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A consultative system for structural analysis using a production
system OPS5

Genya Aoki

Abstract

This paper describes a consultative system for the input data format of a general
purpose finite element program MARC using a- production system OPS5. The
knowledge bases about the procedures and data format of MARC are stored in
memory as production rules. The MARC input data for a certain analysis are made up
through the interaction between a user and the system which consists of a number of
rules. An example procedure is demonstrated.

1. 8 A » &

&R ICB T 2MERTICH - - TIIARERRE
L& 37075 ADFERIBRIE—RBIITON TN S,
2L T, HBEHERICOVTHERLE» L, #RIICE
RO L NI LABERIT 70 77 a0°% L Av b
Twd, INLD7 T TLIZEFDBEENEE Sz,
FOERFENEFEICEETHY), 2N s5nFH~=
YTNLTFR=—D 282 2AkME L -T2, BER
db B VITHEERETICHBT 2HEMEICEL-T, 2N
LNDT7AT I ADANT—FDEREEZBEL, T
PHZTHIMTTTEL L, ARERKICLDHE
RIS -> CEELRIBL L > TV D,

ARl 7- BB BRI 5 BT, 1062810 58
BRI XBT28EN X 2%—} - L RAT LD
BYRALNTWE, ZZTENLNDFNRENL D
DEFEBL TAH D, Bennett 59 2HAFE Y —LE LT
EMYCIN # B CTILABERIT 7 v 777 4 MARC
DHLLEBT OB HTET FoNx4 X - L 2T 2 2 BE
L 7z, Fjellheim?3[& U ¢ EMYCIN %# FH\v» T, Det

* HEE R
[Rf&ZAT | BEFO0634E 5 A258

norske Veritas NiEERNT 7 0 75 L5 Sesam-697
FHEBIRIE A7 2 21EHK L 72, Grooms 52 ILAH
HEMIF 72 777 4 NASTRAN ##4% & L T FOR-
TRAN CRRA L= 2TIWRBRE /" ETTNMLXES
2T L%EVE-72, Chen 5913 LISP Tk I N /-FHR
VNV ERAWTEEL AT LEHE L2, TNH0E
BB Z BN DN L X 29—} - V2T LI, HHR
7TurIn, FREOL~UL, BRIEIZOWTIrLY
BELZLDEL>TVD, ZNIEFBRTIZZ X =2
— P VRATLERIIERDZICIE, NRETELRT
BETLZEFLEZ L L TH S,

IXZN— b c LATLRERTENICHEL 2 FE
HEWIHEREY—NVIISEES D TN FNFELEL
TWd, TNLIZOWTOHFEM L EHITEME 2B
D, TZTIIREBIZHINETLZTICEDE, £TE
e LT, 5B IcE: LISP, iERBEICED
w72 PROLOG, # 72 =z 7 }$eMa SMALLTALK
Erpb, INLDEBELEHNTZX R/} - 22
TLEERT B2 EDTE DY, BERNLHRBES
MG EE L &AL Y — BT, VAT A
DEREHEIAEET L, THHFZF R — ) - VAT
LERY—-NTH B, EMYCIN, OPS5 HEo5d5i < »0 &
moenTsY, BT ART,KEEZEnER Y — L

(555)



74
PECHLN T3,

EE S ALY OBERNT i~ oA RO
WTHEBE L RABNRLIT-> TV 5%, %ic, ATH
BFETHLMCERAEN T2 ) 2 LB EEE
LISP O #E:&E M ~ 0@ % et L 7225, 4Bk 7
Ry gy AT LD L TRENL OPS5 7
H#e /et L 72, Mol 2 IF-THEN BX &3
L72bnr7ad gy - —LEnid, Zn7
¥ I gy —NCEDWTHIEANET S 2
TLETOT T3y VATLERATHE, DOF
WHEBAORREL T, SHEFRICBVYTECHYS
NTWHRAEERET 7277 . MARCOA T 7—
SER A HBETHL AT L E L2, &2 TKIZOPSS
DB LU MARCOA N T — FHERIZOWTZEN
FHOBMEL BN,

