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(2541%X89wx356L)RBA=HE LT, NRLERERB 2TV, NDTEREYRDL, ik, HER
SRIREIG, BUBREUIR - 2, BUERDIM% X UND TREOFMR, ASTME208 (1975) Delir,

ﬁm&&lkﬁﬁﬁﬁ%ﬁfoﬁt.@¢5¢1K.NDTEE&V—/y?7+hE—ﬁ$§§%%®SO%ﬁ
HETTERREE (v rs ) & ORERTY . MEAKE, BEABRBET 22—t v} %4 Dcmrhi s,
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1) ASTM, “Standard Method for Conducting Drop-Weight Test to Determine
NIL-Ductility Transition Temperature of Ferritic Steel ", E208—1975
2) HESZSES 7 -2 v— by ) X4, ERMRORMBOEE " (H57.1 1)
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Test Condition NDT vTrs
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E | P NRL-S | 45 | -65
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G
H
J |
L
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Table 4.6.1  Test Results of Strain Aging Treotment Moaterial

Struin Aging Treatment (C-t/2) Base Metal (C~1/2)
Steels Process . Ceq.
vE=4D | vTs vTx 5 imax vE=dD | vTs | v Ty S Imax %)
fg-m} | () | () (1/mem) fkg=m) | () | {70 (1/mm)
36E35 A 91 |-55]|-4 | 0.z2 ~20C)| 37 |-Ba|-& |02 (-80%) | 0.40
WEIS B 16.2 -58 | - 48 0.8({- 20¢c) | Z7.5 -82i-46910075(- BOX) 0.37
36E35 C | Tmsteel | 203 |-57|-358 | 0.125¢ 20¢) | 18.7 (-4 | -7 | 0.083(- e0¢) | 0.3
JSEI D 7.2 -851-72 - 22.1 =102 | - 80| 0.150(- BOXG}) 0.39
38E35 E 4.6 |-34|-32 | 0.150(-s0C) | 12.0 [-5 |- 48| 0.080(- s0¢) | 0.38
36E35 F 24.6 |-70|-83 | 0.08 (-40c) | 28.2 |-83|-73|0.100( BOC) | 0.33
WEIS G 17.0 -80 | - &5 - 15.8 -9 | - 77 | 0.158(= 90C) 0.7
JEI H | TM{H) 18.7 ~-68 | ~83 0.138(- 60T) ] 20.8 - 75| ~73 | 0.050(- B0OT) 0.33
JHEIS L Steal 27.2 -89 1-85 D0.038 (-~ 40¢) | 35.2 =110 | =109 { 0.050(=120x¢) 0.3
JSE3S ) 14.7 =111 { =100 0.250{- &0¢) 19.3 =106 | =95 | D.180(~- &0T) 0.38
JSEIS K | Noma 1.1 +10 +5 o] 4.8 - 2(=-101|0 0.43
120 T S T T T T
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Fig. 4.6.1  Comparison of Trensition Temperature of Strain Aging Treat-

ment Material with Base Metal



Absarbed Energy of Strain Aging Treatment Material, vE oz (kg-m)
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36E35D SAW 87 0.09 |0.45]1.33{ .016 | .005{ ©.15 {0.08 |0,05 |0.26 | ,017 |.02) | .005 |.00&% | .00B | — -
I5E3SE SAW 100 0.12 |0.35 [1.25] .017 | .006 | 0.035/0.03 |0.02 |0.13 | .055 |.016-|<.01 |.003 |.011 {.0038|.0303
36E35R SAW 130 0.09 10.29 | 1.%4 | .014 | .001 | 0.04 0,03 [0.025]0.14 | .026 }.00 |.06 |.00 | .00B j<.002(.029
I6EI5A FAB 110 0.094]0.71 | 0.94 | .018 | L010 | 0.05 0,041 0.045]0.24 | 037 ].025 |.013 {.006 {.013 |.004 [.032
JGE35C FAB 112 0.08 0.75|1.08}.016 |.008 ) 0.05 |0.04 |0.0% {0,290 | ,026 |.015 | .006 |.0048 | ,027 |.004 |.0267
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36E35L FCB 270 0.10 [0.32 |1.51 }.,009 f.001]o0.3% jo.25 |0.025(0.16 | ,026 J.00 {.06 (.00 |,00B [£.002|.030
6E35H FCB 275 0.11 |0,32}1.22].017.007{0.03 |0.03 j0.02 {0.21 [.011 |.004 |er, {.0027 |.023 |.0050 {.0297
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Fig. 5.2.1 Chemical Composition of Deposited Metal
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Table. 5 2.2 Hardness Distribution of Welded Joint

( Vicker’s Herdncss Number Losd 10kgf )
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Welding

Steel leat Depo. | Fusion HAZ Dase
| Plate |Process | Input Metal Line [ Max. | Min. | Tensile| Metal
(kj/em) .

" - Al 212 193 198 | 165 150
36E33D | saw 87 | 8| 188 | 177 | 18| 160] 168 | 155
(ol “ lc| 207 | 180 | 198:| 165 165

A 23 | 206 208 | 196 | | 210

J6EISE | guy w0 {p| 190 | 10 | 175] 166 | 166 | 167
(™) c| 220 | 185 | 185 | 175 174
; NECEEINECIEGEE 166

I6EISB | gy 130 || 155 | 1w W | 163
(™) c| 190 176 175
NEFRE 172

EIA | pyp no | s 22 | 163 177 | 1!
(™) c| 177 | 18 167

Al 225 | 2w 165

WESC | pap | m2 [n] 187 | 163 ws | 132

(™) c] 195 | 173 o fse ]
: Al 200 | 215 162

36E35K | prp 116 | nl 208.] 19% 00 | 167

N | 196 | 200 162
Al zon | 198 163

368336 pep 224 | n{ 203 | 191 w1 | 1%

(mliy : c| 200 160 165
Al 108 | 195 159

36E33 | pop 23 | nf 182 | 190. 153 | 152
(™ cl 187 192 154 ]
DRI R T al e e T e
36E35F| g 237 | b| 198 | 204 166 | 150
(T™(11) c| 200 188 168

e Rl g e B U R s

36EBLI  pep 270 | B} 202 | 195 156 | 152

(™ c| 200 | 177 167
Al 198 198 175

36E35H|  pep 275 | pf 195 | 1 151 | 162
(TH(I) c| 186 160 168
m
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Item Appearance of Side Bend Test Specimen
36E35D
S
teel (jSmmt)
Plate '
™
Welding ! SAW
prOCESS[
Heat !
Input | 87
(kj/em) |
Steel 136E35A
Plate ————i (55mmt)
| ™
Welding |
Process ! AR
Heat [
hpﬁi
(kj/cm) ;
Steel
Plate
Welding
{ Process
Heat
Input
(kj/cm) '
| 36E35H !
| Steel (35mmt)i
Plate !
T™(H)
Welding FCB
process
Heat !
Input 275
(kj/ cm)
Photo. 5.4.1 Appearance of Side Bend Specimen
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Table. 5.4.1 Side Bend Test Results of Welded Joint

