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SUMMARY 

The buckling of isotropic and waffle s t i f fened c i rcu lar  cylinders with 
and without cutouts was studied using NASTRAN's Rigid Format 5 f o r  the  case 
of ax ia l  compressive loading, The results obtained f o r  the cylinders without 
cutouts are  compared w i t h  available reference solutions. The r e su l t s  fo r  the  

isotropic cylinders containing a s ingle  c i rcular  cutout with selected radii 

are compared w i t h  available experimental data. 
cylinder, the effect  of two diametrically opposed rectangular cutouts was  
studied. 

of d i f fe ren t  prebuckling and buckling boundary conditions. 

taken of available symmetry planes t o  formulate equivalent NASTRAN model 

segments which reduced the  associated computational cost  of performing the 

analyses. Limitations of the appl icabi l i ty  of NASTRAN f a r  the  solution of 

problems with nonlinear character is t ics  are  discussed. 

For the  waffle s t i f fened 

A D W  a l t e r  sequence was used t o  permit the necessary application 
Advantage was 
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INTRODUCTION 

Thin-walled circular cylindrical shells are commonly subjected to 
compressive type loading, and hence, buckling of these structures must be 
considered as a possible failure mode. 
of these structures can significantly reduce their load carrying capability 
as well as complicate the buckling analysis. 

The presence of cutouts in the sides 

A limited number of experimental (refs, 1, 2, and 3) and finite- 
difference analytical (refs, 3 and 4) studies ofthe effects of cutouts on 
cylindrical shell buckling behavior have been reported. 
have been limited to isotropic cylinders with unreinforced circular cutouts 
and reinforced and unreinforced rectangular cutouts. 

These investigations 

Current activities at the Langley Research Center include testing and 
analysis of small scale isotropic cylinders and very large waffle stiffened 
cylinders with cutouts. The NASTRAN finite-element program was used to 
perform the analytical studies of the buckling characteristics of these 
cylinders, 
single circular cutout at +,he midlength of the cylinder and a waffle stiffened 
cylinder with two diametrically opposed'rectangular cutouts at midlength, 
The sizes of the cutouts were changed to determine the effect on the buckling 
load. 
presents some of the analytical results, and makes a comparison with exgeri- 
mental results for the buckling of a typical isotropic cylinder with a 
circular cutout. 

Analytical studies were made of an isotropic cylinder with a 

The current paper describes the details of the NASTFUN analysis, 

TEST CYLINDERS 

Isotropic Cylinder 

The isotropic cylindrical shell test specimen studied in this investiga- 
tion was 25.4 cm long, had a shell radius of 10.2 cm and a wall thickness 
of 0.025 cm. The test specimen was made from Mylar polyester film. The 
modulus of elasticity of this material was experimentally determined to be 
equal to 5.0 GN/m 
equal to 0.3. 
'DuPont reg is te red  trademark- 

1 

2 and Poisson's ratio was taken from reference 5 to be 
A series of single circular cutouts with selected radii 
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ranging up t o  approximately 3'11 cm were cut i n to  the cylinder w a l l  at mid- 

length. 
t o  provide a clamped end boundary condition, 

force was applied at the  center of the top end plate .  

Thick aluminum end p la tes  were attached t o  the  ends of t he  cylinder 

A concentrated compressive 

Waffle Stiffened Cylinder 

A large waffle s t i f fened cyl indrical  shell soon t o  be tes ted  i s  i l l u s t r a t -  
ed i n  f igure 1. 

a skin thickness of 0.25 cm. 

modulus of e l a s t i c i t y  of 68.9 GN/m 

in tegra l  waffle s t i f f ene r s  consist  of circumferential r ings and longitudinal 

s t r ingers  each with rectangular cross-section. 
which was selected for the  analyt ical  study has two diametrically opposed 

rectangular cutouts of equal s ize  located at  the cylinder midlength. The 

rectangular cutouts have a circumferential are length of 0.61 m and a 

longitudinal dimension of 0.69 m, 

compression i n  a t e s t  f i x t u r e  which approximates clamped end boundary conditions,  

The cylinder has a radius of 1.53 m, a length of 2.39 m, and 

The cylinder material i s  aluminum which has a 
2 and a Poisson's r a t i o  of 0.333. The 

