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Summary

The 40 kgf/mm? class yield point TMCP(thermo-mechanical control process) high-tensile
steel plate comes to use for ship’s principal structural members recently.

For prevention of brittle fracture initiation of both base metal and welded joints, the study
to estimate the level of fracture toughness of them is carried out by “K concept”.

Now, we get followings as results of the study ;

(1) 1In the case of Grade AH 40, using HT factor of 0.68, it is recommended that the
requirements of application of high-tensile steel plates by IACS (TACS application) be severer
by 5mm. The other side, using HT factor of 0.70, present IACS application may be left
as it is.

(2) In the case of Grades DH 40 and EH 40, present IACS application can be applicable
when HT factor is both 0.70 and 0. 68.

(8) The welded joint in respective grades can be considered acceptable provided the fol-
lowing requirements are met.

AH40: VEzovcg‘i. Okgf-m
DH40: yE¢c=4. 0kgf-m
EH 40 : VEv20°Cg4.0kgf‘m
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AH40, DH40, EH40) #tk %, MiEoXEMETHi
BRATHYD, MBOEESHEEOBEND, £7
V= FORBERHM~NOERX S &, TS OBEHKT
B LB RBEEMEL ST, BE - SE Lk
R 20Tl _7cdb D ThH 5,
2 HT fpfoikxE

ik r—R Al (TACS A1) Tz, YP32.YP36
SR LR Z EEHEL T %5, ThboskT,
HT R332, He@itoEs LTAGWOATW 530
THbo

© @|H o

® HT %# (K), (YP32: K=0.78, YP36: K=

0.72)

® #MHoFERAXS
LA L, YP4O it onwtiy, RO, @, @i
5 IACS HAIHIEZI N T &, —EOREHLEE
TO%, SR OHERK & HT R EAREIRLTLB I
BETLN

Lic2i-T, YP40 iR ER - LA EF T,
MU OBRBILCE &/ E, MHOFERRY %L
EoE o, Fir HT HFE0 BES b 04E
BB b

Table 1 1z, FEMBHEBEE (1986 FEHR TH
EER TV, YP32-YP36. YP40 $RiR I35 HT
REZ R T, Tablel iwXiuy, YP40 ko HT &
#ux, 0.70~0.68 BEDEICI > T3 L5 ThHs,

=7, BEIEREER L BESH OB
i, BREEFESOTXTHRRATR LB Citk
Vo CHUL, HEMHOME, YL 0EABRER
ZEB LT, HT fREA, BB & SEDEIR &L OBHR
A DHEOELVIRELSBEIRATHENLT

Table 1 HT factor of respective
Classification Societies (1986)

Steel | NK | LR | AB | NV | BV | RS
YP3Z| 0.78 | 0.78 | 0.78 | 0.78 | 0.79 | 0.78
YP36| 0.72 | 0.72| 0.72 | 0.72 | 0.72 | 0.72

(0.70 % H%
YP40 ~0.68) — | 067|070 — | 0.68

* Example of actual opplication(Not requlated)
*% Value of folfowing formula (Characteristics of
YP40 is not regufated yet)

K=49.92/(0.7208 +208/3) , 0a=54kgf/mm?

| ®:Table 1 24/ 0y
085 65 : Tensite strength (kgf/mm?) ¥

0.5 1 i ;
2 32 3 20

Yield point , Gyo (kaf/mm?)

Fig.1 Relation between HT factor and
yield point

DBHo

Fig.1 &, HT fRE LRSS &L DBIFRERT, YP40
itz 1L, BREDLOfEL, 0.60 THBA, Table 1
s Lic HT (R¥uy, YP32. YP36 ko d L AR
EORBEXL>Tuwd L2 X i,

AT, YP40 ERtlRd HT &% 0.70 35 X 0°0. 68
CREL, UTOBRHZTS 2 died 3,

3 FRARSCKMT IR

IACS #HEAI' T, BREBIR 3 X 08 YP32 . YP36 4§
W& 7 v— Fizxt LT, Table 2 oR3 X 5 AcfFEK
DEED T B,

