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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Fatigue Committee which first met in 1955
and now has the following membership:

The Item was accepted for inclusion in the Stress and Strength Series by the Stress Analysis and Strength of
Components Committee which first met in 1964 and now has the following membership:

(Continued on inside back cover)

Chairman
Mr J.A.B. Lambert — British Aerospace, Hatfield-Chester Division

Vice-Chairman
Mr W.T. Kirkby — Royal Aircraft Establishment, Farnborough

Members
Mr K.E. Cheverton — Rolls-Royce Ltd, Bristol Engine Division, Filton
Mr H.L. Cox — Independent
Dr M.S.G. Cullimore — University of Bristol
Mr A.D. Hall — Westland Aircraft Ltd
Mr N.H. Mason — Consulting Engineer
Mr L.F. Nicholls — British Aerospace, Weybridge-Bristol Division
Mr H.E. Parish — British Aerospace, Warton Division
Mr C.J. Robinson — British Aerospace, Kingston-Brough Division
Dr Ing. W.Schütz*

* Corresponding Member

— Industrieanlagen-Betriebsgesellschaft mbH, München, W. 
Germany

Mr T. Swift* — Douglas Aircraft Co, Long Beach, USA
Dr R.N. Wilson — Royal Aircraft Establishment, Farnborough.

Chairman
Mr A.J. Batchelor — Imperial Chemical Industries Ltd

Vice-Chairman
Mr J.V. Vint — C.A. Parsons and Company Ltd

Full document details: ESDU 78036 A-R1 2013

http://www.avadocuments.com/doc/esdu-78036-a-r1-2013
http://www.avadocuments.com/doc/esdu-78036-a-r1-2013


 

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
. 

i

ESDU 78036
THE COMPOUNDING METHOD OF ESTIMATING STRESS INTENSITY FACTORS 
FOR CRACKS IN COMPLEX CONFIGURATIONS USING SOLUTIONS FROM 
SIMPLE CONFIGURATIONS

CONTENTS

Page

1. INTRODUCTION 1

2. NOTATION 1

3. METHOD OF COMPOUNDING 3
3.1 A Crack that Does Not Cross a Boundary 3

3.1.1 A simple example 4
3.1.2 Errors when applying the method to plane sheets 4
3.1.3 Worked example 5

3.2 A Crack that Crosses a Boundary 8
3.2.1 Errors when applying the method to stiffened sheets containing a single crack 13
3.2.2 Multiple cracks in a stiffened sheet 13
3.2.3 Worked example 15

3.3 Cracks Starting from Holes in Remotely Loaded Sheet or Bar 20

4. DERIVATION AND REFERENCES 20

Full document details: ESDU 78036 A-R1 2013

http://www.avadocuments.com/doc/esdu-78036-a-r1-2013
http://www.avadocuments.com/doc/esdu-78036-a-r1-2013


 

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
. 

ESDU 78036

Full do
THE COMPOUNDING METHOD OF ESTIMATING STRESS INTENSITY FACTORS 
FOR CRACKS IN COMPLEX CONFIGURATIONS USING SOLUTIONS FROM 
SIMPLE CONFIGURATIONS

1. INTRODUCTION

This Data Item presents a method of estimating values of stress intensity factors for cracks that have
developed in complex configurations and are close to several boundaries and/or other cracks. The method,
which is simple and easy to apply, entails compounding known stress intensity factor solutions for cracks
in simple configurations. Many of these solutions may be found in the References in Section 4. 

ESUD 80036 “Introduction to the use of linear elastic fracture mechanics in estimating fatigue crack growth
rates and residual strength of components” describes how the crack behaviour of materials under both
fatigue and static loading can be predicted using the concept of the stress intensity factor which characterises
the highly stressed region around the tip of a crack. The resultant stress intensity factor obtained from the
compounding method is only valid within the limitations of linear elastic fracture mechanics and therefore
the geometric factors influencing the stress intensity factor will be in error if the net stresses reach a
significant proportion of yield (say 70 per cent). Limited corrections for plastic zone size may help the
accuracy of the resultant compounded stress intensity factor, obtained as suggested in ESDU 80036,
provided the plastic zone size correction is small compared with the size of the ligament between the crack
and the adjacent boundary. 

