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Investigation on the Testing Method for the
Notch Sénsitivity of Steels

Abstracts

§ 1. Introduction

In order to evaluate correctly the notch toughness of steels, correlations between the
results obtained by various testing procedures must be made clear. To find the under-
lying law that governs the transition phenomena of notched Specimens, the following
typical testing methods, namely

(1) Schnadt test,

(2) Lehigh-bend test,

(3) Charpy-impact test,

(4) Kahn-tear test, and.

(5) Tipper test
were investigated using the specimens taken from two charges of ingot, namely
rimmed and killed steels. the radius and the depth of the notch were changed in series
to know the effects of notch shapes on the transition temperatures and thus the
mechanisms of the transition phenomena were examined. Double blow impact test were
carried out in addition to the above test to investigate further the transition phenomena
of charpy-impact test. As a reference the flow curve test was made to make clear the
characteristics of plastic deformation and fracture at low temperatures of two steels
used. i

In addition to the above notch sensitivity test on steels (base plate), some experiments

were carried out to investigate the notch brittleness of weldments. Namely,

(1) Slow bend test,

(2) Nick bend test,

(3) Austrian (Kommerell) test, and

(4) Fillet weld tear test
were performed on rimmed, killed and high tensile steels, the results of which were
examined and compared.

§ 2. Schnadt Test

Schnadt tests of semi-killed steel of 20mm thickness were carried out with speci-
mens having notch radius of 0.1 mm, 0.25 mm, 0.5mm and 1.0 mm respectively.

The test results show that the transition temperature rises with the decrease of
notch radius and the absorbed energy at a definite low temperature (for example 0°C
or -20°C) decreases with the decrease of notch radius.

The transition temperature and the absorbed energy were calculated from the same
theoretical consideration as Charpy test with small amendment to some of the constants
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to Jackson-Luther’s proposition as in Table 10-2.

Figs. 10-6~10-9 show the change of the types of failure with the lowering of test
temperature and Fig. 10-10 shows the Summary of the transition curves of each
specimen as expressed by the absorbed energy after maximum load.

§. 11. Austrian Bead Bend Test (Kommerell Test)

Austrian standard bead bend test was compared with other weldability tests done in
this report for two ship steels, rimmed and killed.

5

The ductility for bending of the weldments of these steels was very excellent and no
crack was recognized during testing even at the lowest temperature tested.

§ 12, Fillet Weld Tear Test

A new test with a fillet weld tear specimen was proposed to compare the weldability
of three ship steels, i. e. rimmed, killed and high tensile.

The test results indicated that the ductility transition temperature was very effective
to know the behaviours of various steels when welded.

Furthermore, the mode of fracture in this test was found to be classified into four
different groups, depending on the steel and electrode types.

§ 13. Conclusions

The experimental results on two steels by various test procedures were listed in Table

3-1, in which the effects of the notch shape on both the ductility and the fracture
transition temperatures were summarized. These transition temperatures could theoretical-
ly be estimated by Eq. (13-1) using the constants in Table 13-2. Also the energy
absorbed could be calculated by Eq. (13-2) with the constants in Table 13-3. Further,
the correlations between those fracture theroies and the fracture dynamlcs theory were
discussed. To summarize, as the results of these systematic investigations on typical
testing procedures, the discovery of a generalizing rule governing the brittle fracture
phenomena on notched specimens would be promising and the possibility to propose a
standard acceptance test would also be realized, with further tests carried out to
obtain the material constants on steels of various notch toughnesses. Continuous works
on killed and high tensile steels are now carried on.

From the test results on weldments, it was confirmed that the transition temperature
were but slightly raised after welding so far as mild steels were concerned, and the
selection of the base plate with adequate notch toughness was important to secure the
safety of welded constructions.
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Table 1.2 List of Experlments Performed

“Kind Steel

of ;'No‘ of Test | Item 4 Member in Charge ‘ ‘ Used
Test |
B _ Masao Yoshiki Tokyo )
5 A-l Schnadt Test Takeshi Kanazawa \University F.S.
o ————— i R S e e
g Hiroshi Kihara (' (Tokyo Univ.)
& A-2 Lehigh-Bend Test Haruyoshi Suzuki Transportation Technical F. S.
- ) Nobukazu Ogura (Research Institute ) ______ o
3 Masao Yoshiki Tokyo K. R
Z? A-8 Charpy-Tmpact Test Takeshi Kanazawa <Univ. ) . F. S
© : .
2 : -
s A-4 Kahn-Tear Test | LoShio Akita .. . o L) F. S.
g Kazuo Ikeda
5 5 as | om Test Yoshio Ando (Tok i KR
2 a - ipper Tes oshio Ando (Tokyo Univ.) F. S
B T T T e T
s _ Double Blow N . (Rallway Techmcal)
E f A6 Impact Test Midori Otent Research Institute F. 8.
£ 5 e _ I,
Hiroshi Kihara (Tokyo Univ.) K. R.
< A-T .| Flow Curve Test | 0"~ Ogura (T. T. R. 1) F. S.
) 1 i . Masaki Watanabe /Osaka  \ | N.R.
| B-1 . Slow Bend Test ‘ Zenichi Murakami <Un1ver51ty) M. K.
B et i : i
s g . | Masaki Watanabe /Qsaka ) i N.R.
:é ] B-2 Nick Bend Test ,‘ Zenichi Murakami <University M. K.
NG ! ) ) W‘J-H;c;shl tha;a (Tokyoﬁ Umv) - N. R.
> I
5 . B3 ,{ Austrian Test | g oehi Tamura(T, T. R, 1) | M. K.
o I . [p— o e o - el :
! g4 | Fillet Weld | Hiroshi Kihara (Tokyo Univ.) N R
' - | Tear Test i Hiroshi Tamura (T. T. R. 1.) Y H

B2ZIE v ady bk
GABRaiE A-1)

I iR, BRBRARKEURERS

W EYFBEOTE 20mm @ 2 F0 R (F. 8D 2ML, Fig 2.1 TR R GIR A 1
CATRCD ATy 2 o LB ERYE LT, BB IR~ b 4ea TR ZHWLD v — 1 J5[h) - —F
TLH, DOUREHILT R AR,

PRI S B FPILIC YR 2.5 mm OF5HERHAFER A LBl 7 10 S, Fo—RE
CIRFENFARUINPAIC B LT, Ao eIl L TR & 4707 75 2o i a1 | FEHRULIT Tl
THA=NEFIAT 4 2%, FRLLERIGE B e,

I 8L

FIABH BN O TR« DS TR 1T\, BiL= 30 4% KD, VREE PRI = F o0 0% i
VTze S 7RI OO BYWT BT 2R UL & DRILE % sty

CNDOBBIL Y BFMOBILUIL, BT DU = 20 FEOME $ & DN Table
21 e IBORL TR 2, TORTESEMMDT T B LA URLESAE 51T DAVTHEFSTIE 1
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ETL, —HAETORR= 72 FRATET EHBMMDILS,

Type of Spcimens: Form _and Sije ot SpeCimens ¥ om
S-1 T\ 0~ o0

2 - 2
S-2 oo Js— Tz 028
s-5 (9)zst 4 0.50
5 -10 55 Unit in 1.00

Fig. 2.1 Form and Size of Specimens

Table 2.1 Test Results

'

~'Vl‘y;;e c;f Specimen| TrE Trs - Trs 20 Tr2.0 Tr1.6 ' Tr6.0 ; E, E_o ' Ema;c
S-1 2 . 81 ' 4 i 0 | -7 27 2.0 1.5 | 9.6 :
S-2 T % 0 |-z |-z 2 “23?“53“Taa0 ?
sﬁfé‘""'"_‘f;2£?“*f"iI”'gl.ié"'_{ffééw# -3 | -31 | 96 | 7.8 'I‘io.s ;
 s—4 | _p2 '(-i7 “3“-281'}“:EI——“iféfw_w_se 12.6 | 11.8 j 12.6 ;

where TrE=Mean Energy Transition Temperature, °C

Trs=502;Shear Transition Temperature, °C

Trs 20=202; Shear Transition Temperature, °C

Tr 2.0=Transition Temperature Defined by 2.0 kg-m/cm? Absorbed Energy, °C
Tr1.6=Transiton Temperature Defined by 1.6 kg-m/em? Absorbed Energy, °C
Tr 5.0=Transition Temperature Defined by 5.0 kg-m/cm? Absorbed Energy, °C
Ey =Absorbed Energy at 0°C, kg-m/cm?
E_s=Absorbed Energy at —20°C, kg-m/cm?
Emax=Maximum Absorbed Energy, kg-m/cm?