Steel Plate Welding Heat Method of Defect Length on the

Process Input Bend Test Sureface of Bend Piece
(kj/cm) | (Radius - 18mm)

36E35D ™" SAW 87 Guided Bend 0 mm 0 mm

36E358E ™ SAW 100 Roller Bend 0 n;;~ 0 mm

36E35B | © TM SAW 130 Roller Bend 0 mm 0 mm

T 36EBA | M I'AB 110 Guided Bend 0 mn 1. Bum
TT36E35¢ | 1M | FAB 112 Guided Bend 0 mm | O mm

36E35K N FAB 116 Roller Bend 0 mm 0 mm

| 30E35G_ T_M(wa FcB 224 Roller Bend 0 mm | 0 mm
36E350 | TM(H) ¥CB 230 Guided Bend | O mm | 0 mm_ |

36E35F | 1M(H) FCB 237 Guided Bend 0 mm 0 mm
36E35L | TM(H) 7B | 270 | RollerBend | O mo | 0 mm

36350 | Fmign) | R | 275 | Guided Dend | 0 um 0 mo

* . : *
T Thermo-Mechanical Controlled Rolling Process Steel N Normalized Steel

*x
TM(HY High Heat-Input Weldable Thermo~-Mechanical Controlled Rolling Process Steel

‘ 3 /__ _Mfix. 1.5R
N/ U s
L“'am;a‘(‘e’sa‘f""*| I‘g"
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Table. 5.5. 1

=T T T T
| wateriel 1 ™M (H) plate
| welding procadure 1 FC3

R

kJ/cm

mark [Plate

Zcm
Jem
/em

§ 1
otop [
q;::
it

:

-120-

3> o

50 % crystallinity transition temperature (vTrs)vs.

notch position for each welding procedure

WM Bond HAZI HAZ3 HAZS BM

Typical separation in Charpy specimen (Notch position;HAZ 5)

Testing
Temp. (°c)
Fracture o
Appearance i | _
Separation 0 0.07 0.03 0.03 0 0
Index 0.11 0 0 0 0 0
| 0.06 0.03 0 0.04 0 0.
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6.1 HREXBROEMLIZTORME

R 3 H MBIV O LS L -0, RESEABCR bbb, ML RS0MEY L, 1o
TP AT REM A I s L S ok,

Loz, EMNCHEEEORBC NS D LA FRIR TS, Thbb, BABEREEBEOMA, 2
= b — VORRR, FRELR Y, HRECLEE SnTe 2flHusRhcEi, Ho3, BE RO TRy
e ha,

LirLish b, GERME EEGEMAR O PESELFEMNROL oI, BEREFK, v I TLidbhy offt
HAHZ e XbMoNTE Y, ERFEA S > T, BEHE L 0ES P ZR AN LB AN i kR
BREBETAILENL S,

T, REERMFEEONBELYBEMNL LT, Ba0kEROBEEYREL, CnooBEHEY - UEERE
B 10 BTILEE, BT % P HHBRTE 2 12 o1 o

T OFEBIEE OB EIL Table.6.1.2 O L3 K&K,

6.2 # H | &

PRSI, BOEOREML LT--ROCEMEINRTEY, o, EBWERTHS 2 5mDARMBLE LI, BE
Lk, 0305504 20T, 4V~ ERY, FRFNOBEELFLSAT, ok dEMeRErEHL
T o, HUEHE, FRIL L€, BEEAMSL9ECLFEINBKI6ALL, KBOLBIK3 2A Vv~
DEFELFE0.264, 0.380 2T HiBmLE,

BEEREAS DHEIFE, QE, 1LERA 2 L ORI E & Table.6.2.1 T8 L CRT,

63 A B EE

EERER, 28%, KFT2ARR0 2B >VC, HREAER TS, 15, 25ce/1008D3 1<
DEDOEFEEL TR, 25 ¢ /1008 vrd—BACBFRIFESEY B L OTE s kEROTHRE T
LHIMELT S, HEGINKABOKMWS 2, $LBKMWS 3% Ta4m L,

BRI, £4TCa0, Mgo ZIRER T, RBEBEBORNFIRINCHE Licdr ok, LI oT, 20
OB FEHR VTR, FLEEBHL OO, BEBA -7 —0+BnEBr 2o n T b, AL LBESEOR
&-mﬁ%&amuﬁg®ﬁay#ﬁaao

BB EEOMAE Y Table.6.3.1 TiRT,
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Table. 6.1. 1

Summary of Testing Items

Test Items

Content of Tests

Steel Plates ta2%mm
(Intended Ceq. and M1ill Process)

w26

wic A R3B

A38

Rk2

Basic Properties of

filler mezal

-Elec trodes

(H) ¢c/100g : 5,15,35
Varicus teats by NK rules

Chemical analysis

Diffusible hydrogen content

Tensile Test

Bend Test

Cherpy V-rotch test

Y-slit cracking test

Electrodes

(H) ee/l00g :
Test method

JIs Z 3158
Test temp. (°C)

o, RT, S0, 15, 100

5,1%,25

!
!
}

Fillet Weld ¢racking
tent

( Single pass hori-
wntal fillet weld)

Electrodes

(H) cc/lO0g :
Test method

T-type restraint fillet Jjoint
Test temp. (°C)

g, BT

7,1%,25

Fillet weld cracking
Test

Electradesn
CK) ee/100g : 5,1%,25
Teat methed
T-type restraint fillet joint

!
Multi pass cver- B :
{ ! : Test semp. {°C) : ; i
head fillet weld ) 25, 50 X ; !
oL
Electrodes I i
(H) ce/i00g : 5,15,2% i
Test method I !
1

=t ype cracking test

H-type restraint Joint
Restraint level (Kgf/mm-em}
500, 1000, 2000
Test temp. (°C)
g, RT, 50, 75, 100

Wnlow type restraint

cracking test

Eectrodes

(H) ec/l00g :
Test Method

Window type reswraint Joint
Test temp.{°C)

RT

5,1%,25

Maximun hardness test

of wveld mne

Electrodes
(HY ce/flO0g : O
Test method .
JIsS'Z 3101
Weld bead lengthimm)
10,.30, 50, 12%
Test temp(®C)
0, AT, T5

Bead cracking test

Electrodes

(H) ce/100g :
Test method

JIs Z 3161
Weld besd length{rm}

10, 30,50, 125
Test temp.(°C)

Q, RT, 75

5,15,25
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Table. 6.1.2 Symbols of Tested steel Plates and Eleetrodes

—Stn.l Plates Electrodes

Symbol® g‘:;f“:;? Frocess Crade ;i?:: Type of :?tﬁdd::g:vei ?;:El;.:&f::::::?

