
 

WOOD RESEARCH                                       doi.org/10.37763/wr.1336-4561/66.5.875890 
e-ISSN 2729-8906 
66(5): 2021 875-890 pp.   

 
 

875 
 

 WOOD-BASED SANDWICH PANELS: A REVIEW 
 
 

PEIXING WEI1, JINXIANG CHEN1, YUE ZHANG2, LIJUN PU2 
1SOUTHEAST UNIVERSITY NANJING 

CHINA 
2JIANGSU VOCATIONAL COLLEGE OF AGRICULTURE AND FORESTRY  

CHINA 
 

(RECEIVED DECEMBER 2020) 
 
 
ABSTRACT 
 

A sandwich panel with a high ratio of strength to weight is commonly used in aerospace, 
construction, packaging and other fields. Using a renewable material such as wood to make 
sandwich panels can achieve a perfect unity of material and structure. In view of the lack of 
systematic analyses of wood-based sandwich panels, this work reviewed the development of 
wood-based sandwich panels. Based on the core structure, these panels can be divided into 
hollow-core structures and solid-core structures. With the emergence of new materials and new 
technologies, new wood-based sandwich products had been created. However, the current 
research only focused on the manufacturing, and the related novel design was still lacking. This 
work put forward a research idea of bionic design based on the integration of structure and 
function and pointed out the research direction for wood-based sandwich panels. 
 
KEYWORDS: Wood-based sandwich panel, hollow-core structure, solid-core structure, 
property, application. 
 

INTRODUCTION 
 

Although the principle of a sandwich structure might have been applied much earlier, its 
concept was not clearly put forward until the middle of the 19th century (Fairbairn 1849). In 
general, sandwich panels were a kind of structural material composed of two high-strength stiff 
layers (facings) and one low-density layer (core) (Birman and Kardomateas 2018). The surface 
layer can bear the in-plane load and bending moment, which can be made from steel (Nilsson et 
al. 2017), wood (Kljak and Brezovic 2007), fibre reinforced concrete (O'Hegarty et al. 2019) or 
concrete (O'Hegarty and Kinnane 2020), and other materials (Boldis et al. 2016); the core layer 
mainly serves to transmit the load, and its function is to maintain the distance between the two 
layers and increase the inertia moment and bending stiffness of the panel (Noor et al. 1996, 
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Zenkert 1995). The configurations of the core included corrugated core, plastically formed core, 
honeycomb cell core, and so on (Noor et al. 1996). Owing to low density of the core material, 
the sandwich panel can greatly reduce its dead weight under the same bearing capacity (Sandeep 
and Srinivasa 2020). 

During World War II, the United Kingdom first used sandwich-structured plywood to 
manufacture mosquito bombers. At the same time, the United States (US) invented a sandwich 
structure with two reinforced plastic surface layers and one lower density core layer (Feichtinger 
1989). Since the 1950s, the US Forest Products Laboratory studied on wood sandwich panels 
and had been in the leading position over the world for a long time  (Vinson 2005). The surface 
materials of sandwich panels used in aircraft manufacturing were mainly plywood and pulp fibre 
in the early stage, and their cores were made of cork, balsa wood, and synthetic materials such as 
cellulose acetate. Later, aluminium alloy, titanium, and stainless steel were used for the surface 
layer and core layer of sandwich panels in aerospace (Noor et al. 1996). With the development of 
industrial synthetic materials, sandwich panels turned to using synthetic materials (Gibson and 
Ashby 1997). 

In recent years, the ecological problems caused by petrochemical energy consumption and 
resource overexploitation have become serious, such as the frequent occurrence of extreme 
climates and the unprecedented challenges of human living environment. To reduce resources’ 
consumption and environmental pollution, human beings urgently seek renewable and 
eco-friendly materials for daily life (Bekhta et al. 2013, Labans and Kalniņs 2014, Lakreb et al. 
2015, Li et al. 2016, Asdrubali et al. 2017, Susainathan et al. 2017, Mirski et al. 2018, 
Mohammadabadi et al. 2018). As a renewable and degradable natural material, wood is a real 
low-carbon material (Robertson et al. 2012, Shao 2012, Vogtlӓnder et al. 2014). Sandwich 
structures made of wood materials can give full play  to the advantages of material and structure, 
and thus they are a kind of structural material with a great prospect (Negro et al. 2011, Monteiro 
et al. 2018).  

