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STRESS INTENSITY FACTORS FOR CORNER CRACKS IN LOADED HOLES IN 
LUGS AND WIDE PLATES (TENTATIVE)

1. INTRODUCTION

This Item presents stress intensity factor solutions for corner cracks emanating from single loaded holes in
square ended lugs and wide plates. The Item is designated ‘tentative’ because of the limitations in the
analysis and the resulting uncertainties in the accuracy of the solutions obtained. The solutions are presented
in terms of the non dimensional geometric parameter  and have been derived via a finite element analysis.
This analysis calculates values of stress intensity factor, around the crack front, for two symmetrical corner
cracks emanating from single holes in wide plates subjected to two loading conditions, either remote tension
or simulated pin-loading. Using the method of superposition and applying suitable correction factors these
solutions have been modified to provide values of  for a limited range of lug and wide plate geometries.
Correction factors are also provided so that stress intensity factors can be calculated for lugs and plates
containing single cracks. 

2. NOTATION

Both SI and British units are quoted.

 crack length along face of lug or plate (from edge of hole) m in

distance from centre of hole to end of lug or plate m in

diameter of hole in lug or plate m in

stress intensity boundary-correction factor for wide plate with 
simulated pin-loaded hole

stress intensity boundary-correction factor for wide plate with 
open hole, loaded by remote tension

correction factor for lug head height ratio, c/W

correction factor for lug or plate containing single corner crack

finite width correction factor defined by Equation (5.4)

crack length along bore of hole m in

mode I stress intensity factor at positions around crack front 
defined by 

N/m3/2 lbf/in3/2

load on lug or plate N lbf

shape factor for an elliptical crack defined by Equations (5.5) 
and (5.6) 

stress based on gross cross-sectional area, thus S = P/Wt N/m2 lbf/in2
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3. PRESENTATION OF DATA

This Item provides values of the geometrical factor  and  for square-ended lugs and finite width
plates subjected to simulated pin loading in the hole and containing two symmetrical corner cracks, either
quarter-elliptical or quarter-circular in shape, see Sketch 3.1. Cracks of equal size are assumed to exist on
each side of the pin hole along the line of the transverse diameter and down the bore of the hole, but do not
completely penetrate the thickness of the component. The stress intensity factor  may be presented in
terms of the angle  around the crack front and expressed in terms of the factors  and  so that 

, (3.1)

in terms of the crack length along the face of the component, and 

, (3.2)

in terms of the crack length along the bore of the hole. 

The stress intensity factor solution for a lug or finite width plate will be affected by the geometry of the
component and the shape and size of the crack. Solutions of  and  are therefore presented in terms
of the geometric parameters shown in Sketch 3.1. 

pin bearing stress, thus Sp = P/dt N/m2 lbf/in2

thickness of lug or plate m in

width of lug or plate m in

geometrical factor* defined as 

geometrical factor*defined as 

angle around crack measured from face of lug or plate on 
inscribed quarter-circle (see Sketch 3.1 and Figures 1 to 3)

rad rad

Suffixes

indicates applies to lug head height

indicates applies to single cracks

* For a definition of mode I cracks and notes on  see Data Item No. 80036 “Introduction to the use of linear elastic fracture
mechanics in estimating fatigue crack growth rates and residual strength of components”.
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Sketch 3.1   Showing a typical lug and crack geometry, , 

Solutions for  and  pertaining to four lug geometries, the W/d ratios of which range from 2.0 to 4.0,
and three plate geometries, with W/d ratios of 5, 10 and 20, are presented in tabular form, see Section 7.
For all the geometries considered the lug head height ratio, c/W, is 0.9. In no case does the area of both
cracks exceed 50 per cent of the total net area of the lug or plate. Tables 7.1 to 7.18 present values of the
factors  and  as f( , d/t and h/t) for various lug and plate geometries, W/d, and crack shapes, h/a,
where the angular distance around the crack from the face of the lug or plate to the bore of the hole is
presented in terms of the non-dimensional factor . For each crack shape, values of  and  are
given for the three crack sizes, h/t = 0.2, 0.5 and 0.8, in so far as those crack sizes are within the limitations
of the lug or plate geometry. 

c
W
----- 0.9= W

d
----- 2.5=

αθ αθh

αθ αθh θ

2θ/π αθ αθh
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Figures 1 to 3 present values of  in graphical form for a particular lug ratio, W/d = 2.5, for two lug
geometries, d/t = 1.0 and 2.0, and for the three crack shapes, two quarter-elliptical, h/a = 0.2 and 2.0, and
one quarter-circular, h/a = 1.0. Figures 4 and 5 present curves showing how  varies with lug or plate
geometry and crack size (W/d, d/t and h/t). Figure 4 presents data for quarter-elliptical cracks, h/a = 2.0 at

. Figure 5 presents data for quarter-circular cracks, h/a = 1.0 at values of  of 0.25 and 0.75.
These two figures are used to obtain the theoretical values of  that are presented in terms of  on
Figures 8, 9 and 10. 

