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Abstract: The surface roughness, residual stresses and microstructure are main parameters that cause surface crack
initiation in theoretically porous free materials. Hence, the effect of the surface roughness on the crack driving force is
investigated regarding physically short stationary cracks in this paper. FE simulations show that mechanically short
stationary cracks have practically zero crack driving force and the orientation of the crack driving force will not support
crack growth. The crack driving force follows the material deformation around the crack tip in the opposite direction as
is the supposed crack extension.
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Introduction

Real surfaces are never really flat. Chemical,
electrochemical treatment and generally production
technology affect surface roughness [1] [2] [3] [4]. Surface
roughness influences crack initiation and fatigue life of
various materials under various mechanical and thermal
loading conditions [5] [6] [7] [8] [9] [10]. From the
mechanical point of view, surface roughness acts generally
as a stress concentrator and influences fatigue life [11] [12]
[13] [14]. From the fracture mechanics point of view,
physically short cracks (further denotes only as short
cracks) are substantially larger than the scale of the local
plastic deformation with characteristic microstructural
dimension usually smaller (in lengths) than 1-2 mm and
they grow faster than physically long cracks (further only
as long cracks) [15] – the threshold value is smaller
compared to long crack [15] [16] [17].
The effect of the surface roughness on short crack is
investigated by means of FE simulation. The simple plane
stress FE Model evaluates crack driving force for three
crack lengths and arithmetic surface roughness Ra. The FE
Model does not take into account any crack closure
mechanisms (review can be found in [18]). However, crack
closure mechanism is not present, if crack starts to grow
from small processing or metallurgical defects in form of
pre-existing crack-like defect [19]. Explicitly is assumed
that long cracks are not influenced by surface roughness
and they are not investigated in the paper; the crack is
modelled as a stationary crack (no crack extension is
simulated).
Crack driving force concept is introduced in Chapter 2.
FE Model is described in Chapter 3, results are presented
in Chapter 4 and discussed in Chapter 5.
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monotonic loading; is defined as a path independent line
integral and equal to the energy release rate [16]:
,

(1)

where
is the strain energy density,
is the traction
vector (component),
is the displacement vector
(component) and
is length increment on the contour .

3

FE Model

The FE plane stress model has a size of 100x100x10
µm. Mesh element size 1 µm is used in the whole model.
The fix boundary conditions are prescribed in the bottom
points in the FE model, see Figure 1. The Force F with
magnitude 0.01 N is prescribed to the points in upper part
of the Model. Scheme of the FE model is shown in
Figure 1.

Crack driving force

The J-Integral is a crack driving force concept valid for
nonlinear (and linear) material behaviour subjected

Figure 1 Scheme of the FE Model
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One straight crack with length of 10, 20, 30 µm is
embedded to the upper surface in the model. The crack has
a wedge like geometry with opening angle of 10°. The
crack is located either in the middle of the upper surface
(X=50 µm) assuming a flat surface or approximately in the
middle of the upper surface, see “Crack initiation” in
Figure 2.
The arithmetic mean roughness Ra is modelled by the
probability density function with the normal distribution in
Python 3.6 (numpy library) with mean distribution of 3.2,
6.3 µm respectively; both with standard deviation 1 µm.
The generated surface roughness is shown in Figure. 2.
Generated points are imported to Ansys 16 and the rough
surface is created.

Figure 3 Contour dependency of the computed crack driving
force (J-Integral) for three crack lengths (10, 20, 30 µm). Flat
surface is assumed. 3rd and higher contour is numerically
independent and will be used in further simulations.

The computed values are negative (related to the local
coordinate system of a crack) - cracks have no tendency to
growth. This phenomenon will be discussed in the next
chapter.
4.2

Figure 2 Arithmetic mean roughness Ra with marked crack
initiation position. Crack initiation position is chosen
approximately in the “roughness wedge” at the middle of the
upper surface in order to reduce effect of the boundary
condition in the FE model. Crack initiation on the flat surface (0
µm) is located at X position 50 µm.

A linear-elastic material model is used in the simulation
with following parameters: Young’s Modulus E=200 GPa,
Poisson number ν=0.3. The local coordinate system of a
crack is located at the crack tip. Mode I component (in the
Y direction in global coordinate system) is evaluated.

