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KOBELCO’s Materials and Solutions for Architecture and Civil Engineering

Dr.Takeshi TAKADA
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Abstract

The architecture and civil engineering sectors face a range of pressing social challenges, including the need
to respond to increasingly frequent natural disasters, a shrinking workforce caused by a declining birthrate
and aging population, and the urgent task of reducing greenhouse gas emissions. To address these challenges,
the KOBELCO Group has identified five materialities (key issues) and is actively pursuing initiatives to
resolve them. The Kobe Steel Group operates a diverse range of businesses, and in addition to leveraging the
technologies cultivated in each field, KOBELCO Group contributes to society by integrating expertise across
its business areas to generate powerful synergies. This article introduces the materials and solutions that the
KOBELCO Group provides for the architecture and civil engineering sectors, organized according to these key
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Table 1 KOBELCO's Materiality

Materiality

Indicators

Contributing to a green society

Response to climate change ~ Response to resource recycling

Ensuring safety and security in community development and

manufacturing

Supplying energy focused on S+3E
Providing materials and machinery that meet needs

Providing solutions for the future connecting people and technology

Reforms in manufacturing and operations through digital transformation (DX)
Integration and innovation of diverse intellectual assets

Promoting active participation of diverse human resources

Diversity and Inclusion (D&I) Work style reform
Human resources development

Pursuing governance that supports sustainable growth

Compliance and risk management ,~ Human rights
Safety and health , Quality assurance  Corporate governance
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Table 2 KOBELCO's Businesses for architecture and civil engineering

Businesses

Products

Steel & Aluminum

slag products

Advanced materials

Steel castings and forgings, steel powder

Materials businesses

Welding automatic welding, fluxes), welding robots, welding power supplies, robotic welding
systems, welding-related testing, analysis, and consulting
i Various plants (steel rolling, nonferrous metals, etc.), analysis and evaluation of
Machinery . i
various materials
Machinery . R Various plants (direct reduction ironmaking, waste treatment, etc.), civil engineering,
. Engineering R
businesses urban transit systems

Construction machinery

cranes, wheel cranes, DX Solution

Electric Power Business

Electric power supply, heat supply

%3 M- 1AK% E 2 % KOBELCO DH

Table 3 Materials by KOBELCO supporting architecture and civil Engineering

item

Materials

Steel plates for buildings2?

TMCP Steel plate for building structures 780 N/mm?-class steel plate for building structures

Circular steel tube2?

Circular steel tube for building structures

Rectangular steel tube2?

Rectangular steel tube for building structures
590 N/mm?-class rectangular steel tube for building structures

Steel plates for bridges2?

Corrosion resisting steel Eco-view Plus™, a repaint term extension under high humid environment
Crack initiation resistant steel “EX-Facter™”

Welding materials2?

Gas shielded arc welding materials ~ Submerged arc welding materials

Electroslag welding materials

Anchor bolts sets

TS700 anchor bolts

High-strength reinforcing bars

High-strength shear reinforcing bars?»

High-strength bolts

Shinko high-strength bolts

Wire rods and bars

PC steel products /  Steel wires
Earthquake-resistant cable braces® ~ Stealth brace for traditional wooden buildings
RE-SET cables  Cable inspection and repair

Steel sheets

Highly corrosion-resistant hot-dip coated steel sheet KOBEMAG®

Ground granulated blast-furnace slag

Steel sla

& Steel slag as a ground improvement material ,~ Steel slag as marine environment restoration
Steel powder Steel powder for purifying soil and groundwater ECOMEL™2D
Aluminum Aluminum honeycomb panels2®

Wooden furniture (Fig.14)

Custom-made wooden furniture2?

F4 R
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Table 4 Solutions by KOBELCO supporting architecture and civil engineering

item

Solutions

Design and construction method

Design technology for column to beam connection of circular hollow section steel columns
Design technology for column to beam connection of square hollow section CFT steel columns
Lateral buckling restraint method for steel beams using the stiffening effect of the slab
Structural performance of exposed column bases using T'S700 anchor bolts

Direct reduced iron field process

MIDREX® Process

Welding system2?

Structural steel welding robot system ARCMAN™
Compact portable welding robot ARCMAN™ PORTABLE

Construction machinery

Hydraulic excavators  Crawler cranes

Telework system for construction sites K-DIVE®

Revit® Add-in software for crane construction planning K-D2PLANNER
Drone-based inspection solution K-ATR REAL

Structural evaluation

Structural evaluation, evaluation of structural components, various structural analyses2® 2

RsD )7 51845 /Vol. 74 No. 2 (Nov. 2025)

Wire rods and bars, steel sheets (hot-rolled, cold-rolled, surface treated), steel plates,

Welding materials (covered welding electrodes, wires for automatic and semi-

Hydraulic excavators, mini excavators, environmental recycling machinery, crawler
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EEFEAT - OB - BERAT? - ILAEXT - BURTFE

Development of 780 N/mm?-Class Structural Steel for Building Structures
Suitable for High Heat Input Welding

Ryota MIYATA - Tetsuo YAMAGUCHI - Akito TABATA -+ Takahiro YAMAMOTO - Ryohei KURIYAMA

BE

FESESAR ) O KBALIC & D v, 780 N/mm’ bl 0 B HAL A W E AL~ O A S HIFE S NTW 225, KAB
BRI LT 2 L EHRTORES CALOBRPEETH 720 22T, WWBIEMTH 2 BR VT A
POAERE CrBL U MoDHiNE, C, Si, MnOLFHIZ X iP5 2 & T, KRABBHAKETO CAKLH
FLIBIRE I L7ze MBI LY bR 7 76 - 7~ — U7 — 7 EHRET OB X 0,
BREE - CAME - HRIEOW TN S RIFLREREHA L, SR ELANOBEHAP TR TDH 5.

Abstract

As steel building structures become taller, there are high hopes for the use of 780 N/mm?®class steel for welded
box columns. However, it has been difficult to ensure the strength and toughness of welded joints when using
high-heat input welding. To counter this, Kobe Steel has developed a steel plate that improves the toughness
of the heat-affected zone in high-heat input welding by suppressing the formation of the M-A constituent
(island martensite), a brittle hard phase, through increased Cr and Mo and reduced C, Si, and Mn. Evaluation
of the mechanical properties of the base material, electroslag, and submerged arc welded joints confirmed
favorable results in terms of strength, toughness, and weldability, making this plate suitable for high-efficiency
construction.

HRAX -7 —F
TESREES, EERMATEMIAE, -V T =B R, TL 2 Y u R g s, BRI, ERBGEE

AN E =AE, BEMMEY ORBL, "B D #1780 N/mm* ks (KBSA630C)™ o pisr HAs Al & ki
v, BRI (BUT, BOXAE) ~d 780 MEEOBKEZ TR LR 21K T FHFEM
N/mm’ #50 O #HIER AW S LT b, BOXAEOH ORI TERE, Mk o HESERE % R PEBE 780 N/mm”
fECid, HIRROBENENT AT 77 A8 IZIdT L WM OBAAEZ W S D Z L ZHFRIC, WFAT 75

7 R 7EE (LT, ESW), Ay 7<= LEB & RO BERBGEEEY (Heat-Affected Zone : BUF,
7% (LT, SAW) 28 —mMicivwshz, HAZ) & RKABBHTO LA LYLETL L
NHIZ 1 SATHEBRLZRKABGIERLTH Y, 1ERIX THEE L7

590 N/mm* LT O BOXHAZHEM SN T&E 72, vo WE AT 75 2B TIZCAEDET L2 s

19, TNETO780 N/mm’Mhsi Tld R A BAH: % # B S OIEVEREED B 2253 ), 490 N/mm”fLi & x4
T 5 L BHRTOMER UAEOMHARDNEETH 5 72 & LM Eomse i, MEMEnER L o Bl T2 %
W, MO AL S ZEHETOIE 05— #E

Tholzo ZD72%, 780 N/mm” s O FRM 13 kg 5L 1 KBSAG30C DYERIGHE (5i57)
VSR THALE L 200 SRR 7 O hE Table 1 Specification for chemical compositions of KBSA630C
ﬁf{ ,( % - 7:- . Steel - S(.:hemical co;positions (%1)) - Py (%)
ZZ T4t 780 N/mm’ # 8 % BOXAEIZ# L7 KBSA630C | 0.13 2055 250 20015 | =0.008 2030
OO TR ES HE LT, KA Poy—C+S1/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
MR, UAMEZ MR LA OB D TE 72, £ 2 KBSAGOCOERIFE (FMSHETD
A Y ST > 1 ok 4 KA « T2
ARG T, 780 N/ mm* B % RABIE R E Table 2 Mechanical properties of KBSA630C
HOE CAALEM ZBX5, HbET, BFEHRK DB Temsile propertes Tmpact propertis
Bt BEU, WFA4T T T LHEME L7 ESW T il X I I ;:); &
& ﬁ iK 0) SAW ;ﬂti 0)41‘ rﬁi % !ﬁ:l }[ \@‘ Z) o KBSA630C 630-750 780-930 17= =85 47=
Tensile Tesl specimen: J!S 72241 N().4—]/41—Tr::msve/rse o
F*ﬁ % E *% Charpy impact test specimen: JIS 72242 Full size-1/4t-Longitudinal
MR DBEL S A4 ¥ F T2 DR AR IS AR W) KBSA 134 DB 0L (454936432%) TH 5.

BT OV I HEEER PR EL v & —  SUABHIEED T BB T OV I SEEEEM Dk IR SR 5
UMM Hitre v v — B
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Table 3 Base chemical compositions of conventional steel

C Si Mn P S Others Pem
0.05 0.27 2.00 0.008 0.002 Cr, Mo.etc. 0.28
BN, NF AT 75250490 N/mm’ sk o S i g g 1,500 T200°0 - 35360800
(325 N/mm?) PAE#ES % 72 DI H RO Y v v ¥ )
— A7 T A E LV E STV A, vo 5 e
1Z5, 490 N/mm’ % # 2 2 8E 2 7 A ORI T 5 B < 1,000 i
AT, RIS 780 N/mm® s & S T A e ] M g G2see
590 N/mm’#% 8 (SA440) (BLF, SA440) % A5E L7 g
O D 5 7 = 2 - s 2 E 500 P soochec
ESW # D DBEPEfE 2 W23 A 022 2 (2B W T, 780 N/mm £
WM O ORATDH, 490 N/m* B oo s 2
SA440 DD L RBEOMEIAIDE BTV 5 Z L 2] 0 . ‘ .
BENTWD, L72A35 T, 780 N/mm’ s 2 Fl v 724% 0 500 1,000 1,500 2,000
Time (sec)

DESWIHT, W¥A T 75 LDRHEREE 2 NS 572
9, BARMOWBEO Y v V¥ —FRE 347 JUL 1%
HiEE L7z,

2. 780 N/mm*#R$HIC 5 (T 2 KASHESRE
&= U A{EHEHiT

HAZ X, HH4SRLOBEREETIE, BRICESH S
NHZLTH—ATFHA N (y) HAHMRRE 5. B
ABEOWRIZE D Vv, FRIZS 5 SN L RERITRE
MALL, SHBEL RSN E LD, DD, — YIS
KABBHEEOHAZ TIXH KL L7y OERET L2
LT X ) SRR AL LR v 72, WEER o
RARE p TR RGHNCL ) COWMT 52 & TRE
fbL, lwWEMTHLBRVT v F A4+ (LT,
MA) PEE LR T %) HAZ MK AT %,

KR LT, y MK EIZDO VTS IcRe %=
WS, BALWIZE 5 E VLo RRICE ) HAZ
Oy OMKALE G L2285 2dbb. F72, SitHEz
T 5 2 & TMAERZ WK T 2|MEY 28550, 2
M 513590 N/mm? il LLF DFREE 7 5 A THORABE
BREd e LT S Twd,

T 72, HAZ DM NRA F 4+ &7 5 590~780 N/mm”
BN T, SR ERITEICE YV HAZONAL F
A MO Z HMALIC X 2 MBI & C i % K95
FTAHZEIZED, MAARKZ I 2 MR E XA 5
A MM (&H — RV B HMANA F4 2P hiEsh
TWwh,

BOX A: (258 H & b ESW T3 #: A #4103 1,000 kJ/cm
WCH bz, HEk, 780 N/mm’ i Tl S TE 22
WAL T 5 L HAZZ X DR R GHE b,
F 72, HERESW 2% & T X 72590 N/mm’”#k s DL
DRI 2 5 A DM & g LT, 780 N/mm’ ik T3 fk
MR OBLE D 5% L OEETHEDBRMALE L 74
bo TO72, HAZD y 3 REILLRLT L, KRABE
BRI G H L DV E > TMADE SI24EK
L3 %%,

PLEX Y, ARBAFETIZ780 N/mm’ M T o ESW i

12

1 ESW 2 RUE L 7= Byg)E
Fig.1 Thermal history assumed for ESW

Developed steel (+ Cr, Mo, -C, Si, Mn)
MA area ratio:0.8%

MA (White part)

2 CrBXU'Mod#gn& C, Si,
32

Fig.2 Effect of increased Cr and Mo and reduced C, Si, and Mn on

MA suppression

Mn OIEAHMA BIHNZ G- 2

% HEEZ MA ER O & 5 7 2 3 & &) U CHipk o %
BET L7zo TERMOBsr (R3) ZHEAMME LT, Cr,
Mo, C, Si, Mn ® £ Ii#% = ZAb S & 75880 2 S BRI L
72125 mm X 33 mm X 55 mm O AIRKER 2 L 726
RABGEHREO HAZ MM Z —BRICHB T 2 7201253
A A 7 VEBEEAMH LT, ESWOR Y FEBO 25
rREELZHEY A2 (R1) 2[5 Lize B9 A4 200
52 ICHIERBIZE 2 TV, BICRBIMEAMA AR K%
BTRHEERE L. TO8E, Cr, Moz 3, C, Si
Mn Z IR X 725 T MA AR HH S h b 2 & & Hf
Bl (B2), 2EDOFETHERZZLHIZ, MAL, y
WHOEEOMBETRERE )y NCHBEHTLHI LTy D
R LR, ERshs EEbh T, Cr, Mo
DI y & BIIZ R AL S IR RE LA 2 TR
TAHIETMAAEZWHILZzdDLE2ZbNL, £
7z, C, Si, Mn DI RZERE y B T5CEDH DD
IR 2, SR AR OMAELS X D RETHE » b
5DOMAEBIHNCHFG L EZ BN,

3. BRSO

3.1 A& LUBMEHE
FHFEMOM T % R 4 128§ RFEMOMTIE, 25D
BETR Rz b &2, ki 5 Cr, Moz Him s+, C,
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Si, Mn 21K L 72,

B4 1L TMCP (Thermo Mechanical Control Process;
BN THIE) Bl 2000 LTl Lze By L 72 BRssa
R L CHIBERER, ¥y MV — R A L 7
(F5), BIEEME >y W E— AL LICHEE $
% 780 N/mm* it (KBSA630) o HIARAE % 145
LTwa,

3.2 HEM

BSSHHIC A L Cy Bm s iR 2 F206 L 720 35
B LR R ZENENROBLUORTIIRT,
AL 1E, 780 N/mm®# 2 H 2 T 590 N/mm’#f o A 4%
ARV, Wi RIFREHEE2 G 5,

3.3 REMTFISM
3.3.1 ESWi#F44

WA T 75 LEHRT2HE L maiR e KA#
IS A ESW Ok FHEE % 30 L 720 BESRN 2R 81K
To AT 75 5121F, 590 N/mm® ks % v 720

i LA OMTFERA 6, BEEEGE HER OB E o
ik = 27 VY OEHET, BHASRTIERBRIL]IS
Z 3111 Al 5 TR L 720 ¥ ¥ V¥ — BB A X
JIS 72242 V 7 v FikEBr & L, Weld Metal (Bond-1
mm) , Bond, HAZ (Bond+1 mm) (2T ¥ V¥ —flH&
ARERR 2RI L 720 R OBRIUE %2R 3 1R T,

R4 CHF~r7 0GEERT, 0 RETARIED
HoONTwd, IR T EBY, ESWHESREIZAN
F 4T 75 5D590 N/mm?” kB 8% TR (0.2%
it 77 =440 N/mm?® 5138 % =590 N/mm®) % il d L
TWwb, ¥ ¥ VBB, 84~193 JTH - 72,
[FIRRDEH A CTHE T L 720 3ka (2 3) 1axh Lges
LTHEY, FMBEETHS 0CTL7 JULAxHEL T
5T L EMER LT
3.3.2 SAW#Fi4Ftt

AEF 2R Lo EiER e KA1 782 SAW Ok
FEVE R FRAG L 72 MR B X VARSI R101TR

x4 BHIEMOILZIIH]

Table 4 Representative chemical composition of the developed steel

(%)
Steel C Si Mn P S Others Py
D"‘Zf::]ped 0.04 0.03 1.42 0.004 0002 | Cr. Mo, ete. 028
R 5 HIEH OBEMMEE
Table S Mechanical properties of the developed steel
Thickness YS TS EL YR vE,
(mm) (N/mm?) (N/mm?) (%) (%) )
25 712 886 23 80 238
50 708 889 22 80 219
85 690 869 21 79 254
B R < < < . .
KBSA630C 630-750 780-930 17= =385 47= £7 yBHEEE N

Table 7 Results of Y-groove cracking test

- - - Welding consumables Cracking ratio (%)
®6 yIBEEINRBROBEEN

Table 6 Welding conditions for Y-groove weld cracking test Surface 0
MG-60(1.2 ¢) Section 0
Thickness (mm) 85 Root 0
JIS 73312 G59JA1UC3MIT MG-60(1.29) Surface 0
Welding consumables JIS 73312 G78A2UCN4AMAT MG-80(1.2¢) MG-80(1.2 6) Section 0

JIS 73312 G78A2UCN4MAT MG-82(1.2¢) -
Root 0
Heat input (kJ/cm) 17.0 Surface 0
Preheating temperature (°C) 5 MG-82(1.2¢) Section 0
Testing atmosphere 5°C, humidity-60% Root 0

*8 ESW4Af
Table 8 Condition of ESW
Th(l;l::;? 5 Groove shape Welding consumables Welding conditions
Skin plate:
518 1':1::16 380 A-52V
(developed steel) R o Wire: JIS 73353 YES602-M ?@ﬁﬁxf¢
Diaphragm: 3 Flux: JIS Z3353 FES-CS o .
65 mm Heat input:
1,146 kJ/
(590 N/mm? steel) % ‘ o

RsD )7 51845 /Vol. 74 No. 2 (Nov. 2025)

13



o WHMEHIBIFSAWME Th %,

D DEPO U TR 2 FREL L 720 ¥ v LV E — i1

5ZHiH~27 B%Rdo REFRETAADBELN ARERRIZ ]IS 72242 V7 v FREBN E L, BMEE,S

TWwb, K6 ISR RN E 2R, BESEEHE 7 mm{7E ® Weld Metal, 75 ~ Yl Bond & HAZ,
WOt EoRE =27 VY OFEET, FIER & 512Bond & HAZ 7» 5 HAZ M 1 mm {71 @ Bond &

BRAETIS Z 3111 Als e L, BEMZFREZ5 10 mm i HAZ +1 mm TRERF 2 RILL 720

HAZ(Bond+1 mm)

Charpy impact
test specimen

14

Weld metal(Bond-1 mm)

~J

Bond

6 mm

Tensile test specimen

50 mm

3 B RILE (ESW)
Fig.3 Test specimen sampling position (ESW)

4 ESWHkTO~ 7 0BG H
Fig.4 Cross-sectional macrostructure (ESW)

£ 9 ESWkF oMM E

Table 9 Mechanical properties of ESW joint

Tensile test of weld metal Charpy impact test, VE,
Steel vs TS Weld metal Bond HAZ
(N/mm?) (N/mm?) (Bond-1 mm) o) (Bond+1 mm)
) Q)
Developed 497 698 84 86 193
steel
Conventional ) ) ) 15 )
steel
590 N/mm” steel 440= 590= 47= 47= 47=
#£10 SAW &A1
Tablel0 Condition of SAW
Thickness Groove shape Welding consumables Welding conditions
(mm) (mm)
35°
Skin plate: — e . L:2050A-40V
S0mm | 0 Wire:J 12 f‘:’j rfl ;YS'NM6 T: 1500A-48V
(developed e Welding speed: 20 cm/min
steel) N Flux: JIS 23352 SACG-I Heat input: 462 kJ/cm
50

5 SAWHTFO~ 7 uGH
Fig.5 Cross-sectional macrostructure (SAW)

] ._._._\._._\._._7('__ ..........
7 mm T \V Bond & HAZ

Weld metal

N

6 AERTIRIUTE (SAW)
Fig.6 Test specimen sampling position (SAW)
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=11 SAW kT OFA 1
Tablell Mechanical properties of SAW joint

Tensile test of weld metal Charpy impact test, VE,
Steel YS TS Weld metal Bond&HAZ Bond&HAZ+1 mm
(N/mm?) (N/mm?) ) O} )
Developed 652 829 46 55 51
steel
Conventional ) i ) 20 )
steel

K11IZSAWHFORMOEE 2R3, BHESELO
5B 1Z 780 N/mm® 8 o F14 HAE T IRAE (0.2% i
J11=630 N/mm®, 53Rk < =780 N/mm?) %+ 45 12
FTHIEEMR L. ¥ ¥ VY — X 46~55 ] T
BV, FEREOEHE P THL L 25EkM (£3) 125
L#EL TS & 2R LT,

EFTO=AKBATEMIL, 780 N/mm’ B2 B1F 5 KA1
PNAEHERE A LCTh, BN R B & O
FHEZA L, GEREETD - 720 TR & YRR O
WA FEBTE LI LPRER I NI 5B, EEY
OB ERIEZ S50 MGE2 D S & L bz, &

SERREEY) O EYEREAL - BRI HBNT 28k & LT
DEHZR > T FETH 5,

=%

Z X ®
HASIMEE S WY AT 795 V7 MR 7 7EEBON
PERBITRI L4 B 7w 7. 2016.
HARSIRE RS 2. SR B O K R AR 0 LBV ERE D B
B3 % WFZEHS . 2023, p.27-52.
JEESWIZ 3 4. B H $kEHL 2004, No.380, p.2-5.
RAFETRT 7. JFEHEA. 2014. No.33, p.25-33.
AP 5132 R&DAFRMEH. 2004, Vol.54, No.2, p.105-109.
HARSRE G I . BB R O BRI DR~ = =
TV ~BlEaER - ¥ XV ¥ — % ER~ ]SS IV 13, 2016.
WA KIT 2, R S A ER SR 2 4511556, 2024, p.194-
195.
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AR ICEERER TMCP Stk

- I EFRERR ™

KA

FT IR

TMCP Steel Plate for Architectural Structures Compatible with High-Heat
Input Welding

Fumiya MORISHITA - Haruya KAWANO

E: 34

KABGEREC BT 2 HAZ U AYE & BN 72 48R 550 N/mm?#% TMCP 4 [KCL A385C-STJ, [f590
N/mm®*#% TMCP 4 [KCL A440C-ST] o#%ita >t 7+ L2 BT %,

AT EE TMCP Hflr 2 e RBUSIG T 2 & & D12, MM E AR L 72 HAZ MERHI B I X ), HAZ CATEE
O 2 EB L Tw b,

SHUC KD, IEEOHE TR Z 2. £, BEROGHEENE HAZ CARICANZAF Y T L —
FERSTAT 7T EOREHAEGHEDESW TH 70 JULEOHAZ UAMEZMIE LTV,

Abstract

This paper introduces the design concept and properties of the 550 N/mm?® class TMCP steel, “KCL A385C-
ST,” and the 590 N/mm? class TMCP steel, “KCL A440C-ST,” for architectural structures, which have excellent
HAZ toughness and weldability in high-heat input welding. These products fully exploit TMCP technology
to achieve both HAZ toughness and weldability, leveraging Kobe Steel's proprietary HAZ structure control
technology. They meet the required base material characteristics for a wide range of plate thicknesses. In
addition, a HAZ toughness of 70 J or greater has been achieved, even in electroslag welding (ESW), through
combined thicknesses of skin plate and inner diaphragm, where the post-welding cooling rate is slow and not

FEATURE : KOBELCOQ’s Materials and Solutions for Architecture and Civil Engineering

conducive to HAZ toughness.

