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Retardation of Fatigue Crack Propagation by Single Overloading
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ABSTRACT

Effects of strain hardening exponents on the retardation behavior of fatigue crack propagation
are experimentally investigated. The retardation of fatigue crack propagation seems to be induced
by the crack closure at crack tip. The phenomenon of crack closure becomes remarkable with the
increment of strain hardening exponent and magnitude of percent peak load. The ratio of crack
growth increment(aqy/Wy) is influenced by a single overloading (a4) and estimated plastic zone
size (Wy=2r,) is increased according with the increasing of strain hardening exponents. The
number of retarded crack growth cycles were (N,) decreased as the baseline stress intensity factor
range( AK,,) was increased.

Within the limitation of these experimental results obtained under the single overload, an
empirical relation between crack retardation ratio (Nd/N*), strain hardening exponent (n) and
percent peak load (%PL) has been proposed as;

Nd/N* = exp [PL- {PL - A(n)+B(n)t]

where, A(n)=an+p, B(n)=yn+gs, PL=%PL/100 and «=0.78, g=0.54, y=0.58
and § =—0.01, It is interesting to note that all these constants are identical for materials such as
aluminum(A3203), steel(S45C), steel(SS41) and stainless steel(SUS316) used in this ex-
perimental study.
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Table 1 Mechanical properties(monotonic & cyclic stress-strain tests).
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Material Young’s Yield strength Tensile strength | Strain hardening exponent
properties modulus mono. /cyclic mono./cyclic mono. /cyclic
Materials E(Mpa) | ¢,/ (MPa) | o./¢(MPa) n/n’
Aluminum(A3203) | 6.00%x10* 120/110 140/130 0.075/0. 057
Steel(S45C) 2.12X10° 340/360 625/650 0.20/0.17
Steel(SS41) 2.10X10° 300/325 430/445 0.25/0.28
S‘?ls“[lfgzlztfel 2. 05X10° 325/370 625/700 0.42/0.35
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Table 2 Load conditions in single overload test.

clelntriistEol o8t saRddoe| x|HHE

Unit « KN
Load conditions Constant load amp. Single overload % Peak
Materials Pmax Pmin Pov- max Pov. min ( %llgaﬁl)
Aluminum 2.45 0.49 3.43 Q.49 50
(A3203) 4. 41 0. 49 100
Steel 6.13 1.23 8.58 1.23 50
(S45C) 11.03 1.23 100
Steel 6.13 1.23 8.58 1.23 50
(SS41) 11.03 1.23 100
Stainless steel 5.64 1.13 7.89 1.13 50
(SUS316) 10.15 1.13 100
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Fig. 1 Fatigue crack growth rate vs. crack
length for aluminum(A3203) in single
overload test at the first stage.
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Fig. 3 Crack opening ratio vs. maximum stress
intensity factor for stainless steel(SUS
316) in single overload test at the first
stage.
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Fig. 4 Fatigue crack growth rate vs. effective
stress intensity factor range for alumi-
num(A 3203) & stainless steel(SUS
316) in single overload test at the first
stage.
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Table 3 Results of single overload test(first stage).
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Factors AK, Kov max Ny N* a W,=2, *
Materials #PL (MPav/m) | (MPa/m) | (eycle) (cycle) | (mm) (mm)y /Wy NN !
Aluminum 50 7.29 12.75 73900 59200 |1.05| 4.12 0.25 1.25 {0.075
(A3203) 100 7.30 16.42 | 305500 | 161300 [3.00| 6.84 0.44 1.89
Steel 30 14.59 25.53 86700 75400 [0.91| 1.8 0.51 1.16 10.20
(845C) 100 14.64 32.94 248500 | 118400 |1.85| 2.98 0.62 2.10
Steel 50 14. 34 25.10 87200 69700 11.20| 2.22 0.55 1.25 ]0.25
(Ss41) 100 14.32 32.23 | 418000 { 174300 [3.29( 3.68 0.89 2.40
Stainless steel 50 16.21 28,37 87500 62500 {1.86| 2.67 0.70 1.40 0.42
(SUS316) 100 16.09 36.22 525000 | 159000 |6.10( 4.35 1.40 3.30
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Fig. 5 Schematic illustration of crack retarda-
tion after single overload test.
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Table 4 Results of single overload test(second stage).

Factors AK, Kovmae Ny N* a Wi=2, .
Materials LY o) | (MPavin) | (oyle) | (o) | fnm) | Gmm) | | NN | e
Aluminum | 50 | 9.87 | 17.28 | 54300 | 45200 {1.90 7.58 | 0.25 | L20 |0.075
(A3203) | 100 | 9.8 | 2218 | 205000 | 102500 [5.05| 12.48 | 0.40 | 2.0
Steel 50 | 19.60 | 34.46 | 50000 | 41700 [1.72| 3.28 | 0.52 | 1.20 [0.20
(345C) | 100 | 19.77 | 44.49 | 190000 | 82300 |3.80] 5.46 | 0.70 | 2.31
Steel 50 | 19.28 | 33.75 | 64000 | 48600 [2.55| 402 | 0.63 | 132 |0
(ss41) | 100 | 19.41 | 43.68 | 279000 | 105000 |7.50] 676 | 111 | 2.66
Suinkss seel | 50 | 21.49 | 37.61 | 6490 | 43300 |3.04| 4.68 | 0.65 | 150 |0.42
(SUS316) | 100 | 2176 | 48.98 | 320500 | 103500 [9.95 7.95 | L25 | 3.10
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Table 5 Results of single overload test(third stage).

Factors %L AK, Kev max Ny N* N We=l1,
Materials ’ (MPav/m) | (MPav/m) | (eycle) {cycle) | (mm) | (mm)
Aluminum 50 13.66 23.91 39700 | 31100 |3.50| 14.50 0.24 1.28 10.075

(A3203) 100 13.68 | 30.79 | 103000 | 49500 |7.30| 24.06 0.30 2.08

a/Wy Ny/N* n

Steel S50 | 25.84 | 45.23 40500 | 31200 }3.70) 5.64 0. 66 130 [0.20
(S$45C) 100 25.97 | 58.44 | 127000 | 41000 }6.50( 9.40 0.69 3.10
Steel 50 25.88 | 45.30 40000 | 24900 |4.50f 7.26 0.62 .61 [0.25

(SS41) 100 | 27.93 62.86 | 147000 | 33000 |9.30| 13.98 0.67 4.45

Stainless steel 50 30.44 | 53.27 42500 | 27300 |[5.30| 9.40 0.56 156 0.42
(SUS316) | 100 30.32 | 68.22 | 168700 | 31000 [8.93| 15.42 0.58 5. 4
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Fig. 6 Ratio of total retarded crack distance to
plastic zone size vs. strain hardening
exponents in single overload test.
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