FETE, YP40 e LCh, Table 2 iR Lic

Table 2 Application of steel and use of steel
grades for various hull members

Class | material Thickaess (m=)
110 ZP 3P 4’0
; pMs A | B
HT AH
I MS A | B D
HT AH DH
I MS A B D E
HT AH DH | EH
W MS A ]BI[D E
HT AH DH | EH
v |Ms D ] E
HT DH | EH
Within Outside
Structural merber 0.4L 0.4L

anigships amidships

Lower strake in longitudinal bulkhead

Geck plating exposed to weather, in general il 1

Side Plating

‘| Bottom plating including keel plate

Strength deck plating 2

Continuous longitudinal members above strength deck Ll 1

Upper strake in longitudinal bulkhead

Upper strake in top wing tank

Sheer strake at strength deck 4

Stringer plate in strength deck 4 v

Deck strake at longitudinal bulkhead ¥

Bilge strake 3

HOTES

}. Ia ships with breadth exceecing 7Cmat least thres deck strikes to be class
17,

m
{0 outside
0.6L )

2. Plating at corners of large hatch openings to be specially considered.
Class 17 or V to be applied in positions where high local stresses may
occur.

3. Moy be of class W in ships with a double tottom over the full breadih and
with length less than 150m .

4. To be ciass V within 0.4L anidships in ships with length exteeding 250m.
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Table 3 Case study conditions
(Base metal)

.. Reguired|Reguired

y;;l\mlém Yield C'mglrpy Charpy |Estimated
’cémp Grade | Point test absorbed| \Tys g,
T' Gyo tgm{? . enérgy (2vTrepm)

“c) (ot oC) | Ggroy | €C?

AH40 0 >4.0 4

0 [DbH40| 40 -20 'Lj' . . =16

EH&O __40 LL-direction _36

FERRARBEHTETHE01ED, Tichh, MBOW
B TER OB S0 5, YP40 SR+ 2 AKX
W HBREPITOWT, ERL VEE TR T
LKA L aFHEERGCURRT B,

3.1 YP40 BAEOREHEWNHEOHKTE

YP40 gtz 45 V- o v 4 L ¥ — BN = F
F~DHRME (vEr)'® %, Table 3 iwiR,

%z T, Table 3 wim L 7= i1 (vEr) »B/NE
WRET% YP40 gk, 0°C (MROKEFHFEE 1
BT 2 EEME (Kc,.1.000) ZHEET 5,

¥4, £71v—F (AH40, DH40, EH40) = o \»
T, Table 3 R LIz##EE (vEr) %R TS 50%
M HEREE (vTisen) %, V-2 yFvenr v
—EHERBRERORN = XL F - ~BEBBHEO ~ A
£ =5 =TT LcfED, R UL Tabled diz
RENTWBETH S, 2L, vIrspa DRI X
V¥ -BBRE Tresn) LIREE L kDb 0 &
RELTRDIDDTH B,

KR, =0 yTrspu b, ko Kc parwec) %
HET 5,

FREIR GEBEIEIEIR) MRS SRR BERED, kK
J13% (1/2)0y, Loy, : AFRERSA (kgf/mm?)] kit s
HERZES (20)80mm X T SEHIEERERR
BE L=t/ Tia=s0(K)] &, vTrs(K) & o R
NRD LT B,

o=/2aeyal Tt Ja=40=(0. 003210y, +0. 391) v T5 5 3¢

+2. 74/t +17.3(K) (1)

i, i RE (mm)

—F, B [Kc.p. (kgfvmm/mm?)] &g
[Te(X)] & DBIfRAS, (2) KD X 51IRKDB T s
614)0

Ko.5.11.=5. 60035D{ 5. 700t /en TiTamso— 170)

1 1 >1 i
. = — kgfv/mm/mm?
<a:(1/2)aun[T2Ja=40 Ty /) (kg / )

(2)
Ihw (2) R, EFEM»L O EIRE S
B LT, ()X L3 EBIE L hidisbinu,

\

KC,B.M.:‘ F.5. GOGchXp{(5. 70,:(1/2),!,0[Tija:40‘170)

