RANBNGE B 2 M U 7o 358 BRI AE D
e et B Fl KA L RR M HE O SEBRAUFRRE

2021 42 H

THRF KL B A B AT
AR T = — 2

i SECT



(FHE R PHE AN 30)

RANBNGE B 2 U 7o 58 BRI AE D
e et B Fl KA L RR M HE O SEBRAUFRRE

2021 42 H

TERFARZFGE R o BT
Rl LR s a— A

i SECT



7

1%

it U
IRANENS B 2 i ] U T i 0 TN oD
A e B AL M BE 0D SR IREE

H &

EUBIE e 3
11 Bieowss e 3
111 BEEEEoRSMoLrE e e e e e e 3
1.1.2 R EERER RIS MR e = e e e e e e 5
12 BRI e 7
1.2.1 ¥EPEFE AL R o0 RS BN 6 K OVl FH kA 12 B 9 2 BEFEARFZE -+ -8
1211 wEFANmAE ORISR 00000 e e e e e e 8
1212 WRERBWIHAEO R ABEER T e e e e e e 9
1.2.13 EHEFRANTEAEICE T T 28 onwT e e e e e e 12
1.2.2 FUFMIE R OMEYERBIC B A BEAEFSE e e e e e e 13
1.2.2 EMD B OWEMFICBET 28 EME e e e e e e 15
1.3 WFgem B e e e e e e 19

HEFRIEWEIE D= V7 b u 2T 7Sk Friee HAZ Wbt opts - - - 22

2.1 FEBNT A =L =0T Oy e e e e e e 23
2.1.1 HfEffrog=E e e e e e e 23
2.1.2 BdEfermssk e e e e e e 28
2.2 WEEERRER e e e e e 30
2.2.1 AEREE e 30
2.2.2 RRIKOBEMAIIER Lakfbisik e e e e e e 33
2.2.2.1 WEEMOBES0/m e e e e e e 33
2.2.2.2 $M B LOWBEEMOGBREE e e e e e 36
2.2.3 WHAEFSIRER e e e e e e 38

2.3 MEPEREEEEME e e e e e e 42



231 Fy U7 L—afr e e e e e 42
2.3.2 MEFMEOFM e e e e e e 46

2.4 fE s e e e e e e 49

WAL 7 L— h OWEBATUIRTRO T L 7 b0 X5 ZUBEMkRrEE & HAZ X

BoBME e e e e e e 53
31 REBRiK e e e e 53
32 ESWIHowy e 53
33 ESWEBIER®R e 56
34 WEEBERER e cg
35 fMkFEEEEEB e e e e e 62
36 ®E0 i 63

BHESBREN AL bz A+ 5T L7 ha X7 JIEEESTOMTREIZ T

....... 65
41 VEERTERR e e e 65
411 B e e e e e 65
a2 e 66
4.1.3 ESW isgzmeek e e e e e e 66
4.1.4 ESW fhbbkatsr e e e e e e 68
415ESW IREEEFBIERBR e e e e e 71
4.2  FEM AR X 2MEFsEOMRST e e e e e e 74
4.2.1 R e e e e e 74
422 MRS e e e e e 76
43 R e 81
SO0 e 83
51 EX® e 83
5.2 FABIHFEDAHROFBIEIZONT e e e e e 85

2



1E IUHIC
21 AT A Y, A7 4 A 2003 FEREER Y, KIERY OFRTENELS 725D TIE

&, moOTIERENTED, ZO% b —~vr T a vy P ETOMHN, V—~vrvavy
BOTR)ITAFR, A VNANUY RREOFRRIZEY, 7 4 ZA&EHLET KD
R OFE T FE THENFE LML Tng (X 1.1 ZH0). 2000 4L
R EEEY) ORI, WERZMSAE (BT, Ry 2 2 BEEAETHS.
AWFFETENT 20 FFLLL, BEEREOHM O FERTH D, BWHEFIZMSTICER L,
AR BRI S TV R WA T & 2 IR S i L PERE 12 D W T EBRIIMGE
ZITOHDTHD.

B WRZIEOXREE 04 2L IUERNE

y & A7
o« 85

I-I'! """""

o 2 14 4o 0
v _ 311 4
)

% 1.1 ﬁaz3t®kﬁﬁﬁ74xtwfﬁiﬁﬁﬂ

(8 ZFeL H 28 ROKRHMEA 7 + A2 e/LiiGEERA 2019)

1. 1 WHEOEZ
BEEEEOHM OFFRAR » 7 AT D £ TL, EAMM OZEICZOWTLLRT

W 5.

1. 1. 1 BEBREOCHIMOEE

Ry 7 ZRE, BIE O M & g RGO R MR S R II R R WEM Th 5. 8L
TEIZE D TS, ZRRRBLED D OEANEIRRBE O MR SEEOBANE A HLY 47,
RREFTTETND

Wy 7 ARED L9 RFETEREI IR O 2 CICbEH S B Y, B LIZS <, B
NN B <, Wik A IaEds D 7e < Rk 2 72 E OWrE IR M 8 5 . ST 25
TR 3508 P XK o7 O 7 Bl g EER IR > T B O L, WEEMMEIC L D B O
EEZD.



—75, BLEGEMEO RN BIX, S A —h —nBET SRR, T0FEE, £
T, IFEAEMIREFITHHM L UM T 2 LEBMEND L. REFIR, HEMTH
% HREH [ O W ERICEI, BRSO Sh D, B IR E R AT L
L oMEHEMS (LLF, MEH) SlEAISh Tk,

MEHOMEY U —X1E, K127 FTE91C, ASTMA »FL IV —X (7T VE
SR 125mm), 400X400 >V —X (77 VR I KK 100mm), 500X500 2 U —
R (77 PR EEKR80mm) MH72Y, FKRIMILT00X500 &Y — XD = TR
656mm, 7 7 VIR E 80mm TH 5. AWM D LIRITELERA TRES TN D.

Fio, MEHOMBEN RIZOWTIE, Geiins RIBELEA 3 25 61#ELE (CR ;
Controlled Rolling) (2 X %. ZofliEikix, FHEAKGTO TMCP Vet A L L EbitT
W5 SRR I X0 SR B2 DAY, YA E BRI RE O MW RERT O 4y
RYER ERE S T2 D KETITBE S BEHEMA EICHM & LTS TV 5.

WEHIL, BWiE ChHORREENL, YA T 7T LENLAT 7700 L, EHEL
LD ABBENARRTHD. LL, ZEMOBEEa Ry FTENS AT 77 50
B & 0 REREP R CTH Y, BEMEAHRRWEENH Y, BUELRIB SN T
W REHEHIZ RS S BYE RO TRy, 77 7 U r— 2 —ToOgEMN T,
o Ry SOBANKREER7-0, nRy MEAICL D BEMEHEEIC RO R &I, 2O
ML R DI TV o 7z,

Max. flange thickness (mm)
700x500; 500x500| 400x400 W14x16
80 80 125 125

700 X 500nominal size

D0 X S00nominal size
400 X 400nominal size
2 i W14 14x16

Corner radius=26mm Corner radius=26mm Corner radius=22mm Corner radius=15.24mm

X 1.2 WEHEHMOINE Y —X



1. 1. 2 BEEBEERRICMH EEHRMAMEER

MEHAEI MDY Ay 7 ZFEE, EH Tk L E v, KRBk b<ommsE k7
FOREZHTEHZ LT, WO THlEEBEZEOHM & L THEE .

Fe, 777 V=2 —TOMLY, FHIERE TO B8 KD 2 & T, INTH
firbm B L7z, KFEb-Lmsi IS kisd 27280, Ry 7 ZREOAMRITIREL 2D, 2
RIEDEA TS, AR KREL 2D 2 RN ET 72 DI21E, Sk & i L3
EBICHERTLILEN DD, WM ITEBEATLH00, WREEICERLTHD &V D,
MK T 2MaEE BT 2 2 Lk bid.

Ve TIX R, R L CHIETRBEmNZ L3R LD, £z, WEEHO
PERE S, HOEMERENHIRTE D mVEREDR RO b D.

IRy 7 ZREOREIKH ST D720, #M o 07 7r—F & LT, BNl
TMCP (Thermo Mechanical Contoroll Process) (Z & 2 &k D& LS HEATS. =
Z TV 9 TMCP 3R OMEH O TMCP & 3#72 0, Kkinflo TMCP 7rt A Th
%. TMCP (2 X 2JE8000%, moREE k2 I AN L 2 RS aRiiom i & v i#ERld 2
7o, JEIEE E TIIMLELRLIERINMNEZMZ DT LNk, 207, WHEMERT
EL, e, BREHPMEOKR T 2R T2 LR TES.

