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A ppendix B

S U M M A R Y  Ol~ FI IA P MOl)I FICA’I’IONS t~OR IMPROV FI) EFFICI lINCY

‘Fhe major changes made to the l’ FAP program arc listed below:

1 Fhe entire program sv,is recompiled using F1’N (OPT=2) . Several I”ORTRAN errors were
found and corrected

2. The PUNCI I, PUNCIIB , TAP F8 and ‘l’AP I-I l 2 files were removed. Buffer sites we re
increased to 307 5 for TA PE7 and l’AP FI() and to 2050 for lA PE 13 and ‘l’APF 14
1 .-\ P l I becomes a direct acces s (QUICKIO) file with a buffe r size of 65 words . QUICKIO
is a l’OR’FR,\N callable subroutine which decreases I/O time

3 .\l l files were binary blocked using F’FNBJN.

4 ‘Fhe global stiffness matrix is saved on a direct-access file in subroutine MAKI-IA . I)uring
fo rssa rd reduction in USOL, no additional files arc used for sp ill-over processing. .\l l
interme diate storage required is written in-p lace as an appropriate record on the QUICK 10
t i le Ihis reduces the appropriate record on the QUICKI() file , wh ich in turn reduces the
amou 1)1 of scratc h c l i  irage requIred i t y  more than ha lt

5. (.‘S( )I wa s com pletely rewritten to allow direct- acc ess equation processing . A ( ’ A ) M P\SS
routine was Included to Increase the solution eff iciency .

(i RI S( )I A I’ w as rewritten to accommoda te direct -acc ess processing during the back-
cu bst Ui I ion

— 
7 Subroutines PR I MA I . ( I( )MP\( II ’ , (KQ UAI) , PACKI) . SI.l)04 , and QSIIP8 were
re moved

8 ~ i i l i r t  t i l l i f lC5 I I’ I .M I .\1 I SI l( :K , lS( )I VI -  , and R 1151- I l’ were modified to accommodate
( lit’ node resequencing ( Iiantlw dth miniml/ing) changes Pr imarily , this involved adding
n;inietl ( I  )\1 \l ( )N Ml N B\~ ‘NI WI 1500 ) and interiiallv altering nodal references . Note that
hi s  ill! NI- Vs Ii 1 50(1 cs t r i ls inherent lv l Imi ts the program to 1 500 nodes maximum, This

.( )MM( IN 551 iiild has (‘ to tX (‘5 tcnli (’ t t if larger prt)blems are antici pated .

V I i t  Input h.IrIgt -s sc ent rii.idc . neit her i i i  which af fec t  the execution of existing decks~
I e , no ict t ia l h.ingcs cs ci c nude to ir ,iu( processing unless the new feat  Uris are desired,
An optiona l first card mac be included wi th the (‘ntrv 15/1) 1 Blank Co MMON will be
set t im this ~a Itic .ilk m~S ing esucil lion i t  reduced core site I or smaller problems . 1hc entr~
is rc , iml using IS form at 1 he t l c t a i i l t  value is 58000 . Ihe sci ’tind option is act ivated by
cntc rt n g ‘ ‘1 ’’ in i _ c  79 ot the I I  Al’ car d. Il activated , the program ex pects to encounter
the PR I I FA P  punched output imtncdiatelv following the FFAP card - PRFI’ FA P punched
out put t’ont.i ins the opt u)n,i I l’s ’ reor dcred nodal po int nu mbering syste m -
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Appendix C

USER INSTRUCTIONS FOR THE HIM CODE
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I ( ON’I ROI. CARI)S

Car d 1. ( 15 )

CO lUmns Va na t  lIe l)escri ption Note

1-5 IS/DT Blank COMMON will be set to this ( 1 )
value . I)cfault value is 58000

Card 2. (oX , I 2A6)

(
~ dumns Variable Descri ption Note

7- 10 Must contain the word l’EAP 73

1 3-78 - Out put page header (2 )

79 Enter if optimized nodal point ( 3 )
numbering is employed Otherwise
leave blank

Card Group 2a. If Card 2 contains a I in cc 79 , the program expects to encounter a group
of cards specify ing an optimal ly reordered nodal point numbering sy stem prior to encountering
Card 3

Card 3. (15 , 1 X , 3A6 )

(:()lumiis Variable I)escni pt ion Note

1 -5 N( )IM Spatial dimension of problem. Use 3

7- 12 X coordinate designation

13-1 % Y coordinate designation

19- 24 /. coordinate designation

Card 4. (15 ,IX ,3A6)

(o l urn n s Va n a  ide I)escri pt ion Note

1-5 NI ) I- Number of unknown disp lacements per
node. Usc 3.

