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‘ Further Investigation on the Testing Method

for the Notch Sensitivity of Steels

Abstracts

' §1. Introduction

In order to establish the testing method for the notch sensitivity of steels, further
investigations on the following testing methods, namely
(1) Schnadt test,
(2) Lehigh bend test,
(3) Charpy impact test,
(4) Kahn tear test,
(5) Tipper test, and
(6) Van der Veen test. 4
were carried out. Two charges of ingot, a killed mild steel and Mn-Si type high tensile
steel, were used for the tests. The radius and the depth of the noteh were changed in
series to know the effects of notch shape on the transition temperature. Also double
blow impact test were performed in addition to the above test to make clear the charac-
teristics of Charpy-impact test. As a reference the flow curve test was made to inves-
tigate the stress-strain relations in plastic deformation.
In addition to the above notch sensitivity tests, the following experiments were
carried out to investigate some special problems,
(1) Crack-starter impact bend test, and
(2) Strain-aging test.

8§ 2. Schnadt and Charpy-Impact Tests

Schnadt test on a killed mild steel and high tensile steel were performed with speci-
mens having notch radius of 0.1mm, 0.25mm, 0.5mm and 1.0mm respectively.

The test results show that the transition temperatures determined using various
criteria always rise with the decrease of notch radius, and the absorbed energy at a de-
finite low temperature (for example 0°C or —20°C) falls with the decreage of mnotch
radius.

The transition temperature and the absorbed energy are calculated by the same stress
theory for Charpy test and show good coincidence with the experimental results.

Also to get the verification of the proposed stress theory for notch brittleness of
mild steel, Charpy impact test was performed with specimens of various notch radii and
depths taken from a killed mild steel and high-tensile steel.

The experimental results well coincided with the theoretical values both in the
transition temperatures and the absorbed energy, and the validity of the theory was
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confirmed.

It was proved that the constants obtained by the experiments which were the charac-
teristics to the, material for the transition temperature in Charpy test were applicable
to Schnadt test with a small amendment considering the difference in stress distribution.

§3. Lehigh Bend Test (Impact)

The effects of notch radius and specimen width on the transition temperatures of
Lehigh type specimens were investigated by impact loading using 1500kg-m large impact
testing machine.

Transition temperatures by energy, fracture and lateral contraction criteria were
measured for comparison. Fracture transition temperatures were not changed by impact
loading compared with the static loading, while energy transition temperatures were
raised remarkably by impact loading. Also specimen width and notch radius affected

considerably the energy and lateral contraction transition temperatures.

84. Kahn Tear Test

' To know the effects of notch radius on the transition temperatures of Kahn tear
test, experiments were done using the specimens with various notch radii, 0.1mm, 0.5
mm, 1mm, 2mm and 8mm. respectively.

The test results showed that the obserbed fracture transition temperatures were
practically not influenced by the notch radius. However the critical crack length, i. e.
the distance from the notch root to the critical point where the ductile crack changed
abruptly to the brittle one, increased with the noteh radius.

85. Tipper Test

Series of notched bar tensile test (Tipper test) with specimens of varying notch
radius, 0.05mm, 0.10mm, 0.25mm, 0.50mm and 1.00mm were performed.

It was found that the transition temperatures determined by 50 25 of the maximum
total energy absorbed, the elongation in 100mm gauge length, the 4 22 reduction in
thickness and the difference of tensile and yielding strengths' fell as the notch root ra-
dius increased, but the one defined by the 50 25 shear fracture was practically not affected

by notch radius.

§6. Van der Veen Test

The test results on mild and high tensile steels, 20mm thick, proved that the tran-
sition temperatures Ty at which the depth of shear fracture decrease to 32mm, and T
when the deflection at maximum load becomes 6 mm were correlated well to T, and T.y5

respectively determined by the standard V-Charpy test.

87. Double Blow Impact Test

Series of double blow impact test were performed on V-notch Charpy specimens to
divide the total energy absorbed (W,) into two parts, the one for crack initiation (W,)

and the other for crack propagation (W,), after examining the W; and W,~temperature
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curves, it was found that the notch contour strongly altered the shape of W, curve, but,
practically not the shape of W, curve. Also the charateristics of transition temperatures
determined by various criteria were made clear. T, is the typical ductility transition
temperature, ahd is closely associated to the W;~temperature curve. T,z is of the in-
termediate nature of ductility and fracture transition temperature, and correlates well to
T,s in Charpy impact test. W,~temperature curves has close correlation to per-cent
shear~temperature curve, and the transition temperatures obtained from both curves are
the typical fracture transition temperature. '

88. Flow Curve Test

Flow curve test was carried out to give the fundamental data on the plastic defor-
mation and fracture of materials used for various notch sensitivity tests.

A killed steel and a high tensile steel were tested. The tensile test was performed
in some temperature-range (from —60° to -+80°C) and flow stress and strain up to
breaking point were measured.

The test results confirmed the following conclusions.

(1) The flow curves in both directions, parallel and perpendicular to rolling, were
practically the same.

(2) The flow curve could easily be determined by the two load method proposed
by MacGregor.

(3) The gradient of the flow curve considerably increased at lower temperatures,
especially for high tensile steel.

89. Crack Starter Impact Bend Test

The device to initiate brittle fracture by notched brittle bead was proposed in the
explosion test and the drop weight test by Pellini et al of N.R.L. The similar devices
of Crack-Starter have been applied to several researches in Europe in recent years.

In this experiment, the 1,500kg-m large impact testing machine was used to test the
drop weight type experiment, and examine the characteristics of Crack-Starter test and
properties of steels against sharp crack. '

As to correlation with standard V-Charpy test, the 2kg-m/em? transition tempera-
ture of this test corresponded to 7ft-1bs energgr level by rimmed steel and 13ft-lbs by
killed steel in V-Charpy test.

Behaviours of fracture showed that the crack arresting properties of steel effected

on the test results together with the properties of crack initiator. N

§10. Strain Aging Test of Structural Steel

A series of experiments were performed with V-Charpy impact test about the effects
of directions of hot rolling or cold straining and tensile or compressive straining on the
strain aging properties of current mild ship steel plates. Additional tests on the effect
of straining on aging and the recovery from aging through heat treatments were carri-
ed out. From test results, it was found that V-Charpy transition curves after aging
were affected most significantly by the direction of rolling, but very little by that of
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straining. The degree of aging by compressive straining was considered to be approxi-
mately the same to that by tensile straining up to about 5per cents of straining;
however, it seemed to be very difficult to compare between the effects of tensile and
compressive st‘L‘ainings due to the un-uniformity in compressive straining when the
plastic strain was extended to about 10 per-cents. The recovery from aging by heat
treatments was observed from temperatures about 500°C and above for the steels tested.

§11. Conclusions

The experimental results on steels, including the ones of previous report , were listed
in table 11.1, in which the effects of the notch shape on transition temperatures were
summarized. These transition temperatures were classified into two groups, namely
ductility and fracture, and the both could theoretically be estimated by Eq. (11-3) using
the constants in Table 11-2. For calculating the fracture transition temperature the
notch radius was assumed to be zero irrespective of the originally machined notch con-
tour. Also the energy absorbed at low temperature could be calculated by Eq. (11-3)
with the constants in Table 11-3. Further the characteristics and correlations of those
transition temperatures were scrutinized and the following conditions were concluded
regarding the notch sensitivity test of steels.

(1) Any test is sufficient to evaluate the notch sensitivity of steels provided that
the criteria are properly selected to measure both the ductility and fracture transition
temperatures. It may be convenient to adopt a test that discriminates the difference
between transition temperatures as distinctly as. possible.

(2) Notch radius should be as sharp as possible. By using sharply notched speci-
mens, scatters in experimental data are reduced since the specimen suffers less effect of
machining errors in the notch radius, and material constants can accurately be estimat-
ed. Also the fracture transition temperature is less affected by the critical crack length
in specimens with sharper notches.

(3) To prevent the brittle fracture of welded structures, both the ductility and
fracture transition tempratures should be below some critical temperatures respectively.

There is no way but to determine empirically the values of these critical temperatures
for each test adopted, since under the present state of our knowledge, any complete size
effect law that relates the transition temperatures of small specimen and actual struc-
ture is not yet established.

From the results of crack starter impact bend test, the characteristics of this test-
ing method and correlations to standard V-Charpy test were made clear. Also the aging
test offered the valuable data about the strain aging phenomena.

* Investigation on the Testing Method for the Notch Sensitivity of Steels, No. 6 Report of the
Shipbuilding Research Association of Japan, November 1955.
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Table 1-1

Properties of Steels used

. Chemical Composition (2 Mechanical Prop.
Steel Kind = Ip)ate R _ . -
No. K of Thick Yield Tensile | Elonga-
wor Steel C Mn Si F S Cu Point Strength tion
(mm) (kg/mm?) (kg/mm®)| (%
Y.K.| Yawata | Killed | 20 | 0.138 0.80 | 0.220 0.017 0.023 0.177] 32.9 48.7 30.3
K-4 | Kawasaki I%é%‘;ﬂe » 1 0.130 1.190| 0.481] 0.012 0.006 0.176  34.7 52.4 29.0
- ; A 246 | A 40.7 | A 30.0
(K.R) ( » ) |(Rimmed)| (~) | 0.130 0.51 —1 0.026 0.034 0.21 | § 5¢°7 | B 406 | B 9970
- Semi- T
(F.8)| (Fujd) <kilrll<lad> (7)|0.208 0.78 | 0.064/ 0.014 0.022 0.189,  28.0 46.8 26.5
SK.| Yawata | Killed » 10.17]0.78 | 0.28 | 0.018 0.019 0.17 32.4 48.0 30.0
S.R. P Rimmed | » | 0.25( 0.59 | 0.009! 0.017] 0.029 0.25 30.5 45.5 23.8
- High 0.17 |'1.28 | 0.40 | 0,028 0,019/ 0,19
S.H. v Tensile | ” |0.16|1.16 | 0.45 | 0.028 0.017 0.20 | °5-9 b4.2 21.1
(Note) (1) A: Top of ingot, B: Bottom of ingot.

(2) Steel K.R. and F.S. were mainly used at the 12th Research Committee (3rd Sub-
committee) of S.R.A.J.1

Table 1.2 List of Experiments performed

Steel used

Test Member in Charge
I. Investigation on Testing Method
of Notch Sensitivity : _
“ Sohnadt Tet Mases Yokt o Croko Dniversiey) | Y. K, (1. 5
b. Lehigh-Bend Test Hiroshi Kihara (Tokyo Univ.) F. SH
(Static and Impact) Transportation
Haruyoshi Suzuki Technical
Nabukazu Ogura Research
Institute
. s Y. K., K4,
¢. Charpy-Impact Test 'I%‘/I;lfg:h?ﬁ?rg;awa (Tokyo University) | (F. 8., (K. R.)
d. Kahn-Tear Test Yoshio Akita Y. K., K-4,
Kazuo Ikeda (T.T.R.1D (F. 8>
. . R Y. K., K4,
e. Tipper Test %}fs‘f]slgl gggra (Tokyo Univ.) (F. 8, (K. R)
) — Y. K., K4,F.S,
f. Van der Veen Test %};%Si? i{;ggra (Tokyo Univ.) K
g. Double Blow Impact Test ] Railway Y. K., K-4,
Midori Otani <Technical ) (F. SH
Research Inst.
h. Flow Curve Test Masaki Watanabe = (Osak Univ.) YK KR’ ¥ tS )
(Hiroshi Kihara, Nobukazu Ogura) (K. R, ete
II. Investigation on Crack Starter | Haruyohi Suzuki T.T.R.I S. K.
Impact Bend Test Nobukazu Ogura (T.T.R.L) S. R.
TI. Investigation on Strain Aging Hiroshi Tamura (T.T.R.1.) S, % S. R,

(Note) Member in charge and steel

1

used in bracket are those at the 12 (3) Comm‘ittee.

