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Load Ratio Effect on Fracture Resistance Curve of SA312 TP304 under
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Seismic load induces a reverse cyclic load that alternately applies a tensile and a compressive load to a structure. For
nuclear piping material, safety is assessed in terms of fracture toughness. However, test results using a quasi-static load
can’t guarantee safety if there is a seismic load. In this paper, the fracture toughness of SA312 TP304 stainless steel,
which is used as the safety injection pipe of a nuclear power plant, was estimated by using reverse cyclic loads with
different ratios of tensile load to compressive load. The test results using a load ratio of -1 (compressive load / tensile load)
show that fracture toughness decreases to approximately 10% against a load ratio of zero. These test results show that the
reverse cyclic load must be considered in planning for the safety of nuclear power plants under seismic loads.
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Fig. 1 Orientation and dimensions of test specimen extracted from
SA312 TP304 nuclear piping
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Fig. 2 Dimensions of tension test specimen (unit : mm)
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Table 1 Tension test results

Specimen No. 1 2 3 Aver.
Sy (MPa) 227.7 232.6 218.2 226.2
Su (MPa) 530.7 538.7 541.6 537.0

Total El. (%) 83.21 83.62 66.76 77.86

Fig. 3 Installed fracture toughness testing system
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Fig. 4 Specimens after fracture toughness test
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Table 2 Test results of fracture toughness

AS (mm) Load ratio (R) Ji (kJ/m?) %
1.0 0.8 4399.2 100
1.0 0.3 3776.5 85.8
1.0 0 3660.4 83.2
1.0 -0.3 3115.3 70.8
1.0 -0.5 2376.7 54.0
1.0 -1.0 3394 7.7
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