TMCP 8 (%, 1988 4F CEItH) 12, JEE 2% 40mm ## 2 TH FfE%A 325N/mm?,
355 N/mm? & 9°% = LR TE 5, TMCP325, TMCP355 23Bi% Sul=. = D%, 1993
0 CFRR 5 4F) ICEREEREE FISAAL 2% SS400, SM490A 72 & Otk & IRAE L T
Db TERL, BEFEHO SN MOBHIE S, WEEE ZRMINICITS B L, Bl
fi 72 E1C X 2 FAUBGIE DB B RABEEIZK G Lz C MSBUIZER VA E T,
Z K, TMCP #i#4 5 TMCP325B-C, TMCP355 B-C 23 #i 7= ic itk Sz,

WiE, TMCP $ib4 0 s B A I 8iA BE R O I H O BR S 25, TMCP355 Lh Eo
SR A5 TMCP SIS IR AlfE Ch o 7o, — 7, BREREITFE 2 mI &L,
L0 RE OB WM AR b, iz, BULE (BEAN— AR AN —HEE R
L) ZHMITEIER TV, BREZ E D7 SA440 SBHFE Siu7-. SA440 1% F fEA
440N/mm? @ 590N/mm? ik T 5. 3 EPEDOEMERBULIE 21T > T-DIX 7 = T A
b, XAFA R, RX=T 4 FOEEMBE L, BRI 80%LL T T 5720 Th 5. b+
AT AR EN L, KEYE (Ceq) RWHEEIIVRZMEMR (PCM) DHIFE TR
D EN 2w, BEE TICE L L, @O TENRE S LI T, RABUABT OIS Z

5



LWbDThHoTe., JR HHAARRIME V72 ST S22y, i TIZITMmOooEE
o COHM L CTh o7z, Z07, MHEIZRGIL, MLARER7 77U r—%—
HIENTH - T,

TMCP 7't 2 DFMFEHIC LV, 2002 42 TMCP385 st LB Shi-.
TMCP385 |4 F fi 385N/mm? @ 550N/ mm?2fk#fitt T v, TENRIET, KABGEH:
HEIE B TMCP325, TMCP355 & [RI%ELL EogEE A L7z, TMCP385 M fh{kic X
v, BOX D mEREA AT,

S HIZ, SA440 LHAAOPEE ORUEILRIFELL L TMCP440 $iff75 2012 4250,
&7z, TMCP440 i% Ceq, PomMEL, TEANRRETHD. 7o, KABIEBEHE
PEd SA440 LV bltES N TV D.

BIFED BOX 1% 590N/mm?2 #k % femiih & L7z, TMCP it 2 R & 425 2 &n
%<, TEARED 590N/mm?2 #hkHitt DBGIZ LY, BOX HOERENEATZ L2
5.

Fo, By 7 AROMLHENIARECY 7 ~—U 7 — 278 (LU, SAW) O
WS, —EOEETORRAEGIEENRKREL 2o TWND. NFA T 77 LOEHEITIX
T L7 br AT 7 (LLF ESW) BN S, BBRRXY AT 77 KAEINRRELRY,
BRAVERER S 3R < 72 0 Wi O REULIZKIIS LTV % . ISR T4 O fENL D FE R 1T
L0, BEHEORANBLAET 2 & T, I3 X0 BEZR L-UL TOEAEMERE O R (R
DIRO BTN D, RABUEHAZ LD, S OB ERMRRIT, (REIE(L & B L3
SIS, E£72, TMCP #ICIRS T, RABUATEOBUNMGIC K 5, BB OMIEEIL

OKFEIN) bBEIND.
IR TIE, RNy 7 ZHECEH S D8 HRE &, i TIEOBEME L £ L 0 5.



1. 2 BEEWFSR

VREEHANBAFE O A % — X 1801 4 H.Davy (3%) <°V. Petrov (&) Hl2Lv, K
2@ 2,000 EHEERE LTT — 27 MEBRPEAINTZENnBAZ— LT
TW5. 7T—7 BERRNHI LZ 100 Fi%, 1904 FICBUE b AR K OB -
B A—T—D—>ThbH ESAB OAltAE#E OscarKjellberg (A7 = —F 1) 12XV,
WA T — 7 BRI S s, £ D%, 1937 4RICR v 7 ARED RUEHANRE Th 5,
RABIEHEHINO—2>Th 7~ =7 — 7 RBENEH SN Ay 7 AEOEH
{LETIE, ZORPANLRWVEAZRT, BUEIZE->TND.

1980 FHFEAN D RABY 7~ =7 =V BT L7 M R T J¥EBEA M LT
BOX HEA IS S Lhhdll, F RUEEN N BAE £ TAE L T& 7. LLF T, BOXHE
ORGEFEMTCHEHMM IZ OV TRV IKY, BOX HEOREMRRIZE T 2BE e, &
i 53 By D ERALAR F OB EMFZEIC DN TE L D 5.



1. 2. 1 ZERRNIEEORESNS X OB AV BT 2 B

1. 2. 1. 1 #EEREmEORIERE

BIfED, BOX HHELERM O—HIBIAET 2. fET7 v —i%, THEICRENH D
2%, KFED SAW & &, SESNET & M S IEHFET L 7 b v 2T FEREE I 2 &
BT D74 P —ROTHD. W7o —F v — b2 1.3 1I5R7T.

SAW BT SE TR AY 2300A FEIE DO KB CTOM LA ATRETH VD, ESW EHEH
1% 1000kd/cm Z B % 5 RABEE~DX IS 21T > TV D, AWFFEORBIEDO— 6,
YRZak i CRIEL T\ 5.

HALFISL BER
| UIRMA || JRARESA

@F17rssMaaryr)|  Easwx | | seotaE | @ncov—adr—4—)

| #2870 -+B8% NI | (@NCHI%EMT#)

v

)I =173 ks

| AR

aﬁ.ﬁgmn_!lﬂ? l aﬁHSOmmﬂ

@sawzmze) | mmmesaw) | | eswoEB) | @eswEzs)

mrgom | | eswAsR | Gy-s-5y7ak-as)

Gr-y-577as-18) | EswagnoEE) | | esweBE) | (@eswEEs)

(@eswiEE®) | eswoess) | ESWE~Z 08 ]

v
(G -§-5/ 7wk -8 | EswRgnas) | Bk RH
as ¥y OnmsE®)
(©eswE®) |  esweEs) | puEmFEYcosmi)] (9A#MEFEYCOZOKYR)
v

eswi~tid | | fwEGAW) | @sawisig)

L 1]

| Hos AREUT

| Ir—o ](‘:7,71—-‘/‘/77:/*/)

1.3 Ry7 27 e —F v — K (—f]) B



1.4 O SAW IRzl & ESW it

1. 2. 1. 2 FBEFRNEEORAZEEERT

FILDOR v 7 AREO EAEREBEIC T 20784 T, /S 7T0mm O SAW b T
B OMENLRe, N— FF ¥ v 7 19mm ORBAYE ESW S LEAT O T T
W5 2013 FEETIX, O 7TV v T (LR AF 7 L— ) OWE 23 60mm
FREE COMMPEFITIL 1 /SR 2 Bl SAW BE:E AWK 1.5) | £z, WY
AT 7T HEAX T L—FEOERET, L— X v 7( LI, RGO 23 ~ 25mm
T, WEAT 77 LOREN 65mm FEIEE TliE 1 B ESW EERZ < Hnbh T
7=(XK15),

~ 3
e - e

1.5 1/3R 2 FElR SAW ¥ & @ i BR e IR ESW ¥z o fit TR



RN O NBHYECTR R RE B ARMEIE, SA440 ek LB, & 1.1, &
1.2 DX HTRENB Y, BAEEZM 72T 720 OB EIRED B LN EDN TN 5.
WMEEBROHMIZ, ZHUOHEHANOH LEZEKRLTHH I I &N —DIld 5.

ESW TIIIAHRIARZREFITE D 12010, BYTEBRE T — —ft & LI-ER
HLATbTWD. BRLIIRE AV OBMREX 1.6 1R~

11 KRR O RS A [HR P

o . A B RARRE
I R &t )
T T— I = 65 =9
sy L Y7 — 7 B = &0 =250
Wi A#TFE | VAN FT— 2 FE = 10 =250
X KT — 5 T S 30 =350
Y4775 s | AS=RET—IRR < 40 =250
TL7 b X7 IRE =1000 —
. . " = 30 =350
ft n AR =V BT —7 Gt < 40 <250
YT~ TT— 7 B = 200 =250
%k - . ] = 30 =350
H R RT— 7 i < 20 =950
T~ OT — 7 TR = 200 =250
BN . ,__ = 30 =350
ARSI 2R e 2 I =250
# 1.2 EEEEVEGRE HAEED
58 B EE
TEERML TI* vEo ™
(N/mm?2) (J)
EER IR E
AZR =590 =27
HEEREF
AT 7T A =590 =27
& B =590 =47
EEH =590 =47
B A =590 —

(F) () TSEEERHFLLTONETHY, HERR
SHEOBRMIIFERBRICIER L2y, EEjEE

DEFEO TS (FEMEROBREERELZERT 5,

[**] vEo BEEIX 3EORRAOESEL 45,

10



]

5
FB-38 x S0(SN490B) FB-28>3505N490B) | . JXNL
ﬁL‘ \ Afll N
3 10
] E8

td td
10 ;
J ] i -
fc te | .
1 618 s RG/2 RGR2

1.6 fRBHSE ESW OBAEIIR & 7 ZVALIE - $EE) S0

Ry 7 AREOREEMEREMRGETIE, ESW EBOMEEMED (k- 0BLE S, ¥y e —1
BAEOMERERERICAE B LI2imsIn 2. ESW I OBEMERE & AZR EORRE D 7=
Bt H 0 B 20— EfEn7 5.

