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Study on the Notch-toughness of Thick Steel
Plates for Mammoth-tanker

Introduction

In July 1957, the Minister of Transportation submitted an inquiry that “ What is
technical probleims and their ‘solutions for the construction of supertanker ? ” to the Ship-
building Technics Council, Ministry'of Transportation. Answering to the inquiry, the
Shipbuilding Technics Council discussed the problem and in March and August, 1957
submitted a research plan for solving the problem concerned to the Minister; -In April
1957, The 37th Research Committee of the Shipbuilding Research Association of Japan was
organized on the bases of the above-mentioned answer. The title of project is “ Study on
the Notch-toughness of Thick Steel Plates for Mammoth-tanker .

Steel plates thicke'r than 40 mm will be applied to the structure of mammoth tanker.
Therfore one of the most fundamentally important things for ship design is whether or not
such thick plates are applicable to the ship structure from a viewpoint of notch brittleness.
When the plate thickness increases, in general, the notch ductility deteriorates under the
influence of metallurgical factors including finishing temperature and cooling rate after roll
and of mechanical factor such as an increased tri-axial stress ratio in the vicinity of the
tip of a notch or crack. Although many investigations on these phenomena have been
made’ up to the present in Japan and other countries, only a few data can be available of
thick plates, which are applied to mammoth tankers. :

When the plate thickness is greater than some critical value, it may be assumed that
the degree of embrittlement of plates will be saturated and therefore the danger of brittle
fracture of welded structures will not increase indefinitely.

The object of this project is to find a critical plate thickness from a viewpoint of
thickness effect on one hand and to investigate, on the other hand, whether or not curre,nt
thick plates applicable to ship structure. '

Therefore, not only small size tests such as V-Charpy impact test, Tipper test and Van
der Veen test, which are widely applied to the evaluation of notch.toughness, but also tests
for brittle crack propagation such as ESSOtest and double tension test have been conducted
to find the thickness effect for brittle crack propagation and the correlation between tests
for crack propagation and small size tests.

In the committee, a research plan was discussed and the steels to be tested were
selected. The steels tested were normalized killed steels (Steel A and C), killed steels
(Steel B and D) of thickness ranging from 20 to 50 mm, quenched and tempered steel (Steel
X and Y) of 20, 30 mm and notch-brittle boiler plates (Steel P, Q, R, S) of 30 mm.

Then the testing facilities were equipped and tests began in September, 1957 under
the sponsorship of the committee. Tests were completed in December, 1959 as the results
of laborious work for two and one third years.
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Conclusions

The following conclusions have been developed by the results of small size tests of
V-Charpy impact test, Tipper test and Van der Veen test:

(1) Tt should be noted for the study of notch brittleness that the variation in notch
brittleness of plates taken from different location can be found greater than a neglegible
amount. '

(2) Good correlations are found between the same kind of transition temperatures for
different testing methods, in spite of varied notch brittleness due to the location of stect
plate.

When there is a difference between two tests results such as Charpy test and Tipper
test, in which thickness is reduced by machining in Charpy test and full thickness, on the
contrary, is used for a specimen of Tipper test, the better correlation is obtained by
comparing the test results for the same plate thickness.

(3) The steels tested are evaluated to be pretty good excluding only a few exceptional
cases, from a viewpoint of notch brittleness which is based on the empirically approved
criterion.

(4) Since all kinds of small size test in this project are considered to be a testing
method of general yield type, in which the plastic deformation occurs in full section through
notch prior to the crack initiation, it is fundamentally different from the brittle fracture
where unstable brittle crack propagate without accompanying the plastic deformation in
gross section. Therefore, even if a good agreement of test results can be obtained between
some small size tests and the property of brittle crack propagation, it would be doubtful
that these results may be considered essential and further investigation in this respect is
needed.

Next, the conclusions obtained from the results of such tests for brittle crack propaga-
tion as ESSO test and double tension test, the former one is especially suitable for obtaining
the limiting temperature for brittle crack initiation and the latter one, the property of
brittle crack propagation, are as follows:

(1) Both the non-initiating temperature, which is the upper limiting temperauure for
brittle crack initiation, and the critical arresting temperature for a propagating crack rise
with increased plate thickness. Although a slight difference in these temperatures is found
between different kinds of steel, the non-initiating temperature and the critical arresting
temperature rise approximately by 7°C and 20°C, respectively, as the plate thickness increases
from 20 mm to 30 mm. When the plate thickness becomes greater than 30 mm, however,
these temperatures keep almost constant value for the plate thickness up to 50 mm.

(2) In general, the non-initiating temperature in the ESSO test is lower than the
critical arresting temperature in the double tension test and the difference between (wo
temperatures is about 15°C at a stress level of 1/3 of yield point.

(3) The quenched and tempered steel, the killed steel for ship structure and the boiler
plate have low, medium and high crack-arresting temperatures, respectively. The difference
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of arresting temperature between the first one and the second one, the second one and the
third one are approximately 30°C and 40°C [30-50°C] respectively. . Since the rimmed steel
applied to ship structure has similar chemical compositions to that of boiler plate, a sug-
gestion for solving a problem of brittle fracture of welded ship may be obtained from
these test results.

Whether or not the quality of current steel is good enough, from a viewpoint of brittle
fracture, to be applied to ship structure is very significant.

Conclusions in this respect are as follows:

(1) Judging from the facts that the thickness effect cannot be found above 30 mm and
that no catastrophic failure has been reported in welded ship built up with current ship
plates of 30 mm thickness, it will be concluded that the application of thick plates of about
50mm may be al owed from a viewpoint of brittle fracture.

(2) It is an important problem for the safety of welded ship in service to find a proper
criterion for ship steel plates in the field of brittle crack propagation.

In the ESSO test the non-initiating temperature for brittle fracture under an impact is
obtained for various kinds of steel. However, how to interpret the correlation between
the impact in the ESSO test and the condition of brittle crack initiation in actual ship
structure has not yet been well understood.

Therefore an advanced study is needed to find the correlation of non-crack initiating
temperature between the ESSO test and an actual ship under the effect of residual stress,
notch figure and notch size.

On the other hand, it is necessary for the double tension test to study the correlation
between the release rate of elastic strain energy for test specimen and for actual ship, the
effect of plate thickness and temperature gradient on the crack arresting temperature.

Under these circumstances, it will be controvertible to apply experimental results of
the ESSO test and the double tension test directly as the criteria for steel quality.

Since a better criterion has not yet been obtained, however, these test results have to
be used as the criteria.  When the standard lowest temperature for ship steel is assumed
to he 0°C, it may be cosidered that a brittle crack will not propagate if the critical arresting
temperature in the double tension test is lower than 0°C,

As the allowable stress is, in general, about one third of yield point, the arresting
temperature at a stress level of 10 kg/mm?, 77, , is taken as a criterion. Therefore ,,77,
should be lower than 0°C for ship steel. The modified criterion for non-crack propagation
under the effect of finite width of specimen may be expressed as ,,7r,<5°C. B

On the other hand, the criterion expressed by the non-initiating temperature at a stress
level of 10 kg/mm?, ,,7r;, in the ESSO test is assumed to be ,,77<—10°C, as ,,77: is lower
than ,,77, by about 15°C. By applying these criteria to the steels tested, the criterion ,, 77,
is not satisfied by steels A-50, A-45, C-45, C-30, B-30; the criteria ,,77, is satisfied by
steels concerned (A-30, A-45, A-50, X-50, X-20, X-30). Of course, notch brittle hoiler
plates, P, Q, R, S are not acceptable in ,, 77, .

(3) Further, the criteria mentioned above are expressed by some transition temperatures

in small size tests such as pressed-notch Charpy test and Van der Veen test.
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The criterion for crack arrest is represented by Tr,:Z0°C, where T, is the 50% shear
transition temperature in the pressed-notch Charpy test.
The non-initiating temperature in the ESSO test can be estimated from 77y transition

temperature in the Van der Veen Test.

(iv)




o
-~
b

Lol S F I R O e R (1)

1.2 PRSI B OIFGEIRED e oo (1)

’y

P2 a UFRRNT X BB OO NEMAC BT B (5)
201 ARV o L B (3)
2.2 T 4 v TR (13)

2.3 3y . '7:7' . L:—*V[XJUSQ ...................................................

SR O R I B I (33)

301 TARBIREEER e (33)

3.2y BER (43)

TS A R (59)

4.1 RO TR L S DRSO R 6
47 M R e (63)

4.3 TEEIECER SRR RER (69)



w1l &
d 1-1 HRBHRUHEER
V} {H 8205 }! ‘l'ilitt’“‘lj\“l . 7”“] I L)\ U}]/\f/”'nh i 0)-] i\ H/)lu ‘L(L‘Ix 7t ’)U ‘C (/))(]/{ I([MUI | \—/l(‘][/VCH:I]
A3, Kot 8 Ao RN B TR T A RS o T A W s i U, S ok e Tk
| W 2O TR SR Lz, SOBMNTE & T ARBRSEIRA I R 32 454 7 TRERRAR O
i LTI L C DM W) I B RS JiM%MHtLT%ELkO
KIS 22 OO E L P9 o DB SET L 2 £ W] 5 77T o % 5,
{:Jo ;@/\)‘.”.H U)l"‘ln‘x.’&\[-/ U~)H )b/n)JIK“H
r B, HL R
| BRSNS A RE T
}‘11111)\ Z X

P d0mm @S Wik

1372
Pk

HIT MO Tk
HUIRK (BEY 4
ST S, S XD T
l

b L

(Il

o
CT O &I VER IR o Bk s O il R E T 3 D T
§% SJLAREE, AR O

W c®
-1 l;L_{_;m-&l CH D

L SR e M e B 4,
& BV AR R OY
fIHlI” l(/)*'l'[l”ltjjit()’)hnhmv
SRAEL Y e

. :J

e
D . DT

[ &L\’Q)/J 5 /!Il \f|”|!

CiM)(J/J cV)/,)

ik

LA R
R R  day1 1
— R SRR D BRIF A 1
113 BEEERD BEE B i S - &, R
TIFINET- D
L J=4 D &k
B

15 C
VAT d0 S e RO o T o ERHE IR IS Lw,
LD, AL
Y& 5

— il

Sl
RRUES
umt\

i ek VL S IBIEIMN
AR VR AN, TR s
b &% B A el L
TS ORGSR
O E LT B SR OSBRI
54D CdHh D, B
MR E LTy v —5UR, =

(7l 6 24 R AU &

R p g =

74 //f—iit%ﬁé?‘@%

Dy CORE

AR A SRR, TSR R o i, BUSREE A o0
BeR 2 44 9 A
R

-

.\
iy Bl DR
TR D AR
PREERG S L s Bachigib =87 47
e W & Rl e, 3 CRRRER LS TH D
AHIFG O & P U CIERR e A e IR 3 4 5
CRER— M R S & T v B oy b ERL
T RS 17w, BRI
/\ALAﬁ%@Mﬁb@$MMML@H@HQH
AT SERN A bR S8 T
9 LD RS Aoz, DL
12 Fc§6 7 Uiz oy CLRUTF o o
1.2

Ry e R R B
;LII[HQ/V& J n) i.)(/) 8
b NS SR R, R
DN D Tk

HEHAM RURRER

D¢

iz 1
<y T,
Y5,

PSR 4 il ()
Pk

I3 A )
Tyl

e
)

o

PP, W 32 48
T 5 LI OEIE A WA 34 4

5
&

A, B,

DY Fo e 2 4k (X0N) @ 6 T dh 27T,
Lz 2 KOS/ h o ChH, Tl (Table 1-2)
AERE B P LTl 5,
S RO AL F o A oo {5k 45, B
CRT/ERY/ EQUL ORI D 7 /36
DR TSR TS,

T, LS
s p v RN E R EE R
LU A 2O R i e
No Y O— S B oM E A
UFZErE I b Ll T sE

11

“able ST
)5 — B
i JHJUIJJ Ao fl mmik“af’ AN

f‘\'

D
DI LD AL
— 1

oy
’ IMFI ol ER VAN G P AT L'__HJUI‘J'



i wt aw

(L'to] BUE S Mmoo ok s ot % %o i
Code) (’J‘:(l;llll]/{(‘,;\ (I\é{-tl;sl)Of e S 1 Sn f:}:]?g; (Check Nos. of Steel) (Furnace)
20x1mx2m |M.S Killed N. | 13| 25| Loo| 3 | 3202156 3/9 1.2.3 ]‘ BT S
30X Imx2m 1 " 18 " 3/9 6~10, 14 1
" 9/9 1~12

