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ABSTRACT 

Because of their mechanical properties, composite/compound materials have been adapted in 

numerous products and industries. To facilitate the introduction of these materials to different 

applications, predicting their behaviors under mechanical loads is of great interest. Considering their 

nonlinear and anisotropic deformations through different loading scenarios, predicting their yield/failure 

point with precision is challenging. Nonetheless, in the past decades, several methods and criteria have 

been developed for predicting composites' behavior based on their material combinations and the type 

of stress to which they are prone. As a meta-review, this paper will be surveying the saturated trends on 

the criteria which have been developed for polymer matrix composites (PMC), particularly those 

reinforced with fibers (FR). 

Due to the broad scope of the topic, the primary focus has been the identification of the correct failure 

criteria for polymer-matrix fiber-reinforced composites (PMFRC) in different projects, as the existing 

methods, depending on the application, may be far from predicting the outcome of the experiments. 

Based on this, the topic has broken down into several subsections to provide a road map in the literature, 

that would facilitate future studies on PMFRC to use the most proper criterion for specific applications. 

 

1    INTRODUCTION 

 

Polymer matrix composites (PMC) have been extensively used to manufacture numerous engineering 

components by many industries. This wide usage can be attributed to their lightweight, high strength, 

exceptional corrosion resistance, and acoustic properties, among other outstanding properties, especially 

when compared with several metallic and alloy materials. Furthermore, their applications are rampant 

in automobile, marine, power/energy, telecommunication, security, military, sport/game, and aerospace 

industries, to mention but a few. If we classify PMC by the type of their reinforcement material, there 

are structural composites, particle-reinforced, or fiber-reinforced composites. The subject of this paper, 

Polymer Matrix Fiber Reinforced Composites (PMFRC), or in layman term Fiber Reinforced Plastics 

(FRP) are materials consisting of discontinuous fibers or continuous filaments, infiltrated/laminated 

with a thermoplastic or a thermoset polymer (the terms FRP and PMFRC have been used 

interchangeably in the following). After several manufacturing processes, the result is to be a robust and 

lightweight part that can withstand large loads and functional cycles. Not to mention, the possibilities 

of adding several functionalities make FRP more enticing for technology and research. Moreover, 

challenges such as their inhomogeneity, microcracks, delamination, etc., in addition to requiring 

multiple manufacturing steps, and considering the combination of different reinforcement fibers with 

various polymers in diverse applications, can only complicate introducing these materials 

to the industry. 
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Failure criteria and modeling the materials' behavior loadings have been significant research fields 

for over a century. The field has been through many noteworthy advancements. Various progressive 

models have been proposed to predict deformations of materials based on the stress to which they are 

susceptible in their lifetime. Because of their anisotropic nature and their nonlinear response to different 

loads, modeling FRP has been challenging and rewarding. Hence, many variants are involved in 

producing PMFRC, predicting their failure points, can reduce production costs alongside easing their 

utilization in industries. 

A number of earlier studies proposed several methods predicting the biaxial behavior of composites 

and compared failure theories for laminates made of fiber-reinforced plastic. The studies by Hashin ([1], 

[2]), Puck [3], Cuntze [4], Chamis [5], Sandhu [6], Owen and Griffiths [7], Soni [8], Tsai[9], Tsai and 

Wu [10], Rowlands [11], Nahas [12], Chen and Mathews [13], and more are among these. Afterward, 

the main focus was mostly modifying these main analytical methods or repurposing them in a numerical 

strategy to predict the failure points more accurately. Also, having the World-Wide Failure Exercise 

(WWFE) in mind, determining the maturity level of theories for predicting the failure response of fiber-

reinforced composites (FRC), the knowledge gap between theoreticians and design practitioners in this 

area has been closing. If three distinct stages (initial modeling, manufacturing, and function) in the life 

cycle of a part are assumed, FRP adaptation could benefit using yield criteria for any of these stages. 