2. NOTATION

cross-sectional area of stiffener m2 in2

crack half length m in

equivalent crack half length m in

distance from centre of equivalent crack of half length  to tip of 
equivalent crack of half length  (see Sketch 3.12)

m in

distance from centre of crack to nth boundary m in

distance from centre of equivalent crack to nth boundary m in

distance from crack to centre of hole (see Sketch 3.3) m in

moduli of elasticity of sheet and stiffener materials, respectively N/m2 lbf/in2

distance between centres of fasteners in stiffeners 
(see Sketch 3.6a)

m in

stress intensity factor N/m3/2 lbf/in3/2

A

a ,an

a  ,a n

b  a n
a,

bn

b n

c

E1,E2

h

K

Issued November 1978 
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1
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Both SI and British units are shown but any coherent system of units may be used.

stress intensity factor correction due to interaction of boundaries N/m3/2 lbf/in3/2

stress intensity factor for a crack in presence of nth boundary N/m3/2 lbf/in3/2

stress intensity factor due to effect of nth boundary acting on 
equivalent crack

N/m3/2 lbf/in3/2

stress intensity factor for a crack in absence of all boundaries N/m3/2 lbf/in3/2

stress intensity factors for equivalent crack in absence of all 
boundaries

N/m3/2 lbf/in3/2

resultant compounded stress intensity factor N/m3/2 lbf/in3/2

half length of plate (see Sketch 3.3) m in

total number of boundaries

radius of hole m in

stress based upon gross cross-sectional area of component N/m2 lbf/in2

stiffness parameter defined by  (see Section 3.2.1)

thickness of sheet m in

width of plate (see Sketch 3.3) m in

geometrical factor in stress intensity factor

extensional stiffness parameter defined by  (see 
Section 3.2.3)

extensional stiffness parameter due to effect of nth boundary 
acting on equivalent crack

radius of curvature of boundary m in

Suffixes

denotes nth boundary

Ke

Kn

K n

K0

K 0 ,K0

Kr

l

N

R

S

s s E2A/E1bt=

t

W



  2atE1/AE2=

n



n

2
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3. METHOD OF COMPOUNDING

In this Item edges, surfaces, stiffeners and holes are termed boundaries and in general a structure or
component will have several such boundaries. In addition cracks, other than the crack under consideration,
are also termed boundaries. The stress distribution and hence the value of the stress intensity factor at the
tip of a crack in a structure or component will be influenced by the boundaries. The compounding method
may be used to estimate the value of the stress intensity factor for a crack in a structure containing several
boundaries, by separating a complex configuration into a number of simpler ancillary configurations each
containing the crack and a single boundary and having known solutions. These known solutions are then
compounded to obtain the desired solution. The known solutions are published in the literature, for example
References 10 to 14, and many of these solutions define the stress intensity factor*, , as

. (3.1)

There are two general compounding equations that are dependent on whether or not the crack crosses a
boundary and these are presented in Sections 3.1 and 3.2. Both of these equations are expressed as sums
of the simple cases. 

3.1 A Crack that Does Not Cross a Boundary

The general compounding equation for this condition consists of the stress intensity factor in the absence
of all boundaries, , the stress intensity factors for the ancillary configurations, , and also a term, ,
to account for the effect of any interaction between the boundaries. Thus, the resultant compounded stress
intensity factor is given by

, (3.2)

where* . (3.3)

Because the solutions for the ancillary configurations are often presented in terms of , see for example
Reference 14, Equation (3.2) is rewritten as

. (3.4)

If the term  can be estimated or shown to be negligible, Equation (3.4) can be used to build up
solutions to complex configurations from known simpler ones. In general, if the boundaries are not too
close to each other relative to the size of the crack, the boundary interaction term can be neglected.
Often in components containing cracks at circular holes and where the ratio of the hole diameter to the
width of sheet is large, the boundary interaction term cannot be ignored and a method of obtaining a solution
for  given in Derivation 4 (see also Section 3.3). For stiffened sheet panels the boundary interaction
term has been shown to be very much less important than the effect of the crack crossing a stiffener or

* Equations (3.1) and (3.3) may not necessarily be expressed in this form. For example, where a load, , is applied at a point in the close

vicinity of a crack it is usually found convenient to express  as  (where is the force per unit thickness).

