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Abstract

The research uses the advanced software design technology: OOP, OOAD and UML to
propose a computational framework for recursive analyses. The framework integrates commercial
FEM software ABAQUS and reliability analysis codes to carry out structural reliability analysis
by taking advantage of the great analysis capability of ABAQUS. The scripting language Python
is used to implement the proposed software framework. The features of Python including fast
gluing of different programs, clear syntax, and the flexibility of Python object during runtime
contribute to the implementation of the framework. The research also uses a general text-file
parser that provides a user interface based on XML to parse both the input and output files
generated from ABAQUS. Finally, the proposed framework is used to study the reliability of
framed structures and plate and shell structures under the service load and the limit load.

Keywords: Software design, Python, Structural Reliability Analysis, Response Surface Method
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<7uml wersion="1.0" encoding="UTF-8" 7=
<l-- edited with XML3IPY w5 U (http://www.Xmlspy.com) by William (Persc
- «<TextFileDescription=
<DataTemplate />
- =Databeclaration:
<Datum Type="8tring" Name="Title" /=
- «Datum Type="Table" Mame="Nodes" Count="4">
- <Fields=
<Figld Type="Int" Name="NodeMum" /=
<Field Type="Double" Mame="X" /=
<Field Type="Int" Mame="X_Pos" /=
<Field Type="Double" Mame="%" /=
<Field Type="Int" Name="Y_Pos" />
=/Fields=
- <UserDefinedParsing=
- <loop Count="4" Index="i">
<Read Target="i.NodeMNum" Method="ReadString" />
<Pass Method="PassAfterChar" Parameter="," /=
<Read Target="i.X" Method="ReadString" /=
<Assign Target="i.X_Pos" Method="AssignFileStreamPosition" /=
<Pass Method="PassAfterChar" Parameter="," /=
<Assign Target="i.¥_Pos" Method="AssignFileStreamPuosition" />
<Read Target="i.¥" Method="ReadString" />
</Loop=
=/UserDefinedParsing>
=/Daturm=
«/Databeclaration:
+ <ParsingStream:
«/TexztFileDescription=

Bl- Assign ~ & i * gfz’mj

<?uml version="1.0" encoding="UTF-8" 7=
£l-- edited with XIMLIFY w5 U (htcp://www.xmlspy.com) by Wil
- «TextFileDescriptions
- «<Databeclarationz
- =Datum Type="Table" Name="parameter" Count="2">
- =Fieldsx=
<Field Type="Double" Name="Area" />
<Field Type="Int" Mame="Area_FileStreamPosition" /=
<Field Type="Double" Name="Ix" /=
<Field Type="Int" MName="Ix_FileStreamPosition" />
<Field Type="Double" Name="Iy" /=
<Field Type="Int" Name="Iy_FileStreamPosition" /=
< /Fields=
+ <UserDefinedParsing:=
=/Datumz
- =Datum Type="Table" Name="CLoad" Count="1">
- =Fieldsx=
<Field Type="Double" Name="Load" /=
<Field Type="Int" Mame="Load_FileStreamPosition" /=
</Figlds=
+ <UserDefinedParsing=
</Datumz
</DataDeclarationz
- =ParsingStream=
<Parse For="parameter" /=
zParse For="CLoad" /=
</ParsingStream:>
</ TextFileDescription=

Bl = XML 4 it 4 4 &
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Féﬁ’ Bl AR g J’“ BAE B AT 2T LA EHT R ﬁf’e‘ hApg op Ry
IE ' Fl A AR %W«L— BT PRI LB o AR Jﬁ# ¥ohftr P& R
X I array index &_i% & vR— i3~ 32 B RE42 i@ o ;1 R 0 d >t parameter £_Table s 4o & #1
# 7] > table ¥4 % B field 2 array #1i = » F]pt AP pF > * Jython 42 2 p 22 ) w)”list”
j\,m 3o e g P dzel (1) «frﬁ&:.} 51@;1;&11 b L o

FOUAR R LAL A > L E I RGOV R 0 R - B sz TR EE e
“\DataDef ey K2 L AtHE > kg IR ﬁ"‘l * F { #780 17 o ;¥ _DataDef # 2 20
PxFwr@a B A (list) B30 £ #Bigd 11%3 P4 inis Writer i@ % o d vl % 4
3P4 i TR A 00 byte ke s P10 S L0 < Sfel ff o 1 binary
BV BAhR R o RBRE B ATEREfE B R o B MR o