3.1 Correction Factor for Lugs/Plates Containing a Single Crack

The values of  and  presented in the tables and on Figures 1 to 5 are for square-ended pin-loaded
lugs or plates containing two symmetrical cracks, one on each side of the transverse diameter of the hole.
Solutions of  for single cracks can be obtained by multiplying the values of  and  given in the
tables by a correction factor fs so that 

(3.3)

and . (3.4)

The following expression for fs , obtained from Derivation 3, is considered suitable 

. (3.5)

Values of fs are presented in Figure 6 for the lug or plate geometries and crack sizes covered in this Item. 

References 11 and 12 use similar methods to deduce stress intensity factors for single crack configurations. 

3.2 Correction Factor for Variations of the Lug Head Height Ratio, c/W

As stated in Section 3 the solutions of  and  provided in the tables are for one value of the ratio c/W.
Variations in this ratio will affect the value of the stress intensity factor, but no data for corner cracks are
available. Data Item No. 81029* provides data on the effect of c/W on the stress intensity factor, for
through-thickness cracks in round-ended lugs with three different values of c/W, 0.4, 0.5 and 0.6. Figure 7
has been derived from these data and provides a correction factor, fc, which may be applied to the tabulated
values of  and  at c/W = 0.9 to correct for the other values of c/W. The assumption is made that the
variation of with c/W for corner cracks in square-ended lugs is similar to that of through-thickness cracks
in round-ended lugs so that 

(3.6)

and . (3.7)

* Item No. 81029 “Stress intensity factors in lugs (through-thickness cracks)”.

αθ
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2θ/π 0= 2θ/π
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d πah/ 4t( )+
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3.3 Discussion of Figures 1 to 5

It can be seen from Figures 1 to 3 that for the crack shapes h/a = 0.2 and h/a = 1.0 an increase in the factor
 increases the value of . For the crack shape h/a = 2.0, however, there is a decrease in the value of

 as  increases. The figures also show that lugs with d/t = 2.0 have higher values of  than lugs
with d/t = 1.0. The effect of crack size, h/t, is not consistent and some of the curves cross over, particularly
at high and low values of , but the trend is that the smaller the value of h/t the larger the value of .
Note that, for all lug geometries, there is a decrease in the value of  as the crack intersects the bore of
the hole, at . This decrease may not be a physical phenomenon but may be a result of the basic
assumptions made in the model of the stress field for three-dimensional cracks. For practical purposes it is
suggested that the value of  at  should be used for values of  in the range

. These values are close to the maximum value of , depending on the crack shape, see
Figures 1, 2 and 3, and are therefore conservative. The values of  at  given in this Item are
considered satisfactory to use at positions close to the intersection of the crack with the face of the lug or
plate. 

On Figures 4 and 5 a linear relationship between the values of  and W/d is shown in most cases for
 (wide plates); below this value of W/d (lug geometries) the curves tend to flatten out although

there is a certain amount of overlapping. The reason for the increasing value of  as W/d increases on
these figures is that as  the gross stress . 

3.4 Comparison with Other Published Data (Figures 8 to 11)

Figures 8 and 9 compare some experimental data* with the solutions of  presented in the tables that have
been multiplied by the factor fc to take into account the effect of the lug head height ratio, c/W. The data
show how  and  vary with the ratio 2a/d for lugs for which the W/d, d/t, h/a and c/W ratios are
approximately the same. Figure 8 shows that at values of  the experimental values of  rise
very rapidly to the order of 5 or 6, well above the values of  given in this Item, although a direct
comparison cannot be made because this Item does not provide solutions of  for values of .
Figure 9, on the other hand, shows that the experimental values of  are larger, over the range of 2a/d
considered, than those presented in this Item. The trends of the curves on the two figures are similar but
the differences between the experimental and theoretical values of  are not consistent. The differences
are due to the limitations of the finite element analysis, as stated in Section 4, and because of the considerable
variations in the test conditions under which the experimental data were obtained. The subsequent analysis
of the test results also leads to differences that cannot be quantified. 

