Metal(C) 1006 0@WHB( dvTrs (C)I%*ERLT,(2.2)XTEbEN 2D,
vIrs,Bond =vTrs, Base Metal + 4vTr§ (TC) -oreermrmmmmmrmmrrmremreeiennnieceenees (22)
RiC, BRI IRELFOPRGR (RYEEE) AUIERRRERD, BHB1/2 00l Oyo | 2HRRSE
(wfmm]mxabﬁﬁaﬁﬁé(2n80mmﬁfbﬁﬁmﬁ%$mﬁﬁﬁ(6:% OETﬂaHJM)

gy

—107—



5)

a.vTrSM)aoﬁ%ﬁmmanrvboz BREHE - 50 ¥+ e BEENFARAARBERT x> V82 R

; _ 22) 2.4)
- A - -
aLL%D.azéamﬂﬁ]aqotWﬁstOm%ﬁ(ZB)ﬁﬁut<tbu
a=%a“}TiJa:w=:(0003210yo+%1391)VTrS.Bomj+274yq_
+5 6.1 (K )  crerreeemme e e e e (2.3)
o220, ot D HUS (am)
2.5)

—7, BHEEME ([ Kc(k¢fVon/om) J B[ Tk(K) ] LOBIE, (24 )RD L SKRDHLN T B,
Kc=

600 (5.16 (Ti] 1
5. Yoex 5. 0=%0Y0 i a=40—170) ] [Ti]

a=—‘2-0yo a=40

—’l‘l_k)}(kgw/m,)“""m( 2.4)

EHI (24 )RR, BHBHEGOCOBUEBRBRESHCEL T, (25)RXRDI5KEEL TG
2.5)
A

Kc=

1

1
Ja.—_w_'[T)} (kgf\/la—/mm’)

F.ssoyoexp{(5160=%ﬁY0[Ti]a=40—170)(

1 LTi
"2_2.0‘{0 ( 2.5 )
Kc fatigue cracked notch
= = 068
Kcecmachined notch
vELKct DB~ FiL, PIED( 2.1 )X~ (25 )KL -TRdDEN B,
2.2.2 RBIAMNBBH I L ORI RH
B R LOBNTIR, EHTHRGEN ¥, RIHRBH L Lrce Enbicttd shaas’ 2y, 21

CRT o
223 5 0% ofi@RNDFARAARGERTFRICERT & HIR MG

KERIC KAMBIREYBRAL GLE IR BMOERIB , TOEHEEL HAREIN TG 5, LAs-T,
50 % o RARDBRO KAMBERFRSE, RAROKAMBERTFRLFASOEHHILERIN TV L2 &b
AIfEFfr & Teho £Z T, BBRL S 0 ¥ o BHRNARDOAAMBERF B EBOEHEGYRET S L 0%
HeLT, UTOZEE LI,

Thbt, FIERITHREY T, KMIRAARBZBRTF DU OEH, S, TO/KEDCHRINT A+ M
EENHBARI (MEFFTRREES, 2a) ZfFL, FASEXORAY, RIWNBREIHCHEREINL50 %0
BREBRNDERAKABRBERTRCHL T, FEIND (FEHKIABYHL TS )T LELT,

K22k, RN RBHCHL THELL, RB[WAABBERT (x> V) BO2 a%iRT. Ik, £2.2%
R BAIE ()13, NKBA D1 X 2 SHERES oM REl Th 5o E1o, B2 2RICHRL LM
(0)1, (26 )R~(28 )AL, THRELLLEDTH D,

OZO'D+O'R(k9f/mm’) .............. e et ei i eb s ardeaeber et aaa b e e e s e aaenranes (25)

— 108—




ctiL, Op [HBIEH (kgf faw)

ATV P € 10p =1 2.3kgf /mm 2.7)
( NK i ) e (2.7)
BHER. BOPREEM . 0p =1 5 4kgf /mm
Op ' RUHBBERECES T HBEERHGH (k! /o)
BERT R FEICE - BEICH LT 1 05 =02 0yo (kgt fam) -eerrreeee (2.8)

Ao, £2.2PRLA2 ail, ('2.9 )RICL 5 TKRDIODTH B,
2222 Kc2 Bond(07C) /02« () -weeveereeeesmmmrmesmrmmreensereesessssseeeseesesesssseseness (29)
i, R2ZVORLLFBENE, R22KRLI2 anb, 50 % o REENBRAARBEYRE X FEic
ERTRLOCTORBAUM [ Ke(r), Bond (0TC) I £23DZ e ik 735, 2akk+ 10 BDREY
BELIOL, PHOZODOXHEXEJLIGNDTH S, $12, LB 229 KBLIAKclr), Bond (0T)Difi
i, Z2.3%P/RLmachinednotchikHT HHETH%,
2.24 50 BRBRNRARAAABERFBOKc(r), Bond(0C) ¥R+ 5 vE
K2 1AL, &87v— FORKIREBMBRARBERT > V80, BETc COVE[VETC Bond] &,
0CTDKec[Kc, Bond (0C)] £ 0BAFY, (2.1)R&, (23)K, (25)KXKLnks, @23kt
®2.4ET,
26K, M23K8XUM2.49 I}, R23PWRLL, fatigue cracked notch KT 5Kc(r), Bond
(0C) 4 RLTH 3,
2.3 IUE2.4 20
Kc,Bond(O'C)%Kc(r). Bond(o‘c) ..................................................................... ( 2'10)
(210 )X¥WETHHADVETC, Bond ¥ R®HBL, H3.2kgf *m& 7225,
Tiebb, VETc, Bond #¥I3.2k9f -mAERR IR T, Kc,Bond(0C)#Kel(r), Bond (0C) #
MiBETHZ LB,
225 ¥r»
BLONA RIS L BN PR, EHPREES B RICL 13I8 E, BIRE3 2 - 3 6kgf /am 8RS 0 + 0 BEENH
WAARBERF X VB LEALVER, B7v— VRlL b, TORABERES LT, BERFSCHT S
ERFPABRBEC ST, H3.2kgf mUEYFBRL TIEBG LV X B,

L1ttt 5T, 50 % o RBRNMIBERFHICH T 5BANKRNT 285 2 2 T, AARBERFE (Depo,

Bond, HAZ LY ) WL T,

KA32, KA36 : VEsq -23.5k9f-ml
KD32, KD3s6 : vEoc g3.5k9f'm ......................................................... (2.11)
KE32, KE36 : vE-zo‘c%B.Skgf-mJ

RBRINRTURTLIVGE VR Do

2.3 BHOMRHRRIEIEEI A
TMCPHES 0 o BFHENARD, BEREOCH —EEXBREEHD VI ESS ORBREEDKca 28
B oBFEY, @25 R, 2 229
o¥, IR, BERBIDBERGLARINLS 0 % o BEBENFRDOF -2 b RLTh bo EFOREDERD

5600, TMCPH S5O0 xoc@RERNAROKHEBINUEIBE LB, ERXMUOMIKL 9570 B,
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EHIK, £2.442, SR19IIHPRBATERLL, AYMEKES SO/ ZHIRRROLRETH 5, FAEC I
¥, BEBRER (275 27T vas—H)OKcallith, 2iE4 0 0kgfVam /aw BEL LS, RERZILT L
AF—HAOTEILTHLY Thb,

24 U935 0FLRI-HMIVBEISWIZHMEE ( Kea ) IIDOTHRER

MBBELY L LY, ARBEMBEYTD, 25, 277 va2—HK BRI 52 HHEEICEL T, &E e
BT 2BPIC OV TOBNRIT RN R NV L ERCERL G, ZORMERR~DENE LT, 2o
EXR, BUHBREBES EEDHETCET SHNEERY, 55 BB LR ) B OG- TOREA T bR T
Bo MOTHD LiLnsin, REBBCHHBRERICIKOANGNRD X5 ICK D E T, AROBIRENIC
BOLIAKRTHDBLEELED X X\

2T, BOMOBCTRSH 5, RABUOLBELENT, 25,277 vas —HKERIND < 2Kcallite ¥
KOV TORHPE SO 5 5s 2 tnenE iz, BUIEESEL 00 ~5 0 0uniZE ORBICOR
HBEILBGHE, RBEYLHEL - KERBH TOEHYMIEHT 2 40 Th 5,

