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Hydrogen Occlusion Behavior during Delayed Fracture in Cold Drawn
Steel Wire and Heat Treated Steel Bar for Prestressed Concrete

Kenichi Taxay, Jun’ichi Sexi and Yoshikazu Homma

Synopsis :

Stress-relieved steel wire for prestressed concrete (PC Wire), which is produced with cold drawing, has a higher

resistance to delayed fracture than steel bar for prestressed concrete (PC Bar), which is produced with heat treatment.
However, the hydrogen occlusion behavior of PC Wire has not been investigated yet. To clarify this behavior, fracture
surfaces were examined, the hydrogen occlusion content was measured by using hydrogen thermal analysis, and
hydrogen trapping sites were observed by using secondary ion mass spectrometry. It is found that PC Wire occludes
hydrogen released at 470 K which affects delayed fracture and at 620 K which does not affect delayed fracture. This
shows that PC Wire decreases the ratio of hydrogen content at 470 K which affects delayed fracture. PC Wire has a
higher critical hydrogen content at which delayed fracture occurs than PC Bar. Since PC Wire traps hydrogen along
the direction of cold drawing, it does not create linear crack at delayed fracture. The hydrogen behavior of PC Wire
thus increases the resistance of PC Wire to delayed fracture.

Key words : hydrogen ; deuterium ; delayed fracture ; high carbon steel ; medium carbon steel ; high strength steel ; cold drawn steel
wire ; heat treated steel bar ; prestressed concrete ; secondary ion mass spectrometry.
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Table 1. Chemical composition of steels (mass%).

Steel C Si Mn P S Al
PC Wire 0.84 0.25 0.75 0.007 0.005 0.049
PC Bar 0.32 1.64 0.75  0.009 0.004 0.023
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Fig. 5. Hydrogen release curves during continuous
heating of PC Wire measured at various
time of FIP test.
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Fig. 6. Hydrogen release curves during continuous
heating of PC Bar measured at various time
of FIP test.
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Fig. 7. Relationship between hydrogen content and
time of FIP test on PC Wire.
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Table 3. Hydrogen content at delayed fracture in

FIP test.
Hydrogen content (ppm)
Steel
Peak 1 Peak 2 Total
PC Wire 4.06 1.82 4.88
PC Bar 2.41 0.06 2.47
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Fig. 9. Relationship between secondary ion counts
of deuterium and holding time in SIMS
chamber on PC Wire and PC Bar.
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Fig. 10. Secondary ion images of 2D, ?Si~, and *'P~
onhthe surface of PC Wire after FIP test for
48h.

-

annawERREYRRSINR

Fig. 11. Secondary ion images of *D~, 28Si~, and *'P~
onhthe surface of PC Bar after FIP test for
48h.
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