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ABSTRACT 
 
Ring and stringer stiffened perfect and imperfect angle-ply cylindrical shells under combined axial compression 
and in-plane shear are optimized with a program called PANDA2 for the minimum weight design of stiffened 
panels, and the optimum designs are then evaluated with use of a general-purpose finite element code called 
STAGS. The good agreement between PANDA2 and STAGS predictions for the nonlinear collapse of 
imperfect stiffened shells justifies the use of PANDA2 for preliminary design. A new PANDA2 processor 
called STAGSUNIT automatically generates STAGS input files for cylindrical panels and shells with both 
stringers and rings that have various open cross sections such as Blades, Zees, Jays, Tees and Is. In 
STAGSUNIT the edge conditions are formulated so that STAGS models of sub-domains of a long cylindrical 
shell with many stiffeners can be constructed that do not have artificial prebuckling stress concentrations near 
the edges that might significantly affect predictions of bifurcation buckling and nonlinear collapse of the sub-
domain. Many STAGS models of optimized shells and sub-domains of shells with Blade, Zee, and Tee 
stiffening are generated and explored, both with respect to linear bifurcation buckling and nonlinear collapse. 
The behavior of shells with an initial imperfection in the form of a general buckling mode of the imperfect shell 
is described from a physical point of view. Some difficulties encountered during this project are described. 
 
INTRODUCTION 
 
Purpose of this paper 
The main purpose of this paper is to present minimum-weight designs derived by PANDA2 [1-10] for certain 
perfect and imperfect composite ring and stringer-stiffened cylindrical shells and to compare these with 
predictions from STAGS [11-13] for the optimized structures. PANDA2 and STAGS are described. A new 
PANDA2 processor called STAGSUNIT is described. STAGSUNIT automatically generates STAGS input files 
for ring and stringer stiffened panels and shells optimized by PANDA2. (2011 NOTE: For most cases 
STAGSUNIT supersedes STAGSMODEL, the older PANDA2 processor that automatically generates STAGS 
input files for panels with stringers but no rings.) Although the development and analysis of optimum designs 
for which one or more of the design load combinations exceeds the local buckling load of the panel skin are 
within the scopes of both PANDA2 and STAGS, in this paper the stiffened shells are optimized such that local 
postbuckling deformation of the skin is not allowed in the PANDA2 models. 
 



Brief review of the literature 
Local and overall bifurcation buckling of stiffened panels can be determined with the BUCLASP code [14] and 
with the newer successors to BUCLASP and VIPASA: the PANDA2 [1-10], POSTOP [15], VICONOPT [16], 
and PASCO [17] codes. PASCO, VICONOPT, PANDA2 and POSTOP are capable of obtaining optimum 
designs of such panels, and PANDA2, POSTOP and VICONOPT can do so including the effect of local 
postbuckling [3] of the panel skin and/or parts of the stringers. One of the PANDA2 processors, called 
STAGSMODEL [4] automatically sets up a finite element model of a panel previously optimized with 
PANDA2. The [PANDA2, STAGSMODEL, STAGS] combination has been used many times to optimize and 
evaluate optimum designs of panels under combined loads for service in the postbuckling regime [3,4,8]. (2011 
NOTE: STAGSMODEL has, for most cases, been superseded by the PANDA2 processor, STAGSUNIT.) Other 
works are briefly surveyed in Ref.[16] cited in [8]. 
 
Global optimizer SUPEROPT 
Global optimum designs can be obtained with PANDA2 by means of a processor called “SUPEROPT”, which 
is described in more detail in [6]. At intervals during the optimization process new “starting” designs are 
automatically generated as follows: 
 
y(i)=x(i)[1+dx(i)], i=1,2,..,ND    (1) 
 
where ND is the number of decision variables, x(i) is the old value of the ith decision variable, y(i) is the new 
value, and dx(i) is a random number between - 0.5 and +1.5 if the decision variable is other than a stiffener 
spacing and a random number between -1.0 and +1.0 if the decision variable is a stiffener spacing. The 
difference in treatment for decision variables that are not stiffener spacings from those that are stiffener 
spacings results from early experiments with SUPEROPT [6]. 
 
BRIEF DESCRIPTION OF STAGS 
 
STAGS (Structural Analysis of General Shells), is a shell finite element program with a strong bias towards 
stability analysis capabilities [11-13]. Apart from having a good nonlinear shell modeling capability (small 
strain but arbitrarily large displacements and rotations), STAGS is also equipped with path following techniques 
that make it possible to solve stability problems such as bifurcation buckling and collapse. The modeling 
capabilities include many design features that are frequently encountered in lightweight structures in the field of 
aero- and astronautics: a whole range of stiffener models, shell wall materials including composites, etc. In 
addition to the solution techniques for computing the static equilibrium branches of these models, STAGS also 
possesses robust transient time stepping methods. 
 
