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“HBL®385 Series,” 550 N/mm?” Class Steel for Building Structure
Which Achieves a Good Balance between
Excellent Earthquake Resistance and Economic Efficiency
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Abstract:

Since the initial approval for “HBL"385,” 550 N/mm® class steel plate for building structure by the Minister of Land,
Infrastructure, Transport and Tourism in 2002, JFE Steel has developed 550 N/ mm? class building materials and
products, such as circular steel tube and cold-press-formed square steel tube, as a pioneer in the industry. This paper

explains the outline of “HBL"®385 series” including its excellent mechanical properties as a building material and

economic advantadge, and provides some findings about its structural design and fire-resistant design.
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Table 1 Chemical compositions of HBL"385 Series
(mass%)
. . Thickness Chemical compositions
Products | Designation - ¥
(mm) C Si Mn P S N Ceq Pcem Sfuaz
HBL385B-L | 12=¢=<19 =0.44 =0.29
19=¢<50 =0.030 | =0.015 =0.40 =0.26
HBL385B  [------f e
Plates 50<t=100 | =0.20 =0.55 =1.60 — =0.42 =0.27 —
19=1<50 =0.40 =0.26
HBL385C  ---rmoes =<0.020 | <0.008 | [
50<r=100 =0.42 =0.27
19=1=50 =0.40 =0.26
P-385B o =0.030 | =0.015 | o
Cirular 50<r=100 =0.42 =0.27
=0.20 =0.55 =1.60 =0.006 =0.58
tubes 19=1=50 =0.40 =<0.26
P-385C o =0.020 | =0.008 | o
50<t=100 =0.42 =0.27
G385B =<0.030 | =0.015
=0.20 =0.55 =1.60 =0.006 | =0.40 =0.26 =0.58
Square | G385C =0.020 | =<0.008
19=t=50
tubes G385T
=0.20 =0.55 =1.60 | =0.020 | =0.005 | =0.006 | =0.40 =0.26 =0.52
G385T-725

N* Total nitrogen

Carbon equivalent: Coq=C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14

Weld crack sensitivity composition: Poy=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
Heat affected zone (HAZ) toughness estimation parameter for metal active gas welding (MAG welding): fiiaz=C+Mn/8+6(P + S)+12N-4Ti (If

the chemical composition of Ti=0.005%, it is regarded as zero.)
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Table 2 Mechanical properties of HBL"385 series
L YS TS Typical Thickness o o B N
Products | Designation (N /mmz) (N mmz) specimen (mm) El (%) YR (%) vEoc (J) RA (%)
HBL385B-L JIS 1A <38 =15
Plates | HBL385B 385-505 | 550-670 | JISS 1<50 =26 <80 =70
HBL385C JIS 4 40<t =20 =25*1(15*%)
- P-385B _ JIS12A | 19=/=<40 =19 —
tcgcular 3?9 25 550700 | JIS12B  [rrrereeeessscsmmrfossosimmmrinscsocs <85 =70
ubes P-385C (19=n 1S 4 40<1=100| =21 =>25%1(15%2)
G385B JS1A | 19=</<32 =15 0% —
Square | G385C JIS 4 32<1=50 =20 - =25"'(15"7)
385-505 | 550-670 <80
tubes | G385T JS1A | 19=</<32 =15 - —
G385T-725 JIS 4 32<1=50 =20 - =25"'(15*%)

YS: Yield strength  TS: Tensile strength  El: Elongation YR: Yield ratio vEoc : Charpy absorbed energy at 0C

RA: Reduction of area in through thickness tensile test
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Fig.1 Overview of stub-column test
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Table 3 Section size and calculated yield load

(@) Stub-column of box section

D t h A Ny
mm) | @) | 2] o) | oy | )

BOX-FAB | 308.6 11.7 26.4 929 | 13900 | 5640
BOX-FBC | 346.3 12.0 28.9 1041 | 16100 | 6520
BOX-FCD | 3749 | 10.0 37.5 1126 | 14600 | 5850

(b) Stub-column of BH section

H B tw t h A N,
(mm) | (mm) | mmy |y | 2|4/ mm) |y | 1)