Recent research in core materials of wood-based sandwich panels covered low-density 
wood fibre (Fernandez-Cabo et al. 2011, Zhang et al. 2012), plywood (Labans and Kalniņs 2014, 
Susainathan et al. 2017), wood strips (Li et al. 2016), cork (Lakreb et al. 2015), wooden dowel 
lattice (Jin et al. 2015), corrugated cardboard (Russ et al. 2013, McCracken and Sadeghian 
2018), and 3D-shaped wood strand (Mohammadabadi et al. 2018). However, there is so far no 
systematic summary in this field. Therefore, this paper summarized the structure, properties, 
application and existing problems of wood-based sandwich panels, and proposed some research 
directions to better use sandwich structure and wood resource. 
 
Structures and properties of wood-based panels 
Structures of wood-based panels 

Based on the different core configurations, wood-based sandwich panels can be classified 
into hollow-core structures and solid-core structures. There were six types of hollow-core 
structures: honeycomb core (Hao et al. 2020) (Fig.1a), I-shaped core (Labans and Kalniņs 2014) 
(Fig. 1b), interlocking lattice core (Chen and Tsai 1996, Han and Tsai 2003, Li et al. 2013, 
Klímek et al. 2016) (Fig. 1c), corrugated core (Srinivasan et al. 2008, Banerjee and 
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Bhattacharyya 2011) (Fig. 1d), moulded core (Way et al. 2016) (Fig. 1e), and pyramid lattice 
core (Yang et al. 2018) (Fig. 1f). The solid-core structures were relatively simple, namely, 
the core layer was composed of different light materials (Kawasaki and Kawai 2006, Hiziroglu 
2012, Lakreb et al. 2015) (Fig. 1g,h,i).  

Obviously, the hollow-core structures were undoubtedly more cost-effective than 
the solid-core structures. However, solid-core structures with a high porosity or a low density 
were also adopted in engineering application under the consideration of thermal and sound 
insulation. 

 

a

b

c

d

e

f

g

h

i

 
Fig. 1: Typical wood-based sandwich panels: a) honeycomb core; b) I-shaped core;                      
c) interlocking lattice core; d) corrugated core; e) moulded core; f) pyramid lattice core;            
g) single-layer fiber core; h) single-layer strand core; i) multi-layer fiber core. 
 
Structural properties of typical wood-based sandwich panels 
Compressive properties of the wood honeycomb panel 

Researchers have carried out many studies on honeycomb panels (Ramohalli 1983,    Evans 
1991, Chen 1994, Renji et al. 1996, Herup and Palazotto 1998, Horrigan et al. 2000, Okada and 
Kortschot 2002, Grove et al. 2006, Burlayenko and Sadowski 2010,  Stocchi et al. 2014, Abbadi 
et al. 2015, Gunes and Arslan 2016, Balcı et al. 2017,  Crupi et al. 2018,  Ha et al. 2019, 
Gao et al. 2020), but it was limited in wood honeycomb panels. Xu (2007) prepared wood 
sandwich panels with different wood surface layers and paper honeycomb cores and carried out 
a comparative study (Fig. 2). It was found that there were five types of failure modes under 
lateral compression, namely, global instability, shear wrinkling, interfacial debonding, panel 
rupture, and panel buckling. The deformation mechanisms and lateral compressive strengths 
were different which depended on the surface materials. 
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Fig. 2:  Stress-strain relationship of wood honeycomb panels under lateral loading. 
 
Creep behaviour of the wood honeycomb panel 

There are few studies on the creep properties of paper-based honeycomb cores. Yan’s 
research team from University of Toronto studied the creep properties of wood honeycomb 
panels with different material combinations. In their research, two kinds of honeycomb cores 
(Fig. 3a,b) and three kinds of surface layers (hardboard, medium density fibreboard (MDF), and 
plywood) were used to make wood honeycomb panels (Chen et al. 2011, Chen and Yan 2012). 
The results showed that the creep behaviour of the sandwich panel was closely related to the type 
of honeycomb core, the thickness of core and surface layer, and the surface material.   To better 
combine the wood honeycomb panel with the hardware, Sambrew et al. (2010) proposed 
a concept of strengthening the edge of the wood honeycomb core and designed the edge 
reinforced wood honeycomb panel (Fig. 3c). This structure could effectively improve 
the compression and creep properties of wood honeycomb panels.  

 
(a) (b) (c)

 
Fig. 3: Wood-based honeycomb panel: a) Corrugated honeycomb core; b) expanded 
honeycomb core; and c) wood-based honeycomb panel with edging reinforcement. 
 
