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Researches on Welding Procedures of Thick Steel Plates used
in the Construction of Large Size Ships
(Report 2)

From the technical standpoints concerning to the construction of the large size ship

in superior quality, number of related problems should be resolved. The 39th Research

Committee of the Shipbuilding Research Association of Japan is investigating those pro-
blems in years. The present volume is the second report of the committee and contains

the reports which were investigated in the second year (1928~19%9) of the research

program,

The items are as follows:

Part 1 Investigations on the initiation and propagation of brittle fracture in welded thick

steel plates

1-1
1-2
1-3
2
3

1
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Effect of stress relieving on brittle fracture strength of welded steel plate
Initiation and propagation of brittle fracture in residual stress field

Effect of root gap on residual stress and shrinkage in restraint butt joints
Initiation and propagation of brittle fracture in various parts of welded steel plates
Investigation on the propagation characteristics of brittle fracture in the heat treated

high strength steel and its welded joint
Part 2 Investigation on the field welding procedure for thick steel plate

Investigation of pull-out fracture in fillet welded joint’

~ Quality test of electrodes for heat treated high strength steel
- Investigation of the automatic welding procedure for heat treated high strength steel

Investigation of the procedures for fillet welding on the thick steel plate
Investigation of the welding procedure for doubling plates

The abstracts and summarized conclusions are as follows:

Part 1

1-1 Effect of stress relieving on brittle fracture

strength of welded steel plate

The residual stress has essential effect on brittle fracture of weldment. From the view

point

of the prevention of brittle fracture, the effects of stress relieving treatments on

fracture strength of welded structure were mvestigated by conducting the notch tension

tests of welded wide plate specimens stress-relieved by pre-loading and annealing at various

conditions.



The main results obtained are summarized as follows:

(1) As-welded specimens caused single stage complete fracture at the conditions, such
as the lower stress range of 3~7 kg/mm? above the critical stress level for crack propagation,
and the temperature range below the critical temperature for crack initiation of base metal.

(2) The fracture strength of the specimens, which were previouély loaded for stress
relieving at the temperature above the critical temperature of base metal, was nearly equal
to or slightly higher than pre-tensile stress at the temperature range below the critical
temperature. The higher stress of pré-loading was then applied, and the higher fracture
strength was obtained. . .

(3) The fracture strength of the specimens, which were previously annealed for stress
relieving at 620°C, 520°C and 420°C for one hour, was nearly equal to the yield stress of
base metal at even lower temperature than the critical temperature of base metal. As
exception, the specimen annealed at 320°C for one hour showed single stage complete
fracture at lower stress level. Then it was found that the annealing at 320°C for one hour
was insufficient for the stress relieving of weldment to prevent brittle fracture at low
stress level. ' -

From the results above mentioned, it will be effective to remove the weld flaws discovered
by the method of non-destructive inspection or to relieve the residual stress by annealing,
for the prevention of brittle fracture in welded structures. But if those treatments are not
applicable sufficiently to actual weldment, it will be recommended to apply previous working
stress or somewhat higher stress than working stress to the weldment at the temperature
range above critical temperature of structural steel. '

1-2 Initiation and propagation of brittle fracture

in residual stress field

To explain the effect of mechanical stress relieving treatment on the fracture strength
of longitudinally welded wide plate specimen and the phenomenon of arresting the brittle
crack in the residual stress iizld, the welding residual stresses for mechanically stress-
relieved specimens were measured in various degrees of stress relief. The elastic slot
openings due to the extension in slit length perpendicular to the weld line were also
measured for the same specimens as the ones used for the stress measurement.

The following conclusions may be drawn from the results:

(1) The strain energy released and the release rate of strain energy in residual stress
field are obtained theoretically and experimentally by using as-welded and mechanically
stress relieved specimens.

(2) A schematic figure on fracture strength of welded wide plate specimens is discussed
by using a new concept on initiation, propagation and arrest of brittle fracture.

(3) An energy criterion on the initiation of brittle fracture is proposed and examined
by the test results on brittle fracture of mechanically stress relieved specimens. The
condition of initiation of brittle fracture is quite complicated depending -upon so many.
factors such as test temperature, triaxiality of stress, amount c¢f pre-strain in tension or
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compression, strain rate, heat treatment, chemical composition and grain size of the material
used, aging, residual stress and notch length, etc. When all above mentioned factors are
same except the magnitude of residual stress, the proposed concept on the initiation of
brittle fracture is confirmed by the test results conducted by using the mechanically stress
relieved specimens.

(4) The value of surface plastic workdone .ZS can be determined from the test on
brittle fracture of welded wide plate specimens when the applied stress for the complete
fracture and the partial fracture is known. Once the value of 2S5 is established, the

partial or complete fracture may be anticipated for each value of applied stress.

1-3 Effect of root gap on residual stress and shrinkage

in restrained butt joint

Since the recent studies on brittle {racture of welded structures have proved the evidence
of the influence of residual stresses upon the initiation and propagation of brittle fracture,
the importance of the study on welding residual stresses is realized once again by welding
engineers. However, the theoretical analysis on welding residual stresses is not systematized
yet because of the complicated nature of their origination.

A new approach to the analysis on welding residual stresses by using the concept of
dislocation or imcompatibility produced by the process of welding is proposed. If the
intensity and distribution of dislocation are measured after welding is completed, residual
stresses can be computed by means of the theory of inherent stress bused on the theory
of dislocation. Once the relations between dislocation and shrinkage due to welding are
established for each factor of welding, residual stresses due to welding can also be computed
from the results of shrinkage measurement. This can be a new method of residual stress
measurement without machining the welded structures.

In this report the relation between transverse residual stress and lateral shrinkage due
to welding was studied for restrained butt-joints with different size of root gap, and the
following conclusions will be obtained from this study.

(1) Lateral shrinkage due to welding for a restrained hutt-joint increases rapidly as
TOOt gap increases.

(2) Transverse residual stress increases slightly as root gap incredses, and approaches
gradually to some constant value.

(3) The maximum tensile value of transverse residual stress in slit welding appears
near the weld end, which might cause a certain type of crack at the crater.

(4) The maximum tensile stress near the weld end is independent of the amount of
root gap. '

(5) The ratio of dislocation to lateral- shrinkage varies with the amount ol root gap.

(6) Theoretical analysis on transverse residual stress based on the theory of dislocation

gives a good correlation with the experiment.
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2 Initiation and propagation of brittle fracturé in various

parts of welded steel plate

In order to investigate the behaviours of initiation and propagation of brittle fracture
at various locations of welded joint, such as weld metal, heat-affected zone and brittlé
zone, the center-notch tension test and the 'S. O. D. test were conducted on welded joint
specimen, 25 mm in thickness and 1,000 mm in width. Three kinds of steel, such as semi-
killed steel of low notch toughness, normalizéd killed steel and quenched and tempered
steel of high notch toughness were tested. A 1,200 tons tension test rig was used for the
tests.

The results obtained are summarized as follows:

(1) In the notch tension test of transverse welded joint, the fracture strengths at
various locations of welded joint were almost equal to or somewhat higher than yield
stresses of the joint and they fluctuated according to the differences in length and sharpness
of the notch. _

(2) In the notch tension test of cross welded joint, the fracture strengths of the
specimens notched at various locations .of joint showed the transition behaviours in the low
stress range below the yield point. And this tendency was similar to the test results for
the welded joint on high notch-tough steels.

And then, by comparing the transition temperatures of fracture strength with the
ductility transition temperatures 7. .at various locations of welded joint.obtained by U-notch
Charpy impact test, it was confirmed that the abrupt decreasing of fracture strength of
wide welded specimen at the transition temperature was due to the loss of retained ductility
at the notch root.

(3) In both S.0O.D. test and center-notch tension test of as-welded joint, the crack
paths of brittle fracture did not proceed straight along the welded joint, but turned to the
unaffected base metal, at lower stress levels than yield stress. The deviating distances of
crack paths from the welded joint varied in accordance with degree of fracture stress levels.

It was confirmed that the distribution of residual stress and the fracture stress level
are essential factors to determine the path of brittle crack propagation along the welded joint.

From the above facts, it has become obvious that the complete fracture along the as-
welded joint at low external stress level might not occur, provided both the temperature
and the stress condition of the base metal are not sufficient for crack propagation, in spite
of the fact that the fracture transition temperature of welded joint was higher than that of
base metal in other industrial testings on notch toughness.

3 Investigation on the propagation characteristics of brittle fracture
in the heat treated high strength steel and its welded joint
To investigate the suitability of the heat treated high sfrength steel as the construction:

material for the large size ship, the propagation characteristics of brittle fracture in the:
steel are examined.
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The impact. bend test of full thickness specimen by means of a large size double
pendulum impact testing machine are performed, as well as the wide plate propagation
tests on the base plate and welded joint.

The results obtained are as follows:

(1) Weld metal and H. A.Z. of heat treated steel showed inferior properties under the
impact bend test, however, these parts showed no sign of defective properties in the
results obtained by the wide plate propagation test of welded specimen.

(2) The performance of heat treated steel in the wide plate propagartion test were
excellent comparing with those of mild steel.

(3) The heat treated steel plate welded between mild steel plates or welded to mild
steel plate showed good arresting ability for brittle fracture in the wide plate propagation
test.

From these results the heat treated high strength steel seems.-to be very effective to
use as the arresting member of the brittle fracture in welded structures.

Part 2

1 Investigation of the pull-out fracture in fillet welded joint

With the increase in thickness of steel plate, it may be afraid that the risks of poor
weldability for fillet weld, namely the tendency to cause the pull-out fracture in fillet weld,
will be increased. ‘

In this study, a new testing method, double-side-notch Charpy test, is introduced to
evaluate quantitatively the toughness of the steel for pull-out fracture, and the test results
are examined comparing with the direct pull-out fracture tests.

The results obtained are as follows:

(1) The double-side-notch Charpy test seems to be very effective to evaluate the
anisotropy of the steels tested.

(2) The steels those anisotropy are significant, in other words the strength in the
direction of the thickness of the plate is relatively poor, have a tendency to cause pull-out
fracture easily.

(3) The specimens welded by low hydrogen electrode show greater area of pull-out
fracture. Tougher weld metal has the tendency to cause much pull-out fracture.

(4) The area of pull-out fracture in the specimen was constant in the range of
temperature between 50°C~150°C. The specimens which have greater area of pull-out
fracture, showed lower energy absorption.

2 Quality test on the electrodes for heat treated high srength steel

Because of its excellent notch tough properties, the heat treated high strength steel is
arosing much interest as the construction material of the large size ship.
In this chapter, the electrodes for the heat treated high strength steel are tested from




the stand points of operating and usability characteristics and the reliability of weld metal.

The results obtained are as follows: .

(1) The operating characteristics of the electrodes with the diameter of 4 mm are
generally good in all welding positions, but those with the diameter of 5 mm showed inferior
characteristics i spite of these electrodes are tested only in flat position. In vertical or
overhead position, the use of 5mm electrodes seems to be doubtful. '

(2) The electrodes with the diameter of 4 mm also showed satisfactory results under
the X-ray examination. Some noticeable defects were observed in the specimens welded
by the electrodes with the diameter of 5mm, but these defects seem to be eliminated by
the experience and skillness of welder. :

" (3 The results obtained by the free bend test were excellent through all the electrodes
tested. In the tension test of welded joint, the base plates were fractured through all
specimens tested ‘and there had. been observed no fracture occured at the weld metal or
H A Z. . . .

(4) In the Tekken type cracking test, the results of all electrodes tested were excellent
and there had been observed no defects.

3- Investigation. of the automatic welding procedure

for heat treated high strength steel

To select the suitable procedure of automatic welding for the heat treated high strength
steel, submerged arc welding procedures, tandem submerged arc welding. procedutes with
wire or strip filler metal and MIG arc welding procedures were investigated comparatively.

The tension test, the standard size V-Charpy test -and large size impact bend test of
full thickness specimens were performed for the base plate, weld metal and welded joinc.

The results are as follows: : D

(1) The submerged arc welding procedure with the wire of OX 40 and composition of
G 80 are best from the standpomt of operatmg characteristics among all the procedures
compared. ) ) )

(2) Under the tension -test of welded joint, the’ submerged arc welding procedure with
the wire of OX 40 or 68 and composition of G 80 showed sufficient tensile strength, elongatlon’
and reduction of area. ; ) S '

(3) From the results of standard V-Charpy tests, the toughness of weld metal by Mig
arc welding ‘were superior to that by submerged arc welding.

(4) The results of large size impact bend tests showed that the base plate and the
plate welded by means of the submerged arc welding with OX 40 and G 50 excel at lower
temperature, however MIG and submerged arc welding method with OX 40 and G 80 excel
at higher temperature. .

Among submerged arc welding procedures, the sequences of one pass welding on each
side of the plate showed better results and multiple pass welding for U type groove follows
to the next and the procedures "with ‘strip’ wire showed poor results. s

From the above results it would be concluded that the sequence of one pass welding
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on each side of the plate by submerged arc welding with OX 40 and G 80 was worth much
to be recommended for the practical use.

4 Investigation of the welding procedure for doubling plates

The doubling construction has been adopted as the strength deck member of large
size ships, and now the three following procedures for welding are employed in practical
operation. ’ - '

(a) Direct welding procedure.

The edges of doubling plates and the surface of lower plate consist one groove
for welding, and are welded together. '

(b) Welding procedure with liner

A backing liner is inserted between doubling plates and lower plate at the groove
for welding. ’ '

(c) Doubling plates are welded separately and then connected to the lower plate by

rivetting. ‘

In this chapter 1nvest1gat10ns were conducted for the influence of welding conditions
on the initiation of micro-root- crack suitable welding condltlons for liner welding and the

comparison tests on toughness and strength of doublmg welded joint in three welding
procedures above mentloned

The conclusmns obtained are summarized as follows:

(1) The procedure in which the doublmg plates are welded separately and connected
to the main plate by rivetting, is free from the weld defects in root pass accompanied by
the Weldmg operation worked from one side only. If this procedure can be provided, the
doubling weld will be as safe as that of normal butt joint with back weld.

(2) The liner welding procedures have considerable effects on the prevention of
micro-crack initiation, but this type of joint showed inferior properties in the fatigue test
or tension and bend tests at low temperature than the directly weled joint without liner.

(3) Among the types of groove for direct welding, the X, Y and V type grooves which
have wide root opening with three pass welds in the first layer and steep groove angle
showed superior results in mechanical tests.

The use of low hydrogen electrode improves remarkably the mechanical properties of
the weld and it seems necessary to use this type of electrode for direct welding procedures.

(5) Although the preheating treatment have some effects to diminish the occurence of
micro-root-crack, it showed no influence upon the improvement of toughness of the welds.

(6) The initiation of micro-root-crack in the directly welded joint could be diminished
by no means tested in this study. However the existence of this crack showed little effects
on the strength of the joints in the shear or fatigue tests. The problems concerning to
this type of micro-crack may be settled in near future.
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= 5 -Investigation of the procedures for fillet

welding on the thick steel plate

In the construction of the large size ship, the procedure for fillet welding between deck
plate and gunwale plate in the gunwale connection arose questions of distortion and initiation
ot microscopic crack in the root of penetration.

In this chapter the effects of different working procedures on the distortion of gunwale
connection and the influences of welding sequences, types of groove, pre-heating and kinds
of electrode on the initiation of microscopic crack were examined.

The summarized conclusions are as follows:

(1) From the standpoints of bending distortion ot gunwale plate and angle distortion
between deck plate and gunwale plate or sheer strake the adoption of double bevel grom"e
welding with partial penetration seems to be recommendable, because this type of groove
hold the distortion minimum comparing with the full penetration welding of the groove or
full penetration single bevel groove welding.

(2) The suitable welding sequence is influenced by the conditions of arrangement of
rivet lines-between the gunwale plate and the sheer strake. To complete formerly the
weld on the side which has fewer rivet lines results in less distortion.

(3 The initiation of microscopic crack at the root of weld seems to be inevitable and
reformation of type of groove, change in electrode and preheating treatment show no sign
of improvement. And the external restraint also has no influence on the initiation of this
type of crack in these experimental results. In order to prevent the initiation of microcrack
in the root of the weld, many problems are left to be resolved.

— viii =
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10, 15, 20, 23kg/mm?* i LI, T L C IR b AN T CBANG IR 2 o7 1, g
Uit o RIE R L, FIEOIRE I 7ish —30°C 5008 —50°C i ifrdp LT 4 du s 5 kil st
BRZ o7z, BT Uil G RE, fhd o SO0 1 L~ B bkiy) L.)J[U\*’ DT L Ae.
(2] ISHMREbest
—, SRR ER VR ST D RS RS A (T e, MERBIEY I 320°C, 420°C, 520°C,
620°C D APBRE X L, TALENORERIREC 350 H R EHEIIE VRN —5 & U7ze F8I03 -~

et T2 15072,

113 EMBERLBLVCEER

IEHE U708 F OB 3 X OEAIG IR0 i (7o 7o 5B v o WA BRES W o k8452 Table 1-
1-4 @i,

1131 BEULACIZORBRAOBEOHKRE

TEEE U728 OTBRT ORBTIGT) & SR = oBR A Fig. 1-1-10 1397, Z ORNCIE LD 72

1, RO B IR BRAER D X 6 BRI S R s L O S.0.D. iR (FTB = ¥
~ 125 kg-m) i & 2 /M O et RAZG O IR IS Inihie: L O TRCA L 72,

Fig. 1-1-10 » 5 Sh/c e g ko< Tth 5,

[1]) BIST O

BT 2 e 2 TR R e D &, BRI OTEWNIC I BRI DB IBRBRIL o TV iR 71
T, O ANDHUIRE X O A b S TG 2 L, WERTG DT Fig. 1-1-10 ol P-Q ¢
RO TR TS, umf‘&LﬁL}J@ LTI T ORI Tt o7 Tipper 8O IIHEY)
KRBT X liM DREITER R T, TE -5 %,

T L RIR T R OWWENEIN T EM O RON (o) ILWTE D, T O
MU)J!%U)JZ(I']'JE}Jﬁii‘ixt!ﬁﬁ(:oto’ciEi’LM St E DR ni o ss kL iR Q-R Lig v
7y XD,

C27 LT ouE

B 2 B DI Te BUFIZ 705 & vk o i) ns Fig. 1-1-10 ORHEHTH D
T XD BB, T OBRAN L ORI BTy 3~Tkg/mm?® L D Tk DARVIE
NTFC— t;di}}(i}; (single stage fracture) Z#21 T\ %, I OHDOWHIETOMIIVTFILE, S.0.D
SUERCIS SV o MP RIS s V-W i L2 s %25 oo Lk ket i
R OWE G RIS ST 5 2 S X0, RN ST L etk A L,

DEELES LD 200 FE MR RO L/ E T T LD TH D,

7 B WIRES 100 3~T kg/mm? &\ 5 e o0 Fi3as & LR (8« 0 BENE 100 B 2 W IR SR
AR ORI S 5 L 0 2 2 B D, ,

—75, HHOBIHDIGIRBUS R ¢ @2 A U7 A-6 Crafzlins D I8
T—H{EL- U (partial fracture), Zivhv i@z it 372k Lobooihil Q-R O 2wl
TR O T BRI R

N2 FEE Ui, T oBLGalihoiig (partial fracture) 1= 3 9 [
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(2) Mode of fracture:

P

where, . P:

e

B

Load at fracture

(3) M.S.R.: Mechamcal stress relieving by pre-loading at 20°C -

— 10 —

. . Terﬁpérature | Mean Stress® Elbngation (2%) 3
Treatment ! Machining | Specimen of 2 i . Mode
for Stress Process Code Partial 0 (kg/mm?) (T"L'ﬁl 000 mm of
Relieving | of Notch | Number [Fracture; Partial ; Comp. | Partial | Comp. | Partial Cornp. Ibmcture
(mm) | Fract. ! Fract. | Fract. | Fract. | Fract. | Fract.
A—1 — — —13 — 24.4 — 0.15 H
A—2 — — —42 - 3.3 — 0.02 S
98 46 26.2 0.37
138 46 28.6 0.46 )
A=3 | 231 | 46 — | 338 — |o47 | — M
700 46 37.0 >0.47
A—4 — — -2 — 15.0 — 0.07 ]
A— - = | =45 | - 57 | — | 0.02 S
As Welded After A—6 373 —20 —17 2.5 26.4 0.02 |- 0.16 M
Weld — T
A—7 — — —26 — 7.6 — 0.03 S
A—38 — — 10 — | 255 — 0.44-| H
8 .| 24.5 | : 23.6 0.19
215 24.5 25.3 b 0.36 o ;
A—-9 565 245 24.5 277 32.3 0.56 >0.57 M
691 24.5 31.0 >0.57
A—10 — — — 6 — 26.3 — 0.16 H
A—-11 — — 1 — - 24.4 — -0.16 H
A—12 — — —17 — 25.6 — >0.12 H
A—13 —| — | -4 | — | 28| — |01 | H
A—14 — — —59 — 7.2 — 0.02 S
M.S.R.®
5.2 kg/mm? M—5 — — —28 — 9.7 — 0.05_ ] S
7 10.3 M—10 — — —28 — 16.9 — 0.07 S
7 15.1 M—15 — — —27 — 16.1 — 0.07 S
Aft ’ B
7200 | W | M—20 — — —26 — 23.2 — jou H
w497 " & N5 — | — | -s45, — 46 | — | 0.03 s
_ Before S I A
n 15,0 | M.S.R. | M—15 — — —48 — 15.8 — 0.10 S
/- 10.0 M--10 — — —49 — 14.9 — - 0.06 S
n 23.0 . M--23 — — —28 | — | 259 | — | ol H
o 15.1 ‘M—15 — — 0 — 25.1 — 0.19 H
“Anneal . )
620 1hr. L-620 — — =315 — 24.6 ~ o H
1. 520°C g L-520 - — | =29.5| — 27.3 — 0.19 | H
" 420°C 1 1.-420 — — | —325] — 23.2 — 011 | H
i 320°C g | Pter 1.-320 — | | 32 | — 137 | — | o008 | S
———————1 Annealing -
1 620°C 1 L-620 — — —51 — 29.7 —_ 0.24 H
1 520°C 1 L-520 — — —50 — 27.5 — 018 | H
_/ 420°C L-420 .| — — —49 — 2.0 | — 0.15 H
11 320°C » L-320 — — —48 — 20.6 — 0.11 H
Note: (1) Mean stress is calculated in the following manner,