- {mm ) Rectrode (ce/100g) ; .
w26 0.26 ™ 324 25 5 XAO LAQ 540 HAOD
W0 0.30 ™ X364 25 R11 Posttion 15 xar | L | osa | omar
A3k 0.3k ™ KG6A 25 : 25 e | a2 | ose | ez
R348 0.38 ce X32a 25 5 o | tro | so [ wro
A3 0.38 ™ K364 25 H-Fillet 15 " KFL LF1 SF1 NF1
k2 0.42 cP X364 25 25 X2 | L2 | w2 | NFe

Table.6.2.1 Chemical Composition and Mechanical Properties of Test Plates

Plate thick.: 25m

. Coemical Composition (%} Nechanical Properties
Mill T M v
Fraiol :::i Frocess C!ﬁ! Mo [ P Bicu!m [erimolm | v !T.M.T.Ti_l T.B|T.K 10 ° Cea"] Y.P .6 |EL| vEo
10%10d 2102 2103103104102 k1 0% 13 x10H103x203 [ pgm prm w102 kgt /um 2N xgt/mn B[ (5)|(kgrh)
ladley5 @0 | 73 96 |51 f2 j2 |mr ~'—i32 1= | = — :— 28 '
wh | a3z ™ " . ; 4 - 3L L9 26 —_—
Chackih.908. 73.316.9| 5 [3.812.6 13w itr | 3735 [ | <1 33 28 61.8
ladle[8 Bb 1126 (8 | 111 |2 (= |- — Tri65 .— 1~ —— 0
wo [ e | m ' — : — ey 38.9 50.6 |20 | 36.2
Checr}0.193.8 131.1, 9.7/ 2 [2.9.2.20. 3% ™ - 271 L 1 1813132.5
ladief@ 30 . 137 29 j2:1 '1 !2 {Tr20 {25 — - @ —: —33 .
A3 6a| ™ - et} . —i r k3 5k 25! 2.9
° Check}1.330.6 130.922.1] 2 12.610.7 1. =18 | 4 |26 |10 2] 3126 3.1
ledtepz B6 |26 D5 |21 12 [2(2(3(% ! —]—]—]-B1 . 51
M8 [ @aa| cr * : v r + —— 39 S 21 18.
Cheex)3.857.4 163.017.81 3 31l 13w | 2/ & 27 [7r i< 1) b3 111 308
m&ed P9 138 D9 [2i=[-T=]=[=1- 1w - = = ]=37
A38 | K36 ™ - * ; : %0.6 52.8 |31| =2zra
Cheerls . 8029.3 161,077 3 f2.9'0. 81 i Trlmr | s ko 2 <1y 29 |2k 35
walegs Mojas7 o [M [ J2 [—]-]-160]% — - @ - - 3
RU2 | 36 cP + - + r 40.0 55.7 |81 305
Ionecapl b3.9 1583 4| & J2.603.9 1.8 T lor {5 1% 1or 3] 380030
B % : Toermo-Mechanical Comtrolled Rolling Process Steel *Ceq = c o424 59'";“"” . (’:;""

CP : Conventiona]l Froces: Stesl
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Table. 6.3.1 Chemical Composition and Mechanical Properties of Electrodes
N e g e P 0
lmd) | {ee/1008) igf ") xico:x:.suio;mmla:oc !:.:oo ;flooo:xl?ooéxizo|t:ff.nlu2ﬁ?l: (;I)' -20°¢ 1‘1°°C]E o°¢ i 10 | 20°
KA | b0 L8 75016 | 6150 891 7 110 i 51.3 575 | 33 137.5§12.0120.5{21.3 1221
5.0 L9 " 5 ug 5 B ' n L L9.1 1558 | 33 | 8.5 191120003205 213
oL %0 16.2 D5003 | 7 18 5510 15 | : Lg.5 53.1 27 8.9 21,8138 i 12.6.51342_
5.0 15.7 " T ' 37 51 10 13 L8,3 ' 51,9 © 2B 7.3 a1 rn9iiz3 129
e 3.9 o3 | Dsoon | 8 'k s3.1 15 : Le,0 50,30 3 ) 6,3, 1.8 8. 9.3 9.6
5.0 25.1 " 10 . 16 - 5T 12 ' 13 ! wh,l L5050 1 7.2' 7.9 9.3 9.5:. 9.7
o 4,0 3.9 | os016 | 8 "s¢ .06 5 i | W66 ;55.9 | 33 |ab.7ienaiean: k.2 izka
5.0 5.5 " 9 .6l gsias ' 7 P! LB.6 1cg s ! 30 |15.1-17.7 19.8:20.L 1225
L0 15.5 5000 | 1T ¢ 9 22lis ¢ B 20 1155 uh.2 ¢ 53,4 ! 27 8,31 8.3) 8.8 8.6 - B.6
Lal 5.0 15.7 " B 9 23013 |1 - 19 !1L0 43,8 . s2.k | 28 9.6 g1 8.9: gL - 9
w2 .0 29.3 | DWs001B|10 |13 ; 62116 '8 9 3372y | k.8 534 1 32 0.4 w8 in.2luln,g
5.3 8.2 " wo 1k 'ced ;7 'ig Bl aglog [ 45.3 7 %3.3 29 9.5110.k110.6 1104 | 9.7
a0 5.0 5.3 5016 | & 53 ‘1122 ‘ 7 ! sg.1 | 57,3 32 |18.2:19.3]19.2 . 21.L (20.6
5.9 4.3 " g !skjilpilg | 7 i $3.3 159.7 | 30 12.2112,2'16,2 11,9 1189
- Lo 3.8 | osoar | 9 ‘12 71sti9 i1 20 f sil o suh |21 |90 B9 967 92! 98
5.0 12.6 " T U ! mieo c13 23, LE.3 ' 536 | 28 7.1 7.7) 83 95! 90
N Y 25,2 | psoor | 9 ab l76°18 Tio ozt | s0.5 ‘ss.2 ' g6 | &1 aul e e2lio
5.0 2h,2 " 8 ;10! 79T 11 20! 4.5 1536 1+ 27 1.9 t1.2! 8.6 9.5 3.9
a0 L0 L.3 D5016 71 ' gh 11 ! 5 - i ; Ls.6 151.3 ! 30 19,5 - 19.3iaz.z 22,0 123,
5.0 b1 " 8 ;29 .83 11! 6 ; ! Ls,b 's2.0 |30 18.5 .19.56 ‘20,3 23.2 i22.7
s u.3 16.1 p5003 | 9 (16 Sk 19 | & 13 67 L7.5 i53.2 @ 26 6.2 8.9l 8,9 0.l '30.3
5.0 16.2 " 9 1T | 5% 17 10 19 | 63| 1.9 ' su.s | .28 9.9 9.2 9.7 10.5 i10.6
e X 215 | osoo3 |9 120 6o iag | 8 ;12 67 W5 1528 21 | 9.7 10 11206 .2 lu,.s_
5.0 30.1 " g 118 |57 116 )10 19 i Ghi Lo | 531 ' 2 10,6 10,6111,0 11,1 0.9
&0 5.0 L3 D506 | 6 t2s laoyfi1s |n ' : b9,z 'sk.8 | 33 [33.5'314.2135,3 115, 16,2 ]
5.0 Y.l " 7T i25 log Itk f12 ¢ ! 9.3 'eh2 ! 32 129 i1hk.3:15.8 *35.7 11%5.7
. L0 1.9 | psoco | 7 1w 31w g i@t b6 tss3 [ 29 | T2 -m';_ 8,919,3193%
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6.41 # B ¥ H

