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Thermal deformation behavior and strain-compensated constitutive equation of
Q355B steel
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Abstract: The isothermal thermal tensile test was conducted by Gleeble-3500 thermal simulation machine, and the thermal deformation
behavior and microstructure evolution of (355B steel at the deformation temperature of 500—1100 °C and the strain rate of 0. 001-0. 1 s~
were studied to establish the constitutive equation. The results show that the microstructure of Q355B steel is mainly composed of ferrite
and pearlite. With the increasing of deformation temperature, the volume fraction of pearlite increases, and the microstructure morphology
gradually evolves from low temperature band to medium temperature equiaxed and high temperature widmanstatten morphology. The flow
behavior of Q355B steel is sensitive to strain rate and deformation temperature, and its flow stress decreases significantly with the increas-
ing of deformation temperature or the decreasing of strain rate. In addition, the flow stress curve is dynamic recrystallization type at the
high temperature of 1100 °C and the low strain rates of 0. 001 and 0.01 s™', while it is a dynamic recovery type at low temperature and high
strain rate. The Arrhenius hyperbolic sine constitutive equation considering strain compensation has high prediction accuracy and can better
fit the flow behavior of Q355B steel under different deformation strains. The correlation coefficients under different deformation conditions are
all more than 91%, and the average absolute relative errors are all less than 13. 4%.
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Table 1 Chemical compositions of rolled Q355B steel

( %, mass fraction)

C Si Mn P Cr S Ni Ti A% Fe

0.16 <0.17 <033 <0.02 0.03 <0.004 0.01 0.043 0.003 43t
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Fig. 1 Sizes of plate tensile specimen
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Fig.2 Microstructures of Q355B steel at different deformation temperatures with strain rate of 0. 01 s



553 4 B AR5

Q3558 BIASIEAT Ay B of AR MR AR T A 243

CCAAR oL Bt 25 A8 T8 1 B 100 T v 3 28 T 1) ] 1) 38 in 72
AR, HRA B FC AR i e V8 e 48 S 5 HAE A
PiaIEZRN (110)o// (111 y Fl [111] o/ /[ 110]y Y
L,
2.2 ARETHSHT Q355B IR TITAST
MBHE AW IS RS, BRI, 7T DR
A= (1) FX (2) BFafr -0 88 M 4 4 EL
Ji-E RN A2

o=F(1+e&)/s, (1)

e =In(l/1,) (2)

K o WEN ST, e HENAE; FRRMFELT; s,

SRR R A TR 4, AL 430 R SRR ) 4R R
JatrrE R

AR T Q3558 4K Y & i o7 A 2L 7 F7 -

BRI 3 s, M 3 AT, Q355B NTE

RS I 2 Iy SRR | 0 R A R A i 3 AN

800 300
—=—0.001 s —=—0.001 5!
—e—0.015s" 250 | ——0.015s"
600 1 ——0.15" ——0.15"
200 |
< <
s S
S 400¢ S 150 ¢
=l 5y
g = 100 |-
200 |-
50
0 ! 1 1 1 0 1 1 1
0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3
FLNAR HNAR
() (b)
300 200
—=—0.001 s —=—0.001 s
—e—0.015"
-1
150 L ——0.1s
< 200 <
Ay =9
2 2
R R 100 |
el i
mf '
100
50 |
0 O 1 1 1
0.0 0.1 0.2 0.3
HRIZE HAR
(©) (d)
100
—=—0.001 s
—e—0.015s"
80 | —a 015"
£ 60t
=
R
B 40t
o
20 b
0 L L 1 1
0.0 0.1 0.2 0.3
HRAR

(e)
3 ORIRVASHE TR BN AR A Q3558 4R A L 77 — EC Ry AR i 2k
(a) 500 C  (b) 650°C (c) 800°C (d) 950 °C  (e) 1100 C
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