7 1  2 X displacement designation

13 -1 8 Y disp lacement designation

19-24 Z disp lacement designation

3

II



Card S (I5 ,1OX ,I5 ,30X ,3F 10.0)

Columns Variable I)cscni ption Notc

I S  NIN Maximum nttmbcr of nodes connected
to any one e lement. Usc 8.

I( 20 MUAN Maximum expected half-bandwidth (4 )

5 1 00 ( ( )N 3 ( 1 )  User defined X scale factor (

1 70 CON 3 ( 2 )  User defined Y scale factor

7 I 81) ( (  )N 3 ( 3 )  User defined ‘I. scale factor

4
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Not es

I ) I on  typical I IIM code simulations this card can lie left blank thereby specify ing 58000
is the blan k 0 ( )MM( )N allocat ion -

( 2 )  An~ descri ption that the user wishes to have printed at the top of each output page
i.tf l  be cut ercii.

( 3 )  I.argc . threc- dirnensional, dynamic problem s can be expensive. A l)andwidth minimizer
lt,is been cmph)vcd to  resequence the nodal point numbering scheme anti optimally reorder
t he system of equations to provide economy in computational costs. A set of cards has been
provided for this purpose which map the old and new numbering schemes. ‘I hc mapp ing is
trans parent to the user; he refers alsvavs to the old system. Use of this option is highly
rccommen ded -

(4 )  Typ ically this value is 150 . l’he default value is 100 and is not sufficient. Thcrt . fore
1 So s hould be specified.

(5) These scale factors can be used to alter the size and shape of the h I M  skull confi guration
as provided . Iheir default values arc unity. Also these scale factors can be emJ)iO~’cd to
change the provided geometrical configurations from inches to an appropriate unit of
mea sur e ; i c , cefltimeters.

__ _  _ 
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I I  \~~\ F l - R I . ~ I - PROPI’ R1’Y SPFCIFICA’ I ION

Car d I. ( 1 5 , 1 X , 12 . ’~ ( t )

( ‘~ lumns \ ‘ a ri itilc i)escniptnin Note

1- 5 N I, MM-\ I Number ii diffcre nt material ( 1)

character ;, it ions to 1(11 ow .

7 -1 2 Must contain the word MAT lIR I

)ne group t it cards t t i l l t  ics s liii etch material lhere mI1s~ l)c N EHMM’\ I e:ind groups . I here
ire at le ast two cards for each group; card (a )  and c;ird (h) I-or v is coe la st ie  character izat ion .

additional c , ir is are required ~ thin the group is descr ibed I e l i iw.

( art l ( a ) .  ( 15, 1 X . 5 , I IA6)

( t  iluiiins ~ aria ble I )t si nipt ion

I 5 V i i  teri~il nunhl)cr ( 1  t i N IJMM.-\ I )

7— 1 I Flemeii t type (2 )

12 77 A lphan u mcmiv ’ s icsc i i pt tori of cacti

in at c’ r i a I

( .ard o h >  (2 15 . 2 F l O W

( it lt i rims \ ,iniable Dcscriptu in Nt ite

1 5  N( Ntinil ien of v iset ie l a st ic  shear terms If ( 3 )
not v isc( ie l ist Ic. leave blank -

6- 11) N K Number of v isco c ’ l ;tst Ic i)UIk terms , If
not viscoelastic , leas e blank

11 - 2(1 lhe intinite she,Ir modulus or e l ,ts t ic
shear modulus , (h).

21 3( 1 Ihe infinite bulk modulus or ela st ic
bulk modulus , K0.

3 1 -4 ( 1  M a s s  density

ard (c i  (8I~
’ 1 1) ) Omit this and the next card if material

is not c is c - i e l ;ts t ic

6 
‘
4
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( i i iviri ins \ iriahlc I)cscni pt ion

1- It ) I u’ st shear mod iilus term (

11 20 First relaxation t itiic tc ’ rm , -\

2 1 - 3 0 ) Second shear modulus term ,

ctc , .unt i l \ ( • t enr i i - ’ ire identif ied.