Each criterion/model can show if the material is appealing for production and the lifetime of the part or 

not, which can maximize efficiency in the fabrication process. Because numerous criteria predicting the 

failure/deformation point of FRP have been proposed over recent years and several review articles 

surveyed each of these criteria over each of the aforementioned phases, the in-hand article tries to be a 

meta-review, introducing the saturated trends of the field, and reduce the complications to the new 

researchers while interring this topic. 

 

2 METHODS 

As a meta-review, or in other words, an overview of reviews, this literature tends to capture the most 

noteworthy trends in this field and represent what the areas of focus have been observing the subject. 

During this survey, review articles, theses, books, and journals have been collected with at least four 

novel approaches on this topic, however, it excludes those methods that haven't been covered in at least 

three separate review articles on the same topic. Keywords such as yield/failure/deformation/, criterion/ 

criteria/model/analyzing method, and PMFRC/ FRP have been sought after simultaneously during this 

research. Furthermore, this article takes the duration after the 2000s for its time limits. Three 

subfractions have been focused on this theme concerning before, during, and after production of the 

parts made out of FRP. Respectively, the initial material selection/design phase (including tensile, 

compressive, shear, and impact failure modeling), the manufacturing phase (with machining and 

forming deformation criteria), and ultimately the functional life cycle of the part (considering fatigue 

and tribological yield prediction), have been the finding areas of this overview. To mention the last 

specified limit in the research, the selected articles represented only the methods with several 

experimental back-ups. Referring to a few databases, Elsevier, Springer, EBSCO, Google Scholar, 

ScienceDirect, and Connected-Papers have been used to find the proper literature. In the end, this paper 

will not cover the whole of such a broad field, however, compasses a brief guide to some of the most 

cited reviews on the field.  

3 RESULTS 

As mentioned, three different subfractions have been surveyed in this article, observing the main 

needs in predicting the yield behaviors of PMFRC or other materials interacting with them in their life 

cycle. In the first phase, the prediction methods of raw strength of FRP were focused. Second, the review 

articles assessing the yield criterion/ models in the manufacturing phase of these materials gathered, and 

finally, predicting these materials’ damage during their life cycle were investigated. Each section has 

been torn down into at least two other subcategories, each one predicting yield/failure/damage during a 

specific situation that tension applied to FRP. Figure 1 represents the subfractions and the subcategories 
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of the findings. 

 

 

 

 

 

 

 

 

 

Figure 1: Research scope hierarchy, representing the proposed application phases of yield criteria and 

their saturated branches that have been mentioned in this meta review.  

 

 

3.1 INITIAL DESIGN PHASE 

In predicting the maximum strength of the final part, choosing an analysis method well suited to the 

prospective material is necessary. Modifying/substituting the general rules of mixture for FRP, several 

methods have been proposed to accurately predict tensile, shear, and compressive yield behavior as the 

basics, and furthermore, the impact resistance of these materials. In the following, review literature on 

these portions will be mentioned: 

 

3.1.1 TENSILE, SHEAR AND COMPRESSIVE STRENGTH 

Evaluating the methodology for fiber-reinforced composites’ failure theories of R. M. Christensen 

[14] has presented a comprehensive survey. The lamina level failure criteria, which includes nominally 

aligned fibers in a matrix phase, was the focus of this study. In a coordinated study known as the World-

Wide Failure Exercise, 12 of the top theories for predicting failure in composite laminates were put to 

the test against experimental data. The findings are summarized in a paper by M.J. Hinton et al [15]. 

They enumerate each theory's advantages and disadvantages and rank them according to how effective 

they are overall. In 2007 I. M Daniel et al. [16] have reviewed the most recent theories and methods for 

predicting and analyzing failure in composite materials. Limit or noninteractive, interactive, and failure 

mode-based theories are the categories that have been discussed, their applicability and validity have 

been assessed in this review. In 2011 Ku et al. [17] focused on natural fibers used for composites and 

compared the most accurate failure theories for predicting the strength and young modulus in different 

scenarios. A critical review has been published by R. Talreja assessing the trending failure theories for 

FRP. Rather than comparing the predicted tension-compression response of the material to the 

experimental data, this study looked into the assumptions of each criterion and proposed some 

modifications to each reviewed criterion. An overview of continuum damage models usage for 

simulating the intralaminar failure mechanisms in composite materials published by Forghani et al. [18]. 