1.7~1X 1.9 1%, AF > 7 L — I 590N/mm?2 #k D & HAZ #i{EEH & TMCP385 %
=840 ESW # DEPO, BOND, HAZ O v LV E—E&(H%Z, #4775 A
JEE, ABE, 800C~500COMARE THMO -6 D THS. # LT, HEEIZ BOND
PR BIKL BB D DN, XA 7T 7 L°ANBEEOBRBRMIZIEES THS.
800C~500CHOMAENREIZAEH 2 &, BEMENE <, T—F OIS LY, HifdfED
AL L0 EERAERH AN HR D Z L 2 RE LTV D,

| b
350 l S9ON/mm2 M HAZ ¥} {288 [ :
0 ot g 2 8 b, Lact Lo
= ' 4 : = i
= 200 ] i #]
2 2 5. i i B i | .}
> * 5 ¢
130 A ' A 3 Iy
: i : i
Y || CESEUEN VRSN, SUonpey eyl N ASVSIPURE SPSNTATS LORSUEIN LN
0
150 [ 1
I HBL3BSC I
300
Pl TR (R AT R ST e g
= 200 b eI S s e T S T
8 ) H £ - H (9] .
100 : [
. ’ .
50 A A
0
40 50 60 70 80 40 50 60 70 B0
FAT774L EE (mm) 24V E (mm)
4 Bond @ HAZ @ HAZ B Depo B Depo & Bond
imm  3mm Imm 1

1.7 A7 77 LEI L ESW Y v /L &l MEGE DO BILRE

11



350 X | soon/mmamEHazE i [T ]
-7 ] — o — y }‘
sl 8 [ A
250 -
s,2 ‘ Af% . i
= 20 bl R B i s
o AR 'Eq & o &
= [
> 1% 4 E
A -
100 3 kX
50
0
600 700 8O0 900 1000 1100 OO 700 BOO 900 1000 1100
350 ‘L HBL385C i
300
~ a0
3 w0 :
w
> ° b .D a n
150
100 f—A - =
. 5 . £
50 . mrl 3 Al
0
600 700 800 900 1000 1100 600 700 800 900 1000 1100
A#(k/cm) AR (k)/em)
a Bond » HAZ e HAZ # Depo @ Depo & Bond
Imm  3mm Imm  1mm
1.8 A#AE L ESW #2 v L B — 8 MERE O LR E
350 { S590N/mm2 A HAZ E114 iR I { HBL385C l
300 ® g
5 £
250 1{ oW n ......
=S 20 |g o 2
e IR EET AN, »
> 15 |y TG [ B l »
b A,
100 - E
A
50 Y
0
500 600 700 800 900 500 600 700 800 900
800-500C /% A5 [E)(sec) 800-500°C /5 KB [H)(sec)
B Depo B Depo A Bond © HAZ @ HAZ Depo @ Depo 4 Bond © HAZ @ HAZ
3mm  1mm Imm 3mm 3mm 1mm imm  3mm

X 1.9 800-500°C D& HENEE & ESW & v /L B —E M pe o Bi{R

1. 2. 1. 3 BHERANEEIZEET 2HIco0T
AT A 2@ 2881, TMCP $fikt %05, s m L L7~ —JF
T, RABREEEEIMEIC O W UL LB EEN RN TH H 72012, ESW o> vt

12



—EEREIC AR E LT 70d 23RO D K9 72, @V ESRARRD H T & 72,

ESW #IZ@mWEIER RO b0 K 912720, @ o TMCP 8k TIiTrERefefr o3 A
o, m HAZ SIVEIABHIE Sz, £ ORGEE ORI & MERE 2 BEAEAFIE X v #7
5.

e HAZ $EUPESH O HpF Bk (T8 F A & [FER T 5725, ESW #OEIE B AR 4 70
LIt TH Y, 110 IR T L DI, WME THIUT, RABIAREIC S -2
BEBOREARI A AT 2 2 & T, BIMEHET 9225, @sommy TIN 2822 ic
SRECE S 2 2 & T, HAZRESRLOWHEA ATREL 72 % .

Coarse grain HAZ  Fine grain HAZ
(Low toughness)  (High toughness)

Heat affected
zone (HAZ)
Weld metal

Fernite side plate

1.10 & HAZ BAPES DAL 2]

1. 2. 2 EEFAEEEOHEERICEES 2BEENs

Ry 7 ZREOREEMEREIC BT D AFJEIE, AT @O EREHESRYERE (ESW HENME) %
RS 5 72D DRFFRIC O W TR T 508 KT A K7 7 CIIAEIC 53R #0725 EH
TH5E, 2%V, K111 DX 7RAF 7 L— b3S 2 fil5]5RK A8 CARVBIEN /) & 58
BT D72 DOEMEEMH LWL, BRI, K 112 1277 bR B A s
KO THET S RERZATV, B 7 & ESW #5> v L B — AR O %t i BIR & B
LTW5.

FER, X118 1RT L 912, ESW EEIEAMR & BRIEREAME T2 2 EAEY
# 1.3 T X o7, ESW BMRAEIMENIONZ A 7 7 7 LAOERIS O LR E &
iz,

13



Pwh
_ P FERAF T L— ML B5IRA
: P, i B75 o Uhb05RA
Pre

Pa P 20 7hbEOBEN
1 B, : W¥ AT 77 MZERT 5518EA
B, : LROACIVECDEA

111 ESW &I/ % 513408

FEESS R ENERE TFRFSIRRE
ﬁé— N 1430 190
i g 3l
IR E&ﬁ; o
-

Il

% _: ﬂ ‘ ESWHLvIILE—HRER
i ¢ { b

ESWR F R DM iR H & N\ L/,
L E—HREED *‘N_lflh“‘“
HEBEERE 51 —T_“J| |

1.12  MEMEREMERR SRR & ESW &1 v /L ' —akirbs]

A¥U7°b—=h t=28mm A¥U7°b-b t=28mm A¥Y7'L—b t=28mm
HAZ-vE-20=74J) HAZ-vE-40=29J) HAZ-vE-40=19J
M/Mp 1 | 2 MMp ' 2 MMp

1@ / A/ / 1—@~»—~‘ — 1@

L [l

IRVY/ZENRanh .?

8/6p | 818p 816p

864202468'26420246

.
L o

1.13 ZEMre L ESW 5y v /L B —fi o B fahsl

'

-

14



#1.3 WNZAT 77 LERIEOEIRMED B 208

L2 kg 25 I/-."“\ """"‘,
TV ERAZIBER | py 27T AL 47T AL
OEL~<v vE
YRS /10 L IRiE 160N/mn’ BLF | 240N/mm’ 2AF | 325N/mnr’ LT
DAE ;0 (0.5XF) (0.75XF) (LOXF)

1. 2. 2 EMSBOKEMFICEY 2BEM%R

TGRS TUE, G O KRB, BB IEOBLE D bR B A2 ilE L L
T, WEHO@EMEEZ RS, ZORA ITEESBES T IS LS THIE, FHR
RIZE Y, BMEZEOMFRENGONDIHEINE D, Z TR ORET
372<, WESBZIRMEIZT 52 LT, BBICHMFICT2b0TH D, BiE
ITREAA 1 80 F =@ gk U8 (T80N/mm2 #kHiEy) & L, WHEa)Eid 60 =i, 50 %
REiHZRE LTS, BSERIRIIIAOKF D0, X 1.14 O X9 2FEERTH
5. ZOX o, HEMKFEEZK 115 ORBRAIC LV FIRERZITo TV 5.
UHMIETIERmE LT, UTFTDOZ & 2B NTND.

(1) #HESRE L TRMEY bARRE OB Z VT b BT OB 1 XEES R
OIBEL D b REL EHT . IREEEIR O8O B 2 (KSR CIREET 5 5 WU ik

BWEEEET L0 LIED RS K E W, WO T O 3R AR Ok

BEORIE EOREE ST 5.
(2) HREEHET O L IR R TR T+ 2 3SR OBER EH+ 5120
VTR OIENEIZ TS5 < .
(3)  WREVEHAET O 5 SRR VIR DR E 5 F BIBNKE < 72 513 EHFOMEIL
FHLTHL—EMEIZES<.

(4)  WRLTRBEME T O AR AR O WURL S AN 1/ & 2R OB A I BRI R
BT K o TAET D Ecmifar ELARNCA U R HENIC 2 < OMatEfim 2 5 < T, B & RS
D—FRIB N Z R T K D 7R8KE FE O GA NI 13 5 i for A2 AR U RIS A5 9D B i
il OF GBI TF 2 & D56 L RAER .

AR E L TRM I IREE L~ LDt 0% H 9% under-matching @ J5HI
(TN THIFFOFHMGBRBEIIIM EFEDOLORHHNDL L LTINS,

15



w’

Fig.1 PBR%#IR (Series I)

et
20 05/ L0 |
Pl
L= ) e

Fig.2 B4 it (Series IV)
1.4 BISEIRD % 1.15 3Bk

R

F7o, BRI TIE, BESEICEA U T TMCP i X o iEsrtm Eomim
FEALI T, B A IES 0T, B X 0 kT AT I ARG IR A A5
He U 7 sifbiom g (¢ 1.16) <o, MkFo MR A% 30mm & 200mm, WATHE
X% 200, 300, 400mm & L7zfkFoliRREBR (K 1.17) Z#FEMEL T\ 5. REMRTE
RUEER 112 [ TR CTITo TR Y, MFIIATHMAEHRHTETHD. W)
#1X SAW, EGW (L7 huaJ AL — v K7 — 2 ), ESW Tho. BB D5
IR ST, AR X DB ARV Z TRV E DAL, MEFRERE R e 4
BEZDHZETHTME ERANT 22 EBRESh TN,

WA TERITITRBRAE RS, X 1.18 DITRTET ST, BILEZ & ik IR
DOHEXNEZREL T D, HEXDRHEE LT,

(DVEHEE R OB TR O &% Ly (1K 1.19)

(QRREDFBIT T2

FFAE LB, ThE AR E 2 F5> (K 1.19)

(DIALIRIE, © v —ABENAMIB N T, ROV S & TE 2580 &35
ELTW5,

16



NKU2A 5R3RH (3 5727 1= #4°5) (3H4ER)

Pt REFE B 200 B2
) / Ay IO_U___A'
| _300 |
20 |ol|u mlloimlm 201 I ORI
| |
Ar | [\ Ag
T ey ogkit

