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Abstract 
The damping property of sandwich structures is vital for the structural design since it influences 
the noise and vibration behavior. In this paper, the damping properties of the sandwich structures 
are computed using the strain energy method. The influences of the fiber orientation for the 
facing, the shear stiffness and thickness of the core are studied. Three groups of sandwich 
composite beams are produced and their damping properties are measured. The three groups 
include the different core thickness, different fiber orientation and different core properties. 
Through the experimental validation, the strain energy method proved to be able to accurately 
predict the loss factors of sandwich beams. In addition, it is found that increasing core thickness 
increases the loss factor; the loss factor has a maximum value when fiber orientation is 45 or 30; 
the lower shear stiffness of the core is beneficial for the damping of sandwich structures. 

 

 
1. Introduction1

Modern shipbuilding like naval vessels, offshore 
patrol vessels and luxury yachts are developing 
towards low weight superstructures enabling 
reduced centre of gravity, increased payload, and 
reduced fuel consumption. Thus more and more 
composites are being applied in the shipbuilding 
industry. Where composites replace large 
traditional metallic ship structures, the stiffness 
criteria in terms of fundamental frequency, 
becomes a leading design parameter. Among the 
traditional reinforcement materials, only the 
carbon fiber can meet the stringent requirement of 
the fundamental frequency because of its high 
stiffness to mass ratio. However, carbon materials 
are much more expensive (50$/yard). One possible 
alternative is to use cheaper composite materials 
such as glass fiber (7$/yard) by increasing the 
damping of the structures, so that even at 
resonance the structural vibrations comply with 
the vibration limits. Against this background, the 
present study investigates which parameters 
influence the damping properties of the sandwich 
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composites and how these parameters take effect 
on the damping properties. 

The damping of sandwich structure has been 
widely studied in the past. The Ross-Ungar-
Kerwin (RUK or RKU) model is one of the first 
theories which was developed for the damping in 
sandwich structures [1]. Besides this model, the 
modal strain energy (MSE) [2], the complex 
eigenvalue method [3] and the direct frequency 
response method are also used to predict the 
damping properties. Berthelot [4] and Assarar [5] 
used the MSE method based on the finite element 
to analyze the damping properties of the sandwich 
composite and they found that the results of the 
MSE method showed a good agreement with the 
experimental results. 

The paper will study the influence of parameters, 
including the core thickness, the core shear 
stiffness and the fiber orientations, on the damping 
loss factor of the sandwich beams. Firstly, a finite 
element model is built to predict the loss factor of 
different kinds of sandwich beams using the MSE 
method. Secondly, a series of sandwich beam are 
produced and tested for their loss factors, the 
experimental results will be compared with the 
numerical results.  

2. the FEM model and the MSE method 
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A sandwich beam with a length of 0.604 m and a 
width of 0.066 m is studied. The two facings are 
modeled with QUAD4 elements with laminated 
materials; the core is modeled with solid elements. 
There are 6 plies with a ply thickness of 0.25 mm 
for each facing. The unidirectional 
fiberglass/epoxy materials are used for the facings 
and its mechanical properties are   
E1=36.6 GPa, E2=5.4Gpa, G12=4.085 GPa, 
ρ=1800 kg.m3, η1=0.35%, η2=1.3% and η6=1.8% 
The PVC foam is used for the core and its 
mechanical properties are 
Ec= 240 MPa, v=0.45, Gc=80 MPa, ρc=200 kg.m-3, 
ηc=3%. 
The computation of modal strain energy (MSE) of 
sandwich beams will be introduced in the 
following. 

2.1. MSE of facing 
Because of the small thickness of the facing, only 
the in-plane MSE is considered for the facing. The 
composite layers are constituted of orthotropic 
materials and the in-plane MSE Uf stored in a 
specific finite element e can be expressed as [4] 
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σ1k, σ2k represent the stress along and 
perpendicular the fiber orientation respectively. 
ε1k, ε2k represent the strain along and perpendicular 
the fiber orientation respectively. σ6k and ε6k are 
the shear stress and the shear strain respectively. 