3 7 Jython 4 i% &c @ * > 4eim F (¥ DataDef fice 2% ¢ # Jﬁ IR T AT L H o

BB E (e R R RE) CBEEE R AR SR - BRI
*E A (GUI) » k- L e F 8 X iR a;ésbﬂg,gwi—z:ggu ¥ - ,];ﬁj:\—r\;%
B o & 22 scripting (IR B E 00 5 f 4 b Jython A~ scrlpt W afgsi i 5 F)p o

AFE 3 G 02 Jython script # s =& FALZ e o

foAFE L ER (R- ) p\ DataDef #-4& 2 setUpdateValues = j# 3¢ B S8k > K,ért

TR R ﬁi#ﬁsh Jython 4+ i s 2. b » B3 L AT e - dex (X 58 5> LHEFT A

) oo R Rd BRPRF S %\miﬂ’ “ﬁﬁ&%ﬁtm (Ablz new 2 7| LAER™ ¥ A
i) 1r#s§+)%im““~ 7 (pos 8 7] LAEF A T) o R B AR - s F kK
BoBANE AT EF2ZAEA G D * o

Y ”‘ﬁﬂi%ﬁfﬁﬁ# Fot BRI E R L TR ET 2V AR AT AL 1 1T
MERIRZ2 A FRY T Sl gk R _%z;g PR HFI B F
i\ﬁ“ra '"’fe.)iéo\’}‘ﬂ’pi ﬁx’ﬁ*ﬂ,y\%‘fﬁm#&«m} SRS (5.) & ‘J’Jfﬁ 1 l‘t‘?i‘
T iF 4 A,\ﬁ,ﬁ,fy (6)

G=0a—0

4oMle 52 K 2 SR (ALRF 1996) ¢ g s E=20x107 kN - 45 i #75
AL B ar fE L B ks 2 = @AT (=1, 2, L, 5) c EBRE S 2 ES A A A
PR Rl Y 4 P HER F Aok 2 A o fRPUREE D AR5

G=0.096-ua

HY 0096 5582 FHFKTEH Ut SBEAZ KT fod 222 AR5 VRTFRA
GERE TR LA AT
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B R HHEEBEERY

A
: ~ 2 4 1 1 4 2’ K3
[ ¢ ) ) T, Random Distribution
F > - - _ Mean COV ai
I ! 1 2 Variable Type
L 4 1 1 4 2
" 2 4 1 1 4 2 2
P, . A(m) 025 10% Lognormal 0.08333
P |2 4 1 1 4 2 2
i 33 Yo L Ay(m’) 016 10% Lognormal 0.08333
P : 1 4 3 3 4 1
|t 3 3 o As(m®) 036 10% Lognormal 0.08333
P : 1 4 3 3 4 1
R : 1 4 3 3 L A,(m?) 020 10% Lognormal 0.26670
" 1 4 3 3 4 1 v

— As(m) 015 10% Lognormal 0.20000

P(kN) 300 25% Ext Typel

Fe - k= B

Az Lo RCBRFLTIARASF RS

2 ;;Jeﬂ g * ok Reliability Index
AR F (1996) 1.4531
KA F (- Z =X F o #5F FORM) 1.4545

AR R R ARIR /I%H A FEZRBEEHET ARSI AR L&
FPREEFIFRELETZPARAWNPIEL BT i - FPHARREHEIHGREL g
a=6m > b/a=1.5 % & h=0.1m o & LR L > 422 255527 1 G4 e -

G =0.02 — Ucenter
A4 0.02(M)5 bt 33 KT A U 5 1Y B2 £ F i o
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Fow wif gL KR T#L“zs‘,ﬁkﬁ RELT

Random Distribution
] Mean cov
Variable Type
h(m) 0.1 10 % Normal
E(GPa) 20.0 10 % Normal
q(kN/m?) 1.0 20 % Normal

)

=4
o
ﬂ?
(w,
bl
i
T

*F 3 2 ABAQUS 2. Shell Element 3 % %F.f%ﬁé ;P 2. A& (VgL S8R 4Bl
Ao B~ Bpd R (=B~ = B4 ) reduced integration (= B ff ~ B) 2
3 T~ % - 1 ABAQUS CAE 2= "it&ﬁﬁﬂﬂ (4c@-= ) -

d ot gt G RE2 ¢ gR-® % 17 0 f& (Timoshenko 1959 )