A potent ia l  tes t  configuration 

The cylinder w i l l  be tes ted i n  ax ia l  

NASTRAN MODELS 

General Comments On Modeling and Boundary Conditions 

A s t ruc tura l  model should involve suff ic ient  detail t o  represent 
accurately the  physical problem yet be as simple as possible t o  reduce the 

computational cost ,  
N A S T W ,  a cyl indrical  shell must be modeled by the use of f la t  p la te  

elements. This l imi ta t ion  requires tha t  a re la t ive ly  large number of 

circumferential g r id  points be used t o  obtain an accurate solution. 

addition, it i s  the recommendation of reference 6 tha t  NASTRAN quadrilateral  

p la te  elements be r e s t r i c t ed  t o  s ide dimension r a t i o s  between 1:l and 1:105* 
Compliance with t h i s  recommendation requires t h a t  a correspondingly large 

number of gridpoints be used i n  the  longitudinal direction. 

Since a curved p la te  element i s  not yet available i n  

In 
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contained within a 

approximately 3 gr id  points 
5 percent for s t i f fened cylinders,while approximately 5 grid points per half  

wave are required fo r  an isotropic cylinder f o r  the same accuracy, 
7 also suggests that the rotat ion about the radial axis be restrained at all 

gr id points f o r  cylinders modeled w i t h  f la t  plates.  
obtained i f  t h i s  r e s t r a in t  i s  not imposed because of the  low inplane rotat ional  

s t i f fness  of two nearly coplanar intersecting f lat  plates.  
i s  discussed further i n  reference 8. 

Reference 

Low buckling loads a re  

This  phenomenon 

The number of gr id  points necessary t o  model a s t ructure  accurately can 

be s ignif icant ly  reduced by taking advantage of exis t ing loading and geometric 
symmetry. 
two planes of symmetry. For the model w i t h  one cutout at cylinder midlength, 

one plane of symmetry contained the  cutout center and the cylinder axis of 

revolution,and the second plane passed through the cylinder at midlength 

normal. t o  the axis of revolution. For cylinders containing two diametrically 

opposed holes at cylinder midlength, a th i rd  plane of symmetry ex is t s  which 
includes the axis of revolution and is normal t o  the cylinder diameter con- 

taining the  two cutout centers. The applied loads were a l s o  symmetric since 
the concentrated load applied t o  the isotropic cylinder and the load resul%ant 
associated with the  uniform end shortening of t he  waffle s t i f fened cylinder 

were col l inear  with the axis of revolution. 

A l l  of the models considered i n  t h i s  investigation had a t  l ea s t  

Taking advantage of these symmetry properties allows a cylinder with 

one cutout t o  be equivalently modeled by a one-quarter cyl indrical  segment 
and a cylinder with two cutouts t o  be represented by a one-eighth segment 

as i l l u s t r a t ed  i n  figure 2. These segments contain e t r u e  boundary ( l i n e  1 

gure 2)  fo r  which bouadary conditions are prescribed t o  represent the 

actual edge conditions. 
l i nes  which have e i ther  symmetric or antisymmetric constraints imposed upon 

them. 
boundary constraints t h a t  can be imposed, and each combination should be 
considered t o  insure tha t  the lowest eigenvalue has been found, In t h i s  

In addition, there  are three a r t i f i c i a l  boundary 

There are eight possible combinations of the  symmetric and antisymmetric 



investigation r e s u l t s  are presented only for  symmetric boundary constraints.  

The buckling capabi l i ty  provided by NASTRAN i n  Rigid Format 5 i s  a 

l i nea r  bifurcat ion buckling analysis for  which the bifurcat ion OCCUTS from a 

l inea r  prebuckling state. 

buckling and buckling boundary conditions t o  be imposed. 
a t h i n  cy l indr ica l  s h e l l  i s  approximated by a l i nea r  bifurcat ion buckling 
analysis,  it i s  often necessary t o  impose different  prebuckling and buckling 

boundary conditions. 

imposed f o r  clamped o r  simple support conditions cons i s t  of one of t h e  fou r  sets 

of d i s t i n c t  boundary conditions a t  each end of  t h e  s h e l l  which accompany t h e  

formulation of' t h e  eighth order p a r t i a l  d i f f e r e n t i a l  equation derived from 
c l a s s i c a l  s h e l l  theory.  

buckling boundary conditions was made poss ib le  i n  t h e  present i nves t iga t ion  

through t h e  use of a DMAP a l t e r  sequence which was provided by t h e  NASTRAN 
Systems Management Office through the courtesy of Malcolm W. Ice of Boeing 
Computer Sciences, Inc. 