I: Length of partial crack
Initial breadth of specimen ¢: Original plate thlckness

S: Smgle stage fracture at low stress level

H: Fracture.at high stress level M: Multiple stage fracture
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Fig. 1-1-10 Summary Results of Notch Tension Tests on As-Welded Specimens, Showing
additionally the Crack Initiation Stress Curve and the Critical Stress Curve for

Crack Propagation of Base Metal
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Fig. 1-1-11 Summary Results of Notch Tension Tests on Mechanical-Stress-Relieved
Specimens, Showing the Effect of Stress Relieving on Fracture Strength
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Tests on Annealed Specimens, Showing
on Fracture Strength
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Fig. 1.1-14 Schematic Diagram on Fracture Strength of Welded Plate

Description :
Region (I): Initiation but non-propagation (with residual stress and sharp notch)
Region (II): Initiation and propagation (do.)
Region (II): Initiation and propagation (with dull notch free from residual stress)
Region (IV): Non-initiation (with residual stress and sharp notch) -
Region (V): Non-initiation and arrest (do.)
Region (VI): Initiation but non-propagation (with sharp notch free from residual stress)

Region (VII):

Initiation but non-propagation and arrest (with sharp notch)
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RN FRERT BV THETE D 3R = (ultimate strength) &% 2 T xoy
L»% Kﬁ%ﬁ@ﬁ#?éﬂ%h@M%Wﬁm%%@@@%&wﬁ7)KzVT%%%HﬁTUK
TN Al ERE R e 2T 5, T h Tipper iBRIT & HHENERIRE T, Sl EOBERIZ
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S HIEEVB RO I NECSOIR T B &, IR OMIIEIIE TV ORI IRFURE
(critical temperature) T DA FOIEEIC I CIHREBICHAT 5, RICEMIHEO B T4+ 5
PREUE T & IREE & OBRE AT & i VW odnd b, Te DUF ORI 3V T AEadie it

PSS FCIEE LS D T & b D, N 384 3 A RYHEE T WA OIE MK

SRR X o CHE LA RN £ (material constant) CH 5L, ThidE- S.O.D. HERIT X

DTHLN OISR L <ML T b o bt#Ez oD, Ll #HET %

FAF—~DREZIEOTETET LS D 5, o

Robertson i{BAZ X > CHE LN D JEEEO (S35 LB RS- IS dhigd Fig. 1-1:14 odhgy
ABC 573, - o ClEILEREE (arresting temperature) T. 13i3iE4} {5730)1@&?21?’) LOTH
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ho,
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1) T. S. Robertson: “Propagation of Brittle Fracture in Steel ”, Jourl. Iron & Steel Inst., Dec.
1953. ’ T
2) F.]. Feely, Jr., M. S, Northup, S. R. Kleppe & M. Gensamer: “Studies on the Brittle
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- Fracture of Tankage Steel Plates”, Weld. Jourl,, Dec. 1955. pp. 59€s to 607s.

3) | WEEHER, 4 R MEREROHO EHE BRI D~ R Rz No 182, 1957, pp. 39~
44,

4) A. A. Wells: “The Brittle Fracture Strength of Welded Steel Plates ™, Quarterly T.ILN. AL
July 1956, Vol. 48. No. 3, pp. 296~326.

5) SR, R BERERESRT 3 XE RIS O R
1958, pp. 251~262.

= s, GEIR AT Noo 103,

6) H. Kihara, K. Masubuchi: “Prevention of Brittle Fracture in Welded Structure”, Report in
1958 Meeting of Commition X of 1. 1. W. Document No. X-198-580 E.
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219-59.
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Table 1-2-1 Summary of Longitudinal Residual Stress Data

T Specimen ' Longitudinal Residual Stress gy (kg/mm?)

Dist. from ___No. A—0 - i . B _ [ N

Weld C. L. (mm) ™| (As:Weld) | A—5 | A-~10 A—I5 A-20 | A2
0 31.3 | 293 25.4 22.7 18.0 6.9
12.5 30.1 28.0 24.8 22.2 17.1 6.1
25 24.8 24.4 22.0 19.5 14.6 1.8
50 12.4 13.9 13.0 10.0 5.9 ~1.2
75 ~0.3 —0.2 ~2.0 ~2.2 —3.0 -1.7
100 —5.6 ~5.7 -6.5 —5.1 —4.2 ~1.9
150 —-5.3 —5.6 —5.8 —4.7 —3.4 —0.1
200 —4.6 —4.7 -4.6 —4.0 —2.5 0
300 ~3.4 -3.3 -2.6 —2.5 -1.4 0
400 —2.6 —2.3 ~1.4 -1.6 —-0.9 | 0
40[-

(7]
(=]

'\T///— SPECIMEN|APPLIED STRESS
N — A-S A-0 [AS WELD

A-.5 5 k&/mmt
A-10 | 10 v
A-15 15 »
A-20 | 20
A-25 | 25

N
L=

o
)

_§ PLATE EN

(=]

TENSILE LONGITUDINAL RESIDUAL STRESS MEAN OVER THICKNESS (k8/mm" )

TRANSVERSE DISTANCE FROM WELD ¢_ (mm)

-to}

Fig. 1-2-3 Transverse Distributions of Longitudinal Residual Stress in As-Welded and Mechanically
Stress-Relieved Specimens (Half of Plane with Longitudinal Weld on Center Line)

20 —



Wi LRI ) L D3R NP R QISR IS L E A LN D, SOWE, AR
i3 364 kg/mm® ¢d Y, —F As Weld FUGR A O LI 31.3 kg/mm? TdhEH 5, IR
O F b AT S & D 5.l kg/mm? B 7 st AN < D A D, MPFERIAE RIS T D
ORIV R TR L Ty D, )

BRI ) O e T B AU SRR E W IS B A BIMAYE D, KR EIIETT 25 kg/mm?
O L A b OB T d B, TAUESNE T d B EELL LR < 7 DT o TG
ST AU TIE AYA < H b T T, W, M. Wilson® Offifii: $& 2T b,
1-2.3-2 BERrAEO

R L B R & T MRS A Y o b 2R LTHT < IR TEE W O Sz Table
1-2-2 108 Fig. 1-2-4-1~Fig. 1-2-4-6 iZ7¥, &USERIDHO FEHATLTY S, AY
o FERMAEINO ORI A Y o O T A — 2 — & LTHRKAER LT 5, B LWLR
500, A ok OLHRAT RIS O A EMTH S 7T0mm R E Tl o ki S .
B, ARV T & 2 B SR LR IS LTI SO & e B

75
VC, >
FETIOEVE, SIS ORIV L 7 B 2%, S As Weld 38 S BT H 272,

SPECIMEN A-3

)
3
e
Sl
P

R i SPECIMEN A-Q 400 (PARAMETER: HALF SLOT LENGTH)
—400-"\\.\‘\\\ (PARAMETER: HALF SLOT LENGTH) s
x \
M E
€ Y
€ E

4]
z 300
@ 300 (&}
W z
a z
o uw
a
)
-
[}
a 5
w -1 200
200 W
S (5]
o Q
" - o
< <
) )
w w
100
100

o T T 100 200 E R

TRANSVERSE DISTANCE FROM WELD ¢_ (mm)
TRANSVERSE DISTANCE FROM WELD Q_ (mm}

Fig. 1-2-4-1 Distributions of Elastic Slot Open- Fig. 1-2-4-2 Distributions of Elastic Slot Open-

ings in As-Welded Specimen ings in Mechanically Stress-Relieved Specimen
(Half of Plane with Longitudinal Weld on Center Loaded up to 5kg/mm?
l.ine) (Half of Plane with Longitudinal Weld on

Center Line)

— 21 —




Fig. 1-2-4.5 Distributions of Elastic Slot Open-
ings in Mechanically Stress-Relieved Specimen
Loaded up to 20 kg; mm?

(Half of Plane with Longitudinal Weld on
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Table 1-2-2 Summary of Slit Opening Data

- ~—— Specli\ln(‘;fen | Slit Opening* (mm)
‘ﬁéJ?ii@;r\\\‘mﬁaﬁal A—5 A—10 % A—15 | A=20 1 A
0 493 471 388 - 344 230 32
5 7 509 474 301 361 234 25
10 503 460 384 339 219 29
15 491 443 375 333 C 230 19
20 485 437 365 332 215 19
25 ool a8a |- 418 - 355 324 211 14
30 450 404 344 287 200 11
35 442 414 328 | 277 - 188 : 2
40 427 374 320 274 189 3
45 409 |, ..357 08 241 175 1
50 394 342 295 269 178 —~2
60 368 312 275 250 162 .. .=3
70 339 288 245 228 155 =3
85 295 242 202 203 124 —4
100 T 253 o207 165 152 110
125 203 155 121 122 75
150 - 156- C144 86 93 49
175 123 93 63 74 41
200 94 73 45 55 34
225 76 53 3l 41 27
250 56 40 24 28 24
275 43 39 14 20 14
300 ' 27 20 9 16 8
350 4 3 0 5 ‘

% Mean value with half slit length 350 mm
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"~ Table 1-2-3 -Test Results of Brittle Fracture

Lengthr N
; : Temperature Mean Stress Elongation (24)
Specimen Stress Cutting of B —
Code Relieving of Partial (kg/mm?) G.L.=lmm ModeV
Number | Treatment Notch  Fracture| Partial | Comp. | Partial | Comp. | Partial Comp.
(mm) | Fract. | Fract. | Fract. | Fract. | Fract. | Fract.
w-1 — = =13 — | 244 — 1 o015 H
W2 - — | —42 — | 3.3 — | 0.02
T 98 46 26.2 T0.37
138 46 | : -28.6 0.46
Ww-3 231 6 1 T | 338 | 047 - | M
o ; 700 46 37.0 >0.47 |
W-4 — — -2 — 15.0 — 0.07 S
W-5 — — | - — | 5.7 — | 002 | s
w-6 ) . i 373 —20 —17 2.5 26.4 0.02 0.16 M
After
W7 AsWeld | Werd — — | -2 — | 76 — 1003 | ¢
Ww-8 -— — —-10 25.5 — 0.44 H
o 8 |7245 23.6 0.19
215 245 25.8 0.36 |
W-9 565 24 5 24.5 277 32.1 056 | >0.57 M
o 691 | 24.5 31.0 >0.57 :
W-10 - - =6 — | 26.3 — | 0.1 H
W-11 —_ —_ 1 — | 244 — 0.16 - H
w-12 — — —17 — 25.6 — | >0.12 H
W-13 — — —4 — | 25.8 — 0.18 -H
W-14 . | ] — - =59 — § 7.2 —_ 0.02 -8
M.S.R.
ﬁM—S—l 5.2 kg/mm — — —28 —_ 9.7 — 0.05 S
M-10-1 /7 10.3 — — —28 — 16.5 — 0.07 S
M-15-1 15,1 — — -27 — 16.1 — 0.07 S
M-20 | o 200 — — | - — | 23.2 — | on s
Before
M-15-2 /7 15,1 | M.S.R.® — — 0 — 25.1 — 0.19 H
M-23 n 23.0 — - —28 — 25.9 — 0.11 H
M-5-2 " 4.9 — — —54. — 4.6 — 0.03 S
M-15-3 | # 15.0 —~ — | -8 — | 158 — {010 | s
M-10-2 1 10,0 — — 45 — 14.9 — 0.06 S
M’-5 " 5.3 — — —33 — 6.2 — 0.02 S
M’210 # 10.0 | After — — -29 — 13.2 — 0.06 S
M.S.R.2
M’-15 1 15.4 — — —29 — 18.4 — 0.09 S
M-20 | u» 208 — — | - — | 24.8 — 1015 | s
Note : (1) Mode of Fracture

S: Single stage fracture at low

M: Multiple stage fracture
(2) Mechanical Stress Relieving
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stress level

H:

Fracture at high stress level
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Fig. 1 Details of Test Specimen

BURNIE A Y BRI 630°C T LSRR A 1T 0T 0. F OB IR G U B
13 Table 1-3-1 O H TH D,

Table 1-3-1 Chemical Compositions and Mechanical Properties of the Steels used

‘ Chemical Composition I Mechanicai Property
Steel ' 1 —
. ‘ i I : Tensil - .
{ C } Si ‘ Mn 1 P I S } Yield Point Stfel:ilgteh " Elongation®
A 0.15 0.070 | 0.86 { 0.018 0.024 | 28kg/mm?| 46kg/imm* ~ 35%
B, C 0.17 0.073 0.86 f 0.013 0.025 ‘ 29 n 48 3425
G. L. =200 mm

1-3:3 % Bma =

Fig. 1-3-2 iz 34n <, Ao maRs 40 mm OGRS MEkZ i biAS, SO £BEC
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Fig. 1.3-2 Locations of Lateral Shrinkage and Residual Stress Measurement

Table 1-3-2 Location of Measuring Points

Mt?s;rting{il 42 +3 | +4 | 5| 46 | 7 iB} iQ]iIO +11 | +12 | +13 | +14
Distance
from C.L.| 50 | 100 | 125 | 150 | 175 | 200 | 225 | 250 ‘ 275 | 300 | 350 | 400 | 500 ‘ 700
(mm)

MU 2 v g 7 b e A bV A Ve 2—x— (GHIE#HRA +0.5mm, HEHFE 1/1000 mm) %

W Tiior, BEERE Fig 1-3-3~Fig. 1-.3-5 273%, Fig. 1-3:3 13+«

v » 7 2mm O
K AT 5307, i EERNE

, MR R R Lo Txsh, 1, 2,4, 8 OLRBIZHIT 55

1900_ X 10" nm
LATERAL SHRINKAGE

PLATE EDGE

PLATE EDGE

LOCATION OF MEASURED POINTS

Fig. 1-3-3 Lateral Shrinkage Distribution in Specimen No. A
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Fig. 1-3.4 Lateral Shrinkage Distribution in Fig. 1.3-5 Lateral Shrinkage Distribution in
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Fig. 1.3.6 Comparison in Lateral Shrinkage for - Fig. 1.3-7 Effect of Root Gap on Lateral
Each Specimen Shrinkage
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Fig. 1-3-13 Comparison of Theory and Test
Result for Specimen No. C
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Table 2-1 Chemical Properties of Steels tested

I

' : s 3 (rain
Chemical sition. (Z;) P arihae
AR S Size Mji Roll
Code Kinds of Heat Ceq” £ Kinish o i
de Steel Treatment S Vo P 3 (52 i Temyp: G
b7
z
: Brittle Semi- - S R ‘ Y 6o ST ST N R Special
A CRiled Stesl As Rolled 016 0210 z 0.45 k(,L..l [ 3 050C  Made

LROP
GQuality

ormal-
cized

; Quenched ;
: & ;

B - Noteh Tou
Killed: Steel

<
vy
o3 ]
82

T 10007C

0.017 0016 4

eicon “ZHY SKR36°A-1

0.13 0.5 1.30 0,014 0014 037 — 596050

: : Steel
“Tempered
Note PR T M 12 S
Table 2.2 Mechanical Properties of Steels tested
Plate Yield Point Ri:i:’qj& Elongation: 4 Hardness
Cade ‘Thickness gy o j; g G Li=8" Max. Mantfacturer
£ £
{mm;) egrmm?) o o (kgimm?) {23 (Hv)
= : ; . = Kawasaki Steel
% i : AN 43 32 R7 s
A 25 244 : 13,9 32.3 287 Corp,
B 25 30.0 43.0 32 222 do:
B - = ) 5 s Japan Steel
L 25 17.6 60.1 1.8 334 Werks: Co.

LOCATION OF

TENSILE TESY
SPECIMEN

[ =
Plate Fass Amp. o Volt Speed | Rod Dia
Thickness e CAY (in min.) (i)
Backing P 1506 3¢ 115 5160
25 mm . :
Finishing Pass 800 39 e : 14

Note ' Backing  composition £ 342 used for Ist pass'weld to prevent
burning through the molten metal

Fig. 2.1 (A}~ Welding . Conditions and Macro-Structures of Transverse Butt Joints



IV A

AW g

B.P. ,Q NCBACK

Armp. i Volt Speed Electrode

Kind of Plate = s
Pass (A) Gn/mini )

Steel Thickness

M. P 176~190: - 22~24 100~150

o 25 i
O T - :
22~240 L 100~150

BPo o 170~1907

Fig. 21 (B)

Table 2:3 Combinations of Rod & Flux

Combination of ‘Bod ' : i
: and Flux : Oxweld: Rod: No. niont

Kinds of Steel

A No. 36 5
B No. 36
c § No. 40 f

Automatic: Weld - Metal for S

93
-

C Si M P

0.14 0.19 0,88 6033

Cable 2.5 Mechanical Pre of Automatic Weld Metal for Stoel 7 A7

Yield Point Ultimate Stress Elongation Reduction
gy uE : Area Part
{kgimm? {kg/mm® (%)
6.6 53.7 3.0 610
382 51.2 280 55.9
ETEY; 50.9 30,0 56.9

Location of specimen +4s shown in Fig. 21
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-80 - Table 2.6 Practure Transition Temperatures

at the Various Locations of Welded Joints
o0 tested
40 i e R -
Van der Tipper V-Notch
0 ] Steel | Location Veen ) Charpy
’ Ty (C) | Ty (C) | Tre (C)
20 - -
BM +25 +35 +35
—_ 40 .
© WM +45 +45 +45
; 60 A .
g_.o HAZ +29 +10 | +10
5 - 20— B Z +40 +25 446
Q
& o BM _35 49 | 22
- N R
g ® TR WM l 440 l L350 429
i N N B
g° ﬂ S k] 3 HAZ b5 | -2 0 17
F4 N N NN *¥s -t- — i -
< 60 D 3 S . -
- B7Z —25 —62 —15
&J-BOT— 4
8,60;_ ch?gg;* R - ._ BM —36 ~51 —66
&l WM +38 42 22
C
-0 HAZ +34 15 +17
i Sz ~10 -10 a7
20 - -1 . .
; Note : BM: Base Metal
‘O'H N WM: Weld Metal
& EINTE : : =LALE HAZ: Heat-Affected Zone
BM WM HAZ BZ | BM WM HAZ BZ | BM WM HAZ SZ B Z: Brittle Zone
STEEL "A” STEEL '8~ STEEL "c” S Z: Softened Zone

KINDS GOF STEELS AND LOCATIONS OF NOTCH

Mig. 2.6  Fracture Transition Temperatures at
the Various Locations of Welded Joints
obtained by Industrial Tests

OB OB PR O SR A B s HEL TR, el AT sy
PEESEL Ay, WG BT CT R s R RV IR T L B o b

DS T D, R IEIC R o T fﬁ:a>%:%¢‘ki%!/-.-»’i"{fli"vf LR OO v B R b T

S

USHDny,  TIVRIERER A 0 0 5§ S 2/ & b, Solvitic Afiifiiasdulainra iz
CHHB, =, M A o BB O PR DB T LW B A, S AU L HLER o
T D oD EH A BID, B B A OSBRI 3 L ORHEI C KL EE i T S B U

&R EIED F B e 7 L7z,

A s XU B #o Bond i 18 mm fiuye il & — e LR Br LT dns, S oiksy

-

R TI SEDFAIC X 0 EHA B i~ < o T B,

il (1) vhsEms
2.2.3 HBAOER®

L1 MR Orowan HIEUERN

BIE I Ao  Linvy e e

PRI i) 5 B O SE sy E i S,




600 mm x 180 mm x 25 mm
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Table 2.7 Automatic Welding Conditions and Macro-Structure of the Longitudinal Seam

Amps. (A)

Pass ‘ % Volts (V) i Speed (in/min) i Rod Dia. (in)
Backing Pass | 800 36 | 11 : 1/4
Finishing Pass \ 1100 T Y ' i 13 . | ’ ' 1/4

90".' "ot 7 - Rod: Oxweld No. 36

\é\\’ F.P. Flux: Unionmelt # 80

——)
w0

y

A
N
wn
[ -]
N
e

4N\

/QF?\'B.P.