A 40x tmx2m 17 ] " 7 17" 1/9  1~4,9~11 "

45X Imx2m N " 10 Iz 2/9 1~10 "
| no5/9 1~3
50X Imx2m ! " " 22 1" 6/9 1~8 /"
: no8/9 1~6 !
I3xImx2m |M.S. Killed AR, 13 .25 ] 1.00 t 2 ‘ 3202156 8/9 7~8 "

B 20x ImX2m " 17 ‘ 2 ‘ 7" 3/9 3.4 7
30X ImX2m " " I 4 1" 3/9 11~13,15 1"
40x Imx 2m " " i 4 Z 1/9 35~8 "
20xImx2Zm | M.S. Killed N. | .20 20 ; 70 2 ‘ 3201786 3/7 1~2 1
30X 1ImX2m " 1" 4 “ iz 2/7 1~4 "

© 40X Imx2m ] 1 I 4 ” 234 "

iz 3/7 7
43 % 1mx 2m " 1" 5 " L7 2.5,4 "
7" 3/7 3.4
} 15 1mx2m M8 Killed AR .20 | .20 } 70 Il 2 | 3201786 3/7 5~6 { ”
D \ 20% Im X 2m 1" % ’ 2 3201983 9/9 1~2 ! 1"
i
# 30X ImX2m 7 ’ " ! 4 3201786 2/7 Lu3d ‘ "
Pisximx2m | “2H" ' 16 J 45 } 1.25 ; 3 | 32E 1050856 F e 3 A

X 20 1mx2m 7 ‘ " 7 32E 1506 2/2 9~15 7
30X 1mX2m " ‘ " 14 ’" /2 1~14 "
15%imx2m | HT 50 N. .16 ‘! 45 i 125 ] 2 } 321050 1-2 i

v 20X 1m X 2m 1" 7" 2 ‘ 32121008 1/2 2,3 ”"
30X Imx2m " " 4 " i iz

7z 2/2 1




¥ 85 #& (Specimen tested)

£ w4

o ) ‘ T e R TR (N iy
(L;uljle analysis) I BRI HAEIE 51k B R Tijt%"/’\i
. ‘ Roll)  Dicy (Roll s S —— (B3end
sl v ] s [N er| cal ( (H.Ty A R T ST ong. [(Ben
N( Si Mni 1 S | Ni | Cr (,u‘;Mol ! | Ratio) kg/mnlz‘kg/mmzi % Test)
P | T ! 30, 000IP 2087 . - - [ 4 o | g s |
E IZl .32 l.()S‘I.()H]!.()]S‘ .()61\ .05¢ . 13i .02‘ DI & A e Q N. } 1/25.9 32.2 ; 47.0 ! 34,1 good
N. | 1/17.3 1 32.6 | 47.9 | 3603
" 124 1"
N.| 117,20 324 | 47,6 | 3008
" " | N b s ss [ an2 s (o
o " N. | 1/115 l‘ 32,9 | 48.8 | 33.6 | w
o6l 2004 | aes | oss
!
" | " N. noo| 28.8 45.2 27,3 7
N 1/10.3 | 29.4 | 46.5 | 351 |
" | " PAR| 1304 337 | sos | 256 0w
i | i
" ‘ " L D oayzso s21 | oane 20
7 T — :
" " " i n E 1/17.3 " 32.4 ; 48,8 | 30. 3 ‘ "
| !
| | i
" ‘ " n | 1150 33.3 { 48.7 | 296 |
| | :
1 i | 0 i
1927 .67}.()14}.029! .07‘ .04 .18‘ tr. " I N | 1/27.1] 31.8 | 48.2 20 |
_ H N : i i ] P . .
" ‘ " Cor 1200 321 47 55w
1 i o1/13.5 ) 255 | 447 | 2005 |
1 ! 12 . 12
i " " 25.9 45.1 34.9 ‘
: wo | o1/13.3 | 257 | 440 | 330 |
14 . 14 : "
no | 1120 254 1 450 | 320
" | " ALR. 1/36.0’ 38.3 | 53.0 } 2.4 |
m) -23 .73 020, 030] .07 .os‘l .18} tr. ‘ " | 1220 | sss | 406 | 204
wl .27 67{ 014,029 .07 .04{ .15‘ tr. | " I | 12000 ‘ 328 5 5000 | o2nr Low
| i i | ; i | !
I ! i [ LSOO 5w+ 1o ; - : - | )
16) 401 120 020 014 11 .()6! 24 tr.l SR f 1/20.0 | SL6 | 08T | 104 |
0 ad T T T 30,0000 2087 A e
(1391 26l 018013 L 12] 05, 20 03 O 2 ‘ /25,9 40.7 | os | 200 | o
l 1 vl ans sz CeL7 o240 |
‘ ‘
Ct6] 401112 020 014) 11| 06| L 24] tr | DO T g T 001 3900 sy | a2a |
! | | N3 fiw —o | | I :
s - R ] | 30,0001 ! | N 27 2 B -
1.\‘j 4301 111.01/.013‘E .24‘ .()9} .22g .02 KT T L " 7" ‘ 1/25.8 ’ 37.3 ‘ 51,5 27.3 oo
! ol s s | a0l
| 1 \ | - 7
1 " "o 38.4 1 51.2 30.2
| i




_:JUQ‘A{) /‘i‘/’/ S /Hl\. ?/J fJ)3}Ly f/AH LT 1"1|J\|llkﬁfjiu\l v Y= uJUJ'ﬁK

/Tnlk |JU!)')'V\J /I/I\ & /\HJL. flmM/j 0)/1| |/T/1') zr_

iz gk Table 123 o lioimin b,

4
Table 1.2 LRCHIoO W, E UK MO '
o [ ST A ) )
[ i FH | ] 7l (mm)
C 1 Si ’ Mn
A BEAL 7 R B o 1 W R 0,13 0.25 1.00 30, 45, 40, 30, 20
3 ALfi]l—7 v =0, HLTEDTFE " ”" " 40, 30, 20, 15
C o0 Uk e e & o0 B SR e 0. 20 0. 20 0.70 45,40, 30, 20
b} C L=y =%, (AU F & " " " 30, 20, 13
X B BEBE Uik i 0.16 0.45 1.25 30, 20, 15
|
Y N & Fl—7 5 — Wk gy b e b4 1z " " 30, 20, 13
Table 1.3 AEURIEE, BONE &2 oitEti (O
& N f;[a;; H e
\ \\\ i A B C D X Y
N T /Hx T ) o —

mim

EN 5045 40 30 20 |40 30 20 15 | 43 40 30 20 | 3020 15 | 30 20 15 | 30 20 15
ﬁ’\ L Ir);I f,%'\;:

TR EHR®IO0O000|C000|0000 000000 { oG OO

LL«/ EBHLMEE | OO0 0000 OO0l 0000I000|o00|000

) o | mmdigEsn | O 000 : oXe
#| % lmwunw oooo0loooo|oooo|ooo|ocoo 000
iy ] IR | O | o
o I TR (N O O
o ‘ ‘ R
L BERKBRIO0O000|0000OI0000|I000|0D0OI000
7 st | O , O
T | mm O o

Hmwsm| ooocloooo|oooo|oo0|000|000
Wl s | O

s = WO = [ -
B ‘7{?& BRI OO O OO0
VR




23 BN & B B O U RIE PR B 9 2 WEgE

=

2-1 EBEV L LE—BB

211 RBRAMHE KURBH
ARUBROTIIILIT LA 3IH (A By CoD0 X V) LT, DV /o ¥ =R
d, SO FEALTT (Long. ) iiJ:UiciwutﬂifﬂjiHU (Trans. Jj1i) 7 HERIE L7,

F AR VI & U TS i (Core §15) 00 IR L2, i A & X o> A, B (Rim
) b Long 0 S OFfHEC QWLKOV/yf-d&IWM’MmJHWQ
2-1-2 BB ALK

SRR Y I TR L, e RO C S P, (I AR /) s

ORI 2 LA, A0S ORI & USRI & 00 B2 3T i £ RS IS Dl oo
Table 2-1 oW % E2,
Table 2.1 thOFLFIERDTLY TH 5,
Fy e 0°C (7 J34F 5 B 2 oL &
B s A= o ¥ 03, RIS s R
’/,1) ................................. 15 Ft-Lbs i */(nu,& .
Ty eeeeremmeene s ) S ORI 7 2% i 2 L
U LR R PR PP PR PP PRRPP U)([ml;], LA 1/7 ax ttﬁ@([m);@
Ty veveeee e 50% BTS2 RE R
% Crystallinity at 0°C ... 0°C 17 351F 5 Ikl

213 & 2
Table 2-1 OBUREE W, M & & W HUF AR L OB 5 &, R ORED 5 28 & 7 5,
(1) Iy
GFE D By ASIUFICIE CCAIL T BAKEES, Pig. 201 wiid, —Aciibf A C o, By D
LUVBIME AL, F A B XD, CI D X LRI B nhE <, fikmm b E i
VA MojC i B RE B LR RS S U, M XL Y i D L
:{:};g)f;?'.0)1'{;‘:’J)Hl~:x‘\l"fl‘K) Iy OZEAHINIC, AGEBRIZ B3 £ R O -5 o i 09 L e Bl
Vo
(2) Try & Ty
Fig. 2.2 @ T & Trp BV, FIRFORIMAE By 128 U i e 5,
Fig. 243 1 Tr £ T ORGSR S OT, FRERZIEE (2 ot Ductility BEEZIEED) [

B

g

MR, HHH OB S TR QA [, S B0 & ¥ & A

( 3 ) jIQ]‘/; r}: '/‘I'S




Tahle 2-1

Summary of Test Results

lt:rm \(11[1(1 ! ()(':f[lon Thickness L, Fmax T ’;,/,,2 ire [N % LL(ro\(st
Steel I Steel | Specimen (mm) . (kg-m/em?)(kg-mjem?)|  (°C) (°C °C) (°C) at 07C
20 14,7 22.4 — 50 —551 — 3 2 53
Lo 30 14,9 15,1 —39 —3 | =18 | =106 0
(o) 40 15.6 18. 5 —358 —62| — 7 —12 16
/ 43 17.7 19.4 —6Y —75 | =36 | =31 0
_ 50 16. 8 17.0 —63 —69 | —23 —19 9

A Cille - T
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43 4.3 5.3 —27 —35) —23 | —20 9
Lone 15 10. 1 10. 8 —42 —50 | —34 | —37 0
; Ong, 2 6.1 9.0 —22 —3l| — = — 4 30
M. S (Cor¢) " - 7 2 i .
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sote L”)“”) 20 4.0 4.5 —19 =30 | =15 | —22 5
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Long 13 126 15.6 —67 ' =801 23 —31 5
~Ong. 0167 16.7 —73 1 =791 —33 —38 0
(Core) i ~ p \ :

0430 17.5 —49 1 =520 —10 12 14

. 2H o o -— | —

X T Teans 5] v oo —62 —6i1 —28 | 30 3
Q- &7T.) (Corey 20 4.7 4.8 —~37 0 =80 =50 | —02 0

-ore 30 8.4 10.3 =50 f =63 =20 1 —20 14
Fong. 20 17.8 18.0 —79 1 —sol 56 U g2 0
(Rim) 30 | 2.9 14.2 —75 —78 : —33 —33 0

| ' |
Lome, |13 9.5 180 | =57 ¢ —e0] 01 —3 a4
(;\é’rz-) L0 20,7 22,3 =36 | <90 | —28 “ —24 5

- G 2 —65 —7 35

v HT 50 i 0 __JO,) - 211 65 } /i 0 | 1 i 35
(Norma) - 15 7.6 (0.3 —55 | —66| —12 ' 2 52

Core) 20 7.9 3.4 —60 | —80; ~28 | —29 7

: (Core 50 P8 0.0 | =50 | —64| G { 6 67

6




Chemical Comp. (I.,:l(]ic)
Steel Note
¢o)osio ] v

, A 0,129 0.329%]  1.08%]| M.$. Killed (N.)
B | 012 | 032 1.08 1 (AR
C 0.19 0.27 0.67 " o (N)
0.73 " 1 (AR
N 0. 16 0. 40 1.12 2H Q1)
Y 0. 16 (.40 112 HLTL 50 (N))