®’EAX—-T—F
TMCP, #HAZ UAME, KASEHE, A%>7L—b

FZHE = B E AT B IS B O - B
(130) ZRECHHAIR TS, T, BEREY D%
IR TBRBEOZIC X 0, EEBC Rk s ha
BEDSZRRILL T 5,

R Z i Lw AT« Bl S 0T 2 S
T, ZHoARFHEHNE LCEE»OEME (X
NY) BREVEIPSHRH S TwLY, BEErOKkR
IN Y DEEREEY) TIIAE - R0 MEIKEL LD
7o, SN DM ASEREL - HAE S B @i
HbHo FEMEHMRE L THo THBEIL SN2 SN
(JIS G 3136, 19944F) D HREE 7 T 213400 N/mm’#%,
490 N/mm* M CTdH bo Z D%, w5 EE o> H LM % T 3
B & LT590 N/mm* AL S, JAETIZ780 N/
mm’HEOBEHHEA TV S, THITHE, SR OB
BRI IC T 2 G DA T B P,

REREEY ORI, Ml NI 7T ERMER
EAE TRIMGE 2 &, FR PRI N S KHEAOH 228
VETH DL, R 1ITHEFEIC X 0 BE S N ERMA A
JEBEAE (BOXAE) K% /"3, BOXAH:TIXBm
PSRRI TR / Rum B HR D © ORERT 234 U 72 361 28
WHEENTwaY, $72, BOXHOWETHLAF VT

L— T ERNETH RO IEERHINTA T 75
A EDBEERICBNT, ELNTEHELAF T L — FOKR

1 HRSEER R i 0 B

Fig.1 Schematic diagram of architectural structure

(20 Y b)) LIS Ot (v B
PHERSIN TV D, 2O LI, BEMIBIEOE S &
LA ZEPHLNESTBY, SIS L CidZeaelt
MR\ DB R BGEE (HAZ) U AMOZRD S
FoTWwWsh,

F7:, YRR EOARE, @S HUHEIX B
B I T oENL, S5 CHERRBIIC & 5 1R
BOEANBRESRTWD, IS OFEICH L, #H#%
B B TN = T 2 L F — B & 0K IR o Bl 2
5, FPRLLTHEETELZERHMICROSATY
%o

LT OV I SRS BelTE L v v — BB SE
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FIT, YHTRINSDZ—XIZZ 72257280,
Bk, BXOHAZ UAMECEN - RS o &
TMCP#iz A =2 — b L TWwWb, AfTIE, 5lRMmE
550 N/mm’#%? KCL A385C-ST™ 3 X 18590 N/mm”#%
DKCL A440CST #HLY EIFT, #Fitar k7 b, ¥
MR, B L OMTREEZ BT 5,

1. KABNE TMCP $8 0 E k454

RIS BAEEZ IR T BHEEZHERT 272012
RFEYE (Ceq) B I UVHHBNEZMEME (Poy %
G L 72 BIE & 72 > T s

R 2 MBI OBKMEZ R, MFRMEE LTI,
BOXHOAFXF Y 7L—F"WNFAT 77 LOEEGHT
BHENALTLZ ba s rE#E (ESW) 1280w,
ARERRE 0C TOHAZ UAMETO JUL EASRD S Tw
%o TNREWRENZIEIRT 5 720 O EE 2 SRR
THsH"s

R 258 S b BOXAETIE, HEHNFHICa 2
— M2 F%H$ 5 CFT (Concrete Filled Tube) HizEo$x
MDA TS, CET RS Z RS 5 & Bl 7O £ i
JETRT I 2sBm L, A¥ > 7L — 2B TE Y,
FOMR, AFVTL—FENTAT 75 0EDOWER
AR EVHERED ML T 5,

WEAENKEL B L A% VT L— b H 5 DOBNEAD

NS BB ZOFER, RI2BLIURIITIRT LI,
AFxF TV —bMIBIFLHAZWRELS b NFAT
TILELIIHTEAF YT L— MNE, BREL © /1)
PREWVIFE, 25V 7L — PADOBJRADEEE L 72
D, WHEROGHEEIEL &b TH O QMR
XA, R 07 RE F CRAVER /ISR 5
3 EHHEEITEL o TV b,

AR, SHEEPRREIL 0.7 FREDOSMETD,
HAZ CAMETO JUL L2 REPR T & % & 9 (ZEkEF L 728
THbo

2. KABMICTMCP#IOI 7 b

ESW OFFEUL MR T o AE HEfk T 20 EAE L O
AR THRBABDIKE NI L TH D, BERABDK
EWII EHAZ 2SVERGRE 5 O SRS S b N5 R
PEL, BEBEOWHRESETT 5. ZOFE, ESW
HOHAZMBIZIHA =257 F 4 b (y) RAMKILT
20 rEHT, MRZ72I4 PRLEENAFA b, Hl
B 72 M-A (Martensite-Austenite constituent) 2SI &
Nz, MA NS RoRSE LTEIT 2720, F
TEMRZRIR 7 = T4 MR RHANRA F4 M SR
(TA) 1T 2IPLAVIE V7280, HAZ U A
T4 %,

Z 2T, ARG TR RN E AR AR L 0.7 R o

#F 1 KCL A385C-ST B X O'KCL A440C-ST O E R (i4)
Table 1 Specification for chemical composition of KCL A385C-ST and KCL A440C-ST

Plate thickness

Chemical composition (mass%)

% Pon(%)*2
Grade (mm) S S e S S Ceq(%)*1 om(%)
_ 1951550 < < < < < =040 =0.26
KCL A385C-ST B0Gt= 100 =0.20 =055 =160 | 0020 | =0.008 042 =027
19=5t<40 <0.44
KCL A440C-ST =0.12 =0.55 =1.60 <0.020 | =0.008 =0.22
40<t=100 =047

*1 Ceq=C+Si/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14

*2 Pgy=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B

F 2 KABEHENRIG TMCP O 2R EEE (B
Table 2 Specification for mechanical properties of KCL A385C-ST and KCL A440C-ST

i Tenisile properties Impact properties
Plate thickness -
Grade (mm) Types of test | YP or 0.2%YS TS El. YR Types of test E W)
pieces (N/mm?) (N/mm?) (%) (%) pieces Voo
1951532 JIS 72241 No.1A 215
KCL A385C-ST 385~505 550~670 =80 =70
32<t=100 JIS 72241 No.4 220
JIS 72242 No .4
19=1<20 JIS 72241 No.5 =29
KGL A440C-ST 440~540 590~ 740 =80 =70
20<t=100 JIS 72241 No 4 220

11234567 1

25 45675

2 ESW o~ 7 ulik
(AFX v 7VL—MEL70 mm, WA 7 75 LE70 mm)
Fig.2 Macro structure of ESW joint for =70 mm and #,=70 mm

i) KCL i Mtk Sakmits (452040156 %5) TH 2

Skin plate

3 ESW D~ 27 Tk
(2% 7L —MES0mm, W47 7F 4E70mm)
Fig.3 Macro structure of ESW joint for £=50 mm and 7,=70 mm
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ZMCHENZZHAZ CAEZMRE TN, R E2o
S L RIRICE B L 2 35 2 L & L,

F¥, XA LTI, REE DS MA
DIRRAHE RN TH B0 M-AIZGHHBEIETRERED y H3C
AR X BIC B L L, RIRTY VT YL MK
BT ENL, R CIIAERSIILTC
BEEBL, y OB ZEEZIH L Tnwd, <X T,
RERE )y ORI L DT 2T FADEREERAE
THIET, R TERELTWALRER y 21T 52
ELHEMTHD, y>bAVIAL N, T2T54 PERIZ
COEMTEAYZ AL, 7254 ML 50FED
WS 52 L THATT 50 ABRTIET =54 FADiE
BEAVAREL, X 74 M2 dH+sTHT
HOHSIOWMBEZILIKT 5 & TREE Y 5D X
YEA M AEREEL, M-ADARZIH L2, CRZ
DOABFRMICR LB EDOMERIZLIEETH 55, Rz DK
WK LT TMCP Bl 206G 3 5 2 & TM-A ORI &
BEMRIE QWA REE 72 > T\ A,

T/, XRUEFWPLom LIz LTI HAZ RO
ML LB TH Do HAZMBE % LS 2 7201213 1H
y OMIXALZ W22 &L, BLXOHy 26K I NS
LREMIRE Z LT 5 2 AR TH Y, HAx TEDIWG
HIZED IS Z2FEHL T,

IH y B AALIZ OV, TIN OS2 G L
720 volT ), ZEREMEE O MM IZ D w TIZKCL
A385C-ST & KCL A440C-ST T 7 2 Mk HI 4l % 1%
I L720 KCL A385C-STix7 = 54 b Efko HAZ Mtk

THHIEDD, 7294 NOEBHEZED LD
TiN, BNZZAER T M4 b & LTHEriE &€ Tw 5,
KCL A440C-ST 1 E#f~4 +4 b EROHAZMKETH
D, "M=F74 v 77274 VOBAREEZ KT
572912 Cu, Cr, NiOFgRAMERTEZ ML 72",

3. KA#EIC TMCP i D454

3.1 B4

%335 X UF4I1ZKCL A385C-ST 3 £ I'KCL A440C-
STOWGP %R T WIN b EHEMEM RIS L% Ceq
BLUOPDREEZG LTS, REBIUEKGIC
KCL A385C-ST # & IFKCL A440C-ST @ BE#F 5 12k % 7
Fo TMCP O HIC & ) EisfE - KRERIE (YR) %l
WV LTWh,
3.2 BiEM

BHE 2 BT 5 720, yIEEEI NGB E Kt L 72,
K7 ITRLIZRBREMIC TP AL REBRIEEO0C) T
WIS IUIRER S N Do 72,
3.3 MFHEHM

% 8 ICESW ORIk S L O£ 2R, HAZ
U AN AR A G b & LT, KCL A385C-ST Tl
A% v 7L — FMFE40 mm (BEI0.67), KCL A440C-ST
TIZIA 45 mm (BUE L 0.69) DRERKZ B L 72,
DX, MGRRER L ) JSSC ARG A O HE
WHEO~ =27 VY IZHER L TESW IO HAZ LA
PEFFM L7z XY VE—HERBERFZR40EBY
FILL, BRI 0°C TOFEIWILT AV F— % 37 L

#F 3 KCL A385C-ST DAtk 55—l
Table 3 Example of chemical composition of KCL A385C-ST

Chemical composition (mass%)

Grade
C Si Mn P S others Ceq Powm
KCL A385C-ST 0.07 0.36 1.52 0.006 0.001 Ti,B 0.34 0.17
<040" | =0.26"
Spec. =0.20 =055 <160 | =0.020 | =0.008 -
<042" | Z0277
*1 Plate thickness =50mm
*2 Plate thickness >50mm
F 4 KCL A440C-ST Dbk 55 > — 4l
Table 4 Example of chemical composition of KCL A440C-ST
Chemical composition (mass%)
Grade
C Si Mn P S others Ceq Pcu
KCL A440C-ST 0.04 0.10 1.49 0.005 0.001 Cu,Ni,Cr,TiB 0.38 0.21
S *1
Spec. =<0.12 =0.55 =1.60 =0.020 =0.008 - _0'44* =0.22
<047
*1 Plate thickness =40mm
*2 Plate thickness >40mm
%5 KCL A385C-ST O+ 45M: %6 KCL A440C-ST O
Table 5 Mechanical properties of KCL A385C-ST Table 6 Mechanical properties of KCL A440C-ST
Tenisile properties Impact properties Tenisile properties Impact properties
Plate Plate
thickness | (7.0 | TS Bl YR £ thickness | .7 | TS Bl 'R Ef)
. N \ Eatl 2 o VE
(mm) |y | N/mmd) | ) ® 0 (mm) |y | /) ) ®)
19 454 594 23 76 268 19 469 696 38 1 261
40 435 594 33 73 281 ?é 2‘7’; ggg g; ;g gg;
65 452 623 29 73 256 100 481 639 32 75 273
100 422 565 31 75 244 S
> 1 5*1 ~ ~ < =
Spec. [ 385~505 | 550~670 | = ‘2‘3*2 <80 270 Spec. | 440~540| 590~740| S, =80 =70

*1 Plate thickness 19mm
*2 Plate thickness 40,65,100mm

18

*1 Plate thickness 19mm
*2 Plate thickness 32,45,100mm
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Table 7 Welding conditions for Y-groove weld cracking test

Plate Welding conditions
Grade thickness Welzri]inj Weldirjgl Pre-heating Current Voltage Welding speed |Heat input
(mm) metho materia tem;zg&a)ture A W) (mm/min) (kd/cm)
KCL A385C-ST 100 GMAW(CO,) JIS Z3312 YGW18 none 280 30 30 16.8
KCL A440C-ST 100 GMAW(CO,) | JIS 23312 G 59J A1 U C 3MIT none 280 30 30 16.8
x£8 BHSMB X ORLIIR
Table 8 Welding conditions and groove shape
Grade Plate(:lri:)kness Welding method Preheat Groove shape Cu(r;int Vo(l:;/e;ge W?Lﬂ:ﬁ:‘?sed H&zt/i;ﬁ;lt
Skinplate:40 Skinplate
KCL A385C— L : JIS 723353 YES560-S
ST D;ar;?;:az%rggo /JIS 73353 FES-0S none S 380 51 145 802
ty
Skinplate:45
KCL A440C- > ) JIS 73353 YES600-S ! 3
ST D;a;}l;:a:%r'ré.SS /JIS 23353 FES-CS none \Z—SE— L 380 52 15.0 790
Bondt 1 6mm 2o TOMREERSBIUVRGIZRT, WIhD ) v
+ .
g FRHEICBVT ST TI0 T EOHAZ LA R L
Bond—1mm o
T - e . Sk L ) -
TV =ARMTiZ, HAZUAMSB I EBREICEN
Yy KA B30 e TMCP 4l KCL A385C-ST 8 & IFKCL
i A4OC-ST ORI 2 v 7 v BL O ZMA L2, &
: HOFEEWHFN LTI ARERE y DB REE RN S
’*, . ’ , YT oA VEREWIH ST A0 REHC XD,
PRSP M-A O 2 B L 720 % RO EIZ3 L
Fig.4 Test positions for Charpy impact tests TlZ, RN TOREAEREE 250 50 3%eHc X ) & HE
M OWANML 2 I L 720 ZORH, HAZ UAEICA
250 ML ENTVBEHOESW TH 70 JUL EoEI7-HAZ
200 $ CAMERR L, E72, BEHHRPEIZ DT b TMCP
WA RKBEHT 52 LT, BRENOKBERILE (YR)
30150 DM A2 EH L 72,
“ 100 T PHTIIASHRLBEHRO=—XIIER S HEMmE S -
“ : = AT 5 & & TRA - RORHROEBUZEIRL T <
HifETH 5o
0
Bond-Imm Bond Bond+1mm % 2 X W
Notch positions 1) BeMHl. 2024, Vol.37, No437, p.54-55.
5 ¥y V- ERA R (KCL A385C-ST) 2)  /PMRTEH:Z A R&DHT RSB . 2008, Vol58, No.l, pA47-51.
Fig.5 Results of charpy impact test for KCL A385C-ST 3)  JNEFHEIRIE A, R&DATEMHHL 2004, Vol54, No2, p110-113.
(t, = 40mm and #, = 60mm) 4)  GHTREE A R&DHFREHH, 2005, Vol55, No2, p.26-29.
5)  HUAMYE FEA4RE. 1997, Vol66, No.b, p.447-451.
250 6) EIEHEANIZ D B REEKAHHEME. 2016, 98, p.208-209.
7)  HARBEWS. WE-COM~Y Y ¥ B 3 o By 1
200 B B SRR (H R S04 75 15 4SSV 13-2016). https://wwwHit.
150 { jwes.or.jp/we-com/bn/vol_40/sec_1/1-1.pdf
= 8) HMHEE. a2v 27— 14 2014, Vol52, No.l, p.65-p.70.
"} 100 ¢ ? T 9) PRI A 20235 H AR SE o S B R SIS 4 1
p.117-120.
50 01 10) RN A FEBEEAEE 1977, Vold6, No, p636-641.
11) %8 #1345, #kE 8. 1979, Vol.65, No.8, p.1222-1231.
0 . | ) 12) U #6134 R&DHIFEH 2011, Vol61, No.2, p.32-35.
Bond-1mm Sond ~ Bond+imm 13) B %34 R&DHMFEMEH 2002, Vol52, Nol, pA9-53.
Notch positions 14) —ReHEEIREA ASHE 2. 1SS IV 13-2016,

6 vV ¥ —EEHERR R (KCL A440C-ST)
Fig.6 Results of charpy impact test for KCL A440C-ST
(t, = 45mm and ¢, = 65mm)
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High-Performance Cold-Press-Formed Rectangular Columns (490 N/mm?
and 550 N/mm? Grades) for Building Structures

Tetsuo YAMAGUCHI « Fuyuki ITO - Shigeo OKANO - Hiroshi TAKAHASHI

£5

ARTIE, 490 N/mm’#% (SBCP325TF) 3 & 08550 N/mm’#% (SBCP385TF) kbl 7 L A W fa 404
DSt L ZDREE N T 5o AHE ORI TIZALE X OBHEIGEZET (Heat Affected Zone : HAZ) (2B %
L AMEOZEMMZ, TMCP (Thermo-Mechanical Control Process) M FIC & 5 ZMHMR D U AMAL &K £,
BHE L7ALZRIMC L D ER Lze SHICTE D, FERBLEL SN (B BRIk AR ik %
AT /R CER SN L EEHMP MG EZ BRAVTEE L L7zo Wik haE CEAIEM - 3 ET) B ThELL
MiRERL, KEREBICHARBEEL Y Y —FFEZIE L T b, BICEDHE~O#HM S ETTTH S,

Abstract

This paper presents the development and characteristics of high-performance cold-press-formed rectangular
columns, SBCP325TF (490 N/mm?® grade) and SBCP385TF (550 N/mm?® grade). To ensure stable toughness in
the corners and heat-affected zones (HAZ), the thermo-mechanical control process (TMCP) has been applied to
enhance the toughness of the base steel plate, while the chemical composition has been optimized to achieve
a low f;;,, index. As a result, the additional design requirements specified in the public notice can be omitted,
eliminating the need for the previously required non-brittle-fracture welding. Furthermore, both short-column
compression and member bending tests confirmed excellent structural performance, and these achievements
led to ministerial approval and certification by the Building Center of Japan. These columns are already being

used in actual buildings.

BREAX—T7—F

490 N/mm* s, 550 N/mm®shdhibt, v HSIw £ 84S,

AN E =GB ATME L, BREGHEzEL 54
TI77aAEL, TOHEHIIaRy MNEEEEHT S
L THREEEESEL, RERLTWS, LAL,
W7V A B TR 1 A 5 A% TN 1 S AT £
WOLAEIZET LR T W ER KI5 TY
Do F72, BLYAT 7T LEBOEEREER (Heat
Affected Zone, PATF, HAZ) »50RMofutt (Fw
V) BELBREINL, ozt 5720, Hi
TV AR E IS DA, BRI
AR EH S N WEEHMT INGRIHIC & 2 e ER
WX DS N TS (A RERA HRELTII 55 2,
SR 19 4F [ 28 M R 594 5 A 4) o

PERD S, WH TV ABIEATEME OGN 2 %ET O
BLEICBWTHRICE D SN2 G I EH Z BrAb 5
572012, GREBFMIICE ) CAMMMK T 245 T
OULAMMRE, BLEYA T 75 2BEFOHAZOL
AMEYGEDRD BTz, THHEDERIZH) T4 %
A CAMEZ A L, MelkmadEb Ltz @i 3 %
CLTHELYAT 7T LEHHOHAZ UAMEDHER S
N7 LV ARIEAIEME 258 % S M BCP325T & L
THISNTWSEY?, BCP32BT I HERICE WiEsh b

TMCP, #H&ikrne, AR, WYL

BEHMT MBI Z R RECH D, BEFLORY % i
PR AT AL & W 4h 2 55 2 EARETH 5o L
LA, Walkmadp b astt g ko H A K T
Holzlzd, FORHITIZLERE — R4 AR EOE
HREDOFEPREL, 777V 75— =538 6%
AUEARD SN T W,

ZFIT, YIRS RS 1 AR R 0 # AR
PC, ek, HRICX VSN TEERFIM NS E Z B
NTE DM TV ARIBAME %, {2 RELHET Mk
At L HECTHRE LAY, AR T, BRI
B ME BB 490 N/mm® # % B 7 L R R B B G
SBCP325TF™, 550 N/mm”#k i i 7 L & oI £ 40 45
SBCP385TF (22 W\ TR %

1. a7k

SBCP325TF & SBCP385TF Clx Sl Mo U A KD
EMEME, BN T (Thermo-Mechanical Control
Process : LLF, TMCP) ¢l & i L 7= %A s Al 3 1%
IKF DI EE D RAK AT B X ) FM IR Z & C A LT 52

i) SBCP Ak % ABLSE T 3000 54k A A (555926438 5) Td %o

LR T OV S HREIP BB v 2 —  SABUBTEES CT kSN T L S B
On A RBBET MRS Bl T 4 KRB TR BT

JERL = b ARG AR
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EEREIRE Lze ShED LIS, BeiitokiEtc
DHAZ CAMOmMEZXLZ & & L7,

< TR BRI TH B i AR, Ti-N
BRA R SN TV HRWIEROHM STl —HK&ici
RO HAZ BRI L Lk 2 Y, 22T,
AEFEME T, KESIL, BIXOEP-SILE Ti-N®
B ERIC X )f,,TE (046% DLF) L 72isriket &
LTWa, HE50HEY 125 5 HMIBHEHE L W% 450
WCCHEEEE T (A#40 k]/cm, 7S ARIRE3S0C) L
TR L2 > 7V I 7 BB EZR 1 IIRT, A
FIFEHAE 1BV T, 16k, ML o3 2o 72 Mg s HE

X

DOHAZMHIZB VT, —BIUICTHAZO U AL B

AN
. (P

1
Fig.1 Example of microstructure (SBCP385TF)

S i 10
I 7 vl (SBCP385TF)

LR L FARIEOMM % 7 = 7 4 PRMIRkE 2o C
Who THAUTE Y, HAZ UAMEOREMMRE M 5 72,

2. BARME O

2.1 WA LUHERMFMG

=1, R2ITHIE M OIS & M TEE o —1,
BILUOZOBMKEZRT, (LN 1 BOREI &7
D EB DKL LR ERT 2SI LTV, B
MR D FEANC B4 55 [BRABA 1E, PG TIZEIE
BTN, AT ISR 720 PG O5 0k
BT C ARy 7 2R L TWb, AT EN
TOFEBIZE T, PHRIBE 0 BERE - FIERS & b 1
ADBEDENDB, ¥ v IV E—HEABE, S
TEWETIZERD S /4 %, AMTIINER»S 6
mm NI O E 2 dul e UCTRIL 720 Ao Y v L E
=PI ANV F— TR L DA TIRT 35000,
TMCP M WG L 72w CAME 2 JBM S E w5 2
ET, AR TGRS H1270] GRERRIE © 0C) ZilBA
LRELIAEZFEI L Twb,
2.2 BIEIGEM

AEMEREBL YA T 7 T L OBEER L 7235k
Rz I CTHEES O 2 iR L7z R oO@EL 7 A

®1 LRI

Table 1 Chemical compositions

Size Chemical composition(%)
Type symbol - -
(mm) C Si Mn P S Ti N Ceq | Pem | fhaz
0400x16 | 0.14 | 0.35 | 1.23 | 0.007 | 0.001 | 0.011 [0.0042| 0.36 | 0.22 | 0.35
0600x25 | 0.14 | 0.34 | 1.22 | 0.007 | 0.001 | 0.011 [0.0035| 0.36 | 0.21 | 0.34
SBCP32STF ™ 550-40 | 0.14 | 035 | 1.23 | 0.007 | 0.001 | 0.011 [0.0042] 036 | 022 | 035
SpeC. =0.18 =055 =1.60 =0.020 =0.005 0\;%0(5); Oé(i)o(Z)oi =0.38 =0.24 =046
0600x19 | 0.14 | 0.32 | 1.21 |0.007 | 0.001 | 0.011 [0.0043| 036 | 0.21 | 0.35
0550x25 | 0.14 | 0.32 | 1.21 | 0.007 | 0.001 | 0.011 [0.0043| 0.36 | 0.21 | 0.35
0450x28 | 0.14 | 0.35 | 1.26 | 0.007 | 0.001 | 0.012 [0.0041| 0.37 | 0.22 | 0.35
SBCP385TF
o450x40 | 0.14 | 0.32 | 1.21 | 0.007 | 0.001 | 0.011 [0.0043| 0.36 | 0.21 | 0.35
0650%60 | 0.13 | 0.35 | 1.48 | 0.012 | 0.001 | 0.013 [0.0047| 0.40 | 0.22 | 0.40
Spec. =0.20 =055 =1.60 =0.020 =0.005 OéOOO(SJi ;go()zoi =0.40 =0.26 =046
Co=C+Mn/6+Si/24-+Ni/40+Cr/5+Mo/4+V/14
Per=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/1 5+V/10+5B
fiaz=C-HMn/8+6(P+S)+12N-4Ti (Set Ti = 0 when Ti < 0.005)
R2 HWAVEE
Table 2 Mechanical properties
. Flat section Corner section
Size
Type symbol (mm) YP TS EL YR | vEo YP TS EL YR | vEo
NmmANmm?) (%) | %) | () [(Nmm)Nmm2)| %) | (%) | O
0400<16 | 396 | 517 | 29 77 | 296 | 517 | 597 | 23 87 | 253
0600x25 | 364 | 504 | 28 72 | 309 | 481 | 565 25 85 261
SBCP32STF " 550.40 | 397 | 525 | 33 76 | 257 | 506 | 560 | 26 | 90 | 245
S])EC. Zji 4—5921;;) 21 =80 70= - - - - 70=
0600<19 | 442 | 599 | 22 74 | 261 | 594 | 678 19 88 | 223
0550<25 | 449 | 581 26 77 | 261 | 566 | 654 | 20 87 | 230
045028 | 442 | 3586 | 27 75 | 295 | 564 | 641 17 88 254
SBCP3&STE ™ 0is0-a0 | 422 | 589 | 29 72 | 244 | 586 | 661 21 89 | 212
0650%60 | 447 | 589 | 35 76 | 286 | 615 | 688 | 21 89 | 228
Spec. g;i 227—:0 ;?i:: =80 70= — — - - 70<

Tensile test specimen from flat section : JIS Z 2241 No.1A (t=40), No. 4(40<t)-1/4t, transverse
Tensile test specimen from corner section: JIS Z 2241 No.14
Charpy impact test specimen from flat section: JIS Z2242 full size-1/4t-longitudinal

Charpy impact test specimen from corner section: JIS Z2242 full size-surface- longitudinal
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Table 3 Heat input and interpass temperature control conditions for through diaphragm welds

Tvpe symbol Welding Pre- | Heat input | Interpass temperature
Ipesy consumables heating | (kJ/cm) (°C)
YGWI18
SBCP325TF N =30 =250
(MG-56R) one
G59JA1TUC3MIT
SBCP385TF N =30 =250
(MG-60) one
8 -
6 7
= :
=/ > d
W
-
a) [1400 x 16(SBCP325TF)  b) (1600 X 19(SBCP385TF) ¢) [1550 x 25(SBCP385TF)  d) (1450 x 28(SBCP385TF)
b%ﬂ%
e) (1450 X 40(SBCP385TF)  f) (1650 X 60(SBCP385TF)

2 BRI OB
Fig.2 Examples of weld build-up diagram

Heat input  Interpass temperature ~ Heat input Interpass temperature  Heat input Interpass temperature ~ Heat input Interpass temperature
(k/em) (°C)  (kl/em) ©c) (kl/em) cc)  (Klfem) Q)
30 Heat mout 300 30 300 30 300 30 300
eat mpul . 2

L 250 Heat input 250 Heat input L 250
20 A F 200 20 4 20 1 F 200 20 1

r 150 r 150
10 4 r 100 10 A 10 1 r 100 10 1

[ 30 terpass temperature | Interpass temperature 50 Interpass temperature
0 ; InlterPasls te:mp:elalnu. 0 0 . . . 0 0 : . . i . 0 0 ——— — 0

0123456738 0 2 4 6 8 0 2 4 6 8 10 12 0 2 4 6 8 10 12

Number of passes Number of passe:

S

Number of passes Number of passes

a) [1400 x 16(SBCP325TF) b) (J600 x 19(SBCP385TF) c¢) [1550 x 25(SBCP385TF) d) (0450 x 28(SBCP385TF)
Heat input  Interpass temperature Heat input Interpass temperature
(kJ/cm) O (kl/cm) (°C)
30 - 300 30 300

Hegj input
F 250
20 1 F 200 20
- 150
10 + F 100 10
Int S t ature | 0 Intelpass temperature
0 nk expe:ss eympe'xa ule 0 o B : ; ! 0
0 4 8 12 16 20 0 8 16 24 32 40
Number of passes Number of passes
e) 0450 x 40(SBCP385TF) ) (1650 X 60(SBCP385TF)

3 AR - SR R S B
Fig.3 Examples of heat input and interpass temperature records

T 75 NI ERD A - N A MIREE L2 ERI I
Ry BEMBIIABOME LA 2 ZEL T
SBCP325TF 1213550 N/mm®#% %, SBCP385TF (213590
N/mm’#% H\ize $72, BLFA 775 41ESBCP325TF
1213490 N/mm’ #% 8+t %, SBCP385TF (21& 550 N/mm®
% TMCP St % 72,