BolifTiebits, 10,3798 Dn2 % )T O FIBERSIC R UMb RIE G0 BEUD 4R\ 1 X 5 5
e e rn, saesok@rKe. 0z 5% 2% LamL L, BESREOKea (# %
HELTENO BT, BRBERKRYBIHTE D Z L6 5 1,

Thebb, FITP, MEPRBMALD top side tank OLHKRMCHBLAREL, BAYIABKKREL T
ERIR% 1.2 5 OnniZfB L, AXOUSH % B0 L CAMUIAMR % 2,5 9 OnniZfB L THLE L B Th B 27
BB 2.6 IR To BAEREDBIC, K310 0mOBEHLANSILL T o BIBRAEES, KA 1°C,
KRB S CTh o foo FRTWTRB- 72 MRIETH Y, S ( LUK ) oS HRER,

OpK =523 3 2.5 0 ((KGT /MA) crermrermmmmmn ettt eee e e e e e ees s e (212)
Th ot fEEFINTL 5,

BHBBILIMMLABMKOV -/ o F ¥ v # E—HRABRE L &, HESRERE (KB 1C) st 5Kea ffi
HHEE L oo

—h, BAEEROKMY, Keff. DExH HHEM L BRI X S5 THEEL 120

VILORREEAFRLL DR 2.7 Thbe - BB ROE RR Y HUEE R T2 5 L5 Th 5.

2.15), 2.16)

Ketf. 0Z2 %" 210, @iz - 5 0+ 0 SEEDMBUZEOBEOMITICH L TOC & TR HDI, %
ZK @D LR,
Keff. == 6 0 OKGTV /M0 /MIT  +orrereser et e s ei ettt ettt e e cmmeeee e (2.13)

THDEFI D ThHDo L 5T, RIMAML,SIL, KK PS5 0% c BBENFIREYHRICL LB, 25

» 7T VAR —HOBEUZETIE4 0 0~5 0 0 oni2HE DRERF T L ., TR K affids,

Kca 2 60 Okgfy/mm/mm «oememene ettt et ere e (214)
THEBELTCCIE, 27,27 v A8 —BHNTHDEZELZTLIVTHD S,

—HRIC, REMSLRBREIC > TR0, SCOMABERTLAL T\ o BMAGERTORS RERIEI,
RO LI D, BUHBREESLCED TS0, FoogaK s, 217vas—r LToiNYRELT
KB EL G THEALCBEFILES

—%, B2.81, BENBERTRUBRTSE S LR, BHEBESFHBEORECKT AV -/ 52+ 1

RN A F—DOBBERBRTH S, [M28PDsource platedid, tgE oS & it - 1-$H|, thru
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plate &id, RUBHIF IV LMK, end platesid, BHRRHKEL L LFAKETH5. end plate
DOV =/ F7 2 r€—BRTFAX-DFEIR 2.0 8kgf *mT, TOEKEECIX 1.4 3kgf *m E750Tl B,
XET30, $hbb03 b0k RUBREBHEIRRCHET AR A~ X% RdDE, 6.3 Tkef -m Ls
o BAEINILV -/ 5 77 + A €—HBH OREMIADITHTHLBDC, &2 CRELHE LT, & D@ERT KA
DEDTHDERET Do LAMETHEOV ~/ 5 F¥ o ¥ —BR 3 A X —DHIL, BRIGSEHKLY 147
BEThHLo LD 5T, LR3CCHTHLIMORIN XA ¥—i39.3 6kgf em ( 6.3 7Tkgf mX1.47) &
t%o

Thbb, AEREROBREICKT, BRBHOLFMOBIN T A2 ¥ —239.3 6kgf -m LlEbiuE, BHG
HEeBL 22N HDE) C L leh, HEBHRERCHEINL-BROKLEEI, 10.8~37.5mT

Ho5te
BEDOREEMBEY 0CLRETIE, LRBWArX—li2, V-/ » 52y A€ —BIx } A —~BE
~xp—n—7(WES 3003

0.3 6=1 0+ 0.4 ( T YTEE ) +rerrerrererrorccememmeretetaeaanrerreesssssstrmsssesseessnsnssnsoseesonssssnes (215)
XD, VTrE=1.6TCtkb,.
—%, Kcat vTrE LB, WES 300322 19

1 1
vTrg +291 T+273

{ZGO-NOexp{&IOO( )} 1-18C=EVvTrE

1 1
310+275vTrg) f{t)expy (3.505+255vTrE) -
K ( ‘ ()E\p{ ° ’ (VTrE+291 T+273)}
[
a—*-* o . S (2.16)
V= I -58CLvTrE<—18C

1 1
150« f(t)e (2986+136vTrE) -
( xp{ ‘ (1.13v’l‘rl»:+299 T+273)}

IvTrg<-58T J

ST, T BE(C)

1-005(t—30) t=35mm

(1) = 5 4 34

65 1,300

:35m<<1s5100mm

LBe WX AKX —DE—ToH, RWENMTEKcallil/ & {15,

ZTIT, RN LEKcal@ERETHECHHSES,S, BEMNRBEHHBCORIEZ 1 0. 8onv EHAL,
T=0CODKcafl¥ (216)RXIVKHBEL, 42 2kgfVan /ot 725, _
LEROERHERS, FCR2ZICRLIEKYERES SO/ _HIERBERLEDD, 275, 2 Tvxs—#t
DUEREKcalliil, 400~600kyf\/on/onThsEELHNR B,

ROk, BEROBREFABEXOCLTHE, 82510, BLEALODTMCPHS 0+ aBSENFIRL, 25
22 TVARZ—HELTHMTH DLV 25,
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B2 E XK

2. 1)

2. 2)

2. 3)

2. 4)

AAEHARHEE 1 9 3FRMS  HAZKNI 6 7 (M5 8.3 ), FRAMNI 74 (B59.3)
SR193H#FIEBLT 2K  HHESSR193—-1-100-A (MBS 74FK), AHESSR
193-1—-100-B (RMS5 7EFE), BHESSR193-1—-200 A (M5 B4EK ), BHES

SR193~1-—200—B (8815 845 )

%8, £M, €A, i I BAOHRKASRNIMBERFROBERUIK OV, HHENL 4B, B668
(88#05 8.8 )

BEBHEGS  EMEME (B59)

XiT, k&, 2@, fh FHPERYS 0 * o BERNAROBBBAM L T OFE, BFENFSRIE,

#1525 (#581)

2. 5)
2. 6)
2.7)
2. 8)

2. 9)

2.10)

2.11)

X8, B CAYYERL-MBEHORE, =HBETHHM, Vol. 17, a5(1980.9)
BEBEBSHEATSENEALI IRALKRED (M5 2.2)
BaBHBRSMHEMEASAN (AHN8 0HM—4 -1 (E55.7.2)
BABRBSFKMTLHENEAS WSDEALBES (HB51)

AXRERFS  HLVREEC L 28 (TMCPH#) OB EBEY~0BRCBT Sy Koo aixal
(B5811.16)

€R, A, X, fth: GE2 5 > 2 0BNRBRBETHAIMR (F148), AXENELRNE,. 1415
(Bs526) B (HF28), F1425(W52.12) G (FE3IW), £1445(8W@53.12) :[(FH
4% ), F1465(M5412) E(HES58M), #1505(MWM56.12) B (L6w), £156%8
(M59.12)

KB, N, fth D REWECT 2RUEBUOERBEUEBEHFUMCSVT(F1H), BAERYELRTE,

F14985(M56.6) B (FE2#H), F1535(1W58.6)

2.12)

B, N0, 5% RABRCHT 59 $Ni MROBHRBE L ECOWC, BXREMFLRTE,

F1505(H{56.12)

2.13)

2.14)

2.15)

2.16)

2.17)

2.18)

AE, &R, K&, h: 22, 27 vaz—-DFMIcO>T(F1H), ENBLRTE $1222 (1
4212) i F(FE2M), OXEWMYLHRIE, F1245(B43.12)

H Yajima, M. Nakajima, ¢t al, ! Study on Welded-Type Crack Arrester (First Re-
port), Mitsubishi Heavy Industries, Technical Review, Vol. 8, No2 (197 1.5)

BB, BRI 2727 vAS— BT ABOMR(ETR), BEEHFLRE, £1 315 (M4 7.6)
T. Kanazawa.,S. Machida.H. Yaiima.M Aoki. “Studv on Reittlo Crack Arractar’”
Selected Paper, J. Soc. Nav, Archit, Japan,Vo!l, 11(1973)