Table. 6.4. 1 iC $EH B R 2R T, MR OMEHEGF C REL (28, A% ), #E3kE CAsrolled M ITHD
Ceq. 120.26~0.4 2 ( BERMN ) w2 2T : 25mOARMNTSH B, Ceq. BFER T ACSHTRLIL,
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6.4.3 HEBERLER
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Table. 6.3.1

Chemical Composition and Mechanical Properties of Electrodes
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Table. 6.4.1 Test materials

Electroge | Grade | D1 | Diffusible hydrogen *(at/100 €3 | Tensile strength®
(¢ma) Aimada Moasured (kgrt/ met)
KAD 05016 4 5 4.8 57.5
KA1 D 5003 4 1% 15.2 53.1
KA2 D 5001 4 25 4.3 50.3

® ! JIS method

Table. 6.4.2 Test electrodes

“ . Ceq(lACS) Ceg{WES) 23
Test Grade Process Thickness b
stesl (ma} Ladia Check Check Chack
™
was | Kazay o, TM ol B 6.278 | 0.278 | 0.282 | 0.205
wa | K364 TM | a5 | 025 | o.s2s | 0.332 | 0.179
{Water coofing)
™
au o (xwal T 25 0.334 | 0.337 | 0.348 | 0.192
A | xwal TM 25 0.370 | o3 | o400 | o.23:1
{Air cooling)
R38 | K324 |  As rolled 25 0.370 | 0.384 | 0.306 | 0.225
R4 | KA  As rolled 25 0.425 | 0430 | 0489 | 0.252

AA" section
(Test groove)

Cross section inspaction®

w3

Test bead® * \Rastrniﬂt welding 12,5 12.5
\ &

2

[ | " 17

50°

. "
m M T Heat input(kj/ce)
1 Preheat temp() 0 0 | S0 p 5| 100
Atmosphere teamp
200 25
() 0 0
» : Crosa section crach ratio Crack Humidity (%) 80 60

/
-|/5(§’I%xm)(%) (s &

Fig.6.4.1 Method of JIS y-groove cracking test

Location
of cracking HAZ ‘Weld metal
Electrode KAQ KA1 KA 2

Macro

structure

Photo. 6.4.1 Example cracks in JIS y-groove cracking test
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(1

Cross section crack ratio (%)

Cross section crack ratio (%)
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- ¥
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o \ w0 (KA 2 25m!/10.0=
60 "L ! # : Weld meta! cracking
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L el
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" \ ‘\':
\\ o
— e — gy _—
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0 50 75 100
Preheat temperature (C)

A34iCeq:0.337
100 [* %9
A aA* (4}
L .
> [ ]
80 - —-Y s—o|KAQ 5 100 e
‘\'; a-—-a|KA 1[15m¢/100 &
i S - KA 2J25nt /100 £
60 - ‘1\‘ * ; Wald matal cracking
\
! A
\ 1
)
40 - ] \I
\
| \ \.\ *
]
20 \ '(‘
e * “ . ot
= —-;\ . \.;;____.*
J
(o ¥ ¥
] e LI,

0 2 50 75 100
Preheat temperature ()

Cross section crack ratio (26)

Cross section crack ratio (%)

100

W30 | Ceq :0.325
100 ] |
‘a—e [KAD| 5rl/100E
80 [ M 2k |KA1[15a8/100 ¢
* *
. .\*‘ & - (KA 2252 /10D &
\‘\..* * * Weld mnatal cracking
60 - n*
A 4y
B W
‘-
!
0r \
'I
- i
|I
20t x ® "\
:h-""\ I\ *
» * [
o\\\.{
R, .

Preheat temperature (C}

A38[Ceq . 0.391]
- L
|*
80 - o—a [KAD|5nt/100e
A A———h|KAT[1522/100 ¢
i ‘\‘ w——m KA 2[25n0/100 ¢
60 \I . * : Weld metal cracking
l*||
L | .
[H »
Wr ll‘
B \
14 L]
|
w4
: \] .
‘\{;"--.._:' E .
O — A

o 20 50 75 100
Preheat temperature (C)

Fig. 6.4.2 Result of JIS y-groove cracking test
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Wb B S, (EENE) = (REFNES ),/ (RBRESER) x100 (%) & LTRFL, BRI
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Fig. 651 Dimensions of fillet weld restraint cracking test plate

(dimensions in mm)

Table. 6.5 1(a) Tested plates for fillet weld restraint cracking test

Harrk gu::j..m;:) Manufacturing process Steel grade Zl]:tt:: (o)
w26 0.26 TH (Water cool) K32A
wio 0.30 TM {Water cool) K36A
A3b 0.34 ™ {Air cool) K36A 25
R3B 0.38 CP (as Rolled) K32A
A38 0.38 ™ (Alr cool) K36a
7 R&2 0.42 CP (as Rolled) K36