BT Ry MSTHEML 72, RERmZ2R 212
R 6 16 mmIETIZS5E 6752, 19 mm/ETIX6Jg 8 /3
Z, 25 mmETIF 811752, 28 mm/ETIZISF13/8 R,
40 mmJETIF 125821 7% X, 60 mm)E T2 16840 /% A
Thbdo AB - NAMBEIRO—HIZR 3 I1TRT, /3
A BRI PG THE LTV 5, 28 mm/E, 40 mm /%
BLUV60 mm/ETIZ, —HO /A MEEE T 250C 12w
ERHOLAOLN TS, B4 Wi~ 27 an—FlZ5Rd
A, K2 ofEXO®Y mESh, BB Sk

22

Nolz,

K412, BEBEEO—E2RT, NSAMREDE
WEHHIEEILIELS 2, BRSERESLHAZ LAY
DIETAEZ b5, 28 mm)E, 40 mm)E, 60 mm/ED
IS A MR IL 250C 13T o 724, BEEIRT IR T
FEHERNM LD 1 7L — FEWIRE S 7 A%0E T 5 2
EERMERL 720 AT, #F5 IR B T B A,
IO I D B TR LS R 05 3R S o TR
R T A EEME L. ¥y IV —HRREB T,
I ZBOREaI 7 b0 B KL, 8L L-ATM
HEUMEHVD ZEI2XD, 7SABEEA 250TC 128w
RERAD BOND L b &6, W o7 iE 1250
TH70] GRERILEE : 0C) 2B A% % L2l R
TETWAZ EZMER LT
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a) (1400 x 16(SBCP325TF) b) D600 x 19(SBCP385TF)

o) D450 40&SBCP3‘85‘TF)
X4 Wi~ 7 oG EG CEARER)

Fig.4 Examples of cross-sectional macrograph (flat plate section)

3TALS:
b

¢) 0550 x 25(SBCP385TF)

R

2 345678 9F)1 23 45 67

d) 1450 x 28(SBCP385TF)

8.1, 8. 80N 0 58,

|:|650 X GO(SBCPSSSTF)

R4 BERT B L OERSROFIRAE, EEIO Y v ¥ — IR R

Table 4 Results of tensile tests on welded joints and weld metal, and Charpy impact test of weld zone

Tensile test of welded joint™! Tensile test ;Zf Charpy impact test of welded joints (0°C.J)
Size weld metal™
(m) Tglat se;[riorl - i;)mer s;:ti(;nr \l;[l,at secti(;ns Flat sectiorll3 o Corner sscti(l)grz) —
(N/mm?) poa;i:tili): (N/mm?) poi‘i:tili): (N/mm?) |(N/mm?) DEPO | BOND Imm DEPO | BOND Imm
0400x16| 514 |Base metal| 630 |Base metal| 531 620 106 219 288 89 225 281
SBCP325TF [0600x25| 512 |Base metal| 608 [Base metal| 558 620 187 193 219 175 180 227
0550%40{ 533 |Base metal| 625 |[Base metal| 540 609 189 261 288 204 215 232
0600x19] 599 |Base metal| 713 |[Base metal| 653 678 182 237 252 188 218 262
0550%25| 579 |Base metal| 660 |Base metal| 621 659 181 246 222 195 206 215
SBCP385TF [0450x28| 585 |Base metal| 659 |Base metal| 575 633 169 249 233 175 216 236
0450x40| 570 |Base metal| 664 |Base metal| 584 630 80 177 173 89 191 229
0650% 6! 558 |Basemetal| 660 [Base metal| 541 605 126 185 223 156 191 226
%1 JISZ3131 No4
%2 JISZ3111 No.Al ¢l12.5mm
BIRER IS ERARE S REL R R T/, R

3. BEMHEE

3.1 HEREMHER (SBCP385TF)

— RIS HEH“C“ i’l‘%ﬁﬁﬁﬁhiﬁﬁwa‘bé%%ﬁ@@%
ibé%&w?” 55 AR IR H R B 179177 56 2,
[Fl 551792 5 45 1 :Fa J: O3 3 1Z7R S AL 2 R IS L A1) BR A A
BHEND. L LADS, TOBMMMES 7 A3k
B T 235~375 N/mm’ & % > T\ %, SBCP385TF I,
FLHEREE 375 N/mm’ % M 2 5 70, JALIE M il x 17

W, R 08 B BRI e & RERE L 7z
ABRIR L EBHE RO -2 RS IR ABRKIZ16

mEE L2 mmEOHFHE2LSEHE 7L AIZE ) EIEL
PRI /NS X —% & L2 3IKCTH B, Hib s

Wy 0 R 3 Pk B AT BRBR R (2 B B WF9E Y 12 b 2 AR
fi kR & AR, RBikE S (1) 13, 8K (D) ©3

fr b Lz,

IS - 0T AR ER 512, AR O S LB
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Fig.5 Stress-strain relationship
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Table 5 List of stub column compression test specimens

i i Yield strength
. Width Thickness ield streng Generalized width-to-
Specimen b t o thickness ratio rank
(mm) (mm) (N/mm?)

FA 285 16 427 0.81 FA

FB 295 12 442 1.14 FB

FC 350 1.35 FC

Generalized Width-to-Thickness Ratio; D/t*(cy/E)
FA
8
g 10 o
A £ 8
E
FB <§ 6 :
Q 1
FC S, Target value
-2 FB
“ B
a 2 ol €
0
o 1 2 3 4 5 0 0.5 1.0 1.5 2.0
Strain(%) Generalized width-to-thickness ratio

test

GFE

Box column

X6 AL REREOIME GRERIKFB)

Fig.6 Appearance after stub column compression

L Box column
Rigid part

7 BETEAE R - — R LIRE B4R
Fig.7 Plastic deformation ratio-generalized width-
to-thickness ratio relationship

Al

Loading point

BRI

8 IM iRy T v T

Fig.8 Configuration of bending test specimen for structural component

Loading point

xR6 FBMENTER RBA—5R
Table 6 List of specimens for bending test
Size length Loading direction Width-to- Equivalent width-to-
(mm) (mm) (deg) thickness ratio thickness ratio
0600=25 24.0 0.99
SBCP325TF 055040 3,900 45 138 277
0550x25 22.0 0.91
BCP385TF 1 4
SBCP38S 0450x40 3,160 > 11.3 3.84

Equivalent width-to-thickness ratio; E/c,* (/D)

9 FBRAT IR

Fig.9 Loading condition in member bending test
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Fig.10 Fracture appearance at the end of the test for SBCP385TF ([[]1450 x 40)
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Load-deformation relationship Load-deformation relationship
of SBCP325TF ([1550%x40) of SBCP385TF ([1450%40)
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Fig.11 Examples of M-# relationship

Cumulative Plastic
Deformation Ratio
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’600};25 550x40 4 SBCP325TF
80 7 * {SBCP385TF
60 -
450540,y
40 4 55025
Target

20 _‘_|J
0 .

0 1

2 3 4 5
Equivalent width-to-thickness ratio

12 WRIE I — ARV AR SR B AR

Fig.12 Width-to-thickness ratio-cumulative plastic deformation
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Fig.13 Cross-sectional macrograph of fractured corner after failure
cycle (SBCP385TF [1450 x 40)
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Crack propagation direction
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Fig.14 SEM images of fracture surface (SBCP385TF [1450 x 40)
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4. ARMEOREREHEE & HEXR
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mm X 60 mm O KFEENH A XF TOHEENETDH 5,
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R 7 SBCP325TF 1% #k <115
Table 7 Fabrication dimension table for straight columns in SBCP325TF

Thickness t (mm)
16 =t<25 25=t<28 28=t<36 36=t<<40 40
350=D <400 O - - - -
Side 1 400=D<450 o O — — —
length

b 450=D<500 @] O O - —
< —

(mm) 500=D<550 O @] O O
550=D=1000 O O O O O

Note 1: The above table refers to square cross-sections.

Intermediate sizes listed in the table are also available for production.
Note 2: In the case of rectangular cross-sections, production is possible as long as both the shorter and longer sides

fall within the range specified in the above table.

%8 SBCP385TF % #yk i3
Table 8 Fabrication dimension table for straight columns in SBCP385TF

thickness t (mm)

195t<40 40=t<45 454<50 50=t<55 55=<t<60 60

400=D <450 O - - -

Side 450=D <500 O O - -

length 500=D<550 O O @) -

D 550 =D <600 O O QO O -
(mm) 600=D< 650 O O O O O -
650=D = 1400 O O @] O O O

Note 1: The above table refers to square cross-sections.

Intermediate sizes listed in the table are also available for production.
Note 2: In the case of rectangular cross-sections, production is possible as long as both the shorter and longer sides

fall within the range specified in the above table.
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Higher Yield Strength Steel Plates for Bridges: SBHS Series

Tsuyoshi KUBOTA

BE

SBHS ¥V — ADIEFHUZOWT, SR OE 2 T7 & L DIFEIC O W TN 5o SBHS5001:7 =74 M2 MA
DR PIH L 7 A 4 MR E B S5 28T, B CAME R YP2FBI L7, SBHS7001E MA %
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BMEZ MR L TB Y, TOERES X OCBEERTRHEZ AL T b,

Abstract

This article introduces the design concept and key characteristics of the thick steel plates of the SBHS series.
The SBHS500 exhibits excellent toughness and a high yield point (YP) thanks to the formation of a fine bainitic
microstructure, which suppresses the formation of ferrite and martensite-austenite constituents(MA). On the
other hand, the SBHS700 attains a high YP by employing particle dispersion strengthening within an upper
bainite microstructure that is free of martensite-austenite constituents(MA). The steel also achieves excellent
flatness by optimizing the accelerated cooling process conditions. All steels developed in the SBHS series
satisfy the base material specifications and exhibit sufficient weldability along with favorable welded joint

FEATURE : KOBELCO'’s Materials and Solutions for Architecture and Civil Engineering

properties.
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S CBIT B EFERENE 70 Y = 7 MICSH L, SBHS
(Steels for Bridge High Performance Structure) o JIS
BIAEAL (JIS G 3140) (ZHWKL 7z SBHSIX, ThZFT
GRS & U Ci S T & 72 i B2 e A 4 4
(SM##t, JIS G 3106) &L T, FUFIERITYH
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BIOBEEICIBOTH, TVERLEEEZALTVS
Vo 2079, B TOIHMNRIERMEM Oh T
PR CTH D E W2 b, SBHSIZZFDEESZ 5 AT
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500N/mm?), SBHS700 (YP =700N/mm®) ® 3 7 L —
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1. SBHS500 M#iEERETDE A 75 L4

1.1 SBHS500 OiftEEETDE 2

BN ESYPEERTH7:012, 7274 MR
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PERE Poy < 020 2T LTV B & & 12, BEREFMEIC
brrEa L Twbe, £/, BRERGE - FMSTH
SE SN BTN T O NEEE 2 RE O 5 150 E 2 4
ELEBEDY ¥V E =R F L F—200 ] PLEY 3
e L Twh,
1.2.2 BEMELIOBRERFEHE

BAZEENIC T LT, yIREEEN R it L 7S

EB LRI RE RS IR T, Pu=0200720, F
B L THENIRE L 2d o7,

RO 7 T v VRLORMKSEREEBEL T,
SAW (Submerged Arc Welding) # 0% % 3-40 L 72,
FEIEIRE L UM~ 7 u#ifez® 2, B3 IIRT. &
6 \CHE S B X T2 R 37, 2 A BRI 250C
DUFCHIE, Mgtk e i Ho2iEts G L T 5,

£ 1 SBHS ¥ ) — X O FE:
Table 1 Mechanical Properties of SBHS series
Tensile test Charpy impact test °
Steel YP TS Test temp. | Energy 2
(N/mm?) | (N/mm?) (C) 0) “g
SBHS400 ]
=400 [490~640 0
SBHS400W
SBHS500
=500 [570~720 -5 =100
SBHS500W .
SBHS700 fme
SBHST00W =700 |780~930 -40 1 CCT Hi#t OBE&IX
Fig.1 Conceptual diaglam of CCT curve
£2 Poy & FHIRIED L
Table 2 Comparison of P¢y; and preheating temp.
o Thickness(mm)
Strength Steel Classification
t=25mm | 25<t=40 [ 40<t=50 [ 50<t=100
Pem SM490Y 0.26(-) 0.26(80°C)
SM490Y _
(Preheating temp.) [SMA490W 0.26(-) 0.27(80°C) | 0.29(100°C)
490N/mm? SMA490W
No preheating required Pcy - 0.24 | 0.22
SBHS400(W) Pcu(Preheating temp.) =0.22(-)
570 Pew(Preheating temp.) 0.26(-) 0.27(80°C) [ 0.29(100°C)
570N/mm? No preheating required Pcy - 0.24 | 0.22
SBHS500(W) Pcem(Preheating temp.) =0.20(-)
) HT780 Minimum preheating temp. 100 | 120
780N/mm — -
SBHS700(W) Minimum preheating temp. 50
x 3 WIEHWOILER S O—F (SBHS500)
Table 3 Example of chemical compositions of developed steel (SBHS500)
Chemical composition(mass%)
Steel
C Si Mn P S N(ppm) Others Peum
Developed
0.04 0.32 1.93 0.004 0.001 40 Cu,Ni,Nb,Ti 0.17
Steel
Spec. =0.11 =0.55 =2.00 =0.020 | =0.006 =60 - =0.20
x4 FFEMOEMNKEEO—F (SBHS500)
Table 4 Example of mechanical properties of developed steel (SBHS500)
Tensile test Charpy impact test
Thickness
YP TS VE.s
(mim) : : ‘
(N/mm?) (N/mm”*) ()
6 551 627
25 588 632 365
50 574 652 338
80 538 620 328
100 546 636 318
Spec. =500 570~720 =100
x5 yEHEENHABRR (SBHS500)
Table 5 Results of y-groove weld cracking test (SBHS500)
. ) . . . Crack(%)
Thickness | Welding Welding Welding Heat input
o Preheating
(mm) method consumable condition (kJ/mm) Surface | Root | Section
temperature(°C)
170A-24V 5 0 0 0
50 SMAW | Wire : LB-62UL i 1.6
-150mm/min 25 0 0 0
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2 SAWDBJeK (SBHS500)
Fig.2 Tip shape of SAW (SBHS500)

3 SAW Wi~ 27 o5 (SBHS500)
Fig.3 Macroscopic photograph of SAW (SBHS500)

xR 6 BHESLMB X URFREME (SBHS500)
Table 6 Welding conditions and mechanical properties of welded joint (SBHS500)

Tensile test Charpy impact test

Thickness | Welding Welding Preheating Interpass Heat input TS £.0)
(mm) method | consumable | temperature(°C) | temperature(°C) | (kJ/mm) Fracture Area vEs
(N/mm?) Position | Depo | Fusion line |FL+1mm |FL+3mm
Wire : US-40
50 SAW - ~250 640 Base Metal t/4 97 116 248 373
Flux : MF-38
Spec. =570 - =47

2. SBHS700 DERTESRETDE 2 5 & it

2.1 SBHS700 D$FEREIDEZ S
2.1.1 &SRSt DOERE

712 YAk A B A 5R 0 A K-TENT780 &
SBHS700 A 19 45 P4 B i %2 7R 37 SBHS700 D i &
LT, K-TEN™780 & 5[3R5RIEE X[ U TH %A YP A
%5 (ThbbEYPILSLETHL) I LD TH .
780 N/mm’ #k DR JE & MRS 512 ix LA A ML
AT 22— RINTH L, LHL, MAZED
EYPHET§ 5720, MAREE 40 AL F4
MRk BESHAR E L, RFaoRibic X 5 m YPILE
Mo7ze ZNAEBTLTOLASME LT, MG H
g D ¥ HIEUEE & i HUE IR IR EE & # R AL L 72,

¥ 72, 4%, SBHST700 L EBAE R L - FfFGICER
ENLFEDD, FHPEERLMEZ IS L0 kL vE KRG
RNE - A CHEShHE MRS e L2 HEE
& U@ HRE O K ESEMO# L K- 72,

PLF, SBHS700BE%ICHB1F 5 >0 (75 YP1L,
SEHEERERR) (XL, LB L OV a e 2RI
WK L7z,

2.1.2 EYPIED - DE{L#EIE D%

LFERARAL F A4 MERETIE, "M =T 4927721
AT L728812, REARE y N & H SN 72 CH%EH L+
AL IS S, TLT, ZONHEREIZG I
FECAKIET 2 2 IS Tnwa Y, 2070, #FHm
2 5 KIE 75mm T 5C /sec. Lh b % I #EE % fifg
U7z WolTH T, WEVE IR OB AW 2 7
W, A YZA MBI RAT T E IR RE R
ML 720 BR412, XA F A MHRRICBUT A VS
A4 PEBBEEOBE Z RS, Bidld X512, XL 54
FERBIRIANA =51 v 27 7254 MrHRICHER Sz
CO Ve A V¥ 4 PP EN L, ZOB, +
SR HHEE CABBMAIRE (Bs) 20 & TR

%7 SBHS700 & K-TEN™780 OBttt
Table 7 Mechanical properties of SBHS700 and K-TEN""780

Spec.
Thickness
Steel YP TS
(mm) . .
(N/mm?) (N/mm?)
SBHS700 =100 =700 780~930
=50 =685
K-TEN"™780 780~930
50<t=100 =665
(@) (b)

Untrans fomed
austenite

4 Xy A MERBEORNX
((a) ILHEEEAS RV (b) IRBUEEEDS )
Fig.4 Schematic diagram of cementite formation process
((@) Long diffusion distance (b) Short diffusion distance)
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OB 2 ), EAY T AL NIRS =ZF 4 v 7
94 PRI T 22615, RI5ICRT &
IS, AU F A N ECRIEE IS E I R
BT DH DG hrolz. £ 2T, Bs~Bf o CHLEE
B & R 6 (g AR R R O BRSO IR & I
2 F& 5 L TRt TR L7z CHLBLAE & YP o BIfR
ML,

C PR = J‘O’Ddt ................................. (1)

TAZCHLHUERE L £ X > & 4 MRCFRIBERE, X812
Ay A4 MRS YP ORISR ERT . Bs~BfH
O CHLBEEA NI EYP SR 2B 2 &3 0o 720
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R 5 SBHS700Dt * ¥ % 4 4RI ((a) 500CHE1E  (b) 410CH#EE (o) 270TH#EIR)

Fig.5 Cementite dispersion of SBHS700 ((a) 500C stop (b) 410C stop (c) 270TC stop)
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Fig.6 Schematic diagram of carbon DR

diffusion Fig.7 Relationship between carbon diffusion
distance and cementite particle spacing
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cementite particle spacing(pum)
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Fig.8 Relationship between cementite particle
spacing and YP

9 SBHS700 D@ HIEIEIR O FEM N A A ((a) AKEFHEERT (b)) KEFHiERs)
Fig.9 FEM analysis results of shape after accelerated cooling of SBHS700
((a) Before adjusting the water flow rate (b) After adjusting the water flow rate)
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*£8 MM OILF 5o —6] (SBHS700)
Table 8 Example of chemical compositions of developed steel (SBHS700)

Chemical composition(mass%)

Steel

C Si Mn P S Mo \Y B(ppm) | N(ppm) Others Pem
Developed
Steel 0.05 0.24 1.97 0.004 0.001 0.39 | 0.002 11 40 Cu,Ni,Ti 0.27
ee
Spec. =0.11| =0.55| =2.00| =0.020| =0.006| =0.60 | =0.05 =50 =60 - =0.30

®9 FFEMOEMYFEO—B] (SBHS700)

Table 9 Example of mechanical properties of developed steel

(SBHS700)
Tensile test Charpy impact test
Thickness
YP TS VE 40
(mm)
(N/mm?) (N/mm?) )
6 784 831 -
12 748 853 -
32 851 874 159
75 796 845 129
Spec. =700 780~930 =100
10 Bi%E o SEM 1§ (SBHS700)
Fig.10 SEM image of developed steel (SBHS700)
F10 yREHEHEAE R (SBHS700)
Tablel0 Results of y-groove weld cracking test (SBHS700)
) ) ) . Crack(%)
Thickness | Welding Welding . " Heat input
Welding condition Preheating
(mm) method consumable (kJ/mm) Surface | Root | Section
temperature(°C)
32 . 280~300A-30~31V 50 0 0 0
—— GMAW | Wire : MG-S80J . 1.7
75 -300~330mm/min 50 0 0 0

K11 BELEMEB LT (SBHS700)
Tablell Welding conditions and mechanical properties of welded joint (SBHS700)

Tensile test Charpy impact test
Thickness | Welding Welding Preheating Interpass Heat input . VE 40(J)
(mm) method consumable temperature(°C) temperature(°C) (kJ/mm) Fracture Area Fusion
(N/mm?) Position | Depo line FL+1mm|FL+3mm
Wire : US-80LT
32 SAW 100 95~180 5.0 891 Weld Metal t/4 150 252 259 260
Flux : PFH-80AK
Spec. =780 - =47
EHURE L 2o 72 T =50, FHRHERRSEES M T % SBHS ¥
2.2 SBHS700 D4F4 ) = XNZoWTC, BtofitixEt 0 2 ) L FEo—BF)
2.2.1 B A L7z, SBHS400 (W), SBHS500 (W) o Fi&

KB IIRTILFE D OHZ v, 218 TR ~72 458
(2O SHIBIERER:, Bf LU e Hl 2 92k LKL & R
LZ&%EM L7z RIICEDOEMBEMAIEYE % R3. B
PREC R VE L 5 IR, BRI RO B2 Wit L Tw
%o E10ICSEMMERZ/RT DS, LA ¥ ¥ A bl
L7z EERA 4 MR TH o 720
2.2.2 BEMSICERERTRY

R1012, yIFEZBINABREM LR Z RS T
50C TH B ICH M T & 2R L 720 R1TICH
WA B L CEEM TR 2R3 A 5k]/mm TH]
e, WL SISO RENEAL Twh,

bHM$ 5, 4, SBHST00IZB LT, HMEzi
R il ZB 2 TE L 72w

2 £ X B

1) —fAtRBEAN AARSMIR S, [ERM R kies b (SBHS) | ~—
BAGREDP L ERBIV5 $ TERI A MRICHS T2~
2019, p5.

2)  AARAEEEAN BAERR & BRI - AL S - A0
F . 2017, p.6.

3) IR T 2 R&DHF BB . 2011, Vol61, No.2, p.16-19.

4) M IEE FTY H. 2007, Vold6, Nob, p.321-326.

5)  EER. #k &80, 1990, Vol.76, No.6, p.886-893.
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Corrosion Resisting Steel Eco-view Plus™, a Repaint Term Extension
under High Humid Environment

Takuto MATSUBAYASHI - Dr. Yusuke TAKAHASHI - Dr. Fumio YUSE - Masahiro MATSUSHITA - Akito TABATA -
Tetsuo YAMAGUCHI

EE5

TR EZMA VT FTIZREBRDPSRTBEZ I TIIPDDT54 7 A 7 V3R ORI KD B0, HtEIC
BOTEHWEO LD 2t L WEEERBICS S SNLEITICB I 2 BT AN KIHETH 5o BIF T 5
[Ta¥a— 77 A 3WMHPICEENS Ta, Mg, REM (A HEICEK) BEnEh, AER ORI X 28
MOBEHAL, o7 v FRA Y bDZn S TR X BB AT 0N, 7 & VW — Sk 1m0 o 14 2
B2 225G L, — it & e L CRIEB OB RICET 2 M %2 2RI RS 28R 2 HT5 2 &0
5, BRI HICHEHMT A ETHBEDO T A 794 27 Va2 MR TE 5,

Abstract

In transportation infrastructure such as bridges, there is demand for reduction of life-cycle costs from
construction through to rebuilding. For steel bridges, a key challenge is addressing corrosion under paint
coatings, particularly in areas exposed to harsh environments, such as girder ends and edges. “Eco-view
Plus” is a corrosion-resisting steel that contains Ta, Mg, and rare earth metals (REM) which improve the
steel's corrosion resistance under painting by enhancing the corrosion resistance of inclusions, and promoting
the formation of zinc rust by zinc-rich paint which shields steel surface and the coating-steel interface from
corrosive environments. Eco-view Plus can extend the time for the growth of coating blisters to approximately
twice than that of conventional steel materials. Its application to girder ends and edges is therefore expected to
significantly reduce the life-cycle cost of steel bridges.