RE, N I HOMORUBRFRORITE, BXxSHFS BEARFALE—-HSH2EHK, 1-550-
82(Ms575)

AAEHARBEEL 6 SRR HIRHEHN297 (B853.3), MRFEXN3 15 (B54.3), BAR

Zi¥Nn326 (553 ), AFREXEN3 3 7 (#S56.3)

2.19)

AXAZRS  BEAEESHKRNELESE, WES 3003 -1983 (85812)
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. e e ——

L

vE-20°c, vEoc, vE20°c, (Bond ) (kgf-m)

SR193 Data Other Data
Grade Grade
Type | [ Thick(mm)] [ Thick{mm)1
KA32, KAYG| KE3I6 [KA32, KA36IKDI2, KDIGKE32, KE36
(t=20] | [t=35] |112<t£35){(20¢t<40]|(35¢t<40]
Non AcG | — ® o O ®
AcC A A A A A
by el 20°C | =20 | 20°C | 0°C | -20%
Non AcC: Control Rofling Process
25 ® AcC : Control Rolling + Water Cooling Process
®
A A
A
20 — A a 6 A() (ﬁOOA
A A 4o
P A o, a
15k Xa s O A
0 ﬁ& A O A
ka . A‘ o OAAA A o
10 Ab A.‘.
.‘1; S A p O A O o @)
15. O
5 |- s °
________ ® o
NK Rufe : vE 2 3.5 kgf-m
0 | ] | | ] | |

0 100 200 300 400 500 600 700

Heat Input (kI/m)

K21 BERFFEFBOV-—/2F 2 vV E-RIRL AN0F— LBEARE L O

—113—



Yielding Helhod
Sleel | [Heat tnput{| Code s,:_nbal Wetding Melhod
(% 1/cm) és . Steel H:o}/ln’:l Code | Symbol
A A s/em
wa [psaw |y Symbot Remark Fice| o
i | 0700 feShw ) s ! al Fe  [GECEL o llsummat Remark
FAB |AEAE] o o=, | Scattering Range Jor SAW THO (124-975] HEcd T o ymbol emar
] (no-16] &Ef% - g T2 | Scattering Range for FAB {Egg Z 1IN\ | Scaltering Range Jor FCB
700 Ik 100¢
500 * Ke(r).Bond (0°C) soof ) "
__ 400 s (For Machined Notch) 200} I: Kear).Bond (0°C)
T 20 : 3 00} (For Machined Notch)
S 200 - S 200t .
& S € ]
Z 100¢ F 00}
g 10f o Nt N e 10f
Z’g [ Froclure ‘Sg [ Fra tl“"
10t p"' in Jo} Pup-In
20 62104'0 éo 80 100 720 -Ile -léo c) 20 5-21050 lso éo 160 -120 -mLo {*cy
1 4 5 6 1 8 9t 2 3 ¢ 5 6 1 | 8 (=107
-
Temperature %;(K") Temperature T (K7
(@) SAW-FAB joints for KE36 (t=35mm) (b) FCB joints for high heat-input weldable
KE36 (t=35mm)
. Grade [Welding Metho Grade [Thick (WeldingHeth
No. |Code [Cefy. Thick. H.1. ] | Symbet No. |Code| {Ceq. * H.L. 1 {Symbol
(%)]]emmy (”/r:) . (%) 1| tmm) | (k1/enm)
FCB FCB
©® |MFCB{ kAT2 % “ESG” o @® [PFCB| kA36 % ——[éggl (s}
@ | mea | 10.2701 (240) @ [pces)10.305] o0} "
FCB [4:) .
@ [NFCB| KAD2 s | (134] @ |aFce} kals - _%%%] o
£G
@ | neG |10.300) AT @ laces}{0.33N (400] +
-~ e KEJS FCB
;go_ l—-(KC(?dBu}Td(&oﬁ)t h)l 0© RFCBlgaamil ¥ | 2am | ¥ |
or For Machined Nolc 100
400F I ay o ? ook ,I Ketr),Bond (0°C)
AN
00t g N\ A ol T e (For Machined Nolch)
% 200f % 300}
N ®/ N » 200}
1§ N \§
:': ‘OOE Frocture ({\ X \ §
= oaop l m é 100E Forchoon
X  S0F Pop-in - T
a0t sok ' L.
TS N S J— a0+ Pop-in
(0-20-40-60 BO 100 \20 -140 c) X L L
, . : ! ) -4 - oo 120 -140  CC)
3 1 5 6 ] 8 (x107) 0- ? OSOIBO ] 2 ' 0
Lk 3 4 5 s 1 e (=107)
Temperature T (K ) Temperature ——(K )
(¢) FCB-EG joints for KA32 (t=25mm) (d) FCB-CES joints for KA36 (t225mm),KE36 (£=35mm)

H22 iR EEES) KESIRARER (SR193)
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21 RBINBRTHE Lomdtey

Reguired Charpy Test

Minimum Maximuimn
Structural Service Plate é\fgzv;gbﬁe Temperature for
ructura Temperature|Grade | Thickness|®"" Welded Joint
Member T t 04() Tc
(°C) (mm) | CkgfAum?) °c)
KA32 10 15.8 20
Side Plate 0 KA36 17.1
KD32 50 15.8 0
KD36 17.1
Strength KA 32 19.7
{)eak Plaling KA 36 25 1.4 20
an
Continuous KD32 19.7
Longitudinal 0 40 0
Members EE‘?S 21;;1
above 3 .
Stl’&llg“’l 'DeCk KE36 20 214 -20
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Type SR143 Data Other Data
Grade T(’,‘,{,Cn‘ﬁ Mark y,{’afgfe Grade T(’,‘,{% Mark CNﬁage

N KA36| 25
MCP Ao KE36| 35 | O |10 |3l 53 | ® | O
AcC|KE36| 35 | A | 1 |kbie| 35 | & | 4

KE36 38

C .
(Nornﬁ%;ed) KE36| 35 o 1 ﬁggg 23505 8

(°C)

|
55  6.0(x103)

CPS: Conventional Process Steel
1000 E
7007 _ X _600 kg fymm fn®
_ 400~ 0D
\E 300
g 200l
)
< 100}
2 -
10 J
50
40+ 1
-100
1 1 | I |
3.0 3.5 4.0 4.5 5.0
' Lk
Temperature Tk

K25 MRS TEHESIEE LU ESSORAKER
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#24 KBBMESSO/_HEFIHRABRKER (SR193)
Tost Rasults Ansilted K velue (Kgt/mm/mm'}
Stetlc anelyils Dynamic anslysls
i Steel | Mark | Temp. Steen Kce of
) o test plate Resuit By tan. By toed- By com- By By By
c) tKgttmm*) [iKgl/mm**} {ormuls Ing drop plience FOM M1 lFeEm-2
0q.{6.5.1) leq.16.6.2) | «q. (6.5 4} FE
1] -20 30 Acran 2210 12683 1460
al2]| -40 30 “Arrest 2230 1762 130 [1600
2| -60 3o 260 | Propagata 2230 1650 1380 | 1500
1] -20 30 No 1e14 - - - - - -
812 -40 3o 320 Propagste 2230 1227 1270
3| -s0 143 210 Propapete 1060 1060 600
) ] -2 20 0100} | Arccentte)t®! 2230 1450 - - -
TMCP [c|2| -0 30 8007 | Acenie)® | 2210 1450 -l - -
1| -s50 20 Arrent 2230 1450
{ V| -20 30 @100) | Arrent 2130 1905 1320
of2] -40 27 (1250) | Arress 2000 2000 1190 1400
3| -65 Y 350; | Arentelt4 | 2000 - 1190
1] -20 30 370 Propagste 2230 1810|1750 2014 | 1700
El2} -10 20 Anan 12601181] 2230 1810 [1840 | 1946
3§ -20 6 310 No test - - - - - -
1] -20 10 Q3D | Arren 2230 1810 [1750 | 1946
Fl2] -40 30 Arrent 2230 1810|1640 | 1980
] 1| -50 3o Js0 Propagste 2230 1810 1800 | 1809 | 1700
1| -20 0 (500 | Arren 2230 1806 1210
Gl2| -40 10 Q000 | Arrent 2230 1962 1310
1| -82 25 (3700 | Acranntont 1850 - 1100 - | - -
| e Py
@ 1] -20 20 (1200) | Acrest (m)*4 2230 - 1450 -1 - -
TMCP(jiif2 | -0 30 (7100 | Aventert® | 2230 - 1450 -1 - -
1| -s0 30 Arcent 2230 1450
1| -20 20 Artent 2230 1829 1460
1 12| -40 30 Arrest 2230 1986 1380
] -60 3o J00 Propagste 2230 1829 1300
1 -20 o |920| No test - - - - - -
L|2] -20 J0 (920 Arrent 2230 1004 1270
3| -40 30 Arrent 2230 27230 1270
_f
1] -20 30 220 | Prapagate 2230 1383 1460
Nt Kl2] 4 20 G50) | Arren 2230 1829 1300 1154
I l IJ I 18 l 35 Goo) I Acrest 2600 l 2132 l 1610 I l 1660 L

