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Researches on Welding Procedures of Thick Steel Plates used
in the Construction of Large Size Ships
(Report 1)

The present volume describes technical questions on the construction of large size ships
more than some 60,000 Tons DWT which are now going to be constructed or to be planned.
The 39th Research Committee of the Shipbuilding Research Association of Japan has
investigated on the questions since a few years ago. Many problems would have to be
resolved from technical standpoints in order to complete large size ships of highest quality.
This volume contains some of them, which were investigated in the first vear of the
research program. They are divided into the following three items.

1 Submerged arc welding procedures for thick steel plates.
a) Notch toughness of weld metal
b) Control of weld cracking .
2 Manual arc welding procedures for thick steel plates.
a) Control of weld cracking
b) Suitable groove shape in butt-joints of thick plate
3 Strength of thick steel plate weldments,
a) Resisting property for the propagation of brittle fracture in each part of welded
joints

b) Strength of welded joints of heat-treating steel plates

Summeries of them are as follows.

I-a) Notch toughness of submerged arc weld metal was investigated from several
standpoints such as effect of number of passes, effect of welding conditions, effect of rod-
flux combinations and multiple rod welding method. Generally, V-notch Charpy impact
value of submerged arc weld metal at 0°C is some 4 kg-m/em® It is difficult in the present
stage to get constantly higher impact value of some 6 kg-m/cm? or more even if it may
be realised by a suitable welding condition.

1-b) Weld crack due to submerged arc welding will be divided into three groups, that
is, 1) bead crack due to welding of backing pass, 2) bead crack due to welding of
finishing pass and 3) crack produced in the so-called " pearoid 7 type bead. The investi-
gations were conducted on the above three groups of crack, and welding conditions for
the control of the cracki\ng were explored.

2-a) Cracking in manual arc welds will he important at the welding of the first pass
in thick plate’s welded joint. The problems were investigated on the effect of plate
thickness, initial. tmﬁpemture of weldment (or preheating temperature), root gap, type of
electrode and the degree of constraint of weldment by modified Fisco type cracking tests.

In manual arc welding of thick plate, low hydrogen type electrodes arc so often used in
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om the standpoint of weld cracking, but weld metal made by electrode

Q

f this type often contains some blowholes, especially it was so at the beginning of this
research program. Ef[ect of hot start method, therefore, was also investigated as a mean
of the blowhole controlling.

2.-b) The most suitable groove shape in butt-welded joints of thick steel plates was
determined from the standpoints of angular change, shrinkage, economy and strength of
weld metal.

3-a) In order to obtain resisting property for brittle crack propagation in both weld
metal and heat affected zone, fracture transition temperature in each part of manual and
submerged arc welded joints was compared by Van der Veen tests and V-notch Charpy
tests. On the other hand a preliminary test on the effect of residual welding stress on
“the initiation and propagation of brittle fracture was also undertaken. The test results
show that brittle fracture may be occurred at low stress level under some evil conditions
such as poor notch toughness of materials, existence of residual stress and sharp notch and
SO oI

3-b) It will be much effective for the construction of large size ships to use high
strength steels such as quenched and tempered steel or heat-treating steel. In welded
joints of heat-treating steel, however, joint strength may be lowered in comparison with
the strength of mother plate because of welding heat. On this question tension tests of
welded joints of heat-treating steel were performed. It was known that the lowering of
the joint strength is not so appreciable if strength of weld metal is not inferior to mother
plate.
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Table 1-1 Chemical Compositions and Mechanical Properties of Steel

Thickness Chemical Composition ; -
of Plate Standard e T VA IR By
mm C ’ Si ‘ Mn P g kg/mm g/mm 9
!
45 NK.KSM-41W | 0.13 ' 0.20 0.83 0.011 0.018 27.7 43.5 26.0

Table 1.2 Edge Preparations for Submerged Arc Welding

Groove deg'ee m[?n mI?n m?n deg’ee g:s»::‘f Detail of Groove
1 60 - 12 12 21 80 2 Passes
2 60 17 12 16 80 2 Passes
3 90 18 8 19 80 Malti Pass
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Table 1

-3 Welding Conditions

© CllrrerAn‘ Arc Travel Consumption of |
2 . | Voltage | Speed | Core Wire Rod and Flux .
5] Pass D e TR T e Remarks
= Amp v In./min & Flux Rod Flux
S P /min. (kg/m) | (kg/m) |
> S 9 y £36 1/477¢ .
1 BP | 1st 1100 35 10.4 290 20 %200 0,867 0.910 BP
cp ' g . ; £36 5/164 . X
P |1st 1425 38 4.1 20 20%x D 3.000 1.760 |
\ o |, i . - | 436 5/164 ,
, BP|1st 1100 35 7 290 20% D 1.810 1.040
o PV o | 236 5/164 -
ol ) / # ¢ FP.
FP|1st 1400 36 7.9 £20 20 %D 1,580 0.840
1 st 750 33 13.3 ’ ' 0.482 0.500
2 nd 830 33 13.0 0.580 0.520 BP
BP ) 3d 830 33 13.0 0.580 0.520
4 th 850 35 11.8 0.645 0.540
) 124
3 Sth | 900 36 | 106 | B0 VS LG an0 | 0620
I S 280 20200
1 st 1000 34 10.0 0.942 0.720
! oy
Fp 2 nd 850 34 15.2 0.522 0.640 T
3 rd 850 34| 152 | 0.522 0.720 FP.
4 th 850 ‘[‘ 34 13.3 0.500 0.800
Groove |. Groove 2.
I ] >
40 401 S : N
L /38037 5248 38
SENGEN
301~ \ 300 g ‘\\\
- 157 5305 7408 e 4 / \\
gL N = al \
3L L/ 2 35 5 1
72} wr
558 790 988 197 783
10|~ 04)° (18° 435 175 % 10
10045 8595 1371 o
- (4Z5) (365 (615) F
0~ — = ok
[ — ! 1 [ ) L ) ' ) ) ' ' ' ! ; i
S 30 20 10 0 10 20 30 20 10 0 10 20
- Scale mm ———— Scale mm
Groove 3.
—
401~
301- A
7'/\—/»\—‘/\\\( hH - he 5
£ /63(')5,,‘0'0;1\\”025 Fig. 1.1 Absorbed linergy and Shear Percentage
| 20 (Ww) of Submerged Arc Weld Metal due to Standard
Bl : V-Notch Charpy Tests
10f- Note: Absorbed energy is in kg-m/em®
Numbers in brackets are shear percentage.
oL
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Table 1-4 Welding Conditions

I{;(L)y | DPass Rod 5”" ; Flux | Current V{}];;L\ge ’ ) SIII)CZ(‘II l ’Ijhic}(?eﬁs Groove
(inch) ] C(A) (V) in/min. | of Plate
R-1 1100 33 7.6
A-5 # 36 1/4 G 80 ' 1=39 X
F-l 1230 | 35 6.9
Bl 1170 33 17.6 i
13-2 900 34 18.4 i
A17 B-3 £ 36 14 ¢80 760 38 11.4 (=39 N
F-l 1150 35 17.0
F-2 900 35 20.3
F-3 770 38 10.6
B-1 ‘ | 450 30 14
B-2 550 30 14
B-3 650 30 16 :
B-1 650 30 16 |
B-2 BS 1w | oane | Gso | B0 33 10 t=38 | H
F-1 800 30 14
F-2 750 32 14
F-3 650 32 16
F-4 650 30 16
F-5 750 3 104
B-1 700 30 12.8
B-2 950 33 8.8
B -4 B-3 £ 36 1/4 G 80 1000 33 10 t=38 H
F-1 1100 28 8
F-2 1000 33 9.6

Note : Details of groove
90°

~.

90°

X~ groove H- groove

SRR Fige -3 00 & ds 0 00T, WO AT, OB LV R o WY
:(‘ ;{'l,yf‘):k,\o 411}01 '0)'3"\‘”3( }/T\”‘(L 72 /1“1l&||ik“}f 1 kS u‘HJH L |} ” ﬂIIU Fig- 1-4 DI & ’C‘[\l;)":"(‘,
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Fig. 1.3 Effect of Number of Passes on the Notch Fig. 14 Cross Section of Welds
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Table 1.5 Conditions of Submerged Arc Welding

Thick- [ Groove | Groove | Wg. Arc Dia. of Travel
L ness o Angle | Depth | No. of | Current Voltage Rod Speed
Groove Specimen — T Paes —— .
7 (mm)|# (deg.)| 1) (inm) (A) (V) . or mm| mm/min
A 45 80 20 1 1500 37 5/16 151
B ” " 17 1 1400 37 " 125
C 7" 7" " 1 1300 36 " 135
D 1" " 1" 1 1200 36 1" 106
I 1z " 16 1 1400 37 ” 156
K " " " 1 1300 37 " 141
G " " " 1 1200 36 ” 130
H " Z " 1 1100 36 " 117
| 35 ” 12 1 1300 37 174 252,
] 1" " " 1 1200 36 1" 210
K " " 1z 1 1100 36 ” 175
I. " " " 1 1000 36 " 157
M " " 8 1 1200 36 " 341
N ”" 1" 1" 1 1100 36 " 318
0 1" " " 1 1000 36 " 250
P 7 " " 1 900 36 " 210
] Submerged arc welding  (Rod % 36 X Flux #20) e
\\\‘ Groove ’\// 800\\7' <« 505\7 » 80, [ € 8017’
\:\\ :
Specimen alelclojeElFloaluwlti|olxk]L | min]olpr|{RrR]S
Lo;mn\ofc‘rm@%&.ﬂi“t\“ﬁ 1500{1400{1300120014001300{1200{1100 13001200 |1100]1000 1200{1100|1000[ 300 | — | —
N
a1 0c )
]
2 m[m
BN

N
L

,231[1143‘0750

S

Abserbad energy kg Absorbed energy,,,

= £

s -
20 7(_“‘3_!