NOTCH TENSILE TEST SPECIMEN OF CROSS WELDED JOINT

~——

| ROLL DIRECTION }.
- | A —— | >
1 BUTT s 1
— 3 > ——
© cHACK ! NOTCH : ¢ GHACK
@' PLATE § e T TR | —f=  PLATE e
X (t=32mm) I 2 . (t =32mm) °
. o -
SEAM . £
— 7 2 —_—
< N L -V a w' : .
f— t =25mm \_1\__ ——
B |
b oo U 0000 ——————
Note: 1.2.3 welding sequence. _ .
LOCATIONS OF NOTCH FOR TRANSVERSE DETAILS OF SAW CUT NOTCH

BUTT WELDED JOINT
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Table 2-8 Summary of Notch Tension Tests on Wide Cross Welded Plate

Length . 7
, . . Temperature Mean Stress! | Elongation (%
Heat |[Location{Specimen| of < © 5 ¢ 727 | Mode®!
Material| Treat- of Code Partial ( ) . B _(k.gir?m ) G. L.=1000 mm of
ment | Notch |Number [Fracture| Partial Comp. | Partial | Comp. | Partial ] Comp. | Fract.
(mm) | Fract. | Fract. | Fract. | Fract. | Fract. | Fract.
As- Base 0-1 — -— —32 — 27.6 -— 0.23 H
Rolled | Metal | ¢, — — | —s9 — | 30.0 —~ 0151 H
W-1 — — —27 — 27.6 — >0.24 H
W-2 — —_ —-33 — 27.8 — 0.25 H
W-3 — — --37 — 17.5 — 0.07 S
) W-4 — — —59 — 30.2 - 0.22 H
Weld
Moetal W-5 — — —41 28.6 . 0.20 H
(42 — | 28.0 — | 0.49 - \
W-6 11 gop | +19 — | 2956 — | 0,69 M
W-7 - — —1 — 25.9 —- 0.32 H
Brittle W- 8 253 — | 443 | 31.5 | 43.8 | >1.10|>1.10} M
Mild W-9 — — —58 — 12.6 — | 0.05 S
Steel | As-
A"} Welded H-1 — - —4 — | 26.8 — | >044 H
H-2 — — —60 — 15.8 — 0.07 S
HAZ H-3 — — —27 — 25.6 — 0.23 H
- H-5 — — —16 — 26.6 — 0.38 H
H-6 - — | —36 — | 27.3 — | 0.29 H
H-=7 — — —47 — 28.0 — 0.26 H
Z-1 — — —59 — 5.5 — 0.02 S
zZ-2 — — — 4 — 26.0 — | 0.24 H
Z-3 — — —34 — 7.6 —_ 0.03 S
Brittle
Zone Z-4 — — —17 — 17.4 — 0.07 S
Z-5 — — 4+19.5 - 25.5 — 0.23 H
Z-6 —_ — —11.5 — 24.6 — 0.24 H
zZ-7 — — + 9 — 26.2 —_ 0.20 H
Notch Bw-1 — — —62 — 19.2 — 0.08 S
Tough | 5o Weld | BW-2 | 276 | —59 | —59 4.7 | 31.2 | 0.02 | 0.15 M
Mild 1 \elded| Metal
Stee} BW-3 — — —15 — 30.7 — 0.40 H
B BW-4 | — — | —285| — | 205 — | 009 | 1
Q'& T As. CH-1 — — —62 — 14.5 — —— H
Hl&O Welded H.AZ! CH-1 — — —56 — 45.9 — — H
CH-3 — — —62 — 44 .6 -— 0.21 H
Note : 1) Mean stress is calculated in the following manner,

1)

THB-)
2) Mode of fracture :
S: Single stage fracture at low stress level

H:

where,

P
B:

Fracture at high stress level

M: Multiple stage fracture

Load at fracture
Initial breadth

I: Length of partial crack

t: Original plate thickness
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. 2-19° Single Stage Brittle Fracture at Low Stress:Level on Wide Cross W
Testing Temperature 1 =58
Fracture Strength: 12.6 kgimm?

Single: Stage Brittle Fracture at High Stress Level on Wide Cross: Welded Plate “ A
Testing Temperature ;- 519C
Fracture Strength 25.9 kgfmm?

Single Stage Brittle Fracture at Low Stress Level on Wide Cross. Welded Plate “C”
Weiding Process : 2 Pass Autematic Weld
Testing Temperature : 62
Fracture Strength.: 14. 5 kg/mm?
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Fig. 2-22 - An Example of Fractured Specimen

of Explosion  Test on: Welded  'Pipe. of
Quenched and Tempered  Steel. (800 mm
inlength; 406 mm in dia. and 20 mim in
thickness).  Showing  that the Crack pro-
pagated along the Heat-Affected Zone of
Welded Joint'

Single: Stage Brittle: Fracture at High Stress Level on Wide Cross Welded Plate “ €7
Multi:Pass Manual Weld

Welding Process :
Testing Temperature :
Fracture Strength.:
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Table 2.9 Summary of S.0.D. Tests on Welded Joint

- S
. Specimen 5 | Meant Temp. at Length
Material Trget?rsent LO%?:)‘;;? of | ™ Code BIL%W ) Stress Blow of Crack
: Number : (kg/mm?) (*C) (25)
1 10.0 + 6.5 0
SANA-1 2 10.0 - 0.5 100
1 3.0 4 8.5 0
2 50 -+ 8 0
3 10 0 + 8 0
SANA-2 | 13 0 L8 0
5 15.0 -+ 7.5 0
6 200 + 7.5 100
As-Received | Base Metal | 50 135 '0’_‘
3 3 +13.5
SANA-3 2 15.0 + 7.5 100
1 1.5 —20 1]
SANA-4 2 30 —20.5 0
3 6 0 --21 - 100
1 3.0 —50 0
SANA-H 2 3.0 -~ 20 0
3 4.0 —50 100
] —_—
‘ 1 10.0 0o 0
A SAWA-1 2 10.0 —~13.5 0
Brittle Mild 3 10.0 -1 100
Steel -
“pn 1 2.0 —37 0
. 2 3.0 —37 0
SAWA-2 3 4.0 ~35.5 0
4 _..5.0 —35 . 100
1 1.0 —45 0
2 2.0 —46 0
. 3 3.0 —46 0
Weld Metal| SAWA-3 4 10 44 0
5 5.0 —44 0
.6 0.0 — 44 100
1 1.0 —hd 0
. , 2 5.0 54 0
SAWA-4 3 6.0 —54 0
4 ' 7.0 -5 100
1 15.0 +21.5 0
AW b 2 15.0 + 9.5 0
v SAWA-S ; 20 5 o
As-Welded 4 15.0 10 100
1 10.0 ~1 0
SAHA-1 2 10.0 —12.5 0
3 1020 CL20.5 100
1 2.0 —31 0
2 3.0 — 34 0
< . 3 4.0 -34 0
SAHA-2 4 5.0 ~ 34 0
5 6.0 —34 ()
LA Z 6 7.0 --32.5 100
1 3.0 51 o]
. E 2 4.0 —4h.5H 0
SAHA-3 3 50 46 0
4 6.0 —-46 100
SATIA-4 15.0 +10 0
o 2 15.0 0.5 | 100
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- . Specimen s Mean. » Length of
Material | .. eat | Location of | ™i-C4 Blow Stress | .1emp: at ‘ Crack
I'reatment Notch ; No. . Blow
Number (kg/mm?) (<C) | (25)
1 6.0 —23.5 0
H.A.Z. | SAHA-5 2 7.0 —23.5 0
3 9.0 —23.5 100
1 10.0 0 0
SAZA-1 2 10.0 —10 0
3 100 —21.5 100
1 3.0 325 0
2 4.0 _32'5 0
SAZA-2 3 5.0 ~30.5 0
4 6.0 ~30.5 0
Brittle Mild 5 7.0 -39 100
] As-Welded
Stee 1 3.0 —30 0
“pm Brittle 2 4.0 —30 0
Zone . 3 5:0 —3 0
SAZA-3 4 6.0 32 0
5 7.0 —34 0
6 8.0 34 16
1 4.0 -5 0
2 5.0 —51 0
SAZA4 3 6.0 —50 0
4 7.0 —51 100
1 15.0 121 0
SAZA-S 2 15.0 +10 160
1 4.0 —50.5 0
2 5.0 —149.5 20
SBNA-1 3 6.0 —475 20
4 8.0 —46.5 100
1 10.0 —~12.5 0
SBNA-2 2 10.0 —23.5 0
3 10.0 —29.5 100
‘ 1 15.0 —15 0
As-Received | Base Metal| SBNA-3 2 15.0 —11.5 0
o 3 15.0 —23.5 100
1 4.0 —44 0
_ 2 5.0 —44 0
SBNA-4 3 6.0 —a4 0
4 7.0 | —42 100
Notch Tough
oich Toug 1 8.0 —32.5 0
Mild Steel SBNA-5 2 9.0 —34 20
‘g 3 10.0 _32.5 100
1 5.0 —49 0
2 6.0 —48 0
3 7.0 —48 0
SBWA-1 4 8.0 —48.5 0
5 10.0 —48 0
6 120 —48 100
1 10.0 —10 0
As-Welded | Weld Metal | 2 10.0 ~19.5 0
SBWA-2 3 10.0 —30 0
4 10.0 —40 0
5 12.0 —43 100
1 10.0 -3 0
2 10.0 ~10.5 0
SBWA-3 3 10.0 —22'5 0
4 10.0 —~30.5 100
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Table 2.9 Summary of S. O. D. Tests on Welded Joint

b : | Specimen Mean? | Temp. at | Length of
Material | ’c[‘\rg;te?rfem LQ%;;Z; of Code BI\EOW . Stress Blow Crack
Number o (kg/mm?) | (C) (%) |
1 7.0 | ~51 0
2 9.0 ~51 0
SBHA-1 3 9.0 —50 8
4 10.0 —50 100
' 1 16.0 —24 0
Notch Tough | As-Welded HAZ SBHA-2 2 12.0 —24 0
Mild Steel ) 3 14.0 ~23 0
‘ 4 16.0 —23 100
“B
1 20.0 0 0
2 20.0 —12 0
SBHA-3 3 20.0 15 0
4 20.0 —22 100
1 6809 1Hr. .
emeaied | Weld M. | SBWL-1 1 12.90 —51 100
| 1 150 - 0
| SCNA-1 2 18 0 —52 100
1 25.0 —23 0
Quenched 2 25.0 ~31 0
. and , SCNA-2 3 25.0 —40 0
“Tempered |As-Received| Base Metal q 25 0 —45 0"
Steel ‘ 5 270 —45 100
e 1 35.0 —31 0
‘SCNA-3 2 .0 —35 100
, 1 10.0 —69 0
SCNA-4 2 - 2.0 —69 100
Note : 1) Mean stress : Mean stress is calculated in the following manner;

where, P:

o

P
T HB=)
Load at fracture

B . lInitial breadth of specimen

1. Length of partial crack
¢: Qriginal plate thickness

2) Impact energy . 125kg-m constant
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(b) Behaviour of Crack Paths on Notch Tension
Test Specimens of Cross Welded Joints under
Various Stress Levels
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Fig. 2:26 Behaviour of Crack Paths on Notch Tension Test Specimens
of Cross Welded Joints
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Table 3:1° Chemical Compositions of Steels

;- ! Thickness C Si Mn P S :

Kind of Steel (mm) (%) ) (3) @) @) Remark
Mild Steel (1) 20 0.13 0.12 0.76 0.017 | o0.016 | patafrom
Mild Steel (2) 20 0.14 0.05 0.86 0.014 0.027 ”
Heat Treated Steel 20 0.16 0.44 1.05 0.017 0.020 .

Table 3-2 Mechanical Properties of Steels

R D IOV T OB R & U, E O e a i e ok

- L . . Tensile :
Kind of Steel i Th(’;kmnfss X(f“f Poé;‘t Strength Elong/a)t]on Benl%o’cI"est Remark
i g/mm (kg/mm?) (%

: . . . Data from
Mild Steel (1) | 20 32.0 44 .0 34.0 Good Mill Sheet
Mild Steel (2) 1 20 26.2 41.2 32.0 Good ”

Heuat Treated Steel i 20 51.3 62.6 17.0 Good "
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Takle 3-3 Welding ‘Conditions
: ' s . Dia. of Wire Current Voltage ‘Speed
! Composition Wire (in.) (A) V) (em/min.)
Backing Pass G.80 # 40 3/16 600 30 25
Finishing Pass | " .M . " 900 35 . .30
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Table 3.4 Widths of Wide Plate Tension Test Specimens

Specimen Width

Base Plate of Mild: Steel
Base'! Plate of ' H., TU S
Manual Weld ‘Metal of H T S
Submerged Weld Metal of ‘H.T.S
Ho A Zoof HUESS (Submerged We

Mild Steel Plate W

elded to HL TS

FOHUTUS ) Heat Treated Stes]

Fig::3:6 (a) - Specimen;, Cooling Boxes and Tmpact Apparatus



Table 3.5

Impact wedge .|

Fig.13:6 (b Location of Measuring Points of
Teémperature

s Figa 37600

Specimen and Apparatuses immediately after
I 3
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Fig. 3-8 Results of Full Size (20 mm) V-Notch Impact Bend Tests

Table 3.6 Results of Full Size Impact Bend Test (V-Notch)

Kind of Specimen Trs (C) | Tre (C) | Eo(kgmjem) (kgfl'f/‘glg)
Mild Steel (1) '_ 11 ~ 85 137 | 213
Mild Steel (2) ‘ 40 30 4.0 29.5
H. T.S.* —59 —56 16.1 16.2
Manual Weld Metal of H. T.S. 0 -2 16.1 28.5
Submerged Weld Metal of H.T.S. : 24 14 5.6 15.3
H.A.Z of H.T.S. (Submerged Welding) 16 -75 9.8 16.5

(Bl BIRA&
WEAEE R Table 3.7 WRT 2L TH5,

Table 3-7 Results of Conventional Tension Tests ( JIS No. 1 Tension Specimen)

. .. | Tensile - .
Specimen Y(]Sd/uf:;gt i Strength Elonag/a)tlon Location of Fracture
8/ | (kg/mm?) e
Heat Treated Steel 1 50 (51.4)*® 61 24
Iz 2 50 (51.4) 60 23
7 3 {51 (52.5) 59 24
Average i 50 3(51.8) | 60 23.7
Manually Welded Joint of H. T.S. 1 50.9 62.2 ©20.2 Base Plate: 70 mm Apart
" .2 . 50.6 62.1 . 19.0 }from the Centre of Weld
R " 3 50.7 61.8 - 19.8
Average 50.7 61.0 19.7
Submerged Weld Joint of H. T.S. 1 48.3 60.6 19.4 H A.Z: 22mm Apart
1" 2 49.5 61.2 17.7 } -z
” 3 491 60.5 181 from the Centre of Weld
Average 49.0 60 8 18 4

*

Number in Parentheses shows Upper Yield: Points
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Fig. 3:22  Fracture. of Heat Treated Steel Plate
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Fracture of Subimerged Arc Weld Met:




Fig.:3:25  Fracture at Heat Affected Zone of Heat Treated Steel

{Submerged Arc Welding)
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¥ig. 3-26 Fracture of Longitudinally Welded Plate

The Case of Heat Treated Steel'is welded between Mild Steels
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Table 1-1 Chemical Composition and Mechanical Properties of the Steel used

Thick- Chemical Composition % I\;I)fg};z;‘tiic:sl :
Stee] | nESS Of— ‘ | . “TIT.S.|Y.P [Elongi  Remark
C iMniSi| P | § !Cu|NiCr Mo| V | Al I(kg/ |(kg/ |G.L.|
(mm) : | ‘ mm?)] mm?) 35 mm'
Al 2 0.161.290.490.018;0.0310.21"0.690.0810.22‘0.04\0.011 79.0 | 72.6 | 15.8 | Heat Treated
B | 16 [0.1600.700.22/0.0080.0220.20, — | — | — | — | — |45.8|30.5 | 39.5
C | 80 0.151.560.480.049:0.0220.17 |~ |~ —~| —|57.4]47.1|37.9 | High Ten. Steel
F | — 10.1600.460.050.015/0.0150.22 — | — | — | — | — Rimme Steel
G | 12 0.170.64/0.1300.018/0.0250.12. — | — | — | — | — |44.1|28.3|40.0
H | 18 0.230.440.090.021‘0.043!0.25~ — =] —| —|48.5]|31.7]|36.7
I 20 [0.170.620.21/0.014'0.0300.15 — | — | — | — | — | 48.6 | 33.2 | 30.4
] 23 0.160.710.33&016}0.033}0.141— —| =]~ —|46.9]34.0]|37.9
1-1-3 B A%
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300°C 3 X O 350°C @ 8 BXBETERE T, 1-1-1 T2 lor X8 lep DItz KDz, FO8
R, HTRT XS, RBREE 50°C DT ler 3X 0 lop O IBECERRC ZE—ETH
B, BEV lop DI MFITEL DT KL REBZFERCT LA HBENOT, G H, L ]
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Fig. 1-4 (a) A Test Result by the Specimens machined in the Direction
of the Plate Thickness Steel C, 10%C
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Table 1-2 I¢r/lcp Values of the Steels used (100°C)

steel

lor (mm) | lep (mm) | lerfico Steel lex (mm) | lep (mm) { lerllcn
A 8.5 2.25 3.8 G 6 2.5) 2.4
B 3 2.5 1.2 H 3.5 2.5) 1.6
C 3.5 2.5 1.4 I 7.5 2.5) 3.0
F 5.5 (2.5) 2.2 ] 6 @2.5) 2.6
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plate thickness

Fig. 1-6 Locations and Dimensions of Uniformity Test Specimens
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Steel (kg~£fcm2) (egmjeme) | EnlEe
A 24.6 8.8 2.80
B 6.6 5.6 1.18
c - 5.7 4.0 1.42
F — —_ —
G 18.7 9.7 1.92
H .3.3 2.9 1.14 8
I 257 11.7 2.37 3
] 12.6 8.3 1.52 .
Note
Er: Impact Value of the Specimen notched
on the Rolled Face
¢ Impact Value of the Specimen notched
in the Direction of Plate Thickness
Testing Temp.: 15°C _
Each Value is the Average of Results by Three Lok | ! e -
Specimens 1.0 15 20 25 30

Er/E¢
Fig. 1.7 Correlation between E r/f¢ and Icr/lcp
Values of the Steels tested
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Table 1-4 The Electrodes used and Welding Currents

Electrode Welding Current Impact Value of

(Standard) Weld Metal*
Mark Kind of Coating (A) (kg-m/cm?)
a Ilmenite 120 15.6
For Mild Steel Use b Iron Oxide 270 12.8
c Titania 160 14 .4
d Low Hydrogen 170 31.4
e Ilmenite 160 14.4
For H. T. Steel Use f Cellulose 150 15.4
g Titania 160 17.0
h Low Hydrogen 160 29.8

* V.Notch Charpy Test Specimen, Testing Temp. is 100°C

TV DM 35 & O EFR R fiIvs, Table 1-5 127if &3¢ BR f7 07z, BB 3~ T
100°C “CFjvs, BEWiH:, W% = 5 7 LCRME M L7 i ok E & &/ o F oS s
OEE (TR FISETTRCR L 40T B) ekt ST ORI REE £ W= % 1 — % Table
1.5 T—ELTmL,

Table 1-5 Test Results of Pull-Out Fracture Test (I)

Area of Pull- Area of Pull- N
. Out Type Absorbed ‘ Out Type l A})sorbcd
Steel Electrode . Energy Steel Electrode N . Energy
Fracture Kk 7 o Fracture | o =" 5ol
(2 (kg-m/cm?) (22) I (kg-m/cm?)
A Low Hydrogen 95 10.2 55 : 11.2
- =
(h) 9 13.3 Ilmenite 38 B 9_1
0 8.7 (e) 0 —
0 10.2 -0 -
i : 0 9.1
. “mf»’;’;e 0 1.2 80 11.2
0 7.7 0 12.3
0 — 50 11.9
0 — Cellulose 90 9.8
(f) 80 9.1
0 14.7 60 -
0 13.7 118
- .
Iron Oxide 9 i - N
(b) :
10 . C 0 18.8
B 18 - Titania 18 18ﬁ
(g) 0 _
90 9.8 0 -
90 9.1
. 90 8.7 90 18 1
“m(‘::‘? 80 11.9 7 19.2
20 — Low Hydrogen 70 24.5
60 ; (h) 100 10.2
60 — 90 18.1
~ ! 90 —
90 13.3
90 11.6- 18 %SZ
95 10.2 R .2
Low Hydrogen 95 10.2 “‘“f(”;‘ge 0 16.1
(d) 95 10.2 10 11.9
60 - 0 13.0
90 —
90 —

