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Table1.1 Chemical composition and mechanical properties

of steels used

Steel Chemical composition (%) *
. Ceq.
Identification Thickness C Si Mn P S Ni Cr Mo o
{mm) (%)
31 0.07 [0.19|0.60|0.013|0012/2.57|(0.4110.54 0.46
HW63(A)
38 0.08 |0.19/0.61[0.011{0.008!2.55|/0.71|0.43|0.50
HW63(B) 38 0.12 |0.31/0.52,0.0080.008|3.51]0.52,0.30|0.49
HW63(C) 38 0.15 |0.26|0.3510.01110.007/2.51|1.18:0.40|0.62
0/ ) = gy L 1 1 A A
* Ceq.{(%)=C+ 24 Si+g Mn+ 25 Ni+ 5 Cr+—4 Mo+ -5V
Tensile test
Steel Charpy test
(JIS No. 4) Grain size
Thickness 0.2 % proof | Tensile | Elong. VE-70  |of qustenite
Identification stress |strength
(mm) (kg/mm?) (kg/mm2)| (%) (kg-m)
KGR 68.5 733 | 24.9 18.4 6.5
6
HWE3(A) 38 67.6 744 | 25.1 23.2 8.2
HW63(B) 38 67.2 756 | 28.2 21.6 65
HW6E3(C) 38 66.4 77.0 | 27.4 >25.0 —
Table1.2 Chemical composition-and mechanical properties
of welding material used
Welding material Chemical composition (%)
.. |Dia. of wire : ;
Identification (mm ¢ ) C Si Mn P S Ni Cr Mo
E63(A) 4 0.05 [(0.40,0.96|0.013({0.0122.69|0.8010.32
E63(B) 4 0.0340.42|1.16|0.009(0.0063.42 {0.21|0.51
. . Tensile test Charpy test
Welding material (JIS A-No1)
Dia. of wire |0.2% proof | Tensile | Elong. | vE-%0 Remark
Identification stres strength
(mme) | (kg/mm) (kg/mm?) (%) (kg-m)
E63(A) 4q 70.2 782 | 25.2 8.8
Shielded metal
arc welding
E63(B) 4 70.1 79.3 | 24 8.9




HFEBEERBOTIE®RE1363kg, /Ll FTHY . F o EHEMHEIZ-50CIT BT 8kg-m LI EEELT
BY ., BB Table 1.312 "7 ERMERELMHREL TWvWb

Item Content

Proof stress ;
over 63 kg/mm? (inclusive)

Mechanical
properties Elongation ; Table1.3
over 20 % (inclusive, G.L.=50mm) .
; Reguirements for pressure
Nil ductility transition temp. ; hull - steel
pelow -85°C (inclusive)
V-notched charpy absorbed energy ;
Toughness over 10kg-m (inclusive) at -70°C,

(base metal)

over 2.8kg-m {inclusive) at -50°C,
(weld metal)

£35 BEILEEOWRFEORN L *0OEE
3.1 HRAHOERE

R BEBEEN OB WA TR AL T2 L2 BRE L TEBY) . 2HOERT Know—
How” 2M2 Z & —DNERTH S 25, ol ), EROBHEENOHRICBNTEZNE
CIRBEBENORED 2 CIZEBEOBERLENE L7230 THY) | HEHHESD 5 3 Know —Why”
RRDBMIEE W2 L, L LBEBTEENHT S Know—How” ZHEMEBNETHELTH,
BRI REOBRICL N EDITINE I LB ETH S,

R TR OTTET I, BEIHZS 60 Know—Why” &80 T/EC BEL Know—
How” |23 B BRETHOMENEERICRMERE, ZoBRTREBRICWZS kb L, FRERIER
CHIEHENL VA, HEVIEESTHCLNE Z Pk, TNL ) B ERLIEROHRIR
ﬁﬁ%ﬁmﬁﬁmﬁﬁﬁﬁé:tmt%&w\%@@%ﬁﬂm\ﬁ%%ﬁﬁﬁiﬁwﬁﬁ&%fu%
IETERLS L), REGBRDZBLTLEIIL D,

L7225 - THEBEIAEEORIC B W T3, HFREFELZ W BB L, MY 55 & ) FEs
HOBFSE O TEETH S, |

U EDBA, GAMFIE Fig, 1. LIRT & J ICEBRTEEORE, BRAEEREL AT LORES
S OREERERC L 2 T/REOMZE L DR 1L, T O TEAR L 7% 3 BHRIEENITE TIREEHD
@%mluﬁmtf\ﬂ%@%&%wu2@@%@%&%%%@%%%@@%mlmzwf%ﬂﬁ%
B THEEDESEGEDBERTHL2ICL, INLDHEEMIC L D ENB LN TIRELZIRRYT 52
EERBEARFAIE D,



Requirement and surrounding condition Welding procedure Quality control system

Steel \a/%gler;gs l \rﬁg#g'rr:glw lMoferioT] | Procedure] ‘ Inspecﬁonl
| ]
( Confirming test

» of fundamental
performance

6y = 63kg/mm
NDT = -85°C

1 Possible to apply
welding procedure
based on shipyard
practice. Investigation on

2 Possible to avoid welding procedure a
weld defects especially i o Selection of
cracking : \ central items
|
]

Determination of
suitable range for
welding procedure

y

parameters Study on job card
L e - J system and introduction
b of computer
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Fig1.1 Research system used for development of welding procedure for
new notch tough-high strength steel
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Fig.1.2 Hot cracking susceptibility of HW63 steel and other
high strength steel evaluated by varestraint test
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Basic factors

Metallurgical
structure
i
! Weld cracking Hydrogen
! (cold cracking)
Stress

Welding procedure parameters

Examples of items to be controlled

=

ooling time
rate

estraint
degree

(Material parometer)

Base metal

—————— Chemical composition, Mechanical properties.

Weld metal

—————— Chemical composition, Mechanical properties,

Water confent in flux.

(Environmental parameter)

Ambient

¥ temperature

—————— Air conditioning, Working condition.

Ambient
] humidity

----- Air conditioning, Working condition.

(Structural parameter}

Dimension of
members

—————— Structural desianing.

Kind of joint

IS Welding designing.

Restraint

condition
L .
Joint geometry

—————— Structural designing, Welding sequence.

—————— Welding designing, Accuracy.

(Welding parameters)

Welding

process =~ F—---— Fabrication sequence, Welding equipment.
A _¢|Welding

sequence -~ —-—~- Fabrication sequence, Structural designing.

_E Heat input ~———- Welding process, Welding condition.

Preheating :

temperature _+- ————- preheating method.

Number of

pass 0 F~—-—--- Joint geometry, Heat input.

(Workmanship parameters)

Deposit method . . Temper bead method for toe.

Shape of bead

—————— Grinding.

Fig.1. 3 Relation of basic factors and welding parameters to weld cracking
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Fig. 1.4 Typical weld jointsin submergence ship



Table 1.5 Research theme and welding procedure parameters

. . [Workmanship of i
Welding procedure Material Environments Structure Procedure -
9 garometer _ ) i and fina! pass
Steel Welding | Ambient | Ambient |Size and|Kind of [Restraint| Groove | Weld | Weiding | Heat [Preheating Number Grindi Bead

Research theme material | temp. humidity | shape | joint | degree process isequence| input | temp. |of pass N9 technique
Preliminary research O O 0] (@] it (@) - - @) - - O - - -
Root pass weld - — —- — — - — — — — _— -
cracking @) O 0]
Multi- pass weld — —_— — — — —_ — —_ — — —
crackin b @) O (@) O
Specimen size —_— _ — — — —_ — -— —_ —_ — _
effect on crackin O o o
Effect of r t

f interpass — — — — — — — — — — — —_
grinding and temper & o O
bead on cracking
Beferminat

etermination of
suitoble welding O O O O @) O O A O A O 0] O O O

ocedure paramefer

Remarks (O : the item to be studied
A: the item to be studied in model test
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X2l vz hh, ok h RS b ERETEFOREICV 5 F TOMROBERMEICEE
BT T, ZOZEDRRDENERD 1 SOFRELTIHFAEL TR EELLND, L2
Do CIEBEIEEOE 2 ERT 2 10Hh 72> T, BN ROEL %2 B L 2R iE
EokEPETLETH D,
(2) BEERAHW63SH 3 My & AR ES3) 2 MO BHS B OBIVIEE I I A% O EAZRERE
Bt &+ E T 5.
F 2 EIC I AR B L CEBBEOBEREBIMECHONIi—Cr—Mo RTHY, £CIIPBL
USDAETEZ0.03% L FICHI 2 2 A0 L% Wi ThH 5,
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T3 TRk TENENREEE %2 B THWSSHOE RIS DWW T TR 2 . &I
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LIMESEMEEN L OBFREMLICT 5, SLICERZNIERRLBEYICERT 5 LICER
e FTEMRICOVTRE ZINZ . BRONCENAIEDEARATEEG L3RR T 5,
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B RENRBRE " % 20 SMOBEANRBES BRIV L AT EL Y, ThboREE
DKEFIEE L LTRBIZL EDEZRINLL0THY) | BEVEANBE 2 FHT 213D TH
b, 22 THLNLRBRRIE., AROSENMTIIEBOBERTLBET200EHVS
NTETE) . ZOBMIEHRERENC RS ATV 5,

AFFSE TR O B IR S H W3 il T DV Tt . MBSO ERIERES 2 W 136
BOMBA b\ > TFRE N D EHRANRERR 2 EROEENMOLER EOAIC & 52T, T
SRR ETHIEIIZLTE Y, L2 LZOHWESHDBEHER TOMEIZH 72> TET Z O
DVTRERA b I BV BN TR 72 245 O TREE N REBE S W T2 0BEENOMER 2 M =
Yid, SHE LIS HMAHEEED T I BBELZ L TH D,

Vo lT T TS D TENLRBEEL L2 WREMF—ETH ) | EHEENOMBIER % 52 0
ICHEL T3, SOBKRICBVY MBS VBEESBOMED 5 WIZHTIRE L L TOXRKIRENE
NADHEL ERMBDIHEMTH D, (EREEEANOMEI BV TEBMKS L UkFEOREIC
DNTIE S DEEHRIE T E 2, BTERIC & - CTEELKRPEE & k%R L OBIRIZ -
WTIREZ A% 2 BRI BLN TV, L LHEO KRS 2MMOBEEIC B I kAP OBE
DEEENCHET L 2 LA FREN, ZOBEELSRORBRENS L UTIREH L HET 512 b 7
S TRERIZAND BEHH D EEZ LMD,

L EnBisr b AE T, SMEEENMEWsIEL T, EASFoOMEEEL L Ty B%H
SElLAE, SEBERE L CERENERAAREL, TARMTOMBEEL L TCT SRR, %
Bty L CHETARENRE 2 B 2%\, ZOBREENER 2RI 5,
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BDEHEENADHELHL2IZT S,

mit

E2  HE#ME L UBEMR
AR F 0 7 SRR IE Table 2.1 (2R =& <. HW63(A), HW63B). HW63(Q)n 3 Th 5,
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BHAEIZEGA) L E63B) D 24 H 72, Table 2.2 IR T &y e BESEVLEES Tla T
NHNi—Cr—Mo ZTH 55, E63ANCrELTE L. E63BHNI BicBW IS EL R L 72, B
A I E AR E LTI B8 v TH70kg,/mn?, vE-50254 Okg—m TH %,

Table 2.1 Chemical composition and mechanical properties
of steels used

Steel Chemical composition (%)

i Ceq.
hickness| | & | mn | P s | Ni | o | Mo |

Identification
(mm)

HW63 (A) 38 0.08 |0.19]|0:61,/0.011/0.008!2.55/0.71)0.43 0.50
HWE3 (B) 38 0.12 10.31]0.562|0.008{0.008|3.5110.52,0.30|0.49
HW6E3(C) 38 0.15 |0.26 |0.35{0.011|0.007,2.51|1.18|0.40 | 0.62

sCed-gis - LNitLeriLEMo+t
* Ceq (%) =C+54Sitz-Mn+ 75 Ni+ 5CrtgzMo+zv

Tensile test
Steel Charpy test
{JIS No. 4) Grain size

Thickness |0.2 % proof | Tensile | Elong. VE-70 | of austenite

Identification stress |strength
(mm) (kg/mm?) (kg/mm?)| (%) (kg-m)

HW6E3(A) 38 67.6 744 | 25.1 23.2 8.2
HWE3 (B) 38 67.2 756 | 28.2 21.6 65
HW63(C) 38 66.4 77.0 | 274 »>25.0 —

E3H X B H &

3 -1 EBREHG

BEEANEBREL LT 5 LA RCHCY LN TV b y RSN RBEE 2 AZ B TLEEL
THWZ, 2 TREEMFDOLEGE) BEOFINZEH 2 M -OBUNFEHNLREE, T4
WikFDENEF 2RO CT SENHBR & +FFARENABEZHC 2, FRBEOEREME
% Table 2.3127R" T,
3.2 FEEHE
(1) y Bdesn gl s Bk

ABAE R EFig. 2212077, BBERIEITNTFig 2.1IRTERECETEBIh-72, &
EgﬁiﬁgﬁﬁwTﬁ§0t~%@\mﬁEETNMHg~MmHgiT%§ﬁ%T%éO
TREEDEEENA~OHEL AN KB TN TEIE200C . AREET0% (GERKELELS. Om
He) nFEHRIcB W THEEY B2 k- 12,

R REKERENDEFEEN DR B L AN AT TAIREZ2100TC & L, #/KEKE % 10mH
g ~40mnH g DRIIZZEZ TEINEBRE BZ X - 72, RBRERIL VT 113 170Amp. | 150mm/min( 17,000
Joule/cm) DIFHESAMZ T2,



Table 2.2 Chemical composition and mechanical properties

of welding material used
Welding material Chemical composition (%)
... |Dia. of wire ; ;
Identification (mm g ) o Si Mn P S Ni Cr Mo
E63(A) 4 0.05 |0.40|0.96|0.013|0.012]2.690.80|0.32
E63(B) 4 0.034{042  1.16|0.009|0.006{3.42 |0.21|0.51
. . Tensile test Charpy test
Welding material (JIS A-Nol)
Dia. of wire |0.2% proof | Tensile | Elong. | VE-50 Remarks
Identification stressg strength
(mme) | (kg/mm) [kg/mnf) (%) (kg-m)
E63 (A 4 70.2 78.2 | 25.2 8.8
(A) Shielded metal
: arc welding
E63(B) 4 70.1 79.3 | 24 8.9
Table 2.3 Testing conditions
Type |Crackingtest| Steel Electrode| Preheating temperature (°C)| Water in Ambient
; flux of absolute Remarks
of weld \ing method W |HW HW |E63 E63|RT| 50| 75(100(125(150] electrode | humidity
Constant Constant Comparison of
y slit type 0|0 O|0[O O|0|0|0 0 (below018%)| (13mmHg) | steels used
testing 7 Constant | Effect of ambie-
—|— —|—|=— —|— 10~38mmH
Butt © © o (belowO.lB%)(O mmHg) nt humidity
weld Comparison of
Constant Constant
O O0|—|O0|—|0|0|0|0|—|— o/ Wab.15mmHg ) steels and elect-
Window type| (below 018%) M%) rodes used
festing Constant | Effect of water
O —|—|0|0|00|0|0|—|— O"8~o'52%(ub.I5mmHg) confent in flux
. |cTs testi —_ — —| —| —| Constant Constant
Fillet sting| O 0/ —|0 00 (below 018%)| (13mmHg)
weld .
Cruciform Constant Constant
testing 00 o 0|0|0 (below018%)| (13mmHg)




Fig. 2.1 Welding of test specimen in controlled humidity chamber
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Fig. 2.4 Testing procedure for window type restrained cracking test
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Fig.2.6 Shapes of CTS test specimens for fillet weld
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Fig. 2.6 Testing procedure for cruciform tests
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Fig. 2.7 Results of y slit type cracking test

Fig. 2. 8 Examples of macro-structure
specimen of y slit type
cracking test



EAm X B & B

4 -1 yBSERRE LR

FHAMOTHIRE & BEENFOBRIIFg2. 712 RT 8 TH Y, yBEENRENABROKE
Bz L AUFEIN B IET 2GR E I HW63(A)NX100C ., HW63(B)x125C, HW63(()ix150C &7 1), HW
EIAADENMRZMD D - & N LW B, WTNOHTE L L KEBF O EEENIEIFIg2.8 [ALN
5L BAMDETL— FEDORY P LR E L BEBEERBICEREL Tnb, R TFRRENRCY
SRENEETE CEETD 2 555, B A BIE L s VBRI W7 b TRh LT
ACIPAPANEY (N

ERBENOMEHAKERIEZ2EZ T, 10CHTRIBEZ L - Ty A RENABREZ B % - 728
F# Table 2.4 £ UFig. 2.9 1ZRT, 4L 1) I HAAZRAIEIS. 0 H g 0 & T ClE y BISE
ARBRITI0 CHOTFHIBEIC BV TENDB LA TRETH 5 72A", M LI0THOTHREBEE TH- T
HXTK AR EA25.0mH g DL b &% 3 & EHEINAHET 2 2 AR b NIz,

Table 2.4 Effect of ambient humidity on eracking
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Fig.2.10 Example of macro-structue of window type restraint cracking
specimen reverse side)
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Table 2.5 Preheating and interpass temperature decided
by various cracking test

Cracking test method Material Preheating and R .
. interpass temp. emar
Kind of joint Pass Specimen Steel |Electrode
Water in flux ;
\ ° below 0.18%
One poss |y slit type HW63 | E63(A) =>100°C . Absolute humidity ;
below 25mm Hg
Butt
Multi.pass| Window type| « " >75°C
One pass CTS MW63 | EE3(A) >75°C
Fillet
Multi pass | Cruciform “ R 2>75°C
100 A —X
\
\
\
> \
& 8o \
v CTS
\ .
_g \, (trithermal) y slit
x
\
3 60} \i\\ Ve
(8]
§ X CTS
- . (bithermal )
‘s 40
Y B \ \\
@ \
S \
£ XQ
8 20
@ steel :HW8E3(A)
0 1 R | |
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| 10
Cooling time (sec.)