2/
R -100
L I\
1\
191 -
N 9 / \‘A— 5 -0
s L ] 3
s I\ 8
| & 1k I § 60
| o N
° T ! g0
\ < I 2 % 40|
d % Pr g
3 &
g ! e
IS ] 3
s 13 | L
¥ Lo \\ 2 300
% I \ B 2
g - I 5
S LN > steel C 2 5w
.4 ~ 1, - = -ovr
| P SN %3
| g ook Neosteel By e 53
« \ A S -6
| -\ o’ 2
T \ &&/ : 40 -
! i \A} 35 1t-lb Energy level 2 i PN
‘ 5 | ! L - L | L { -20 I J‘ { 1 ! 1
5] 20 25 30 35 40 45 50 15 20 25 30 35 40 45 50
Plate thickness — mm Plate thickness mm
g Tig. 2-1 Summary of Standard V-Notched Charpy Fig. 2-2 Summarics of Ductility Transition Tem-
| Impact Test Results at 0°C, for Various Kind of perature (7vg2 & L) by Standard V-Notched
Steels and Plate Thickness Charpy Impact Test Results at Various Tem-
Dy I
peratures
3

l“lg 2.4 i:ﬂ\"fﬂ_ﬂ D, :l‘VE 41_’_ [}5 U)/ TLﬂO Fo f\_fllf:%@'("b?)ébi, M:‘;Jl ‘VC(l”'f&\’7"/)‘
o FRIT, fAM X oUIXKEHE RS TRIFCH D

34 Ji["""f o & e, Ty VRN Tracture ERLR L

Fig. 2.5 1% Trp & Tr 2%, B/
_GZE);(E) ‘/J; I/\_k_/}b\ “ L//\_l/ m.(/) t; O)L_J', /\_|l/)/}b/>

o
54

Fig. 2.6 1% Practure g Ly, &, Ductility JEESRIL Tr, OGR4 OTH 5, A4
3R U, TR O MR AR R LB R 0 A T S Y, SRR B e — T p L CIEIR E
W5 T &M D,

(4) I, & % Crystallinity

0°C s % Crystallinity X £y o0B&e Fig. 27 5wy, BB oo FEEE 1 SRR L 7o lER

AL, UL Fy=33 Tt-Lbs, % Cryst. Z70% Ol & 4




-100
»
S -s0F
3
3 thickness (mm)
t
S -80r
W&
N
&
5 -0F
£
£
8~ 040
§'y-60r o5
el 200
3 Joo
] 0w
g -s0- a0
L]
§ o
. 5 30,
% -40r Jf 40 M Killed (norma)
2 v as roiled)
E 20 ’io ” (norma)
-30*, ~ (as rolled)
30 2H (R&T)
M HT50 (norma)
~20 l ] 1 L) 1
=20  -30 -40 -50 -60 -70 -80 -90
Transition temperature at 15 ft- (b energy level °C
(Tris)
Fig. 2.3 Relation between T & Tr,, for
Various Steels
-60
__50_.
I
_40~
4
<
%
£
=y
oy
5C
= -20k
g
£
=~ -k
$ 0 e o0 o5 47 M Kiled (a3
.g 20 0400 .. »  (as rolled}
20'." & C . (norma)
o+ o a~ D+ (as rolled)
/ % - X 2 (QET)
o+ Y HI50 (norma
10 I 1 | ) I
0 0 -10 -20 =30 -40 =50 -60
Fracture #ransition temperature *C
(Trs)
Iig. 2.5 Relation between 7w, & Trp for

Various Steels

Energy transition temperature °C

Fracture transition temperature C

Fig.
('re)

Chemical Comp. (Ladle) |
Steel | Note
c 8i Mu |
A o1z | os2 | onos j M.S. Killed (N)
3 0.12 0.32 1.08 | 7 7 (AR)
L0 027 | 067 | u (N
D 0.19 0.23 0.73 // " (AR)
Xoloae [ ooz o (Q.'lﬂ)
Youoa06 oo Doz DT 0 ()
-60

=201

ok
20 bt ! I 1 L 1 L i
15 20 25 30 35 40 45 50

20

| il L

I
25

L
30

Plate thickness

50

mm

2.4 Summarics of IEnergy Transition Temp.
& TFracture Transition Temp.

(Lrg) by

Standard V-Notched Charpy Impact Test Results
at Various Temperatures

- 60
20
o St. A" MS.Killed (norma)
—sok LA (as rolled)
a «C (norma)
& a0 (as rolled)
N oY 2 (QRT)
5 _g0b C - Y HIL50 (norma)
<
]
g A5 thickness (mm)-
E 4
< 50k ;}’
5z 5 2
a
g 20 & 5 //
- .
© - / z? 0030 S
4 / \ . 7
S ol v/
80 /A
o / & 40'\‘\%
a0 ] -,
&,
% % i
10 ! ! ! L I L
~20 ~30 -40 =50 -60 -70 -80 =80
. Ductility transition femperafure C
(Tris)
Fig. 2.6 Relation between Tw; & T, for

Various Steels




O------ Long.direction (core)
®------ Trans. [QEEAD]
oo Long. u (rim)

7
7
§ o c(go E%
= /0§:>1—o—0§f — 7

% Crystallinity at 0°C

Tig. 2-7 £y & Percent Crystallinity at 0°

(5)  DIREAPEAE & flhop it B & ook
Fig. 2-8~Tig. 2-13 1Zds 1 CTRE, &HilF &, BEORINIC U TEL T 5 DIXEIEAL L, fib
DOFME & ORI &0 X O TR G B A T LT,
W%MHWKMEmeyLs@Sa&t@,itﬁﬁ@%ﬁﬁt%@f&ﬁ&bfﬁ
PR (oy) SEEDIRE (og) AENGE (D),
T AR R A 5 U Aol A, )
Grain Size (Austenite &+ Ferrite),
C, Si, Mn o,
FEALLE,
TR AR & e 6 LI
W AT,
;Tt-ﬂéjilﬁil%?i'bﬂm TS & & BT U b g, AN SSman DU BV S S HELAND
it o Tl Hm & TR, CAUE BT S R R S, i e dedo 1 TN

%ﬁfﬂﬂ?ﬁof;iilﬂil‘MGCl-‘jél“J‘é]ﬂ%’O, SR £ 5 NG (L OB EaEE L A FERS Sl asor, Fig 2-8
~Pig. 213 ORFYEDFT L 90, Bk oo W) O & Mo FHATE o> I v AT 2 B b 0L 7

NI D, A DMMERIROE FREN TS E T hE D RE

U Ly 2 2 IR e 157 PR 2 i~ C 86 2 T 1, IR LA RS O

SRR S LT

— 9 —




cel 19915 go V. 99§ jo

«

so1339d0oI ] snoue,y Oy} Uo SSOUNOIYY, MB( Ju 19903 (- ALT sonradol snouey 8yl uo SSoUNIY [ OB[J JO 3033 §-¢ S

ww SSUYIIYR 21D)d wu sssuyoni ooy

/4 08 02 5 : 2
y T M 9% e x o0 % o gy
198° W S 008 | s 7104 paysiury Y 08 ® §
] o N — o ] B S S
dUla]]]0d paysiuty -WMM Ow.rﬂ. nw 006 | ~=v Q5] DUz OuIoN & UQQO, &
17 < & 000/ 158 s
3 bS] T
\\\o b .@M W b e ] / W
L ° R R
7D, j0z 3 el 17 8
\\||Q\\\o\_..~.3 % M @m = . -l\llo.\\&ﬂﬁ:.:om 1 .m.
o o 1 o 001F ————1" g
w il 0ro 2 m 2 8/0 o
gt T0s 5 5 o 20 ¢3
E n v o £ X
§ o —020 = 3 = : S /N
- F bS] E .
N - X ¥ L E
2 et e n =N (/4] AN
M RS talin M TR £ g z 0 g
3 2711757 o 8 m s — @
¢ - 0 °
1 N de &
9. Jor 2
lbm.o.w.. H81 T
0e 5 2 102 3
iR : . ge e -
=
S o 1 8 ez 2 gpl -oe g6 §
S =228 5 S| 3
wzmr 67 —{c€ lm mm.w/r Dmf s /e m mm,m.,
od 05+ Hee @S S ol doe g 8
Ein N M me %. 67| 1€ 547 o
o 9 0l < M o > 0 - Xdge
: o ¢
<& L 0 88 P ~ 401w -
X ] o F T > 5.
» B —0I- & S =0 g
E3 - § s% 9t Hoe- §
stol 5 §E ~. 3
w:m o'+ Ibm,l.:/d wzm ok R . s
as b -Jor- 2, DL ~6i- 09—
Py (Pa7101 SYPIITIN SH %l,u 02 ~. Eusﬁswﬁm« SH 0l-
.8, 19915 o y.

— 0 —



.. 918 J0 senpradorg .0, 19935 30 sanzadorg

SNOLI®A Y} UO SSBUNDIYJ 33e[d JO 399y J1-7 Sig SnoMeA Oy} UO SSOUNIIYJ 93efd jo 19gd 01°¢ 311
wi $SIUYNYY A0)f ww  ssouyngy 0y
(14 or g 02 -
¥ % e 5 002 —F—4 ; e
oo 5% erd
s ey, 1058 MM Ire® g
HE% W 1.%@ &wﬂ
*s3 g
o I3 . P 1! W
-7 4 ~ o —-— b =
P e 12
A 1" F Y E
D 0Lof—o—mmm===z222s == 1570 % gQ Q 090 s A
3 F e — 5 T g n ©F s " T~ 1m0 W
8 S 2 Pl (747 o B = uy ‘QNQJMA
= F Sy 4 ©8, 8 [ g o e E -8
g OBOF T RIS o x— 0 g S oof & i Ay
s Teea Y s sk . R
® - ‘g e g
e~ SR 1o § ® g
5 sy ; g S 5
£ B N
0 S a3
or 3 §
02 VW.. s¥
3 6PF 20 <292 S22
% oot e o ) B iem
o R RL H R
My.w. 18F oo * 3 ~ g 3
3 ®
T ar % K1% o< N
63 s 3
N R z
X, < R dpe
o & 0 2
SE L o1~ & 5% -
M & ~2 S g
o 8 02-3 % S a
E3s >3 8 =
33 or 063y (S &
m/W 3 Nt 3
e O or- = BN >
T a 3 3
og od By
8

11 -



.:A:_.ﬁooww 10 senradoi g

SHOLIRA 8} U0 SSOUNDIYT 93¥[d JO 3¥PA  €1-¢ Sua
ww SsPuUyIIYl FR0)d
0e oc S
004 :
§ _ T dus B
3 008 + .y
W 006 |- “dway 7jos paysiulo (%6 e L.
=3 06 3,
¥ 000/ 1% =
3 N 10®
. =TT hN oz =
> T 1 37 8
AN 3 S
o OF - = ,Q\.Q S
I A ekt A R |
g . Gy 1. 08
g 021F N o« 5
3 S~ 1, 3
v FTT—— % Y
w® : S 1
gt [y
¥ Y 17 2
o--="5j1uspsMY T A0 T
! 15 3
17 e
57101004 e 3
1° 5
7 REA
COJ.%EE 1 %ml..
47 3
o < 1%
3 IS5k -8 & ™
2 N g
WW asH 8¢ B % S
3 u05F 6 *qR 7
Y | _l & S
ad o $le
> S5+ 4 3 ®
M,wl Imw Q 06 s
C Hor- §
1A i (i
r —H0£- &
s - F
os-3
—09- 3
—0L- 3
&
%5

<X 10938 o soradorg
SNOUE,4 Ay} UO SSAUNMYT 9] JO 30PH  Z1-7 B
wu $$3UYANY] 910}
e 02 1
T T 088 -
Pl 1o &8
3 009 <006 3 &
& E : M
W S mb«.d. S5
% ool Jrs =
i° o
S \o\m\\.// 1" 2
Tl el d02 %
" ot . 17 mr
- 5y
nU,J F o——e— - —— - =y —————C |Q\.Q Q
g i 5 Jozot 3
&% Joeo 0 &
© £ —Horo 3
S 0F1F . b
e J¢ ¥
..\\\\\\mﬂﬂmﬁi do m
0
dor §
-0z 3.
408 8
3 67 = 78!
Iz < m
SE s & 02§
LR % ]y 5
3 S B & F
9 i P
= 8§ 7
<
5% =
I ..:u.r e/ W
S B 5
4 s
1S o §
4 S
oo 3
m2 =
o'g 3
T

