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Panel with Circular Hole

Overview

Element Type(s): C3D

Analysis Type(s): STAT

Procedure(s):

Topic(s):

Module(s): ASE, FEABENCH

Input file(s): structured mesh.dat , unstructured mesh.dat

1 Problem Description

The problem consists of a rectangular panel with a circular hole in its middle, loaded by a constant linear
load p on the vertical edges, as shown in Fig. 1. The system is modelled as a plane stress problem and
the maximum stress at the edge of the hole is determined and verified for various meshes [1].
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Figure 1: Problem Description

2 Reference Solution

The maximum stress σA,,m resulting from a load p, at the edge of the hole can be determined at
points A and A′ across a vertical cut, visualised in Fig. 1, as follows [2] [3]:

σA,,m = Kt · σ,nom (1)

where

P = p ·D = 1000 [kN] (2)

σ,nom =
P

t · (D − d)
= 33.33 [N/mm2] (3)

Kt = 3.000 − 3.140 · (d/D) + 3.667 · (d/D)2 − 1.527 · (d/D)3 , (0 < d/D < 1) (4)
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3 Model and Results

The properties of the model are defined in Table 1. Plane stress conditions are assumed, with two
degrees of freedom, , y, per node, and a line load p = 200.0 kN/m is applied at both vertical
ends. The length of the panel is considered to be large enough in order to avoid any disturbances in the
area of the hole, due to the loaded ends. Due to symmetry conditions only one fourth of the panel is
modelled.

Table 1: Model Properties

Material Properties Geometric Properties Loading

E = 2.1 · 105 MP L = 15.00m p = 200.0 kN/m

ν = 0.30 D = 5.00m, d = 2.00m

h = 1.50m , t = 0.01m

[176]

[138]

[72]

[16]

(a) Structured Meshing

[380]

[206]

[67]

[16]

(b) Unstructured Meshing

Figure 2: FEM Models - Number of Elements

Four manually structured meshes, with refinement around the hole area, are considered, shown in Fig.
2(a), with increasing number of quadrilateral elements and the convergence behaviour is evaluated. For
the sake of comparison, unstructured meshes, shown in Fig. 2(b), are also considered. The number of
elements for every mesh is given in the red brackets.
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Figure 3: Convergence Diagram - ASE

0 50 100 150 200 250 300 350 400
40

45

50

55

60

65

70

75

Number of Finite Elements nEL

σ
A
,

,m




[N
/m

m
2
]

Analytical: 74.43 [ N/mm2]
FEABENCH: Structured Mesh - Conforming Element
FEABENCH: Structured Mesh - Non-conforming Element
FEABENCH: Unstructured Mesh - Non-conforming Element

Figure 4: Convergence Diagram - FEABENCH

The analyses were conducted using two modules: ASE and FEABENCH. The results are presented in
Fig. 3 for ASE and in Fig. 4 for FEABENCH. The results from both modules are verified against the an-
alytical solution from Section 2. For structured meshing, two finite element formulations are considered:
conforming and non-conforming. The conforming elements correspond to a regular 4-node element,
whereas the non-conforming elements have additional shape functions for membrane action. For more
information on the individual elements, see ASE and FEABENCH manuals.
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Figure 5: Maximum Stresses σ,m

4 Conclusion

The example allows the verification of the calculation of plane stress problems using the FEABENCH and
ASE modules, and the depicts the convergence behaviour of quadrilateral elements. For both modules
and both meshes, the calculated results convergence rather fast to the predetermined precise analytical
solution, within acceptable tolerance range.
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