4

Wmax = aﬁ
D
where o=0.0072 for b/a=1.5, \»=0.3
3
D__ EM
12(1—1/2)

Ft R Lk LS AT A7 SN A2 > T F u- fF o aEi2 (FOSM) & R 4
Bdptk o B~ & 04 ABAQUS 4 7. *%gﬁ 2 XML 5 i A o 50 * 42 _«j»_ﬁﬁ:%q.sgffr
ﬂ&ﬁﬂ"i ;é:m’l N Jython it ¥ ]é’ﬁﬂﬁz,g’% Kz ZBURE A2 (B4 ) ;5 i@

& @‘ﬁuﬁﬁ‘;}g‘;p\ A L hﬁé;(amk g2 U) R L " GRAES 277 o £ 7 T 5 12
‘5‘:? L 18 U #4240 FOSM 4p %43 ABAQUS v FOSM 4= RSM #7 i 7 FL/ A 45 4% % 1t i

B ABAQUS shell element S8R

=
\

v if R B2 ABAQUS -3
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<?sml version="1.0" encoding="UTF-8" 7>

<l-- edited with XMLSPY w5 T [(http:ift
- < TextFileDescriptionz
- «Datalbeclaration= def LSF({s):
<Datum Type="Double" Mame="U" /> G = 8.82-abs(s[1].U)
< /Databeclarations: return G

</ TextFileDescription=

Now B A KR B SRR . . i
B~ a2 LR S ABAQUS i Ah 2. XML B4 = &H& UK > 422 Jython script

27 v 3§ iJE 71'\1&1;..“:;%#]%&1 VTR AITESE
YRR AR Reliability Index
) i T RRZ B 5N
f1* Timoshenko (1959) iT i f#2_ &g 3\ & 3.0964

Uk i f245 e FOSM

*2 (B =K e R FORM) 3.0759

KLY SR RN S RS P AL B ET 2T LR A7
FP4E @ 4o@® - 5 - cylindrical shell » = 8§ £ -k » L=254mm > R=2540mm > 6 =0.1rad > 5&
M HC#c s 3.10275N/mm? > jf 4=t 5 0.3 0 &5 h=6.35mm > ¢ gk B¢ TEPe

5 SRR 2 A e e AP A R RBUR 2 R TR

G=R-S
:RJ_PW
HY PUZPRAAIT AR LE 9 4 2 U5 A PW=SP|°: FARLGIIERE Pk & T

BT A2 B E 0 SFLE ® 2 FS
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R EEN SRR

L
Random Distribution
) Mean cov
L Variable Type
|
hf I
\ ! K h(mm) 635  10% Normal
\ | /
\ /
\ \AE’L\QV'R E(N/mm?)  3.10275  15% Normal
|
\\ | '

i ¥ ABAQUS 2 shell element % %. S8R €3 T~ & 3] (@Bt - ) - 5713
EN

~ % ¥
HetAz B g o @ ABAQUS ik 2 33K 2 (RIKS Method) it 43 % & 3e
f E£-24 2 snap- back {7 5 5 Bl - 5 ABAQUS 4 47.% % ¥7 Bergan et al. (1978) =t
o
Load-Deflection curves for hinged cylindrical shell
+present
R ———————————— .| tar —=— Bergan (1978)

_,-Hn.'l -H.--a 8100 i S93 0 o w 12 F

X [
08 /
06 .
z
504 [
o
-
02

central node vertical displ. (mm)

Bl - w4 KRB P LB E

=
B
|

!
e
P
,Et“
¥
aiF

42 ABAQUS #-

]

ERAREURGE S AR 24 2FF 0 P AT RAARREEE 2T M G (R
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The Relationship between Safety Factor and Reliability Index

2.4

Reliability Index

0 1 1 1 1 1
1.2 1.3 14 1.5 1.6 1.7 1.8

Central Satety Factor

DRIENE B ¥R S I

Ph R

AEe #%Far?% NERT TR EAFE A AT BT 0 2 R 2 SR B
ﬁébﬁkmi@ 2 v B e %%%ﬁf'@?wiﬁﬁ o iR At E 2 foRg
Gl SRR EM AR > mE I AR L B R TR E Y “'”“*#‘a“?ﬂi‘?‘ %
ﬂ}#f%;; (BB R LB L) TLFTRRAY - AL L 220N v}gL PG oo
FlC TP RIS P AR T RSB T o

o
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