(:~,-d ( d o  ( S F 1 1 ) )

( t t liiiiiis \ . t r I , i I ) le l)csci ’j 1—tt 11

1- l u  I- irst bulk modulus term , K I
1 1 2o I rd hulk relax at ion time term , B 1
2 1 - 30 Second hulk modulus term , K 2
ci c . , t int il N K t emnis are identified -

7
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N ot c s

i i)  \ t ’ M V i  \ I is usually iss lu i l t - ti a va lue mu 5 I bis ;~~~ ‘ t s ~~s the optioii t t t r  a l i t i c r e n t  material
W eci t icat iol l  for e t c h  of the fol lowing skull-bra in regions

Mi r e t  i l l  N umber Region

)u ic r t .i ide bone
2 Dipioe
3 Inner t• f i le 1 to r te
4 Su I ar ’ uch no id s~s;i cv
5 Brai’

2 I t t  t l i t  H i s t i c  -hull materials ( 1 , 2 , and 3 )  the vc ortl I I,M2 I should lie en tered ft

t he suh;ir;Ichnohd space material (4 )  and brain material ( 5 ) , ,in c lement p( issessi t i i~ redut’ v - l
l ntegr,Ition is reco m mend ed , and the word Ill .M2 2 should he entered - 0 ) 1  herwise I- I  , \12 I
nu~’ tic’ cn mt - r c - t l  t i t r  ,ill niateri ;i ls

I 3 \ i s ~ t t i - I . i s t i v  mater ial  c l i a i ac t cn i t a t ion  is s~ c e i t  cd by the f ’ollosc uig equations.

( I t I - C i (~

K( t )  = K
11 

+ K~

Recommended units arc th y- inch-pou nd-sec t intl systc ’ni , althoug h a i tS  consIste nt s’ st t m

1 ,111  he used (Sec ni t ty ’  I( S ) )

8
‘
4
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I I I  S K t l . l .-BRAI N cFoMl:’I’RICAI. INPU’I’

(:~ird 1, ( 1 5 . 1 X ,A0)

(;til iintns Variable I)escniption - 
Note

1-5 N IJMNP Number of nodal points in the skul l— ( 1)
brain system

7- 1 2 Must contain the word N( ) l)A l -

‘Ihere must fo l low N LMNP nodal point cards in numerical ord er.

Typ ical Nodal Point Card ( 15 , 11 5 , 3 F 10,0) )