AREMIR G ReE, H65, 1955 £ 11
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Size and Form of Specimens Testing Method Kind of Steel |#(mm) | p(mm)

unit mm 0 2
45’ 0.10 2
\VA
)C_;’ ! Schnadt Killed Steel 0.25 2
r X
O I 0.50 2
55 1) —
1.00 2
unit mm 1 0.10 2
High-Tension _&25 77'2‘_
Steel 0.50 2
1.00 2
452
\K\/7 i : ' 0.10 2
}'2 ......... Charpy
I =
] 0.25 1
55 — 10 0.25 2
Killed Steel
0.25 4
0.50 2
1.00 2

1

Fig. 2.1 Size and Form of Test Specimens
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Test Results

. Notch Tr T |
et |Kind ofStel Baus| Bty x| e T e miem)| g
!

0 2 | 0 — 3| 210! ~28| 245 6.3 2.4

0.10 2 | 0.00645 | — 4| 269 | —35| 238 6.4 2.8

Schnadt | Killed Steel | 0.25 2 | 0.01613 | —23 | 250 | —53 | 220 9.5 6.4

0.50 2 | 0.03225 | —46| 227 | —63| 210| 12.1 7.6

1.00 2 | 0.06450 | —67 | 206 | —95| 178 | 14.2 13.6

0.10 2 | 0.00645 44| 317 3| 278 2.3 1.2

High-Tension| 0.25 2 | 0.01613| 27| 300 —18| 255 5.9 2.3

Steel 0.50 2 | 0.03225| o 23| -3 237 11.9 7.9

1.00 2 | 0.06450 37| 236 | —49 | 224 | 19.5 16.4

Charpy 0-10 2 | 0.00645 2| 275 | —20| 253 6.9 2.6

0.25 1 | 0.03225 | -24| 249 | —67| 206  16.3 12.2

0.25 2 | 0.01613| — 3| 270 | —30| 243 10.2 5.0

Killed Steel

0.25 4 | 0.00806 | —12| 261 | —28| 245 8.0 4.4

0.50 2 | 0.03225 | —18| 255| —40| 233 | 13.3 8.2

1.00 2 | 0.06450 | —39 | 234 | ~67 | 206  17.0 13.7

11

=_ —<1+0 35p tan—2—>

r=Notech Radius (mm)
p=Notch Depth (mm)
TrE

t=Breadth of Specimen (Length of Notch) (mm)
g=Noteh angle

=Mean Energy Transition temperature

T, rp=Transition Temperature defined by 2.6 kg-m/cm? Absorbed Energy for Charpy Test or 1.6 kg-
m/cm? Absorbed Energy for Schnadt Test

E,=Absorbed Energy at 0°C

E_,,=Absorbed Energy at —20°C

Table 2.2 Values of Parameters for Test Steels (Tr. Temp.)

. Transition Testin |
Kind of Steel Temperature Methog d 'J § S— U
; ; T,g 0.09
nggteTe?nSﬂe ——————————| Charpy e B LN ) (Y 116.0
Trrr O 05
Charpy 0.0385
Tk : — 0.09 |——
Schnadt 0.0181
Killed Steel — - 98.2
Charpy 0.0385 .
Trw ' . 0.06 |--———— )
Schnadt 0.0181
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S-U=982 5-U=98.2
280— 4 =00385 280— S =008
Tre |°
r ‘.K -~ “-.N\
\TrE
260 260
_ - N \\
'Y
3 -0
540 Tns ) \ 240 _ N
\ N W \\
220 220 oI\
Tre, N Tre, \\
Trl5 ° 0\\ Tns (]
o200 200 NEIAN
K K ‘\\\
N
180 180
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Fig. 2.2 Relation between T,p, T, 5 and ¥ Fig. 2.3 Relation between T,g, T, ¢ and ¥
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Table 2-3 Values of Parameters for Test Steels (Abs. Energy)

Kind of Steel | Absorbed Energy | Testing Method L C ] S-U
High-Tensile o Ch 800 | 1.3 | 0.0170 | 116.0
Steel B arpy . . .
-20
E,
_Charpy 870 0 0.0385
. E_y 3
Killed Steel 98.2
E, 4.2
—— Schnadt 240 |—— 0.0181
E_, 1.4
T T o T T T T
161 ijled Steel ° 16 Kil eel
Charpy Test Schnadt Test
Gl 5-U-982. 4=00385 ol 37U=982. 4=0018i °
o :F¢ =870 C=0 e ° ®:FEo L=240, C=42 Z / °
IZ—O:E‘ZO L=870 C=0 ® i2l-° :E-2001=240, C=1.4
|0 (] / / |0 / /
/|
Eo Eo.
/
E 20 8 —EO// © —1 E;Zo 8 S
N o Eo
Kq- I °
6 o~ 6—
Z /
J [«
p » 1E-2 4
R E-20
2 (e} o ]
0.00? 0.004 0006 g0l 002 004 006 0! 20‘002 0.004 0.006 (.00 0.02 004 406 01
'3 11

Fig. 2.7 Relation between K, E_, and ¥ Fig. 2 -8 Relation between £, E_.,and ¥
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Fig. 2-10 Relation between T,,;, T, ¢ and E, Fig. 2.11 Relation between T, 5 and E|
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II. B A HAK

AR LB OTPRE S 3 - 1 RICSR Lo BBRATHIE 75, 50, 30, 20, 10mm 0 5
MHETHY, BRI BEAE 45°, X 2mm, GIREHEE 45 0.25 mm 3L 2mm O=Ff
ERAL T2, THICE D THRDEGEE & bt e#2bnsd R/T (R: GyxEmyx, T: 4
ROFRE, THbbRBRAT) OffIE 0.003 &9 0.2 OBEIZESIISNT B L Ll b,

lied Nolch

2mm Deep  \

45"

Angle
025% 2mn Root Rodiws
Plate Rolling_Direction

Thickness
(20mm) /
’ g
f——————— 250 mn 10
20
0.

Fig. 3.1 Specimen

III. REROFESEMN

AFARIZ 117 2B A A B L UFTIIRT- SR 88 3 - 2 JUTSR Lo H L7 3tBRi D
BEfRA D, T bidAsko ) — A BRI BT BT LIRS R OT VDY, T OBRE OB IAER
MOBEBHRRIR L CEIRELFEIEZNLDEEL BN D,

Total Weight of
Pendulum : 546 kg

7 Radius

Fig. 3.2 Specimen Support and Striking Edge of Pendulum

Tabe 3.1 Swing Angle and Velocity of Pendulum

for Each Specimen

Specimen Swi Velocity of Pendulum

Width | Notch Rad. wing Angle at the Instance of Blow

75 mm 2 mm 75° '7.4m/sec

75 0.25 60 5.9

50 2 60 5.9

50 0.25 45 4.5

30 2 i 45 4.5

30 0.25 | 45 4.5

20 2 : 45 4.5

20 0.25 30 3.1 N

10 2 30 3.1

10 0.25 20 2.1
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IV. EBR#ER

BRILROABITIZ OV TR LN = 3 ¥ — B, M (B BBk & OmEER
HiIARE S 3 -4 X, # 35 MBIV 3.6 RITHE L. ZHADHEARE VEBO-BRELEYEIX
REIEE R/T 2B & D> CTHF L 7ofsifins, #8937 KB L0 3-8 MTha,

75IT T 20 IS T
5T 757
60 15—
40 2R i 1o
. 2R | Gt
20 ./-,.4(——] - . SN L D25
y ) —e
0 .
50T S .
60 TI= 1522
40 R __.,4-04_“_ o & _+—d o
’ ] 0.25R
= 0 : ,}/
& 30T g
£ 60 ——r = 30—
P 2R =
5 40 - 2 20 fi
5 - o T
3 20 0.258 :__” 10 a | 0-25R
g ° ] ‘ 8 .
< 60 S 10 20T
‘0 2| ° = :
AP S g0 =T
20 ] 0258 B 0k 0258
0 'J[ 4 o
10T 10T 2R
50 30}——F—— -
40 2R 9 et 20 &
J L] { 025R
20 = v 025R 10 —=
oL el | | L] 1T 1]
<140 ~100  -60 -20 20 60 o 40 -fo0 -0 -20 20 60 100

Temperature °C Temperature C

Fig. 3.4 Energy Transition Curves for Various Fig. 3 - 5 Duetility Transition Curves for Various

Size of Notched Impact Bend Specimens Size of Notched Impact Bend Specimens
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Fig. 3 -7 Relation between Energy and Ductility
Transition Temperatures and Notch Sharpness
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Fig. 3.8 Relation between Fracture Transition

Temperatures and Notch Sharpness

FLINLABEBBEEY ~ERE THEH 3.2 RO L,

Table 8 . 2 Transition Temperatures

: Impact Test Statie T.
Not(':h Spe(.:imen Noteh -
Radius Width Errfez"l‘gy Contraction Fr%ctr:rure Fr'%ctTure
.T. T.T. .T. .T.
75 mm ~ 67°C| - 68°C 40°C 40°C
50 - 84 - 87 40 40
2mm 30 — 86 - 90 17 30
20 ~100 -103 26 15
10 ~126 —126 6 -12
75 16 8 | 42 39
50 5 - 6 36 38
0.25 30 2 - 13 32 30
20 — 10 - 12 20 22
10 - 17 — 20 0 ~11
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YROHRE . -
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2SR 1.1 FIRT,

L RBEHLORBAE

ABRITOBIRERE 1 2RO L SRS S,

¥ L F M 0.1 0.5 1 2 8 mm
ok O 0.5 2mm
BRI 4+ 1 RIORT IS, IREM HESR LY 1mm /LIRS X S ITHREDT, A
BRI OERH Mo — L HRE—BT 5 L 512481y
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T.s Temperature of 5025 shear fracture

1
Too " " Emax. (og—oy)
1 .
T, ” " Emax. elongation
]
T " v gmax. energy
T, " v 4 %2 reduction in thickness

INHOEEH 5. 1 FIRT A, ERERIE —60°C £ TT, —100°C % TuHEEIs L > TEER K
W, FERE DT Th b, FNLVESIENE BN DL OIHEERTET *ElE 217 Tdh %,