TH: Thermo-Mechanical Controlled Rolling Process

CP: Conventional Process

Table. 6.5.1lb) Tested electrodes and testing conditions

Welding conditlon
Mominal |Applied Deposition
Mark [PYdrogen restraint ao [Elect, (s/Welding Arc ITravel | Heat
level cracking [ sequence Fode{" |
test kia. |ng. [curren voltage speed|input
[eci100g h
(mrh (A) | (V) [ (cpm)]Kaicm
SL H B-side F-side
web
1 19.5 13.7
Horizonta
sM 15 L asition s | a| 20| 28 | !
Flange : |
lone pass | 2 28.2 19.8
SH 5
1 140 0 Ly jn.s
ML 5 a0 ! ' P
E 1151 23 8.5 | 25.7
H 140 20 1.5 | 11,3
Pverhead Flange 6‘ ‘Ls ;3 1 Sl !
we | 1 ‘ RN I AL LTS
position k) 180 1;0 I’fa 0.0
& 1
mult|-
( pass J- We s _.n. Nl Rl
. 130 0 13.1 9.8
F-side B-sidg N .
MH 25 : 6| ! 1 1
8 140 1 16,2 [ 14,1
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(1) Se4: L BhOfRREOREF
Fig. 6.5.2 WRE LEEhORRPETET, v 7URE 7 5 v oRARGofhe & b, 7270l 77
ARBFCHAIEL T2 Db H %,
2 £ B & %
Table. 6.5. 2 K REMER 2z —ERILL TR T,
(3) EEEAMFELHR
Fig. 6.5 3(A~OBES, FTHREEHNOHAZEBE YT,
4 £ t &
KT ARSI EER D& R LY, BRGNS 5VEERNAE LRI RI 8 LRI ZDXTSH
D, W26, W30, A34, A3 8HEREE, SABEROERKrrbD T, KEWMH, HE#lNe b
HELTv b, R3BICRE LAEINL, BEBLF2(25c¢c/1008) OLDTHY, R4 2ZHRBEL
FEIAE, SEMEE LT, BESOEIC L DRELER b ok, BB S Tant, LF2EMALL
%éﬁ%%ﬁ(moixo.@%&Dxﬁﬁﬁ%ﬁbfvbgﬂb%k6nboﬁﬁﬁﬁ(%%ﬁﬁ)oﬁﬁu
HESIIC OV THBETH D, R4 2 0\ TRIE T Lr ok #lns 0 CTRREL T b o ERETHE
NA& AT LRBREE 0 COFPENEZNBEL o T2 T, BEOERELObh TV 240 LELIRD,
Bt LRSI R — 0 b DX E, BREAYRTHHAZTATS Y, SHRESHORILOREINEVLE
X Bhb, © O L IREBEOMENFERRE, S Wb Th b, SEORBEHE & T ORR» ST
B L, BEEAORELEAMEG U, REBIES 0°CT, BEHEOKRRMN25 cc /10087 CLTNITR
HELEVDEELOND,
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TEST PIECE ELECTRODE Root HAZ Crack at Web and Flange
FFOO ' LF-0. _
No. No.
BASE METAL PREHEAT TEMP .
No. it (*c) 0

i —
HAZ CRACK - - =~

TEST PIECE FFOO ELECTRODE LF-0 Root HAZ Crack at Flange
No. No.
BASE METAL PREHEAT TEMP
0
No. R 42 (*c)

Fig. 6.5.2 Typical Cracks in Horizontal Position Fillet Weld

Restraint Cracking Test

el




TEST ‘PIECE FF10 ELECTRODE LF-1 Root HAZ Crack at Web
No. No.

BASE METAL PREHEAT TEMP.
No. R 42 (=c) 0

TEST PIECE ELECTRODE Root HAZ Crack at Web and Toe HAZ
No. FF20 No. LP-2 Crack at Web

BASE METAL R 42 PREHEAT TEMP. O
No. (°c) '

L NHAZ cRACK
TESTNPIECE FF20 ELEbﬁHODE LF-2 Root HAZ Crack at Web and Root HAZ
2e e Crack at Flange
BASE METAL PREHEAT TEMP. :
No. 842 (°C) 9

Fig. 6.5.2 Typical Cracks in Horizontal Position Fillet Weld

Restraint Cracking Test (Continued)
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Vickers Hardneaa (Hv)

440

¢ Web Toe

& Web Root -

O Flange Toe g

& Flenge Root S oo, P e e - _
R R A A

K 1] S i Rl B Bl i

2O = - s mmm e e e e e - m— - — = e = =

H L) 1 1 1 ! I
42 w2b w30 A34 R3IF AR R42

s i | N H ] 1 ! 1 | 1 1 | ! ] ] 1
tee W2b w30 A3t R3§ A3E R42 w26 W30 A34 R3F A3F R4z w2b w30 A4 R3F A3F R
STEEL Ho. STEEL No. STEEL No. STEEL No.
{Pack Side) . (Final Side} (Back Side) (Fi..nal Side)
Preheat Temperature (25°C) Preheat Temperature (0°C)

Fig. 6.5.3(a) Hardness Test Results for Horizontal Position Fillet Weld Restraint Cracking Test

Vickers Hardness (Hv)

Maximum Hardness in HAZ (Electrode No.LF—0)

+40
O Web Toe
| & Web Root - -
O Flange Tos
© Flange Root
ool ==~ = B oot - —-—--—---——--—--—Q—
L
.y
ook - - — -~ ~

T

200

160 1 1 1 1 1 i 1 3 I ! | $ 1 | { [l L 1 1 | ! 1 | I |
w2b wio A34 R3Z A3F R4z wab w30 A3 R3F A3F R42 wW2b w30 A34 R38 A3F Rz wib w3o A34 RIE AR R42
STEEL HNo. STEEL No. . STEEL No. o STEEL No.
(Back Sida) v+ - (Final Side) (Back Side} {Final Side}
Preneat Temperaturs {25°C) Prehsat Temperature (0°C) .

Fig. 6.5.3(b) Hardness Test Results for Horizontal Position Fillet Weld Restraint Cracking Test

Maximum Hardness in HAZ (Electrode No.LF—1)
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Vickera Hardness (Hv) -
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w
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4 Web Root
O Flange Toe
& Flange Root

160

Fig.
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M ! 1
w2b w3o A34 R3IE A3R

W 1

W26 wio A34 RIZ A R4I w2 W30 A3y R3¥ AR R4z w26 W30 A34 R3IF§ A38 R
STEEL No. STEEL No. STEEL No.
(Back Side) (Final Side) {Back Side)

Preheat Temperature (25°C)

6.5. 3(c)

Maximum Hardness in HAZ (Electrode No.LF—2)
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Preheat Temperature {0°C)

Hardness Test Resulis for Horizontal Position Fillet Weld Restraint Cracking Test
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Table. 6.5.3

Summarized result for overhead position

fillet weld restraint cracking test

Electrode (Hoc /100y) , Plate temperature

Deposited metal

Plate Kinds of crack ML [S5¢cc) MM (15¢d MH  (25%c) Remarks
25°C | s0°C 5°C s0*C ] 25°C 50°C
Wis QIO O 1010 [0 ]
W30 OO [O |10 1O
Ay Surface grack detected O O O 0 O O
R3g | by Penetrant Testing ®  O10 [0 O
1] eI oToToTe
Flange root O O O O 6— ] FLANGE
W6 Flange toe O O O O O O
14, 289 Flange sub-toe O O O O O o
web toe O O O O O O
Fage o | OO JO[OJOTO
w30 Flange toe O O O O O O
(0. 33} Flange sub-loe O O O O o O
web tae O o O O O C)_.
Flangs root O O O O O O 1, Flange root crack
- Flange toe O 1O O[O O[O & fnaetosereck
(0. 34) Flange sub-toe O O O O 0 O 4. w:ﬁ:::m:‘: erack
HAZ Wel toe 8 8 8 g 8 8 s: Root crack
crack| Flange root 6. Deposited metal crack
R38 Flange toe O O O O 0 O . 1
(0.38) Flange sub-toe O O O O 0 O
web toe ° O O O O 0
Flange root O o O O O O
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Depasited metal O o O O . O
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Note : Number in (
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Table,6.6.1 Tested plates for H-typs restraint cracking test