Effect of the crack length and the surface
roughness on the crack driving force

Figure 4 shows effect of the crack length and surface
roughness on the crack driving force. Results for the 3rd
integration contour are plotted. The longest crack (30 µm)
has highest negative values – the crack has the smallest
tendency to grow. The shortest crack (10 µm) has the
“highest tendency to grow“ – the values are in every
investigated case negative. The material motion to the
crack tip was observed in [20] but the context of the paper
differs significantly from the presented one. The
displacement field (material motion) will be discussed later
in Chapter 4.3.

4 Results
4.1

Numerical investigation

Figure 3 shows contour dependency of the computed
crack driving force (J-Integral) for three crack lengths 10,
20, 30 µm. Flat surfaces is assumed in the simulations.
Results show stabilization of the computed crack driving
force since 3rd contour. Crack length of 10 µm
demonstrates other trends of the computed crack driving
force for 1st integration contour than crack lengths 20 and
30 µm, see Figure 3. The reason is irregular mesh for crack
length of 10 µm created by automated mesh generation
(soft meshing) in FE Software that influence results
significantly; the mesh around other crack lengths is
meshed regularly. Generally, it is not recommended usage
of crack tip (1st integration contour) as a valid integration
contour due to numerical accuracy [16]. The 3rd integration
contour will be used in the further investigations.

Figure 4 3rd integration contour of J-integral for three crack
lengths (10, 20, 30 µm) over surface roughness Ra.

The surface roughness shifts negative values of crack
driving force toward positive values but values are still
negative (Figure 4). The computed results confirm
observations that the crack propagation (and initiation) is
supported by surface roughness [9] [12] [21] [22].
However, the continuum mechanics approach used in this
paper has to be critically assessed regarding to short
(stationary) crack, micromechanical approach and
threshold values; more details can be found for instance in
the review paper [23].
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4.3

Displacement and stress field around the
crack

5

Figure 5a shows displacement UY with marked nondeformed geometry and Figure 5b shows scoped
perpendicular stresses on the crack SXX. Scale 100 is used
in Figure 5. The results are shown for crack length of 20
µm and Ra=3.2 µm.
The crack is moved in the up (Y) direction (a) and
opened in crack Mode I (b). The maximum SXX stresses are
approximately 400 MPa around the crack tip (with
prescribed force 0.01 N in the FE model).

Discussion

The computed results are in accordance with two well
observed phenomes. Firstly, the shortest crack (10 µm)
would grow faster than longest cracks (20 and 30 µm) – the
threshold value of small crack is smaller than longer cracks
[15] [16] [17] [23] but clear distinction between
microstructurally and physically small crack is not known.
For instance, in [17] was for pearlitic steel chosen as the
largest microstructural barrier 20 µm. This paper is focus
only on physically short stationary cracks and the results
should be assessed cautiously. Secondly, the high surface
roughness leads to earlier crack initiation and smaller
fatigue life than low surface roughness [9] [12] [21] [22]
but this paper does not investigate crack initiation or
fatigue life. Thus, the computed results are verified only
indirectly.

Conclusions

a)

b)

Figure 5 Displacement UY with marked non-deformed geometry
(a). The crack is moved in the up (Y) direction. Scoped
perpendicular stresses on the crack SXX (b). The maximum
stresses are approximately 400 MPa around the crack tip; the
crack is opened – crack Mode I. The results are plotted for
crack lengths of 20 µm and Ra=3.2 µm. The global coordinate
system is used for plotting the result and scale 100 is used in the
Figure.

The relationship between the J-integral and the
displacement UY is plotted in Figure 6. UY is taken from
the crack tip node. The deepest crack tip (30 µm) shows
highest displacement upward and corresponding J-integral
has the highest retardation tendency on the crack. Surface
roughness decreases displacement upward and retardation
effect on the crack decreases.

Figure 6 3rd integration contour of the J-integral (solid line)
and the displacement UY (dashed line) for three crack lengths
(10, 20, 30 µm) over surface roughness Ra. UY is taken from the
crack tip node. The deepest crack tip (30 µm) shows highest
displacement upwards and corresponding J-integral has the
highest retardation tendency on the crack. Surface roughness
decreases displacement upward and retardation effect on the
crack decreases.

The effect of a surface roughness on the crack driving
force of stationary crack has been investigated in this
paper. FE simulations show that crack driving force of
physically short (stationary) crack follows material
deformation and the surface roughness would support
crack grow. This result is in accordance with experimental
observations.
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