Figure 10 compares some other published theoretical solutions of  with values presented in this Item
for lugs with similar geometries. The table on the figure shows that in most cases the solutions given do
not consider the effect of the c/W ratio. The figure shows that the values of  given in this Item are greater
than those of the other predictions and are therefore less optimistic. The solutions given in this Item can be
as much as 4.5 times greater than some of the earlier published data. For example compare the Data Item
solutions with those of Reference 6. 

Figure 11 compares some other published finite element solutions of  with values obtained from this
Item for wide plates, W/d = 12, and in terms of crack shapes, h/a, in the range 0.2 to 2,0. The figure shows
that the solutions presented in Reference 8 have similar trends to those given in this Item although only
three values of h/a are available. The data of Reference 8 also show a much larger scatter. 

* The experimental data presented on these figures have been derived from the results of fatigue crack growth tests on lug specimens. Test
values of da/dN for the lugs have been calculated and by the use of  data for the same material values of  have been deduced.
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0.96 2θ/π 1.0≤≤ αθ

αθ 2θ/π 0=

αθ
W/d 5.0≥

αθ
W/d( ) ∞→ S 0→

αθ

da/dN ∆K– α

αθ αθc
2a/d 0.34> αθ

αθ
αθ 2a/d 0.2<

αθ

αθ

αθ

αθ

αθ

 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: ESDU 83033 A 1984

http://www.avadocuments.com/doc/esdu-83033-a-1984
http://www.avadocuments.com/doc/esdu-83033-a-1984


6

83033�
4. LIMITATIONS AND ASSUMPTIONS OF FINITE ELEMENT MODEL

The corner crack that develops from a pin-loaded hole in a lug or plate is a complex three dimensional
problem with the crack growing along the face of the component and along the bore of the hole. The finite
element model of Derivation 2 therefore makes a number of assumptions and has limitations that are
potential sources of error. Hence, when solutions of  obtained from the theoretical analysis are compared
with values obtained from experimental results large differences may occur (as shown in Figures 8 and 9).
The assumptions of the model are listed below. 

(i) The simulated pin loading at the hole is assumed to be distributed sinusoidally around the hole. In
practice this may not be so. It has been shown that the radial pressure distribution in pin-loaded
lugs is an important factor that may influence the value of , see References 10 and 13. 

(ii) No attempt has been made to model the pin or to take into account pin-fit, pin bending or frictional
forces between the lug or plate and pin. References 10 and 13 have shown that the effect of frictional
forces on the values of  is an important factor. 

(iii) The crack shape model assumes a perfect quarter-circle or quarter-ellipse. In reality cracks are only
approximately circular or elliptical in shape and where they intersect either the bore of the hole or
the face of the component they tend to lag behind the perfect geometric form. 

(iv) As stated previously the model assumes a constant lug head height ratio of c/W = 0.9 and applies
to square-ended wide plates 

5. ANALYSIS

Derivation 2 provides solutions of  for pin-loaded wide plates  containing three types of
corner crack. The expression for  in Derivation 2 is given by

, (5.1)

where Sp is the pin bearing stress and Q is a shape factor for an elliptical crack. 

The solutions of  and  presented in the tables of this Item have been obtained from modified forms
of Equation (5.1). These modifications allow the stress intensity factors to be expressed in terms of the
gross stress remote from the cracked area, account for the finite width of the lug or plate and incorporate
the shape factor, Q, in the expressions for , so that the form of Equation (3.1) is retained. Equation (5.1)
can therefore be rewritten

. (5.2)

An additional modification allows the above solution to be expressed in terms of the crack length, a, so that, 

. (5.3)
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Values of Ft and Fp for various values of the angle  are obtained from tabulated solutions given in
Derivations 2 and 5. 

The finite width correction factor is expressed by the following equation

(5.4)

obtained from Derivation 1 and is strictly for an unloaded hole in a finite width plate, but is suitable for use
in this Item for the more complex case of the pin-loaded hole in a finite width plate. 

The solutions for Q, the shape factor for elliptical cracks, are obtained from the expressions of Derivation 4

 when (5.5)

and  when . (5.6)

Equations (5.5) and (5.6) give continuous values of Q over the full range of h/a, from 0 to 2.0 and eliminate
the discontinuity of Q suggested by earlier equations (Derivation 1). 
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7. TABLES

TABLE 7.1 TABLE 7.2 
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