Note: (1) TMCP: Thermo- Mechanical Control Process Steel
{2) TMCP(H) * High Heat-1nput Weldable Thermo-Mechanlcal Control Process
[3) N: Normelized Stesl.
{4) Oturcation,

{5) Penetreted crack lengih in mm,
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3% REERILBEBRILSIBBRMFOREFBE

321 B ®
KEBMTMCP® (KA%KE, KA32:,KA368~2HM, KE36 ) DBEAEERILB*ETrRIROBF
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3.3) SR193MAME, FREHEC LS5 0% o FERNBOEHABCET PR, BEEHRHRIGL,
Ne374, 1984

3.4) AWS, D11
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£3.1 BEHEE
SR=A - NfB
pedium 959% Confidence Linit
A B A B
& # 122 0. 095 112 0. 095
M OA B 329 0. 207 261 0. 207
g A 2 590 0. 251 497 0. 251
X A & 281 0. 196 224 0. 196
¥ 2w | 803 0. 284 68 4 0. 284
+4M+FCB 292 0. 210
SR/ocu=A - NfB
® & wx® 6. 73| 0. 2138
¥ x» mx9| 16. 03] 0. 297
x {RALEFL
#3.2 BERRBOBK ECHIEDPRE
BRE | ARR | X=1log » X=29¢ X=h X=log(Kt-1) | X=log Kt
(Ki/em) | X S X S X S X S X S
20 |1.61)1.73|2.740.10|1.71]0.30| 0.94 [0.67]1.95]0.64
27 |1.77)|0.62 |2.75[0.07 [2.330.37| 0.70 |o.28]1.71 |0.32
SAW 37 10.36|0.11 {2.28]0.11{3.84(0.31| 3.39 [0.73]4.39]0.73
51 |1.69|1.57(2.88]0.05(1.42[0.15] 0.54 [0.27]1.54 |o0.24
60 [1.49|1.01)2.72)0.10{2.670.27 | 1.49 ]o.622.49]0.60
all  |1.49|1.41|2.70 (0.17]2.26 |0.73 | 1.30 ]1.05]2.29 |0.88
EC 240 14.26|4.42 [2.85(0.16|1.47]0.39| 0.42 [0.44 |1.41]0.32
CES 429 | 1.04 (0.59 )2.64]0.10}3.15(0.23| 1.23 |o.52]2.220.46
all 1.96 | 2.11 | 2,72 |0.17 |2.39 [0.84 | 1.11 [1.21[2.02]0.71
s
da/dN=C - AK™
wedium 95% Confidence Linmit
C n C 0
f # 3.79x10°% 3.89 | 6.41x10°% 3.89
HAZ 2.84x10™" | 3.44 | 5.16x10™" 3.44
HT5 0 =7 6.57x10™ | 3.29
* REHAZZU
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F4.1 Tensile properties of TMCP type HT50 (kg f/za)

Base Meta Weld Metad HAZ

e £
HT32 Y (0 oty ] ( Zg;fo%(?)
(970=32) E"Siﬁgrmgth 52.6 ~ 53.2 49.1~ 54.6 44.3~ 4.0
i |G| LS | S| e
(00=38) 'Ensigtrengﬂi 500~ 540 | 5.3~ 24 | 454 550

( ) indicates ratie o neminal \/icli stresg Oyo .

4.2 Collapse load in beam bending

Case 1‘

(ase 2 Case 3
i , Uniform Apad : Z/ I |
Model Shape ta masaiarl]
P FI i’RggftJoln 4, L‘\\;gg, ol 2 /,d;ﬁ,
) A ghj Lim P il
P Co%/age bad (%)
wit Stftﬁ[/ft SPM%?, Q(HP)MF/L l6‘5 MF/?,
8)
e+ Collnpse. foad
wi 718{550ft foint 3 MP/L 16 Mp/& 16 MP/@
26/2:'8) R Sivoot 5
| l ] ' v/ 2 £

(%)

MF: FJK P/enéﬁc, Mmoment

B s (Soft HAZ S, + 07 )/(Base metal V5. : )
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L& BHo ;\% 8
ob 82
Xs : distence from A G ssz /oinr
3 Co//dpse dsad in ase of np joint.
0.871 10.8
jf
1 ] 1 1 T
0 0.1 0.2 0.3 04 o5
Xs (= Xs/ L)
44.1 Collapse load vs soft joint location(Calculated results)
g Grtornd pressan.
/ 4 presss b -
g N S e i \\&\_é @I-_-—- 8
LD Sl EESER N ATEETRNCI S N S
J{.&u;z Line i," %—L Sofit foint
L a » a
@ Case 4 &) Case B
(4.2 Case study of rectangular plate with lateral pressure
1 \ 3/g0= {pg-)r2}/G).
~ [ f
o8 09 ~e
> .
o \
S B-o8 (Assumed) T
. "
l»’u.e-t /5'ft/""‘t
£ VT, T T T T T T T !
L7 LB 0 |
T T (P cdges ane sinply supprded) |
i 4 L = [~ oo Tt T T -
/ 2 3 & 5
» Aspect natio /%

4.2 Collapsed lo-d vs aspect ratio(Calculated results)
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g) [aﬂyﬁ < a. >
—‘E%\ 7
_‘HHA!LJ!L(_ x
E: N 2
ANNNE 2
PITFTT T T Yy
a/& ~
b= 30 ~60
4.5 Assumed structure
A \
1.0 ‘\\ ' :.lQSIgn. curve
- N by Johnson~ G.dm\_felcl
> \
\“;' 0.0 \; ((Er)El, { Oer (O‘Lrglﬂ'y m)
lo\ i \\ UY{I— } (—G_{<0_u- nhj)
"\g 0'6 Eulewbucklmg Ocr i 10
1: ______ =2\ / Oy IZ/[
04 1 o
N ) -
M N
X 02 l
5 \’\L
| _
“ 20 40 60 60

Slenderness ratio, L2/t

X 4.6

Buckling stress of column
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/,// . - —W;/R'
% E&Aﬂccumzwg/———w_,
/[ Resalts : |
4 ?oin't@ 3 U-*E/k= 0-2// %:0.653
point @ ;5 We k= 0311 G =084

/07‘7—)

- [ —— e

Plutic cowre : g =4 (7 7

Normaliped axial stress,
::

1
]
!
/
0.2} — =
! Werp, =0/ = Aoy
i ! R/mp =12 ’
] =179,
| Lp=p.ar
0 4 2 2 " i . s 1 " 1 n 5
0.2 04 0.6 0.8 l.o
Normalized deflection , %/-R,
B14.7 Collapse load by simplified method
A
40 R o por
| —p, '/ﬁm«—P
b [}—]}— Ay
~ * ﬂ >
[V
48 30
2 L= 1000 mm
TEL )
& op Euler value (MELY) £= 288 mm
Plastic hinge model &= 403 mm
~ 20 ) ap*?- 278
‘g 7 B = o8
~ ‘*\\ Mark [ H (mm)
~ \\\ ° 0
< Plastic hinge mode/ / - 2 22
('ﬁo;‘”) ) /000
No initial deffection
] 1 L,
0 10 20 30

deflection, Wy — (mm)

A48 Puvs WqJ curve( calculated)
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- 14 =40,
. Iniﬂal Jeﬂedion Considered