89 —



Table 1°5 Test Results of Pull.Qut Fracture Test (II)
. Area. of ! I Area of

: | Absorbed | Absorbed

Steel Electrode Pull-Out Type Energy Steel Electrode Pull-Out Type Energy

Fracture (kg-m/cm?) Fracture (kg-m/cm?)
(%) (%) 4 BT

90 ‘ 4.8 95 5.9

45 6.3 90 ‘4.8

80 5.5 95 5.2

. 80 4.8 . 90 4.1

Ilmt(ar:;e ‘ 100 48 Ilmtz,r:;e 100 38

100 4.1 80 4.5

100 4.5 90 2.6

100 4.5 80 4.1

100 4.1 90 2.6

. 90 4.5 ; 100 2.9

C Iron Oxide ‘ 8(5) ié I Iron Oxide 188 ;g

(b) 90 6.3 (b) 100 5.2

90 4.5 100 2.6

: 90 4.5 B 100, 2.3

Titania 90 8.7 Titania 100 2.6

(c) 9 (o) 100 23

5 5.5 100 7.3

80 11.2 IOQ 2.9

90 14 .4 100 3.5

Low Hydrogen 95 7.0 Low Hydrogen 100 2.9

a) 100 4.1 (d) 100 3.5

( 100 7.0 : 100 3.2

95 6.6 100 2.6

Note : Test Temp. 100°C
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Fig. 1.9 Correlation between Toughness of Weld Metal and Area of Pull-Out Fracture..
Testing Temperature is 100°C. Impact Values are-Averages of Results of 5~9 Specimeans.
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Yo Ei o TEE RO A LT 5 2 L RIAROENT S 5,

22 ;F & A B

QTG ATRENER (Vo v b © (BSOS SRR ER) , A REHET-UR (1 Eaettes, X RREER,
E Y ROMEES R WU BB T, S FUTETORIHEE I DWW T O

AT T,

Sl A BB S b LT 4 — 1 — OV, IREIO R a7, R 0°C Cfiimnis,
W%ﬂm@JISZ%mw:;aﬁﬁmﬁmmmﬁ%H%ﬁwfﬁﬁoto

ViR TR Fig. 201 1A AR (A4 B 2, 3 EORTE UL R O F R

SR BT OB T X D ik L, AR (TR 07z, BERIZRE 20mm @ Loz, et 3o
BUTIEHAEE 4o DO WTIIMAT LM, 56 W oWTTFRICHAR 27, EHEA (iR S
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S5 LA~ b~ OB L7 d DT T & 3 72513 e — 50 150
Ly &2 LN ROHERFOEEE LI T — 7 M
2L, BBROT A S22 Y — FOUE % } Free bend specimen

T bR AR ¢ e w e | [
This, TRKEEST S MRERSERsET | 7 | 5]
RO DRI, 20 & F UEsh e A e - I S
72, o - Tension specimen T T
feti oV, el e R, 7o [ HE &
R S s T S Free -bend speciment--
F=—ho b, A=13=3, 7, 7—rofEHd, =27 |
IOREM AT IREDEE, Rty 2 —DED, N N
AT IDOHIY, U~ FEEORE, Yy b 723 r N4
HOTM, HROBRMAED 11 HE I TRAL T
et i o Fig. 2.1 Test Plate and Location of
THHV, SR EBNIE B DR AR et Specimens . . . o

EOWTLIMEL T B2,

HIECO MBI OWTIE, Thi A, B, C, D 0 48ITH, 7Y Feny b, 7— 7 odii,
A7 7Dl %7 SREDET, € - FETOAEKD SHEEI > Tk A-12, B8, C4, D-0
tt,ﬁb§,1~ﬁ—7yi[xﬁyﬁ—@§¢,xai@%$b,Eyrituéﬂmﬁﬁ,%
SRDIERINED 6 HEIZ DV TiE A-6, B4, C-2, D0 X L, FIEQEILEFror-, ‘
X ORI 5 & X MTEOEZ Trv, JIS ik W ¥z s>, %
SHEE I - PO 10mmx50mm Ol i) K020l (b Y RAAYS S &SIty )

MEFHIEHES, (EMABIAL D Fig. 2.2 107 8y RO Fig. 2.3 1074 8T
SRR T 2 (K LR Fi e o 72,

ok

[ —___
bs 20 50R
300 - : ‘
o o 6L=100 4
(el ™~ ] 120
%%\«’ ///L _J \\\‘ \*77;§
.7 100 S 300
Fig. 2-2 Free Bend Specimen Fig. 2-3 Tension Specimen of Welded Joint
60

EEH K Gop 2mm

— Y

Fig. 2-4 Tekken Type Cracking Test Specimen

."——fi“HSO —
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fyiss Fig. 244 o R gkt AR A 2 Y, dmmg 0 0zo & 0°C T8l 1R

D L7,

2:3 ABRABRRCBEE

ARECBRV G U 72 M B AR S Welcon-2 H A4 #1ChH D, A —»—p IR EIneisy
FOEEERURANE Table 2-1 12730 0 €D, MEROA7: 5 IR B 2 WAL, WA &
CCiEEofifih & LTHiML 7,

FENIE LCH, RUEBObOEEDD L WL Do BRI DA H 5, S 60

ELIE
kg/mm? OFBETELEM Ad o LaHITLI,

Table 2-1 Mechanical Properties and Chemical Compositions of the Steels used
: Tensile | Yield . [ f
Thick-| | Yield iy Eo |
Strengthi Point [ [~ " | Bend s : . . N

Steel | ness (kg/ i(kg/ E’?otion Test |(kg-m C | Si Mni P I S inl Cr | Cu|Mo| Al| Note
(mm) mm?) | mm?)| “° /sz)i | | i i

l 0.1500.42]1.12/0.011/0.019/0.08/0.050.230.02] —| Ladle

29 535|191 o [0-150.421.120.0110.0190.080.0500.230.
A I A 9.1 | Good ) 18.9 0.16|0.411.20!0.011"0.018!0.100.060.2110.020.13 Check
B | 21 | 61.4 j49.1 25.6 | Good | 14.1 i0.17i0.501.1110.020i0.029| 1 ' ' | ’ Ladle

AR, G 36 DIABA A, B, C.3 ML L EREES D, A LEOWUABEE Hh

7 D 2 I DV CERA (T o7onY, T olEMT E RO X 0 2 $#RIc 0w T HETOMERY 17
feoto,

AN DA OIS &R S hHiEv: Table 2.2 1Ck-58 0 Th 5, A, B, C, D, X @5 glibi: 60
kg/mm? #, E T 68kg/mm? foiEEET, B, C i Mn-Si 5, A izhic V »Ahiid2/cbd
ThhH, D A oER-c, X L4tz Ni, Mo &L 4805 Th 5,

A
[54]

Table 2-2 Chemical Compositions of Weld Metals

Blectrode | Dia. | ¢ | Mn | Si | P | S [ o | N | o | Mo | Vv
A | 0.06 ‘ 095 | 043 | 0.008| 0.000! 0.06 | 0.03 | 0.06 0.10
| 0.06 | 119 | 0.58 | 0.011 | 0.012| 0.11 | 0.08 | 0.04 0.08
R 4 | 009 | 148 | 047 | o011 | 0.019 | 0.12 — | — —
5 | 0.0 | 1.5 | 0.47 | 0.010 | 0.021| 0.12 tr. — —
c 4 ! 0.09'1 154 | 0.36 | 0.020 | 0.012 - —F -
5, 0.10 | 1.62 | 0.22 | 0.02 | 0.010| 0.10 — - - —
b 4 1 007 | 093! 050 | 0.015] 0.008! 0.08 | 0.5 | 0.02 | 0.22
5 | 0.08 | 0.92 | 0.47 | 0.016 | 0.009 0.0 | 0.53 | 0.02 | 0.22
]
- | 0.07 | 1.00 | 049 | 0.013 | co10] 0.09 | 1.24 | 0.02 | 0.26
’ | 0.09 | 0.98 ’ 0.51 | 0.015] 0.005| 0.07 ' 1.17 | 0.02 | 0.24
N 4 ] 0.08 | 0.78 ‘ 0.3 | 0014t 0.012] 014 0.8 | 0.21
5 I
Note 1  Data Prepared by Electrode Makers
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24 B B OB 8

BRIV ERIS UTHE 36 DA OB RS L & 4108 L Tohr,
241 2ERBFEMAR
SR & BOBEER BRI R% Table 2.3 17, #H%3E&5T% Table 2-4 12734,

Table 23 Tension Test Results of Weld Metals

|

o | : Tensile Strength Yield Point Elongation Reduction of Area
El , ) ; : ; )
ectrode | Dia (kg/mm?) (kg/mm?) %) )
A L4 63.8 56.3 30.5 72.2
5 62.3 55.3 30.0 71.2
b L4 62.5 53.5 30.5 73.8
i 5 62.3 52.8 30.5 74.5
. 4 68.0 57.8 28.1 72.9
R - 67.2 56.6 29.7 67.2
X | o4 66.5 | 58.7 26.0 66.8
B 4 61.4 50.2 30.0 69.4
5 63.0 51.0 29.0 68.5
c 4 62.4 51.7 29.3 65.9
5 61.2 499 28.5 67.9
A% 4 68.4 63.5 24.2 73.3
B 4 | 64,2 - 52.4 28.2 . 71.6
Cx 4 | 66.2 54.6 30.1 70.7

Note* Data from SR 36 Research Committee

Table 2.4 Impact Energies of Weld Metals

. Eos  (kg-m/cm?)
Electrode Dia. - | I S (%)
’ 1 2 i 3 i 4 Average
A 4 | 9.7 11.93 10.79 | 9.28 10.42
b . 20.35 21.47 21.84 21.84 21.30
21.47 21.47 22.20 19.98 21.28
E 4 21.84 16.16 19.60 17.70 18.82
X 4 15.96
B 4 ¥ 17.9
c 4 16.9 I 19.8 17.1 — 17.9
: 5 17.88 | 14.50 14.70 — 15.69
A 4 761 . 1146 7.45 11.71 9.56 26
B 4 13.59 | 6.62 13.81 — 11.34 47
C* 4 14.16 | 15.69 15.09 — 15.14 77

* Data from the 36 Research Committee of S.R.A. J.
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2-4.2
Gl
2.7 1WA,

AERTHR
EERERES 4 Table 2-5, X #GlBakh L d

Table 2.5 Comparison Test Results of Operating and Usability Characteristics of Electrodes

) Welder ‘ No. 1 ‘ No. 2 \ Average
Blectrode 1. py. Mooeiion! Mark by T Amended ’ Mark by | Amended ‘ Mark by | Amended
of Rod| £ 93110 "welder | Mark Welder | Mark Welder Mark
Max. —Mean—Min. 78—85-—92 | 80—87—94 | 86—88—92 | 85—87—91 | 84—87—90 | 85—88—91
4 \% 92 94 88 87 90 91
A { (0] 92 94 86 85 89 90
5 F 80 82 88 87 84 85
L0V 86 88 92 91 89 90
D 1 (0] 82 84 86 85 84 85
5 F 78 80 90 89 84 85
Following data are results of the last test.
Max, —Mean-—Min. 66—59—38 | 72—64—41 | 76—60—56 | 70—64—51 | 71—64—47 | 71-—64—46
4 { v 66 72 76 70 71 71
A i O 64 69 72 66 68 68
5 F 60 65 68 62 64 64
4 (] \'% 66 72 74 68 70 70
B [l 66 72 74 68 70 70
5 F 40 43 76 70 58 _ 57
4 { \% 64 69 70 . 64 .67 . . 67
C O 64 69 62 57 63 63
5 F 38 41 56 51 47 46
Table 2.6 Results of X-Ray Examination
Electrode A D A* B* C*
Dia. | o -
of Position| Welder | Fart a { Part b| Part a| Part b {Parta|Part b Parta |Part bjParta Partb
Rod !
v 1 . . . . . . .
2 . . o (eee ) T . . . . .
0 1
Judgment O O O O O
5 2 . , . . . A I . .
| .. . . .
Judgment O O O O
Total Judgment O O O O

Note:

* Data of the Last Test

## Part a is the Centre Area of 10mm x50mm include the Location where Electrodes are changed
Part b is the Other Part, where the No. of Defects are Maximum
11 Incomplete Fusion owing to Imperfect Back Gouging



Table 2.7

: Tension Test of Joint Free Bend Test
Elect- Dia. .
rosition Tensile . . Elongation R FSUIEN
rode (mm) Strength Y(llflrc/lmprgg)]t G. L. =100 Lg‘i?xtclﬁﬁe()f Appearance Elor(lag/a)txon
(kg/mm?) | %8 (%) 6
59.0 46.5 25.6 M Good a0
5 F - o1 5 " 27.1
57.8 45.3 21.3 M " 30 4
59.2 46.5 25.6 M jj o1
. v 60.1 — 27.0 M i 26.7
4 : ' : " :295
59.4 16.6 25.0 M " a2
0 " 27.3
59.0 47.6 25.0 M " 309
’ 59.3 48.0 27.3 ALZ " a0
> F " 37.8
58.3 44.6 22,2 | H.AZ " 375
58.7 47.9 27.4 M ’ EEN)
- € v " 32.6
4 58.9 46.0 25.8 M " 333
60.3 47.3 28.9 M jj ey
0 i 31.3
58.4 45.9 27.1 M ” 333
5 61.9 — 20.0 H.A.Z. x o8
X 62.3 - 20.5 M " 2.8
4 s " 29.2
62.9 — 19.7 M " 29.2
Table 2-8 Results of Cracking Test
. . . . Average
Slit Root . |Welding| Welding | Crack [Cracking :
ErlggtB- Length Gap A(il)) chl\t,d)ge Time Speed Length| Rate Crﬁ{;l:éng Remark
(mm) (mm) (sec) |(mm/min){ (mm) (% @ :
A 74 1.4 190 28 26 171 0 0 0
74 1.7 187 | 27 29 153 0 0 L
A 79 2.0 185 27 27 175 0 0 0
’ 79 2,0 | 190 | 28 | 29 164 | 0 0
D 78 2.0 195 24 27 174 0 0 0
76 2.0 195 25 29 157 0 0
D 80 2.3 195 25 27 173 0 0 0
85 2.2 195 25 32 160 0 0
X 80 2.0 190 28 29 165 0 0 0
‘ 80 2.0 | 190 | 28 29 165 | 0 | 0
X 81 2.0 185 28 30 162 0 0 0
‘ 81 1.9 187 28 27 182 0 0
Fbllowing parts show the results of the last test.
80 2:0 190 28 25 171 0 0 16.3
A 80 2:0 187 27 29 153 26 32.5 :
: 85 2.0 195 28 32 159 0 0 0
85 20 | 195 | 28 | 33 | 155 | 0 0
80 2.0 195 24 27 162 60 75 375
B 80 2.0 195 25 29 180 0 0 .
85 2.0 195 25 34 150 28 33 16.5
85 2.0 195 | 25 33 155 0o | o0 4 o2
c 80 2.0 _185. 28 30 174 0 0 0 Arc Cut Off
) 80 2.0 187 28 27 157 0 [V ’"
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243 REBRE
SR MBI X 5 A ERES Ty Table 2-8 12771,

25 HBHROER

2.4 RN ABRE TR, BRRL bR MR E & LI EELTRL,
251 £BHERIE S

(1) 25756 m3ER: ,

Table 2-3 R & iz, BERME, FERA, MO, &) IHTRBER,

(2) 2EBEBHERE

Table 2-4 IR & 512, Bi%REBRORM L, HEKORRENMEEREY 505 LAY T ChTwg,

UL U7 s s, BMOBEIC L0 S ERCHEF LI TR D, ChaLOEil@Es 2% idinb
NHRETHL I,

rods, MEEENRE, ENAKRFIEHIND I ENSVOT, TONE, SRS O
JEROD R B LT S, BIXGE, V 2 G0N A T, TSRBEBESC X B Efko

m%ﬁﬁu,@%mmﬁT,mwzﬁmr%,»%M@%@ﬁT%#ﬁ&nto%ﬂl)fﬁ,:@
;Ja%%uumwirgtoit,kﬁ LDMEOKRTD, BacORETELLITHEA, T

DY, BHMOEEROSILC X DB O L L SIS EFCMAEET S L Bbh D,
2:5-2 BEHFER

(1) 1EZeM:AABR

ﬁmm26i:ﬁ5h6;5t,hmms@W%ﬁuﬁéﬂﬁw»uowaipTMéﬁx5mm¢fm
HIRIC X 5 EAEYE D S5, ST Smme T TROEREME LR L 27255 2R, BT
TICHEII 2 VW EBbhD, 7 — 7 OETESHYNIECEEERED D72, HEBOHEIEZ>VWT
EATAH WENRD D & Bbh b,

IOV TIE, SR FDODHMERL VO T, HOHGFR X OEEENTEY, 7
VEE TORMLEM AR ICEET 52, BHTCE 2T, ZOMIGERO REEIIFEMIET 5’
PIWEL TV D EFEZTIVWTHS S,

(2) XA

Table 2:6 7573 X 52, 4mm¢ TiE 3L, LWEDTHBYOFEHTHS, dmmg T—

MBEED LW EREALETY SRR, HAICERT W oL B 52 Lk CE L EELN
Do ek e X, 27 —2o%m s X #8E OB B 72w 207013 228 5
Thot, afth (HKE) L bEITITIAS NS0, AL~ PO T e~k ARV, B
TR, BRI 3IEOK NS ETICLE L RN D,

(3) By ROk 55

Table 2.7 wirxh s X910, BTl NIZ LD THETH D7, T2, HFSFEERR
B, IS EBOE SIS 2 D3R E LN E SR R DI, P ELL, B
R RELUTHERA T2, REIALNLI DI IELEALRMTERIL, 7HER6NEID0,



s TOWBRITEE UTHIH L2z iihi B i, S EFIRE o X 5 Thors, SN0 1] 22
SRV LA As, IRER R O o - \7 /:%ilrybat&0>ﬁﬁaiit<£"37fﬁ§ﬁﬁifi>5o
2-5-3 |MAHHER

RO BEAER TIPS B H A EGTe, TET S L, UL, oS5 csdig -
TAPROINTE D, COMEEEOBMIESIE OB TS U2 5,

BHVBRATIE Mn-Si 522 Ni-Mo L& &A724 0L IR E LT O B U2 5 Aoy,
B> &S BRI MY 7200, BB RER T~ SUERIRLY, BRI DU T i,
EEBIE SR D Mkbwool,

Ad T LCh, RO TR BRI D W T T oo
THIELFIES I D,

TRERE A = — TV, C OIS EROTR MR OB N2 BILC R D, om0 i

f;'J' AT Dy

SRWITH D, AL TR

2.6 # (43

SR (T S0 5 TA R T DM B S A Y bR T S o i
727 ORI OUWED D, BRI X 5 RS RS~ O TR 50T, MBZRM, (13
BEAOIC XHHARED M LIk 5 A, SR Tk HUn B, {/% THEREICWIZELR ED, BT
""" SO & 5 R EHPINRT 2 2 & 2 Hid 5, g
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F3E HEHED HBAHIT Y S P

ASUITERE IO FBNAR S L 2 iR 1O 2 22 FME LT 240 Thd b,
A4 (60 kg mm?) XU A6 (70kg/mm?) @ 2 MO HF iz >V TIBAZE {7572, ¢+ A6 %
W HBOTEIE L ED X D el D R e U, 20 5 5URES B ds X OV oo il
LMY E BN S —EBEUO T =T Vo7 — s 0 Ad Hhick Téﬂ% fToTcE o
REXWERRT B L L LT

31 K B A &

3-1'1 8 #
(i FAA LSS 30 mm O FY M A 6 (70 kg/mm?) 351U A4 (60 kg/mm?) Cdh-oT, {LEED
5 & O Table 321 0B D CH %,

Table 3-1 Chemical Composition and Mechanical Properties of the Steels used

Composition (23) ' Yield | Tensile | Elonga- Eo
Steel - i~ - Point! |Strength| tion (kg-m
c|si|Mn| P s | Ni ! Cr | Cu | Mo |(kg/mm?) (kg/mmd) (25) [¥&7%
!