2. OPS5 O#HEESE

OPS 58903 REF H— R ¥ — - £ 2 K¥DCL.
Forgy ick - THREN T us 73> - S AT A
Thb, TOHAEEE® Figl 12777, rules [3AlIE—
am X 213 M — T8 o nt IF-THEN) T& &b v
—NDOEAVIEME N LB TH 5, data (2 /L—
ML > TERPDLVCEERENE T — I NEADIE
WENDEEFEBTH 5, interface ZFIHE & DA
hi#ke % BT 5., patters matching Tl &/ — /LD
HERE T~ EDETREEITY, &2 HET I
ToON—NLERET, 25 EHEEEA conflict set
&9, conflict resolution TlEBEAEANFH 5,
FHEDHTHHBIRKEIZHES T, VEDDONL—NLE
3E.a:, execution TiZ 2 MBIF N2 NL— LD RERE
EATL, data DHABFZEH T 2,

data AV & DDBEFRITIRNOTERTRI N D,

(name “attribute-1 value-1
“attribute-2 value-2+++- -+ )
Thbb, BEREHEIVW(O»0BHRLZLBELOEA
TEREENS, 72, VEPDDONL—NMIKROERTE
INb,

(p rule-name

(condition pattern) — (action))
Thbb, @85 p L—E, FEH L5, EITH
LR ENS, EHE, EITREIENEFRVON
DEZE, LB D, BELETRBEERCIZ I —2D
BICRFS 20115, ETHICBITT—#®EL L

(556)

T2 e make, % remove, Z & modify %5 %
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72k ziE, i data LEHEBICO L DDT— %
(beam “length 100 “material concrete
“status unused)
WHBELE, RDIL—IN
(p example
{(beam “length 100 “status unused)
<beam> }
(modify <beam> “status used)
(make beam “length 50 “material steel
“status unused) }
FETT S & data iLEEBD T — S I3RD L H 2%
%,
(beam “length 100 “material concrete
“status used)
(beam “length 50 “material steel
“status unused)
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ndEEREELET.
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Table 1 Data base of MARC elements

(558)

type code nodes coords | dof geom comment
truss 9 2 3 3 a, straight
beam 13 2 13 8 | ,sec.no., | curved open~section
beam 52 2 3 6 | a,ix,liy, straight elastic
beam 77 2-1 6 7-1 ,sec.no., | straight open-section
beam 79 2 6 5 | ,sec.no., | straight open-section
flat-plate| 49 3 3 5 t, triangle
flat-plate| 50 4 3 6 t, rectangle
flat-plate | 51 4-4 3-0 5-3 t, quadrilateral
thin-shell q 4 14 12 t, curved quadrilateral
thin-shell 8 3 i 9 t, curved triangle
thin-shell | 24 4-4 11 9-3 t, curved quadrilateral
thin-shell | 72 4-4 3-0 3-1 t, twisted quadrilateral
thick-shll | 22 8 6 5 nil curved quadrilateral
thick-shll| 75 4 3 6 t, tvisted quadrilateral
solid 7 8 3 3 nil hexahedron
solid 21 20 3 3 nil hexahedron
solid 57 20 3 3 nil hexahedron reduced-int
axi-shell 1 2 2 3 t,r, straight
axi-shell 15 2 5 4 t, curved
axi-solid 2 3 2 2 nil triangle
axi-solid 10 4 2 2 nil quadrilateral
axi-solid 28 8 2 2 nil quadrilateral