Fig. 2. 19 Relation between cooling time and percentage of root
cracking
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Table 2.6 Cracking susceptibility of steels used

Preheating temp. by y slit type XX
s cracking test ,I:Zm"x' Ceq.x Pom
teel Calculated value, {Experimental ©/ sec ’)
Pc-(t¢)er value 10 kg VHN (%) (%)
HWE3(A) 80 °C 100 °C 370 0.50 |0.223
Hwe3(B)| . 1HO °C 125 °C 395 0.49 |0.256
HW63(C) 175 °C 150 °C 435 0.62 0304

=C+L git+d LN+ L €1
% Ceq C+24S|+sMn+_4°N|+5Cr+4MO+MV

sc4+S8i4Mn Cu N Cr Mo V
¥% Pem=C+35+25t 30 teo t20 T1s Tio + 9B

ZOWHEENIIB W TBEEEBHOWEMEKFREVIRE L FEE) 2R L T Z i3 L CamsnTny
BEETH D,
BESBHROMHREKERICHEL G I 2BEFREL T, BEBLEORG L L TEBREN 7 7 7
AHFDKGREERABFOKREREE DT EDTE, F727 70 7 APDKGBIZHHBEOLE
Rl & KA OIREICBERT 5, BHEELEH*EEY 2378h 513 KAPOKELENER LT 5
WIIVEERWT S 5 VISR ZHFERMEETH 2 2o ) | ZHUZIE By 3B O L 5 L3
EoREELZ L) ZETFHEENSE, 22 TET 77 v 7 AP0 KRGEZ T 5 EERA LR
LT, ZoRFELENE DBIREZHELPIC L2 ET, KRKERRENDHE L EB LOMKEEZ 5
NETHS ), Fig.2. 2012 EEAE£400CIZ 5T RefI B Rtk iz DRFAEMES & UN150C DR
ﬁ%uﬁ%Lt%ﬁbmﬁi%ﬁTﬁ\%%%ﬁ%tﬁ%ﬁﬁfﬂﬁ%?h@ﬁﬁ%%%8%%&L
THKGEE0. 15U TICHERT 2 Z LA TRETH 5,

ARG TR LIRS, D7 7 7 200kt b k UF R X s X OBIR & 571040
REN RS & Uy BRI RE RIS & > TN, ZH DRI L > TRO bR NEAD
FNRAEDEBIE L EORR LI % Table 2710 % L TRT, SIS L USEEINRE RS & U

Teble 2.7 Effect of ambitient condions and water in flux
on weld cracking

i i iti Water in
Crackin Ambient condition
) ¢ E63(A) ele-| Preheating
resf;m;; Temp. |Humidity ﬁmx: ctrode flux temp. Remarks
merho (°¢) | (%) |(mmhgy| (%) (°c)
Transverse
20~25 | 75~ 80 {13.3~19.0 .18 =75
Window crack
type

5 2 A =25 100

yslit
type

30 80 =255 18 100

D)
@
(O 20 75 13.3 18 =100 |Rootcrack
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Fig. 2.20 Relation between exposed time after electrode baking
and water in flux
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Fig. 2.21 Relation between absolute humidity and diffusible hydrogen
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BWTHL 2T %, DEIZ, BEMORERICET S MHIREL K U@l E FRREDREEI
DWTHETT %,
F 28 x B F &

2. 1 HEME S & OHRAES R

AREBRIZHER T 2 80 35 8 S5R 8 & B & U TR 7260k /mm* SER DT H 2, ZDE
MR A8 (LITHW6E3EMRER) E#H A IcMB a8t TH 0, Table 3 . 1LIZRT LII1ZZD
ERET R, RCONi—Cr—MoRFEH THE 1 ZR L =80 12 xt+ 2 ERIERE O it 17 63kg /mm?
E=T0CTDY ¥ M —HEEIOkg—m 2R T MMM Th 5. T /2, 60kg/mm> 58 HE (LITFH
TE0& M) 1, Table 3 . 1IZRT &9 ZALEMS & BMAMEE 2 b > 2 UHEE TS 5,
MEMOBEE AT 2EEL, FL L THET 7 BETH IO TAMETIIWET — 7 B
&R . HWE3MEHEBO EAM S Rk Table 3.2 127K T & 7 1KNi—Cr—MnRTh 1), ERi%sE
THIEBEEROWA A, 63kg/m* I LTH B L &—50CTDY vV —BEEMEAH 3kg—m Ll E%
ﬁELTméOTwm3.2m@HW%%@§%[E&W]aHTm%@%%(Em)mm%&%k
BB Z R L T,

2 -2 R R

TEREZ B L UMRREAWEE NS JETHEL2 M- O I BRMHEINRABRE 2 Hov T ER
Bk o%, RERTHEAL ZEBAFOBRE K UFELFig. 3 - 11IIRT. REF ORERIRIE
y RERREIN BRI y BIR AL 720 AR CWEFig. 3 - 10 &) 43 ERF % A T100ton
HROBEMGIHRRERE T LV S RIRE AR L EBRL /2,

Table 3.1 Chemical composition and mechanical properties of steel used

Kind | Plate| Heat Chemical composition (%) Mechanical properties

of | thick.|treat- . *| v p. T.S EL
. Vv .S,

steel} (mm) | ment ¢ Si | Mn P s Cu Ni Cr | Mo | Ceq. (kg/mm2Y(kg/mm?) (%)

HWE3! 31.0(Q8T (0.12[0.28(0.55]0.012 {0.005{0.14] — [2.89]0.75]0.40{0.55 71 76 30
HT60] 28.0]Q 8T ]0.14{0.40]1.20{0.009 {0.007|0.08{0.027]0.540.0410.11 {0.42] 55 65 29
Y. P.-:- Yield strength, T.S.'- Tensile strength, El--Elongation(Gage langth: 50mm)

-C4 - si+ -1 L NP L A
%* Ceq.(%)=C+ 53 Si+ sMn+ 26 Ni+ 5 Cr+—Mo+ I4V

Table 3.2 Chemical composition and mechanical properties of weld metal

Eect{ Type of el?e?t.rz;e Base Chemical composition (%) M:o:anico.lrp;operﬁ;s
rode flux (mme) plate Cc Si Mn P S Ni Cr | Mo (kg)mI:rF kg /.mrﬁz (%')
EG(?\) Low hydrogen 49 HW63 [0.05]0.36 |0.95|0.008}0.010}2.75]0.55| — | 69.7 | 74.7 134.7
EGO |Low hydrogen] 4 HT60}0.08{0.45}1.1010.020{0.020} 1.05| — }0.23| 57.0 | 63.3 {30.0

Y.P.---Yield strength, T.S.---Tensile strength, El.--Elongation Gage length:50mm)
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Fig. 3.2 Testing machine
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»1500(3 OB Table 3.3 Welding condition
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welding current | arc voltage | welding speed

170 A 28 v 150 mm/min

~Weld bead
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Crack sensitivity in cross section : A= g‘ x100 (%)
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Fig. 3.6 Detecting method of cracking
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Fig.3.7 Effect of restraining gauge length on restraint stress during welding and cooling
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Test: RR C test

Restreint length : 700 mm
Preheating temperature : R.T.
Final restraint stress : 37 Kg/mm?

(a) Micro-structure of cracking in HT60 steel

Test :

(x 50)

R R C test

Restraint length : 700 mm
Preheating temperature : R.T.

Final restraint stress : 47.3 kg/mmz

(b) Micro-structure of cracking in HW63 steel

Fig. 3.9 Examples of micro-structure of cracking
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Fig. 3.10 Cracking zone, preheating temp.: R.T.



Temperature near bond (°C)

235 160 110
T T T 1 T 1 T T ¥ T T 1 T T T T T T T
110 | Steel : HW63 ©--- no cracking
j : @--- king (detected by macro structure)| 770
100k Thickness : 3! mm Symbols cracking ec y
% Preheat : 30 °C ¥ --- cracking (aossumed by load curve)
£ ool x--- fracture 460 __
& c
o
x §0 r 2
~ W 50
701 [
a J
¢ o} {40 5
0
50 ™ -t
£ 130 §
g40f %
¢ <z @
@30 | 2T PPt 120
] e
20t oz T
II = TEIE LT T 1'°
10 | _-z2zzizT-T T
P o
OE?'-"I’ - 1 2 4 1 A 1 ] 1 1 - 1 1 1 1 1 1 i 4‘0 .
1 2 4 6 8 10 20 40 60 80 10" 200 400 600 80010 2000 4000 6000 800010°(min)
— [ 1 1 ) O T N | i ) 1. L1t
1 2 4 6 810 20 40 60 80 100 (hr)
Time after start of welding
Fig. 3.11 Cracking zone, preheating temp.: 50°C
Temperature near bond ( °C )}
235 185 140 125 110 100
T T T L) T T L} T A T T T T ¥ Ll T T T
110 | Steel : HWe3 X
100} Thickness : 3imm Z 170
< Preheat °
% wl eaq 75°C
E °0 -~ 460 __
ool 5
Cracking zone g0 =
701
g 60} <440 g
" -~—
50} -
x o— 430 E
gt.o - O """ no craking ’3
QD
&’30 B Symbols ® --- cracking (detected bymacro structure ) O— do0 &
® ~-- cracking {assumed by load curve)
20 x==-- fracture
410
10}
0 1 1 1 1 1 1 1 1 [ 1 1 1 1) 1 1 1 1 0
1 2 4 6 810 20 40 60 8010 200 400 600 80010 2000 4000 6000800010*(min)
[ i g1 1 1 111} ! L1 Lttt
1 2 4 6 810 20 40 60 80 100 (hr)

Time after start of welding

Fig. 3.12 Cracking zone, preheating temp.: 75°C



Temperature near bond (°C)

a4t 1590 155 135 120110
T T T T T T T T T T T T TT T T T T
110 | Steel : HW63
100} Thickness : 31 mm £ £ 70
:g Preheat 100 °C
£ o0 60 .
© C
<ol 8
= 50
70
“ [
£ cor 40 5
= 2
50+ -
£ 430 =
Baof £
b [
o 0--- no cracking &
@30} . o— 420
®--- cracking (defected by macro structure)
Symbois
20+ ®--- Cracking (assumed by load curve)
X--- fracture 410
10F
0 1 1 A 1 1 i 1 1 . 1 1 1 1 ‘3 1 1 1 40
1 2 4 6 810 20 40 60 80 10" 200 400 €00 80010 2000 4000 6000 800010°(min)
t 1 1 L 1.1 11711) 1 1 1 1 131
1 2 4 6 8 10 20 40 60 80 100 (hr)
Time after start of welding
Fig. 3.13 Cracking zone, preheating temp.: 100°C
Temperature near bond (°Cc)
285 220 180 160 145 130
T T T T T T T T T Ll T T T T T T L T T
10 [sreel ‘HW 63
A‘IOO‘ Thickness : 31 mm Lo LL 170
t Preheat : 125 °C
E SO O—— 160
o =~ cracking zone c
x 80 8
50
70
$ 6ol g
4 60 [ mumned 140 &
' 2
50 I -
g : £
§4o - 30 g
% D --- no cracking 9
o
30 bol ®@- - - cracking (detected by macro structure) 420
s ols
20k ym ®--- cracking (assumed by load curve)
x--- fracture 4 1o
101
0 1 1 L 1 1 L1 ) 1 L1 1 1 11 0
1 2 4 6 8 10 20 4 60 80 10" 200 400 600 80010 2000 4000 6000800010 (min)

L 1 1 L1 1 1 111\

i LU 1 11

1 2 4 6 8 10

Time after start of welding

Fig. 3.14 Cracking zone, preheating temp.: 125°C

20

40 60 80 100 (hr)



Tempergture near bond

(°c)

340 255 210 195 185175
T T T T v L) T L] T T ¥ T T T T L T T
110L Cracking zZOne
Steel : HW63
- Y4 ' X .
,JOO - Thickness : 3! mm 70
'E sob Preheat : is0 °C Leles v
5 T o 17 2
<80t S
0L 150
2 @
® 601 O
% 140 s
- 501
E -2
£ 430 &
%40 - O --- no cracking g
@ : o
o 30| symbols @-- - cracking (detected by macro structure) 120 &
®--- cracking (assumed by lood curve)
201 X --- fracture
11
10l 0
0 i . —— 2 1 1 [ 1 1 ! 1 " ¢ 1 |7 ] 0
1 2 4 6 8 10 20 40 60 80 10" 200 400 600 80015 2000 4000 6000 8003104(min)
1 1 1 1 11 111 1 ] 1 L1114
1 2 4 6 8 10 20 40 60 80 100 (hr)
Time after start of welding
Fig. 3.15 Cracking zone, preheating temp.: 150°C
110
yavs 170
_loof .
180 C/ / «
Eool 180
© C
<sof s
= 150
70rF
o @
£ ool 140 5
Tn‘ =
501 -
€ Steel : HW6E3 430 £
= «
B40f Thickness : 31 mm e =
] Lt @
®30} 420 &
<<<Q—’- cracking zone
201
<410
10
o 4 L i 1 ) H 1 L 1 [ L ] 1 ' 1 1 L ] 1 0
1 2 4 6 8 10 20 40 60 80 10" 200 400 600 80010 2000 4000 6V00 80(1)104(min)
[ 1 1 ] L1t Irl 1 1 [ Ll L.l -
1 2 4 6 8 10 20 40 60 80 100 (hr)

Time after start of welding

Fig. 3.16 Cracking zone at various preheating temperature



BTEREZLIT/R L 2Fig.3 . 10256
Fig.3 . I5¥ TOEINKERKL T LD DL &
Fig.3 . 16m &) 12% 5, BRAMES T T
BUREA S 231z oWTEALTED, 4l
NREREIL B 252 PP IThb A 5,
Fig. 3 . 162 W6 /1 & FERE OMGRTE
HY 5LFig. 3. 170&H12% 0, RS
LT RRRE OB ORI IR 2
ENTE L, Mz y FE2BL 28 EnNn
FBEMRAWRIG & FTRBEOBGZRLE L 5,

ZZETCRULRIEZTNTHWGE3IZRE T 5%
DTH AW THBHTO0IZDOWT b [Al4k
DEREZDOMEROBERL BB >T Wb,

FEEFEFR 4 Fig. 3 . 170 & 9 ZIER\HE
H & TEREDBRTEEY 5 L Fig. 3 .18
DEIIZh B, ZORPLEMEA»Z KD IZH
TO0TH TEuRE A < % B I121E» TEINLSE
EERAMFIS NS @< &5 LI fEmERE T
Thb, Fig. 3. 172 3 . 18% Hig¥ 5 &£ %
nBhIbIz 8 % T BURE . T HW63D 15 475
%o THY., IRFAWHIC )P ERIO 5 5RH
EehoTHR) bIZE 5 FEHEREIIHWET
\3FI150C, HTE0TIE#MI0C E % %, 4%
B0 5 5RERE 7Y HT 60 T#175kg /mm? . H
W63T#790kg/mm? & % - T W T IEE IZEWE
BRLTVWAEDPZINE—BAETH 272D
EARBENEGDICHE 2P ZDO—RATH
50 FME S SRS ICHE T S8R
RANETOFEG N E U TRD 72D TRIR
DB LB IREL E Z 1T AN 3 L —i
FlEEmE LD S 252 EZL 6N 5,

T T T T T L T
[ ]
120 |- ] T
O - -- ho cracking
.. crackin
110 |- o (de?ecfeqd by macro-structure) B
@ -- -cracking
[ ] [ ] [ ]
100 - .
° SN
90 [ ] ° ° L4 ©0 A
<
E [
E 8o cracking zone n
o
~ o]
~ 10p- b
n
"
2 -
% 60
€
8 sof 1
¢
s “or |
<
o
30K 7]
20 steel . HW63 1
o thickness | 31 mm
101 loading time .48 hows 1
0 1 i A 1 1 1 Il

0 20 40 60 80 100 120 140 160
Preheating temperature (°c )

Fig. 3.17 Effect of preheating temperature and
restraint stress on cracking of HW63

100 T T T T T
90 ]
®
)

80} e o
< \SANNE
‘E cracking zone
~ 70f -
2 . o

60 PY p
] ®

J
ﬁ N
» 501 ° N
[ 4
E
o
< LOF D ---no cracking -
Z} 0, @ ---cracking
= [ (detected by macro-structure}
— 9>>> @ ---cracking
8 r” o
'E
© steel | HT60
20 - -
thickness | 28 mm
loading time ;48 hours
10 B
0 1 H H L

0 20 40 60 80 100 120
Preheating temperature ( °c )

Fig. 3.18 Effect of preheating temperature and
restraint stress on cracking of HT 60



N R NN T2 513 54 1 E

ool awes MER S TN Lot T
o N0 ] CHEN DK & = FHET 34, Fi
7 : -/ jT RO 2 AT FHERE L 2 0BG
20 - } BRHMEOREEKE TS L
f ; ; E | PHIS T B, & ZITH T80 H
%“% o ; | E T600 & 5 % E3E H# TIE300°C T
TR R o8 8 Y 800°C 7 5300T £ T
S | RO BB A % 0 L) WD
mP§I§L§L o B, & 7 BIETIZ100°C £ TR
e B P TR N Th 5 & ORES
Fig. 3.19 sEtfr;escst 3:1 c())(r);)lci:ig:]gtime to 100°C and restraint LdhoTERT BIBFEREC kT X

TWde THF—RICHEHM AP ERRAT SRR OKETCLEBENIIEE T 20 Bbh 3,
AR THFEEBRER L2 100C EF TOMHAGH TR L TH S EFig. 3 . 190k ) 12% 5,

Fig. 3 . 193 BN REBERWEL N E100C £ TOWMHFROMGRERL TH), MAL6HL2 % &
INZTFEIZ L - TRAFM AR 2 > TIRFAWRIC AP LR L T3 2 LW bA 5,

F48  BEFREAGORE

4 -1 EBEREFICHIT3HEIRE

WEEMDOEEFME LA T — Vi B 2 REMRFD ) 5. PREMOMFIZFig. 3. 200 T8 1R &
A EHIRD 2 VIRFEIZE 2 b, IEROEABE IHBEH TH 22, 2070y 7##kFIzs0 T
Fig. 3.2l Z2¢ <, 7u vy 7 ERH 20X, WESMORED MEFE2MET 5, £/2Fig. 3. 22
DIHEROEBEMOM T I3 E0 2 HEBLE L VB CHFRETORBL 5 5, Zh oL DMK
BIZH HMFITHVTE, & 5ICEBBILIERFIC X > THFRIREHIZLT 5, fi#BDOFig. 3. 20T
DEBILEDABEEIZLY, £/2Fig. 3. 2CHABRIEDBABIC L > THREhZZ2I12ED,
ZOETOMEN @ 52 L3R HZIITRIN 5,

ZZTHIEM B LOCHREO 70 v 7RO BB L3R L5 5 -0 12Fig. 3 - 230(a) b &
Wb)D Z & s B E VT, 2N FhOMFIREDTTR 2 X 0 WEIEHOHA % 3 a7,

ZORERF O IZH T60T, WZIIHIER O EEIMIOWIEIZEHE T2me L 7=, HERIT
Tww3.6uﬁ?ii&@%%#ﬁ@%ék:&oﬁﬁmmgB.muﬁ?ﬁ%mﬁmﬁofgf
— VR L TERBIS R BEL 72,



f

Fig. 3.21 Joints of hull plates of circumferential
structure at erection stage

Table 3.6 Welding condition

Welding Arc Welding
Specimen Welding  {Passes | current | voltage speed
- (A) (V) {mm/min.)
Free Restraint 2 180 22 140
Fig. 3.22 Joints of through pieces in the heavy .
section plates SPeCIMeN | Test bead 1 180 22 195
Restraint
Restraint bead 2 180 22 200
SPECIMEN | Test bead 1 180 22 205
500 500 —— P 500 : 500
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Welding A —8 Welding Welding —=A B welding
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Fig. 3.23 Size and shape of specimen
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Table 3.7 Optimum preheating temperature for joints under the different
restraint condition

Level of | Examples of actual structures | Freneating femp.| Cooling — fime
. ) : (°C) to 100°C  (min.)
restraint | corresponding to the restraint

condition | condition HW63 | HT 60 | HW63 | HT 60
Joints of through pieces of patch
High up plates in the heavy section 150 30 31 15
plates, efc.

