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Evaluation Method of Delayed Fracture Property of High Strength Steels
Shingo Yamasaxi and Toshihiko Takanasui

Synopsis :

To evaluate delayed fracture properties of martensitic bolt steels containing Cr,Mo,and V, the relationship between

critical content for delayed fracture [Hc] and environmentally absorbed content [ Hz] in diffusible hydrogen have been
investigated. The critical value [Hc]and the environmental value [Hz] were determined by accelerated delayed
fracture tests under constant applied load using spécimens with uniformly distributed hydrogen and by cyclic corrosion
tests in 5% NaCl aqueous solution as an environmental condition, respectively. The diffusible hydrogen was detected
by hydrogen thermal desorption analysis after respective tests.

On the other hand, the delayed fracture resistance was defined as fracture ratio [F] of bolts exposed in the seaside

testing site.

Based on the result that ([Hc]-[He])/[He] increases monotonically with a decrease in fracture ratio [F], it is
proposed that the parameter ([He]-[He))/[Hc] would be a quantitative indication showing delayed fracture suscepti-

bility of high strength steels in service environment.

Key words : high strength steel; delayed fracture; hydrogen embrittlement ; hydrogen thermal desorption analysis ; diffusible

hydrogen ; service environment ; exposure test.
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Table 1. Chemical composition(mass%) and tensile
strength of steels.

Temper TS

[+ Si Mn Cr Mo v Al B () (MPa)

Steel

A 0.21 0.14 0.76 0.64 - - 0.074 0.0010 440 1078

B 0.21 0.14 0.76 0.64 - - 0.074 o©.0010 350 1303
o 0.35 0.05 0.25 1.20 0.80 - - - 430 1568
D 0.30 0.98 0.51 1.99 0.39 0.35 - - 510 1537
E 0.30 0.98 0.51 1.99 0.39 0.35 - - 430 1627
F 0.41 0.07 0.51 1.20 0.58 0.35 - - 590 1450
o
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Fig. 1. Shape of test specimen.
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Fig. 2. Dependence of hydrogen concentration pro-

file in the test specimen on atmospheric
exposure time after charging hydrogen.
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. Dependence of rate curves for hydrogen
evolution on atmospheric exposure time
after charging hydrogen for steel A.
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Fig. 4. Cycle pattern of corrosion test.
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Fig. 5. Dependence of rate curves for hydrogen
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Fig. 6. Dependence of rate curves for hydrogen
evolution on atmospheric exposure time
after charging hydrogen for steel D.
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Fig. 7. Effect of Cd plating after charging hydrogen

on hydrogen evolution rate at room tempera-
ture for steel A.
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Fig. 8. Delayed fracture properties of test steels.

Table 2. Results of tests.

Steel A B (o D E F

{Fracture numbers| O 0 20 4 38 0
Fracture ratio (%) | © 0 333 6.7 633 0
[Hel(ppm)

[He)(ppm)

100 0.23 0.05 04t 0.19 270

{1010 0.2 0.17 1.07 0.81 231

{ O 10000mn /O o | 053 041 025 032 026 -

[Hc] : Critical hydrogen content for delayed fracture
[HEe] : Absorbed hydrogen content by cyclic
corrosion test
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Table 3. Absorbed hydrogen by exposure test and
CCT(cyclic corrosion test).

Exposure Test
(2year) CCT(1month)
SteelA 0.06ppm 0.10ppm
SteelD 0.32ppm 1.07ppm
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Fig. 9. Results of fracture ratio by exposure test
and He.
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Fig. 10. Results of fracture ratio by exposure test
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