81 pattic curre (Bes) + Strain Rardenin 3 H=E/200
\ “ (f=0.8) P/ &
\ ’ =10.240
b F N ( PY)MAX (No sofe joint)
» 0.242
yl (with soft Joint)
o buckling load for L4 =to0
2l = § efadtic corve
- Cu/ecefated r\zss\uit; IR~
1 1 1 1 | 1 1 1 1 | 1 |
0 / 2 g
deflection / plate thickwess, Whax /t
B94.9 P vs Winax curve(calculated)
x A
[
RS
’.O T .\
UQ-\
W )
N
0.9 -
2 —
R
Ry =0.8
] S 1} N
T
S 4 T x4 cmes0, Moy
P I_Fﬁv:_e‘!z?é‘ﬁ@_%:v supported
I 1 1 1 5
0 / 2 3 41 5
Aspect natio, /8

B44.10 Max, strength ratio vs, aspect ratio{calculated)
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oREEDM TR BE TR Y LA E4DRETELSEMINTEH ), RELRIGMLI V&S, CORD
BEARBREBEOALZSBOEREIA S, KARBEMOHAZOKRLAMBALIN T,

50 ¥ o REENMOBERCEL, BEARBEHOHNEMEE LT, ARNHKRTROABALET LN TN,
Ta2btb,

4 ) AT A TFRAKT

o YEAERBEROEMA L REBAIROBIR

~) v a— bE—= FORIR
FRETICONWTH, —BCNALRBES CUTOR, 50 TUEOFRETIZLLELTVS, LAL, BIBATH
BISFROE, CERL T T (FCEABO 12 A~3 BOYM ) FRAERKEL TV 588080, Th bTFHOH
REATE LT, & LTHET — /BT OBBCEAROBEL &5 LMt THABEC, UL RELCER
RETH B,

1 2 HT HOBECOWTH, BXERBEROEMARYE SH oh Ty, FHFICEKERBZEEOMMEEBTE
B+ 5@k GRBAAE LKL (FRT BLBEHEL T b, CORDBBEHOWLE (H300T~350TX1Hr)
&ﬁﬁt#w.Em%ﬂwowf%ﬂmtﬂﬁfﬁ%ﬁﬂﬁﬁbhihboVg—rE—FKMLTd.?ﬂﬁﬁ&
SOomn Ll EE LTHRIEEATHOATEY, HBRABE—F, FHELE-F, 250WRMAHRO+ XBH - V%
EREOHRE R > TND, o

+ ASROBER, T090% U EXTHIABETDH LA, B Ex 5 — 2IKE BKFTHABERTICON
THREL D TORBAICI ST 4 —BEIVRAINT AR, L LEAGEKRRBEE L EHT Hn—HKK
R OBBCHNTHE » MRS L EVOIREAL D D, BT 54 ~—BERBCOWTRRBDREFEASHC,
CORBFHALIBONAL I N ERLELZ >TVD, ZOHRE LT—HERFTTRMRDO 7 54 = —FH#AH LT
BETLIALONELTHB LTS,

—%, KARBETRIHAZ OMEMET T 2LV IMEL S L1, HMRORBREFEICH L TRARE100
Kd/en U LOBEHSERIN, Tv2 L oxF /7BBES, v 2 e 2T —7BEEL EOBRFRIHTON
Thr, L LEETRAARBKESRAO0 *oBEBENBARINAERLINTWEH, ERICENTHR
BOHKARBEEOBASLATERTHND $ DO, TLELXERAEN I T TREL TEWOBRARTH S, TOff
BRMBIEC W T 5 EEMARBE L AKRRAGEBREOHRA TR TV,

+ikDO@ED, 50 ¥ o REENAOHIC OV TRBEMRCHIEHLBM TS Y, TIERCEROEMTHRAC
HXTELOFHERLTIN S,

CorSts, AEMBEHODE T LWESCI Y TMCP 85050 BEERNMH AR, RAEIhDOD
B4, ChEEEEDS0+n HEBENRBCILNT, BEHF v <A TRESEIEN O CERME (FICEElhi)
OETCEHNTHL EEL b D, ThDLEKELBAHBOBRERACHYLTT, 582 TERSATEATSF
FOHMHOBHIIMETE b, 22 TH, B4OFhKRARCB/MIBHOBE, RRLTT - T2 Ap, RUTHH
BHOREABLATED, THEOEH SN TMCP Bs0xo RERNBORABELTRLART L LiICL > TREE
BB EIN LY,
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5.2 TMCPROI(FEICART IRE

521 Y= e—VRUOT—22F 542

(1) & MEAE

& A @A "

(3 %

TMCP &

50 ¥ oikm@ik

pak

Ceq. (IACS)
=036%

"/a_}‘t"— b

10mm LLE

LT HT10m R#O 5 — b E
—~FEfTORLBOHLENI 100125
COFEEITO,

81 5T 10un RO — FEF 0N
7Bk, 7544 Te— FEHIERL,
FIhoFELTRELAODL 10mm ML
OBELTT O,

BEBOGBEEOBEE, 30m
Broe—Fig(,

T—I2AM542

FELAEW

Bt L TCT7T—22X+73142%1T-%
BER, T ThHrOWELTTS,
(1) 7—2xb+542 EC%E 10mm

HEDr— Vi £<,

(2 EAEE 2 54 > FTAIBRT B,

2 M &
® B )

MHPDBEC T NT, RIBE—2¥z EOBBOER, REEXITHBRTFORMIBELZECH, V5
— b~ FEEEIT 975, RERBS0rolERNMICH L TH, BHEEHSKE( 2D 006 HREER

O, BEHIA A FOBAHLEIS50m UTFOY s — P E— FEZUELTE A,

LB, BRESEBO TMCPRLBECRAT 588 CH, REBBOBELARRM L 9/ M3 LdF

BIhs,

ZTTH, vs— = FROFIROBNF LU T -2 2 SA2HFBHLLT, FEEXRETVWUT

DEREGEEYD e,
@ ¥ a— PE— I"E

B52 11 CREESRRICL - TALAL, RESELBHEIOWFELRS S ARRL, Hys=5cc
/100gr (JISZ3113-75WL5)DBEEEY AV — 5K 10,30,50,120mm TT -7’ Hidmbil
WEHTHAHE— FE10m O DRDVWTDHIRLTNE, RELENEC A HLCONT, BREBEI HEC
ALHEICH BN, kY - be— FRYVBOKEEL ThTa/Hy max.400 2 Z4£ 5L, KFEME0.36

SLLT%HG, €— FE10mm T Hy max.400 %#8% &\,

521 20BBE - FELBREBEIOBFELRLAIOTS S, €— FEAS50m U ETH, HAEFEIH

RIE—ETHHA, 50mm L VAN 25 LREBIVEH 2 DED,

El R LTHD, BELF03THTCHEY— MR 10mm THy max.400 ¥8BL AT LH bbb,
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5.2 1.3 1 £ — FIFREIC & bEIEY— FE L EEES 4 0 OFNES OBETH 2L BREOKE

BABNLORBHEEI L DO EIHKE VA, Hjis=5cc/100gr DIORLDONTH, B —
MELC Db OFREAEHNLRELTVEN, 210, BEEERBICOVWTS, AT M T IV
nef, BHETH L — FESOm & v— FE10m Sh@&RHICILT, RLv~rKdb eHX b,

€521 4 HKELR036%D TMCP BTE— FETRB LK R L, BFe— FREHADREL
fi%xéf’@i’é@ié’(’%ﬂ;Lfci;@‘C'ib602)%Uh%$9¥?,¢1!fc$‘h‘6fé&t‘— V& RAERWCE, ABRABEFS
B b, XA S0XoRERNBTHEEY — FRYED (% 51, Tjh RESORMELET T 5
¢ AR O T b, HIC, &RERMOBAICK Z ORAAL % 0, BEL— FRICKTLENE &
NETFARTNL oD & LD, RESE036% OERERMA, WHMEMMBOENEREIRLTNLEE
45,36, SNREOERELTH, KBV OTHL10% BETSY, T OB RS B
HCET2ERELEL THRALEMCHL L FELbN b,