In 2020 Fallahi et al. [19] have reviewed the methods predicting the mechanical response of fiber 

reinforced PMCs. Based on the increasing degree of complexity, methods have been categorized into 

four main classes: nonlinear elasticity models, elastic-plastic models, elastic-plastic- viscous models and 

damage-plasticity models. Many factors such as tension-compression asymmetry, viscous behavior, and 

interaction between stress components and effects of environmental factors on mechanical properties 

have briefly reviewed in this research. 
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3.1.2 IMPACT DAMAGE 

 

In 2012, Lecce et al. [20] covered the recent approaches based on the finite element method on 

laminates progressive failure analysis. In this work, some practical solutions for the prediction of the 

damage after low-velocity impact were introduced. S. Abrate et al. reviewed the damage foreseeing 

methods based on the cohesive zone model [21]. These criteria are used for the prediction of 

delaminations and matrix cracks on PMFRC. The work of Forghani et al. [18] dedicated a part to impact/ 

blast damage predicting methods in composite laminates. The presented models were covering the 

response of composite laminates to transverse dynamic loading from local impact, intra and inter-

laminar cracking, etc. In 2018, Bogenfeld et al. [22] dedicated a section of their published book to predict 

progressive delamination via interface elements. In this section, damage prediction of FRCs prone to 

impact was mentioned, also, a benchmark study on the damage analysis of the low-velocity impact on 

composite laminates has been done. In 2022 M. Sadighi et al. [23] reviewed experimental studies related 

to “impact fatigue”, “multiple impacts”, and “repeated impacts” on FRP, along with articles discussing 

theoretical and numerical simulations for damage prediction in these phenomena. 

 

3.2 MANUFACTURING PHASE 

Researching yield criteria related to manufacturing processes of parts made of FRP, lead us to two 

subcategories. Methods regarding machining processes and forming processes, the optimum applies 

force of the tools, and the shape of the material after the machining/ forming procedures were the main 

focus of the findings: 

 

3.2.1 MACHINING 

A comprehensive review has been done on drilling multi-material stacks and modeling of tool 

failures in these processes by V. Krishnaraj et al. in 2004. [24] In 2006 A. M. Abrão et al. dedicated a 

reviewing research on the subject of drilling in PMFRC considering the optimal tool materials and 

geometry, optimum thrust force and torque, and the prospected quality of the machined holes.[25] In 

2010, K. A. Kalzada et al. [26] thesis focused on the fiber-oriented failure mechanisms, during the 

machining of carbon fiber reinforced composites. He surveyed different modeling and analytical 

approaches for the interpretation of failure on these polymer matrix composites. In 2012 Liu et al. [27] 

presented a systematic review of drilling procedures in composite laminates focusing on prediction, 

assessment, and prevention of delamination in the process. Xu et al. [28] in 2016 had a review on FRP/Ti 

composite and foreseeing the behavior of these materials while drilling. In 2018, a review article on the 

milling process of PMCs has been published by P. Patel et al. [29]. The literature investigates speed, 

feed, and several other criteria for achieving the optimum intended failure on material while decreasing 

the tool damage. In 2021, editors I. Shyha and D. Huo gathered the relevant research on the machining 

of composite materials in a book [30]. In this book, 11 different articles were focusing on the machining 

of FRP and their yield modeling. Also in 2021, Hammed Sultan et al. published a book consisting of 

several articles on the subject of Machining and Machinability of PMFRCs. Failure analysis of the tools 

and materials have been one of the main focuses of this literature.[31] 

 