1 1 } —
. _ —— kgfv/mm/mm?
< o=01/2avel T% Ja=so Tk > (kgfVmm]/

_ KC,fatigue cracked notch
F= =0. 68
KC, machined notch

(3)
Licti»T, Ke,par.ocoy OfEIE (4) iz L » THE
T&E %,

Kc,p.30.00°0)=3. 810 ,,eXp {(5 700 =¢1/2)0v0 7% Jg=40—170)

)} (kgfv'mm/mm?)
(4)

( 1 1
o=/2onel Tt ]a=s0 273

3.2 YP40 §iRICx T 2K Eelis(E

sEwc Table 2 /R LIk 51T, TACS #HAl X iud,
MRS A5 7 5 ARSELTW5, ¥, NK#
BlofEE#® Ty, &7 7 A OEETRH R 5 R
(0) &, FETEHHERUEE Ca) 2FEL T
%o YP40 Stz 45 2 hbofE %, Tabled o 77
o LItiaT, %77 AOREMFICKT5EREE
PiE (Keepu.) 13, Tabled dic it X 57w
Tho Tl L, BB &L, YP40 i35
HT R (K) %, 0.70 35X0° 0.68 & LTRD -

Table 4 Required values of fracture toughness
(Base metal)

Coefficient |Coefficient| Applied ¥ Assulmed fe/;u‘;lred Fracture
design [of residuad| stress crack |toughness

st cruk el S ) Shss g s

2 20 (kg § vmm /mm?)

X B |Ygfm®| (mm) [R=D.T0IK-058

1! 02 48 ,20| 200 | a77 | 480

05 LZR'QQO 200 | 657 | 666

Base jiae &=l | g6 | o5 |M4420] 200 | 719 730
metal K

wl 07 ‘ST-8+20 200 | 780 | 792

Vi o7 188 120 240 | 854 | 868

1000¢ [T factor, K=0.68 /

Class V. 7
/ﬁqss v
Class [T

ClassIT .

800
20=240mm

|

|

i

Class I {
20=200mm :
|

i

|

|

& Closs V equivalent !
0 0.2 0.4 0.6 0.8
Coefficient of design stress, X

1.0

Fig.2 Relation between K ¢) 5.

and «
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TMCP B K & 40 kgf/mm?® F R AN 0 fakiEE~ D # A 411
, TP TMCP
[ Lowest value of DH32, DH36  [Steed | K ‘IS-J{SS%—’LSEEQ)QH
12001 Lo
e 13k \/// a YP320I8 A A [A]A
E EHAD 2 Q7.3 P32 O D@D
< 1ot E N 4 A [¥Pa00s8 —[—|@ 0
E \Q: \i\g \\\\/\/
*: 1000+ DHAO 51.2_ ’\'\[ ! A ¢ //
5 z e Ul Ly A
2 | S RS A e
z 900 Closs V (868) < ol RS |
2 AHAQ \n\\, \:é;/
_ 300l Class IV (792) L1k I\é -
3 Class 1l {730) Lovwest value of AH32, AH36/ ' Jo
< 100 L 1
S Class IT (666) 05 07 0.8
. (Class I) (CQass bii] (ClassTV) (Class V)
600 HTfa_ctor,_K=g§_Q Coefficient of design stress , X
500\ Class] {480) Fig.4 Relation between Kc¢,5.3.c0°0)/Kctr) B.ar
400 L 1 L 1 1 and a
0 10 20 30 40 50
Plate thickness, t (mm)
. 1 CP st'eleQ TMEP'§E5eQ
Fig.3 Relation between K¢, 5.m.c000 Stel] K o Ty Ty
. vp32lo7alAblaian! —pA kA=) | ©:(Max. t of TACS)~10mm
K .. and plate thickness DH[—lzcn izl —lainla| | ©:(Max. t of IACS)-5mm
AH[D OO | [% 4 19[-]
YP36,0.72 DHI— & TI-1FF &
TH5bo 137 pegoeal A== —[-[e eie -] 1.3
RS = —oHliziz|o]- ol & (,CQassIII
HT k¥ 0.68 BA& D Kempu, &, BELT R - - gLl &
3 — . : =
R (@) LOBRERT L, Fig2 0oXdrind, a gcmsﬂ 5 » o
. Sief TR T TG S12k o Chass IV
3.3 YP40 s@EOEARS 2 & P W R e
Fr (4) XTHZE LI Ke,p.m.coy 73, Table 4 1@ g %] g L ¥ "
_ A . 3 I s &
mLie Kempw, TR TE L 5 7o T YP40 gl » » ey R e R A
MERIERZ hh i, MROBEREREROBS»S |
i, YP32.YP36 SR AEA LicEe L AEn Sk 32 3% i 37 3 %0