Il HEBRFERCETIER
B-1

BRI 5 2 5
Table 2-1 {5 L7 A FEBBRIE G K ESA & 15 5 ICONTIET LTWa S, b OO
REZRLICD O Fig. 2 T3, THIC X 3 & AFOBBEEOMICIEEGEIESE LT WS =

EHEmbs, .
WTEBERERIE & OIRER E OBRE v b O & L THFGEOIRE Lkt ®
12 g.‘ e2S-/Tr = (1+d°) (3+e-28/%)—2d (3—e-20/¥) ‘ -
L)

e Az; = Vo (HSGRED) T, = S (AR

_r1 0
W:r7;<r+o%pmn?>

7 = DXRHAE mm

t =57 E mm

(1) M. Yoshiki and T. Kanazawa: Theory of Notch Sensitivity of Mild Steel, Brittle Fracture in
Mild Steels and their Welded Joint, Weld. Res. Comm., Soc. Nav. Arch. Japan, Oct. 1953
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Fig. 2.2 Correlation between Various Kinds of Transition
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273

s-u=1085s Al Mo
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Fig. 2.3 Relation between T,g, Ty.c and ¥
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P =HIREE mm 0 = GIRMEE*
d = BREREOEHE, RRETELIEH
S, U=##Hc X 5%8% S = 160 ~ 180, U = 60 ~ 70
s = BRREOCER, RBEE HHc 38K
FAERERCHEBT S, AL T S-U=108.5 s=0.0174 &1L, Twr L CiZ
d=0.09% Tas CHLTIE d=0.05" &Fhix, Fig 2-3 cRIBrBREEE T EOBEE
R HAAREERIERE X —5F 3,
1-2 BRIXLFIHT SBR
0°C 2721z —20°C I 3B = A A FREREEBAER B ICONTHEAT S, vr ik
BOEBICET BRI~ 24 ¥ EERREDBEFKEERT O E LTEFEDORE LK ®

L — —s
Ezm{&—e—zs/w— /12 B e2(S=U)/T (3+¢-28/T) —12 e-ZS/W}
il E=it=4r% ke-m/om® T = SRBVAK (EAHEE)

1_42/302’ S, V, S, U @ﬁﬁ:_l‘—t&rﬁ_‘]‘—‘

L C=#HEUREC S EHR

14 4

Schnadt Test (Semikilled  Steel) .

/2] S-U=1085 A/pi="/)p °

d=00/7¢
. T ks L=too,C=0
101 °t B2 L=pon.C=05 [,
a4
E, 4
E-2 4 |
S
4 -
2 A
1 1 g L 1 1 1 ] 1 i
aooy 0g02 0004 0006 d00p 00/ 0a2 004 006 00 0/ 2

39%%( / +435PT,,,5)————_..

Fig. 2.4 Relation between K, E_. and ¥

% AMErTit t=10mm, p=2mm, ¢=45° %%,
« TareREBo Te 2 T5ER—TS %,
¥y WREROD Trgs (WAL= & 160 i+ L) 19T 2 & f—T& Do
(2) HHHEs R B WOSHELZAL U7 tislic B35 2 DR Hibiathn, Hibeyredt 24 % -2, 35
1955 4 2-8 g
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SYPERM—ICEBE, Fig 244 IRTBRICKBRIE 15« B L i s b s . i LR E
D—HRE 7 = Imm DREOHREREETLL b MR 2 7T,
IV % EE
uL%«»*meéomrmyafybﬁ%ﬁ%ﬁé%ﬁ,%@%%,Eﬁﬁﬁ,mcluﬁ
—20°C IKFD IR = 2 L EREEE DREIER - LCEBESRIc IR LR o= > 5 1 348
ﬁ%m%ﬁ%ﬂ%%c&ﬁ%emmKOko

B3E V)~ N g R R
(REHEE A-2)

AREICHT 3 Y~ 4 TR T2, Eﬂ%ﬁw@ﬁlk#ﬁ’@&wﬁ%m@Eﬂ:éﬂ-r%ﬁ'mﬁﬂmﬁi&
12{8F (Fracture Transition Temp.) &c k2 SRBNCDO\NTEER Lz,
I @ B 8 #

KB L7ZSAM I8 BB D« s %1 F§ F. S. (WJZ 20 mm) T#5,
I sl rR

SEREITOIABRIIRIZ FED 13 Hfcas,

DREE R | BB K M (T) g

0.25 75, 50, 30, 20, 10, 5 b I

. ”“1;0—_” R *20—~ S 175
TR 7, 50, 80, 20, 10, | 571

T *P 7 1
65 N

& 2 181G

Bk, YIRBIBTHOBREE X b 2mm OEZCELNTE D, MR T DETHpsu —
AHME=EFTEI5MP I T W3,
I RBROB &4 |
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AEBROWMOMITE Fig 3.1 iwonLice MREHIT v/t 20, FRics TGSy
WY, TRITIEBMTRORES O &M S TN T 3 R E 20 b DT H 5,

60 .
Wt
x<
S ¥ "
2« T f£o1 4757 65hrsT
g R4 f——o S S R o N
TS Tl | '
S R
. T AT T - v
- | 20 R - | —
s

el | R gt S 20T
x 2
S 025"
w 2
&=y

wv
L3 { 90T
W L LT U
L2 I oy

-a0
0.004 0006 0.0/ 0.02 00¢ 006 0 02 03
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SHEAR DEPTH RATIO
TRANS|TION TEMPERATURE

~20
0.004 0,006 a0/ 002 00% 006 [-¥3 0z 03
NOTCH SHARPNESS R/t
Fig. 8.1

CORMBHNE LE Y RA—DEZT R/T BBMATIHAETY, FH5 R OBMAICE3EAE
T oZAbic & 2 BATRBEBEECE 2 3 WBRED T
EOTED, FEROWHEICHWCTIZ R i XoTH
CREBREOE L BRI 20 mm ORBITiCH W
TOHTEDR, TNICK LTRAT BB I REL,
BRRHTAEL, 75T & 10T OITIZ 0.255R ©
BATY 2R OBATY ELic 50°C BEOH G
NTED, ThicXDT R OBENBLT T OZ/(L
BRI TR TR E VWS Y 522 L DT 5
T EMDbhB,

27 0°C e afiitdior z, R/T 24lilic 2o
7wy LB OM Fig. 32 TE5, ok R/T |

)
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LATERAL. CONTRACTION AT NOTCH ROOT (0°C

QodT
DAEHHEL { THIHED /) Z WERBR 18 & BRI A NCTCH  SHARPNESS (R/T)
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HAFE R v — S
GRBEE A-3)

I SRR, REBARKEUREE:

PEREE & L CTIZIE S 20 mm O JINSBISERTRIO v & FEE (K. R) BOE YT RO €« 252
MR (F.S) Z4EH Lic,

AL ZEOMEND Fig 4-1 10535 2 5 ICIREE, BIRES 20 200 o v 1 CIHBRN 2 50
L7co BRSNS HRBMLO v ~ 1 F5 1 &—Few Lo, HOGRIGHIFSH I AdLie,