A 300 .
o 00
1] S /——
ELegp’ | | T
I e TISMAS = |
T oIt e R ez ) ! g.l Ay = A [Bs ol
400 J\~
116 FAED S 3R AR B H A o) 117 VBT S| EatR fo
- i/
_____ AR B
2 ) (H"’)Ave.
>~ 2 X
3 (. OB res
p Y}

WM
1.18 WWEEMETFOE T AL 7 ikR0

w
t — HWEFIRE © o,/ OINT
IT0o
RERAER A dak FERFER

RMSREE © oY SKABGRE @ 047 B o "M

X 1.19  #kfbisk % & Toifik T D[] 1200

17



<TRFAD> A2 S TR TR

1
o/ CINT = + 1 |8r o.M
3.86 + Xeq 08

=77, w>t
Xt>m DI Xeq—= Xt
Xt=m O Xeq= (Xt+m) /2
Xt=Hy/t, m=2 (Sr3.86 (1—Sr) Y98 Sr= o.,% o.M

ol OINT D EESETF O M E
o 17 Db D5 9RR S
o™ DR SRR S

H, : $kﬂﬁfﬂﬁr|@

t D RE

W o R R

X BT, FREEE DI C ORI DWW TR T LT 5 21 P T
EOXMBITNANBIEED T AL — ) RT — 7 E# (GMAW) Th V0, HUEMATIC L D%
FEITo TS, KR, HAZ A & kTR O BIROw S B IR E O FIRE ~D
WBL NN L TS,

18



1.3 BFED B

AREFFED B9, KABVENZ 5 2 &I X 0 #E L L 7= BOX 0 ESW fkTF0fk T
PEIRZ ML, MU EOREZERT D720 DRMEELIRICT 52 L ThHD.

2ETIE, ESWHEG LI AT 7 7 L L CO D+ fkF5 | 1R5R S O
RIZBEL, WM OERIC L W BN E SR TALT D2 & T, TFRERE LD
EAMER L, SRR TIROZ LM BET 2720 OET 217 5. ESW aHHkT
G0 & BRI ERIEIR & OBIRICHE B U, 1S5 B OB TG O & 5 (ko0
ZE EIZFHI T 5 FIEEZRETT 5. SRS LT 5 DIEHKFTH 503, AR5t
TR BT L2y ESW AR 2 B89, $£72, ESW #S{LEBOMETiRE ~

DRBEZERINART 2720, RERAVRE & TRIRE 21TV, TR %
FOETHFZ2REL, TUOPFFREIC LD X D ITET L0 ERFT5.

SETIE, 2ETHRMNLEAF U T L—REX AT 77 20— ENBRREHRAEED
ESW#H#F LV b, AX T L— FORENZ AT 7T M~ HEW ESW SBO#EFME
REARFIT 5. Zhbid, WHEMHENEENEL 725 2 & TWILA B R S AUtk F IR R (7
PDREEIND LD THD. 2EOFEBRER L OBRF 21TV, 8% Lok TR &

AMEHER T2 LA HET 5,

¥, R 28I AF 7 L — MTEFEH# &AL S B D HAZ $VES 2
AV, PRI RIT T B MRS 5. m HAZ SUPESIE— A8 L 0 & RABEEEN
EIVEDSTEOE Lo <, W AT 7 L— R Tof B TE .

A FTIL, BWHEERMENEILE %2 A9 5 ESW kT I RIETHEZ I 5T
HZEEAMET D, RBRERIEICIE, AT T L— MIEREHM & 72 ESW
WP, BEHESRBENE RDEATHDL ZE2FHT 5. AT L— MO
IS S ChemiBE & 72 5 T80N/mm?2 kil & Ay, WS R IRE 4 &7z ESW

IC X DHETEIRFERZITV, EHEA RIS ESW Mk IR KT B O\ CHER
fIIZ, E£72, FEM fTIC L0 MO 2.

19



<BE k>

[&F v v, Ex 23 KO KBEAS 7 4 2058 miR A& 2020,
https://www.mori.co.jp/img/article/200525_1.pdf, 2020 4£ 5 A 25 H

21 AR B #F K, AEESE O RAEHINT W 30 FICHDEE, WA VT v 7 Hl
VOL.2,2012

[BI/INOEHE, R > 7 ZARERIE T o 858 - e Ll Bugh v T 7 Bl Vol. 26,

[4IBEIL=205 6, WHSHSI RN O mRERIEBERIC BT 28 201 . BFJEMEEE,
H ARG R PR AR (ri%), 2014 42 9 H, ppl037-1038

[6] B ABRSMIE R, SA440 5Gt. Wsehn TS % 3k, 2016 4% 3 A

[61F BEO, HEASBEW RO ERREEEICET M 02 | ik
L7 ha AT ZEERBR(L) . AP, ARSI RS R IR (),
2014. 9. pp1039-1040

[TVERF B &, VEBERNLAS AT AR O B RE SRR BRAIC BT D %8 £ 3. kBAE— L
7 MR RT IR (2), BARBRERSRSTFIGERMEEE %), 2014. 9.
pp1040-1041

[BIERUUE — &, WEHEMNLAS W AL O B RE R RBEIEIC BT 2818 2D 1 3. Mok
DLV hu AT FREEIEREE L, AARBRERS KSFIEFEEE (hE),
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TV NRATIRBECE VS LIRS A T 75 MEE (LLF, ESW L) & CO,
VEBEOVREE TR 2 MR 9~ D854, IS TED HIAEHK TS IRRBRIC L 0, kTS RS 1
LIRS 23121 O 1 3B L 5. MEFIREIL, RMBIE CED 2518RIMS TIRLL RO
BRI AT D Z &3, RO HND.

AR, HEEYORAUCITHE, R O @mBE L & EREHEA TV 5. TR TR
IO, ERILIZHE, BB THOMPIRTE M MEmIC S 5. 2y, TE
2.1 DERIZ ESW $ALERIZ THETFRIET L, BORMEREZFIH TE RV — AR TV D, ZHUTE
AT & U CILHBZe TMCP #il#AM3, It & £ ofilis K 0 H#b Lo VWEE Th 5 2 LB
FLTWOAMREMD B 5.
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DECEZ TE IR T 5720, FEBRAIMGT & THORGET 21TV, TR IR A 72 K123
TFIREIC ED LD ITHET 20 a a2,
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211 BB ONEE
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DIZ, FEM b2 329 5. fEATISIUIA TRESAMT Y 7 & ABAQUS Ver6.12 (Z K 2 =iy
FERIE A Z 58 LTz —UROTHBBNERET & L7z, SCRR3] CIEEk RO/ iRm0 iR S T
0, HEFIREE O SEUR IO FOMEEL W/h (W : 80&E, h: AR, OISERESHOFERE X
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DIOTHY, MREHEW/hAREWNEZE, HHES Xy /NS VNEE, F728EE S AREW
IZE, METIRE o ITRELRD T EARENTVD. X122 12 ESW S COMIRE R A & Tefk T
OIS %, X 2.3 1ZHTET NVERT. fIRHTE T /WIE 8 B USRS SR Tk S vz 12 71
E L, HFHIREM 2T L CR Y T v DR EUT M ORI A 52 T2, 72, ESW AETFEE
AOXEIR T L7020 5 5, DESW IEHERJEMES @ ewXn (=ESW ISHEQJBIES gwH /&
A7 77 LEEZ h ), OESW IEESEMEL  © ewS (ZESWEEQRBOSIEMRE o/
RMOSIRRS o1°) ZMFHEBIZNA 7.

HALER 2B 3 DRI [IRICIAMERT 2 &, kTR CIEX 22 173 L 91T, EH A
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RE MR T 1=, T2, BAEEITEED A v 2V A X E 2mm RE & L7z,

L
1
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K21 —Riaon . i3 EREO~@OMkFIRE R 712, MFOATHIRS (X423

DLy #MMAT, &5V —X&EMiT 5. W/hIZoWTIE, #4777 LES % h=60mm &
IZ U CHEFIR W OARZLSED. Xy, S &B/8T A—F— L UTfifiirr— A Cl, BEED ESW

VAPEER OB SRS R0 2810 U CRIEARE LTz, Xl T, K25 (b), (© (TR 7
KT, AT 7T LITRT D HAZ #AE (R EARRIAZ) 28RS0 2 L TR 5.
MEHRHEIC DN T, WP h v o 7% 5% 205,000N/mm?2, AR7 Y o tha 03 & L, Mises DFER
Sz vz, B i (ESW 5, COISHE) BIOMENTaL, RMIIRERbDLEL,
HAZ 1ALERIE, BEbF LRI CRRREL & U, SRE 2 2Mb SE 728 (0.7~1.0xHAZ) ZHWTuns. ESW
HOtaP e R @ R RIS, EOREZ G T 5 Z &, I oWbERC B 250y DR )
BWIEEHFIREIIR < 22 B2 DNDRZ &0, T TIXRMERIREE Lz, & 22 1
FEBOMERRAINEE, X 2.6 |ZAFRIGH — ARG 2R

F7-, ESW BB OMMIIMHEE T~k E L, AX T L— ML XA T 77 MAOFALE
ORIRAEE SRR E LTS, B TROMEEICOWTITBEE T, HY TR 4 bk
X, 2C—HkE LT

7233, TMCP $IbA I XM AE & HIEAENC X 0 AR 2 b5 = & ¢, 3, Itz me
T TH Y, HAZ ERITHIE L9 <, ENE WS ZORENEE L /0D, TO0, il s
L C TMCP385 &kt 24878 LU 7=APEHRFE & LS. F 7, #AbERIE H IRRBRINIC 15mm FLE S,

AR IR & B2 TN T A—H—ZRE L.

