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ABSTRACT

Fracture toughness tests have been carried out on spring steel
using semi-elliptical cracked specimens with crack size and

shape as variable. Effects of crack depth a, crack length c and
the ratio a/c on fracture toughness have been studied and com—
pared with the results of through-cracked onese. Results show

that the toughness value is higher when crack depth is small.

But the effect of crack shape on fracture toughness is negligible.
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INTRODUCTION

In standard plane strain fracture toughness (Kjc) tests, deep
through—thickness cracks are often used {1). They, however, may
not always be representative of the ones found in structural
camponents, which are comparatively shallow and surface-~breaking,
often adopting semi-elliptical shapese It is, therefore yof
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Table 1. Composition and proﬁerties of spring
steel 60SizMnA |

(a) Chemical analysis ‘ \'\‘
A\
(o] Si Mn P S cr Ni
058 183 0675 0602 06012 Oel 007

(b) Mechanical properties

Yield strength (MPa) 1001

Ultimate strength (MPa) 1068

7

Elongation (%)

Three-point-bend specimens testing was performed in a WJ-10
testing machine of 100KN capacity in accordance with BS5447:197TT.

P=V and P-Aplots were simultaneously recerded on a X-Y=Y
recorder. Two clip gauges were used. (ne was used to measure the

crack meuth displacement V and the other was to measure the load-

point displacement 8.

Toughness values for semi-—elliptical crack specimens were cal-
culated using the relationship from Rook and Cartwright (4), i.e.

Ky = 6QM (1 ) 4/Bv2 (1)

where Q = crack shape factor, M = maximum bending moment, a =
maximum crack depth, and W = specimen depth.

No campliance factor could be found in the literature for a semi-
elliptical crack in 3-point bending, but 4-point bending data
were availablee In order to apply the analyses for pure bending
to the present tests which were performed in 3=—point bend, a
correction has been applieds The stress (..  has been taken as
the maximum surface stress in 3-point bending and all the final
toughness valnes have been reduoced by 7 per cent to account for
the difference between specimens compliance in 3- and 4-point

2529



loading (5).

As a further check, the very shallow cracks in bending were
approximated to a uniform tension equal to the maximum elastic
fiber stress in bending. Hence 3=

KQ = 1-126app(7[a)z (2)

where (7, app = 6M/BW2 » M is the applied bending moment. Ang the
appropriate shape factor for a uniform tension was employed 4.

RESULTS AND DISCUSSION

The variation of fracture toughness KQ with a/W ratios is shown
in Pige3 , and the variation of with ¢/W ratios is shown in
fige4 , Fige5 gives the relatianship of with a/ec . These
results were also campared with the through—cracked Specimens
results obtained elsewhere, using the Same material (2) , ag
shown in table 2 ,

All the fracture appearance of broken Specimens are completely
Square, with no broportion of slant at the edges. The validity
of the results were judged on the same basis as for the standard
testpieces. A1l the crack depths were less than the factor

245 (KQ/o’y)z » although all other validity criteria were met, we
take these results as "non-velid", (BS5447:1977)

The average results of the three groups of Semi-elliptical
crack specimens are 49,24 MPa/my 48493 MPa/m ang 48433 MPa/m
respectivelye.These can be compared with the average KQ value of
shallow through-cracked Specinens of 50467 Mpa/m . We may see
reasonable agreement among these different types.

JeEJKing and JeFeKnott once gave a different result for semi-
elliptical cracks €iving a toughness value which is almost 25

(c)
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(c)

Fig.2. Final appearance of specimens after

surface grinding

In engineering practice, crack depth is not allowed to be deeper
than the eritical crack size 8y

s which is aoften very small,
(For the material used in the present work, the appropriate
defect sizes for 0.60°

’ O.BO} » and 0 design stresses are 1615
m, Oe65 mm and Oe41 mm respectively. J; Therefore, more work is

needed to assess true values of toughness under shallow crack
condition.

CONCLUSIONS

1. The effect of crack shape on fracture to

ughness is negligible.
2¢ The toughness value of shallow crack Specimens is higher than
deep crack ones.
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Table 2. Comparision of experimental results for
through- and surface—cracked Specimens

Through—cracked Surface—cracked

Spece. No. a(mm) KQ(}l]?a[ﬁ) Spec. No. a (mm ) KQ(PEPQFHT)
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