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Abstract: In this paper, ABAQUS user define field variable subroutine option for prediction of failure load 
(FL), progressive stress intensity factor, and critical stress intensity factor (Kc) of a finite plate of laminated 
composite specimen with cutout and multiple cracks is examined. Hashin and Chang progressive damage 
criterion is incorporated in subroutine option to predict the damage initiation for cutouts, and hatch cover used  
extensively in aerospace community. An experiment is performed considering laminated composite finite plate 
with stress concentration to validate the subroutine predicted results. The subroutine estimated results show an 
excellent agreement with experimental results. Typical numerical results are presented to examine the effect of 
stiffness degradation, fibre orientation, crack length, material properties, and cutouts on fracture prpoerties. 
 
 
I. INTRODUCTION 
 

As the use of composite material increases in 
aerospace field, understanding the response of 
laminated structure under extenal load is prime 
focous of researchers. Development of computational 
methodologies for the prediction of damage 
accumulation and growth in continuous fiber 
composite laminates is presently an active area of 
research. A mechanism-based progressive failure 
analyses approach is developed for fiber reinforced 
composite laminates [1-3]. An aircraft structural 
components are designed with different types of 
cutouts, and hatch covers. The purpose of these 
cutout are inspection, ease of fastening, pipe routing,  
maintaince, and for store integration. The damage on  
an aircraft structure can be initiated through these 
cutout because of aero load during flight. Once, the 
damage starts,  strength and stability of an aircraft 
and its components reduces considerably. The present 
study on the fracture parameter is useful while 
assessing the damage tolerance behavior and the 
components life of an aircraft. It can further be used 
during the implementation of repair schemes for 

damage observed during service phase of an aircraft 
structural components.  

In this article, ABAQUS user define field variable 
(USDFLD) subroutine option for prediction of 
progressive failure load, stress intensity factor and 
critical stress intensity factor of  laminated finite plate 
with multiple cracks and cutouts is examined. The 
Hashin and Chang progressive damage criterion are 
incorporated in subroutine option to predict the 
damage initiation. Typical numerical results are 
presented to examine the effect of stiffness 
degradation, fibre orientation, crack length, material 
properties, and cutouts on fracture parameters. An 
tensile experiment on laminated finite plate is 
performed with stress concentration to validate the 
subroutine estimated results.  
 
II. MATERIAL AND SPECIMEN 
 

The examination of fracture parameters under 
tensile loading considering different cutout as shown 
in Fig. 1 (a) to (c) are performed. The details of 
mechanical properties of laminated composite are 
shown in  Table 1. 

                                                    
            (a)                                                          (b)                                                    (c) 

Fig.1 Specimen details, (a) plate with circular cutout, (b) plate with hatch cover, and (c) plate with multiple edge crack emanating 
from hatch cover 
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Table 1 Mechanical properties 

 
 
III. METHODOLOGY 
 

The present work examines the estimation of FL, 
progressive SIF, and Kc using FE software (Abaqus). 
The Abaqus software is chosen for its capability of 
customization given by use of subroutines using 
USDFLD. The subroutine techniques provide the 
flexibility to user for simulation of material 
behaviours during the damage of parts, which is not 
available directly in the software. An experiment is 
performed consdiering bidirectional laminated carbon 
fibre specimens. The Hashin and Chang progressive 
failure criterion [4-5] are used for estimation of 
failure strength, and fracture parameters using 
subroutine option. The maximum tangential stress 
(MTS) criterion [6] for estimation of SIFs using 
subroutine approach is used. The estimation of 
fracture parameter using subroutine approach is 
carried out using three user defined field variables 
namely FV1, FV2, and FV3. The first field variable 
represents matrix failure, second fiber failure, and 
third shear damage. Theses FVs are made 
depenendent on elastic properties of materials. The 
values of field variables are set equal to zero in 
undamaged state. Once, active value of FV  became 
equal to or more than 1.0, damage starts and material 
degradation starts as per user defined degradation 
rule. The finite element implementation of this 
progressive failure analysis is developed for the 
ABAQUS structural analysis program using 
USDFLD, written in FORTRAN subroutine. The 
subroutine predicted results are validated with 
experimental results, showing an excellent 
agreement. 
 
