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Abstract: This paper presents the results of research on mixed mode fracture of sandwich panels of
plasterboard and rock wool. The experimental data of the performed tests are supplied. The
specimens were made from commercial panels. Asymmetrical three-point bending tests were
performed on notched specimens. Three sizes of geometrically similar specimens were tested for
studying the size effect. The paper also includes the numerical simulation of the experimental
results by using an embedded cohesive crack model. The involved parameters for modelling are
previously measured by standardised tests.
enough experimental data to perform a fracture
analysis of the problems with such material.
This paper supplies experimental data of
mixed mode fracture, with in-plane bending
failure, of sandwich panels of plasterboard and
rock wool with the specimens being performed
with commercial the corresponding sandwich
panels. Three similar specimen sizes were also
tested for studying the size effect. The loaddisplacement and load- crack mouth opening
displacement (CMOD) curves are presented.
The paper also includes numerical
simulation of the experimental data by using
an embedded cohesive crack model. The
parameters involved for modelling are
previously measured by standardised tests.

1

INTRODUCTION
The fracture research of sandwich panels of
plasterboard and rock wool has been focused
on the out-of-plane bending failure.
Nevertheless, the use of such as material for
internal vertical divisions in building has
substantially grown due to the velocity and
ease of mounting. In some cases this
composite material performs a good solution
for noise insulation requirements in building,
as it is contemplated by the Spanish Technical
Code for Building [1-3].
Figures 1 and 2 show a sketch of the typical
failure mechanisms of the vertical partitions in
a building due to excessive deflections and
differential settlements. Both are mixed mode
fracture problems of in-plane bending with a
composite cohesive material. There is not
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The size effect study was performed with
the 50-12-50 specimens. Table 2 shows the
dimensions of the specimens for the size effect
study.
Table 2: Size effect (Specimen dimensions)
Height (mm.)
Length (mm.)
Panel
74
314.5
12-50-12
150
637.5
290
1232.5

Figure 1: Cracking induced by excessive slabs
flexibility.

2.2 Experimental Procedure
The mixed fracture under a three-point
bending test was performed according to the
procedure proposed by the authors [4]. To
guarantee mixed mode loading conditions, the
load P was applied to the specimens under
non-symmetric boundary, as shown in Figure
3. Figure 3 also shows the dimensionless
geometry of the specimens. To avoid the local
crushing of the specimens on the support
areas, ground plates of aluminium were
inserted between the roller and the specimen.
The support device allowed free rotation out of
the plane of the beam and guarantee negligible
friction rolling in the longitudinal direction of
the beam.
The tests were performed with a servocontrolled testing machine of 1000kN at
maximum load. An extensometer, with 2.5mm
travel and 0.1 percent error at full-scale
displacement, was used to measure the
CMOD. The tests were performed in CMOD
control, at a rate of 0.04 mm/min.
The recorded parameters were load P,
vertical displacement of the actuator and
CMOD. Figure 4 shows a specimen under
mixed mode fracture testing. Twelve
specimens were tested, three for each type of
specimen.
For the size effect study, the testing
arrangement was lightly modified due to the
large dimensions of the largest specimens
(maximum load exceeded the capacity of the
testing machine). Table 2 shows the
dimensions of the specimens used in the size
effect study. Figure 5 shows the dimensionless
geometry of these specimens. Six specimens
were tested, two for each size.

Figure 2: Cracking induced by differential settling.

2 EXPERIMENTAL PROGRAMME
The aim of the experimental programme
was to study the mixed mode fracture of the
sandwich panels of plasterboard and rock wool
and the size effect. The tests were performed
with notched specimens under a nonsymmetric three-point bending loading
procedure.
2.1 Specimens
Table 1 shows the dimensions and
nomenclature of the specimens. All the
specimens were cut from commercial panels
coming from the same batch.
Table 1: Types and dimensions of the plasterboard
sandwich panels.
Thickness in mm.
Type
Faces: plasterboard Core: mineral
e-E-e
wool
10-50-10
10
50
10-60-10
10
60
12-50-12
12
50
12-60-12
12
60
e= thickness of plasterboard (mm)
E= thickness of rock wool (mm)
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Figures 7 and 8.
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Figure 3: Testing arrangement, geometry and
dimensions of the fracture specimens under mixed
mode loading conditions.
Figure 6: Sandwich panel specimen, under mixed mode
fracture testing. Specimen of 150 mm height.
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Figure 4: Sandwich panel specimen, under mixed
mode fracture testing.
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Figure 5: Size effect. Testing arrangement,
geometry and dimensions of the fracture specimens
under mixed mode loading conditions.

Figure 6 shows one of the largest specimens
under testing.
Figure 7: Fracture experimental results of the
mixed mode fracture.