Table 5.1 Various Transition Temperatures

Steel Notch radius T,s T, T, T.r T,
No. (mm) QY O Q) C 0
0.05 -20 - 51 - 53 - 53 - 57
0.10 -25 * — 58 - 59 — 63
YK 0.25 —25 (=) (=) | (-
0.50 ~25 (=79 | (- 83 | (- 8)
1.00 -25 * (=100) | (— 98 | (- 95
0.05 20 —41 - 15 - 14 — 87
0.10 20 _48 ~ 16 — 17 Y
K-4B
0.25 20 * —~ 65 — 62 *
0.50 15 * * *

BIRIRIIH L CAFRERIEE A Hi< & Fig. 5-16 O X 512785, —HRICEIREE I/ DX LTI D
b Tos 3EMZT B@EN2385 575, EORBIE LD THE W,
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Hx Ly

WL 5L ¥ — OB E L TS OIZ L2 TREDD T 5- 1 FThMD L5, Th &
Toe 22 EAEE L v, BIREERNKEL 5D E Ty, To 13ETT 27, TOREIHFHI LD
TH D,

Too BEVREEAKRE LI DIZFEDTET T 25, —HC Top £ 0 L, BRILHEFROT S,

— 93 _



IIX.  #%

J’J [‘ z*i@ﬂ_ﬂ’{% (/{' 12-3 Zl}Tjurl
F}I’ﬂg@,‘i\‘ ﬁ%’“oﬂ./u 10\_/)\/ '(\'f‘/\f‘\_fj\
BEYEDBASIRIE Ths (EBIRBRAIKE 10D LK< 752 DM A D 5 A1,

(1)
THh oo

(2) BIRPEED/NE
RETRE(R & 13 & A X TR

&, H B

(3) AhONZBIRAEEAVIE T EhE <
W = )L ¥ —
T?'E Li?ﬂ‘:ﬂ/\o

(4)

IR —BREIRNE

(5) EIPLRIIME TIIPIRERD/D X T L/ XL,
B G R 0 BB L B RIREE T &3k BH R E L Tid, HEHEm G
CIREEDEEL T LA EZIT W3 T S BFi2 H5. L,
BAE<Te 8T, BIRERITNDE LRV,
UIRIRSEZOEE 2mm T 507745, RIEOEA, BIRLILOBET GABEIEL 0 2008 7

OFEREAMEV ) TR L2 b DA =570 T, & 354 LIEVHAR L E B b,
— 24 —

il

-20

—100

A, RIS RIS LB S f,
I T B
O DIBLRIE T 55\
RIS OIS E N, BIFEBD /N E E SR T L F — 1) <

STEEL YK STEEL. K48
x Trs
i o Tro
2 EXR Xt — — e~ -
o Tre
v Tre
X s
o Tre
B - a T
T o T
v Tre
i
L
N
.
- \\ A
123
L \t \‘
\ \
1
FEY l 1 o ) . 11 1 N
00501 025 0.5 1.0 00501 025 0.5
Notch Radius  RR NoTch Radius ¥m
Fig. 5 .16 Relation between Transition Temperature
and Notch Radius
SO L ANAUL4AFE) 12D T

ﬂ]k*@é&ﬁa
X_I:th\,/n \l.ﬁ’jh )j‘%)cl:{j(@lf_@’rf)éo
ORI T <

YRR </ EVE

W BRI T e 12E,
i oEY LTERD,
EhbnkEZIE T 7



FEHSBBEIEE LTy » A E—0 T 2fdd oo T, & B sh JEded sked 5 2 L 1 LK 8

THDHY, @k¥@@f<¢*b%ﬁi%ﬂ&@tkfﬂwrhwiém&ﬁ%U MBI 2SS
FHHeTrinnitiedrBhhd

Ltﬂof,%MWM@HEWW%K%VTW,@E B & JEPIERE O TR A B D 7o ol T
EDREGPRPER/NDESLTATI ZENHEF LV EHBR Do

5 6 3% Van der Veen i Bt
(HABEHE -0

I. e, HMBRAMRE LUEHRAZE

SRR L 7ogi 5 20mm D+t XL K FS, %0 rgE YK, HT 52 &5k 4 K- 4B
DIFETH S

RRBR T DIIRIZES 6 - lm_mfﬁ@f UL 3 LR — L E s, RO F iR L7, W
it 125 Cr g% 45° OMPECHESE LT 4 71y V&, i 6+ 2 FIORTREE AT 3mm
DVE X IZHHEAA TS Lo BIRD 7 L 2T 10t 7 427 —FBRIIZ L > TITv, sy 9t T
Iotre BIROIEAFEED LHEE 6 -3 KT, FHTODDIZOWTHIRFEZEFTM L2, »
TR LERERIE 0.004 mm LT THot,

Yoll direction \/—dS‘
| \Em
4

e )

L 25 daok

Fig. 6 .1 Test Specimen

Vi

l_% I == ‘- L
T @@j
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DTH Do
L (1) MR HBOREEREE Tn b2 x ¥ —BBERE T 2 &M e b b TRS
—ET %, "

(2) il SABR O IESEILIRIE T low energy level BREUIE Trrp (10 kg-m/em®), [T
UHEBIBIRIE Ty (425) XM &b OO TR —ET %o

(3)  RATEERIRIE & MBI IE OIERE—3 L T 525, Th L EAHBIBIFRIZ R Hides 2
72

M7 EE TR
(RABHE T-g)
XL &RE

GIRAIREARRE, S O GIRIEH: 2 R 2R BN il L TUECAV-HNR TV 2, L
(AT TR RBRASE T T A0 T, MRS A Sl <, RRBRORHHINI RO
B EREN TV 2o

SMIRE~EHE AR, EERORA & EBICET DMSIGEBWN S L, BRI L P
BHkE LT, M ZEMRRREIER SN, AR TR 12-3 DIEMADERICS T,
ZOFE X PR & ORI U SRR OB RIEN: & WRBRA DI R AR T 5

Lk E LT

II. EERAsHA

BRI Lo i, A0 iR Y. K. s X O ERIEE K4 T, TOFRRMAHE 7 - 1 R

Table 7 -1 Chemical Compositions of Steels (25)

Class Théfr‘frggss No. C Si Mn P S Cu
A-13| 0.18 | 0.019| 0.45 | 0.016 | 0.020| 0.254

Rimmed Mild s B-13 | 0.19 | 0.01 | 0.35 | 0.007 0.027 | 0.30
Steel C-13| 0.194 | 0.009 | 0.48 | 0.023 | 0.014| 0.22
D-13| 0.20 | TR | 0.44 | 0.035| 0.013| 0.29
Sefl{‘,}g}led 20 FS | 0.208| 0.064| 0.78 | 0.014 | 0.022| 0.189
Killed 23 K-3| 0.21 | 0.16 | 0.66 | 0.014| 0.017! 0.21
M.S. 20 YK | 0.138| 0.220| 0.80 | 0.017 | 0.023| 0.177
H. T. S 20 K-4 | 0.130 | 0.481 | 1.190 | 0.012 | 0.006 | 0.176

1) KRar, Mefant, 1954 4 11-12 7, 9, 250.



T TH 5o

IRdSAE TIE, T TIC IR A M L K FIOME, b 4 KR4l (A-13 - B-13-
C-13 - D-13)"0, & 3 F A FELAL (F.8.)7, * v ML (K-3)"%, o/ afE b ke,
SRR T L OB 2 2 & & Lo BHO70LL L0 O e —H LT 7+ 1 #3 )
UH 72 IR L7,

Table 7.2 Mechanical Properties of ‘Steels

o Yield}Point T;}lsile St-r:ength EAlonga;i.on Reduction of Area
No. ay oR Z @
(kg/mm?®) 4 (kg/mm?) (% (98)
A-13 25.6 . 41.8 31.6 53.8
B-13 28.4 42.6 217.2 —
C-13 25.8 42.6 26.3 57.0
D-13 30.2 45.6 . 23.8 47.9
FS | 280 | 468 | 265 —
K- 3 31.8 81 | 28.0 _
YK 32.9 48.7 30.3 —
K-4 34.7 52.4 29.0 | —
Table 7.3 Combination of P and R
II. & 8 K Steel | P
No. | (mm) R (mm)
W71 EOY . L SRR Y, SROT-L5 as | 5 oo 1.00
A DRI L, 4657V OUREMEHROT e WK pas| 2 025 1.00

DR (R) 12 0.1:0.25:0.5: 1.0 mm 2, &
& K 2 THB L, b YK,

FE) @ L2 dmm 2R TRR Lo fiF YK D3l 2 | 0.25:1.00

BLO K4 k42 P &R OMAEE, HICERL - I -
0.10 - 0.25 * 0.50 ; 1.00

C-13 2 0.25:1.00

no

55MM FS
275 —h—27.5 —A 10~

- 4 0.25
[—‘Y—’— ° ]
CJ 2 —

: K- 3 2 0.25: 1.
NOTCH

) S

. 10.25
YK | 2 |0.10:0.25:0.50:1.00
I 4 0.95

K- 4 2 0.25:1.00

Fig. 7.1 Specimen

TBFEDOEIIH T 2 A & &b, —FLTH 7 -3 Fi208d,

2) K4, Moz, 1955 45 1 8, 1, 49 &5k OoER L.
3 KB, PHHBRIHE, 6167, 1955 4 11 f
1) AAEIHIE B, 63, 1955 42 11 f, p. 22
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Table 8 - 1 Radius of Curvature

Mark Temrggigture (mam) (mRm) a/R Mark Tem’gzigture (mam) (mRm) /R
80 2.3 2.4 | 70.95 80 2.4 1.9 1.2
50 2.3 2.5 | 70.94 50 2.3 | . 1...?;_ 1.2
“lgn_)om TgnTpT B 2A3M 2.2 i ]f Room Temp. 2.2 2.6% 0.83
YK 0 2.4 | 24| 1.0 | K4 0 2.3 | ;201 1.2
~20 2.4 1.9 |5 1.22 -20 227 2.6 0.86
—40 24 | 17| 14 —40 w240 1.9 1.3
- 60 2.2 1.9 1.2 ~60 2.5 2.6 0.97
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Appendix. 1

—BRITIE 753 A5 R B A5 RIS h & 51 5 & &, HBRIN OHERITHASEE®HIIREX
HEIZET HF T —BRIRD T D, Lo LT REBREOHERR & 45 12 HRIIMET LiGo XK hili ¢
o BEBHEER BT LIRS0 B A LIkl o — a8 TR OM TICE L, EEROMIELILA
8<%, £ LTI DEFUIIBIEAILT I LIFTHI/BE h B IBEAFFEICN ST 2 BN AR % —
BRALST DIEE MY £ OWTERE CRATFE L b o2 TE LI 5, BT T 5 L BHUUH 28 L7885 2k
G, BT LSRR OWTERAR L RR R Lo TliEsh, BAMELES THHIIFEA EBkE

ST TWIRWERZ DI TH D,
T A R= LD BRI BT A BB OB L7 i 2 AT L 2 TilRENHIT TH B H
5, RABRMRAME LM LB T 1 1= LIAROKRMOMEOEME WD Z L2 L2 T, Tk
BENDRAESICE A2WED S~q' 2302 L1585, 2212 S FEEH THBRAHR O L /- HE
EIE L RBROTER L BATE L VAR L1356, 70 ¢(=log(An/A)) (R BT Rk L

| R+ L EE (=log L/Ly) 128 L\,

. R E DA DR RTFE A & 0 BB E SR TR S 0 2T BEIR T OTEZE ZIE L, Fh
RIS T AR BT S RE BABEBICIETE S, L LT S~¢ ik i BATFES A S
RIS & TIXEBRC e B Z E AER L VA DTV AN T, Hidk Lok & 2Tl T5eers
S~q WMt IETEDL DT TH S, Lo LI MBIz 5 21, Zodhifiro ¥ O A