3.1. Experiemental approach 

The bidirectional carbon (B.D.) fibre of 0.3 mm 
thickness is used in laminated composite test 
specimen. The specimen of required configurations is 
cut from carbon fabric sheet and weighing of dry 
fabric is carried out for preparation of matrix. Matrix 
is considered 20% additional than dry fabric weight 
and it is prepared by mixing resin and hardener in 
10:1 ratio. On the top surface of specimen peel ply, 
porous, non-porous layer and breather is applied. Peel 
ply is used to get finish surface, porous and non-
porous layer are used for release of gas during curing, 
and breather is used for uniform heating. Lay-up is 
prepared and kept in high temperature oven at    

11000 C temperature for 1.5 hr. During the curing 
vacuum pump is used for removal of trapped gases.  

 Top and bottom surface of specimen is bonded 
with Al alloys piece for holding, and loading in 
universal testing machine (UTM). The specimens of 
different configurations of laminated specimens are 
tested using 100 KN Instron universal testing 
machine as shown in Fig.2. The one end of specimen 
is clamped in the UTM and load  is applied 
monotonically at the rate of 1mm/min from other side 
until final failure of the specimen as shown in Figs. 
2(a-b). The failure strength of laminated, is recorded 
for validation of subroutine predicted strength. 
  
3.2. Subroutine approach 

Once, damage is predicted by failure criteria, 
material propoties of composites decreases as per 
mode of damage, type of dicsontinuties, and nature of 
loading. Many different degradation models have 
been proposed during last years [7-8].  

i. Instantaneous degradation: the material 
propoerties are degraded instantaneouuly to 
zero, that fit very well the behaviour of 
brittle materials.  

ii. Gradual unloading: the material properties are 
gradually degraded until zero according to a 
particular unloading curve.  

iii. Constant stress: the material properties are 
degraded in order to keep constant the local 
stress.  

In order to simulate damage growth accurately, 
failure analysis must be able to predict the failure 
mode in each ply and apply corresponding reduction 
in material stiffness. Table 2 shows cumulative mode 
of composite failure used in  present analysis. The 
finite element prediction using subroutine approach is 
carried out using three field variables namely FV1, 
FV2, and FV3. The first field variable represents 
matrix failure, second fiber failure, and third shear 
damage. Theses FVs are made depenendent on elastic 
properties of materials. The values of field variables 
are set equal to zero in undamaged state. Once, active 
value of  FV  became equal to or more than 1.0, 
damage starts and material degradation starts as per 
user defined degradation rule using Eq.[1]. For 
example once matrix, fibre or shear damage starts, 
than transverse stiffness, rigidity, and poisson’s ratio 
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are degraded by interpolation rule. The field variables 
are made to transit from 0 (undamaged) to 1 (fully 
damaged) instantaneously. In present study, Hashin 
failure criterion and Chang failure criterion are used 
for prediction of composite mode of failure and are 
discussed next. The finite element implementations of 
progressive failure analysis are developed for the 
ABAQUS structural analysis program using 
USDFLD, written in FORTRAN subroutine.  

Figure 3 shows subroutine mesh for a finite plate 
with cutout, and hatch cover. The present analysis is 

carried out using 8-noded iso-parametric quadratic 
element (S8R5). The FE model is constrained at 
bottom edge, whereas, load is uniformly distributed 
over nodes of top edge. 
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(a)        (b) 

Fig.2 Experimental setup with test specimen 
 

Table 2 Dependence of elastic material properties on Fv’s 

 
 

                   
Fig.3 Meshed model of plate (a) circular cutout, and (b) hatch cover 
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IV. RESULTS AND DISCUSSIONS 
 
In order to check validity of subroutine estimated 
results, experimental result of different configurations 
are compared and discussed in subsequent section. 

 
4.1. Examination of laminated plate with circular 
cutout 

The subroutine estimation of F versus  using 
Hashin criterion is shown in Fig. 4 for mesh size d/7, 
d/8, and d/9. In elastic region load increases with 
displacement, once damage starts stiffness degradation 
starts which causes decrease in load. The subroutine 
estimated FL shows an excellent agreement with 
respect to published work for mesh size of d/9, 
degradation factor 100%. In the analysis 100% 
degradation cannot be define, hence the stiffness 
corresponding to particular mode of failure is 
considered 1. Table 3a shows validation of subroutine 
estimated FL with experimental work for a laminated, 
composite finite plate with circular cutout. The 
laminated composite finite plate specimen is made of 
bidirectional (B.D.) carbon fibre, ply thickness 0.3 
mm, and fibre orientation 00/900. Each configuration of 
specimen is tested experimentally considering two 

specimens, and average failure load is compared with 
subroutine predicted results. Due to presence of 
circular cutout average failure strength of laminated 
plate is reduced by 44% with respect to laminated plate 
without stress concentration. The subroutine estimated 
FL shows good agreement with experimental results. 

Table 3b shows validation of subroutine predicted 
FL using Chang and Hashin failure criterion with 
published experimental work [9]. The subroutine 
prediction of failure load is considered for a 
unidirectional laminated carbon fibre, ply thickness of 
0.13 mm, lay-up [0/(±45)3/(90)3]s,[0/(±45)2/(90)5]s, 
and [0/(±45)/(90)7]s, and total thickness of specimen is 
2.6 mm.  Maximum percentage difference between 
Chang and Hashin predicted failure load with respect 
to experimental load is -6.6%, and -6.5% 
respectively. Figures 5 (a-b) show F versus  curve 
for lay-up [0/(±45)3/(90)3]s, and [0/(±45)2/(90)5]s 
using Hashin, and Chang criterion defined in 
USDFLD subroutine approach. Figures 6(a-c) show 
predefined FVs plot for fibre, matrix and shear 
damage. First, damage starts with matrix failure as 
weft strength and stiffness are less and afterward 
damage starts on fibre for a U.D. carbon fibre.  