BERAX-7—F

BR, A T7HA 7 VaAr, BETHAHN Ta¥a—, Taa— 752

FEATURE : KOBELCOQ’s Materials and Solutions for Architecture and Civil Engineering

F AN E =F e RS oI, BREEDE
BA ¥ 7 7128 TIREER - MERE R - s - 220EB R
FTIZ2 5 AEN, WEREZZERE LT 4 73942
LV ax b (Life Cycle Cost, L FLCC) HEEM I
T2, G B TESIM O 230 2 J1655 5 K
THbIehb, LCCHMXTHR & LTt oEimabs
B L BPEMHSIATRTH LY, LRI
R L) MU TIXES 2 5 DA LA A L,
iz THEGE L OB BHZER e IS & D ARG &

e Stormwater |

e Humid environment I

e Bank sand and salt |

1 ERIEBCBT D ABREEA A=
Fig.1 Image of corrosion environment at bridge abutment
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T, BETH M) 2Hw52ET, BEEKRLETIC
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i M OFHFEIINHF CHLY FH A, SR ISR T £
oz NG Lz [Ta¥a—] OoGbICE W iER
OLCCHBICEHMML TE 2%, S5124H BRO
T HWENH < 7 AR EERBE O RL L VW HT
WICB T3S sMEEM EEHIEL, #tH SO0
ML BHEO DL ORI ENERILT 23R %
B OB TFHAN (Ta¥a— 7527 2%
L7zo ARBIIAGRIERE OMERHIC LB 2 BB T 2 A )
IEERRICEN, & TRRIES = DL ViR R Bk
Bill-# % 2 H 9 5 S5 i 7 & O EBREO I L v s,

BAE) BERTIRESE 6769816 77
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B LV T OB 20 IR, WA EEE S AT
ThY, BRI EEEERTEENMOJIS SMB LU
SBHS O R B b7z L TWABH T Ehns, ek e
BRI 2 encxsW, AFTlE, Tava—
TIT AR TH 5 BBE T ERERHADO 2 =X 4,
B L OBEREZ FWIEREFRIZOWTRANT %,

1. TAE21— 77 XDHEH

IdVa— 759A3TaV2—DK52TH5Cu-
Ni-TiR Z k& LoD, & 5I2Ta Mg REM (Rare
Earth Metal; Ce, La) Z#miRing s 2 & T, #ifok
M2 BERE,SHREL, &2 HO TV OHEH
Thbo ~BNBFMOBBETHEREAI =L, B
Tz ava— 75 ACBTHEPETEEWH 2 H =
ALxBM2ITRT, B, BERIEETRELE ST
WA ERAERERME LTV, BB
WTHEED SPKMFAFIEL, Zhbaims LTk
G 7e & O EARER F- AWM RHIRA LTl &2 54
T %o H O ITE IV T T Fe % £ 05 &
T5IUPEET L ETHEREIIENSLENIE LR
BHEITT 2o Vo lFI T IV 22— 75 ZIHMNESTD
BIIZLY) FedIVDRAEZIWZ DD, Y 7)) v FR
4 ¥ b OFFO Zn SO & Sk 20 O PRERRGE % e e
T5 L TREDR O ARIELY 50, BETRELH
Hl32ZEHHTH L

ARETIE Tab I Mg ORI X % HkF o 8T it
fTHEmEI YT FOBIEB X A I = X L I2OWTHE
55
1.1 BEREESOEELICL3MMOEHEL

— BN S IR S E N D H K S
NEMHAIEL, CNOFMHASZ L) QHEMLL TV
CIBEOFRERNE LI EIMLRATVWE Y, 2ok
) BRI LT HEEOWHIR R E LT, St
DFMILEICEVMEWELE L, BRALFICZEL
KEDLIENHMTH S EMESRTRE WY, 22
TJIS G3106 AHAE ST ESA (SM) % 2EHEd & L C
JEERE R L B DNTEM RN T B IR OBERET - 720

Defect j
Coating
Zinc-Tich paint: M—

Steel

K1VIRT LB REEGHOEMIZIZSRC, Mn 7z £
SR A NEWHR S NIz o lFD FEHESIC Ti 2 R
L7z TIaMS CIEAEWRENC Tix R0 L 3216
A U720 F72TiE TaZ BEEM L7 Ti-Taifh
T L TIRINE & RS, TiveTaz W& 5{LA
WA AEDERIHE L CO BB RSN, 20
KRS, MEWOWHEIIZTIR TaDBMAENTH
b T ENRIBES NI

Fe T TiRe Ta DEING X B AW O i £ 1) _F R4
MRS 5720, AR TR O EFs R D
WMEZEIT- 720 REUIAT U U ASOFLEATEBANE
2 J1S G0577 % % # 12 0.15M H,;B0,-0.0375M Na,B,0;-
0.010M NaClAKiEi#iH 25C 12TV, 7/ — R o
BIRMBEEAIL0° A/em® 2 #8272 W O BAL % Sk o
BREEMN (Vo) L7z, BSICRT LB, HHEH
DVciE-0024 VTHBDIZxF L, TidMm <13 0.056
ViR DVBEBEEMNO LARA LN, 72 Ti-Tails
gD Velx 055 V & 2 0 Sl ot Ak ATKIEIC ) B L
TWAHL I EDREENT TNEHDOFERDS TiR Tad
TINEATEW FET0 OB X B BRALF R ELICERD
ThY, LLCWEDOEATRIMI LY ZOREIKE W
ZEBbh ol

X 4 128k~ Tadshi x4 5 Ve & 5 \llE L7z

1 KM T ONEW O SEMAIRE X OICEHLKL
(a) F&iEg, (b) TidINsM, (c) Ti-Taifins
Table 1 SEM image and elemental composition of inclusions on
(a) SM, (b) Ti-SM, (c) Ti-Ta-SM

SEM image

(b) Ti-SM () Ti-Ta-SM

b%

Elemental composition (at%)

Normal steel

Cc N Al S Ca Ti Mn Fe Ta
a 30 - - 21 2 - 21 25
b 18 20 2 1 1 50 - 8
c 35 6 . - : 20 - 24 15
> 9

Corrosion product

® Fe compound
O Zn compound

Corrosion promoting agent

CI, 0,, H,0, etc

K2 zava— 77 AOEEFEEEIE A 7 =X A
Fig.2 Inhibition mechanism of under-film corrosion of Eco-View Plus
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i (b) Ti-SM (c) Ti-Ta-SM

1.E-06

1.E-07

1.E-08

Current density (A/cm?)

1.E-09

1.E-10

1.E-11

-0.3 -02 -01 00 01 02 03 04 05 06
Potential (V vs. SCE)
R 3 &4k 07 7 — FoRl ek 5
(a) AEGH, (b) Tiwdsndd, (c) Ti-Ta@hng
Fig.3 Anodic polarization curves of (a) SM, (b) Ti-SM, (c) Ti-Ta-SM

06
o(a) SM

05 | ®(b) Ti-SM
+(c) Ti-Ta-SM

04 |

Ve (Vvs SCE)

ol | ; ‘

00 I O
-01 | L 1 L 1 | 1 L L L
0.00 0.05 0.10

Ta (wt.%)

4 TaiRhii k3 28186 o Ve
(a) Z#eG, (b) TIdMM, (c) Ti-Tadvmnsm
Fig.4 Plot of Vc with Ta content of steels
(a) SM, (b) Ti-SM, (¢) Ti-Ta-SM

FEEEE R T, TaDE@RINE230.03% o Ti-Ta @ Ins < ik
Ve A FEHE 2 TivRngl & L LcmL<B Y, M
P L7z WolT) % 2N BRS¢ T
Mo RSN h otz B5 I TaifhngEo R
% % Ti-TalMSA O M EMBILEHEREZ /R L TB Y, Tail
RO TaREE WO EDHIML T2
Db ot TNOHDFEREND TaiRlc & 57
W EORFEIE—EDO LEXH Y, BEISHRML T
AAEMBE IS L e Talb S AH 3 5 720, it
VG2 BB A EE L LN DY,

U LORHENPS TIBL O TaZz#MmRNTsI LICX
OISR E R DN EWE L, SH Ol % gE
TEBHLIENbrols
1.2 BEREDEOTYFUTICLDERIBEOER

AEGRO T HHBBEL LTCERICR Y D22H BT v
oy FARA Y MEBBEHICE 5 SR SR &
BT I L R BRE R R T AL
WEMIE BEA Y (Zn 3T ZIEE L THM 2RI % &
WIBERED HEN T2 REIREE L TVD, &K
Mg 7% & OIEIEAL S W IAAAL TR 5 3E 3 Zn S
AE DR TIOEIIC R E R 720, RAERIRICEN

K5 TafEdR7% 2 Ti-TaiRh oA SEM (%
(a) Ta 0.03wt%, (b) Ta 0.08wt%
Fig.5 SEM image of inclusions in Ti-Ta-SM with different Ta content
(a) Ta 0.03wt%, (b) Ta 0.08wt%

9 months

.

6 (a) ML (b) Mgl O®EER, Wil BRFERBRICE
U %42

Fig.6 Appearance of painted steels of (a)SM and (b)Mg-SM during
exposure test at Miyakojima

3 months 15 months
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FRA Y IETHRY) (BFEE3B um) Liche Ry L
¥R LY L (BBIE25 um), BEROLGLHE
R A2 B 2 72 OBIEICH v ¥ —F A T Tr O AH Y
&2 AN, WHEE S ETO—BYFEADARY Y
YITTA MYy —ICTISEM ORI TR L
7oo BRBEBETTH LB EARY ONBIBIEE D720 T
W) THREL L,

X 6 1AL & Mg iR o 2 &R B IC B % 748
PALZ IR, M TIIRBERG 3B RIS
v MR PSR B DOFe S UDAE L, wWolE)
Mg RN TlL Fe & DI A3 FLHEH & o~ T &
NTwic, 9 A%k, REMTIIIaAs v DA O®E
TR S D Fe SUDFHAEL TWADIZH L, Mgl
Tz e xH v MRIZHEO Zn & OO A BT
SNTzo 1568 At TIXILHEM O IZIT LM Fe 2 UYL
Mo THE Y BEDHNRHMES LKA LNTz0 Mgl
HTORERET LS SIUPEELTVEHOD, 0
BEAENZn S TH D, BEAW I 8V
Ron,

B T R OB O Lo BlgE, B X
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MOMIZFe SUPIELKELTEY, ClasFe 2UOW
HETRALTVARTFIER SNz VWolE) MgiR
S TIE Zn SOHP M REZEH ) L) ITHEL, Fed
CoAEErsIH SN Tz, F2CDIEEALIEZZn S
COXRMWILLTEY, STONFIZIIRALTVA
WZ EDb ol

BRI AR U 7 AR o f i, 38 X O
i A X% XBREPTEICCHE L2 R 2R 2 1R
o Mg RIS TILIEHES] & B ) Fe SUDEHRSTH
% FeOOH RLAMH B 2 g, b D 12 Simonkolleite
X Gordaite 72 & DOIEILH ML E W O ILE DS <,
Gordaite {22V TG T 23 EHE8 & e TRtk L <
WhZEDNbh ol UEORE2S, #MICMg 2R
452 & CHARETICIBT AN Zn S oA
ARAE S, B ERESHONL Z L 0bh o7,
1.3 ZE-SEMFREORE

REM &K & JUts U CTHUR 7 K FITRALA) O TR % Tk
L, $ihr oo PR OB & TR L Tt & % 1) 1
/BT EDPHONTVAY, o THHMIZREM 2 %
s 22 &T, B - #AFEIEA LK & fidhdh
DOREMABUS L, $A KEN B 2 B2 BT 5 2

7 %E'ééﬁ%ﬁféw (a) 2EHESMB LT (b) MgiRno> 7 o 2 7
v MBI B B A O W 5 BT G 5

Fig.7 Cross-sectional images of corrosion product of (a)SM and (b)
Mg-SM after exposure test

K2 BHARE O EAY OHES X OGS F1E
Table 2 Composition and crystallite diameter of corrosion product
of steels after exposure test

SM Mg-SM
Corrosion products Fraction ~ Crystalite  Fraction  Crystallite
(%) diameter (nm) (%) diameter (nm)
a-FeOOH
316 20.7
Fe based (Akaganeite)
compound g FeOOH 19.3 276
(Goethite)
Zng(OH)sCl,H,0 - - 20.6 66.6
(Simonkolleite) ’ ’
NaZn,(SO,)CI(OH)s(H,0)s
Zn based (Gordaite) 8.9 95.4 26.1 57.1
compound Zn0
(Zincite) 35 36.7 45.2 35.8
Metal Zn 5.2 _ 8.0

& CTHM L BRI OS2 N LS5 2 EAHIfET
&b, %B, REMORRIZOWTIEARFTINLLEE
L < fili 72 v S REM K I O 431 3RBR U 35 > T Hi
DRFEBM FARNRZMERLTBY, oIl L
72\,

2. TaAFa1— 75 XADORE

1ETHMLZEBY, TaXMgldEhZERRae b 2
HZ A LX) S O AT, B X O SRR
RRDD B Z LR SNz & ZCTAFLEE N5
THAHALIC 2—I2INHILEB X OREM 2 HA M
T5H5ZET, BRI E LW ERETICBWT
HEI AL CTEX 5, TNHDOEZ = LIZER
FBRBERSRBBE T AM [2ava— 7521 2R
FL7ze AETIIT AV 2— 75 20BN T &M
filifs R, BLOREGOBMHIC L > TR ST 5 BIEHE
B2 RIIE RS ROV TRAT 5.

2.1 #HAEYA VIVEERICK 2ZETHEM O

RIRTHEOKEN, BLOTaa— 754
OEWE T EM:Z2BEY 1 7 VikBk (Cyclic Corrosion
Testing, PLFCCT) TR L 720 SBALARIIBAERGE
RTERTHHCOBERTHEL, ik THar >
Vo FRA VN, PER)ZZRFIREE, FEYET
v FEREE L LSS E L, BRSOz 0%
BERE 2 L 0 b OO L72™, S8 & K
W - R - R R OBRBEICHR D R L RE S, 2HB L
W27 uASy MFEMETAE U ZEEBNLE B X OHE

ZEH L 7zo 72 3B CCT RERS M IAG Rt i 0 B Bi %
B3 % 72, JIS K 5600-7-9 Cycle D D5 % X — A
2, EBROGRMH TORBE=y Y ¥ 7fERICED &
KAorBYITHEL Y

X8 ICHABREY 4 7 VilBR1I6BHDO 7 0 X% v b
oI Z RS, LSO 7 T X h v MEREEE TS
kBT HFe SUNFAEL, S HICEBEFE Ak,
R L7 S COFRIERIC X D BEEADSE L2, vwo
FHATaVa— I ATIZI2H TN L2 REgE e
[k, 2ozxsy MERETIAMZELTBY, Znd
CDA E Fe & COREMHIRI R SR S Wz, /2,
WO IR, BWmkEe DICEEMI ) S ko
720
22 § 25 Z AEERSDE

WCEH OIS BT B NIE B X O
®ﬁh£m%m701:En-fﬁxu%$ﬂuw&
g, Bhmfe SIS SN A EImCH D
Bz IE—ZEDNE (50 mm) (2ET 5 FETICETS

K3 MBI 21— I 2ADHK
Table 3 Chemical compositions of SM and Eco-View Plus

Elemental composition (Wt%)

Steel C Si Mn P Cu Cr Ni Ti Others
SM
(JIS G3106) 017 036 1.38 0.015 0.003 0.01 0.04 0.01 0.001

Eco-View plus 0.056 0.30 1.24 0.010 0.001

0.70 <0.01 048 0.05 Ta, REM, Mg
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x4 BEFA 7 VRS
Table 4 Cyclic corrosion test (CCT) conditions

Sample image Surface preparation CCT process Environment  Time
30°C =2°C 0.5h
Sand blast Saltspray |« 5% NaCl
* ISO Sa2 1/2
R Condensation 30°C+2°C 25h
g humidity 95+ 3%RH
3
73.7° 3 Coai
oating Air drying 1 50°C £2°C 1.5h
X « Inorganic zinc 35 um rving 20+ 3%RH
+ Epoxide (Clear) 20 ym
. . . . || 30°C £2°C 1.5h
Fluoride (Clear) 20 ym Air drying 2 20+ 3%RH
50 mm
(a) 120
L| osm
€ 100 ®Eco-View Plus
£
ﬁ 80 + o
Qo
2
= 6.0 T o
3 °
2 401 o e
2 1 o,
-
20 + °
b @]
00 o9 ; !
0 10 20 30
CCT test period (week)
Coating blister Coating blister (b) 200 ~
length length o SM
‘ ------- SM-Gompertz
& 160 7| @ Eco-ViewPlus 0
£ = = Eco-Gompertz o
F ¢
2 120 4
e}
(=)
£
g 80t
s O - 1
3 0. ¥ 2
8 HAETA 7 Vil 168 H o s ER A < 40 7 o P
() i, (b) TIAL2— T2 e e
Fig.8 Appearance of painted steels of 0 *=8-6 H ® i i ,
(a) SM and (b) Eco-View Plus after 16 weeks of CCT 0 5 10 15 20

FRiIE, M), Tava— 79 ATENEFNL03H,
155 L % )R ISREDORMZET 2R L Ro72 (K
9 (a))o

S DB LETFIZ OV T, BB IR OFRRFZEAL
WLl CHE L, —E0HLHEIETLET
DY %P 2 A 4 IRE S Tw ™, SE0
L9 AR O BES AR S RIIH 0% b8 %
HeE T B BE 1213 Gompertz it % Fiv 725132 2%
T&AZEn5, (1) RITRT Gompertz BRI X 0 &
PR ZFTICET MM ORMD ) 217572,

ZZC v BEOBNER (mm?)
K FFElEomEE (mm®)
t B (week)
a, b:EH (0<ab<l)
B, y () I OHLHEEZ ERT 5 &5 5 Fe
SO L EFR L, KOEIZEAITIRT I A v M
ALETEHEINS XS 2000 mm® (K50 mm X 1§40 mm)

CCT test period (week)
9 KAESH > CCT B IZ BT 2 EIE o
(a) KR, BLU (b) WEOFERZAL
Fig.9 Changes in (a) maximum length and (b) total area of coating
blister on steels during CCT

%5 Gompertz HIFRFIFIC X 2 FAH O B 2 57005
Table 5 Prediction results of repainting cycles on steels with
Gompertz curve

K Correlation  f54
Steel (mm?) a b coefficient (week)
SM 2,000 0.005 0.9982 0.94 14
Eco-View Plus 2,000 0.005  0.9992 0.89 29

& L7z 20 bR (1=012B1F%a) %05%
EL7 M9 (b) BLUERS LM ORRELILE
Gompertz H# THJG L 72k R 2R 9 BERP 2 WY
O BZE, WIS AR 6.6~368% 2% T 5
FTOMMEZZSNTEYY, RED66%, T4b
by =132 mm*I3ET 5 F TICKRMAE ST HEEH (156)
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Improving Fatigue Durability of U-rib to Deck Welded Joints of Orthotropic
Steel Decks with EX-Facter™ Fatigue Crack Initiation Resistant Steel
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Abstract

The fatigue life extension effect of the EX-Facter, a fatigue crack initiation resistant steel plate with an optimal
addition of solid solution strengthening elements (Si, Cu, Ni, Cr), has been investigated to suppress fatigue
cracks that occur in U-rib to deck welded joints of orthotropic steel decks. These fatigue cracks appear in
the heat-affected zone (HAZ) of welding, which is the region of the base metal adjacent to the weld metal.
Therefore, improving the fatigue strength of the HAZ is vital for improving the fatigue life. First, fatigue tests
using HAZ structures simulated by heat cycle tests have confirmed that the fatigue strength of the EX-Facter
has been significantly improved compared with conventional structural steels. Furthermore, its effectiveness
has been verified using joint-simulation specimens, and it has been shown that the EX-Facter is a steel plate

FEATURE : KOBELCOQ’s Materials and Solutions for Architecture and Civil Engineering

that can contribute to the extension of the fatigue life of bridge structures.

BREAX—T7—F

WeT7, PordEen, WO SRR, WEWAL, WERBGEEIE, SURNL BEGRT

FANE =IHGRE HEA V77T 2 BELRE
WThy, AEEECRFGEZ L2 2 %EE2HsTW
%o L2L, HATREERFRENICEZINZZLS
OWGEDHAERZ M2, EFHLPBEAELLLTWDY,
B2, BRI IO LM 7% & TR & 5§
2BV TRBRALD 72D ISR D% RIS b
A, HM O K UETISER T 2557855k & 2/
Lo TWh, SIEBIZR 1R T X ) 2o R
W (FyF7L—1F) LGB X OEEEE o
M TH B0 7 (UY7) LR 7H 5 FICHIK S
N5, SURMOIES G OrhrTdh, FyF L —
FEUYTHEBEOV— MREZRSIZEEL, TyF TV
— MR EETAEE (UTF, FyFEREZ) & B
LRZEBI SR TEmADH 5720, & ICHERINT
WBH YTy R xR, EREMTTERS NS
SRR T 5 0 HBLSMRCIRFE RAEL <, K 15
o —EMEERE L THRETALENH LY, 2072
%, ZEBEBHALED B X OISR TH Y,
A1k R BB & 2 5mPki, WWBIE &\ o 724
RN EL 5,

SO X)) REHEOE IR LT, — R

Through thickness crack in the steel deck plate

Crack™™ Steel deck plate

Weld metal

Transverse rib

U-rib

S g

1 SR OB

Fig.1 Schematic diagram of an orthotropic steel deck

TOMNKOBEHIBE SNL, bbb, OFEHRIO
KK, @EHEILREROSTE, @5 IREBIS Ok EH
HLONDZ ENZ WV, OIF, b5,
JERALZ: S X DI 2T 5. @U%, &R EA
ThHLIERILRE 774 v ¥ =R EIEDlmo»IT 5
LT, BHETENE XHOFEEZWHTEY, @
X, ¥—= U U S X ) IEEEICEMEID ) 2 A
FTHIET, FIRREIENIC X 2 2 R0%EEWZ Y,

CUHARBREAE MORMIEGERT Y ROV SR TR = v b TEMCE AT Y S 7OV I SRR kBT SRR

TUEE T OV R BeAiE e v —  BIRRSE

38 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 74 No. 2 (Nov. 2025)



O~@IIHE RN B L O TR LI TR I RE R %
H5bDTHY, —EDORRBHATNG, LAaL%D
5, Ty¥FTL—1 - U) THEERTOL— MRIZOR
@r#EHTL20I3HL <, ObMELEKOHMET X,
SR D A1) v FThLEEEHELEbNS, €2 T,
PWHFHEONM L2 KT 5720120, BREERe TAEALEL DL
NoOT7Ta—F ST L LENDH L, SHTIE, BE
EALICER 2 G L 729 57 & 258 AR I Bl & BRAE L C,
FNEIEHFBCTEBRL, EHIHBA E L TEX-Facter™
(EXcellent Fatigue Crack Initiation Resister, LAF, B
FEMEIES) ZRTE L2 BISSH % AR S
T 52, BEBRFICBT AESHFGERREEZHS 2
T 5UEDND 5D, ARTIE, FEMORREHEREIZON
TR EE B, Ty FTL—1b - UY) THEERTIC
B B 58GERN R % BGE L 7245 RiCo v TliE 3 %,

1. EHIFEIHR EX-Facter®a >+ b

1.1 BEHFFESXEBICMTAZChETCO7IO0-F
ERBIET L, MRS E LIS HAER T A2 T
PRI TR L7 X AR E L, SRfn (i iy
NEELHETH D, ZOMMIT, I EXROFE, K
FEAOME, HREEO=ZSOBEIISTONS, 1
P EOBREREEY T, BRROZMIME - N
o TR R AT 25 BRIR IS 2 T § 5 554
BHY, BRFEOHRBIIE 2V HEL, S5I12, BHEE
Witk Ze ECTOIRSERER T X Y EEER A
LT, ZORE XHOBEMGESNL, T4b
Y, SUHREO RN 25 X o T, BRI
HASIETE S B ER0LC X A4 L, RN BRI R 5
bo WHFMOMEIIE, ERBELZIHD H0IE, X
LR E A BIE S 2 L AEETH S, S NISHIE
TH77U—F0—2k LT, ZHERIEYEED 0
PESTMOTY SEE E NS, TS OREMIE, KE
FHR VTR % B 43 i S & 7 R A & 22 o T B
R 2 I 2057 SR EMICEET A2 LT
TR AL U, — BRI 22 R M s 0 3 111 A5 |
RIEND, TRICED, XZMERBEIETL, I
HHEEOM LICHELET LI ERIESRTWwE YW,
1.2 EHEHFEE(CER L - EX-Facter DBIF
BAZSHIE, Y EARETCOBMBICERL, X%
RRPIHT 5 2 EICEEEZBE VTV S, FERBD, 9%
W ERBEBORBENFT L L2 ELHME LT

LI L, BHOEMIITMICEIC X 2957 S HO%E
EEBCIEEZHME LTWSET, WEZEVDD
o IRMILETHLSIRCuzED< M) v 7 ANDHE
B, EHPOBMMKIEELY 5 2, EoiEE OaE
THIERWEERTHED Y, ERMTIE, Zhb
oOEEILITEICHEH L, Si, Cu, Ni, CrouinE % i
WAL L 720 ORI LR & B E 23R 17 (12
N Al BHESHH ONE ST IREE & MG A 72012, B%E
#il (Developed) & [F%5:58 B O JLA i (Conventional)
ZHE L7, WSHoOMMRIE, 7294 F2EHkET S
HEETH Y, FIREEIL490 MPafkic /&S b, I
JHE & Mo X5 A L SRERFHE AL
BREZR2 (2)” 1TRT. 22T, REREGB»S 3%
BHEFTOYA 7 VR SRR, T ULREORINT
FTOHA 7 VR E SRERFHEERL TV D, PI7
ARERIZIS IR (B0 3R L of/NeJ1 /e KIs 1) 75— 1
DFEILKE LDOBREEMOIT ZRHICHYKELE 2
BHMHRD TEEL 720 WTFNORDEMEICBNTE, L
RIS R THZE M 0 & R EFMmAUE L Tz, |

(a)
—~ 400 i I I
9‘3 @0 Developed AA Conventional
2 Solid: Total life
~ Open: Crack initiation life
© 350 Stress ratio, R =-1.0
5} D@,
=
=
= 300 ARY @
[s5]
1)
1] L
9] T
= A
“ 250
104 10° 100 107
Number of cycles, N

| [ Crack initiation life
O Crack propagation life
Stress ratio, R=-1.0

o, = 300 MPa

107

10¢

10°

Number of cycles, N

10*

Conventional

Developed
2 (a) PUHIE & BHZEEH 09 57 2k Bt S
(b) 0,=300 MPa T® & 258 EFay &  ZERF G O K
Fig.2 (a) Fatigue test results of conventional and developed steel
(b) Comparison of crack initiation life and crack propagation
life at a stress amplitude of 300 MPa

K1 WM ORI AL & AT

Table 1 Typical chemical composition and mechanical properties of steels

Chemical composition / mass% Mechan!cal
properties
Si+Cu YS TS
C Mn P S INi+Cr Others (MPa) | (MPa)
Conventional 0.15 1.01 0.016 0.003 0.20 - 476 529
Developed 0.05 1.56 0.007 0.001 0.97 Nb, Ti 554 571

J7E) EX-Facter 13244 D& GkEHE (4 6676446%) TH b,
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Abstract

Joining is the most important production technology in the manufacturing and assembly of architectural steel
frames. The Kobelco Group has long contributed to advancement of the construction industry through its high-
tension bolts and arc welding technologies. Recent labor shortages have increased the need for automation by
robotization. This has led to a notable trend toward the expansion of large-scale arc welding robot systems in
steel frame manufacturing factories, as well as the adoption of portable arc welding robots on-site. In addition,
efforts are being made to lower the barriers to training for welders, who are becoming increasingly rare, by

FEATURE : KOBELCOQ’s Materials and Solutions for Architecture and Civil Engineering

combining practical and virtual training methods.

BREAX-—T7-F

A Sr, MEE B B 7o WE oAk b AEL BEFREL N—-F v

FANFE=HARIWERETHL, T TMEIRER
BEDSFEAL, NW-PHHEEZH->TE, T0D
HAROHEKITRE SN L HEAREREY S BULoB
mEﬁﬂtw CELET, WEEN ICET A -

AL o L HA RS D ST E 7z,
KOBELCOZ VW —7 & LTCHm# (x99 LA) &
AT Z R T 5 720 D%  OFl & RS- 1Rt L,
FEHRBLICHRL T b ZOHRTHHMO T — 7 %8
B A HAMT R ISR A FFO Z LA TH Y, U
FEFTETZOREREREIHE > TV 5,

ARfgcid, e LEATOMFKEZE PO
KOBELCO 7' v — 7 O §#id % = i B AL - Ehg=R1t -
HEMEY ) 2 —3 3 Y &2ELFEAT 5.

1. BEMICERIhEHMY

— IS o F RS T S B FEM I,
K aryrzy—=1, gZEEED, IhooREMEH
WL LCOHMa >y 7Y — ERCHE), @8-
iz — bk (SRCiE), @%kigE (Sik) #&
Wb, FWEHICaYy 27— ERELL-@Qa VY
U — MREMEE (CFT#E) %, KeghzflAiabe
TonA 7))y MR ELIICb2 (R1).

