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Acoustic Emission Study on Hydrogen-Induced Delayed
Cracking Propagation in High Strength Steel

Yoneo KIRUTA, Shin-ichiro OcHIAIL, and Takahiro IRIE

Synopsis:

A quantitative acoustic emission analysis has been applied to study crack propagation modes of hydrogen—
induced delayed cracking. Two experiments are conducted; they are weld cracking of small y grooved bud
joints and tearing of linear comliance specimens. In the latter case, hydrogen is charged thermally to attain
uniform hydrogen concentration.

The acoustic emission method is suited to detect weld cracking behaviour which changes in accordance with
pre—and post— heating. 'Total counts of acoustic emissions can be used as an index to cross—sectional ¢racking
percentage, and one can determine pre-heating temperature for crack free weld by using this index only.

Fundamental experiments on the crack propagation behaviour in linear compliance specim ens show
that the crack propagation speed is influenced by the amount of hydrogen introduced and the stress-intensity—
factor at crack tip, where logarithms of acoustic emission count rate and crack propagation speed are found

to be linearly related. This relationship is independent of hydrogen content level.
rate as emissions is dependent on the stress—intensity—factor and hydrogen level.

Further the energy release
It increases in accordance

with the increase of both the stress—intensity—factor and hydrogen level.
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Table 1. Chemical compositions of steels (wt).
—___Alloy element .
‘\\ C Si | Mn P S Ni Cr Mo A% Cu B
Steel —
A 0.12 1 0.37 | 1.06 | 0.018 1 0.011 | 1.11 0.39 0.36 0.047 | 0.26 —
B 0.12 1 0.27 | 0.78 | 0.007 ) 0.009 | 0.22 0.54 0.50 0.047 1 0.22 0.003
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Fig. 1. y-Groove restraint cracking specimen.
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Table 2. Ht-80 weld cracking percentage vs. AE counting.

Specimen Elef:trode Pre-heating Post-heating ccrrac;slis section Sg:;;:e ‘(Aﬂiczo;;}t,;
2 — — 100% 8979, 143
15 — — 100 95 81
9 : 80°C — 100 95 67
12 E11016G 80 — 100 76 190
22 350°C, 140 — 100 90 90
21 ( lh ) 150 — 70 .0 25
13 baking 150 — 0 0 —
6 : 160 — 0(0.2) 0 35
14 170 — 2 0 5
23 230 — 0 0 5
7 100 80°C 48h 0 0 0
8 100 80 6h 0 0 0
11 80 80 lh 100 81 . 68
from 27 min* ok
18 80 100h e weldi ng 0 0 24
from 85 min* .
10 80 80 after welding 90 46 40
4 E11016G 180 — . 80 87 32
no .
5 (baking ) 150 — 100 68 23"

* Post-heating after several A. E. signals detected
#% tested at noisy environment
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Fig. 7. Histogram of A.E. counts for weld cracking test (140°C pre-heating).
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Fig. 8. Delayed cracking propagation of D.C.B.
specimen (initial hydrogen volume; 4.2
ppm, stress intensity factor; 371 kg/mm?
1 mm). The upper drawing is A.E.
counting rate while the lower is A.E.
height distribution during the interval
indicated as (A).
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Fig. 9. Delayed cracking propagation of D.C.B.
specimen (initial hydrogen volume; 4.2
ppm, stress intensity factor; 318 kg/mm?
v/mm). The upper drawing is A.E.
counting rate while the lower is A.E.
height distribution during the interval
indicated as (A).
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