Joints of hull plates of ship
. structure at erection stage,
Medium | Gircumferential or spherical 120 60 22 10

joints of pressure vessels, efc.

Joints of prime plates, without
Low stiffeners or jigs which act as 80 40 12 6
restraining members
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Table 4.1 Chemical composition and mechanlcal properties of steel and weld metal
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E63n] — | — [0.05/0.36]095/0.008 |10.010] — | — (275 0'55t' 040} 64 75 20

Y.P.--- Yield strength, T.S.--- Tensile strength, El.---Elongation(Gage length : S5Omm)
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Fig. 4.1 Size and shape of test specimen
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Sequence of weld bead

Distance from groove (mm)

Fig. 4.2  Distribution of temperature in direction

of test specimen
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Test steel: HW63
Interpass temp.: 50°C
Preheating temp.: 50°C
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Fig. 4. 4 Restraint force and cooling curves (preheating temp.:50°C)
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Fig. 4.5 Restraint force during cooling (preheating temp.:100°C)
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Fig. 4.6 Restraint force during cooling (preheating temp.: 150°C)
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Fig. 4. 11 Restraint force for Test I (preheating temp.:50°C)
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Fig. 4. 13 Restraint force for Test Il (preheating temp.:150°C)
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Table. 5.7 Dimension ot 2000tons weld cfacking
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Piston Diameter 860 mm
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Chuck head Width 4,450 mm
Thickness 200 mm
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Table 5.3 Comparison between 2,000tons weld cracking testing machine and 100tons testing machine

2,000 ton machine 1 00 ton machine
Capacity 2,000 ton 100 ton
Loading method Servo value Etectric motor and hand work
Length 8,000 mm 4460 mm
width 5,500 mm 1,000 mm
Height 1,850 mm 600 mm
Rom stroke 300 mm 200 mm
Max. loading speed 30 mm / min 10 mm / min
Max.dimension of specimen 3,000x2000x50 980x 120 x 50
Max. restraint iength 2,000 mm 980 mm
Wave pottern Trigngular wave, Sine wave
Cyclic speed 0.6 ~~ 60 cpm. —_—
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Table 5.4 Chemical composition and mechanical properties of test steel (HT 80)

late hemical composition (%) echanical properties
thickness
QT R . Y. P. T.S. El
eatment (mm) [ C | St | M) P 1 S NI CriMo) Cul Vg mmikg/mm?)| (%)
reatmen

50 [0.14|0.23(1.00/0.015(0.006/0.89|0.47|0.32|0.21|(003| 734 | 80.2 |22.5

Y.P. Yield Strength, T.S.--Tensile Strength, El.---Elongation(Gage Length: 50mm)

Table 5.5 Chemical composition and mechanical properties of all- weld- metal of test electrode

ODia. of Chemical composition (%) Mechanical properties |Hydrogen
electrode content
. . Y. P. T.S. | EL
(mm2) C | Si |Mn P S Ni | Cr | Mo | Cu \ (kg/mm2)(kg/mm?2)| (%) |(cc/100g)
. 784 1235
40 {0.08(0.60|1.38/0.008|0008|1.84|0.25(0.42|0.03|0.004 | 70.0 ® 117
(93.3) J0 433‘

Y. P--Yield Strength, T.S.--Tensile Strength, El--Elongation (Gage Length: 50mm)
%) small size test specimen (d:3mm#®, Gage Length: 15mm)
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JGHARL Y, BiEDOWRBEREDOYL preheating weld (0.56y)
. o s s g Some effect| Single pass i
BRI 120C0 ke &5 A, RE of preheating| geI:o 1,300 kg/mm? | =80kg/mm? —
on restraint we
OB RBETIETROEEER O UHE stress Multl pass 56 kg/mm?
Loiolt ) y 1,300 kg/mm? ©86y) z 100°C
ste reheatin we! .
DI7=HHEBEEBOTERG % LE b prehea™

32 L VEINYE U 5,
TAbLENTFED T &L FEDHFIG NIRRT 5B ERIZEN S8 £
BTHHILERLT NS,

r‘]ﬂ'

JEREE 52 LA

EBEHETIE, 2& 217 8 AEH (RE3ImTIIE A E CESNS) Tk, WEEIEFig.
6.9b)D T2, FEOWKLHIANDHED & WIHERB & & TH25kg / om* FIEE 1D #%

b

2

ﬂ#

D& HHE, AL KG5kg/mm* & % b, SS5IZATROFg6. 2 XZEBERI LA THEI 2 S, Zh
5 FHEELTOCLL EH XU 100CH EE 2N EThRD LI LN TE S, ERBERIVBEE KL
L CTFRBEREIBHESNEIEN DD S

(2) b LERELEOFE

BEMOWRT & 2 VI ZEEEIEE OERENDNIEBN LV ATHEH, 202D, L0 ) DE
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Mean restraint stress in weld joint (Kg/mm2)
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Fig.6.9 Relation of restraint stress versus intensity of restraint K
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SAANRLZY) MARELZBEEMRECNORREFAKREL ZVRILWRATCLENESF LR L, &
2z I mBBETIORMBIFEHMT LI 252120 72
ZREFBEIIODVTLZOMOMREBLEOHE A 5 2HHKR OMA 120mme 1, 000mmiZ-D
T 1,300kg /mm - amDIEFLIZ LV EEE B 20, RIS AEZREL 2o 2 F 1,000mmD 112D 0

ST

I

T LEY 2@ 2 TERL -, Z0FERIIFig.6. 10127 T & 512 1, 000mmd MO 3REXF 1358 Tk
KB HIERL BH, ZOBREGHOHEKRERL 120mmM D H O &0 #920kg/m’ & <, BEHEDE
DERBISIELTVWEI P bh b, 22E3BIZEVTHTOODREMRZIRSEMSE TIZEHT 5008
B OMFIG D ABRMREEIZET A EA2R L, 200, S I ZBEABEOWMESEMS TOR
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DIz 3.1.2 HOBRNWFIREBODHZE ZEBEMOMFE 2 HRE TEHLTIRY BIZEL VA,
INLEEEMO L *EVF TR T CIBL I N ABESREIC X-» CEBEICEAFIOIWRIG T
PES B, FIBRBEIC OV TIET TIZH T 60 TR AMEIS 11 2 F40kg /mm® 12T 5 2 & 2R L 24,
HW63io 2Rga oW Ak 2 EBR Y 2 %o 2R 2 Fig.6 1IN,

DIEABRIFIS T ITBIAEE L 0 IET LT 5 7 #30kg/mn® & % 3, MFTIZ 1T 5 SR AER
DWEIBTOBERLRIIFVTELZOSMHIIETREL 35, FEEICER RO BRI /713 10kg /om?

~30kg/m2DEEFR L T W53, %2 T40kg/mm®* % & NI+ EEBIEEZ 5N 5,
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Fig.6.10 Effect of weld length on restraint stress level
in multiple-pass welding
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CHBBEOPRLER > THAT2RBAZNITHEYT 5, 20RO ZHABERTOWMRGAICEL Tk
B, WSS ORMERES S0 | RGN RFES 5 VB THI o TRE 34, Fig
6. 121" T T & EREREB TS, BERFEAOIGEMREH80~ 100mnd i CIXARES O BESE
DERBESIZEL TS, 2OX) ZBEBEFPTET 56, —HOBBROBEEREDOD LEN ]
FODEREEVEEKRIZE B LD EREDN 2 5EHERITIG, BRBSUEOBAFARFEN, 512
ZDROFBIHERITHY L 2B A A8 I T Az e ANEZ SN S,

% ZCFig.6. 130 Z & < 100mmEfEN 72 2 ADFHBIRIC O W CIEEFB L, 1B 7, 2BV 7 b,
108 Y7 FOBEIOWTEBRIC EAFEOWFIC HEHE L2, 2O&FIE Figb 1412587

) I TFES ARIRE 2 #EE L KB IC W T, FARBABEOME RS 1IBY 7 b, 2B Y
TR 1B 7 eV T T ARBEEZL T AL AP > THRGHRETL TV, $/-4/52%
BRTREIVTILWEDHPERRES2 hEboTW0REZ 2RI TV 5,

ZOEIIBBEFTEH T A3BEICET AMELNIBRRIEONE Lxbs 2L EZ 50, Figbb
VR L 2R NR RIS N~ T RREG 2 5 3RS A 25 5RME & L TTRmE 23K 5 D Al
LBThBEEZLNS,

LI EOHRM EIENHELZE L 2BE0ERED, @ XUQOMT DEE ITHE 4 TR
FE % Table6. 312% £ D TR T
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b L ’ R
diameter and residual strees level 54 'g 10 0r: Radial stress
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Restraint length
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Fig.6.13 Shape and size of test specimen and welding procedure
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Fig.6.14 Restraint stress in high restraint condition 3
Bz b SNk ) ITEBEMOTREHIESTEHTH D, Tableb. 1 OMFEREBODHEIZDWT

TR E LTI ORBENAOBR L H HEI2 oW TR 5,
O TR/ SARIERE 100C 24 L TR+ 3BARERBIIE W THIR O EXRFEL 2RO
niE., Fig.6. 15(a) O Z& <K B 5, RIKIZITTFEEE 100C L L -BFOEINBRICHEHbERL T
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Table 6.3 Preheating temperature for prevention of weld cracking under various
restraint conditions

Preheating| Welding Restraint condition Maximum I P:g'r%hgegegtnu?emd interpass
traint  [Based on test | Effect of piat
method | sequence - res imen of 12d P
Intensity Shape stress  [SPeqmen of i2 g;ggg:’hu nd
65 (=0y)
Medium
@ g/mme | =100 °C | =120°C
Local Continuous
multi-pass | @) Low 40 kg/mm?| — > 60°C
preheating .
welding
_ : = 70(=0y)
(3 High kg/mm® —_ =150°C

W3, FIBTHETL 28R P > LB, BE2ELRSIRVIWFEEGAIMET T 24, ©»
FHIZLTHEINRREH L VELS BEBEN 2L U2 VEERHIZH 50

Vo lEY, BRI -y oMb ik U C PRV ARIRE £ MR L 2 WIHE 1213 Fig.6.15(b)
DTEL R NADEHE & B ITHEBNOBD OEEHH 5 N5 5, FE/SAMGE 2#ET 5
BAI ENRTFREBENETIC L AYHEEICHY T 2MREHPES 22T d, ZDZH IR

70 T T T T T
Cracking zone

(o) IIIIII TSNS NN AN NN RN VNSNS NN 120 T T T T ¥
o
E
3 -
> 01 1 « 100F 7]
X £
2 £

o .
% 40t interpass temp. : 100°C 4 X 80 Cracking zone -
< 2
[+] @
*‘u:. 30r - ﬁ 60 VYIRS NI R NN IN IR
e £
8 20fF 4 8 aof -
-
€ .g Interpass temp. : [00°C
w
IO [~ - 20 - =
o] L 1 1 1 ) (o] 1 1 1 1 i
(o} 2 9 6 8 10 12 (o] 2 4 6 8- 10 12
Number of posses Number of passes
(a) In case of continuous preheat. and interpass temp. (b) In case of preheat. and interpass temperature
even when welding is interrupted cooled down when welding is interruped

Fig.6.15 Relation between number of pass and restraint stress during intermission welding
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FTRZZIREST MRS NIENRARNRAOZEBL, ENPET S, LAaF->T4 32D EDOE
BRTAVERMTE22LRTELNILIIAS, LALIZOK D ITTR/SARIRE 2R 3129
WL, »oBRMKE ST 20103V — FMEIRDIE L IcBR T 2 2L X £HEBOUBE OB L SH 0 |
COL) BBIHEIEANEEEST NETH S,

% BEAAEED Z L AMEEE TOBMOMBORELP BN L 2 ShAHEI0E, M EENE
COHMIZET AR EVMETCEZVWA L, 4 XAV EDOEEE2F I L2239 THB. LALZ
DA BIRZEIIGE L CANEEE2 I L INETHEI LTV IETTE RV,

32 W= rEINEMBOEINDFRESMGEDREZ

(1) # % n

ok DM DEHEBIZ A3 5 Fig6. 16 1IR3 2 & #EEIN T, BESEHmOMEREH (BREBH)
—DODERTHBILEANEZLNT VS, ZOMEFIGHIEFigs. 17107 T L5 CBEBOMOB Ik
WTHBABEERTZEAME2I2ENTHIY | BHSBOBRES IEL TV ZLAIRHENT
W3, FEMENIFiGS BIZZOHOF 2R T L) ICBKBOFROBIZZL HHLTVWAE,

Fig.6.16 Example of transverse crack
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Fig.6.17 Residual stress distribution in multi-pass welding 43)
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F2EIIPVCERL 2BEMFEE AR
BRCREHEBRIFITAmONEGH (KRE

B 71) ARk, Figb 1912R+ 28 < B 20

B LIS TRAGOkg /T b Y | ISR D L I
BREEIEWMEEZT LTV S, 208 N '8 | Restraint stress : 60kg/mm?
DEINFFIE D FREEIITSCL ETH 5, E :: ! Final poss
BRI TAORER HI@IREEk  § of
DWRIE->TETELOTHY, BN B

HAERIC 2 VAT 52 L5 CREE B j:

BOBMRE SFHEICEL TS EER R oL Layer ,
Bo U7 #t o THEIN OB TEEE ) S ——

O 2 4 6 8 10 12 14 16 18 20

FIRRBICER T 52 & 42 <, #FETREF Number of pass
MEETHALETZ A, Fig.6.18 Location of transverse cracking in

multi-pass welding
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EPMEEEL— MINBEOTREE S 2 0 ]
DELS Z3EIAICHBZ L VN2 5, DT & é
2 5 HBR D Tableb. 3 12783V — FEINB '; o
IO FERE ZWHIREOS L UBIRZh '95_: .
FNZ120THEUZ150CTHY ., HElA el - U]
D2TBCEN EEboT 5. Lo LNk E o Sveemen wiam : s00mm ———
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REED! T Ram 13 CtaY Fig.6.19 Distribution of residual stress in window type restraint
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27 h, INEDORBRERD 53KD 5 N2EINFHIE DT EEE LHTE D FHETIETEC, BREDFHET
1350CTH Y, BAELMFOHFREBOS L UODENFILDOFEERE (2120CH L V=150C) &
MEL, ZDE) BEGEMFOFHRELANCNETARBEEOLV— FEINEFFIEL I 280 &
ZbN5,

FREHBEEEOENRABRE THARBEBRNOBENKRIZET 2 2 0BROLKETIE, WTFhi
REVRBIOENREOH DL WEEIRE 2 W52 I8N THY, EROEAHRFED
HWHRIREBOH L UVQDENBILO FHRE L FEKICTARBEED IR LIV EESKRE > TV 3,

B, EEEHRFOHRT Y BRI VAFIREBOORE 121, BIEOQ) Nz Z & < #Eho
BrikFaumss (275C) CTREIESN S 256, TOTFERRETH NMIRERKIZ T AREBEEEI N ORI IEIZ
AR THDES L 5,

(3) B RIELImEI N

BENICEWTEEB 2B s bicsnT, AR Y S—hy bHd0IEAL—~1NTy T
EELC, 226N EIN (BREEIN) PETE2Z2EPH 5, IZZOBOBRHEEE VL, 728

EMNEINTH > TEFigb 200 T KHMFIZEALDTHY, V— FMEINTIEMINEEDTHN
WEREVERIZIE " BhEshdZeaeEzE THICBETNEENTH 5,

Fig.6.20 Example of micro crack

COBMENORERGELFANS 20, BHEBD as weld TV~ FOMS2E 200k, fhE
F2HZLobDI DN THERIMKEINABRE EHEL ko ZORERE T LD TTableb 4 1R,
TENE as weld HEUTEEIFE BT 5o HiEHEL bURMF CRENORERS S NT, &
BEBABETCEI L ZIEZORBOENDDLEITZVEEZ LN S,
W F)AEEETRBICE W THITT 2356, & CICTER/SAMRE & B G & 1L 2 REIITATHS
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DFigb. 151277+ 2 & HWHIGIIED % < & b40kg/m? Ll LS 59, as weld DRV Y — K (Table
6.4 2RR) CIIBMMBENREGHHICH S, T/~ as weld OBEOY — FTH EEER (24B%R 1L
L) BRET38BA1CE., EhofBREIS 2L 02 5,

Vo E IR R 754 Y ST E LRI, BEREKEL CLERERELTVEY, ZORE
MEAENDOHILIBI LT3 7 74 ¥ 7 EFRER IS THEEEL SN D,

Table 6.4 Effect of bead appearance on interpass

cracking
Item | Method of Shape of bead| Time gfter Applied stress
. h a welding 2 2
Pass workmanship | (mm)(degree)  (hr.) 30 kg/mm# 40 kg/mm
0~8 O X
As weld 100~
8~24 —
(rough) 2 125 2 O
24~48 X —_
0~8 O O
As weld 130~ .
Inferpass (ordinary) 2 140 8728 O O
24~48 O X
0~8 — O
eriding | 4 |y 450! ge24 | — O
(smooth)
24~48 — O
Remarks : )

1) . a 2
h%@é“"’é QO : No crack
M X : Cracking

3) Interpass temp.:100°C

4) L EURBolSEEIN

S N OAEBR T RO ICE W T Table6. 5 1ZR+ 2 & xMMEINA4ET 5, Z0Ehize
BHRFCEH -V 2 oo 2T, B2V ETAABFIIRETEZL S0, =V i Lo/
HAEEMTF LAV T, as weld & temper bead”™ Ik B E 0L OFHEIZO VT IIRAEE AR
BRaeblhw, ZOERRBRERHELZWRICH &L DBETHENZ, ZOKHEIZ Tableb. 6 IZRT L <,
WG 1 A e EEY 5 W\ 55kg /mm® 12 W T, as weld DEHBERIZHUNEIN D EE A B 5 L, temper
bead FEZEHAVWALDIZRENRENALSNL A 5/, temper bead %|3Fig.6. 21 27T & 5 1ot
WM OWE 4 E T X420 12HTH Y, edge bead & temper bead ORI % 2 mm~ 6 mmed B 12 &1
H5 SHIEEI N DFFIE ICh RS B EEZ 5 b,
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Table 6.5 Examples of macroscopic section