YETAHIEREAE VLIS,

Table 3 R Lz vTrspn. ®, (1) X, (4) X%
FWTHEZ Ui, Zv—F AH40.DH40.EH40 o
Kc,p.m.0°cy &, Table 4 /R U7 HT REAM 0.68 0
BED Koy, EXHELT, Fig 3 wrid, Fig3
DHHBBMLE S T, 7 v—F DH40.EH40 <3,
WE s0mm T%, Kc,pam.oc 75, 75 AV OHEEE
izt 35 Kempy ZHE LT 5,

4erz, Table 2 1w Liz, TACS #EIiC X 2 FHKS
IRV, &7 5 ATYP32 . YP364RIR D& 7/ L — Kt
ERTE 2RARE S LT, ERoFIRTKe,p.20.0000)
AHEE LDV Koy pu, FREDOLED, Thbolh
RHLHE, Figd O X owich, ik, Figd dgxk
L7c YP4O gtk ofEx, HT $R¥El% 0.68 & LT Table
2 OFERXS BB LIcBE DR TH Bo

Fig.d wrii¥, 72—+ DH40 3, 7 5AM - V-
VTORAREEC R T, WEIMEEEOBE S5
FHEKDSE 7 L — 1 DH32.DH36 L% o EE
MEHLTWS EHTE B, —FH, 7v—+r AH40
D7FAL M« NizBWTiL, 7 v—F AH32.AH

6 1IZHANT, TOBEEIETET TSI E2REL
T\ 5,

Oye (kof/mm?)
(a) AH steel

Oya (kgf/mm2)
(b) DH steel

Fig.5 Relation between K¢, 5.m.c0005/Ketm B
and Ty,

Fkw, YP32.YP36.YP40 §ftiod 7L — F AH.
DH z2o\T, &7 7 ATOHERTEARKAIRECH L
T, EREE UFIRTR® Ke,par.0c) & Koo s,
Lotk rt e, Figd 0k 5itb, ik, Fig.5(@)
fRizit, Zv—F AH4O L, 75RX-W-NVT
OREAIREY 5mm H B\ 10mm #EL LicEswe>
WTHRLTH B,

Fig.4 X0 Fig.5 75, HT % 0.68 & L1
Ea, YP40 Rt 2 v — F AH40 - DH40 - EH40 1=
LTk, IACS At 5 {F#HKX4 (Table 2) o,
7SAL MWV THZ7v—F AH o {FRTE3EX
WES S5mm B (/7 AL T 10mm £F) @<
g, BEEFEOS - YP32 - YP36 iR %A Lichh
e, WENEEREOEANLOEEEIAFSRS L
D ERTIE B, Tr3s, HT % 0.70 &3 hug, Table
2 AR LIERIEABY T, AEoEEE ELNSEZ
EWZlc b,

—F, Ny Fa—p = KRTERE T, YP40 §E
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X

=162 =

WOFERC I AERMIEAOLR LT - T, RELFHE
ISNPEUBRIERLNH D DT, FHOMIK - Hkn
£ C, (ERMRD 7 v — Ptk LCh - I fit o 88
ThHdEEZXDRD,

4 BREBRFHCLELMMECET 385t

AE T, MBROWEBHMEEROB H15, YP40 R
WA ER Ui (ISR, SRR E) oEBE
BB FS e RABBERTER) w1, LWETH
BEEZLNAMMEILSWT, KA X HFEEYA
WTHEETT B0