This Rigid Format does not permit d i f fe ren t  pre- 

When the buckling of 

The buckling boundary conditions tha t  a r e  usually 

The c a p a b i l i t y  of imposing d i f f e r e n t  prebuckling and 

This DMW sequence i s  presented i n  t h e  appendix. 

The prebuckling and buckling boundary conditions used i n  t h i s  investiga- 
t i on  a re  presented i n  t ab le  I. The numbers 1, 2,  and 3 i n  t h i s  t ab le  represent 

constrained displacements along the radial, circumferential and axial 

direct ions,  respectively (see f i g .  2 )  and the numbers 4, 5 ,  and 6 represent 

constrained rotat ions about these three  axes i n  a system of cyl indrical  
coordinates. In t h i s  investigation one simple support and two clamped 
buckling boundary condition s e t s  were examined. 
support boundary conditions allow uniform f r ee  expansion i n  the radial 

direction. The simple support buckling boundary condition s e t  consisted of 

zero radial and circumferential displacements, zero edge bending moment, and 
a zero ax ia l  load perturbation, 

conditions correspond t o  
boundary conditions allowed ax ia l  displacements t o  occur f r ee ly  and constrained 
a l l  other edge displacements and slopes. 

boundary conditions (case I)  was ident ica l  t o  t h e  prebuckling s e t .  
consistent i n  s h e l l  theory notation t o  se t t i ng  

w , ~  
t o  t he  ax ia l  coordinate. 

The prebuckling simple 

In  the  usual s h e l l  theory notation these 

w = v = Mx = Nx = 0. The clamped prebuckling 

One set of clamped buckling 
This i s  

= 0 where Nx = v = w = w 
'X 

represents the  first derivative of the  radial displacement w i t h  respect 

The second clamped buckling boundary condition s e t  



(case 11) constrained all rotations and displacements. 

she l l  theory notation t o  se t t ing  u = v = w = w = 0 where u represents- the 

axial. displacement. 

This i s  consistent i n  

'X 

Isotropic Cylindrical Models 

Two NASTRAN modeling configurations were used t o  study the isotropic 
cylinder. 

a cutout, and was  used t o  determine the  gr id  point network fineness necessary 
t o  provide an acceptable comparison w i t h  known analyt ical  resu l t s ,  
uniformly spaced network of 720 gr id  points used fo r  th i s  model consisted of 

twelve ax ia l  s ta t ions and s ix ty  circumferential s ta t ions ,  Following the 

suggestion of reference 7,  the rotat ion about the radial axis was constrained 
fo r  all gr id  points,  
case I1 as described above. 
and the applied load resulted from imposing a uniform axia l  displacement. 

The first configuration w a s  a model of the complete cylinder without 

The 

The boundary conditions f o r  t h i s  model were clamped 
The she l l  w a l l  was modeled by CQUAD2 pla te  elements 

The second model configuration w a s  intended t o  simulate an experimental 

parametric study of the  e f fec t  of a single unreinforced c i rcu lar  cutout on 

the buckling of a cylinder loaded by axial compression. 
made it possible t o  represent t h i s  problem by an equivalent one-quarter 

cyl indrical  segment. 

end p l a t e  model i s  presented i n  figure 3(a) .  

modeled by a framework consisting of CBAR beam elements. The framework 
included one CBAR element between the grid point at  the center of t he  end 
p la te  and each of the circumferential g r id  points on the  she l l  boundary, and 

a CBAR element between each circumferential gr id  point around the  cylinder 

Symmetry properties 

A schematic representation of the cylinder geometry and 
The aluminum end p la te  was 

2 ,boundary. The s t i f fnes s  of these bar elements was extremely high (2.9 GN-m ) 

t o  simulate the re la t ive  r i g i d i t y  of t he  end plate .  A concentrated ax ia l  
force w a s  applied at the  gr id  point located a t  the center of the end plate .  