BH-FA |464.2|281.7| 193 | 19.2 | 7.3 |22.1| 692 (19000 8 660

BH-FAB |444.1282.1| 11.9 | 19.3 | 7.3 |34.1| 692 [15700|6 910

BH-FBC|436.7|327.1| 19.2 | 193 | 8.5 [20.7| 801 |20300|9 220

(c) Stub-column of circular tube section

D t h A Ny
mm) | mmy | 27| om) | @omd) | &N
P-FC 5094 | 117 | 515 | 1800 |21500] 8370

P-FBC 629.4 15.6 40.3 1890 | 30100 | 11 600
P-FAB 599.1 18.7 32.1 1800 | 34000 | 13 100
P-FA12 268.5 11.6 23.2 810 | 9350 | 4050
P-FA19 426.9 18.6 22.9 1284 | 23900 | 9630

(d) Stub-column of square tube section

D |t |yl r |k A N,
(mm) | (mm) (mm) | (mm) | (mm’) | (kN)

G-FA-1 [349.7| 193 | 18.1 | 68.8 | 1050 | 23600 | 10300
G-FA-2 | 350.5| 19.2 | 183 | 70.0 | 1050 | 23500 | 10 100
G-FAB-1|449.8 | 193 | 23.4 | 68.7 | 1351 | 31200 | 13800

D: Width of cross-section t: Thickness of cross-section

H: Height of BH section B: Width of BH section

tw: Web thickness of BH section #: Flange thickness of BH section
h: Hight of stub-column b=B/2 d=H—-2ts

r: Outer diameter of corner of square tube section

A: Cross-sectional area Ny: Calculated yield load
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(c) Circular tube section
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(d) Square tube section
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Fig.2 Results of stub-column test (Plastic deformation magnification)
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Table4 Bending specimens of G385T

D t D/t r LD M, 0,
(mm) | (mm) (mm) ") [N -m)| (rad)
T1 450 19 23.7 | 66.5 45 1993 |0.0114
T2 | 500 32 15.6 | 112 45 3786 | 0.0106
T3 | 500 32 15.6 | 112 45 3729 |0.0105
T4 | 400 32 125 | 112 45 2288 |0.0138
T5 | 500 32 15.6 | 112 0 4194 |0.0118
T6 | 500 32 15.6 | 112 45 4045 |0.0114
T7 | 600 32 18.8 | 112 45 6115 |0.0093

D: Width of cross-section  #: Thickness of cross-section

7: Outer diameter of corner of square tube section

LD: Loading direction M,: Calculated full plastic moment
0,: Calculated rotation angle at M,
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metal of column.

Base metal
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(a) NBFW" Method

It tends to break
along the HAZ.

Base metal
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(b) Nominal welding method
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Fig.4 Weld specification for through diaphragm (NBFW" and
nominal welding method)
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100

Cumulative plastic deformation ratio, 7

1/

o : Equivalent width-thickness ratio=(c,/E)(D/ 1)’
0, : Yield strength of column on flat part E: Young's modulus
D : Width of column ¢ : Thickness of column
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Fig. 5 Result of G385T bending test
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Fig. 6 Overview of shear bending test under constant axial force
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Table 5 Specimens of CFT

D t 1 psl s% sOu _|sYR| coB n

(mm)|(mm) (N/mm’)|(N/mm?)| (%) |(N/mm’) | (=N/No)
G1[350 | 12 |29.2 63.8 0.4
G2[350 | 12 (292 395 542 | 73| 659 0.6
G3|450 | 12 [375 68.1 0.4

D: Width of cross-section  #: Thickness of cross-section

sOy: Yield strength of steel  sou: Tensile strength of steel

sYR: Yield ratio of steel cop: Compression strength of concrete
n: Axial force ratio N: Axial force

No: Compressive strength at the center
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Fig.7 Bending moment-story drift relationship (Specimen G3)
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Fig. 8 Result of shear bending test under constant axial force