LEOERYL Y, TMCPHECH+ DY 2—bE— FRIE, KEX1E036% LIFTD b DIC2nT 1 Ommtid |-

HHEHEENDELEL LN D,

@ T—27Ab+347

%52 L1 ERESTE036% O TMCP HEMAT, 7—-272+ 71 2L Bl A X IR T AT - 7 RER
<ten2

WA T, Hy max.400 £HZ A O RWA, BHGBECS 2 nEln AR LT b ARERTK
ABHTELD, HXREOTMCP ICHLTET—27 A 54208k + 5, H52.1.537 o N A

Lfcaﬁﬁk@—‘ﬂfé 5,

s % X ®

1) AAARPIRHS $193RRDE BEF BHSBEIA

2) 8] + g—%ror—7 38R
3) BREBIEAS BEREIEEERE MBI 54 45 A

#6.2.1.1 Maximum hardness for arc strike

Hv 10 kg
Pre-heat| # of Aim of hydrogen content(cc/100gr)
temp . repetition |[H =5 15 25
1 253 Y218 254
07T
2 vt 258 210 272
1 238 Y7 333 77236
R.T.
2 2472 v¢'256 7198

¢ : Micro cracks occurred
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B e

Hv 10kg

Maximum hardness

a Bead length £ =10 mm
pre-heating temp. 0°C. RT. 75°C
| Hjis 5¢ci00gr
In conformity to standard test
B °
o °
- °
e ¢
400} —— — — — — — — — — — — —yr———————
&
300
-
200— O TMCP .steel
® Conventional process
= steel
i | i i 1 | 1 i 1 1 1 1 1
0.20 0.30 0.36 0.40
Ceq. (IACS) %
@s5211 Relation between maximum hardness and ceq. (IACS)
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Hv 10 kg

Maximum hardness

Ceq.(1ACS)

o] 0.28 TMCP

e| 0.30 do.

— Al 0.33 do.

a| 0.36 do.

500+ o} 0.37 cP
Y| Q.38 TMCP

B O| 0.43 CP

Pre - heat
temperature
0°C.RT.75°C

Hjis <5 ¢%/ioogr

400

300+ o
ch
— L
o &
- a 3 Ceq.-0.36 s
&
Ceq.20.30 g
u o Ceq.=0.28 ¥
200
L { A1 1 I { i { i | 1 | 1 1
10 30 50 100 125

Bead length {(mm)

Es521.2 Relation between maximum hardness and bead tength
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length per 10mm (mm/lOmm)

crack

Total

o o~|Ami of hydro-
=or O°CIRT. 75qun content
R=75mm
‘ . t=25mm O e ® |Hjis = 5%00gr
O | m | @ {Hjis=15
Span=240mm ;
| Bend angle = 60° A | A | A& |Hjis=25
A Ceq.(IACS ) € 0.36 %
1.5+
a A
Q A
o a b
A A
A A
A
A A 0
AA
IS“
1.0
O OA o
A
- -
A u)
" N §f
A § d .
o
A 9
0.5 $
. o
A
on o AT
m
O
Amm%mm e}
oloSSSH X8R eeedoree :
10 30 50 100 125
Bead length (mm)
45213  Relation between total crack length per 1Omm and bead

length
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initiation (%)

craock

Maximum bending strain for

o Aim of hydro- o
0°C |R.T. |gon content | Ced.(IACS)=0.36%
0 ® [Hjis=5C%{o0gr oUW & : Crack
- O | ™ |Hjis=15
A A |Hjis=25 occurred at only
- start and/or
- ;:]Rz?f)f"m end crater
t=35mm
- | ] @]
30—~ Span=240mm
O
w
- n
[ ) AYy
A 4
201 © g
i -
n
-
4 A A
n” A A
L A n
& n
A Fa
m O
- o O
10+ Cf A 0

Bead length (mm)

5. 2014 Relation between maximum bending strain at the time
of crack initiation and bead length )
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R.T.

E15.2.1.5 Example of micro cracks for arc strike

5.22 F 2

) & B &% x
) Bid 2.} B B ()
4 54 D s

ﬁi%f Tﬁ VB i _ . S

Ceq (B) A{B (t) B # HHE P E AEHEEH
t (mm) (17KJ Am (30KLém)
<25 50 30

<036 <0%kx 25<1<25s 70 50 e € S
>50 100 70
<25s 50~100 30~ 70

>0.36 <5%% 25<1<50 70~150 50~120 f&mi,%w
>50 100~200 70~130

@  * Cea=C+Mn/6+(Cr+Mo+V)/5+(Ni+Cu)/15 1%)
*REBAEROMEULOBE T, MEBCGLTTRE LB T 2588055,
Hofok i‘i&t&6%%?&@%&Z:V\htﬁﬁﬁq)bé%ﬁﬁgﬂ)lﬁv\ﬁébv\dﬁﬁ@%‘ﬂﬁ@

XL ®HAT 5,
ook HAIA REE, LM THARECHEEKER (Hj 15=30cc/100gr) £V 22,
TRETFREITY,
® B8 #

BRO 50+ BERNREREL RICBICE~THC, BEBSBATAL & 2 CREL 0+ BER
%@%@ﬁﬁﬂht%i?ékbw.ﬁﬁ#stuTO%ﬁﬁP¢A%E§ﬁKH$%&ﬁ&9TM6°

& THDRERRE N TMCP M ERE S BALATIE L 2 0, FHITREIEHTE 5 L0 & W T
8 5o KITHIBE 3 HEICHE ) KEAMR 117 » 2 & BN RGORE VDL o 4, TMCP M0
FABTERL T,
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@ TRTLELTLAR

Fib y RSN RRIC 1) ENBLBEE Ty . BAPCHT2TFREEST, ¢T5¢, (KRR
BB REF RN TTo<75 COE & T,=0C e METE 505221 VPP 1K TMCP MIGHLT SR
193 OREMRRUGE A — 5 — TH L - fcftd y BIOHS N KRR & 7T, KM% EKEREEHED
SN AKER(JISZ3113~ 75 L5) HHy5=35~4¢c/100gr A TFTTHLDT, Ceqx036%D
EETES75C &% D, [BAOTCET LA L RICH, —HROMFICA L TTFRAARLE 2 5,

S EICRRFO 50% 0 BEENAC T, BEEBOGHN bBERARSECBLCEHNAREL L
B ERBRIOERA RS n T 5 Vi a 26 ¢ & L8 + 5 HRFDOTRICONTRET 2,

E5.222 Vcima 2o e RRMESINKRE R T, Ceq=038% THAZSINARELTHY,

! Ceq>036% DEAGFRALETHHEEL LN D, 22 TCeq=026% THN TV LORAMEE #
' DUESHERAI I BEELBRINTHDOTHRA LTS,

R T ANMREHA RGBSR ®5.2.2.3 DPVRT, BEBOLBMARRIRMT 5L, L0EN
RELBOMMTHNAELELTWD, Hy15=39cc/100gr OBEEETAVD & Ceq=034% O T
(LN A RE LTV D, Hy s=25cc/100g (ORIEKERBESLEMATNE, Ceqs036% T E
ROCORRTENARELS, FREFTETH S, ‘

LUt dih, MRS GNEEE IARBET 5 & &1, # y BEhRRERS O TFRALEE 25"
s, RUES5.2.2.305H;15=39¢c/ 100 grOBEELHNLLRZROCKHNTCeq2034% DL
ASNARELTVHE LA ZRL, LBHFOCEMATH TS TRELELT2BESDHC ELERLT
w3,

® FHBEE

GEHFOCHUTD & & DFRBEEE, Ceq<036% O TMCP SMOMMAMARITAEC £ L ZAL, ERE
HE 5040 HAENMICEDT 5 FREE DREHL REThAZLMEEL A LOTLALEALT
b,

® Ceq>0.36%D TMCP#

Ceq>0.36% © TMCPHIC D\ Tk, #EREE 5 0xofBk ML EASOMEINEL oL ThidiLe

MThsEELLNDHDOT, TOFREE D EEBAL TN A,

& ¥ X #®
1) BEAERTRBS F£193WERSE HEH mMNS8E3A
2) =) + BBiS5943 A

3) AXERPIRGBS $1IIHAREE v-—%>7ror—7 BN

4) YoBE, mi, B, N RESWDOBEIASLOALOEETFTRAEHORECHTIMR (F28 ), BEF
&3k, Vol4l,Nal , p43.1972

5) BERTIETREYR BERIEZASK. BNS445 A
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Relationship between Ceq. and p
tn JIS y-groove cracking tests 1).2),3)