WAE, RSO REUL - BRI EATW 28, EE

Concretc
»

\ Iy

Concrete - Steel
ORC @SRC ®Steel @CFT
construction  construction construction construction

1 RIS BT RO K
Fig.1 Column styles in large buildings

X rva B Tidndt it EE L RCHEDS CHEH

FBREE 7 4R - R T VREREITRICOWTIZSiE
vawm#%<ﬁﬁéné&a,ﬁ£%®mbmmt
TR GHEEZBINLTWwb, & ICSHERCFT I
DOWTIIEEY O RS R &2 T o ICBET 5729
FIA T VEREE R U AMEASER &, FBATICH LT
D EVILIMEERE VRO H N5,

2. SEICETIREROESERX

G E REMBES L L2T — X VHEENS M
wHoh (R2), WEHEGEHDTE, Bl ToiLe
B2 N2 (@) & (30) BaEEk, il

U il v 5 —

44 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 74 No. 2 (Nov. 2025)



B2 #$iE7— A GO A=Y
Fig.2 Image of steel rahmen structure

Circular steel
pipe column

Square steel

pipe column (b) Continuous

column type

(a) Continuous beam type
3 HEFEOEAEA
Fig.3 Types of column and beams connection

SEL7ZZRERY M5 (b) HEBEEASH2 (B3),

(@ WEBLYA 7774k E TN, &ITHAE
THRELTWVWS, fRMICHAD EMELRERTDH 5P,
T—rRER Ry bEOMESRRL, WHoOREE A
MUIZH#E L 72K & R85 0, AR K L2 5K
Lo T2, (b) (X TR &Y O BT
HRWHAEICZ VSR, W4T 75 2R
INb,

3. BEFEDAAEE S OIME

SEOBAHPE, (1) BWES, (2) maniEs,
(3) ML EIN D, (1) IRV - F o b,
YRy b, #RE (2) T2 EE BRBE L
—EE, E% TABERE, (3) BESHIFELR
R TH 5o BESKG T, BOEAMRE L RINEEHE
ik, BEE, MR EDE,2S, (1) (2) oftE
THHRNVDE - F v beT—0HEPHLNTVWS
(X4),

ANV E - F v bOEFNL () BEHOF Y v TS
AR E W (HioiEEs), (b) HMEHLIEZIZ W,
(o) HmAMI?NI W, (D) KE»FEALIZ W, ()
AREEZBRBLLTV, (O fEBEOREWNEH N LTH
%o WolE) AN, (a) REIMICHEADIGE S 2 REME
BdbH, (b) WFBRLAHEIZEHFPHOBIRAD 5,

K4 KVb-Fy MERET—7EE ([ A=)
Fig.4 Images of nuts & bolts joining and arc welding

(c) HEMEICAE, (d) SBICHmi RIS ET 5, (o)
WABEETHDLE VS EBEITONS,

¥, T BEEOENE, (a) STPRRICE ST
ahe, (b)) WE - CAMOBEE S, (o) A5
LRI, (d) mEsE, (e) KT A Mo EXFTH
Nbo VolF)EITE LTI, (a) FLEH D &MY
7B E R, (b) BWiHEEZLEET S, (o
IR BaASE & 3 <, oI LIz v, (d) KFE (X
RN &), b M, BB E Vo 2R e R OBEN
BiFoh b,

COXICHATEICRENENEN - HKDd Y
A R LGl cal i SCTvw %, KOBELCO
FNV—7Ti, Kb -Fy bRV MY, T—72
BEZULBBEFEERME oV aEET 7 /W, ax
VI ROBOTIiX % ESE MM YY) 2 — a v &2t
BELTw5, F72, RV b - F v MHAOETERERM R
BRI CEN AR % Yk ki 7 v I FEEERR M sl L
TWwb,

4. 7B

T— 7 B, ERIEME RS BRI B
V2 LHRERITINA, BRI TOPGEIZHITSBL
Wi CIRIECEH IR TwWb, 7—Z7EEI2iE, %
FALDERNCOWE 7 — 7 5H, Q% 7~—I7—72
B8, OV 7 MuRT 7EE CRREIIET — 7 6%
TRV, LERELTIITREDS), @/ —F X
B, OFAY—NVIT—2%%, OV bOFTAT
— VR R EOMEN D L. UK OBHHEEL M N
DB R EHEME 2 TR L CTB Y, 19404FE0H
ERIELIRE, B 7 5 ONE, SELICHEBLTE
720

F72, BOEESLEE SNL T -7 HEROE L% H
&L, 1960 EACHIBEIZ IS BE P & i 2 TR L o BRE
EEDRIBL, BRMERBERELT HARSHTERT 572
DOBEFH LRI EBERL TE 7,

2512, HEL - EReAl - maEA A R 2
WEBFFITHNE AN, 1980 ICHE S -84
BEMIAET Ry Y AT A, ST EE TR B
BFIZBNT, L THHWZZ2WTWh,

4.1 RC3&, SRCEDAEFIT

RC#ER° SRCiE TR IV L 0GB UHTH %,
WAL 1960 4R8I, S AT L2z & LTt
[KEN (Kobe Steel's Enclose Narrow-gap) #:1 # B L,
IR 7Y BAMEZMKTE Y, N2 EEER

RsD = 551154 /Vol. 74 No. 2 (Nov. 2025) 45



THRIETLTETH L. BT BN EHE T — 2
BB TH o720 SHIT19894 121, I hr kB H A
V=W T =7 EETERT SR O [KEN-SH
(Kobe Steel's Enclose Narrow-gap Welding-
Semiautomatic High- Performance Process) | % i
#L72Y (B5),

IS oEMREIX, aNVaEET 2y oS4
¥TH D MIMEEY — € AWTIE L TV 72h%, 20104F
2 (&th) HARSHM T CHERBE L, 4 [JCel
THICEE SN, BIERHa@BEE e LT, Sz
TERSh TV Y,

4.2 SE—HFRERADBERI

HEEERICHW SN AHEMICIE, HEM, HEH%
RAE DT, RN 2 & OB A
BN, T Tl RN % S AW A 2 0
D EF 5. ZOMMIZMEBOXHEE &I S,

WdElx, AMDAF Y7L — b EEN SR & wlii
DIZDODEEMONT A T 7 F ATHEK S, ThEh
ERDPEREIN L, MERELRTIE, THEIZFIC2T
#T, NEoBEZE» oS (B6).

7L — MELSHEORFHNIHS S 1555013 Ak
FLIFENTBY, SRERN L SATHEETELRE
M 7~—IT7—rERENHsN (A7), 2E8EEE

O@g\ Shielding gas
i
= - e e

N7/

Copper
backing

Vertical joint

H0£izontal joint
5 FUR#kMAEED: [KEN-SH]
Fig.5 Reinforcing steel bar welding method “KEN-SH”

Inner diaphragm
welding

Structure
(Skeleton model)

Corner joint
welding
6 IEHAL AR WO AL O i &M R
Fig.6 Structure and assembly welding methods of built-up box
section column

BRIz y v F2RE b 2 DS v, WER60
mm%E#z5HE 1 NATIIEEREE 20, 20851
KEEA AT — 7 BT FRBH LB, 7<=V 7 —
JWBIZEI D2 AU ETHEREEIT) (K8). Wl
D RE €OV TR THBOHRIE 100 mm 12 b K5
HABELLTBY, TREELZ T LMK TIELS
T2, 7<=V 7 =7 1 S AWERRDOME, HHW
GBS A T~ —= D7 — 7 BHR TAH 2 i 78 s T
Wb,

WA, EEAMNL B O AT 2 SRR T
THERODEEMY T =V T — 7 BBV AT A=
THHHSE, BELTEYY Y, WEDEEY AT L0
AR 9 ITRT

Wol¥d, NFATT7IL0EHICIE, =L7 X
B RESHwL NG, AT T L—1, ¥47T
TN, ELXTH2HEM > TR0 & 9 12§20
2D, TOHICHBEETIAYEEAT L7200 ) AV
FHIAF T — MRS LiAA, HEEIZH]

=

7 2WY T —TT — I EREICL D 1 S AREART O
Wi o6 (BE 50 mm)

Fig.7 Example of cross section of single pass corner welding joint
by double electrodes submerged arc welding method (Steel
thickness: 50 mm)

i

K8 KEEHAT—7 T+ 2BMY 7~ -V 7 —7HHICLS
R BT ol of (HUE 80 mm)

Fig.8 Example of cross section of multi-pass corner welding joint
by CO, arc welding and double electrodes submerged arc
welding mixed method (Steel thickness: 80 mm)

9 UHELABM I HIERIHAE O AR TFH L ERY T —D T
— 7B AT AOH WA A ——T v 7 1)
Fig.9 Example of Kobe steel's multi electrodes submerged arc
welding system for corner joints of built-up box section

column (Delivered customer: OATEC corporation)

46 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 74 No. 2 (Nov. 2025)



EBITRBOBEHERITIDDTH D, BHEVI I L
Bk Lo 72139 A3 A — VIITE V. AR IR
ICHEBERTH P, WO TABMNKE L, »OBEHERIC
HEULBOBTENRZ LN 00, BEHEHOGEHHEE
MEL, BHRHLOMESIEIBEEIND r— AN D
bo TTT, MmE - BMULANEELDOTIL S b
AT FEEMEOREIEL B A A, ARPTTERE KA B
SHISHRABIFE SN T WD, BmHAZ UAMEH L LI
M, 17978720 OMAREZWS L CHRERKZ 5%
DB L 2 B KR D = — X258 £ 5, 4k
THRABIGEREFMKZHEL TWwb (K5 pll
(KA BT 32 08 0 8 4 M % ) 780 N/mm” % 4 o Bl 58 |
B L D16 [ K A B i3 35 oh i S48 38 H TMCP 8 A
L),
4.3 SE-REEFEAOBERMN
WAERDIEL, T o 2EAERE EREN
WTHAED LEMENRZEHE 7L 22X )R L
MOEFH1EI S L I 2 % 4% L 72 H
W REEERTH 5. WMERBIN SN HEE
BRECH TV T7 = HETHY, TIURERT A
T = EIHAGDENDL DD D, Pedh ETT
HHLNHROERIE, T— AT EIHEN 5 5k
VIV T BBV AT AEBRI LR ST
(E11),
PEGEERIZ, W A — o ORI & BE D o) IS
L0, BHEIrOREBREOMENHETEL L)1
olze Fiz, WEAIRIERIAEL D b BE TR Y
YTNVTHY, TAMEFNPE N Lrs, REIIK
BANEE b > TETVAH,

PR EAAIC B A TREZR1215RT, 5
LR L OBEHHC, FROWMELTAT 75 0%/
W Lo T GRS aa) PHEOIESN 5,

Skin plate
plate

Backing
plate s .
K10 TV 27 bRAT FHEBICELDFATIILEAF VT L —
kT R & VBT 1E o 51
Fig.10 Example of cross section and structure of diaphragm with
skin-plate joint by electroslag welding

Boom

welder Inside welding

E11 TV AREHIED Y — 288 (L A=)
Fig.11 Seam welding image of press forming pipes

B, ZOaTEMIc, BUBES TRV - F v ME
GE3ELOOBRNHEHE ks A0 FE2E 797>
N #FAT 778 ETSL, NS LICEROM
BICHBE S L C, THREORKIERE 25, &b,
HGRFIIBWT, RLOBEAZRVDE - v FTlE%
, BRIZX->TEAT LA, 797y FolUHZ
BWEINL, 2T 70y MHREROE SR B Rn
720, L oM~ OM%ET 5272007 v 7 1HY
7o) OFREBAADH 2, WHEEPrDOIA N V2% D
Biid® 2. LHALeds, BIGELORE TRIE T
R, BHEEBOFIRIEL B 20, EHEERELO
F ATV DENDIEE LT, SR N R R O
HTHENRD L EEINL, 7272, ZOBYBHENFAED
M D $Z { O gize L EEREHAPKSN>0H %,
WAtiL, TEVEICEN D BIERE $5720, T—7
BHAFM L2 I EPRATFEIC X 50t TR%% 17>
TWBAS, ARTIREMT Y0,

KT, MI2ICR L RBH AT — 7 Bk, A
FILEBEETH - 7228, BERLHF TRy b, oX
v NEATBEIHAIA ¥, BT RV afhET
MR ENAEHEORY PY AT LD XH I hoTW
%o JBAEREO R MEIR D WRETH 0, S EETY;
DPHh —E 37, 4 vFy 7L LTiE, H13I1IR
T LI, QaTE#Er EIT) 2dDHAR— AT
Bay - ARLENEEY AT A, QR0 a7 EEY
HBEIIZAT ) 720 O8kE a 7GR Y A T A, OO
A 2 AT O 720 D8 IR Y 27 A,

Core parts
assembly

Steel plates '
welding process

(Diaphragm)

Short size steel pipe

12

Core parts
and beam brackets
_ welding process

Short size
H-section steel

Long size
steel pipe

Column assembly
welding process

12 PGB A ORI 2 EHAL L LA & R i o — Bl
Fig.12 Welding assembly typical process of continuous beam type
column and an example of weld joint cross section

RsD = 551154 /Vol. 74 No. 2 (Nov. 2025) 47



OREROMAZFERTE ZHKALNLER S AT 2 0H 5,
F 72, WEIO MG CEI LB e LT, W
BIFHOBEREIC X > TEIE - BEOWEHMZ TV, RER
HAT =7 EHORIT T > 72 2738y & 5% KRR
F2 [REGARC™] 7ut 225 F 5z, Wit
DT — 7 HHEI [SENSARC™] vV —2 (K14) @
A TEIATRELMEABMN TH 5o BHEMIC I D HEET —
IO ANy FNENEIRE N, BHEOBRTHRTH LB
TR RER S B e 208y ¥ REEREO T & B A
KIEIZWY, T2y LI2HB L (B15),

REGARC™ & 2008 4E 12 %2 I 1k L, 2021 4F 12 1% New
REGARC™E LTN—=Yary7y 7452 LT, &5
HAHEANR Y ZLz o TWD,

4.4 I OBEERIM

ZHM ORARFZMTHEMTH 5. HEMICIZELET
Wikae ey B3Wf “m—VH, BECHEL W Y
VEH ©28xHY, KA A ZRBEIIERITE NV
FHE% D, EVFHTIE, w7875 0 IO
ETAREBHESN, BRI T — Y7 — 2 BN
Z{Mveshns (K16).

13 HEM I ARCMAN™ $kim#ia Ry b ¥ 25 4

Fig.13 “ARCMAN™" steel frame welding robot systems for column assembly

LI

I
! |
{ |
! I
/ I
/ |
v v ~|
g d .
h : Time - g
'

Formation ' Transfer Formation  'Transfer

Current

B14 €A/8y 5 CO, 7 — 7 7 A [REGARC™] oAk
BB E, Mk r A3 57 — 7 BHEFSENSARC™
) — X ORPHERRAS00

Fig.14 Basic current wave form of low spatter CO, arc welding
process “REGARC™”, and the latest model of “SENSARC™"”
series generates this function “RA500”

Conventional

REGARC™

B15 —fM7 kI A AT — 7 %4 L REGARC™ 70 £ 2 TD A
2%y A IR O g

Fig.15 Comparison of spatter adhesion states with conventional CO,
arc welding and REGARC™ process

48 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 74 No. 2 (Nov. 2025)



BRI T 5121%, RHIFDIED, AT 4 7F LI
I B R R B ) ORISR % & ORI ESE DL
b, HMHARICHRE, &FE PMEERHOTRy b
AT A AREFEHCERFICA - 72 (R17),

4.5 BRIGEF OEERI
BT, THTIELNIA L R &M% 2
WCEDBEL, BHRLV MESGE T — 7 BEHOW
FiEfliv, HERMARTEEOMEEZ EIFTu s, i
i, BUGEFT ORMBHR LA LDDH 5 & o)
HRERLEDPOEEONL, ZOMEITKH L TH4ET
i, MRS Ry b [AR™] 12X o THEE
T 5o AR TMIIAEKERR 6 kg &) MEREEREAD
L, REMOBREDIALTHY, HHIKRD LIX
B I bEETL =V EICR AT 5 2 THEAT
o TRy MMBIEBIY#H A X — Y ZR18I127R T,
AAR™IZTF I, A, b e BB RIS TMIATE B8
HeT D RIS HBAE OB A A — T LB
DOWIHEEZB191IR T, UM ITaRy FETF TR
<, BT I v 7 AN BT 4 ¥ [Familiarc

Web plate
Flange plates

16 YV FHEHMMIHY 7<=V 7 —27 FTHTAREEDO A
A — T & Wi — 1

Fig.16 Image of flat position fillet submerged arc welding of build
H-shape steel assembly and an example of weld joint cross
section

Stiffener

Ring-shape hole reinforcement

R17 REM OWEHEA A — Y & ARCMAN™ k43 KT REH o R
v NAT A

Fig.17 Welding image of beam parts and “ARCMAN™" steel frame
welding robot system for H-beam assembly

DW-1ST, -55ST | Otk 2iGA Lz T Th s, i
AT X B RIPREAR I B AT A TR <, R
KDL H25 BRy P TRZOHFA RV VWl
B b T E A WA Lo EEIc O WX, HIE
OLRIZELDEMEARKOENT WS (KRap97 [HE
H 2 B0 A AR B ByE B ol 7 ’%H”)o
ARMZEM LRy @RISR L,
m&%mw_tWQ,ﬁﬂ®%ﬂ%ﬁéﬁ#6%ﬂﬁ%
BTwb, B, WHHATIEIENAFE [ARCMAN™
PORTABLE] & LTEBLTW5,
4.6 FOft

RAE M R O FAM 2oV TIEAR 5 p5l [ B EkE 1
M E RTINS 54 > F v TN SRV
TS, Bk RE K Ok, MEEM L L LT,
(—%h) HARBESEZES % R OISRE DT b IV TR MR
OWEREM b W I Nz MHITBHMEO - v T 2 —
HELT, (—#) HARBHEHSOETEBE - BLA
PhEHEA B R B E R L 22 & 0 JISHM BN O/EE %
%l—%‘r Lf: 16), 17)O

T/, BEORy MIowTd, FAHae (—H) o
Ry NIEKTZORRZHIEL, uRy EEEEEER]
FELBEGFTOR Y b AL — FHIE OB E GE L
72o TNHOEFEIIBIEMA &, 4 & %o TIHK
DHIDELRS>TW5D,
HAEOBRESEOBEBRIIHBILIRKO=—-ZATH
D, PLYFRTHEH, &Czuary M3, LIFH
ERTIE Ve MK DIBEEREILTRL 20, 20
BERA L FALEETH MRS, 4 EFEHICEHRD &
By, YHREELosgn bz ARTYwS Y
(®20).

\Ov’erligad position

&-‘j—g Horizontal

position
n
,@5
7=

F18 WiEH TRy b [THA™] L 20BEHA A -
Fig.18 Portable welding robot “ISHIMATSU™" and application
image at on-site

53 j

K19 [t ™ ] % fi- 228 Ek: /BT 40 mm Bk T8

Fig.19 Column and 40 mm thickness beam joint overhead welding
applied “ISHIMATSU™" robot at on-site"”

RsD = 551154 /Vol. 74 No. 2 (Nov. 2025) 49



WAL, FERFNRZZT TR L, EERRRE CH.O0E O = R EW A NRLIER I WIES 5 B3 E A

EXRLE LT, N—F XY VEHERINL -V T VAT A ER DI ENL . HARDPHEETH LMY, Adayb it
[Fy 7HEBENL—=0 7 ]2 R dHE L2 (R21), WESFLH72DIZ, SREEEMOBEE - BETOME LR
FHEANRZ AT BRI v 7 —i, SR L4t WLV THERENZ T NE R L2V, Wold), MRk
MERFHEFTCTO0EL EOREXICEY EE L TV 52, FEDOANMARLBEDL BBEORETH 5, T DOWMjEE O
SO, BB a—TUVEMLIEIIhS T, w7212, KOBELCO 7' )V —FidinfHa i & L&

20254FE10 H 7 HICBPT L7 (R22), Bl XX it FtiBgs & ERLIC X o TEBLTW L,
RORY PFRL—FDAMEKEERIEBICEBL T

i < Z2 £ X B
AP D %o 1) SvARBh—. (—#k) BAREHIG & W He >~ 4 —. 2016, https://

www-it.jwes.or.jp/we-com/bn/vol_19/sec_4/4-1jsp, (B

2005-05-19).

2) Ak IREK HERAEEREEESME - 1Z) 22X 0. 1968, Vol98, Nog,
p.5-10.

3) RPN, ARSI MRS — Bl AT & 1989, Vol.29, No.232.
p.16-23.

4)  (25HE) B ARSI T A A — A X— V. https//jriijp/pdf/.
certification/kohonintei_ichiran.pdf, (& 2025-05-19).

5) RA I SESEEEMTEE - Hiliaswe & 1989, Vol29, No.231,
p.18-23.

6)  KRAPRELIE. S 5 B T S Mk — AT AT & 1989, Vol.29,

No.232, p.1-5.

T GEERR M — 129 72 X 0. 1974, Vol176, No.7, p.28-29.

WP fEIE A R&DANT HAHH 2015, Vol.65, No.l, p.21-27.

SN —1Z2 4> R&DMIT#EIH ). 2015, Vol.65, No.1, p.28-34.

EAARIRD—. (3N K& (T4%) Fse. 2015.

g 20T . PEHH R, 2010, No5, p.80-84.

M HEBALE 2. R&DA T B R, 2013, Vol.63, No.1, p.42-47.

FONEHMENE 0. R&DAT S8, 2023, Vol.72, No.l, p.27-32.

KA. R&DATBGIH L 2024, Vol.72, No.2, p.98-104.

B FMERAZ 2. SRAERAR. 2003, No5, p.40-45.

MR T2, (—4h) BARGIRE S & Sk U, 2000, Vol7,

No.26, p.13-25.

(—4b) BARER SRR SHM R B 4. S, 2002, No.l,

.32-37.

18)  JRHIAISE M gA s RS sMaE — 1) 72 & 0 Hiffrdte &L 2017,
Vol.494, No4, p.6-10.

19) T ILHE— R, wBesly. e, 2025, No4, p.34-37.

20)  HETAEHEETRMEE — 135 75 X 0 HliAnn & 2024, Vol 521, Nod,
p7.

g

20 MEIRFEITRENE L v & — N TOHERENR O T
Fig.20 Skills training at the Welding Training Center in Fujisawa
industrial operations

T G U
SO R oo 28X
SAERR =2

._.
2
32

K21 N—F XY VEHE N L -V F VAT A [Fy 7HEENL—
=
Fig.21 Virtual welding training system “NAP welding training”
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Fig.22 New Welding Training Center in Fujisawa industrial operations
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Latest Trends and Lineup of Welding Consumables for Structural Steel Colum

Takahiro YAMAMOTO - Hang YU - Yuto INOUE - Masaharu KOMURA
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Abstract

This paper presents the latest trends in consumables for gas shielded arc welding, submerged arc welding, and
electroslag welding, which are commonly used in the construction of structural steel colum. Also introduced is
the lineup of welding consumables, which is tailored to the strength class of the steel.
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BEEGAT, FWAY—WVET =28 V)Y FIAY, 7997 AAYVIAY, ¥ 73 —IT7 -2, L tuxs s

W, 590 MPafl sl HEHEA R, 780 MPa sl i &b B

F AN E =20254EBIME, BE325moHAR— &V
JGE L ERBRMABEL IV AP Y 7 —%, 20284E 235
TPEDE 385 m & %5 TOKYO TORCH 2% H # 4
DTHY, EHEZPOICEEFESIEAL Tn5, i
EOBRBE NV RHEER 2L, 2RO REFEE
D L E2HE LT, HEHDOBIEZIAT S KA
LR KRB EOMEADTRE > T b, IS
W, S NS S ERAER KRBT L2 HEA T v
A%, SR EROBINNC X DN TR T A b oRnAERE
ML b, COREERMIT 5FEO—DL LTHMD
EREEALDSEF SN, EAETI, BRI X 550 MPa#k
i %> 590 MPa #h 8 &\ o 72 B3R BE S A o0 8 A3k L
K502, HIHR S 780 MPa bk & 8w kg d 45 (2 5
XHBEDTND Y,

SRS T OEE TR, BHEREEAALE &
BBV lE) T, AENRN EREEME 0N EASRD 5
NTWabe $F7 779 75— THNTIE, HHEBIEMA
B ORI CRELME N o Ry b & v HEiEE
AERLTBY, HEHEAMVHEERESE (BT, BOXiE
L)) TREBRY 7~—V 7T —2B#ERPIL Y b
AT 7EHER EORANBN TENEH ST 5,

YA, 2SR AEERBEEMEON Lo =— X2
IR B, BESFIMTaRy by RAT AL HHEE
TAY OIS, X 5HIC5[uki S 780 MPa kil & & 72
KIREE 7 T A OFMIIITIE T 2 IEHAM B OB & # T
Who ARTIE, BESFEEMEHINE TR —

K7 — 7 WM, b7~ —Y 7 — 2 MR, Ly
IO R T TEEM RO REE 7 5 AN U7z MR
DIAVFy TERBATHE LD, BIEEMEORD
B OWTHAT 5o

1. RBBART7—-UBERV )Yy K74 %

1.1 SBFERE Y S RZB L EBEMBOS (> F v S

WA RIE 7 5 AN U722 BT Y ) v K74 Y
DIAF v TEERIITRT,

Gy TR SN A REWN LM & L TR Z s
A TR L 72 B i s S O fa g (DUF,
a5 HEVD) BERITFONL, 2520, HREEICX
HMTAALICE D, EMTHLAHROBEL ) b LA L
TWA 720, WHEMENIIN TR L0828 L CRE
THLENH LY, HIZ1E, IR X590 MPafk 2 7 4
121&, 690 MPaik@i BB A AT — 7 RV ) v K74
¥ T# 5 TRUSTARC™ #V MG-70 3 & ' TRUSTARC™
MG-70R (N) #%3EwET 2 LENDH 5,

HE77 7= THBNTIE, 25 20OEEICERN
ZEEHA O Ry FEHWBERET Ry b AT AH)EL
fibhCTnbd, BroBEHFMIFHEHEaRY N AT
RZIE, BRI A Sy ¥ 2 EH ¥ 5 REGARC™ 2
TULAZEELTBY), ToOTatAEHT AL Y

i 1) TRUSTARCIZ U OBEHEETH %,
Wit 2) REGARCIZ B4 DB T 5o

U Bl v v —  WEERSER R Bk v s —
WM Bl v v — BV AT A

EHHIERR (B EHRERM B A Y A Y M)
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Table 1 List of CO, solid wires for building structures

Grade of steel plate TS*! 400 MPa TS 490 MPa TS 520 MPa TS 550 MPa TS 590 MPa TS 780 MPa
/ / / / / /
Welding joint Column type YP#?2235 MPa YP 325 MPa YP 355 MPa YP 385 MPa YP 440 MPa YP 630 MPa

[esmmsc \iG-50R EEmliEEETE
FamLARE M G-50R(N) [ musmecrpiG-60RMN) | | TousmaneMG-TORN) |
Square pipe EAMILIARC \[G-50R(A) TRUSTARC™ V[ G-60R(A)

column [FAMIL ARC™ MG-56R ]

[ emanac" NG-56R QN ]

