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ABSTRACT

The ASCOUF [1] software has been developed by EDF to allow the quick analysis of defects contained in pipes or
elbows of the primary and the secondary loops. In the same way, the ASPIC software allows the quick analysis of defects
contained in nozzles of the primary and secondary loop. These two pre-processing tools of Code_Aster, the structural analysis
finite element code of EDF [2], have been used to carry out with an increase of productivity a series of numerical studies
proving the mechanical strength of these components. Their validation, taking into account the feedback from previous
studies, leads us to rely on the results. ASCOUF can also solve the problems of under-thickness of pipes of the secondary
loop. These two software have been developed by EDF R&D in order to enable the engineer to make a 3D mesh, including
the crack or the under-thickness zone, within one hour. And thanks to these tools called « ASCOUF » and « ASPIC » the time
needed for a complete study has dropped by more than 80%.

ASCOUF and ASPIC are divided into two parts. The first one produces the mesh and the second one carries out 3D
finite element computations. From the main geometrical parameters the first part generates an accurate mesh of the structure
containing a crack or an under-thickness. The meshing part of ASCOUF and ASPIC can generate a circumferential or a
longitudinal elliptical crack (short crack) and a long crack. At the moment, only ASCOUF can generate circumferential or
longitudinal short or long under-thickness. Thanks to the second part we can compute large (225000 DOF) 3D thermo-elasto-
plastic finite element calculations of cracked bodies (elbow or nozzle) to evaluate the energy release rate G (or J).

Several studies were also made to validate the meshes coming from the software when they are submitted to complex
loadings like pressure, bending moments and thermal shock, even in a wide range of plasticity extension. And thanks to this
validation, ASCOUF and ASPIC have allowed us to perform 3D assessment of cracked elbows and cracked nozzles in a very
short time.

INTRODUCTION

Cast duplex stainless elbows or nozzles of French Pressurized Water Reactors are considered as sensitive components as
far as the disponibility of production resource is concerned. As a matter of fact, those structures of the primary loop may
contain flaws which can grow during the operating time of a plant, if we assume they behave like cracks. Moreover, as the
stainless steel tends to lose ductility when submitted to thermal ageing [3], the mechanical properties of the material
(particularly the toughness) decrease. Then, the technical (and financial) aim of the studies and experiments carried out by
EDF is to assess and predict the behaviour of cracked elbows or nozzles until the end of life of the plant.

In the last years the needs in terms of fast analysis in the field of flaw assessment of steel components in the nuclear
industry have become more and more important. And thanks to the enlarging capabilities of the computer codes, it is now
possible to complete very large 3D elasto-plastic finite element calculations of cracked bodies to evaluate the energy release
rate G (or J). However, previous studies [4] which dealt with elbows or nozzles have clearly shown that meshing takes a very
long time (from 4 to 10 weeks, including validation). That is why a first then a second meshing tool have been created by the
R&D division of EDF [2].

The scope of this paper is to explain the main principles of these two softwares called ASCOUF and ASPIC.

GENERATION OF THE MESH

At first we summarize in Table 1 the kind of defects that the two software ASCOUF and ASPIC can take into account.

ASCOUF ASPIC
Elbow : 1/ non defected mesh, 2/ short and long crack,
3/ circumferential and longitudinal, throughwall or not, crack
or under-thickness  ;
straight pipe : 1/ idem than elbows and thickness transition.

Nozzle : 1/ non defected mesh, 2/ short and long crack,
3/ circumferential, throughwall or not, crack.

Table 1. Capabilities of ASCOUF and ASPIC.
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As a geometrical entity, an elbow or a nozzle can be accurately defined by 6 or 13 parameters respectively, (see
figure 1).
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Figure 1  Main geometrical parameters of elbow and nozzle.

The crack or the under-thickness located on the structure is determined by other variables. To mesh a cracked elbow we
work first on a cracked plate. In the first step, a « crack block » is inserted into an octogonal one in order obtain 3 crack
orientations (0°, 45°, 90°) by rotating the octogone. The other orientations between 0° and 90° can be generated by a local
distortion of the mesh. At this stage, it only remains to roll the plate around the middle fiber and to curve the tube previously
obtained according the bending radius of the elbow (Rc). To mesh a nozzle with a defect we start from a thick square then we
proceed as indicated on figure 2.

