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ABSTRACT 

Crack tip opening displacement (CTOD) has been 

studied as an elastic—plastic fracture parameter. CTOD has 

been related to stress intensity factor (K) in Linear Elastic 

Fracture Mechanics (LEFM) through the factor m,. There 

appears to be a controversy as regards to the value of m,  in 

K—CTOD relationship. In Elastic—Plastic Fracture Mechanics 

(EPFM), CTOD has been obtained from clip gauge displacement 

by making use of hypothetical plastic hinge model and rotational 

factor, r. However, the models for CTOD determination using 

rotational factor, r are not capable of handling all dimensional 

parameters, and loading geometry of the specimen. Also a 

controversy exists in selecting the r value because the r is 

now believed to depend on the geometry and material property. 

Furthermore, the role of state of stress vis—a—vis specimen 

dimensions on CTOD, i-integral, the K—CTOD and J—CTOD relation-

ship has not yet been fully established. 

The present investigation has been conducted keeping 

in mind the above problems associated with the CTOD evaluation. 

Chapter—I deals with the background of CTOD, and its 

usage as an elastic—plastic fracture parameter. Some of the 

difficulties encountered in the evaluation of CTOD and in—its 

characterization as a fracture parameter are outlined. 



rill 

Chapter—II is a review of available literatures con-

cerning the definition and determination of CTOD in LEFM and 

EPFM situations and the problems concerning variation of mit 

and r with specimen dimensions loading geometry and material 

property. A review of J determination in slow stable crack 

growth has also been presented. The variation of M in JecTup 

relation with specimen dimension and material property has been 

identified. The chapter finally concluded with the importance 

of searching out a suitable model of CTOD and to prove its 

validity in small scale yielding as well as in elastic—plastic 

crack growth situations. 

Chapter—III presents an analytical model for CTOD deter-

mination in small scale yielding and elastic—plastic crack 
growth situations, using the plastic zone size formed at the 

crack tip, A composite nature of crack profile characteristic 

of an edge cracked specimen (as  indicated by FEM solutions) 

has been adopted in the analysis. The plastic zone size at 

the crack tip has been estimated from the experimental load—

crack mouth opening displacement diagram on the line of ASTI4 

recommendations of effective crack length determination. An 

equation to evaluate r has also been proposed. 

Chapter—IV provides details of test specimens, necessary 

instrumentation, and the experimental set—up used in the present 

investigation. The test procedure for K,CTOD and J determination, 

crack growth evaluation, plastic zone measurement are also 

given. 
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Chapter—V gives an account of the results obtained 

in the present investigation in small scale yielding situation 

as defined in this work. The results have been obtained by 

processing the experimental data through the computer and 

by using the proposed model. 

Chapter—VI presents the discussion of the results 

obtained in Chapter—V. The validity of the proposed model 

for the determination of CTOD has been assessed by using the 

existing models (like Wells', Dawes', Hollstein at al.'s 

models). The present model, appears to be workable in all the 

specimen dimensions (Bla/W) and loading pone try and not 

restricted to only deep crack bend or CT specimens. The state 

of stress has been represented by effective plastic constraint, 

m
e and this also has been found to be geometry dependent. The 

rotational factor, r has been evaluated by the propoded method 

in this work and compared with the available methods in the 

literature. The variation of r with specime_ and loading 

geometry has also been presented. The m' and M have .been 

shown to be geometry dependent. The effect of thicknessla/W 

and loading geometry on CTOD at crack initiation has been 

discussed. 

Chapter—VII deals with the experimental results in 

elastic—plastic crack growth situation. The method of obtain-

ing the crack growth, zsa from a single specimen test is 

presented. The derived CTOD—resistance curve and JR
—curve 

have been obtained by the model presented in this investigation 



as well as by existing models.  The results have been pre- 

sented upto the maximum load point. 

Chapter—VIII is concerned with the discussion of 

results of Chapter-VII: The validity of the proposed CTOD 

model for determination of CTOD—resistance curve in slow 

stable crack growth situation has been examined. The proposed 

model is justified by comparing it with the Wells' method for 

deep bend and Hollstein et al.'s method for CT specimens. The 

CTOD
R 

values obtained at the maximum load point are found to 

be geometry dependent. Ja  curve has also been evaluated by 

using the rotational factor obtained from the proposed model 

and the resulting J1  values have been compared with Garwood 

at al.'s and Rice's methods. The Ai values at crack initiation 

and maximum load points are found to be geometry dependent. 

Chapter—IX shows the application of the present concept 

of CTOD determination in notched bars. A mathematical analysis 

for determination of notch mouth opening displacement (NM OD) 

and notch tip opening displacement (NTOD) is presented. For 

plane strain plastic zone calculation in tension bars, a 

modified version of Smith's model has been applied. NTOD from 

MOOD was obtained for SEN tension and bend specimens. A 

discussion on the variation of plastic zone size and NTOD in 

above geometries has been presented. 

The conclusions based on the present investigation are 

presented in Chapter—X. 
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