}QOM RY

o
=3

32895212 80,

90} -

- 1T

bserbed energy

" &nl

32

| 787
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Note

|. S Coefficient of nugget shape

3. Key

Notch 1. ——0—
;) —Xe—— - ——X—
v 3 e —— =D
v 4 ————

4. Details of groove

. Rod | O] )
w00y | B0y
Yetisl \ /g |9 Ng
o +
., 80y w80
Va'e| o o | o o
- i i

(Rod # 36 X Flux #20)

5. Welding current and S

Groove ® @ o
Rod %6 ¢ Yig" ¢

%1 ) T
a 2
o | i
) e | N -
'S . i —////“ /\(
ey g 4 o X7 et 3
2 o5l el
2 /{j;;/ o
N I T ori oSN
3 - .
g |l
< 3 2
40 50 60 70
— = SF
\?3 (@) Rod 5/16" ¢, at 0°C
=
2 5 n
&) N
:‘3 5 g —x’/“/..él
| X _/ 5
3 /A/q/r____ dk/{:z(
R e e S B 1
s | &0 =
S 3 4 = N
2 , %67
é o | a= & °
40 50 60 70
SF
£ (b) Rod 518" ¢, at -20°C
2
&5
oD
5~ |3 _La
> 4 2] /—\__,,—-—zlr\"& g
2 N B e B S s S o
] e P —— e MR i =
3 V=T ’
= o] |
bel ) I
2 50 50 70 B0
———— §F
3 () Rod 374" ¢, at 0°C
N
£
o 4 |
& 3 N
v 3k = =
S A ’/L’-Q’//)f—s/
> _/*’.4,-//'
S e o
% 2 ",//0/' \ |
Ik
< 40 50 60 - 70 80
SF
(d) Rod /4" ¢, at —20°C

Current 15001400(13001i200/1400)1306]1200}1 100
jgggh%fmllzs 135 108] 156 141|130 117|
SF |75153149|43]63]53]46[34
| Groove ® @
Rod 7% 4'd
Current [1300]1200 [1001000}1200]1 100|100
Travel, (" b 252l 210|175 157| 3411318] 250
| SF [99|82]65] 48] 7658649

900
210
41

Fig. 1-6 Effect of Nugget Shape on the Impact Value of Submerged
Arc Weld Metal (Standard V-Notch Charpy Test)
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Table 1-6 Welding Conditions

e S, Arc Travel
Specimen Pass Rod Ro((ilnf;m. Flux (,u(r/r\c)nt Voltage Speed 'I‘hFiz?(tneess Remarks
(V) (in/mm)
B-1 1180 33 7.0
A-2 ¥ 36 1/4 G20 t=39
F-1 1150 33 6.5
| B 1100 33 7.6
A-5 436 1/4 G8o "
F-1 1230 35 6.9
B-1 1100 33 8.0 |
A-9 43 1/4 G50 "
F-1 1240 32 8.0
B-1 910 31 79 | ?
A-12 8 40A 1/4 G80 1" |
F-1 1180 33 7.2 l ,
" B-1 1180 35 8.5
A-15 # 36 174 G50 } "
F-1 1300 35 8.3
B-1 , 1170 33 17.6
B-2 900 34 18.4
aqr | BB hegs o | s 760 48 1.4 ”
F-1 1150 35 17.0
F-2 900 35 20.3
F-3 , 770 38 10.6
B-1 900 34 21.2
B-2 750 35 12.0 A
A-18 B-3 336 | 316 | G80 720 36 10.3 p Slag is
remainedc
F-l 1060 35 19.9
F-2 820 36 13.6
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Fig. 1-7 Effect of Rod-Flux Combination on the Fig. 1.8 Effect of Remained Slag on the Notch
Notch Toughness of Unionmelt Weld Metal Toughness of Unionmelt Weld Metal

Table 1.7 Effect of Remained Slag on the Chemical Compositions of Weld Metal

Specimen C Si Mn P - S ‘ Note
A-17 0.11 0.36 1.13 0.024 0.026 —
A-18 0.12 0.38 1.21 0.027 0.027 ' Slag is remained
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L . .
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Fig 1.9 Location of V-Notch
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Table 2.1 Specimens and Welding Conditions

. ‘ack Weld .
Specimen LxBxt A Welding . e | Travel 1
No. mm Ler_lgth- Current Arc Voltage Speed Remarks
Pitch
W P A v min/m
22-1 12,150x2,300x21.5 30-200 680~700 32 320
22-2 1" 30-250 700 30~32 320
22-3 1" 30-300 680~690 . 30~32 310~320
28-1 12,150 x 2,300 x 28 30-100 940~960 28~30 210~220
28-2 ” 30-150 960 30 210 Reinforcing mem-
321 12,150%2,300X31.5 | 30-100 | 940~950 | 26~28 | 150~170 [(bers are setiled
33-1 10,700 % 2,300 % 33 30-100 950 30 160 welds.
33-2 17" 30-150 950~960 28~29 160~170
33-3 " 30-200 930~950 28~29 160~170
Details of Groove, Run-Off Tab and Tack Welds
& T / =
!
7 ' EA e
_H 7 = S) - e — TR
Lo g g -
p—
v - ( | '
! —— it
TN VoA 50 :

(@ shape of groove ol

PP 5
A e =
=30~ 30~ 0~ '

¢y tack welds » (b). run-off tab

/*No'_INB dial gauge Specimen No.33-1,33-2,33-3.

L=140.

4 ] = i~ 2500
f — e (] —s] . 2 = )

&fd t—d + d—fﬂ'— dj&‘— WELD LINE ]
b b S d ) Other specimens

Nol No2 No3 No4 Nob ' '

L | | L=12.150

: = 3000

Fig. 2.1 Location of Dial Gauge for the Measurement of Transverse Displacement of Welds
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Fig. 2-2 Transverse Displacement of Welds during
Welding (thickness of plate 21.5 mm)
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Fig. 2-4 Trans_verse Displacement of Welds during
Welding (thickness of plate 31.5mm)
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p—— 600 ——— .

. Fig. 2.8 Cross Type Constrained Specimen and the Welding Method
‘\\ Table 2-2 Properties of Steel used
" Thickness Chemical Analysis 7_7_;_;_ Physicéi VProperLies
of Plate C < Mn Si I P15 ] Grain Y. P. ' T.S. | Elong.
(mm) (95) (%8) 1 %) @) | (9) | (size) | (kg/mm?) | (kg/mm?) | (%
’ |
42.0 0.17 ’ 0.76 L 0.23 ] 0.03 ' 0.023| 7.0 32.7 ’ 46.4 ‘ 31.0

1) %1009 7 LhoC I & L,
Table 2-3 4Lt Table 2-4 ¢r-édugdva ) o B HFHGER R (A 3 ) O B UGUR IA $51 %

oK B F, 14

IO N B IR

Table 2-3 Welding Conditions and Test Result of Slit Type Specimens
(a) Welding Condition

Welding Speed

Specimen No. } Wcldm(g[;\)Cu_rrcnt : Wélai?‘(!?\/?};lmge f (cm/min)
' 1 ‘ 850 35 2
2 " " 30
‘ 3 800 32 31
4 900 " 21
5 " ” 30

(b) Test Results

St N ugeet 1 Nuggel Nugget T T' Bead o+ Crack ©  Crack
S[)LNC::nen Areas | Breadth Height ]lgl,(:;];lll/ Length | Length ' Sensitivity®
o ) (mm?) i (mm) (mm) _f_ _1‘ (mm) | {(mm) ! (%)
1 20 407 19 1z 65 | 27.1
2 205 ] 12 21 s 200 |25 976
3 260 18 22 12 170 } s | g5
4 370 21 20 0.9 1 240 i 80 33.3
5 285 17 20 1.2 230 g0 | ms

* crack sensitivity = (crack length = weld length) % 100 25

— 91 —



Table 2-4 Welding Conditions and Tests Results of Cross Type Specimens
) Specimen N i Bead Length | Crack Length Selg:;l?l(i/l:l " Ti ] Breadth/ B
No. (mm) (mm) oy 'y e Height
- (%)
Wg. Speed
{(cm/min) (600 A, 30V)
1 35 275 275 100 1 day i 2.7
2 37 272 272 100 7 2.5
R 40 280 280 100 1 2.0
187 64.3 6 min
4 45 291 291 100 1 day 1.5
255 93.2 6 min
5 55 270 270 100 1 day 1.2
Wg. Current
(A) (30V, 35cm/min)
6 400 295 295 100 2 min . 3.0
600 275 275 100 1 day 2.7
7 900 295 0 0 — 2.0
Wg. Voltage
V)
8 \ 28 292 145 49.7 1 day 1.9
30 275 275 100 7 2.7
9 33 295 295 100 " 3.0

crack sensitivity = (crack length =~ weld length) x 100 27
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Table

-5 Mechanical  Properties and Chemical Compositions
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Bending moment per unit weld length,
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% ke B 2 LA EMAS S % OC, b
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Table 2-6 iZ73 L7z M. ¢k Backing 7 Angrular change
pass Z AL 7okiE¢ Finishing pass Fig. 2-13 Relation between Bending Moment

lied to Welds and Angular Change
[l 171000 radian 724 0> i 200 2 2k apphied to 2 & &

BT FA T AN ® — A v PICHRY LT b, L7zh 2, Finishing pass DOIBET LD

radian DAL A Uy &g, S OBRET SRS, U HRLHER O M L 2%
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5 h'
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Table 2-9 (a) 1277k L 7o EIEERIR 0 6 5 X O he iz FINL, 1305 o oftz st L

Table 2.6 Bending Moment M per Unit Weld Length required for Angular Change of 10- Radian

Thickness Throat of Eccentricity Eccentric Load | A measured M corrected
of Plate Backing Pass of Load per Unit Weld (kg-cm/cm/ (kg-cm/cm/
{mm) Jip (cm) ¢ (cm) Length (kg/cm) 10-%rad) 10-3rad)

25 1.10 1.90 570 400 400
32 1.30 2.32 765 740 660
35 1.40 2.61 655 690 820
40 1.60 3.41 590 710 1220
45 1.80 4,32 930 1250 1750