Nominal Plate
fark | Ceq. (%) _ | Manufacturing process Isteel grade | thick, (mm]
w26 0.26 Thermo=Mechanical Controlled K32A
Rolling Process(Water cool)
W30 0.30 Thermo=Mechanical Controlled K364
Relling Process(Weter cool)
A34 0.34 Thermo-Mechanical Controlled K364 25
Rolling Process{Air cool)
R38 0.38 Conventional Process i K32A
(As Rolled) / .
A8 0.38 Thermo-Mechanical Controlled K364
. Rolling Process(Alr cool) e
R42 0.42 Conventional Process K36
(As Rolled) }

—T 500
R.D P X
[ I 50 'l ;
T . t/2 |
A Al ~
(it 150 v
X
[ | 50 2 0.2
E
75 . A -~ A' section
t 1

L__._'n ___L_Bs, n__l

{511t length)

Intensity of

| restraint K (kgt/em.2p) 500 1000 2000

811t length BS (mm) 300 50 0
- ¥ (am) 400 400 300
" R (mn) 400 400 300

Fig. 6.6.1 The size of H-type restraint eracking test piece
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Fig.6.6.8 The relation between carbon equivalent and the diffusible
hydrogen affecting the cross section erack ratio

(K=1000kgf/mm+*mm Room temperature)
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Fig.6.6.9 The relation between the carbon equivalent and the diffusible
hydrogen affecting the cross section crack ratio

(K=500kgf mm=mm Room temperature)
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Fig.6.7.1 Shape of Window Type Restraint Plate and Test Plate
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. Sketch of 4Weld Cracks
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Fig. 6.7.2 Distribution of Weld Cracks on Longitudinal Sections
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Table. 6.7.1 Crack Occurence Ratios and Location of Welding Crack in Sections

di lectrod . .
1§ cocotrodes A0 (1.3) NAL (16.1) NAZ (27.5)
Test plates

26 hn
Deps. crack ratic (%) o 10 k]
HAZ crack ratio (%) 0 20 : 20

!

wt h‘
Depo.crack ratie (%) 0 20 Lo
HAZ crack ratio (X} Q 0 ' 0

R42 =~
Devo .crack ratio (%) - 10 10 20
HAZ crack ratio (%) 10 0 ]

fate., These values show the ratio of cracked sections/10 sections,

But, the diastribution of cracks show the total cracks of 10 sections.

Fig.6.7.3 Example of Weld Crack
(W26 x NAZ)

Note

Crack length : O.lmm

M

XA
A
LI

5

PN

8

(\1\)
e

L.

Fig. 6.7.4 Example of HAZ Crack (A34 x NA2)
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6.8 BEHORSBEIHER
6.8.1 & B B ®

FREE® L OWHEC - VR LEBSEBIE ORI EONG Y HE L L
682 ® B E

(1 4t & # &

#6211 T eBffic oV TERBRY T ok,
2 # 5 & &% %

NAO (KkEESce) 4mmd
3 F & B E

0T HREEA
R.T =R (13C~167C)
75%C TRFLroLA—foingh, REBER CHFE
{4 BEY-FE
10zn, 30wz, 50mm, 125m
B AB&FER
Fig. 6.8.1 B ORRET T,
FHELEF0C, R.TOHDR1BHEK, 75 Cob0RZFERI LAV,
6 W B & #
EEAT 170104
EREE 24V
VR 15X 1en/min
(7) WEEABREH
A 4 8 L HEBE, SR THE 1 0 kgf T v 7 —AE S &,
Fig. 6.8.2 tHiEirE AR T,
583 = = & 2
Table. 6.8. 1 CRRBRHORBEIHy 21 0~44 0 %77,
AMBEERHEy 160, BHEXEHv 210~440 T4 Y, BEHEI YR LLEED, KX Frb1~
ImBENAABTH o,
(1) HREEOEE
SR ORESEAE A oRT, REBXLBE N o0 5, RELROEVEEV2 6 £, &\VEMR
420, BESHEROEN2 0 0BECE 5, M URELEOMRMGEHMER 3 8 &, EESHA
38T, BEEIXBEFRLTH S,
Fig. 6.8.3 %% L BEHE S OBFYT T, FRROBRR, ERORELE L EFHESOBRRCEK
Lic\, COBEEK ST, SHOHEY BT 5,
(2 FREEOLE
FaEE (0°C, R.T, 75C) DBV LHIREWE ~ORER, AR MR TE,
(3) BWEC - FREOERE
Fig. 6.8.4~6. 8.0 MEROEEY - VRELERE I OMEFETT,
BEY - VEAB DL, BEEIRE (LD, Bit, BEC-VFR10ams 3 0mE DREESOZRR
£ <4, ZhEMEEORERENIEVE, BETH D,
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0% 343 240 219 216

—— W —

We6 AT 314 245 227 213

D Table. 6.8.1 Maximum Hardness (Hv)
D.
s ) plate Pre-heal Bead Lenglh (mm)
- —-{a{qma —— | : Temperature! 10 | 30 | 50 | 125
; 75° | 270 | 249 | 228 | 213

25

[ al
Las "

0°c 314 238 2322 243

L |w
No 1 W30 R.T. 308 253 235 223

2001 75
Test Plece 75 °C 281 247 232 221

No 2
| =4
Test Piece 200)12€ {mm) 0°c 3g6 333 314 319

A4 RT, 390 | 351 336 | 319
75°% | 386 | 336 322 | 308
0° | 397 | 363 ! 357 | 370
R38 R.T. a13 383 : 336 | 357
75°C | 417 | 366 | 317 | 314

Fig. 6.8.1 Shape of test piece

Weld Melal

0°C 413 373 351 357
A38 RT. 409 | 390 376 348
7%°C | 425 248 373 312

o° | 425 | 417 a05 413
Fig. 6.8.2 Location of measurement R42 AT ol

437 433 409 417

5% a17 425 401 409

1 . , : 1
' N |-
i |Pte-heat |Bead S
tem, | [length | CR
7€) | . A.E._
o | AT+ | 10 gt
= TORT 20 | N
a | BRI 50 i
AR

.A____,_,____
o S U WV
Lo cmiien

...... L - e
P I {7, Hier. S660CEq 30,
L LA (hata, Sdzuk, Temurd )
oo
- a(x). -

A

. [ i [
blate w26 W30 A34  R3

“t T 1 T
. oL L - AP I P S
] . Carbonj. EJut.va e (98) 014_
Fig. 6.8.3 Relationship between max
and carbon equivalent
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400- - Plate
w26
> , .. .. Bead Length
I 3% \\' .Iomm —o—
2 mm —O—
a2 SOomm —a--
200- A ; —X 125mm —X—
100 T
ORTL - 75