Test T
s?fels 'fsz;zsnms Form and Sige of Specimens | P
R-1 01D | 2 .
Rimned R 45° ;
= Z 025 2
Steel i Y
RS P ¥ Losol 2
10
WR IR 10 ' i | 100} 2
Sem; - SS il 55 010 2
~271 0.
kiiled N e 10 25| 4
Steel 2-2 P ] 025 | 2
S-2-4 10 025 | 4
t
FS 5-2 0so | 2
: 5210 Unitin mm. oo | 2

Fig. 4.1 Form and Size of Specimens

FAB T D —SERIEC BTN AR T 10 S RHB LB LTl Ic BB 2 707, B3
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I &2 82 & £

HAB T D W T 2 DI T3 3 WA= 34 F 23R, BRI = 1 FHUIFRE B,
TR ORETISMEL & b BRI R £ R e,

CHNOOMERE DR HEFRDBEBIRL, B = 74 ¥ — LT L b o2 Table 4-1 ©
Do, TNILLBE, VAFMIt T FRICHNTEBRERE, —ERETFTORN < 202
N Ehsbh s, FRTHENIRCURERE & SKEE S, HERES p ek 3coh
TERIIZTETL, —ChETFORN = 24 F3#AT 3,

I REERICHTIER

B-1 SR d 5354

Table 1 (2o L7e #FREFEUEIRATIL B Y)ICR EAK, BRI A&7 5 ICORL TR T+ 5 7,
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Table 4.1 Test Results

Test Steels

Trs

' Type of Specimen { TrE : $ Trsyo | Tris E, E_x E Emax
| R-1 a | 4 g8 | 138 | 15| 07| 15
R-2 38 40 6 | 9 1.7 | 0.7 | 16.0
Rimmed Steel
R-5 17 36 8 3 1.8 0.8 | 16.7
R-10 -5 26 -12 | -2 11.6 4.0 | 18.7
S-1 26 27 -6 -5 3.2 1.2 | 17.2
S-2-1 -6 14 -20 | Z44 13.2 7.2 | 21.7
S-2 17 2% | -12 | -15 5.4 1.9 | 17.4
Semi-killed Steel I
S—2-4 22 28 | -2 | -11 3.5 1.9 | 11.8
S-6 -9 16 | —24 | —36 11.0 7.0 | 17.9
S-10 -85 12 | -88 | -51 13.9 | 13.5 | 20.4

where TrE = Mean Energy Transition Temperature, °C

Trs = 6025

Shear Transition Temperature, °C

Trsyo = 1024 Shear Transition Temperature, °C
Tr15 = Transition Temperature Defined by 15ft-1b (2.6 kg-m/em?®) Absorbed Energy, °C
= Absorbed Energy at 0°C, kg-m/cm?
E_-_.o = Absorbed Energy at-20°C, kg-m/cm?
Emax = Maximum Absorbed Energy, kg-m/cm?

1 I

1 L

.40l ¢
! a 4
o 7 T
2 !k 20 2
| * ® Rimmed Steel
0 - /
1 T o T Trsio © Semiclied Sieel %
C o N Y Tre
o 8,
K -2q . G2
° o
. )
- 4 -40] ; 4(
L L 4 L 1 1 4 1 1 1 : i 1
4 o, 2 90 20 0 20 a0 -20
Trs °C ——— Trs °C

0

20

Fig. 4.2 Correlation between Various Kinds of Transition Temperatures

WT, BEREEEHIRILR & OBIF
A2

ERTIOE L THEFLEORE Lk

12 45 eS-0/Tr = (14d) (3+e724¥) — 24 (3—e~27/¥)

a9

Tris ¢ ————

(1) M.Yoshiki and T. Kanazawa: Theory of Notch Sensitivity of Mild Steel, .Brittle Fracture in

40

Mild Steels and their Welded Joints. Weld. Res. Comm., Soc. Nav. Arch. Japan, Oct. 1953
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Bl A%/Bs® = 1/10 (JER:RED),

Tr = BHRE (GEXHANK), ’

¥ =7/t -1/p(1+0.35ptanb/2)

r = PIR¥EE mm, {=FHRHEZ mm,

p = LIRRE mm, 6 =HRMHE °

d =0.09 (S;Ziéjxilb¥i%@‘lﬁgfkﬁb‘t)

=0.05 (15%-° B = 2 A FCHiT 3 BECHLT) B

S, U=#Ehc X 5 %8,

S =160~180 U=60~70

s = BRIEEOEE, RRE Hihc k39
EAERERCEMET 3L, S-U, s#% Table 4-2 ORIc{ET fUT Fig 4-3 Bk Fig 4-4.
CoRsHRic, BREESE ¥ LOBRIRIHEMMBERBBE X —BT 3,

Table 4.2 Values of Parameters for Test Steels

Transition Temperature d ' Test Steels S-U 8
Rimmed Steel 114.0 0.0360
TrE 0.09% |- ' - N—
Semikilled, Steel 108.56 t 0.0248
| Rimmed Steel | 114.0 0.0360
Tris 0.05 * S — p
l Semikilled Steel 108.5 0.0248

¥ ¥aty bEERO TrE it 34 L E—CH S,
* Yot PRBRO Tris izdT2it FE—TH %,
P vad o FERRIZOWCCTHGWEH LR —TS 30 CR G LTS Be

a0d a3
20429 \

73 V- Charpy Test d=009 ‘75;-'/0\
o

® : Rimmed Slee/
S-U«=1l4 4=003b
«20t253 o : Semikilled Stee!

k-]

Tre S-U=1085 4=0024%
©
404233
40 213
1 ] 1 2 | S 1 1 1 2 1 A
0.90¢ aooz Q004 0505 ooy 00/ a02 004 006 Q0% 0./ 02

ri i:2
¢ =L tovossptnd) ——m o

Fig. 4.3 Relation between Trg and ¥
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T oK
40 {313
204293
*
0t2m3
——-—_ﬂ_\
o .
_ + o i
20l253 V- Charpy T_is:. ' f
d=005 Pga=/, A
Tns ® . Rimmed Steel ‘\ .
a0t233 5-U=/i4 4=0036 ° .
o : Semikilled Steel o .
| . S-U=1085 0 ~00248
o B
0 4213 T
] s i’ 1 It 1 I A i 1 A ;
0001 0002 acad Qush QIR 007 002 aod  a0b d0g ¢/ 2z ;

=L L(va3spand)

Fig. 4.4 Relation between Tris and ¥

B2 W= 3a X chfd 538
0°C &£7zik —20°C Kk aWil= 310 FiZ, YIREESAEEBITON, URESHE(ES
COILTHIRT 5o AT RO TANRIC B T 3R = 50 ¥ EHXIEROBFR E 575 %kt @

L f / 3 s oo ey g
=" I3 __p-28/¥ _ A _ 28 g ,
E (3+e-2¢/¥)2 13 e }/ 127%,, e2(S-U)/T (3+4¢-28/¥) — 12 ¢-2 /\y} +C

M. FE =wfl=irx kg-m/cm?
T = SCBNRIE (SRR
A*/Bs, s, ¥, S, U Zhist&f—,
L, C = MFRUIET X 5385
% 0°C }vU: —20°C iIcHF 23V = A FOf E), E_o ICEAT2IC, V&P, 1 FHd
I LC Table 4-3 OBUT 4 HHAE L &L, EHHHR LN« —Bed 5 ikt eiLs (Fig 4.5
RO Fig 4-6)y 1L, GCEEBIFCAT W 7 = 1 mm DIFHC EEBEIZHIMEL D2 b/ a
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g = g = o) ool 8 om o 8 SR e L S
5 38 =8 I B & o+ = specimeén
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Weld Bead ¥ {f\njes RICT LR BHEY — ¥ ETc/E < G L THE OB Nt kg e,
e — F OEIZGIRE AL 3B IEMEZ $13 7c i hiEe
ifiik b 1mm BREECTYHEILEME T L, £
OMihr: Endless paper THEEL 59 HNO; T
Macro-etch L T EE% LD THEL BN E DT, B4
WEROMIE 600 amp v —F (38571 Joule/in) @ ¢
DOX# 1 mm 7ijt%, 800 Amp v — I (51428 Joule/in)
OB DEA 1.3mm ik T H O/ HEGPERD DI ® §U7
~OBITERG ORI X Z 5 LT 1.5 mm &EDHT, \ —
ELTHIREE — F X D INT L O am O
BB e 2 » #3233 X DL, Z7<Eili X » UK f— 130 \
T L5mm OHGGEROMS O 5L L THHO—H