FOERR D & 5 LT,
P 1/1000 radian o i % (LA e SIS 5 BRI R L D O LR fiif 1
lip: Backing pass Oifinii & 50D & F
s 5 Lo i A
Piochgdfe
FOBGESBRITHHDE L THIIERZ T D7,
hw: Finishing pass 0 1 iiE i oEIE 20 &)
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SRR
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Fig. 2.14 277 EFEHET S L L/NE v, ANIECIE &

T L AR IS ARGl b o LAt e o

HTHIP ST

H6dvicd

OITCaH LT

Table 2.7

Transverse Shrinkage Stress in Constrained Specimens

Thickness of Shr e pclrI O Throat of Sh{rirr?ll;;;.ge
Wy, Current (average) Length om Stress i
(mm) kg/em kg/mm?
25t, 700 A 1.44 121 2.20 0.55
32 " 1.08 107 2.55 0.42
35 " 1.21 174 2.75 0.63
40 " 1.25 246 3.00 0.82
45 1" 0.91 183 3.15 0.58
25t, 900 A 1.85 153 2.40 0.64
32 n 1.67 155 2.75 0.56
35 7 0.93 169 2.90 0.58
40 " 1.40 262 3.15 0.83
45 " 1.54 307 3.25 0.94
32¢, 1100 A 1.64 160 3.00 0.53
35 1" 1.74 320 3.20 1.00
40 ” 1.46 273 3.35 0.82
45 7 1.83 367 3.65 1.00

244 OHWBREE —FICET IRE

nz o AL PGS s TR A IV, e —

L BRI R A

KON AR A o A B %

s KEEYE

C MO BROTELL

RPN B A N S U D,
Ay, DUTIRALS FEER A
SEER G ) U A2 SRR b RS

e

T,

45mm oA FEEET, e (b Esy B I % Table 2-8

Table 2.8 Chemical Composition and Mechanical Properties of Steels used

—C Si "_ Mn P S Mn/C ’ Cle ‘ Y.P. ‘ T.S. © | Elongation
%) %5) (%) (%) (% " 0/) kg/mm? kg/mm? (28)
013 | 0.21 | 0.94 | o0.021 | o022 | 7.2 | 0.30 2.2 ! 42.1 1 35.1
* Ceq. (95)=C+1/6 Mn+1/24Si
Foogrpmc e g BB Table 5 R LA DR Sl K E VIIBRIE e LTy ETH DL, L

L, W3R LS, B PR SEESSBECE TS LT LIRS RV 0T, —EH

FRHOSIE N DO FIGH T L TCHITDTH S,
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Fig. 2-16 Large Size N.R.L. Constrained Specimen
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Fig. 2-17 Effect of Nugget Shape on the Cracking of Submerged Arc Welds
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FHEI DD EFAVINS 2 & i QMU K 7T, PHOTRIEC ISR T A i, IR 8o

FEAY D A I B A s T X D e S o0y B DA K 25 ra e IR STV D
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32 BMEORECELZIRIEFHORE

EETIRE IR OIS TEFE IO AL FE AV N KIM Ge 2 BRI, oD 5 2R & )7;1”‘415

FOWIGE P APl B e U, SO @INT 35 1T %4

HOLFEXBNS, : '
D s 4 itk
2) AU R TRIE 5) DLy
3) B2l BRI B 6) RS O T

ETTEAA DRI BENA DT & [,:?i'd@ﬁ:ﬁl')'jl:t:w”23."'.‘6 IE AR D LD LR BIG,

AR Y A IN
DB 2 W S LoD & LA,
3.2.1 Bk

EREDFHAF O, [ D ~A) o

’-‘ i]lm](/j([',”l!\( L (/)IHH—] _:;;17 T ’ ([)1//”]

AR A B o W SRR D S gk
(CUF LS o 2 =2 BRAEIR &A1 50 L, (RS 6) op B s00 A oo o i i
gt TRy JoSe BRI CENAR L7z,

T L 7o B 55t & 4 Table 3-1 (7R3H0% 38mm O ¥ 4 Vil Th D, 7/ LHE7 ¢ 2 ol

Table 3-1 Chemical Compositions of Steels used

Plate i Chemical _C()mposirion gz i
Thickness i I Si i Mn P ’ 5 E Ceq.*
) Ladle 0.16 0.25 0.85 0.014 I 0.020 0.31
5 Check 0.15 0.25 0.85 0.023 0.024 0.30
- [.adle 0.15 0.22 0.74 0.014 0.024 0.28
® Check 0.17 0.25 0.75 0.008 0.020 0.30

* Ceq.=C+1/6 Mn+1/24 Sj
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Table 3.2 Test Conditions

. ! Plate Thickness Root Gap Test Temperature
Electrode (mm) (mm) (0
20 0 0
) . 30 . 15
[lumenite Type 38 2 100
45 4 150
0 Y
Low Hyd “Type: 38 2 o
.ow Hydrogen "l'ype 100
4 150

' @

120

R rm—( R o
le 40+ = B0 ——|5+- 50 ~ =40+
75 75
¢ B L-A
[en]
o~
Section B—8'
r
L 200 :

A

Section C—C
Fig. 3-1 Modified Fisco Type Specimen

SER R CHE 20 mm, 30mm o3 ol 38mm OLoaLT N LAZboTH D, Tz, HE 45 .
mm O Lol o s & Charge #F0C LT 585, (LRSI 2L 0GRV OREEX DT L, &
dieo ¢ A o BIRBEERIC i 4 F8 (i4td Table 3-2 273 0 ¢ b, BT OIINE 7 «

A 2 EERICHE U C Fig. 3-12mmh 2 L7zas, @

;\'L‘U/JJ 0% 70 100% 27z HERITT 57200
I I B TIHIC et A L 7z, C JT

— R O L A BB B FE AT s T B on o

) ) S N

BTV Fig. 3-2 (R ABUT E R, BRI 0 ) |
ALDYEE Bar2 5 2 240 & TURER O 2 oo T ¥
. o . L' 200 ﬁ-l IS
WL 7, M OWET Y Fige 3-3 2 diaae v B
CEABR A DI & I U ro s, QAR (072, ke 560 B
A O B ERONLE WY Table 3-5 o3 & T, ‘ Fig. 3.2 Constrained Specimen
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Table 3-3 Welding Conditions

Weight of

- | - — _
1 N Size Current I'ravel speed - =
Electrode l (mm) ) (Amp) ‘ (mm/min) } l)e[)omze;) Metal

Ilumenite Type 5 l‘ 215 300 6.6

Low Hydrogen Type 5 ‘\ 240 300 6.6

|

FE 38mm oL TR A 40
DA AT IERRES 20 & L T
L, WOz ER O TRy 2ty
PCOBAARY LiEmL 7, T
BV Haailid A

e o A o IEUER T 75 QU kS

iy st ER S 2 o C oy didlaoy - Fig. 3-3  Apparatus for Measuring the Degree of Constraint

M OIS TR — & 0 D &
e e 100 T '
D &b, BEHEDUE I 4 TR T
¥ Sl s e fimenite  Temp. lowHydrogen
Table3-3 Dl 9 Cb %, BRILL ol |—— ¢ a

(%)

—— 15 4 /
VR —IEIE A A E — VRS ——o—— 100 .

—e— 150 /

5 QPR XD EHE T, 60|
hy
3-2:2 R H UM 2
T DA %
E
<«

\

o ¢ A 2 B RGO FEUL & )
I, BHATREY & GR35 A e
— 2 L AR AR Ol spezoossooo=ozas 4 =t

o Fig 3.4 02, BUE &i5E

~
(=}

. Fig. 3-4 Effect of Plate Thickness on Crack
L 8T — 17 LA S AR ' . 7

he e85 A — g — i LCHN o A Semsitivity in M. Fisco Specimens
g Fig. 3-5 12,

BRI & T i 25 4 — 2= L 00— ,
T 72 BHAEIIE I B — f 4 w e £°’W)}1§Eﬁ§;’;‘dw_
#ize Fig, 3-6 sy o Fig. 3:7 12 g —— B oe-
ey, z 60 e—

Fig. 34 w2d o, FHILD %

U AT A R S O s o E
MUCTBUR I G T L Cu 2
%, Fig. 3-5 245 &, .
BRI D Ueh ¥ L fied - Initidl temperature.of plate  (0)

A e by 7 Ly T L F e e A i N
WTH T, (Niad T EI TR Fig. 3.6 Effect of Initial Temperature of Plate on
FURNEESE L b LT D, F Crack Sensitivity in M. Fisco Specimens
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! T 100 T - T
Initial temperature of plate 15°C 1% Tnitial temp. of plate 150°C
Timenite Pl Thick. Low Hydiugen 1 limenite  PLThick. LowHydrogen|
80— —o— 45 mm /1 80 |—| —o— 45 mm
8 —e— 38 ———— —— 38 — X
—- - 30 / o = e 30
—s— 20 A < c—— 20
Z 60— : sof—
H z
8 3
40 a0
[} - Pie @
e ~
= g
20 S 20—
— potlel =
0 f’g’_‘"_‘ =T 0 )
g 0 2
Root gap (mm) Root gap (mm)
Fig. 3-6 Effect of Root Gap on Crack Sensitivity Fig. 3.7 Effect of Root Gap on Crack Sensitivity

