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Abstract

Therequirement for fire-resistant with higher strength hasincreasingly prevailed as high strength
structural steels have been evolving in accordance with development of higher and larger scale of build-
ing. The effects of alloying elementsand microstructure on high temper ature-strength were studied and
basic propertiesof newly developed 590M Pa class of fire-resistant structural steels, which possess 590M Pa
class of tensile strength at room temperature, high resistivity against softening at 873K, and sufficient

toughnessin HAZ, were briefly described.
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Specifications of BT-HT440 steels
Chemical compositions

Specification Chemical Compositions (mass %)

C Si Mn P S
BT-HT440B | J0.18 | 0 0.55 | 0 1.60 |[J 0.030| 0.020
BT-HT440C [10.008

P... (chemical composition for susceptibility of crack in welding)

Specification |Thickness(mm)| P_ (%)
BT-HT440B 040 J0.28
BT-HT440C 400 J0.30

Mechanical properties

Spcecifation |Thickness| YPor YS| TS | YR | EL* VEo RAz
(mm) | (MPa) |(MPa) (%)| (%) | () | (%)

BT-HT440B 190 44000 59000 |J 80| 2000 |Av. [0 47| -

BT-HT440C | (1100 0540 |0 740 (2600) 025

[0 JIS Z 2201 No.4 test piece, No.5 test piece in parentheses
YP: yield point, YS: yield strength, TS: tensile strength, YR: yield ratio,
EL: elongation, RAz: reduction of area
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Chemical compositions (mass%)

Steel C Si Mn P S Al Mo Nb P, C%
NSFR490 0.11 0.24 1.12 0.007 0.002 0.02 0.51 0.02 0.20 0.43
SN490 0.16 0.30 1.30 0.008 0.003 0.03 - - 024 0.39

12
10 Bs—yg
£ “u
z N
m (N
08 r
£ bS
: ................... bR SRR
T 06 BN
o
%]
32
0
204
i
%)
>—
021 FR
—o— SN '
00 . . . . . ; ) L
0 100 200 300 400 500 600 700 800 SO0
Temperature, 'C

goooooooooogysoooogog
Temperature dependence of yield strength ratio in SN 490 and NS
FR 490 steels
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Determination of parameter of temperature dependence of yield
strength
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Parameter of temperature dependence of YS ratio in SM 490 and
NS FR 490

SN 490 | NSFR490
Critical temperature T, (0 ) | 600 900
Transition Temperature(dJ ) | 450 550
Low-temperature | T /1 1.516 0.629
region T T 0.546 0.7931
High-temperature | T /1 6.566 3.251
region T T 0.016 | 00.001
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Chemical compositions of Mo/Nb added steels (mass%)

C Si Mn Mo Nb V Ti Al|P_~ C,
Ave. [0.05 0.14 0.78 0.85 0.04 0.06 0.01 0.01/0.16 0.40
Max. [0.13 0.40 1.62 1.49 0.13 0.24 0.10 0.04{0.25 0.59
Min. |0.00 0.03 0.19 0.00 0.00 0.00 0.00 0.00|0.08 0.10
Tensile properties at room temperature and 60001
RT Properties YS at 60001 | YS Ratio (60001 /RT)
YS(MPa) | TS(MPa) | YR(%)| (MPa) (%)
325 490 217
445 610 80
Ave. 388 527 735 279 725
Max. | 570 706 96.8 425 92.1
Min. 207 354 58.5 128 343
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Effect of Mo content on YS ratio at 6000
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Effect of mole fraction of solute Mo and volume fraction of MC
on YS ratio at 6000
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Mole fraction of MC and solute Mo as a function of weight percent
of Mo

ooooooo
540 00MoO0OMCODODOOOOOMOODODO

0000 00.09C-1.25Mn-0.25Si-0.004NC 0 0 O 0O 0 O O Mol J 0.5
diwwbooooooooecoooMcoboooooooosee
O00O0OMoOOThermoCalc D000 OO0OOOOOOOOO
googooooomobObODOOOOOMCOODDOOOOOBCCH
gobOOmoODOOOODOOOOOOOOOOOOOOODOOOO
gooooooooooooooboooboboboooooooooo
goooooooobpboooooobooooomMCcogoobooooo
ggoobobecooooysooooooooooooooooo
0000045x 1000000000000 Mo00O0O0OO0.78wt.%
goooooooooboooo

6.00D00O0O0O0OnOO

6.100000000DOO0O0DOOO
goboooobbooooobooooooosomMPa OO OOO
goooooooooooboooboooboooooooooooo
goooooooooooooooobbobooooooooooo
oooooooooooooooooobooboooooooooo
gooooseetoboboooooooob2ommbOooonon
oob1li1oo0115000 000000000000 09%000950000¢0
gOsebeoddossmmbiooooooooooooobpqQ@U
ggobomoooooo@moooooooomooooooo

6200000000
oooooooooooobooooooboooooooooooo
gooooooboooobooooog
gooooooooooooooboooooosA4oooooono
oobobooboboobooooovyrROsOUOOOoOoOoooooo
goooooooooboooooooobboooogoooo
googooooooooobbooooooooobrvazeod
ooobobbonrv4e00000oooooooooooooo