3.2.2 FORMING  

In 2013 Gereke et al. [32] reviewed the experimental characterization of the forming and the 

numerical methods for modeling the forming of textiles which later to be used in composites. The 

characterization of the shear behavior, as it is thought to be the most crucial property for textile 

reinforcement forming processes, has been investigated. In contrast, bending behavior, which was 

initially neglected in mechanical models, was found to be important for the simulation of wrinkles. In 

2017 Boisse et al. [33] focused their review on the bias-extension test and presented the studies that 

have been done on the lack of verification of these hypotheses (slippage, tension in the yarns, effects of 

fiber bending). In the case of the bias-extension test, the effects of temperature, mesoscopic modeling, 
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and tension locking have also been taken into account. In 2018 [34] Boisse et al. published a review of 

developments of the draping simulations In order to simulate textile reinforcements with shells. They 

surveyed some shell techniques that deviate from the accepted theories, which can accurately compute 

the rotations of the textile reinforcement norms. The study of Bussetta et al. [35] was about the numerical 

forming of composite material with continuous fiber reinforcement. Their review demonstrates that all 

numerical models of the formation process are computed at the macro-scale, despite the fact that certain 

models are defined with data from the meso-scale. The article published by Gong et al. [36] in 2020 

reviews the literature on the characterization and simulation for thermo-stamping of 2D woven fabric-

reinforced thermoplastics. A review presenting the state of the art of forming modeling methods for 

textile reinforcement and the corresponding experimental characterization methods developed was 

published by Liang et al. and Boisse et al. [37] The microscopic, mesoscopic, and macroscopic models 

are discussed in the survey. The main characteristics of the global and local processes, as well as the 

appropriate modeling techniques, are examined, and the value of the publications concerning thermo-

stamping in FRTCs [38]. A portion of an extensive review by Brooks et al. [39] surveyed the effect of 

process parameters on the mechanical properties of formed FRP parts, with the highlighted trends and 

methodologies for finding optimum conditions in forming processes. 

3.3 LIFE CYCLE PHASE 

Predicting the functional life cycles of components has always been of great interest. Parts made of 

PMFRC are not apart from this matter. Utilizing progressive material models in the simulations over 

recent years, modeling tribological behavior and fatigue strength of FRP parts have been through a major 

improvement, leading to better material usage and reducing waste. A few of these proposed 

modeling/predicting methods have been surveyed in the review articles below: 

3.3.1 FATIGUE  

An early work by  J. Degrieck and W. Van Paepegem [40] surveyed 141 references in the fatigue 

damage modeling of fiber-reinforced composite materials. They classified the issue into 3 sections of 

fatigue life models, phenomenological models and progressive damage models, surveying the most 

important models proposed during the last decades. Between the years 2010 and 2020, two editions of 

the book of A.P. Vasilopoulos have been published covering different aspects of fatigue modeling 

criterion and techniques predicting the life of composite structures [41]. In 2013 A comprehensive 

overview has been conducted by Wicaksono et al. [42] regarding the advances in fatigue and life 

prediction of fiber-reinforced composites. J.A. Pasco et al. [43] have published a critical review on the 

criteria of fatigue delamination in composites and adhesive bonds in the past 40 years. They believe (at 

that time) methods were too phenomenological, and a physics-based approach, elucidating the 

mechanisms is needed to fully understand the delamination growth. Mortazavian and Fatemi [44] have 

published a review on the modeling of fatigue behavior focusing on short fiber-reinforced polymer 

composites. In their study, they surveyed several microstructural related effects on the fatigue of the 

material. An overview of fatigue damage modeling techniques has been introduced by Sevenois et al. 