2 X. 79878

— 12 —



SRS PRI 2 TR 5 &,
Wﬁwwxwm&M@aﬁwtiﬁf@écam,m*mwﬂac— DAZIETRD DAL T 598, A
BROJM DIFHCCHE, & ORPLER 750°C T, 575 D OIFEE 5 2 d O & THENE, 0TH D,
2-14 #% B

EHERMILS, F il Cold Work oM G282 oy

(1) AEEURAA VA A AL & U CEfied TIRWHIE O 3 0% 4 ATV iT b adnds 53,
EEISS NI TR U ze SR S AR 100 20 5 B34V, 9~ C oAt 35 ft-lbs AL
D Ly fid, 0% LIFo Crystallinity (0°C) 275 L 72,

(2) RSP £ T50°C [ O 5 & b, BN WM 2 11 b S a5 7200 o ff J) 74—
FECHDH Lo ibhd,

(3) Mn/C LR /b PRI BEls 5 Loy, ORI 8 ARIEMIE 45 © & piT &
%,

(4) BEANBER U L7-ERES (X 8) o it e s © o,
2:2 T4 unN—-HE

2-21 EBRRARRCABEMGE
Pt S v 1 — MEIEFER A B, C D, X ROV Y 06 fNITHS, AIRC TR
22 &0iFEH, ABERE 30 mm oo X D 40

B Yk oo FRITAR)E o % & o fEdk
mm, 30mm, 20mm, 15mm, X B 30mm iz CfF 0 < 20mm, 15mm |- TR B U 7o AR
RO RO E AT Y, F2 A o8 X OBHRIE 30 mm o8& s TR IS 30
mm, 45mm (#dE), 60mm, 90 mm T2 X4k, BRI o0 B A 38 L 2 5 R A B T S AR
T & D TR A R 34 &7 B,

2-2-.2 HABARER
U Wige 2414 g,

(unit mm)

Fig. 2.14  Dimensions of Specimen

DIV S 3.2 mme T 45° Seiidlie 5 0.25 mm Tl C, SAUEER I K NS s 1

F—iE & LT, SR B
FE 20 TR 15 mm 1.25”
1 30 )R 40 mm 1.51¢

o 43 oY 30 mm 1 ¢t406.4 nun
e lg UC b=t

BARCHI LCvl Bt s 1.5 L ST C d 0 et R

&L 7’@0
— 13 —




(oseg ainjuaadwoy ug) 3sar, teddi] w seaans ounjeradwo -ain)ovs,y Ut 1vIYS JUDID, [ <1-7 81

R suingoiodwsy ylog
0 02- 0v~ 09-08- 0 02— op— 09~ 0 02-0r-09~ 0 QZ-0r-09= O 02-0p- 09— O 02— 0%~ 09- 08—
¥ 7 AR
x_% ° \ 52
o]
6L~ 97~ §r 79— oo ro-ha 0¢
! / i
e gz
: 5 R
8,52 4 g7 M /| 906 > -1 °lgruz
G 02- or— 09— [ 08X 9= 08X T4 o = 0CY o—10—16/-0§-7 100/
Q, O &) [e) 0
o © o IS &
7] 7° : N o
o]
0~ /g - oL- or- 08
9 o @
: /. & ° ot
[s]
g0zt | grie goe ﬂ g5r |2 o gsr | 909 <1° gree
° LG A Gy 9-o-goko] o e X 080 p4 089 |- oev oz-05-v-{001
A of> or+0c—— L do oLe a 0
_
\W Vel N I £ o o ﬂx Nww e
95-0 09-fo 9~ o+ Se- 974 or- No 03
o]

3, o | n B | N
g.se _ gr'92 . 8,621 %w \% 909 | 809 7 ger T 0| ogr9e
02 A WOZX =000t 5ia w50 070 - org oey |- 02-03-¥ 400!

o o) I ) Q
Q
- il bl a % D
i # | [
S0 er-] 1e-ts —or¢y pmo o Ho - . %Nwﬂ? 03
4 _
s/
957 go6 | aser | A 5 laris oA taszi | goc| S° " aror
02 4 o X +—020 570 ozv - oev o—|07-05-¥ {001
oo o - 0
optIT %% ol —% o | 2
§ i o\\qo ° R %4
. ° o_
/ L .
07- - pa e 7 e £6- g2- 08
_ i o 2% °© | o
5,521 909 > | agr | aser| | J Ao soa | oA erss 1 ars
—Gr X 08 X I 060 [—8§/8 ¢ ory T sry ocy 00/

LO2YS JUIIULSH

9.4NnQov4y U2



(esegq arnyoerg je ~dwop) asop roddip uwt seainy) samierodwoI-0IN1ORI] UT 1BOYG IUSMIDJ 917 ‘S

Do 94nQovay v dwsgy
0 02— 0r-09- 0 02— or- 09— 0 02— Qr-09- 0 02— or- 09- 0 02-9v-09- 0_ 02-07- 09— 0
i) [§] el B
£ il Vai 2 /] 7 7
w . / . o V& [
o 6-4. [
. 89~ £e- °Foe- _ \m 0/~ o oG
| 8.527 ; f_o ¢/
0ex \ . p > Ko & ) .
2 g5y ) g.821 |oc\ 4.8 g06 grie
0_02-or-09- [ ] 1] v —0eX oY 00— 028 oev —|6/-05-V wQ\
o Q, ™
8 ° ﬂ ° A@ oXQ Vi [oxd
o

wu\
i RN [ To
02— 97— L2- v c+ 0§~ 82~ 0c
[*]

gr12 I Y ° i o
g.ozt | WX _of° | a0 gor 7°/ gsv 909 8792
SIA 000 o—r 08X o o 060 8o 0ea 0y —— 02-05~-V {00!
0
' ﬁ|| c o oY 9 o
o orfoze 0 ° 7 /
7 _ [
o)
90- 25- yES I | £2- e~ v2-] og
o - (o) (o]
o qv9L o *4 00
o2
| gz [ Ho2x 8,527 /. g09 f |g09 0| aer ey 979
02 A o G0 |—°p . oro 0rg 0LV 08-05-v-001

O
) LE~ [=5) R0~ Li-
1° &uo o\\o Pl ’ b\o 7
y AT
R & |eos |aser 7| o | A gris | ol | aszs <° Tgoe | 2T | grir
0EA 1 0ex T 02a = S7ro ozv 0ey 1= op-0g-y —{00/
T P vofmﬂad o o A% b -+ © o m\ﬁ. o 0
- ﬂ A\ M\ 9 —oe
9/~ °
8- 0e- %\10 .om.lH womy %mw Fm 06
_ o o mo oJo o
g.92°t 909 g | gor 62 %o gos | ol “T larie |+ 996
— G/ X 0ex© 0£a o—odol—¢/g r_v P orv o Y ogy 00/

LDIYS  JUBIULIH

94n20014 Ul



P30 mm &

X B

4

'y

Sl E B

2-2-3

Vg
- vl
(e

(35844

i

3

221 % %ﬁ = %

N 51

1

SO

1

;E
b

T e

i

16



 STEEL A-30

Specimen s Widths are changed

fro it gy Bathe Temperature: Base

2:2:5 REHEROEE




40

crenl 2 Tabie 2.2 Summary of Test Results
e O ee
Jrees £ / YT = —
—— v B k \ - 30% Iracture Transition
_. _ Y C / N Ttemn | Thick- B“:;;dth Temp. (°C)
© \ i . f ness  |o . Bath [Temp. at]| Differ-
< 204 A © [ R 'emp. a ¢
A " D ! \ . Steel | (mm) bp((;gllzl)cn Temp. | Fracture | ence of
_———— " X \ Base Base Temp.
————— 4 Y / \ 50 56,4 —28 —12 16
~ PN N d JOMK 46,4 — 34 —17 17
2 0 7 m 30M | 36.4 —40 —24 16
3 AT 3 20M | 26.4 —40 —25 12
g //- // ' > . 15M | 21.4 —34 —25 9
: / / /P 43 31,4 53 ~36 17
8 2 S Ao | e -2 | —16 | 16
% \ ,/// L4 30 . 30 —33 —38 I
2 X 30 43 —48 —33 15
Z \ ZZ\\/ 30 60 —70 ~50 20
® ‘\ -l / 30 90 — 064 —37 27
S 40 —F | 20 1,257 1 —43 —27 16
g v/ /
g .
8 ]\ A 40 60 —35 —23 12
/ i 30 43 —
ELA I R
kS [\ 13 1,257 | —47 —33 12
e 4 .
5 43 51,4 | =21 —10 1
= —80 1 | | c 40 60 fo24 438 14
5 20 25 30 35 40 45 50 O O B ¢
20 1.257 —48 —33 13
Plate thickness mm R
. » _ A 30 45 —25 —18 7
Iig. 2.20 Effect of Plate Thickness as received D 20 1,237 —43 —33 10
13 1,237 —76 —067 9
(2) I X B A Lo e R R B
30 45 —46 —33 i3
Fig. 221 2N TIT X DB o2 (L v 30 60 —42 —30 12
= X 30 90 —33 —20 13
FAARAE I g T B OB A T L2 b AV I S - I A -
DV L1+ —d — 4 ol
-k ; 2 L2537 — 7 — 68 ()
Cib%, TIUTSAUE A-SOmm ¥, 40 E TR b I R o B
mm, 30 mm R Ay
RIS T B I DN CEBIRE IR 30 45 —18 —2 16
s ’ 2 257 | =5 —38 ‘
SRR E D, 20mm g LagateR Y | X Vol T | oo
L, S - o
&7 L, 15mm (TEIEI L2 E i 2 * M: Reduction of Thickness by Machining

IRE TR TLEEARROENTVSE, ZhidR
WmﬁwﬁeﬁwMLa@u,Lb/ii%ﬁ%«%éf%%5tw5~mm&ﬁﬁﬁﬁﬂ%mxw
LHEE 30mm OERICRINACEETALLL0THY, AMEBOFI TR OME T o BT L7
EUHRE 10mm kL 6°C 25 C i B,

AHBRIC BT T ¢ o S—FERoFECiy, W ORESICON COREEZALIE5 L

DHEFE DT Wy, T X D HERR VNS A O)R OFER G S ki #ahnd 5 ok

W0 TR IR S 264 2 WS AR 5 C Lic /e b 9, SO X0 T HIEE 15
mm ECUIEI U 72 G B IR R s LR T R R o7 b D AT

Tk X MoEIMIEX 30mm & 20mm CYHI LIS CRELERT LTV
30mm D OFFRE Fig. 2-22 300 3B IR ¢46.4 mm (36,4 mm) WOFEY 3 % AR

T wy P LI DTHD, BT 1 v -3 —GlBROFEHIT 2 T3 il R 2 25 (L & 5 R 411
Ve, UIHIGLER e & S EENI R L Aot XM o4 30mm oFE S 15 mm, 20mm O

— 18 —



—O0— Steel A, (Bath temp.) —o0— Steel A, (Bath temp.)
o O —e— Steel A (Temp. at fracture) > O —e— Steel A (Temp. at fracture)
y = ~x== Steel X, (Bath temp.) o | T SteelX.(ath temp)
- ) £
@ —-u-- Steel X, (Jemp. at | 2 ——x-— Steel X (Temp. at fracture)
3 fracture) ’ ® .
= —20 T & — 20— =X
I 0. ‘ 0/ Q l ~ L -
& \./I P QE) l\ ”’A
: (\L 1 5 ~ = i
< / & / —X
/ -
5 40 7Y £ 40— N
= Vi X @ Xl ‘ T . /
b | / 7’ g Bk S ‘/
g L = .
§ X Om // . .
~ . RN PR .
-60 i -60
) ‘[ ) ! ! l XL/ i
5 20 25 30 35 40 45 50 30 45 60 .75 90
Thickness of specimen mm Width of specimen mm
IFig. 2-21  Effect of Specimen Thickness reduced Fig. 2.22  Effect of Specimen Width.  Plate
by Machining Thickness 30 mm