K

K S a=

K0 Kn Ke

Kr K0 Kn K0– 
n 1=

n N=

 Ke+ +=

Kr

K0

------ S a=

P

K0 K0 P/ a 1/2
= P

Kn/K0

Kr

K0

------ 1
Kn

K0

------ 1–
 
 
 

n 1=

n N=


Ke

K0

------+ +=

Ke/K0

Ke/K0

Ke/K0
3
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approaching a stiffener (see Section 3.2). It has generally been found that good approximations to the
resultant stress intensity factors for complex configurations may be obtained (ignoring the boundary
interaction term) from the simplified equation

, (3.5)

which is the stress intensity factor in the absence of all boundaries multiplied by a correction term.
Equation (3.5) may also be expressed as,

(3.6)

3.1.1 A simple example

A step-by-step illustration of how the compounding equation for determining values of can be obtained
is shown in Sketches 3.1. The values of are required for crack tips A and B for the configuration shown
in Sketch 3.1a. The crack configuration has two boundaries, 1 the straight edge and 2 the circular hole. The
ancillary crack configurations for which the stress intensity factor solutions are known (see Figures 15, 109
and 110 of Reference 14) are shown in Sketches 3.1b and 3.1c.

The resultant stress intensity factors for the crack tips A and B are calculated separately, using
Equation (3.6) with  so that,

. (3.7)

Sketch 3.1  

3.1.2 Errors when applying the method to plane sheets

Equation (3.5) has been used to compound solutions of stress intensity factors for three types of plane sheet
specimens each containing a crack adjacent to boundaries. Each boundary is characterised by a different
radius of curvature, , as shown in Sketch 3.2.

Kr K0 1
Kn

K0

------ 1–
 
 
 

n 1=

n N=

+=

Kr Kn

n 1=

n N=

 K0 N 1– –=

Kr
Kr

Kr
N 2=

Kr K1 K2 K0–+=

A B

2a

R
A B

2a

A

(a)
Resultant stress intensity factors

Kr are required for crack tips
A and B

(b)
Boundary 1, the straight

edge

(c)
Boundary 2, the hole

B

2a

R

S SS

S SS


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Sketch 3.2  

The evaluated results for these boundaries have been compared with known solutions obtained from
Reference 14. The approximate percentage errors between the values of the stress intensity factors obtained
using the compounding method and those obtained from known analytical solutions, for configurations
similar to those illustrated in Sketch 3.2, are given in Table 3.1. For these cases the compounding method
underestimates the resultant stress intensity factor. 

The results indicate the following trends. 

(a) At a fixed ratio of crack half length to boundary distance  errors tend to decrease with
decreasing radius of curvature of the boundary.

(b) Errors increase as the ratio of crack half length to boundary distance  increases. 

(c) Straight boundaries have the largest errors and they are significant at relatively large crack lengths
(for example about 14 per cent at ). 

A worked example of a case where a crack does not cross a boundary follows. 

3.1.3 Worked example

A steel bulkhead made from BS 4360 Grade 50B material, of yield strength 370 MN/m2, is made up of two
13 mm thick plates welded together by means of a butt weld transverse to the direction of loading. The
weld has been dressed and stress relieved so that the weld is considered to be as strong as the plate material.

TABLE 3.1  APPROXIMATE PERCENTAGE UNDERESTIMATION OF Kr

Straight boundaries Circular boundaries Crack boundaries 

0.2
0.4
0.6
0.8

2
4
9

25

2
2
3
6

1
2
–
–

2a
R R

(a)
A straight edge

ρ = ∞ 

(b)
A circular hole

ρ = R 

(c)
Another crack

ρ = 0

S

S
S

S

S

S

bn

bn bn

bn bn

2a 2a 2a 2a

a
bn
-----

 =  R=  0=

a/bn 

a/bn 

a/bn 0.7=
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