HJIS T.s.
cc/100g

1.2

1
Ceq. (%)

~————(Test plate)

reheating temperature for prevention of roogt cracking

10

[ Hy1s 1 ( cerr00g )
(-]

| ~ N
al a a N
\
- \
) R \ 2@
2} \
0] o ‘o
o — P P [ W N
‘ ' 0.30 ' ' 0.35 ' ' 0.40
Test << ]
ate > § 8§ 33 3
Welding -~ —~ -~
positionf__> * w T i
5222 Relationship between diffusible hydrogen content and Ceq
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RE2 —

F)

Electrode

g

Tensile
strength of
electrode
(kgf/mnz)

Ofar - as
A6 - 50
alfs -

Open mark

No crack

——NAg Solid mark
Cracking

——AQlt Test temp. : Ry
——AOH
(:) : Depo. crack
@ : WA crack

—AOL

Ceq.(x)

- in window type weld cracking tests1).2)
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5.2.3 FHEKRREEEORA
n & B % %
<] g & B O % 1% %
TMCP # 50%0 &K N
| # " AH32,DH32, AH36, DH36
R #E Y 8 | Ceq(IACS) < 036%
WEHAER | Hy1s < 25¢c/100¢g JIS Z 31137751c 1 »
— A= H - HERRGCTHER,
TR BRE | 2k, BS~OFH LML 4 8500
LRET 5,
- & BR7mUTOKESTLHL = Mk, ®EOHR{ED
BERT 23773 Wi, BROHEERD
® B | 25mmlT T &,
2) f# Bt
® B8 2]

—RIC50%m BERNBOBECHL T, EEBSIN+EZE L TEKEROBES L EAL T3, #
BB EOBRORF TS0 T2 HEFIS LT, £& LTART2B(YBECLIL 7S5 T  BEYT -
T o2, EKRREERTLLA0IC, BEROELRETR, BRRAONI X MCLLE, LORE, 553
hae— FEROOEL E, FEAEROBERLEAT ARBCHNTHL LRAREZAL S 5,

—HBGAGAR I N TMCP Sk, 50%0 ROBELHL AN S, (LFRA TRKBIGENER EY By
aEEE R Y, BRIMFHEAEL(HE IR TN D,

TMCPHOZOL 5 2HHIKAEA L, REDOS0+r BBENAOKFETHIABBOEXE XX LA
T, HEXRRBEEOEMTHEM EBE Lk, BT TMCPHORZXE, BE, BEROHEHKER
DERFRICENT, BEINORELAVEHTAEL, BIRGHLERLLAODO TS D,

@ BATTREAREE, MR, BEROES

ER#NE R, BHOLFME, BESROLBUARRH) 15 RFOHMEERFANEROBRHET
Rt b, ZZTRBGHBEDTH AT L AT L TR 2 T2 HRBRKK, LEERHTELIELES
ETAFFHA1 S ABEET, BEBORE, HESI LRELZ D

B5.2.3. 1 AFABRBE 1<25am T, KE%ECeq & Hyps #LUHNOEKRETT, ShORGERG
Ceq & Hj s OB THIORBOMETRIN B, [EHRICES.2.3.212 25<1<40am T Ce qéH; s
RUSBhOBGKERT, H52.31 SN EFEDTLOER KA X 5T DA, ShREBREELN
THES 5 &, HPORBEAL 7 2,

5233l LRF—2%Hy s &t OBEFETERLALDOTS A, BHMIT Ce q OB T, Ceq
<036% & Ceq 2036% OBWEILHT THPOLEBTEALTVA, ML VEAREDEARE tc ,
Ceq<036% T Hy1s=25cc/100gr D& & tc=28mBELETING, —F5Ceq>036% T,
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Hys=25cc/100gr D&%, 1c=12mBETDH 5,

Y OERRERE At 4, 2 AREREARK L LTRALINDDH5 TMCP Tyee 1% 50+0iB5E
NHAD Ceq O LREH036% BETHHT L, e Eh e DBOAFTHREABEBOH; (50
Lm@#zuq/NOgrﬁﬁfbbct.&U%ﬁl&ﬁﬁbk%ﬁf@ﬂ&@ﬁ.&Omﬁtgwxéﬂ
hYERFTERL, BAEXETEDR.

&F.%@D%ﬁﬁ.ﬁ&&m&mm’kmwkm$fbﬁlxz§§ﬁk%ﬂ&£b,WE?m&ﬁib
A¥T6ﬁlﬁ2§ﬁwom1u+ﬁ&ﬁénTM&wﬁb.WE7muT®ﬂm&%HkOWE7m&ﬂi
6?#@@&K9m1n.%&%Oﬁ%ﬁ&ﬁ%?é%ﬁ#éaotk?ﬁﬁ&fn.L@T#ﬁ%hWQQ
%ﬂmﬁﬂhﬁﬁ%éﬁkﬁﬁﬁﬁwﬂn#%$f6%&&#&6kb,K¥T3ﬁ%¥®m@§§Kn.%
RELVIMKERBEELEHT N2 TH L,

@ BEHROBEELR, HHRNER

WH T - s BEREC, Bﬂﬁu_hl(c&&—rb&T—ﬂ@mﬁ%‘é. TrEN s FORERUH; [gDOEMITL S
FEREDHEARE D2+ K Do B5 2.3 4 ICEABTE 9 S eIEEKEREERORBFEL, XS
z&sKﬁ&&KﬁEtHJHO&%O~ﬂ%%TOéewﬁazalwn,ﬁﬁﬁ@%@ﬁénk&4yr
AiHy | b LIETHB A~ KRRRO—FILRT, ThE6HALLR LI, BRI LABEELL N
55 4 - — GRS T, MRDC & A GHy gAML, MicEs5.2.3.1, 5232805233

2 AERREEARICASC LEL LN B,

Lk#af,ﬁﬁ&@ﬁ%ﬁ&Uﬁﬁ%@ﬂ&/*ﬂ—@&ﬁ?b%ﬁfﬁﬂ%%ﬁbbaéBKmmﬁM
tE@Eﬁ?ﬁgﬁﬁfd&EE&$ﬁ<kbkb.ﬁﬁﬁlbﬁ&bkﬁ&&@&ﬂﬁ%ﬁmu.ﬂﬂi%
HHEELO 485 E Lk,

£ % X W

1) BAZBHRBS #1 93MRBE HEE BMSBEIA
BRSS9 £ 3 A .

3) AAEKHRHS M1 IZHARBE v-*v7r7r—7 3EH
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{cc/1006)

DiFFUSIBLE HYDROGEN CONTENT Huls

§) 6 8 6
D4 8

o) 6 6 ¢ ©
o] o L] o
25+ 0 66 [ ]
s R4
3]
a
«0 o} o) o)
8 No CRACKING REGION
20— f f} A O Aa />>)>§x
M a% @ g@ 0 %\
B B8
0 A 0 0 68 0O
"
Bro 0 0 0
8 0 4] 6

Flectrode| Ro
tta ., (mmd )] Crack

3.2~5.0 O [ ]
10— o Ei E§ Ei) (@)

5.5~6.4) A A

Crark

Teest conditions

Test temp, :
-20 ~ 30°C

Flate thickness : 6 8
12 ~ 25mm

Electrode dia. : 6
3.2~ 6 imd

0 0
5% 6

B> =9
o ap
o
> O

8
i

L ! 1 l

-y
f—
—
—
f—
-
-

0.30 0.35 0.40
CaRBON EQUIVALENT CEa (£ + MN/E + (FR + Mo + V)/5 + (N1 + Cv)/15) ¢4)]

B85.2.3.1 FErrects oF Ceo AND HUrs ot SINGLE PASS FILLET WELD CRACKING TEST RESULTS

FOR PLATE THICKNESS UP To 25mMM LY

—152—




(cc/1006)

DIFFUSIBLE HYDROGEN CONTENT Huts

[}
30— o ]
[aY A AN BA i
o] ¢ ®
N A & a WA 7Y
& R
W
250~ 0
Ak
a o B
© “H :
R B
20— b A Mxﬂ
g a
/
8 © B .
. 8] U [
lSF '} ectrode] flo Crack
11a. (mmé)iCrack -
u.5~5.0] O [ J
5.5~6.h FaY A
1.0~8.0} O3 ]
Test conditions
ln__ Test !.el:ga ~ 220¢ o
flale thickuces :
25 ~ Wmn
Electrode dle. :
4.5~ 8.0moé { NO CRACK REGION
]
o ®
5t A M 7
8 9 CTTTITTTTT77
@ o
&
nI N | 1 | L 1 1 . : . , N
0.30 0.35 0.40