The gr id  point network used for  a typical  c i rcular  cutout with radius a 

i s  presented i n  figure 3(b).  
used i n  the  v i c in i ty  of the cutout i s  presented i n  d e t a i l  A. 

grid point network was  used i n  the v ic in i ty  of the  cutout t o  represent the 

high loca l  prebuckling stress gradients shown t o  ex i s t  i n  th i s  region by 
several authors (e.g., r e f .  9 and 10) .  

An exploded view of the gr id  point refinement 
A very f ine  

The extent of t h i s  highly refined 
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grid point network (detail A) was three hole radii and was guided by the 
prebuckling stress distribution presented in reference 9. 
were considered ranging from approximately 0.406 cm to 1.27 cm and the 
corresponding models contained from 334 to 362 grid points. 
plate elements were used to model the shell wall. 
constraints were considered along the artificial boundary lines to limit the 
computational costs. 

Five cutout radii 

CQUAD2 and CTRIA2 
Only symmetric boundary 

Waffle Stiffened Cylindrical Models 

Four separate models were used in studying the buckling behavior of the 
waffle stiffened cylinder shown in figure 1. Details ofthe four models are 
presented in figure 4. 
the complete cylinder without cutouts. 
grid points used for this model consisted of nine axial stetions and sixty 
circumferential stations. 
eighth cylindrical segment with grid point spacing identical to model A and 
included 80 grid points. 
from model B by removing two grid points and the associated elements in order 
to represent two diametrically opposed cutouts at the cylinder midlength. 
cutouts in the cylinder represented by model C were rectangular and have a 
circumferential arc length and axial length equal to 0.64 ~1 

respectively. 
flat plate elements to represent the skin and CBAR elements to represent the 
rings and stringers. Since the spacing of rings and stringers was closer for 
the actual cylinder than for model C, equivalent properties were assigned to 
the CBAR elements on the PBAR card. Each CQUAD2 element was bounded on all 
four sides by a CBAR element. 
one-eighth cylindrical segment representing a cylinder with two equal 
diametrically opposed rectangular cutouts. Two cutout sizes were considered 
for model D; one with dimensions 0.61 m by 0.69 m,and the other with 
dimensions 0.91 m by 

respectively. 
for model D such that a skin panel bounded by rings and stringers was repre- 
sented by four CQUAD2 plate elements. 

The first configuration (model A )  was a model of 
The uniformly spaced network of 540 

The second configuration (model B) was a one- 

The third configuration (model C) was developed 

The 

and 0. 60 m 
The actual cylinder shown in figure 1 was modeled using CQUAD2 

The fourth configuration (model D) was a l s o  a 

0.69 m in the circumferential and axial directions, 
The grid point network in the vicinity of the hoiz was refined 

CTRIA2 plate elements were used to make 
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the  t rans i t ion  between regions of the she l l  with different  gr id  point spacing, 
The gr id  point refinement i n  the  v ic in i ty  of the hole was  guided by the results 
fo r  model C and by the high loca l  pre'buckling s t r e s s  gradient expected t o  
ex is t  i n  t h i s  region. 

both models C and D were reinforced by rings and s t r ingers  with the  properties 

ident ical  t o  those used i n  the  adjacent in te r ior  s t i f fener  elements. 

Model D contained 424 gr id  points. The hole edges for 

A uniform axia l  displacement was  the  applied loading condition f o r  a l l  

four models. Boundary conditions used for  these models included simple 

support, clamped case I, and clamped case I1 conditions as described i n  tab le  

I. 

Only symmetric boundary constraints were considered along the a r t i f i c i a l  
boundary l i n e s  of models B , C and D. 

The rotat ion about the  rad ia l  axis was constrained fo r  a l l  gr id  points. 

RESULTS 

Isotropic Cylinders 

The r e su l t s  of the NASTRAN study on the e f fec ts  of a c i rcu lar  cutout on 

the  buckling of a cylindrical  she l l  loaded i n  ax ia l  compression are  compared 
i n  figure 5 w i t h  some typical  experimental r e s u l t s  taken from reference 1. 

The buckling loads,  P, of these studies have been nondimensionalized by the 
c lass ica l  theore t ica l  buckling load, PcL, of a cylindrical  she l l  without a 

cutout, These normalized buckling loads are  plotted as a function of a non- 

dimensional geometric parameter 

where a i s  the  cutout radius,  

r = a / ( R t )  1/2  

R is  the she l l  radius,  and t i s  the  she l l  

thickness. 
determined buckling loads have been shown t o  be related t o  t h i s  parameter. 