9 -183°C F TizEMMM- Shinv L RE SR T 5755, —60°C ¢TIz idme L and, HAER
bFgEtHsz e, #65, 1956 4= 11 7, p. 26. (Fig 8-3)
i R BRI ETLERNIZ necking IMEDORID I EAMEIATVD,
*#  «Relation between Stress and Reduction in Area for Tensile Test of Metals’’, C.W. Mae Gregor,
A.LM.E. Metal Technology, vol. 1.805, April 1937.
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MRS AR AHER L T SRR BT BEE & 70 B,

ULoBMIEiicd 77y 028 =5 —#4{857:0I128 9 - 1 320 6 FiAOBIEFRIZ OV TP
BE1T 270 TNHOEEHZ OV TOMBRGEIEZHS 92 32 A S.R. 24 BLUH 9-3
= (4t S-Ii-‘é%mﬁﬁ) IZE EDT, 9.3 33 M. H. 25 (Murex Herdex 25) (Z-D\sTiEES
B A TR TSR OB T 5 545, =t Pellini S0 5B B S N7 R Th Do =0
PRSI O3 LA, MEOMREA SR S RS L, 75 v 7 25 — 5 — & L TEARAESE L 75
DI ERESLN T B4, {5 93 FTPS MM SIMAED ZOMOFF DML Z DO TREL, 7
Ty TRI =5 =L LTHELAEFTTHAI Ehhh b,

%9-2%@%%xoﬁf73y%x7-7—aLnﬁ$%m%%WM;ﬂﬁkIHﬂRﬁiw
HCCR @ 2 DOEHIHMETH Do ABFRIZI O TUEHRTY 4 FEUSH LT HCCR s FHvT7
3y717—7~%%%b,%%%ﬁot%%@%%@ISMBﬂﬁHWSMiTﬁ@ku%®%ﬁ
TP L T L E 27 ZHRPBIRZIEIERE 2T & 2720 ThH O TROERIZ 3 it HCR o
W ATz, T OFIGIR IO THHR Loy 10 #oh 2 B0k b, ZoRETHNIL

Table 9.1 Electrodes used for Preliminary Investigation

Chemical Composition Chemical Composition
No. e e No.
C Si Mn Cr C Si Mn Cr
M.H. 25 0.21 0.70 1.20 0.90 H.C.C.R. 0.25 — —_ 13.0
RCA. 1| 0.4 — — — FH 30 0.21 0.51 0.99 1.35
H.C.R. 0.1 — — 12.0 FH 50 0.45 0.36 1.25 3.85

Table 9 . 2 Preliminary Test Result

Blectrode | Syigg Angle | Bend Angle | Noteh Contraction | Nr. of | vog or Nov
R.CA 1 20° . 10.1° 0.8 4 X
H.C.R. ” 9.7 0.7 2 A
H.C.C.R. ” 9.8 1.0 3 A
FH 50 ” 10.3 0.7 3 X
FH 30 14 4.9 0.5 0 X
" RCA. 1 , 45 0.5 3 x
" HCR. P 4.8 0.5 1 O
H.C.C.R. " 4.4 0.4 1 ®)
FH 50 ” 4.9 0.5 3 X
H.C.R. : 10 2.2 0.3 1 N
H.C.C.R. ” | 2.1 0.3 1 O

* (O -Best o -Good x - -No
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Table 9 - 3 Preliminary Test by Murex Hardex 25

T e g ot Bt B e o U vt ot B
60 200 | 6.7 | 0.6 20 45° | Broken | 8.2
e | 20 | 7.0 0.65 | —20 45 .50 | 2.1
60 30 Broken 0.8 0 60 | 5.4 4.6
—-40 30 18.1 o 1.0 B 0 60 Brokenﬁ —
40 30 Broken | 1.3 30 20 9.5 | 0.7
—40 30 | 1.4 30 20 9.7 0.7
______ ~20 | 30 20.0 1.4 30 30 23.5 1.6

—-20 45 Broken 2.1 »

SEBRABROEMKO AR TER L T LTI VLD EEL LS,

III. ERBLVERER

AREDOEBIHERIN/MIULY 2 ¥R SR, ¥ rgR SK., 02FETHY, ZOMMEOL
MRS ERH 1.1 FIRT,

AR B LU RBRBOEBIE 9-1 K0t s0 Thbd, EEARBIETIE LMK 2 fEe)r | ©
20° Z AL T HY, T VIRFOEH T 2L ¥ —12 82.2kg-m & 750T, HAEREHEA —60
CT, 779725 —89—1246<77 vy 7DFRAELIKVES (Murex Hardex 25 DOEED 12\
T, FABRIEED A #) 6~8° FRIEDEE 2D T D, ZOMT T v 729 — 5 —imBiT BT 5
v 7 DA L UMEBRORRE 2 M2 72010, IRTIREAE 14° RF D> %)L ¥ — 40.5kg-m)
FLO10° (20.7kg-m) DEAIZOVTHHEERVITOTV 5,

H5 09 - 2 RUIRBRBHIRT IR RAE 20° OBAIZRIT 280K SK. 105 SR DRI ATRLE
~, BHiE & OB (Shear Lip) OBBBIRK LRGSR AL DO TH D, BWHEGD IS L,
ML D 15~25 mm DALEIZ I\ TIE L2 b DT, Z ORMLIRBR Y TR & & b i B8y
WHRDFELT DOME THOT, ZOBRHIIY 9.6 NOEEIZKS W TMAI LEMNTES,

Pellini #5257 BEABICHT L TR L TV 2@, BT MBI 5° 73 bliER 1
~226 T, ABRN HENIT B LV SHS T H Y, % RSB 35\ T 12 BUTHE O
0.01~9.02 7 (0.25~0.5mm) LW 52 EAL T 5, ZDHFORAEIERROBEIZ BT
NUEOBIMH#EIM IR SN2 270 8 WIHREC L AL D THh B,

9.2 B TARRORM A B DL, T 5% —, M, SO RED & BRRLIIS
A ER—DIREHERNICIHbN TR Y, TABD 3 HI XL X — 12k AEAABRLINENELTH Y
FRMWELD AT Y F LA, AREZB O TIT L F — 2kg—m/em® 2 F+ BEEEL>TY
7y A =7 — BRI ABROBRIEE ¥ EhT oL L L, OB 9.2 RizLoT

— 43 ——



KG-M/CME

ENERGY

%

TEMPERATURE °c

CONTRACTION,

-50 -40 -30 -20 -10
TEMPERATURE °C

STEEL B BTEEL T}/{
LS

SHEAR LIP, mm
n

-50 -40 -30 20 -10
TEMPERATURE . °C

Fig. 9.2 Effects of temperature on

absorbed energy, lateral contraction
and width of shear lip in crack-starter

impact bend test.
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Fig. 9.3 Results of standard V-Charpy impact
test. The average value of five specimens
at 2kg-m/cm? temp. in crack-starter test
is shown on each curve.
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Table 9.4 Comparison of Transition Temperatures

V-Charpy Test

Gk Startor | V-Chrey Tpack Vi

O G
S. K. Killed -28 ~87
S.

R. Rimmed 5 - 4

IV. ER#EROEE

IV-1l. V & v LlE—RBREREORBEFE
AIAEEOFIL Y 20 K48 (SR © 2kg-m/em?® BREEAEIL V ¥ 5 L ¢ — 10 ft-1b BERIEL Y

15 ft-lbs 10 ft-1bs

i lue at the Tempera-
l B 2kg-m/em® | tare of 2kg-m/cm? by
o oG Crack Starter Test
(kg-m/cm?) O (kg-m/cm?)
9.2 ~30 | 2.23
2.2 ~11 ! 1.20
| .
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Fig. 9.6 Crack of Crack-Starter impact Fig. 9.7 Twice blowed fracture of the

bend test specimen. Crack initiated in fsame specimen in Fig. 9 . 5. Kiched area
Crack-Starter propagate through the show the first fracture corresponded to
base metal completely. the crack showed in Fig. 9 - 5.
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Fig. 9.8 Twice blowed fracture of the same
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ET:E1',8“‘:L'E1"‘S" E))
il Epn W R X —

Eii: 75 9728 =% —27% 5 7H3ETHE TOWB T L F—
E;: 77v7xyM7Ma%q'tvvyyﬁwﬂmHAz.»ﬁ@);ﬁ%déw
Wbl T R L —
E,: 7777mﬁﬂmﬁﬁ$é%w1%w¥~
ShHdD A b By (Rt TR HERE R ©

b A AV T oL ¥ — kg Ey 2 E, S ORI L Dk FIivy

b o s b

oo, DB T AT — T

46



NS TLIBMEER DL L TEBICEMIGERT HRIEN S, Ais ) OB A0 TIE U GER L
T DIRREN BT BIBBIRA TH 5,

#5095 K, 98 MOZ L & A NEBERE AR LN A, RO EBIIN T A T 3L
— Ep #ASABRO = 30 ¥ — BRI EEAHE R AL TV DI e AEL LR, ZOBAAHKERT
BT B & By OMBFOLMEFRHIIE LcZ $127/85, 20X 5788, LT E 0%fbs
R &S ET g, KEEAN V o L~ RARIC O\ TR L 72 2 THEHRO = & #35%
TR BT 52 ENRNETHA 5,

LAs UTa D SEER ORI 3\ T, SHERKED S IEHENEE A 344 D14, RHBSs AT L 72 5
LOTeRBEIZHE T DLDELTY Ty 7 A — 5 =,z iug, AR L O CTRAWNT elnis
DEELHEEMDBIENTEDL VR L) TNV Ty 7 RY — 5 —RNEROEERN 2B LT
WRLDTHHMNE DD, T7 Ty VHEMIGERT 2R LT, 799725 —5 — DM
(E—=FDORES, B, 779 7 REOEDOISTIOMTE) NEE2E2 20D TRV e
FAL, AR 30\ TRBEBG B IR R L & DI S B ODIREE L 70D £ Bbh B,

5

V. #%

k=11
3

(1) 799725 —5 —WBRAIGTERROMII O 2kg-m/em* BRIEE I 5175 V oy
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“Initiation and Propagation of Brittle fracture in Structural Steel”’, 561. S, Welding J., 12; 1952,
(Vol 31), Puzak, Eschbacker, Pellini.

