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ABSTRACT 

In the present work, two aluminiumn alloys (2024-T3 and 

7075-T6) have been employed to investigate the crack closure 

behaviour at different stress ratios. The study has been con-

ducted over a wide range of maximum stress intensity factor, 

Kmax by using two measurement teschniques (Compliance Gauge 	and 

Eddy Current). 	The study has also been carried out for the 

effect of clip gauge location behind the crack tip on opening 

stress intensity 	factor, K 	and normalized K 	(Kop/Kmax). op 	 op 

Also the crack growth rate, with and without closure, has been 

studied in both the alloys. 

The static and cyclic mixed mode loading behaviour (crack 

initiation angle, 190  and crack path) for 2024-T3 alloy hao been 

investigated using inclined centre cracked specimens and the 

cyclic mixed mode crack closure has been measured for different 

angles of crack inclination. The experimental static and cyclic 

crack path have been compared with some of the available mixed 

mode cracking criteria, i.e. Maximum Tensile Stress (MTS), Strain 

Energy Density (SED) criteria etc. Based on this comparison, it 

is suggested that in presence of large plastic zone size at the 

crack tip, the static mixed mode crack will propagate in a direc-

tion perpendicular to the loading axis (i.e., (3 + 00  -7- 900). 

Also, the MTS criterion has been modified by incorporating the 

effective stress intensity range, /\Keff for better prediction of 

cyclic crack path. The mixed mode cyclic crack growth rate and 

fatigue life have been predicted using SED criterion (following 

two different approaches) and the MTS criterion using equivalent 

stress intensity range, /\Keq. Based on crack closure studies in 

the opening mode and mixed mode, equations have been proposed to 

predict mixed mode closure behaviour from the opening mode data 



and the loading parameters. The thesis is divided in 8 chapters 

. as follows: 

Chapter-I provides an introduction to the thesis highlight-

ing the application of fracture mechanics to fatigue problem. 

The significance of crack closure and its influence on crack 

propagation life has been indicated. The importance 	of mixed 

mode crack growth studies has been described and finally the 

broad objectives of the present investigation are spelled out. 

Chapter-II presents a review of literature on types of crack 

closure and the measurement techniques for closure. The parame-

ters affecting the crack closure behaviour and different closure 

models are also reviewed. 	Literature on different mixed mode 

crack growth criteria are reported along with their 	salient 

features. 	The effect of mixed mode loading on cyclic crack 

growth rate by various investigators has also been included. The 

aim and scope of the present investigation has been highlighted 

at the end. 

Chapter-III deals with the details of materials, specimens 

and the experimental techniques used for the measurement of crack 

closure and crack propagation in the opening mode and the mixed 

mode. 

Chapter-IV reports the tensile properties, fatigue crack 

propagation and crack closure results for the opening mode load-

ing. Also, the results on the effect of measurement location on 

opening stress intensity factor, Kop  have been reported. 

In Chapter-V, a comparison between the 'compliance gauge' 

and the 'eddy current technique' for crack closure measurement 

has been made. Dependence of crack closure behaviour on differ- 



ent loading parameters (i.e. aK max, R, ay  etc.) has been dis-

cussed. The crack closure results are compared with some empiri-

cal and numerical models. The effect of gauge location on K op 

and Kop/Kmax ratio for different crack lengths  (i.e' Kmax) has  

been presented. To ascertain the nature of dependence of Kop on 

R and measurement location, the results of some other investiga- 

tors from literature are replotted and analysed. 	Crack growth 

rate as a function of L1K  and aKeff are also reported and dis-

cussed in this chapter. 

The initial results on cyclic mixed mode crack propagation 

and crack closure are presented in Chapter-VI. The 	characteri- 

zation of mixed mode crack growth under static loading is pre-

sented based on J integral approach. The evaluation of crack 

initiation angle and crack path using different mixed mode crite-

ria are also reported in this chapter. 

A comparison of static and cyclic crack path against the 

predicted crack path using different mixed mode criteria has been 

taken up in Chapter-VII. An interrelation between the mode I and 

mode II fracture toughness has been developed and the results are 

compared with the reported findings. 	The static and cyclic 

crack growth mechanisms have been investigated based on the 

macroscopic and the microscopic examination. The crack closure 

results for the mixed mode loading have been discussed and com- 

pared with mode I closure 	behaviour. The mixed mode cyclic 

crack growth rate and fatigue life have been obtained and dis-

cussed in the light of the predictions based on the SED and MTS 

criteria. 

Main conclusions based on the present investigation are 

reported in Chapter-VIII. 
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