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Development and Strengthening Mechanism of 420 MPa Grade
Bridge Steel with High Toughness

GAO Cai-ru', LIU Bao-xi*, PAN Huan', GAO Xiu-hua'

(1. State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110819, China;
2. Technology Center, Tangshan Iron and Steel Group, Tangshan 063002, China. Corresponding author; GAO
Cai-ru, E-mail; gaocr@ ral. neu. edu. cn)

Abstract: The Q420 bridge steel with yield strength of 480 ~ 530 MPa, tensile strength of 560 ~
630 MPa, elongation of 21 % ~ 25% and impact strength of more than 200 J at — 20 C was
developed by optimization of alloy composition and improvement of control rolling and control
cooling process. The amount of various types of strengthening contribution was obtained through
analyzing the amount of precipitation by transmission electron microscopy and the grain size of
metallographic microstructure. Then the strengthening mechanism of Q420 bridge steel was
studied. The results showed that the contribution of precipitation strengthening accounts for less
than 10% of the total strength for Q420 bridge steel, and the contribution of solid solution
strengthening and fine grain strengthening are 54% and 36% , respectively. It is confirmed that
solid solution strengthening and fine grain strengthening are dominated in 420 MPa grade steel.
Key words: control rolling and control cooling; high toughness; 420 MPa grade bridge steel;
strengthening mechanism; strength calculation
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Table 1 Design components of 420MPa grade bridge steel( mass fraction) %
JA C Si Mn P S Als Nb \Y Ti N Ca

BHE 0.06 ~0.09  <0.35

1.20 ~1.50 =<0.020 <0.015 0.02~0.04 0.03~0.05 0.04~0.06 0.01 ~0.02 <0.006 —
SPRME 0.06~0.08 0.10 ~0.20 1.30 ~1.50 <0.015 <0.01 0.02~0.03 0.035~0.040 0.04 ~0.06 0.018

0.005 0.002

2 IR T2

2.1 mMITE

TR A R AUE I A4 5 Jeota 3 1) Jl B, R ]
REVE C, Mn RAT, 760 i # st (B A /D F 3.5 h.
JNFGEE 10 ~ 12 min/cm, ¥ B} [E] =55 min,
HPEE 1110 ~ 1 150 C. Hftum#k T2 2450
%2 .
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Table 2 Heating process parameters

Pt WAL B TUmikBr B
=R <1.2 <l1.1 <0.9 <0.8
/T <970 <1080 <1220 <1200

2.2 3HE5LHATZE

FEA—S A AL EL . HLELZE SR — LA b
SERL, FLELIR B —FBEE 1000 ~ 1 100 C. F iR
BF R A S SR BRI H i, IR T BERS in
EPE T &, PRI TES8 208, S 25 5
A0SR AR ffoRE, LA 7 AH A J5 4 Ak 3R AR 5l
LA, B BeL o SLIR B AR UEFE 950 ~ 860 T
FEL A, AN [) g 2 B 32 PR A ) A S LRLEE , DRI 5L
IRFEAEMASIRE A, 2 . B BEELHI RS R
PRUEAE (3 ~3.5) h(h NI HARIERE) UL B, B
RELH T 222800 3R 3 Fis.
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Table 3 Rolling process parameters

M= HifE R RAHEL LR iR AT
/mm B/mm  EE/T E/T E/T
12 ~30 (3~4)h 920~950 780 ~810 580 ~650

KB —10 TMCP T2 —— @ %, fRIETE
T AV U A B B R AY DLIGIRZE 20 06 Y
REH R AR
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Table 4 Mechanical properties of Q420q