Applications of wood-based sandwich panels 
Development and application of wood-based sandwich panels for furniture 

With the continuous reduction of forest resource, to save resource and reduce dead weight 
has become an important issue in furniture industry (Labans and Kalniņs 2014). Using 
honeycomb structure in furniture can greatly save wood resource and also avoid the large 
deformation which often occurred for commercial wood composites. At present, honeycomb 
composite with a thickness of 20 mm above in furniture were widely used in Europe. 
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Traditionally, the honeycomb panel used in furniture was a frame honeycomb panel. Until 2005, 
lightweight frameless honeycomb panel manufacturing equipment and technology were created, 
which helped to realize industrialization and automation of wood honeycomb panels. 

Jarusombuti et al. (2009) made a composite sandwich panel using local bamboo and straw 
resource in Thailand for the furniture industry. By testing the physical and mechanical properties 
of the samples, it was found that the composite sandwich panel can completely meet 
the requirements of indoor particleboard. Similarly, Hiziroglu (2012) developed a wood 
sandwich panel with eastern cedar (Juniperus virginiana L.) strands as the core layer and 
commercially produced Southern pine fibers as the surface layer. With the increase of density, the 
bending property increased, but the dimensional stability decreased.  

MDF can easily deform while used for furniture components. To solve this problem, 
Büyüksari et al. (2012) proposed a wood-based sandwich panel, in which the MDF was the core 
layer and the hot-pressed wood veneer was the surface layer. Through tests on the physical and 
mechanical properties, it was found that the bending performance of the panel can be improved 
by increasing the temperature and pressure and the pressure had a great influence on 
the expansion rate of the water absorption thickness. Thus, to adjust the different combinations 
of temperature and pressure can make sandwich products meet the structural properties. 

 
Development and application of wood-based sandwich panels for building 

Compared with other commercial wood-based panels, wood-based sandwich panels had 
advantage in thermal insulation. Also, the sound absorption coefficient was almost zero, which 
was far lower than that of fibreboard. The research team from Kyoto University (Kawasaki et al. 
1998, Kawasaki et al. 1999, Kawasaki and Kawai 2006) developed a sandwich panel with 
low-density fibreboard as the core layer for the thermal insulation wall or floor. Although 
Fernandez-Cabo et al. (2011) proposed a similar sandwich panel structure, their starting points 
for solving the problems were different. In Japan, Kawasaki et al. (2003) focused on the in-plane 
shear stiffness of sandwich panels. However, Fernandez-Cabo et al. (2011) examined the flexural 
response of sandwich panels subjected to wind loads.  Labans and Kalni ņs (2014) developed 
a new type of I-shaped wood sandwich panel for construction. Under the condition of meeting 
the same stiffness as commercial plywood, the optimal design and experimental verification of 
this new type of wood sandwich panel were carried out. The results showed that, through 
reasonable design, a benefit building material with a low density and excellent mechanical 
properties can be obtained. 
 
Development and application of wood-based sandwich panels for packaging 

Paper-based honeycomb materials have been widely used in packaging industry owing to 
their advantages of high strength to weight ratio, good stiffness, good cushioning and vibration 
absorption performance, and environmental protection. According to the principle of a sandwich 
structure, the advantages of various materials can be fully utilized by using wood materials as 
the surface layer and paper honeycombs as the core layer. Through experimental verification, 
the physical and mechanical properties of these honeycomb sandwich materials are greatly 
improved (Xu 2007). 
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The creep of packaging materials often occurred during transportation which resulted in 
voids in container and led to an increase of the products’ damage rate. For wood-based sandwich 
panels, creep originated from two reasons. One was the creep of the upper and lower surface 
layers, and the other was the shear deformation of the core layer. Xu (2007) studied the creep 
properties of sandwich materials with different combinations. However, the limitation was that 
the sandwich panels were regarded as homogeneous material, and in fact the wood honeycomb 
sandwich panel was an anisotropic material, which led to a large error. In addition, due to 
the problems associated with the test cycle, the short-term creep performance was used   to 
predict the long-term creep properties of sandwich materials. Whether this prediction was 
correct needed to be examined. 

 
Development trend of wood-based sandwich panels 

Combined with other materials, wood with natural defects can be avoided. Thus, the study 
of wood composites has become a popular topic (Rao 2003, Yeniocak et al. 2016). 

 
Wood-plastic composite (WPC) sandwich panels 

WPCs have been widely utilized in construction, packaging, transportation and furniture 
products (Binhussain and El-Tonsy 2013). To improve the mechanical properties of WPCs, 
researchers have performed much research (Ou et al. 2010, Zolfaghari et al. 2013). Based on 
the sandwich structure, structure design of WPCs was carried out to improve mechanical 
properties (Vitale et al. 2016, Hao et al. 2018). 

