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Table Z. Effect ‘of irradiation on impact properties of boiler steels.™
Material | " * ' Expdsure condition ! Change in Change in .
. : —; X transition max. energy.
(ASME type) Flux, nvt} : Temp., °F temp., °F . %

8% 10 fasttt | ' , ' .
sA—212 . 9% 101 stow 125. +115~+170 ~23~29
SA—70 - | = 7'5%x10'* slow } 125 +125 —41

& e ot 2% 1018 fast

S A—212 . BX10 slow 1 425 + 35 -7
© - AlKilled! 2% 10 fast i : :

0-3495C steel 8x10% slow - | 350 + 20 — 4

T _n=neutrons per unit volume in incident beam

v=neutron velocity
t=exposure time
T fast=fast neutron; slow=slow neutron
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Tabl 3. Static tenswn test of various! carbOn steels at extremely low- temperature 6 Lo

. Compos1tlon T ! Testmg ' Yleld ’ Ten,sxle‘ ,'Elong_‘.\. Red of
* Description S Condition temp. . | strength strength . ) area
: N (%) o eo | ey | e | e | @)
o _ C=0-035, Mn=0-02, |As " | Room'| — |"20a [ 28 | 73
Armco iron. |- Si=tr., .S=0:016, received| —100. | 25°5 |- 29-8 27 -4 700
’ R P=0‘003‘ o =180 | — i 500 | 0| 0
. C=002, Mn=003, | | Room “|- 179 23:0. | 30" |7 54
Commercial . si_0-002, S —0-033, v | 2351|0373 0 411 = 1 Bl
P=0-004 | e |- —196: | 47:3 482 T2 o 0
S - -l C=0-08, Mn=0-35, o Room | -22-3 30°4- 7 ..731° | 72
Low C steel Si=0-21 ’ v —162 35-9 CC42+4; ) .39 62
' : : a —196 46-4 51-8 | 3 11
. C=0-19, Mn=071, | .. | Room | " 243 324 1 31 69"
7 Si=0-24 = A 162 40-0 48-4 — 53
- ' ' —196 48-4- 527 | - 7 6
.| €=040, Mn=0-80, " | Room | 277 41-8 .25 56
Medium C | sizo0-25 o —162 | 49-8 59-6 24 45
steel - ' , - o —196 | 6471 67°9 3 3
C=078, Mn=010 | .. - 'Room | 425 | 44-2 12 35
High C steel - ) ' treated —182 e 69-0 0 =
. RS Gehtis —253 54-9 54-9 0 0
: : ! ,
- C=109, Mn=032, | 4 = .. Room’ — | 57-0 6 —
¢ Si=0-17 . . - | Annmealed  TTg, 1 76-0, 1 _
Table 4. Change in notched bar 1mpact value of var:ous carbon
steels w1th decrease in temperature & ’
Description ‘Composition (%) - | Condition | Temp. (°C) ' - Impact-value (ft-1b.) -
- - | C=0035, Mn=0:02,"{ Room '~ 718 f
- Armco.iron .| Si=tr.;, .S5=0-016,., As received - 78 S04
’ 4 P =0-003 —180 1.5
:  C=0-13, Mn=068, | . ‘Room ~ | - . .- 9Ol %
- Mild steel | Si=0-17, S =0-040, 4 — 65° o 99 o
T P=0082. . ... o —184¢ . | . . B
Medium C | §=0:35 Ma=T'0L | gsoec g A
steel’ VT " air cooled —183 : o 3
-, 1 C=0-45, Mn=0-77, 870°C | .Room | . 16
I S$i=0-21 ; o air cooled ,‘ — 78 . o 8-
. ‘ C =0:93, Mn=0-27, 1 800°C . Room . | C 5t
High C stul Si=0-15 air cooled ‘ — 78 ~ E 3
T Izod, ¥ 2V-notch charpy.. o - .