F72, MR COBEMDORDIES %, XA T 77 L ERIEIZ LT, #IEOEGNI/NE
2RSS DREBNTEE = H 722, HA T 7 T MBI LIRS BICERE N AR DI 11255 B
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F21 v ) —A %

S—1 MFEOIEREL | EREDORAXNES | G E | ESWEHHEXTES | ESWHTRE L | F1T78HES
Wrh Xh (H) Sr s X nCoswt) eswS - Ls
No.1-1 25mm/60mm
No.1-2 50mm/60mm
No.1-3 60mm/60mm
No 14 e —y— 0.25 (15mm) 0.8 0.9(54mm) 1.0 100mm
No.1-5 100mm/60mm
No.1-6 150mm/60mm
S—%2 MEDOIBEL | ERESOMERNES | BB E | ESWEHEXES | ESWHHRE L | F178ES
W/h Xh (H) Sr s X p Cesd) eswS - Ls
No.2-1 0.20 (12mm)
No.2-2(No.1-3) 0.25 (15mm)
No.2-3 0.30 (18mm)
No.2-4 60mm/60mm 0.40 (22mm) 0.8 0.9(54mm) 1.0 100mm
No.2-5 0.45 (27mm)
No.2-6 0.50 (30mm)
S—23 MEDOIBEL | EREDOMEXNES | SEE | ESWEHEXES | ESWHHRE L | F1T7EHES
Wih Xh (H) Sr swX s (eswt) EswS / Ls
No.3-1 0.7
No.3’;120(|;1_o?;1-3) 60mm/60mm 0.25 (15mm) 82 0.9(54mm) 10 100mm
No.3-4 1.0
S—Za MFEDOIREL | EREDOMEXNES | SEE | ESWEHEXIES | ESWHTRE L | 178 KES
Wih Xh (H) Sr rsw Xy Coswtd) eswS - Ls
No.4-1 73.5mm
No.4-2 85mm
No.4-3(No.1-1) 100mm
No.42 25mm/60mm 0.25(15mm) 0.8 0.9(54mm) 1.0 115mm
No.4-5 130mm
No.4-6 145mm
S—5 MFOIEREL | EREDORXNES | G E | ESWHHEXTES | ESWHHRELL | FITEHES
W/h Xh (H) Sro | ponX,Cuswd) eswS Ls
No.5-1 PY— 0.25 (15mm) 0.9 0.87(52mm) 1.1
No.5-2 0.38(23mm) 0.89 0.83(50mm) 1.1 100mm
No.5-3 B mm/A5mm 0.49 (22mm) 0.98 0.98(44mm) 1.0
No.5-4 0.49 (22mm) 1.07 1.07(48mm) 1.1
e | BFOEEL [ EREDOMMES | MEE | ESWIHTHIATES [ESWIHRILH [ Fsfs
W/h Xh (H) Sr sswX nCeswtd) eswS Ls
No.6-1 0.8
NG.6-2 25mm/60mm 12
Eggj 25mm/60mm 0.25(15mm) 0.8 0.9(54mm) (1)2 100mm
No0.6-5 1.2
NO.6-6 25mm/60mm 08
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(C)Xh =0.40

YP. TS, | RO
(N/mm? | (N/mm?) (%)
B4 (h=60mm) | 386 571 10
0.9HAZ 347 514 10
0.8HAZ 308 457 10
0.7HAZ 270 400 10
TMCP385 1% | 385-505 | 550-670 -
800 —
— 0.9HAZ
L 600 ,
E /»
Z 400 —
R %ﬁ BEFF, B T4
2 200 ESW, 1.0HAZ, CO,
& | 0.8HAZ
<<l o LOTHAZ | |
0 002 004 006 008 0.1
N NONC I
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212 BERRHTRER
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ThbH. A ) —RIZBWTIE, Wh=1.0 F2E CHEFIRE of |ZRTRE or° & [F%LLE (1.0
UUE) 272> Tn5%.

2.8 IHESRIEER ORISR & Xn DSHETHREEIC RIFTHBE R LY ) — X2 OFERTH 5.
FERHRE S Xa DV NSWNEE ol o DR E S RDMAMIZ D D AT U — X2 FB0 v TIE, Wh =10
IZ—EEL LT,

2.9 [TWEE S MR FIRE I MT B EME L2 ) — X3 OfRTHSH. ESW H HAZ
DAL 213 L GREEE S AVNEWNEE) PRI T T 28M23H 5. 2F 0, HAZ &
MO NS WS, MFOMREK NI <IMAbiTn5s.

2.10 ITHEF-OFATHL R & Lo SHETIREEC RITTHBE R L2V ) — X4 OFERTH 5.
ORI OV T, FEAF T L— bt (F70mm) @ 12 f5% L0653 W B & kT OlE W

(=25mm) THRL7AETRLTWS. (Ls—t/2) /W 23 2 FEELL BT orllor® 23— & 72 DA H
%. ZAUT LAV WS IR I E 2 R D B A MEIR R I ST 5 7200, KR
EROVBIEAE AR\ PR S AV TR A Lo L B2 bib.

211 X ESW ISHER R OFERIE S owXn 2SRRI I TT 54 LT2 2 ) — XE DFERTH 2.
Wh =S, X7 Ea/3T A—4 & UTELESE TR, MR- 2 DD Tha N LB X
5.

212 |3 ESW V208 & RAATE S ODLL esnSe AN TFIREN I E T REB AR L T2 U — X 6 DfERT
B5. S ERELTDHIETHRFTREN LT D2 ENBRIONDH. ZIUNEBESIBOTMRE 513
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22. VSEAMTS IR

fildT L 0 GER T ORB AR TE /272w, TR A BB L, MTFmERERHZERL, %
BEHE 2T Lz, 7005, ESW SHERBOMMES ek &, TATHIR S LIIMMDR T & H 58
LI, BT 5.

221 HEREHE

W D HIRRI I A BRE 2T TMCP385 #ifk & L, fkFlBiAONZ A7 775, BT 5
VP OWE h ZfENTRIED 60mm &, JEXZEIC LD HAZ bRk 2452 726 h=45mm % B4
5. FEAF T L— MY T HE71E, No.1~6 BRAIIARE t=70mm, No.7~12 sBR{IAIIH
JE t=45mm &4 5. HIROIFRGy, BRI E 2% 2.3 1RT. iEFRBADTIIR « ~HEITX
213 THY , ftTET NV ER L TH D, /T A —F —THFOIRELLW/h TH 5. £72, ESW
HoL— R Fr w7 (BLF, RG) % 19mm & 23mm & LT, ZDENIDOWTHIER L7z, ESW
IO T IR B RE L VR BEA A 3R 2.4 (R T, VAR BIRE OB A R T 572, No.7~9 O
FRBRPEAK D & 72 % YES502-SXFES-CS & L7-.

R 23 25 1R, BB No.1~6 |3PU i BOX FE0 ESW fikF00 5, #RBRIK 7~12 1%
2HEDAX LT L— N LBDEAT 77 LbH72% HIEO ESW TG, KR 25 L
TW5%. % ESW kRO~ 27 n BEAZEH 2.2 (277, No.l~No.3, No.7~91%, NZ AT 75 A

(877 27) BIEh 7 60mm, No.4~No.6, No.10~No0.12 /X 45mm & L T\5. F7z, No.l~
No.6 IZZNZ 4L 4 ROFERIAD, No.7T~12 1T ENZ 4 L IRORERAED B 0, EUL 30 A TH 5.
A3 AL, No.l-l DX HITHETKRILTWA. 72ds, BE 1) & 2] (ZRG % 19mm,

3] & T4 IZTRG % 23mm & LTW5. F7z, £ZFED2 No.7~No0.12 |4 T RG % 19mm &
LTV, E7z, BN 1) & 13) 1%, ESW S M, B&E2 12) & T4) 1%, ESW
HOVEEA Z — MAlP DB IL T D, 728, No.3-1IZ2W T, T A CRERAE
W 75 80mm & FHE & D k< e o> T,
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#* 23 WBRER O ARy, BIRAMEE (13— ME) (L&)

X (L= 53 (%)

LB SHIFE mm| c | si|Mn| P | S |Ceq.| Pey

TMCP385c! | 70 | 0.14]0.36]1.29]0.009|0.002 | 0.38| 0.22

No.1

~No.6 TMCP385B*2 | 45 |0.14|0.36|1.27|0.009 |0.001|0.37 | 0.22

TMCP3858*2 | 60 |0.15(0.34|1.29|0.012|0.002|0.38 0.23

No.7 | TMcP385Cc™!?| 45 |0.15|0.35|1.32|0.006 0.001|0.39| 0.23

~No.12 | TMcP385B™2 | 60 |0.15|0.35[1.32|0.008|0.001|0.39| 0.23

. = BRI PE R
PRk Sl (Jr;;rﬁ) Y.P.(Nmn?) T.S.(nvm?) | VEQQ)
No.L TMCP38SC>; 70 423 570 306
~No.g |_TMCP385B*? | 45 464 596 276
TMCP385B%2 | 60 446 585 279
No.7 | TMCP385C™!? | 45 459 596 268
~No.12 | TMcp38sB™? | 60 459 589 222
A B 385-405 550-670 70=

XA FEARVTT V=b, K2 A EEATT7A

K24 ESW VSRR & Rkt

. 5;\ j;ﬁ ?ﬁ#&ﬁ*ﬂ&ﬁjﬁs Y E— {g%i?lﬁ —
S e PO (L] e i
. Eisg;és'\s" 19 | 360 | 54 1.26 931

ng_le FESCS | oo 23 |380| 52 1.28 929
o . E%%ES'\S" 19 | 360 | 52 1.66 678
FES.CS 23 |380| 52 1.66 715

Ng? 60 sts‘r’_gs 490< | 19 |360| 54 1.39 840
No.12 | 45 YE:SOESM 590= | 19 | 360 | 52 1.82 618
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#25 ABA—TL

