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Study on the Effect of Post-weld Heat Treatment on Crack Propagation
Rate of Weathering Steel Welded Joints

PEI Peng, HU Wenhao, YAO Chaofan, SUN Linyang

Bogie Technology Center, CRRC Tangshan Rolling Stock Co., Ltd., Tangshan 064099, China

Abstract: To clarify the influence of post-weld heat treatment on the fatigue crack propagation characteristics of weathering
steel welded joints and support the lightweight design and post-weld process optimization of rail vehicle welded structures,
the MAG welded joints of Q460NE and S355J2W(H) weathering steels commonly used in rail vehicles were taken as re-
search objects. The effects of two processes, i.e., post-weld heat treatment plus shot peening and post-weld shot peening, on
the crack propagation rate of the joints were studied through fatigue crack propagation tests. Based on the obtained fatigue
crack propagation test data of Q460NE and S355J2W(H) welded joints, the da/dN-K curves of the joints under the two pro-
cesses were fitted by using the Paris formula. The results show that: (1) With the increase of stress intensity factor, the fa-
tigue crack propagation rates of the two types of steel welded joints under the two processes are generally similar without
significant difference; (2) The m values of the da/dN-K curves of the four groups of welded joints fitted by the Paris formula
are stably distributed in the range of 3.5+0.4. The m value of post-weld heat treatment plus shot peening is slightly lower
than that of post-weld shot peening, and the difference in m values between Q460NE and S355J2W(H) joints is only 0.10-
0.23, indicating that post-weld heat treatment has a limited effect on the crack propagation rate of Q460NE and S355J2W(H)
welded joints. This study can provide a reference for the lightweight application of rail vehicles.
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Table 1 Chemical compositions of Q460NE and S355J2W (H) steels (wt. %)

Jis C Si Mn P S Nb Y Ti Ni Cu Mo N Al Cr
Q460NE <020 <060 100 0025 0020 001 0.0l 0006 <030 <0.80 <0.10 <0.025 0.015 —
S35512W(H)  <0.16 050 050  0.030  0.030 — — — — 0.25 — — — 0.40

2 Q460NE W1 MEEES (<16 mm)
Table 2 Mechanical properties of Q460NE and S355J2W (H) steels

i R, /MPa R,/MPa A%
Q460NE 460 540~720 17
$35512W(H) >355 490~630 22

ISR R P AR R AR 2520 S PR AL, 0 901] 57
TEEAR e B PR AL S AR R AL PR T2 o i 4

AbFEAE RT2-1000-7 HLBELA™ 58 B , 50 i BEAS i
200 °C, FHl# 4 28<150 °C/h, #£ 59015 °CL4 1.5 h,
B 4> ) 3 % 48 1 #E <120 °C/ho il AU AL 3R F
HK-GJPW-TS #1824 AL, #AL FL AR 0.6~
0.8 mm, HL 5 R 79 m/s, TAFPEL 3 1 m/min,
#<HE ASTM E647-2015¢1 (Standard Test Method
for Measurement of Fatigue Crack Growth Rates) F/l
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Table 3 Welding parameters of MAG welding for Q460NE and S355J2W (H) steels
FRAET Werfmpz/(e)  fid/mm L LA ARV FEEE (mmes™)  BERA/(T-mm™) RS
1 177 21 3.8 0.78 131.6
MAG & 60 1 2 233 26.6 3.8 1.30 131.6
3 262 28 3.6 1.63 138.9
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Fig. 1 Schematic diagram of CT specimen size and sampling location
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Fig.2 Fatigue crack growth test setup
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Fig.3 a-N curves of crack growth at weld center of four groups of CT specimens
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Table 4 Initial and final crack lengths of four types of joints

—— WAL LK
/mm /mm
Q460NE Jit /5 FAuk -+l 11.16 29.06
Q460NE 47 f5 i AL 11.30 28.41
S35512W (H) 455 AL PR+ AL 11.83 28.56
S35512W (H) #E e AL 12.18 27.92

A da/dN Ry 9 55 BLE0Y TR 5 AK R N T B 1A
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Fig. 5 Comparison of crack growth rates at weld center of four

groups of CT specimens
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Fig. 6 Comparison of fitting curves of crack growth rates at weld cen-

ter of four groups of CT specimens
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Table 5 Fitting parameters C and m of crack growth rate curves for

four types of joints
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