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Ultra High Strength Steel for Sustainable Building Structures
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Abstract

Sustainability of building structures is focused on especially after the Hanshin-Awaji earthquake
in 1995. Nippon Steel & Sumitomo Metal Corporation developed the minimum yield strength of
700 N/mm? and the minimum yield strength of 880 N/mm? steel for the columns used in advanced
damage control design, and put them into the first practical use in the world.
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(a) Seismiic design utilizing plastic (b) Damage control design preventing
deformation capacity of beam and column damaged
column
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Schematic illustration of seismic design concept

Tensile strength class(N/mm3)
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e 7213 PRI ORI E TTRE L § A1 P, B2V R, fi%
MR T2 & B HAZ AR 30 L3l (HTUFF®) 49 22 &°C
BEER IO R EREER oS LERIGZ 5 &3,
EEALT AT EZRFTOERIIG U T, ET AL F IR
A OARBEARBREE S AT @ BT-LYP100, 225, HEf DRz
fRILRISA A BT-HT325, 385, 440, 630 [ZH1ZC, &\ i
PRZE TR % A 3 5 wm B AR 58 B2 8 A7 BT-HT400, 500, 700,
880 B2 1R HRICT ) — A LL T %,

4. BT-HT700, BT-HT880M 45,

4.1 SHEM DORE

£ 112 BT-HT700 B £ O° BT-HT880 DA HA% % 7R §
FefRiR S MR % 2211 700N/mm?, 880N/mm? & L, [
RIALDFFE L AN F— % fER L D D2 T8 2 i KRR
W3 28U506, BRILE 8% E LT\w5b, 72, BT-HT
700 12OV, FIBHEEAIZY v L E— il BB O
BRIEEE —20C & Lo Z 7R 700

4.2 BT-HT700 04 & EA1E

4.2.1 sAr4EE

T2 M DL 5 2R BEEEOM FIZER
THEW, R C roREEEIIURZ R (P,,) DY
ZaRH L72e E512, Ni, Cr, Mo, BRI X 28
AEDR AL, BLORHWTH L P, S DA TV

=1 SRR
Material specification

Charpy impact test

Tensile test
ensile tes (1/4t, L-dir.)

Brand
Test A
name YS S| YR s . bsorbed
emperature | energy
(N/mm?) | (N/mm?) | (%) o
(°©) )
0 = 47
BT-HT700 | 700-900 |780-1000| = 98
-20 = 47
BT-HT880 | 880-1060|950-1130| = 98 0 =70

t: Thickness, L-dir.: Longitudinal direction

BT-HT630

BT-HT880B.C
approved in 2008

850 v WA BT-HT700
SN400, yuor=, T | | approved in 2009

,,,,,,,,,,,,, SN C BT-HT325 /\ |
4 iz A =
300 [(eme @' | BT-HT400C BT-HTS00C |

BT-LYP™00 = T approved in 2008 | |
200 I Q ______ . ‘approved in 2007 | - ‘ ;

0 86 205 255 325385460 440 500 630 700 880

Design vyield strength(N/mm?2)

2 #FH#EEOEEESHEM
NSSMC’s steel plate used for building structure
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x®2 EZHEH (mass%)
Chemical compositions (mass%)

C | Si |Mn| P S Others Ceq | P

™M

0.5810.22

0.07 [0.06 | 1.24 {0.008|0.001| Cu, Ni, Cr, Mo, Nb, Ti, B

Ceq=C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14
P_,,=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B

=3 yERBAEINARER (60mm k)
Result of y-groove cracking test (60 mm thickness plate)

Preheat
Welding condition Atmosphere rened Crack ratio
temperature
GMAW (CO 20°C
(€0, L free 0%
YM-80C, 1.7kJ/mm | humidity 60%

GMAW: Gas metal arc welding

F4 HREERGER (25mm iEiR)
Mechanical test results (25mm thickness plate)

Tensile test Charpy impact test
JIS5B, Flat, T-dir. 1/4t, L-dir.
Thickness ( a ir) ( ir)
. Test Absorbed
position YS TS YR ; ;
emperature| energy
(N/mm?) | (N/mm?) | (%) o
(°C) Q)
Full-thickness 801 852 94 -20 324
Target 00 900 [780-1000 < 98| 20 =47
(BT-HT700B) - -
T-dir.: Transverse direction
#*5 HEHRER C5mm ik, SREHE, RE ER=