Tungjitpornkull and Sombatsompop (2009) studied the sandwich panel formed by 
the surface layer of wood/PVC composites and the core layer of glass fibre (GF)/PVC. It was 
found that the delamination of GF and PVC led to a decrease in the mechanical properties. To 
solve this problem, Mongkollapkit et al. (2010) studied the influence of the orientation angle of  
the GF and the viscosity index of the PVC and dicarboxylic acid on delamination. Hao et al. 
(2018) studied sandwich-structured WPCs composed of wood flour/high-density polyethylene 
and linear low-density polyethylene. The results showed that the bending strength and impact 
strength of the sandwich panel increased by 42% and 77%, respectively, while the water 
absorption rate was significantly reduced. However, the linear low-density PVC core layer did 
not cause a material change in the creep and relaxation characteristics of the panel, which led to 
an increase in the linear thermal expansion coefficient.  

Edgars et al. (2017) designed two kinds of sandwich panels (Fig. 4). The bending tests 
showed that the flexural modulus of the sandwich panel with a corrugated GF reinforced resin 
core layer was 4180 MPa, the flexural strength was 22.6 MPa, and the density was 235 kg.m-3. 
The flexural modulus of the sandwich panel with plywood stiffeners and a foam core was 
6200 MPa, the bending strength was 26.1 MPa, and the density was 325 kg.m-3. These two kinds 
of sandwich panels had the characteristics of light weight and high strength. 
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Plywood PU foam GF/PP

 
Fig. 4:  Two types of lightweight and high-strength sandwich panels. Upper: sandwich panels 
with plywood stiffeners and a foam core; Bottom: sandwich panels with a corrugated GF/PP 
core. 
 
Fibre reinforced wood-based sandwich panels 

Yang et al. (2014) prepared a new type of composite wall panel using GF reinforced plastic 
(FRP) impregnated with vinyl resin and paulownia wood as the core material through vacuum 
induction moulding process. With the decrease in the height-thickness ratio, the ultimate bearing 
capacity of the specimens under axial compression increased. Fang et al. (2014) prepared 
a sandwich-structured bridge deck with glulam as the core material and GF reinforced composite 
(GFRP) as the surface layer (Fig. 5a) and carried out a bending performance test of 
a GFRP-glulam sandwich beam. Xiong et al. (2014) carried out a three-point bending test on 
a poplar sandwich composite panel (Fig. 5b) made by a pultrusion process. Wu et al. (2015) used 
GF reinforced composite as the surface layer and lattice web and paulownia wood as the core and 
chose the vacuum induction moulding process to prepare a paulownia wood sandwich beam with 
a lattice web panel interface (Fig. 5c). Wang et al. (2017) studied the bending properties of 
a paulownia wood sandwich panel (Fig. 5c) strengthened by a lattice web. Zou et al. (2017) 
proposed a new type of lattice web reinforced lightweight wood sandwich bridge deck 
(GFRP and balsa wood) (Fig. 5c). 
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Fig. 5: Fibre reinforced wood-based sandwich panels. 
 
Steel-wood composite sandwich panels 

Due to its light-weight of wood, researchers have explored the feasibility of steel-wood 
composite for structural applications. For example, Teng et al. (2009) studied the flexural 
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bearing capacity and ductility performance of cold-formed thin-walled steel and OSB composite 
floors; Han et al. (2010) and Li et al. (2008) studied the bending performance of profiled steel 
sheets and bamboo plywood composite floors, and found that they had a good combination 
effect. Poplar plywood had good bending performance and impact resistance as a structural 
cover panel (Zhao et al. 2010). Wood materials were generally used for the surface layers of 
sandwich panels, and steel was used for the core layer. 

Wei et al. (2017) carried out finite element simulations and experimental research on 
the stress analysis of steel-wood sandwich panels. The core layer yielded first and then the panel 
yielded, and finally the debonding occurred. And bonding failure was the direct reason for 
the failure of this sandwich panel. 
 
Bamboo-wood composite sandwich panels 

Gao et al. (2010) designed three kinds of bamboo-wood composite sandwich walls (Fig. 6). 
The thermal insulation and sound insulation of three kinds of composite walls were tested. 
The results showed that the thermal insulation and sound insulation of the a-type wall was 
the worst, but it can be substantially improved by adding rock wool (type c); the thermal 
insulation and sound insulation of the wall exhibited no obvious changes after the interior wall 
panel was replaced by a gypsum board (type b). 
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Fig. 6: Bamboo-wood sandwich wall: (a) bamboo plywood-overlaid hollow wall; (b) plaster 
board-overlaid sandwich wall; and (c) bamboo plywood-overlaid sandwich wall. 
 