““Crack-Starter Test of Ship Fracture and Project Steels”, Welding J., Oct., 1954, pp. Puzak, ME.
Schuster and W.S. Pellini.
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I1. E Fﬁ ’iﬂ H' Tensile. Straining Direction of Tensile Straining

BEFBGH 13 B0 20 mm 0> 3 R0 i P w b = "o, Drrection
ABEED T & DIEBERAST 35 & OMERIYHETT |

b GL=200MM
¥ 1-1F0BY Thb, :
. H R.D.
I1I. = &z
II-1. 5| % F£E Tl , Iﬁv
— D
HeSEREF T & BN & Ol & 5
V oo L —HBROEBEBEEdROMI & 1 ,
-
A T A7®, FUFE (S.K) i2owT Tt , h”
LH 10 - 1 BICR ugfmrum (78 L) Jd B
/ V-Charpy Spec:meg
BIO FRCEMASLTE GEET) 2 102 O C
BIEE & 52, 250°C T 1 na';r*am&*:-zz@ﬁ#zm Compressive Straiting Rall. Dirction
PR, SUEEOHIC T (1) # & 0 I | e ——
()12 V vy LE—FRBRIF W LT, e, e '°¥%ﬁs
MBI TATIREAER 24T D70, LI DG IRED Y L
a0 — v-Charpy Specimen

BOFMNE—E T HLH 101 RO4F FftL Fig 10 -1 Directions of Rolling and Strain-
VAT ing of V-Charpy Test Specimens

Table 10 - 1 Conditions of Tensile Straining

Longi. axis of tensile | Longi. axis of Charpy Longl axis of Cha1 py
Sign | specimen vs. direction | specimen vs. direction specimen vs. direction
of rolling of straining of rolling
L1 I I T I v
Lt i L
T1 L i L
T¢ 4 4 ’ i
R . -parallel 1 - - - -perpendicular
-2 E # k
DB & FEFHE O BA OB EOME L L NS0, F AV g (S KD iz o7y 10+ 1
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WL, 10 22 OEFHENLEZATVCEHERRYMIELER, INCHFECTAT (1) 12 V ¥ 4 LY —EBA %
LIV L CEBRE DB A & MERAIRIE © W 21T 070, EHEDSEMIN 10 - 2 FI5RT 24
TTh Do MRBERMLOBIEBN QMR £ < BINT, BEHROEELHRT 5700k 2%

R L TIMERIT O T OSAEDERMILEIBERMOSE o= J;f_[ x100% & LTRDHH

oo BL f 3ERER, [ ZERRODAIOWERITH 5,

Table 10 42 Conditions of Compressive Straining

Longi. axis of compres- | Longi. axis of Charpy | Longi. axis of Charpy
Sign | sive specimen vs. direc- | specimen vs. direction | specimen vs. direction
tion of rolling of rolling of rolling
CL1 I f Il
CT1 L Il L
l| - -parallel 1 - .- perpendicular

NI-3. IEOCHE ‘

ERERRHEO M T X 2HB LD B0 F 4 P8 (S. KD, Y 24 14l (S. R.), #EH4R (S.
H) 22wt 10-1 W L7 iz iS4 2800 Ebgike 1%, 5%, 10% 310°20% @
LA OWTT, Vv o L =Bl AR 7z, k¥ L MR (S.K) oW ERE 1%
IO 52 DEEEHEIMLT,

IT1-4 B§EhEOmMBIC & 28
FAFN, Vo, ERSEM3HIZOVT 10 22 SEEMIHOMENT X 5 0°C OEEIG D%k R
N7,

IVv. ZB#ER

IV-L. xL Fél, S.K.Z2oWT 10 % Dylik#s X O ERELZ L2 250°C THEh L7 b Dhb,
V 2 VE BB & EILA NI W L2 A0 = 3L ¥ —Ehi 245 10 -2 Bz, [
ULV Yo VE—FABRA & EEHICIEMIR ) B L2 BA 2 10 - 3 BIZRT, 285 0l
B3R 7ERIREE S L OHRME 235 10 - 3 FIZ—H5 L7z,

IV-2 %)L VFEH, ) 2 VIR L OEBRIEC SV TE RN 1, 5, 20 %08 RE+ 52 THS L
7RBED VY W RN L D T AL X BB A 10.4~10.6 iz, FIU < F L 6
(21, 5, 102 OFEME 52 7 HEOBBRIEN A 10 - 7 BT, Zhb s bRko - ERE
Pt et 10 - 4 45 Lrce 70 Ths, T BRBIRIER L O° 0°C 1208 20°C 123503 203
FOLF —DMITIEZ L 22 EH 10 - 8 BT,
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Specimen Cut Along Ratling Direction - Killed Steel "SK° l
L] Tensile X b | _ o—-o 1% Stram - ]
o—a_ 5 Sy = 5% 5Train —=Z1 o
Je| o TI} Strain /j&‘L?S__ 16] ——o 10% Strain A : L
o—— CL{ Compress- ,c//- o—ma 20% Strdin 7 7 /;
= | ive Strain s o & —— Base Plate / g o
$ -——  Base Plate /7 S / —
& / H € / o
< 12 t g2 ARl / 7
P / | P
g / /f’ i £ / A
l:: 8 Vs 'l & 8 7 /[é
E 7/ ) F z Z/ /s
2 / S e :
2 / b o ) e
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[ ey s gt 2 1 .°‘,—”“’/‘g b ; "64
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Testing Temperature, °C Testing Temperature. °C
Specimen Cut Transverse to Rolling Direction Rimmed Steel "SR~
oo ) T ==y g
16| o==o L1 Strdin _ 16 g_—-_g 12% ';o grain
Py 1 - 9 rdin
. ;Tz g;:gfgessnve . o Base Plate
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g2 i
= » £
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g /f 7’ 2
= Ve S
<< 4 I
o < 4
/ o ?(gv ?/(;'/V
- ,-v"v/'/" A
50 20 20 60 100 14 ¢ e -0 70 T RETT
Testing Temperature, °C Testing Temperature. °C
Fig. 10 .2 and 3 Effects of Rolling and Fig. 10.4 and 5  Effects of Prestraining
Straining Directions on V-Charpy Transi- on V-Charpy Transition Curves for a
tion Curves for a Killed Steel aged at Killed and a Rimmed Steel

250°C for One Hour after 10 25 Strain-

ing

Table 10 . 3 Summary of V Charpy Test
(Effect of straining and rolling direction. Steel
«SK”’, aged at 250°C after 10 95 strain.)

T,. temp. (°C) E*  (kg-m/cm?)
Sign.

Tris T, —20°C 0°C 20°C
L1 10 35 0.8 1.6 4.6
Lt 20 50 0.8 1.4 2.6

Tensile straining
T1 20 44 0.8 1.4 2.6
T¢ 18 53 0.4 1.1 2.8
CL1 60 85 — 0.2 0.4
Compressive straining
CT1 64 107 -— 0.3 N 0.6
* K-V Charpy impact value
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Table 10 - 4 Summary of V Charpy Test (Effect of straining for various ship steels)

‘SR”’

Killed «“SK”’ Rimmed * HTS «SH”’
S::raining T, AAZT: T, . E* T, E*
t . . t . 5 t . .
(2 f‘n(]lr)) (kg-m/cm?) gg’é‘; (kg-m/em?) ‘(35‘(‘313 (kg-m/cm?)
Ty Tys| =20°C[0°C| 20°C Ty Tys| —20°C, 0°C) 20°C| Tyiy Tos| ~20°C 0°C 20°C
—40‘, 0 7.3]14.2/ 17.6) 0 23 1.2/ 2.6 4.9—20! 28 2.6/ 5.9/10.4
- 1 -34 b 5.510.3 14.6| 10| 30 0.6, 1.5/ 4.0— 9| 3b 1.6/ 4.0/ 7.9
ensile *
straining 5 - 3& 23 1.1] 3.5/ 10.0 22 56 0.5/ 0.7, 1.5/ 25/ 6b 0.8 1.4; 2.3
10 10| 36 0.8/ 1.6/ 4.6] 46 65 0.2/ 0.4 1.0 48 80 0.5/ 1.0/ 1.5
t
20 12‘i 32 0.8/ 1.7] 3.4 45 58 0.2/ 0.4] 1.0 56/ 75 0.6 1.0 1.2
. ' 1 |-28 8  4.3[10.9 15.0
ompressive '
straining 5 -—1.4|i 18 1.6 6.7 10.6
10 60i 85 — 0.2 0.4
*  E:V Charpy impact value
HTS "SH’ o Killeg Steel "SK’ R 1
o—e |I% i . i
o 5 ko ‘ e 7 e
o—=0 0% S5{rain e e L :
o——0 20% Strain / 2 = 2 St / A
o—= Base Plate v —.— 10 % Strain /,
/ a7 —— Base Plate / /
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: Yy ; T
24 a4 24 4 /
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0 - 0 //‘ —
60  -20 20 60 00 140 -50 20 20 60 100 140
Testing Temperature Testing Temperature, °C
Fig. 10.6  Effects of Prestraining on Fig. 10.7  Effects of Prestraining on
V-Charpy Transition Curves for a High V-Charpy Transition Curves for a Killed
Tensile Si-Mn Steel . .
Steel, Compressive Straining
K
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Fig. 10 . 8 Effects of Prestraining on V-
Charpy Impact Properties for Various
Steels
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Table 11 - 1 Summary of Test Results

Transition Temperatures
No. Test Steel Remarks
TrE T?'S Tr¢
h ~
FS '
a | Schnadt 7. YR O O \\\
Lehigh Bend by Impact T.
b Statiey | FS | N o | N TogTys O
KR
c Charpy T FS o] O | Trs -0 O
py 4. YK O i r15
K 4 |
Kahn-Tear FS Criticl crack length
d T. YK ® ® N increased as 7
K4 increased.
KR
. FS
e | Tipper T. YK O o @) TinTrg- O
K4
£ Van der 5% T,1 and T, correlate to T, ; and T,¢
Veen T. K 4 determined by V-Charpy test.
FS Noteh shape
g |poskleBlow ) yx | o o O | affected W;, but
b : K 4 did not W .

* T,g fell as notch length (=specimen width ¢) decreased.

O--- -Transition temperature fell as » increased or p decreased.

o ----The similar trend as above was slightly indicated.
Key( @ - -Transition temperature did not change as 7 or p changed.
¢ ---.The similar trend as above was slightly indicated.

.N---.Not obtained in the tested temperature range.
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(2) BIREHC A CroBiB BLU I S DI SN THRET 275, HHBROMBLE X (Cri-
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Table 11 - 2 Values of Parameters for Test Steels (Trans. Temp.)