.- Pre-heat TemOe?a'lure (oc');_,_-,___-____;.
Fig.6.8.4 Relationship between max hardness

and pre-heat temperature
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IR AP - e e e Dmm —0—
QD .. B0mm —a—
- 200 ! - : 125mm —X—
00—
S O RRa TS
: — "—Ig.-.Pre'-heai-Te_mpqutufe}(°c Yormmn e

Relationship between max hardness
. and pre—heat temperature
4001 0\0//’0 Plate

A3B

Bead Lenglh

10mm —o—
~Omm —a—
- 50mm —a—
_125mm —xX—
o Lo - . i :

100 — et
e -._Q.R_]'.,~-,—:- - 7!5 . S
- e mm e o Pre-heal Temperature - (O¢ )

Fig. 6.8.8 Relationship between max hardness

and pre—heat temperature

' - R38
> . A { Bead Length
X0 10mm bl
' _Dmm —-a-—
50mm —a—

Plate

400+
W30

Bead Length
10Omm —o—
FHmm ~—d—
50mm —a—
125mm —X—

SO B
| —

200+

100 ot T
O RT. 75

Pre-hest Temperature (®c)
Fig. 6.8B.5 Relationship between max hardness

and pre-heat temperature

- zm... e e e emmn e ._ m—— 125mm .__XT

100 '.
_ O R 75
. Pre-heat Temperature (°c)
Fig. 6.8.7 Relationship between max hardness

and pre-heat temperature

400 2 ——
e R42
> i i . Bead Length
I 30 . L omm —
T _Zmm —-a—
7 80mm —A—
2001 - S o -.;__12§mm..:8r_.
100

b AT 75

_ _ Pre-heat Temperature (°c)
Fig.6.8.9 Relationship between max hardness

and pre—heat temperature
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6.9 AEC - FoIFHEER
.91 K % 8 ™
PR EMROKRE, THRIRE, B - FMROEC L HBETOEE ¥ HE L 1o,
6.9.2 B B ¥ M
(1 ft =H S W
_ #6.2.1 LR TAMMC > CHRE TR ok,
(2 #tHB 28
NAO (A#M S5cc) 4dmmg
NA1 ( » 15¢cc) ”
NAZ ( » 25¢cc) ”
3 X & & B
0°C ERBEER
R. T KB (13C~20C)
75°C THFuvroS-d v, XMRENCER
4) BEY -V
10ss, 30s%, 505, 7Oz
50 L& FR B R
Fig. 6.9.1 BB ORR%TT
EREBROR EEEL 7 5m min TfTiy, P T X D diiee BHl,
6 & B & #
BEBH O 170+10A
BEEE 2et2v
HEAE 15T 1em/min
693 B B B B
Table. 6.9.1 ~6.0.6 WHHEY - FAIR S (1 0m ), HODOFIHE X (MDEL 2EDOFH ) 7T, &
KL, $lhE S aimElny S £ oy,
{1 SRSk R RO
KEROPIUVEER (5 co ) THVRRBA I, HEEE, By - MR, KREECHfL L g
BENFREAYRG, KRF 15 cc 225 ce DEERTRENNERLTD,
—RERFig., 6.9.30L%t, ARZBRPHRT 2 LW BEL LT {Ad>\METFT, Fig., 6.9.31KH
ITfED T,
(2) e o#
HERLRE B s ohT, BEY- FRIRAL 1 OFnEIrELr k5,
3) BfEC-VEoER
BEC- FPRIRIL ) oWnR IR, BEY - MR IAL0ERLBEHL AL,
(4) ftHAMEOES
glhigd ~oB R, XEBR oI TEL-,
L2 L, Fig. 6.0.2 05445 K@K & CHPEREL EBA ORI, BROKRELRFBEVES (i
Do
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Table. 6.9.1 Crack Length per 10mm Plate : W26
Bead Length ymm 10 20 50 125
Hydragen Content 51251 5 115125] 5 1B (25| 515125
21 0. |o| o]12|oozjos9|139/006/072( 11 | O J087{1.14
L]
10
=1 RT. 0 |oas| 1.9 0 jos9.2s| © |0.72[094] .0 {0.84(0.76
=}
ol 75 olo| ol o lo7slo7| 0 j067/075 0 068|049}
Table, 6.9.2 Crack Length per 10mm  Plate : W30
Bead LengtNum) 10 ES l ) 125
| Hydrogen Content 5 [is]2es] 51152515115 [25] 5115 25
2| 0 0 he2sl o |103li.07l001j0gal139] 0 loss|oes
=
D
%’ RT. lo3s{1.3{1.1]c02{1.05/1.05] 0 |0.81{08 | O [086[0.59
F1 75 |0 |ossloos| o loeslos3| o fo7lon) o |o78loT2
Table. 6.9.3 Crack Length per 10mm Plate : A34
Bead Length am 10 20 50 125
Hydrogen Conlent 5115|2515 | 151255115125 15125
_‘
] 0.0 145} O 1094[1.59| O |1.27|1.44 0.74{073
T3
1+
g RT. 0| ol07] 0 |073)1.37|001]0.87}1.07| O [0:680.55
= N halid
'|5= 75 olofl o] 0lozsloal o lo3s|o.24] 0 |0.57]0.51
Table. 6.9.4 Crack Length per 10mm Plate : R38
Bead Lengthmmy 10 20 0 125
Hydrogen Content | 5 1 15 1251 5 115 | 25| 5 115125 5 |15} 25
_! .
2 0 o010{0| 0 |ogei127| O 08643} O 0722
pw)
1]
%- RT. |o| o] ol|o1lo77/1.25 0 [093)1.23| 0 |0.94/108
! 75 |o| o]0} o|ozlos7|o |oslomal o perjosa
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Table.6.9.5 Crack Length per 10mm Plate : A38

Bead Lengih ywmm 10 20 50 125
HyarogencContent | 5 {15 |25 5 [ ] 25| S [15 |25t 51 15]25
—

Tg; O. |00 |0] 0 |oezossa o |084116] 0 o718
i)

g RT. 0 | C.1]0.7|008]1.27{1.47}0.01|0.62|096| .0 |0.86|0.76
= I . . .