ZUKRLT Fig. 9-2(a) (b) i & DBl Z1E .
B L7co BEHEY ~ F OhLic sl S G mORRER ' z
{EEMIEIC X DI b, TEoTHIRDBEE 2T D, T Fig. 9.2
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FLF il 578 600 Amp € — FOBAOR/IMAEASIEE 4.7 mm FUROES E LT hIEn
Bz 303 O LTIEWROLE 4.7 mm PEE) SERET ¥ » 793 ETUROALE & ik
¢ PO L DT E e, (Fig. 9-2(b))
-3 B ERSILE e — F4etis JoGRBR AT
1) B FIBIES S Rk Table 9-1 {ToRd,
u)  BHle - P&
G % E E A v — ¥ Heat input*
200 Amp. 30 Volts 28 in/min 51:428 Joule/in.
600 Amp. 30 Volts 28 in/min 38,671 Joule/in.
* Heat input BRIt x Fu-7c. (Stout, Weldability of Steels)

E (Volts) x I(Amp) x 60

Heat input (Joule/in) = - S (inch per minute)

Table 9 -1

SPeClnlellWeldErfm%%rrent ' EI;:&:I é}ll%u;; - S@(ﬁmn—eril)z\deth
M1 e0  38sm . 20 | for heat affected zone
e M2 800 1,428 | 20 o ”
Z’ M3 - 1 — M o 20 Base metal
= M4 60 . ssm 10 " for Breadth effect

M5 60 38, 571 s
B e T e e s
Eg N3 — -— , 20 Base metal

-4 =&y ,
1) AR Tton a5 —5LERME w) iR S IO ey
Fig. 9-3 12557,

Dry ice & Alcho!
or Oil

Dry ice or
[ Asbestos

W

140

Fig. 9-3 Outline of equipment
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B-3 AR ECOMIL = 74+ — 12 LS EEMIIE T ORRIREREAN T & 6D EDD

e
/<o

LI FOFW (Fig. 9-17) ¥ b heat input 51,428 joule/in (?,)ZL;Mﬁﬁf?S'ﬁ{ﬁﬁfﬂéﬁ’li, RN TS A

M8(Killed, Base metal)
Mz(Killod, Heat affected zoqv)
mp Heat input 61,428 Jcule/iu
M1 (Killed, Heat affected zone
Heat input 38,671 Jnu]e/in)
ent Vz(Rimmed, Heat affected zone .
: Heat fnput 51,428 Joule/in)

50p N8 (Rimmed, Base metal)
40
80

20}

10}

——» Energy absorbed after Max. Load kg-cm)

—Glo -4‘0 —éo 0 20 a0 A

—» Temp. "C

Fig. 9. 17

W%HH&MAE%%KMWKMWEHLT%%ﬁ,Cﬂ@k%%ik®f@,%&ﬁ%@%*®%
MQ®WKMWkMﬁLk®ﬁ@K<,mumfmhmx%%@%?&b%An%%ﬁuhmMﬁé
ﬂkﬁﬁm@%ﬁmkMWwﬁmkﬁbfb%kb&Ebnéo?K@B%%@M®Mk®%ﬁmo
WTl, BEH T D AR O AR RH S F 2R & D BRI RAT 7 ML s AR AT S
JSDOO F S kA L el O WM O E N ER YV ELD R WO EBDILS,

# 7= 51,428 Joule/in @ heat input OHGZEEEAS 38,571 Joule in ZAGZEN X b UM &
U®@,C@h%tmm¢%%ﬁ@@ﬂﬁ&®ﬁﬁﬂﬂﬁkk®%%lD%(W%%%%@&E%M
% v ORI heat input & X ONEIEIE ICOWT® Nippes® HOKH & ZIE—HI S, LAk
%%mkmr&kWﬁ%®%Wiiw¥—mi%%@@m&¢@Mh%?%wim@%&@ﬁﬂﬁ@
BT WS, T ¢ BRAOHKATRbHEIC ductility transition cBf3- % criteria
b, FEDOTHOWR = 24 ¥ —ic X BHEE LAY 5O R S LS

IV ¥ &
PIEZ R 5 E %4 F kY & F @43 0BRSS Adiic ¢, 2% heat input

51,428 Joule/in OWHEBEIEIRITIFI EIVRA EL0 B\ BIRMEE 2T,

heat input w2oWT\Wwzid, 38,571 Joule/in #:% 51,428 Joule/in OfEEA Tl heat input
DRIz 5T OBGHIRO Y RIEITRIKT 5 L O &l L1 56

S A BN TORBRIE, v — FRUEIC X BIEE NEITIRBE A & LT2 LOTYKT
DRI EARRTC 8 D AT B T Py TR = 34 4 —B2E 4 FRE L WD Yl 5 77,
SRR A 5 LARET LAY B L D & bl D

. B

(1) @ &8 MR Oct, 1952, pp. 27~83
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(2) Stout, R.D. and McGeady, LJ: The welding journal 26, 1947. pp. ‘6835692 S

(8) Nippes, E.F and Savage, W.F: The welding journal 28, 1949, pp. 5995 pp. 616 5

(4) Nippes E. F and Savage, W.F: The welding journal 25, 1946, pp. 776S-7373
(5) Grossman N. and MacGregor, C.W: The welding journal 27, 1948, pp. 2675 -272 S

%103,% Bead Weld Nick Bend Test (< Bi3 % B
: EBHEs B-2)

I ERER

AeszEr @ B i1 Jackson-Luther OG- 2 EVEEOHET 3 Transverse-Bead-Weld Nick
Bend Test ICHEL F 4 Fis XTK U & FEHOIH 3 TOHHEE S DOOYRMEIEE RS B EHITE
FEEBEERED criteria & L“C’vﬁm%ﬂ?ﬂhi‘y‘ﬂcﬁBJ?L%'ﬁiﬁﬂﬂ%itc‘:ﬁé%@l‘aﬂtﬁﬁﬁ’a@%’éﬂi FAF
R RLEE, TRBICE bikiew b5 ERIAN (transition temperature) Z WEMRTA L L
o

II REEHE

T-1 4 A

AesE BRIl Rl SEAHE, HABHO X v o M. K. 5 JOTH AGRro v » Féd N. R. T3S,
WT M xor N EIEHRT 3,)

T-2 3RBR ARSI

PR BBy D E — Pl A Féld, V& ?ﬁiﬁ]%—"c OIEGET T ENUNTE W HEDTUIRIEERE
1 & I ST AT | '

FEMEBR T DB b FEREH R & ST AfLS D ET o

LR R K IR AT HE @ Nick Bend specimen (i3,

Hiie — FRUBIKROHM DY TH B,

R ALEE CEP L
600 Amp 30 Volt 70 em/min

-3 #ABR)TERY) (Table 10-D

Table 10.1

Remark

Specimen No.

v 1| Kiled Steel, welded (600 Amp. bead)
V.M 2 - Klued Steel, unwe]ded"_wm B
N1 ” Rimmed Steel, welded (600 Am; Ab;c-l)#ﬁ
N1 | Rimmed Stedl, unwelded
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1-4 ki K Typical Stress-Strain Curves