2.2. MSE of the core 

The MSE of the core is composed of the in-plane 
MSE and the transverse shear MSE. The in-plane 
MSE for a specific solid element is written as: 
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The transverse MSE for a given solid element e 
can be given as: 
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2.3. Damping computation of the sandwich 
composites 

The total MSE can be expressed as the sum of the 
in-plane MSE and the shear transverse MSE: 

1 2 6 4 5
1

M
e e e e e

e
U U U U U U

=

= + + + +∑           (7) 

The dissipated MSE can be computed as: 
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Finally, the total loss factor is given by 
U

U
λ ∆
=                                   (9) 

Where, for the facing, only the U1,U2,U6 are 
considered and they are computed as Eq. 1; for the 
core, the U1,U2,U6,U4,U5 are computed with Eq. 3 
and Eq. 5. 

1

eλ  --the damping loss factor along the fiber 
orientation 

2

eλ  --the damping loss factor transverse the fiber 
orientation 

6

eλ  --the damping loss factor related to the in-
plane shear deformation 

4

eλ  --the shear damping loss factor in xz direction 

5

eλ  --the shear damping loss factor in yz direction 

3. Results and discussion 
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In this section, the simulation results about the 
parameters which influence the damping of 
sandwich beams will be discussed. 

3.1. Influence of the core shear stiffness 
During the vibration of the sandwich beam, the 
core mainly endures a shear deformation. Thus its 
transverse shear strain energy is much larger than 
the in-plane energy. For example, the in-plane 
strain energy is 238 J while the transverse shear 
strain energy is 8300 KJ at one frequency. 
Therefore, the shear stiffness of the core plays an 
important role on the loss factor. The effect of the 
core shear stiffness is studied by changing it from 
10 MPa to 80 MPa in a log step of 2, as shown in 
Fig. 1. 
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Figure 1. Effect of the transverse shear stiffness Gc 

We can find that the core shear stiffness has a 
negative influence on the total damping of the 
sandwich structure. It can be explained by 
realizing that when the shear stiffness increases, 
less shear strain energy is stored in the core, and 
the strain energy dissipated by the core decreases. 
In addition, the increase of the core shear stiffness 
leads to the increase of the resonance frequency, 
especially at the third mode. 

3.2. Influence of the fiber orientation 

Due to the orthotropic property of the composite 
materials, the fiber orientation influences the 
structural property in many fields. Here the fiber 
orientation is studied for its influence on the loss 
factor.  
In Fig. 2, the loss factor reaches its maximum 
value when the fiber orientation is 45º at the first 
and second mode, whereas the maximum damping 
is achieved at 30º for the third mode. These results 
are comparable with the results obtained from the 
Ni-Adams method [6]. Adams and Bacon showed 
that the off-axis (unidirectional) configuration has 
a peak in loss factor at an orientation of 
approximately 30º, whereas the angle-ply (±θ) 

configuration showed a loss factor maximum at a 
fiber orientation of approximately ±45º. The major 
difference between these two configurations is that 
for an angle-ply composite, the material is 
balanced and symmetric, which results in minimal 
values of D16, and D26 (coupled bending stiffness), 
i.e., minimal stress coupling effects. For the off-
axis configuration, however, since the material is 
unbalanced, significant stress couplings which are 
beneficial for damping are present  [7]. 
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Figure 2 Influence of the fiber orientation 

3.3. Influence of the core thickness 

 The core thickness is another important design 
parameter for the sandwich structures. Assarar [5] 
studied the effect of core thickness on the loss 
factor numerically and found that the core 
thickness make a large influence on the loss factor.  
In this section, the loss factors of five sandwich 
beams with different thickness (5 mm, 10 mm, 20 
mm, 30 mm, 40 mm) are studied and the results are 
shown in Fig.3.  
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Figure 3 Influence of the core thickness 

We can see that the increase of the core thickness 
from 5 mm to 40 mm not only increases the loss 
factor of the sandwich beam, but also increases the 
natural frequencies (modes 1-3 in Fig. 3). The 
increase of the loss factor is because that the 
percentage of strain energy stored in the core 
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increases as the volume percentage of the core 
increases, and the foam core has a lager loss 
factor. The increase of the natural frequencies is 
because that the ratio of bending stiffness/total 
mass is improved as the core thickness increases.    