Column-Column [FAMIL MG-56R(A) J
(for robot welding) [leggu_:“- MG-50R ] [ TRUSTARS™ \[G-60R ] [ TRUSTARC™ \[G3-8() }
( mmminser MG-50RIN) ) [ musmacMG-60RON) |EES

o | [memanee MG-50R(A) ) | zeusmecMG-60RW) ]
ircular pipe T
column [FAIIL ARC™ \[G-56R }

[FA_WE'MG-%R(N) }
[ EAMLIARS™ V[G-56R(A) }

FAMILIARC™ M G-50 ‘ TRUSTARC" M G-80
Column-Beam, Beam-Beam, [ ]

Column-Column [ FAMILIARC™ \[GG-56 } TRUSTARC™ [ (}-82
(for semi-auto welding)

‘[ TRSTARS G0 ]

$%¢1 TS ; Tensile Strength
#%2 YP ; Yield Point

N) ¥V =X, (A) YI=ATHL. (N) ¥V -2 35 B Inner tube M Conduit liner = Contact tip
REGARC™, (A) Y —XIENEW REGARC™, Zh . 30 |
ZROT L AYINEHETA Y ThH %, £3 25
1.2 NEW REGARC™BEEAV Yy K7A1 ¥ LR

FAMILIARC™ ** MG-56R (A) §E

NEW REGARC™ 7w+ 2%, #%®REGARC™ 7 g

0EAOEHMEE S S1THE#LL, 70 2 — VI 5 10

BV 2 WMBATIRBO LN BB XAy 5K 05

FEBLTBY, BRT AV EMEE KD 164 m/ 00
min 7%*5 180 m/min, R KIEHERIL320 A7 5340 A LA™ MG-56R(A) EAMLIAEE™ MG-56R(N)
IR T0De 74 Y RMEEORIINC PR, AR BI1 AR ERE Y RO~

Fig.1 Example about amount of contamination clogging in wire
feeding route parts

BONTPSTAXIZHEZ RN ERAT B, Lzhio
T, TAXYRKEOMD - R EDPHELRLT LAY, %
BRBNOEMCTH DI F—, £ v F—Fa—7, F
v FICETEDHRE T 5 2 & T, LE LT A VEGH
g xhz®, 22T, Y70k A0S 28R
TAXE LT, FEBRRRELEE T & TRELLY
AXEGELETVRZEM L (A) YY) —X %%
L7

(A) ¥1) — XD FAMILIARC™ MG-56R (A) IZ2\W\ T,
FAMILIARC™ MG-56R (N) % 812 NEW REGARC™
Tt 2B EIAF—, AV F—Fa—T, Fv7
WCHERR S 2 BB WEL 0 B A BRI L 72 B 350 A
THRMOBHZFERL, 714X 10kg47 ) OB
HNEEwEEE ) EoMENERI1, F v THROSER
HEHEZR212ZF N ZN KT, FAMILIARC™ MG-56R
(A) 1, 7TAXFEHEI VY Yy b4 FHHVIEAL v
F—Fa2—TLOEE (Lw ) L) BEEIKHIAMR L
722 LT, ERRHNTTA Y REOHD > X HWETEL
W ot EZbN5,

BHAR TR, 29524 Q90MPatka T 2, HE
32mm) E@ELY A7 7524 (JIS G 3136 SN490B, #

2 F v THROKRY
W7 3) FAMILIARC (324408878 T % o Fig.2 Contamination clogging at base of the contact tip
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JE36 mm) O CTEHE L7z, WA k]/cm LT,
SNAMIRE2ZB0CUTFEL, V—1FF v v 7 4mn,
10mmOZDODOMFE/ER L 720 FRIB L AT
Wi~ 27 o & MEEHEEZR 3, V— ¥+ v 710 mm
DEBREBEOBMMEE AR 2IIRT. B, Yy
Y — i iR R 13 3 A L2 SARE FIH~NE S 7 mm
DM E TR L 720 Wi~ 27 ah s, WARRLE— FE
HERIFZIBRERLTBY, BESEOMEL Y vV
Y — I T OV F — S @S g Tk b b Btk & 4
WZim7z L CTW5b 2 EMTER SN,

1.3 780 MPa#k A~ Y v K7 14 ¥ TRUSTARC™

MG-82

BRSO TIGB L OBISICB T 2 FAEBERIC BV
ThH, BRERLBERTIRD SNL, HEHEMEIIKD
LNBHEREL LT, BREBOBMNEEZT TR,
B ORI TR Z RIS 2ROV TH
W= ADDH Db, &I, AN F, TA4XEEED
YEATRD SENTEY, B hbo=— 23 d
LEMMEERIT> Tnbh, RN IZ L 27 1 Yk
WEOWFZZO—2THY, WRISMHAY Y v kU4
YIZH oM & B ST Wb, 780 MPakdi v v
v K74 % TRUSTARC™ MG-82 D Hfl % #i§ %o
TRUSTARC™ MG-82 e B i, #i@fETcr 4 ¥
ICRMLB 25 1S XD, fEkih & i L TR
TAXERERT — 7 REEEFEB LTS, B S
T4 VRS E T 5720, R4 OERTR

TEBOVOMOERM—F 7 =70V —i% E#%
300 mm O EAGRER & L, WHREOBHRER, 7—7&
JE, AP E M L 720 VA Y12 mm, BHEEMN
300 A, 36V, 30 cm/min CTiEH % £ L 72k £ % E 5
IR CRIERERS & LI LT, 74 Y RGO
EEAVNEL, BRELTVD I EWGD Db, T4 VAR

Improved TEWAMG-82 |

5003 I

V.

e L : ‘ L | z 1
L ; | | | |
0 Are voltage(V)

[kef]

Wire feed re sistane(kgﬂ

5 TRUSTARC™ MG-82CX K iih & it ki & w7z Ei, 7
— 7 B, BB LE)

Fig.5 Fluctuation of welding current, arc voltage and wire feed
resistance of improved and conventional [T] MG-82

Straight

Corner Welding layer

Root gap:4 mm Root gap:10 mm

35°

1
<t
N5

3 FAMILIARC™ MG-56R (A) &K T O PR R OO Writi~ 7 v & 8 %
Fig.3 Cross-sectional macro comparison [F] MG-56R(A) welded joint and welding layer

% 2 FAMILIARC™ MG-56R (A) A48 OBy &
Table 2 Mechanical properties of weld metal by [F] MG-56R(A)

YP(MPa) TS(MPa) vEgc(J)
Straight 567 645 Avg. 108
EAMILIARC™\[G-56R(A)
Corner Avg. 124
Spec.(490 MPa Grade) =325 =490 =27

Turn diameter : 300 mm

/ Torch cable : 6 m

Wire feeding resistance \

Wire feeder on movable table

4 T A Vet OB
Fig.4 Schematic illustration of wire feeding route
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EIOLEHIT — 7 ZER ANy F BB L G525
G THRL, CPHBEERO b —FIRE I LT
BHGRBI DD, YRMITLE L IEHREENEZ0 T
%K, WIRAESER QR IRMEIR AN R O HITF T & 5o

2. YT —TT7— U BEMRH

2.1 BOXHEABFHBEMBOZ1FvT
BOXH:OBA KM% K 6 12R” T, MAMFHEERIE
T—=IUT7 =% (LT, SAWEWw9) IZXH KA
B S ARELAIE S HH SN TV A, SiMEEs 5 212
& U722 BOXHABHHOSAWM DS 4 VF v 7%
EK3ITRT,
VLTI, 780 MPa @il HIVAEHM B2 1 g 1 S A HE LT

6 BOXAEIZBIT 2 BHAEFER
Fig.6 Weld joints in Box-Columns

Vs 2 TR e 7 v R B AR R IS & L C 2 g 2 2 R i T
BRI 721b o T b, KHEMERRICOWTIE
WHITRNT %,
2.2 550 MPa # & 1°590 MPa #5815 /Z sk & M F 2
INZBEMF

HEY ORREAL - KEYEIZEW R F v 7L — b OJER
LA TEY, ERERE LEO=— X iEFEv,. BOX
HEAEHHSAW A EHE, BE60mm ETIRE 1 /52D
KRABRETIZB T HRE LB ESHRTE 2 &
IWCEFENRTVE, WolF), WENMmMmBETIIY
— FIERREAARRE S D LITL L, WESKO g
i L= — A I TERVIEEE D 5, Z ORI
LT, WEBIRABEEZ G238 47822 2 8 3%
ADEFER LSRG SN D05, 2EOBHS 4 7 VE 21T
TR ESR I BN A A U5 e aER Ea s T
Whe 22 ATHNIZLEDRF AL 7 VTHY, &
BER ORI E ORI CTE S LWL, B
DHEFR T 4 ¥ TRUSTARC™ US-49 & #.AatbE 57
% 7 9 v 7 A TRUSTARC™ PF-I60K % Bl 3& L 72
TRUSTARC™ PF-I60K/TRUSTARC™ US-49 @ 7% fik
Z LRSI %0

A% ¥ 7L — MiZid, KCL A385C (75 mm) & SA440C-
ST (80 mm) ®DZFNZFNIZDOWTBOX ik % #ig L 72
LEORBAREIER L 720 RAITRTHEESMETHO N
TR HAR OB 2R 5, SRR ORRIEH
¥R 7 ICENEIURT Y AR 0T RIS O
BEZ TR L, Yy VE—RT AL F—12OonT
b AME, e HI27 T EZ T 5 2 &8
MRS N7z

% 3 BOXH:MABEHMN SAW BHAM B o—5
Table 3 List of recommended SAW consumables for Box-Columns

TS 400 MPa TS 490 MPa TS 520 MPa
Grade of steel plate / / /
YP 235 MPa YP 325 MPa YP 355 MPa

TS 550 MPa TS 590 MPa TS 780 MPa
/ / /
YP 385 MPa YP 440 MPa YP 630 MPa

e PF-T53ES / smpc US-36L

]

(musmanePF-180ES * ! /musmanc US-80SP |

|[ eamiuiare™ PF-I53ES /raustarc US-49

llayer-1pass FamiaRc™ PF-T55ES /Famiuiare™ 17S-361.

)

[ emmsanc~ PF-T55 TS / musmane US-49 ]

2layers-2 passes

[ TAusTARC PF-T60K *! / Rustanc US-49

31 : New lineup

x4 BHESEMN
Table 4 Welding condition

Pass Electrode | Welding current| Arc voltage V&;el:el:ilg Heat input Pr::Se:::gr'a;E;Zr Groove shape
(6.49) (A) W) peed (kd/cm) P » P
(cm/min)

L 2,250 38 :/33\7

1 16 618 RT. Y
T 1,650 48 7580

g —¥

L 2,000 42

2 24 396 <250 < >

75,80

T 1,550 48
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Table 5 Mechanical properties of weld metal

Specification

Specimen

Tensile test™1

Charpy impact test™?2

(thickness) location YP TS EL
(MPa) (MPa) %) VEqc@)
106 111 100
KCLA385 Face 459 626 26 Avg.106
75
{76 mm) Back 533 654 26 97 121 142

Avg.120

120 97 123
SA440C-ST Face 471 641 24 e 113
80
(80 mm) Back 506 648 o5 143 121 144

Avg.136

%1 Size of tensile specimen; Dia. = 12.5 mm, G.L. =50.0 mm
$%2 10X 10 mm,2 mm V notch

Face_| ar 310
Charpy impact
specimen
Tensile
specimen
Back
1 ECAES 1
\ hS % 47 ilO
[mm]
7 R BRIUAL 1
Fig.7 Specimen location

Through hole Test plate Restraint jig
(Window) J
Restrained welding
770
230 1,100
Groove
f »
1,530
{cross section) .33,
80 | - i o leg length : =40 mm

[mm]

IOUI
M8 BRI

Fig.8 Schematic illustration of layout of both restraint and test plate

% 6 TRUSTARC™ PF-I60K / TRUSTARC™ US-49 747 438 DA iy M2 — 151
Table 6 Mechanical properties of [T] PF-I60K / [T] US-49 deposit metal

Tensile test Charpy impact test
Wire /Flux Diffusible hydrogen
YP TS EL VE () content(m1/100g)
(MPa) (MPa) (%) »e
TRUSTARC™ PF-J60K / TRUSTARC™ JS-49 606 686 26 12?&;;?191 32 Avg. 4.4
JIS 73183 S621-H4 =500 =610 =17 =27 =8.5

BESROZEERTH Y, IR FH ISR ED D

CTUN) Tk Ak

AN Z & MR L 72,

T Ent, FE G SAMIRESMEE BRMAE RSN
R MR L 72 K8 IZEMH AR RO R
Bk a /R 328, RBRARK o0 8 SRR | L A B AR o s HEEI
BN L B X912, WK Pem O F W JIS G 3106
SM490A Z$RH L7z 8N 5%, R4 OBHE SN
EL, 152HEPHEL (#15C), 275AHD XA
WmEEZ 150C & L7zo WSS T 1k, A8WFMEIRICHE L
7B, FHBA S BB & B A4 U R sk (D
T, UT&w9) Z2FERML7. UTIE, JEHESEE + 10 dB
L, SHICHEISNZEREE — FiE FICHET % 8w
THEE L7z, MEBROMR, Bl L XV o a -3
D LN, EM %P B L -8 2 BHREE 150 LLE (250

TSGR\ 3 B A RN, JIS Z 31831ZHEHL L
A ERX SN LEE S b, TRUSTARC™ PF-
I60K/TRUSTARC™ US-49 D #l A& b & THE &IE D
SIS X O, KRR T i L 72, &6
KRB R AR T, BESROMEX S (]IS Z
3183 S621-H4| 1244 &, 590 MPa#k i o ik J i 12
TS 2R L7,

2.3 780 MPa#k#i BOX#E A MF 1 /N B EME

AR, S OERIEIC L B AF Y L — b OMRAL
OWNb H D, 780 MPak il A5 HEH S NG T b,
590 MPaf% 8l T BOXHAMFHEEL, 7~ —
T—=7@HICELD 1 NG L)AL EH SN TW 5SS,

RsD = 551154 /Vol. 74 No. 2 (Nov. 2025) 55



R7 WHSM
Table 7 Welding condition

Electrode | Welding current| Arc voltage

Welding speed| Heat input

Flux / Wire (6.49) ) W) (cm/min) | (kd/em) Groove shape
35°
Y
L 2,050 40 A
50

TRUSTARC™ PF-T80ES /
TEUSTARC [JS-80SP 20 462 . 2

T 1,500 48

s

T e Ry
e et sl T

56789/)123456789:{)123456789({)1234567 83
T T S e S G S R

9 TRUSTARC™ PF-IS0ES  TRUSTARC™ US-80SP iA kT 0
Y— FhH B
Fig.9 Bead appearance of [T] PF-I80ES/ [T] US-80SP welded joint

£8 WHEKEEOEMIME

Table 8 Mechanical properties of welded metals

Tensile test Charpy impact test
Flux / Wire YP TS EL
MPa) | MPa) | (%) VEwcld)
TRUSTARC™ PF-I80ES/
prm———————" 644 822 19 Avg. 79
Spec.(780MPa Grade) =630 =780 - =27

780 MPa Ml 13 5 LRI FE DN A B DL /S ZAEHHF
T %o 780 MPa il sl o ¥ 45 48 3 AR H A sz 1k A3
WO THEI L, FER /S A MRS 2 ek (A5 B B AL EAS
Hbo 12, IABDENRABHETIEIT—27 7120 E
WZ ERLIETAEMEIRE V. REITIE, 780 MPa ki
BOX D AMTIAT U 1 S ABES Ry 7~ — Y
T — 7 BEMBTH BT 5 v 2 ATRUSTARC™ PF-
IS80ES, 7 A4 % TRUSTARC™ US-80SP @ #4512 o v
TN T %o

B OB ONWT, 74 Y [JIS Z 3351 YS-
NM6J), 7 5 v 7 A& []JIS Z 3352 SACG-I1/, JIS Z
383D VB ELEREOME K 5k [JIS Z 3183
S804-H4| 12/ E N5 BHMHETLEIEZ, AF TV
— MIZKRABAERE780 MPa#h sl (BE 50 mm) % Hw
TR7 OBWFMTHE L7, ©— FOMNBZR 9, W
i~ 7 v Z2B10127R 3. WHAEREMER, 590 MPafh LT
DU B N LB L FERETH D, Bk
RS RIFCTH 5, BHESROBMNEE 2% 8 1R
Fo HIRAERA TR 2 20 5 10 mm (78 O EH 4R
g, Yo V¥ — iR I M T2 S 7 mm AL
BTN L 72, BESEOTIEMNERRIX, AF 7L -}
MK EREL, Yy VE—RIZ 2 LV F =12\ T
i, FEHTT JUEEmET S Z LR S .

X110 TRUSTARC™ PF-I80ES  TRUSTARC™ US-80SP {A#:4k T 0
Wit~ 27 o

Fig.10 Cross-sectional macro comparison of [T] PF-I80ES / [T] US-
80SP welded joint

3. IL7 MARZTBEEMH

3.1 $EMRE Y S XIS U HBEMROS A>Ty S

IV 7 MuRT7EE (LT, ESWEWw9) &, &
WZIEAR DL AR E SN L EREE 70 A TH
%o BT S N-ERA 5 7 OIZ T 4 Y &
BRI ERE L, TA VO ME SN EIRICE D FHAET
LIEMA T 7 OWPFEEEFIH LTI A Y & B %
TOHRBETH ALY, BEKFTHIHTIE, K6 IRT
BOXMHIZBIFBAAF L TFL—F e WNFA T 7510
EWICELSBEHENRTWD, X IWTHMMBE Y 5 212
L7294 v Fy TERT. B3R 2 B350
OWii~7 B2/ L TEY, HAATELRBEL T
bo TNIZEY, THREBAAPHELNTVD Z &3
ATE D,

ESW &, JR#EPH 2 BECR LT 178 A TOBEHE A
BETHY, Ay FDORENITEAELZND X, WBERD
FIZIZIZ100%TH B E VI FEEXEH S, WolT) TH
WABIEEPE) 7O A TH L0, e LIBERT
MREDOMERIIEEREE 2 5, BHETIE, Zhbo0if
FEIZHIS T %, BSESAT 10 ESW H 7 4 ¥ O BFE I
DHATVS,
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3.2 550 MPa® K U590 MPailksili 75 v 7 AAW T
1

BOE O REREIEERHG Tl, EHABORKIZED
BERTEROMAIET A Y2 5B 5885 %
WS LBl HEHODV Y v KUAXOREZ,
TAXHHEL %) s FICGRESE LD BER T A Y%
MHEICEEEEZBXIIT) AP EINL, Thb%
BRICEERSREADPEL LT T v 7 AAD TAL XY 2R

— A & L 72550 MPa 3 & U590 MPa il il (2 X &3 % 7

Fig.11 Example of ESW cross-section macro

4 ¥ FAMILIARC™EM-56ST 3 & Of TRUSTARC™
EM-60ST #Bi% LT\ 5, FAMILIARC™ EM-56ST I
[JIS Z 3353 YES560-M ], TRUSTARC™ EM-60ST &
[JIS Z 3353 YES600-M | (2S5,

JIS Z 3353 MR FEHGRERIC BT 5 B4R O BRIy
HERABAERO—BERI0ITRT, WTILOTA YD
H&L6mmTH Y, 75 v 7 AIZFAMILIARC™
EF387 7 v o7 RELMAGOETHHEINS,

BT, EW B SN WEICE
WC, JODRABRELGBYATT7ITLEAF YT L—b
DOAEHEE LT60mm X 40 mm & 65 mm X 45 mm
ZEEL, BOXBWNFA T 79 A%E LTS
WFERAZER L 72, SMOMAGDbEERI, BHES
B LUREERER12ICENREIURT,

BT ORI EE 2RISR T, WTNOREE
MBI A5EMREB L Y v L ¥ — B RE I E
SN ANRY 7 2 TR T 5 2 ARSI N, ¥
YV —HEEEBICHLT, BREEOAL LT, ESW
BRI ER SN M TH %5 Bond B & VHAZ
(Heat Affected Zone, Bond+1 mm) I2BWTH, AR
v 7 TR T A 2 LR S 7z,

R BEHEINT LS FORAT IEEMEO—EE
Table 9 List of Electroslag Welding Materials for building structures

TS 400 MPa TS 490 MPa TS 520 MPa TS 550 MPa TS 590 MPa
Grade of steel plate / / / / /
YP 235 MPa YP 325 MPa YP 355 MPa YP 385 MPa YP 440 MPa
EAMILARC™ [[F-38 /EAMILIARCES-55 ] [ EaMILARCEF-38 / TRUSTARCES-60ST ]
Solid wire ( sawwpnc BF-38 ) eisec BS-555T ]
(Flux / Wire)
( ewwisecEF-35 / ramusnce ES-565T )
! 'd
Flus cored wire [ FAMILIARC™ FLF-38 /EAMLIARC™ EM-56ST *! —

(Flux / Wire) TRUSTARCEM-60ST *!

%1 ; New lineup

10 JIS Z 335312 HERLS % W44 O BRI M B
Tablel0 Mechanical properties of the weld metal in compliance with JIS Z 3353

Grade of steel

Tensile test (center) Charpy impact test (center)

(thickness) Flux Wire
YP(MPa) TS(MPa) EL(%) VE 5¢(d) VE (@)
550 MPa | by pprcegpe-3g FAmLARE™ EM-56ST 483 657 26 - 51,78, 57
(25 mm) Avg.60

JIS Z 3353 YES560-M

590 MPa

e

TRUSTARC EM-60ST

126, 111, 115
Avg.117

JIS Z 3353 YES600-M

¥SESNET® #% GAP:23 mm, DCEP, 1 layer-1 pass , 380 A-48 V

R EHEMEB X UM
Tablell Welding consumables and steel plate

No. Flux Wire Skin plate Diaphragm Backing bar
1 EAMILIARE™ [\ [ 5 6o K(,I.j A385C-ST K(TL A385C
(t: 40 mm) (t: 60 mm) JIS G 3136
s T8 SN490B
9 TRUSTARC™ [0 [ GOST KC]_j A440C-ST KC.fL A440B
(t: 45 mm) (t: 65 mm)

i 4) SESNET i3 H $:i5# THEMOEHHETH 5.
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F12 HHEMB LUK
Tablel12 Welding conditions and groove shape

No. Welding conditions Groove shape
. Pillar |Baking bar
1 H.I : 861 kd/cm (ckin plate
380A-50V
Wire feed 123 mniDiaphragm
speed'9 m/min N
2 H.I :964 kdJ/cm Q
Baking bar

F13 BHAIR ORI
Tablel3 Mechanical properties of the weld metal

Tensile test (center)

Charpy impact test vEqc(J)

skin plate side

No. | vyp TS EL RA Weld metal —
(MPa) | (MPa) (%) (%) (Bond-1 mm)
Bond (Bond+1 mm)
1 119, 84, 128 141, 122, 83 117, 120, 127
460 659 26 70 Avg.110 Ave.115 Ave.121

2 481 700 25 70

167, 114, 166

Avg. 149

115, 68, 109 124, 111, 108
Avg.97 Avg.114

OV =BEHFHEICH T B iR BT H
WO FEREALS L CIEAL R EDTfi0=— X1 L,
EHAMEL, BT O CHEANHEZ T > T& 7. 4tk
bigEZ B L, BEMKOBEZMHIL TN LT,
Lz BLHREHLOLD - OO DIZHBL TWE
W

£ X #

AN 120, KB £ > 7 — . 2013, 454675

| ST RIFSE B 7 N SR ZE . 20184F R ¥ BB I 4 T4 48 3 it
ML~ =7 V. 41K, 2018, p.148-149.

FONEMENE 2. R&DATT H40H . 2023, Vol.72, No.1, p.28-30.

— AN B AR A, AT B o BRI P o
B~ = 2 7 )V ~F R - ¥ v L ¥ — R~ ]SS V
13 -2025. 2025, p.57.

B E - DR S, B8 - AR, BT Elb
Jikkst 24t 2023, p.56-58.
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RE-SET Cable” System for Repairing and Reinforcing Bridges

Ryohei ARIJI -+ Tomonori HORII + Shigeru ARAKI

BE

TEROEFACRHFATEDOHINC X0, WKL ELERIBML T Wb T X9 Zerh, GRS
EO—TH B — 7 VAR LBEIZOW TS TFEPMLTB Y, H S\ s h, SiiErommA
GOV =T VIEPRRD LN T B, S, AN X T THIENH N r — TV ERE L2 825,
Z DR YRR R I TERE & HERE L 72 BB RSO W Tl § %0 £72, EMRTOT — 7RO JBEM O
Wy P, BRI EORITRRIZOWTHHET 5,

Abstract

The number of bridges that require reinforcement measures is increasing due to the aging of the structures
and the increase of design loads. In view of this situation, there is also a growing demand for the external cable
reinforcement method, a type of bridge repair and reinforcement method, and new guidelines calling for high-
performance and high-durability external cable construction methods have been established. In connection with
this, a new external cable has been developed, which excels in both durability and construction. This paper
reports on test results that confirm its effectiveness in preventing rust and enhancing fatigue performance.
The paper also reports on the construction situation, including the handling of cables and their surrounding
materials in an actual bridge, and the tensioning method.