63000 000OObooOoOoOn
gobooooosomMPal D000y ODOOOODOOODOOOY
ooooooooooooooooboboboooooooooo
gooooooooooooboboogorvscooooooooo
ooooooooboOo0ooooooUoDoooDUObOODONbO
MoOOOOOOOOOOoOooooooocoMmnOooooooo

ooOosoMPal OO OOODOOO
Concept of 590MPa class of fire resistant steel

Specifications Target Concept Conventional 490MPa (NSFR490)
SA440 Strength | YS 440/540MPa
TS 590/740MPa Ferrite / pearlite
YR 00 80% Bainite / ferrite microstrucuture microstructure
Toughness E; 047
Elongation 1 20%
[0 295MPa (2/3 of Lower Limit | O Retardation of dislocation recovery due to Coherent / semi-coherent dispersion
YSathigh | 6000 of YS at RT [440MPa]) solute Mo or Nb, [ Coherent / semi-coherent strengthening due to carbo-nitride of
temperature dispersion strengthening due to carbo-nitride of Nb and Mo
Nb and Mo
Weldability Same as conventional SA440 Lower carbon content Limitation of Nb and Mo amount
Robustness of production Same as conventional SA440 DQ(direct quenching)-L (lamellarizing) Controlled rolling (CR)
-T(tempering)
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PROCESS STRUCTURE
’mﬂ o Matrix S
i *Tempering | Bainitic/Ferrite Dual Phase (Fraction/Distribution)

A
Ferrite Grain Refinement
Dislocation Density
Solid Solution Strengthening at RT

PROPERTIES

Tensile Strength
590/740MPa

Yield Strength

Transformation Kinetics 440/540MPa
YR=80%
- Elongation
Matrix EIZ20%
Bainitic/Ferrite Dual Phase PERFORMANCE
Thermal Stability of BCC Phase at High Temperature .
Retardation of Dislocation Recovery due to Solute Mo Toughness
and Nb at High Temperature VEOZ«%?J L
Carbide Dispersion Weldability
Coherent/Semicoherent Precipitation in BCC Phase |
Morphology (Shape, Size, Amount) !
Composition (Complex Precipitation) .
Thermal Stability at High Tempeature :,‘e"’Ts"e"g“‘ at
Deoxidation Precipitation Kinetics Ylgéooeg;;;:ntgf
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System chart of 590MPa fire resistant steel
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Chemical compositions of 590MPa fire resistant steel (mass%)
Steel C Si Mn P S Cr Mo Nb P, |C,
BT-HT440C-FR|0.09 0.28 1.24 0.006 0.0015 0.18 0.78 0.02|0.22 | 0.53
T Y - o 100
v,/'kdhr « 6) 2’ 50 + —+- Surface
b 2 ; s R
N S R s I —8— Root
ol $3 S AE 28 80
- o 3
P s .|
¥ =
-~ ¢ 80 r
'S 0:5'
- a0 F
[¥]
C 40
O
30 r El\
20 1 Y
10 f \
0] + *
—25 0 25 30 73
0000000 oo0oogoeommoUr/4d) Preheat Temperature, °C

Optical micrograph of tested steel (thickness:60mm,1/4 thickness)
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y-slit restraint cracking test
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Mechanical properties of tested steels

Thickness Direction Tensile Test at RT (1/4t) Tensile test at 6000 Charpy Test

(mm) YP TS EL YR |YP(YS)| TS EL JEo T
L: Longitudinal Min/Av

T: Transverse | (MPa) (MPa) (%) (%) | (MPa) | (MPa) (%) ) (@)

Target 440/540 | 590/740 | 0J20 | 080 | 0295 - - Av.[] 47 -
36 L 508 673 29 75 - - - 279/287 | <—40
T 520 687 29 76 323 417 33 268/279 | <40
60 L 472 652 30 72 - - - 266/279 | <40
T 480 653 30 74 391 391 32 291/293 | <-40
85 L 464 635 31 73 - - - 254/282 | 29
T 461 635 31 73 312 396 31 154/246 | —29
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Properties of welded joint

Welding method | Welding material | Heat input Tensile test Charpy test

(kJ/mm) | Temperature| Test piece | YS(MPa) | TS(MPa) | EL(%) | Notch position | E (J)

SMAW RT Joint 596 658 23 WM 173

L-62 4.0mme 1.74-1.99 6000 Joint 341 417 20 FL 211

WM 312 398 33 HAZ 230

SAW Y-DM 4.8mm@ BP1:3.2 RT Joint 571 692 19 WM 82

YF-15B BP2-LP: 6000 Joint 364 431 22 FL 101

45 WM 367 436 29 HAZ 83

Y-DLOFR 6.4mm@ RT Joint 510 620 19 WM 39

NB-52FRM 10.3-15.7 6000 Joint 303 376 23 FL 53

WM 309 341 35 HAZ 52

Y-DLOFR 6.4mm@ RT Joint 515 651 20 WM 53

NSH60FRS 44.0 6000 Joint 390 448 19 FL 42

WM 376 404 16 HAZ 49

SESNET Y-CMUOFR 2.4mmo RT Joint 502 650 14 WM 171

YF-15I1 105.8 6000 Joint 347 437 12 FL 39

WM 399 471 17 HAZ 30
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