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Summary 

The use of composite materials in the aerospace industry 
is increasing. Composite materials offer a relatively high 
strength-to-weight ratio as well as the ability to create 
large, integrated structures. One composite component 
can replace 10 or more traditional metal parts, which can 
dramatically reduce manufacturing time and cost.  

The Boeing 787 will be the first airliner to use composite 
materials in the majority of the aircraft construction. 
Analysis tools that can accurately simulate the behavior of 
composite materials are critical to the successful design 
and use of composite structures. Through the Composites 
Affordability Initiative (CAI), Boeing developed a finite ele-
ment implementation of the Virtual Crack Closure Tech-
nique (VCCT). Dassault Systèmes SIMULIA Corp. 
teamed with Boeing to provide this technology as a fea-
ture of  Abaqus/Standard. This capability allows for the 
simulation of brittle interfacial crack propagation due to 
delamination/debonding. 

This technology brief examines the behavior of a stringer-
stiffened composite panel subjected to in-plane shear 
loading. The Cooperative Research Centre for Advanced 
Composite Structures (CRC-ACS) experimentally tested 
single stiffener panels with a defect introduced in a  
portion of the bond between the skin and the stringer.  
Using the VCCT fracture analysis capability, the panel 
test is simulated and the results are compared to experi-
mental data.  

Background 
One of the main failure modes for the skin of an aircraft is 
buckling. Stringers are often bonded to composite panels 
to help increase the panel’s buckling strength. The analy-
sis of such panels often investigates the total strength 
assuming an initial flaw, such as a crack in the bond be-
tween the skin and the stringer, and the strength of the 
panel during crack growth. 

The information that the analyst and designer seek from 
the simulation of stringer-stiffened panels includes: 

1. the total load carrying capability of the panel 

2. the load at which a crack in the stringer bond line initi-
ates 

3. the stringer debond/crack growth characteristics 

The VCCT fracture analysis capability in Abaqus simu-
lates crack growth in bonded composite structures.  

Key Features and Benefits  

VCCT in Abaqus is applied during run time, so 
remeshing, reanalysis, and stand-alone post-
processing are not necessary. 

Supports active propagation of delamination/
debonding during loading. 

Calculates crack growth based on linear elastic 
fracture mechanics (LEFM). 

Allows mixed-mode crack growth, and includes 
three popular mode mixity criteria. 

Can be included in a nonlinear analysis, and 
includes frictional contact to prevent penetration 
of cracked surfaces upon load reversal. 

Does not require a specialized postprocessor-

Abaqus/Viewer postprocesses all VCCT results. 

Description of Problem  

The goal of the CRC-ACS test and analysis program is to 
determine the load carrying capability of a composite air-
craft panel. The particular failure mode under investiga-
tion is buckling of the panel under in-plane shear loading. 
The buckling is induced by applying a displacement to 
opposite corners of the panel. The panel being investi-
gated, which is schematically shown with the test fixture 
in Figure 1, is flat and utilizes a single stiffening stringer.  

Buckling and Fracture Analysis of Composite Skin/Stringer Panel Using VCCT  



 

 2 

Finite Element Analysis Approach  

For this problem CRC-ACS previously developed a finite 
element model of the panel that was used for design 
analysis studies. This model, which was in NASTRAN 
bulk data format, is converted into an Abaqus model us-
ing the fromnastran utility and then imported into 

Abaqus/CAE for further definition of model and analysis 
parameters.  

The finite element model, which  is shown in Figure 2, is 
mainly comprised of layered shell elements.  

The stringer is co-cured to the panel. The panel and the 
stringer are made out of similar composite materials and 
similar ply lay-ups. The analysis and testing presented 
here investigate the load carrying capability of the panel 
assuming a flaw in the skin-stringer bond line. Flaws of 
this type are typically assumed to represent the largest 
undetectable flaw or crack. To simulate this flaw, a re-
lease film is used to create an unbonded region in the 
bond between the panel and the stringer. 

There are two main effects of the introduction of a flaw in 
the bonded structure. First, there is a reduced maximum 
load capability. Second, and more important, under load 
the crack will grow and further reduce the strength of the 
panel. Both of these effects are investigated through the 
test program and analytical simulation of the panel. 
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Figure 1:  Schematic diagram of panel buckling test 
(Copyright CRC-ACS LTD., 2005) 

Definition of VCCT Fracture Properties 

The preparation of a VCCT analysis begins with the defi-
nition of the surfaces for the region of possible debonding; 
these surfaces are then used in a contact pair. The inter-
action properties for this contact pair are then defined to 
include the fracture parameters, such as the fracture 
toughness and the mode mixity criteria.  

Three common mode-mix criteria are provided: the B-K 
law (see Ref. 1), the power law (see Ref. 2), and the 

The region around the area of the initial flaw is more finely 
meshed than the remainder of the panel. Mesh tie con-
straints are used to join the fine mesh region to the coarse 
mesh region and to connect the panel to the stringer away 
from the crack region. The mesh tie constraint facilitates 
modeling by automatically connecting meshes of different 
densities with a surface-based formulation.  

The fine mesh areas of the panel and the stringer are 
connected using contact surfaces. Within the contact sur-
faces the areas that are initially bonded and debonded 
must be defined. In Figure 3 the initially debonded area is 
orange and the initially bonded area is dark blue. 