Test Steels S-U éil? Testing Method T,s s d
0
T,s 0.0800 0.095
i1
ﬁisz Charpy t T, 0.090
Rimmed Steel V1T —1 0.0360
114.0| 77 T, s 0.050
K. R. . i
1 Trs — 0.406
o5 Tipper *
Tk 0.0150 0.373
T, 0.0374 0.095
Schnadt 1 T, s 0.090
. 0.0174
Tris 0.050
1
-— T 0.0700 0.095
10 il
Charpy T, s 0.090
0.0248
Semikilled Steel Trs .~ 0.050
108.5 "
F. S. Lehigh (Impact) * | T, — | 0.106~-0.0736¢-0.00327¢2
T,s — 0.406
1 Tipper *
25 T,z | 0.0200 . 0.373

o1l 2 FinpEak T A Ty (IR T AERRILIIHT A ARL Thdo
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I e |
Test Steels S-U | g': Testing Method T, 8 d ‘
| o ‘ . ,
N Kahn * T,s 0.435—
. 1 . -
851 | Lehigh ® T, 0.0554 ¢~ 00082122
T — C o 0.414
Van der Veen
T,1 —_ 0.395
T,s 0.0512 0.095
v|  Schnadt * T, 0090
— 0.0181
1 Tris 0.050
10 T,s | 0.0900 0.095
Charpy t T,k 0.090
Killed Steel —| 0.0385
Ty s 0.050
Y. K. 98.2
T,s — 0.406
Tipper *
T,s 0.020 0.373
'gs“ Kahn * T,s — [ 0.435-0.0554¢-0-005212%
T.u — 0.414
Van der Veen
T,1 — 0.395
T.s 0.060 0.095
1
16 Charpy t Ty 0.090
— ——10.0170
Ty 0.050
High-Tension Steel T,s _ '0.406
- T,s 0.014 0.873
215 . Kahn * T,s —~ | 0.435—0.0554¢0-003272
Trn — 0.414
Van der Veen
T.1 —_ 0.395
r 1 0
W= — -
T ¥ = 7 p<1+0.35ptan2>

* 1 WE%, r=Notch Radius (mm), ¢=Notch Length (mm), p=Notch Depth (mm),

0 = Notch Angle.

T:z = Mean Energy Transition Temperature

T, s = Transition Temperature defined by 1.6kg-m/cm? Absorbed Energy

T,,; = Transition Temperature defined by 15ft-1b (2.6kg-m/cm?®) Absorbed Energy
T,s = 509 Shear Transition Temperature

T,1 = Transition Temperature defined by 32mm Depth of Shear Fracture

T,1 = Transition Temperature defined by 6 mm Deflection at Maximum Load
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Fig. 11 . 15 Relation between &_,
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Table 11 - 3 Values of Parameters for Test Steels (Absorbed Energy)

Absorbed

Test Steels S-U | 4%/ B Test-if]g Method s Energy L C
| E, 0
: 1/10 Charpy f " 0.036 |- —~—---| 1.000
Rimmed Steel 114.0 . oy 0.5
K. R. —_ et e -
1/25 | Tipper * | 0.015 E_q 420 | —33
} E, 0
Schnadt t | 0.0174—— - 600 [———-
! E_ 0.5
e 1/10 ‘ I
Semikilled Steel 108.5 E, 0
F. 8. Charpy 1 0. 0248/ 1, 000
E_g 0.5
1/25 | Tipper * | 0.020 E_g 570 | —42
| E 4.2
Schnadt ¥ 0.0181 ————— 240 -
E_y 1.4
Killed Steel 1/10
Y K 98.2 K,
© Charpy t 0.0385 870 0
E g
1/25 Tipper * 0.020 E_y 300 0
E,
High-Tension Steel 1/10 | Charpy t 0.0170| —————| 800 | 1.3
116.0 E_y
K-4 }
1/25 | Tipper * 0.014 E_g, 690 | —160
r L 6 )
. ro— .~ . -
t: ¥ = n p<l,+0 35ptan2’
r
*. @ o—
4 n

E, = Absorbed Energy at 0°C
E_,, = Absorbed Energy at —20°C
E_,, = Absorbed Energy at —~50°C

Values S-U, A*/B,*> and s are same as Table 11 - 2

LA L, Eo 2@ #E (F 4 FERE) Tk Ey DD, E_s & BV SHECIE & R IE & 1
RA—F7aZeniftdbhn, T (Trs) OHEIE Eooy DEXBUCARNETHB I L2 5,

ZWZﬁJKOVT%ZTAJ5OIfmﬂldﬁﬁ%ﬁNt%ﬁﬁ,@k@%ﬂﬁibtﬁ$%
2 (r=0) NIRHEITIRK L &> BIRILE &2 3% L Griffith-Orowan O &R+ B L 312700 T,
IEIERER & Te D TR T DIRRITBIR T 2L D Th B,

EThADHMAEE L LT Tog 1IZH LTRSS NI D D Td D43, TR A3 BT 512 ShEk
I MBI (r = 0) SAD TR, BIRESHITG O s RS 2 5359 15 BlifiA 5 s\ C fis
MRz 2 E A3 o, BRIIERL T <o M d 51T L THIIBILEIO £ X 430 1o 2R
REBRE ST D LRl & 7> TR 2o TE2 T BRI W LT (11-3) K ey 5
SEEHBAL D U I HITHIAT L 94T, MIEIT & 0T BEHLKIC R T AT A 2, B

— 66 —



LW # o4 d @ﬁl@i WSRME (IR EE X ikl 70 T ]v

- o R |
D DX oTEML, tHRICIAUEK, et }(mm

o : Killed Steel
DS < 2DTHAS, Fio—hEilTEA aED  :Rinmed Steel
DIIBAIFITIETIT N X T B 5 b, HE g 8 :Semikilied srcch,S)l(mnm) / )
W (11-3) 327 s OEEE 2 vk & fnfE s o.ooaoﬂ'fgn & :Killed Steel (YK) l“”"“w" ?/ a Y.
WANEThAS " ; + :High-Tension (K- 4) /(Z&
[s] o — Fe
| 260 i
X3 cmEky (11-3) XET, BT 2003— ,ﬁ’/
EB2b05 Trs N L THAL TAL I, s {20 | 0.
ey _ m

(S-U) - A[By & Tog (oW ¥ BELFA—DOFE by ”4(
2429, Schnadt 8 - Charpy HBR \ZH LT P74

20 -
(X d=0.095, Kahn - Lehigh 3BRIZHf L Tig, o L

A‘f/%’ °
d=0.435—-0.554¢:00%27¢2 T .ehigh (fljf&tER) —

. 30°

BRI L TiE d = 0.106—-0.0736¢7 0037t O~ 04 0§ 0870 20 47 6080100 200"

Eo (kg-m/cm?]

L, HiZs DT s Te £ 9 HKRE

Fig. 11 .16 Relation between T, ;
TR AR TR L, 5 11 - 17 B ~35 11 and 2, (Charpy Test)
20 BT & 5 I ERE © B B RRAYS
Bivd, $mINGEKF AT X — 7 —OfEIXEIAOHS 11 - 2 IR L Th 5%, 7o K4 Hizo
T Kahn HERFEHLE 7=0.5mm L 2.0mm O L2vfThh Tuvieu A, B
LT T 71 16°C b LR LTV %, ZOBANZ DV TIE, ZO#EHIMOBENZE LT The 12K
T5 s OEL/DEL, #RBMIEEIN B THEZ LZE KRN L T2 TIkVneFEz b b,
% 7z Schnadt - Charpy REBRT Tos 41 7 (2 L2 THEIET B2 L AKBRAMIE ik 2L/ h & v ie o)

THhbHILATEIIIR~IY Th D, Gz, IWMER 2 PUKE 2 2 Lo T Kahn BR324 Fo7-4F

YR LT S-U=114; 104 & U (A—HD V-r o L € —FXBRER L VRTSE L2, S Bic
0.435-0.554€ %" L, s % mﬁ‘k%ﬁ@?&é*%ll21.me$jmf*ﬁm%“
Ho ZHUZLDE, VA FICOVTIER L ER L A3t 203F L FITIR 0870 5,
PIET T izw LTdh (11-3) KIBEH TE 2 2 EAURTHB A E 7270205, TOBATYL T
DY L AR (S-U) offint ¥ T & 5, H5 Kahn - Lehigh 50 gl K ECHITH 0K & 7o
B 2 Hvaug, Ty (Toe) SWRBEEROWE LR T L2 L LIZEH O T.p O #5350, . F0

¥ oos=oo ik r=0 1 ZBY L, FIEKREBIZHASZEERTLDOTHD,
T t=10mm L ¢juf d=0.053 & 7cY, Schnadt . Charpy 28 12 42 d OfiL W/ X< e b7, “h
BEBTRSORETH S S £/ Schnadt - Charpy 8k ik Tre (ZXf4 2 d Dfilint 0.09 L744 X[
—THdl&ir, 2hbplaTis Tip 28 Ty & Top OMFOMREFT LI E2RTIDOETS L5,
¥ ORT s DAL DT DOEEBIIKE LM I B CZ ERRL TR0, BRI r=0 +3% 2
VA N A
AR, 565, 1955 £ 11, p. 16

— 67 —



T
40

20+

04

-204

Trs
-40-

Schnadt Test

K
-313

293
-273
-253

233

Semikilled Steel

A= 110, d=0.0095
S-U=1085, £=00374

1. 1 1

/| | | {
0002 0004 00060008001  0.02 0.04, 0.06.0.080-!

Trs

o,

C

°K

401313

204

0

-20+

-4

-293

Schnadt Test
Kiled -Steel

Bmt=1/10, d=0.095

5-U=98.2. $=0.0512

-0
273
253

-233

! t
0002  0004,000600080.0!  0.02

A

Fig. 11 . 17 Relation between T,s and ¥ (Schnadt Test)

¥
Charpy Test
A8 =1/10, ¢=0.095
e :Semikilled Steel, 5-U=108.5, 4=0070
clg Lo : Rimmed Steel, 5-U=114.0,.8=0-080
650+333
404313 o o
° L4 ®
20293
01273
-20+-253
0.00Z 0004 0006,0008 001 006 004 006.0.08.0.

¥

Fig. 11 - 18 Relation between T,5 and ¥ (Charpy Test)

Trs

! 1 ]
004 006008 0.l

Charpy Test
T78 =1/, d=0.095
o :Killed Steel, 5-U=98.2, §=0030
o : High Tensile Steel, S-U=116.0, 4=0.06
%
60333
[e]
o
404313
[+
(o]
204293
®
L] ]
04273
4
[ )
201253
0.002 0004, 0.006, 0006001 002 00, 006, 008,01

68 —

14



[

Semikilled Steel

————= Killed Steel

. ~-0.00"27t
T B gi= /a5 5= {uoa.s, Semikilled Steel, d=0.435-0.0554¢™%%"
2331-40 ° : 98.2, Killed Steel
) o: I=025mm, t=5,10,20,30,50,75mm
4 Lehigh Bending Test [ ¢ ¢ =100mm, t=20mm
{ Semikilled Steet) Y e : T'=2.00mm, t=5,10,20,30, 50, 75mm
2134--60 le : r=4.00mm, t=T5mn
Trs x 2 F=6.50mm, t=75mm
T < 1 r=01,03,05,10,20, 40, 80mn
4 _Kahn Tear Test { t=20 ( Semikilled Steel)
+ ¢ r=0{,05,10,20,80mm
T T=20mm ( Killed Steed)
1 | i1 1 1 SO | t 1 1 L1 ,
0002  (.004, 0.0060.008,0.0/ 002 0.04 006008 0-1 02 04 06 0810 20
r/t
Fig. 11 .19 Relation between T,5 and r/t (Lehigh Test, Kahn Test)
333
KT
333160 313
313140 2 \ 2931
203120 273
BT Lenign “Impact Test 293¢
Kahn Tear Test
L2 Semikilled Stee! ~ : -
253-20 XZ/B;=%0. .U =1085. d=0106-00736€ 0003271 Tr5233~-—40 y/sé: ‘/25, d'=0-435-0.05546-000327l
Trs ! e : Rimmed Steel, S-U=1i4
o+ r=025mm, t=10,20.30.50 & v75mm o Kified Steel. o-U=104
e ; T=2.00mm, t=10.20.30.50 8V 75mm .
r=imm,t=00,15.19.22mm _
00T 080T 00 SKGOBoN 037 004 G5 0GB0T 020 040 00T 007 OM 00500801 0z 04 06 0810
% 7
Fig. 11 .20 Relation between T,s and Fig. 11 .21 Relation between

r/t (Lehigh Impact Test T,s and r/t (Kahn Test)
/

— 69 —



ikiE (S-U) ok Ef—Tdh b, %7 Schnadt - Charpy JBGE0EIRESHBTE O/ & 72548k
CEDEE, DIREEGG NS DHPUETH DI ENBR Do DT Ty 23K 5121% Schnadt-
Charpy i{E#4%: L v 13 Kahn - Lehigh 28050184 LV Th s 3 'y