Appendix (2R L 7225, Z Z Tlz—BlicD>WTE DG
BBLUBLND MARCAH T~ 2§, MiED
feHRITREIR I B A IREY, BHAUICE, WMEEE, MY
MRBLNDAE) LT 5, UTIORYAT—F A2}
B AT LHhoNAAY FHEVEHNEETH S
W, Vo= DEDLFDH BV IHERBHBEOAN
Thb,
% List of analysis types *

eigen-extraction

transient

buckling

large-displacement
%k %k %k ok %k K 3k %k Kk k k k k k k k Kk
Select one of the above analysis types.
? transient
* List of element types *

truss

beam

flat-plate

axi-shell

thin-shell

thick-shell

axi-solid

solid
% % sk %k %k ok %k *k k % %k 5k k *k k % k k
Please type in one of the above element types.
? beam
Please type in morel or end! according to

whether more element types or not.
? morel
Please type in one of the above element types.
?flat-plate
Please type in morel or endl according to
whether more element types or not.

? endl
* beam code = 13 2nodes 8dof curved open-section
* beam code = 52 2nodes 6dof straight elastic
% beam code = 77 7-1nodes 7-1 dof straight open
* beam code = 79 2nodes 5dof straight open
* fqat-plate code = 49 3nodes 5dof triangle
* flat-plate code = 50 4nodes 6dof rectangle
* flat-plate code = 51 4-4nodes 5-3dof quad
Please type in the title of your analysis.
? Transient Analysis
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Please type in one of element codes for use.
?13
Please type in more2 or end2 according to
whether more element codes or not.
? more2
Please type in one of element codes for use.
? 50
Please type in more2 or end2 according to
whether more element codes or not.
? end2
* List of dynamic analysis methods *
1, Modal superposition
2, Newmark-beta
3, Houbolt
4, Central difference
sk %k %k %k %k %k ok sk %k %k ok sk %k k %k %k %k %k k %k Xk
Please type in the number of the above methods.
?2
LLEDR &2 & 2T BIEE» 5, KRISRT
MARC ANT—2»1B 5N 5,
TITLE, Transient Analysis
SIZING, 1000000,
ELEMENTS, 50, 13,
DYNAMIC, 2,
END
CONNECTIVITY
number of elements,
elem, code, list of nodes,
- * or CONN GENER(Fig.3) available
+ % code 13 has 2 nodes
+ % code 50 has 4 nodes
COORDINATES
max coord, number of nodes,
node, list of coordinates,
- % or NODE FILL(Fig.3), FXORD available
+ % code 50 has 3 coordinates per node
- % code 13 has 13 coordinates per node
GEOMETRY
n,
geom
list of elements,
* repeat n times these two lines
* code 13 has ,sec.no., for geom
* code 50 has t, for geom
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BOUNDARY CONDITIONS
n,
0.,
list of degree of freedom,
list of nodes,

* repeat n times these three lines

% code 50 has 6 d.o.f. per node

* code 13 has 8 d.o.f. per node
TYING,n,

% blank line
tye-code, tied node,
retained nodes,

* repeat n times these two lines
PROPERTY
n,
youngs, poissions, density,
list of elements,

* repeat n times these two lines
CONTROL
total time steps,
0.1, * convergence tolerence
INITIAL CONDITIONS

* or INITIAL VEL, INITIAL DEF available
nd, nv,
node, dof, disp,
node, dof, vel,
END OPTION
DYNAMIC CHANGE
tstep, total time, nstep,, nstep,

* Fig.4 for time step size
CONTINUE

KNFETEREINTVWEIDOHFMARCEFD X —7 —

FThh, BFEZARENTEEICL > TEDLNIE
HBLWIBEBTHL, L72h»T, hXFTREIN
TWwaTF—snricgEsRATE LIt -TA
NTF—2REKT D, ZONLFTREN TS T —
2L, BANFOEEDI L > TKECRELD, 20
AT LDRTINGIHET 2HEEZEH LI &F
B , VATLPRRKIZENVBELNT, ZITIEX
FTEBTRICEST, b, BENCHLRERT
Hb, EFROPIZEL THLNFIL, HLEBIZOW
TENFMABERL BV EEICHASING, 22T
i3, 220 P#% Fig3 1 X U Figd 2§ Fig3 3E%
SE BB 5 BE12, GENER # HWT, EisERE