FE L7 f2 SRS O DRI L AR R I o TR BTy B, XM s S R A Mo
Bty &g U TR 2T %0k, SO PRIREOREC X540 ch DL Mblvh, s,
A=SO Mot s »Cid A MEE 30 mm CIii2 2t SRR AL, M BRI RLE A 5

EAILS 3T Y s TR E DD PRI I E T AL D TS i BT i L
7ozl & 0 R 2RI L Tv D,

(3) kR iR R

Fig. 2:22 12 A JO° X HEE 30 mm ORI 2> W ORI 2 A (L S w7 Ba o 2R L
o, CRUT XNiE X MHEEIEE NS BN A BN TR LTS OIE LT A BEMRD T35 v
KEL, TOMBERNE MBS ORIRAE OB IR A LIS, X MORE S ilnos:
L Tig 2- 19 IR EN TV BN, 2 b & — KL E: LCs b, E7oMRaiE ABER U &
IEFTHEBRIC L DO CTHDH LR DS E, SIS TR OERFT o Y s IR 350 SRR
MR AHESET 5 2 EEEMRE S E VxS 0% Livny, '

Lan L7, X ofi iz ds v CGRIBTIR A & D /NS e D &SR A5 v )
Gy, W & 2 L S a OB & FERT OISR ORI K DEINCE L 40T

D, BRI DR GERBIL O AT AR S CORELD L O TR VW & b s,
7o o SUER RS EE AR SERS I GO AR Bl S v d s 0wk Fige 2415, Tig. 2410

LB & ds D, ARSI CREE D XS I AR = s o e,

(4) S ORI & ERRIL ORI

HEUEZ AT D70 A ROV C BN EF o4 o B ot D o e Tig. 2-20 1 h v i L
CHhZL L, R bt B D UkEs 2N 5 BRI ERS ST v 59, HUE 40mm a1 A
M OEBIE BH ORI D <ao Ty, F2 L cnsd C o zy.'“{m S U O D

To bl L R T R A T L D, T L D s BT ANEL < O E o, iR o A

PN LB LT o ChEAwn E o DB Aod, B L e kiR X 0 fA T




EWS L 2 T OMIREEE T ARETH S L2 kA,
WICERIK 02 N, B RO Co D fc L4 5 & CREHIE 30 mm o 20 mm B4

R A M D ENT WA, X 40mm, 45 mm DOEIIEL 22 Th D, $2 40mm @
B ORELE D A CEHIIIRIE D A MBEOEE SN EREI NS DL b, Bife D

O CrRKRE 4 <ET C fiE <, Mn ORI O X 0 i i at Lz, Sauidid
MRS LR aks \’CBMLLB@t@ LHOTCIn £y BIT SRR A D N EWRSE L TWD
LEETRTLDEST LI,

POTWEIRTIA XM &Y B EDWBCH 50, XANTIBE Y M LR UaaKs % b ot itz A
BEBE L B a i Lie b oo & RS g, Fig 2:20 X0 40T Y MCHERICE U CRARFES & v
5 B H, X FIEamiz L hUFEX N TE 0, BICEX 20mm oAU Eo > bik
SRV R AR L7, Ls L 1S mm 08 30 mm oMb AU IR & TS O B C o T o
DOFEUEM U Cb & D 28R @ b & L sk ELs,

Tty o S BROFE R CHE S OO PRSI Y 0°C DU C s ST OFHALA T 3517 S AR
TR A AT E TEAEND b0 2 BTV S, & O LA AR ORL % LT
VIR RIHK IS F 2 2 H IRA T 0 2 EE N TR A D LD Tk

(5) fhoftbae X AfE0 L ok

AT = VBB Yo A E =R E RT3 B B A AR T D 70 Tig. 2-23
WSV T = VEMR T PERBIEY & o ot =R, Tig. 2.24, Fig. 2-25 40 > 4 L ¥ —EER 0%
W R 200 15 Te-1b JERREE & 5 ¢ o =SB E R IRIE O B R 2 R L 72,

ELig 2223 AN E ST s - B T BRI E T oo o SRR ORITCI AR L L

i

AN

| T ‘ ' T T ‘ ] /

0--A A | oA 4D
O o xomax 40 W8 ep x-x a0
o--C BV / pC O Y
20— Suffixes denote / 201 — Suffixes denote
thickness of plate / thickness of plate
&
&0 & / 5 , 0 et
30 = iao
}\2 2.0 a5 5‘531?5 20
40% /50 ;6) 7Y 4004
. —20 0 3T% § -0 30" 0/5
3 40 S y S
S X /5520 o & o 3008"30
30 50 P 30 200 405 as
-40 20 - -40 S
30 / %
-60 yd : -60 A )
A
s '5\ n/ |
- : ~60
80 —60 —-40 =20 0 20 -60 —40 =20 0 20
Van der Veen Tr °C Charpy Trs  °C
Fig. 2-23 Corrclation between Tipper 7%, and Fig. 2-24 Correlation between Tipper T and

Van. Der Veen Ty Charpy T

— %0 —



o----A A----D
40 [ .'"'B X----X A
40
a-—C gV 10 —
Suffixes show A—50
20— 8 T
Thickness of plate o ° 5
5 oo g2 T
$© ° £ o5l ° ©
0 a 30 s ¢4
30 2
2 A ®
= o 45 o 2
. 501040 a S
& 3) 40 S Cc-40
~ 15 2 \ L8
o S B8 B g o| o
~a01- 5 &5 20 A — °
S o —0 g
30 E _D____-e—"‘5 & o]
s 4
-
-60 2
A
X
15
i | 40 0 40 60
-80 Temp. at “fracture °C
-60 -40 -20 0 20 g
Charpy Trs  C
Tig. 225 Correlation between Tipper Ty Fig. 2.26 Lateral Contraction-Tempcrature
and Charpy ’ Curves in Tipper Test

TIREE S BIGE 2 D 5 S0 &b s, LinLadb7 ¢ v =il T —40°C JhIic
FURIE 2 7T Lo fiib 253 v 7 7 € — vBR T —5°C & —60°C ozt LCas b, EioSv s
s E = VIBRIC 35T —10°C JhE —20°C Dfhic < HARDT 4 o oS — B Tix 0°C Jh%E —40°C
OILHPIERIRE 2R LT w5, g 2:23 (2T €40, D-15, X-20 Ol 3 sz T
7% L, TEER TR O OBEIEEA & Lz b O CHhoT 2 ORI B\ T B AR TH 5
EERcE R I YT bh D

Fig. 2:24 0o v 4 —WERE L OBl W TR IRE v Ty B - VEBRE FIERTCH D L v
XD, 1Y v LE—RBRITE VLTI v S =B Y T U= VBRI S VTR L v
JEAUZ TR Uz C-40 A3 hod $ckl o JidA & MR EEORATZ T L Tas b, SOOI DT & <
By, L O R BRI ST RS R OB 1 D R HCHDT, VT rE—
VERER & PR X 08535 v R0V L BECH D,

oo M E =R Try B F 4 o —HEROBUGIE Tig. 2024 w7 < i 37 55 Tdho
Ty B OGRS & W ST O BRI R D O Gl L D Ch D S D,

(6) T ¢ - T=FRBRIC 3510 % RIBGHG R

Uy E =B, 3T 7 B = VEBRIC I T PR O AR RSIRIL & L 1S b SRS 7

VRGP Y

TR S G R AT T S AN T BT 9335 & D BRI & b LI B S, ABURIZ B W Th C DG

WL RO L1 ERIE DD, F o =R S BRI R X D 3 L R

LAV 7D 7 2 T B 72§ 10 D RURRR A D C W RIS 3508 © R 7 2 177500

— 21 —




.
Thiz, & ORAIEERP G AN IR L 7oA <, 2oy 2 (ila g, 2-26 1R L7z, FhA
SRETOMFNEZ TR U7 A-S0 MO BB C LAl 7702 Cis 58, C40 Froo it

TARNC B U L < RO 2 75 L 72 720649 100°C RIS I- o Ol 772 5 & & 1a 700

oSN T e B, ;@Mﬂ®%ﬁ,RMu&uimﬁxﬁmﬁtéiﬁﬁmtww AL T
MMLL,”THFQZQGKﬁLtW<%WE£fJ%inLC%Ff,;M

S SITCENT B A EER ) AT L XS FWIR D,
PALDHRSER D T 1w - 3= BRRIC 30 CUEE SR 2 ke 5 & LI RN CH D, o EHo7:
BRE TSy Ty ©— VEBOM L 7V AYVK Z R T B 500 X Sl 57 o & 1

2:2.6 ¥ ]

D R DI E T TIE R LA S A i s, L L Z OB R«
@ﬂ%ﬁmovfmmmmwﬁwﬁnﬁﬁoto

2) UG XD BRSBTS CHERBIE 20 mm o R (G U B R TEL
AL AREHEL Th 2 i UC ORI 1A 5, 30 TUE S0mm o ERHRES LRI 6°C/
10mm “CHo7,

3) MUE 30 mm 4z TRETIRE 30 mm JhE 90 mm AL S R mER 0L, X T
4smm DYEFRDICEBIEZT L, Wd 2k Db & Cd BNS T L PSR I 1
ERARI LN

BT A RO R 5 R TR MMEEIEA R OTEA, HUR U R DT 805 R b i s S
LTz, Lo LHEEROBEA, HER L OB LTl & D0 R Bk S v B,

T Ay SERBRORIRIE Y v T 7 © - YRR T BRI v e — ARG E RS
&w&ﬁﬂ&%%owvccﬁéﬁWﬁi@ﬁﬁ%ﬂi&vo>w»LE—ﬁWi%m & OB TH,

6)  ARFABRO IR CYOAIARER O AL & B AL SRR R LS nin o 7,

0 W i

At OB %mr+m%mmnurwmﬁ mbfﬁﬂ*m%
tﬁmMquHL_&tw/xxfto4\uzg1wnp”fﬁf_ & VERITAR A
&:gﬁmﬁfkébvlcibﬁ%@”@% T D,

15 JBLERTIT AR RE 200 Ton
RoFH DI o

2.3 N -Fy - KF—UEBR

231 ¥XH

TCZERIRIRIC X B FHROEI R H@M“w—m&LC\vT7t—'ﬁ% ot £
BN U, BUEDRSR R~ T g & JF S R R avaCﬁa<a5;,%mWﬂ%Hw
TZOITF IR R & 2R 2 3l (i o7, ’

D CYIHNG & BRI AR, IR R ST R, B ORI D W TRBR U 7, RN
RTINS ORI 20U, RN L5 #5 UL & OBIRIT D v Tl 4 3 ek S,

— 22 _



2-3:2 HEBARERKSIUCEBRA®
a) AT
O L VIRE A S IR X OIS 30 mm itz ouC, B SRS L B0 1,

LS f 205, 3 RS (VB L, BIKIRE, ARG, SORRIE S TR S LT
R (77 7o, AL OMERF A Fig, 2-27 10743, 2 (500 & 3 fEMN bRy oo i 1

EREWT T OB L b <Tzdi, 7 A v — m = Tl il B Ao, BN R Ty Ty 1 —

VilBR LT h D,

)} * o ;I\ My uJU‘J)’

&

675
P
- 225 —— L% P
Frg 10%5 P
S 6%
Sl | a5
N
&
A5
g
o

(ynit mm)

IFig. 2.27 “Test Specimens for studying Size Lffect

by  UINNT &SRB A
SEN ] TR A sk B ER

RO, R SR 225 X 70Xt mme DRSO KT L o &
PO VOEREIE R Db & L b niod ¢, Ky U —Zid T 225X70mm D e
i, BN X S MBS XD RSy, OIS IS L D TE VR D) o0 e d &gl
LKLy, WRL 7R ORI sl D b b,
it A=30 FUE SO0mm (W)-8--9), 45mm, 40mm, 30mm, 20mm
X-30 ” 30mm (BgaE-), 20 mm, 15 mm

