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Abstract— Different failure theories are used to assess 

failure analysis of composite materials as Failure criteria is 

important step of failure analysis. As composites material 

are orthotropic or anisotropic by nature so shows complex 

failure .There are many modes of failure such as basically 

fibre failure, matrix failure, inter fibre failure crack 

propagation, delaminations. In this we compare five theory 

such as Tsai , Puck, Rotem, Zinoviev and Edge there 

failure mode and approach used.In this we reviewed paper 

of WWFE by Hinton in 2002 for comparing the theories. 

This paper aims to solve basic problem associated with use 

of failure criterion for composite material.  
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I.  INTRODUCTION  

Fibre reinforced polymer composites are an 

extremely broad and versatile class of material. 

There high strength coupled with lightweight leads 

to there use wherever structural efficiency is at a 

premium. Applications can be found in aircraft, 

process plants, sporting goods and military 

equipment[8]. 

In recent scenario, fibre-reinforced polymer (FRP) 

composites are finding increasing application in 

aerospace, marine and many other industries due to 

the advantages they provide performance, structural 

efficiency and cost. The main reasons for composite 

material is mechanical properties of composites 

such as high strength/stiffness to weight ratio, 

excellent corrosion resistance and low co-efficient 

of thermal expansion.There structural properties 

according to requirements which add versatility for 

sensitive applications[13]. 

The process of damage development and failure in 

composite materials is very complicated. The 

effective properties of the composite usually depend 

on the average stresses or strains in the phases. 

However, an analytical micromechanical damage 

analysis should properly take into account the 

detailed microstructure, the spatial deformation 

fields, existing defects, criteria for microfailure and 

its evolution, and the way different defects and 

modes of failure interact as loading progresses [1]. 

 

This paper draws together the results from  the “ 

World-Wide Failure Exercise” (WWFE), co-

ordinated by Hinton et.al. in which the predictions 

were provided by the originators of the theories . 

These included fibre type (carbon, glass), matrix 

type (various epoxies), lay-up configuration 

(unidirectional, multidirectional) and a variety of 

load states (uniaxial, biaxial) [2]. 

 

II. FIBRE REINFORCED COMPOSITES 

The carbon fibre reinforced polymer matrix 

composites has been used more and more 

progressively  in various fields including the 

airplane, fuel cell vehicle, electricity generation and 

communication power systems due to their advance 

benefit  such as high strength/stiffness-to-weight 

ratio, excellent resistance to fatigue and corrosion as 

well as acceptable durability[8]. The metal currently 

being used is either aluminium, magnesium or 

titanium, and the fibre-reinforced layer is either 

glass-reinforced, carbon reinforced or kevlar- 

reinforced composite[10]. The carbon fibre 

composites are used to manufacture the laminated 

composites which utilizes the carbon fibres having 
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same orientation in each layer, and these layers are 

packed in angled orientations to get high stiffness 

and strength in different directions. [8]. Fibre 

reinforced polymers have gathered remarkable 

market as material is used in a wide variety of 

structural applications around the world. But have 

low impact resistance due to which mechanical 

properties are affected [9].The light weight of the 

composites brings down the fuel consumption 

considerably therefore increase the overall engine 

efficiency. So composite materials have gain 

popularity in roads in aero and auto industries. 

 

III. MODES OF FAILURE OF COMPOSITE LAMINATE  

Modes of failure of composite laminate are 

basically fibre failure (shear, tensile, compressive) , 

matrix failure (transverse tension, transverse 

compression, shear), delamination ,etc. Different 

theories of failure have different modes of failure 

and different mechanism involved which 

represented different approaches for failure 

analysis[2]. 

    

 Table 1 

Different Failure theories there failure mode and 

approach. [11]   

                                        

S. 

N

o 

Failure 

Theory 

Failure mode  Approach 

represente

d 

1 Tsai [11] Fibre tension/ 

compression and 

matrix tension and 

compression and 

shear 

Interactive 

progressive 

quadratic 

failure 

criterion 

2 Zinovie

v [11] 

Longitudinal 

tension failure, 

Longitudinal 

compressive 

failure, Transverse 

compressive 

failure, In-plane 

shear failure 

Developme

nt of 

Maximum 

stress 

theory 

3 Puck 
[11] 

Fibre failure in 

compressive, Fibre 

failure in 

compressive, Inter-

fibre failure Mode 

A (for transverse 

tension), Inter-fibre 

failure Mode B (for 

moderate transverse 

compression), 

Inter-fibre failure 

Mode C (for large 

transverse 

compression),  

Physically 

based 3-D 

phenomeno

logical 

models 

4 Rotem[1

1] 

Longitudinal 

tension failure, 

Longitudinal 

compressive 

failure, Matrix 

failure. 

Interactive 

matrix and 

fibre 

failure 

theory 

5 Edge[11] Longitudinal 

tension failure, 

Longitudinal 

compressive 

failure, Transverse 

tensile failure, 

Transverse 

compressive 

failure, In-plane 

shear failure, 

Combined 

transverse tension 

and shear, 

Combined 

longitudinal 

compression and 

shear, Delamination 

British 

Aerospace, 

In-house 

design 

method 
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IV. DIFFERENT FAILURE THEORIES 

A. Tsai failure theory: 

From W.Tsai et.al. (1998) Failure criteria of 

composite laminate was based on progressive 

quadratic failure criterion, it has been noted that the 

theory predicts enhancement of strength under 

compression-compression biaxial loading[1]. 