Coin nins Variable Description Note

1- 5 Nodal point number

15 ‘ Insert 0 for free node or 1 f t  in restraint 12
ifl X direction

16 Insert 0 for free node or 1 I ir restraint
in V direction

17 - ‘ Insert 0 for free node or I for restraint
in / direction

2 1 - 30 X coordinate salc ie

3 1 -4 ( 1 V coordinate value

41 -50 — Z coordinate s-a lue

9

A
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Notes

( 1)  For the six-cubed , half—skull model c’onf iguration 
~~~~~~~~ 

. this c il uc is 7 I (m I his is

the model which has been riost useful in the dcc-eloprncnt of the I JIM t i l t  A t i r i 1 t l t t
set of nodal point card s whose coordina tes are entered in inches has been i ’ ’  f t - f  f o r
this configuration .

( 2) [he boundary conditions to be used kit the I JIM simulation ut ’  icr c ited in c 1 5 .  1
and 1 7. I ntering a 0 allows the node 1(1 move in in~ t i t le  mi f t hrc’c possiblc mt i r t - t t ioi is \
zero in cc- 15 , 16, and 17 means the node is comp lete ly f nec . A I mc i r t s  i f ;  - i lit ti t le s
disp lacement is constraine d to move in a manner to be s 1,ecif i _ t i  in s utms ct l i i c i i  I iipii I C l ?
(see Section V I ) , Ihe sc - t s of nodal point car d s ~- hit -h have imc’cn pit is l u _ t i  f t  riot he  c ins
bounc lar c’o ndl it ion prts~ wit h the follocs ing c\ccpt lm ) ns Ihc nudit point ca rds t O n t i ;  ii

I in c c 16 for all nodal points located in ti le mid s. i g i t t al  plan t’ I hus \ i 1 1 1 1 1 1  lilt - il l  d sp l ice’
nients for half skull simulation are automatic -a I ls - const ralnc’ t i i i i  /c’l(i in the r. ~‘ i i  ii p lane

for the user ’s convenience ,

10
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l~ I-I l- \~I-1NI (;ARI )S

Card I , (I5 ,l\ , -~0)

- ‘ i~t I n i t t s  \ . i  ria ldc’ l)cscription Note

1 5 N L,)M I- I - Number of elements in the skull-brain ( I )
s ste mit

7 I 2 Must contain the cci ird I I  EM F N

I hi re must fo l iow 2 cards for each element , tak ing the elements in numerical order.

I ~ pical Fleme n i t (;~rd Set

(:~ird (a) (21Sf

~~iltinimi s \ . i  ri,ildc’ I)escnipti on Note

1 5 Element number

6 ill — Material number (2 )

(:~ird (h) (8 14 )

( - i ml umn ns \‘an ia iulc’ I)esc’ri ption Note

1 - 4 Notit’ I

5- 8 - -  Nocic 2

t ) ( t  Noi_ le 3

2~)- 32 - - - Nude 8

I I

_______________________________ 
______ 
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N noes

1) FOr the six-cubed , h a lt - sku ll model configuration , the ca Ine is 5 5 5 ,  A comp lete set of

c’ lemc’nt c.i rtf s has been pros itkxt for this c-on f igu rat ion .

2) .-\ mater ial number for which properties have been identified in Section II is entered.
lhc corresponding elenient is then assi gned those properties .

12
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V INIT IA l .  (:ONI) I’ I’ IONS

I hc’ s c’ a n t Is  can be omi t ted  i f  the initial d is p lact - nient c t - loe it~ anci acceleration of the

skull-brain s~ src n i  .irc’ it - i i i

Card 1 ( 1 5 . 1 X , - \o )

u; Itiiiiiis \‘ ,ini,i hld- - )csc r i ption Note

1 5  NI(;I) Niiiiift i - r o f init ial co ndI t i o n sec t o rs , ( I)

~pec 1 f s ’  .i ‘ 3’’

7 - I 2 \lii st conr u i 1 i t  - cc i liii IN I I

Card 2, ((u\ ,~~\o )  Repeat NICI) times

Columns \ ‘ ,iri,i lile l)c’ scri ptio n Note

7- t~ I )escm :ptis-c title for initial ( 2 )
conditions

Card 3 (2 15 ,7 1- lO t ) )  Repeat for each degree of freedom

a dumns Variable I)es cri pt io n Ni t t y ’

I - S l)cgree (if freed om number ( 3)
for X ; 3* NOl) F —2 entry
for V ;  3 ~NOl)F —1 = entry
for 7, 3*NOl )J1 — ( I = entry

6- 10 Generator increment (4 )

11 -21) Initial ci isp laccment value

21-3 0 Initial c c l i  i d i t \  ca lue

31-40 — Initial acceleration value

Card 4 ( 15) 
— ‘

Colt i m u s Variable I)t’scniption

1-5 Largest nodle times 3 plus I (5)

(N UMN 3+ 1)

‘ 3

- - - T -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘ “

~~~~~~~~~~~~~~~~~
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No nes

( I  ( W hen initial conditions of the skull-bra in svsu’ni ire spc’citicd , t he initial di s p lacement ,

c’ c’ Ioc’itv , andl acceleration (three V et ni ins ) arc’ su~ip lic-t i Is input -

2 )  Three c,ii Is f t u l l tuw (:;iri_ i I anti mt- rc’lv fc’s y ’ i i iu y ’  cad-il of the threc ’ nit ul condition v - c t  tn s
I hese d y -scr i pt nuns wi ll appear above each sector in the subsequc’nt prmnt o u t

( 3 )  .-\ nv or .i11 nodes may be .issignt’ ti .ini m m  ia l condition in thc’ N, V , and ‘I. direct ions .