I ZERBECLOTHONZIBEREENOBREL L UESERXBREORMICOWLT

AMIIHTaE) I3 #iE TIah~ 7 SRk LT, AFERANC & ©C 155 h 2 BRIR RO
BIfRIs & O BHEBRIR DI DV TN B 2 2iid B,

BRCIRAN 7o & 5102 Too WEOIRIGROE & BT 5 <, TORIELEMIC LY, MBI L 0
THHEALY, JEHCHECTROEE EHCEBA L Tz Tre OII—E TV, ZOIMEIZ OV T
YT HB0, SHOBEMETE I SRS WA HOMIUC L 2O TRV EEZ LR
Do Ln LEIRA D BBV LTSI Te 2 &, HRBREC b ST T OEFZEH O (S-U) O
DHTERENDODTH Do FEDTHEFABRHNC L D Ty OEEF % KD HI1T1E, WREEDOGI
ABRAZ DWW TRSIE T 2B 2B B —T5 Tof WSUIREBROFE T EINZTH LD TH S
7, VIREZDHEIW L 0FE LS DB B, L LSchnadt - Charpy FABRD & 5 (2 GIRIEHRKT
E DI P X L DL, BIREEDHELBSNDZ ELETTNETHA S,

TEDT Trp T2 THAFRRBRIE L I 21218, ZABDI L 2HEIZ ANDNETH Do ABF
FORHE Y r=0.1mm - 0.25 mm DHFRH % 12 >\ T, T, & LTI, Schnadt - Charpy i
Bz LTt Tore, Tipper #ERZH L Tit Tz, Van der Veen EBC N LT3 To1 289,
¥7: T,y & L Tix, Schnadt - Charpy - Tipper - Lehigh - Van der Veen £23E2 % LT Tvs %
BROTW RERL7:H DA 11-22 [KTh 2,

W3 Top (Trs) I2DNTHEZBZEICT B, r=0.1mm 3L 0% 0.25 mm % Feil L THRD = &
THDN, Trs i3 HHED 7 L DBMLERA L RE RV WIZ Trs ZWIREEX 2L 2THEL
THLDH Y, t=20mm DOEEAHOHIIAER Tdh % Lehigh - Kahn - Tipper - Van der Veen D:f
HBRIZ DV THBIZ, Trs EFA—ERHIC DV TRIZIER—OE % 57 L TV B 2!, Tipper B2 d 23
HDOFABRI I L THAZARRIE AR L T B, F 7 =10 mm D440 Schnadt - Charpy fiid
BRI vfabnie Tos IHHFAROBA L VE, HIZBEA—DMEEFL TV, JHiond
DEBENHERR TH D Z LW HR L T BbDEFHEL BN S, F.S. #Hz o\ TiThh 7 Lehigh
AR T, t=10mm DOEAIZ % d T,s ' Schnadt - Charpy FFtBRIZIL L TRV, BEEED
HATHEDFERNKRE B LTUBRLDTHA S, §TNEEARBRENOBRLRRT &, #4111
43%%%%&60%%ﬁﬂ3~kﬁbmﬁ%hfbkvﬂ,%%%@Tm®M%@Vdﬂ®ﬁ$%
WZEOTH T OEAMOIERE B L T2, ZD & 5 AeBIREFE—DMH & b o~ & T, M7 O Ll

K WGHERIE ARG T DIRBE R 2 g, BRI RIS 60K 2 AR D Kahn 3Bpst Lehigh 348 )

DHHEWTHD 5,

T RO BT T DR BN BT B T L b Dy,

B BB O v=0.10mm, 0.25mm OEBEAUTHA T 8o SOHEIIRE B S DRITEL
HDEFDI, $7- Van der Veen Tiz r=0 Th 2,

** Schnadt - Charpy Tz Thp Ol % & FIEHZ R L7z

— 70 —



Semikilled StegitFS)

o t=I0mm 7 Trs ____t=20mm

40f The Tu T T

Y
0 ,
o Semikilled Steel (F.5) 'c d STl KR
Tt-20 40 A aiomm
-40 20k —_L=(0mm t=20mm 20 Jus
e L o t=20mm
g g T'd_ZO' e T 20k Tre
={0mm b \
o) LEHE__ t=20mm -dor BEE H Trd»dO»
oF N Trs -60}- mo r -60F N \
§ i ] ' B \
20 : s gt L L L L] ] g0t b
- =z =9 Ao 5= ~ =
0 . § & &2 & B8 , 5 &
TVYZO 5 E S § 23% S PE =
a n . H.TS.(K-4) °c r=0{mm, 1=0.25m7
S ~-40 - ACU" . 401 1
Killed Steel (Y1)
RIS N\ NV 2oL —=ilnp t=20nm 20k
£ z 5 8§ Tus Trt T=10mm t=20mn
=2 £ 8 =& —
o = = 3

<]
N
=04mm, '=025mm

van der
veen

v
o 3 &
=)
=
-
=El
e
ENE]
L‘
=
=3
3 =<
S
& & AT
o (=3 =] =] (=%
T
o (2222472
Tipper{@ }j
r= 0mmn -
=i
Y N
(=3 (= (=3 (=3 =]
savar 22722 |
ﬂpwr{? }5‘
F=omn ]2

Omm) 5

Fig. 11 .22 (b) Comparison of the Values
of T,q obtained by Various Tests

s

-40 3
-60 LIS N L N RN
i

=

Fig. 1122 (a) Comparison of the Values

Charpy
Schnadt
Kahn
Vander [T
Veen

of T, obtained by Various Tests

60t Fig. 11 - 23  Comparison of the Values of

ot
601
<
40} \\ sk K4
i . \\\\ L
20 4 2o oFs
Tr L
g Trs
o £3 S
Trt 0r T e 2L =5 135
= = = gt
Vé 8 ,?0 L il 1. 4 1 1 \:20 1 1 1L I L vl 1 %
= £ - 0 20 T 2 0 20 20°C.
-20r x £ ZOTrs(Tipper) R ST, S—
« ( F=0imm) (r=0)
ol
-40
' 201
’ Trs |
0F S~ = 0b
\\\Vdﬂ .g
L s |
2 200 T 20l
X
* Trd ~ R T S i
S o - ) 20 40 80 T ol
-40+ N e o ~ Trs (Cnarpy) 0 20 ) 50 “C
b = = = (r=0.1pm TrstCharpy) —=—
" & ® - (t=0imn
B = =
@ T
-~

<
X
=

T,s obtained by Various Tests

ol

Fig. 11-22 (¢) Comparison of the Values

of T, and T',, obtained by Various Tests

— 71 —



THY,
~T T T T T ™
100 -
o e
g | i
'——
§ | o
£
5 50 Y
s L g o ° a
E) A FS a
& i . | o
g [ ° )
— &
%7/ a o T
[ 1 I L n 1 | 1
0 0 50 100
Trs By Charpy Test ’c)
o 52Ky/mmH.T.
a 60 . (Asrolled) (b=:x¥%W)
a - . « {Nermalized) (o - )

26
e
24 0+_ ooA
L N )
v ° o: WA RA 5-U=lI50
22 LK e: . RB., » =135
a ® o + RC, - =[085
_ILLL v ° =2+ RO, « =085
(S'U)Z'o A s e oo $g =1140
o v 5., =[08.5
/“6‘ & K4, =160
e: & YK, . =982
1.8 1 3
2.0 2.2 24 26 28 3.0

Fig. 11 .24 Relation between T,5 by
Notched Slow Bend Test and T,g by
Charpy Test (r=0.26mm, t=20mm)

E .
Fig. 11 .25 Relation between T, ,; and
T,r (Charpy Test)

(A=iog(+=4), d>de)

AR
(d=¢. 7dd)

Fig. 11 . 26 Comparison of the Values of
T,; obtained by two Testing Methods
having Different d-Values

LNTRHEN D Z L ThHh Do HY 11 - 24 FUIFESERE SN T 2 RIEHFABRATILD 5 b,

Charpy #B& & Lehigh (Kinzel) #38 o T,s ©
W LicbDTHo, Bzt dE, ZaAbodiz
AL DOFRERIRD T DED 7 Y X LWV b
DL THBN, KRz Trs HEIZIELD HE
ROFAET HZ LN TFE 2 & 5, 78 35 Charpy @
Tip i3 Toy & Tog OBEOMEE LSOO THD
7, Top & Trs BL O ZRSHERIZ 45 10 -
25 Mo & 5 7BItRD D B,

T, Try 2 ROBDIZZNLERAROhTED
RRENT STV 202 WiET 52 LIZIREIZN
BIMETH 57, SRR OO £ B E O
R ETIUEINIIERD & DICHEZ BT e
TE %, bOBREEDOHERXZT T L DOTH
HIlo ZAUTEFESIZHE IR T 200 % 720
PIREFWTHE 2 A= < L, REABHEIIEYION
REZEDOFENAL AL ST TRV @35
nre Tor 37557 <ERENZ THRBREBE THHZ
Eo @MEHED T,y OFFE A KRELTDH L 70K
BREThHhrZ e, Znboh@IZovTid Kahn -
Tipper - Lehigh - Van der Veen &0 35 #1 4
HEHETLHTHAD. @KL Tix Charpy -
Schnadt &0 T R\ L LIabhoiR
Bl 2Rl L~ Toleie & 50T, A EGEIR 2
it (r=0.15), QDM & MR Licv,
@DEEA Iz DV THUE BERINIIRD & 5122 Hh
Bo WOWINERR Ty DB ELZIT HZ L HVEA
Eipw e Rfiansnt, (3)XTs=o0w &L
(BH 7=0 322 & L%, Ty OFABRE

3¢ d OfENKREVDZ, d DfENENEN d; -
d. (di>d.) TEHz2ZOLNHZTHORARKIZ L OTH
bhd T, ofir ezt (T, .1,y 5 5¢&,
ROBBFRAE LN S,

(S=-U) (S-U) 1-4d,
- = - = ot B
1Ly ::Trf l—dg A (A=O> N (11 5)
D Gy & Bogy PBRE A RERAICEOTRT S, 5 1126 Rien g,