#k 2 OFHERIC £ B M) THRLTT By F LTz &
Fuay ML AL HEEICMELTED, G385 %
FAW 72 CFT B AT £ — X > M3k ® oFFER
B L CWa e dr s, 1z, K8 IZIztigno
CEHE OB L ER T Ty F LTz, G385 &V
72 CFT AR S5, BT 400, 590 N/mm” §8 % Fv 7z
CFT F:OFE R v RS0 &iPlIc 0w L TE Y, Zhbo CFT
e RIEOMEMRERX B L TW12 e nh b,

4. TANiERE

2000 4F 6 H OMEIHAEEWRIE T, MAGRRHIBWTY,
THEEERE ) OEZ DY AnbNiz, Zhlckb, Mk
REHIBWTY, MEENERYWET 2 2 ¢ 4 oWk
BIOM TR T 2 2 e palREr ko702,

RETIE, AR O HRE 7 — & ¥ 72 5 HBL"385 ®
S ERBR OSSR 2N T 5.

iR g BERER S JIS G 0567 [#ESiA R N O ZAE 4 0 i
E5 RS T ICED TR L, 1110 BEASR 2 HV7e,

JFE £ No. 31 (20134E1 H)



T A2 A ¢ R E 2 A S 2 2 BBRASE AT 550 N/mm” §48kF THBL"385 + ) — 2|

__ 700 O 19mm [ #45mm
E 600 | A 50 mm > 160 mm
<
Z 500 =
1
Z 300 §
= 200 8
g 100
= . P
100 200 300 400 500 600 700 800
Temperature, 7 (T)
(a) Stress at 1% strain
700 |O[]9 mm [ ] 145 mm
600 % - A 50 mm < 160 mm
500 2 °
400 o

300 8
200 8
100

Tensile strength (N/mm?)

100 200 300 400 500 600 700 800
Temperature, 7' (°C)
(b) Tensile strength

@ HBL"385
O 490 N/mm? Class steel*
— Evaluation formula*

1.5 T T

1.0

FaVa's ¥ Ya'a'm
(SAL ¢ | 4SS5,

0.5

(Stress at 1% strain)/F

100 200 300 400 500 600 700 800
Temperature, 7 (°C)

*Notification of the Ministry of Construction

¢) Comparison of stress at 1% strain
() p

X9 =iEs IEARER
Fig. 9 Results of high-temperature tensile test

HF U 72 8b1 13§~ Tl —#fio> HBL"385 (JEHEiRfs F=
385 N/mm”) T Y, #H/E60mm, 50mm, 45mm »5ZH
FN1F =3O, WE19mMm P2 F v+ —I0DEE5
Fr—=I0ThHob,

AR GRABRF 2 R 1) #B9 (@) ~Mb) 1R,
FHEORNIABIEE TThh, HIXx9 @ PO s
1% OREDILST (LT, U3 A 1%KI571), K9 (b)
SRS TH %,

K9 (0 IWEARBRERE XM TRIATVLS
490 N/mm’ §z8 (F=325 N/mm®) Z & 2 il 5, 8 &
TR 12 4EREER A 15158 1433 51 & 2 8ib o & iR asE AT
My LS LR T, HENZ O A 1% 2 JAERg F
THAEL7:b o, BllldElBiRE T Th b, X9 &b,
HBL"385 (3 B4 0> 490 N/mm” §% i ¥ /)25 0 &5 Vi i e e 1

JFE $%R No. 31 (2013 4£ 1 H)

PET e TE B,

%38, JFE 2F— i3, s EERoftiic &, HBLY385
) — X O AW CFT O # A nZAGER b 22/ L T v
2 10)O

5. BbYIc

AL TIE, e & B L CB%E S e HBL385
D) —ZOMBEEANL, KR 2O, S 6123
BT TA M 2 i 2 7c AR EE A ¥ L CORR 2 ki<
oo 2L, UL ORRER G LIcHEEREHM DS,
AL - TEARIZIS U TR S e BER TR T 5 v &

AL, REHIBI BREEE 2RI LTc 2 e ke, B
1E, HBL"385 > V) — 13, HSEMIOMELZ M OMR © &%
FEPEom B2 FEBLT 2 EEEMIEHSIM ¢ L UL SR LT
Wa,

IRLIFVLTRY, 550 N/mm’ fHBIFE O LERE v LT,
IR OREEETACBE § 2 #2200 = — ZIHEBUT S LT
SR TH B,

2011 3 ADORHARERXR X 53T, L OLRRIEEY
HRDENTVE %D, JFE RF— 3 Inh o b BEERY
¥ HITE - LB EO K DICEBNL TWw L,

CFT DX Ly & AW T3, IR E—8u%
ZIZCOMRBOERICZ R s CUhelHS $ LI, 22
ICREL TR ERL 9,

BE XK

1) MRk, BENWE ., IR, JFE £k, 2004, no. 5, p. 45-50.