The experimental r e su l t s  indicate tha t  it i s  possible t o  ident i fy  

Analytical prebuckling solutions (e.g. , r e f ,  9 )  and experimentally 

ranges of the parameter r for  which there were d i f fe ren t  buckling 

character is t ics .  For r less than approximately 0.5, it appears t ha t  
there  was no effect  of the  cutout on the experimental buckling load, and the 

familiar general collapse diamond pattern was always the buckling mode 

80 



(represented by square symbols on figure 5 ) .  For values of r between 

approximately 0.5 and 1.2 there was a sharp decline i n  the buckling load, and 

the  she l l  s t i l l  buckled i n  the general collapse pattern.  

reference 1 tha t  the  prebuckling s t r e s s  concentration around the hole i s  

apparently of suff ic ient  magnitude t o  cause the  hole region t o  snap in to  a 
loca l  buckling configuration which could i n  turn provide enough of a distur- 

bance at these applied s t r e s s  leve ls  t o  cause general collapse. 

r greater than approximately 1.2 a s table  loca l  buckling mode occurred i n  
the v i c in i ty  of the hole (represented by c i rcu lar  symbols on figure 5 )  which 

was followed by the  general collapse of the she l l  when a small additional load 

was applied. Phe buckling loads continue t o  decline i n  t h i s  range as r i s  

increased but a t  a much lower rate than for  the previous range. 

values of r ,  v i s ib l e  loca l  prebuckling deformations normal t o  the she l l  

surface were observed i n  the region of the cutout implying a loca l  nonlinear 

prebuckling behavior. 

It i s  suggested i n  

For values of 

For the  larger  

The buckling load from NASTRAN f o r  the  complete cylindrical  model without 

a cutout was fourteen percent greater than the c lass ica l  theoret ical  value, 

The mode shape consisted of fourteen circumferential half  waves and one axial  

half  wave. 

circumferential half  wave. 

storage of 300000 words on a Control Data Corporation 6600 computer, A greater 

refinement i n  the circumferential direction did not appear worth the cost. One 

suggestion for  reducing the CPU time required t o  obtain a solution might be t o  
reduce the number of ax ia l  gr id  points since for  the present solution there  

were twelve gr id  points per axial  half  wave. However, t h i s  would increase the 

r a t i o  of s ide lengths of the quadrilateral  elements t o  values well above those 

recommended i n  reference 6 and the accuracy of the resul t ing solution may be 

questionable 

The model therefore had approximately four gr id  points per 

The solution took 4079 CPU seconds with a core 

8 

The NASTRAN resu l t s  fo r  the  equivalent one-quarter cyl indrical  segment 

model fo r  cylinders with cutouts are represented by the dashed curve on 

figure 5. The buckling mode shape predicted by NASTRAN for  a l l  cases con- 

sidered was a loca l  buckling mode i n  the region of the cutout, 
of t h i s  loca l  buckling mode shape gives credence t o  the suggestion tha t  

general collapse i n  the experiment w a s  caused by a loca l  buckling mode fo r  

The existence 
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values of r between 0.5 and 1.2. For values of r l e s s  than approximately 

1.5 the  NASTRAN results provided an upper bound for  the  experimental r e s u l t s  

as should be expected from a solution technique based on the  minimization of 

the t o t a l  po ten t ia l  energy. For larger  values of r the  nonl inear i t ies  of 

the cutout problem become more pronounced and the  l inear  bifurcation analysis 

provided by NASTRAN gives r e su l t s  below the  experimental values. The l i m i t a -  

t ions of using a l i nea r  bifurcation analysis t o  approximate a nonlinear 

buckling phenomenon are  pointed out i n  reference 4 i n  which a comparison i s  

made between l inea r  and nonlinear buckling solutions for  some typica l  t h i n  

she l l  s t ructures  (e.g., the  collapse of a cyl indrical  panel due to, an applied 

concentrated l a t e r a l  load) .  

Waffle Stiffened Cylinders 

A summary of the  NASTRAN resu l t s  f o r  models of the  waffle s t i f fened 

cylinder i l l u s t r a t e d  i n  f igure 1 i s  presented i n  tab le  11, and includes 

eight d i f fe ren t  cases. The c r i t i c a l  buckling loads calculated using NASTRAN 

are normalized by the buckling load f o r  a s t i f fened simply supported 

cylinder without cutouts obtained from the analysis presented i n  reference 11. 