[45] for Textile Composites. A comparison between unidirectional composite modeling criteria has been 

conducted in this study. As for the extension of NU-Daniel theory first-ply yielding and failure (FPY 

and FPF), as well as the progressive failure of multidirectional laminates, were predicted in situ based 

on theoretical hypotheses and experimental results for various angle-ply laminates under various strain 

rates. Using the isolated lamina results as a starting point, the behavior of a lamina inside a multi-

directional laminate was examined, and the stress state at the beginning of yielding and the damage 

saturation condition were discovered [46]. In 2018, a practical review surveying the state-of-the-art 

fatigue modeling methods for composite used in the blade of wind turbines has been published by 

Rubiella et al. [48]. In 2019, Jawaid et al. have wrote a comperhensivie book intending to close the gap 

in the published literature involving failure analysis of biocomposites, fiber-reinforced composites, and 

hybrid composites. This book covers fatigue delamination, deformation, effect of strain rate on the 

failure mechanisms, energy absorption and etc in the case of FRCs [47].   In 2022 M. Sadighi et al. [23] 

surveyed the fatigue prediction methods for FRP in the case of low-velocity impact. In 2022 Farazin et 

al. published an extensive study on strain dependence of glass fiber-reinforced plastics. In their review, 

they focused on the experimented behavior of long glass fibers and thermoset polymers under different 



A. Farzin1, M. Rezaei2, J. Kaufmann3 and H. Cebulla4 

strain rates separately and while combined in a composite. Ultimately, several analytical and numerical 

models have been surveyed for this kind of composite. [49].  

 

3.3.2 TRIBOLOGICAL FAILURE 

 

A comprehensive literature review on tribological behavior of polymer matrix composites made with 

natural fibers is presented by Shalwan et al. [50]. Different variants affecting the accuracy of prediction 

of tribology properties were surveyed in this study. In 2021 in their review, Marian et al. [51] dedicated 

a section to the current trend in the prediction of tribological behavior of thermoses matrix composite 

material using artificial intelligence and machine learning. A comprehensive overview has been 

published by Paturi et al. [52] on predicting the tribological behavior of FRP using artificial neural 

networks as the criteria.  The recent advances in tribological damage and frictional life cycle analysis of 

composite materials have been mentioned in the work of Sose et al. [53] using machine learning 

methods. Moreover, material selection techniques using these approaches have been evaluated. 

 

4 DISCUSSION 

As the PMFRC will be adopted more and more in any application, or a new type of these materials 

will be invented, the substantial need for prediction of their mechanical behavior will grow. Building on 

that, the vast number of methods calculating these materials’ yield points can make the field more 

overwhelming for researchers. Classification of the further application for a subject material can be a 

practical way to limit the area of the research, finding the most accurate and applicable criterion to 

predict the failure of a component.  
The chronological perspective of the field can anticipate the popularity growth of more case-specified 

methods compared to generalized ones. Moreover, the criteria for dynamic failure scenarios such as 

impact, fatigue, and friction/tribology have been developed more over the years than the simple static 

criteria suggesting the shear and tensile strength of the material. The reason for this could be the 

hardships of providing actual experiments for dynamic failure in comparison to the common 

uniaxial/biaxial or shear strength test experiments.  
To mention another trend, utilizing newer methods such as artificial intelligence, neural networks, 

and machine learning over recent years in a complex field such as tribology can be evidence promising 

their potential to be used in other situations of yield point prediction. 
Finally, the distinguished phase between the three fractions of this study is the manufacturing phase. 

In contrast to the other portions of this paper, in the manufacturing phase, finding the optimum 

intentional stress leading to the yield/ failure of the FRP is the focus. Furthermore, the optimization 

studies in this section intend to decrease tool maintenance/ management costs or the quality of the end 

product made of FRP. 
 

5 CONCLUSIONS 

To this end, the authors of the in-hand paper have deconstructed the subject into multiple aspects, 

intending to create a comprehensive roadmap within the existing literature. Even though the mentioned 

categories and subcategories in this article cannot cover the whole field, they can show the most sought-

after applications and the yield criteria for FRP. This meta-review can serve as a resource for future 

studies on the failure behaviors of PMFRC, enabling new researchers to deploy the most precise/usable 

criteria for their applications or to figure out what has been done so far to avoid parallel studies. By 

establishing such a framework, the investigation to find the accurate failure criterion can become less 

complicated and help the utilization of PMFRC. 
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