CEDEME & b ABCEBRE L FOMBEAOE BRIV -1, 24 ¥, B, ~52EThb.
BT 505, EFRRMCRT 3t CaBRD v AR A AYHRC OV TS {5 TR Y 3
> DREMZRIRE & 72 5 2500, Fig. 27 BEEORBIC  BEPSL DEFESKENSS b, KR HBEEIES
£%0. 35/@“%%(24&25@1’%4&# CZZP’? ?MJLE OF  UFUIERREE 257025 NS IEmBMEE Ry
WERLIDTHS.. - -  EORBE TREESORAENOREEERT 5 E
co- 5% L)Lmﬁhﬁzﬁmfﬂ%mkﬁf@mﬁ% prrn HEBETH . 43 EOW § ERHCERICR AR

g7 -
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Table 5. Chemical composition of ship plate (3) K&seH

quality of American Bureau of Shlpplng

ﬁﬁmﬁﬁﬁﬂ&amafaﬁAﬁaﬁﬁmu@

PRI SERFEREIN TS L, *E@I@t{f — -
BT ERER2EMET A COBEENM 2 AT L
TV, FRREELEEEREMCET 2 EE R B O
W ¥ TEBITENZ. UL O b BASHICE

T AEET ~ xid

11 & A EREERONRIERABICEIT 5

(ABS), 1948.
T Plate ‘ -
Class | thickness C S P | Mn | Si
; T(m)l
A } <1/2 | — |<0-05 <0-04| ‘ —
17 , |, 060 | _
B | 1/2~1 <023 1 980
C | >1 |<o25 7 | # r OB

Tensile strength: 41-5~49-2 kg/mm?,
Yield point: > 22'5 kg/mm?.

20

&

~
=3

Charpy Impact Value (2U, ky-m)

5 ’ ,"' B
V/a /
Z/ . P /)
o1
-/00 ~-30 0 +50

Testing Temperature °C

Fig. 27. Low temperature impact value of
0-359% C steel in various heat-treatments.
: [Hasegawa]

ﬁ@ﬁ&mﬁ%ﬁ%ﬁﬁwfigkﬁﬁ%%%ET%W
B35, COEE b RESRO/NIERB L & TidEBs
ML EONLORED S 5. /535 Table 6 17§
ORI 5 v v 7 BOBALRRL 125,

Table 6. - Young’s modulus of various steels
as room temp. and at —78°C.

NTRBOSaEM MAL Cr—Mn, Cr-Mo,

DA T, KBRFOBEE, FIELIHITEBRSEOT —
RiIFBA EHELIN TV, ZRRMTTEOS TN
U 3 BISEO R T 23R & AT, 3
b Bl B, BEOE SR IO THOBER
ERETIRABMIES, PPLRICEZ LT =27
4 MZEET A ENE, HOTEOREERZEAT 55
S3ETE. FUFAERMCROTREEDASTED—
HEOHSRRICRE D C A BED BB PR T T L RESICR S
NBITC, FIAITEEAN 28K T 3 4ETRIRATMG
OREFTE RS2 T RN TELRBER2ETI®AIC

FFTHD, IHRBEZPILT 2 5RTCR b LR
ST U CEBRDEIERV R I N AL TH 5.

O TEHEMDERMEMEITX T 5 5&THROZEENI >
ROEHET, SR, KEIED 5V BEERRRIC X
DTHEBZY, VWIE—BRASER Z2FIFE T RIS

Th A

TRbLEBERREDOR TR S B ERITRIE
Ni Tdh AH5. (Table 7 &R) VED Mn,Cr,Cu §
ENEHSEEILHETH Y, I 5CBA—BRIRETR
Si-Mn,
Cr-Cu g5 & $ [R5 NINRET T I3 A SR EH 2
BT HCEHBTAD 5N B~ Fig. 28 ICHEDEA
SECBAT B EREIRHABOT — ¥ BB I8, TOE
DRESPOFELWIIEBES &Y, £12Z D, 5 Mn &*,

Table 7. Relations between Ni and C contents

on charpy impact resistance of steel.
[Internat. Nickel Co.*]

[ Zambrow-Fontana]

Young’s 2m'odulus
. A -
Description Condition (b/in?/107°)
+25°C| —78°C
NE 8630 . Norm . 28-38 .- 30-10
7 - 1'Q.—T. " 3187 31°75°
SAE, 2330 | Norm. . .. 29:46 - 307 :
.7 . ... -] Q—T. 32-30 ! 33-19
8:595-Ni Steel- -~ | — 2855 | "30-15
Type 304 18-8 Steel b 24:19 i 26-53
Type 322 “W** =~ o .
stainless . Age-hard. | 30°55 t 28-78

; N1 C ’ B | Charpy value
consion | ™1} € | | Y Loom)
96)| (%) | 23TC foom | —46°C

