POLYNOMIAL EXPRESSIONS OF THE STRESS INTENSITY FACTOR
FOR A CRACKED BOLT

J. Toribio®

This paper offers polynomial expressions of the stress
intensity factor (SIF) for surface cracks in bolts subjected
to tension and bending. SIF solutions are given along
the crack front as a function of the ratio crack depth/bolt
minor diameter and the crack aspect ratio. An analytical
interpolation was carried out using FEM-results, to
provide polynomial expressions. Values of the SIF for
tension show that the influence of the crack aspect ratio
is really important, and the SIF is higher either at the
deepest point or at surface depending on such a ratio.
For bending, all results fit in the same band, and the
effects of both the crack shape and the position on the
crack line are weaker.

INTRODUCTION

In the matter of cracked bolts, a great research effort has been made in
recent years in this area, to improve the knowledge of their fracture
behaviour (Toribio(1)). However, some difficulties have arisen because
of the complex geometry of bolts: the 3D nature of the crack, causing
the SIF change along the front, and the helical shape of the thread,
which involves not only geometric difficulties but also problems in
applying the load on the bolt.

There are really few published K-solutions for cracked bolts. James
and Mills (2) presented an interesting review, although most of the
solutions were calculated for cracks in non threaded bars (smooth
cylinders). Only the K-solutions obtained by Reibaldi (3), and Nord and
Chung (4) were computed using a threaded bar to model the geometry

of the bolt, thus taking into account the effect of the thread on the
stress intensity factor (SIF).
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This paper offers polynomial expressions of the SIF for semi-
elliptical surface cracks in M8x1.0 bolts subjected to tension and
bending. It is a development of the work that the author has been
performing for the European Space Agency as a part of the Programme
"Damage Tolerance of Metallic Structures”, whose basic results
(Toribio et al. (5); Toribio (6)) were successfully applied to predict crack
growth rates in metallic cracked bolts (Miiller-Wiesner (7).

F.E.M. MODEL

An ISO M8 x 1.0 bolt was analyzed with an elliptical crack in the open
thread ground perpendicular to the bolt axis. The shape of the crack is
semi-elliptical (Fig.1) with its center located on the surface of the inner
cylinder and semi-axes 4 and b. Two aspect ratios (Shallow crack:
a/b=0.2; Circular crack: a/b=1) and five crack depths were used (a/d =
0.1,0.2,0.3,04 and 0.5) Two loading conditions were considered (see
Fig.2): Tension loading (a), and Bending moment (D). Results were
expressed in dimensionless form (Y = K/o/ (ra)/2) where c is 4F /nd? for
tension and 32M/=d3 for bending.

The numerical computations were carried out by using the Finite
Element Method (FEM) with singular quarter-point elements
(Henshell and Shaw (8); Barsoum (9)). The SIF was computed by using
a stiffness derivative technique (Parks(10); Hellen (11)). As reported
previously (5,6), two modifications were made to improve the accuracy
of the results: the displacement not only of the main node, but also of
the quarter-point nodes located in the normal plane and the adjacent
nodes placed in the crack line, avoiding both the change of the
singularity and the crack curving.

NUMERICAL RESULTS

SIF versus crack depth is plotted at the crack center and crack surface in
Fig. 3 for both shallow and circular cracks in tension. Fig. 4 shows the
K-values at center and surface for both types of cracks in bending. K-
values at the crack center are higher for shallow cracks subjected to
tension loading (Fig. 3), and lower for circular cracks subjected to
bending moment (Fig. 4). K-values at the crack surface are higher for
circular cracks subjected to tension loading (Fig. 3), and lower for
shallow cracks subjected to bending moment (Fig. 4). For shallow
cracks (white symbols), the SIF is always higher at the crack center, and
for circular cracks (dark symbols), always higher at the crack surface.
This conclusion remains valid for all crack depths and both loading
conditions (tension and bending) on the bolt.
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ANALYTICAL EXPRESSIONS

Starting from these results, an interpolation was performed to provide
useful analytical expressions to be used in fatigue life prediction. The
Y-solutions can be written in the form of a second-degree polynomial
depending on the dimensionless crack depth a/d:

Y (a/b, a/d) = Aola/b)+Aq(a/b)x(a/d) + Axa/b)@a/ d)?

where A,, A; and A, are first-degree polynomials which depend on the
crack aspect ratio (a/b). For each loading condition (tension and
bending) and for the two relevant points of the crack (center and
surface), the expressions for Ay, Ajand A; are the following:

— TENSION LOADING, CENTER:
A, =1.0155-0.2375 (a/b)
A, =-0.584 + 0.015 (a/b)
A, = 6.45575 — 3.34875 (a/b)

— TENSION LOADING, SURFACE:
A, = 0.4695 + 0.8225 (a/b)
Aq=0.37775-1.47875 (a/b)
A, =-0.16025 +2.94625 (a/b)

— BENDING MOMENT, CENTER:
Ag = 0.89375 — 0.36375 (a/b)
A, = - 0.55925 + 0.36625 (a/b)
A,=2379-1.88 (a/b)

— BENDING MOMENT, SURFACE:
A, = 0.6535 - 0.0925 (a/b)
A, =-1.14875 + 1.55875 (a/b)
A, =3.028 -1.855 (a/b)

CONCLUSIONS

1. K-solutions for a cracked bolt subjected to tension and bending were
obtained for various crack shapes and crack depths. The bolt was
modelled as a threaded bar and an improved stiffness derivative
technique was used to compute the SIF.

2. K-values for both tension and bending are higher at the crack center
of shallow cracks and the crack surface of circular cracks.
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3. Present values of the SIF for tension show that the influence of the
crack aspect ratio a/b is very important, and the SIF is higher either al
the deepest point or in surface depending on such a ratio.

4. For bending moment, all results fit in the same band, and the effects
of both the crack shape and the position on the crack line are weaker
in this case.

5. An interpolation was performed with the numerical results, to
provide analytical expressions useful for fatigue life prediction. Such
expressions are second-degree polynomials on the crack depth, and
their coefficients are linear expressions on the crack aspect ratio.
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Figure 1. Crack shape.

Figure 2. Loading conditions: (a) tension, (b) bending.
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Figure 3. K-values for tension.
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Figure 4. K-values for bending.
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