SR R0 S v F € VR E 4 e B B,

C) IR X AU R s X ORI oD J

AAI 920D 2o ORI O Hta Mo Lyzns, A & B, C & Dk il — ik s ofEdt 2 1
WL E E DM 7, X LY R k) OIME SR T S b 0Tk H, A~Y
D O FEORHIT 2T, BUEIE 3~5 B CGRERE (T D s, — ISR OJG A0 d5 N e - D
[ 2 —3 LTy dH A%, A=S0 T D C Rk M) ,.;U&LLO SRR AR o F e - VR &
[l —C %
233 HBRR

a) PR s e 4 B

R Tig. 2428 RO Fig. 2-29 12754,

s PESRHEIRAG g & A rdu s

J8 e I 32 mm 1.5

48 mm 2 M 64 mm 396 mm

sl AT T & L, iy

;4’(|nl'“_ LTk lIII' }\ {nf I H ‘J‘ RN e 0))%2’7{[“21:‘0 ]/3 AN

— 93




N 19918 10} s0AIn) uowisuery, 6z-z S Y O[9918 0] saaIn)) uonsuva] gz-7 S

0 02- 0r~ 09- 0 0z- 0r— (09~ 02~ or- 09- 0 o0z- Or- 09-
T T T T 0 % 0 Q T Qﬂ Q_ 0 prns 0
<
0 0 %2 Hos Hos
fe) [e]
) Ho/ ~001 %50 Ho/ -00:
]&
© o . —o¢/ = 0!
o 0O ¢ ° (e]
;% ooz 9e-gey 02 T
9c-06 % qe-08 X g

0 02— or~ 09- . 0 02— or- 09~ 0 02- 0r- 09- 0  0c- Or- 09-
i T -

T T

o
QO
[e]
| 1 ]
<@
1 J
[
[}
| ! l
<
o
o
1
<

o sz ot [
gz-ocx 02 92-0e X #& qz-ge v 1% qe-oev 1/
0 0z~ or- 09- 0 02— ovr- (09- 0 02- or- 09- 0 02- 07~ 09~
T T T T 0 5 0 T T T T 0 T T T 0
(o] Q
152 . ° % 462
-os -10/ ~408
sz . Hoz
Hoz H00!¢ . —0¢ 3 —00!
qs1-0ex ooy 1 5 991-0ev °° qg-oev
2 ‘dwsy 5, dusy O duidy O dwsy
0 02 o 09 0 02— or- 09- 0 02~ o0r- 09- 0 0~ 0r- 09-
T T T T 0 1 T ™S 0 T . T 0 . 0
S 9 . e
b doz 2 e ~ 102
) * 8
b}
m v rH -0/ m =07
: > :
1 8 H09 < 1§ 1%
QU 3 Q
doz 3 dpz s _
q-oex % 3 qr-oex %8 3 % 3 910y |08

— o

wut 8491 4o y1daq



We T, LTt s d Table 2.3 DX dWTh%D, THHEXFRTHE Fig 230 2854,
FRESISIRLE, A TSI T T bR OIS 1~ R TS T HIR & ALY
hhiwvo &adbhind
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Table 2.4 Comparison of Transition Temperatures for Reduced

L T P S T "
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|
Steel Code Thickness | 77 (°C) RTINS
50% 20 51
43 + 3 _38
A-30 40 12 47
30 —12 —34
20 —16 50
30% —35 —67
N30 20 Y —67
5 —57 —63
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Table 2.3

Comparison of Transition Temperatares
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for Reduced ‘Thickness Specimens (rolled)

Steel Code
T A 13 C D X Y
Tr (°C) "l'hickncss (mm)
50 —17
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30 —20 —11 —40 —34 —55 + 6
20 - 30 —27 —30 —11 —~63 —34
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B2 g, fA A OBJE S0mm s BARUINIT X DIIFE LA d 0k A-50-40 Z5-CilE % OMIE %
HwLTHD,

Table 3.2 IZHBRE R OFBEL & LT, ZFAo )71 10 kg/mm?, 15 kg/mm? F X 20 kg/mm? 7 51
O EARMELIEEZ T 10T e 15T BOY wolv &L, EIEAY —20°C ReDIRRIC % _p000r
& U THEN, SHEMCRALTHS, —RTv2C, ShbDa b 0T, S i

(e

Table 3-2 Summary of Test Results

Double Tension Test V-Charpy Test Press- Lharpy Test
Steel | .- ate " - : -
Thickness| 1,17, 1517 201 ¥g ~20Ucr T Tvg E, Trg Trg E,
°C °C °C kg/mm? °C °C kg-m/mm? °C °C kg+m/mm?
#45 6 15 22 3
#4() — 1 15 26 6
30 -3 10 23 6 —10 — 1t 17 12 22 3.0
*20) —23 ~15 —11 11
A *15 —19 | —18 | —16 10
43 —20 - 7 - 2 8 —11 —23 18.8 2 9 4.8
40 - 2 & 15 6 — 10 —-17 14.0 3 7 5.2
30 — 4 9 16 6 —38 —31 15,0 —17 —16 13.8
20 —13 — 3 1 7.3 — 3 —18 13.6 3 20 4.3
40 0 6 11 2022 a8 9.6 | — 1 9 4.0
- 30 4 13 12 4 2 4 6.0 8 26 2.6
20 - 2 11 4 ! 0 —18 11.5 10 20 3.3
10 —12 — 8 — 7 4] —17 —22 13.0 0] 12 3.2
453 —17 - 8 -2 8 —13 —17 10.2 3 10 4.0
c 40 — 8 3 16 5.5 2 — 9 5.5 7 14 2
30 - 7 11 25 7 —27 —31 10 —13 -9 6
20 —14 0 5 8 —25 —26 11.5 -3 4 4.5
30 —30 —27 —25 —19 —12 15.0 — 5 1 7.0
XT 20 —60 —60 —60 —68 —08 18.0 —60 —50 16.0
13 —68 —08 —68 —32 —4] 13.0 —29 —19 10,0
30 —13 — 1 10 9 - 5 5 15.0 9 25 4.5
Y 20 —32 —20 —20 20 —28 —36 20.5 —14 -5 12.0
135 —30 —21 —15 10 —12 —10 14,0 — 4 3 5.0

# Thickness reduced by machinning from 50 mm plate.
T In the core of X-steel, brittle crack did not propagate at —20°C.
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Table 3.3 Chemical Compositions and Mecchanical Properties

Thick Chemical Compaositions (%)
Steel Kind of Stecl e
(mm) | C | Mn \ P S ) cr ‘ Ni | Cu
A =30 30 0.13 1.13 0.023 0.017 0.06 0.06 0.19
A5 Normalized Killed 45 0. 13 1. 14 0.023 0.019 0.05 0.06 0.18
A-50 50 0.13 1. 16 0.023 0.020 0.07 0.03 0. 20
X-20 291 20 0.16 .30 0.017 0.013 0.12 0.03 0.22
X-30 30 0.16 1.25 0.016 0.012 0.11 0.05 0.20
T-15 Triten 15 0.25 1.24 0.014 0.021 0.09 0.36 0.21
Mechanical Properties
Steel -
Yu,ld Point (kg/mm?) Tensile Strength (kg/mm?) Flongation (%
A-30 . 32.4~32.06 S 47.6~47.9 36.5~30.8
A3 32,9 ' 48.8 33.6
A-350 28.8~29.4 43, 2~46.3 27.5~33.1
X-20 49.7 : 61.5 20.1
X-30 52.4 61.7 24.0
T-15 38.8 61.0 24,5
BEEHAIGR (speed detector) s X OHHUFS 1)
SR AR R L S h T v b, Tads,
V7o FHORRE Fig. 3:26 T, 0/r
. N
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3-2-3-1 EERTFIL

MER R 2 I L, Ytk D 300 ton
Fis s & b o0, (BRI uhie F 7

T A ABIOT A — I E DR R ,
TH, OEICWER I DR E E WETELE XD BB O Vs FERICETIAZ N
Wi Btk X B, T TIA S B A & S DT OB MR 4 U vans,  IRFUS B ki 7

B & WIS R A I R T 0T, F ORI S LR LS D VI T DI
% IS H ORI ZE LR F T ”H‘éa

TGRS BT vy, SRR ORTIT 35 CHEBEZIB S L 1 I T L 72 B0 A& o speed
detector AEEEOZEIRI & & 72 TR TN S % O3 & speed detector FIORRRER & 2T
LTh &3, speed detector W idBEEkDBE R 72 2 TH 5H DT, % speed detector DRFFREIC T
JSLT Fig 3-# WHRT X 51 BEIRC B SR H 5bivs, speed detector jXEIET s < Avabh <7e
DENINAIREEAT 5L L2 OFELVOT, IINAFD 7357 0.025 mm FEDT ¥ oIV AR
FUEF L7s, ~— AHEE LU sk, EERCE X 0.03~0.05mm Db DR & ps
IPOfa DT, COMUT T F oSy ARREMRT LT speed detector KL 72,

b 29—

— S

Fig. 3:26 .Details of Notch
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PR IEEE, 2WAA L v e Az~ (3FH), BEESER

Tig. 3-32 (7RI XD/ — O 0 ZAL T2 24— FMESEIRICERT 5, B W)y — b
ek S R, FOTTITIETH D, WHROERC X Dy — LI S &, BT By Ol

”?(kﬂlr]ﬁ‘ L, 'CU>II "|l||;:: j ]\1/]? X V= E O)fu J)L)L/) L‘)L3ﬂ3/hl

%, LchiDT, T OESERTI
TP AIIE S & LIRS Iz 5, & DRSO <hiEiy 1~2msec BIETH D,

Tig. 3-32 Start Signal Circuit

2)  HURSes

HRE RS E SR A D &SRl 2 8 U GRI - 2 % 1 A2 Fsd X5, F L (1]
FHPGERCE RN X D TEIRE T S 2 L RET, [MEEIX monostable] type ¢ multivibrator ¢

zﬁ)éﬁ%ni&:‘ﬁz%ﬁ’nci DA E ORISR L, BE L AR E D VARSI S0 /A D T ENTES,
FREHEPH R O S HHT & B,

1. 0.1~1 sec 4. 40~ 400 psec ' ‘
2. 1,000~10,000 gsec 5. [~ 10 prsec
3. 200~ 2,000 p1sec

YN B D ORI R o SRk pE R 284 L, ohvg Lig 333 IRt T sy viEA /D/\*l~

7o X Bk LR 2 B2 5,

20 - =
cirve | GETe Taedie [ wede | temp | “mhoter
o~ A 1 30mm 250 | 265K Akita
£ 16 B\ B |45mm 285K9 | _goec| Ikeda
AN N ¢ 25mm| 15° |07k Feely
= AN
@ AN
g 2 y L
S
v \ C
- \/
e M~
— \
& o T~
4 N
ik S O R
0
0 40 80 20 160 200 240 280 320

Impact energy kg-m

Tig. 3-33 Corrclation between the Critical Stress and the ITmpact Fnergy
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3 BT I VES R AT —T
PR T T VA s e R o= TR (FT 4 v R A ko h ¢ D,
X i FErikly 1 mV/mm '
PR 0~300 ke, —6db
Y il R 0.2 mV/mm
Fl /& 10db
Z W REEEZEE] 0.2 Me, 300 pT 13 MRS iz Tifd:

GERIT VI IR ORI E S 0/ 2R TS VT o v m R~ TR 3E (6F + Vi) bhy,
éf\/T»»mm;>umamMi L, |

speed detector 12 3 % WU (3] 14 VL

Erhiz L HBAET 45y v

PRI~ — 7 Lo v Y FoL

4)  HER NS

WIS B DA, T viEd s v e A — T B LRSS KGR 4 5+ v 3
R DD 7 A L A DENTIFRT S AUSIIRITH D, Liaasi2 ¢, Lo S mikisg (Fig. 3-31)
& D 4G FET— D7 A FIC X D L7 (Fig. 3+43), Zhic X b R & BIEALE
T OBGRERB BT 5 LENTEI,

ks, FDIREREINE 800 psec T TFASEMEI 2 D TV D
B LA B R OB LB D & SHEATRETD D,
L, oI sl sk 13 7,

] T AN

RIFIE R A

vovox /v F1.2 50mm T 4 vk Fa v F—l, 2= F—i
7oA L2 73 SSS, ASA 200 I {5 R #9135 78 (20°C)

324 HBRERKIUEH
3.2.401 I F

BEt B BRI O T B = 2 A FORES X DL T D 2L BN T 20TV, 1l A
30 FHU A4S o —40°C DI EICEOMRE L L b b & Fig 3-33 Ol A XU B

TR s, K C kg Feely #5003 & b7c L O TH 5, I DITHE= F 0 ¥ 23881+ 5 LR
TR L, FT S 2 A ¥235H 5K E XBLC 6 SIS IE L A EEL LA h 5P, o
FUBE = 5oL FREHUER IO L CHIIN L v b & 2 28 B,