PANDA2 PROCESSOR “STAGSUNIT” 
 
Introduction 
Most of the effort expended to produce this paper led to the creation of a new PANDA2 processor called 
STAGSUNIT. STAGSUNIT uses the PANDA2 database plus some interactive input from the user to produce 
the two input files for STAGS called *.bin and *.inp, in which "*" signifies the user-selected name for the case. 
 
Table 1 lists typical input data for the new processor, STAGSUNIT. In this particular case the user is asking for 
an INDIC = 1 type of STAGS analysis (linear bifurcation buckling). Execution of STAGSUNIT produces the 
two STAGS input files, *.inp and *.bin. Table 2 lists the first part of the STAGS input file, *.inp in the 



annotated format automatically produced by STAGSUNIT. Table 3 lists the annotated *.bin file. Execution of 
STAGS followed by the STAGS postprocessor called STAPL produces plots of the type shown in Figs. 1 - 3. 
The STAGS input file, *.inp, is quite long. Table 4 lists just the headings in the *.inp file corresponding to Fig. 
1, in which the cylindrical panel and all stiffener segments are modeled as shell units with 480 finite elements. 
 
Scope of STAGSUNIT 
STAGSUNIT works for cylindrical panels stiffened by stringers and/or rings with blade, T, I, J, or Z cross 
sections. Unstiffened panels can also be processed. The cylindrical panel can span less than 360 degrees 
of circumference, as shown in Figs. 1 - 3, or can form a complete (360-deg) closed cylindrical shell. The panel 
skin and various stiffener parts are modeled as (what is called in STAGS jargon) "shell units". All or parts of 
the stiffeners can be modeled as discrete beam elements (210 finite elements) or as shell units. The user has five 
choices with regard to each set of stiffeners, stringers and rings. For stringers, for example, the choices are 
identified in the PANDA2 PROMPT.DAT file [10] as follows:, etc. etc. 
 
 
Table 7 Design variables used in this study. (from the AIAA 43rd Structures, Structural Dynamics and 
Materials Conference, AIAA Paper 2002-1408, 2002) 

 
 



 



 
 
Fig. 1 STAGS model generated with the PANDA2 processor called STAGSUNIT for the starting design of a 
ring and stringer stiffened cylindrical shell under combined axial compression and in-plane shear. (from the 
AIAA 43rd Structures, Structural Dynamics and Materials Conference, AIAA Paper 2002-1408, 2002) 
 
 

 
 
Fig. 2 STAGS model for the optimized design. (from the AIAA 43rd Structures, Structural Dynamics and 
Materials Conference, AIAA Paper 2002-1408, 2002) 



 
 

 
 
Fig. 3 Fundamental bifurcation buckling mode of the optimized design under Load Set 1 (see Table 8). (from 
the AIAA 43rd Structures, Structural Dynamics and Materials Conference, AIAA Paper 2002-1408, 2002) 
 
 



 
Fig. 5 Some modeling details pertaining to STAGS models generated via the PANDA2 processor, 
STAGSUNIT. (from the AIAA 43rd Structures, Structural Dynamics and Materials Conference, AIAA Paper 
2002-1408, 2002) 
 



 

 
 
Fig. 6 STAGS models when there are no fasteners, showing rings and stringer. (from the AIAA 43rd Structures, 
Structural Dynamics and Materials Conference, AIAA Paper 2002-1408, 2002) 
 
 



 
 
Fig. 17 Buckling of the skin in STAGS model type “2” for the optimized perfect blade-stiffened shell. (from the 
AIAA 43rd Structures, Structural Dynamics and Materials Conference, AIAA Paper 2002-1408, 2002) 
 
 



 
(from the AIAA 43rd Structures, Structural Dynamics and Materials Conference, AIAA Paper 2002-1408, 
2002) 
 
 



 
 
Fig. 19a Buckling in STAGS model type “4” of the optimized, imperfect, Tee-stiffened shell. (from the AIAA 
43rd Structures, Structural Dynamics and Materials Conference, AIAA Paper 2002-1408, 2002) 
 
 



 
 
Fig. 19b Mode of collapse of the same shell as that shown in Fig. 19a. (from the AIAA 43rd Structures, 
Structural Dynamics and Materials Conference, AIAA Paper 2002-1408, 2002) 
 
 

 
 
Fig. 27 Collapse mode in STAGS model type “5” for the optimized imperfect blade-stiffened shell. 
 



 
 

 
 
Fig. 28 Extreme fiber axial strain from the nonlinear STAGS analysis of the same shell shown in Fig. 27. (from 
the AIAA 43rd Structures, Structural Dynamics and Materials Conference, AIAA Paper 2002-1408, 2002) 
 


