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Abstract. The crack arrest capabilities and the load bearing characteristic of a stiffened and unstiffened panel subjected to 
uniform remote displacement field is examined in this paper. A four stringer stiffened wide panel is analyzed for a center crack, 
propagating towards the adjacent stringers. The linear elastic analyses indicated a decrease in stress intensity factor when the 
crack approaches the stiffener. The non-linear analysis with crack across the skin-stringer assembly indicated a reduction in 
strength relative to an unstiffened panel. 
 
Introduction:  
 The continual need for light weight, large scale metallic structure has brought about a new set of problems 
related to fracture. In aircrafts weight is a critical problem, and can be addressed by using a thin skin and stringers. 
Stringers are usually joined to the skin using rivets or by adhesive bonding. Crack growth in stiffened panels joined 
by rivets has been studied extensively [1,2] when compared to stiffened panels joined by adhesive. Fracture analyses 
were conducted on a (adhesively bonded) stiffened panels using Franc2dl code with crack tip opening displacement 
(CTOA) fracture criteria. Comparisons of the stress intensity factor (SIF) and the load-crack extension on stiffened 
and unstiffened panels were made. 
  
Analysis, Results, Discussions: 

The stiffened panel is constructed entirely of aluminum alloy 2024-T3. A quarter symmetry model of the 
structural configuration considered is shown in the Fig.1. The 0.032in thick panel (skin) is 60 inches long and 40 
inches wide with an initial center crack which is 5 inches long. The skin is stiffened by 4 longitudinal stiffeners 
which are 2 inches wide and have a thickness of 0.04 inches. A half symmetry model is analyzed using Franc2dl.  A 
remote displacement field is applied to simulate tensile loading. The application of a displacement field ensures that 
the behavior of the panel beyond the peak value can be predicted. The adhesive bond between the skin and stringer 
is modeled using linear elastic constraint equations which utilize the relative displacements between the bonded 
parts and the adhesive shear modulus  

A linear elastic static analysis is performed and the stress intensity factor is calculated for both the stiffened 
and the unstiffened panels for various crack lengths keeping the same loading condition. Fracture occurs when the 
stress intensity factor reaches a critical value. A graph of SIF vs. crack length for both the panels is plotted in Fig.3. 
It can be seen that the stress intensity factor for an unstiffened panel keeps increasing with the increase in the crack 
length, but in stiffened panel the stress intensity factor decreases as the crack grows, increasing the load carrying 
capability of the panel. In this case, the crack propagates underneath the stringer. The SIF obtained using this 
analysis is inaccurate due to the negligence of plastic yielding of the stringer and the disbond growth that may 
initiate and propagate. 

In the second analysis, the plastic deformation of the panel and stringer was included by conducting a non-
linear analysis. However, the adhesive behavior was still linear elastic due to the limitations of the program. The 
CTOA (crack tip opening angle) criterion [3] was used to model crack extension under the prescribed loading. 
Unlike the previous case, due to the remeshing algorithm which is built into the program, both stiffener and skin had 
to be cracked when the crack length extended into the stiffened region. A graph of far-field stress versus the crack 
length shown in Fig.4 indicates that the load carrying capacity of the panel in case of stiffened panels is higher than 
the unstiffened panel until the crack touches the boundary of the stringer. When the crack grows into the stiffener 
region, the far-filed stress required to grow the crack is reduced which is opposite to what is indicated by the first 
analysis.   
A cohesive zone model [4] would be more suitable for the current problem as it could address the crack growth in 
individual components (skin, stiffener and adhesive bond) without resorting to remeshing at each load step.  
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Conclusion: 
Due to the limitations of Franc2dl with respect to automatic re-meshing, particularly in bonded layers the 

results depicted for crack lengths past the stringer boundary are questionable. Cohesive zone model (CZM) is a more 
practical method to overcome this problem; it represents the mechanical processes in the fracture process zone in 
front of the crack. 

 
 References: 
[1] Swift T. Damage tolerance in pressurized fuselages. In: Simpson DL, editor. New materials and fatigue resistant 

aircraft design. EMAS Ltd; 1987. p. 1-77 
[2] B.R. Seshadri, J.C. Newman, Jr., D.S. Dawicke and R.D. Young. Fracture analysis of FAA/NASA wide panels, 

NASA/TM-1998-208976. 
[3] L. Ma, P.W. Lam, M.T. Kokaly, A.S. Kobayashi. CTOA of a stable crack in thin aluminum fracture specimen, 

Engineering Fracture Mechanics 70 (2003) 427-442. 
[4] Weizhou Li, Thomas Seigmund, An analysis of crack growth in thin-sheet metal via a cohesive zone model, 

Engineering Fracture Mechanics 69 (2002) 2073-2093. 

 
Fig.1. 1/4 symmetry model                                               Fig.2. Finite element model 

Fig.3. SIF plot for stiffened and unstiffened panel               Fig.4. Comparison of strength of the stiffened   and  
            unstiffened panel                                                                                   
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