¥AT SEATHER RG
V=X | RERRL | W | 770E ) Wrh (mm)
h(mm) | W(mm)
e .
No.1 ' 25 0.42
No.1-3 23
No.1-4
No.2-1 19
No.2-2
No.2 BOX 60 1.0
No.2-3 23
No.2-4 60
No.3-1 80 133] g
No.3 No.3-2
' No.3-3 90 1.5 ’3
No.3-4
No.7 No.7 120 20| 19
No.8 No.8 HZ 180 3.0 | 19
No.9 No.9 240 40 | 19
No42 19
No.4 ' 25 0.56
No.4-3 23
No.4-4
Noo 7 19
No.5 ' BOX 45 1.00
No.5-3 »3
No.5-4 45
19
No.6 0.5 70 1.56
No.6-3 »3
No.6-4
No.10 No.10 90 20| 19
No.11 No.11 HZ 135 30| 19
No.12 No.12 180 40 | 19
, PEAURBERE #9320
10 10
- T 70 or45 (A}
T‘TA SN
W/2
wi2| -
FB-28x50
N7 T Z
ESW ik TMCP3858
5 S
' ' - e
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AT 7T . AFTL—h
?,\fcf,?)%g A TMCP385C
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213 HEFRERIAOTZIR - ~HE (BAL : mm)
32




h=60mm h—45mm
No.1~No.3 No.7~No.9 No.4~No.6 No0.10~No.12
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N LY

RG=19mm

678%00 2345678949 56781123456 78¢9

L

RG=23mm

{78 MM 2346678690 1567811 2345678

BE 22 RERAESW i~/ nGH

2. 2. 2 HBMAOHBEOME L ELEREIR
2. 2. 2. 1 VSEERORES 530

ESW BT E O LRI 2 il 9~ 5 72912, HFIRICE y 1 — AR I3k (10kgf 1 THIR)
2 FEfE Uiz, RERALE A 2.14 12, PR R 21X 2.15, X216 |R"7. K215 (28T, HAZ
EAHAL LTS 2 E DR TE D, AKRFEHMOE S 5AIZIBV T, BRAGEIZ 2N Tl S D2k
Db RKEWVNBEZTILEOBER L EFHEL, TOMEZKFTICO L@ TRT. FEAF LT L
— MAUITIEAR > RERIZIR > T@ DA TWA . BILEOIREIX, XA 7 7 7 LMUESAALE 1/4h
(CFBNT, RIS LU RITAR R U727 & KL D VIR S & 1[0 27 B o Hhf = S A7
EZRIEE L B2 5 &, WbEEZ E R T X 2.

2.16 IXBVEBHET-O hi2, W4, FEHND 2mm OMLEIZE T 5 S04 Th o, KHD “@”,
“A”, "I h2, b4, K 2mm CLEOWSGEBELE AR, R & AR OBERALE O
SUIREH N L > TRAR DD, BIRLRERES MALEICISIT 5 R4 & HAZ Off S OF-E
Lo TWD. F7o, £2612h2, hd, £ 2mm IZEITS XhnaE &5, dRIKICE>TE
HOXE, ®HHLOD, KEIZE X DREL RDHBMBRLEIND.
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RG=23mm

h=45mm
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79 (No.1~No.6) 1

RG=19mm
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79 (No.7~No.12) 18
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RG-19. No.l2.3 ] h=60, RG=19, No7.89 I'n 60, RG-23, Nol23

151
100 |
|19 ) 19 39 49 ) =
i DR (mm) oS L= bl S OBRE (mm)
=43, RG=19, No 10,1112 ]
= =
2 &
- 3 - |\>
; 10
19 ) | 43
(TR R (i . ' (L] ¥ (mm : ‘L e B mm)

@ h2— 4 — h'd—8— L -2mm

216 il SRS R

#26 FRBRIED X,

W= - Xh
i h gg FYS FYR
mm No.1~No.6 No.7~No.12
h/2 0.40 0.36
45 h/4 0.40 0.38
19 F2mm 0.42 0.49
h/2 0.38 0.38
60 h/4 0.42 0.42
FfH2mm 0.45 0.43
h/2 0.29
45 h/4 0.33
23 FH2mm 0.36
h/2 0.30
60 h/4 0.31
ZFE2mm 0.32
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2. 2. 2. 2 S ZOVAEERDE R

X 217 \ORTALE (R6F (BM), 4R (WM) B I ONHAZ #{EiZ=nehoNZ A 7~
T LEE 1R AACE, VANER L OEED smmALE) 76 06 DI (ISZ3111A2 =)
ZEREL, SIERBRZ I Lz, MEREE 271, S AL 28T, HAZ 5L, B ol
2l SFRBRCORAAE SMLEIZE DR TV D, BN TE, 2EORBRFER (IS Z 2241 5

B bR LTm. AT 7T LE60mm DA, Sr S KEVMEM NG S.

WMl _
. BM HAYZ A—Tamml
.
RG/2++
2.17 ESW 555 | 9RaER H B
#28 WEES
RG MWJEh | S
U E | — L
mm mm | iz ARERIAN0.1~6 | iR {AN0.7~12
h/2 0.91 0.91
45 h/4 0.87 0.85
19 FJE-5mm 0.81 0.79
h/2 0.95 0.97
60 h/4 0.91 0.91
2 J&-5mm 0.85 0.87
h/2 0.93
45 h/4 0.86
23 B -5mm 0.80
h/2 0.95
60 h/4 0.90
= -5mm 0.83
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2.7 ESW 5 [aEaERAE 5

rG B . A BR1AN0.1~No.6 “ A BR{AN0.7~No.12 :
mm| mm BRI E Y.P. T.S. fRTR Y.P. T.S TR
N/mm? | N/mm? % N/mm? | N/mm? %
19 h/2 469 595 22.4 452 597 24.4
WM h/4 466 604 20.0 453 601 23.9
FH5mm 462 611 23.3 453 600 25.5
h/2 296 506 37.4 383 527 33.7
45 HAZ h/4 309 520 39.2 402 527 37.2
FHi5mm 323 525 37.9 390 521 34.9
h/2 401 558 34.0 421 577 25.0
BM h/4 465 600 34.0 487 621 30.9
FM5mm 531 651 33.0 526 656 28.5
e 475 620 28.0 - - -
h/2 459 614 24.4 387 548 32.3
WM h/4 462 616 23.0 397 549 29.4
FMH5mm 463 622 23.1 401 551 27.4
h/2 283 507 37.0 346 508 36.4
60 HAZ h/4 284 516 40.4 383 524 36.6
FIHI5mm 330 525 38.5 379 533 32.3
h/2 365 534 33.0 349 525 33.1
h/4 418 567 34.0 440 573 35.1
BM
FH5mm 495 619 32.0 485 611 32.7
2= 417 593 51.0 - - -
h/2 475 643 26.6
WM h/4 470 649 25.9
FM5mm 478 651 21.4
h/2 311 520 40.0
45 HAZ h/4 303 517 40.7
FH5mm 305 518 40.2
h/2 401 558 34.0
BM h/4 465 600 34.0
FM5mm 531 651 33.0
23 2E 475 620 28.0
h/2 452 634 25.9
WM h/4 447 637 24.9
FH5mm 470 649 23.8
h/2 300 507 31.7
60 HAZ h/4 296 510 41.4
FIAI5mm 292 512 38.8
h/2 365 534 33.0
BM h/4 418 567 34.0
FHi5mm 495 619 32.0
2E 417 593 51.0
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2. 2. 3 VREETESIIRIER

F29 I THIIEERER - Earnd. £, THE23ICHMRIE, X217 ([CHETIRE TR
Il eor” —AFRIRIZE & BIR A 7R3, cor? 13RS |97 B SEBRAIE 2 AT F CBR L 72 C, E13X1 2.13
(R IAER X THIE LI AT BROTEEETH S, RBIA No.1-6 DGR «-1¢, 724D
RG19mm &, F&-3%, 7-4“0D RG23mm Tl, RG DiEV LD ¢ 07— « BURDOFIEIZ 2. F 7z,
BOX JEalk & H sz X D7 JAzi) HavZau.

K29 MEFIHREBRS

547754 g | AETIRE | e e

V-2 BB k4 | Eh Wh |BlIEM S| oy REBE
(mm) (N/mm?) (N/mm?) | 913E#S

No.1-1 593 557 0.94
NO.1-2 593 554 0.93

No-l =013 0.42 503 546 0.92
No.1-4 503 554 0.93
NO.2-1 593 562 0.95
N0.2-2 503 563 0.95

No-2 — 023 | 999 10 503 558 0.94
NO.2-4 593 562 0.95
N0.3-1 1.3 503 565 0.95

o3 |_No3-2 593 582 0.98
N0.3-3 15 503 573 0.97
N0.3-4 503 579 0.98

No.7 | No.7 2.0 570 575 1.01
No.8 | No8 | 60.7 3.0 570 591 1.04
No.9 | No.9 4.0 570 585 1.03
No.4-1 620 560 0.90
NO0.4-2 620 567 0.91

No4 X043 0.56 620 561 0.90
No.4-4 620 562 0.91
NO.5-1 620 566 0.91
NO.5-2 620 574 0.93

NoS o3 |+ 1.00 620 569 0.92
NO.5-4 620 569 0.92
NO.6-1 620 579 0.93
NO.6-2 620 579 0.93

NO-6 0,63 16 620 582 0.94
NO0.6-4 620 583 0.94
N0.10| No.10 2.0 618 589 0.95
No.11| No.1l | 45.8 3.0 618 597 0.97
N0.12| No.12 4.0 618 616 1.00
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%] 2.18 |2 FBRIR DMK FANIRIL A 75T No.1~No.6 sBRIARITAE 17, “-3”D A7, No. 8
FRER RV ERIT U 727200, BT O MR A L 0 b i/ NS <, &0 7o 7 K
219 I B AR A T, IMTER R M7 ST AT BT, RO RF IR SN0
2. F7z, Noll BRI G MU LR TRINCHNT L7z, MR ERRIC CRlE RR, 27 7%
A E BN DRI DV, IEMEZRT S W7 mHEMED 5. No.8, 11 3R & & R KM /122
HOWKCThd 570, MHiEMERE ERE 2BV B X, RSP TORZ O IFRIN L 722

W2 kT 5.