& 75 O] 0| 01005/03|048 O |0.62052|] 0 |0.64{0.82|

Table. 6.9.6 Crack Length per 10mm Plate : R42

Bead Lengthm 0 =0 S0 125

Hydrogen Content 15 1 25 525515125 5115125
0 005| 0 1.84|1.1| 0 [0.91]2.18/001]0.881.15

5 5
0 0
RT. [0 |0 0] O |06 1.7|015[1.37]1.15] 0 |09 1.2
7 |0 0

{3, anysadway

0| O 0.441107(003| 0.4 |0.86] O |0.84[0.70

i

T R.D. []
R
(&) l’/_
m ,
) i
" 350 A 422

Fig.6.9.1 Shape of test piece

N !
Ceq. = C+Mng +:Cr4MO+Vt/5
. +lCu+Nl}f5 '

o

401 i
sl E C

25
204

f
P

151

i
i

T

T ¥ T T T ¥ t T t -+
0M 026028 Q32 . 03 040 | 044

Corbon Equivaibni™} = |

e e iy e e e —

Fig. 6.9.2 Relationship between carbon equivalent
and the number of pieces which cracks

extended to base material
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c—g--- 3
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.y~

A38

R34
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¢ 15°C

0°c

A3k

Tast Temp.

|

Taat Temp.

Test Tamp.

-
§

w26

150

100

150

100
50
2

150

FUO R S

(m ) [ 31eg

2arwty Borpnrsur ) gadaam nwx)

(ce/100g)

Hydrogen

Diffumible
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l"

Tig. 6.9.1 Relation Betwmen Crack Length (Including Crater Part } and Diffusible Hydrogen of Electrode.
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AE O FERER Y, AREARROBITH S 5 0% SR IMCH T 2B L Ofle ( Fls, i) Hk#
FEBEWMOMHER, i) > a— b e~ FPOBIR, ji) TR Ty )OREL, LVHiBHroBBToL, LETRE
15,

(1) HBOEaHEE O eBF (o ki, AFT2A 1SRRG, HIERMA R OFEEES 0 0 kg/m
gD &) i, RERERE 0C~E, MEMNR0.34%LTF, AER25ce/ 1007 LITOEHT,
BEVNRRE L ed ok,

(2) FHEEOK IcHEFE, HAVMPARERBEBHRF C3, REALDOETKL b7 >T, HAZEhOHETIE
BEL (K<, DEPOSINORUELB <A h, HFL LCEMEL BB, Ly ) DUV OB THL
KB h e BE L EFSOMBYTRL T3,

yE, ERT2AE, Lo rcBRESINRRBOKE e, AZEoEMC L &y, DEP ORIhRBEHER
wmu, $ihEERE S ERL T35,

{3) ¥=-—ty— FORRICoVCIL, 3k, “S0mE" tTaMBIAL LT, “HREME(Hv ) 40 0T
(BENIHEASEBERTEGBORMC L ) v 5 HEBAEH Eh T3, SEOHEIE S PRETH, K
FBUFMR 0.3 45T Chig, BEEOTC, ¢~ FEI1 0mOaCLNE I ORI I £ 5T
Do

Vo, v— FEIER TR, REhE I LETRESR, H5VABEERECEFILBNI L, B
BEROKEROERVBEFHCEHLh, AEHEF TR UBEHNE XN T 5,

L EORSR B AN $ e, BREBLFS TR, SEES 0+ oRRNBr AT sty
KDL A LEOHMEr M Eha

Aotk il ORI, I 1000 kgf /an-m (K=40h, #7220 h3RE ) ) BEMT TS
HIE00EZT, RELRO.I4GUTOME LA T25E, FAULCKER25 cc /1007 BEOE
B2 BATREMDE, COZ L, BEMECBEOREYEn D 1 AATIRBE (77T (BEL L)
TRV, KEROHBRLABHERD L EFL, BEEOSELHFETHLEbIS,

Vo), FREOKECHINEKE, Al iy BRRELEAR, LrofnSERES, REOEBRERLMA
P, BHORBEEXETAC 2R TET L, 20k, yRBMFEFREBOFNSLREHL 7 STUT OB %
W T FFoafTiabicBRET 5000, FTRRERRETRLAS S,

CeqL 0.3 4 % DS, BHEBOKRERL15cc,7100¢

Ceq£L0.3 0% DS, HEROKERL2S5 e, /1004

oL, SEOERCIHEESBVBAK, RELBAMETTaeoht, HAZS kb >TDEP ORI
NIRRT L WS, BEMF (DEPOSLUHAZ ) ORRFEERA N, S L BEEERKOH
EOMSEICERTT D LE 2200, BEEORESE YR T2t LY, #F2 KL LCOREhE L
BTEHTEEL LB EFELLR D,

SHOBRHEE L LT, LREOBRXERL, Koctidbitohs,

(1) XEROVREPEMT 2oL L o THATREL A5, FEMEORVEEROMSE L + OO,
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71 BHEDOCH®

YRS 35t AIRMEEA DFEER 0 M ds £ Ot TN LR DR i ARIIBA DL CHIH BTy B TEREEIERN 5 0 &y
ik A SRR OB E R L ROk, SRI T 1ZERSR I VEEMNCEN AR, TS
QS O TR LTI IR TVE,

FHCREAFEMEINEL LTELLND L5 Tk ®i, HENFHL , HionEsHie, B E0HTh
Bo o T TR TEED A SHERMBIFEK 0 CAH C RESEDORF o 24, L8, EREER S50
kg miERNEER L FSOREEECHLIL TV A28 R TH 5,

o TEHC RESAMIC O - T HERIEIIT L Hh Bin#h, AR 2T s olEr#EEL. AWFIROBRAY bE
e ORI EERF R RET LB B 5,
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SQSHEEEY#HA T LOESEYHETHLVIEL 24K, REEKRBETE SN TS EEEROEME
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172 # #H B B

(1} Table. 1if, FEMITK K AHRMBEEOTREN Y 2L b1 L DTH B,

(2) #|H S hie T — 2008 C RESBIROLKH 3s LOMES A, C REGEIR, TEkREERSMENR, MEREERL e
B LUAEMEOSEBC bl > TV 5, EREEOREE, 125~3 5m, KESFL0253 (%) >0
0420 (%) DFEETHH, REEH L LUREMBEE L4 0 0°Cr ol £ TORE, REFEEMBE—
FEEE(500~600C) £TEHL, xDHEARTS, MBRERKGO IBHETH o7,

Fig. 1 ~Fig. 15, Wkiks X OMRE D L wgingh, SHEECRTLIRER, V/ »Fvrre -7
B, BERR, RUTHRBROEREL 3L 40THB, HTOFRERERCS VT, BRA, FIRE S, @
CORLGEXTLLLDTHE, V/ 2 F¥ v —HBERL, NKABORRRE SV UThbh 38D
BT AA¥ —(E ( 3EOFH ) s JUREEBEEARL T\ 5, 1, BERBSREL £ LIEBEYT
L, BHEER LS 4DOIFE LI, RETHBRIER I N LDDATRLL, i, FHEYHET 08
MM FEBRERET LI,

(3) Fig. 161, JSQS CELLBERMBMEEELD I0oOME, HHRFLSTIRELBELV S »F ¥ v
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