4L

L

Z

X
Y

Z Z

2L

2L

Z

Figure 2  Nozzle transformation.

These geometrical transformation « plate - pipe - elbow » and « square - nozzle » are analytically determined in
Code_Aster®. The nozzle transformation is more complicated, particularly in the welded joint zone. All the difficulty when
you want to generate this type of meshes consists in the difference of size between a very small crack (some millimeters) and a
large component, the diameter of which can be one meter. To produce automatically many cracks of different types and sizes
is an other difficulty. The crack dimension may vary very much from a component to another and the orientation, the position
(on the external or internal skin) are some other parameters to take into consideration. Moreover the crack may be
throughwall or not. It is necessary to include automatically, in every case, the refined crack representation corresponding to a
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zone of stress singularity into a body with a rougher mesh. Indeed the entire mesh should not be made up of too many finite
elements. The balance between the reliability of computations and the number of finite elements is a compromise that we have
to reach continuously. Relating to the nozzle, the difficulty takes place also in the meshing of the welded joint located
between the pipe and the main pipe, see figure 1. As matter of fact, the crack edges are to be found at the welded joint
interfaces. Moreover two kind of welded joints can be represented, see figure 3.

Pipe Pipe

Main pipe Main pipe

Welded joint Welded joint

Straight interface
Inclined interface

Straight interface

Type_1 Type_2

Figure 3  Variable position of the plane including the crack edges.

Now we present four views of meshes. Figure 4 shows a crack tip and figure 5 two under thickness in an elbow. The first
under thickness which is circumferential intersects the longitudinal one.

Figure 4  Zoom of a crack tip. Figure 5  Zoom of two perpendicular under thicknesses.

On figure 6 we can see an entire cracked nozzle. We zoomed on the welded joint zone on figure 7. On this figure we can also
see the meshing of the crack. Finally figure 8 shows a zoom of the crack.

Figure 6  Meshing of a cracked nozzle. Figure 7  Zoom of the welded joint.
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Figure 8  Zoom of the crack located in the welded joint.

COMPUTATION OF THE MODEL

To perform the 3D finite element calculations we discribe in a file the material characteristics, the constitutive law and
loading by using the syntax of Code_Aster®. We specify combined loadings such as pressure, bending moment, twisting
moment and thermal shock. Boundary conditions and loadings are automatically applied to node and element groups of the
mesh. We use a 3D-beam connection to bring into operation the load set or a beam type embedding at the ends of the pipes.

Many post-processing facilities are also set up in this file. For elbows, we can determine the deepest under-thickness
allowable according the RCC-M criteria [5]. For nozzles and elbows, it is possible to evaluate the energy release rate G (or J)
by the Theta method [6]. In a few words this method consists in calculating G :

G
W

= −
∂
∂Ω

(1)

where W is the potential energy and Ω  the domain. Let θ  a vector field representing the propagation direction of the defect

and ( )�
θ  the derivative of the potential energy at equilibrium with respect to the evolution of the defect in the direction
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In the classical case where the loading is only imposed on the boundary, ( )�
θ  is equal to :

( ) ( )�
θ ε θ σ θ= − + ⋅ ∇ ∇∫ w div u dv

Ω

. (3)

 So the energy release rate G  is solution of the variational equation :

( ) ( ) ( ) ( )G s s m s ds
Γ

Θ
0

∫ ⋅ = ∀ ∈θ θ θ
�

, , (4)

where m is the unitary normal vector at the crack tip Γ0  located in the tangent plane to crack edges ∂Ω  and

{ }Θ Ω= ⋅ =µ µ ∂ such that  on n 0 , see figure 9. For a given vector field θ  we calculate ( )�
θ  and then G . To determine

the mean value of G  we choose θ  such that θ ⋅ =m 1, and ( )G = � θ . In this case we say that G  is global and we denote

it by Gglobal . Now, to simulate more accurately the crack tip evolution it is necessary to use several independent vector fields

θ  and independent polynomial as ( )G s . Thanks to equation (4) it is possible to evaluate the polynomial coefficients. Then

by linear combination G  is obtained. In this case we say that G  is local and we denote it by Glocal .
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Figure 9  Illustration of the Theta method.