But t he in i ’ a l condition must correspoiicl to a dt-urc’t- of f rc’c’dom number issiiciatt’d cvi t h
the node and not thc’ node number itself ’. t h e  indicatedl equat ion is emp loyed to obtain
thc’ deg ree of f rc’edom numbc’ r

4 .  Ihe gcnerator mnc r -mcnt is used when the initial condition is uniformly .tpp hied over
t u e  entire s kull—bra in s~ stem , int l this is generally the case It acoids thc’ nec essI t y  for i i m p i i t r in~’
a ll h u t  i f t - sc ’  car ds , I- o n c-x am ple , if ti lt’ skull—brain system is initially moving .i t 24(1 in /sec

iii thc’ + N dined toni , two car ds are required to assi gn the initial ce lt ic i iv  to all nodes l’he
Inst would i)c for nodc’ 1 and the second for node N UMNP (largest node number in the

sv s te  in) - [he f i r s t  card would contain a d egree of freedom number of I ( 3 * 1-2) . a generator
increment of 2 I Issigns the initial condit it)n to only the degree of freedom numbers ,issoci , Itc - I

w ith thc’ X -d irec t mo n) ,  and a 240 in cc ’ 2 1-30 . l’hc second c’amc l would contain the ca Ine of
3* NYMNP-2 in cc 1-5 and 240 in cc 21-30 .

( 5 )  ‘I bis card ends the initial conch it ion diata -

I
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I

\ ‘ I I’ROPOR I’ IO NAI. I.OAI) OR I) ISPI.ACFMI N’ l ’  SPl~~; IFICAFION
t SIN( ; ~N\ I .Y 1’ ICA I .  l” UNC’l ’ IONS

I his sect ion should he skipped i t using point—b y— point input loading Si i dh loading is
c t t c y - r & - d in Sect ion VIII Rut this section is app licable to simulated th ml , i i i iR lo ,~ is tin
dms p lat c ’ ntc nts which risc’ and subside accordling 0 1 )  a smng l c’ time function sc’e Section VIII
for the time fu nd’tio n), ihc~-’ may all be assi gned different magnuiuu ics . lint othe rwise i t

m y  giv en mist tn1t t he loadis are proportional to one another

Card I. ( 1 5 , 1 X . \6 )

( t i lut it its \ ; i  miabk’ I )cs t ni ption Ntue

1- 5 1 ,,ist nodic to wh mcli  a f t  irc ’e or ( I )
disp lacement is to be specified -

Must contain the cvord FORCE .

Ihc fol lowing group of card s is composed of one card for each node 1(1 which ,i specified
tonee or disp lacemc’nt is assigned .

‘ I ‘~ pical Card (15 , 5 X ,6F 10 ,0)

Co lumns Variable l)escr i ptmon Nt i t t ’

1-5 Nt ly le to which a force or disp lacement
is specifie d

11-2 (1 X component of f i  i rte or disp la cement (2)

2 1— 3(1 \ t-ontponent of f t  lrcc’ or disp la c’c’ ment

31 ~40 / component of force or disp lacc’nient

15



N otcs

I) Mert - Is means the I , m ny ~ st i iod ld’ itUnu i)er to whic’h .1 t u u i  cc or disp ladd ’ rl l c im t 15 alipI i t ’ ~~(

I- uince s and disp lacc’nieilts must t)e app lied at nodal l)Oint%

2 ) [his valuc is the ratio bc’twec’ n the smmulatedl peak load component , t t  this I l u i t f e  amid
dii ’ lar gc’st pc-ak simtilated load considering all nodes, It may also t ic ’ a c l ir ect mo i i ct ) s ine .
( )nlv rat i t i s  from (I to I arc assigned here , ‘l’he magnitude of th e res u ltant for thc’ l.irf 1est
peak load is prescribed in Section V I II  (see Nu t t y ’  (1))),

16 
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~ II Pl,O F CARl )

I his carti is to  be used onlv when diverting comFutcd response data to an output
ta pe Ihis action does not suppress the printing of output data.

Card I . ( I5 , l X . -~6)

i i i  u iii ns ‘ a n.m f i l e I )c’scri p t ion N ot t ’

1-5 Nuintber of time steps p lus one for  ( I )
svhich data is output

7-1 2 Must contain the wort ]  PLOT3I)

17
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-

N otc

( 1 )  l)ata st ill he hil.md’ct i  on a n output tapc ’ f or subsequent postpr ocessm ng f or e t c  it t nw

ste p up to  but not mnc hmti ing thc ca ine itidid-ate d t ] s i m , i l ls t i ,t ta for all t ime s i t -p s  is ui esnn eui
[bert-fore this c’ntr~ should be onc’ m on, than thc’ i ium ntlic ’ r i t  t mmc’ steps prc’scrmbcd in th y-

dynamic’ an,i i~ sis See th c - c m i m I  It ’ N I S mit the nes t  sect molt

18



VII I  IMPl ICIT rIME-INTEGRATION SPFCII-’J CAl ’ ION

I his c,ird is rd - t 1 i i i rc -d on all stat  ic or t iy nam mc ’ runs,

Card I ( 15 . 1 \ ,Aó )

CoIn mns V,i ri,i I tIe l)esc’rmpt ioni Note

1 - S NSI’ Q Number of tinte sequences , usually I ( I)

7 - I 2 Must contain the word IMPLIC for
dynamic problenis. Must contain the
word V lSCol-~ for static problems .