0.05)
Mechanical properties of pipes (25mm thickness plate,
cold forming, thickness/diameter=0.05)

Tensile test Charpy impact test
(full-thickness) (1/4t, L-dir.)
Tested
Test | Absorbed
sample Direction s 18 YR temp. | energy
(N/mm?) |((N/mm?)| (%) .
Lo
Plate L 788 842 94 -20 302
. Pipe axial
Pipe .
(L-dir. of | 801 879 91 -20 281
(as formed)
plate)

WO RENE R -7, RII y BinHEE RS REZ
LERFERE L7z RAIHIM OFERB LY v )L ¥ — 2
B R R o M\VERIE L ZE L7z Y XV E—FEEARE AR
TEC5, MIMERTHEM L L THCW GG %
L, & BRI A 2 O BEMURRE: 2 5P L 745 R 2 3R 512
T o WERIZBWTOLELIHEEB LY v VE -1
BAEVEA RS EAERE T X, IR L LT AT RE
ThDHEDHWE5E72,

4.2.2 EFRIEEH
(BR) KA O S RSETAREE T 7 / A7 —3 a3~ (M3)
WIEEsRE T v 7 ) — MR (CFT) AT ICHRE

Ultra-high-strength
/concretemeommm’ grade)

Ultra-high-strength steel
(780N/mm? grade steel)

K3 KMBIIMARFFAET T/ XA T -3 8L 0
BT-HT700 #HEH (BEE - B AMERE)
Appearance of Obayashi Corporation’s Technical
Research Institute Main Building “Techno-Station” and
column applied BT-HT700 (photo and figure provided by

Obayashi Corporation)

Span ¢ 700 ¢ 500 500 .
-
oD O D
o/ TO U
(= "
g @ :Diameter of column (mm)
L) Usual t: Thickness of column (mm)
° technique
z \‘ High tensile strength steel
o f\ High strength concrete
g Y
¢ 500
25 (N/mm?)
400 780 Tensile strength of column
60 160 Compressive strength of concrete

R4 #B=i&fE CFT 0 (aX)
Feature of ultra-high-strength CFT column

25mm @ BT-HT700 A3 TR TEHRH S 7ze HEROH
 (SM490A) 1ZHARTRERIREAT 2L L RE L, it
SRDERGR S T00N/mm? #di |2 T P, AV &)
WEWmE, L, S oOHAL s BB I WL TWvWh,
E512, FTEa V7)) — MoEiRE, T KEEO SR
HIZXDVHEOMBLER->TBY, BWiEM L TR
ANV RWART D& 2 BRI 22, i N % RN 252 L
TWw5 (K4)9 512, INOEBEMEZHHATL2
sk, firt, avosU—-boMHEERER TS, BEBE
FRRIFICERAL T 5,

4.3 BT-HT880 M#Fit+ L U'EMA{L

4.3.1 sEAH4EE

6 (MM OILE R % 7R 9. BT-HT700 & [F£RIZ,
ik C LMK P, 1bIC & B oM LI EIR A 725 R
L L7z EWGERE BN TN S 5720, il
BERLIIVT YA MRS 2 2 H, AEHE
BLOBWH GO RS IT 5720 |7 OB

#=6 1D (mass%)
Chemical compositions (mass%)

C | Si |Mn| P S Others Ceq | P,
Ladle Cu, Ni, Cr, Mo,
. 10.10]0.1910.97 |0.005|0.001 ; 0.54/0.26
analysis V, Nb, Ti, B
ooOH & & % #4005 (2014)
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=7 HHEERER (50mm k)
Mechanical test results (50mm thickness plate)

Tensile test Charpy impact test
1S4 dt 1/4t, L-dir.
Thickness| (JIS4 round type) (1/4t, L-dir.)
. ir. Test |Absorbed
position YS TS YR | El .
emp. | energy
(N/mm?) | (N/mm?) | (%) | (%) |
(O Q)
1/4t C 909 966 94 | 23 0 279
1/2t C 892 962 93 | 21 0 242
Target 880-1060]950-1130| =98 | =13| 0 =70
1000 v .
E 800 1000N/mm? 1
Z
& 600 | .
<4
* 490N/mm?
© 400 - .
€
2
200 1 1/4t, L-dir 1
JIS4 Round type
n 1 " 1
0 0 10 20
Nominal Strain [%]
X5 SHERER