—60°C ~ +80°C ' . .
I-5 6 # B ~ " e
I0ton 7& %5 ”ﬁ?&%fﬁz E FAILURE TYPE A \\.
Il EERERE L UER
Anglc of Bend
B-1 BAMEROWTELLMHHROERX (BHRRD) s
(1) Jackson isXxtr Luther /& Nick Bend Test
Ic I 2O RE 0N E LT oRR %
Fig. 10-1 0 FFEL TV 355, KEROTT - B
_ . ) ,§ FAILURE TYPE B h
DB O E—Z ik T OBHROT R Ic 5 5 )
ng"s [} " Angle of Bend '
(2) zoOBROERRTTOEEORRA cDOWT
EELBEE~ A Ehd B, B Erd CH )
FAILURE TYPE C
NELAT B, KR ORBRIBE & R
Table 10-2 OE Y Td 3, 3 N
:f'l— C2
Angle cl:f Bend

Fig. 10.1 Type of Failure
(after Juckson-Luther)

Table 10.2 Type of Failure

Speciman~2_| ~60°C | ~40°C | ~20°C| 0°C | 20°C | 40°C i 60°C | 80°C
N GiG|6 Gl cz132132’!12»,,13(_,1;A2 Al A | Al Al A,
N, |G| G|B !B |B | B|A AA— By| Al As| A | Al A [ By
M, ccC %_C; B B. | B: | B, Vi_A"._,_ B;'][ Al A A | A A B
R L EAL AL B AR R EATAES S

R-2 EEREE
(1) W= 54 % —ic X 3 BBIELE ‘
)4 Pl L OF A FEIORME JCRIEY 3 L OOBAMREZOMR . 5o F¥ ~t X 3
B4z Fig. 10-2 ~ Fig. 10-5 5T, FThibb Y & FEORHIE 20°C ~— 60°C
B, s b0l —20°C ~ 40°C MICBBIEAERT 5. |
CHICKH LF 4 FEOREE2 DR 20°C ~ — 40°C RicBRIESIAEL, B
0°C~—60°C LI TOWMEEcEBBEBENEALT s OEMDbNE,
T ILB BN E O iz Fig. 10-10 50,
FBIATTE ORI = 34 ¥ —12 Fig. 10-15 ~ Fig. 10-18 1R3> 4B
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§ 4 i
g N1 (Rimmed Welded) 8 N2z (Rimmed Base Metal) M1 (Kied, Welded) =
gm- gxo- 10} Zio} M2 (Kilkd, Base Meta)
v g g e k
2 3 P 2
8 8 2 5
56p 5¢ 6L 33
: 3 3 1
§ X 2 z
4 <

<

oy . Bl Bl . .
E ~80-40-20 0 20 40 60 80 £ T60-10-20 0 20 40 60 80 &I ~60—~40-20 O 20 40 60 80 & ~60-40-20 0 20 40 60 80
=] > Temp °C — Temp °C —= Temp °C — Temp °C

Fig. 10.2 Fig. 10-3 ‘Fig. 10-4 Fig. 10-6

A TREERZLER DN EMD,
(2) WEZHiRCRDNL SRR X 2 BLIRL
AEROTTORBH X Jackson-Luther g+ 3 EROER s Fiks T LI
Table 10-2 (52 L D TH 3%, TiccORRE ABnd B~ B ED»D C ®~
EREALEE R Y T R EHERICE RN S,
r ORRE WALl s TIEREE ERlic & b MER R T 5 & Fig. 106 ~ Fig.10-9 ©

Bol (b TN
N1 (Rimmed Welded) N2 (Rimnied Base Metal) M1 (Rilled, Welded) M2 (Killed, Base Metal)
Azt Azt /— y, Ash a2 vr—.—'——-ﬂ
s /1
/ 4 Bt e
g Bip Bib , /‘ B s
2 ‘é ’/ / ! é 4 S
% B} Bot ¥ 7/ & Bef S A P
I -~ 1 [ s [ 4 i
E ° 11/ ° al - /
a0 E it Y/ é ! Gip
e 174 g
/
Cet Cz Cz2 Ce )
80—40-20 0 20 40 60 80 TG0—40-20 0 20 40 £0 80 —60-40-20 0 20 40 60 80 60 —40-20 0 20 40 60 80
~— Temp °C ——= Temp *C Temp °C Tenmp "C
Fig. 10-6 Fig. 10.7 Fig. 10-8 Fig. 10.9

ARt C R ipd 2IREHEIE,
SRR IR TS OB = 7 F —ic
I3 BHEEGEE X (BT 3,
(3) BAMEICHT 3 HFER
BAR R E D 2 iy BEEME L7
Drews, BAMEICE D SWIEE
Fig. 10-11 ~ Fig. 10-14 £x¥ X Sict
OSEER B TIREIE R ZAE B\,
LLE DRI, B+ 4 F it X U0V & F R

Y

M2 (Killed, Base Metal)

Y

N1 (Rimmed Welded)

o
T v

M! (Killed, Welded)

o=t Energy Absorbed After Max. Load (kg-m)
&

= , . — $:c X b Fracture transition & b5 L, %7

~60 —40 -20 0 20 40 a0 80
—> Temp °C FAFERE Y & FEHX b3 IcWT b, Bk
Fig. 106 - 10 W3 3 Dic\»wT L transition temperature

— 87 —




000} NI (Rimmed Welded)

g
3

N2 (Rimmed Base Metal)

Max. Load (mum)
g
8

#ax. Load (mm)
-

—eBend Deflection st
8
$

—oBend Deflection at i
[
o
2

i Lo
e T ) a5 a9 0 20 4) 60 80
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Fig. 10-11 Fig. 10-12
gso.oo M1 (Killed, Welded) 880000 2 (Killed, Base Metal)
¥ § ‘
g ¥ . . :
4 20.00] S0, . . ¢
£ s . SR
B0k v ¢ Lt T .t & 10.00}
.« L a
. 2
1 E
R4 =20 0 20 40 &0 %0 1 —80—40—20 0 20 40 60 80
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Fig. 10-13 Fig. 10.14
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V-
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v
3
.
°
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o
Al
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*
.
L ]
.
Energy Abeorbed up to Max.Loed(kg-m)

~60-40-20 0 20 4060 80 ~6040-20 0 20 40 60.80
. — Temp °C —e Temp °C
. Fig. 10-15 Fig. 10.16

Ll %“
i
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—— Temp °C
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PENWCT EIZPLNTH 3, .

73 Jackson-Luther Mg+ 2 iiitic k 2 3EEOYER A 5 CI~OLILIER T
L&, —MCHAVBILSBARNERORR = 24 ¥ —ic X 5 BREEEEE X —FT 2,

IV & &

Nick Bend test (¢t hEddflicy » FfiEIUx A P8 GF 13 OEHE LURHERMO
transition temperature izl EDE Y TH 545, £ OBEBEHEORER, MELRMRCDo DN
SRS R Y criteria & LT BAWEHORIR = 24 ¥ —% criteria & L7 LRBRORR
¥185T LAk, O TEBBBEORERHHTH LR WE S,

B11E - 2P ) YRR
(GREVEE B-3)

1 #% §

KRR ISR DB E B ke L THZORBIESA WO T VWSS, F— 21 ) ¥kl (lf=
< L AGRER) & LTHE LAY — F R B ERIGIEHR ORE: 4 3 Lici 2452 LWABRERE L
WD DI TE D, BENET BROEENMOKERRIC LA N, HIEMOENARO
i 7 POOB 5,

ETTCHEMRONEE LTRAXEY A P8 (M K) Ky & ¥R (N.R) £ 15 (MERPE
= Table 1-1 BIR) toWT bR+ — = + U YRR T T\, THEWATL T LcbOFHERR
T 2 BEERE L,

I HBRHRURBRAE .

SRBR A ~HRIE 150 X 350 X R DAEHEFED b O B\, 5 RN EXFETR LB 26 (4 mm 1),
PREEEMEIE 170 amp., BAVERE 26 Volt, HIEHFE 8 in/min. T 3,

I 8% BR &5 R .