A6|0.14]047]1.19]0.013 0.016‘ 0.96 | 0.11 | 0.13 o.14j 66.7 | 74.9 | 19.7 | 24.6
A 4]0.15 0.41!1.20 0.020 | 0.018 0.20|0.08|0.21|0.01| 545 | 624 | 229 | 25.8

312 RB&EH

BRIE Table 3-2 2R T X512 A6 oW T 11 &M% HIEL, AES&BOYIRIIM 2SS 5
W or i Uiz, BB EE LT, KM@Y, Vv E—, EFEOZRE, {iyFos
R T, A4 10T i A6 2B HEBRRIRA S UITE T LD Bt 530 Y & Bl
DY T T =Y N e T = JEEONEA ] RIHER I OERBIAED 22T >VLTEML, WEORE
VT D TRTE 4 TR O BRIV B RN T IS L 2,

Pl &toigiay, Table 3-2 X U° Fig. 3-1 CRFHBREZ AV 7228, ZhbHo s LB
W5 1-1~1-5 2w TRMBIT RIROBRE, 51D LU= 27 v RERE L OMOREB L 23T T
{BHR 072, ZOf A6 ORMIZOWTARIEYE, Vv i~ SERVRBREERML, bz
ORI R HOM @, h) 2FVvTkh, Zo72dH BN 73T e — A H0 MR
KL T,

3-1'3 BEAE

G5 x Table 3.2 [WRTHMD TH B2, LTFIhbiiowTaEbT 5, 1%k A6 iTown
TORRTHY, CDHH I~1-5 134T ~— 8« 7~ 7ilifi% 1 BBEETH2C, 71+ -

2 VR Y Y a VORGS0 Th S, OX. 68 1 T-1 B0 (G80 % i) Ta b,
Exp. made 653 Linde 65 ¢2 1% -+ Z 8kl & 7 ~JHOM I TH 5, 1613V 5 VL L EC
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Table 3-2 Testing Conditions
Base | No. of] A Compo- Mark**
Plate | Test Procedure Type of Weld ) Wire sition Argon of Plate
A 6|11 | Submerged Arc ?E(afgoglffe One Layer 1 oy 49 G8o | — | iy
noo 1 1-2 " " " G50 — jr-k
n11-3 " 1 OX. 40A G8 | — | k-
" 14 " " 0X. 68 G 80 V-m!
i ].1-5 " " Exp. Made 65* " — m-n’
v 16 " U Groove Multiple OX. 40 no o= | ab
Layers -
- Submerged Arc Tandem| X Groove One Layer o _
" 1-7 Strip Each Side OX. 36 G8 c-d
N Submerged Arc Tandem| X Groove Multiple _
" 1-8 (PSW) Layers ' 0X. 40 G 80 b
1 1-A | MIG ” Exp. Made 65* — M5 d-e
" 1-B 1" " DSI — " cf
B X Groove Two Layers .
" 1-C 1" Each Side Exp. Made 65 " f—g
. ) X Groove One Layer _
A 4| 2-1 | Submerged Arc Each Side 0X. 40 G 80
" 2.9 ” E Groove Multiple ’” I _
ayers
Note: 1) * Exp. Made 65 is the Tentative Product equivalent to the Linde 65
2) ** Marks of Plates correspond to Fig. 1
STEEL A-6 &  STEEL A-4
| p———— 1500 —-———> >  ——800——
Sy
alblc|dfle|fjqg]|hn W ’5%1 %%
(o) w_J
5. &3 I
iso20Q # y v ] o L | s io e
Q
VL 00| ket i | me | 3
_‘IE n.vx 4 + &50'-’2
’ DIRECTION OF
ROLLING
Note: j/, &/, I/, ' are rests of the plates j, k&, [, m after cutting-off the tension
and macro specimens.
Fig. 31 Locations and Marks of Test Plates
HH, FEROBEEFEL VTILERAY T, Bz LT, MRUROEMEE» 27230 TH

%o 1-8 B EBIBEEORERILA DK LI L DT, #AMTOFAER X Blks L, 2MiEHE (@E: LT
DRTRE — PesnTHEFEEREw s s L L,

127 VIR X 5 2 MiEHE (Tandem position) TH %75 EMEAIRE TEHELIROEET, #
DOEMIT X5 ETARPHEINTESL XS N2 RATHIINE I EEEIC I DEH Lo, BT
Mz OX. 36 Lv/svwoc, che G8 LaMad T/, -

1-A, 1-B, 1-C i3wohvd v 7/ <=iEETH 2T, 1-A, 1-B 134 h # 1 Exp. made 65 35 & O°
DSI # A5 &f@iEETH v, 1-C 13 Exp. made 65 12 X 5 TWfi& 2 BIAHETH D, 2770 Ad
TK e T —ZIRETHSDT, -1 WS 1 BisETe D, 223 gfEiaET

Transverse position) 2 X

oW TOY 7<~—

.
S D
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Backing welds are gouged to 6.5mm depth and 21mm width before finishing weld.
Fig. 3-2 Types of Groove and Sequences of Weld

. b AT OITIA A SIS & 5 TR e o T b0 TH B, BATR
BOsE R Fig, 3-2 3Lz,
314 B BF &

B OTARE Fig. 33 T,

IMEN
TENSION SPECIMEN OF WELD MATAL v CHARPY SP4EC°,Q2ESR

C%f%ﬁ-@%;yﬁ

—595
SIDE BEND SPECIMEN MACHINED To FLAT ROLLED SURFACE.
1/

A

N L2t
”
T

200——
1

FREE BEND SPECIMEN 1/2  —ROLLED SURFACE
T [4

1
|

— 208 L30
LARGE CHARPY SPECIMEN OETAILS OF NOTCH
NS ﬁ o
[ A | @ 3 ?
[ 1375 '

TENSION SPECIMEN OF25 OINT 1/2/~ROLLED SURFACE

b 200 :
TENSION SPECIMEN OF /BASE PLATE
1/2

4 R/l

ROLLED SURFACE:

Fig. 3-3 Dimensions of Specimens
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PEREE L7oS, C S~ RHICHRBRA R R T A D e T
VCOT,EFFIRD L Lz, 2RI OVTITABIIRD S LU EF3 1R D DT H IOV THER L7z,
WEAMIE 50ton 7 AR S rzmm #D CLsiE 10ton), = D7-ETIIED 3 X CEFBIED
WER CIUTRO e & 5 2 LA TEFH Lz,

Vovy v — 8B TRACIREE 0°C TS 2 & 2 L, iSEMo B.P. filss kot F.P.
KO MBRA & B a 2PN 5 2 2 L L, 2F5UTIE —T0°C~+15C O#PHIC I > T
107z, WK ORILE OFEE Fig. 3-4 1R X 912, 1-8, 1-A, 1-D 04 BiEEc1ismer
B.P. fljx F.P. fil& 5 o054, 1-1~1-5 1-7 DOWHE 1 BigE ¢z BP. i F.P. fijo

W X CHIF L S Eh T %, 1-6 O UB4%/8 1z Top & Bottom 75K LTV 5
2% Bottom icix B.P. IS ADT VB, 7 2 RFICIHRREER 1 G/ L, mEs 18
Zow F.P 2 HRIRL, 2MBinE T2 Top »HHR L,

R SEAS IR D BOMNRB (AZHBD 2T, 38 Fig 3.3 @5+ £ 510
DOWGA HIWTFZHIER L T 25 mm it B, YR EMTAM L7, YIRS 4 35 mm R,
2mm FSOAHWEYD, ZORIFITL A L 7 (459 % 3mm ]\hf"aﬂ%ﬁh“i&'fﬁb%w 5mm
DRIOYIRE L LI, TV AMTH 250°C 30 55 (254) OBRTo7, REERGT —70°C~

<

1-6. U-MULTIPLE LAYERS I-1~5 ONE LAYER ON EACH SIDE
Ox40-G8C

CNT ] 1) [ ]
C 32 | [T

1-7. TANDEM STRIP Ox36-G85 -8. X MULTIPLE LAYERS TANDEM

(N7 | [C e
A I *j

mA. MIG MULTIPLE LAYERS | 5 g5 MULTIPLE LAYERS DSI
_——Exp. _made 65 :

Bz R
L 1] I/I\J

i=C. MG TWO TAYERS EACH |-p cO. TWO LAYERS ON EACH
SIDE /iQmade 65 : SIDE  DSI

[T Y
C S 1) [ K1

2-1. ONE LAYER ON EACH SIDE 2-2 U-MULTIPLE LAYERS
o Ox. 40-6G80 x.. 40 - G8O

Y17 1 .

Fig. 3-4 Test Joints showing Locations 6f Charpy Specimens
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+150°C DI T % AT st Ll R 2 B A THE L T D
32 RBEREIUER

321 ¥ & #
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3-2:2 MEMER
3-2.2.1 BIEY B « -
BRI X 51 1 RO D SR AU IR D R Rk E Licss, 1-8 HECR 1-A, 1-C T
HLHET IR D BRI T ¥ ¥, Reduced Section OIETIFEVICL V0T, 12 AT
dfE, EFOTh Lok, _
B R Table 3-3 WA@Y TH 5, 1 FIIORBELFIZFHMS T0kg/mm* D A6 HMTH
D72, FERVBEDOLP S ZOBIIH L CAE TS L0 E LTI,
=T F e T—sTE 1 OX. 40—G 80 3 X% OX. 68—G 80
¥ 7= :  DSI %4/Z X Exp. made 65 i 2 [&
DLED, 60kg/mm? D Ad, A5 MITH LT ORBE RS DHEET B L, # T~ K7
~ 7 V5 TI3FT 1 /B0 Exp. made 65—G80, #fkio OX. 36—G85 SR LA D, +7 =
~ Y F 7~ /TE 1 /BO OX. 40A—G 85 3: X 0° Exp. made 65 D 7~ SENREHDIEH
Hbb L BB, 2 RAORBREIE OX. 40—G 80 # AT BRIFLE, &< By, i

Table 3-3 Results of Tension Tests

Tensile . _IReduction
ergésgf Procedure Strength Elox(léa\)tlon of Area Remark*
(kg/mm?) ° (%)
. 74 25 56
‘1—1 One Layer Each Side 40—80 73 2% 56
, 68 | 27 54
1-2 " 40—50 69 27 57
. . 66 24 51
1-3 " 40A—85 66 2 s0 |
- 14 " 68—70| 2 2 >
All Weld - 50 31 )
Metal | 1-5 " 65-80 | 59 29 60
B . 66 )
1-6 U Multiple Layers 40—80 67 ‘ %g gg
. 58 0
1-7 | Strip Tandem -85 & | el &
2-1 One La}yer on Each Side 40—80 gg gi _ 2?
. 69 22 55
2-2 U Multiple Layers 40—80 68 93 54
1-8 | X Multiple Layers Tandem 4080 | %0 ‘ D+ B Fish Eye
1-A | MIG Multiple Layers Exp. made 65 | 52 D+B
75 D+B
Joint 1-B i D31 _ 74 ) -
1-C | MIG Two Layers Exp. made 65 | 20 DB Fish Eye
2-1 One Layer on Each Side 40--80 gi . E
22 | U Multiple Layers w0-8 | & B
71 14
A6 - :
Base Plate ‘ s 15
A4 i . . . 55 23
* D+B Fracture passes through weld metal and base plate. .
D Fracture occurs in weld metal. - )
‘B Fracture occurs in base plate.
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EOMINKRELAEDTEHED, ThLEHMORREIW D EEbhb, :

WOF B X DD 122\ T —RRCB 1R D 3 0 ERHCHEDTHAT 527, OX. 40, 68 & G 80 &
O AEIIIRE D MmO NEISITIMNY, B kX, BIFREERL TS, UBESRBIGE
Tk 1 %3, 2 FHFR S BN O, B BREVEIREZRL TV 5,
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1%NK%VT“M%Wﬁ%%ﬁOkﬂwﬁLt%@mﬁ<ﬁﬁokoLﬁbmépxmgmtt
LOBT, Zb Y, UFCENbERT,
1-8 : 0.lmm gy B.H. 17 (LADR)
1-A: BRMICES 1mm Oz 5 /#EAs (1ADR)
1-C: 14%: 0.1mm BEo B.H. 14%4 U, o 1443 0.7~1.0mm o B.H. 37
2 U7, | |

2 FFNT BT TR 21T, £ ofsH 4 Table 3-4 Ky, THIXBEEWBTHTHD
Wk EREAARZ L LRI 180° [iF A T LITTEARNOMAS, B A K, ACB. FOMRN
s BEF A 907 Lhk, MhO 20% A LRI AT 2O TH D, '

Table 3-4 Results of Free Bend Test (A4 Steel)

Procedure Gauge Length (mm) Elongation (%5 Bend Angle (deg.) ‘ " Remark
One Layer on 25.4 43.5 . 170 Crack in H.A. Z.
Each Side 23.2 37.0 150 "
. ] . i M
Multiple Layers 22.6 39.1 160 Crack in Weld Metal
22.2 42.5 170 "

3.2.3 HRAR

3:2:3-1 Vit —HERR

1 FHiTETs V oy E—EEagr 0°C 1A T W TiT2THb, COfR4 Fig. 35
T, SR RO x ¥ —, FERICHIMHERIRE AL TV 5%, SYRTIEm R U
&, HULLEDDHDHLODINIERETRV, £/, HEEEBOWBIIAEININRY OEFHEHL
THD, MEDTHEEMCE ARV B D0, KEROFFED LD,

a) MIG S#Hldyr /=~ F - 7— 7B ELHMUTELVEEA L, Md TR IRAZ T L
T b, FORTIE SBIBESTICTChTED, it LT DSI 0oBF» i« %5, Lrl,
MIG o 2/EisiEcir B Ho o%dn% L < MCHmciissbhsdboddh, Kias Aty
HHRBSEC T 50 TRV L Tbh D,

b) W T P FeT — ZiEEOTTIISE DB IS, OX. 40—G 80 ool 1 FE 2T
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Table 3-5 Impact Values of Weld Meta.
Mild Steel, Thickness 39 mm. Wire OX. 36, Composition G 80.

Procedure Location of Specimen | Impact Value (kg-m/cm?) (3°C}
: F. P. ]
One Layer Each Side 2.9
B. P. . 6.6
U Multiple Layers Top 9.8
Bottom 8.8

BL L RN oW CVEE T S m o ke, (LU, B DI B & & R LR
fEE R END L EbR S, FRCEANTHEST, MR ET 50 LHX LMD,
3.2:3:2  RINITEEIAER :

)J’”ﬂjq sERD RS Fig. 3:7, Fig. 3~8_, Fig, 3-9 iZ0uF I = i 4 — Lateral Ex-
pansion joi(ﬁ?@l*ﬁﬁ)}il_fﬁz%i%tofﬁ? I/-“C:B D, FRLIEWFRAEREERCI Y A), B), ©) K
SeRll LT Ui B 7o A i el 175 72, K« @ Criterion 1T X2 TRl Jua FHLL
7 %o) % Table 3-6 ic7RL7:, Fig. 3-8 o Lateral Expansion X R. D. Stout OEMZIZHE>T
;AJNJZ)T&)D MEACilE 4755 C Contraction X DIZHIEDE VA, Bl H 4 — &1 FEIE R
P A %MLD%T'% LIS Y &S AT sReore, Fig. 3-9 uUMTRLE
VR L%{ﬁb\%@%é&o’c aD;c DSRS0 ERT A T LR L e EPTD

DD RE ST B, &)\éf WY THD

(a)y MIG 71\/)Lbi|..1(uuﬂ)a—x/I/#——do gy Expansmn AIETIT A E VA, RRTIE eI D%
B, LA MEV LT HHD, i Trs HHED BIFLTEXE,

(b)Y FRAVE( L b LT3 L AEER TR L, o = % 14 —, Expansion ixv v b b v
Bt ARIRT R T B 2 LR LT b, TS REmE 1-2 0 40-50 IKE PR LD,

Table 3.6 Comparison of Welding Procedures by Large Charpy Impact Bend Test Results

) ; Absorbed Energy (kg-m/cm?) Transition Temperature (°C)
Procedures® — - . =

| —20C L0 | a0C l 60°C Tret \‘ Tre | T
1-1 | SW O.L. 40-80 < 3.6 | 6.8 13.8 17.2 7 20 12
1-2 " 40-50 4.6 6.4 11.2 12.7 8 29 12
1-3 n  40A-85 1.8 2.7 6.1 8.4 56 73 57
1-4 " 68-80 2.3) 3.3 0 14.2 40 47 31
15 1 65-80 (2.4) 3.0 .6 12.7 37 47 | . 38
1-6 | SW U M.L. 3.2 4.8 10.2 14.2 27 39 39
1-7 SW S.T. 1.5 2.2 5.8 8.6 5.5 69 78
1-8 [ SW X M.L. 1.8 3.2 10.2 14.2 a1 52 3
1-A | MIG M.L. 65 1.0 3.6 19.6 29.2 17 22 41
1-B | MIG M.L. DSI 4.0 | 6.0 [ 196 30.2 12 20 39
1-C | MIG T.L. 65 3.8 4.6 10.2 14.6 27 40 47
A6 Base Plate 8.8 6.0 10.2 10.2 | -21 | 5 —50

O.L.: One Layer, M.L.: Multiple Layers, S.T.: Strlp Tandem, T.L.: Two Layers.
#  Trs, Trw: 8kg-m/cm® and 10kg- my/cm? Transition Temperatures.
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Fig. 3-9 Percent Shear in Fracture-Temperature Curves of Large Charpy Impact Bend Tests
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Table 4-1-1 Chemical Composition and Mechanical Properties of the Steel used

e | s | wm P | s | ts | v.p. | EL | Bend Test
014 | oz | 075 | oois | o.019 a2 | 25| a0 Good

P ORI, & ML (T o7 L OLSHI T E 223K 15, BRI B2
Fhive7s,

BRI OO 5 1 UL D L3 DRV N D 1 LSRIEEIT X D S L,
4-1-1-2 ZEBRESYR
GeBgRE R Table 4-1-2 124855 L7, Macro R0 S CIZfATHL S IEAZIE BIFTH D, IR
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Fig. 4-1-1 Types of Groove tested
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Table 4.1.2 Test Results
: Macrb Examination
\ 5 :r . - Pl S . ~ . .
Sv:e(Zin())gh gl%%vﬁg (j\’f:gée Opening " —=—| Micro Examination Grade
b Fusion Crack : :
| “Complete | No Crack A B +B
1 X 20°/30° 15 mm " ; " AP +U C
. " " HH +B
i " 71 +B AD
2 X 20°/30° 20 " " —. +B B
- ) " +B A B (U)
1" " . +D +D
3 X 20°/20° 15 7 " AD oD B
X " 1" +D +D
" " +D 4D o
4 X 20°/20° 20 " " +D ab B
" " +D ~D
n " AD +B o
5 Y 20° 15 " ” ( ) B
" " AD +D
" " +D A H
6 Y 20° 20 iz " +D +D C
" " +#+D AD
1 " AD A B
7 \' 20° 7 " 1" - HB B D
4 " +B 2D
" o +D AB
8 A\ 30° 12 " " +B +D D
" " #D aD
i " 4D “D
9 A% 30° 6 " ” A B o B C
" " AB AB
o " " 4D +D.
10 v 45° 15 7 /" +B +D# C
" " +D +B
7" " +D, U +D,U
11 v 45° 6 1 7" AD D C
" " HU, D*¥ +D
. " 1" + D + D
12 v 45° 6 o % AD A B B
iz " +B +D
_ " " AD AD
13 A\ 45° 6 1" " +B + B C
" " 4D +D
o ; " " +BD ab
14 Y 20° 15 " " AB +B B
" " +D +D
B ” " - +D
15 Y 20° 15 " " AD +D 3
: 7 " AD +D
Kemark:
— No Micro-Crack *  Blow Hole _
A Doubtful D Crack in Weld Metal
+  Small Micro-Crack B Crack in Bond Zone
4+ Medium Micro-Crack H Crack in HA.Z.
4t Large Micro-Crack U Crack in Lowér Plate

—116 —



WD &S I BROFELEII DT,

50 5 D TTREAHE F 2T S RO YAMSE A T U T AEO R AR Lo g R T, BN
OV AT ORBAITHMED BA RS b,

CREMATESKINCHENS LRBAES 1 ME6 320714 15 0 X X YBEOLONV
T e X 0 MR OBV L 5FEIBD LIS,

A= PR TS T r A= A BOIE R T SEIALE, CtOWMH A HEL T2 EhE
ZIUTBRS Ay VEZXEZRELLTWETHEAIND, 7 HTEEOEIA— 32D 7R
K= A BXURZ /VEABEZRHIET 5 Z L3MDTHEE Bbh 3,

412 ® B 2
4-1-2-1 FERES
RERR IR E Fig. 4-1-3 12, flififtfo ek s % Table 4-1-3 ad,
R 2 TIERN & 0°C A L 7o RIECI T o Tds b, W% {77%5 o121z FISCO

Table 4:1-3 Chemical Composition
of the Steel used

il

C Si ] Mn @ P s

'

0.12%5 | 0.23% } 0.649 | 0.013% | 0.039%;

—f 12 —-u,ﬂ-—.im :—]——Hj%_

- 230
) a o o
25 b— — g {25l -
A B c D
Fig. 4-1-3 Dimension of Specimen and Types of Groove used
Type Illustration ! Type Mlustration
A Crack which starts A Crack which starts
at the Root of the olepe. at the Root of the
A Weld and follows B-3 Weld and follows
the Direction of the the Bond Zone of the
Dendrite of the Weld Upper Plate
o A Crack which starts Uy J o ;
acks which start
i at the Root of the _ $ \.,(,,w -
Bl | Weld and grows Hor. B4 bl frfor;lx the Both Roots_
; izontally in the Weld P of the Weld and meet
; Metal in a Line
: icgﬁgk&}gfhoitirﬁ: A Crack graws in the
B2 | ohpe Weld and follows | C weld Metal which
| the Bond Zone of the pulls-out from  the
i Lower Plate Lower Plate
[

Fig. 4-1-4 Types of Micro-Crack
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4-1-2.2 FEErgEE
PE T R O RIRMS TR

LMERL LTV 20T,

(K he b3
hREVWDDEKRE

g (Fig. 4-1-4)

TEREL D bR,
WH LBROENIT X 55

EI S N

BERAL, FRERITOWTHE

UCMBOKETTIEEL, BEEMEOLIC

v, TR T BRI 2 16
5 100 fEOEiMETCRAOT R T/,

C;)L{{;)éi-!L\

-“*\V 1}// (=K} '|'/}

& /L b")/\_l;‘r_]dcg: U\é@’(/nyu

CELAI 10 R

BHAE TS LR T, WERLORER N
(Fig. 4-1-4) X0 BHORETSIZLD)

ROFEETMD TNER b O &/, ImmETEo Lo h, itk
L72) s o CHEBHRO¥EMZ T/ 07,

Table 4-1-4 Test Results

Type of Groove
Item Characteristic
A B C D
Small O O O O
Size of Crack Medium O O O @]
' Large O O
Pull-Out Pull-Out -0 ©
No Pull-Out O @
A © © C
B—1 O O O - ©
B— ®
Type of Crack. 2 O © o ©
: B—3 O O
B—4 O O
C O
Effect of No. Complete Weld is Worse O O O O
of Layers Complete Weld is Better
Low Hydrogen is Excellent
* R
Lffect of Type Low H. is Better O
of Electrode Little Difference O O
Low H. is Worse for Pull-Out O
_ Free is Better O
Effect Of. ) Little Difference - O
Restraint ¢
. Free is Worse for Pull-Out O O
Deep O O
Fusion Shallow - O O
Incomplete Fusion O

* Type of Electrode is D 4301 or D 4316.

