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composite laminated plate structures

YE Wenlin', ZHU Jue"”®, HUANG Xuhao>”"

(1. School of Mechanics and Engineering Science, Ningbo University, Ningbo 315211, Zhejiang, China; 2. Zhejiang Provincial
Engineering Research Center for the Safety of Pressure Vessel and Pipeline, Ningbo 315211, Zhejiang, China; 3. Key Laboratory of
Impact and Safety Engineering, Ministry of Education, Ningbo 315211, Zhejiang, China)

Abstract: The increasing demand for lightweight structures with high damage tolerance in aerospace, protective systems, and
transportation has driven the development of advanced composite laminated plates. The negative Poisson’s ratio effect, commonly
referred to as the auxetic effect, offers a promising avenue for functional design. Unlike conventional auxetic materials that rely on
geometric deformation of microstructural unit cells, composite laminated plates can achieve equivalent in-plane or out-of-plane
negative Poisson’s ratio effects through material anisotropy, layup configuration, reinforcement distribution, and interlaminar
coupling. This paper reviews recent advances in the design, fabrication, and mechanical response of auxetic composite laminated
plates. Predictive design methods are first summarized, including classical laminate theory, three-dimensional elastic constant

models, multiscale finite element homogenization, lamination parameters, polar representation, and intelligent optimization
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algorithms. Experimental fabrication techniques and full-field strain measurement methods are then discussed. The coupling
mechanisms between the auxetic effect and key mechanical responses are subsequently analyzed. In dynamic behavior, the auxetic
effect alters the stiffness characteristics of laminated structures and couples with shear deformation and geometric nonlinearity. In
buckling and thermal buckling behavior, its stabilizing influence is strongly dependent on boundary conditions, loading
configurations, and the interplay between transverse deformation and in-plane forces. In impact response, the out-of-plane negative
Poisson’s ratio is more closely associated with local contact stiffness and indentation resistance, whereas the in-plane negative
Poisson’s ratio primarily affects stress redistribution and damage propagation. The review demonstrates that the mechanical
advantages of auxetic composite laminated plates are not dominated solely by the Poisson’s ratio; they are governed by the
synergistic effects of layup design, stiffness coupling, reinforcement distribution, boundary conditions, and loading modes. Future
research should emphasize multi-objective layup optimization, decoupling auxetic effects from stiffness parameters, and extending
current design methodologies to complex engineering plate and shell structures. This review serves as a valuable reference for the
design and application of high-performance multifunctional composite laminated plates.

Key words: laminated composite plate structure; auxetic effect; structural design and fabrication; mechanical response regulation
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Fig. 1
antisymmetric FG-CNTRC laminated structures””

Effects of ply angles and CNT gradient distribution patterns on the out-of-plane effective Poisson’s ratio v;3 of
(a) effects of 0, and 0, under FG-X distribution; (b) effects of different CNT

distribution patterns for the [+22/+0,/+22] layup (reproduced with permission)
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Table 1 Representative works on the experimental fabrication of negative-Poisson’s-ratio composite laminates
. Fabrication NPR o . . s .
Author Year Material system method type Layup angle/(°) Negative Poisson’s ratio
Zhang, et al 1998 G/E' — P [20/70]¢ v12= —0.050
Evans, et al™” 2004 C/E° VB' P [0/15/75/15] V1= —0.13+0.01
Donoghue, et al 0l 2009 C/E prepreg VB' 1P [0/15/75/15] vi,=—0.14
W= —0.06
Coenen, et al”™"’ 2011 C/E prepreg VB' OP°  [£30]4 vi3=—0.156
Oikawa, et al*” 2019  C/E prepreg PL® OP°  [+30], vy~ —0.2--0.8
Veloso, etal"”’ 2025 C/E; C-G/E® HL+HP" ' C/E: [14/64]45 vi,= —0.3328+0.0241
C-G/E: [15/69] 45 V= —0.1793+0.0383
Hosseini-Toudeshky, 2026 G/E; C/E; C-G/E VARTM' 1P C/E: [10/70/10] . Mean v;,= —0.3807
ot al > C-G/E: [10/80/10/70] ¢ Mean v;,=—0.1595
Tarafdar, et al”™* 2025 CJE prepreg VB+AC IP/OP 1P [15/65/15/65/15] v,= —0.400+0.014

OP: [25/-25/25/-25/25] and v|3=—0.33
[20/-30/25/=30/20]

Note: G/E" is glass fiber/epoxy; C/E’ is carbon fiber/epoxy; C-G/E’ is carbon-glass hybrid/epoxy. P’ is in-plane negative Poisson’s

ratio; OP® is out-of-plane negative Poisson’s ratio. VB'is vacuum bagging; PL® is prepreg layup; HL+HP" is hand layup plus hot

pressing; VARTM' is vacuum-assisted resin transfer molding; VB+AC' is vacuum bagging plus autoclave curing. “ denotes that in the
hybrid layup, the material-layer sequence is C/C/G/C/C/G/C/C, where C and G denote carbon-fiber and glass-fiber layers,
respectively. For rows with multiple material systems or NPR values, layups and NPR values correspond to the listed material

systems in order.
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