e JE STl
. R,/MPa R_/MP: 9
/mm TR Ra 2 M a A% (-207C)
16 0. 87 491 566 25 236

30 0.82 483 586 24.5 265

2.4 NS
2.4.1 [EEmmibE
B AT E M [ R SRR A — Fh By
R S A S RS Aot R
WA T () TR
AR, =9.8 x {12.4 + 28w + 8.4w,,, +5.6wg +
5.5we, +4. 5wy, +8. 0w, +55w, +[3.0 -
0.2(h-5)]1. (1)
KA AR, N R AL B, MPa; b SN HHR H AR R
J  mm.
W1 Y SE PR A A o SR E b =
30 mm fUAR (1) ,AR, =257 MPa, 1] UL &% 354k
s o JeE AR JEE 1) EAG Ry 549%
2.4.2 btk
SHARELH L (1, 2) HP g s JE R A
i HARLBE R 12,2 ~ 12,5 9%, P 3 Sk R~ R
4.5 ~5 pm.
R4 Hall-Peth ¢ R 1541 i3I0 AR, N
AR, =R, + (3.7wy, + 8. 3wy + 291. 8wy +
1.51D7"*) x9.8 . (2)
KA. D AR AR, mm; R, AL S Al Y
Jet Al 5 B, MR AR R AN ) & ik, HR S ¥ B R X
R, =86. 24 MPa.
¥ Mn, Si,N 25| A Hall-Peth 3 2R 2% JE
XS TT R X HE W Bh A BT
W32 1 P S R AR (MU D =
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4.5 pm) FRAZ(2) b AT RIS A A oAk it oo 36% .
4 AR, =175. 6 MPa. R VL4 o Ak i Jei Jie oo 35 )

1 #/EXH 16 mm B Q4209 K& HALR
Fig. 1 Microstructure of Q4209 with 16 mm of thickness

(a)—L3M; (b)—1/4 Ab; (c)—0iB

2 #/E2 30 mm B9 Q420q K& HHALR
Fig. 2 Microstructure of Q420q with 30 mm of thickness

(a)— L3RI ; (b)—1/4 4b; (c)—Lrif.
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Yo A G oL E 3 fis. A AR, Sy 5 BE BTHK B, MPag d S A kLT
K F A R A% 3 R 1 5 1k 3838 ( Orowan #lL HHEAE nm;e IHTH PR 4

AR, =8.995 x 10" x
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Fig. 3 Morphology and the number of precipitates
(a)—Hri W lEsn; (b)—IPP B AEXTHT ¥ gt
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B AR 1 22 AR AT R ELAR RN, BT R

2,27 0.003 5% ;L EBHT KT e K, B ik

0. 003 8% . A7 i3 Ak i i K 34. 4 MPa, 4 i Ik

S EE Y 7% . B R Ak o /N R TR R 7R SR

BHERLF KRR IX ,C TR K& V L EY”

e s , HI%A 50 2 B R R, SBopT th .
F5 Q4209 SLHMTE 500 C T HIFAAHH

Table 5 Equilibrium precipitation of Q420q steel
at 500 C

AR,/MPa

SR AARTR T %
d=3.1nm d=3.7nm d=5.2nm

0.176 245 223 184

*6 =ANRENHYNEEST
Table 6 Quantitative statistics on precipitates of
three samples

o XA R AR,

BUROLE o im b0 5U%  /MPpa
b 3.1 0.003 5 1.99 34.4
1/4 4t 3.7 0.003 4 1.93 31

RN 5.2 0.003 8 2.16 27.1

25 YT AE Q420q B2 480 MPa i IR
s B e [ TR Ak TR A o 54% |, 2 5 A DTk
it 36% , BT SRALTTER R 7 7% , AR sRA AL
0 D FC AR A5 5k A R it 5 AR 55 5 3% 2245 1
[l N R AT VA E T A =
Bt H s A BT 7 LA 2] 10%

A ESRAL R IE T T2 Al R, A
PO AT R, E s X AL T2 p gl R
SERTAELIR 5 2 IR B A% A
A AR J5 R R AR . KT D FCAARAR AR , T A
FLHRRBE , 9/ N D1 PO 2% v B S5 B . AR AR
AR A, bk o] AZRSEA AR AN Y 4,
WM ASITE VI E.

3 45 1w

1) FFA& B 420 MPa ZlHF G248, Ji AR B ik
480 MPa, Jit Fii 5 B 35 560 MPa, whdi Zhik 230 T,
JEARIR 24% .

2) o A s AL AL (4 2 BT I 1

s ALALE] A7 54% |, 40 dh SR AL HL] 5 36% , AT 5
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