Many studies were made to validate the meshes obtained by ASCOUF and ASPIC when they are submitted to complex
loadings like pressure, bending moments and thermal shock, even in wide range of plasticity extension. To illustrate the
capabilities of these two softwares we have carried out 2 studies to compare a few results between meshes coming from
ASCOUF or ASPIC and from other softwares (I-DEAS Master Series, etc.).

NUMERICAL RESULTS

Cracked Pipe
We deal with the case of a straight pipe in which a semi-elliptical crack is located. The latter is throughwall crack on external
skin and it is inclined at an angle of 45° with respect to the pipe axis, see figures 10 and 11.

Figure 10  Inclined crack located in a straight pipe. Figure 11  Zoom of the inclined crack.

The constitutive law is elasto-plastic and an inner pressure, (linear function of time), and the associated end closed effort
constitute the loading. We have chosen two types of model : A where the mesh around the crack is not refined and B where it
is refined.
Model A (non refined mesh)
The mesh is composed of 16283 nodes. With a computer SGI Origine 2000 and 600Mo of RAM, the computation takes 7000
seconds.
Model B (refined mesh)
The mesh is composed of 24231 nodes. With a computer SGI Origine 2000 and 1.2Go of RAM, the computation takes 22260
seconds.
We compare results obtained with ASCOUF and those coming from SYSTUS version 2.0 developed by FRAMATOME. On
figure 12 we can see the evolution of G versus the pressure.
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Figure 12  Evolution of the energy release rate G versus inner pressure.

Cracked Nozzle
In this part we treat of a cracked nozzle (see figures 6, 7 and 8) in which a welded joint of the first kind (Type_1) is

located, see figure 3. An evolutionary out of plane bending moment is imposed at one of the two ends of the main pipe to
solicit the first opening process of the crack. The other end of the main pipe is clamped. The constitutive material of the
structure is elasto-plastic and the crack is throughwall on the inner surface of nozzle. We have chosen three types of model as
summarized in Table 2.

Modelisation Mesh around the
crack

Type of crack Number of node CPU time on
SGI O2000 (s)

Space memory
(Go)

A non refined long 24231 15594 2.3
B refined long 74882 88148 4
C non refined short 50554 33057 3.5

Table 2. Description of the three models.

We compare the energy release rate G obtained with ASPIC and those obtained by Socotec Industrie with the code
CASTEM 2000, see figure 13. We can see that the results coming from ASPIC are closed to the results coming from
CASTEM 2000 while the behaviour of the material is elastic. The gap between results grows larger as the material is entering
the plasticity zone.

On figure 14 we have displayed the energy release rate G along the crack tip. We can see that the evolution of G is stable
respect with to the long and short crack meshing process.
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Figure 13  Evolution of the energy release rate G versus bending moment.
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Figure 14  Evolution of the energy release rate G along the crack tip.



8

CONCLUSION

The development of the two softwares ASCOUF and ASPIC is an answer to one challenge : to reduce the time
previously needed for the meshing a 3D cracked pipe, elbow or nozzle. Thanks to these tools, we can carry out at lot of non-
linear finite element analysis in order to better understand the behaviour of the cracked structures.

Thus ASCOUF and ASPIC help us to improve the definition of the main parameters of the simplified engineering
methods based on the parameter K or G (J) (R6 procedure [8], Js [9] and KJ [10, 11] approaches). As a matter of fact, the
main set of finite element computations performed in France by CEA, EDF and FRAMATOME [12] is relying on 2D
computations of pipes. So these tools allow us to treat the case of pipes or elbows containing circumferential or longitudinal
long and short throughwall crack or under-thickness, and the case of nozzles containing circumferential long and short
throughwall crack.
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