* repeat nv times
* repeat nv times
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Fig.3 Simplified format for element data
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A t= time step size
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Fig,4 Selection of time step size
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Appendix 707 724 A b B L UBH
A-1 7ars34uyRXt

AiERE & L CREIARS), #RGE, MiEEE, M
MUABAD 4B 2R E LB AT LT 0
77 u6B% LTI, o8 write 2 BT 5 8U4THR
FIZERE L T 5,

1. (external twrite)
(defun twrite (x) (terpr) (print x))
. (literalize procedure analysis-type definition)
(literalize element type code nodes

coords dof geom comment switch)
. (literalize temporary term)

~ow N
. .

5
6. (p initialize
7. {(start) <start>}-->
8. (write * List of analysis types *
eigen-extraction
transient
buckling
large-displacemet
%k %k %k %k %k %k 5k k %k k kK k k %
Select one of the above analysis types.
?)
9. (make procedure Aanalysis—type (accept)
" definition parameter)
10, (write * List of element types *
truss
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11,
12,

13.
14,
15,

16.
17,

18,
19.
20.
21,

22,

23.
24,
25,
26,
27,

28,
29,

30.

(562)

beam

flat-plate

axi-shell

thin-shell

thick-shell

axi-solid

solid

%k %k %k 3k %k %k 3k %k k %k %k %k %k k k)

(remove <start>)

(make element “type truss code 9
“nodes 2 “coords 3 “dof 3 “geom a,
“comment straight “switch off)

* data base of elements Table 1
in the above format *

(make morel))

(p eleminf (morel) -->

(write Please type in one of the above

element types.
?)

(make temporary term (accept))

(write Please type in morel or endl
according to whether more element
types or not.

?)

(make (accept)))

(p elem-print (endl)

{(temporary “term <type>) <temp>}

{(element “type <type> “code <code>
“nodes <nodes> “dof <dof> “comment
{com> “switch off) <elem>)

-=>

(write * <type> code = <code> <nodes>
nodes <dof> d.o.f. <com>)

(modify <elem> “switch on))

(p paramcom {(endl) <startpc>} -->

(openfile mdata marcinput out)

(default mdata write)

(twrite Please type in the title of

your analysis.)

(twrite ?)

(write TITLE, (accept)

SIZING,1000000,
ELEMENTS,)

(remove <startpc>) (make more2))

31
32,

33.
34,
35.

36.
37,
38,
39,
40,
41,
42,
43,
44,

45,
46,
A7
48,

49,
50,

51,
52,

53.
54,
54,
55,

56,
57,

(p paramcom?2 (more2) -->
(twrite Please type in one of
element codes for use.)
(twrite ?)
(make temporary “term (accept))
(twrite Please type in more2 or end2
according to whether more element
codes or not.)
(twrite ?)
(make (accept))
(p paramcom3 (end2)
{(temporary “term <code>) <ttemp>)
{(element “code <code>) <elem>} -->
(modify <elem> “switch onl)
(remove <temp>))
(p paramcom4
{(element “code <code> “switch onl)
<elem>} -
(write <code> ,)
(modify <elem> “switch on2))
(p parameigen
{(procedure ~analysis-type eigen-
extraction definition parameter)
{proc>)
- (element “switch onl) -->
(twrite Please type in the number
of modes to be found.)
(twrite ?)
(write DYNAMIC,1, (accept),
END)
(modify <proc> ~definition model)
(make startp-m))
(p paramtrans
{(procedure ~analysis-type transient
“definition parameter) <proc>}
- (element “switch onl) -->
(twrite
* List of dynamic analysis methods *
1,Modal superposition
2,Newmark-bata
3,Houbolt
4,Central difference

%k sk ok %k ok ko k k sk k %k %k %k %k %k ok ok ok k ok

Please type in the number of




58.

59.
60.
61,
62.