4.1 BRIAWMKRBMELCHRETES

R OEESH THBMAUNR (2 5 2 T DAL
BICHEAPE - BIFHEEORREY (75 AMOHE
HHD Te ERREASEH T 5, Th DT 5
&% Table 5 iR, Tbb, MRORKEMEHE
Ex 0°C LT, EE&FHEET ERRS (27
Ve Fext LCERATE A HRARE) %, 4eic Table 2
R Lic TIACS HAEY & Lo B& &, 3ETORSH
EEPEF2, Zv—1F AH40 o2 @A T ABELK
E% Smm < LB L2000, BETHZ &1
L7co

¥, YP4O SRRAABBEMFRLECHD L%
2 bh s EY, B’T NK #H'2 kb5 YP32.
YP36 (Bt B BAEMFET TS V-7 v F ey
~-HRERBRBELR—EE TD, V-/ ,Fvper -
B = F 0 F—THRRTHZ Liw Uiz (Table 5 &),
Tidob,

AHA40 SRR ABWEERTF IR © vEwec {8

DH40 ¢tk K ABEERMRFE : vEoec (E

EH40 $iR K ABBERFR : vE-20c E
THERRTHI L LTS,

Table 5 Case study conditions (Welded joint
fusion line)

Minimum Maximu §ﬁguire€ t
" : m {Char
Structuraliservice Grade Yield | pote ‘Lempg)r/atﬁie
member |temp. point |, . for welded
5 thickness joint
(Class) | T wol t c
cc) (kgf ) (mm) c)
Side plat AH40 357 20
DHA0 50 0
Strength *
2§?ﬁmmg AH40 'gg 20
continuous
fongituding 0 |DH40] 40 40 0
members
e dck
strength dec -
i EH40 50 20

%(Max. t of TACS)-5mm

Table 6 Required values of fracture toughness
(Welded joint fusion line)

o Aldonable|Coefficient| Applied* | Assumed [Required jracture
o Structural{ g oce o residuck| stress  |crack  |toughness
Assumed crack [member "~ |Qength Kew.FL.000
Gy [stressiGR) ¢ ga O
(Class) |tgf/mmdy| @ |Chgf/mm®) | o0y ke 0.70 K=055
Side 3. 4
s 1 12248 |80t8.0| 1501 oy
Wolde treet ISirength !
Jg?;l:d d%k;gatmg !
. an 1
jusion GoiTet llcontinuous | 154 | 02 | 15.4 298 304
Dine ‘i %fug%t;d;naﬂ K =K *8{70£7.0 ~330; ~336
ALl labove i
strength dezk
§id !
*GeGut Or &ai“k’ﬁ | Gr=( Gyoypso = B-40 (kgf/mm2)
4.2 YP4O SEIRAASBERFHCLE R RENE

&

WM K AR BEEE2ERE L TEEINICMDE
BEEL, TOBEEEL TR IN T B, LIt
T, YP40 MR DK ARBEMFH L, MO KA
BEMRFTEBEOEEEIERINTWS Z LAETR
&l Linh, Tichb, HIERRHAREM To, BREIK
RABAERFMOUEDEE N D, COMFEHES
HTwb LEEINIBHERE EEFFLEEL,
2a) ¥HEFEL, RAEERIDOBEN, K& cER
Ihn YP4O MK ARGEHFHRCT LTS, FE
Ihs FETEHRMHEERLTLS) T & & L,
2a O, BESHR T 80mm, SENFR - @A H
W EofEEH Ty 70mm 12/ B, 7275 L, HEoS
SvEicERER LT, YP40 SER K ASAEMERC
STHIHRBERE I, 2¢x0.1X2a EFAHZ LT L
oy thbofEz, NK HRlofs w X 518EFH
B (o) ik e &bz, Table b @i,

Uedi» T, YP40 @K A# 75 ##kF Fusion Line
i hEl 0°C TOWENEE (Keoy,F.r.0m) 1,
Table 6 fric/R LIcfED X 512t b,

Table 6 iR L1 Kcw,r.r.0°cy OfE %, YP40 40
WA ABEZEH,TF Fusion Line $23F LT, £
BoO&CBRERAASGESRTFT L RAE0EEEEE L
TwbEnz i,