Method of Applied | Time qf'rer . .
_ stress welding Macroscopic section
workmanship (kg/mm?) (hr.)
As weld
30 41
(rough)
As weld
40 48
L e (ordinary)
Grinding
(smooth) A 4
As weld 55 32
Final pass
As weld
with 85 48
temper bead
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D EOEBRTHERL ZMBEEHNIY Y 2o EFTHY, BRELTIEROZS OMF X
DEELWEEZLNEA, BLIRKIZHITE— XV P& & & L:Li%@%@ﬁ@ﬁﬁﬂ:ﬁ?‘éﬂ
READEZL, HE2VWIEIERABORMBIIERERIIHET 22 LPREVILEERL T, REB
DELREI N OB IZEFTBETNETHS I,

Table 6.6 Effect of temper bead on cracking

Item Shape of bead| Time after | Applied
Method O'f o p welding stress
Pass workmanship | (;nm) (degree))  (hr.) |55 kg/mm?
0~8 O
120~
As weld 2 30| 8~24 @)
) 24~48 X
Final pass
0~8 O
As weld with 130~
temper bead 2 135 8~24 O
24~48 O
Remarks : 1) 2) z-q4mm 3)
o QO : No crack
, h X : Cracking

4) Interpass temp.: 100 °C

3-3 BEEANG OB LEMFDORE
D EDBBEENFEERMICET 2RERERL S5 UTO L) WEZREINHEORTREEZFEL
%o
1) #  #
I) {247 : HW63 (#/531mm)
O) 78 E63 (4mmg )
M 7527 xhiksE 0. 18%LTF
(2) FELIREE
I) K&RAFRZERE © 25mmHgLL T
(3) ML
1) A%E : 17,000Joule/cm
I) w&E®
HEPRCSABBELHE L BEKBETCOEREBERY B LD

- 108 —



M) FPaaskm
a)
b)

400

the heat affected zone
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o 360+
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L 340}
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< remarks yers
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> 320t
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g 300f

e
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3
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/
220 L L 1 L
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Fig.6.21 Effect of temper bead on maximum hardness at

TR D BEARICPIT AN, BEASBIRESEREE T AN THRET 5,
FEURE AR L BEHL & 0 & T0mFTE T EGEE IHERF T 5 (Fig6. 82,

c) TERRE

HEF D X FAIREBRNCEI NS 1k OF BB % Tableb 7 12333 o

Teble 6.7 Required preheating and interpass temperature

Preheating Weldingx"- Restraint | Estimated Preheat. and
method sequence | condition | restraint stress | interpass temperature
@®Standard] 7OKg/mm2 > 120°C
Continuous
2 > °
Local . multi pass @Low 20Kg/mm > 75°C
preheating iweld
®@High 70Kg/mm?2 > 150°C

X See Table 6.1
3 % Mentioned as above ii) and iii) @ @,
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V) &Y — Foft kg
it EIFE L, temper bead % F\ %, temper bead & edge bead DRIfEIIFig6. 2112
AT EED LT B,

V) fEZED T
R L U C PR SARIRE 2 4R L CAREEDLHIT§ 5, ZOBRE—FOD edge ik
FAMNEH, A —"F T, Ty &—Hhy PETIA VY FIKDVBET 5,

TS AR DHEFEFAIREE L 23581302 Ly 4 S AL EDERHE B 40, edge
BEEEMIZT I VST EFT 5, $BEEMIEINOFEL 2V L 2B L ET
Ik

VI) RAF SR
TREMHIABRBLE L LTA SR EORAEEE B2 5o 7272 VR ERIIRER
ZhloTRBRETILENH S,

F£48 &

T

VI EOBEBEINIEOBTEECET 2REBRELY, DEOZ L MRS N 5,

(1) AN SED criteda 1 3HAMNITIEINRFHITIE 1 LT 1083 2 0HRIEH & ORIE
TROL5NBLDTH B,

(2) HMREEIRTF OWFIRIBE O XD BB IIKAT 52 L HFTE 3,

K5D BHOT Ty s REF 1Y L, RIS 500mma ke

X5Q@ ITHAOFHOEME X ORF I2FEY L, I1E ~ BIEOIREE

X5®@ (3D I AEBEO & UE PR SN ORIBT, »ORBEEMTICET 2 RGN T3

RN

ZD kD BHERIEIT 5 HRF BT ARG NI I TRAESHET B, HENOTREE L 3
BAMT BT —E., BERASEICGEENRE AT AEBITRETAOPIERNTH 5, %
FRETAME LTIk, ERBII IV BRABI RSN A 5A2ERT2LENH 5,

(3) ZhLDTHENHZVIIETAGORELZET LT, HRREOS JUQDOMF CIIHE
DT/ S AHIEE 2 HER: LB 2 BEE L LT, Z0EINBIEo PRI ARIEE X2 120CH &
G I0C e+ EpLEE L5, £ AARREOII>WT LERERITFE L, ZOBEOTH
SSARRIEIEZTSC LB b BB IOTFEH/SAMBEOERIIZEAHKT OV — ML DT A 12 HEE
NELVTHRABBEONV— FEINDHILICLERDTH 5,

(4) HEEEICHOCEBELEPNT 25813, 20hOBIZH W T PR/ AREBE % RiF

— 110 —



TAZLPPEBORIRENILICIIVETH S, - FENSARREDREIREES 25412134
WAL FFEBHRO PRI E L, BRSO 774 v 5~ EF R 52 4w, BEBIOENREDEED
BR2TAZEPEE LV, ZHAKROBRTRAEBEREITASZAL EE U, ARBEBEN R B2,
BRETIZLEFERIETAIVEN D S,

(5) XS5 IIEBORKEBOMMBEINDBLIEIZIL temper beadiEAE N H Y. Z D temper bead
DY RIFHIEEOWE 2 EIMS L 2L I2L->TELSNLbDEEZ SN 5,

(6) v BEEINRBRIC L VRS 2 HEFHEEIZ100C~125CoMiIzd 0, 2 hizfREODE
BEDLBEBEORETHEE 120CLBEL Y, ZOEKRTIE., 3O IARBO L LHARBHPTF
BT AMFEUNO —HBOBFE IOV TIZY BEENFBROBREFEHA L TEERICE S L2228 0,
P UEBROMPICHE L TY MARNRKBRIITREG L LTEE-TRTH 5 2 L2 5 RMMILR
Mah, BEFGEL TR I BABTH 208U 2D, SOLIIHERT 2EVER SN
RELTHELWEIBONTWLIZ L ILHEBTAILPRETH S,
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Appendix Tt —#7Ick 3B - 5HBIEROFHE

H4TOHE AL (4.15) ROEHERBOBE LB CHEL TAS, FRE—FICL
LMBIIMEHNCFig. A 1DL ) IcKbEN DS, ERICHWAETHRE—FIDOHN ETHREEELED

5 EAREFEDIREIZ—RRTEIL x HRNZ DA 1 RTHNCRET 5 SRE L TE8ZE 7 k155,

AFEMEZ LIS 2 b BAMBAREREL ) qcal/ars c. DEBNDH) | BA'x HEUIDA

1xﬁ%tﬁﬁTéé@tTé&\x~x+@uzﬁéﬁﬁm5%0m%§uq@mt&éﬁéx=
rx DEHEHCH L P AN qdx/hic L 2 IRE ERA TR
|

dT .; = gdx 1 . 1 ~(r-x)% /4Kt [‘—‘b —-—-‘~—ﬂ b—j
pl h c.o " [ ankt © 7 l
7= O+ >X
c b #& cal /gC l v E -
i
p L K g /o Heater (q-cal/cm? sec.)
k . BILEER ar,/ sec Fig.A.1 Schematic diagram of preheating

TEbLENDG, Lo TMBEMEE (—b ~+b) DB L L P RDEE EAT 22

Tpz = [ 2d Ty

_ q b -(r—x)%/4kt
~ hecp S 4rnkt f—b e +dx

Dlrl <Ibl DFAE
—_ 9 . r+b r—b
T = —gepn () +o (i)
@ lcl > (bl OFA _
r —b

r+b
T =gean (o)~ ()

727200 (B) IFREREKT

©(8) ==[le " ax

FRBIEBAIC gcal /ar-sec. IPITREEL Twad o dt BEfICiZ q-dt DB RET L, F1

& HEEEA dT sz
dT,3=Tpo-dt’
E Nt =r~r+dt’"ORICRG S N BAMAREL ) O#Eqdt cal/aric & ) Z DRIt =t —1¢

PITREBL, tHt' =t > CHEEICELBPRETHE, L->TdTprr=o~t Thbbt =o~tD

BRI b7z > THEZ TR 2185,

— 112 —



Tp4:f(t) dTps

Dirl<Ibl e

_q(r+b)? 1 1 1 -
Tos =570 { ' 81

+AD L [ s ) g e — {1-e(s)l)
2) [r[> |b] Fh

T,= WL 2[}2- (B +3= e P {1-0(8)1)
(4/\}1 [ 2,82 CD(/’}) f— BZ (] ~ { (182)}]
. _r +d lr —bl
7}\_7~_L 5]— ]4kt :82— 7 4kt
A ERREER cal/em. secC
A= cpk

GBI D 5 TBIRE To 122 L 2BMICBIRZ M) K- LW HBEEF DIRE T 3. T#H
47> HTo £ TICH L 72 Z th & WinHIBSD 5 DR % ¢ & L URKRED? S OB L EEL T
BEREANE LD,

D [ rl< [ bl DFih

T= [q4r/{:lb) {F (ﬁl)—F(ﬁz)}‘Fg—fﬁh—) {F(ﬁ3)~F(IB4)}].e'a2t

2) 11> [blnsh
=L g )~ (g |- L p(p) —F (1) - ™

1 1 -

F(/n)= ZBn -®(Bn) + T A € {1—®(pn)}
__ lbAr] 8i= b —r|
U ik (t41tn) 7 Jak (et
By = ib+rl By = b —r]|
J 4kt U T4kt

a’ I BFEICBIY 5B

— 113 —



£ 2 =

EYKEERBIC L 5 BEE T AROREL
ICET 2%

— 115 —



£ 1 B BEI{Esimulation ARERIOHEE
TOBEIEEEDETE
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D

BEMOBEREIEIIEN T, BUZEBTEELRE. ElET 5EERTChEEBER - #ill - #
BY3THFEE, SO5ICIEBRGEORE - i RiE2 5242 ) MEEBSOEMIEL LADZ—
DDEEY AT LAFBE SN 3,

BEENBILOBE» S X ZOEMICEA L EEI AT LI L2 LPREETHY, &512%
DEEMEAPILIE S W T THEEMOBEENBE RISz vz k),

ZDEI BV AT LOBEMEZFHET 2 Fike L TFHHABIIEV TSI PAILHVLR VDY S
simulation FRERPHEZITH 5 2 LR LN TW 5, BOEEM O TIERE T 4 simulation RER DR
BYBED, HILVEEY AT LOBEMEFNL 20 IMETT Y 7 O—#ERITLTTET 22
EBENFBIEbNTVE, ZOBEOEIBRABROEES . TH 5 IIHEEOES2HET
%@?%D\@%ﬁh%i@ﬁﬁ#%é&&x%A&%m?étbmﬁﬁmémmhmnﬁﬁm:ﬂ
EFTHEDEILZbRTVE N,

LAL&AGE, & CIH L CRSRAMEMEW I BRAT 2125720 Tk, 21O TERMFAH#HiEL
THBERRRICHE L, »PORNOERIPET L2 &%%i%h% 25, MEHO T
WENBEEY AT LADHREIZH b T ZOMEE 2DV Tsimulation RERIC L 2 FHOFHES 2 S 1
6N%T%%5k%26héoiti@vziA%jﬁ?%LK%%kﬁéﬁﬁlﬁﬁﬁuiﬁim
AR ERMAL TERT 280 THY, Z20BRIIEVNTREFHIRITIShTVwEZER6Zh
5NDELMEEFS 7212 simulation RERZIVNBETHELEZ 5N 5,

DLEoBAE» SABTIHE L RMOMEREL L L IIRET 2 TAERES L UREEHY AT L% 5T
flid" % 7z Dsimulation AEBRFABEDEEIZ OV THRETEZMZ 3L ELICT AT LT 5 ETH
R % AEHEIERE IOV TELRIIPOTREL BRI EOBTIRGE2BRLULEET 52
L&T 5,

B2m WEE R
2 -1 BfEy~NERt

EHELEO simulation FHERICHT 2 MEHANC B TRBTNERMHL L TROEREHTE2 L

WTE 5,
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simulation RERIZHT 2BAOEEIIFig. L UIRTIE K & Lk, FAEENT FROSM LT 20
FHIZH L CIRIEENICHREEOTERLTCH AMEINMEE 7L — LB L URBBXIOKY ., £/-0A
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Fig. 1.1 Structure of model
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EI3E WEIEX
3-1 as
BERBIH DICERSHIE LRI B0 TR 2 (5080 & [ U < AM SR 120.1C— 3 Ni—Cr— Mo %
&Ll Ceq DIEIZEEHFHN Z MO +10%2BZ VLD ET 5, BEBIFEIULCELH IV THY
72E6304mmg & L, AEEEOMERSRLEUNI-Cr—MoFR & L, CeqD+10%%#2 i
NET 3,
BRI SRS ZIoBN 2 EREAEAHET 20 &+ 5, Table 1.1 13 E0H & L O
BRI T 2 ERIRE L L O TRT,
Table 1.1 Chemical composition and mechanical properties

(a)For steel

Thickness Heat Chemical Composition (%) Mechanical Properties
of Requirement Treatment S £ Tve7o
reatmen ; ) . -
Plate(mm) c Si Mn P S Ni Cr Mo Cu V | Ceq. (kg/mm?)| (o) (kgm)
.15 2.50 .40 .30
= = =. =. =251 =, =. = = =
:; Range Q.T. 14 ) 3(5 =.80 025 015 3.150 . ‘200 .525 5 03 58 63 25 10
22 |Standard Q.T. 120 .28 .55 1 .012} .005} .26 | .50 | .38 40 Tr 42 - - -
2.50 .40 .30
Range oT. =4l P <= 0s|<.015] 29 } L |=.25|=<.03 <58 263 | =225 =10
3) .35 3.50 {1.00 | .55 :
Standard Q.7. 120 .28 .51 .012] .005! 2.89 .75 .40 4 Tr .55 - — -
' 2.25 .50 | .35 . ]
Range aT. [=.as! % | =8l o5l 015] %7 ) D l=.25] .03|=.63] 263 | 225! 200
54 . .35 3.50 1.20 .60
Standard Q.T. 20 28 .85 1 L0127 .005| 3.00 .81 .42 Jd4 0 Tr .57 — - —
(b) For weld ‘metal
Dia. Requi [ Chemical ~ Composltion (%) Mechanical Properties
equire- | oo
of
Input
ment . . Y.S E [VE-50
Electrode (Joule/cm) C Si Mn P S Ni Cr Mo Cu V | Ceq (kg/mm?)]| (%) |(kg-m)|
Range ;; ggg =.07) £.42 [=1.00{<.015|=.015/=<3.00| =.60 | <.40 - — .55 =64 220 |=22.8
4mm
Standard 17.000 .05 .36 951 .008| .010| 2.75 .55 .34 — - .40 65 75 20

- Note 1) Preheating temp. 100~ 150°C

3 -2 WMIRBLEBEL JUEEETHE

KRADREDUIKERFOBERIRD 7 7 v 7 AhRGBRICHEL, 512207 T v 7 AROKSG
BIERSEPOIEIEARER IR T 5. KRAFDRERIT £ 7 GBI EBENICABRSE RO
B ARREIZHEL, INUFBRKNIIEBRESES 2 WIIBEZEROME MR HRET 5 L2 5,
HW63 $D35 5 y BZEEIN BRI L hE, Tablel. 21277 F & 5 12100°C @%%ﬁwmﬁéﬁdﬂmfﬁ%&'ﬁ

IRFEH2.2cc/100gr. B2 AHRIZEINPET 5,
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Table 1.2  Critical hydrogen content in weld metal

for cracking evaluated y slit cracking test

Testing | Preheating Wateirn pfell:ie gzage Ambient CritigiL ttg:trogen

method | temperature electrode humidity in weld metal
y-slit

cracking 100°C 018 % 25mmHg| 2.2cc/100g
test

DEOBMREIRDBEGZRRTEDL T Z L TE B,
DHw =f(H20F, PH20A)
=f(@(T-PH2 OA),PHOOA) ,PH,0A)
DHw JISETHIE L /- 1588 E100gr. FOIEHMEAER (cc)
HyOF [ &7 5 v 7 AhoksE (%)
PH:0A ! kR Dk#HEXRSE (mmHg)
T | EBEBROBRBREROATFKERM (min.)
WEBBRT 79 7 AFOKGE P L UKRAFOKERYEDEBEERFIEEATENDBE S
MLEEBZNIFLIROFE L ZOEBRERP SROEBRRNZEL ZLHFTE S,
DHw =3.0 10 3. PH2 OA2.Jogt+2.4 X10 3PH2 OA2 +6.6 X10~2-PH 2 OA
+0.71<2.2
ZOBGERA6Fig. 1.2 IURT Z ¢ K BEEBhOMEIMEARER L2 2cc/100gri2i 2 3 72D DK
TPARERATE L BRRROBBERO AR RERBOBFR LM S 2L 2 TE 375°, 20~25mn
Hg OAESRSETIBEBREOR[T TOFERFFMA S FLATH Y, EbOTREShBZ &
bbb
¥ 72 RAH D KFER S E A20mmHg
LIFC# 5T HFig. 1.3 127K $20mm

10'0 H T T T ) -

Y

[Material ; HW63

5.0 -Electrode ; DE,4¢
401 pmbient atmosphere &
30f . 20~35°C, 70~90°C 7
2.0 - ‘

1.0 %\/
%2
X

05

0.4 |- Critical hydrogen X "
0.3} content in weld metal

(2.2¢c 1100gr. ) YQ‘

0.2 Y(Q
Bm!n . Af‘I"LLL
0.10 2 4 6 8 1012 14 16 18 20 22 24 26 28 30

Hg DBEDHET 7 v 7 Avhksyy
BTI0HET 5 & TH130.20% 101
Tezy, ZOBRIIBVTHELR
BBROBEBRIREZF CREEE
w3 REFH 5, AREEHOE
B2 & 7 5 TIH150° C DEHIRE 5
KTREFET A2 L L. ZOREDE
BHO 7 J 57 2 ORI Fig. between absolute humidity and exposed time after

1402 % 5, rebaking

Cracking prea

Exposed time after baking at 400°C (hr.)

Absolute humidity ( mmHg)

Fig.1.2 Critical hydrogen content in weld metal in relation
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Water in flux , Wt (% in wt.)