63.
64.

65,

66,
67,
68.
69.

70.
71,

72.
73.
74,
75.

76.
7.
78.
79.

80,

81.
82.

83,

the above methods.
?)
(write DYNAMIC,(accept),
END)
(modify <proc> ~definition model)
(make startp-m))
(p parambuck
{(procedure “analysis-type buckling
“definition parameter) <proc>}
- (element “switch onl) -->
(twrite
Please type in the number of buckling
modes to be estimated.)
(twrite ?)
(write BUCKLE,(accept),
END)
(modify <proc> ~definition model)
(make startp-m))
(p paramlarge
{ (procedure “analysis-type large-
displacement ~definition parameter)
{proc>}
- (element “switch onl) -->
(write LARGE DISP
END)
(modify <proc> ~definition model)
(make startp-m))
(p modcoml {(startp-m) <startp-m>} -->
(write CONNECTIVITY
number of elements,
elem,code,list of nodes,
* or CONN GENER available)
(remove <startp-m>)
(make startmc2))
(p modcom?2 (startmc2)
{(element “code <code> “nodes <nodes>
“switch on2)  <elem)} -->
(write. * code <code> has <nodes>
nodes)
(modify <elem> “switch on3))
(p modcom3 {(startmc2) <startmc2>}
- (element “switch on2) -->
(write COORDINATES
max coord,number of nodes,

84,
85.
86.
87.

88,

89,
90.
91
92,

93.
94,
95.
96.

97.
98.
99.

101,

102,
103,
104,
105,

106,

107,
108,
109,
110,

81
node,list of coordinates,
. * or NODE FILL,FXORD available)
(remove <startmc2>)
(make startmc4))
(p modcom4 (statmc4)
{(element “code <code> “coords <coords>
“switch on3) <elem>} -->
* code <code> has <coords>
coordinates per node)
(modify <elem> “switch ond))
(p modcom5 {(startmc4) <startmc4>}

(write

- (element “switch on3) -->
(write GEOMETRY
n,
geom
list of elements,
% repeat n times these two lines)
(remove <startmc4>)
(make startmc6))
(p modcom6 (starmc6)
{(element “code <code> “geom <{geom)
Aswitch on4) <elem>} -->
(write * code <code> has <geom> for geom)
(modify <elem> “switch on5))
(p modcom?7 {(startmc6) <startmc6>}
- (element “switch ond) -->
(write BOUNDARY CONDITIONS
n.
0.,
list of degree of freedom,
list of nodes,
* repeat n times these three lines)
(remove <startmc6>)
(make startmc8))
(p modcom8 (startmc8)
{(element “code <code> “dof <dof>
“switch on5) <elemp} -->
(write * code <code> has <dof> degrees
of freedom per node)
(modify <elem> “switch on6))
(p modcom9 {(startmc8) <startmc8>}
- (element “switch on5) -
(write TYING,,n,
* blank line
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11,
112,
113,

tye-code,tied node,
retained nodes,

* repeat n times these two lines)
(remove <startmc8$>)
(make startms))
(p modeigen {(startms) <startms>)

14, {(procedure ~analysis-type eigen-

115,

116,
117,
118,
119,

12.

121,
122.
123,
124,

125,

(564)

extraction ~definition model) <proc>))}

(write PROPERTY

n,

youngs,poissons,density,

list of elements,

* repeat n times these two lines
END OPTION)

(remove <(startms>)

modify <proc> ~definition history))
(p modtrass {(startms) <startms>}
(procedure ~analysis-type transient

“definition model) <proc>} -->

(write PROPERTY

n,

youngs,poissons,density,

list of elements,

* repeat n times these two lines

CONTROL

total time steps,

0.1, * convergence tolerence

INITIAL CONDITIONS

* or INITIAL VEL,INITIAL DEF
available

nd,nv,

node,dof,disp, * repeat nd times

node,dof disp, * repeat nv times

END OPTION)

