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LONGITUDINAL TENSION 

l FAILURE MODES 

WEAK MATRIX 

WEAK INTERFACE 

OPTIMUM STRONG MATRIX 

STRONG INTERFACE 

(a) M Ml 

CRACK GROWTH MODES IN UNIDIRECTIONAL COMPOSITES 
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. PREDICTION OF STRENGTH 

RULE OF MIXTURES 
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OPTIMUM STRENGTH 

I N E F F E C T I V E  LENGTH OR 

LENGTH OF F A I L U R E  INTERACTION ZONE 

I F  a > > l ,  RULE OF MIXTURES 
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S t a t i c  f a i l u r e  sequence f o r  Kevlar 49/epoxy 



LONGITUDINAL COMPRESSION 

9 MICROBUCKLING OF FIBERS 

INITIAL DEFLECTION 
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Shear  type  Buckl ing type  

Compression f a i l v r e  mode f o r  Gl/Ep 

TRANSVERSE TENSION 

ELASTIC PREDICTION 
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MATRIX DUCTILITY 
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ELASTIC PREDICTION 

SAME AS Xi 
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LONGITUDINAL TENSION 

MATRIX-CONTROLLED FAILURE L I K E L Y  

FATIGUE L I M I T  STRAIN OF MATRIX = 
FATIGUE L I M I T  STRAIN OF COMPOSITE 

macroscopic 

Shear failure for Kevlar 49/Ep 

LAMINA F A T I G E  

FATIGUE L I M I T  STRESS 

CYCLES TO FAILURE 

~on~itudinal S-N data for B/A1 and ~-siC/Ti 
LOW FATIGUE S E N S I T I V I T Y  I F  FATIGUE (Ultimate tensile strength - 1698 m a  for B/A1 
L I M I T  STRAIN > STATIC  FAILURE STRAIN and 1296 MPa for B-SiC/Ti) 
OF FIBER 

CYCLES TO FAILURE Fl8ER VOLUME FRACTION 



CYCLES TO FAILURE CYCLES TO FAILURE 
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Fat igue  f a i l u r e  process  a t  60 percent  UTS, RT, G ~ / E P  

I A E T V  I 

F A T I G U E  S H A P E  PARAMETER 

Fa t i gue  shape parameters 
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l TRANSVERSE TENSION AND LONGITUDINAL SHEAR 

HIGHLY FATIGUE SENSITIVE 

MORE THAN 60% REDUCTION IN STRENGTH 

AT lo6 CYCLES 

FAILURE RESULTING FROM FAST CRACK 
PROPAGATION 

NO INDICATION OF GRADUAL CHANGES IN 
MODULUS AND STRENGTH 
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Shear S-N data for B/Ep. (Longitudinal shear strength 
= 66.7 MPa, interlaminar shear strength = 81.4 MPa) 
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LEFT RIGHT 

LEFT RIGHT 
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LAMINATE FATIGUE 

FAILURE PROCESSES 

FIRST PLY-FAILURE 

ASYMPTQTIC INCREASE I N  CRACK DENSITY I N  PL IES 

DELAMINATION 

LAMINATE FRACTURE 

STRAIN,  % 

r e l a t i o n s  of [0/f45/90Is Gl/Ep and of c o n s t i t u e n t  p l i e s  

F a i l u r e  modes a t  f r e e  edge 
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