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Experimental Study on Plane Stress Fracture Toughness and
Fatigue Crack Propagation of SS304 and SS316
by
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Abstract

A simple and relatively new experimental method is proposed to estimate the plane stress
fracture toughness by using compact tension ( CT ) specimen. The anti-buckling plates (
fabricated to prevent the buckling caused by the 45 plastic vielding around crack tip under the
plane stress condition ) help to determine the relatively accurate plane stress fracture
toughness of two stainless steels ( SS3M and SS316 ). The fatigue crack propagation
behavior of two stainless steels under two different loading conditions such as 10Hz and 5Hz
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frequency fatigue loadings was investigated by using image analysis technique ( IAT )
which renders several technical advantages over various conventional measuring methods. It
was found that the JAT could be used to estimate fatigue crack lengths more effectively.
Furthermore, it was suggested that we might control the measuring time interval for fatigue
crack propagation by nearly automatically controlled technical process with the help of IAT.
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Table 1 Chemical composition of
specimen materials(3)]

Materials
SS304

Chemical Comp.(wt.26 )
Carbon max. (C] 0.08 0.08

Chromium [ Cr 18-20 | 16-18

Nickel NI 8-12 11-14

Manganese max. [ Mn ] 2.00 2.00

Molybdenum [ Mo ) - 2.00-3.00

Silicon max. [Si: 1.00 0.75

Phosphorus max. [ P ] 0.045 0.03

| Sulphur max. .S 0.030 0.03

Table 2 Mechanical properties of specimen

materials
Materials
55304 SS316
Material Properties
Yield St th  [(MPa)
eid strenglh WAL 899 | 2625
(0.2% offset)
Tensile Strength [Mpa) 544.4 5815
Elongation [ % ] 67.8 64.9
Density ( g Jom® ) 7.9 8.0
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Fig. 1 Geometry of specimen.

( thickness = 3.6mm)
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Fig. 2 Constant-amplitude sinusoidal
stress loading for the fatigue pre-cracking
at the compact tension specimens
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Photo. 1 Appearance of distorted
specimen by buckling at the crack tip
region

Photo. 2 Experimental
anti-buckling plates for Specimen
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Table 3 Plane stress fracture toughness

for 55304
Ki ¢ K Kic
Data No. N
(MPaV m 3| MPaV m ) MPaV m 1’
#1
(without 675.96 296.33
precrack) 1009
Average
{with 294,32 154.63
precrack)

Table 4 Plane stress fracture toughness

for SS316
Data No. Kic [ MPaV m J|Kic [ MPaV m )
#1
(without 415.90 213.81
precrack)
Avi
average 198.36 140,81
(with_precrack)
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Table 5 m and C values of SS304 and
§S316 for Paris’ law corresponding to
different fatigue load frequency

Material
m C
(frequency)
SS304(5H7) 5.39 506107
SS304(10Hz) 3.88 1.26x10™
SS316(5Hz) 2.59 1.48 %10
SS316(10Hz) 2.29 1.13%x10°
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