Table 11-1 [ ZORBIEREFT o A VA FEEICF >4 T4 2ET A2 —ATHIEL
185 BIEORBIEE T SIS RIFR I HEEE R L, ©— F hg MTERAEH D EMDT,

Table 11.1 Austrian test results

: ; . | Testing temp. | Max. load. | Bend angle | Fracture
Steel . Sign. °C ‘ (Ton) —degrees ‘ appearance
NA 1 ~65°C 19.900 | 180° NO CRACK

Rimmed HN” — e e e - .. .. \ . _ -
NA 2 -65°C 19.200 | 180° NO CRACK
MA1 | —65°C 22,000 l 180° NO CRACK

Killed “M’ |- | . | \ o S O
MA 2 ~62°C i 19.300 g 180° NO CRACK

) LITF#H M K. g M, NNR. & N & B#HT 2.
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IV EBRUHKIR

*~ZFU?aﬁmién%ﬁ%@,ﬂﬁ@ﬁﬁﬁﬁ&ﬁ%&tl%ﬁwéﬁﬁkbaﬁ?ﬁﬂm
BEL 7L DEEL DILBH, BHO ¥ ¢ —BRRER CRHSSRE O RBBE L R THE
¥570%,. Table 11-2 it T OFER LR,

TaBle 11.2 Charpy test and hardness test results

Steel V-charpy transition temp. Max. hardness of Heat-affected *
Trys °C zone-Vickers 1kg load
N 5°C ' 190
M —30°C 240

WBUAF%IJ@@kﬁﬁ##m¢ﬁ&b*»anﬁﬂ®ﬁﬁﬁﬁbt@nfw%°%ﬁam
f—sz#E@ﬁETwTC%%%?%&ﬁ*mlor%ﬁlqﬂﬂnl@E@ﬁﬁ&*b%&
Eq. Tr90°C = (Tr 15 + 15) + 1/8 (Hmax. — 320)
Eq. Tr90°C (N) = — 12
Eq. Tr9°C (M) = — 40
&kb,&(mIi@%%@%%&b%bm%mﬁtﬁbtw%ottﬁ@hﬁm4»s+4r%%
%ﬁ%&mLk%%wﬁﬁé%&mcmﬁmior*bkﬁﬁﬁwﬁm%Mﬁ%%bgmca%%@
LT%J*ﬁamﬁm%mﬁgﬁWDﬂﬁﬁ%ﬁVY»E—®W%ﬁﬁmﬁﬁﬁm@mﬁaﬁﬁ%m
BRTES CRIFTHIT EBDND.
kk%ﬁla@*ﬁmtmﬁbfﬁorm%%%mﬁaﬁ%%(ﬁ%ﬁaB4)ﬁm,ﬂ%ﬁmﬁ
P E LT D, FOBBEED RN AL T T EREEHE2 5L, Bioy — FliFREE
hbﬁk<;K%<<§<®%%&%ﬁ&%%v%t&miOTEkDEbB%ﬁ%ﬁﬁ?éﬁgﬁ
MBERINT NS,

w123 B HRSERAR
(ABIEE B4

1 #% =8
%ﬁﬁ%ﬁ?%&*ﬁﬂ@k?%kb,%Aﬁ@*%bmﬁﬁ@ﬁ%@%m%ﬁ%¢$5&#,E
FEDZ L WA IC YO T A B R E ORKOFRIC K b 5o
BB OPT LR LW LOE L\ERAy IRtk (Toe) D oA BRI R TR L7
o BB T, t—bTﬂh,MW%%&HH%K£2EL,P%MK%&K%%%&%%@%M
%MK$EFWW&%35®t %%@&%ﬁ%ﬁ@ﬁﬁ#@%ﬁ?ﬁ@%%< BB I OUER

*ﬁ mﬁ,ﬁ}“ﬁﬁﬁ%®x~7\urﬁt—bﬂﬁﬁﬁ”%ﬁiA Wﬁ%ﬁﬂfiﬁﬁbk%i
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DRIk &b EICHfEhTtns.

R D D 5 BN, AR A KSR ICTE R LT S ORI HREASFE AT D 10D iR
B FF T, HARMEH ORIEC & 2B DI LIS & 52, Fig. 12-1 (T35 & AR i |2
HBH Y FBE LT OHR E 1707,

Fig. 12.1 Fillet weld tear test specimen

PRI ORI D b RkEEAs start 375 X 5 gt X Bibber FEaEQ#E L T BT AR
ﬁﬁ(b%ﬁbhfh%ﬁ,CanT&tTF@%W%?%%ﬁﬁﬁmiOtﬁEﬁmmmﬁ%ﬁ
B35 BDT, IEESORIECH L ETRS 5, AR TRIMKEUARCEDD TR AV
BT\ 33 |BIEER it L TR E O LIRICIE 5 & Lid e LITARBRA & s AR —fR L Or
B NERADIRERBIC B Wk R cOWTiE 5,

II = A&
1 FEERTIT Y 3/4" Bk EF A F (M. K) Boty a4 F (NLR) $%—H &R X 5D
BEIAEEBOELTYY v ~r FrERhE (Y. H) —H, HEMEERAK, (UTHHE M,

N, H BT 3),
M HKBRARURBREN

-1 AB A ER
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Table 12.1 Welding conditions

- - = -

electrodes current voltage welding speed { leg length
ety D L Guymim L (mm)
B 17 ‘:_ 175 % 25 ﬁl 7.5 6
e RS AP B
LB 26 ; 175 | 24 1

B-3 HB ¥ &
B ZEAR TR F IcEE O v v AL, 50 v T —~s AT —HEERBRIBTITO,
BRI —60°C B +100°C ICFL BN TATRIECHREF LTk 30 RBIRIFE,
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SRR (i B HUTR R E b T, Table 122 20r Fig. 122, 12 32T ORERE L
k%Oﬁé%oeﬁﬁglzz123#awMME$Eﬁﬁﬁﬂns&ﬂﬁﬂ%%ﬁwm&TﬂpE*
W3 ERDESBON D,
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RimmedN | o, __?“._ 20 | 23
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[y FLLET WELD TEAR TEST
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TESTING TEMPERATURE °C

Fig. 12.2 Fillet weld tear test results of ‘A 3/4” killed steel “M™ (0.13 ¢5 C,
0.23 95 Si, 0.7795 Mn.) A 3/4” rimmed steel “N”’ (0.17 25C, 0.46 22 Mn.).
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Fig. 12.3 Fillet weld tear test results of A 3/4” high tensile steel “H”
(0.18 25 C, 0.50 25 Si, 1.54 22 Mn) tested by two electrodes,
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Table 12.2 Fillet weld tear tes£ results

mp. max load
| kg/mm?
218

30.1
30.1
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Table 12.3 Hardness test results (Knoop, 0.56kg load)

steel. electrode } Knoop, Max. Hardness

A i B
Killed M D 4301 i 316 - 310
Rimmed N ” 210 : 235
HT. H , | BL 88
H.T. H D4316 | e 60

LLE OB e R b ERNIMOBE AR LE
L, V& FEROELIZ RS T < T LA HRAERO
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s IN FILLET WELD TEAR TEST
8 (°c)

ZIRER T X BT, EEHE H OB HERER p
WENSEHOTERL, WERBZEE Trs £ NR
— %R ENLEEEDOROIEL, Y & FEN i . [ onx
200 300 400 8500
Trs BEnc bbb dF, Trd OLREENT MAX. HADNESS OF HEAT- AFFECTED ZONE
( KNOOP Q5kg LOAD)
&% T ESEALOHHN» DR JICHELB L Do Fig. 12-4 Relation between ductility
Fig. 12-4 SRS B & BEEECERE transition temperature of fillet weld

tear test & max. hardness of H.A.Z.
Ko

V JEifh—5IRRBRERLE O

WP RS [RBRR R E A W B T\ B B OEIRIEHFABR & BT s 0B b, RIUHIEAR
T & B H — o BIBIEAER b AT O W TITO e R R R HHES IR DB A & £ < Fifkic SYWTRTE
B OHUHR R ORI R B T ki 5 & Table 12-4 OIS 75,