Note: (1) All the specimens are cooled to 0°C and then welded.

(2) A FISCO Tester is used for restraint.
(3) O Fair Correlation,

© Good Correlation
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SR O824 = Table 4-1-4 o ThHs, ZOKIDHFHML, [THOHBIIZE
FUEOX e F S COR e LTl Y, ARGORM TR &RRRADR Wit TER o0 b
Stz BARYBOBENTCCRAELTED, TS LBOBECIVERT O TRARVrEH
2 5ILG, IBRBRRGE TR 272303 —RRICTHRICHT 5 iBTRAARN k&L, 8RO AT
Type A O3 OAEINIZ R K ERBEIAL, 8L ECH LS THS, ThiTHL
TR AR LT L O —RRCE T AR N E <, REeERIT Type B-1, B2 0405 %
LAY AR VBB OE D, EofskR AT L LD SV, IRERICEL TR D AR A
S LRt ECL TR LOBHBHIEEL BV XS5 TH D,

413 £ B 3
4-1-3-1 ABHH:

W ike Fig. 4-1.5 12, SURK oL % Table 4-1-5 17739, %72 Fig. 4-1.6 i
VIR S v — T OIK EIREIRIF 2R U7,

SRR E LT O A — TR Ak L CifBEo £ 5 150°C T8, 650°C #h34 (DALAROKFERiEE
), 1A AF4 FRIGHEBLEML7SA0 4440 Bk B e U T ok R Rk mm L 72

T -~ 1 &M = roxE
EEOEED LM, 5 RIICOIE Table 4:1-5 Chemical Composition of the
B filol, Steel used
c | si Mn‘P1s[ceq
T T 0.15% 1 0.259; | 0.8525 | 0.02325 | 0.02425 ( 0.30%
T _
| -diar _J_T .
| “
e
§ ! + “~
1 T -
o | JL—:— :
3} ! :
“f |
50 ka——252 148450 - ——;x_;-—
X5
L ® @6
| | <
{ J
/”‘
SECTIONS FOR MICRO —EXAMINAT!
Fig. 4-1-5 Dimensions of Specimen Fig. 4-1.6 Types of Groove and Welding Sequences

4-1-32 EBRER
100 (50 PABERCINA L 7-Mie o Fa k2% Table 4-1-6 12571, Sz et U F oM< 7 s,

Table 4-1-6 Test Results

Type of Groovei . A ! B -

1 Root Opening 20 mm, Groove Angle 45° ‘R.O. 6mm, G.A. 43’
W_Electrode 1 Low Hydrogen - l Ilmenite \. L.H. o
Cendition | Pre-heat to 150°C | Post-heat 650°C lhr.l As Weld ‘ As Weld \ As Weld
Rete of Crack |- 30 | 9/10 a0 | 1000 \ o0
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(1) REEOMEEREHS S WTIZRTHIN s BRI 4 584 U DN O SR A TR F v,

(v) TR BoK TR T U 7R BB e 00 57 (A) ORISR AR NR T 5,

() SRS IR E LB W e <, A TUEIRBRRUE T T Bt
Hxbhh,

(=) A0 3FA FRIAERE L (I U7z ORMMIER 4313 100% Cdb b, HoKSERGE iR
L7234 D h3L <shh,

(k) 457 PRSI IR HRI L RAFTELTENELS S,

(~) —fiomiiExix 0.5 mm #AkT D, kg 51,000 mm B CH D1,

414 RB 4 (HYL20HIHAOMMRLER)

4-1-4-1 ZEBRWSH
Tiit%)—‘x'@-}f-ﬂ')c& Fig. 4-1.7 «, {#H#MRO (L5 s % Table 4-1-7 1
MO R Dty 4-1-2 TR A7 i X R PN L D L7,

ey

120 —=—=] 6 lke—— 120
[ 230 -

| DETALS OF LINER

L &

m}_ L=10, 1.4, 1.
30 —r~—"30 —H

Fig. 4-1-7 Dimensions of Specimen

Table 4-1.7 Chemical Composition of the Steels used

C | Ma@) | sio@! P =) S @)

l
Plate | 017 | 0.68 0.25 & 0.015 | 0.032
Thickness 1.0mm | 0.05 0.35 tr. , 0.018 ' 0.054
Liners | " l.4mm | ~ 0.04 0.25 tr. . 0.010 |  0.023
| 1 2.1mm ‘ 0.03 0.41 tr. 10009 0.02
I i 1

11-4-2 %%%%,

SR B ) s
b T, HERES Table 4-1.8 1R *3 j&m')/; @:/m< F‘ HORC B RO
RRREAETTvD, BROBIIT vh v HEEORR Ul L TkExR <, Type A #7213 B

\\\\\



Table 4-1-8 Test Results

No. of Thickness Electrode No. of Crack** Fused Length of Liner
Specimen of Liner Type Diameter observed to Lower Plate
(1st Layer)

1 1.0 I* 4mm 7 Starting Part 30 mm

2 1.4 " 4 4 Nothing

3 1.4 " 5 5 "

4 2.1 " 4 7 1

5 2.1 " 5 4 "

6 1.0 L.H. 4 6 Nearly All Over the length

7 1.4 " 4 8 i

8 1.4 " 5 4 ”".

9 2.1 " 4 6 Partially Over the Length

10 2.1 " 5 10 Nearly All OQver th_e Length

* Ilmenite
** Total number of examined root is 40 for each specimen.

DRI THY, PMCHEB 55 B-1, B-2 oBULTRD LIV,

7 B ANEEOEE LTI, BRISEHEDRRMTENLTE D, $hrokEE D HESL
EOTWD, BEHICLDZEEFELSPTHRL, L LAKKEROL BN SR L LoTw
0%, THIHERKERMOEENLS 1 7 — ORUSPTHICEE L Ty HRFEEasRvW IR 5o
TWDZEPFELTWLEDTHES S, Lol HKWiEED v No. 9 W B LTWD T
EPSFERT, LLIAF—HY E’i‘L”CL"/ ELUTHBEN D L EHLivicy

42 “ERBAREYERZOBREFHHIUER

421 B E&H
SN B 178 5 Y 7 A — SRR Ui iAo BT © 2P 2 500 h,
COSRITEYSOERERT C EB LW CH L, OB HITE L, BED TR
5 L NI A T B S E SO E WS T A, Ao sl L D 1mm BT oM KT
75 i B IR AU T FBICHTE T M S 5 0T, AZBRT I 40Esz Lemm &L,
THUTHATE R TIETAZTRR, R T FBRARE DR 4 L bl I O EE 2 00T 5
O SR,

Wi X CPGRIME O (L% % Table 4-2-1 1T, RURTRIKS L OO #RL Fig. 4-2:1
WL 7 PRI DA DL A 48553 Table 4-2-2 o< 7 5,

Table 4-2-1 Chemical Composition of Steel Plate and Liner

L C @ | Si @) 1 Mn %) Po@) | S @ | cef
Liner L0061 0.03 0.25 0.014 0.033 | 0.1
Steel Plate | 0.15 0.08 0.87 0.027 | 0.027 .30
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j&e————200 ————=

JIG FOR RESTRAIN

WEDGE

fe——20 o‘——>1

|

LSECTlON FOR INSPECTION

Fig. 4.2.1 Specimen and Jig for Restraint"

Table 4-2-2 Test Results (Flat Position)

Root | Dia. of Current Bead {Rod Con.| Welding
Opening; Rod Am Length | sumption| Speed Remarks
(mm) | (mm) p- (mm) (mm) (mm/min)
5 210 200 200 300 Incomplete Fusion. Tend to Slag Inclusion
4 5 220 200 150 324 Generally Good
5 230 200 150 353 Good. Necessary of ngh Welding Speed
» >5 D 200 » 200' ‘110 414 | Slag In_clusion. . Macro Inspection is Good
6 5 210 200 110 414 Good. "Welding Speed is somewhat ‘Higher
5 210 . 200 .160 334 Liner is fused.to .Lower Plate. Bad
5 .| .210:| 200 | "130. 600 | 1'Pass | Difficult. -
5 210 | - 200 130 600 - | 2 Pass | Liner is fused to Lower Plate
Conn ) Necessar); to fuse Groove Face
8 4 155 200 120 400 1 Pass Sufficiently
4 155 200 155 364 2 Pass | Fusion is Over but Good
4 170 200 120 414 | 1 Pass | Same as the Case of 155 Amp.
4 170 200 150 388 .. ._2_Pass Liner is tend to fuse. Generally Good
. Table 4-2-3 Test Results (Over Head. Position)
" Root " Dia. of Current Bead "I Rod Con-|Welding
Opening| Rod Xme Length | sumption | Speed Remarks
(mm) ; (mm) p- (mm) (mm) {mm/min) )
4 135 200 170' 273 (I;Eggr?t is too Low, Slag Inclusion, Incomplete;
"4 4 140 200 190 . 245 Fair
4 145 200 180 256 Good
4 135 200 . 180 245 | Over Current, . Liner is tend to fuse
6 4 135 200 140 316 | Same as the Upper Case, Higher Speed is better-
4 140 200 150 300 Liner is. fused. .Bad:
4 135 200 170 267 | 1 Pass | Necessary to fuse Groove Face
4 135 200 | 240 191 2 Pass | Sufficiently at 2nd Pass. Good
8 4 140 200 |, " 140 316 1 Pass 5 he ab Good
o4 140" | 200°1 195 | 232 |2 Pags | “2me 28 the above. Good.
4 145 200 160 286 1 Pass Li  fused. Bad
4 “1450 | 200 7370 267 .| 2 Pass | 7T 1S tused. =




COBBRESUL L D, BHOE LI — LB 4~5mm, it 210~230 A T, itk 4 G
SATE D, R LRME T T e R A LR X SIS S E T 0, B dmm T oSG
B2y m@IﬁD“léJ}/er/J L BB D, EE 6mm O WML, 210 A 12T
wﬂﬁ<¢n¢a%f@5b,7um—»%¢@ﬁ@%@éom7~&mnmimmnﬁ5mmf$
f@mu@w¢f@o,émnwfzw%&%ﬁasz¥mmaﬂféa

WA it oY ot -L%mmimutﬁ%%%meMemzs@m<fbéo

AL DIRERDEEN, FEH DT B4 FIME 4~5mm, ik 135~145 A fiz & Wb %, Mind 4mm
Lz &otﬁAu%%%”wx&mfm$ﬂ%ﬁ%ﬁ%hﬁétatkéﬁ FOWE T r R~

DRAET BRI D, ErcBass T~8mm PRI hIEHIE% 2 3N TF 5 2 3 E U T b
D, B 6mm DEASPIFROMTAML HEiELELTEE5Th b,

DL OEBRER X MY &4 2 LR bR &M Table 424 O Ch 5, OWEDHERS
R BRI S I T 1T, R IR AL, %7 SRR DA U, TR
OMICHEEEE <, WHEE IS X OPHAREMFTCRGEET S5 LB EEDIN D,

p

Table 4-2-4 Welding Condition for Doubling Connection with Liner

T i . : |. Welding Thickness

Position Electrode D‘a‘(rgfn§°d R°°t(ggf)“‘“g Current Speed of Liner
. ! p- . (mm/min) (mm)
Flat B17 |- --5. -|-. 4~5 210~230 --| 320~350 1.6
Over head B 17 4 4~5 135~145 245~255 1.6

4-2-2 HIBAICBET DS

B RV, FHRICHTEE LAV I S EOEAMMAT 525 IMOBA R VIFEL L
s\, ARERIC BT, ﬁ%mmh#lenma@uazo%mg%@%amph,

(i L 72t oty % Table 4-2-5 12, 8K ik iu\‘hbﬁ:’ Fig. 4-2-2 1{TR9, T
DN S LR A, WA &R —EOTHIZ b Srn R i, BUEAS N & 510 LTI
P?ﬁ@v,w&%Tm,ﬁﬂ%IMfomTD%lizﬂ;w,#ﬁ5@®£wﬁﬁbiofmé
X510 Lin LA 1Al T L A h '

BRSO 2 Fig. 4-2:3 1075 L7, JEERT RO ILBUEIR BT L F R Lo e RD AL L
A3, WD BLCYSLOESENL L 2405, TofE I~3mm OB AL, 1V 37 vy

f%%f%l~1&mn@%b%ﬁ § %, SEMTEROIR T X D Y 0.5 mm RERIHED
T, BIFIL D LB AZIAK X v b PR S < b,

Table 4-2-5 Chemical Composition of Steel and Liner

C Si Mn ] p s Ceq

|
Liner 0.03 0.02 0.24 |  o0.011 0.026 0.07
Steel Plate 0.16 0.26 | 0.64 0.012 0.027 0.28
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Fig. 4.2.2 Arrangement and Dimensions of Specimen
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Fig. 4.2.3 Examples of Test Result
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4-3-1-1 Rk

WU BRHI U 7o Bl BR M 36 X UF3BR T DI B % Fg431~ﬁg4&3uﬁ$°mﬁ%%@m
K, wEstkoBHE, BERTE Figo 4-1-1 X0 Fig. 4-1-2 L{iEkTH D, FMED FAIROLA
7z, 4-1.1 TR 1 OB E ARG &R ORI Lo b D Th B,

VB LAHET DR OEERIT T N TOKFRIGERE L LT 54, ZHIRE 25 mm O fEtor (#
UL T B OEBRE, 1A 74 L REER LS E& X MBRORM»EL (@2l &I
£ %,
4-3-1-2 GERESF

SRR 4 4885 L e Table 4-3-1 12754,

AN TSR TR R TR T XS KM S 5 VIR TV VETR L7 OTH LD, ZhLIETRT AL
F A4 N FEEERC L SIETSSERCRAE LD THY, - b OBEAERGERC X SIE7E&E
R VSR T, BN (XED) o 1L, A P OETHFES UTORBDTEY, A~ HHbiEE
GEMOWMAC EETLTWS, ERMFRemo/ N3 14 371 b RIGHEEIC X BIEE SR
W LT3 D, oK TNIGERIC X 5S4 Bs e T R, CO/NBENE, TRED ORI
Feaie (No. 12, 14 FRATTH) L7z 3 OTRANRA LTEY, (B EkFE R TE
BEL7do (No. 13, 15) TlEDTA, ‘

WO EF 28 0 AL TRES Oz iioEh B 03k 2 & 512 L s8 (hay) Ty, (v
I BRBERC X DBESBOKESSE DRSNS b L H D, TUIREL AR
D, HERANE, Ua L HERICE D, A0 Tw AUV oRE LM oo, H5E
TR 72— PR L BT LA D,

oG FERER T, 1 PIE s 77072 No.o 1~6 55Ut Noo 11 Oftek )y Tl
O O AL E LEoas, S0 SHORIA e — b 2 i BT R iAETE A o b
Wi L7200, WIECLUAORERar — Fo—hg iy ol & LTilg 7, v— LBl 7240
EWELZ BTl hEwvy Liz-ont Tdble 4-3-1 L THLE, - b7 va—.
7o b OFIRO Iz, FHUEMELEECH 07,

R AR, eI R & TERICHRD LT & dDAaf%HLDMWmmmmL&#
otu:humm#ézat;o,»—lh ShH LY IAVNE L 7D L E R S 0TH D,
SOIDIT N~ UK X I I 0, A= VD 2 o FIRAET B, - P IEOTEA G
BRI 7R 72 01T vvaLf%f,MB%w@bmmbéaaL,_®%H,M6n;émm@m%f
THIATDT 7 LMHEGTd <, Table 4-3-1 i lsh 5 & 5T, £ D720 TR 253 O P
FHWIO L DOHETH 5, BIVAEI FHORTICE, VW< SnORME LU, L b il
VS B B e D RGO IR RSO AT A, 1 (Noo 11) T LT g 2 RG5!
BRI 20 5 1 g e sy A — b OSmEE ALY b R A S,
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MACRO ‘NSPEC? C ROTT BENRACcRO INsPECTION  FACE BEND MACRO INSPECTION
" FIH SDE_BEND / — T DSCARD ii'
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E— ]

Fig. 4-3-1 Test Plates and Location of Test Specimens

|

DISCARD

— -
MACRO 'INSPECTION

FACE BEND | (CENTER)

S

500
-
%

3 VEL e R)

“t
"MACK: SHECTION
ROOT BﬂND {UPPER PLATE)

7

y S ; IDE BEND 1 TOHPER PLATE)

I EBENS S LIPER PLATE)
MACRQ TioN
1 I . .
DISCARD
| 400
T Ty

iy B U
8

Fig. 4.3.2 Test Plate and Location of Test Specimens
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INEIZ DT g !

