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Experimental Study on Fatigue Performance
of Q420qD High Performance Steel Fillet Welded
Cross Joint in Complex Environment
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Abstract;In order to study the influence of corrosion and fire on the fatigue performance of
Q4209gD high performance steel fillet welded cross joint. Fatigue tests of cross joint were carried
out under three cases. The S-N curves with the95% survival rate were established. Compared with
the current codes, the fatigue characteristics and fatigue life of the cross joint were evaluated.
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Under the 95% survival rate, the fatigue limit value of cross joint with corrosion-only treatment
and corrosion and fire treatment is 24. 85% and 17. 41 % lower than the fatigue limit value of cross
joint without treatment, respectively. After being corroded, the number of fracture cracks increased.
After being affected by the fire temperature of 600 C ,the tough nest is relatively larger. Corrosion
reduces the fatigue properties of the cross joint,and when the fire temperature reaches 600 C ,the
fire temperature will increase the fatigue performance of the cross joint. When the number of cycles
is more than 200, 000 times, the design curves of EN code, GBJ code and GB code can
respectively predict the fatigue life of fillet weld cross joint without treatment, corrosion-only
treatment and corrosion and fire treatment, and have sufficient safety reserve. Corrosion will
increase the number of broken cracks, and the plasticity of the material is improved by fire
temperature of 600 C. The fracture morphology and fatigue displacement change law before
transient fracture are consistent with the fatigue damage curve.

Key words ; corrosion and fire ; Q420gD high performance steel;cross joint;fatigue limit; fracture

morphology ; fatigue damage
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Fig. 1 Geometric size of cross joint specimens
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Table 1 Mechanical properties of deposited metal
of ES5 electrode
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Fig.2 Geometric size of material property specimens
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Table 2 Results of material property test MPa
WS JEMRGRE RO HPEAR
Q420gD-1 425. 803 636. 446 2.069 x 10°
Q420gD-2 423.535 633. 281 2.058 x10°
Q420gD-3 425.172 635. 567 2. 064 x10°

S 424. 837 635.098  2.064 x 10°
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Table 3 Average corrosion depth of fillet weld specimens

g my/g m/g Am/g  D/mm || {45 my/g m/g Am/g  D/mm
SJ6-1 3187.0 3181.3 5.7 0.43 SIt1-1 3190.9 3185.1 5.8 0. 44
SJ6-2 3178.9 3173.0 5.9 0. 44 SJ11-2 3202.9 3196.8 6.1 0. 46
SJ7-1 3 206. 1 3200.2 5.9 0. 44 SJ12-1 3186.4 3 180.7 5.7 0.43
SJ7-2 3198.3 3192.0 6.3 0.47 SJ12-2 3188.0 3181.8 6.2 0.47
SJ8-1 3176.4 3170.6 5.8 0. 44 SJ13-1 3194.2 3188.3 5.9 0. 44
SJ8-2 3251.5 3245.7 5.8 0.44 SJ13-2 3219.2 3213.1 6.1 0.46
SJ9-1 3189.5 3183.4 6.1 0. 46 SJ14-1 3178.4 3172.6 5.8 0. 44
SJ9-2 3221.3 3215.5 5.8 0.44 SJ14-2 3188.9 3182.9 6.0 0.45
SJ10-1 3210.4 3204.4 6.0 0.45 SJ15-1 3197.6 3191.8 5.8 0. 44
SJ10-2 3197.5 3191.8 5.7 0.43 SJ15-2 3213.7 3207.6 6.1 0. 46
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Table 4 Fatigue test data of cross joint under three cases

Rt AS/ F./ FJ/ N/ R e AS/ Fn/  FJ/ N/ IR

%% MPa kN kN w B 4%  MPa kN kN w g

SI-1 96 24.89 20.36 1491575  JREEMIZ || SI82 143 33.23 27.19 261473 S PR
SJi-2 96  24.89 20.36 1472863  JEEEWIZ || SI9-1 167 38.60 31.59 151277 NN
SI2-1 119  30.85 25.24 866294 KRR || SI92 167 38.81 31.75 110013 PHIN
S22 119  30.85 25.24 882499  JERBEWH || SJl0-1 191 44.27 36.22 75179 IR
SI3-1 143 37.08 30.33 529 826 JREEWTZ || SJ02 191 44.50 36.41 81278 PN
SI32 143 37.08 30.33 545400 JEBERIZ || SI1-1 96 22.31 18.25 886 604 N TS
Sl4-1 167 43.30 35.43 316 157 FEBEWTZE || ST112 96 22.19 18.16 860 041 PN
SI42 167 43.30 35.43 291 409 JREEWTZ || SI12-1 119 27.73 22,69 508 322 PN
SI5-1 191  49.52 40.52 203 963 JRBEBREZL || ST122 119 27.44 22,45 499 182 PN N A
SJ52 191  49.52 40.52 167 907 JEARWIZE || SJ13-1 143 33.23 27.19 289932 PR
SJ6-1 96  22.37 18.30 629 946 JEBEWZE || SJ132 143 33.06 27.05 287 118 NN
SI62 96  22.31 18.25 534395 JRBEWTE || ST4-1 167 38.81 31.75 195033 PN
SI7-1 119  27.65 22.63 335833 JEBEWTZE || ST142 167 38.71 31.67 149 899 PN
SI72 119  27.44 22.45 271230 JREEWTZ || ST15-1 191 44.39 36.32 119 715 Ll 724
SI8-1 143 33.23 27.19 177625 FEARWTZL || SJ152 191 44.15 36.12 101 769 ST
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Table 5 Logarithmic linear expression of S-N curve
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Table 7 Specification formula of S-N curves

under corrosion
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Table 6 Specification formula of S-N curve under k[ 14] N=1.43x10" x§5°3
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Fig. 6 Macroscopic morphology of fatigue fracture surface of cross joint
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Fig. 7 Fatigue fracture morphology of cross joint
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Fig. 8 Fracture morphology of cross joint
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