Fig. 3-6
TR E

100°C o
Bt D

i ‘Jf‘,’:L/”l’J = A
LTI L D LA SN A

in M. Fisco Specimens in M. Fisco Specimens

RO Fig. 3-7 pbiopd i 9w, (bOglp—5Ein bk, BHeiiioRl 4 & @
Vg

D LT B0 SRR (T L 7m0 & Wl — ook, Table 323 105k U 7- B 4 T BiEss

ek €45 & Fig 3-8 51 Fig. 39 ok Sy, BHRDOIE

U VATEE O s MRS DGR & & b T L

THUZ L OCHL LT d, Zofir Figo 3-4 #x0 Fig. 35 2730 7o BERLEK

H P & ERERTI. =3 L Cu B,

380 |— ; I | i :
724
- -~ KHAzZ
340 AV
i“?"\' - ? (
'
1
5 ] Il
:‘j 300 | Root gap
2 ! Location of hardness measurement
[} ) / >§\
= 260 .t
TN
7] </ \
3 7 \‘
5 220 e v
_‘g ‘\ T\o\\. Plate th;ckness
o M \\-@,%
© 180 e < i
E thick£§§§£9.30m% \‘\;‘,\\io\ '\\‘\\ .
thickness 38 ) gq*‘--\o\. .
ickness 38 mm B e S U
140 H.A.Z, : =1
100 L \

0 1 2 3 4 5 6 7 8 9 10
Distance from the weld center line, mm

Fig. 3-8 Hardness Distribution across the Weld

_ LElectrode: Humenite Type 5 mmd-
Root Gap: 2mm
Initial Temp.: 0°C
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HAZ.050) [T P
140 HAZ (0157 =
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Distance from the weld center line, mm

Fig. 3-9 Hardness Distribution across the Weld

Electrode: Ilumenite Type, 5 mmg
Root Gap: 2mm
Plate Thickness: 38 mm

Pisth oo X H e — P T8 % &, CORYERL G IVT, ARG T 5%, BB I
JeE VST, e B0 d HEE AL A R L TV D, o & S 38 mm OB 150°C
BT 0k FF0 72 WE oo 4 G 3 1) bR A mm o AR 25~30% Tdh o (Fig. 3-7) v
15°C o Eiar ORI 2 mm O TIFRM L TcHh S, (Fig. 3-6)

RS 38 mm OEWRET 1 v A T A b Fds JDOHROKREET O ke Bead A V7oA O R

’EZJLL'i’lL'M‘J”G &, IH/ld)f} IIIL :, |] KHH I“O))\/l”'/| A3, fi"-"r':"n'@ji;’ff)\‘l'T'l“liiﬂ&‘{ﬂ/\Lr’C, o
DR T D, Lanl, S opEd, BIEECHIITFR 4 mm Cldodsie 7 ) o R
T %, (Fig. 3-6)

Table 3-4 Degree of Constraint

Series L. b b 2| Plate Thickness . P 2 » b
(mm) (mm) (mm) (Ton/mm) (kg/mmZ/mm)
A 180 300 38 79.8 11.5
B ’ 1" 200 " 112.0 16.3
C "o 100 iz 147.5 21.4
D " 0 1" 251.0 . 36.6
Erection Butt 1000 0 33 28.0 0.8

Note 1),2): See Fig. 3-2
3): P=Load per Unit Change of Root Gap
4): p=Degree of Constraint=F-+(/..xPlate Thickness)
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OIS DMBA B L OERy 7w o s
vy MRS NTER B R o7,
BRae e b OV B A% —45 L ¢ Table
&5&%¢0§?®i5tm%ﬁ%6&%
WCH LT, 10025 &7
oo ZAVD OGUBR A A LU U T 0 LY
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HJU j\(rm
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Table 3-5 Relation between

Details of groove
N (/ 60"~

gott

O]
06 —+— 300
§cp

_Longl. Beam__ __

- 2
i
I
|
!

1,000

\

K

— ORORO)]
B : Location

Fig. 3-10

. —
© Dial gauge

of loading

Measurement of Degree of Constraint

at a Erection-Butt Welded Joint

Degree of Constraint and Crack Sensitivity

Test . ] Plate I B Testing Crack Degree of
No. Specimen Thickness (mnbl) (mm) Electrode Tt%(lT}p. Sensx%/lvxty Constralg}t €2}
(mm) (&9) (%) _ | (kg/mm?*mm)
1 D-1 | 38 | 18 0 | MHumenite 0 100 36.6
2 C-1 : " ‘ 7 100 " " . " 21.4
3 B-1 " ” 200 7 " | " 16.3
4 A-1 " 1" 300 ” " ' ”" 11.5
5 D-L " " 0 |Low Hydrogen " | " 36.6
6 C-L ”" " 100 1 " | 35 21.4
7  |Erection Butt? 33 — 0 Illumenite 5~10 i 0% 0.8

Note 1)
actual ship.

2) Several crator cracks were observed in some cases.
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Observation was performed at the twenty of upper deck erection butt-welded joints in
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Table 4-1 Chemical Composition of Steels used

Thickness . .
mm C Mn Si P S
25 0.20 0.51 0.082 0.020 - ©o0.027
34 0.18 1.11 0.07 0.017 0.026
39 0.16 1.12 0.22 0.021 0.022
Table 4-2 Test Conditions
V Groove ‘X (7 . 3) Groove X (1:1) Groove
e Use of
Phickness | g onuback |
wtrongback.) 4ge ’ 45° | 50° | 55° | 45° | 50° i 55° | 60° | 45° 1| 50° | 55° | 60°
! |
. Yes O O — O ) O O O O - — O
9]
No — — — — ) O O O O ) O O
" Yes O O O — O O O ) O — — O
No — — — — O O O O O O O O
" Yes O O O — O O O O - — —
No — - -] 0O ]O0O OO0 0] 0|0
400
= 200 —+p— 140 4601
e
fis i A
)| Ll L 175—50k—175 ~j
o | 8F - 400
| z
(@) Location of strongback (b) Size of strongback

Fig. 4-1 Size and Arrangement of Strongback
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Table 4.3

Welding Conditions of eac

h Specimen

Thickness of Plate 39 mm

2
&
» X-7-3 (F) X-7-3 (SB) X-1-1 (F) v
. ; T T
S| ase | s0e [ 550 | 60° | ase | soc | sse | 6o | ase | 500 | s50 | 60° | 400 | 45° | 50°
G200 G200 G200 G200 G200] G200] G200 G200/ LB-26|LB-26|1.13-26{L.B-26] B-17] G200 G200
11 54 5d 5¢) 5¢ 5¢ S 56 Seh 4 A 4 4 deh 5¢ 5¢)
205A] 20041 195A] 195A| 160A] 160A| 155A| 165A| 160A[ 160A1 160A| 160A| 130A| 190A| 190A
G200] G200, G200 G200l G200 G200 G200| G200|1.B-26|LB-26|1.13-26|LE-26/ B-17] G200| G200
2 56| 56| 54| 56| S5p| 5p| 5p | 5p | Ap| 4p | 4g | dp | 4p | 5p | 5
285A | 280A| 280A| 285A | 235A| 235A | 235A| 215A| 196A| 190A| 200A| 200A| 180A| 245A| 245A
B-17) B-17| B-17] B-17, B-17| B-17] B-17] B17| B-17| B-17] 817 B-17] B-17| G200/ G200
3 B 8h 8ip 8¢ 8(/; 8:/; 8 8¢h 6¢) 81/': Bg 8¢ 5¢ 5¢h 5
410A| 420A| 420A| 440A| 370A| 370A| 380A| 380A| 315A| 440°A| 440A| 440A| 270A| 240A| 245A
B-17] B-17| B-17] B-17| B-17] B-17| B17| B-17| B-17| B-17, B-17| B-17] B-17] B-17] B-17
4 851 851 8p| 84| 84| 8h| 841 8p| 84| 85| 85| 86| 55| 8¢ | 8¢
440A | 430A| 430A| 430A| 370A| 370A; 370A| 380A| 420A| 420A| 430A| 440A| 270A| 390A| 390A
ol | B-17] Bl B17l B B-17l B17| B17l Bo17] B17] 7| Bo17| 87 Bo17 BA7 Bo17
£ 5 8'/) 81,"; 8«1) 81/1 8(// 81/; 8(/» 81/: 81/: 8(/} 8(,7') 8(,73 81]) 8(7) 8(/)
&l 7| 430A| 430A| 430A| 430A| 380A] 380A| 380A| 380A| 430A| 420A| 425A| 425A| 340A| 390A| 390A
) . ' : :
=}
Sl | B-17) B217 B-17] B17] B-17] B-17] B17] B-17] B-17] 3217 B-17] B-17] B-17] B-17] B17
Sl 6l 85| 85| 8p| 8h1i 85| Sp| 8p| 8| 84| 84| 84| 84| 84| 8p- 8
G| | 430A| 430A| 430A| 430A| 340A| 340A| 340A| 340A| 425A] 425A| 425A( 425A| 400A| 390A| 390A
B-17| B-17] B-17] B-17| B-17| B-17] B-17] B-17] B-17 B217 B-17| B-17] B-17 B-17] B-17
7 84| 84| Sp| 8| 84| 8p| 8p | 8| 8p-| 84| Bp| 86| 84| 8| 84
A10A| 440A| 440A| 450A| 340A| 340A| 350 A| 350A | 400A| 380A| 400A| 100A| 390A| 390A| 390A
B-17] B-17] B-17] B-17] B-17] B-17| B-17] B-17'ND 150/ND 150N 150'ND 180] B-17] B-17] B-17
8 84| 841 851 85| 8p ! 85| 84! 84| 4.5 4.54] 4.50 .56 8¢ | 8p | 8¢
430A| 440A] 440A| 440A| 370A, 350A] 350A| 350A| 180A| 180A| 175A| 180A| 410A| 360A| 360A
B-17] B-17) B-17| B-17] B-17 B-17] B-17] B-17] G200 G200] G200 G200| B-17] B-17 B 17
9 85| 85| 8p| 8| 84| SG| 84| 84| 54| 56| 54| 5p| 86| 8¢ | 8
A30A[ 430A| 450A| 430A| 350 A| 350A| 350A] 340A| 175A| 170A| 170A| 170A| 420A| 360A| 365A
G200 G200 G200] G200 G200] G2000 G200 Gzoo| G200 G200l G200 G200] B-17) B-17] B-17
10 (i 66 6(/; 6 64 6 6 6¢h 5ep Db i Hep S5¢h Bep 8 8
| 265A1 275A] 270A| 200A] 250A | 250 240A| 240A| 165A| 165A" 165A] 155A] 410A] 370A| 380 A
R \ G200] G2oo| G200 G200l G200l G200] G200 G200l B-17] B-17] B-17
11 | 46 4 4¢) 4 Deh 5S¢ 5¢) 5 8¢ 8 8¢
| I 145A| T40A| 145A| 145A] 17041 160A| 170A| 175A| 420A| 380A| 340 A
G200l G200] G200] G200 G200, G200] G200] G2ool B-17] B-17] B7
12 56| 54| 541 54| 5p| 5p| 54| 54| 8p | 8¢ | 8¢
165A| 165A] 165A| 150A| 160A| 160A| 160A| 150A| 430A| 340A| 340A
@ G200 G200] G200/ G200 G200 G200| B-17] B-17] B-17
Slis ‘ 561 54| 547 69 54, 56| 85| 60| 64
y ‘ 150A] 150A] 150A] 150A 150A 160A| 400A| 340A| 3d0A
j=1 * —
£ : ! L Gaoo| G200 Gzool G2oo B-17 G200[ G200
‘Bl 14 D 5p | 54| 54| 54 6 | 5¢ | B5e
i 135A | 135A] 135A| 135A 280A| 160A] 150A
B-17
15 14
140'A
B-17
16 deh
160 A
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Table 4.3