Table 12-4 Xahn tear test results

Steel | Ts O Tre (O)
Kiled M | 52 60
~ Rimmed N | 18 ~36
 H T H | 40 | —~40

T B OEBIEE T Seic kb FIBREES [ZEARC X s BBEK LS 5 & Fig 125 ol ,
%%m%@ﬁﬁ@%%ﬁﬁ&ﬁ%ﬁﬁ&%ﬁ@&»ﬁbkﬁ%ﬁbrw%o@Lﬁﬂ%ﬁ%&ﬁ&@
» — v BBIEAB OH SRR LD BB OE L D WFR B EWRERL, BiROM H Tasr L
T Y & FERICIATHRIEIC X 5 B E O LR STIRICHID O35,
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100 KAMN TEAR TEST 100 FULLEY WELD TEAR TEST|
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~ Fig. 12.5 Comparison of transition temperatures of Kahn tear
test & fillet weld tear test.
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Fig. 12.6 Type of fracture
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FFOTHERERINT 2 & RO 5,

(1) FBrskuEs |ZIABR T & 2 BYISTRETE SR B IR HE 120 ~ AT ORBHE 7 — o [ AR IC & SHER &1
FREET® 3,

(2) BOpgkET | BEARR ORUIRBRER T B WiE, SR s OB M T LTE
2. BEEHAE WEEG H OBREEEE L < B3 L, Bgaino R & #ilsBikic
BB,

(3) PPk [ ERABR TS e X OTHREERD Toe MBRELSA Y — 13575, WHERIRIL
RO SRR O A IC X O TH LS BB, THEDDLF N P M PR sRJIg H & 141
> & 4 b RLEE S L7 AR R B ok 3 s, VA F N RO SRR TR
Ui gl H Cipligtl z &3, Toe MBHM~NEITL TS,

(4)  BSAHLES [ZEAER) O AR LT Y —VIABRITOZND X VAR, 70T OfEIRHH
RO T 20T L BB, MM ESOMRIE X b I LA RHE VWDBif"*FCffT's“Zo{bﬁmtaboo

A" 13 —1:‘; s J(';Ti

1 B#ICRaT DEERBREOTHR

JHHC BB 3 FER I ) WS BIFTRIO 0 & K6 (K. R MO -HBEFTEIO« < %0 ¥ (F.S)
¥ RS, AHEABRIEC J o T DI R MKy L7 b O7s Table 13-1 TZ 3,

[-1 BEREHCHT 2HL

Table 13-1 (€ X 5 & —#ic BB UL (Fracture Transition Temperature) %33 L D&
¥ 2 BT\ S 50 % BRI R EIL IS Trs Fihy= 70 ¥ —EBHE Tp 4% Schnadt Charpy
e Tipper OHFABCIZUKAETE 7 hk & I 5T DR CFHEL7ehs Lehigh kor Kahn GABITE
= OWNIR BN D, JFL Lehigh METCIUIALEE GABITID ¢ 25 30 mm, 20mm %
2 10mm EPed 5 2mONT Trs FHEL, —WAEERELL (Ductility Transition Tem-
perature) ¥ 54 L O & —HHTH L BT WS, Charpy idBOM L= 44 & ~ 15 ft-Ib (R
Jc 2. 6kg-m/em® (A3 2) kb 2i3E Tris, Schnadt LB 2.0ke- m/em® 1 TS
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Table 13 .1 Summary of Test Result

T

R g
No. of . Steel otch Shape e
tem i . g i |
l Rad | Depth | , :
Test | used » ainlll;% 3 P grlilm) i Length ¢ (mm) | T.e !
, 0.1 | | i |
E 3 0.25 | | 5 : | .
A-1 | Schnadt Test | F.S. 05 2 | 10 - Fell as » increased.
‘ 1.0 i N
- ) | ke ] b
} . 0.2 2110, 20, 30, 50, 75 ;
| | ! :
| Lehigh-Bend 2 2|10, 20,80, 50, 75 |
A-2 F.S. | 1 2 20 i
o Test " 2 75 1
| 65 2 5 §
T o 1,025y J
! 0 0 } 2 10
Charpy K.R. 95 L. | Fell as r increased !
A-3 Impact 0.25 1, 4 10 ; '
Test F. S 0.1 0.25 o | or p decreased.
T 2 10 -
: 0.5, 1.0 } |
USSR j— P U i S SO
: ! 0.1, 0.3 Rommai
: hn-T | 0.5 1.0 j emained constant
A_g | RebnTear 1o o] 2.5 20
1 Test | | 2.0, 4.0 ‘ as r changed.
| | | 8.0 !
— i._.m ._..,.._,_...._.-.v_,f,‘3, IO A,_;____ ! —_— e et e _
L 0.05)
| f 01| ,
A—b5 | Tipper Test | 0.95 2 20 Fell as r increased. ,
; . F.s. | : i
; . I 0.5 |
! ! ! |
e A { 0.1 4
‘ 0.25
. Double Blow |, | os (1 ¢ 10 -
A-6 | I F.S0 - : Same as A -3 test.
¢ Impact Test | | 1.0
| | 0.25 1, 4 10
!
1

Flow Curve
Test

(Tensile Test) :

Tvr ---- 5025 total energy transition temperature
Tys -+ .- 502 shear ¢. t.

T,¢-.--t. t. determined from notch root contraction
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(Noteh Sensitivity Test of Base Plate)

Transition

Temperature
| — = e
\ .
! T, : Ty ¢ Remarks
. : l E, became larger as 7 increased.
Fell as r increased. (not measured)

‘ T,.¢ fell as » increased.
1 -; .
: Remained constant as 7 changed. (Notch contraction |

(Only when t is 20 mm, fell at 0°C increased as |

slightly as » increased.) Fell as ¢t . r/t increased) :

decreased.

Slight decrease as r increased Ey became larger as r increased or p

| (Not measured)

or p decreased, was indicated. decreased. T,;; fell as r increased or

p decreased.

(Notch contraction Limitting crack length increased as r

Remained constant as » changed. | increased as ~
' increased). increased.
)
: i
Slight decrease as r increased Decreased as = | Transition temperatures determined by

o increased elongation, difference of tensile and
was indicated. | yielding stress, also fell as r increased.

Decreased as r Energy for crack initiation became

increased. (Notch ' larger as r increased or p decreased.
Same as A-3 test contraction increased: Energy for crack propagation remained

as 7 increased) i almost constant as » or p was changed.

! Near the room temperature, ductility -
| of semi-killed steel was smaller than -
| that of rimmed steel, but at the lower
% temperature, situation was reversed.

© Notch ductility of semi-killed steel was
| also higher at the lower temperature.