  

 
   Fig.4 Force versus displacement curve with different mesh size 

 
Table 3a Validation of experimental results with subroutine results for a plate with circular cutout 
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Table 3b Validation of subroutine predicted failure load with published experimental work 

 

               
(a)                                                        (b)             

Fig.5 Force versus displacement curve for (a) lay-up [0/(±45)3/(90)3]s, and (b) [0/(±45)2/(90)5]s, 

                                      
              (a)                                                        (b)                                              (c) 

Fig.6 Predefined field variable for (a) matrix failure, (b) fibre failure, and (c) shear damage 
 

4.2. Examination of laminated plate with hatch cover 
Figure7 shows F versus  curve for a laminated 

plate with hatch cover for fibre orientation 00/900. The 
subroutine F using Hashin and Chang progressive 
failure criterion is examined using bidirectional 05 
plies, each ply thickness 0.3 mm. In elastic region, F 
increases with increase of  once, damage starts F 
decreases with increase of displacement as stiffness 
start degrading while without stiffness degradation 
model still suggest that load increases with 
displacement. Once, the fibre orientation changes from 
00/900 to 450/-450, the failure strength decreases as 

shown in Fig.8. It is because of decrease in specimen 
strength in the direction of acting load.  

Table 4 shows validation of subroutine estimated 
FL with experimental work of a finite plate with hatch 
cover. The average strength of a laminated plate is 
reduced by 29% with respect to laminated plate 
without stress concentration. The maximum percentage 
difference between subroutine estimated FL using 
Hashin and Chang criterion with average experimental 
results are -2%, and 3% respectively. 

Figure 9 shows effect of fibre orientation on F and 
K for a laminated composite plate with multiple edge 
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cracks, with, and without stiffness degradation. An 
experiment is performed as discussed in section 3.1, 
and in the direction of damage of laminated 
specimen, four number of cracks (a1=a2=W/15) is 
considered for examination of fracture parameters 
(refer Fig. 2c). As load increases, SIF value increases 
in elastic region, as SIF is directly proportional to 
load. Once damage starts, SIF with stiffness 
degradation is not proportional to load, whereas SIF 
without stiffness degradation is still increases as 
shown in fig. Once, fibre orientation changes from 
00/900 to +450/-450 specimen strength and critical 
stress intensity factor decreases, it is because of 
decrease in specimen strength in the direction of 
acting load. The subroutine estimated fracture 
parameters using Hashin criterion show an excellent 

agreement with Chang criterion for a laminated 
composite plate with hatch cover.  

Table 5 shows effect of stiffness degradation on 
FL, and critical Kc for a plate with multiple edge 
cracks emanating from hatch cover. The value of Kc 
for a laminated plate multiple edge crack (a1= a2= 2 
mm), and hatch cover are 5635 MPa (mm)1/2 
corresponding the FL of specimen is  6805 N, and  
6820 N using Hashin criterion, and Chang criterion 
respectively, whereas without stiffness degradation 
model suggest 13439 N load for same value of Kc. 
For fibre orientation +450/-450 , the Kc are 4621 MPa 
(mm)1/2, and 4172 MPa (mm)1/2 corresponding 
strength are 1824 N, and 1827 N using Hashin and 
Chang criterion respectively, whereas without 
stiffness degradation model suggest 2757 N load for 
same value of Kc.  

 

 
Fig.7 Force versus displacement curve 

 
Table 4 Validation of experimental results with subroutine results for a plate with hatch cover 

                  
 

Table 5 Effect of stiffness degradation on failure strength, and critical SIF for a plate with hatch cover 
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Fig.8 Effect of fibre orientation                                     Fig.9 Effect of fibre orientation on load and SIF 

  
CONCLUSION

In this paper, subroutine approach is successfully 
applied to a laminated plate with cutout, hatch cover 
with multiple cracks, and it is capable to estimate the 
load, failure load, stress intensity factor, and critical 
stress intensity factor. Once, fibre orientation changes 
from 00/900 to 450/-450, the failure strength decreases. 
It is because of decrease in specimen strength in the 
direction of acting load. The results indiacte that 

without stiffness degradation model significantly over 
estimate the load for same value of displacement, and 
stress intensity factor for a laminated plate with 
multiple edge cracks emanting from stress 
concentration location. The subroutine estimated 
value of failure load show good agreement with the 
experimental work.  

 
NOMENCLATURES 
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