No. of Pass

Thickness of Plate 34 mm

X-1-1-(F) 1 X -1-1-(FC) X-1-1-(SB) X-7-3-(F)
! 600

45° i 50° | 55° ‘! 60° | 45° i 50° | 55¢ | 60° | 45° i 60° | 45° ’I s0° | 550
!

V—

G200 G200 G200, G 200! G200, G200] G2001 G200, G 200‘ G200f G200; G 2()0‘; G200 G200
5S¢ D¢ Heh 5S¢ 4 46 4¢ 46 50 ' 5¢ 5¢ 5¢6 , 5¢ 5S¢
205A 205A| 180 A 185/\i 200A| 180A| 180A] 180A] 195A| 195A| 200A ZOOAE 200A|1 200A

G200| G200] G200, G200| G200/ G200 G200, A200| B17| B17] G200 G200 G200 G200
56| 5¢| 54| 59| 4p| 4p| 46| Bp| 66| 66| 5p | 5p| 5| 5S¢
240A| 240A| 240A| 250A| 180A| 180A| 180A| 245A| 330A| 310A| 240A| 230A| 225A| 240A

B17l B170 B17] B17 G200, A200; A200] B17, B17, B17] B17] B17, B17| B17
8¢ 8¢ 8¢h 8 4 5¢ 5¢h 66 66 8¢ 6¢ 6 6¢) [
420A| 420A| 420A1] 420A( 180A| 240A| 245A1 300A 1 300A | 400A; 300A| 300A 300A; 300A

Backing Pass

B17 Bl7i B17] B17] A200] B17] B17 517‘} B17| B17| B17| B17, B17| B1l7
8¢ 8 { 8 8¢ 5¢ 6 6 8p ! 8¢ 8¢ 8¢ 8¢h 8¢ 8¢
400 A 400A% 400A| 400A| 240A| 300A1 300A AOOAi 400A| 400A| 410A] 4110A] 410A| 410A

B17| B17 B17| B17] B17 B17 B17 B17, B17 B17, B17| B17| B17] BI17
86| 84| 86| 8p| 65| 64| 661 8p| 86| 81 8p| 8| 86| 8¢
350A| 350A| 400A| 400A| 300A| 300A] 300A| 400A| 370A| 390A| 400A| 400A | 400A| 400A

B17, B17f B17; B1l7| B17] B17, B17, B17] B17} B17, B17| B17] B1l7| B17
8¢ 8¢ 8¢ 8 6 6¢ 6¢) 8 8o 8¢ 8o 8¢ 8¢ 8¢
370A! 370A| 3T0A| 370A| 300A| 300A| 285A| 280A| 370A; 370A] 400A] 400A| 100A| 400A

G200 G2ool G200/ G2o0lND 1500 B17 B17] B17] G200l G2oo B17l B17 B17| B17
46 | 4¢ | 4| 4¢ | 454 69 84| 86| 4p| 46| 8¢ | 8p| 8p| 8¢
165A| 165A| 165A| 165A] 160A| 285 A| 370A| 355A| 160A| 160A! 365A| 365A| 365A | 365A

G200 G200 G200] G200ND 150D 150 A200] A200[ND 150ND150| B17, B17] B17| B17
4g | 4p | 4g | 46 | 4.54 4.54| 56 | 54 4.54 4.50| 86| Bg | 8p ! 8
155A| 165A] 155A| 155A] 160A| 160A | 155A! 160A| 170A| 165A; 350A| 350A] 365A| 365A

G200] G 200[ND 150|ND 150/ND 150|ND 150] A 200 A 2008 150(xp 150, G200{ G 200] G200 G200
4ep 4¢ | 4.5¢4| 4.54 4.5¢| 4.5¢] 5¢ ¢ | 4.5¢] 4.5¢4| 4o 46 46 4
145A| 145A| 170A| 170A| 140A| 160A| 155A] 160A| 165A| 165A| 150A| 150A| 150A| 150A

Finishing Pass

ND 150|ND 150/ND 150iND 150 ND 150|ND 150{ND 150] G200 G200|ND 150N 150|ND 150|ND 150
4.5¢) 4.56) 4.54| 4.5¢ 4.54] 4.5¢41 4.5¢6] 5o 56 | 4.54] 4.5¢1 4.54| 4.5¢
175A| 165A] 165A| 165A 140A| 135A1 135A1] 180A| 175A1 165A 155A] 160A| 165A
ND 150|ND 150[ND 150{ND 1501 (G 200] G200|ND150; G200; G200 G200
4.5¢ 4.5¢) 4.5¢| 4.5¢ S5¢ ¢ | 4.5¢ 5¢ 5¢ 5¢)
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X (7:3) 45° ‘ 27.7 46.9 Mother Plate Good
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Table 5-1 Chemical Composition of Steels tested

Kindsof | Chemical Composition (%) | peat
Steel | ¢ i gl omp | P s e I'NnioIer | Mo Ireatment

Mild o[ o2z [ 006 | oae | 0.010] o8| 007 ] - - - As Rolled

2H " . o . . Quenched &
et | 011 L 044 126 | 0.012| 0.010 [ 0.2 | 012 | 0.06 | 0.03 R
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Tahle 5-2 Mechanical Properties, Grain Size and Hardness Max. of Steels tested
Mechanical Properties Grain Size No. . N
Kinds of Steel . l H("‘l\jlcvl“fis
oy (kg/mm?) | ¢p (kg/mm?2) Elongation (% Austenite Ferite ax.
Mild Steel 26.2 43.4 33.0 2.5 6.5 230
2H Steel 50.9 59.8 23.0 5.5 — 276

{l—[

oW T — i iV BB 2 s e Y

Table 5-3 1274, EBHE BT AE
T bR AdL o Mg, ©— NiC X LA Ty, K Bl s X BB wliiE 2« 1

ST b
B S T o7, BINGEOLE, 775+ 2 AOHLEB Rk E No. 36 & #80, 2H #ilicik No.
40 & $80 %, FiFEEEoOERSIECE g B17, 2H S mbin LB 62 & (il L /e, f

XD T,

Table 5-3 Welding Condition of Joints tested
(1) Automatic Welding Condition of joint

Kinds of Plate Speed Conbination of
Steel Thickness Pass Amp. Volt (in/min) Rod and Flux
. P. : No. : ]
. Mild Steel 95 mm F.P 1100 34 14 Oxwe.ld 0. 36 Rod
B.P. 7 ” " X Unionmelt # 80
v X No.
< ‘ 2H Steel 920 mm b P 1050 1z " Oxwe?d o. 40 Rod
" dge. - B. P. " " 1" X Unionmelt # 80

/ Bud: chipping

(2) Manual Welding Condition of joint

. Speed
Kinds of Plate .
Steel Thickness Pass Amp. Volt (mnrln/in) Electrode

M. P. |170~190| 22~24 |100~150 Sinko B 17

Mild Steel 25mm|
B.R. " " " A
.P. Sinko LB 6:
9 H Steel 20 mm M. P " " " Sinko LB 62
B.R. " " " ¢

Back chipping

(3) IBERETEOUIR AL GE
SREIEY A BRI O RNT X0 TGO o3 2 B v P BRI BUERICE A £C
T ds i 5 iy CODFERNT X 0T, SRR A LT S
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TEBEEY A 2 e ORI 45 X OV TR
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DT d o U,
(i) o »— 2B (Fig. 51 200
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(i) 0°C wkiFd v v l:°~}1;’ﬁftﬁ§ijz§2§iﬁ,{!§£
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[©] brittle zone

40 -
30
20r
10 |-
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Fig. 5-6 Relation between Ty (Van der Veen Test) and Trs (Charpy Test)
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(3) HBEIEEORGMO Fracture BREEEZHMTOAZOME 7 5 v 7 ADHEESEICX DX
SRR RN 5 Th B, o

(4)  FIEEOEIEICBI LT, MKERIBERC X DIE760M3, 1304 FFRochiclbL,
Ductility SEFIREVEERINC & % %5 Fracture JERIREEICIZ KIS D B inv, |

(9) 2 [UBETINAE OVETEINE & BT HED T T, BAic Ductility S5 5 & O
Fracture ZEMIRIEL AT HBUNCH D23, THELDT, BbIHEE IO iR 2 3+
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BHA, VST B TEBOIAA L TydH Ev 5 2 &b — 20 LM ¢ 6o TR

Fefhdi X 0 2o fn DRV ST (i 7T~10kg/mm?2) 12 450 THEEE o> Oil Tank S Im"l'ét 1

Bipid: 0T B, Lo A2 Ty ie 4 BT X 2 i e A I8 ) T oA A3 % s & v D [RREVEE
P D L CAR i B e e b 5, —FiE