2) BAM—, —ErvafT, RKIMERIL. JFE f5#. 2004, no. 5, p. 19-24.

3) KA, FRINEH, K&EFR, M3 JFE 3. 2008, no. 21, p.
8-14.

4 HIIE, IRAK, FIFR, B, AT EAESEEA RS
AR, C-1, A5E 1L, 2008, p.549-550.

5) BRIRWE—, W%, HEEFE1T. JFE £ 2005, no. 10, p. 41-50.

6) RIS, HAMIC AR AN EMAE. C-1, F5d 0L, 2008, p.
1119-1120.

) RN, HEETT, MR, A AR, IRARR, BB, MR
FIASR A 2N . C-1, KEXE ITT, 2009, p. 1213-1214.

8) MIRIAHE, HENRTT, ATFEM, MARW, M E1TR ME— BHA
TR A AR, C1, WS IIL, 2009, p. 1215-1216.

9) HEUGRETT, MRIASE, R TR, ALK, R, WA— HA
HERA A R PR RS, C1, K& I, 2011, p. 1183-1184.

10) A AT, R FEG, SRS, HUs, sAmE. AR EA K
SRR, Bk, 2012, p. 271-272.

1D S ES. SIRSER . 2001-12, vol. 8, no. 32, p.17-32.

12) HAFEE L > & —. 2007 4EM B O REE RI R BT e .

13) BEEEHEZEAT, A EET LMY HBIRSS AR O MG B
BRLICBT 2t BRASHWGE. T 14 F 4 H.

14) WOFHER, WEE, SRS, BaliZz, BB, HAREERE R
AETHIERESE. C REE I, 199208, p. 1245-1248.

15) FF EPIEE, ST, AANASER A 2SR, C ASE 1T, 1990, p.
1359-1360.

16) hgEs, Balizz, $iARshz. HABSRZAGHSCRESE (204). 1973, p.
9-17.

17) kR ORISRk SRR (507). 1998, p. 123-129.


http://www.jfe-steel.co.jp/research/giho/005/pdf/005-09.pdf
http://www.jfe-steel.co.jp/research/giho/005/pdf/005-05.pdf
http://www.jfe-steel.co.jp/research/giho/021/pdf/021-03.pdf
http://www.jfe-steel.co.jp/research/giho/021/pdf/021-03.pdf
http://www.jfe-steel.co.jp/research/giho/010/pdf/010-09.pdf

TR 2 A2 E ¥ R PE 2 T 17 S 4 5 JSAEE M 550 N/mm” @kt THBL"385 Y — 2

18)

19)

20)
21)

22)

23)

24)

MR, RS, BURRS, HOPREH]. HAESRSE AR A .
C RS I, 1990, p. 1487-1488.

AARES L > &% —. 2008 4GP AEME R - iT~=27
U

HARESER 2, SRS PUIRERG HEE] - #3. 2002, p. 121-124.
ARNEB, N ETR, R, IRASR, Rl AR
ARSI, C1, A& IO, 2010, p. 889-890.

SEIF L, FARRE, WRE]L SR, LfESE BRI A SR
2010-06, vol.17, no. 66, p. 1-10.

WEsHiNY O 2. av ) — FFRBEEE (CFD) ERiiE -
[RIfFERR O K D HEIE. 2005.

HREZo. OARRF A RPN, C1 A5 I, 1996, p.
1027-1032.

25) HAAEERAL  AGEMRI O AR 1 F 77y 2. 2009.

Wil

*

HEp BETT

JFE # No. 31 (2013 £ 1 F1)