Stress strain curve

*8 yEREIINFABRER (50mm $Htk)
Result of y-groove cracking test (50 mm thickness plate)

. . Preheat .
Welding condition Atmosphere Crack ratio
temperature
GMAW (95%Ar + CO 35°C,
OS%Ar+ €Ol 35 100°C 0%
YM-100AS, 17kJ/cm | humidity 48%

B R A RS SOmm JESROMEN £ T — iR B
LORELIY v VE PR TE T b, B57 12
R, A S NS E RS 490N/mm? ARSI
WMo TR & 2R & I BER R b+ e MO A
T AHHMYEFHCTH 5o REIAEHEERBA R LR T St
ELTX 100COFEUC L N RREINOEIHIDSTTHETH

4.3.2 ERLEH

BT-HT880 OFEFMLFFI & L CTH H#if: & o el 725
By = T B 0, WA THIO TR EW I
R S 880N/mm? AL A3 F S L7 TH 1, 2008 4F
ZERAS, TEEAOR, AR LA & OO R R oKk
RFEHEFEIZOWTE TR BREOREL AL, 2012 4F
IZ5E L 72,

1 FEDOFEIC BT-HT880 % i L THbEE R D RRZE A7 %
KELLAET, B AVF 2T AHHRT L — 2
REPICEELS (K6,7)s SHIIZLIVEMICATIES
NLMBEIANF—DITEAEE 1B TR TR
L, K#ZEIZBWTOAE - BEb & sEBR i 77 LU T 12 #)

#roH g fF 4 F o#ic 4005 (2014)

Column
(1000 N/mm? class steel)

6 [BlEiRZERFE > 2 —41EH LU BT-HT880 EHE T
Appearance of Amagasaki Research and Development
Center, and application part of BT-HT880 steel plate

Energy dissipative brace

=

7 ##RJL—X& BT-HT880 &M
Appearance of energy dissipative brace and column
applied BT-HT880

ZBEEELTWD, PANY 8Bm & LK% FER
TAH720, HIIKERMELEET LI L% 5, M
|2 BT-HT880 % Fv>, S OHITHEWNi %2 248 1 HloMAEE L
THWAZET, 1 RS- ORMHZ/NSSTHIES
FEHLL 720 F7z, HERIEICERA L 72 EH07 H 28 (BH)
DT TYT =7 T OEBIEIH 72 LT R S
1000N/mm? DY 7= — VT — 7 w2 g L7z 2%
ESRE S OBERIIB VTS, BIEIORE, BRI
Mz, HRESEEOENIEARPRICEETH L, TR
JE, BHAE, SARREICINZ, ZREEERomagEt:
SR FEICHET LR, 1S AR TN A
FTUELDOEESELNLERESEMEZ L L, FEHT T
BB L 7 5 72 10,

KM OFAMFE A — 7> KR 2121%, BT-HT80 %
HWH L7 AT 79 2IEROERE 41 Box HAERH SN
72 (H8)o w4 Box #1347 4 ALV EDEYT

Welded 4-side box column
(1000N/mm? grade steel)

X8 AMMBEMMERA—T>FRK2HE S LU BT-
HT880 @AM (BE - X : KRR )
Appearance of Obayashi Corporation’s Technical Research
Institute “Multipurpose Laboratory 2”, and column applied BT-
HT880 (photo and figure provided by Obayashi Corporation)



FHERIRE L S E C Rl ¥ 2 R ERBEHAR

BH #: &6 R ICERH S AW IR TH 50 RY
F#Cld 4 TH Box D AEEO L GIEHARIZR LC, ARk
RIS D WL 2T, SN, VR, BT
IRl YN a2 S S A DY AL

5 #&

(][

EEREEY OBEHIRET OB I L, BB LY
B & s 72 BT-HT700, BT-HT880 #BH3s L, 15CH)
O CENY OISR, BH RSB X 084 1HH Box 2
L7z0 BEARBRE 700N/mm? DA EOMBERE L, Z D%
Tdh 5K E 7 HPEHIPH 2 5 KRS C© & 2Rk aT & A
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