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Ductile Fracture Bchavior in CTOD Test of Multi-pass Weld Heat Affected Zone of
Quenched and Tempered High Strength Steels

Toshiei Hasrcawa, Toshiaki Haze, Shuji Amara and Kentaro Oxamoro

Synopsis

: CTOD property of 780MPa class high strength steel weld HAZ was investigated by means of HAZ thermal cycle

simulation. CTOD property improves as hardenability of steel increases as well as charpy impact property does in case

the CTOD specimen fractures in brittle manner.

As the hardenability of steel increases, fracture mode changes from brittle to ductile one. However, steel with high
hardenability shows low CTOD value, less than 0.2mm, even with ductile fracture mode. CTOD value with ductile
fracture mode (6m) decreases with increasing hardness of steel.

Decrease in om due to increasing hardness is attributed both to deterioration of CTOD value at ductile fracture

initiation (&) and ductile crack growth resistance (K).

&m value can be estimated from strain hardening exponent, ductile fracture properties (¢, K) and initial ligament size

of a CTOD specimen.

Key words : heat affected zone (HAZ) ; toughness ; CTOD ; ductile fracture ; weld thermal cycle ; high strength low alloy steel ; steel

plate.
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Table 1. Chemical compositions of steels tested (mass% *ppm).

Series Steel C Si Mn Ni Cu Cr Mo Nb \'% Ti B*
Al 0.09 0.22 0.92 1.05 0.25 0.62 0.55 — 0.04 — —

A2 0.09 0.21 0.92 1.99 0.25 0.60 0.51 — 0.03 — —

A3 0.09 0.21 0.91 2.96 0.24 0.60 0.51 — 0.03 — —

Series A4 . 0.08 0.22 0.93 2.08 0.26 0.63 0.55 — 0.04 — 10
A A5 0.10 0.20 0.89 2.96 0.24 0.58 0.50 0.04 — 10
A6 0.09 0.20 0.90 2.02 0.25 0.61 0.52 — 0.03 0.01 —

A7 0.09 0.20 0.90 1.03 0.25 0.61 0.52 — 0.03 — 8

A8 0.09 0.20 0.90 2.01 0.24 0.61 0.51 — 0.03 — 7

HT50A 0.09 0.27 1.48 0.02 0.01 — — 0.02 — 0.01 —

Series | HT50B 0.08 0.36 1.45 0.19 0.21 — — 0.03 0.04 0.01 —
B HT60 0.07 0.20 1.45 0.76 0.88 — — 0.01 — 0.01 —
HTS80 0.12 0.23 0.93 2.26 0.18 0.44 0.39 — 0.04 — 11
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(P=0.010, S<0.005mass%)
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Fig. 1. Relation between Charpy transition tempera-

ture(FATT) and critical CTOD value of simu-
lated HAZ(A1~ AR).
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Fig. 2. Influence of hardness on CTOD value at
maximum load point (ductile fracture).
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Fig. 3. Ductile fracture surface near fatigue notch
tip of CTOD specimen.
(a)Steel A2 (single cycle: Atgs=30s, Hv=
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Fig. 4. Examples of ductile crack growth resistance
curves for small size CTOD specimens.
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Fig. 5. Influence of hardness on CTOD value at
ductile crack initiation (&) and ductile crack
growth parameter (K).
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growth in 3-point bending type CTOD speci-
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