DFEK, P 5oL F RIS TR B T R U AN 20D iR, A-30 1T T
FTEE oL (W) 98 60, 125, 225kg-m O 3 FOEEIC DT 2 Figs 3-34~3-36 (@51,
BT T X ENVE R o FE A Lo o7z b o, OENLY /o FIEI L 0 584 L7 fath ik
FC gk Lf Lo, OANEMMEIEAMEFR L, W20 Lz b ok md, RID, FE=r1¥
/pamgmﬁwlhkngwa & AR 331 BIRYUCONZTR L, JEgsA:liBid R
DAY, P RS 225 kgem HEINL Td 125 kgom OB ALV, Ao U ik

IO JRGE AR B D E ESSO SIS bk, BRAUCTIAY 13 kg/mm?® 7D & fg)( R AR
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3.36  Corrclation between the Stress and
the Temperature
24
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16
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Fig. 3-38 Correlation between the Stress and
the Temperature
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- 1 W =90 kg-m
a 8 I
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? L 1] ] |
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. Temperature C

TFig. 3.39 Correlation between the Stress and
the Temperature

24
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16 T 71_
-

. ||

60 -60 -40 20 0 20
Temperature °C
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the Temperature
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.“/d) p——
"080 -60 -40 =20 g 20

Temperature °C
Fig. 3-41 Corrclation between the Stress and
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X203 - Ll
U8 X=20, X230, T-15 oo AR E I TI—18iEE T 60 ;
& -
iz Tig. 3-35 5100 Fig. 3-37~3-41 (2758 =
T SHE & D ERERD FEAIRE T 23 I TR R 60
L b Table 3.4 154 » Flate thickness mm

) Fig. 3.42  Correlation between the Non-Initiating
JEFE ALY B ORGZ L LoD b Tig 3. Iunpcraturc and the Plate Thickness

2R T LS, | e &4
,”‘_v}'\é/i (F iy FrEl 7I~@ Hhs ’ /{\HJ\‘ ﬁ@it[—l[}] Tl

k9 /ram?
S
I/
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>

.\_—-:‘_N ’%7'/

WEA 45 mm BLEIE D S 2 L d &v

—~
2 /0 oT /OC’(\é‘J'C
5@@@%m@rnéomM LAY AT £ ’
w ~d A v —
IR TIIFC DD, T, W 3 ¢ [
5 %
TN 15 mm ¢ 2H X DEE NS v S a0

0

£ e e s B - 10 20 80 40 &0 - 60
L B U Fvy IR AREE R AL Ty Plate thickness mm

L, Tig. 3-35 kO Tig. 3-37~3-41 X HRR FFig. 3-43 Correlation between the Critical Stress
R O T & & G ETF 425 o & aid and the Plate Thickness

o MRECTI-RELILARE 3517 5 OO RS 0.2 kg/mm?*°C 1275 & & DR &
DL Table 34 1WRT X5 d, Fig 343 ITHUE LIRIUET) pern DBIRE T 23, IRAVIE T
Pert VERE DA 515 T, 75, BRIUGT) por VAT A THY 4~5 kg/mm?, $IH X THY 12 kg
mm?, i T -Crify 10kg/mm? THDH, Ui LF—iEs: & 21584 A o8lsg —45°C, M X o
B —65°C I DWTIRBET) por Zh & B & Figo 343 A X5 HEDINE L L b

LT ENhr b,

Table 3.4 Non-Initiating Temperature and Critical Stress

' = =z .
} A=30 ] A—d5 A=50 X-20 X-30 | Tl
Tr, (0 s | - | s —63 —54 ‘ ~36
por  (kgimm?) i 5.0 ' 4.2 i 5.0 12.2 12,0 | 9.6

VRTINS 7o i BB R o FE i ic speed detector UL L, TEEBOEZIGIC &

T B OB Lk D, EEER L LB HRE LB VAR, TNCED ERRESD
DRk EALBFN A
o TLEKD 1 filA Vg 3-44 TR, DU L V /o F R LA di & D O BEE S O
o 1l LT A-30 @ —45°C, —65°C DHEIT oV Th Ldh & Fig. 346 TR X525,

B & A7 o T T AOBMERIEIGRER TS v v s v rD L F 4 R LTE
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Iig. 3-44 Typical Record of Crack Speed
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1 7y 23
2 Ty 2~3
NO I 3 s 3~4
’ 4 p St
2 «
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Fig. 3-45  Typical Record of Dynamical Stress
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Fig. 5-46 Correlation between the Crack Speed and the Crack Length
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Table 1. Rolling and Heat Treatment Conditions of Test Steels
A Weight of Finished
Mark Thickness Charge No. Ingot Size ol Plate T’I{‘nlhng Heat Treatment
(‘,lﬂp.
(mm) (Ton) °C)
T 20 AR 20 T 44957 14.2 2037 x 20/ 939 As Rolled
SM 20 AR 20 SM 2184 7.3 n 1025 ”
S 32 AR 32 S 76090 9.4 32x 53 %20/ 890 "
S32AC 32 " 9.4 " 796 Accelerate Cooled
S32N 32 " 9.4 " 890 Normalized (893°C x 1°30/)
S38N 38 " it.6 385/ x 307 1007 " ( " )
S45N 45 " 13.9 45 %57 x 307 1030 " (930°C x 1°507)
Table 2. Chemical Composition and Grain Size of Test Steels
Chemical Composition % Ferrite Grain Size
Mark
c si | M | P s | cu Ni Cr | Core | Rim
T 20 AR 0.14 0.27 0.78 0.020 0,026 0.11 0.02 0.05 6.5 2
SM 20 AR 0.16 0.28 0.75 0.019 0.019 0.10 0.01 0.02 6 6.5
S32AR 0.18 0.21 0.69 0.032 0,028 0.10 0.01 0.03 6.5 6.5
$32AC 0.17 0.26 0.73 0.028 0.024 0.10 0.01 0.07 7 >8
S32N 0.18 0.21 0.73 0.029 0.026 0.11 0.01 0.03 3 8
S 38N 0.18 0.21 0.69 0.030 0.027 0.11 0.02 0.03 7.5 38
S45 N 0.18 0.22 0.73 0,030 0.027 0.11 0.01 0.02 7 7.5
Table 3. Mechanical Properties of Test Steels (Size of Tensile Specimen: 14¢ x50 G.L.)
) . N Y. . T. S. Elong. R. A Brinell
Mark Location of Specimen (kg/mm2) (kg/mm?) % % Hardnoss
T 20AR Longi. Core 27.3 C 46,6 39.0 62.9 140
Trans. " 27.4 46.5 34.0 50.7
SM 20 AR Longi. " 29.1 48.5 33.8 68.2 143
Trans. 1z 29.1 48.6 33.2 34.9
S 32 AR Longi. " 28.7 0.1 34.0 . 60,5 140
Trans. " 27.4 49.8 31,0 49.0
C 32 AC L.ongl. " 29.6 48.2 33.8 62.3 137
Trans. " 29.0 48.1 33.0 50.9
S 322N Longi. " 32. 51.2 34.4 60.5 140
Trans. " 31. 50.7 30.8 53.0
_ Core 2.8 ©48.9 344 60.5 137
LLongi. Ri - c Sz 2 2
S 38 N im 32.2 50.4 35.0 59.6 137
Core 32.0 50.2 31.4 50.0
Trans. o
Rim 31.2 50.0 30.8 49.9-
. . Core 31.4 48 .4 35.8 62.3 137
LONgL.
G 43 N ° Rim 31.2 49.1 34,2 61.2 137
. Caore 32.4 48.0 33.6 52.0
I'rans, .
IRim 27.5 49.3 32.4 50.8
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Table 4. Summary of Double Tension Tests

Mark of Trg (°C) oo (kg/mme)
Test Steels 10 kg/mm? 13 kg/mm? 13 kg/mm? —20°C 0°C
T 20 AR —23.3 —20.5 —19 12.8 —
SM 20 AR 0.5 3 7.3 4.3 9.8
S 32 AR 7 14 17 2.0 7.0
S 32 AC —0.3 4.5 7.5 3.0 10.2
S 32 N 3 3.5 8.5 5.5 11.8
S 38 N 1.5 11.5 16 6.0 9.6
S 45 N 7 15.3 19 5.0 8.3

20 mm HEL 200 mm EEER B,
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. 13 €20
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Fig. 16 Results of V-notch Charpy Test for S32 AR
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Table 5. Summary of V-notch Charpy Tests
Mark of e . E max E, % Cryst T Trp Tr,
Test Steels Location of Specimen (kg-In/cxn?)‘(kg-m/cm‘-’) at 0°C °C) (°C) )
. ( Core 11.0 10.1 6 —22 — 11 —13
Longi. Ui q ’ N 18
T 20 AR Rim 10.2 8.1 6 —22 — 8 — 13
- (Corc 6.1 3.6 3 —16 —11 —19
Irans. - -
I Rim 5.1 S 0 —20 —18 —23
. Core 15.5 6.5 50 —24 8 2
Longi. { . Lo .
sM 20 AR Rim 15.7 6.2 01 —19 10 7
Corc 7.1 3.4 55 —12 8 3
Trans. { ) .
Rim 7.1 3.3 43 — 9 8 3
. ( Core 10.4 3.3 56 — 6 12 5
- Longi.
$-32 AR 1 Rim 10.9 4.0 58 —12 10 4
Trans. Core 5.7 2.7 53 — 4 3 1
) R ( Core 12,1 6.5 43 -23 — 1 — 4
. R Longi. ] .
S 32 AC | Rim 1.9 6.6 42 —26 —1 -6
Trans. Core 6.0 4.4 23 —16 -9 —13
. rCorc 11.7 11,6 2 -39 —12 -17
e Longi. . ’ t <
S 38 N 1 Rim 11.8 8.2 30 < —4f —10 —15
Trans. Core 5.6 5.1 3 —24 —16 ~18
. Core 12.4 11.7 8 —40 - 7 — 9
Longi. { . .
S 38 N Rim 13.0 13.0 16 —40 —12 -9
Core 6.8 5.2 19 —25 -7 —15
Trans. { i
Rim 6.8 5.4 32 —27 — 9 — 11
. Core 12.7 8.0 33 —30 — 3 — 8
T.ongi. { ] _
S 43 N Rim 13.0 9.3 39 —37 — 38 — 3
( Core 6.6 5.3 25 —28 ~12 —16
Trans. i -
| Rim 6.2 5.7 12 —22 —10 —15
Table 6. Summary of Pressed-notch Charpy Tests
Mark of ey ST L inax o % Cryst. . of (o
Test Steel Location of Specimen (kg-m/cm?) | (kg-m/cm?) at 0°C Try (°C) Tr, (°C)
- . ) . Core L 3.5 43 2 —
T 20 AR Longi. [ Lare ’ > 43 6
; 1 Rim 7.2 3.7 40 2 -6
5 . ) ) ' 7 29 1€
SM 20 AR Longi. | { o 16.¢ "9 76 0
1 Rim 14.6 2.3 70 29 19
- Jore 11.3 8 7 13 1
S 32 AR Longi. | o > b8 ! 22 )
1 Rim 10.6 1.9 69 28 14
; 5 3 2 7 2
5 372 AC Longi. { Cc?rc 12.5 2.3 62 27 12
Rim 11.4 2.7 3 18 4
Core . 2.8 53 5 2
S 32N Longi. { 7(.)1(, 10.8 8 53 15
Rim 12.8 2.8 56 15 4
“ore 12.0 3. 52 14 2
S 38 N Longi. ( ('L,)rb - 5.0 ?
1 Rim 11.5 3.2 53 14 4
C 3 3.2 5 2 §
S 45 N Longi. { (,(‘>re 13.4 3.2 57 22 8
. Rim 12.8 3.0 01 19 8
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1-1 Test Steel

(d)