FEATURE : KOBELCO'’s Materials and Solutions for Architecture and Civil Engineering
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Table 1 Result of load transfar test (crack width)

(mm)
PC strand size
Load step
152 17.8 19.3 21.8 28.6 304
0.85Py - B B - =0.05 -
1.1X0.85Py - - - =0.05 =0.05 =0.05
Py B B B 0.05 0.05 0.05
Pu 0.05 0.10 0.15

Note ) Py : Minimum 0.2% proof load,
Pu : Minimum breaking load
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Stealth Brace for Traditional Wooden Architecture

Yuto HASHIDA
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Abstract

In recent years, there has been an increasing incidence of traditional wooden architecture collapsing or
suffering damage as a result of earthquakes. These buildings often have open structures with few walls, making
their seismic reinforcement challenging. This paper proposes a seismic reinforcement method utilizing high-
strength, Galvanized steel wire, which possesses sufficient yield strength, toughness, and rigidity to meet the
required earthquake resistance performance. Both ends of each steel wire are processed with so-called button
heads, allowing the steel wire to bear the stress through the button heads when a tensile load is applied. When
a compressive load is applied, the steel wire-end escapes to avoid bearing stress. Therefore, it is expected that
the stress generated in the metal-fitting body or column/beam members will be reduced. A horizontal load test
has confirmed that the proposed reinforcement method yields sufficient strength and toughness. Going forward,
the arrangement angle and fixing anchoring fittings will be employed as parameters to expand the scope of

application.
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Table 1 Mechanical properties of galvanized steel wire

Property Value
Nominal cross—sectional area (mm?) 38.48
Unit mass (kg/km) 301
Tensile load (kN) (60.3)
Tensile strength Tensile stress  (N/mm?) 1,570
X Yield load (kN) (44.5)
Yield strength Yield stress  (N/mm?) 1,160
. Elongation % 4.0
Elongation at break Gaugeglength (:m:l) 250
Elastic modulus (N/mm?) (196,000 )
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Table 2 Dimensions of test specimens
H (mm) V (mm)
[Pin joint type] 2,760 1,820
[Welded type—1] 2,730 1,820
[ Welded type—2] 2,760 1,820
[External type—
clamping hardware, 2,730 1,177
clamping wood hardware]

x3 MESE

Table 3 Material dimension

[Pin joint type]

[External type—
clamping hardware,
clamping wood
hardware]

[Welded type—1]
/

[Welded type—2]

Foundation beam

120x 120 % 2,180 120x120x 1,897
(Douglas fir/E110)
Horizontal member 210 %210 % 3,000
210x270x 3,000 ! 210%x210x2,357
(Douglas fir/E110) 210x270 % 3,000
Right pillar
120x120x 2,561
(Cedar wood/E70)
120x120x 2,685
Left pillar

(Cedar wood/E70)

120x120 % 2,541

Galvanized

steel wire ¢ 7-3,280%2

$7-3,126%1

$7-3207%2 97-2926x1
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Table 4 Calculation of characteristic values

[Pin joint type) [Welded type) [External type] |

First unit | Second unit | Third unit 1 wire 2 wires Clamping C'@Tfé"g

IR hardware

i omess K| 0547 | 0549 | 0539 | 0415 | 0529 | 0.190 | 0.190

Y e 4215 | 3968 | 4060 | 2281 | 3943 | 2308 | 19.17
Yield Qepecsrent | 0,027 | 0025 | 0026 | 0020 | 0026 | 0.043 | 0.036
ey =" | 53.20 | 5358 | 5354 | 2823 | 5397 | 27.73 | 24.19
Vitmate diplasement | 0,106 | 0.098 | 0.104 | 0.096 | 0.108 | 0.108 | 0.105
Plasticly rato 3163 | 2914 | 3040 | 3924 | 3050 | 2099 | 2.340
Structural characteristic | 0433 | 0455 | 0444 | 0382 | 0443 | 0559 | 0.521
e ) 8.613 7699 | 6.697 | 3.138 | 2723

* The gray shading indicates the test of a single steel wire.
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Lateral Buckling Restraint Method for Steel Beams Using Stiffening Effect
of Slab

Fuyuki ITO - Dr.Takeshi TAKADA

By

BEROLT T Y IPIRAT TIZX MW R 2T T D54, Mg e B UAEIR 2 T2 w2 & 5B
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SRR TEREREM 2 U5 L T %,
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Abstract

Previous research has confirmed that when the upper flange of a steel beam is restrained by a floor slab,
lateral buckling is less likely to occur than in a steel beam. Kobe Steel has conducted new experiments and
analyses to establish a method of evaluating plastic deformation capacity for steel beams with floor slabs. This
evaluation method has been certified by the General Building Research Corporation of Japan (GBRC) as “Kobe
Steel's Lateral Buckling Restraint Method” under its “Assessment of Technology for Building Construction”
program. The features of this method include its ability to reflect the rigidity of multiple-line layouts of headed
studs across the beam width in the design, and its ability to evaluate plastic deformation capacity in accordance
with the collapse mode (lateral buckling or local buckling). This paper describes the experiments and analyses
conducted during its development. The plastic deformation capacity predicted by this construction method
shows a good agreement with the experimental and analytical results.

BRERFX—-7—F
BOEIR, GHR, BT EAS v &, WA, AR, B, MR

F AN E = GRS EEY I SNSRI, Bk
BRREN AR SN D, EOHER & O EZ 2T 726
W2, L7 UNEMSNERT AL, oM EloE
RFRNESAPEZTHEDRETLZ R HL (B1),
COBGIIMER L FIEN TV S, BERATEAET B
& D EIALT T 5720, LELMWAEREN % [t IRTN A
MPRT B2 ENTERV, ZO00, FIIZLEIIB T 1 SR o R

<. KRN % B 1T 2 72 ORI A 5TV, Fig.1 Lateral buckling of steel beam

WolEH) T, BlZiZarrz)—rvKR BT, KA57
L)) NHEMFERAS Y F (LIF, AF v FEw)) 12
JOVBEEINTVLEZEN N TH S, IRATTITX

Horizontal restraint
Headed stud Slab

\\
'v/r I 1 ﬂv

T, h7gvIpiehns e, L7795 vYok N

AT DT B & R £ D ) OREE R S 1,

BOREIRAFEA LIS K 25 (B2). I OB i %) Steel beam
REERNICEALZ EATENE, HRMZ4A0T 5 2 KASTDLT S Y VR
L AUREIC R B Fig.2 Stiffening effect of the slab

RA T 7 OREIEFMRIRICOVWTIE, IhvE Cfig
DOWIEI A THNT WD (FIAIELHE L) LALARDS,

Rotational restraint

U T OV S HEEM RS v b RS S R

RsD = 551154 /Vol. 74 No. 2 (Nov. 2025)

71



R R A T S B KRR L A & R T T
TORY y FARRE INLLEOREIIEL v, F
72, BB (WUEEE 721 RERE ) O FIE AT RE T,
TG U 72 WP T 68 0 ASHRAM T 6 20 Tk o %
I AR A= -

2T, YHhiE, BEsY BXOETHESY Y obf
REBEIZL, HOIIIRAT T O EMERD 720
DR —RA T THAMOERER, HHFEBRB X OHR
SN 2 LT, RO T T3 M
$L7zo RS L2230 Tk, [l SRS Ir oo A e it
W3] & LT, 2022412 H IS (— W) HARERS
FRBRHT O BESL BN RERE ] 2 HUS L 720

ARTHEOREZ (1) 2% v FRET BT
BiESNEHAEOMMEL R TEL 2 L, (2)
T (B £ 72 3R ) 126 U722 A 6k
TIEFMiAST 2 S 2 2 & Th Bo

IRA T T D75 v DR R A 16 L 72k i A il
TR &) HHEIM OBWEDSITREL 20 2 &, HRIA 2D
BERH T OB DR, BEEROAEMR E
O—hZHmbEFEZTn5b,

AT, KTHEOBSRICH ) ER LR -KAT
TEATEOE, BHEFERR, A BRERZMIIC OV TR

X%
1. BREEHELEOBRE

KETIX, ATHEOBRICH-VBEL LS X
OUARLEOBEEIZOWTHER 5,

XHR 2 TlX, RAI T2 D ET7 5 YV OMHERYEH
Mt s CTnbd, BMWRLIRA T 777205 5 % 5 llrik
DEFRERZIT> TV Do MIPER R KB 5 BE
DFFHMi X & RS RO 2T, B S 72 R FPl A 2
ZLTW5h,

K3 TlE, L7 T Y EBEMEE DY IIx Lk
SEEMI S N7 RO EERIC O W T RV F—k
2RO TEGRIIINT LT b $ 72, R b o3
FGMR T — A ¥ NABLE FRE L 72 B 7 3R
RRETH L LD, WEBEIE & RFHREEE o8 KR E O B
PR TR S ek 2 R LT b, k4 Tk, 75
vV HSHEESE AR & M7z B OREFE IR ) b5 A R R
TELH WM RIBE Ts 2I_E L T b, 51T,
7T I A ICES <, RSN T )
DIKPEN R R E D ) ORIIELFEET 558 % W5
& LT, ke S O E A O T & S L
7oA R SR 0 852 12 8 X UM A TR LG U 72 2
TR 2R LT b SCHR S T, Roful Uik
FEEREAERL, 175 T LA O mE %
BBIOMERERICEZ2EBZHOMNITLELED
(2, BIVEETZERE ORI FiE 2 R E L T b, k6 T
&, MR CHEIE AN RS & 7 2 RO M
RELC D\ CHRIE AR WF % W CRili§~ % ik &2 1%
LTw3,

RITIEIB DIRA T 7T ORIMIBIE O 21%,
B2 I2EDOVTWE, BZRICHY, BEBagEy i, &

T SN L RITHRD TEOBHNRE T 5720, #
TENCHEBATO A Y v FERLE L 7¥6 O 58 % BN
TAiTo 72,

IRA T 7 ORI TN U 7 A% R i ) o HoE,
MR RIS E M EOE 2 1, k3 B
L OCHRAITHED N TV B o R LIE O AR 713,
X (1) THET %,

Mer:ﬂR(a1Mm+a2Mcrml) .............................. (1)
22T,
M, AT ZEN S 5 ROGEVERER I )
(kNm)

M,, SRR R ) (KNm)
M, k7T v Y EEREENRI N HEHO
BEPERR R R 77 O S /MiE (KNm)
ay, oy ¢ BERGMERISHABL TR T 52
Br R R
M ORI E, RS & 0BT R O
X, XS BXOLHG6 2 S5% & Lz, ZMEFEE, Al
BRREMBH ORI Y, BEBIEAL, WF/ 1,57 140F
DA IR, LABIXREEIEE %25, ThZEho
MBI BT 2 BMATEEIER (2), (3) TRD S,

BRI OB Ay 0 R =110 (0.65 = Ap) % veerereeneeees (2)
JRERIEIE DHpty : R =32 (1.0 — WF)? weeeeeeees (3)

22T,

R EWIVRAETEAEER (KN % R k€ — %
¥ DX TWAIAET L7285 50

Ay o iRALHIR

WE : WRIE e AE
2. BERERICK BIKEE

KETIE, KALEOBIRICH72 0 FEhi L - HEE g
DOWTIHRRS,

2.1 R-RAZTEAHOERER

HK 2 TIE, $IREEA T TOBAIOAEIY H L
TeEREREITY, BICREAC1IITORY v FEi
B LA ONFBE 2 AL Twb, LaL, KB
HRIZBWTIIRIE LB TOR Y v F2RiET %
TENLL, ZOBEITOVWTORFIEIAR TS TH D,

ATHEORBIIHI2-T, A v FOEEZ F32/85
A—=F L LR - IRA T THEROBERFERE 2TV, E
— A ¥ b — AR BARIC BV B BRI & R KT 2B
LC, BIEHTMEBITOA S v FHPRIE S 2541
LEHTE 2 L) IR 2 oRE T EIBIEL 720

B, AREHEROFE, XETIcEloTWwE
B, TELLBHEIISI NIz,

AR, R3ICRTEIHIICRLRATTERSY v
FTHAELZLDT, B1IRTHKTHL, £1h
DGr.HFFICRIBELTUTD6 IV —TDINT X —F %
HE L7,

[1) BEHEDZ Y v FOBLE)
PRSI D A Ly N E AL O R % ik

72 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 74 No. 2 (Nov. 2025)



[2] “yvF 7L —bRIREME
BTy xE 7Ty bFEy eI # Bk E L,
ZORE L. BT v FITOWTIEEM I
B EWT Y F OO & OEE MR
[3] A5 7D~ & X Bk
FRAT 7R BkE L, FIIRT T~
D& X PO B AR
(4] BHEH O 5 v K OB
BT D R Y v FOE v F O R
(5] Rl R 5 7+ FMElTimo A5 v KoL)
FMAZ7TO~N) & EHifEL ZAE oYy 5
DB OMER
(6] 2> 27— ko
WHT Y 7)) — PRV L, 1 R
Y= DEREER
2%y FOFHEIXP19 mm x 100 mm TH Y, BLiEI
B 4 13RS &9 (CRIEH N IRR 44T, Rl 11 5
R2HELTWwE, a7 ) —MNE, 1HEEa 7))
— M EEARLLTWDEA, 118 (1cx I_NCHREE) @
ALy ) —PELTHBY, HEHLEREZIZE DI
18 N/mm* Th b, BT _RToORBAKTHEEL, v

(Axial) (Width)
1,150 900
[~} w
o,
8 M i s R A
1I a4 ir rr | -
| —a g 8 L I
P19X100 BH-482X450X19X25(50)
Headed stud
Y (s5400) Lo A
| (SS400)

3 RERRTIR

Fig.3 Test specimen

=1

TET T VORNER RS 57201275 »VER
50 mmé& L, EHICEE9) mmdAF7F %100 mm
il G4 QAT

RERE, RSICRTLIICETERIESE, R
MCEoTRAT 7R KNRICHET %0 SRS 2725
B L, AF7FE2FTHHEMY 72 FmIRV T

(Axial)
. 600 L 600 L 600 .
I I 1 T |
B 1 E E
~ ﬁ $19X100 a0—¢ a .-gﬁ
- B g
§ E 4 If Headed stud 5} b .g"
E ° d .§0
N e0t e .%o
- & [
1cX1 2aeX1 4abdeX1
— —
ae .?»
=) be [r= 4
[ co o co ° g]
250 [100] 250 200 | 200 | 200 de =
kg T v \ 4 (=3
° oz
L €9 200 0wt
1cX2@100 1cX2@200 4abdeX 2@200
4 A% v FORLEDH]
Fig.4 Examples of stud layout
200 kN Oil jack
o
P
O, ©
o Load cell Pin ol o
Loading b g
oading beam
== S
Test specimen’
— L
(=3
©
5
5 WERAE X OBk
Fig.5 Test specimen and test set-up

AR5

Table 1 List of test specimens

Test Slab

specimens Deck plate | Layout

lax1
1bx1
lex1
1dx1
[1] -
lex1
2bdx1
2aex1
4abde x1
1cx1 0
lcx1 P
lecx1 F Flat
2bdx1 0
2bdx1_P )
[2] 23551 0 Composite
2aex1_P
2aex1_F Flat
4abdex1 O
4abdex1_P

Composite Both

Composite

lcx1_e75
lcx1_e100
lcx1_el25

[3] lcx1_e250 Single

2bdx1_e75
2aex1_e7b
4abdex1_e75

lcx2@100
lcx2@200
lcx2@400

[4] Both

2bd x 2@200
2ae x2@200
4abde x 2@200

2bd x 2@200_e75

[5] Single

2ae x 2@200_e75

[6] | 1cx1_NC Both

-@—‘ Edge distance of single-side slab |

Number and layout of headed studs ‘ Number and pitch of headed studs‘

in the beam width direction

in the beam axis direction

- lex 1_@—‘Layout of deck (Orthogonal, Parallel), Flat deck]
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[3] |1cx1 e250 6.04 10.12
2bdx1_e75 - N ==
2aex1_elb - - ——1
4abdex 1 e75 - ey
1cx 2@100 8.16 11.86 |
1cx 2@200 8.18 13,80 | E——
() [Lex2e00 1153 16.66 S
2bd x 2@200 18,78 20,84 E——
2ac x 2@200 54,37 P ]
Jabde x 2@200 - ,
(5] |2bdx2@200_675 - [ S -
2ae X 2@200_eT75 - _ N
(6] |1cxINC 836  12.13 e Ksclx10%Nm/rad;
0 10 20 30 40 50 60

7 HRREIE K, O H
Fig.7 Comparison of K,

A, HEAFE R Z v R o dhEk bR
- EALLA S RIEH I IfTH OB & X5 v F
b F To R
I, "HNEA%y FOETES
E, :arrz)—toXr 7R
A, P RREHMATHOEMN E A Y v FO I — VIR
R O KPS iR

X 72, mimtEogEiR e (4) oFHERRE
WL TRT, K7 Ho—ET, EERHREOLEI 2
DO, WEEMIESRMEE R L2 &R, M4 7L
TR ZMZ 722 L THIREARETE LW/ DTH
5o M7 XY, BHEMARIENHERLBBLARVHIG
ERLTWDLZ ENGH 5D,

2.2 ZEBER

WX ORI E, RN S L oWIEZ I O b
DEYVMREED 720, B FEE % Fhi L 72,

X 8 (2l B L OBk & R, Rk, &
MYEE— A Y MIELZRBRIKRZ Oh 25 X9 1I2HH Mk
PR IR & 72 V3R R U 2 W ERA IR L B8 L
Too FERFED 1 /25 2 85E LM/ Bk Th v,
PO AERE L2 18 1 A OBERKRN &0
BB TH D, RBIRICRITBIRA T 713852 B
JOBEREO LTS vV LHEMNERY v FTHA L.

R 2 AR —E AR, FEEBRNFIE— B bR,
(042~059) BX O 2% v FEk (80 mm, 200 mm,
400 mm) & L720 ST IECHR3ICHSEHELT
B, #Ev (400 mm, 600 mm) BLPET T U VIE
(130 mm, 150 mm, 180 mm) %#ZML &85 Z & TxHio

+P-P ) 0 g
« © [1_1 [ SE I [ 1IITE
Pin “ \Loading beam [g]
TT 6,000

(=3

n

N

-

—1 Test specimen

(=3

8 A B

~| e=hPin e
A, oA, ﬁ

3,175 | 3,175

|
| 6.350 (mnm)

8 MBRfRE X ORI

Fig.8 Test specimen and test set-up

R(X 107rad)

R
T
S A

R
-30

el ||

0 |

X9 iy a s T L
Fig.9 Loading program

74 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 74 No. 2 (Nov. 2025)



L7z F 722, 03300k 3 1R SN A IREIE L FR A WF % ik
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mm®» R ¥ v FHEEE, STk IR I A /D, Z
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WPWEAEFRRIE, AC59-200 8 &£ UF AC59-400 D A ¥
EBHOYHMHETLIT, L09THY, A¥ v FAKOH
IR EIPEETEGE T A3 1 L CTwize AC45-200 8 X
NAC45-80 O IR T H MR OB ASA B L 7ze AC4A5-
200, AC45-8038 X N AA42-80 TIZRIFZ 2 B R Tz,

KA1 IR T CTHEESHER E XG5S hb o
DWW RE N, KX (2) LEBFHROLEE,
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Table 2 List of test specimens

Steel beam Headed stud
Test . Depth-thickness . . g
specimens Size ratio Length Number Pitch Comp_osne 4, (x 10'§rad) A, wF
(mm) (mm) (mm) ratio
Flange Web
AC45-200 BH-600x180x10x16 | 5.6(FA) 2 200 0.97 162 7.13 0.45 | 0.66
AC59-200 . 0.94
——— | BH-600%130x10%16 | 4.1(FA) | 56.8(FC) 245 7.37 0.59 | 0.61
AC59-400 6,000 15 400 0.49
AC45-80 BH-600x180x10%16 | 5.6(FA) 75 %0 2.73 162 7.00 0.45 | 0.65
AA42-80 BH-400x150x10x16 | 4.7(FA) [ 36.8(FA) 2.71 184 10.58 0.42 | 0.46
R 3 EEURRS R
Table 3 Mechanical properties
Steel (SN490B) Concrete
Fl hick W hick
T_est ang1e6tm\; ness eblg I:mness Age Compressive Tensile
specimens = — = — (Diy) strength strength
N 2 N 2
(N/mm32) | (N/mm?) [ (N/mm32) | (N/mm?) (N/mm2) (N/mmé)
AC45-200 42 18.9 1.81
AC59-200 374 531 387 b47 35 20.3 1.72
AC59-400 28 19.7 1.81
AC45-80 365 523 385 542 28 155 1.59
AA42-80 374 531 382 541 39 16.5 1.84
1,500 T a7 tom LS00 T pp e
1,000 - Negative bending 1,000 Negativo bending
y21 4 500
——t A G— il 1 of
-60 -40 0 40 60 -60 0 "V’/ 20 40 60 -60 -40 20 40 60
300<10%a0) 148 10,0100 ’ 304100y
________________________ o
-1,500 41,500 L -1,500 -1,500 -
() AC45-200 (b) AC59-200 (c) AC59-400 (d) AC45-80 () AA42-80

K10 #imE— 2~ b — [l R

Fig.10 M-0
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x4 FEBRR
Table 4 Test results

Test Mipax" My Rax R
specimens Positive 1 Negative | Positive | Negative | Positive | Negative
bending | bending | bending | bending | bending | bending
A 1.26 1.15 2.79 2.57 3.88 3.65
AC45-200
B 1.29 1.13 2.65 1.86 4.28 3.43
A 1.23 1.07 1.78 1.26 2.76 1.38
AC59-200
B 1.25 1.02 1.33 1.12 1.38 1.35
A 1.20 1.04 1.80 1.02 2.06 1.34
AC59-400
B 1.21 1.00 1.28 0.83 1.68 0.84
A 1.36 1.25 2.93 2.84 - 6.42
AC45-80
B 1.34 1.26 2.55 2.16 3.30 5.93
A 1.49 1.27 1.10 2.44 2.46 -
AA42-80
B 1.55 1.31 1.03 2.64 - 5.23
8 R R=110 (0.65-xb)? N R R=32 (1.0-WF)?
7 7
\ \ AC45-80
6 6 ®
AAA42 80 \
5 \ 5
4 \ 4 \AL,4 =200
3 \ 3 \
2 2
\ AC59-00 \
[
| 1 \
AC59-400
0 0
0.2 0.4 0.6 0.8 b 0.2 0.4 0.6 08 WF
11 R-1, 12 R-WF
Fig.11 R-1, Fig.12 R-WF
1,500 T ; i
AC59-400 cone-shaped fracture
1,000
500 =
i 0 / /
= -500 &
——Tesl result
-1,000
— Analysis
-1,500 : :
-0.06  -0.04 -0.02 0.00 002 004 006
40, tad)
(a)M-
1,500
AC59-400 -
—— Test result
— Analysis
1,000
g
g
500 | XN
—_— |
0
0.00 0.02 0.04 0.06

Sbga(rad)

3. AREFEMBINICK 5155

RETIE, R CTRR7HEEFE L T 2 €T
WOBFHIOWTIHERS, F72, FMids % HE Lok
) 2 SRMT RS D — 1 % 7R 9
3.1 EEEROBHEMGN

ARHTIE, AC59-400 35 & U AA42-80 O FEBLIRHT 12D
WTRT . AT ET IV ARBIZART o EHTE T IV IR
Bk & [ UIIRF R & 425, A - R - S g
BE, ROWNEANVEGFOREETMELIZ, Bl
RAT T3y 2 VEFZRTEFMEL 2. [HlfE N 4 Ol
W2k, AZy FHMLBIU 75 v VLR Z ZEL
Tz Wz, 72, A&y Foa— VIR EHEE L,
1452 N A O [l i 8 25T A DA E T 5 & T 1250 &
BBNFEFNVEH W, B75 0 VR 2 TOME
FEPEICIZEBR & M OMOR LB 2 K L C BlTE %
IOBOET N EH VI,

MARRIRIE, MFRMNT & 22 2 5] miE 2 67 % 5
R 72V A EIRNT 24T, 35N E— FIIRICEDS

X 13 f#dTE 7V
Fig.13 Analysis model

1,500 -
AA42-80
1,000 conée-sha{)ed fracture
500 %
R /
£ 0
= -500
-1.000 ——Test result
— Analysis
-1,500 - -
-0.06 -0.04 -0.02 0.00 002 0.04 0.06
hoa(rad)
1,500
AA42-80
—— Test result
— Analysis
1,000
g
g
& ) L
= 500 1
0
0.00 0.02 0.04 0.06
Sbea(rad)

(b)Skeleton curve
E14 ZomE— % > b — [\l B4R
Fig.14 M-

76 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 74 No. 2 (Nov. 2025)



®5 M

Table 5 List of analysis case

Size Grade Length

Slab width | Headed stud a6 | wr

Case (mm) (mm) (mm) Line "
No.1 10,800 2,300 0.45 1 0.64 | 1.41
1,000 x 300 x 16 x 25 2
No.2 14,400 2,600 0.53]10.64 | 1.21
No.3 10,800 2,400 0.40 | 0.62 | 1.53
1,100 x 350 x 19 x 28 3
No.4 490 18,000 4,000 0.53 1 0.62 | 1.17
No.5 14,400 2,700 0.4510.74 | 1.63
No.6 | 1,200 x 400 x 16 x 32 18,000 4,100 3 0.52 | 0.74 | 1.43
No.7 21,600 4,600 0.57 | 0.74 | 1.30
No.8 550 0.58 1 0.70 | 1.21
1,000 x 300 x 16 X 25 14,400 2,600 2
No.9 400 0.45 ] 054 | 1.21
g R R=110 (0.65-),)° g R R=32 (1.0-WF)?
7 7 \ No.3
.
6 6
\.N0.9 S
5
\ SNl
4 4
'N02 \
3 \No.l 3 YN 3
No.6
2 o NO-8 2
L]
\ No.7
1 1
0 2 0 WE
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 1.2
(@) R—2 (b) R—WF

15 fHATHE A
Fig.15 Results
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Ultimate Flexural Strength of Column Splices with Undermatching Welds
in 780 N/mm? Class Columns

Ryota MIYATA - Tetsuo YAMAGUCHI - Akito TABATA - Masahiro MATSUSHITA - Dr.Tsuyoshi TANAKA

EE5

VAR, BIER X 780 N/mm* D BRI ASHIE S N T W B AS, IEHEE O EE %2 BEbF & /55 IR 5 7201213,
SRGEHNBLIPIRA N Z2ETL2O0BIRTH S, THISH LT, BIICBUIAHMETICT v ¥ —< v FiaED
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FEI WA BB Lok U C A BREEEMAAT & i iBR 2 92 L, 2 O R 120w THMET o skl P o 574 % 47
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Abstract

High-strength steels with tensile strengths in the region of 780 N/mm?® have recently been developed. However,
achieving welded joints with strength equivalent to the base material still requires considerable effort and cost.
In contrast, applying undermatching welding to column splices in the field has the potential to significantly
reduce the challenges associated with welding operations. This report presents a formula for estimating the
ultimate flexural strength of column splices using undermatching welds. Finite element analyses and bending
tests have been conducted on box-column members with undermatching-welded splices. Based on the results
of these analyses and tests, the ultimate flexural strength of the column splices has been evaluated, and the

FEATURE : KOBELCOQ’s Materials and Solutions for Architecture and Civil Engineering

validity of the proposed formula has been verified.
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Fig.1 Stress distribution

(a) Fillet joint with even-matched weld metal

(b) Fillet joint with undermatched weld metal
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Fig.2 Stress distribution in column splices with different fillet weld strengths

(a) Fillet joint with even-matched weld metal

(b) Fillet joint with undermatched weld metal
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(c) C45-H (45° direction,even-matched weld metal)
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Fig.4 Distribution of equivalent plastic strain of a-a’ section
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Fig.7 Test specimens and set-up (test series I and II)

1 kK
Table 1 Test specimens
Column splice Corner joint
. Axial load ratio | Loading
Specimen n direction Welding consumables | Sofiness ratio | Welding consumables | Sofiness ratio
(JIS Z 3312) Sr (JIS 2 3312) r
CO0-H G78 A2 U C N4MA4T 1.03
C0-M 0° G59J A1UC3MIT 0.84
Co0-L G43 A0Clo6 0.61
I C45-H G78 A2 U CN4M4AT 1.03 G78 A2 U C N4M4T 1.03
) 0
C45-M y .
(C45-M-H) G59J A1UC3MIT 0.84
C45-L G43A0C 16 0.61
- C45-M-M GS59JA1UC3MIT 0.79
C45-M-L 45¢ 0.8 G43A0C 16 0.64
CN-0 0 '
111 G78 A2 U C N4AMA4T 1.03
CN-0.3 0.3 G59JA1UC3MIT
C45-0 0
v C45-0.3 0.3 0.78 G59J A1U C3MIT 0.81
C45-0.6 0.6

7)) KBSA 144 0B Sk (454936432%) TH b,
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Fig.8 Test specimens and set-up (test series Il and IV)
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Table 2 Mechanical properties

Component Material %y . T ) YR &
(N/mm® | (N/mm?) (%) (%)
PL-12 719 876 82 22
Base metal
PL-24 664 861 77 15
G78A 720 906 79 20
11 ~
G39JA 590 734 80 28
Column G43A 360 529 68 33
splice

[IIIII] G359JA 554 699 79 32

Weld [
metal [vl| Gs91A 562 686 82 31
m G78A 720 906 79 20

(1]
Corner G59IA 567 689 82 33

Jjoint [11]
G43A 399 563 71 28
[v] G59JA 590 707 83 31

YR=c,/c,
El : Elongation

The weld metal material is indicated by the abbreviations of welding consumables shown in Table 1.