4. Experimental validation 

To validate the numerical prediction as mentioned 
above, a series of sandwich composite beams are 
manufactured with vacuum infusion process. The 
facings consist of two layered woven 
fiberglass/epoxy4908 with a fiber volume 
content of 50%, the properties of which are: 
E1=9GPa, E2=9GPa, G12=3.4GPa, ρ=1800 kg.m-3         

 The cores are Rohacell or Armacell foams with 
different thickness. Their mechanical properties 
are cited in Table 1. 

Table 1 properties of different foams 

 Armacell 
100 

Rohacell
110WF 

Rohacell
200WF 

Density(kg.m-3) 100 110 205.2 

Elastic 
modulus(MPa) 

70 180 350 

Shear 
Modulus(MPa) 

25 70 150 

Each sandwich beam has a length of 0.28 m and a 
width of 0.02 m. The sandwich beams are excited 
at the center by means of a shaker (Brüel & Kjær 
4809) which is controlled by a white noise signal. 
The acceleration at the beam tip was measured 
with an accelerometer (Brüel & Kjær 4344), the 
force at the excitation point was measured with a 
force transducer (Brüel & Kjær 8200). The setup 
is shown in Fig. 4. The signals were collected 
with a LanXi input Module (Brüel & Kjær) at a 
sampling rate of 8192 Hz and then the signals 
were FFT post-processed using a Hanning 
window. The signals of acceleration are divided 
by the signal of force, and the frequency response 
curves including the amplitude and the phase are 
obtained. Examples are shown in Fig. 5. The 
modal loss factor is computed using the half-
power method at each peak in the amplitude 
domain or the transition point in the phase 
domain. The damping measurement was 
conducted according to the standard ASTM E756-
05 [8]. 

In order to provide the damping data to the 
numerical model, before the foam cores were 
used to make the sandwich panel, their damping 

properties were tested. The measured loss factors 
of the foams are shown in Fig. 6. We can see that 
the damping loss factors of all the cores decrease 
with frequency. This phenomenon is also found in 
[4]. Comparing the rohacell-110 foam with the 
rohacell-200 foam, it can be found that the foam 
with smaller density has larger loss factor. This is 
because the lighter foam has less foam walls and 
is prone to deform at a higher level, thus more 
energy can be absorbed during the deformation.  

 

Figure 4 damping measurement under vibration 
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Figure 5 frequency response curve of the beam 
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Figure 6 damping loss factor of the foam 
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4.1. The comparison of different core thickness 

The damping loss factors of three kinds of 
beams are tested and compared. The core 
thickness (tc) of the three kinds of beam is 2.52 
mm, 5.15 mm and 9.5 mm respectively. For each 
kinds of beam, three specimens are tested and 
their loss factors at each resonance frequency 
are averaged. Meanwhile, the loss factors of the 
three kinds of beams are also computed with 
the MSE method for comparison with the 
measured results. Here the input damping loss 
factors of the core are obtained from Fig.6. 
Because the measured loss factors are only at 
lower frequencies (<700 Hz), the input loss 
factors at higher frequencies are obtained by 
means of extrapolation using the curving fitting 
method based on the data at the lower 
frequencies. The input loss factors of the 
facings come from the tested data in the Crane’s 
thesis [9]. 

As shown in Fig. 7, at low frequencies, the 
beam with the smallest tc does not show the 
lowest loss factor, this is due to the fact that the 
first resonance frequency of the thin beam is 
lower than the other two kinds of beams, and as 
we find in the previous section, the loss factor 
of the foam is larger at the lower frequencies. 
Furthermore, it can also be seen that the 
computed loss factors are similar to the 
experimental test results. This proves the 
validity of the loss factor prediction using the 
MSE method. 