A bar graph i s  presented i n  f igure 6 t o  i l l u s t r a t e  graphically the  differences 

i n  r e su l t s  for  the  eight different  solutions. 

The NASTRAN resu l t s  f o r  the complete cylinder without holes (model A )  with 

simple support end conditions was within two percent of the  reference buckling 

load. 

constraints a lso agreed with t h i s  r e s u l t ,  indicating tha t  the  symmetric 

constraints applied along the a r t i f i c i a l  boundary l i nes  yielded the  minimum 

solution. A NASTRAN generated p lo t  of the buckling mode shape fo r  models A 

and B i s  presented i n  f igure 7. The mode shape included one longitudinal and 

eight circumferential half  waves,which was  the  same as predicted by reference 

11. The CPU time t o  generate these two r e su l t s  was  5.5 minutes f o r  model B 

and 79 minutes f o r  model A. Although a l l  eight combinations of symmetry and 

antisymmetry were not executed fo r  model B, it i s  projected tha t  even i f  they 

had been, the  cumulative t i m e  would have been l e s s  than tha t  required fo r  the 

solution fo r  the en t i r e  cylinder (model A ) ,  In  addition, a larger  core 

storage i s  required fo r  the  execution of the en t i re  cylinder model. 

The one-eighth cylindrical  segment (model B)  with simple support end 
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Buckling results obtained using models C and D for a simply supported 
cylinder containing two diametrically opposed holes are presented in table I1 
as cases 3 and 4. 
due to differences in modeling. 
in relatively close agreement (within eight percent). 
buckling mode shapes for the two mdels is presented in figure 8. 
Displacements have been normalized with respect to the maximum displacement 
amplitude which has been scaled to a value of 100. 
contour plotting technique is presented in reference 12. 
shapes are similar in character with the largest displacements occurring in 
the vicinity of the cutout. 
symmetric constraints exist along the three artificial boundaries (lines 2, 
3, and 4 in figure 2), it may be assumed from a study of the displacement 
contour plots that it probably would not be necessary to exercise a l l  eight 
combinations of symmetric and antisymmetric constraints to obtain the lowest 
eigenvalue. For example, an antisymmetric constraint along line 2 should 
yield essentially the same result as a symmetric constraint along this line 
since the magnitudes of the buckling displacements in the vicinity of line 2 

are relatively small. 
models C and D with clamped case I boundary conditions (cases 5 and 6 )  was 

twelve percent. 
were similar. 

The hole sizes for these two models were slightly different 
The critical compressive buckling loads are 

Contour plots of the 

A discussion of the 
These two mode 

Although it is assumed for this solution that 

The difference in the critical buckling load for 

As for the simple support case, the buckling mode shapes 

There was approximately a five percent decrease in the buckling load 

for cylinders with clamped case I1 boundary conditions (cases 7 and 8 in 
table 11) when the circumferential hole dimension was increased by 
approximately fifty percent. 
vicinity of the hole are sufficiently stiff to allow a redistribution of the 
prebuckling stress to prevent significant decreases in the buckling load. 

Apparently, the rings and stringers in the 



CONCLUDING REMARKS AND RECOMMENDATIONS 

NASTRAN has been used t o  study the  complex problem of the  buckling of 

cyl indrical  shells w i t h  and without cutouts. Reasonably acceptable agreement 
w i t h  known analyt ical  results was achieved fo r  isotropic  and waffle s t i f fened 
cylinders without cutouts when the appropriate prebuckling and buckling 
boundary conditions were imposed. 

buckling and buckling boundary conditions (which i s  usually required fo r  a 
l inear  bifurcation buckling analysis)  was made possible through the use of a 

DMAP a l t e r  sequence. For isotropic cylinders w i t h  cutouts it was found tha t  
NASTRAN provided an upper bound for  available experimental r e su l t s  fo r  s m a l l  

cutouts, and provided solutions lower than the  experimental r e su l t s  fo r  large 
cutouts. 

pronounced, and therefore the l i nea r  bifurcation buckling analysis capabili ty 

of NASTRAN cannot be expected t o  provide more than an approximation t o  the 
solution. 