4.3 YP4O SR K ABBHERFHICLERV-/ v F

e LE—BRIRT AL F~

7, 77 AL OHENH THBMAMEE, 772
W OEEEH CThH 58 NIFR - BHRIREOHFEBM &5
&z, Tableb w7z, &7 v—F (AH40, DHA40,
EHA40) st LTER TE 2 RKIRE T 0 KABE Ik
= Fusion Line ¥ 0°C =i Ak EEE1E (Ko, r.L.
ey &, Tc°C (Table 5 288) wkid s V-7 , 7
P =Rz 2N F— (vEr,p.) &L OIHBEEEHRER
Hho

YP40 @R KA BB FEHEF Fusion Line A4
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TMCP FFz R & 40 kgf/mm? §L #5558 JIERR O MRS E~ O # A 413

LB, wiomlic (1) i (5) Kok dicies
T L BEERE AT LB D,
e=/2ovol 17 da=10=1(0. 0032104,+0.391) y Trs r 1.
+2.74/ ¢t +56.1 (K) (5)
Ehi, (3) Kz (6) RDXdwkns & b HAS
NTB19,
K¢, p.L.=0.68 - 5.600,0exp

{(5. 705 c1/29030L T Jas0 —290)

J G )

o=/mayl Ti]a=0 Tk
(kgfv/mm/mm?) (6)

Lictin T, Kero.coy Offiit (7) R E - THE 4

bhabs

Kc,r.1.(°cy=3. 810,,exp

{(5~ 700=(x/2)ayo[Ti]a=40‘“290)

(ot 7))
o=/2yov[ Tt ]a=s0 273
(kgfv/mm/mm?) (7)
(5) R& (7)) XKwwx v, Keyrreeey & vTrs,rr.
LORERNIKE D, B, vIsrr. & vTrerr &
PBIFE LW &b, V-7 o 5 v 4 v € —HIZRBEE
ROBW=F 0 F —~BEBBHBOTA L - — 79
LT, vlsrr & vEr,ro. EOBEGENRE B,
Sew, Table5 WR Lic%& 7' L — K (AH40, DHAO,
EH40) o, {FHTE % BARE T O KASGERSE
Fusion Line #o, & T,°C <D vE {E (vEr,r.1.)
k, 0°C ToOWENHEE (Ke,r.r.c0cy) & DK%Y, 1=
oo EIE TR, Fig.6 wrRdT, X5z, Fig6 dyz
i3, Table 6 /R L7z, HT % 0.68 & LiB4& D
Kcoyr.L.occ) DESRLTH B, Fig.6 1ok T,
Ke,r.nwoor2Keey,r.L.w0) (8)
EETHRAD vEr, r.o. kB L, TIACS HAHlic
IAHFERARSED (75 AW, 7 Lv—F AH40, =25
mm) DHHETH 3.9kgf-m Ligk, ¥, 3ETO
BEERPHT 2, Zv—F AH40 ot L BARES
Smm #H LCHBE T, M 3.2kgf-m Licn, T7b
b, vEr,r.L. OESF 3. 9kgl-m Pl EFER I W T
E, TACS ALz X 2 EHAKH@ v YP40 #itk (£ A
LT%, Kc,r.r.wcy 12 Kconr.Looo) ZiGRTHI L
78 5o
YP4O g@fRBpt > V-/ o F v o € —RIR = ¥
— T HHEEER 40kef-m EELTLBE &2
b, KABGE#TF Fusion Line izt T 5 vEr, r.L.
{, 4.0kgf-m UE*HETH LTS, £ 2T
4.0kgf-m L Lick & D, Ker.roo &
%7 v —F (AH40, DH40, EH40)

vEr . r.L. %
WEE DB R %,

400

HT factor, K=0.68

4.0kafm

pHa0, 4=50mmt

|

NRATRTE TS

NN LN

}chr),F.L.(u'u

KeF.L.cocy Chgf Ymm Amm2)

N
wn
o

2

< i i J

3.0 35 4.0 45 5.0
Absorbed energy at reguired test temperature,
vETe FL (kgfem)
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