4.2. The comparison of orientation 

Since the facings of the sandwich beam consist of 
the woven fiberglass, which means that layup of 
each layer is cross-ply, i.e., θ=30º is equal to 
θ=60º. Only three orientations including θ=0º, 
θ=30º and θ=45º are chosen.  As shown in Fig. 8, 
at the first and second resonance frequency, the 
beam with θ=45º exhibits the largest loss factor, 
while for the third resonance, the beam with θ=30º 
shows the largest loss factor. This trend is the 
same with the numerical prediction in Fig. 2. By 
the comparison between the strain energy of the 
facing and the strain energy of the core, the 
authors find that the percentage of the strain 
energy of the core has little change as the fiber 
orientation changes. The difference of the loss 
factor mainly comes from the loss factor of the 
facing itself. In addition, we can see that the 
resonance frequencies have not changed much, 
which also shows that changes in the fiber 
orientation of cross-ply laminated facings have a 

small influence on the real part of the bending 
stiffness of sandwich beams.  

Table 2 modal loss factors at the fundamental 
frequency 

fn[Hz] Rohacell-110 fn[Hz] Armacell-100 fn[Hz] Rohacell-200 

410 0.023 370 0.02 397 0.014 
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Figure 7 loss factors of sandwich beam with different 
thickness (experiment-top, numerical-bottom) 
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Figure 8 loss factor of different orientation of the cross-
ply materials 

4.3. The influence of the core properties 

In this section, three kinds of the sandwich beams 
with different sorts of core are compared. Their 
mechanical properties are shown in table 1, as 
shown in the table, the elastic modulus, the shear 
modulus are different, and it can also be found 
from Fig. 1 that their loss factors are different. 
Thus it is difficult to clarify which parameters 
such as the shear modulus, elastic modulus or 
density make a vital influence on the damping 
properties of the sandwich beam. Based on this 
fact, the frequency response curves of the three 
different kinds of sandwich beams are compared 
other than the curves of the damping loss factor in 
Fig. 9.  
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From the Fig. 9, the first can be found is that the 
first resonance frequency (fundamental frequency) 
of armacell-100 is lower than that of rohacell-200 
and rohacell-110. This is because of the smaller 
ratio of stiffness/mass for armacell-100 foam. By 
comparison of the loss factor at the fundamental 
frequency, the beam with rohacell-110 has the 
largest loss factor (as shown table 2), this may be 
due to the highest loss factor of the rohacell-110 
itself at this frequency and the low shear stiffness. 
While rohacell-200 has the lowest loss factor 
because of higher shear stiffness. 

Besides the concern at the fundamental frequency, 
it should be noting that the three kinds of 
sandwich beams have significant performance at 
higher frequencies. The beam with armacell-100 
foam shows a better damping since the peaks are 
the least sharp while the beam with rohacell-200 
shows the most significant peaks at higher 
frequencies. 

 

             

 

 

                    
 

Figure 9 frequency responses of sandwich beams with 
different cores 

5. Conclusions 

In this paper, a parametric study on the damping of 
sandwich composite beam is conducted with the 
strain energy method. Then a series of different 
sandwich beams are produced with vacuum 
infusion process and their damping properties and 
frequency responses are studied. Based on this 
investigation, the following conclusions can be 
drawn: 
1, the strain energy method proved to accurately 
predict the damping loss factor of sandwich 
structures.  
2, as the core thickness increases, the loss factor of 
sandwich increases, which is due to the fact that 
the loss factor of the core is larger than that of the 
facing. 

3, the fiber orientation of the facing influences the 
damping of the sandwich structure, the modal loss 
factor attains a maximum value at 45º or 30º 
degree. The optimum orientations are dependent 
on the fiber layup type and resonance frequencies. 
4, the properties of the core play an important role 
on the frequency response of the sandwich. The 
core with a lower shear stiffness and higher loss 
factor gives a higher sandwich damping loss factor. 
However, it is found that the core with higher 
shear stiffness causes the resonance of the 
sandwich beam to happen at higher frequencies 
since about 3000 Hz. 
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