Wih h=60mm RG=19mm

h=60mm RG=23mm

Wih

h=45mm RG=19mm

h=45mm RG=23mm
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No.8 h=60, W/h=3.0

[FER 1S #1]
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Z AT 77 LAIBOND [ 7 T 2

EWRER (T4 )

‘y . & s -
T e -2 '\ S . -
H - 4
s e v
a2 -/;.. Wota St N e A dod
4 N K= . \ ) ) .
o L
N 2L > >

O R~

X219 MmEIEGH

41



2.20 |ZAETFIREE cor’ —HETFIRIELE W/ h B3R A9, h =60mm & 45mm Tld+-53 R R
RN DN DIRELIZE 2V, h=60mm OFATT W 28 h D 2 EFEEET, h=45mm OLFEIT W
25 h D 4 5L CREFREE DS R IR A RS L 700 Z E P MER CTE 1o, XA 77T LRSI
FDZL, WREH W/ h DAMCHRTFREIC L 525 S & Xn DAL DD EBE XD, it
REWET 5 L, MRFRET L Ukt 3, RMIRE CEfIH & o7z,

(h=60mm) (h=45mm)
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58 EE RS 5 5Rk5R &
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o

RJEEL Wih MR/ L Wih

220 METHRIE cor’ —HETIEE L W/ h B3fR

2. 3. REFREERHE
2. 3. 1 Fx U7 b—a VT

2. 2 TIT o T AT CIIIRIE L O K & 78R 238 KIZFHI T~ 223 5 720, K L4
HEE LEBREROXT Y Y 7 L—y a VT 2R 5.

FENTET VIGHRIZ 23 LIREECH D, RS, METFIRIE LR & WERPHORFHT S0 2 35 %
7212, No.7~12 HER{R (IEELE Wih = 2.0~4.0) OFERT — & 24k Uiz, X 2.21 I[ZffdTic A
W2 SS I —T7 D& L TRM & HAZ OEIGH-EIME O H IR Z R~ T, REOTIZIZA &
AT BHEATD2FEHD SS —THHNTEY, AXAT1L2 EELEKD SS 71 —7 TAFR
JE-AFROT HBIRIC BN T RROLIRE, SIIRBS AHERF L72b D TH L.

WEAE D SR O-C L, AFE-AFOT ZBIRICIIT 2 B8RIR S LIS OB IO A BfR %,
1R SRR 1T 2 FIS TEOT B BIROEERAR D 12 fEOABRDER L $25 2 LT, 5lik
B SEASCARE BRI & TR LS IET 5 Z L 2R LTS, ZOZ Ehh, A XA S35
S LA DG - EIE O B BUR DO AR K E TE D72, 2 O CHETFIREL 2 K FHT
LIcbDEZEZBID.
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HMEFET L E LT,

1% 2.3.2.2 BiDFIMEF [IERBROME & O —
BHAMEOTHBIR IR TOR LTV S.

SNTWNDH,

MEHER 2 w8 E

EHINED A5 DT EIS -
R T OB -EBE O 2 BIR TlEn 3R S 2L
e, BRENRRELRDHITONTABIVNEL 72D, AARIZESTWD. T
PEREIZ K D

[ IERA PN C D
ZEROFEELRREICL Db D EBZ BID. ZERORA LR ABE LT HERET
YA DR N E A
ZITB AL, AZAT LY B5IERS IO ARIAME S THEMHBRE RIS, 2
DG IEMEET V& LT, FIGH-FHOT HBRICIENT, IR LR TR RIS ) AR

800 800 -
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R — =B | R —
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HIAMEOT 71 [ %] BN O [ %]
(A4 NLE DO RS (b)/4 (I E D HAZ
221 RN SS H—7 (BLA-EIBHEOT 7 BHR)

# 210 (TR R 2, X 2.22 ISEFONRS) SRR FOT A 0MGRE =T, Kho~
2y MIRKISHRESZRT. A XA 7D SS 1—7% [T o — AT EBRFE R L 0 S RS S8
REL2oTEY, 20O A XA T OMBHRAEZ NS RAC X D HEERUTHETFIE DIEWG A O T
SR 2RI T R & ool bBEZ BNLD. UKL, B # A4 7D SS 1—7 %M
= ATIERIIEHD A ZA FITHRTELS 20, ERRERE KL TS, £ B 21

TR NIREORE S OT 2 b FEBAE R L xis LT D, FRFORBICONT, Al
RO B ¥ A 7D SS 1 —7 W THERGT 5.

BEAEOSCERIB B L 0, HAZ #)4k U T2 Bk F OB R DR F & LT, 2
DHZ, HAZ IZBET DIRESIROREE, A RIURDNTE2 & DT,
HEFE, h o AF),

FRLED 3 DD T

HETFOMRELE Wh (W :

HAGES (SRS OFRE S Xn EHEHE S HARE h), #EE S, (=ik
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{LEOBIRIRE o | I OFIRIRES or°), SREEL ESWSr (=ESW 5 & o TW 4453550 X
0TB), ESW fBOMXIE S ESWXh (=ESW HEE ESWH IHRIE h) @ 5 SORFRZF b b,
L2rL, ESWXh [HEDVINS W TORMTFREIEST 56D THY, BENRLAT 77
DRI, ESW IR & OFFE TlE, MFRE~ORBII NS WEEZ bRD), 2 THERL
ZEETD.

#210 F¥ VT L—3 g RN

. ens e RIS/ (Nfmm?) N
TTV TR — ES W i
ES A FRAT

t60W2A 593 0.97
No.7 575

t60W2B 582 0.99

t60W3A 606 0.98
No.8 591

t60W3B 594 0.99

t60W4A 611 0.96
No.9 585

t60W4B 599 0.98

t45W2A 619 0.95
No.10 589

t45W2B 606 0.97

t45W3A 638 0.94
No.11 597

t45W3B 623 0.96

t45W4A 650 0.95
No.12 616

t45W4B 633 0.97
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X/2.22  PRET AR RO 2 BEAR

2.23 [T K- & Mk TR OBIR 2R . RTINS o TR Y, FRCIEE
W/h 23K & VR, TR AN K & OEIPE C 2 BEOMATIC LR THREN/ NS Ip s T D. ARFRT
CIEEBER & R A TR A R R [ %5 CEFT D & A DS R DAL, FRT RS 3 1) |
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£ 12 e 12 /h=1.0,
= o) O <20 Sr:0.8
t?: 11 o O ] 6:) 11 swo,=1.G
M 1 0O _,./’f . @( 1 \ Ou
4 Xh=0.25] & \Q\Q%\
09 | S,=0.8, - 0.9 .
ZT%:I 08 FQWSr;l-IO i—ﬁ 0.8
0 2 4 6 0 0.2 0.4 0.6
W/h X,
< ¢ EE AR
<11 0. < 1.1 -
S N A A
%ix 1 5 w1 A 5-"'? _
4 W/h=1.0, % PR IE S S5
0.9 - X/h=0.25 v 0.9 | /g/ . i
fé o, =1.0 fél — X/h:O.25,Sr:O.8
08 =08 L —=5
0.6 0.8 1 1.2 0.60.8 1 1.21.4
Sr ESWSr

[COAA Z A 7OfifT 2%) @®AB XA 7 DIEHT |
2.23 KT ERETIRE ORR

2. 3. 2 REFREDF

EATAE R 2 b L1, TR L REMBRE DL oo & 4 DDORFIZER L, ERFSHTE1T-
Tk E OHEE ROBIFRE R, EEODAR eswXn X, ROFEDTZDOBA L TN 5.
orlorB= O.931X(W/h)°'°55XXh 0087 G 0421y o\ G 0168 1)

YRR OEIFHEE 23 21112, O£ % 212 |TRT.

7k, R (D) LvELn Ll ax 222 IR LTV S.
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# 211 [AlFHEET

o)) HE Rt
HEIHEI R 0.982093051
HIRE R2 0.96450676
i 1FE R2 0.958053444
FEUERR 7= 0.011483691
BHE 27
#212 rEUOIHTER
BRI SNT= o
i 75 o ; =2 F
H A IH) GaN1e I
B 4 0.07884 0.01971 149.459087  1.30743E-15
TR 22 0.002901 0.000132
SRt 26 0.081741
534 FENERR 72 t P-fiE FFR 95% _EFR 95% TR 95.0% R 95.0%
YA -0.07171099 0.01572 -4.56172 0.00015299 -0.104312623 -0.039109358 -0.104312623 -0.039109358
X & 1 0.054636755 0.003697 14.77845 6.6244E-13 0.046969531 0.062303979 0.046969531 0.062303979
X & 2 -0.086713146 0.009529 -9.09987 6.5252E-09 -0.106475201 -0.066951091 -0.106475201 -0.066951091
X & 3 0.42060351 0.040836 10.29988 7.0325E-10 0.335915313 0.505291707 0.335915313 0.505291707
X fiE 4 0.168049295 0.023042 7.293304 2.6454E-07 0.120263971 0.215834619 0.120263971 0.215834619

XMEL ; Wh, X2 ; X,, X3 ; 5, X4 ; 15,
()
or'loP=Apx (W/h) "xXy2xS 3xeqnS™
O CRIFREGD 720, FAOxE & > T
log (ovlor®) =logAo+Aslog (W/h) +Azlog Xn+Aslog Sr+As log eswSr
EEFL, log (or/or®) % log (W/h), logXn, ,logS:, 1ogeswSr ? 4 Z55Z U TRIERIERA K
DTk,
YIH log Av=-0.07171009  (Ac=exp (-0.07171009) =0.9308)
A;= 0.054636755
A,=-0.086713146
As;= 0.42060351
A,=0.168049295
AT

Wiz, K224 (1) N K HFHEE FREOL AT, (1) KUIFHTICIBO TREFIRED
A TRISEIREE CHRfTDIC/2 D Z L A HBLTE T A, (1) ROFHRME & EBRIEOREITRK T 4%
T, EBRERZBERFHITE T 5.

