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ABSTRACT 

The relationship between fatigue life and fatigue crack propagation rate is 
explored with a new cohesive damage model. The parameters of the model are 
obtained from idealizations of S-N diagrams used in engineering design. The model is 
based on the hypothesis that both stable tearing damage and damage due to cyclic 
loading are representations of a density of microcracks and, therefore, a single damage 
variable can describe the state of damage. This assumption implies that the quasi-static 
cohesive law that describes tearing is also the envelope of the fatigue damage. Fatigue 
damage within the cohesive envelope is assumed to accumulate at a rate that depends 
on the displacement jumps. The fatigue model was implemented as a UMAT 
subroutine for Abaqus cohesive elements by adding fatigue damage accumulation to a 
cohesive model based on the Turon quasi-static cohesive law. The analyses were 
conducted using a simplified cyclic loading procedure in which the maximum applied 
load is kept constant and the computational expense of cycling the load is avoided. 
The predicted propagation rates for a double cantilever beam (DCB) specimen were 
compared to experimental results for IM7/8552 graphite/epoxy tape. 

INTRODUCTION 

Engineering calculations of fatigue life are usually performed using stress-life 
diagrams, called S-N curves [1]. These curves represent the number of cycles that a 
material can sustain at a given stress level before failure. The data to generate these 
curves is obtained by cycling smooth or notched specimens until failure. The S-N 
curves of many materials are simple and can be approximated by straight lines in 
a log-log plot. In addition, analysis techniques have been developed to account for the 
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Figure 8. SCL procedure: the load is held constant during the analysis while 

the effects of loading amplitude, stress ratio, cycle count, and 
damage accumulation are processed within the constitutive model. 

A user-written UMAT subroutine for Abaqus cohesive elements was developed. 
UMAT subroutines are called by the Abaqus implicit solver at every integration point, 
at every equilibrium iteration of every time increment. The subroutine receives the 
current damage state, the displacement jump, and the analysis time increment. The 
output of the subroutine is the damage state. A UMAT for fatigue damage was written 
by modifying a UMAT of Turon’s quasi-static cohesive model [10]. Implementation 
of the fatigue model within the quasi-static cohesive UMAT only required adding the 
calculation of the fatigue damage. 

VALIDATION: CRACK PROPAGATION IN MODE I AND MIXED MODE 

Analysis of Double Cantilever Beam Specimen 

The double cantilevered beam (DCB) specimen is a standardized test method for 
determining the onset of delamination propagation for mode I loading [11]. The DCB 
specimen has also been used for determining the delamination growth rate in fatigue. 
The results of an extensive characterization of delamination onset and growth under 
Mode I fatigue loading of IM7/8552 graphite/epoxy unidirectional tape specimens by 
Murri [12] were used in the present study to evaluate the ability of the proposed model 
to predict delamination propagation rates. 

The DCB specimens tested by Murri were manufactured with 24 plies of 
IM7/8552 unidirectional tape with a thin Teflon film at the mid-plane at one end to 
induce an initial delamination. The specimens were nominally 178-mm long and 
25.4-mm wide. The configuration of the test specimen is defined by the nominal 
dimensions reported in Table III. 

TABLE III. DIMENSIONS OF DCB SPECIMEN IN MM. 

a0 b h 
50.8 25.4 2.25 

 
The parametric model of a DCB specimen shown in Fig. 9 was constructed in 

Abaqus/Standard [13]. The model parameters can be used to change the dimensions of 
the specimen and the number of elements in each of the regions of the model. For 
computational efficiency, the width of the model is 1 mm and the reaction force is 
scaled by the width b = 25.4 mm of the specimen. The propagation zone length varied 
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