»

06

o
F-Y

0.2

T T T T T

Steel : HW63
Electrode : E63(A)
Ambient condition

Temperature

:20~35°C

Relative humidity :70~90%

L. | I I L 1 1 1 i 1 1 1 1 i 1 i X 1
4 8 12 16 20 24 28 32 36 40
Absolute humidity , PHzo (mmHg)
04
~ 03]
£
'g Received| Rebaking keeping in drying box
|
X
-~ 02}
x Control standard 0.18 %
3
<
_E X
E Limited time of holding elecﬂodé
£ 4 hr, 4
3 E
0 E L 1 L I 1 I i 1
o} ! 2 3 4 5 6 7 8 9 10
Time (hr.)
Fig.1.4 Control of water percentage in flux of .electrode
Electrode
Ambient
humidity Work After. Holding Remarks
rebaking |condition
< 20mmHg No limitation £0.12% | <0.20% Table 1.3
Electrode humidity control
PrOhibited’e't(t) . Signal
20mmH §P expose ewecirode «, s s
9=Pro i air without | S0.12% | <0.18% | caution”s
< 25mmHg electode indicated at
use site
Signal
>265mmHg | Prohibition — ~ “prohibition”is
indicated at
site
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THIERFR I 31 2 FHEEARBRGED Z 2 32 RE EFig. L5 LI TH Y, fEEPILOVEL %
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Fig.1.6 Mean partial pressure of H,0 value of absolute humidity in atmosphere and numder of
cases over standerd value for each month in Kobe district

3-3 HBILEMH
(1) F 8 7 &
EEM OB T O TR

K&

SHEEBRETHLONZEEEZEHAL T ADITIIE]l FE3 =

Note 1) The hatched zone near the joint should be
preheated to the required temperature uniformiy
through the joint to be welded prior fo welding.

2) The zone from the center of joint to over 7Omm
should be preheated to the required preheating

temperature.
—¥
E
: J{T_Dismnce T\
— 1
B 1
2D G
y : ;
over 70mi
over 7Omm

0
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<

"v TV,
R

a¥s
A ‘.

(b) Circumferential joint (d) Preheating temperature distribution

Fig.1.6  Distribution of preheating temperature required
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~ 556 O3 BEAREI R B TRV KB O FREBESHEIE B T 52 L AEITEL
%5,

IO FHITIEFig L6 1R &) ICEBHET B EHEMGATIC 2RI D 0 | EHHRITHAT a2
YT TERL . BEERICEE AN L CIERE O LR & Y MisET0mn ) b & BUE D PR I
METAZLICEY, RBAOBRESHEBHRL I 2LEZ 6N 5, |

(2) & 3% & 1

EREARE LUREIE L MOFig.6.2 1ORT & 9 (A% & 5 L CHEESRE L HAZ O
ENFRFRIC DR ICRE L, S5 IEFICET ARG h L bEGRT 3,

momiﬁl%@%ﬁ?@ﬂﬁﬁﬁ”ﬁ%hddm@%ﬁkL\ﬁEmMuowT%ﬁ%ﬁzﬁ
ST &N, BEWOBETRIARRZS 2EHICIES O ETTHY., ZOARDILS D X HEE
HOWHEEMIZA X BET L, EREMEELERICERT 20ICMEE 5 5,

Fig. 1.7 3RE31Imiz > W T ABE & WA OBGR L2 EN - 0 TH 225, FHEREFIED)
IZR R mET5E LT 100°C & L U150°C O FEERE TIX#22,000Joule /ecm £ THOAZBED
DEIIBHRRREIIT L ACHELEZ 2WVWEWE 5, CZRITEBABRBIZHANTTRIZ L 5 A%
BOFNEEPIIKTH B0, BEABEINE 2B ICIBRHREICHEL L ALS 2 50
FHEBbhd, ¥rEBEARBIFAEEEORIILVED SNIERIKRE VD, B1ROE
BRL AL < 4 mmd VRS R BV AU T 5 2 R ) ¥ A — ¥ — FEIZ K 32011, 000Joule /em~
nmm&mwml@@ubn\:mkﬁﬁﬁ?%hﬁﬁﬂ%ﬁmﬂLTMﬁ%mﬁw&%zBh%o

o 800} ) mperature 1150 °C o— -
© Prehecting Y% e
2 —g————"0
O
° .
S 600} 4
e
® . |OO°C o—
. rature P

5 N preheating '%“2‘;/ o _l

400 o

/

g -0
°
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(&)

ZOOF rPlate thickness : 31 mm 7]

_}/l 1 o 1 i 1 1 1 1
10000 © 12000 14000 16000 18000 20000 22000 24000

Heat input ( Joule /cm )
Fig.1.7 Relation between heat input and cooling time 10100°C calculated by

heat condaction equation
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Fig. 1.8 IIRE LR E L OBZR AR LA b D TH %4, FEEEA100°C TIIE 2 #925mm
LlEiz W, 150°C TI330mmbl Bz 5\ CHHBREI 2N ~—E & £ 0 . WEADKFEL %< % 5,

BT 52 & < 3lomk 2 B MR (L CIZ53mm D) 125> T FEAIEAE £150° C LIk & 3815 hg,
3ImmDRIZ L V& S N WEN RS NS A2 2 HEO 2 WL BT 258E8B L HAZ 2 155
N33bDeEZ5N5, £723lm%E TEbAMI OV TIIHAFIIEL 2 3EmIZH Y, THENE:
DBAE»SIXERAE L 20T, ImOEELHVTLMBETZWEEZ LN 3,

2000% T T T T T T T

18001 4
[ Heat input : 17000 Joule/tm
~ 1600} \ ]
N o]
H
- 1400 7
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o l200fF 7]
©
1000 7]
e o
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800 Qay, .
E o lng 'Q’Dp
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€ eoo} 5505, 1
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O 400} 0%""‘” o -
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Plate thickness {mm)

Fig.1.8 Relation between plate thickness and cooling time to 100°C

calculated by heat condaction equation

40§ 9
Preheating temperature : 100°C

Plate thickness : 31 mm

\ Estimation curve

N
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1 1
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1

Restraint stress

20} » -

o) __;/{_L 1 1 i 1 i 1 I L 1 1
10000 12000 14000 16000 BOOO 20000 22000 24000 26000 28000 30000
Heat input ( Joute/cm )

Fig.1.9 Relation between heat input and restraint stress estimated by H-type

restraint cracking test
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D EIZABE LRGN L OBRIIFig. 1.9IZRT & 12, AR D11, 000 Joule /cm~22, 000 Joule
/emD T HUTAZIIRIC ITHE L v, ZHIEABROMINI L 3ME DAL BESED
CEOBWIMIEY, BHE L TREO VR0 8Bbh 3,

&ﬁﬁ@@%%ﬁmﬁmﬁK@%Téﬁ\::Tﬂ%&?é%ﬁ%?@%&?é%ﬁ@—%@&ﬁ
SlmmZABZ 325U, F1IMIBITIERTIIImEB L 3REIZOVWTIIERE2 B L-oT W
ZWZEBEOEBEY L. BIRTHENZMEINIRAG N~ TREEHE T, BEEBEO5EE®R 124
USRI NE CHNPEC L WTPHEELZRET 2RO 6 ETHBRNHRRED EX ST 5 2
&>t 5,

F7231lmm% T HAWE IO TIIHRIC SO RS 5 H3lmmDEZ BRI, LA H 0 EE
Fzwe&E2ZL5N035,

D EOBEHER > SEBEBERNIGERAT 5 T8, ABEMFE2Tablel. 4 OZTE<HFEL I 35,

3) B B &

%ﬁ@xFUVﬁ—E—FEK&Dﬁi@%ﬁﬂxﬁﬁﬁéﬁﬁLT%%E??E%%Kﬁ:&
9o BALRE T BEREINFG1E O 72 temper bead & WV 5. Z DFRtemper bead & edge bead O i
L 2 mm~ 6 mmDIN & 3 3,

(4) BBEEOFRT
B EE LT+ 258 WECHO L
FEBIET 570, hETORM G RED T
INATRE LS 5, D0 RBIT
B RREEEI A B 1 0 7= 0 BT 13 7 5 4
FEEDT YAy b A—8Ty TER

=T 5, Fig.1.10 Temper bead requirement
F - TREEORM S &2 k0 JlrERIC

F 2L SARIRE DHER P IREE L £ 2H/E61C To be ground smooth
&, BLmE L ORI S 74 v /R

2 EML 72 BICEASRNCEhO A RS H

NEBEEFZ LV, SINVHEEL ZW

LEER L RBRIITFREIUEREL S Fig.1.11 Edge of interpass bead required to be

%5, ground smooth in case of intermission
% R EREL, TROYARIEREIZTa-

blel. 4125 28D e L, 4 7SALERFERE T 5, 72~ LENY YERRIHABRTIIT R ICBRE

T 5,

of welding
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Table 1.4 Preheating and interpass temperature required

Plate Grade of Required preheatingﬁé Heat inout Remarks
thickness | restraint state |and interpass temp. | oAt putrange
11, 000 ~22, 000 Welding should be done
(DStandard =120°C Joul continuously up to
’ oule/cm covering bead
31mm
g L > 80°C 11, 000 ~22, 000 d
an ow - Joule /em 0.
under
31mm @H' h >150° 11, 000 ~22, 000 d
9 - c Joule/cm 0
11,000~22, 000
Over | @migh =150°C -y do.
31mm oule/cm

¥ Max. preheating and interpass temperature should be 200°C  which is determined

on basis of notch toughness test resuits

BAE B

il

DI EOWMEHEREZ LV E DB L TRRDIT L B 5,

(1) EEWOEBETRCIBIITEOERBROA T, BIEES JUMEEEL COKES
Di—DODEEY AT LPHEIN, ZOEEY AT LEENBILEOBGEST 5 & ) IZBHET
e bz, WMELEVATF AP IOEMICERT 322 VAET 5L PRBETH D,

(2)  simulationZRERIZEFE S X F AOBEAME LM T 50 ICEDTH Y, AR TIZIHWE3 M D7EH
Z| N5 ik O TAEED simulation FRERD 72 D 1T RIBED ORI L EYET 2DV HERTH S L&
AR (N

(3)  Z Msimulation REAFHEA I ERBEMO T EMEL L &S, »OEROTIENL vy FLLED
THEBICHYT AR L T20EFH), ZOXMFE2BATLIOL LTHREENO2 70y 712

FEY ¥ 2 SRR & simulation RERF & L THIET %,

4) FROEBEOEE Y AT 252 LTV Iz L 2 5 HWe3# DA TIEEDOEYE X,
FH1RMOMBEKE BT 52 LICKVARETH B,

(5) HW6SS AT EEDE#EL LT, IREL L COR[FRERTEE 3 BECKRIL. &
BEEE RS L OIS A RT3 0B R R L ke EABRIEMFIIODVTIIHL RWE6 EiC
FOTHER L A WERIREO X SR TR, BEE. BEHBIEOLE S L IIEEmOEETIEI
bEARI BRI TS 5 2 & &R L FNBIED 220125 5 N S FET AR OB £ 577 L 720
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$ 2 B BEREEHEYZATLORE
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mj

waﬂmﬁﬁlﬁuﬁﬁwﬁttiiK%ﬂ%éwuﬁ%ﬁéﬁaky%Wﬁ%%ﬁ%KmﬁL
T, THFHEOHFEGHI/ XD THEDENTVEEVZ 5, ZDOHWEMOAEREIZH VT,
TERD—BIEEM I TRV SN TEAREERY X7 L2 HWAT 2 2L 3IMRT, HrzBlshs
HW63 80 0 AR SIS 27 ADWN M5 2 L PUETH B L EZ 5h 5,

WolE) ZhE CTERICHE 5 NT X 7231385 X 280kg /mn® FEROEENMOBRAEEEIE, 2
O TAEBEDOFZE T 2O KECKRI SN T E 2L IFEVEEC, ERD80kg /mm? ALV F Vi
B OSIIz oW T OIERN A REEE LSS REL CERT 322810885 TE R, 2OLD
HIE D 55858 & 280kg / mm® EEFE DI HIT 2 2 hECELRES N TR - BBSE LoOBEOE
b dbnrELILND, | |

HW638 & 2\ 23, ZHIZHEY T 28 OBBRSEER Y 27 A TMM O, BB TIEMRDAME,
RETHEFREORE IR BBGNEEE Y AT LDOFRELE VI —B LKROPTHREFsh 3 NE
DTHY, THOEERGZ2ER L TEBREEROLINIRFTINILOTIE2VWEEZ 5N 5,

B RO 1. HW6S MM BHS IS 2 7 Ak, 51 MOFRIZS & F5ED 5
NEEBETAESEPHB VA FLN, POZMPBTFENAZ L RENT 22 LU ETHY, &
BAZIE. MEShREEIEECERS N, IEOMHELZMRFL TV L2 VEL I 5 80TE
FHIZE S BV, $AZOEMIIEZ TV 2DIIE, BRSEERY A7 L3S VIR L Sk
DL LISERL S BLOTETNIEEBBVETA 5,

7 ZTARBETIR, HWeSSHOBBAEERII s T 2 BEF IOV TRITEINZ 5 & & 612, Ak
EEREFEI - F VAT L2~ —DBEARFLE LB BBMEEHE Y AT LDRE

o TET ™ .

How MEEELOEH

2 -1 WmEEHIXTLOEELOBEMN
HWE3SH DRI EIZHE N T, BB THEBEENICE T A EER B LURROEL FITRL -5
THEIZDPADNBAAREZZ N 5mEEEEHBLUARE T L D5 Table 2.10Z &< % 5,



FAIALOMESHEB R, BEYWOMETIRETIE, Fig 2LIIRT X)) 0E RSN, 2 LB E

Thd, ¥-2DEIEEBGEEEIERIEBENZZE2VELBLZINEZS 2V EEZ b,
XS IABSEERIINEL T -1k, CARIZA R IZNE s h, BfETRICEEEY + — A
v 7 UCIEBB TS, BEREHEL L oREAOFA(Process Control) ¥ X UEHED bR RAE

(Quality Assurance) ZMELZF— DRI BILLNIZLEFNETH S, MEEHEDORR

L CHIZEDProcess Control & Quality Assurance [IFig. 2.2 IZRT X IEEICERTH Y,

ZOMEESTFICREBZ L ARD LN B,

Table 2.1 Quality Control contents

ltems Contents

Designing, thickness and breadth of plate,

Structure e >
joint designing, etc.

Plate  chemical composition, mechanical properties,
size, surface and internal defects.

Electrode ; chemical composition, mechanical

Material properties, size, centering of rod, water in

flux (rebaking temperature, holding temperature,

exposed time in various humidity

condition )

Edge preparation ; accuracy of edge preparation,
surface of edge.

welding ; welding sequence, deposit sequence and
method, heat input (current,voltage, speed)

Welding procedure Preheating ; preheating and interpass temperature
condition (preheating temperature and
distribution )

Workmanship ; workmanship of weld during and
after welding. ‘

Size of weld ; fillet size, height and breadth of bead,
bead appearance (undercut, overlapping)
NDT ; application of MT, PT, UT &RT
timing of NDT
judging of result of NDT
ordering of repair welding

inspection

2 -2 BIEHELOEN
SEICHWOS SO BB EE 5 L UREEREIIRO &) 2S5 VIIRBEE2E L. ¥k

RBEEBY AT LAORTHRREL TV ZEHFBETH S,

(1) FEIEEOPEREMNS. BEAR, WRIKE, KAUEE., BEEL2 IOV THIEICh 2D HE s
NTHY, fEEROEEIPV T RIIBI LN TV AEEERE S L EEZEORBRIZE-
RS RRREITIE, HWESSH DARICRD SN A S G2 T NTEHT A2 L 3RETH 5.

(2) ABENOFEL BV E AL TV 2DI2E, BEIRFOREZ L 2 ITENY Vb 3
WIIEEFWIEORELXZ S22\, BRENEZRET 5 ITI3EBEROBEBRKMIZ I OMELZ H I
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YBENBY, ZOKIIEBIRIIY 5B b A 5 RE S b L CREREIIO L CRES
FHEARD 5N 3,

Q) BILEME IUREDER % Process Control ¥ &k U'Quality Assurance ZIEHL TV 7
DIZIE, BMEFOBEBICHY 5 BT A (PRI, AR, KGR, BB, BIH)
WIRE S, EHET v — VERZ LT LT ES 5 RV,

Receipt of Receipt of
Steel control steel electrode
e ‘1| R Electrode control
1 | Receipt inspection T j ( ; \
} | . H Receipt inspection
| : Marking .& |
! | cutting |
i ' g ! .
: Confirming of steel : > Re-baking - Boclflng femp. and l
L ¥ i time control
__________ ! ;
|
Assembiling !
< ! Exposure
. il time control
Inspection e ————
i M
i
|| Inspection of joint )
1 } 1 Welding procedure control
} | : . e N
! | Welding || Confirming of joint !
| ; {first pass side ) 1 condition !
| ol R | ' ( Steel, ) 1
'|MT of back gouging [+ b | < restraint steel etc./| |
| l Welding — |
| | (final pass side) Confirming of |
: ] | ambient condition
\ | (temperature, humidity)
| ]I
| |/Appearance checkingf+
! : Confirming of welders,
I MT | . electrode,
; E | welding equipment
| :
| > [
! NDT (RT,UT) | !1 Preheating condition
! : ! control
! I Hydraulic test
] j Heat input control
I |
' |
: MT f Deposit method
By — pll control
Workmanship
control
' e et e i

Fig.2.1  Quality Control items in process of fabrication and welding of HW63
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Structurel

Process Control

Quality Control

Fig.2.2 Function of Quality Control

Quality Assurance

F3H BEREEES T LORE

3.1 WEERIES - FY AT A

HW63 80 7l T L0 S S M DT 2 & 1B b 2 bOTH Y | [A—REFTH T b
EIRG C AT BT L BB ) A OB RERRETIBTE N WEASS 3, - IE) BIEEE,
SR b VAR E BT — 5 IR Ak EFIRES AT 3 FHERN S LOCTRERS BV, Fhbb
BISEOTFT— 7 3E FB—OIERETCL > THRLIN-EHMNEIOMFITLIZE LD L
B RO BT — 5 EBRTIR
FIEALT WL b0, WAL
ChBLEER B

ZDRH, AEONRET S
0 C LS 0 00 & R T
ZoWTE—DOTERAFTH T
FET L5 212 212 Fig.2.3
DEIIHEFRFTEZEIT. ZOH

Fig.2.3 Example of joint number FEFET IR EEH EoT7—¥

FEHLTWCZLET D, 2O IEBENOBRERTIIFS LR T 256, AREEWTIE. &
ERDEZET 3 BMMHEFRIINIm & % 3,

HFREITRESN 2081 m QBT 2OV THIRE, B, ERREE, meit, BiEx
(B, BR, #E, ABE, ), #HEE, SMEE,. RERH, REERZ 07— L H5
NED, TOLIBEL DT — 2 ZEEBIEET A0 BN SR LIERELOEICL L3
KDFETIIIFESZHTZ IR TH S, ZOMELMBRTL-OFRE L ICEH EVNE
B EEOF— 521 MOI—FItELORITENELIIZL, 2DH— Fid, Fig. 2.4 1R+ &9 12
BEEEEREY - P eHE o, BB ENELZ T - PMfaRiisks bk 012 > TWh,
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BEFERREEL—F
(QCW Input Form Paper)
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Fig.2.4 Welding job card