79



I d OOKELREBRE GEREEDR < T OB 2 ERIENRSHFNI L B Ty 035

MG H BN D LA D, T OB
Lf&%f¢hfbétﬁ5:aﬂf§¢5o

NEETH DD T, d DEDENKRIER TR IE, 4391

L L—f%iz

Ti3 Kahn 8By Van der Veen - Tipper :ERiZ

T e 2l 2~3.5 0

ZS—U>
DT H O b v,

Tipper - Van

der Veen BRI ¥ % d Offie Kahn ABRIZHT 25 d OEDOEIMENTHEDOT, HRBROE
BIE—BHIBTE T E 7o\, $72 d O3 £ AKEHRDERELARDBLDTHY,

high 8 ((=75mm) XF <N T B, Lo LENT blR~7: &

Z DFEMRTIE Le-

512, Z OB TIREEOH A

EKERDGE LIZRIL 5, RITT ﬁ*l’l‘JﬁitJ@ﬁf ERIABR OIRIE L L & 5o e & MBRCIHIEARRIZN L T

WEIRF s &, WA L TIIRF I 2L T Ty 3L d firid &, b 0BFHITwR
TEzZLNB*

S-U) (S-U) _ ﬁﬂ@nl:éa> ...................... .

z‘T‘rf B sTrf _1 < 5 1'—_‘ds (11 6)
. _ , A10 1-d; -
(E2T, ZOBEEZIE A= — <1 7o DIXAIRGABR O F5 AR & ¥ b BRI A <

5 1-d,

TTC, HOBELRWZ 2iz/cn, A'>1 Kk bif#iz7e b, Charpy - Schnadt

=75mm) HBRA KT HE A'=1 7O T,
VUV RiaDS#iaad5E,

VS, GIREEOIENERRIAC b b T, BRI

DBINET N THBOTITh v Bbihs, 7t Schnadt -

RO DGR GIRIZIROZEAS MU EEET A DT HEL TH LS, #5112

ﬁﬁ%%miéci@@dﬁ—f%étbs@ﬁ@&ﬁﬁ
AL DETHE, —HUH 25 KomEEHRAERS
Bo Bt s DEDOKIL DL DIF EGIRIZRAE v & X (2
IKEADTN S, & BREEETIRILKA W < 70 2 & RIEE R <
750, EHIZHIRAE < fe B & AR O IEIR NG
L<75%, ZOMANL s DIEDFEDKEVIZEF L\, =
DFER A ERREEIR I Lo b 025 11 - 27 KT 5,
SEER & RTRL ST HRIIR K —H L TV 228, #EARLR S
D1 Charpy FBRD Tos MFIHEE—F L 72 ThHh
%,
WIZ Toqg 12DV THEELTHALE 5, HKOWHRE LT
, e r=0.1mm O¥HIZIE YT Schnadt - Chapy &
BuZ¥xt L ik Tooe %, Tipper (BRI XL Tx Tp %

LR sz (TR T Do
ToO67 HME % 2RO &,

=Ex » Lehigh (¢

Z OBEE D S mRAREBEOEL I RO v,
WONOERBRIEDL —E—EAb 2 THEHI T < TUu B DT R4S 7

of T, obtained
Charpy Tests

£ HlE; < T % Kahn #83 Tos 23K
Charpy Wiz & > Tos &
FITR LAY,
C
Serikilied Steel  40l.4p Killed Steel
O -
: |
Trs20~—ZO The
% I Z o
S ofos
5 1 5
-20+4--20
B o
-404--40
‘ v y L L L l
C 40 20 0 0 T
Trs(Charpy) Trs(Charpy)

Fig 11.27 Comparison of the Values

by Schnadt and



Van der Veen B TiZ T, #8B I LIZ¢ D, TNHIXEDEFENABIN T I ALX ~TH 272D
HBLFETHOLY, UREMOBBEFHRTHONT D2, WInd T BT 2L0DEHBZLN
Bo 85 1128 [ -5y 11 - 29 BN 779 & 54T, MM OBRIRE T.. OEF 11 Ty O &R
WS DEEREE I L0 THRK—F LTV A Ll T b Ui LI s~ T 5 & 512 BIRIZIR
DIBEHIRCFFHLDOTH Y, *ORBEIERBKD T, S &2 Th#RE 5, Hix
i Charpy & Schnact SEuiho Toop & HIET 5 & 45 11 - 30 Ko & 512 75 0 AR OR:
BB EN B, Lo L—RIMZiE Ty MEOMICIEDH 2—EOEREOH 2T &n Ty OYRL
MERICHEEE TE 20 (EROEF LMD 72 b 0D 1HIHEY 11 -3 BIThH 2% 7T, T,q %K BFR

°C‘VH . C’c L
20t /
u—20 - /
- 4 oKd
&40} KN
$E e |
oF SE
o =<
. BIE0F g t-201 oFES
- ' =X ‘
L A L ;Y. K.
—80 ! . o | -40 ) ) 1 i ] ! L
=20 5 20 = 0 20 (CharPYO) 2ot
THSECh%'%K%> 5 (520, mm)
F‘ig. 11 . 28 Relation between T, Fig. 11 .29 Relation between T,

by Tipper Test and T, 5 by
Charpy Test

by Van der Veen Test and
T, s by Charpy Test

100
°
x L4
20120 °
o

=
&

=

B

Tre By Kinzel Test(°C)
S
O
o P

2 =
£ £ 4
3 - 404--40 3 - wf 5
_l_ e° a (s}
[+] Gg “
2 A
-60+-60 100 .
t o100 0 100

Tris By Charpy Test (°C)
GOKq/mm‘ HT (As rol[cd) (h= muo:

o (»‘\s o led
2 ‘ + (Normalizéd) ¢ (W /“‘”.)

Tig. 11 . 31 Relation between 7,5 by
Charpy Test and T,; by Kinzel
Test(r=0.25mm, t=20mm)

1 I 1 C ! il L L 1
‘0 -20 -40 -60 -40 -20 0 20°C
Tris{ Charpy ) Tre(Charpy) -

O~
°-
a-

Fig. 11 .30 Relation between the Results
of Charpy Test and Schnadt Test
(Semikilled Steel)

* - mwumm & LT BERERNE Van der Veen o 1,1 (& 6mm | «-f;émﬂf) Tipper
T?E -d‘igfjj¢~ vy ODHEELEATHD2HDTHD

¥ T.q & T,y &SR YT 52 I3 AEHC c;rw DI EThohe WINODOPRIOWEE & >
ORI HBBEDEFENEELN D THA 5,

— T4



-

Bl LTy, OKLMERY HOMENS £ DEIXAPROBEER <10 TE 21T S DR EF
5H D, @—MHKIERTD Tro ZIFFITENMEZ L VERIKRE THBOT, 5H< T
DE THRBETHHZ &, BIUMBOER AL VI HHHON DRI TH DI & s
Thbdb, ZNHDOI & &HBET 1 Schnadt - Charpy FRERYED I KMTIT 0D LRIV | X | IS ER
MTSNT B EZZL LN D,
Loy LIS DRBREVERE Lo A Ta & L TMif7s 2 BB + 5N E itk
REFOVHENT D28, THUDISRICEBI N CERAMBETH A 51,
.

I-5. PIRAEHRBREICOWT

S OBIRINTE, IRTEROME MBS0 D T &, WHAEREL 30 Ty 243
BA%, A TEEIETE TSR/ 2 212 & DA EIRIEMIABRZBC DV TR D L 5 12kl T 5 =
EMTE B,

(1) #MozRd T & Ty i3, SIEREBETPL2Z LoD & <, kit (S-U)
W EDTURTEBPRNIH R LB 2 bbb b & 512, HiZhic Y OBEMA T 55D TH A

D), EHOBIEM DT, BAED & ZAREKNESRE T v hinkeTthsrs, BovD
AL DEHETH BTV THRR X AR TR, MHOWRIEE & 34 2108 T
BLO Ty LIZOWTHERT DLEND D,

(2) @AM D T, 2R B2 BIRESHBTE OBRIA S /s BB ¥ FV 28R L 57,
7213 Charpy FABRAED-GIREEFRMTIE O LI/ D S VIR & IV 23REIC & 5 & &1, F08IK

HEETFG D D& F BLBEA D Do T HIEGIKEHRITE D/ & WAL, WIREEN RSB < 7

v, BRRBREIVEIROFEEL 51T 20 TH 5,

(3) $M D T.o I\ ZBIRIROEER KT 50, T ORBRETREBRES L OEIc L > T s,
F7o Lo (3—HT Top (ZEe U TIREEAME S, HIURBR T3k B 2 AR EE 0B A28y Ty &
PGS 21203 L il 2 & DTG EH TR 2 L 7ciAER ) & HCIBGBR 2475 O\ E LV Th A

v

(4) D OREHRE LICN & 28 O T~ & Ty - Tou OFMEOIHEE & L TIZARBRIN
MMHEZ5E 0, TN ALY DM A AT 22 L B TH B, {AL Schnadt - Charpy 4%
Dhn <, —SERARORBN LHI D /2L THY 2 & Fi, MR R a2 d-—o ooty F0
WHEEREBIE LT, WEAPMETICONT Ty T OB EE LT iug i b,

II. EHREOEERUCERDOHR

-1 25y 225 —5—EEIF=eR
FOONE (SKD BLU) 4 N8 (SR 12D THRER IR 55 L OB R & 55 9-1 BIZsid o

T HJEI T’!’LE} Frolt Tr¢ %J:f)’}ﬁb A L7, T7‘LE S 7‘1'(1 & 'ﬁj 5 @4}0}}?"@&”7‘?01&: <, Tr¢ L UJ//:LU;%’ P
DTORENEMETH %o

— 75 —

ad



FE 7T vy Ry —g —EBREIT O BBROHIC L B EABRBRRT 0.0 BIREDE b ThE
VWEBOYL & T, BHAEEEEORIFCS U TR A IET A EMTE AT E D,

F 1o 5 L —ERERO B TIRNE BRI 4 AU 2 RO DI A S DH B 2 e d, [

WA B DM T D72,

II-2. EHHRICEETHHR

FUveH (BK) - U4 K (SR) 3L ORI (S.H) v, FigOWMEEL b2 /oy
WLER (250°C) - 1 BRI EATVy, £ OREME 2 LU L7c, $70 10 8 UEED S L1120 L TR T 0o
MR R R 2 128k L7 ERE LT 070, TORANT & 5 &, FEREENC & D TAH & bk
BPEDMET %57 Lz, TOBREIMIELIZ 2H52% T THELKRE L, 102 & 20 22 OzELIL
BRI Aotz FhoF A FERE Y 4 FERE T DV Ti BEgho 8 £ 2 V-Charpy B0 Tois O
FREDOENHE Y AN 0 (510 - 8 D, MBNREDRE L LTk, V-Charpy #BRIC X
% & 200~400°C THTER(EILRALHE 27T 75, 500°C &2 2 &ML, 850°C Tk EARRARICTS
THI RO (G 109 KD,

A

.-



ta

Bam32s:37 56 0 MM
BMm324a3 A10 8

B ERASHSHRE B4 F

RITA W i

334

BATHT MR AHREROFER &
AWM R FEEL 2
> kI A b
#® O (28) 1 4 0 9

CEDRIA 3R ¥ i #
EDRIAT &% ¢ M OB OED ORI #
TR LRIk ARINT 1~ 58

2 §5 (60) 3640, 3641, 9212

el



	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084