Trs -~ 16ft-lbs ¢. ¢. for V—charpy test
Tr. -+ - 1.6 kg-m/em? t. t. for schnadt test
FE, ----Energy absorbed at 0°C
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BT, YIRER » AN, VIKIEX D 4G ST Tl T Lcss, BDsRET
(X SRR B B A AT M BB B L L T 207 B i I s3Ik DAL DvD 7,

ST, MMMBEORARCERBBEIRIANADI S THBEHL LILTWS,, LIFEA RN 5
EUREERDISABE KL, KUK L DS HNERIC ADI b BB A+ 5, T OREUTIE
TTH WAL EE A L TE D, T OBITIIEE IR ok & S Hib oSS z 421,
SUTBIWIMBNE LTiiAT 5, TOX D R@EMSRE, #ElL BSOS MSCIOTE: 3 53RN
@ﬁémﬁ?a&,xi»¥~®$%ﬁ%%mf%%ME&EOtﬁé?%%@&%2&ﬂ%(%w
Eﬂ“ﬁm&@ﬁ%w%wﬁiiﬁ@%ﬁ%%%@%@ﬁ&@%ﬁ?%%@ﬁ%%#&,ﬂk%%
AL ENSETHREL, PIREEFAEZ VI, UIREIRCHRES GRBRAIZE 20X 4
NECTLERIREIZET T3 ETFHEANS,, L0 X 5 IcFEMEERIRE A3k Y b iLjc Charpy,
Schnadt FABHR TR OT EHPRICHE DN, BARAET TOWRBBICHENSILL, &
WEEARDOWITETBEIC L ERE KL, EOTRRBIIEI LB Pz 2EHE2 b0, i
WEIHEFLIREET b MIRTLR O BEH DN TI VWL DEBbiL 3, Charpy 48, Schnadt :XEw
o¢ Tipper JAB® Top, Ts SHURTMRCIDOTEBL TWITEBTOTEFEE LTS,
P L. Kahn j{Bikcr Lehigh iR TIRGIRERE 7 1T X SREHBBILE DZErs b MmO,
Kahn K¢ Lehigh 3B iZ M RESETER S AR & o7 RAURFO I MEEHERL,
COEMIRE » OEBSBONENDILOTHADEbHE 2 BN 3%, —HEE Charpy &5
A AUT &5 S AT AT U R OEIT A E D07 REYRIBI TN T S BRI S A B R0
BINTIDT,

T, i)y (Flow-Stress Surface) t5iBifsJ)iE (Fracture-Stress Surface) D#f4%
HPAERIRLE S VIR IR & OBBRF 503 & Lok, SIROR%E Lot \

Az

12 o - @2S-UV/Tr = (1 + d?) (3 + e~2%¥) — 2d (3 — e~ 25/31) ceeeeee (13-1)
a2 '—mﬁﬁﬁ
L "éi*"“—.‘ 10
B¢*

zis 1A B
S—U=#Fhc I 2 %%
s = RABRIA PPRERC X B

T, = EEIRHE e

d = BRIAEDES, iﬂ%ﬁ“ﬂ‘ TAB T A éi‘%LJO'C/J_‘T > T E
v = ;% (1+0. 35ptan——) Brem ¥ = 2

r  =TIRE mm

p =1LIx mm

Lehigh urk”ﬁ.:l‘[ﬂuhrtf#r“c & 2 2z B PR 0 JEE R0 U RIS TGk A A7y 2 Tipper 3ErX 0 4,
Lo E i D
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6 = GIRMEE

t =@ BNEE (), mm (YIRES mm)
¥ TP ERICEEY 5 &, HiaDot5 2 — % —% Table 13-2 OEICER S &, SEB{i& LK
AU ¢ —F+ BB sl s, LG Rk LcDAs Fig. 23, Fig. 4.3, Fig. 44, Fig. 4-4,
Fig. 13-1 Ror Fig. 13-2 TH S,

Table 13.2 Values of Constants (for transition temperature)

Testing Procedure | A Bt Steel S-U ' s 1 %2?‘;15 l e
""" T T e e e lamms ! e 0,09
Schn:Aic%tT (Slrl?c.l? - 1/ 19 ? Semikilled F.S. ;m108.5 OOl?ilgTr;r e 0.05
; ' Semikilled F.S. | 108.5 | 0.0248 |22 . 009
Charpyt (Shock) 10 | b g 009 -
Rimmed K.R. | 114.0 | 0.0360 ;~ 07 —i- - - g
e i e e ] __A’t’.;'ii_. N O:O@ .
! Semikilled F.S.| 108.5 | 0.020 ’ T, 0.373
Tipper*(Static tension) . 1/25 | R —— T S
Rimmed K.R. | 114.0 | 0.015 | T 0.873
Lehigh* (Static bend) | 1/25 | Semikilled F.S.| 108.5 | — 1 Ths | 0.435—0.0554 ¢=0.0032 t2
Kahn* (Static tear) | 1/25 | Semikilled F.S.| 108.5, — | T, | 0.435-0.0554 e=0.00sze2

Y=

oo r 1 6
r
t

T,z -- -- 50 25 energy transition temperature (°C)

Ti1.5+- -~ temperature of 1.6 kg-m/em? energy absorption (°C)
Trs - - ” v 2.6 ” (5ft-lbs) » » (°0)
T,s ---- 5025 shear transition temperature (°C)

213 1-60

1931-60

73 L‘/"a
-
3 T.pper Test
. . A’/E‘z ’/25 d=037}
1531120 o Semikilled Sleel!
S5-V=/08.5. 4=00i5
¢ Rimmed Stee/

133140 5-U=/14 . 420020
1
1) /bl L — 1y L 1 Lo
2002 r/m’” 005 2008 a0/ 0.02 004 006 asdal

Fig. 13-1 Relation between 7/t and T,
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AYgielYs 5-U=18.S, d=0435-00558C
2331-40 4 o
. =025 MM T=/p%M 5, "M “ 75
Leheigh Bending Test ; ;“;.:: - t=”.,.20 20™7 S0
o 2007 te1p™ 20730 07T 1SN
2131 -0 ® rz=g0008, tzq5™
X p=g5om®, LsyshR
T Kafn Tear Test % @ P=01"™ a3%% 05"" (80™7700™" 400" 300™
{=2007
1 1 1.1 1 '] 1 [} 1 1 1 i | 1
0002  0.904 0408 0.0080.0/ 0.02 004 0060080/ 22 2y of a8 /o
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Fig. 13.2 Relation between r/t and Ty

Thic X 3 & AYBo® OEHFHCEBFRICERRR TR 1/10, #IWRRTRX 1/25 Ty ),S-U
ofiEHMitc X oTE: b, HRY & FETIE 114.0, « 3 #4 FETIX 108.5 TH 3, Tk d D
R EEAB T Tor GRSTERIRE 0 LT 0.00, T 270t Ty GEMBEBIEE) ot
LTiZ 0.05 #HHEBRCIRC N L VAR REEKEDOT\W3, AL Lehigh Ko Kahn SRR TIEXRE
i XoTdDEREAL, WESAERZILHEALTWS, CHIEERCI B L Sickd LTHR
FITETR A & e D BAEBICEE LA N 3BT = 24+ ¥ — DHBIC L 5 b OZ BbN 3,

%z, € IFAFERICOVWTEREE » =0.25mm HIREEX GRNIES () £ =20mm D
BADATRRZEC X OoTB b 50 % SIMAERERIBE T LHET 52 Tipper ABRIC X
23 ODHRMEORERRIC T 3 LDk LT 15°~20°C &<, {t®> Charpy. Schnadt. Kahn.
Lehigh SRR TR« & U WEZ RISHITARO S SO FMLICECWEBBREZRL TV,

0 EBART® 3 Schnadt 388k & Charpy HERZ LT 3 &, Fig 4-7 ORRiCNIST 5=+
N F —BIIR R i I3 2 T B 53R 0 B L 543, Charpy BB O HHSEBLBEESPRREC H 3,
AR BRI OV TR B DR DT En,

1-2 W= 50 — o33 255

B 5—FEETICED 3WR = 20 F —BERER 7 25K, DIRES p v/, HBIHFEE (D
 p/hE RSO THAT 2, chldxs LTOREROBSHED, SshEsmi L, IR
SO BRI ORARACEFT 2B = FAF —PBERTE2H TS, COT &E AR Charpy
RBICEOTLW BT SSs, Fig. 7-4 37 Kahn HBROBATFEZ TORM = 0¥ —RIT
Lehigh HBOWREIDOWEEER 7/l BKREEBCONTHALTWIT LI VHLHTE S,
(Fig. 13-3 Zux Fig. 13-2),
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Fig. 13.3 Relation bet’ E; (Energy Absorbed before Max.
Load, at 20°C) and Notch Radius »
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Table 13-3 Values of Constants for Various Steels and
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Fig. 13-5 Crack Initiation and Strain Distribution
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