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The woven spacer fabric (WSF) sandwich composite plate is mainly used in carriages, construction materials, shock

absorbers, wind-turbine blades, etc., which require WSF sandwich composite plates with bending, compression, impact,

shear, and peel performance. These properties are reviewed herein. More attention will be paid to mechanical research of

WSF sandwich composite panels should use non-destructive testing technology.
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1. Bending Property

In regard to bending performance, the core pile structure–woven spacer fabric (WSF) sandwich composite plate is

generally reported, including its core material, curvature, additional panels, core pile density, core pile height, and fiber

material. The fiber material is diverse in regard to stiffness, modulus, and toughness. Consequently, the fiber-reinforced

material studied, similar to glass fiber and carbon fiber, is inclined to breakdown and shear failure, but polyester fiber is

easy to stratify. A combination of glass fiber and polyester fiber was studied by Jia  in which polyester fiber and woven

glass fiber were used for ground fabric and core yarn, respectively. These methods improved core yarn stiffness, kept

back the toughness of the ground layer, and improved the properties of the WSF sandwich composite plate. Moreover, the

core pile height and density were considered. The regression analysis revealed an optimal bending strength in 1.99

ends/cm  for polyester fiber, and an increase in the core pile height decreased its bending strength, ultimately increasing

its bearing capacity . The property of the core material is the difference between PU foam and industrial core materials

(such as concrete foam): the PU foam is flexible , but industrial materials cause shear fracture failure, which is more

obvious with the narrowing of span .

At the present stage, the cross-linking structures–WSF sandwich composite plate has attracted less research attention

than the cross-linking structures–hollow WSF sandwich composite plate. Specifically, the effects of ground-fabric

structure, cell density, and height were examined for the cross-linking structures–hollow WSF sandwich composite plate.

In the ground fabric structure, the crimped and non-crimped were researched. The results revealed that non-crimped

structures yield a higher flexural resistance than crimped because of the stretched thread arrangement in the fabric

structure, both in the warp and weft directions . In addition, the cell wall is a major load-bearing unit . The cell wall of a

rectangular structure–hollow WSF sandwich composite plate has better optimal stress than trapezoidal and triangular

ones, and when the space between the cell wall and height decreases, the stress increases . A study of four types of

structures by Manjunath et al.  found that the H-type structure’s stress was higher than that of the rectangular type.

2. Compression Property

This section discusses core pile structure and cross-linking structure–WSF sandwich composite plates and the effect of

compression properties. The specific properties that have been studied include flatwise compression, edgewise

compression, and dynamic compressive for core pile structure–WSF sandwich composite plate and flatwise compression

and edgewise compression for cross-linking structure–WSF sandwich composite plates.

Core pile structure–WSF sandwich composite plate

In regard to flatwise compression, the core pile height, core density, and additional panels have been investigated in the

literature. For a higher core pile height, the composite plate is inclined to instability, resulting in decreased compression

strength . As the stiffness with core density increases, the flatwise compression strength is also increased. It is also

strengthened by toughening the core material or additional panels. Chinese researchers used resin and fiber to toughen

the core material, concluding that the composite plate had higher compression properties. In additional panels, Hosur et
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al.  investigated glass fiber and carbon fiber plates to strengthen their dynamic compression, establishing that glass

fiber plate has higher stress than carbon fiber plate, and core and integrated core pile provide a synergistic effect, but they

are prone to shear deformation, causing delamination between additional panels and core pile structure–WSF sandwich

composite plate.

In regard to edgewise compression, a new type of core material was proposed by Wang et al.  and Hamid et al. .