Figure 2:  Abaqus model of the skin-stringer panel with con-
tact surfaces defined between the skin and the stringer in 
the region of the initial crack and possible crack growth 

Figure 3: Initially debonded area 
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Reeder law (see Ref. 3). For the present analysis the 
power law model is used:  

Loading 

The skin-stringer panel is loaded by applying an enforced 
displacement at the corner nodes of the panel (Figure 2). 

Output 
The results recovered from the simulation mirrored the 
measurements that were made during the actual panel 
testing. The load versus deflection is recovered along with 
out-of-plane displacements of the panel and strain meas-
urements at various locations along the panel. In addition, 
the load at crack initiation and the crack growth character-
istics are also recovered. 

Results and Discussion 

The panel did indeed buckle under the imposed displace-
ment. The scaled deflected shape computed by Abaqus is 
shown in Figure 4. The buckling began before the crack in 
the panel grew, and growth of the crack did reduce the 
overall stiffness of the panel.  

Representative crack initiation and growth results are 
shown in Figures 5–7, where the debonded region is 
shown in red. The crack growth initiated (first node re-
leased) at a load of 116 kN, but further growth of the 
crack did not occur until 146 kN, at which point many 
nodes released and the crack continued to grow with in-
creasing load. These results are very close to observa-
tions during the test program. Three nominally identical 
panels were tested. Based on audible acoustic emissions, 
crack initiation/growth for the panels occurred at 146 kN, 
154 kN, and 175 kN. These load values agree well with 
the crack growth predicted in the simulation.  
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The shape of the predicted crack growth correlated well 
with that observed experimentally. Figure 8 shows a pho-
tograph of the debonded region in Panel 2 at the end of 
the test.  

Figure 4:  Deflected shape of the buckled panel 

Figure 5:  Debonding at load of 116 kN 

Figure 6:  Debonding at load of 148 kN 

Figure 7:  Debonding at load of 216 kN 

Figure 8:  Panel 2 crack growth occurred in the upper left 
position, which matches analytical predictions 

(Copyright CRC-ACS LTD., 2005) 
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Along with the observations of the debonded region, the 
panel out-of-plane displacements (buckling magnitude) 
and strain measurements were compared between test 
and analysis. In Figure 9 the locations of the linear vari-
able displacement transducers (LVDT) are shown in red, 
while the strain gage locations are shown in blue. Both 
LVDTs are on the stiffener side of the panel. Strain gages 
were mounted on the stiffener side of the panel at location 
1 and on both sides of the panel at location 2.  

The LVDT measurements are plotted against the Abaqus 
simulation results in Figures 10 and 11. Strain measure-
ments are compared against analytical predictions in Fig-
ures 12, 13, and 14.  

In Figure 11 the buckling magnitude is calculated as the 
difference between the readings of LVDT 1 and LVDT 2; 
the corresponding Abaqus output is also shown.  

1 2 

1 
2 

Figure 9:  LVDT and strain gage locations 

Figure 10:  Out-of-plane displacement (LVDT 1) compari-
son between test and analysis 

Figure 12:  Comparison of measured strain and  analyti-
cally predicted strain on the stringer (gage location 1) 

Figure 13:  Comparison of measured strain and analyti-
cally predicted strain on the panel (gage location 2, stiff-

ener side) 

Figure 14:  Comparison of measured  
strain and analytically predicted strain on the panel (gage     

location 2, back side) 
Figure 11  Out-of-plane displacement comparison be-

tween test and analysis 



  

 5 

About SIMULIA 
SIMULIA is the Dassault Systèmes brand that delivers a scalable portfolio of Realistic Simulation solutions including the Abaqus prod-
uct suite for Unified Finite Element Analysis, multiphysics solutions for insight into challenging engineering problems, and lifecycle 
management solutions for managing simulation data, processes, and intellectual property. By building on established technology, re-
spected quality, and superior customer service, SIMULIA makes realistic simulation an integral business practice that improves prod-
uct performance, reduces physical prototypes, and drives innovation. Headquartered in Providence, RI, USA, with R&D centers in 
Providence and in Suresnes, France, SIMULIA provides sales, services, and support through a global network of over 30 regional 
offices and distributors. For more information, visit www.simulia.com 
 

The 3DS logo, SIMULIA, Abaqus, and the Abaqus logo are trademarks or registered trademarks of Dassault Systèmes or its subsidiaries, which include ABAQUS, Inc. Other company, product, and 

service names may be trademarks or service marks of others. 

Copyright © 2007 Dassault Systèmes 

Conclusion 

The load carrying capabilities of a composite bonded skin/stringer panel were analyzed, and the analytical predictions 
were compared to test measurements. Good correlation between the analysis and test were observed. Abaqus VCCT 
capabilities were utilized to model the crack growth in the bond between the stringer and the panel, and the predicted 
cracking characteristics of the structure matched between test and analysis.  
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Abaqus References 

For additional information on the Abaqus capabilities referred to in this brief, see the following Abaqus 6.11 documenta-
tion references:  

Crack propagation analysis, Section 11.4.3 of the Analysis User’s Manual 
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