Zhou (2017) prepared a multifunctional composite wall (Fig. 7b) using a 33 mm-thick 
hollow-core particleboard (Fig. 7a). The core layer was an air layer separated by wood strips      
of different thicknesses (23 mm and 74 mm), and then a 9 mm gypsum board and plywood were 
applied on the surface of the particleboard (Fig. 7b). Jiang et al. (2017) improved the structure 
and proposed the use of small diameter bamboo as a reinforcement material to improve the main 
physical and mechanical properties of hollow-core particleboard (Fig. 7c). Then, resorcinol 
phenol formaldehyde adhesive was coated on the surface of the original bamboo-reinforced 
particleboard, and laminated veneer or plywood was installed on the surface of the particleboard 
to form a sandwich board structure. The results showed that bamboo had a substantial effect on 
the properties of hollow-core particleboard, and the mechanical properties and dimensional 
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stability are greatly improved. 
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Fig. 7: Bamboo-wood sandwich panel. 
 
Other wood-based sandwich panels 

Renewable lightweight materials can be used to reduce carbon emissions and achieve 
sustainable development. Wood, an ancient material, can be compounded with other materials to 
form a lightweight and high-strength structure. Burnett and Kharazipour (2018) created 
a sandwich structure with a core layer made from popcorn particles and a surface layer of poplar 
plywood (Fig. 8). This sandwich panel can achieve the performance of traditional wood 
composites such as fibreboard and particleboard, and thus it may be used in the furniture 
industry. Susainathan et al. (2017) prepared wood composite sandwich panels using two kinds of 
plywood with different blank structures and four different surface materials (aluminium, GF 
reinforced resin, carbon fibre reinforced resin and flax reinforced resin) and studied the failure 
mechanism of quasi-static bending and low-speed impact performance (Susainathan et al. 2018). 
This kind of wood-based sandwich panel can not only give full play to the advantages of light 
wood, but also the strength of composite materials. 

 

 
Fig. 8: Popcorn-wood sandwich panel. 
 

CONCLUSIONS  
 

Wood-based sandwich panels were a special kind of sandwich panels, which had  
an advantage of light weight and high strength. In addition, they also had the resource advantage 
that other materials such as metal and plastic did not have. Scientific planting and logging can 
realize a continuous supply of wood resource. Therefore, according to the literature search, it 
was evident that research on wood sandwich panels had obviously increased and accelerated. In 
this paper, the structural characteristics, applications, and development trends of wood sandwich 
panels were summarized: (1) Wood sandwich panels can be divided into hollow-core structures 
and solid-core structures. The hollow-core structures included corrugated structure, honeycomb 
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structure, lattice structure, interlocking structure, and so on. The solid core structures mainly 
used wood, light fibreboard, particleboard, and crop straw fibres as the core material, and 
the structure was relatively simple. (2) According to the literature, researchers not only improved 
their structures of sandwich panels but also used new materials. The sandwich structure was 
formed by wood composite or mixed use of plywood, fibreboard, and particleboard. And even 
wood materials were combined with plastics, steel, bamboo, fibre reinforced materials, and so 
on. (3) Researchers focused on the development of new products. However, there was a lack of 
basic research on the design theory and failure mechanisms. Although there were many kinds of 
wood-based sandwich panels, most of them were still in the research stage of preparation, 
structural parameters, physical and mechanical properties, and engineering application and 
dynamics research have not been carried out. (4) Hollow-core wood sandwich panels had 
the advantage of light weight and high strength, but their insulation and sound insulation effects 
were not good due to poor sealing. And the poor compressive and shear properties of solid-core 
wood sandwich panels also limited their applications. Thus, the integration of structure and 
function is the basic principle for the development of new wood-based sandwich panels. (5) In 
future research, the bionic design concept should be applied to the structural design of 
wood-based sandwich panels to effectively improve the physical and mechanical properties. For 
example, according to the beetle coleoptera structure (honeycomb-column structure), the core 
layer structure of a wood-based sandwich panel can be first prepared, and then the straw fibre or 
wood fibre can be filled into the honeycomb, which can not only improve the mechanical 
properties of the wood sandwich panel, but also improve its physical properties such as thermal 
and sound insulation. 
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