Wang et al.  tested the cementitious-reinforced WSF sandwich composite plate and found that the peak load was

sustained by the core, though multiple shear failures occurred. Compared with edgewise compression, flatwise

compression had excellent properties because the enhancement plate and the core material improved its strength. In

contrast, Hamid et al.  investigated foam-core-reinforced WSF sandwich composite plate and found that the composite

had higher energy absorption because of the existence of the foam core, and it had a superior peak load compared to

flatwise compression. The reason for these two different conclusions could be the difference in core material. Moreover,

the research group discussed the impact property before and after, and the results indicate that, compared with the impact

before, the impact of the WSF sandwich composite plate after was extremely prone to stress concentration rather than

disperse, thus increasing the risk of integrity failure.

Cross-linking structure–WSF sandwich composite plates

For both flatwise compression and edgewise compression, only the hexagonal WSF sandwich composite plates were

investigated, which are elastic and have a cushion structure. In edgewise compression, Ruben et al.  investigated the

effects of aromatic fiber, polyester fiber, and glass fiber on WSF sandwich composite plates. They found that aromatic

fiber and polyester fiber–WSF sandwich composite plates contributed to the ductile failure and wrinkling of walls, thereby

improved the edgewise compression strength. For the glass fiber, the failure pattern was the ductile buckling and the

classic brittle tearing/breaking of the wall which decreased the compression strength. For flatwise compression, Zhu et al.

 examined the compression behavior of the WSF sandwich composite plate by testing the cellular size and fabric layer.

Based on the above results, it was concluded that the compression resistance was excellent, with a higher CV 65%

(compression stress value when strain reaches 65%), which demonstrates the high allowable safe stress and cushion

energy absorption of the composite.

3. Impact Property

A low-speed impact was adopted to explore the performance of the WSF sandwich composite plate. Several aspects of

the core pile structure–WSF sandwich composite plate, such as the aspect of core pile density, additional aluminum plate,

core material, and impact position, were explored. For core pile density, the WSF sandwich composite plate of carrying

capacity increases with the core pile density. Hamid et al.  showed the impact: the impact property of the WSF sandwich

composite plate layered phenomenon during the impact was strengthened by addition of natural zeolite in core material.

The research group tested the effect of impact position on the core pile and non-core pile properties. Herein, it was found

that the core pile position had a larger depression diameter during impact, and the lower ground plate was significantly

damaged due to the impact energy passed down along the core pile. In comparison, for the non-core pile impact position,

the damage was concentrated on the upper ground plate and small damage. Notably, the upper ground plate completely

was penetrated when the impact energy was increased . The addition of the aluminum plate caused delamination due

to the increased impact energy, and the energy was absorbed mainly by crushing the vertical fibers and the supporting

foam beneath the region of impact for the WSF sandwich composite plate .

To date, cross-linking structure–WSF sandwich composite plates have not been investigated. Most studies have focused

on the impact properties of the cross-linking structure–hollow WSF sandwich composite plate. Mountasir et al.  tested

the effect of ground structure, warp, and weft density. They concluded that the impact property of the crimp structure was

superior to the non-crimp structure, and it had better impact behavior. In addition, the impact strength and energy

absorption increased with the warp and weft density.

4. Shear and Peel Property

Core pile structure–WSF sandwich composite plate

In the shear test, the stress increased linearly with the strain. Initially, the cracks propagated along the interface between

core material and ground plate and stopped when they reached the core piles. The cracks increased tension on the piles,

leading to fracture . The study concluded that the shear and peel property resistance increased with ground density

because more densely interleaving points improved adhesion between the core material and ground plate .
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(2)Cross-linking structure–WSF sandwich composite plates

Currently, one study has investigated the cross-linking structure–WSF sandwich composite plates. Therefore, this section

explores the effect of different junction methods, such as the cross-linking structure, stitched structure, and adhesive

structure, on performance. The failure mode of the cross-linking structure was yarn breakdown, but stitched and adhesive

structures underwent delamination in the test. The cross-linking structure’s strength increased by 16% and 39% thanthe

stitched structures for U and + types . Compared with the T-type adhesive structures, the cross-linking structures

showed higher stress and 3-fold higher peel force . Consequently, it was concluded that the junction strength increased

for the cross-linking structure, followed by the stitched structure and adhesive structure, in that order.