(remove <startms>)

(modify <proc> ~definition history))

(p modbuck {(startms) <startms>}

{(procedure ~analysis-type buckling
“definition model) <proc>} -->

(write PROPERTY

n,
youngs,poissos,
list of elements,

121,
128,

130,

131,

* repeat n times these two lines
POINT LOAD

n, .
1st dof,2nd dof,3rd dof, -. . . ..
* load for each degree of freedom
list of nodes,

% repeat n times these two lines
DIST LOADS

n,

load type,magnitude,

list of elements,

* repeat n times these two lines
END OPTION)

(remove <startms>)

(modify <proc> ~definition history))

(p modlarge {(startms) <{startms>}

., {(procedure “analysis-type large-
displacemest ~definition model) <proc>}

(write PROPERTY

n,

youngs,poissons, , , , yield, , m,
list of elements,

* repeat n times these two lines
WORK HARD

n, m, % m from PROPERTY
slope,breakpoint,

* repeat n times this line
POINT LOAD

n,

1st dof,2nd dof,3rd dof, . . . ..

* load for each degree of freedom
list of nodes,

% repeat n times these two lines
DIST LOADS

n,

load type,magnitude,

list of elements,

* repeat n times these two lines
CONTROL

total load steps,

0,1, * convergence tolerence
END OPTION)

(remove <startms>)




132.
133.
134,

13.

136.
137,
138.
139,
140,
141,

142,

143,

144,
145,
146.

147,

148,

(modify <proc> ~definition history))
(p histeigen
(procedure ~analysis-type eigen-
extraction ~definition history)
-=>
(write MODAL SHAPE
* blank line
CONTINUE)
(closefile mdata))
(p histtrans
(procedure “analysis-type transient
“definition history) -->
(write DYNAMIC CHANGE
tstep,total time,nstep,,nstep,
CONTINUE)
(closefile mdata))
(p histbuck
(procedure ~analysis-type buckling
“definition history) -->
(write BUCKLE
40,0.0001,

* max iterations,convergence tol.

CONTINUE)
(closefile mdata))
(p histlarge
(procedure analysis-type large-
displacement “definition history)
--=>
(write AUTO LOAD
number é)f times,
% for this load increment

PROPORTIONAL INCREMENT

0O,ratio,
% min cycles,ratio of next
to present
CONTINUE
* repeat any times these five
lines up to collapse)
(closefile mdata))

83

A-2 057 LnEEHR

ATI-2TIEHRRBE~NNDH I L EERL T b, 21
370 7T L&A 5, IEHD write XET 4 27
TrANADE X E L TERT20TH5, 173-
STIHERAME ZNCEINIBUERODES 21TY
> T b, 176-1313 > 2 7 288 b — T H N,
BETEBEORE, BRILTOFR, BLUEXRT—
I R—ZDEED AT 5 ATU-18 TR EE 2 1
THED LN, FNHIZOWTOERSITI-23CTHIE
ICEREN b, 72446 CTMARCA T T — 2% D
PARAMETER 7' W—7 D@ e E 15, 1T
25-2605VERL T A AN T — M T 27 7 A LDk
ETH D, 1747-73T PARAMETER 7L —7 iz B\
TEBIT IR A b ER R N 5, BITRERITER
%%k procedure DB % analysis-type TX B E 1 5,

MODEL DEFINITION 7' )v— 7 o 2@ 85845 41
T4-112TER 2 115, sEIRL 72 MARCEH 20— Pz
B4 5 &EOHER»ER S element 23 L T, KX
NDEANT—ZIcERE L TERENEATILZ-132T
MODEL DEFINITION 7' /L— 7125 W T & AT Iz
BHE B R S 115, EH 4 procedure DBHESL
definition »* 7V —7"% X34 %, 1T7133-148C HIS-
TORY 7 V=7 DT — I Hh{ER E N %, Tk I
MARC AR T = »ERE N7 7 A7 a—X
b,

(565)




