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FEA Model (element type, material, g

Stress and Strain Calculations (sever
boundary conditions and loading)

Results for static analysis

(Instability analysis in progress)(Instability analysis in progress)
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300 mm

760 m
m

FEA model
Thin Shell:10944 elementi

Non linear problems due to:
1 deformations >> thickness1.deformations >> thickness

•material behaviour

•Shell63 
•Shell181(keyopt0=0)
•Solid45+Shell181(keyopt1=1)
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Permaglass

densità=1850 Kg/m”densità=1850 Kg/m

Young Modulus=2.4E+10

P i C ff 0 17 [R f1]Poisson Coeff=0.17 [Ref1] Gem (kap
densità= 22

Young Mod
expermenta

Poisson Co

pton+copper
221.63 kg/m3

dulus=3.26E+9 (well-accordance 
al-calculated srtess-strain)

oeff=0.335**

**Ref:articolo
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Shell Only Shell Only 
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gravity+traction
n external side ( f l d

Shell63
Shell181

Frame +Shell

n external side (sf=load 
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Frame +Shell Frame +Shell 
uniform compression 
n the lower surface of 

Shell63+Shell63
Shell181+Shell18

the frame nodes
(f=load)

Shell181+solid4
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Umax=0.001407 m U a 0 00 0
hydrostatic stress with value
σ=0.163E+8 Pa
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CASE1CASE1
PPORTED SHELL (WITHOUT FRAMPPORTED SHELL (WITHOUT FRAM

WITH GRAVIT



maximum equivalent sig

Displacement scale=10

gma =0.147E+7 Pa 

BC i l t d ShBC:simply supported She
LOAD:only gravy g



SIMPLY SUPPSIMPLY SUPP
W
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WITH GRAVITY AND TENSILE  LOA



maximum equivalent sigma =0.16

BC:simply supporte
LOAD:gravity+ tract

`

64+8 Pa (<< sigma_ultimate) 
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tion load (1kgf/cm)
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σ =0.163E+8 Pa from CASE

CASECASE 

Y SUPPORTED SHELL WITH FRAMY SUPPORTED SHELL WITH FRAM
FRAME WITH COMPRESSION  LOA

Fy=σ ·(360*60EFx=σ ·(760*60E-6)0
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sigma_eq

Model: SimModel: Sim
LOAD:only unif

max) 0.744E 4 m
q (max)=0.152E+8 Pa

UX

UY

mply supported shell+framemply supported shell+frame
form compression on frame



Conservative calculations ( 
transient analysis wtransient analysis  w

Sh ll fShell+frame=some commen
shell prestress not yet taken into accoun

with initial stress in the shell could be donwith initial stress in the shell  could be don



me with different thickness:me with different thickness: 

mm-->umax=0.714E-3 m

mm-->umax=0.696E-3 m

mm-->umax=0.668E-3 m

mm-->umax=0.639E-3 m

2 4 6 8 mm2-4-6-8 mm