References

1. Jia, L.; Sun, Y.; Yang, X.; Wang, R. Influence of reinforcing materials on the properties of woven spacer fabric
composite sandwich panels. Mater. Res. Innov. 2015, 19, 384–387.

2. Jia, L.X.; Wang, R.; Liu, J.M.; Chen, Z.H. Influence of reinforcement structure on the flexural properties of sandwich
composite panels. Mater. Res. Innov. 2015, 19, 384–387.

3. Safari, H.; Karevan, M.; Nahvi, H. Mechanical characterization of natural nano-structured zeolite/polyurethane filled 3D
woven glass fiber composite sandwich panels. Polym. Test. 2018, 67, 284–294.

4. Wang, P.; Lai, C.; Wang, F.; Jin, F.; Fan, H. Fabrication and mechanical behaviors of cementitious composites
reinforced by 3D woven lattice sandwich fabrics. Compos. Part A Appl. Sci. Manuf. 2016, 85, 130–137.

5. Mountasir, A.; Hoffmann, G.; Cherif, C.; Kunadt, A.; Fischer, W.J. Mechanical characterization of hybrid yarn
thermoplastic composites from multi-layer woven fabrics with function integration. J. Thermoplast. Compos. Mater.
2012, 256, 729–746.

6. Neje, G.; Behera, B.K. Influence of cell geometrical parameters on the mechanical properties of 3D integrally woven
spacer sandwich composites. Compos. Part B Eng. 2020, 182, 107659.

7. Neje, G.; Behera, B.K. Investigation of mechanical performance of 3D woven spacer sandwich composites with
different cell geometries. Compos. Part B Eng. 2019, 160, 306–314.

8. Manjunath, R.N.; Khatkar, V.; Behera, B.K. Influence of augmented tuning of core architecture in 3D woven sandwich
structures on flexural and compression properties of their composites. Adv. Compos. Mater. 2019, 294, 317–333.

9. Wang, S.K.; Li, M.; Gu, Y.Z.; Zhang, Z.G.; Wu, B.M. Mechanical Reinforcement of Three-Dimensional Spacer Fabric
Composites. Mater. Sci. Forum 2010, 654, 2604–2607.

10. Hosur, M.V.; Abdullah, M.; Jeelani, S. Dynamic compression behavior of integrated core sandwich composites. Mater.
Sci. Eng. A 2007, 445, 54–64.

11. Geerinck, R.; De Baere, I.; De Clercq, G.; Daelemans, L.; Ivens, J.; De Clerck, K. One-shot production of large-scale
3D woven fabrics with integrated prismatic shaped cavities and their applications. Mater. Design 2019, 165, 107578.

12. Zhu, C.H.; Shi, J.; Hayashi, K.; Morikawa, H.; Sakaguchi, A.; Ni, Q.Q. Effect of design parameters on the cushioning
property of cellular fabric composites. Text. Res. J. 2019, 8918, 3692–3699.

13. Vaidya, A.S.; Vaidya, U.K.; Uddin, N. Impact response of three-dimensional multifunctional sandwich composite. Mater.
Sci. Eng. A 2008, 4721, 52–58.

14. Asaee, Z.; Shadlou, S.; Taheri, F. Low-velocity impact response of fiberglass/magnesium FMLs with a new 3D
fiberglass fabric. Compos. Struct. 2015, 122, 155–165.

15. Wang, H.X.; Jia, L.X.; Liu, J.M.; Liu, Y.Y. Influence of Panel Density on the Shear and Peel Property of Sandwich
Composites. Adva. Mater. Res. 2014, 904, 63–66.

16. Kamble, Z.; Mishra, R.K.; Behera, B.K.; Tichy, M.; Kolar, V.; Muller, M. Design, Development, and Characterization of
Advanced Textile Structural Hollow Composites. Polymers 2021, 13, 3535.

Retrieved from https://encyclopedia.pub/entry/history/show/66377

[16]

[8]


