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Effects of Ni and Si on Delayed Fracture
Properties of High Strength Steels with 1420 MPa Grade

Tetsuo Swuraca, Nobuyuki Isuikawa, Moriyuki Isuicuro, Eiji Yamasurra and Shigeru Mizocuchr

Synopsis. : Effects of Ni and Si on delayed fracture properties of high strength steels with 1420MPa grade were investigated. 0.25%
to 3.5% of Ni or 0.25% to 1.7% of Si was added respectively to 0.3%C-boron-containing steel. Delayed fracture test
and measurement of diffusible hydrogen were carried out using bar steels for prestressed concrete with a diameter of
71 mm. As each addition of Ni or Si was increased, diffusible hydrogen decreased and delayed fracture properties
improved in condition as heat treated. Diffusible hydrogen in Ni-containing steels increased after polishing the surface
in comparison with as heat treated and no diffusible hydrogen in Si-containing steels was varied. In Ni-containing
steels, Ni concentrating and Ni-sulphide forming at the surface retarded the absorption of hydrogen and delayed
fracture properties were improved, while in Si-containing steels, variation of microstructure decreased trapping sites
of hydrogen and consequently the absorption of hydrogen was prevented and delayed fracture properties improved.

Key words : high strength steel; bar steels for prestressed concrete use; delayed fracture; hydrogen analysis ; trapping site of

hydrogen ; nickel ; silicon ; surface analysis.
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Table 1. Chemical compositions of steels used.

No C Si Mn P S Ni Ti B sol.Al
N1 0.30 [ 0.27 } 0.78 | 0.010 | 0.010 — 0.02 ]0.0012] 0.020
N2 032 | 0.30 | 0.83 | 0.006 | 0.008 | 0.26 | 0.02 |0.0015] 0.015
N3 0.32 | 0.30 | 0.82 | 0.006 | 0.009 | 0.52 { 0.02 [0.0018] 0.017
N4 0.32 | 030 | 0.81 | 0.006 | 0.009 | 0.77 0.02 10.0017} 0.016
N5 0.32 | 0.28 | 0.88 | 0.006 ) 0.010 | 3.62 { 0.02 |0.0019] 0.019
S1 0.32 | 0.52 | 0.75 | 0.009 | 0.007 b=t 0.02 10.0026] 0.021
S2 0.32 | 0.72 | 0.74 | 0.007 | 0.006 - 0.03 {0.00131 0.019
S3 0.31 1.05 | 0.77 | 0.006 | 0.010 - 0.02 10.0015] 0.019
S4 0.29 | 1.72 | 0.75 | 0.007 | 0.003 - 0.02 [0.0016] 0.018

Table 2. Heat treatment condition and mechanical

properties.

No QuenchingTemp | TemperingTemp | Proof Strength | Tensile Strength

K K MPa . MPa
N1 1193 653 1428 1466
N2 2 2 1390 1466
N3 “ z 1373 1450
N4 4 7 1390 1468
N5 4 613 1331 1458
S1 4 693 1430 1474
S2 1253 723 1423 1481
S3 1293 723 1386 1470
S4 1323 783 1429 1476
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Fig. 1. Effect of Ni on time to failure in FIP test.
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Fig. 2. Effect of Ni on threshold stress in FIP test.
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Fig. 3. Effect of Ni on diffusible hydrogen.
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Fig. 4. Effect of Si on time to failure in FIP test and
diffusible hydrogen.
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Fig. 5. Distributions of Fe, Ni and O observed by
XMA on the cross section of 0.77% Ni-bear-
ing steel(N4).
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Fig. 6. Concentration profiles of Ni, Fe and O of 0.
77% Ni-bearing steel (N4 : As heat treated).
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Table 3. Effect of heating temperature on diffusible
hydrogen and time to failure in FIP test of
as heat treated 0.529%Ni-bearing steel

(N3).
Heating Temperature
1323K 1393K
Diffusible hydrogen  ( ppm) 0.712 0.322
Time to failure (h) 19.4 30.1
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Fig. 7. Concentration profiles of S, Ni and Fe of 0.
77% Ni-bearing steel after polishing and
FIP test.
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Fig. 8. Concentration profiles of Si and Fe of base
steel (N1).
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Table 4. Austenite grain size and micro strain.

Grain boundary Dislocation
Grain size( # m){Quenching temp.} | Micro strain
N1(base) 6.5 {1193K} 0.45
N5(3.5%Ni) 6.5 {1193K} 0.46(+2%)
S4(1.7%Si) 10.0 {1329K} 0.36(-20%)
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Fig. 10. Effect of grain size on diffusible hydrogen
by W.Y.Choo et al.
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Table 5. Summary of trapping site.

Precipitates Grain boundary Dislocation
N1(base) - -
N5(3.5%Ni) the same as base the same as base the same as basc
S4(1.7%8i) less than base less than base less than base

Table 6. Summary of delayed fracture.

Surface Microstructure
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