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Abstract - Elevated-temperature material properties of fire resistant steel reported in the literature have an observable scatter.
They differ from material model codified in the existing design codes that are mainly based on the results of mild carbon steel.
This paper investigates the elevated-temperature material properties of FR355 through steady-state tensile tests. Ductile fracture
in steel structural components in a fire has been widely observed. However, its inclusion in numerical simulation has been
limited due to lack of experimental data on fracture response and true stress-strain data. This paper also addresses an integrated
experimental-FE analysis to calibrate ductile fracture parameters and to determine full-range true stress-strain curves. The
developed material constitutive model and ductile fracture model were validated through extensive simulations of tensile
coupons at elevated temperatures.
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Fig. 1. Reduction factor curves codified in the European code™!
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Table 1. Chemical compositions in FR355 steel (%)!"”

C Si Mn P S Cr Mo

<0.18 | £0.55 | <1.60 |<0.030|<0.015| <0.70 | 0.30-0.90

Table 2. Performance requirements for FR355 steel!'!
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> 355 490-610 <0.80 >19 >230
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Fig. 3. Engineering stress-strain curves of FR355 at elevated
temperatures
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Table 3. Results of the elevated temperature material tensile tests

E11910) A= e} 5 YstA 538 °CE HAstGct
olEigt B 7|2 HE BE 18 FRYET] A2
gul 238 5202 FAHE LES S 8Lre o)
ST QROIALE 0.2 % offset FRAEE, 1]}
SYANAE 2 % SEFEREES 70T A
Fig. 4(e)2} ()= 0.2 % offset FEF L9} 2 % A=
Fro] e 582k HIlE AFAor EAste] 4
EFTE 0.2 % offseto] A 2 % HPES S &(FATH
FE)gel wet 382&=7F °F 2.6 °C F7FSHTH
Table 39} Zro](FEH] x),ZA 9 &7} 600 °C ©]
Fo g =gt HH HPFs=E Qv Ak F7HE0]
AAd oz Z7] W&o, 0.2 % offsetd} SEFELE
9] 5182 & Zo|7t Qli= A2 &2 YEE T

AL

S
of QLA EH B SR BALSIAt 7
&2 847 &8 =2 4(C3DSR)O] ARRE| 10, 3
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AR5 A7 24 ASE von Mises 7] &3
53 7 Sh(Isotropic hardening) L& 2 WAFE T

3

Temperature Er Foo,r Fro.r Fis,r Foo,r Sur M & T Enr
(°C) (GPa) (MPa) (MPa) (MPa) (MPa) (MPa) fur (%) (%)
20 210 413 503 527 547 633 0.65 8.8 18.7
200 197 459 534 554 563 599 0.77 6.4 16.5
300 192 456 519 555 580 673 0.68 8.2 16.1
400 187 423 490 522 543 592 0.71 6.4 15.2
500 162 371 426 438 443 457 0.81 5.2 17.5
600 145 294 305 300 299 306 0.96 0.9 19.2
700 90 148 144 138 133 150 0.99 0.5 35.6
800 29 49 52 53 53 54 0.91 1.3 59.4
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AARE AES RAS] 98] PAREA0 2Ar AT sl44 At v ag o) Haske wd 44
Table 4. Calibrated full-range true stress-strain and ductile fracture model parameters

Tem(lf,ecr;‘mre 20 200 300 400 500 600 700 800
a; , (MPa) 351 388 332 319 298 183 85 33
& (%) 0.25 0.26 0.24 0.25 0.23 0.14 0.09 0.01
Pre-necking
K 943 828 1032 851 598 600 239 67
n 0.13 0.09 0.13 0.11 0.08 0.13 0.08 0.06
o,, (MPa) 681 635 721 625 476 313 149 55
& (%0) 0.09 0.06 0.08 0.08 0.06 0.01 0.01 0.04
Post-necking a, 0.70 0.50 1.90 1.50 1.50 2.80 1.17 1.00
a, 0.75 1.75 0.50 0.50 0.55 0.25 0.05 0.25
@ 2.8 2.5 23 2.6 33 6.1 6.6 9.0

Note: 0, , , € H] & 3L A 7 ol A €]

AEHH AR E, 0, ¢, WBAAMI A
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