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Microstructure of 500 MPa High Performance Bridge Steel Welds
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Abstract: Strengthening and toughening welds are the keys to improving the mechanical properties of high-performance
bridge steel welds. Optimizing weld performance through microstructure control is an effective way to achieve this goal.
Taking 500 MPa high-performance bridge steel as the research object, the typical characteristics of its weld microstructure
were systematically analysed, and a mapping relationship between microstructure and impact toughness was established,
providing a theoretical basis for the strengthening and toughening design of high-performance bridge steel welds. Research
has shown that the small and staggered distribution of needle-like ferrite forms a "basketweave", which increases the energy
required for crack initiation and propagation and improves the impact toughness of welded joints. The polygonal ferrite
structure is prone to intergranular cracks due to the large difference in grain boundary orientation, which reduces the crack
initiation energy of welded joints. The hindering effect of the coarse needle-like ferrite structure on crack propagation is
significantly reduced, resulting in a decrease in the impact toughness of the welded joints.
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° s 1 Q500qENH
Tab.1 Chemical composition of the Q500gENH weathering
(1214 ’ bridge steel
N o s (mass fraction/%)
N N C Mn Si Cu+Ni+Cr Mo \%
s <0.11 1.10~1.50 =<0.50 0.60~1.50 <0.25 <0.10
[1s-16) 2
Tab.2 The main chemical composition of specialized
’ submerged arc welding wire
N s (mass fraction/%)
C Mn Si Cu+Ni+Cr Mo \%
R , <0.08 1.20~1.60 =045 0.80~1.70 <0.25 <0.10
’ s H 3
Tab.3 Submerged arc welding process parameters
Sample  Heat input/(kJ-cm™)  Current/A  Travel speed/(m-h™)
’ : 1# 25 600 26.0
’ 24 30 640 23.0
° 3# 50 670 16.0
s S Impact test specimen Weld
55
i
° : ! b
: \ N 54
, o \ ‘\ ! Il’ T 10
Unit: mm
1
Fig.1 Schematic diagram of the sampling position of the impact
, N samples
° Zeiss Axio Observer (OM)
500 MPa Q500gENH
’ 4% o EDAX
’ Velocity Super Thermo Scientific Apreo
’ 2C (SEM) EBSD
o Zeiss SUPER 55 SEM
500 MPa  Q500gENH ’
: [ 2
500 MPa, 20 mm, , 21
\% , (MZ-1000) 4
; 3.0 mm 13 40 °C
R 2 s , 640 A
[15,17] 20~
’ 90.90 J, 670 A
kJ/ecm °
S0kl 3 53.70J, 40.9%,
NI300C 4
R GB/T 714-2015 -40 C, 14
55 mmx10 mmx10 mm , V 24
, 2mm, ’ 1# 67717 24

o [ %01
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Tab.4 Impact performance of welds

Crack initiation ~ Crack propagation Impact absorption

Sample
energy/] energy/] energy/J
67.71 50.80 118.51
1# 62.12 58.73 120.85
66.57 55.94 122.51
Average 65.47 55.16 120.62
35.29 55.62 90.92
2# 37.11 54.53 92.14
37.26 55.57 93.83
Average 36.55 55.57 92.75
32.06 21.74 53.75
3# 34.15 18.19 52.27
30.90 18.64 49.47
Average 32.37 19.52 51.83
35.2917, 47.9%. ,
o 2#  3# , )
2# 55.607J 3#
21.6917, 61.0%, ,
o
3 2
o 2a ,1#
; 1# 0
2a , 2b 2#
b
, 2#
1# o 2c ,3#
b
) 2# o 3
3
o
2.2
3 OM 3
o 3
b b
o 3a~c ,3
3
b
o
4 OM 3
. 3
o 4a 1#

o [ %01
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Fig.2 Impact fracture morphology of the welds: (a) 1#; (b) 2#;
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Fig.3 Microstructures of the heat affected zones in the welds:

(a) 1#; (b) 2#; (c) 3#
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, 1#
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2] 3#

24 .

2.3
3 EBSD
hEIM  https://www.cnki.net

:(a) 1#; (b) 2#;

43
(b) 2#; (c) 3#

(a) 1#; (b) 2#; (c) 3#

5 o ,3
20D , N
, 1#-~3#
o 42564 .50 855 45692
6 5 3
,1#
2%
1~3 pm 1#
54.1°
54.1°
0.202,
1#

(IPF)

:(a) 1#;

Fig.4 Microstructures of the deposited metals in the welds:

10°

IPF

2#

,  2#
0.272,

1#



¢ $02/2026 , :500 MPa 193
53 IPF  :(a) 1#; (b) 2#; (c) 3#
Fig.5 IPF map of three welds: (a) 1 #; (b) 2#; (c) 3#
, 3# 2# o
3
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600 A -40 C
40.9%,
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Fig.6 Distribution of grain boundary disorientation: (a) 1#; o .
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i 2 3) ,
3# , 2# “ ”
3 pm 0.56, 3# s °
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Fig.7 Grain size distributions: (a) 2#; (b) 3#
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