AAXOTERNT LY, AR TR CHERE U T-REEE S OFIIZISW TS, METFIRE DR )Y T RE
ThrEEZXD.
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1.15

1.10

BRAE

1.05

iy 1.00 [ ok

e P

+RfE/

A

0.95 L

0.90

® h=60
A h=45

0.85
0.0

2.24  WALAKTFIREOFHEAE & FHRIED b

E72, FRTIARH AR & RBREFTREO TIE L AR RS, AEREEZR 213 ICE L0 D.

1.0

2.0
Wrih

3.0

4.0

ORI IS <, 30 OFIIHTE 6%LAADREE TRHMlinRETH D L EZD.

213 fRMTIE/GRTRE & SERE/ AR O & AFE(R A, ABREL

T EAE 12 R 2 o R
gty (2 —Z1~4) 1. 0344 0. 0180 0.0174
8 (No. 1~12) 0. 9990 0.0195 0. 0195
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[Outline of Thesis]
Experimental \erification of Weld Joint Softening Section Performance of Built-up Box-Section Column

with Large Heat Input Welding

Built-up Box-Section Column (hereinafter referred to as box column) is applied as a column material of
the high-rise building, and the thick wall high strength advances by the realization of high strength and thick
wall of the thick steel plate which is excellent in the weldability. In order to realize high - rise and large

- span steel frames, the application of TMCP process to thick steel plates is increasing.

Though the welding of diaphragm and skin plate of the box column is joined by electroslag welding (Less
than or equal to, ESW), the welding heat input is very big, and the efficiency is good. Therefore, the heat
affected zone of the ESW part is exposed to the high temperature for a long time, and the softening part
tends to become larger in both softness and softening width than other welded joints by the enlargement of
the steel crystal grain. In the actual operation, the joint test is carried out, the strength is confirmed, and the
construction proceeds, but the condition for ensuring the welded joint strength has not been clarified.

Therefore, the purpose of this study is to clarify the joint property of the ESW joint of the box column
softened by adding large heat input, and to clarify the conditions for ensuring the strength equal to or higher
than the base material.

In chapter 1, this paper presents transition until box columns become main columns of high - rise building
columns, past research of structural performance of BOX columns, and joint strength evaluation method
with soft parts in the shipbuilding field.

In chapter 2, this paper pays attention to the fact that joint strength becomes insufficient by the thickening
of member in the confirmation of cross joint tensile strength of inner diaphragm welded part joined with
ESW and CO, welding. The purpose of this study is to clarify the effect of the softened part of ESW on the
strength of welded joints. The influence of the softened part of ESW on the strength of welded joints was
investigated experimentally and analytically.

From the viewpoint of the relation between ESW welded joint strength and heat affected softening zone
property, the method for properly evaluating joint strength like soft joint evaluation in the shipbuilding field
is examined. The purpose of this study is to clarify the effect of the softened part of ESW on the strength of
welded joints.

For the ESW joint using 550 N/mm? TMCP steel for column skin plate and inner diaphragm, the joint
strength was examined, and it was confirmed that the ESW joint strength with HAZ softening part was
affected by the factor concerning the plastic constraint of HAZ.
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The 550 N/mm? TMCP steel was selected as a TMCP steel material to be applied to the diaphragm,
because it is a steel material of the largest strength to be applied actually except for special truss structure,
etc.. Sr; The softness tends to increase as the strength of TMCP steel is higher. It is considered that the
strength increase is realized by the grain refinement of steel material by the TMCP process. In the case of
520 N/mm? and 490 N/mm? TMCP steel, the softness does not become larger, so it is considered to be the
selection of steel to be evaluated on the safety side.

As a result of the examination, it was proven that the ESW welded joint strength was greatly affected by
following factors of the joint.

(D Width thickness ratio W/h (W: Plate Width, h: Plate Thickness)

@ Relative Thickness of Low Strength Part X, (= Low Strength Part Thickness H/Plate Thickness h)

@ Softness S (= Tensile Strength of Low Strength Section o +>/Tensile Strength of Base Material o 7°)

This paper proposes that joint strength can be evaluated by a softening part evaluation formula by
confirming softening part width and softness by a hardness test.

And, diaphragm thicknesses of 60 mm and 45 mm were selected considering that they are general-purpose
thicknesses as actual structures. It 45 is considered that the heat input of welding is dominated by the
diaphragm thickness, and the softness is greatly affected by 60 the heat input.; On the relative thickness of

the softened part (low-strength part), the effect of plate thickness difference was not remarkable.

In chapter 3, this paper examines the joint performance of ESW part in which the thickness of skin plate is
thinner than that of diaphragm than that of ESW joint of general plate thickness combination of skin plate
and diaphragm examined in chapter 2.

This paper verifies whether the evaluation formula of pre-softened part in chapter 2 can be applied to plate
thickness combination and skin plate steel product in which softness and relative thickness of softened part
are higher than the experiment in chapter 2. As a result, it was found that the joint performance of the ESW
section could be evaluated regardless of the steel type of the skin plate and the thinning of the skin plate, if

the diaphragm thickness was equivalent.

In Chapter 4, for the purpose of clarifying the effect of weld metal strength on ESW joint strength, joint
tensile experiment was carried out for ESW joint using 780 N/mm? steel for column skin plate, and the
effect of weld metal strength on ESW joint strength was examined by obtaining high strength weld metal

strength. Here, the diaphragm steel material was made to be the 550 N/mm? TMCP steel, and the ESW
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weld metal strength increased by the dilution of the 780 N/mm? steel, and it exceeded 700 N/mm?. Though
the test procedure is the same as chapter 2, the effect of the ESW weld metal strength rise was small, and
the joint strength was able to be evaluated as well as chapter 2.

The higher the weld metal strength, the higher the joint strength.; It was found that the influence of weld
metal strength on joint strength becomes small when the relative thickness of the softened part
(low-strength part) is large. This shows that there is a limit in raising the weld metal strength in order to
ensure the ESW joint strength, and it can be said that the ESW weld metal strength is sufficient, if it is over
the base metal equivalent.

As a conclusion, the evaluation formula in Chapter 2 can be applied to the evaluation of ESW joints with
high weld metal strength, and it is considered that it is sufficient to estimate the joint performance under the

following conditions.

[conditions for applying the evaluation formula]
1; The degree of softening of the diaphragm steel is comparable to that of 550 N/mm2 class TMCP steel.

*The softness can be calculated by the hardness test at the diaphragm thickness of 1/4.

2; The heat input of the ESW is up to a thickness (75 mm) applicable to a 1-electrode ESW.
*In two-electrode ESW, the shape of weld metal may change. It is considered that it is applicable, if the
weld metal in which the weld metal central part is not constricted is formed, and if the softening part

width and softening part strength are confirmed.

3; The weld metal strength is ensured to be equal to or higher than the diaphragm base material.

*1t is important to confirm the actual data of weld metal strength.

o 7/o1°, which represents ESW joint strength, is required to be 1.0 or more.; It is considered that the
junction detail in which width thickness ratio (W: Fitting width, h: Plate thickness) becomes small should be
avoided.

In this study, the relation of o1/ ot = 4.0 can be ensured when W/h is generally over 1.0. For example,
when the diaphragm thickness (h) is 60 mm, it is desirable to have a flange width of 240 mm or more,
which is 4 times the thickness. When the beam end weld is widened, W may be considered as the flange
width of the widened part. In some structures, an extremely thick diaphragm of about 100 mm in thickness
is also applied, and it is considered that sufficient joint strength can be ensured, if beam flange width over
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400 mm is provided, if equivalent softness Sr is ensured in this case as well.

When joint strength is examined by the above method, it is considered that the ratio of diaphragm
thickness to beam flange thickness becomes a safety factor, because diaphragm thickness is generally larger
than beam flange thickness by one size in the standard plate thickness series of JIS. When beam flange is 40
mm, diaphragm thickness of 1 size up becomes 45 mm, and it is considered that there is safety factor of
12.5% (= 45 mm/40 mm). When the beam flange is 19 mm to 75 mm, the safety factor can be obtained in
the range of 7% to 16%.

When the beam - to - column joint of the frame is noticed, the beam end side rises to Mp after the beam
yield, and Zp/Zy of the outside method constant H-shaped steel with many sizes (H = 400 ~ 1000 mm, B =
200 ~ 400 mm) becomes maximum 1.20, minimum 1.10, average 1.137. It is considered that the preceding
yielding of the beam is generated by the plate thickness increase of the diaphragm, if the ESW joint strength
is approximately ensured, and that it does not plasticize the diaphragm side in that case. Even if the beam
end reaches Mp and the flange bears all the tensile stress, it is considered that the strength increase is about
13% in average in rolling size, and that the reversal of the strength does not occur by the size increase of the

diaphragm.
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