ZDH— FidFig. 25I10RT &I CHABREEHR LY 5 —» 5iIEREML2TA L THITE N, HBE
MOSETRIZD > TiHN b0 TRTOEZIZOH — FEFIF LY, ZURFRS MBS 2T
DITHEIZDIRAEIE> TED S h, ZOBREROEEIIEVWTHY S W TEEFFEsn
%o

¥ - EEIEE OFE & % 5 RBEE. SMIRE S & USRS 2958 THR1C133824Q C HEIT% 5
N, B LA 2 Z AR L ABEOAETRICH — NSRS, ROEEFEDShE, Th
EHESNABAIE, AEREEEY Yy — 1035, BET AL 12200 — FOF— s %1
YEa—giZlnput T3LEBINEIEDEREBRET 5DIZLELT— 45 %2 a2 —4?0utput
BT, EERZMASICL L BREBILEL2 50 2 A THIERBEREZIERIES — FHPES
. BOR & [F U ICHiE TRRICZ 5 Th— P2, EESED SR 5,

TOE) ICEBELIEREE) - FY AT AORMBICKY, BHRAEEHROEELZBRIIEDSZ
LATFREL B B,
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32 BAELIEEEANDIVELI-FOEA

BRBIERESR Y — NIV b IS FERT LT AMBOFEHRRTF (W1 m ) 1I2BT 288 L, &R

BREEDT— 35T RNTCEAZLDTH Y, E-EEMOMFERH20,000m &3 111E#920, 000 8577 7E
FTHZEIIRY, 22HhLRETIT—IVBIEDLDTHRELDTH S, BEWEEHOEIELXR
BNCRIET 312013, COBKET— 52 CAEP OBHILET LI LPVNETHY, ZhEMRRT
B5EHICF— Iy Ea— Y OBARKRE L., Fi-lBBREEER 17 7 4 (KAWASA-
KI QCW Program) #B% s hiz, K707 7 L3R %2#Z2, Output DHFEELERIIAZ 5N

T ENHTH B, BBEEISRESS — FIEZ0E » 3V ¥a— s Olput A= K& %Y, F—
SUIED U AMMAR S T W5, 722D Input % — FIZiF22HAARLAS AT 34, Fig. 2.6
ERT &I —AsFAZavybu—Vizkyd, BEL T 30utput T—FEFGLILHFTE 5,

Table 2.2 OQutput data classification

Classification Item Denotation Caluculation
1. New weld length WELD (M)
2. Specified weld length "1 SPECIFI (M) _
3. Inspected length INSPEC (M) E—
4. Rejected weld length DISAP (MM)
New weld | 5. Rejected weld length percentage DISAP (%) Rejected weld length(mm) |,
Inspected length (mm)
; I d length
6. Inspected length percentage INSPEC1 (%) ;:z:;::d ;:g‘;c::i":e)ngth(mm) x100
f
7. Specified inspect length percentage SPECIFI (%) :::z;f;:: ::f:f;;:;g(':n()m) x 100
] ted length (m)
8. Inspected length to weld length percentage INSPEC 2(%) ﬁnz%m——:;hmj—ﬂoo
Specifid i t length (m)
9. Specified inspect length fo weld length percentage| SPECIFI (%) | geur et o8 T 6100
I. Actual weld length WELD (M)
2. Repair weld length REPAIR (M)
I In cace of first time repair or total time repair
Repair weld length (m)
3. R . i h REPAIR (%) New weld length {m} xi00
. Repair weld length percentage 2.In case of (@ ime repair
. No. @ repair weld length {cm)
Repair weld
P No. @ repair weld length{cm) X100
4. Inspected repair weld length INSPEC (CM)
5. Rejected repair weld length DISAP (MM)
. X Rejected ir weld length
6. Rejected repair weld length percentage DISAP (%) me::::'e;i':::ir:el d:::;m(c(:‘r:‘) x100
Inspected repair weld length (cm)
7. Inspected repair weld length percentage INSPEC (%) Repair weld length (om) x100

Note 1). Defect in main structure (See Fig.2.7)

(HW&3} (Main structure ) (Structural member) (New & repair weld )
SHT (M) Inner hutl Seam New MT
RT
uT
MT
Repair E RT
uT

2). Defect to humidity (See Fig.2.8)

(HW&3) (Kind of steet} { Type of joint} (Humidity)  {New& repair weld)
SHTIM)—— - SHT (A) Butt Humidity — |~ New mT
HHT (A) [ RT
AWT (A} Fillet ur
Ms  (A)
MT
FORG (A) Repair | or
CAST (A) uT
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PAGE )
My wEL0 = w10 PECIF INSPFC DIsSAP O1SAP  INSPECI  SPECIFL  INSPECY s0ECir2
(123 [L2) (m) (o) {0/0) (0/0) (0/0) w/0  (o/0)
RMPWELD = WD REPAIR.  REPALR INSPEC OigAP DIgAP  _ INSPEC
() [{{}H €(0/70) [{) B () (0/0) €070y
[ (]
L K XY
”®
e WL . .
"t No1e9,2 1092 169,2 0 0.000 1,000642 3,000t02 1,000E67 1,00082
ur N 1602 18 26,) A 3¢563E<1 100366¢1 1.000641 Joa3sEe1 3.000F¢1
L N109.2 1602 169,2 69 Je881E-2 1,000£42 1.000t%2 1.000E°2 1,000€¢2
wy L utw wLd ) :
(24 : 169,2 0 0.000 1.000£42 1,000€¢2 1,000E02 1,000€2
e 9 2 284 38 10963€-1 1:436€°) 34000£%% 2e036E%1 3.000€1
[ N 168,72 40,2 1¢9.2 63 3:801EL 2 1,000E¢2 1.0006¢2 1.000€¢2 1,000
MNPEL
L4 R 169.2 260.0 L.65aEeg ’3/5 0 0 0.000 10207602
w R 169:2 200:0 1.6%¢00 o's 0 0+000 74321E0
ar R 169.2 200.0 1,6%54E00 395.0 0 0.000 10267€02
AP L MNPl [
[ R 12 200.0 1.6%4€40 39%.0 0 0000 1.26762
ut [ 2 20040 1.650E¢0 20.3 0 0000 743210
ar [] o2 280.0 1.6%8¢0 3%%.0 0 0,000 1.267502
NV wELd whn N
"t W 369.2 169.2 169.2 0 0.000 1,000Fe2 1,000te2 1,000t+7 1.000€02
ur N 169:2 1492 2403 98 10563E-1 1.a366¢1 1.000E®1 1.43¢E21 1.000€41
13 N169.2 16002 169.2 63 3.841€-2 1.000€+2 1.000€+2 1.0006+7 1,000f+2
WP ELD L]
nr l 169.2 280.0 1,634E+40 - 35%.0 0 04000 1026762
o -2 2000 1:654E¢0  20.9 0 0:000 7432160
ar 00:0 1.654E¢0 33%.0 0_0:000 1,267€02
[ _afq}]
WEY wELD .
"y N 602.0 682.0 0 0.000 1.000642 3.000E+2 1.000€¢2? 1.000E¢2
(14 N 682:0 602:0 638 6+T01E-1 1:395€21 1.000E+1 1:395E+1 1.000£+1
L N 402.0 687.0 1222 10791E- 1 14,000£¢2 1,000E¢2 1,000E¢2 1.000E2
NEY wELD oe wLo ]
nt N 602.0 682:0 0 0.000 1,000E¢2 1.000€¢2 1.000€42 1.000E¢2
uty +0 68200 638 6:701E-1 14393641 1.000E%1 1+395E%1 1.000£+1
13 n coz.o 682.0 1222 1+791E- 1 1400042 1,000€¢2 1.000E+2 1,000€2
REPwELD
[ R 60240 8606.8 6.754E+0 5506.8 0 04000 101952
(14 B 602:0 4606+ G:TI4EC0 268542 163 6+184E-1 3.828F 1
Y R 602.0 %606:0 §.750E¢0 5506.8 308 5:520€-1 1,195E¢2
REP WELD REP WELD L3 .
w? R 682.0 4404.8 6.750E40 9506.8 0 0.000 10195€e2.
(4 R $82.0 460 G T30E+0 2685.2 165 6.144E- 3 3,626E¢1
at . R 602.0 4606:8 6. 790E+0 5506.8 304 5:520E- 1 1.193E+2
NEV wELD wWrTCH) M '
[ 4 82,0 0 0.000 1+1000E+2 1,000E¢2 1.000E+? 1,000€42
vr 952 630 6.TOlE-1 14395641 1.,000E+1 1.395E+1 1.000€41
L34 N 6"-0 602:0 682,0 1222 1+791E- 1 14,000E+2 1,000E+2 1.000E¢2 1,000€¢2
REP.WELD L]
R 602.0 4606:8 6:734E+0 3306.0 0 0.000 1419502
[
PAGE 2
NEw WELD =  WELD SPECIF INSPEC DISAP ODISAP  INSPFC1 SPECIFL INSPEC? SPECIF2
M) (L)) (M) (MM (0/0) €0/70) €070) 070) /0
REP.WELD = WELD REPAIR  REPAIR INSPFC DISAP DISAP  INSPEC
. ) (c €0/0)  (CM) (M) 0/0) €0/0)
ut R 602,0 46060 Gi758E40 268%:2 165 6+144Fe0 5.828E01 J
(14 R_682.0 8606.8 #:754E¢0 3506 s 5.52 1.19%642
TePo INSERT
NEV WELD
Cid No13.6 136 13.6 0 0.000 1.000E+2 1,000E+2 1.000€+2 1.000Ee2
ur N 13.8 1346 1.6 0 0:000 1+176E41 14000E*1 1:176E%1 1.000E+)
(34 N 13.6 138 13,6 0 0.000 1,000£+2 1.0006+2 1.000E¢2 1.000F¢2
NEW WELD NEw wELD N
N 13.6 136 13,6 0 0.000 1.000€+2 1,0006+42 1.000E+? 1.,000E¢2
ur N 136 13 1,6 0 00000 1417621 1.000E+1 1.176E+1 1.000Es1
T N 13.6 13.6 13.6 0 0.000 1.000F+2 1.000E42 1,000€+2 1.000€+2
NEV wFLD ToPe INSERT N
ut N 13,6 136 13,6 © 0.000 1.000E¢2 1,000E42 1.000E+2 1.000F«2
ut N 136 1%¢ 1,6 0 04000 1:176E+1 1.000E¢L 14176E+1 1.000Es1
N_ 13,6 138 13:¢ 9 0.000 1.000€42 1,000E+2 1,000E¢ O
Io(t INSEII
wELD )
ut N 136 13.6 13,6 0 04000 1:000F+2 1,0006+2 1.000E+3 1.000E+2
ur N 13:6 138 3.0 0 0:000 24205€*1 14000E+1 2420%E*1 1.000Es1
[ N 136 136 136 0 0:000 1,000E¢2 1.000E+2 1.000E+2 1.000E+2
NEY WELD nEw wELD N
L4 N 13,6 136 13.¢ 0 0.000 1.000£¢2 1,000£42 1.000€¢? 1.000Es2
uY N 136 136 3.0 0 04000 2:205€¢1 1.000b+1 2.205E+1 1.000Es1
[ i N 13,6 136 13,4 0 0.000 1.000€+2 1.000642 1,000E+? 1,000€¢2
NEV wELD MoK INSERT N
"t N 13.6 146 13,6 0 0,000 14000642 1.000E+2 1.000E+2 1.000E+2
ut N 136 1% 3.0 0 0:000 2+205€%1 1.000E*1 2.205E+1 1.000Ee1
(14 N__13.6_ 138 13.6 0 0:000 1.000E+2_1.000E+2 1.000€+2 1.,000Es2
Moo INSERTY
wEV WELD
(4 N 16,8 $6.8 16,8 0 0.000 1400042 1,000E42 1.000E+2 1,000€42
ur N 1648 168 1.8 0 0:000 1:071€+1 1.000E%1 1.071€41 1.000Ee1
RY N 168 16.8 16,8 0 0.000 14000E+2 1,000E+2 1.,000E+> 1,000E+2
NEV wELD NEY wELO N
(34 N 16,0 168 16,8 0 0+000 14000Fe2 1,000E+2 1.000€+2 1.000€42
ut N 16,8 16.8 1.8 0 0,000 14071E+1 1.000E+1 1,071E+1 1,000E+1
L ) N 16,0 16.8 16,8 0 0.000 14000642 1.000E+42 1.000€¢2 1.000€+2
nEY wELD Ao INSERT N
W 188 16.0 16,8 0 0,000 1.000E+2 1.,000€+2 1.000E+7 1.000E+2
N l6s0 1648 1.8 0 0+000 1¢071E¢1 1.000€+1 1.,071E+1 1,000Es1
N_16:8 les8 16,8 0 0.000 1,000E+2 1,000€42 1.000E42 1.,000E+2
L]
No09%.2 0992 093,2 0 0.000 1.000€+2 1.,000t+2 1.000E+2 1.000E02
N 895:2 09%.2 125.9 676 50369E-1 1.406E¢1 1.000E%) 1.406E¢1 1.000Ee}
: 093:2 9932 093,2 1207 1.437€-1 1.000E+2 1.000E42 1.000E¢2 1.000€+2
R 095,2 400640 3.450E¢0 5061, 0 0:000 14199E+2
R 093+2 40860 9:858E¢0 270%.7 165 6:098E-1 5:536F01
R_§93,:2 ¢ A3pEe 0106E-1 1.199Es2 )

IoMepPLOVED
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NEy WELD = WELD SPECIF INSPFC DISAP DISAP INSPEC1 SPECIFL INSPEC2 SPECIF2
(M) o) (M) () €0/70) [{74'2] €0/70> (L 744) €0/9)
REP.WELD « WELD REPAIR  REPAIR INSPEC DISAP DISAP  INSPEC
(M) ) €0/0) ) () €0/0) €070)
NEW WELD
MY N 1795.0 179%.0 1793.0 0 0+000 1.000E+2 1+000Ee2 1.000E+> 1.000€¢2
ur N 1795:0 1795%.0 . 238.1 0 04000 1¢437E+7 1.000E*]1 1.437€E+1 1.000F¢1
NEW wELD NEW wELD N
"t N 1795.0 179%.0 1793.0 0 0.000 1:000E+2 1.000€+2 1.000E+2 1,000€e2
ut ) N 17930 1795:0 238.1 0 0.000 11637E¢ 1 14000E¢]1 1.437E€41 14000€+1
NEV WELD 1 HoPLOWER N -
13 [ N 179%.,0 179%.0 1795.0 0 0,000 1.000E¢2 1,000E¢2 1.000€+2 1,000€02
ut N_1795.0 179%:0 2%8.1 0 0.000 1.4376+1 1,0006¢1 1.437€+1 3.000Es
wES
NEW WELD
L4 N 108.9 10n.9 $2.3 8 1.529E=2 A,802F+1 1,429€¢1 4,802E+1 1,429E¢]
RY N 108.9 3.2 S.2 0 0:000 1+000€%2 1+000E%2 4. 775E+0 4+ TT73E*0
NEW WELD NEV wElLD N
"y N lo8.9 108.9 37.3 8 1.529€=2 4,802E+1 1.429E+1 4,.802E+1 1.429F«)
Rt N 1009 9.2 9.2 0 0.000 1.000€¢2 1,000E¢2 4, TT5E+0 4.T75E+0
NEW WELD wee N
"y LN 108.9 108.9 $2.3 8 1,529E=2 4.802E+" 1.,429E+1 4,802E+1 1.a29t01
Y N_108.9 8.2 S.2 0_0.000 14000622 1.000E¢2 8,773£40 4. 773E+0)
FACE
NEW WELD
T N 23.4 2% 10.8 o0 0.000 4.884E0]1 7,000E+1 0,048Es1 2,000E¢1
"t N 234 2.6 2.6 0 0.000 1:0006+2 1.000E+2 1.111E+1 1.111Fe1
NEV WELD NEw wELD N
"t N 23,4 234 10.4 0 0.000 4,484E¢ ] 2,000E+1 4,408Ee1 2,000Ee1
AT N 23.8 2.6 2.6 0 04000 1+000£+ 2 1.000£¢2 1.111£+1 1.111Ee1
NEY WELD FaCE N
(4 N 23,4 2%:4 10,4 0 0.000 8.484F¢ 1 2,000Ee]1 8,888Ee1 2,000€01
[3 l N__ 23.4 2.6 2.6 0 _0.000 1+000€¢ 2 1.000642 1.111E¢1 1.111Ee1]
WEBSFACE :
NEW WELD
T N 1926.1 1926.1 . 36%,9 100 1:767€=2 2.930E+1 2.000€+1 2.930€+1 2,000€¢1
NEW WELD NEw WELD N
13 N 1926.1 1926.) 56%.9 100 1+767€E=2 2.938E+ 1 2,000Ee1 2,930€+1 2.000f¢3
REPWELD i N
* T R 1926:1  00:0 4.133€=2 110.0 0 0.000 1+375€e 2
REPWELD REPWELD R
(14 _ R 1926.1 80:0 4:153€=2 110.0 0 0.+000 14375€e2
NEW WELD WEBeFACE N
(1) 4 N 1926.1 19026.1 563.9 100 1.T6TE=2 2.938F+ 1 2.000€+1 2.930E¢]1 2.000E01
REP,WVELD R .
L1 * R_1926.1 0.0 4.153-2 110,0 0 0.000 1437560 2
NEW WELD FRARE N
()4 N 3853.4 3833, 2423.6 108 4.456E~) 6.209E41 5.T10Eel 6.209E¢1 5.710Fe])
ur N 3953:4 179540 238.1 0 04000 1:437641 1.000E*1 $:.69TE+0 4+458E+0;
(34 N 3953.4 T.8 7.8 0 04000 14000E+2 1.000E02 2.020€=1 2.024-1
NEP,WELD R
R XY 20 2.076€=2 1 000! 12375802
) oM oPLEBIHD
NEW WELOD

Fig. 2.7 Output data (Seam joint of main hull construction)