§

I RIS T O FE A & b T O %, BT Tt
A R I

e TN A R I 1 4 3 174 L 2 i e U

(R \J-

ﬁiéﬁ%“ﬁé@v%;mmgw%@ﬂwtiu~%LAim&wbﬁmJ% DI T 451 %
PP T B 00 T 2 A (R & A % eSS 5 &, & 0T TiEM e C ol 7o s 55 b 2 R SS
L EACE DA, WET OIS T A 2 U oo b il — i &3, SRR A
T B & SRES 2505 20 o0 C 2 I TR SR A G A 2K T D,
Ay Test specimen
4 Notch details
- = H [/ Deposited metal
¥ H Ve
-— < Notch H |\ —
< t |// 1] ¥._,
--— g T 1 TTTT I{( 1 TTT S —
£ H H <
QM R O
h H bubmerged § A
- i arc weld I .
- H 5ill>d:rectuon 245 E .
: 1,000 Notch

B) Shape of notch and joint preparation

/, o
0.2

A-A Section

87858

C) Welding condition

| Amps | Volts | Speed(Din Roddia tim) |
| 750 33 12 Va

Fig. 6-1 Specimen

Note: (1) First Notch (1.5 mm breadth) is filled by Carbon Power before Welding
(2) Same Welding Conditions are used in Both Sides of Bevel
(

3) Flux and Rod Flux: Unionmelt 20, 20xD Rod: Oxweld No. 36
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(1) stigus s stk Fig 6-1 @i g 57 10001000 24.5 mm gk,

e oz, )

S T N T e S8 WK e DA R TEC R L, D o u O RER DI 0 B I
DGR BRI [ I < ¢, i de & o7, 1 Lhmm, @& 3mm o)y o, W

EOYEm i 0.2 mm, X Smm OGN E DL, W s = A A b TR JUD s,

RO TG Al O M IR TF & Az, th LEmim i
(o7 b il U, MEESEE Lo UK T
(2)  FAE: BRNE LD IR0 45 o e b 2 T 2 B AR Lrc, M L 2o R i 1
A, B, C 3T H 52, A, B #ir Same Charge ¢ Roll o8y 540 CH %0 Clil—dt

O ELCHD7, ThnoME oM % Table 6-1 07379,

Table 6-1 Properties of Materials tested
(1) Chemical Composition

\ Che[é:,iﬁzlckczglﬁgziis)un % Character of Steel Making
} } Mn l P ‘ g Kip.d )o[ Rull Finijs!\ I?e_rrit'g' l “Auslenite
N Steel Temp. “C | Grain Size. \GI ain Size
A 0.24 l Trace 0.49 0.022 | 0.022 | Rimmed 1120 6~6.5 1.
B 0.28 Trace 0.50 0.023 | 0.034 | Rimmed 1140 6~6.5 1.5
Cc 0.21 0.04 0.42 0.016 0.020 | Semi-Killed 1030 6.5 B 2.5
Note: Steels “A” and “B " are made from steel of same charge. '
(2) Mechanical Property and Notch Toughness L
Mechanical Property ) Notch Toughness :
Yield Ultimate | Elongation e A,)S_V'Lll‘;nf]tl_)ﬁ)slest o ‘I PR Lot
Strengt'h Strengt'h (G.L.= At C Trans. bl}gar I'rans. Slj§a1- lr:\igs
kg/mim? kg/mm? 50 mm) kg-m/om? Temp. C lemp. “C Iemp. °C
A 22.4 46.2 3 | 10 22 50 39
B 23.9 46.3 36 ' 1.1 24 55 46
C 23.5 | 41.1 34 1.5 8 32 ; 15

(3)  EtEafE ol BUSES & L O o i i (v oo JONERIRRE Gt )

W 1500°T) A Flv 7o Bt sy I B R O f D

AL

oo Ol <, RIS

oL AR O T T 2 (A B A, o0 A TSN B T Y 2 BT

s

ST IS S A i AR R J D L (RO O oo o B 10m) FERMY

DIBIE 5 A 7 A A E T 2 — L OUEI T Aot A -CRlli e ORI Pz - 2 s T W DT

TEs ooy s, (0L —40°C LR OIGEClt & oo S & L Ao 7 b = — e TR
e UFN Ly < 72 L oo skl U ChR s b 7 v 2 D MG A T &, RIS

Wih—o v A % v 2 s EEERD (0.3 mmg) (& die,

(4)  Flgm: Asbine s> TR S 700 mm, i 400 mm OEESREoV T i T,
RS C Mz 7o, TR O AR S ARG LW 4 7 U C i Ao, 3 2 BLo Bl DI o 2 ik 3mm &
%Ilit"

OB B e £ 300 mm G E v,

Lo Wl 2 op oo B L2 200 ton abijf e o, TR O L

AL % ufk.n)) )l (/)J/// e |JU|'}' ;
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Table 6-2 Summary of Test Results

TS Spec. Length of Le{lgfh of Temperature °C Meﬁg/ritl;'ﬁss—” 7 »
S | Code |Crack after| Partial - - Mode of Fracture
E No. Welding | Fracture® Set Partial | Comp. | Partial ‘Comp. and etc.?
= mm mm Fracture|Fracture[Fracture Fracture
AB 29 — 81 42.4 39.8 38.0 | 21.4 |>31.2% | Shear Fracture
1559 15.2 3.7
A7 — 258 15.1 15.3 15.3] 23.1 24.3 M
B 8 — — —-6.0 — | =3.2 — 24.8 H
B12 — 372 —16:6 —15.0 | —14.4 6.0 24.2 M
P B11 — — —24.2 — | =22.6 — 8.4 S
& B9 — — —-33.7 — | —31.0 — 8.2 S
o B4 — 303 —45.6 | —42.7 | =-39.5 3.5 24.6 M
5 1810 23.0
gl A3 172 312 33.31 3181 31.8] 23.9 | 27.4 H
§ A4 135 198 12.1 12.7 12.8 | 22.5 23.8 H
A6 114 — —23.1 — | —17.8 — 24.9 H
A2 140 — —25.2 — | —21.8 — 24.2 H
Al 130 — —53.1 — | —48.0 — 6.7 S
B13 133 — —61.1 —55.8 — 24.0 H
AB 1 137 367 | —71.2| —69.7| —69.5| 2.3 | 11.2 {gi‘éﬁ“lfﬁ;l{l‘;‘l‘é%{ﬁz
C 6% — — 25.2 — 26.7 — |>34.3% | Shear fracture
C 4 — 182 —7.8 —7.5 —6.2 5.6 23.3 M
©l ¢ — — | =z —l—20] — | 201 S
Tl Cs — 283 | —24.7 | —23.4| —21.8| 4.2 | 25.7 M
S C9 — 175 —40.3 | —38.0 | —36.5 4,57 21.8 M
= ‘ C 2 — — —47.3 — | —45.3 — 4.5 S
‘ Cc7 — 290 —66.0 | —63.3 | —61.1 3.5 23.5 M
= U 6 — — 17,54 — — — 27.5 H
- § Us — — | —105 — — — | 17.8 S
Ol U — — —22.5 — — — 15.2 )
FEl U3 — — | —510 — — 1 ] sw0 s
£E vz 119 — | =200 — —1 — | 23 H
=% U4 110 — | —53.0 — —| =] s s
LA R e e B 28 LI

Note:

3)

4)

5)

6)

1) Partial fracture: Partial fracture occurred in twice in specimens. A 2 & AB 1.
Mean stress: Mean stress is calculated in the following manner, where,
P: Load at fracture, #: Original plate thickness,
b5 Initial breadth of specimen,

{: Length of partial crack or crack after welding.

)
Mood of fracture:

S: Single stage fracture at low stress level, M: Multiple stage fracture,

H: Fracture at high stress level.

Spec. AB 2: Partial crack of 81 mm long occurred in brittle manner at 525.0 ton load, and after
then the specimen fractured in completely ductile manner. Fracture stress in the table (>31.2)
was calculated from max. load equating /?=702.8ton and L=81mm. The actual value of
fracture stress may be much higher than the value listed, because the length of crack gradually
increased in shear fracture.

Spec. C 6: Specimen fractured in completely ductile manner. The value of fracture stress in
the table is calculated from max. load.

In the case of preliminary test the temperature measurement was conducted only at the beginning
of loading.
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(1) e o Ao 3est: S b oRUR TSI & LT oIR8 % b oo v, T
BLAEIKAA DT D, DU OTETE 4 T O 2 U8R 2 0 7 7200 U 60 b Sk 40
AT e EOTPFEER U B Fo RTINS OIS B A U T A A e T D T, BELO TS
A LS D TR Ly & L B e, PG et U Ao B 382 5 &S e

DL HTCHD, FN LD T2k Ui boanrs 0 o7,
BRI 1 PSS oW, odE iy 140 mm RALCadh o7, Ddud & ooy E
DO LIS TR S S B TH D 2 BiLh,

(2) WEEICTT s AR 9 2 BRI, BB G D) 7 & oD s 4 2l iz

we

Table 6-2 iz

T,
R R S IR e RIS kL o Fig. 6-2 4 o CMEDou R i g oo &%
RAFCRN 7 o b LTz, SRR RS2 b SRR s Jn OS] B oo it o D2 L

BB IR O TS,

40 40 -
3b - 3b - o4
I
! i
i i . |
o U Crack initiation stress } 30 o-Ctockinitiation stress_ /|
£ without residual stress ) Ten\nlel without residual stress /|
= | o yield [
£ \
§ ! £ 2016 / % ||_L_
| e gmllie > 0! 1179 Brittle Ductile!
Fa Br\ttl Ductile < | : o ,J /'/ C |
« a ' ,® I I [ i it
4 Aol 0 A I T
f—j Estimated lower limit ﬁ X : ] :I‘ ; Estimated Jower limit
2 of urrestuu temp. - b ! 1" ,1 of Mg L9”‘!’
Lz T it B o5l L oA LE ' l
< ST (. [ ] ¢ : "
2 ' L Co R ) Lo | ‘:
ey 1 = 0
= S - I A N S
< Estimated value of < 10 P : “' I | I:
_'critical stress { 1 & Estimated volue of | ]
”‘ N T | : :L critica]ﬁ stress . |:
! | L : t‘ N 51 : Lo _,'(/&"/r', [ i
| e RRCTITINS.TemP. - .,{ | Tipper trans )
' ». |28 o N e Emggmme_ n
0 I N I R i ol iy bl L e 1) j
=80 —60 -40 -20 0 20 40 60 —80 -60 -40 -20 0 20 40 60
Temperature  °C Temperature °C
(A) Material: A & B (B) Material: C
Iig. 6-2 Fracture Strength of Welded Plate
Note:

@ O Stress at Partial Fracture (@) and Complete Fracture of Specimen without Crack after Welding
A/ Stress at Partial Fracture (A) and Complete Fracture of Specimen which contains Spon-
tancous Crack after Welding
®. A: Single Stage Fracture (including multiple stage fracture under 20 kg/min? applied stress)
[®] : Fracture in Ductile Manner
Data connected by chain lines belong to preliminary test.
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(1) ST 3500 5 — B fikis (Single Stage Fracture at Low Stress Level): [f{4 5 DU {G

B 5 C B A Ul L oC B 4 T B - C Qi 2 2 b o, 2 00 o it B e 2k

SO AR oo LU s s AT s,

% (Multiple Stage Fracture): (1) 19 {5 ) (GkFy 3~6 kg/mm?) I 35wy

BB B AT AR L 7o e — Bl L —h ik (Partial Fracture), 72750
WSO U OISR T ONER LTS RS L o,

(3) EISHTows (Fracture at High Stress Level): [ (A5 5 od @ v ST g5 T k4
LHHD, OWETL Lulia AL ST, W2 Single Stage CHUMIT S Lo &,
Pre-existing Crack 75— B @ZUHNER L E LT 4 v 5 Multiple Stage 4 bbb, L

L Multiple Stage & 0 THTRRD (2) 10 < B35 & BRSO IS Erilm <, 3¢
LD BEOE S LB (ARG (2) LRRmsE L <o B,

GO U BRI T Vi 3500 5 Bty 2 SE 15 BNTHRSEL L Chins, 4
B9 0t L 7o AT G 21 #orl 6 4%, FfiiflBaC 6 Ao 4 HesBRIR s DUT OIS N ds o TR L 72,

L 7o RS s SO X 9 A RHELD 352U 2R BRIl 30 0 2 v DR B % I 24 B 72

V) I)LH ;4':’5_ cR L, *‘H/'iz LT }I Lobsl Xk /)*U ) SRRV "QUL )} i OO ?\«-7"" £l (m“'([’ IH 1
B U Crr s s W8 i vy 050 Wells o lér & S0 s 0 RIS B D Cu e, T X2 ¢

A A IR, I C R A U Ao TR
WE R R &t E B 2 A, Ik A U sl

EL S DT, TEEORSREY 2 A Uln o023 Gl id e 3 otk

RS A U D RS E L L0 L DT

SRR Chd B AL O LD J0 D TR RS
Fraloov 9 4 e 3

BtV Ty, EEC o c@ali U4, o Tid High Stress Level Cyiliza- LU 7., ik
B DT O 7 EENE R 0, 22 oI GURR &I CIREI I D70 B CH D LA B
Ao Lo Uil i IS 7e B S BRI 0, BB A U 23R s 50T 4, Low Stress Level ¢
DA LS,

(3) R o IR W U)K & D i B 6 582 L, i T 1N L L b

LB AN, YT o R B, IR S Lo T T S T C S

WD

{27 gy

llﬁl P o I/// & C {N[”I Wlfll i 45" = 1oL ’“XJ:' Fs5 U‘\’M;( 1 O)K}Nkfl/ 4 % Ly, i %/(uu iiﬁJflr </‘>}l)[liﬁﬁ&

‘CEEf®  Shear

B 2 U2 A CRUETTRC T) © BB il G 5h & m a2 oM E T

Lip #4:UCyvvzns, 0°C DUR & O CRIEIFSE AV Wi 477 Lz, (I o ARaC S J1IRTE D
Lo L o Oy, A B KIS TN L BkmrE ML ps 4 < Chevron Pattern ¢
AHAWE T b A A%, VELE T T REE L 7o ik

Yo iEEEB BB Ttk (Partial Fracture) oov - iuoda ¢ 4 — LR AME L L2280y Tl

TR 2 L <, Chevron Pattern & Wil BisEC &
SRR SR A 2 U T s, DU I LAREE ) B0 38 28 A 3 BT G PRI G B e i
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Multiple Stage Fracture 5% ¢ High Stress ofiifEoniaid B OAio L 2 A T Cit b

— 70 —

+ @



+~®

7 /j“ﬂ'f'/j(,‘n‘// L, lHI” A (L' J’!t}) l] m, i »IL\ it LT I;w}) )] D) ,J\|H] _{u I|‘_' - 457 47i>_)j‘|11¥]{; Lides' hines

AR B it £ 0 O D O MR 0 o0 General Yield i UCL S D LA,
64 & =
T = < U 0 SR L BUSRIR L, ERE R O IR O IS Lo T L (0T,
SO0 D T BLGEOIL L BRER IS LRSI ST 5 A0 B s, IO D T B AT S
P b ARl N =
F AR o de v UG I oo itk DA BEE T < & Fig. 6-3 ool PQRS o i< ¢
Bh & BILA, iy T LU Gl Bz -+ 5 oo TN E <, REF o B 1R Sy,
T BUFCrlitnisiz 4 5 o ¢ S iU 4 205, Ktk Brosking stress e
FARE IR SR, 2 E RO oo (2 B 20 &gy ’
. R Fracture stress
EDOFFE < E UVW o< ¢, &4y Ty BLFCin Without residual stress
AR (VN Yoty b R TR 130 A B R IS 1 D R T G B) [ NP2 Wb Jield stress .
@ —_——
PR S &, T DLoli Ciddgds 2 ;R';qm Po
e S e, @ 'Smnle,,stﬂ |
ORI <, SR D CIE ) S U E ) g Hracture )B““‘e Ductile
= o /1
it ~ L 3 |Design stress © 2
WA L C O SN TF OIS T sa s e 5 2 s & 37{7“2  estingtens
N - _ _ YT . _9_ ﬁ/(\/—ﬁ
Ay BEIG OAFIEC oC BURE A B e, T o
¢ - o) - 3 S N ////‘V
ETe & DOITOIREECUE A ST 0 & % 3l Cra GIR D B W f Critical stress
WIS A RS S350 & el 38 U9 S5, Il st | ) N
, g T . T
T CRAA AT S0, WA ARS U AIS s oo T Temperature
T & LIS XGEIR U Ao IRIE e T A, Fig. 6-3 Fracture Strength of
Welded Joint and Effect of
— BB A RS INE A L, BRRE h osiEi Residual Stress on It

[ &3 2 00 C R R o0 KR A TR LR R R T O A Ko I Ly, A B i)
Al 4 AT e TR I S RS A e B s, Koy Load Carrying  Capacity
N L ey,

M T DURI A 2 & g0 ) o0 A7 (b B T B NSV CH AT O LR N
BRA - CUd b oo fiiins RS FRCE LAy &by L 7oy Sz L CHTRE ) 00 3 20 S5 H oo 1 (vt i
VAR TR UNKER S o)t RS T H o cl L 'L’“” WAL, St o ol )

PEUEEE ORI W 2050 VW b 4y, I Lo TS o o O h, Dol
WSO VW LR C L g 6 % & IR U722 il s, — il 5 & e
sk v h et Applied Stress o)y RS 8o v Uo7 kb5, Sl

AL L TOW S0y VW DL Cd o7z By ric i ot R R R S S AN | [ BN (AN TN

M Single Stage Fracture b7, 4 Ao S OME I A S8 L7z Sy oo iihn s g

ARG TYC O i o Wy &y RIS T C IR 2% s N e vt 0T L s & oo

D B AR AL N S D G R <k A /BY 1T S AT A

L I A S P N EENN B
2 'l’,/lf')"t{') Py S TENG (/)Nq .|'|/| [N \1] ;! L;/JA"

Gy T2 e vt LB L S S S O st e o T LT B S s A O R

A<l gz,

71 —




FoAE B AR, NGO FE A e kO R DTEIR D), WY

OUYRDIEE, GO0 S o T2 L, Z3e DGO X 0T oo
VL, B S WEETINE AR LR L Lo LG, Tods— BEL Lo B o ST
VETE IS T RBL A £ U fo T S AR 2k A N T ALz, TREEDSE L R e o s
VRAIIG T ode < Tno 7 &3 2 AU A RURUT I U CIRIG ) C oot 4 Uz b, IS CHgeT L

P d S & S BRP T BN, TOMBEE < hi st KDL DRI LI HOTIRE

2 TG, Tihd b ot Ductility Transition » €45 2 S8BT, BEIEACET L0
VIR s C LR & LCisvAs, b DIREELT Crish & W 2 e A I o B e g b
HEOWHELOTHR ALV EMbILE, &5 TIVEEH: BROFE LI L = 5 0 FIEApic w1

Hal, Pz ch o T HEIE o= F L a0 T &y, ([ E 0> Disturbance 73
Iz AL &G H T Single Stage Fracture #4:7 % 40 & bhiv s,

ULon Lo OISO DT IR A 7o T LV Ed2E D Ll LIEF AR, Lol
ZAVE AT 0 7o RS W KRR BRI % LAV CE DY, Do Lk o gHT v 2o
MR OIEA: 3 S OMEIRIC W BN ORI MR o B E R E Tl b, IS E b o ET %
mﬂﬂkﬁw:HUimﬁijﬁ%ﬁ%—“9¢WH@HH£I%660 L7250 C JEEIIC L ZAv S O fld < o B %
s oL X0 THEOMRMEG AT E5ETH Y, T OMEO AP St b BT