In WWFE Tsai theory work on different composite 

material with different layups and different loading 

condition and there after the stress-strain curve was 

plot. 

A ply in a laminate may fail by micro-cracking 

when the transverse strain on the ply axis is positive 

(tensile). If micro-cracking takes place in a ply, we 

assume that it happens instantaneously within a 

limited region of high stress in a ply. Having other 

plies at the same point in a laminate, the laminate as 

a whole may be capable of continuing to carry the 

prevailing load[3]. 

According to WWFE conducted by Hinton et. al. 

(1998)  the comparison of different theories with 

different test resulted to some positive and negative 

points about this theory [2]. This theory broadly fits 

shape of the experimental data. Predictions are very 

conservative (i.e. safe) for both quadrants. Negative 

effect of the theory is as overall the predictions are 

approx 50% too conservative suggesting that there 

is some weakness in the theory or its application. 

B. Zinoviev Theory: 

Peter A.Zinoviev et.al. (1998) considered the 

deformation and failure processes of multilayered 

hybrid composites in a state of plane stress which 

can be considered as a structural phenomenological 

one, is a coupled deformation failure model 

(DFM).[4] 

Hinton et. al. (1998) The Zinoviev failure theory 

was based on he maximum stress failure theory, 

which embodies a very simple, but carefully 

structured, set of non-interactive criteria to identify 

failure mechanisms and to take appropriate post-

initial failure action [2]. 

In WWFE Hinton et.al. gave reasonably good 

descriptions of the unidirectional lamina failure 

envelopes though, as expected for a non-interactive 

failure theory. This theory was one of the best at 

predicting initial as well final failure events for 

multi-directional laminates. The theory assumed 

linear-elastic material properties, it also gave 

reasonably good descriptions of nearly all of the 

stress/strain curves and only failed to predict the 

observed large deformations[2]. 

C. Puck’s  Theory: 

In 2002 Puck et.al.  failure of different laminates 

because of non-linearity is  due to microdamage, 

matrix cracking, and changes in fibre angle with 

increasing strains. Puck performed  experimental 

study of laminate to  Pre-IFF non-linear stress/strain 

analysis and residual stress analysis. [5] 

The strength of a reasonably well designed laminate 

depends to a very high degree on the load carrying 

capacity of its fibres, because normally most of the 

load is concentrated in the fibres. Therefore, the FF-

criteria have the highest importance for the design 

of laminates. Puck used the new IFF criteria are 

based on a ‘‘modified Mohr hypothesis” which has 

been adapted to transversally isotropic material.[5]  

The results show that the Puck theory captures most 

features of the experimental results appears to be 

one of the best available currently.[2] 

According to Hinton et.al. there are weakness in 

Puck’s theory like  The theory has a unique open 

envelope Which needs to be reconciled with 

experimental evidence, no leakage prediction, 

theory was unable to predict large deformation, Un-

conservative strength prediction, not capturing 

strain deviations and the initial and intermediate 

failure strengths are some 50% lower than those 

recorded in experiments[2]. 

 

D. Rotem Theory: 

Rotem in 2002 gives the criterion that distinguishes  

fibre failure and matrix failure. Only in-plane loads 

are considered, neglecting the possibility of inter- 

laminar failure. This criterion separates the failure 

to fibre and matrix failure [6] 

The criterion is based on three basic assumptions: 
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1. The failure of a FRC material laminate will occur 

either in the fibres or in the matrix. The onset of the 

failure is a localized phenomenon. 

2. The laminate has no free edges, i.e. the laminate 

is wide enough and clamped on its outer contour 

and 

has no holes. Therefore only in-plane stresses are 

effective. There are no interlaminar stresses which 

may cause failure. 

3. The matrix material is weaker and softer than the 

fibres.[6] 

 

Hinton et. al. the stress/strain curves  by this criteria 

were truncated at much lower strains than the final  

strains observed. As  post failure analysis prediction 

does not fit the experimental data in shape or 

magnitude and very conservative in two quadrants 

are the fundamental weakness of this theory .[2]    

E. Edge theory: 

E.C. Edge postulated that In-plane shear failure is 

regarded as a final failure and transverse tension 

failure has been regarded as initial failure. Final 

failure means that the laminate is either considered 

incapable of taking further load or a fibre failure has 

occurred. The stress-based Grant Sanders method 

employed for failure analysis of laminate for 

predicting initial and final failure [7] and consider 

the effects of 

matrix degradation on the stress/strain curves [2]. 

 Hinton et.al. postulated fundamental weakness of 

this theory are Slightly un-conservative under 

tension–compression and doubt about compression–

compression quadrant  very low initial strength 

prediction. The theory does not fit the experimental 

curves at large strains. Fundamental problem in post 

failure analysis[2]. 

 

V. CONCLUSION: 

From all the above theory we can see the result for 

ranking the accordingly as the theories have some 

fundamental weaknesses. According to Hinton et. 

al. Zinoviev is the best theory for composite 

material which consider both post and pre failure of 

laminate and gave descriptions of nearly all of the 

stress/strain curves[2] and has minimum weakness 

and type of post failure modeling utilized by Rotem 

produced much lower final failure strength values 

than the other theories [12] 
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