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Abstract: To investigate the microstructural and mechanical properties of 1 000 MPa grade ultra-high strength
steel submerged arc welding welded joints for hydroelectric engineering, the microstructure of different regions of
the welded joint was characterized using scanning electron microscopy (SEM). Mechanical properties of the
welded joint were determined through tensile testing, impact testing, and bending testing. The results reveals that,
the weld metal of the root pass and fill passes is composed of columnar, dendritic, and equiaxed grains, with a
microstructure dominated by acicular ferrite and a small amount of granular bainite. The heat-affected zone
(HAZ) exhibits multiple typical regions, including a critical coarse grain zone and a coarse grain zone near the
fusion line along the thickness direction. Away from the weld, fine grain zones and critical zones are observed,
with a microstructure primarily consisting of granular bainite, M-A constituents, and lath martensite. The weld
metal of the cap pass exhibits typical columnar grains with a microstructure primarily composed of acicular
ferrite. The HAZ of the cap pass includes coarse grain, fine grain, critical, and subcritical zones. Due to the
absence of subsequent welding passes, no critical coarse grain zone is formed, and the microstructure is primarily
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composed of lath martensite, granular bainite, and M-A constituents. The average tensile strength of the welded
joint reaches 980 MPa grade, the low-temperature impact absorption energy of the weld zone and the HAZ at
-40 °C is 118.7 J and 149.3 J (at T/4), 67.0 J and 154.0 J (at T/2), respectively. No cracks appear in the lateral

bending.
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Tab.1 Chemical composition of the experimental ultra-high strength steel
TR c Si Mn P S Ni Cr Mo \Y Cu Nb Ti B
FES% 014 0.35 1.20 0.007 0.003 2.50 0.80 0.80 0.10 0.40 0.12 0.03 0.003
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Tab.2 Mechanical properties of the experimental ultra-high strength steel
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Fig.1 Metallographic structure of the base metal
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Tab.3 Chemical composition of welding material
C Mn Si S P Cr Ni Mo Cu
fRet 0.10 1.85 0.32 0.003 0.006 0.50 3.11 0.78 0.05
R 0.05 211 0.31 0.004 0.006 0.55 3.54 0.71 0.05
x4 BEERHF R BD
Tab.4 Mechanical properties of deposited metal (as welded)
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Fig.2 Schematic diagram of weld groove and weld bead
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Tab.5 Welding process parameters
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Fig.3 Schematic diagram of welded joints and
sampling points
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Fig.4 Macroscopic morphology and characterization area of
welded joints
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Tab.6 Measurement data for different weld bead widths
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Tab.9 Bending test results of welding joints
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