BHh, IO TEErL FMOWIS it 50HTH S,
B TUH A D &2 OFOFEERE /NI O R F EBRENTEHR LTV S L0 LR

9 CEHCE D, LAasD T o FIO I 5 AU AR U C IO 32k 55 X O
[EB ORI T 5 2 LA TED k%ign%omﬁﬁﬁtﬂfémﬁwﬁﬁwﬁi‘OTT“

A U723 ER A ORI ST B A v old— BB O (- L7 BB OGS 1 B I BT TR Hiv A,
A F DT D U T r RS 1o MY 3 5 4 oot Single Stage Fracture %24 % 65

O s 0N Partial F racture AT BIGIO LR E UCilken v g, F - R ER T

YT AR Single btag(, Fracture #7780 IR & LUk D 2 ETGETH 4,

L[] 0> JLERTYE T AL B O i TE RIS SR B VR EER B O RCEOS I D TR vAs, BRSO b SERREL B
5 AV U7 0% A Cas e, IR I 0 B K RO AMEE I S &35 2 s
Ay, LIRS O IR T o TR A HEET A1l 0T B, I s o G R AR R A ok
o HEEEIE S, 0.D. Test, 2 Mol &0id HA5, SHLBIC L AHH & oL 4 %
TAEICH D, W Ty, T 0w TLESENET <& g vy, Ty ivdbd 2 006E ]

% (Fracture Transition Temperature), Ti Vd4Ef:2 647502 (Ductility Transition Temperature)
L:*iél-‘:"xﬁ‘é LbOEFHLTLNTCHDD,

&k#@iMLtMMKWLTMLLTWiTmmrﬁi TOREHEFRSIRIE & J =L Te,
BAR 0> X 035 2 A R R < SIS B %, BRSO T LUF ool G it 1)
Gz, SIS TN ISR o it oo 1 B

> Load Carrying Capacity 1S E e K & )
AT O—2THE EF A5, TibhbibbioisliEin Fig. 6-3 O Cavd i< b 14,
IRME LT & DR D~ 5 F TR LA ARIE TS FEAE T AU IR S )T ORI )4 P03 iy

— 72 —

+ @

< .



@

I B T u3d bl T, Fhiic & 2T Z MR —ROEIIITHcHh 5 LS 25, IKE
I D2 [ < 72 0b 2 2 0 X 5 7o i 20T B K D I EENY B Z AT H DAY, ik
BUWTHEWIEN 2T 5 LIS 05 5R3E SIS QT 52 ks, CHic W THEBRE
127 Llps Fig. 6-2 (B) iR L CH5HA, Wil (44°C) TR L DISI % 5 1 o 38R 24K
IR L7 & T AREMTRE N 2 7,

65 # e

WEP: T B s 3 ET RS T O R B U T S TR 3 R E S 4 B 0, BRI BIT 4afi
M7 fiimE T 2 SRS TH 525, P E T ria D s & UM S ulfT o 72 SRS L 4 Kt
A5 &, ERMRLG S WS INREC B U TEIC O RO X5 BT bbb D&
Hx b, ‘

(1) ﬂwwméﬁéxﬁﬁﬁwﬁ&fﬁmwmﬁm%<,ﬁ%ﬁﬁm%$@WMmﬁﬁ%%&5
2T,

(2) MithigE A 4 236 © HRIFEE SIS (Arresting Temperature) LA IR CrI W
IS HETE O R BT iR 1 AR G 2 v, BL 2 OBEREWIEROIEIIC BT 5
ISR NIR 3 B B LRI T s g E T 5,

(3) =B ILEBIEE T TR RGN B CE R EE 0L 2T B, HVEIERD
WS N DT T 55K B 5 L MeN T COERRE £ 20, TOROIEN
ﬂ@tmtfm@ZOb%%ﬁﬁgbh7o%&%ﬁﬁ@%ﬁ@%ﬁﬁﬂ@&%mﬁmm(QMml
Stress) & O dFAVEREEY H O ER L CEILL, TOBH» LI U?ﬁ&i%%éﬂ::f BITVEIELR S
S D SN AT B, THUCIT LT, BEFASO A E RIS & 0 S U
P BRI R < HER L, BERRE WG O T ORI 5, b b 2 OBARREIEN
PIFELE L 72 I BT ORI 3 L ST 5, I 351REEA L I < 7n D70 8-4nT bR SEIS ) 034
FXN EF 2 BN HBEE £ U7 I\ T HARIES) T DNEENEE A 2 e, & B>
WIS 2 B4 %5 5%, Ductility Transition & CLE AL LS LBRLE DL X ST RFTT L4
B,

Bl ~7cdn <, SMoWERZ L <, SHISHPEE L, POIABIRICHEDTWD & 5 Effic
FEFFENTAROIE ) & b o 2T TR R £ T 5 88535 0, SEHT OB s Chinin b %
S DI IIT 707 AN T O AS 2 ivEz, L ohto THEEC & % IS I A B B o
DTV B = R AFFSIE < Th, THITIEREKEEOGIR A 2o A3 Mt o T4 T £
HETNND D, '

U2 L T b DR BAE T IR O, SRVIIED) 5540, 4R T o0 S 7 SN D TR

M&@ﬁﬁ%m@?%&cn%wmﬁﬁomfm%%@btv&#ifméo




9T TR PR O B I T B B

7-1 =)
KR SR DA TR GO0 PR3 2 15 &, 41 7
ARt L UREFSRE A TR 5 st v ds B, T TEHIGE B LT

FIHEBEOBEIT D TR S 5]

n

MR LA L oS AN, FBVEIE

ATIFSENT Is\ Tl 2 T AT DV CHIE 2 28 2 72y W TE R 1707278, T OWIFE S 91T L T

Ll 36 UF7Eihsy (HT 60 I3

KON O WRFE) W s CERER Y oo U T s v

T 0 72T O & el U o>l ge o 5 e oo B2 1R i

72 £ B /F &
B & U EHBE Y 60~62 kg/mm?* ok (A4 ) & 66~68kg/mm* Lo (ALSHD
D2 AL, Fx 20,25, 30, 35mm D 4, DL -0 CEBRT [ o7, DAL S OFRE A o R R

HE % Table 7-1 55

o

HERRVE BUA I s X O EEE T 2w T T oA A MRIE 20 mm o) B AT o R 36

Table 7-1 Mechanical Properties of Steels used

Code of Steel A 4 5
Thickness 20 | B 3 36 20 ; 25 l 30 3%
No. As3 | Ass | As6 Ad 8 | A 10 i As 11| As 1z | As 13
Y.P. kg/mm? 52.1 50.7 53.5 51.8 59.3 l 60.8 ‘ 9.9 60.1
T.S. kg/mm? 62.0 63.5 64.0 63.3 69.1 70.3 39.0 69.7
Elongation 2% 18.3 19.6 19.6 21.8 18.0 { 19.8 ’ 9.8 20.0
Table 7-2 Dimensions and Welding Conditions of Specimens
Code of Steel A 4 A 5
| As Rolled 20 (25|30 |35 20| 25| 20| 35
Plate Thickness i 1 i .
Machined 18 23| 28 |33 18| 23] 28] a3
| P I
Breadth/Thickness 1] 2] 3 1 4l 6 | 10 | 6 6
Base Metal 2 2"2}2 2] 2 1i2,o v ool
Rod and Flux . o
Automatic | for MS: (43 x50) 2l 2l 222y 2l — = T
Welding Rod and Flux . : . . ol . 5 9 . 5
Transverse for HT: (40 x80) 2022y 2 2 220 22 2 2) 22
Joint . . . . . . I
Mam}al Rod: LB 62 2 2 2 2 ‘Z 21 2 2 . 2
Welding | poq: LB 68 S [N R (R N S A
Rod and Flux ol 11 11 1 1ol |~
Iongitudinal] Automatic | for MS: (43 x50)
Joint ! Welding Rod and Flux ol 10 11 1l 1l ol =l — |||~
for HT: (40:X80)
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Table 7-3 Mechanical Properties of Weld Metal
Manual Weld Automatic Weld
Y . Oxweld Oxweld
) I.I3 62 LB 68 % 40 k43
. Y.P. kg/mm* 54.0 59.4 16.2 36.6
- T.S.  kg/mm? 63.3 68.0 61.9 171
+ Elongation (G.1.. 27 29,2 28.0 18.0 25.3
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Fig. 7-6 (ii) Strain Distributions in Fractured Specimens
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Table 7-4 Fractured Position

\ Automatic Weld
P N EE TG Mz 1

~ T I I TS I anual Weld

B/t S M.S. H.T.
1 Weld Metal Softened Zone Base Metal (about 20 mm)
2 Weld Metal Softened Zone Base Metal (about 40 mm)
3 Weld Metal Softened Zone Base Metal (about 45 mm)
4 Weld Metal Softened Zone Base Metal (about 90 mm)
. . Base Metal Base Metal
6 Weld Metal (40~70 mm) (about 90~110 mm)

X - Base Metal Base Metal

10 i Weld Metal (40~70 mm) | (about 100~115 mm)

% Distance of fractured position from the center of joint is given in
parentheses.
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AT LT AT 7 T s S HInVDl’“ Table 7-5 W4 ThHH,

Table 7.5 Fractured Position

S Elode of Steel A4 A-5
}’;‘ﬁlitfkness (1;;;);‘\ W\(&\lflflg Automatic Manual Automatic Manual
Softened Zone Base Metal
*
20 (18) (40~70 mm) ** (90~110 mm) ** Weld Metal | Weld Metal
25 (23)* Heat Affected | weld Metat Weld Metal ?ggiﬁfg;ﬁlm)**
1. Base Metal p
: 1. Softened Zone
% (35 mm) *¥ . N Base Metal
30 (28) Softened Zone 9 Heat Affected 2. ;1:;11; Affected (85180 mm) #*
Zone
1. Weld Metal 1. Weld Metal
35 (33)* Softened Zone B;Sif\gﬁﬁinw* 2. Heat Affected | 2. Heat Affected
( ] Zone Zone

* Machined thickness.

## Distance of fractured position from the center of weld.
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