PL-12: 00— 150x150x12
PL-24: O - 150x150x24

BRI U 720146 B X OB 48 0 5 1R 3Bk 5
ER2IIRT. &b, FBRIMIZ02%F 72y bl XD
Fg L7z JIERBRR oBRIE, HERH TS 57,
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3.2 WEHE - FHEIEE

AT L, IR R A R MR LA & L, BT
ETBHITE— X 2 MDY IR O 2T — X
b M, ZET 2 RO BPEAE A 10, 2 2T O MMM L L
<, *6, *20, =30, THK2NTOMEE—F
MBHEET D FETITHo 5B, 0°B L U45° 7 ik iR
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FEAL SRR ) — XM B X OV T 8 IR

®3 R

Table 3 Experimental results

swwle || e | M | e
CO-H 332 131 50,(+1)
CO-M 254 312 123 30,(-2)
Co-L 250 0.99 20,(+1)
C45-H 307 128 40,(-2)
} C(i‘s‘i'/[“f‘m 239 201 122 36,(-1)
C45-L 224 0.94 20, (+1)
C45-M-M 230 268 1.12 30,(+1)
C45-M-L 250 1.04 20,(-2)
CN-0 239 281 118 36,(+2)
CN-0.3 218 266 1.22 30,(-2)
C45-0 239 277 1.16 36,(-1)
C45-0.3 218 254 1.17 36, (+1)
C45-0.6 153 193 126 30, (+1)
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Structural Performance of Exposed Column Bases Using TS700 Anchor
Bolts

Kimihiro HIRANO - Dr. Takeshi TAKADA - Yuji NISHIMURA - Dr. Tsuyoshi TANAKA
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Abstract

Kobe Steel has obtained certification from the Minister of Land, Infrastructure, Transport, and Tourism for
its TS700 anchor bolts, which have a standard strength of 490 N/mm? and has a proven track record of
using these bolts in exposed column bases in large steel structures. Exposed column bases in steel structures
are generally designed on the basis of the Architectural Institute of Japan's “Recommendation for Design of
Connections in Steel Structures”. However, the scope of application of the guidelines for anchor bolts used
in exposed column bases is limited to a standard strength of 325 N/mm?® Therefore, the application of these
guidelines to exposed column bases using TS700 anchor bolts requires individual consideration. To that end,
load tests have been conducted to establish evaluation formulas for the strength and rigidity of exposed column
bases using TS700 anchor bolts. The results of these tests have confirmed a generally favorable response to
previous evaluation formulas.
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Table 1 Configuration of anchor bolt set

Nominal
Bolt thread
Type of anchor bolt set designation Material used Nut Washer
processing
of thread
ABM400 Cutting M24~M48 | SNR40OB™D
thread Vickers Vickers
JIS B 1220 . ~ *1)
ABM490 processing | M24~M100 | SNR490B hardness hardness
Set of anchor bolt for
(HV) (HV)
structures ABR400 SNR400B *
M16~M48 146~319 200~400
*
ABR490 Rolling SNR490B* ")
thread Rockwell Vickers
TS700 anchor bolt set processing hardness hardness
M22~M100 | KTR700*2
(MLIT Certification Number MBLT-0227) (HRC) (HV)
3145 200~300

* 1) Rolled steel bars for building structures as specified in JIS G3138

*2) Special material developed by Kobe Steel, Ltd. for the TS700 anchor bolt
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Table 2 Mechanical properties of bolt material

Yield or 0.2% strength Tensile strength Yield ratio
Material used Shaft diameter (mm)
(N/mm?) (N/mm?) (%)
=40 235 =355
SNR400B 400= =510
40< 215= =335 ABM400/ABM490, =75
=40 325= =445 ABR400/ABR490, =80
SNR490B 490= =610
40< 295 =415
KTR700 20.2(M22)<  =£96.0(M100) 490= =650 700 =950 =75
x3 HLAEREE
Table 3 Design strength of bolt
Type of anchor bolt set Shaft diameter (mm) Design strength (N/mm?)
ABM400 =40 235*D
(SNR400B)
JISB 1220 ABR400 > 40 215*D
Set of anchor bolt for structures ABM490 =40 325*D
(SNR490B)
ABR490 > 40 295*D
TS700 anchor bolt set 20.2 (M22)= =96.0 (M100) 490

*1) Design strength of SNR400B and SNR490B based on Notification 2464 of the Building Standards Act
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Table 4 List of test specimen

Fully plastic Anchorage
Bolt shaft Embedded
Column bending strength of strength
Specimen Anchor bolt type diameter length of bolt
type column base 10u (kN)
(mm) La(mm)
aQp (kN)
1-A-375 ABR490 249 183
375 302
I-T-375 Inner TS700 20.2 182
1-A-250 column ABR490 24.9 183
250 195
1-T-250 TS700 20.2 182
0-A-450 Outer ABR490 25.1 186
450 374
O-T-450 column TS700 20.4 186
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Table 5 Mechanical properties of materials

(a) Inner column

(b) Outer column

Anchor bolt Reinforcement Concrete
Steel type Nominal Tp (kN) Tu (kN) Nominal ay Ou oB
Steel type
diameter diameter | (N/mm?) (N/mm?) (N/mm?)
SNR490B M27 185 256 SD345 D25 373 552
KTR700 M22 183 266 D13 336 465 40.0
SD295A
D10 346 489
(b) Outer column
Anchor bolt Reinforcement Concrete
Steel type Nominal Tp (kN) Tu (kN) Nominal ay Ou oB
Steel type
diameter diameter | (N/mm?) | (N/mm?) (N/mm?)
SNR490B M27 176 252 SD345 D25 371 565
KTR700 M22 177 261 D13 340 487 36.6
SD295A
T, . Yielding axial force 7, : Tensile axial force DIo 332 467
o, | Yield strength o, : Tensile strength o5 : compressive stress
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Table 6 List of calculated values for each strength

Fully plastic Anchorage Shear fracture
Maximum Load bending strength strength strength of joint
Specimen
Que (KN) of column base 104 (KN) panels
«Op (KN) jOu (kN)
1-A-375 236 218 375 281
I-1-375 227 217 375 281
1-A-250 196 217 211 187
1-T-250 187 217 211 187
0-A-450 228 215 354 189
O-T-450 234 216 354 189
400 2N 400 2N
350 350
300 300
250 250
200 200
150 150
100 100
50 50
0 0
L Oy 19 O Qe Oy 19 L
(a) I-A-375 (b) I-T-375
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Fig.11 Comparison of experimental values with each strength
evaluation formula
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Introducing New Automation System and CAD-Linked Software for
Architectural Steel Frame Beam Welding

Yuki SHIKA - Taisei FUJIMOTO * Ryo ASANO - Atsushi ARAI + Nobuaki TANAKA
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Abstract

Steel frame fabricators are facing challenges such as shortages of skilled workers and the need to improve
productivity, driving demand for automation solutions. Kobe Steel has developed beam welding software that
integrates with steel frame design CAD data and has also created a system that automates the assembly
process, which is the process before beam welding. The developed software automatically generates operating
programs for the system directly from the CAD data of the frame design. The automated assembly system
supports a wide variety of beam and column shapes, enabling automated assembly and welding. This facilitates
deskilling and improved assembly precision, while also achieving high-quality welding, which helps resolve the

challenges faced by steel frame fabricators.
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New Control Method of Automatic Horizontal Column Joint Welding at
Construction Sites

Masafumi SUZUKI + Junichi KAWATA - Hirofumi KAWASAKI « Keito ISHIZAKI

BE

REHG TR ZANTARPREEINTE Y, HAGEEOHBM b= —X13& <, RTPEREES 2 5HICH
LB ORI ED HNT WS, ARWHRAFHE TRy NI ORE» S, BBERETHEHPIEN->THEY
ABMERORGEHERTREHOL -V EHOTHEEZZ1T). Lo L, BER 2 —F IO iERLEE); %24
LAMBEEANOBEA L, € — FRROARERHEARKMOIELE L o IFHEMWEAOREY H 5. T72, HH
L=V ORREICES R R OIS ATFAROBATREE o T, ARTIE, ZhdH0REZHIS
5T LEHME LCTHIEELZTR Y & OB 5L FAER IOV TR T 5. ERETORN %, EEo
FEHY~EN L, Sh o OBERRICHRINTSH S 2 L 2R L7z,

Abstract

Concerns over future labor shortages at construction sites have heightened the need for automation in on-site
welding, with development efforts being spearheaded by major general contractors. Thanks to their unique
features, compact, portable welding robots are increasingly being applied to on-site welding tasks, including
automatic welding on dedicated rails for butt joint welding of square steel pipe columns. However, when applied
to square steel pipe columns with varying plate thicknesses and corner radii, challenges arise in welding
quality, such as irregular bead shapes and incomplete fusion defects. Additionally, the labor-intensive installation
of special rails contributes to longer work times, exacerbating labor shortages. This paper introduces a new
robot control method and peripheral equipment developed to address these issues. Laboratory studies, followed
by field application on actual construction sites, have confirmed the effectiveness of this solution in overcoming

the challenges faced during welding operations.
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Fig.4 Calculation of angle compensation (a) Column straight section Area I and III, (b) Column corner section Area II

LERIN, Ry b —FFOFREBZ TH S DH
WIIZHAET 256138 (2) ofiiEXzZHw2%,

251, Ry ML=V EERFIEL, HOUA Yk
AT T NN EEA L72B BRI & %) 1213,
X (1) LRABOEZ 1S, b—FAMIERL X

LEREINL,

X 5%, 22 mms x 700 mm X 700 mm @ 2 5 A (2%
FABOMmDO L — NV AE T AFER (EHRT) 25
86.5 mm B L Tikift L, WIRAEH—% (300 mm/min)
LB b—FAMIEREE R, HRI TIEN—F%
HEMA S IA~HIE L, 20k, S IICHEA LR X
D, F—FAMIERIE~A TR, ThbbEEM NN
BT B, b La—FHhRFTHIERIZED L%
B, b—FEEHEIHIFT 5720, HRiEMORIE 1T
Vo TOIIITM—FMELITAIFICEELE 25 L
ICHIESEDL LT, AY—LRh)Redwva—Fikic
B HHEROBKEY—LL T 5,

1.3 FEITEEHIEEH

BHBEOY — FIRIRZH—I12T 57201218, AR
DEELRERETH Do L2 THRR7: b —F fMAHIE % &
AL7ZH6, aRy boOEBTHELZERLA—L T2
L, P—FAMIEEERL TV AKX BIZB W CEEEE
WEALTLE ) LT, F—FAMILICLSEY
AXEmoOBERLZE L, Oy boETHE 2 I
TLLEND D,

B 5 & MEMHIIT N —FAMIELF L -BEoary
FOETHEZR 6 IR T, EMRIBTIE, TRy bE
ITHEPE = ¥ 3530% (300 mm/min) THEATT 5o I 1
T b —=FMAEHEA HIMOELE 2 b0, T4YE
VRIS A & B LzAT>C, fH T Tl
TRy METHEERZRDEE TS, 72, SR TIE,
b —F R AR A TN ORIIE 2 ¢ A BImA, o
Ry MIBERL VM2 RBEIT 5720, oRy bojik
THRBEIIRESBLSELUEDDH S,

SOOI —FAMIERHE TRy bOEITHEE
32212k, FERLEHFCBNTEH, F—Ff
AT MERBERIREP O~ EOBEEHEL 2D, HAIF

Column

d | | o
¥ ; X

d,
Offset distance

Direction of welding

(b)

Column corner start
|

20 1
15 L 7Ty N T i
Rail corner Rail corner | :
10 b "t center i Rail fcorner
¥ 5
g
S 0
20
s -5
-10
-15 L
Area I :
20 L e \
Column corner end
Time (s)
5 M—FffiER
Fig.5 Torch angle correction amount
Column corner start Column corner end
700 S N f ______________
\*_ ' Weld:speed
o 600 | T : 300 fnm/min
E ;
5 500 ¢ Rail corner
E center
= 400 |
°
% ! i H
S 300 i —
3 O —
S 200 | , i
2 i i !
Rail tar i
100 |- a'g corner s a'?? Rail corner lend
Area I | Area I Area II |
0 ”””” | eieeteieleiiisisiisielisiisiel s ettt Tttt
0 20 40 60 80
Time (s)

E6 wARy bETHE
Fig.6 Robot speed

BEHBMEIEON D,

MiEELT, L—=a—FfFHilbnwTid, L—ka
T LEKME OWEHIBREAT S, LHL, 2Ry M
MEAERT DY v ZEERICZ O W2 R L
MIELTHBY, BENHORLLEIEIBBLZ—ELR
5o
1.4 BEARER

b —F AR DS L OGEAT BRI (DT, AREdk
L) AHEBRLZORY bEHWT, EBRECTHED
B DR OBRBIRI B 2T o 720 T 1ITHAEBSEM
FINC I

R 71236 mmt DEHHBY — FAABZ RS, K3 IR

R=D #7842 /Vol. 74 No. 2 (Nov. 2025) 99



F1 WS (FBR=E)
Table 1 Test conditions (Lab.)

Column thickness 22 (mmt) 36 (mmt)
Column curvature radius 77 (mm) 126 (mm)
Shielding gas [flow] 100%CO, [25(L/min)]
Wire JIS Z 3312 YGW18 (1.2 mm)

Current/ Voltage
Welding speed

220~250 (A) / 25~29(V)
200~400 (mm/min)

Extension 20 (mm)
Groove Single bevel 35 (°) Gap 7 (mm)
Rail radius 250 (mm)

Distance between
rail and column*

Offset distance

86.5 (mm)

37.5 (mm)

86.5 (mm) |

*Actually between rail straight section and column straight section

! f #7307

- Uneven'amo”u /of welding

7 REAMEHE Y — FAMBlo—#] (36 mme)
Fig.7 Examples of bead appearance after application of this
technology (36 mmy?)
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Fig.8 Bead appearance after parameter optimization
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K10 v 27 uBH (a) 2=, (b) EHH
Fig.10 Macrostructure (a) Corner, (b) Straight

2 22 mmERERARERRIC 351F 2 B

Table 2 Mechanical properties of 22 mm¢ test piece in straight

section
Absorbed energy -
Item (Test temperature: 0°C) Vickers hardness
Section Straight
Ave. 171 (3) 223 (HV)
Converted TS - 709 (MPa)
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Table 3 Applicability range of this technology

Size 450 [500 |550 |600 [650
(mm)

Thickness
(mm)

700

750 |800 |850 |900 |950 (1,000

12

16
19
22
25
28
32
36
40

777} BCR - BCP Production range® [__|BCP Production range® [_| Applicability range

11 JFarkdR—6 (a) RS 2=, (b) ki,
Fig.11 Example of Peripherals (a) Image when used, (b) Top view, (c) Rail installation jig, (d) Cable support jig
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Table 4 Test conditions (Field)

Column thickness 16 (mmt)

Column curvature radius 56 (mm)

Shielding gas [flow]

100%CO, [45 (L/min)]

Wire

JIS Z 3312 YGW18 (1.2 mm)

Current/ Voltage

220~260 (A)/25~31 (V)

Welding speed

200~400 (mm/min)

Extension 20 (mm)
Groove Single bevel 35 (°) Gap 7(mm)
Rail radius 200 (mm)
Distance between
rail and column* 86.5 (mm)
Offset distance 57.5 (mm)

X Actually between rail straight section and column straight section

First step
12 B ICB Y 206 TFIE

Fig.12 Construction procedures at the application site

Erection piece
Removed after prior welding

Second step

(b)
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Fig.13 Bead appearance at construction site
(a) Conventional construction, (b) Application of this technology
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Compact Portable Welding Robot System with Vision Sensor

Junichi KAWATA - Keito ISHIZAKI + Kohei MATSUSHIMA - Kohei KOMUKAI + Dr. Tatsuya YOSHIMOTO
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Abstract

The use of welding robots in the welding field is on the rise, driven by a shortage of skilled welders and the
growing demand for higher productivity. Concurrently, research involving vision sensors is being explored to
address complex welding tasks that are difficult to handle with traditional robotic systems. This paper presents
our work on automating horizontal first-layer penetration welding using a compact, portable robotic welding
system equipped with a vision sensor. The system achieves welding automation by integrating a vision sensor
with a portable robot. During first-layer welding, the system automatically tracks variations in the root gap
and follows the welding path by identifying key features of the molten pool, adjusting the weaving motion
as needed. From the second layer onward, the system updates the build-up parameters based on groove

FEATURE : KOBELCO'’s Materials and Solutions for Architecture and Civil Engineering

information acquired during the first layer, enabling fully automated welding through to the final layer.
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Compact portable welding robot
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weld line information obtained
in the first layer
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Fig.4 Welding method concepts
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Fig.10 Comparison of conventional and dedicated FCW
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Table 1 List of welding conditions for joint

Base metal groove shape

Single bevel groove 35°

Welding position

Horizontal

Root gap (mm)

4=10 Taper shape

5 mm upward displacement

Welding line from rail parallel height
Shielding gas 100%CO>
Wire extension (mm) 21
Backing material Ceramic
: ; Welding current | Arc voltage
Using wire Layer-Path (gA) ) 9
1-1 170-180 22.5-23.5
) ) 2-2,2-3 280 31
De$§?§e:1¥'re 34~ 260 29
(Final layer) 240 27
(Final path) 220 26

Welded section 500 mm

RG center position
_ .
Teaching line before welding RG10 mm
RG4mm (Rail parallel height)

Terminal shift amount : 5mm

Camera

Backing material
(ceramic)

11 RIS L OS2 SetF
Fig.11 Test plate shape and layer pass conditions

_ Wedbeadappearance

[Frontoeas |0

12 BHHRFOE— FAMBLL i~ 7 o
Fig.12 Bead appearance and cross-sectional macro structure in
welded joint

K2 BHEET ORI Y

Table 2 Mechanical properties of welded joint

Tensile properties™ Notch toughness*!

0.2%PS TS El. Absorbed energy
(MPa) (MPa) (%) J) @oC
615 667 24 49, 63, 65 Avg.59

*1 Tensile test specimen: round tensile specimen, Dia.=10.0 mm, G.L.=50 mm
Impact test specimen: 10 x 10 mm square shape, 2 mmVnotch based on AWS B4.0
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Utilization of Steel Slag as Soil Stabilizer

Ayane JINNOUCHI - Hiroaki MATSUMOTO - Rikizo TADAI

BE

BEA 7 7%, BEAM OIS X CEFEROBE» S SN EREMTH Y, EETRMBURME L
TOMAERDPIRL TV D, AFTIE, SMA 7 7 OWIN - ALAWFEEZ BT 2 & L b1, MO
[ ECHST 2 o0 R—Hi Do m B X2 NEEEES (¢) OMKRE, KEEICLZHET (o) ok
R—IZHH L2 B REMN 2N 5. 618, EROBTOBMEFAZE LT, A7 7 REROREL
RIMERBOREREZAL, BRELEMEIIOVTHE L) AT, SHOBELIEEEZRT,

Abstract

Steel slag is a construction material that has garnered attention for its potential to reduce environmental load
and enhance resource circulation. In recent years, its use as a soil stabilizer has been expanding. This paper
outlines the physical and chemical properties of steel slag. It introduces a soil stabilization technology that
focuses on two effects that contribute to improving the bearing capacity of the ground: an increase in the
internal friction angle (¢) thanks to improved compaction, and an increase in adhesion (c) owing to hydraulicity.
Furthermore, through application examples from actual sites, the optimization of the slag mixing ratio, changes
in the strength expression over time, and environmental safety are examined to identify future challenges and

FEATURE : KOBELCOQ’s Materials and Solutions for Architecture and Civil Engineering

prospects.
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Fig.1 Classification of steel slag

o EFKIEA T 7E, MEKIC X > THRURE. S —
SISWHEN, I AEATHIRE b, BIFIEGAT 7
X, Y= FIHELHEENRTO oL ) EdmHsh, #nE
DEfRER b,

WolZS, BT 7L, WEREY 5 B TR Tk
K BHAT 7 THY, HEFZIECOBEBORHT S
KT BN RAT 7, A7 Ty TRERE T HEL
M THRTERT2ELAF AT ZICHEH SN, fnlfik
AT 7L, ERE AT Z EFEBOGHTECL Y, &
MEDOEARICR S, $reslEGhizn, KRMAIC
AR TR & REEE AT < M EEREME IS S AN T

LT OV S T L

108 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 74 No. 2 (Nov. 2025)



Hbo BB, ARTHRETLEMA S 71, fmhikA
FUICBEL, BRIFAT 7N ET 5,

K1 ZNZhobEMKZRT ", SR T 713,
At v A (CaO) & =Mk A4 % (SiO0,) % M
SeL, TOMOESE LT, BFAT 7L, BLT IV
I=w A (ALO,) Bt~z v wa (MgO), 2=
O (S) % &k, B2 T 7%, Lk (FeO) %
Bk~ 2y a (MgO) 2#&d. BRI 7, *
A b EFABROALFR S 2T 5 2 DI TH 5

B2 T 7%, ENENDFOWI - LSRR
WH L2 g sh, BREte sz
FRBETHH SR TS DTSR T 7013
BHEERT
1.2 B%

1.21 X b-a297U—MH

A S 7E, FOHN%AEX SNy s —
FPHBIZHHI N TV S, BT, SFKBEAT 7%
WL, A2 Z@MLAEEA T 7R (g
FAZAYNY) RBGE-BGELTBY, ZhdEIcEy
AV FOERE L THYONRT WS,

BAEX Y ME, BVET Y FEAY MCEFAS S
WWERZRELIZEAY I THY, BRI TOEHE
WIS U TAR (5%8B~30%LF), BAE (30%#~60%
DUF), CHE (60%#~70%LLT) 25 shs, EAT
RLMBLTVEEF LAY MIBHTH 5,

R212EAY M1thH7) OCO B EERT, K
WEZ Y REXY FOCOPMEDITE A EIE, Hik#
BCARAZBET A EICEDRET S, ol
B AT IR, BER TR R L, Wb X U
T ACTHETELLD, RVESY FEA Y M
NCOHHEA D\, 20720, Eit A v B,
FIVET Y FRx Y b EREELTCO,HEH % 42% 1%
THIENTEL,

1.2.2 EKHA

B 2 5 7%, DR 50% H3E K AR & LT
SN TWD, EEAREME LTSN LHMA T
ZELNE, JIS A 5015 [EEHISH 2 5 77| [2BE s h
TBY, ZOREPREIN TS, REMLRPMZ 5
T M T H HRKFEEREFIEZ T 7 (HMS-25) 13,
[A] UM AHER B 2 IR 5 72D I B e X T 7 O
BE R SEBEAREAN055 & K, — MR 2 Mg ki
FERAER M) ©03b R L T, X AhvweETHSED
PREE I TX 5, THICXY, BEokmz <35
CEDNREE B, F2, TELHEO RN ARSI
I2&D, BWIFALZREEL, 1 75094 7% 42
VIAMOBKIBICEHBT AZENTESL, T LR
5, BA T ZRABEMIE, 7 —VEEAEICBITS
WEdEMHICIRESNTE Y, REREICET 608
ELTHELRBIMIN TS,

1.2.3 N RA

WA T FILER AR O35, MR E LT
FHENTWSE, TRETOMRICEY, WA 7%
HREG % LIHEY 2 HETRET A2 8T, HEOMEN
BRTHZEPHESNTWEY Y, 20214E10 H 1243,
KB oL ARFETHLES, [y 7Rat2H
WRESF R R OREE T =2 7 VY AR s, &
HKTHIZBI2HMA 5 7 RELOBEHREDED Sh
TWh, TOX)BEOHMAIEY, FE, EBOLH
2B 2 S R Lo @R EFITHEML TWw
%

2. HMATTICKDHMBUR

2.1 HWBUROHE
2.1.1 HBHUROBR

TRES 2 Ml | RS 2 R L 72, RO LERL
TRIIZLY, WS Z EOEEEZ B XTI hE

1 SR T 7 ORI
Table 1 Chemical composition of steel slag and other materials

(mass %)

Blast furnace slag

Ordinary portland

Steelmaking slag

cement

Ca0 41.7 45.8 64.2
Sio, 33.8 11.0 22.0
T-Fe 0.4 17.4 3.0
MgO 7.4 6.5 15
Al,04 13.4 1.9 5.5

S 0.8 0.06 2.0
P,0s <0.1 1.7 —
MnO 0.3 53 —

K2 AV 1tH72 0 O COHEHED—BI

Table 2 Example of CO, emissions per ton of cement

o Ordinary portland
Emission source

Blast furnace cement

Reduction (g) Reduction Rate (%)

cement (g) type B (g)
Limestone calcination 476 206 43
Other process energy 283 113 40
total 759 319 42
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Table 3 Physical characteristics

On site soil Steelmaking slag
Soil particle density (Mg/m) 2.6 3.14
Maximum grain size (mm) 375 375
Uniformity coefficient - 15

Gravelly fine-grained soil

Classification name of geomaterials

Gravel mixed with sand

mixed with sand
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Table 4 Physical characteristics

On site soil Steelmaking slag
Soil particle density (Mg/m) 2.43 3.17
Moisture content (%) 109.3 6.2
Maximum grain size (mm) 9.5 37.5
Uniformity coefficient - 25

Fine-grained soil

Classification name of geomaterials

Sand and gravel

mixed with sand
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Bé Business Field

M Steel & Aluminum BEMachinery
* Steel Sheets e Jsostatic Pressing (IP) Equipment
* Aluminum Flat Rolled Products * PVD Coating Equipment
* Wire Rods and Bars e Tire and Rubber Machinery
* Steel Plates e Plastic Processing Machinery
B Advanced Materials e Steelmaking Machinery & Rolling Mills Plant
* Steel Casting and Forging * Non-Standard Compressors
* Aluminum Castings and Forgings * Heat Exchangers & Vaporizers
e Titanium e Standard Compressors & Chillers
e Aluminum Extrusions B Engineering
* Suspensions * Direct Reduced Iron field
* Copper Sheets * Advanced Urban Transit System
* Steel Powder * Environmental Engineering
HEWelding B Construction Machinery
* Robots and Welding Power Sources B Electric Power

* Welding Materials

URL : Kobe Steel, Ltd Website, "Products"
https://www.kobelco.co.jp/english/products/

QR code :

“QR Code” is a registered trademark of DENSO WAVE INCORPORATED.
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Technical Development Group
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