. 0,033 35 . .07

At Brinelli 1 {0-22 11-7 © 2-8
hardness @ 2 @ 016 150 13-1 5-9
150 const'.3 L0012 . 15°2. ..9°7 "
e 4 Eio-04 238 . 234 .
oo . 127 00 111 140
atC o T 146 130 42
Gopa 2 “0-20 155 - 12°1  © 4°8-
% (3 168 - 12°1 55 -
const. 4 1104 . 69"

i

187

— 68 —
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20 K {
. L F’,
18 wi-cr, L/ —
. Q- i-Cr,
1'6 ’ @ 6'30\{) <(Ann.)
n |
5 .
S <M=Cr-Mo (Q-650T)
4 A=
S 2 or-Wo(Q-680T)
~ )2 Icr B R
@ LT l)
I 4] @S —
7y 7 .
-~ 3 7 N - \\\
‘é 8 //z I’/ 1/ ’ T
S / / F-2Cr-Mo(Ann.).
’ /
8 o (’/ / ;
1
2 o g
c ,/
0 T - --»’
200 00 7 700 200

Test Temperature °C

Fig. 28. ILow temperature impact value of
Ni-Cr, Ni-Cr-Mo and Ct:-Mo steels.

Specimen composions ate:

c Ni - Cr Mo
Ni-Cr 0-31 2-83 0-70 - —
Ni-Cr-Mo 0-33 2-35 0-84. 0-36
Cr-Mo 0-35 C— 1-49 - 0-28
) (Hasegawa]

Si g%, Mo GF”, BEHIcEd 5 EEMREORE b &
A.ZNEERHEEBRBIZK.K OB >TEER

FIZBR I NI 7 = ~ v BEEE ICEH T 54 { OE.

FALCHMTIILT, Ni OFQ%E% 12 DT~TC
N% Cr-Cu $HCREE LR 3 X [RE 2L 2 5508
Z DT OBEREBEO = A F L &3 TR
HOFEFCH DT, KESUBERMEHEL, Ch Ry
REECHEE LR & 250,

1236 T 5 BASIHIIRD SR R EEI AT
BEBREBRED LASHE SN TS0, 55
ITERBEERAIC AN T § B L BRI » T
BHEESERIN T S. $7bh b Fig. 292 Ripling®
iwd % SAE 1340 gRIc D\ T L OBMRE RT b D Th
555, DBEITRVCT § mHE93 Ni-Cr iz DT
BEMIT KB 2SS LW 3. Fig: 30T 7 DEHED—IF
PREELIZ. AU & mHesssd i Cr=Mo- giic 8
3 FERROBIZRC AN T, WMEBRIREIE Al Al+Ti,
ZO Al+Ti+B OB 2o TEL EFI 82T
& BB

(4) BEaem , : SRR

9Cr, 13Cr g & § Lif UiPfEEME & U THE
SNBH, INDET 274 VRIECAT VI A FRA
FY VA TRESEMITRIT 3 & AR EEFBEHOD
Bb2&ET 200, SUERER 5B CHERLL

_mﬁng,m‘n):.# T
.+ 785°F :
60 © —I/U'Z" s
RS Past:
1
50 3 — ot b —
Q\\ ' IPAP P | x
-+ 4 g < gt |
§4 IS Bl S% =S
x
& L : I \‘i/ /
N IRY/1i
3 Jaili «
g p/
S 20 =
S AT\
10 aav 7
o d! ] ’K/l.
A7 |
) ' ‘
0 200 400 600 . &0. 009 700

; Tempering Temperature F
Fig. 29. . Effect.of tempering temperature on
the low temperature ductility of SAE 1340
steel. Samples were tempered for 1. h. and
quenched in water. (Ripling)

NSRS o oo
Charpy Yatve (20, kgmfem?)

o 30 ‘-\(\Q
0T 200 TR0 AE . Sl
7empering temp. /A .- -

Fig..30. Space model showing the effects of
tempering temperature on the low tempe-
rature impact value of Ni-Cr-steel (0-329% C,.
1-899% Ni -and 0-99% Cr). Samples were
quenched from 850°C. [(Kawai-Nishida]