Output OSIEEH I Table2.2 ZRT & 9 12225 HAHRZKIGEE %, EROEB L ERDIETFICL
32 L FHEETH Y., ZONEIICHRAE L BBEEBOZ £ 12D TRERR % Output L ) 5,
Output 7 — & D% Fig. 2.7 Fig 2.810R T ZOBFITIERIED Y — 2iF TIFR T TRIEZE
0.04%., %ETWERT CRMEF0.15% & % %,
ZOEIEBRHEEHII O Y-SR BEATHZ L1250, Process Control& UT D &EHEETL
FEOWE., BBEEEOHBER, SMEHEOXKBREEED O, BisEEEDLE, B
BROBH, BEFIURETIRBROEEZ S WHEICIH I % ) 2T & W TE, 72 Quality Assurance
CHELREERED 2 VWIIBEMOXBREZRLMERHLZ SO T — 5 2 LEIZG U THERRE5 2
LAAREE & Bo

— 136 —



©000000O00OO0DO0OOOCOCOOOO®O & 00O0O0DOOOOO0OOONOOOOOO ®

e

[ 4]

.

by,

ur

LS
v vELd
"

v wilo

P, wilo

oty

NEV wELD

AEP WELD

L1 134)

nEv wELd
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My WELD *  WELD SPECIF INSPEC DISAP DiSAP INSPECI SPECIFL [NSPEC2? S$PECIF?
() [{] (M) (MM) {0/0) €0/0) €0/70) $0/0) €0/70)
REP'WELD o  WELD REPAIR  REPAIR INSPEC DIsAP D1sAP INSPEC
(] [{<] €0/0)  (CM) () ({71] €0/0)
N 104,0 100.0 104,0 0 0+000 1:0006¢2 1.000E+2 1.000€¢2 1,000£02
N 106:0 97:4 10.0 0 0+000 14026€¢1 3+000E*1 $:615E+0 90345C%0
N 108,0 21.8 8.0 62 T+626E22 1,000€+2 1.000t42 T.020E¢t Tog26€08
L]
N 106.0 106.0 104.0 0 0.000 14000642 100002 1.000€+2 1,000802
N 106,00 97.4 10.0 0 0000 14026E¢1 14000E01 9.61%E09 9,345E00
N 104,00 81.0 . 62 Te6leEe2 1,000642 1.000802 T.02083 7.520¢¢3
R 104,0 3990.0 3.750£40 523.0 0 0+000 1:300F42
R 106:0 33%.0 3:221€¢0 60,0 0 04000 14791Ee)
: 104.0 390.0 %:730E¢0 32%.0 49 1.238€0 1.304E02
R 104,0 390.0 3.7%0€+0 325.0 0 0:000 1:38¢E02
R 104:0 335:0 3:221E¢0 60,0 0 0000 1e791Ee1
R 100.0 3900 3.730€+0 925.0 65 10230€00 1.304E42
N . O
. 1] 04,0 0 0+000 1+000€+2 1.000E+2 1,0006+7 1.,0008¢2]
N 104.0 97.0 10,0 0 0.000 1:026€+1 1,000€+1 9.615E+0 9,3¢5E¢0
N 104.0 1.8 .8 62 Te616E=2 1.000€42 1.000E¢2 7.820E+1 7.026E0)
]
R 106,0 390.0 3.750E¢0 52%.0 0 0:000 14306Ee2
R 104:0 339.0 3:221640 60.0 0 0:000 PYRL TSN
R 104.0 390.0 3.T50E+0 3529.0 63 1+230E%0 1.344€02
N 82001 428,21 402.6 8 1e907E=3 9.404E+1 §.750Ee1 9,000E+1 §4750E01
N 8281 2238 31¢3 198 6:325E~1 1.398E41 9.477E40 Te311Esg 4.9%Ee0
N A20.1 92%.0 313.8 529 2e6bE-T 9.655E1 9.600E¢L T.330E¢1 7.310E¢1
N
N A2841 02,4 8 1e987E-3 9.408E¢1 82750E¢1 9,804Ee1 §.730Ee1
L] 225+8 3103 198 6432%€-1 1:390E41 9.ATTECD 7311640 4.934E40
L] 3290 31348 923 10666E-1 9.055E¢1 9,600E41 T.330E¢1 7,318¢e2
R 8281 23470 3.329€¢0 2032.0 0 0+.000 1el96Ee2
R A20:1 235240 3:490E+0 982,84 130 1:323E40 4017¢Ee)
ROA20,1 2347:0 9.520€40 2032,0 299 9.145E-1 1,196E02
]
R 420,1 2367.0 5.329€40 2832.0 0 0000 1:196€02
R 02003 2332+0 3.094E00 902,86 130 14323640 40176€¢1
R 82601 2367:0 5.329E00 2832,0 259 9:149E~3 1.196Ee2
n §.1 42001 402.4 9 1.987E- 9.408Fe1 8.750Ee] 9,80%E1 §,750€«1
N 4201 2238 31e3 190 6eJ25E-1 Le390E¢L 9.ATTED T311Ecg 4.950E00
4
PAGE 2
MEw WELD =  WELO SPECIF INSPEC DISAP DISAP  INSPEC1 SPECIFL INSPEC? SPECIF2
(1] ™) ) e (070 €0/0) €0/0) €8/0) (7]
REPIWELD =  WELD REPAIR  REPAIR INSPEC DISAP . DISAP INSPEC
[{] [{<,+] <070y C3 £0/0) €070)
: 428.1 323%.0 31348 529 10666E-1 9:653Ee1 9.640E+1 7.330E¢1 7.318E01
R 42061 2367.0 3:529E+0 2032.0 0 0+000 1.196E02
R 42001 235240 34494€+0 982,84 130 14323640 S17pEe)
R_428.1 2367.0 9.529€¢0 2032,0 239 9.143€-1 1.19gFe2
N 388,46 7.3 302.0 10 3¢311E-3 8.695E61 8,143E0e) 8,663E¢) §e113E02
N 388,46 206.6 2601 126 4¢827E-1 14263€+1 1.000E¢] 7,487E€¢n 3.926E00
: 340,46 913.2 311.2 440 14413E-1 1,000E+2 1,000E¢2 0.927E01 $:927Ce1
N30 387, 302.0 10 34311E-3 0.605E«1 0.143E01 §.663E+1 9.113¢€e1
N 348:6 20646 2661 126 40927€-1 1:2636+1 14000E*l To43TEeqg 3u92¢Ees
N 348.6 311.2 311.2 440 1.013E~1 1,000642 1,000E02 9.927E+) §.927861
R 388.6 399.0 1.184E40 669.0 0 0.000 1.670E02
R 300:6 309.0 1.115€40 90,0 0 0+600 24313801
. : 3806 399.0 1.144E40 669.0 0 0000 14076E2
R300,6 390.0 1.14046¢0 649.0 0 0,000 14676602
R 5406 309.0 1:113640 90,0 0 04000 2:313€01
R 348.6 399.0 1.148E40 669.0 0 0.000 1:470Ee2
N
N 340,46 37,3 302.0 10 30311€-3 84693€01 R.183E+1 B.663E+1 9.113E01
N 340.6 2066 2601 126 4.827€-1 14263E°1 1.000E+1 7.087E%0 3.926E0)
: 3006 311.2 31142 460 1.413E-1 1.000Ee2 1.000E+2 8.927E41 §.927€+1
R 340,46 399.0 1:148E40 669.0 0 04000 106742
R 380.6 309.0 1.113E+0 90.0 0 04000 203131
LR_340:6 399.0 1:144E¢0  669.0 0 _0.000 167642
N 274,84 273.0 266.1 30 1.878E=2 9.732E+1 #.636Es1 9,697E01
N 2744 1338 258 0 0+000 10654F+1 1.000E+1 9,256
N 27404 11840 118.8 42 3:335E=2 1,000642 1,000€02 8.329€¢1
N
N 276,84 27340 266,1 50 14870E+2 9.732E+1 9.636Ee1 9,697E¢] 9,400E0)
N 27608 133,38 25,4 0 0000 14654641 10000661 9.256E20 3039480
N 274,4 tinee 118.8 42 3¢335E<2 1.000€¢2 1.000E42 4,329E+) 4.329E¢1
R 274,84 1500.1 3,466E+0 1639.1 0 0:000 1.089Ee2
R 27640 190001 3:866E+0 1162.6 20 1+720E-1 T+750F¢)
R 274,48 130001 3.466E¢0 1633.1 20 10223E~1 1.009E+2
[
R 276,48 31350041 3.866E00 163%,1 0 0:000 14089¢¢2
R 27446 1500+1 34466E40 1162.6 20 14720E-1 T:750¢1
R 27864 150003 3:864E¢0 1635,1 20 14223E~1 1.089¢€+2
U } LY 1 1T 26617 30 1.0T0E= 9.732E+1 v.63eEed v.o9itel
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- MEw WELD =  WwELD SPECIF INSPEC DISAP DiSAP INSPECI SPECIF1 INSPEC? SPECIF2
M) ) M) (M) €0/0) €0/0) w0 €070 €0/0)
REP.WELD = WELD REPAIR  REPAIR INSPEC DIiSAP DISAP  INSPFC
[C R (o)) €0/0)  (CW) ) €0/0) 070)
ut N 274,84 133,53 25.8 0 04000 14658E«1 1,000E¢1 9.236E+0 5.394Ee
[ N 276,04 11008 118,80 42 3¢535E= 1.,000£42 1.000€¢2 4,329E41 4.329E41
REP.WELD L]
L R 274,46 1500.1 5.464E+0 1635,1 0 0.000 1.089E+2
uv R 274.4 1500+1 5+466E40 1182.6 20 1¢T20E  7.750€¢1
" R__274,4 1500.1 3,866E+0 163%.1 20 1:223€ 1.089f+2
mIoITY
20=24M04G
NEW WEID
My N 133,88 1348 13,8 0 0.:000 1.007€+2 9.992E¢1 1.000E+? 9,918E¢1
uy N 1352 116.% 33,5 347 1.035€+0 2.075F¢1 1.000E¢1 2.666E¢3 §.578E«0
RY N 13%.8 122.2 122,2 352 2.880E<1 1,0006+2 1.000E¢2 8.990E+1 8,990E+1
NEW WELD NEW wELO N
[ N 133,80 13a.g 135,8 0 0000 1,00TE+2 9.992E«1 1.,000€+2 9.918€43
(4 N 13%.8 116.3 33,5 347 1.035E+0 2.875F+1 1¢000E41 2.466E*1 3+970E%0
:EP o N 13%.0 122.2 122,2 352 2.880E-1 14000642 1.000E¢2 $+990E+1 8.990E01
oWEY
"y R 135,80 4107 3.024E+0 440.7 0 0:000 1.073Ee2
vy R 135:8 410.7 3.024£¢0 340.7 15 34940€<1 94269E¢1
[ R 133,68 410.7 3.024E+40 480.7 15 3.403E-1 1.073€¢2
REPWELD REP, wELD L]
[ R 133.8 410.7 3,020E¢0 440,7 0 0.000 1.073€+2
ur R 135.0 4810¢7 3.024E40 J80.7 15 3+940€-1 9¢269E1
Y R 135.8 410.7 %.024E40 4&e0.7 15 34403E+1 140732
NEW WELD mmiog Ty N
"t N 135,80 13e.8 135.8 0 0,000 1:00TE+2 9.992E+1 1.000E+2 9.9108E¢1
ut N 1358 116¢% 33.5 347 1¢035E+0 2+275E41 1+000E41 2.466E¢1 §.3T78E+0
ny : 135,80 122.2 122,2 952 24880E-1 1:000€+2: 1.000E+2 $.998E+1 8.990E°1
‘R 135,08 410.7 3.024E40 8a0.7 0 0.000 1.073F+2
R 139¢8 810+7 3:024E+0 330.7 15 3¢940E-1 9426%E+1
R_133.9 410.7 3:024E°0 440,17 15 3:403€-1 1.0136+2
N
N 1290.9 1287.6 1210.5% 6R 5.617€-3 9.401F¢1 9.005E¢1 9,377€+1 8.902€41
N 1290:9 797.3 12643 6T1 5¢312€-1 14583641 9.053E40 9:T83E¢0 &+00
u 1290.9 9%a.¢ 94T,8 1819 1.49T7E+1 9,883E¢1 9.877E21 T.II9E+1 7.333Ee}
ll 129049 5066.0 3.925E+0 6101.8 0 0.000 1+200E+2
R 1290¢9 84906+9 34863640 2675.7 165 6¢166E-1 54365E+1
R _1290:9 30669 3.925E40 6101,9 _ 33® 5:803E-] 1.208E+2

1:000€¢2 1.000E+2
1:702E+1 1,936k}

1.000E+2 1.000€2
1470261 1493082

"y n 9.8 9.4 2.8 0 04000 1.000E+2 1+000€+2
vt I 77 S P 1.6 00.000  2.657€+1 3.230Ee1
) Nev wELD "

" N % e 9.4 00.000  1.000E¢2 1.000Ee2
ot N % 3 1.6 00:000  2:837E1 3.230€%1

wty wELD mIDITY
P Y 9.4 0 0.000  1s000E7 1:000€+2

Fig.2.8 Output data (Humidity and defect)
F4m #E =

Pk, HWEHD B RE L TH L WEBRLEEE Y X T LADBRIEIL

NELVELDEERDITEL B B,
(1)

By A7 L0%E!

HEsE MO BRSEEE Y AT A%, Mo, TEEOE.
E5-BRROPTHRIFSNENETH S,

THEXEDRED,S

DWVT iR

&N,

1.000E+2 1.000E+2

Z

=1

i B E

=

ZORRE s iz TIEGH 21
WY AT LTEREETH Y, R

(2) HW6D IIESFHIIFARs N 2HHEIF I EDbOTIRESNTHD,
EIEBOBEMO BECBERAT 5101k, BROBFHRLEE
ROE VROFRBERIVHL CHACABRREEE Y AT LML T 22 PLETH S,
(3) ZHITIBA T, BEMOEMF IOV TRER—O LAERGTEEL 22 ) BURFER (11

m) TEUMFRESEFL. ZOMTES I
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BHILOT—-s2F O THREERL I B LIITL. 2OH— FOfhLIRERICK Y EHELE

sn B
REHTE, ZOHLWA—FY AT L20BIZLY RBEEROBE # KIBIZA LT 5 2 & 274
ChY. R ITEBENOEED L IIRE L AEET S EROBEWICHEEICBRLT 3

%ﬁbé’?%flo

EHIZDEI BN NV AT LOQERAL S, 2 2ET WA ERABEERDT— 5 2 L

(4)
HY2Z&PNELL2D, SHIHALTT - LBEIZaYa—yDEAZXY, KAWASAKI

QCW Program DERIZHKIIL, SN LV BEBREEBEOT— 52 CAMR P DBEMICUIEL H 5
£ 31229, Process Control# £ FQuality Assurance ZZhEREMIZERL O 52 EAREL

-7,
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$3E WBERBEORMELHBEER

i

F1EH #
WD E 1 ZIZH W THWEIH O BB TIED simulation BRI E 2R+ & L b I12F ZIZ@ATAN
ST ERFOREELEXY, F2ETIIHWEMHO BB TEICLELMEERY AT 4122520 T
WUTE
RETIEROBEW L EUET 2356 L Rtk %M. AR & L BRI O BB E MO L & T,
FAZHRE L 2 BBIERGLGEEHEY AT AL HWOHEERE 2 8/EL | BT 2 hoBKRHABER
BBZhI)Z2Lick), HRALAREIEEAS LUCREEHEY A7 08N IRIZx T 2 50R %L
IS¢ 2@EEIC OV THRETL, S5 122 CRASNABMBAIIDWTZORREDRE
¥EZ 5,
Zhicky, AFROE1F/ALE2HE L P LT, ZOMLEX > T %72 HWE3HO AHEIh S
1D TARED 24 & BAIIHERT 5,

Fo2E & A # #

2.1 4 %)
(1) ALy & At E
A EERIZIE Table 3. LIZRTERE LM HC SN, Fv—Vidl4, 18, 22mAH 1 F
v—V, B LUMmb ZhZTh1F v —ITHY, &F v— VDX DO W TLESHREFR
#RTE Table 3.20k510%%, &EF +r—VEebE IR ZHEBRSITIZITENES %
S>TW5h,
MM MEE I ERE T & 12 Table 3.3 1ZRT A, WTINGERMEAELZHEL TWwb, 20
ZEHIZOWTHREAL BEREBRE , EHERE. 7340V aVREZEBL 2P RBIEIEEsH

Lol

Table 3.1  Number of plate for each thickness used for model

late thick-
ness
Cmm) 14 18 22 32 54 Tota!
Block 3
NI & N2 3 8 2 a | I8
Charge number Charge | Charge 2{Charge 3
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1)
Table 3.2 Chemical composition of steel used

Thick . 2)
c Si Mn P S Ni Cr M c Ceq.
plate %) | (%) (%) (%) (%) (°/I.) (%) (°/3 (°/:‘) (Y/.) (sfg
14mm | 009 [ 031 | 052 |0.010 (0005 255 | 048 | 036 | 0.09 0.439
18 1 1 t ? ] ] 1 ' ? Tr 1
22 01171034 | 056 {0.012 10007} 265 | 050 | 038 | 0.10 0.450
010 | 025 | 0.51 | 0.09 {0004 | 290 | 0.63 | 037 | 0.09 0.486. -
31 H ] ! 1 1 ! t [} ! Tr ?
012 [ 0.28 | 056 | 012 |0.006 | 3.00 | 0.68 | 039 | 0.1 0.533
0.20 | 0.57 | 0.09 ;0.006 | 3.00 | 080 0.018 0.539
54 010 t ! ! ! t t 0.40 ! Tr ?
022 ( 058 | 011 |0.007 | 3.08 | 083 0.020 0.549
Notel) Chemical composition show the max. and min. value,
based on analysis of each plate
] o 1 1 1 1 1
2 % )=Ce+ —Sie=Mn+ — Ni+ =Cre—Mo+» —
) Ceq.(%)=C 2451 gMne 7oNi 5Cr ZMor 7V
Table 3.3 Mechanical properties of steel used
Thick Tensile test Charpy test
of | Yvield point |Tensile stress| Elongation Refduction <(11K'70 ;C
lat of area -m
plate | (kg/mm?) | (Kg/mm?) | (%) (% S
14 68 73 37 218
18 ? ? 1 — l
22 72 75 40 291
68 75 25 67 21.0
31 [ 1 1} t ?
71 80 28 74 239
68 75 66 15.7
54 ! ] 26 t @
70 76 68 169
Note I} Specimen JIS No.l below22mm thick.
Specimen JIS No4 for 3imm and 54mm thick.
2) £ B % #H

HW63gH Iz IXEHFBD 754 v PHVW L, oL BRI LDV EZIZEDIIoNB L D12
L7z $-EROBEED W THEHMROBREIZEELSR — NititsnhdmEF & 2 DfFE

RS E S L OGP 5 hH 2 LB >TW 3,

2.2 B B B

(1)

B & UMM E L Table 3. 4B LU Table 3.5 Z2NFHRTH, E1ZIELE

LR & MR IS
FHEBRIIE 1l ROMEICEWTHWAZEG3A)D 4mé ERIMEE Lz, ZDBRBEBENLE

I FEFEM L EE R L e 2BBEBERI 1Ty —VOREEL /-,
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Tabel 3.4 Chemical composition of weld metal

Rod Dia. |Heat Input : 2 n
& Si Mn P S Cu Ni Mo | Ceq.