7

Y ] {

1 ,Ls‘_[’/) C,

WM LK

R VAR SRE S

_ MACRO

INSPECTION

TN

L |
FHRCHEECE B X 5 b ool SIDE BEND (UPPER PLATE)
4-3-1.3 # 4% )
NG P 1 A Rt I I et 25 N
L - I
& 244
WEDFEE L7 W UDME SN B O TV A SOE BEND {CENTER)
EV D BTV E S s D, ,
TR BT, IR (L) T (7o e 1
‘ r ORI 7
VELFEO A 0 S A b RIEHIT & DTS . !
N . FACE BEND (CENTER)
BN S WK Jbbh-f:fp, IR ;
BTN T L Hﬁ% b, RITiEZ 02 0uk . 7 S
BiL7efld bbb, Lo LInEBIATR K ] e " ;
FLEERWHLL, FTH (f@'ﬂszﬁ i ROOT BEND (UPPER PLATE)
e o - . Fig. 4-3-3 Location of Test Specimens in the
.J)F{ X YU SND T adbhors, ok ¢ Sectic:ns of Test Pl%te'
Table 4-3-1 Test Results
Side Bend - )
I\S‘gecc)f Upper Plate Conter Root Bend Face Bend (Center )'
imen | Crack|Small| Crack|Small Crack Crack Small
: (mm)| Crack] (mm)|Crack rac a Crack
27 E 0 E Shallow Crack 30 mm Under- o o
EREE 0 | E |cut All Over the Length 0.5mm 50° A E
28 0 E | xX95° in Weld Metal, a Little -
e X 5 E Distance from Center 0.5mm 47° A E
5 0 D |0, Under Cut All Over the o R
3 10 0 D Length 1.0mm 60° A E
4 3‘;’ ]8 g % 95° at Center X Fracture of Lower Plate —
5 (7) 8 8 Shdllow Crack 53 mm 25mm 80° A Bond E
37 0 E R . Small Cracks Intermittently -
__6#_3,5*_ 0 E x99 at Center Over the Length '_L
0 0 A’ | Shallow Cracks Intermittently R
Tl o 0 | A’ | Over the Length 5.0mm 180 B
0 0 A’ | Shallow Crack All Over the | .- °
8 « 0 | E | Length 2.5mm 180 B
9 9 01 B |s04+20 Under Cut 5.0mm 180° D
10 0 0 E Intermutcntly Over the Length | 10.0mm 180° D
0 0 E s
3 0 D | Shallow Cracks Intermittently . .
__11__ 2 0 D | Over the Length Bended Adversely Up and Lo W
20 001 5 | 1.5mm 180° | E
. |0 0 B "Shallow Crack Intermittently o ‘
_]3 0 0 | A_ | Over the Length 1.0mm 180 B i\_
14 v o S, | Shallow Cracks 40410 4.0mm 180° C
159 I1 B | shallow Cracks 40+7 0.5mm 180° A

o

Lower Plate is just before the Complete Fractures. x:
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STEOTCHMTAVEEIC L <, FRA LK IFLTE D, o ORI AT

DIC s UG T 4 0Ch Y, —);Mﬁldﬂﬂémaf’%ﬂ b
RO ZHIR D TIRRIEHE L THAEBEN 550 Table 4-3-1 1233 X 5 2 thlinr 530 S

WLHLDEFEILND,

DA TR U B o s, [ UMY MO L O T 5 £ No. 1; N6. 3, No. 5, No. 9
# &0 No. 11 25 No. 2; No. 4, No. 6, No. 8, No. 10 & 1 -+ 20 L/ iiie i LT 0, [
B RDBFELTR LTS, F7, No. 1~No. 11 & [HEMmiEE ~— A IFML T 40 L, I
MR T | ﬂ%’c@%a 700 mm? LUFWCHE C Thih, 750 thmd B ki 2l C wfpueC
T E ThH, E7hguiilghs CDOWTH T BIETIFE 750 min? L}L’F AT B e b, 800
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ThGOD 5 X OSIECEET 23561083 5 38R X OFatsiic - n g, %77‘\3 7e1
BRI E b 528, WEBOBERCUT oM EL 7,

a) ERLME

A L7 D L2 5y % Table 4-3-2 1d, B E X VA RO AEIIEI 5B TH
b, Ihvie Fig. 4:-3-4 12, SERBCSTLS X ORBR K OFIRENA Fig. 4-3-5 105 L, 3BT
Lk D AB Rule i2{EoTUID LTV 5%, B bifis i LEa oM UE sz 1k & L7,
b)  SHEREEERE

H IR O#5 8% Table 4:3-3 ip%, ¥ Fre AB Rule X i3#ic Root H3isim /e
DXL TED, Root HDIEHSMlic» — Jhicig>Cw 3,
BT BT TN A L TR L 7o,
Sd, EEHEETET I E F OMBA TN T Y G S B 0>u K& D REENFA LI, Chig
EE LORRC R USTHEAGZ E HL DT, [BHEIINIE D L0 L EdH 2 B, YMes sl LT
72 B O T 180° TN T AR S A Ui 7z,

EGIRABR O Table 4-3-4 o< ch 3,

c) o3

H R RER O fs C-2 (Lsss, BUGOH58E) #ERFIE MLy 30% &8 Tish,
BUT &0 2 8050 WREEFMI R0 MR o lie L, BNeHTImEED Lo Mped R E L

~
A4

TR s D, 15 HiT 7 T‘ZDMT-’L‘ g DIV S RO e N7 i I POEELD, o
WL RSRZTR LT %, Table 433 DFFE X b & hiiFic 08+ 2 [T & LT, BlSomiEs
X DEBEEL TS EROND, T BIEYNe L), XA, VEORBYEL ST -
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vV GROOVE (WITH UINER) Table 4.3.2 Chgrr.xic;al C(‘;mposition of the
A FLAT PCSITONIE FLAT POSITION|C OH: POSITION teel use . .
ELECTRODE : L C “ Si [ Mn P S | Ceq
Ist PASS B17 Smnilist PASS LB26 Smeflist PASS —40t PASS ‘ ) Ny |
2he-201HPRSS | 2ro— 20tH PASS BI7 4mm$ : o ; ,
8176 —8mnt | LB26 -8 men 0.15 \ 0.26 ! 0.61 | 0.028°| 0.027 | 0.28
45° T
T
i o] Z o]
] SIDE BEND |
=z
Lt 7 FREE BEND
A
==
? TENSION 5
D X GROOVE E V  GROOVE . PN § -
ELECTRODE: £ SI0E BEND
BI7 5—8mm® BI7 5—8 mmé % FREE BEND
BACK WELD BACK WELD =Z .
Bi7 4 mm$ BI7 4mmp Z
2» TE‘N51C?YTI /BOLT
[5) Z g
S J 4
s I : PR
g k-1
1365
- -
- o0 ————
Fig. 4-3-4 Types of Groove and Electrodes used Fig. 4-3-5 Order of Removal of Test Speci-

mens from Welded Test Plate

Table 4.3.3 Test Results of Free Bend Tgst

No. of Specimen| A-1 | A2 | B | B2 | Ca { cC2 | D-1 | D=2 | E-1 | E-2

Gauge Length ( 4mm ! 4mm | 4mm| 4mm | 4mm | 4mm | 12mm | 12mm | 10mm | I0mm
Elongation ! 1.8mm| 1.9mm, 2.1mm| 2.0mm’ 1.4 mmi 0.8mm| 4.3mm| 3.5mm| 3.9mm| 3.2mm
Elongation | 45.0%; | 47.5%; | 52. 595 | 50.0% | 35.07%3 | 20.0% | 35.89 | 32.5% | 39.0% | 32.09;

Table 4-3-4 Results of Tension Tests

Sf)i%in?ffzn Dirgggcsiig;fn of Max. Load Tensile Strength Remarks

A-1 1.523” % 1.009” 46.900T 47.3 kg/mm? Machined off Backing Strip
A-2 1.528” x1.004” 46.300 1 46.8 With Backing Strip

B-1 1.514”7 % 1.000” 46.300 1 47.4 »n Machined off Backing Strip
B-2 1.523” x1.004” 46.500 1 47.1 » With Backing Strip

C-1 1.5127 x1.004” 47.900 1 48.9 1 —_—

c-2 1.520” X 1.006” 47.800 1 48.4 —

D-1 1.5147 x1.012" 47.000 12 47.5 n o

D-2 1.516” x 1.004” 47.000 7 47.9 n —_—

£-1 1.5107 x1.004” 46.800 17 47.9 n e

E-2 1.516” < 1.004” 47.200n 48.0 » —_—
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FIAHE L > TH D, MMETFHTH 5,

M RSB T T 180° 1D BN &% (1 7o & DLWHIER 2 2 Ul oo,

F NGO EE OUIMF TR T Y& 5 BT ABAEE LTISIIEHIT X 5 b 0TI
SRR LNV, . ’

LTGRO R LR TH D, GO, HERESIC L BHIEND LRI Lo b

RASAN
4-4 :EE%&%O@EE&—II

141 THLHEBOERE N

v 7 RSO BT & Tz ) TSN LT B b BT B2 B 5 2 & kg, Livd
B & D B ORIT B B 720, TEIROETIIO LN 2 BH ST 2 BB DT RO
A< FRTER & TR 072, o

it (s mss Table 441 ofx L 0ThHY, Fig 4-4-1 KRTMEFHET EEL TR
vy A AF AR LR 2 kR OB A R I LTz,

Table 4-4-1 Chemical Composition of the Steel

C - ©Si “"Mn | P ‘ s | Ceq
0.15% 0.25% 0.85% ‘ 0.0239 { 0.0249 [ 0.30%
ELECTRODE: - : ELECTRODE :
ILMENITE TYPE LOW-HYDROGEN +ILMENITE TYPE
) . \‘/—450\/
<L [ 3 <
|6 =

Fig. 4-4-1 Type of Groove and Welding Sequenceses

- BB oWIk%E Fig. 4-4-2 a:ﬁﬁ: LECOMBRN AT & FIERBRE 17707 k5 Table 4-4-2
DEREE, ,

AT VT Y 2 AR < BT WE 2 BELT, 7 v fiiE T~8mm &Iy
12 kg/mm? DIFTh% LATE SN BDT, FROERERL D v n o (S M 285 2 &%
ARLTV5, c j

HBMEREL T H AT MR EERRIS NI S DI E LT R T EpRD, RERICE N T—
- b L D TRRBEATA Ui, WEOITIE SR,

EEHBROBARRIHEST RO/ AR A LI LT X DD LF
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YT =1 DISCARD
¢
e T
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RN :
/ 7z 4
b ¥
oscardD . | | ¢
—n; E — 5
355 240
600

Fig. 4.-4-2 Dimensions of Specimen

Table 4-4.2 Test Results

. R - Shearing /Tensile | Expected Shearing

Load "at Fracturée Shearmg Stress Stress / Strength Stress
Ilmenite 72.5 ton 52.1 kg/mm? 104.22; 35~40 kg/mm?2
Low Hydrogen - 60.6 ton 45.9 kg/mm2- -~ - 91.825" 35~40 kg/mm?

1) Effective area is 1392 mm? for upper specimen and 1381 mm? for lower specimen,
2) Expected shearing stress is estimated by multiplying 70~8075 to tensile strength.

442 THUNSMOEERR

7 AR A UMD Rl L OV TAR & o

BRERER A 1770272,

BAEHOUIIIEZ WD 720, FieomE i

i = T OB, FHERIEE 413 B8 3 OBE LRBTH DT, HILEIST UL Table

443 OB,

Table 4-4-3 Welding Conditions

Specimen } Type of Groove Electrode Treatment
A Root Opening 20 mm, Groove Angle 45° Low Hyd;ogeﬁ Preheat to 150°C
C " " Postheat 650°C 1 hr.
D " " As Weld
E 7" Iimenite "
G | R. O. 6mm, G. A. 45° Low Hydfogen "
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BRI DRIGE Y Fig. 4-4-3 R, ZOMBE XA LT —40°C~+40°C BB V

Yo A E-~HBRTHE U T R o RO R Fig. 4-4-4 11 0% Fig. 4-4-5 2L,

SO XN, BENT XD v SAS O UK L SEESNHLOTHD 2 & e,
\\\\
~>
BOND

WELD METAL

- IMPACT  SPECIMEN

/———DEWL OF NOTCH

™ __sonp | X C
WELD METAL 1< o UPPEP PLATE
oW
55 No
(278 —l—275 —
-
' Ll
\ LOWER PLATE
NOTCH IMPACT SPECIMEN -

Fig. 4.4.3 Locatlon and Dxmenswns of Impact Bend Specimen

190
L 8sor
e °— A PREHEA e
3 T SmEss Rsusr} LOW HVDZocen .
= +---4 E AS WELD LMENITE = =
P o~—1 G AS WELD LOW HYDROGEN / &
T 20f / 29
M o a E
AD
/ z
> , I
(%) - ud
5 ’/ ,/ ° % :
|.lz_, / / : 40k
o '9or * M
wi
-
e
(o]
w
D 20}
o . N
TEMRRATURE ¢ ol—ans . N —
40 ~20 [o} 420 +40
TEMPERATURE T
Fig. 4-4-4 Energy-Temperature Curves of Fig. 4.4.5 Shear Percent-Temperature Curves
Impact Bend Tests - of Impact Bend Tests
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Fu, TR 4 BLSALT O, EA0 b $ b b TR O W 5 X T — F IO S
RS T DRI R LT B,
443 BBRELHRER
4-4-3-1 HBHik
SRS 0 3 D Dl L
a v ohiEE
b ik
¢ BUBICIARELIARRERIC X ) BRAR DAL
ZEM LIRS, TR A ABERREOLTED X > REREFT LD, UTOHERET
o,
P L7 S 2Rk 2y % Table 4-4-4 17, PR B OSBRI Wak 2 21 #h Fig. 4-4-6,
Fig. 4-4-7 =isd,

Table 4-4-4 . Chemical Composition of the Steel used

c si | Mn P | s } Ceq

0.13% | 0.25% | o745 | o.0m0% | o.021% | 0.26%

-

r ]

. M MM 5
A: Back CAIFED ano B WELD WITH LINER C: DIRECT WELD
BACK WELDED - :

Fig. 4.4.6 Types of the Groove used and Welding Procedure

2
Ot
L
)
i%
Q

190 e e 420~ / !
800——

) l X l‘_go_‘_'
) - | | | _r30-
O s il il e i A - B T %‘
a‘[lf'l RN c m i e

1 I ] 8” |

_g le——120 —

Fig. 4-4-7 Dimensions of Specimen
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AL 722 Fig 446 A X0 B it LTz B-17,. 5~8mm¢, C 0 v 7 > gD
$piri3 7 32 %T LB26, 6mmg, LMEB-17, 6mmg X UF 8mmg.THD,

BB 100 Ton 600r.pm. OLDEMAL, 5ERIGH 15, 20, 25kg/mm? o 3 &4 > X3
B L7z,
4.4-3-2 HBEE

HERSE R % Fig. 4-4-8 310 Table 4-4-5 1057,

AL ORERD L EMOM RO Z RS RBb bR, Hitoh, FEEORE D
W, PUF v n oS, BEASBEOECE RERET LTV, -

DX S5 MR EDOIBREABRSERC S VT RALNABRTH Y, Zhidxs LTEIkOERIT
LBENEFECERT L0 LB,

{MARK)
© A BACK WELDED
301 e B WTH UNER
®C DIRECT WELD
o
E
£ 25F s e\ N ®
§ \\ \\ \\
~
- N \\\
20} oo e
(7] S ~ \\
~,
Eﬁ \\\ \\\
o ~
& st e &
o}
5 L
o I
10° 10 NuMBER OF CYCLES

Fig. 4-4-8 Test Results of Fatigue Test

Table 4-4-5 Test Results of Fatigue Ieét .

Types of Groove St(t:ge)ss No. ?Sv?ydes T " Location of Fracture
A 15 kg/mm? 2.00x 108 A No Fr_acture
Back Chiped and 20 10.24 x 105 H. A Z
Back Welded 25 7.86x 10 Weld Metal
B ’ 15 : 1.37x108 Initiates at-Root and propagates to Weld Metal
] ) 20 - - 2.76x 108 - "o
With Liner 25 1.54% 105 "
15 {777 2.00x 108 No Fracture ~ ‘
¢ 20 5.21%105 | Initiates at Root and propagates to Weld Metal
Direct Weld 25 1.85x 105 Lower Plate fractures at 7mm apart from the Root
25 8.34x 105 . Lo_wer Plate_ fractures at 27mm apart from the Root
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S-N Mo & UTHERE DA SR TWAERN E L TREN S 5,
log (§—S.) =a—blog N
L, @ b: W Se: fiAbRE (kg/mm?)
CTEREAVT B EVRRE R L CEYSIEEIC OV T AIREZ kT % &, Se=13.8
kg/mm® L5, FOMDEFITONTIE 7F— ZF REDFOIETAETH 5%, S-N $2E o Filil X
h S, >13.8kg/mm?® 72755 L\ I HiEH A LD, 10;5E3$¥WKﬁ&O®ﬁﬁﬁ&®ﬁ
AU T DH, FETE L, BULBAREL R OTy 2 &S h, 74 ATEED L VI Y
IBHEORASELBIRTH D LIFV ARV K5 THD, 7o, MEHROBlA» SEYSIEET
HohEAE <, THEOFE A S LA BRI T 5 G OGN B,
4-4-4 EBRICHEITIINBELVHTERIC LD LE
4-4-4-1 #ABRFHE
AT ERA L2 ET 413 443 Wy mEOSRE L & <Mk Tod Ak D £/ Fig. 4-4-6
LTS 5,

Table 4-4.-6 Chemical Composition of the Steel used for the Bend Test

C Si |  Mn - P 1 S Ceq

0.16% 0.21% 0.76% 0.02025 ‘ 0.021% 0.30%

Tension specimen

\\“ f
? - 3
o T
150
: -500
: o
Bend specimen - '
: 1
A A 3
/ AN
=400 —= =
: - 460 '
_4 N b J;rl’m

Fig. 4-4-9 Dimensions of Tension and Bend- Specimen

—135—




| t DL
HIRERIT 4 LTz Table 4-4-6 o
L2280 DR 2 AE L 7z,

R OBHITIE K5 17 4 22T 3 — g L
0C, —20C 3k 0" —40°C THERE 707z, Bl
LU HBR T O kE Fig. 4-4-9 105,

4-4-4-2 {URGIRAER

%

il
S
Ei
-
A
w
-]
[«8]

&
a)

Ea
N
s

TENSILE STRENGTH. (kg/mm®)

REDUCTION OF AREA (%)

B Y% Table 4-4-7 X% Fig. 4-4-10 (L)  §
127, Table4-4-7 35X 0% Fig. 4-4-10 12" X 517 gm%“ " ;
BRI B ITHDT, RTINS AL wf =
TW o (0°C T4y 47kg/mm?, —40°C ©fy 49kg/mm?) i
o BFHICERIZ R Shisy, Bido 0 Bk § ';’2_‘ .
KUY AR EF I SRR 2 R D B L, 4 e .
BT ST 3 %, éjﬁi:::::éL,/%
—Ji, BEGIEHICE O TE 2 1 HoFb it s 2 28 0 T 5

Wad o\ IEES Y X
[RRBYRTBY T o 7z,

RIS O X THDE, FI>DEEEL Y 4 AR L ITIABEA K Ent i s,
BB F MBS, EHLUTORIBEZTL, HLLEoT1 5,

DN L 758, EENfhig

Fig. 4.4.10 Effects of Temperature on
Tension Test and Bend Test Results

Table 4-4.7 Reésults of Tension Test at Low Temperature

- : '
Types of i o Reduction of .
Welding Specimen | Temperature | Ténsile Strength i Area ! L<})?crz;tcxgx11reof
Procedure (C) (kg/mm?) | (%) g

A-1 -0 46.7 23 ‘ Base Plate
(A) A-2 0 46.9 28 "
Back Chip and A-3 —20 47.2 26 | ”
Back Weld A4 i -20 48.3 26 ] 1
A-5 —40 49.0 22 } ”"
A-6 —40 49.1 22 ! ’
B-1 0 46.3 12 | Weld Metal
B- . i
(B) 2 0 47.6 11 i "
) B-3 —20 48.1 10 ; "
Liner Weld B-4 —20 48.9 8 H.A.Z. Weld Metal
B-5 —40 49.1 27 Base Metal
B-6 —40 49.1 8 H. A Z
C-1 0 47.6 25 Base Metal
) C-2 —20 48.4 23 ”
Direct Weld €-3 —20 48.4 23 ’/
CH4 —40 49.2 21 "
C-5 —40 '48.8 23 . 7"
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Fig. 4-4-11 Dimensions of Bending Jig

Table 4-4.8 Test Results of Bend Test at Low Temperature

Procedure } 0°C _90°C . 00
(A) Back Chip and Back Weld 180 180 180
180° 180° 180°

o ° | N —
(B) Liner Weld 25 30 ‘ 10
40° 45° | 20°

| e
° o | 5
(C) Direct Weld- 60 40 | 30
75° 20° | 45°

»JU:Mm-«\m D RS ETR EL T L, wmuirsdE cofhiy AR ERIT L B e e 2 s
""Jimn SNk 7 B IS 2 5%, B0 D AR 180 T R0 C L BRI Fe g
LT, SEUEGTEER LT S RHA BT DI 45° BT Ol AT Ko TR
%iéﬂfﬁu,%moom STILLH LS B R D Th D, WITH L 74 Y L L
_wﬂi5&,W%@[qllﬂﬁ%ﬁW'Uﬂ)@fmhﬁo,&%wﬁ%% (RS NGRS/
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RO, NG GBNATER LTl D, — AR T VEGISNE B B AR M, T
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HOT JEARY a Jm%fﬁ (Gunwale Connection) o ijf 4%
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Fig. 5-1:1 Arrangement of Test Jig and Specimen
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Table 5-1-1 Types of Edge Preparation and Welding Sequence

Test No. Type of Edge “ Sequence of Welding

3 A—1 (1) Upper Half (2) Lower All (3) Upper Half
8 "

4 " (1) Upper Al (2) Lower All

5 " ” "

6 B " : 17

7 " (1) Lower All (2) Upper All

9 C (1) Upper Half (2) Lower All (3) Upper Half
15 A—2 " " "
16 F " " . "

BACK CHIP,
~'DEPTH, 8mm

Fig. 5-1-2 Types of Edge

513 EBEHEEA

(a) #Mi: Gunwale Plate oRE

Fig. 5:1.3 KEBOMBE Y — F v 12 & 0 FHl Uiz, SRR SIARERT, Ear s T TaTEse
T, 1ARECICEL L&D DD, [0 b 2THERFDO 4EE L7, AlkrEr Fig. 5
1-7 st

(b) MRS, AZE HULL PLATE
Fig. 51-4 L7 d BT LD LHOME T R R—
P IAGTA T B IS L 7o, BTG RDTT M XRAY Mz Mi]'
& L.f:o Tods, O, 02 OMATR LML 72, EH DK E[
sefirin: Fig. 5-1-9 k¢ Fig. 5-1-10 1237, L/_\,IL/\//\_//\Q_;L
- SEARCHER Fig. 918
SEARCHER

g p
g | [

|—7
SEARCHER| _|

\SPECIMEN FOR
X RAY

Fig. 5-1:6

Fig. 5-1-3
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Fig. 5.1-8 Alternation of Clearance (# Location
Fig. 5-1.7 Clearance between Gunwale Plate and of the bolt was loosened and fastened.)