Yo b B B

(1) Kind of Steel, Chemical Composition, Heat Treatment
Item of Test Plate: “C”
Kind of Steel: M. S. Basic Open Hearth Killed Steel
Heat Treatment: Normalized
Chemical Composition:
Thickness ‘ Mn P S ‘ Ni ' R
(mm) 3 ] ~
Ladle 0.19 i 0 2/ 0.67 0.014 0.029 Q.07 |- 0.04 { 0.18 Tr
20 0.19 0.26 0.69 0.016 0.028 0.05 0.07 ’ 0,18 .
30 0.16 0.25 0.69 0.013 0.024 0.04 0.07 | 0.18
40 0.16 ‘ 0.25 0.68 0.016 0.023 | 0.04 0.07 0.17
43 0.20 | 0.25 0.69 0.016 0,030 0.05 0.07 0.19
1 I
(2) Mechanical Properties and Grain Size
Thickness Roll Ratio Tensile Test Bending Grain Siu,
(mm) ‘ Y. P, T. S. ! Ilong. Test Ferrite { \ustenite
(kg/mm?2) (kg/mm?) ‘ (%) crte ! Auster
20 1/27.1 31.8 48.2 27.0 Good 8 8
30 1/20.0 32.1 471 33.5 7" 7.5 7
1/13.53 25.3 447 29.3
40 { /133 2 ' 2.2 " 7.5 7
" 25.9 45.1 34.9
43 { 1/13.3 25.7 449 33. 9 s 2
1/12.0 25.4 45.0 32.0
1-2 Machining of Test Specimen and its Dimensions
275 —— 27.5—=
r @ f A~
RTC T
LD B
2
Tte JIS\I(Z 242()2) Kawasaki Actual
em S;)c?imen Specification | Measurement
- 4-0.004
A 104-0.03 104-0.01 10 007
. +0.003
B 1040.05 10+0.01 10 07002
i ,+0.012
C 240.05 24:0.01 _0.014
e +0.018
D 8§40.05 8+0.01 8 0,009
R 0.25 0.2570 oo | 0.250
14 45° 45°+1° 4594-1°
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1-3 Experimental Results of Standard V-Notched Charpy Impact Test
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2-1 Test Steel

(1) Kind of Steel, Chemical Composition, Heat Treatment
Item of Test Plate: “A”
Kind of Steel: M. 5. Basic Open Hearth Killed Steel
Heat Treatment: Normalized
Chemical Composition:
! h(‘glkrg?ss ‘ c } Si ( Mn ﬁ P | s Ni Cr Cu Mo
Ladle 0.12 0.32 1.08 0.014 0.013 0.06 0.05 0.13 0.02
20 0.10 0.24 1.07 0.020 0.015 0.07 0.035 0.18
30 0.13 0.23 1.13 0.025 0.017 0.06 0.06 0.19
40 0.13 0.26 1,11 0.022 0.017 0.07 0.06 0.20
43 0.13 0.26 1.14 0.023 0.019 0.06 0.05 0.18
30 0.13 0.26 1.16 0.023 0.020 0.07 0.05 0.20
(2) Mechanical Properties and Grain Size
ek ness Tensile Test S Grain Size
Thickness Roll Ratio _ _ Bending Note
(mm) Y. P. T. S. Llong. Test Ferrite | Austenite
(kg/mm?) | (kg/mm?) (%) :
20 1/25.9 32.2 47.0 34.1 Good 8 8
30 { 1/17.3 32.6 47.9 36.5 ” s q Plate No.
y 1/17.2 32.4 47.6 30.8 " ° Unknown
40 1/13.0 31.5 47.2 33.4 ” 7
43 1/11.5 32.9 43.8 33.6 " 8 8
1/10.6 29.4 46.5 3s5.1 "
_ , - Plate No.
50 1/10.6 28.8 45.2 27.5 " 3 8 Unknown
1/10.3 29.4 46.5 33.1 "
2-2 Machining of Test Specimen and its Dimensions
!“ 27‘5*—6—'—‘275*—’
A\ A
ﬂ“r‘(c —I_;""
D B
L1 .
T
Tt J ISI\§Z 2302) Kawasaki Actual
em ‘Spcgi.mcn Specification | Measurement
, . o +0.007
A 104-0.05 104-0.01 10_0_()”4
. e s s 40,005
B 10+4-0.05 1040.01 000
. N +0.014
C 2:£0.05 2::0,01 2X 506
N . 4-0.016
D 84-0.05 84+0.01 8_0.022
R 0.25 0.2 0.254:0
0 45° 45°4-1° 45°-- 1°
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2-3 Experimental Results of Standard V-Notched Charpy Impact Test
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3-1 Test Steel

(1) WNWind of Steel, Chemical Composition, Heat Treatment
Ttem of Test Plate:  “B7
Kind of Steel: M. S. Basic Open Hearth Killed Steel
Heat Treatment: As Rolled .

Chemical Composition:

Thickness

(mm) C ’ St ’ Mn ‘ P ’ S ‘ Ni \ Cr ' Cu ’ Mo
Ladle 0.12 0.32 1.08 0.014 0.013 0.006 0.05 0.13 0.02
15 0.16 0.23 1.12 0.029 0.023 0.06 0.06 0.20
20 0.12 0.24 1.09 0.022 0.017 0.07 0.06 0.19
30 0.15 0.23 1.12 0.027 0.020 0.07 0.06 0.20
40 0.15 .24 1.13 0.026 | 0.019 0.07 | 0.06 0.20

(2) Mecchanical Propertics and Grain Size

i
Thickness | Roll Ratio l Tcnsilcﬂ Test ) Hf:pding Grain Size
(mm) ’ I (l\g/mm’) (kg/.mbxi\?) L(l(;ar;a Lest Ferrite " | Austenite
15 1/34.4 33.7 50.8 ’ 25.6 Good 8 8
20 ' 1/25.9 32.1 47.6 ‘ 29.6 " 8 7
30 1‘ 1/17.3 ‘ 32.4 4.8 1305 " 7.5 7
40 | 1/13.0 ‘ 33.3 48.7 | 29.6 " 7 7

3-2 Machining of Test Specimen and its Dimensions

275 ——wp=—— 275
A A~
RN —1C BN ==

i f £
Item ! [SNEszfOZ) ‘Ka\.\'ﬂasztl‘{i Actual
Specimen Specification | Mcasurement

A 10-£0.03 104-0.01 10+8 88j
B 1040.03 1040.01 ‘Oigggj
¢ 1 240.05 2::0.01 7-+8 813
D $::0.03 84-0.01 3+8.8§5
R 0.25 | o0.25T0 . 0.2540
P 450 45°x1° | 45°1L§y
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4-1 Test Steel

(1) Kind of Steel, Chemical Composition, Heat Treatment
Ttem of Test Plate: “D”
Kind of Stecl: M. S, Basic Open Hearth Killed Steel
Heat Treatment: As Rolled

Chemical Composition:

Thickness |- Si Mn P S Ni Cr Cu Mo
(mm)
15 0.20 | 0.25 | 0.75 | 0.013 | 0.025 | 0.06 | 0.06 | 0.19
fadie | 0.19 | 025 | 075 | 0.020 | 0.030 | 0.07 | 0.05 | 0.18 |
20 0.13 | 0.24 | 0.86 | 0.025 | 0.027 | 0.05 |, 0.05 | 0.18
Ladle | 0.19 | 0.27 | 0.67 | 0.014 | 0.029 | 0.07 | 0.04 | 0.18 | Tv
30 0.19 | 0.24 | 0.73 | 0.015 | 0.025 | 0.06 | 0.06 | 0.20

(2) Mechanical Propertics and Grain Size

. Tensile Test Grain Size
Thickness Roll Ratio - — - Bending — .
(mm) Y. P, T. s Elong. Test Ferrite Austenite
(kg/mm?) (kg/mma2) (%)
15 1/36.0 38.3 33.0 29.4 Good 8.5 8
20 1/22.0 33.8 49.6 26,4 " 8 8
30 1/20.0 32.8 . 50.0 27.7 " 7.3 8

4-2 Machining of Test Specimen and its Dimensions

T

722072 .
Tte JI&’\,()/“:LO' Kawasaki Actual
e N Specification | Measurcment
Specimen
] -
A ’ 104-0.05 10+0.01 1 1oF0.005
i [ —0.003
. e -, | +0.003
I3 1 10-4-0.03 10-4-0.01 ) ]0_0.004
o - 40,015
24 2 2
C 1 24:0.05 2::0.01 275010
- NP X 0,010
D 840.08 s+0.01 8T
i !
N 35 7510 235
IR 0.25 ()_,_n_()'()3 2540
0 451 4w ase



4-3 Experimental Results of Standard V-Notched Charpy Impact Test
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5-1 Test Steel

(1) Kind of Steel, Chemical Composition, Heat ‘I'reatment

Item of Test Plate: “X”

Kind of Steel: 2H
Heat Treatment: Quenched & Tempered

Chemical Composition:

Thickness | si Mn P S Ni Cr Cu Mo
(mm)
Ladle | 0.16 | 0.40 | 1.12 | 0.020 | 0.014 | 0.11 | 0.06 | 0.24 T
15 0.16 | 0.40 | 1.28 | 0.014 | 0011 | 0.08 | 0.06 | 0.24
Ladle | 0.15 | 0.48 | 1.26 | 0018 | 0.013 | 0.12 | 0.05 | 0.20 | 0.03
20 0.16 | 0.44 | 1.30 | 0.017 | v.o17 | 012 | 0.05 | 0.22
30 0.16 | 0.44 | 1.25 | 0.016 | 0.012 | 031 | 0.05 | 0.20

(2) Mechanical Properties and Grain Size

Tensile Test Grain Size
Thickness - . Bendin - —
Roll Ra g
(mm) o \’11‘:\0 Y. P. T. S. Elong. Test Ferrit \ustenit
(kg/mm?) (kg/mm?) (%) errite Austcenite
13 1/20.0 31.6 08.7 19.4 Good — 4
20 1/25.9 49.7 61.5 201 " — 5
30 1/17.3 32.4 61.7 24.0 1" - 6
5-2 Machining of Test Specimen and its Dimensions
—275 —
T— <3 275 i A
VT
R EC B
e
Item JISN([‘)&Z?‘_OZ) Kawasaki Actual
) Spcci.mcn Specification | Measurement
4-0.05 40.003
A 10-:0.05 104:0.01 1()__0.003
- ) +0.008
B 10+£0.03 104-0.01 1075 505
P } +0.012
C 240.03 2:+0.01 273610
NN +0.009
];) 84-0.05 8§+0.01 8_0'011
R 0.25 | 0.2575 o 0,250
20/
0 45° 45°-41° 450t 300
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5-3 Experimental Results of Standard V-Notched Charpy Impact Test
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6-1 Test Steel

(1) Kind of Steel, Chemical Composition, Heat Treatment

Ttem of Test Plate:

Kind of Steel:

Heat Treatment:

Chemical Composition:

wy e
H. T.350

Normalized

Thickness | ¢ si Mn P $ Ni Cr Cu Mo
(mm)
Ladle 0.106 0.40 1.12 0,020 0.014 0.11 0.06 0.24 Tr.
15 0.16 0.42 1.25 0.013 0.012 0.07 0.05 0.23
Ladle 0.15 0.43 1.17 0.017 0.013 0.24 0.09 0.22 0.02
20 0,106 0.44 1.17 0,019 0.010 0.21 0.11 0.20
30 0.16 0.43 1.15 0.017 0.010 0.20 0,11 0.24
(2) Mechanical Properties and Grain Size
i
Tensile Test Grain Size
th:xl:nn)css Roll Ratio ™7y 7 T. s Elong B(EF(?Sl: 5
(kg/mm?) (kg/mm2) (%) Ferrite Austenite
15 1/10.0 39.9 55.7 22.4 Good 8.5 5
20 1/25.8 37.3 51.5 27.3 ” 8.5 3.5
41.1 55.7 30.6 "
30 1/17.2 8 5
38.4 51.2 30.2 "
6-2 Machining of Test Specimen and its Dimensions
215 — %275 —
<y A~
PR oy g S
LD B
l 1 .
2
Item JISN(OZ 2420') Kawasaki Actual
Spccimcn Specitication | Measurement
- 3 o +0.003
A 104-0.05 100,01 1075 003
N , < . +0.003
B 10:-0.05 10--0.01 1()_[).003
. ,40.020
C 2:£0.05 2:1:0.01 270 0ns
N +0.023
D 8:£0.03 8::0.01 8000
R 0.25 o250 1 0a2s0
Y] 150 45°.4.1° 45010
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6-3 Experimental Results of Standard V-Notched

Charpy Impact Test
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