(mmg) | (Jodelem) | of) | O | oy | o ) | ) | @ | e | (%
32 12000 0.05 | 0.37 | 0.80 | 0.010] 0.011 | 0.10 26 | 0.33 |0.346
40 17000 005 | 040 | 080 | 0.011]0.010| 0.10 27 0.34 | 0.352

1) =C+ - si+l 1 NitteridtMorL v
Note1) Ceq.(%) C+ S|+ Mn+4°N| Cr Mo |4

Table 3.5  Mechanical properties of weld metal

Rod Dia. | Heat Input i i Charpy tht
Yield point |Tensile stress | Elongation ((ltK‘SO )C
-m
(mm) (JQJ[E/Cm) (Kg/mmZ) ( Kg,mmZ) ( °/o) 9
68.3 74.9 240 8.48
34 12000 ! l ! 1
689 75.2 243 9.05
68.5 75.8 25.8 8.76
4.0 17000 t ? ! 1
68.7 76.3 26.0 9.05

2) £ B & H

BHBEOA VAN Fig. 3.1ICRT L&) IL8#MRZE Fr— VRSP TV v bah, ZOF~x
— VES I ABEEIRRTE, - PIZitAsh 320, TEDET v — VRO BEHROMER
RELBAELI %,

BB T Fig 3.210RT &) A MESHEARIZIE > THEBRLE 5 2 2 bh 2 & HERIF
BTNRTCHBFIE MBS N, »OEBEOBRZBREY A 7 VE g T 50 - ERBEIT v— V.
(FHBRINZGRET 5L D120 7o

FH R VAR RS TE S TIE150TC ~
200CIZhNER L - ¥R gdsPIciRiFs . &
BEEHEIZZIVROMLCEEES I LD

BECRR > S B RGE EOERIFE TO
AR RERMIT ARMDA L LD, 2z
WERICEHS 5720 FiLD Z & < EHEBROHH

RRRIC K D s O BhEHE2 B 2 2 v, AR

- < 3 - Fig 3.1 Charge number printed on electrode of
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Baking time and temperature

18 24 6 12 1B 24

Rebaking
L 400 , N Holding in portabie dry box

Delivery time

8:00 ~, 9:00

F400
13:00 “~14:00

17:00 \~18:00

Fig 3.2 Temperature curve used for.rebaking of ‘electrode
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YHEEXICEANBEMNTENS, #UTENE22o0 72y /N 1BEUN 2 EROMNBIZEENT
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building up of bulkhead structure

8

manual welding manual welding

building up of
‘instaliation hatch coaming

|

building up of frame structure

weiding of inner huli

butt joint and installation
\ hatch coamirig

walding of bulkhead structure
manial weldi fo inner hull structure

welding of frame members

seam welding of { to inner hull structure )

inner hull plate

Fig 3.4 Assembling process of structural model of HW63
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F4E  BERELE

Table 3.6 Specification of strip heater

4 -1 TERIELE

FEUZIT A MY v T —% (BLIEPINER) & H Item Specification
Type ST-6510
- 1 5‘?%
WBis & Y 7T E— 20T & Table 3.6 Length £ 650 mm
WWRTZELLTHY, Fig. 3.6 LU Fig. 3.7D Breadth b 38mm
Bk A XS AT25E DD, WEMSMT 5 & Toichone 1 i
Capacity | KW
BB
DIELIERLE 138 B4 Fig. 3.8D @)D T& < LR, [o o] []le
FFE T SR 123 L 7 BB 0 RE S I AR O (b)ic e b T

T & IHEDF LY 5 MEE70mm L I3 —1 0S4
SN2 LPHERENS, ANy Te—SDHE
BE M-S XN & ML D 247 BEL B
ST RGRZE D LR L BUS O RE # FEET 3 h A
HBH, ko Z &< EIEES 2 % INEEiRE &
LN A ol P,

Fig 3.5 Tack welding procedure

TR IZBE LT (7T AV - 7 u X)) (THIRO EARE A &
FONREF 3 — 7 IEDFHEIL 2, BRExf 2 FRHEL L TEH
TR K B TFREBEEDIERIE Fig. 3.90 28 < ThHY, FHlll
T ZMBVWEL B2 2bNAUTHEBIERIZEHAIL 5 5 2

70 70*‘ heater
5@ = ?ﬁ\

Fig. 3.7
View of heaters attached to plates }
near joint in structure

Fig 3.6 Attachment of strip heaters to plates
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FEEEILE 1 2O WMAFIRED X5
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IZHHURRE & Xy

Temperature ( °C )

Temperature (°C )

250

200k

_ohe

227
150

strip heater
100}
A
p 3

measuring point
50

o 1 L 1 1 L 1
o} 20 40 60 80 100 120 140
Time { min.)
(a) Time elapsed ofter switching on heater
250 r T T r T T
strip heater
of ok 175 200 280275 300325 mm ]
200} Ineasuring point N
g Om - = - ——
90min preheating N
A}
A}
§-1¢] 33 \ .
AY
40 min preheating AN \
100} ~ M\ J
\O\
o\"\o\o
50} p
0 1 X 1 L i 1
[o] 50 100 150 200 250 300 350

Distonce from edge of plate (mm)

(b} - Temperature distribution near joint

Fig. 3.8 Preheating temperature elevating curve. and
distribution curve in structure
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200}

150

100}~

S50}

Temperoture by contact type temperature indicotor and temperature chalk (°C)

I : Indication temperature by temperature chatk

o 1 | L | !
0 50 100 150 200 250 300
Temperature by thermo-couple ( °C)

Fig. 3.9 Indicating temperature by

temperature indicator and

thermo-couples, contact types

temperature chalk
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Fig 3.12 Preheating and interpass temperature of butt joint of shell plates in construction of model
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Fig.3.13
A man engaged in recording of
welding procedure parameters
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Fig. 3.15 Temper and edge bead distance deviation measured for covering beads of model

— 153 —



% note FO Undercut depth % % note

1oF vFo VFO Face (F) o : Average Root
7 ¥ . ~—: Rage of standard deviotion 26
vV vV @ : Maximum (Minimum = zero)
oof VOF\ /vor—’ Root (R)
OF
1 G N O T L P W O O i I
- Upper limit of undercut depth
E = based on the construction standard ~L
~ 04} 4
5
o
I}
g i
S o.
: 1
£
a 02} . . .
@
a
o.if $ # L % 1
5 i $ et b L ¥
Measuring
i F R F R F R F R F R F R F R F R
position
Welding * * * * * i i
position OF VOF AV VFO FO. Flat Horizontal Horizontal
. Stiffener web| Stiffener web | Frame web
Welding Inner  hull frame web x face x face
position
Butt Fillet

Fig. 3.16 Undercut deviation measured in model
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Fig. 3.17 Grinding of toe of full penetration

fillet welding
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Note) MT . Magnetic particie test, RT:Radiographic test,

— 155

Table 3.8  Inspection requirements on structural member, time and method for model
Surtoce & '[:u'::'c‘?i'on Surface Inspection Internal  Inspection
Item Inspection Inspection time Inspection Inspaction time

. During welding After completion of weid Atter completion of weld
:” Structural menber 2P Tiat | 2na| 3ed | At Inter, Afte Msm A;tor At:tor At scops At A;m Aflm ek atic
- pass | poss | gous 95;' 243'" doys | days jmonm| 10%" Z:M doys oy 1051 [ 05!
Inner hutl (Seam penetration ) 100%| = | = | = |MT| = = |~ |MT [MT |~ | 100 %|RT [UT UT | - | —

Inner hull { Butt ) 100 MT M1" MT [MT |[MT [ — | — [MT {MT | — | 100 (RT |[UTUT| - | —

Butkhead ( general ) 100 - == [MT|— MT | — | — | — | = 3 RT |~ | —]=-1-
Bulkhead ( penetration hatch 100 == —=IMT| == —|MT| -] ~— 3 RT| |~ —-| -]~

Butt | Frome web and Face 8o - =|-mr|- MT|—|~-|—|—| 30 |RT|{—-|—|—]—
joint | Instatiation hatch cooming too |—|—|—=|mr|=]—=|=|mr|=|—-|100 |RT| —|=|=|~
Bulkhead stiff. web and face 50 | —|=|—[MT|~—MT|—~|—=|—[—=| — |—=|—|—=|—|—

Tank stitf. web and face 50 === M7= MT | —|—|—|— - bl Ball Bl B

Horizontal stiff. 1o — =~ (MT|— MT| — | — | ~|— - - == —1=

Hotch coaming 100 - | =] —-—MT == | = |MT| -] - - _— =] -] - -

Tonk plate ond inner hull 100 — = | —{MT| — | — IMT |[MT |MT |MT | 100 ut| —jur|—| -

do. ( Forward tank g ondinnerhuit) { 100 MT.(MT {MT [MT (MT | — | MT |MT [MT (MT{ 100 UT{ ~ | —(uT({UuT

Bulkhead and inner hull 100 |- |=|-|mMr|=|=|=|MT|=|=| = |=|=|-1-]|-

do. ( Tank port ) 100 |MT [MT [MT |[MT |MT | — |MT [MT | — |[MT| 100 = | == |VUT|uT

Inner hult and frame web 100 - == (MT|{= | == [MT | — | — —_ _ = - = -

do. ( Fr.No:3) 100 |MT [MT [MT [MT IMT| — [ — |[MT|{— | =} 100 |UT|—=|UuT|—-|—

Fillet | Frome web ond inst. coaming 100 - =] = MT| =~ = |MT | =~ | — — _— e =] =

do. (Fr.No.2) {00 [MT [MT [MT MT(MT| —| —MT|{—|—1{ 100 (ur|—-{uT|-|(-

joint Frome web ond foce 50 —_— == MT| ===} =] =] - —_ —_— = -] =] -
Tank piate and tonk piate 100  |MT |[MT |MT |MT |[MT | — |MT |MT | — {MT| 100 = | =] —="|VT |UT

Bulkhead stiff.ond inner hull 100 - == (MT (== MT | - | — - - ===~

Tank stiff. ond tank plote 100 - = = (MT! = [MT| =~ | — | — |MT — —_ ] = =] =] =
Bulkhead stiff.and bulkhead piate 100 - = | = IMT = IMT| — | — | — | — —_— —_— =] =] =] =
Horizontal ond fonk piate 100 — (= = [MT| = { — {MT{MT | — [MT — =] = =] -

e o e mull piate | 100 [MT |MT [MT [MT [MT| — | — \MT| —| ~ | 100 [uT| - fuT|- |~

Tonk stiff ond stiff. 50 -~ =-l=|—|—(MT|MT| - - - - =] - -] -

Bulkhead stiff and stff. 80 _-_ == = = == [MT| = = — - | = -~ -

Tonk stiff. web and foce 50 ~ === =(MT|[=f—=| =] - - - =-=-1-

Bulkheod stiff.web and face 50 | ===~ MT| ===~ - _ == =] =
Buikhead p'c""; é;:i_;mtch coaming [ (OO - | =~ MT | = [MT{ =~ [—=|— 100 UT| = (UT | =1 —

Deck and nner hull plate 25 = |=1=]=] = IMT — - -

Jig Lifting piece ond build up 100 MT - —

UT: Ultra-sonic test




Table 3.9 Defects percentage of weld in model construction

Inspection | Joint [Length of| Defects length (mm) | Defects percentage(®s)] Remarks
inspect
ltem |Method r.‘s(‘:’nt-;g)“Ul crack |others | total | crack | others | total
Butt 509.9 0 168 | 168 0 10.033 | 0.033
Surface| M.T ] "
Fillet | 20981 | 55 | 215 | 270 |0.0033(0.0097 | 0013 |77 % "L
R.T Butt 62.7 0 | 1439|1439 0 |230 230
Internal Butt 81.7 0 | 396 | 396 0 |048 | 048
uT
Fillet 1003 0 45 45 0 |0.045 | 0.045
%*

M.T: Magnetic particle test
R.T: Radiographic test

U.T: Ultrasonic test

Structure Detecting method and time Causes and countermeasures
etai _ull | After back gauging very thin root preheating range was very restristed.
cracking was detected by MT. So preheating range should be
Fillet welding ‘ enlarged at least over I50mm from

of tifting plate

Hull plate

joint .

Cross joint of

A scallap was filled up by
through welding. Small cracking
was detected ot crater of

Incomplete treatment of crater welding
caused cracking.
Crater welding should be avoided

fillet welding filled-up welding by MT . just at the cross point.
of stiffener to
horizontal
/Crater cracking
Cracking was detected on fillet First pass side welding was so less
joint by MT after completion to balanse the reverse side welding
Fillet welding of opposite side welding . in deposit metal quantity.

of installation

hatch cooming

to hull plate

Joint design should be amended fo
balance both side welding.

Fig. 3.18 Cracking defects detected in welding of model
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BRI R & AT ORI, MEERICKIEHICO W TR & Table 3.90 8 k5, ZOHTH
BENORKIE X b T, RAECHTIOIENERE S AT, Fig. 3.18 18T &5 1005 h
LT BUMTETH 5, QUARIERTS ) BEREREIERBTFRCH -2 2bLEL LR
5, Q7 V—sENARELZZLOTH D, QRTHAMEDIENDNT ¥ ANEL, WHOEE
SHNEE LRV OTH B, Zh5ORABREARIRT 2L CHEFLRERS N, 20RO
AR E AT RN, FHROMRTH SHAROOARTENTSY, Z0&) ZREBTFRIOL
TRADBETABEFSY, OB 5EBEROEOEH B SIS EH RO M 15 0m
& BUE TR ARIRE T 5 2 2 & U |
PUEOMERER S 5 BENGE L 2 TR, ARE, ESS0TERES LUREEEY A7
AEHW 63 @OESENOBEOREE+HIHET 50T EER 515,

H6H MARB

6-1 RERIEH
BROBERTHR, R0y —2 (GramEsg) , Ay b (HEAoTFm, k@, Thds) , 7u
— LD, BOAOD L0 2 B EEEIZ W T Table 3.100 &5 2 RERE B 2% > 70

Table 3.10 Destructive testing items

Frame Face (Fr1) Horizontal - - -

Web |- Fillet | Horizontal — - -

Type of N Testing items
Structure joint Position Tensile test | Bend test |Charpy test | Macro test ggf,:gigg{ion
Butt(P) | Vertical O O O O O
Seam
Butt (S) | Vertical O QO O O O
Hull Butt (P) | Vertical O O O O -
plate Overhead
Butt (E‘;"IL,) o O. O O O -
' Flat
Butt —_—
(|ouv:er) Ove:-head O O O O
B
(Feny | Pt - - O O —
Web
Butt — — _
(przy| P O O
Filtet O
O
O
O

(Fr.2)
Hori |
web | Fillet orizonta . — . _
x Overhead
Horizontal
Hull Fillet + — -_ - e
Overhead
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6 -2 B R ~ 1ol
£
T3 EERBRD KR X Fig. 3. 19127+ &5 1c gg‘s- = 1 7 ]
~ 9 6 B
WFREHWE 3 losEMms % kb0 83 |58,
° ,'_, requirement
~ 89kg/m® TH Y, WHHBIRMCH2, |1 " 2f
1 S IB OB ERBR O RIE, BIBEMS T8 5 E
kg/mn®— 8 Okg/m?, [ERIEET 8 2kg/mt— | 2 9O — M
-C —
8 Tkg/mm?, HUIT22%~30% ThHY, FEXR g 80 base plate strength
Pese (MRis & 6 dkg/mm2 DL, HU20%LIE) | o
@ 70
PHAIEBETIL0TH B, k
HEARERDERIZT—50C Tt8kg— m~ kg — Overhead| Flat
Items, Vertical | Vertical | Vertical Flfa t love |3i'\ea d
md, ZhdtERMRE (vVE -50 =2.8kg-m) Butt Butt
é)o Butt(p) BUtt(S) Butt(p) (upper) (lower)
¥ LEbAEERLTVAZEPRAD SN, S Seam Butt
Joint Hull plate

Fig. 3.19 Results of tensile test of weld joint

BRSO~ 7 0O BEHEIE Fig. 3.2012F D TRT A, Ehz EOBFEBERMBOFEITRD 5z wv,
¥ -ABY - FREBABESLELARBDTIZ Y —EDFETANI V= FETHEZIZLN TV
., VAEEEVZIELEV— FELMORNE AL 51, KBOBEIZL 2 — FORIE

DEVIIFROLNEV, ZFRTEHVWIIUTIZE Y KEOMEB s TSR IcowTvr7uiRlkEr &
oA, ZOHNIEFig. 3.20(d) 1IZRT LI ICMNERIAMDA I V& 2HETO—FR—IVT

S

D, ENIRD Mz h o7,

Type of = Number| Heat |Ambient] ‘
Structure jgi?'lf Position Elgct- of input humidityi Macro- structure ; Side bend
rode |pass (Joule/crpmmHg) |
Butt (P) |Vertical |E63(A) 24 |'300
i 17,600
1
Hull | seam
plate
| 1,200
Butt (S) Vertical |E63(A) 22 s
17.500

Fig. 3.20(a) Results of destructive test
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Heat |Ambient]
Structure T;u:\et o Position |Elect- ngrpber mi,uf humidity Macro- structure Side bend
4 rode |pass (joule/crmimmHg
10,800
Butt (P) | Vertical |[E63(A) 26 S 4~7
21,600
Hlu|f| Butt (Buﬂ) 0ver+head £63(a) 29 8,%00 e
plate
HEReL Flat 21,500
Butt Flat 8.500
(lower) |+ |E83(A) 27 (| a~T
Overhead 19,500
Fig. 3.20(b) Results of destructive test
Number| Heat |Ambient|
Structure Ty:: | position |Elect- lg? y input  [humidity, Macro-structure Face & Reverse bend
i rode |pass (Joule/m(mmHg
Butt Flat |E63(A)| 13 | 9800, g
(Fr.1) §
17,200
Web =
11,400
Frame Butt Flat |E63(A) 15 { [18~19
(Fr2) 16,800
Face .
x | Fillet lyorizontall E63(A) 15 |7.800| |
web | (Fr-1) §
17.700
Fig. 3.20 (c) Results of destructive test
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Number| Heat Ambienfl
Structure T:iier °f | position |Elect- L:,'P in:)ut Lumidify Macro-structure Frse & R il
j rode |pass  floule/emmmHg)
Face ; =00
x | Fillet erizontal |E63(R)| 19 § | 12
web | (Fr2) 19,600
: Horizontal 8.000
Frame ’
Fillet + E63(A) 18 ‘ 10
Overhead 18,600
Web
x
Hull
. Horizontal 9,500
Fillet + E63(A) 16 f 1
Overhead 0
Fig. 3.20(d) Results of destructive test
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