3 EXPERIMENTAL RESULTS
The obtained experimental results are quite
stable and repetitive for both testing
geometries, as may be seen, for example, in
3
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Firstly the numerical model is used to
simulate the mixed mode bending tests of the
panels described in Table 1. The numerical
load versus displacement curves are compared
with those obtained in the experimental tests,
with a good fit being obtained as that shown in
Figure 10.

4 NUMERICAL MODEL
The numerical procedure adopted is based
on the finite element method. This reproduces
the fracture process of sandwich panels of
plasterboard and rock wool under mixed
loading, by using an embedded cohesive crack
based on the strong discontinuity approach [5].
The model has previously been successfully
used for the simulation of mixed mode fracture
of brickwork masonry by Reyes et al. [6],
where a detailed description of the model is
collected.
The numerical approach is incorporated in
the commercial finite element code
ABAQUS©, by means of a user subroutine for
the material (UMAT). In summary it can be
said that the model uses constant strain
triangles which are capable of cracking when a
failure criterion is reached by introducing a
jump displacement inside, as Figure 9
schematically shows. In this work a Rankine
criterion is used.
These finite elements with embedded
cracking are used to simulate the mixed mode
bending tests, by introducing the mechanical
properties of the panels obtained in previous
works [7], as summarised in Table 3. For
modeling an exponential type of softening
curve has been used.
The geometry of the models are adapted to
the outline of the Figures 3 and 5, and their
dimensions are as shown in Table 2 and Table
4.

Figure 8: Size effect. Fracture experimental results
of the mixed mode fracture.
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Figure 9: Constant strain triangles: a) global
coordinate system x-y and locals coordinate n-t; b)
normal and tangential components of the
displacement jump.

Table 3: Mechanical properties of sandwich panels.

Panel
10-50-10
10-60-10
12-50-12
12-60-12

GF (N/m)
Aver. (σ)
437 (80.01)
919 (142.5)
463 (128.5)
548 (118.3)

ft (MPa)
Aver. (σ)
1.08 (0.19)
1.17 (0.14)
1.13 (0.24)
1.01 (0.09)

E (MPa)
Aver. (σ)
140 (9.20)
113 (13.6)
126 (11.4)
107 (20.1)

Subsequently, the 12-50-12 panels with two
different sizes, 150 and 290 mm of height,
were simulated with the aim of studying the
size effect. In addition, in this case the
numerical curve predicts the experimental
records, as Figure 11 shows, with accuracy.

Table 4: Mixed Mode Panels (Specimen dimensions)

Panel
10-50-10
10-60-10
12-50-12
12-60-12

Height (mm.)
70
80
74
84

Length (mm.)
297.5
340.0
314.5
357.0
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Figure 10 (cont.): Experimental records and
numerical prediction of mixed mode fracture test.

Figure 11: Size effect. Experimental records and
numerical prediction of mixed mode fracture test.

Figure 12 compares the crack trajectories
obtained by means of the numerical model and
in the mixed mode fracture experimental tests.
It may be noted that the numerical model
properly predicts the experimental crack path.

Figure10: Experimental records and numerical
prediction of mixed mode fracture test.
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Figure 12: Experimental records and numerical
prediction of mixed mode crack paths.

Finally, Figure 13 shows the deformation of
the mesh used in the simulation of a panel
sandwich specimen of 12-50-10 and 150 mm
height under mixed mode loading.
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plasterboard and rock wool. The prediction
provided by the proposed numerical model
adequately reproduces the experimental
results, as Figures 7, 10 and 12 show. This
procedure could be used to study the limitation
of the deflection of slabs to prevent cracking
of sandwich panel partitions.
The size effect of this material is
appreciable, given the different mechanical
properties of the two components of the panel.
It is possible to appreciate a change in the
mechanical behaviour from which it may be
deduced that for small specimens the dominant
material is plaster, whereas in the case of the
large it is the rock wool.
Given that it uses as input variables the
mechanical and resistant properties of the
sandwich panel obtained from experimental
tests, which are different and separated from
the simulated mixed mode fracture tests, the
proposed numerical model is predictive. In this
work the authors have used as input variables
the properties measured for the material in
previous studies.

Figure 13: Finite elements deformed mesh of a
panel sandwich specimen under mixed mode
loading conditions.

5 SIZE EFFECT
Figure 14 shows the graph of the size
effect, with error bars, corresponding to the
values obtained for the different samples with
74, 150 and 290 mm of height.
In the graph the values of the height are
parameterised with the characteristic length of
the material, Bazant and Planas [8], and the
nominal stress with the ultimate stress. The
required values were obtained from previous
works [7].
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Figure 14: Size effect. Specimen of 70 – 150 y
290 mm of height.

6 CONCLUSIONS
The cohesive crack model, implemented in
finite elements with an embedded crack,
provides a good approximation of the mixed
mode fracture behaviour of sandwich panels of
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