NS EQ sets of the followin g cards ;t rc required

Card (a) (I ’ 10. 0,815 , 2 F 1(1 , 1))

( :tilc m mns Varia hl c’ l)cscr i ptio n Note

1-10 1)’[ Time step size (2)

1 1 - 1 5  NI’S Number of time steps in the sequence(s) (3 )
plus 1

I (i-20 INI Print interval (4 )

2 1 - 25 NNI First node printed , generall y 1 (5)

‘6 -3() NNI-1 Last node printed , generall y NUMNP

3 1 - 3 5  N I I  I’ irst element stress p rinted l ,
generally I

36-4() NI- I- Last element stress printedi ,
generally NUMFI,

41 4S NPR ( )P Number of proportional h iads (6)

46- so N l (  IRt: Largest node to which a force or (7)
di sp lacement h i s  been s pecifie d in
a poi nt— bv— poin t specification of
in p u t  loading

S I ( i i )  If I I Nest ni.irk integration parameter , (8)

usua lly speci f v 0 2 5

~ I 7( 1 I I I -  I Nc ’w n iar k intcgrat ioti parameter ,
usuall y s p c ’ cm f v 0

-~~~~~~~~~ ‘~~~~~~~~~~~~~ - ‘ -— -~~~-~~~ 
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( ard l hI 2 15. T F I  00)  One for cacti NPROP. Use on ly whi’mi specify ing a nalyt ical
t i l i i c t i o i l  input - I f  u i s i n m g  p o in t—b y — p oin t  i n p t m t  s k n 1i to  card ( u .) .

t lmm r ’ ii ns ‘t
’
. i i  t Ide l)c ’sc nipt ion

I S Pnopo rtmoi’m; i l lt t ; t t l  t\ l)e , eit h e r  I t in 2 (0)

(t - I t)  K I \ p i m n t t ’ t l t  for type 2

1 1 - 2 ) )  I MIN Start time fo r  loading

2 1-3 ( 1 I MAN I- ni_ i t ime for Ioadhmng

31 4u

41 - 5 ))

51  (tO

(tI-TO A 3

7I-8 () A4

Card group ) c) ( 15 , 5 N o t’ 1( 1 , 1) 1 ‘ Ib is grocmp of cards is con ipr ist -d of timid’ c-arch for v-a ch node

l i t  wh ich an input s-a lue Is assi gned. Ntn lc N l’( )RC is the last itotie from which .i d a r t1 is

pros ide uf - I he group rd-presents a loading c -ect or , and generally there sho u ld ha’ one group
fo r each t im c - s t y - p  in the c ly nanìi c anal y s is.  Om it this c’ar d grtnip If NPl~~)P is non-zero

( : t i lum rn ns Variable I)cs crm pt ion Note

1- 5 Node to which force or c iisp lacement
Is spe ci f ie d

1 1 - 2 t )  X c’on lponeni t valuc’ of force or
dis p lacement

21 - 3(1 V component caIn e of force or
dll s place nic’nt

31 -4). ’ /. component vj l umc ’ of f ti rcc ’

Car(I ( 3 )  (A S) last data card

( :mu luniins V ,m ni . i l  tIe l)esc’ripti on Not e

1-5 Must contain the word S’I’OP

20
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N in (‘5

( I )  l i t t l e  c ’ \ i t t i I e t l t e  his it y ’c ’ t i  ga m neth sc’uti s , t lues i t  l i t - i ih,int I - l’ ?l ’ t i . t i !\ ’ , \S l  ( t  cut hue

I t se i f  t t t  s p c v i t \  ~i l r . i iv ’r i iti~ e i i  ~l i t k - ~ iii l i t a ihini g lunc o o nts (( ,i r !  ( ,iI st il t ’s i t t ic s ’
I I  e~~