FAUEE B 5. BHRSMOERD 13Cr 25 v =

IOV TERAEEIOB LR ME L 1 bs, — BRIk

ILHDFTHIS IR E R RE ST 22 &, 1 A—aE

T2 C EOENFDERERIEIIA T 2 C & BED

7259, b b 13CrROAF v v A% LD BHICE
B BAIEBCHD S PHARERE T L B
HEELIOLN. . L T SR

18-8 CreNi A5 v LAglidA — A%+ 1 FEE A
TEDS, I XXONHET IO T B RN
RAELERT, HOBVERERFEEL TV 5. EOTE
RS R BB AR S 3 U B & L THEE S
NN 3B, W7D ZD40E Ni-Cr, Mn-Cr RO -
A~ 27 >4 T DNT b AR TH 555, MAOHE
b RSg22BEA TNV 8T & o TRt 2 HTHE 3
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Table 8. Change in impact value of 18-8 stainless bar at centre with difference of. diameter

EBUTHEEFRITIOT,
7z h {EF$ %5 (Table 8 ).
ST BB X 2T $E
DIZA D3,

T INLEERE
B PEZEL BT L
B> B HEED d D EEUERER ORI L T

ARIBDREMEI KT D %-

It BEDF — ATF A FHIBERICRNT v
F v A VR R Bt R T AN D B.
COEOFRE U TRAIAISERSEDE Ni ZidE Mn
DS CNITET B 2%, (XpR3E 18-8 Cr-Ni # — 27+
4 FMETRWHEERIC 12 ¥ BIABEL L D A%

bR U 22U E U 5 10,

3 [

* RRBEC NG 2 MM o EE e @Mo IRIEMEICBIT 2
LIRS THERBERILTW T, FRERBM LA 2
B o—HGRE ¥, ¥ rEHRomaT 1940 FLEo

HRIA LEa b,

Zh bR TRPIZETROE

FHILHEEZH I

A)

B

C)

D)

CED.

. peratures’’,

F)

BN ¢ EREEE NG 2 #o iR e < B
33cHk (1901~1942) ", PERHIFZ RS 60 5 (B
17. 12) ) )
K. Janis: Bibliography on Low Tempera-
ture Characteristics of Steels (1904~June
1953)’°, for distribution at Special Libraries
Assoc. Booth, Metal Show, Cleveland, (Oct.
1953). . ;

CIERBERING B = o L Ao EH HA= »
» AR T, No. B-3. -
A. E. White & C. A. Siebert:

of Metals’’, Pubhshed as a Book by J. W
Edwards, (1947) 95~537. _

H.W. Gillet. & F.T. McGuire: ‘“ Report on
Behavior of Ferritic Steels at Low Tem-
1 &1, ASTM, Dec. (1945), 55
pp and 155 pp-

C. H, Lorig: ** Low Temperature Propertxes
of Ferrous Matenals SAE Spec1a1 Bubl

‘65, Sept. (1950), 9% pp.

““ The Properties of Metallic
, London,

P. L. Teed:
Materials at Low Temperatures”’

LD RIR EEELTII A

“ Literature’
“Survey on the'Low-Temperature. Properties

-1

H)

1)
2)

3)

4)
5)
6)
7)

8)
9)

10)

. 1§lj

12)
13)

14)

15)

©16).

17)

18)

(Specimens were quenched from 1050°C) [Hasegawa]
Specimen Chemical composition (%) Chafpy impact
diam. (mm) : B : e value at —40°C
+ (mm c  Si Mn | P s | ocr ‘ Ni (5U, kg-m)
48- 0-072 | 0-47 | 0-77 : 0-009 | 0-011 19-53 | 9-00 5-9
32 0-075 ! 0-50 : 0:-68 | 0-040 0-013 |, 18-85 ‘ 8-75 9-3
25 - 0-080 060 091 ; 0-025 0-018 | 1764 ! 9-15 11-4
10 7 2 B 7 4 A B 4 12-0
. AUSERARETREL (BT H L, INEIVK (1950), 222 pp.

FHik: WMo ORI, BIKOTE, 5 [12],

(g 28. 12), 1.

P.B. Petty: Chem. & Met. Engr., 52, June
(1945), 102.

W.M. Wilson'et al:
(1948), 200s.

Final Rep. of the Board to Investigate the
Design and Methods of Construction of
Welded Steel Merchant Vessels, July 15
(1946) .

First Technical Progress Rep. of the thp
Structure Comm., Mar. 1 (1948).

M. E. Shenck: Rep. to the Comm. on Ship
Structural Design, June 28 (1953).

F. J. Feely et al.:" Welding J., 33, Feb.
(1954) 99s.

R.D. Stout and L.J. ﬂch’eady
(1948), 299s.

C.J. Osborn et al-:
C. J. Osborn et al.:’
227s.
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