CARBON EAUIVALENT (Ea [C + MN/6 + (CR + Mo + V)/5 + (Ni + Cu)/lSJ (%)

55232  ErrecTs oF Cea AND IlUIs ON SINGLE PASS FILLET WELD CRACKING TEST RESULTS

FOR PLATE THICKNESS OVER 25MM THROUGH 40mm 3
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(cc/1906)

DiFFUSIBLE HYDROGEN CONTENT HJls

Ceq crl?:ck Crack
Ceq £ 0.36% o] ®
8;36;1).“-/. A A
ul- 0 8
— (o]
e
)
- N
25+ oA
20 |-
g g A
8
A
15 |- Ho CRACK REGION a
0.36 <Cea < 0.43% 8 Ho crack Rerion
ga Cen < 0.36% )
10 g8 g 6 4 o T\O
i 86 o a 6 4
g 0 W8 7777777787777
D
Bop B oA 8
0 1 | | | 1 | |
5 10 15 20 25 30 35 40

PLATE THiCckNESS T (MM)

5.2.3.3 EFcects of T AND Ha1S ON SINFLE PASS FILLET WELD CRACKING TEST RESULTS.
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]
4 mmé Py
™~ 30°c-90%
o —
< g
T “ T S |- ¥
///ﬂ . 8 5 md
A 30°c-801
< s 5
@ //;z 4 A
S L ms 27 5 ——2 T 4%
. s 2 | =T
z T
i, 7 20 i
£ S | & S
5
: A Pl
£ S amp 4 mé S I
/4 1 o
LA N EoL3
70 e 20°c-602 = v
Y% o ] - N
8/’0 //"’ } 2 z -
& o 5 m# o tmosphere of weld
o b=
p /}/’ : 20°c-60%
o PSR N T Y NN VS H N T | <0 | 1 |
0 4 g 12 % 20 24 0 1 2 3
Exposure time (lir) Molsture content (%)
(4 5.2.3.5 Relation between moisture content

1
| . l:q 5.2.3.1 Relation between exposure time
and molisture content

%5231 Effect of painting on the diffusible hydrogen content

i JIS of weld metal 3

# JIs

3)

and diffusible hydrogen content

Diameter of . * Di ffusible hydrogen content Hjrs (cc/100q)
Painting
electrode (mmd) 1 2 3 4 Ave
No paint 20.4 21.2 22.0 20.8 21.1
5.0
‘ Painted 25.4 26,2 24.6 27.1 25.8
No paint 20.8 1.7 22.1 | 21.8 21.6
6.0
Painted 24.6 26.6 26.0 26.8 26.0

flote * Kind of paint : Inorganic Zinc primer
Paint thickness : 1d~cupm
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(779)

®5.241 Effects of heating and cooling conditions on yield

strength tensile strength and elongation.
(Aoy, A0u, AEC: Deviations of dy,ou, E¢ from those of base metal (B, M))

* : Average.
Heatiﬂg & p ke f/ud
; TMCP Ady (kgf/m) acu (kgf/wl) A B (%)
cooling
i Type B.M B.M B M
conditions -10 -5 0 -5 0 =20 -10 0 10 20
IH T T T [ Icn [ !
>1200 cWC
I 1 > 1 .
' HI = f ene—" " v— | e
>1200CAC
I. H 9 L .
I —x = = e} L x =)
1,000 T WC L1 A @
m [ e— ———3 — x —
1,000 cAC I 1 o™ o tn
m oo e m
950 tWC I. H [ 2 —o (o o
gsocac | M . . :
650 T WC I. H ==} = 0
m —— —tx— [ x
900 TWC
I. H T yy— ) [ s avre— —1
900cAac | O ocp e PSS S—
850~800cCcWC |, I
900 CTAC m [= 4] e ——t—
750~700CcWC L 1
900cAC | I o = —=
650~600 T WC I I
)il (== | o= ==}
900 CAC
I I
850 twc |1 - . -
I. 1 —x3 — cxh
goocAac| I o == —
700CcWC | I [= S G —p—
HI . :.:
700CWC 77 - :
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#5242

fracture

Effects of heating and

transition

(8./9)

cooling conditions on

temperature.

(-:Average )

A vTrs=vTrs (Heat & cool)

min. Ke (k&M i) at 0

Heating & Cooling| TMCP
N Con:lgition T T (B,M) = vTrs (B.M)(©)
S ype
P 1 20 0" +20 +a0 460 | AH | DH | EH
m T T T T T T 17771
1 >1.200 CWC
I.1 . 784
9 >1200CTAC I ’
I, 1 . 771
3 1,000 TWC i —— 587 | 748
I, I — 741
4 1000 CTAC Il R S— 7317
I I == 860
— 7/
5 950 TWC I 751
I, I — T 793
6 950 CTAC I .
—-650TCWC I, 1 ——=h
. . 5 618 707
7 900 CWC I 919
I, I C x = 774
g 900 CAC il ———— 627 755 831 |
—~850~800 CTWC I I
9 900 TAC il c— 670 741 807 -
—750~700 TWC L1
900 CAC I —— 644 709 822
10} ~g50~600cwC | [ 1
A — |
1 900 T A C Il S 729 |1083
I. I
12 850 ¢ WC I ’
I 1 —
800 cwWC —a 869
13 800 TAC il 630
—700 TWC L I e 821
14 700 TWC rm" oo 606
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(xg — m)

vET(Heat & Cool) —vET(B. M)

AVET=

2 F - _
O~ T ~¢
0r T ﬂ\ //A\\
/\ -
ﬁ N ~..
N ~.
-2 F Tre—— .. \\ ™.
® —h— - A ~
~ ~——. -
tj\ \..\ \‘\A
—4 F N e —_
| A N A
Ve ~
-6 F / AN N
// N\ N
_g |l ™ AN AN
AN hN
~N
h\ \\
—-10 ~ ~
—16 ®: AH (Water cool) \\
A: DH ( ” ) ~
—18 } A: DH (Air cool) T : Test temp.for \\.
m: EH (Water cool) steel grade by NK rule
0O: EH (Air cool) ) \ ) \ \
—20 I 3 5 7 10
Repetition of heating and Cooling.
85241 Effects of repeated heat cycles on
absorbed energy in V- notch charpy test
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8 % X

1) BFERWRBE £193MRBE WEE HMS9E3 A

2) "HEOHR B8 EFENREAHE DRABENS AESRNARNEAS

#%5.2.51

Strength standard of exclusive fillet welding

electrodes for 50kgf/mm2 class high tensile steel

Kind of Standard |Tensile Strength|Yield Point|Elongation
kgf/mm2 kgf/mm2 %
JIS Z 3212 250 240 *
NK Rule 50 ~ 67 238 222
* Non low hydrogen type D5000 (D5003) 220
Low hydrogen type D5026 (D5016) 223
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Size of tension test specimen(JIS)

45253

tension test specimen and

strength of deposited

2
metal

Y.P.(kgfmm?) |
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N
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T.S(kgf /mm2)

w
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-
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Relationship between size of
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0 40 D4327 Speed ratio 1.3
e AW D5026 ' "
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R A ° o)
& & e3) 0
3 o
R X o
(o] . Jas
a%s ]
A -
A & &«
5 - °
A é o
L o A ~
&
a8
9 12 16 20

Plate thickness (mm)

(45254 Relationship between plate
thickness, speed ratio .and
strength of one pass fillet

wveld metal

1.2

Cwruy / Opy

1.0# e
S26 $30 S34 538
0.9 l Il [ l i l 4
0.25 0.30 0.35 0.40
Ceq. (IACS) of test plates (%)
(45255 Relationship between Ceq. and Owry,Opuy 1in one pass

fillet weld metal tension test
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kg f /mm2

Shearing strength of side fillet welded joint (%)

o SR193
KYOKEN 7
50
45¢L
40}
35¢
30F
= == ot o o] sl
— o - o o~
i TR T Y Iz e fx
T, L U 1 ||
45 50 55

Tensile strength of deposited metal (Op.)

B45.2.58 Relationship between oy
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