- T ’,t  t unt  t u n i s can te s peci t  R i  c c i i  It \S I (~~ > 1 I I-or e \ a m t i p ld’ , i t u e  anal ysis c un i lt i
t u i m i s i s t  t it icto s e v j i i t ’ n l t v  s s c ’ h i y nc -  t 1 i  f i r s t  is thic’ tHlst ’ t  t i f  Itt ~hii~ t ’ t t l t i i nt t t i /  ,i sn i i i l  t i n i t -  ~!ep
,inn l th c - se t ’ t ’ n l is t h y ’ I , i t i i t t - ~ t hec as sc - l i l t  Ii t i ta ~ lid c losc t ’i amid d u r i n g  sc ’h iv ft i h, irgt ’i , inline

u n i t urit i e ,i l , I lific’ s te p c i i i  i,y ’ e t i i p h is cf

( 2 )  I i t s  t’ ,i lu : t ’ s Iu iuml ~h lit ,’ u,’ huisu,’n cs ’i t li y ’ ,IIiiltin , It genc’r,i if ~ th y ’ j ’t e mic i,, t i l t  lil y ’ ris u,’ t ini ly’ t i t t i

sli t tt:I yl h u t , t hu v,~rv ’t t t - r tft _ m t i t ) i l V  t i l t  Ii iii th,mt s- altic— \s’ t h y me i i i  tiny t y l l i  iv cs t tu l~h by’ iii ic ’ i e iv t  I ’

sm all -

I Iht ~st s the mii t i i l e i ’ t t  tinil y ’ steps plums  I for cc li i t -h t h e is - it.t t nic i ii, i l s sis ;s to prov ed
Gen c -r t i l y, vi is t h i o s y t i  s t i  that thc’ ent int - l iSt ’  ,uid thet i s t u f th y - lo l l I ng  f l i nt  I i i  y t t i  It ’
sit ii uiljt e ti ct it lt th u.’ pl’escrlha’ vI t i me ste p .

i “c v - t -n al iit c ’bit ’s tu f  paper t t i , i ’ . h~- ret lul i I ’ t ’ vi . dc .pt - i t d t t t g um~uti n \ I” . t t u r t ilt ’  print iu~t ot

it i f tu rn i.ti m tu m i , \ hLmn [ in cc I (v 2)1 s ’. m u c- l ust ’ th u .’ print i i i . ot i _ h ; i t ; i f i t  e icht t inil y - s te l issy itin!
I sc Ii cau se t h e print l ug of dat .i liii ’ us ers tither it  iity’ step - ‘ I v  -

( 5 )  I hi’ ne\ t  tour  v ’li t nl es ifco proc’olt’ fi r  ry’t l uc it t iu u s i t t  the amtnm nl of t t l l t p ut . It ,i le sS ti idv ’s
intl f e t t i e i i t s  c a n t  hc’ t t lc ’nt i l  i i i  is ke~ c’hccl~ points iii tI lt ’ .it i , i ls sis i t  is only lit’ es’,in\ ’  t i

moilit ir t het i lt i it ~~iit h ltis s(’\ ( ’u , i l t I  el ’ ,v ’c\ i iv ’ i v  s htuv i l t l  at  lea st h>e s , ivevh ti t .ipc (s ee t-t v  t io t i

( i )  I hit s t i n t ’ is  t- ni plt i~’e d to d i s t uu o t i iu s h  aiiioitg t h y ’  spi_ - t i l  v i i  Hint of lvi it  i’ v i t  In put lo ,ith
f umnn lions mn t he I~ t t u t t i t c  un ,t lr s t s . l i i i ’ t ’ \ i n t l i h e  if  v i  is desired t h u  the pi c ’ sc v lied I o u f
is . t  l i . icu ’ nslnd ’ func t i t in  ,mnd suhsc ’quent lc ’ ~‘ i t . I ntgt ’  i t t  a lint - u t t im l t  t u t u  t hn c n i  \ l h~I II 2 h Ill’,
is u lsi t  t I ne ti a t r imn gu l . i t  tunct ion Ii a siu lgl t - f t i n i c t i o n , suc h as _ i r t n t p f um n iu ’ t ioi i t o  I l . is t ’ u~ mne
f l i n t l ion, Is t k-s irc - u I thc’ni \ I’ROI’ - - I - If , i  poi nt -h r — p unu i t  iu i p v mt  Iui ,i hiu ~1 m c iv sir e d th a n \ I’I~