The capabili ty of imposing different  pre- 

For the large cutouts, the nonlinearit ies of the problem become 

The computational cost of conducting a buckling analysis fo r  a structure 
is  several times the cost of performing a s t a t i c  s t r e s s  analysis fo r  the same 
model. Therefore, the user of Rigid Format 5 should seriously consider ways 

t o  reduce computational costs and the potent ia l ly  high demands placed on 
the computational f a c i l i t y .  In  general, taking advantage of problem loading 

and geometric symmetries can reduce the cost of preforming a buckling analysis. 
An argument can a l so  be made tha t  it i s  usually cost effect ive t o  select  an 

eigenvalue search range on the EIGB card which is l e s s  than the  expected 
eigenvalue t o  insure tha t  the lowest root i s  obtained and therefore,  that  a 

r e s t a r t  is  not required. It i s  recognized that some modules within the Rigid 
Format 5 DMAP sequence have greater  storage requirements than others. 
Additional computational cost reductions and improvements i n  f a c i l i t y  manage- 
ment could be made i f  it were possible t o  determine core storage requirements 

for  cer ta in  DMAP modules before the module i s  executed. With th i s  information 

it would be possible t o  adjust  core storage requirements during the 
execution of a problem t o  a specified minimum and therefore release unnecessary 

core. 
systems or by the user through exercising the NASTRAN checkpoint and restart 
feature . 
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This capabili ty might be achieved automatically on cer ta in  computer 



The systematic approach used i n  formulating a NASTRAN model simplifies 

the task of generating input data for general she l l s  with complex geometries. 

Solutions for t h in  she l l  buckling problems by the use of NASTRAN, however, 

require an understanding of s t ruc tura l  behavior t o  in te rpre t  properly the  

results. Therefore, NASTRAN must be used with discret ion t o  obtain buckling 

loads fo r  general she l l  s t ructures  because of the  complexity of t he  problem, 

and the  l imited reported user experience for these problems. 



APPENDIX 

DMAP ALTER SEQUENCE FOR PRESCRIBING DIFFERENT 
PREBUCKLING AND BUCKLIHG BOUNDARY CO&DITIONS 

ALTER 2 
FILE KDGG=APPEND ,SAVE/KNN=SAVE/GM=SAVE $ 
ALTER 47 
LABEL POINT1 $ 
ALTER 80 
PARAM 
COND POINT2 ,TEST1 $ 

PARAM //C,N9MPY/V,N,NSK1P/C,N,2/C,N,1 $ 
REPT POINT1,l $ 
LABEL POINT2 $ 
ENDALTER 

/ /C ,N , SUB/V ,N ,TESTl/ C ,N ,2/V , N , NSKIP $ 

*ALTER 104 

* - Use ALTER 109 f o r  l eve l  15 ar 104 fo r  l eve l  12.  

The execution of  the  a l t e r  sequence requires three subcases i n  the Case 

Control Deck. 

and 3 govern the  buckling solution. 

Subcase 1 governs the  prebuckling solution and subcases 2 

SUBCASE 1 
LOAD = 
SPC = 
mc = 
OUTPUT 

SUBCASE 2 
METHOD = 
OUTPUT 

SUBCASE 3 
SPC = 
Mpc = 
OUTPUT 
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TABLE 1,- BOUNDARY CONDI~IONS. 

Constrained displacements and rotations& 

Prebuckl in& 

2 *4 96 

112 B4 ,5,6 

192 94 s 5  96 

2 s4 ,6 

3,4 ¶5 

2,4,6 

3 94 9 5  

b Simple support - line 1 
Clamped case I - line 1 
Clamped Case I1 - line 1 
Symmetry - line 2 or 4 
Symmetry - line 3 
Antisymmetry - line 2 or 4 
Antisymmetry - line 3 

a.- Numbers 1,2’, and 3 represent radial,tangential,and axial displacements 
and 4,5, and 6 represent rotations about these axes, respectively in a 
cylindrical coordinate system. 

b.- Lines 1,2,3, and 4 are defined in figure 1. 
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Figure 4.- Waffle s t i f fened  cy l indr ica l  s h e l l  NASTRAN models, 
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Figure 8.- Radial buckling displacement contour plot for a one-eighth seg- 
ment of a simply supported waffle stiffened cylinder. 
displacements scaled to a maximum displacement of 100. 
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