Hull Plate at Lower Position (# Location of
the bolt was loosened.)

] | TYPEOF EDGE| SEQUENCE OF WELDING - i
16 ——— A | X UPPER-LOWER- g2 - P —
3 UPPER(33nm)
x 4 === 8 |® UPPER-LOWER- 19 ~—
© i UPPER(36™m) - —— 5, | * NO4
S } —:=- C | ® UPPER-LOWER- x g 2 NO.I5
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LOCATION OF MEASUREMENT co Fig. 5-1.10 Change of Angle between Deck and
Fig. 5.1-9 Bending of Hull Plate v Hull Plate

(¢) Wifio> Macro etching

Fig. 5:1:5 ® My, Mz, Ms firfET Macro etching % {7\ Bifi& % /757,

(d) XgomsE

Fig. 5-1-5 otifE» 5 Fig. 5:1-6 oe, %t@ztmﬁu L OABN 2R X BREE o7,
514 RBEHE R

(a) 4MR&E Gunwale Plate & oRip&

LB 250R A M D TH D0, BBIE 0 E7213 0.1mm DTFTho, Tl 14 e 8
AR EEDTIORIR GREMOREE 0 L L) Fig. 5-1.7 i,

Fig. 5-1.7 O, ML T 5720008 BIEMEZ /IS < LT iEeEEr T = & 4
_MET%&%,%%M$®%@ﬁﬁ%w:&ﬁ%i&néoih%ﬁ%ﬂ%?%,1$&6wa}
ZHRDTI, K b TR SO BMBOZEBIC OV T ORBES 4 B 15 oz Fig. 5-1.8
=T, No. 15 D SICRIB A v FEH A 205 2 2Tk DEA S F B2 EpiTE
%75, No. 4 DX SILARE B ELOMTITIv,

(b) SMROYHAL, H%ER

AT S EMDSMED WD HiniasR% Fig. 5-1.9 iR+, Fig. 5:1-9 2086 LEIORE
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S PR L S f8ZE sk No. 4, No. 15, No. 16 1-owC Fig. 5:1-10 i=5/%, oz
T b {Tnofodt, T WORE (o R,

Fig. 5:1:10 & 0, 0Zivk Fig. 5-1-9 OfiiuAs® L i3iE— ﬁ;aoma ]$WMJM
L TR EAETA TR EZZLNS, 0 OLABRITTEAL0 T, LUD 0: BRELA

EF AN, Ve ZEIEAANT X D ST AR ETRL Tw S

(¢) MWiiio>o Macro etching

/ 121,
Sl

Fig. 5:1:5 o ¢ Macro etching % o7 &5, —""ISo)ﬁiﬁ%}ﬁ‘v‘}-’F’C“Ifi — ¥R Slag %X
ATV S D DDA, LM BRI R 7 o7z, U LY 50 fEITJER L THa &,
IR, BT 55, — s Figs 5-1-11 w340, #9 0.2 mim B
BHARADTV S L OPBED LN, o

WONBZLIFELEDIRIBIC DV ThE, 52 T CHHNC T %43, KD FRIT st ;% Slag 4 XA
Iy WUNBR OGN E T L5 L Table 5:-1-2 o5, o

Table 5-1.2 75 B A4t Slag 2% %A 52554 < 555‘1‘:@&4#4\3\/‘71613, SEEIIER ti?ﬁftb
WX SThHD,

\
\
)
]
’
'

AN CRACK N CRACK N '
sLaG rABour_ozvnm rABOUToem" , f}géﬁ'; o.2mm
A B ¢ |

Fig.'5-1-11 Types of Crack observed

Table 5-1-2 Slag Inclusion and Crack

1 . No. of Crack
Type of Edge Position ' I‘Ior::l ,Ii(-)‘ of ‘N]O' IOf Slag i
pection . nciusion Clear Doubtful ‘ Total
A Flat 12 3 5 3 8
Over Head 12 3 5 4 9
B Flat 6 6 (U 1 1
Over Head : 6 5 1 0 1
¢ Flat 3 2 0 1 1
Over Head 3 2 0 2 2

(d) X iy
Fig. 5:1-6 oflBrico>vT X ikt {72722 &% Blow hole 21T 5% 4 dA 27 h BRE
JHAITL, E LTRIT B MBS S, S ORI 2 B EINET X D iR 5 & Figs 5-1-12 4T7R

R FEf LT n,

RE "4 o Bolw hole 23d % 2 X 23407, i biiga
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C @ Blow VT L RIRRIMO BRI, RS
’_,“_/‘
Bithm b T wied LF bt AL EL, A2 RiopidskT FFREM FLAT
L~ DA TEE LT Ak cE %
515 & =
Gunwale Plate & 7 & ORIl E b B72bIc b 7640 it
e v e e OVER HEAD
BB ESWETH BN, KERD T L sl & ——
V, AENERIT Lo T—FRIOMEARE S EA SRS L EEEE Fig. 5-1.12 Blow Hole
15,

“*ﬂth]Lf»&—ﬂ%%%%?é&%%ﬁﬁ%<mé#6,:ﬂm&ﬁﬁm&ﬁ,~w
W T 24, ZHROE D 2 BHITEET 2 En9E L, SOz liEe 0.3mm £
EUTF T30 EBARETH B, JMROHDATIZ NN F AR E <o T 505, A BERE
mind, 0.5° LT Th W EEIZAVTHA S, BERC W TLR LT £V A 5, 7oL SR

, R LT ORE 2 AUSIABEER I LIS T, TR ORRVES T, FTFED

:?’f'J:’f,'iD HETE - O ENHT O NFE L E B,

M%meEM%,XmﬁE®%X1m45%Af@*¢@%ﬁ@%ﬁb%wiﬁf@éa&u“
WO TEESEAE Y L DICHEL OB S 3 2 THILE COMEME S 2 50U H Y, KEROT
%c@mme%ﬁ*éfmﬁﬂ%%ﬁﬁfﬁotom&wﬁt%ofmim%%MﬁKBmwmm
HEPN X ST IEESLETH S

BN ERIA S SR EL DS L, FTREEEZ 2L THEPFE L,
PLEOR R S/ NRHE O B2 EY ‘17&@& Table 5-1-3 mier A

[

Table 5:-1.3 Summary of Results

Type of Groove Welding Sequence
\ Upper 1/2,

A B ¢ ! D Lower, [ﬂpper, Iijower,
Upper ower pper

Clearance of Lower Position Fair Fair Bad Good Good Bad Good
Bending of Hull Plate Good | Good Fair Bad Fair Good Bad
Easiness of Welding ' Good Bad Fair Fair — —_ —_—
Blow Hole ) Fair Bad Fair Good —_ —_— -
Arc Time Fair Good Bad Bad Fair Good Good

G0 TAREBR DR T A BBRA T R, T, LR I B L BB,
72U ETF X A TR AT A L, TR T L,

HREBAE A NS D TEH TH D 5,

CHWaFVDEE, Tl FEI UTMEOITIAL T k% FeFmEWEF LD
5-2 Gunwale Connection L;bUéHHEEO)%E

Gunwale Connection {4 #5512 3\ C rg‘i,i%}iﬂmf}xa)i%é,\&I”]ﬁzbulx— b BRI R AT S .
O EIF N BT DI LT QW R S L 72,
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5:2-1

5-2-1-1

BRERRKOER
T i

BHAIZAR D 348 -~ % 7o s0i A I L 71 bl

K o®IkZ% Fig. 5-2-1 12,
Table 5-2-1

A R

F PR LA ER o

2,

Table 5-2-1 Chemical Composition of the Steels used

| I
5 C ; -
G| \ @ \ %)
Deck P]atemm ! | 1
(ome 0.5 0.83| 0.29; 0.014 | 0.037
Gunwale Plate ., 15 1 ( g7 ! 0.11 | 0.011 | 0.025
[ 1

(30 mm)

L7, Tluﬁlia&* R
DWIKEBTIEEL TV D,

A AFA FEREHNT,

%@ GUNWALE
2% 250 7 \3ES plate
<32 % -
~&7 -
o 15
3 20 .
T . S
8 Regi o
i .@O "v' 8 ;4;" 08 PLATE
S 11
Ut A

~ae?”
~c?

Fig. 5-2-1 ' Arrangement and Dimensions
of Test Specimen

FENEEE L BT TS REERTS
blacket D>V IREET, LRAIAEEHIITRIEREMLC
blacket stiffener /XIE 8 mm TiFH: L7z,

&z
. blacket @

W LBLOWKE Fig 52-2 R, A LREEEOEE ERTHL TERTRT 4mmgé

i

Fig. 5:2-2 Types of Groove
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P i FE -1 ER =
PHEHAL, Froe U CisERES 1, 2 1A Smm

gS

HEOBOBZH L Tk 5~8mme OHEAYIHLT 3 )
HIBE BT AIRRE 2 TV, IEEEC T # start, center, end o 3 i S BAMEBIEABR) % FUK
LT 100 ECRREYAERL
5.2-1-2 FEREEH
BT D IR T RN ERD BT e D 7o, BRI A DTS L 7 gk Tbiwﬂﬁf LHBLES
RECBREBLELTVSDOIHD, T 100 OB CHE L R TN Ho BN
Livle, ThoDBREZENITX W HETH L Fig 523 ot HiF S5 b,
EEREEA ¥ L w5 L Table 5:2-2, 5:2:3 041 Tdh 5,
BEDOZEID D w@“«T@uﬂﬁh BB ZEUTEY, TORIBELIZ > THEREEEsic X

Type Illustration Type Illustration
A Crack which ‘ .
A Crack which
starts at the Root g 6 starts at the Root
A of the Weld and c 0K  SPLATEl of the Weld and
follows the Bond PLATE | : - h
Zone of the é %;o;’;s N;ntt 01 the
Gunwale Plate - B € ea
A Crack which A Crack which
fzcglﬁaws t;‘fe B‘;‘ﬁg starts at the Root
B Gunwale Plate a D of the Weld and
Little Distance follows the Bond
and then turns -Zone of the Deck

into the W. Metal Plate

Fig. 5-2~3: Types of Micro-Crack

Table 5.2.2 Effect of Welding Position on the Number of Observed Micro-Crack

T Test No. !

\ No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | No. 7 | Total
Position ‘ :‘ | -

Over Head 3 3 | 3 3 3 3 | 2 20

Flat 2 - 3 3 3. 3 3 : 3 20

Total 5 6 6 | 6 | 6 | 6 | 5 40
Table 5-2-3 Types of Micro Crack observed

=_— : 1 z

Position w No. 1 | No. 2 | No. 3 | No. 4 ! No. 5 | No. 6 11 No. 7 | Total
A 0 0 3 1 0 0 0 4

Over Head Position B 0 2 0 1 0 1 1 5
C 2 1 0 1 3 2 1 10
D 1 0 0 0 0 0 0 1
A 2 3 2 3 3 3 3 19

Flat Position B 0 0 1 0 0 0 0 1

C, D 0 0 o | 0 0 0 o |
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DTHNLAL LT, FHNERETIE Type a BB EFNNCS L, LmiEtzcix Type ¢
0 < ‘/.*;t“')’Cb'* %

5:2:2 WMEEEELZELHER

5-2:2-1 JERUTHH

T OSBCH L I O (L k5 % Table 5-2+4 127,

A o i Fig. 5.2-4 RGO L0TH Y, BM LRk E Fig. 5-2-5 om
T BHEEEIROE £TTV, RIEER T LT TS TG SR o7, LM, Tl 2/@E
THEAER A iV, LA A2 4 PEITTT27:, LG Z1TO Bicik blacket @, © %o
PRBECINEEL, LT ® 200 @ 2 UL @0 e E E TR o, -

Table 5-2-4 Chemical Composition and Mechanical Properties of the Steel used

- o ‘ ‘ o
Lo | v . Ultimate - :
C Si Mn P S | Yield Point Strength Elongation Bend Test
(%) %) (%) ) @) | (kg/mme) | (kg/mm?) %
0.21 0.21 1 0.68 0.019 \ 0.037 | 28.1 43.2 31.0 Good

'O—.’i

400
200 —=—20

-

o)

I~5 SECTIONS OF MICROSCOPIC
EXAMINATION PIECES ARE CUT
OFF

(® SECTION ® SECTION . © SECTION

‘ 1

o '

[ J
o

’
-
/
’

70570 @@

a0
9
200 — 40RF 1004 T

’ Fig. 5-2-4 Arrangement and Dimensions of Specimen
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i}<——4OO —
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Y § j & <
50 50° /J'R
e

Fig. 5-2-5 Types of Edges for Welding

5:2:2:2 JRRIA

WL S, BERKEI bracket ® D EC A, @ L Q@ O, ©@ DEIH, © & end LDk,
end D SEEKIKL, Z ol 1~5 OFFE DT/,
R, IR CIRBENIERD LV 078, BUBR RIL, BN T RIS LR R Ty
B BN LI, OIS KT 5 5% 7272 Type b @b Diginn-o7:, SR
v Table 5-2-5, 5-2-6 =1, :

Table 5-2-5 Effects of Welding Positions and Groove Types on Micro-Crack initiation

. Piece No.
Test No. Position I Totat Sum Total
1| 2 ’ 3 | 4 5
1
No. 8 Over Head 0 1 0 0 0 (t) @
Flat 1 2 1 1 1 6)
No. 9 Over Head 0 0 1 1 1 3) ©)
Flat 2 1 1 1 1 (6)
No. 10 Over Head 1 1 1 1 1 (5) (10)
Flat 1 1 1 1 1 %)
No: 11 Over Head 1 1 1 1 1 (5) (10)
Flat 1 1 1 1 1 5)
Total @ ®) %) @ @ (36)
Table 5.-2-6 Types of Micro-Crack observed
Qver Head Flat
Test No. : Total
a d a d
No. 8 1 0 5 1 (7)
No. 9 3 0 5 I 9
No. 10 5 0 5 0 10
No. 11 4 1 5 0 (10)
Total (13) ) (20) @ (36)
fasiiz 3 T Root & 9% L, Gunwale plate {iijo> Bond Wig>GERL T oAb H,

FEBENE B LT IR L7 IS O T 250 LRAMFES 2 4, 3P RESDRECH 2T
VHOTIHBIERF OREI S D X 5 Th S, WA KIRRIEIC X > TS e 2R, 2oL
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LIAUH O OBREA/NETE L 0D XV, LA AR TROS L2 LT LT
WHDTHAH D BAIRITOWTIZH E D ZiT700,
5:2:3 FRBEOHRE
5:2-3-1 SRR
ARIBRTERIT L7280 Ak Fig. 5-2-6 12, M O{c k5% Table 5-2.7 (o574,

-50°
2 7

|
7
iﬁ

Fig. 5:2.6 Arrangement and Dimensions of Welding Specimen

Table 5-2:7 Chemical Composition of the Steels used

Thickness C | Mn Si 1 P S
Gunwale Plat 32mm 0.162 0.73% 0.262; 0.019% 0.04025
Deck Plate 40mm 0.15% 0.662% 0.237% 0.015% 0.031%%

TR LI, THE $13 U»o 2B 2k FR £ 7 BT BT IE (A S R i T
H0) B, 3RBUMIEA A A >4 FIREEHE AL T, RA LGSR Fig. 5
2727l a b cD3WMITHD,

F—N—‘ — S
2
| [ !
» - b
SEQUENCE a SEQUENCE b SEQUENCE ¢

Fig. 5-2.7 Welding Sequence adopted
5-2-3-2 JURELU4
I & [FIBR, ot vx blacket & =505 1IAS-D, s 1{E, 5 3 BEIRL, W2 b L
TiME L7z,
HBA & LI O PIIRIRE T RENIERD L0, 100 fETHE LT, R
OFNEB BN, HWEITE LRUNRASED B, BEOW RN OFER E FETh o, TR
Jt4 Table 5.2-8~5-2-11 57,
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Table 5:2.8 Influence of Types of Electrode, Pre-heat Temperatures and Welding
Sequences upon the Initiation of Micro-Crack

Test Electrode Preheat Temp, Welding Flat Position 0. H. Position Total
No. - (°C) Sequence
El c, d a ‘ [ . d
1 | Low Hydrogen 50 a 1 0 0 1 0 2
2 | Improved L. H. 50 b 3 0 1 0 0 4
3 | Low Hydrogen 100 a 5 0 3 1* 0 9
4 Improved L. H. 100 b 1 0 2 0 0 3
5 i Low Hydrogen 150 a 5 0 0 0* 0 5
6 | Improved L. H. 150 b 2 0 2 0 0 4
7 | Low Hydrogen 200 a 2 0 0 1 0 3
& | Improved L. H. 200 b 3 0 1 0 0 4
9 | Low Hydrogen | Room Temp, ¢ 3 0 3 0 0 5
10 | Improved L. H. | Room Temp. [ 3 0 2 1 2 3
* Cases of a Crack grows from a Slag Inclusion or a Blow Hole
Table 5-2.9 Effect of Pre-heat Temperatures on the Initiation of Micro-Crack
Temperature { Room Temperature 50°C - { 100°C i ©150C 200°C
No. of Crack ' 13 6 | 12| 9 7
Table 5-2-10 Effect of Types of Electrode Table 5-2-11 Effect of Welding Sequences
on the Initiation of Micro-Crack on the Initiation of Micro-Crack
(Total from No. 1 to No. 8)
Total of Total of -
No. 1 to No. 8| No. 1 to No. 10 Flat Over Head Total
Low Hydrogen & 19 24 " . Sequence-® u o |8 <l 19
Improved L. H. l - 15 23 Sequence-®)- 1 4 15

B/ NREITH Y, 212 h Type a L0 RLE N, T Z‘f}t(m} CXoTh, FIBERIC
B S s, TETENIEID X DTS S END D X D TH D, ATRERTIETIIC L
DT HBBIFLTES, 7HRETOREEDPNELRD/TCDLTED,

5-2-4 Root MOV BEICEHIT HXE
5-2-4-1 FEELHE

VAT Fig. 5.1 1 gL d o LEo L 0x @A L7z, Deck Plate RO Gunwale Plate &
LT LA AR D (L 5k 533 & Ot % Table 5-2-12 107377

Table 5-:2-12 Steels used

Thick- Chemical Composition (% 1‘ Mechanical Properties ) R .
ness ! emar
i T.S. Y. P. Elong.
(mm) f Si ! Mn | P ! S | (kg/mm?) (kgimm?)| (%)
' NK AB _
Deck Plate .36 0.14 \ 0.24 | 0.88 ‘0.019 0.017|  45.4 31.2 30 ° W ¢ Nor
—_— — s ‘ - T
Gunwale ' |* 44 | g 130, 19 0.67 l0.016]0.023 426 | 256 | 205 | K
Plate ’ : R : ’ /
1 |
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L 7k Fig 5:2.8 1R 4MTH D, SMRACRAILIMELAR, HENTE, T

#, PR ¥ O &M% Table 5:2-13 1Z4EFE L7,

A2 F M
0" 60%
T4 “ TN\ 8 “
© —ct__— © ] TS
" i m i \
| | 8
T Back cHIP e
Fig 5-2-8 Types of Edge prepared
Table 5-2-13 Welding Conditions
’II:Iest Type of Edge Root Preheat Welding Sequence Remark
o. Opening
10 A2 1 — Upper Half, Lower, Upper Half
11 " 2 — "
12 ” 3 — "
13 " 0 80°C "
14 " 0 150°C "
15 " 0 — I/
16 F 0 — "
17 K 0. — "
18 M 0 _ "
19 A2 0 — " Welded Continuously**
20 " 0 — Upper Half, Lower, Upper Half *
21 | A2 (@3mm)| O — "
22 | Fillet (23 mm) 0 — Flat Position (Both Sides)

% The first three layers are welded by stainless electrode.
## The other specimens are waited one night before the other position are welded.

5.2.4-2 SiEREEL

Fig. 5-1-5 R ErOAKRES Z&123 DB 2 BN TIC X b 845 L, Root HiDH

SN ELZ 50 fEIT ik L TR L R Table 5-2-14 RT3,

Table 5-2-14 Number of the Observed Micro-Crack

Test 1 No. of Crack Initiation \ Test No. of Crack Initiation
No. ‘! Flat Position | O. H. Position Total 1 No. Flat Position 10. H. Positionl‘é Total
12 O O @ O O O 1 13 o 0O @ O O O 1
11 O & O @ O @ 3 14 @ O @ O O O 2
10 O @& O O O O 1 20 o O O O O @& 1
15 O O O & O O 1 16 O O O O O O 0
19 O & @ O ¢ O 2 21 o @ @ Cc O O 3
v le o | 00 @ 3 | 2 looeloool 1
180 2@ @ 0 4 H Total 1639 | w3 | 2378

#  Micro-Crack initiated ¢ No Micro-Crack
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