( (P
is h & t hil ,ink

( 7 )  l i v  is t i l t  i’ s is f u r  pu on t i  i\ pt t i l t  I l _ I t 1  s 1tt - c i  f l e O  it i t i  on ly If v u f i t  u t  i n - h load f unv ’t lv  ill’,

in e c ’ nlp lui c’ et i . N I t  ) R( is It- it h il ank

~~ III ‘I ,\ mmii i 1)1 I arc- ti lt’ \v ’ s c t l i , I l l ~ untc - g i ’ a t t o n  p i t . t l l t e t t t s  ( im i t p lut u t (  h u u c y - s l i g u t u i m ’ ’, l i ne
t ic ’ tt - rnnunc ’ t i  d i - i t  RI I A = ). ) 25  arid 1) 1 1 = U a rt,- r i u t u t i  c’ h om c u s I f  1 ) 1 - I > ( I  .irtit iv i i i
t i u nipinig us Introduly el I anti if 1 ) 1-I. < (I t i  l i t  it ’l,i l n i t - g u t  u s e  t ia m i i pmn g is llitnt)dlud’d’di, I’ he
mic in ic— ric - al liii em i t  nun st ill lie u ~ t i i i f i t  It l i t _ i l  Is’ s t a h tic ’ it

4 WI- I + 1 ) 2
H I - I A ~

1 Ia- b u t c h er intl l t ’ , is t  m n i l ior tant nod es m ii ic Itt’ t l im pcd out h~’ d h u u t i s l u i g  RI I . \  U,2To anti
1)1 1. = i t5 ~

— ,, - - . 
__ —‘-— —; “ ‘_“ “__,;, _,,,,,, , _ ‘

~ 
— ,  - -  4 ’ ~W~ - r ,Ø.tr—.’ ” 

— 
- — — — - “,2”



~
) u l~nu> poni i t umi. m l Iuu i t l  m\’ [ ) d ’  1 i s  .i pt i ls’ t i tu t i i t . l i  f i i m ’ c ’ mnu i t .

( ‘ i t )  \ ( )  ‘ \ 1 * m  + A2~~u 2 + ,\ 3 s t 3

Pu v t 1 t v v u  t u v t u i u l loath t~~ pc 2 s t  t r , in isu ent ie ‘ i i i  nun l ii  ni ,

f ( t )  = \ * ~~lni K i \ I .t  ~ Y s c t us K ( , \ 3 * t )  I

, \ i t s  urs inie f um nct io r i  h i t s  hed’Il fo t im id t o  hue par t id ’ u m i m r l y use ) ul in thy’ s pec i i  v , u l  oIl of unip, ict

rev ’s I - I t )  \O*~~u n K( , \ I * t  i , c c f u e r t ’ , \ ( ) is thy ’ peak f utr t ’e n it.m gni i mv ud e , ;\ 1 us }li i i u s ’uv h c d

I s  the load vhui ~ u t u i t t u  tnt se c ’ ot t i ls , Int l K = 2 , h - or cy ’ nt i , i g i tu i i iv l e m u us t lie hiv i l  t i  wht e i i  c’ mitp lovmm ig

a it u l f ’—s kt , mhi niouic’ l
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App endix E

SAMPLE JOB CONTROL CARI)S

a

I

L

1 

25

- - — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 7— “

~~~~~
“ 

~~
‘ 

~~~~~~~~~~~~~~
‘“ ‘

~~~~~
‘ 

- ‘
~~ 

“ --



4-

S C “ A t  , 2 3 i 7 .  i u O  Ft

,
~ ~-, (‘T F F A u ,~.i’t. iL? i i 3 i

S~~i,hi I F FA i ” .i . i Y . - t t
C , ~~-’t t F [ A t.u ,u,v~O t
~~~~~ .t- I iF’ E Ap i

v~~-L A ’  t F t A P m
F ‘~ut ~ i , I AP I 3 .  t’ , I c ~ d ~ iliar I i  i-I, ~ - i C  ~. l u
F L . I sO nil 0.

~ t I t~~i
LUA U iu, GC i
y Q A  t~~~’~~i

F i t  i

I’

26 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~  ~~~~~~~~~ — ‘



Appendix I-

I-tIM CODE; LISTING
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